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WFFERR OBEEE (330) : New deca- and dodeca-nuclear cyclic nickel(IT) complexes bridged by
thioether-thiolate hybrid ligands and tert-butanethiolate ligands have been synthesized, which
represents a new addition to the family of large cyclic Ni thiolate cluster. The site-selective
nickel-thiolate bonds of the decanuclear complex were cleaved by treatment with I, to form a
pentanuclear complex assuming a semicircular core structure. We have also synthesized a 3:1
site-differentiated [4Fe-4S] clusters carrying a tridentate thiolate ligand and a carboxylate ligand.

BT TERA
(S 2 1)
[EREEE A1 HE 2T & &t
2007 £EJE 1, 200, 000 360, 000 1, 560, 000
2008 £EJE 1, 100, 000 330, 000 1, 430, 000
2009 £ERE 1, 100, 000 330, 000 1, 430, 000
FE
FE
&t 3, 400, 000 1, 020, 000 4, 420, 000

R | =

B OS5 - B - Ry - EE LR

X —U— R LSRR - F T — - AN T 4 R o §hFhiE T T AKX —« KEBIL -
ZHFAT— MR s T T AL —

1. WHEBRAR LI DO = D IR RIPELPROSYE R FF O Z L D
SEBSBIRIL, MRx EFEREIC & - T2, ZEEBSBIEEOITIEIL, EiT
THREOER&RIEF 2 EM S Wb ae® Bttt 72 & Ot~ D B b Fig i) 2 < O
HTHY, ZHhbIFaEd 58 R FHOMH MR TN, BRFSLERET 2 &R T
BAEMICE - T, BESRIZITA LRV X ZRA LRI EZ < RESATY



50 Lﬁ‘b\ Eﬁ%&ﬁﬁ% IILE%EELK’@E{L%
IZ X D EeRERE 72D L WmIZE DR
BRI LD, TAT—FRALVT 4 K
LT & T2 S EER ARSI, Ak
R ICEE KRR S, &REEN
TOREE IR RN S Ol & L CHERE
HTEDMOLNTEY ., 5 Ol S
REfRIACEm 2 = e TEMfE~DIEH 72 &
PHIFFIN T DI SETHDITHL )
boT, INHICETIERITRELLBE
NTW5D,

2. MFED B

B D L H 12, HEODEBELEEZON D4
BFAT—h - xw74P%%@H%ﬁ+ﬁ
WIZHEA TWRWONESOFKIL, BA9E T2
FFT— FNEERRL R LT ¢ REEIR &SRR
WAKRT D TFIENRRLNTNDTED EEZ
Ehéo:@i@ﬂﬁiémnﬁ\éﬁmK
DO EER SR AR A L

Y e 253 ¥ N %%mwt%ﬁﬁ%L%
OIS FABETELDLEEZD
nNo, &RF47— MEKREZSEOIZE KT
HFEELELT, DEBWTF AT — MRS
L DNRHERN O E SDHEEFEE L > T
W5, L L ZOFEFEZLEST-DIC
WEBENTEN, 2L OERENORDKRE RS
PEIRDREZ I 0 OFATEEMR N ML ET
Ho, WYL ITERY, 2ok )RR E
SFE X, AR TIIHEL RFEEOCRETIED
ST THOLEEBERT AT — K - AL
7 4 Rk %Z BIEICHEEE T 5 Rk L.
FERRIHEA & RALEWY . FrZ= v 7 LEER
BLOEEEEROERED X LT,

3. WO ik
(1) =y TIVEETF T — bERDERE

INETO TR T, FATZ—T -
F 4 7 — MEAHEANL 7 RSCH,CH,S™ (R =
Me, Ety Z HW 72 = v 77 v D ZEEEE IR G
HE L. #ik = 7 /L) RSCH,CH,S™
Etert-7 X T AT — N EENENLEL
VEEHSIETZHGEIC, REREEE D
= v 7y N F A4 T — b K
[Ni(u-SCH,CH,SR)(u-SBu)l,, N AERKT 5 Z
EERWELTWS, —FTtert-7 % T
F7—FORPVI ct D/INEW2-T Ry
FA4 T — M EERA &S AIE, hER
BRIk 6 BN E LN Z b bhoT
Wb, ZORERIE, B O NRR 7 f
IZE o T, EMITHEEINDEYT A AN
PELZEERHMBEIORL TS, ZORGEE
wHAEZ. ANATF AT — b ERZDZ &
Lo T, YA XDERRD L=y TV
RO AR ERFTT 5,
() SkHidE 7 7 A X — DA

