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Synthesis and Properties of Metal-Sulfur Clusters Consisting of Multiple Components

Ohki, Yasuhiro
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Biological transformations of N2 and CO are mediated by the metallo-enzymes called

nitrogenase and CO-dehydrogenase, respectively. Their active sites consist of sulfur, iron, and another
transition metal, and their complex structures have been challenging synthetic targets. In this research
project, we developed new synthetic reactions for Fe/S/0 and V/Fe/S clusters in non-polar organic solvents
One of the important outcomes of this project is the synthesis of the [Fe8S60] cluster which mimics the
active site of nitrogenase. The bonding mode of its central oxygen atom gave us a clue to understand how
the enzymatic active site works. Also to be noted is the synthesis of [VFe3S4-Fe] cluster which is struc

turally relevant to the active site of CO-dehydrogenase.



B X C—19, F—19., Zz—19 (@)

1. WFFEBHAE 4 O 5

BB B AIEETLCEDEED Y B, N,
R CO FED/IWy1a BT DR IT. £ DIE
P e LT, EH0EBEBB LA LY
4 R(SHRLTFF T — b (=SR) 72 & O Hi B B i
FEEAEB-E Y 7 A X — &, il 1%
N, D&KW, + 8HY + 8¢ — 2NH, + H,)
A=t A F—POEMEFTLTH D
FeMo-cofactor (X . WHMIE » 5t FE % & T
[MoFe,S,C] 7 T A % S
—Thbd, £z, K
LRty —m ~
fbR#FEL Fa bz
ZEHa L CHE &
T 5 E (CO + H,0
2 CO,+2H +2¢) %
CIBCORNE 1 P
CO 7t Rmr)—
€ o E R oD
(C-cluster) 1% .
[Fe;NiS,-Felll 7 T A X — % ;b 2 N
% 729 [FesNiS, "B A& D SMER I BRI - % 8ikG L
TW5, ZHBIEMEF L OEHE 2 &M
B BSEEIIIEEME R DD EEZ NS, T
> TIEMEFLERTER-HE Y 7 A% —1k
aWiL, BEREMNLLEM TH D,

S

FeMo-cofactor

-

C-cluster

2. RO BER

e REE O NERER L CE-&E-m
W TAL—DERMETIX, 7 TAX—FH
RO E ML T 5 2 & BEN L, S-iEO
T RICBE L TEDTE, L2, £
DERFIEORELZ e a7 ML, 47
LHE-IidE D 3 ICBRE S5 b DO TIE
2N, FZTAMETIE, SRR OE)RE-
Wi 7 A% —BRFIEESZRDRD 7 T
AH—HE~EFHEIE, EHORNEE-
Wik 7 A% —% 58T 5 FIEEWNLT D
b, FFICEERMARERNE LT
FeMo-cofactor 72 & NI C-cluster D A T 5L
ZHfEL,

3. WFFED Ik

-7 7 AX —Z XL L& L4 R
WU T AR — IR NG E T . b
BONORIGEIXES FZZRFIZEZETH 5,
EEE 4 OEL X 2 N UREKROIM,S, Y T
A B —M = LR OB IIMEN 2222 G
THDHN., AFFEOERERES L LTHET
7= FeMo-cofactor =° C-cluster 1%, FiILEN4
JB%& 8 D, 5 OF T, o T, BIRMNICER
DOEPE 2 5 A CHEST (R NAT > 7))
DEFRIIEND 4 DLl D& R % & ik )E-
Wi 7 A2 —%GRT HI21E, F 2308
4 B TAZ—DERERITHZ ENEET
b, TOFEE LT, AU TIXERE
CREMHOBFRIZER L, @FIILZER Y=
NURER O Z IS 506, T7bb
REERBIREO T 2By 5 2 7 —
EEMET OISR ERE LT, =72,

EIB-TE I T AL —DELIIMEELE 2 5
ZEML BT AR L, REICLETT S
72, 7T AX— OB BECEANL T
OB ZMHIT 2R E LT, FIEMMEDOH
W CEMAFHEOEWTZ T2 A WS
NP D e

