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New mono- and hexa-methanofullerenes containingeréiit number of
acetonide groups are synthesised and characteRegdoving the acetonide
protection leads to new chromatographically puretewsoluble polyol

methanofullerenes with essentially quantitativédge
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Introduction

Prospects of successful application of fuller€ggderivatives in biology and medicine are
substantially defined by possibility of getting itheater-soluble forms. A variety of fullerer@&;
derivatives, possessing satisfactory solubilitypolar solvents, including water-soluble ones has
been synthesized® Solubility of the fullerene functional derivativés water is defined by the
presence of a great number of hydrophilic groupge ®verwhelming majority of fullerene water-
soluble derivatives are represented by the compowodtaining hydroxyl, carboxyl and amino
groups*® One of the most water-soluble derivatives of felfee C60 (240 mg/ml) is the new
malonodiserinolamide polysubstituted methanofulierebtained by the authors via a new synthetic
methodology, which consists of initial protectioftanol groups by ester groupsSubsequent
deprotection leads to a non-ionic, highly waterbtéd derivative of C60, however it is necessary to
notice, that it is not an individual compound, bBunixture of tetra-, penta- and hexa-products én th

ratio 15:80:5.



Fullerenols (polyhydroxylated fullerenesyso(OH),, being of simple structure and
possessing the possibility of further functiondiiaa, also belong to the series of water-soluble
fullerene derivatives. For a long time they werasidered as the most appropriate representatives
of water-soluble fullerenes for the study of biotad activity. However, depending on the method
of synthesis, fullerenols have various compositiahiffering by the number of hydroxyl groups
(from 12 to 24), and, respectively, by solubility iwater’® Individually isolated tris-
dicarboxymethanofullerenes possess good solubilityater and have antiviral effects

In an alternative approach, high solubility in wate 200 mg/ml) is achieved at the expense
of using the phosphorylated groups on the fulleraphere, obtained from intermediate
pentaphosphonic ethers, with their further hydrislys

We believe that the approach, based on obtainitigréme derivatives with protected
hydroxyl groups followed by deprotection seems ® duitable, and suggest to use for these
purposes acetonide protection, which can be easmhoved in mild conditions. In this work the
results of research including the development ef tiethods of synthesis and the study of the
properties of new water-soluble chromatographiepllye fullerene derivatives, containing from 4
to 24 hydroxyl groups per molecule is reported.

Results and discussion

Acetonide derivativesl, 2, 3 (their yields being 90%, 86%, 61%, respectively)rave
obtained by reacting triols (1,1,6-hexanetriol,,3;@ropanetriol and 1,2,3-tris-oxymethylethane)
with acetone at the boiling temperature of the frmwith catalytic amounts of para-

toluenesulfonic acid, their structures being prolsgdpectral methods
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The obtained compounds are precursors for thénegrst of malonate derivatives, containing

acetonide fragments at different distances frometfter group. Malonate derivatide6 were then



obtained by reaction of acetonide derivatite3with malonyldichloride in the presence of NaH or

EtzN in absolute benzene.
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New malonate fullerene derivativés9, containing acetonide groups, were then synthdsize

by interaction of fulleren€so with initial precursorg-6 under Bingel-Hirsch reaction conditiots
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The structures and purities of compoudd were confirmed by the data from spectroscopic
methods, mass spectrometry, and HPLC. The UV spetttompound3-9 have absorption bands
at 258, 268, 328, and 426 nm typical of virtuallynaethanofullerenes. The structures of almost all
the title compounds were unambiguously establighe@ variety of NMR correlation methods.
Namely, combination of homo- and heteronuclearetation experiment& *’ (see ESI) allows one
to get the connection between nuclei starting ftbenends of addends up tg;€arbons in most of
the casesvide infrae.g. for7). Then'*C data analysis allows making final conclusion attbe

structure of fullerene derivatives.



For example'H-H COSY,*H-**C HSQC and HMBC connectivity allows discriminatiof
addends moiety of (Figure 1) up to & (52.3 ppm). Most of the fullerenesCcage carbons
resonate at low fields but there is also one straglsp’ region ¢ = 71.6 ppm) that proves the closed
[6,6]-type of the addend linkage. As a whole, thenber of peaks observed for compouhi the
range 138-146 ppm is due to thegB-carbons of the C60 sphere, consistent with they@metry

of its molecular structure.
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Figure 1. NMR spectra of compounds (a-'H, ¢c-**C) and 13 (d-*°C) in CDC} at 303K and
structure of7 (13) with diagnostic HMBC NMR correlations (b).

Having developed the methods for synthesis of namget fullerene derivatives with
protecting groups, we approached the main goalhef gresent work which is obtaining the
fullerene derivatives containing hydroxyl groupsrbynoving the protecting groups.

