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Chapter 1

Synthesis and Structure of Tetraphosphanegold(l)oxonium Cluster
Cations Formed in the Presence of POMs

ZOFEX, §wX
“Intercluster Compound between a Tetrakis {triphenylphosphinegold(I)}oxonium Cation and
a Keggin Polyoxometalate (POM): Formation during the Course of Carboxylate Elimination
of a Monomeric Triphenylphosphinegold(I) Carboxylate in the Presence of POMs”

K. Nomiya, T. Yoshida, Y. Sakai, A. Nanba, S. Tsuruta, /Inorg. Chem. 2010, 49, 8247-8254.
IR SNTEARZFLICHER I LTV D,

Abstract

Y7 MMEO PR T ABMBE SR T LT DHRAT 7 VRN T E N — RED O JR T % Bl AL
ERAFETDHNRNBERA 2 FLRBZEOBN)/ VR BIR AT 7 2 REEIRIT
I Au-O KA Z RO OEHITH R v BREAL T O B 2 66“Kﬁnfi %)
LXORBEEOEN)/ I NVREBEIKRAT 7 0 REEIKD T IVAR BEEAL F O PLEE% . Keggin
BRI D freeacid HFEETFTTITH) T ETHRATZ 7 &)U Y 7 A X —H F 40
BT s txRHL, TOEEEZHL ML,

—WRICERR Y TAZ =D TF A ERVBT =F b2 7 7 A% —H{btaHo
AR, BIBARLEE&EERB 7 I AX— LR VBBEODF A U ZHREISICEVELNT
WB, Y H TR RN T OBRBEIC L AR Y BEE T S L— b L&)
WD 7 727 —{bTid, @OHEEERRN ) B L TE#E Y 22— LTr T A%
— b AWM ETR T ETREL B> TWD, ZORIGIIRY BIEICHRKE LK
JGTHY, HILWENZ TAX =D TF A UFEOARRIELE RV EDAREERD D,

KETER&M/ANVE IR AT 7 2 REEHR & k% 72 Keggin T AR U BRI O free acid Y
EDORIEEATV, (DU FAE —% X —AF 4 &35 Keggin BAR Y iR
DAERIE, HnEE, FHEX Yy 772V E—va o RIcoVWTHET S,
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1-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

Hi[a-PW,040]-7H,O 1% 3T fik ©%9 % |
Hs[0-PMo,,040]- 14H,0, Hi[0-SiM0,,040]- 12H,0 1Z ik 9% Z 2B EIZAR LT,
[Au(RS-pyrrld)(PPh)[1E 3k V&2 B B I AR L 1=,

11

Chapter 1

(CD3),SO

CH,Cl,
Et,O
EtOH

Hi[a-SiW,040]-10H,O 1% 3 ik 7 % |
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Analytical Procedures

Complete Elemental Analysis:

Mikroanalytisches Labor Pascher (Remagen, Germany)

CHN Elemental Analysis:
PerkinElmer 2400 Series Il CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solid-state Cross-Polarization Magic-Angle-Spinning (CPMAS) NMR:
JEOL JNM-ECP 300 FT-NMR spectrometer
2°Si (59.71 MHz) 6 mm o.d. rotors, polydimethylsilane (8 = —34.0, external standard)
3p (121.00 MHz) 6 mm o.d. rotors, (NH4),HPO, (6 = 1.6, external standard)

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
'"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F> (SHELXL-97)

12
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1-2. Synthesis

1-2-1. [{Au(PPh3)}(p4-0)]3[a-PW ;1,0 49]:-4EtOH

Procedure:

@ H;[0-PW,040]-7H,0 (M.W. = 3006.14) 0.301 g (0.100 mmol)% EtOH : H,0 =5 : 1 & &
TR 30 mL IR fE L 7=, (0% R

@ B, [Au(RS-pyrrld)(PPhs)] (M.W. = 587.37) 0.352 g (0.600 mmol)%Z CH,Cl, 50 mL (&
fig L7z, (M 5,375 B VR )

@ QIZOEFEMITMA T,

@ HEPLCHFT-EIECiE L7, (F B # . W38 g BRI & AT )

® AT T2 7 4% —(G0.2 um)THEIYL L 7=, (FEdmtEZ v, B B Ak E)

® EtOH, Et,0 20 mL T4 2 [A ¥ L 7=,

@ WK% 2 hAT o 72, (F5 35 1l )

Properties: W5 A K,

DMSO, DMF Z A] %, H,O0, EtOH, CH5;CN, Et,0 (T R iR,

Yield: 0.242 g (42.1%)

[{Au(PPh3)}4(p4-0)]3[a-PW,040]2-4EtOH (M.W. = 11497.41) T D 3+ H i,

Characterization

Complete Elemental Analysis:

C H N 0 P " Au Total

Found 23.18 1.67 <0.1 11.9 3.52 38.1 20.6 98.97
Caled. 23.34 1.77 — 12.06 3.78 38.45 20.60 100.00

Caled. [{Au(PPh3)}4(pns-0)]3[a-PW2040]2-3.5EtOH = Cy33H301056.5P14W24Au,
(0.21% weight loss at R.T. at 10 °~10"* Torr overnight, Calcd. for 0.5EtOH: 0.20%)

TG/DTA:

R.T.-215.5°C ¥ TIZ EtOH (2 &5 < 1.50% D & & &,
[{Au(PPh3)}4(“4-0)]3[Q-PW12040]2'4EtOH: 1.60%

13
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FT-IR:
1479(m), 1437(s), 1331(w), 1311(w), 1180(vw), 1165(vw), 1103(m), 1080(m),
1026(vw), 982(m), 949(w), 895(m), 816(vs), 746(vs), 712(s), 692(vs), 594(m), 544(vs),
501(vs) cm '

Solid-state CPMAS °*'P NMR (R.T.):
) —-14.6, 15.3,25.8 ppm

Solution *'P{'H} NMR (DMSO-dg, 24.5 °C):
) -14.79, 24.87 ppm

Solution 'H NMR (DMSO-dg, 23.1 °C):
) 1.09 (t, J = 6.9 Hz, CH;CH,0H solvate),
3.38 (q,J =17.3 Hz, CH;CH,0OH solvate),
7.38=7.55 (m, Ph) ppm

14



X-Ray Crystallography:

Crystal data and structure refinement for [ {Au(PPh;)}4(p4-O)]5[a-PW,04],-4EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.28°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

C224 H204 Aul2 O87 P14 W24
11497.45

90 K

0.71073 A

Rhombohedral

R-3

a=53.192(5) A a =90°

b

53.192(5) A B =90°

C
41902(10) A°

6

2.734 Mg/m’

16.262 mm™'

31068

0.20 x 0.12 x 0.06 mm’
0.77 to 28.28°

—70<=h<=70, —70<=k<=70, -21<=[<=22

113869

21612 [R(int) = 0.0882]
93.5%

Empirical

0.4420 and 0.1394
Full-matrix least-squares on F*
21612 /726 /1074

0.978

R1=0.0559, wR2 =0.1613
R1=0.0843, wR2 =0.1723
11.013 and —2.169 e.A"’

15
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Structure of [{Au(PPh::,)}4(“4-0)]3[(1-PW12040]2 ‘4EtOH

16
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1-2-2.  [{Au(PPh3)}(us-0)]:[a-SiW;,040]-2H,0

Procedure:

@D Hy[o-SiW,040]- 10H,0 (M.W. = 3058.31) 0.306 g (0.100 mmol)%Z EtOH : H,O0=5:1{E®H
VR 30 mL (SRR L 7=, (Je 4,375 B VR )

@ B, [Au(RS-pyrrld)(PPh;)] (M.W. = 587.37) 0.470 g (0.800 mmol)%Z CH,Cl, 50 mL (Z &
fig L=, (M 4375 W R R )

® QIZOZFEMITMA T,

@ FEPALCHFT-HIECTRPE L7, (H A%, BWEAEW 7 v v 7 KR H)

® AT T2 7 4% —0G0.2 um)THEIL L 7=, (it dm P 22 vy I 3 B AR )

® EtOH, Et,0 20 mL T#% 2 [ ¥ L 7=,

@ W% 2 hAT o 72, (F5 35 B Bl 1K)

Properties: Wi A K,

DMSO, DMF |2 AT %, H,0, EtOH, Et,0 I R,

Yield: 0.335 g (50.6%)

[{Au(PPh3)}4(p4-0)]2[a-SiW,040]-2H,0 (M.W. = 6616.23) T D F H i,

Characterization

Complete Elemental Analysis:

C H N O Si P W Au Total

Found 25.72 1.81 <0.1 10.4 0.36 3.53 33.0 23.9 98.72
Caled. 26.28 1.84 — 10.21 0.43 3.77 33.53 2395 100.01

Calcd. [{Au(PPh3)}4(pns-0)]2[a-SiW2040] = C144H 12004281, PsWrAug
(0.43% weight loss at R.T. at 10 °~10"* Torr overnight, Calcd. for 2H,0: 0.54%)

TG/DTA:

R.T.—131.5 °C £ TIZ H,0 12} 5< 0.37% D & &,
[{Au(PPh3)}4(u4-O)]2[a-SiW5040]-H20: 0.27%

17
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FT-IR:
1585(vw), 1574(vw), 1481(w), 1437(s), 1333(vw), 1311(vw), 1182(vw), 1161(vw),
1101(m), 1070(vw), 1011(w), 997(w), 970(s), 920(vs), 883(m), 800(vs), 746(s), 712(m),
692(s), 617(vw), 544(s), 511(m) cm '

Solid-state CPMAS °*'P NMR (R.T.):
) 19.2,25.1 ppm

Solid-state CPMAS *°Si NMR (R.T.):
o —-83.1 ppm

Solution 'P{'H}) NMR (DMSO-dg, 24.4 °C):
) 24.76 ppm

Solution 'H NMR (DMSO-dg, 23.0 °C):
o 7.38-7.57 (m, Ph) ppm

18



X-Ray Crystallography:

Chapter 1

Crystal data and structure refinement for [ {Au(PPh3)}4(14-0)]2[a-SiW,040]-2H,0

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.33°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

C144 H124 Au8 044 P8 Si W12
6616.21

90 K

0.71073 A

Monoclinic

C2/c

a=28.6060(16) A o =90°
b =19.0414(16) A B=107.659(2)°
¢ =232.434(2) A y =90°
16834(2) A°

4

2.610 Mg/m®

15.253 mm™'

11976

0.16 x 0.13 x 0.09 mm’

1.30 to 28.33°

—38<=h<=38, —25<=k<=16, —43<=I<=43
78656

20950 [R(int) = 0.0437]

99.8%

Empirical

0.3406 and 0.1940

Full-matrix least-squares on F*
20950 /2610 / 997

1.159

R1 = 0.0549, wR2 = 0.1386

R1 =0.0671, wR2 = 0.1476
12.767 and —3.048 ¢.A™’
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Structure of [{Au(PPh3)}4(u4—0)]2[a—SiW12040] 2H20

20
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1-2-3.  [{Au(PPh;)}(us-0)]3[a-PMo;;049]:*3EtOH

Procedure:

@ H;[a-PMo01,040]-14H,0 (M.W. = 2077.45) 0.208 g (0.100 mmol)% EtOH : H,O0 =5: 1 & &
VR 30 mL (SRR L 7=, (F B E IR

@ B, [Au(RS-pyrrld)(PPh;)] (M.W. = 587.37) 0.352 g (0.600 mmol)%Z CH,Cl, 50 mL (&
fig L=, (M 4375 W R R )

® QIZOZFEMITMA T,

@ FEPALCHFT-HIECTRPE L7, (F B # . 36 00F BRI & AT )

® AT T2 7 4% —0G0.2 um)THEIL L 7=, CFl Bl 2 e B 35 (2 ) 1)

® EtOH, Et,0 20 mL T+ 2 [ ¥ L 7=,

@ W% 2 hAT o 72, (R 35 R 1A

Properties: Wi A K,
DMSO, DMF (Z [ %, H,0, EtOH, Et,0 IZ R ¥,

Yield: 0.234 g (50.1%)

[{Au(PPh3)}4(ps-0)]s[c-PMo012040]2-3EtOH (M.W. = 9341.74) T ® # R,

Characterization

Complete Elemental Analysis:

C H N O P Mo Au Total

Found 28.36 2.07 <0.1 14.8 4.51 25.1 25.1 99.94
Calcd. 28.48 2.11 — 14.68 4.65 24.71 25.36  99.99

Calcd. [{Au(PPh3)}4(ps-O)]3[a-PM01,040]22.5EtOH = C331H ;95055 5P14M02sAuy,
(0.20% weight loss at R.T. at 10 °~10"* Torr overnight, Calcd. for 0.5EtOH: 0.25%)

TG/DTA:

R.T.-260.6 °C ¥ TIZ EtOH |2} -5 < 1.57% D == &,
[{Au(PPh3)}4(“4-0)]3[(X-PM012040]2'3EtOH2 1.48%

21
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FT-IR:
1479(m), 1435(m), 1333(w), 1311(w), 1184(vw), 1161(vw), 1101(w), 1061(m),
1026(vw), 999(vw), 957(s), 877(m), 804(vs), 742(s), 712(s), 690(vs), 615(s), 544(vs),
499(vs), 459(s) cm '

Solid-state CPMAS °*'P NMR (R.T.):
) -3.1,25.5 ppm

Solution *'P{'H}) NMR (DMSO-dg, 24.3 °C):
o -3.27,25.21 ppm

Solution 'H NMR (DMSO-dg, 23.1 °C):
) 1.09 (t, J = 6.9 Hz, CH;CH,0H solvate),
3.38(q,J=7.0 Hz, CH;CH,0OH solvate),
7.40-7.57 (m, Ph) ppm

22



X-Ray Crystallography:

Crystal data and structure refinement for [ {Au(PPh;3)}4(p4-O)]5[a-PMo01,04¢],-3EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.36°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

C216 H180 Aul2 Mo24 083 P14
9203.34

90 K

0.71073 A

Triclinic

P-1

a=16.8045(14) A o =96.073(2)°
b =26.176(2) A B =95.669(2)°
¢ =32.556(3) A
14163(2) A°

2

v =91.248(2)°

2.158 Mg/m’

7.358 mm'

8612

0.23 x 0.19 x 0.03 mm’

0.63 to 28.36°

—22<=h<=22, —34<=k<=34, —43<=1<=43
169499

70226 [R(int) = 0.0676]

99.1%

Empirical

0.8095 and 0.2824

Full-matrix least-squares on F*
70226 / 2088 / 3226

1.023

R1 =0.1253, wR2 = 0.3149

R1 =0.1705, wR2 = 0.3503
16.813 and —17.021 e.A™’
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Structure of [{Au(PPh3)}4(p4-0)]3[a-PMo01,040],-3EtOH
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1-2-4.  [{Au(PPh3)},(ps-0)]:[ a-SiMo ;0] 2H,0

Procedure:

@ Hy[a-SiMo1,04]12H,0 (M.W. = 2039.54) 0.101 g (0.050 mmol)% EtOH : H,O =5 : 1 j&
BURBE 15 mL IR LT, (F B E IR

@ B, [Au(RS-pyrrld)(PPh;)] (M.W. = 587.37) 0.235 g (0.400 mmol)%Z CH,Cl, 25 mL (Zi&
fig L=, (M 4375 W R R )

® QIZOZFEMITMA T,

@ HA L CHPT- R CFr | L 7=, (LB#%., |EBHT o v 7RSI H)

® AT T2 7 4% —0G0.2 um)THEIL L 7=, O Bt M 2 Je v . B By 1A)

® EtOH, Et,0 20 mL T+ 2 [ ¥ L 7=,

@ WAEHLIR % 2 hAT o 72, (FHEBIK)

Properties: ¥t K,

DMSO IZ [ %, EtOH, Et,0 I NI,

Yield: 0.142 g (51.1%)

[{Au(PPh3)}4(1s-0)]2[0-SiM01,049]-2H,0 (M.W. = 5561.43) T @ G Fi .,

Characterization

CHN Elemental Analysis:

C H N O Si P Mo Au

Found 30.93 2.53 0.13
Calcd. 31.10 2.25 — 12.66 0.51 4.46 20.70 28.33
Calcd. [{Au(PPh3)}4(pns-0O)]2[a-SiM01,040]-2H,0 = C44H 2404451, PsMo;,Aug

TG/DTA:
R.T.—113.8 °C & TIZ H,0 1223 < 0.57% 7D & &,
[{Au(PPh3)}4(“4-0)]2[(1-SiM012040]'ZHQOZ 0.65%

25



Chapter 1

FT-IR:
1585(w), 1573(w), 1480(m), 1436(s), 1332(vw), 1310(vw), 1182(vw), 1161(vw),
1102(m), 1070(vw), 1027(vw), 997(w), 984(w), 942(s), 902(vs), 866(m), 797(vs),
746(s), 712(m), 692(s), 617(w), 543(s), 510(s), 451(w) cm '

Solution *'P{'H} NMR (DMSO-dg, 26.6 °C):
) 25.08 ppm

Solution '"H NMR (DMSO-dg, 26.0 °C):
o 7.40-7.58 (m, Ph) ppm
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X-Ray Crystallography:

Chapter 1

Crystal data and structure refinement for [ {Au(PPh;3)}4(14-O)]2[a-SiMo01,04¢]-2H,0

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.32°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

C144 H120 Au8 Mol2 042 P8 Si
5525.26

100 K

0.71073 A

Monoclinic

12/m

a=16.2330(14) A o =90°
b=18.9927(16) A B =105.709(2)°
c=128.2053) A y =90°
8371.2(13) A’

2

2.192 Mg/m®

7.996 mm"'

5180

0.12 x 0.11 x 0.10 mm’

1.31 to 28.32°

—21<=h<=21, —25<=k<=25, —37<=I<=37
39827

10731 [R(int) = 0.0349]

99.8%

Empirical

0.5019 and 0.4471

Full-matrix least-squares on F*
10731 /2381 /710

1.706

R1=10.1077, wR2 = 0.3570
R1=10.1188, wR2 = 0.3715
11.754 and —10.320 e.A™"
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Structure of [{Au(PPh3)}4(u4-0)]2[a-SiM012040] 2H20
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1-3. Results and Discussion

Abbreviation:
[{Au(PPh3)}4(ps-O)]3[a-PW,040],-4EtOH Auy-PW
[{Au(PPh3)}4(pne-0)]2[a-SiW12040]-2H,0 Auy-Siw
[{Au(PPh3)}4(pne-0)]3[0-PM01,040]2-3EtOH Auy-PMo
[{Au(PPh3)}4(pns-0O)]2[a-SiM012040]-2H,0 Auy-SiMo
Experiment

[{Au(PPh3)}4(1s-0)] 5[ a-PW;,040] > 4EtOH :

/AR BEIR AT 7 2 R IRK[Au(RS-pyrrld)(PPhs) &2 ¥ 7 ma A X IR L
TEWHRIZ, ~7 v i1 P ® Keggin AR VU R Hi[a-PW,04]-7H,0 Z =& J — )b : §ill
K =5 1IREWEICEMLUTZEKREZ, TN 6:1 7220 X510 A . RIRIEBIE
TS S5 2 & THHEAFE AR & 2 /570 (UFE 41.7%),

12[Au(RS-pyrrld)(PPhs)] + 2H3[0-PW,04] + 3H,0 —
[{Au(PPh3)}4(u4-0)]3[a-PW12040]2 + 12RS-prrrld

[{Au(PPh3)}4(1s-0)] 2 a-SiW15,049] - 2H,0:

/IR BEIR AT 7 2 R IR[AuW(RS-pyrrld)(PPhs) &2 ¥ 7 v a A X IR L
TR, ~7 2 i1 Si @ Keggin A VU B Hy[a-SiW,040]- 10H,0 & = X% J — )L
MK =5 1ERABEICEMLUEEKZ, TEALENS: 1 LD L510MA., RKILEK
ETKIGSEDZ L TCHREATH 7 v v 7 REERZ2 572 (IE 50.6%),

8[Au(RS-pyrrld)(PPhs)] + Ha[a-SiW,040] + 2H,0 —
[{Au(PPh3)}4(u4-O)]2[a-SiW,040] + 8RS-Hpyrrld

29
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[{Au(PPhs3)}4(14-0)] 3/ @-PMo1,040] ;> 3EtOH:

G/ NVRBEIR AT 7 v R IR[Au(RS-pyrrld)(PPhs) &2 ¥ 7 B A X TR fR L
TR, ~7 a1 P O Keggin B € U 7 K&KV B Hi[a-PMo,040]- 14H,0 % = ¥
Jo—=v s fliKk =5 1IREWEBICEMLUTCEKRE, BV 6:1 700 K512,
IR BOE TG SH 5 2 & THAE AR & 2572 (IE 50.1%),

12[Au(RS-pyrrld)(PPh;3)] + 2H3[a-PMo01,04] + 3H,0 —

[{Au(PPh3)}4(ps-O)]3[a-PM01,04¢]> + 12RS-Hpyrrld

[{Au(PPh3)}4(114-0)] [ @-SiMo;,04] -2H,0:

/A NVKRBRIR AT 7 R IR[Au(RS-pyrrld)(PPhs) &2 ¥ 7 B A X R fR L
TWWRIZ . ~7 2 Ji& 7 Si @ Keggin B E U 7 RA U B Hya-SiMo0,,04]-12H,0 % = ¥
Jo—=v s fliKk =5 1IREEEICEM LKA, BN 81 &b Ko,
RIRILHE CRISE® 5 2 & THABH 7 1 v 7 R &2 572 (IE 51.1%).

8[Au(RS—pyrrld)(PPh3)] + H4[(X-SiM012040] + 2H20 i

[{Au(PPh3)}4(p4-0)]2[a-SiM012040] + SRS-prrrld

30



Chapter 1

X-Ray Crystallography

[{Au(PPh3)} (114-0)] s/ a-PW;>0.49] »-4EtOH (CCDC 766432):
G FE -0 2GR A7 7 o &MNEE 2
TAE =" A E—=FF &4 5 Keggin 1
o _ .
BAVBETHY ., &@UEY 7 A% —0FF "-otax\ﬁap (\ \
Y ERVEBET =4 ORI A B EN A A
GHREBE LTV, &OEZEL 5 25— 0 F S ¢
FLERVBT = EOMAEERDED Csy ({ : =a
®fFRIZir < . H. Schmidbaur & O#HE L T 5 \\
To MO MM 522 —hF 4> Dp g
NIRRT, Gy I TARFIZ/ D
XV ¥ — % | Z A D aurophilic interaction % J& %
THZETHLHLTWD EEX LN D, WEFIO EtOH X &L FE »#r, TG/DTA, 'H
NMR 75 E L TWD 0, #iEMENT TlX disorder D727 A TEXpinotc, £
RNUBERT =4 122 disorder L TUM 7=,

Polyhedral representation

P2

Structure of [{Au(PPh3)}4(ps-0)]*"

Bond Lengths (A) Auy - Opoy interactions

Aul--Au2  2.9728(11)
Aul--Au3  2.9302(9)
Aul--Aud  2.9836(11)

Interactions (A)

Au2---09 3.336
Au3---016 3.108
Au4---021 3.203

Bond Angles (°)

Au2-O1-Au3  130.1(5)
Au2-Ol-Aud  112.7(5)
Au3-Ol-Aud  117.1(5)
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[{Au(PPh3)} (114-0)] :[ @-SiW>040] - 2H,0 (CCDC 766433):

EMRFEN-O 2B RA T 7 &MY T AR~ I X—hTF A+ LT5
Keggin AR V@B ChHo7c, &MY FAZ —AF X OXFFRMEILIRY BT =4
EOMEEMDTZ® Coy RFRITE D> T2, ZHIX Aug-PW L RAIFEOHEECTH -T2, F
TefmmAKzZ o7 A L, RUVBT =4 12D disorder L T 7z,

Polyhedral representation

P2

Structure of [{Au(PPh3)}4(ps-0)]*"
|

Bond Lengths (&) Auy - Opoy interactions

Aul--Au2  2.9607(7)

Aul--Au3 2.8931(7) Interactions (A)

Aul- Aud 2.9186(6) Au2---012 2.975
Au3---014 3.025

Au4---0O15 3.049

Bond Angles (°)

Au2-O1-Au3  132.5(4)
Au2-O1-Aud  116.0(4)
Au3-Ol-Aud  111.1(4)
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[{Au(PPh3)}4(1s-0)] 5[ a-PMo;,04] > 3EtOH::

B FE -0 28D RA T 7 &MU T AX—% BT A—hF LT 5
Keggin €V 7 RARUBE CTho7=, Aug-PW Lt &N 7 A X —HF 4
XV EALEMEE & o T, WHERI O EtOH 13458 3% 43 #, TG/DTA, '"H NMR 20 b
RELTWDEN, HEEMFTTIXT A v TCERhole, TLRIBT =4 X 2EN
disorder L T\ 7z, #EidhFH 7T — & B IEHIZHE < CCDC number [FHSF L TW 7220,

Polyhedral representation

Bond Lengths (A)

Au9--Aull  2.9581(12)
Aul0--Aull  2.9455(12)
Aull--Aul2  2.9800(11)

Bond Angles (°)
Au9-02-Aul0 107.4(6)
Au9-02-Aul2 139.6(7)
Aul0-02-Aul2 113.0(6)

P11

Structure of [{Au(PPh3)}4(ps-0)]*"
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[{Au(PPh3)}4(14-0)] 2[ @-SiMo;,040] -2H,0:

