PHYSICAL ORGANIC CHEMISTRY

Annual Research Highlights

(1) "Iron-catalyzed cross-coupling of alkyl halides
with Grignard reagents"

Despite its long history and widespread use, C-C
bond formation by nucleophilic substitution of an alkyl
halide has not been a truly satisfactory synthetic method.
Pursuing practical and environmentally benign iron
catalysis, we found that primary and secondary alkyl
halides and aryl Grignard reagents smoothly undergo
cross-coupling reaction in the presence of an iron
catalyst.

Extensive studies revealed that a combination of
FeCl; catalyst and N,N,N’,N'-tetraethylenediamine
(TMEDA) and elaborate control of reaction conditions
allow quantitative cross-coupling of an aryl Grignard
reagent and a secondary alkyl chloride, bromide and
iodide (eq 1). While B-hydride elimination and reduction
are often problematic side reactions for this class of
substrates, no such reaction was observed.
Stereochemical probes suggest that the intermediate
responsible for the C-C bond-forming step undergoes
stereochemical mutation and is rather bulky. One
plausible possibility is an "iron-bound radical"

intermediate.
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(2) "Mechanism of substitution reaction on
sp’-carbon center with lithium organocuprate"

Substitution of an alkenyl bromide with a lithium
diorganocuprate (R,CuLi) is a groundbreaking reaction
that has changed the accepted wisdom that a nucleophilic
substitution on an sp*-hybridized carbon is synthetically
impracticable. However, the detailed mechanism of this
reaction has been elusive for a long time. Through
theoretical and experimental studies, we now revealed
the reaction mechanism with a particular focus on the
role of copper/lithium aggregate in the carbon-halogen
bond cleavage.

Density functional calculations suggested two
mechanistic possibilities, which are a conventional
three-centered oxidative addition pathway and an
"eliminative" pathway (Fig. 1). In the latter, the copper
and lithium centers act as a nucleophile and as a Lewis
acid, respectively, to effect cooperative, bimetallic
carbon-halogen bond cleavage. Experimental kinetic
isotope effect measurements, combined with theoretical
prediction, showed the eliminative mechanism is
operating in the actual reaction.
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Fig. 1 Pathways of the reaction of [Me,CuLi], and vinyl
bromide.
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(3) "Selective deposition of a metal cluster in a hole
opening of single-wall carbon nanohorn"

Selective synthesis of particles of angstrom to
nanometer size consisting of one to many metal atoms is
instrumental in various applications, but it has been
hampered by the tendency of the metal atom to form
large clusters. Because the oxidized edge of carbon
nanotube is rich in hydrophilic functional groups, such
as hydroxy and carboxyl groups, and hence creates a
"locally amphiphilic" structure on a graphene sheet, we
considered that selective accumulation of hydrophilic
metal ions, one by one through self-assembly, onto a
small hole of partially oxidized graphene sheet should be
possible. In fact, treatment of single-wall carbon
nanohorn possessing hole openings of several angstroms
to ~2 nm diameter with methanolic Gd(OAc); permits
selective deposition of one to several Gd(III) atoms in an
opening at the tip of the tube (Fig. 2), or a cluster of an
average 1.6-nm diameter in the interior of an opening on
the sidewall, as studied by the state-of-the-art electron
microscopic technique. Besides the potential utilities of
the deposited metal clusters, the metal deposition
protocol provides a method to control permeation of
molecules through such openings.

Fig. 2 A Gd atom trapped in a hole of oxidized nanotube. Left:
A TEM image of one Gd atom at an open tip. Right: A model
representing the TEM image.

1.(1)-10) Proc. Natl. Acad. Sci. 101, 8527-8530 (2004).



WAL IEE

WENA T A b

(1) BMEICEBNALUETLELEST ) =% —
LREDIORAY T VIR

N AT VRV OREEE B K D IRFE-IRE
BRI A RSS TH DS, 2 ORISR
PEOBANEL, WEFPICHEBARKSEE LTO
SERREE AR, ITEFR & 1X, SkAliC X B EHA)
DB I A S RIS DB 21T > TH D,
— BB IO o g F AT VTV E EFE S
V=% — Ll BNt L CEREMIC 7 X
BTV s (B AR E S 2D EE RN
L7z (K1).

