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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 fullereneCy. The catalyst used was
Pd(acac),-PPh;-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),-
PPhs-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: fullereneCy,, 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 propertics 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 sifu 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.
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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. Theyieldsothydrazones (1-4) 45-95%.
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Next, we carried out for the first time the cyclic addition of diazoarylhydrazones (1-4) to fullerene Cs,
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 MnQ,. 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%.
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On the basis of the literature data, we give below a scheme-the proposed mechanism of cycloaddition
of diazomethane to Cs, involving Pd complexes. The likely mechanism of the catalytic action of the
phosphine complex Pd on the cycloaddition of diazomethanes to fullerene Cy, is based on the results of
numerous experiments [19, 20].

According to the data of the authors [19, 20], the oxidative addition of fullerene C¢, to the central
catalyst atom (Pd(PPh;),) proceeds to form the palladium of the cyclopropane complex CsPd (PPhs) (D),
which is confirmed by the presence of a single signal with a chemical shift 5p 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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The reaction of diazoarylaldehydes (1-4) with fullerene Cy, 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(C60-1Ih) [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-1y) [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-
I-yDbenzaldehyde 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. C;,H;7N;. 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;5N;0.
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;HsNy,. 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(Cg-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 Cs, 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 Cg, 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(Cqo-1},) [S,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(Cg-
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 ¢ OYJITEPEHT E THJTPA 30H/IA PJIBIH, ITAJIJIA VA
KOMILIEC TEPIMEH KA TAJI3AEHETIH IIAKJIOKOCBLTYEI

An”otanust. Makana Cg-dyieperre rujgpasoHAapAsl KaTaIUTHKAIBIK IMKIOKOCYMEH aHa MeTaHodyiuiepeHaep
CHHTE31HIH IIperapaTThl TUIM/I SJIICIH 3ipieyiHe apHanraH. KaTanmsaTtop peTiHje KOMIO3UIMSITHIK Karamusatop Pd(acac ),-PPhs-
AlEt; xommaupULipl. Peakrmsmap MnO, keMmeriMeH colkec albJETUATEPTIH TH/Pa30HAApPBIHBIH TOTHEFYBI HOTIDKECIHJE
OPBIHOACBHUTFaH JMa30MeTaH Iap/IbIH i1 Sifi TeHEPAIMSUIaHy Bl 9JCIH KOJJIaHy KaFJaiblH/a KYPriziyi. AybIcIanbl MeTalap/IblH
KOMIUIEKCTEPIHIH KOJJIaHBUTY bIMa30KOChUIBICTApIBIH ~ (y/UIEpeHTe IMKIOKOCHUTY PEAKIMSICHIH  KeKe MeTaHO(yIUIepeH e/
amyOarbITTRIHKAMTaMAachl3 eTe/l. ANJIBIMEH H30IPOINULIL CIMPT OPTAchIHAA THIPa3UHIUAPATTHIH apThIK MeJIIepi KaThICHIH/Ia
OpbIH OachiTraH GeH3aIbACTUATTEPMEH (CATMITU  albAeTUAl, S-CpoMcaTMIpuil amaerut, 4-MoppoluHOOEH3AMbACTH I, 4-
IHIEPUIUHOCH-3aTbIET U/ JopeKeTTeCYl HOTIXeciH/e OacTallkpl apuiTHApasoHap CHUHTE3l Kyprizimil. [luasoapunaibieru-
TepaiH gymrepeH Cgo-TieH apekertecTipy peakrusichH JKTCX apkpuisl Tekcepirin oTeIpsUapl. Pd(acac),-PPhs-AlEt; xatammsa-
TopeH 1:4:4 KaThICHIHAa KOMJaHy TeK KaHa MeTaHo-QyiuiepeHaepAiH 40-95% MBEFBIMMEH TY3UIyiHE OKeNeTIHIKOpPCETULIL.
ATBIEFaH MeTHOGYTIePEHICPIH KypErmbMEl SIMP'HemexTpo-ckoImaMe, KypaMEl MEH Ta3alBIFBl MAcC-CIIEKTPOMETDH
MALDI-TOF »xane JKTCX amictepiMer pactainran. MeraHoGyUIepeHHIH TY3LTy HIH MEXaHU3Mi TATKbHBLIAIBL.

Tyiiin cesnep: Cq-QyIUiepeH, apoMaTTHIK albIeTHATED, a30apUiIalible-THATEP, TMKIOKOCHUTY, KaTamusaTop Pd(acac),-
PPh;-AlEt;.
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KATAJIM3APYEMOE KOMILIEKCAMIA
HAJLIAUSIAKJIONPACOEJUHEHUE THIPA3ZOHOB K ®YJLTEPEHY Cq,

AnnHoTarust. CTarbd IOCBSINEHa pa3paCoTKe IIperiapaTUBHO yA0OHOro criocoba CHHTE3a HOBBIX MeTaHO(YIUIEPEHOB
KaTAIMTHYECKUM IIUKIIO TIPUCOEMHEHNEM THPpa30HoB K QyimiepenyCqo. B KauecTBe KaTaamusaTropa UCIIONb30BaIach KOMITOZUITHS
Pd(acac),-PPh;-AlEt;. Peaxiiiii TipoBOWUIMCH B YCIOBHMSIX TCHEPHPOBAHMS 3aMEIEHHBIX MA30METAHOBISIfY OKUCICHIEM
THJIPa30HOB COOTBETCTBYIONMX TBJETHIOB ¢ MOMOIIBI0 MnO,. Mcrnonp30BaHHe KOMIUIEKCOB IIEPEXO/HBIX METALIOB B 3TOH
PeaxIiy I03BOJISIET HAlIPABUTh ITUKJIONPUCOENHEHUENA30COEIMHEHNH K (yIIepeHaM B CTOPOHY IOy YeHUS MH/IUBU/TY &JIbHBIX
MeTaHOQyIIIepeHoB. BHavyale OCyIeCTBIEH CHHTE3 HCXOHBIXapUITH/[PA30HOB B3aUMO-/IEHCTBIEM 3aMEITIEHHBIX OeH3alIb/IerU-
JIOB (CAMITWIOBBIA aIbJICTH], S-GPOMCATMITIOBEIA ambaerui, 4-MopQoIHHO-OSH3aTbACTUA, 4-THMIepUIMHOCH3ATBIETUI) C
M30BITKOM THJIPA3UHIHIPaTa B cpejie M30IPOIIIIOBOTO CIMpTa. Peakiio B3auMo,IeHCTBYS Ua30apuiIaiberuoB ¢ GyLIepeHOM
Cgp xoHTpOMHpoBau MetogoM BOXKX. Tlokaszano, uTo ucmonb-30BaHue Katamusaropa Pd(acac),-PPhs-AlEt; B cooTHOMICHMMT
1:4:4 mpuBoaUT K 00pa30BAHUIO MUCKIIOUUTENHHO MeTaHO-(yiepeHoB ¢ Bhxogamu 40-95%. CocTaB M 4MCTOTA TOTYHYEHHBIX
MeTaHO(YIIIEPEHOB TI0TBEPA/ICHB JAHHBIMA Macc-cliekTpoMerpur MALDI-TOF u BOXKX, a cTpoerne - MetojoM SIMP'H-
crieKTpockonmu. O6cy kiaeTcs MexaHu3M 00pazoBaHus MeTaHo QyIuIepeHa.

Kitouebie ciioBa: Cg-yiuieper, apoMaTHyuecKuie ajbIer ujIbL,IMa30apuiiaibIerU/pbl, ITUKIONPUCOEMHEHNE, KaTaTu3aTop
Pd(acac),-PPhs-AlEt;.
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