EMRFW-O 2G5 ARA 77 o &0NE Y 7 A4
— %Ny B —TF A LT D Keggin HE U T KK
Vg Ch o7, UL Y 7 AKX — T F 4 O
PRV =4 L OMAEFEROTZ® Cyy IHIZT
Mo Tz, ZIIE Aug-PW X° Aug-Siw & RO REE Th
o, RUVEBET =F X2 ED disorder LTHYH | &
D27 = = /LD disorder |2 LV FESLFHT — ¥ N IE

W72 CCDC number X B L TV 7R U,

Structure of [{Au(PPh3)}4(ps-0)]*"

Auy - Opoym interactions
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Polyhedral representation

Bond Lengths (A)

Aul--Au2  2.9205(10)
Aul--Au3  2.9229(8)
Au3--Au3’  2.9230(8)

Bond Angles (°)

Au2-O1-Au3  113.1(3)
Au3-O1-Au3’  133.7(7)

Interactions (A)

Au2---07 3.08
Au3---06 2.906
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Complete Elemental Analysis, CHN Elemental Analysis and TG/DTA

[{Au(PPh3)}4(1us-0)] 5[ a-PW;5040] > 4EtOH :

B il X M & AR AT CHERR S 7o filpkic . W EFn & L C 3.5 @l EtOH % N 2 72 #H
AR CHEMME & FHFE S — 8 L 7=, Found ® Total 1 100%(21E < . & T D ILHENHHT &
nNTWs, MERO - BEREZEGEREIZEY 021%0 E&EEAB I, 2k 0.5
D EtOH(0.20%)IZH Y T4, I bxHbtd 4 o EtOH 1L, KKETFTHIEL =
TG/DTA D #ER & kS L Tz,

C H N O P w Au Total

Found 23.18 1.67 <0.1 11.9 3.52 38.1 20.6 98.97
Calcd. 23.34 1.77 — 12.06 3.78 38.45 20.60 100.00
[{Au(PPh3)}4(pns-0)]3[0-PW,040]2°3.5EtOH = C1,3H,01036.5P14WasAuy,

Weight loss  1.50% below 215.8 °C
Calcd. 1.60% for 4EtOH

[{Au(PPh3)}4(1s-0)] 2 a-SiW;,049] - 2H0:

B Al XORR A G AR AT CRERR S 7ML 2 B Hy0 B BR W 72 #A Ak R MEME & B FE S —
# L7, Found @ Total I 100%IZT <, ETOLEN DA INTND, HEM D — B
WEZEGRIZE D 043% D EEB OSBRI S, 2T 2 0 H,0 (0.54%)I2/H% 7 5,
28D H,0 1. K&JETF CHIE L7 TG/DTA OFER L IIERE L TV,

C H N O Si P W Au Total

Found 25.72 1.81 <0.1 10.4 0.36 3.53 33.0 23.9 98.72
Calcd. 26.28 1.84 — 10.21 0.43 3.77 33.53 23.95 100.01
[{Au(PPh3)}4(ns-O)]2[a-SiW2040] = C144H 12004251, PsW2Aug

Weight loss  0.37% below 144.4 °C
Calcd. 0.27% for 1H,O
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[{Au(PPhs3)}4(14-0)] 3/ @-PMo1,040] ;> 3EtOH:

HLRE O X B S AT CRER ST MERIC . R & L C EtOH % 2.5 {800 % 7= Ak
THEAEME & F5EE2 —E L7=, Found ® Total (X 100%IZT< . 2T DO ILEBSIT &N
TW5b, WERO —BREZEGEICEIY 0200 BEEAEB SN, Zix 0.5 @D
EtOH (0.25%)ICFI 4 T 5, b xzAbHz 3 o EtOH 1T, K&/&E FCTHIE L
TG/DTA O #FER & 3t LTz,

C H N O P Mo Au Total

Found 28.36 2.07 <0.1 14.8 4.51 25.1 25.1 99.94
Calcd. 28.48 2.11 — 14.68 4.65 24.71 25.36  99.99

[{Au(PPh3)}4(pns-O)]3[a-PM01,040]2-2.5EtOH = Cy31H95055.5P14Mo024A U,

Weight loss  1.57% below 260.6 °C
Calcd. 1.48% for 3EtOH

[{Au(PPhs)}4(us-0)] [ a-SiMo;,040] - 2H0:
BLRE S X RS MR CRERR S L= Ak T . HoO 2 2 8N 2 72 M Ak © EHIME & 5T B
N—EFH L7z, 2M? H,0 1%, KR&AETF CTHIE L TG/DTA OFEF & 5 L Tz,

C H N O Si P Mo Au

Found 30.93 2.53 0.13
Caled. 31.10 2.25 — 12.66 0.51 4.46 20.70  28.33

[{Au(PPh3)}4(us-O)]2[a-SiM0,040]-2H,0 = C144H 2404451, PgMo;;Aug

Weight loss  0.57% below 113.8 °C
Calcd. 0.65% for 2H,0
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Solid-State CPMAS *'P and Solution *'P{'H} NMR:

[ AR HE TlZ. Augy-PW & Aug-SiW O KR 2 7 7 VIR FICE S BE— 27 1T AKRE
— 7 TEB SN, 2SI CHE IS P &L TE Y, 255 ppm
MEOE =27 138MMEE Y T AR —HFF L FOEREID =S50 Aulll L L7 P, 17.0
ppm T DO E— 7 1 ZE&UEE Y T AZ —HF A FOELD Au lZEAL L 72 PIZxG
T 5, — 5 Aug-PMo T EATEHEED O ETO P NIEEMICAD, 7T o— Rp— A
v—7 TRl S,

DMSO-dg H TlE, 25.0 ppm fTiFIC — A — 7 TEIE S iz, BWERP TIEE0)MNZ
JITABE =T AF L OEBBEOLLDICER LI TEEEZEILOND, T NHD
chemical shift (X \» 9 #1 & H. Schmidbaur 5 ® #H HF L T W % Ty %t B O
[{Au(PPh3)}4(pns-0)](BF4), (8 = 25.4 ppm in CD,CL)*P & i3I B A2 | Wikt T &R
VT =4 OB Rb5EEbhd,

Aug-PW & Auy-PMo DRV ET =4 2S5 B — 7 1%, B FRER L O DMS0-d
FONWTNICENTS =R E—27 TBH S, a-Keggin B FH Z MR L Tz,

24.87
a)
-14.79
258 -14.6 24.76
b)
a)
15.3
25.1
19.2 o) 25.21
b) [\
I — -8.27
25.5
-3.1 25.08
c) d)
— T~ J
40 20 0 -20 ppm 40 20 0 -20 ppm

Solid-state CPMAS *'P (left) and Solution *'P{'H} (right) NMR spectra
a) Auy-PW, b) Auy-SiW, ¢) Auy-PMo, d) Auy-SiMo

37



Chapter 1

FT-IR:

2 TOILAY T RS-pyrrld @ C=0 HAFEHREICE S EE AN RBWHALTEBY, B

HE 2 MR L7c, a-Keggin AR Y BEHKICESIIRE ANV FIZIZELR ehrhoTc, T
TP NMR OFER L G LTV 5D,

C=0 X-0 M-0O
Auy-PW — 1080 982, 895, 816
Auy-SiW — 920 970, 883, 800
Auy-PMo — 1061 957, 877, 804
Auy-SiMo — 902 942, 866, 797

Solution 'H NMR:
ETOEHT RS-pyrrld 1TSS E—7 BNHEERLTEY, M2 #HERALE, Zh
X FT-IR OFER & L xS LTV D, Aug-PW & Auy-PMo TlIiAESEFI o EtOH (2 55 <
v — 7 BEH S s,

EtOH Ph
Aug-PW 1.09(t), 3.39(q) 7.38-7.55(m)
Auy-Siw — 7.38-7.57(m)
Aug-PMo 1.09(t), 3.39(q) 7.40-7.57(m)
Auy-SiMo — 7.40-7.58(m)

t: triplet, q: quartet, m: multiplet
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1-4. Conclusion

/IR BIR AT 7 R [Au(RS-pyrrld)(PPhy)] & ~ 7 7 JiL - P @ Keggin 7R
U BRHE O free acid B! H3[a-PW5,040] 7TH,0 & O RIEN D, ZRAE#EFE p,-O 2 B e XA 7 7
el s T AE —% U v H — T F F kT D Keggin BAR Y B
[{Au(PPh;3)}4(14-O)]3[0-PW2040]2-4EtOH Z K S ¥ 72, ZORISIEAR UV BEFET TO
HRZ D RV EBEICHEKE L TV,

SMMUEE 7 5 2% — 3 FF » [{Au(PPhs) b a(ns-0) ) 1. A EE T TR Y BT =4 > &
DHHEAERIZXYV G fFEE L o> Tz, H. Schmidbaur & O & ()UK 7 7 A X —
[{Au(PPh3)}4(pns-O)IBE L X Ty (A TH B, ) Z o2 b &MMEE s T %2 % — 0O Hik
WX R ENH VU . Cyy MR TIZAFIIZ 72 D = % )L — % aurophilic interaction % JZ ik 9"
LZZETHIBHEHLTWD EEZ LN D,

[ AR AE D PP NMR 1X, Aug-PW 355 L T8 Aug-SiW TIZFESEMMiZ2 P 2 KB L 72 T KHRE
— I BB SN, WET O PP{'H NMR TiZ, &N 2 T A% — 7 F 4 OEH
DlEHiIznTInd K —7 CBHl N7, 72 H. Schmidbaur b D#EL TV D Ty
KO &M 7 7 A # — &I chemical shift A NI E 2D BEERFPTHLRI BT =4
VOB EZIT WL EEZLND,

~7 1 i Si ® Keggin B A U B Hi[a-SiW,040]- 10H,0 °~7 2 i 7- P @ Keggin
eV 7 FAYBRE Hi[a-PMo0,,040] - 14H,0, ~7 B i1 Si ® Keggin € U 7 RAR U R
HE Hy[a-SiM01,040] 12H,0 TlE, WI N BB FE -0 x 58U Y 7 A% — U F
UMK ENT, BEBFEWL-O 25080 Y T AX—DTF A FOBAKICIL,
Keggin MR U R OB (3—& 4)PHFHKEBEBW & Mo)BREELLRNWZ 2B LNITL
776

Tetragold(I)oxonium cluster cation
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Chapter 2

Synthesis and Structure of a Heptaphosphanegold(l)dioxonium Cluster
Cation Formed in the Presence of POM

ZOFEX, §wX
“Novel intercluster compound between a heptakis{triphenylphosphinegold(Il)}dioxonium
cation and an a-Keggin polyoxometalate anion”
T. Yoshida, K. Nomiya, S. Matsunaga, Dalton Trans. 2012, 41, 10085-10090.

R SN TEHNELZPLICHERS LTV D,

Abstract

BB TIEEO)/INVR IR AT 7 o REER L Keggin B AR U BRHE O free acid B & @
IS EITW, WINHEEBEFE -0 25080 ZAX —DF AU BRI LT,
CORIGFRIFZINETICENRESH LOVKILRTHY | ERYBEICKAFLEKET
bDHZENORVBMBOMREZTD T LITHIREY,
AWFIETIIAR Y BB O acidity ORZELZFTNDH720, ~7T 1 i+ P O Keggin B A VU
D Na HEHNTE&WM/AINVRBIARAT 7 REERO D NVAR L BEAL T OREEE 7 F
X&ﬁm%ﬁ“ﬁMAAﬁ%ﬁmokMO@QO%éﬁ$X77yémﬁﬁ7§X&
—NTFFEREESEL, @)L FAZ =B FF U, BB EWL-O 25 04a0)
W7 7 A% — EBGEIEF ns;-0 & & o4 (1) = 7 7 A ¥ — 7 aurophilic interaction T i
fi L7 iECh oo, AU BRE O acidity UAMTIFR CHRMAFETHRIESETEBY . R BED
acidity "B (DHBHED 7 7 A7 —{LICHELHEXHZ2W oMLz, BBV
AU nFEE L)L TAZ—OGREMEMTHNIIZNETICES, A BE
T — e LT TR —LIZL VUMD THRIND,

ARBEBTITEMEKE I TAX—%h X —TF 4 L35 Keggin BUAR VU BRE O A K
B, RS, $EXYy 772V E—va ORIV THET S,
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2-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

Chapter 2

(CD3),SO

CH,Cl,
Et,O
EtOH

Nas[a-PW,040]-9H,0 1Z 3Lk V&2 B E I E R L7,
[Au(RS-pyrrld)(PPhy)1& 3Lk V&2 & Z 1A L 7=,

41



Chapter 2

Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series II CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solid-state Cross-Polarization Magic-Angle-Spinning (CPMAS) NMR:
JEOL JNM-ECP 300 FT-NMR spectrometer
3p (121.00 MHz) 6 mm o.d. rotors, (NH4),HPO, (6 = 1.6, external standard)

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F> (SHELXL-97)
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2-2. Synthesis

2-2-1. [{{Au(PPh3)},(us-0)}{{Au(PPh;)};(us-0)}][a-PW;:04] EtOH

Procedure:

@O Nas[a-PW,040]-9H,0 (M.W. = 3108.12) 0.249 g (0.080 mmol)% EtOH : H,O=2:1{E&
W 60 mL ISR L 7=, (M 4375 W VR R

@ B, [Au(RS-pyrrld)(PPhs)] (M.W. = 587.37) 0.329 g (0.560 mmol)%Z CH,Cl, 40 mL (&
fig L7z, (M 5,375 B VR )

@ QIZOEFEMITMA T,

@ %P L CHFT-EECHELL, (HLB#%., REAEH 7 g v 7 REESEIH)

® A7 527 40%—0GO0.2 um)THIUL L 7=, (FEdmtEZ v, BB A E)

® EtOH, Et,0 20 mL T4 2 [A ¥ L 7=,

@ BWAEWEEE 2 hAT o 12, 03 A=E=R 2.

Properties: % A ) K,
DMSO, DMF (Z /] ¥, H,O0, EtOH, Et,0 IZ R,

Yield: 0.249 g (50.5%)
[{{Au(PPh3)}4(pns-0)} {{Au(PPh3)}3(p3-O)}][a-PW,040] EtOH (M.W. = 6169.89)T D
B EAE,

Characterization

CHN Elemental Analysis:
C H N O P W Au

Found 25.04 1.44 0.13
Calcd. 24.92 1.81 — 11.15 4.02 35.76  22.35

Caled. [{{Au(PPh3)}4(ps-0)} {{Au(PPh3)}3(u3-0)} [[a-PW204] EtOH
= Ci28H111043PsW AUy

TG/DTA:

R.T.-213.7 °C £ TIZ EtOH 12 £ 5< 1.05% D & & #,
[{{Au(PPh3)}4(ps-0)} { {Au(PPh3)}3(n3-0)} ][a-PW,,040]-EtOH: 0.75%
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FT-IR:
1585(w), 1573(w), 1479(w), 1436(s), 1331(w), 1309(w), 1183(vw), 1162(vw), 1101(m),
1078(s), 1027(vw), 977(vs), 895(s), 816(vs), 742(s), 711(m), 689(s), 617(w), 595(w),
538(m), 508(s) cm '

Solid-state CPMAS °*'P NMR (R.T.):
) -14.2,24.6 ppm

Solution *'P{'H} NMR (DMSO-dg, 24.5 °C):
) -14.92, 24.46 ppm

Solution 'H NMR (DMSO-dg, 23.6 °C):
) 1.09 (t, J = 7.1 Hz, CH;CH,0H solvate),
3.39 (q,J =7.0 Hz, CH;CH,0OH solvate),
7.31-7.51 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{{Au(PPh3)}4(ps-O)} { {Au(PPhs)}3(p;3-0)} J[a-PW,040] - EtOH

Empirical formula CI128 HI11 Au7 O43 P§ W12

Formula weight 6169.89

Temperature 90 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/n

Unit cell dimensions a=16.2752(14) A o =90°
b =139.606(3) A B =99.623(2)°
c=25931(2) A y =90°

Volume 16480(2) A°

z 4

Density (calculated) 2.487 Mg/m’

Absorption coefficient 14.683 mm'

F(000) 11136

Crystal size 0.21 x 0.20 x 0.16 mm’

Theta range for data collection 0.95 to 27.50°

Index ranges —21<=h<=21, —45<=k<=51, —32<=1<=33

Reflections collected 156542

Independent reflections 37798 [R(int) = 0.0596]

Completeness to theta = 27.50° 99.8%

Absorption correction Empirical

Max. and min. transmission 0.2022 and 0.1485

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 37798 / 5154 /1793

Goodness-of-fit on F? 1.049

Final R indices [I>2sigma(])] R1=0.0496, wR2 =0.1213

R indices (all data) R1=0.0660, wR2 =0.1279

Largest diff. peak and hole 7.472 and -7.807 ¢.A”’
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Structure of [{{Au(PPh3)}4(ps-0)} {{Au(PPhs)}35(u3-0)}][a-PW15040] - EtOH
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2-3. Results and Discussion

Abbreviation:

[{{Au(PPh3)}4(ns-0)} {{Au(PPh3)}3(n3-0)}][a-PW1,040]-EtOH Au;-PW

Experiment:

M/ NVEKRBEIR AT 4 v R IR[AUW(RS-pyrrld)(PPhs) &2 ¥ 7 mu A X U ZERR L
T, ~7T a i1 P D Keggin B K U B O Na # Naz[a-PW,04]-9H,0 %2 = ¥ /
—b K =2 LIRABHICEM LR EE, BN T 1 ERDEoICMx, BRIk
EBOECTHKIG S E D Z & CHEAER 7 1 v 7 R %2 1572 (IUE 50.5%),

7[Au(RS-pyrrld)(PPh3)] + Naj[a-PW,04] + 2H,0 —
[{{Au(PPh3)}4(ps-O)} {{Au(PPh3)}3(p3-0)} J[0-PW2040] +
4RS-Hpyrrld + 3RS-Napyrrld

CORIGIFEEEICIEKEE T, FUVBEORKELTZX  —L K =5:10
BAEEEZHWTHREOKISHETT 5, WEIE T (10.2%)F 5 b O O O - H
BWld, MEMITICIXZoRKIGEETHEREEER 7y 7 RESREZHVT NS,

X-Ray Crystallography

[{{Au(PPh3)}4(ps-0)} {{Au(PPhs)}5(us-0)}][a-PW;:04] -EtOH (CCDC 867542):
BIEEEF -0 E -0 D D& Gk A7 7 4

OWEE s I A=%D 2= ANFF T %

Keggin AV METhHho7o, & EEI Z XX —D L o

FAE L ERIBT =4 OMICITEENELS, 44 i

VTS o T, MM ER CEReEO B T A X — g — O

NFAERVRT =428 11 O NaCl B C: y
Ny ¥ Y LTV, WA O EtOH 13 CHN & # \
5347, TG/DTA, '"H NMR 7° & i L T % 25, 1 it i y /
Br T disorder D72 7 %A TE o T2, y _ /\ L

Polyhedral representation
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S EE 7 T AF = FF o HFIZIE, FHILARD aurophilic interaction 23 RS S 4172,
ZTOMEIT, BEREN-O 250NN Y 7 A X — L BERFE ;-0 Z2E5 0480 =
7 7 A% —RIUAKD aurophilic interaction Tl fE L 72 # & TdH - 7=, Isolobal D @l i
MWHRLDE. BB T AZ =T H0 ot i L, & O HO™ & H 0 08 8 #
LTWDERRTZIENTEDL, B AFEL2ETE)ERE I IFXA X —OFEEIXIINE
TICHEFINES | BLHLWHEETH L, F—20 7 = = /LHEN disorder L T\
7

46‘— a Au? P7
P1 Aul \_ - . b
Aus
" P5

Structure of [{{Au(PPh3)}4(ks-0)} { {Au(PPhs)}5(p3-0)}1%

Bond Lengths (A)

Inter-Au--- Au Intra-Au--- Au
Aul---Au2 3.1381(6) Au2--- Aus 3.1028(6)
Aul---Au4 3.1790(7) Au3---Aub6 3.0936(7)
Au2---Au3 2.9581(6) Au4--- Aus 3.2428(6)
Au5---Au7 3.0456(7) Aud--- Aub 3.2732(7)

Au6--Au7  3.0545(7)
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CHN Elemental Analysis and TG/DTA:
B B X AR S MR AT CRERE S U7 . WERD & L T 1 fd o EtOH % il & 7= # A%
THEMMEFFEMMA —FH Lz, 1 Mo EtOH X, K&JE T THIE L7 TG/DTA O ff H
ExPIR LT,

C H N O P W Au

Found 24.97 1.39 0.10
Calcd. 24.92 1.81 — 11.15 4.02 35.76  22.35

[{{Au(PPh3)}4(ns-0O)} {{Au(PPh3)}3(u3-0)} J[a-PW,040]-EtOH
= Ci28H111043PsW AUy

Weight loss  1.05% below 213.7 °C
Calcd. 0.75% for 1EtOH

Solid-State CPMAS *'P and Solution *'P{'H} NMR:
BEERETIZ, "2 77 VB FICESLE
— 77— e KR —7 Bl SN,
BEMTr b 2TOPIRIEEMTH-oTZHLDD, 24.6
PRAVOEEI IR AENEWE-D T — K7
—ARKBpELTHHAINTZEEZ DN D, a)
DMSO-d¢ 1 Clix, F A7 7 VEANL 712 F 5 < o —
B 7 (X[ RIRRE L 1FIE R U chemical shift @
— K| —7 CBM SN, WIRT TIE&0t
o I AE =N F 4 OEBMED D EELE
ni-t#Zz5h%, -0 chemical shift 1%, & —  P)
ETHOLMNMNCLEEONE Y 9 AZ —0 FF L
YER 04 ppm DEN RO E D BIKR '
FTHLaE&EWEE s A —DEER-> TW
LHEEbRD, a) Solid-state, b) in DMSO-d;
RUVEBRT7T =4 kS B— 2%, FEfREE
BELY DMSO-dg HFOWTHNIZENTH — AR E—7 THIME i, a-Keggin B H K %
HERFL T2,

-14.2

24.46

-14.92

40 20 0 -20 ppm
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FT-IR:
RS-pyrrld @ C=0 i IRENCE S IRE AN RAHEEA L TH Y, DiBEZ MR L 72,
a-Keggin B R U B ICHE S S IRE) N> FICIREB 20> 72, 21T *'PNMR @ §
REbAIELTWD,

C=0 P-O W-0

Au;-PW — 1078 977, 895, 816

Solution "H NMR:
RS-pyrrld ICESS =7 BNHEEAL T, MBEZMB L7, 2T FT-IR O f5 R &
B LTWD, £RWEMO EOH IS v¥—7 BNElll s h iz,

EtOH Ph

Aus-PW 1.09(t), 3.39(q) 7.31-7.51(m)

t: triplet, q: quartet, m: multiplet
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2-4. Conclusion

&M/ NVEKRERIT AT 7 R ER[AU(RS-pyrrld)(PPhy)] & ~ 7 v Ji 7 P @ Keggin & 7R
U & D Na #i Naz[a-PW2040]-9H,0 & DG 5, ZEHEEE FE ns-0 & ps-0 O D % & iR
A7y reEWEEE I TAE—% X —HhF A LT D Keggin B A Y g
[{{Au(PPh3)}4(14-0)} { {Au(PPh3)}3(n3-0)} [[a-PW,040] ' EtOH Z R S 72, HW 5 R U g
D acidity MR CERFETRIGSHETEY . AU BE O acidity Z&8()HEEHED 7 7
AL —fLICEBEEHE 2L E2H LI LT,

L s T A F —HF F 2 [{{Au(PPh;)}4(ns-0)} {{Au(PPh3)}3(us-0)} P T I& . 2046 ik %
-0 Z E e & (MNEE 7 5 A % —[{Au(PPhs)}4(ns-0)]* L BEMR FE us-0 2 B &) =~
7 A X —[{Au(PPh3)}3(u3-0)] 2% aurophilic interaction THifE L 72 E TH - 7=, LBV
AU nEREGUENEE I TAX XN ETICHEMN/ELS, 2<HFHLVVHEETDH
Ay

Isolobal DBLE NS A5 & (LY T 2% —IF H0,° 1Tk L., & O#iE % HO0
EHODBHFELTWD ERRTZENTE S, 21T HOYE HONMHAEEALES
ZEHERBLTED, Isolobal DFEZENDL &L Y 7 A X —1THBEEN,

ERREED P'TPNMR 1T, 2 TOPRHELEMTHLLOD, TNTHDOPEAY OEREEIC
RERENEN-ZDICT o — R —ARL LTBRAShEZ BIE PO P{'H} NMR T,
G EEI TAZ =BT A OEBED =D ICEARREE & 1FIEF U chemical shift @ —
AcBBM SNz, F-FTHLNMNILEEOMNE Y 7 A% — 7 F 4 > ® chemical shift
EHENCELRY RIBEOFET IEET &L 7 A —DHEZR> TV
HEZEZBND,

G EBZ IR —EZRVBE YT L — e L2 T AZ—{LITX VD T
BREN, &) T7AX—DOHLWERIEE R VG L REME R L,

Heptagold(I)dioxonium cluster cation
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Chapter 3

Synthesis and Structure of Intercluster Compounds Composed of
Tetraphosphanegold(I)oxonium Cluster Cations and POM Anions
Linked by Monomeric Phosphanegold(l) Units

ZOEIX, W
“Novel Intercluster Compounds Composed of a Tetra{phosphanegold(I)}oxonium Cation and
an o-Keggin Polyoxometalate Anion Linked by Three Monomeric Phosphanegold(Il) Units”
T. Yoshida, S. Matsunaga, K. Nomiya, Chem. Lett. 2013, 42, 1487-1489.

