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AHHOMauus

ITenu. H3yuums 2udpuposaHue 3ameuieHHblx S-ayun-1,3-0uokcaros 8 npucymecmauu MemaJsiio-
codepokauwux kamaauzamopos (Pt/Re, Pd/C, «Ni Ha kuzenveype», Ni/ Mo).

Memooeul. /s onpedesieHus KAUecCmeeHH020 U KOAUUeCMEEeHH020 COCMABA PEAKUUOHHbBIX MACC
6bLIU UCNONIL308AHBL cedyrouiue mMemoobl AHANU3A: 2A302KUOKOCMHAsL xpomamozpadpust (Ha
annapamHo-npoepamMmHom Komnaerce «Kpucmann 2000»), macc-cnekmpockonust (Ha npubope
Xpomamar-Kpucmann 5000M» ¢ 6a3oti NIST 2012), u cnekmpockonust s10epH020 MAZHUMHO20
pesornarca (SIMP-cnexmpockonust) (Ha npubope «BrukerAM-500» ¢ pabouumu uacmomamu 500 u
125 MT u).

Pesynomamel. ['udpuposaHuem 3ameweHHolx S-ayun-1,3-0uokcaros, noiyueHHblx KOHOeHCA-
yuell KapOOHUNBbHBLX coeOUHeHUT C NapagopMOM C UCNONL308AHUEM CEPHOU KUCOMbL, CUHMe-
3UPOBAHBL 2eMePOoYUKAUUECKUe CNUPMbL 8 NPUCYMCMEUU MEMAIOCO0epIKAULUX KAMAAUSA-
mopo8 ¢ KoHeepcuell UCxX00HbLX KemoHog 60-90% u cenekmueHOCmbl0 06pPa308AHUSL Uesle8blx
npooyxmos 70-90%. Bewecmaa npoaHaniusupo8aHsbl U 00KA3AHbL MEMOOAMU 2A302KUOKOCMHOU
xpomamoepaguu, macc-cnekmpomempuu u AMP-cnekmpockonuu.
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Bbleoosbl. YCmAHOE/MEHO, UMO JAYUWUM KAMAAUSAMOPOM EOCCMAHOBNEHUS. 3AMEULeHHBLX
5-ayun-1,3-0uorxcaros siensiemest Pd/ C, noszsonsowuli docmuub 8blCOKOU ceseKmusHocmu
06pas308aHUsL COOMBEMCMBYOUUX 2E6MEPOUUKNULECKUX CNUPMO8 NPU KOHBEPCUU UCXOOHbBLX
Kemoroe 60-90%.

Knroueevte cnoea: 2udpuposarue, 5-ayus-1,3-0uokcamsl, eemepoyuKiudeckue Cnupmsl Kama-
ausamopwt Pt/ Re, Pd/C, «Ni Ha kusenweype», Ni/ Mo
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Abstract

Objectives. To study the hydrogenation of substituted 5-acyl-1,3-dioxanes in the presence of
metal-containing catalysts (Pt/Re, Pd/C, Ni/kieselguhr, and Ni/ Mo).

Methods. In order to determine the qualitative and quantitative composition of the reaction
masses, the following analysis methods were used: gas-liquid chromatography (using the
Kristall 2000 hardware complex); mass-spectroscopy (using Chromatec-Kristall 5000M device
with NIST 2012); nuclear magnetic resonance (NMR) spectrometry (using Bruker AM-500 device
with operating frequencies of 500 and 125 MHz).

Results. Hydrogenation of substituted 5-acyl-1,3-dioxanes obtained by condensation of carbonyl
compounds with paraformaldehyde and sulfuric acid was used to synthesize heterocyclic
alcohols in the presence of metal-containing catalysts with a conversion of the initial ketones of
60-90% and a formation selectivity of target products of 70-90%. Substances were analyzed and
confirmed by gas-liquid chromatography, mass spectrometry and NMR spectroscopy.
Conclusions. The best catalyst for the reduction of substituted 5-acyl-1,3-dioxanes is Pd/C. By
using this catalyst, it is possible to achieve a high selectivity for the formation of the corresponding
heterocyclic alcohols at a conversion rate of the initial ketones of 60-90%.

Keywords: hydrogenation, 5-acyl-1,3-dioxanes, heterocyclic alcohols, catalysts Pt/Re, Pd/C,
Ni/ kieselguhr, Ni/ Mo
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BBEJEHHE

OxcumeTun-1,3-auokcanukaoaIkaHbl U UX TPO-
W3BOJIHBIC — MIPOCTHIC M CIOXKHBIC APUPBI, THOIHHUPHI
U Jp. IPUMEHSIOTCA B KaueCTBE MHTHOUTOPOB KOP-
pPO3UHU, XUMHUYECKHX CPEJICTB 3alIUThl PACTECHHH, a
TaKKe MPOSBIISIIOT Pa3IUYHYIO OHOJIOTMYECKYIO aK-
TUBHOCTH [1-3].

OCHOBHBIM METOJIOM TMOJIyY€HHs] CIHUPTOB, CO-
JepKaIMX IUKIOAleTalbHbI (parMeHT, SBISETCS
koHAeHcanus 1,1,1-TprokcuMeTHnankaHoB ¢ Kap0o-
HUJIBHBIMU coeuHeHusiMu [4, 5]. OqHaxo B psijie ciy-
4aeB HEOOXOAMMBI BTOPUYHBIC 1,3-IMOKCAIIUKIIOAI-
KaHOBBIE CITUPTHI, TIO3TOMY MPEIII0KEHO UX MOTydaTh
BOCCTAHOBJICHHEM KETO-TPYMIBI B S-anmi-1,3-muox-
caHax TuaApuAaMu MeTaioB [6]. B To ke Bpems s
MpernapaTuBHOTO CHHTE3a B IPOMBINIJICHHBIX YCIIOBU-
SIX 3TOT METOJ TUAPUPOBAHUS MAJOTIPUTOJICH.

B cBsi3u ¢ aTM B HacToslied paboTe M3ydeHO
reTepOreHHO-KaTaTUuTUUECKOE BOCCTAHOBJICHUE 3aMe-
HIEHHBIX 5-anui-1,3-1MoKcaHOB B MPUCYTCTBUH pa3-
JUYHBIX MeTautocoepxkamux karanuzaropos (Pd/C,
«Ni Ha kuzenbrype», Pt/Re, Ni/Mo).

