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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
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CATALYZED BY PALLADIUM COMPLEXES
THE CYCLOADDITION OF HYDRAZONES TO FULLERENEC,

Abstract.The article is devoted to the development of a preparatively convenient method for the synthesis of
new methanofullerenes by the catalytic cyclo coupling of hydrazones to fullereneCq. The catalyst used was
Pd(acac),-PPhs-AlEt;. The reactions were carried out under conditions of generating substituted diazomethanes in
situ by oxidation of the hydrazones of the corresponding aldehydes with MnO,. The use of complexes of transition
metals in this reaction makes it possible to direct the cycloaddition of the diazo compounds to fullerenes towards the
production of individual methanofullerenes. Initially, the synthesis of the initial arylhydrazones by the interaction of
substituted benzaldehydes (salicylic aldehyde, 5-bromosalicyl aldehyde, 4-morpholino-benzaldehyde, 4-piperidine
benzaldehyde) with an excess of hydrazine hydrate in isopropyl alcohol was carried out. The reaction of the reaction
of diazoarylaldehydes with fullerene Cg, was monitored by HPLC. It is shown that the use of the catalyst Pd(acac),-
PPh;3-AlEt; in a ratio of 1:4:4 leads to the formation of exclusively methanofullerenes with yields of 40-95%. The
composition and purity of the methanofullerenes obtained are confirmed by MALDI-TOF and HPLC mass
spectrometry, and the structure by NMR'H spectroscopy. The mechanism of formation of methanofullerene is
discussed.

Keywords: fullereneCg, aromatic aldehydes, diazoarylaldehydes, cycloaddition, catalyst Pd(acac),-PPh;-AlEt;.

At present, the world science pays ever more attention to the prospects for the development of
fundamental and applied research in the field of chemistry of carbon clusters. The organic chemistry of
fullerene has acquired a special perspective and is developing [1,2]. The presence of a fullerene fragment
in the structure of compounds provides a significant improvement or appearance of qualitatively new
mechanical, chemical, physical, biological and other properties associated with the manifestation of
nanoscalefactors[3], immunomodulating [4], antioxidant [5], andothertypesofactivity. Functionalization of
fullerenes is mainly carried out using classical reagents and methods widely used in synthetic practice [6-
13]. We previously studied the reactions of the [2 + 3]-cycloaddition-the three-component condensation of
Ceo fullerene, N-methylglycine (sarcosine) and various functionally substituted aromatic aldehydes under
Prato reaction conditions, leading to the formation of new fulleropyrrolidines [14-17].

One of the most commonly used methods for the synthesis of practically important functionally
substituted fullerene derivatives has been and still is the reaction of carbon clusters with in situ generated
a-halocarbanions (the Bingel-Hirsch reaction) leading to methanofullerenes [18]. Along with this method
of synthesis of fullerocyclopropanes, a wide application in synthetic practice has found methods based on
cycloaddition to carbon clusters of diazocompounds.However, the main disadvantage of this reaction is its
low selectivity. Meanwhile, the use of transition metal complexes in this reaction makes it possible to
direct the cycloaddition of diazo compounds to fullerenes towards the production of individual
methanofullerenes.

— 26 ——
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In this connection, it seemed to us of interest to study the catalytic cycloaddition of
diazoarylhydrazones to C60-fullerene catalyzed by palladium complexes. Initially, we synthesized the
initial arylhydrazones by the interaction of substituted benzaldehydes (salicylic aldehyde, 5-bromosalicyl
aldehyde, 4-morpholinobenzaldehyde, 4-piperidine benzaldehyde) with excess hydrazine hydrate in
isopropyl alcohol medium with heating for 6-10 hours. Theyieldsofhydrazones (1-4) 45-95%.

R, R,
O
74 2-propanol
Ry &\ * H;N—NH; H0 ———> R, C=N—NH,
- “H,0 H
R R (14

R=R,=H, R,=—N ) (1); R=R,=H, R;= —N 0 (2);

R=OH, R,=R,=H (3); R=0H, R,=H, R,=Br (4)

Next, we carried out for the first time the cyclic addition of diazoarylhydrazones (1-4) to fullerene Cqgp
under the action of the three-component catalyst Pd(acac),-PPh;-AlEt; under the conditions of using the
procedure for the generation of substituted diazomethanes by oxidation of the corresponding aldehydes
with MnO,. The use of the catalyst Pd(acac),-PPh;-AlEt; in the ratio 1:4:4 leads to the formation of
methanofullerenes (5-8) with yields of 40-95%.