R ESNTEHNELZPLICHERS LTS,

Abstract

Keggin A Vg2 7 7L — b e LEEBEERED 7 7 A2 — (i kv, AV RE
HFHETCHRAxRENI TAX— AT FUVEBERINDL, bW TREFRY BRIEIC
BMIKFELERIS Tho 72N, @HEBEDO 7 72X —{LIc L TR BENED L)

WD TV NIEE<HLNICR s TR T,

AW TR VABMEZREONT 272 Al B O Keggin AR U B 2 Hv, A A
Ty raMUEES A =D FATMAZ, FlEICAR YV BEORELES Lo NmEIZE E
NL50BRFHBEAORAIT=2DKAT7 7 E&()EE2=y FBRFBALERIBT =
FrinbkD IR —MLAMERR S, WIET O 'P{HINMR b, 207 F
2L —MLEWITHERT CIXEONUE 7 7 AX - F A EE&DEBEL=y OB T
HWRZENE Z > TWnd, 2HIERIBT =4 0oBERF O R FICHE Lt&OHEE
=y b, @D JAZ—% KT HOHFRAETHLZ LEZRLTND, 2O &M
b, RNV BEET 7L — e LESDEERED 2 722 —{Tik, RYBEKRED O i
TOFTHLRICEEXFORTFAEERBE AT L2 LBHLNITR T,

ARETEFEONUE Y A= FF o EBIAE O R EZ=2080O#EZE2=y K
DA LT Keggin AV BT =4 Nnopd 7 7 A% —Mbaoakit, fimiEs,
KXY 77XV EB—varyrOffRICHONWTHET S,
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3-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

Chapter 3

(CD3),SO

CH,Cl,
Et,O
EtOH

Hs[a-AlW,040]-12H,0, Hs[B-AIW,040]- 11H,0 1% 3Lk %% | Hs[a-BW,,040] 14H,0
TR VR E R ENB B ICAK Lz, ZEAMIT Supporting Information (2R L 72,
[Au(RS-pyrrld)(PPhy)]1& 3Lk V&2 & Z 1A L 7=,
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Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series II CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solid-state Cross-Polarization Magic-Angle-Spinning (CPMAS) NMR:
JEOL JNM-ECP 300 FT-NMR spectrometer
3p (121.00 MHz) 6 mm o.d. rotors, (NH4),HPO, (6 = 1.6, external standard)

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F> (SHELXL-97)
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3-2. Synthesis

3-2-1.  [fAu(PPh;)}(ps-0)][a-AIW ;1,0 ;0fAu(PPh;)};]-3EtOH

Procedure:

@ Hs[o-AlW,040]-12H,0 (M.W. = 3094.24) 0.309 g (0.100 mmol)% EtOH : H,0 =5: 1 & &
TR 30 mL ICIRfE L 7=, (6 0% R

@ B, [Au(RS-pyrrld)(PPhs)] (M.W. = 587.37) 0.411 g (0.700 mmol)%Z CH,Cl, 50 mL (&
fig L7z, (M 5,375 B VR )

@ QIZOEFEMITMA T,

@ HEPLCHFT-EIECiE L7, (HLB#%., REAEH 7 g v 7 REESEIH)

® AT T2 7 40%—0G0.2 um)THIUL L 7=, G E e  SUANI (RSN iR AN

® EtOH, Et,0 20 mL T4 2 [A ¥ L 7=,

@ WK% 2 hAT o 72, (W5 35 (0 18

Properties: W53 K,

DMSO, DMF (Z 7] ¥, H,O0, EtOH, Et,0 IZ R,

Yield: 0.324 g (51.9%)

[{Au(PPh;3)}4(14-O)][a-AIW 1,040 {Au(PPh3)}3]-3EtOH (M.W. = 6242.04) T O #f HfE,

Characterization

CHN Elemental Analysis:

C H N O Al P W Au

Found 25.08 1.52 0.08
Caled. 25.40 1.99 — 11.28 0.43 3.47 35.34  22.09

Calcd. [{Au(PPh3)}4(u4-O)] [G-A1W12040 {Au(PPh3)}3] -3EtOH
= Cy32H123044A1,P;W 1 Au,

TG/DTA:
R.T.-217.7 °C £ TIZ EtOH 12 &< 1.95% D & & #,
[{Au(PPh3)}4(ps-0)][a-AIW 2040 {Au(PPhs)}3]-3EtOH: 2.21%
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FT-IR:
1479(w), 1435(m), 1332(vw), 1309(w), 1182(vw), 1161(vw), 1101(m), 1027(vw),
997(w), 958(s), 888(vs), 800(vs), 744(vs), 712(s), 691(vs), 614(m), 545(s), 509(s),
501(s), 485(m), 471(m) cm '

Solid-state CPMAS °*'P NMR (R.T.):
o 17.0, 27.1 ppm

Solution *'P{'H} NMR (DMSO-dg, 23.5 °C):
) 26.00 ppm

Solution 'H NMR (DMSO-dg, 22.8 °C):
) 1.09 (t, J = 6.9 Hz, CH;CH,0H solvate),
3.38(q,J=7.0 Hz, CH;CH,0OH solvate),
7.49-7.63 (m, Ph) ppm
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X-Ray Crystallography:

Structure of [{Au(PPh3)}4(p,4-O)] [(X,-A1W12040 {Au(PPh3)}3] -3EtOH
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3-2-2.  [{Au(PPh3)}i(1s-0)][0-BW 1,0 49{Au(PPhs)}s]-3EtOH

Procedure:

@ Hs[a-BW;,040]-14H,0 (M.W. =3114.10) 0.311 g (0.100 mmol)% EtOH : H,O=5: 1A
VR 30 mL (SRR L 7=, (Je 5,375 B VR )

@ B, [Au(RS-pyrrld)(PPhs)] (M.W. = 587.37) 0.411 g (0.700 mmol)%Z CH,Cl, 50 mL (Z &
fig L=, (M 4375 W R R )

® QIZOZFEMITMA T,

@ FEPALCHFT-HIECTRPE L7, (H A%, BWEAEW 7 v v 7 KR H)

® AT T2 7 4% —0G0.2 um)THEIL L 7=, (it dm P 22 vy I 3 B AR )

® EtOH, Et,0 20 mL T#% 2 [ ¥ L 7=,

@ W% 2 hAT o 72, (F5 35 B Bl 1K)

Properties: Wi A K,

DMSO, DMF |2 AT %, H,0, EtOH, Et,0 I R,

Yield: 0.279 g (44.8%)

[{Au(PPh3)}4(ns-0)][a-BW 1,040 {Au(PPh3)}3]-3EtOH (M.W. = 6225.87)C O FF B i,

Characterization

CHN Elemental Analysis:

C H N B 0 P A\ Au

Found 25.28 1.62 0.06
Caled. 25.47 1.99 — 0.17 11.31 3.48 3543 22.15

Calcd. [{Au(PPh3)}4(u4—O)] [OL-BW12040 {Au(PPh3)} 3] -3EtOH
= Cy32H123B1044P7W2Au

TG/DTA:

R.T.-212.6 °C ¥ TI|Z EtOH |2 55 < 2.18% 7 & i,
[{Au(PPhs)}4(1s-0)][-BW,040{Au(PPhs)}3]-3BtOH: 2.22%
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FT-IR:
1585(w), 1480(w), 1436(s), 1332(vw), 1310(vw), 1183(vw), 1146(w), 1102(m),
1072(vw), 1026(vw), 997(w), 959(s), 905(vs), 819(vs), 745(s), 712(m), 691(s), 617(w),
546(s), 510(s), 421(w) cm '

Solid-state CPMAS °*'P NMR (R.T.):
) 17.0, 26.7 ppm

Solution *'P{'H} NMR (DMSO-dg, 23.6 °C):
) 26.08 ppm

Solution 'H NMR (DMSO-dg, 22.4 °C):
) 1.09 (t, J = 7.1 Hz, CH;CH,0H solvate),
3.38(q,J=7.0 Hz, CH;CH,0OH solvate),
7.51-7.63 (m, Ph) ppm
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X-Ray Crystallography:

Structure of [{Au(PPh3)}4(p,4-O)] [(X,-BW12040 {Au(PPh3)} 3] -3EtOH
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3-2-3.  [{Au(PPh;)},(ps-0)][B-AIW ;1,0 49{Au(PPh3)};]-3H,0

Procedure:

@D Hs[B-AIW,040]-11H,0 (M.W. = 3076.23) 0.154 g (0.050 mmol)% EtOH : H,0=5:1 &
I 15 mL (SRR L 7=, (JiE 5 395 B R

@ B, [Au(RS-pyrrld)(PPh3)] (M.W. = 587.37) 0.206 g (0.350 mmol)% CH,Cl, 10 mL |Z &
fig L7, (&6 0% R

® QIZOZFEMITMA T,

@ AL CHEPT-|IR TR E L7, (H B %, ¥ 8 6 BIBCHK A &b AT )

® AT T2 7 4% —0G0.2 um)THEIL L 7=, OFl Bl 2 ey, 35 B ) )

® EtOH, Et,0 20 mL T+ 2 [ ¥ L 7=,

@ WAEHLIR % 2 hAT o 72, (35 R )

Properties: %38 Ay 1K,

DMSO 2 Al %, CH,ClL, I ¥, EtOH, Et,0 I RIA,

Yield: 0.233 g (75.7%)

[{Au(PPhs)}4(1s-O)][B-AIW 1,040 {Au(PPhs)}3]-3H,0 (M. W. = 6157.88) T O 7 Hi i,

Characterization

CHN Elemental Analysis:

C H N O Al P 4 Au

Found 24.66 1.77 0.10
Caled. 24.58 1.82 — 11.43 0.44 3.52 35.83  22.39

Caled. [{Au(PPh3)}4(ps-O)][B-AIW 12040 {Au(PPh;)}5]-3H,0
= Ci26H111044A1,P;W 5 Auy

TG/DTA:
R.T.—156.6 °C £ TIZ H,0 12} -5< 0.99% D & & .
[{Au(PPh3)}4(ns-O)][B-AIW,040{Au(PPhs)};]-3H,0: 0.88%
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FT-IR:
1585(vw), 1480(w), 1436(m), 1332(vw), 1310(vw), 1183(vw), 1161(vw), 1102(m),
1071(vw), 1027(vw), 997(w), 960(s), 883(s), 807(vs), 745(s), 712(m), 691(s), 615(w),
546(s), 510(m), 483(w), 424(vw) om '

Solid-state CPMAS °*'P NMR (R.T.):
) 17.2,27.4 ppm

Solution *'P{'H} NMR (DMSO-dg, 26.2 °C):
) 25.98 ppm

Solution 'H NMR (DMSO-dg, 25.4 °C):
) 7.50-7.60 (m, Ph) ppm
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X-Ray Crystallography:

Structure of [{Au(PPh3)}4(u4-O)] [B-A1W12040{AU(PPh3)}3] 3H20
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3-3. Results and Discussion

Abbreviation:
[{Au(PPh3)}4(M4-O)] [G-A1W12040 {Au(PPh3)} 3] -3EtOH All4-(X,-AlW
[{Au(PPh3)}4(pn4a-0)][a-BW 1,040 {Au(PPh;)}3]-3EtOH Auy-a-BW
[{Au(PPh3)}4(ps-O)][B-AIW,040{Au(PPh;3)};]-3H,0 Auy-B-AlW
Experiment

[{Au(PPh3)}(ps-0)] [ a-AIW ;0 49{ Au(PPhs)} 5] -3EtOH:

/B VR BRI AT 7 2 REEIR[Au(RS-pyrrld)(PPhs) &2 ¥ 7 v u X X IR L
TR, ~7 2 i1 Al ® Keggin B AR U BB Hs[a-AIW ,040]-12H,0 2 = &% J — )L
MK =5 1ERABEICEMLUEEKEZ., TEALENT 1 ERDE510MA, RKIEEK
ETKIGSEDZ L TCHREATH Y v v 7 IREERZ2 57 (E 51.9%),

7[Au(RS-pyrrld)(PPhs)] + Hs[a-AIW,,04] + H,O —
[{Au(PPh3)}4(ps-O)][a-AIW 1,040 {Au(PPh3)}3] + 7RS-Hpyrrld

[{Au(PPhs3)}4(ps-0)][a-BW;:049{ Au(PPhs)} 5] -3EtOH:

/B NVRERIR AT 7 2 REEIR[Au(RS-pyrrld)(PPhs) &2 ¥ 7 v u X X IR L
TR ~7T v i B O Keggin AR U B Hs[a-BW,040]- 14H,0 & = % /) — /L fi
K =51 REBHICHEMLUEEBERE, TN T:1 70D X210 A, RIRIEHE A
TRISSHEDZ L THRHEAZH 7 v v 7R Z2 1572 (IE 44.8%),

T[Au(RS-pyrrld)(PPhs)] + Hs[a-BW,040] + H,0 —
[{Au(PPh3)}4(us-O)][a-BW2049{Au(PPh3)};] + 7RS-Hpyrrld

[{Au(PPh3)} 4(1s-0)] [ B-AIW 1,0 40f Au(PPh3)} 3] -3H,0:

/A NVRBRIR AT 7 v R IR[Au(RS-pyrrld)(PPhs) &2 ¥ 7 1 u A X TR fR L
TR, ~7 2 i1 Al @ Keggin B 7R U B Hs[B-AIW,040]-11H,0 & =% / — )L
MKk =5 1IRBEHICEMUEEREZ, T/AENT 1 2225 K504, RIEIEE
ETKIS S5 2 & TP BRIRAE S E2 572 (IR 76.3%),

7[Au(RS-pyrr1d)(PPh3)] + H5[B-A1W12040] + Hzo —
[{Au(PPh3)}4(pa-O)][B-AIW12040{Au(PPh3)}3] + 7RS-Hpyrrld
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X-Ray Crystallography

[{Au(PPhs3)}4(14-0)] [ a-AIW 1,0 40{Au(PPhs)} ;] 3EtOH:

B FE -0 ZELERA Ty &MU 5 A% —T
FANTMZ, ~7T a i1 Al ® Keggin A Vg7 =4
OBIEA O R FIC=2oD0K 277 &L=y 2
AL TWE, EONE 7 7 AZ—hF A OfEEIX, #
—ETHLNCLEEELRRD G AR TH o 7o, B
F1 > EtOH X CHN 7t # y#1, TG/DTA, '"H NMR 7 5 #7E L
TkhV ., &M CTIE disorder D72 T A L TERMno
oo F727 == LN disorder L TEBY 7H A4 TE 0
72, CCDC number [FHtfF L TV 722w,

Polyhedral representation

P2’

Structure of [{Au(PPhs)}4(ns-0)]*" Structure of {Au(PPh;)} " units
Bond Length (A) Bond Length (A)
Aul---Au2  2.8929(14) Au3-012  2.079(17)
Bond Angle (°) Bond Angle (°)
Au2-01-Au2’  119.3(3) O12-Au3-P3  174.3(5)
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[{Au(PPhs)}4(ps-0)][a-BWi:049{Au(PPhs)} ;] -3EtOH:

BB FE -0 25D AR 77 &MU Y T A% —H
FANTMZ, ~7T aJid 1 B ® Keggin A VT =4
OH®XE ORI =Z2DF A7 7 E&DHEZE 2=y bR
AL TV, 2L Aug-a-AIW ERIEEO#EE TH - 72,
VI @ EtOH 1% CHN £ % /3 #1, TG/DTA, 'H NMR 2> & i
ELTRBY., MEMIT CTIX disorder D727 %A o T& 72
Mmole, £727 == /)VEN)N disorder L TEBH 7TH 1 TZX
72728 CCDC number (FHUfS L TV 7220,

Chapter 3

!

|
|
£

0\&3#‘——4}*—-‘"“’43

sk

Polyhedral representation

Structure of [{Au(PPhs)}4(ps-0)]*" Structure of {Au(PPh;)} " units
Bond Length (A) Bond Length (A)
Aul---Au2 2.8954(15) Au3-010 2.076(17)
Bond Angle (°) Bond Angle (°)
Au2-0O1-Au2’ 119.3(3) 010-Au3-P3 177.0(6)
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[{Au(PPh3)} 4(1s-0)] [ B-AIW 1,0 40f Au(PPh3)} 3] -3H,0:

BIGEHRFE -0 2L A A7 7 &MU T A4 —h
FAATMZ ., ~T 2 i Al OB-Keggin BAR VBT =F |
YOBEME ORI =20FR A7 s E)HEBE L= v b
DFEA LTV, 2T Aug-a-AIW X° Aug-a-BW & E L0
MiEThoT, a-Keggin B L TR0 G@(DHEE==>y I
1% 60°[A#i5 L 7= B-site [ZfE & L T\ 72 & i Fn @ H,0 1% CHN
JC#E M, TG/DTA 726k EL TRV | MEEMHIT Tl
disorder D727 A o TE o, 7 == VEN
disorder L TEB YV 7H A T&E72 W2, CCDC number (X
B LTV,

Polyhedral representation

P3

Structure of [{Au(PPh3)}4(ps-0)]*" Structure of {Au(PPh;)} " units
Bond Length (A) Bond Length (A)
Aul---Au2 2.9313(16) Au3-010 2.072(17)

Bond Angle (°) Bond Angle (°)
Au2-01-Au2’ 119.71(17) O010-Au3-P3 173.0(5)
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CHN Elemental Analysis and TG/DTA

[{Au(PPh3)}4(ps-0)] [a-AIW 1,0 40{ Au(PPhs)} 3] -3EtOH.:

B il X SRS S AR AT CHERE S AV MRS . BIEEFn & LT 3 0 EtOH % N % 72 fH A%
THEAME & FEMES —E L, 3o EtOH 1%, K&AE F THIE L7~ TG/DTA O i 5H
= SN P PR GLAY

C H N O Al P W Au

Found 25.08 1.52 0.08
Caled. 25.40 1.99 — 11.28 0.43 3.47 35.34  22.09

[{Au(PPh3)}4(1s-0)][a-AIW ,049{Au(PPh;3)};]-3EtOH = Ci3,H23044A1,P;W2Au,

Weight loss  1.95% below 217.7 °C
Calcd. 2.21% for 3EtOH

[{Au(PPh3)}4(p4-0)][0-BW ;1,0 49{ Au(PPhs)} 3] -3EtOH:

HREdl X SRS S AT CHERE S AL MRS . IR & LT 3 o EtOH % N % 72 fH A%
THEBEME & FHEMES —E Lz, 3o EtOH |, K&AE F THIE L7~ TG/DTA O i F
= SN P PR GLAY

C H N B O P Y Au

Found 25.28 1.62 0.06
Caled. 25.47 1.99 — 0.17 11.31 3.48 35.43  22.15

[{Au(PPh3)}4(1s-0)][a-BW,040{Au(PPh;3)};]-3EtOH = Cy3,H23B1044P7;Wi2Aus

Weight loss  2.18% below 212.6 °C
Calcd. 2.22% for 3EtOH
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[{Au(PPh3)}(114-0)] [ B-AIW 150 40{ Au(PPhs)}3]-3H,0:

HLS f XM AR IS AR AT THERE S 7oL TR MNME & AR

KREJEFCHIE L7 TG/DTA OfER & xfs L Tz,

Chapter 3

2 —% L7=.3 o H,0 I%.

C H N O Al

Found 24.66 1.77 0.10
Caled. 24.58 1.82 — 11.43 0.44

3.52 35.83 22.39

[{Au(PPh3)}4(ns-O)][B-AIW 1,040 {Au(PPhs)}3]-3H,0 =

Ci26H111044A1,P;W 2 Au,

Weight loss  0.99% below 156.6 °C

Calcd. 0.88% for 3H,0
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Solid-state CPMAS *'P and Solution *'P{'H} NMR:

BARRECTIT. AR T 7 VBN FICESSE—Z I TRELENZH 6:1 0 Ky —72
THBE Sz, ZHIEEEMIT CRER SN2 ESMA P LIS L THE Y, 27.0 ppm fF
TOE—=7138MMUEE 7 JAX—DF AL FOEBDO =20 Aulll AL L7 P &4
HEa=y bO P, 17.0 ppm DO E— 27 13&MMUE Y 7 AX =W F A HOELD
Au lZEAL L 72 PICHRIIGT %,

DMSO-ds 1 TlE, 26.0 ppm fFiTlZ — A E — 27 THW 7z, Z @ chemical shift
I E AR e THLI X A7z chemical shift O EHETH Y\ FERF TEMHUEZ Y 7 A X —
WFFrEEDEEL2=y POBTRWEBENREZ > TWNWLZ EEREBL TS,

#iAg ORIl Lze)EE2=y NI Y T AZ =% BT 272D
OFMEEHRRTIENTE, RIBEOELFORTAEERBEELTCNDE LE
bbb,

27.1 26.00
a)
a) 17.0
o '/\______/\_ .
26.7 26.08
b
b) 17.0 )
o N A ) |
27.4 25.98
c)
c) 17.2 [
e NN -
40 20 0 -20 ppm 40 20 0 -20 ppm

Solid-state CPMAS *'P (left) and Solution *'P{'H} (right) NMR spectra
a) Auy-a-AIW, b) Auy-a-BW, ¢) Auy-f-AIW
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FT-IR:

2 TOILAW T RS-pyrrld @ C=0 HAFEHREICE S EE AN RBAWHALTEBY, B
HE 2 fE58 L7z, Keggin B AV BEKICE SR ANy NIZIXELR R hoTo, F12
Al-O (X Ph &, B-OIZW-O, EERVBHUTEZenoTz,

C=0 X-0 WwW-0
Auy-a-AlW — 958, 888, 800
Auy-a-BW — 959, 905, 819
Auy-B-AlW — — 960, 883, 807

Solution "H NMR:

2TOHAEYW T RS-pyrrld IZE S E—7BNHELTEY ., LA LT, 21
X FT-IR OFE R & ke LTV D, Aug-a-AIW & Aug-a-BW TIXELF1 o EtOH (T A
S =7 BNBH s,

EtOH Ph

Auy-a-AIW 1.09(t), 3.38(q) 7.49-7.63(m)
Aug-0-BW 1.09(t), 3.38(q) 7.51-7.63(m)
Auy-B-AIW 7.50—7.60(m)

t: triplet, q: quartet, m: multiplet
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3-4. Conclusion

B/ NIRRT AT 7 U R EEIR[AuW(RS-pyrrld)(PPhy) ] & ~TFT B il 7+ Al X B O
Keggin AR U B ¥ @ free acid ! Hs[a-XW,040]-nH,0 (X = Al, B) & O I 6, ZR46 B8
RO r2F0LRAT7 7y &)U FAX—hF AWM BIEEFOR T EIZ=2D
RATZ7 7 orE&EEL=y PBFEA LT Keggin AV T =4 "o ldr 7 A% —
L& [ {Au(PPhs3)}4(1s-0)][a-XW 1,040 {Au(PPh3)}3]-3EtOH %k & # 7=, &)U~
5 AR —HF & U [{Au(PPhy) }s(us-O) ) 1E. RV BT =4 L OMAERICE Y EDBR
= C M Tholz, E(EZE=L =y b {Au(PPh)} 1TV E —>D B-site ICEH LN D
BiF OoOR T EICHAL TV,

— > @O B-site 2% 60°[H #E L 7= ~ 7 v i+ Al ® B-Keggin H K U & i
H;s[B-AIW,04]-11H,O % A W T & . ¥ L o 7 7 2 % — W it &
[{Au(PPh3)}4(ns-O)][B-AIW 1,040 {Au(PPh3)}3]-3H,0 BB S NTc, = 2D &DEE = = v
ML 60°[E 5 L 7= B-site IZFEA L TR, RUMBOBEFOR A EELRBE 2T 2
L HEIREBL T,

AR EE D PP NMR 1%, #RE 6 : 1 0 AR E—2 THHE ShZ, ZhiE&ON
U GAB =N F A HOERO ZOD AulTEAL L P EBIEA OB T EICHA LS
DEZE2=y NZEEND P O RNEDE, @MUY FAX =D F AL FHOHEHAD
AullBNL L7 PO —flIcZznZhfis L, EEMr o Red 832, — 5 THIK
F1 o P{'HY NMR TlE,. @WK 7 FAZ —HF A L&KL =y PO THWA
BRI > TWLed A —r THB SN, BIEH O LIZHA L&)
=y ME, O T AL =2 T L HEEE AT ENRTE D,

RUBgEZ27T 7L — e LESODOEBEREO 7 7 2% —(bix, RV BEOBEILAE O i
THREERBEEZLTBY, DARCBREMN -2ABBELAERLEZ&EOHEEREABELE O
R IR AG LEIT T2 E20N05, @MUY T AX —DOFKIZONTIE, TR X
IR CHEITL TV D EEDbR D,

' 4 A
» /X '
s \\f } \\/'

Formation of tetragold(I)oxonium cluster cation
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Chapter 4

Synthesis and Structure of Two Types of Dimeric Dinuclear
Phosphanegold(l) Cations Formed in the Presence of POMs

ZOFEX, §wX

“Two types of tetranuclear phosphanegold(I) cations as dimers of dinuclear units,
[{(Au{P(p—RPh)3})z(u-OH)}z]2+ (R = Me, F), synthesized by polyoxometalate-mediated
clusterization”

