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1. NMR spectra and high-resolution mass spectroscopy data
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Figure S1. '"H NMR spectra of complex 2 at room temperature (above) and -80 °C (below) in
CD,Cl, at 400.1 MHz.
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Figure S2. HRMS (ALDI-TOF) result of complex 2 [M-CI|".
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Figure §3. HRMS (ALDI-TOF) result of complex 3 [M-CI]*.
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Figure S4. HRMS (ALDI-TOF) result of complex 4 [M-CI|".
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Figure §5. HRMS (ALDI-TOF) result of complex 5 [M-CI]*.



2.Computational details

All the optimizations were performed with the Gaussian 16 software
package.[*] All of these structures evaluated were optimized at the B3LYP
level of density functional theory (DFT).I5! DFT/GENECP level had been
done by implementing def2-TZVP basis set for Re atom.l®l On the other
hand, 6-311G(2d,p) basis set had been used for the rest of atoms.[7] Nucleus-
independent chemical shift (NICS) values were calculated at the B3LYP-
GIAO//6-311G(2d,p)/def2-TZVP level.[3] The anisotropy of the current
density was calculated with the AICD 2.0 program computing the NMR
properties using the CSGT method with the Gaussian16 Rev A.03 program
with the geometries previously obtained for M.!°l GIMIC analysis was
finished by GIMIC code ['%1 based on the formatted check point file of
Gaussian and rendered by ParaView visualization program.[!!l Current
densities were obtained from the wavefunction for GIAO NMR
computations for a magnetic field applied perpendicular to the ring plane of
the molecules within the context of the Quantum Theory of Atoms in
Molecules using AIMAIL.['2] Using RunEDDB script,[!3] electron density of
delocalized bond (EDDB)!!'4] based on natural atomic orbitals (NAOs) is
analyzed. The molecular orbital composition and MO pictures were
analyzed using Multiwfn, a multifunctional wavefunction analyzer.['3] The
calculations of HOMA, MCI and ELFrn were also carried out by Multiwfn
package. The MO pictures were drawn using the software of VMD.[16] VMD
was developed by the Theoretical and Computational Biophysics Group in
the Beckman Institute for Advanced Science and Technology at the
University of Illinois at Urbana-Champaign
(http://www.ks.uiuc.edu/Research/vmd/).
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Table S1. The positive and negative values of total induced currents contributed by
the diatropic and paratropic currents in the singlet and triplet states.

L
e '?.?w .
.\\ . /k‘/'.\ W

N

s e

Bond  diatropic contribution(S;/T,)  paratropic contribution(S;/T,)  Total induced current (S;/T)

1-7 10.220204/6.639485 -5.770334/-7.066479 4.449870/-0.426994
7-10 11.677843/8.198671 -6.848873/-8.365040 4.828970/-0.166369
10-11 12.967212/11.992386 -4.209623/-4.523966 8.757588/7.468421
11-13 14.573696/13.622006 -5.690694/-6.003618 8.883001/7.618389
13-15 14.326973/13.366617 -5.354122/-5.703843 8.972850/7.662775
15-17 14.718166/13.817001 -5.807493/-6.186534 8.910673/7.630467
17-9 13.550121/12.879307 -6.058419/-6.476036 7.491702/6.403271
9-8 11.061803/8.498420 -6.715433/-8.545832 4.346370/-0.047411

8-1 9.421343/6.956005 -5.271217/-6.921324 4.150125/0.034681
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3. X-ray crystallographic study of complex 2

Table S2. Crystallographic data and refinement details for 2

2

CCDC Number
Empirical formula
Color & habit
Crystal size (mm?)
Temperature (K)
Crystal system
Space group

a(A)

b(A)

c(A)

a(®)

B(®)

()

V(A3), zZ

Dea (Mg/m?)

Abs. coeff.(mm)

20 range for data collection (°)

Reflections collected
Indep. Reflection, R(int)

Completeness of data

Data/ restraints / parameters

Goodness-of-fit on F?
R1 [I>2sigma(I)], wR2

R1 (all data), wR2

Largest diff. peak and hole (e * A-)

2128119
C;4H3,0P,Cl3Re
brown, block
0.10x0.10x 0.10
120K

triclinic

P-1

9.653(3)
9.994(3)
17.068(5)
96.175(11)
99.797(11)
95.144(11)
1603.3(9), 2
1.678

4.166

2.44 t0 50.854

20984
5785, 0.0552

97.6 %
5785/0/372

1.088
0.0331, 0.0898
0.0380, 0.0934

0.70,-1.29
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4. The Calculated Cartesian Coordinates with Electronic Energies

(@)
“IRe]

Ph,MeP

2 (S4)
[Re] = Re(PMePh,)Cl,

E =-3532.41909865 A.U.

