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Structural comparison of early first-, second- and third-row main-transition
metal-EDTA chelates: Is hexadentately six-coordinated species major?

by

Daisuke NOGUCHI*

Crystal structures of early first-row, second-row, and third-row main-transition metal-complexes
chelated by ethylenediaminetetraacetic acid (EDTA) are surveyed to clarify whether the well-known
hexadentately six-coordinate (6&6) species is major or not. In the early first-row transition metal (Sc, Ti,
V, Cr, and Mn)-EDTA, only three of 6&6 species were found within 28 kinds. Whereas there were no
such 6&6 species within 50 kinds of the second-row, 15 kinds of the third-row main-transition metal-
EDTA. It has been also shown that in the late first-row, there were 33 cases of 6&6 species within 100
kinds by previous study. Therefore, the well-known hexadentately six-coordinate structure is not so
much major as minor in the main-transition metal-EDTA complexes from the structural comparison.

Key words: Complex ion, Coordination number, D-block elements, Denticity, X-ray crystallography.

1. IFC&HIC

Stezowski & Hoard (1984) [1]iE, 1983 4% TIT#H &
ST 7Yy Uk T — k% — (CCDC) I
T2 NS NI 46 FHOEEE-EDTA F L — b
OFEREET— 22 F L. UK, &B-EDTA %
L— b OREREEET — % 238 2 %81 59 ¢, Pb-EDTA
(Davidovich 2005) [2]=%° Bi-EDTA (Stavila et al. 2006)
[B]D & 5 12T D4 JE-EDTA F L — b O E %
ML o5, o6 TRY EDTA
¥FL— hMORREEELZ V. 22 TERIIPEROM S
WS AT E I D &, %W —RYEREF-EDTA
SRR OELALH & BUNL R R £ & T (B 2023) [4].
ARBFZEERE TIEAE — R - F _RINB L OB =%
5| EEH 4 JE-EDTA RO ET — & 285 L
XIS HE S &, 6 OENIER & BN S & R T
Z. L ToM b, #Ficx L — MEEE TN
RSB T ENL 6 ELL - NEMEEZR LTV 54
JB-EDTA $5{k &, %offﬁb\ﬁauiii%ﬁaufiﬁzﬁ%w

SfAF 1 2HA 1 HZHE (Accepted 1 December 2022)

N, EBERE-EDTAF L — MZBWTEREIFamohn
TWbHn%E, BITMREEZEE 2> LNIT 5.

2. HREER
LI, MEBET 2P HE ST D RIHIE—
RIEB 4 B-EDTA L —  (Sc-EDTA, Ti-EDTA,
V-EDTA, Cr-EDTA, Mn-EDTA) 225\ T, k%,
BT AR, EOACEEES KOk E F L o7, Bk, #
2 (2 RFEBEE-EDTA ¥ L — kb (Y-EDTA,
Zr-EDTA, Nb-EDTA, Mo-EDTA, Tc-EDTA, Ru-EDTA,
Rh-EDTA, Pd-EDTA, Cd-EDTA),
#E# 4 )B-EDTA ¥ L — I (Hf-EDTA, W-EDTA,
Re-EDTA, Os-EDTA, Ir-EDTA, Pt-EDTA, Hg-EDTA)
% L7z, # 2 IX[Nb(EDTA-4H)(H-0).]-2H-0 (Ooi et al.
1998) [41]D X 912
NEFIZHT 2O H -7z,
W T EBAER-EDTA (28T, Ta-EDTA I
Nb-EDTA & FJE T 5 &5 (Vuletic et al. 1979) [96].
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#= 1 B —RIIEBEE-EDTA X L — b O{bZ, EArlk, mArE, SOk