T. Yoshida, S. Matsunaga, K. Nomiya, Dalton Trans. 2013, 42, 11418-11425.

R ESNTEHNELZPLICHERS LTS,

Abstract

BoEm,BSETCEHANIBEEZT LN ELEEDOEEREO 7 7 22 —(LiTx L,
RNY BB O acidity SABMABSEEST L2 L2 NIC LI, ZOSTIEH, &0/
TNV BRIR AT 7 0 REEED T VR BB IR S L TORERET 2 —FH. &
A7 7 VERALFIEISRICHEEZ G 2 DN H D,

AWIETIERAT7 7 VB FICER L, 72 Vo pLlICEHRILEZEA LK R
7 UL EE AN/ VIR VBRI AT 7 U REER L Keggin BAR U BRI O G D
THEEOUOHE TRBEINTZ A A7 7 () MK &RV F A o HE Bk g,
INDIEp M OBRENELY) AFNLVETEBRLIEZN) Ap-AFLT 2= VRAT 7
> P(p-MePh); & " 7F U CTEBBLE MY ZAp-na P =7 x2=/LKAT 7 P(p-XPh);
m=Fﬂm®§%Ki@ﬁ%ﬂéo:@EPKiUF%%E¢Tpﬁ@ N
To=A U EOMEEANRERY —HiZED) BRI ERIZTDH LI Bk L
crossed-edge arrangement., & 9 — JF 1T & (1) = & 85 K 8 ?ﬁ AT &AL 2
parallel-edge arrangement Z JE KT 5, A A7 7 VB b E&HEEFED 7 7 2 7 — ki
BB G2HT WL,

ARKETITI HEOSN) EHEK _EREz v 2 —FF 3% Keggin ARV g
WoERE, o, $EXYy 772V EB—va vroffRiconTHET D,
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4-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

Chapter 4

(CD3),SO

CH,Cl,
Et,O
EtOH

Hi[o-PW,040]- 7H,0 1E 3THk % | Hi[a-PMo01,040]- 14H,0 X3k Y% 2 EFn s

ZICAHRKR LT,

[Au(RS-pyrrld) {P(p-RPh);}] (R = Me, F, CI)IZ CHik Y& &I AR L 7=,
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Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series II CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F? (SHELXL-97)
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4-2. Synthesis

4-2-1. [{(Au{P(p-MePh);}):(u-OH)}:]3;[a-PW;,0 4], EtOH

Procedure:
@ H;[0-PW,040]-7H,0 (M.W. = 3006.14) 0.150 g (0.050 mmol)% EtOH : H,0 =5 : 1 & &
VI 15 mL ISR L 7=, (M 4375 W VR R )
@ B, [Au(RS-pyrrld){P(p-MePh);}] (M.W. = 629.45) 0.189 g (0.300 mmol)% CH,Cl, 25
mL [Z¥ME L 7=, (JiE 5, 395 B ISR
@ OIZO% N~ Nz 1=, (F 8 5 08 V8 VR )
@ 1higEH L, (JE 375 B VR R
® evaporator (ca. 30 °C) T CH,Cl, & R\ 7=, (F 8 5 VR Vs 1K)
® A7 T2 7 4% —G0.2 um)TEIL L 7=, (O WERER RIS
@ H,0, EtOH, Et,0 20 mL T4 2 A ¥ L 7=,
HZEE % 2 hAT o 72, (B AR, 0.259 g scale)
Crystallization
@ WHEHAAKIK 0.100 g % CH,Cl, : EtOH =3 : 1 IR 8B 20 mL IZAEME L 72,
(% ¥ A U VB VA IR
ONZHr 0 A% (Whatman No.5)TAil L 7=, (K B FE R IR)
@ K5 AT -2 T slow evaporation L 7z, (LB#%., BOEH 7 o v 7RSI
@ AT T2 7 4% —0G 0.2 um)TEIYL L 72, (F dl Mk 22 ey | S AR ) 1)
@ EtOH, Et,0 20 mL T4 2 [A ¥ L 7=,
BB A 2 hAT o 72, (GERESER RS

Properties: W&t 1K,
DMSO (Z Al ¥, CHL.CL IZ## ., H,0, EtOH, Et,0 |2 N ¥,

Yield: 0.078 g (78.0%)
[{(Au{P(p-MePh);3}),(n-OH)},]3[at-PW,040]o-EtOH (M.W. = 11918.22) T ® &+ H fii ,
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Characterization

CHN Elemental Analysis:
C H N O P W Au

Found 25.80 2.14 0.12
Caled. 25.60 2.23 — 11.68 3.64 37.02 19.83

Caled. [{(Au{P(p-MePh)3})2(n-OH)}2]5[0-PW12040]2"EtOH = C54H264057P 14 WasAug,

TG/DTA:
R.T.-258.3 °C £ TIZ EtOH 12 &< 0.55% D & & #,
[{(Au{P(p-MePh);})2(n-OH)}2]5[a-PW12040]2-EtOH: 0.39%

FT-IR:
1597(w), 1561(vw), 1496(w), 1444(w), 1397(w), 1379(vw), 1309(vw), 1213(vw),
1188(w), 1104(m), 1079(s), 1038(vw), 1018(vw), 978(s), 896(s), 820(vs), 802(vs),
706(w), 648(w), 633(W), 620(w), 595(vw), 529(m), 510(m), 443(vw) cm '

Solution *'P{'H} NMR (DMSO-dg, 25.8 °C):
8 ~14.73, 23.06 (main),
42.57 (minor) ppm

Solution "H NMR (DMSO-ds, 24.9 °C):
) 1.06 (t, J = 6.9 Hz, CH;CH,0H solvate),
2.27 (s, Me),
7.14-7.32 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-MePh);}),(n-OH)}5]3[a-PW,040],-EtOH

Empirical formula C252 H258 Aul2 O86 P14 W24

Formula weight 11872.16

Temperature 100 K

Wavelength 0.71073 A

Crystal system Cubic

Space group la-3d

Unit cell dimensions a=44.4487(9) A o =90°
b =44.4487(9) A B =90°
c=44.4487(9) A ¥ =90°

Volume 87817(3) A’

Z 8

Density (calculated) 1.796 Mg/m’

Absorption coefficient 10.349 mm™'

F(000) 43136

Crystal size 0.23 x 0.21 x 0.12 mm’

Theta range for data collection 1.12 to 27.49°

Index ranges —57<=h<=57, —57<=k<=57, —57<=1<=36

Reflections collected 314711

Independent reflections 8417 [R(int) = 0.1293]

Completeness to theta = 27.49° 100.0%

Absorption correction Empirical

Max. and min. transmission 0.3698 and 0.1994

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 8417 /360 /302

Goodness-of-fit on F? 1.159

Final R indices [I>2sigma(])] R1=0.0921, wR2 = 0.2235

R indices (all data) R1=0.1140, wR2 = 0.2367

Largest diff. peak and hole 4.411 and —2.054 ¢.A™°
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Structure of [{(Au {P(p-MCPh)3})z(M—OH)}2]3[G—PW12040]2'EtOH
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4-2-2.  [{(Au{P(p-MePh)s}),(u-OH)}:|s[a-PMo0;,04]>

Procedure:
@ His[a-PMo1,040]-14H,0 (M.W. = 2077.45) 0.104 g (0.050 mmol)% EtOH : H,O=5: 1A
VR 15 mL ISR L 7=, (F B E IR
@ B, [Au(RS-pyrrld){P(p-MePh)s}] (M.W. = 629.45) 0.189 g (0.300 mmol)% CH,Cl, 25
mL [ZH ML 72, (JE 4575 W IR R
@ @IcO%x A Mz T, (5 B R V8 TR )
@ 1hiBEH L, (¥ 3 W IR R
® evaporator (ca. 30 °C) T CH,Cl, & F&x\\ 7=, (H B IR W VR R
® A7 727 4% —G0.2 um)THEIL L 7=, (3 B 1)
@ H,0, EtOH, Et,0 20 mL T4 2 [ ¥ L 7=,
HIZEW A 2 hAT - 7=, (FH R, 0.210 g scale)
Crystallization
© FEABIK 0.100 g % CH,Cl, : EtOH =3 : 1 IR A IABE 20 mL (S fiE L 72,
(F 0% IR
ONEHT D A& (Whatman No.5) T Al L 7z, (35 38 IR
@ 5T - 2\ T slow evaporation L 72,

(R, MOFEH 7 0 v 7 R & o EaT )™

#1) MG EZREINT 5 2 E N TE RO, BIERT O RIT o 72,
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Characterization

X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-MePh);}),(n-OH)},]3[a-PMo012040]2

Empirical formula C252 H258 Aul2 Mo24 086 P14

Formula weight 9762.32

Temperature 100 K

Wavelength 0.71073 A

Crystal system Cubic

Space group Ia-3d

Unit cell dimensions a=44.1632(9) A a =90°
b =44.1632(9) A B =90°
c=44.1632(9) A vy =90°

Volume 86135(3) A’

V4 8

Density (calculated) 1.506 Mg/m’

Absorption coefficient 4.844 mm'

F(000) 36992

Crystal size 0.11 x 0.11 x 0.08 mm’

Theta range for data collection 1.13 to 28.30°

Index ranges —58<=h<=58, —58<=k<=58, —58<=]<=45

Reflections collected 454230

Independent reflections 8949 [R(int) = 0.2092]

Completeness to theta = 28.30° 100.0%

Absorption correction Empirical

Max. and min. transmission 0.6979 and 0.6178

Refinement method Full-matrix least-squares on F’

Data / restraints / parameters 8949 /744 / 302

Goodness-of-fit on F* 1.099

Final R indices [[>2sigma(I)] R1 =10.0638, wR2 =0.1774

R indices (all data) R1=0.1252, wR2 = 0.2350

Largest diff. peak and hole 3.921 and —2.097 ¢.A”’
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Structure of [{(Au{P(p-MePh);}),(n-OH)},]3[a-PMo;,040]2
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4-2-3.  [{(Au{P(p-FPh)s3}):(u-OH)}:[s[-PM0;:0 4] > 3EtOH

Procedure:
@ His[a-PMo1,040]- 14H,0 (M.W. = 2077.45) 0.104 g (0.050 mmol)% EtOH : H,O =5: 1 i &
I 15 mL ISR fE L 7=, (% R IR)
@ B, [Au(RS-pyrrld) {P(p-FPh)3}] (M.W. = 641.34) 0.192 g (0.300 mmol)%* CH,Cl, 30 mL
R L7, (B €2 335 W HR TR
@ OO~ ATz, (CFH DU R R TR )
@ 1hiEsL -, (P 5, B V8 T 1)
® AT T 7 4F—AVO0.1um)T Al L 7=, (35 0. 1% W SR
©® W5 FT -2 T slow evaporation L 7z, (B B#%. #5635 BOR RS ST HD
D A>T T2 7 4% —0G0.2 um)THIUL L 7=, G EE e  SUAN RSN RN
EtOH, Et,0 20 mL T4 2 [EI¥E# L 7=,
© HEZ2ElR 4% 2 hAT o 72, (s ¥ &k 1)

Properties: W53 K,
DMSO (Z Al ¥, CHLClL IZ## ., H,0, EtOH, Et,0 |2 N ¥,

Yield: 0.071 g (27.9%)

[{(Au{P(p-FPh);}),(n-OH)},]5[0-PM0,,040]>-3EtOH (M.W. = 10043.42) T D 7 HfE,

Characterization

CHN Elemental Analysis:

C H N O F P Mo Au

Found 26.29 1.37 0.06
Caled. 26.55 1.69 — 14.18 6.81 4.32 22.93 23.53

Caled. [{(Au{P(p-FPh)3})(n-OH)},]3[a-PMo0,040]2-3EtOH
= C20H1630389F36P14M024A U,

TG/DTA:
R.T.-223.4 °C £ TIZ EtOH 12 5 < 1.40% D & & #,
[{(Au{P(p-FPh);})2(n-OH)}2]5[a-PMo012,040]2-3EtOH: 1.38%
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FT-IR:
1589(s), 1496(s), 1396(w), 1302(vw), 1278(vw), 1238(m), 1161(m), 1103(w), 1062(m),
1013(vw), 957(s), 879(m), 799(vs), 709(w), 640(w), 618(w), 534(m), 451(w), 442(w)

-1
cm

Solution *'P{'H} NMR (DMSO-dg, 27.0 °C):
) —3.43, 24.14 (main),
-1.90, —0.58, —0.16, 41.09 (minor) ppm

Solution 'H NMR (DMSO-dg, 25.9 °C):
) 1.09 (t, J = 7.0 Hz, CH;CH,0H solvate),
3.39 (q, J = 7.0 Hz, CH;CH,0H solvate),
7.40-7.66 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-FPh);})2(n-OH)}2]5[a-PM01,040]2-3EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.31°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

C224 H174 Aul2 F36 Mo024 090 P14
10089.37

100 K

0.71073 A

Triclinic

P-1

a=17.2850(14) A o =75.933(2)°
b =22.6003(19) A B =80.236(2)°
c=22.6840(18) A y=78.267(2)°
8348.5(12) A’

1

2.007 Mg/m’

6.267 mm '

4728

0.18 x 0.09 x 0.02 mm’

0.93 to 28.31°

—23<=h<=22, —27<=k<=30, —30<=I<=30
91534

41089 [R(int) = 0.0619]

98.9%

Empirical

0.8849 and 0.3984

Full-matrix least-squares on F?

41089 /0 /1805

1.044

R1 = 0.0544, wR2 = 0.1440

R1 =10.0877, wR2 = 0.1638

3.874 and —1.504 ¢.A™°
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Structure of [{(Au{P(p—FPh);})z(u—OH)}2]3[(x—PM012040]2' 3EtOH
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4-2-4.  [{(Au{P(p-CIPh)3}):(u-OH)}:[s[a-PMo;,0 4] >*3EtOH

Procedure:
@ H;[a-PMo1,040] 14H,0 (M.W. = 2077.45) 0.104 g (0.050 mmol)% EtOH : H,O0 =5: 1 &4
I 15 mL ISR fE L 7=, (% R IR)
@ BliE. [Au(RS-pyrrld){P(p-CIPh);}] (M.W. = 690.70) 0.207 g (0.300 mmol)%* CH,Cl, 30
mL (2R L7, (2 €2 335 W R )
@ OO~ ATz, CHH U B TR TR )
@ 1hiEsrL -, (P 0, B V8 T )
® AT T 7 4F—AVO0.1lum)THilE LT, (35 0. 1% W 5K
©® W5 FT -2 T slow evaporation L 7z, (B %, S8 % B BOR RS AT HYD
D AT T2 7 4% —(G0.2 um)TEIYL L 7=, (R dbPE & v I 25 ks 1K)
EtOH 20 mL T4 2 FI¥EH L7z,
© BEZEEBEE 2 hAT o7, (M 35 £ 8 1)

Properties: W5 ) 1K,
DMSO (Z Al ¥, CHLClL IZ## ., H,0, EtOH, Et,0 |2 N ¥,

Yield: 0.032 g (12.0%)

[{(Au{P(p-CIPh);})2(n-OH)},]5[0t-PMo,040],-3EtOH (M.W. = 10635.80) T ® 3 F i,

Characterization

CHN Elemental Analysis:

C H N O P Cl Mo Au

Found 24.81 1.77 0.08
Caled. 25.07 1.59 — 13.39 4.08 12.00  21.65 22.22

Calcd. [{(Au {P(p-CIPh)3 } )2(}1-0H)}2]3 [(X-PM012040]2'3EtOH
= C222H163039P 14Cl36Mo024A Uy,

TG/DTA:
R.T.—191.1 °C £ TIZ EtOH IC &< 1.54% D & &,
[{(Au{P(p-CIPh);})»(n-OH)}>]5[c-PMo0,,040]>-3EtOH: 1.30%
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FT-IR:
1575(m), 1560(w), 1479(m), 1388(m), 1301(vw), 1183(vw), 1088(s), 1062(m), 1012(m),
957(s), 879(m), 802(vs), 751(s), 705(w), 631(vw), 572(w), 496(m), 454(vw) cm |

Solution *'P{'H} NMR (DMSO-dg, 25.2 °C):
o —3.29, 25.08 (main),
—0.46, —0.04, 41.79 (minor) ppm

Solution "H NMR (DMSO-ds, 25.9 °C):

o 1.09 (t, J = 6.9 Hz, CH;CH,0H solvate),
7.54-7.59 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-CIPh)3})>(n-OH)}>]5[0-PM0,,040],-3EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.42°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

C216 H150 Aul2 C136 Mo24 O86 P14

10497.30

100 K

0.71073 A
Triclinic

P-1
a=17.823(3) A
b =22.894(4) A
c=24.124(4) A

o = 68.125(3)°
B =83.712(3)°
y = 82.884(3)°

9043(3) A°

1

1.928 Mg/m®

6.032 mm "'

4912

0.26 x 0.09 x 0.03 mm’

0.91 to 28.42°

—23<=h<=23, —29<=k<=30, —28<=I<=32
95659

44358 [R(int) = 0.0972]

97.5%

Empirical

0.8398 and 0.3030

Full-matrix least-squares on F?
44358 / 24 / 1747

0.999

R1 =0.0753, wR2 = 0.1650

R1 =0.1790, wR2 = 0.1826
3.444 and —2.167 e.A™’
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Structure of [{(Au{P(p-ClPh)3})z(u-OH)}2]3[a-PM012040]2- 3EtOH
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4-3. Results and Discussion

Abbreviation:
[{(Au{P(p-MePh)3})>(n-OH)}2]5[0-PW12,040]2- EtOH Auy-p-Me-PW
[{(Au{P(p-MePh);})2(n-OH)}2]5[a-PM012040]2 Auy-p-Me-PMo
[{(Au{P(p-FPh);})2(n-OH)}2]5[a-PM012,040]2-3EtOH Auy-p-F-PMo
[{(Au{P(p-CIPh)3})>(n-OH)}2]5[0-PM01,040]2-3EtOH Auy-p-Cl-PMo
Experiment

[{(Au{P(p-MePh);})>(u-OH)}>] ;[ a-PW;040] > EtOH:

G/ ANVRERIR AT 7 2R ER[AW(RS-pyrrld) {P(p-MePh);} %2 ¥V 7 na X & v
WM LT WIRIC, ~7 R P @ Keggin 2 A U ¥ Hy[a-PW,040]-7H,0 & = % /
—Jb K =5 1IREEEICEMLZERE, TR 6:1 & RDDE5TMA D
ETCHMEAOMEKES, ZolkEys7aaxxy 2 ¥ ) —b =3 1 RERE
W2 MR L. slow evaporation 325 Z & THREAEH 7 v v 7 R %25 72 (ILE 78.0%).

12[Au(RS-pyrrld) {P(p-MePh);}] + 2H3[a-PW,040] + 6H,0 —
[{(Au{P(p-MePh);}),(n-OH)}2]3[a-PW2040]2 + 12RS-Hpyrrld

[{(Au{P(p-MePh);}),(u-OH)} ] 3/ a-PMo,040] »:

G/ IR ERIR AT 7 R ER[AU(RS-pyrrld) {P(p-MePh);} &2 ¥V 7 na X & v
W L TR  ~7 B i1 P @ Keggin B E U 7 KR YU BRI Hy[a-PMo,,040] 14H,0
T B =) K =5 1IRBEHICEMLIERRKRE, ELER6:1 L0515
Mz L TCHEBMEERZ, Zobksyr7aaryy =4/ —)L =3:1EE
TR\ A fi# L, slow evaporation 5 2 & CHEAEH 7 n vy 7 REREGTL, 51
minor product & L CHREOMENRHTHLTEBY, EMITUAOX Yy T 7 X2 ) E— 3
VIETE RN o,

12[Au(RS-pyrrld) {P(p-MePh);}] + 2H;[0-PMo12040] + 6H,0 —
[{(Au{P(p-MePh);}),(n-OH)},]3[0-PM012040]2 + 12RS-Hpyrrld
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[{(Au{P(p-FPh)s})>(1-OH)} 5] 5/ a-PMo0 ;040 > 3EtOH:

G/ B NVR EEIR AT 7 2 R EEIR[AU(RS-pyrrld) {P(p-FPh);} &2 ¥ 7 mra X # (C
AR LTS, ~7 eJif P ® Keggin BV 7 K&K VU EEH Hs[a-PMo,,040]  14H,0
L Z ) =) K =5 1IRAGERICER L CRKZ, LN 6:1 L5 K91
Mz, BoN=EK%E A L slow evaporation 525 Z & T 415 B IR B 5 2 15 7= (UL
K 27.9%),

12[Au(RS-pyrrld) {P(p-FPh)s}] + 2Hs[0-PMo;>040] + 6H,0 —
[{(Au{P(p-FPh);})2(n-OH)}2]5[a-PM01,040]2 + 12RS-Hpyrrld

[{(Au{P(p-CIPh);})>(u-OH)}] ;[ a-PMo0,,040] > 3EtOH::

G/ B NVR CEEIR AT 7 2 R EEIR[AU(RS-pyrrld) {P(p-FPh);} &2 ¥ 7 1 X X (C
R L TR, ~7 eJif P ® Keggin BV 7 K&K VU EEH Hs;[a-PMo,,040]  14H,0
L Z ) =) o fiK =5 1IRAGEHICER L CRKZ, LN 6:1 L5 K91
Mz, SN % A8 L slow evaporation 9 5 Z & C ¥ /5 4% B BOIR &S b &2 45 7=
(U2 12.1%),

12[Au(RS-pyrrld) {P(p-CIPh)s}] + 2Hs[0-PMo1,040] + 6H,0 —
[{(Au{P(p-CIPh)3})2(n-OH)}2]3[a-PM012040]2 + 12RS-Hpyrrld
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X-Ray Crystallography

[{(Au{P(p-MePh)3})»(11-OH)} ] s/ a-PW1,040] > EtOH (CCDC 940031):

u-OH ECTHBEINIZA AT 7 &0) K
mKEDD X =D F A LT 5 Keggin ARV EE
WThoTe, &K _BEDFAIE, =D
DE&ENDEEERNERLRT S X HIZMUAD aurophilic
interaction T = ® fk L T & Y . crossed-edge
arrangement O " EK XK L TW/o, u-OH A TH
& S 4172 crossed-edge arrangement @ 4 (1) &% 851K —
RAEOWEMATEIL, BAZTIC |22V, T
V& I Fn o EtOH 1: CHN st % 447, TG/DTA, 'H NMR
MHYE L TWD D, FEEMH CIX disorder D728
THA L TERPoT, FRYVBRT =4 i3k
73 disorder L TUM7z,

Polyhedral representation

Structure of [{(Au{P(p-MePh);})>(n-OH)},]*"

Bond Length (A) Bond Angle (°)

Aul--Aul”  2.9916(10) Aul-Ol-Aul’  116.1(8)
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FEmAEE R CIX, AR T s UM FERIVBRT =4 L OB T CH - Opom D /K FEfi
EMER LT, pALD Me LRIV T =4 LOBICKFE/HEENDHY, ZDXH7%
PN O EAMEANEN) K BRI F A U HEERRELEZERNO -2 EZOLND,

Interactions (A)

H6---03 2.436
H14A---04 2.582
H14A---06 2.689
H17---03 2.572
H21A---03 2.684

CH: - Opoy interactions
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[{(Au{P(p-MePh);}):(u-OH)}>] 3/ a-PMo0;,040] » (CCDC 940032):

u-OH ETHRB NIRRT 7y () EBEK _BRKE Iy o F—hFF 235
Keggin ®E YV 7 FAR UM TH o7, &) AR &K F 4 1% crossed-edge
arrangement @ _EAKZ I L TE YD . Z 1L Aug-p-Me-PW & [RAEROHEETH - 7=,
RAZ 7 VEALFERYVET =F DR O CH - Opon KEMA bRAKICR O, F
TRV BT =4 1T 2K disorder L TV 72,

o1

Structure of [{(Au{P(p-MePh)3})(n-OH)},]*"

Polyhedral representation

Bond Length (A) Bond Angle (°)

Aul--Aul”  2.9911(7) Aul-Ol1-Aul’  115.2(6)

Interactions (A)

H2---03 2.427
H12---03 2.586
H14C---03 2.698
H21C---05 2.682

CH:--Opopy interactions
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[{(Au{P(p-FPh)3}),(u-OH)},] s/ @-PMo ;0 4] ;-3EtOH (CCDC 940033):
w-OH ETHRBINTZARAT 7 &0 KK

—EEKE A =T TFF LTS5 Keggin B E
U7 RARVBEChol, &) ek &K

FA L, Z o) AR FATIC A TS
A @ aurophilic interaction T _ & L L TE Y |

parallel-edge arrangement ® &K Z ik L T 72,
u-OH & TZE4G S 4172 parallel-edge arrangement O
) R R R OMEEMRATILBE E CTHRE

ST W AR,

arrangement ® _EEK LV b 2o THEY , £ D
At B aurophilic interaction (X _HZSEIRR] & X
B RN N < 72 o TWio, W EtOH % I

Au-O-Au 4 1%

crossed-edge

STV AL, FLERVBT =4 T2 AR
disorder L TUu 7z,

Structure of [{(Au{P(p-FPh);})>(n-OH)},]>*

Bond Lengths (A)

Aul-
Aul-
Aus-
Az
Aus--
.

