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1. Mahdi, D.; Stephan, D. W. J. Am. Chem. Soc. 2014, 136, 15809.; Related LS: 150131_Hiroyuki_Mutoh.
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What Can Be Realized by Prof. Sawamura's Research? (2)
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1. Billingsley, T. E.; Barder, T. E.; Buchwald, S. L. Angew. Chem. Int. Ed. 2007, 46, 5359.
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Organometallic Catalysts
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One exapmle of Solid-supported Catalysts (1)1

catalyst
OH
o H,0 = oH (o]
R/<] ’ R/\/ + R/<]
(S) (R)
R catalyst Yield of (S) ee of (S)
(R,R)-salenCoOAc 43% 98%
(CH,),0OH
||| ° o
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| Yo t-Bu
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PS: polystyrene t-Bu
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1. Annis, D. A.; Jacobsen, E. N. J. Am. Chem. Soc. 1999, 121, 4147.



One exapmle of Solid-supported Catalysts (2)1)
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Chem. Int. Ed. 2003, 42, 4326.
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Coordinative Saturation/Unsaturation
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Coordinative Saturation/Unsaturation
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Outline of Prof. Sawamura’'s Unsaturated Complex
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Phosphine Ligands

phosphine ligands
v" high affinity to various metal species

x unstable to air (= easily oxidized)

v easy tuning by controlling electronic and steric nature of ligands

P P,

© Y Y

I Me Me/ Me Me/ Me \/P Yp\r XP\K
=

1)

Vmin -34.85 —-36.76 —-40.41 -43.02 -43.51 —-44.47 —-45.48
(kcal/mol)
C-P-C angle? n/d n/d n/d 99.4 99.5 101.6 107.5
(deg)
R

(Vmin: molecular electrostatic potential minimum)
(B3LYP/6-31G(d,p))

1. Suresh, C. H.; Koga, N. Inorg. Chem. 2002, 41, 1573.

v" electron-donating ability
x unstability to air

2. (a) Ochida, A.; Hara, K.; Ito, H.; Sawamura, M. Org. Lett. 2003, 5, 2671.
(b) Ochida, A.; Ito, S.; Miyahara, T.; Ito, H.; Sawamura, M. Chem. Lett. 2006, 35, 294. 11



Design and Synthesis of "smAP" !

oxidation of trialkylphosphine
normal trialkylphosphine bridgehead phosphine
‘F; [O] ‘® R E%j [O] [%j
'R R—Pq
R” \R Sk
R R
Br Br P
BnPH,-BH; 1. 1-octene
l J HBr, BPO NaH 2. LiAlH, %
Si_ -~ —>» Si\/\ —_— Si
| \/ o | Br (V) BI' 0 |
Ph 88% Ph 71 Yo Ph 51% (2 steps) Ph
"SMAP"
silicon-constraines
monodentate

trialkylphosphine

v" air-stable
v" crystalline

S

1. (a) Ochida, A.; Hara, K.; Ito, H.; Sawamura, M. Org. Lett. 2003, 5, 2671.
(b) Ochida, A.; Ito, S.; Miyahara, T.; Ito, H.; Sawamura, M. Chem. Lett. 2006, 35, 294.
(c) Sawamura, M. et al. Organometallics 2008, 27, 5494. 12



Property and Characteristics of sMAP"

1. X-ray analysis

O
ORTEP drawing of Ph-SMAP

2. DFT calculation

calcd. Vmin calcd. C—P-C angle

observed angle (deg)
C(1)-P(1)-C(3): 100.42
P(1)-C(1)-C(2)-Si(1): -15.3

(B3LYP/6-31(d,p)) | (kcal/mol) (deg.)
t-Bu;P -45.48 107.5
i-PrsP —44.47 101.6
Et,P —43.51 99.5
Ph-SMAP| -43.14 99.7
Me;P -43.02 99.4
Me,PhP ~-40.41 n/d

1. (a) Ochida, A.; Hara, K.; Ito, H.; Sawamura, M. Org. Lett. 2003, 5, 2671.

