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Syntheses, Structures, and Four-Electron Donor Ability of Carbones
Stabilized by Phosphorus, Sulfur, and Selenium Ligand

Tomohito Morosaki

In accordance with the concept of green chemistry, it is an essential component of molecular science and
technology in 21* century that the development of the practical active transition-metal catalysts enables the
atom economic processes and sustainable molecular transformations.  Control over the electron-donating
ability and coordination geometries of ligands are of critical importance for optimization of the catalytic
activity of transition-metal-based complexes.  Divalent carbon(0) species (carbones) have been recognized
as exhibiting four-electron donor character. At this stage, these carbones are still largely regarded as a
laboratory curiosity, rarely used for supporting metal-mediated catalytic reactions.  Thus, the improvement
in the synthetic methods and fine-tuning of structural and electronic diversity of carbones might extend their
utility into the realm of organometallic chemistry and catalysis.  The electron-donating ability of carbones
should be tuned by the replacement of the ligands. ~ This dissertation describes the syntheses and structures
of several carbones bearing phosphorus, sulfur, and selenium ligands exhibiting four-electron donor ability and
investigation of their electron-donating properties.

Sulfur and selenium ligand stabilized carbones (iminosulfane(sulfane)carbon(0) (iSSC) and
iminosulfane(selenane)carbon(0) (iSSeC), respectively) are synthesized. = The four-electron donor ability of
these carbones are demonstrated by the structure of the corresponding diaurated and proton-aurated complexes;
this constitutes the first experimental proof of these carbones behaving as four-electron donors.  Density
functional theory (DFT) calculations and cyclic voltammetry (CV) measurements revealed that the electron-
donating ability of these carbones and (bis(iminosulfane)carbon(0) (BiSC) follow the order of BiSC< iSSC <
iSSeC. Furthermore, there were synthesized that iminosulfane- and phosphane-stabilized carbone
derivatives (iminosulfane(phosphane)carbon(0): iSPCs (RR’,P—C<«=SPhy(=NMe), R = Me, R’ = Ph: iSPCh;
R =R’=Ph: iSPCpi; R = R’ = 4-MeOCsH4: iSPCcsnaome; R = R” = 4-(Me2N)CsHa: iSPCcshanovey2) bearing the
electron donating substituents on the phosphorus ligands. The molecular structures of corresponding
diaurated and proton-aurated complexes were determined by X-ray crystallography.  DFT calculations and
CV measurements disclosed the electron-donating ability of these carbones follow the order of iSPCye =
1ISPCph < iSPCcsmsome < iISPCesnanemer2.  Therefore, these results revealed that the electron-donating ability
of the central carbon in carbones can be easily tuned by the replacement of the S ligand with a S" or Se"
ligand and introducing electron-donating substituents onto the ligands.

The multinuclear metal-carbone complexes are synthesized by taking advantage of the o- and m-donating
ability BiSC, iSSC, and iSSeC and imine nitrogen on iminosulfane substituent.  In these multinuclear
complexes, iISSC and iSSeC exibit K*C,N and x*C,C’,N coordination modes and BiSC adopts «*C,C’,N,N’
coordination. These multinuclear complexes not only reveal the four-electron donor ability of these
carbones but also, more importantly, provide the first experimental proof of carbone acting as a multidentate
ligand for multi-cation clusters. These complexation behavior of carbones indicate that the introduction of
appropriate o-donor substituents on the ligand enables the formation of two or more metal cluster complexes
bearing carbones as new chelating ligands.

These methodologies are open up numerous possibilities for the fine-tuning of electron donating ability of
carbones and structural diversity of metal-carbone complexes, and thus, this approach would show vast

potential for developing and improving carbone-based transition metal catalysts.
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Figure 1-1. Electronic state of carbene
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Figure 1-2. (a) Fischer type and (b) Schrock type carbene complexes
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Figure 1-3. Orbital interaction of (a) Fischer type and (b) Schrock type carbene complexes
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Figure 1-4. Bonding situation of transition metal carbene complexes
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EFEENTEY, FLRELEOT =T ORENICELE L TWD,

Iy s .0
Fﬂl _F')h Ph..Cyp-Ph Ph\'";C:;,Ph Ph\P;C; _Ph
Ph—P=C=P—Ph «—> P, «— 7 R «— o F e
Ph  Ph Ph Ph Ph Ph Ph  Ph
| I I 1Y

Scheme 1-3. Conceivable resonance extremes of BPC suggesting the presence of two
electron pairs localized at the central carbon atom

-9 so
® @

Figure 1-8. HOMO (left) and HOMO-1 (right) of BPC

2o — T 2G5 BPC X, FULRFERT-O Lewis HEMEDIEF ITEmWNZ &3 F
R X7z, Z D7z, Frenking 51X BPC O 7' 1 kU BFIIZ SN T H A &2 1T - 721224,
ZOFER:, BPC (3L LTabnbd 7 h o AR Y (253.1 keal mol™) <° NHC (273.4
kcalmol) LV Hi /1725 1 7' v F o BlfnS) (PA1) (280.0 kcal mol') Z#H 957217 T2 <,
2 7a kB (PA2) (185.6 keal mol™: NHC = 104.8 kcal mol™") & FEFITE 2 & 238
Hné 7o 7= (Figure 1-9), L7273 T BPC i, Scheme 1-3 ® IV O X D 2L RFE EIZ2
Morm—2_XTHLTEY, NHC LY b RETHERE AT bW THLEEZXD
Nice ZHLHOHEDH T Frenking H 1%, 0 i F(LFFEOFEAEER WD 2 iR FE L
FRTHDHLINNERESERDTZD, ZNOZXBIT 572D 01 2 B RFLEY)
B “HNVIR L LS T L AR L7



Ph

Ph.__C'__Ph )\ N /k N
:Ff/ \Fl)\Ph N (\)\\/j
Ph Bh H ’il N

BPC NHC proton sponge
Figure 1-9. Structure of molecules

Frenking H(X7' 1 M B NHEORERNG, v F XD S & Lewis iR Th -
TH, BPC OHLRFE BIZ2 DA T2 Z LM TEDLIDENCONWTHERAZ D, Lewis
fix & LC BHs, BCl;, AICL; Z3&{R L, RI-MP2/TZVPP//RI-BP86/SVP L ~L CHE ARGl >
/¥ — (BDE) #tHA4T -7 (Table I-1)Z, ZDfER, BPCIEBH: &I1d2 Ofad 22 &
MA[RETH 57 (BDE : HAHIN#Y =27.5 keal mol™!, 1% = 15.8 kcal mol™!), BCl; 5 &
W AICI & FZEAIM O BIERLT D Z & DR E 7z (Table 1-1), L7223 T, SCARBYIZ/N
S7REFAITHIE, FORE RIC2 OFET 2 LR Shiz, S HICHKREN &
|2, Petz 3 X Y Frenking 5125 % BPC @ kU B F 4 U EREEIR [Ag(BPC-H)]Cl @ X #if# s
AT OFER /S, BPC D711 b (BPC-H) BNE RISk HENEZHTHZ NI
METpofzBN = p 5z, 0fi 2 BALRFIED THDL IR AL, 2 DO —1
TIZRKT 5 4 EHERMEZRL, 2 BEDSER, Y7 a BB KO Lewis i A0
MERT D5 Z EMH LIS TWD,

Table 1-1. Calculated (RI-MP2/TZVPP//RI-BP86/SVP) bond dissociation energies Do?%8
[kcal mol'] of BPC complexes with various Lewis acids (LA)

R R R R R R R R
I%#\Q |%H\O R-Pi LA R#ﬂi}
,CLA —> SCD+ LA #X ,C—LA + LA

R-R! R-R! R-R R-R

R R O R R O R R R R O

R BH3 BCls AICI3 BH3 BCls AICIs

H 29.3 33.9 44 25.5 14.8 23.1

Me 34.0 36.4 51 28.4 9.6 27.0

Ph 27.5 35.9 50.9 15.8 -32.7 -3.9

1-5 BPC ZHENF & U 7= fligt s s

2006 4= Frenking 52 &> T, BPC 23 2 DD U U2 L » TEREL S iz 0 ik
EEUDLEMTH D LB S, TORARET LD 2 SDOr— 2 X7 OFEIZ L - THH
2RV o BEO n G5PE (F7213 17 Lewis AL 2 /5T 56Z LN RE Tz,
Baceiredo 5%, BPC DERIRFHEEIRTH D P-~7 1B BPC (PHBPC) ZENL 1 & L7=8i(1)e5
KB L OSSR OfBE~D IS Z WS L7=PY, 4 51%, &L NHC O L O4(®I)
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PEIRMREES, SRPLOEEE I ERERICE > TERIEH(ELTWD Z LG, NHC &
D HEFEENOIFFIINIEmWVERILL AT S PHBPC ZENLF & L THATIUE, X
O EEVE R & 70 D LB 2 7=, % ZC Scheme 1-4 (2R T X 9 (DS IR E X OV (DEE R
AL, TNENEE AR V7 00T oe R 7 /{EBL e R 7 bax
AL EOS OffliE & L CTHW =,

iPr TO Ph_ iPr
. —N
iProN. 7_N N tBUOK__ | iPr,N. 7_ IProNy LN
THF, -78 °C P P PR
/Pr2N r\{ . iPrN’ PN Y N
iPr M- ipr
PHBPC OtBu

[M] = CuCl, [AuCI(SMe,)]
Scheme 1-4. Synthesis of Cu(l) and Au(l) complexes of PHBPC

e 51%, 7'm b ¥ PHBPC'H % -BuOK Tl = ki 1kd 5 Z & T PHBPC %A H
7ot%, xtIsd D4R (CuClor [AuCl(SMez)]) % i &H 5 Z & € PHBPC D) L U
(SR E Ak L 728, SAMFERIZZERE L OKICR L TRZETH 72— T, Au()ssR
XK, BERRETLEETHD Z EBNRENT, #DHIE, b 0RO fEEEZ 7
sVv=Rr) ot ka7 I {bBXOt Rr 7 basx LRSI THRFT L7 (Table 1-
2)e T DOGKEREIE, Scheme 1-5 [Z/R L=V A 7 L CTHFT$ 5 Z LG ST 581,
9, 727 Ua=hKNIAOT NV EAIR L CAJR I T4 U MY (M= Cuor Au) HSEL
THZET, TAT DR EEICE T ARARERD, 0%, IHHEILEINTT VT 6L
Ik L TREARl (T I ERE T va— ) BREZEL, 7'u b Ab e A Z kic &k
o> THR DAL & O TN Z 28 TH 5 (Scheme 1-5),

PHBPC O#(DEEAIL, B Fue 7 I /{bB LU Re 7L a % U bRISIZ W T EENE

BT 2 & DN &7z (Table 1-2, Entry 1,4), SA(DEEARITZEE I L OUKIZK L CTRZE T
boTolod, ZER T ORS TIIMETEEOKR T2 /RS (Entry2), & Fr7bafkx gL
{EEOSIZHWN T, $E2k D NHC Sil(DAREE DO ZEHLZR DS 80 °C DANEASA: T CTherim 64% Tl 5 D
(2%t LCBlal PHBPC $RA(DSHAITEIR Cicim 72% ThHZ & D, NHC $5AL D HEN
TofEE A A LT D Z ERH LM E N7 (Entry4), ZiiE, PHBPC @2 DHD o —
RT DFHIZL T, FDEERD Cu-0O FEENL D oL, CulBMEE2AE TSI <oz
7o EHER Z T % (Scheme 1-4), FEEE, H(DEEAED X #ifEE D, Cu-O fEGE (1.843
A) 7, KK NHC (DR D Cu-0 #EAEF (1.810 A) LW LR 2o TWnH Z LR E
LTV BB

10



Table 1-2. Anti-Markovnikov hydroamination and hydroalkoxylation of acrylonitrile

cat. (5.5 mol%) X
RCH N > NCT R
C6D6

RX-H cat. atmosphere temp (°C) time (h) conv (%)

1 PhNH:2 Cu argon r.t. 1.5 83
2 Cu air r.t. 2 52
3 Au argon r.t. 1 10
4 PhOH Cu argon r.t. 40 72
5 Cu argon 80 12 48
6 Au argon r.t. 40 60
7 Au argon 80 12 32
Ph /P,r
iPryN. =N /N:l
, . \rP\N
X iProN
NG "R M" ipr N
iPr, Ph iPr
NI\‘I iProN =N N
Ph—( P~N—iPr 27 R :I
. P + iProN \r_'_ l\{
IProN=% g M jPr
iProN h_'_ |
NC X-R S —
| NC
H \/<
R’X‘H
X =0 or NH

Scheme 1-5. Catalytic cycle of hydroamination and hydroalkoxylation
with (PHBPC)M (M = Cu(l) or Au(l)) complex

PHBPC O&(D#EKIT, &H 5 DORIMIB W T HEDEA LV HIKIEMETH - 72 (Table 1-
2, BEntry3,6), L22L, B Ru7/ax i bS T, SR CRmEEE 60%I12i2E L T
BY, SOFEEBIEERMETHD Z ERBIN TS (Bntry 6), 5 OFRE -
80 °C TOEMEORFITIL, BHZRITML, 12 FEMZ2 B2 TH D Ix L HER m L L

Molzlodh, MEEOZEMEDIK I NHEE STV (Entry 5, 7).
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BB OWEE, DR EMEEE L THWZIZUO TOWRETHY, DA X058
REFHEGEERTHZ N0, mWENEEZ R T Z E R LN E R o, S IR,
Gandon 5|2 X - T BPC OHEER X O 2 &0 K% AW - B OREN S, C-H S
BIRSSZES B Fa 7 U AEKISIZE W CREERE 2R3 2 & A5 ST\ 5 (Table 1-
3B, 51X, FAT 7, NHC, BPC #EUL & Liz&MEERE i LTHW- L2
A, IRA T 7, NHC (X BRI THRAERM DS L7z (Entry 1,2), BPC Hi%4x(D)
PERTIHRIR L 70D Z L 2 HE L (Bntry 3), AU, B ARTAFL THLZT L
Tub AL —FEHNTWAIZH 0057, BPC DB FEGRENETE L7201, Kt
PRENLZEN SN D 2 & TRICHEEMET 58BN TS, — 5T, 2 e
RIL, FEZBERE XA ST 72 > TRV, 2 DD EDIF(EIC LV, WE R E 548
EMRHTET, HOENETCHWNERME 525 Z EDRHLMNIENTWS (Entry4), =
NHOFERLI Y, BPCIX, TD 4% %ﬁ@%r ZkY, BEESEROeE T LE mEICE

HEICT 7T T, 2EEEOIRIZEY, @BFRLOEFHEZRETE, RKISSEMH
K%Lk%@@%%@?%é:&ﬁ%éﬂf% o ZD LI, HESERTE T T, 284
PERIZB N T HENAEREZ RT 2 LD, AR, A LFEORBIZONTH K
XLHBRTEDRT VU VERD TNDZ EBRHALNE ST,

Table 1-3. Au(l)-catalyzed hydroarylation of ethyl propiolate

EtO,C EtO,C
| |
COEL  1AU], AgSbFg (2 mmol%)
+ > +
I 1.2-dichloroethane, 60 °C, 4 h
2 equiv. CO,Et
Yield [%]
Ent A
niry [Au] (1 adduct/2 adduct)
1 [AuCI(PhsP)] 78 (96/4)
2 [AuCI(NHC)] 81 (98/2)
3 [AuCI(BPC)] 30 (90/10)
4 [(AuCl)2(BPC)2}] quant (95/5)

1-6 WIVIRVIRBDF 2—= 7

2009 “E(Z Alcarazo © 1%, BPC O IO HR AR 7 ¢ VBN T Fl 2 O R FZENL T I B L7
BB 11 2 AR L, 7aa P XAF AT 4 ez AWz —8b)s (X4 A X L—

ay) nb, TENHOAINE Y DFLIREDRISEE A L7z (Figure 1-10, Scheme 1-
6)[25:1]O

12



- _ 4 Q _OEt  OFt
= CEN-Ph  :CZO : ( :
1-f 1-g OEt NMe,
1-i 14
1-h
Figure 1-10. Conceivable carbon(0) compounds
Ph_ Ph Ph_ Ph ol
Ph—P, Ph—P, -
[AuCI(SMe,)] \ \_ Au
> C - Au=Cl c |
THF / C/ Au
X’ | X o |
not obtained
Ph\ /Ph [ P \ /Ph CI_
Ph—P, Ph—P, o
[AuCI(SMe»)] \ ,Au
> C— Au=Cl cl |
/

c:

EtO—C,
NMez
14

THF /
Uy

not obtained

[AUCI(SMe,)] \C Au

A\ 4

THF

\ 4

[AuCI(SMe,)] \ N Au
C— Au=Cl C
THF /

/
EtO-C,
NM62

EtO-C ~
NMe, ©C']

not obtained

Scheme 1-6. Complexation of conceivable carbon(0) compounds

ZORER, nZBEMEOEmNA Y = NI, —BRGIKHE, T A L AR L L2 1--h
T, FPORFELEDOZARZ L—2 g ATETETHEESODSE RO LG LT Z & D
&7 (Scheme 1-6(a),(b)), Z DJFEKIX, AR OHFLRE EO O — X7 NEALF D
RFEJFA EDOZED p WiEE- X o WuEEMHEERAL, BETEEMIFT52L7T, 4%
FHEME ARSI o T2 EBEINTWD (Figure 1-11(a)), — 5, n ZBZEOEK N b

13



XUAINRERAL L LTz 14 T, ¥ A AZ L —2a T L 2 &5 ER13 55
7= (Scheme 1-6(c)), VT hFXF T HNANRUNL, IARVIRFEEOZEO p B &, BWEELZ
B oo — XTPHAEHLTWDSED, IAVRURE EOa— T &N
FEDOZED pE EOMAEER (nifitts) N"HEY, XA AX L —a U REITLIZEE
LZINTWD (Figure 1-11(b)), — /5T, Y= FXF T IR DO bFTHEE, NHIFmNY
AFNT I ERICEB LT EZ A, e T D 2 EeEOIERIFHELNRNI EDRHLMNIE
iz (Scheme 1-6(d)), ZHiE, spPPIBEKDOT X /) HD v — X7 Tlix, BHEEEZOZD L
NRURBIZ DR EFBELZMETEP, IARUVRELDOZEDO p#ED 5N B
LTWDZ ENRINTWD (Figure 1-11(c)).

Et

Et |5:}
Ph, Ph wé Ph, Ph Et Ph, Ph QN
Ph—P Ph—P, Ph—P A
\@ =0
OQ
\m

Figure 1-11. The shape of the internal carbene ligand constitutes a critical determinant.

Flo, BolX, BErxOIWNVRATBITLXAAZ L —va VOSBRIV —%
BP/def2-TZVP L ~LCHEH L7z (Table 1-4)2%, ZOfER, BT L BKRA T 4 VT
R DR DGE, FAAZ L= a BT T50, 4= U, —ERILIRE,
ERA(CAFAT I VAN OEE, EITLRWI EDRRINTE, ZRODHENG,
IRV IRFADBETMGEREIL, B TO 1 BTG THZ RPN o T,

Table 1-4. Computed complexation energies
1-f—j + [AuCl(Me2S)] — [AuCI(1-f—j)] + SMe2 (1)
[AuCI(1-f—j)] + [AuCI(Me2S)] — [(AuCl)2(1-f—j)] + SMe2  (2)
AH(AG) (kcal mol )

L Eq. 1 Eq.2
PPhs -15.19 (-12.91) -4.36 (-3.47)
CO -6.58 (-5.14) 8.97 (7.46)
CNPh -10.55 (-9.33) 6.09 (5.30)
C(OEt)2 -19.23 (-17.23) -0.71 (-0.28)
C(NMe2)2 -21.32 (-19.14) 1.02 (1.52)
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1-7 EA(A 2 AT 7 ) —7R(0)

FEH O, BN TSR RFBICEANL LT B A (A 2 ) AV T 7 ) —7R 2 (0) (BiSC)
DERF L OB L TV o5, X SRS Of5E £ 6, BiSC O S—CS e
13 116.8° L RE B L TW5D Z EMB 6 &/ (Figure 1-12),

Figure 1-12. Molecular structure of BiSC (Hydrogen atoms are omitted
for clarity). Selected bond length [A] and angles [°]: S(1)-N(1) 1.553(10),
S(1)-C(1) 1.635(4), S(2)-N(2) 1.550(8), S(2)-C(1) 1.636(2) ; N(1)-S(1)-
C(1) 124.1(2), N(2)-S(2)-C(1) 128.1(2), S(1)-C(1)-S(2) 116.8(2)

Z DRI RS 2 FFO BiSC OB FHEEA I O T 572018, X #EiEx i
B3LYP/6-311+G(2d,p) L'~V T ab initio R TOITZ, EDRER, BROFENLVH D
H DD, HOMO L HOMO-1 (128 W T, FLKFERF R 1 B LD o D 2 2D
n—rX7 (ENEN nne B L O noc) WIFET 5 Z &R N7 (Figure 1-13), 7720 b,
BiSC & S—»CO«S D X H IZFiR TX 5 0fffi 2 FeN RFALAW TH D & B 2 BT (Scheme
1-7)!%1, F 7=, Natural Population analysis & ¥, BiSC ¢ N-S-C-S-N FIz 23 K& < 43 LT
WD ZENRBINTWD T2, BPC OMRIRIEIETN I (Scheme 1-3) & FERR YT =F
D Lewis #E TEXFKE D Z L AHEE 4172 (Scheme 1-7),

2— 2= )

Ph.~Cag-Ph Ph.*_C_+ Ph Ph2/.C.2.Ph Ph. #C o Ph
Ph/ll\l ll\ll\Ph Ph/ll\l n"Ph ~ Ph/l{l I{I\Ph - Ph/fl\lj “\Ph
Me”™ “Me Me” “Me Me = — Me Me” "Me

Scheme 1-7. Conceivable resonance extremes of BiSC
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Figure 1-13. HOMO (left) and HOMO-1 (right) of BiSC

BiSC @ Natural Bond Orbital (NBO) second-order perturbation fi##T D5 F 25, o*(S-CPh)
BELOY o*(S-N) #LENEE LI-ADOBEEIZL > TRFELD 2 2Or— X7 22 ENl
LTCW5DZ ENIRIRE 7= (Table 1-5, Figure 1-14)331, K2 o P — X7 (noo)lE, o*(S-
C2)(10.7 kcal mol!) LT o*(S-N2)(17.2kcal mol™!) EAHAANEH LTV =ny, nifEmr—2
7 (nnc) 1L o*(S-C2) (15.2 kcal mol™), &*(S-N1) (19.4 kcal mol™!) 35 KLY 6*(S-C4) (24.7 keal
mol™") EFHEAEH L Tz, Al S-N ZEAEA 72T, I 20 keal mol! DL ELHTH
NTWS72®, S=N “HEiFAERIETLRFZDZEMICHERFZE 2R L TND Z LN
TRE X728,

Table 1-5. NBO second-order perturbation analysis of BiSC

LP (donor) o* (acceptor) energy (kcal mol)

noc S$1-N1 3.53
$1-C2 10.73
$1-C3 3.36
S2-N2 17.15
S$2-C5 2.26

Nmc S$1-N1 19.44
$1-C2 15.18
S$1-C3 1.21
S$2-N2 3.85
S$2-C4 24.71
$2-C5 4.51
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=
C\ O/C

Strong

N """l n-c* interaction
oc 2e = 1.74
C :nc 2: = 1.52:

Figure 1-14. n-c™ interaction between lone pair at the Ccenter With * orbitals
on the iminosulfane ligand

BiSC L RE A& DORISMEDKRFTT HATHLILTE Y, 2 (m.p. 164-165°C), ZE5.F L OVK
W LTEETHDZERHLMNZEINTWD, ZniE, ElRoAoBIEIC L 5%2EN
IWERTHDHEBZZ BN TS, BiSC & 10%iEEH#RE A ¥ ) — VKRG EIR CUET 5 &,
HORBRF N7 1 b AL ST R E oA, ZVE A F 2 A B R Amberlite
(OH" form) THLELT 2% Z & TRIIIZ BiSC £ 725 Z LA ST STV 5 (Scheme 1-
7. F£72, BiSC & I VLA F ARG SE D &, FLRBNT VXA ST F B8R
HIDHZ ENnD, HMRFE EO Lewis AR SIS LTV % (Scheme 1-8)P4,

oI

Ph\g;.c..\ N 10% HCIO, (aq), MeOH, 1h  ph_ ,C\§ Ph

4 N « 7 ~

oV Amberlite (OH- form) Pl TPn
e Me Me” Me ClO,

Scheme 1-7. Unique reactivity of BiSC with acid and base

LN J '
Phi.,C&_.Ph _ Mel Phe.~C~-Ph
Ph” ﬁ‘Ph MeCN  Ph7) 1 Ph

_N N. _N . -
Me Me Me Me |

Scheme 1-8. Reaction of BiSC with methyl iodide

L DOWEND, BiSC IXE, Z2REB L OUKICH L TRER, MmN F2HT 5130
HTOD 0l 2 FEEALRFILEW TH D Z LR E I, HLRED Lewis HEMAZH LTV
LHZENHLMNERRST, L LN D, 4 ELGREOEER b VB GED T
2 — = TEORESLII T TV,
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1-8 AL DR,

FREOBEFNG, Fhx OEIEE 2 DRI E 2, AT 5700807
il LT, ESRErEER A AR 2 F W\ 7o RIEMERE G OTEMEIL 2 £ 5 Frdi it SO o BR
FENRD LN TWND, TIVER L, RBEHEERE DFEEN, 4 DOMETE2 o BLO n 1
2— X7 E LT 0MifRF L, FAUTENL LB 0575, ZO\E RN S LR

4 BEIEMEORNL & L THIHAIRE TH D, 2D L9 REFRARMEICL 006
7, EBRERMBEORET 2 HlOATHY, ZOBRNLTLE L THHEINTHNDIDIE, 2 D
DRAT 7 VEEFAT L > TRENLENTZEAGR A 7 7 ) —R 2 (0) (BPC) TR ST
W5 F T, MGG U CTRBICRE SNTBML T DB FIETH 2 L2515 &,
iR wEk L, EERER D NCENIPRED T o — = 7 HFREIZT 5 2
NI NR I OHRIR BT, BRI, L TFORBICRESHRT 200 &S
b, RBEERE VI BLENG, HIVR U EXZDHENLIEHE L D OICENL 7 EOE#IEL %
FASHDHZ T, WEMBLOE LT 2—=7TEHLEILNE, £ZTK
WHZETIE, U, BB KO b BN IS EL ST VAR CERER DGR,
LN 4 BHEEREEZAL N E L, I OICENEEREZFIHA LI-2E8R 7 7 A
K —DER~DISHEITH> T2,

A5 EL VRSN,

F2ETIE, B O n BRIV AR LV IRFOBEFHGREICRE S EET L E VD

RICEB L, nZAME R TESEEALY 7 UL TR X O L UL R VT, A
RIANT 7 (AT 7 NI —R(0) (SSOBLRA IV ALVT 7o (VT ) —R
> (0) (iSSeC) DA FL ATV, Fefiish DIRMBUL R b TN EmAHIIC L - T, LR D&
THEREEZEOLND I EEHLIL TN D,

F3ETIE, A4 ANT 7 UEAFOERREMEE LT 2 BEOA I ANVEK=0 4L
WaRHWT, BTG EERLZE A LT iSPC FHEAREZAKL, IR OBELGHE
X, BIGHERRA T 7 VBN FOEANZLY T 2—=0 7 TEXHIEEHLNIZLTY
Do

BABETIEL, A I ANVT 7 VBN FIZEENDELZTD o LG MHIZEFER L, BEA(A
X ANT 7 ANI—R(0) (BiISC), A I ANT 7 (AT 7 ) —R(0) (iISSC)
FOA I ) ANVT 7 (B LT ) H—HR(0)(iSSeC) % FWTHJEND 4 FEENIA 11 54
BEERZ SR L, WU BN EERIE DALY, DVR Y BERERNL & LU TIRE S
ZEEHLMNILTWD,

FHHETIE, AMROEREEE LD, SHOBEIZONTRRITND,
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F2F 200N VRN AIZLEESNIEINR L DERKE 4 B HEGRE

FLED 1-6 [IZBWT, WARAAIRFBIHETHDL LWV IBLEANG, UV BN FICLE
fLENTZE AR AT 7 ) H—7K(0) (BPC: Figure 2-1) @ 1 DDE)I 1%, CN, CO X
AN & LTEFERIZOWTRRIT L, £ D BIVR U RFOIGEE, B0 n &
BRI T D 2k 72, £72, B 1ED 1-7 TR X H1T, 2 DOREENL 1242
EALS NIV NL, BHORME LicA 2/ AN T 7 VBRI FICEREL STz B A (A
AT 7 NI —R(0) (BiSC) D 1 FlIOHKLTHY, DA I ) A)NT 7 VBT D
S=N "HFEGEHAICER T D n-o*tHAMEH (r¥fifth) 2k > T, FORFEOE L4
PIERTEEDZETEAEMDLRENEZK > TR, BFHE5REE ED 5 HiERICOWT
FHE IR TR oTlz, 07D, AliOMEEZ AT D54 I ) ANVT 7 VR F%, 21
DIHNAT L ERTHALT 7 o BLORLVFVENLHICREBETH 2 LT, 0 flilkFOE
FHEGRENE < 72D LB X LN IEROGIETIE, AV 7 VEMNLFOBENTEEL <,
TR BRI OB BN CTH -T2, T TARMIETIE, 7rdaAf I/ ALE=0 A
W2 WA RIEZBYE L, Boos 2Rk KO EEEb LA X 7 AT 7 (R
VT 7 =R (0) (SSC) BEUA 2/ AT 7 (B LF ) —R(0) (iSSeC) DA
A& 4 B GREDSGE b NS ENL D OB 5 REOFEN 21T > 7= (Figure 2-1),

Ph Ph MePh Ph Ph Ph Ph Ph
Ph—‘P’:\® N :‘s’:\O \s’:\O \S/e:\@
Ph—P:/’C® N=SZ/C® N=81/C® N:s:/’CCD

PH Ph 0 MePH Ph O MePH Ph 0 MePH Ph O

BPC BISC iSSC iSSeC

Figure 2-1. Molecular structures of carbones
2-2  BiSC,iSSC 35 L 1N iSSeC DE Ak & Hiik

AN, BiSC DA X/ AT 7 VBN OEANFE L THOORTWD 7 vAdm AT
7r=hUn250E 2T 7 UREFOBAREEZOND YT = =V ANVIR =T LA
FU B 2-6 DRIRIT & D 22T DERREAT 7278, BEYET 2 2-7 1345 H 47870 > 72 (Scheme
2-1)y TN, ZA AL T 7 o= B LDOREFEOERSNERTHD EEZ BN
O, FETOLOREFMEE@DIZT VA RA I ZAVR=T L 2-8 Z WV T, iSSC-H D
B %AT > 72 (Scheme 2-2(a)), Z/VA A I ) AR =17 L 2-8 1%, 2-5 & MesOBF4 &
Yo ALy (DOM) PCRIEIES 2 & TAKL, 20N i, Bk X s
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FEMTIZ L > T BT LT (Figure2-2), oMz A v A I ) AR =0 L 2-8 & X
NR=ZT LAY R 26 ZRISSETE T A, HRET S iSSCH 73 55% DR TR Ll
(Scheme 2-2(a)), FIERD FIEZHNT, BV /) =T LAY N 2-9 &L 2-8 2 SHT2 & 2 A,

iSSeC-H 7% 49% DI TH H 4172 (Scheme 2-2(a)), Z DA KIEIE, BiSC-H OE I & It H
AEETHY, 43 ANK= A 2-11 & 2-8 ZKFLT N U AFE T CRIGSED Z
& T, 70%DILEE T BiSC-H 235 54172 (Scheme 2-1(b)), Z D XK 91T, 4 I A)VFE=7 A
W 2-8 # Wiz e B piEIc K 0, VAR iR & 72 5 BiSC-H, iSSC-H 5 & WV iSSeC-H

DERIAREL 72 o T,

Zh Chloramine-T, AcOH

| 0,
Bh MeOH, 40 °C
2-1

TBAF I?h
THF0°c oM
Ph
2-5
(a)
Me;OBF
2.5 3 4
DCM,0°C,3h

(b)

MelLi (2.0 eq.

