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Figure S1: Distribution diagram for Hydota (left) and the Cu?*~H,dota system (right; Cu:L = 1:1).
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Figure S2: Calculated electronic spectra of species in the Cu>*~Hydota system (left and central figure). Example of

experimental data (right plot) as measured in VIS (1.5 mM) and UV (0.1 mM) regions, respectively.
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Figure S3: Distribution diagram for trans-Hgdo2a2p (left) and the Cu?*—trans-Hgdo2a2p system (right; Cu:L = 1:1).
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Figure S4: Calculated electronic spectra of species in the Cu?*—trans-Hgdo2a2p system (left and central figure).

Example of experimental data (right plot) as measured in VIS (0.5 mM) and UV (0.1 mM) regions, respectively.
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Figure S5: Distribution diagram for Hgdotp (left) and the Cu?*~Hgdotp system (right; Cu:L = 1:1).
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Figure S6: Calculated electronic spectra of mononuclear species in the Cu>*—Hgdotp system (left and central figures).

Example of experimental data (right) as measured in VIS (1.0 mM) and UV (0.1 mM) regions, respectively.
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Figure S7: Distribution diagram for Cu>*—Hgdotp system (Cu:L = 2:1) for lower (left) and higher (right) concentrations

employed in the experiments.

—— HCu,L]*
o —[Cull* 700+ —H[CuL]*
3 1.4x10°4 —— [CuL(OH)* ~ el —[CuLT* .
< 1210 ——[CuL(OH) ] § —— [CuL(OH)]
S T 500 —[CuL(OH)I*
> 1.0x10° =
= 2 400
'g 8.0x10° %_
£ 6ox10'] g 3001
é 4,0x10° E 2001
2.0x10° 2 100,
0.0 0 T T T y .
20 Py 0 o 0 500 600 700 800 900 1000
Wavelength /nm Wavelengthl nm
Figure S8: Calculated electronic spectra of dinuclear species in the Cu?*~Hgdotp system measured in VIS (left; ¢, = 1.0
mM, c¢, = 2.0 mM) and UV (right; ¢, = 0.1 mM, cc, = 0.2 mM) regions.




Table S1: UV-Vis spectral parameters calculated for species present in Cu(II)-DOTA-like ligand systems.

Ligand Species Amax / DM Emax / M em!
648 670
6—
[Cu(@)] 358 6010
650 640
5,
[Cu(HL)] 357 5660
643 575
4
[Cu(H:L)] 352 5310
652 530
3_
[Cu(HsL)] 351 5650
628 630
2—
[Cu(HL)] 351 5580
Hydotp 663 450
[Cu,(HL)* 326 8520
226 7000
663 510
[Cuy(L)]* 328 8930
226 8940
657 590
[Cuy(L)(OH)[5 333 11830
226 11030
653 630
[Cus(L)(OH),]* 333 13200
226 12530
648 390
4-
[Cu(@)] 357 5330
663 235
[Cu(HL)J* 350 3770
300 (sh) 3250
trans-Hgdo2a2p 748 120
[Cu(H,L)|* 292 4060
345 (sh) 2540
i 630 290
[Cu(HsL)] 349 4500
744 100
[Cu(L)]* 294 4010
351 (sh) 2360
H,dota ~ 740 70
[Cu(HL)] 291 4740
740 60
[Cu(HL)] 292 5000




Table S2: Summary of stepwise protonation constants of the title ligands (¢ =25 °C, /= 0.1 M (K/NMe,)Cl ).