RIS OGEZIMF O NNNN-7 v T =F L
U7 2 (TMEDA) THh 5. ISEMEREEICH
B EITLY, RSO KRERBECE T Y
DRI ZER Z LT W OB, S HITiExX
I DAR N AL Y O EHRS & E'EIIZAT O 2 &
MWARE L Ipoln. ARUNIZ AT IVEOERER A
THEEERANDZ B TED. ST & A
DN FE SO 7 e —7 L L TR LT
& A, RRUGSISRN Ein % £F 5 SN2 Bt Tl <,
TYHNAEMRE R CEITT D 2 ENRBRE T,

BrMg
[T X+ \() £ift:}m

99% (X = Cl, Br, 1)
1.(1)-5) J. Am. Chem. Soc. 126, 3686-3687 (2004).

FeCl; (5 mol%)
TMEDA

(2) AWIAT7— FERAEICE S sp’ RRLTOERK
o DHEE

7 — bRk a2 a7 v r =1
DEHL, sp® RFE L TOBEBZ D RF-RFE
WEEAERBIGE LTRAIOBITH S0, ROSHEIX
O ENTWR o7, Frex I THEGRNB L OE
BRIOFIELZPEH T2 2 L1k, RRISOMHE, %
RSB BT RSSO UIRNEFEOFER - $1-V T o
AEAEEDIIT- b 2N LT,

P FE BB R BRI L D ISR D R SR o OV JiE
AR B EINL AN T OWE R L OFLGER T OfE R, AKX
IS DFEELMETH D IRF— v T UREG OO, ¢
FARB I N TV T3 LR B ClE7e <, -
UF 0 LRZENEIREF L « VA A E L@
FICREG-32 B ) B2 CHETT 35 Z &R
Shote (K1), Z ORI sp® (RFE— 7 ok
B OEBERE~OBLMINOEE L LTz
AlREME 2RI T 5.

Me—Cu'-Me

| Br, H Me H
O L) e j e
Me'—Cu'-Me? H H H H

B H
Me‘Li'Me\2 ,Me1 /Cu Il;/II;MeZ Me—_i—Me
‘ i H, Ml /N TN
ST o e G | cuMe™\Terw
s ath A % "¢2-n pathB !
Me"LI/””B'r’ \H p B,_ 4[0 H P Me\Li\ 7 \H
’7C\H ““Br

3-centered TS n-complex eliminative TS
1 VUF VLT TT— FMeCulil, & 8L E =L D
3
1.(1)-16) J. Am. Chem. Soc. 126, 12264-12265 (2004).

B h—RoF+/Fa—TJIceBF/HFEHALC
H3 TREVYY TERE]

=R F )R —=rR0F ) Fa—T0EBES
bk, BREFEMA RS L TR H2 B ECE
STWHIET TR, BEEMEE L TO M
HFEINTWa., LrL, ZhETICFa2—7 LOHE
HDOALE AR % D D 5ENRRL, Bolz#y o
DIREEE L OBAMEIE S D EITTE RN
277,

Fx 345 E, —208RRT 2 HEA-E O 17>
LRL&ERT IRFE N —RF ) Fa—T D
MTHdI—RrF /)R —rORICER-TLZ &
WZRRBh Lz (K 2) .

F, H—Ro T )R —rDF 2 — T OREZEE
Yoo A b —LAREO/NS IR LE DT, D/
SRR (Gd) Z2—o>—offF s, &1
BB L > TEDORTFEBET LI L, £122D
BaBzbZ Lol Lz £/ Fa—712Hh
FHHDOY A X% 1)) A=A EICETRE
XT5E, BEIZZDORND 3 OHREDOEEFRT
ZRZICEALT, [ b7 (ship-in-bottle) |
O BHEIICHEIC T —2 nmYP A R0k (4
BEASIER) AT RISy FPERRE]
kv, h—RoF ) F a—TOREZH T FLICE
KRR A A ZEESELZ ENFREE 72D,
R L R EMAEDEEAMEI O ERICH
TR E Al LT

K2 HRV=vr—firaiizlct) / Fa—7. EFH
WEEE () £ZD3RTHTFET NV (F)

1.(1)-10) Proc. Natl. Acad. Sci. 101, 8527-8530 (2004).