. (2.0 eq)

THF, -78 °C, 16 h

1) NaH (3.0 eq.)
2)2-8

THF,0°Ctor.t, 20 h

Ph 1) conc. H2804

| 2) 10% NaOH aq. th NBS
?ZNTS r.t §:NH acetone, 0 °C
Ph w Ph H,O ’
2-2 2-3
Phy —
1) S—CH,
PH
2-6 H ]
|
2) 10% HCIOq aq. Ph\s’C\ _Ph
THF, -78 °C, 16 h Ph” I Ph
H Clo,”

2-7: not obtained
Scheme 2-1. Reaction of 2-5 with 2-6

Phy -
/E_CHZ
PH
ph BF,  28E=S A
|+ 2-9:E =Se Ph C Ph
F—S=N _ g g
T e THF, -78 °C, 16 h Ph~ S<pn
2-8: 80% "Me BF,
iSSC-H: E = S (55%)
iSSeC-H: E = Se (49%)
Ph MeTfO Ph TIO
Me—S=N - Me—?:N\
5 DCM,0°C,3h bh Me
2-10 211

T

Ph. ,C« _Ph

N o
Ph/,l\l NPh
Me Me TfO
BiSC-H: 70%

Scheme 2-2. Syntheses of BiSC-H, iSSC-H, and iSSeC-H
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Ph
S=NBr
Ph

2-4



C

Figure 2-2. Molecular structure of 2-8 (Hydrogen atoms and BF 4~
anion are omitted for clarity). Selected bond distances [A] and
angles [°]: F-S 1.5956(15), S-N 1.474(2), N-C 1.482(3); F-S-N
116.81(11), S-N-C 125.31(18)

T H7a hUERELNTTD, e ARSI E D I AR DA AT 1=,
BiSC %, BiSC-H %R A A4 v 2t TLEE9 % = & CIRIEEEM IR TERK L7z
(Scheme 2-3(a)), iSSC # LV iSSeC i%, #3227 = b Hi% NaNH, THi 7w hAbd %
Z LT, IRTEEMRIETE ST (Scheme 2-3(b)), iSSC 3 L1V iSSeC @ CDsCN H1 T
® BC NMR HIE DFER, FLRFBEOT 7 F ML, TFI 356 & 34.4 ppm ([EHI S,
ZNHDOfEIE BiSC (39.7 ppm) KV mEHMAIZT 7 R L TWwWe, ZAUbDRERNL, iSSC
BLWiSSeC DAV AKR U IRFEDEFEEIL, BISC LV KEL o TWNDH I ENRBINT
W5, F72iSSeC @ 77Se NMR D 7 /Ui, 567.9 ppm ([ZELHI &4, #1325 iSSeC-H
(554.4 ppm) XV REZGMICS 7 LT,

(a)
|T| j+ L] L]
Ph .~C~.-Ph Amberlite (OH form)  Ph__:C<%___Ph
Ph” i [l >Ph ~ Py >
N N _ MeOH PR 1 Ph
Me Me TfO Me” “Me
BiSC-H: 70% BiSC: quant.
(b)
lTl _|+ L] L]
Ph._,Cw _Ph NaNH, _ Ph\E,-C-\S/Ph
Ph~ II\IJ\Ph THF,-78°Ctor.t,1h Ph” ll\lj\Ph
"Me BF, "Me
iSSC-H: E = S (55%) iSSC: E = S (quant.)
iSSeC-H: E = Se (49%) iSSeC: E = Se (quant.)

Scheme 2-3. Syntheses of BiSC, iSSC, and iSSeC
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2-3 iSSC, iSSeC, iSSC-H F L 1V iSSeC-H D4y 1 i

iSSC, iSSeC, iSSC'H ¥ LN iSSeC-H D4y &%, X MEEMATIC L > THLMMIZL
7= (Figure 2-3,4), iSSeC %, #HOTHOE LV VIFRFE2GTDHHIVRLTH D, Table 2-1 12,
iSSC, iSSeC,iSSC'H 33 L N iSSeC-H D ER AR LG & & $IZ BiSC 3 LU BISC-H @
Kt DT — 2 B F & H72,iSSC B L ViSSeC » SV—C fiicaF (iSSC: 1.648 A;iSSeC: 1.654
A) 1%, BiSC (1.636 A) L v fE L Tzl ElsC#EA K (iSSC: 1.707 A; iSSeC: 1.876 A)
X, ST 57 e bt (iSSCH: 1.695 A; iSSeC-H: 1.846 A; As.c = 0.012 A, Asec = 0.030
A) LD PFNHELTEBY, —RERDAR S OBER LB TH 72, @E, JimwR
F BT E DAL, n-o* H AE/ERIC X 0 EL 72 50 (Figure 2-5(a)), iSSC 1 & (ViSSeC
DY T, EN(E=SorSe) i+ EEHLRFBRS LOow—rXTEED, EFHIRFEL
BT B72DICT o FNY FT7F—0B%k L2 % (Figure 2-5(b)), Z D72, HULMRFER
T oo —r X7 L BURET EO o*BuEDOER D NE LT b, ElsCEEan iR L
72 EEZ BN D,iSSC B L NiSSeC D E'-C—SVHEEAF (iSSC: 106.7°;iSSeC: 105.5°) 1,
K957 v b (iSSC-H: 113.5°, iSSeC-H: 113.8°%; As—ces =6.8°, Asesces = 8.3°) & Fhiik
LCELIEALLL T, EBE, BlsCSVELIE, FEBRIRI AR OF THRLEMHL
TV, 5 BB BPC (104.8°) ([ZUTVMEL 72> TW=BL 7 m hidb e & HIkES A
AT 2MEAIX, BPC &ITRFERZ2S, BiSC & FIEETH 224,

Table 2-1. Selected bond lengths[A] and angles[°] of carbones BiSC, iSSC, iSSeC, and
corresponding cationic salts BiSC-H, iISSC-H, and iSSeC-H

iISSC iSSeC BiSC¥ iISSC-H iSSeC'-H  BiSC-HX
sV—C 1.648 1.654 1.636 1.672 1.653 1.695
E'—-C
S=SorSe 1.707 1.876 — 1.695 1.846 —
E'>CSV 106.67 105.5 116.8 113.54 113.76 118.0

Figure 2-3. Molecular structures of iISSC (left) and iSSeC (right) (Hydrogen atoms are
omitted for clarity).
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Figure 2-4. Molecular structures of iISSC-H (left) and iSSeC-H (right) (Hydrogen atoms
(except for that on Ccenter), BF4~ and TfO~ anion are omitted for clarity).

(a)
C Strong

2
\ Oéé/o n-c* interaction
N—"
450

(b)

antiperiplanar

o Weak
n-c* interaction

Figure 2-5. n-c* interaction between lone pair at Ccenter
and c* orbital at the ligand

2-4 2 KADSEHROARIC X B 4 BT GRE D KT

INETIZ, 2 2OANay U ENAIZTZES NI INVE O 4 BEFHEERETH S
DITE T2, BiSC, iSSC 8 L WViSSeC # AW T 2 BEA&MEEADGIZ L 5 4 &
FHLGREDEIE A T oTo, £F, BREERA T KT OBIEELZHET 5720, HiZ
SMEERDE L EAIT -T2, BiSC, iSSC B LTV iSSeC & 1 Y& D PhPsAuCl % [t S w7244,
KT = A AHAD T DI xS D R AgX (X =TfO, BFs) Z M A CRNEITHT2E 2 A,

Xtk 4 A B OB 4 (D) 85 1K [Au(BiSC)(PhsP)]TfO, [Au(iSSC)(Ph:P)]TfO ¥ X O
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[Au(iSSeC)(PhsP)|BF4 7345 54172 (Scheme 2-4), [Au(BiSC)(PhsP)]TfO, [Au(iSSC)(PhsP)]TTO
F L [Au(iSSeC)(PhsP)|BFs D 3P NMR I EDFER, FU 7 2=V HKAT ¢ VEALDOY >
WZHERIT 5 3 7L, ZER 39.0, 40.8, 40.8 ppm ([ZEHI Sz, ARIE5 2 154D
PR [ Aua(BiSC)(PhsP)2](TfO)2, [Aua(iSSC)(PhsP):](TfO), 33 & U Aux(iSSeC)(PhsP)](TfO) I,
BiSC, iSSC 3 L 1V iSSeC & 2 4 PhP;AuCl/AgOTE THLELS 2% Z & T 572 (Scheme
2-4), [Aux(BiSC)(PhsP):](TfO)2, [Auz(iSSC)(PhsP):](TfO): #3 & U Aux(iSSeC)(PhsP):](TfO), &
SIPNMR JIED S, U 72 =RA7 4 VEED Y ATRRKET 2 2 7B ENEI 343,
36.0, 36.0 ppm ([ZEI S N7, B OfEIE, BPC O 2 #40EkA (35.4 ppm)S & B L <
A

% 4 (D) $% 1K [Au(BiSC)(PhsP)ITfO & 2 % 4 () 88 1A [Aux(BiSC)(PhsP):](TfO),,
[Au2(iSSC)(PhsP)2](TfO)2 3 L T8 [Aua(iSSeC)(PhsP)2](TFO), D Eifhdh X A AT ok 5>
5, BiSC, iSSC 3 L1V iSSeC D HFLMRENEMIZH L THEE L TWAH Z ERH LM E o
7= (Figure 2-6-9) , [Au(BiSC)(PhsP)](TfO)2, [Auz(iSSC)(PhsP)J(TfO), £ X O
[Auz(iSSeC)(PhsP:[(TfO): 1X, 2 DD B/ aF U ENL IR EAL S NI VR 2 HT 54
HTD 2 BEEOEBKTH D, LED =D, Table 2-2 (2 [Aua(BiSC)(PhsP)](TfO),,
[Au2(iSSC)(PhsP)2](TfO), 3 L TF [Aua(iSSeC)(PhsP)](TfO), D R f A ERB LA A L &
HIZH VAR DEEE 72 5N 2 B4aDSER (2-12-15, Figure 2-10)59 oxts+ 257 — 4 %
F LD,

1) PhsPAUCI (1.0 eq.) N
2) AgX (X = TfO, BF,) (1.0 eq.) "\ Ph —|
- C— Au=-P-Ph
THF, 20 °Ctor.t., 16 h /
_ Ph
L MePH Ph X
\o
o [Au(BiSC)(Ph,;P)ITfO: 77%
Ned [Au(iSSC)(Ph,;P)ITfO: 62%
2 Au(iSSeC)(PhsP)IBF,: 849
MEPH Ph [Au(iSSeC)(Ph3P)IBF4: 84%
BiSC: L = SPh,(=NMe)
iSSC: L = SPh, 24
iSSeC: L = SPh, ||thh—\
1) Ph3PAUCI (2.0 eq.) L A~ P ph
2) AgTfO (2.0 eq.) g |“
THF, -40 °C, 16 h 7 N Au
/N:/S\ \P,Ph
Me Ph Ph F|>t\1ph oTfO

[Au,(BiSC)(PhsP),](TfO),: 96%
[Au,(iSSC)(Ph4P),](TfO),: 97%
[Au,(iSSeC)(PhsP),](TfO),: 87%

Scheme 2-4. Syntheses of gold(l) complexes
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Figure 2-6. Molecular structure of [Au(BiSC)(PhsP)]TfO (Hydrogen atoms and
TfO~ anion are omitted for clarity).

Figure 2-7. Molecular structure of [Auz(BiSC)(PhsP)2](TfO)2 (Hydrogen
atoms, TfO~ anion, MeCN molecules are omitted for clarity).
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Figure 2-8. Molecular structure of [Au2(iSSC)(PhsP)2](TfO)2 (Hydrogen
atoms, TfO~ anion, DCM molecules are omitted for clarity).

Figure 2-9. Molecular structure of [Au2(iSSeC)(PhsP)2](TfO)2 (Hydrogen
atoms, TfO~ anion, and MeCN molecules are omitted for clarity).
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Table 2-2. Selected bond lengths [A] and angles [°] of Au(l) complexes

[Au(BiSC) [Auz(BiSC) [Auz(iSSC) [Auz(iSSeC)
212 213 214 215
(Ph3p)] (Ph3P)2] (PhSP)Z] (PhBP)Z] [5a] [6a] [5] [6b]
TfO (TfO)2 (TfO)2  (TfO)a
Lengths[A]
2.126, 2.131, 2.125, 2.078, 2.127, 2.103,
C—Au 2.067 5401 2.103 2001 20805074 2,080 2.080
Au-Au - 2.967 2.955 3.010 - 3.143 3.127 2.952
2.278, 2.275, 2.285,
P—Au 2.261 2979 5 971 2 281 2.280 — 2.265 —
E—-C
E=38V sl 1717 1.792 1.788 1.950 - 1.776 1.759 1.786
Se''or P
E'—-C
E =SV P, 1.698 1.734 1.748 1.742 178.0 1.776 1.754 1.425
orC
Angles [°]
Au—C—Au - 88.6 88.5 91.1 - 98.4 96.1 89.7
1754 175.4 174 1
C—Au—P 173.7 174.8 172 4 172.7 177.9 — 1746 —
E—-CF’
E =S8V sl
Sellor P 114.9 1124 106.7 104.6 124.2 117.3 119.3 114.2
E =SV P,
or C
Ph +
Ph Py ] Ph oPn ci  Ph Py F',/F’hj Ph Py ol
Ph—F Ph—F “~ Ph—F " ph Ph—F “
/Ph \ /Au /Au /Au
C—~Au=—B-Ph c | Cl | cl |
/ Ph / T Au / Au / Au
Ph—R, _ Ph-R ~g Ph-R ~c _  EtO-C ~c
PH Ph SbF;  PH Ph PH Ph | SbFg OEt |
2-12 213 2-14 2-15

Figure 2-10. Molecular structures of gold(l) complexes.

[Au(BiSC)(Phs;P)]TfO @ C—Au (2.067 A) & P—AufEEaE (2261 A) 1%, 2-12 Oxbnd 5
AR LIREE TH - 720, [Au(BiSC)(PhsP)|TfO @ C—Au—P A (173.7°) 1%, 2-12 D
RIS T HREAA (17790 K0 /hELl o TEY, EAFTEBREETH -T2,
[Aua(BiSC)(PhsP):](TfO)2, [Aua(iSSC)(PhsP):](TfO), B & 8 [Aua(iSSeC)(PhsP):](TfO), P
C—Au fEAEOYHEIL, TN 2.123,2.117,2.108 A TH Y, 2-13-15 DXt T D554
FELIZERBE TH- =5, F72, b 2 &SRO Av-Au #EE T, ThEh
2.967,2.955,3.010 A TH VY, ZNHDOMHEIL2-13-15 LEFREDHKEAETHY, &JFFHH
HEH (250350 A) o # N T & o 7= U, [Auw(BiSC)(PhsP)](TfO),,
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[Au2(iSSC)(Ph3P),](TfO)2 33 L O [Aua(iSSeC)(PhsP)2](TfO) ® E—C (E = SY, S" or Se'') ft&
F I, s ARro7a bt (BiSC‘H: 1.695 A; iSSC-H: 1.695 A; iSSeC-H: 1.846
A) IV ELS2-5TED, Au—CoAufEEAIL, IZFTEATH-7-, 20 DRI, BiSC,
iSSC B L VN iSSeC DA /LR V[R5 i n’*HO)I:I VAT FEL, 4BHEGRE LTE
LS NNRThDHZ L ZEMT 0D TOERGHMLTH S,

2-5 iSSC'H B3 L WNiSSeC-H L &(N)DIHIZ L 57 v i Ab&O)EE RO ARk

iSSC B LN iSSeC 78 4 Bt HR L U TIRAHES Z L A EFEL 7272, iSSC-H BL O
iSSeC'-H OH.LMRFZ LOa—  XTNEEEEZ AT HZ ENB LN, TDZ L E G
THD, o —r X727 m FURFEE LT 5 iSSC-H 35 LWV iSSeC-H # B & L
7= 4MB L OERODEERD G K EFT > 7-,iSSC-H B L ViSSeC-H % 1 24 £ PhsPAuCl/AgBF4
T L2 & 2 A, BARIEETHIGT 571 F A& DR ([Au(iSSC-H)(PhsP)](BF4):
97%, [Au(iSSeC-H)(PhsP)](BF4).: 87%) »3% 5417 (Scheme 2-5),

1) PhsPAUCI (1.0 eq.) . e
H
\ 2) AgBF, (1.0 eq.) \
C-H - C
/ THF, -40 °C, 16 h AU
N=S N=S ~__Ph
/N VAN Lo _
pnPh 2BF,

MePH Ph MePhH Ph
(JAU(ISSC-H)(PhsP)I(BF4),: 97%

L

iISSC-H: L = SPh,
ISSeC-H: L = SPh, (IAU(iSSeC-H)(PhsP)I(BF4),: 87%
Scheme 2-5. Syntheses of proton-gold(l) complexes

[Au(iSSC-H)(PhsP)](BF4)2 33 X T' [Au(iSSeC-H)(PhsP)](BF4) D5y kit 2, BAfE AL X HA
ERATIC K> TH B MZ L (Figure 2-11,12), EEREAEB L ONEA A % Table2-3 1I0F &
7=, [Au(iSSC-H)(PhsP)](BFs): 3 X T [Au(iSSeC-H)(PhsP)](BF4), DAEE NS, FHEHD
PO FBRFIZCT P BLXE2OREAELTWD I ENDbMo T2,
[Au(iSSC-H)(PhsP)](BF4)2 3 X ' [Au(iSSeC-H)(PhsP)](BFs), @ C—Au fE& R, 2.092 &
2096 A TH Y, kT D 2 E&OEEE ([Aua(iSSC)(PhsP)](TfO)2, [Aua(iSSC)(PhsP):](TO),)
X VL 7o T, [Au(iSSC-H)(PhsP)](BF4): 35 &L Y [Au(iSSeC-H)(PhsP)](BF4), @ SV —C
WAEREL E'5C #AEIE, iSSCH BLU iSSeC-H @ SV—C #iaE (iSSC-H: 1.673 A,
iSSeC-H: 1.653 A) B X OVE"'»C AR (iSSC-H: 1.695 A, iSSeC-H: 1.846 A) L It#k L TR
7o TEY, TNENOHEAEOMM (Se-C: 1.97 A, S-C: 1.81 A) L[REETH -0,
INHDOMEDOMEIL, ot —r XTI MEETHZ LT, BT & T REM D
nc*MHAEMFERPEZELIIETLEZRED LB X DLz, [Au(iSSC-H)(PhsP)](BFs): & L O}
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[Au(iSSeC-H)(PhsP)|(BF4) D E'»C—SV A F1%, T Eh 106.7°, 106.0°TH v, iSSC-H
BLOiSSeC-H OxfIind S A (iSSC-H: 116.8°,iSSeC-H: 113.8°) & bl L THiA{L L T
W, 2B OKEED S, [Au(iSSC-H)(PhsP)](BFa): 33 & O} [Au(iSSeC-H)(PhsP)](BF4): D =
P — X7, SRICK L TREAT DI+ RBMREN -5 Z & ZFFEL TV 5,

Table 2-3. Selected bond lengths [A] and angles [°] of Au complexes
[Au(iSSC-H)(PhsP)](BF4)2 and [Au(iSSeC-H)(PhsP)](BFa4)2

[Au(iSSC-H)(PhaP)](BFa4)2 [Au(iSSeC-H)(PhsP)](BFa)2
sSV.C 1.791 1.782
ElC 1.796 1.944
C—Au 2.092 2.096
P—AU 2.270 2.277
C—Au—P 175.0 174.6
E—-CeS 106.7 106.0

Figure 2-11. Molecular structure of [Au(iSSC-H)(PhsP)](BF4)2 (Hydrogen
atoms (except for that on Ccenter) and BF4~ anions are omitted for clarity).
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Figure 2-12. Molecular structure of [Au(iSSeC-H)(PhsP)](BF4)2 (Hydrogen
atoms (except for that on Ccenter) and BF4~ anions are omitted for clarity).

2-6 iSSC'H B L WViSSeC-H L ERDSIHT LD 7 a ki ALERDEER DA AL

BPC-H & 0.5 Y EDENDOINZ LY, b U BT A ROEEA [Ag(BPC-H)]Cl 235 H i
L2 EDRMEINTNDY, 22 TiSSC-H B X WNiSSeC-H & 0.5 Y ED AgBFs DI &
D, ROEROGH A7 (Scheme 2-6), 15 B ALIZALEY) O 5> FHEIE 2 Bkl b X B &7
Friz &> TH &M Lz (Figure 2-13,14),

Ph Ph 4+
Ph ph | s B

s \ H Me
B AgBF4 (0.5 eq.)‘ C—Ag=—N_ Ph
C-H / “s-Ph
DCM,rt,3h  pp_g
N5, - Ph" N—Ag ~C
MEPH Ph BF, , g~
Me H -
iSSC-H s, 4BF,
PH Ph
[Ag2(iISSC-H),](BF 4)4: (62%)
+ 3
Ph on | Ph_ Ph Ph_PhMe |**
Se Se S=N
\ AgBF, (0.5 eq.) ) y
C-H > C—Ag=C
1 DCM, rit., 3 h A g
N=S _ N=S Se _
MePH Ph BF, Me Ph Ph PH Ph 3BF,
iSSeC-H [Ag(iSSeC-H),](BF4): (63%)

Scheme 2-6. Syntheses of Ag(l) complexes of iISSC-H and iSSeC-H
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iSSC'H & AgBFs O G TH L5 R O X, Figure 2-13 IZR”T XL 57 CN FL—
N2 87 b T 1 F A AERDEER [Ag(iSSC-H).|(BF4)s T -7, £7=, iSSeC-H & AgBF4
DG THE LN TR O EIL, [AgBPC-H)ICI L FEED U B F 4 O K
[Ag(iSSeC-H)]J(BFs)s T & - 7=  (Figure 2-14) , [Ag(SSC-H)](BFs): ¥ X O
[Ag(iSSeC-H),|(BF4s); ® E 7 AR LG % [AgBPC-H)ICl OXfnT 57T —% &bl
Table 2-4 IZF & 7=, [Ag(iSSC-H)](BF4)s O C—Ag FiAHE (2223 A) 1%, [Ag(BPC-H)]CI
(2221 A) LEBEDCHETHY, NoAghiaR (2214 A) 1L, NoAgfAH#EE 227A4) ©
FPHNTH - 7209, F72, Ag-AgFEATHEE (2.905 A) (XERJF 1A ALVEH OFFAN (3.22
A) TH - 7211 [AgiSSeC-H)](BF4s); @ C—Ag e K OYHE (mean 2.170 A) 1,
[Ag(BPC-H),]CI (2.221 A) EHALIL T\ 7=P) [Ag(iSSeC-H)](BF4); @ SV—C #5445 (mean
1.772A) & Se"»C #5AF (mean1.943 A) 1%, iSSeC-H OXtIGT HfEAE (SV—-C: 1.653 A;
Se"»C:1.846 A) LV HHE (Asoc=0.118 A, Ase—c=0.103,0.090 A) L T 7=, Se'—»Ce—SV
FEAA (113.4°) 1E, iSSeC-H (113.8°) LRIREDETH 7=, TN HDOFERIS, iSSC-H
B LViSSeC-H DHLMRFEITEBIZH L RN T 2D+ EFHEELZALTNDH I &
DL NI > TV 5D,

Figure 2-13. Molecular structure of [Ag2(iSSC-H)2](BF4)4 (Hydrogen atoms
(except for that on Ccenter) and BF4~ anions are omitted for clarity).
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Figure 2-14. Molecular structure of [Ag(iSSeC-H)z2](BF4)s (Hydrogen atoms
(except for that on Ccenter) and BF4~ anions are omitted for clarity).

Table 2-4. Selected bond distance [A] and angle [°] of Ag(l) complexes
[Ag2(iSSC-H)2] [Ag(iSSeC-H)2] [Ag(BPC-H):]

(BF4)4 (BF4)3 Cl®l
S—-N 1.552 1.514, 1.512 -
C—Ag 2.223 2.177,2.164 2.221
N—Ag 2.214 - -
Ag-Ag’ 2.905 — -
E—-C:E=8" Se''orP 1.785 1.949, 1.936 1.791
E-C:E=SVorP 1.753 1.773,1.771 1.779
E—-C<S 107.9 104.5, 103.8 118.7
C—Ag—C - 172.7 180.0
C—Ag«—N 160.8 - -

2-7  iSSC B LN iSSeC D FE it

iSSC B L N iSSeC DEFHEIEIZ DWW THIALZ 1G5 728, B3PWI1/6-311G(d,p) L'~V T ab
initio FH AT o7, BB bEEI, X BREEEMITORE L X< —&H L7 (Figure 2-15),
Natural Bond Orbital (NBO) #5 CTH AL/ RE RO EHET —F % Table 2-5,2-6 IR LT, %
7o, gD 7= 812 BiSC @ NBO #H Of5F % Table 2-7 12/~ L7,
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1666 A 1.708 A
(1.648 A) (1.707 A)

1853 A 1.667 A
. (1.876 A) (1.654 A

(106.7")
iSSC

Figure 2-15. Optimized geometries of iSSC (left) and iSSeC (right) at the B3PW91/6-
311G(d,p) level. The hydrogen atoms are omitted for clarity. Some important bond lengths
are also given (calculated values in black and experimental values in blue parentheses).

HOMO HOMO-1

Figure 2-16. HOMO and HOMO-1 of iSSC and iSSeC
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Table 2-5. The calculated NPA charges, occupancies, and

Wiberg bond indices for iSSC

Atoms NPA Occupancies Wit_)erg _ bonq
charges | (Occ.) of LPs indices in a.u.(Wi)
LP Occ. Bond Wi
C -1.20 Noc 1.84 s'-C 1.18
St 0.83 s 55% SV—C 1.24
sV 1.57 NTc 1.52 S—-N 1.15
N -0.96 p 100% |- -

Table 2-6. The calculated NPA charges, occupancies, and
Wiberg bond indices for iSSeC

Atorms NPA Occupancies Wit_)erg _ bonq
charges | (Occ.) of LPs indices in a.u.(Wi)
LP Occ. Bond Wi
C -1.25 Noc 1.85 Se''-C 1.16
Se' 1.02 s 59% sV—-C 1.26
sV 1.55 N 1.52 S—-N 1.15
N -0.97 p 100% |- —

Table 2-7. The calculated NPA charges, occupancies, and

Wiberg bond indices for BiSC

Atoms NPA Occupancies Wiperg . bonq
charges | (Occ.) of LPs indices in a.u.(Wi)
LP Occ. Bond Wi
C -1.24 Noc 1.75 sSV—=C 1.20
sV 1.59 s 42% SV—C 1.22
sV 1.60 N7 1.53 S—-N 1.16
N -0.96 p 100% S—-N 1.18

iSSC 5 L 1ViSSeC D H Lk FE FIZ n(HOMO) B LN 6 (HOMO-1) ®FED 1 — 27
BUENTFIEL T2, HAVR U THDH Z EAURENT- (Figure 2-16), iSSC £ L ViSSeC
D o e —2XT (noc) D sPEIZ S5 & 59%TH Y, sp IRFIZITVMETH -
7o £72, TNEND ¢ e —2rX7 (anc) @ p PiE 100%TH > 7=, noc DEERE
(iSSC: 1.84 ¢,iSSeC: 1.85¢) 1L, *tI57T 2 BiSC DETFEE (1.75¢) L L TRE < 2o
TV /-, Natural Population Analysis (NPA) D55, iSSC ¥ X 1V iSSeC DO H.LMRFEDE 57
fF (iSSC: —1.20 ; iSSeC: —1.25) %, BiSC (-1.24) L [RIFLE TH -7z, iSSC B LV iSSeC D
E'-C #5460 Wiberg i A EEE, 1.18 & 1.16 TH VY, SV—C #EA (iSSC: 1.24;iSSeC: 1.26;

D HULMR

e

BiSC: 1.20,1.22) LY /hE< 725 T/ (Table 2-5-2-7),
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NBO secound-order perturbation analysis O#& F:7> 5, iSSC OHLRE EDa— X7 TN
JiE b, o*(SN),o*(S'—=C), BLW o*(SV-O)E DFHAEEHIZL > TE#ELL TS Z &
237> 7= (Table 2-8), #FIZ, nmcld o*(S—N:12.6 keal mol™), o*(SV—C: 21.3 kcal mol!) 33
L O o*(S"=C: 20.9 kcal mol!) EFHAANEH L TWA—F T, noc IXFEIZ o*(S-N; 8.0 kcal
mol™) & DHENEHDRTE ST, FLRFER A LD r—2 7 L o*HuE DM A/EH O T3
NX—Z b9 5 L, STl (21.5 keal mol™) 1%, SVl (48.4 kcal mol™!) D 40%FEE I/ T
L TV /2 (Table2-5), £7z, iSSeC D HFLRF IR LD — 0 X7 OLZENLTZ R LF—IT,
iSSC & HAfEl LT 7z (Se'l: 21.4 keal mol™!; SYV: 48.1 kecal mol™!, Table 2-5), Z 415 OfERIE
SV EML - O A A S D Z L T - HAEHADKIBICIK T T 52 L 2HRLTHED,
iSSC 5 LT iSSeC DH L RSEDE T-HEHAREIL, BiSC LV RERoTWND Z LAVRIERS
NTW5,

Table 2-8. NBO second-order perturbation analysis results for BiSC, iSSC,
and iSSeC. Contribution for distribution of two LPs at Ccenter.

BiSC iSSC iSSeC
Ener Ener Ener
LP o [kcalgrxoﬂ) o [kcalgrzol'ﬂ o [kcal%ol-q
SN 367 SN 8.01 SN 748
SV_C 865 SV_C 274 SV_C  4.04
noe SV_c  3.93 SV_C  3.81 SV-c 228
S-N  14.94 Sl_C 055 Se'-C 1.17
SV_c  2.93 sl_c - Se'-C 0.6
SN 17.60 SN 12.64 SN 13.20
SV_C  15.41 SV_C  21.25 SV_C  21.09
SV_Cc  0.74 s'_C  10.10 Sel_C 837
e S-N 3.8 S'_C  10.80 Se'_C  11.26
SV_C  21.18 _ - - -
SV_C 423 _ - - -

VR DBEBFEREFTMT 572012, FORE EOor— 0 RXT7ICRHET 5 =Rk F
—UENL & LEfE L7= & 2 A (Table 2-9), iSSC 3 L1 iSSeC @ HOMO # L O HOMO-1 DA
1%, ®t&3 5 BiSC O & il L T 72> Tz, F72, BiSC,iSSC B L NiSSeC D7 1
kRS (PA) RHEAIT o728 25 (Table 2-9), PA(1)iE, BiSC, iSSC & L8 iSSeC ™
HOMO @ c#BLETH» Y, PA2)i%, BiSC-H, iSSC-H B X 1ViSSeC-H ® HOMO @ 1 #lLiE T
BT, iSSC BLVViSSeC DF 1 7'm h U HANEB LU 2 7'a h B/, BiSC &
D<o TERY, iSSC & iSSeC i, BiSC LV mWEEMEZ T 5 Z &R E N, Th
5D IR AR T BB ERFE O RN D, BRI L E ik E A L
KIx, INVRUIKRBOBFHREREDELS R TNDH I EEZHLNILTND,
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Table 2-9. Theoretical and experimental eV of the HOMO, HOMO-1 and proton affinities (PA)
of BiSC, iSSC, and iSSeC

Eosetofal  HOMOR — HOMOE! — HOMO-1b1  PA(1)®! PA(2)0

V] [eV] [eV] [eV] [kcal mol'']  [kcal mol]
BiSC -0.45 -5.26 -5.26 -5.56 278.8 182.2
iISSC -0.73 -5.08 -5.08 -5.32 288.0 184.4
iSSeC -0.92 -5.09 -5.09 -5.36 287.1 187.0

[a]: Experimental values. HOMO energy levels were calculated using the following
equiations:l'2 HOMO = [E°seéty, + 4.8] eV, where E°™s¢! is the onset of the first oxidation wave.

[b] Theoretical values.

