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CHUHTE3 o,8-HEHACBIIIEHHBIX AJIbJETH0B TOMOKOHEHCALIUE
®EHWIAUETAJBJAETUIA U 3-OEHUJIIPOIIAHAJISL B IPUCYTCTBUHU TACls
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BriepBrie nccienoBana anpI0I-HO-KPOTOHOBAS KOHICHCANUS (peHmIaneranbaeriuaa u 3-(QeHmiponatas Iox
neiictBueM neHtaxiopuna Tantana (TaCls) B pactBope 6ensomna. [Tokazano, uro ucnons3oBanue 0.5 sxB. TaCls no-
3BOJISICT TIOJIyYUTh COOTBETCTBYIOIIUE O,3-HEHACHIIIICHHBIC albJCTHIBI ¢ BHIXOAaMH 85—-89% u E-KoH(UTrypanuei
JIBOMHOW CBsI3M. MeTON OTIMYaeTCsi BRBICOKUMH BBIXOJIAMH U CTEPEOCEICKTHBHOCTEIO. Y CTAaHOBIICHO, UTO TP HC-
nonb3oBaHuK (.2 9KB. MEHTaXJIOpUAa TaHTajda AocTkeHue 60%-HOro BbIXOJa IEJIEBOr0 MpOAyKTa (Ha MpUMEpe
3-¢denunnponanans) TpeOyeT 8 4, MpHU 3TOM JOJIS HEMPOPEarupOBABILIETO MCXOJHOTO aNbJeruna aocturact 28%.
Kongwuryparmst oOpasyromeiicss TBOHHON CBS3M B MONYYCHHBIX O,3-HEHACHIIICHHBIX albICTHIAX ObLIA HAJEKHO
ofpejieNieHa ¢ MOMOILBI0 METO/a JBYMEPHON KOPPEJSILIMOHHON CHEKTPOCKONUH siaepHoro d¢dexta OBepxaysepa
(2D NOESY). B cnekrpe o,-HEHACBIIIEHHOTO alibJeTHAa, TOIYyYeHHOro U3 3-(heHHMmponanais, HaOmoarTCs
YETKUE KPOCC-TIMKH MEKIY CHHIJICTHBIM CHTHAJIOM AJBAETHUIHOTO IPOTOHA M TPUIUICTHBIM CHTHAJIOM BHHIJIBHOTO
MPOTOHA, YTO XapaKTePHO UL MX IPOCTPaHCTBEHHOH Omm3ocTr B E-m3oMmepe. Kpome Toro, 3adukcupoBaHEI KOppe-
JSIIMKA MEXKIYy METHJICHOBBIMH MPOTOHAMHU OCH3WJIBHOTO W STHI(EHHIIBHOTO 3aMecTUTENed. DT HaOMIOACHUS B
COBOKYITHOCTH C OTCYTCTBHEM KPOCC-ITUKOB, XapaKTEPHBIX VIS Z-KOH(UTYpaIliy, O3BOJIAIOT YTBEPIKAATh, UTO pe-
aKIMs IPOTEKAET CO CTEPEOCENeKTUBHOCTRIO, Omi3Koit k 100%, B moms3y E-uzomepa. [IpemmoxkeHHbIH moaxon K
aJbJI0bHO-KPOTOHOBOW KOHJIEHCAIIMM OTKPBIBAET HOBBIE BO3MOXKHOCTH B OPraHMYECKOM CHHTE3e, oOecreyuBast
3¢ PeKTHBHOE HapallUBaHUE YTICPOIHOro ckenera u (hopMHpOBaHKE NMONH(YHKIIMOHAIBHBIX CTPYKTYp. CHHTE3U-
POBaHHBIE apHI3aMeIICHHEIE 0, -HEHACHIIICHHBIE AJIbACTUABI SBIIOTCS HEHHBIMH MOTYTIPOIYyKTaMHU, BOCTpeOOBaH-
HBIMHU TIPH CO3AaHUM OMOJIOTMYECKH aKTUBHBIX COCIMHEHH, KOMIIOHEHTOB Map(PIOMEPHBIX KOMIIO3HLUN U (PyHK-
IIMOHANBHBIX MONMMMepoB. brarogaps xommepueckoit goctynHoctH TaCls paspaboTaHHas METOIMKA MOXET OBITh
JIETKO BOCIIPOM3BEACHA B IPEMapaTHBHBIX JTaboparopmsax. Peakuns HE COMPOBOXKIACTCSI OCMOJICHHEM HCXOIHBIX
aNbJeruIoB: (eHuWIaleTalbaeruia u 3-QpeHunponasans, 4To sSBIsSETCS paclpOCTPaHEHHON MpoOIeMoi MpH uc-
MOJIb30BAaHUH TPAJUIIMOHHBIX T€TEPOTeHHBIX KAaTAIN3aTOPOB. DTO JOMONHUTENbHOE MpenmMyiecTBo jaenaeT TaCls
MPENOYTHTEIFHEIM PEareHTOM JUIS CEIEKTHBHOTO CHHTE3a 0l,3-HCHACHIIICHHBIX aTbIeTuaIoB. TakuM obpa3oM, Ha-
CTOSIIIIEE HCCIICOBAHNE CYIIECTBCHHO IOMONHACT apCceHal PeaKlni, KaTalM3UpyeMBIX MEHTaXJIOPUIOM TaHTAala,
JIEeMOHCTPUPYS er0 3)(HEKTUBHOCTD B TpaHCPOPMAIHIX KapOOHUIBHBIX COCIMHEHHN.