Acetonide protection in the synthesized compounddeasily removed by treating them
with hydrochloric acid (Scheme 2). In a typical ekment, hydrochloric acid (0.27 mmol) was
added to the initial methanofullere@g0.27 mmol), and the reaction mixture was keptim dark

for 24 hours. At the end of the reaction, the atlyi wine-red toluene solution of compoufd



became colorless, and compouttiprecipitated, then it was filtered and washed wallaene and
acetonitrile. The yield of compourid was 80%.

Removal of acenonide protection from compourdsand 9 similarly resulted in the
formation of compounds$l, 12(Scheme 1) with yields of 92% and 81%, correspaglgl

OH

Scheme 1.

The solubility of the obtained methanofullererids12 in polar solvents including water
was studied. Monomethanofulleren@g 10-12were shown to dissolve well in DMSO/water (1:9)
solution, but were insoluble in water with variqus values (5-9).

To increase the solubility of the fullerene denves in polar solvents (DMSO, ethanol,
water) we synthesized hexa-addut®-15on the basis of malonate precursdr§ (Scheme 2)

using the methods described in literattf&:
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Scheme 2.
For example, to obtain compoud® we carried out the reaction of fullereg, (0.3 g,

0.42 mmol), bis(2.2-dimethyl-1.3 —dioxalane-4-Opu} malonate (1.73 g, 4.2 mmol), CRA3.83

g, 42 mmol) with DBU (1.27 g, 8.3 mmol) in o-DCBh@& reaction mixture was stirred at room
temperature for 72 hours, and purified by columrootatography to yield pure compoubd (156
mg, yield 11.7 %).

The structure of compounds3-15was provedoy spectroscopic methods (IR, UV, NMR),
and the composition was proved by MALDI TOF massesfpmetry. The mass spectrum of
compoundL3 contains the peak corresponding to the molecalafM]* 3204.34 (calc. 3204).

Results of NMR experiments strongly support thaidtres of these hexadductsof
[60]fullerene. First, from variety of NMR correlatis the structures of adducts itself up to the C
can be unequivocally determined (e.g. I8rsee Figure 1d). I'C NMR spectra (Figure 1d) there
are only two signals of equal intensity with = 141.1 (24C) and = 145.7 ppm (24C)
corresponding tep’ carbons and only one line (ca. two times lessierisity) withs = 69.1 ppm
(12C) attributed tesp’ carbons of the & sphere, and as such it can be concluded thatrilneige

of 13is consistent with high symmetry{JT

Finally, deprotected hexa-adduds-18were obtained by removing the acetonide protection

from the hexa-adducts3-15 using the method described earlier for methanefeiiesl0-12.



The structure of compound$-18was also proved by NMEC and*H spectroscopy, while
their composition was confirmed by mass-spectroynefihe mass-spectrum of compoudd
contains the peak corresponding to therNa]'= 2243.3 (Fig. 2). The experimental value of the
isotopic distribution [M+Na] fully corresponds to the theoretical one (insertFig.2). The'C
NMR spectrum of compound6 does not contain the signals from the carbons caeftomide
fragment methyl groups (25 and 27 ppm), as welhasNMR proton spectrum does not contain the
signals from the protons of the mentioned groupgisTcompound$6-18have the same symmetry

(Ty) as the precursofs3-15
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Figure 2. Mass-spectrum for compoudd [M+Na]®, insert —theoretical isotopic distribution
[M+Na]".

The solubility of the obtained polyol methanofullees in polar solvents including water was
studied. Methanofullerenes containing 24 hydroxyugs dissolved well not only in DMSO-water
(1:9) and ethanol, but also in water witH= 5, 7 and 9. Hexa-addut?, synthesized on the basis
of glycerol, demonstrated the best solubility, whitcreasing the length of the methylene chain in

compoundL6 resulted in significant decrease of its solubilitypolar solvents and water (Table 1).



Table 1.Solubility of compound46-18in water

Solubility, mg/ml
DMSO-water pH=5 pH=9 pH=7
Compound (2:9) ascorbic acid/water Tris(oxy-methyl- | (physiol. solution)
(2 mg/ml) amino-methane | 0,9% NacCl solution
(1 mg/ml)
16 100 mg/mli 5 mg/ml 15 mg/ml -
17 500 mg/ml 10 mg/ml 35 mg/ml 75 mg/ml
18 250 mg/mli 5 mg/ml 30 mg/ml 75 mg/mi
Conclusion

Thus, the target synthesis of new mono- and headdranofullerenes, containing different numbers
of acetonide groups (from 2 to 12), was realizedthsy Bingel-Hirsch reaction, their chemical
structures being proved using multiple spectroscopethods. New chromatographically pure
polyol methanofullerenes, containing 4 and 24 hygrgroups, were obtained and their structures
and properties studied. All the hexa-adducts wikosva to be well-soluble in various polar solvents
including water. This opens the way to obtainingvraerivatives based on fullerenes, containing
various functional groups, responsible for mandgsh of biological activity, by reacting the free
hydroxyl groups.
Experimental

