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Synthetic Details

General Considerations. ((2-diphenylphosphino)phenyl)diphenylmethanol (1)* and (tht)AuCl
(tht = tetrahydrothiophene)? were prepared according to literature procedures. All commercially
available compounds were used as received. All solvents were ACS reagent grade and used as
received. The synthesis of all compounds was carried out on the benchtop under ambient
conditions unless otherwise stated. *H, *3C, and *'P NMR spectra were recorded at 298.0 K on a
Bruker Avance Neo 400 spectrometer (400.09 MHz for *H; 162.00 MHz for 3P{*H}) or at 305.0
K on a Bruker Avance 500 NMR spectrometer (500.13 MHz for *H; 125.77 MHz for BC{!H})
equipped with an automated tuning 5 mm *H/*3C/*N cold probe. Chemical shifts are given in ppm
and are referenced to residual CHCIls *H/C solvent signal (7.26/77.16 ppm) or external 85%
HsPO4 (3'P). IR spectra were recorded on a Shimadzu IRAffinity-1S FTIR spectrometer equipped
with a Pike MIRacle attenuated total reflectance (ATR) device.

Crystallographic measurements. The crystallographic measurements were performed at 110 K
using a Bruker D8 QUEST diffractometer (Mo-Ka radiation, A = 0.71073 A) equipped with a
Photon 11 detector. In each case, a specimen of suitable size and quality was selected and mounted
onto a nylon loop. Integrated intensity information for each reflection was obtained by reduction
of the data frames with either APEX3?® or CrysAlis RED.* The semiempirical method SADABS
was applied for the absorption correction.® The structures were solved by intrinsic phasing
(ShelXT)® and refined by the full-matrix least-squares technique against F?> with anisotropic
temperature parameters for all non-hydrogen atoms (ShelXL)” using the Olex2-1.5 interface.? The
hydrogen atoms (except those of the carbinol functionalities in the polymorphs of 3) were placed
in calculated positions and refined using a riding model approximation. Diamond4 was employed
for the final data presentation and structure plots. The data has been deposited with the Cambridge
Structural Database. CCDC 2178883-2178885 and CCDC 2191898 contain the supplementary
crystallographic data for this paper.
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Synthesis of 2

cl,
OH HO Au
Ph,C  PPh Ph,C  PPh
2 2 (tht)AuCl 2 2
—_
DCM, rt.
1 2

1 (0.2004 g, 0.4508 mmol) was weighed into a tared 20 mL scintillation vial with a stir bar
before being dissolved in 2 mL DCM. A solution of tetrahydrothiophene gold(l) chloride (0.1587
g, 0.4950 mmol) in 3 mL DCM was added to the vial containing 1, quickly producing a clear,
colorless solution. The reaction proceeded for about 30 minutes at room temperature before the
stir bar was removed and the reaction solution was layered with EtO. The supernatant was
decanted, and the recrystallized product was triturated with 3 x 3 mL Et>O. The product was dried
in vacuo, yielding the final product as a colorless, crystalline solid (0.2157 g, 0.3186 mmol, 71%
yield). *H NMR (500.13 MHz, CDCls, 305.0 K) & (ppm) 7.50-7.45 (m, 4H), 7.41-7.30 (m, 11H),
7.22 (tt, 1H), 7.02-6.97 (m, 5H), 6.96-6.93 (m, 1H), 3.01 (s, 1H, OH). *C{*H} NMR (125.77
MHz, CDCls, 305.0 K) & (ppm) 150.29 (d, J = 8.1 Hz), 148.60 (s), 136.24 (d, J = 7.6), 134.15 (d,
J =14.0 Hz), 132.95 (d, J = 62.6 Hz), 132.78 (s), 131.08 (d, J = 2.3 Hz), 130.50 (d, J = 2.2 Hz),
128.94 (d, J = 11.8 Hz), 128.61 (s), 128.37 (s), 128.24 (s), 127.69 (d, J = 10.0 Hz), 127.55 (d, J =
55.8 Hz), 84.69 (d, J = 0.9 Hz). 3'P{*H} NMR (162.00 MHz, CDCls, 298.0 K) & (ppm) 35.74.
Elemental Analysis: Calculated for Cz:H2sAuCIOP: C 55.00, H 3.72. Found: C 54.99, H 3.70.
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Synthesis of 3