A electron-
donating

a
(b) Ochida, A.; Ito, S.; Miyahara, T.; Ito, H.; Sawamura, M. Chem. Lett. 2006, 35, 294.
(c) Sawamura, M. et al. Organometallics 2008, 27, 5494.

Ph-SMAP

v" electron-rich

v" air-stable

v compact ligand
v rigid framework
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Design and Synthesis of Silica-SMAPY

Restricted mobiliy of silica-SMAP

> relatively rigid structure
|

O)SI—O Si angle: 154°

| /"%’S"‘_’\

SIOZ

Synthesis of silica-SMAP

unsaturated

© 0 o

"site-isolation”

l]l S|Me3
P@ ili |
silica ge \
E%j TfOH E%j CeHe /\_7 \SlMe E%j
CGHG Si reflux 3
I y
OoTf |
O’SI\O ’S|§
oTf [d 1\ o7’~o

Ph-SMAP

| [d \

| sio, silica-SMAP

(0.20 mmol SMAP/g)
36% from Ph-SMAP

1. Hamasaka, G.; Ochda, A.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2007, 46, 5381. 14



Silica-SMAP Forms Unsaturated Complex“

a)
Q)
o 2 (1)
silica-SMAP/Rh = 1:0 o d
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3P CP/MAS NMR spectra
1. Hamasaka, G.; Ochda, A.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2007, 46, 5381.




Coordinative Saturation/Unsaturation
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Coordinative Saturation/Unsaturation
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Hydrosilylation Catalyzed by Silica-SMAP"

[RhCI(C2Hy)2]2 (0.5 mol%) _TBS
o) ligands O
benzene, rt
+ TBS—H
H
ligands ligands/Rh yield
PPhy 1:1 or1:2 <2%
t-Bu;P 1:1 or 1:2 <2%
Ph-SMAP 1:1 0or1:2 <2%
silica-SMAP 1:2 100%
silica-SMAP 1:2 100% °

2 after 6th run

1. Hamasaka, G.; Ochda, A.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2007, 46, 5381.



Other Reactions Catalyzed by Silica-SMAP

hydrogenation”

H—H (30 atm) H

silica-SMAP-Rh(OMe)(cod)
hexane, 100 °C

-
100% H

Miyaura-borationz)

Pd(OAc),, (pinB),

silica-SMAP
i-Pr Cl KOAc, CgHg, 60 °C i-Pr Bpin
y
64%

1. Kawamorita, S.; Hamasaka, G.; Ohmiya, H.; Hara, K.; Furuoka, A.; Sawamura, M. Org. Lett., 2008, 10, 4697.
2. Kawamorita, S.;Ohmiya, H.; lwai. T.; Sawamura, M. Angew. Chem. Int. Ed. 2011, 50, 8363.
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Threefold Linked Ligand "Silica-3p-TPP"

o~ ~p 1 0

Si Si / Me .|
v/ I 2 Meagi#™ o-Si~g
.Si~o X / (@)
3 O"H ™\ Q |
Oas|\0 / 7 _Si- .
/ O/ \ /O 1] O\ S|02
| . 9 v easy preparation
—i v easy tuning
silica-SMAP silica-3p-TPP

Synthesis of silica-3p-TPP1)

1) Mg
THF, rt
Br—@—SiMezmﬂ:r: — P SiMe,(OPr)
2) PCly P
1a THER ap-TPP 80%
P Me P Me
o O RO o OO
silica gel Mea; Y TMS- Mess; b
/ imidazole i | SiMe
— Me | SiMes o _aMe 3
imidazole ? ME""-Si" o=Si= — - i i MEH-SI“ 0.?-0 {I)
OH v ! OH 9@ o Siw v i i
benzene ; Si~0 o 7 Yoo 60 ; Si~g 0 o P
reflux G.-Si-.o F (@] b I I D.-:Si-.o G"',si"'ﬂ'f 0 Y 1 | D-?Il-D
ro v ! o-%i-0 g N £ N T fD‘c?h \ 76 N\
ri 1
' S0, @ S0, :
Silica-3p-TPP(SIOH) Silica-3p-TPP

