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B HacToAwel paboTe mMccnenoBaHO B3aMmogencTsve TeTpabyTMNamMOHMEBBIX cosel
aHMOHOB [BioH10]* M [Bi2H12]* ¢ TeTparmgpodypaHom, 1,4-4MOKCAHOM M TeTparMaponmpaHom
B MPUCYTCTBMM BOAHbIX pacTBopoB H[BFs u H,[SiF¢]. MokasaHo, 4TO B pesynbraTe AaHHbIX
peakuuin c BbICOKUMM BbIXO4amM 06pasyloTca MOHO3aMelleHHble MPOU3BOAHbIE Ks1030-
AekabopaTHoro aHuoHa ([2-BioHoO(CH,)4], [2-BioHsO(CH)40], [2-B1oHsO(CH,)s]) w  ksa030-
popekabopaTHOro aHMoHOB ([B12H110(CH2)4],, [B12H110(CH2)40], [B12H1:0(CH3)s]). [lokasaHo, uto
B C/lyyae aHMOHa [BioH10]* B3anmopeicTBre NpoTekaeT permoceNneKTMBHO U NPUBOAUT UMEHHO K
NPOAYKTY C 3aMecTUTesieM B 3KBaTOpMaNbHOM nosce 6opHOro Knactepa. lNpousBoaHoe Ks1030-
[04eKabopaTHOrO aHWOHA C 3K30-MONMIAPUYECKMM TEeTparngponupaHoBbiM 3amecTUTenem
6b1710 ganee PpyHKUMOHANN3MPOBAHO 3a CYET pPeakuuu C UMaHugom Kanua B cpede JMODA.
UccnepoBaHWA NOKasanu, YTo B pesysibTaTe NPOUCXOANT PAaCKPbITUE LLUKAMYECKOTro 3amecTuTens
c obpasoBaHMeM NPOU3BOAHOIO, COAEPIKALLErO NEHAAHTHYIO LLMAHO-TPYNNY, MPUCOEANHEHHYIO
K BOpHOMY KiacTepy yepes NeHTaMeTUIEHOBbIN cnelicep. [JaHHOe coeAuHEHME MOXKET ObiTb
Aanee moaMdMLMPOBAHO 3a CHET KOHLLEBOM rpynnbl C LLe/ibto NoNyYeHUa 6UONOrMYECKM aKTUBHBIX
6opcoaepsKalMx NPoOU3BOAHbIX, MEPCNEKTUBHBIX ANA NpumMeHeHus B °B-HeMTpoHo3axBaTHOM
Tepanuu 3/10Ka4ecTBEHHbIX OMYX0Jei, a TaKKe aHTUMUKPOBHOM M NPOTUBOBMPYCHOM Tepanuu.

CTpoeHue Bcex NoNyYeHHbIX NPOU3BOAHbIX 6bI10 NOATBEPKAEHO C MOMOLLbIO KOMM/IEeKca
coBpemMeHHbIX GU3NYEeCcKUX U GU3UKO-XMMUYECKMX METOA0B aHaNu3a (31eMeHTHbIM aHanus, NK-
cnekTpocKkonusa, MynbTuagepHas AMP-cnekTpockonus, ESI macc-cnekTpomeTpus).