FRHEGGHA O R E EZRIICH LN TH720, YA 27V v 7R E A2 ) —HIE%
1T o7z (Figure2-17, Table 2-9), Mii/K THF H1, $ o 7VIRE 3.0mM, XFEME (7 77
FNT =g b= LA F)100mM OFEHT7 2t/ 7ouat=7 A (Fc/Fc)
EOEREL L CRIEZ T2 25, T XTO/LEW TRASRILESBH iz, %
LD DL DOBERR (E%y) DI @BC4M5V$K%@%VW$&%O%V)#Eﬁ%
LBt L& 2 A, Zb VAR OEFHEEGEEI, BiSC <iSSC <iSSeC DJEIZHH
Ko TWVBI ENbhoTz, ZILHDFREENG, Eﬂ{jﬁﬂe AR £ 7o iXm A S e L
TeHEIRT, INVARVIRBOEFHEGRENPES 2D EEH LML TS,

- 222 +0.50
=1

— 1SSeC 0.00
2 LA

Current

-1.5 -1.0 -0.5 0 0.5 1.0

E (V) vs. Fc/Fc*

Figure 2-17. Cyclic voltammograms of BiSC, iSSC, and iSSeC in THF/[BusN][CIO4]
(100 mM), at 100 mV/s scan rate and 298 K.
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2-8 BiSC,iSSC ¥ L1V iSSeC & TfOH D )i

BiSC, iSSC B8 LW iSSeC D EmW7'e h VEF I, U7 a hUERELNAEEZD
N7, TIOH Z Wi v 7 a Akt 277 (Scheme 2-7), BiSC, iSSC 35 L 1V iSSeC
E2HBEO RN TF R A AR (TIOH) 6 EE, '"HNMR JIEEZITo7- &
ZA, N-AFNEOTa N ATERKRT 5 v 270 (BiSC-2H: 2.93 ppm, iSSC-2H: 2.95 ppm,
iSSeC-2H: 2.97 ppm) 2%, X575 b D7 m k4 (BiSC-H: 2.79 ppm, iSSC-H: 2.69 ppm,
iSSeC-H: 2.71 ppm) & ik U CTIRBEIGMICBLI S /e 2 & 226 (Figure 2-18), BiSC-2H,
iSSC-2H 35 & (N iSSeC-2H DAFKN/RIE X7z, iSSeC-2H (ZOWTITHFE NS -7z
D, X BAEERENTIC L0 T 2 B 522 L7z (Figure 2-19), iSSeC-2H @ Se''»C f&E&
£ (1967 A) & SVCHEAERE (1.817A) 1%, v F4() (Se"—C: 1.944 A; SV—C: 1.782
A) BXOTa b UROEER (Se"»C: 1,949, 1.936 A; SV—C: 1.771 A) L v HEL TR,
HAEARICITVME L 72> Tz (Se—C: 1.97 A, S—C: 1.81 A), iSSeC-2H @ Se Jil 1-& 2 5D
TfO ® O JFi-1? Se...O i HIHHEE (Se...0:2.993,3.217A) 1%, 77 T ILU— L A¥ED
&Y HHE< B42R8), HAEHLTWD Z Enbholz, ZIHORERN G, BiSC,iSSC
BIXOiSSeC DHNRUIRFZLED 2 oD —1 X7 1E, WHELRETRIE LT AL

IO LTS,
L _I 2+
\. TfOH (excess) \C/H
C: > g
4 MeOH, -20 °C tor.t., 1 h H
N=S N=S, _
MEPH Ph MEPH Ph 2TfO

BiSC: L = SPhy(=NMe)

iSSC: L = SPh,

BiSC-2H: L = SPh,(=NMe)
iSSC-2H: L = SPh,

iSSeC: L = SePh, iSSeC-2H: L = SePh,
Scheme 2-7. Reaction of BiSC, iSSC, and iSSeC with TfOH

iSSeC-2H W o b

iSSeC-H I LN . JL
issc2H o M N

iSSC-H i RN . i
BiSC-2H J\fk s Mo " A .
BiSC-H W o M . |

Figure 2-18. "H NMR spectra of deprotonated salts (BiSC-2H, iSSC-2H, and iSSeC-2H)
and monoprotonated salts (BiSC-H, iSSC-H, and iSSeC-H) in CD3sOD
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Figure 2-19. Molecular structure of iISSeC-2H (Hydrogen atoms (except for that on C) and
TfO anions are omitted for clarity). Selected bond lengths [A] and angles[°]: Se"—C 1.967(2),
SV—C 1.817(2), Se''...01 2.993, Se'...02 3.227; Se'-C—S"V 105.76(12)

2-9 iSSC ¥ XL 1ViSSeC & ROTS (R =Me, Et) & D

BPC 5 L O'BiSC %, C-AF /ALK BPC-Me 53 L OVBiSC-Me # 525 Z E B HEEINT

WAL EIRRIC iSSC B L TV iSSeC D A ViR IR FE DKM ZFH~ 572, TOR (R = Me,
Et) & D% 7= (Scheme 2-8), /LR 2 iSSC $ L NiSSeC & TfOR % )i &+, 'H
NMR HliE &2 T & 2 A, C-TFNVERITERK S 5 7 FABHl S iiz (iISSC-Me: 1.94
ppm; 1SSeC-Me: 1.88 ppm; iSSC-Et: 2.47 ppm, q, J(H,H) = 7.5 Hz, 0.71 ppm, t, J(H,H) = 7.5 Hz,
iSSeC-Et: 2.31 ppm, q, J(H,H) = 7.5 Hz, 0.55 ppm, t, JH,H) = 7.5 Hz), Z 15 DLAMITDOWNT
ITHAE A O N2, X BB EREATIC L0 T EEZ B 52 L (Figure 2-20, 21),
Table 2-10 |Z BPC-Me 33 XL U'BiSC-Me D7 — & & & H I F L iz, C-7 /LF ALK D SV—C
AR, SIS d 57 m bt ((SSC-H: 1.672 A;iSSeC-H: 1.653 A) &Lt L THELTE
D, BiSC-Me (1.696 A) L [EIFEEDIETH 7=, E'-C (E=SorSe) fEEa&IL, *IET 257
1 kg (iSSC-H: 1.695 A;iSSeC-H: 1.846 A) EHALIL T /=, E'5C«SV (E=SorSe) &
A (iSSC-Me: 115.1°; iSSC-Et: 114.7°; iSSeC-Me: 114.2°; iSSeC-Et: 113.6°) 1%, xfj&d 257
2k HE (iSSC-H: 113.5°iSSeC-H: 113.8°) & [AIRREDE TH -7z, TNHDFERMND, F
JLIR > iSSC B LWV iSSeC D M VR U fRFE L, BiSC O HL R & RFRICREME 2 /R4 2 &
2 ST LTV B
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Ph Ph Ph Ph ~ |+
) _ ]

E

\. TfOR (1.0 eq.) R = Me or Et \

C: > C-R

/1 THF,0°C, 16 h

N:/S\ N:/S\ _
MePH Ph MePH Ph  TfO

iISSC:E=S iISSC-Me: E = S, R = Me (quant.)
iSSeC: E = Se iISSC-Et: E = S, R = Et (quant.)

iSSeC-Me: E = Se, R = Me (62%)
iISSeC-Et: E = Se, R = Et (42%)

Scheme 2-8. Syntheses of C-alkylated carbones

iISSC-Me iISSC-Et

Figure 2-20. Molecular structure of iISSC-Me (left) and iSSC-Et (right) (Hydrogen atoms and

TfO~ anions are omitted for clarity).

iSSeC:-Me iSSeC-Et

Figure 2-21. Molecular structure of iSSeC-Me (left) and iSSeC-Et (right) (Hydrogen atoms

and TfO~ anions are omitted for clarity).
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Table 2-10. Selected bond lengths [A] and angles [°] of iSSC-Me, iSSC-Et, iSSeC-Me,
iISSeC-Et, BPC-Me, and BiSC-Me

iSSC-Me iSSC-Et iSSeC-Me iSSeC-Et BPC-Me BiSC-Me

E:’g] sel sVorp 1696 1.693 1.857 1.858 1.718  1.714

E—C1 1.695 1.699 1.694 1.695 1.713 1.696

E'=SVorP

C1-C2 1.512 1.519 1.508 1.517 1.539 1.515

S—N 1.530 1.532 1.526 1.534 - 1.532

E—-CF’ 115.1 114.7 114 .2 113.6 131.4 120.0
2-10 #55

AHFIETIE, BT D n ZR/IEN VR U IRFEOB I GREICRE S BT D AICE
HL, 282 R TEIEEALVT 7y VBN B LU EMNTE2HNT, A2/ A
T 7 (AT 7 )T —R(0) (SSC) BLA X AT 7 (B LT ) —AR(0)
(iSSeC) DEMEATV, fFONT=HNHR O 4 EFHGRMEE, 2 805K, 7'a F o4&
(OEERIB LT 1 b ERDSEER DGR & Ny TAEEN DA L NCT 5 Z & TEREL T,
T2, HTERERBIOY A 27U v 7R A U —JIEOFE RIS, BiSC <iSSC <
iSSeC DIETEFHERAmRD T EEH LN LI, _M%@F%ﬁ% (IR
A EAL 22 S ONCEEIc L > T, DR OBFHERENE L RDZ L E2HLNICL
TW5,
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2-11  FEhx

2-11-1  FREK & AT dE(E

i U 7o, SR3RIIBIR b (BR), AU BRLZE (BK), Foesis (#k), > 7/ ~7 v
RU »F RO 1 #hds KOFsho Tz AW, #Egr v~ ~77 71— (TLC) I,
25 TLC plastic sheets silica gel 60 Fass 2 U7z, ARIRIEIRAKFE 3 H B R PSL-1400 35 &
Y PSL-1800 % /=, 'H, "B, BC, F, 3P B X O ¥Cl RIS I (NMR) A~27 kL
I%, BRUKER AVANCE-400S & 7= 1% BRUKER AVANCE III-500 £%Hs#5 360840 Yot & & v C

HIE L=, NMR HIEDEEIZIZZ v kb -d (CDClL), 7% k= kY /b-d; (CD3CN),
MeOHds (CD;OD), 7 b7 & Ku 7 F > -ds (THF-ds) X h/L= 2 -ds (C7Ds) % FVM =,
'H 3 L OV BCNMR JIE O NEEHERENZ X T N T AF LT (TMS) M L7z, "B,
3P, 3C177Se NMR #IE DAMBIEAERBHIIL, ZNEN N IAAr AR UBY = FLo—T
AT, 85% Y ik, Mt NV v ARFIEKAER IS L OSMBEEMEREHZ 1TV A F ok
V= RZH L7, F NMR JIEDO/NTEREREHL N Y 74w hLx 2 %-63.72 ppm &
LT L7z, HEHMEA A4 AZHBHR 1213 Amberlite IRA-410 2 F L7=, FRIMEIN A~
kL (IR) 1 JASCO FT/IR-4200 Fourier Transform Infrared Spectrometer % FH\ 7z, X it
FEHTHIE 13 Rigaku ! RAXIS-RAPID % WV CHIE 21TV, #EEMEHTIZ SHELXL-97 7’1 7
T LW TITo Tz, BUAIIEIX Y 208 T3 (BK) # Yanaco MP-03 @l il & 25 @& % H
WCHIE LT,

2-11-2  BiSC-'H, iSSC'H 5 X 1NiSSeC-H D%

S8V T 2=/ -N-b IV ZNT £ I B (2-2) DAFKN

500mL =f47 7 A2 ¢, 717 -T108g (383 mmol) % MeOH270 mL (ZIAfR &+,
FERE 6 2z 7=, KiEEHWT 40 °C IZHRBRNH YT 2 =)L AT 4 K (2-1) 60.0 g
(322 mmol) ZAN%, 90 B L CUSSH 72, TLC (BERVALL : 7 nudkiL ) TG
T MR Li=tk, USRI Z KM /KER (LT b U w7 AKIEIR OkB(LF U w4 23.0g, #li
K 1300mL) (2o < Y EES, BoENT-HAREY 2 %5 Al L CRES -, Foihiz
R B X ) — )V TSR EITV, ABOREMmEST (86.6g, IUHE 76%),

2-2: 1H NMR (400 MHz, CDCl3) 8 2.34 (s, 3H), 7.14 (d, J = 8.14 Hz, 2H), 7.43-7.53 (m, 6H), 7.61-
7.64 (m, 4H), 7.75 (d, J = 8.14 Hz, 2H).
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SS-VT7 =)V ANLVT 4 XK (2-3) DAL

{b&# 2-2 % 30.0 g (844 mmol) £V HLY, 60.0 mL OEHiEE S & b IZHME L 7- 200 mL
A7 AWMz, I<IEE ) SETULAEY 2-2 2RI, MIGEIRE % &0
KB ASTZ 500 mL 77 AF v 7 B —h—2dp o< Y EEWEE, T OEIRE KRG /KR
b U T AKEE OKER(ET R U A 95.0 g, #liZK 100 mL) 12K &ML S oK 9z L
NH, BoL Y EFENE, o aGaREmEZ %5 AL, AR T3 [EYEE%, 100 mL
D 10%KIEALT b U 7 DOKEHETUEH Lic, 7Rl 2 ol S 7212, 3%milR (AL 6.30 g,
7K 200 mL) (ZVRME S W72, TRIRICIEMER 2 N 2 TR OBREZ1T - 121%, KBKERE
TR U D LK OKB{EF R U A 570 g, #iK 100 mL) (I2A LR b 0 &
Z, SO RAALEYZ RS AL CiniIE-, Sohi-AmmE X8 T
e a2 TV, BEOREESET (134g, I 72%),

2-3: 'H NMR (400 MHz, CDCls) § 7.42-7.48 (m, 6H), 7.55-7.59 (m, 4H).

N-TBESS-YT e =)L AT 4 I K (2-4) DL

TARETHESE L7300 mL =47 7 A3 N-7 ot a4 2 KNBS) 9.00 g (50.6
mmol) &7 & F>90.0mL ZH1x, KHEIHRDDE 20 ST 70, LA 2-3 % 10.0
g (45.7mmol) 7 k> 50.0 mL (2 S, NBS IAHICH F LT 30 s &7, TLC
(EBAVEEL : 7 v b)) TR T 2R L, RIGEHK%Z 200 mL OkKIZY-< Y &
HEWE, GO By a2 Al L T s, RXUBreadh ok b iR
fEmmZ TV, HEAORMESET (11.4 g, I3 89%),

2-4: 'H NMR (400 MHz, CDCls) & 7.51-7.63 (m, 10H).

INFA(T T 2 =) WVM- ANV T 7= R V)L (2-5) OE AN

1.OM 7 I T7FNTrE=ULT7RY R(TBAF) 7 87t R 7 Z (THF) &K 32.0
mL (32.0 mmol) %, 7/VI{ETHEYE L7 200 mL =/ 7 7 A afTkntk, (LAWY 24 %
7.00 g(25.0mmol) Mz, =i FE THIE LN D 3 BBIG ST, TLC (ERIRE ; 7 o
2R/ A MeOH = 8:1) CHRUNE T 2R L7, ISERIZZ v a kL 150 mL Z 00
Z, A 150 mL T 5 EIPEH L7-, 7 v akL A 5 KRS~ 7 %2 ™ A TR KRB L,
R S CHEAOR M Z ST (4.93 g, IE 90%),

2-5: 'H NMR (400 MHz, CDCls) & 7.50-7.58 (m, 4H), 7.60-7.64 (m, 2H), 7.91-7.94 (m, 4H).
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S-TNFAAN-AFN-SS-T T 2= VA ) A)NVEK=TULT T 74 iRl — F2-8) @
=40

FLHE L2100 mL A F 27 Z 2 2259 2-5 (4.38 g, 20 mmol) & AfL, 7 /v=
VEHL T 1 BHEBEGRESE T, NI ATFAGF Y=g LAT T 7 F R L — b
(Me;OBF4) (2.95 g, 20 mmol) % L < #M: L7 100 mL B4 & 77 A 3lC A, T3 E#
L, WERELZ, 20mL QKT 7o XXy (DCM) % 2 DOV T 7 X —IZFNEi
Mz, Kk Liz#, (LAY 2-5 A% Me;OBFs IATRICHINZ T 3 BRI SOG S 72, UG,
WIS 10 mL F2EEIC 72 5 & CRUEIRMG L, AALEE Al L, &% THF CUfk, &
JERAE U CHMAERD O AR E ST, 72, AIREBIEEMEY%, DCM/THF TSRS
5 Z L THNAERY O B EFHIRFE S 2 1537 (5.27 g, IR 82%),

2-8: m. p. 130-131 °C: '"H NMR (400 MHz, CDCl3) 6 3.43 (d, “Jur = 18.1 Hz, 3H, CH3), 7.87 (t, J =
7.72 Hz, 4H), 7.97 (t, J = 7.72 Hz, 2H), 8.28 (t, J = 7.72 Hz, 4H); *C NMR (125 MHz, CDCl;) §
33.9 (d, *Jcr=6.88 Hz), 128.1 (d, Jor = 15.88 Hz), 129.7, 131.9, 138.6; '°F NMR (470 MHz, CDCl;)
§-153.3, 45.9; IR (KBr, cm™): 3094, 3073, 1575, 1452, 1302, 1047, 876.

AFINZ T 2 =)V)N-ZNLT 7o = UL (2-10) DERR

KRS, 2-5(2.20 g, 10 mmol) % 200 mL ¢ THF |Z{&fiF S, -78 °CIZHEIL, 18.0
mL(20mmol) ® 1.14M AT /LU F L (MeLi) ZH%, 16 RS S0, & 528 H,
60 mL DOHiKE Nz TGN AEELE L, EtO (200 mL x1 [@], 100 mL x2 [A]) TP#E#E, 7 o
mRL A (100mLx3 [A]) CHIH L2, 7 nueds/L ARBICEKEEE~ 7 12> 7 L&z, B
KA 24T - 721, WJEREME S CAGBEREZ &S (1.50 g, IF 68 %),

2-10: '"H NMR (500 MHz, CDCls) § 3.50 (s, 3H), 7.41-7.59 (m, 6H), 7.82-7.87 (m, 4H) ppm.

NS-TCATFTNSS-T T 2= VA3 ) ANVFE=U L) 7L—F (2-11) DEHEL

RS T, 166 2-10 (1.10 g, 5.0 mmol) % DCM |ZIEfiE S, 0°ClZmEIL, MU~
VA RS AR A TV (MeOTY) (56.5 ul, 5.0 mmol) # - < DAz, 30 45 &
W7o, MKRZIMA TRISZ4EIE L, EbO THE#E, DCM ThiltH L7z, DCM J& |2 fE K i i
YRV ULEMA, BKLERZATV, BERMEER, AAEREZSEZ (1.27g, I 67 %),

2-11: '"H NMR (500 MHz, CDCl3) § 2.95 (s, 3H), 3.24 (s, 3H), 7.75-7.77 (m, 4H), 7.82-7.84 (m, 2H),
8.11-8.13 (m, 4H) ppm.
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AT 7 2=V ANVK=U LT F 774 ahR b — FDOERK

KA, 2-1(1.67 mL, 10 mmol) % DCM (20.0 mL) (ZIAf#EL, 0°C T 30 /S
7=, WEI%, MesOBF4 (1.47 g, 10 mmol) Z A1z, 5EFHIAG S4B 72, EbO THEEE, H
BEERZ ST (2.76 g, I 96%),

AF LT = =) WALKR= 5T kT 74K L — k: 'HNMR (500 MHz, CDCls) § 3.73
(s, 3H), 7.65-7.72 (m, 6H), 7.92-7.93 (m, 4H) ppm.

AFWUS 7 z=)\yeL ) =g bhT b7 7))V F ok L — kDEEL

KT, P7x2=1F1L=1F (1.74mL, 10 mmol) % DCM (10.0 mL) [Z¥&f# L, 0°C
T30 SRR &2, A%, MesOBF4 (1.47 g, 10 mmol) ZFEHY , SUSIEIRIZINZ TS5
BEE SO 72, ERO Tk, DCM/EtO THASMZITY, B MZ 572 (3.29 g, X
K 98%),

AFMUNT T z=/W)yE L /) =0T 8T 704 A L— k: THNMR (500 MHz, CDCl3) & 3.41
(s, 3H), 7.60-7.63 (m, 4H), 7.65-7.66 (m, 2H), 7.67-7.69 (m, 4H) ppm.

BiSC-H D&k
MePh_ Ph Ty HEOKSRMET, 2-11(3.79 ¢, 10 mmol), 2-8(3.21 g, 10mmol) & /KEfLT b
N=S, J 7 2 (NaH) (1.31 g, 30 mmol) 23 A-7= 50mL Fiff&F 275 2 =2
ST THE BT 20 WIS S, BA, SATRIEELE L, BLO T
MEPH Ph TIO 1%, DCM THiH L7=. DCM J8 % ik /LER %, BT L, MeOH/ELO
BISC-H THALT 52 & TRNAERDERTZ (4.14 g, IR 70%),

BiSC-H: 'H NMR (500 MHz, CDCLs) & 2.75 (m, 6H), 5.31 (s, 1H), 7.50-7.57 (m, 12H), 7.98-8.01
(m, 8H) ppm; 'F NMR (470 MHz, CDCl3) & -152.7 ppm.

iSSC-H D&k
Ph Ph T+ BEKEMET, AFUPT 2= MMAVE=Y AT F T T A R L —
S\C_H ~ (2.88 g, 10 mmol) & 2-8 (3.21 g, 10 mmol) @ THF FHRIZ2.0M U F
/ LAY TaENT IR (LDA) @ THF/ AT X = F_ B IRIR

N=S
MEPH Ph gF, (15.0mL,30mmol) %-78°C TMZ T —BRAIS S BT, BH, ik RIS

iSSC-H

| {15 L, DCM CHit L7z, BIAKMLERE LN L, DCM @ 5> b5 b
NI 1B Y A BLO THEVFE, MeOH/ELO CRST 5 = & THIENM A BT (275
g, I 55%),
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iSSC-H: m.p. 130-131 °C; '"H NMR (500 MHz, CDCl3) & 2.68 (s, 3H), 5.28 (s, 1H), 7.58-7.56 (m,
12H), 7.79-7.80 (m, 4H), 8.03-8.05 (m, 4H) ppm; 'H NMR (500 MHz, CD3CN) § 2.64 (s, 3H), 4.69
(s, 1H), 7.61-7.67 (m, 12H), 7.74-7.71 (m, 4H), 8.00 (d, J = 8.0 Hz, 4H) ppm; *C NMR (125 MHz,
CDCls) § 28.9 (SCHS), 30.2, 127.5, 128.3, 130.2, 130.9, 132.7, 133.5, 133.9, 137.4 ppm; *C NMR
(125 MHz, CD3sCN) 6 30.4,30.9 (SCHS), 128.7,129.2, 131.2, 131.7, 133.8, 134.5, 135.3, 138.2 ppm;
F NMR (470 MHz, CDCls) & -152.7 ppm; 'F NMR (470 MHz, CD3CN) & -152.6 ppm; Elemntal
analysis Calcd (%) for C26H24BF4NS»: C 62.28, H 4.82, N 2.75; Found: C 62.28, H 4.89, N 3.20.

iSSeC-H DA K
Ph Ph |+  EASLUT, AFMU(PT7z=)EL /) =0 AT RF 7 FrARL— R
N/
Se

: (3.36 g, 10 mmol) & 2-8(3.21 g, 10 mmol) ® THF IFIRIZ 2.0 M U F 7 LY
st’C_H £V FRELT I F (LDA) O THF/~F % /T F /LB i (150
MEPH Ph BF, mL, 30 mmol) %-78 °C T C—MiUn S ¥z, #H, MK TS FIE
iSSeC-H L, DCM THitH L7z, Bi/KQEZICRITERNE L, Soh@aiiky s

THF TyF%, MeOH/ELO THEEIT 2 2 & THMARM 2157 (2.68 g, IE 49%),
iSSC-H D HfESIE, MeOH T LITIO # HW T 7 =4 28#i L7-1%, DCM/Et,O THEfE
R 5H T & TYERE LT,

iSSeC-H: m.p. 188-189 °C; 'H NMR (500 MHz, CDCls) & 2.71 (s, 3H), 5.18 (s, 1H), 7.54-7.58 (m,
12H), 7.75-7.77 (m, 4H), 8.05-8.07 (m, 4H) ppm; 'H NMR (500 MHz, CD3sCN) & 2.64 (s, 3H), 4.71
(s, 1H), 7.60-7.67 (m, 10H), 7.71-7.74 (m, 6H), 7.99-8.01 (m, 4H) ppm; '*C NMR (125 MHz, CDCls)
0 30.2, 34.3 (t, Jcse = 55.3 Hz, SeCHS), 127.5, 129.1 (t, Jcse = 8.2 Hz), 130.2, 131.2, 132.0, 132.6,
133.8, 138.2 ppm; '*C NMR (125 MHz, CD3CN) § 30.5, 31.0 (SeCHS), 128.7, 129.3, 131.3, 131.8,
133.9, 134.6, 135.3, 138.3 ppm; '°F NMR (470 MHz, CDCls3) & -152.9 ppm; '°F NMR (470 MHz,
CD3CN) § -152.9 ppm; 7’Se NMR (95.4 MHz, CDCl3) § 470.7 ppm; 7’Se NMR (95.4 MHz, CD3CN)
0 554.4 ppm; Elemental analysis Calcd (%) for C2sH24BF4NSSe: C 56.95, H 4.41, N 2.55; Found: C
56.95,H4.31, N 2.61.
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2-11-3  BiSC, iSSC ¥ L 1V iSSeC DAk

BiSC D&k
MePh Ph  MecOH (¥t & 72144 BiSC-H (52.9 mg, 0.10 mmol) % HE KMk A Ao 25 #

\é- NS Amberlite (OH™ form) TP U7z, SOSTAIR 2 BUERRME L, ~F %o T

N=S TR NP UICHERMSETARL, VP UNF L THMARETO DL

/N
MeBFf;CPh THRAERY 21372 (44 mg, UL 98%),

|

BiSC: 'H NMR (500 MHz, CDClz) & 2.62 (m, 6H), 7.28-7.35 (m, 12H), 8.00 (dd, .J = 8.0Hz, 8H)
ppm; 'H NMR (500 MHz, C7Ds) § 2.79 (m, 6H), 6.89-6.97 (m, 12H), 8.00 (d, J = 7.5Hz, 8H) ppm;
13C NMR (125 MHz, CDCls) & 30.1, 39.7, 127.7, 128.3, 130.5, 144.4 ppm; *C NMR (125 MHz,
C7Dg) 6 30.9, 39.9, 128.4, 128.5, 130.5, 146.0 ppm.

iSSC DAk
Ph Ph 4Kt F, THF #1-78°C T iSSC-H (201 mg, 0.400 mmol) & F VU 7 AT 2
R (NaNH>) (31.2 mg, 0.800 mmol) % 1 REISGL S W72, KINAIK % Eill F TH-
Nﬂ” L, WA BTN S 721%, EuO THiH L7-, 6 L7 EnO Ak 2 -20°C

/N
M?SF;% Ph Wi L, #EEBPREO iSSeC 215372 (160 mg, IR 97%),
I

\O.{m\

iSSC: m.p. 110-111 °C (decomp.); 'H NMR (500 MHz, CD3CN) & 2.46 (s, 3H), 7.34-7.47 (m, 12H),
7.87-7.89 (m, 4H), 8.09-8.12 (m, 4H) ppm; "H NMR (500 MHz, CsDs) & 2.97 (brs, 3H), 6.90-6.93
(m, 4H), 6.98 (t, J=7.5 Hz, 4H), 7.03 (t, J= 8.0 Hz, 4H), 7.90 (d, J = 8.0 Hz, 4H), 8.50-8.53 (m, 4H)
ppm; '3C NMR (125 MHz, CDsCN) § 30.9, 35.4 (SCS), 128.5, 129.1, 130.0, 130.8, 131.7, 132.0,
144.4, 147.6 ppm; '*C NMR (125 MHz, C¢De) 5 31.0, 36.9 (SCS), 127.6, 128.4, 128.5, 129.1, 129.7,
130.0, 144.3, 147.3 ppm.

iSSeC DAk
Ph\sé"“ WK, THF H-78°C T iSSeC-H (218 mg, 0.360 mmol) & NaNH, (28.4 mg,
¢ 0730 mmol) & 1 WefISCG STz, SOGHR & 200 £ THR L, Wi iR
N=d ST, EnO THIH L7z, M L7 BuO VA& -20°C T BHE L, e

MEPH Ph
© BRGSO iSSeC #157- (161 mg, I 97%),

iSSeC

iSSeC: m.p. 95-96 °C (decomp.); 'H NMR (500 MHz, CD3CN) & 2.60 (s, 3H), 7.49-7.60 (m, 12H),
7.83 (d, J = 7.0 Hz, 4H), 8.07 (d, J = 7.5 Hz, 4H) ppm; '"H NMR (500 MHz, CsDs) & 3.05 (s, 3H),
6.89-6.94 (m, 4H), 6.96 (t, J=10.0 Hz, 4H), 7.04 (t, J = 10.0 Hz, 4H), 7.97-7.99 (m, 4H), 8.67-8.69
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(m, 4H) ppm; 3C NMR (125 MHz, CDsCN) & 30.5, 34.4 (SeCS), 128.6, 129.7, 130.6, 131.5, 132.9,
133.9, 135.7, 142.2 ppm; *C NMR (125 MHz, CsDs) 5 30.9, 49.9 (SeCS), 128.4, 128.5, 129.3, 129.9,
130.0, 141.1, 149.3 ppm; 7’Se NMR (95.4 MHz, CD3CN) § 567.9 ppm; "’Se NMR (95.4 MHz, C¢De)
0 576.9 ppm.

2-11-4 BiSC, iSSC F L WV iSSeC I+ & L= 4(DEHAD AL

[Au(BiSC)(PhsP)|TfO D& f%

Me\'\sz\S/Ph s KM TF, THF H1-40°C T BiSC (44.7 mg, 0.10 mmol) &
. Au<—P§rF]>h [AuCI(PhsP)] (49.4 mg, 0.10 mmol) % 5 BRI S+, 0°C £ T

N=g Ph FR U7z, BONRIRIC MU 7 vt a XA X 2 ALk v gl
MEPH Ph TIO  (AgOTf) (25.8 mg, 0.10 mmol) %, & Hic 1 BERIEH: L7,
[AU(BISC)(PhsP)ITFO IR % BT A S 7%, FRIEIC DCM 2%, HJohie

BRI Z 2 74 Ml Lz, ARERIERN L721%, Sohicfkifz DCM/~F% T
FAESZITVY, B S O[AuBISC)(PhsP)|TFO Z15%7- (85 mg, ULHE 77%),

[Au(BiSC)(PhsP)]TfO: 'H NMR (500 MHz, CDCl3) § 3.06 (s, 6H), 7.06-7.10 (m, 6H), 7.33-7.39 (m,
18H), 7.46-7.49 (m, 3H), 8.15-8.19 (m, 8H) ppm; '*C NMR (126 MHz, CDCI3) § 30.5, 65.1 (d, J =
97.5 Hz), 128.4, 128.8, 129.2 (d, J= 11.3 Hz), 129.3, 131.7 (d, J= 2.5 Hz), 132.6, 133.7 (d, J=13.8
Hz) 140.4 ppm; F NMR (470 MHz, CDCls) § -79.0 ppm; *'P NMR (202 MHz, CDCls) & 39.0 ppm.

[Au(iSSC)(PhsP)|TfO D &hk
Ph\S,Ph 1 MK SR, THF H-40 °C T iSSC (82.7 mg, 0.20 mmol) &
e Au~—pipn | [AUCIPhP)] (49.4 mg,0.10 mmol) % S RERIRZIE &4, 0°C T
N:sf Ph R UTe, BOSEEIRIZ AgOTS) (25.8 mg, 0.10 mmol) ZMNZ, &
MePH Ph TIO  oiz 1 WERBEHE L7o, SOSIIG A UEIAE S 07218, FREI
AUISSCXPRPITIO oM a iz, 8 b7 GBIl A £ T 1 L Al LT, Silik
WEIEAG LT, 3 ONT-FE %2 DCM/~F3 o THEEMZ1TV, BRAERD 25T (144

mg, I 62%),

[Au(iSSC)(PhsP)]TfO: '"H NMR (500 MHz, CDCls) & 2.82 (s, 3H), 7.09-7.13 (m, 6H), 7.38-7.41 (m,
6H), 7.45-7.54 (m, 11H), 7.57-7.60 (m, 4H), 7.77-7.79 (m, 4H), 8.16-8.18 (m, 4H) ppm; '°F NMR
(470 MHz, CDCls) § -78.9 ppm; *'P NMR (202 MHz, CDCls) § 40.8 ppm.
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[Au(iSSeC)(Ph3P)]BE4 D& ik

Phééph - MK, THF H1-40 °C T iSSeC (92.2 mg, 0.20 mmol) &
Ph
;C_, Au < P—Ph [AuCl(PhsP)] (98.8 mg, 0.20 mmol) % 5 FFEL &4, 0°C %
N=§ Ph TR L. RUSRIRICT b7 7 v A ms TR (AgBF.)
MePh Ph BFs  (19.5mg, 0.10mmol) Z %, &5IC 1 BEHHE L, KIS
[Au(iSSeC)(PhsP)IBF,

TR A RN S e 721, IR DCM 2Nz, Sohn-%iE
Wik w274 MIE LTz, AREILREM L21%, 507 EE%2 DCM/ A~ CHfE
B a2 ATV, HEVERRD 35 5 vz (179 me, IR 84%),

[Au(iSSeC)(PhsP)|BF4: 'H NMR (500 MHz, CDCls) § 2.86 (s, 3H), 7.03-7.07 (m, 6H), 7.36-7.39 (m,
6H), 7.45 (t, J = 10.0 Hz, 3H), 7.50-7.54 (m, 8H), 7.56-7.60 (m, 4H), 7.79 (d, J = 7.0 Hz, 4H), 8.19
(d, J=17.5 Hz, 4H) ppm; '’F NMR (470 MHz, CDCI3) § -152.9 ppm; *'P NMR (202 MHz, CDCl3) &
40.8 ppm.

[Aux(BiSC)(Ph3P),](TfO), D E ik,
o e+ HEKZMET, THF H1-40 °C T BiSC (44.7 mg, 0.10 mmol) &

Me\'\ITE\S/Ph /F',;E: [AuCI(PhsP)] (98.8 mg, 0.20 mmol) % 5 H§fHIF G SH7-1%, AgOTf
" A|“ (49.8 mg, 0.20 mmol) % M1 % C 16 BRI &7, SIS %

RN
ned AU pn JERAE S 7-1%, FRIEIC DCM 214, 5 b I-RsiRiiz & 7

S SN Pl _
MePh Ph phPN2Tio A R A L7z, AIREBIERN STk, Rik%E DCM/~F 4
[Aux(BISC)(PhsP)I(TFO),  THEREAL 24TV, IS Ak D [Aua(BiSC)(PhsP):](TO), 2345 H L7z
(173 mg, UXZE 96%),

[Aux(BiSC)(PhsP)](TfO)2: m.p. 109-110 °C; 'H NMR (500 MHz, CDCls) & 2.76 (brs, 6H), 6.93 (dd,
J =175 Hz, 12H), 7.31-7.35 (m, 12H), 7.52-7.55 (m, 14H), 7.69 (br, 4H), 8.25 (d, J = 7.5 Hz, 8H)
ppm; °F NMR (470 MHz, CDCls) § -78.9 ppm; *'P NMR (202 MHz, CDCI3) § 34.3 ppm

[Aua(iSSC)(Ph3P),J(TFO), D E hk
o |2t EEKZ{ETF, THF t1-40°C T iSSC (41.4 mg, 0.10 mmol) &

_Ph .
Ph,_Ph /IID\Ph [AuCI(PhsP)] (98.8 mg, 0.20 mmol) % 5 WIS X ¥ 7-1%, AgOTE
Au N ot
\Ci | (49.8 mg, 0.20 mmol) Z M % C 16 BERISE SH7-, KGRI %
4 e e . I
N=s AU Ph WA S U 7-1%, FEIEIC DCM 2%, 15 5= SRiBvik %
Me Ph Ph

Pl _

PR N2TIO 51 R Al LTz, ARAHITEEME S 715, iK% DCM/~
[Au(iISSC)(Ph3P)I(TFO), 4 o THAE AL Z 1TV, B il O [Aua(iSSC)(PhsP)2](TfO), 73
B 5172 (172 mg, L3R 97%),
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[Aua(iSSC)(PhsP),](TfO)2: m.p. 124-126 °C (decomp.); 'H NMR (500 MHz, CDCls) & 2.66 (s, 3H),
6.92-6.96 (m, 12H), 7.31-7.34 (m, 12H), 7.44 (t, J = 7.0 Hz ,2H), 7.52-7.55 (m, 6H), 7.66 (t, J = 8.5
Hz, 4H), 7.75 (t, J = 8.0 Hz ,2H), 8.12 (d, J = 8.0 Hz ,4H), 8.19 (d, J = 8.0 Hz ,4H) ppm; '°F NMR
(470 MHz, CDCl3) 5 -79.0 ppm; *'P NMR (202 MHz, CDCls) & 36.0 ppm.