4. WFIERR
(1) FeMo-cofactor |Z3HEL L 7= [Fe,S,O1EL 7
TFAHE—

AR EHES NN E TR LT
Te 8RB EE 7 T A X — B RSSIE, D E @D T
F T — b ZFFORAL A TN 72 ERAD SR &
i s NPTy —IRAETDHHO
THY . I FE TIZ FeMo-cofactor O H
B 2 WA F RO B BL T D [FegS,1 R k6 K Y
[FegSslZ 7 A X —DEMUTHI L TE 7, L
L. ZHHOHLET A Th D DIkt
L . FeMo-cofactor @ H.0MT TR IF T 7258 =
5 (ZOBEAITREC L RE S, W
TEBHAA LRI R TH Y O EHEELTWVE),
AL Tl FIZ R % £ Fe/S/O —
LR T AL =GR T D5~ HO ZHAF
SV TAZ—ERIELBT LT,

S S i) H,0

\ ii) 1/2 Sg
0%%?? tluene

@

& -

AN
\ 1 Fef\IS S~Fe Fe:
s—Fé—} \OQ:e/ /S\‘Fe——s S—Fezs\ge \SH{ Fe/\/ A /s/
S{_Fe\[,ip//':e\\\s/ wen \s/
S
N 7/
| X 2 =
2 3

SDmp (Dmp = 2,6-(mesityl),CsH;) B Az 7 &
OCPh, Bl A7+ % PR R DR AN B fn 7o 8k 4%
PEAR 1 ZH T2 e miBMAR L LTHEMR L, 2T
DEOKEIMZIZHICEERTE L s S
7ol 2T A HLITEER IR % FF-D[Fe S0
7T AZ=2 WEERONT, ZOV T AL
—1%. [Fe,SOIE# & W->0 SDmp BifAL 1.
— > ® OCPh; B ¥+ THERL S 1L 5,
FeMo-cofactor O H1 /0T 23 /5D D 8k % 2845
95— T, [FeySO L 7 T A # —2 O L E
FIFFIE, JEAFHIZH D AN OOEKEF D 9 H I
DERBELTWND, KD OO, F
DOBFEFFOMRDYIZ, SDmp BN FI25
FNDACTFARELEFHIMEMEHL TN D,
DFED ., PLBBR IO E HAEM
SHDLLEV G, —HOKE Y T AZ—IEH 0
DOFEEE LR AT LHE L
AERSEA2FNEETHDH I ERRES
No, ZOXITERFFO—E, FLleHR
BT EefeT L0 7 T 22 —FKDHt
WD AT NEEHEERT 2 Z &%,
FeMo-cofactor |2 & % 2B OB & LT
BEINTWND, PLET LRSS %2 —5
AIE TS PEEALLSEDL vt
ADEBMNEEZXFTHIEELMALLE AR S



FeMo-cofactor
(resting state)

Q) F a2 NF[FeS,)7 T AF —DEITLH
PARIc X 5= b a &5 —+F P-cluster B
DB L
h-id s o A X —i%, RN TIXE FaE
b LIEERERKOSFLE LTES 2 &
DHHNTND, OILSHETDHDEF =
N H[Fe,S,17 T AX—ThH V., BFIRIEH
Uo7 TTIE, 2Fe™Fe!" / Fe"3Fe" ¢ L < 1%
3Fe"Fe" / 2Fe"2Fe" DR EERNFIH S N5,
i@ﬁw4&m&m% L. BB RELER
ZHARRIZ iffﬁT EFATARL
717715' Tb, FAT—FLD AR~
M E LG T2 RIS A SR
IR ZELTE R, ZOH
AWFGECTIET 2 REML T2 £ D 4Fe" JRRED

— ~ \mm N
[Fe,S;17 7 A% —4 ORiIZ X 58It i %
L7,
AV
S
\\SI\NI S{N s{/ ™S TMS
™S SN S ™S
[ N, B “ \ e
S\\F 4 PEt TMS'N\FQ\/S/'Fe\/N\'/:e/\ e NTMS
j s |‘Fe , 3 \/Fe\\ //Fe\,
N e\S/ NS > ST pe~" " T~gé—S
73"1\{ . N (TMS = SiMey) /
/s\i\ 4 /‘\ EtsP=S S=PEt,
.
T R
Fe ~& Fe =PEt, 1~ s¢
[8Fe-78S] core