KnioueBble cnoBa: KnacTepHble aHWOHbI 60pa; KaA030-AeKabopaTHbI aHWOH; Ka030-
[0AeKabopaTHbIN aHUOH; CUHTE3 3aMeLLeHHbIX NPOU3BOAHbIX; EINS; pacKkpbiTue UMKANYECKUX
3amecTuTenen.
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Byn KymbicTa TeTpabyTunammoHuit [BioHio]> aHe [BiHi:]* aHMOHAapbl Ty3aapbiHbiH,
TeTparngpodypaHmeH, 1,4-AMOKCaHMEH »aHe TeTparugponuvpaHmeH cynbl H[BFi] »kaHe
H;[SiF¢] epiTiHginepiHiH, KaTbicybiMeH apekeTTecyi 3epTTendi. Ocbl peakuusanap HaTuskeciHae
K/1030-AeKabopaTTblK,  aHWMOHHbIH, ([2-B1oHsO(CH,)a],  [2-BioHsO(CH,)40],  [2-B1oHsO(CH>)s])
JKOHE Ks1030-404eKabopaTTblK aHUOHHbIH, ([B12H1:0(CH>)4];, [B12H11O(CH,)40], [B12H110(CH,)s])
MOHOA/IMACTbIpbI/IFaH TyblHAbIAAPbI XOFapbl WbIFbIMMEH TYy3ineTiHi KepceTinreH. [BioHio]*
aHWOHbI KafaalblHAA apeKeTTecy PernocenekTUBTI TyPAe KYPETiHi aHe BOPOH KnacTepiHiK
aKkBaTopuanabl benpeyiHae opbiHbacapol 6ap eHiMre aKeneTiHi ganengeHsi. IKk30-noAN3APNIK
TeTparMaponupaH opbiHbacapbl 6ap - KA030-404€KabopaTTbiK  aHMOH  TyblHAbICH AM®A
opTacbiHA@ Kanulk LUaHUAIMEH peakuMa apKblabl OAaH api PYHKUMOHaNM3auMANaHAbI.
3epTTeynep HITUXKeCIHAE UMKAAIK opblHOacapAblH, —awbinybiMeH, 6OpOH KnacTepiHe
NeHTaMeTUNEHAIK cnencep apKbi/ibl KOCbINFaH LWMAHO-TONTbI KAMTUTbBIH TYbIHAbIHbIH, TY3iNeTiHiH
KepceTTi. by Kocbibic KaTepi icikTepai '°B-HenTpoHabl ycTay TepanuacbiHga (BNCT), coHaait-
aK MUKPOBKaA Kapchl *KaHEe BUPYCKa Kapcbl Tepanuaaa KonaaHyfa nepcnektTnsansl GUONOrUANbIK
6enceHpi 6op Kypamabl TYbIHAbINAPAbI ANy MaKCaTblHAA COHFbl TOM apKblIbl OAaH 3pi
MoanduKaLMAnaHybl MYMKiH.

AnblHFaH 6apnblK TYbIHABINAPAbIH KYPbIAbICHl 3amaHayn OU3MKanbiK XKaHe ¢usmka-
XUMUANBIK Tangay oAicTepiHiH, KeweHi (3nemeHTTiK Tangay, UK-cnekTpockonus, Ken aapobl
AMP-cnekTpockonus, ESI macc-cnekTpomeTpua) apKblabl pacTanabl.

KN030-AeKabopaTTbiK aHWOH;
cuHTesi;  EINS;

Ty#iH ce3pep: 60p KnacTepnik aHMOHAaPbI;
[04eKabopaTTblK,  aHMOH;  a/MacTbipbiIfaH  TybIHAbINAPAbIH
opblHbacapnapabiH, alwblaybl.
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This work investigates the reaction of tetrabutylammonium salts of [BioH10]* and [Bi2H1,]*
anions with tetrahydrofuran, 1,4-dioxane, and tetrahydropyran in the presence of aqueous
H[BF4] and H,[SiF¢] solutions. It is shown that these reactions yield mono-substituted derivatives
of the closo-decaborate anion ([2-B1oHsO(CH,)a]", [2-B1o0HsO(CH,)40]", [2-B1oHsO(CH,)s]) and closo-
dodecaborate anion ([Bi,H110(CH,)a]", [B12H110(CH2)40]", [B1,H1:0(CH,)s]") in high yields. It was
proven that in the case of the [BioH10]* anion, the reaction proceeds regioselectively, leading
specifically to products with substituents in the equatorial belt of the boron cluster. The closo-
dodecaborate anion derivative with an exo-polyhedral tetrahydropyran substituent was further
functionalized by reaction with potassium cyanide in DMF. Studies showed that this reaction
results in the opening of the cyclic substituent, forming a derivative containing a pendant
cyano group attached to the boron cluster via a pentamethylene spacer. This compound can be
further modified at the terminal group to obtain biologically active boron-containing derivatives,
promising for use in '°B-neutron capture therapy (BNCT) of malignant tumors, as well as
antimicrobial and antiviral therapy.

The structures of all obtained derivatives were confirmed using a comprehensive set of
modern physical and physicochemical analytical methods (elemental analysis, IR spectroscopy,
multinuclear NMR spectroscopy, ESI mass spectrometry).