Re -1.08845100 -0.69431600 -1.22195600
Cl 0.10827400 -2.48947600 -2.43138700
Cl -3.15211400 -1.53162000 -2.09806700
Cl -0.22756000 0.81464600 -2.84961200
P 2.95390500 0.04384400 -0.46590100
P -2.45649600 1.13746800 -0.42327900
) -1.45547900 -2.12279800 0.23258400
C 0.21367300 -0.27910300 0.23497600
C 0.10660000 -0.97884300 1.47596800
C -0.85952600 -2.01634900 1.37922300
C -1.10224500 -2.87040800 2.47295800
H -1.83403700 -3.66212700 2.37342000
C -0.40560900 -2.66462900 3.64483300
H -0.59222000 -3.31026800 4.49577000
C 0.54170100 -1.62820500 3.76360300
H 1.06902500 -1.48823500 4.69932100
C 0.79800000 -0.79877700 2.69252300
H 1.52862500 -0.00498100 2.80102500
C 1.33418700 0.72999500 0.09780200
H 1.54076300 1.22849000 1.04824600
H 1.10589200 1.50411500 -0.63539700
C 4.18989100 1.34509500 -0.17637400
C 4.23686200 2.01439100 1.05214800
H 3.54148800 1.76410500 1.84319800
C 5.17920300 3.00937100 1.27306600
H 5.20493100 3.52069100 2.22737000
C 6.08236100 3.34994900 0.27164200
H 6.81451000 4.12934900 0.44427600
C 6.04160500 2.69197300 -0.95132200
H 6.74001200 2.95565400 -1.73583200
C 5.10138400 1.69377400 -1.17658800
H 5.08162000 1.19563700 -2.13637300
C 291341100 -0.34369000 -2.22657900
H 2.68776300 0.55084000 -2.80448100
H 212121300 -1.07813200 -2.40945600
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3.87537900
3.44175700
4.50790200
5.06976100
4.85905700
5.68690100
4.15212600
4.42681400
3.09589800
2.54184400
2.73462000
1.90702200
-3.77377100
-4.11290800
-3.57935300
-5.14292500
-5.39598700
-5.84354700
-6.64532600
-5.51326400
-6.05615000
-4.48681200
-4.23573100
-1.52699600
-1.03513400
-1.23722900
-0.27231000
0.09381300
0.01342900
0.59909000
-0.46621400
-0.25720000
-1.22757100
-1.59791400
-3.42723700
-2.76356900
-3.95978700
-4.13720700

-0.76680200
-1.46002800
-1.46799500
-0.56498600
-2.64766200
-2.65140000
-3.81721500
-4.73559000
-3.81156500
-4.71935900
-2.63991400
-2.65634200
0.81964400
-0.48388100
-1.31854000
-0.71368900
-1.73171000
0.35008200
0.16746500
1.65412700
2.49040200
1.88662900
2.90751400
2.54896400
3.58518800
3.59570900
4.60882800
5.40691800
4.61223100
5.41508800
3.58239600
3.57904400
2.55918800
1.76812100
1.93601100
2.21034900
2.81287200
1.19687400

-2.51688100
0.41108800
1.31491500
1.51337700
1.95796500
2.65644000
1.70263200
2.20764700
0.79814500
0.59568400
0.14747900

-0.55470000
0.83337400
1.19596400
0.76388200

2.10405700
2.37525200
2.65605900
3.36216300
2.29813800
2.72321500
1.39351900
1.13090900
0.31884100

-0.48013300

-1.54266400
0.07424900

-0.56113100

1.43424900
1.86679200
2.23814700
3.30185700
1.68574600
2.32524200

-1.77183500

-2.59017600

-1.40391200

-2.13914000
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[Re] = Re(PMePh,)Cl,

E =-3532.44215471 A.U.
Re -1.04282100
Cl 0.17798600
Cl -3.04039300
I -0.22322800
3.06014400
-2.56596800
-1.63490300
0.32391000
0.15959300
-0.93784400
-1.25776900
-2.09711100
-0.49357400
-0.73455500
0.58665500
1.16982600
0.90795900
1.74889500
1.44794800
1.67091900
1.20020800
4.26538800
4.35354200
3.71165200
5.26755500
5.32582700
6.10076100
6.81074300
6.01811700
6.66130600
5.10606400
5.05185700
2.95584000
2.64716400
2.19402900
3.92162500
3.63305200

9
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(@)
“IRe]

Ph,MeP

2 (Ty)

-0.72510100
-2.52858200
-1.40158000

0.90017600

0.06424500
1.14001000

-1.95083200

-0.30905400

-1.01444200
-1.91496400
-2.70451100
-3.38559600
-2.58999000
-3.19754100

-1.69674600

-1.62010800

-0.91850100

-0.23795200

0.69583700
1.16435900
1.49104300
1.40552100
2.07203500
1.79235400
3.10188300
3.61072700
3.48068200
4.28724100
2.82623900
3.11998300
1.79302600
1.29900000
-0.33658600
0.54076400