[ #=z==v B A7 3 BrEE TR b= B A7 B BADEES STk
(1) Sc-EDTA g1k NH4[Sc(EDTA-4H)(H.0)2]-3H.0 8 6 [5]
(2) Ti-EDTA $8{k
[Ti(EDTA-4H)(H-0)] 7 6 [6,7] Nao[Ti(EDTA-4H)(H:0)}NaCl- TH0 7 6 (9]
Na[Ti(EDTA-4H)(H.0)]2H.0 7 6 [8] K[Ti(EDTA-4H)(H.0)]-2.5H.0 7 6
Ba[Ti(EDTA-4H)(H.0)]Cl-6H.0 7 6 [9] [Ti(EDTA-3H)(H.0)]-H-0 7 6 [10]
(3) V-EDTA $ti{k
NH.[VOx(EDTA-2H)]-3H.0 6 4 [11] NH.[V(EDTA-4H)(H.0)]-2.5H.0 7 6 [17]
Nas[VO(EDTA-4H)]-4H.0 6 4 [12] (NH4)s[VO(O2)(EDTA-3H)]. 7 4 18]
Ba[VO(EDTA-4H)]-6H.0 6 5 [13,14] K3[VO(02)(EDTA-3H) .- 1.6H.0 7 4
Na[VO(EDTA-3H)]-4H.0 6 5 [15] [V(EDTA-4H)(H.0)]-H.0 7 6 [10]
Na[V(EDTA-4H)(H:0)]-3H.0 7 6 [16,17] [Mg(H:0)s][VO(EDTA-4H)]-3.5H,0 6 5 [19]
(4) Cr-EDTA #E 1k
[Cr(EDTA-3H)(H-0)] 6 5 [20-22] [Cu(Tsc)][CH(EDTA-4H)]. 6 6 [23]
[Ni(Tsc)2][Cr(EDTA-4H)]- 6 6 [23] Tsc= thiosemicarbazide, Phen = 1,10-phenanthroline
(5) Mn-EDTA $ 1k
Mns(EDTA-3H).: 10H.0 7 6 [24-27] [Mno(EDTA-4H)(Phen)]-4H.0 7 6 [32]
Li[Mn(EDTA-4H)(H0)]-4H.0 7 6 [28] (NH.).[Mn(EDTA-4H)(H.0)]-3H.0 7 6 [33]
K[Mn(EDTA-3H)]-2H.0 6 6 [29,30] [Mnz(EDTA-4H)(H0)],-nH.0 7 6 [34]
Nd:Mns(EDTA-4H)s(H:0)11 12H:0 7 6 [31] [SrMn(EDTA-4H)(H0)s]-3/2H:0 7 6 [35]
F2 B RINBLOE RN TEESEE-EDTA ¥ L— b, Bhrdk, BAZEE, SCHR

b5 PO B BUGCEE TR A== v B A7 B0 BADEEA STk
(1) Y-EDTA &4
NH.[Y(EDTA-4H)(H.0):]-3H.0 9 6 [36] Na[Y (EDTA-4H)(H:0)s]-5H.0 9 6 [37]
(2) Zr-EDTA $ 1k
[Zr(EDTA-4H)]-4H.0 8 6 [38] [ZrO(EDTA-4H)]Fe(OH)-H.O 7 6 [40]
((H:N):C=NH.):{Z{(EDTA-4H)C0s]-3H:0 8 6 [39]
(3) Nb-EDTA g1 [Nb(EDTA-4H)(H:0).]-2H.0 8 6 [41]
(4) Mo-EDTA §i &k
anti-NasMo:O((EDTA-4H)]-4H.0  6x2 3 [42] anti-Na:Ko[Mo:Os EDTA-4H)]- 10H.0 ~ 6x2 3 [52]
syn-Cs:[M02S:0/(EDTA-4H)]-2H.0 72 (6) [43] syn-[Gd(H:0)MoOi]-[Mo:0«(EDTA-4H)] 72 (6) (53]
syn-K[Moz(OH):(EDTA-4H)(CH:C00)] 72 (6) [44] syn-[Eu(H:0)MoO:[Mo:O(EDTA-4H)] 72 (6)
syn-KMosOs(OH)-(EDTA-4H): 16 4H.0  7x2 (6) [45] anti-NasiMoi00x(EDTA-4H))(H:0)s 62 3 [54]
anti-NajMocOs(EDTA-4H):] 14H:0  8x2 3 [46] anti-Nay(H:0) MO« EDTA-2H)] - 2H.0 62
syn-Na;[Mo20s(EDTA-4H)]-5SH.0  7x2 (6) [47] anti-Nas(H:0)s[Mo:0«(EDTA-4H)] ~ 6x2 3 [55]
syn-NaMoWO.(EDTA-4H)]-4.5H:0  7,(7) (6) [48] anti-Hatemed[Mo:0s-(EDTA-2H)} 0 6x2
syn-Nao[Mo:0( EDTA-4H)]-4H.0 72 (6) [49] syn-HatemedMo:0:EDTA-4H)} H.0  6x2 (6) [56]
syn-Ca[Mo:04(EDTA-4H)]-9H.0  7x2 (6) [50] anti-(H:NCH:CH.):-[Mo:O(EDTA-2H)] 62 3
syn-Na[M0o.0;S(EDTA-4H)]- 2H.0 ~ 6x2 (6) [51]
(5) Tc-EDTA 44
[Tc.0-(EDTA-2H):]-5H.0  7x2 4 [57] {TeN((NH2):CS)} 4 EDTA-4H).-6H.0 6 3
Ba[TcO(EDTA-4H)]- 7 6 [58] temed=tetramethylethylenediamine
(6) RU-EDTA $E{k DMSO=dimethyl sulfoxide

[Ru(EDTA-3H)(H0)] 6 5  [60-62] [Ru(PPhs)(EDTA-3H)]-1.5H:0 6 5 [68]
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-EDTA 6