Keywords: Boron cluster anions; closo-decaborate anion; closo-dodecaborate anion;
synthesis of substituted derivatives; EINS; cyclic substituent opening.
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1. BBepeHue
Monuaapuyeckue aHUOHBbI 6opa [B,H 17 (6-12)
npeacTasnsatoT coboi 0cobblvi TUN BbICWMX BOPHbIX KNaCTEPOB.
OHW BKNHOYAIOT HOPHBIN OCTOB, COCTOAWMIN U3 TPEYroAbHbIX
¢dparmeHTOB B-B-B, 06beAUHEHHbIX B €4MHYI 3aMKHYTYIO
CTPYKTYpy (cepusa  Kno3o-6opoBogopoaos). bnarogaps
YHMKaNbHOMY NPOCTPAHCTBEHHOMY CTPOEHMUIO aHMOHbI [B H 1~
obnafaloT NPOCTPAHCTBEHHOM apOMaTUYHOCTbIO, KoTopas
obycnaBnAMBaeT MHOrMe HTePeCHble 0COBEHHOCTH, Hanpumep,
NOBbIWEHHYO TEPMUYECKYIO U KUHETUYECKYIO CTabUIBHOCTb, a
TaKXXe OTHOCUTE/IbHYI YCTOMYMBOCTb MO OTHOLWEHUIO K
okucautenam [1-2].

Kn030-60paTHble aHWOHbI U COeAMHEHUS Ha UX OCHOBE
NepPCcneKkTUBHbLI ANA NPUMEHEHMA B CaMbIX Pa3HbiX obnacTax
HAYKU U TEXHUKM, HANPUMEDP, CUCTEMAX ANA XPAHEHWUA IHEPTUU,
maTepuanax AoNa  NEeKTPOHHOW  TEeXHWKW, MOAyYeHWUn
KOMMO3MLMOHHbIX MaTepUanos, HEMTPOHO3ALWMNTHBIX TKAHEN 1
1.4. [3-8]. Ocoboe BHMMaHWE OaHHble COeAUHEHWUA NpuUBAe-
KatloT B 06snactu °B-HeiTpoHO3axBaTHOM Tepanuu (°B-H3T)
3/10KAYeCTBEHHbIX OMyXo/ael, a TaKKe MPOTUBOBUPYCHbIX U
aHTUMUKPOBHbIX npenapatoe [9-19]. OgHMm M3 Haubonee
Ba)KHbIX ¢$aKTOpoB ANA npumeHeHua B °B-H3T asnsetca
MaKCMManbHO BbICOKOE COAepKaHNe aToMoB 60opa B MONEKYE,
Nno3ToMy MpPUMEHEHWE KAacTepHbiX aHMOHOB 6opa 34ecb
bonee 4em aKTyanbHO. Knaccuyeckum npenapatom Ans
npumeHenua B °B-H3T asnAetca HaTpueBas  COAb
cynbdaHWNBHOTO  MPOU3BOAHOTO  K/1030-A04€eKabopaTHOro
aHnoHa Na,[B SH] (BSH) [9-11,15]. B HacToAuwee Bpems

12H11

AKTUBHO nccaegyroTca n ero
neH4aHTHbIMMU
rpynnamu, a Takxe aHanornyHole coegnmHeHunAa c B-O cBA3blo.
npOTMBOBMp\/CHaﬂ n aHTVI6aKTepVIaJ'IbHaﬂ AKTUBHOCTb
OTHOCUTENIbHO HOBOW 06/acTbio npumeHeHUA

npoun3BoAHbIX aHMOHOB [B H 2';3 ecb Heobxo4MMO OTMETUTb
n n

npounssogHble C

npucoegnHeHHbIMU AMUHOKUCNOTHbIMU

ABNAeTCA

pas/inyHble OKCa30A-MPOM3BOAHbIE K/1030-404eKabopaTHOro
aHMOHa, a TaKKe NPOU3BOAHbIE K/1030-AeKabopaTHOro aHMoHa
C MPUCOeAMHEHHbIMW NeHAaHTHbIMM warhead-rpynnamu u
ocTaTkamu amuHoKkucnot [12,14,16].

aToMam 6opa (9K30-
noavagpuyeckne) aTombl Bogopoaa CrnocobHbl 3amelLaTbCs
rpynnbl. 3Ta BakHaA

0CcO06€eHHOCTb ncnonbsyeTca ANA NoAy4eHUA WKUPOKOro Kpyra

anCOG,ﬂ,MHeHHbIe K

Ha pas/inyHble QYHKUMOHANbHbIE

3aMelLLeHHbIX MPOU3BOAHDBIX KacTepHbIX aHMOHOB 60pa, B TOM
yucne NPOU3BOLHBIX C IK30-NOAMILPUYECKUMM cBA3AMM B-C
(KapboHUAbHbIE, KapbOKCUAbHbIE, LMAHO-TpyNnbl U T.4.), B-N
(amngo-, amuHo-, auaso-rpynnsl U T.4.), B-O (rmgpokco-,
[20-25].
[na 3TOro NPUMEHAIOT pas/iMyHble NOoAXO4bl, HO Haubonee

aNKOKCU-, OHMEBbIe ¢parmeHTbl U T.4.), B-Hal u 1.4.