KitoueBsbie crioBa: MEHTaxXJIOPH]] TaHTala, (peHMIaneTaIbaeru, 3-heHmImponanaib, OSH30II.

BBenenue. AnpnoibHas KOHICHCAIUSA SIBIIS-
€TCsl XOPOLIO U3YUYEHHON pEeaKUUen, O3BOJIAIOLIEN
CEJIGKTHBHO C(OPMHPOBATH YTIEPOJI-YTIIEPOIHYIO
CBSI3b MEXIY IBYMSI MOJIEKYyJaMHU aJIbJIeTUaa WITH
KeTOHA. AJBJOJBbHO-KPOTOHOBAsI ~ KOHJCHCAIIUS
MIPEJICTAaBISICT COOOM OJMH M3 BAKHEUIINX MPOIEC-
COB B CHHTE3¢ MPHUPOIHBIX coeauHeHUH [1-3]
Y MIPOMBILIUIEHHBIX MaTeprasioB [4]. DTOT BUJ KOH-
JIEHCAIIUU BBICTYMACT KPUTUYECKU BAKHOU CTaau-
eif B TIPOM3BOJICTBE 2-3THIITEKCaHANs, N30(opoHa
u KpoToHOoBoro ampaeruna [4]. Karamuzatops

aJIbI0JIbHOW KOHJICHCAIIUU TIPEICTABICHBI ITUPOKAM
CIIEKTPOM KHCJIOTHBIX MJIM OCHOBHBIX KaTalU3aTo-
POB, TaKX KaK COJH Pa3UYHBIX METAJUIOB, IEOJIHU-
THI [5], THAPOTANBLUUTH U MaTepPHAJIBl HA X OCHOBE
[6], okcuIBl METAJIOB U HAHECEHHBIE OKCHUIBI Me-
TaJoB [7] a Taxke ruapokcuanaTutsl [§]. B otiu-
YHhe OT TOMOTE€HHBIX KaTaJln3aTopoB Ha OCHOBE CO-
JIell MEeTaJlJIOB, TETEPOTCHHBIE CHUCTEMBI 4acTO Tpe-
OyroT Oosiee BBICOKMX TEMIIpaTyp M XapaKTepu3y-
IOTCSl JIe3aKTHBAIlMEeH KaTajau3aropa, OOYCIIOBIIEH-
HOI OCMOJICHUEM MCXOIHBIX aJIbJIETHI0B [4].
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Crnenyer OTMETHTh, YTO KOOPAMHAIMS KOM-
IUIEKCOB M COJIEH TaHTana ¢ KapOOHUJIBHBIM aTo-
MOM KHCJIOpPOJa CIIOCOOCTBYET IPOXOKIESHUIO
BBICOKOCEJICKTUBHBIX IMPEBPAlICHUN KapOOHUIICO-
JepXKalluX COeAMHEHUH B IIUPOKUN KPYT pa3iud-
HBIX  KIJIACCOB  OPTraHWYECKUX  COCAMHECHUIA.
B nacrostmee Bpemsi HaMW pa3pabOTaHBI TaKWe
TaCls-onocpenoBaHHble (KaTaTUTHYECKUE U CTe-
XUOMETPUYECKUE) PEeaKINy, KaK aMHUIUPOBAHHE
kapOoHOBEIX kucioT [9, 10], apuiupoBanue amb-
merugoB  [11], aHHenmupoBaHHWE  JOHOPHO-
aKLENTOPHBIX IUKJIONponaHoB [12] a Taxxke Kap-
OomMeramupoBaHue ankuHoOB [13, 14] u ankwmm-
poBanue OeHn3ona [15]. BaxxHO OTMETHTH, YTO
MEHTaXJIOPHJ TaHTana SBISETCS KOMMEPUYECKH
JIOCTYITHBIM PEareHToOM, YTO JIeJaeT ero MpHBIIe-
KaTeNbHBIM JJIsl TPEemapaTUBHOTO TPUMEHEHHS.
B nanHo#l pabote BHepBbIE M3y4€HA aJbIOJBHO-
KPOTOHOBas KOHJIeHcaIusl (heHUIaeTalbIernia u
3-penunmpomaans TOX JEHCTBHEM KHCJIOTHI
JIsrouca — TaCls. Takum oOpa3oM, naHHas paboTa
HaIlpaBjeHa Ha PACIIUPEHHUE I'PAHULl TPUMCHCHUS
MEHTaXJIOpH/a TaHTaJla JUIs MPpeBpalleHnus Kapoo-
HUJIBHBIX COETUHEHUH.