F7-. BRI T A X — DAL L R

WOWTHHRFTbITH> 2 & & LT,
[4Fe-4S]17 7 A X — X AERN THE & 728 6E
O ZEAERERTH D, MODED S
H, ZDLEFVATA U F AT — BB
LTWaEHR, b —208 EORL I
ATAVTFHT—MNIRLT, B AF TV
A IBES = LRT ZRT R UERD H LR F
T — FREANL LT, EERNOE FEED
RPIGHIZHEI S TWD, 721 >08k
AR S A MCRIH L TW ARG
bbb, FNHDETIE R DH[AFe-4817 T
AR —H T HHIT, ZO0F 47—
M &) R rEICE LT ST AT — MR
NFZikE L, [4Fe-4S]17 T A X —D =
DY A FEM A, D 1 OO0k LA &R
BN FEHL, S D WITHREMIGSE & L
TR 2 Z & E2/Matd 2,

Q) (LA DREIEIZDWT

(LB W) DOREIE D E T IE X Sk S T 2 A
NTHDHEEZ LI, YENIETHRAET
2 HE I X E T R E AR 5, £
- WPEE COREIZ DN TIL, FHRORAE
THEREE (SQUID) °EPR ZfiH 3 5,
FEE O IEMIE N FEIEIZ OV T S BHF5E
K\ EHFFEE & U CIEEE LI-ANE AR
F O(hE - BRI R ICEET 5,

4. WFFERR
(1) =y TFNWVEET 4T — FERDERK
NiCl,»6H,0 Z 1 4 & ® KSCH,CH,SR
(R=MeEt)& A Z J — )V TGS &
A FTAIT—MNTEESN =y VT
K% 88 & [NiCl(u-SCH,CH,SR)], (1a (R=Me),
1b (R=Et)) 23 Z L ZE UL 70% ., 68% TH
bz, £72. 2 ¥ &ED KSCH,CH,SR %/l
TS AT, HRKEAY <~ —
[Ni(u-SCH,CH,SR),], (2a,b)% I 6 Dk b
ELTHELNT, 785K 2b 121 H¥ED
NiClL*6H,0 %% % & 2 KoK 1b (2254
SINDHZEbbholz,

S

. Nl‘S*Nl
1 equiv R \/
ks SR 1a (R= Me)
R =Me, Et 1b (R = Et)

NiCl,+6H,0 —

ks s-R H NiCl,-6H,0

2 equlv R 3

R
ks 5-R 5 g SR
R= Me Et g

S/N'\ /N| ? \S/N'




Q=R laB X ONIb I A X
— /LT KSPr Zz72E2A, Wb
FA T — NEREBRK= > 7L 6 KR

[Ni(u-SCH,CH,SR)(u-S’Pr)]s (3a.b) % 5 % 7=,

PEIR 3a O XFMEEMIT O/ SR, =v v
%z —%t? SPr & SCH,CH,SR M 4% H.IZ%E
LN EEZ E o TNWAZ ENbho
72, T CIRKROEKEEE L >OT AT —
N2EHG 6 B2 = 7 VERIREEIRIT WV < Dl
EEINTWDLR, Wiy 1EEOT 47
— MRS O A THEINLTE L, K
3ab DX HIC2FEDOF AT — F ZBIRK
B A L7272,
SR

'Pr SR

,
ST 2 e?uw ns Pr\S N?\le s
ClwoNi=S=NiwsR __KSPr gt \S'Pr
N|
RS o MeOH e 8 /s ior
R = Me, Et PrSNI N'S-\
iF;r \
3a(R=Me) 51
3b (R =EY)

