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Experimental Section

Physical Measurements and the Preparations of 1-3.

Infrared spectra were recorded as Nujol mulls between KBr plates with a Nicolet 360 FT-
IR spectrometer. Raman spectra were carried out with a Renishaw Raman System 1000R and
a laser at 514.5 nm used as the excitation source. Electronic spectra in solution were recorded
on a UV 2501 spectrophotometer. Elemental analyses were performed with an EA 1110
elemental analyzer. '"H and ?C NMR spectra were recorded in D,O on a Varian UNITY 500
or a Bruker 400 NMR spectrometer using DSS (sodium 2,2-dimethyl-2-silapentane-5-

sulfonate) as the internal reference.

The conditions of physical measurements are the same as those reported before."
[Ti(edta)(H2O)] (1) was prepared according to the previously reported procedures.4 13.55¢g,
10 mmol) was suspended in 10 ml of 30% hydrogen peroxide with stirring. This mixture was
adjusted to pH 2.5 with dilute ammonia hydroxide and was filtered; the clear solution was
evaporated at room temperature in a rotary evaporator to deposit yellow crystals of
(NH4)[Ti(O)(Hedta)]'2H,O (2), which was filtered, washed with ethanol and dried to afford
2 (3.89 g, 92%). Elemental analysis: calcd. (%) for C;oH2;012N;5Ti: C 28.4, H 5.0, N 9.9;
found C 28.1, H 5.0, N 9.9.



A solution of (2) (4.23 g, 10 mmol) in 5 ml of deionized water was adjusted to pH 5.5
with dilute ammonium hydroxide and filtered. The solution was evaporated at the room
temperature during 8 hours. The product was filtered, washed with ethanol (95%) two times
and dried in the air at room temperature to give yellow crystals of (NHy),[Ti(O;)(edta)]-2H,O
(3) (3.08g , 70%). Elemental analysis: calcd. (%) for CioH2401,N4Ti: C 27.3, H 5.5, N 12.7;
found C 27.0, H 5.4, N 12.6.

Preparations of M[Ti(O,)(ed3a)] nH>O [4, M = NHy, n=0;5 M = Na, n =1].

[Ti(edta)(H,O)] (1) (0.355 g, 1 mmol) was suspended in 1 ml of 30% hydrogen peroxide
with stirring. The mixture was adjusted to pH 6.0 with dilute ammonia hydroxide, and was
kept at 25 °C for two weeks to deposit yellow crystals which were filtered and washed to give
(NH4)[Ti(Oy)(ed3a)] (4) (0.201 g, 61%). Elemental analysis: calcd. (%) for CgH;sOgN3Ti: C
29.2, H 4.6, N 12.8; found C 28.8, H 4.6, N 12.7. Also, (NH4)[Ti(O2)(edta)]-2H,0 (3) (0.440
g, 1 mmol) was treated under similar conditions to afford the deposit of 4 (0.263 g, 80%).

Starting from 1 (0.355 g, 1 mmol) under the same conditions but when pH was adjusted
with dilute sodium hydroxide, complex Na[Ti(O,)(ed3a)]'H,O (5) was isolated (0.183 g,
52%). Elemental analysis: calcd. (%) for CsH;309N,NaTi: C 27.3, H 3.7, N 8.0; found C 27.0,
H 3.6, N 7.6. The mother liquor remained after the isolation was evaporated at 25 °C to
precipitate colorless crystals of sodium malate NaOOCCH(OH)CH,COONa-H,O (6) (0.021 g,
21%). Elemental analysis: calcd. (%) for C4HsOgNa,: caled. C 24.5, H 3.1; found C 24.3, H
3.1. The residue from the filtrate showed a clean *C NMR spectrum indicating the presence
of sodium malate, glycollate, and oxalate. The physical data of 2 ~ 6 are listed as follows.

