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Crystal structure determination of complexes 2-5 and 7-9.

Single crystals of all complexes were mounted on a Cryoloop with a drop of paratone oil and
positioned in the cold nitrogen stream on a Bruker D8 Venture diffractometer. The data collections
were performed at 100 K to 150 K using Bruker D8 Venture diffractometer with a graphite
monochromated Mo Ko radiation source (A = 0.71073 A) with the w-scan technique. The data
were reduced using CrysalisPro Red 171.41_64.93a software.* The structures were solved using
Olex2 1.52 with the ShelXT? structure solution program using intrinsic phasing and refined with
SHELXL* refinement package using least-squares minimization. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were placed in calculated positions and included as riding
contributions with isotropic displacement parameters tied to those of the attached non-hydrogen
atoms. The given chemical formula and other crystal data do not take into account the unknown
solvent molecule(s). The reflections with error/esd more than 10 were excluded in order to avoid
problems related to better refinement of the data. The data completeness is more than 99.8% in
most of the cases, which is enough to guarantee a very good refinement of data. The details of X-
ray structural determinations are given in Tables S1. Crystallographic data for the structures
reported in this paper have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC: 2221869-2221872 (for 2-5) and 2221873—2221875 (for 7-

9).

S1



Table S1 Crystallographic information of compounds 2-5 and 7-9

code 2 3 4 5 7 8 9

Formula gZSOH380|2CU2N8 gzsoHSBBhCUzNB |S250H38CUZI2N8 C37CUIN6P 2CsoH38Angr2N8P 2Cs4H44Ag2|2N10P gstlgAUC|N4

Formula weight  1010.80 1099.72 1193.70 749.84 1188.38 1364.47 638.83

Temperature/K 150.15 150.15 150.15 100.15 150.15 150.15 150.00(10)

Crystal system monoclinic monoclinic triclinic monoclinic monoclinic triclinic monoclinic

Space group P21/n P2./n P-1 P2i/c P21/n P-1 P2:/c

alA 9.6601(3) 9.6861(2) 10.1156(2) 12.6389(2) 9.4370(2) 10.22310(10) 10.1388(5)

b/A 13.6102(5) 13.5067(3) 10.2713(2) 16.3194(2) 13.3374(2) 10.86800(10)  9.0469(5)

c/A 17.3381(6) 17.6907(4) 13.6838(3) 15.3635(2) 18.7527(4) 13.3111(2) 25.0966(15)

a/° 90 90 106.577(2) 90 90 99.4390(10) 90

B/° 96.065(3) 95.2177(19) 91.571(2) 91.7510(10)  93.552(2) 112.0120(10) 101.230(6)

v/° 90 90 118.819(2) 90 90 101.4420(10) 90

Volume/A? 2266.78(13) 2304.86(8) 1170.63(5) 3167.39(8) 2355.78(8) 1296.81(3) 2257.9(2)

Z 2 2 1 4 2 1 4

peacg/cm® 1.481 1.585 1.693 1.572 1.675 1.747 1.879

|,t/mm'l 1.173 2.771 2.340 1.751 2.640 2.055 6.726

F(000) 1032.0 1104.0 588.0 1444.0 1176.0 668.0 1232.0

Crystal size/mm? 0.092 x 0.069 x  0.098 x 0.079 x  0.095 x 0.075 x 0.085 x 0.068 0.077 x 0.075 x 0.095 x 0.067 x  0.098 x 0.069
0.066 0.075 0.071 x 0.065 0.01 0.065 x 0.066

20 range, deg 4726t067.196 4.624 to 73.902 3.168t0 71.638 3.642 to 50 4.72 t0 68.142 4,344 to 60 3.31t0 49.996

Total no of 66979 69933 64162 59365 68618 89799 19634

reflection

Independent 8226 [Rint = 9069 [Rint = 8690 [Rint = 5574 [Rinn=  8512[Rin = 10573 [Rint = 3966 [Rint =

reflections 0.0862] 0.0584] 0.0429] 0.0801] 0.1526] 0.0406] 0.0478]

Sr?g‘i'”ess'(’f'f” 1.039 1.037 1.035 1.066 0.894 1.052 1.081

R: (all data) 0.0491 0.0388 0.0345 0.0505 0.0347 0.0297 0.0317

WR2 (I > 206(1)) 0.1097 0.0869 0.0766 0.1618 0.0943 0.0629 0.0615

S2



Molecular orbitals, TD-DFT and NBO calculations

All DFT calculations were performed with the Gaussian09 (Rev. D.01) suite of programs.® Initially
we optimized all of the structures (2-4) with different basic sets (using the hybrid density functional
B3LYP with TZVP basic sets for C, H, N, P, Cl, Br, and SDD basic sets for Cu and | atoms with
the relativistic electron core potential) and the results obtained are given below in Table S2. We
found that the optimization calculation revealed the optimized structures of 2 and 3 having almost
identical bonding parameters and Cu---Cu’ distances with respect to X-ray structures, whereas it is
not fit with its X-ray data in case of 4, especially Cu---Cu’ distance (Table S2). Henceforth, we
performed all of this calculation by considering crystal coordinates only keeping all the basic sets
remain unchanged. Frequency calculations were performed subsequently to confirm the presence
of local minima (only positive frequencies). Vertical excitations (100 singlet excited states) were
calculated by TD-DFT method. To find out the nature of Cu---Cu’ interaction, natural bond order
(NBO) analysis is carried out using Gaussian 09. Molecular orbitals were visualised using

Chemcraft software with countor value: 0.030.