Cl, Ph,
HO Ay OH Au
PhoC PPh2 pueioH), K,cO, PP PPhe
EtOH,rt.
2 3

PhB(OH)2 (0.0199 g, 0.163 mmol) was dissolved in EtOH (0.8 mL, 200 proof), producing a clear,
colorless solution. This solution was added to a 1 dram vial containing 2 (0.0998 g, 0.147 mmol)
and K>CO3 (0.0612 g, 0.443 mmol), immediately producing an opaque gray suspension. This
reaction mixture was allowed to stir overnight, producing a white suspension. The mixture was
dissolved in 1 mL DCM which was filtered through a pad of basic alumina and thoroughly eluted
with DCM (3 x 1.5 mL). The solvent was removed in vacuo, yielding a bright white powder. This
powder was triturated with pentane (3 x 3 mL) and again dried in vacuo, ultimately yielding 3 as
a bright white powder (0.0916 g, 0.127 mmol, 86% vyield). Single crystals of 3 were obtained as
colorless blocks via layering of pentane over a DCM solution of the compound in a freezer. A
second polymorph containing interstitial solvent was obtained via this method. A third polymorph
was obtained by recrystallizing at room temperature instead. 'H NMR (500.13 MHz, CDCls, 305.0
K): 6 7.60-7.55 (m, 4H), 7.47-7.43 (m, 2H), 7.41-7.38 (m, 4H), 7.30 (t, 1H), 7.26-7.24 (m, 6H),
7.20 (t, 1H), 7.15-7.04 (m, 8H), 7.03-6.97 (m, 3H), 3.86 (d, J = 2.3 Hz, 1H, OH). BC{*H} NMR
(125.77 MHz, CDCl3, 305.0 K): 4 169.49 (d, J = 122.1 Hz), 150.27 (d, J = 9.1 Hz), 147.59 (s),
139.70 (s), 136.45 (d, J = 5.5 Hz), 134.51 (d, J = 13.8 Hz), 134.46 (d, J =49.4 Hz), 132.73 (d, J =
7.8 Hz), 130.48 (d, J = 2.2 Hz), 129.80 (d, J = 1.7 Hz), 129.35 (d, J = 40.8 Hz), 128.82 (d, J = 10.5
Hz), 128.41 (s), 128.28 (s), 127.87 (s), 127.51 (d, J = 7.5 Hz), 127.15 (d, J = 6.8 Hz), 125.50 (5),
84.94 (s). 3*'P{*H} NMR (162.00 MHz, CDCls, 298.0 K): § 48.43. Elemental Analysis: Calculated
for C37H30AUOP: C 61.84, H 4.21. Found: C 61.77, H 4.19.
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Experimental Spectra
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Figure S1. *H NMR spectrum of 2 in CDCls.
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Figure S2. BC{*H} NMR spectrum of 2 in CDCls.
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Figure S3. 3'P{*H} NMR spectrum of 2 in CDCls.
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Figure S4. Blue trace: IR spectrum of 2 in the solid state. Red trace: IR spectrum of solid,
deuterated 2 obtained by addition of MeOD to a DCM solution of 2 followed by in vacuo removal
of solvent.
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Figure S5. *H NMR spectrum of 3 in CDCls.
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Figure S7. 3P{*H} NMR spectrum of 3 in CDCls.
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Figure S8. Blue trace: IR spectrum of 3 in the solid state. Red trace: IR spectrum of solid,
deuterated 3 obtained by addition of MeOD to a DCM solution of 3 followed by in vacuo removal
of solvent. O-H/D stretching peaks from residual 2 can be seen in both traces.
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Figure S9. Crystal structures for polymorphs of 3. Hydrogens other than OH and CH2Cl, omitted
for clarity. Thermal ellipsoids drawn at 50% probability, and phenyl groups drawn as thin lines
(gray: C, red: O, magenta: P, green: Cl, white: H).
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Computational Details

All calculations were carried out using density functional theory as implemented in the Gaussian
16 program.® All calculations were conducted with the mPW1PW91 functional and mixed basis
sets (cc-pVTZ-PP and ECP60 MDF! for Au; 6-31G(d’,p’) for P and Cl; and 6-31G(d,p) for all
other atoms) starting from the crystal structure geometries. To switch off relativistic effects on
gold, the non-relativistic basis set cc-pVTZ-PP-NR with the ECP60 MHF? pseudopotential was
used. No imaginary frequencies were found for the optimized structures, confirming that a local
minimum on the potential energy hypersurface had been reached in all cases.

