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The 5-butoxymethylfurfural (5-BMF) catalytic hydrogenation process has been studied using SIBUNIT
and zirconium dioxide supported palladium catalysts in tetrahydrofuran and butanol, respectively.
5-BMF dibutylacetal is the main product of heating the solution of 5-BMF without both catalyst
and hydrogen. Butyl ester of 5-butoxymethyl-2-furan carboxylic acid and butanal dibutylacetal traces
have also been detected. In the first step, processes of the furan ring hydrogenation to tetrahydrofuran
derivatives using palladium catalysts occur. Hydrogenation of the dibutylacetal group occurs slower
than the furan ring conversion. Hydrogenolysis and migration of the furan ring substituents have also

been observed.
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KarannTuuyeckoe ruipupoBaHue

5-0yToxkcumeTninypPyposia Ha naJIaJueBbIX KaTaJau3aTopax

N.JI1. CumakoBa®, A.A. Mopo30s?,

B.E. Tapabanbko®, M.IO. Yepusk®

“Uncmumym xamanuza um. I'K. bopeckosa CO PAH
Poccus, 630090, Hosocubupck, np. Akao. Jlaspenmoesa, 5
SUncmumym xumuu u xumuueckoti mexnonoeuu CO PAH
Poccus, 660036, Kpacrnosipck, Axademeopoook, 50-24

Hszyuen npoyecc xamanumuueckozo eudpuposanusi 35-6ymokcumemuagypgypona (5-BM®) na
NanIA0Uesblx KAMaiu3amopax, HAHeCeHHbIX Ha YeaepoOHbll HOCUMETb CUOYHUM U OUOKCUO YUPKOHUSL
6 mempazuopopypane u 6ymanoie coomeemcmeenno. [lpu nazpesanuu pacmeopa 5-bM® ¢ 6ymanone
be3 Kamanuzamopos u 8000po0a OCHOBHBIM NPOOYKMOM Aeisemcs oubymuiayemaiv 5-bM®, ¢
HeOONbUUX KOHYESHMPAYUSIX 3aPeSUCPUPOBAHbL MAKdice OYymunoevlii >¢gup S-Oymoxcumemu-
2-pypankapbonosoti kuciomel u oubymuirayemanv Oymauaisi. B npucymcemeuu nannaduesvlx
Kamaau3amoposg 6 nepeyio ouepedb NPOMEKAIOm HPOYeccol 2UOPUPOSAHUsl (ypaHo8o2o Koibya
6 mempazudpohypanosvie Npou3eOOHble C COXPAHEHUeM OUOYMUIAYEeMATbHOU 2SPYRRUPOGKU.

Habmooaromcea makoice npoyeccvl 2u0po2eHonu3a u Muzpayuu 3amecmumencii 8 Gypanogom Kovye.

Knrouesvie cnosa: 5-6ymoxcumemungypgypon, kamaiumuueckoe 2uopupoeauue, nAIIAOUEBblE

Kamanuzamopul, Oubymunayemans 5-oymoxcumemuidypdypoia.

BBenenue

Pa3paboTka METONOB MOTy4EHHs TOIUIMBA M IIEHHBIX XMMHUYECKHX COCIUHEHUN U3 PACTHTENb-
HOW OMOMAacCHl — BAXKHEUIITUH TPEH]T pPa3BUTUS COBPEMEHHOW XUMUYIECKON MTPOMBIIIICHHOCTH. [Ipo-
JyKTHl TAKOTO THIIA MOJYYalT JU00 OHOXMMHYECKHMMH METOAaMH (3TaHOJI, OyTaHOJ U 1Ip.), JI10O
XUMHYECKUMH (IIPOOYKTHI MUPOJIN3A, THAPOIN3a M Jp.). KHCIOTHO-KaTaquTHYEeCKHe IPOLECCH
IPEBpaleHNs YIIIEBOJOB XapaKTEePU3YIOTCsl OTHOCUTENBHO OOJIBIIMMHU CKOPOCTSIMU IO CPABHEHHUIO
¢ (pepMEHTAaTHBHBIMH, a 110 CPABHEHHIO C IPOLECCAaMH MUPOJIN3a — y3KUM HaOOpPOM NpOAYKTOB. B
OCHOBHOM 3TO0 S-ruapokcumeTundypdypoin (5-I'M®), neBynunoBas (4-KeTOMEHTAHOBAS) KUCIOTa U
¢Gbypdypor U3 MeHTO3HBIX caxapoB.

buoronnusa Ha ocHoBe dypdyposa, BecbMa JOCTYIHOrO IPOIYKTa KUCIOTHO-KAaTaIUTHYECKOM
KOHBEPCHH IIEHTO3HBIX YTJIEBOJIOB, TOJIBKO HAUNHAIOT pa3padareiBarhes [1]. CHHTE3npOBaHBI 1 OIpe-
nenenbl oktanosble uncia (OY) stundypdypunosoro apupa (OU = 110) [2], nponundypdypriioBoro
n Oytungypoypuiosoro 3¢upos (113 n 97 coorBercTBeHH0). OnUH M3 HanbosIee MEPCIEKTUBHBIX
IpONYKTOB rugpupoBanus ¢pypoypoia, 2-meTriidypaH, B cMecH ¢ OEH3MHOM YCIIEIIHO MPOLIEN JI0-
poxubie ucnsitanus (90 000 xkm) [3].