Table S2 Selected bond length and bond angles of 2-4 obtained from X-ray diffraction analysis
and DFT calculation

2(X=Cl) 3(X=Br) 4(X=1)
Bond lengths (A)
X-ray DFT X-ray DFT X-ray DFT

Cul-P1 2.1786(6) 2.23528 2.1861(5) 2.25420  2.2168(5) 2.27138
Cul’'-X1 2.4513(6) 2.42155 2.5535(3) 2.53044 2.6628(3) 2.73623
Cul-X1 2.2993(6) 2.38861 2.4026(3) 250772 2.5789(3) 2.74395
Cul-Cul’ 3.1039(6) 3.08569 3.0387(4) 3.02069 2.6924(5) 3.18213
Cul-N1 2.1046(8) 2.16105 2.0974(15) 2.18626 2.0934(16) 2.17568
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Bond angles (°)

Cul-X1-Cul’ 81.525(18)
X1-Cul-X1>  98.474(18)
PI-Cul-N1  100.64(5)

X1-Cul-N1  105.99(5)
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75.562(10) 73676  61.792(9)
104.439(10) 106.324  118.208(9)
100.43(4) 96.648  98.48(5)
108.47(4) 106.489  110.32(5)
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Fig. S1. Calculated absorption spectrum of 2 based on the TDDFT method.
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Fig. S2. Calculated absorption spectrum of 3 based on the TDDFT method.
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Fig. S3. Calculated absorption spectrum of 4 based on the TDDFT method.
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Fig. S4. Extended energy level plots for complex 2.
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Fig. S5. Extended energy level plots for complex 3.
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Table S3 TD-DFT data for complexes 5-7

Comp A (nm) Eex (V) Oscillator strength ~ Orbitals involved
f
401 3.0890 0.0119 H-3> L+1 (0.59)
H-3> L (0.23)
362 3.4171 0.0734 H-2> L+3  (0.13)
2 H-2> L+4  (0.12)
H-> L+5 (0.53)
379 3.2704 0.0364 H-> L+2 (0.62)
H> L+6 (0.24)
400 3.0919 0.0181 H-6-> L (0.10)
H-3>L+1  (0.68)
375 3.2994 0.0368 H> L+2 (0.64)
3 H> L+6 (0.22)
359 3.4502 0.0562 H-> L+5 (0.55)
H> L+6 (0.32)
H> L+7 (0.17)
384 3.2277 0.0392 H-3> L (0.69)
347 3.5668 0.0470 H-> L+9 (0.56)
4 H-1> L+10  (0.13)
272 4.5539 0.0962 H-12-> L+1 (0.25)
H-9> L+1  (0.34)
H-4> L+10  (0.42)
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NMR and HRMS spectra of complexes 1-9
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Fig. S7. 3P{*H} NMR spectrum of 1 in CDCls (202 MHz).
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Fig. S8. 'H NMR spectrum of 1 in CDCIz (500 MHz).
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Fig. S9. *C{*H} NMR spectrum of 1 in CDCls (126 MHz).
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DEPARTMENT OF CHEMISTRY, L.L.T.(B)

Analysis Info Acquisition Date  1/11/2022 6:47:15 PM
Analysis Name  D:\Data\JAN-2022\MSB-SSS-PN.d
Method NalCsl_pos_1000-a.m Operator  PPI-OUT
Sample Name MSB-SSS-PN Instrument maXis impact 282001.00081
Comment C25H19N4P1
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 Umin
Scan End 1000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Intens. 4 MSB-SSS-PN.d: +MS, 0.39-0.49min #23-29
x106
1.0 4071417 4111248
0.5 419.1489
0.0 r v . 403.1532 v I 1 't I 1 y \ ' [ 1 y
390 395 400 405 410 415 420 425 m/z
Intens. MSB-SSS-PN.d: +MS, 0.39-0.49min #23-29
x1063 X
1.00 | 407.1417
N W,
0.753 | N,N
0.503 Ph,P \
Ph 408.1442
0.253 | 409.1458 410.1240
0.004- . . . . . —A —
404 405 406 407 408 409 410 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
407.1417 1 C25H20N4P  407.1420 07 399 1 10000 200 even ok
Fig. S10. HRMS spectrum of 1.
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Fig. S11. 3'P{*H} NMR spectrum of 2 in DMSO-ds (162 MHz).