IJKCIEepUMEHTAJIBHAS YacTh. XpoMmaTorpa-
(brgeckmii aHANM3 TPOBOMWIA Ha TpuOope «Shi-
madzu GC-9A» («Shimadzu», SmnoHus), KoJOHKa
2000%2 mm, HemonBwkHasg Qaza — cuwinkon SE-30
(5%) mna Chromaton N-AW-HMDS (0.125-
0.160 Mm), ras-sHocuTens — remmit (30 MI-MuH ),
MpOrpaMMHUPOBAHHBIA MOABEM Temmeparypsl oT 50
10 300 C co ckopocthio 8 rpam-MmuH '. CHeKTpsl
SMP 'H u °C 3anmcans! Ha cnekrpometpe «Bruker
Avance-500» («Bruker Optik GmbH», I'epmanus)
(125 MI'n mns BC u 500 MI'n s 1H) B pacTBopax
B CDCl;. XuMudecKne CIBUTH MPHUBEICHBI OTHOCH-
TEIBHO TeTpaMEeTUIICUIIaHA. Xpomaro-macc-
CHEKTPOMETPUYUECKUI aHAN3 COSAWHEHUH MPOBO-
o Ha ripuoope «Shimadzu GCMS-QP2010 Plusy»
(«Shimadzuy», Amnonuns) (CTEKISHHAS KaUsIpHAsS
konmoHnka  SLB-5ms  60000x0.25 MmmM*x0.25 ™M
(«Supelco», CIIIA), TemmniepaTypa UCTOYHUKA HOHOB
200°C, 70 3B). DneMeHTHBII COCTaB BBHITOJHEH Ha
anaimsarope «Carlo Erba-1106» («Carlo Erba
Strumentazione», Mrtanus). Bbixoasl coeauHeHHH
ompepemsiii  MetopoM [2KX (BHyTpeHHMi cTaH-
JapT — H-ToJeKaH). Peakumy KoHAEHCAWu TPOBO-
WA B TOKE cyxoro aproHa. beH3on moaBepraiu
OCYLIKE U MEPEroHKe HaJ HAaTPUEBOH MPOBOJIOKOM.
B pabote ucmomns30Bamy KOMMEPUYECKH JOCTYITHEIE
pearentsl (Acros, Aldrich): denmnaneranpaerusy,
3-(heHWIIPONMOHOBBIN aIbJIET U/,
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OO0mas Metoauka. B CTEKJIIHHBINA peakTop B
aTMocdepe Cyxoro aproHa IOCJEIOBAaTEIBFHO 3a-
rpyxamu TaCls (1 mmons), 6er3om (20 Mi1) 1 COOT-
BEeTCTBYIOMUK anbaerua (2 mmons). CMmech mepe-
memuBany npu 40°C B TedeHue 8 4. PeaknimoHHYIO
cmech oxnaxaanu (0°C), pazbaBisiin STHiIAETa-