HPLC-analysis was performed using Agilent Technasdl200 Series using UV-detector
with the column with reversed phase C18 (Partis<di3S-3), eluent being toluene/@EN (volume
ratio 1:1). Organic solvents were dried and desdilbefore use. Fullererig, of 99.9% purity was
used (produced by «Fullerene-Center», Nizhny Noedjpr All the chemical reactions were
performed in dry argon atmosphere. UV-spectra weserded on spectrophotometer Specord M-40
in methylene chloride, IR-spectra were recordedFourier-spectrometer «Bruker-Vector 22»
(tablet withKBr). NMR spectra were registered on NMR spectromateance-600 (Bruker) (600
MHz (*H) and 150 MHz '¢C)) at the temperature 309n CDCk the residual signal from CDEI

(O 7.26 ppm and¢: 77.0 ppm) being used as an internal standardstbeture of compounds was



established on the basis of a series of 1D and ®IRMorrelation experiments (DEPTH-H
COSY, 'H-*C HSQC,*H-*C HMBC). MALDI mass spectra were recorded on maEsssometer
ULTRAFLEX 1l (Bruker Daltonik GmbH, Bremen, Germghin linear regime, with p-nitroaniline
being used as a matrix. Mass-spectra contain thkspeorresponding to the protonated molecular
[M+H] " ion along with frequently present [M+Nagnd [M+K] ions.

4-(2, 2-Dimethyl-1, 3-dioxolane-4-yl)-1-butar(al

A solution of 1,2,6-hexanetryol (22.2 g) in digdl acetone (100 ml) with a catalytic amount of p-
toluenesulfonic acid was boiled for 7 h. Then thaction mixture was cooled and just calcined
potash (100 g) was added. After 12 hours, potash filtared, and the filtrate was steamed in
vacuum using a water-jet pump. The residue wasdldésat T=109-110C (1 mm Hg). Compound

1 (19.5 g) with 68% yield was obtained. [Found:C,0&2H, 10.24.CgH;503 requires:C, 62.07;H,
10.43%)]. IR-spectrum, (liquid filmy/m™: 514, 647, 739, 791, 856, 893, 1058, 1157, 122881
1325, 1370, 1435, 1457, 342# NMR (600 MHz, CDC}): 51.35 (3, s, CH), 1.40 (31, s, CH),
1.50-1.65 (61, m, CHy), 3.51 (H, dd,J= 7.5 Hz,J= 7.5 Hz,CH), 3.65 (2, t, J=6.5 Hz,OCHL,),
4.02 (H, dd,J= 7.5 Hz,J= 6.0 Hz,CH), 4.03-4.10 (H, m,CH); **C NMR (150 MHz, CDGJ): &
108.65, 75.95, 69.36, 62.52, 33.20, 32.47, 26.88% 21.98.

(2, 2-Dimethyl-1, 3-dioxolan-4-yl)-1-methar(@).

Compound was synthesized analogouslyltolhe residue was distilled at T=54°85(1 mm Hg).
As a result compound (12.4 g) was obtained with the yield of 39 %. [FAug, 54.15H, 9.64.
CeH1305 requires:C, 54.3;H, 9.9%)]. IR-spectrum, (liquid film)y/cm*: 516, 567, 653, 792, 844,
970, 1052, 1074, 1119, 1157, 1214, 1256, 1372, 13558.'H NMR (600 MHz, CDC}%): 01.33
(3H, s, CH), 1.40 (31, s,CHs), 3.57 (H, dd,J= 5.2 Hz,J= 11.9 Hz,CH,), 3.69 (H, dd,J= 4.1
Hz, J= 11.9 Hz,CH,), 3.76 (H, dd,J= 6.4 Hz,J= 8.1 Hz,CH,), 4.01 (H, dd,J= 6.7 Hz,J= 8.1
Hz, CHp), 4.17.4.24 (1H, m, CH)**C NMR (150 MHz, CDG)): 4 109.33, 76.12, 65.69, 62.95,
26.61, 25.18.

(2, 2, 5-Trimethyl-1, 3-dioxan-5-yl)methar{8).

Compound3 was synthesized similarly th. Residue was distilled at T= 80 (1 mm Hg).
Compound3 (12.8 g) was obtained with 58 % yield. After thetitletion the product crystallized,
Tmei= 29 °C. [Found:C, 59.65H, 10.24.CgH;603 requires:C, 59.92;H, 10.07 %)].IR spectrum,
(KBr),v/cm'l: 521, 562, 679, 731, 790, 829, 912, 933, 989, 10866, 1153, 1208, 1264, 1349,
1375, 1456, 3441H NMR (600 MHz, CDC4): §0.79 (31, s,CHs), 1.35 (3, s,CHg), 1.40 (31, s,



CHs), 3.47 (H, d,J= 11.7 Hz,CH,), 3.61 (1H, s, Ch), 3.70 (H, d,J= 11.7 Hz,CH,); *C NMR
(150 MHz, CDC}): 598.50, 66.91, 66.22, 35.40, 27.91, 21.14, 18.22.

