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1-1.

(¢)
240 ~ 350 kJ mol™ - (130 ~ 330 kd mol™)
1s
1.5 ~ 1.7 A
0.15~0.2 A
IR M—H 1500 ~ 2100 cm™
'H NMR
(TMS) 0 ~ =30 ppm
1931 Hieber
[FeH2(CO)4] (eq 1-1)*
Fe(CO)5 + Fe(CO)3 + 2 H2 _— > 2 FEHz(CO)4 (1-1)
1950
Wilkinson [ReHCp,] 2 Chatt [PtHCI(PEts),] 3
trans-[PtHCI(PEts)-]
eq 1-2 Pt—H
4
H PEt; pressure Et PEt;
N_/ N_/
C,H 1-2
P + CyHy4 y P (1-2)
Et;P Cl Et;P Cl
M-H (12)
(s pa  ws o) (Figure 1-1)
(1a-H) °



AN \MM//H>
/

M——M

Ho-H uz-H Hg~H us-H Hg~H

Figure 1-1. Various multiply bridging hydrido ligands.

2001 1s-H
(eq
1-3)°
+
+ Ph; _|
_| Ph, oc P
oc__cooc  co . _CO kil
R Rh _Rh / AN BF,;
\ - a =N N=
SN/ BF, — — . - H | (1-3)
PhyR N—N PPh; THE —N-_ / Nx
N/ Rh \ /
” “co R
Ph, oc b
Ph,

Reagents: (a) HSiEtz, HSiMe,Ph, or H,SiPh,.



1-2.

1)
2)
3) C-H (/- )
4)
5)
1) (eq 1-4)3
Pt\ R > /Pt\ (1'4)
o pEt, EOH90°C  pip Cl
eq 1-5 IrCI(CO)(PPhs)> Vaska
I [
! RhCI(PPhs)s Wilkinson
eq 1-6 8 (
3 )
H,, 1 atm
IrCI(CO)(PPhs), IrCIH,(CO)(PPhs), (1-5)
Ho, 1 atm
RhCI(PPhg); RhCIH,(PPhg), (1-6)
Scheme 1-1



Scheme 1-1

H .-H _H
M---| == Ml == M
H H H
A B C
2 1s
( ) A
M—-H B
cis C Figure 1-2
A 9
_H _H ~H
H H H‘
Cy3P\V‘V/CO FLJ/PCy:% PI’3P\Ir/
oc— | TPCy; SN H/| > pipry
co P H Cl
Figure 1-2. Various molecular hydrogen complexes.
2) NaBH; LiALH4
(eq 1-7)*°
PPh;
RuCl,(PPhg); + NaBH, ——— RuH,(PPhy), (1-7)
3) [- C-H
[-
(eq 1-8)"
RUC|3 + Pph3 + AlEtg RUH2(PPh3)4 (1'8)

eq 1-9 (1)

C-H
12



Phgp PhoP
%,
A or hy "'.,|
|rC|(PPh3)3 —_— Phgp_ir\ (1'9)

H
Cl

4)
(egs 1-10, 11)**
NaCo(CO), + H® — HCo(CO), (1-10)
+
\W/H HY ﬂ\ /H
~ WZH 1-11
SO o
5)

(eq 1-12)*

trans-IrCI(CO)(PPha), + HSiCl; —  IrHCI(SiCl3)(CO)(PPhs), (1-12)



1-3.

1-3-1.
M-H
16
o- o-
(eq 1-13)
M
M—H + i% - = - - (1-13)
(e}
( Ve
) o- -
Cc C
Pd/C
( )
RhH(CO)(PPhs)s
(Scheme 1-2)Y' RhCI(PPhs); (Scheme
1-3)18 Scheme
Scheme 1-2
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/Rh—
f éo R \v
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Scheme 1-3

H o
\ _H coordination
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1-3-2. ¢
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Scheme 1-5
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2-1

(1-PR2)
W |
yaN AN
M--%--m Mg M
1,2,3
6 =70 - 138° Mes*M' =2.37-43A
Phosphido-bridging ligand
M-P-M 70-138°
— 2
3A M-P 2.3A
2 ?] 70-80°
M2P>
C]
Geoffroy Li[W(COg)(u-PPh3),0sH(CO),(PMePh,)]
[Me30]BF,4 WOsP, W-0Os
[W(CO4)(1-PPh3),0s(CO)2(PMePh,)]
W-P-Os (Scheme 2-1) %
Scheme 2-1
Ph2 Ph2
_ 7N\ 7N\
Li (OC)4W\ /(?S(Co)z(PMeth) + [Me30]BF4 TH4> (OC)4W\_/OS(CO)2(PMePh2)
P P
thH Ph;
Cotton Forniés (1 AgCIlO,4
Pt,P, Pt—Pt I

1] (Scheme 2-2) ™
Pt—P—Pt 103° 73°

Pt2P2
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Scheme 2-2

Ph, 2-
FsCs P CeF
. ol Npylh TP _Agcos
7NN
Ph,
(Figure 2-1)°
R, C R |
Ph, pd. “Pd"
RR. R CI VRN
Pd_ Pd PhaP., -PPh;
JON_/ N -, Ll &
c B PR pd.  ‘Pd
4
? R/ i \R

Ph,

FsCs /N CeF
5Ce \ CeFs
B _pyii
/ AN
FsCe p/ CeFs
Ph,

(Figure 2-2)°
7,8,9,10

Ph,

—Ru\—Ru—
H
iy

Figure 2-1. Phosphido-bridging homometallic complexes.

Et, Et,
f/P
Cp,H Ni
PPN
p p
Et, Et,

HprZ

F|>F>h3

Ph,R—Pt—PPh,
(OC)4Mn_Mn(CO)4
R gth ghz R
/ N\ /
Au

AN /N

M = Au, Ag, Cu

Ph,
R_ CeFs
PhsP—Pd——Pt
NIZAN
P" “CeFs
Ph,

Figure 2-2. Phosphido-bridging heterometallic complexes.

11,12

Triangular Type
L

—Pt—

VA

13
(Figure 2-3)
Bent Type Linear Type
R> R>
R> R2 L P L
L /P\Pt/ \ L e \Pt/ \Pt/
p pl Ny NN
- ~. P P
R2 R>

14



Forniés

+Pt; - 2Ptz (Scheme 2-4) ' Pt, + Pty — Pt (Scheme 2-5) **?)

(Pt4 + Pty

15
Scheme 2-4
Ph, Ph
FsC 2
FsCe A CK 2 AgCIO, SRR Ll PPhs
(NBuy), Pt Pt + 2 cis-[PtCl,(PPhs),] Pt Pt Pt
SN SN NN
F5C6 P N E-C P Cl PPh3
Ph2 2 56 PhZ
Scheme 2-5
2_
ﬁhz Ph, Phy .
PhoHP  Cos FsCe. "BuLi AN
pi(N + pt(”)_pt(”)_pph3 —_— /Pt\ /Pt\ /Pt\
v F-C F5C6 P P CeFs
F5C6 PHPh2 5%6 P Ph2 Ph2
Ph,
(@) PR3 (b)
L R PR’
R,P~TI~PR, NNV
\// \\/ /Pt Pt\ Pt?-‘z,
_Pt—Pt rR.p. N7 Np7 H
! N/ N A 3
RsP p PR's R, R,
R

Figure 2-4. Phosphido-bridged triplatinum complexes of (a) cyclic type and (b) linear type.

Pt(PEts)s  R.PH (R = Ph, 'Bu)
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46

(Figure 2-4 (b))
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2-2.

Pt(PEts)s  Ph,PH 1:2 12
96 (1
[PtsH2(PEt3)2(1-PPhz)a] (1) 80% (eq 2-1).
(D onH Ehz Ehz PE
t
Pt(PEty) +  Phy,PH - N e
3)3 SN TN
(or Ph,PD) benzene EtsP P P H(or D)
¢ : 2) rt, 12 h Phy  Ph,
then. hexane (anti:syn = 78:22)
’ 1
Figure 2-5 1-Me,CO X ORTEP

Table 2-1

Table 2-1. Selected Bond Distances

C1>> (A) and Angles (deg) of anti-1-Me,CO.
Pt(1)-P(1) 2.277(4)

Pt(1)-P(2) 2.352(3)
Pt(1)-P(3) 2.336(4)
Pt(2)-P(2) 2.353(3)
Pt(2)-P(3) 2.357(3)
Pt(1)---Pt(2) 3.572(1)
P(2)-P(3) 2.865(5)
P(1)-Pt(1)-P(2) 178.0(2)
P(1)-Pt(1)-P(3) 105.3(1)
Figure 2-5. ORTEP drawing of anti-1-Me,CO with P(2)-Pt(1)-P(3) 75.3(1)
50% thermal ellipsoidal plots. Atoms with P(2)-Pt(2)-P(3) 74.9(1)
asterisks are crystallographically equivalent to Pt(1)-P(2)-Pt(2) 98.8(1)
those having the same number without asterisks. Pt(1)-P(3)-Pt(2) 99.1(1)
Hydrido ligands were not located. The hydrogen P(2)-Pt(2)-P(2)* 180.0
atoms and Me,CO are omitted for simplicity. P(3)-Pt(2)-P(3)* 180.0
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Pt(2)

3 () 1-PPh;
2 PEt;s
X
2
1 PEts 3
anti Pt(1) Pt(2)
147.0° Pt---Pt 3.572(1) A
— Pt,P, Pt—P-Pt
(Pt(1)-P(2)-Pt(2) = 98.8(1)° Pt(1)-P(3)-Pt(2) = 99.1(1)°) P—Pt-P
(P(2)-Pt(1)-P(3) = 75.3(1)° P2-Pt2—P3 = 74.9(1)°)
sp?
109° Pt(11) 90°
Pt2P,
14b
Ph, Ph,
H R R (PEts
“CHy™  anti ~CHs /Pt\ /Pt\ /Pt?—.
syno EtsP P P H
\ Ph, Ph,
glﬁ,\« - —_——
I I I I I
Ph 1.4 1.2 1.0 0.8 0.6
] —— anti
/syn
solv.
J L
| | I | | | | | ff T | |
7 6 5 4 3 2 1 0 S -5.0 -6.0 -7.0

Figure 2-6. 'H NMR spectrum (500 MHz, CD,Cl,, 25 °C) of 1.
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Figure 2-6 1

2J(H-P) (142 Hz)
2 cis
2
anti
syn
(8 —5.83)
anti
Ph,PD Pt(PEts)s
1’ 'H NMR
5 —5.83 -6.10
’H NMR
Figure 2-7(b)
1 Ph,PH
( Ph,PD)
Figure 2-8 1 $1pfiHy
NMR 3
PEts 518.6
(?J(P—P) = 308 Hz, *J(P-Pt) = 2294 Hz)
u-PPhy
8 —105.9 -118.6
'H NMR
31P
(AA’;
trans ) (MM)

-22.-

'H NMR
8 —5.83 (*J(H-P) = 10, 22, 142 Hz, 'J(H-Pt) = 1032 Hz)
(?J(H-P) =11, 23, 142 Hz, *J(H-Pt) = 1036 Hz)

trans

5 —6.10
78:22
trans
2
X
2 3
X
(6 —6.10) syn
(@)
I I I I
4.5 55 65 75
(b)
45 55 o 65 75

Figure 2-7. (a) *"H NMR spectrum (500
MHz, CD,Cl,, 25 °C) of hydrido signals of
1; (b) °H NMR spectrum (61 MHz, CH,Cl,,
25 °C) of hydrido signals of 1'.

195Pt
anti
AA'BB'MM’XX' X" (
BB’:
(XX’X™))



syn u-PPh;

anti anti

(@) PEt, 1-PPh,

-1 120 130

100
(b) t
. -ﬂqrﬁ-..—.ﬂ-“ J(.»H«Jk
100 - 120

I
20

Figure 2-8. (a) Observed (CD,Cl,, 25 °C) and (b) calculated **P{*H} NMR spectra (202 MHz) of 1.
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Pt(PEts)s  Ph,PH 1:1
15 (1N [PtzH2(PEts)2(1-PPhy),] (2) 67%
24 [PtgH(PEt3)3(Iu-PPh2)3] (3) 87%
(Scheme 2-6)
Scheme 2-6 Ph,
Ho R ,PEt
P PG
hexane EtzP P H
rt, 15 min Phy
anti : syn = 82:18
PUPEt)s + PhpPH — 506
(1 1) PEt,
| _H
PhR < ~PPh,
Pt—Pt
hexane EtzP \P/ \PEtg
rt, 24 h Ph2
3
87%
2 31p{*H} NMR
18 ESI-MS 2
NMR anti syn 82:18
3pftH} NMR
p & +300 ~ +50
- 8 +50 ~-200 -
19 1 2 3p{H} NMR
3-Ph,PH X ORTEP
Figure 2-9(a), (b) Table 2-2

-24 -
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(b)

H1

P2
P1
PtL A P6 pt2

Pt3  P3
P4

Figure 2-9. ORTEP drawings of (a) top view and (b) side view of 3-Ph,PH with 50% thermal
ellipsoidal plots. The hydrogen atoms expect hydorido proton, and Ph,PH are omitted for

simplicity.

Table 2-2. Selected Bond Distances (A) and Angles (deg) of 3-Ph,PH.

Pt(1)-Pt(2) 2.9929(4) Pt(2)-Pt(1)-Pt(3)  60.281(9)

Pt(1)-Pt(3) 2.9784(4) Pt(1)-Pt(2)-Pt(3)  59.621(9)

Pt(2)—Pt(3) 2.9983(3) Pt(1)-Pt(3)-Pt(2) ~ 60.099(9)

Pt(1)-P(1) 2.242(2) Pt(1)-P(4)—Pt(2) 82.25(6)

Pt(2)-P(2) 2.244(2) Pt(1)-P(6)—Pt(3) 81.32(6)

Pt(3)-P(3) 2.244(2) Pt(2)-P(5)—Pt(3) 82.73(6)

Pt(1)-H(1) 1.4(1) P(1)-Pt(1)-H(1) 117(4)
"Pts(u-PPhy)s" Pt-Pt (Pt(1)-Pt(2) = 2.9929(4) A

Pt(1)-Pt(3) = 2.9784(4) A

Pt(2)-Pt(3) = 2.9983(3) A)

(2.774 A) ®°

11a,b,f,21 Pt(l)
(1.4 A -
Pt
(P(1)-Pt(1)-H(1) = 117(4)°) Pt(1) Pt(2)
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Pt(3)

Pt(2)—Pt(1)-Pt(3)

(60.281(9)°) 3 (59.621(9)°
60.099(9)°) 3 2
Pt(1) 1 Pt(I1)
(us-H)
Mealli Scheme 2-7
OoC Cco
_ ANV
K- Pt
1.5 A 3 1.5 /V
oc_ Y7 co
Scheme 2-7 — \P{ Pt/
2.6 A 26 A—-@\
22 oC ' CO
Puddephatt
[Pts(us-H)(u-dppm)s{P(OMe)s}]PFe -
(Pt-Pt = 2.592(1)-
2.705(1) A)?® Mealli
(Figure 2-10)
P(OMe);
1
Figure 2-10. ORTEP drawings of 3
[Pts(us-H)(u-dppm)s{P(OMe)s}]PFs
- 3 A
3 Pt(1)—Pt(1)=Pt(1) 44
3 46 11h
Bender Braunstein 2 Pt(1) 1
Pt(Il) 44 [Pts(Ph)(PPh3)2(1-PPh2)s]
11a.11f 3 Pt—Pt (2.956(3) A
3.074(4) A) “a closed form” 2

- 26 -



Pt—Pt (2.758(3) A) 1 Pt---Pt (3.586(2) A)
“an open form” 2
(Scheme 2-8)

Scheme 2-8
Ph
(||)7( 2.956(3) recrystallization (||) 2.758(3)
Phy R CH,Cl, / pentane th h
Pt/')—\Pt(') Pt({----\Pt(')
PhsP \p PPh3 toluene / pentane ph3p/ \P pph3
Phy — 3.074(4) Phy ™ 3.586(2)
"a closed form" "an open form"
3 Pt—Pt “a closed form”
u-PPh; Pt—Pt
Pt—P = 2.264(2)-2.291(2) A Pt—P—Pt = 81.32(6)-82.73(6)°
Figure 2-9(b) 6 3
P(4) P(5) P(6)
+0.1932 +0.1516 -0.2568 A
PEt, P(1) P(2) P(3)
-0.1606 —0.0967 +0.0463 A
; TEE PEt, A
PR/ PPh,
_Pt—Pt
Ph Et3P \E; \PEtS
N 3
A
0 O
A 4 o |
l i solv. IIIIE AMJ“
LA | L %g _J\NW___JM I W
s s . A

Figure 2-11. *H NMR spectrum (500 MHz, CD,Cl,, 25 °C) of 3.
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Figure 2-11 3  'H NMR
5 —7.98 (*J(H-P) = 26 Hz) (*J(H-P) = 66
Hz) 195py (*J(H-Pt) = 899 Hz)
PtH(PEts)L, 24 PEts cis
( 90° ) 2J(H-P) 14 ~ 30
Hz trans ( 180°) 150
~ 162 Hz 3 26 Hz X
H—Pt—PEt; 117(4)°
PEts
1-PPh, 2 (a 0O)
1:2
3 1
NMR
@ PEL
PE F|>{H
| 7 ‘x?/Pth
s O ,f)L! ' 0o \P/Pt\PE‘3
TR WRIA | ‘ ohz
A 25 20 15 10
1-PPhy
M\lml | . B —
150 100 5 50 0 -50
(b)
| m o ® ; e P

8

Figure 2-12. (a) Observed (CD,Cl,, 25 °C) and (b) calculated **P{*H} NMR spectra (202

MH2z) of 3.

Figure 2-12

3 3p{H} NMR
2 2 PEt;
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2 u-PPh; 2:1
8 —24.68 (*J(P-P) = 147, 210 Hz, *J(P-Pt) = 1960, 2239 Hz) 161.50
(*J(P-P) = 15, 210 Hz, "J(P-Pt) = 2700 Hz)

Pt—Pt 2 Pt(l) (Figure 2-7
Pt(2)-Pt(3)) u-PPh; 1ceh.12,25
2 Pt(1)

u-PPh; (8 —24.68)

X Pt P
Pt()  Pt(ll) *IP{*H}

NMR Pt(1) Pt(I1)-Pt(1)
Pt(I1)-Pt(1)-Pt(1) PEt;
1:2 8 13.64 (2J(P-P) = 147 Hz, 'J(P-Pt) = 2403 Hz)

15.38 (*J(P—P) = 15 Hz, YJ(P-Pt) = 2942 Hz, 2J(P-Pt) = 502 Hz, 3J(P-Pt)

= 48 Hz)
NMR 3
1 Pt(I) 2 Pt(1) Pt(1)-Pt(1)
Scheme 2-9 7
2 4
I
Scheme 2-9
PEts PEt, PEt, PEt,
i II/H ¢ ||/H ¢ |/H II|/H
thP\/fP‘F\\ JPPhZ thp\/ﬁRE\\Pth thP/T'RP\‘\Pth thp\// ‘F\\'/P Ph,
iy - /y 0 - Py 0.y
Et3P/P N p/ \PEt3 EtgF’/P \p \PEt3 Et3P/P \p/ \PEtg Et3P/JD \P/ \PEtg
th Ph2 th th
PEt, PEt, PEt,
¢ II/H itl/H ¢tlll/H
thP//RF\\P Ph, thP\/T’ S PPh phZF{‘/ s« ~PPh,
k()(___F,ﬂl 't'll____‘_ " A 0
Et P/P / \PEt3 Et3P/P = \PEt EtgP/D P \DEtg
Ph2 th th
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Pt(PEts)s  'BuyPH 1:2 70 °C
(||) [Ptz(H)z(PEtg)z(,u-PtBUZ)z] (4) (72%) (eq
2-2)
tBUZ
H PR PEt
PUPEL);  +  'Bu,PH O
(1 : 2) benzene EtsP/ \P/ H
70°C, 24 h 'Bu,
4
72 %
Figure 2-13 4 X ORTEP

Table 2-3

Table 2-3. Selected Bond Distances

(A) and Angles (deg) of 4.

Pt(1)-P(1) 2:2173)
O\ ~© Pt(1)-P(2) 2.345(3)
NJ) P(1)-P(2)* 2.412(3)

&Y
Pt(1)---Pt(1)* 3.646(1)
W Q)\ P(2)-P(2)* 3.056(6)

Figure 2-13. Molecular structure of 4 with 50% P(1)-Pt(1)-P(2) 166.01(12)

thermal ellipsoidal plots. Atoms with asterisks P(1)-Pt(1)-P(2)* 114.05(11)

are crystallographically equivalent to those having P(2)-Pt(1)-P(2)* 79.93(11)

the same number without asterisks. Hydrido Pt(1)-P(2)-Pt(1)* 100.07(11)

ligands were not located. The hydrogen atoms

are omitted for simplicity.

2 1-P'Bus
PEts
Pt Pt,P;

PEt; 4 Pt—Pt
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PEt; anti 16 4
Pt1.--Pt1* 3.646(1) A Pt—Pt
Ptl..-Pt1* P2-Pt1-P2*  79.93(11)° Pt1-P2-Pt1*
100.07(11)°  PtyP, Pt—Pt
(11 P-Pt-P = 74.6-77.2° Pt-P-Pt =
102.8—105.40 7a,7d,14a,14b
trans P—P( ) (2.412(3) A) PEt; trans
Pt-P( ) (2.345(3) A)
PEt;
4 IR Pt—H 2022 cm™
4  'MNMR
§ —7.33
trans 1-P'Bu, (151 Hz)
195p¢ (*J(HPt) = 903
Hz)
(800-1400 Hz) *’
Figure 2-14 3pitH} NMR 2

PEts ,UPBUZ

(b) ‘

T
-90 -100

|
20 70 80 90 100

Figure 2-14. (a) Observed (C¢Dg, 25 °C) and (b) calculated **P{"H} NMR spectra (122 MHz) of 4.
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(8 22.0 (3J(P—P) = —20, —15, 285 Hz, *J(P-Pt) = 1972 Hz, *J(P-Pt) = 74 Hz), —83.6
(?J(P-P) = —15, 40, 285 Hz, 'J(P-Pt) = 1496, 2016 Hz)) AAMM’ XX’

199p¢ 2
3p (5 -83.6) 1
(5 —22.0) (*J(P-P) = 285 Hz)
4 X
anti syn
4 ‘Bu,PH
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2-3. ()

Figure 2-15 Pt(PEt3)3 Ph,PH 1:2 -ds
'H NMR
150
3 x[3]

-
©

2 100
S
z

50

0 LEEE}/D/EFD——p—U

t/h

Figure 2-15. Profile of the amounts of Pt contained in the complexes during the reaction of

Ph,PH with Pt(PEt3); in NMR tube scale at 25 °C. [Pt(PEts)s] = 160 mM att = 0.

