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Stereochemical dominance in hierarchically formed helicates
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ABSTRACT: The competition of different chiral ligands in the control of stereochemistry of hierarchically formed helical
coordination compounds is investigated. It is found that sterically demanding chiral units can dominate the chiral induction
of the helix even if they are present as a minor species. Hereby the relative strength of stereoinduction of different chiral
units can be evaluated.




Experimental Procedures

1. Materials and methods

2,3- Dihydroxybenzoic acid was acquired from FluoroChem (Hadfield, Glossop/UK). Thionyl chloride
was obtained from Acros (Schwerte/ Germany). All solvents were used without further purification. THF-
dg was purchased from Sigma Aldrich (Taufkirchen / Germany). NMR spectra were obtained with an
Inova 400 spectrometer (Varian Inc.) and a VNMRS 600 spectrometer (Varian Inc.). ESI-MS
measurements were metered at a Finnigan SSQ 7000 (Waltham, MA/USA). CD spectra were preserved
with a Lakewood 62Ds. The concentration for CD measurements was 1 *10-3 mol L-'. It was measured
in an 1mm thick cuvette.

2. General procedure for ligand synthesis

2,3-Dihydroxybenzoic acid (1 eq.) was suspended in thionyl chloride (30 eq.) and refluxed for three
hours. A change from suspension to a clear solution indicated a full conversion to the acid chloride.
Afterwards the remained thionyl chloride was removed under reduced pressure. The remaining residue
(2,3 dioxosulfinylbenzoyl chloride) was diluted in chloroform. A solution of the corresponding alcohol (5
eq.) and triethylamine (5 eq.) in chloroform was prepared and added to the solution of the 2,3
dioxosulfinylbenzoyl chloride. The received reaction mixture was refluxed for 24 hours, washed with a
saturated NaHCO; solution and afterwards dried over MgSQ, Purification of the target ester was
achieved via column chromatography. The chromatography conditions of each compound were
described in the analytic data.

3. General procedure for helicates Li[Li3(L)¢Ti-]

The catechol ligand (3 eq.), TiO(acac), (1eq.) and LiCOs; (1 eq.) were dissolved in methanol and strongly
stirred for 24 hours. Afterwards the solvent was removed under reduced pressure and the pure complex
was obtained as an orange solid.

4. Procedure for mixed helicates Li[Li3(L*),(LY)nTi2]

Catechol ligand X (n eq.), Catecholigand Y (m eq.) (m + n = 6), TiO(acac), (2 eq.) and LiCO; (2 eq.) were

dissolved in methanol and strongly stirred for 24 hours. Afterwards the solvent was removed under
reduced pressure and the complex was obtained as an orange solid.



Results and Discussion

5. Analytical data

L1S-H,I"
The ligand was synthesized according to the general procedure. Column chromatography (pentane /
ethyl acetate 20 : 1) afforded the product as a colourless oil (51 %, 597 mg, 2.31 mmol).

'H NMR (400 MHz, Methanol-d,): & = 7.47 — 7.42 (m, 3H), 7.40 — 7.35 (m, 2H), 7.33 — 7.28 (m, 1H),
7.02 (dd, J = 7.9, 1.6 Hz, 1H), 6.78 (t, J = 7.9 Hz, 1H), 6.15 (q, J = 6.6 Hz, 1H), 1.66 (d, J = 6.6 Hz, 3H).
ppm.

13C NMR (400 MHz, Chloroform-d): & = 169.7, 149.1, 145.2, 141.1, 128.8, 128.3, 126.0, 120.7, 112.0,
119.2, 112.8, 73.9, 22.4 ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 257.08072 (72, [M-H*], C1sH150., calc. 257.08193).

L'R-H, [
The ligand was synthesized according to the general procedure. Column chromatography (pentane /
ethyl acetate 20 : 1) afforded the product as a colourless oil (46 %, 438 mg, 4.54 mmol).

H NMR (400 MHz, Methanol-d,): & = 7.46 — 7.39 (m, 3H), 7.40 — 7.33 (m, 2H), 7.32 — 7.26 (m, 1H), 7.01
(dd, J = 8.0, 1.6 Hz, 1H), 6.76 (t, J = 8.0 Hz, 1H), 6.14 (q, J = 6.6 Hz, 1H), 1.66 (d, J = 6.6 Hz, 3H) ppm.