Bis (2, 2-dimethyl-1, 3-dioxolan 4-O-butyl) malomét).

To a suspension of NaH (1.38 g, 0.057 mol) in alisdbenzene (100 ml) in the flow of dry argon
at room temperature 2,2—dimethyl-1,3-dioxolane-tabal (10 g, 0.057 mol) was added dropwise.
The reaction mixture was stirred at room tempeeafior 1 h. Having cooled the mixture to a
temperature of 5C, malonyldichloride (4.05 g, 0.0287 mol) was slovdgded dropwise. The
mixture was stirred for 8 h and then decanted. drganic layer was evaporated in water-jet pump
vacuum. The product was purified by column chromegphy (silica gel, eluent: ethylacetate-
hexane (3:1)). After column chromatography a visclight oil was obtained (R= 0.54). The yield

of pure product was 44% (5.1 g). Mass-spectrum (BAL[M+K] © 455.01 G;H3¢0s. IR-spectrum
(liquid film),v/cm™: 514; 607; 739; 791; 856; 1060; 1097; 1158; 121%31; 1370; 1413; 1458;
1733 (=0); 2869; 2938; 2985'H NMR (600 MHz, CDC}): 61.29 (&, s, CH), 1.35 (6, s,
CHs), 1.48-1.73 (12H, m, CH), 3.33 (4, s,CHy), 3.45 (H, dd,J= 7.3 Hz,J= 7.3 Hz,CH)), 3.98
(2H, dd, J= 7.3 Hz,J= 5.9 Hz,CHy), 4.00-4.06 (2H, m, CH), 4.10 (4H, s, OgH"C NMR (150
MHz, CDCk): 0166.52, 108.59, 75.64, 69.16, 65.19, 41.37, 32846, 26.75, 25.51, 21.97.

Bis (2, 2-dimethyl-1,3-dioxolane 4-O-methyl) maka(&).

Compounds was synthesized from 2,2—dimethyl-1,3-dioxolan@&thanol and malonyldichloride
similarly to 4. After column chromatography (silica gel, elueethylacetate-hexane-ethanol
(2.5:1:0.1)) viscous light oil was obtained with; R0.51). Pure product yield was 36% (0.9 g).
Mass-spectrum (MALDI): [M] 332.92 GsH»4Os. IR-spectrum (liquid filmy/cm™: 511 , 552, 581,
670, 703, 788, 814, 852, 920, 958, 1057, 1096, 11585, 1205, 1231, 1266, 1316, 1366, 1376,
1427, 1454, 1539, 1644, 1741, 2930.NMR (600 MHz, CDCY): 01.36 (&, s,CHg), 1.42 (&, s,
CHs), 3.46 (21, s,CH,), 3.75 (H, dd,J= 5.8 Hz,J= 8.4 Hz,CH,), 4.07 (3, dd,J= 6.7 Hz,J= 8.4

Hz, CH.), 4.12-4.28 (4H, m, OCH, 4.28-4.36 (2H, m, CH)**C NMR (150 MHz, CDGJ): &
166.04, 109.90, 73.27, 66.21, 65.68, 41.08, 2@549.

Bis (2, 2, 5-trimethyl-1, 3 —dioxane-5-methyl-O4nyét malonatg6).

To a solution of pentaglyceric semiacetal (1.4 @107 mol) and triethylamine (1.18 g, 0.0117

mol) in 50 ml of absolute benzene d@C5malonyldichloride (0.82 g, 0.0058 mol) was added

10



dropwise. The reaction mixture was stirred for 8'he formed precipitate g-HCI was filtered

(its weight being 1.3 g), and filtrate was evapedan the water-jet pump vacuum. The product was
purified by column chromatography on silica geluglt was benzene-ethylacetate (5:2)). White
crystals withTmer 120 C were obtained with the yield 49% (1.1 g). Massesipen (MALDI):
[M+Na]" 411.9, [M+K]" 427.89. GeH3,0s IR spectrum KBr),v/cm™: 507, 557, 582, 672, 705,
735, 827, 911, 924, 956, 1003, 1062, 1090, 11186,11205, 1235, 1266, 1318, 1348, 1372, 1395,
1458, 1536, 1646, 1747, 2861, 2950, 2988NMR (600 MHz, CDC}): 00.85 (&, s,CH3), 1.39
(6H, s,CHs), 1.43 (61, s,CHs), 3.44 (21, s,CHy), 3.61 (41, d, J= 11.8 Hz,CH,), 3.65 (41, d, J=
11.8 Hz,CH,), 4.26 (41, s,OCH,). **C NMR (150 MHz, CDGJ): J166.38, 98.11, 67.86, 66.14,