-1.10968600

-0.71081200

-1.41415100

-1.156557500
-2.23641000
-2.45047200
-2.74700900

-0.47854400
-0.42186600
0.33649200
0.24233400
1.49012300
1.45429800
2.56612000
2.50467700
3.71376600
4.57870800
3.77657100
4.68635600
2.67991200
2.74701500
0.14784900
1.11056900
-0.55981300
-0.25083100
0.97708800
1.80290100
1.15180800
2.10602400
0.10435400
0.24110700
-1.11828600
-1.93851500
-1.29749300
-2.25804600
-2.23319400
-2.79938700
-2.36801900
-2.57318700
0.39323000
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4.75593200
5.31508300
5.16739500
6.03925500
4.46505500
4.78733500
3.35190400
2.80125100
2.93011300
2.05878600
-3.96048100
-4.42994900
-3.93495300
-5.53907600
-5.89483100
-6.18773400
-7.05055700
-6.72716300
-6.22902900
-4.62222700
-4.27207800
-1.67700500
-1.22818800
-1.43756100
-0.49887900
-0.16324700
-0.20747700
0.35192000
-0.64397200
-0.42601200
-1.36849500
-1.70124900
-3.42074900
-2.69354200
-3.99068100
-4.08548900

-1.38728000
-0.47205700
-2.54743000
-2.52347300
-3.73300500
-4.63602900
-3.76244800
-4.68298800
-2.61023900
-2.65215900
0.72960200
-0.58099700
-1.37743400
-0.86177600
-1.88260300
0.15388900
-0.07065700
1.46273600
2.26194700
1.74963700
277237700
2.49774700
3.62682900
3.74090100
4.61370500
5.48538600
4.48530600
5.25893500
3.35972200
3.25119300
2.37234000
1.50279900
1.96943300
2.27148700
2.82671300
1.23276900

@)

“[Rel

HsP
M (S4)

[Re] = Re(PH5)Cl3

E =-2529.27033847 A.U.

1.22533000
1.36732600
1.86875000
2.51103800
1.68465700
2.18919100
0.85168700
0.70484700
0.20272300
-0.44238200
0.70797300
0.81306800
0.27675100
1.60517500
1.67724000
2.29526100
2.91157800
2.19165700
2.72449400
1.40186100
1.33362400
0.44686900
-0.24185400
-1.29681300
0.41545700
-0.13405600
1.76754500
2.28058300
2.46103800
3.51716500
1.80619500
2.35874100
-1.81869300
-2.56987800
-1.45960500
-2.26584700
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-1.517085325

-1.432226826
-3.697517938
-1.760608850

0.854611650
-1.959499087
-0.788112152

0.507956045

1.307717113

0.489524319

1.057357189

0.410137594

2.428267658

2.882084225

3.261299619

4.336204158

2.714348301

3.372136361

1.226177945

2.309993119

0.850324682
-0.209892226
-3.303450104

0.625325517

2.023176433
-1.377454982
-1.600609876

-0.941436806

-1.161027818
-0.079122271
-3.309841613

-3.362031951

-0.701993197

0.948002463
-1.171561737
0.000000000
1.164996081
2.449949340
3.317027781
2.558030818
3.540176984
1.417423743
1.541595799
0.158943083
-0.702303085
-2.509463385
-2.433105675
-3.170075132

-2.650989539
-0.525792109

-4.724230780
-3.346536131
0.393240549

-1.727253427

0.040779258
2.557806565
0.426512510

-0.161623458

1.584301881

-2.259970869

-0.054402791

-0.039664418

0.015952409
0.037335542
0.112476267
0.134242824
0.168574613
0.234395948
0.144266971
0.184511261
0.069240954
0.047278512
-0.000582138
-0.099605244
-0.781149412
2.290646266

-2.641927418

1.370044030
2.364079380
-2.933798044

-3.162168987

E =-2529.28740740 A.U.

0.285462390
0.431722129

-1.357200771

2.263384977
3.293276823
0.020420828

-1.215731906
1.300565738
0.511006502

(@)
“[Re]

H3P

M (To)
[Re] = Re(PH2)Cl3

-1.721103627
-1.843733321
-3.541829950
-3.101800515
-0.495351829
-2.011763095
-0.373655616
0.000000000
1.195053917

0.002840599
2.428594897
-0.075846771
-0.266382753
1.817073684
-2.421984558
-0.003091846
-0.003251300
0.001971972
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-0.881302723
-1.833183588
-2.885070772
-1.398934397
-2.127273428
-0.028613664
0.283805207
0.914941416
1.966913212
2.796298641
3.195207717
3.341393524
3.1567278848
0.163687369
4.652572804
2.629098237
-1.239193143
0.852341538

0.899705326
1.927921152
1.672303618
3.239489909
4.042052836
3.553728560
4.590672320
2.547093184
2.811315328
0.119781695
1.135935583
-0.526647339
-1.874249054
-3.325151113
-0.191360459
0.152182700
-1.669005152
-1.324976014

0.001530575
0.007295748
0.009915729
0.021845274
0.032253083
0.025667484
0.033942817
0.016117963
0.007450111
0.170696880
0.094717705
-0.522951794
1.957228117
-2.890996192
2.000114737
2.857292686
-2.940904269
-3.330710846
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