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1. Introduction “Corresponding author. Tel.: 18684957877, fax: (+B%)88879616; E-mail:

L . chemwps@csu.edu.cn (P. Wang)
Coordination-driven  supramolecular self-assembly s ha

attracted the attention of researchers over thefpasdecades  products; controlling the angle between the two terpyridyl
Y. Precisely control over the shape and size of thdigands is critical in the preorganized assemtdgst
supramolecular architectures through spontanedésssembly In this paper, we successfully synthesized a sesfethe
process has always been a challenge for chemisiscriicial ~ bisterpyridine ligands with benzo-carbazolel), benzofuran
reason is that the assembled structures are imfgeby many (L2) and benzothiophené 8) as the bridge unft™. The results
factors such as ligand geométry), temperaturé®®  of the energy-minimized computation revealed thattpy-N-tpy
concentratiof®, and othe’3®. Among these, the geometry of and tpy-O-tpy angle of 92.5° and 93.5° deviatesketly from

the ligands is an important factdt The self-assembly of the 60° and the angle between the two terpyridines is 79.5° fc8,
rigid ditopic tpy (tpy = 2,26'.2"-terpyridine)gands with the respectively §cheme 1). It indicates that the heteroatomic radius
metal ions results in the products that include xpeeted  definitely influenced the stretch angles of theamig building
pentameri®?®  hexameri®>  heptameri®, octameri¢’,  blocksL. According to the one-pot synthesis, it was treatid
nonamerit’, and decameri& macrocycles. In certain studies, an metal ions such as Zhand Cd" to obtainL 1,Zn&L 1,Zn, or
equilibrating mixture of trimer and tetramer haeeeported to L 1;Cd:&L 1,Cd,, which has a predesigned angle of 92.5°
be obtained instead of the single discrete streatdren bidentate between the two terpyridine moieties. When the dib&uran-
pyridyl ligands were treated with Pd(ll)- and Pt@dsed based ditopic terpyridine was used as the ligand,
acceptord ™. Kinetical formation of the equilibrating self- L2:Zns&L2,Zn, or L2;Cd:;&L2,Cd, were obtained. The
assembled macrocycles is always resulted from tioe themt ~ coordination monomer with the dibenzothiophene-batiempic
slight entropy difference among similar structundsreover, the  terpyridine [ 3), due to its close 60° bend angle, resulted in the
two terpyridyl ligand spacers often possess someedegf Single and discrete ternary rindgs3Zn; or L 3;Cdy).

lability, which leads to the incorporation of somddaional Investigation of these macromolecules by NMR speottoy,
structures that disturb the pre-structure generdtedh the ESI-MS, UV-Vis absorption spectrum, and fluorescence
initially formed spectroscopy provided information about their molacsize and

shape, along with their photophysical properties. Gtudy
showed the agreement between the resultant compafent
supramolecular self-assemblies and the heteroatamuitius,
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which confirmed that the stretch angle was the clueietor
that governed the properties of the supramoleastritectures.

L1.Zn;: € =Zn?*
L1,Cdy: © = Cd>*

L1 Zng: ¢ =12n’
L1,Cdge = Cd*

L2.7n;: € =Zn?*"
L2;Cd;:e =Cd?*

L27Zng:C=Zn*"
L2,Cdgse =car

N2 L3,Zng: € =Zn¥
13,Cds:¢ = Ca?

Scheme 1. Energy-minimized structures of ligandsl-L 3. Self-assembly
process fronk toL,M, (M = Zr?* or Cd*; n = 3, 4).

By varying the heteroatom, which affected the skreingle, the
radius of the metallomacrocycles and their photsjay
properties could be readily tuned.

2. Results and discussion
2.1. Analysis of *H NMR spectra

The'H NMR spectra of trimetallic cyclds3,Zn; andL 3,Cds
(Fig. 1) reveal that the characteristic singlet peak ofHtp>
shifted downfield from 8.83 ppm ib3 to 9.08 ppm inL3;Zn;
and 9.04 ppm inL3;Cds. On the other hand, the indicative
doublet peak of tpyPf" shifted upfield from 8.76 ppm ih3 to
7.88 ppm inL35Zn; and 8.13 ppm inL3;Cds, owing to the
shielding effect.

