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

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 31 cases of 6&6 species within 99
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.
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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
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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%,
Boprd, EoQCEER KOk E £ &7, R, #
2 12 RAVIER 4L JE-EDTA & L — b (Y-EDTA,
Zr-EDTA, Nb-EDTA, Mo-EDTA, Tc-EDTA, Ru-EDTA,
Rh-EDTA, Pd-EDTA, Cd-EDTA), B X O =R%|+
E % &8 -EDTA £ L — k (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]1D & 52, CCDC &k &S NT- cif 7 7 A )L
NEFIZHT 2O H -7z,

W T EBAER-EDTA (28T, Ta-EDTA I
Nb-EDTA L FJE T 5 &5 (Vuletic et al. 1979) [95].
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f===:v 5 - Sk [d==sv 5 K 3k
(1) Sc-EDTA $&14k NH.[Sc(EDTA-4H)(Hz0):]-3H.0 8 6 [5]
(2) Ti-EDTA 881k
[Ti(EDTA-4H)(H:0)] 7 6 [6,7] Nas[ Ti(EDTA-4H)(H:0)]>NaCl- TH:0 7 6 -
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 g &
NH.[VO2(EDTA-2H)]-3H.0 6 4 [11] NH.[V(EDTA-4H)(H:0)]-2.5H.0 7 6 [17]
Nas[VO2(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] Ks[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):][Cr(EDTA-4H)]. 6 6 [23]
[Ni(Tsc)2][Cr(EDTA-4H)]- 6 6 [23] Tsc= thiosemicarbazide, Phen = 1,10-phenanthroline
(5) Mn-EDTA $i Ak
Mns(EDTA-3H):-10H20 7 6 [24-27] [Mno(EDTA-4H)(Phen)]-4H.0 7 6 [32]
Li[Mn(EDTA-4H)(H:0)]-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] [Mn(EDTA-4H)(H:0)],-nH0 7 6 [34]
Nd:Mns(EDTA-4H)3(H:0)11- 12H:0 7 6 [31] [SrMn(EDTA-4H)(H0)s]-3/2H0 7 6 [35]
#2 B ORINBLOE RV TEB L E-EDTA X L— b ofbX, BArEk, BOALEER, SCHR

- oY AN oY 1A ‘ . (e VA oY 1A i

[n===2 5 K STk [ #====v 5 i K TR
(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)]JFe(OH)-H.O 7 6 [40]
((H:N):C=NH.)[Zt(EDTA-4H)COs]-3H:0 8 6 [39]
(3) Nb-EDTA g & [Nb(EDTA-4H)(H:0).]-2H.0 8 6 [41]
(4) Mo-EDTA &4
anti-NasMo:Os(EDTA-4H)]-4H.0 62 3 [42] anti-Na:K:[Mo:Os(EDTA-4H)]- 1000~ 6x2 3 [52]
syn-Cs2[M02S:0((EDTA-4H))-2H.0  7x2 (6) [43] Syn-[Gd(H:0)MoO]-[Mo:O4(EDTA-4H)] 72 (6) (53]
syn-K[Moz(OH):(EDTA-4H)(CH:CO0)] 72 (6) [44] syn-[Eu(H:0)MoO:[Mo:O(EDTA-4H)] ~ 7x2 (6)
$yn-KiMosOs(OH)-(EDTA-4H). 164H.0  7x2 (6) [45] anti-Nas[Moi00(EDTA-4H))(H:0)s ~ 6x2 [54]
anti-NajMocOs(EDTA-4H);) 14H:0  8x2 3 [46] anti-Nay(H:0) M0 EDTA-2H) 2H.0 62 3
syn-Na;[Mo20s(EDTA-4H)]-5SH.0  7x2 (6) [47] anti-Nas(H:0)s[Mo:0«(EDTA-4H)] ~ 6x2 [55]
syn-NalMoWO.(EDTA-4H)]-4.5H:0  7,(7) (6) [48] anti-Hatemed[Mo:0s-(EDTA-2H)} H.0 62
syn-Naz[Mo:O( EDTA-4H)]-4H,0  7x2 (6) [49] syn-HatemedMo:0:EDTA-4H)} H.O 62 (6) [56]
syn-Ca[Mo:04(EDTA-4H)]- 9.0  7x2 (6) [50] anti-(H:NCH.CH:)-[Mo:O{ EDTA-2H)] ~ 6x2 3
syn-Na[Mo.0sS(EDTA-4H)]-2H.0  6%2 (6) [51] temed=tetramethylethylenediamine
(5) Tc-EDTA {4
[Tc:02(EDTA-2H):]-5H.0  7x2 4 [57] {TeN((NH2):CS) }(EDTA-4H).-6H20 6 3