Au?2
Au2’
Au4
Au4’
Aub
Au6’

2.9958(6)
3.2804(6)
2.9880(6)
3.1967(6)
3.1520(6)
3.1919(6)

01

P1

96

Bond Angles (°)

Aul-0O1-Au2
Au3-02-Au4
Au5-03-Aub

Aul-Au2-Aul’
Au2-Aul-Au2’
Au3—Au4-Au3’
Au4-Au3-Au4’
Au5—-Au6-Au5’
Au6-AuS5-Au6’

92.2(3)
91.7(2)
98.6(3)

85.648(15)
94.350(15)
92.841(14)
87.158(14)
89.081(14)
90.919(14)

Chapter 4

Polyhedral representation
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A E T T, &) R BRI F A RV ERT =4 2 OIS Au-Opou

k OH"'OPOM @:%ﬁiﬁo)*aﬂﬁzﬁﬁ Z)S\ﬁﬁ%}g‘ é ﬂf:o

JE RS 2R L T,

I OMAEERICED,

“ It D

Interactions (A)

O01---035
02---014
03---07
03---011
Au2---036
Au3--- 013
Au5---011

2.840
2.777
3.010
3.066
3.063
2.911
3.006

2D layer structure
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[{(Au{P(p-CIPh)3}):(u-OH)}>] 3/ a-PMo0;,040] >*3EtOH::
u-OH R THEBENTZA AT 7 o 40) i
K_E|EEEZ DD X = FF L+ 5 Keggin

ME ) 7 RRYVBE CTh 7=, &0) ks —
AR J1 F 74 21X parallel-edge arrangement @ . &
AR L TED , 24X Aug-p-F-PMo & [F£R
DIEETH -T2, AuS & Aub MOk D &) 1%
PEAR BRI F A ik, DRSS R @O aurophilic
interaction N E < 72> T\,

F TR D disorder L TUN7z,

Au2'

Aut’ Au?

Structure of [{(Au{P(p-CIPh);}),(n-OH)},]*"

Bond Lengths (A)

Aul---Au2
Aul---Au2’
Au3---Au4
Au3---Au4’
Au5---Aub
Au5---Au6’

3.0221(10)
3.1656(9)
3.2527(9)
3.0119(10)
3.0155(11)
3.3951
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\E

Polyhedral representation

01

Au1

P1

P2

Bond Angles (°)

Aul-0O1-Au2
Au3-02-Au4
Au5-03-Aub

Aul-Au2-Aul’
Au2-Aul-Au2’
Au3-Au4-Aud’
Au4-Au3-Au4’
Au5—-Au6-Au5’
Au6-AuS5-Au6’

91.6(3)
92.7(3)
94.5(5)

84.96(2)
95.04(2)
93.05(3)
86.95(3)
89.94
90.06
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M E TR TIE, A R BRI F A LR IVBT =4 ORI AuOpou &
OHOpou ® _TEHOM EERANHER I N, 2O DOMHANEMRIC XV 2Rt E RS
KR L TEY., Tt Aug-p-F-PMo L L 24t E T H - 7=,

Interactions (A)

01---021 3.173
02---034 2.791
03---039 2.89
Aul---032 2.997
Au3---029 3.008
Au6---038 2.957

Auy---POM interactions

2D layer structure
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CHN Elemental Analysis and TG/DTA

[{(Au{P(p-MePh);}),(u-OH)} ] 3[ a-PW,049] > EtOH:

HREdh X RS E AR AT CHERE S AV MRS . B Fn & LT 1 o EtOH % N % 72 #H A%
THEUMEEFHHREMA — Lz, 1 Mo EtOH (. KAE F THIE L7 TG/DTA O
Exfis LTz,

C H N O P W Au

Found 25.80 2.14 0.12
Caled. 25.60 2.23 — 11.68 3.64 37.02 19.83

[{(Au{P(p-MePh)3})2(u-OH)},]35[a-PW,040]2-EtOH = C354H264037P14WasAui,

Weight loss  0.55% below 258.3 °C
Calcd. 0.39% for 1EtOH

[{(Au{P(p-FPh)3})>(u-OH)}>] 3/ a-PMo0;:040] > 3EtOH:

HLRG Al X RS E R AT CHERE S AL RIS . W & LT 3 o EtOH % N & 7 AH AR
THEAME & FHEMES —E Lz, 3o EtOH |, K&AE FTHIE L7~ TG/DTA O i 5H
= S PR QLAY

C H N O F P Mo Au

Found 26.29 1.37 0.06
Caled. 26.55 1.69 — 14.18 6.81 4.32 22.93  23.53

[{(Au{P(p-FPh);})2(n-OH)},]3[0-PM012040]2"3EtOH = C15H630359F36P14Mo024Auy,

Weight loss  1.40% below 223.4 °C
Calcd. 1.38% for 3EtOH
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[{(Au{P(p-CIPh)3}):(u-OH)}>] 3/ a-PMo01,040] >*3EtOH::
B G X PR IS MEAT CHERE S Vo fLpk i . i fn & L T 2 @ o EtOH % N % 72 #lL pk
CHEMPME & RS L,

C H N O P Cl Mo Au

Found 24.81 1.77 0.08
Caled. 25.07 1.59 — 13.39 4.08 12.00  21.65 22.22

[{(Au{P(p-CIPh)s3})>(u-OH)}2]3[a-PM0;,040]2-3EtOH = C35,H1630359P14Cl36Mo2sAuy,

Solution 'P{'H} NMR:

DMSO-d¢ H' TlX. Auy-p-Me-PW, Auy-p-F-PMo, Auy-p-C1-PMo T main £2— 27 & L T
RAT7 7 VB FICESS V= B —KHFE—7 TBHE S 7z, £72 42.0 ppm {351
minor E— 7 NBLAI SN TEY | &) K &KV F 4 1L DMSO-ds F TOLE
HEREWEEZX LN D,

RUVEBET =A 2SS E—271%, Aug-p-Me-PW TlI — A THHENATHDHHD
® . Aug-p-F-PMo & Auy-p-Cl-PMo TIiE main ¥ — 7 O IZ B4 D minor ¥ — 7 & B
Entc, U T KA BRKH O DMSO-ds F TOLEMENELS | B AT 7 VEAL T2
< minor E— 7 NBHI SN2 L b xInT D,

23.06
a)
-14.73
] JL |
24.14
b)
| “—3.43
25.08
c)
-3.29
|
60 40 20 0 -20 ppm

Solution *'P{'H} NMR spectra
a) Auy-p-Me-PW, b) Auy-p-F-PMo, c) Auy-p-Cl-PMo
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FT-IR:
Auy-p-Me-PW & Auy-p-F-PMo, Auy-p-C1-PMo T RS-pyrrld @ C=0 fifF#REHI1Z S <
RENLN FRWEARLTEY, MEEZ R L7, a-Keggin AR U BREFKICK S REHIA
VORI BN o, THIEPNMR OFE R E BHIE LTV 5D,

C=0 P-O M-0O
Auy-p-Me-PW — 1079 978, 896, 820
Auy-p-F-PMo — 1062 957, 879, 799
Auy-p-Cl-PMo — 1062 957, 879, 802

Solution 'H NMR:
Aug-p-Me-PW, Auy-p-F-PMo, Auy-p-Cl-PMo T RS-pyrrld (2 3< B — 27 BRHKL L T
BYO, BEEZER L, ZAF FT-IR OFERE LIS L TS, WTFhofkamicb
IR o BIOH ICE S B— 27 BB S iz,

EtOH Me Ph
Auy-p-Me-PW 1.06(t) 2.27(s) 7.14-7.32(m)
Auy-p-F-PMo 1.09(t), 3.39(q) — 7.40-7.66(m)
Augy-p-Cl-PMo 1.09(t) — 7.54-7.59(m)

s: singlet, t: triplet, q: quartet, m: multiplet
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4-4. Conclusion

Tz VD pfEEBRLIERAT 7 VEMFERHW, B0/ IR BEIRAT 7 v
H SR [Au(RS-pyrrld) {P(p-RPh);}] (R = Me, F, Cl) & ~7 a2 Ji&l 1~ P ® Keggin B A U W D
free acid 2§ H;3[a-PM,040] nH,O (M =W, Mo) & D b 5, FE¥H O u-OH % TZE X v
TARATZ7 7o) KK _BERKE I X — I F A4 LT 5 Keggin BIAR Y R
[{(Au{P(p-RPh)3}),(n-OH)},]3[0t-PM,040],-nEtOH Z ik S ¥ 7=, R UK Y @R 2 H W\ T
HLARAT 7 VBN T OEVICESTERRDZENI TAX =T A ERER I, KA
Ty UM REEEEO 7 T A (IR BE L5252 W6 LT, 2R
A7 7 UEBEAFOERELEN) 7 7 A —EEICRELH 27,

— 5 D& (1) KR T B[ {(Au{P(p-MePh)3})o(u-OH)},1* 1% p-OH  THRE SN 7= &
(D EHEENPNERT D X HICMAD aurophilic interaction T — &1k L 7= crossed-edge
arrangement @ . & K72 5 7=, Crossed-edge arrangement D iE % & D& () A &K
X Cl, Br, IZ2ETHEF A H V| p-OH A THEBIN &0 K _ERIZ—H D H
‘/C\\&)%)o 71-73)

b o — DA KR T BIR[{(Au{P(p-XPh);})>(n-OH)},]*" (X = F, C)ix. p-OH ki
TRB SN0 KRB FEATICW AT A aurophilic interaction T _ &1k L 7=
parallel-edge arrangement @ & {K 72 - 7=, Parallel-edge arrangement D #§i& % & >4 (1)
BEOEIR —ERIL S BB THEH A H 575, p-OH ETHRB SN2 Kk =KX
WESHTWRY, 7

RATZ7 7 VBN FOBEBEOBEWVICEY R D480 K _BEKDT T4 BEK
S, THNEEHBEERIBTY =4 EOROMEAEROEWZL D, HmBEEZIED
BRICHAR AT 7 VAL FREEBL, TORKERA RBEOEN)I 7AX — DT A R
T HZEERML,

&)

" ¥ y
QIQ\\\? W \5 _.33'.'-//' ;/OP [
Q : ' ID - Au
Ty & Au
h 4 :
Crossed-edge arrangement Parallel-edge arrangement
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Chapter 5

Synthesis and Structure of Intercluster Compounds Composed of
Dimeric Dinuclear Phosphanegold(l) Cations and POM Anions Linked
by Monomeric Phosphanegold(l) Units

Abstract
BIECTIIARYVBEZ2T 7L — e LEEWMEERDO 7 7 22—l L, mA 7
T UM O ERLEEEEZLAZELERLNIC LT, T2 =VED pL A EE L TR A
Ty AL EH WD Z LT, p-OH ETHEBI N0 K &K F 4 B
END, ZHHIE p-r O E BT L. crossed-edge arrangement D — K b
parallel-edge arrangement @ &K D BN E K 1L 5

AKFETIZES() K BRI F A L OERICKH T HRY)BEOKREE LD
. ~F uJEF Si D Keggin WE Y 7 FRYBEE AV, 7==A 0 p-firz B L
TR AT 7 VBN T EELEN/ VR BRIR AT 7 UREIREDKIEND, AT 7
vaea) R _EBER D TFAICMATELS O R ICZo0e(DHEKE =y b1
ALV T RRVBRT =4 nbold 7 7 A2 —MbAEMERRI T, =8 CTH
HEMMIZLTE 2, RVBT7T =4 e LEEDEE2=y NI&) 7 T AX =T F
FUHEERRT D PMEERL TS, WIKF O P{H} NMR 206 &) ek &
EBATFH L eeDFEE2=y PO TOHERWEKEREZ > TWD I ENRRBINTZ, &
Vi E 77— e L&) EER BRI TF AU OEBRIZENTH, R B
HOBLEE ORFVNEERMEE2 T2 LNHLMNITR T,

AETHE FHEOEN) K BRI F A EBERE O R+ EIZ o0& 0)HEE
2=y FPRFEA L7z Keggin EV T RRVBT =F 0 nbkbd 7 7 A% —R{LEWO
ARE, EaEE, FEX Yy 77XV E—va ORI OVWTHET S,
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5-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

Chapter 5

(CD3),SO

CH,Cl,
Et,O
EtOH

Hy[a-SiMo01,040]- 12H,0 1Z Lk Y2 & 1A L 72,
[Au(RS-pyrrld) {P(p-XPh);}] (X = F, COIZ Lk V&5 Z 1A L=,
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Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series II CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solid-state Cross-Polarization Magic-Angle-Spinning (CPMAS) NMR:
JEOL INM-ECP 300 FT-NMR spectrometer
3p (121.00 MHz) 6 mm o.d. rotors, (NH4),HPO, (6 = 1.6, external standard)

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
Rigaku VariMax with Saturn CCD diffractometer (Mo-Ka, L = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F? (SHELXL-97)
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5-2. Synthesis

5-2-1.  [{(Au{P(p-FPh)s}),(u-OH)}:][a-SiM0 ;0 49(Au{P(p-FPh)s}),]

Procedure:
O Hy[a-SiMo0;,040]-12H,0 (M.W. = 2039.54) 0.102 g (0.050 mmol)% EtOH : H,O =5 : 1 {&
BV 15 mL 1TV L 72, (35 (B IR )
@ R& . [Au(RS-pyrrld) {P(p-FPh);}] (M.W. = 641.34) 0.192 g (0.300 mmol)% CH,Cl, 25 mL
R LT, (2 €8 375 B 1R R
@ @Iz %« ATz, (% R IR)
@ 1h#Ee L, (H BRI E R IR)
® O Y A& (Whatman No.5) T Al L 7=, (35 .35 IR
©® M5 FT -2 T slow evaporation L 72, (= H#%., o5 6FE PR &S AT )
D AT T2 7 4% —0G0.2 um)THEIL L 7=, Ol B M 22 Je N . B By 1A)
EtOH, Et,0 20 mL T#% 2 [I¥E# L 7z,
© HZE#EEZ 20T 7, (R R)

Properties: ¥ EMIK,

DMSO (Z A[ ¥, EtOH, Et,0 IZ R IA,

Yield: 0.181 g (73.4%)

[{(Au{P(p-FPh)3}),(n-OH)},][a-SiM01,040(Au{P(p-FPh)3}),] (M.W. = 4932.71) T ® &t
TR,

Characterization
CHN Elemental Analysis:
C H N (0] F Si P Mo Au

Found 26.36 1.02 0.05
Caled. 26.30 1.51 — 13.62 6.93 0.57 3.77 23.34  23.96

Calcd. [{(Au{P(p-FPh)3})2(n-OH)}2][a-SiMo01,040(Au{P(p-FPh);});]
= C0sH7404,F13S1,PsMo;2Aug
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TG/DTA:
R.T.-204.0 °C & TIZRBFICE S EEWE L,

FT-IR:
1590(s), 1496(s), 1396(w), 1302(vw), 1278(vw), 1238(m), 1161(m), 1104(w), 1013(vw),
990(vw), 956(m), 906(vs), 876(w), 828(m), 795(s), 709(vw), 641(vw), 619(vw), 534(m),
451(w), 411(vw) cm’'

Solid-state CPMAS *'P NMR (R.T.):
) 21.1,23.1 ppm

Solution 'P{'H} NMR (DMSO-dg, 26.3 °C):
) 23.23 (main),

41.06 (minor) ppm

Solution 'H NMR (DMSO-dg, 25.7 °C):
o 7.38-7.64 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-FPh);});(u-OH)};][a-SiMo0,,040(Au{P(p-FPh);}),]

Empirical formula C108 H74 Au6 F18 Mol12 042 P6 Si

Formula weight 4932.66

Temperature 120 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=27.245(5) A o =90°
b=14.797(3) A B =093.15(3)°
c=234.924(7) A y =90°

Volume 14058(5) A°

z 4

Density (calculated) 2.331 Mg/m’

Absorption coefficient 7.436 mm'

F(000) 9203

Crystal size 0.30 x 0.06 x 0.01 mm’

Theta range for data collection 3.10 to 27.49°

Index ranges —35<=h<=35, —19<=k<=19, —45<=I<=45

Reflections collected 97135

Independent reflections 16018 [R(int) = 0.0660]

Completeness to theta = 27.49° 99.3%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9293 and 0.2138

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 16018 /0 /871

Goodness-of-fit on F? 1.119

Final R indices [I>2sigma(])] R1=0.0670, wR2 = 0.1489

R indices (all data) R1=0.0745, wR2 = 0.1543

Largest diff. peak and hole 6.177 and —2.810 e.A”’
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Structure of [{(Au{P(p-FPh)g,})Q(M-OH)}2][(X,-SIM012040(AU{P(p-FPh)3})2]
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5-2-2. [{(Au{P(p-CIPh);3}):(u-OH)}:][ a-SiM0;;0 19(Au{P(p-CIPh)s}),] EtOH

Procedure:

@ Hy[a-SiMo1,04]12H,0 (M.W. = 2039.54) 0.102 g (0.050 mmol)% EtOH : H,O =5 : 1 j&
BURBE 15 mL IR LT, (F B E IR

@ B, [Au(RS-pyrrld){P(p-CIPh);}] (M.W. = 690.70) 0.207 g (0.300 mmol)% CH,CI, 15
mL [ZH ML 72, (6% IR

® QIZOZFEMITMA T,

@ AL CHEPT-|IR TRl L 7=, (1L B #% . & E% A BCIR R A & HE B BB IR )

® WikZ%#H T, BBIOHZ M CT A v 7 — ¥ a » & &EIT -7,

® A7 727 4% —G0.2 um)THEIL L 7=, CFl Bl 2 e SRS ) )

@ EtOH, Et,0 20 mL T4 2 [ ¥ L 7=,

WS LI A 2 hAT o T2, (R )

Properties: HAF LR IK,

DMSO (Z Al %, H,0, EtOH, Et,0 IZ R &,

Yield: 0.102 g (38.7%)

[{(Au{P(p-CIPh)3})2(n-OH)}2][a-SiM012,049(Au{P(p-CIPh)3}),]-EtOH (M.W. =
5274.97)C O FHAH,

Characterization
CHN Elemental Analysis:
C H N 0] Si P Cl Mo Au

Found 25.13 1.72 0.00
Calcd. 25.05 1.53 — 13.04 0.53 3.52 12.10  21.83 22.40

Calcd. [{(Au {P(p-CIPh)3 } )z(H-OH)}z] [(X-SiM012040(Au {P(p-CIPh)g,})z] -EtOH
= Cy10H5004351,PsCl i sMo2A U
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TG/DTA:
R.T.-232.0 °C ¥ TIZ EtOH 12 £ -5< 0.72% D & & #,
[{(Au{P(p-CIPh)3}),(u-OH)}>][0t-SiM0,040(Au{P(p-CIPh)3}),]-EtOH: 0.87%

FT-IR:
1576(m), 1561(w), 1480(s), 1389(m), 1301(vw), 1269(vw), 1183(vw), 1141(vw),
1088(vs), 1012(m), 991(vw), 955(s), 906(vs), 876(w), 795(vs), 751(s), 705(w), 631(w),
569(m), 535(w), 496(m), 454(vw) cm '

Solution 'P{'H} NMR (DMSO-dg, 26.7 °C):
) 24.07 (main),
41.71 (minor) ppm

Solution '"H NMR (DMSO-dg, 25.7 °C):

o 1.09 (t, J = 6.9 Hz, CH;CH,0H solvate),
7.38-7.64 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[{(Au{P(p-CIPh);});(u-OH)},][a-SiMo0,,049(Au{P(p-ClPh);}),]-EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.32°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

C108 H72 Au6 Cl18 Mol2 042 P6 Si
5226.75

100 K

0.71073 A

Triclinic

P-1

17.2349(14) A o =95.3260(10)°
17.2715(14) A B =101.8900(10)°
¢ =31.040(3) A y = 108.2240(10)°
8464.3(12) A’

2

a

b

2.051 Mg/m®

6.442 mm'

4888

0.22 x 0.14 x 0.08 mm’

1.26 to 28.32°

—22<=h<=22, —22<=k<=23, —37<=I<=41
88745

41577 [R(int) = 0.0348]

98.7%

Empirical

0.6268 and 0.3315

Full-matrix least-squares on F?
41577 /0 /1738

1.040

R1 =0.0451, wR2 = 0.1206

R1 =0.0618, wR2 = 0.1276
4.294 and -3.368 ¢.A™°
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Structure of [{(Au{P(p-ClPh)3})z(p,-OH)}z] [oc-SiM012040(Au{P(p-ClPh)3})2] -EtOH
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5-3. Results and Discussion

Abbreviation:
[{(Au{P(p-FPh);}),(n-OH)},][a-SiM012040(Au{P(p-FPh)s}),] Auy-p-F-SiMo
[{(Au{P(p-ClPh);})2(n-OH)},][a-SiM01,049(Au{P(p-CIPh);}),]-EtOH Auy-p-Cl-SiMo

Experiment

[{(Au{P(p-FPh)3})>(u-OH)}>] [ a-SiM0 ;0 49(Au{P(p-FPh)s})] :

/B NVR EEIR AT 7 2 R EEIR[AU(RS-pyrrld) {P(p-FPh);} &2 ¥ 7 X ¥ (C
AR L T2, ~7 v Jilif Si ® Keggin B £ U 7 KA U BB Hy[a-SiMo,,040]- 12H,0
L Z ) =) o K =5 1TIRAGEHICER L CRKZ, LN 6:1 L5 K91
Mz, SN % A8 L slow evaporation 35 Z & T 215 B EHIREE & 2 15 72 (IX
2 73.4%),

6[Au(RS-pyrrld) {P(p-FPh);}] + Ha[0-SiMo01,040] + 2H,0 —
[{(Au{P(p-FPh);}),(1-OH)},][a-SiM02040(Au{P(p-FPh)s}),] + 6RS-Hpyrrld

[{(Au{P(p-CIPh);}),(u-OH)} ][ a-SiMo ;0 4o(Au{P(p-CIPh);}),] - EtOH:

&)/ IV IR AT 7 2 R EEIR[Au(RS-pyrrld) {P(p-CIPh)3} % ¥ 7 v o A X T
VAR L TR, ~7 v Jilif Si ® Keggin B € U 7 AR U BB Hy[a-SiMo,,040]- 12H,0
L Z ) =) o fiK =5 1TIRAGEHICER L CEKZ, LN 6:1 L5591
Mz IREYERE TG S/ 5 2 & TRADE I BOIRE & 2 1572 (I3 38.7%)., Byproduct
ELTHHEAROHERINITHT 2N, =X ) — LV TTh T —varyzfhitTds> 2 & T
BrEL TWnb,

6[Au(RS-pyrrld) {P(p-CIPh);}] + Ha[a-SiMo,,040] + 2H,0 —
[{(Au{P(p-CIPh)3}),(n-OH)},][a-SiM01,049(Au{P(p-CIPh)3}),] + 6RS-Hpyrrld

115



X-Ray Crystallography

Chapter 5

[{(Au{P(p-FPh)s3}):(u-OH)}>][a-SiM0 ;0 49(Au{P(p-FPh)3}),] :

w-OH % “OSF LA AT 7 &) K
BIRAF AT A ., ~T v i+ Si @ Keggin !
TV T RRIVBRT =4 0BLEFORTFIZZoD
EMEZL=y FBEES LTV, &) Kk
ZEBEADTF A OMEIT, ) KR E T
% X 912 Z &A1k L 7= crossed-edge arrangement @ —
BIR7E o7, pfii%E Me CEBLIZAFAT 7
BLfL - % 7 ¢ crossed-edge arrangement O — &K
[{(Au{P(p-MePh);})>(n-OH)},]*" & .~ Au-O-Au
NIEN > TV, @DHEBE2=y I, —2oD
B-site DA O i+ EICHA& L Tz,

Au2’. Au2
-
P2 ) PN P2

P1 ' ' PT"
Aut Aut1’

o1

Structure of [{(Au{P(p-FPh);}),(u-OH)},]*"

Structure of [oc-SiMo12040(Au{P(p-FPh)3})2]27

116

Polyhedral representation

Bond Lengths (A)

Aul--Au2  3.1779(9)
Aul--Au2’  3.3501(9)

Bond Angles (°)

Aul-O1-Aul’  134.5(5)
Au2-02-Au2’  139.3(5)

Bond Length (A)

Au3-016  2.067(7)

Bond Angle (°)

016-Au3-P3  175.1(2)




Chapter 5

AR TR, &) S BEIK BRI F A Ou-OHE LRIV BET =4 v O
OH - Opou PAKFFEANAONTZ, ZOXIBRMAEEREEKT S LT, &) 7
AP —=NTFFENEELSNRTWVD EEZDND,

Interactions (A)

O01---09 3.174
O1---015 3.141
02---013 3.198
02---018 3.103

OH---Opoum interactions
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[{(Au{P(p-CIPh);3})(u-OH)} ][ a-SiMo ;0 49(Au{P(p-CIPh)s}),] EtOH:
u-OH (% “ oG hR A7 7 & 0) K —

B F A NI A ., ~T v i1 Si @ Keggin Y .

