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Table 1. Crystallographic Data of 1-5.

Fig. S24. Molecular structure of 2. Tetrahedral skeleton of 2 with four ligands aligned along
the four edges (Rel-Re! and Re2-Re? for two dianionic bis-chelating (RBC?") ligand motifs,
Rel-Re2 and Re?-Re! for two L2 motifs, and Rel-Re? and Re2-Re! are the two missing
edges) of the Re4 tetrahedron. (A) Ball and stick view of 2 (hydrogen atoms are omitted for
clarity; bonds of L2 are shown in blue; bonds of chelating atoms of RBC are shown in red).
(B) Space-filling view of 2. (C) 2 with chelating atoms (red), L2 (blue) to show the
orientation of chelating units around metal cores. Color code: C = gray; N = blue; O =red; Re
= green; CO = green in C).

Fig. S25. Molecular structure of 3. Tetrahedral skeleton of 3 with four ligands aligned along
the four edges (Rel-Re2 and Re!-Re? for two dianionic bis-chelating (RBC?") ligand motifs,
Rel-Re? and Re2-Re! for two L3 motifs, and Rel-Re!' and Re2-Re? are the two missing
edges) of the Re4 tetrahedron. (A) Ball and stick view of 3 (hydrogen atoms are omitted for
clarity; bonds of L3 are shown in blue; bonds of chelating atoms of RBC are shown in red).
(B) Space-filling view of 3. (C) Space-filling view of 3 showing cavity of face in which
OCHj resides (D) 3 with chelating atoms (red), L3 (blue) to show the orientation of chelating
units around metal cores. Color code: C = gray; N = blue; O =red; Re = green; CO = green in
O).

Fig. S26. Molecular structure of 4. Bonds of L4 are shown in blue; bonds of chelating
atoms of RBC are shown in red). Color code: C = gray; N = blue; O =red; Re(CO); = green).

Fig. S27. Molecular structure of 5. Tetrahedral skeleton of 5 with four ligands aligned along
the four edges (Re!-Re! and Re?-Re? for two dianionic bis-chelating (RBC?") ligand motifs,
Re!-Re? and Re?-Re! for two L5 motifs, and Re!-Re? and Re?-Re! are the two missing edges)
of the Re4 tetrahedron. (A) Ball and stick view of 5 (hydrogen atoms are omitted for clarity;
bonds of L5 are shown in blue; bonds of chelating atoms of RBC are shown in red). (B)
Space-filling view of 5. (C) 5 with chelating atoms (red), L5 (blue) to show the orientation of
chelating units around metal cores. Color code: C = gray; N = blue; O =red; Re = green; CO
= green in C).

Fig. S28. Molecular structure of 1 showing size of tetrahedron edges.
Fig. S29. Molecular structure of 2 showing size of tetrahedron edges.
Fig. S30. Molecular structure of 3 showing size of tetrahedron edges.

Fig. S31. Molecular structure of 4 showing size of tetrahedron edges.

Fig. S32. Molecular structure of 5 showing size of tetrahedron edges.
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Fig. S1a. Partial 'H NMR spectrum of H,-RBC in dmso-d.
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Fig. S2a. Partial "H NMR spectrum of L2 in dmso-ds.



Electronic Supporting information

Current Data Parameters
NAME 02.19

EXPNO 373

PROCNO 1

F2 - Acquisition Parameters

Date 20190205

Time 2329

INSTRUM spect

PROBHD S5 mm PABBD BB-

PULPROG 2930

O 65536
S5283ITIT YOS ONSSEENL8IcI SOLVENT DMsO
OCNOVCHNVOITITIITNNNODO~NDONDLDN T — NS 16
ROITOMNNNNNNNNNT--——0O0®® W< Ds 2
NENNKNNNKNNNNMNNNRNNNNNN OO OO OWw SWH 8223.685 Hz

FIDRES _ 0.125483 Hz
\\M%ﬂ’%’/&/ AQ 3.9845889 sec

RG 362

DW 60.800 usec

DE 6.50 usec

TE 296.3 K

D1 1.00000000 sec

TDO 1

= CHANNEL 1 ==
1H

14.90 usec
1.50dB
15.18650627 W
400.0934707 MHz

F2 - Processing parameters
] 32768

s

SF 400.0910041 MHz
WD EM

SSB o

LB 0.320 Hz

GB

PC 1.00

1 | .\

9.0 85 80 75 70 65 6.0 55 5.0 45 40 35 30 25 20 15 1.0 0.5 ppm

dedeREzE B g

Fig. S2b. "H NMR spectrum of L2 in dmso-ds.



