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Annual Research Highlights

(1) “Iron-Catalyzed Direct Arylation
Directed Aromatic C—H Bond Activation”

Through

In the context of resources depletion and environment
awareness, sustainable and atom-efficient synthetic
methodologies are the next challenge for the synthetic
chemist. Iron is one of the most abundant metals,
inexpensive and biocompatible, and therefore it is an
ideal metal for clean catalysis. We demonstrated for the
first time the use of iron as a catalyst for the direct
arylation  of
nitrogen-containing directing group (Fig. 1). Various in
situ-generated organozinc reagents reacted with
2-phenylpyridine congeners in the presence of an iron salt,
a diamine as a ligand, and an organic dihalide as an
oxidant, to give the mono- and diarylated products in
good yield and under remarkably mild conditions.

aromatic  substrates  possessing a

ArMgBr (6.0 equiv)
PREAE ZnCl,- TMEDA (3.0 equiv) W3

N (An
" Fe(acac); (10 mol %) u
SN NF | 1,10-phenanthroline (10 mol %) SNENF i
X XN
H \ CI></CI (2.0 equiv) AT

R

THF, 0 °C

Me (:‘
Ph
89% 78% MeO 76% 99%

(Ph) X, (Ph) >N (Ph) —, (Ph)
| O?@ -
N N
CO,Et Ph Ph
65% + 21% 77% + 13% 81% + 9% 81% + 9%
(mono- + di-) (mono- + di-) (mono- + di-) (mono- + di-)

Fig. 1 Iron-Catalyzed Direct Arylation of Aromatic C—H Bonds.
1.(1)-10) J. Am. Chem. Soc., 130, 5858 (2008).

(2) Mn-catalyzed novel approach to multi-substituted
benzene derivatives

Benzene synthesis has been main issue in organic
synthesis. We have recently developed novel synthetic
methodology for benzene synthesis. As shown in Fig. 2,
1,3-dicarbonyl compound and two molecules of alkyne
underwent [2 + 2 + 2] cycloaddition in the presence of
manganese catalyst and subsequent dehydration to afford
tetrasubstituted benzene. Unlike classical Reppe reaction,
this reaction achieved excellent regioselectivity: aromatic
alkyne afforded the expected p-terphenyl compound as a
single isomer. Various functional groups such as bromo
and boryl functionality tolerated under the present

reaction conditions. This protocol has several
synthetically attractive features: the use of non-toxic and
naturally abundant manganese as catalyst, high selectivity,
and good atom efficiency. This methodology will serve as
key step in construction of functional m-materials.
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Fig. 2 Mn-catalyzed [2 + 2 + 2] coupling reaction of
1,3-dicarbonyl compound and alkyne.

1.(1)-12) J. Am. Chem. Soc., 130, 7792 (2008).

(3) Imaging of conformational changes of single
molecules bonded to a carbon nanotube surface

A chain-like amide molecule bearing a biotin terminus
was bonded via an amide linkage to the surface of an
aminated carbon nanohorn, a horn-like form of carbon
nanotubes, and examined by a transmission electron
microscope (TEM). Single molecular images of the amide
molecules with 3-nm length were obtained (Fig. 3). An
iterative sequence of modeling and simulation allowed us
to assign one plausible conformation out of > 10°
possibilities. Furthermore, the movie images allowed us
to study not only the conformation of the molecule but
also its time evolution. These results suggest that there is
no limitation in molecular size to visualize at a molecular
level and this methodology would be applicable for
structural and motional analyses of larger molecules such
as proteins.

Fig. 3 A TEM image of triamide-NH conjugate (left) and its
molecular modeling structure (right). The scale bar represents 1
nm.

1.(1)-13) J. Am. Chem. Soc., 130, 7808 (2008).