MATEPHAJIBI 1 METO/bI

AHanu3 peaklMOHHBIX MacC M 3alMCh Macc-CIIeK-
TPOB COEIMHEHHMH OCYILECTBISUIM Ha alaparHo-IIpor-
paMvHOM  Komiviekce  «Xpomark-Kpuctamr  5000M»
(CKF «Xpomamaky, Poccus) c 6a3zoii
NIST 2012 (National Institute of Standards and
Technology, CIIA). YcnoBus aHanu3a: KamuuIsp-
Hasl KBapleBas KolOHKa JiuHOM 30 M, JUIMTEIbHOCTH
aHamm3a — 20 MMH, Temreparypa HCTOYHHUKA HOHOB —
260 °C, rtemmneparypa nepexoxHod muxuun — 300 °C,
muana3oH ckanupoBanmsi — 30-300 [la, naBnenme —
37-43 wmTopp, raz-HocuTenb — TeNHWi, CKOPOCTh
HarpeBa — 20 rpaa/muH. s moJrydeHus mMacc-Crek-
TPOB COEAMHEHUH HCIOJIb30BaIM METOJ MOHH3a-
WA JJIEKTPOHHBIM yAapoM (PHEpPTrUsi HOHHU3ALHUHU
70 5B). CnekTpsl fepHOT0 MarHUTHOTO pe30HaHca
(SIMP) 'H u "C peructpupoBaiu Ha CICKTPOMETPE
«Bruker AM-500» (Bruker Corporation, CIIA) c
pabounmu yacroramu 500 u 125 MI'11, COOTBETCTBEHHO;
pacteoputens — CDCl,. XumuuecKue CIBUTH NPUBE/IE-
HBI TI0 IIKae § (M.JI.) OTHOCHTEIBHO TETPaMETHIICHIIaHA
KaK BHYTPEHHETO craHaapTa. KOHCTaHThI CIIMH-CITUHO-
BOTO B3auMoJieiicTus (J) npuBeneHs! B [

Hcxonnpie keToHBI 1-5 OBUIM TIOTYYEHBI 110 paHee
TpeicTaBIeHHON MeTouke [7].

1(5-Mem-1,3-muokcan-5-wipranon 1. 77 = 99-101 °C
(3 mm pt cr). Becupernast sxumrocts. Crekrp SIMP 'H
(CDCL, 6, m.u): 092 ¢ (3H, CH,C), 2.22 ¢ (3H,
CH,CO), 3.45 n (2H, 2 CCH,, J = 11.6), 4.24 n (2H,
2 CCH,, J=11.6),4.70 n (IH, CHO, J = 6.1), 4.74 n

(1H, CH.O, J = 6.0). Cnexrp SIMP “C (CDCIl,, 6, m.1.):
18.28 (CH,C), 26.96 (CH,CO), 51.15 (C), 71.22
(2 CH,), 94.55 (CH,0), 208.92 (C=0).

Macc-cnexrp, m/z (I, %): 144 (2) [M7], 114 (30),
84 (10), 72 (40), 69 (50), 57 (30), 43 (100).

1-(5-Otun-1,3-guokcan-5-un)stanon 2.
r, =110-112 °C (3 MM PT. CT.). becuBeTHas >KUIKOCTb.
Cr[elcrp SIMP 'H (CDCL,, §, m.1.): 0.75 T (3H, CH, CH,
J=7.6), 1.48 ks 2H, CH,CH,, J = 7.6, 15.3), 225c(3H
CH,CO),3.57 1 (2H, 2 CC_HZ, J 11.5),4.32 1(2H,2 CCH,,
J = 11.5), 468 n (IH, CHO, J = 6.0), 488 n
(IH, CHO, J = 59). Cmexrp SIMP "“C (CDCIL,
6, wmnm): 778 (CHCH,), 2508 (CH,CH),
2698 (CH,CO), 51.10 (C) 7195 (2 CH),
94.17 (CH,0), 208.91 (C=0).

Macc-cnexrp, m/z (I, %): 158 (1) [M"], 128 (10),
99 (5), 83 (30), 71 (7), 67 (10), 57 (20), 43 (100).

1-(5-N3onponuin-1,3-guokcan-5-un)3Tanon 3.
T =129-131°C (3 mm pr. cT.). becuseTHas ®UAKOCTb.
Cl'[eKTp SIMP 'H (CDCl,, 8, m.1): 0.9 1 3H, CH,CH

= 7.0), 1.00 x (3H, CH,CH, J = 7.0), 1.63 m (2H

CH3@), 227 ¢ (3H, @SCO, 348 n (2H, 2 CCH,,
J =11.5), 434 n (2H, 2 CCH,, J = 11.4), 4.62 n
(IH, CHO, J = 6.0), 498 n (1H CHO, J = 6)
Coextp SMP 1C (CDCL, 3, m.n.): 16 02 (CH,CH),
26.94 (CH,CO), 29.29 (CH,CH), 51.18 (C), 71.76
(2 CH,), 94.12 (CH,0), 209.93 (C=0).

Macc-cnexrp, m/z (I, %): 158 (2) [M"], 12 (50),
110 (20), 99 (30), 86 (70), 83 (80), 71 (20), 57 (40),
43 (100).

1-(5-Metun-1,3-nuokcan-5-un)nponan-1-on 4.
T =129-131°C (3 mm pr. cT.). becuseTHas ®UAKOCTb.
CneKTp SIMP 'H (CDCl,, 8, m.1.): 1.05 T (3H, CH,CH,

=7.2), 133 ¢ (3H, CH,C), 2.25 k8 (3H, CH,CH;

J 7.5, 12.0), 3.46 1 (2H, 2CCH J=11.2),432 n
(2H, 2 CCH,, J = 11.0), 4.62 n (1H CHO, J = 6.0),
4.98 n (1H, C_H6O, J = 6.1). Criexrp SIMP *C (CDCI,
o, m.1.): 9.77 (CH,CH,), 16.33 (CH,C), 29.94 (CH CO),
51.13 (C), 73.76 (2 CH,), 94.12 (CH,0), 209.92 (C=0).

Macc-cnexrp, m/z (I, %): 158 (1) [M'], 110 (25),
99 (60), 86 (30), 83 (40), 71 (20), 57 (40), 43 (100).

(5-Metun-1,3-nuokcan-5-un)(penun)meranon S.
T = 156-157 °C (1 mm pr. cr.). becusernas *xun-
kocth. Cnextp SIMP 'H (CDCl,, 8, m.a.): 1.34 ¢ (3H,
CH)), 3.78 n 2H,2 CH,, J = 11.2), 4.44 n (2H, 2 CH,,
J = 11.3), 484 n (IH, CHO, J = 5.0), 498 n (1H,
CH.O, J=5.2), 7.4-7.8 m (5H, Ph-). Ciekrp SIMP "°C
(CDCL,, 8, m.1.): 18.93 (CH,), 47.56 (C), 73.34 (2 CH,),
91.91 (CH,0), 205.43 (C=0).

Macc-cnexrp, m/z (I, %): 206 (1) [M™], 188 (20),
176 (40), 108 (100), 87 (20), 81 (90), 55 (60).

O0mas MeToAMKA TUIPUPOBAHUA KeTOHOB 1-5

I[J'[S[ HUCCIICAOBaHUs IMpouecca THAPHUPOBAHUA
KETOHOB C TOJYYCHHEM CIUPTOB HUCIIOJIb30BaJINCh
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pacnpocTpaHeHHbIE W JOCTYIHBIE B HedTEXUMHUUE-
CKOM TPOMBIIIJICHHOCTH KAaTaJIUTHYECKHE CHCTEMBI
rugpomnpoieccos [8, 9].