toM (10 M) 1 HOGABIISIN JUCTUIIMPOBAHHYIO BO-
oy (25 mm). CMmech nepeMenuBany B TeueHue 1 4,
3aTeM BOJHBIA CIIOW DKCTParvpoBalid STHIIAIETa-
toM (3 x 20 mi). OObenUHEHHBIE OpTaHUYCCKHE
AKCTPAKTHl MPOMBIBAIM HACHIIIEHHBEIM PAaCTBOPOM
NaCl (30 mu) u cymmnu Hax Oe3BogHbM CaCl,.
[locne pumpTparuu pacTBOpPHUTENH yIAISUTA HA PO-
TAI[MOHHOM HCIIapuTeNe, a OCTAaTOK OYMIIAIN KO-
JIOHOYHOH Xpomartorpadueil (370SHT — MeTpoJIei-
HBIH pup—aTHnanerar, 1 : 15), momydas coemuHe-
Hus 2a u 2b.

(E)-2,4-Indpennndyr-2-enan (2a). Brixon
0.377 T (85%), MacngHUCTas KHUIKOCTh CBETIIO-
kenroro 1Bera, Ry 0.73 (merposiedHBIN 3up—
stunanerar, 15 : 1). Haiineno (%): C, 86.58; H,
6.44. C¢H40. Brerauciieno (%): C, 86.45; H, 6.35.
'H SIMP (500 MI'u, CDCl3) 8, m.x.: 3.75 (1, J =
7.6 I'n, 2H), 6.91 (1, J = 7.6 'y, 1H), 7.58-6.95 (m,
10H), 9.71 (c, 1H). *C SIMP (125 MI'n, CDCl;) §,
m.a.: 35.88, 126.87, 128.26, 128.46 (2C), 128.54
(20), 128.93 (2C), 129.53 (2C), 132.26, 138.13,
144.19, 153.51, 193.57. m/z = 222 (87) [M]+, 178
(23), 115 (100), 103 (63).

(E)-2-ben3nii-5-¢peHnimeHT-2-eHaJl (2b).
Breixon 0,445 t (89%), MacmsHHCTas >KHIKOCTb
cBeTno-xenroro usera, Ry 0.71 (merponelHbIN
a¢pup-—oTrnanerar, 15 : 1). Haiinerno (%): C, 86.48;
H, 7.18. CisH30O. Brruucneno (%): C, 86.36; H,
7.25. "H IMP (500 MI'u, CDCl5) 8, m.xi.: 2.73-2.85
(M, 4H), 3.62 (c, 2H), 6.66 (1, J = 6.7 T'n, 1H),
7.45-6.99 (M, 10H), 9.48 (c, 1H). “C sIMP
(125 MI'u, CDCl3) o, m.a.: 29.65, 31.07, 34.44,
126.12, 126.41, 128.33 (2C), 128.38 (2C), 128.48
(20), 128.63 (2C), 139.07, 140.46, 142.83, 154.75,
194.58. m/z = 250 (4) [M]+, 159 (18) [M]+—
CH,Ph, 145 (27), 91 (100).