Karanurnueckum ruipupoBanuem S-rujipokcumeruidypdypoina u ero apupos nonydaror mnep-

CIICKTUBHEIC N00aBKH K OeH3WHaM (2,5-muMeTuindypaH, oktaHoBoe ducio 119) [3, 4] u au3enpHBIM
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ToruBaM (OyTHILIEBYJIMHAT, OyTHiBasepar). PazpabarbiBaroTcss COBpEMEHHBIE METObI MOy UYSHHSI
5-stokcumerundypdyporna [5].

Just runpupoBanus 5S-I'M® B 2,5-numernindypan UCIOJIB3YIOT MEIHO-PY TEHUEBbIE KaTaIH3aTO-
psl Ha yrinepogHoM Hocurene [4]. Karanuzarop Ru/C npuBoguT kK 00pa3oBaHHIO B OCHOBHOM ITPOIYK-
TOB ruapupoBanus GhypaHoBoro kosbla, kataauzatop CuCrO, ObICTpO Ae3akTUBHpYETCs. ['uapupo-
BaHHUe pacTBopa 2,5-runpokcumetniadypdypona B 1-OyTanone Ha MEIHO-Py TEHHEBOM KaTaJIn3aTope
¢ aTOMHBIM cooTHomieHreM 3:1 npu 453 K npuBOAUT K MaKCHMalbHOMY BBIXOAY AMMETHI(ypaHa —
CEJISKTUBHOCTH 00pazoBanus auMmeruidypana 71 %, pypdypunosoro cnupra 4 % u Apyrux nponyk-
ToB 20 % npu koHBepcuu S-rugpokcumetnidypdypona 52 % [3]. B psae apyrux crareii B kauecTBe
KaTaJn3aTOPOB I'UAPUPOBAHMS NCTIONB30BAIM TaKXKe MaJljaueBble U MEAHbBIE KaTalau3aTopsl [6-9].

HoBeiMu npoaykTamu nepepaboTku (pyKTO3bl B CIIMPTOBBIX Cpelax SBJISIOTCS S-alKOKCUMe-
trndypdyponsl, HanpuMmep S-0yTokcumerundypdypor [10], momydaemMpld B IPUCYTCTBUN KOHIICH-

TPUPOBAHHBIX BOAHBIX PACTBOPOB THAPOCYJIb(ara HATPUS B KAUeCTBE KaTalu3aropa:

HOH,C
o. OH o

C,HoOH, NaHSO,  OHC CH,- O- C,H

H >

HeJ’IL HaCTO?[H.[eﬁ pa6OTH 3aKJII0YacTCd B U3YYCHUU IPOLECCOB KATAJIUTUYCCKOI0O ruApupoBa-

OH

HUs 5-OyTokcumetnindypdypoiia Ha najtagueBbIX KaTain3aropax.

3KcnepnmeHTaanaﬂ qacThb

Cunre3 5-6yroxkcumerniadypdyposa. 100 Ma peakImoHHOTO pacTBOpa, coaepkaero 150 r/n
caxapo3ssl u 560 /71 Oucynbhara HATPHs, TOMEIIAIN B PEAKIIHOHHBIN COCY, 000pyIOBaHHBINA 00paT-
HBIM XOJIOAMJIBHUKOM, CHCTEMOH IrepeMemnBanus, u pobdasisum 200 mir 6ytanona. PeaknimoHHyro
Maccy pooamnu go kunerus (102—103 °C) u HarpeBaiu B TeUCHHE 6 U, 3aTeM OXJIAXKJIATH U OTHAE-
JSLTH OPTaHUYecKylo a3y, KOTopyro 3aTeM HelTpanuzoBaiu 10%-HbeIM pacTBOpoM OukapOoHaTa Ha-
Tpus 10 pH 6-7 u onpenensan KOHIEHTPAIMIO 00pa3oBaBIIerocs mpocroro 3gupa 5-'M®D metTomom
ra30KUAKOCTHOM Xpomarorpaduu. Jlanee OTTOHSUIM HENpPOpEarupoBaBLIMM CIUPT W IOTYYCHHBIN
KOHIIEHTpAT MEePErOoHsIN 10 BaKyyMoM (2 MM pT. ct.) [10].

CuHTe3 KaTajau3aTopoB ruapupoBanusi. Katainsarops! moiy4and HaHECEHHWEM AKTHBHBIX
KOMIIOHEHTOB Ha YIJICPOJIHbBIH ME30HOPUCTHIII HOCHTENb CHOYHUT (Sy, = 355 M%/T) [11] U OxcUAHBIH
Hocutenb ZrO, (S,,= 96 M*/r) dppaxmun 4070 MKM.