B pabote wucmonp30BanvCh MPOMBIIIICHHO MO-
CTymHBIE KaTanu3atopbl: Pd, HaHeceHHBI Ha aKTHU-
BHPOBaHHBIA yToJIb, — Mapka kartaiuzaropa ITK-400
¢ comepkanuem Pd 2 wmac. % (Pedkunckuii kamanu-
samopHbll 3a600, Poccus); «Ni Ha KHU3EIbIype» —
OCHOBHOM KapOOHAT HUKEJIA Ha KU3eJIbIype ¢ J0OaBKOH
rpadpura (Cummes-Kaycmuk, Poccusi) ¢ comepxkaHu-
em Ni 45 mac. %; Pt/Re xaramuzaTtop, HaHEeCEHHBIH Ha
OKCHJl aJIOMUHHUA, Mapka Karanuzaropa Pb-44V
(Onxam, Poccust) ¢ comepkanueM Pt 0.25 mac. % wu
Re 0.4 mac. %; ondyrkrmonansHel Ni/Mo Karammsarop,
HAHECCHHBI Ha OKCHJ AJIFOMHHFSI, MapKa KaTalm3aropa
TK-743  (Xamwoop Tonce, Jlanus) c¢ comepKaHHEM
Ni 5 mac. % u Mo 25 mac. %).

HUcnonp3yembie KaTaJINTHYCCKHE CUCTEMEI
XOPOLIO 3apeKOMEHJ0BaNM ce0s MpU TUIPUPOBAHUU
npuMeceil aleTuiieHa U KapOOHHWIIBHBIX COEIMHEHUH,
B IIpoliecce TuApoKpekunra u ap. [8§—14] (tadxa. 1).

Jnst THAPUPOBAHUS MCIONB30BAIACH TPOTOYHAS
KaTanuTHueckass ycraHoBka «Karakon» (Kamakon,
Poccust), cocrosmas W3 METANIMYECKOTO PEeakTopa ¢
HarpeBaTeNIbHON pyOaIkoi, OHpeTKoW ISl ToJadu
CBIPBSI, aBTOMaTUIECKOTO HAcoca M OJIOKa yIpaBICHUS.
PabGoune mapaMeTpsl yCTaHOBKH: 00bEM pEaKIIMOH-
HOM 30HBI 15 cMm®, nuamaszon Temmeparyp 50-600 °C,
nasienue 10 100 atm.

B npotouHslii peaktop oobeMoM 15 cm? 3arpyxaiu
HeoOxonuMbli karanuzarop (Pd/C, «Ni Ha kuzensrypey,

Pt/Re, Ni/Mo). AKTHBanuIO KaTaJn3zaTopa MPOBOIIIN
B TOKe a3oTa uiau Bomopoaa mpu 350—450 °C. lanee
npu oxnaxzaeHuu peakrtopa 10 200 °C co cKOpoCThIO
0.27 mu/MuH TIofaBaiM 15 MII KETOHAa W BOIOPOX CO
ckopocThio 0.230 mur/muH. JlaBlieHWE yCTaHABIHWBAIH
Ha ypoBHe 8 aTm. [lomyueHHBIH KaTanu3ar oTQUIBTPO-
BBIBAJIU H yIIAPHBAJIH.

[lo maHHOW METOMWKE THIPUPOBAHUS MOTYUYCHBI
CJIeIyIOIINE CIIUPTHI:

1-(5-Metun-1,3-qnuokcan-5-umn)3Tanon 6.
T . = 105-106 °C (3 mm pr. ct.). becuseTnas xunu-
xocTb. Cnekrp SIMP 'H (CDCl,, 8, m.1.): 0.83 ¢ (3H,
CHC), 1.14 n 3H, CH,CH,, J = 6.5), 2.22 ¢ (3H,
CH,CO), 3.45 nn (2H, 2 CCH,, J = 11.4, 11.5), 3.75 n
(IH, CHOH, J = 11.4), 4.24 nn (2H, 2 CCH,, J = 11.6,
11.2), 470 n (1H, CH O, J = 6.1), 4.74 n (1H, CH.O,
J = 6.0). Cnextp SIMP “C (CDCIL,, 3, m.j1.): 14.28
(CH,0), 18.47 (CH,C), 26.96 (CH,CO), 39.66 (C),
69.44 (CH), 71.43 (CCH,), 71.92 (CCH,), 94.55
(CH,0).

Macc-cniexrp, m/z (I, %): 146 (2) [M], 98 (10),
86 (20), 72 (100), 57 (95), 43 (90).

1-(5-Otun-1,3-nuokcan-5-un)aranon 7.
T =122-123°C (3 MM pT. cT.). BecuBeTHas JKUAKOCTD.
Cnexrp SIMP 'H (CDCl,, 8, m.1.): 0.8 T (3H, CH,CH,
J=11.9), 1.15 n (1H, CH.CH, J = 6.5), 1.42-1.55 m
(2H, CH,CH)), 3.75 nn (2H, 2 CCH,, J = 11.7, 11.4),
3.88 1 (IH, CHOH, J = 11.6), 4.08 nn (2H, CCH,,
J=6.8,10.5),4.75 n (1H, CH O, J = 6), 4.85 n (1H,
CHO, J = 6.0). Cuexrp AMP “C (CDCL,, 3, m.11.):
8.49 (CH,CH,), 17.49 (CH,CH), 26.81 (CH,CH,),

Taomuna 1. OU3UKO-XUMUIECKUE U TEKCTYPHBIC XapaKTEPUCTHKH UCTIOIb3YEMbIX KATATUTHUECKUX CUCTEM
Table 1. Physicochemical and textural characteristics of the catalytic systems used

Karanauzarop
Catalyst
Iloxa3arenn
& Indicator Ni
«Ni Ha Ku3eJabrype» .
Pd/C Ni/kieselguhr Pt/Re Ni/Mo

Conepxanue Merania, mac. %
! Metal content, wt % 2 4 0.25-04 =25
o | Pasmep rpayi, Mu 2.8-5.5 4.0-5.0 1.6 1.5-3.0

Granule size, mm

3

3 | Hacemmas naotnocts, r/em 0.52-0.6 1.0-1.3 0.69-0.72 | 0.58-0.65

Bulk density, g/cm

2

4 YILCJ'I.I)HaH IUIOIIA/Th HOBZGPXHOCTI/I, m/r 230 230 170-210 130

Specific surface area, m%/g

Pa3smep wacturm meramia, HM
> | Metal particle size, nm 152 6-8 46 46

3

6 | OOvem nop, ewir 0.5 0.6 0.5 0.85-0.96

Pore volume, cm®/g
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37.74(C), 68.38 (CHOH), 73.46 (CCH,), 74.13 (CCH,),
94.05 (CH,0).

Macc-cniexrp, m/z (I, %): 160 (1) [M], 98 (10),
86 (60), 72 (100), 57 (95), 43 (90).