Ba[TcO(EDTA-4H)] 7 6 [58]




(6) Ru-EDTA ${A

[RU(EDTA-3H)(H0)] 6 5 [60-62] [Ru(PPh:)(EDTA-3H)]'1.5H:0 6 5 [68]
[RU(EDTA-3H)NO] 6 5 [62-64] NHi[Ru(EDTA-3H)CI]-2H.O 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]

(7) Rh-EDTA ${Ak [Rh(EDTA-3H)(H-0)] 6 5 [72]
(8) PA-EDTA §i{k

[PACI.(EDTA)]-5H-0 4 2 [73] [PACI,(EDTA)]-6H-0 4 2 [75]
Ba:[Pd:(EDTA-4H).]- 10H:0  4x2 2 [74] [Pd:(EDTA-2H)]:-2NaNOs7.5H:0  4x2 2 [76]
(9) Cd-EDTA §i

[Mg(H:0)¢][Cd(EDTA-4H)(H.0)]- 3H:0 7 6 [77] Nao[Cd(H:0)][C(EDTA-4H)(H.0)]2H:0 7 6 (80]
[Mn(H:0):Cd(EDTA-4H)]-2H.0 7 6 [78] Ky{Cd(H:0)4][CA(EDTA-4H)(H:0)}:-2H:0 7 6
[CA{CA(EDTA-4H)(H.0) }o(H:0)s] -4H:0 7 6 [79] {[Cd(EDTA-4H)(H.0)]-H:0}, 7 6 [81]
[CA(EDTA-2H)(H.0)]-2H.0 7 6 [27] N:Hs[ Cd(EDTA-3H)(H:0)]-H:0 7 6 [82]
(10) Hf-EDTA &84 (CNsHs)[Hf(EDTA-4H)F.]-H.0 8 6 [83]
(11) W-EDTA §i &k

syn-Ba[W.0.(EDTA-4H)]-3.5H.0  7x2 (6) [84] syn-Naz[W20,8:(EDTA-4H)]-6H.0  7x2 (6) [86]
syn-NaMoWO.(EDTA-4H)|-4.5H,0  7,(7)  (6) [48] anti-NaJ W.O( EDTA-4H)]-8H.0 ~ 6x2 3 [52]
syn-NaNH,[W20:$:(EDTA-4H)|-2H:0  6x2 (6) [85] anti-(NH).{W.0o EDTA-4H)]-4H:0  6x2 3 [87]
(12) Re-EDTA ${& Ba2[Re202(EDTA-4H)2]-4.5H.0 7 4 [88]
(13) Os-EDTA [Os(EDTA-4H)(H-0)]-H.0 7 6 [89]
(14) Ir-EDTA

K[Ir(EDTA-2H)Cl.] 6 4 [90] [(Cp*Ir)(EDTA-4H)]-4H.O 8x2 3 [91]
K[Ir(EDTA-3H)CI]-H-0 6

(15) Pt-EDTA [PtCI.(EDTA)]-6H-0 4 2 [92]
(16) Hg-EDTA

[Hg(EDTA-2H)]-H.O 6 7 [93] Lis[Hg2(EDTA-4H).]-8H-0 7 6 [94]

DMSO=dimethylsulfoxide, dppm=bis(diphenylphosphino)methane, Cp*=pentamethylcyclopentadienyl

AGgEEL LD, Wb EDTA 7=F > ONET
BEfL S CTIEW 720y (Solans et al. 1984 [96], Brouca-
Cabarrecq et al. 1996) [97]. 7=, AuHIZHE =#HKk 7T I/
HEOERIRFDENL LR O REEITIZE A LR
EEH TRV (Cornejo et al. 2003) [98].

AT —RIEB LJH-EDTA XL — b D 5 b, FL
$6 7% O FlHE, BOATEL 7 % 18 FESH, MOATE 8 A% 1 FESE
bole., FL—MABETHEIEIND Z & DL WHE
RN - 6 BN ED b DX P 3 FE (K 11%)
e EF o7, HBMHE - RIERER-EDTAF L — |
ThoTbh, ANMHE -6 EMEEOSOIL 99 FET 31
FEFEH (R 31%) (2w X 9 (B0 2023) [4], 25 %75,
BRI TEEBER-EDTAXR L— F T, THZHA
JE -6 BANLAEED S DR R LN Te. 7ok, il
¥4 R -EDTA $5IE OB HE, 8 725 10 TH 5 (Wang
et al. 2010) [99].
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