—F. £V 7b>émb\3°ﬁ7~ NTH D
KSBu #/EH & H=LE6121X, K K&k
RK%L%%O%/7W10ﬁf¢
[Ni(u-SCH,CH,SR)(u-S'Bu)],, (4ab) AU =R
ELELNT, $5K dab 2B L bk
it b e, 1 59FDORVB U E2F A Ny
T E L TCENERIZE Y 24, BB
KA EE L N T, ﬁ%% 4a
(R=Me) % %zv:z/z» fhmib L7235 &1
IXBRINERIC
Q%W@%ﬁi~7Wﬁ@*%%%W ZH
VIAATEFEMHEE & 72 (VA D Ni o
FEEEIT 950 — 11.1 A Thol-, 51K 4b
R=EH% b oMbt LAY
BRI &G IR 7223, 4a TH LN
7~k o FF=—F LD RNEZER ~DH

ViAFIT7e <, RV IZ v 53105
DNIAENTWDZ EDbhroTz,
SR g
Bu By
SR Y
AN NS T
s SR_~gi Nis
cl N'A.‘S"'/N'\SR KSBu Bu-sy, S\sm
o NESSNiGR ——2BY
rReZ_ N MeOH ’Bu-Szl' \s—"SR
Cl SR™-S'Ni NS.
R = Me, Et S=Ni._NirdS.
° SR/\/ S IS'S 'S Bu
Bu 1By

4a(R=Me) SR SR
4b (R = Et)

BEIR 4b DOEROBRIZ, LD KX IR
EExbo 12 =y 7 vTF 47— MK
[Ni(u-SCH,CH,SEt)(u-SBu)],, (5b) & b &15
b7z, ZOREEIT X ERITIZ L > T
REL, BRNOBIWS S Ni BoERX
114-141ATHY, $5AK5b1X4b LV O
EFEDLYREVWEABIOEREEEZ L > T
LT EDnbirole,

Ny e A S S 9 ) i\iﬂﬁ“\

[Ni(u-SCH,CH,SEt)(u-S'Bu)],, (5b) D5y F 1k

0=y r VT 47— hEfR4b 12 L, &
Mz CTR|RTHITALIZE Z A, NS il
BNR—HEAL, FHROEKEETD S
= VK 6b NEARWE LTED
iz, 5k 6b D5 oO=v LD HE 2
SOKRME= v )V D BuSiE ICEHES
n, T 5=yt O ERET
% etet BeNL D F 4= —F LENL D BN T
HZEIWLE TR =y FVEDL Y IXLE
7o IH 4 B E A TR L TV D, XRRE
TEMEHT O FE R BEA 6b D - FIR D/ kS 13
HED 10 EESE L RREOHELHET D
Z Wbt $EK 6b IE 10 BZiEE D E
HENAHBEOFRERICHE ST 5 &2 b,
HERAIZ BRI S 10 EfE ot
A ERITHD Z L ERTRHREEEZDN
Do

Bt-S. le /Bu

s’
le Bu

l2 ST\ skt
THF \S—""SEt

NiS<
I NidS, Bu
Et-S_ ' S gy

6b

() EkHidE 7 7 A X — DAk
HARICTEAE T D [4Fe-4S]F = N ULy 5
AZ—DA4ODHFD I L, 1 ORIV AT A
VFFT— FTIERWT S R CER
INbLonmsn Ty, BT AR
TX VT =4 VD

fir. L 72 [4Fe-4S]1 7 T A 0 SH
H—% b O ONEE MO QMe
BETHROMN-> T 5, QL
FITHEHAIX, =T b SH
5 — ki fr + Kowe
(TempS3)3‘7£ Z;ié‘l L7 Temp(SH);