3C NMR (100 MHz, Chloroform-d): & = 169.7, 149.1, 145.2, 141.1, 128.8, 128.3, 126.0, 120.7, 112.0,
119.2, 112.8, 73.9, 22.4 ppm.
MS (negative ESI-MS, MeOH): m/z (%) = 257.08057 (100, [M-H*], C4sH430,, calc. 257.08193).

L2-H,B!
The ligand was synthesized according to the general procedure. Column chromatography (pentane /
ethyl acetate 2:1) afforded the product as a colourless solid (77 %, 855 mg, 3.50 mmol).

"H NMR (600 MHz, Chloroform-d): & = 10.88 (s, 1H), 7.45 — 7.36 (m, 6H), 7.11 (dd, J = 8.0, 1.5 Hz, 1H),
6.79 (t, J = 8.0 Hz, 1H), 5.63 (s, 1H), 5.39 (s, 2H) ppm.

13C NMR (151 MHz, Chloroform-d): & = 170.3, 149.1, 145.2, 135.3, 128.9, 128.7, 128.4, 120.8, 120.0,
119.4, 112.6, 67.3 ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 243.06616 (100, [M-H*], C14H1,0.-, calc. 243.06616).

L36)-H, 4!
The ligand was synthesized according to the general procedure. Column chromatography (DCM /
pentane 3:1) afforded the product as a colourless oil (68 %, 850 mg, 3.10 mmol).

H NMR (400 MHz, Chloroform-d): & = 10.94 (s, 1H), 7.35 (dd, J = 8.0, 1.5 Hz, 1H), 7.10 (dd, J = 8.0, 1.5
Hz, 1H), 6.79 (t, J = 8.0 Hz, 1H), 5.71 — 5.66 (m, 1H), 5.63 (s, 1H), 4.72 (d, J = 1.5 Hz, 2H), 2.46 — 2.43
(m, 1H), 2.38 — 2.34 (m, 1H), 2.31 — 2.27 (m, 1H), 2.21 (id, J = 5.6, 1.5 Hz, 1H), 2.15 — 2.11 (m, 1H),
1.31 (s, 3H), 1.23 (d, J = 8.7 Hz, 1H), 0.87 (s, 3H) ppm.

13C NMR (151 MHz, Chloroform-d): & = 170.4, 149.0, 145.2, 142.4, 122.9, 120.7, 119.8, 119.3, 112.8,
68.2, 43.8, 40.8, 38.3, 31.7, 31.5, 26.3, 21.3 ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 287.12720 (10, [M-H*], C17H1s0., calc. 287.12888).

L40)-H,41
The ligand was synthesized according to the general procedure. Column chromatography (pentane /
ethyl acetate 10:1) afforded the product as a colourless oil (62 %, 823 mg, 2.81 mmol).



1H NMR (600 MHz, Chloroform-d): 3 = 11.12 (s, 1H), 7.37 (dd, J = 8.0, 1.6 Hz, 1H), 7.10 (dd, J = 8.0,
0.9 Hz, 1H), 6.79 (t, J = 8.0 Hz, 1H), 5.66 (s, 1H), 4.96 (td, J = 10.9, 4.4 Hz, 1H), 2.13 — 2.10 (m, 1H),
1.96 — 1.90 (m, 1H), 1.77 — 1.72 (m, 2H), 1.60 — 1.57 (m, 2H), 1.17 — 1.10 (m, 2H), 0.93 (dd, J = 10.0,
7.0 Hz, 7H), 0.79 (d, J = 7.0 Hz, 3H) ppm.

13C NMR (151 MHz, Chloroform-d): 8 = 170.1, 149.1, 145.2, 120.7, 119.7, 119.2, 113.1, 76.0, 47.3, 40.9,
34.3,31.6, 26.7, 23.8, 22.1, 20.8, 16.7 ppm.

MS (positive ESI-MS, MeOH): m/z (%) = 315.15820 (100, [M+Na*], C1/H..0,Na*, calc. 315.15668).