0.20 mmol/g, TMS/TPP = 2:1

1. Ilwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057
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Silica-3p-TPP Also Forms Unsatureted Complex')
a)
a) Pd/Silica-3p-TPP 2:1 33

31p CP/IMAS NMR spectra
a) Pd/silica-3p-TPP = 2:1
b) Pd/silica-3p-TPP = 1:3
c) Pd/silica-1p-TPP = 1:3

1 T T
120 100 80 60 40 20 0 =20 —40 —60

8/ ppm
b) c)
b) Pd/Silica-3p-TPP 1:3 —? e gf’*@sﬁ“ﬁae c) Pd/Silica-1p-TPP 1:3 Q @ e
eag o ) Cl
R O MemgMe & - FMes p-Pd—p
i 0% %i 0%, o % [ 6® ‘\
CI-Pd-Ci so, ’o % F 'N" Mesglame Memg;sMe
! Silica-3p-TPP ci- Pd cl 6 o) R
M v
T ~ e i o
;1 .
c;:SI Meag ‘MSOE_ §Mes @Q 'OOSIO‘ Sio, 30 Me;Si Mess-‘Me
oSio 6 ‘612 st MonSyte [PACy(Siica- o 0o
r9 p's' L5 o 1p-TPP),] 0651 0 oasio
302 o-OSI o\ ,o—oSI o\ - SIOz J
[PACI>(PhCN)(Silica-3p-TPP)] Y siop ! Silica-1p-TPP

* [PACI(PhCN)(Silica-1p-TPP)]
*

*

I T 1
120 100 80 60 40 20 0 20 -40 60120 100 80 60 40 20 0 20 40  —60
é/ppm o/ ppm

1. Ilwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057 20



Ligand Effect in Pd-catalyzed Suzuki Coupling?)

[PdCI,(PhCN),] (1 mol%)
ligands (2 mol%)

HO,
HO

KF, THF, 25 °C
- w0

ligands [ij
Sli
ey g
e -Si-
none PPh; Si\ Pg' O\
Oi-Pr3 I SiO,
silica-SMAP
0% 0% 0% 53%
P Me R~Ph
Me \Q F . Me Me PPh,
= Si Mem i
/ @) Me
Me I Mem & 4
v Messi#™ o-8iq S 3 Men g4
030, o 9 P o R o
| ? O—Sli-o ISO /O—:SI-O\ O-S.I-O
/"0 \ sio 10> 7 O 0 A
5 e ! Q@ sio,
silica-3p-TPP silica-2p-TPP silica-1p-TPP
97% 49% 11%

1. Ilwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057
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Effect of P-atom Density1)

[PACI,(PhCN),] (1 mol%)
silica-3p-TPP (2 mol%, density)

HO,
HO

Yield of 4a / %

KF, THF, 25 °C
- =0

100 A e .
90 0.11 mmollg ¢.06 mmol/g 8 Me‘Si \o
80 o/ g . emgi® " 0-Sing
' > ;
g\ O'sfl).o\ 0O / (I) \
] » .
70 7 0.20 mmol/g I 5 0-Si=0
] b /"0 \ sio,
I
o 0<.>29 mrgollg ° silica-3p-TPP
40 A o °
¢ PPh,
30 7 0.10 mmol/g
20 u B - |
l I
A A A A Me;Si‘Me
107 A 0.19 mmol/g 3
o ® ' ' T T T d O'.S'LO
0 0.5 1 1.5 2 2.5 3 7o N\
Time /h - SiO,
time-yield profile silica-1p-TPP

1. Ilwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057
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Substrate Scope?’