20 IH NMR 2 3
§ =5.32 (3J(H-P) = 154 Hz, *J(H-Pt) = 1050 Hz)
—-7.52 (*J(H-P) = 26, 67 Hz, *J(H-Pt) = 906 Hz)

55% 18% —70 °C 3piH} NMR
ESI-MS (m/z 997, [PtoH(PEts)2(1-PPhy)s]™ ; miz
1494, [Pt3(PEts)s(u-PPhy)s]") 2 3
2 3
2 3 168 2
1
1 -dg
PEt; 3 1
1

-33-



2 1
1 Ph,PH 2 Pt(PEtg)g (eq 2-3)
3 2 Ph,PH (eq 2-4)
70% 75%
PEt;s
PEt; Ph,PH
1
Ph, Ph, Ph,
Ho RO LPEt HOORC R JPEt
JPt_ Pty + Pt(PEt3)3 + Ph,PH Pt Pt Pty (2-3)
EtsP p/ H benzene EtsP p p H
Ph, rt, 12 h Phy  Phy
2 then, hexane 1
(1 2.5) rt, 96 h (anti:syn = 78:22)
70%
PEt;
| H Ph, Ph,
PhRR=PPh, HORC R PEG
Vo Ph,PH P{_ P{_ Pt (2-4)
Pt—Pt b SNy N T
E,P” ' OPEt eeene B R B
3 Il:::hz 3 rt, 12 h Ph2 Ph2
3 then, hexane 1
(1 2) rt, 96 h (anti:syn = 78:22)
75%
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Scheme 2-10

R
2 Pt(PEt3); H P PEt,
v T 2PHEPRPERS el >p{;
2 Ph,PH °  EPoBH
2
2: R=Ph
4:R="Bu
Pt(PEtg)g _H2
Ph,PH | —2PEts
PEt,
Ph,  Ph, Fl,t/H
CNZAN /P\ sPEt Ph,PH PhoR " ~PPh,
Pt Pt - A
= Pt—Pt
e’ N7 7 H PR e N ey
Ph,  Ph, Ph,
3
2 4 1 3
Scheme 2-10 R,PH (R = Ph, 'Bu) Pt(PEts)s
P—H 26 (1
[PtH(PPh,)(PEt3),] PEt;
2 4 'Bu,PH
70°C 24 Ph,PH 15
'Bu 0
PtH(P'Bu,)(PEts)2
Ph,PH 2 [PtH(PPhy)(PEts)] Pt(PEts)s
Ph,PH 3 1
GC
3 1 Pts
Scheme 2-11 Ph,PH 3 Pt(l) PEt;
PEt; Pt(1)
A PPh,
1 B
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+Ph,PH, — PEtg

2 PPh,
2-12 2 Pt(1)
Scheme 2-12
PEt;
Scheme 2-11
PEt,
| H
thFi///P\t\\/Pth
Pt—Pt
v
EtP” p” PEL
Ph,
3
Scheme 2-12
PEt,
| H
thF(/'/R\t\\/Pth + thPH
Pt—Pt
e
EP” Y PEL
Ph,
3

Ph,PH

PEt,

||3t,H

— ~pph

\ J 2

t

v

EP” o’ “PHPh,
Ph,

PEts
| _H
Ph,P—"t~pPh,
or
S
H B,
A

B2 R
H\Pt/ \Pt/ \PI‘JJPE'[B
/ %
\P/ \P/ H

Ph, Ph,

EtsP

thFi/',R:[‘\/PPhZ
_Pt \P\t

Et3P / \P/ \PEtg

H ' ph,PPh2

B
H\Pt/ \Pt/ \Pt"sPEtS
NSNSy

P P
Ph,  Ph,
1

/
EtgP

-36 -

1 Scheme

PEts
| H

Php—F=pPh,

EtsP—Pt—Pt_
/\/ "PPh;

H h,
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2-4.

3 2 1 I
Pt—P—Pt 46
27
28 3 Pt—H
3
3 PthIH thSin 1:1
[Pt3(SiPhz)(PEts)2(u-PPhy)s] (5) 75%
[Pt3(SiHPh2)(PELts3)2(u-PPh3)s] (6) 82% (eq 2-5)
PE'[3 ?iHn-1Ph4-n
| H _Rt_
PhaR~ P\ ~pPh, PR\
\P't o +  Phy,SiH, PPt
e’ o PEL ber:tzene BB PR
Ph 2
3 2
1 : 1) 12h 5: 75% (n = 1)
3h 6: 82% (n =2)
Figure 2-16 (a) 5 (b) 6 X
ORTEP Table 2-

-37-

(2-5)



Figure 2-16. ORTEP drawings of (a) 5, (b) 6 with 50% thermal ellipsoidal plots.

The hydrogen atoms expect silyl hydrogen of 6 are omitted for simplicity.

Table 2-4. Selected Bond Distances (A) and Angles (deg) of 5 and 6.

5 6
3.0680(2) Pt(1)-Pt(2) 2.9709(3)
3.0413(3) Pt(1)-Pt(3) 3.0090(2)
3.0035(2) Pt(2)-Pt(3) 3.0992(3)
2.314(2) Pt(1)-Si(1) 2.313(1)
2.239(1) Pt(2)-P(1) 2.237(1)
2.244(2) Pt(3)-P(2) 2.286(1)
58.892(5) Pt(2)-Pt(1)-Pt(3) 62.430(6)
60.109(5) Pt(1)-Pt(2)-Pt(3) 59.387(6)
60.999(5) Pt(1)-Pt(3)-Pt(2) 58.183(6)
85.31(6) Pt(1)-P(3)-Pt(2) 81.54(4)
83.45(3) Pt(1)-P(5)-Pt(3) 82.82(4)
82.84(5) Pt(2)-P(4)-Pt(3) 86.02(4)
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5 Pt Braunstein

[Pts(PPhs)2{Si(OSiMes)s}(u-PPhz2)s] 3 Pt—Pt
Pt(1) Pt(2)-Pt(3)

3.0035(2) A 6 Pt(1)-Pt(l)

(Pt(2)-Pt(3) = 3.0992(3) A) Pt(1)-Pt(I1) (Pt(1)-Pt(2)

= 2.9709(3) A, Pt(1)-Pt(3) = 3.0090(2) A)

SiHPh, SiPhs
5 SiPhs u-PPh;
Pt(2)-Pt(1)-Pt(3) 58.892(5)°
6 SiHPh, Pt(2)-Pt(1)-Pt(3)
Pt—P
Pt-Si (5:2.314(2) A 6:2.313(1) A)
29
6 'HNMR Figure 2-17

8 5.74 (*J(H-P) = 10 Hz, *J(H-Pt) = 65 Hz, 2J(H-Pt) = 170 Hz)

FiHPh: PCH,CH;
_Pt<
Ph thF{/ \/PPh2
/Pt\—/Pt\
EtzP P PEt,
Ph,
SiH PCH,CH
ht l solv.
[ [ [ [ [
8 6 4 2 0

Figure 2-17. *H NMR spectrum (500 MHz, CD,Cl,, 25 °C) of 6.
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$iHPh , PEt,

—Pt<

Ph,P PPh
NN/
Pt—Pt
A 4-PPh, SR

PEt
Ph, $
6

- v L ! Moo i) W W,
T T T T 5%}5) T T T T
100 90 80 70 10 0
1)

-10 -20

Figure 2-18. *P{*H} NMR (202 MHz, CD,Cl,, 25 °C) of 6.

Figure 2-18 5 1pf*H} NMR 6
pf*H} NMR 5
PEt; 5 —7.68 (6 8 —4.43)
8 79.05 8 92.49 (6 5 79.96
§91.73) 1:2 199py
3 2 1,4- ( )
1:1 50 °C 1
[Pta(SiMe,CsH4SiMesH) (PEts)2(u-PPhy)s] (7) 88%
(eq 2-6)
PEt3 PEts o
thp\j,'L\t:f/Pth . H_'ll_e 'YIe_ o P)Tt/\P\P:_'\';I:}_O_Zie_H (2-6)
RAWAN A R %
EtgP Ehz PEts Me Me 50 °C, 24h Et3P/ Ehz
3 7: 88%
Figure 2-19 (a), (b) 7 X
ORTEP Table 2-5
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@) (b)

@, H11
Si2
X
Q)
c3
P3
si1 g
€ P5

P2 P1

PB  py Dpra

Figure. 2-19. ORTEP drawings of (a) top view and (b) side view of 7 with 50% thermal

ellipsoidal plots. The hydrogen atoms expect silyl hydrogen are omitted for simplicity..

Table 2-5. Selected Bond Distances (A) and Angles (deg) of 7.

Pt(1)-Pt(2) 3.0203(4) Pt(2)—-Pt(1)-Pt(3) 60.88(1)
Pt(1)-Pt(3) 2.9879(5) Pt(1)-Pt(2)-Pt(3) 59.03(1)
Pt(2)-Pt(3) 3.0440(5) Pt(1)-Pt(3)-Pt(2) 60.09(1)
Pt(1)-Si(1) 2.322(2) Pt(1)-P(3)-Pt(2) 83.12(6)
Pt(2)-P(1) 2.239(2) Pt(1)-P(5)-Pt(3) 81.75(7)
Pt(3)-P(2) 2.244(2) Pt(2)-P(4)-Pt(3) 84.05(7)
Si(1)-H(11) 1.36(8) Pt(1)-Si(1)-C(3) 110.3(3)
7 Pt 3 Pt—Pt
Pt(1) Pt(2)-Pt(3) 3.0440(5) A
Pt(2)-Pt(1)-Pt(3) 60.88(1)°
SiPhs 6
Pt(2)-Pt(3)
Pt(2)-Pt(1)-Pt(3) 7
u-PPh; Pt(1) Pt(2) P(3)
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—-0.5244 A Pt(1) Pt(3) P(5)
0.0051 A

5
6 3
Pt-Si 2.322(2) A (5:2.314(2) A
6: 2.313(1) A) Pt(1)
Pt(1)-Si(1)-C(3) 110.3(3)°
(109.5°)
7 'H NMR Figure 2-20 SiMe,CgsH4SiMe,H
8 4.33 (*J(H-H) = 3.5 Hz, 'J(Si-H) = 184.0 Hz)
SiMe,CsH,4SiMe,H (8 0.25 (*J(H-Pt) = 34.2 Hz), 0.29
((J(H-H) = 3.5 Hz) (5 6.82 (d, J(H-H) = 7.5 Hz), 6.96 (d,
3J(H-H) = 7.5 Hz) 2
Et3P\ Ph,
Ph2P<Tt/>P\Pt’\|;Iii®—,\lsﬂie—H PCH,;CHs Si-Me
Pl
Ph Et,p  Phe .,
RN PCH,CHs

[

T T T T T
8 6 4 2 0
)

Figure 2-20. 'H NMR spectrum (500 MHz, CD,Cl,, 25 °C) of 7.
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Oo-

(Scheme 2-13)

3 I
G—
Si-H
Scheme 2-13 Q
H_ Si
Ny
P/Pt\P
|
Oxidative Addition \/H /
t
P/
P H -P
|~ Side view
P p Si---pt!
¥{ \JI + &@»Si—H L L
t——Pt
- AN
N e \ |||
& = Ph,H, Ph, Si. | |
/ t\\
Pt—Pt
N

-43 -
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3 Mel

5
[Pts(PEts)s(u-PPh2)s]l (8) 80% (eq 2-7)
+
PEt PEt
g e
Ph, P~ ~PPh, PhyR 7\ PPh2
\ +  Mel / 1= (2-7)
PP benzene AN
EP” ' e t 5h EP” " PEL
Ph, ’ Ph,
3 8
Figure 2-21 8-CH.CI, X ORTEP
Table 2-6

Table 2-6. Selected Bond Distances

(A) and Angles (deg) of 8-CH,Cl,.

Pt(1)-Pt(2) 3.0085(4)
Pt(1)-Pt(3) 3.0140(3)
Pt(2)-Pt(3) 3.0001(5)
'1@ Pt(1)-P(1) 2.249(1)
Pt(2)-P(2) 2.242(2)
Pt(3)-P(3) 2.242(2)

Pt(2)—Pt(1)-Pt(3) 59.755(9)

Pt(1)-Pt(2)-Pt(3) 60.215(9)

Figure 2-21. ORTEP drawing of 8-CH,Cl, with 50% Pt(1)-Pt(3)-Pt(2) 60.030(9)

thermal ellipsoidal plots. The hydrogen atoms and Pt(1)-P(4)-Pt(2) 82.54(7)

CH,ClI, are omitted for simplicity. Pt(1)-P(6)-Pt(3) 82.83(7)
Pt(2)—P(5)—Pt(3) 82.39(5))
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8 Cs
Pt—Pt
Pt(1)-Pt(2) = 3.0085(4) A Pt(1)-Pt(3) = 3.0140(3)
A Pt(2)-Pt(3) = 3.0001(5) A Pt—Pt
3
) [Pts(PPhs)s(-X)(u-PPh2)2]" (X
= Cl, Br, SR, PPh,)*® 44

[Pta(L)s(u-L)s]

Figure 2-22 8  3p{’H} NMR
§ —2.65 (m, 2J(P-P) = 63 Hz, *J(P-Pt) = 118, 4173 Hz)  § 81.47 (m, 2J(P-P) =

—-211 Hz, 1J(P—Pt) = -103, 2246 Hz) 2 PEt;
/,I-Pphz
PEt; ] *
F)th\//Pt\\/pth -
_Pt—FPt :
u-PPhy eP” “p’ Pt PEL
Ph,
8

Figure 2-22. *'P{"H} NMR (202 MHz, CD,Cl,, 25 °C) of 8.
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Leoni

(HOTY)

[PtsH(CO)2(u-P'Bus)s]

u-P'Bu; Pt-H

[Pt5(CO)2(P'BuzH)(u-H)(u-P'Buz)2] " OTF"

(Scheme 2-14)*"

Scheme 2-14
tBUZ _l +
By HOTf R
oc P co (DOTH) OCL_/\_c0o
Spil--py ?t\ /P\t —_
\ | - H(D)
tBuzPlﬁnéPtBuz BUZP\Fl’t/
H PH
tBUZ
PMes
Rh(l) 3
[Rh(PMes3),] "[BsO3sArs(OAr)]” 2
[Rh(PMe3)4]+[8506Ar4]_
(Scheme 2-15)%*
Scheme 2-15
Ar, - Ar, Ar
3 ArBOR) N EB—O\ A 2 ArB(OH), . tB—O\ fou:
+ — = [RhLy] B [RhL,] o B
B—O OAr B—O O-B
LsRh—OAr Al A A
L = PMeg

Ar = C6H4OME'4, C6H3M82-2,6
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[Pts(PEts)a(1-PPh,)s][BsOs(OH)Ar] (9: Ar =

4-MeC¢Hs 10: Ar = 4-FCgHs 11: Ar = 4-CF3CgHg) (eq 2-8)

9-11 CD,Cl, H, B, Bc{*H}, **P{*H} NMR

X
+ p—
% s y
- Ar |
\ 7y +  Ar—B(OH), \/ N 5 g )
AP benzene P/Pt\ VN B-C Ar =)

EtsP Ehz PEt; rt, 30 min t3 Ehz PEts Ar/

3 : 4)

9 :92% (Ar = CgH,Me-4)
10 : 93% (Ar = CgH,F-4)
11 : 86% (Ar = CgH,CF3-4)

Figure 2-23 9 X ORTEP
Table 2-7

Figure 2-23. ORTEP drawing of 9 with 50% thermal ellipsoidal plots. The hydrogen atoms

are omitted for simplicity.
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Table 2-7. Selected Bond Distances (A) and Angles (deg) of 9.

Pt(1)-Pt(2) 3.0149(3) Pt(2)-Pt(1)-Pt(3) 59.613(8)
Pt(1)-Pt(3) 3.0309(3) Pt(1)-Pt(2)—Pt(3) 60.459(8)
Pt(2)-Pt(3) 3.0053(5) Pt(1)-Pt(3)-Pt(2) 59.928(8)
Pt(1)-P(1) 2.258(2) Pt(1)-P(4)-Pt(2) 82.99(6)
Pt(2)-P(2) 2.254(2) Pt(1)-P(6)—Pt(3) 83.33(7)
Pt(3)-P(3) 2.247(2) Pt(2)-P(5)-Pt(3) 82.55(5)
O(1)-B(1) 1.45(1) B1-01-B2 122.9(6)
0(1)-B(2) 1.33(1) B2-02-B3 118.4(6)
0(2)-B(2) 1.393(8) B1-03-B3 121.6(7)
0(2)-B(3) 1.38(1) B1-04-B4 129.6(7)
0(3)-B(1) 1.513(8) 01-B1-03 111.0(7)
0(3)-B(3) 1.34(1) 01-B1-04 108.0(7)
O(4)-B(1) 1.48(1) 03-B1-04 108.8(7)
0(4)-B(4) 1.33(1) 01-B2-02 121.6(8)
0(5)-B(4) 1.37(1) 02-B3-03 121.9(6)

04-B4-05 123.4(7)

9 8

[B404(O H)(C6H4M e-4)4]—

p
p pr—prn .
sp? B—O-B
118.4(6)-129.6(7)° 0-B-O 108.0(7)-123.4(7)°
120°
B-O 1.45(1)-1.513(8) A 3
B-O (1.33(1)-1.393(8) A)
B-O (1.3-1.4 A)

2
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B(1)-C 1.64(2)
A B—C (1.58(1)-1.59(1) A) B-C
[B404(OH)s]~  H3BOs Cl
Mass 33 9

Figure 2-24 9 'HNMR
[B4O4(OH)(CeHsMe-4)4]~ 5 2.24
2.35 2.39 1:1:2 31p {*H} NMR
8
Pty " w1 PCH,CHs
AR TS
Etp PPN B—o'B Ar
Ph 3 Ehz PEt3 A
/\ \ Ar = CgHaMe-4 /-\M €
PCH,CH,
solv.
X JU Ji
[ [ [ [ [
8 6 4 2 0
)

Figure 2-24. 'H NMR spectrum (500 MHz, CD,Cl,, 25 °C) of 9.
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Figure 2-25 9 "B NMR N Ar
N .B
2 1:3 o0 _on
5 4.1 80 \AT\ o4
’ Ar
5 28.1 Ar = CgH Me-4
328.1

Scheme 2-15
I I I
10 11 50 25 0
IH B S3lpfiH} NMR 9 °
Figure 2-25. "B NMR spectrum (161
, MHz, CD,Cl,, 25 °C) of 9.
Figure 2-26 EAHY NMR o
10 11 4-
11 “F{*H} NMR
4- 9
1:1:2 3 4-
10  F{*H} NMR
1:1:1:1 4 4-
4-
(a) (b) -62.78
-112.23
-112.36
) -113.66 -120.40 -62.00 -62.65
| Jﬂ J
W , ;J/L\_._____.,__.,/ k‘v‘ kk.\,___
[ [ [ I I [
-112 -116 -120 -62.0 -62.4 -62.8

8 3

Figure 2-26. *°F {*"H} NMR spectra (282 MHz, CD,Cl,, 25 °C) of (a) 10 and (b) 11.
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Scheme 2-16

PEts PEt 1
Rt
_ OH PhaR™/ 5 "PPh, . thp//Pt\Pth
®  Ar—B * PPt \Pt A
OH Et:P” p~ CPEt SN
Ph, : Ep” N \PEts
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3-2.

Table 3-1 2,2- -1-
Pt(PPhs)4 2,2- -1-
110 2,2- -1-
1:2
12a 13a NMR
58% 6% (entry 3)
Table 3-2 2,2- -1-
1.2 Pt(PPhs),4
50 80 110 12a
(entries 1-3)
Pt
110 Pt(PPh3)4 Ptl,(PPhs),
12a NMR 74% 2,2-
-1- 1,1- -1,3-
¥ NMR 10% (entry 4) 110
12a (entry 5)
140 12a NMR
87%
EtsSi, EAPh EISS\P;“APh Egihﬁp "
Pt H H—Pt
A A A

Figure 3-1. Possible Intermediate Pt species A, A’ and A"

12a 13a 2,2- -1- C=C
Pt—H Pt-Si A
A, A’ (Figure 3-1)
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Table 3-1. Hydrosilylation of 2,2-Diphenyl-1-methylenecyclopropane with Triethylsilane®

Ph,Ph Pt(PPhg), e + - SV + /\/P\h
+ HSIEL toluene, 110 °C Et3Si FsS " ~ Ph
12a 13a 14
entry MCP HSIEt; time/h product/%yield®
12a 13a 14
1 2 1 6 41 29 0
2 1 1 6 31 25 0
3 1 2 3 58 6 0
4 1 3 6 36 17 0

& Reactions of 2,2-diphenyl-1-methylenecyclopropane with triethylsilane (1:2) were carried
out in the presence of 3 mol % of a Pt(PPhj),. bThe yields were determined by 1H NMR
based on diphenylmethane as an internal standard, unless otherwise stated.

Table 3-2. Hydrosilylation of 2,2-Diphenyl-1-methylenecyclopropane with Triethylsilane®

Ph_Ph Pt cat. e b SV /\/P\h
+  HSiEty ———  E,Si Et3Si H + A2"Fpp
12a 13a 14
entry  catalyst temp./°C time/h product/%yield®

12a 13a 14
1 Pt(PPhj3), 50 48 19 29 0
2 80 24 30 16 0
3 110 3 58 6 0
4 Ptl,(PPhs3), 110 3 74 0 10
5P 110 3 81 0 0
6° 140 1 87 0 0

a Reactions of 2,2-diphenyl-1-methylenecyclopropane with triethylsilane (1:2) were carried
out in the presence of 3 mol % of a Pt catalyst. b No solvent was used. € The yields
were determined by 1H NMR based on diphenylmethane as an internal standard, unless
otherwise stated.
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Table 3-3 2,2- -1-

1:2 Pt
Ptl,(PPhs) 140
[(2,2-
) ] (12a) 87%
(entry 1) 12a  *H NMR Figure 3-2
Ph, Ph ~CH,-
Et;;%#‘ -CH3
H* H? H H* or H° H* or H?
12a solv. H3 ,\\ | \
BT N, S—
Ph 18 14 10 06 02 -0.2
TN
| no signal
4 A N j
] o Y 0 1
o s 7 6 5 4 3 2 1 o0
Figure 3-2. 'H NMR spectrum (300 MHz, CDCls, 25 °C) of 12a.
4-6 ppm
PtHI(PPhs)» PtHCI(PPhs),
12a (entries 2, 3)
Ptl,(PPhs), PtHI(PPhs),
( 3 5 ) PtCly(PPhs),
Ptl»(cod) (cod = 1,5- ) PPh;
12a (entries 4, 5) Ptly(cod)
PCys  P'Bus
12a (2,2-
) (13a) (entries 6, 7)
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Table 3-3. Hydrosilylation of 2,2-Diphenyl-1-methylenecyclopropane with Triethylsilane®
Ph_Ph Ph Ph Ph
e +  HSiEt, _Preat | Et,Si " EtsSi H o+ S Ph
12a 13a 14
entry catalyst time/h product/%yield®

12a 13a 14

1°  Ptl,(PPhs), 1 87° 0 0
2°  Pt(H)I(PPhs), 1 87° 0 0
3" Pt(H)CI(PPhs), 1 85° 0 0
4> PtCly(PPhs), 3 68° 0 0
5 Ptl,(cod) + PPh; 6 67 0 9
6 Ptl,(cod) + PCys; 6 40 47 0
7 Ptl,(cod) + P'Bus 6 23 39 17
8 Pt(PPhs), 3 58 6 0
9 H,PtCls-6H,0 3 trace 23 0
10° H,PtCls-6H,0 48 7 0 0
11 (BugN),PtClg 1 6 62 0
12 Pt/C (10%) 48 0 40° 0
13 Pt(PEts)s 3 31 0 49
14 [Pt3(H)2(PEts)2(u-PPhy),] (1) 3 38 9 30
15 [PtsH(PEts)s(u-PPh,)s] (3) 2 41 0 41

a Reactions of 2,2-diphenyl-1-methylenecyclopropane with triethylsilane (1:2) were carried

out in the presence of 3 mol % of a Pt catalyst (cod = 1,5-cyclooctadiene) at 110 °C.

b No

solvent was used at 140 °C. CIn 2-propanol. dThe yields were determined by 1H NMR

based on diphenylmethane as an internal standard, unless otherwise stated.

yields.
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Ph  Ph
-CH
Etgsi%H?’ 3
]
solv. HY™H?
13a
H4 H5 'CHZ'
Ph
A ﬂﬂ L “ "
= | | | | | | | | |
9 8 7 6 5 4 3 2 1 0
)
Figure 3-3. 'H NMR spectrum (300 MHz, CDCl;, 25 °C) of 13a.
Figure 3-3 13a 'H NMR 13a

§4.59 (dd, J = 17.4 Hz, 1.5 Hz, H'), 5.15
(dd, J = 10.5 Hz, 1.5 Hz, H?)

