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Propellane synthesis by exocyclic cycloaddition [3 + 2] thermal cycloaddition
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[3+2] cycloaddition on fullerenes KQOH Biochemical activity of fullerene derivates
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[2+2] cycloaddition on fullerenes
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Dimerization on Langmuir-Blodgett Film
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As Assistant Professor at Kyoto University Yamago starts to work on different topics.

Fullerene substituent Phosphorus ligands
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* In this time Yamago published over 15 papers about

Organotellurium compounds and them affecting radical reactions

Organotellurium-mediated living radical
polymerization (TERP)
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S. Yamago, K. lida, J. Yoshida; J. Am. Chem. Soc. 2002, 124, 2874—-2876.

S. Yamago, K. lida, M. Nakajima, J. Yoshida; Macromolecules 2003, 36, 3793—3796.

Y. Sugihara, Y. Kagawa, S. Yamago, M. Okubo; Macromolecules 2007, 40, 9208-9211.
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R=X
Y ¢ (initiator)

/\ Y
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Advantages: + molecular weight
control
» defined end-groups
 later functionalization

Similar work with Organostibines
and Organobismuthines

E. Mishima, S. Yamago; J. Polym. Sci 2012, 50, 2254-2264.
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Synthesis Poly(N-vinylamide) and Poly(vinylamine)
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Optical active Ligands for asymmetric catalysis
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TIPS 1) 4 eq. tBuLi, 5 eq. B(OMe); O TIPS Ph Br Ph | TIPS
d THF, -78 °C, 0,5 h N o o! n_, © n ©

2) 30% H,0, (2.2 eq.) 2.5 eq. KoCOs ) _
OO 0, OO o} 0.2 eq. 18-Crown-6 [ OO 0
B TIPS HO TIPS acetone, reflux Ph/ o TIPS
_ Ph :
n=1-4 g I,
O OH .
b P "snBu, PN L yield % ee%
Ph 'II_'iE?(i)Pr)4I(/1()) mol%)  Ph N n=1 18 92
mol%

CH,Cl, n=2 36 89

n=3 36 88

(R)-binapthol 31 87

S. Yamago, M. Furukawa, H. Mukai, A. Azuma, J. Yoshida; Tetrahedron Letters 1998, 39, 3783-3786.



https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169
https://www.sciencedirect.com/science/article/pii/S0040403998006169

Assistant Professor in Kyoto Prof. Shigeru Yamago K. Glnther

« In Addition to his work on Organotellurides, he still works on his basic building block

4 A

0. __0

DX

—/ cooMe . S
90% — 85% CN BuU “COOEt

\/2/ ‘ /% u 86%
% N EtOOCI?‘/> %

O.__O
Me;Si—=—SOMe % O, ©
D —
o.__O o)
MesSi” , SOMe & i}
/~NOB
MeOZC
o.__O %
o_ _O
MeO,C \
79%
N\
PH  ©OBn 84%

E. Nakamura, S. Yamago: Acc. Chem. Res. 2002, 35, 867—877. 76%
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Professor in Kyoto Prof. Shigeru Yamago K. Glnther

» Besides his work on Organotellurides, he starts to work on Cyclo-para-Phenylenes (CPPSs)

[8]CPP synthesis via tetranuclear platinumcomplex Fulleren encapsulated in 10[CPP]

7 eq. Bry
toluene, 95 °C, 17 h

THF, reflux, 35 h

1 eq. PtCly(cod) E

SnMe; (L)PtPt(L)
( )

SnMe; L)PtPt(L
S7% 49%
L=cod 4 eq. dppf L=dppf [8]CPOP
~%% CH,Cl,, tt, 20n PP
S. Yamago, Y. Watanabe, T. lwamoto; Angew. Chem. Int. Ed. 2010, 49, 757—759. T. Iwamoto, Y. Watanabe, T. Sadahiro, T. Haino, S. Yamago; Angew. Chem. Int. Ed.

2011, 50, 8342-8344.
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Synthesis of [12]CPP

SnMej

1 eq. Pt(cod)Cl,

SnMej

General concept

THEF, reflux, 36 h

Stannulated
precursor

Ty aTat

Shigeru Yamago K. Giinther

7 eq. Bry
toluene, 95 °C

,17h

20%

4.3 eq.

L=cod =G Ci,, rt, 36 1 L=dppf

SnMej

58%
[12]CPP

Unselective synthesis of [8-12]CPP
using different precursors

— | Forming square —|Change

platinumcomplex ligands

@ CPP

T. Iwamoto, Y. Watanabe, Y. Sakamotp, T. Suzuki, S. Yamago ; J. Am. Chem. Soc. 2011, 133, 8354—-8361.
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Selective Synthesis of [10]CPP

' e OO
O 1) 1 eq. BuLi O O 1) 2 eq. Pd(dba),/bpy
THF, -78 °C, 1h 0.5 eq. Pt(cod)Cl> | THF, 50 °C, 8 h

