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KATAJIMTUYECKOE AMUHOMETHWINPOBAHUE ®EHOJIA U 4-XJIOP®EHOJIA
C UCITIOJIb30OBAHUEM UMMOBUWJIN30BAHHOTI'O HA SiO, XJIOPUJIA MEJINU(I)
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Crathst TOCBSIICHA UCCIIEIOBAHUIO aMHHOMETIITHPOBaHUS (heHoa U 4-x10peHoa ¢ UCTIOIB30BAaHUEM HOBBIX
3 (EKTHBHBIX KAaTaJM3aTOPOB, YTO OTKPHIBAET IEPCHEKTHBEI U MOTYYCHUS aMUHOMETHINPOBAHHBIX MPOU3BOJ-
HBIX, 00JTaJaI0INX BBICOKOH aKTHBHOCTBIO U IIMPOKUAM CIIEKTPOM IPUMEHEHHsS. ABTOPCKAsl TPYIINA BO INIABE C JIOK-
TOpoM Xumudeckux Hayk A.l'. MOparuMoBbIM, O€3BpEMEHHO YIICIININM, CCBUIACTCS Ha pa3pabOTaHHBIA paHee Me-
tog, koTopblid ucmonszyeT N,N,N',N'-TerpamernimveranaramMud (OrcaMuH) B Ka4eCTBE pearcHTa aMHHOMETHITPO-
BaHMS AIKHUHOB B COUETAHHUH C Pa3IMYHBIMA KaTaIN3aTOpaMU Ha OCHOBE IIEPEXOIHBIX METAIUIOB, TakuxX Kak Cu, V,
SM, 4TO MO3BOJIAET TOCTHYh BHICOKHX BBIXOIOB KOHEYHBIX MPOAYKTOB. [10po0HO paccMaTpuBacTCsi HOBBIM BBICO-
K03(p(PeKTUBHBIN crOcOO MOMYUICHHS] AMHHOMETHIIUPOBAHHBIX (DEHOJIOB, MPOSBIISIONINX aHTUMHKPOOHYIO W OaKTe-
PHLIIIHYIO aKTHBHOCTH. Taroke 3TH COSIMHEHHS HAaXOIAT MPUMEHEHHE B KAauecTBE MPEKypPCOPOB I CHHTE3a CO-
BPEMCHHBIX JICKAPCTBEHHBIX MPEMapaToB, OONANAIONINX CIIa3MOJIUTHYCCKUM, MPOTHBOAPHUTMHYCCKUM, AHECTE3H-
PYIOIIUM U JAAYPETHICCKUM JCHUCTBUSIMU, HHTCHCUBHO HCIOJB3YIOTCS B CEJIbCKOM XO3siCTBE B KadecTBe 3 dek-
THUBHBIX WHCEKTHUIMAOB M (YHTHLIWIOB, U B IPOMBIIUICHHOCTH — B Ka4eCTBE AHTHOKUCIHTENCH B CMA30YHBIX
U MOTOPHBIX MaciaX. OKCICPUMCHTAJIbHAs 4YacTh WCCICIOBAaHMSA BKIIOYaeT B ce0sS METOJ CHHTEe3a
2-[(anMeTHIIaMHUHO )METHIT | (DEHOIOB ¢ MCITIONTb30BaHUEM KaTtasm3atopa Ha ocHoBe Meau (CUCI/SiO,), BrICOKUME BBIXO-
Jamu mponykra (96-98%), kpome Toro, MOATBEPKAEHa BO3MOXKHOCTh MHOTOKPATHOT'O HCIIOIb30BAHUS KaTalu3aTopa
6e3 motepu 3ddekTuBHOCTH. TakuM 00pa3oM, MPEICTABICHHBIC PE3YJbTaThl MOMICPKUBAIOT TEPCIICKTUBHOCTD HC-
TMOJIL30BAHMST AaMUHOMETIJIMPOBAHUS (PEHOJIOB KaK YHHUBEPCAILHOTO MOAXOJa B CHHTE3C¢ COCMUHCHHH C IICHHBIMU
CBOMCTBaAMH. DTO CIIOCOOCTBYET Pa3BUTHIO KaK HAYYHBIX HCCIICIOBAHMN 00IACTH OPraHMIECKOTO CHHTE3a ITOJIE3HBIX
IUTSL TIPAKTHYIECKOTO TIPUMEHEHIS B Pa3iITIHBIX 00J1aCcTsIX HAPOTHOTO XO3SHMCTBA COCIMHEHHH, TaK W BHENPSHUIO HO-
BBIX TEXHOJIOTMYECKUX PEICHUH B CO3aHNe (papMaKONEHHBIX MPENapaToB UL JICUECHHS COLUATBEHO 3HAUUMBIX 3a00-
neBaruid. Ocoboe BHUMaHHUE B cTaThe yaemsdercs poin A.I'. FIoparnmMoBa kak OCHOBOIIOJIOKHHKA COBPEMEHHOTO IO~
X0J1a K KaTATUTHIECKOMY aMIHOMETHITMPOBAHHIO OPTaHUUECKUX COSHMHEHHH ¢ TOMOIIBIO OMcCaMUHA.