Speier (H2PtClg-6H,0) (BusN)2PtClg
Pt/C (10%) 2,2- -1-
12a 13a
Pd(PPhs)4
Pd/C (10%) Ni(cod), Ni(PPh3),
(entries 9-12) 0 Pt(PEts3)s
1,1- -1,3- 14
12a 13a (entry 13)
3 3 2
1, 3

(entries 14, 15)
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Table 3-4. Platinum-Catalyzed Hydrosilylation of Methylenecyclopropanes with Hydrosilanes2

R! R? Ptl,(PPhs), cat. R P RF
/A +  HSiRg RSi \A RsSi \)ST H
12 13
entry methylenecyclopropane hydrosilane product
R! R? 12 %yield® 13  %yield®

1 Ph Ph HSiPh; 12b 53

2 Ph Ph HSIEt,Ph 12c 85

3 Ph Ph HSIiPhCI, 12d 81

4 Ph Ph HSICl; 12e 81

5 Ph Ph HSi(OEt)s 0

6 Ph Ph HSiMe,(OEt) 0

7 CeH4F-4 CeH4F-4 HSIEt; 12f 80

8  (CH,).Ph (CH,),Ph  HSiEts 129 46  13g 40
9° Ph Me HSIEt; 12h 27 13h 40
10 Ph H HSIEt; 0 13i 57
11 C¢H,OMe-4 H HSIEt; 0 13j 37

a Reactions of disubstituted methylenecyclopropane with hydrosilane (1:2) were carried out in
the presence of 3 mol % of Ptl,(PPhs3), without solvent at 80 °C for 4 h (entry 3), for 1 h (entry 4),
or at 140 °C for 1 h (other entries). b Two diastereomers of 12h (1:1) and isomeric products
12h and 13h were not separated. € Isolated yields.

-71 -



Table 3-4 Ptl,(PPhs),
2,2- -1-
HSiPhs, HSIEt,Ph, HSIPhCI, HSICl3
Si—-H Cc=C
12b-e 53-85% (entries 1-4)
HSi(OEt)s, SiMe,(OEt)
(entries 5, 6) 2,2- (4- )-1-
HSIEt;
12f (entry 7) 2,2-
-1- 2- -2- -1-
HSIEt; 12
13 46:40 27:40 (entries 8, 9)
2- -1- 2-(4-
)-1- HSIEts
13i 13j (entries 10, 11)
2 2
3- ( )
HSIEt; 13k 13l
58%, 81% (Scheme 3-9)
Scheme 3-9
RK% _ 3mol% Ptl,(PPha), Et3SivIH
R + H-SEG neat 140 °C R3 R4
R3=H, R* = (CH,),Ph 13k : 58%
R®=R*="Bu 0%
R®=R*=Ph 13 : 81%
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Scheme 3-7 Beletskaya RhCI(PPh3)s,
RhCI(CO)(PPhs), Rh,Cl2(C4Hs)4
8
proximal
Scheme 3-10
Ph. Ph
_ 80%
F3Si
2
Ph. Ph (i ph Ph
ClaSi (E10)3Si 7%
(iii)
12e \ 16
Ph_ Ph
HO 76%
17
Reagents: (i) CuF,-2H50, Et,0, 0 °C, 2 h. (i) EtOH, NEtgz, rt, 16 h.
(iii) HyO5, KF, KHCOg, 1t, 12 h.
12e Scheme 3-10
CuF,-2H,0 12e [(2,2-
) ] (15) 80% [(2,2-
) ] (16) 2,2- -1-
(Table 2, entry 5) 12e
77% 20 12e
21 2,2- (17)%
76% 15 16 Scheme
3-11 23
Scheme 3-11

CH2|2 / AIMe3 / CH2C|2

hexane, rt, 16h
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3-3.

HSIR3 Pt(PEts)s 2,2- -1-
1,1- -1,3-
(14) (Scheme 3-12)
Scheme 3-12
on Ph HSIR; Ph
Pt(PEt3); cat. N\ o
14
Table 3-5
2,2- -1- HSIEt; 1:2
12a 14
NMR 49% 31% (entry 1) 1:1
14 NMR 70%
(entry 2)
(entries 3-5)
HSi(OEt)Me,  HSi(OEt),Me 2,2- -1-
HSi(OEt),Me
100 mol% 25 mol% 14 82%
80% (entries 5, 6) HSIi(OEt);Me 3 mol%
14 22% (entry 7)
(entry 9)
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Table 3-5. Pt(PEt;); Catalyzed Isomerization of 2,2-Diphenyl-1-methylene- cyclopropane@

Ph_ Ph Pt(PEts); cat e Ph_Ph /\/P\h
+ HSIRg > R;Si * RS H+ Z Ph
12 13 14
entry hydrosilane time / h product/%yield®
12 13 14
1° HSiEt; 3 31 0 49
2 HSIEt; 3 26 0 70
3  HSIEt,Ph 1 8 0 79
4  HSi(OEt)Me, 1 0 0 92
5  HSIi(OEt),Me 1 0 0 82
6 3 0 0 80
7° 16 0 0 22
8  HSI(OEt); 16 0 7 64
9 none 16 0 0 0

a Reactions of methylenecyclopropanes with hydrosilanes (1:1) were carried out in the
presence of 3 mol % of Pt(PEts)s in toluene at 110 °C. b The yields were determined by
14 NMR based on diphenylmethane as an internal standard. C  Methylene-
cyclopropane : hydrosilane =1 : 2. d Methylenecyclopropane : hydrosilane = 1 : 0.25.

€ Methylenecyclopropane : hydrosilane = 1 : 0.03.
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3-4.

Scheme 3-13
Scheme 3-13
Pt(PEt3)3
‘ HSIiR5
Ph . Ph Ph
N pn

A
14
Shydrogen elim.

SiR3 RsSI ph ph
[P‘t] H Rssi\ Ph_Ph [P't] H
7(\[( . Py H
Ph Ph S-alkyl elim.
o
C B
Pt(PEts)s HSIR3 A
PtH(SiR3)(PEts): Pt—H 2,2- -1-
anti-Markovnikov
B ,B- 24
proximal Scheme 3-14
Grignard Y (P
)
R=H 3-
X X’ R = Me
Y 25
C’ yeg B
1,1- -3- C -

14 PtH(SiR3)(PEts)2
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Scheme 3-14

Me Me
M:\M B-C elimination Me:E B-C elimination
R R MgBr olefin insertion R R MgBr olefin insertion
X Y
R=H comp. X, X' >comp. Y
R =Me comp. X = X' <comp. Y
PtHI(PPh3)»
2,2- -1-
110 14 61%
3-15)
Scheme 3-15
Ph_ Ph Ph
H PPh
\Pt/ 3 + N\Ph
PhgP” \| toluene 14
110°C, 9h
61%
Pt—H 2,2- -1-
C=C c-C 3-
[-
2,2- -1-
14 RhH(CO)(PPhs)s
(Scheme 3-16)*®
Scheme 3-16
OoC Ph
Ph_ Ph o
RhH(CO)(PPhg);  + % S0oC PhaP-/Rh Me +
PhgP
1 5 53%
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(1n (1)
M-H
(Schemes 3-17, 18)*°
1,3-
Scheme 3-17
MeO,C MeOQ MeO,C FeH(CO),
Fe(CO), Fe(CO), )
MeO,C
MeO,C 2
MeO,C Fe(CO), 2 ||:e(CO)4 Fe(CO),
MeO,C H MeOi:>_\
MeOZCM MeO,C /\/\
Fe(CO), Fe(CO);
Scheme 3-18
o Pth\Rh _cl
RhCI(PPh3); + W’ - \PPhg
Ph
Ph
H /<_'/§
[Rh] — Rh
S0°C Ph PheP” | i
PPh,

[Rh] = RhCI(PPhy),
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3-5.
Ptl,(PPhs), 2,2- -1-
Figure 3-6 2,2-
-1- toluene-dg
110
15 Ptlo(PPhs), PtHI(PPh3),*’
12a
14 2
Scheme 3-18
Ph_ Ph 3 mol% Ptl,(PPhs), PhPh Ph
+  Et3SiH R Si\/A * /\/\ph
toluene-dg, 110°C 3
12a 14
(0.1 mmol) (0.2 mmol)
100 as
\ Ph_ Ph
80 r N4 Ph_ Ph
R3S
L 60 | N 12a <
~ a »>
2 A
2 S : Ph
40 r < MPh
W 14
*
20 % ¢ _ 5 m N L L L | [ ]
* - s n " "
o e*n 2L . A
0 ¢
0 30 60 90 120 150 180
time / min.

Figure 3-6. Profile of platinum complex-catalyzed hydrosilylation of 2,2-dipheny-1-methylene
cyclopropane with HSiEt; in an NMR tube at 110 °C.
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2,2- -1- 20 mol%
Ptl,(PPh3), PtHI(PPh3),
12a Et;Si—SiEts (Scheme
3-19)
Scheme 3-19
I _PPhg H. __PPhg
PhoP” N Php”
(0.10 mmol) (0.078 mmol)
+ +
Ph_ Ph Ph_Ph
—_—
% neat Etgsi\/A
(0.5 mmol) 140°C, 1 h 12a
(0.425 mmol)
+ +
(1.0 mmol) (0.094 mmol)
Ptl,(PPhs), PtHI(PPh3);
Et3Si—SiEts 51% 70%
(Scheme 3-20)
Scheme 3-20
I _PPhy H._ _PPhs
=) Pt
PhyP” ™~ PhsP”
(0.25 mmol) (0.128 mmol)
+ toluene +
HSIEt, 110°C, 3h EtsSi—SiEts
(0.25 mmol) (0.088 mmol)
Eisenberg IrBr(CO)(dppe) (dppe =1,2- (
) ) 2

(Scheme 3-21)%®
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Scheme 3-21

Et;SiH —HBr
IrBr(CO)(dppe) ——— IrHBr(Et3Si)(CO)(dppe) ——— Ir(Et3Si)(CO)(dppe)

——— IrH(Et3Si),(CO)(dppe) —— > IrH(CO)(dppe)

Scheme 3-22 (a)

PtCl,(PPh3), PtHCI(PPh3),
PtHCI(PPhs),
CISiEts (Scheme 3-22 (b))
Scheme 3-22
X __PPhs
Pt _
Ph3P/ \x X=Cl, 1
Et;SiH
@  Hx

Pt(H)X5(SiEt3)(PPhs), —L> PtX(SiEt3)(PPhg),

EtsSiH
(b) XSiEty

H _PPhs _
Pt ~ Pt(H)X(SiEt3)2(PPhg),
Phsp” X
Et,Si-SiEts
Pt(IV) Ir(11) o SiRs Pt(Il)
Ir(l)
1529 Cl, I SiR3 Rh(lIl)
CISiR; ISiR3
(Scheme 3-23)%*°
Scheme 3-23
SiRY,R%;.,
_PPhy A _
H—RA—X X—SiR'R%.,
PhsP

X = Cl, R, R? = Me, OEt, etc
X=1, R*=0Et,R>=Me,n=1
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Scheme 3-24

Cc=C
Pt—H A Ptl,(PPhs),
2,2- -1- 12
Thorpe-Ingold 31
Scheme 3-14
2 2,2-
-1-
12
Scheme 3-24
Ph_ Ph
12
Ptl,(PPhs), Pt(PEtg)3
T Z =1, + HSIR3

HSIVPh Ph ‘ Ph Ph HSIR3
/A Z ph_Ph %

PURIPPRS), | ———— | g (ihX [« PUH)(SIRY(PEL)

8
0)
A Z=1,SiR;
(i) / \(ii)
ring-opening
Z Ph_ Ph f
[Pt] \)%T H [P1] H
B C
J Z =1, + HSIRs jﬂ
Ph Ph Ph
13 14
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A yog proximal cC-C
B C
B - 3-
13
C 3- -
1,1- -1,3- 14
Ptl2(PPh3), Pt(PEts)s
A Pt
Ptl,(PPh3), PtHI(PPh3)-
A PPhs
I
Pt(PEts)s A
PEt;
F- Pt(PEts3)s
C 14
Scheme 3-25
z
[i]\;h{ h roopenne [P]t] H
recyclization Ph Ph
A Z=1,SiRg c

Beletskaya
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Scheme 4-1
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(82 kcal/mol)

n =
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(d)
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Figure 4-1
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Figure 4-1. Mechanisms for C—H activation by transition metal complexes
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/% hv /% O /% s
\ H T \ - MeanH B
/lr\ - H2 /Ir /||'
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S
Ir-mH Ir-H
4 / (4-4)
Me;P 130 °C Me3P
D - Cy-H D
C(sp®)-H
(eq 4-5)"
A CH,=CH
%H — %H (4-5)
Me,P 130~160 °C MesP >
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Rh(l) Ir(1) MH(CO)(PPh3); (M =
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Ph_ Ph oc\ X
MH(CO)(PPhs);  + > PheP—y Ph  (4-6)
toluene Ph P/
M =Rh, Ir M = Rh, rt 3 Ph
M=1r, 50°C
OC\ AR
PhsP—_ i Ph (4-7)
Ph |3/ toluene
3 Ph M = Rh, 50 °C
M=1Ir, 100 °C
M-H anti-Markovnikov
proximal (C*-Cc*
(C-C ) 3-
Cc-C 2
(Scheme 4-5)
Scheme 4-5
Ph
Ph
MI-H * :)\(
anti-Markovnikov-type
addition Ph\ Ph
c2-C* bond c1 ¢’ SEC ,Fh
tivati C
Ph oh activation )( f\c4 C/4 \Ph
e [M] M)~
C1_C2/|
e
M] \ 3/ c'=C2
C \
C2.C? bond (\Cﬁ ______ -
activation _c3
[M] /\Ph
[M] = Rh(CO)(PPhs)y, Ir(CO)(PPh3), Ph
3-
(C-H ) 2- -0-
Rh—C(sp°) Rh—C(sp?)
3- C=C (Scheme 4-6)

(Scheme 4-7)
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Scheme 4-6

C-H bond
activation

Me I . H p—
reductive N
M] Ph elimination  [M] Ph

[M] = Rh(CO)(PPhg3),, Ir(CO)(PPhs),

Scheme 4-6 c=C
C-H
CH,
C=C
Scheme 4-7
H H
C-H bond reductive
Ph activation — Ph  elimination ] — Ph

Ph @ Ph

Ho = Me
QU]
Me Ph
[M] = Rh(CO)(PPhg3),, Ir(CO)(PPh3),
Scheme 4-7 Cc=C
C(sp?)-H
G- C-H
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MH(CO)(PPh3)s (M = Rh Ir) 2,2- -1-
M-H anti-Markovnikov
Pd(0)

Markovnikov

anti-Markovnikov (Scheme
4-8)"
Scheme 4-8
Markovnikov-type
addition
R R=(CHz),Ph R

+

H—Pd—NR"

R
RE—
H pg ) |
| NR'2
NR',
anti-Markovnikov-type
R =Ph addition

M RSNy - T
205 | pd
Pd NR', NR';

RoN™

anti-Markovnikov

Markovnikov
13
Cc-C
Wilkinson Rh(l)

1998 Ir(1) c-C
[5+1]
Rh(l)
(Scheme 4-9)™
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c-C C-H
Scheme 4-9
[MCI(CO)(PPhg),] cat. R
@ + cO —
R/ R
R (5 atm) o
reductive
elimination
m R>=® insertion R -
R 0 RS M=Ir R A,
R Ly O \L
Ln = CI(CO)(PPh3), reductive
eIiminationJ M=Rh
R>=<j
R
2002 Bonin Micouin Rh Ir
(Scheme 4-10)"°
Ir—Bcat Ir—H
kcalmol™ 16 Ir
Ir—Bcat Rh
Rh-H
Scheme 4-10

1) 1 mol% [M(COD)Cl],

2mol% (S,S}DIOP
N—C02Bn 2 ea. CatBH N—COBn  M=Rh:46%: er=23:77
74 / > / M=1Ir: 40%:er=72:28

N—CO,Bn 2) Hy0, N—CcC0,Bn
b CatBH CatBH
*< “M-Cl < M-Cl
P
R2 * <P M BCat
R Cl R1\/IEZ
BCat ﬂ BCat
P. | BCat
<P\M/ R
1 2 C| / RZ
Rﬁ)
BCat
< Rh-BCat / \+ < /lr
C
M-H insertion M-B insertion
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[2.2]

Rh(l)
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Rh(l)
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c-C C-H
4-2.22- (2- )-1-
MH(CO)(PPh3); (M = Rh,Ir)
2,2- -1- (21)"
(dba) Pd/C Wittig

(Scheme 4-11)

Scheme 4-11
pthh 99% Ph Ph 86% Ph Ph
18 19
Ph Ph d Ph Ph
C —_—
Me
20 21

Reagents: (a) H,, Pd/C, THF/AcOEt, rt, 18 h. (b) 'BuOK, MePPhsBr, THF, rt, 18 h. (c) "Buli,
CHCI,CHg, -45 °C, 6 h, then rt, overnight (d) 'BUOK, DMSO, rt, 12 h.

RhH(CO)(PPhs)s 1.1 2.2- -1-
1 3-
Rh{7", n?-CH,C(CH>CH,Ph),CH=CH,}(CO)(PPhs), (22) 92
IrH(CO)(PPhs)s 1.1 2,2- -1-
70 °C 2 3-
Ir{n", n*-CH,C(CH2CH,Ph),CH=CH,}(CO)(PPhs), (23) 93
(eq 4-8)
R R OCi
NS
f PhsP—_ ) =" Ph
MH(CO)(PPhs) + - @ @ @ . M )
- toluene Ph3P/ \>< (4-8)
R = (CHy),Ph Ph
1 1 rt,1h M =Rh; 22:92%
70°C,2h M=1Ir;, 23:93%
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22 23 M-H (M=Rh 1Ir) Cc=C
anti-Markovnikov
c2-c* 3-
18 (Scheme 4-12)
Scheme 4-12
R. R
[M—H + ZS
anti-Markovnikon-type
addition R Rr
\3/ 1-02
Cz{p4tbond C1—CZ/C| c'=C és/R
activation ~ -
K F{\ R | )(f\d‘ /C:/4\R
| C|3/ Ml LY
C1_C2/
\C4 R\ R
M] ‘zL“C?’/ C1:C2\ )
2% bond @;2\| """" - F
activation | ct /03\
R = (CH,),Ph M] M7\
[M] = Rh(CO)(PPhg), Ir(CO)(PPhs), R
22 21
X
Scheme 4-13
c>-c? B
RhH(CO)(PPh3)3 -
NMR
2,2- -1-
Rh PPhs
3-
Scheme 4-13
Cl Ph Ph
‘\%2 o Ph c2-c® bond /—/
LnRh\C4p _\—Ph recyclization LnRh1 Z/CT activation I-r‘Rh~Cs\/4\/Ph
c—C N 1 C
22 Ph c%C* bond ct C=c2"" 5
activation
RhHan/1 AH
elimination
RhLn = Rh(CO)(PPhj),
dienes
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c-C C-H
H1
H " —pr?
s
oC
HEHO Ph'
22
H? and CH,CH 5Ph?
5 1.86—2.00 4 5
5?10 CHyCHoPh' H orH
' . H 7 N /
CHaCH Ph? | CH2CHPh 51.61 5095 5037
52.43—2.5\7‘ j ‘6 2@‘26 Mﬁ J=T71Hz _ J= 5.:1 Hz ‘?3_0‘95
uﬂ'” \M'V\kJr K\#_J"‘NWHU‘J"[\ “ﬁ\fL_J "'fw‘\leL j\ jML,_
[ [ [ [ [ [ [
1 2 1 0 -1
JM A
,,,,, At ‘jb | O N U S WY
| | | | | | | | [ [ 5
8 7 6 5 4 3 2 1 0 -1
Figure 4-2. "H NMR spectrum (400 MHz, CD,Cl;,, —40 °C) of 22.
22 -d, —40 °C "H NMR
Figure 4-2 5-0.95 0.37 2
'H-"H cOSY 2
B
50.95 1.22
5 2.26 2
51.61 2.40 7.1 Hz
cis H' H3 H?
(8 1.86-2.00) IP{"H} NMR 2
3p 526.9 38.8 20Hz %P
90 121 Hz
103Rh
Rh(7', 7%-CH,CPh,CH=CH,)(CO)(PPhs)s
14
3- 23
X
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Figure 4-3 23 X ORTEP
Table 4-1

O
‘\/{,‘ / //\q// ™ ‘
VAR \Y ‘\ J - { ‘\\;/“,\
AN o4 A
N /\r\“ R LAl _
A s
/J/ % C50 _J Cc9
7 }/l /> By c4 - j
} /‘PA v C8
= /)¢ C3, ™
. N N N
\‘G b//»«/ /\'\ S CG\’\ .
N /JC\‘\\# c1i ) ( P e
. | < J P1 o hs S C7K ;’\4‘/ -
SN /T\ - el r
N ;‘\ - p \Aﬁ\"(\ _
I /‘[\*\,_\ \\;/' B
4 L L/
¢ N ( j/\
s

Figure 4-3. Molecular structure of 23 with 50% thermal ellipsoidal plots. The hydrogen

atoms except vinyl protons are omitted for simplicity.

Table 4-1. Selected Bond Distances (A) and Angles (deg) of 23.

