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N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine synthesis and structure

New stilbene fulleropyrrolidine has been synthesized by Ceo fullerene triple-component condensation with sar-
cosine and trans-4-stilbene carboxaldehyde in Prato reaction conditions. It was demonstrated that primary factor
having influence on this reaction final product yield is the homogeneity of the reaction medium. The highest
yield of N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine is observed when reaction performed in xylene and
reactive medium is heated. Synthesized compound structure has been studied by IR-, UV-, NMR 'H and 13C
spectroscopy as well as by two-dimensional COSY (*H-'H) and HMQC (*H-13C) spectra data. The purity and
individuality of obtained fulleropyrrolidine have been evaluated using HPLC analysis. N-methyl-2-(4-
styrylphenyl)-3,4-fulleropyrrolidine synthesis proceeds by the 1,3-dipolar addition to fullerene Cso mechanism
through formation of active azomethinilides. N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine and poly-N-
vinylpyrrolidone water-soluble complex has been obtained in dichloromethane. It was shown that complex
formation is outcome of fulleropyrrolidine solubilization by PVP chains and lactamic group physical interaction
with the fullerene sphere.

Keywords: fullerene Ceo, trans-4-stilbencarboxaldehude, sarcosine, fulleropyrrolidine, Prato reaction, NMR
specters, poly-N-vinylpyrrolidone, three-component condensation.

Introduction

Nowadays biological properties of fullerenes and their functional derivatives are massively researched
for the purpose of creating new pharmaceuticals and biomaterials based on them. Compounds found among
fullerene derivatives possess various types of pharmacological activity. The development of Ceo fullerene func-
tionally substituted derivatives synthesis methods is essential for creating new materials and obtaining biolog-
ically active substances. Fulleropyrrolidine derivatives obtained through Prato reaction are some of the most
promising for this purpose within the wide range of derivatives known today. This way, natural fullerene-
containing aminoacid derivatives, such as fulleropyrrolidineglutamine acid and fulleroproline, have been syn-
thesized. Some biologically active peptides and other derivatives advantageous for use in medicine and
engineering have been obtained based on them [1-3].

A highly promising fulleropyrrolidine research area is the study of pyrrolidine scaffold containing new
«pharmacophoric» groups [4]. One of such «pharmacophoric» groups is stilbene fragment, as stilbene
(1,2-diphenyletilene) functional derivatives are widespread in plant life and have been used in traditional med-
icine for a long time [5-8]. These compounds’ (as well as other arylpolyenes) electronic structure peculiarities
provide strong physiological activity and valuable physical-chemical properties for their molecules. Synthetic
stilbenoids with various functions and stilbenoid-containing polymers are used for the production of laser dyes,
sensors, light-sensitive markers and composite materials [9]. Stilbenoids show antioxidant, anticarcinogenic,
antibacterial and other therapeutic activities. Due to high derivative pharmacological activity stilbene fragment
is considered as one of privileged structure blocks while creating pharmacologically important substances [10,
11]. However, compounds containing both stilbene fragment and fullerene sphere are not sufficiently re-
searched.

Experimental

NMR H and BC (DMSO-ds) spectra were registered at JNM-ECA Jeol400 spectrometer (399.78 and
100.53 MHz respectively) regarding deuterated solvent carbon residual protons or atoms signals. IR spectra
(KBr) were registered at Nicolet 5700 spectrometer. The reaction progress and the identity of the synthesized
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compounds were monitored by TLC on Sorbfil plates (Russia). Plates development was done in isopropyl
alcohol — ammonia (25 % in water) — water (7:2:1), treatment by iodine vapor.

N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine (1). 200 mg Ceo solution (0.1388 mmol) in 20 ml xy-
lene was added to 57.81 mg (0.2776 mmol) trans-4-stilbencarboxaldehyde and 123.6 mg (1.388 mmol) sarco-
sine (reacting agents’ molecular ratio was 1:2:5 respectively). Reaction mixture was boiled for three hours at
110-120°C. After solvent removal residue was chromatographed on silicagel column eluting unreacted Ceo
and the product with toluene. Product yield was 14.7 mg (10.8 %). NMR spectra *H, 3, ppm (J, Hz): 2.87 s
(3H, H-6,6,6), 4.31d (1H, H-2ax, 2 9.2), 4.98 s (1H, H-5), 5.02 d (1H, H-2eq, 2 9.2), 7.0 d (1H, H-14, %] 3.6),
7.25t(1H, H-18,3)7.2), 7.27 d (2H, H-17,19, 3] 8.4), 7.34 t (2H, H-16,20, 3) 7.6), 7.47 d (2H, H-9,11, 3] 7.6),
7.57 d (2H, H-8,12, 31 8.0), 7.81 w. s (1H, H-13). NMR spectra *C, 8¢, ppm: 40.12 (C-6), 70.12 (C-2), 83.47
(C-5), 126.70 (C-9,11), 126.99 (C-8,12), 127.85 (C-18), 128.36 (C-14), 128.79 (C-16,20), 129.36 (C-13),
137.73 (C-15), 139.69 (C-10), 156.22 (C-7).