Karanuzarop 6%-ubiii Pd/C cuHTe3upoBain METOOM MPOMUTKH YIICPOIHOTO HOCUTEIS CUOY-
HuT pactBopoM PdCl, ¢ mocnexyronM BoCCTaHOBIEHUEM IO METAJUTMUECKOTO MaJuIafusl B TOKE BO-
Jopojia pH HarpeBaHuu 10 Temnepatypsl 250 °C co ckopocThio Harpesa 1,5 °C/MuH.

Hanecennslii karanuszarop 2%-ue1ii Pd/ZrO, 611 IpUrOTOBIEH METOAOM IIPONUTKH 110 BIaro-
emkocTH. KarannzaTrop BocCTaHAaBJIMBAIHM B TEPMOIIPOTPaMMUPYEMOM PEKUME IIpU TeMIIepaType 10
628 K.

AHaJu3 peakIMOHHOIT cMecH. VM ieHTHhIKaI1I0 KOHICHCUPOBAHHBIX MPOAYKTOB OCYIECTBIIS-

JM METOZOM XpOMaTo-Macc-CleKTpockonuu Ha mpudopax VG-7070 GC/MS (kosorka 30 M x 0,2 MM
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Silicone SE-30) u Agilent 5973N EI/PCI (xomnonka 30 mm x 0,25 mm HP-5ms). KonnuecTBeHHbIH aHa-
JIN3 PEaKIIMOHHBIX CMECeH MPOBOJUIIM METOAOM Ia30)KHIKOCTHON XpoMaTorpaduu Ha XxpomaTorpage
JIXM-80 (HITIO «Arponpubop») ¢ miiaMeHHO-MOHU3alMOHHBIM JIETEKTOPOM U KBaplieBOH Hacaaoy-
HO KoIoHKO# 2,0 M % 2,0 MM, 3anmonHeHHOH copberToM Chromosorb 101, mogudunupoBanasM 5%-
HeiM FFAP. T'az-HocuTenb — a3or. O6paboTka XpoMaTorpaMm IPOU3BOAMIACE C TIOMOIIBIO TaKeTa
nporpamm «l'emapm».

OmnpeneneHre TPOLUEHTHOTO COJEPKAaHUS MeTalljla Ha YIJIEPOAHOM HOCHTENE MPOBOAMIIN PEHT-
TeHOCIICKTPAJIEHBIM METOJ0M Ha (iryopecueHTHOM aHanu3arope VRA-30 ¢ Cr-aHOOM peHTTeHOB-
CKOM TpYOKH.

YaenbHbIE HTOBEPXHOCTH 00pa3IOB OIPEAEIeHBl METOOM TEIIOBOH AeCOpOIIMH a30Ta C UCTIONb-
30BaHMEM aHaJHM3aTopa yAeIbHOW MoBepxHOoCcTH Sorptomatic 1900.

Criextpsl POIC Ob1n 3anucans! Ha (poTodnekTpoHHOM criekTpomerpe SPECS ¢ ncnonbp3oBaHu-
eM HeMOHoxpoMaTu3upoanHoro uznydenus AlKa (hn = 1486,61 3B, 205 Br). lllkana sHepruii cBszu
(E.:) ObLi1a IpenBapUTENFHO OTKAJIMOPOBaHa I10 MTOJI0KEHHIO MMKOB OCHOBHBIX yPOBHEH MeTajuinye-
ckoro 3osoTa U Menu: Audf7/2 (84,0 sB) u Cu2p3/2 (932,67 3B). Dddext nonzapsiiku, BOSHUKAIOUIHIA
B nporiecce (POTOAIMHUCCHH 3JIEKTPOHOB, YUNUTHIBAJIN C IOMOIIBIO METOAA BHYTPEHHETO CTaHIapTa, B
KauyecTBe KOTOporo ucnonb3oBanu jguauio Cls (284,5 3B) yrnepona (cuOyuut) unu Zr 3d5/2 nunus
nupkonus (E., = 182,3 3B) B cocraBe okcuaa ZrO,. O630pHbIE CIIEKTPHI 3alIMCHIBAIIN IIPH SHEPTUU
nporyckanus ananusatopa — 50 3B, otaenbHbIe ciekTpasibHble paiionsl — 10 u 20 3B.

Ananuz metogom [IDMBP npoBonuiin Ha TpOCBEUYHBAIOLIEM 3IEKTPOHHOM MHUKPOCKOIE BBICO-
xoro paspeuerus: JEM-2010 (SInonus) ¢ pa3pemenuem no pemerke 0,14 HM U yCKOPSIOIINM Hamps-

xerneM 200 kB. Cpenrnit quamerp dactun (He MeHee 250 4acTHII) paCCUUTHIBAIH 10 CIETyIOMEH

dbopmyie:
> ()

d,=Ter—, (1)
E
i

TJIE X; — YUCIIO YACTHI] C TUAMETPOM d,.