I—P(1) 2.375(2) P(1)-Ir-P(2) 102.49(6)
I—P(2) 2.353(2) P(1)-Ir-C(1) 100.3(2)
I-C(1) 1.881(6) P(1)-Ir-C(2) 93.4(2)
Ir-C(2) 2.162(6) P(1)-Ir-C(4) 142.1(2)
Ir—C(4) 2.132(6) P(1)-Ir-C(5) 109.4(2)
Ir-C(5) 2.157(6) P(2)-Ir-C(1) 94.7(2)
C(1)-0 1.146(7) P(2)-Ir-C(2) 161.9(2)
C(2)-C(3) 1.534(8) P(2)-Ir-C(4) 97.3(2)
C(3)-C(4) 1.520(8) P(2)-Ir-C(5) 87.5(2)
C(4)-C(5) 1.441(9) C(1)-Ir-C(2) 90.9(3)
C(1)-Ir—C(4) 110.0(3)
C(1)-Ir—C(5) 149.0(3)
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c-C C-H
23 Ir(n', n?-CH2CPh2CH=CH3)(CO)(PPhs), '*
PPhs (P1) CO, C=C
PPhs (P2) CH,

Ir—P(1) 2.375(2) A
Ir—P(2) 2.353(2) A Ir—P
C(4)-C(5) (1.441(9) A) c=C
(1.34 A)
c
T
23 'H NMR —40 °C
22 (Figure 4-4)
H2
PhsP_
PhsP”/
OC 4 s
Ph
T~ H?
thg:iicuz aH1 a':Z
hZCiSHZZCHz l Ph’ CHZCHZ Ph' CH,CH, H4 o H5
[
0.5
solv. \\\ ,"'
. MM
[ [ [ [ [
8 6 4 2 0
8
Figure 4-4. "H NMR of spectrum (400 MHz, CD,Cl,, —40 °C) of 23.
'"H NMR 3
yij 511 1.3 2.1
'"H-"H COSY 2
Rh 22 Ir 23 C=
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Ir 23 Rh 22
§-0.66 0.40
¥P{'"H} NMR 2 p

8 —7.66 8.17 8 Hz

Bc{"H} NMR

8 -9.91
(60.6 Hz)

=CH H,C=

29.44 2 ¥p
8 187.06
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4 2,2-
c-C C—H
RhH(CO)(PPh3)s 4 2,2- -1-
55°C 4 c-
trans-Rh{(Z)-n"'-CH=CH-
C(CH2CH3Ph)2}(CO)(PPh3), (24) 89 "H NMR
3- 22 24
(eq 4-9)
R R I|3Ph3
RhH(CO)(PPhy);  + OCTRhN (4-9)
toluene PPh, Ph
R = (CHy),Ph 55 °C, 4 h Me
. Ph
T4 \ / 24 89%
O(i N
Ph3P>Rh»“ Ph
PhgP
22 Ph
Figure 4-5 24 X ORTEP
Table 4-2
/:;//\ Table 4-2. Selected Bond Distances
\“/(\\‘/,/\ (A) and Angles (deg) of 24.
o0/ )

e ‘(//UL/ Rh-P(1) 2.328(3)

LY \e7 _ce

i S \J M Rh—P(2) 2.311(3)

7l N .

N PR SQ‘;/;CE’ - Rh—C(1) 1.88(1)
2( Ny Y2 e Rh-C(2) 2.09(1)
Y 03‘; >,
el A c(1)-0 1.10(1)

\x‘\ AN
¥/\;,\4“\) Cc2 /r\\;\ //\ /
\ ) ;\v&sgv C(2)-C(3) 1.31(1)
N TN i nmmmneS )
AV/ \/;C)’&[m ]Rh ) \f‘/ =
S ® ) e ]’q\\ P(1)-Rh-P(2) 169.2(1)
b SR @ I P(1)-Rh—C(1) 91.3(3)
\Q\L/\ y;_( D, P(1)-Rh—C(2) 89.9(3)
e P(2)-Rh-C(1) 90.1(3)
Figure 4-5. Molecular structure of 24 with 50% P(2)-Rh-C(2) 89.8(3)
thermal ellipsoidal plots. The hydrogen atoms C(1)-Rh-C(2) 173.7(5)
Rh-C(2)-C(3) 134.6(8)

except vinyl hydrogens are omitted for simplicity.
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24 2 PPhs trans o-
Rh-C(2) (sp?)
c=C 2.09(1) 1.31(1) A ORTEP
o- H* H cis
c 3- -1- V4
Rh(Ill) 19¢ Rh—C
2.00-2.12A c=C 1.25-1.36 A
Rh(l)
24 Rh—-C=C 134.6(8)°
Rh—C=C (121°-130°)
PPh, PPhs
N oc—Fleh NeH o
PPh;
Me
/Ph o Ph Me
/\ CH,CH,Ph
H* H”?
CH,CH,Ph \
b \ //;dm
I I I I
8 6 4 2 0
o
Figure 4-6. "H NMR of spectrum (400 MHz, CD,Cl,, 25 °C) of 24.
Figure 4-6 24  'HNMR 24  o©-
'H BC{'"H} NMR
o- (1) 2 56.15
(CJeis(H-H) = 12.8 Hz 3J(P-H) = 5.2 H)
Ha 103Rh
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2,2-

c-C C—H
H” 8 5.91 (3Jeis(H-H) = 12.8 Hz)
'"H-'"H cosy 2
24 Z X
Bc{"H} NMR (C#
8 144.92 C* §159.97 '®Rnh ('"J(Rh—C)
= 23.2 Hz)
("J(Rh—C) = 40-43 Hz)'® ¥p{H)
NMR 5 30.84  '®Rh (168 Hz)
PPhj trans
IrH(CO)(PPh3); 2 2,2- -1-
115 °C 12
trans-Ir{(E)-n"'-CH=CH-C(CH2CH,Ph),;}(CO)(PPhs). (25) 90
(eq 4-10)
R R PPh;,

Ph

|
IFH(CO)(PPhy);  + . oc-i— o
toluene |
R =(CHy),Ph 115°C, 12h PPhs Mg

1 2 Ph
25 90%
oC
PhsP\l\r_.“\“\ Ph L |
Ph3P/ E—— unidentified complex X
23 Ph
'H NMR
3- 23 X
25 25
3- 23
Figure 4-7 25 X ORTEP
Table 4-3
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Table 4-3. Selected Bond Distances

(A) and Angles (deg) of 25.

Ir—P(1) 2.288(3)
Ir-P(2) 2.295(2)

Ir-C(1) 1.88(1)

Ir-C(2) 2.108(8)

C(1)-0 1.12(1)

C(2)-C(3) 1.30(1)
P(1)-Ir-P(2) 165.94(8)

/j ()0 \& ,/ P(1)=IrC(1) 91.6(3)

(=~ P(1)-Ir-C(2) 88.3(3)

P(2)-Ir-C(1) 96.4(3)

Figure 4-7. Molecular structure of 25 with 50% P(2)-Ir-C(2) 85.9(3)
thermal ellipsoidal plots. The hydrogen atoms C(1)-Ir-C(2) 169.1(4)
expect vinyl hydrogens are omitted for simplicity. Ir-C(2)-C(3) 136.0(7)
25 2 PPh3 trans c-

ORTEP o
H® H  trans
c- E Ir—C(2)=C(3) (136.0(7)°)
C(2)=C(3)-C(4) (127.9(8)°) 120° PPhs
3- 23
Ir—P(1) 2.375(2) A 25 Ir-P
Ir—P(1) 2.288(3) A Ir-P(2) 2.295(2) A
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c-C C-H
PPhy PPhg
RN | H® Ph
OC—;rM
PPhs W,/
Ph ’5 Ph Me
RN
CH,CH,Ph

P Ve
MY o

I I I I I
8 6 4 2 0

)

Figure 4-8. "H NMR of spectrum (400 MHz, CD,Cl,, 25 °C) of 25.

Figure 4-8 25  'H NMR 8 4.40 6.66
'"H-'"H cosy 2 2
18.4 Hz Z
24 (12.8 Hz) a Vi
trans X
3C{'H} NMR c“ 5 147.56 c”?
§ 150.65 ¥P{"H} NMR
85.19
24 PPhs trans
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4-3. 3- c-

MH(CO)(PPh3); (M = Rh 1Ir) 2,2- -1-
o- 24 25
(Scheme 4-14)

Scheme 4-14
R

R
M—H + :%/

anti-Markovnikov-type

addition R
c?-C*bond C1:C2 R PhsR = R
activation j C3\ — [M]ir—\§R
/ M] ( [M]—C/“ R o’ PP Me
C|:1 CZ/ | ) M = Rh: 22, Ir: 23 M = Rh: 24 (Z), Ir: 25 (E)
C
M \ Loz pH -
c=C S dienes
\ | t
% bord (—\Czﬁ?’ C4 elimination .
activation ]/03 .
R = (CH,),Ph R/ \ Hydrido complexes
[M] = M(CO)(PPh3), (M = Rh, Ir) M = Rh: 22" Ir: 23"
M—-H (M = Rh 1Ir) C=C
anti-Markovnikov
2 proximal (c?-c® c2-c*
) c?-c* 3- 22 23
c*-c® 22" 23
ﬂ.
C3
c*-c*
c*-C?
(55 °C (Rh) 115 °C (Ir)) 24 25
c>-c® 22" 23
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c-C C-H
o- 24
25 3- 22 23
Z G- o-
E c-
Z
Scheme 4-15
Scheme 4-15
H +
H ~
- [
path a A C-H bond v’ 7 M
activation |_|/
R R
H H +
H \\\\ path b TN
M]" [M] [M] reductive
R elimination
R
M = Rh: 22, Ir; 23 B B'
path c H H
[M]#\%R M=1r [M]J\IH
Home R Me” R
R
R = (CH2)2Ph
[M] = M(CO)(PPhg), (M = Rh, Ir) M = Ir (E): 25 M = Rh (2): 24
path a 3- 22 23 C-H
A C-H
Z c-
24 path b
81
C-H Z
c- 24
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21

path b
Z
E 25 path
C-H
Z E
c- Z-E
Scheme 4-16 Z c-
Scheme 4-16
Ho M H H H H H R
qu; R' Ln+lr T R' Ln+lr;5 R Irn H
4 25~(E)
R' = C(CH,CH,Ph),CHs
IrLn = Ir(CO)(PPh3),
1-
22
C-H Rh(l) Ir(l)
z Scheme 4-17 4
G- o-
C
C-H
E o-

LaRh(7%-C2Hs) > L.RhH(CH=CHb,)
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Scheme 4-17

Me

[ @ : [ — [ir]
H - >
115 °C RANE
( LB, O
R' R' —\Me =/ Me
23-(2)

C
- . ey [ir]
' i
R’ —\Me R'
25-(E)
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4-4. 3- -1,5- -3-
MH(CO)(PPhs)s (M = Rh, Ir)

C-H 24 M-H
25
o- o-
c- cis trans
geminal -H

(Scheme 4-18)

Scheme 4-18

H M

MH(CO)(PPh3); (M = Rh Ir)  2,2- 1-
3-
C-H V4 E
o- (Scheme 4-19)
Scheme 4-19
R R O(i
S Ph
MH(CO)(PPhg);  + % — Ph‘”’P;M"
) PhyP
M= Rh, Ir R = (CHy)Ph Ph
) PPhg PPhs o
OC—Rh oc—|
W 'rw
PPhs PPhs Mg
Me ’ Ph
Ph
(2) (E)
G-
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c-C
3- -1,5-
= Rh Ir)
G_
Scheme 4-20

Me

MH(CO)(PPh3); + H— Ph
M=Rh, Ir

Ph
3- -1,5-
LDA a
LiAlIH4
(Scheme 4-21)
Scheme 4-21
a,b
Hooc” >"ph ——
88%
Me
e HO Ph
91%
Ph
28
Br Me
h
BrN Ph —
52%
Ph
30

2,2-
C-H

-3-
M-H

(Scheme 4-20)

MH(CO)(PPh3)s (M

G-

H
Me
M —#
anti-Markovnikov type Ph
addition
ph  [MI=M(CO)PPhy),
PPh
| F|>Ph3 -
0GR b OC—Ir—
PPh, |
PPh; e
Me Ph
@ " (E)
-3- (31)  4-
2- -2- -4-
Swern Corey-Fuchs
H Me
c, d
HOOC Ph HOOC Ph
94%
Ph Ph
26 27
Me
¢ g9
OHC Ph
2% 93%
Ph
29
Me
H
Ph
Ph
31

Reagents: (a) LDA, THF, 0 °C, 30 min. (b) HMPA, (2-bromoethyl)benzene , 0 °C to rt,12 h. (c) LDA,

THF, 0 °C, 30 min. (d) HMPA, Mel , 40 °C,1 h.

(e) LiAlH,, THF, 50 °C, 10 h. (f) (COCI),, DMSO,

CH,Cly, -60 °C, 1 h. (g) CBr4, PPhg, CH,Cly, 0 °C, 20 min. (h) "BuLi, THF, -78 °C, 1 h.
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MH(CO)(PPh3)s (M=Rh Ir)  HC=C{C(CH,CH,Ph),CHs} (31)

G- trans-MC=C{C(CH,CH,Ph),CH3}(CO)(PPhs)
(32; M =Rh, 33; M =1r) (eq 4-10)
RhH(CO)(PPh — oC-M—= 4-10
(CONPPRYs  + Hj\nph lvene | j\”% o
PPh,

Ph Ph

M=Rh; 1 : 2 rt,12h 32 80%

M=l 1 : 15 100 °C, 3 h 33 87%

32 33 -40 °C -
X

Figure 4-9 (a) 32 (b)
33 X ORTEP Table 4-4

Figure 4-9. ORTEP drawings of (a) 32, (b) 33 with 50% thermal ellipsoidal plots.

The hydrogen atoms are omitted for simplicity.
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c-C C-H

Table 4-4. Selected Bond Distances (A) and Angles (deg) of 32 and 33.

32 (M = Rh) 33 (M =1r)
2.302(1) M-P(1) 2.306(1)
2.310(1) M-P(2) 2.308(1)
1.859(5) M-C(1) 1.844(6)
2.031(4) M-C(2) 2.027(5)
1.141(5) C(1)-0(1) 1.158(6)
1.196(6) C(2)-C(3) 1.206(6)
1.481(6) C(3)-C(4) 1.488(7)
1.546(8) C(4)-C(5) 1.540(9)
170.27(4) P(1)-M-P(2) 170.70(5)
93.9(1) P(1)-M—-C(1) 93.4(2)
85.8(1) P(1)-M—-C(2) 86.3(1)
92.8(1) P(2)-M—C(1) 92.5(2)
88.4(1) P(2)-M-C(2) 88.7(1)
173.0(2) C(1)-M-C(2) 172.9(2)
175.3(5) M-C(1)-0(1) 175.6(6)
176.7(4) M-C(2)-C(3) 176.7(5)
177.9(5) C(2)-C(3)-C(4) 178.5(6)
109.1(4) C(3)-C(4)-C(5) 109.0(5)
24 25
o- o-
32 33 2 PPh3 trans
M-CO (24: 1.88(1) 25: 1.89(1) 32:
1.859(5) 33: 1.844(6) A) M-C(2)
32 33 (32:2.031(4) 33:2.027(5) A) 24
25 (24: 2.09(1) 25: 2.108(8) A)
C(2)-C(3) o- 32 33
(32: 1.196(6) 33: 1.206(6) A) C=C (1.181 A)
24,25 32 33  C(3)-C(4)
(32: 1.481(6) 33: 1.488(7) A) 24 25 (24:
1.53(1) 25: 1.54(1) A) C-C
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G- (M"=C=C*-) a

25 trans 2 PPhs;
P(1)-Ir-P(2) 165.94(8)° 180°
G- PPh,
G- 24 P(1)-Rh—P(2)
169.2(1)° 25 32 33
32 33 G-
M-C(2)-C(3) (32: 176.7(4) 33: 176.7(5)°) C(2)-C(3)-C(4) (32:
177.9(5) 33: 178.5(6)°)
Figure 4-10  o- 32 "M NMR
50.55
51.01-1.18 2.04-2.14 "H-"H COSY 2
PPhs G-
33 "H NMR
32
PPh;
P
Me
/Fi CH,CHyPh CH,CH,Ph
Iv.
“ -
| | | | |
8 6 4 2 0

o
Figure 4-10. '"H NMR spectrum (400 MHz, CD,Cl,, 25 °C) of 32.
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c-C C-H
¥IP{"H} NMR o- 32
§32.06 '®Rh ("J(Rh—P) = 132.9 Hz)
o- 33 521.98
BC{'H} NMR PPhs
PPh;
trans M-C=C”
32 §128.32 (C%) 135.27 (C¥) 33 2
¥p & 110.91 (t, J(C-P) = 18.3 Hz, C%
128.47 (t, J(C-P) = 3.8 Hz, C¥) o- X
c- 32 33 Scheme 4-22 path
A c- path B C-H
2
(¢}
path B
Scheme 4-22

Me

H— [M]
MH(CO)(PPhs)3 Cath A c-bond metathesis
M=Rh, Ir

[M] = M(CO)(PPhy),

PPh,

\
-M—==
oc [ Ph
PPh3
Ph
path B Ph
Oxidative addition

[M] —

Ph
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45 4. 1- [2.2] RhH(CO)(PPhs),

A

Cyclopropylmethyl Complex

)2
3- (Scheme 4-23)
Scheme 4-23
oc oc
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RhH(CO)(PPhg); + A — /Rh%R R, R
PhgP o PhsP
R
Scheme 4-24 D

RhH(CO)(PPhs)s 4- -1-

[2.2] D
Scheme 4-24
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Ph3P\R\h\\\\\\\\\ Ph3P\Rr\] R
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D
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2.
-

(Scheme 4-25)
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c-C C-H
Scheme 4-25
Ph Ph
a b
\ —_— Cl —_—
H5C
Ph Ph "
N : A
—_— >
HaC V
34 35

Reagents: (a) "BuLi, CH;CHClI,, Et,0, -45 °C, 5 h. (b) 'BuOK, DMSO, rt,12 h.

RhH(CO)(PPhs)s  4- 1- [2.2]
50 °C
- anti-Rh{7*-CH,CCHCH3)C(CH,)Ph}(PPhs),
(36) 67% (eq 4-11)
Ph phsp\Me"l Ph
RhH(CO)(PPhs); + wA — /Rh—H (4-11)
toluene PhsP
50 °C
1 : 2 6
Figure 4-11 X 36 ORTEP
Table 4-5
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Table 4-5. Selected Bond Distances

(A) and Angles (deg) of 36.

Rh-P(1) 2.276(2)
Rh-P(2) 2.270(2)
Rh-C(2) 2.185(9)
Rh-C(3) 2.144(9)
Rh-C(4) 2.187(9)
C(1)-C(2) 1.52(2)
C(2)-C(3) 1.43(1)
C(3)-C(4) 1.42(1)
C(3)-C(5) 1.50(2)
C(5)-C(6) 1.33(2)
Figure 4-11. Molecular structure of 36 with 30%
thermal ellipsoidal plots. The hydrogen atoms P(1)-Rh—P(2) 103.17(9)
are omitted for simplicity. C(2)-Rh-C(4) 68.4(4)
P(2)-Rh-C(4) 162.6(3)
C(2)-C(3)-C(4) 119.1(9)
36 16 2
PPhs cis 3
-
syn 36 -
anti Rh—-C(2)
Rh-C(3) Rh-C(4) 2.144(9)-2.187(9) A
m- (1) 28 c=C
C(5)-C(6) 1.33(2) A
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\
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)
Figure. 4-12. 'H NMR spectrum (300 MHz, C¢Ds, 25 °C) of 36.
Figure 4-12 36 'HNMR §1.17
5 2.43 3.21 §5.09 5.53
"H-"H 2 COSY § 5.09
(*J(H-H) = 1.8 Hz)
- anti
0243 anti
- Scheme 4-26
n'- n-n'-n’
Scheme 4-26

Ha Ha
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41.4 (dd, Jgnp = 204 Hz, Jpp = 22 Hz) 44.3 (dd, Jrnp = 193 Hz, Jpp = 22 Hz)

il

Figure 4-13. *'P {"H} NMR spectrum (122 MHz, C¢Ds, 25 °C) of 36.

Figure 4-13 36 P {'H}NMR
443 2
93Rh ('J(Rh=P) = 204, 193 Hz)
(*J(P-P) = 22 Hz)
4-27 RhH(PPh3)s  2- -1,3-
- E ("J(Rh—P) = 207, 196 Hz,
Scheme 4-27

d41.4

31p

Scheme

2J(P-P) = 66 Hz)

(162 MHz, CGDG at rt)

Ph 3P {'"H} NMR
RH(PPhy),  + /f{ . PhBP\Rh_> ph 427 (dd, Jp.gy = 207 Hz, Jp.p = 24 Hz)
Ph3P/ 44.5 (dd, ‘JP-Rh =196 HZ, Jp_p =24 HZ)

E

36
BC{'H} NMR
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c-C C-H
RhH(CO)(PPhs)s 4- -1- [2.2]
-dg -35 °C "H NMR 4-
Rh{n", 7*-CH,CH(Ph)C(CH2)CH=CH_}(CO)(PPhs), (37)
(eq 4-12)
Ph oC
RhH(CO)(PPhy); + —_— RR (4-12)
toluene-dg PhsP
-35°C Ph
1 : 1.2 37
Figure 4-14 3 '"H NMR '"H-"H cosY 2
§1.51 1.75 4.46 §1.39 2.66 3.35 54.39 5.32
2
(C=CHy) 2 3
S 4.46 H°
§1.51 §1.75
(H? HP°)
(H" H® H")
Hd He
(~CH=CH,)
HQ
H" NH
oC S e h
& H g
PhsP~ \h‘\\ — solv. ior A

)

Figure 4-14. '"H NMR spectrum (500 MHz, toluene-dg, —50 °C) of 37.
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o 5 29.2 (Jth =123 Hz, Jpp =19 HZ) ° & 29.0 (Jth =123 Hz, Jpp =19 HZ)
33.5 (Jth =86 HZ, Jpp =19 HZ) 31.8 (JRhP =86 sz JPP =19 HZ)

(@]

PhoP. |
© _Rh

37 Ph

o , e =diastereomer

Figure 4-15. *'P{"H} NMR spectrum (202 MHz, toluene-dg, —20 °C) of 37.

Figure 4-15 37  *'P{"H} NMR 2
(0 o) ("J(Rh-P) =123, 86 Hz) 2J(P-P)
= 19 Hz) 4-
3- Rh(n', 7-CH,CPh,CH=CH,)(CO)(PPhs)s
("J(Rh=P) = 120, 90 Hz) 2J(P-P) = 18 Hz)
37 '"H NMR
Ph
RhH(CO)(PPhg); + o mixture (4-13)
1 : 1.5 e
3
¥P{"H} NMR (eq 4-13) Figure 4-16
20 °C —40 °C
37 2 (  A)
("J(Rh—P) = 133 Hz) 2J(P-P) =
55 Hz)
3- 37
F G H
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O O
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Figure. 4-16. *'P {"H} NMR spectra (162 MHz, acetone-dg) at various temperatures.
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527.8 (dd, JPRh =133 HZl Jpp =55 HZ)
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Scheme 4-28  RhH(CO)(PPhs);  4- 1-

Cc=C Rh-H anti-Markovnikov
proximal C—-C 3-
I
proximal 4-
37 36 P
Rh—H -
anti-Rh{773-CH2CCHCH3)C(CH2)Ph}(PPh3)2 (36)
Scheme 4-28
RhH(CO)(PPh3)3 anti-Markovnikov Ph SB-Alkyl elimination ocC

+

Ph
EA iy
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Ph PO(l: \\\\\ PhSP\Me"" Ph
3 >Rh‘\\\ _ = /Rh—>
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37 36

in situ

C
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Rh-H + %

(Scheme 4-29)
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Scheme 4-29
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4-6.