Fa N TR —

AL, A —OOBR T EOArE RN
A 72BN - BRSO & o THIVR Rk
DF A% R LTz,

—JETF AT — MEL T & & D[4Fe-4S]7
Z A A —(PPh,),[Fe,S,(SEt)(TempS;)] (7)IE
Temp(SH); & (PPh,),[Fe,S,(SEt), D G5 |
IR % THELNI, 7T A Z—T IZHEE,
UV FABBIO~ LA Vv BET M=k
UALVHTERESE L 2 A, BN H
VFF T — NEML A DEBOS N ELT L
THEUTFF— VDI E b o T



(PPhy),[Fe S,(OC(O)R)- (TempS;)] (R = CH;
(8). 0-C4,H,OH (9). CH=CHCOOH (10))7: %
NENE 67%., 79%. 49% T HT-, X
FAEE M OFE R, WIThod s 7 A% —IT
BWTH BRI VEIIEREA I HE
THUNL L TW5, 7Z23LLHET, Holm & (X7
T — FWREAL LT T A X —8 DERIA
EARL, FEARYT MLT—HIZEESN
T, ZORNAERII Y THD EHEL T
DM, AEIOMERIL, #0602 AY T
Hol-Z LEBITEL TS,

8 (R =Me)
9 (R = 0-C4H,OH)
10 (R = CH=CHCO,H)

Lo X oiz, ZHF 47— MEAL 71T
¥ L — M EIC X - C[4Fe4S)17 7 A % —
IR FEA L. 1 o008k FICKIS A% RE
T5ETHMOTHDRTFETHLZ Enb
Mmolz, ZOWZREEmEE LT, EERND
K x IR BOAL & % O [4Fe-4S]1 7 T A Z —D
FERENEERILFDBLEN DM T 5 H D
EHIfEINS,

5. FrpREimLE
(WFFEAREEE . WFZEA 3 R ONEEERF 223512
X FHR)

CdEsSEmsc) (BF 14 1)

(1) Zhang, C.; Matsumoto, T.; Samoc, M.;
Petrie, S.; Meng, S.; Corkery, T. C.; Stranger.
R.; Zhang, J.; Humphrey, M. G.; Tatsumi. K.
“Dodecanuclear Ellipse and Decanuclear
Wheel Nickel(I) Thiolato Clusters with
Efficient Femtosecond Nonlinear
Absorption”, Angew. Chem. Int. Ed. 2010, in
press, @i (Highlighted in the Inside
Cover picture)..

(2) Matsumoto, T.; Ito, M.; Kotera, M.
Tatsumi, K. “A Dinuclear Nickel Complex
Modeling of the Niy(II)-Ni,(I) State for the
Active Site of Acetyl CoA Synthase”,
Dalton Trans. 2010, 39, 2995-2997, &t f .

(3) Hakoyama, T.; Niimi, K.; Watanabe, H.;
Tabata,R.; Matsubara, J.; Sato, S.; Nakamura,
Y.; Tabata, S.; Li, J.; Matsumoto. T.;
Tatsumi, K.; Nomura, M.; Tajima, S
Ishizaka, M; Yano, K.; Imaizumi-Anraku,
H.; Kawaguchi, M.; Kouchi, H.; Suganuma,
N. “Host plant genome overcomes the lack

of bacterial gene for symbiotic nitrogen
fixation”, Nature 2009, 462, 514-517, £t
f.

(4) Matsumoto, T. “Acetyl CoA Synthase, a
Key Player of Carbon Fixation in Nature”,
Bull. Jpn. Soc. Coord. Chem. 2009, 54,
38-51 (Review), 4.

(5) Eweiner, F.; Senda, S.; Bergander, K.;
Miick-Lichtenfeld, C.; Grimme, S.; Frohlich,
R.; Aoyama, M.; Kawaguchi, H.; Ohki, Y.;
Matsumoto. T.; Kehr, G.; Tatsumi, K.; Erker,
G. “Evidence for a Rapid Degenerate
Hetero-Cope-type Rearrangement in
Cp*W(S),-CH,-CH,-CH=CH,”, Chem.
Asian J. 2009, 4, 1830-1833, ##if7.