Constant trans-Hodo2al'l!  Hydotal?>3!  Hsdo3ap!  trans-Hedo2a2pl>®)  H,doa3pl#! Hgdotpl®?  Hgdotp¢

logK, 11.45 11.9 13.83 13.02 13.66 ¢ 14.65 -
14.22%
logk, 9.54 9.72 10.35 11.82 12.11¢ 12.40 12.75
11.81°
logK; 4.00 4.5 6.54 6.35 7.19 ¢ 9.28 9.20
8.08°
logK4 2.36 43 4.34 6.33 6.15¢ 8.09 8.01
6.51°%
logKs <2.3 2.36 3.09 3.13 5.38°% 6.12 6.03
logKs <2.3 - 1.63 2.64 2.86% 522 5.18
logkK; - - 1.07 - - 1.77 1.74
logB, = 20.99 21.62 24.18 24.84 26.03° 27.05 27.40
logK;+logk,

“Determined from 'H and 3'P NMR titrations; no control of the ionic strength, ¢ = 21.0 °C.["1 *Calculated from the

published 1 overall protonation constants (/= 1.0 M KCl); in italics. “This work; in bold.

Table S3: Summary of derived equilibrium constants for systems with Cu(Il) ion and the title ligands (¢ =25 °C, [ =
0.1 M (K/NMe,)Cl).

Equilibrium? Ligand
Constant trans-Hydo2all'  Hudota®3!  frans-Hgdo2a2pl>¢1  H,doa3pl®)  Hgdotpl!®-!!l  Hgdotp®
Cu+L < [Cu(L)] 21.1 223 25.17 27.6° 254 29.93
logK,(CuL)
[Cu(L)] + Cu < [Cuy(L)] — 2.23 6.19 7.9¢ 6.64 9.35
logK(Cu,L)
[Cu(HL)] <> [Cu(L)] +H 3.0 430 7.23 - 7.41 7.96
pKai(CuHL)
[Cu(H,L)] <> [Cu(HL)]+H - 3.55 6.66 - 6.42 7.20
pKao(CuH,L)
[Cu(HsL)] <> [Cu(H,L)]+H - - 251 - 6.16 6.43
pK.3(CuH;L)
[Cu(H,L)] <> [Cu(HsL)]+H - - - - 4.58 4.67
pKaa(CuH,L)

¢Charges are omitted. *This work; in bold. ‘Estimated from LFER plot at Figure S9 on the basis of the literature ligand

protonation constants.



Table S4: Overall protonation constants of Hgdotp (3,)* and stability constants for the Cu(Il)-Hgdotp system ()
determined in this work (¢ =25 °C, I = 0.1 M (NMe,)Cl ). The errors are standard deviations given directly
by the fitting program.

Equilibrium¢ Constant

L+H < HL logP, -
L+2H < H,L logP, 12.75(2)
L+3H <& HiL logPs 21.95(2)
L+4H < H,L logP 29.96(2)
L+5H < HsL logPs 35.99(2)
L+6H <« H¢L logBs 41.17(2)
L+7H «< H;L logP; 42.91(2)
Cu+L « [Cu)] logBo11 29.93(3)
Cu+L+H <« [Cu(HL)] logBi 37.89(3)
Cu+L+2H < [Cu(H,L)] logPa1 45.09(3)
Cu+L+3H < [Cu(H;L)] logBs; 51.52(2)
Cu+L+4H <« [Cu(Hs;L)] logB411 56.19(2)
2Cu+L & [Cuyl)] logBo12 39.28(3)
2Cu+L+H < [CuyHL)] logBi12 46.07(2)
2Cu+L+2H < [Cuy(H,L)] logBa1a 50.81(2)
2Cu+L+H,0 < [CuyL)OH)]+H logB.112 30.76(5)
2Cu+L+2H,0 <« [Cuy(L)(OH),]+2H logB 212 21.4(1)

B, = [H,L] / [L]-[H]"; charges are omitted. B, = [H,LCu,] / [L]-[H]*:[Cu]™, / = 1; charges are omitted. ‘Charges are omitted.

Table S5: Full set of derived equilibrium constants for the Cu(Il)-Hgdotp system (¢ = 25 °C, /= 0.1 M (NMey)Cl).