YAO06HBIMM ABAAIOTCA PeaKuUn, NpoTeKalwme No MexaHnusmy
3NeKTPOPUNbHO-UHAYLMPYEMOTO HyKAeobUuabHOro
3ameweHuns (electrophilic-induced nucleophilic substitution,
EINS). Taknum o6pa3om B 6OpHbIN Knactep MoryT 6biTb BBEAEHbI
OTPULATENbHO  3apsXKeHHble
3amecTuTenn. CyliecTsyeT pag NOAXOLOB ANA AafbHelwein

KaK HeleTpal'IbeIe, Tak "

OYHKUMOHANN3ALMM MOAYYAaEMbIX MPOM3BOAHbIX, Hanpumep,
COEAMHEHUN C 3K30-NMONU3APUYECKUMU WU3OHUTPUABHOW M
cynbdaHunbHOW rpynnamu [26-32]. B uyacTHocTu, B [26-29]
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HoBbIli MeToA, CMHTE3a OKCOHMEBBIX NPOU3BOAHbIX...

aBTopamu  6bln  nonydeH OBWMPHBLIA  pag  NPOAYKTOB

B3aMMOLENCTBUA aHWMOHOB [Ban_lNR]' C BOOOW, CNMPTamu u
pasnnyHbiMM ammnHamu. B [30-32] 6bina nposeaeHa moandum-
Kalma aHMOHOB [Ban_lsH]z’ 3a CYeT peakL Mt aNKUAUPOBAHUA U
aUUANPOBAHMUA 3K30-NONAN3APUYECKOro 3amecTutens. OgHaKo
0C06EHHO B KayecTBe MPEKypCcopoB NPUBAEKAOT BHUMaHUe
MOHO3aMelleHHble MNpou3BogHble Haubosnee YCTOMUMBDLIX
aHnoHos [B, H, 1> v [B,H,]* c obweit popmynoii [B H X]-, rae
X — MoOnekynbl MNPOCTbIX UMKANYECKMX 3PUPOB.
Nnpou3BogHble, coaepXKaline LUKANYecKue
OKCOHMEBOTro TUMA, BECbMa aKTya/ibHbl NO NpUYMHe yaobcTea
nx fanbHenwen moandukaumm. B 4acTHOCTH, OHU AOCTATOUHO
Nerko  BCTYNaloT B  peakuuMum packpbiTvA
OKCOHMEBOro  3amMecTUTeNAa Npu  B3aUMOAEWCTBUM  C
HYKN1e0OUNbHbIMU peareHTaMu. B pesynbTaTe TakMx peakuui
06pasyloTca NpousBoaHble, copeprawme neHaaHTHole C-, N-,
0O-,S-1T.4. BYyHKUMOHANbHbIE rPYNMbl, OTAEeNEHHble 0T 6GOPHOro
KNacTepa aNKOKCUNbHOM cnelicepHoi uenbto [33-46]. MeHas
CTPYKTYpPY BBOAMMOIO 3aMeCTUTENsi, MOXHO pPeryanmposatb

Takne
3amecTuTenu

3amecTutena

COCTaB U CTpOeHMe cnercepHon rpynnobl. MeHAaHTHas rpynna
AMCTaHUMpOBaHa OT BOPHOTro KaacTepa n N03TOMy cnocobHa K
hanbHeHlweln  moguMduKauuMM 33 cyeT  CTaHAAPTHbIX
OpraHuyeckux peakumnin. Taknm o6pasom moryT BbITb MONYYEHbI
npoussogHble ¢
KOOPAMHALNOHHOW U T.A. aKTUBHOCTbIO.