(6) Ito, M.; Kotera, M.; Matsumoto, T.;
Tatsumi, K. “Dinuclear Nickel Complexes
Modeling the Structure and Function of the
Acetyl CoA Synthase Active-Site”, Proc.
Nat. Acad. Sci. USA. 2009, 106,
11862-11866, £ FiA .

(7) Matsumoto, T.; Ohki, Y.; Tatsumi, K.
“Organometallic ~ Chemistry in [NiFe]
Hydrogenases: Synthesis of the Structural
and Functional Models”, J. Syn.Org. Chem.
Jpn. 2009, 67, 540-553, A HiH.

(8) Ito, M.; Matsumoto, T.; Tatsumi, K.
“Synthesis and Reactions of Mono- and
Dinuclear Nickel(I) Thiolate Complexes”,
Inorg. Chem. 2009, 48,2215-2223, & #HiA.

(9) Song, Y.; Ito, M.; Kotera, M.; Matsumoto
T.; Tatsumi, K. “Cationic and Anionic
Dinuclear Nickel Complexes [Ni(V,S,)Ni-
(dtc)]" (n = -1, +1) Modeling the Active Site
of Acetyl-CoA Synthase”, Chem. Lett. 2009,
38,184-185, #wi .

(10) Ito, M.; Kotera, M.; Song, Y.; Matsumoto
T.; Tatsumi, K. “Structural Models for the
Active Site of Acetyl-CoA Synthase:
Synthesis of Dinuclear Nickel Complexes
having Thiolate, Isocyanide, and Thiourea on
the Ni, Site”, Inorg. Chem. 2009, 48,
1250-1256, £t A.

(11) Matsumoto, T.; Matsui, Y., Ito, M.
Tatsumi, K. “Synthesis of Ge,NiS, Clusters
and the Thermal Transformation to a
GeyNigS,, Cluster”, Inorg. Chem. 2008, 47,
1901-1903, A5 A.

(12) Matsumoto, T.; Nakaya, Y.; Itakura, N.;
Tatsumi, K. “A Functional Hydrogenase
Model: Reversible Interconversion of H, and
H,O0 by a  Hydroxo/Sulfido-Bridged
Dinuclear Ruthenium—Germanium
Complex”, J. Am. Chem. Soc. 2008, 130,
2458-2459, #HAT.

(13) Matsumoto, T.; Nakaya, Y.; Tatsumi, K.
“Heterolytic Dihydrogen Activation by a




Sulfido- and Oxo-Bridged Dinuclear
Germanium-Ruthenium Complex”, Angew.
Chem. Int. Ed., 2008, 47, 1913-1915, A5t
A.

(14) Matsumoto, T.; Matsui, Y.; Ito, M.
Tatsumi, K. “Synthesis of syn-24-
Dimercapto-1,3,2 4-dithiadigermetane ~ and
Its Application for Ge,PdS, Cluster
Synthesis”, Chem. Asian J. 2008, 3,607-613,
AHEH (Highlighted in the Cover picture).

[%%%%Jﬁ+w#)

(1) FFHEZE - IaARH| - SEFfT “Z BT
7 — Fﬁﬂﬂ%%‘:%o?ﬁ*}— R
[4Fe-4S17 7 A 4 — DA w8 A AR
B85 90 FRARF2, 2010 4£ 3 H 26-29
H (K BR)

() 2 |- & AT “Synthesis,
Reactions and X ray Structures  of
Site-Differentiated [4Fe-4S] Clusters” H A
B85 90 FRARFL, 2010 4£ 3 1 26-29
H (K BR)

(3) SFHEZE - EAREA - AWM - SEFTT
ST AT — MEBEANL R S OV
ARXT T —FBLOA I XY — VDB
L 7= [4Fe-4S]17 7 A% —DE " 5 59 [A]
PRI SERTRR 2, 2009 4E 9 A 25-27 H (&
)

(4) D. Liu, T. Matsumoto, K. Tatsumi, “Ligand
Substitution Reactions of the Chloride co-
ordinated [3:1] Site-Differentiated [4Fe-4S]
Clusters”, The 3rd International Conference
on Joint Project of Chemical Synthesis Core
Research Institutions, 2010 45 1 A 7-8 H (£
)