MH(CO)(PPhs)s (M = Rh Ir)  2,2- -1-
3- M{n", n*-CH,C(CH,CH,Ph),
CH=CH_2}(CO)(PPh3); (M = Rh (22) Ir (23)) M—H
C=C anti-Markovnikov
3-
C-H

trans-Rh{(Z)-5'-CH=CH-C(CH>CH,Ph),}(CO)(PPhs), (24)
trans-Ir{(E)-n'-CH=CH-C(CH,CH,Ph),}(CO)(PPhs), (25)

MH(CO)(PPhs)s (M = Rh Ir)  3- -1,5- 3-
(31) c- trans-M{C=CC(CH,CH,Ph),CHs}
(CO)(PPhs), (32; M = Rh, 33; M = Ir)
RhH(CO)(PPhs)s 4- -
[2.2] 2
4- 37 B~
Rh—H —

36
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RAXIS IV Imaging Plate Rigaku Saturn CCD
Lorentz-Polarization
74
Windows teXsan™ Crystal
Structure™
full-matrix
D
4)
Shimadzu GC-MS QP-8000 Hitachi M-80 mass
spectrometer
5)

Yanaco MT-5 CHN autocorder

Ptl,(PPhs),"  Pt(PEts)s*> RhH(CO)(PPh3)s® IrH(CO)(PPhs)s*
®> Ph,PH(D)®
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[PtsH2(PEt3)2(u-PPh3)s] (1)

Pt(PEt;); (560.1 mg, 1.02 mmol) (15 mL)
Ph,PH (348 puL, 2.0 mmol)
12
(10 mL) 96
5 mL 2

[PtsH2(PEt3)2(u-PPhyz)4] (1) (425 mg, 0.27 mmol, 80% / based on
Pt , anti : syn = 78 : 22, determined by 'H NMR)
X

'"H NMR (500 MHz, CD,Cl;, 25 °C): § = —6.10 (ddd, (syn) 2J(H-P) =11, 23,
142 Hz, 'J(H-Pt) = 1036 Hz, 2H, Pt-H), —5.83 (ddd, (anti) 2J(H-P) = 10, 22,
142 Hz, "J(H-Pt) = 1032 Hz, 2H, Pt-H), 0.84 (dt, (anti) *J(H-H) = 7 Hz,
*J(H-P) =17.0 Hz, 18H, PCH,CHSs, overlapped syn), 1.24 (dq, (anti) *J(H-H) =
8 Hz, 2J(H-P) = 8 Hz, 12H, PCH,CH;), 1.34 (dq, (syn), *J(H-H) = 8 Hz,
2J(H-P) = 8 Hz, 12H, PCH,CH3), (6.79-7.30 (m, (anti) 40H, Ph, overlapped
syn).

*"P{"H} NMR (202 MHz, CD,Cl,, 25 °C): 6 = 18.6 (m (anti), ?°J(P-P) = 308
Hz, '"J(P-Pt) = 2294 Hz, overlapped syn), -105.9 (m (anti), ?J(P-P) = —-19,
108, 300 Hz, "J(P-Pt) = 1807, 1935 Hz, ®J(P-Pt) = 13 Hz, overlapped syn),
-118.6 (m (anti), *J(P-P) = -=19, 108, 200 Hz, 'J(P-Pt) = 1232, 1273 Hz,
*J(P-Pt) = 248 Hz, overlapped syn).

IR (KBr): v(PtH) = 1989 cm™".

Elemental Analysis for Ce3H760PsP1;.

Calcd. : C, 46.70; H, 4.73%.

Found : C, 46.37; H, 4.86%.

[PtoH2(PEt3)2(u-PPhy),] (2)
Pt(PEts)s (1.1 g, 2.0 mmol) (5 mL) Ph,PH
(360 pL, 2.0 mmol)
15
—-20 °C
[Pt2H2(PEts)2(u-PPhs)2] (2) (668 mg, 67%, anti : syn = 82:18)
'H NMR (500 MHz, toluene-dg, 25 °C): 6 = —=6.13 (br, (syn), ?J(H-P) = 198
Hz, "J(H-Pt) = 1034 Hz, 2H, PtH), -5.69 (ddd, (anti) ?J(H-P) = 47, 61, 198 Hz,
'J(H-Pt) = 1046 Hz, 2H, PtH), 0.88 (dt, (anti) *J(H-H) = 8 Hz, *J(H-P) = 16 Hz,
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18H, PCH,CHj, overlapped syn), 1.20 (m, (anti) *J(H-H) = 8 Hz, 12H,
PCH,CH3), 1.32 (br, (syn) 12H, PCH,CH3), 6.94-7.10 (m, (anti) 12H, Ph,
overlapped syn), 7.89 (m, 8H, Ph, overlapped syn).

*"P{"H} NMR (202 MHz, toluene-ds, 25 °C): 8 = -97.96 (m, *J(P-P) = —-186,
77, 295 Hz, "J(P-Pt) = 1258, 1782 Hz, u-PPh;), 21.95 (m, *J(P-P) = —11 Hz,
2J(P-P) = —16, 295 Hz, 'J(P-Pt) = 2348 Hz, *J(P-Pt) = —13 Hz, PEts;)

IR (KBr): v(PtH) = 2004 cm™".

[PtsH(PEt;)s(#-PPh2)s] (3)
Pt(PEt;); (560 mg, 1.0 mmol) (3 mL)
Ph,PH (180 pL, 1.0 mmol)
24
-20 °C
[PtsH(PEts3)3(u-PPh3)s] (3) (440 mg,
87%) Pt(PEts)s Ph,PH 1:2
X

'H NMR (500 MHz, CD,Cl,, 25 °C): § = -7.98 (dt, 2J(H-P) = 26, 66 Hz,
'J(H-Pt) = 899 Hz, 1H, PtH), 0.56 (dt, *J(H-H) = 8 Hz, ®*J(H-P) = 16 Hz, 18H,
PCH,CHs;), 1.03 (dt, *J(H-H) = 8 Hz, *J(H-P) = 16 Hz, 9H, PCH,CH,3), 1.16 (dq,
*J(H-H) = 8 Hz, ?J(H-P) = 4 Hz, 12H, PCH,CH3;), 1.40 (dq, ®*J(H-H) = 8 Hz,
2J(H-P) = 8 Hz, 6H, PCH,CH3), 6.95-6.96 (m, 12H, Ph), 7.28-7.33 (m, 6H,
Ph), 7.54-7.55 (m, 8H, Ph), 7.78 (m, 4H, Ph).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): & = 8.21 (s, *J(C-Pt) = 20 Hz,
PCH,CH3), 9.15 (s, *J(C-Pt) = 26 Hz, PCH,CH3), 19.38 (m, 'J(C-P) =2, 10 Hz,
2J(C—Pt) = 45 Hz, PCH,CH3), 20.23 (d, 'J(C-P) = 29 Hz, 2J(C-Pt) = 36 Hz,
PCH,CH3;), 126.12 (s, Ph-para), 126.43 (d, *J(C-P) = 8 Hz, Ph-meta), 127.73
(d, ®*J(C-P) = 10 Hz, Ph-meta), 127.79 (s, Ph-para), 133.14 (d, ?J(C-P) = 13
Hz, ®*J(C-Pt) = 16 Hz, Ph-ortho), 135.82 (d, 2J(C-P) = 12 Hz, 3J(C-Pt) = 32 Hz,
Ph-ortho), 141.65 (d, '"J(C-P) = 19 Hz, 2J(C-Pt) = 35 Hz, Ph-ipso), 147.94 (d,
'J(C-P) = 18 Hz, Ph-ipso).

*'P{"H} NMR (202 MHz, CD,Cl,, 25 °C): 8§ = —24.68 (br, ?J(P-P) = 147,
210 Hz, 2J(P-Pt) = =160 Hz, 'J(P-Pt) = 1960, 2239 Hz, u-PPh), 13.64 (t,
2J(P-P) = 147 Hz, '"J(P-Pt) = 2403 Hz, PEt;), 15.38 (m, ?J(P-P) = 15 Hz,
*J(P-Pt) = 48 Hz, 2J(P-Pt) = 502 Hz, 'J(P-Pt) = 2942 Hz, PEts), 161.50 (tt,
J(P-P) = 15, 210 Hz, "J(P-Pt) = 2700 Hz, u-PPh).

IR (KBr): v(PtH) = 2035 cm™".

Elemental Analysis for Cs4H76P6P13.
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Calcd. : C, 43.35; H, 5.12%.
Found : C, 43.59; H, 4.88%.

[PtoH2(PEts)2(u-P'Buz)2] (4)

(10 mL) Pt(PEt;)s (549.6 mg, 1.00 mmol) (
) (407 pL, 2.2 mmol) 70 °C
24
-78 °C (2 mL)
[PtaH2(PEts)2(u-P'Buz),] (330.8 mg, 0.36 mmol, 72 %) -20 °C
X

'"H NMR (500 MHz, CgDs, 25 °C): 8 = —7.33 (ddd, J(H-P) = 18.5, 23.0,
151.0 Hz, "J(H-Pt) = 903.0 Hz), 1.01 (dt, J(H-P) = 7.5, 15.5 Hz), 1.68 (d,
J(H-P) = 11.5 Hz), 1.71 (dq, J(H-P) = 7.5, 8.0 Hz).

3C{"H} NMR (125.7 MHz, C¢Dg, 25 °C): & = 9.32 (J(C-Pt) = 22.7 Hz),

22.43 (d, J(C-P) = 24.8 Hz, J(C-Pt) = 57.9 Hz), 33.8 (d, J(C-P) = 6.3 Hz),
34.01 (d, J(C-P) = 39.2 Hz).
*'P{"H} NMR (122 MHz, CgDg, 25 °C): & = —83.63 (m, 2J(P-P) = —15, 40,

285 Hz, 'J(P-Pt) = 1763 Hz, u-P'Bu), 21.97 (m, *J(P-P) = —20 Hz, ?J(P-P) =
-15, 285 Hz, '"J(P-Pt) = 1496, 2016 Hz, PEts).

IR (KBr): v(PtH) = 2022 cm™".

Elemental Analysis for CogHggP4Pts.

Calcd. : C, 36.60; H, 7.46%.

Found : C, 36.39; H, 7.22%.

Pt(PEt3)3 2 Ph,PH

Pt(PEt;); (110 mg, 0.2 mmol) (5 mL)
[PtoH2(PEt;3)2(u-PPh3)2] (2) (200 mg, 0.2 mmol) Ph,PH (86 nuL, 0.5
mmol) 12
(10 mL) 96

5 mL (2 )

1(219 mg, 0.14 mmol, 70%)

3 Ph,PH
3 (225 mg, 0.15 mmol) (5 mL) Ph,PH
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(27 pL, 0.3 mmol)
12
(10 mL) 96
5 mL 2 )
1 (176 mg, 0.11 mmol, 75%)

Pt(PEts)s  Ph,PH NMR tube

NMR tube Pt(PEts3)s (55 mg, 0.1 mmol), (0.6 mL),
(17 uL, 0.1 mmol) Ph,PH (35 puL, 0.2 mmol)
'H NMR 168
Pt(PEt;)s

[Pt3(SiPh3)(PEts)2(u-PPh3)s] (5)

[PtsH(PEts)s(u-PPh3)s] (3) (150 mg, 0.1 mmol) (3 mL)

Ph3;SiH (26.0 mg, 0.1 mmol)
12
(5 mL) -78 °C
(2 mL)
[Pt3(SiPh3)(PEts)2(u-PPh3y)s] (5) (123.5 mg, 0.075
mmol, 75%) -
X

'H NMR (500 MHz, CD,Cl,, 25 °C): 8 = 0.38 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 16 Hz, 18H, PCH,CHs), 1.51 (dq, *J(H-H) = 8 Hz, *J(H-P) = 16 Hz, 12H,
PCH,CHs;), 6.72 (t, *J(H-H) = 8 Hz, 6H, SiPh), 6.87-6.90 (m, 9H, SiPh), 6.94
(t, ®*J(H-H) = 8 Hz, 8H, u-PPh), 7.05-7.13 (m, 12H, u-PPh), 7.23 (m, 2H,
u-PPh), 7.29 (m, 4H, u-PPh), 7.75 (m, 4H, u-PPh).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): 6 = 7.91 (s, PCH,CH3), 18.70 (dd,
PCH,CH3;), 126.05 (s), 127.21 (m), 127.32 (br), 127.93 (m), 133.74 (dt, J = 13,
2 Hz), 133.94 (dt, J =7, 2 Hz), 137.18 (s, J(C-Pt) = 23 Hz), 139.69 (dt, J = 18,
2 Hz), 140.24 (dt, J = 31, 2 Hz), 146.68 (s, J(C—Pt) = 66 Hz, Ph-ipso).

*'P{"H} NMR (202 MHz, CD,Cl,, 25 °C): § = -7.68 (s, 'J(P-Pt) = 4133,
2J(P-Pt) = 191 Hz, *J(P-P) = 108 Hz, PEt;3), 79.05 (m, 'J(P-Pt) = 2330,
2J(P-Pt) = =70 Hz, 2J(P-P) = 195 Hz, u-PPh,), 92.49 (m, 'J(P-Pt) = 2283,
2195, 2J(P-Pt) = 147 Hz, 2J(P-P) = 195 Hz, u-PPh,).

Elemental Analysis for CegH75P5Si1Pt3.

Calcd. : C, 48.44; H, 4.62%.

Found : C, 48.44; H, 4.41%.
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[Pt3(SiHPh2)(PEt3)2(u-PPh2)s] (6)

[PtsH(PEts)3(4-PPh2)s] (3) (150 mg, 0.1 mmol) (3 mL)
Ph,SiH, (18.6 uL, 0.1 mmol)
3
(5 mL) ~78 °C
(5mL) 2

[Pts(SiHPh2)(PEts)2(4-PPh2)s] (6) (128.0 mg,
0.082 mmol, 82%) -
X

'"H NMR (500 MHz, CD,Cl,, 25 °C): 8 = 0.44 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 16 Hz, 18H, PCH,CH,), 1.61 (dt, *J(H-H) = 8 Hz, *J(H-P) = 16 Hz, 12H,
PCH,CHSs), 5.74 (t, *J(H-P) = 10 Hz, *J(H-Pt) = 65 Hz, 2J(H-Pt) = 170 Hz, 1H),
6.77 (t, *J(H-H) = 8 Hz, 4H, Ph), 6.89-6.92 (m, 6H, Ph), 7.06 (t, *J(H-H) = 8
Hz, 8H, Ph), 7.13 (m, 4H, Ph), 7.23 (m, 2H, Ph), 7.29 (m, 4H, Ph), 7.37-7.42
(m, 8H, Ph), 7.71-7.74 (m, 4H, Ph).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): 6 = 8.01 (s, PCH,CH3), 19.25 (t,
2J(C—P) = 16 Hz, *J(C—Pt) = 64 Hz, PCH,CH3), 126.12 (s, Ph-para), 126.43 (d,
®J(C—P) = 8 Hz, Ph-meta), 127.73 (d, ®*J(C-P) = 10 Hz, Ph-meta), 127.79 (s,
Ph-para), 133.14 (d, 2J(C-P) = 13 Hz, *J(C-Pt) = 16 Hz, Ph-ortho), 135.82 (d,
2J(C—P) = 12 Hz, ®J(C-Pt) = 32 Hz, Ph-ortho), 141.65 (d, 'J(C-P) = 19 Hz,
2J(C—Pt) = 35 Hz, Ph-ipso), 147.94 (d, '"J(C-P) = 18 Hz, Ph-ipso).

*"P{"H} NMR (202 MHz, CD,Cl,, 25 °C): 8 = -4.43 (m, 'J(P-Pt) = 4191 Hz,
2J(P-Pt) = 188 Hz, PEts), 79.96 (m, 2J(P-P) = 199 Hz, 'J(P-Pt) = 2379 Hz,
2J(P-Pt) = =76 Hz, u-PPh;), 91.73 (m, 2J(P-P) = 240 Hz, 'J(P-Pt) = 2203,
2216 Hz, 2J(P-Pt) = 132 Hz, u-PPh,).

Elemental Analysis for CgoH71P5Si{Pts.

Calcd. : C, 46.18; H, 4.59%.

Found : C, 46.52; H, 4.65%.

[Pt3(S|MGzCsH4S|MezH)(PEts)z(ﬂ'PPh2)3] (7)

[PtsH(PEt3)3(u-PPhyz)s] (3) (208 mg, 0.14 mmol) (5 mL)
1,4- ( ) (30 pL, 0.14 mmol)
50 °C
24 (5 mL) -78 °C
(3 mL)
2

[Pt3(SiMe,CeHaSiMe,H)(PEts)2(1-PPhs)s] (7) (192.5 mg, 0.12 mmol, 88%)
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- X

'H NMR (500 MHz, CD,Cl,, 25 °C): & = 0.25 (s, *J(H-Pt) = 34 Hz, 6H,
SiCHs), 0.29 (d, *J(H-H) = 3.5 Hz, SiHCHj3), 0.40 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 15.5 Hz, 18H, PCH,CH3;), 1.52(t, *J(H-H) = 7.5 Hz, 12H, PCH,CH3) 4.33
(seq, *J(H-H) = 3.5 Hz, "J(H-Si) = 184.0 Hz, 1H, SiH), 6.82 (d, *J(H-H) = 7.5
Hz, 2H, SiCeH,Si), 6.96 (d, *J(H-H) = 7.5 Hz, 2H, SiC¢H,Si), 7.08-7.14 (m,
12H, u-PPh), 7.09 (t, 2H, *J(H-H) = 7.0 Hz, u-PPh), 7.26 (t, 4H, *J(H-H) = 7.0
Hz, u-PPh), 7.50 (m, 8H, u-PPh). 7.69 (t, 4H, *J(H-H) = 8.0 Hz, u-PPh).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): 8 = —=3.43 (s, SiHCH;), 6.76 (s,
SiCHs), 7.99 (s, PCH,CHj3), 19.01 (t, "J(C—P) = 15.5 Hz, PCH,CH3), 127.44, (t,
*J(C-P) = 5.2 Hz, u-PPh-meta), 127.77, (s, u-PPh-para), 127.88 (d, ®J(C-P) =
10.3 Hz, u-PPh-meta), 127.94 (s, u-PPh-para), 132.02 (s, SiCHj3), 133.56 (d,
2J(C—P) = 22.7 Hz, u-PPh-ortho), 134.01 (t, ?J(C—Pt) = 6.7 Hz, u-PPh-ortho),
140.11-140.68 (m, u-PPh-ipso), 153.42 (s, SiC¢H4Si-ipso).

Elemental Analysis for CssH77P5Si,Pt;.

Calcd. : C, 44.36; H, 4.94%.

Found : C, 43.09; H, 4.69%.

[Pts(PEts)s(u-PPh2)s]"I™ (8)
[PtsH(PEts)s(u-PPhy)s] (3) (150 mg, 0.1 mmol) (2 mL)
(6.2 uL, 0.1 mmol)

5 (5 mL)
2
[Pt3(PEts)s(u-PPh,)s]* 1" (8) (130.0 mg, 0.08 mmol, 80%)
- X

'H NMR (500 MHz, CD,Cl,, 25 °C): & = 0.39 (dt, *J(H-H) = 8 Hz, J(H-P) =
17 Hz, 27H, PCH,CH,3), 1.62 (m, ®J(H-H) = 8 Hz, 18H, PCH,CHjs), 7.31-7.34
(m, 18H, Ph), 7.67 (m, 12H, Ph).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): § = 7.87 (s, ®J(C-Pt) = 25 Hz,
PCH,CH3), 18.7 (m, 'J(C-P) = 15 Hz, 2J(C-Pt) = 60 Hz, PCH,CH3), 128.55 (m,
*J(C-P) = 5 Hz, Ph-meta), 129.31 (s, Ph-para), 133.47 (ddd, J(C-P) =2, 5, 9
Hz, Ph-ortho), 137.11 (ddd, J(C-P) = 2, 13, 24 Hz, Ph-ipso).

*'P{"H} NMR (202 MHz, CD,Cl,, 25 °C): 6 = -2.65 (m, 2J(P-P) = 63 Hz,
2J(P-Pt) = 118 Hz, 'J(P-Pt) = 4173 Hz), 81.47 (m, ?J(P-P) = —-211 Hz,
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?J(P-Pt) = —103 Hz, '"J(P-Pt) = 2246 Hz).
Elemental Analysis for Cs4H75PglIPt3.
Calcd. : C, 39.98; H, 4.66; |, 7.82%.
Found : C, 39.85; H, 4.40; |, 8.05%.

[Pt3(PEts)s(u-PPh3)3] [B4O4(OH)(CsHsMe-4)4]" (9)

[PtsH(PEt3)3(u#-PPhz)s] (3) (150 mg, 0.1 mmol) (3 mL)
(4- ) (54.4 mg, 0.4 mmol)
30
(5 mL) -78 °C
(5 mL) 2

[Pts(PEts)s(u-PPh2)s]”
[B.04(OH)(CeHsMe-4),]" (9) (182.5 mg, 0.092 mmol, 92%)
- X

'H NMR (500 MHz, CD,Cl,, 25 °C): 8 = 0.41 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 18 Hz, 27H, PCH,CH,), 1.63 (dq, *J(H-H) = 8 Hz, *J(H-P) = 8 Hz, 18H,
PCH,CH3), 2.24 (s, 3H, Me), 2.35 (s, 3H, Me), 2.39 (s, 6H, Me), 6.95 (d,
*J(H-H) = 8 Hz, 2H), 7.15 (d, *J(H-H) = 8 Hz, 2H), 7.21 (d, *J(H-H) = 8 Hz,
4H), 7.31-7.36 (m, 18H, Ph), 7. 51 (d, *J(H-H) = 8 Hz, 2H), 7.53 (s, 1H, OH),
7.67-7.71 (m, 12H), 7.88 (d, *J(H-H) = 8 Hz, 2H), 8.01 (d, *J(H-H) = 8 Hz,
4H).