As shown in Fig. S4, thtH NMR spectra of. 1;Zn,& L 1,Zn,
shows a very obvious pattern with the two represimetainglets
corresponding to tpyE exhibiting an integration ratio of 0.4:1.
Two downfield shifts at 9.07 and 9.09 ppm are assigoethe
tpyH** protons inL 1,Zn; andL 1,Zn,, respectively. The tpykf

protons ofL 1;,Cds& L 1,Cd, are observed as a single broad peak 4736—;“?;3
L

at 9.03 ppm, but the ESI-MS proved the presenteofpatterns
in L1,Cds&L 1,Cd, (Fig. 2). The doublets at 7.84 and 7.91 ppm
are attributed to the tpy¥§ protons installed on
L1:Zns&L 1,Zn, The indistinguishable doublets corresponding
to the tpyH protons ofl 1;,Cd.& L 1,Cd, appeared as multiplets
at 8.14 ppm, indicating an upfield shift owing tce tklectron-
shielding effect. Similarly, theH NMR spectra of
L2;Zn3&L 2,Zn, andL 2;,Cds& L 2,Cd, (Fig. S5) displaythe two
independent singlets corresponding to the fhyptotons. These
peaks shifted downfield from 8.83 ppm lir2 to 9.06 ppm and
9.09 ppm inL2;Zns&L 2,Zn,, and 9.03 ppm and 9.05 ppm in
L 2;Cds&L 2,Cd,, respectively.

The'H NMR spectrum of_;M; (M = Zn** or Cd™) exhibits a
similar pattern, but the typical signals of tpyH and tpyH*®
protons show a slight upfield shift relative to t@responding
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signals inL M, (M = Zn** or Cd™), presumably because of the
combined influence of the metal-centered electraiavawing
effect and the shielding effect of the perpendictégpyridine

8.7

8.5 8.3 8.1
Chemical Shift (ppm)

79 17 15 73

Fig. 1 '"H NMR spectra of ligand.3 in CDCk and complexes 3:Zn; and
L33Cd3 in CD3CN

counterpart by the metal. Many other chemical shiftthe tpy/
protons merge together in the mixture of complead are hard
to distinguish. For a better understanding of tbeglexes, the
metallomacrocycletave been characterized additionally by MS
as shown irFig. 2 andFig. 3 (Fig. S16-S21).And 2D COSY
spectra further supported the formation of all ctaxes (Fig. S7-
S13).

2.2. Analysis of ES-MS spectra

ESI-MS spectra ofL1;Zns;&L1,Zn, (Fig. 2) exhibit the
desired charge state distributions correspondirtecsuccessive
loss of Pk counterions, where the m/z peaks lof;Zn; at
479.6809, 604.6017, 791.9907, and 1104.6476 camesto the
charged moietiesL[1,Zns-6PR %%, [L15ZNns-5PF 1°%, [L1sZNns-
4PR T, and L1,Zns-3PR [*, respectively; the m/z peaks of
L1,Zn, at 479.6809, 568.9147, 687.7256, 854.6547, and
1104.6476 can be assigned to the charged moidtigg i,
8PR f', [L1.Zns7PR [, [L12Zns6PR ', [L1Zn.
5PR ', and L1,Zn-4PFR T* respectively. The mass spectra
of L2;Zns&L2,Zn, (Fig. 2) reveals the m/z peaks at 537.9226,
708.6337, and 993.1747 corresponding to the strestu2;7n;-
5PR 1*", [L2:Zns-4PR [*, and L2:Zns-3PR J*, respectively;
the m/z peaks at 505.4118, 613.7965, 765.3454,983d1747
corresponding to the structures &f2jZn,-8PF [*, [L2.Zn.-
7PR T [L2Zns-6PR f', [L2.Zn,s-5PR F, and [ 2,Zn.
4PR T, respectively.

L1,Zn,&L1,Zn, L2,Zn,&L2,Zn,

L{E“ -l 4+
&
e 5
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604.6017 i i it &
o 5t £t |25 993.1747
ted . |7653354
T £ 3. S05411B 613.7965
e |, O Lot L A7 |
r [UYOLIT 854G [
el
68""{‘ 687.7256 1104.6476 l { j
500 800 1100 m/z 500 700 900  m/z
L1,Cd,&L1,Cd, 12,Cd,&L2,Cd,
A L 4
g P e
il 5+ 5+ 7435853 AR
= N A et
s s 10403736
632.9904 it 566.1246 g+ -
o+ ! \
Lot
{3 az-f}ss-; 645.1247
719.2076 [
o L
500 650 800 m/z 600 800 1000 m/z
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Fig. 2 ESI-MS spectra of L1:Zn:&L1.Zns, L 2:Zns&L 2,Zn,, hydrodynamic radius fok 1,Zn, andL 1;Zn; are calculated to
L 15Cds& L 1,Cdy, andL 2;Cds& L 2,Cd.,. be 2.16 nm and 1.80 nm, respectively. The samelesina can
be summarized for