RATZ 4 UREERIELTHRRAT 4~
ANT 4 K525 L1k T, 7 7 AX
—4 2 LTI Y ED PELEMZT-E A,
[FegS;17 7 A X —5 DN 29% TH LT,
ZORGIBETIX, A7z PEty 2EEa LR
[Fe,S,17 7 A% —4 ORiE AT &h&, &
U B [Fe,S;I"B# M & 5IZ[Fe,S, 17 7 AKX — &
SO UC[FeS 1B HE LT EBE 2 BND,
772&—5am@m X, =hhasrr—

PlzBUWTE ?{Ké%?ﬁchluSterOD ¥ %
HELTWS, Fxid, ¢ CICEBEOHT
REEARZ R E T2 CESOEL D, F

D[FegS;17 7 A X —DERRITHEE LT\ D23,
ARSI FHICRELEEZEZ LN TV D
[Fe,S, VB O— 2 0 L CX U K& VWEH
ZEAEZE Lo m T, A b R BLBRE N,
F 722 OFERIL. P-cluster DAE RO ED>

ERBEET,

HDLEETHD, B TrE2Homic KBS
= bra s F—F 2R AR D
1. P-7 7 2 X —D[FeS, BN ESK S H
HLIMENEEINTEY ., BELTAERKRLE
T OD[Fe, SN T AZ —NIE TR T
’C Fegs7]ﬁ$§ IEWEIND LTV,
DIEZINL, BILEM T T 2 DD[Fe S, B
73 O [FesS, "B A& A M 5L 3 5 i CARMFZE D75 F
LHEELTWD, DFE V| RKIFFEDORE R P-
7 T A —DAEFHIBERIZEB W T HIEILH
TR AR % £ 9 [Fe,S,17 7 A X —DRhE N Z
HAHEME AR L TV D,

(3) C-cluster
7T ARE —

ﬁﬁE\ Tk~ 7= FeMo-cofactor =° C-cluster 7
X oz, Iy FaET 58 REERICIE, 1E
L E LTEEL Y —HEOSELE D
7T AR —NFHET D, F72. FeMo-cofactor
DEVTZT L ORDYVICNANTFT VT LEED
FeV-cofactor DIFHEDL BN TS, T
LEEREMNLEYTHDIINLD T TR
K — . BRIZARAFZE CTIL FeV-cofactor DAfIE %
BIHIZ, BT VIFelS 7 T A X — DAk % it
L7z, ZODER, C-cluster DAEIE 2 BIETR
VIFe/S V7 7 AZ—MGHND Z a2 RWEL

\Z B 9 B #E D [VFe,S,-Fe]

—o

+ Bu O"\\/m-wO By + 1/2 Sg

s |
= TipS
# (Dmp) HNMe,

toluene

STip

BERAFECTHESL L CE =B CE/RMD 7
T AH —FERETIET B D EAL AN 72 8k (D)
F A T — MEEIR & R SE O KR & BB
LoD, Z TR R v AR % I
TS5 &T, LB VIFe/S 7T A K
—DOERERE Uiz, Rl E 2% VAT
ﬁ?~h%¢mpow@mmmmg@RiE
ﬁ@%ﬁi%b\momi JEBRLAT ) 1X

\F%%VmM@mqoomM®7l/%
VR—FRAT 4 A XY NIREHE,SI A, B
KXOFA—nnroEmk Lz, Fohiz v
FA T — MR EBA) T A T — M EEIR
[(TlpS)Fe]z(pL SDmp), (Tip = 2,4,6-Pr;CH,) ¥

LMY ML U TIRAE L E
A NRXNFIOTANE IO, 4 ODOWREEE
X anNUEKRE, b 1 OIMUNBHEEG L
TV DT> HRERL S 415 [VFe,S,-Fel & 7
FALZ—6 DEMR LT, BEERENLRDF
aNVRERIC, b ) —OBEER L2 T
AL —6 DIEXEIZ.CO T b R/ —FDik