L5()-H, 14!
The ligand was synthesized according to the general procedure. Column chromatography (pentane /
ethyl acetate 20:1) afforded the product as a colourless solid (59 %, 784 mg, 2.70 mmol).

H NMR (600 MHz, Methanol-d,): & = 7.39 (dd, J = 8.0, 1.5 Hz, 1H), 7.04 (dd, J = 8.0, 1.5 Hz, 1H), 6.79
(t, J = 8.0 Hz, 1H), 5.19 (ddd, J = 10.0, 3.5, 2.2 Hz, 1H), 2.54 — 2.49(m, 1H), 2.15 (ddd, J = 13.4, 10.0,
4.5 Hz, 1H), 1.91 — 1.85 (m, 1H), 1.77 (t, J = 4.5 Hz, 1H), 1.52 — 1.47 (m, 1H), 1.39 — 1.35 (m, 1H), 1.18
(dd, J = 14.0, 3.5 Hz, 1H), 1.02 (s, 3H), 0.97 (d, J = 10.0 Hz, 6H) ppm.

13C NMR (151 MHz, Methanol-d,): & = 172.1, 151.4, 147.2, 121.7, 121.0, 120.1, 114.3, 82.5, 50.2, 46.3,
37.8, 28.9, 28.3, 20.1, 19.2, 13.9 ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 289.14253 (40, [M-H*], C17H,0,, calc. 289.14453).

Li[LisL'SgTiy]"

H NMR (400 MHz, Methanol-d,): 8 = 7.22 (dd, J = 8.0, 1.8 Hz, 1H), 6.92 — 6.88 (m, 2H), 6.80 — 6.72 (m,
3H), 6.68 — 6.59 (m, 2H), 4.46 (q, J = 6.6 Hz, 1H), 1.07 (d, J = 6.6 Hz, 3H) ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37715 (100, [Mp-Li*], CgoH7,Li3Ox4Tiy, calcd.
1653.38581).

Li[Li;LRTip] !

H NMR (400 MHz, Methanol-d,): & = 7.22 (dd, J = 8.0, 1.8 Hz, 1H), 6.93 — 6.88 (m, 2H), 6.80 — 6.70 (m,
3H), 6.68 — 6.59 (m, 2H), 4.47 (q, J = 6.6 Hz, 1H), 1.07 (d, J = 6.6 Hz, 3H) ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37255 (100, [Mp-Li*], CaoHroLisOnTix, calcd.
1653.38581).

Li[Li;L2Ti,]t!

H NMR (400 MHz, Methanol-d4): & = 7.26 — 7.15 (m, 6H), 6.63 (dd, J = 7.8, 1.6 Hz, 1H), 6.51 (t, J = 7.8
Hz, 1H), 4.56 (d, J = 12.7 Hz, 1H), 4.06 (d, J = 12.7 Hz, 1H).

MS (negative ESI-MS, MeOH): m/z (%) = 1569.27952 (100, [Mp-Li*], CasHeolisOnTiy, calcd.
1569.29191).

Li[Li3L3(')6Ti2][4]

1H NMR (400 MHz, THF-dg): (dimer) & = 7.04 (dd, J = 7.3, 2.5 Hz, 1H), 6.46 — 6.38 (m, 2H), 5.40 — 5.34
(m, 1H), 4.00 (d, J = 13.0 Hz, 1H), 3.27 (d, J = 13.0 Hz, 1H), 2.41 — 2.34 (m, 1H), 2.28 — 2.15 (m, 2H),
2.10 — 2.01 (m, 2H), 1.28 (m, 3H), 1.15 (d, J = 8.6 Hz, 1H), 0.81 (d, J = 5.3 Hz, 3H) ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 1833.65804 (100, [Mo-Li*], CiooH10sLisOaTiy, calcd.
1833.66751).

Li[LisL4OgTi ]

1H NMR (400 MHz, THF-ds): (dimer) & = 7.04 (dd, J = 8.0, 1.7 Hz, 1H), 6.47 (dd, J = 8.0, 1.7 Hz, 1H),
6.41 (t, J = 8.0 Hz, 1H), 3.89 — 3.80 (m, 1H), 1.59 — 1.37 (m, 4H), 1.31 — 1.17 (m, 1H), 1.08 (t, J = 10.8
Hz, 1H), 0.95 — 0.89 (m, 1H), 0.85 (d, J = 6.5 Hz, 3H), 0.82 — 0.72 (m, 2H), 0.64 (d, J = 6.5 Hz, 3H), 0.25
(d, J=6.5Hz, 3H) ppm.