St 755.1755 4+

4+ 5+
5465038 ||, 548.7040 7573267
| | 719.3734 2330 5744329 |||f 5774331 | |
[ | | | log D
Experimental L1Zn,

; ™ J -9.65
545.5(143 M FSLJDHHT HGMM 722.3703 574.4:1;91!MM! 5'{7.49017 ) 1107![!!|7T-3541 T}}i b ‘}' 4 "J * " "6 % 955
Theoretical A ] 'Qi i ' ‘ | -9.45
546 549 719 723 TF 575 577 754 758 Wz Lﬁ’*m 91 88 85 %) 79 76 e
] I Chemical Shift (ppm)
4+
A & o
5+ 7206109 _fﬁ\ | | ” ‘ - w i h -9.6
Lﬁ 5+ 756.0364 {E ‘ w ! 9.5
547.7024 A L. 94
}: 575.8367 3+ L2Zn: 9,1 8.8 8.5 8.2 7.9 7.6
LY AN Chemical Shift (ppm)
1008.8078 1056.0194 _J_A_A—A_JUM_M_A—,‘_
log D
” " : i | W ) 9.6
600 800 1000 4 600 800 1000 m/iz Lﬁ " l h “ “‘ ” | “ -32
Fig. 3 ESI-MS spectra of 3;Zn; with calculated and experimental isotope i 8.9 35 81 77 '
patterns for the 5+ and 4+ species (left)3;Cd; with calculated and ’ Chemical Shifi(ppm) '

experimental isotope patterns for the 5+ and 4¢ispdright).
o Fig. 4 2D DOSY-NMR spectra of 15Zns&L 14.Zns, L23Zns& L 2,Zn4, and
As shown inFig. 2, the m/z peaks df 1;,Cd; at 503.1736, | 3,7n,

632.9904, and 827.4867 correspond to the chargeities
[L1:Cds-6PR f*, [L1;Cds-5PR ¥, and [1,Cds-4PR ], L 2;ZNns&L 2,Zn, that the diffusion coefficients are 2.63 x™10
respectively. The m/z peaks b1,Cd, at 503.1736 and 719.2076 m’s" for L2,Zn, and 3.47 x 18 m’s™ for L 25Zns, the radius are
correspond to the charged moietiek1{Cd,-8PR f* and 2.26 nm forL2,Zn, and 1.72 nm foL2;Zn;. The diffusion
[L1,Cd,-6PR 1%, respectively. Similarly, the m/z peaks of coefficient ofL3;Zn; is 3.63 x 13° m’s™ and its radius is 1.64
L 2,Cd; at 566.1246, 743.8853, and 1040.1736 correspotiteto nm. The typical tpyFi® has been assigned. The ratio of content
charged moieties LR:Cds-5PF *, [L2:Cds-4PR [, and of each componentL¢Ms/L,M,) can be calculated from the
[L2,Cds-3PR ], respectively. The m/z peaks &f2,Cd, at integrated areas of tpy proton peaks in'H NMR.
654.1247 and 1140.1736 correspond to the chargeietioes L1sZng/L1,Zn, is appropriately 0.4 whild 2,Zn4/L2,Zn, is
[L2,Cd-6PR " and L2,Cd,4PR 1", respectively. The appropriately 0.6 Table 1). The same regularity exists in the
tricyclic structurel 3;,Zn; is verified by the ESI-MSHjg. 3) with  series of metallo-macrocycles L 1;Cds&L 1,Cd,,
the peaks at m/z 547.7024, 720.6109, and 1008.807182;Cds&L 2,Cd,, andL 3,Cd; (Fig. S14 and S15). It is clear that
corresponding to the charged moieties 3fZn-5PF f*,  the ratio [sM4/ L4M,) increased with the increasing radius of
[L3:Zns-4PR [*, and [3:Zns-3PR 1%, respectively; the the heteroatom in the ligands. Moreover, in conguariwithL 1
corresponding isotope distributions l08;,Zn; are shown in Fig. andL2, the sulphur atomS) of monomerl 3 has more extrusion
S18. Similarly, the ESI mass spectrometry b8,Cd; at  effects that makes the anglecloser to the bend angle (60°)
575.8367, 756.0364, a?d 1056.0194 cor]‘rlespond tachiheged caused by the adjacent ditopic terpyridyl ligands.
moieties [ 3;Cds-5PR [, [L3;Cds-4PR ™ [*, and [3;Cds - . '
3PR ]**, respectively; all isotope patterns are in goatbegance 24 Analysis of UV-Vis spectra
with the theoretical distribution (Fig. S21). UV-Vis spectra of complexes were examined in aceitenit
Such results from the ESI-MS data provide valuableThe detailed photophysical characteristics are sarzed in
information about the molecular composition andseful for the  Table S1. The characteristic absorption bands @846 nm and
identification of components in the compounds pssis&§ 400 nm in the spectra of all the complex&g( 5) can be
different molecular weights. These results are atest with the  assigned to the spin-alloweebd metal-to-ligand charge transfer