Equilibrium ¢ Constant
Cu+L & [Cul)] logK,(CuL) 29.93 25.4°%
[Cu(HL)] < [Cu(L)]+H pKa(CuHL) 7.96 7.41°%
[Cu(H,L)] < [Cu(HL)]+H pKax(CuH,L) 7.20 7.16°
[Cu(H;L)] < [Cu(H,L)]+H PKa3(CuH;L) 6.43 6.42°
[Cu(HsL)] < [Cu(H;L)]+H pKaa(CuH4L) 4.67 4.58°%
[Cu)]+Cu «> [Cux(L)] logK,(Cu,L) 9.35 6.64°
[Cu(HL)] + Cu <« [Cuy(HL)] logK>(Cu,HL) 8.18 5.82°%
[Cu(H,L)] +Cu < [Cuy(H,L)] logK,(Cu,H,L) 5.72
[Cuy(HL)] < [CuyL)]+H PKazi(Cu,HL) 6.79
[Cuy(H,L)] <> [Cuy(HL)]+H PKax(Cu,HoL) 4.74
[Cuy(L)] + H,0 <> [Cuy(L)(OH)]+H PKaion(Cuzl) 8.52
[Cuy(L)(OH)] + H,O <> [Cuy(L)(OH),]+H pKa2on(Cu,l) 9.4

?Charges are omitted. *Ref.[1%11],
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Figure S9: Correlation of values of stability constant for copper(II) mononuclear and dinuclear complexes with basicity of

macrocyclic ring represented by overall protonation constant log3, = logK; + logK,. The red points are experimental data for the

Cu(IT)-Hgdotp system taken from literature.[10-11.12]

The solid lines representing Linear Free Energy Relationship (LFER) plots calculated with the literature
(trans-H,do2a, Hydota, trans-Hqdo2a2p) and measured (Hgdotp) data give correlationx logKc, = 1.3 x log, — 6.2 and
logKcwor = 1.2 % logP,, — 24.4 for the mono- and dinuclear copper(Il) complexes, respectively. As it can be seen, there
is a discrepancy in stability constant values published by Kabachnik et al.['%!1] and Martell et al.['? for the [Cu(dotp)]®
and [Cu,(dotp)]* complexes which are underestimated about three orders of magnitude. On the other hand, the values
obtained in this paper are in agreement with the stability constant values expected from this LFER plot. Thus, this plot
can be also utilized for prediction of unpublished logKc,; values for the other copper(Il) complexes - e.g. values of
logKcu and logK o1 for H;doa3p could be estimated to be 27.6 and 7.9 (the experimental values logKc,. = 27.3 and
logKcuwr = 5.91 were determined for 7=298.2 K and /= 1.0 M KCl — see ref.¥]);1 they are similar to those for Cu(II)-
Hgdotp complexes as ligands have similar basicity and structures of the complex are probably similar. In addition,
logKcuor ~6.9 for the H,doa3p complex estimated from formation kinetics data (see below, Figure S22) is in a good

agreement with the estimate from the plot - it cross-validates our results obtained from both thermodynamic and

kinetic studies.
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Figure S10: Correlation of values of stability constant for copper(Il) dinuclear complexes with basicity of pendant arms in the
copper(Il) mononuclear complex represented by overall protonation constant logf,,,. The blue and red points represent

correlations with logP,, = logK,,;(CuL) + logK,,(CuHL) and logp,; = logK,;(CuL) + logK,,(CuHL)+ logK,;(CuH,L), respectively.



Potentiometry on Hgdotp and the Cu(II)-Hsdotp system

Experimental:

Potentiometry was carried out according to the previously published procedure(!?! Briefly, (NMe4)Cl (Fluka) was re-
crystallized from boiling i-PrOH; (NMe,;)OH stock solution (~0.2 M) was prepared from the (NMe,)Cl on anion
exchanger (Dowex 1 in OH~ form, Fluka) and its concentration was determined with potassium hydrogenphathalate;
HCI stock solutions (0.03 M and 0.2 M) were prepared from conc. aq. HCI (Merck, trace analysis) and their
concentrations were determined against the (NMe,)OH stock solution; deionized water was used; argon saturated with
water vapour was used as protecting gas against air CO,; stock solution of Cu®* was prepared from recrystallized
CuCl, hydrate (Lachema) and its concentration was determined by chelatometry. Exact concentration of the Hgdotp
stock solution was determined together with fitting of the protonation constants and agreed well with that determined
by weight of the dried (80 °C, 2 h) solid ligand sample. Combined electrode (GK 2401B, Radiometer) was calibrated
by acid-base titration in the same pH ranges as titrations below. The 2-ml autoburette ABU 901 and pH-meter PHM
240 (both Radiometer) were used to deliver the hydroxide solution and to measure potential, respectively. The titration
data were treated with OPIUM program packagel'*! The program minimizes the criterion of the generalised least-
squares method using the calibration function £ = Ey + S x log[H*] + j; X [H*] + j, x K,,//[H*] where the additive term
E, contains the standard potentials of the electrodes used and contributions of inert ions to the liquid junction
potential, S corresponds to the Nernstian slope, the value of which should be close to the theoretical value, and j; %
[H'] and j, x K,,/[H"] =j, x [OH] terms are the contributions of the H" and OH™ ions to the liquid-junction potential.
It is clear that j; and j, cause deviation from a linear dependence of £ on —log[H"] only in strongly acidic and strongly
alkaline solutions. The calibration parameters were determined by titration of standard HCI with standard (Me,;N)OH
solutions before each ligand or ligand—metal titration to give a pair calibration/titration which was used for
calculations of the constants.

All constants were determined in 0.1 M NMe,Cl at 25.0 £ 0.1 °C with pK,, = 13.81. The Hgdotp (cp = 0.004 M)
for protonation constant determination was titrated in pH range 1.5-12.2, four independent titrations and ~50 points
per titration. Copper(Il)-Hgdotp system was titrated in 1 : 1 (¢ = ¢c, = 0.004 M, pH range 1.4—11.9)and 1 : 2 (cp. =
0.004 M, cc, = 0.008 M, pH range 1.4-9, copper(Il) hydroxide precipitated at pH > 9) ligand-to-metal molar ratios, at
least three independent titrations, ~60 (1 : 1) or ~40 (1 : 2) points per titration. Equilibrium was established
immediately except pH range ~3.5 — ~7.5in L : Cu=1 : 2 ratio where waiting time was up to 2.5 min per titration
point. Throughout the paper, pH means —log[H*]. The calculated constants are concentration constants defined as 3,
= [H,LM,,] / [H]*-[L])-[M]" and the standard deviations are given directly by the program. The water ion product pK,,
(13.81) and stability constants of the Cu**~OH™ systems included in the calculation were taken from literature. [15:1¢]
Value of the first protonation constant of Hgdotp (logf3; = logK; = 14.65) is not accessible by potentiometric titrations

and was taken from literature.[?]
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Figure S11: Distribution diagrams of the Cu(Il)-Hgdotp system for L : Cu 1 : 1 molar ratio (upper, ¢ = ¢c, = 0.004

M), and for L : Cu 1 : 2 molar rato (lower, ¢, = 0.004 M, cc, = 0.008 M).
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Figure S12: Dependence of the second-order formation rate constants, 'k,, for the copper(Il) complexes with Hydota

(0), trans-Hgdo2a2p (®) and Hgdotp (A) on pH; the full-line curves were fitted through the experimental

data according to Equation 1 with parameters given in Table 1.
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Figure S13: Dependence of the second-order formation rate constants, &,, for the copper(Il) complexes with H;doa3p

on pH; the full-line curve was fitted through the experimental data according to Equation 1 with parameters

given in Table 1.
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Figure S14: Example of time change of absorption spectra in the course of formation of the [Cu(dotp)]®~ complex

(cp = 1x10*M, cc, = 1x1073 M; pH 1.4; I=0.1 M KCI; 7= 298.2 K).
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Figure S15: Dependence of pseudo-first order rate constant on copper(Il) ion concentration for formation of the

[Cu(dotp)]® complex (¢ = 1104 M, I=0.1 M KCl; T=298.2 K).
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Figure S16: Example of time change of absorption spectra in the course of formation of the [Cu(doa3p)]*>~ complex