B cBA3M C 3TMM [OCTAaTOYHO aKTya/ibHOW ABAAeTcA
pa3paboTka HOBbIX 3GDEKTUBHbIX METOAOB BBEAEHUA 3K30-
NnonnsapuUYecknx 3samecTtuteneit (ocobeHHo 3amecTuTenen
OKCOHWeBOro Tuna) B aHuoHbl [B, H, 1w [B,H, ]*. B kayecTse
3NeKTPODUIbHBIX MHAYKTOPOB B pPeakumMax, NpoTeKaloWwmx no
mexaHusamy EINS, moryT 6biTb ‘MCNOAb30BaHbI Pa3/IUYHbIE
Kucnotbl bpeHcTeaa, ranoreHnabl anemeHTos 13 114 rpynn, a
TaKXe MpOTOHWpPOBaHHaa ¢opma Ka030-gekabopaTHoro
[B,,H,,]- OaHako npumeHeHue 60nblMHCTBA 13
MUCNOJIb3yeMblX  3/1eKTPOPUIOB  UMeeT WU

CBA3aHHble C TPYAHOAOCTYNHOCTbIO peareHTos, npo6nemaMM

«HacTpanBaemom» buonornyeckon,

dHUOHa
HeO0CTaTKu,

npu BblAEeeHUN NPOAYKTOB IM60 OTHOCUTENIbHO HEBLICOKMMM
BbIxogamu. MosTomy B AaHHOW paboTe 6bln NpeanoXeH u
yCNewHo peann3oBaH HOBbIM METOZ CUMHTEe3a OKCOHMEBbIX
NPou3BOAHbIX aHWOHOB [B, H, 1 1 [B H ] ocHoBaHHbIi Ha
ucnonb3sosaHum H[BF ] u H [SiF,] B KauecTse aneKTpoduibHbIX

WHAYKTOPOB.

2. JKcnepumeHT

2.1 MaTtepuanbl

TeTparngponupat (99%, Aldrich), ataHon (99,9 %, Merck),
umaHua Kanua (98%, Aldrich), gumetundopmamug (OMOA,

99,9%, Aldrich), xnopug TeTtpadeHundpocooHua (99,9%,
Aldrich), TeTpadTOpobopHaa Kucnota (48%, Aldrich),
rekcapTopokpemHueBasn KucioTa (25%, Aldrich)

Mcnoab3oBannch 6e3 AONONAHUTENbHOW OYUCTKU. 1,4-AN0OKCaH
n TetparngpodypaH oumwanu cornacHo [47]. [Oekarngpo-
Kno3o-pekabopat Tetpabytunammonuna (n-Bu,N),[B, H 1 u
AOLeKarnapo-ka103o0-goaekabopar TeTpabyTMNaMMOHMA

(n-Bu,N),[B,,H,,] nony4anwn cornacHo [48].

2.2 MeToapbl GpU3UKO-XMMUYECKOr0o aHaAn3a

UK-cnekTpbl coeguHeHnin 3anucbiBann Ha UK Pypbe-
cnekTpomeTpe MHOPAIIOM ®T-02 B o6nactm 400-4000 cm™.
O6pasubl roToBuM B BUAE TabNeTok U3 cmecu uccneayemoro
coeanHenua u KBr. 'H, B, ¥*C fAIMP cneKkTpbl pacTBopos
uccnegyembix BelecTs B DMSO-d6 3anucbiBann Ha AMP-
cnekTpomeTtpe Bruker DPX-300 Ha uactoTax 300,3, 96,32 u
75,49 Ml cOOTBETCTBEHHO C BHYTPEHHeW cTabunansaumen no
aevitepmto. Macc-cnekTpbl 3anucbiBannM € MCNO/b30BaHUEM
yeTblpexkaHanbHoro Hacoca Agilent 1200 (G1311A) n TpoitHoro
KBaZpynoabHOro macc-cnektpometpa TSQ Quantum Access
MAX.

3N1eMeHTHbIi aHanus Ha 6op NpPoBOAWM/IM Ha Mmacc-
cneKkTpomeTpe C UHAYKTUBHO cBA3aHHOW naa3moi ELAN DRC-e
PerkinElmer. CopgeprkaHue yrnepoga, BoAOpoAa M a3oTa B
obpasuax onpegenann Ha anemeHtHom CHNS-aHanuszatope
Eurovector «EuroEA 3000».

2.3 MonyyeHre MOHO3aMeLLEeHHbIX NPOU3BOAHbIX K/1030-
0,eKabopaTHOro 1 K/1030-A0AEKabopPaTHOTO aHMOHOB

Peakuun npoBOAMAUCL COMNAcHO ABYM MeTOAMKam: C
ucnonssosanuem H[BF,] (metoguka 1) u H,[SiF] B KauecTse
3aNeKkTPOodUNbHBIX UHAYKTOPOB (MeToaMKa 2).