Complex obtaining technique (1a). 2 mg fulleropyrrolidinel solution in 2 ml xylene were added to
200 mg PVP in 3 mg xylene. Reaction mixture was stired for 30 minutes at room temperature. After solvent
removal the residue was dried in vacuum.

Results and Discussion

Considering stilbenoids and fullerenes derivatives’ scientific and applied prospects, we have performed
synthesis and NMR spectroscopic research of new fulleropyrrolidine structural peculiarities. Cgo fullerene,
sarcosine and trans-4-stilbenecarboxaldehyde triple-component condensation took place in Prato reaction con-
ditions. One of major factors having influence on this reaction final product yield is the homogeneity of the
reaction medium. So stilbenefulleropyrrolidine 1 synthesis was done in medium of various solvents such as
benzene, toluene, chlorobenzene and xylene and while reactive medium was heated for 4-5 hours. It is possible
that present in reaction medium amino acid (which is a zwitterionic compound) has negative impact on the
reaction rate (heterogeneity factor). The highest yield of target fulleropyrrolidine 1 was obtained in xylene
medium. Obtained fulleropyrrolidine 1 purity and individuality were analyzed using HPLC analysis.
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N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine synthesis and structure

New obtained fulleropyrrolidine 1 structure was found using IR, NMR *H and 3C spectroscopy as well
as two-dimensional COSY (*H-'H) and HMQC (*H-*C) spectra data.

There are pyridine ring C-N bond lines and fullerene scaffold, C-H and N-H vibrational frequencies in
compound 1 IR spectra. Compound 1 UV spectra has 254, 319 and 431 nm peaks. Low intensity peak at
431 nm is typical for all Ceo fullerene [6, 8] closed adducts (Fig. 1).
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Figure 1. Compound 1 UV spectra

Compound 1 NMR *H spectra is characterized by three-proton singlet signal presence at 2.87 ppm of
H-6,6,6 N-methyl fragment protons in pyrrolidine ring. One-proton singlet signal at 4.92 ppm indicates pres-
ence of H-5 methyne proton in pyrrolidine cycle. Two one-proton duplicate signals appearance at 4.31 and
5.02 ppm with the same spin-spin interaction constant 2J9.2 Hz proves presence of two pyrrolidine ring H-2ax
and H-2eq protons (axial and equatorial) connected to fullerene nucleus. H-14 and H-13 protons of ethane
chain appear as one-proton duplicate at 7.09 ppm and 2J3.6 Hz extended one-proton singlet at 7.81 ppm re-
spectively. Aromatic protons H-18 and H-9,11 appear as one- and two-proton triples at 7.25 ppm and %J 7.2
Hz and 7.34 ppm and 3J 7.6 Hz respectively. H-17 and H-19 protons appear as two-proton duplicates at 7.27
ppm and 3J 8.4 Hz, H-9 and H-11 protons appear as two-proton duplicates at 7.47 ppm and 3J 7.6 Hz, H-8 and
H-12 protons appear as two-proton duplicates at 7.57 ppm and 2J 8.0 Hz respectively.
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Pyrrolidine ring signals with N-methyl substituent can be seen at 40.12 (C-6), 70.12 (C-2) and 83.47 (C-
5) ppm in compound 1 NMR BC spectra. Aromatic and unsaturated fragments carbon atoms resonated at
126.70 (C-9,11), 126.99 (C-8,12), 127.85 (C-18), 128.36 (C-14), 128.79 (C-16,20), 129.36 (C-13), 137.73 (C-
15), 139.69 (C-10) and 156.22 (C-7) ppm. Multiple signals in 136-148 ppm area belong to fullerene nucleus
sp?-hybridized carbon atoms.