""B{'"H} NMR (161 MHz, CD,Cl,, 25 °C): 6 = 4.10 (br, 1B), 28.12 (br, 3B).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): § = 7.92 (s, ®J(C-Pt) = 25 Hz,
PCH,CH3), 18.78 (t, '"J(C-P) = 16 Hz, 2J(C-Pt) = 71 Hz, PCH,CH3;), 21.32 (s,
Me), 21.68 (s, Me), 21.77 (s, 2C, Me), 127.62 (s), 128.09 (s), 128.32 (s),
128.60 (t, *J(C-P) = 5 Hz, Ph-meta), 129.39 (s, Ph-para), 131.60 (s), 133.51
(ddd, J(C-P) = 2, 5, 9 Hz, Ph-ortho), 133.88 (s, Ph-ipso), 134.96 (s), 135.15
(s), 137.17 (ddd, J(C-P) = 2, 13, 24 Hz, Ph-ipso), 138.82 (s, Ph-ipso), 139.80
(s, 2C, Ph-ipso).

*'P{"H} NMR (202 MHz, CD,Cl,, 25 °C): § = -2.63 (m, 2J(P-Pt) = 1186,
'J(P-Pt) = 4168 Hz, PEt;), 81.56 (m, 2J(P-P) = —-208 Hz, ?J(P-Pt) = —-92 Hz,
'J(P-Pt) = 2240 Hz, u-PPh,).

Elemental Analysis for CgoH194B405PgP13.

Calcd. : C, 49.64; H, 5.28%.

Found : C, 49.91; H, 5.41%.
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[Pt3(PEts)s(u-PPh3)3]" [B4O4(OH)(CsH4F-4)4]" (10)

[PtsH(PEt3)3(u#-PPhz)s] (3) (150 mg, 0.1 mmol) (3 mL)
(4- ) (54.4 mg, 0.4 mmol)
30
(5 mL) -78 °C
(5 mL) 2

[Pts(PEts)s(u-PPhy)s]”
[B4O4(OH)(CsH4F-4),]" (10) (186.5 mg, 0.093 mmol, 93%)

'"H NMR (500 MHz, CD,Cl,, 25 °C): 8 = 0.40 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 17 Hz, 27H, PCH,CH,), 1.62 (dq, *J(H-H) = 8 Hz, *J(H-P) = 8 Hz, 18H,
PCH,CH3), 6.83 (t, *J(H-H) = 9 Hz, 2H), 6.99 (t, *J(H-H) = 9 Hz, 2H), 7.06 (m,
4H), 7.30-7.34 (m, 18H), 7.39 (s, 1H, OH), 7.60 (t, *J(H-H) = 8 Hz, 2H),
7.59-7.69 (m, 12H), 7.96 (t, *J(H-H) = 8 Hz, 2H), 8.10 (m, 4H).

""B{'"H} NMR (161 MHz, CD,Cl,, 25 °C): = 3.95 (br, 1B), 27.67 (br, 3B).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): § = 7.90 (s, *J(C-Pt) = 22, 11 Hz,
PCH,CH3;), 18.76 (t, "J(C—P) = 18 Hz, 2J(C—Pt) = 72 Hz, PCH,CH3), 113.28 (d,
2J(C—F) = 19 Hz), 114.01 (d, 2J(C—F) = 20 Hz), 114.31 (d, ?J(C-F) = 20 Hz),
114.43 (d, 2J(C—F) = 20 Hz), 128.60 (m, *J(C-P) = 5 Hz, Ph-meta), 129.37 (s,
Ph-para), 132.91 (d, *J(C-F) = 6 Hz), 133.52 (dd, J(C—P) = 5, 9 Hz, Ph-ortho),
136.86 (d, *J(C-F) = 7 Hz), 137.14 (d, ®*J(C-F) = 7 Hz), 137.17 (dd, J = 25 ,16
Hz, Ph-ipso), 137.27 (d, *J(C-F) = 8 Hz), 161.91 (d, 'J(C-F) = 239 Hz),
164.46 (d, 'J(C-F) = 245 Hz), 164.91 (d, "J(C—F) = 247 Hz), 164.94 (d,
'J(C-F) = 246 Hz).

"F{"H} NMR (282 MHz, CD,Cl,, 25 °C): 6 = -112.23 (m, 1F), -112.36 (m,
1F), -113.66 (m, 1F), —120.40 (m, 1F).

*"P{"H} NMR (202 MHz, CD,Cl,, 25 °C): § = —=2.65 (m, 2J(P-Pt) = 117 Hz,
'J(P-Pt) = 4168 Hz, PEt;), 81.56 (m, 2J(P-P) = —-206 Hz, *J(P-Pt) = —-99 Hz,
'J(P-Pt) = 2234 Hz, u-PPh,).

Elemental Analysis for C;gHq2B4F4O5PsP1;.

Calcd. : C, 46.84; H, 4.64%.

Found : C, 46.50; H, 4.68%.

[Pt3(PEts)s(u-PPh3)3]" [B4O4(OH)(CsH4CF3-4)4] (11)

[PtsH(PEt3)3(u-PPhy)s] (3) (150 mg, 0.1 mmol) (3 mL)
(4- ) (76.0 mg, 0.4 mmol)
30 (5 mL) -78 °C
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(5 mL)
2
[Pts(PEts)s(u-PPhy)s] [B4O4(OH)(CeH4sCF3-4)4]" (11) (188.5 mg, 0.086 mmol,
86%)

'H NMR (500 MHz, CD,Cl,, 25 °C): 8 = 0.40 (dt, *J(H-H) = 8 Hz, *J(H-P)
= 16 Hz, 27H, PCH,CH,), 1.62 (dq, *J(H-H) = 8 Hz, *J(H-P) = 8 Hz, 18H,
PCH,CH3;), 7.30-7.33 (m, 19H, Ph overlapped OH), 7.42 (d, *J(H-H) = 8 Hz,
2H), 7.58 (d, *J(H-H) = 8 Hz, 2H), 7.66-7.68 (m, 16H), 7.81 (d, *J(H-H) = 8
Hz, 2H), 8.09 (d, *J(H-H) = 8 Hz, 2H),8.25 (d, *J(H-H) = 8 Hz, 4H).

""B{'"H} NMR (161 MHz, CD,Cl,, 25 °C): = 3.94 (br, 1B), 28.01 (br, 3B).

3C{"H} NMR (126 MHz, CD,Cl,, 25 °C): & = 7.91 (s, ®J(C-Pt) = 28 Hz,
PCH,CH3), 18.82 (t, '"J(C-P) = 16 Hz, ?J(C-Pt) = 71 Hz, PCH,CH;), 123.67 (q,
*J(C—F) = 4 Hz), 124.00 (q, ®J(C-F) = 4 Hz), 124.32 (q, *J(C-F) = 4 Hz),
125.12 (q, 'J(C—F) = 272 Hz, 2C, CF3), 125.26 (q, 'J(C—F) = 272 Hz, CF3),
125.77 (q, 'J(C—F) = 271 Hz, CF3), 127.26 (q, *J(C-F) = 32 Hz), 128.62 (t,
J(C-P) = 5 Hz, Ph-meta), 129.40 (s, Ph-para), 130.98 (q, 2J(C-F) = 32 Hz),
131.69 (s), 131.84 (q, ?°J(C-F) = 32 Hz), 133.56 (ddd, J = 9, 5, 2 Hz, Ph-ortho),
135.09 (s), 135.33 (s), 137.22 (ddd, J(C-P) = 24, 13, 2 Hz, 2J(C—Pt) = 68 Hz,
Ph-ipso), 140.61 (m), 142.26 (m).

"F{"H} NMR (282 MHz, CD,Cl,, 25 °C): 6 = -62.00 (s, 3F), -62.65 (s, 3F),
-62.78 (s, 6F).

*'P{"H} NMR (202 MHz, CD,Cl,, 25 °C): & = -2.67 (m, *J(P-P) = 2 Hz,
*J(P-P) = 10, 66 Hz, 2J(P-Pt) = 117 Hz, 'J(P-Pt) = 4168 Hz, PEt;), 81.60 (m,
2J(P-P) = —209 Hz, 2J(P-Pt) = —99 Hz, "J(P-Pt) = 2247 Hz, u-PPh,).

Elemental Analysis for CgoHg2B4F1205PsP13.

Calcd. : C, 44.42; H, 4.37%.

Found : C, 44.77; H, 4.22%.

3
[(2,2- ) ] (12a)
2,2- -1- (619 mg, 3 mmol)
(698 mg, 6 mmol) Ptl,(PPh3), (87 mg, 0.09 mmol, 3 mol %)
140 °C 1
( R = 0.56)
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(180-190 °C / 3 Torr)
[(2,2- ) ] (12a) (840 mg,
87%)

'"H NMR (300 MHz, CDCl3, 25 °C): 8§ = =0.11 (dd, J = 14.7 Hz, 11.7 Hz, 1H),
0.69 (q, J = 8.0 Hz, 6H), 1.05 (t, J = 8.0 Hz, 9H), 1.05-1.10 (overlapped, 1H),
1.24 (dd, J = 6.0 Hz, 5.1 Hz, 1H), 1.47 (dd, J = 8.7 Hz, 5.1 Hz, 1H), 1.71 (dddd,
J =11.7 Hz, 8.7 Hz, 6.0 Hz, 3.0 Hz, 1H), 7.20-7.48 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & = 3.50, 7.46, 13.49, 22.74,
23.05, 35.25, 125.38, 126.12, 127.40, 128.12, 131.02, 141.79, 147.83.

Elemental Analysis for C,,H30Si.

Calcd. : C, 81.92; H, 9.37%.

Found : C, 81.91; H, 9.12%.

(2,2- -3- ) (13a)
2,2- -1- (619 mg, 3 mmol)
(698 mg, 6 mmol) 7 mL 110 °C Pt-C
(10%) (176 mg, 0.09 mmol, 3 mol %) 48
(
Rf=0.58) (180-190 °C / 3 Torr)
(2,2- -3- )

(13a) (381 mg, 40%)

'"H NMR (300 MHz, CDCls, 25 °C): 8§ = 0.28 (q, J = 8.4 Hz, 6H), 0.81 (t, J
= 8.4 Hz, 9H), 1.73 (s, 2H), 4.59 (dd, J = 17.4 Hz, 1.5 Hz, 1H), 5.15 (dd, J =
10.5 Hz, 1.5 Hz, 1H), 6.58 (dd, J = 17.4 Hz, 10.5 Hz, 1H), 7.16-7.29 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): & = 4.47, 7.46, 24.59, 52.65,
114.30, 125.82, 127.68, 128.28, 146.44, 148.65.

Elemental Analysis for C,,H30Si.

Calcd. : C, 81.92; H, 9.37%.

Found: C, 81.94; H, 9.30%.

[(2,2- ) ] (12b)
12a
[(2,2- ) ]
(12b) (53%)
Rf = 0.10 ( ). m.p. 157-158 °C.
'"H NMR (300 MHz, CDCl3, 25 °C): § = 0.77 (dd, J = 15.6 Hz, 11.4 Hz, 1H),
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1.14 (t, J = 5.1 Hz, 1H), 1.28 (dd, J = 9.3 Hz, 5.1 Hz, 1H), 1.85 (dd, J = 15.6
Hz, 3.3 Hz, 1H), 1.82-1.93 (m, 1H), 7.11-7.62 (m, 25H).

3C{"H} NMR (75.3 MHz, CDCls3, 25 °C): § = 15.09, 22.05, 23.23, 35.90,
125.48, 126.26, 127.63, 127.82, 128.07, 128.25, 129.43, 130.86, 135.02,
135.76, 141.50, 147.40.

Elemental Analysis for C34H30Si.

Calcd. : C, 87.50; H, 6.48%.

Found : C, 87.28; H, 6.49%.

[(2,2- ) ] (12c)

12a
[(2,2- ) ]
(12¢) (85%)

Rf = 0.43 ( =10:1). b.p.210 °C/ 3 Torr.

'"H NMR (300 MHz, CDCl3, 25 °C): § = 0.11 (dd, J = 15.0 Hz, 11.4 Hz, 1H),
0.86-1.08 (m, 10H), 1.15 (dd, J = 6.0 Hz, 4.8 Hz, 1H), 1.27 (dd, J = 15.0 Hz,
3.0 Hz, 1H), 1.35 (dd, J = 8.7 Hz, 4.8 Hz, 1H), 1.67 (dddd, J = 11.4 Hz, 8.7 Hz,
6.0 Hz, 3.0 Hz, 1H), 7.13-7.57 (m, 15H).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): 6 = 3.67, 3.84, 7.41, 7.46, 13.97,
22.37,22.93, 35.33, 125.41, 126.16, 127.47, 127.67, 128.09, 128.16, 128.79,
130.93, 134.19, 137.18, 141.69, 147.63.

Elemental Analysis for CosH30Si.

Calcd. : C, 84.26; H, 8.16%.

Found : C, 84.19; H, 8.11%.

[(2,2- ) ] (12d)
2,2- -1- (619 mg, 3 mmol)
(1060 mg, 6 mmol) Ptl,(PPh3), (87 mg, 0.09 mmol, 3
mol %) 80 °C 4
(220 °C / 3 Torr) [(2,2- )
] (12d) (81%)

"H NMR (300 MHz, CDCl3, 25 °C): & = 0.64 (dd, J = 15.0 Hz, 10.8 Hz, 1H),
1.25 (t, J = 5.4 Hz, 1H), 1.39 (dd, J = 8.7 Hz, 5.4 Hz, 1H), 1.72 (dd, J = 15.0
Hz, 3.6 Hz, 1H), 1.82 (m, 1H), 7.11-7.35 (m, 10H), 7.42-7.52 (m, 3H),
7.70-7.73 (m, 2H).
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3C{"H} NMR (75.3 MHz, CDCls3, 25 °C): & = 20.05, 21.98, 22.77, 35.16,
125.83, 126.61, 127.60, 128.23, 128.31, 128.44, 130.71, 131.63, 132.44,
133.44, 140.89, 146.58.

Elemental Analysis for C,,H20CI,Si.

Calcd. : C, 68.92; H, 5.26%.

Found : C, 69.31; H, 5.49%.

[(2,2- ) ] (12e)
2,2- -1- (619 mg, 3 mmol)
(812.7 mg, 6 mmol) Ptl,(PPh3), (87 mg, 0.09 mmol, 3
mol %) 80 °C 1
(150 °C / 3 Torr) [(2,2- )
] (12e) (81%)

'"H NMR (300 MHz, CDCl3, 25 °C): 6 = 0.68 (dd, J = 15.3 Hz, 10.8 Hz, 1H),
1.36 (t, J = 4.8 Hz, 1H), 1.46 (dd, J = 9.0 Hz, 5.3 Hz, 1H), 1.76 (dd, J = 15.3
Hz, 5.3 Hz, 1H), 1.78-1.92 (m, overlapped, 1H), 7.22-7.48 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCls3, 25 °C): & = 19.37, 21.54, 26.09, 35.20,
126.04, 126.84, 127.57, 128.32, 128.57, 130.60, 140.49, 146.08.

Elemental Analysis for C4sH5CI3Si.

Calcd. : C, 56.23; H, 4.42; Cl, 31.12%.

Found : C, 56.34; H, 4.66; Cl, 30.94%.

[(2,2- (4- ) ) ] (12f)

(2,2-  (4- )-1-
12a [(2,2- (4-
) ) ] (12f) (80%)

R = 0.39 ( ). b.p. 180 °C / 3 Torr.

'"H NMR (300 MHz, CDClj, 25 °C): § = —0.30 (dd, J = 15.0 Hz, 11.7 Hz,
1H), 0.55 (q, J = 8.1 Hz, 6H), 0.87-0.93 (overlapped, 1H), 0.91 (t, J = 8.1 Hz,
9H), 1.04 (dd, J = 6.0 Hz, 4.5 Hz, 1H), 1.27 (dd, J = 8.7 Hz, 4.5 Hz, 1H), 1.51
(dddd, J = 11.7 Hz, 8.7 Hz, 6.0 Hz, 3.0 Hz, 1H), 6.86-6.92 (m, 2H), 6.96-7.02
(m, 2H), 7.06=7.11 (m, 2H), 7.23-7.27 (m, 2H).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): & = 3.46, 7.44, 13.41, 22.47,
22.93, 34.00, 114.85 (d, J = 21 Hz), 115.13 (d, J(C-F) = 21 Hz), 128.90 (d,
J(C-F) = 8 Hz), 132.18 (d, J(C-F) = 8 Hz), 137.50 (d, J(C-F) = 3 Hz), 143.30 (d,
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J(C-F) = 3 Hz), 159.56 (d, J(C-F) = 244 Hz), 162.80 (d, J(C-F) = 244 Hz).
Elemental Analysis for C,oHgF,Si.
Calcd. : C, 73.70; H, 7.87; F, 10.60%.
Found : C, 74.11; H, 7.86; F, 10.10%.

{[2,2- ( ) ] } (129)
2,2- ( )-1-
12a {[2,2- ( )
] } (129) (46%)
Rs = 0.35 ( ). b.p. 220 °C/ 3 Torr.

'"H NMR (300 MHz, CDCl3, 25 °C): 6§ = -0.14 (t, J = 4.4 Hz, 1H), 0.24 (dd,
J = 14.7 Hz, 10.2 Hz, 1H), 0.43-0.56 (m, 2H), 0.55 (q, J = 8.0 Hz, 6H), 0.84
(dd, J = 14.7 Hz, 3.0 Hz, 1H), 0.93 (t, J = 8.0 Hz, 9H), 1.43-1.80 (m, 4H),
2.60-2.83 (m, 4H), 7.13-7.30 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & = 3.47, 7.51, 10.74, 19.85,
20.42, 23.65, 32.87, 33.08, 33.41, 40.03, 125.61, 125.63, 128.28, 128.32,
142.91, 143.20.

Elemental Analysis for CosH35Si.

Calcd. : C, 82.47; H, 10.11%.

Found : C, 82.57; H, 9.85%.

[2,2- (2- )-3- ] (139)
2,2- ( )-1-
12a [2,2- (2- )-3- ]
(13g) (40%)

Rs = 0.45 ( ). b.p. 220 °C / 3 Torr.

'"H NMR (300 MHz, CDClj, 25 °C): 8 = 0.64 (q, J = 7.8 Hz, 6H), 0.93 (s,
2H), 0.99 (t, J = 7.8 Hz, 9H), 1.77-1.83 (m, 4H), 2.57-2.63 (m, 4H), 5.05 (dd,
J=17.7 Hz, 1.5 Hz, 1H), 5.12 (dd, J = 11.1 Hz, 1.5 Hz, 1H), 5.88 (dd, J = 17.7
Hz, 11.1 Hz, 1H), 7.20-7.36 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & = 5.07, 7.59, 22.31, 30.56,
41.13, 42.07, 111.99, 125.66, 128.29, 128.38, 143.08, 147.71.

Elemental Analysis for C,sH35Si.

Calcd. : C, 82.47; H, 10.11%.

Found : C, 82.75; H, 10.16%.
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[(2- -2- ) ] (12h)

(2- -2- -3- ) (13h)
2- -2- -1- 12a
12h  13h (67%) 41
(two diastereomers 1:1) : 59 (determined by '"H NMR) 'H NMR
12h 13h
Rf=0.71 ( ). b.p. 145 °C / 3 Torr.

'"H NMR (300 MHz, CDCls, 25 °C): 12h: 6 = -0.39 (dd, J = 14.7 Hz, 10.8 Hz,
1H), 0.43-0.47 (m, 1H), 0.54 (q, J = 8.1 Hz, 6H), 0.63 (q, J = 8.1 Hz, 6H),
0.65-0.72 (m, 1H), 0.82-0.91 (m, 1H), 0.91-1.04 (m, 1H), 0.93 (t, J = 8.1 Hz,
9H), 1.00 (t, J = 8.1 Hz, 9H), 1.01-1.05 (m, 1H), 1.18-1.30 (m, 4H), 1.39 (s, 3H),
1.49 (s, 3H), 7.15-7.38 (m, 10H); 13h: § = 0.28-0.34 (m, 1H), 0.42 (dq, J = 7.8
Hz, 3.5 Hz, 6H), 0.88 (t, J = 7.8 Hz, 9H), 1.14-1.18 (m, 1H), 1.42 (s, 3H), 5.05
(dd, J = 10.5 Hz, 1.2 Hz, 1H), 5.08 (dd, J = 17.1 Hz, 1.2 Hz, 1H), 6.12 (dd, J =
17.1 Hz, 10.5 Hz, 1H), 7.15-7.28 (m, 5H).

3C{"H} NMR (75.3 MHz, CDCls;, 25 °C): 12h: & = 3.41, 3.44, 7.45, 7.49,
11.13, 12.91, 21.43, 22.47, 23.76, 25.70 (overlapped with two carbons), 26.16,
27.80, 28.47, 125.62, 125.67, 126.43, 127.91, 128.14, 129.55, 148.99, 149.31;
13h: & = 4.60, 7.40, 19.95, 22.81, 43.28, 110.24, 125.09, 126.28, 127.97,
144.13, 149.26.

Elemental Analysis for C47H2gSi.

Calcd. : C, 78.38; H, 10.61%.

Found : C, 78.23; H, 10.61%.

(2- -3- ) (13i)
2- -1- 12a
(2- -3- )
(13i) (57%)

Rs = 0.68 ( ). b.p. 140 °C / 3 Torr.

'"H NMR (300 MHz, CDCls, 25 °C): 8 = 0.43-0.52 (dq, J = 8.1 Hz, 4.2 Hz,
6H), 0.93 (t, J = 8.1 Hz, 9H), 1.12 (d, J = 7.8 Hz, 2H), 3.46 (dt, J = 7.8 Hz, 7.8
Hz, 1H), 4.98 (ddd, J = 9.9 Hz, 1.5 Hz, 0.9 Hz, 1H), 5.06 (dt, J = 17.1 Hz, 1.5
Hz, 1H), 6.04 (ddd, J = 17.1 Hz, 9.9 Hz, 7.8 Hz, 1H), 7.20-7.36 (m, 5H).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & = 3.63, 7.34, 18.44, 45.76,
112.30, 126.06, 127.31, 128.35, 145.00, 146.56.

Elemental Analysis for C45H25Si.
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Calcd. : C, 77.97; H, 10.63%.
Found : C, 77.80; H, 10.37%.

(2-p- -3- ) (13j)
2-p- -1-
12a (2-p- -3-
) (13j) (37%)

R = 0.60 ( =10:1). b.p. 120 °C/ 3 Torr.

'"H NMR (300 MHz, CDCl3, 25 °C): 8 = 0.39-0.48 (dq, J = 8.1 Hz, 4.5 Hz,
6H), 0.89 (t, J = 8.1 Hz, 9H), 1.05 (d, J = 7.5 Hz, 2H), 3.38 (dt, J = 7.5 Hz, 1H),
3.80 (s, 3 H), 4.91 (ddd, J = 9.9 Hz, 1.5 Hz, 1H), 4.98 (ddd, J = 17.1 Hz, 1.5
Hz, 1H), 5.97 (m, J = 17.1 Hz, 9.9 Hz, 1H), 6.84 (d, J = 9.0 Hz, 2H), 7.14 (d, J
= 9.0 Hz, 2H).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): & = 3.65, 7.35, 18.44, 44.84,
55.24, 111.88, 113.74, 128.19, 138.64, 145.39, 157.93.