S13



f1 (ppm)

~

"

f1 (ppm)

Fig. S12. *H NMR spectrum of 2 in DMSO-ds (400 MHz).
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DEPARTMENT OF CHEMISTRY, L.L.T.(B)

Analysis Info

Analysis Mame  D:\Data\SEP 21\MSB-555-299-A d
Method MalCsl_pos_1500hplc.m

Sample Mame MSB-555-299-A

Comment C50H38N8Cu2CI2

Acquisition Date  10/3/2021 8:35:57 PM

SJG-IN
maXis impact

Operator

Instrument 282001.00081

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 3700V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 W Set Dry Gas 6.0 l/min
Scan End 1500 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Iﬂtenss: MSB-555-299-A.d: +MS, 0.20-0.30min #12-18
X102 966.1308
6 975.0954
4-
2_
ol 1010.0618
940 950 960 970 980 990 1000 1010 mfz
Intens. N M MSB-555-299-A.d: +MS, 0.20-0.30min #12-18
x10%1 LA M CsoHssCICuzNePz, 973.0970
61 oo o ) LN 9750954
4 N o /CU\BnZ Y
] Ny L Ph173.0963
4 967.1327 Y 574.0093 976.0978
968.1: :
27 A " A 978.0958
0 . T T lA - I.l A T - T
968 970 972 974 976 978 980 982 mfz
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf MN-Rule
975.0954 1 CbOH38CICuZN8P2 973.0970 04 255 1 10000 420 even ok
Fig. S13. HRMS spectrum of 2.
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Fig. S14. 3P{*H} NMR spectrum of 3 in DMSO-ds (162 MHz).
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Fig. S15. *H NMR spectrum of 3 in DMSO-ds (400 MHz).
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DEPARTMENT OF CHEMISTRY, LL.T.(B)

Analysis Info Acquisition Date  1/11/2022 7:22:53 PM
Analysis Name  D:\Data\JAN-2022\MSB-SSS-PN-CuBr.d

Method Naformat_pos_1000.m Operator PPI-OUT

Sample Mame MSB-5SS-PN-CuBr Instrument maXis impact 282001.00081
Comment C50H38N8P2Cu2Br2

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intens. | MSB-555-PN-CuBr.d: +MS, 0.3-0.5min #16-27
x10%]
] 469.0635
44
1 4351229
24 445.1169
) ' 451.0998 461.0925 [
440 450 460 470 480 490 500 mfz
Intens. MSB-S55-PN-CuBr.d: +MS, 0.3-0.5min #16-27
x10%]
] 469.0635
44
1 ' 471.0623
| 461.09: l 472.0649
nlll‘lll A T '.‘I""I"LI""I‘ T T
457.5 460.0 462.5 465.0 467.5 470.0 472.5 475.0 477.5 m/fz
Meas. m/z # lonFormula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
469.0635 1 C25H19CuMN4P  469.0638 0.6 147 1 10000 205 odd -

Fig. S16a. HRMS spectrum of 3.
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DEPARTMENT OF CHEMISTRY, L.I.T.(B)

Analysis Info
Analysis Name
Method

Sample Name
Comment

Acquisition Date  12/19/2022 3:51:31 PM
D:\Data\DEC-2022\MSB-SSS-CuBr-C_1.d
NalCsl_pos_1500hplc.m
MSB-SSS-CuBr-C

C50H38N8P2Cu2Br2

SRK-IN
maxXis impact

Operator

Instrument 282001.00081

Acquisition Parameter

Source Type ESI lon Polarity Paositive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 VvV Set Dry Gas 6.5 [/min
Scan End 1500 miz Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
I"te"iié MSB-555-CuBr-C_1.d: +MS, 1.30-1.39min #78-83
%1073
2.{]_2 1019:0348
1.59
1.0 975.0854
0.5 956.1036 h.l u
[]_(]: . “ LI " yask L“. . J I“_IJ . ’ " ' il y y
940 60 980 1000 1020 1040 1060 1080 mjz
Il]tel]s.§ MSB-555-CuBr-C_1.d: +MS, 1.30-1.39min #78-83
X1"4_E I P N 1019:0348
2.04 oh Phy B /N [N t
15] NP~ ci—g” N 1021.0351
1.{15 N/“N T /N/ ~p7 e 1?1.0350 1020|.0368 ||
N | ' ! ' 1022.0376
0.5 S I 1018,i0385 (t . f r 1023.0355
0.0l . AN Jo wlt . AN AL A st
1014 1016 1018 1020 1022 1024 m/z
Meas. m/z # lonFormula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
1019.0348 1 C50H38BrCu2N8P2  1017.0465 10.2 496 1 100.00 410 even ok
Fig. S16b. HRMS spectrum of 3.
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Fig. S17. 3P{*H} NMR spectrum of 4 in DMSO-ds (162 MHz).
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Fig. S18. *H NMR spectrum of 4 in DMSO-ds (400 MHz).
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DEPARTMENT OF CHEMISTRY, L.I.T.(B)

