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OOHapyXeH TIepBbIii MPUMEP BHYTPUMOJCKYJISIPHOI IHACTEPEOCEICKTUBHONM AOMMHO-peakuuu 1,1'-
ouc(eHoH)(deppolieHa ¢ obpazoBaHueM [S]deppoiieHodaHa, THUIMAPYEMOM OCHOBAaHWEM — 3THJIATOM
Hatpus. [IponykT nmpencrasisieT coboii [S]deppolieHodaH ¢ AByMs IMPUAXHOBBIMU M OMHUM 3TOKCHU-3a-
MECTUTEJISIMUA, HECUMMETPUYHO PACIIOJIOKEHHBIMU B ISITUYIJIEPOIHOM MOCTUKE. udpakiinoHHbIE UC-
clieJoBaHUs MOKa3aiud, YTO B MOJYYEHHOM COEAMHEHUM (eppOoLEeHOBbI (hparMeHT MPUHUMAET MOYTU
HJIeaIbHYIO 3aCJIOHEHHYIO KoHpopMaLuio. KoHndopMmanus dana, oOHapyXeHHast B KpPUCTAJLIE, COXPaHsI-
€TCSI M B PacTBOPE, YTO OBLIO YCTAaHOBJIEHO C OMOIIBIO CIieKTpocKonuu SAMP.
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BBEAEHUWE

[n]DeppouieHOGaHBI — KJIaCC BEIIECTB, B KOTO-
PBIX MOCTUKOBEBIN (pparMEHT C YHCIIOM aTOMOB A CO-
eOuHSEeT IIeHTaOueHWIbHBICE LIUKIBL (eppoleHa
MeXIy co00ii ¢ 00pa3oBaHMEM 3aMKHYTOM CTPYKTY-
pel [1]. MOCTHUKOBEIIT (hpparMEHT MOXET MIpEacTaB-
JISITH COOO0M KaK TOMOYIJIEPOIHYIO 1IeTTh [2], TaK U yT-
JIEPOMHYIO LIEITb C OOHUM WJIN HECKOJBKUMM TeTepO-
aToMaMM, TaKMMHW Kak, HarpuMmep, asoT [3], nam
JTaXkKe OMHOATOMHBIA MOCTHK KakK, HaIlpuMep, B CIIy-
qae [1]cumadepponenodana [4]. CTpyKTyphl ceMeii-
ctBa [5]deppoueHObaHa OOBIYHO 00pPa3yIOTCS B X0
BHYTPUMOJICKYJIIpHOTO 1,4-IpricOeAMHEHUST alle-
TUJIBHOTO aHMOHA K (parMEHTy MOHO-XaJIKOHa B
YCIOBUSIX HeJoCcTaTKa anbaeruaa [5, 6], itmbo B Kaue-
CTBe ITOOOYHOTO MPOIYKTa B MpPOILECcCe MOTy4eHUS
onc-xankoHoOB [7]. KpoMe Toro, B nureparype onm-
CaH eOIVMHCTBEHHBII ITpuMep 00pa3oBaHus (heppolie-
Ho¢aHa, B KOTOPOM Yy4YacCTBYeT BHEIIHMU HYKJICO-
¢un, KOTOpelii B pe3yjbTaTe peaKIuid BXOIUT B
CTPYKTYpPY 00pa3yiomierocss HECUMMETPUYHOTO 1TNK-
nodaHa [8].
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PE3VJIBTATBI 1 OBCYXIEHHWE

B mpoliecce u3ydyeHust CMHTe3a XaJIKOHOB [9] Ha
ocHoBe 1,1'-mmaneTuideppolieHa W TTUPUIUH-4-
KapOanabIeruaa Mbl CTOJIKHYJIMCh C TEM, YTO TIOMUMO
1eJIeBOro oucxaiakoHa 1 B peakiiuu B 3HAUUTEIbLHBIX
KOJIMYeCTBax 00pa3yeTcss MOOOYHBIN NPOIYKT 2 (cxe-
Ma 1).