DeMeHTHBIH aHainu3 noBepxHocTu obpasuoB (EDX) mpoBomuiau ¢ 3HEproaucrepcuoOHHBIM
pertrenoBckuM netektopoM EDAX DX-4 ¢gupmsr Ametek Inc., CIIA. ITnomans ananusupyemMoi
HOBEpXHOCTH cocTaBisiia 150-300 uHm?,

I'mppupoBanne 5-6yrokcumeTnadypdyposaa. DKCIepuMEHTH! 10 XHIKO(PA3HOMY THIPHPO-
BaHUI0 5-OyTokcumetmindypdyposa B OyTaHose npoBoriin B aBrokiase (150 mit) U3 HepkaBeromen
ctaiu nox gasierneM Bomopona 10 atm npu 200 °C ¢ aBTOMaTHIeCKHM KOHTPOJIEM 32 00BEMOM TI0-
[JIONICHHOT0 ra3a. 3arpyska H-Oytanouna 19 1, 5-0yrokcumetundypdypona — 1 r. Macca kaTanusaro-
pa 1 IPOJOIKUTEIEHOCTh SKCIIEPUMEHTA YKA3aHbI Jjajiee 10 TEKCTY.

I'mnpupoBanue 5-0yrokcumerundypdyposia B reTparuapodypane npoBOIUIN B CTEKISHHOM
peakTope ¢ 0OpaTHBIM XOJIOAUIBHUKOM Ipu Temuneparype 60 °C. B peaktop 3arpyskaiu KaTajiu-
3aTop (cranmaptHas HaBecka 0,2 r) ¢ mocienyromei npeaodpaboTKoil B TeueHne 1 4 B TOKE BOJO-
poaa npu temneparype 473 K. B kauecTBe HCXOHON pEaKLIMOHHON CMECH MCIOJIb30BAIU PACTBOP
5-6yrokcumetmindypdypona (1 r) u pacrsopurens (19 r). Ilpu npoBeneHun peakiiiyd B BOCCTAHO-

BUTEIBHOM aTMocdepe Bomopos U3 OauioHa MpeaBapruTEIbHO MPOITyCKaiu yepe3 KosoHHy ¢ Ni-Cr-
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KaTaJM3aTOPOM JJIsl OYUCTKH OT IIPUMeECeil KHCIopoa U Yepe3 KOJIOHHY ¢ COPOCHTOM JJIsl OYUCTKH
OT IpUMecel BOABI M 3aTeM IoJaBaiu B peakTop. [IpoaykTsl peakiuu codbupanu B mpobooTOOp-
HUK 1 aHanu3upoBaau Mmetonom I'X/MC u razoxkunkoctHoit xpomatorpaduu (I'KX). Bo Becex 0e3
HCKJIIOYCHHSI SKCIIEpUMEHTaX HaOIIomaicsi CUTHal OyTHiLIeByInHaTa (Iuomanb nuka 3—6 % ot
IJIOUIa N CUTHAJIA PAaCTBOPUTENA, BpeMs yAepKuBaHus 14,5 MUH), HAKOIUBIIETOCS, BEPOATHO, IIPH
xpaHenuu 5-bM®.

J1yist BBISICHEHU S BKJIa/Ia TEPMUYECKOr0 MpeBpalleHus 5-0yTokcumernidypdyposia mpoBoauiu

XO0JIOCTOM SKCIICPUMCHT B COIMMOCTAaBUMBIX YCJIIOBHAX B OTCYTCTBHUC KaTaJInu3aTopa.

Pe3yabTaThl M 00Cy:KAEHUE

Tepmuuyeckue npeppauienus S-6yrokcumetrupypdyposia. B nerkoxkumsem pacTBOpUTE-
ne, terparuapodypane (T,,, 65 °C), xpomarorpamma pactBopa 5-0yrokcumermindypdyposaa kpome
PacCTBOPHUTEINS U HE3HAYUTEIBHBIX IOCTOPOHHUX MTPHUMECEH CONEPKUT TOIBKO MUK OCHOBHOT'O BeIlle-
CTBa.

XpomarorpadupoBanue pactBopa 5-bM® B Oyranosne gaet ucxoaubiil S-bBM® (mromaas nuka
18,3 % ot nuka OyTaHoia), 3HAYMTEIBHOE KOJINYEeCTBO ero nudyrunanetans (5S-bM®D-JIBA, 15,7 %)
1 HeOOJIBIIION MUK TUOyTOKCHOyTaHa (Tad. 1).

IMocne nHarpeBanus pacteopa 5-BM® B OyTanosie 6e3 KaTaim3zaropa u Bogopoaa o0pasyrorcs Te
K€ MPOAYKTBI, HO BBIXO/bI JUOYTOKCHOYyTaHa B YETHIPE pa3a MPEBHIIAIOT Pe3yJIbTaThl XpOMaTorpa-
(upoBaHMS HCXOTHOTO pacTBopa, a 5S-BM®-J/IBA — B nBa pasa. B HeOonpmnx xonnuectsax (0,8 %)
perucTpupyercsi Oy THIIOBBIN 3up 2-0y TOKCHMETHII-5-(hypaHKapOOHOBOH KHUCIOTHI.