WEA BT IEE

HENA T4 b

(1) &KERWIZRFIRFRETEEILICE SIS HHR
LEMDEET Y —MLRIE

BAEOBIEALYS & BREREOBLI G, BREEFHT
%i@ﬁ%@%@%wéﬁ%w%%ﬁﬁ@%hrw
5. BRITHBRT RO EEICHET 2EBER TR T
HY, if_izﬂﬁkioﬁ ThHHZ EnG, kit
ROBEMRFIAESRKOKR bEEY R eHE L LTHE
HEDTWD., ST xld, SlEIC X 55 EFRK
FIKBREAOUIM 2R D EHET U — ALRE OB
FICHRIN KT Uiz, it EogkiE s 7 =) v b
I A S R ON S - MG SRS R/ =R = g s c 2
ETF, TV—=nAv ) oo R~ IR AT R
HWAEH ST 2 A, A0 MLd C-H 5825 E %)
FTTV—fbsie (K1), BEFDORFE-KFER
BIEMALR £ &S T, REISIZ0TC E WS fiRd T
BRI OSGMCTHEITT D22 E LR TH 5.

ArMgBr (6.0 equiv)

PRt ZnCl,- TMEDA (3.0 equiv) PRELN (Ar)
" Fe(acac); (10 mol %) "
\N/ = ‘ 1,10-phenanthroline (10 mol %) \N/ = |
X X
H \R CIKCI (2.0 equiv) Ar \R
THF, 0°C
Me Me (\/‘
Ph
89% 78%  MeO 76% 99%
X (Ph) X (Ph) SN (Ph) = (Ph)
% ® @ 1 G 1
N N N N
Ph OMe Ph CO,Et Ph Ph
65% + 21% 77% + 13% 81% + 9% 81% + 9%
(mono- + di-) (mono- + di-) (mono- +di-)  (mono- + di-)

X1 $kfibfiic X2 FHE C-HEADOEET U —bKE
1.(1)-10) J. Am. Chem. Soc., 130, 5858 (2008).

Q= T MBI K D HBIL BN B RRRED
B &

BB A BIE DT T A b FIs BT
HEHERPEE L TINETEZ OWFEHICL VI
T/ &N TE . ARlF 2 I XE# e~
BREEESL LT (X2). bbb, w0 il
ET, 13- AR B E T X2 245 F 0
D [2+ 2+ 2NBALIEHELIT L, 5l & e < AKX

JSIZ RV MEAN B2 B2 D 2 LR nWE LT,

ARTFIET, M7 Reppe ML CTIZREETH - 725
WD EDERIRME 2 EBL L2130y, B, Ao oz
TN EOBERENKFETEZ DL, @BV EFERR

HHaT 5. T2, FEHENMESRRICEBICHEET
D AN E S, RTIROESED
K Ch D, RFEITHEENE « L0 T OREEIC D

BALO LW S LS.
HO COzEt
HO H
cat. MnBr(CO)s Ph CO,Et
Q Q &QQOJ
N\ /7

CO,Et
R=H 94%
OO "
= Bpin 65%
Perfect Regioselectivity

X2 < HUofIC XD 13-DhAR= I bEmE TV
XL LOR+A2+2B v TV IR

1.(1)-12) J. Am. Chem. Soc., 130, 7792 (2008).

QA =R T Fa—TIfHE LIcE—FHRSFO
BT HMSBIER

H—KRoF ) Fa—TO—FTHDI—RF )
m—r ki, BAFUERmCHETHEKRT I Ky
TEEAL, HRRE M CBEE Tt 2
A, TRV OREGTHEAG LR SH 3nm D7
RO ELNT (K3). £, oIl
Boay NI A NMETEITY ZEICLY, TRy
TR L CEDNRBLEEZRD D Z ENTE T, &S
Bz, 7 Ry T OBUREESORE T 2832l %
@ﬁkbfﬁﬁTé CICbER L-. Allo% R,

DB FRE 7R 0 - DV A R FEE 7RI R 3

@w LERTHLOTHY, KRPEESE%RX N
Hie EOBE RS OREE AT R L OEhEE #7120 H

THZLHARTHLEEZLND.

K3 H—RrF)Fa—TEmMIHEELET I RO+
DOFEBEFTAMBEE L LOFDOSFET L. A7r—LN
—/X 1nm ZE7.

1.(1)-13) J. Am. Chem. Soc., 130, 7808 (2008).



1. RS
(1) Refereed Journals

1) Water-Soluble Fullerene Vesicle Alleviates Angiotensin II Induced Oxidative Stress in Human Umbilical
Venous Endothelial Cells, R. Maeda, E. Noiri, H. Isobe, T. Honma, T. Tanaka, K. Negishi, K. Doi, T. Fujita,
and E. Nakamura, Hypertens. Res., 31, 141-151 (2008).