HewusBecTHbIl paHee HECUMMETPUYHO 3aMelleH-
HBII MO MOCTHUKY [5]deppouieHodaH 2, mo Bceit BU-
IUMOCTH, 00pa3yeTcs B pe3yIbTaTe KaCKaTHO ITNK-
JIM3alny MpoaykTa 1 rmocie MmpucoenmHeHusI K HeMy
HaxoJs1IErocs B pacTBOpe 3TUJIaTa Kaiaus (cxema 2).
CIipaBeIMBOCTh 3TOTO YTBEPKICHMS OblIa JoKa3a-
Ha HaMM ITyTeM OTIEeTbHON KOHIEHCAIIMU BBIIETICH-
Horo OucxankoHa 1 B CHUPTOBOM pacTBOpPE T'MAPOK-
cuga Kaiausl ¢ obpasoBanueM 2 (cM. cxemy 1). Bos-
MOXHBIA MEXaHU3M JaHHOU peaklIuU 3aKI04YaETCs B
JIBYX mMoOcJeaoBaTeabHbIX 1,4-MPUCOCAMHEHUSIX K
MPOCTPAaHCTBEHHO COJMKEHHBIM (parMeHTaM Co-
MPSCKEHHBIX €HOHOB. [1epBoe mpucoenmHeHne, MeX-
MOJIEKYJISIPHOE, UHUIIUUPYETCSI 3TUIAT-aHUOHOM, a
BTOpPOE SIBIICTCSI BHYTPUMOJICKYJISIDHBIM, TIPHYEM,
IMACTEPEOCEIEeKTUBHBIM. 3aBepIaeT KacKal IMpoTo-
HUPOBaHUE MPOMEXYTOYHOTO KapOaHWOHA PacTBO-
pUTeIIeM.

HMHTepecHO OTMETUTh, YTO B pe3yabTaTe IpUBe-
JIEHHOM Ha cxeMe 2 TTOCJIeIOBATEeIbHOCTH peaKIIdid
obpasyeTcs 3 cTepeoleHTpa, IMPY HATUYUU KOTOPBIX
BO3MOXHO (pOpMHUpOBaHME YEThIPEX Map AUACTEPEO-
MepoB nponaykra 2. OgHaKO HUKIW3alUs B JTaHHBIX
YCJIOBUSIX UAET MPEUMYIIECTBEHHO C 00Opa3oBaHUEM
TOJILKO OJHOIrO AuacTepeoMepa (B BHAC paleMUde-
CKOIl cMecH SHAaHTHMOMEPOB), YTO ITOATBEPXKIACTCS
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Cxema 1. I1ponykrel 1 1 2 B peakunu KoHaeHcauuu 1,1'-auanetungeppolieHa ¢ MMPUANH-4-KapOalbIeTuaoM.
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Cxema 2. [TpeanonoxXuTeIbHbIH MEXaHN3M 00pa30BaHUsT COSNUHEHUS 2.

TaHHBIMUA PEHTTEHOBCKOW AMGPAKIUA U CIIEKTPOB
SAMP.

Penmeenosckasn ougparuyus. MonexynsipHasi CTPyK-
Typa depporneHodaHa 2 TpeAcTaBieHa Ha puc. 1.
[InockocTH TEHTaTUEHWIBHBIX ITUKJIOB ITOYTH Ta-
paJUleSIbHBI, YTOJ MeXAy HUMHU cocTaBiseT 2.9(1)°.
Paccrossamst Fe—C mpaKTUdecKy OMMHAKOBBI U Jie-
xar B uHTepBaie 2.026(2)—2.072(2) A. O6a stux
¢dakTa CBUAECTEILCTBYIOT 00 OTCYTCTBUM 3aMETHBIX
TeOMeTpUIEeCKIX HapsoKeHW B paHOBOM KapKace.
DeppolleHOBHIM parMeHT MPUHUMAET TTOYTH HIIe-
aJIbHY10 3aCJIOHEHHYI0 KOH(popmMaluwo ¢ m = 1, no-
CKOJIBKY XapaKTepUCTUIeCKuit s 1,1'-nm3aMenieH-
HBIX OMCLMKJIONEHTAAUEHUIBHBIX CUCTEM YIOJ () pa-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. XUMUS, HAVKU O MATEPHAJIAX