[Aua(iSSeC)(PhsP),)(TfO), DAk
o |+ #EKSMETF, THF 1-40°C T iSSeC (46.1 mg, 0.10 mmol) &

Ph P /IIDi:ZE [AuCI(PhsP)] (98.8 mg, 0.200 mmol) % 5 KRR X +7- %,
\C/A|u AgOfT (49.8 mg, 0.20 mmol) %1% T 16 RFfIss &7, ik
AN
[ AU pp VI A BRI S -4, FRIEIC DOM 201%, 1557 I6E

AN Pl _
MEPh Ph L PhoTio Witk & T4 A Lin, AIKABIERSE S &%, %kt
[Au(iSSeC)PhsPRITIO):  MeCN/ELO T F #§ & & 47 W, & B fif & o
[Auz(iSSeC)(PhsP)2(TfO): 231G H L7z (158 mg, U= 87%).

[Aux(iSSeC)(PhsP):](TfO)2: m.p. 122-124 °C; 'H NMR (500 MHz, CDCls) & 2.66 (s, 3H), 6.91-6.96
(m, 12H), 7.24-7.27 (m, 4H), 7.31-7.34 (m, 12H), 7.44 (t, J = 7.5 Hz, 2H), 7.51-7.55 (m, 6H), 7.65
(t, J= 7.5 Hz, 4H), 7.73 (t, J = 8.0 Hz, 2H), 8.11-8.13 (m, 4H), 8.17-8.19 (m, 4H) ppm; 'F NMR
(470 MHz, CDCls) § -79.0 ppm; *'P NMR (202 MHz, CDCls) § 36.0 ppm.

2-11-5 iSSC-H 3 L W iSSeC-H ZHEI - & L7=4(DF L URIEE IR DAL

[Au(iSSC-H)(PhsP)](BF4), D& %

Ph_Ph e MK S, THF H1-40 °C T iSSC-H (50.2 mg, 0.100 mmol) &
S\C, H [AuCl(PhsP)] (49.4 mg, 0.100 mmol) DIEAVAIKIZ AgBF4 (19.4 mg,
Ned ‘Au\ o 0.100 mmol) Z A%, 16 RIS S 70, BOUNTAIR % I8 IR

MEPH Ph  phppe s ST, RIS DOM ZMAE T A b S LI, S HIE
JHL 952 24 A=) S SON A~ S < Y =] 4= =

AU(SSC-H)(PhaP)I(BF ), Rk, HoniikE% DCM/ %?‘/Tﬁﬁaa%ﬁ? L, f
G ik O [Au(iSSC-H)(PhsP)|(BFs), 2315 5 417 (58.7 mg, L3

45%).
[Au(iSSC-H)(Ph3P)](BF4)2: m.p. 164-166 °C (decomp.); 'H NMR (500 MHz, CDCls) & 2.68 (s, 3H),

5.27 (s, 1H), 7.00-7.04 (m, 6H), 7.40-7.43 (m, 6H), 7.51-7.59 (m, 15H), 7.79-7.80 (m, 4H), 8.03-8.05
(m, 4H) ppm.
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[Au(iSSeC-H)(PhsP)](BF4) D)%

Ph_ Ph ES K S5, THF H1-40°C T iSSeC-H (54.9 mg, 0.10 mmol) &
S y s

?C, H [AuCl(PhsP)] (49.4 mg, 0.10 mmol) DIREATANRIZ AgBF4(19.4 mg,

d A o 0.10 mmol) A/, 16 RFHIBOE S A7, BOGTAIR A I A

MEPH Ph  phope STk, FEHEIC DOM EMIAE T A b A LI, HikAHIE
[Au(iSSeC-H)(PhsP)I(BF,), WAtk 15 O ALk Z DCM/~F 4 > THfEmETo7o & 2
%, [Au(iSSeC-H)(PhsP)|(BF4), DI 35 H 7z (44.6 mg,

I 33%),

[Au(iSSeC-H)(PhsP)](BF4)2: m.p. 173-175 °C (decomp.); 'H NMR (500 MHz, CDCl3) § 2.71 (s, 3H),
5.19 (s, 1H), 7.03-7.08 (m, 6H), 7.39-7.43 (m, 6H), 7.53-7.67 (m, 15H), 7.75-7.77 (m, 4H), 8.05-8.08
(m, 4H) ppm.

[Ag2(iSSC-H)o](BE4)s DA FX

Ph Ph ] ST, DCM HEE{R T iSSC-H (50.2 mg, 0.10 mmol)
S\ H Me & AgBF4(9.75mg, 0.05 mmol) % 3 RIS S /72, RISE
CTAITNG AR WaEETARHBL, HEERTRGS S, LRz
o N A~ DCM/ ~ % % v CHE S & 1T - 7= & = 5,
me H \S spF, [AZ(SSC-H)I(BFs)s O (43.9 mg, I 63%) BIIFEHHA
PH Ph LT,

[Ag2(iISSC-H)2](BF4)4

[Ag2(iSSC-H),](BF4)s: "H NMR (500 MHz, CDCl3) & 2.63 (s, 6H), 5.60 (s, 2H), 7.51-7.60 (m, 24H),
7.87-7.89 (m, 8H), 7.99 (d, J = 7.5 Hz, 8H) ppm; '°F NMR (470 MHz, CDCl3) & -151.3 ppm.

[Ag(iSSeC-H),](BF4)s DA Ak

Ph Ph Ph PhMe | YT, DCM H =R T iSSeC-H (110 mg, 0.20
éé\ H ;SlzN' mmol) & AgBF4 (19.5 mg, 0.10 mmmol) % 3 WA &

- LR W, AGLBEVIERA GOSN, SJUREIRE T A b
MéPr Bh pr e 3sr, SBL, AUEAWUERE, bk %E DOM/ELO
[Ag(iSSeC-H),](BF,) Z N Z HFEE T 5 2 & T[AgiSSeC-H)2](BF4)s 737 BA i

eSS (173 mg, IR 62%),

[Ag(iSSeC-H)>](BF4)3: m.p. 190-192 °C; 'H NMR (500 MHz, CDCl3) § 2.64 (s, 6H), 5.71 (s, 2H),
7.52-7.59 (m, 24H), 7.88-7.90 (m, 8H), 7.97-7.99 (m, 8H) ppm; '*C NMR (125 MHz, CDCls) & 30.0,
77.2, 126.4, 130.1, 131.1, 131.3, 133.0, 134.6, 135.7 ppm; '°F NMR (470 MHz, CDCl;) & -151.3
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ppm; Elemental analysis Calcd (%) for Cs2HasB3F12N2S2SexAg: C 48.37, H 3.75, N 2.17; Found: C
48.96, H 3.78, N 2.38.

2-11-6 BiSC, iSSC £ X IV iSSeC & sREFHID Kt

BiSC-2H DA%
o e+ KT, NMR 9 = — 7 H112 BiSC (4.4 mg, 0.0l mmol) & A % / —

Me Ph
N=S J-ds (CD;OD) %% T-20 °C \ZEN%, FU ZAF 10 A X ALK
Py {4 (TfOH) (10 uL, 0.02 mmol) Z % Tk < 3£ 0 IR, 'HNMR JIE
N=S

MEPH Ph 2Tf0  &AT-72,

BiSC-2H: 'H NMR (500 MHz, CD30D) § 2.93 (s, 6H), 7.74 (t, J = 8.0 Hz, 8H), 7.87 (t, J = 8.0 Hz,
4H), 8.08-8.10 (m, 8H) ppm.

iSSC-2H D&k
on pn 17T EEKEMEF, NMR F =2 —7 4112 iSSC (4.14 mg, 0.01 mmol) & CD;0D
: 201 2. C-20°C 12451, TOH (10 uL, 0.02 mmol) %1% C L < 42 Y i&
H7-t%, 'HNMR JEZEIT-7=,

~

_H
“H

N:/S\ _
MEPH Ph 2TfO

iSSC-2H: '"H NMR (500 MHz, CDs;0D) § 2.95 (br, 3H), 7.69 (t, J = 7.5 Hz, 4H), 7.78-7.85 (m, 6H),
7.99 (t,J=17.5 Hz, 2H), 8.06 (br, 4H), 8.13 (br, 4H) ppm.

iSSeC-2H DAL,

ph ph |2+ TEKSRFET, MeOH '1-20 °C T iSSeC (92.2 mg, 0.20 mmol) & TfOH
se (39.4 uL, 4.44 mmol) % M2 THISHAIK &2 BiILE THIEL, 1 BEAE S

v _H
S o, BUSH, MAkEMZTABL, % MeOH/ EO THAS®T 5

MdpH ph 2Tfo & THEBREEOLAY iSSeC2H 372 (148 mg, I 97%),

iSSeC-2H: m.p. 203-204 °C; 'H NMR (500 MHz, CDsCN) 5 2.88 (s, 3H), 6.74 (t, J = 4.0 Hz, 2H),
7.58 (t, J=7.5 Hz, 4H), 7.71 (t, J = 8.5 Hz, 2H), 7.75 (t, J = 8.0 Hz, 4H), 7.80 (d, J = 8.5 Hz, 4H),
7.88 (d, J = 9.0 Hz, 4H), 7.95 (t, J = 7.5 Hz, 2H) ppm; 'H NMR (500 MHz, CD;0D) § 2.97 (s, 3H),
7.58-7.62 (m, 4H), 7.69-7.72 (m, 2H), 7.76-7.79 (m, 4H), 7.85-7.87 (m, 4H), 7.94-7.97 (m, 6H) ppm;
13C NMR (125 MHz, CD:CN) & 32.9, 63.6 (SeCH,S), 122.0 (q, Jcr = 321 Hz, CF3), 125.7, 128.9,
130.1, 132.4, 132.5, 132.8 (t, Jese = 8.8 Hz), 135.3, 138.6 ppm; '°F NMR (470 MHz, CD3CN) § -80.3
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ppm; 7’Se NMR (95.4 MHz, CD3;CN) & 463.1 ppm; Elemental analysis Caled (%) for
CasH25FsNO6S3Se: C 44.21, H 3.31, N 1.84; Found: C 44.27, H2.94, N 2.17.

iSSC-Me DA%
Ph_Ph ¢ #EKGAEF, THF #0°C T iSSC (82.7 mg, 0.20 mmol) & MeOTf(22.6 pL,

S\C " 0.20 mmol) % 1 WFfEISOG S W7z, ROSEIRIZHIK 200 2 BSOS L,
—\Nie
N=¢ DCM THlitH L7z, DCM Bz BiARLEE L, JERN%, DCM/ELO TH

MEPH Ph TIO i35 2 & T, MBS OLAY iSSC-Me 24372 (112 mg, I
iSSC-Me
97%),

iSSC-Me: m.p. 127-128 °C; 'H NMR (500 MHz, CDCl3) & 1.94 (s, 3H), 2.84 (s, 3H), 7.54-7.57 (m,
4H), 7.66-7.73 (m, 12H), 7.94-7.96 (m, 4H) ppm; '°F NMR (470 MHz, CDCl;) & -79.0 ppm.

iSSC-Et DA
Ph Ph |+ MEKZ{ET, THF 10 °C TiSSC(82.7mg, 020 mmol) & kU 74741
S\C_Et A H 2 AR TV (BtOTH) (25.9 pL, 0.20 mmol) % 1 eI BOG S
Ned Teo ROSHSIT MK %I Z B2 1E L, DCM ChitH L7, DCM J@ % fi
MEPH Ph TFO  AGLEE L, WUTHA#%, DCM/ELO THRASRT % = LT, MBI o
SSCE {b&# iSSC-Et 157 (112 mg, L3R 95%),

iSSC-Et: m.p. 159-160 °C; '"H NMR (500 MHz, CDCl3) § 0.71 (t, J = 7.5 Hz, 3H), 2.47 (q, J = 7.5
Hz, 2H), 2.94 (s, 3H), 7.62-7.64 (m, 4H), 7.67-7.73 (m, 12H), 8.00-8.02 (m, 4H) ppm; *C NMR (125
MHz, CDCl3) § 15.0,20.7,31.9, 41.7 (SCEtS), 128.2, 129.1, 130.4, 130.6, 131.1, 133.0, 134.5, 135.8
ppm; ’F NMR (470 MHz, CDCl3) § -79.1 ppm.

iSSeC-Me DL Ak
Ph, Ph ¢ EEKRSAETR, THF 110 °C TiSSeC (92.2 mg, 0.20 mmol) & MeOTf (22.6
3 WL, 0.20 mmol) % 1 BSRISCIS &, SERTAIRIC SA %02 S L L,
f “Me DCM Tl L7z, DCM J& % /K LBE U, T AE%, DCM/Et,O Tk

MEPH Ph TiO fhd 52 & T, EAFEHRHEMOILAY iSSeC-Me #1547= (83.6 mg, L%
iISSeC-Me 62%)

iSSeC-Me: m.p. 157-159 °C; 'H NMR (500 MHz, CDCl3) & 1.88 (s, 3H), 2.88 (s, 3H), 7.57-7.59 (m,
4H), 7.66-7.72 (m, 12H), 7.90-7.91 (m, 4H) ppm; '3C NMR (125 MHz, CDCl3) § 13.0, 31.4, 41.2
(SeCMeS), 128.2, 128.3, 130.0, 130.6, 131.3, 132.8, 134.5, 136.1 ppm; '°F NMR (470 MHz, CDCl5)
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5 -79.0 ppm; 7’Se NMR (95.4 MHz, CDCl3) & 545.2 ppm.
iSSeC-Et D&k
Ph_ Ph |F EKGMET, THF #10 °C TiSSeC (92.2 mg, 0.20 mmol) & EtOTf (25.9
S?C_Et UL, 0.20 mmol) % 1 RERISCIE S 72, SORHRIICHIA 200 2 SIS LE L,
d DCM THiti L7, DCM J& % i /K LB L, JEEME%, DCM/EtO T

MEPH Ph TIO 9% = & T, IEAFBIRER DI Y iSSeC-Et 2137~ (53.6 mg, LK 42%),
iSSeC-Et

iSSeC-Et: 'H NMR (500 MHz, CDCls) 8 0.55 (t, J = 7.5 Hz, 3H), 2.31 (q, J = 7.0 Hz, 2H), 2.90 (s,
3H), 7.66-7.74 (m, 16H), 7.93 (d, J = 7.5 Hz, 4H) ppm: *C NMR (125 MHz, CDCl3)  15.8, 21.5,
31.6,45.3 (SeCEtS), 128.2, 129.6, 130.0, 130.5, 131.3, 132.8, 134.4, 136.4 ppm; '°F NMR (470 MHz,
CDCI3) 6 -79.0 ppm; "’Se NMR (95.4 MHz, CDCls) § 547.9 ppm.

2-11-7 X BpAdEmesT

AREVELNTALBEYORER/RT A —4 % Table 2-11-18 (I~ LTz, T — # 13 Mo-
Ko 77774 FE/ 70 AL bR (0 =0.71075A) %{£ L, Rigaku $! RAXIS-RAPID
A A=V T L — TR LT, T—HI1%, v—L U VELGWBRTHIEL, EBRKY
WA IEITE RN F O R 2w H LT, (LS OREEIL, SHELXL-97 7'v 7T L% T
[ELEVE CRREMT L T2,
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Table 2-11. Crystallographic data of iISSC-H, iSSeC-H, and iSSC

1SSC-H 1SSeC-H 1SSC
Formula Co6H24BF4NS» C27H24F3NO3S38e CosH2oNS»
Formula weight [g-mol™'] 501.39 610.55 413.57
Color colorless colorless yellow
Cystal size [mm?] 0.49%0.43%0.25 0.46x0.35%0.19 0.42%0.35%0.16
Temperature [K] 173 173 173
Wave lengths [A] 0.71075 0.71075 0.71075
Crystal system Orthorhombic Orthorhombic Monoclinic
Space group Pbca Pbca P21/ a
a[A] 15.037(3) 16.752(4) 8.756(3)
b[A] 16.940(3) 17.369(4) 24.922(8)
c[A] 18.892(4) 18.319(3) 10.294(3)
a [°] 90 90 90
B [°] 90 90 108.530(14)
7 [°] 90 90 90
Volume [A?] 4812.4(16) 5330.4(18) 2129.9(12)
Z 8 8 4
Density (calculated) [M-gm™] 1.384 1.522 1.290
Absorption coefficient [mm] 0.268 1.617 0.262
F (000) [e] 2080 2480 872

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR’ (all data)
Goodness-of-fit on F?

Data completeness [%]

1.0000 and 0.5372

3.15t0 27.49
44599

5507

0.0401

5507/ 0/ 312
0.0340, 0.0874
0.0411, 0.0902
1.084

99.8

58

1.0000 and 0.6358

3.24 t0 27.46
47065

6077

0.0944

6077/ 0/ 339
0.0453, 0.0874
0.0769, 0.0961
1.027

99.7

1.0000 and 0.8113

2.99 to 27.47
19461

4793

0.0663

4793/ 0/ 263
0.0532, 0.1359
0.0784, 0.1576
1.057

97.9



Largest diff. peak and hole [e-A=] 0.391 and -0.294 0.379 and -0.476 0.379 and -0.476

Table 2-12. Crystallographic data of iSSeC and [Au(BiSC)(PhsP)]TfO

iSSeC [Au(BiSC)(PhsP)]TfO

Formula C26H23NSSe Ca6H41AuF3N203PS;3
Formula weight [g'mol™'] 460.47 1050.92

Color yellow colorless

Cystal size [mm?] 0.26x0.16x0.09 0.34%0.20%0.15
Temperature [K] 173 296

Wave lengths [A] 0.71075 0.71075

Crystal system Monoclinic Monoclinic
Space group P2i/a Cc

a[A] 8.861(3) 25.240(8)

b[A] 24.024(6) 11.693(3)

c[A] 10.795(3) 18.473(6)

a [°] 90 90

B[] 108.952(11) 127.584(10)

7 [°] 90 90

Volume [A%] 2173.2(11) 4321(2)

z 4 4

Density (calculated) [M-gm™] 1.407 1.616
Absorption coefficient [mm] 1.836 3.643

F (000) [e] 944 2096

Max. and min. Transmission 1.0000 and 0.5879 0.6110 and 0.3706
@range [°] 3.10 to 27.47 3.02 to 27.47
Reflections collected 21142 20479
Independent reflections 4958 9204

Rint 0.0826 0.0465

Data / restraints / parameters. 4958/ 0/ 263 9204/ 2/ 534

Final R indices (I >24{1])
R, wR’ (all data)
Goodness-of-fit on F?

Data completeness [%]

0.0482, 0.0930
0.0738, 0.1015
1.043
99.6
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0.0337, 0.0404
0.0612, 0.0656
0.971

99.6



Largest diff. peak and hole [e-A~] 0.667 and -0.416

1.164 and -1.806

Table 2-13. Crystallographic data of [Auz(BiSC)(PhsP)2](TfO)2 and [Auz(iSSC)(PhsP)2](TfO)

[Auz(BiSC)(PhsP),](TfO),

[Aux(iSSC)(PhsP),](TfO),

Formula

Formula weight [g-mol™]
Color

Cystal size [mm?]
Temperature [K]

Wave lengths [A]

Crystal system

Space group

a[A]

b[A]

c[A]

a [°]

£ I[°]

7 [°]

Volume [A’]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm]
F (000) [e]

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR’ (all data)
Goodness-of-fit on F?

Data completeness [%]

CeoHe2 AuzFgN4OsP2S4
1741.34
colorless
0.31x0.20%0.17
173
0.71075
Triclinic
P-1
11.344(3)
14.201(4)
22.294(6)
77.750(10)
76.075(10)
78.980(10)
3369.3(16)
2
1.716
4.592
1716
1.0000 and 0.5805
2.99 to 27.48
27628
32588
0.0452
15068/ 0/ 842
0.0384, 0.0559
0.0634, 0.0701
1.067
97.5

60

CesHs7Au2ClaFsNOgP2S4
1800.04
colorless
0.52%0.16x0.05
173

0.71075
Triclinic

P-1

11.015(3)
14.564(4)
21.734(6)
74.500(12)
88.951(10)
80.955(10)
3316.9(16)

2

1.802

4.822

1764

1.0000 and 0.8462
27.54 t0 3.06
27524

32692

0.0351

14973/ 0/ 821
0.304, 0.0433
0.0732, 0.0667
1.092

98.4



Largest diff. peak and hole [e-A=] 1.106 and -1.622

0.862 and -0.761

Table 2-14. Crystallographic data of [Au2(iSSeC)(PhsP)2](TfO). and [Au(iSSC-H)(PhsP)](BF4)2

[Au2(iSSeC)(PhsP),](TfO),

[Au(iSSC-H)(PhsP)](BFa),

Formula

Formula weight [g-mol™]
Color

Cystal size [mm?]
Temperature [K]

Wave lengths [A]

Crystal system

Space group

a[A]

b[A]

c[A]

a [°]

£ I[°]

7 [°]

Volume [A’]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm]
F (000) [e]

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR’ (all data)
Goodness-of-fit on F?

Data completeness [%]

CesHsoAurFeN306P2S3Se
1759.19
colorless
0.55%0.30x0.11
173
0.71075
Triclinic
P-1
11.053(3)
14.511(4)
21.471(5)
76.166(11)
87.916(10)
80.245(15)
3295.5(15)
2
1.773
5.214
1720
0.5978 and 0.1616
3.00 to 27.48
32570
15004
0.0357
15004/ 0/ 823
0.0351, 0.0468
0.0792, 0.0846
1.115
99.2
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Ca4H36AuB2FsNPS;
1044.41

brown
0.53%0.34x0.16
173

0.71075
Triclinic

P-1

10.632(4)
13.686(6)
14.727(5)
100.170(14)
91.434(12)
96.400(14)
2093.9(13)

2

1.656

3.720

1030

0.5875 and 0.2432
3.05 to 27.49
20320

9361

0.0328

9361/ 0/ 543
0.0325, 0.0401
0.0849, 0.0941
1.170

97.5



Largest diff. peak and hole [e-A=] 2.323 and -1.598 0.872 and -1.500

Table 2-15. Crystallographic data of [Au(iSSeC-H)(PhsP)](BF4). and [Ag2(iSSC-H)2](BF4)4

[Au(iSSeC-H)(PhsP)|(BFs)2  [Aga(iSSC-H)2](BF4)4

Formula CasH36AuB2FsNPSSe Cs3sHs1AgaB4F16N20,S,
Formula weight [g-mol™] 1094.34 1594.00

Color colorless colorless

Cystal size [mm?] 0.253%0.091x0.085 0.15%0.12x0.08
Temperature [K] 173 173

Wave lengths [A] 0.71075 0.71075

Crystal system Triclinic Monoclinic
Space group P-1 P2i/n

a[A] 10.694(4) 14.064(4)

b[A] 13.706(5) 19.926(5)

c[A] 14.706(5) 11.865(4)

a [°] 100.049(12) 90

B[] 91.507(14) 73.488(10)

7 [°] 96.170(14) 900

Volume [A%] 2107.8(12) 3187.8(15)

z 2 4

Density (calculated) [M-gm™] 1.724 1.661
Absorption coefficient [mm] 4.510 1.002

F (000) [e] 1072 1592

Max. and min. Transmission 1.0000 and 0.6047 0.9241 and 0.8643
@range [°] 3.008 to 27.485 3.02 to 27.47
Reflections collected 20773 30515
Independent reflections 9518 7260

Rint 0.0418 0.1161

Data / restraints / parameters. 9518/ 0/ 543 7260/ 0/ 398
Final R indices (I >20f1]) 0.0405, 0.0527 0.0612, 0.0955
Ry, wR? (all data) 0.0989, 0.1082 0.1030, 0.1139
Goodness-of-fit on F? 1.118 1.076

Data completeness [%0] 98.5 99.4
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Largest diff. peak and hole [e-A] 0.891 and -1.114 0.931 and -0.938
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Table 2-16. Crystallographic data for [Ag(iSSeC-H)2](BF4)3 and iSSeC-2H

[Ag(iSSeC-H)2](BF4)3 iSSeC-2H
Formula Cs3Hs0B3F12N2CLO6S2SeaAg CasHasFeNOsS3Se
Formula weight [grmol™] 1376.19 760.63
Color colorless colorless
Crystal size [nm] 0.15%0.12%0.08 0.41x0.34x0.24
Temperature [K] 173 173
Wave lengths [A] 0.71075 0.71075
Crystal system Monoclinic Monoclinic
Space group P2, P21/ a
a[A] 13.239(4) 16.457(5)
b[A] 16.832(4) 11.971(4)
c[A] 13.998(3) 16.920(6)
al°] 90 90
L] 116.564(9) 109.472(13)
7[°] 90 90
Volume [A%] 2789.8(12) 3087.1(18)
Z 2 4
Density (calculated) [M-gm™] 1.638 1.637
Absorption coefficient [mm!] 1.915 1.499
F (000) [e] 1372 1536
Max. and min. Transmission 1.0000 and 0.752 1.0000 and 0.4895
Orange [°] 2.99 to 25.00 3.02 to 27.47
Reflections collected 21453 28613
Independent reflections 8914 7040
Rint 0.0465 0.0464
Data/ restraints/ parameters. 8914/ 37/ 750 7040/ 0/ 415
Final R indices (I >20f1]) 0.0378, 0.0614 0.0374, 0.0866

R, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e"A™]

0.0456, 0.0636
1.085
98.4

0.528 and -0.55

0.0498, 0.0927
1.070
99.4

0.918 and -0.473
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Table 2-17. Crystallographic data for iISSC-Me and iSSC-Et

iSSC-Me iSSC-Et
Formula CasHa6F3NO3S3 C20H2sF3NO3S;
Formula weight [grmol™] 577.68 591.70
Color colorless colorless
Crystal size [nm] 0.32x0.31x0.24 0.45%0.32%0.26
Temperature [K] 173 173
Wave lengths [A] 0.71075 0.71075
Crystal system Monoclinic Monoclinic
Space group P2/ ¢ P21/ ¢
a[A] 15.820(6) 9.791(3)
b[A] 10.104(3) 15.577(6)
c[A] 17.827(5) 18.513(8)
al°] 90 90
L] 107.565(11) 103.775(13)
7[°] 90 90
Volume [A%] 2716.8(15) 2742.1(18)
Z 4 4
Density (calculated) [M-gm™] 1.412 1.433
Absorption coefficient [mm!] 0.325 0.324
F (000) [e] 1200 1232
Max. and min. Transmission 0.9261 and 0.9032 0.9351 and 0.9063
Orange [°] 3.02 to 27.48 3.02t0 27.48
Reflections collected 47065 25634
Independent reflections 6077 6238
Rint 0.0778 0.1340
Data/ restraints/ parameters. 6203/ 0/ 345 6238/ 0/ 354

Final R indices (I >24{I])
R, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A~]

0.0546, 0.1075
0.0856, 0.1193
1.051

99.6

0.350 and -0.445

0.0891, 0.1620
0.1951, 0.2332
1.055

99.2

0.635 and -0.585
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Table 2-18. Crystallographic data for iSSeC-Me and iSSeC-Et

iSSeC-Me iSSeC-Et
Formula CasHa6F3NO3S2Se C2oHasF3NO3S,Se
Formula weight [grmol™] 624.58 638.60
Color colorless colorless
Crystal size [nm] 0.31x0.24%0.22 0.34x0.30x0.30
Temperature [K] 173 173
Wave lengths [A] 0.71075 0.71075
Crystal system Monoclinic Monoclinic
Space group P2/ ¢ P21/ ¢
a[A] 12.111(3) 10.002(2)
b[A] 19.090(5) 15.633(4)
c[A] 12.187(3) 18.549(5)
al°] 90 90
L] 104.046(10) 103.943(10)
7[°] 90 90
Volume [A%] 2733.4(12) 2814.9(12)
Z 4 4
Density (calculated) [M-gm™] 1.518 1.507
Absorption coefficient [mm!] 1.578 1.534
F (000) [e] 1272 1304
Max. and min. Transmission 0.7228 and 0.6404 0.6561 and 0.6235
Orange [°] 3.01 to 27.45 2.99 to 27.47
Reflections collected 26390 27044
Independent reflections 6225 6405
Rint 0.0685 0.0699
Data/ restraints/ parameters. 6225/ 0/ 345 6405/ 0/ 354
Final R indices (I >20f1]) 0.0470, 0.0711 0.0456, 0.0666

R, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e"A™]

0.0948, 0.1027
1.041
99.6

0.796 and -0.530

0.0857, 0.0926
1.044
99.6

0.422 and -0.396
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HI3E U BRI UOMERNFICZE S NIV R e DERK L 4 BTG5

INETIE, VoBIOMERMN TE2HTDIHRAT 7 (AT 7 ) H—7K 2 (0) (PSC)
(ZBE9 21, PSC % PSHRAEAA U K& LTHRZ L7 Baceiredo 52 X D& D 2
DI T - 7= (Figure 3-DH, Z O#HE D%, Frenking 573, ZiL5H D PSC OE 51813,
ERA(KRATZ 7 ) —HR(0) (BPC) IZIEEiT 52 &2 THRILIZE, LL2Rs, Zhib
DEEIZ S 0D 5T, PSC ZHWEERBESRA 4 & DORISITOWTIE, B
IZIROHNATEY, FLRFOT T v AR, 2 BaDEEiRo X 5 el v R R otk
HThD 4B AGRMEICET 2HEIT T T\ ez F7-) PSCIE, 73/
EHEZEA LY VZZREASNTODIZ b 6T, BWICARLE TH D (PSC:
R T, PSC: m.p. 30-32 °C, Figure 3-D)I3, Zn 6 U B L OWHEEN. 52 BT 5 v
Ry Z B ORN & L CRIHT 2720120, BWEEEEZ -2 HIECNz, B
BTG REETF 2 —= 7 TE O HEMEMLT D0EN D Tz, TIVR NTRFAGEIR T
HDHENVIBLENS, WNVKRUOEN T EELIEDLZ LT, DVRCOREME DN
BEIMEGREE T 2 —= 0V TEDHENBEZLNTZ, 2D, BPC DR AT 7 UENLT-
& BiSC DA 2 J AT 7 UEML A A T2 VR U ERR A A T I & 7
HEBZONZ, ZHUE, ARATZ 7 UM, BEUREREAEIRT ST, U
DOBEBFMEREMHEICT 2 —=2 7352 ERAHRETH Y, BiSC DA I/ AV 7 7 U
M1, W72 n-c*fHE/EHIC L 5T, AL 77 UEAE L0 b REZFOLICHEST S
EBEZONTETEOHTHD, EZTAMETIE, A1 ANVT 7 VBN TRBEIOHRRAT
7 UL FICBREENTEA I ) AN T 7 U (RAT 7 ) — R (0)ikE R
(RR’2P—C«SPh2(=NMe), R = Me, R’ = Ph: iSPCwme; R = R’ = Ph: iSPCpy; R = R’ = 4-CsH4sOMe:
iSPCcstaome; R =R’ = 4-(MeaN)CsHa: iSPCcotanvery) D EFK & 4 B HEG-RpME D FEEER 5 ONT
BB RE DR 21T > 72, F£72, iISPCFHEMR &I A v DELEUR R & NTF B LTz
ROEAEDOTINAR L R T A7 7 —3 3L LTOIHIZ O W T ET LT,

Ph Ph Ph Ph R\ R" R R
N2 A4 \ 4 \
Ph—P: O X=E: O R"-P: 0 R-P:
~cd > > >
Ph—R:” 0 N=87, 0 87 0 N=8:7 0
PH Ph MEPH Ph PH Ph MEPH Ph
BPC BiSC: E = S, X =NMe PSC': PR", = P(NiPr,),, R" = Me iSPCye: R =Ph, R =Me
iSSC:E=8", X=LP M/ iSPCpr: R=R'=Ph

iSSeC: E =S¢, X=LP PSC% PR", = iPrN\P,NiPr, R™=Ph ISPCyeocera: R = R' = 4-MeOCgH,
iISPCceHanMme)2R = R' = 4-(Me;N)CgHy

Figure 3-1. Molecular structures of carbones
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32 4 X AT 7 U(RAT 7 ) —R(0) (iISPC) DAL