(cr = 5%10°° M, ey = 5%104 M; pH 1.4; 7= 0.1 M KCI; 7= 298.2 K).
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Figure S17: Dependence of pseudo-first order rate constant on copper(Il) ion concentration for formation of the

[Cu(doa3p)]’ complex (¢ = 5x10° M, 7= 0.1 M KCl; T=298.2 K).
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Figure S18: Example of time change of absorption spectra in the course of formation of the [Cu(trans-do2a2p)]*+

complex (cp = 1x10* M, ¢c, = 1x103 M; pH 1.4; 7= 0.1 M KCI; T=298.2 K).
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Figure S19: Dependence of pseudo-first order rate constant on copper(Il) ion concentration for formation of the

[Cu(trans-do2a2p)]* complex (¢ = 1x10* M, 7= 0.1 M KCI; T=298.2 K).
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Figure S20: LFER plot showing correlation of partial rate constants of formation of Cu(Il) complexes for triple
charged species (m, ky for Hydota, kysp for trans-Hgdo2a2p, ks for H;doa3p, kysp for Hgdotp) and double charged (e,

ko for Hydota, kyyy for trans-Hgdo2a2p, kys,. for H,doa3p) species with the first protonation constants of the ligands.

The experimental conditions are given in the Experimental.
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Figure S21: Dependence of rate constants for reaction of triple-charged species of the ligands with Cu(Il) on a

number of phosphonic acid groups (7 = 298.2 K).
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Figure S22: LFER plot showing correlation of partial rate constants (for triply negative species) for formation of

copper(Il) complexes of Hydota (kyy), trans-Hgdo2a2p (kysr) and Hgdotp (Ausy).
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Figure S23: Time change in the absorption spectra in the course of decomplexation of the [Cu(dotp)]® complex

(Cour = 1¥104 M; [H] =5.00 M; 7 = 5.00 M (H,Na)ClOy; T = 288.2 K).
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Figure S24: Pseudo-first order rate constants as function of proton concentration for acid-assisted decomplexation of

the [Cu(dotp)]® complex (7= 5.0 M (Na,H)CIO,).
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Figure S25: Time change in the absorption spectra in the course of decomplexation of the [Cu(doa3p)]>-

(Ceur = 5%10°5 M; [H] =5.00 M; 1 = 5.00 M (H,Na)ClO,; T = 298.2 K).

-
[

kd,obs Is

0 1 2 3 4

H1/M

o

Figure S26: Pseudo-first order rate constants as function of proton concentration for acid-assisted decomplexation of

the [Cu(doa3p)]>~ complex (/= 5.0 M (Na,H)ClOy).

18



0.7 A =320 nm
0.6 - 30s
150 s
0.5 270 s
0.4
< 3870 s
0.3 1
0.2 -
0.1 1
0 : . T ; .
200 250 300 ¢ 350 400 450
Alnm

Figure S27: Time change in the absorption spectra in the course of decomplexation of the [Cu(zrans-do2a2p)]*

complex (cey = 1x1074 M; [H] =5.00 M; 7= 5.00 M (H,Na)ClO,4; T=298.2 K).
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Table S5. Kinetic parameters for acid-assisted decomplexation of Cu(Il) complexes of studied ligands

(I=5.0 M (Na,H)CIO,).