Electronic Supporting information

ppm

@«

-6.9

-7.0

-7.1

-7.2

-7.3

-7.4

-7.5

-7.6

-7.7

Fig. S2¢. 'H-'H COSY NMR spectrum of L2 in dmso-ds.

7.8
ppm



Electronic Supporting information

N OCH;

Cod)
N BRUKER
(<)

Current Data Parameters
NAME 04.0219

EXPNO 394
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150206
Time 74
N INSTRUM spect
PROBHD_5 mm PABBO BB-
> PULPROG  zgpg30
L) 65536
N SOLVENT  DMSO
NS 15360
DS 4
OCH, SWH  29761.904 Hz

FIDRES 0454131 Hz
AQ 1.1010048 sec

RG 2050
ow 16.800 usec
DE 6.50 usec
<o OIS Me=<f—mM — ™ m - TE 296.2K
oo ®eooedhn I N g B 01 200000000 sec
£ 5

— 160.66
—153.69
—143.17
8
6

oouMEINNGY st
A AN -

N

=
—

PLIW 7636135101 W
SFO1  125.7829381 MHz

= CHANNEL f2 ===

CPDPRG2  waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 200d8
PLI2 16.50 dB
PLI3 16.50 dB

PLZW  1285348415W
PLI2W 045605880 W
PLI3W  0.45605880 W
SFO2  500.1820007 MHz

F2 - Processing parameters
68

271
SF 125.7703610 MHz
Wi EM

DWW
SSB 0
L8 100 Hz
GB 0
PC 140

e

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig. S2d. *C NMR spectrum of L2 in dmso-d.
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Fig. S3a. Partial "H NMR spectrum of L3 in dmso-ds.
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Fig. S3¢. '"H-'H COSY NMR spectrum of L3 in dmso-ds.
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Fig. S6. ESI mass spectrum of H,-RBC in positive ion mode.
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Fig. S7. ESI mass spectrum of L2 in positive ion mode.
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Fig. S8. ESI mass spectrum of L3 in positive ion mode.
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Fig. S9. ESI mass spectrum of L4 in positive ion mode.
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Fig. S10. ESI mass spectrum of L5 in positive ion mode.
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Fig. S11a. '"H NMR spectrum of 1 in dmso-ds.
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Fig. S11b. Partial '"H NMR spectrum of 1 in dmso-d, (* indicates free ligand).
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Fig. S12b. Partial "H NMR spectrum of 2 in dmso-ds (* indicates free ligand).
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Fig. S13b. Partial 'H NMR spectrum of 4 in dmso-d.
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Fig. S13C. '"H NMR spectra of L4 (blue), H,-RBC (red) and 4(green) in dmso-ds
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Bruker Compass DataAnalysis 4.0 printed:  2/11/2019 11:27:50 AM Page 1 of 1

Fig. S14a. ESI mass spectrum of 1 in positive ion mode.
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Fig. S14b. ESI mass spectrum of 1 in positive ion mode.
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Fig. S14c. Experimental (a) and calculated (b) ESI-TOF mass spectra of [1+H]".
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Fig. S15a. ESI mass spectrum of 2 in positive ion mode.
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Fig. S15b. Experimental (a) and calculated (b) ESI-TOF mass spectra of [2+H]".
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Fig. S16a. ESI mass spectrum of 3 in positive ion mode.