1-(5-U3onponun-1,3-quokcan-5-ui)sranon 8.
T =131-132°C (2 MM pT. cT.). BecrBeTHas KUIKOCTb.
Cnexrp SIMP 'H (CDCI,, 6, m.1.): 0.9 n (3H, CH,CH,
J=9.1),1.00 n (3H, CH, CH,J=7),1.27 n(1H, CH CH,
J=16.5),1.73-1.81 M(2H CH,CH), 3.72 nn (2H, CCH
J=6.0, 11.0), 4.00 1 (1H, C_HOH, J=11.6), 4.12 zl}:[
(2H, CCH,, J = 6.6, 11.5), 4.67 n (1H, CH O, J = 5.8),
4.88 1 (1H, CH O, J= 5.8). Cnextp SIMP "*C (CDCL,, 3,
m..): 16.02 (CH,CH), 19.27 (CH,CH), 26.91 (CH,CO),
39.17 (C), 68.44 (CHOH), 72.41 (CCH, ,), 712.66 (CCH, 5)s
94.14 (CH,0).

Macc-cnexrp, m/z (I, %): 160 (2) [M™], 72 (60),
57 (50), 45 (30), 43 (70), 39 (20), 32 (100).

1-(5-Merun-1,3-nuokcan-5-un)npomnan-1-om 9.
T =114-116 °C (2 mm pr. cT.). becupeTHas ) UIKOCTb.
CneKTp SIMP 'H (CDCl,, 8, m.z1.): 1.02 T (3H, CH,CH,,
J=175),1.33 ¢ (3H,CH,C),2.12 x (1H,CH , J = 80)
223 1 (1H,CH_, J=38.1), 3.98 1 (1H, CHOH J=11.4),
432 nn (4H, 2 C@z, J=11.0,7.0),4.77 n (1H, CH O,
J=6.0),4.94 n (1H, CHO, J = 6.1). Cnextp SIMP "“C
(CDCL,, 6, m.p.): 11.77 (CH,CH,), 16.35 (CH,C), 27.93
(CH,CO), 39.17 (C), 68.42 (CHOH), 72.47 (CCH, 5)s
74.61 (CCH, ,), 94.12 (CH,0).

Macc-cnexrp, m/z (I, %): 160 (1) [M™], 99 (60),
86 (80), 71 (40), 57 (70), 43 (100).

5-Metun-1,3-auokcan-5-un-(pennn)meranon 10.
T =163-165°C (1 mm pr. cT.). becupeTHas ) UIKOCTb.
Cnextp SIMP 'H (CDCI,, 6, m. 1.): 1.06 ¢ (3H, CH,),
3.79 nn (2H, CCH,, J=11.7, 11.4), 3.94 1 (1H, CHOH,

===

J=11.0),4.08 nn (2H, CCH,, J = 6.8, 10.5), 4.88 x (1H,

CHO, J=15.2),492 n (IH, CHO, J=52),72-78 m
(5H, Ph-). Cnekrp SAMP “C (CDCI,, 6, m.1.): 18.81
(CH,), 39.51 (C), 73.32 (2 CH,), 75.31 (CH), 91.94
(CH,0), 129.44-139.22 (Ph-).

Macc-cnexrp, m/z (I, %): 208 (1) [M"], 108 (100),
104 (60), 87 (20), 55 (60).

PE3VYJIBTATBI U UX OBCYXKJIEHUE

Panee [7] nHamu Ob1II0 IOKa3aHO, YTO B TOKE BOJIOPO-
Jia B IpUCYTCTBUM Katanuzaropa Pd/C S-anun-1,3-amok-
CaHbl BOCCTAHABIMBAIOTCS 10 COOTBETCTBYIOIIMX TeTe-
poLUKInIeckuX cuptoB. [Ipomomrkas aTu paboTHI, MBI
W3YYIIN THAPUPOBAHUE TETEPOLUKINICCKAX KETOHOB
1-5 B pUCYTCTBUU psiia TIPOMBIIUICHHBIX METaI0CO-
nepkamux Karaiamzatopos: Pd/C, «Ni Ha Ku3ensrypey,
Pt/Re wmu Ni/Mo.

Cpenu M3y4YeHHBIX KaTaau3aTopoB (Taln. 2) jiyd-
muii pesyasrar nokazan Pd/C, kotopelid ucmonab3yercs

O OH
R! R!
R2 + H2 R2
t
O 9) ca
1-5 6-10

RI*CH ,R*=CH, (1, 6), R'= C,H, R*=CH, (2, 7)
1C3H7,R CH 3, 8), RI*CH RZ*CH (4, 9)
RI*CH‘ R = Ph (5, 10)

Cxema 1. ['ugpupoBanue S-anun-1,3-T10KCaHOB.
Scheme 1. Hydrogenation of 5-acyl-1,3-dioxanes.

Tadnuna 2. I'mapupoBaHue 3aMeIIEHHBIX S-aiui-1,3-auokcaHoB 1-5 B NPUCYTCTBUM Pa3IMUYHBIX KaTalU3aTOPOB.
Venosus cunTesa: Temneparypa 200 °C, mpoIoKUTENBHOCTL peakiuy 1 4, MosbHOe cooTHomenue keton/H, =1 : 6

Table 2. Hydrogenation of substituted 5-acyl-1,3-dioxanes 1-5 in the presence of various catalysts.
Synthesis conditions: 200 °C, reaction time = 1 h, molar ratio of ketone/H, =1:6
Karaausarop / Catalyst
Hcxonnbie IIponyKThI
coeTHHEHHUSI peaxuuu Pd/C Pt/Re «Ni Ha Ku3eJabrype» Ni/Mo
Starting Reaction Ni/kieselguhr
compounds products
K* % S* % K, % S, % K, % S, % K, % S, %
1 6 80 98 70 95 50 85 40 95
2 7 90 95 50 95 40 80 40 90
3 8 80 95 40 95 30 80 20 95
4 9 60 95 50 80 30 60 30 80
5 10 65 95 40 70 25 75 20 70

Ipumeuanue: K — xouBepcus, %; S — CEIEKTUBHOCTD, %o.
Note: K is a conversion, %; S is a selectivity, %.
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B Iponeccax BOCCTAHOBJICHHUA HCHPEACIBbHBIX W Kap-
OoHWIBHBIX coenuHeHuit [15—19]. Koneepcus Ha Pt- u
Ni-karanuzaropax B 1.5-2.5 pasza HWXe, TOraa Kak
CEJIEKTHBHOCTH BO BCEX CIIydasx cocraBisieT bomnee 70%.

Ha xonBepcuto keToHOB 1-5 Takke BIUSIOT 3aMe-
CTUTEIHN C Pa3HbIM CTPOCHHEM y KapOOHWIBHOH TpyI-
mel U B 5-OM MOJIOKEHUH 1,3-AMOKCAaHOBOIO IIMKIIA.
OTunbHbIA U GeHuwnTbHBINH pagukansl y C=0O rpynmbl
CHIDKAIOT KOHBEPCHUIO COeAMHEHUH 4 U 5. AKTMBHOCTh
KETOHOB 2 U 3, cofepKalux B 5-0M MOJI0KEHUHU ITHIIb-
HYIO WA H30IPONUIBHYIO TPYINIbl, HE3HAYUTEIHHO
YMEHbIIACTCA IO CPABHEHUIO C MNPOU3BOAHBIM METHII-
STUIKEeTOHA 1.

OTMeTHM, 4TO MPH TUAPUPOBAHUH KETOHA 5 HE 00-
Hapy>KeHO MPOAYKTOB MOJIHOI0 WM YaCTUYHOIO BOCCTA-
HOBJIEHMM apOMaTHYECKOro spa.