41.43, 33.60, 27.20, 20.08, 17.60.
61-[Bis(2,2-dimethyl-1,3-dioxolane-4-O-butyl) cartydjmethano[60]fullerend7)

To a solution of fulleren€gy (0.3 g, 0.45 mmol) in toluene (200 ml) were seqiadigtadded CBy
(0.208 g, 0.63 mmol), bis(2.2-dimethyl-1.3 —dioxwad-O-butyl)malonate (0.26 g, 0.63 mmol) and
DBU (0.095 g, 0.63 mmol). After being stirred fa2 b at room temperature, the reaction mixture
was washed with water (2x20 ml) and concentrateom@und 7 was isolated by column
chromatography on silica gel with the yield 49%1{ &8 g) using the mixture toluene-acetonitrile
(40:1). The purity of7 was confirmed by HPLC methods. Mass-spectrum (MALBI+H] "
1134.78 @1H340g. UV-spectrum (CHCI,), Amaynm: 327, 428, 490, 696R-spectrum, (KBry/cm

1. 526, 552, 579, 609, 638, 671, 705, 738, 789, 852, 995, 1057, 1096, 1156, 1184, 1206, 1232,
1266, 1369, 1427, 1454, 1538, 1639, 1742, 232 NMR (600 MHz, CDC}) 01.34 (&, s,CHs),
1.40 (61, s,CHs), 1.53-1.70 (8, m, CHy), 1.85-1.94 (8, m,CH,), 3.52 (21, dd,J= 7.4 Hz,J=

7.4 Hz,CH,), 4.04 (3, dd,J= 6.0 Hz,J= 7.4 Hz,CH,),, 4.05-4.13 (2H, m, CH), 4.511#t, J= 6.6

Hz, OCHy). %C NMR (150 MHz, CDGJ): 822.41, 25.75, 27.01, 28.63, 33.20, 52.36, 67.14169
71.63, 71.88, 108.82, 138.98, 140.98, 141.90, 142123.01, 143.05, 143.12, 143.90, 144.64,

144.71, 144.91, 145.14, 145.21, 145.29, 163BD)).

11



61-[Bis(2,2—dimethyl-1,3-dioxolane-4-O-methyl)canglh methano[60]fullerengs).

Compound8 was synthesized with the yield 40% relative to thacted fullerene similarly to
compound 7. Mass-spectrum (MALDI): [M+H] 1050.21 GsH,,0s. UV-spectrum (CHCI,),
Ama/nM: 327, 430, 492, 696R-spectrum, (KBr)y/cmi*: 526, 552, 581, 670, 703, 788, 814, 852,
920, 958, 1057, 1096, 1156, 1185, 1205, 1231, 12866, 1366, 1376, 1427, 1454, 1539, 1644,
1741, 2930, 3460H NMR (600 MHz, CDCY) §1.39 (&1, s,CHas), 1.49 (61, s,CHas), 3.91 (21,
dd, J= 5.2 Hz,J= 8.8 Hz,CH,), 4.18 (H, dd,J= 6.4 Hz,J= 8.8 Hz,CHy), 4.49-4.56 (2H, m, CH),
4.52 (4, s, QCH,). *C NMR (150 MHz, CDGJ) 025.37 (CHs), 26.84 (CHs), 51.73 (C61), 66.42,
67.24, 73.14, 73.15, 71.32C($p3), 110.12 (Z), 139.15, 141.02, 141.88, 141.89, 142.24, 143.03,

143.07, 143.13, 143.92, 144.63, 144.73, 144.97,004345.11, 145.24, 145.33, 163.22-0).
61-[Bis(2.2.5-trimethyl-1.3-dioxane-5-methyl-O-mgjbarbonyllmethano[60]fulleren€9)

Compound9 was synthesized with the yield 60% (0.143 g) retato the reacted fullerene
similarly to compound?. Mass-spectrum (MALDI): [M+H] 1106.07 GoH3¢QOs. UV-spectrum
(CH,Clp), Ama/nm: 326, 429, 491, 69TR-spectrum, (KBr)y/cm’: 526, 557, 582, 672, 705, 735,
827, 911, 924, 956, 1003, 1062, 1090, 1111, 1138611205, 1235, 1266, 1318, 1348, 1372,
1395, 1428, 1458, 1536, 1646, 1747, 2861, 29508.2#8 NMR (600 MHz, CDCJ) 50.96 (&1,
CHg), 1.43 (61, s,CHa), 1.47 (61, s,CHa), 3.71 (21, d, J= 12.0 Hz,CH,), 3.77 (21, dd, J= 12.0
Hz, CHy), 4.59 (41, s, GCH,). *C NMR (150 MHz, CDGJ) J17.84, 19.92, 27.4, 52.5T§1),
66.16, 71.53 S(pg-C), 98.26, 125.30, 128.22, 129.03, 137.85, 1391081.04, 141.92, 142.22,