BeH 34.6° [10, 11]. ITmockoctn Cp-Kojaell ITOYTH
napajiyieJIbHbI TNIOCKOCTSIM COOTBETCTBYIOIIUX TPYMIT
O=C—-CH,; o6a TopcuoHHbIX yrjia O=C—-CCp—CCp
MeHble 13°. Ciaenyetr OTMETUTh, YTO KapOOHUIbHBIE
rpynnbl C11=01 u C15=02 HanpaBJIeHbI B IPOTUBO-
MOJIOXKHbIE CTOPOHBI. B KpucTasie cocegHue MoJie-
KyJibl OObEAMHEHbl MHOXECTBEHHBIMM B3auUMOJEHi-
crBusimu C—H...x.

AMP-cnekmpockonus. CtpoeHue (epponeHoda-
Ha 2 B pacTBOpE YCTAaHOBJIEHO Ha OCHOBE CIIEKTPOB
"H (puc. 2) u BC AMP c ucnonszosanneM 2D-3kc-
nepumeHTOB (COSY, HMBC 1 NOESY), uTo nmo3Bo-
JIUJIO TIPOBECTU TPAKTUUYECKU TMOJHOE OTHECEHUE
curHanoB. Ilockonbpky 3kcnepmmMeHT HMBC BBI-
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Puc. 1. MonekynspHas CTpyKTypa coenrHeHUs 2. TerioBble JTUTICOUIBI pUBeneHbI ¢ 50%-Hoii BeposaTHOCThIO. M36paH-
HbIe IUTUHBI cBsi3eil (A) 1 BanenTHbIe yrisl (°): O1—Cl11 1.222(2), 02—C15 1.225(2), 03—C16 1.4197(19), 03—C17 1.4412(19);

C16—03—C17 111.96(12).

TIOJTHEH 0€3 MOMaBJICHMS TIPSIMOTO CITUH-CITMHOBOTO
B3aumogeiicteusi 'H—3C, B ciekTpe NpUCyTCTBYIOT
KpPOCC-TIMKH, COOTBETCTBYIOIINE KaK TaIbHEMY, TaK
W TIPSIMOMY B3aUMOJEUCTBUIO, YTO TOITOJTHUTEIHHO
[MO3BOJISIET OLEHUTh 3HAYEeHUS 'Jyy M JeJIaeT DKCIe-
puMmeHTel HMQC uiu HSQC HeoOGsi3aTenbHBIMMU.
Hymepaiinst aToMOB B 2 COOTBETCTBYET HyMepallnu,
MmokazaHHOUW Ha puc. 1. Bce NMpOTOHHBIE CUTHAJBI
MaKpOILMKIIA U STOKCU-TPYIIIT SABISIOTCS MYJIbTUILIIE-
TaMHU repBoro nopsiaka. CaMblii cJ1adOTIOIbHBIN CUT-
Hai (0 = 4.47 M. 1.) — MYJIBTUIUIET, COOTBETCTBYIO-
it mporony H13, a ne H16 (8 = 3.81 m. 1.). B 10 xe
BpeMs IBa MYJIbTUILIETa HEAKBUBAJIEHTHBIX MMPOTO-
HoB OCH,CH; CUJIBHO CMELIEHBI B CUJIBHOE I10JIE
(6= 2.71, 3.00 M. 1.) OT OOGBIYHBIX 3HAYEHUNA. DTU
¢daKTbel MOXHO OOBSICHUTH 3 deKTaMn aHU30TPO-
MWW, IPEXIIE BCETO, MMPUIANHOBBIX IIMKJIOB U Kapbo-
HUJIBHBIX TpyIr. CUTHAIbl TTPOTOHOB MUPHINHA U
COOTBETCTBYIOIINX aTOMOB yrjlepoda TpW KOMHAT-
HOI1 TeMIiepaType CWIBHO yITUpeHbl. B To ke Bpemst
curHajbl aToMoOB yriepoga unco-C21 n C31 umelor
HOPMaJIBbHYIO IIMPUHY. DTO SIBHO yKa3bIBaeT Ha 3a-
MeUIEHHE CBOOOTHOTO BpAaIleHUST apOMaTUYeCKHX
KOJIEll, BI3BAHHOE CTEPUUYECKUMU MPEMSATCTBUSMU.
AHanu3 BULIMHAJIbHBIX KOHCTAHT CBsI3€li B CpaBHe-
HUM C COOTBETCTBYIOIIMMM TOPCUOHHBIMM YTJIaMM,
MOJIyYEHHBIMU U3 PEHTTE€HOCTPYKTYPHBIX 3KCIIepU-
MEHTOB, TTOKa3aJl MX XOpOIllee Comacue MEXIy CO-
00l Ha KayeCTBEHHOM YPOBHE B COOTBETCTBUM C
KJ1accu4ecKoif 3aBUCUMOCThIO Kaprtyca:

JOKJAIBI POCCUMCKOM AKAJTEMUU HAYK. XMW, HAVKU O MATEPHAJIAX

TopcuoHHbI# yroi (°) 3y, T
H11-C12—-CI3—-HI13 176.7(17) 3jH11-H13) 13.1
H12-C12-CI13—-H13 —67.7(17) 3jHI2—-H13) 3.9
H13—-C13—-Cl14-H14 -27.6(16) 3jHI13—H14) 6.4
H14-C14-Cl6—HI16 178.9(15) 3jH14—HI16) 10.7

OTH JaHHBIE TTOATBEPXKAAIOT TOT (HaKT, UTO KOH-
dopmanus MakpouuKiIa, KOTOpasl peaausyeTcss B
KpHUCTaJle, COOTBETCTBYET HAOIIOAaeMOli B pacTBO-
pe. DTo Takke TOATBEPXKAAETCI KPOCC-TTMKAMU
NOESY Mexny IpocTpaHCTBEHHO COJMKEHHBIMH
(KaK orpeaeaeHo U3 dKCIIEpUMEHTa 110 AUpaKIIuu
pEeHTreHOBCKMX Jiydeit) mporoHamu H10—H14 1 H2—
H11. B cnexktpe NOESY nHaOmomaioTcsl Takke IBE
nmapbl CJIabbIX KPOCC-TIMKOB MEXAY YIIUPEHHBIMU
CUTHAJIAMU MMAPUAMHOBBLIX IPOTOHOB 1 OJIMKAMNIIIIX
K HUM MOCTUKOBBIX ITpoToHOB: H(22,25)—HI11, H13
u H(32,35)—H14, H16 cooTBeTCTBEeHHO. DTO MO3BO-
JIIeT OJHO3HAYHO OTHECTU CHUTHAJIBI MMUPUANHOBBIX
MPOTOHOB K KOHKPETHBIM IIUKJIAM.

BBIBO/IbI

BriepBrlie moydeHBI OMC-XaJJKOH Ha OCHOBE 4-1T1-
puIMHKapOaabaeruaa U HECUMMETPUYHBIN 110 MO-
CTUKOBOMY (parmMeHty [5]deppolieHodaH, B KO-
TOPOM B pe3yibTaTe KacKajla peakKInit 00pa3yloTcs
cpasy Tpu crepeolieHTpa. CTpykTypa [S]deppolieHo-
¢daHa goka3aHa ¢ noMolbo AMP-criekTpockonuu u
PEHTTEeHOCTPYKTYPHOTO aHaJIM3a.
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Puc. 2. Criektp 'H IMP coenunenmus 2.
PEATEHTBI U METObI 3an 15.7 Tu, 2 H), 7.43 (1, 3Jyy 5.9 Tu, 2 H), 7.63 (a.,

Bce peareHThl 1 pacTBOpHUTEIN IIPUOOPETEHBI U3
KOMMEPYECKUX UCTOUYHUKOB U HCITOJIb30BaAIMChH 0€3
npeaBapuTelIbHOM ouncTKI. KoMMepueck mocTyIi-
HBI1 95% 5TaHOII TIpeaABapUTEILHO OCYIIIAIN HAall MO-
JIEKYJISIDHBIMU cCUTaMU 4 A U MEeperoHsyIu B UHEPT-
Hoit atMmocdepe Hax MarHueM. CriekTpbl SIMP peru-
cTpupoBanu Ha mpubopax Bruker Avance 600 (600 u
150 MI11), Avance 300 (300 u 75 MI11). OctaToyHbIe
CUTHAaJIbl paCTBOPUTEJISI UCITOJIb30BAJINCh B KAUECTBE
BHYTpeHHUX ctaHmapToB (7.24 u 77.0 M. 1.).