Analysis Info Acquisition Date ~ 9/28/2021 5:24:35 PM
Analysis Name  D:\Data\SEP 21\MSB-SS5-295.d
Method NalCsl_pos_1000-a.m Operator CMRV OUT
Sample Name MSB-55S-295 Instrument maXis impact 282001.00081
Comment C25H14N4P1Cu1l1
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 V Set Dry Gas 4.0 /min
Scan End 1000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intenss-- MSB-555-295.d: +MS, 0.5-0.7min #31-40
x10°4 407.1376
4 469.0636
21 379.1276
ol | ‘ l 5291330 596.5778
300 350 400 450 500 550 600 650 m/z
Intens. J MSB-555-295.d: +MS, 0.5-0.7min #31-40
x106 Y S
1 4371494 N \ e 46049636
3 N N N/
E g |
24 N
1_
o . 445.0 l | 487.0717
440 450 460 470 480 490 m/z
Meas. m/iz # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
4690636 1 C25H19CuN4P 469.0638 0.4 202 1 100.00 205 odd -

Fig. S19a. HRMS spectrum of 4.
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DEPARTMENT OF CHEMISTRY, I.I.T.(B)

Analysis Info Acquisition Date  12/19/2022 3:12:47 PM
Analysis Name  D:\Data\DEC-2022\MSB-SSS-Cul-C.d
Method NalCsl_pos_1500hplc.m Operator SRK-IN
Sample Name MSB-SSS-CUI-C Instrument maXis impact 282001.00081
Comment CH0H38N8P2Cu2I2
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 v Set Dry Gas 6.5 I/min
Scan End 1500 m/z Set Charging Voltage 2000 VvV Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intens. ] MSB-5SS-Cul-C.d: +MS, 0.7min #41
x1061
39 875.1851
13
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1 Iy b we b .
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Meas. m/z # lonFormula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
1194.9054 1 C50H39CuZIZN8P2 1192.8449 326 147.2 1 0.00 44.0 even ok
Fig. S19b. LRMS spectrum of 4
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Fig. S20. 3'P{*H} NMR spectrum of 5 in DMSO-ds (202 MHz).
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Fig. S21. *H NMR spectrum of 5 in DMSO-ds (500 MHz).
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Fig. S22. ®C{*H} NMR spectrum of 5 in DMSO-ds (101 MHz).
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DEPARTMENT OF CHEMISTRY, L.1.T.(B)

Analysis Info Acquisition Date  3/12/2022 2:40:55 PM
Analysis Mame  D:\Data\MAR-2022\msb-sss-cui-pn-phenthroline.d
Method MNaformat_pos_1000a.m Operator ard santanu out
Sample Name msb-sss-cui-pn-phenthroline Instrument maXisimpact 282001.00081
Comment C37H2TMEP1Cu1l1
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Mot active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 v Set Dry Gas 4.0 /'min
Scan End 1000 miz Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Intenszi' msb-sss-cui-pn-phenthroline.d: +MS, 0.67-0.70min #40-42
X107
67 649.1321
4
24
] 458.0334
] — : : : i — .
-200 1] 200 400 600 800 1000 mfz
Intens. 4 msh-sss-cui-pn-phenthroline d: +MS, 0.67-0.70min #40-42
x10H 0
) e 5491321
4 \
1 y £51.1307
2- [ l
625 630 635 640 645 650 655 660 665 myfz
Meas. m/z # lon Formula miz err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
6491321 1 C3TH27CuN6P 649.1325 07 221 1 10000 295 odd -
Fig. S23. HRMS spectrum of 5.
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Fig. S24. 3P{*H} NMR spectrum of 6 in CDCl3 (162 MHz).
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Fig. S25. 'H NMR spectrum of 6 in CDCI3 (400 MHz).
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Fig. S26. 3C{*H} NMR spectrum of 6 in CDCIz (100 MHz).
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DEPARTMENT OF CHEMISTRY, LLLT.(B)