YT REYVBT =AY OBEEA OB TIC — o0 4

SDHEE2=y PBRFEA LTV, &) K ~0

“BERDFA OB, &0 KRN EITIC

i A C & Ak L 7= parallel-edge arrangement @ —. &

Kizodz, ZHE pfid Cl TEBLEFAT 7

> B - % & Te parallel-edge arrangement O . & {K

[{(Au{P(p-CIPh);})>(n-OH)},1*" & A & O H 35 T &

Sz, BHEE L=y MX., Auy-p-F-SiMo & |5

7% % B-site DFEILF O JR FITHEA L TV 72 W B Fn o EtOH 1% CHN Jt 3% 43 #T, TG/DTA,

"HNMR 722 HRE L TV A2, fEEMNT Tk disorder D72 7 W4 TERho Tz,

Polyhedral representation

Bond Lengths (A)
Aul--Au2  3.0041(4)
Aul--Au2’  3.2300(4)
Au3--Aud  2.9759(4)
Au3--Aud’  3.1935(4)

Bond Angles (°)

Structure of [ {(Au{P(p-CIPh);})2(n-OH)},]*" Aul-OI1-Au2  92.14(16)
Au3-02-Aud  91.16(17)

Bond Lengths (A)
Au5-033 2.046(4)
Au6-038 2.079(4)

Bond Angles (°)

: 033-Au5-P5  178.39(14)
Structure of [a-SiMo0;,040(Au{P(p-CIPh)3}),]*" 038-Au6-P6  175.15(13)
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FEEEER I, A0 R BRI T AR IVEBET =4 ORI AuOpoum
& OH " Opom © _FHEA O FH AAEH D HEFE S 4v72, Auy-p-F-SiMo & [ IHH AEAEH N E 72 -
TEBD, WA EORLIEN) EKER BRI T A U 2R SERZERLEE XD
w5,

Interactions (A)

Aul---07 3.163
Aul---028 3.119
Au3---037 3.060

Au--Opowm Interactions

Interactions (A)

01---018 3.243
01---027 3.255
02---024 3.222

OH:--Opopy Interactions
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CHN Elemental Analysis and TG/DTA

[{(Au{P(p-FPh)s3}),(u-OH)} ;] [a-SiMo ;0 49(Au{P(p-FPh)s})]:
BARES X MRS SE MR CHEGR S N7 M pk CEMME & RS — & L7z, BWEFf s 8y
ZliE., KRERJETFTHIE L7 TG/DTA OfE S & 5 L Tz,

C H N O F Si P Mo Au
Found 26.36 1.02 0.05

Caled. 26.30 1.51

13.62 6.93 0.57 3.77 23.34 23.96
[{(Au{P(p-FPh);}),(n-OH)},][a-SiM0,040(Au{P(p-FPh)s});]

= Cy9sH7404,F13S11PsMo;2Aug

[{(Au{P(p-CIPh)3})>(u-OH)}>][a-SiMo ;0 49(Au{P(p-CIlPh)s}),] -EtOH:
BRSO X R S AT CRERE S UMk IC, WA & L C EtOH % 1 {1 2 7= 45k C

FHME L HEMA - Lz, 1 o EtOH 1. K&E FTHIE L7 TG/DTA O f5HE &
P PG

C H N O Si P Cl Mo Au
Found 25.13 1.72 0.00

Caled. 25.05 1.53 — 13.04 0.53 3.52 12.10 21.83 22.40
[{(Au{P(p-CIPh)3})2(n-OH)}2][a-SiM012049(Au{P(p-CIPh)3}),]-EtOH

= C110Hg004381,PsCl gsMo2Aus

Weight loss  0.72% below 232.0 °C
Calcd. 0.87% for 1EtOH
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Solid-State CPMAS *'P and Solution *'P{'H} NMR:

[ AR HE TlE . Aug-p-F-SiMo DK A 7 7 VL FICHE S B — 27 13 AR —2 T
Bl SN, ZHITBEMIT CHRBINTIESEMZ2 P Extii L TEY ., 23.1 ppm i
DODE—=Z713&MEKE L=y D P, 21.1 ppm (i D E— 7 134 0) K —BiLKD T
F oD PICKINT 5,

DMSO-ds ' TiZ, WITFNnDfbEWS — AR —7 THN S, ZEEKRT T4
DEEER &R TF A &2 =y PO THWRABAEZ > TWnWbH Z &
ZaRLTWD, £72 41.5ppm U1 minor ¥ — 27 A SN TBY, £V 7 FARU R
D DMSO-dg F TOREMEDEIICIDIEMHEE L=y FOSROe0) EH#IIK
BEROSMNREZE 2 LND,

23.23
a)
21.1
231 24.07
a) b)
S — TN |
40 20 0 -20 ppm 60 40 20 0 -20 ppm

Solid-state CPMAS *'P (left) and Solution *'P{'H} (right) NMR spectra
a) Auy-p-F-SiMo, b) Auy-p-Cl-SiMo
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FT-IR:
2 TOILAY T RS-pyrrld @ C=0 HFFEHREICE S EE AN RBAWHALTEBY, B
HEZ MR L7c, a-Keggin AR U BEMKICESIREI NN FIZIZELR o T,

C=0 Si-O Mo-0O
Auy-p-F-SiMo — 906 956, 876, 795
Auy-p-Cl1-SiMo — 906 955, 876, 795

Solution 'H NMR:
2 TOILEW T RSpyrrld ICHE S E—Z7 NHEKLLTEBY ., BLBEEZMHEREL -,
Auy-p-Cl1-SiMo TITIEBEFI D EtOH I £ S ¥ — 7 B S -,

EtOH Ph
Aug-p-F-SiMo — 7.38-7.64(m)
Auy-p-C1-SiMo 1.09(t) 7.38-7.64(m)

t: triplet, m: multiplet
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5-4. Conclusion

T 2= VED pfEEBBRLIEAZA T 7 VEMNTEH O, B/ AINAVRBEIRAT 7
IR [Au(RS-pyrrld) {P(p-XPh);}] (X =F, Cl) & ~7 1 Ji ¥ Si ® Keggin &V 7 KR U g
5 D free acid ! Hy[a-SiMo01,040]-12H,0 & O 5, M O u-OH TG S -k
A7 7o) EEEK BRI TF A CMA . BEFEOR T ELIC 2D EKR AT 7 U 4()
HEgEa=y FDBKA L7 Keggin MEY 7 FRIVBT =4 ok d 7 7 A% —[{bH
W {(Au{P(p-XPh)s})2(u-OH)},][a-SiM01,040(Au{P(p-XPh)3}),]-nEtOH % JE ik & & 72, 4 (1)
IR &KL, Aug-p-F-SiMo T & crossed-edge arrangement @ . & K & |
Auy-p-Cl1-SiMo T X parallel-edge arrangement ® _EAXZ K L T\, &@()HEEE=2 = v
MIWwTFhd 220 B-site O#ILH O R+ LIZHK AL TWER, Aug-p-F-SiMo &
Auy-p-C1-SiMo TIEIHEB T ONME N E L > TV,

Auy-p-F-SiMo O [H (AR E @ *'P NMR % HE S iR fr O B &2 e L7z AR e — 2 T#l
WENnz, ZnEFM-SO P R TEMREN) EER BRI T ICEEND P L
HEMHEPL=y PO PIZHIEL TS, —F THEEFT O 'P{'H} NMR TIiX, &) Kk
BK_EmEDTF A E@DEE 2=y PO THEWRBENEZ > TWDH O — A —
7 TR ST, Aug-p-C1l-SiMo D HE T @ *'P{'H} NMR & —Af bt — 7 TEHH ST
BY., FRRICENZTHEREZ > TWnWbH EEbhbd,

SN R BRI FACEOBKICEWNTH, RUBEOEILE OJR 2N E
BHEAELTWDLIERHALNI T, ERMEMMEET TE&O) K BRI F 4
ERVBT =4 ORICIFEROHMEEANAON., ZOMAEERNE&EQ) ikt &
KOFRRICEETCHDHEBZZOLND,

POM anions linked by monomeric phosphanegold(I) units
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Chapter 6

Synthesis and Structure of Other Phosphanegold(l) Cluster Cations
Formed in the Presence of POMs

Abstract

FWNE, FHETIE T =2=VEO pfMEERLIZAAT 7 VEMFEZHWD Z LT,
“HEEOU-OH ETHRBINZe) K BRI F TN BRIND Z E2H 50
WLz, 2NHIEFENI7 TAX =T A FEERVBET =4 EOMEERICE Y EZE
fbasnTEBY, pMOBEBRLEL FHAEFEHL TWD,

RFFRTIEARAT 7 VBN T OEBE I DICHRDL D, 7= VRO m-fr & @& L
T/ A NVKR BRI AT 7 v REERE Keggin BUAR VBB ORIES, WEEO 7 7 A
2 —MbtEmEKR S ET.m-fii% FCEBLEMN Am-ZVF Y N7 2= /LKA T 7
> P(m-FPh); & de &)/ INVER U BRIK AT 7 Rk & ~FT o i+ P @ Keggin B £V
TRRVBBEOKIEHHIE, BERFu-O0 250 FRAT7 7 &K Y 7 AKX —h T4
v ep-OH RTHRBENT-FRAT7 7 080 BEE BRI F AU NERENT-, &=
ETHLNMILEL2IC. pMNE FCEBLEFSA T 7 VENM F2E& 480/ VA Vg
IRA T 7 VREEPGITED) R BRI T A OB IO RAT 7
VBN T OBHAE D S()EEEO Y T AX —LICEBE 5 252 W LM LT,

— S ~T o JHA Si D Keggin BR VB & OIS HiE, WFERLHEBEEN-0 25
DRAT 7 &MU TAF =D FF BB SN, BRAT ARy F 70
LB ENG, &MU Y 7 AX—BEMR LS WAl Z Lz,

ARETE mALE2EBLEZRAT7 7 VBN T2 E0L80NEE Y 7 A2 —0480) bk
K_BEBERKE DD 2 —HFT A L35 Keggin A VBB OEGKE, s, #/Ex v
FZ V=T a VORRIZOVWTHET S,
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6-1. Reagents / Analytical Procedures

Reagents

ISOTEC:
Dimethyl-dg-sulfoxide

Wako:
Dichloromethane
Diethyl ether
Ethanol

(CD3),SO

CH,Cl,
Et,O
EtOH

Chapter 6

Hs[a-SiW5,040]- 10H,0 1% 3Lk 7% . Hi[a-PMo1,040]  14H,0, Hy[a-SiMo1,040]12H,0

TR YR ENENBEICER LT,

[Au(RS-pyrrld) {P(m-RPh);}] (R = Me, F)IZ Lk V&2 Z 14/ L=,
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Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series II CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solid-state Cross-Polarization Magic-Angle-Spinning (CPMAS) NMR:
JEOL JNM-ECP 300 FT-NMR spectrometer
3p (121.00 MHz) 6 mm o.d. rotors, (NH4),HPO, (6 = 1.6, external standard)

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'p{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

X-Ray Crystallography:
Bruker AXS SMART APEX CCD diffractometer (Mo-Ka, A = 0.71069 A)
Rigaku VariMax with Saturn CCD diffractometer (Mo-Ka, L = 0.71069 A)
mounted on cryoloops using liquid paraffin, cooled by N, gas

direct methods (SHELXS-97), full-matrix least-squares procedure on F? (SHELXL-97)
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6-2. Synthesis

6-2-1.  [(Au{P(m-FPh)s}),(ps-O0)]:[{(Au{P(m-FPh)s}),(u-OH)}:][ a-PM0;:0 4] 4 EtOH

Procedure:
O H;3[a-PMo0;,040]  14H,0 (M.W. =2077.45) 0.104 g (0.050 mmol)% EtOH : H,O0=5: 1 &
VI 15 mL \C W R L 72, (35 (B )
@ HliE | [Au(RS-pyrrld) {P(m-FPh);}] (M.W. = 641.34) 0.192 g (0.300 mmol)% CH,Cl, 25 mL
R LT (B €8 375 B 1R 1))
@ @IZO %« ATz, (H IR B R IR)
@ 1hiEE L, CH B HIRE R IR)
® O Y A& (Whatman No.5) T Al L 7=, (¥ 35 IR
©® MFPT -2 R T slow evaporation L 72, (B H %, w58 EE RS ST D
D AT T2 7 4% —G0.2 um)THEIL L 7=, Ot Bt M 2 Je . B By 1A)
EtOH, Et,0 20 mL T#% 2 [I¥E L 7=,
© HZEEEE 2hATo 7, G am k)

Properties: ¥ EMIK,
DMSO IZ Al ¥, H,0, EtOH, Et,0 IZ R,

Yield: 0.089 g (35.4%)
[(Au{P(m-FPh)3})4(M4-O)]2[{(Au{P(m-FPh)3})2(“-0H)}2][(X-PM012040]24EtOH (MW
=10053.46)C @ 3 HfiE,

Characterization

CHN Elemental Analysis:

C H N O F P Mo Au

Found 26.35 1.15 0.06
Caled. 26.76 1.70 — 14.00 6.80 4.31 22.90 2351

Caled. [(Au{P(m-FPh);})4(ns-O) o[ {(Au{P(m-FPh);}),(n-OH)}2][a-PMo01,040]2-4EtOH
= Cy24H170038F36P14aMo024A U,
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TG/DTA:
R.T.-261.3 °C £ TIZ EtOH 12 £ -5< 1.99% D & & #,
[(Au{P(m-FPh)3})4(ps-O)12[ {(Au{P(m-FPh);}),(n-OH)},][a-PM0,,040],-4EtOH: 1.83%

FT-IR:
1601(w), 1581(s), 1522(vw), 1476(m), 1422(m), 1305(vw), 1268(w), 1225(s), 1165(vw),
1096(w), 1062(m), 1000(vw), 957(s), 876(m), 812(vs), 782(vs), 682(m), 614(vw),
583(w), 522(w), 510(w), 481(w), 470(w), 409(w) cm

Solution *'P{'H} NMR (DMSO-dg, 25.5 °C):
o —3.23, 26.31 (main),
—0.40, 43.57 (minor) ppm

Solution '"H NMR (DMSO-dg, 24.7 °C):
d 1.09 (t, J= 7.1 Hz, CH3;CH,OH solvate),
3.38 (q, J = 7.0 Hz, CH;CH,OH solvate),
7.35-7.57 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[(Au{P(m-FPh);})4(ps-O) 2 [ {(Au{P(m-FPh);});(u-OH)},][a-PMo0,,040],-4EtOH

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.37°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

C216 H146 Aul2 F36 Mo24 O84 P14

9869.07

100 K

0.71073 A
Triclinic

P-1
a=16.191(2) A
b=29.165(4) A
c=235.365(4) A

o =99.801(2)°
B =99.153(2)°
v = 104.963(2)°

15533(3) A°

2

2.110 Mg/m’

6.733 mm '

9208

0.30 x 0.08 x 0.07 mm’

1.65 to 28.37°

—21<=h<=21, —38<=k<=38, —47<=I<=46
145989

72271 [R(int) = 0.0481]

92.9%

Empirical

0.6500 and 0.2372

Full-matrix least-squares on F?
72271 /42 /3611

1.027

R1 =0.0723, wR2 = 0.1625
R1=0.1077, wR2 = 0.1753
4.830 and —2.340 ¢.A™’
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Structure of [(Au{P(m-FPh)s})i(1s-0)]2[{(Au{P(m-FPh)s});(u-OH)}2][a-PMo01,040]2-4EtOH
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6-2-2.  [(Au{P(m-FPh)s}),(us;-0)]:[ a-SiM0;,0]-4H,0

Procedure:
@ Hy[a-SiM01,040]-12H,0 (M.W. = 2039.54) 0.101 g (0.050 mmol)% EtOH : H,O =5 : 1 &
AL 15 mL IR L 72, (% R IR)
@ Bli& | [Au(RS-pyrrld) {P(m-FPh);}] (M.W. = 641.34) 0.257 g (0.400 mmol)% CH,Cl, 25 mL
R L7, (2 €2 335 B HR IR
@ OICO %~ Az, (G B R IR)
@ 1hiE#H L, (3 0 TR B TR TR )
® AT T 7 4F—AVO0.1lum)THiE L7, (35 0. 1% W VSR
©® K5 FT -2 T slow evaporation L 7z, (+FH%., BEABH 7 o v 7 RS
D AT T2 7 4% —0G0.2 um)TEIY L 7=, (F dl Mk 22 ey I 3 ) )
EtOH, Et,0 20 mL T4 2 [EI¥E# L 7=,
© HEZEWHEEZ 2T T, (5 35 68 14°)

Properties: W53 K,

DMSO (2 Al %, EtOH, Et,0 IZ R,

Yield: 0.014 g (4.64%)

[(Au{P(m-FPh);})4(us-0)]2[a-SiM0,040]-4H,0 (M.W. = 6029.22) T ® &+ H i,

Characterization

Solution 'P{'H} NMR (DMSO-dg, 26.4 °C):
) 25.67 (main),
43.38 (minor) ppm

Solution 'H NMR (DMSO-dg, 25.0 °C):
) 7.37-7.72 (m, Ph) ppm
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X-Ray Crystallography:

Crystal data and structure refinement for

[(Au{P(m-FPh);})4(pn4-O)]2[a-SiM012040]-4H,0

Empirical formula C144 H92 Au8 F24 Mol12 042 P8 Si

Formula weight 5953.04

Temperature 120 K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=16.296(3) A a=77.37(3)°
b=16.357(3) A B =75.89(3)°
c=16.854(3) A vy = 80.58(3)°

Volume 4222.3(15) A°

Z 1

Density (calculated) 2.341 Mg/m3

Absorption coefficient 7.955 mm'

F(000) 2778

Crystal size 0.06 x 0.06 x 0.04 mm’

Theta range for data collection 3.01 to 27.42°

Index ranges —21<=h<=21, -21<=k<=21, —21<=I<=21

Reflections collected 66434

Independent reflections 19089 [R(int) = 0.0616]

Completeness to theta = 27.42° 99.2%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7414 and 0.6468

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 19089 /0/ 1115

Goodness-of-fit on F? 1.081

Final R indices [I>2sigma(])] R1=0.0858, wR2 =0.2218

R indices (all data) R1=0.0983, wR2 = 0.2338

Largest diff. peak and hole 4.838 and —2.996 ¢.A”’
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Structure of [(Au{P(m—FPh)3})4(u4—0)]2[oc—SiM012040] 4H20
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6-2-3. [(Au{P(m-MePh);}),(us-0)]:[ a-SiW;,0 4]

Procedure:
@ Ha[a-SiW1,040]-10H,0 (M.W. = 3058.31) 0.153 g (0.050 mmol)% EtOH : H,0 =5: 1 & &
I 15 mL ICIEfiE L 7=, (M €8 375 B 1R R
@ BliE. [Au(RS-pyrrld){P(m-MePh);}] (M.W. = 629.45) 0.252 g (0.400 mmol)% CH,Cl, 25
mL (2R LT, (B €2 335 W HR TR
@ OO~ ATz, (2 €235 W HR )
@ 1hiREEL T, (J 03 WY VA7)
® O729 Y A#k(Whatman No.5) T A L 7=, (5575 BH VR 7))
©® W5 FT -2 T slow evaporation L 7z, (+FH%., WEEAEH T v v 7 RS H)
D AT T2 7 4% —0G 0.2 um)TEIY L 7=, (FEdmPEZ v | R A ER)
EtOH, Et,0 20 mL T4 2 [EI¥E# L 7=,
© HZEEHEE 20T 7, (WG B )

Properties: W 35 4 f) 1K,
EtOH, Et,0, DMSO T R,

Yield: 0.247 g (71.4%)

[(Au{P(m-MePh)3})4(ps-0)][a-SiW,,040] (M.W. = 6916.84) T D F+ FfH,

Characterization

CHN Elemental Analysis:

C H N 0) Si P W Au

Found 28.68 2.17 0.07
Caled. 29.17 2.45 — 9.71 0.41 3.58 31.89  22.78

Calcd. [(Au{P(m-MePh);3})4(pn4-0)]2[a-SiW12040] = Ci6sH16804251,PsW 2 Aug
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TG/DTA:
R.T.-214.6 °C & TITIRBFICE S EEWE L,

FT-IR:
1592(w), 1576(w), 1476(m), 1448(m), 1403(m), 1379(w), 1311(w), 1277(vw), 1221(w),
1174(vw), 1108(m), 1039(vw), 1010(m), 996(w), 970(vs), 921(vs), 881(s), 805(vs),
691(vs), 569(m), 561(m), 531(s), 491(m), 465(m), 450(s) cm '
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X-Ray Crystallography:

Crystal data and structure refinement for [(Au{P(m-MePh);})4(14-O)]2[a-SiW5,04¢]

Empirical formula C168 H168 Au8 046 P8 Si W12

Formula weight 6980.81

Temperature 120 K

Wavelength 0.71073 A

Crystal system Rhombohedral

Space group R-3

Unit cell dimensions a=120.47803) A a =90°
b =20.478(3) A B =90°
c=36.726(7) A y=120°

Volume 13337(4) A°

4 3

Density (calculated) 2.607 Mg/m’

Absorption coefficient 14.448 mm™'

F(000) 9594

Crystal size 0.23 x 0.13 x 0.07 mm’

Theta range for data collection 3.09 to 27.48°

Index ranges —26<=h<=26, —26<=k<=26, —47<=1<=47

Reflections collected 70079

Independent reflections 6739 [R(int) = 0.0596]

Completeness to theta = 27.48° 98.9%

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.4312 and 0.1358

Refinement method Full-matrix least-squares on F*

Data / restraints / parameters 6739/0/370

Goodness-of-fit on F? 1.311

Final R indices [[>2sigma(I)] R1 =10.0547, wR2 =0.1212

R indices (all data) R1=0.0558, wR2 =0.1217

Largest diff. peak and hole 2.453 and —4.333 e.A”’
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Structure of [(Au{P(m-MePh)3})4(u4-0)]2[a-SiW12040]
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6-2-4.  [(Au{P(m-MePh)s}) «(1s-0)]:[ a-SiMo,,0 4]

Procedure:

@ Hy[a-SiMo01,040]-12H,0 (M.W. = 2039.54) 0.101 g (0.050 mmol)% EtOH : H,0 =5 : 1 &
BURBE 15 mL IR LT, (F B E IR

@ B, [Au(RS-pyrrld){P(m-MePh)s}] (M.W. = 629.45) 0.252 g (0.400 mmol)% CH,CI, 25
mL (2% L 72, (M 4375 W VR R

® QIZOZFEMITMA T,

@ %P L CHAT-EECHELL, (bLB#%., ®EBH T v 7 REERBITH)

® A7 T2 7 4% —G0.2 um)THEIL L 7=, (FG d ME & e o I 3 B R 1K)

® EtOH, Et,0 20 mL T+ 2 [ ¥ L 7=,

@ W% 2 hAT o 72, (R 35 R 1A

Properties: W53 MK,

EtOH, Et,0, DMSO IZ R,

Yield: 0.137 g (46.7%)

[(Au{P(m-MePh)3})s(ps-0)]o[a-SiMo01,040] (M.W. = 5862.04) T D F Hi fiti,

Characterization

CHN Elemental Analysis:

C H N O Si P Mo Au

Found 34.35 2.70 0.10
Caled. 34.42 2.89 — 11.46 0.48 4.23 19.64  26.88

Calcd. [(Au{P(m-MePh)s3})s(ns-0)]2[a-SiM01,040] = C1esH 1635042811 PsMo2Aug

TG/DTA:
R.T.-222.4°C & CTITIRBFICE S EEWEL,

138



Chapter 6

FT-IR:
1591(w), 1575(w), 1475(w), 1446(w), 1403(w), 1310(vw), 1221(vw), 1174(vw),
1107(w), 1040(vw), 995(vw), 983(w), 947(s), 902(vs), 861(m), 804(vs), 794(vs),
691(m), 681(m), 568(w), 532(w), 491(w), 465(w), 449(m) ocm '

Solid-state CPMAS °*'P NMR (R.T.):
) 17.4,27.7 ppm
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X-Ray Crystallography:

Crystal data and structure refinement for [(Au{P(m-MePh);})4(14-O)]2[a-SiMo01,04¢]

Empirical formula C168 H168 Au8 Mol2 046 P8 Si

Formula weight 5925.89

Temperature 100 K

Wavelength 0.71073 A

Crystal system Rhombohedral

Space group R-3

Unit cell dimensions a=20.3813(7) A a =90°
b =20.3813(7) A B =90°
c=36.679(2) A y=120°

Volume 13195.2(11) A®

4 3

Density (calculated) 2.237 Mg/m’

Absorption coefficient 7.619 mm™'

F(000) 8442

Crystal size 0.31 x 0.26 x 0.15 mm’

Theta range for data collection 1.60 to 28.30°

Index ranges —27<=h<=25, —23<=k<=27, —48<=]<=48§

Reflections collected 38116

Independent reflections 7015 [R(int) = 0.0332]

Completeness to theta = 28.30° 96.1%

Absorption correction Empirical

Max. and min. transmission 0.3945 and 0.2011

Refinement method Full-matrix least-squares on F*

Data / restraints / parameters 7015/0/370

Goodness-of-fit on F? 1.074

Final R indices [[>2sigma(I)] R1 =10.0376, wR2 = 0.0855

R indices (all data) R1=0.0390, wR2 = 0.0862

Largest diff. peak and hole 2.851 and —3.609 ¢.A™’
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Structure of [(Au{P(m-MePh)3 } )4(}14-0)]2[0(-SiM012040]
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6-3. Results and Discussion

Abbreviation:
[(Au{P(m-FPh)3})a(ps-O) o[ {(Au{P(m-FPh);})>(n-OH)}][0-PM01,040],-4EtOH
Auy-m-F-PMo
[(Au{P(m-FPh)3})4(n4-0)]2[a-SiMo0;,04¢]-4H,0 Auy-m-F-SiMo

[(Au{P(m-MePh)3})4(ps-0)]2[a-SiW,040] Aug-m-Me-SiW
[(Au {P(m—MePh)3})4(p4—0)]2[a—SiM012040] Au4-m-Me-SiM0
Experiment

[(Au{P(m-FPh)3})4(ps-0)] [ {(Au{P(m-FPh)s})>(u-OH)}>][a-PMo;,049] » 4EtOH:

/B IVRBEIER AT 7 2 REEIR[AU(RS-pyrrld) {P(m-FPh);} ]2 ¥ 7 m o A # L |Z
VA L7, ~7 i+ P @ Keggin BE U 7 KA Y B Hs[a-PMo,,040] 14H,0
B =) K =5 VIRAWBICEMRLICEEEZ, BALHR 6:1 8700591
Mz, BoN=EE%E 5 L slow evaporation 32 Z & THEME O EHERES 257
(UL 3 35.9%).