[PACI,(PhCN),] (1 mol%)

silica-3p-TPP
R (2 mol%, 0.20 mmol/g)
HO KF, 25 °C or K;P0,, 60 °C
\ THF
Ar—CI + /B S
HO

Ar

91% (25 °C) 85% (25 °C)
Me Me
Me

85% (60 °C) 82% (60 °C)

1. Ilwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057

94% (25 °C)

Me Me

OaY,

Me
80% (60 °C)
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Polystylene(PS)-supported catalyst "PS-Ph,P"")

previous PS-supported catalysts threefold cross-linked catalyst "PS-Ph;P"

A. Monodentate @
Coordination

¢ .
® NG P
P \/_ ‘ @ @
. Multidentate B
3 !‘r) &S

C. Steric Effect @

Coordination

synthesis of "PS-Ph;P"

,_< >>,p divinylbenzene
(/ 3 (1 equiv) @ O
1(1equiv)  AIBN (1.2 equiv) Q
—_—

+

acacia gum
/ PhCI/H,0
(60 equiv) 80°C,24h [P] 0.08-0.12 mmol g-1
2a(R=H) 2c(R=tBu) 3a(R=H) 3c (R = tBu)
2b (R =Me) 2d (R = OMe) 3b(R=Me) 3d(R=O0Me)

1. lwai, T.; Harada, T.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52, 12322.
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Hartwig-Buchwald Amination under Harsh Condition'

PdCli(allyl), (1.5 mol%)
/ \ ligands (3 mol%)
—_— KOt-Bu, toluene/t-BuOH

100 °C, 20 h
n-Bu Cl  + HyN y n-Bu NH

ligands
P PS
PS
/@’:\'@\ 7 -~ : PPh PPh,
R
ﬁ,
> 5 ) 3 y
P R
\ PS Bu PS @ PS @
3 R Bu Bu
PS-Ph;P (3fold) PS-Ph,P (2fold, R = t-Bu) PS-PhsP (1fold, R = t-Bu)
0% R=H:51% 52% 6%
R = OMe: 51%
P R = Me: 92%
N R = t-Bu: 99%
SiMe;  Si
6 0
o-$-0 o-$i-g
/ 0] \ / 0O \
I Sio, !
silica-SMAP

0% (decomp. of ligand)

1. Ilwai, T.; Harada, T.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52, 12322. 25



Hartwig-Buchwald Amination under Harsh Condition'

n-Bu—@—CI

7\

+ H,N

PdCl(allyl), (1.5 mol%)

ligands (3 mol%)

KOt-Bu, toluene/t-BuOH

100 °C, 20 h
>

ligands
i \
3
0%
()
SiMes Si
0 O
o-$-0 o-$i-g
/ 0] \ / 0 \
I Sio, !
silica-SMAP

Ry oy

9

R
PS-Ph;P (3fold)
R=H:51%
R = OMe: 51%
R = Me: 92%
R = t-Bu: 99%

0% (decomp. of ligand)

PPh,

9
Bu PS @ PS @
Bu Bu

PS-Ph;P (2fold, R = t-Bu) PS-Ph;P (1fold, R = t-Bu)
52% 6%

i-Pr
i-Pr

NH i-Pr
PS-Ph;P (3fold, R =t-Bu)

i-Pr 80%

1. Ilwai, T.; Harada, T.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52, 12322. 25



Short Summary

unsaturated

"site-isolation”

& 050 RO
§

Si Mem g 0 R

l-:} C; Me m »Me SI

! I Si o-?'-0

-Si- ‘ _Si N /g ‘ @

23 q.' P 54 ? v R
| S|02 | 0.—8'-—0
/ ] \ .
i =102 [P]0.08-0.12 mmol g~" g
silica-SMAP silica-3p-TPP PS-Ph;P

v" air-stable v easy modification of ligand v easy modification of solid support
v" electron-rich v chemically stable
v compact
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Catalysts Using Self-Assembled Monolayer (SAM)

preparation of SAM-metal complex /(A)\ 9 M: metal
ex. HS n/P\ L: ligand
Q ", 000

) 0 0 € 0 0 €
igand metal
absorption loading
—=JO00Or-3000
]
SAM

surface (ex. Au) SAM-metal complex
v easy preparation

synergistic effects by SAM-metal complex catalyst (i B%hE)

v  unique activity
v unique selectivity

concerted molecular activation specific alignment of intermediates



SMAP on High-density Self-assembled Monolayer (SAM)

concept

more compact

ligand ...
M: metal
L: ligand . .
normal SAM-metal complex high-density SAM-metal complex
preparation of [Au]-SMAP-Rh P RhClL