Analysis Info
Analysis Name

De\Data\WJAN-2022\MSB-555-PM-AgCl.d

Acquisition Date  1/28/2022 10:01:48 AM

Method Maformat_pos_1000a.m Operator sjg-OUT
Sample Name MSB-555-PN-AgCl Instrument maXis impact 282001.00081
Comment CH0H38MNEP2Ag2CI2
Acquisition Parameter
Source Type ESl lon Polarity Positive Set Mebulizer 0.3 Bar
Focus Mot active Set Capillary 3700w Set Dry Heater 180 °C
Scan Begin 50 mfz Set End Plate Offset -500 W Set Dry Gas 4.0 U'mmin
Scan End 800 miz Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0nA Set APC| Heater 0°Cc
Intens, ] MSB-555-PN-AZCLO: +05, 1.90-1.87min #114-118
x104]
154 5130388 515.0351
1.0
1 504.3419 514.0427 516.0423
0.5 15-::5.04-::3 51|:|_i:-901 5120895
0.0 4 ——- f A ; T
S0 506 S08 510 512 514 516 518 mfz
Intens, MSE-555-PH-AgCl.d: +M5, 1.90-1 57min #114-118
x1047 Ph Ph, Cl
2.0 N \ P\/Ag
Ny 5150391
1.5 Y N 5135388
1.04 N |
0.53 514.0427 516.0428
a5 5170435
0.0 "
gi1 512 A E] ci4 3 ti6 517 myfz
Meas. mfz # lon Formula miz emr[ppm] mSigma #mSigma Score rdb e Conf MN-Rule
513.0388 1 C25H19AgN4P  513.0383 1.0 308.0 1 10000 200 even ok

Fig. S27a. HRMS spectrum of 6.
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DEPARTMENT OF CHEMISTRY, LL.T.(B)

Analysis Info
Analysis Name

Method Naformat_pos_1500A.m
Sample Name  MSB-SSS-AGCI-B
Comment C50H38N8P2Ag2CI2

Acquisition Date  12/19/2022 2:46:32 PM

D:\Data\DEC-2022\MSB-SSS-AGCI-B.d

SRK-IN
maXis impact

Operator

Instrument 282001.00081

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Charging Voltage 2000 Vv Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Intens. MSB-555-AGCI-B.d: +MS, 0.4min #22
x10%]
3] 919.0830
407.0999
2_
1] i 1105.0985
0 : : : L, ll 1 . 699123 N 1246,9455 . .
200 400 600 800 1000 1200 1400 m/z
Intens. | MSB-5SS-AGCI-B.d: +MS, 0.4min #22
x10°
10] P Pna m\A _ 1105:0985
. N \ \Ag\ / ghQ \Ph 1103.0980
NG
\Nj\@ 1104.0996 1106.0997
0.5 N
1107.1024
0.0 . . . . . . ‘ .
1096 1098 1100 1104 1106 1108 1110 1112 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
1105.0985 1 C50H38Ag2CI2LIN8P2  1103.0328 -60.0 344.5 3 100.00 43.0 even ok

Fig. S27b. LRMS spectrum of 6.
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Fig. S28. DOSY *H NMR spectrum of complex 6 in CDCls at 25 °C with the calculated diffusion
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Fig. S29. 3'P{*H} VT NMR spectrum of 6 in CDCl3 (162 MHz).
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Fig. S30. 3'P{*H} NMR spectrum of 7 in CDCl3 (162 MHz).
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Fig. S31. *H NMR spectrum of 7 in CDCls3 (400 MHz).
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Fig. S32. ®C{*H} NMR spectrum of 7 in CDCls (101 MHz).
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DEPARTMENT OF CHEMISTRY, L.LT.(B)

Analysis Info Acquisition Date  12/11/2021 11:47:51 AM
Analysis Name  D:\Data\DEC-2021\MSB-SSS-Pr-AgBr.d

Method NalCsl_pos_2000.m Operator MSB-OUT

Sample Name  MSB-SSS-PN-AgBr Instrument maXis impact 282001.00081
Comment C50H38MN8P2Ag2Br2

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3700 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 Vmin
Scan End 2000 miz Set Charging Voltage 2000V Set Divert Valve Source
Set Corona 0 nA Set APCI Heater 0°C
Intens. ] MSB-S55-PN-AgBr.d: +MS, 0.2min #12
x109]
2; 1105.2189
1]
] 1059.2416 1135.2893 1154i9323 11772753 11932772 12152939
0 T i TN aak Ll i L it
1060 1080 1100 1120 1140 1160 1180 1200 1220 myz
Intens. MSB-555-PN-AgBr.d: +MS, 0.2min #12
%1073
] 1105.2189
1.5 1103.2180 1106.9964 1108.9964
1 05 1104.2208 1106.2210 ‘
03 ‘ | 1107.9987 | 1109.9984
0.53 l | ‘ H | 11119085
] | | | ;
0.01 : N AL JL' A JIL| L JIUL Jllb. 'l L\ JlL L " . .
1102 1104 1106 1108 1110 1112 1114 mJz
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
1108.9964 1 C5H0H38Ag2BrNBP2  1104.9974 02 85 1 100.00 40.0 even ok

Fig. S33. HRMS spectrum of 7.
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Fig. S34. 3P{*H} VT NMR spectrum of 7 in CDCls (162 MHz).
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Fig. S35. 3'P{*H} NMR spectrum of 8 in CDCl3 (162 MHz).
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Fig. S36. 'H NMR spectrum of 8 in CDCl3 (400 MHz).
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Fig. S37. ®C{*H} NMR spectrum of 8 in CDCls (101 MHz).