Elemental Analysis for C47H25Si.

Calcd. : C, 73.85; H, 10.21%.

Found : C, 73.44; H, 10.07%.

(4,4- -3- ) (13k)
1,1- 12a
(4,4- -3- )
(13k) (58%)

Rs = 0.45 ( ). b.p. 185 °C/ 3 Torr.

'"H NMR (300 MHz, CDClj, 25 °C): 8 = 0.49 (q, J = 8.0 Hz, 6H), 0.71 (m,
2H), 0.91 (t, J = 8.0 Hz, 9H), 2.13 (m, 2 H), 6.16 (t, J = 7.7 Hz, 1H), 7.19-7.42
(m, 10H).

3C{"H} NMR (75.3 MHz, CDCljs, 25 °C): & = 3.24, 7.36, 11.97, 24.04,
126.64, 126.80, 127.15, 128.04, 128.07, 129.89, 133.01, 139.95, 140.18,
142.88.

Elemental Analysis for C,;H30Si.

Calcd. : C, 81.92; H, 9.37%.

Found : C, 81.54; H, 9.40%.

(6- -3- ) (131)

1- 12a
(6- -3- ) (131)
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(81%)

Rf=0.74 ( ). b.p. 155 °C / 3 Torr.

'"H NMR (300 MHz, CDClj, 25 °C): 86 = 0.56 (q, J = 8.1 Hz, 6H), 0.63 (m,
2H), 0.98 (t, J = 8.1 Hz, 9H), 2.04 (m, 2H), 2.34 (m, 2H), 2.72 (dd, J = 10.2,
8.1 Hz, 2H), 5.48 (dt, J = 15.3 Hz, 6.3 Hz, 1H), 5.56 (dt, J = 15.3 Hz, 6.3 Hz,
1H), 7.20-7.35 (m, 5H).

3C{"H} NMR (75.3 MHz, CDCljs, 25 °C): & = 3.35, 7.43, 11.32, 26.78,
34.39, 36.16, 125.67, 127.70, 128.22, 128.44, 134.05, 142.24.

Elemental Analysis for C4gH30Si.

Calcd. : C, 78.75; H, 11.02%.

Found : C, 78.75; H, 10.80%.

[(2,2- ) ] (15)
0°C 20 mL CuF, 2H,0 (2.06 g, 15 mmol) 12e
(1.71 g, 5.00 mmol) 2

(130-140 °C / 3 Torr)
[(2,2- ) ] (15)
(1.17 g, 80%)

'H NMR (300 MHz, CDCls3, 25 °C): & = 0.50 (ddq, J = 15.9 Hz, 10.2 Hz,
J(H-F) = 3.0 Hz, 1H), 1.24-1.33 (m, overlapped, 1H), 1.32 (t, J = 5.1 Hz, 1H),
1.48 (dd, J = 8.7 Hz, 5.1 Hz, 1H), 1.84 (m, 1H), 7.18-7.43 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): 8§ = 9.11 (q, J(C-F) = 18 Hz),
17.66, 21.11, 36.03, 126.09, 126.86, 127.67, 128.34, 128.60, 130.59, 140.25,
146.07.

"F{"H} NMR (282.3 MHz, CDCl;, 25 °C): = -137.14 (J(Si-F) = 286 Hz).

Elemental Analysis for C4gH5F3Si.

Calcd. : C, 65.73; H, 5.17%.

Found : C, 66.10; H, 5.23%.

[(2,2- ) ] (16)
1 mL 2 mL 150 mL
12e (1.02 g, 3.00 mmol) 16

(180-190 °C / 3 Torr)

[(2,2- ) ] (16) (0.86 g,
77%)
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'H NMR (300 MHz, CDCls, 25 °C): 6 = —=0.04 (dd, J = 15.3 Hz, 10.2 Hz,
1H), 0.93 (dd, J = 15.3 Hz, 3.9 Hz, 1H), 1.19 (t, J = 7.2 Hz, 9H), 1.14-1.20
(overlapped, 1H), 1.32 (dd, J = 9.0 Hz, 4.8 Hz, 1H), 1.68 (dddd, J = 10.2 Hz,
9.0 Hz, 6.0 Hz, 3.9 Hz, 1H), 3.78 (q, J = 7.2 Hz, 6H), 7.05-7.31 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCls3, 25 °C): = 12.51, 18.28, 20.83, 22.50,
35.52, 58.36, 125.46, 126.19, 127.57, 128.07, 128.15, 130.95, 141.43,
147.49.

Elemental Analysis for C,oH3003Si.

Calcd. : C, 71.31; H, 8.16%.

Found : C, 71.56; H, 8.44%.

2,2- (17)
240 mL THF/MeOH (1:1) KF (1.73 g, 30.0 mmol)
KHCO; (6.00 g, 60.0 mmol) 12e (1.71 g, 5.00 mmol)
1 4.98 mL 30% H,0;
12 6 g Na,S,0; 5H,0 1
50 mL
50 mL CH,ClI; MgSO,

(190-200 °C / 4
Torr) 2,2- (17)
(0.856 g, 76%)

'"H NMR (300 MHz, CDCls, 25 °C): 8§ = =1.25 (dd, J = 9.0 Hz, 5.1 Hz, 1H),
1.35 (t, J = 5.1 Hz, 1H), 1.64 (br s, 1H, OH), 1.96 (m, 1H), 3.34 (dd, J = 11.4
Hz, 7.8 Hz, 1H), 3.42 (dd, J = 11.4 Hz, 6.3 Hz, 1H), 7.09-7.39 (m, 10H).

3C{"H} NMR (75.3 MHz, CDCls;, 25 °C): = 17.89, 27.65, 35.55, 63.69,
125.91, 126.62, 127.77, 128.23, 128.48, 130.06, 141.03, 146.23.

Elemental Analysis for C45H60.

Calcd. : C, 85.68; H, 7.19%.

Found : C, 85.65; H, 7.21%.

2,2- -1- HSIEt; NMR tube
NMR tube Ptl,(PPh3), (2.9 mg, 3 x 10-% mmol, 3 mol %) 2,2-
-1- (206.3 mg, 0.1 mmol)
(23.3 mg, 0.2 mmol) (0.6 mL) 110 °C 200
200 12a 14 64% 22%

- 160 -



2,2- -1- PtH(l)(PPhs)

(0.6 mL) PtH(I)(PPhs), (21 mg, 0.025 mmol)  2,2-
1- (5.1 pL, 0.025 mmol) 110°C 9
1,1- -1,3- (14)  61%

"H NMR (300 MHz, CDCls, 25 °C): & = 5.11 (ddd, J = 10.2 Hz, 1.8 Hz, 0.9
Hz, 1H), 5.38 (ddd, J = 16.8 Hz, 1.8 Hz, 0.9 Hz, 1H), 6.43 (ddd, J = 16.8 Hz,
11.1 Hz, 10.2 Hz, 1H), 6.70 (d, J = 11.1 Hz, 1H), 7.19-7.40 (m, 10H).

20 mol % Ptlo,(PPhs3), 2,2- -1-
HSIEt;
Ptl,(PPh3)2 (97 mg, 0.10 mmol), 2,2- -1-
(50 pL, 0.5 mmol) (160 puL, 1.0 mmol)
140 °C 1 (10 mL x 3)
Pt(H)I(PPh3), (66 mg, 0.078 mmol, 78% based on Pt
complex)
(42 mg, 0.25 mmol)
"H NMR 12a (0.425 mmol, 85% based on
methylenecyclopropane) (0.094 mmol, 19%

based on hydrosilane)

Ptl,(PPh3), HSIEt;
5 mL Ptl,(PPhs3)2 (244 mg, 0.25 mmol)
(29 mg, 0.25 mmol) 110 °C 3

(5 mL x 3)
Ptl,(PPhs3),
PtH(I)(PPh3), (0.13 mmol, 51% NMR yield based on Pt complex)
(20 mg, 0.088 mmol,
70% isolated yield based on hydrosilane)

4
1,5- -3- (18)

100 mL  THF 100 mL 1,5-

-1,4- -3- (11.8 g, 50.4 mmol) 1g  Pd-C
(10%) 18
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15 mL 3
1,5- -3- (18) (11.9 g, 50 mmol,

99%)

'"H NMR (300 MHz, CDClj, 25 °C): § 2.67 (t, J = 7.8 Hz, 4H, PhCH,CH.,),
2.88 (t, J = 7.8 Hz, 4H, PhCH,CH,), 7.13-7.29 (m, 10H, Ph).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & 29.65 (PhCH,CH,), 44.44
(PhCH,CH,;), 126.06 (Ph-para), 128.25 (Ph-ortho), 128.44 (Ph-meta), 140.94
(Ph-ipso), 209.09 (CO).

2- -4- -1- (19)

250 mL THF (53.6 g,
150 mmol) tert-BuOK (17.4 g, 155.0 mmol) 1

1,5- -3- (18)
(11.9 g, 50 mmol) 18 NaHCO;
(300 mL) (150 mL)
(200 mL)
MgSO,
(
Rf=0.25) 2- -4- -1- (19) (10.2 g,

43.2 mmol, 86%)

'H NMR (300 MHz, CDCls, 25 °C): & 2.33-2.39 (m, 4H, PhCH,CH.,),
2.73-2.79 (m, 4H, PhCH,CH;), 4.81 (s, 2H, C=CH,), 7.15-7.20 (m, 6H, Ph),
7.25-7.31 (m, 4H, Ph).

3C{"H} NMR (75.3 MHz, CDCl;, 25 °C): & 34.35 (PhCH,CH,), 38.09
(PhCH2CH,), 109.63 (C=CH,), 125.79 (Ph-para), 128.31 (Ph-ortho and meta),
142.11 (Ph-ipso), 148.63 (C=CHy,).

1- -1- -2,2- (20)

150 mL 2- -4- -1-
(19) (11.7 g, 50 mmol) 1,1- (42ml, 500 mmol)
600 mL n-BulLi (1.6 M ) -45 °C 6
NaHCO; (400 mL)

(200 mL) MgSO,
( Rf=0.14)
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1- -1- -2,2- (20) (12.3 g, 41.2 mmol,
82%)
'"H NMR (300 MHz, CDCl3, 25 °C): § 0.61 (d, J = 6.3 Hz, 1H), 0.85 (d, J =
6.3 Hz, 1H), 1.70 (s, 3H, Me), 1.75 (m, 2H, PhCH,CH;), 2.02 (m, 2H,
PhCH,CH,;), 2.73 (m, 2H, PhCH,CH,), 2.77 (m, 2H, PhCH,CH,), 7.16-7.32 (m,
10H, Ph).
3C{"H} NMR (75.3 MHz, CDCls, 25 °C): & 24.78 (Me), 27.98 (CH,), 29.84
(C(Me)Cl), 33.00 (PhCH,CH,, 2C), 33.88 (PhCH,CH,), 35.81 (PhCH;CH,),
50.50 (C(CH,CH,Ph),), 125.80 (Ph-para), 125.95 (Ph-para), 128.22 (Ph),
128.33 (Ph), 128.36 (Ph), 128.45 (Ph), 142.03 (Ph-ipso), 142.40 (Ph-ipso).
Elemental Analysis for C,oH23ClI.
Calcd. : C, 80.38; H, 7.76%.
Found : C, 80.24; H, 7.90%.

2,2- -1- (21)
100 mL DMSO 1- -1- -2,2-
(20) (9.0 g, 30 mmol) tert-BuOK (9.5 g, 85 mmol)
12
100 mL 200 mL NaHCO; (150
Lx4 ) (150 mL x 2 )
MgSO,
( Rs=0.25) 2,2-
-1- (21) (6.3 g, 24 mmol, 80%)

'"H NMR (300 MHz, CDCls, 25 °C): & 0.97 (dd, J = 1.8, 2.4 Hz, 2H, CH,),
1.77 (m, 4H, PhCH,CH,), 2.68 (m, 4H, PhCH,CH,), 5.23 (dt, J = 1.2, 2.4 Hz, 1H,
C=CH,), 5.27 (m, 1H, C=CH,), 7.15-7.20 (m, 6H, Ph), 7.24-7.30 (m, 4H, Ph).

BCc{'"H} NMR (75.3 MHz, CDCl;, 25 °C): & 15.78 (CH,), 23.85
(C(CH,CH,Ph);), 32.97 (PhCH,CH,), 36.78 (PhCH,CH,), 102.02 (C=CH,),
125.71 (Ph-para), 128.31 (Ph-ortho), 128.33 (Ph-meta), 141.52 (C=CHy,),
142.33 (Ph-ipso).

Rh{#n", 7*>-CH,C(CH,CH,Ph),CH=CH,}(CO)(PPh3), (22)
RhH(CO)(PPh3); (142 mg, 0.15 mmol) (6 mL) 2,2-
-1- (21) (55 pL, 0.17 mmol)
1
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-78 °C
Rh{7"',n%-CH,C(CH,CH,Ph), CH=CH,}(CO)(PPhs), (22)
(127 mg, 0.14 mmol, 92%) 22

RhH(CO)(PPhj3), BC{'"H} NMR
X

'"H NMR (400 MHz, CD,Cl,, —40 °C): 8 —0.95 (partially collapsed d, 1H, J =
16.6 Hz, H* or H%), 0.37 (t, 1H, J = 5.4 Hz, H5 or H4), 0.91-0.98 (m, 1H, one of
Ph'CH,CH,), 1.21-1.28 (m, 1H, one of Ph'CH,CH,), 1.61 (t, 1H, J = 7.1 Hz, H?),
1.86-2.00 (m, 3H, H' and Ph?CH,CH,), 2.24-2.30 (m, 2H, Ph'"CH,CH,), 2.40 (m,
1H, H%), 2.44-2.56 (m, 2H, Ph?CH,CH,), 6.95-7.32 (m, 40H, Ph).

*"P{1H} NMR (161.7 MHz, CD,Cl,, —40 °C): & 38.8 (dd, 'J(Rh—P) = 90 Hz,
2J(P-P) = 20 Hz), 26.9 (dd, 'J(Rh-P) = 121 Hz, 2J(P-P) = 20 Hz).

IR (KBr): »(CO) = 1937 cm™".

Ir{n", n7*-CH,C(CH,CH,Ph),CH=CH,}(CO)(PPh3), (23)

IrH(CO)(PPh3); (120 mg, 0.12 mmol) (5 mL) 2,2-
-1- (21) (34 pL, 0.13 mmol)
70 °C 2
10 mL

(10 mL x 4 )

Ir{n", n*-CH,C(CH,CH,Ph),CH=CH,}(CO)(PPh3), (23) (111 mg, 0.11 mmol,
93%) 0 °C -
X

'H NMR (400 MHz, CD,Cl,, -40 °C): § —0.66 (m, 1H, H* or H®), 0.40 (m, 1H,
H® or H*), 1.10-1.17 (m, 2H, H? and one of Ph'CH,CH,), 1.34-1.43 (m, 2H, H'
and one of Ph'CH,CH,), 2.05-2.14 (m, 3H, H*® and Ph?CH,CH,), 2.14-2.36 (m,
2H, Ph'CH,CH;), 2.50-2.65 (m, 2H, Ph,CH,CH;), 7.05-7.36 (m, 40H, Ph).

*"P{"H} NMR (161.7 MHz, CD,Cl,, —40 °C):8 -7.66 (d, ?J (P-P)= 8 Hz),
8.17 (d, 2J (P-P)= 8 Hz).

3C{"H} NMR (100.4 MHz, CD,Cl,, 25 °C): 8 -9.91 (d, J = 60.6 Hz, IrC),
27.83 (PhCH,CH,), 29.44 (dd, J(C-P) = 9.1, J(C-P) = 3.6 Hz, C®), 32.00
(PhCH,CH,), 36.58 (d, J(C-P) = 23.9 Hz, C*), 40.66 (PhCH,CH,), 49.16 (dd,
J(C-P) = 5.5, J(C-P) = 3.7 Hz, C®), 49.86 (PhCH,CH,), 125.55 (Ph-para),
125.80 (Ph-para), 127.59 (d, J(C—P) = 9.1 Hz, PPhs-ortho), 128.09 (d, J(C-P)
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= 9.1 Hz, PPhs-ortho), 128.48 (Ph), 128.74 (Ph), 128.90 (Ph, 2C), 129.36
(PPhs-para), 129.87 (PPhj-para), 133.84 (d, J(C-P) = 11.0 Hz, PPhs3-meta),
134.68 (d, J(C-P) = 11.0 Hz, PPh;-meta), 134.46 (dd, J(C-P) = 40.4, J(C-P) =
3.7 Hz, PPh3-ipso), 136.91 (d, J(C-P) = 36.7 Hz, PPh;-ipso), 144.49 (Ph-ipso),
144.76 (Ph-ipso), 187.06 (dd, J(C-P) = 16.6, J(C-P) = 7.3 Hz, CO).

IR (KBr): »(CO) = 1941 cm™".

Elemental Analysis for Cs;Hs530P;lr.

Calcd. : C, 67.90; H, 5.30%.

Found : C, 67.77; H, 5.21%.

trans-Rh{(Z)-n"-CH=CH-C(CH,CH,Ph),}(CO)(PPh3), (24)

RhH(CO)(PPh;)s (202 mg, 0.22 mmol) (7 mL)  2,2-
1- (21) (285 uL, 0.88 mmol)
55 °C 4
15 mL
1 ~78 °C

(10 mL x 4 )
trans-Rh{(Z)-n"-CH=CH- C(CH,CH,Ph),}(CO)(PPhs), (24) (180
mg, 0.20 mmol, 89%) -
X

'"H NMR (400 MHz, CD,Cl,, 25 °C): § 0.85 (s, 3H, CHs3), 1.19-1.52 (m, 2H,
PhCH,CHy), 1.28-1.36 (m, 2H, PhCH,CH,), 2.12-2.16 (m, 4H, PhCH,CH,), 5.91
(d, J(H-H) = 12.8 Hz, 1H, RhCH=CH), 6.15 (dt, J(HH) = 12.8 Hz, J(P-H) = 5.2
Hz, 1H, RhCH), 6.98-7.51 (m, 28H, Ph), 7.57-7.74 (m, 12H, Ph).

*"P{"H} NMR (160 MHz, CD,Cl,, 25 °C): & 30.84 (d, J(Rh—P) = 168.0 Hz).

3C{'"H} NMR (100.4 MHz, CD,Cl,, 25 °C): & 25.52 (CHj), 31.15
(PhCH,CH;), 39.12 (CCHj3), 42.41 (PhCH,CH,), 125.42 (Ph-para), 128.05 (t,
J(C-P) = 5.0 Hz, PPhj-ortho), 128.33 (Ph-ortho), 128.76 (Ph-meta), 129.79
(PPhs-para), 134.95 (t, J(C—P) = 6.6 Hz, PPhs-meta), 135.64 (t, J(C—P) = 19.0
Hz, PPhs-ipso), 144.62 (Ph-ipso), 144.92 (t, J(C-P) = 4.1 Hz, RhCH=CH),
159.21 (dt, J(Rh-C) = 23.2 Hz, J(C-P) = 16.6 Hz, RhC), a signal of a carbony
carbon was not observed.

IR (KBr): »(CO) = 1960 cm™".

Elemental Analysis for Cs;Hs30P,;Rh.

Calcd. : C, 74.51; H, 5.81%.

Found : C, 74.79; H, 6.16%.
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trans-Ir{(E)-n"-CH=CH-C(CH,CH,Ph),}(CO)(PPh3), (25)

IrH(CO)(PPh3); (83 mg, 0.08 mmol) (5 mL) 2,2-
-1- (21) (43 pL, 0.16 mmol)
115 °C 12
10 mL
1 -78 °C
(10 mL x 4)
trans-Ir{(E)-n"-CH=CH- C(CH,CH,Ph),}(CO)(PPhs), (25) (73
mg, 0.07 mmol, 90%) -20 °C
- X

'"H NMR (400 MHz, CD,Cl,, 25 °C): § 0.24 (s, 3H, CH3), 0.84-0.88 (m, 4H,
PhCH,;CH;), 1.76-1.80 (m, 4H, PhCH,CH,), 4.40 (d, J (H-H) = 18.4 Hz, 1H,
IrCH=CH), 6.66 (d, J (H-H) = 18.4 Hz, 1H, IrCH), 6.71-6.73 (m, 4H, Ph),
7.06-7.17 (m, 6H, Ph), 7.31-7.38 (m, 18H, Ph), 7.68-7.69 (m, 12H, Ph).

*"P{"H} NMR (162 MHz, CD,Cl,, 25 °C): § 5.19 (s).

C{'"H} NMR (100.4 MHz, CD,Cl,, 25 °C): & 23.47 (CHj), 30.81
(PhCH,CH;), 41.84 (CCH3j), 42.94 (PhCH,CH;), 125.28 (Ph-para), 128.14
(Ph-ortho), 128.15 (Ph-meta), 128.51 (PPhjs-ortho), 130.12 (PPhs-para),
134.23 (br, PPhs-ipso), 134.95 (PPhs-meta), 144.43 (Ph-ipso), 147.56 (s, IrC),
150.65 (s, IrCH=CH), 189.59 (s, CO).

IR (KBr); »(CO) = 1975 cm™".

Elemental Analysis for Cs;Hs530Plr.

Calcd. : C, 67.90; H, 5.30%.

Found : C, 67.64; H, 5.33%.

a-(2- ) (26)
65 mL THF (13.7 mL, 98 mmol)
-20 °C n-BuLi (1.6 M 61 mL, 98 mmol)
0 °C 30 4- (7.23 g, 44 mmol)
HMPA (9 mL, 50 mmol)
30 0 °C (2-
) (6 mL, 44 mmol)
150 mL 3 M HCI (50 mL x 4)
3 M HCI (100 mL x 3) H,O (100 mL x 2) (50 mL x 2)
Na,SO4

(200-210 °C/ 3 Torr)
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a-(2- ) (26) (10.4 g, 38.9 mmol, 88% )

'"H NMR (300 MHz, CDCl3, 25 °C): § 1.90-2.01 (m, 2H, CH,), 2.10-2.23 (m,
2H, CH,), 2.60 (m, 1H, CH), 2.69-2.87 (m, 4H, CH,Ph), 7.28-7.42 (m, 10H, Ph).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): & 33.42, 33.74, 125.96, 128.36,
128.38, 141.30, 182.80.

2- -2- -4- (27)
65 mL THF (13.7 mL, 98 mmol)
-20 °C n-BulLi (1.6 M 61 mL, 98 mmol)
0 °C 30 -20 °C a-(2- )
(26) (10.73 g, 40 mmol) -20 °C
(6.23 mL, 100 mmol) 40 °C
1
150 mL 3 M HCI (50 mL x 4) 3 M HCI (100
mL x 3) H,O (100 mL x 2) (50 mL x 2) Na,SO4
(210-220 °C/ 3 Torr) 2- -2- -4-

(27) (10.7 g, 37.7 mmol, 94%)

'"H NMR (300 MHz, CDCls3, 25 °C): & 1.47 (s, 3H, Me), 1.91-2.01 (m, 2H,
CH,), 2.11-2.22 (m, 2H, CH,), 2.69-2.82 (m, 4H, CH,Ph), 7.26-7.41 (m, 10H,
Ph).