CrnenyeT OTMETUTB, YTO YyBCTBUTEIBHOCTh MacC-CIIEKTPOMETPA K aHAJIM3UPYEMBIM (ypaHo-
BbIM MPOJYKTaM IPUMEPHO B JIECSTh pa3 BhIIE, 4eM K OyTaHONy: CyMMa CUTHAJOB (ypaHOBBIX
MIPOAYKTOB cocTaBiseT 45 % oT curnana OyTaHoisa, a UX coAepkaHue — okoio 5 mac. %. OrcyT-
CTBHE CTaHJAPTHHIX BEIIECTB U KAJTHOPOBKH HE MO3BOJISIET TOYHO ONPEAEIUTH BBIXOIbI IPOAYKTOB
B paccMaTpuBaeMoM mporecce. TeM He MeHee, eCiIi JONYCTUTh, YTO B COOTBETCTBHH C XpPOMATO-
rpammoit 5-BM®-/IBA sBnsieTcsi OCHOBHBIM IPOAYKTOM IpeBpamnieHus 5S-BM®, To ornenka no pe-
3yabTaTaM Tabi. 1 moKas3bIBaeT, YTO YYBCTBUTEIBLHOCTE pubopa k S-bBM®-JIBA B Tpu pa3za BrIle,
yeM K 5-BM®, a koHBepCUs peareHTa B 3TOT IPOLYKT IOCJIEe HAarPEBaHUs PacTBOpa HAXOAUTCS Ha
ypoBHe 40 %.

[TonmydeHHbIe pe3yNbTaThl MOKA3bIBAIOT, YTO OCHOBHOW MapuIpyT TEPMHYECKHX MPEBPAILCHHI
5-0yTokcuMeTHIPYpdypoiia B OyTaHOIE COCTOUT B 00pa30BaHUH AUOY TIIIALIETAIIS, H 00pa3yeTcs OH

JaXe B UCTTIAPUTEIIC XpOMATO-MacCC-CIIEKTPOMETPaA:

R-Fur-CHO + 2 BuOH = R-Fur-CH(OBu), + H,0. Q)

Crnenyer OTMETHTb, 4YTO 00pazoBaHMe aneTaneid npu temmeparypax no 100 °C mpakTudecku He
UJET U3-3a TEPMOJIMHAMHUUYECKUX orpaHnueHuil [12]. B paccmaTpruBaeMoM TeMIepaTypHOM JUanaso-
He nopanka 200 °C 3Ti orpaHUYEHHs YaCTUYHO YCTPAHSIIOTCS.

OO0pa3oBaHue B PEaKIIMOHHOW CMecH IpuMeced auOyTtunaneTans OyraHans (qu0yTokcuOyTa-
Ha) ¥ OyTIIIOBOTO 3upa 2-0y TOKCUMETHI-5 -y paHKapOOHOBON KHCIOTHI MOKET OBITH 0OYCIIOBIICHO
poTeKaHHeM MOOOYHBIX peakiuii Tuna Meitepseiina-Ilonmopda-Bepies (okucnenue Oytanona Gpyp-

¢ypornom) n KaHHMIIIapo cOOTBETCTBEHHO.
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Tabnuna 1. Cocta nponykroB npespaienus 5S-bM® (B % ruiormaau nuka B XpoMaTorpaMMe MOJIHOTO HOHHOTO
TOKa) 63 KaTaInu3aTopoB

Ne | byranon | 5-BM® | 5-BM® | 1,1-qubyTokcu- ByTunosstit a¢up Cymma ¢ypaHOBBIX
TpoObI Oy THII- OyTaH 2-0yTOKCUMETHII-5- TIPOU3BOIHBIX
areraib (bypaHKapOOHOBOM KUCIOTHI
100 18.3 15.7 0.9 - 34
2 100 13.5 31.2 39 0,8 45,5

* [Ipo6a 1 —pactBop 1 r 5-BM® B 19 r OyTaHona, npoba 2 — To ke, HOCJIE HArPEBAHUS B aBTOKJIaBE B TeUCHHE 4,5 .

XapakTepuCTHKA KaTaau3aTopos. [l ruapupoBanus 5-0yTokcuMeTHI(pypdypona Ha OCHO-
BaHUM aHAJIM3a JTUTEPATYPHBIX JTAHHBIX ObLIY BEIOPAaHBI M IPUTOTOBJICHBI MTaJlJIaIUeBhIe KaTaIn3aTo-
pst Pd/ZrO,u Pd/C.

Ananus metonom I[IDMBP nokassiBaet, uTo obpasen 6%-noro Pd/C comepuT yacTUIBI
MeTalljla co CPeIHUM pa3MepoM 3,2 HM, PaBHOMEPHO pacIpelleeHHbIe 110 IOBEPXHOCTH yTIe-
poxnuoro Hocurens. Ilo nanupiM PODC, kaTannu3aTop COAEPKUT B OCHOBHOM METaJIMYECKHUE
YaCTHUIbl C HE3HAYUTEIbHBIM IPUCYTCTBHEM METaJJIa B IPOMEKYTOYHOM OKHCJIEHHOM COCTOS-
HUU.

Karanuzarop 2%-aoro Pd/ZrO,, no gaaasimM [I19M, uMeeT 4acTHIBI METAJIJIA CO CPSIHUM pa3-
MepoM 2,9 HM, paBHOMEPHO paclpe/ieJIeHHbIE 110 NOBEPXHOCTH OKcua mupkonus (puc. 1). Cornac-
HO naHHBIM POOC, kaTanu3aTop colepKUT B OCHOBHOM METaUINYECKHE YaCTHUIIBI C He3HAYUTEIb-
HBIM NIPUCYTCTBHEM METaJIJIa B IPOMEXYTOYHOM OKHCICHHOM COCTOSIHUH (puc. 1).

