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1  Supplementary information:

I.  Calculation of protonation constants of DO2A* and ODO2A* using the TC
method.

4  Thermodynamic Cycle:

5 LZ+H OHL  Ky'= [LK]L[;,]H (1)
6 HLU+H ©HL K= % (2)
7 L=DO2A* or ODO2A™
8  AGgss = X Gyas(products) — Y. Ggqs(reactants) (3)
9 DAGgo = Y. AGsy (products) — Y, AG, (reactants) (4)
10 AGag = AGgas + AAGgy, (5)
11 AGu"=-RTInK," (n=1,2) (6)
12
4 :?I 3 |
00C \_<; IEI/J\\;—‘/ COO- _ooc L{; ;::}_/
DO2A Ntogu®
N3 is secondary. 10 94(EKP)

N2 and N4 is tertiary.

-00C L(\ _:/> , COO- -00C <\\I cou:::-
N S
Q/g_} ngKHk*:' 9 55(exp.) </ \'>

(2H*in two SecN) (Hm secN)
22 In Water:
23 1. DO2A” + H' = HDO2A" AG'(y
24 2. HDO2A + H' = H,DO2A AG’(,q)

25 AGpoaa'(aq)= AGgas™ + AAGs," = -2.303xRTxlogKy' = - 2.303x1.987x298.1xlogKy"
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AGpoaa’(aq)= AGgas” + AAGs,” = -2.303xRTxlogKy’ = - 2.303x1.987x298.1xlogKy’

species Ggas® Gaq AGq,

DO2A* -990.096957 | -990.342199 -153.89

HDO2A -990.726343 | -990.826212 -62.67

H.DO2A -991.266863 | -991.287563 -12.99

% In atomic unit, hartree (1 hartree = 627.5 kcal/mol). ®In kcal/mol.

% Ggasis the Gibbs free energy calculated by B3LYP/6-31G* in gas phase, Gsois the
Gibbs free energy calculated by B3LYP/6-31G* in aqueous solution (PCM/UFF), AGs
= Gaq_ Ggas.

Gh+(g) = -6.28 kcal/mol ; AGp.(sol) = -264.61 kcal/mol
AGgas™ = Grpoaa-(g) - Gpoaaz-(g) - Gri(g) = -388.66 kcal/mol
AAGsor™ = AGrpoa-(sol) - AGpo2a2-(sol) - AGhe(sol)
=-62.67 + 153.89 + 264.61 = 355.83 kcal/mol
AG' (54 = -388.66 + 355.83 = -32.83 kcal/mol
AGpo2a2-'(aq) = DGgas’ + MG = -32.83 kcal/mol = - 2.303x1.987x298.1xlogK*
logKy® = 24.07 (cal.) v.s logKy' = 10.94 (exp.)

ms' = IogKHl(caI.) - IogKHl(exp.) =13.13

AGgas” = Granoaa(g) - GHDO2A-(g) - GHi(g) = -332.90 kcal/mol
AAGg,” = AGH20024(s0l) = AGHDO2A(s0l) = AGH«(sol)
=-12.99 + 62.67 + 264.61 = 314.29 kcal/mol
DG’ (aq)= -332.90 + 314.29 = -18.61 kcal/mol
AGpo2az*(ag) = AGgas” + DAGs,” = -18.61 keal/mol = - 2.303x1.987x298.1xlogKy’
logKy® = 13.64 (cal.) v.s logK* = 9.55 (exp.)

@8> = logKy” (cal.) — logKy” (exp.) = 4.09
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(2H* in two ter.N) (H* in sec.N)
1
2 In Water:
3 1. DO2A” + H' = HDO2A™ AG'(1g)
4 2. HDO2A + H" = H,D02A AGq
5 AGopoaa'(aq)= AGgas' + AAGg, ' = -2.303xRTxlogKy" = - 2.303x1.987x298.1xlogKy"
6 AGopoaa’(aq)= AGgas” + DAGg,” = -2.303xRTxlogKy” = - 2.303x1.987x298.1xlogKy’
species Ggas® Gaq AGq,
ODO2A* | -1009.967321 | -1010.212968 | -154.14
HODO2A | -1010.619126 | -1010.711448 | -57.93
H,ODO2A | -1011.087590 | -1011.160575 -45.80
7 % In atomic unit, hartree (1 hartree = 627.5 kcal/mol). ®In kcal/mol.
X Ggasis the Gibbs free energy calculated by B3LYP/6-31G* in gas phase, Gl is
the Gibbs free energy calculated by B3LYP/6-31G* in aqueous solution
10 (PCM/UFF), AGsoi = Gaq— Ggas.
11
12 Ghs(g) = -6.28 kcal/mole ; AGy.sol) = -264.61 kcal/mol
13 AGgas™ = Gropo2a-(g) - Gonoaaz-(g) - GHe(g) = -402.73 kcal/mol

14 AAGgo = AGHopo24-(sol) = AGop0o2a2-(s0l) = AGH(s0l)
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=-57.93 + 154.14 + 264.61 = 360.82 kcal/mol
AG' (5 = - 402.73 + 360.82 = - 41.91 kcal/mol
AG'(3q)= AGgys™ + AAGgy' = - 41.91 keal/mole = - 2.303x1.987x298.1xlogKy"
logKy' = 30.72 (cal.) v.s logKy' = 11.08(exp.)