Physical Data of 2 ~ 6

Physical data of (NHy4)[Ti(O,)(Hedta)]'2H,O (2): Solution UV-Vis spectra: €345 = 812
L'mol™ecm™. IR (KBr): v(CO,H) = 1721 m, va(CO,) = 1684 vs, 1650 vs, 1594 vs, v{(CO,) =
1385 s, 1368 s, 1324.1 m, v(O—0) = 890 s; v[Ti-(0,)] = 629 m cm”, Raman: v(O—0) = 890
m, V[Ti—(0,)] = 628 vs cm™ 'H NMR (500 MHz): & = 4.112 (b, 8H, CH,CO,), 3.344 (b, 4H,
N—CH,) ppm. *C NMR (125 MHz) § = 179.9 (CO,), 66.1 (—-CH,CO5), 59.7 (N-CH,) ppm.

Physical data of (NHy)[Ti(O,)(edta)]'2H,O (3): Solution UV-Vis spectra: €3¢s = 899
L-mol™-ecm™. IR (KBr): vas(CO2) = 1655 vs, 1604 m; v{(CO,) = 1399 s, 1347 m; v(O—-0) =



888 m; V[Ti—(0,)] = 627 m cm'. Raman: v(O—0) = 887 m, v[Ti—(0,)] = 626 vs cm™ 'H
NMR (500 MHz): & = 4.101 (d, J 17.0 Hz, 4H, CH,), 4.023 (d, J 16.0 Hz, 4H, CH,), 3.333 (b,
4H, N—CH,) ppm. *C NMR (125 MHz) § = 180.4 (CO,) 66.7 (—CH,CO,), 60.3 (N-CH,)
ppm.

Physical data of (NH4)[Ti(O,)(ed3a)] (4): Solution UV-Vis Spectra: 343 = 1383 L'mol
lem™. IR (KBr): vo(CO,) = 1640 vs, 1613 vs, vy(CO,) = 1432 m, 1395 m, 1319 s, v(O—0) =
884 s, 867 s, V[Ti—(0,)] = 629 m cm™ Raman: v(O—0) = 885 m, v[Ti—(0,)] = 627 vs cm™ 'H
NMR (500 MHz): 8 = 4.604 (d, J 18.0 Hz, 1H, CH,), 4.023 (d, J 18.5 Hz, 1H, CH,); 3.849 (d,
J 7.5 Hz, 1H, CH,), 3.814 (d, J 7.5 Hz, 1H, CH,); 3.679 (d, J 17.0 Hz, 1H, CH,), 3.632 (d, J
18.0 Hz, 1H, CH,), 3.111-3.357 (m, 4H, N—CH,) ppm. °C NMR (125 MHz) & = 183.1,
182.8 (=NCH,CO5), 181.8 [FHNCH,(CO,)], 67.2, 66.8 (~CH,CO>), 61.0, 60.3 (=NCHy>), 54.4
(—HNCH,) ppm.

Physical data of Na[Ti(O;)(ed3a)]'H,O (5): Solution UV-Vis Spectra: €364 = 1420 L-mol
Lem™ IR (KBr): vo(CO,) = 1678 vs, 1639 vs, v((CO,) = 1363 s, 1306 s, v(O—0) = 884 s, 868
s, V[Ti—(0,)] = 633 m cm™. Raman: v(O—0) = 885 m, v[Ti—(0,)] = 626 vs cm”. '"H NMR
(400 MHz): 6 =4.639 (d, J 18.0 Hz, 1H, CH,), 4.055 (d, J 18.4 Hz, 1H, CH>); 3.891 (d, J 3.6
Hz, 1H, CH,), 3.847 (d, J 6.0 Hz, 1H, CH,); 3.711 (d, J 16.0 Hz, 1H, CH), 3.689 (d, J 18.0
Hz, 1H, CH,), 3.148-3.413 (m, 4H, N-CH,) ppm. °C NMR (100 MHz) & = 183.1, 182.7
(=ENCH,COy), 181.7 [-HNCH,CO;], 67.2, 66.8 (—CH,CO,), 60.9, 60.3 (=NCH,), 54.4
(—HNCH,) ppm.