MS (negative ESI'MS, MeOH) m/z (%) = 1857.84788 (100, [MD-Li+], C102H132Li3024Ti2', calcd.
1857.85531).



Li[Li3L5(')6Ti2][4]

"H NMR (400 MHz, THF-ds): (dimer) & = 7.04 (dd, J = 8.0, 1.8 Hz, 1H), 6.43 (t, J = 8.0 Hz, 1H), 6.36 (dd,
J=8.0, 1.7 Hz, 1H), 3.69 — 3.63 (m, 1H), 2.03 — 1.93 (m, 2H), 1.64 — 1.55 (m, 1H), 1.43 — 1.37 (m, 1H),
1.30 — 1.20 (m, 1H), 0.98 — 0.92 (m, 1H), 0.88 (s, 3H), 0.81 (s, 3H), 0.73 (s, 3H), 0.69 — 0.64 (M, 1H)
ppm.

MS (negative ESI-MS, MeOH): m/z (%) = 1846.75165 (100, [Mo-Li*], CiooH120LisOsTiy, calcd.
1846.76141).






LI[L|3L2 xL1s (6-X)Ti2]

Li[LisL2 LS oTi,]

MS (negative ESI-MS, MeOH): m/z (%) = 1569.27952 (100, [Mp-Li*], CgsHeoLi3024Tiy", calc.

1569.29191).
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Figure 1: ESI mass spectrum of Li[LisL2¢L'S ¢ Ti,].
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Li[Li;L2sL1S,Tiz]

MS (negative ESI-MS, MeOH): m/z (%) = 1583.30461 (83, [Mp-Li*], CesHeLis024Tiy, calc.
1583.30756).
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Figure 2: ESI mass spectrum of Li[LisL25L"S;Tis)].



Li[Li;L2,L1S,Tiz]

MS (negative ESI-MS, MeOH): m/z (%) = 1597.30430 (98, [Mo-Li*], CesHesLizO2Tiy, calc.

1597.32321).
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Figure 3: ESI| mass spectrum of Li[LisL2,L"S,Tis,)].
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Li[LisL2;L'S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1611.32531 (100, [Mp-Li*], Cg7HesLizO24Tiy, calc.

1611.33886).
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Figure 4: ESI| mass spectrum of Li[Li3L23L"S;Ti,]
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Li[LisL2,L'S,Ti,]

MS (negative ESI'MS, MeOH) m/z (%) = 1625.33654 (85, [MD-Li+], C38H68Li3024Ti2_, calc.

1625.35451).

al-msc-293 210428121219 #1-5 RT: 0.01-0.07 AV: 5 NL: 6.77E6
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Figure 5: ESI mass spectrum of Li[LizL2,L"S,Tiy].
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Li[LisL2,L'S:Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1639.35440 (85, [Mp-Li*], CagH7oLizO2Tix, calc.
1639.37016).
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Figure 6: ESI mass spectrum of Li[Li;L2L"S5Tis)].
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Li[LisL2oL"S¢Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37715 (100, [Mo-Li*], CaoH72LisO5Tix, calc.
1653.38581).
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Figure 7: ESI mass spectrum of Li[Li;L2oL"S¢Tis)].

13



Li[Li3L3(') xL5(') (6_x)Ti2]
Li[Li3L3(') BLSH oTiz]

MS (negative ESI-MS, MeOH): m/z (%) = 1833.65804 (100, [Mo-Li*], C10sH10sLisO24Tiz", calc.
1833.66751).
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T: FTMS - p ESI Full ms [200.00-4000.00]