HVIR Y DAY, Scheme 3-1 123 T X912, MIGT 270 huEnoiira hovfbd
52 ETHEKRT D FIEN R TH L7, iSPC-H A iSPC DRIFIKE 725 2 ENEZH
Nlce ZOTDRINS, A AVT 7 VEATFOBARE LT, KEMEDA I AR
=L AF VR 3NUIBLIOREBFEO 7 VAT A I ) AR =0 L 32 ZHNWT,
iSPCmeH 3 K OV iSPCpwH DA Z1T > 72 (Scheme 3-1), iSPCymeH 1%, A X/ ALAK=1
LAF Y R 31 & PoPCl Z 506 & 8721, MeTfO # AT P-AFNWALT5HZ LT, UK
35%C15 54172 (Scheme 3-1(a)), iSPCpnH IE, A X/ 7/ ABRANK= L 32 L RV
T2 )VIR AR =T A AF Y R 33 DKIGIZE Y, 30%DINETH L L7~ (Scheme 3-1(b)),
F77, 33 LOREMEOE a-V T A AV K34 & 32D %2{T-o72& 25, iSPChnrH O
WD 50%IZ 10 F L7z (Scheme 3-1(c)P), %fItd 57w M ARNE L8, iSPC D&
% %1T > 7=, iSPCme'H 8 X WViSPCpiH %, THF 1 NaNH, 2 W Tl 7 & b o ALRG & AT
o7& TA, IRFTEEMNTKIET 5 iSPCyme 35 L TV iSPCon 23453 H 4172 (Scheme 3-2), 21 H
iSPC DZEMEZRHE L& 2 A, RIEET AFAR T CIXERRERL LOEN VB URR
HTHETH-T2D, 22 TIE, AEBIZXHIST DR AT 4 o FF A K 3-5,3-6 BLVA
N7 42 R3TITHfRT 52 ENboro7- (Scheme3-2), 7=, A AL AZH#aHIE (IRA-410,
OH™ form) T iSPCmeH B L OV iSPCon-H ZHLEE L7= & 2 A, [REED KSR % 5 2
52 ENboTz (Scheme3-2), Z D X 9 72 iSPC DMK EE L, EBME2HTH Y
HLLAY, HaO £721XOH ORBHELZITHZ L THEITLTWD EE X bV,

(a) 1) Ph,PClI Ph’Ph__}+
2 Me—P
_kh 2) MeTfO \
MmN ThF 78, 17n T
Ph Me ’ ’ N=S _
3-1 MEPH Ph TfO
iSPCpe-H: 35% _
o) Ph BF,
L+
F-S=N Ph /Ph_‘ "
N o Ph Me Ph—P
"h n-BuLi L+ = 3-2 )
Ph—P-Me ; T PhRCH T 78C 17n .
ph g THF.0°Ctort,05h Ph a ’ N:S/ _
3.3 MEPH Ph BF,
(c) ISPCPhH 30%
1) n-BuLi (1.0 eq.)
Ph 2) t-BuLi (2.0 eq.) o 3-2

| + I+ —
Ph—P—CH,Br - - ~ Ph—P—CHLI
Ph  Br THF,0°Cto-78°C5.5h Ph

34
Scheme 3-1. Syntheses of iISPCwve'H and iSPCpn-H

> |SPCPhH 50%
THF, -78 °C, 17 h
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Ph Ph

- R-P
iISPCyeH NaNH, .. I|3h E’h
or S - . _ > Ph—P=0 + §=N\
iSPCp,-H THF,-78 °Ctor.t.,0.5h N=S Air, r.t., 24 h Il? Bn Me
MEPH Ph 3-5:R = Me: 95% 3-7: 91%
3-6: R = Ph: 96%

iISPCye: R = Me (97%)
iISPCpp: R = Ph (97%)

Amberlite (OH" form)

Scheme 3-2. Syntheses and hydrolysis reaction of iISPCwve and iSPCpn

WA, KR~DLEMZ@EDIZISPC Z AT 52 L2 A, U D7 ==LHpT
PAZE PG (A M VERELZZTVATAT I V) 2HT 5 iSPCeomome 38 L
iSPCcomange DAk 2 it L72 (Scheme 3-3), iSPCcomuomeH 33 2 OY iSPCeomanimere H 13, 3
WD LDA FAETF, 32 L FU T U— AR AR=T Ll 3-8 £7213 39 L 2RSS E5 2
LT, ZNEN 64%F LT 80% DI T L4172 (Scheme 3-3), iSPCcshsome 3 £ Y
iSPCconanmen 13, ATEMET A TP T, iSPCesnsomeH 33 & TN iSPCesmanimerz'H %, NaNH, %
AT e hoAb3 5 2 & T, IRIEEEMICHE ST, iSPCosnsome 33 £ TV iSPCronanme)
%, ST 570 N AEENEA A U BBIE TR TS 2 L ThH, IRFEEMICHDL
#172, Scheme 3-3 T HAL7- iSPC FHEIRD IR TOLEMELZ T2 & T 5, iSPCostaome
OEIHNTHK 24 el TH Y, RUEIZ 3RS 2 iSPCume 35 LTV iSPCen & FLilE L TZRENED &
KO TWLZ ENLhole, AMFUVEIDLEIHICEWEFRGEETHL AT LT
X HEEHT D iSPCoonanmer 13, ZEXRTEIR T3 » HUEZETHD Z L2z, Buzh
ZZE (m.p. 120-121°C) THD Z ENXbroTz,

R R HE NaNH, R R
R 1) LDA (3.0 eq.) R-P R-P
|+ 2)3-2 \ THF,-78 °Ctor.t,0.5h .,
R—-P—Me " C-H C.
R BF, 'HF-78°C,17h N=e Amberlite (OH" form) Neg
3-8: R = 4-MeOCgH,4 MEPH Ph BF4_ MEPH Ph
3-9:R= 4-(Me2N)C6H4 iSPCC6H4OMe'H: R = 4-MeOC6H4 (64%) iSPCC6H4OMe: R= 4-MeOCGH4 (95%)

iSPCC6H4N(M62)-H: R = 4-(M62N)CGH4 (800/0) iSPCC6H4N(MeZ): R = 4-(M62N)C6H4 (97%})

Scheme 3-3. Syntheses of iISPCcesH4ome and iISPCcsHanMe)2.

Table 3-1 12, *C NMR JIEZFH W THLUH 4172 iSPCwme, i1SPCph, iSPCestaome 35 & O}
iSPCcotanimey D HNRFBD > 7 F VD /r L )7 Mil%, BPC, BiSC B X UXIGT 57
BT —2 L L BITR UL ISPC A T RFET, # 7 Ly e LTHEIMIE 1,
DML, T DT e e i U CERIS YT R LTED, BPC & BiSC O
HOEToH -7, 3'PNMRIZEWNT, iSPCFFEERD T 7, xtnd 57 m et
8L CEdsss 7 hLTEBY, BPC(2.14ppm) DELHL L TWA Z ENbhoT,
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Table 3-1. Selected '3C and 3'P NMR spectra data of iISPCwme, iSPCph, iSPCcsH4oMe,
iISPCcsHanve)2, BPC, BiSC in CeDs and their protonated salts iISPCwe-H, iSPCpn-H,
iISPCceH4ome'H, iISPCceHanve)2-H BPC-H, BiSC-H in CDCl3

3C(ppm) Jep(Hz) 3"P(ppm)

iISPCwme 21.7 36.5 -8.29
iISPCpn 23.1 61.6 -2.64
iISPCceHa0oMe 23.0 57.8 -3.51
iISPCceHaN(Me)2 23.6 67.9 -1.39
BPCI®l 12.3 118 -2.14
BiSC 39.9 - -
iISPCwme-H 12.8 62.4 12.5
iISPCpnh-H 18.4 113.9 15.9
iISPCcsHaome H 19.4 114.2 13.4
iISPCcsHan(Me)2'H 19.7 111.7 12.7
BPC-HI6l 16.8 47 16.3
BiSC-H 39.3 — —

iSPCcotanver2 36 & OV iSPCesrianmeyH D57 THEE %2 X FRAEEMITIC L > TH BT L
(Figure 3-2), Table3-2 |2, ERFEEERBLIOHEMA L & HIZ BPC,BiSC,PSC2 B L NENLD
D7 v N ARORIGNT BT — % % F L DTN SPCogunmer D P—C FE G E (1.663A) 35
L OSHCHEAGE (1.602A) 1%, fibd 270 oI VEL 2> Tz (Aroc=0.071 A,
As—c =0.056 A), T, Bi7'm hiAb e & HIZ P-C RGO AT 5 PSC? & e
T2 (Ao =0.023 A, Asc =0.003 A) HFIZ, iSPCostunivep @ S—C FEA1X, B =a s
VBN E SN I NVR L OF TR LEL 25 TEY (1.636-1.684 A8 S—C %
BRI 2o TND Z EDIRE S LT, iSPCosnanvey P P—C FEA K 1%, BPC(1.635A) &
DEL 72> TV, PSC (1.667 A) ERIRETHS I, b ofiEENS,
iSPCestanvey P HLMNRFE LD — XTELEIL, A I/ AV T 7 VELF O o*#lE & D n-
CHHHAMERIZ L » TS BB I N TWND Z EDVURE T, iSPCesnanpmey D P—CS FiEHS
8 (125.6°) 1%, X595 7 m b (123.6°) &red L C#iA{k L CTH Y, BPC (130.1-
143.89)81%5 I O BiSC (116.8°) D DETH - 7=, M7 v b s & bicstifaibd o1
[f]1%, BPC L[AEETH Y, BiSC FB L OPSC? & xR TH - 7211079
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Table 3-2. Comparison of selected bond lengths [A] and angles [°] of iISPCceranme)2, BPC, BiSC,
PSC,, and their protonated salts iISPCcerangme)2-H, BPC-H, BiSC-H, and PSCz-H

SPC  gpcm  Biscw  psci® (SPC L BPCHU BISC-HE PSCyH™
CEHAN(Me)2 CBHAN(Me)2
PC  1.663(3) 112528_ - 1667(3) |1.734(5) 1.699(3) — 1.690(4)
1.635(4), 1.691(2),
SHC  1.602(2) o0t 1:6843)  1658(5) o5t 1:6870)
E-CE 125.59(15) m'ggg;‘ 116.8(2) 109.78(17)1123.6(3) 130.4(3) 118.0(1) 116.6(2)

iSPCCGH4N(Me)2' H ISPCconanime)2

Figure 3-2. Molecular structures of iSPCceHanmvey2'H (left) and iSPCcsHangme)2 (right)
(Hydrogen atoms (except for that on Ccenter) and BF4~ anion are omitted for clarity).

3-3 20K B L O T e AR OERKIC X 5 4 B LG RO FEEE

ZNETIZ, UV rBRUORSERN FICLEINTZ VAR D 4 BAEGREIZ & 2
I STV, iSPCestuner 2 VT, 2 BAMISIKOARIC LD 4 BTG4
DEFTEATT2, FF, BA 4 ATHT DRNREERAT D720, HEEDMIKD Ak
Z1To 77, iSPCceanmer & 1 HED [AuCl(PPhs)] % )i S¥7-1%, AgSbFe 2% Tx7T
=R EAT oI T A, BSOS IR [Au(iSPCesranner)(PhsP)]SbFs 2315 & 417
(Scheme 3-4), Z D72, FEEOEMEHAWT, 2 4 ED[AuCI(PPhs)]H L (8% AgSbFe i
SH7-EZA, BET S 2 B Aua(iSPCosianmen)(PhsP)](SbFe), 735, 11T E &Y
215 B 172, [Aua(iSPCesnanver2)(PhsP)2](SbFe), DAERS A &, iSPCestanvey P HLMRFE D 4 R
TR E UTIRES Z DO o72, S HIZ, iSPCoenanmep'H & 1 B ED
[AuCI(PPh3)] B & O° AgTfO Z IS &8 7=t 2 A, 7u b k& sk
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[Au(iSPCcstanmer H)(PhsP)(TfO), 23453 B aviz, BEALF 230 F A AR E 0 63, kS
T 5eDEEPGFONTZ LD, iISPCestunmez P 2 DH DR — U _TIZIX, @A A4
%X L CBMEZAE T D2 ENEFEINTL., P NMR (2B W T,
[Au(iSPCconanme)(PhsP)|SbFs [Aua(iSPCcomanemer)(PhsP)2](SbFe), B & O
[Au(iSPCcstanpven H)(PhsP)(TfO), DL 7 F L, FiEhs v Z Ly b (12.9, 39.8 ppm),
Y7Ly b (275,349 ppm, JP,P)=5.1Hz) BLUF 7 L v  (17.1,38.6 ppm, J(P,P)=8.1
Hz) & LCHIISNTZ, 26 OfElE, BPC Hi%4&0)E5A [Au(BPC)(PhsP)]SbFes (15.3,41.3
ppm) BB L2 A& DEER [Au(BPC)(PhsP),](SbFe) (27.5,35.4 ppm) DA & FEEL L Tur7=[6]
BC NMR 28T, [Au(iSPCeshangver2' H)(PhsP)|(TFO), D HMNRFED > 7 F /XK T )V E T
Ly b~ (52.6 ppm,J=70.4,37.7Hz) & L THBUAISA722Y, [Au(iSPCcstanme)(PhsP)]SbFs 35
& O[Auz(iSPCcsranme)2)(PhaP)2](SbFe), D LR FE D 2 7 F WATBLRI S v o 7,

R R R R R
R_H 1) PhsPAUCI (1.0 eq.) R
\..  2)AgSbFs(1.0eq.) \ P
" THF, -80 °C, 16 h CTAUTRIPD
/N:/S\ a , N:S/ eh
MePh Ph MePH Ph SbFg
ISPCcoHan(ve)2 [AU(ISPCcehanque)2)(PhsP)ISbFg: 50%
Ph_ |2+
R R I/Ph
1) PhyPAUCI (2.0 eq.) r-p  ~ T pp
2) AgSbFg (2.0 eq.) \ /A|u
C
THF, -80 °C, 16 h /™ Au
) :/ . \P/Ph
MePH Ph Ph N
onPh 2SbFg

[Au(iISPCcghanve)2) (Ph3P)2l(SbFg)o: 95%

RR |+

R R 2
R-F, 1)Ph,PAUCI (10eq)  RF *
o H 2) AgTfO (1.0 eq.) A
N=S THF, -80 °Ctor.t, 2 h AN
N=S, — N=s AU __Ph
MEPH Ph  TfO N=8 .
MEPH Ph

pnPh 210
[AU(iSPCCGH4N(Me)2'H)(Ph3P)](TfO)2: 94%

iISPCcgHanme)2 H
R = 4-(Me,N)CgH,
Scheme 3-4. Syntheses of gold(l) complexes.

[Auz(iSPCceanme)2)(Ph3P)2](SbFe)2 35 L T [Au(iSPCceanvey2' H)(PhsP)](TO)» D B ft X A
EEREHT OFE R D, i1SPCostianme D HULMRFEDIBMITKT L TEAL L TWD Z AR B
i R oo (Figure  3-3) .  [Aw(iSPCcetnmon)(PhsPR](SbFe 35 L OF
[Au(iSPCcsmanmer- H)(PhsP)[(TfO): 1L, V v 8B X OWRERNL FIZZ B ST WVR v &
THHDTO 2 EEOBIO T b &K TH D, Table 3-3 (T,

73



[Auz(iSPCcenanmer2)(PhsP)2](SbFe)2 & [Au(iSPCcsnanpver- H)(PhsP)|(TFO), D E72fE AR B L
WAMALELIC , D ®IC [Aw(BPC)CL], [AuxBPC)(PhsP)CI]SbFs ¥ L Y
[Auz {PhsPCC(OEt),} CLI D%t T 5 7 —# % £ & 72619 [Aua(iISPCcstanme)2)(PhsP)2](SbFe)2
B L O [Au(iSPCcsuanaver-H)(PhsP)|(TFO), D C—Au fEAEIX, T F 2.118,2.127A B &
U 2.106 A TH Y, [Aua(BPC)CL], [Auz(BPC)(PhsP)Cl]SbFs 35 X UN[Auz {PhsPCC(OEt),}Cl] &
(FIZFREE T o o 72 72 DI HSPColstianiver D HLRFE 123 2 D DA% L TEUL
LTW5 Z EBbho T2, [Aua(iSPCesnanmen)(PhsP)2](SbFe): D Au-Au FE A (2.910A) I,
TR IE STz 2 BaM AV RO FP TR bEL 2o TR VB0 Au-Au FHAEEH O
&l N (250350 A) T & o 7= M [Aua(iSPCconanmer)(PhsP)2](SbFe)2 &
[Au(iSPCceranme- H)(PhsP)[(TfO), ® P—C FEA R B LN S—C HEEEIEL, ZE4 1.788 A,
1.737 AB X OV1.817A,1.782 A TH Y, iSPCostunmepH DXFIET HFEAR LV ELS o T
Wiz, FIbOREIEREE, P-C(1.87A) BX D S—C(1.81 A) HAEAIZITUVME & 72 -
TV 721210 [Aua(iSPCcsnanver)(PhsP)2](SbFe): @ Au—C—Au FEEF (86.5°) 1L, 2 B4)h
JVIR CEERO TR b #iA LTV,

Table 3-3. Selected bond lengths [A] and angles [°] of
[Au2(iISPCcsHanve)2)(PhsP)2](SbFe)2, [Au(iISPCcsHanme)2H)(PhsP)](TfO)z2, [Auz(BPC)CIz],
[Auz2(BPC)(PhsP)CI]SbFs, and [Au2{PhsPCC(OEt)2}Cl2]

[Auz(iSPC [Au(iSPC AU (BPC [Auz2(BPC) AUAPhsPCC
CBH4N(Me)2) c6H4aN(Me)2*H) [CI;]]%(Ob] ) (PhsP)CI] E OuEzt{)z}élz][G]
(PhsP)2](SbFs)2 (PhsP)](TfO)2 SbFel®!

Lengths [A]

2.127, 2.078, 2.127, 2.103,
C—Au 2.118 2.106 2.074 2.080 2.080
Au-Au 2.910 - 3.143 3.127 2.952
2.272,
P—Au 5 269 2.279 - 2.265 -
P—C 1.788 1.817 1.776 1.759 1.786
E—-C
E=P,S orC 1.737 1.782 1.776 1.754 1.425
Angles [°]
Au—C—Au 86.5 - 98.4 96.1 89.7
174.3,
C—Au—P 176.7 1794 - 174.6 -
E—-C—E
E=P.S orC 115.6 116.3 117.3 119.3 114 .2
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[Au,(iSPCceranime)2) (Ph3P)1(SbF¢), [Au(iSPCcguanme)2H)(PhsP)I(TFO),

Figure 3-3. Molecular structures of [Auz(iISPCceHanme)2)(PhsP)2](SbFs)2 (left) and
[Au(iISPCcsHanve)2-H)(PhsP)](TfO)2 (right) (Hydrogen atoms (except for that on Ccenter) and
SbFe~ and TfO~ anions are omitted for clarity).

3-4 iSPChwe, iISPCph, iISPCconaome 335 L TV 1SPCcsHanMe)2 DEFHEE

iSPCwme, iISPCph, iISPCcenome 33 K TN iSPCeonanimey D FHREEIZ DWW THIR 2155728,
iSPCcomanimep D& % 1 & 12 B3PW91/6-311G(d,p) L /L T ab initio #HH %17 > 7=,
iSPCcemanive DI LAFIE I, X Fiffid & B < —% L T\ (Figure3-4), i1 Ot
i1 % ¢ & 12T - 7= Natural Bond Orbital (NBO) FHHLE R D £ 707 — & % Table 3-4-7 |Z7R
L7z,

Oy FELEMAT OFEFR D, iSPC O FLLRFHE BIZ, 1 (HOMO) B LW o (HOMO-1) *#5
oo — RXTEENFIE L TW2d, IV R S THDH Z &R é;hf: (Figure 3-5-3-8),

ISPCMe, ISPCPh, iSPCcsnaome 33 FO ISPCC6H4N(Me)2 P ‘:F'l[_) KRR FED o (nGc) a—2N7 D5
PEIX, FRFN33,32,33,31%TH Y, sp? IBREISEVETH - f:(Table 3-4-3-7), BiSC ™
noec D s P (42%) LB L TsHENMEFLTWAZ &b, v—r X7 OE LGN E

XTpoTWAZ ENRBINTZ, £, ol (ane) 2—2 X7 D p T 100%1\‘3%;07%0

Natural Population Analysis (NPA) 72>5, iSPC O HULMRSEDE /7y EMIL, —1.38 TH Y, BPC

(~1.55), BiSC (~1.24), iSSC (~1.20), iSSeC (~1.25)#5 L Ut PSC! (-1.36 )4 & [@E T d» - 7=, iSPC

FHERD Wiberg i A EEIL, S—C A (iSPCwme: 1.31; iSPCph: 1.30; iSPCeshome: 1.31;

iSPCcomanve: 1.34) 23, P—C fif &  (SPCwme: 1.25; iSPCpn: 1.26; iSPCcemaome: 1.24;
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iSPCcotanmep: 1.22) L0 K& < 72> TEY, PSC*(P—C: 1.42,S—C: 1.2 L XA TH -
7

1.621 A 1.674 A

',
L 5

<

1.675A 1.620 A

ISPCy,. iISPCpy,

1.682A 1.611A
| (1.663 A) (1.602 A)
1.621 A1.679 A ‘ I " :

isP(:C6H40Me

ISPCceHanime)2
Figure 3-4. Optimized geometries of iISPCwe, iISPCph, iISPCceH4ome, and iISPCcsHan(me)2 at
the B3PW91/6-311G* level. The hydrogen atoms are omitted for clarity. Some important
bond lengths are also given (calculated values in black and experimental values in
parentheses).

Table 3-4. The calculated NPA charges, occupancies, and Wiberg bond indices for iSPCwme

Atoms NPA charges | Occupancies (Occ.) of LPs Z\./l'f(evrv%) bond indices i
LP Occ. Bond Wi

C -1.38 Noc 1.71 P—C 1.25

P +1.56 s 33% S—C 1.31

S +1.61 NTe 1.54 S—N 1.13

N -0.98 p 100% — —
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Table 3-5. The calculated NPA charges, occupancies, and Wiberg bond indices for iSPCpn

Atoms NPA charges | Occupancies (Occ.) of LPs \z;\./LIJt.)(eVrVgi) bond indices in
LP Occ. Bond Wi

C -1.38 Noc 1.70 P—C 1.26

P +1.58 s 32% S—C 1.30

S +1.61 NTc 1.54 S—-N 1.13

N -0.96 p 100% - -

Table 3-6. The calculated NPA charges occupancies, and Wiberg bond indices for

ISPCceHaoMme

Atoms NPA charges | Occupancies (Occ.) of LPs \aNl'Jb(eVr\?i) bond indices in
LP Occ. Bond Wi

C -1.38 Noc 1.70 P—C 1.24

P +1.59 S 33% S—C 1.31

S +1.61 N7 1.54 S—-N 1.12

N -0.99 p 100% - -

Table 3-7. The calculated NPA charges occupancies, and Wiberg bond indices for

iISPCcsHan(Me)2

Atoms NPA charges | Occupancies (Occ.) of LPs Z\_/:?(evr\;‘:’i) bond indices in
LP Occ. Bond Wi

C -1.38 Noc 1.70 P—C 1.22

P +1.59 s 31% S—C 1.34

S +1.61 NTc 1.53 S—-N 1.13

N -0.97 p 100% — -

Figure 3-5. Shape of the HOMO (left) and HOMO-1 (right) of iSPCuwe
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Figure 3-6. Shape of the HOMO (left) and HOMO-1 (right) of iSPCpn

Figure 3-7. Shape of the HOMO (left) and HOMO-1 (right) of iISPCcsHaome

Figure 3-8. Shape of the HOMO (left) and HOMO-1 (right) of iISPCceHanme)2
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ZOBREE, PLRE O = XTSI AT 7 UBRALT O o*HIE A~ DR 220
5. (n-o*fHAEAEH) TH D &5 %, NBO second-order perturbation analysis % 17> 7= (Table
3-8). iSPCesranoven D TIMETE ED 2§D T — 22T 1E, SN, S—Cpn, P—Car O c*Hiil
EDOFAEH (ADOBIR) X > TLEEIIINTND Z &A1) 72 (Table 3-9), noclE
o*(S—N: 11.5 kcal mol™!), o*(S—Cpn: 10.8 kcal mol™!), o*(P—Car: 19.3 kcal mol!) &0 A /EH
LTEY, nnclE, o*(S-N:12.9kcalmol'), o*(S—Cpn: 28.0 kcal mol'), o*(P—Car: 25.5 kcal
mol ™) LA AEAEH L T 7z, KFIZ, iSPCostanmery DI D ne—c*FH AAEH =R F— (Eot
=63.2 kcal mol™) 1%, VU D nc—c*FHAANEH T RNV F— (Eiora = 44.8 kcal mol™) LV H K
& <, iSPCcsmunmep @ S—C HEAEDN, PoCREAR IV ENZ EE—H LTV, 2D
Eix, V7 2/ EHRIKICEEL S 372 PSC? (n—6*S: Eioral = 31.4 kcal mol™!, n—6*P: Eoa1 = 66.0
kcal mol )T &R TH S, LIeR - T, 4 X/ ANT 7 VEUNLF1E, no*fHAEEHIC

S TANT 4 FERALF KD S FORRBIR I LTHESFHEE L TND I ERbhroi, ﬂﬂ
D iSPC #FHEARIZ DN T b [RIEROFE R BB S Tz,

Table 3-8. NBO second-order perturbation analysis results for iSPCpn, iSPCceHaome, and
iISPCcsHanve)2. Contribution for distribution of two LPs at Ccenter

iISPCwve iISPCpn iISPCcsHaoMe iISPCcsHan(Me)2
. Ener . Ener . Ener . Ener
LP o [kcalgrxol'ﬂ © [kca|gr$1/o|-1] © [kca|%o|-1] © [kcalgn{ol-q
S—-N 11.89 S—-N 12.50 S—-N 12.59 S—N 11.47
S-C5 296 S-C5 6.24 S-C5 6.38 S-C5 3.83
S-C6 6.12 S-C6 264 S-C6 2.88 S-C11 6.99
noe P-C7 14.19 P-C7 11.47 P-C7 1.37 P-C18 1.17
P-C9 3.81 P-C9 1.54 P-C9 5.32 P-C27 0.96
P-C11 - P-C11 5.58 P-C12 11.37 P-C36 17.15
S—N 11.66 S—N 11.26 S—-N 11.75 S—-N 12.87
S-C5 25.88 S-C5 0.81 S-C5 0.72 S-C5 28.01
S-C6 0.83 S-C6 25.84 S-C6 26.48 P-C18 11.96
A P-C7 4.78 P-C7 9.18 P-C7 19.32 P-C27 13.58
P-C9 4.78 P-C9 19.97 P-C9 1.69 - -
P-C11 20.10 P-C11 1.62 P-C12 8.67 - -

HNR DEFMEGREZ TN 272012, FLRFE LD — T ITKRIET D #uE DT
FVX—UEN A Ll L7- & 2 A (Table 3-9), iSPCyme 33 & TV iSPCprn @ HOMO 35 X T HOMO-
1 DZENENDEIFIZZFRE TH Y, BEFHEGEEREZEA LT iISPCesniome 3 L}
iSPCostunmey DXFINT D T RNAF —HEMNITZNDL LD mL< RoTWDH T &R bhoTl,
iSPCcomsome @ HOMO DT R/ X —HEN (X, BPC CIIFEFRFRETH Y, iSPCoenanmen P
HOMO = /L ¥ —¥ENL L, OO HVAROF Theh E e — T O R L F — U

79



EHTLHZENREINE (Table3-9), L7=A- T, BEMEBRETHD MU [E-T AT
NT I )7 2= VR AT 7 &8T5 iSPCeoanmer 75, IbEWEFGREEZHETHZ
EIRENTZ, EBHIZ, iSPCwme, iSPCrh, iSPCestaome 3 & TN iSPCestanive P 7 1 K 2 EIFNT)
(PA) 5 A{TU> (Table 3-9), BPC, BiSC, iSSC F L1V iSSeC DR &l L= & Z 5,
HOMO 3 L X HOMO-1 @ =Rk /L X —HEAT & [FREOM RN L bz, 3725, iSPCywe 35
L OViSPCpy DEFE—7' 11 b)) (PA(1)) BLOE 7' b #fn)) (PAQ2) 1, BiSC Xk
D& <, iSSC B L WNiSSeC & [RIFEFE D & 72> Tz, 72, iSPCeonsome D7 1 k> BLFN
J31%, BPC LRIFRETH Y, iSPCeonanvmep 1L, TILH HILR L DHFTEH - & HEV PA(1)7R
NI PAQEHET HZ RSN, ZNUOHEGRHADOKERG, iSPC X, @V vE 1t
BB IO EEZHF LTV, B SHEREOEANII>TENLORMEEZED S
ZEMTELHZ ERENTE,

Table 3-9. Experimental values of onset of the first oxdation wave (E°"s®w) and
calculated energy levels of the HOMO, HOMO-1 and proton affinities (PAs) of iISPCue,
iISPCph, iISPCcsHaome, iISPCcsHanive)2, BPC, BiSC, iSSC, and iSSeC at B3PW91/6-
311G(d,p)

Eonsety,  HOMO ~ HOMO-1 PA(1) PA(2)

[V] [eV] [eV] [kcal mol="] [kcal mol="]
iISPCwme - -5.05 -5.29 287.2 187.0
iISPCph -0.84 -5.05 -5.27 286.8 189.6
iISPCcsH40Me -0.97 —4.86 -5.07 292.7 198.4
iISPCceHanme)2  —1.04 —4.58 -4.73 301.6 207.8
BPC - —4.82 -5.01 294 .8 197.7
BiSC -0.45 -5.26 -5.56 278.8 182.2
iISSC -0.73 -5.08 -5.32 288.0 184.4
iISSeC -0.92 -5.09 -5.36 287 .1 187.0

NSO E CTE LIS R A2 FEERAIZELHT 5 72912, iSPCph, iISPCesnaome 33 & T
iSPCcomangmep DR FHEGREZ, A 27 U v 7 AR NZ A N —HIEIC TR L 7= (Table 3-
9, Figure 3-9-3-11), Wii/K THF o1, H > 7 VIREE 3.0mM, XFFEME (7 NI 7FAT - E
=R —=7nalA ) 100 mM OFEHT, 7xutktr/ 7xak=v L (Fc/ Fc') Z4M4B
AL L CHIEEIToTe e 24, TXTOAINERATBWT, RA i b N8l S,
%mE@ﬁé{tfﬁ@ ‘”\?@1 (B 1ZENZE —0.84, =097 BLU-1.04 V THY, I
RN DOEAMEREIL, iISPCeh < iSPCcstaome < iISPCestanmey PNE TR < 705 Z & 3o T,
S 1SPCC6H4N(Me)2@E0nsetox I%, BiSC, iSSC B X WNiSSeC LV IKVMETH-7=7=8, Zi
E@ﬁwT/iD B GENENZ ERDhoTe, LEER-T, KAV 7 VBN DT

= =Lk iz e HMERILAZEATHZ LT, IR OEFAMGRENELS 2D L

HIEH 5 D] :7‘0607”:0
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[ 1pA

I
L
S
®)
T T T T T I T I
-1.5 -1.0 -0.5 0 0.5
E (V) vs. Fc/Fc*
Figure 3-9. Cyclic voltammogram of iSPCph
I 1 pA
I=
e
5
O
-1.5 -1.0 -0.5 0 0.5

E (V) vs. Fo/Fc*
Figure 3-10. Cyclic voltammogram of iSPCcsH40Me
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Current

T T T T T T T T T |
-1.5 -1.0 -0.5 0 0.5 1.0
E (V) vs. Fc/Fc*

Figure 3-11. Cyclic voltammogram of iSPCcesHan(Me)2

3-5 iSPCcsnanmep & SREET-H D i

iSPCconanmep D 2 (DB L O 1 FAbE&OEERN GO N0, REFHICKT 5
iSPC O EZ & L7, iSPCostunmey & T — R A X U S SHET & 2 A, XﬂLJ»J‘E\@‘E) A

F AR iSPCoranveyMe 2MEIE T BTG DI, Z D5y 1A & HAk i X s G aEsT 12
DB 5252 L72 (Scheme 3-5, Figure 3-12), ZAU5 DOFER LY, iSPCeomaney @EP'L\myﬁéi
KREMZEET D LN -7, iSPCosunmvep-Me DAERKIE, HLFEdh X BRA% & AT IZ
THI BT L (Figure 3-12), D THEEN S C-A T WULIRTH S 2 <‘:75>2’)7f)>o7ﬁ_0/k
iSPCcotanven-Me & TfOH % CHaCl H GG S¥7- & 25, B =LA b= Lt 3-10 :;o
KO 27 ANV =0 L 3-11 EITERCHE O, 3-10 OFET X BAEEHETIC
Ko TH BT Lz (Figure3-12), 3-10 38 L OV 3-11 D4R S, Scheme3-5 1278 L2 XK 9
PR SHERE CROGEITL TWVD EE 2 L, ZOH T, iSPCestanmer P HLMRFEIZKE
FAND 2 OFEE LIZT A F AR 312 P E LTERL TWD Z ENRSNTZ, €D
S, iSPCesmangvep-Me D HLLMRFED TIOH (2L > T Ak ESinsd 2 & T 3-12 B4
L, BEWTA I ALVT 7 U EOEZERFICELD BT e b AL Z v,
S—C fEB DR - T 3-10 B L O 3-11 Z4ERT 28 CTH 25 (Scheme 3-5), ZiLHD
fe g6, iSPCeetanivez 1, HRIA L L THULMRFE 371 B IXOAF Vb S N2
BAREAER L TWDZ ENRBII, ZOHLREN 2 DOKRETFAIEHETEHI EN
RENT,
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Me + H 4 I
o Mel ' _l R C H—‘ Ph Me
R.,»Cx-Ph e R‘P’C‘ _Ph TfOH (1.2 eq.) «5-Cs N

> g b . P + SN .
R. UPh THE rt.2n R P bemrt,05n Rg 00 P H g0
M ‘Me |
i ° . © 3-10: 95% 3-11: 94%
ISPCasHan(ve)2 ISPCceHan(me)2"Me:
R = 4-(Me,N)CgH, 97% ~

H, BEREE:

“C—HT)

H™™ .