1.

JRE ST

(1) Refereed Journals

1)

2)

3)

4)
3)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)
16)
17)

18)

19)

20)

21)

Y. Matsuo, S. Ito, Y. Kuninobu and E. Nakamura, "Synthesis and Reactivities of Bucky Ruthenocene

Ru(77-C¢oMes)(77-CsHs)", Chem. Lett., 33, 328-329 (2004).

Y. Matsuo, A. Muramatsu, R. Hamasaki, N. Mizoshita, T. Kato and E. Nakamura, "Stacking of Molecules
Possessing a Fullerene Apex and a Cup-shaped Cavity Connected by Silicon-Connection", J. Am. Chem. Soc.,
126, 432-433 (2004).

S. Mori, E. Nakamura and K. Morokuma, "Mechanism of Addition of Organocuprates to Alkynyl Carbonyl
Compounds. Mechanistic Bridge between Carbocupration and Conjugate Addition", Organometallics, 23,
1081-1088 (2004).

R. Hamasaki, Y. Matsuo and E. Nakamura, "Synthesis of Functionalized Fullerene by Mono-alkylation of
Fullerene Cyclopentadienide", Chem. Lett., 33, 328-329 (2004).

M. Nakamura, K. Matsuo, S. Ito and E. Nakamura, "Iron-Catalyzed Cross-Coupling of Primary and Secondary
Alkyl Halides with Aryl Grignard Reagents", J. Am. Chem. Soc., 126, 3686-3687 (2004).

C. Burger, J. Hao, Q. Ying, H. Isobe, M. Sawamura, E. Nakamura and B. Chu, "Multi-layer Vesicles and Vesicle
Clusters Formed by Fullerene-based Surfactant C60(CH3)5K", J. Colloid and Interface Science, 275, 632-641
(2004).

M. Yamanaka, S. Kato and E. Nakamura, "Mechanism and Regioselectivity of Reductive Elimination of
n-Allylcopper (IIT) Intermediates”, J. Am. Chem. Soc., 126, 6287-6293 (2004).

K. Suenobu, M. Itagaki and E. Nakamura,"Reaction Pathway and Stereoselectivity of Asymmetric Synthesis of
Chrysanthemate with the Aratani C,-Symmetric Salicylaldimine-copper Catalyst", J. Am. Chem. Soc., 126,
7271-7280 (2004).

Y. Kuninobu, Y. Matsuo, M. Toganoh, M. Sawamura and E. Nakamura, "Nickel, Palladium and Platinum
Complexes of 775—Cyclopentadienide CeoRs Ligands. Kinetic and Thermodynamic Stabilization Effects of CgoPhs
Ligand", Organometallics, 23, 3259-3266 (2004).

A. Hashimoto, H. Yorimitsu, K. Ajima, K. Suenaga, H. Isobe, J. Miyawaki, M. Yudasaka, S. lijima and E.
Nakamura, "Selective Deposition of a One-atom to a Multi-atom Gadolinium(IIT) Cluster in a Hole Opening of
Single-Wall Carbon Nanohorn", Proc. Natl. Acad. Sci., 101, 8527-8530 (2004).

M. Nakamura, C.-g. Liang and E. Nakamura, "Zn(OTf),/Et;N-Catalyzed Tandem 1,4-Addition/Carbozincation:
One-pot Synthesis of Highly Substituted Methylene-tetrahydrofurans", Org. Lett., 6, 2015-2017 (2004).
(correction: 6, 3017-3017 (2004)).

T. Kaji, T. Shimada, H. Inoue, Y. Kuninobu, Y. Matsuo, E. Nakamura and K. Saiki, "Molecular orientation and
electronic structure of epitaxial bucky ferrocene (Fe(Cqo(CH;)s)CsHs) thin films", J. Phys. Chem., 108,
9914-9918 (2004).

Y. Matsuo, K. Tahara, M. Sawamura and E. Nakamura, "Creation of Hoop- and Bowl-Shaped Benzenoid
Systems by Selective Detraction of [60]Fullerene Conjugation. [10]Cyclophenacene and Fused Corannulene
Derivatives", J. Am. Chem. Soc., 126, 8725-8734 (2004).