Electronic Supporting information

+
[3+H]
3288.7196
3287 7172
32897208
3286.7151
32907222
, 3285.7116 b
32917248
3284.7097 —
3293.7308
3284 3285 3286 3287 3288 3280 3200 3291 3292 3293 3294 miz
3288.6041
3287.6034 2289 5064 a

3286.6003 3290.6096

3285.5971
3291.6093

3284.5975 3292.6126

3293.6159

3284 3285 3286 3287 3288 3289 3290 3291 3292 3203 3204 miz

Fig. S16b. Experimental (a) and calculated (b) ESI-TOF mass spectra of [3-+H]".
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Fig. S17a. ESI mass spectrum of 4 in positive ion mode.
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Fig. S17b. Experimental (a) and calculated (b) ESI-TOF mass spectra of [4+H]".
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Fig. S18a. ESI mass spectrum of 5 in positive ion mode.
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Figure S18b. Experimental (a) and calculated (b) ESI-TOF mass spectra of [S+H]".
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Fig. S19. Elemental analysis of 1.
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Fig. S20. Elemental analysis of 2.
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Fig. S21. Elemental analysis of 3.
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Fig. S22. Elemental analysis of 4.
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Fig. S23. Elemental analysis of 5.




Table Sla. Crystallographic Data of 1, 2 and 4 (the parameters are calculated with/without the

solvent molecules).
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1 2 2 with solvents 4

i Ci44sHooN16016Rey | CiagHigoN16020Res | CioH123N16020Res | CisHi16N16025R €4
M, 3047.13 3167.23 3442.63 3407.44
crystal Orthorhombic Orthorhombic Orthorhombic Orthorhombic
system

space Pccn Pccn Pccn Pbcn

group

a(A) 18.7295(17) 19.1389(13) 19.1389(13) 20.942(2)
b(A) 24.537(2) 24.4265(13) 24.4265(13) 23.014(2)
c(A) 34.743(3) 35.133(2) 35.133(2) 34.149(3)
a(deg) 90 90 90 90
£ (deg) 90 90 90 90

7 (deg) 90 90 90 90

V (A3) 15967(2) 16424.4(17) 16424.4(17) 16458(3)
Z 4 4 4 4

7 (K) 296(2) 296(2) 296(2) 296(2)
2 (A) 0.71073 0.71073 0.71073 0.71073

Dot 1.268 1.281 1.392 1.375

(gem™)
w(mm) | 3.080 2.999 3.005 3.001

F(000) 5984 6240 6836 6752
goodness- | 1.052 1.056 1.140 1.106

of-fit

R14/wR2% | 0.0562/0.1130 0.0845 0.0981/0.2266 0.0858/0.1538
[/>20(])]

R14wR2? | 0.1056/0.1408 0.2128 0.1756/0.2685 0.1358/0.1718
(all data)

Larg. 1.858 2.051 2.216 1.560

Res.

(e A%

Ry = ZHF0|_|FC|

[ NE| - wR= O [w(F,? = F.*)] S Iw(E, ) >
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Table S1b. Crystallographic Data of 3 and 5 (the parameters are calculated with/without the
solvent molecules).

3 3 with solvents 5 5 with solvents
formula Cie6H124N16024Res | Cig0H140N16024Re4 | CragsHooN16024Re4 | Cig3HogN 16024Re4
M, 3471.6 3655.87 3223.17 3641.50
crystal Orthorhombic Orthorhombic Orthorhombic Orthorhombic
system
space group | Pbcn Pbcn Pccn Pccn
a(A) 20.820(3) 20.820(3) 18.7918(6) 18.7918(6)

b (A) 22.790(3) 22.790(3) 23.7918(7) 23.7918(7)
c(A) 33.942(4) 33.942(4) 35.3639(11) 35.3639(11)
a(deg) 90 90 90 90
£ (deg) 90 90 90 90

7 (deg) 90 90 90 90

V (A3) 16106(4) 16106(4) 15810.9(8) 15810.9(8)
Z 4 4 4 4

T (K) 296(2) 296(2) 296(2) 296(2)
2 (A) 0.71073 0.71073 0.71073 0.71073
Dy (gem™ | 1.432 1.508 1.354 1.530

3

)
u (mm1) 3.067 3.071 3.118 3.128
F(000) 6896 7296 6336 7168
goodness- 1.004 1.020 1.046 1.079

of-fit

R14/wR2? 0.0543/0.1214 0.0570/0.1299 0.0369/0.0793 0.0484/0.1266
[/>20(])]

R14/wR2? 0.1211/0.1594 0.1251/0.1696 0.0497/0.0858 0.0631/0.1379
(all data)

Larg. Res. 1.293 1.377 1.691 1.703

(e A7)