143.04, 143.91, 144.66, 144.69, 144.71, 144.93,084345.17, 145.22, 145.30, 163.870).
61-[Bis(1,2-hexanediol)carbonyllmethano[60]fulle=(iL0)

To 61-[bis(2,2—dimethyl-1,3-dioxolane@-methyl)carbonyl] methano[60]fullereng@ (0.019 g,
0.167 mmol) in toluene (10 mHCI (0.001 ml, 0.167 mmol) was added. The reactioxtune was
left in the dark for 24 h. The toluene solution &®e colourless, sediment precipitated, which was

filtered and washed with toluene, the precipitaggit being 0.016 g, (yield 94%). Mass-spectrum
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(MALD): [M+H] * 1055.94 GsH,cOs. IR-spectrumylcm™ (KBr): 420, 526, 703, 997, 1024, 1061,
1096, 1205, 1232, 1267, 1395, 1738, 2855, 29246,32384, 3421'H NMR (600 MHz, DMSO-
ds) 1.29-1.52 (81, m, ChH), 1.77-1.81 (&, m, CHp), 3.25 (41, dd, J= 2.1 Hz,J= 5.5 Hz,CH)),
3.33-3.48 (2H, m, CH), 4.46 K4 t, J= 6.6 Hz,OCH,). *C NMR (150 MHz, DMSO-¢) 621.91,
27.45, 33.01, 52.87, 66.14, 68.89, 71.02, 71.48,943 140.95, 141.86, 142.18, 142.99, 143.07,

143.84, 144.52, 144.65, 144.69, 144.79, 145.07,1B4345.21, 145.71, 162.8850).

61-[ Bis(1, 2-propanediol) carbonyl)] methano[60Jerene(11)

Compoundll was obtained fror8 (0.0699g) by the similar method to that of compodfdvith the
yield 92% (0.055 g). Mass-spectrum (MALDI): [M+HP70.01 GeH140s. IR-spectrum,v/cm™
(KBr): 515, 529, 795, 844, 995, 1033, 1076, 11574l 1257, 1372, 1455, 1659, 1728, 34%7.
NMR (600 MHz, DMSO-g): 03.35 (&, dd,J= 6.0 Hz,J= 6.0 Hz(CH,), 3.84 (21, br s,CH), 4.34
(2H, br s, OCH), 4.49 (4, br s,0CH,), 5.04 (4H, br s, OH)**C NMR (150 MHz, DMSO-¢) J
29.65, 52.79, 62.96, 69.11, 69.59, 71.87, 79.78,083 140.87, 141.86, 142.21, 143.00, 143.06,

143.86, 144.51, 144.65, 144.81, 145.15, 145.23574363.13(C=0).

61-[Bis(2, 3-diol-1-methyl-propyl) carbonyl)] metha[60]fullerene(12)

Compoundl2 was obtained from® (0.100g) analogously tb0 with the yield 97% (0.09 g). Mass-
spectrum (MALDI): [M+H] 1026.90 GzH140s. IR-spectrumy/cm™ (KBr): 441, 526, 703, 891,
949, 1000, 1046, 1114, 1207, 1233, 1268, 1390, 14284, 1636, 1741, 3426H NMR (600
MHz, DMSO-d;): 00.89 (6, s,CHs), 3.35 (81, br s,CH,), 4.31 (4, br s, GH,). **C NMR (150
MHz, DMSO-&) J 16.95, 53.23, 63.92, 70.19, 72.08, 79.64, 138.91%.9b, 141.86, 142.18,

143.00, 142.98, 143.07, 143.84, 144.52, 144.64,6B4445.15, 145.23, 145.57, 163.€F0).
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1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis([bis(@linethyl-1.3-dioxolane-4-O-

butyl)carbonyl)lmethano}-dodecahydro[60] fullere(iE3)

To a solution ofCq4, (0.3 g, 0.42 mmol)n O-DCB (20 ml) were added CB{13.83 g, 42 mmol),
bis(2.2-dimethyl-1.3 —dioxolane-@-butyl) malonate (1.73 g, 4.2 mmol) and DBU (1.27833
mmol) at stirring under an argon atmosphere at rdéemperature. The colour of the reaction
mixture changed immediately from the purple to fHtke reaction mixture was stirred for 72 h. The
product 13 was purified by column chromatography on silicd ge eluating with the mixture
hexane-ethylacetate with the yield 12% (0.156 Mjss-spectrum (MALDI): [M+H]: 3204.34
CigeH204048. IR spectrum KBr),v/cm'l: 529, 540, 673, 856, 995, 1061, 1160, 1219, 12880,
1644, 1746, 2286, 2868, 2936, 2984, 346BNMR (600 MHz, CDCY) 51.33 (36H, s, Ch), 1.38
(36H, s, CH), 1.40-1.65 (48H, m, CH, 1.71-1.75 (24H, m, C}I 3.48 (12H, ddJ= 6.4 Hz,J= 6.8
Hz, CH,), 4.00 (12H, ddJ= 6.4 Hz,J= 7.2 Hz, CH), 4.02-4.07 (12H, m, CH), 4.26 (24HJt 6.4
Hz, OCH); ¥C NMR (150 MHz, CDQJ) 022.45, 26.02, 27.05, 28.62, 33.21, 45.56, 66.89%9

75.84(sp’), 108.82, 141.05s(), 146.1 6p), 164.00.