P TH D C-cluster DA IE & B L C BLIE
v, CO Tt Rkrrr—ETiE U oLs

TR =y TV EEATE X 2 N UBIE K
BRFOD, VT AKX —6 O F U LEY

DELFEE DS C-cluster & (TR DL DD,
ZZCEER LT VIFelS 7 T AKX —HRRIIG
% Ni/Fe/S 7 7 A X —DE IG5

Z LT, C-cluster & AN THEEE G2 2 & b ATRE
TiEZ2Wh SN S,

C-cluster

5. LARRERIE

MEsERe ) (RH1e ) &TH

(1) New Synthetic Routes to Metal-Sulfur
Clusters Relevant to the Nitrogenase
Metallo-Clusters, Yasuhiro Ohki and
Kazuyuki Tatsumi, Z. Anorg. Allg. Chem.,
639, 1340-1349 (2013). DOI :
10.1002/zaac.201300081

(2) A Nitrogenase Cluster Model [FeyS,0] with
an Oxygen Unsymmetrically Bridging two
Proto-Fe,S; Cubes: Relevancy to the
Substrate—Binding Mode of the
FeMo—cofactor, Shun Ohta, Yasuhiro Ohki,
Takayoshi Hashimoto, Roger E. Cramer,
and Kazuyuki Tatsumi, Inorg. Chem., 51,
11217-11219 (2012). DOI :
10.1021/ic301348f

(3) Formation of a Nitrogenase P-cluster [Fe,S,]
Core via Reductive Fusion of Two
All-Ferric [Fe,S,] Clusters, Yasuhiro Ohki,
Kazuki Tanifuji, Nobuhiro Yamada, Roger
E. Cramer, and Kazuyuki Tatsumi, Chem.
Asian J., 7, 2222-2224 (2012). DOI
10.1002/asia.201200568

(4) Oxido-bridged Di—, Tri—, and Tetra—nuclear
Iron Complexes Bearing
Bis(trimethylsilyl)amide = and  Thiolate
Ligands, Shun Ohta, Saori Yokozawa,
Yasuhiro Ohki, and Kazuyuki Tatsumi,
Inorg. Chem., 51, 2645-2651 (2012). DOI :
10.1021/ic2025928

(5) Synthetic Analogues of [Fe,S,(Cys);(His)]
in Hydrogenases and [Fe,S,(Cys),] in HiPIP
Derived from All-Ferric
[Fe,S,{N(SiMe;), }.], Yasuhiro Ohki,
Kazuki  Tanifuji, Norihiro  Yamada,
Motosuke Imada, Tomoyuki Tajima, and
Kazuyuki Tatsumi, Proc. Natl. Acad. Sci.
USA., 108, 12635-12640 (2011). DOI :

10.1073/pnas.1106472108

(F=sR) GH154)

ey

2

3

Synthesis of Iron-Sulfur Clusters Mimicking
the Nitrogenase Metallo-Clusters, Yasuhiro
Ohki, % 63 [BIFE A LEFtama—H it »
vy (2013.11.2-4, HERK)

Synthesis and Characterization of
Iron-Sulfur Cluster Molecules Mimicking
the Nitrogenase Metallo-Clusters, Yasuhiro
Ohki, Collaborative Conference on 3D and
Materials Research 2013 (2013.6.24-28, Jeju,
Korea)

Chemistry of the Unique Cluster Active
Sites in Reductases, Kazuyuki Tatsumi and
Yasuhiro Ohki, 3rd Asian Conference on
Coordination Chemistry (ACCC3) (2011.
10.17-20, New Delhi, India)

() (Gt o )

(P 36 U PEAE )
RREEL

(& 0fth)
AN -3
http://inorg.chem.nagoya-u.ac.jp/members/ohki/o
hki-j-frame .html

6.

WFFERA R

(1) MFoeREE
KA ¥#55L (OHKI, Yasuhiro)
Al BRE: - REFEBTEZMIZER - HEHdR
FgE8 %5 10324394