3C{"H} NMR (75.3 MHz, CDCl;3, 25 °C): & 21.21, 31.01, 40.94, 45.90,
125.89, 128.31, 128.38, 141.88, 184.09.

2- -4- -2-(2- )-1- (28)

50 mL THF LiAlH4 (2.28 g, 60 mmol) 0 °C

30 mL THF 2- -2- -4-
(27) (10.7 g, 37.7 mmol)
50 °C 10 0°C
(50 mL) (3 mL) 15%
NaOH (3 mL) 30
(20 mL)

MgSO,

(210-220 °C/ 5 Torr)
2- -4- -2-(2- )-1- (28)
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(9.2 g, 34.3 mmol, 91%)

'"H NMR (300 MHz, CDCls3, 25 °C): & 1.05 (s, 3H, Me), 1.62-1.73 (m, 4H,
CH;), 2.61-2.68 (m, 4H, CH,), 3.50 (s, 2H, CH,0), 7.20-7.36 (m, 10H, Ph).

3C{"H} NMR (75.3 MHz, CDClj3, 25 °C): & 21.84, 30.10, 37.80, 38.64,
69.44, 125.70, 128.26, 128.38, 142.98.

Elemental Analysis for C4gH240.

Calcd. : C, 85.03; H, 9.01%.

Found : C, 85.26; H, 9.11%.

a- -a-(2- ) (29)

-50 °C (4.63 mL, 53 mmol)
(75 mL) DMSO (3.76 mL, 53 mmol) (15 mL)

5 2- -4- -2-(2- )-1-
(28) (6.1 g, 22.9 mmol) (20 mL) -60 °C 15
-60 °C NEt; (21 mL, 150 mmol)
1 (50 mL x 10)

DMSO MgSO,

(200-210 °C / 5 Torr) a-
-a-(2- ) (29) (5.62 g, 21.1 mmol, 92%)

'"H NMR (300 MHz, CDCls3, 25 °C): & 1.27 (s, 3H, Me), 1.88-1.96 (m, 4H,
CH,), 2.57-2.65 (m, 4H, CH,), 7.23-7.39 (m, 10H, Ph), 9.58 (s, 1H, CHO).

3C{"H} NMR (75.3 MHz, CDCl;3, 25 °C): & 18.31, 30.36, 37.31, 49.10,
125.98, 128.18, 128.42, 141.72, 205.63.

1,1- -3- -3- -5- -1- (30)
0°C (44.1 g, 168 mmol)
(60 mL) (27.9 g, 84 mmol) (60 mL)
5
a- -a-(2- ) (29) (5.62 g, 21.1 mmol)
(60 mL) 20 60 mL
150 mL NaHCO;
(50 mL) (50 mL) MgSO,
( Rs=0.41)
(210-220 °C / 2 Torr) 1,1-

- 168 -



-3- -3- -5- -1- (30) (8.30 g,
19.65 mmol, 93%)

'"H NMR (300 MHz, CDCls3, 25 °C): & 1.41 (s, 3H, Me), 1.82-1.94 (m, 2H,
CH;), 2.03-2.13 (m, 2H, CH;), 2.61-2.75 (m, 4H, CH;), 6.68 (s, 1H, =CH),
7.24-7.42 (m, 10H, Ph).

3C{"H} NMR (75.3 MHz, CDCls, 25 °C): & 24.50, 30.90, 42.11, 42.43,
85.99, 125.81, 128.31, 128.40, 142.33, 144.73 (=CBr,).

Elemental Analysis for C,oH22Br5.

Calcd. : C, 56.90; H, 5.25; Br, 37.85%.

Found : C, 57.16; H, 5.17; Br, 38.28%.

3- -1,5- -3- (31)
1,1- -3- -3- -5- -1- (30)

(3.75 g, 8.88 mmol) THF (20 mL) 1.6 M

n-Buli (11.6 mL, 18.6 mmol) -78 °C 1
50 mL 1M HCI (50 mL x 2)
NaHCO; (50 mL) (50 mL)

MgSO,
( Rs=0.31) (180-190 °C / 2 Torr)
3- -1,5- -3-

(31) (1.20 g, 4.5 mmol, 52%)

'"H NMR (300 MHz, CDCls3, 25 °C): & 1.40 (s, 3H, Me), 1.74-1.98 (m, 4H,
CH3), 2.31 (s, 1H, CH), 2.84-2.91 (m, 4H, CH,), 7.23-7.39 (m, 10H, Ph).

3C{"H} NMR (75.3 MHz, CDCl;3, 25 °C): & 26.32, 31.39, 35.07, 43.60,
69.89, 89.87, 125.76, 128.36, 128.36, 142.44.

Elemental Analysis for CyoHa2s.

Calcd. : C, 91.55; H, 8.45%.

Found : C, 91.39; H, 8.12%.

trans-RhC=C{C(CH,CH,Ph),CH3}(CO)(PPh3), (32)
RhH(CO)PPh3); (202 mg, 0.22 mmol) (3 mL) 3-
-1,5- -3- (31) (115 mg, 0.44 mmol)
12
-78 °C 10 mL
(10 mL x 3)
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trans-RhC=C

{C(CH,CH;Ph),CH3}(CO)(PPh3), (32) (161 mg, 0.176 mmol, 80%)
X

'"H NMR (400 MHz, CD,Cl,, 25 °C): & 0.55 (s, 3H, Me), 1.01-1.18 (m, 4H,
CH;), 2.04-2.14 (m, 4H, CH,), 6.78-6.81 (m, 4H, Ph), 7.11-7.14 (m, 2H, Ph),
7.18-7.21 (m, 4H, Ph), 7.36-7.38 (m, 18H, Ph), 7.87 (m br, 12H, Ph).

*"P{"H} NMR (161.7 MHz, CD,Cl,, 25 °C): 8 32.06 (d, J(Rh—P) = 132.9 Hz).

3C{"H} NMR (100.4 MHz, CD,Cl,, 25 °C): 8 26.86 (Me), 31.53 (PhCH,CH,),
36.90 (C*), 44.46 (PhCH,CH,), 125.40 (Ph-para), 128.32, 128.78 (Ph), 130.04
(PPhs-para), 135.27, 144.34 (Ph-ipso), 193.44 (d, J(C—-P) = 60.6 Hz, CO).

IR (KBr): »(CO) = 1985 cm™".

Elemental Analysis for Cs;Hs;0P3;Rh.

Calcd. : C, 74.67; H, 5.61%.

Found : C, 74.61; H, 5.79%.

trans-IrC=C{C(CH,CH,Ph),CH3}(CO)(PPhs), (33)

IrH(CO)(PPh3); (221 mg, 0.30 mmol) (3 mL) 3-
-1,5- -3- (31) (115 mg, 0.44 mmol)
100 °C 3
-78 °C 10 mL
(10 mL x 3)
trans-1rC=C

{C(CH2CH;Ph),CH3}(CO)(PPh3), (33) (260 mg, 0.167 mmol, 87%)
X

'"H NMR (400 MHz, CD,Cl,, 25 °C): & 0.57 (s, 3H, Me), 1.02-1.19 (m, 4H,
CH;), 2.03-2.12 (m, 4H, CH,), 6.78-6.80 (m, 4H, Ph), 7.10-7.14 (m, 2H, Ph),
7.19-7.21 (m, 4H, Ph), 7.37-7.38 (m, 18H, Ph), 7.84-7.98 (m, 12H, Ph).

*"P{"H} NMR (161.7 MHz, CD,Cl,, 25 °C): & 21.98 (s).

3C{"H} NMR (100.4 MHz, CD,Cl,, 25 °C): 8 26.95 (Me), 31.51 (PhCH,CH,),
36.83 (C*), 44.51 (PhCH,CH;), 110.91 (t, J(C-P) = 18.3 Hz, IrCC), 125.45
(Ph-para), 128.21 (vt, J(C—P) = 5.5 Hz, PPhs-ortho), 128.47 (t, J(C—P) = 3.8 Hz,
IrCC), 128.76 (Ph-ortho and meta), 130.04 (PPhs-para), 134.76 (vt, J(C-P) =
27.5 Hz, PPhs-ipso), 135.33 (vt, J(C-P) = 7.3 Hz, PPhs-meta), 144.22
(Ph-ipso), 186.72 (vt, J(C-P) = 9.2 Hz, CO).

IR (KBr): »(CO) = 1970 cm™".
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Elemental Analysis for Cs;Hs5,OP.lr.
Calcd. : C, 68.04; H, 5.11%.
Found : C, 67.82; H, 5.34%.

1- -1- -4- [2,2] (34)

4- -1- (7.81 g, 60 mmol) Et,O
(150 mL) 1,1- (25 mL, 300 mmol) —-45 °C

n-BuLi (1.6 M 225 mL, 360 mmol) 1
30
3 NH,CI (400 mL)
(200 mL) MgSO,
( Rf=0.29)
(110-120 °C / 5 Torr) 1- -1- -4-
[2,2] (34) (9.15 g, 47.5 mmol, 79%, two diastereomers

determined by '"H NMR 52:48)

'"H NMR (300 MHz, CDCls, 25 °C): 6 = 1.09 (d, J(H-H) = 5.4 Hz, 1H), 1.18
(t, J(H-H) = 4.8 Hz, 1H), 1.25 (d J(H-H) = 5.7 Hz, 1H), 1.28 (t J(H-H) = 4.8 Hz,
1H), 1.35 (d, J(H-H) = 5.7 Hz, 1H), 1.53 (d, J(H-H) = 5.7 Hz, 1H), 1.64 (s, 3H),
1.66 (partially overlapped by methyl proton, 1H), 1.71 (dd, J(H-H) = 4.8, 8.4
Hz, 1H), 2.43 (dd, J(H-H) = 4.8, 8.4 Hz, 1H), 2.47 (dd, J(H-H) = 5.4, 8.4 Hz,
1H), 7.06-7.09 (m, 2H), 7.13-7.15 (m, 2H), 7.18-7.22 (m, 2H), 7.25-7.32 (m,
4H).

3C{"H} NMR (75.3 MHz, CDCls3, 25 °C): = 16.89, 17.61, 21.13, 21.16,
23.08, 23.64, 25.47, 25.62, 30.96, 31.15, 45.15, 45.80, 125.80 (2C), 125.99,
126.39, 128.24, 128.28, 141.04, 141.25.

Elemental Analysis for C4,H3ClI.

Calcd. : C, 74.80; H, 6.80%.

Found : C, 76.87; H, 7.26%.

4- 1- [2,2] (35)
1. - -4- [2,2] (34) (9.15 g, 47.5
mmol) DMSO (150 mL) KO'Bu (8.1 g, 72 mmol)
NH,CI (200 mL) (500 mL)
(200 mL) MgSO,
( Rf = 0.40)
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(75 °C / 3 Torr) 4- -1-
[2,2] (35) (6.3 g, 40.4 mmol, 85%)

'"H NMR (300 MHz, CDCl3, 25 °C): 8 = 1.30 (d, J(HH) = 8.1 Hz, 1H), 1.49
(t, J(H=H) = 4.8 Hz, 1H), 1.54 (d, J(H-H) = 8.1 Hz, 1H), 1.76 (dd, , J(H-H) =
4.5 8.1 Hz, 1H), 2.51 (dd, J(H-H) = 5.4, 8.1 Hz, 1H), 5.25 (t, J(H-H) = 2.4 Hz,
1H), 5.33 (s, 1H), 7.16-7.23 (m, 3H), 7.32 (m, 2H).

3C{"H} NMR (75.3 MHz, CDCl3, 25 °C): 6 = 9.02, 19.81, 20.34, 25.94,
98.39, 125.64, 126.14, 128.18, 136.24, 141.27.

Elemental Analysis for Cqo2H 2.

Calcd. : C, 92.26; H, 7.74%.

Found : C, 90.90; H, 8.31%.

anti-Rh{7*-CH,CCHCH3)C(CH,)Ph}(PPh3), (36)
RhH(CO)PPhs); (230 mg, 0.25 mmol) (4 mL)  1-
-4- [2,2] (35) (100 pl, 0.60 mmol) 50 °C
1
—40°C 5mL

anti-Rh{n*-CH,CCHCH3)C(CH,)Ph}(PPh3), (36) (126 mg, 0.17 mmol, 67%)
- -20 °C
X

"H NMR (300 MHz, C¢Ds, 25 °C): 6 = 1.17 (m, 3H), 2.43 (d, J = 6.9 Hz, 1H),
3.29 (m, 1H), 5.09 (d, J = 1.8 Hz, 1H), 5.53 (d, J = 1.8 Hz, 1H), 6.72-7.94 (m,
35H).

*"P{"H} NMR (121.5 MHz, C¢Dg, 25 °C): & = 41.3 (dd, 'J(P-Rh) = 204 Hz,
2J(P-P) = 22 Hz), 44.3 (dd, 'J(P-Rh) = 193 Hz, 2J(PP) = 22 Hz).

Elemental Analysis for C4sH43P2Rh.

Calcd. : C, 73.47; H, 5.52%.

Found : C, 73.72; H, 5.80%.

RhH(CO)PPh3); 4- -1- [2,2]
NMR tube
NMR RhH(CO)PPh3); (92 mg, 0.1 mmol) (0.7
mL) -78 °C 4- -1- [2,2]
(20 pL, 0.12 mmol) -35°C NMR
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3 H, 3P NMR "H-"H COSY 2
Rh{7n", n*>-CH,CH(Ph)C(=CH,)CH=CH,}(CO)(PPhs). (37)
*TP{"H} NMR 37 4-

'"H NMR (500 MHz, toluene-ds, =50 °C): & = 1.39 (1H, H% or H"), 1.51 (1H,
H? or H®), 1.75 (1H, H?® or H®), 2.66 (1H, H® or H"), 3.35 (1H, H), 4.39 (1H, H°®
or HY), 4.46 (1H, H®), 5.32 (1H, H® or HY).

*"P{"H} NMR (202 MHz, toluene-dg, —20 °C): & = 29.0 (dd, 'J(PRh) = 123
Hz, 2J(P-P) = 19 Hz, minor), 29.2 (dd, 'J(P-Rh) = 123 Hz, 2J(P-P) = 19 Hz,
major), 31.8 (dd, 'J(PRh) = 86 Hz, ?J(P-P) = 19 Hz, minor), 33.5 (dd,
'J(P-Rh) = 86 Hz, 2J(P-P) = 19 Hz, major).
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Table S-1.

Appendix

Crystallographic Data and Details of Refinement for 1-Me,0, 3-Ph,PH, and 4.

1-Me,O 3-Ph,PH 4
Chemical formula Ces3H7s0OPsPt; CesHssP7Pt3 CasHesP4Pt;
Formula wt. 1622.42 1681.49 918.92
Cryst. Syst. triclinic monoclinic monoclinic
space group PI (No. 2) P2,/c (No. 14) P2,/c (No. 14)
a, A 12.549(2) 12.856(2) 10.732(2)
b, A 13.145(2) 31.004(4) 15.903(3)
c, A 11.270(3) 18.010(3) 11.707(2)
a, deg 94.12(1)
f, deg 94.067(8) 109.696(2) 116.063(6)
7, deg 115.04(1)
v, A3 1669.3(6) 6758.7(17) 1794.8(6)
Z 1 4 2
u,cm™t 64.25 63.72 79.48
F(000) 788.00 3284.00 904.00
Dealca, g €M™ 1.614 1.652 1.700
Exposure Rate sec./° 20 20
No. of unigue refines 6258 14600 4047
No. of used refines
(I > 35(1)) 4669 12573 3195
No. of variables 390 770 187
R 0.063 0.041 0.049
Rw 0.078 0.062 0.072
GOF 0.98 0.880 1.06

- 176 -



Table S-2. Crystallographic Data and Details of Refinement for 5, 6, and 7.

5 6 7
Chemical formula CssH75P5SiPts CsoH71P5SiPts; CssH77PsSiyPt;
Formula wt. 1636.54 1560.45 1570.56
Cryst. Syst. triclinic monoclinic monoclinic
space group PI (No. 2) P2,/c (No. 14) P2,/c (No. 14)
a, A 13.874(2) 15.325(2) 21.893(5)
b, A 14.179(1) 18.498(3) 13.649(3)
c, A 19.134(2) 20.097(3) 22.543(5)
a, deg 74.373(8)
B, deg 75.470(7) 91.157(2) 118.422(3)
7, deg 60.964(5)
v, A3 3136.6(6) 5696.0(15) 5924.3(21)
Z 2 4 1
u,cm™t 68.32 75.19 72.49
F(000) 1588.00 3016.00 3048.00
Dealca, g €M™ 1.733 1.819 1.761
Exposure Rate sec./° 20 40 80
No. of unigue refines 13221 13369 14098
No. of used refines
(I > 35(1)) 11545 11028 10737
No. of variables 751 696 693
R 0.038 0.032 0.045
Rw 0.047 0.038 0.060
GOF 0.738 0.696 1.058
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Appendix

Table S-3. Crystallographic Data and Details of Refinement for 8, 9.

8-CH,Cl, 9
Chemical formula CssH77PsIClPt3 CgoH104B4PsO5P1t5
Formula wt. 1707.14 1984.07
Cryst. Syst. triclinic triclinic
space group PI (No. 2) PI (No. 2)
a, A 14.035(2) 16.303(2)
b, A 14.0829(13) 17.107(2)
c, A 18.915(3) 19.010(3)
a, deg 72.418(7) 88.341(8)
f, deg 85.439(9) 66.841(6)
7, deg 61.155(6) 65.780(5)
v, A3 3111.9(7) 4389.3(9)
Z 2 2
u,cm™t 74.69 49.05
F(000) 1636.00 1960.00
Deaicds g €M™2 1.822 1.501
Exposure Rate sec./° 20 40
No. of unigue refines 13201 18602
No. of used refines
(I > 35(1)) 11916 15597
No. of variables 681 1005
R 0.036 0.039
Rw 0.057 0.055
GOF 1.180 1.035
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Table S-4. Crystallographic Data and Details of Refinement for 23, 24, and 25.

23 24 25
Chemical formula Cs57H530P,Ir Cs7Hs530P,RN Cs57Hs530P,Ir
Formula wt. 1008.21 918.90 1008.21
Cryst. Syst. monoclinic triclinic monoclinic
space group P2i/c (No. 14) PI (No. 2) P2,/c (No. 14)
a, A 10.750(2) 12.275(3) 10.837(5)
b, A 28.200(3) 21.191(6) 24.909(4)
c, A 15.713(2) 10.029(3) 18.244(5)
a, deg 102.78(2)
B, deg 99.44(1) 113.40(2) 103.76(3)
7, deg 91.96(3)
v, A3 4609(1) 2313(1) 4783(2)
Z 4 2 4
u,cm™t 30.14 4.77 29.04
F(000) 2040.00 956.00 2040.00
Dealca, g €M™ 1.453 1.319 1.400
Scan Rate °/min. 4.0 8.0-4.0 16.0
No. of unigue refines 10788 8145 11248
No. of used refines
(I > 35(1)) 6205 3086 4680
no. of variables 550 550 550
R 0.037 0.051 0.043
Rw 0.029 0.052 0.039
GOF 1.17 1.20 1.33
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Appendix

Table S-5. Crystallographic Data and Details of Refinement for 32, 33, and 36.

32 33 36
Chemical formula Cs7H5:0P,RN Cs57H5,0P,Ir C4sHa3P2RhO
Formula wt. 916.88 1006.20 784.72
Cryst. Syst. monoclinic monoclinic triclinic
space group C2/c (No. 15) C2/c (No. 15) PI (No. 2)
a, A 48.726(7) 48.811(4) 12.441(1)
b, A 9.18(1) 9.156(3) 18.450(2)
c, A 23.83(1) 23.799(3) 11.608(1)
a, deg 106.275(4)
B, deg 117.36(2) 117.337(8) 109.448(8)
7, deg 74.306(2)
v, A3 9467(9) 9448(3) 2365.0(4)
Z 8 8 2
u,cm™t 46.6 29.41 4.55
F(000) 3808.00 4064.00 812.00
Dealca, g €M™ 1.286 1.415 1.102
Exposure Rate sec./° 8.0-4.0 4.0 8.3
No. of unigue refines 11471 11518 9249
No. of used refines
(I > 35(1)) 6134 7599 5358
no. of variables 550 550 503
R 0.044 0.036 0.071
Rw 0.048 0.035 0.112
GOF 1.30 1.35 1.82
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Syntheses of Dinuclear [Pt,H,(PEts)2(1-PR2),] (R = 'Bu, Ph) and Trinuclear
Hydridoplatinum Complexes with Bridging Phosphido Ligands. Direct Observation of a
Skeletal Rearrangement of Pt; Units from the Triangular [PtsH(PEts)s(«-PPhy)s] into
Linear [Pt3(H)2(PEts)2(1-PPhy)4]

M. Itazaki, Y. Nishihara, K. Osakada Organometallics 2004, 7, 1610.

Syntheses and Electrochemical Properties of Silyl-hexanuclear and Heptanuclear
Complexes with Phosphido-Bridgied Triplatinum Pendant Groups
M. Itazaki, O. Kitami, Y. Nishihara, K. Osakada, in preparation

3
Platinum Complex Catalyzed Hydrosilylation and Isomerization of
Methylenecyclopropane Derivatives. Effect of Structures of the Substrate and Catalyst
M. Itazaki, Y. Nishihara, K. Osakada J. Org. Chem. 2002, 67, 6889.

Platinum complex catalyzed hydrosilylation of 2,2-diaryl-1-methylenecyclopropane
affording (silylmethyl)cyclopropane
Y. Nishihara, M. Itazaki, K. Osakada Tetrahedron Lett. 2002, 43, 2059.

Skeletal Rearrangement during Transition-Metal-Promoted Ring Opening of
Methylenecyclopropane via Selective C-C Bond Activation and Subsequent
Stereoselective Vinylic C—H Bond Activation. Preparation and Structural Comparison of
Alkenyl Complexes trans-M(CH=CHR)(CO)(PPhz); with Analogous Alkynyl Complexes
trans-M(C=CR)(CO)(PPh3); (M = Rh and Ir, R = C(CH,CH,Ph),CHj3)

M. Itazaki, C. Yoda, Y. Nishihara, K. Osakada, in preparation

Reaction of 4-Phenyl-1-methylenespiro[2,2]pentane with RhH(CO)(PPh3); Forming
(n-Allyl)rhodium Complex Rh[#7*-anti-(CH3)CHC{C(CH,)Ph}CH,](PPhs), via Stepwise but
Selective Ring-Opening of Two Cyclopropane Rings
M. Itazaki, Y. Nishihara, K. Osakada, in preparation.
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Platinum Complexes-Catalyzed Hydrosilylation of Methylenecyclopropane
Derivatives
Yasushi Nishihara, Masumi Itazaki, Kohtaro Osakada
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Hydrosilylation and Isomerization Reaction of Methylenecyclopropane
Derivatives Catalyzed by Platinum Complexes

Masumi Itazaki, Yasushi Nishihara, Kohtaro Osakada
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