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1. Introduction
1-1) C(sp3)-C(sp2) bond formation

@ . B —~- 06

M = Li, Mg, Zn, B etc. X =1, Br, OTf, Cl etc.

Representative Ar-Ar coupling reaction ---------------mmmmmmmmr e

Kumada-Tamao-Corriu Cross Coupling (1972)1)

1Y = MgX’
: o ArMgX’ is highly reactive
+ x ArMgX’ is sensitive to water

x Unable to use substrates react with ArMgX’

(carboxylic acid, ketone, ester etc.)
---------------------------------------------- ' Makoto Kumada

Y = ZnX
o Similar reactivity to Kumada coupling and wide substrate application range
x ArZnX’ is sensitive to water
x Unable to use highly acidic hydrogen and
highly reactivefunctional groups as substrates

(carboxylic acid, aldehyde, hydroxy group etc.) —
U a Ei-ichi Negishi

: Y = Boronic acid or ester
' o Boronic acid is stable in water and acid I:> Easy to handle ;
i o React even in air

Vi

Akira suzuki Norio Miyaura

Refference

1) Kumada, M. et al, J. Am. Chem. Soc. 1972, 94, 4374

2) Negishi, E. et al, J. Chem. Soc., Chem. Commun. 1977, 683
3) Suzuki, A., Miyaura, N., J. Am. Chem. Soc. 1979, 866



1. Introduction
1-2) Reaction mechanism?

Oxidative addition

Pd(0
Pd(0) o Pd(II)

O —e | O | —= ™

Electron rich Pd promotes oxidative addition

Transmetalation
M o —

@5‘-/ /X\
Pd(ll
Pd(II)\X Pdgl)’_:y " : m_s

Reductive elimination

Pd(ll

T — 0| — . @

Bulky ligands promote reductive elimination

Reductive Ar—Ar
iminati Ar—Ar
Elimination j » Pd(0)Ln
/ Reductive
Ar—F|>d(II)Ln Elimination
Ar — Ar—X
" Xidative Ar—Pd(ll)L
et Addition | | " PathB
Ar
HOB(OR),
Y BOOR); + x°
Transmetalation .
Ar—F|>d(II)L,, » Ar—F|>d(II)Ln Transmetalation
B(OR
Are o ORR2 OH X _B(OR),°
o Ar
- OH .
. TV Organic © °® Leett
OOH '-...... Phase X OH ...1\;..-‘
o Aqueou.s““1 "ﬂ““ B(OR) o
N Phase  x®on® AT
Refference

4) Hein, J. et al, Nature Communications 2024, 15, 5436



2. Examples of the catalyst based on key structure

-Triaryl phosphine 7  Trialkyl phosphine— CatacXium ~NHC(N-Heterocyclic Carbene)
Plh Cy t-IBu n-I|3u
1
-Ps P P .P
Ph”" “Ph Cy” “Cy tBu” “tBu Ad”" “Ad iPr [\ P
N\”/N
i-Pr iPr

- Buchward-type phosphine

O ! OMe
O Pcy Pcy2 Meo Pcy2 (- —\

2 iPr i-Pr - i N. N
Too-Ehe g e P

i-Pr i-Pr

2-1) Triaryl Phosphine3)

R2 H
— RZ2 H Pd(PPhj), (1-5 mol%) —

\ / X + >=< _ > H R1

1< NaOH (2.2 equiv) /%
R H BY, {
benzene (0.5 M) _

5.0 mmol 1.1 equiv 65°C, 2-4h, 14 examples

X=1Br,Cl up to 100% yield

% X = Cl, <5% yield

2-2) Trialkyl Phosphine3)

Me Entry Phosphane Yield [%] (GC)

Me o 1 - 0
B(OH), 1.5% [Pd;(dba)s] 2 PPh, 0
+ 3.6% Phosphane 3 BINAPU 0
_ 4 dppfl 0
Cs,CO3 (2.0 equiv) 5 P(o-tol)s 10
dioxane, 80 °C, 5 h 6 Ph,P(CH,);PPh, 0
Cl 7 Cy,P(CH,),PCy, 0
8 PCy; 75

9 PBu,

B(OH), 1.5% [Pd,(dba);]

’ . O, - 2
e 3.6% Pt-Bus R\ R
NS | 052C03 (2.0 equiv)
YA — —
R

dioxane, 80-90 °C, 5-9 h

8 examples
up to 92% yield

The ability of electron donating
Trialkyl phosphine > Triarylphosphine oxidative addtion