2) 1 eq. Me5SnCl THF, 60 °C, 8 h 2) 2.2 eq. AgBF,

O THF, rt, 6 h O CH,Cl,/acetone, rt, 12 h

[10]CPP
84% 96% 16%

Proposed mechanism:

OO~

E. Kayahara, Y. Sakamoto, T. Suzuki, S. Yamago; Org. Lett. 2012, 14, 3284—-3287.
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Synthesis of ball-like three-dimensional m-conjugated molecule

SnMe3

___PH(L) or

O Pt(L)
O O Prof. Shigeﬂamagc 60 eq XeF2 _
Me;Sn SnMe; toluene, 90 °C, 20 h
/ 6.0 eq PPh,

+ 1,2-DCB, 50 °C, 30 h
Pt(cod)ClI
(L)Pt

O O Pt(L)
Cl(cod)Pt Pt(cod)CI

E. Kayahara, T. Iwamoto, H. Takaya, T. Suzuki, M. Fujisuka, T. Majima, N. Yasuda, N. Matsuyama, S. Seki, S. Yamago; Nature Commun. 2013, 4, 2694.

toluene, 90 °C, 20 h
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Synthesis of [5]CPP

Jasti and Bertozzi approach for CPPs
Bpln

i ’
0 a8

R =Me, X=Br

Yamago combine his own method|(over platinumcomplex) and
Jasti/Bertozzi method| (reductive aromatization as last step)

OR
@av X
x — R0
RO RO O Reductive

O M(cod), | O |\/| _ aromatization’
Do [l
OR

R = SiEt;, X = Br R = SiEt3, M = Pt or Ni

E. Kayahara, V. Patel, S. Yamago; J. Am. Chem. Soc. 2014, 136, 2284-2287.

[S5]CPP
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[3-4]CFR Synthesis

j

1 eq. PtCl,y(cod)

Me3Sn
THF, 60 °C, 25 h

1 eq. PtCly(nbd)
1,2-DCB, 60 °C, 20 h

R
O Pt(L (L)Pt Q.O P(L)

3 eq.Br; 4 eq. Bry
1,2-DCB, 130 °C, 24 h 1,2-DCB, 90 °C, 18 h
[3]CFR [4]CFR

E. Kayahara, R. Qu, M. Kojima, T. Iwamoto, T. Suzuki, S. Yamago; Chem. Eur. J. 2015, 21, 18939-18943.

Prof. Shigeru Yamago K. Ginther

Rearomatization with H,SnCl,

OH

Wels
»

2.2 eq. SnCl,+2 H,0/
4.4 eq. HCI

[5]CPP

« Easy way to rearomatize CPP precursors
« Standard method for rearomatization

V. Patel, E. Kayahara, S. Yamago; Chem. Eur. J. 2015, 21, 5742-5749.
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Gram-Scale Synthesis of [8]CPP

21eq BrBr

OH
1) 1.1 eq. Me3SiCl
1.2 eq. Imidazol

l 0°Ctort, 10h _

2) 1.2 eq. PhI(OAc),
O THF/CH3CN/H,0

rt, 12 h

Br

S. Hashimoto, T. Iwamoto, D. Kurachi, E. Kayahara, S.

Prof. Shigeru Yamago

1.1 eq. nBulLi
THF,-78°C, 1 h
1.3 eq. NaH
THF, 78 °C,1h

Yamago; ChemPlusChem 2017, 82, 1015-1020.

AO.D.

3.0 eq. Et3SiCl
DMF/THF, -50° C tort, 12 h

Et;SiO O
Et;SiO O

of

1.0 eq. PtCly(cod)  Et;SiO O

5.0 eq. K3PO4

K. Gunther

(cod)

Pt
O O OSiEt,

THF, 65 °C, 24 h

X
1) 2.4 eq. nBulLi
THF,-78 °C,1h
X=B * - = Bpi
"72)3.0 eq. iPrOBpin < - 2PN
-78°Ctort, 18 h

0.02

[51CPP - ot 1< 0.2 -[9]CPP o el
0.01 == =

/\/
0.00 s lv‘§ -
0.04 [-[6]CPP —NeE—12n
—15ps

0.02

= e— o
0.00 . — :
0.20 |-[7ICPP —3 =i 3
0.10 |-
0.00 f*=-=é\—*‘—

[8]CPP q-gsps _?@Sps
0.10 —2ps
0.00 oy 1 3 1 M

500 600 700 1000
Wavelength / nm

1500

500 600 700 1000 1500
Wavelength / nm

M. Fujisuka, C. Lu, B. Zhuang, E. Kayahara, S. Yamago,

T. Majima; J. Phys. Chem. 2019, 123, 4737-4742.

Et;SiO O O
Pt

(cod)

‘ OSiEt;

5.0 eq. PPhg|toluene, 105 °C, 24 h

Et;SiO O O O OSiEts
Et,SiO O O O OSiEt,

4.4 eq. HySnCly| THF, rt, 18 h
[8]CPP

T. Kawanishi, K. Ishida, E. Kayahara, S. Yamago;

J. Org. Chem. 2020, 85, 2082-2091.
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