Mn02
Pd(acac),-4PPhs-4Et;Al

On the basis of the literature data, we give below a scheme-the proposed mechanism of cycloaddition
of diazomethane to Cg involving Pd complexes. The likely mechanism of the catalytic action of the
phosphine complex Pd on the cycloaddition of diazomethanes to fullerene Cg is based on the results of
numerous experiments [19, 20].

According to the data of the authors [19, 20], the oxidative addition of fullerene Cg, to the central
catalyst atom (Pd(PPh;),) proceeds to form the palladium of the cyclopropane complex CgPd (PPh;) (1),
which is confirmed by the presence of a single signal with a chemical shift 3p 25.23 m. e. in the 'H NMR
spectrum of the complex (I) obtained and the color change of the fullerene solution from violet-purple to
dark green. Further, diazomethane reacts with the complex (I) via a polarized Pd-C bond with the
simultaneous elimination of N, and the formation of intermediate fulleropalladiumcyclobutane (II), which
under the reaction conditions is transformed into the target methanofullerene (IIT) with regeneration of the
initial Pd complex.
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4PPh; + Pd(acac), + 4Et;Al

l-s-o ¢
C60
Pd(PPhs),
-2(PPh3)
AN PPh
9‘030 Pd’ +2(PPhy)
S e,

The reaction of diazoarylaldehydes (1-4) with fullerene Cgy under the action of the Pd(acac),-PPhs-
AlEtscatalyst was monitored by HPLC. The reaction products were analyzed on an Altex chromatograph
(model 330) (USA) with a UV detector at a wavelength of 313 nm. Figure 1 shows the chromatograms of

Compound (5) for the reaction time in 2 h and 4 h.
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Figure 1 - Chromatograms of compound (5): A - after 2 h; (B) - after 4 h
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The structure of the compounds obtained was studied using 1- (4- (piperidine) phenyl)-1aH-1(2)a-
homo(C60-1h) [5,6] fullerene (5) using mass spectrometry (MALDI-TOF/TOF). Mass spectra (5) contain
peaks of molecular ions with m / z 892.097 (calculated at 893.120) (Fig. 2).
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Figure 2 - Mass spectrum of 1-(4-(piperidine)phenyl)-1aH-(2)a-homo(Cqo-1;) [5,6] fullerene (5)

Thus, the synthesis was carried out and the catalytic cycloaddition of arylhydrazones to Cs fullerene
was carried out using the metal complex catalyst Pd(acac),-PPh;-AlEt;. It is shown that the use of the
catalyst Pd(acac),-PPh;-AlEt; in a ratio of 1: 4: 4 leads to the formation of exclusively methanofullerenes
with yields of 40-95%. The proposed method is based on the generation of diazoalkanes in situ by
oxidation of arylhydrazones with MnO, and using catalytic amounts of the palladium complex, the
reaction is carried out at room temperature in a solution of o-dichlorobenzene.

Experimental part

The "H NMR spectrum of compounds (5) was taken on a JEOLFX90Q spectrometer (90 and 22
MHz). The analysis of addition products was carried out by HPLC on an Altex chromatograph (model
330) (USA) with a UV detector at a wavelength of 313 nm. The components of the mixture were
separated on a metal column of 250x8 mm PLgel 100 A with sorbent grains 5 mkm at room temperature.
The mobile phase is toluene, the flow rate is 0.2 ml/min. Mass spectra were obtained on a MALDI-
TOF/TOF instrument.

1-(4-(Hydrazonomethyl) phenyl) piperidine (1). To a solution of 0.2 g (0.001 mol) of 4-(piperidin-
1-yl)benzaldehyde in 10 ml of 2-propanol, 0.25 g (0.005 mol) hydrazine hydrate. The reaction mixture
was heated at 70 °C for 3-4 h. The precipitate which formed was filtered off, washed with 2-propanol and
recrystallized from 2-propanol, 0.19 g (95%) of compound (1) was obtained, m.p. 155-156 °C. Found (%):
C, 70.95; H, 8.48; N, 20.72. C1,H;7;Nj3. Calculated (%): C, 70.90; H, 8.43; N, 20.67.

4-(4-(Hydrazonomethyl)phenyl)morpholine (2) was prepared analogously to compound (1) from 1
g (0.005 mol) of 4-morpholylbenzaldehyde and 1.3 g (0.026 mol) of hydrazine hydrate. 0.83 g (81%) of
the compound (2.23) is obtained, m.p. 159-160°C. Found (%): C, 64.42; H, 7.42; N, 20.52. C;;H;sN;O.
Calculated (%): C, 64.37; H, 4.37; N, 20.47.

2-(Hydrazonomethyl) phenol (3) was prepared analogously to compound (1) from 2 g (0.0164 mol)
of salicylic aldehyde and 4.1 g (0.082 mol) of hydrazine hydrate. 1 g (45%) of the compound (3.24) was
obtained, m.p. 82°C. Found (%): C, 61.80; H, 5.97; N, 20.63. C;HgNy. Calculated (%): C, 61.75; H, 5.92;
N, 20.58.