Pe3yabTaThl U MX 00Cy:KIeHHe. YCTaHOBIIE-
HO, 4TO TMpeBpalicHue (eHmIaneTanpaeruia la u
3-dbennnmpomnanans 1b mox nmeiictBuem 0.5 3kB.
MIEHTaxJIOPHIa TaHTaja B pPacTBOpe OEH30JIa CO-
MIPOBOXKIACTCSI BRICOKOCEIICKTHBHBIM 00pa30BaHMU-
€M MPOJYKTOB alIbJIOJIbHO-KPOTOHOBOW KOHJIEHCA-
Uy — coenuHenuii 2a u 2b ¢ Beixogamu 85% u
89% cootBeTcTBeHHO (CcxXema). Jlyis momHOW KOH-
BEPCUM HCXOJHBIX allbJCTUAOB HE00X0auMo 8 u.
Hcnons3oBanne MeHblero koaumuecrBa TaCls



XUMUA

(0.2 5KB.) TIPUBOANUT K 3aMEIICHUIO PEAKIIMH: BBI-
xop coenuHenus 2b gepe3 8 u coctaBun 60%, npu
3TOM JIOJIsS HETIPOPEarupoBaBIIEr0 UCXOAHOTO allb-
neruna nocruria 28% (mo nanaeM [KX). Kondu-
rypaius ABOMHOMN CBS3U MOJYYEHHBIX COCIUHEHUMN
2a u 2b HaAEXKHO YCTaHOBJIEHA C MTOMOIIBIO METO-
ma 2D NOESY. Hna coemunenuss 2b xpocc-
B3aMMOJICHCTBHE MEXIy CHHIJIETHBIM CHTHAJIOM
aJIBJICTMTHOTO MPOTOHA W TPUIUICTHBIM CHUTHAJIOM
BUHWIBHOTO TPOTOHA OJHO3HAYHO YKAa3bIBaeT Ha
E-xondurypanuio. TpaHc-pacrioniokeHue 3amec-
TUTEJIEW MpU JBOWHOW CBSI3U TaK)Xe MOJTBEpPIKIa-
etca HanmuneM 3¢ dexra Osepxaysepa (NOE) me-
KAy CHHTIIETHBIM CHTHAJIOM METHUJICHOBOU TPYIIITHI
pu Oen3mibHOM 3amectutene (CHzPh) n mymbTu-
IUICTHBIM CHTHAJIOM METHUJICHOBBIX IPYII 3THI(E-
HunpHOro gparmenta (CH>—CH>—Ph).

TaCls (0,5 skB.)

1 6ensoi, 40 °C, 8 u H "0
3“(‘;' 2a (85%)
v’ —|
H
1a,1b
a TaCls (0,5 axB.)

6ensoin, 40 °C, 8 u

1a: R = Ph(CH,)
1b: R = Ph(CH,),

2b (89%)

C x e M a. ATTBIOJTBHO-KPOTOHOBAsI KOHIICHCAIHS (e-
Hunanetanpaeryaa (la) u 3-denunnponanans (1b)
nox nericteueM TaCls