[Ru(EDTA-3H)NO] 6 5 [62-64] NH4Ru(EDTA-3H)CI]-2H.O0 6 5 [69]
[Ru(EDTA-2H)(dppm)]- DMSO-H.0 6 4 [65] [Ru(EDTA-2H)(CsHsS)]- 7 4 [70]
K[Ru(EDTA-2H)Cl.] 6 4 [66] [Ru(EDTA-2H)(2-OMe-PhCONHO)] 6 4 [71]
K[Ru(EDTA-3H)CI]-2H.0 6 5 [67] dppm=bis(diphenylphosphino)methane
(7) Rh-EDTA $&1K [Rh(EDTA-3H)(H:0)] 6 5 [72]
(8) PA-EDTA $ik {4

[PdCI.(EDTA)]-5H.0 4 2 [73] [PdCI.(EDTA)]-6H.0 4 2 [75]

Ba:[Pd2(EDTA-4H).]- 10H.0  4x2 2 [74] [Pd(EDTA-2H)]»2NaNO3-7.5H:0  4x2 2 [76]
(9) Cd-EDTA $it 4

[Mg(H:0)¢][CA(EDTA-4H)(H:0)]- 3H:0 7 6 [771 Ko[Cd(H:0)][C(EDTA-4H)(H:0)}:-2H:0 7 6 [80]
[Mn(H:0):Cd(EDTA-4H)]-2H,0 7 6 [78] {[Cd(EDTA-4H)(H.0)]-H.0}, 7 6 [81]
[CA{Cd(EDTA-4H)(H:0)}(H:0)s] -4H,0 7 6 [79] 7 6 [82]
[Cd(EDTA-2H)(H.0)]-2H.0 7 6 [27] N:Hs[Cd(EDTA-3H)(H.0)]-H:0 7 6 [83]
Nas[Cd(H:0)s][Cd(EDTA-4H)(H:0)]2H:0 7 6 [80]

(10) Hf-EDTA & 1{A (CN3He)2[Hf(EDTA-4H)F,]-H:0 8 6 [84]
(11) W-EDTA §i &k

syn-Ba[W.0((EDTA-4H)]-3.5H:0  7x2 (6) [85] syn-Nao[W20:S2(EDTA-4H)]-6H.0  7x2 (6) [87]
syn-Na:[MoWOL(EDTA-4H)]-4.5H:0  7,(7)  (6) [48] anti-NaJ W0 EDTA-4H)]-8H.0  6x2 3 [52]
syn-NaNH{W:0::(EDTA-4H)]- 2H.0 ~ 6x2 (6) [86] anti-(NHa)W.0« EDTA-4H)-4H,0  6x2 3 [88]
(12) Re-EDTA $ 1k Ba[Re20:(EDTA-4H),]-4.5H.0 7 4 [89]
(13) Os-EDTA [Os(EDTA-4H)(H:0)]-H.0 7 6 [90]
(14) Ir-EDTA

K[Ir(EDTA-2H)Cl] 6 4 [01] [(Cp*Ir)2(EDTA-4H)]-4H.Q  8x2 3 [92]
K[Ir(EDTA-3H)CI]-H-0 6 Cp*=pentamethylcyclopentadienyl
(15) Pt-EDTA [PtCI(EDTA)]-6H-0 4 2 [93]
(16) Hg-EDTA

[Hg(EDTA-2H)]-H.0 6 7 [94] Lis[Hg2(EDTA-4H).]-8H.0 7 6 [95]

AGgEEL LD, WIhb EDTA 7=F > ORNET
BOAL & U TIEW 720y (Solans et al. 1984 [97], Brouca-
Cabarrecq et al. 1996) [98]. 7=, AuIZE =7 I /
HEOBFF 7 NEAL L 7S5 ORSMEEIXIZE A E#
EEH TRV (Cornejo et al. 2003) [99].

AT —RIEB LJH-EDTA XL — b D 5 b, BL
6 5 o FlME, BONCER 7 % 18 FHMH, FOACEK 8 A% 1 HEME
bole., FL—MABETHEIEIND Z & DLW
RN - 6 BN ED b DX P 3 FE (K 11%)
e E&F o7, HBMHE—-RIERER-EDTAF L — |
ThoThH, NE -6 FNMAEED S OX 100 FEFEH 33
FEFE (R 33%) (2w X 9 (B0 2023) [4], 25 %75,
EERYEEBELB-EDTA XL — FTIE, b2 b A
JE -6 BANLAEED S DR LN Te. 7ok, il
4 B -EDTA 85K DAL BT, 8 7» 5 10 TH 5 (Wang
et al. 2010) [100].

LEXDY, fMfEEsHo N> THnD L 02K
PHTHE, FL—FOREH L L TUALHBILTY
& B-EDTASEADANE - 6 &L, APvr—¢&

WSEYRELAETAFT—HILEETHD.
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