3AK/IIOYEHUE

I'eteporennsiii karanuzarop Pd/C mosBonser Boc-
CTaHOBUTH S-alni-1,3-IMOKCcaHbl O COOTBETCTBYIOMIMX
CIHPTOB C CENEKTHBHOCTHIO Oosee 95%. Karanuzaropsl,
cozxepykamie Ni B 9TOM IIpoIiecce, CyIeCTBEHHO MEHEe
AKTHBHBI.

Bnazooaprocmu
Hcenedosanue nposoounocs npu Gunancosoi nodoepiic-
Ke KOHKYPCA TUOEPCKUX npoekmos Y pumcroeo eocyoapcmeen-
HO20 Hepmano2o mexuuueckoeo ynusepcumema na 2022 200
No 15-2-22.

CIIUCOK JIMTEPATYPbBI

1. Uneubumopwr xopposuu: 8 2 1. T. 2. Tadapos H.A.,
Kymmapenko B.M., byraii [I.E. Juacnocmuxa u 3awuma om
KOppOo3ull 00 HANPsIiCEeHUeM Hepme2azonpomvlcioso2o 000-
pyoosanus. M.: Xumust; 2002. 367 c.

2. Yakovenko E.A., Baimurzina Yu.L., Raskil’dina G.Z.,
Zlotskii  S.S. Synthesis and herbicidal and antioxidant
activity of a series of hetero- and carbocyclic derivatives of
monochloroacetic acid. Russ. J. Appl. Chem. 2020;93(5):712-720.
https://doi.org/10.1134/S1070427220050122

3. Ky3emuna VY.II., Packunpauna I'.3., Ummerosa J[.B.
CaxabyrounoBa [.H., J[xymaes IILII., Bopucosa IO.I,
Baxutopa 10.B., 3morckmit C.C. ILluroTokcmdueckas
AKTHBHOCTD TETEPOIMKIMISCKAX COSIUHEHHH, COAEPIKAIINX
2eM-TXJIOPLUUKIIONPOIIaHOBBIH W/iimH 1,3-THOKCaluKII0aIKa-
HOBBII (DparMeHTbl, B OTHOIIEHWHU KieToK JuHuH SH-SYSY.
Xumuro-gpapmayesmuueckuit  ocypnan. 2021;55(12):27-32.
https://doi.org/10.30906/0023-1134-2021-55-12-27-32

Acknowledgments
The study was supported by Ufa State Petroleum
Technological University Leadership Project Competition for
2022, No. 15-2-22.

Bxnao aemopoe

A.H. MycuH — TpOBEICHUE MHCCIIENOBaHUH, 0030p
yOIUKAIUi 10 TEME CTaThu;

FO.I'. Bopucoea — cb6op u 00paboTka marepuaa,
HalMCaHUEC TEKCTAa CTaTbH,

I'.3. PackunsluHa — ctatucTHueckas oo6paboTka;

A.P. laenemwuH — 06paboTKa Marepuana;

P.P. lamuHees — KOHCYIBTAIlMH TI0 BOMIPOCaM IJIaHH-
PpOoBaHuA, METOAOJIOTHUH U PCATU3aIIUN UCCIICTOBAHUS,

C.C. 3nomckuii — pa3paboTKa KOHLENIINHE Hay9IHOI
paboThI, KPUTHUYCCKUI TIEPECMOTP ¢ BHECEHUEM IICHHOTO HH-
TCIUICKTYaJIbHOI'O COACPKaAHUA.

Authors’ contributions

A.I. Musin — conducting research, literature review on
the topic of the article;

Yu.G. Borisova — collection and processing of the
material, writing the text of the article;

G.Z. Raskil’dina — statistical processing;

A.R. Davletshin — processing of the material;

R.R. Daminev - consultation on planning,
methodology, and research implementation;

S.S. Zlotskii — development of the concept of
scientific work, critical revision with the introduction of
valuable intellectual content.

Aemopvi 3aa61410m 00 OMCYMCMEUL KOHPAUKMA UHMEPECO8.

The authors declare no conflicts of interest.

REFERENCES

1. Gafarov N.A., Kushnarenko V.M., Bugai D.E.
Ingibitory korrozii: v 2t. T. 2. Diagnostika i zashchita ot korrozii
pod napryazheniem neftegazopromyslovogo oborudovaniya
(Corrosion Inhibitors: in 2 v. V. 2. Diagnostics and Protection
against Corrosion under Stress of Oil and Gas Equipment).
Moscow: Khimiya; 2002. 367 p. (in Russ.).

2. Yakovenko E.A., Baimurzina Yu.L., Raskil’dina G.Z.,
Zlotskii S.S. Synthesis and herbicidal and antioxidant
activity of a series of hetero- and carbocyclic derivatives of
monochloroacetic acid. Russ. J. Appl. Chem. 2020;93(5):712-720.
https://doi.org/10.1134/S1070427220050122

3. Kuz’mina, U.S., Raskil’dina, G.Z., Ishmetova, D.V.,
et al. Cytotoxic activity against SH-SY5Y neuroblastoma
cells of heterocyclic compounds containing gem-
dichlorocyclopropane and/or 1,3-dioxacycloalkane fragments.
Pharm.  Chem. J. 2022;55(12):1293-1298. https://doi.
org/10.1007/s11094-022-02574-6

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(3):201-209

206


http://2. Yakovenko E.A., Raskil’dina G.Z., Zlotskii S.S., Baimurzina Y.L.
https://doi.org/10.1134/S1070427220050122
https://doi.org/10.30906/0023-1134-2021-55-12-27-32
https://doi.org/10.1134/S1070427220050122
https://doi.org/10.1007/s11094-022-02574-6
https://doi.org/10.1007/s11094-022-02574-6

A.A. MycuH, I0.I'. Bopucosa, I'.3. PackuAbaHHa H Ap.

4. MakcumoB A.JIL., Hexaes A.U., Pamazanos J[.H. Ilpo-
cTble 3(OUPBI U alleTadH — MEPCIeKTHBHBIE MPOIYKTHI HedTe-
XHUMHH 13 BO30OHORJISIEMOTO ChIpbst. Heghmexumust. 2015;55(1):3-24.
https://doi.org/10.7868/S0028242115010104

5. Samoilov V., Goncharova A., Zarezin D., Kniazeva M.,
Ladesov A., Maximov A. Bio-based solvents and
gasoline components from renewable 2,3-butanediol and
1,2-propanediol: synthesis and characterization. Molecules.
2020; 25(7):1723. https://doi.org/10.3390/molecules25071723

6. Zlotskij S.S., Lesnikova E.T., Rachmankulov D.L.,
Timpe H.-J. Synthese von 5-Hydroxyalkyl- und 5-Alkenyl-
1,3-dioxanen. Z. Chem. 1990;30(8):281-282. https://doi.
org/10.1002/zfch.19900300804

7. bopucosa IO.I., Mycun A.U., SAxynos H.B.,
Packunpauna I.3., Jamunes P.P., 3norckmii C.C. ['mapuposa-
HUE 3aMEMICHHBIX 5-anni-1,3-1M0KCaHOB B MPUCYTCTBUU Ka-
tanuzaropa Pd/C. JKypu. ooweut xumuu. 2021;91(9):1328-1332.