100 1833.65804
90
80
o 70
o
g
S 60
(=]
=]
2 50
g
'E 40
¢
30
20
10 3676.32639
311.16618 832.94363 1405.30962 1713.56451 |, 2104.73711 2397.92486  2754.99334 3259.04093 L
R e e o e s L R e A A A e L
500 1000 1500 2000 2500 3000 3500 4000
m/z
D:A\Data2\.. \al-msc-335_210520095312 2002021 11:49:47 AM Schiottmann/MSC-335
gel. in MeOH,
al-TEC-335 Z10520065312 #1028 RT: D.26-0.48 AV. 15 ML G.5EEZ
T: FTMS + p ESIFull ms [200.00-4000.00]
1847.58763
100+
204
&4
§ 7o
% g
qé 504 184285053
£
3 =]
?3: 185151883 \ e :;3:.:@5?
B b rdis 1BS104508 | 167441970 yrpcospes 172282378 174450652 1TEE.4SIN 1797 40084 1ezrseon (L fiosds o TR
e e e T e T T T T T T T T e e oy -}
1800 1820 1840 1650 1880 i 1720 1740 1760 1780 1800 1820 1840 1860 1280 1900
miz
al-mEc-335_Z10520006312 #1-8 HT: 0.00-0.11 AV 8 NL: 4.12E7
T: FTMS - p ESI Full ms [200.00-4000.00]
e 1834 64526
90+
B0
g H 1839.65516
T 6 |
2 s |
£ w [
i
20 | 185054220
10+ | 1860.62030
L1504 53508 1536.08775 _ 1661.70513 1683.25507 1713.55537 1751.68354 17B5.55760 1821.65100 | Jlly, 187E53156  1906.59901
(IS B Sy e B B s R LA B s M S e B sy e B e B B B B e e —TTT LB e B et ey ety s
1800 1820 1840 1850 1880 1700 1720 1740 1760 1780 1800 1820 1840 1850 1830 1900
miz
al-mec-335_210520085312 #1-8 RT: 0.00<0.11 AV & NL: 4.12E7
T: FTMS - p ESIFull ms [200.00-4000.00]
100+ 1833.64770 183464826
50
1834 81269
80 [ 183564098
§ o {
£ 50 1834.47434 |
5 E= 1gx2.88011 | | 183562533
E o | { | 183665146
E 30 \ f
i 1831.65183 | | { 1837 65426
104 183065330 b~y \ | 183865637
o, 182955612 A 1B32.40021 AN ! o 183965916
"8z 1831 1w 183 180 T s e 1897 1828 ez " 1850
miz

Figure 8: ESI| mass spectrum of Li[Li;L30) gL50) 4Tis)].
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Li[Li3L3(') 5L5(') 1Ti2]

MS (negative ESI'MS, MeOH) m/z (%) = 1835.66780 (100, [MD-Li+], C102H110Li3024Ti2’, calc.

1835.68316).
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Figure 9: ESI| mass spectrum of Li[Li3L3¢) 5L50) 4 Tis)].
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Li[Li3L3(') 4L5(') zTiz]

MS (negative ESI-MS, MeOH): m/z (%) = 1837.69110 (100, [Mo-Li*], C10sH112LisO24Tis, calc.
1837.69881).
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Figure 10: ESI mass spectrum of Li[Li;L30) 4L.50) ,Ti,)].
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Li[Li3L3(') 3L5(') 3Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1839.69744 (100, [Mo-Li*], C10H114LisO24Tis-, calc.

1839.71446).
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Figure 11: ESI| mass spectrum of Li[Li;L3¢) 3L.5¢) 3Tis,).
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Li[Li3L3(') 2L5(') 4Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1843.73601 (100, [Mo-Li*], C10sH116LisO24Tiz-, calc.

1841.73011).
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Figure 12: ESI mass spectrum of Li[Li;L30) ,L.50) ,Ti,)].
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Li[Li3L3(') 1 L56) 5Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1843.73251 (100, [Mo-Li*], C10sH115LisO24 iz, calc.
1843.74576).
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Figure 13: ESI mass spectrum of Li[Li;L30) {L50) 5Tij)].
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Li[Li3L3(') 0L5(') GTiz]

MS (negative ESI-MS, MeOH): m/z (%) = 1845.75165 (100, [Mo-Li*], C10H120LisO24Tiz-, calc.

1845.76141).
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Figure 14: ES| mass spectrum of Li[Li;L3¢) gL.50) ¢Ti,].
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Li [Li3L1 RXLS(-)(G-X)TiZ]

Li[Li3L1 R5L5(')0Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37255 (100, [Mp-Li*], CgoH72Li3024Tiy, calc.