results of the NMR data mentioned above. (MLCT)
2.3. Analysis of 2D DOSY NMR spectra Table 1. Diffusion Coefficients, Hydrodynamic Radii, a
. Ratio olLsM 3/ LM ,.

D|ffu5|on-ordered _ NMR spec'_[roscop_y _(D_OSY-NMR) Complex D [10%° nPsT]" o [P Ratio (/Q)°
experiments were carried out to obtain the sizerinéion of the
synthesized supramolecular assemblies. As showFign 4, L1:Zns 3.31 1.80
L 15Zns& L 1,Zn, andL 2;Zns& L 2,Zn, explicitly show two bands L1zn, 075 ”16 0.4
that suggest that the self-assemblies formed twderdiit ' '
supramolecular architectures. The DOSY-NMR spectrum of L2Zns 3.47 173 0.6
L3:;Zn; shows the narrow bands that suggest that the self-L2,zn, 2.63 2.26 '
assemblies formed a pure tri-metallocycle architectDifferent L3:Zns 363 164
components inL13Zns&L1,Zn, and L2:Zn:&L2,Zn, have
different diffusion degrees. The experimental diftun L 1:Cds 2.95 2.02 10
coefficients derived from the spectra measurediRGIN at 298 L 1,Cd, 2.69 2.21 '
K were 2.75 x 18° m’s® for L1,Zn, and 3.31 x 18’ m’s*for L2,Cds 3.24 184
L 1,Zn;. The diffusion coefficient of. 1,Zn, was lower than that ' ' 1.8
of L1;Zns; suggesting an increase in the size. For all the L2.Cd. 3.02 1.97
polymers, the experimental hydrodynamic radiug) (was L 3:Cds 2.75 2.16 -

calculated via the Stokes-Einstein equafiéh Experimental
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*Diffusion coefficient, deduced from the 2D DOSY NM#periments | 4. Experimental section
conducted in CECN at 298 K.’Hydrodynamic radii calculated via the
Stokes-Einstein equation DgK6mnry (ks, Boltzmann constant; T,
absolute temperature; = 0.367 mPa-sfRatio = A/Aq; A is the area
ratio of tpyH"®' of complexsM s andL 4M .

4.1. Materials and methods

Chemicals were purchased from Sigma/Aldrich, Fisher
Scientific, Energy Chemical, Alfa Aesar and used withfarther
purification. Thin layer chromatography (TLC) wasxdocted on
flexible sheets (Baker-flex) precoated with,@4 (IB-F) or SiG
(IB2-F). Column chromatography was conducted usiagtnal
Al,O; Brockman Activity | (60-325 mesh) or Si@60-200 mesh)
from Fisher Scientific. NMR spectroscopy were recdrda a

295 nm 345 um — L1;Zn.&L1,Zn,

1.4

— L2:Zn;:&1L2,7Zn,
129/ L3,Zn;

— L1,Cd:&L1,Cd,

— 1.0

Z ' — 12,04, &1L2,04, Bruker NMR 400 or 500 MHz spectrometer, using CpDfor

= 0.8 713 13,Cd, ligands and CECN for metallo-products. ESI mass spectrometry

Z 0.6 $64i%n (MS) experiments were performed on a Waters Synap¥8D

= . ;  NMW\CTTT = quadrupole/time-of-flight (Q/ToF) tandem mass speotter.

T 0.4+ This instrument contains a triwave device betweerQttamd ToF
0.21 analyzers, consisting of three collision cellshia brder trap cell,

ion mobility cell, and transfer cell. Trap and tséer cells are
pressurized with Ar, and the ion mobility cell is gsarized with
N, flowing in a direction opposite to that of the eirtg ions.