Bs' = IogKH1 (cal.) - IogKH1 (exp.) =19.72

AGgas” = Graop02a(g) - GHODO2A-(g) - GHe(g) = -287.68 kcal/mol
DAGso” = AGra0p02a(s0l) = AGHopO2A-(s0l) ~ AGHs(sol)
=-45.80 + 57.93 + 264.61 = 276.74 kcal/mol
AG’(5q) = - 287.68 + 276.74 = -10.94 kcal/mol
AG®(5q) = AGgys” + MGy, = -10.94 keal/mol = - 2.303x1.987x298.1xlogKy’
logKy® = 8.02 (cal.) v.s logKy? = 5.96 (exp.)
m8% = IogKHz(caI.) - IogKHZ(exp.) =2.06

TABLE S1: Comparison of experimental (logK exp) and calculated (logK caic)

protonation constants using the TC method. (All free energy in kcal/mol). (I-13)

Reaction AGay  AGgss AAGo 108K e 10g8KH o &

DO2A + H" = HDO2A’ -32.83 -388.66 355.83 10.94 24.07 13.13
HDO2A +H'=H,DO2A  -18.61 -332.90 314.29  9.55 13.64 4.09
ODO2A” + H = HODO2A™ -41.91 -402.73 360.82 11.08 30.72 19.72

HODO2A +H"=H,0D02A -10.94 -287.68 276.74  5.96 8.02 2.06

®Experimental protonation constants at 25°C. For DO2A?, ref. 8a; for ODO2AZ, ref. 9.
bThermodynamic cycle method was used by B3LYP/6-31G* and PCM-UFF model for
Gibb’s Free Energy.
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Calculation of protonation constants using the Isodesmic Reactions IRn

method.
Li(aq) + HLx(aq) = HLy(aq) + Lx(aq)  AGaq (7)
Liz)is the reference molecule

<+ The main challenge associated with the use of isodesmic reaction is the
selection of the appropriate reference molecule.

H"+ L, < HL AG1(aq) (8)
H" + L, & HL, AG,(aq) (9)
AG;(aq) (planed to computed molecule)

AG;(aq) (experimental value of the reference molecule)

*Two molecules (L; & L,) must be in the same ionic strength and temperature.

AGl(aq) = Gaq(HLl) - Gaq(H+) - Gaq('—l) (10)
AGZ(aq) = Gaq(HLZ) - Gaq(H+) - Gaq(LZ) (11)
AGaq = AG1(aq) - AG,(aq) = Gag(HL1) - Gag(L1) - Gag(HL2) + Gag(La)  (12)

+Where the uncertainty related to G,(H") is no more applicable as this term

cancels.
L, = ODO2A> i L= DO2A* (as reference molecule)
ODO02A%(aq) + HDO2A (aq) = HODO2A (aq) + DO2A* (aq)
AGaq' = AGopozas-'(aq) - AGpozaz-'(aq)

= Gaq(HODO2A) - G,q(ODO2A%) - G,4(HDO2A') + G,q(DO2A%)
+ AGopozaz-'(ag) = AGpozaz-'(aq) (exp.)

+ Gaq(HODO2A) - G,q(ODO2A%) - G,o(HDO2A) + G,4(DO2A%)

Part 1: AGDOZAZ_l(aq) =-2.303%1.987 x298.1x10.94 = - 14.92 kcal/mol
Part 2: AG,q = Gaq(HODO2A) - G,q(ODO2A?) - G,o(HDO2A') + G,4(DO2AT)

=-1010.711448 + 1010.212968 + 990.826212 -990.342199
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=-0.014467 (a.u.) = - 9.08 kcal/mol

AGopo2az-(aq) = - 14.9235 - 9.0780 = -24.00 kcal/mol = -
2.303x1.987x298.1xlogK’"

(ODO2A) logKy' = 17.59 (cal.)

@6 = logKy'(cal.) — logK,'(exp.) = 17.59 = 11.08 = 6.51

HODO2A (aq) + H,DO2A(aq) = H,0DO2A(aq) + HDO2A (aq)
AGan = AGopoaaz-(aq) - AGpoaz-*(aq)

= Gyq(H,0D02A) - G3g(HODO2A') - Gag(H2DO2A) + G,4(HDO2A')
+ AGopoza’(aq) = AGpoza’(aq) (exp.)

+ Gaq(H20D02A) - Gog(HODO2A) - Go4(H2DO2A) + G,g(HDO2A)

Part 1: AGDOZAZ(aq) =-2.303x1.987%298.1x9.55 = - 13.03 kcal/mol

Part 2: AGaq = Gag(H,0D02A) - G,4(HODO2A) - Gag(H2DO2A) + G,4(HDO2A)
=-1011.160575 + 1010.711448 + 991.287563 -990.826212

=0.012224 (a.u.) = 7.6706 kcal/mol

AGopoaa’(aq) = - 13.0274 + 7.6706 = - 5.36 kcal/mol = -2.303x1.987x298.1xlogKy’
(ODO2A%) logKy? = 3.93 (cal.)

@8% = logKy (cal.) — logKy (exp.) = 3.93 — 5.96 = -2.03

Calculation of AlogK = logK¢ypo2a — 10gK¢vopo2a Values:

YDO2A" +EUODO2A" = YODO2A ' +EuDO2A" (eq. 7 in Table 7)
YDO2A" = Y*" + DO2A™ (1) -logKsypoaas
Y** + ODO2A” = YODO2A' (2) logKevopozas
EuODO2A" = Eu*" + ODO2A* (3) -logKseuopo2as

Eu®" + DO2A% = EuDO2A" (4) logKteupoza+
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=

(1)+(2)+(3)+(4) : AG =-2.303 XRTlogKs
2 AG=-2.303RT(logKs yopo2a+ -10gKs vpo2a+ + 108K+ eupo2a+ 108K+ euopo24+)
3 0.02X1000 =-2.303X1.987 X 298.15(logK¢vopoza+ -108Ksypo2as+ + 12.99 -12.27)

4 AlogKs = logKsypo2a+ — l0gKsvopo2a+ =+0.71