Compound 1 structure was also confirmed by two-dimensional NMR COSY (*H-H) and HMQC (*H-*C)
spectroscopy data, which allowed finding spin-spin interactions of homo- and heteronuclear nature. Correla-
tions observed in molecule are shown in Figure 2. In compound 1 *H-H COSY pectras there are spin-spin
correlations through two bonds of methylene protons H2*-H?4 (4,31, 5.02 and 5.02, 4.31) ppm and through
three bonds of protons in adjacent methyne groups H®2°-H8 (7.34, 7.26 and 7.26, 7.34), H'®20-H*!! (7.34,
7.48 and 7.48, 7.34), and H3'2-H™? (7.56, 7.81 and 7.81, 7.56) ppm aromatic rings. Protons and carbon atoms
heteronuclear interactions through one bond were found using *H-*C HSQC for the following couples present
in the compound: H®-C®(2.87, 40.12), H?*-C?(4.31, 70.16), H*9-C?(5.02, 70.16), H>-C® (4.98, 83.47), H-C*
(7.10, 128.36), H8-C8(7.24, 127.84), H®20-C16:20 (7,34, 129.11), H*1-C%'! (7.48, 126.70), H3!2-C812(7.57,
126.99), H'*-C**(7.80, 129.36).

Figure 2. Compound 1 correlations in COSY (1H-1H) (a) and HMQC (1H-13C) (b) spectra

The insolubility of fullerenes in water is the main problem that impedes the biological studies of fullerene
derivatives and the creation of therapeutic agents based on them. One of the possible ways to overcome this
problem is to obtain water-soluble polymers approved for use in medicine, for example, with poly-N-vinylpyr-
rolidone.

In this regard, a complex of compound 1 with poly-N-vinylpyrrolidone in dichloromethane medium was
obtained:

_Hzc—iﬂ— . HzC’\\CH O \
gl . )

la complex formation proceeds as a result of fullerenepyrrolidine 1 solubilization by PVP chains and
lactamic group physical interaction with fullerene sphere. Obtained complex 1a dissolves well in water.

Conclusion

New stilbenefulleropyrrolidine has been synthesized by Ceo fullerene triple-component condensation with
sarcosine and trans-4-stilbenecarboxaldehyde in Prato reaction conditions. It was demonstrated that the
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homogeneity of the reaction medium is the primary factor having influence on this reaction final product yield.
The highest yield of N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine was observed when reaction per-
formed in xylene and reactive medium heated. N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine compound
water-soluble complex with poly-N-vinylpyrrolidone in dichloromethane has been obtained. Synthesized com-
pound structure has been studied by IR-, UV-, NMR H and *C spectroscopy as well as two-dimensional
COSY (*H-H) and HMQC (*H-C) spectra data.

The study was performed with financial support from Ministry of Education and Science of the Republic
of Kazakhstan (grant No AP05133157).
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A.E. Opinona, O.A. Hypkenos, C.JI. ®a3suioB, T.M. CeiinxaHos,
M.K. Ub6paes, C.K. Kabuesa, T.C. Omapor

N-MeTtui-2-(4-ctupuigenni)-3,4-gyneponuppoauinHHIH
CHHTe3i ’9He KYPbLIbIMBbI

CrunpOeHKYpamMbl  QyIUIEpOTUPPOIUANHIE OKeIeTiH mpanc-4-ctunpbenkapbokcanbaeruariy  Ceo-Gyit-
nepenre [Ipato peaknusichl GOHBIHIIA IUKIOKOCBUTY PEaKIMsCHI 3epTTeNTeH. byl peakiusaa COHFbl OHIMHIH
IIBIFYBIHA 9Cep €TETiH HeTi3ri (akTop peakIHsUIBIK OPTAaHBIH TOMOTEHAUIIrT OoJbI TaObutansl. N-MeTHiI-2-
(4-crupundennn)-3,4-dymieponuppouAHHHIH €H JKOFapbl IIBIFRIMBI KCHIJION OPTachIHAA PEaKLHs XKYpPTisy
JKOHE PEeaKIMSUIBIK OPTaHbI KbI3IBIPY Ke3inzae Oaiikamansl. CHHTE3JereH KOCBUIBICTHIH Kypbutbickl UK-, VK-,
SIMP H sxome C cnekrpockonus aaicrepimen, connaii-ak COSY (*H-H) sxone HMQC (*H-13C) exi emmemai
CHEKTPJIEPiHIH JAepeKTepiMeH 3epTTeNreH. ANbIHFaH (yJUIEpONUPPOIUINHHIE AapalbFbl MEH Ta3ajbIFbl
JXKTCX rannay sl KoJiaHa OTHIPHII, aHbIKTaaFad. N-metii-2-(4-crupundennn)-3,4-GyuieponupponunHHIH
TY31iIyi 6encenai a30MeTHHIIMATEPAIH apalbIK Ty3imyi apKeutsl Ceo QyIuiepeHiHe TUMOIISIPIIBI KOCHIIBIC MeXa-
HHU3Mi GoiibIHIIA XYypeai. [luxaopMeran opracsiHaa N-metun-2-(4-crupundenn)-3,4-QymieponuppouanH
nou-N-BUHIIITHPPOINAOHMEH KOCYIBIH Cy/la epUTiH KOMIUIEKCHI ajbIHFaH. KoMImtekcTiH ¢ysepeHomppo-
mumuai [IBIT Tis6ekTepiMeH comoOmIn3aIusiIay *KoHe JIJaKTaM TOOBIHBIH (yJUIepeHIiK chepamMeH (u3uka-
JIBIK ©3apa OPEKETTECYl HOTIKECIHIE Maiija 60IaThIHBI KOPCETINITeH.