0.0 ——
280 305 330 355 380 405
Wavelength (nm)

430 455 480

4.2. Synthesis and characterizations of L1

Fig. 5 The ultraviolet-visible spectra of compouridgvi; andL 4M 4 recorded

in CHiCN (5.0x10° M). To a solution of 3,6- Dibromo carbazole (3.25 g,rifol)

transitions and ligand-centeree>n* transitions”. and 1-bromooctane (2.12 g, 11 mmol) in acetoni(led mL),
The UV-Vis spectra of L1Zn.&L1,Zn, and K,CO, p.owder (2.76 g, 20 mmol) was added. The resultant
L 1,Cds&L 1,Cd, reveal the broader and weaker absorption band8Uspension was refluxed for 20 hours under nitrogéfter
corresponding to the N8, substituted groups. The absorption €00ling to 25 °C, the acetonitrile was concentrategtacuo to
spectra of other complexes tetheredQoand S heteroatoms 9ve @ grey residue, which was purified by column
display smaller red-shift trends, but a more proved coverage Cchromatography (neutral ADs) eluting with a 1:1 mixture of
of electron-donating groups (EDGs). The intensitids the dichloromethane and petroleum ether to divas a white solid:
absorption bands at 345 nm inlZn.&L1,Zn, and (380 g, 8.7 mmol, 87%]JH NMR (400 MHz, CDCJ) & (ppm):
L 1,Cds&L 1,Cd, are relatively lower than those bB;Zn; and ~ 8:13 (S, 2H), 7.57 (d] = 4.0 Hz, 2H), 7.28 (dJ = 4.0 Hz, 2H),
L 3;Cd; due to the presence of the EDGs. More importarttky, t 4.23 (1,J = 6.0 Hz, ZH)’131-84'1-80 (m, 2H), 1.33-1.23 (m, 10H),
UV-Vis spectra of all the complexes are much moracstred ~ 0-89 (1,J = 3.7 Hz, 3H)."C NMR (101 MHz, CDGJ) 5 (ppm):
and show obvious red-shifts when compared to theomenic 139.23, 128.99, 123.47, 123.24, 111.98, 110.3%34}331.78,
ligandL at the room temperature (Fig. S29). 29.33, 29.16, 28.81, 27.24, 22.67, 14.11. .MSZ Fourua:
436.0786 [M-H] (Calcd. For: 437.2201) (Fig. S26). To a
solution ofl (0.44 g, 1.0 mmol) and (4- ([2,2": 6', 2"- termii-
4'-) - benzene boric acid (0.92 g, 2.60 mmol) inFTE@00 mL),
aqueous NaOH (200 mg, 5.0 mmol) was added. The mintase
degassed for 10 minutes, then Pd@PtL30 mg, 0.11 mmol)
was added. After refluxing for 48 hours under the solvent was
removed in vacuo to give a residue that was dissolved in
dichloromethane and washed with water. The organier las
dried over anhydrous MgSQconcentrated irvacuo to give a
residue that was purified by flash column chromaipby
(neutral ALOs) eluting with dichloromethane and petroleum ether
(1:1, viv) to giveL 1, as a white solid: (0.67 g, 75%H NMR
(400 MHz, CDC}) 6 (ppm): 8.87 (s, 4H), 8.79 (d, = 4.0 Hz,
4H), 8.72 (dJ = 5.0 Hz, 4H), 8.51 (s, 2H), 8.08 (@= 4.0 Hz,
4H), 7.93 (dJ = 5.0 Hz, 4H), 7.91 ( = 4.0 Hz, 4H), 7.86 (d]
= 4.0 Hz, 2H), 7.54 (d) = 8.0 Hz, 2H), 7.39 (i) = 5.0 Hz, 4H),
4.39 (t,J = 6.0 Hz, 2H), 2.0-1.92 (m, 2H), 1.45-1.26 (m, 10H),
A family of well-defined macrocycles possessing <ipy- 0.90 (t,J = 6.0 Hz, 3H).*C NMR (101 MHz, CDGC)) & (ppm)
tpy> (M = Zn or Cd) connectivity has been prepared usingl58.96, 156.37, 155.96, 155.48, 149.87, 149.18,774240.71,

2.5. Analysis of fluorescence spectra

Under photon excitation, the fluorescence profilésalb
complexes plotted in Fig. S30 show the wavelengtredeéent
emission bands. The peaks of fluorescence emissiuioh is the
blue-green emission at the test temperature, &ibuded to the
MLCT in the complexes. This regularity coheres wiltat of
typical UV absorption peaks. It should be noted that,
acetonitrile solution, complexes witB and S atoms show very
similar emission spectra in terms of peak emissi@velength
and spectra profile (Table S2). For complebZnaz&L 1,Zn, and
L 1,Cd:&L 1,Cd,, the large red-shift of emission from N#G-,
substituted to the trimer or tetramer hints elaecionating
effect, which has been extensively studfied