"Ri= ZHF0|_|FC|

= data obtained from solvent molecules

S NE| R = {3 IW(E,? = F2)? 1/ S Iw(F, ) T
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Fig. S24. Molecular structure of 2. Tetrahedral skeleton of 2 with four ligands aligned along the
four edges (Rel-Re! and Re2-Re? for two dianionic bis-chelating (RBC?-) ligand motifs, Rel-
Re2 and Re?-Re! for two L2 motifs, and Rel-Re? and Re2-Re! are the two missing edges) of the
Re4 tetrahedron. Top: Ball and stick view of 2 without/with solvent molecules (left/right).
Bottom: (left) Space-filling view of 2 ( L2 = blue; RBC?- = red) and (right) L2 is blue stick and
chelating atoms of RBC are shown in red to show the orientation of chelating units around metal
cores. Two 4-methoxyphenyl units are disordered in 2. Only one of the occupancy of
methoxyphenyl unit is shown for clarity. Color code: C = gray; N = blue; O =red; Re = green;
CO = green in C).
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Fig. S25a. Molecular structure of 3. Tetrahedral skeleton of 3 with four ligands aligned along the
four edges (Rel-Re2 and Re'-Re? for two dianionic bis-chelating (RBC?") ligand motifs, Rel-
Re? and Re2-Re! for two L3 motifs, and Rel-Re! and Re2-Re? are the two missing edges) of the
Re4 tetrahedron. (A) Ball and stick view of 3 (hydrogen atoms are omitted for clarity; bonds of
L3 are shown in blue; bonds of chelating atoms of RBC are shown in red). (B) Space-filling
view of 3. (C) Space-filling view of 3 showing cavity of face in which OCHj3; resides (D) 3 with
chelating atoms (red), L3 (blue) to show the orientation of chelating units around metal cores.
Two of the disordered methoxy units in 3 are not shown for clarity. Color code: C = gray; N =
blue; O =red; Re = green; CO = green in C).
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Fig. S25b. Molecular structure of 3 with disordered two methoxy units. Hydrogen atoms and
solvents molecules are removed for clarity (picture drawn from data of 3.solvents).

Fig. S25¢. Molecular structure of 3 with disordered two methoxy units. Two toluene solvent
molecules are shown as space filling view (picture drawn from data of 3.solvents).
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Fig. S26. Top: Molecular structure of 4 with disordered two methoxy units. Hydrogen atoms and
solvents molecules are removed for clarity. Molecular structure of 4. Bottom: Bonds of L4 are
shown in blue; bonds of chelating atoms of RBC are shown in red. Color code: C = gray; N =
blue; O =red; Re(CO); = green).
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Fig. S27a. Top: Asymmetric unit of 5 showing two disordered 1,3-benzodioxole rings (hydrogen
atoms, CO umits and solvent molecules are removed for clarity). Molecular structure of 5 with
solvent molecules.
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Fig. S27. Molecular structure of 5. Tetrahedral skeleton of 5 with four ligands aligned along the
four edges (Rel-Re! and Re2-Re? for two dianionic bis-chelating (RBC?") ligand motifs, Rel-
Re2 and Re?-Re! for two L5 motifs, and Rel-Re? and Re2-Re! are the two missing edges) of the
Re4 tetrahedron. (A) Ball and stick view of 5 (hydrogen atoms are omitted for clarity; bonds of
L5 are shown in blue; bonds of chelating atoms of RBC are shown in red). (B) Space-filling
view of 5.(C) 5 with chelating atoms (red), L5 (blue) to show the orientation of chelating units
around metal cores. Only one of the occupancy of 1,3-benzodioxole unit is shown for clarity.
Color code: C = gray; N = blue; O =red; Re = green; CO = green in C).
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Fig. S28. Molecular structure of 1 showing size of tetrahedron edges.

Fig. S29. Molecular structure of 2 showing size of tetrahedron edges.




c
=)
+—

©

S

—

[e]
Y=
£

oo

C
el

—_

o

[oX

Qo

>
(%]
2

c

[®]

—
+—

[S]
i)
[SN]

Fig. S30. Molecular structure of 3 showing size of tetrahedron edges
Fig. S31. Molecular structure of 4 showing size of tetrahedron edges.
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Fig. S32. Molecular structure of 5§ showing size of tetrahedron edges.