(n-Bu,N),[B, H,.]1 (0,90, 1,5 mmonb) unm (n-Bu,N),[B,,H ]
(0,94 r, 1,5 mmonb) 1 H[BF,] (0,39 mn 48% BoaHoro pactsopa,
3,0 mmosb) uau H [SiF] (1,4 mn 25% BogHoro pactsopa, 3,0
mMmMonb) fobaBaaam B atmocdepe cyxoro aproHa B8 20 mn
HyKkneoounbHoro peareHta (1,4-guokcaH, TeTparngpodypaH
UAn TeTparnaponupat). MonyyeHHyo cMcTemy Harpesaau npu
Temnepatype KuneHus B TeyeHue 1 4, npu aTom Habawoganu
nosHoe pacTBopeHue conw. [anee nNoOAy4YeHHbIM pacTBop
ynapuBaau Ha POTOPHOM WchapuTesne A0 BA3KOM Macchl,
pobasnanm 30 mn 3TaHona M nepemewuBann 15 muH.
BbinaBwuii 6enbii ocafok OTGUALTPOBLIBAAW, MPOMbIBAAU
3TaHONOM (2x20 MA) U BbICYLLUMBANWN HA TYBOKOM BaKyyme npwm
502C B TeyeHMN 2 4.

[2-(1-(1,4-0uokcaHuli))]JHoHazudpo-Kkno030-0ekabopam
mempabymunammoHus, (n-Bu ,N)[2-B, H O(CH,) O].

Bbixoa: metoamnka 1 — 0,61 r (91%), metogmka 2 — 0,59 r
(88%). 'H AMP (DMSO-d,, 8, m.4.): -0.50 — 0.50 (m, 9H, B H,),
0.94 (1, n-Bu), 1.30 (m, n-Bu), 1.57 (m, n-Bu), 3.17 (m, n-Bu), 3.69
(1, CH, (B)), 4.10 (1, CH, (c)). *'B {*H} AMP (DMSO-d,, 5, m.A.): 8.1
(c, B(2)), 1.6 (c, B(1)), -5.7 (c, B(10)), -20.7, -22.5 (c, B(3,5,6,9)),
-28.9 (c, B(4,7,8)). *C (APT) AMP (DMSO-d,, 6, m.4.): 13.5 (n-Bu),
19.3 (n-Bu), 23.1 (n-Bu), 57.6 (n-Bu), 64.3 (CH, (B)), 81.1 (CH, (a)).
WK (KBr), cm™: 2458 (v (B-H)); 1110 (& (B-B-H)); 695 (& (B-B-B));
975 (v(C-O) C-O(B)-C); 1089 (v(C-0) C-O-C). HaigeHo, %: B
23.96, C53.29,H 11.87, N 3.07. BoluncneHo, %: B 24.15, C 53.65,
H 11.93, N 3.13. ESI MS. HanaeHo, m/z (aHMoHHanA YacTb) 205,26
a.e.m., [BIUHQOZC4H8]'. C,H,,B,,0,. BbluucneHo 205,29 a.e.m.

[2-(1-mempazudpopypaHuli)JHOHa2udpo-KA030-
dexabopam mempabymunammonus, (n-Bu,N)[2-B, H OC H,].

Bbixoa: metoamka 1 — 0,52 r (81%), meTogmka 2 — 0,51 r
(79%). *H AMP (DMSO-d,, 8, m.4.): -0.50 — 0.50 (m, 9H, B, H,),

0.93 (1, n-Bu), 1.31 (m, n-Bu), 1.49-1.60 (m, n-Bu + CH, (), 3.17
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(m, n-Bu), 4.10 (1, CH, (a)). *'B {tH} AMP (DMSO-d,, §, m.4.): 7.6
(c, B(2)), 1.5 (c, B(1)), -5.4 (c, B(10)), -20.6, -22.4 (c, B(3,5,6,9)),
-28.7 (c, B(4,7,8)). *C (APT) AMP (DMSO-d,, 5, m.A.): 13.4 (n-Bu),
19.1 (n-Bu), 23.1 (n-Bu), 24.5 (CH, (B)), 57.6 (n-Bu), 83.4 (CH, (a)).
UK (KBr), cm: 2449 (v (B-H)); 1104 (5 (B-B-H)); 697 (6 (B-B-B));
968 (v(C-0) C-O(B)-C). HaitgeHo, %: B 24.88, C 55.30, H 12.32, N
3.20. BbluncneHo, %: B 25.04, C 55.64, H 12.37, N 3.24. ESI MS.
HaligeHo, m/z (aHnoHHaa 4acTb) 189,27 a.e.m., [B, H,OCH,].
C4H17Bmo. BbiuncneHo 189,29 a.e.m.