Ligand Temperature AH* AS*
Rate Constant (K) (kJ mol ™) (J mol'! K1)
Higdotp 288.2 298.2 308.2 313.2
ki /1073, 57! 1.43(4) 4.33(7) 11.7(1) 16.4(9) 72(3) —-50(9)
ky /1073, M1 st 0.31(1) 1.12((3) 2.83(5) 4.1(3) 75(5) —-50(16)
ky /by M7 0.21(1) 0.26(1) 0.242(5) 0.25(2)
H,doa3p 288.2 298.2 308.2
ky /103, s 0.45(1) 1.51(4) 4.2(2) 80(2) —-32(8)
ky /1073, M1 57! 0.267(4) 0.87(1) 2.13(1) 74(5) —-55(16)
ka /by, M7 0.59(2) 0.58(2) 0.51(2)
trans-Hedo2a2p 298.2 313.2 323.2 333.2
ky /103 5! 0.411(8) 1.90(7) 4.52(8) 10.2(4) 73(1) “64(4)
ky /103 M1 st 0.173(3) 0.69(3) 1.44(4) 2.6(1)x1073 62(3) —-110(10)
ka /by, M 0.42(1) 0.36(2) 0.32(1) 0.25(1)
Hsdo3ap!'”! 298.2 313.2 323.2
ky /1073, 87! 7.84 28.8 67.6 66 —-101
ky/ 1035, M1 7! 0.43 33 12.3 105 -3
ky | ky, M1 0.055 0.115 0.181
H,dotal'”! 298.2 318.2 328.2 338.2
ky /1073, 57! 0.584¢ 34 6.3 15.6 65 —-128
ky /1073, Mt st 0.0206¢ 0.3 1.4 3.5 107 -15
ky /by, M1 0.035 0.088 0.222 0.222
trans-H,do2a’ 298.2 323.2 333.2 343.2
ki /1073, s7! 0.605¢ 5.3(1) 12.9(4) 24.6(9) 68(5) -117(16)
ky /1075, M1 57! 0.0563¢ 0.72(3) 1.7(1) 4.2(3) 78(2) —-102(6)
ky /by, M 0.093 0.135(6) 0.133(9) 0.170(13)
K/ M 224 19(1) 13(2) 16(2) ~8(15) 2(46)

“Extrapolated from temperature dependence using activation/thermodynamic parameters.

PFitted to the equation f,

_kxKx[H']+k, x K x[H'T? _ Kx[HJ(k +k, x[H'])

1+ K x[H']

1+ K x[H']
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Figure S28: Dependence of rate constants for acid-assisted dissociation of Cu(Il) complexes of Hidota and its

analogues on proton concentration obtained (7' = 298.2 K). The experimental data for Hydo3a and Hsdo3ap were taken

from ref.[!7]

24 | B k(inM's")
O k,(ins")
-34
= 4
g
2 515
8
o 64
g
271
-84
vt
95 100 105 11.0 115 120 125 130

IogKpz

Figure S29: Dependence of rate constants for acid-assisted dissociation of the Cu(Il) complexes on basicity of the

ring nitrogen atoms expressed as sum of first two ligand protonation constants.
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Figure S30: Correlation of rate constants for acid-assisted dissociation of Cu(Il) complexes with basicity of pendant
arms of the Cu(II) complexes represented by overall protonation constant: logf,;(CuL) = logK,,;(CuL) +
logK,,»(CuHL)+ logK,3(CuH,L).

The solid lines representing Linear Free Energy Relationship (LFER) plots give correlation logk; = 0.20 x
logfy, cu — 6.67 and logk, = 0.25 x logf, cu. — 8.07. The experimental kinetic data are obtained from Table 3 and from
ref. 17, The protonation constants for logf,3(CuL) for Hsdo3ap (13.34) and monophosphinate ligands, Hsdo3apP™
(10.98) and Hydo3apAB" (10.56), were obtained from literature (M. Malkova, PhD Thesis, Charles University in
Prague, Prague 2009). Thus, this plot can be also utilized for prediction of unpublished logKc,; values for the other
copper(Il) complexes - e.g. values of logf3,3(CuL) for the Cu(II)-H;doa3p complex could be estimated as 19.3 and 20.5
(the experimental value logf,3(CuL) = 18.42 was determined for 77=298.2 K and / = 1.0 M KCI — see ref.[¥)); they are
similar to those for the Cu(II)-Hgdotp complex as both ligands have similar basicity and structures of their complexes
are probably similar. Both previous values for the Cu(Il)-H,doa3p complex are in a good agreement and it can be also

utilized as cross-validation of our results obtained from both thermodynamic and kinetic studies.
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Table S6: Experimental data for determination of crystal structure of KH¢doa3p-3H,0 (CCDC 1469446).