(5) T. Terada, T. Matsumoto, K. Tatsumi,
“Reaction of [4Fe-4S] Clusters Carrying
Tridentate Thiolate Ligand TempS;*”, The
3rd International Conference on Joint Project
of Chemical Synthesis Core Research
Institutions, 2010 45 1 A 7-8 H (& &j=)

(6) T. Terada, K. Hirabayashi, T. Matsumoto,
K. Tatsumi, “Synthesis of [1:3] Site-
Differentiated [4Fe-4S] Clusters”, The 14th
International Conference on Biological
Inorganic Chemistry (ICBIC14), 2009 47 H
2530 H (A HER)

(7) RAARR, “H v =7 o BRG]
H U T/ FiEt e, BARE RS 89
REFESFERE A FIFIEEDFEDHIR
AR A SR L 52, 2009 4= 3 H 27—30
H (T%)

(8) # H - A - 3EFN{T “Synthesis and
Reactions of MFe;S, Clusters (M = Mo, Cu,
Ni) Having a Tridentate Ligand Composed of
Indolethiolates” H A{b5E 5 89 HBHFES
2009 453 A 27-30 H (Fin#s)

(9) EARBLA - SFHEZE - ARAH] - SEFTT
Taz=g—BENEPLETLERD =
JEF AT — MELALA & b D[4Fe-4S] % =
NG F 2B —DERKE O BAAL
T 89 FBAEFL, 2009 43 A 27-30 H
(fH4)

(10)F HEYZE - Ia AW - SEF T “=JETF A
?~FM&%%%¢5WQ%W7X5
— : [NiFe]t Fu #F—VIZHFEIET D
[4Fe-4Slyy 7 T A4 —F T /LRES” H AL
TN 89 HBAEFL, 2009 43 A 27-30 H
(fHA)

(11) T. Terada, K. Hirabayashi, T. Matsumoto,
K. Tatsumi, “Synthesis of 1:3
Site-Differentiated [4Fe-4S] Clusters
Modeling Aconitase Active Site and
[4Fe-4S]g:  Cluster of Hydrogenases”,
International Symposium on Chemistry of
Reductase II, 20094E1”ﬂ 15-16 H (44 &)

(12) 2 3R - AaAH| 147, Synthesis and
Reactions of Dmuclear Fe-Ni Complexes

9y SA

Having Bis(trimethylsilyl)amides on Fe”, =5
58 G IRIL F i, 2008 45 9 H 2022
A (&)

(13) SFHEZ - 1 FitT S~y
BRIZ 3 D0 3- }/1/7'77 I\ 6-A X T o
VIR RS LT T A T — MERALF
%t D[4Fe-4S17 7 A X —" 5 58 [AIEH(IR
b atimas, 2008 42 9 H 20-22 H (&R)

(14) T. Wakimoto, T. Matsumoto, K. Tatsumi,
“Synthesis and Site Selective Substitution of
[4Fe-4S] Clusters Bearing the Tridentate
Ligand Composed of Fluorobenzenethiolate”,
International Symposium on Chemistry of
Reductase, 2008 4F-3 A 11-12 H (4 /2)

(15) T. Matsumoto, “Dinuclear Nickel
Complexes modeling Acetyl-CoA Synthase”,
The 13th International Conference on
Bioinorganic Chemistry (ICBIC 13), 2007 4F
THI15 20 0 (VA= A=A
7)

(Z D)
FCRIXERSGE DO FREITHY B Sz,
(1) Chem Asian J. 2008, 3 = D
CHEMISTRY
AN ASIAN JOURNAL




(2) Angew. Chem. Int. Ed. 2010 (in press) > H
FEME

Angewandte
International Edition Che_!!l!g

HWILEY-VCH

6. HFFTHAGE

(D) Wrgefzess

FAZS Wl (MATSUMOTO TSUYOSHI)
Al R RE - KEFBEEZIER - Bh#
WIEEE R 50311717

(2) WFFEST R
C )

W ER

(3) AT IR
C )

o E xR