[2-(1-mempaaudponupaHuli)JHOHa2UOpPO-KA030-
dexabopam mempabymunammonus, (n-Bu,N)[2-B, H.OC.H, ].

Bbixoa: metoanka 1 — 0,60 r (90%), meTtogmKka 2 — 0,58 r
(86%). 'H AMP (DMSO-d,, 5, m.4.): -0.50 = 0.50 (m, 9H, B H,),
0.94 (1, n-Bu), 1.31 (m, n-Bu), 1.49-1.65 (m, n-Bu + CH, (B) + CH,
(v)), 3.17 (m, n-Bu), 4.11 (1, CH, (). “'B {*H} AMP (DMSO-d,, 5,
m.4.): 7.5 (¢, B(2)), 1.5 (c, B(1)), -5.3 (c, B(10)), -20.8, -22.5 (c,
B(3,5,6,9)), -28.7 (c, B(4,7,8)). °C (APT) AMP (DMSO-d,, 5, m.A.):
13.5 (n-Bu), 19.2 (n-Bu), 20.2 (CH, (v)), 23.1 (n-Bu), 24.3 (CH, (B)),
57.6 (n-Bu), 82.9 (CH, (a)). UK (KBr), cm™: 2452 (v (B-H)); 1105 (5
(B-B-H)); 696 (5 (B-B-B)); 954 (v(C-O) C-O(B)-C). HaiigeHo, %: B
24.06,C56.20,H 12.38, N 3.10. BbiuncneHo, %: B 24.25, C56.58,
H12.44,N 3.14. ESI MS. HaaeHo, m/z (aHMoHHaa YacTb) 203,29
a.e.m., [BlOHQOCSHm]'. C.H,,B, 0. Bbiuncnero 203,31 a.e.m.

(1-(1,4-0uokcaHuli))yHOoekazudpo-Kkno30-0odekabopam
mempabymunammonus, (n-Bu,N)[B,,H, O(CH,),0].

Bbixoa: metoanka 1 — 0,59 r (84%), metogmka 2 — 0,581
(82%). 'H AMP (DMSO-d,, 8, m.4.): -0.50 — 0.50(m; 9H, B, H,),
0.93 (1, n-Bu), 1.30 (m, n-Bu), 1.56 (m, n-Bu), 3.17 (m, n-Bu), 3.69
(1, CH, (B)), 4.11 (1, CH, (at)). "B {*H} AMP (DMSO-d , 5, m.4.): 11.2
(c, B(1), -14.7 (¢, B(2-11)), -17.5 (¢, B(12)). 3C (APT) AAIMP
(DMs0-d,, &, m.a.): 13.5 (n-Bu), 19.2 (n-Bu), 23.1 (n-Bu), 57.6
(n-Bu), 64.5 (CH, (B)), 81.2 (CH, (). WK (KBr), cm™: 2480 (v (B-
H)); 1110 (& (B-B-H)); 695 (6 (B-B-B)); 972 (v(C-0).C-O(B)-C); 1089
(v(C-0) C-0-C). HaigeHo, %: B 27.14, C 50.71, H 11.70, N 2.93.
BbluncneHo, %: B 27.52, C 50.96, H 11.76, N 2.97. ESI MS.
HaiigeHo, m/z (aHnoHHasa yacTe) 228,89 a.e.m., [B,H, 0,C H.]"
C4HwBHOZ. BbluncneHo 228,92 a.e.m.

(1-mempazudpodpypaHuli)yHoekaauopo-Ka030-
dodexabopam mempabymunammoHus, (n-Bu,N)[B, H, OCH].