1653.38581).

al-msc-306k_210428121219 #4-9 RT: 0.05-0.12 AV: 6 NL: 5.77E7
T: FTMS - p ESI Full ms [200.00-4000.00]

1004

1653.37255

(o]
T

80
70

60

Relative Abundance
(4.}
o

vl T T Den Den Ton T T

3314.75779

591.10788 863.05706 4167 19917 14820787 | 1757 43287
0 T T T T T Y T Ak

2290.53187
T T T T
500 1000

T T T T T T
2000
m/z

T
1500

21

I T
2500

2859.59123
T T T T
3000

| 3418.82275 3681.05939
f T T T T T T
3500

T
4000
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Figure 15: ESI mass spectrum of Li[LisL"RgL5C)yTi].

Li[Li3L1R5L5(')1Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1685.43523 (100, [Mo-Li*], CosHgoLisO5Tix, calc.

1685.44841).
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gel. in THF
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Figure 16: ESI| mass spectrum of Li[LisL"RsL50);Ti].

Li[Li3L1R4L5(')2Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1717.49651 (100, [Mp-Li*], Cg4HgsLizO24Tiy", calc.
1717.51 1012.
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gel. in THF
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Figure 17: ESI| mass spectrum of Li[Li;L"R,L5C),Ti,].

Li[Li3L1R3L5(')3Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1749.55775 (100, [Mp-Li*], CosHoeLiz0,4Tiy", calc.
1749.57361).
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Figure 18: ESI| mass spectrum of Li[Li;L"R;L5C);Tis].

Li[Li3L1R2L5(')4Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1781.62072 (100, [Mp-Li*], CggH104Li3024Tiy, calc.

1781.63621).
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Figure 19: ESI| mass spectrum of Li[Li;L"R,L5C),Ti,].
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MS (negative ESI-MS, MeOH): m/z (%) = 1813.69221 (80, [Mo-Li*], C100H112Li3024Tiz, calc.

1813.69881).
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Figure 20: ESI| mass spectrum of Li[LisL"R;L5C)sTiy].

Li[Li3L1RoL5(')6Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1845.75165 (80, [Mp-Li*], C102H120Li3024Tiz, calc.
1845.76142).
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Figure 21: ESI| mass spectrum of Li[Li;L'R,L50)Ti,].

Li[LisL'R LS (6.50Ti;]
Li[LisL'RgL1S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37255 (100, [Mp-Li*], CeoH72LisO54Ti, calc.
1653.38581).
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Figure 22: ESI| mass spectrum of Li[Li;L"RgL"S,Tis].

Li[Li;sL"™RsL'S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37739 (100, [Mp-Li*], CgoH72LisO24Tiy, calc.
1653.38581).
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Figure 23: ESI mass spectrum of Li[Li;L"RsL'S;Tiy].

Li[LisL'R,L'S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37893 (100, [Mo-Li*], CaoH72LisO5Tix, calc.

1653.38581).
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Figure 24: ESI| mass spectrum of Li[Li;L"R,L'S,Ti,].

Li[LisLR,L1S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37194 (100, [Mp-Li*], CgoH72Li3O24Tiy, calc.
1653.38581).
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Figure 25: ESI mass spectrum of Li[Li;L"R;L"S;Tis].

Li[LisL'™R,L'S,Ti,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37965 (100, [Mo-Li*], CaoHr2LizO5Tix, calc.
1653.38581).
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Figure 26: ESI| mass spectrum of Li[Li;L"R,L'S,Ti,].

Li[Li;L"R,L'S5Ti,]

| L | ™ L |
1657 1660 1661 1662

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37994 (100, [Mo-Li*], CaoH7,LisO5Tix, calc.

1653.38581).
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Figure 27: ESI mass spectrum of Li[Li;L"R;L'S5Tiy].

Li[LisL'RoLSsTi,]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37715 (100, [Mp-Li*], CooH72Li3024Tiy", calc.
1653.38581).
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Figure 28: ESI| mass spectrum of Li[Li;L"RoL'SsTis].

Li[Li3L1s xL4(') (6_)()Ti2]

Li[Li3L1S 6L4(-) oTl

2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1653.37715 (100, [Mp-Li*], CgoH72Li3024Tiy, calc.
1653.38581).