The computed OH/OD stretches were obtained by multiplying the computed harmonic frequencies
by 0.94, a scaling factor, used as an approximate correction for force constant calculation errors
and anharmonic effects. Such scaling factors are widely used.*® In the present case, the value of
0.94 was derived from the experimental v(OH) of methanol (3682 cm™) and that computed for the
same compound (3904 cm™) at the above-mentioned level of theory.*3

The computed *H NMR chemical shifts provided in the main text were obtained by application of
the Gauge Including Atomic Orbitals (GIAO) method as implemented in the Gaussian program.t#
8 In all cases, the SMD solvation model was employed (with CHCI3 selected as solvent). The
computed isotropic *H chemical shifts are reported against those obtained for SiMes at the same
level of theory. These calculations were carried out at the above-mentioned level of theory.
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Table S1. XYZ coordinates of the optimized geometry of 2a.

Au

OTIOIOIOIOOIOIOIOOOIOOITOOOTO®

-1.098670
-1.206548
-1.101149

1.303939

1.200427

1.384493
-0.019740

0.200951
-0.269797

2.104877

2.804814

3.174476

2.242067
-1.233254

2.909619

3.333058

2.149414

3.225767
-0.580050
-1.652914

3.477258

1.576325

2.207715
-3.360934
-2.784046
-3.622633
-3.251503

2.471554

2.546990
-4.602670

1.592724
-0.565201
3.743456
-0.460175
0.393288
-1.028613
-1.192758
-2.365206
-2.882302
-0.279842
2.037200
1.596625
1.215532
-1.800434
3.408464
4.030359
-1.536690
-1.421185
-1.866101
-2.001962
-0.912309
-2.193560
-2.572548
0.245751
1.157742
-1.949321
-2.758338
3.981200
5.052487
0.125111

-0.608997
0.081530
-1.383383
-0.986539
-1.425231
1.310396
1.357838
3.488624
4.317541
0.180091
-0.501847
-1.423532
0.484265
-1.265742
-0.309200
-1.090029
2.363091
2.325582
2.453546
2.502545
-0.101087
3.444853
4.241282
1.661629
1.783831
0.695210
0.075767
0.882187
1.031555
2.275263
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-4.983795
-1.809589
-2.186720
-2.854225
4.653644
4.618193
-0.737031
-0.278257
1.933668
1.590651
1.816780
1.387763
3.547257
2.639166
-5.359749
-6.333414
-1.890069
-2.335168
-0.817975
-0.426740
5.875101
6.779872
-4.869454
-5.459304
-1.394280
-1.452910
4.767388
4.806069
5.936064
6.887868

0.939544
-1.441743
-0.433461
-0.793650
-0.425241

0.451639
-3.094870
-3.378094

3.171994

3.609133

1.797321

1.180112
-2.029648
-2.399650
-1.030013
-1.120011
-2.369104
-2.080561
-4.018602
-5.020683
-1.046300
-0.651819
-2.063742
-2.961807
-3.657845
-4.378514
-2.646289
-3.509105
-2.158494
-2.638645

2.881757
-2.487488
-2.630185

0.871708
0.472795
1.110704
-1.091394
-0.150144
1.875262
2.806847
1.678271
2.458803
-0.936808
-1.398071

2.096588

2.566424
-3.521534
-4.467642
-2.129532
-1.988498
0.221546
0.672193

1.304255

1.154281
-3.344595
-4.153318
-1.190971
-1.847945
-0.611264
-0.812590



Table S2. XYZ coordinates of the optimized geometry of 3a. All polymorphs optimize to the same

minimum-energy geometry.

Au
P
0]
C
C
H
C
H
C
C
H
C
H
C
C
H
C
H
C
C
C
H
C
H
C
C
C
H
C
H
C
H
C
H
C

¢

1.739323
0.207580
-1.338596
3.133743
4.255163
4.380979
0.301118

1.255413
-0.468650
2.127832
2.300793
3.031158
2.181606
-1.231347
-1.067614
-1.190427
3.995550
3.886541
1.152835
-1.476860
5.222158
6.076461
0.963394
0.222473
-2.097628
-2.149519
-3.171258
-3.887180
2.883759
3.635942
-0.158579
0.443872
-1.390973
-0.697033
-3.307452