Karanutuyeckoe THAPUPOBAHUE 5-0yTokcumetuindypdypoia. Tl'uapupoBanue
5-0yrokcumeTmindypdypona B TeTparunpodypane B IpucyTCTBUH Karanuzaropa 6 %-noro Pd/C
npoBoaunu npu 60 °C, naBieHuu Bojopona 1 atm B TeueHue 3—17 4. Yke uepe3 3 4 TUIpUPOBaA-
Hus 5-0yTokcume Ty pdypoi B pacTBope He peructpupyetcs. Cpeau npoayKToB F’HAPUPOBAHUS
yOeauTenbHO HASHTU(UIIUPOBATD YIAI0Ch TOJIBKO 2,5-TUMeTHIATeTparuaApodypaH u 2,5-1uMeTHII-
¢ypan (tabdn. 2). KonunenTpamnus mocieiHero yosBaeT BO BpEMEHHU B pe3yJbTaTe TUIpUpPOBaHUs B

COOTBETCTBYIOLIMII TeTparuaApopypaH u Apyrue HeuAeH TU(UIUPOBAHHBIE TPOJYKTHI.

335.1—
—336.0

T T 1
30 335 340 345 350
dHeprusa ceasu, 3B

Puc. 1. IIBSMBP-cuumok karanusaropa 2%-Horo Pd/ZrO, (ciaeBa), PODC-cnexTp kaTtamuzaropa 2%-HOro
Pd/ZrO, no peakuuu (cripasa)
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Tabnuma 2. CocTaB peakIMOHHOM cMecu pacTBopa S5-0yTokcumeTHiIdypdypona B mpoiecce THAPUPOBAHUS B
MPHUCYTCTBUH Katanusaropa 6 %-uoro Pd/C. I[IpomomxuTebHOCTh dKCIepuMenTa 3 — 17 4

[Tnomans [Tnomane ILnomane
Bpewms ynepxxuBanus,

nuka, % nuka, % nuka, % Coenunenue

MHH
(B9 4,59) (17 9)

3,771 100 100 100 Terparunpodypan
4,25 - 0,93 1,19 2,5-lumeTunrerparuapodypan
4312 5,95 3,36 1,93 2,5-Tumetnndypan

CocraB NpoAyKTOB TUIPUPOBaHUs S5-OyTokcuMeTuIpypdyposa B IPUCYTCTBUM KaTajau3a-
topa 2%-Horo Pd/ZrO, 6onee cnoxen n pazHoobpase (radmn. 3). CornacHo nanueiM ' XMC, npu
NOJIHOW KOHBepcuu 5-BM® cymmapHbiit curHan ¢ypaHoBbIX pou3BoAHBIX cocTaBiseT 21,1 %
U NMPAaKTUYECKH HE CHI)KACTCS P yBEIUUCHUH NPOJOKUTEIFHOCTH IIpoliecca B YETHIpE pasa.
OTH BeJIUYUHBI HAMHOTO BBIIIE PE3yJIbTaTOB, MOJTY4YEHHBIX Ha KaTtanuzarope Pd/C, u cpaBHUMBI
CO 3HAUEHUSMH JUI HEKaTaJIUTH4YecKoro mpoiecca. CienoBarenbHo, T'uAporeHonns GpypaHoBo-
ro KOJblla U OCMOJIEHHE IIPOAYKTOB Ha MalaJui-IHPKOHUEBOM KaTaJIN3aTOpPe HE3HAUUTEIbHEL.
C apyroii CTOpOHBI, THAPUPOBAHNE (PYPaHOBOTO KOJbIAa MJIET BECbMa HHTEHCHUBHO: ()ypaHOBBIE
MPOU3BOJIHBIC, 32 UCKITIOYCHHEM Oy THIIOBOTO 3dupa 5-0yToKCUMeTHII-2-(hypaHKapOOHOBOMN KHUC-
JOTHI, B CMECH OTCYTCTBYIOT, @ IPOU3BOJIHBIE TETParuaApodypaHa JOMUHUPYIOT.

Kpome Toro, obpamaer Ha ce0s BHUMaHUE HAJIMYME B CMECH OOJIBILIOIO KOJIMYECTBA U30MEPOB
TIOJIOKEHHS B TETPAruipoypaHoBOM KOJIBIIE, T.€. HA 3TOM KaTaJIH3aTope aKTHBHO ITPOTEKAIOT IPO-
Hecchl MUTpalK 3aMecTuTesneld. B utore kakol-n100 JOMHUHHUPYIOUIMH TPOAYKT B paccMaTphBae-
MOH CHCTEME OTCYTCTBYET.