DEPARTMENT OF CHEMISTRY, LL.T.(B)

Analysis Info Acquisition Date  12/11/2021 11:32:55 AM
Analysis Name  D-\Data\DEC-2021\WSB-555-PN-Agl-A-.d
Method NalCsl_pos_2000.m Operator MSB-OUT
Sample Name MSB-555-PN-Agl-A- Instrument makXis impact 28200100081
Comment C50H38M8P2Ag212
Acquisition Parameter
Source Type ESI lon Polarity Puasitive Set Mebulizer 0.2 Bar
Focus Mot active Set Capillary roo v Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset 500 W Set Dry Gas 4.0 Vmim
Secan End 2000 mfz Set Charging Voltage 2000 Vv Set Divert Valve Source
Set Corona 0 nA Set APCI Heater o°c
Intens. § MSB-555-PN-Agl-A-.d: +MS, 1. 1min B5E
w104
1 1154.9837
21
i 10710693 11599.2501
1] 1107.4647
i 1087.0483 1133.4796 11774245 1215,2903
u: L lhlLl l A bk ol t J.IlIJ.Il_ . . || |.|| 3 o l| 4, "Ul'UIIL i " - I‘—"
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i Al f I i il f 11589578
[\ SIS [, S S T [ S S [ S LA .
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Meas. m/z # lon Formula mfz emr[ppm] mSigma #mSigma Score rdb e Conf MN-Rule
1134.8837 1 CB50H3BAg2INEBP2 1152.9836 00 321 1 10000 410 even ok

Fig. S38. HRMS spectrum of 8.
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Fig. S39. 3P{*H} VT NMR spectrum of 8 in CDCls (162 MHz).
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Fig. S40. 3P{*H} NMR spectrum of 9 in CDClz (162 MHz).
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DEPARTMENT OF CHEMISTRY, LI T.(B)

Analysis Info Acqguisition Date  11/23/2021 4:54.45 PM
Analysis Name  D\Data\NOV-2021'\MSB-555-PN-Au-A.d
Method Waformat_pos_1500.m Operator SJG-IM
Sample Name MSB-555-PN-Au-A Instrument maXis impact 282001.00081
Comment C25H19M4P1AU1CH
Acquisition Parameter
Source Type ESl lon Polarity Positive Set Mebulizer 0.3 Bar
Focus Mot active Set Capillary Jroov Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Cffset -500 W Set Dry Gas 4.0 lirmin
Scan End 1500 miz Set Charging Voltage 2000 W Set Divert Valve Source
Set Corona anA Set APCI Heater L1
Intens. MSE-355-PH-Au-A.d: +M5, 0.47-0.52min #28-31
x10H
6390750
1.04
0.5 5831068 5o apgy £231771 l 55335?1&51]0619 677.0367
pol 2520 Ly ol P TR | P |. sl A poealilian
can &00 620 640 660 mfz
Intens, MSB-555-PN-AU-fud: 5, 0.47-0.52min #28-31
40004 5931068
603:3007
" J |
5802141
SBO L85 590 595 00 605 610 615 620 mfz
Meas. miz # lonFormula mfz err[ppm] mS3igma #mSigma Score rdb e Conf N-Rule
§03.1007 1 C25H18AuN4P  603.1008 00 Tig 1 10000 21.0 even ok

Fig. S43. HRMS spectrum of 9.
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Fig. S44. PXRD profiles of PN-CuCl (2) at 298 K.
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Fig. S45. PXRD profiles of PN-CuBr (3) at 298 K.
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Fig. S46. PXRD profiles of PN-Cul (4) at 298 K.
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Fig. S47. Solid state UV absorption spectra for 1.
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Fig. S48. Solid state UV-Vis spectra for 2-5.

General procedure for cross-coupling

Phenol (1 eq) and bromobenzene (1 eq) derivatives were taken in a 10 ml catalytic tube: catalyst
(0.5 mol%) with K3POs4 (1 eq) loaded in DMSO (2 mL) as a solvent. The reaction mixture was
stirred at 120 °C for 15 h, the corresponding product was isolated through the column

chromatography technique.
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NMR spectral data of catalytic products
o 4-(4-chlorophenoxy)benzonitrile  (1).” Purified by column
NC/©/ \©\0| chromatography on silica gel using petroleum ether and ethyl
acetate as eluents, 92 % (106 mg) yielded a white solid. 'H NMR
(400 MHz, CDCl3) 6 7.62 (s, 1H), 7.60 (s, 1H), 7.38 (s, 1H), 7.36 (s, 1H), 7.02 (d, J = 1.7 Hz, 2H),
7.00 (d, J = 3.9 Hz, 2H). ¥C{*H} NMR (101 MHz, CDCls) & 161.35, 154.25, 134.34, 130.52,

130.43, 121.80, 119.14, 118.13, 105.24.