«

C |::> and J
. Steric hinder ) reductive elimination are promoted ~ Guregory C. Fu
Trialkyl phosphine > Triarylphosphine

% Trialkyl ligands are easily oxidized in the air so it is difficult to handle

Refference
3) Suzuki, A. et al, J. Am. Chem. Soc. 1979, 19, 866
5) Fu, G. C. et al, Angew. Chem. Int. Ed. 1998, 37, 3387



2. Examples of the catalyst based on key structure

2-3) Buchwald-type phosphines®

Pd(OAc), : SPhos = 1:2 : O

e,
®

R! BOHE P e E POY2 . ipr P
N * - 100-110°C, 1.5-24 h :
NS . | > :
Rg\ Pd(OAc), : XPhos =1:3 ' i-Pr
Ci K5PO, (3. i ;
3 04-ﬁ.|?: equiv) SPhos XPhos
1.0 equiv 1.5 equiv rt-40 °C, X h 5 examples 16 examples

:  up to 99% yield up to 99% yield

Heteroaryl substrates?)

Pd(OAc), (0.5-2 mol%)
SPhos (1-4 mol%)
HetAr-X + HetAr-B(OH), HetAr—Ar’Het
K2CO3 , MeCN / H20
100°C, X h

7 examples

X=Br, Cl up to 99% yield

¥

Stephen L. Buchwald
Structural features of the dialkylbiarylphosphines and their impact on the
efficacy of catalysts using these ligands”

Substituent fixes conformation * Alkyl groups
of R,P over bottom ring, Increase electron
enhancing rate of reductive density at phosphorus
elimination Increasing rate of oxidative
addition
R4
R * Increased size of R
¢+ ¢——— enhances rate of
*R' R?#H prevents P~p reductive elimination
cyclometallation, R! R2
increasing stability  Larger R increases
/ [L1Pd(0)]. R=Cy usually
« R',R2= large group better for than R= tBu for
(e.g., isopropyl) high turnover number
increases [L1Pd(0)] /

Lower aryl ring: <Increases size of ligand,
slowing rate of oxidation by O,

+ Allows stabilizing Pd-arene interactions
* Promotes reductive elimination

Refference
6) Buchwald, S. L. et al. J. Am. Chem. Soc. 2005, 127, 4685.
7) Buchwald, S. L. et al. Acc. Chem. Res. 2008, 41, 1461.



2. Examples of the catalyst based on key structure

2-4) NHC (N-Heterocyclic carbene) catalyst8®

i-Pr [—\ FPr
N_ _N

i-Pr | i-Pr
Cl—Pd—CI

0 |
Het/Ar—S-N N—O—CI .
P L
cl

o]
I —
(1.0 mmol) Pd-PEPPSI-IPr, K,CO, Het/Ar—ﬁ-N E N—O—Ar/Het
N-N
o]

+ EtOH-H,O (1:1), 80 °C, 2-3 h |
_ 10 examples
Het/Ar—B(OH), up to 92% yield
(1.1 equiv)
X X

X : Electronic effect influences the rate of oxidative addition
R : Bulky groups facilitate reductive elimination
R~ NYN "R R, : Throw-away ligand

Pld
R>
2-5) Catacxium A1Q v Q """" @ """" :
ol Pd(OAc), / P
| X B(OH)2 2 equiv ligand ' n-Bu '
+ > oS ! CatacxiumA |
d ©/ toluene, base, 100 °C | _ e '
R R/ ligand : Catacxium A
12 examples
up to 100% yield
Entry PR; Pd [mol % ] Yield [% ] TON TON : Turnover number
1 PPh; 0.1 5 50
2 PhPCy, 0.1 23 230
3al (o-tol)PCy, 0.1 49 490
4lal (0-anisyl)PCy, 0.1 42 420
5l12b] (o-biph)PCy, 0.05 93 1860
6 (o-biph)PCy, 0.01 47 4700
7 PCy; 0.1 23 230
8 PrBu, 0.01 92 9200
9 PrBu, 0.005 41 8200
10 BuPAd, 0.01 94 9400
11 BuPAd, 0.005 87
[a] P/Pd=4:1.
Refference

8) Peddiahgari, V. G. L., et al. Organometal Chem. 2018, 32, e4068.
9) Organ, M. G., et al. Angew. Chem. Int. Ed. 2007, 46, 2768.
10) Beller, M., et al. Angew. Chem. Int. Ed. 2000, 39, 4153.