1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis[bis(Hinethyl-1,3-dioxolane-4-O-

methyl)carbonyl)]methano}-dodecahydro[60] fullerefigl)

Compoundl4 was obtained by the method similar to that for cooma 13 with the yield 20%
(0.181 g). Mass-spectrum (MALDI): [MH]2701.20 GsdH13:04s. IR spectrum KBr),v/cm*: 523,
665, 715, 795, 841, 936, 998, 1056, 1158, 1213312876, 1455, 1645, 1749, 29861 NMR
(600 MHz, CDC}) 01.36 (361, s,CHs), 1.43 (361, s,CHs), 3.76 (121, dd,J= 5.4 Hz,J= 5.4 Hz,
CH,), 4.07 (12, dd,J= 6.7 Hz,J= 7.2 Hz,CHy), 4.30 (241, s, OCH,), 4.31-4.39 (1&, m, CH);
13%C NMR (150 MHz, CDGJ) J 25.24, 26.70, 44.89 (§ Ce1), 60.30, 66.38, 66.41, 68.98p),

72.91, 109.91, 140.88f), 145.84 1), 163.16 (=0).

1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis[bis(B-2Zimethyl-1.3-dioxane-5-methyl-O-methyl)

carbonyl)lmethano}-dodecahydro[60] fullerei&s)

14



Compoundl5was obtained by a method similar to that for conmulil8 with the yield 28% (0.156

9)- Mass-spectrum (MALDI): [MH] 3038.3 C174H1s004s. IR-SPECtrum KBr),v/cm-1: 523, 673,
714, 828, 913, 935, 1002, 1043, 1090, 1155, 12P64.11375, 1459, 1748 £0), 2960.'H NMR
(600 MHz, CDC}) 50.81 (361, s,CHz), 1.37 (361, s,CHs), 1.41 (361, s,CHa), 3.55 (24, d,J =
12 Hz,CHy), 3.62 (24, d,J = 12 Hz,CHy) 4.35 (241, s,0CH,); *C NMR (150 MHz, CDG)) J
17.63, 20.08, 27.08, 30.79, 33.59, 40.37, 45.44 (&), 66.00, 69.105p"), 69.33, 98.00, 141.07

(spf), 145.65 ¢F), 163.47 C=0).

1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis[(bis(h@xanediol)carbonyl) methano}-

dodecahydro[60]fullerenél6)

To a solution of compouni3 (0.022 g, 0.0069 mmol) in toluene (10 Yl (0.002 ml, 0.082
mmol) was added. The reaction mixture was leftZérh in a dark. The toluene mixture became
colorless, the sediment precipitated, which waerld and washed with toluene. The product yield
was 95% (0.018 g). Mass-spectrum (MALDI): [MH2724.80 GsoH15¢04s. IR spectrum (KBr),
viem™: 533, 672, 715, 924, 972, 1077, 1221, 1265, 14591 1@=0), 2438, 2783, 2866, 2934,
3369 OH). *H NMR (600 MHz, DMSO-¢) 01.15-1.35 (24H, m, Ch), 1.41 (24H, br s, C§), 1.61
(24H, br s, CH), 3.22 (24 H, dJ= 5.1 Hz, CH, 3.36 (13, br s, CH), 4.26 (24H, 1] = 5.9 Hz,
OCH,); ¥®C NMR (150 MHz, DMSO-¢) §21.19, 28.78, 32.38, 45.52(6Ce1), 65.80, 66.43,

67.08, 68.95, 70.9%°), 140.50 $p), 145.01 ¢ff), 162.53 C=0).

1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis[(bisthpanediol)carbonyl)]methano}-

dodecahydro[60]fulleren€l7).