Parameter KHgdo3ap-3H,0
Formula C3H36KN40,4P5
M 604.47

7,K 150(2) K

Crystal dimension, mm 0.24 x 0.20 x 0.16

Crystal system, Space group Monoclinic, C2/¢ (no. 15)

a, A 37.6442(6)

b, A 8.4336(1)

c, A 16.1400(3)

B,° 110.457(1)

U, A3 4800.91(13)

Z; D, g cm 8;1.673 Mg/m3

A A 0.71073

p, mm-! 0.497

F(000) 2544

0 range of data collection, ° 3.28 t0 25.03

Index ranges 44<h<44,-10<k<10,-19</<19
Data; restraints; parameters 4185;0; 319

GOF on F? 1.063

WR @b R, =0.0382, wR, = 0.0993

Final R, R’ indices [{ > 2c(/)]

R, =0.0461, wR, =0.1027

Largest difference peak and hole, e A3 1.026 and —0.512

“w=1/[6*(Fy?) + (AxP)? + BxP]; where P = (Fy*> + 2F.?) /3 (SHELXL97, ref.['8]),
bR, =%|F,~F,| 12| F,

s WRy = [SW(F? — F2? | Sw(F?)2]"? (SHELXL97, ref.[1s))



Table S7 Selected bond length and angles of the KH¢doa3p-3H,O in the solid state.

Bond distances (A) Bond angles (°)
N4-C14 1.511(4) O1-P1-02 107.36(11) 0O5-C15-04  126.2(3)
N1-C13 1.478(3) O1-P1-03 112.20(11) O5-C15-C14  123.7(3)
N7-C16 1.483(4) 02-P1-03 113.12(11) 04-C15-C14  109.3(2)
N10-C17 1.508(3) 06-P2-07 106.56(12) N4-C14-C15 113.8(2)
C14-C15 1.541(4) 06-P2-08 110.95(11) NI1-C13-P1 114.7(2)
C15-04 1.313(3) 07-P2-08 115.89(11) N7-Cl6-P2 110.5(2)
C15-05 1.208(3) 09-P3-010 109.70(11) N10-C17-P3  116.2(2)
P1-0O1 1.5510(19) 09-P3-011 108.24(11) OI1-P1-C13 106.93(12)
P1-02 1.532(2) 010-P3-011 118.45(13) 02-P1-C13 105.82(11)
P1-03 1.5036(19) 0O3-P1-C13 111.00(12)
P2-06 1.5907(19) 06-P2-C16 105.43(13)
P2-07 1.5143(19) 07-P2-Cl6 107.14(12)
P2-08 1.4960(19) 08-P2-Cl16 110.34(12)
P3-09 1.591(2) 09-P3-C17 102.70(12)
P3-010 1.483(2) 010-P3-C17  106.95(12)
P3-0O11 1.480(2) O11-P3-C17  109.57(12)
P1-C13 1.808(3)
P2-Cl16 1.798(3)
P3-C17 1.818(3)

Hydrogen bond parameters

O1-H1--07 2.509(3) O1-H1-O07 162.0
N10-H10---O7 2.932(3) N10-H10-O7  145.0
N10-H10---N7 2.838(3) N10-H10-N7  114.0
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N10-H10--N1 3.086(3) | N10-H10-N1 ~ 107.0
N4-H40--N1 3.027(3) | N4-H40-N1  109.0
N4-H40---N7 2.986(3) | N4-H40-N7  111.0
04-H4---02 2.473(3) 04-H4-02 166.0
06-H6--03 2.589(3) 06-H6-03 172.0
09-H9--08 2.677(2) 09-H9-08 174.0
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/ﬂig

Figure S32: Crystal packing of KH¢doa3p-3H,O in solid state. Atom labelling scheme: carbon (black), nitrogen

(blue), oxygen (red), phosphorus ( ), potassium ( ). Bonds to K* cation are shown as dashed lines.
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