3. Improvement of reactivity
3-1) Effect of halide ion!!)

XPhos Pd G2 [5.0x102 M]
K,CO3 [0.60 M]

%o KX [0.10 M]
Br B
g 0~ \Q 2-MeTHF: H,0 o/

7 mL:3mL
o~ 80 °C
1 2 3
0.12 - Product (3)
0.1 :
3 Inhibitory effect ) |
= 0.08 I">Br >CI : KX, K2CO3 !
5 ' THF/H,0 !
%0.06 j—Con:‘i:’ions vté"”*"*o"’.nme ©e e’ é} E ", 60 min E
g ] ,0® _00° : :
S 0.0 e’ 0%  xx XX ; :
e O » ! :
002 m XX e Mana a a2 I favor ]
0 _!. y r I ' l ‘ ' ' I l ' I ' ' I ' ' ' ‘ -I ................................................... 4
(i 2 4 6 8
Time (h)
L—Pd
R=—Ar Ar—X
Reductive Oxidative
Elimination .I Addition
Transmetalation
Ar Pathway / Ar
7
L—Pd N 4 L_Pd disfavor
R
B(OH) R=—=B(OH);
B(OH); X© OH®
Transmetalation
Pathway I
L—
R=—=B(OH),
favor
Path Il is revesible
As reaction proceeds, LPd(Ar)OH is converted to LPd(Ar)X and reaction slow down
Reducing X in the organic layer improves reactivity
Refference

11) Milner, P. J. et al. Org. Process Res. Dev. 2019, 23, 1631



3. Improvement of reactivity

Removal of Halogen ions in organic layer

Milner’s reportil)

SPhos-Pd(Ph)CI (0.01 mmol)
K3PO, (2.0 equiv)

J

I B(OH),
-

’
organic solvent : H,0=2:1, rt O

SPhos-Pd(Ph)CI

Organic Solvent

% PhI remaining after 16 h

THF 71 KX is less soluble
Et;,0O 41 in non-polar solvent
Toluene 0
Hein’s report!2
Br XPhos Pd G2 (5.0x103 M)

Bpin
- L
OMe

1 2
0.075 M

BnBr (1)

R 2-MeTHF
XXX
XX 8.5ml

>30(x
X x
4 ® X>'X
T o ..ql
®e X
0 ® ® @ 2-MeTHF

~ 2-MeTHF 7ml
4ml

X
XX\(

Concentration (M)
o
o
o

X x
xXXxx

0 2 4 6 8 10 12 14
Time (h)

007 1 Product (3)

2-MeTHF .y
4ml Ju‘;—u\b&;‘—*’-“' 000"
& 2-MeTHF

&%
7ml

0.06

o

o

v
T

2-MeTHF
85ml

°

o

o
T

Concentration (M)
°
=Y
w
T

o

o

N
T

0.01 +

1%

[T o T e B I
0 2 4 6 8 10 12 14
Time (h)

K,COj; (0.60 M), TMB (0.050 M)
'
MeTHF : H,0 = (X : 10-X) , 80 °C OMe

product

BPin (2)

4
o
«

% 2-MeTHF
Xxx 8.5ml

»

° X %

Concentration (M)
e o
o o
w

o
1<)
N

2-MeTHF X
0.01 4ml 2-MeTHF X

X
X
XXX

Time (h)

Refference

12) Hein. J. E. et al. Nature Communication., 2024, 15, 5436



3. Improvement of reactivity

3-2) Phase-transfer catalyst!2)
XPhos Pd G2 [1.25x103 M]
o Q\o K,CO4 [0.30 M], TMB [0.050 M]