-0.268732
1.475652
-0.533601
-1.718821
-1.481802
-0.512494
2.217604
1.699599
2.251926
2.523627
1.481891
-2.992048
-3.223838
1.230459
-2.402812
-1.586727
-3.974935
-4.948967
2.851850
-2.251581
-2.461055
-2.244572
4.195184
4.465922
-0.966321
0.158510
0.095807
-0.715246
3.519085
3.249810
2.830333
2.793963
2.182619
3.011094
1.039424

0.229060
-0.120195
0.987740
0.556204
1.370501
1.844961
2.557154
2.556010
1.390866
-1.846859
-2.100824
-0.030824
-0.665786
-1.260913
-2.016388
-2.718323
0.183222
-0.285630
-0.895802
-0.691895
1.589266
2.224369
-0.554615
0.189444
-0.133771
-1.186210
-2.140293
-2.079614
-2.456098
-3.189763
3.718455
4.619757
-2.280759
-2.345218
-3.149000
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-4.114815
-0.497268
-0.182909
-1.705078
-2.314328
-1.390624
-1.750658

5.095675

5.847591
-2.162646
-3.124969
-1.296950
-1.614845

1.727792

1.575241

2.685571

3.282032
-3.516371
-2.411690
-2.501103
-0.726206
-0.592701
-0.327222

0.116940
-4.020363
-3.390044
-4.327428
-3.944547
-5.620258
-6.234899
-6.115197
-7.119456
-5.308286
-5.682134
-0.456985

0.948417
-3.599836
-3.698951

2.903613

2.926836

3.478452

3.951507
-3.713513
-4.478387

3.513471

4.014693
-3.322147
-3.214960
5.189045

6.226837
4.854053

5.630214
-1.222258

2.096929

2.853988
-4.512589
-5.328884
-4.657212
-5.587381
-0.380466

0.406060
-2.247820
-2.923586
-2.424367
-3.229496
-1.581661
-1.722145
-0.560700

0.097172
-0.938738

-3.867748
-2.448524
-3.482099
1.402557
0.505112
3.725844
4.633305
0.995192
1.163397
2.567601
2.569322
0.195095
1.226938
-1.160047
-0.882920
-2.112657
-2.580403
0.400507
-3.217698
-3.989103
-0.234949
0.466686
-1.562778
-1.900811
1.395790
1.793908
-0.087985
-0.845531
0.400987
0.011901
1.389731
1.775496
1.886825
2.664715
0.947294



Table S3. XYZ coordinates of the optimized geometry of 3anon-rel.

Au
P
0]
C
C
H
C
H
C
C
H
C
H
C
C
H
C
H
C
C
C
H
C
H
C
C
C
H
C
H
C
H
C
H
C

1.737008 0.049320

-0.337744
-1.334082
3.600230
4.115726
3.596832
-0.026230
1.028754
-0.961403
1.085111
1.439741
4.338550
3.995086
-1.848017
-0.411484
-0.913803
5.509791
6.050851
0.187913
-0.798850
5.284524
5.646577
-0.230839
-0.915099
-1.891392
-2.446061
-3.559782
-4.024303
1.538240
2.234400
-0.438926
0.296182
-2.406583
-1.961154
-4.093986

1.523797
-0.751196
-1.084756
-1.298143
-0.887654
2.360466
2.177234
2.113981
3.008806
2.034443
-1.648604
-1.523749
1.046292
-1.885643
-1.103136
-2.376105
-2.792094
3.096461
-2.165437
-2.025617
-2.166532
4.361370
4.449056
-1.382421
-0.235386
-0.480936
-1.458798
4.155908
4.070759
2.834220
3.020563
2.017016
3.003349
0.492323

0.146707
-0.056934
1.025858
0.498974
1.790429
2.653864
2.573197
2.388616
1.562481
-1.934165
-2.259330
-0.557579
-1.581841
-1.022152
-2.175990
-2.732536
-0.345486
-1.191752
-0.862402
-0.865575
2.017845
3.033064
-0.434577
0.402461
-0.126641
-0.981011
-1.787085
-1.750805
-2.576510
-3.404008
3.814331
4.589989
-1.865860
-1.906387
-2.622895
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-4.960174
0.618485
0.907055