5-Bromo-2-(hydrazonomethyl) phenol (4) was prepared analogously to compound (1) from 1 g
(0.005 mol) of 5-bromo-2-hydroxybenzaldehyde and 1.24g (0.025 mol) of hydrazine hydrate. 0.6 g (56%)
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of the compound (3.25) is obtained, m.p. 247°C. Found (%): C, 39.15; H, 3.33; N, 13.08. C;H;N,OBr.
Calculated (%): C, 39.10; H, 3.28; N, 13.03.

1-(4-(piperidine)phenyl)-1aH-1(2)a-homo(Cgy-11,)[5,6]-fullerene (5). A solution containing 0.1 ml
(0.00278 mmol) of Pd(acac), in 0.4 ml of o-dichlorobenzene and 0.2 ml (0.00556 mmol) of PPh; in 0.42
ml of o-dichlorobenzene was charged to the glass reactor. In dry argon flow at -5°C and with stirring, 0.4
ml (0.01112 mmol) of Et;Al in 0.1 ml of toluene was added, while the color from slightly yellow to
slightly brown. 10 mg (0.0139 mmol) of Ce fullerene in 2 ml of chlorobenzene were added to the
obtained catalyst at room temperature, and the solution acquired a dark green color. 8.46 mg (0.0417
mmol) of 1-(4-(hydrazonomethyl)phenyl) piperidine were added to the resulting fullerene complex in 9.4
ml of CH,Cl, and in small portions 0.2 mmol of MnO,. After 1 hour, the reaction mass was treated with an
aqueous solution of 5% HCI, 7 ml of toluene was added and the organic layer was passed through a
column with a small amount of silica gel. The reaction products and the Cgy fullerene were separated by
preparative HPLC, eluent-toluene. The product was a brown powdered substance 11.4 mg (95%).

1-(4-(Morpholyl)-phenyl)-1aH-1(2)a-homo(Cqy-11,)[5,6]fullerene(6), 1-(4-(2-hydroxyphenyl)-1aH-
1(2)a-homo(C60-Ih)[5,6] fullerene (7) and 1-(4-(5-bromo-2-hydroxy-phenyl)-1aH-1(2)a-homo(Cgy-
1,)[5,6] fullerene (8) were prepared analogously to compound (5) and are brown powders with yields of
95%, 45% and 51%, respectively.

Source of research funding. The work was carried out with the financial support of the Science
Committee and the Ministry of Education of the Republic of Kazakhstan (grant No. AP05131054).
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C ®YJUIEPEHTE THAPA3OHIAPABIH MAJLIA A
KOMILIECTEPIMEH KATAJA3AEHETIH UKJIOKOCHLTYBI

AnHoramusi. Maxkana Cgo-¢QymaepeHre Truapa3oHIapAbl KaTaIUTHKANBIK IUKIOKOCYMEH aHa MeTaHO(yIJUIepeHaep
CHHTE31HIH IpernapaTThl THIMII SAiCiH a3ipieyiHe apHanraH. KaTann3atop peringe KoMNo3unusuIbIK katanusarop Pd(acac),-PPhs-
AlEt; xonpmansuinel. Peakmumsiap MnO, KeMeriMeH colKec albAErMATEPTIH THIPA30OHAAPBIHBIH TOTHIFYBl HOTHXKECIHJE
OpBIHOACKUTFaH ANA30METaHAAPIbIH in Situ TeHepalMsUIaHybl ICIH KOJIaHy JKaFIaibIHAa KYPrizingi. AybIcHanbl MEeTanaapIbiy
KOMIIIEKCTEPIHIH KOJIAAHBUTYbIIMa30KOChUIBICTAPIbIH  (yJUIEpEHre IMKIOKOCBUTYPEaKIMAChIH JKeKe MeTaHodysuiepeHaepai
Ay OarbITTHIHKAMTaMAaChI3 eTell. AJIABIMEH H3OINpPOIIl CIIUPT OpPTAchlHIAa THAPA3MHIUAPATTHIH apThIK MeJILIepi KaThICHIHIA
OpBIH OacbuTFaH OCH3aNBACTHUATTEPMEH (CATMLMII aJblIeruAl, S-OpoMcamuiminai angerun, 4-mop¢oianmHOOCH3aIbICTUA, 4-
MUICPUIMHOCH-3aJIBICTUT)IPEKETTeCY] HOTIKECIHAE O0acTanKpl apHiITHIpa3oHAap CHHTE3l >Kyprisinmi. Jluwazoapmmansperun-
tepaiy ¢ymrepen Cg-nieH opekerTecTipy peakusacsia KTCX apkpuis! Tekcepinin otsipsursl. Pd(acac),-PPhs-AlEt; karammsa-
TopbiH 1:4:4 KaThICBIHOAa KOJIaHy TeK KaHa MeraHo-¢yiuiepeHnaepiaid 40-95% mbIFBIMMEH Ty3UIyiHe OKeJeTiHIKepCeTuUIal.
Anbiaran  MeTHOGYIIEpeHAepaiH KypbubiMbl SIMP'HCIeKTpO-CKONMMAMEH, KypaMbl MEH TA3aNBIFBI MACC-CIICKTPOMETPHS
MALDI-TOF »xane XXTCX anicrepimen pactanran.MetanodyuiepeHHIH Ty3UTyiHIH MEXaHU3MI TaIKbIHBLUIA IbI.