2) Synthesis of Cs-symmetric Functionalized [60]Fullerenes by Copper-mediated Five-fold Addition of
Reformatsky Reagents, T. Nakae, Y. Matsuo and E. Nakamura, Org. Lett., 10, 621-623 (2008).

3) A Ruthenium Bridge in Fullerene—Ferrocene Arrays. Synthesis of Ru(CgMes)R(CO), (R = C¢HyFc and
C=CFc) and Their Charge-Transfer Properties, Y. Matsuo, K. Matsuo, T. Nanao, R. Marczak, S. S. Gayathri, D.
M. Guldi and E. Nakamura, Chem. Asian J., 3, 841-848 (2008).

4) Modular Synthesis of Functionalized Benzosiloles by Tin-mediated Cyclization of (0-Alkynylphenyl)silane, L.
Ilies, H. Tsuji, Y. Sato and E. Nakamura, J. Am. Chem. Soc., 130, 4240-4241 (2008).

5) Construction of Chiral Quaternary Carbon Center by Indium-Catalyzed Asymmetric o-Alkenylation of
B-Ketoesters, T. Fujimoto, K. Endo, H. Tsuji, M. Nakamura and E. Nakamura, J. Am. Chem. Soc., 130,
4492-4496 (2008).

6) Addition of Tetrahydrofuran to [60]Fullerene through C-H Bond Activation Induced by Aryl Zinc Reagent, Y.
Matsuo, Y. Zhang and E. Nakamura, Org. Lett. 10, 1251-1254 (2008).

7) Stereoselective Synthesis of Trisubstituted E-Iodoalkenes by Indium-catalyzed syn-Addition of 1,3-Dicarbonyl
Compounds to 1-Iodoalkynes, H. Tsuji, T. Fujimoto, K. Endo, M. Nakamura and E. Nakamura, Org. Lett., 10,
1219-1221 (2008).

8) Mechanism of the Nucleophilic Substitution of Acyl Electrophiles using Lithium Organocuprates, N. Yoshikai,
R. Tida and E. Nakamura, Adv. Synth. Catal., 350, 1063-1072 (2008) (A. Pfaltz Special Issue).

9) Photocurrent Generating Properties of Organometallic Fullerene Molecules on Electrode, Y. Matsuo, K.
Kanaizuka, K. Matsuo, Y.-W. Zhong, T. Nakae, and E. Nakamura, J. Am. Chem. Soc., 130, 5016-5017 (2008).

10) Iron-Catalyzed Direct Arylation through Directed C-H Bond Activation, J. Norinder, A. Matsumoto, N.
Yoshikai and E. Nakamura, J. Am. Chem. Soc., 130, 5858-5859 (2008).

11) Modular  Synthesis of Benzo[b]phosphole Derivatives via BuLi-mediated Cyclization of
(o-Alkynylphenyl)phosphine, H. Tsuji, K. Sato, L. Ilies, Y. Itoh, Y. Sato and E. Nakamura, Org. Lett. 10,
2263-2265 (2008).

12) Manganese-Catalyzed Benzene Synthesis by [2+2+2] Coupling of 1,3-Dicarbonyl Compound and Terminal
Acetylene, H. Tsuji, K. Yamagata, T. Fujimoto and E. Nakamura, J. Am. Chem. Soc. 130, 7792-7793 (2008).

13) Imaging of Conformational Change of Biotinylated Triamide Molecules Covalently Bonded to Carbon
Nanotube Surface, E. Nakamura, M. Koshino, Y. Niimi, K. Harano, Y. Nakamura and H. Isobe, J. Am. Chem.
Soc., 130, 7808-7809 (2008).

14) Synthesis of Metal Fullerene Complexes by the Use of Fullerene Halides, Y. Matsuo, Y. Kuninobu, A.
Muramatsu, M. Sawamura and E. Nakamura, Organometallics, 27, 3403-3409 (2008).

15) Triazole-linked Analogue of Deoxyribonucleic Acid (""DNA): Desing, Synthesis and Double Strand Formation
with Natural DNA, H. Isobe, T. Fujino, M. Guillot-Nieckowski, E. Nakamura, Org. Lett., 10, 3729-3732
(2008).