3. Conclusion

heteroatom-containing bitopic terpyridine ligandsa one-pot,
self-assembling procedure. The molecular compositias well

136.91, 136.33, 132.60, 131.62, 127.76, 127.68,862323.57,
121.42, 119.05, 118.67, 109.26, 47.42, 31.81, 2928727,

as the sizes of the macrocycles were confirmed by NMR7.38, 25.53, 25.15, 22.65, 14.13. ESI/IMS (m/z)urféb For:

spectroscopy and ESI-MS spectrometry. For the
characterization, the hydrodynamic radii of the raumlecular

architectures have been obtained by the 2D DOSY NMRe Pur

trimer compounds have been synthesized. Heterogfdn, S)
significantly contributed to the molecular sizetbé assemblies
by adjusting the stretch angles of the organicdingl blocks.
The photochemical properties of the polymers wegaicantly
modulated by the heteroatom and the metal ion cente

siz894.4404 (Calcd. For: 893.6797) (Fig. S22-S25).

4.3. Synthesis and characterizations of L2

To a round bottom flask, Diphenylene-oxide (8.40 5@,
mmol), bromine (2.6 mL) dissolved in 30 mL glac#etic acid
were added. The resultant suspension was heating faurs
under nitrogen at 120 °C. After cooling to 25 °G: thtermediate
product2 was recovered by filtration and recrystallization i



acetic acid and vacuum drying as a white solid (12.25%)."H
NMR (400 MHz, CDC}) 6 (ppm): 8.03 (s, 2H), 7.58 (d,= 8.0
Hz, 2H), 7.44 (d) = 8 Hz, 2H) (Fig. S27. To a solution of
(0.324 g, 1.0 mmol) and (4- ([2,2": 6', 2"- teipyi]-4-) -
benzene boric acid (0.88 g, 2.50 mmol) in THF (189Q),
aqueous NaOH (160 mg, 4.0 mmol) was added. The mixtase
degassed for 10 minutes, then Pd@@PtL15 mg, 0.10 mmol)
was added. Following the procedurs, the pure produdt2 was
obtained as a white solid (0.55 g, 70%H NMR (400 MHz,
CDCls) 3 (ppm): 8.81 (s, 4H), 8.74 (d,= 4.0 Hz, 4H), 8.68 (d
= 4.0 Hz, 4H), 8.29 (s, 2H), 8.04 (@= 5.0 Hz, 4H), 7.87 () =
5.0 Hz, 4H), 7.84 (dJ = 5.0 Hz, 4H), 7.78 (dJ = 5.0 Hz, 2H),
7.67 (d,J = 5.0 Hz, 2H), 7.35 (1] = 5.0 Hz, 4H) (Fig. S28&)

4.4, Synthesis and characterizations of L3

To a round bottom flask, Dibenzothiophene (8.40 §.64
mmol), bromine (2.6 mL) dissolved in 100 mL glacaktic acid
were added. Following the procedure intermedi&e the
intermediate producB was obtained as a white solid (12.2 g,
75%)."H NMR (400 MHz, CDCJ) 5 (ppm): 8.26 (s, 2H), 7.73
(d, J = 8.0 Hz, 2H), 7.61 (dJ = 8.0 Hz, 2H), (Fig. S275. To a
solution of3 (0.34 g, 1.0 mmol) and (4- ([2,2": €', 2"- teripiyt]-
4'-) - benzene boric acid (0.88 g, 2.50 mmol) inFTE@00 mL),
aqueous NaOH (160 mg, 4.0 mmol) was added. The mintase
degassed for 10 minutes, then Pd@PtL32 mg, 0.11 mmol)
was added. Following the procedWw®, the pure produdt3 was
obtained as a white soli(D.6 g, 75%)."H NMR (400 MHz,
CDCl) 3(ppm): 8.80 (s, 4H), 8.74 (d,= 5.0 Hz, 4H), 8.68 (d]
= 5.0 Hz, 4H), 8.50 (s, 2H), 8.05 @@= 4.0 Hz, 4H), 7.95 (d] =
5.0 Hz, 2H), 7.88 (dJ = 5.0 Hz, 4H), 7.87 () = 5.0 Hz, 4H),
7.79 (d,J = 4.0 Hz, 2H), 7.35 () = 5.0 Hz, 4H) (Fig. S28j.