(

;
O Fam 7 Freee G

A o Vi EtOH benzene
= | 25°C, 18 h l/ 25 °C, 15 min
e SH Tom T
== =
[Au]-SMAP [Au] SMAP Rh
* determined by ICP-MS S: 0.69 nmol/cm* Rh: 0.71 £ 0.02 nmol/cm*

(cf. linear tholate: 0.75 nmol/cm*)

1. Sawamura, M. et al. Angew. Chem. Int. Ed. 2008, 47, 5627 .

E t] L% RhCIL p.  RhCIL
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Dehydrogenative Silylation by [Au]-SMAP-Rh"

Me,PhSiH
catalyst
hexane, 25 °C, 16 h
EtO—H y EtO—SiPhMe,

RhCIX, RhCIX, RhCIX,

SISIS

( ( ( T
catalyst [Si]/[Rh] yield TON j (r)’ /(H
/:u Au u/

[RhCI(C,Hy),], 43000:1 36% 15000 s
A
[RhCI(C,H,4),],:SMAP = 1:1 43000:1 9% 3900 (
[Au]-SMAP-Rh 75000:1 80% 60000 [Au]-SMAP-Rh
2nd run 75000:1 81% 61000
Ph_RhcIXPh, RhCIX,
3rd run 75000:1 78% 59000 Ph-P Ph~P
4th run 75000:1 73% 55000 it A¢hk
[Au]-Ph,P-Rh 67000:1 45% 30000

S
2nd run 67000:1 7% 4700 ,/:" Au /

[Au]-Ph,P-Rh
(X = ethylene)

1. Sawamura, M. et al. Angew. Chem. Int. Ed. 2008, 47, 5627.
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Prim-alchohol-selective Dehydrogenative Silylation"

o. Me,PhSiH

/H\/o\ H
H cata[yst 8 SIMezph
hexane, 25 °C, 16 h

/(/\)8\/
A
o o
/(A)BT ~H &Y~ SiMe,Ph
B

catalysts [Si]/[Rh] yield TON A/B
[RhCI(C5H,),1, 86000:1 7% 6000 71:29
[RhCI(C,H,)5]2:SMAP = 1:1 86000:1 3% 2600 72:28
DTBM-xantphos-[Cu] 50:1 92% 46 98:2
N [Aul-SMAP-Rh 1500001  60% 90000  >99.5:0.5
2nd run 150000:1 58% 87000 >99.5:0.5
3rd run 150000:1 55% 83000 >99.5:0.5
4th run 150000:1 50% 75000 >99.5:0.5
~ [AulPhp-RR 150000:1  43% 58000 8119

1. Sawamura, M. et al. Angew. Chem. Int. Ed. 2008, 47, 5627.
2. Ito, H.; Watanabe, A.; Sawamura, M. Org. Lett. 2005, 7, 1869.



past study

Summary

unsaturated
saturated @ @ \
;e 0® o Q© O

study 1 *

unsaturated

"site-isolation"

* study 2

unsaturated

"self-aseembly/self-organization™
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Appendix
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[\ /*Ph
N
=1y Ph
-O-Si
-0
pore

Graphical Model 1)

= 30A

=~ 10A

1. Jones, M. D.; Raja, R.; Thomas, J. M.; Johnson, B. F. G.; Vaughen, D. E. W.; Angew. Chem. Int. Ed. 2003, 42, 4326.
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Electronic Nature of Various Phosphines"