3akmrouenue. TakuM 00pa3oM, HaMH BIIEPBBIE
MOKa3aHO, YTO MpeBpalllcHUe (eHUTANETaIbACIUIa
1 3-(heHwIponanais Mo ASHCTBUEM TICHTaXJIOpH-
Jla TaHTaJla B pacTBOpEe OEH30Jia COMPOBOXKIACTCS
CTEPEOCENICKTUBHEIM ~ 00pa30BaHUEM  IMPOAYKTOB
aNbJOJIBHON KOHJCHCAIIMA — O,3-HEHACHIIIIEHHBIX
anbpICTHIOB ¢ E-KoH(HUTYpanueld TBOWHON CBS3H.
Pa3paboTraHHBI METOJ| alibJOJILHON KOHJICHCAIH
aNbJCTUIOB MPEACTABISIET HECOMHEHHBIA HHTEpEC
JUIsl OpPraHMYECKOro0 CUHTE3a, TaK KakK II03BOJISIET
VIUIMHUTG YTJIEPOAHYIO IIeTh WU TMOMYyYUTh TIOJH-
(yHKIMOHANEHBIE coeMuHeHus. [loay4YeHHbIe apui-
3aMCILEHHBIC CONPSIKEHHBIE aJbJACTHABl MOTYT
CIIYXHUTh MPOMEXKYTOYHBIMHU MPOAYKTAMU B MIPOU3-
BOJICTBE (hapMaleBTUYECKUX IPENapaToB, IyIIU-
CTBIX BEILLECTB U MOJUMEPHBIX MAaTEPUAJIOB.
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Hccnedosanue evinonneno 3a cuem epanma
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20 hedepanbHO20 UCCIe008amMenbCKO20 YEHMPA.
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SYNTHESIS OF a,B-UNSATURATED ALDEHYDES BY HOMOCONDENSATION
OF PHENYLACETALDEHYDE AND 3-PHENYLPROPANAL IN THE PRESENCE OF TACIs

© A.M. Gabdullin, R.N. Kadikova, 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 aldol-crotonic condensation of phenylacetaldehyde and 3-phenylpropanal in the presence of tantalum
pentachloride (TaCls) in a benzene solution was studied for the first time. It was shown that the use of 0.5
equivalents of TaCls allows one to obtain the corresponding a,B-unsaturated aldehydes in 85-89% yields and the
E-configuration of the double bond. The method is characterized by high yields and stereoselectivity. It was found
that when using 0.2 equivalents of tantalum pentachloride, achieving a 60% yield of the target product (using
3-phenylpropanal as an example) requires 8 h, while the proportion of unreacted starting aldehyde reaches 28%.
The configuration of the resulting double bond in the obtained a,B-unsaturated aldehydes was reliably determined
using two-dimensional correlation spectroscopy of the nuclear Overhauser effect (2D NOESY). The spectrum of
the o,pB-unsaturated aldehyde obtained from 3-phenylpropanal exhibits distinct cross peaks between the singlet
signal of the aldehyde proton and the triplet signal of the vinyl proton, characteristic of their spatial proximity
in the E-isomer. Furthermore, correlations were observed between the methylene protons of the benzyl and
ethylphenyl substituents. These observations, combined with the absence of cross peaks characteristic of the
Z-configuration, suggest that the reaction proceeds with near-100% stereoselectivity in favor of the E-isomer. The
proposed approach to aldol-crotonic condensation opens up new possibilities in organic synthesis, enabling
efficient growth of the carbon skeleton and the formation of polyfunctional structures. The synthesized
aryl-substituted o,B-unsaturated aldehydes are valuable intermediates in demand for the creation of biologically
active compounds, perfume components, and functional polymers. Thanks to the commercial availability of
TaCls, the developed method can be easily reproduced in preparative laboratories. The reaction is not accompanied
by resinification of the starting aldehydes (phenylacetaldehyde and 3-phenylpropanal), which is a common problem
with traditional heterogeneous catalysts. This additional advantage makes TaCls a preferred reagent for the selective
synthesis of a,f-unsaturated aldehydes. Thus, this study significantly expands the arsenal of reactions catalyzed by
tantalum pentachloride, demonstrating its effectiveness in the transformation of carbonyl compounds.

Keywords: tantalum pentachloride, phenylacetaldehyde, 3-phenylpropanal, benzene.
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