|B TBAX -
+ o) + [0.10M] MeTHF: H,0O O
1 2 85mL:1.5mL OMe

[0.10 M] [0.075 M) OMe 50 °C 3
v T _
d Product (3) 007
0.08 1 TBAOH X
pooofof won xxzéﬁxi:é:§§o°'°
A qooBt TBACI x  ° e ¢
oC S 0051 s
s 0.06 [ = o}
S l TBAB " s x o @ e BPin (2)
§0051 o o« x X X X XX % 004 O o x Neopentyl Glycol (7)
8 o X XX . H A o Boronic Acid (6)
£ 0.04 1 x X @ 003l o A Ethylene Glycol (8)
@ o X g Q
§ 0.03 1 X S A
o % 002+ ®
002 + TBAI
: ggeg8ss
001 } ‘999939989 " v ¢
' ) 3 Std Conditions A
B 9 ® q
0?‘ t— L t 0‘ —tt
i 0 1 2 3 4 5 0 1 2 3 4 5
Time (h) Time (h)
Substrate scope  Nucteophi Scope | )
B r 3aa 93%' Me 3ba 92% 3ca 89% 3da91% H 3ea 90%
n1 H N N
Bpm P Qo0 0 ¢ o O 00
+ g | © o 3ga 72% 3ha 80% ¢ 3ia 87%7 ° 3ja 85%?
S

z

~
O
~
o
E/?z,g
=
I
z
\_7
~2"

XPhos-Pd G2 (0.1 mol%)

TBAOH (1.0 equiv) oo . Oou ..Oou o0,

z
Q
9
z

K,CO; (3.0 equiv) S e b i e

2-MeTHF, H,0 F -

80°C, 12 h ATCOL oo™ 00 MO OO0
v 3ad 92% 3ae 91% 3af 94% 3ag gzp%a 3ah 90%

e
\
oc
t
2 : e :
3
3an 76%° 3a0 87%° 3ap 78%° 3aq 88%

N e e
s 0 o
M ;/ e 3au61% 3av 51%"
r

Refference
12) Hein. J. E. et al. Nature Communication., 2024, 15, 5436



3. Improvement of reactivity

3-3) Reaction mechanism when Phase-transfer catalyst is used12

Control experiment

OMe Cy OMe Cy - P\Cy
d—Ph d—Ph
-[--Pld—Ph
5—C

Concentration Concentration Concentration
w/o TBACI 0.79 mM 0.52 mM 1.14 mM
w/TBACI  0.02mM 2.30 mM
(€]
OH
O

Concentration Concentration

w/o TBACI 46.03 mM 0 mM
w/ TBACI 4.17 mM

Plausible mechanism

Reductive Ar—Ar
iminati ﬂ Ar—Ar
Elimination PA(0)LN
Reductive
Ar—IIDd(II)Ln Elimination
Ar Ar—
Oxidative Ar—Pd(II)L
Fl B Addition Path B
Ar
HOB(OR)
’ Y B(OR); + X°
Transmetalation .
Ar—Pd(IlL,, » Ar—Td(“)Ln Transmetalation
B(OR
o r
e OH il
*oee, Organic © ~n® T L
eOH ..'Oo-.. Phase X OH 1&-‘..

) Aque.O.U.S..'.1L..ﬂ...... )
R B(OR)
~HOR) Phase x®oH® Ar” .

When a phase transfer catalyst is added, the reaction proceeds on Path B

Refference

12) Hein. J. E. et al. Nature Communication., 2024, 15, 5436 10



4. Non-basic conditions

protodeboronation
B(OH), i B(OH),
Q “OH, [M] A~ B(OH); Q H,0 -~ B(O0H)
| N e IN —>» Ar-H | N e IN —>» Ar-H
_ Basic X S M —~ Neutral -3~
B(OH
(OH), BF,
N HBF, . Et,0 “ 3 90% yield
| MeOH. 25 °C ~UNG in situ protection
= ’ + H
Acidic
4-1) Cationic intermediate
Aryl diazonium salts 1311415 BF -
: 4
: Pd] 5 @—Pw
A~ N2'BFy 2 -B(OH)2 0r Bpin o /6 ligand — — ORIy /
@( + (] e
A /R solvent, rt, xx h R? R : cationic palladium(ll)
R? R2 '
thermally instable
Aryl thianthrenium salts 16
BF, Pd(t+BuyP),
w or w/o HBF, - Et,0 Ar

TTH/TFT* OH
O/ * é‘ > :
R Ar” "OH  ma0H, 60°C, 10 minto 12h R E

thermally stable

R! S R!