Kiouesie ciioBa: N,N,N',N'-retpametunmeranmuamun (6ucamus), henon, xjaopun meau (I), katanus, amu-
HOMETHJIMPOBAHHE.

Asorcozepxaiiue MPOU3BOAHBIE  (DEHOJIOB,
B YaCTHOCTH, OCHOBaHUA MaHHI/IXEl, SABJISIHOTCA
00BEKTOM CHCTEMATHYECKUX HCCIICIOBAHUN W Ha-
XOJAT MPAKTHYECKOE MPUMEHEHHE B Pa3IHYHBIX
o0ylacTsX HApOAHOro Xo3sicTBa. Hecmorps Ha
UMEIONIMECS B OTOH 00jacTH paboOThl, MHTEPEC

K HUM He 0cJa0eBaeT, 4To 00yCIOBICHO UX MOJIe3-
HBIMH  (DYHKIIMOHAJBHBIMH CBOWCTBaMu. Kpowme
TOTO, OHH SIBIISIIOTCS OCHOBHBIMU CTPYKTYPHBIMH
(parMeHTaMu B pa3IUYHBIX OMOJIOTHYECKH aKTHB-
HBIX COEJIMHEHHSAX W CHHTETHUYECKHX MaTepHhajax.
Tak, HampuMep, MX BBIPAKECHHAS OHOIOTHYECKas
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AKTHBHOCTH IIMUPOKO WCIIONB3yeTCs] B MEJHIINHE
[1-8], mpow3BOAHBIE aMHHOMETHJI(CHOIOB He3a-
MEHHMBI B CEIbCKOM XO35iicTBE B KauecTBe 3(-
(EeKTUBHBIX WHCEKTHIMIOB U QyHrumumos [9, 10]
U 7100aBOK K CMa30YHbIM U MOTOPHBIM Macjam,
MHTHOUTOPOB KOPPO3HH, CTAOMIN3aTOPOB TOILIUB,
MOHOMEPOB, IUIACTMACC, & TAKKE Pa3UYHBIX BU-
noB Kayuykos [11-13].

Panee B maboparopuy KaTaTMTUYECKOTO CHHTE-
3a MHK PAH, B rpymme JOKTOpa XUMHUYECKUX HAYK
mpodeccopa A.I' MOparmmoBa OpU1 pazpaboTaH HO-
BbIli YHUBEpCAJBHBIA METOJ] CHHTE3a MpoIapruia-
munoB mox gaerictBueM  N,N,N',N'-terpamerun-
MeTaHaMaMyuHa (OmMcaMWHA) ©W  BBICIIHX — 2eM-
JIMaMUHOB B TIPUCYTCTBUHM KaTAIUTHYCCKUX KOJIHU-
YECTB COJICH W KOMIUICKCOB MEPEXOTHBIX METAIIIOR,
takux kak CU, V, Smu ap. [14-16]. Meros no3Bosisi-
€T JIETKO, B OJIHY CTaJIUIO MONYYaTh MPOTAPTHIaMH-
HBI 33JJaHHON CTPYKTYpPBI C BBIXOJIOM JI0 99%.