Kinm co30ep: dymnepen Ceo, mpanc-4-cTnib0eHKapOOKCaIbIeruA, capko3uH, Gyiuieponupponuaus, [Iparo
peaktmsicel, IMP-criekTpiiep, moin-N-BUHIIIIMPPOIHIOH, YITKOMIIOHEHTTI KOHICHCALIHSL.

A.E. Apunosa, O.A. Hypkenos, C./]. ®a3puios, T.M. CelinxaHos,
M.K. UbGpaes, C.K. Kabuesa, T.C. Omapon

Cunre3 u crpoenue N-meTnia-2-(4-crupuadennn)-3,4-pyrieponuppoananHa

Nzydena peaknus [2-+3 ] UKIONPUCOEAUHECHUS mpanc-4-cTrnbOeHKapOokcanpaeruna k Ceo-yuiepeHy mo pe-
axrmu [Iparo, mpuBosmIas K cTIiIbOeHCoIepkameMy dymieponupponuauny. [TokazaHo, 4T0 OCHOBHEIM (hak-
TOPOM, BIMSIOIINM Ha BBIXOJ KOHEYHOTO MPOLYKTa B 3TOH PEaKINy, SIBISIETCS TOMOTCHHOCTh PEaKIIHOHHON
cpenpl. HawGomnee BBICOKHH BBIXOJ N-MeTHI-2-(4-crupuindernn)-3,4-QyeponuppoiiiuHa HabroaaeTes
IpH IPOBECHIH PEaKIUH B Cpe/ie KCUIIOIA U HArPEBaHUN PEaKIMOHHON cpenbl. CTpOeHNEe CHHTE3HPOBAaHHOTO
coeMHEHNs uccnenoBano merogamu UK-, YO-, IMP 'H u 13C cnekTpockonuu, a Takke JaHHBIMHU JIBYMEp-
Heix criektpos COSY (*H-H) 1 HMQC (*H-3C). YuctoTa M MHAMBUyATbHOCTH TIOMy4EHHOTO (yIIIepOonHp-
pOJTH/IMHA POaHATU3HPOBaHbI ¢ mpuMeHeHneM BOXKX ananuza. O6pasosanue N-mertun-2-(4-crupundenn)-
3,4-pynneponuppoanarHa NpoTeKaeT no MexaHusmy 1,3-aunosnsipHoro npucoeanHenus k ¢pymiepeny Ceo ue-
pe3 mpoMeKyTouHOe 00pa3oBaHNE aKTHUBHBIX a30METHHWINIOB. [ToyueH BOZOpacTBOPUMBINH KOMILIEKC CO-
enunennst N-metun-2-(4-crupundennn)-3,4-pyureponupponnania ¢ nonu-N-BUHAITHPPOIUIOHOM B cpejie
quxinopmerana. [Toka3aHo, 9To oOpa3oBaHNEe KOMIUIEKCA MPOUCXOANT B pe3yibTare comobmm3anun ¢ymie-
permuppomuanHa nensvu [1BI1 n ¢pu3ndeckoro B3anMoAeHCTBHS JTaKTaMHOM TPpYTITH ¢ (yIuiepeHoBo che-
poii.

Knrouesvie cnosa: dynnepen Ceo, mpanc-4-ctuinbdeHKkapOOKcaIbIerH]], CapKko3KH, (QyUIepOIUPPOIIHINH, pe-
axuus [Ipato, IMP-criektp, monm-N-BHHIITHPPOIHIOH, TPEXKOMIOHEHTHAs KOHICHCAIIUSL.
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