Figure 29: ESI| mass spectrum of Li[LisL"'S gL40) 4 Tis)].

Li[Li3L135L4(')1Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1687.44485 (58, [Mp-Li*], CgoHg2Li3024Tiy, calc.
1687.464006).
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Figure 30: ESI mass spectrum of Li[LisL"SsL40);Tiy].

Li[Li3L1s4L4(') 2Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1721.53055 (60, [Mo-Li*], CosHooLisO2Tix, calc.
1721.54231).
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Figure 31: ESI mass spectrum of Li[Li;L'S,L40) ;Tiy).

Li[Li3L1s3L4(')3Ti2]

MS (negative ESI'MS, MeOH) m/z (%) =1755.61304 (100, [MD-Li+], CgGH102Li3024Ti2', calc.
1755.62056).
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Figure 32: ESI| mass spectrum of Li[LisL"S;L40);Tiy].

Li[Li3L132L4(')4Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1789,69189 (40, [Mp-Li*], CogH115Li3024Tiy", calc.

1789.69881).

39



alb-msc345_210331124926 #37 RT: 0.44 AV: 1 NL: 6.64E6
T: FTMS - p ESI Full ms [200.00-4000.00]
1755.61340

A
=)
T

[N

g 8 3 8 8
|HH?\IH|IHI?HH

1857.84753

IS
o
Liri

1687.45886

Relative Abundance
w

?I\I\%HII

N

863.06104 1508.11182 3519.24097

513.51428 9?5=41492 1189.50879 " l 2054.79272 2308.73486 265‘}'??7‘5?‘2953.13818 3418.02_19'“ “lA372;3:71118
T e e e e e e e e e ey

prbrb et A A ey
500 1000 1500 2000 2500 3000 3500 4000
m/z

o
ARNINEET)

[=]

D:\Data\.. \alb-msc345_210331124926 2172021 11:21:53 AM Schicttmann\WM3C345
gel. in MeOH

aIb-MBCI45 210351124926 %20 RT. 0.7 AW. 1 NL 36565
T: FTMS + p E3I Full ms [200.00-4000.00]

1009

1B872.88916

1803.73108 1837.50933

a 177065015

a E 1854.78979
1661.13611
10 159893567 : I 167B.61108 177564054 1B87.767T0
[ 1 I [ | | L1
T T T —TT | B s s L T |

T
1820 1840 1860 1580 1800

LI T T T
1600 1620 1840 1660 1680 1700 1720 1740 1760 1760 1800

alb-mBc345 210331124026 %37 AT 0.44 AM: 1 NL: 664E6
T: FTMS - p £5I Full ms [200.00-4000.00]
1755 61340

b 1750 61838

TEE

f
— 1rseszes |l |
\ 178969189 R

172153796 |
i \ f 1784 gar0z 186285506
! 1B53.85730

172654736 1 f 17E5. 70105

Relaiva Abundanca

CEEEE:

§ 1717.54993
1 1687 25386 k 1 / 1B24.77173 ! |
1608.78735  1631.50145  1653.38037 1667.56582 'h{' sesasaama I | L ¥ il
e e =ty —
&0 17

T T T L e
1600 1620 1640 1650 1720 1740 1760 1780 1800 1820 18D 1860 1880 1900

alb-mee345_210331124926 #37 AT 0.44 AW 1 NL 269E6
T: FTMS - § £51 Full ms [200.00-4000.20]

100
a0
s
TiH 1791.60470

1789.691589 1790,69350

1785.60400

40
1792 63666

1767 69543
2 1793 69763

10 17B6.69702 179469702
1785.70105 A ﬂ L 1795.70238 1797.61086
L o e e e e -t e T
1

T T T T T 1T
1782 1783 178 1785 1766 1787 1788 1784 1790 17 172 1783 1754 1785 1796 Ty 1754

Relaive Abundance
]
1

Figure 33: ESI| mass spectrum of Li[LisL'S,L40),Tiy].

Li[Li3L1S 1 L4(')5Ti2]

MS (negative ESI-MS, MeOH): m/z (%) = 1824.77454 (40, [Mp-Li*], C100H125Li3024Tiz, calc.
1823.77706).
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Figure 34: ES| mass spectrum of Li[LisL'S 4L4)5Tis,].