TT,R'=H:TFT,R'=F

0.1 mmol Acidic condition Neutral condition
or 1.1-2.0 equiv 12 examples 16 examples
0.2 mmol up to 98% vyield up to 98% vyield
@ e, L Pd/Ar‘ HO_ A
Oxidative addition ! “Br and\OH ;OH
H~o—g -R
Basic /I OI
L—Pd—
b
oH Off-cycle HO B(OH) '
Ar?-H 27 B\\o Pre-transmetallation
Ar OH intermediate
F °
™ F—p=F o—o*
s S L—P'd--||= F Lo S 226 A
Oxidative addition + F—p=F —3 ® )
Al A .l 235 A
Neutral L—Pd- 2 { .
Acidic Aﬂ | e Y 0
BOH):  Ar.TTBF, or HBF, \\R B b o ¢
@ B-X metathesis ArZ=BFy ¢ ¢
lon pair stable to acid L= t-Bl.I3P

Refference

13) Carrow, B. P. et al. J. Am. Chem. Soc. 2017, 139, 12418.

14) Demoute, J.-P. et al. Tetrahedron Letters. 1996, 37, 3857.

15) Schoenebeck et al. Angew. Chem. Int. Ed. 2021, 60, 7007.

16) Ritter, T. et al. Nature Synthesis. 2024, https://doi.org/10.1038/s44160-024-00631-4

"



4.Non-basic conditions

Leiws acidic condition by Hosoyal?”)

Via cationic palladium(ll) intermediate at room temperature

-0

N Pd° — N, ot —Pd°
Pd - o
—N, ——— > >
Oxidative o ) Base-free Reductive
addition Cationic palladium(ll), trans- elimination
thel’mally |nstab|e meta|ation
B—@ T - Pd°
Stabilization of cationic palladium intermediate
~MX
/ W
>|< Lewis acid X Controlled
Pd° (MX,,) - release
—X — —pPd"! ——— —pPd" ~ —Pd''*
— "MX 41 .
X =Br, Cl Masked Reactive
intermediate intermediate
X BF;K 4
3 Pd catalyst, 4 . MeoN  NMep
+ »> 1 TIO._ T\ S _OTf
o ° ' H. .Zn_ _H
THF, 80 °C or CPME, 120 °C '
' | I
' wlng LN~
0.2 mmol 1.1 equiv 44 examples 1 MeoN! / (I) » " NMe;
X =Br, Cl up to 99% yield Q/N,\,le2 H Me{N\)
' I
PdCly(amphos), ! OTf
F + 2PhBFK (2a) F E
— Ph—Ph, amphos '
O 2BF, 2KCl . Bu Bu
3 Br 1 : )
Pd%(amphos) : /©/P§\ PdCl,
Br 1 2
A 1
Reductive Oxidative \ /@/F : Me N
elimination addition Pf< 1 2
/@/F P. <= 1/2Pddimersa ' Pd catalyst
P‘\j l gy
G
(L =amphos) L Me:N Bu g
MeoN
BF3, KBF3(OH) | Zn trimer
Transmetalation dils—isao‘gi?a?ir;n BFa, TfO’En\NMeZ )
BF3K HO
9 :
2a
B Me,N 1t
MeoN + l
. FiC 0™ Z0~NM
4 H"'Pd/@/F Zinc removal s \ 3 Y ©

,,,”'P/ X~ o~ \\o\ ; ;
By H ’P !

d
\, \ e
b P
Transmetalation active o \\Q\
MeoN One more MexN Bu NMez (X" =BF3(OH)
| cycle | — -

- Masked intermediate 6

B E ThMe, == TIo” 5" NMe,

Br Br
F E
Refference

17) Niwa, T., Hosoya, T. et al. Nature Catalysis. 2021, 4, 1080

12



4.Non-basic conditions
4-2) Neutral condition
Neutral condition SMC by Nishiharal8