8. Tonocman E.3., E¢ppemon B.H. [TpombliiieHHbIC KaTa-
JIM3aTOPBI TUAPHPOBAHUS OKCUIOB yriepoaa. Kamanus ¢ npo-
morunennocmu. 2012;(5):36-55.

9. Oosthuizen R.S., Nyamori V.O. Carbon nanotubes
as supports for palladium and bimetallic catalysts for use in
hydrogenation reactions. Platinum Metals Rev. 2011;55(3):154—169.
https://doi.org/10.1595/147106711X577274

10. Khazipova A.N., Grigor’eva N.G., Korzhova L.F,,
Kutepov B.I. Hydrogenation of a-methylstyrene linear dimers
in the presence of Pd- and Ni-containing catalysts. Russ. J.
Appl. Chem. 2009;82(6):1065—-1069. https://doi.org/10.1134/
S1070427209060251

11. Muponenko P.M., JlaBpenos A.B. Ouepk mmo nuctopuu
KaTaJIUTHIECKOTO THAPUPOBAHMUS OPTaHUUECKUX COCIHMHEHUH.
Or II. Cabarse o B.H. UnarbeBa. Kamanusz 6 npomviuiien-
nocmu. 2021;21(4):259-273. https://doi.org/10.18412/1816-
0387-2021-4-259-273

12. Kapumor O.X. OuuncTtka u30mpeHa OT aleTHUICHO-
BBIX ITpUMeceil Ha HUKENIeBOM Karanu3zarope. [Ipomviutiennoe
nPoOU3B00CME0 U UCHONb308aHUe dnacmomepos. 2019;(1):3-5.
https://doi.org/10.24411/2071-8268-2019-10101

13. benwrit A.C., CmonukoB M.J., Kupssaos J.1.,
Vapac U.E. CoBpemeHHBIE MPEACTABICHUS O COCTOSHHUH
TUTATUHBI B HAHECEHHBIX KaTaJIu3aTopax AJisl MPOU3BOACTBA
MOTOPHBIX TOMIUB. Poccutickuti Xumuueckuti Kypnan.
2007;51(4):38-47.

14. Munnas-Aroprio M., Pamupec T., bepmymec K.M.,
Tlypon I, Munmmna XK.JI. Kamawuzamop nepepabomiu msiice-
JbIx Heghmetl u cnocod e2o npueomosinenust: Ilat. W0O2017018905.
Application number PCT/RU20 15/000546. Publ. 02.02.2017.

15. Kaluza L. Activity of transition metal
sulfides supported on AlO,, TiO, and ZrO, in the
parallel hydrodesulfurization of 1-benzothiophene and
hydrogenation of 1-methyl-cyclohex-1-ene. React. Kinet.
Mech. Cat. 2015;114(2):781-794. https://doi.org/10.1007/
s11144-014-0809-9

16. Touchy A.S., Hakim Siddiki S.M., Kon K.,
Shimizu K. Heterogeneous Pt catalysts for reductive
amination of levulinic acid to pyrrolidones. ACS Catalysis.
2014;4(9):3045-3050. https://doi.org/10.1021/CS500757K

17. Ilaposa E.C., ®anee C.A., MBanumna D.J1.,
T'erarazosa M.C., ITony6ospues [1.C., KpaBuos A.B. [luHa-
MHKa CBOWCTB Pt-kaTanu3aTtopoB pudOpMHUHTa B MPOIECCE
MPOMBIIICHHOW dKCIUTyatauuu. Kamaauz ¢ npomviuuien-
nocmu. 2013;(3):48-53.

18. Mao Z., Gu H., Lin X. Recent advances of
Pd/C-catalyzed reactions. Catalysts. 2021;11(9):1078.
https://doi.org/10.3390/catal11091078

[Original Russian Text: Kuz’mina, U.S., Raskil’dina, G.Z.,
Ishmetova, D.V., et al. Cytotoxic activity against SH-SY5Y
neuroblastoma cells of heterocyclic compounds containing
gem-dichlorocyclopropane  and/or  1,3-dioxacycloalkane
fragments. Khimiko-Farmatsevticheskii Zhurnal.
2022;55(12):27-32 (in Russ.). https://doi.org/10.30906/0023-
1134-2021-55-12-27-32]

4. Maximov A.L., Nekhaev A.l., Ramazanov D.N.
Ethers and acetals, promising petrochemicals from renewable
sources. Pet. Chem. 2015;55(1):1-21. https://doi.org/10.1134/
S0965544115010107

[Original Russian Text: Maximov A.L., Nekhaev A.lL,
Ramazanov D.N. Ethers and acetals, promising petrochemicals
from renewable sources. Neftekhimiya. 2015;55(1):3-24 (in
Russ.). https://doi.org/10.7868/S0028242115010104]

5. Samoilov V., Goncharova A., Zarezin D., Kniazeva M.,
Ladesov A., Maximov A. Bio-based solvents and
gasoline components from renewable 2,3-butanediol and
1,2-propanediol: synthesis and characterization. Molecules.
2020; 25(7):1723. https://doi.org/10.3390/molecules25071723

6. Zlotskij S.S., Lesnikova E.T., Rachmankulov D.L.,
Timpe H.-J. Synthese von 5-Hydroxyalkyl- und 5-Alkenyl-
1,3-dioxanen. Z. Chem. 1990;30(8):281-282. https://doi.
org/10.1002/zfch.19900300804

7. Borisova Y.G., Musin A.l, Yakupov N.V,
Daminev R.R., Zlotskii S.S. Pd/C-catalyzed hydrogenation
of  substituted S-acyl-1,3-dioxanes. Russ. J. Gen.
Chem.  2021;91(9):1619-1622.  https://doi.org/10.1134/
S1070363221090036

8. Golosman E.Z., Efremov V.N. Industrial catalysts for
the carbon oxides hydrogenation. Kataliz v promyshlennosti =
Catalysis in Industry. 2012;(5):36-55 (in Russ.).

9. Oosthuizen R.S., Nyamori V.O. Carbon nanotubes
as supports for palladium and bimetallic catalysts for use in
hydrogenation reactions. Platinum Metals Rev. 2011;55(3):154-169.
https://doi.org/10.1595/147106711X577274

10. Khazipova A.N., Grigor’eva N.G., Korzhova L.F,,
Kutepov B.I. Hydrogenation of a-methylstyrene linear dimers
in the presence of Pd- and Ni-containing catalysts. Russ. J.
Appl. Chem. 2009;82(6):1065—-1069. https://doi.org/10.1134/
S1070427209060251

11. Mironenko R.M., Lavrenov A.V. An essay
on the history of catalytic hydrogenation of organic
compounds. From P. Sabatier and V.N. Ipatieff to the
present days. Kataliz v promyshlennosti = Catalysis in
Industry. 2021;21(4):259-273 (in Russ.). https://doi.
org/10.18412/1816-0387-2021-4-259-273

12. Karimov O.Kh. Purification of isoprene from
acetylene impurities on the nickel catalyst. Promyshlennoe
proizvodstvo i ispol’zovanie elastomerov = Industrial
Production and Use Elastomers. 2019;(1):3=5 (in Russ.).
https://doi.org/10.24411/2071-8268-2019-10101

13. Belyi A.S., Smolikov M.D., Kir’yanov D.I,
Udras L.E. Modern views on the state of platinum in
supported catalysts for production of motor fuels. Russ. J.
Gen. Chem. 2007;77(12):2243-2254. https://doi.org/10.1134/
S1070363207120298

[Original Russian Text: Belyi A.S., Smolikov M.D.,
Kir’yanov D.I., Udras L.LE. Modern views on the state of
platinum in supported catalysts for production of motor fuels.
Rossiiskii Khimicheskii Zhurnal. 2007;51(4):38-47 (in Russ).]