Cunmes. LI'-JuauetungeppoueH (0.5
1.85 MMOI1b) CyCIIEHAMPOBaIU B aOCOIIOTHOM 3TaHO-
je (20 M), IPWIMIIM CBEXXeNeperHaHHbIN 4-Tupu-
nuHkapoanpaerua (0.915 miu, 9.72 mmonb) u 0.5 M
HaCBHIIIIEHHOTO pacTBOpa TMAPOKCcHUIa Kaaus B abco-
JIIOTHOM 3TaHoJje. PacTBop nmepeMelmBaim B MTHEPT-
HOIT aTMOc(depe B TedeHre 36 4 Ipu KOMHATHOM TeM-
nepaTtype, 3aKpbIB OT CBeTa. PeaKIIMOHHYIO Maccy
yOapwin ¢ crkareyieMm. [IpoayKTel BBIACISIIIA Me-
TOIOM KOJIOHOYHOIT XxpoMaToTrpacdhui Ha CUJTUKarese
(0.040—0.063 MM) rpaguMeHTHBIM 3JIIOMPOBAHUEM
AXM : MeOH ot 25 : 1 no 5 : 1. ITonyunnu 228 mr
opamxeBoro mopoiika (2) (Berxon 25%) u 86 mr
kpacHoro nopoiuka (1) (Berxon 10%).

(E,E)-1,1-buc/[3-(nupudoun-4-un)-npon-2-eno-
unjgeppouen 1. 'H AMP (CDCl,, 25°C, 300 MI, o,
M. 1.):4.67—4.68 (M, 4 H),4.93—4.95 (M, 4 H), 7.14 (x,

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. XUMUS, HAVKU O MATEPHAJIAX

g 15.6 Tu, 2 H), 8.63 (a., 3Jyy 5.5 T, 2 H).
BC{'H} AMP (CDCl,, 25°C, 75 MI, 8, M. 11.): 71.56,
74.35, 81.61, 121.97, 126.34, 139.00, 141.95, 150.61,
191.35.
(£)-2-(R)-[1-(S)-(nupudur-4-un)-1-amoxcume-

mun]-3-(S)-(nupudun-4-un)- 1, 5-ouorcol5]geppoue-
Hogan 2. "H IMP (CDCl,, 25°C, 600 MTI, 6, m. 1.):
1.12 (1, 3 H, 3Jyyy 7.0 Tu, OCH,CH,), 2.40 (um, 1 H,
2J(H12—H11) 14.2 Tu, 3J(H12—H13) 3.9 I'u, HI12),
2.71 (my6n. xBapt., 1 H, 2Jyy 8.4 Tu, 3Jyy 7.0 I,
OCHHCHj;), 3.00 (my6a. kBapr., 1 H, 2/ 8.4 I,
3Jyu 7.0 Tu, OCHHCH,), 3.24 (an, 1 H, 2J(H11—
H12) 14.2 Tu, 3J(H11—H13) 13.1 Tu, H11), 3.42 (nx,
1 H, 3J(H14—H16) 10.7 Tu, 3J(H14—H13) 6.4 I,
H14), 3.81 (1., 1 H, 3J(H16—H14) 10.7 Tu, H16), 3.93
(yump. c., 1 H, H10), 4.34, 4.37, 4.76 (yuup. c., 1 H,
H(7,8,9)), 4.45, 4.57, 4.99 (yummp. c., 1 H, H(3,4,5)),
4.47 (nom, 1 H, 3J(H13—H11) 13.1 Tu, 3J(H13—H14)
6.4 Tu, *J(HI13—H12) 3.9 T'u, H13), 4.70 (ywwup. c.,
1 H, H2); 7.0 (ymwp. c., 2 H, H(32,35)), 7.7 (ymwup. c.,
2 H, H(22,25)), 8.3, 8.6 (oGa ymmp. c., 2 H, H(23,24),
H(33,34)). BC{'H} AMP (CDCl,, 25°C, 150 MI, J,
M. 1.): 15.06 (OCH,CH;); 41.65 (C12); 46.64 (C13);
54.82 (C14); 64.02 (OCH,CH,;); 68.78, 73.53, 75.72
(C(7,8,9)); 69.98, 73.65, 75.90 (C(3,4,5)); 72.04
(C10); 72.50 (C2); 79.61 (C16); 80.10 (C1); 80.51