4.5. Synthesis and characterizations of L1;Zn,&L1,Zn,

5
28H), 8.19 (m, 56H), 8.07 (d, 18H), 7.90 (m, 28H), 7(62
10H), 7.44 (t, 28H) (Fig. S2). ESI/MS (m/z). FoundrFo
537.9226 [2;Zns-5PFK, [ (Calcd. For: 537.9276), 708.6337
[L2:Zn;-4PR [* (Calcd. For: 708.6297), 993.174L.%Zns
3PR ' (Calcd. For: 993.2076), respectively and Found: For
505.4118 [2,Zn,-7PR | (Calcd. For: 505.4098), 613.7965
[L2,Zn,-6PR f* (Calcd. For: 613.8054), 765.3454 2,Zn,
5PR " (Calcd. For: 765.5063), 993.1741.4,Zn,-4PR [*
(Calcd. For: 993.1875), respectively.

4.7. Synthesis and characterizations of L35Zn;

L3(9.98 mg, 0.0125 mmol) was dissolved in a mixedeyu
of CHCl; and CHOH at the ratio of 1:1 in 20 mL, Zn(N§>
6H,0 (3.72 mg, 0.0125 mmol) in 20 mL MeOH was added. After
refluxing for 10 hours at 700I. After cooling to room
temperature, the expectant product was depositétHPF; (20
times) which was filtered and washed with MeOHx(20 mL)
and water thoroughly to give a solid (12.5 mg, 918)NMR
(400 MHz, CCN) & (ppm): 9.11 (s, 12H), 8.94 (s, 6H), 8.81 (d,
12H), 8.41 (d, 12H), 8.30 (d, 12H), 8.25 (m, 18H), 8d26H),
7.91 (d, 12H), 7.47 (t, 12H) (Fig. S3). ESI/MS (m/Epund For:
547.7024 [3,Zny-5PR [ (Calcd. For: 547.5978), 720.6109
[L3:Zn-4PR [* (Calcd. For: 720.6001), 1008.807B3Zn,-
3PK [ (Calcd. For: 1009.0127), respectively.

4.8. Synthesis and characterizations of L1;Cd.&L 1,Cd,

L1(11.18 mg, 0.0125 mmol) was dissolved in a mixddesu
of CHCl; and CHOH at the ratio of 1:1 in 20 mL, Cd(NJ@
4H,0 (3.86 mg, 0.0125 mmol) in 20 mL MeOH was added. The
colour instantly changed to yellow, and the mixtwass heated at
reflux for 10 hours at 70I. After cooling to room temperature,
the expectant product was deposited by, (20 times) which
was filtered and washed with MeOH 320 mL) and water

Zn(NOy),6H,0 (3.72 mg, 0.0125 mmol) in MeOH was added thoroughly to give a yellow solid (14.7 mg, 98%). NMR (400

to a stirred solution ofL1 (11.18 mg, 0.0125 mmol) in
CHCIy/MeOH (viv = 1:1, 20 mL). The colour instantly chaulg
to yellow, and the mixture was heated at reflux f@hburs at 70
[1. After cooling to room temperature, the expectantpct was
deposited by NEPF; (20 times) which was filtered and washed
with MeOH (3x 20 mL) and water thoroughly to give a yellow
solid (13.5 mg, 91%)'H NMR (400 MHz, CQCN) & (ppm):
9.09 (s, 20H), 9.07 (s, 8H), 8.78 (m, 28H), 8.74 ()1 8.38
(m, 28H), 8.22 (m, 56H), 8.06 (d, 16H), 7.91 (d, 20HB4 (d,
10H), 7.79 (m, 14H), 7.44 (t, 28H), 4.45 (t, 14H), 1(A2 14H),
1.28 (m, 70H), 0.88 (t, 21H) (Fig. SBSI/MS (m/z): Found For:
479.6809 [1;Zns;-6PR f* (Calcd. For: 479.7001), 604.6017
[L1,Zns-5PRK f* (Calcd. For 604.6024), 791.990T 1LZn,-
4PR[* (Calcd. For: 792.0015), 1104.64761pZns-3PFK [
(Calcd. For: 1104.3976), respectively and Found B@©.6809
[L1,Zn,-8PFK [* (Calcd. For: 479.7021), 568.914T.1,Zn,
7PR |* (Calcd. For: 568.9087), 687.7256.1,Zn,-6PRk [*
(Calcd. For: 687.9014), 854.65471,Zn,-5PR f* (Calcd. For:
854.5986), 1104.6476 L[Zn,4PR [* (Calcd. For:
1104.5876), respectively.