14. Millan-Agorio M., Ramires T., Bermudes J.M.,
Puron G., Pinilla J.L. Crude oil refining catalyst and method of
producing same: Pat. Application number PCT/RU20 15/000546.
Publ. 02.02.2017.

Toukue xuMmudeckue TexHosoruu = Fine Chemical Technologies. 2022;17(3):201-209

207


https://doi.org/10.7868/S0028242115010104
https://doi.org/10.3390/molecules25071723
https://doi.org/10.1002/zfch.19900300804
https://doi.org/10.1002/zfch.19900300804
https://doi.org/10.1595/147106711X577274
https://doi.org/10.1134/S1070427209060251
https://doi.org/10.1134/S1070427209060251
https://doi.org/10.18412/1816-0387-2021-4-259-273
https://doi.org/10.18412/1816-0387-2021-4-259-273
https://doi.org/10.24411/2071-8268-2019-10101
https://doi.org/10.1007/s11144-014-0809-9
https://doi.org/10.1007/s11144-014-0809-9
https://doi.org/10.1021/CS500757K
https://doi.org/10.3390/catal11091078
https://doi.org/10.30906/0023-1134-2021-55-12-27-32
https://doi.org/10.30906/0023-1134-2021-55-12-27-32
file:///D:\ТХТ\ТХТ%202022.3\Мусин\Ethers%20and%20acetals,%20promising%20petrochemicals%20from%20renewable%20sources.%20Pet.%20Chem.%202015;55(1):1–21
file:///D:\ТХТ\ТХТ%202022.3\Мусин\Ethers%20and%20acetals,%20promising%20petrochemicals%20from%20renewable%20sources.%20Pet.%20Chem.%202015;55(1):1–21
https://doi.org/10.1134/S0965544115010107
https://doi.org/10.1134/S0965544115010107
https://doi.org/10.7868/S0028242115010104
https://doi.org/10.3390/molecules25071723
https://doi.org/10.1002/zfch.19900300804
https://doi.org/10.1002/zfch.19900300804
https://doi.org/10.1134/S1070363221090036
https://doi.org/10.1134/S1070363221090036
https://doi.org/10.1595/147106711X577274
https://doi.org/10.1134/S1070427209060251
https://doi.org/10.1134/S1070427209060251
https://doi.org/10.18412/1816-0387-2021-4-259-273
https://doi.org/10.18412/1816-0387-2021-4-259-273
https://doi.org/10.24411/2071-8268-2019-10101
file:///D:\ТХТ\ТХТ%202022.3\Мусин\Russ.%20J.%20Gen.%20Chem.%202007;77(12):2243–2254
file:///D:\ТХТ\ТХТ%202022.3\Мусин\Russ.%20J.%20Gen.%20Chem.%202007;77(12):2243–2254
https://doi.org/10.1134/S1070363207120298
https://doi.org/10.1134/S1070363207120298

IT'eTeporeHHO-KaTaAHTHYECKOE BOCCTAaHOBAEHHE 3aMEIIleHHBIX S-anHua-1,3-aAHOKCaHOB

19. Du R., Zhu C., Zhang P., Fan R. Seclective 15.Kaluza L. Activity of transition metal sulfides supported
hydrogenation of aromatic aminoketones by Pd/C catalysis. on AlL,O,, TiO, and ZrO, in the parallel hydrodesulfurization
Synthetic ~ Communications.  2008;38(17):2889-2897. of 1-benzothiophene and hydrogenation of 1-methyl-cyclohex-
https://doi.org/10.1080/00397910801993719 -1-ene. React. Kinet. Mech. Cat. 2015;114(2):781-794. https://

doi.org/10.1007/s11144-014-0809-9

16. Touchy A.S., Hakim Siddiki S.M., Kon K., Shimizu K.
Heterogeneous Pt catalysts for reductive amination of levulinic
acid to pyrrolidones. ACS Catalysis. 2014;4(9):3045-3050.
https://doi.org/10.1021/CS500757K

17. Sharova E.S., Faleev S.A., Ivanchina E.D.,
Gingazova M.S., Poluboyartsev D.S., Kravtsov A.V.
Dynamics of properties of Pt-reforming catalysts in industrial
operation. Kataliz v promyshlennosti = Catalysis in Industry.
2013;(3):48-53 (in Russ).

18. Mao Z., Gu H., Lin X. Recent advances of
Pd/C-catalyzed reactions.  Catalysts. 2021;11(9):1078.
https://doi.org/10.3390/catal 11091078

19. Du R., Zhu C., Zhang P, Fan R. Seclective
hydrogenation of aromatic aminoketones by Pd/C catalysis.
Synthetic Communications. 2008;38(17):2889-2897. https://
doi.org/10.1080/00397910801993719

06 aemopax:

Mycun Ailipam Hnvoapoeuu, acnvpanT Kadeapbl oOLIEH, aHAIMTUYECKOH M mpukmaaHoi xumuu, PTBOY BO
«Y uUMCKHii TOCYIapCTBEHHBIN HE(TSIHON TEXHHMYECKHI YHUBEpcHTET», Gunuai B T. Crepnuramak (453118, Poceust, . Crepnuramak,
np-t  Okrsa0ps, xa. 2). E-mail: musin 1995@list.ru.  ResearcherID R-9142-2016, SPIN-xom PHHIL 9573-4624,
https://orcid.org/0000-0002-8662-9680

Bopucoea FOnuanna 'eHHa0be8Ha, K.X.H., IPENoaaBarTeib Kadeapsl 00IIel, aHaTUTHIECKOM U IIPUKIAIHON XUMUH,
OI'BOY BO «Ydumcknii rocyrapcTBeHHbI HEPTSIHOH TexHudeckuii yHuBepcuret» (450064, Poccus, . Ya, yn. Kocmonas-
TOB, A. 1). E-mail: yulianna_borisova@mail.ru. Scopus Author ID 56526865000, ResearcherID P-9744-2017, SPIN-kon PIUHI]
3777-0375, https://orcid.org/0000-0001-6452-9454

Packunsouna I'ynonapa 3unypoeHa, 1.x.H., npodeccop Kapeapsl 0OmIIEH, aHaTUTHIECKON U NPUKIAIHON XUMUH,
OI'BOY BO «Yumckuii rocymapcTBeHHbId HeTsIHOM TexHUYeckuil yHuBepcuret» (450064, Poccus, . Ya, yn. Kocmonagros,
1. 1). E-mail: graskildina444@mail.ru. Scopus Author ID 56069888400, ResearcherID F-1619-2017, SPIN-kox PUHII 2183-3333,
https://orcid.org/0000-0001-9770-5434