M. Uchiyama, S. Nakamura, T. Ohwada, M. Nakamura and E. Nakamura "Mechanism and Ligand-transfer
Selectivity of 1,2-Addition of Organozincate Complexes to Aldehyde", J. Am. Chem. Soc., 126, 10897-10903
(2004).

M. Nakamura, T. Hatakeyama and E. Nakamura, "o-Alkylation of Ketones by Addition of Zinc Enamide to
Unactivated Olefins", J. Am. Chem. Soc., 126, 11820-11825 (2004).

N. Yoshikai and E. Nakamura, "Mechanism of Substitution Reaction on sp’-Carbon Center with Lithium
Organocuprate", J. Am. Chem. Soc., 126, 12264-12265 (2004).

N. Yoshikai and E. Nakamura, "L-shaped Three-center Two-electron (C-C-C)" Bonding Array, S. C. Ammar", J.
Am. Chem. Soc., 126, 12941-12948 (2004).

T. Shimada, Y. Yamamoto, T. Kaji, K. Itaka, H. Koinuma, Y. Kuninobu, Y. Matsuo, E. Nakamura and K. Saiki,
"Photoinduced change in the Raman spectrum of buckyferrocene ((Fe(Cgo(CH;)s)CsHs )", Solid State Commun.,
132, 197-201 (2004).

H. Isobe, S. Sato, T. Tanaka, H. Tokuyama and E. Nakamura, "Thermal and Palladium-Catalyzed [3 + 2]
Synthesis of Cyclopentadienone Acetals from Cyclopropenone Acetals and Acetylenes", Org. Lett., 6, 3569 -
3571 (2004).

M. Nakamura, T. Fujimoto, K. Endo and E. Nakamura, "Stereoselective Synthesis of Tetra-Substituted Olefins
via Addition of Zinc Enolates to Unactivated Alkynes", Org. Lett., 6, 4837-4840 (2004).

M. Nakamura, T. Hatakeyama, K. Hara, H. Fukudome and E. Nakamura, "Sequential Coupling of Zincated
Hydrazone, Alkenylboronate, and Electrophile that Creates Several Contiguous Stereogenic Centers", J. Am.
Chem. Soc., 126, 14344-14345 (2004).



22) N. Kinoshita, K. H. Marx, K. Tanaka, K. Tsubaki, T. Kawabata, N. Yoshikai, E. Nakamura and K. Fuji,
"Enantioselective Allylic Substitution of Cinnamyl Esters Catalyzed by Iridium-Chiral Aryl Phosphite Complex:

Conspicuous Change in the Mechanistic Spectrum by a Counter Cation and Solvent", J. Org. Chem., 69,
7960-7964 (2004).

23) Y. Tokita, A. Okamoto, K. Nishiwaki, M. Kobayashi and E. Nakamura, "Kinetics of Copper(I)-Catalyzed
Dimerization and Hydration of Acetylene in Water", Bull. Chem. Soc. Jpn., 77, 1395-1399 (2004).

24)  S. Okada, R. Arita, Y. Matsuo, E. Nakamura, A. Oshiyama and H. Aoki, "Electronic Structure of Stacked Cgq
Shuttlecocks", Chem. Phys. Lett., 399, 157-161 (2004).

2. WL D
1) E. Nakamura and N. Yoshikai, "On the Reaction Mechanism of 'Higher-order Cuprate', alias 'Lipshutz Cuprate"
Bull. Chem. Soc. Jpn., 77, 1-11 (2004).
2) E. Nakamura, "Fullerene in Water, Encl. Nanotechnology"
Web edition: http://www.dekker.com/servlet/product/productid/e-enn (2004).

3) E. Nakamura, "Bucky Ferrocene and Bucky Ruthenocene. Discoveries Led by Serendipity”, J. Organomet.
Chem. (The 40th Anniversary Issue, Special Issue), 689, 4630-4635 (2004).

3. &F

1) BEEEZ, PR — KT 7 — L OB E A AHERE, B0 FR%— 7 MRz <,
{EFIFELN (2004).

>

4. ZFoth
) AR, TEERBLRIFEE OB |, I H R, 57, 586-587 (2004).