“/ ‘N—Me J
Hllu, (\S//

3-12

ISPCcenanme)2Me

Figure 3-12. Molecular structures of iISPCcsHanve)2-Me (left) and 3-10 (right) (Hydrogen
atoms, |-, and TfO~ anion are omitted for clarity).

3-10

3-6 WA UERMEHED G E INKR Y T AT 7= I L LTOIGH

U B IOMEICLEMS NI NN DA EZILRET 2729, iSPC ZRfL 7 & Lz
SROEEAD BT o 72, BT, AgO % V7= NHC-H O 7 v ki 1bd L OSSR
Lo T, NHC SBOEEEROEG 2AEIENES HObTnWa M) F2, ZOHETERK
L 72 NHC $R(DEEIRIL, DA h T A7 7 —R3K E LT & 72 NHC & ESEIR DA ki
HANHI T, L L, ZoAKAEL, ®EMATTEL AT 2008 48R
(DEERDOERIISH LTz E 3oz, 22T, ZEREB L OKIZREEL ISPCen &, £
MO ZTET: iISPCosnanmery & HAWVT, VR ERDEEIR DGR ZIT > 72, iSPCpn 38 LT
iSPCcotunimep DXFIGT DHEEEIE &, Ag0 (0.5 %) # 7 rnu A X (DCM) H TG S
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Fiob 2 A, BERTHEHSOLICKIEDEIT L, *ItT 58RO IR[Ag(SPCr)CI]F L Y
[Ag(iSPCcomanmer)Cl] DMFIXEEMIIZHF H L7 (Scheme 3-6), [Ag(iSPCen)C1] AR L7 Z
LD, ZOFENEIB I OKICRZER VA CFRICHISHAIEETH D Z & B 50
(272 o7z, [Ag(iSPCpn)Cl]H X UAg(iSPCesianme2)Cl] 725 NHC $R(DEHA & [Flkk 72 77 /LR
7 AT 77— E L THET LINMET 57 0IZ, [Ag(SPCm)Cl] B L OF
[Ag(iSPCcomanme)Cl] & [AuCl(PPh3)]/AgSbFs @ K2 & 2 & MR D &k % 1T - 7=
(Scheme 3-6), & D#E&:, [Ag(iSPCpn)CI]H X TNAg(ISPCcsranmme)CLD kT > A A & AV
e M AT L, BB E T D HEE 4 @K (Au(SPCr)(PhsP)]SbFs 35 L O
[Au(iSPCceranme2)(PhsP)|SbFe) 35 & Y 2 B (DEE A ([Aua(iSPCpn)(PhsP)2](SbFe): & L Y
[Au2(iSPCcsranime2)(PhaP)2](SbFs)2) 23453 DALz, 2 B4 (DEHIA[Aua(iISPCrn)(PhsP)2](SbFe), D
S FREEE L, BRS i X BEIEMEATIC L - T M2 L7z (Figure 3-13), 24U D OFERNMD,
TR AR & AgO OISIZE D, 28R L OKIZRH L TREER I ILVAR L TH AV
R UROIEEDE LI G DI, ENDOHDEEERIE, AR FT AT 7 —l3EEL LT
S Z L ZERE LT,

+ +
R'f\P/R T 1) Amberlite (CI" form), MeOH RF_{\P/R 1) PhyPAUCI (1.0 eq.) RF_*\P,R T
\ 2) Ag,0 (0.5eq.), DCM, r.t., 2 h \ 2) AgSbFg (1.0 eq.) \ Ph
CH C~Ag=Cl o 80 C 16 R C-~Au=R-Ph
/N :/S\ - /N :/S\ . ' N:S/ Ph
MePh Ph BF, MéPh Ph MEPH Ph SbFg
iSPCp-H: R = Ph [AgCI(iSPCpp): [AU(iSPCpy)(PhsP)ISbF:
iSPCosanqmerzH: R = 4-(Me,N)CgHy R = Ph (97%) R = Ph (94%)
[AGCI(ISPCcpran(me)2)]: [Au(iSPCceran(vie)2)(Ph3P)ISbFg:
R = 4-(Me,N)CgH, (95%) R = 4-(Me,N)CgH, (95%)
Ph 2+
R R I _Ph
1) PhsPAUCI (2.0 eq.) Y APlen
2) AgSbFg (2.0 eq.) \ /A|u
DCM, -80 °C, 16 h 4 NAu
N=s, ~pPh
Me Ph Ph ' Ph -
pnPh 2SbFg

[Au,(iISPCpp,)(Ph3P),l(SbFg)s):

R = Ph (97%)

[Auy(iISPCcghan(ve)2)(Ph3P)o]l(SbFg),):

R = 4-(Me,N)CgH, (97%)
Scheme 3-6. Syntheses and transmetallation of Ag complex [Ag(iSPCpn)CI] and
[Ag(iISPCceHan(me)2)Cl]
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[Au,(iSPCpy)(PhsP),1(SbFy),

Figure 3-13. Molecular structure of [Auz2(iISPCpn)(PhsP)2](SbFs)2 (Hydrogen atoms and
SbFe™ anions are omitted for clarity).

[Ag(iSPCrn)Cl] 36 £ TF [Ag(iSPCconanve)Cl] 057 - 1k A B i X A A#ATIC - T
Bl 5232 U (Figure 3-14), Table 3-10 (Z [Ag(iSPCpn)Cl] & [Ag(iSPCcsmanime)Cl] D E 72 #E
AREBIOHAGAZ £ & O, [Ag(iSPCr)CI] 3 X [Ag(iSPCosuanmen)Cl] D C—Ag FitiA
1, [Ag(BPC)]Cl DXt AfEAFR (2.115-2.134A) & [FIFREE TH - 721151, [Ag(iSPCrn)C]
B L [Ag(iSPCesranme)Cl D P—C G RK1E, [(BPC)-Ag]Cl (1.656-1.690 A) LV K< 72
STz, 2, ZTHHDORMEEAERD S—C #EE KX, iISPCosraniver 33 & Y iSPCeshanverz'H
D OfE & 72> Tz,

Table 3-10. Selected bond lengths [A] and angles [°] of
[Ag(iSPCpn)CI] and [Ag(iISPCceHanme)2)Cl]
[Ag(iSPCpPn)CI]  [Ag(iSPCceHanmve)2)Cl]

Lengths [A]

C—Ag 2.131 2.098
P—C 1.711 1.728
S—C 1.648 1.636
Angles [°]

C—AgC - -
C—AgCl 172.1 172.6
E—-C<E 121.9 119.1
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[AGCI(iSPCpy)] [AGCI(iISPCcouangme)2)]
Figure 3-14. Molecular structures of [Ag(iISPCpn)CI] (left) and [Ag(iISPCceHanme)2)Cl] (right)
(Hydrogen atoms are omitted for clarity).

3-7 #is

KIFFETIE, A3 ANVT 7o BIOERRAT 7 VBN AR EL ST HR A VR
iSPCwme, iSPCph, iSPCcstaome 33 K TN iSPCosmanvey AL L, 4 EEFHE G D SEGER B TNZ
B G E L 2 A U RIC BT 2 E L G RE ORI 21T - 72, iSPC & A 1 &
L7277 v FAbEDEE R 5N 2 eSS RO G D, iSPC O 4 &1t 5Kk 2 FZ5E
L72s iSPCme, iSPCph, iISPCcsnaome 33 & TN iSPCeomanmen (2K 25 77 FBLEFHE 72 H N A
7V I ARNVE AN —HEND, B FICEFIGHEEREZEATHZ LT, I
RURFBOBFHERENELS 2D EEPLNE L, Kb BEALGEED B R Y [4-(T A
FNT I )T == VR AT 7 o RENL T L L7 iSPC #BERIL, 2, 225 L UUKICLE
2O TOY B XOMERN FICEEI L SNV R L ThoTz, LR ->T, BR
VIRFEDBEFHEEREL DN UG, BN B~ B GEEREOEAIZ L > TF
2a—=VJRETOHDHIEERM LI, SHICENDINR L BREKRORS G REE
LT, AgO & VR UGERRYE 2 7= B VIR AR(DEEIR D ARk 72 BTN, FH b VR >
N A7 7 —REL L CORMHEEZRE L, ZnbofRIE, ETEEOT 2 —=
ECINZ, B\, ERBLOKICEERAINVR L OFT-R%HETHY, SHicEND
TNV B+ & LTS REEIRDO RS G iEZ R L TB Y, WIVR ORI
R&ELHFEHT 2,
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3-8 R
3-8-1 iSPCwe H, iSPCph-H, iSPCcoraomeH 33 2 OY iSPCesmanimerz H DA K,

iSPCymeH DE AL
e T8 °C ITHBHILT: NS-CAFN-SS-T T =) A ) Z)LR=7 LY

Ph
Me—‘P; 7 L— bk (370 mg, 1.0 mmol) @ THF (20 mL) /&#ZIZ LDA (1.5 mL, 2.0 M
/C—H THE/ 7% | F )R8 R 3.0 mmol) Nz 7=, 0.5 BEfi]NT €
N=S

MEPH PR TIO FRECTHETAHAZILETA IV ANK=TLATY K 31 2FESET,
iISPCyeH B ONTIEIE Z-78°C 12 #EI L, PhoPCL(0.2mL, 0.5 mmol) &z 7=, —it
¥R L7, MeTfO (0.11mL, 1.0 mmol) % /1% "C 2 Wefi]/ T CEild E CHIE L7z, #ik (10
mL) TGE L L, ELO (20mLx3) Tt L7z, HH¥E 2 iilE~ 7 %> 7 ATk, DCM
TAIE L, WEGE LT, 557z K%Z MeOH/ELO TH#sh LT iSPC-H (88 mg, JU=K

30%) Z437-, iSPC-H O HEFEIGIL, MeCN/ELO (2 & 5 2 il FHft L CIER L7,

iSPC-H: m.p. 161-162 °C; '"H NMR (500 MHz, CDCl3) § 2.29 (d, 2Jpu = 13.5 Hz, 3H), 2.62 (s, 3H),
3.68 (d, 2Jen = 5.5 Hz, 1H), 7.47-7.52 (m, 10H), 7.59 (td, Jun = 6.2 Hz, 1.8 Hz, 2H), 7.67 (dd, Jeu =
13.5 Hz, 7.5 Hz, 4H), 7.99 (dd, Juu = 7.5 Hz, 1.8 Hz, 4H); '3*C NMR (100 MHz, CDCl3) & 12.8 (d,
Jcp= 62.4 Hz, PCH), 18.2 (d, Jcp= 108.7 Hz, PCH3), 30.1 (s, NCH3), 124.5 (d, Jcp= 92.0 Hz, PCipso),
127.2, 129.5 (d, %Jep = 12.7 Hz), 129.9, 131.9 (d, *Jep= 10.9 Hz), 133.3, 133.5 (d, “Jcr = 2.90 Hz),
139.2 (SCipso); ’F NMR (470 MHz, CDCl3) § —79.1;3'P NMR (202 MHz, CDCls) & 12.46.

iSPCpn-H DGk
on ph |7 BRE 1 RS, =R THF Q0 mL) T TAF /(MY 7 ==K
Ph—P AR=7 5713 K (357 mg, 1.0 mmol) {Z 1.64 M n-BuLi/~~F ¥ &K
—H (0.61 mL, 1.0 mmol) ZMZXTAF (LY 7 z=W)yKRAKR=T LAY K
Me/p:/ Ph e, -3 BRASER, ZOWKRE, 7AdnA 2 ) AR =T A 3-2(160
iSPCpp,-H mg, 0.5 mmol) @ THF (10 mL) ¥R THE A £ THIE S 72, #iK 1.0
mL CHOGSEIE &8, fliK20mL 2z TP =F/Lo—F /L (ELO) (20mL x3 [A]) THiH
L7z, Z DR % B AKLELES [ JIRE G S8, BamkwE 201 mg) 21577, Bbhi-
HIRE % ELO Yeid iz A &%/ —/V/ELO TG L, 1bA % iSPCenH O HEEIKZ 157
(I & 86.6 mg, I 30%).,
ARkE 2 0 KRS, IR THE Q0 mL) 7 BEAF IR 7 2= L)y R AKR= Y
L7813 K (131 g 3.0mmol) (2, 1.63M n-BuLi/ ~FH% ¥ (1.8 mL, 3.0 mmol) % il %
7o, 718 °CIZHHEIL, 1.54 M t-BuLi/ <> ¥ U IEHE (3.9 mL, 6.0 mmol) % 12 C 4 KR

m\O/
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RS, VFAAT/U ) 722/ RAR=T LA U R (3-4) 2RESE, ZOREE,
-78 °C @ 3-2 (963 mg, 3.0 mmol) THF (20 mL) {&#RIZIN 2 T, -78°C THEHHA £ TRILZH 7,
FH, #ik 5.0 mL THUMELL S, HiliZk 50 mL %12 C EbO & THF OIRAER (EtO :
THF =4 : 1, 50 mLx3 [A]) THiH L7z, Z OB 2 BB IZRIERE S8, e
(1.54 g) #157-, B ONTEEE ERO W52 MeOH/ ERO THfEMm L, LA iSPCeH
O AMERE ST (IR 866 mg, IR 50%),

iSPCpn-H: m.p. 179-181 °C; '"H NMR (400 MHz, CDCl3) § 2.58 (s, 3H), 3.80 (d, /e = 6.0 Hz, 1H),
7.44-7.53 (m, 12H), 7.60-7.61 (m, 3H), 7.62-7.68 (m,6H), 7.95-7.99 (m, 4H); 'H NMR (400 MHz,
THF-ds) § 2.62 (s, 3H), 4.16 (d, 2Jpu = 5.0 Hz, 1H), 7.43-7.48 (m, 8H), 7.50-7.55 (m, 6H), 7.57-7.64
(m, 6H), 7.76-7.81 (m, 6H), 8.10-8.13 (m, 4H) ppm; *C NMR (125 MHz, CDCI3) § 18.4 (d, 'Jpc =
113.9 Hz, PCS), 30.2 (s, NCH3), 122.9 (d, 'Jpc = 93.3 Hz, PCipso), 127.1, 129.5 (d, Jec = 12.8 Hz),
130.0, 133.1, 133.5 (d, Jec = 10.8 Hz), 133.8 (d, Jrc = 3.0 Hz), 139.4 (d, Jec = 4.0 Hz, SCipso) ppm;
F NMR (470 MHz, CDCl3) § -155.0 ppm; *'P NMR (202 MHz, CDCls) & 15.86 ppm; Elemental
analysis: Calcd. (%) for C32H20BF4NPS: C 66.56, H 5.06, N 2.43; Found C 66.39, H 5.16, N 2.71.

3-8 DERL
R, FU@-ARFL T x=A)yKA7 42 (7.04 g 20.0 mmol) & MesOBFq
R_Z_MBGF4— (2.95 g, 20.0 mmol) % DCM 1 0 °C C 3 FFRISCE S, WERA L CAa&
Ry oo, PREMI (L 9.07 g, 115 99%).

3-8: 'H NMR (500 MHz, CDCl3) § 2.72 (d, Jeu = 13.0 Hz, 3H), 3.90 (s, 9H), 7.12-7.16 (m, 6H),
7.50-7.56 (m, 6H); 3'P NMR (202 MHz, CDCl3) & 18.7.

iSPCcomome H DA%,
R |+ FEKREMET, AAB=T LM 3-8 (454 mg, 1.0 mmol) & 3-2 (321 mg, 1.0
R—P'\ mmol) DIEAMIZ THF %M % T -78°C IZAEI L=, 2.0M UF LY
P 4V FrEAT IR (LDA) % (1.5 mL, 3.0 mmol) % 1% C—MBuSis &
Me/';,';/S\Ph e, 7% MUKTHRUGMFIE L, DCM TRl Lo, BLACKRER | SR L C,
iISPCeeruome'H  MeOH T, AL, HEARMO BEMKREGT-, S bITAHKZ BT
R=4-MeOCeHs i | | MeOH/EtO THEAiLT 5 = & THMAEMM 2157 (& 427 mg,

IR 64%),

iSPCcsmsome H: m. p. 179-180 °C; 'H NMR (500 MHz, CDCl3) 8 2.56 (s, 3H), 3.57 (d, 2Jpu = 6.0 Hz,
1H), 3.87 (s, 9H), 6.97-6.99 (m, 6H), 7.43-7.50 (m, 6H) 7.51-7.58 (m, 6H), 7.94-7.97 (m, 4H) ppm;
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3C NMR (125 MHz, CDCl3) § 19.4 (d, 'Jpc = 114.2 Hz, PCS), 30.1 (s, NCH3), 55.7 (s, OCH3), 113.8
(d, Jec = 100.6 Hz, PCipso), 115.1 (d, Jec = 13.8 Hz), 127.1, 129.8, 132.9, 135.3 (d, Jec = 12.6 Hz),
139.8 (d, Jec = 3.8 Hz), 163.8 (d, Jec = 2.5 Hz, SCipso) ppm; '’F NMR (470 MHz, CDCl3) § -155.0
ppm; 3'P NMR (202 MHz, CDCl3) & 13.41 ppm: Elemental analysis: Calcd. (%) for
C35H35BF4sNO3PS-0.5H,0: C 61.96, H 5.25, N 2.06; Found C 62.30, H 5.40, N 2.25.

FUA(CAFAT IV 2= R AT 4 v DB
R_E WKL, 20L U7 T 222~ 2 5 AN (Mg) (27.3 g, 1.13
R mol) & MEKIE(LY T 2 (31.8 g, 0.75 mol) & /K THF (500 mL) %/l %
R=4-(MexN)CeHa Tk L7=,BID 500mL =0 7 T A 22 4-T 0TI AF LT =T v (150
g, 0.75 mol) & #E/K THF (200 mL) Z Nz KM L7z, Kk, Mglakica vHEx 1 K)v
MMZTHE 4T eV AFNAT =) UIEREVER T Lic, RIGEMHE, OGSk rTEe7e
FREIZHEAIL 72D o< U EALEW 2-30 AR 2T N Lo, 28 Tk, WikE THIRL
RHB 30 iR Lz, mEkH L, =8B{VU » (23.5mL,0.25mol) o< ViE T L7,
BEEIMA T, WIRETHIRLRNS 20 oRERE L, HERE, mEKAL, KRG L
7ok (100mL) Zh1 % CRONME IR S 'z, S HIZHELT U B=7 LK (500mL) %0
Z TR Tl (300 mLx6 [E)f, BLAKLER, JBIEHRME L, BRAERY OB AR R E S
7= (I 78.3 g, UXZR 80%),

NV[@-(CAFNAT I )7 ==/L]FR A7 ¢ >: 'HNMR (500 MHz, CDCI3) § 2.94 (s, 18H),
6.67-6.69 (m, 6H), 7.19-7.23 (m, 6H) ppm; *'P NMR (202 MHz, CDCls) & -10.73 ppm.

3-9 DL
RAR= L 3-8 ODERREFREIZ, FMI[A(VAFNALT I )7 ==
R-P™Me _  JL]RA 7 1 227 (19.6 g, 50.0 mol) & Me;OBF; (16.1 g, 50.0 mmol) %
R B% poM 10 °C © 3 RIRUS S, BUEREM LTl LamkseBr vk

3-9
R = 4-(Me,N)CgH,  49.3 g, ULZE 99%),

3-9: 'H NMR (500 MHz, CDCls) § 2.46 (d, %Jpu = 13.0 Hz, 3H), 3.07 (s, 18H), 6.76-6.80 (m, 6H),
7.27-7.33 (m, 6H).
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iSPCcsnanmer H DH Ak
RR |+ MRS, AAKR= T 24 3-9(4.93g,10.0mmol) & {L&# 3-2(3.21
R-P, g, 10.0 mmol) DIEAWIZ THF Z Nz T -78 °C IZWAIL7=%, 2.0 M U
Nl —H FULYAYTrELT I K (LDA) & (15.0 mL, 30.0 mmol) %1%
MEPH Ph BF, C BERUSSHETZ, MUK TRISFIEL, YZ7unn A2 Thitt Lz, it
ISPCosranmeH I aLpmig |2 I E MR T 5 L B EHER (171 RELR, ThEk A X
REEMeE ) sk, BBL, HEARIOLEHRE . & DI DN
JERAE L, MeOH/EL,O TH#EgmT 5 Z & THMAERY 2157 (L& 5.65 g, 1L 80%).,

\O/

iSPCcetanMer2H: m. p. 189-190 °C; "H NMR (500 MHz, CDCl3) § 2.67 (s, 3H), 3.03 (s, 18H), 3.25
(d, 2Jen = 6.0 Hz, 1H), 6.63-6.65 (m, 6H), 7.34-7.38 (m, 6H) 7.42-7.45 (m, 6H), 7.88-7.90 (m, 4H)
ppm; '"H NMR (500 MHz, CD3CN) & 2.67 (s, 3H), 2.99 (s, 18H), 3.50 (d, /e = 5.0 Hz, 1H), 6.66-
6.70 (m, 6H), 7.34-7.39 (m, 6H) 7.42-7.45 (m, 4H), 7.48-7.52 (m, 2H) 7.89-7.91 (m, 4H) ppm; 'H
NMR (500 MHz, CsDs) & 2.35 (s, 18H), 2.74 (s, 3H), 3.72 (d, 2Jpu = 6.0 Hz, 1H), 6.51-6.53 (m, 6H),
6.78-6.81 (m, 2H) 7.21-7.24 (m, 4H), 7.66-7.71 (m, 6H) 8.41-8.42 (m, 4H) ppm; '*C NMR (125 MHz,
CDCl3) § 19.7 (d, Jec = 111.7 Hz, PCS), 30.1 (NCH3), 39.9 (N(CH3)2), 107.2 (d, Jec = 105.6 Hz,
PCipso), 111.6 (d, Joc = 13.6 Hz), 127.0, 129.7, 132.6, 134.5 (d, Joc = 12.3 Hz), 140.5 (d, Joc = 3.9 Hz,
SCipso), 153.0 (d, Jrc = 2.4 Hz, NCipso) ppm; °F NMR (470 MHz, CDCls) & -155.0 ppm; ’F NMR
(470 MHz, CD30D) § -155.6 ppm; *'P NMR (202 MHz, CDCls) § 12.73 ppm; *'P NMR (202 MHz,
CDsCN) § 13.12 ppm; *'P NMR (202 MHz, C¢Dg) & 13.26 ppm; Elemental analysis: Calcd. (%) for
C3sHuBFsN4PS-H,0: C 62.98, H 6.40, N 7.73; Found C 63.25, H 6.36, N 8.06.

3-8-2  iSPCwme, iSPCph, iSPCcsnaome 3 & TY iSPCosanmerr DL

iSPCme D E K
MPh\P,Ph iSPCme H (115 mg, 0.2 mmol) 35 & O NaNH: (15.6 mg, 0.4 mmol) DIREMIC=E
o
\é. i T THF Z 012 T 0.5 RFfEEEE L 7o, 15 O 7ok 2 IR L 72, EnO (10
N=d  mLx3) THIH L, BT #4E LT iSPCye D H kK& 157- (83 mg, I 97%),
MePH Ph
iSPCye

iSPCpe: "H NMR (500 MHz, CsDs) & 1.78 (d, 2Jen = 12.5 Hz, 3H), 3.01 (s, 3H), 6.89-6.92 (m, 2H),
6.99-7.03 (m, 10H), 7.72-7.78 (m, 4H), 8.48-8.50 (m, 4H); '*C NMR (125 MHz, C¢D¢) & 17.3 (d,
'Jep = 50.3 Hz, PCH3), 21.7 (d, 'Jep = 36.5 Hz, PCS), 31.0 (s, NCH3), 128.2, 128.3, 128.4 (d, Jcp =
1.3 Hz), 129.5, 130.2 (d, Jep = 2.5 Hz), 131.6 (d, Jcp = 10.1 Hz), 136.2 (d, Jep = 94.3 Hz, PCipso),
149.1 (d, Jep = 13.8 Hz, SCipso); *'P NMR (202 MHz, C¢De) & -8.29.
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iSPCpn D E K,
Ph. Ph iSPCpn'H (115 mg, 0.2 mmol) 35 L OF NaNH; (15.6 mg, 0.4 mmol) DiEAG#IZE=E

F’“‘F’xé, JELC THF %002 C 0.5 BRRIBER U7, 155 07 AT & BUE 8 7=, EO (10

Ned mLx3) THIH L, JBUERHEE L CiSPCom DHEMAK L (95 mg, ILH 97%),
MEPH Ph

iSPCpy,
iSPCph: m. p. 65-66 °C; '"H NMR (500 MHz, C¢De¢) & 2.83 (s, 3H), 6.89-6.92 (m, 2H), 6.97-7.06 (m,
13H), 7.79-7.86 (m, 6H), 8.25-8.26 (m, 4H); '"H NMR (500 MHz, C+Ds) & 2.81 (s, 3H), 6.87-6.90 (m,
2H), 6.95-7.09 (m, 13H), 7.80-7.84 (m, 6H) 8.32-8.34 (m, 4H) ppm; '3C NMR (125 MHz, CsDs) &
23.1 (d, 'Jcp = 61.6 Hz, PCS), 31.3 (s, NCH3), 127.8, 128.2, 128.3 (d, Jcp = 3.8 Hz), 129.7, 130.5 (d,
Jep=2.5Hz), 133.0 (d, Jep = 10.1 Hz), 134.4 (d, Jcp = 89.3 Hz), 148.4 (d, Jep = 12.6 Hz, SCipso) ppm;
13C NMR (125 MHz, C7Ds) § 22.8 (d, 'Jcp = 57.9 Hz, PCS), 31.1 (s, NCH3), 128.1 (d, Jcp = 8.8 Hz),
128.2, 128.3, 129.5, 130.4 (d, Jcp = 2.5 Hz), 133.3 (d, Jep = 10.1 Hz), 134.5 (d, Jcp = 90.6 Hz), 148.6
(d, Jep = 13.8 Hz, SCipso) ppm; *'P NMR (202 MHz, CsD¢) & -2.64 ppm; *'P NMR (202 MHz, C7Ds)
0 -2.92 ppm.

iSPCcetuome DA K
R R BRE 1D ER T CHIRZ T2 T, A X ) — )VICE ST LEW
R-P _ T s =
\é. iSPCconaomeH (100 mg, 0.15 mmol) % 10% NaOH /KIF{K CTHM L 7=
Ned Amberlite (OH" form) THLEE L, JF ¥ L CHEBKK (84 mg, 97%) %15
M&PH Ph .
iISPCcsHaome PN TR _ s F 7R
R = 4-MeOCqH, A E%iE 2: iISPCesnaomeH (134 mg, 0.2 mmol) 35 & T8 NaNH; (15.6 mg, 0.4

mmol) DIREMIZEL T THF 212 T 0.5 FERE#E L=, B o N imiik %
TR U721, EO(10mLx3) THIM L, JUt#zE L T 3-3 Ol R a7z (112 mg,
IR 97%),

iSPCcsnaome: m.p. 78-80 °C; 'H NMR (500 MHz, C¢Ds) & 3.02 (s, 3H), 3.22 (s, 9H), 6.66-6.69 (m,
6H), 6.91-6.94 (m, 2H), 7.03-7.07 (m, 4H), 7.84-7.89 (m, 6H), 8.46-8.47 (m, 4H) ppm; "H NMR (500
MHz, C7Ds) 2.90 (s, CH3), 3.26 (s, 9H), 6.61-6.64 (m, 6H), 6.92-6.93 (m, 2H), 7.01-7.04 (m, 4H),
7.75-7.80 (m, 6H), 8.32-8.34 (m, 4H) ppm; '*C NMR (125 MHz, C¢Ds) & 23.0 (d, 'Jcp = 57.9 Hz,
PCS), 31.4 (s, NCHz), 54.8 (s, OCH3) 113.8 (d, Jcp = 12.6 Hz), 126.5 (d, Jcp = 96.8 Hz, PCipso), 128.1,
128.2,129.4,134.8 (d, Jcp = 11.3 Hz), 149.3 (d, Jcp = 13.8 Hz, SCipso), 161.8 (d, Jcp = 2.5 Hz, OCipso)
ppm; 3C NMR (125 MHz, C7Ds) & 23.1 (d, 'Jcp = 57.9 Hz, PCS), 31.3 (s, NCH3), 54.6 (s, OCH3)
113.7 (d, Jer = 12.6 Hz), 126.4 (d, Jcp = 96.3 Hz, PCipso), 128.0, 128.2, 129.3, 134.7 (d, Jcp = 11.3
Hz), 149.1 (d, Jcp = 13.8 Hz, SCipso), 161.8 (d, Jcp = 2.5 Hz, OCipso) ppm; 1°F NMR (470 MHz, CDCls)
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§ -155.0 ppm; *'P NMR (202 MHz, CsD¢) § -3.51 ppm; *'P NMR (202 MHz, C7Ds) § -3.54 ppm.

iSPCcomanmer DA%,

R R SR 1 BRFCHRIGET o1, A ) —VICHEM S T bEaW
R_P\é, iSPCeonanven H (100 mg, 0.14 mmol) % 10% NaOH 7K Vil M L=
ned Amberlite (OH form) THLH L, JBIEHHT L T iSPCoonanamen O E A

MePH Ph (86 mg, ULER 97%) 157~
'SPCesrianer2 A FE 2: iISPCosanveH (141 mg, 0.2 mmol) 33 1 T8 NaNH; (15.6 mg, 0.4

R = 4-(M92N)C6H4 . . N “ NI,
mmol) DIREWIZEIL T THF 212 T 0.5 FEREHEE L=, 5 DK

ZJE R U7, THF (10mLx3) THIH L, WERZE: L T iSPCcostangme D 35 B K 2 15
7= (120 mg, YL=E 97%),

iSPCceanMe2: m. p. 120-121 °C; 'TH NMR (500 MHz, CsDs) & 2.45 (s, 18H), 3.02 (s, 3H), 6.44-6.46
(m, 6H), 6.94-6.97 (m, 2H), 7.09-7.12 (m, 4H) 7.84-7.89 (m, 6H), 8.33-8.35 (m, 4H) ppm; 'H NMR
(500 MHz, C7Ds) 6 2.47 (s, 18H), 43.08 (s, 3H), 6.39-6.40 (m, 6H), 6.90-6.93 (m, 2H), 7.03-7.06 (m,
4H) 7.83-7.87 (m, 6H), 8.46-8.47 (m, 4H) ppm; 'H NMR (500 MHz, D,0) § 2.54 (s, 3H), 2.87 (s,
18H), 6.46-6.50 (m, 6H), 7.12-7.16 (m, 6H), 7.41-7.44 (m, 4H) 7.52-7.55 (m, 2H), 7.75-7.77 (m, 4H)
ppm; *C NMR (125 MHz, CsDs) & 23.6 (d, 'Jcp = 61.9 Hz, PCS), 31.9 (s, NCH3), 39.7 (s, N(CH3)2)
111.6 (d, Jcp = 12.6 Hz), 121.2 (d, Jcp = 100.6 Hz, PCipso), 127.9, 128.3, 129.4, 134.4 (d, Jop = 11.3
Hz), 149.1 (d, Jcp = 11.3 Hz, SCipso), 151.7 (d, Jep = 2.5 Hz, NCipso) ppm; 1*°C NMR (125 MHz, C7Ds)
§22.4 (d, "Jep = 59.1 Hz, PCS), 31.5 (s, NCH3), 39.7 (s, N(CH3)2) 111.5 (d, Jep = 12.6 Hz), 121.7 (d,
Jcp =100.6 Hz, PCipso), 127.9, 128.5, 128.8, 134.4 (d, Jcp = 11.3 Hz), 150.1 (d, Jcp = 13.8 Hz, SCipso),
151.6 (d, Jep = 2.5 Hz, NCipso) ppm; *'P NMR (202 MHz, C¢Ds) & -1.39 ppm; *'P NMR (202 MHz,
C7Ds) & -1.82 ppm; *'P NMR (202 MHz, D>0) § 11.5 ppm; Elemental analysis: Calcd. (%) for
C38H43N4PS-H20: C 71.67, H 7.12, N 8.80; Found C 71.40, H 7.02, N 8.67.

3-8-3  iSPCcomanmep & BN 1~ & L 72 (DEEIE D AR

[Au(iSPCcenanmer)(PhsP)]SbFes DA Ak,

RF—{\P/R _|+ A HIE 1: [Au(iSPCestaniver2) (12.4 mg, 20 mmol) ¥ L O}
\C—>Au<-PErI;’h PhsPAuCI (9.9 mg, 20 mmol) DIRAWIC THF (2 mL) &Mz T-

Ned Ph 78 °C T 1 KM AEI L7=%%, AgSbFs (6.8 mg, 20 mmol) % /1%
M&PH Ph SbFs 7=, — BRI G, DCM TE 74 kAl LIBJEEME LT

[Au(iSPCcenan(me)2)(Ph3P)ISbFg

Au(iSPC 02)(PhsP)|SbFe (13.1 mg, 50%) %57~
R = 4-(Me,N)CqH, [Au(iSPCceanoe)(PhsP)ISbFs (13.1 mg, 50%) 247

A E 20 [Ag(iSPCesuanmer)]Cl (12.4 mg, 20 mmol) B L
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PhsPAuCl (9.9 mg, 20 mmol) DIEA#IZ DCM (2 mL) %z C-78 °C T 1 BEmEI L7214,
AgSbFs (6.8mg, 20 mmol) =Nz 7=, —BEG%, DCM T 7 A b Aild UJERMNE L T
[Au(iSPCcenanmey2)(PhsP)]SbFe (37.4 mg, U3 95%) Z157-,

[Au(iSPCcenanme)2)(PhsP)]SbFe: m.p. 219-220 °C (decomposed); 'H NMR (500 MHz, CDCl3) § =
2.93 (s, 3H), 2.98 (s, 18H), 6.50-6.52 (m, 6H), 7.04-7.08 (m, 6H), 7.20-7.26 (m, 6H), 7.33-7.36 (m,
6H), 7.46-7.50 (m, 3H), 7.51-7.56 (m, 6H), 8.05-8.06 (m, 4H) ppm; 1*C {'H} NMR (125 MHz, CDCls)
0=30.7 (NCH3), 39.9 (N(CH3)2), 111.1 (d, Jcp = 12.6 Hz), 113.1 (d, Jcp = 101.9 Hz, PCjpso), 127.2,
128.7,129.0 (d, Jcp = 11.3 Hz), 129.7 (d, Jcp = 65.4 Hz, PCipso), 131.1, 131.5 (d, Jcp = 1.3 Hz), 133.9
(d, Jep = 13.8 Hz), 134.7 (d, Jcp = 11.3 Hz), 146.4 (d, Jcp = 8.8 Hz, SCipso), 152.2 (d, *Jcp = 2.5 Hz,
NCipso) ppm. the signal of central carbon was not observed; ’F{'H} NMR (470 MHz, CDCl3) § = -
79.0 ppm; *'P{'H} NMR (202 MHz, CDCl3) § = 12.88, 39.78 ppm; Elemental analysis: Calcd. (%)
for Cs¢Hss AuFsN4P2SSb-H>0: C 50.50, H 4.54, N 4.21; Found C 50.29, H 4.32, N 4.26.