Conepxanue quOyTHialerajeid B COCTaBe MPOAYKTOB T'HIPUPOBAHUS B OyTaHOJIE JOCTATOUHO
BEJIMKO U yMEHbLIaeTcs BO BpeMeHu ¢ 54 10 38 %, T.e. TMIAPUPOBAHUIO OHU MOAJAIOTCS, HO MEJ-
JeHHEee, YeM (PypaHOBOE KOIbIO. BO3MOXKHO, CpaBHUTEIBHO 00beMHas U Tspkenas (159 a.e.m.) au-
OyTwmianeTagpHasi TPyNIHPOBKa CTAOMIM3UPYET TUAPUPYEMYIO MOJEKYIy M B pE3yJbTaTe BBIXOA
PETUCTPUPYEMBIX MPOAYKTOB ruapupoBanus 5S-bBM® B OyTaHoJIe OKa3bIBACTCS 3HAYMTEIIHHO BBIIIIE
10 CPAaBHEHMIO C IpoueccoM B Terparuapodypane. C Apyroi CTOpPOHBI, MPOAYKTHI THUAPUPOBAHUS
JUOyTHIIAleTalIbHOM I'PYyHIIMPOBKHU — 2,5-nu0yToKcuMeTHiTeTparugpodypan (1 ero u3omep) — 3a-
PETUCTPUPOBAHBI B 3HAYUTEIBHBIX KOJTHUECTBaxX (TadI. 3).

XpoMmaTo-Macc-cneKTpbl UICHTU(GHUIIMPOBAHHBIX (HO HE ONMMCAHHBIX B 0a3aX JaHHBIX) COEU-
HEHHUI:

5-6yrokcumernagyppypoa, 17,66 wmun. 182(15, M), 15323, (M-CHO)"), 110(21),
109(100, (M-C,H,0)"), 97(71, (HOCH,C,H,0)"), 81(31, (CH;C,H,0)"), 69(6,5), 57(5,8, C,Hy"),
53(21, C Hs).

S5-metundypdypon mubyruiaamerain, 19,06 mun. 240(10, M+), 168(10), 167(70, (M-BuO)"),
127(1), 112(10), 111(100, (M-BuO-Bu+H)"), 95(1), 81(1), 57(1).

2,5-audyroxkcumeruadypan, 21,03 mmu. 24036, M’), 167(100, (M-OC,H,)"), 153(17,
(M-CH,0C, Hy)"), 111(29, (HOCH,-(C,H,0)CH,)"), 97(84, (HOCH,(C,H,0))"), 96(32), 94(40), 83(51),
57(52).
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Tabnuma 3. CocTaB peaklIHOHHOW CMECH pacTBopa S5-OyTokcuMmeTundypdyposia mocie THAPUPOBAHUS B
NpUCYTCTBHHM KaTtanuzaTopa 2%-noro Pd/ZrO, (0,3 r) B Teuenue 3 u 13 4y

Howmep S muka, % | S muka, %
tyy, MHH Coenunenue
KA (B9 (13 9)
1 4.263 100 100 1-Byranon
6 6.897 1.42 2,4 n-ByTunoBsrit a3¢up
20 12.781 3.55 5,0 2-OypaHMeTaHOI, TeTParuapo-5-MeTHII TPaHC
21 12.887 0.63 0,53 2-dypaHMeTaHoI, TETParuapo-5-MeTUII HUC-U30Mep
23 14.382 1.19 1,9 1,1-AnbyTokcubyTan
26 17.059 3.39 3,6 Terparunpodypan-2-kapOoKcanbaeru U0y THIALETab
27 17.288 0.74 0,92 Terparunpodypan-3-kapOoKcanbaerna U0y THIaleTalb
30 18.904 1.71 0,53 S-Mertunterparuapodypan-2-kapbokcalbaerun
Oy THIaeTanb
31 19.117 1.03 0,30 MertuiteTparuipodypaHkapOOKcambIeTua  AUOYTHIANETATb
u30Mep
33 21.113 3.04 3,52 2,5-InbGyTokcumMeTnnTerparuapodypan
34 21.192 0.59 0,66 2,5-JIubGyTokcuMeTUNTeTparuaApodypan uomep
35 23.809 1.08 0,98 5-Bytokcumerni-2-¢hypaHKkapOOHOBasi KHCJIOTa, OyTHIIOBBIN
s¢up
36 24.883 0.54 - BytokcumerunrerparuapodypaHkapOoOKcanbaeTug
IOy THIIALleTadb H30Mep
37 25.084 0.41 - BytokcumerunareTrparuapodypankapOoOKcanbaeTug
IUOyTHIIAeTadb H30Mep
38 25.671 2.67 1,34 5-Byrtokcumerunrerparugpodypan-2-kapbokcanbaerun
uOyTHIIAIeTalb
- - 0,54 0,38 Jons qubytunanerasneil B cyMMe (ypaHOBBIX TPOU3BOAHBIX
- - 19,38 17,38 CymmMma (hypaHOBBIX TIPOU3BOJHBIX

ByTuniossliii 3¢up S-0yTokcumeTnI-2-¢pypankap0oHoBoii KucJaoThl, 23,81 muH. 254(17, M),
198(6,5, (M-C,Hy)"), 181(97, (M-C,H,0)"), 15344, (M-COOC,H,)"), 126(26), 125(88, (OCH,(C,H,0)
CO)", 108(12), 97(100, (OCH,C,H,0)"), 81(32, (CH,C,H;0)"), 69(7,1), 57(12), 52(12).