Tyitin ce3gep: Coo-dyiuiepeH, apoMaTTHIK aNbIETHATED, TUa30apuiIanbie-TUATEpP, HUKIOKOChUTy, KaTtanu3aTop Pd(acac),-
PPh;-AlEt;.

C.J. ®asbinos’, O.A. Hypkenos', M.JK. Kypunor®, A.E. Apunosa’,
A.P. TyKTﬁpOBZ, AJK. Ucaesa', B.K. [llanxopa'

'MHcTHTyT Oprannueckoro cuuTesa n yriexumun PK, Kaparanma, Kasaxcran;
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KATAIM3UPYEMOE KOMIIVIEKCAMHU
HNAJUVTAAUANUKJIONPUCOEAMHEHUE THAPA3OHOB K ®YJIJIEPEHY Cqg

AnHotammsi. CraThsi NOCBAIIEHAa pa3pabOTKe MpenapaTHBHO yMOOHOro crocoba CHHTE3a HOBBIX METaHO(YIUICPEHOB
KaTATUTHYECKUM LIMKIIO TIPUCOCANHEHNUEM THAPa3oHOB K QyiiepeHyCqo. B KauecTBe KaTanusaropa UCHOJIb30BANIACH KOMIO3HULHS
Pd(acac),-PPh;-AlEt;. Peakuuym mpoBOOWINCE B YCIOBUSAX T'€HEPHPOBAHUS 3aMEIICHHBIX JHA30METAHOBINSifU OKUCICHUEM
THIPa30HOB COOTBETCTBYIONIMX albJICTHIOB ¢ momompio MnO,. Mcnons3oBaHne KOMIUICKCOB MEPEXOMHBIX METAIOB B 3TON
PEaKINHU TTO3BOJISICT HAIIPABUTh LUKJIONPUCOESIHHEHUEIHA30COeANHEHHH K (yJUIepeHaM B CTOPOHY IOJIyUYEHHS WHUBUITYaTbHBIX
MeTaHO(dyIUIepeHOB. BHavane ocylecTBIeH CHHTE3 MCXOIHBIXapHITHIPa30HOB B3aNMO-ICHCTBHEM 3aMEIICHHBIX OSH3albaeru-
OB (CalMIMIOBBIH aJbeTul, S5-OpOMCaIMIMIOBBIA anbaerus, 4-MopQoNnHO-OeH3aIbIeTH I, 4-IHIepHIMHOCH3aIbICTH) C
U30BITKOM THIPA3UHTUAPATA B CPEJIe H30MPOIMMIOBOrO CIIMPTA. Peakiyio B3aUMOACHCTBUS ANa30apUiIaIbAeriuIoB ¢ (GyuiepeHoM
Cgo koHTpOsHpoBasn Merogom BDXKX. Ilokas3ano, 4o ucmonb-30BaHue Karanusatopa Pd(acac),-PPh;-AlEt; B cooTHOmeHnu
1:4:4 mpuBOAWT K 00pPa30BAHUIO MCKIIOUHTEIBHO MeTaHO-(yiepeHoB ¢ Beixomamu 40-95%. CocTaB M 4MCTOTa MOMYYEHHBIX
MeTaHO(YIIepPEHOB TTONTBEPK/ICHBI JAHHBIME Macc-criektpoMerpit MALDI-TOF n BOXKX, a crpoenne - merogom SIMP'H-
cnektpockonun. O6cyxkaaeTcs MeXxaHn3M o0pa3oBaHUs METaHO(YIUICpEeHA.

KnioueBble cinoBa: Cgp-yuiepeH, apoMaTHuecKue aabIerHIbl, I1a30apiiIaibIeT b, IUKIONPHCOSANHEHHE, KaTaIn3aTop
Pd(acac),-PPh;-AlEt;.
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