16) Group 6 Metal Complexes of the m’-Pentamethyl[60]fullerene, Y. Matsuo, A. Iwashita and E. Nakamura,
Organometallics, 27, 4611-4617 (2008).



17) Penta(pyrenyl)[60]fullerenes. Pyrene—Pyrene and [60]Fullerene—Pyrene Interactions in Crystal and in Solution,
Y. Matsuo, K. Morita and E. Nakamura, Chem. Asian J., 3, 1350-1357 (2008).

18) Light Emission of [10]Cyclophenacene through Energy Transfer from Neighboring Carbazolylphenyl
Dendrons, X. Zhang, Y. Matsuo, and E. Nakamura, Org. Lett., 10, 4145-4147 (2008).

19) Origin of the Regio- and Stereoselectivity of Allylic Substitution of Organocopper Reagents, N. Yoshikai, S.-L.
Zhang, and E. Nakamura, J. Am. Chem. Soc., 130, 12862-12863 (2008).

20) Imaging the Passage of a Single Hydrocarbon Chain through a Nanopore, M. Koshino, N. Solin, T. Tanaka, H.
Isobe and E. Nakamura, Nat. Nanotechnol., 3, 595-597 (2008).

21) Mono- and Penta-Addition of Enol Silyl Ethers to [60]Fullerene, E. Nakamura, S. Mouri, Y. Nakamura, K.
Harano, and H. Isobe, Org. Lett., 10, 4923-4926 (2008).

22) Ligand Exchange as the First Irreversible Step in the Nickel-Catalyzed Cross-Coupling Reaction of Grignard
Reagents, N. Yoshikai, H. Matsuda, and E. Nakamura, J. Am. Chem. Soc., 130, 15258-15259 (2008).

23) Regioselective Synthesis of 1,4-Di(organo)[60]fullerenes through DMF-assisted Monoaddition of Silylmethyl
Grignard Reagents and Subsequent Alkylation Reaction, Y. Matsuo, A. Iwashita, Y. Abe, C.-Z. Li, K. Matsuo,
M. Hashiguchi, and E. Nakamura, J. Am. Chem. Soc., 130, 15429-15436 (2008).

24) Diastereoselective Addition of Zincated Hydrazones to Alkenylboronates and Stereospecific Trapping of
Boron/Zinc Bimetallic Intermediates by Carbon Electrophiles, T. Hatakeyama, M. Nakamura, and E.
Nakamura, J. Am. Chem. Soc., 130, 15688-15701 (2008).

25) Uniquely Shaped Double-Decker Buckyferrocenes - Distinct Electron Donor-Acceptor Interactions, M. Renata,
M. Wielopolski, S. S. Gayathri, D. Guldi, Y. Matsuo, K. Matsuo, K. Tahara and E. Nakamura, J. Am. Chem.
Soc., 130, 16207-16215 (2008).

26) Efficient Formation of Ring Structures Utilizing Multisite Activation by Indium Catalysis, Y. Itoh, H. Tsuji, K.
Yamagata, K. Endo, I. Tanaka, M. Nakamura, and E. Nakamura, J. Am. Chem. Soc., 130, 17161-17167 (2008).

(2) & DAt
2. WRFL - R

1) Selective Multi-addition of Organocopper Reagents to Fullerenes, Y. Matsuo and E. Nakamura, Chem. Rev.,,

108, 3016-3028 (2008).
2) AEEIE—Ricind G710 ToEE 2 RS, As—, B, No. 422, ppl6-22 (2008).

3. F&

4. Z DA

1) Chemical & Engineering News (2008 4= 6 H 23 H) “Electron Microscopy For Chemists”

2) ALFTEHH (2008 49 7 16 H) TR YIEEBIEICLE), o+ DT/ A ZflfLidi |

3) HIHER (2008 429 H 19 H) A2 8< & 1-Bl%)

4) BEFEE (2008 429 H 19 BH) [/ YA XOREED /3 F OB &

5) Chemical & Engineering News (2008 /=9 H 22 H) ”Imaging Molecular Escapes”

6) mnanowerk (2008 -9 A 22 H) [Nanotechnology escape artists squeezing through a hole in the wall |
7) Asia Materials (2008 4= 10 4 2 H) “Molecular snap-shots”