[Aua(iSPCcoranime2)(PhsP)21(SbFe). D& ik
Ph 24 A %5 10 iSPCeemaneverz (12.4 mg, 0.02 mmol) 3 KX Y

RT{ Auxﬁ’ii: Ph3PAuCI (19.8 mg, 0.04 mmol) DIEAEWIZ THF (2 mL) %
<:1A|u INZT-78 °C T 1 BEREIHAI L 72#%, AgSbFs (15.1mg, 0.04
Me’g:/S\Ph ~ l:E: - mmol) Iz 7z, —BE)E%, DCM Tt Z A kAl L
Ph 6 JEJEHME L T[Aua(iSPCcsranmer2)(PhsP)2](SbFe), (38.2 mg, X

[AU2(ISPCcehanve)2)(Ph3P)2l(SbFe),

% 0 28
R = 4-(Me,N)CgH, 95%) ZAT-.

AL 2: [Ag(iSPCesnanve2)Cl] (12.4 mg, 20 mmol) 5 &
Y PhsPAuCI (19.8 mg, 0.02 mmol) DIRAMIZ DCM (2 mL) %Iz CT-78 °C T 1 BFImAI L
7-1%, AgSbFs (15.1 mg, 0.04 mmol) Z/MZx 7=, —MBeKIEH, DCM TEZ A kAl LR
5 L C [Aua(iSPCcsmanaver2)(PhsP)2](SbFs)2 (39.0 mg, UL 97%) & 457=,

[Auz(iSPCcemanme)2)(Ph3P)2](SbFs)2: m.p. 125-126 °C; 'H NMR (500 MHz, CDCl3) § = 2.59 (s, 3H),
2.99 (s, 18H), 6.48-6.50 (m, 6H), 6.95-6.99 (m, 12H), 7.22-7.31 (m, 15H), 7.51-7.54 (m, 6H), 7.55-
7.58 (m, 3H), 7.70-7.74 (m, 6H), 7.76-7.78 (m, 4H) ppm; *C {'H} NMR (125 MHz, CDCl3) § = 34.2
(NCH3), 39.8 (N(CH3)2), 109.2 (d, Jcp = 103.3 Hz, PCipso), 111.4 (d, Jcp = 13.8 Hz), 127.7 (d, Jcp =
59.1 Hz, PCipso), 128.1, 129.6 (d, Jcp = 12.6 Hz), 129.9, 132.5, 133.5 (d, Jcp = 13.8 Hz), 134.1 (d, Jcp
=7.5Hz), 135.6 (d, Jcp = 11.3 Hz), 138.9 (SCipso), 152.8 (d, *Jcp = 2.5 Hz, SCipso) ppm. the signal of
central carbon was not observed; *'P{'H} NMR (202 MHz, CDCl3) § = 27.45 (t, J = 5.1 Hz), 34.90
(d, J= 5.1 Hz) ppm; Elemental analysis: Calcd. (%) for C74aH73 AuwxF12N4P3SSbo: C 44.24, H 3.66, N
2.79; Found C 44.54, H 3.93, N 2.80.

93



[Au(iSPCcenanmerz” HY(PhsP)(TFO), D&k

RR\ R —|2+ A B ) — VIR S E AL AW iSPCostanove'H (50 mg,
-P, N
e H 0.07 mmol) % 10% NaOH /KA CTifd#d L 7= Amberlite (OH
N
d A py form) THLEEL, NaTfO (12.2mg, 0.07 mml) %Nz T 1 K

MePH Ph E;,F’h oTfo~ MR L7z, WILEEM L7-%, DCM TE 74 KA LT
[AU(iSPCeeanmer H)PNsPI(TIO),  Jppreyitse 7= 15 5 7-[E{K% THF (2 mL) |[ZWfE S,
Ph3PAuCl (35.1 mg, 0.07 mmol) Az T 1 RS S 721, AgTfO (18.2 mg, 0.07 mmol)
Mz T2 KEKE®BLLE, BEREEIT A MA0 L, BERML T
[Au(iSPCcstanme2-H)(PhsP)|(TfO), (94.8 mg, N 97%) Z157=, Hifhdix, -5°C TO
MeCN/ELO 1T & % 2 fRi#sim CIERK L 7=,

[Au(iSPCcsnanmer2- H)(PhsP)](TfO)2: m.p. 93-94 °C; 'H NMR (500 MHz, CDCl3) § = 2.57 (s, 3H),
3.02 (s, 18H), 6.53-6.55 (m, 6H), 6.87 (dd, J = 9.5, 7.5 Hz, 1H), 7.03-7.08 (m, 6H), 7.36-7.40 (m,
6H), 7.52-7.63 (m, 15H), 8.19 (br, 4H) ppm; "F{'H} NMR (470 MHz, CDCl3) § = -79.0 ppm;
BC{'H} NMR (125 MHz, CDCls) § = 32.0 (NCH3), 39.9 (N(CH3)2), 52.6 (dd, Jcp = 70.4, 37.7 Hz,
PCS), 103.3 (d, Jcp = 103.1 Hz, PCipso), 112.0 (d, 'Jep = 13.8 Hz), 121.0 (q, Jcr = 320.7 Hz, CF3),
127.4,127.4 (d, Jep = 59.1 Hz, PCipso), 129.6 (d, Jep = 11.3 Hz), 130.8, 132.5 (d, 'Jep = 2.5 Hz), 133.7
(d, Jep = 13.8 Hz), 134.5, 134.9 (d, Jcp = 11.3 Hz), 153.1 (d, “Jcp = 2.5 Hz, NCipso), 157.4 (SCipso)
ppm; 3'P{'H} NMR (202 MHz, CDCl3) § = 17.1 (d,J= 8.1 Hz), 38.6 (d, J = 8.1 Hz) ppm; Elemental
analysis: Calcd. (%) for Cs7HsoAuF3N4O3P2S2-H20: C49.93, H4.41, N 4.02; Found C 49.91, H 4.35,
N 3.91.

3-8-4  iSPCcemanmer & K& Tl D Bis

iSPCceranive’Me D E AL
Me ]+ THF (10 mL) '"C, iSPCcsranpve2 (137 mg, 0.2 mmol) & Mel (15 mL,

RPTOs PN 024mmol) & EIRT 2 BEMSE S W, BILHR LTz, 18D
RO Ne |7 7% F SRS, £ F A L CRITIEM L, &b
ISPCceHanme)2"Me [ {4 2 MeOH/Et,0 TH#AGdnd 5 Z & T, iSPCeomunmez-Me (148 mg, UYL

R=4-(MeN)CeHy o 97%) % f57-

iSPCcomanverMe: m.p. 210-211 °C (decomposed) ; 'H NMR (500 MHz, CDCl3) § 1.73 (d, *Jpu =
11.5 Hz), 2.61 (s, 3H), 3.05 (s, 18H), 6.67-6.70 (m, 6H), 7.33-7.39 (m, 6H), 7.56-7.63 (m, 6H), 7.70-
7.72 (m, 4H) ppm; *C{'H} NMR (125 MHz, CDCl3) § 17.1 (d, 2Jpc = 7.5 Hz, CCH3), 19.9 (d, 'Jpc
= 115.7 Hz, PCS), 31.5 (s, NCH3), 40.0 (s, N(CH3)2), 108.7 (d, Jpc = 105.6 Hz, PCipso), 111.5 (d, Jec
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= 13.8 Hz), 128.0, 129.8, 133.2,135.0 (d, Jec = 12.6 Hz), 133.4 (d, Jrc = 10.9 Hz, CHarom), 137.5
(SCipso), 152.6 (d, Jec = 2.5 Hz, NCipso) ppm; *'P{'H} NMR (202 MHz, CDCl3) & 21.16 ppm.
Elemental analysis: Calcd. (%) for C39H46IN4PS-2MeOH: C 59.70, H 6.60, N 6.79; Found C 59.40,
H6.17,N 7.08.

3-10, 11 DER
'TI _l + 1SPCcenanme2: Me (60 mg, 79 mmol) ¢ DCM (2 mL) wWiklz, N 7uA
E;?/C\\C/H B A K ALK (TIOH: 7.0 pL, 79 pumol) % F LT 0.5 BERTHE#E L

ROH T g ik (SmL) ZMNZ72, 1% 5NI-RAYEEE DCM (SmLx3) Tl
310 WL, Rt~ 730w ATHK, Hi L CIRERTT 5 - & T, Fail

R = 4-(M62N)C6H4
R 3-10 (35.4 mg, IR 95%) & 3-11 (22.6 mg, YLK 94%) DIRAEM IS
+

Ph‘s N,Me b7z, 3-10 DHESEMG L, DCM/ERO (2 X 2 ffsksh CIERR L=,
P H 10 3-10: m.p. 159-160 °C; '"H NMR (500 MHz, CDCl3) & = 3.09 (s, 18H), 6.05
3-11 (dd, J=23.5, 18.5 Hz, 1H), 6.71 (dd, J = 45.5, 12.0 Hz, 1H), 6.75-6.81 (m, 6H),

6.86-6.97 (m, 1H), 7.24-7.30 (m, 6H) ppm; *C{'H} NMR (125 MHz, CDCls) § = 39.9 (N(CHs),),
100.7 (d, Jec = 104.4 Hz, PCipso), 112.4 (d, Jrc = 13.8 Hz), 122.3 (d, Jpc = 85.5 Hz, CH), 134.7 (d,
Jec = 12.6 Hz), 140.2 (CHz), 153.8 (d, Jec = 2.5 Hz, NCipso) ppm; PF{'H} NMR (470 MHz, CDCl;)
8 =-79.0 ppm; *'P{'H} NMR (202 MHz, CDCls) § = 16.3 ppm. Elemental analysis: Calcd. (%) for
C27H33F3N303PS: C 57.13, H 5.86, N 7.40; Found C 56.91, H 5.82, N 7.23.

3-11: '"H NMR (500 MHz, CDCl3) § = 2.85 (d, J = 4.5 Hz, 3H), 7.68-7.71 (m, 4H), 7.75-7.78 (m,
6H) ppm; PF{'H} NMR (470 MHz, CDCl3) 8 = -79.3 ppm;

3-8-5  [Ag(iSPCpn)Cl] 3 L' [Ag(iSPCconanven)Cl] DAL

[Ag(iSPCpn)CI] DE L

Ph_Ph BRI ZER T T o1z, A X ) — R S 72 iSPCer-H (100 mg, 173
%*%$M+0 umol) % A 7> AeHiE (CI) THLEE L CRUEMA L7z, 5 5h izl
N=< K% DCM |Z¥fiF S, Ag0 (20.1 mg, 87 pmol) % Iz CTHEE T C 2 B

MEPH Ph BB FE L7, BONTEIEA LT A F ML, BUERM LT
[AGCI(iSPCpp)]

[Ag(iSPCpn)CI] D A K (106 mg, ULF 97%) & 157-, HiEdIL,
DCM/Et:,O 12 & % 2 il Ffl b 7,

[Ag(iSPCpn)Cl]: m.p. 128-129 °C; 'H NMR (500 MHz, CDCl3) & = 2.70 (s, 3H), 7.23-7.30 (m, 6H),
7.33-7.36 (m, 6H), 7.44-7.47 (m, 3H), 7.70-7.74 (m, 6H), 7.99-8.00 (m, 4H) ppm; *C{'H} NMR
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(125 MHz, CDCl3) 6 = 17.7 (br, PCS), 30.8 (NCH3), 123.0 (d, Jrc = 93.1 Hz, PCipso), 126.9, 128.5 (d,
Jec =12.6 Hz), 128.7, 131.1, 131.9 (d, Jpc = 2.5 Hz), 133.3 (d, Jec = 10.1 Hz), 146.3 (d, Jpc = 10.1
Hz, SCipso) ppm; *'P{'H} NMR (202 MHz, CDCl3) 8 = 10.8 ppm. Elemental analysis: Calcd. (%) for
C32H2sAgCINPS: C 60.72, H 4.46, N 2.21; Found C 60.41, H4.75, N 2.07.

[Ag(iSPCcenanmer)Cl] DA AK

RF_{P,R BT ZER T CTiTo 72, A X ) — VICERMRE S B 7- iSPCesnanpveH
. pg~—ci (100 mg, 142 umol) oA WG (Cl) CTHLER L CIRUERERE L=,
Me/ﬁ:/sfph 57 [k % DOM ICHAE S ¥, AgO (16.4mg, 71 umol) %1% C
ST T2 R L=, O E 74 FAI L, BUERAE

[AgCI(ISPCceran(me)2)] . .
R=4-Me,N)CgH, L CIAg(SPCasnanmen)CLIOME TR R (103 mg, UL 95%) Z15F7=, H

fEdLIE, DCM/ERO 1T & % 2 i B it T -,
[Ag(iSPCcenanme)Cl]: m.p. 195-196 °C; '"H NMR (500 MHz, CDCl3) § 2.79 (s, 3H), 2.96 (s, 18H),
6.53-6.54 (m, 6H), 7.19-7.20 (m, 6H), 7.51-7.55 (m, 6H) 8.01-8.02 (m, 4H); *'P NMR (202 MHz,
CDCI3) 6 9.13 ppm. Elemental analysis: Calcd. (%) for C3sH43AgCIN4PS-2H,0: C 57.18, H 5.94, N
7.02; Found C 56.77, H 6.05, N 7.29.

3-8-6  HIVRARMEERE WOV R S R T oA T 7y —ildKE LTI

[Au(iSPCpn)(Ph3P)]SbFs DAk

Ph_Ph _‘ +  [Ag@iSPCpn)CI] (19.0 mg, 30 umol) I3 LT Ph;PAuCl (14.8 mg, 30
Ph_P\C* rompn umol) OELAWIZ DCM (2 mL) &I T-78 °C T 1 RERIHAIL
= ph 7-#%, AgSbFe(11.3mg, 33 umol) %% 7=, —BEfJE#, DCM T
MePH Ph SbFy T A kAl LIHIEEAE L C[AuiSPCpy)(PhsP)]SbFs (33.4 mg, I¥
[Au(iSPCpp,)(PhsP)ISbFg

5 94%) BATm. T AT K B R O S
BV, X AR L T o 7,

[Au(iSPCpp)(Ph3P)]SbFs: m.p. 105-106 °C; '"H NMR (500 MHz, CDCl3) & = 2.84 (s, 3H), 7.00-7.05
(m, 6H), 7.25-7.31 (m, 6H), 7.34-7.38 (m, 12H), 7.47-7.54 (m, 6H), 7.75-7.79 (m, 6H), 8.04-8.08 (m,
4H) ppm; *C{'H} NMR (125 MHz, CDCl3) § =31.0 (NCH3), 127.2, 128.1 (d, Jcp = 89.3 Hz, PCipso),
128.8 (d, Jcp = 10.3 Hz), 129.1 129.2 (d, Jcp = 12.6 Hz), 129.2 (d, Jcp = 56.6 Hz, PCipso), 131.7 (d,
Jepr=2.5Hz), 131.9, 132.6 (d, Jcp = 2.5 Hz), 133.6 (d, Jcp = 10.1 Hz), 133.7 (d, Jcp = 13.8 Hz), 144.8
(d, Jep = 7.5 Hz, SCipso); *'P{'H} NMR (202 MHz, CDCl3) § = 15.2, 39.6 ppm. Elemental analysis:
Calcd. (%) for CsoHa3AuFsNP2SSb-(CH3),CO: C 51.22, H 3.97, N 1.13; Found C 51.20, H 4.01, N
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1.18.

[Aua(iSPCpn)(Ph3P)>](SbFe)o D & ik
[Ag(iSPCcenanme2)Cl] (12.7 mg, 20 umol) 33 & OF PhsPAuCI (19.8

Ph_ |+

o P mg, 40 pmol) DILAMIZ DCM (2 mL) %1% CT-78 °C C 1 I
‘C1A|“ M7 EI L7=#, AgSbFe(15.1 mg, 44 umol) % Mz 7=, —Wase
n=g  AUo ph %, DOM TH® 5 4 F 2@ L W JEEH L <

/

/ Pl —
MePh Ph L Ph 2SbFs  [Auy(iSPCpy)(PhsP)2](SbFe): (36.5 mg, LK 97%) Z #37=, Hifk
[Auy(iISPCpp)(Ph3P),l(SbFg),) X, 7B R/ A 2 ERE S YRR L 7,

[Auz(iSPCpn)(Ph3P)2](SbFe)2: m.p. 193-194 °C (decomposed); 'H NMR (500 MHz, CDCl3) & = 2.59
(s, 3H), 6.89-6.93 (m, 12H), 7.24-7.28 (m, 12H), 7.33-7.35 (m, 4H), 7.43-7.47 (m, 6H), 7.47-7.51 (m,
6H), 7.57-7.60 (m, 2H), 7.62-7.65 (m, 3H), 7.75-7.76 (m, 4H), 8.05-8.09 (m, 6H) ppm; *C {'H} NMR
(125 MHz, CDCls) 6 = 33.9 (NCH3), 125.8 (d, Jcp = 90.6 Hz, PCipso), 127.2 (d, Jcp = 60.4 Hz, PCipso),
128.1, 129.5 (d, Jcp = 12.6 Hz), 129.6 (d, Jcp = 11.3 Hz), 130.31, 132.5, 133.5 (d, Jcp = 13.8 Hz,
PCipso), 134.0 (d, Jcp = 1.3 Hz), 134.6, 134.8 (d, Jcp = 10.6 Hz), 137.9 (SCipso) ppm. the signal of
central carbon was not observed; *'P{'H} NMR (202 MHz, CDCls) § =29.69, 34.47 ppm; Elemental
analysis: Calcd. (%) for CesHssAuaF1oNP3SSby: C 43.45, H 3.11, N 0.75; Found C 43.43, H3.18, N
0.97.

3-8-7 X A S fEAT

AREVELNTALAEYDORER/NT A —4 % Table 3-11-16 (I~ LTz, T — %13 Mo-
Ka 77774 bE/ 70 A A MR (W=0.71075A) Z{EH L, Rigaku # RAXIS-RAPID
A A=V T L — TR LTz, T—X1%, n— L ViEL B RCHIE L, R
WA IE IS E RN F OfE R 2w LT, (LS OREEIL, SHELXL-97 7'v 7T L% T
[ELHEE CTREAT L 72,
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Table 3-11. Crystallographic data of iSPCwme-H, iSPCph-H, and iSPCcsHaom-H

iSPCwme-H iSPCpy-H iISPCcsnaomeH
Formula C2sH27NO3F3PS2  C33H30.5N1.50PS C35H35sNBOs sF4PS
Formula weight [g-mol™'] 577.62 597.93 675.48
Color colorless colorless colorless
Cystal size [mm?] 0.27x0.17x0.10  0.49x0.27x0.20 0.32x0.22%0.15
Temperature [K] 296(2) 173(2) 173(2)
Wave lengths [A] 0.71075 0.71075 0.71075
Crystal system Orthorhombic Monoclinic Monoclinic
Space group P21212; C2lc P2i/n
a[A] 10.896(2) 30.631(6) 10.781(3)
b[A] 13.246(3) 10.932(3) 17.543(4)
c[A] 19.195(6) 22.061(5) 18.126(4)
a [°] 90.00 90.00 90.00
B [°] 90.00 126.426(9) 99.888(10)
v [°] 90.00 90.00 90.00
Volume [A?] 2770.6(12) 5944(2) 3377.2(15)
Z 4 8 4
Density (calculated) [M-gm™] 1.385 1.336 1.328
Absorption coefficient [mm!] 0.301 0.213 0.203
F (000) [e] 1200 2488 1408
Max. and min. Transmission 0.6861/1.0000 0.7622/1.0000 0.0.7897/1.0000
@ range [°] 3.19-27.46 3.05-27.51 3.01-27.52
Reflections collected 27323 21812 24050
Independent reflections 6316 6788 7684
Rint 0.0873 0.0355 0.0719
Data / restraints / parameters. 6316/0/349 6788/0/382 7684/12/457

Final R indices (I >24{1])
R;, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A7]

0.0563/0.1369
0.0873/0.1522
1.043

99.7

0.497 and -0.397

0.0396/0.1098
0.0513/0.1155
1.087

99.5

0.543 and -0.382

0.0575/0.1418
0.0874/0.1555
1.060

99.3

0.839 and -0.558
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Table 3-12. Crystallographic data of iSPCcsHanme)2'H and iSPCcesHanme)2

1ISPCcsnanme2-H

1SPCcsHanMe)2

Formula

Formula weight [g-mol™']
Color

Cystal size [mm’]
Temperature [K]

Wave lengths [A]
Crystal system

Space group

£ [°]

r [°]

Volume [A?]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm!]
F (000) [e]

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR’ (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A7]

C76HssNsB2OFsP2S»
1429.22
colorless
0.69x0.14x0.13
173(2)

0.71075
Orthorhombic
P21212,
12.2441(18)
19.993(4)
31.068(5)

90.00

90.00

90.00

7605(2)

4

1.248

0.180

3008
0.5938/1.0000
3.06-27.64
45909

17394

0.1213
17394/14/914
0.0786/0.19100339
0.1452/0.2295
0.998

99.8

0.850 and -0.351

C33H30sBF4N15PS
597.93
colorless
0.55%0.17%0.15
173(2)

0.71075
Triclinic

P-1

9.193(3)
10.664(6)
18.189(7)
91.507(17)
97.638(12)
106.659(16)
1689.2(12)

2

1.217

0.176

660
0.7041/1.0000
3.01-27.50
12471

7612

0.0593
7612/0/404
0.0571/0.1248
0.0933/0.1418
1.028

98.4

0.383 and -0.369
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Table 3-13. Crystallographic data of [Au2(iSPCceHanme)2)(PhaP)2](SbFe)2 and [Au(iSPCcehanme)2:H)(PhsP))(TfO)2

[Aua(iSPCeetanever2) (PhsP)2](SbFe)s [Au(iSPCestanomer-H)(PhsP)](TFO),

Formula

Formula weight [g-mol™']
Color

Cystal size [mm’]
Temperature [K]

Wave lengths [A]
Crystal system

Space group

a[A]

a[]

£ [°]

r [°]

Volume [A’]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm!]
F (000) [e]

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

C76H75sN4F12P3SClsSbAuz
2247.5

yellow
0.30%0.13%0.10
173(2)

0.71075
Monoclinic
P2i/n
12.9271(9)
14.9752(11)
44.019(3)
90.00

95.270(2)
90.00
8485.4(11)

4

1.759

4.416

4360
0.1539/1.0000
3.02-27.44
59226

15760

0.1309
15760/126/1075
0.0577/0.1025
0.1065/0.1190
1.019

99.8

Largest diff. peak and hole [e-A=] 1.094 and -1.631

CssHssN706F6P2S3Au
1500.34

yellow
0.29%0.27%0.08
173(2)

0.71075
Triclinic

P-1

11.478(4)
13.489(4)
22.020(6)
99.988(9)
97.441(11)
96.483(11)
3297.2(18)

2

1.511

2.447

1520
0.6480/1.0000
3.06-27.49
25756

14627

0.0883
14627/0/837
0.0735/0.1612
0.1114/0.1807
1.075

96.7

2.983 and -1.405
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Table 3-14. Crystallographic data of 3-10, 3-11, and [Ag(iSPCpn)CI]

3-10 3-11 [Ag(iSPCpn)Cl]
Formula C39H46N4PSI C2sH34N3F303PSCI; C32H2sNPSClAg
Formula weight [g-mol™] 760.73 686.96 632.90
Color colorless colorless colorless
Cystal size [mm?] 0.31x0.29%0.24 0.58x0.13x0.09 0.78%0.72x0.36
Temperature [K] 173(2) 173(2) 173(2)
Wave lengths [A] 0.71075 0.71075 0.71075
Crystal system Triclinic Monoclinic Orthorhombic
Space group P-1 P2i/c P na2,
a[A] 10.197(5) 10.855(3) 12.025(3)
b[A] 12.632(4) 15.014(5) 23.532(7)
c[A] 14.493(5) 19.914(6) 9.868(2)
a [°] 83.654(14) 90.00 90.00
B [°] 88.149(17) 94.796(11) 90.00
7 [°] 76.750(16) 90.00 90.00
Volume [A%] 1806.1(13) 3234.1(17) 2792.4(12)
Z 2 4 4
Density (calculated) [M-gm™] 1.399 1.411 1.505
Absorption coefficient [mm!] 1.022 0.449 0.972
F (000) [e] 784 1424 1288
Max. and min. Transmission 0.8162/1.0000 0.5404/1.0000 0.6285/1.0000
@ range [°] 3.13-27.50 3.00-27.54 3.10-27.49
Reflections collected 16322 18492 22717
Independent reflections 8154 7388 6272
Rint 0.0262 0.1014 0.0574
Data / restraints / parameters. 8154/1/423 7388/0/436 6272/1/335
Final R indices (I >20f1]) 0.0326/0.0811 0.0662/0.1479 0.0388/0.894
Ry, wR? (all data) 0.0399/0.0876 0.1405/0.1807 0.0462/0.0932
Goodness-of-fit on F? 1.130 1.038 1.040
Data completeness [%] 98.3 99.6 99.7

Largest diff. peak and hole [e-A7]

0.669 and -0.532

0.604 and -0.417

0.693 and -0.864




Table 3-15. Crystallographic data of [Ag(iISPCceHanme)2)Cl] and [Au2(iSPCpn)(PhsP)2](SbFs)2

[Ag(iSPCcenane)2)Cl]

[Au2(iSPCpn)(Ph3P)2](SbFs)2

Formula

Formula weight [g-mol™']
Color

Cystal size [mm’]
Temperature [K]

Wave lengths [A]
Crystal system

Space group

a[A]

a[]

£ [°]

r [°]

Volume [A’]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm'!]
F (000) [e]

Max. and min. Transmission
@range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >24{1])

R, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A7]

C3sH43N4OPSCIAg

778.11
colorless
0.36x0.27x0.12
173(2)
0.71075
Orthorhombic
P ca2,
18.751(4)
10.2693 (15)
18.897(3)
90.00

90.00

90.00
3638.8(12)

4

1.420

0.765

1608
0.4871/1.0000
3.06-27.54
31113

8095

0.0523
8095/1/431
0.0339/0.0738
0.0384/0.0756
1.071

99.8

0.441 and -0.29

CesHssNF12P3SSboAu
1879.56
colorless
0.30%0.10%0.06
173(2)

0.71075
Triclinic

P-1

10.916(3)
15.243(3)
23.036(6)
78.737(10)
77.224(11)
80.836(8)
3639.0(6)

2

1.716

4917

1804
0.5704/1.0000
3.01-27.60
29641

16294

0.0416
16294/0/803
0.0465/0.1406
0.0626/0.1538
1.094

97.7

3.486 and -2.648
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FA®E BNHEEHRELETOINVR AW EEER T T A2 2 —8RO G

4-1 W=

ERESERAEZ BT, EMIEREDO LR DS, ZhEaFIALI-ZEeR Y 7 A X
— R OAIRLT, AR A AT 200 s L CTER SR TWAUL Ul RFEN 4 5E
THEERHEZ R T I VR K, DIVRUIRFORT 2 JERMNIRIZ L D 2 ERRETH DT
D, IOROENMHEEBREOEANICLY, ZHERI 7 A X — 2 LENT DM T L LT
OFAPMEFTE 5, LLans, BEECICHE I TV AR HEEREEZ G T 50
NARAAL, VPV EREFARRAT7 7 D EHEALLEFHFEROLTHY, b OFFEKE R
NAIZHWEZEAEERO®E L, FO-S0)F 21337 27 A0AD)-40)D 2 EERD 2
BIOITH-7=23 22 TRIZETIE, 41/ ALVT 7 VB FICEENDEHEFTD o
fEMEIZER L, BEAL X AVT 7 ) —HR(0)BiSC), £ I/ ANLT 7 (AT 7
NI —R(0) (SSC) BLOA 2 AT 7 (B LT ) —HR 1 (0) (iSSeC) % HT,
BN 4 JERA A 11 JEZ R BHEIR DG AL (Scheme 4-1) &, &SN LAY O B &
X RG22 1T > 72

4-2  BiSC, iSSC # L 1ViSSeC % HiEEFINL - & L 7= HEEZER()EEIR D G hk & i

I BiSC,iSSC 3 L TV iSSeC DER(D)A A x4 ARNIRE A MFTT D72, & IR
>l 0.5 4 EmD AgTIO & % MeOH H TG SH72 & 2 A, BAF72IR TSI 5 BAZHR()
B ([Ag(BiSC)]TfO, [Ag(iSSC)]TfO, [Ag(iSSeC)]TfO) #1345 H 417~ (Scheme 4-1), 45 HE%
FRDFEMRIL, H BLOF NMR OS5 HOHHEREVFEE L7, £72, [AgBiSC):]TO &
[Ag(iSSC)]TIO D4y FHEiEIL, X FRHEEMHTIC L > TH BT L7z (Figure 4-1), Table 4-1
12, [Ag(BiSC):]TfO &[Ag(iSSC)]TIO O LA R B I OWEAMAZ R LTz,

[Ag(BiSC):]TIO 35 L Y [Ag(iSSC):]TIO DERMH Lol 2 DD I VKR U IRFEITHEA L, DL
AT HEBEE (1772, 1788°) & & o T /= (Figure 4-1), [Ag(BiSC)]TfO &
[Ag(iSSCL]TFO & C—Ag G OHIME (2.122, 2.111 A) 1X, [Ag(BPC):]Cl Oxb)id 5k
AF (mean2.125A)2 LRIEE CTH -7, £72, [AgBISC)]TIO ® 2 DD S—CS FEAf
DI LI (58.2°) 1X, [Ag(BPC).]CI (torsion angle: P—C«P: 66.3°) LIELL L TV 7223,
[Ag(iSSC)L]TFO Dx%find B L fAIE 9.5°Th » 712,
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Ph Ph Ph_PhMe

Me PH Ph PN Ph  TfO
[Ag(BiSC),]|TfO: E = S, X = NMe (97%)
[Ag(iSSC),|TfO: E = S, X = LP (72%)
[Ag(iSSeC),]TfO: E = Se, X = LP (78%)

Ph Ph

X=E _| 2
Me

C—Ag=—N__Ph

S—Ph

Ph Ph
x=E AgOTf
\C" g 1.0 eq. Ph—S, |
A% MeoH Ph’ N—Ag~<—C
N=S/ Mé _
MePH Ph E=X  2TfO
. PH Ph
BISCiE = g: Xz NHe [Ag2(BISC),](TfO),: E = S, X = NMe (95%)
iSSeC: E = Se, X =LP [Ag,(ISSC),](TfO),: E = 8, X = LP (66%)
[Ag,(iSSeC),](TfO),: E = Se, X = LP (60%)

Ph Ph A

X=E Adg

PH Ph 4TfO

[Ag4(BiSC),](TfO),: E = S, X = NMe (95%)
[Ag,(iSSC),](TfO),: E = S, X = LP (90%)
[Ag,(iSSeC),](TfO),: E = Se, X = LP (75%)

Scheme 4-1. Syntheses of silver(l) carbone complexes

Figure 4-1. Molecular structures of [Ag(BiSC)2]TfO (left) and [Ag(iSSC)2]TfO (right)
(Hydrogen atoms, TfO~ anions, and solvent molecules are omitted for clarity).
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Table 4-1. Selected bond lengths [A] and angles [°] of [Ag(BiSC)2]TfO, and [Ag(iSSC)2] TfO,

[Ag2(BiSC)2](TfO)2

[Ag(BiSC)2]TfO [Ag(iSSC)2]TfO [Ag2(BiSC)2](TfO)2
C—Ag 2.116, 2.127 2111, 2.112 2.147
N—Ag - - 2.170
SV—C 1.671-1.696 1.678, 1.679 1.666, 1.696
S'—C - 1.715, 1.721 -
SV—N 1.536-1.541 1.544, 1.544 1.527, 1.570
E—-C<E 114.6, 115.6 105.5, 105.8 114.7
C—Ag«+C 177.2 178.8 -
C—oAg—N’ — - 167.9

4-3  BiSC, iSSC # L 1ViSSeC % 2 FEEINL 1 & L7= 2 BEEREHEIAR D B Rk & i

HRZERDSEERB S DLz To®, RICA R ANVT 7 VBN FICE £ D BRI OFUL
REZMET L7z, Scheme4-1 (27 L7= & 912, BiSC,iSSC B L NiSSeC % 1 4 E D AgTfO &
i S/ 7=E 24, find D 2 8305 K (Ag®BiSC)](TfO),, [Ag(iSSC)](TfO),,
[Aga(iSSeC)](TfO)) NFDHT-, 45 2 BEERMEERIE, H 35 X OV F NMR D45 60Tt 3
K VIEE LTz, F£72, [AgBiSC))(TfO), D5y &L, Hifksh X S &ETIC L > TS
T L (Figure 4-2), F7efiaRIB L ORI A % Table 4-1 IR LTz,

[Aga(BiSC)](TfO) 1%, 2 DDERIFF72% 2 5D BiSC B FICZKE S 7=\ BB Z TR L
TkV, ZoffEr T BIiSC 1%, «©CN BN EZ & > Ty iz (Figure 4-2), N—Ag fiaE
(2170 A) 1%, EHEB L ORETOLAHEEEROHPEN 2274) Tho7BL, ZofEH»
5, 4 AT 7 VBT EOERFFIL, BRERA A ICENT D ERNbhoTz,
& @ ~BNL L7z S-N B2 0fEA R (1.570 A) 1%, HAEENFO SN FEE (1527 A) &
DR LTEY, CoAghiiaE (2.147 A) 1%, [Ag(BiSC)]TfO (mean 2.122 A) X 0 b »n
IR LT\, F£72, AgAg AR (2.877 A) 13RI BIAR E/ER O®FHAN TH - 7=
(2.53-3.44 A)4,
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Figure 4-2. Molecular structure of [Ag2(BiSC)2](TfO)2 (Hydrogen
atoms, TfO~ anions, and solvent molecules are omitted for clarity).