12[Au(RS-pyrrld) {P(m-FPh);}] + 2H3[a-PMo0,,04¢] + 4H,0 —
[(Au{P(m-FPh)s})a(pa-O) L[ {(Au{P(m-FPh)s;})2(n-OH)}2][a-PM01,040]2 +
12RS-Hpyrrld

[(Au{P(m-FPh)s}),(114-0)] 2[ @-SiMo;,049] -4H,0:

/B IVR B IR AT 7 2 REER[Au(RS-pyrrld) {P(m-FPh);} % ¥ 7 m o A Z 2 |Z
AR LTI, ~7 v Jiif Si ® Keggin £ U 7 KA U BB Hy[a-SiMo,,040]- 12H,0
L Z ) =) K =5 1IRAGEHICER L CRKZ, ELEN8:1 LD Ko
Mz, S5 WIR%E A1 L slow evaporation 95 Z & THEAGBH 7 1 v 7 R M %
7o (IHE 4.64%), EHMEDBEWTEDKISRZH TREOBMEEL LTHHELTEBY
ZDOEDITHEROIRIZIEFITELS o T WD,

8[Au(RS-pyrrld) {P(m-FPh)s}] + Ha[a-SiMo01,040] + 2H,0 —
[(Au{P(m-FPh)3})4(ps-0)]2[a-SiM012040] + 8RS-Hpyrrld
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[(Au{P(m-MePh)s}),(14-0)] 2[ a-SiW;1,04o] :

G/ B NVER ERIER AT 7 R ER[Au(RS-pyrrld) {P(m-MePh);} ]2 ¥ 7 v a A X v
WA L 72, ~7 v Jilf Si @ Keggin B AR U BT Hu[a-SiW ,040]-10H,0 % T ¥
Jo—=v s ik =5 1IREWEBICHEMLUTCEKRE, ELVHEN 81 &b Ko,
BONTEK%Z A L slow evaporation 32 Z & CHREAEH 7 10 v 7RG %257
(B 71.4%),

8[Au(RS-pyrrld) {P(m-MePh)s}] + Ha[0-SiW 2040] + 2H,0 —
[(Au{P(m-MePh);})s(n4-0)]2[a-SiW,040] + 8RS-Hpyrrld

[(Au{P(m-MePh)3}),(1s-0)] [ a-SiMo1,04] :

G/ B NVER ERIR AT 7 R ER[Au(RS-pyrrld) {P(m-MePh);} |2 ¥ 7 v a A X v
W iR L Wi, ~7 v il Si ® Keggin B U 7 KK U R
Hy[a-SiM02040]-12H,0 & = & / — )b« fliK =5 1 ROEEICEMR LI EkKE., €L
A8l £ L2ICMA, MIRIEHIECTKIGSEDZ ETHABGH T v v 7 IRiEM
2157 (I 46.7%).

8[Au(RS-pyrrld) {P(m-MePh);}] + Hs[a-SiMo0,,04¢] + 2H,0 —
[(Au{P(m-MePh)3})4(n4-0)]2[a-SiMo0;,04¢] + 8RS-Hpyrrld
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X-Ray Crystallography

[(Au{P(m-FPh)3})(14-0)] [ { (Au{P(m-FPh)3})>(1-OH)}>] [ @-PM0;,040] > 4EtOH

AR FEW-O 2 G ARAT7 7y &ML 7 A% — "2k u-OH ETHEBINT
RAZ7 7o) iR _BEoM 2y o2 —hTF 4T H~Talf PO
Keggin Ml E Y 7 RARVBEThoTz, (D)UY T AZ — T A OEL, =
TH LM LI LD C M Th o lo, &) KR BIED T4 v oMk
X, —o0& () RN AT AT &1k L 7= parallel-edge arrangement @ . & {K
72 ot, MR EtOH 1X CHN ST # /34T, TG/DTA, 'H NMR 22 HRE L TH 0 | ik
AT TIX disorder D72 T VA TCE o, £ m-L®—FH O F % disorder L T
Wiz,

Polyhedral representation
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P1
P4

-::‘.1'-0:-:_’-
O//”' Au? AU3

P2 P3
Structure of [(Au{P(m-FPh);})4(ns-0)]*"

Bond Lengths (A) Bond Angles (°)
Aul---Au2 2.9513(7) Au2-0O1-Au3 109.3(3)
Aul--Au3  2.8978(7) Au2-Ol-Aud  126.2(4)
Aul--Aud  2.8582(7) Au3—Ol-Aud  123.6(4)
Au9--Aul0  2.9293(8) Aul0-02-Aull  117.4(4)
Au9---Aull 2.8719(8) Aul0-02-Aul2 116.2(4)
Au9---Aul2  3.0815(7) Aull-02-Aul2  126.4(4)

Bond Lengths (A)

Au5--Au6  3.0032(7)
P8
ﬁ Au5--Au7  3.2921(7)
03
4 Au6---Au8  3.3454(7)
Aub Aug
yf ) Au7--Au8  3.0273(8)

P6
// Aus Au?
‘//

Chapter 6

Au5-03-Aub6

2+
Structure of [{(Au{P(m-FPh);}),(u-OH)},] AuT-O4-Aug

g o4 Bond Angles (°)
P5

92.4(3)
92.8(4)
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MmEEP T, GO 72X =D F A a0 R RED T A T,
ETNETNRYVEET =4 & DOH T AuOpon & OH"Opom @ FEE DM AAEH 23 A 5
Nl TOMABAERICEV DN A2 = FF L EED BT Coy HFRIZARD
4 (1) K85 IR — &K B F 4 1L parallel-edge arrangement ® @K N ZENL STV D
LEZLND,

Auy - Opoy interactions

Interactions (A)

Au3---06 2.944 Aull---045 3.112
Au4---05 3.142 Aull---046 3.022
Au4---06 3.135 Aull---057 3.046
Au4---017 3.087 Aul2---047 3.122

Au5---037 2.946

Aug8---075 2.853 03---028 3.021
Aul0---045 3.179 04---065 3.044
Aul0---047 3.141 04---075 3.193
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[(Au{P(m-FPh)3})s(14-0)] [ a-SiMo 1,0 49] “4H,0:

BEHRFN-O0 2508 E Y JAX—% Wy X —hF 4+ T Hr~T a1
Si @ Keggin EV 7 RRIVME Cholz, GO 7 A X — 0 F 4 OfEEIL,
Aug-m-F-PMo L [ D C3, A TH o7y m- AL D—HD F 7 disorder L THH ., AV
e 7 = I 2D disorder L TNz,

Structure of [(Au{P(m-FPh);})4(ns-0)]1*" Polyhedral representation

Bond Lengths (A) Bond Angles (°)
Aul--Au2  2.9415(10) Au2-O1-Au3  123.6(5)
Aul--Au3  2.9904(10) Au2-Ol1-Aud  120.0(5)
Aul--Aud  2.8930(10) AW-Ol-Aud  116.1(4)

Interactions (A)

Au2---04 3.144
Au2---012 3.02
Au3---02 3.098
Au3---017 3.08
Au4---016 2.92

Auy - Opoy iInteractions

147



Chapter 6

[(Au{P(m-MePh)s}),(14-0)] 2[ a-SiW;1,04o] :

BB FEN-O0 2508 JAX—% h v X —hF 4+ T Hr~T a1
Si @ Keggin AV @EThHho7o, EOWMUEY 7 RAX =0 F 4 OHEEIL,
Aug-m-F-PMo X° Auy-m-F-SiMo & FEE D Cy, R B TH o 72, JEHEH D =D D Au 156 PR
EIZE VBN D -0, B2 Cyy M FR(Au—0-Au A 1200% & > T\, £72R U ER
T =4 UE KDY disorder L TN,

Structure of [(Au{P(m-MePh);})s(ps-0)]*" Polyhedral representation
Bond Length (A) Bond Angle (°)
Aul--Au2 2.9524(7) Au2-01-Au2’ 119.96(3)

Interactions (A)

Au2---03 3.178
Au2---07 2.995

Auy - Opoy interactions
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[(Au{P(m-MePh);})(114-0)] 2 a-SiMo0;,040] :

BB FN-O0 2508 JAX—% Wy X —hF 4+ T Hr~T a1
Si @ Keggin EV 7 RRIVME Cholz, GO 7 A X — 0 F 4 OfEEIL,
Aug-m-Me-SiW L R ER D B2 Cyy M ThH o/, RNV BT =F T2k n
disorder L CTW/=, RUMBEKEZHEK T HEBW & Mo)lx, mizEHRLIZFARAT 7
VBN EEDENI TAZ =T AU EOBRICTITEE LN ERHL TR

—

> 7,

Structure of [(Au{P(m-MePh);})4(pns-0)1*" Polyhedral representation

Bond Length (A) Bond Angle (°)
Aul-Au2  2.9499(3)

Au2-01-Au2’ 119.985(8)

Interactions (A)

Au2---02 3.144
Au2---04 2.930

Auy - Opoy interactions
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CHN Elemental Analysis and TG/DTA

[(Au{P(m-FPh)3})s(ps-0)] [ {(Au{P(m-FPh)s})>(u-OH)}>][a-PMo;,04] > 4EtOH:

HRE il X SRS S AT CHERE S AVTSMLERIS . B & LT 4 0 EtOH % N % 72 #H A%
THEUMEEFHHEMA —F Lz, 4 M0 EtOH 1. KAE F THIE L7 TG/DTA O H
Exfis LTz,

C H N O F P Mo Au

Found 26.35 1.15 0.06
Caled. 26.76 1.70 — 14.00 6.80 4.31 22.90  23.51

[(Au{P(m-FPh);})s(14-O) J2[ {(Au{P(m-FPh)3})2(n-OH)}2][a-PM01,040],-4EtOH
= C224H79033F36P 14Mo02sAuy,

Weight loss  1.99% below 261.3 °C
Calcd. 1.83% for 4EtOH

[(Au{P(m-MePh)3})(1s-0)] :[ a-SiW ;50 4] :
BAAE L X MRS S MRAT CRESR S V7ML T & R A — 2 L 7=, B Fn 2%
Z . KAJEFTHIZE L TG/DTA OFEHR L 5t L T,

C H N O Si P ' Au

Found 28.68 2.17 0.07
Caled. 29.17 2.45 — 9.71 0.41 3.58 31.89  22.78

[(Au{P(m-MePh)s})s(pn4-0)]5[a-SiW2040] = Ci68H 163042581, PsWirAug

[(Au{P(m-MePh)3}),(us-0)] [ a-SiMo 1,0 4] :
BARE S X MRS ST CHEGR S UM pk CEMME & RS — & L7z, WEFf 8y
. K&AJEFCTHIZE L TG/DTA OFEHE L5t LT,

C H N 0) Si P Mo Au

Found 34.35 2.70 0.10
Calcd. 34.42 2.89 — 11.46 0.48 4.23 19.64  26.88

[(Au{P(m-MePh)s})4(pns-O)]r[a-SiM0,040] = C163H 16804251 PsMo,Aug
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Solid-state CPMAS *'P and Solution *'P{'H} NMR:

[ AR BE Tl . Aug-m-Me-SiMo DR 2 7 7 VAL FIC RS BV — 27 X AR Y —7
THEM S, ZHIIHEIEMAT CHRB S NIESEMA P xR LTBY, Kl =D
D AulZEANL L7 P ETES D Au lZEAL L7Z PIZH T 5,

DMSO-ds ' TiZ. Aug-m-F-PMo & Aug-m-F-SiMo T main £ — 727 L L THAT 7
B IS =7 BN — KB E— 7 TR &7z, Auyg-m-F-SiMo |£ 7 7 — K72 v°—
IRBRENTVDER, ZTHIERENENEZED EEbND, &0ONET 7 A% —hF
F v DI EE T Aug-m-F-SiMo L [t (WK 7 2% — B FH 2 L&) kK
BRI F A DO & E T Aug-m-F-PMo X chemical shift 23 212872 - Tuhiz,
ZD7H Aug-m-F-PMo (&MU Y 7 A% —h F A4 & &0) sk &K F 4
VOB TOHEWKENE Z > TWD 720, Aug-m-F-SiMo T8 (DNEE 7 7 A X — D F
FroEBHEOZD T EFR —ARE—7 TSN EEEZLND, £ 72 43.5 ppm
312 minor B — 7 BB SN TE Y . Auy-m-F-PMo & Auy-m-F-SiMo |3 DMSO-d;
HTOREMEDENEEBEb %,

Aug-m-F-PMo ORIV 7 =F 2K S5< B — 27X main ¥ — 7 O M2 minor &2 — 7
bEBl S, €Y 7 AV EEO DMSO-ds #F CTOREMENKLS . FA 7 7 VEANL T
WHEAS< minor B — 7 BBl SN2 & E b T 5,

26.31

-3.23

17.4
25.67

40 20 0 -20 ppm 60 40 20 0 -20 ppm

Solid-state CPMAS *'P (left) and Solution *'P{'H} (right) NMR spectra
a) Auy-m-Me-SiMo, b) Auy-m-F-PMo, c) Auy-m-F-SiMo
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FT-IR:
Aug-m-F-PMo & Auy-m-Me-SiW, Auy-m-Me-SiMo T RS-pyrrld @ C=0 {5 4 8 (2 &
DLKIREINN U FBHELTEBY, LR L 72, a-Keggin ARV F &I K5 < IR
BNy RICIZE e n ot~y ZHIZPNMR OfER L G LTW5D,

C=0 X-0 M-0O
Auy-m-F-PMo — 1062 957, 876, 812
Auy-m-Me-SiW — 921 970, 881, 805
Auy-m-Me-SiMo — 902 947, 861, 794

Solution 'H NMR:
Aug-m-F-PMo & Aug-m-F-SiMo T RS-pyrrld ICH S B — 27 AL TR Y . Bl
ZHER LT7-, Aug-m-F-PMo TIZEB O EtOH (2 S B— 7 BREH S iz,

EtOH Ph
Auy-m-F-PMo 1.09(t), 3.38(q) 7.35-7.57(m)
Auy-m-F-SiMo 7.37-7.72(m)

t: triplet, q: quartet, m: multiplet
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Chapter 6
6-4. Conclusion

Tz VEDO miEk F CEBRLERAT 7 VA FE2 B0, &)/ IVR IR A T
7 VR IR [Au(RS-pyrrld) {P(m-FPh);} 1 & ~T 1 J&+ P @ Keggin B U 7 F&R U B O
free acid ! H;3[a-PMo;,040]-14H,0 & OGS, RIGEFE n-0 Z 5o Hm A 7 7 41
Wk 5 A% —Lu-OH ETEBENTE-RR T 7 080 BiSK _BEOW 207
X — J F A v L F % Keggin ® = VU 7 F K U B B
[(Au{P(m-FPh);3})4(ps-O) 12 [ {(Au{P(m-FPh);}),(u-OH)},][a-PMo,,040],-4EtOH % JE ik & &
o Zx=VEOBBMNELEOEZEED 7 72X —(LICEELZ RITT L E2H LT
L7z, @) R BRI T A IIR VBT =42 & OMIZ AuOpoy & OH--Opoum
DODHEEARY, ZTOMAEEHICLVZELINLTWD EEbRLS,

L)/ IR IR AT 7 v RS [Au(RS-pyrrld) {P(m-RPh);}] (R = Me, F)& ~F 1 J§
¥ Si @ Keggin MR U BRI D free acid ! Hy[a-SiM,040]-nH,0 (M = W, Mo) & O i 7> 5
T, WThoH AL EBBREWLO 250820 NBE Y 7 2% — 0 F 4
[(Au{P(m-RPh);})4(ns-O) > NI K S 7=, ~FT o i+ Si O Keggin BR U Bz A %
L EBMATURAENy XU T OEDE)UE I TAZ =R INGNWEEZE X BN D,

AUEHELETCH-TH, 7=V EOBEBBMNEIZL > TE&OEEFED 7 7 2% — ()
HBiprZ xR L, THNEEBEICIIMAEERARRRLZTDTHY, FAT 7 v
B+ EEEED 7 T AX —{LicG 25220 —2%P 6L,

A

Tetragold(I)oxonium cluster cations and dimeric dimer gold(I) cation

153



Conclusion

Conclusion

Chapter 1

V7 MMEDPIRFEN—FED ORFEZ BN/ IVEABE/IRAT 7 o REEERIT,
IV Au-O B Z b O OEGHITH VA R T OBRBENE Z 5, ZO0 VR ERE
L1 O LB %2 Keggin BN U B2 O free acid BUAFHE F TITW, KN Y BIEFE T TG
B0 2B RAT7 7 &)U TAX =T A 2R EIE, TOMEELHAL NI
L7,

SO FAZ =B F A TRV BT =4 EOMAEERHIZEDED LT Cyy
FRTH Y, H. Schmidbaur 5 OHE L TWD Ty R FREITENCTE D, ZTOZ LB 4
(DU 7 T AX —OEEITITRZTERH D . ZOBRIZIE K S U5 aurophilic interaction
NEHETOHLZ X R LT,

Chapter 2

YU BRH O acidity D BB E TR D 720, Keggin AR U B O Na ¥ 2 W CTA& () E
D7 T AL —(LafTW RBEBRFEWL-O 2G5 aUE s 7 A2 — L RGRFEN-O 25
te& (1) =K 27 7 A& — 7 aurophilic interaction CTHEHFE L7ZFA A7 7 &)L 7 A X
—NFAEEEREIE, TOBEEHLNCLEZ, EOEEEO 7 7 22 —({bBnK B
WIZHR<SIKFEL TR R Y BREO acidity 87 7 A% — LI BL2 5252 L2 RHL
7=

Chapter 3

RNYVBBOABMOELELR DD ~7T aJi1 Al L B D Keggin B AR U BRI D free
acid M ZHWTH(HEBEHD 7 7 A% —{b &2 TV, BIEEFZE -0 250K AT 7 o a(])
Wt 7 2 AKX =Mz, BIEFEORTEIZ=20FR A7 7 &=y NS L
TeRIVBT =Nl d7 722 —MbtEWERKkSE., ZOMEZH LN LT,
WRHPTEeOUEZE 7 ZFAZ = FF &=y POB THWRENE Z o
TV, &) 7AZ—DRRICHT 2R BEOKEE ZH LML, 7R BE
ATy b= RE LU 722 —BEROKBEERE LT,
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Conclusion

Chapter 4

RATZ7 7 VBN FOBEBBREOEELITNDLED, 72=VED p LB LIZH AT
7 VBN T EELEN)/ VR IR AT 7V RERE W, ZFEOP-OH TG S
NIRRT 7080 EEK BRI FA V2R ST, ToEEEZHL NI L, p-
AL D E L FL 12 L o T crossed-edge arrangement & parallel-edge arrangement @ . & A3 Z U
FNARH SN, RAT 7 VEMFLE)EBEHEDO 7 722 —(LICEBEEL 5252 L&A
L7z,

Chapter 5

() R BEOERICH TR BEOAEBMOLELFT D720, ~7T 1i
T Si D KegginME V7T KRRV L 7= VO p N EEBRLIZKAT 7 VBN T %2
GULEN)/INVRBRIRAT 7 o REEREH G, ZHEBEOU-OH R TRBINTEART 7
e R BRI TF A M ABIRA O T LI oDER AT 7 e
=v MBS Lf:?ﬁUﬁz??:th/i))f‘oﬁié7?X&*FEHEA%%%EEéﬁ T DREIE &
oMLz, @O KR _BELIFT AL OBMRICEH, FICRY BEOHELSR O R
MEETHLZ EEZ R L,

Chapter 6
RATZ 7 VB OBEBBREOEBRMNEBICLLIEZELZRRDLIED, 7==1VED mL %
@Ltfx77/%u%%aaémwa/Mﬁx77/ CBEIR A W 2R G R 3
W-O Z B ARAT7 7 BT 7 AZ =BT A R0p-0H ETRIBEISNTZARRAT 7 v
SR &R TF A 2R ESE, TOBEEZH LN LE, 7= L EOER
MEOEWICEVBRENDIENI TALX =BT AP ELRY RAT 7 VEANL T O
EHRILZ T Ch<ERMEDL 7 7 A —LICEEEZLH 252 2RI L,

Future Prospect

k2 70 Keggin AR VB LR AT 7 VA2 G L)/ VA EEIRAT 7 2 Rk
KORIEND, HIVRBREN T 2RI ED 2 TEERTAT 7 &7 7 AKX —
ﬁ%ﬁyﬁ%%%éﬁto:h%iﬁU@ﬁ&$X77VMﬁ%K%<%ﬁbkﬁﬁf
bole, ®OHHEEFED 7 7 A% —{LITIX, FFiZ MRiE OB O+ EHERHx %
LTWi=,

RUVEBE 27 7L — e LEEOEERED 7 7 A X —{LTiH., 2NnE TITEVWHL
WHEE DR AT 7 o &) T AXZ—DFF BN EN, Fiohbd)y 7 AX—04
WRiELE R VEL, E1-RA 770807 T AXZ —DOfERIE~DFBENMETE, K
el b OEEMBE~DISH LA BTSN D,

155



Supporting Information

Supporting Information

Abstract

ARETE~THR T Al L B O Keggin AV BBEOAKE, £HXy 772 E—v
a2 yOfERE, 7Y RAAT7 7 ra&)EKOEKE, fEX Yy 772V EE—2 a3 0
FERIZOWTRET D,
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S-1-1. Reagents / Analytical Procedures

Reagents

ISOTEC:

Deuterium oxide

Wako:
Aluminium(III) chloride hexahydrate
Boric acid
Potassium chloride
Sodium carbonate
Sodium tungstate(VI) dihydrate
Hydrochloric acid (6, 12M)
Sodium hydroxide (1 M)
Sulfuric acid (95%)
Diethyl ether

Analytical Procedures

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min

FT-IR:
Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature

Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer

Supporting Information

D,0O

AlCl;-6H,0
H;BO;

KCl

Na,CO;
Na,W0O4-2H,0
HCI ag.

NaOH ag.
H,S04 agq.
Et,0

"3W (20.0 MHz) 10 mm o.d. tubes, sat. Na,WO, aq. (5 = 0, external standard)

JEOL JNM-EX 400 FT-NMR spectrometer

TAl (104.05 MHz) 5 mm o.d. tubes, 0.1 M AICI; aq. (6 = 0, external standard)
183w (16.50 MHz) 10 mm o.d. tubes, sat. Na,WO, aq. (8 = 0, external standard)
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S-1-2. Synthesis

S-1-2-1. H5[a,ﬂ-AlW12040]-13H20

Procedure:
O Na,WO0,-2H,0 (M.W. = 329.85) 100 g (330 mmol)% H,0 400 mL |Z & fiE L 7=,

(1 {4535 B IR R
® 12MHClag.%# W T pH="7.7 {ZF#H% L 7= (ca. 23 mL), (JE 2,335 B ¥R )
@ B, AlCl;-6H,0 (M.W. = 241.43) 13.3 g (55.1 mmol)% H,0 80 mL |Z{&fi# L 7=,

(JE 2, 395 B ¥R
@ B EE90°0)TOIC@% 1hENTF T Dz, (F U W T )
® 1 hi#iE L7, (F1 7 B V8 R )
® BEETHEHZ., AT T 7404 —JG02um)TAHEBLT, (M £ 335 W V5 R
@ 95% H,S04 aq. % AW T pH =0 I % L 7= (ca. 20 mL), (6 8 #1035 A IR R
& 512 95% H,S04 ag. 3 mL % i 2 7=, (V% 35 ok 2, 325 8 R
© L HAMEWLZ, (W% S ok 10, 2 BV )
FHiE THlWB %, 95% H,SO4 ag. 147 mL % Nz 7=, (T E R IR)
O HEFTHRHH, Do — MIBLELOS00mL 2Nz BESIRVIEEL,

@ 30 min. H & L 7=,

(o, BiE: AaMsE, hie: AalE, ThE: RERAEHRER)
® & FE %5 EL L. evaporator (ca. 60 °C) TRIEHL[EH L 7=, (A FE 1K)
@ H,0 20 mL IZ& % E(ca. 80 °C) THEIAfR L 7=, (kB R IR)
O BEETHEHZ., AT T 74 0E2—JG02um)TAHEL,

(W ok 8 3% W VR IR
B F(>90 °C) T ca. 15 mL £ THIEEHE L 7=, (1 ok €2, 0% V8 1A 1K)
@ A7 T2 7 4% —0G0.2 um)TEIL L 72, (B & BIK)
HZEW A ShAiTo 7=, ((ERERVXEN)

Properties: F Ry, WM,

H,O0 IZ 5 &,

Yield: 66.9 g (78.2%)

Hs[o,B-AIW,040]-13H,0 (M.W. = 3112.26) T @ &t H fii,
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Characterization

TG/DTA:
R.T.-399.7 °C % TIZ H,0 IZH5< 7.60% D H & i,
Hs[a,B-AIW,040] - 13H,0: 7.52%

FT-IR:
1627(m), 1217(vw), 1056(vw), 961(s), 896(vs), 808(vs), 764(s), 546(w), 483(m) cm '

Solution *’A1 NMR (D0, 22.1 °C):
) 72.05 (a-isomer),
71.62 (B-isomer) ppm

Solution "W NMR (D0, 21.1 °C):
) —111.08 (a-isomer),
—-110.06, —118.12, —136.19 (B-isomer) ppm

S-1-2-2. Na5[a-AlW12040]-14H20

Procedure:
O Hs[a,p-AIW,040]-13H,0 (M.W. = 3112.26) 40.0 g (12.9 mmol)% H,0 50 mL ([Z¥&fi# L 7=,

(1 {2535 B IR R
@ AT T 740F—JG02um)THil L7, (I 0 325 W V5 0K
@ 0.2 M NaOH ag. 160 mL Z i1z, 1 M NaOH aq.%Z T pH=6.0 IZFHFE L 7=,

(1 4535 B IR
@ =HMERL I, (M 4375 W VR R
® HRETHEH%. 1 MNaOH ag.Z W T pH =65 IZFHE L 7=, (M £ 335 W V5 R
® i E(>90°C)T ca. 100 mL £ T L 7=, (JE 375 W PR )
@ —BRHEW LI, (JE 35 W VR R
i F THm % . evaporator (ca. 50 °C)T ca. 10 mL £ TEML7Z, (HEBREIEK)
@ HRFETHAK, HRET-BEKE L, (M 4,575 B HEL A o AT 1)
AT T 07 40 F—0G 0.2 um)THEIIL L 72, LR AN = RPN
@ HEZEW@EE 2hiTo 7, (R kA

Properties: H a3k,

H,O IZ AT %, EtOH 121,
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Yield: 11.4 g (27.3%)
Nas[a-AIW ,040]- 14H,0 (M.W. = 3240.18) T O & Hifii .