Physical data of sodium malate NaOOCCH(OH)CH,COONa-H,O (6): IR (KBr): v,5(CO3)
= 1608 vs, 1587 vs, vi(CO,) = 1408 s, 1378 s, cm™ . "H NMR (400 MHz): & = 4.304 (d, J 9.6,
3.2 Hz, 1H, CH), 2.678 (d, J 15.6, 3.2 Hz, 1H, CHy»); 2.409 (d, J 15.6, 9.6 Hz, 1H, CH;) ppm.
C NMR (100 MHz) & = 183.9 (a-CO,), 182.7 (B-C0O,), 73.0 (=CHCO,), 45.3 (=CH,) ppm.
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Solution UV-Vis spectra of peroxotitanium(IV) complexes:
(NH4)[Ti(O;)(Hedta)] 2H,0 (2), (NH4),[Ti(O)(edta)]-2H,O (3) and
(NH4)[Ti(O2)(ed3a)] (4).

IR spectra of peroxotitanium(IV) complexes: [Ti(edta)(H,O)] (1),
(NH4)[Ti(O3)(Hedta)]-2H,0O (2), (NH4)2[Ti(O;)(edta)]-2H,0O (3) and
(NH4)[Ti(O2)(ed3a)] (4).

Raman spectra of peroxotitanium(IV) complexes: (NH4)[Ti(O,)(Hedta)]:2H,O
(2), (NH4)2[Ti(O2)(edta)] 2H,0 (3) and (NH4)[Ti(O2)(ed3a)] (4).

Ortep plot of the anion structure of complex (NHy4)[Ti(O,)(Hedta)] 2H,O (2).
Selected bond lengths (A): Til—O1 1.847(1), Til—02 1.848(1), Til—03 2.086(1),

Til-05 1.986(1), Til—07 1.948(1), Til-N1 2.294(1), Til-N2 2.300(1),
01-02 1.467(2).

Ortep plot of the anion structure of complex Na[Ti(O;)(ed3a)]'H,O (5). Selected
bond lengths (A): Til-0O1 1.855(1), Til—02 1.865(1), Ti1-03 2.032(1), Til—05
1.978(1), Til—07 1.989(1), Til—N1 2.284(2), Til—N2 2.219(1), O1-02
1.466(2).

Ortep plots of sodium malate NaOOCCH(OH)CH,COONa-H,O (6). Selected
bond lengths (A): C1-01 1.420(2), C1-C2 1.524(2), C1-C3 1.516(2), C2—-02
1.256(2), C2—03 1.245(2), C3—C4 1.517(2), C4—04 1.259(2), C4—05 1.249(2),
Nal—01 2.405(1), Nal—02 2.562(2), Na2—01 2.381(1), Na2—05 2.394(1).

BC NMR spectra of peroxotitanium(IV) complex (NH,)[Ti(O,)(Hedta)]-2H,O
(2).

BC NMR spectra of peroxotitanium(I'V) complex (NHy),[Ti(O3)(edta)]-2H,0 (3).
BC NMR spectra of peroxotitanium(I'V) complex 4.

Solution UV-Vis spectra of sodium peroxotitanium(IV) complex
Na[Ti(O,)(ed3a)]' H2O (5).

IR spectrum of sodium peroxotitanium(I'V) complex Na[Ti(O;)(ed3a)] H,O (5).
IR spectrum of sodium malate NaOOCCH(OH)CH,COONa-H,O (6).

C NMR spectrum of sodium peroxotitanium(IV) complex
Na[Ti(0O,)(ed3a)]"H2O (5).

B3C NMR spectrum of sodium malate NaOOCCH(OH)CH,COONa-H,O (6).

*C NMR spectrum of mother liquor remained after the isolations 5 and 6.
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Figure S8
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Figure S10
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Figure S12
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