Pd(dba)z

R __R? pph CI
Pd(dba), (5 mol%) T ’
CI_R?  PPh; (10 mol%) R _R?
3 o
R'-B(OH), + \[r CuTC (1 equiv) b
0 Et,0, 1t, 3 h 0
2.0 equiv 1 mmol 16 examples R .
szp& R\gP
cl ) Pd(dba), (5 mol%) RCOLB0M,
R2  PPh; (10 mol%) 5 "
1 3 R'-B(OH),
RBon), * T _cutcd equiv) \/\ﬂ/ s
0] Et,0,rt,3 h b EH Y CuO,CR
2.0 equiv 1 mmol 16 examples R?Z/ Nl 1/ (R =2-em)
Neutral condition SMC by Sanford!2
E NMe,NMe, |
. PFe F S
: + :
: MezNJ\NMez OO :
... TEHL__Proton Sponge | (H0>zs—®—0Me
0 (2.0 equiv)
TFFH (1.0 equiv) Ni(cod), (10 mol%)
OH _Proton Sponge (1.0 gguiv) > F| PPh;Me (20 mol%) - OMe
THF, rt, 15-30 min THF, 100 °C, 16 h
isolated
0.2 mmol lsooa:- e 29 examples
in situ
(o]
OH TFFH (1.0 equiv) (HO),B-R (2.0 equiv) R
0\ Proton Sponge (0] Ni(cod), (10 mol%) o,
\ (1.0 equiv) PPh;Me (20 mol%) ‘
\/\N'S\\O THF, rt, 15-30 min PJ\F THE, 100°C, 16h > NS %
H isolated H
or
P—COH in situ
0.2 mmol 21 examples
o)
b - -X X (base) . >—Ni" -F - O

Ar—X Ar—pPd" .
, RO U
X- -CO w-p* AT F
* *
’ .

[ @—[M"] —@ I
[Pd] Suzuki-Miyaura ) ) This work [Ni°]
reaction Transmetallation-active (no base)

intermediates

Off-cycle M=PdorNi -« 1
decomposition X*=OHorF ' R
via ArB(OH),~ IS S
3 ,_ AR <0 A-Ar
Ar—Ar B(OH), N . .

Ar-Pd"'-Ar Ar-Ni"-Ar

_ _ Ar
Base |

Refference
18) Nishihara. Y. et al. Tetrahedron 2013, 69, 2565.
19) Sanford. M. S. et al. Nature 2018, 563, 100. 13



5. Proposal

C-X bond
9 17 35 53
F Cl Br I
Fuluorine Chlorine Bromine lodine
strong <460 kJ/mol 350 kJ/mol 294 kJ/mol _ 239 kJ/mol_| peek

Bond energy

Previous work
o-Nitro substrate2?

reductive
elimination

NO Boronic acid or ester (1.1 equiv) N02
2 40% KF/Alumina (1.2 equiv) -
~ Pd(PPh;), (5 mol%) z | S0
/2 DMF or DMSO, 150 °C, 15-120 min ~ £R
Fog 2-4
16 examples
up to 96% yield

Perfluorinated subatrate2!

Ni1 (5 mol%)

% (4-n)PPhg

Ph F

attack’

FPh Pc
e
0@
F h F
O F [0}

F

oxidative
aadition

N o

nucleophl//c

[B] CsF (1.0 equiv) Ar iPr N |
Ar—F + o : UN —N(N iPr
R toluene, 100°C, 18h R o N -
NN J
Ar: C6Fs Boronlc est 18 examples | &;( . \n
' CyoFg, C,F, DOronicester up to 100% yield i "/ r
Chromium-bond substrate22)
sz(dba)3
F B(OH), PMe; =
oc O/ 52003 > R1‘/\ / OC . 7 example-s
" /C ~c DME, reflux, 16 h e UPto87%yield
oC ocC co
R =H or OMe
Metal fluoride effect23) Ni(cod), (20 mol%) additive : ZnF,
PCy; (80 mol%) Ph 12 examples
additive (40 mol%) up to 93% vyield

0
Ph—< >—F +><:,B—< >—
o

CsF, toluene

— Substrate sco

o Q O

1d 62

1b 52 1c 57

1e 785¢ 1f 93° 1g 45

1a 80 1h 71° 1i 62

(0.25 mmol) (3.0 equiv) 100°C, 12 h
entry additive yield (%)h entry additive yield (%)b
1 none 38 6 TiF, 77
2 MgF, 47 7 %0
3 ZnF, 56 8 FeF; 48
4 CeF; 52 9 NiF, 44
S TiF; 61 10 AlF, 43
Reference

20) Nelles, G. and Kilickiran, P. et al. J. Org. Chem.
21) Radius, U. et al. J. Org. Chem. 2016, 81, 5789
22) Wilhelm, R. et al. Chem. Commun. 1999, 2211
23) Tobisu, M. Chatani, N. et al. J. Am. Chem. Soc. 2011, 133, 19505

2010, 75, 5860

1j 64° 1k 47 11 59

oy g

E
F J\/UF

‘ ~

MeO,C Me N

14