_36 -
1g
_38 4
= —40 -
(=]
E
T
£ 42
E
—44 -
Table 1. Vyin (kcal/mol) for various phosphines and LT3,
77Se) (Hz) for phosphine selenides —46 1
V. ]J' 31 P,??S
Entry SMAP R;P mim ( ) 48 : : : .
keal mol /Hz 1 05 05 4
| 4-MeaN-Ph-SMAP (1b) —46.58 7293 o
2 (+-Bu);P - —45.48" n.d Figure 2. A plot of Vimin (kcal/mol) vs Hammett's substituent
o _ . igure 2. A plot of Viiy (kcal/mol) vs Hammett's substituen
3 ) i (i-Pr)sP 4447 n‘d‘j constants o’s for SMAP derivatives la—-1g. A value two-fold
4 4-MeO-Ph-SMAP (1¢) —44.30 1342 greater than the o value of m-CF3 was used for 1g.
5 4-Me-Ph-SMAP (1d) —43.86 733.0
6 BusP —43.712 717.1 744 7
7  Ph-SMAP (la) —43.14 7354 740 -
8 MesP —43.02¢% 713.5
9 4-CI-Ph-SMAP (1¢) —40.86 738.5 8
10 Me-,PhP —40.41# n.d. i 732
11 4-CF;-Ph-SMAP (1f) ~39.85 739.1 3
12 3,5-(CF3),-Ph-SMAP (1g) —37.77 7422 P
13 MePh,P  $§36.76 n.d. 2 724 A
=3
720
m Bu;P(=Se)
716 -
m Me;P(=Se)
712 T T T T T 1

48 —46 -44 —42 40 -38 -36

V' min (kcal/mol)

Figure 3. A plotof 'J'P.7’Se) vs Vipin of the phosphine deriv-
atives. The correlation line is associated with la—1g/4a-4g.

1. Ochida, A.; Ito, S.; Miyahara, T.; Ito, H.; Sawamura, M. Chem. Lett. 2006, 35, 294.



31p CP/MAS NMR Spectra of Silica-3p-TPP-(SiOH)"
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Figure 2.°'P CP/MAS NMR spectra of a) 3p-TPP/SiO, and b) Silica-3p-TPP-
(SiOH).

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057

36



295i CP/MAS NMR Spectra of Silica-3p-TPP-(SiOH)")

a) 3p-TPPISIO, 101
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Figure 3. 2Si CP/MAS NMR spectra of a) 3p-TPP/SiO, and b) Silica-3p-TPP(SiOH).

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057.
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13C CP/MAS NMR Spectra of Silica-3p-TPP-(SiOH)"
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Figure 4. °C CP/MAS NMR spectra of a) 3p-TPP/SiO, and b) Silica-3p-TPP(SiOH). Isopropoxy groups derived from 3p-TPP (@)
1.

lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057
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Air-stability of Silica-3p-TPP 1)
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Silica-3/2/1/p -TPP was heated in benzene under air at 100 °C for 10 h.

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057.



31p NMR spectra of 3p-TPP and Pd Catalyst?
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Figure S14. °'P NMR spectra (CDCl3) in the reactions of 3p-TPP and [PdCl,(PhCN),].

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057.
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31p NMR spectra of 1p-TPP and Pd Catalyst
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Figure S15. *'p NMR spectra (CDCl3) in the reactions of 1p-TPP and [PdCl2(PhCN)a].

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057.
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Over-modification of Silica Surface?
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31p CP/MAS NMR of silica-3p-TPP(SiOH)

1. lwai, T.; Tanaka, R.; Harada, T.; Sawamura, M. Chem. Eur. J. 2014, 20, 1057.
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PS-Ph;P Also Forms Unsaturated Complex"
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Figure $9. Ip CPMAS NMR spectra obtained after the reaction of 3a and [PdCL(PhCN):] (P/Pd
(a) 2:1 and (b) 1:2). Asterisks(*) indicate spimnning side bands.

1. lwai, T.; Harada, T.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52, 12322.



1-Fold PS-Ph;P Can Form Saturated Complex"
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Figure S14. 31p CP/MAS NMR spectrum obtained after the reaction of 5 and [PdC1L(PhCN),] (P/Pd
(a) 2:1 and (b) 1:2). Asterisks(*) indicate spinning side bands.

1. lwai, T.; Harada, T.; Hara, K.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52, 12322.