Bytrokcumerniarerparuapodypankapéokcajabaeru au0yrujaneraib usomep, 24,88
MuH. 244(2,6, (M-C,H,0), 243(15, (M-C,H,0-H)"), 230(11), 229(79, (M-C,H,0-CH;)"), 173(20,
(CH;(C,HsO"™H)CH,0C Hy)), 155(5,8), 117 (19, (HOCH2(C4H60O'H)CH3), 99(100, (HOCH,(C,HO)
CH,)"), 87(13), 71(10), 57(39, C,Hy"), 55(10).

Byrokcumerniarerparuapodypankapéokcajbiaeru 1udyTuiaaneraib usomep, 25,08 MuH.
244(2,6, M-C,H,0), 243(12, (M-C,H,O-H)"), 229(73, (M-C,H,0-CH;)"), 173(21, (CH;(C,HsO"H)
CH,0C,Hy)), 155(5,8), 117 (18, (HOCH2(C4H60O H)CH3)), 99(100, (HOCH,(C,HsO)CH,)"), 87(9,7),
71(10), 57(32, C,Hy"), 55(8,4).

5-ByTokcuMeTunaTerparuapodypan-2-kapookcajabiaerus AudyTuaanerandb, 25,67 MuH.
244(1, (M-C,H,0)"), 243(6, (M-C,H,0O-H)"), 229(3), 160(6,5), 159(64, (CH(OC,H,),)"), 113(8,7), 103(58,
(HOCH2(C4H70))"), 99(6), 57(100, C,Hy").
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5-byrokcumeTuiadyppypoa audyruiaanerann, C,H,,0; 25,68 mun. 312 (1, M), 240(16,
(M-C,H30)%), 239(100, (M-C,H,0)"), 184(9,7), 183(88, (M-C,H,0-C,Hy)"), 169(5,8), 125(5,2), 110(19),
10949, (CHOC4H20CH2)"), 97(8,4), 81(7,8), 57(14, C,Hy").

5-0yToxkcumerwadpypdypoa, 17,66 mun. 182(15, M*), 153(24, (M-CHO)"), 110(22), 109(100,
(M-C,H,0)), 97(72, (HOCH,C,H,0)"), 81(31, (CH;C,H,0)%), 69(6,5), 57(6, C,Hy"), 53(20,
C,Hs").

3ak/oueHue

[TomydeHHbIe pe3ybTaThl TOKA3bIBAIOT, UTO IIEPBUYHON peaKIuell B mpoleccax THAPUPOBAHHUS
5-0yrokcumernndypyporna B 6yranone npu 200 °C, npoTekaromei 1 06e3 KaTaln3aTopoB, SBISETCS
anetanu3anus 5S-bBM® B cooTBeTcTBYIONINI U0y THUTIAIIETAb.

Ha mammanueBBIX KaTanu3aTopax BeCcbMa HHTEHCHBHO HIET THApPHUpOBaHHE (ypaHOBOIO
KoJbla: (DypaHOBbIE MPOU3BOJHBIE, 32 HCKIIOYEHHEM OyTHIIOBOTrO 3¢upa S5-0yTOKCHMMETHI-2-
(ypaHkapOOHOBOI KHCIIOTHI, B CMECH OTCYTCTBYIOT, a IPOU3BOAHBIC TeTparuapodypaHa AOMH-
HUPYIOT. BecbMa akTHBHO Ha 3THX KaTaJIM3aTOpPax UIYT M IPOLECCH MUTPAIUU 3aMECTHUTEINEH.
OOHapyXeHbI TPOAYKTHl T'HAPUPOBAHUS TUOYTUIALETAIBHON I'PyNIUPOBKH — 2,5-110y TOKCHMeE-
TuaTeTparuapodypat u ero uzomep. B urore kakoii-n60 TOMUHUPYIOMIHHA TPOAYKT B pacCMaTpH-
BAaEMOM CHCTEME OTCYTCTBYET.

Bricokoe copepxkanue 1u0y THIIAlleTaICH B COCTaBe MPOAYKTOB IHAPUPOBaHUs B OyTaHoe (38 —
54 %) moka3bIBaeT, 4YTO, BO3MOXKHO, CPABHUTEIIEHO O0bEMHAs U TsKenas TuoyTHIiIaleTalbHas Ipy -
NUPOBKA CTAOMIIM3UPYET TUAPUPYEMYIO MOJIEKYJTY U B PE3YJIBTATE BBIXOJl PETUCTPUPYEMBIX ITPOY K-
TOB THIApUpOBaHUs S5-OyTokcuMeTmndypdypona B OyTaHOIE OKa3bIBaeTCs 3HAYMTEIHHO BBILIE IO

CPaBHEHHIO C MPOIIECCOM B TeTparuapodypane.

Paboma evinonnena npu punancoeoii noooepicke Poccuiickozo gponoa pynoamenmansmvix

uccneoosanuit, zpanm Ne 13-03-00754.
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