O‘Ph 2-phenoxynaphthalene (11).8 Purified by column chromatography on
silica gel using petroleum ether and ethyl acetate as eluents, 90 % (99 mg)
yielded a white solid. *H NMR (400 MHz, CDClz) 6 8.21 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 8.7 Hz,
1H), 7.63 (d, J = 8.3 Hz, 1H), 7.55 — 7.46 (m, 2H), 7.41 — 7.31 (m, 3H), 7.14 — 7.08 (m, 1H), 7.05
(d, J = 8.7 Hz, 2H), 6.95 (d, J = 7.6 Hz, 1H). *C{*H} NMR (101 MHz, CDCls) 5 158.02, 153.17,
135.09, 129.93, 127.90, 127.02, 126.62, 126.07, 125.94, 123.49, 123.28, 122.25, 118.73, 113.64.
4-(naphthalen-1-yloxy)benzonitrile ~ (I111).°  Purified by column

NC
\©\ chromatography on silica gel using petroleum ether and ethyl acetate as
0]

eluents, 79 % (97 mg) yielded a white solid. tH NMR (500 MHz, CDCls)

OO §7.93 (dd, J = 14.4, 8.3 Hz, 2H), 7.76 (d, J = 8.2 Hz, 1H), 7.59 (d, J = 8.8

Hz, 2H), 7.55 (d, J = 8.2 Hz, 1H), 7.48 (dd, J = 16.3, 5.6 Hz, 2H), 7.14 (d, J = 7.5 Hz, 1H), 7.01

(d, J = 8.8 Hz, 2H). BC{*H} NMR (126 MHz, CDCls) § 162.41, 150.58, 135.29, 134.37, 128.26,
127.05, 126.74, 125.96, 125.65, 121.76, 118.99, 117.64, 116.48, 105.91.

4-(naphthalen-2-yloxy)benzonitrile (1V).1° Purified by column

o
\©\CN chromatography on silica gel using petroleum ether and ethyl

acetate as eluents, 85 % (104 mg) yielded a white solid. 'H NMR (500 MHz, CDCls) § 7.52 (dd, J
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=16.0, 8.2 Hz, 2H), 7.41 (d, J = 9.5 Hz, 1H), 7.26 (d, J = 8.9 Hz, 2H), 7.17 — 7.10 (m, 3H), 6.89
(d, J =10.5 Hz, 1H), 6.70 (d, J = 4.7 Hz, 2H). 3C{*H} NMR (126 MHz, CDCls) § 161.79, 152.59,
134.32, 131.15, 130.64, 128.01, 127.50, 127.08, 125.79, 120.40, 118.96, 118.26, 116.89, 106.15.
o oxydibenzene (V).2 Purified by column chromatography on silica gel using
©/ \© petroleum ether and ethyl acetate as eluents, 97 % (82 mg) colorless liquid.*H
NMR (500 MHz, CDCls) & 7.49 (t, J = 8.0 Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H),

7.26 (t, J = 6.9 Hz, 1H), 7.17 (d, J = 8.9 Hz, 3H), 7.08 (d, J = 10.5 Hz, 2H). 3C NMR (126 MHz,

CDCls) 6 157.38, 129.87, 123.35, 119.02.

NH, 2-phenoxyaniline (\V1).1! Purified by column chromatography on silica gel
O\Ph using petroleum ether and ethyl acetate as eluents, 75 % (70 mg) yielded a
white solid. *H NMR (400 MHz, CDCls) § 7.28 (dd, J = 8.7, 7.4 Hz, 2H),

7.03 (t, J = 7.4 Hz, 1H), 6.99 — 6.92 (m, 3H), 6.86 (d, J = 1.6 Hz, 1H), 6.84 (d, J = 2.4 Hz, 1H),

6.75 — 6.69 (m, 1H), 3.63 (br, 2H) 3C{*H} NMR (101 MHz, CDCls) & 157.47, 143.71, 137.79,

129.86, 124.92, 122.91, 120.18, 119.58, 117.46, 117.13.