Li[Li3L1soL4(')6Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1857.84788 (100, [Mp-Li*], C102H132Li3024Tiz", calc.
1857.85531).
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Figure 35: ESI mass spectrum of Li[LisL'SgL4C)sTiy).

Li[Li3L1S XL3(') (3.x)Ti2]
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Li[Li3L1ssL3(')oTi2]

MS (negative ESI-MS, MeOH): m/z (%) = 1653.37715 (40, [Mo-Li*], CeoH7Lis024Tiy, calc.
1653.38581

Figure 36: ESI mass spectrum of Li[Li3L'SgL3C)yTi,].

Li[Li3L185L3(')1Ti2]

43



MS (negative ESI-MS, MeOH): m/z (%) = 1683.42603 (40, [Mo-Li*], CezH7sLisO2Tix, calc.
1683.43276).
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Figure 37: ESI mass spectrum of Li[Li;L"SsL30);Tiy].

Li[Li3L1S4L3(')2Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1713.46318 (100, [Mp-Li*], Cg4HssLiz024Tiy", calc.

1713.47971).
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Figure 38: ESI| mass spectrum of Li[LisL"S,L30),Tiy].

Li[Li3L1S3L3(')3Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1743.51755 (100, [Mo-Li*], CosHooLizO5Tix, calc.
1743.52666).
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Figure 39: ESI mass spectrum of Li[LizL"S;L30);Tis,).

Li[Li3L1szL3(')4Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1773.55572 (100, [Mp-Li*], CggHgsLi3024Tiy", calc.
1773.57361).
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Figure 40: ESI| mass spectrum of Li[LisL"S,L30),Tiy]

Li[Li3L1S1 L3H5Ti2]
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MS (negative ESI-MS, MeOH): m/z (%) = 1804.61160 (95, [Mp-Li*], C100H102Li3024Tiz, calc.

1803.62056).
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Figure 41: ES| mass spectrum of Li[LisL'S;L30)5Ti,].

Li[Li3L1soL3(')6Ti2]
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MS (negative ESI'MS, MeOH) m/z (%) = 1834.64926 (40, [MD-Li+], C102H108Li3024Ti2', calc.
1833.66751).
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Figure 42: ESI| mass spectrum of Li[LisL'S,L3C)sTiy].
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Figure 43: '"H NMR Spektrum of L'S-H; in MeOH-d,.
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Figure 44: 3C NMR Spektrum of L'S-H, in CDCls.
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Figure 45: 'TH NMR Spektrum of Li[LisL'S¢Tiy] in MeOH-d.,.
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Figure 46: "H NMR Spektrum of Li[LisL'S¢Ti,] in MeOH-d,.
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Figure 47: '"H NMR Spektrum of L2-H, in CDCl,.
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Figure 48: '3C NMR Spektrum of L2-H, in CDCls.
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Figure 49: '"H NMR Spektrum of Li[LisL%Ti,] in Methanol-d..
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Figure 50: '"H NMR Spektrum of L3)-H, in CDCls.

53



CARBON_01
a/Schlottmann_MSC365-i

8 35% REIH B
| N sl
CHs
HAC
0 Q
OH
OH

T o~ PRI 1 1% O kel i J

—6820
—4382
—40.83
—382
3165
3148

—26.27

<
—21m

250
240
230
F220
210
200
190
180
170
160
150
140
130
120

110

T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

Figure 51: 3C NMR Spektrum of L3)-H, in CDCl;.
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Figure 52: 'TH NMR Spektrum of Li[LisL30)Tiy] in THF-db.
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Figure 53: 'TH NMR Spektrum of L*()-H, in CDCl,.
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Figure 54: 3C NMR Spektrum of L*()-H, in CDCls.
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Figure 55: 'TH NMR Spektrum of Li[LisL*()sTiy] in THF-ds.
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Figure 56: '"H NMR Spektrum of L5)-H, in CDCls.
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Figure 57: 3C NMR Spektrum of L5)-H, in CDCls.
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Figure 58: '"H NMR Spektrum of Li[LisL5)sTi,] in THF-dj.
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