C nenpio pacupeHus 00IacTH MPUITOKCHHSI
peakiui aMUHOMETHIIMPOBAHUS C TIOMOIIbIO OU-
CaMHHa IOJ JCHCTBUEM KaTaJIn3aTOPOB Ha OCHOBE
MEPEXOIHBIX METAJIOB, & TAKXKe Pa3pabOTKU Iep-
CTIEKTHBHOTO METOJa CHHTE3a MPAKTHUECKH BaXK-
HBbIX 0-aMHHOMCTHJIMPOBAHHBIX (DEHOJIOB, HaMHU
H3yUYeHO B3auMOJeicTBHEe OucamuHa C (EHOIOM
MOJT ICHCTBUEM KaTallM3aTOPOB, MPOSBUBIINX HAM-
OOJIBIIYI0 aKTUBHOCTh B PEAKIIMA aMUHOMETHIIH-
POBaHHMS AllETHJICHOB C TIOMOIIBI0 OMCaMUHA.

MbI NPEeIToIoKIIN, YTO OHCAMUH B MPUCYTCT-
BUH KaTATM3aTOPOB HA OCHOBE COJICH METH, HAHeCCH-
HeIX Ha SiO,, MOXeT OBbITh MCIIONL30BaH JIJIs aMHHO-
METUJIMPOBAHUS (PEHOJIOB C IOJTYYCHHUEM COOTBETCT-
BYIOIIHX 2-[(ANMETHIIaMHHO )METHI |(DEHOTIOB.

Jlns MpoOBEpKH BBICKA3aHHOTO MPEIIOI0NKE-
HUS TIEPBOHAYAILHO MbI IIPOBEJIA B3aUMO/ICHCTBHE
(deHona ¢ OMCaMHUHOM B TIPUCYTCTBUH KaTaINU3aTO-
pa Ha ocHoBe oxHoxyopuctoit meau (CuCl/ SiO,),
B3STHIX B COOTHOIIEHUM [(eHon]| : [OucamuH] :
[CuCl/ SiO;] = 10 : 10 : 0.3, npu TemmepaType
50°C u armocdepHOM [aBlieHMM B TE€YEHHE 5 4.
Beixon 2-[(numernnamuno)merii]derona (1) co-
ctaBui 98%. Peakius mpoTeKaeT Mo CXeMe.

OH

+

Taoaunga 1

Brusnue npupoowvr kamanuzamopa na 61x00
0-AMUHOMEMUTUPOBAHHBIX (PEHON08

Denon Karanuszarop | Beixon | Beixog™
Ph-OH CuCl/SiO, 98 96
p-Cl- C¢Hs-OH | CuCl/SiO, 96 93

[IpuMedanue.™ — BBXOJA NOCHIE MATH-

KpaTHOT'O UCIIOJIb30BaHUA KaTaJiu3aTopa.

Hapsiny c dbenomom, B pa3paboTaHHBIX YCIIO-
BUSIX B PEAKLHUI0 aMHHOMETWINPOBAHMSA BCTYHAeT
p-Cl-CsH,-OH ¢ Brixomom npoaykra 96%.

Br1o ycranoBneHo, 4To MpeIoKeHHBIA HaMU
KaTanm3aTop He TepaeT 3h(HEeKTUBHOCTH AaXe Imocie
5-KpaTHOTO TPUMEHEHUs, YTO CHOCOOCTBYET HKO-
HOMHH KOJIMYECTBA HCIIOIB3YEMOT0 KaTallu3aTopa.

Pa3paboTanHblii HAMH METOJ CEIEKTHBHOTO
aMUHOMETWJIMPOBaHUS (DEHOIIOB OMCaMHHOM, Ka-
tanmusupyembiii CuCl/SiO,, oTkpbIBaeT ynoOHbIH U
NEPCHEKTUBHBIA IIyThb K CHHTE3Y IPAKTUYECKU
Ba)KHBIX AMUHOMETHIIMPOBAHHBIX (DEHONIOB.