Characterization

TG/DTA:
R.T.-299.9 °C £ TIZ H,0 12} < 7.74% 0D & &,
Nas[a-AIW,040]- 14H,0: 7.78%

FT-IR:
1617(s), 1119(w), 958(vs), 904(vs), 797(vs), 757(vs), 637(w), 617(w), 530(w), 484(m)

-1
cm

Solution *’A1 NMR (D0, 23.1 °C):
) 72.11 ppm

Solution "W NMR (D0, 21.1 °C):
) —-112.07 ppm

S-1-2-3. H5[a-AIW12040]-12H20

Procedure:
D Nas[a-AIW,040]-14H,0 (M.W. = 3240.18) 10.0 g (3.09 mmol)% H,0 14 mL |[Z & fiE L 7=,
(1 {4,535 B IR R
@ 95% H,SO04aq. 5mL - < Wiz, (M £, 335 W V5 R
@ HEFTHHHE., Do — MIBLELO4mML 22 B<IRY IR,
@ 1hi@E L,
(ZJEIzoriE, bl mMaEe, P AaiigE, THE: BaEREIR)

® FHEZSEL, HO 10 mL %/ % 7=, (I €535 VA 1R
® evaporator (ca. 40 °C) CAFFL[EH L 7=, (B k)
@ HEZEWHEEZ 2hAT o7, (A &k E)

Properties: H R, WiEME,
H,O0, EtOH |Z 7] &,
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Yield: 8.17 g (85.4%)

Hs[a-A1W,040]-12H,0 (M.W. = 3094.24) T ® 3 HH,

Characterization

TG/DTA:
R.T.—500.0 °C £ TIZ H,0 12} 5< 7.09% 0D & &,
Hs[a-AIW,040]- 12H,0: 6.99%

FT-IR:
1625(m), 1224(w), 1056(vw), 965(vs), 905(vs), 798(vs), 757(vs), 530(m), 484(m),
472(m) cm’'

Solution *’A1 NMR (D0, 21.8 °C):
) 72.29 ppm

Solution '**W NMR (D0, 21.0 °C):
) —-111.05 ppm

S-1-2-4. Na5[,8-AIW12040]-11H20

Procedure:
O Hs[a,B-AIW,,040]-13H,0 (M.W. = 3112.26) 50.0 g (16.1 mmol)% H,0 100 mL [T A fi#E L
=, (J €8, 3% B IR R)
@ 0.75 M Na,CO3 aq. % T pH = 2.4 IZF#H % L 7= (ca. 50 mL), (I 2,335 B 5 9R)
@ evaporator (ca. 40 °C)TL EBDO M IENBH N T 5 £ TEM L 7=, (H R T )
@ WHE T BEKE LT, (¥4 35 ok E TR U T TR )
® HBTATZ7 4L H—(G4.0)THi L7z, (& 05 (% B A TR
©® evaporator (ca. 40 °C)T ca. S mL £ TEHM L 7=, KA REER)
@ WisET—BEkE LT, (R 35 ok L IR B VA IR
AT AT 4 NH—(G4.0)TlHEI L 7=, (¥ 35 ok . By 1K)
@ ® DKL 20.0 g Z H,0 5 mL IZHB F(ca. 60 °C)TIMERfR L 7=,
(W% 35 fok £ 38 VA IR
FIRETHME., MERET—BEHKEL T, (F EHLRE AT H)
@ HFT AT 4% —(G4.0)TEILL =, (AT AN E RN TN
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@ B2 % 2hiTo 7, (E @)

Properties: H ik,
H,0 (2 [ ¥R

Yield: 8.34 g (41.7%)
Nas[B-AIW,04]- 11H,0 (M.W. = 3186.14) T D # H fli

Characterization

TG/DTA:
R.T.-399.6 °C £ TIZ H,0 12} 5< 6.05% D & &,
Nas[B-AIW,040]- 11H,0: 6.22%

FT-IR:
1619(m), 965(s), 896(s), 799(vs), 759(vs), 541(m), 481(m) cm '

Solution "W NMR (D,0, R.T.):

) —110.13, —118.16, —136.16 (B-isomer),
—111.01 (o-isomer) ppm

S-1-2-5. H5[,B-AIW12040]'11H20

Procedure:

D Nas[B-AIW,040]-11H,0 (M.W. = 3186.14) 7.50 g (2.35 mmol)% H,0 20 mL [Z &M L 7=,
(1 535 B IR R )

@ 95% H,SO4aq. 5SmL ¥ > < W Ilx 7, (e £ 375 B VR 1R

@ FRECTHMAHE., SR — MIZBL EL,020mL M2 BR<IE YV IRE T,
@ 15 min. & L 7=,
(SR B, LR WEER, PR S aBEE, TR %SRS R R

® TRz LT, (R 35 ok 0.1 B VR R
® 7 v— hIlZ95% H,SO4ag. 1mLEZMMz., BE<IEVEETISmnFFE L7z,

(ZJElc oy, BB maEi, b AasBRE, TE: REREAEHIEKR)
@ TRERZDBL, =B 2FTOOHRIELZEEY KL,
EH7- TFE% 2 H,0 10 mL ML T7-. (8 5 ok t0. 15 BRI VR IR
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© evaporator (ca. 40 °C) TZAFEHL[E L 7=, R TS
B2 % 2 hAT o 72, (E1 8 1)

Properties: H B, WIRE,
H,0, EtOH T Al ¥,

Yield: 5.79 g (80.1%)
Hs[B-AIW ,040]- 11H,0 (M.W. = 3076.23)C @ it H fH,

Characterization

TG/DTA:
R.T.-500.0 °C % TIZ H,0 IZH5< 6.23% D H & .
HS[B-A1W12040]'11H20: 6.44%

FT-IR:
1626(w), 1232(vw), 1173(vw), 1059(vw), 975(vs), 903(vs), 797(vs), 743(sh), 593(w),
580(w), 539(m), 479(m), 417(vw) cm '

Solution '**W NMR (D,0, R.T.):

) —109.50, —117.54, —135.66 (B-isomer),
—110.50 (a-isomer) ppm

S§-1-2-6. Ks[a-BW;,;04]-8H,0

Procedure:
O Na,WO0,-2H,0 (M.W. = 329.85) 100 g (303 mmol)% H,0 100 mL |Z & fiE L 7=,

(I €5 % B I 1R
@ H;BO; (M.W. =61.83) 5.00 g (80.9 mmol)% Il 2 7=, (I 2,335 W 5 %)
® 6 M HCl ag.% T pH = 6.0 I[C7H4% L 7= (ca. 60 mL), (I 2,335 B ¥R
@ 4hiEW LT, (I 2,335 B8 R
® BEETHEHE., AT T 7 4% —JG02um)THil L7, (& 0% IR
® 6 MHClag. %\ C pH=2.0 ICFR¥EE L /-, (B B 18 B ¥ T 1)
@ 1hi&W L7, (W 35 1 EL U W I TR )
FRETHEBH., A7 7074002 —0G02um)THil L7, (M £ 335 W V5K
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© KCI (M.W. = 74.55) 20.0 g (268 mmol)% Il X 7=, (F R B TR IR
W7 AT 4 VH—(G4.0)THITL 7=, (A @B )
@ H,0 25 mL (23 E(ca. 80 °C) THIEAER L 7=, (I 2,335 B 5 R
@ FRETHOH, HRET - BEMRE LT, (M 2,575 B HEL A o AT 1)
® HFAT 4% —(G4.0)TEILL =, (AT AN =R TN
B2 A 2 hAT o 72, (H &)

Properties: H 3K,
H,0 12 ¥R,

Yield: 29.3 g (36.3%)
Ks[a-BW,040]-8H,0 (M.W. = 3196.46) T O & Hifif ,

Characterization

TG/DTA:
R.T.=500.0 °C % TIZ H,0 (25 < 4.49% D H & i,
Ks[a-BW;,040]-8H,0: 4.51%

FT-IR:
1619(m), 1002(m), 959(vs), 907(s), 808(vs), 615(vw), 509(w), 423(vw) cm '

Solution '"**W NMR (D0, 21.6 °C):
) —130.43 ppm

S-1-2-7. H5[a-BW12040]-14H20

Procedure:

@ Ks[a-BW,040]-8H,0 (M.W. = 3196.46) 5.00 g (1.56 mmol)% H,0 15 mL ([Z{&fiE L 7=,
(I 2335 B TR TR

@ 95% H,SO4aq. 5SmL ¥~ < W Ilx 7, (e £ 375 B VR 1R

® =R FETHlmk., D — MCBLELO30mL 22 BRIRY IRE T,

@ 1 h#FELTZ,

(ZBIoeE, bE: ®aEy, fig: AamMB%E, TE: B0 EHRK)
® TEZ45E L. HO10 mL 2% 7=, (8 B fok 0 P R VB TR 1R
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® A7 F7r7 4% —0V0.1lum)TAHi L7, (I 2,335 B R
(@ evaporator (ca. 40 °C) TR L [EH L 7=, (H @A)
BH2ZH A 3 hAT o T2, (A &k )

Properties: H Ay, W,
H,0, EtOH 2 Al ¥,

Yield: 2.81 g (57.8%)
Hs[a-BW,040]-14H,0 (M.W. = 3114.10) T O 7+ HL i ,

Characterization

TG/DTA:
R.T.-500.0 °C £ TIZ H,0 1T 5< 7.96% D & &,
H5[(1-BW12040]'14H202 8.10%

FT-IR:
1613(w), 1230(w), 1165(vw), 1060(w), 1004(w), 959(s), 913(s), 806(vs), 593(w),

528(w), 510(w), 426(vw) cm '

Solution "W NMR (D0, 21.3 °C):
) —130.62 ppm
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S-2-1. Reagents / Analytical Procedures

Reagents
Alfa Aesar:
Tris(m-fluoridophenyl)phosphane P(m-FPh);
Cica:
Tris(p-methylphenyl)phosphane P(p-MePh);
Tris(m-methylphenyl)phosphane P(m-MePh);
ISOTEC:
Chloroform-d CDCl;
TCI:
2,2’-thiodiethanol S(C,H4OH),
Wako:
Tetrachloridoaurate(III) tetrahydrate H[AuCl4]-4H,0
Tris(p-chloridophenyl)phosphane P(p-CIPh);
Tris(p-fluoridophenyl)phosphane P(p-FPh);
Chloroform CHCI;
Methanol MeOH

Analytical Procedures

CHN Elemental Analysis:
PerkinElmer 2400 Series Il CHNS/O Elemental Analyzer

TG/DTA:
Rigaku Thermo Plus 2 series TG/DTA TG 8120

under air, room temperature to 500 °C, 4 °C/min.
FT-IR:

Jasco FT/IR-4100 Spectrometer

KBr disks, under air, room temperature
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Solution NMR:
JEOL JNM-ECP 500 FT-NMR spectrometer
'"H (500.00 MHz) 5 mm o.d. tubes, TMS (8 = 0, internal standard)
'P{'H} (202.00 MHz) 5 mm o.d. tubes, 25% H3PO4 aq. (8 = 0, external standard)

S§-2-2. Synthesis

§-2-2-1. [AuCI{P(p-MePh);}]

Procedure:

o)

)

©

® 6 60®0e e ®

H[AuCl,]-4H,0 (M.W. = 411.85) 1.00 g (2.43 mmol)% H,0 10 mL (2K b CTH M L 7=,
(35 1035 IR IR)
S(C,H4,OH), (M.W. =122.19,d=1.18 g cm °) 770 pL (7.44 mmol) % fll % 7=,
(HARE — |EEEK)
B, P(p-MePh); (M.W. = 304.37) 0.761 g (2.50 mmol)% CHCl; 20 mL ([Z¥&fi# L 7=,

(I €8 3% B R
@iz@%E Mz 7=, (F1 B R V8 R )
FHIRT1IhE LB LE, (SRR C RN
SEe—MIBL, TEEZSELE, (& % IR
evaporator (ca. 30 °C) CZFEHL[E L 7=, (B B A A L)
MeOH 15 mL Z# il 2 5 min ¥R L 72, (F 2 0% 8 s R
AT T 7 40 F—JG 0.2 um)TEIIL L 72, (B & BIK)
MeOH 10 mL T 2 [ L 72,
B A 2hAT o T2, ((ERERVIXLS)

Properties: H a3k,

CHCl;, CH,Cl,, Et,0 12 A[ ¥, MeOH T #E ¥,

Yield: 1.05 g (80.5%)

[AuCl{P(p-MePh);}] (M.W. = 536.79) T ® 5 i,
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Characterization

CHN Elemental Analysis:
C H N P Cl Au

Found 46.96 3.76 0.08
Caled. 46.99 3.94 — 5.77 6.60 36.69
Calcd. [AUCI{P(p-MCPh)g,}] = C21H21P1C11Au1

TG/DTA:
R.T.-255.6 °C & TITIRBFICE S EEWE L,

FT-IR:
1754(vw), 1648(w), 1597(m), 1559(w), 1497(s), 1444(w), 1396(m), 1381(w), 1350(w),
1309(m), 1270(w), 1213(vw), 1188(m), 1121(vw), 1102(vs), 1037(w), 1018(m),
970(vw), 951(w), 843(vw), 806(vs), 707(m), 648(s), 632(m), 620(s), 531(vs), 509(vs),
502(vs), 443(m), 433(m) cm '

Solution '"H NMR (CDCl;, 26.0 °C):
8 2.40 (9H, s, Me),
7.24-7.41 (12H, m, Ph) ppm

Solution *'P{'H} NMR (CDCl;, 26.6 °C):
) 31.18 ppm

S-2-2-2. [AuCl{P(p-FPh);}]

Procedure:
O H[AuCl,]-4H,0 (M.W. = 411.85) 1.00 g (2.43 mmol)% H,0 10 mL {2k E TR L 7=,

(F 0 % R IR)
@ S(C,H40H), (M.W. =122.19,d=1.18 g cm ) 770 pL (7.44 mmol)% M Z 7=,

(HAaRE — |aEHER)

@ B, P(p-FPh); (M.W. = 316.26) 0.791 g (2.50 mmol)% CHCl; 20 mL (Z{&fi# L 7=,

(HE 4,535 B SR
@ @Iz@EMx T, (E IR B 7R IR
® TR T1hWMLIBEHBLE, (F1 7 B V8 R )
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® ke — RMiZBL, TRZOmL 7, (JiE 5, 395 B R
(@ evaporator (ca. 30 °C) TR HL[E L 7=, (A @B )
MeOH 15 mL Z# il 2 5 min ¥k L 7=, (SRERS! PR3]
@ AT T2 7 4% —(JG 0.2 um)TEIYL L 7=, (B ki)
MeOH 20 mL T 2 B ¥E% L 7=,

@ HEZEWEE 2hAT -7, (R kA

Properties: H k3K,
CHCl;, CH,Cly, Et,0 I AJ %, MeOH 12 #E ¥,

Yield: 1.22 g (91.5%)

[AuCl{P(p-FPh);}] (M.W. = 548.68)C ® 3} % i,

Characterization

CHN Elemental Analysis:

C H N F P Cl Au

Found 39.32 1.89 0.01
Calcd. 39.40 2.20 — 10.39 5.65 6.46 35.90

Calcd. [AUCI{P(p-FPh)g.}] = C18H12F3P1C11AU1

TG/DTA:
R.T.-209.5 °C & CTITEBEFICE S EEWME L,

FT-IR:
1783(w), 1765(w), 1657(w), 1588(vs), 1496(vs), 1395(s), 1354(w), 1302(m), 1281(w),
1232(vs), 1158(vs), 1103(vs), 1013(m), 967(w), 950(w), 941(w), 837(s), 826(vs),
709(w), 639(m), 619(w), 536(vs), 525(s), 517(s), 492(w), 450(s), 443(s), 409(w) cm '

Solution "H NMR (CDCI;, 24.4 °C):
) 7.20-7.54 (m, Ph) ppm

Solution *'P{'H} NMR (CDCl;, 25.5 °C):
) 30.70 ppm

169



Supporting Information

§-2-2-3.  [AuCl{P(p-CIPh);}]

Procedure:
D H[AuCly]-4H,0 (M.W. = 411.85) 1.00 g (2.43 mmol)% H,0 10 mL (2K b T L 7=,
(¥ B35 I R
@ S(C,H40H), (M.W. =122.19,d=1.18 g cm ) 770 pL (7.44 mmol)%& il Z 7=,
(FHERE > EAFIER)

@ B, P(p-CIPh); (M.W. = 365.63) 0.914 g (2.50 mmol)% CHCl; 20 mL I[Z&f# L 7=,
(JE 2, 395 B 5 R
@ @IzO®EMz T, (F 35 08 V8 TR )
® R T1hBMLIBEHBLE, (F & 35 08 V8 TR )
® e —rCBL, TREZ2OmBLI, (M 437 W IR R
@ evaporator (ca. 30 °C) CAFFL[EH L 7=, (I 255 B A A L)
MeOH 15 mL % /Il 2 5 min. ### L 7=, (B & 0% R
@ AT T2 7 4% —AV0.1 um)THEIN L 7=, (H @A)
MeOH 10 mL T 2 [A[#¥% L 7=,
@ HEZEd % 2 hAT -7, (ERERVXEN)
Properties: H &K,
CHCl;, CH,Cly, Et,O IZ AJ ¥, MeOH 12 # %5,
Yield: 1.28 g (88.1%)
[AuCI{P(p-CIPh);}] (M.W. = 598.05) T O & i fii ,
Characterization
CHN Elemental Analysis:
C H N p Cl Au
Found 36.14  1.67 0.08
Caled. 36.15  2.02 — 5.18  23.71  32.94

Calcd. [AUCI{P(p-CIPh)3}] = C18H12P1C14Au1

TG/DTA:
R.T.-222.3°C &£ CITIRBFICE S EEWEL,
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FT-IR:
1667(w), 1574(s), 1560(m), 1478(vs), 1387(s), 1298(w), 1270(w), 1181(w), 1135(w),
1118(vw), 1086(vs), 1011(s), 948(w), 817(s), 750(vs), 703(w), 634(w), 567(s), 505(m),
493(s), 455(w), 404(w) cm'

Solution "H NMR (CDClI;, 26.4 °C):
) 7.42-7.47 (m, Ph) ppm

Solution *'P{'H} NMR (CDCl;, 27.1 °C):
o 32.87 ppm

S§-2-2-4. [AuCl{P(m-MePh);}]

Procedure:
O H[AuCl,]-4H,0 (M.W. = 411.85) 1.00 g (2.43 mmol)% H,0 10 mL {2k E TR L 7=,
(35 1035 IR IR)
@ S(C,H40H), (M.W. =122.19,d=1.18 gcm ) 770 pL (7.44 mmol)% M Z 7=,
(HEaRE > |EEEK)

@ Bi&. P(m-MePh); (M.W. =304.37) 0.761 g (2.50 mmol)% CHCl; 20 mL (Z¥&fi# L 7=,
(I €5 1% B )
@ @It®EMx T, (F1 1 B V8 R )
® =|ET1h#MLHEEL (F1 B R V8 TR )
® ke —riZBL, TRZOBL 7, (JE 5 395 B R
@ evaporator (ca. 30 °C) CAFFL[E L 7=, (A B A)
MeOH 15 mL Z# il 2 5 min. f##2 L 72, (F 2 0% B Vs R )
@ A7 T 7 4% —(G0.2 um)TEIY L 72, (ERERVXES)
MeOH 20 mL C 2 B ¥ L 7=,
@ HEZEWEE 2hAT -7, (AR A)

Properties: H a3k,
CHCl;, CH,Cly, Et,0 I [ %, MeOH 12 #E ¥,

Yield: 1.17 g (89.7%)
[AuCl{P(m-MePh);}] (M.W. = 536.79)C ® 7} H .,
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Characterization

CHN Elemental Analysis:

C H N P Cl Au

Found 46.86 3.75 0.08
Caled. 46.99 3.94 — 5.77 6.60 36.69

Calcd. [AUCI{P(H’Z-MGP}I)3}] = C21H21P1C11Au1

TG/DTA:
R.T.-240.8 °C & CTITIRBFICE S EEWE L,

FT-IR:
1592(w), 1475(w), 1449(w), 1408(w), 1377(vw), 1311(vw), 1276(vw), 1220(vw),
1173(vw), 1107(s), 1038(vw), 996(w), 933(vw), 912(vw), 889(vw), 861(vw), 795(m),
782(s), 694(vs), 566(m), 548(w), 489(w), 467(m), 452(m), 426(vw) cm '

Solution "H NMR (CDClI;, 26.6 °C):
) 2.35 (9H, s, Me),
7.21-7.41 (12H, m, Ph) ppm

Solution *'P{'H} NMR (CDCl;, 26.8 °C):
) 33.28 ppm

S-2-2-5. [AuCl{P(m-FPh);}]

Procedure:
@ H[AuCl4]-4H,0 (M.W. = 411.85) 1.00 g (2.43 mmol)% H,0 10 mL (Z k¥ bk T L 7=,
(F 0 % IR
@ S(C,H40H), (M.W. =122.19,d=1.18 g cm ) 770 pL (7.44 mmol)% il Z 7=,
(HAaRE — |aEVER)
@ B, P(m-FPh); (M.W. = 316.26) 0.791 g (2.50 mmol)% CHCIl; 20 mL (2 fi# L 7=,
(JE 2, 395 B 5 R
@iz@zEmMz 1=, (F 35 08 V8 1R )
FIRT1IhB LB LL, (F 35 08 V8 TR )
e — B L, TEEZSBLTE, (M 4575 W PR R

® © 6
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(@ evaporator (ca. 30 °C) TR HL[H L 7=, (A BB E A A V)
MeOH 15 mL # /il 2 5 min. 4k L 7=, (F 2 9 VB 5 TR
@ AT T2 7 4% —(0G0.2 um)TEIYL L 72, (B ki)
MeOH 20 mL T 2 [A[ ¥ L 7=,

@ HZEdGE%  2hiTo 7, ((ERERVXEN)

Properties: H @K,
CHCls, CH,Cl,, Et,0 IZ A ¥&, MeOH IZ ¥ A,

Yield: 0.99 g (74.2%)
[AuCl{P(m-FPh);}] (M.W. = 548.68) C ® 7t R &,

Characterization
CHN Elemental Analysis:
C H N F P Cl Au
Found 39.46 2.12 -0.01
Calcd. 39.40 2.20 — 10.39 5.65 6.46 35.90
Calcd. [AuCl{P(m-FPh);}] = C;sH,F3P,Cl;Au,
TG/DTA:

R.T.-209.9 °C & CTITEBEFICE S EEWE L,

FT-IR:
1742(w), 1712(w), 1601(s), 1580(vs), 1522(w), 1475(vs), 1422(vs), 1306(w), 1268(vs),
1224(vs), 1165(m), 1124(w), 1094(vs), 1069(w), 999(m), 915(w), 891(s), 873(s),
784(vs), 682(vs), 587(s), 570(m), 523(s), S08(s), 482(s), 471(s), 438(w), 411(w) cm '

Solution "H NMR (CDCl;, 25.5 °C):
) 7.14-7.52 (m, Ph) ppm

Solution *'P{'H}) NMR (CDCl;, 26.1 °C):
o 3475 (d, J=4.3 Hz) ppm
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