Compoundl7 was obtained froni4 (0.041g) analogously t@6 with the yield of 94% (0.031g).
Mass-spectrum (MALDI): [MH] 2220.30 GiHs:Ous. IR spectrum KBr), vicm™: 472, 525, 565,
600, 708, 756, 840, 977, 1017, 1050, 1095, 1168711262, 1367, 1436, 1543, 1653, 17420),

2926, 3423 QH). *H NMR (600 MHz, DMSO-¢ ): §3.27-3.45 (24H, m, C), 3.73 (121, br s,

15



CH), 4.15-4.33 (24H, m, OGH *C NMR (150 MHz, DMSO-¢): 045.41-45.53 (6, Cs1), 59.27,
62.31, 63.04, 68.43, 68.94, 72.4p7), 140.62 ¢[f), 145.03 ¢1), 162.72 C=0).
1,2:18,36:22,23:27,45:31,32:55,56-{Hexakis[(bis(@l®I-1-methyl-propyl) carbonyl)] methano}-
dodecahydro[60]fulleren€18)

Compoundl8 was obtained analogously to compourtdfrom 15 (0.030 g) with the yield of 99%
(0.025 g). Mass-spectrum (MALDI): [MA]2556.30 GagH13:04s. IR spectrumKBr, v, cm?): 527,
542, 598, 714, 826, 941, 1040, 1126, 1224, 13726,1B466, 1736(=0), 2880, 2932, 3359H).
'H NMR (600 MHz, DMSO-g): = 0.75 (361, br s,CH3), 3.25 (481, br s,CH,), 4. 12 (241, br s,
OCH,); **C NMR (150 MHz, DMSO-g) 17.63, 30.79, 33.59, 40.37, 45.44(&s1), 66.00, 69.10
(sp’), 69.33, 98.00, 141.03f), 145.65 $p°), 163.47 C=0).
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Synthesis and properties of new fullerengderivatives, containing acetonide and
polyol fragments.

Alina A. Gilmutdinova, Valentina P. Gubskaya, Gukkl|Fazleeva, Shamil K. Latypov,
Tatyana A. Zhelonkina, Dilara R. Sharafutdinoveudi A. Nuretdinov, Oleg G. Sinyashin

A new approach for synthesis of chromatograplyiqaure water-soluble
polyol methanofullerenes with almost quantitatields has been developed.
R ‘RO g
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NMR Spectroscopy. All NMR experiments were performed with a Bruke? ANCE-600 and AVANCE-400 spectrometers. Frequeneares600.13
MHz in '"H NMR and 150.90 MHz in®C NMR experiments for AVANCE600; 399.98/Hz in *H NMR and 100.57MHz in *C NMR for
AVANCE400. NMR experiments were carried out usitansard Bruker pulse programs. The pulse widtheWes (90) and 12us (90) for *H and
3¢, respectively. Typically 16K and 64K data poimtere collected for one-dimensional proton and carbpectra, respectively. 2D experiments
parameters were as follows. Fét—H correlations (COSY): relaxation delay 1.5 s, dagtrix 1K x 2K (256 experiments to 0.5K, zeroifif in F1,

1K in F2), 2 transients in each experiment. Bd¢*>C correlations (HSQC): optimized fdr= 145 Hz, relaxation delay 2.5 s, data matrix 06K
(256 experiments to 0.5K, zero filling FL, 2K inF2), 16 transients in each experiment. fér°C long range correlations (HMBC): optimized fbr

= 8 Hz, relaxation delay 2.5 s, data matrix 0.5k (256 experiments to 0.5K, zero filling K1, 2K inF2), 48 transients in each experiment. All 2D

spectra were weighted with sine-bell squared aiftedh(n/2 in both dimensions) window functions, and preeeswith the Bruker software package.
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Figure S8. 2D *H-'H COSY spectrum in DMSO df0 (T = 303K).
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Figure S14. 2D '*H-*C HMBC spectrum in DMSO df1 (T = 303K).
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Figure S16. 2D *H-'H COSY spectrum in DMSO df2 (T = 303K).
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Figure S18. 2D *H-*C HMBC spectrum in DMSO df2 (T = 303K).
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Figure S23. 1D 'H, °C and DEPT spectra in CD3f 14 (T = 303K).
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Figure S28. 2D 'H-'H COSY spectrum in CDGbf 15 (T
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Figure S30. 2D *H-*C HMBC spectrum in CDGlof 15 (T
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Figure S31. 1D 'H, 13C and DEPT spectra in DMSO 86 (T = 303K).
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Figure S33. 2D 'H-*C HSQC spectrum in DMSO 66 (T = 303K).
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Figure S35. 1D 'H, *C and DEPT spectra in DMSO &7 (T = 303K).
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Figure S36. 2D 'H-'H COSY spectrum in DMSO df7 (T
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Figure S37. 2D *H-*C HSQC spectrum in DMSO 6f7 (T = 303K).
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Figure S38. 2D '*H-*C HMBC spectrum in DMSO df7 (T = 303K).
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Figure S39. 1D 'H, *C and DEPT spectra in DMSO 8 (T = 303K).

42



ppm

5.0
ppm

|

DIV

Figure $40. 2D *H-'H COSY spectrum in DMSO df8 (T = 303K).
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Figure $42. 2D *H-*C HMBC spectrum in DMSO df8 (T = 303K).