Haenemwun Apmyp Paucoeuu, n.1.H., npodeccop kadenps! texHogorun Hedru u raza, PI'bOY BO «VY pumcknii
TOCYIapCTBEHHBIN HeTSIHOM TexHnueckuit yausepcurer» (450064, Poceust, . Ya, yi. KocMonagros, 1. 1). E-mail: davletshinar@list.ru.
Scopus Author ID 39261319400, Researcher]D AGQ-4852-2022, SPIN-kox PUHIL 7531-4771, https://orcid.org/0000-0003-4284-5880

Hdamunee Pycmem Pugpoeuu, jn.1.H., npodpeccop, rupexrop MHCTHTYTa HePTEra30BOro MHKHHUPUHTA M IHAPPOBBIX
texnonoruit ®I'bOY BO «Ydumckuil rocynapcTBeHHbll He(TaHONH TexHuueckuil yHusepcureT» (450064, Poccus, r. Yia,
yi1. Kocmonaros, a. 1). E-mail: daminew@mail.ru. Scopus Author ID 15026168000, SPIN-xon PHWHIIL 3431-0901,
https://orcid.org/0000-0001-8673-5240

3nomckuii Cemern ConomoHoeuwu, 1.X.H., 3aBeAyIOIHi Kapeapoil oOmel, aHAIUTHIECKOM U MPHKIATHON XMMUH
OI'BOY BO «Ydumcknii rocynapcTBeHHBIN HeQTIHONW TexHHYecKnid yHHBepcuteT» (450064, Poccus, . Ya, yin. Kocmonasros,
1. 1). E-mail: nocturne@mail.ru. Scopus Author ID 6701508202, ResearcherID W-6564-2018, SPIN-kon PMHI[ 6529-3323,
https://orcid.org/0000-0001-6365-5010

About the authors:

Airat I. Musin, Postgraduate Student, Department of General, Analytical and Applied Chemistry, Ufa State Petroleum
Technological University, Branch in Sterlitamak (2, Oktyabrya pr., Sterlitamak, 453118, Russia). E-mail: musin_1995@list.ru.
ResearcherID R-9142-2016, RSCI SPIN-code 9573-4624, https://orcid.org/0000-0002-8662-9680

Yulianna G. Borisova, Cand. Sci. (Chem.), Teacher, Department of General, Analytical and Applied Chemistry,
Ufa State Petroleum Technological University (1, Kosmonavtov ul., Ufa, 450064, Russia). E-mail: yulianna borisova@mail.ru.
Scopus Author ID 56526865000, ResearcherID P-9744-2017, RSCI SPIN-code 3777-0375, https://orcid.org/0000-0001-6452-9454

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(3):201-209
208


https://doi.org/10.1080/00397910801993719
https://doi.org/10.1007/s11144-014-0809-9
https://doi.org/10.1007/s11144-014-0809-9
https://doi.org/10.1021/CS500757K
https://doi.org/10.3390/catal11091078
https://doi.org/10.1080/00397910801993719
https://doi.org/10.1080/00397910801993719
mailto:musin_1995@list.ru
https://publons.com/researcher/R-9142-2016/
https://orcid.org/0000-0002-8662-9680
mailto:yulianna_borisova@mail.ru
https://publons.com/researcher/P-9744-2017/
https://orcid.org/0000-0001-6452-9454
mailto:graskildina444@mail.ru
https://publons.com/researcher/F-1619-2017/
https://orcid.org/0000-0001-9770-5434
mailto:davletshinar@list.ru
https://www.scopus.com/authid/detail.uri?authorId=39261319400
https://publons.com/researcher/AGQ-4852-2022/
https://orcid.org/0000-0003-4284-5880
mailto:daminew@mail.ru
https://orcid.org/0000-0001-8673-5240
mailto:nocturne@mail.ru
https://publons.com/researcher/W-6564-2018/
https://orcid.org/0000-0001-6365-5010
mailto:musin_1995@list.ru
https://publons.com/researcher/R-9142-2016/
https://orcid.org/0000-0002-8662-9680
mailto:yulianna_borisova@mail.ru
https://publons.com/researcher/P-9744-2017/
https://orcid.org/0000-0001-6452-9454

A.A. MycuH, I0.I'. Bopucosa, I'.3. PackuAbaHHa H Ap.

Gul’nara Z. Raskil’dina, Dr. Sci. (Chem.), Professor, Department of General, Analytical and Applied Chemistry,
Ufa State Petroleum Technological University (1, Kosmonavtov ul., Ufa, 450064, Russia). E-mail: graskildina444@mail.ru.
Scopus Author ID 56069888400, ResearcherID F-1619-2017, RSCI SPIN-code 2183-3333, https://orcid.org/0000-0001-9770-5434

Artur R. Davletshin, Dr. Sci. (Eng.), Professor, Department of Oil and Gas Technology, Ufa State Petroleum Technological
University (1, Kosmonavtov ul., Ufa, 450064, Russia). E-mail: davletshinar@]list.ru. Scopus Author ID 39261319400, ResearcherID
AGQ-4852-2022, RSCI SPIN-code 7531-4771, https://orcid.org/0000-0003-4284-5880

Rustem R. Daminev, Dr. Sci. (Eng.), Professor, Director, Institute of Oil & Gas Engineering and Digital Technology,
Ufa State Petroleum Technological University (1, Kosmonavtov ul., Ufa, 450064, Russia). E-mail: daminew(@mail.ru.
Scopus Author ID 15026168000, RSCI SPIN-code 3431-0901, https://orcid.org/0000-0001-8673-5240

Simon S. Zlotskii, Dr. Sci. (Chem.), Professor, Head of the Department of General, Analytical and Applied Chemistry,
Ufa State Petroleum Technological University (1, Kosmonavtov ul.,, Ufa, 450064, Russia). E-mail: nocturne@mail.ru.
Scopus Author ID 6701508202, Researcher]D W-6564-2018, RSCI SPIN-code 6529-3323, https://orcid.org/0000-0001-6365-5010

Hocmynuna: 05.04.2022; nonyuena nocie oopabomxu: 29.04.2022; npunama k onyonuxosanuio: 13.06.2022.
The article was submitted: April 05, 2022; approved afier reviewing: April 29, 2022, accepted for publication: June 13, 2022.

Toukue xuMmudeckue TexHosoruu = Fine Chemical Technologies. 2022;17(3):201-209
209


mailto:graskildina444@mail.ru
https://publons.com/researcher/F-1619-2017/
https://orcid.org/0000-0001-9770-5434
mailto:davletshinar@list.ru
https://www.scopus.com/authid/detail.uri?authorId=39261319400
https://publons.com/researcher/AGQ-4852-2022/
https://orcid.org/0000-0003-4284-5880
mailto:daminew@mail.ru
https://orcid.org/0000-0001-8673-5240
mailto:nocturne@mail.ru
https://publons.com/researcher/W-6564-2018/
https://orcid.org/0000-0001-6365-5010