JKCNepUMEHTANIBHAS 4YacTh. XpoMaTrorpa-
¢udeckwii aHaNMM3 TMPOBOAMIM Ha mpudope
Shimadzu GC-9A, komonka 2000x2 MM, HENO.I-
BkHas (aza — cuimkon SE-30 (5%) Ha HOcHTeNe
Chromaton N-AW-HMDS (0.125-0.160 mm), ras-
Hocutenb — renuit (30 Mi/MHH), TpOrpaMMHUpPOBa-
Hue temnepatypsl oT 50 mo 300°C co ckopocThio
8 rpaymun. Oxsomepssie (‘H, °C) u nBymepubie
romo- (COSY) u rereposinepubie (HSQC, HMBC)
SAMP crexTpbl IPOAYKTOB pPEAaKUUU 3alMCaHbl B
CDCl; na cmextpomerpe «Bruker Avance 400»
[400.13 MTI (*H), 100.62 MI' (**C)], xummue-
ckue caBurd Aansl oTHocutenabHOo TMC. Xpomarto-
Macc-CIeKTPaIbHBIN aHAIM3 TPOBOAMIM Ha TPH-
oope Finigan 4021 (crexisHHAs KanmwuisipHas Ko-
mouka 50000x0.25 wmm, HemoaBwkHas (aza —
HP-5, ra3-Hocutens — renui, MporpaMMHUpPOBaHUE
temneparypel oT 50 g0 300°C co cKOpoCTbhIO

OH

. CHj

CuCl/Sio, N
F— 2
\

CH; CH;
—-H—N

\ 1

CH,

50 °C 98 %

C x e M a. Peakiust ¢enona ¢ bucaMuHoM B rpucytcTBuu katanuzatopa CuCl/ SiO,
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XUMUA

5 rpan/mun, Temneparypa ucmnaputeis 280°C, uc-
touarka uoHOB 250°C, 70 3B). DneMeHTHBIN co-
cTaB 00pa3loB ONpENeNsi Ha DIEMEHTHOM aHa-
m3arope Gupmer Karlo Erba 1106.

Oo0masn MeTOMKA NMOJTy4YeHHs 2-
[(numeTnnamuno)MeTwi]|dpenosioB 1. B crexmsan-
HBI peakTop oObemMoM 50 M, YCTaHOBIICHHBIA Ha
MarHMTHOM Memiajike, rmoMemaroT 10 MMonb cooT-
BercTByromero ¢enoma, 10 wmmoms N,N,N',N'-
terpamernnMeragauamuaa (1.162 1), 0.3 mmonb
katammzatopa (0.594 r karammszaropa CuCl/SiO, ¢
5%-m maccoBeM conmepxkanneM CUCI), mepemernm-
BaroT 5 u npu temneparype S0°C. [lo oxoHuaHuIO
peaKuy peaknoOHHYI0 MacCy OXJIKIAIN U 100aB-
mum 10 M gudTEoBoro 3dwupa. OpraHudeckuit
cloll  OTQUIBTPOBBIBAIN 4epe3 (PUIBTPOBAILHYIO
Oymary, KaTajau3aTop CYIIWJIA W UCIIONIb30BAIH I10-
BTOpHO. [lanee opraHuyecKuid CiOH MPOMYCKaIU
yepe3 HeOombIoi crior cunmkarens L, 180/250 p
(cTexnsiHHAs KOJIOHKA qramMeTpoM 10 MM ¢ BBICOTOI
ciost cuukarenst 10 mm). KonoHKy J0MOTHATENRHO
MIPOMBIBAIIA C WCTONB30BAaHUEM 5 MIT 3THIIAIETaTa.
OuibTpaT ynapuBald Ha POTOPHOM HCIHapHUTeIe
npu moHmwkeHHOM gasinenuu  (12-18  Topp).
2-[(AnmeTrmamMuHO )MeTHIT | (DEHOBI  BBIICITSUTA KO-
JOHOYHOH  Xpomarorpaduedi  (cunmkarens L,
180/250 w; 2It0€HT: METPOJICHHBIN 3pUp — TETPO-
neiHsIid 3¢up / strnanerar, 10:4 wim 10:3) ¢ BeIxo-
noM 90-98%. CTpyKTypbl BBIIEICHHBIX COEIUHE-
HUI YCTaHABIIMBAJIM aHAIU30M CIEKTpoB SJMP BCu
. Jnst coequuenus 1r ObLIN IOIMOJHHUTEILHO 3a-
peructpupoBansl criektpel HSQC, COSY, HMBC.