O\Ph 4-phenoxybenzonitrile (V11).*? Purified by column chromatography on
NC/©/ silica gel using petroleum ether and ethyl acetate as eluents, 82 % (80
mg) yielded a colorless liquid. 'H NMR (400 MHz, CDCl3) § 7.60 (d, J = 9.1 Hz, 2H), 7.41 (t, J =

7.6 Hz, 2H), 7.22 (d, J = 7.5 Hz, 1H), 7.07 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 8.9 Hz, 2H). 3C{'H}

NMR (101 MHz, CDCls) ¢ 161.78, 154.92, 134.24, 130.35, 125.26, 120.52, 118.96, 118.03,

105.93.
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NG 4-(3-acetylphenoxy)benzonitrile ~ (VII1).  Purified by  column
Q.

chromatography on silica gel using petroleum ether and ethyl acetate as

eluents, 83 % (98 mg) yielded a colorless liquid. *H NMR (500 MHz,

O CDCls) 6 7.81 (d, J = 7.8 Hz, 1H), 7.66 — 7.60 (m, 3H), 7.54 — 7.49 (m,

1H), 7.27 (d, J = 8.1 Hz, 1H), 7.02 (d, J = 7.5 Hz, 2H), 2.60 (s, 3H). *.C{*H} NMR (126 MHz,

CDCls) 6 197.02, 161.06, 155.41, 139.34, 134.36, 130.60, 125.08, 124.95, 119.68, 118.70, 118.30,
106.56, 26.81.

4-(benzyloxy)benzonitrile (1X).13 Purified by column chromatography on silica gel

using petroleum ether and ethyl acetate as eluents, 65 % (68 mg) yielded a yellow

O oil. 'TH NMR (400 MHz, CDCls) & 7.60 (s, 1H), 7.58 (s, 1H), 7.41 (d, J = 5.1 Hz,

4H), 7.03 (s, 1H), 7.01 (s, 1H), 5.12 (s, 2H). *C{*H} NMR (101 MHz, CDCl3) &

CN  161.98, 135.70, 134.04, 128.79, 128.44, 127.49, 119.19, 115.61, 104.26, 70.30.

@\ 1-(4-phenoxyphenyl)ethan-1-one (X).* Purified by column chromatography on

I silica gel using petroleum ether and ethyl acetate as eluents, 78 % (83 mg) yielded

as a yellowish liquid. *H NMR (400 MHz, CDCl3) § 7.98 (d, J = 6.8 Hz, 2H), 7.44

° (d, J = 9.5 Hz, 2H), 7.26 — 7.21 (m, 1H), 7.11 (d, J = 6.7 Hz, 2H), 7.04 (d, J = 8.9

Hz, 2H), 2.61 (s, 3H). 3C{*H} NMR (101 MHz, CDCl3) § 196.91, 162.13, 155.62, 132.02, 130.73,
130.19, 124.75, 120.31, 117.42, 26.59.

cl 1-(4-(4-chlorophenoxy)phenyl)ethan-1-one  (X1).*> Purified by column

\©\o chromatography on silica gel using petroleum ether and ethyl acetate as eluents,

81 % (100 mg) yield as yellowish liquid. *H NMR (500 MHz, CDCls) § 7.94 (d, J

o = 8.9 Hz, 2H), 7.35 (d, J = 9.0 Hz, 2H), 7.00 (d, J = 5.3 Hz, 2H), 6.99 (d, J = 5.3 Hz,
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2H), 2.57 (s, 3H). 3C{'H} NMR (126 MHz, CDCls) 6 196.80, 161.63, 154.29, 132.39, 130.79, 130.22,

129.87,121.50, 117.52, 26.60.

Ph 4-(benzhydryloxy)benzonitrile (XI1).26 Purified by column chromatography on

Ph silica gel using petroleum ether and ethyl acetate as eluents, 60 % (85 mg) yield

0
© as colorless liquid. *H NMR (500 MHz, CDCls) 6 7.51 (d, J = 8.2 Hz, 2H), 7.41 —
IR 7.33 (m, 8H), 7.30 (t, J = 7.0 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.25 (s, 1H).
BC{*H} NMR (126 MHz, CDCIl3) & 161.41, 140.15, 134.06, 128.97, 128.35, 126.91, 119.26,
116.82, 104.40, 82.27.
o 1-(3-phenoxyphenyl)ethan-1-one  (XIII). Purified by  column
?/ \© chromatography on silica gel using petroleum ether and ethyl acetate as
o) eluents, 83 % (88 mg) yield as yellowish liquid. *H NMR (500 MHz, CDCls)
§7.70—-7.66 (m, 1H), 7.58 (s, 1H), 7.42 (t, J = 7.9 Hz, 1H), 7.38 — 7.34 (m, 2H), 7.21 (d, J = 10.7
Hz, 1H), 7.15 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 9.8 Hz, 2H), 2.57 (s, 3H).*C{*H} NMR (126 MHz,

CDCls) 6 197.63, 157.90, 156.74, 139.03, 130.10, 123.98, 123.48, 123.24, 119.26, 118.25, 26.89.
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NMR spectra of catalytic products
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Fig. S49. 'H NMR spectrum of I in CDCl3 (400 MHz).
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Fig. S53. *H NMR spectrum of 111 in CDClz (500 MHz).
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Fig. S68. 3C{*H} NMR spectrum of X in CDCIsz (101 MHz).
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Fig. S72. BC{*H} NMR spectrum of XI1 in CDClz (126 MHz).
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