-2.316029

-3.051353

-1.790672

-2.113576
5.988552
6.900012

-2.726741

-3.781675

-0.144227

-0.456828
0.231289

-0.096601
1.112563
1.474348

-3.015865

-3.516601

-3.920934
0.890099
1.396669
1.276305
2.086563

-3.750801

-3.486577

-3.348298

-2.779322

-4.396790

-4.639085

-5.122205

-5.934508

-4.794025
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Comparison of experimental and computational IR spectra
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Figure S10. Top: Experimental IR spectra of 2 in the solid state before (blue) and after (red)
deuteration. Bottom: Computational harmonic vibrational spectra of 2a with (red) and without
(blue) deuteration of the hydroxyl functionality. The computational spectra were corrected by
multiplication of the harmonic frequencies by 0.94.
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Figure S11. Top: Experimental IR spectra of 3 in the solid state before (blue) and after (red)
deuteration. Bottom: Computational harmonic vibrational spectra of 3a with (red) and without
(blue) deuteration of the hydroxyl functionality. The computational spectra were corrected by
multiplication of the harmonic frequencies by 0.94.
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ESP Maps
Electrostatic Potential Surface (ESP) maps were created based on the optimized structures and
plotted with GaussView 6.1.1.1°

3anon-rel

Figure S12. Electrostatic potential maps were plotted with a surface isovalue of 0.005 a.u. for
2a, 3a, and 3anon-rel (color scale: red, -0.04 a.u.; blue, 0.025 a.u.)
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Natural Bond Orbital (NBO) Analysis
The optimized structures were also subjected to NBO analysis using NBO 7.2° The NBOs were
visualized and plotted using the Avogadro program.

E(2) = 1.48 kcal mol* E(2) = 0.30 kcal mol*

E(2) = 0.74 kcal mol* E(2) = 0.89 kcal mol*

E(2) = 0.92 kcal mol* E(2) = 4.61 kcal mol*

Figure S13. All Ip(Au) — o*(OH) and Ip(O) — o*(CP) donor-acceptor interactions (isovalue =
0.05) present in 2a.
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E(2) = 0.31 kcal mol* E(2) = 4.57 kcal mol*

E(2) = 0.90 kcal mol* E(2) = 0.90 kcal mol*

: ; E(2) = 4.04 kcal mol*

Figure S14. All Ip(Au) — o*(OH) and 1Ip(O) — ¢*(CP) donor-acceptor interactions (isovalue =
0.05) present in 3a.

E(2) = 0.56 kcal mol*

E(2) = 0.59 kcal mol*
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E(2) = 0.14 kcal mol* | E(2) = 0.45 kcal mol!

E(2) = 1.14 kcal mol* E(2) = 0.74 kcal mol*

E(2) = 5.24 kcal mol*

Figure S15. All Ip(Au) — ¢*(OH) and Ip(O) — o*(CP) donor-acceptor interactions (isovalue =
0.05) present in 3anon-rel.
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Atoms-In-Molecules (AIM) Analysis
QTAIM calculations and NCIPLOT calculations were carried out on the wave functions derived
from the optimized structures using the Mutiwfn program? and visualized using VMD.?®

v p(r) = 0 022 e bohr3
V2p(r) = 0.057 e bohr*

P Gl O-H
' p(r) = 0.355 e bohr?
V2p(r) = -2.06 e bohr®

O-H
p(r) =0.363 e bohr3
V2p(r) = -2.13 e bohr?®

p(r) =0. 020 e bohr3
V2p(r) = 0.056 e bohr®

p(n) =0. 022 e bohr-3
V2p(r) = 0.058 e bohr® ¢

O-H
p(r) =0.365 e bohr3
V2p(r) = -2.12 e bohr®

0P
p(r) =0.022 e bohr?
V2p(r) = 0.060 e bohr*

]
\

3anon-rel

Figure S16. AIM output for compounds 2a (top left), 3a (top right), and 3anon-rei (bottom),
including all bond paths. (-3,+1) bond critical points omitted for clarity. Electron densities (p(r) =
e bohr?) and Laplacian distributions (7?p() = e bohr®) provided for selected bond critical points.
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NCI Plot with AIM Analysis

® Au---H
p(r) =0.022 e bohr3
) V2p(r) = 0.057 e bohr*
" Au H

-0.03 <sign(A )xp(r) <0.02

H

Strong Weak Strong
attraction attraction repulsion
& ¢

Figure S17. NCI plot with AIM analysis for 3a. Gradient isosurface (0.3 a.u.) colored according
to a blue-green-red scale with values in a.u.
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