TOM 513 2023



66 MEJIBEJIBLKO u np.

(C6); 122.4,126.2 (ob6a ymmp. C(22,25), C(32,35));
149.06 (C(31)); 149.2, 149.6 (o6a ymup. C(23,24),
C(33,34)); 149.51 (C21); 200.62 (C11); 204.62 (C15).

Penmeeno-cmpykmypruiii aHaiu3 MOHOKPUCTAILIA
COeMHEHUs1 2 BBIMOJIHEH Ha aBTOMaTUYECKOM JIU-
dpakromerpe Bruker SMART APEX II nipu temrre-
parype 150 K (MoK, -usnydyenne, A = 0.71073 A,
rpaduToBBIi  MOHOXpoMmaTtop). Kpucramwmm 2
(CysHysFe N,O;, M = 494.36) TpUKJIUHHBIE, TIp. TP.
P-1, a = 9.4026(7), b = 11.2319(9), ¢ = 11.8810(9) A,
o= 95.622(1)°, B = 112.932(1)°, y= 92.739(1)°, V' =
= 1144.95(15) A3, Z=2, p,s = 1.434 M3, W(MoOK,) =
=0.693 mm~!, F(000) = 516. HNHTEeHCMBHOCTU
10267 orpaxeHnwnit (u3 Hux 4503 He3aBUCUMBIX, R, =
= 0.0210) n3mMepeHbI METOIOM (-CKAaHUPOBAHMS B MH-
TtepBayie 2.36° < 0<26.00° (=11 <A< 11, —-13<k< 13,
—14 < /< 14). AncopOLOHHAsI KOPPEKLUsSI BBeAecHA
Ha OCHOBaHMHW M3MEpPEHUN MHTEHCUBHOCTE! SKBU-
BaJIECHTHBIX oTpaxkeHuit [12]. CtpykTypa pacuudpo-
BaHa TPSIMbIM METOAOM; BCE HEBOAOPOMHbIE aTOMBI
YTOYHEHBI MOJTHOMATPUIHBIM aHU30TpoITHEIM MHK
o F? (SHELXTL [13]). Bce atToMbl Bomopona Haiine-
Hbl U3 PA3HOCTHOTO psiia U YTOUHEHbI M30TPOITHO.
OxoHuaTenbHOE 3HaYeHUE (PaKTOPOB PACXOAUMOCTU
coctaBuwio R, = 0.0295 nnsa 4073 orpaxenuii ¢ 1 >
>206(I) u wR, = 0.0758 110 BceMy MacCUBY JaHHBIX C
ucrnosb3oBanueM 411 mapaMeTpoB YTOUHEHMS.
GOF = 1.041, Ap yin/max = —0.268/0.279. Kpucraio-
rpacgpuyeckre JaHHbIe IeOHUPOBaHbI B KeMOpumK-

CKOM 0aHKe CTPYKTYPHBIX HAHHBIX MOI HOMEpPOM
1444114.

NCTOYHUK OMHAHCUPOBAHU A

PeHTreHOCTpYyKTypHOE HCCIeIOBaHUE BBHITIOJHEHO B
paMkax rocymapctBeHHoro 3aganust MOHX PAH.
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SYNTHESIS AND STRUCTURE OF NEW [S]JFERROCENOPHANE
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The first example of intramolecular diastereoselective domino reaction of ferrocene 1,1'-bis-enone to [5]fer-
rocenophane initiated with sodium ethylate was found. The product is [5]ferrocenophane with two pyridyl
and one ethoxy substituents arranged asymmetrically in five carbon bridge. Diffraction studies showed that
ferrocene is in almost ideal eclipsed conformation. The fan conformation found in the crystal is also pre-
served in solution, which was determined by NMR spectroscopy.

Keywords: ferrocenophane, chalcone, domino reaction
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