2-[(Anmerniamuno)MeTwa | peHoa.  Boixon
98%, R; 0.44, (rexcan/EtOAc = 10:3), cerio-
s)kenroe Mmacio. MK-cmektp, v, e 2965, 2921,
2777, 1740, 1608, 1483, 1265, 818, 734, 640.
Crnextp SIMP 'H, CDCls, § m.x. : 2.34 ¢ (6H, CHy),
3.64 ¢ (2H, CH,), 6.71-7.20 m (4 H, apwi). Criextp
AMP BC, § mn 44.70, 62,54, 115.78, 118.71,
122.75, 128.02, 129.52, 157.98. Macc-criektp m/z =
151 [M]". Haiineno, (%): C 71.27, H 8.62, N 9.10.
CoH13NO. Breraucneno, C 71.49, H 8.67, N 9.26.

2-|(IumeTunamMmuno)MeTHN]-4-X10pdheHo0T.
Bexox 96%, R; 0.40, (rexcan/EtOAc = 10:4), —
cBeTIIOe BasennHonoa00Hoe macio. MK-crekTp, v,
cvm:2963, 2916, 2781, 1743, 1610, 1480, 1263,
820, 736, 641. Crextp SIMP ‘H, CDCls, & m.x. :
2.30 ¢ (6H, CHs), 3.59 ¢ (2H, CHy), 6.73-7.09 m
(3 H, apu). Crexrp SIMP °C, § m.1 21.06, 44.35,
62.13, 116.97, 117.39, 123.42, 128.10, 129.29,
156.69. Macc-cnektp m/z = 187 [M]" u 185 [M]+.
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Haiineno, (%): C 58.19, H 6.64, N 7.50. CoH3NO.
Brruucieno, C 58.23, H 6.52, N 7.54,
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CATALYTIC AMINOMETHYLATION OF PHENOLS USING Cu(l)-BASED
CATALYSTS IMMOBILIZED ON SILICA GEL

© A.G. Ibragimov], M.G.Shaibakova, L.K. Dilmukhametova,
E.A. Paramonov, Yu.Yu. Mayakova, I.R. Ramazanov

Institute of Petrochemistry and Catalysis — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences,
141, prospect Oktyabrya, 450075, Ufa, Russian Federation

The article is devoted to the study of aminomethylation of phenols using new effective catalysts, which
opens up prospects for obtaining aminomethylated derivatives with high activity and a wide range of applications.
The authors' group headed by Doctor of Chemical Sciences A.G. Ibragimov refers to a previously developed
method that uses N,N,N',N'-tetramethylmethanediamine (bisamine) as a reagent for aminomethylation of alkynes
in combination with various catalysts based on transition metals such as Cu, V, Sm, which allows achieving high
yields of final products. This article discusses in detail a new highly effective method for obtaining
aminomethylated phenols that exhibit antimicrobial and bactericidal activity. These compounds are also used as
precursors for the synthesis of modern drugs with antispasmodic, antiarrhythmic, anesthetic and diuretic effects,
are intensively used in agriculture as effective insecticides and fungicides, and in industry — as antioxidants in lu-
bricating and motor oils. The experimental part of the study includes a method for the synthesis of 2-
[(dimethylamino)methyl]phenols using a copper-based catalyst (CuCl / SiO2), high product yields (96-98%), in
addition, the possibility of repeated use of the catalyst without loss of efficiency is confirmed. Thus, the presented
results emphasize the promise of using aminomethylation of phenols as a universal approach to the synthesis of
compounds with valuable properties. This contributes to the development of both scientific research in the field of
organic synthesis of compounds useful for practical application in various fields of the national economy, and the
introduction of new technological solutions in the creation of pharmacopoeial drugs for the treatment of socially
significant diseases. Particular attention in the article is paid to the role of A.G. lbragimov as the founder of the
modern approach to catalytic aminomethylation of organic compounds using bisamine.

Keywords: N,N,N',N'-tetramethylmethanediamine (bisamine), phenol, copper(l) chloride, catalysis,
aminomethylation.
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