4-4 BiSC, iSSC # L 1ViSSeC % 3 FEFCNL 1~ & L7z 4 BZEREEIR DGRk & i

A ANVT 7 VN A DERIRFICERARENH D Z &> 7-D T, BISC, iSSC ¥
L NiSSeC WEEEIR Y T A X — % ZEALT D7D DB - & L TR TX 202t LT,
BiSC, iSSC B X OV iSSeC & 2 M E D AgTfO Z IS H7- Lt 2 A, 4 ZIEOEEIK
([Aga(BiSC):](TfO)4, [Aga(iSSC)2](TfO)4, [Aga(iSSeC)2](TfO)s) 73453 H417= (Scheme 4-1), 45 4
EHRODFERIL, 'HEB X PFNMR O3 EaHER L0 EE Lz, £72, [Ag(BiSC)2](TfO)4,
[Ags(iSSC)](TfO)s 33 L TN [Aga(iSSeC)2](TfO)s D7y T4 % Bk i X AR IERENT 12 & > TH
5 M T L 7= (Figure 4-3-5) . [Aga(BiSC)](TfO)s, [Ags(iSSC)](TfO)s ¥ X
[Aga(iSSeC)](TfO) 1X, 4 D DERIFFDIR LTZZETE [Agd™ 7 7 A X —HLIZ, 2 DD
KC,C° N BN VR & 4 SO TIO 7 =4 23 EY BTetEd & 72> T /= (Figure 4-
6(a)), Z A5 D 4 BEERMEEIRIX, 3 BRI A VR ANCEEAL SN0 TD[Ag]* 7 7 A
2 —Tob5h, iD=, Table 42 12, [Aga(BiSC)](TfO)s, [Aga(iSSC)](TfO)s ¥ L ¥
[Aga(iSSeC|(TfO) D ERFEAER I OFEGA L & LI, MSHICERIR 267 5 2 B
BB (NHC B LT U — VBN 1) ICZTEL S NT-ZETE 4 R0 4-1-4 (Figure
A-WIDXSINT BT —H &R LTz,
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Figure 4-3. Molecular structure of [Ag4(BiSC)2](TfO)s (Hydrogen
atoms and TfO~ anions are omitted for clarity).

Figure 4-4. Molecular structure of [Ag4(iSSC)2](TfO)s (Hydrogen
atoms and TfO~ anions are omitted for clarity).
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Figure 4-5. Molecular structure of [Ag4(iISSeC)2](TfO)4 (Hydrogen
atoms and TfO~ anions are omitted for clarity).

(@ Ph () pn Ph
F C Ph\\ \I\

A Me~N"\ Y/ “N-Me
CF, 058—0\ /] _C« L—=C' \

Ag \/ Ag'. A
2'/ v ~o—¢ g\ =< J
L Ag 'O [ Ag2 \‘
\C./ \\.-,'//O CF; \
\ N- 0=s= C=—L
W Me - Me—N, /
L Ph ’ I ~Ph
Ph Ph

Figure 4-6. Schematic representation of tetranuclear silver complexes (a) with TfO anions
and (b) without TfO anions another view
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Figure 4-7. Structures of tetranuclear silver complexes with NHC or aryl
anion ligands 4-1-4

Table 4-2. Selected bond lengths [A] and angles []] of tetranuclear Ag(l) complexes
[Ag4(BiSC)2](TfO)4, [Aga(iSSC)2](TfO)4, [Aga(iSSeC)2](TfO)4, and 4-1-4-4
[Ag4 [Ag4 [Ag4
(BiSC)2] (iSSC)2] (iSSeC)2] | 4-1'0  4-210c  4.370d  4.410a
(TfO)4 (TfO)4 (TfO)4

C—Ag1 2228 2192 2174 2136 2204 2.147 3'122‘
C—Ag2 2193 2187  2.174 2348 2265 2.412 3'2‘;’8‘
2.407, 2.489—
N—Ag 2204 2188  2.184 Sapy 2674 2360 Sl
1.560,
S—N 1ep3 1563 1559 - - - -
2.748,
Ag1-Ag2 2.868  2.866  2.909 2851 2820 2768 5o
Ag1-Ag2’ 3477 3222  3.222 2.851 2728 2.808 g;ii
Agl-AgT’ 5.361 5394  5.439 4618 4535 4719 4117
Ag2-Ag2’ 2812 2846  2.845 3.346 3293 2971 3.613
76.9, 723, 73.4-
Agl—C—Ag2  80.9 81.8 84.0 788 g5 7e8 74
C—Ag2N’ 1586  161.7 161.1 - - - -

Ag1-Ag2-Ag1’ 1249 124.6 125.0 108.1 108.0 1156 975
Ag2-Ag1-Ag2’ 55.1 55.4 55.0 71.9 72.0 64.4 82.5
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HVR Y OHFLRFE (C,C) 1%, BT 2 2 SORFETEMEERLTEY, 2 20 =
BE A L TW/ (Figure 4-6(b)), Z 5D =B EIL, [Agd" Pl & I1ZIFER
([Aga(BiSC)2](T1O)a: 79.85°; [Aga(iSSC)2](TfO)4: 80.95°; [Aga(iSSeC)2](TfO)4: 81.44°) LTV
(Figure 4-6(b)), 1ZIFFEMIEZEM L TVD 4-1-4-4 (4-1:0°; 4-2: 18.32°; 4-3: 22.94°; 4-4:
31.88°) L X H7e o Tzl

E[Ag]" DXHARR (AQ2-Ag2") DFEEEREIL, EEDOLOEAEE (Agl-Ag2, Agl-Ag2’)
L0EL->TEY, 414 EXRATH 7= (Table 4-2)PL, F7=, ZhbHD Ag-Ag FEd
FEEEDE Y, SRR AR OHHPEANTH 72 (2.53-3.44 A4, —J7, Agl-Agl’n 572
LZEROXARRIL, 414 LV ELMHBELTEY (Table4-2), SRIF 7RI EMERIXTFE
L7222 Ebho 7z, [AgaBiSC)](TfO)s, [Aga(iSSC)2](TFO)s 35 L Y [Aga(iSSeC)2](TfO)s D
Agl-AgQ2-Agl#EE AL, 4-1-4 LV HifAL L Tz (Table 4-2), ZTNHDFERL Y, B
R 4 BEROEER L 2 E LSRN 2B T 2RI 4-1-4 OFEDOEWE, BT
DEAHEEREOEWCERNT S EE 2 BT,

[Aga(BiSC)2](TfO)s, [Ag4(iSSC)2](TfO)s 3 LT [Aga(iSSeC)](TfO)s & C—Ag FEA KL,
[Ag(BiSC),]TfO, [Ag2(BiSC)2](TfO),, [Ag(BPC),]Cl 35 L TY [Ag(BPC-H)2](BF4) D*Fhisd 5k
AR (2.115-2.221 A) ERIFEE TH 7= (Table 4-2)2, ZiuiE, 4-1-4 LITHEAp > Tz,
NHC O & 9 72 2 A BE G 2L EL SR T A X — 128\, 1 DD C—Ag il
AEIL Agn FHAEER 7213 3 Hb 2 EFAEA D720, 3G T 5 HEZER(DSEE (2.056-2.166
A pftEE LD HE 4-1-4: 22652412 A) L CTW7=B7, F72, [Aga(BiSC)2](TfO),
[Aga(iSSC))(TfO)s 33 L TN [Aga(iSSeC)2)(TfO)s D Agl—C—Ag2 FiafMAlk, 4-1-4 LV lif
{fE LTz (Table 4-2), /LA ERDEERIZIBNT, DARVIRFILERLTH 2 HOR—
VRTEETDHIED, 2 DOMNA T NN T D ENAEETH D, Thbb, 2 20
CoAgfEaRIL, MO NRARDEEERE FRREL 72D, Agl—C—oAg2 FiHAI% 90°12i
VMEE 72D, L7ZR- T, 2 Oi#iElE, BiSC, iSSC #8 LN iSSeC O 4 & 1t 54t %
KL TWA Z R LNERoT, TUHORERND, BAMEE#RILE LTA I AL
7y VBN EFIRT S 2 LT, IAVRE 3 ERNL T & LT 4 AR Y T A X — R
BARTEDZEEP LML,

4-5 BiSC % 4 FEFNLF & LT~ 11 IR BIE R DA R

A ANT 7 VB FICEEN D BRI T ORMIEEIC LY, DR 3 RN T &
LCIRES Z RO oo, 43X ANVT 7 VBN 1% 2 OF$ % BiSC 1%, 4
JERANL - & L CRIATE 2 Z 8Pl SN TZ, & 2T, BiSC D 2 &4 (DEERIZ % L T AgTfO
Mz % Z & T, BiSC 28 4 FERINZF & L CHRIHTE 202 Mit L7z, [Aua(BiSC)|(BF4)2 @
THF ¥, 1 480 AgTIO #Mx 7L 2 A, 36T 5 [AuwAgBiSC)|(BF4).TfO 23453 5 41
(Scheme 4-2), & D4y TAEE % BLRS i X ARFEEFRATIC X > TH 5202 L7z (Figure 4-8),

112



[Au2Ag(BiSC)](BF4),TfO OFEIENL, 2 BEaESRDOE BT L TEROA A BfEE L
ToiEE L 70> TE Y (Scheme 4-2), 1§ HIVTZEHRIE, DR AR EILEINTZHD TOLR
B4R 7 7 A —EKThLDdZ ERbroTln, LE DD, Table 43 |Z
[AuzAg(BiSC)](BF4)TfO D ERFEA K L#EEA & & HIZ [Au(BiSC)(TO), DX T 57 —
2 s LTz, [AnAg(BiSC)|(BF:):TfO & [AuxBiSO)|(TfO), Z iz L= & 25, C—Au,
SV—C, P—Au, Au-Au fEGE & SVoC—SV B L Au—C—Au A AICKRERETR O
720572, [AwAgBiSC)|(BF4:TfO @ S-N #5iAE (1.543, 1.528 A) 1%, [Auz(BiSC)|(TO):
(1.522,1.515A) L0 DT IR LTz, [AuAgBiSC)|(BFs):TfO @ N—Ag A& D
P (mean2.402 A) 1%, [Aga(BiSC)J(TfO) OxfIind HHEAFR (2204 A) B L O%EHE LRI
TOHEFREEYER 227 AP L EL o TV an, 4-1(2.407,2.427 A), 4-3 (2.360 A) 72
SN T VALERDOE /LR Y A (2.39 A)BlE LY AgN; (2.561 A)PBIDxt T oG FR & [
BREDETH o772, 507 8L 3 SR o @R R I, MAERNFEEL T
WD ERbhol, £, Au-Ag HEE (3.003 A) X, & SRE 1M AER O#FEN
(2.767-3.050 A1 TH 7=, TNHDORERNDL, 2 DDA I AV T 7y VBN T EET D
BiSC I, 4 RN & LTHRIAT I ENAHRETH Y, BEEIEEREREZIEMRTZ D
ZEBHLNTIR T,

Ph_Ph
_I - —I 34 Ph—\P/ _\ 3+
MePh_Ph L-Ph MePh_Ph L-Ph -
N:S’ Ve \Ph N:S/ -~ \Ph
\ Au AgTfO (1.0 eq.) s 2 _Au L NN ph
c | ; Ag— | = AJ_ o CAu=—F-Ph
™ AU THF, -40 °C, 16 h A N au ~_ Me 4 oh
N=s ~__.Ph N=s ~_.Ph N=/S-pp,
MePH Ph > - MePH Ph ~ — o N=—=s_P -
pnPh 2BF, L Ph2BF, TfO vé P Ph 2BF, TfO

[Aux(BiSC)I(TfO), [Au,Ag(BiSC)](BF,),TfO

Scheme 4-2. Synthesis of heterotrimetallic complex [Au2Ag(BiSC)](BF4)2TfO

Table 4-3. Selected bond lengths [A] and angles [°] of [Au2(BiSC)](TfO)2
and [Au2Ag(BiSC)](BF4)2TfO

[Au2Ag(BiSC)](BF4)2TfO [Auz2(BiSC)](TfO)2
C—Au 2.138, 2.105 2.126, 2.121
Au-Au 2.929 2.967
Au-Ag 3.003 -
P—Au 2.268, 2.266 2.279,2.278
N—Ag 2.521, 2.283 -
SV—C 1.761, 1.746 1.792, 1.734
S—N 1.543, 1.528 1.522, 1.515
Angles ()
Au—C—Au 87.3 88.6
C—Au—P 175.4,172.4 175.4,174.8
SV—C8WV 116.6 112.4
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Figure 4-8. Molecular structure of [Au2Ag(BiSC)](BF4)2TfO
(Hydrogen atoms, TfO~, and BF4~ anions are omitted for clarity).

4-6 FEE

BOprPEERIE S LCA 2 ) AT 7 VBN T ORZBIRF2RHT D2 LT, DARUMR
HJEND 4 JERNI OFNIIGRER L 5 Z L 2B LI L, T D OZRRENLIEE 2 ) H
THIET, 1l BEEERBEEROAKEIToT2 A2 ANVT 7 VENF% 1| OB 5
iSSC 3 X ViSSeC 1L, $R()A A > E S S/ 5 2 & T, kgD 4 BEROEERI S B iz,
INHDOEEEEATTH R E, ECNBLOLC,ONENE 2D 2 ERbhoTz, F
7o, A2 ANT 7 UEMLTE 2 AT 5 BiSC @ 2 Ba0)EEA L ROA A & DS
BWTIL, «CC NN FENAFLE )-SR0 R 3 SR AT TR Lz, Zh b Dk
o, WYZRENAEEEEOBEANZIY, ZRRENIEELZ RT IV R CFHERD G R
MWAMRETH Y, TNOOENREEZFIHT L2 LT, EEER Y 7 A X —kE G/ TE 5D
L EFERELT,
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4-7 Fhk

4-7-1 ROBEIRDERE

SRSERDEREE (GP): MR DA X ) —EHRIZ, 0.5-2.0 28D AgTfO M2 T,
Y TEIRT S R Lo, Bon e RNERZBIERME L, Y7 aa X2 RS

HTET7A bAm LT, Foicimikz i LT HRAERY 2157,

[Ag(BiSCL]TfO D £k
oh phme || GP IR L7 & BV IZERR ATV (BiSC: 130 mg, 0.31 mmol;

MePh Ph

N=S e AgTfO: 40.3 mg, 0.160 mmol), HHJERH) [Ag(BiSC):2]TFO: 170 mg,
C—Ag=C RO oo
N=5" NN N 97%) & 157-, [Ag(BiSC)|TfO OHfEMIL, Y7 um XX
MEPH Ph P PhMe TIO e oz 1 2 0 WP THERL LT
[Ag(BISC),]TfO

[Ag(BiSC)]TfO: '"H NMR (400 MHz, CDCl3) § 2.51 (s, 12H), 7.29-7.33 (m, 16H), 7.41-7.45 (m,
8H), 7.69-7.71 (m, 16H) ppm; 'H NMR (400 MHz, CD3CN) § 2.50 (s, 12H), 7.31-7.35 (m, 16H),
7.45-7.48 (m, 8H), 7.68-7.70 (m, 16H) ppm; ’F NMR (470 MHz, CDCl;3) § -78.9 ppm. 3*C NMR
(100 MHz, CD3CN) § 30.5, 40.1 (SCS), 122.1 (q, Jcr = 320 Hz), 128.7, 130.0, 133.3, 142.6 ppm.

[Ag(iSSO)|TO D4 Hk
Phoph Ph PaMe || GP IR L72 &350 ICEBRZATV (iSSC: 82.8 mg, 0.20 mmol;

S=N . .
S\C noed AgTfO: 25.7 mg, 0.10 mmol), HBIAERY) [AgiSSC).]TfO: 65 mg,
—-Ag—~
N=s" % IR 60%) A5, [AgSSC)TO DHAERIL, Y/ rnn 25y
MePH Ph PH Ph TIO BT kB D R LT
[Ag(iSSC)z]TfO / Ve S 2 (1'52 /‘IIIEIEI’C o

[Ag(iSSC),]TO: m.p. 105-106 °C; 'H NMR (500 MHz, CDCls) & 2.28 (s, 6H), 7.32-7.37 (m, 24H),
7.42-7.45 (m, 4H), 7.51-7.52 (m, 4H), 7.88-7.90 (m, 8H) ppm; 1°F NMR (470 MHz, CDCl;) & -78.9

[Ag(iSSeC)]TIO D&k

- ph phme | GP IR L2 LBV ITERBRZITV (iSSeC: 92.2 mg, 0.20 mmol;
s$é S=N

] J AgTf0:25.7 mg, 0.10 mmol), HHJAER [Ag(iSSeC).]TIO: 71 mg,
C_>Ag<_C AWV SN
N=S" e I 60%) %1572, [Ag(iSSeC)]TfO D Hifk L, Y7 unm A X

/SN /N
MePH Ph PROPh o TIO /8 B X5 2 WSS CHERL LT,
[Ag(iSSeC),]TfO
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[Ag(iSSeC)2]TfO: m.p. 83-84 °C; 'H NMR (500 MHz, CDCls) & 2.26 (s, 6H), 7.31 (t, J = 7.5 Hz,
8H), 7.36 (t, J = 7.5 Hz, 8H), 7.45 (t, J = 7.5 Hz, 4H), 7.48 (d, J = 7.5 Hz, 8H), 7.56 (t, J= 7.5 Hz,
4H), 7.84 (d, J= 7.5 Hz, 8H) ppm; "H NMR (500 MHz, CD3CN) & 2.60 (s, 6H), 7.33-7.36 (m, 16H),
7.47-7.51 (m, 8H), 7.68 (d, J = 7.5 Hz, 16H) ppm; '°F NMR (470 MHz, CDCls) 5 -78.9 ppm.

[Agx(BiSC))(TfO), Dk

MePh, P I GP {2/ L7z &350 ICEBR ATV (BiSC: 130 mg, 0.31 mmol;

C—>Ag<—N"t/kah AgTfO: 80.6 mg, 0.31 mmol), HAEJERY [AgBiSC)](TTO)2: 200

- 5P me, UER 95%) %1577, [Aga(BiSC)](TO), D HfEHIL, 7 v
TS BA K I B AT kB 2 TR TR LT

S\:N\ _
PH PhMe 2TfO
[Ag2(BISC),](TfO),
[Aga(BiSC)2](TfO)2: m.p. 179-180 °C; 'H NMR (500 MHz, CD;CN) & 2.74 (s, 12H), 7.37 (t, J = 8.0
Hz, 16H), 7.53 (t, J = 8.0 Hz, 8H), 7.64 (d, J = 8.0 Hz, 16H) ppm; '°F NMR (470 MHz, CDCls) & -
78.9 ppm.; >C NMR (100 MHz, CDsCN) & 34.0, 43.5, 122.1 (q, Jer = 320 Hz), 128.7, 129.6, 130.4,
139.9

[Ag>(iSSCY(TFO), DAk,

Ph P Bk GP IR L2 BV ICFEBRZITV (iSSC: 82.8 mg, 0.20 mmol;
e Ag=N. P AgTfO: 51.4mg, 0.20 mmol), HAIAEMKY [Ag(iSSC)](TfO): 88 mg,
Ph—/S{ ,}S/‘Ph I 66%) % 157=, [Ag(iSSC)(TfO), DHfEMILX, Y7 ru A X
AR A UINFH AT K B 2 IS TR LT,
Ph/S\Ph 2TfO

[Ag2(iSSC),|(TTO),

[Ag2(iSSC)2](TfO)2: m.p. 105-106 °C; 'H NMR (500 MHz, CDCl3) § 2.58 (s, 6H), 7.21-7.27 (m,
12H), 7.39-7.40 (m, 8H), 7.64 (t, J = 7.5 Hz, 8H), 7.64 (d, J = 7.5 Hz, 12H) ppm; '’F NMR (470
MHz, CDCI3) 6 -78.8 ppm.

[Agx(iSSeC),)(TfO), DAL
Ph_Ph Bk GP IZ/R L7 LBV ICHEBRZITV (iSSeC: 92.2 mg, 0.20 mmol;

X C_>Ag<_N,'t"ePh AgTfO: 51.4 mg, 0.20 mmol), HBYERSY) [Ag(iSSeC)](TfO).: 86
¢ P me, IR 60%) %1577, [Aga(iSSeC)](TfO), D Hifififhit, 7 v n
T T R B U NFA A K B 2 R R LT,
Ph’S ePh 2TfO
[Ag,(iSSeC),](TfO),
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[Agx(iSSeC)2](TfO)2: m.p. 83-84 °C; 'TH NMR (500 MHz, CDCl3) § 2.59 (s, 6H), 7.27 (t,J = 3.5 Hz,
8H), 7.40 (t, J=7.5 Hz, 4H), 7.51 (t, J= 8.5 Hz, 16H), 7.58 (t, /= 7.5 Hz, 4H), 7.69 (d, J = 7.5 Hz,
8H) ppm; '°F NMR (470 MHz, CDCls) § -78.8 ppm.

[Aga(BiSCL](TfO)s DAk

e pn e GP TR L7z LBV ICEBRESTL (BiSC: 44.7 mg, 0.10 mmol;
Ve AgTfO: 51.4 mg, 0.20 mmol), HAIERA [Ag(BiSC)(TFO)s: 91

e |5 mg, I 95%) &737=. [Ag(BiSC))(TFO) DHAEHIL, P2 1

PhMe/N—>Ag\\7C\ 0 A K T A KD 2 A TR LT,

A9 S=N B
Ph PhMe 4TfO
[Ag4(BISC),|(TfO),

[Aga(BiSC):](TfO)4: m.p. 175-177 °C; 'H NMR (500 MHz, CD3CN) § 2.63 (s, 12H), 7.33-7.36 (m,
16H), 7.48-7.51 (m, 8H), 7.67-7.69 (m, 16H) ppm; 1*C NMR (125 MHz, CD3CN) § 33.5, 47.1 (SCS),

129.2, 130.8, 134.3, 141.2 ppm; '°F NMR (470 MHz, CDsCN) § -80.3 ppm; Elemental analysis.
Calcd (%) for CssHs2F12N4O12Ss: C 36.41, H 2.74, N 2.93; Found C 36.76, H 2.62, N 3.07.

[Ag4(iSSCY(TFO)s DA K,
Ph_Ph 1" GP TR LE LBV ITEREZITV (SSC: 41.4 mg, 0.10 mmol;

\C/_\>\Ag<_N,MePh AgTfO: 51.4mg, 0.20 mmol), HHIJERKY [Ags(iSSC):](TfO)s: 84 mg,

s \/\ /‘S’—Ph IR 90%) % 1%7-, [Aga(iSSC))(TfO) DHFES X, Y/ nu A X

RWiana\Wal UNFA AT K B 2 R IR LT
Ag s
PH Ph 4TfO

[Ag4(ISSC),I(TFO)4

[Ag4(iSSC)2](TfO)s: m.p. 105-106 °C; 'H NMR (500 MHz, CDCl3) & 2.64 (s, 6H), 7.42 (t, J = 8.0
Hz, 8H), 7.46-7.49 (m, 4H), 7.54 (d, J = 8.0 Hz, 8H), 7.64 (t, J= 7.0 Hz, 8H), 7.69 (t, J = 7.0 Hz,
4H), 8.01 (d, J = 7.0 Hz, 8H) ppm; '°F NMR (470 MHz, CDCl;) § -78.2 ppm.

[Aga(iSSeC),)(TfO)s D E fik
P PR S GP 1T R L= LBV ICEREZITUY (iSSeC: 46.1 mg, 0.10 mmol;
C_>A9+N,Meph AgTfO: 51.4 mg, 0.20 mmol), HFJAERY [Aga(iSSeC),](TfO)4: 68
h_/s/ \/\ ;S’-Ph mg, IR 70%) %1377, [Aga(iSSeC)](TfO) D HLHE T IL, 7+ F o

P .
P | T —T T KB 2 R CHER LT,

h ‘/N—»Ag —C
Me \L N
Ag Se

PH Ph 4TfO
[Ag4(iSSeC),](TfO),

[Aga(iSSeC)2](TfO)s: m.p. 159-161 °C; 'H NMR (500 MHz, CDCl3) § 2.43 (s, 6H), 7.35 (t, J = 7.0
17



Hz, 8H), 7.43 (t, J = 8.0 Hz, 4H), 7.59 (d, J = 7.5 Hz, 8H), 7.66 (br, 12H), 8.06 (br, 8H) ppm; '°F
NMR (470 MHz, CDCL3) & -78.4 ppm.

4-7-2 BB ZBEER O L

[AuAg(BiSC)|(BF4) TfO D ik

o 1 HEKSPET, THF H1-40 °C T [Aux(BiSC)](BF4): (83.7 mg, 0.050
Me Ph Ph L
/N;‘s,;/Au/P\Ph mmol) (Z AgTfO (12.8 mg, 0.050 mmol) %1%, 16 RS S+
P
AN e BERSVSHEZ IE SR S U724, PRI w2 ¥ L H MR
N

MR Ph enpgirio £ T A M A L, BiEWIERM S T L D5,
[Au,Ag(BISC)|(BF,), TfO [AuzAg(BiSC)](BF4):TfO (86.9mg, U & 90%) 25 1% & i 7=,
[AuAg(BiSC)|(BF4),TfO D INIE, T b /P F o —T T XD 2 S CUER

L7,

[AuzAg(BiSC)](BF4),TfO: m.p. 114-116 °C (decomp.); "H NMR (500 MHz, CD>Cl) § 2.75 (s, 6H),
6.90-6.92 (br, 12H), 7.24-7.26 (br, 12H), 7.41 (t, J = 8.0 Hz, 8H), 7.49 (t, J= 7.0 Hz, 6H), 7.62 (t, J
= 8.0 Hz, 4H), 8.12 (d, J = 8.0 Hz, 8H) ppm; ’F NMR (470 MHz, CD,Cl,) § -153.3, -78.7 ppm; 'P
NMR (202 MHz, CD,Cl) & 34.1 ppm.

4-7-3 X Wt ST

AREVELNTALEYMDREEL/NT A —4 % Table 4-4-6 (T~ Uiz, f#HTT — ¥ 1% Mo-Ka
7777 A MBI 70 AL MEEEE (W=0.71075A) Z{#H L, Rigaku ! RAXIS-RAPID 1
A=V S L— TR LT, T—21%, v—L VB SR THIEL, FEERAIK
WA IE TN T OfE R 2w H U=, {b&® oM, SHELXL-97 7'a 7' J A& HWTHE
Bl TR L 72,
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Table 4-4. Crystallographic data of [Ag(BiSC)2]TfO, [Ag(iSSC)2]TfO, and [Ag2(BiSC)2](TfO)2

[Ag(BiSC):]TfO [Ag(iSSC)2]TfO [Ag2(BiSC)2](T1O).
Formula C73H70AgF3N403Ss  Cs3HasAgF3N203Ss  CssHs2AgoFsOsNaSe
Formula weight [g-mol] 1376.50 1084.09 1399.12
Color colorless colorless colorless
Cystal size [mm’] 0.51x0.23x0.23 0.30x0.28%0.12 0.32x0.30x0.19
Temperature [K] 296 173 173
Wave lengths [A] 0.71075 0.71075 0.71075
Crystal system Triclinic Monoclinic Triclinic
Space group P-1 P2, P-1
a[A] 13.308(5) 11.832(3) 11.099(5)
b[A] 16.101(5) 18.486(6) 12.343(6)
c[A] 17.000(5) 12.634(3) 12.467(6)
a [°] 84.250(11) 90 64.294(16)
B[] 68.341(12) 117.665(8) 65.426(16)
7 [°] 89.690(19) 90 84.926(17)
Volume [A’] 3366.4(19) 2447.3(10) 1390.7(11)
Z 2 2 1
Density (calculated) [M-gm™] 1.358 1.471 1.671
Absorption coefficient [mm™] 0.513 0.682 1.005
F (000) [e] 1428 1112 708
Max. and min. Transmission 0.7665 and 1.0000  0.8458 and 1.0000  0.6600 and 1.0000
Orange [°] 3.01 to 27.52 3.22t027.49 3.24 t0 27.59
Reflections collected 32496 23166 11497
Independent reflections 15145 10366 13788
Rint 0.0533 0.0444 0.0610
Data / restraints / parameters. 10941/ 0/ 794 10941/ 1/ 606 6181/ 0/ 363

Final R indices (I1>20{1])
R;, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A7]

0.0469, 0.1182
0.0619, 0.1264
1.065

98.2

0.951 and -1.141

0.0276, 0.0575
0.0301, 0.0594
1.046

98.7

0.513 and -0.433

0.0507, 0.1492
0.0662, 0.1689
1.110

96.8

1.202 and -0.813
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Table 4-5. Crystallographic data for [Ag4(BiSC)2](TfO)4 and [Ag4(iISSC)2])(TfO)4

[Aga(BiSC)2](TfO)4 [Ag4(iSSC)2](TfO)4
Formula Cos0Hs6AgaClaF120120N4Sg CosHa3 AgoFsNOgS4
Formula weight [g-mol™'] 2082.85 927.45
Color colorless colorless

Cystal size [mm?]
Temperature [K]

Wave lengths [A]

Crystal system

Space group

a[A]

b[A]

c[A]

a [°]

B I°]

y [°]

Volume [A3]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm™']
F(000) [e]

Max. and min. Transmission
Orange [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >20[1])

R;, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A]

0.44x0.29%0.10
173

0.71075
Monoclinic
P2/ n
13.866(3)
12.219(4)
21.780(5)

90

93.201(10)

90

3684.4(17)

2

1.877

1.510

2064

0.7143 and 1.0000
3.10 to 27.57
28504

34210

0.0537

8379/ 0/ 471
0.0441, 0.0832
0.0565, 0.0881
1.052

99.1

0.879 and -0.904

0.16x0.10x0.07
173

0.71075
Monoclinic
C2/c
23.188(3)
18.185(4)
17.046(4)

90

116.234(7)

90

6447(2)

8

1.911

1.552

3664

0.5781 and 1.0000
2.98 to 28.48
30428

7338

0.0823

7338/ 0/ 425
0.0693, 0.1407
0.0480, 0.1141
1.056

99.3

1.090 and -0.916
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Table 4-6. Crystallographic data of [Ag4(iSSeC)2](TfO)s and [Au2Ag(BiSC)](BF4)2TfO

[Ag4(1SSeC)2](T1O)4 [Au2Ag(BiSC)](BF4).TfO
Formula C2sH23Ag2FsNO6S3Se Ces7Hs2AgAuzB2Cl6F11N203P2S3
Formula weight [g-mol™'] 974.35 2046.43
Color colorless colorless

Cystal size [mm?]
Temperature [K]

Wave lengths [A]

Crystal system

Space group

a[A]

b[A]

c[A]

a [°]

B [°]

7 [°]

Volume [A3]

Z

Density (calculated) [M-gm™]
Absorption coefficient [mm]
F (000) [e]

Max. and min. Transmission
O range [°]

Reflections collected
Independent reflections

Rint

Data / restraints / parameters.
Final R indices (I >2o[1])

R/, wR? (all data)
Goodness-of-fit on F?

Data completeness [%]

Largest diff. peak and hole [e-A~]

0.33x0.14%0.11
173

0.71075
Monoclinic
C2/c
23.760(4)
17.913(4)
17.308(3)

90

116.831(4)

90

6574(2)

8

1.969

2.566

3808

0.3004 and 1.0000
3.10 to 27.50
28904

7481

0.0573

7481/ 0/ 503
0.0803, 0.1434
0.0483, 0.1248
1.057

99.2

0.824 and -1.033

0.20%0.19%0.03
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0.71075
Triclinic

P-1

13.094(2)
16.109(3)
17.541(3)
87.266(6)
88.165(6)
86.907(7)
3688.9(11)

4

1.842

4.650

1992

0.4565 and 0.8731
3.05 to 27.47
58920

16809

0.0569

16809/ 0/ 894
0.0412, 0.0565
0.0901, 0.0984
1.070

99.6

1.199 and -1.295
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