4.6. Synthesis and characterizations of L2;Zn;&L2,Zn,

L2 (9.78 mg, 0.0125 mmol) was dissolved in a mixedeu
of CHCl; and CHOH at the ratio of 1:1 in 20 mL, Zn(N§>*

MHz, CD;CN) & (ppm): 9.03 (m, 28H), 8.82 (d, 28H), 8.75 (m,
14H), 8.33 (d, 28H), 8.23 (t, 28H), 8.18 (d, 28H), 8(f¥} 28H),
8.03 (d, 14H), 7.77 (d, 14H), 7.53 (t, 28H), 4.4514H), 1.42
(m, 14H), 1.28 (m, 70H), 0.88 (t, 21H) (Fig. S1). B&Y (m/z):
Found For: 503.1736L[1,Cds-6PR f* (Calcd. For: 503.3001),
632.9904 [1,Cds-5PR [* (Calcd. For: 633.0012), 827.4867
[L1,Cds-4PR [ (Calcd. For: 827.5013), respectively and
Found For: 503.1736L[1,Cd,-8PR [* (Calcd. For: 503.2976),
719.2076 [ 1,Cd,-6PFK_ f* (Calcd. For: 719.4014), respectively.

4.9. Synthesis and characterizations of L2;Cd.&L2,Cd,

L2 (9.78 mg, 0.0125 mmol) was dissolved in a mixedeyu
of CHCl; and CHOH at the ratio of 1:1 in 20 mL, Cd(NJ@
4H,0 (3.86 mg, 0.0125 mmol) in 20 mL MeOH was added. After
refluxing for 10 hours at 7001. After cooling to room
temperature, the expectant product was depositétHPF; (20
times) which was filtered and washed with MeOHx(20 mL)
and water thoroughly to give a grey solid (12.9 19§%). 'H
NMR (400 MHz, CRCN) & (ppm): 9.05 (s, 10H), 9.03 (s, 18H),
8.82 (m, 28H), 8.66( s, 5H) , 8.62 (s, 9H), 8.36 (m, 28H), 8.24
(t, 28H), 8.16 (m, 38H), 8.08 (m, 28H), 7.88 (d, 18HAK3 (t,
28H) (Fig. S2). ESI/MS (m/z): Found For: 566.1248{Cds-
5PR [ (Calcd. For: 566.3015), 743.8858 4,Cds-4PR [*
(Calcd. For: 744.1067), 1040.1736 %Cds-3PR, [ (Calcd.

6H,0 (3.72 mg, 0.0125 mmol) in 20 mL MeOH was added. AfterFor: 1040.5017), respectively and Found For: 6461 2,Cd,-

refluxing for 10 hours at 7001. After cooling to room
temperature, the expectant product was depositétHiPF; (20
times) which was filtered and washed with MeOHx(20 mL)
and water thoroughly to give a grey solid (12.8 19§%). 'H
NMR (400 MHz, CRRCN) & (ppm): 9.12 (s, 18H), 9.09 (s, 10H),
8.82 (m, 18H), 8.80 (m, 10H), 8.68 (s, 9H), 8.61 i),B.39 (M,

6PF f* (Calcd. For: 645.3037), 1140.17362,Cd,-4PR [*
(Calcd. For: 1040.4026), respectively.

4.10. Synthesis and characterizations of L3;Cd;

L3 (9.98 mg, 0.0125 mmol) was dissolved in a mixedeu
of CHCl; and CHOH at the ratio of 1:1 in 20 mL, Cd(Nf@
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4H,0 (3.86 mg, 0.0125 mmol) in 20 mL MeOH was added.23.

After refluxing for 10 hours at 70]. After cooling to room
temperature, the expectant product was depositétHaPF; (20
times) which was filtered and washed with MeOHx(20 mL)
and water thoroughly to give a solid (12.7 mg, 928i)NMR

(400 MHz, CQCN) & (ppm): 9.04 (s, 12H), 8.92 (s, 6H), 8.82 (d,

12H), 8.36 (d, 12H), 8.24 (m, 24H), 8.20 (d, 6H), 8d312H),
8.06(d, 6H), 7.52 (t, 12H) (Fig. S3). ESI/MS (m/zhurd For:

575.8367 [3,Cd:-5PF f* (Calcd. For: 575.9001), 756.0364

[L3,Cds-4PR " (Calcd. For: 756.1009), 1056.01943,Cd-
3PRK [ (Calcd. For: 1056.1006), respectively.
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