Bbixog: metoguka 1 — 0,51 r (75%), meTtoauka 2 — 0,51 r
(75%). *H AMP (DMSO-d,, 5, m.4.): <0.50 — 0.50 (m, 9H, B H,),
0.92 (1, n-Bu), 1.30 (m, n-Bu), 1.50-1.61 (m, n-Bu + CH, (B)), 3.17
(m, n-Bu), 4.48 (1, CH, (@)). 'B {'H} AMP (DMSO-d,, 5, m.4.): 10.9
(c, B(1), -14.9 (c, B(2-11)), -17.7 (c, B(12)). 3C (APT) AIMP
(DMSO-d,, 8, m.4.): 13.5 (n-Bu), 19.4 (n-Bu), 23.2 (n-Bu), 24.6
(CH, (B)), 57.8 (n-Bu), 82.5 (CH, (at)). UK (KBr), cm™: 2478 (v (B-H));
1107 (6 (B-B-H)); 695 (& (B-B-B)); 964 (v(C-O) C-O(B)-C).
HaigeHo, %: B 28.11, C52.50, H 12.11, N 3.02. BbiuncneHo, %: B
28.49,C52.75,H12.17,N 3.08. ESI MS. HaitaeHo, m/z (aHWOHHasA
yactb) 212,90 a.e.m., [B,H, OCH.J. CH B O. BbiuucneHo
212,93 a.e.m.

(1I-mempaeudponupaHuli)yHoekaaudpo-Ka030-
dodexabopam mempabymunammonus, (n-Bu,N)[B H, OCH, ].

Bbixog: metogmka 1 — 0,59 r (84%), metoguka 2 — 0,57 r
(81%). 'H AMP (DMSO-d,, §, m.4.): -0.50 — 0.50 (m, 9H, B H,),
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0.94 (1, n-Bu), 1.31 (m, n-Bu), 1.58 (m, n-Bu + CH, (v)), 1.78 (CH,
(B)) 3.17 (m, n-Bu), 4.45 (1, CH, (a)). B {H} AMP (DMSO-d,, §,
m.4.): 11.1 (c, B(1)), -14.8 (c, B(2-11)), -17.7 (c, B(12)). 3C (APT)
AMP (DMSO-d,, §, m.4.): 13.9 (n-Bu), 19.7 (n-Bu), 20.8 (CH, (v)),
23.6 (n-Bu), 24.6 (CH, (B)), 58.1 (n-Bu), 82.1 (CH, (a)).MK (KBr),
cm: 2485 (v (B-H)); 1110 (& (B-B-H)); 691 (6 (B-B-B)); 950 (v(C-0)
C-O(B)-C). HaitgeHo, %: B 27.32, C 53.55, H 12.19, N 2.95.
BbluncneHo, %: B 27.63, C 53.73, H 12.24, N 2.98. ESI MS.
HaligeHo, m/z (aHnoHHas yacTb) 226,92 a.e.m., [B,H, ,OCH, .
C.H_.B._O. BbiuncneHo 226,95 a.e.m.

5 21712

2.4 CuWHTe3 nNpOU3BOAHOIO K/030-A0AEKabopaTHOro
aHWOHa C NeHAAHTHOM LMaHo-rpynnom

(n-Bu,N)[B,,H,,OC.H, 1(0,47 r, 1 mmonb) 1 KCN (0,072, 1,1
mmonb) gobasnsanu B 15 mn AM®PA nepemelinBanm B Te4eHue
12 4 npv KOMHaTHOM TemnepaType B aTmocdepe aproHa. Aanee
NnoNy4YeHHyto cuctemy Bblinsann B 50 mn pacteopa 0,82 r
Ph,PCl B BOge. BbiNaswuit _ocafok OTGUALTPOBbLIBaANY,
npombiBaau Boaow (2x30 ma) n Anatunosbim supom (20 mn).
Mony4YeHHbI 6enblit NMOPOLWOK BbICYWIMBAAM Ha ryboKom
Bakyyme npu 602C B TeyeHMn 2 u.

[5-yuaHoneHmMoKcu]HOHaaudpo-kn030-0dekabopam
mempadgpeHungocporus, (Ph P).[B, H, O(CH,) .CN]

Bbixog 0,82 r (88%). *H AMP (DMSO-d, 6, m.A.): -0.50 —
0.50 (9H, m, B, H/), 1.33 (2H, m, -O-CH,-CH,-CH,-CH,-CH,-), 1.54
(4H, m, -O-CH,-CH -CH,-CH,-CH,-), 2.43 (2H, T, -O-CH,-CH-CH -
CH,-CH,-), 3.27 (2H, 7, -O-CH,-CH,-CH_-CH,-CH,-). B {*"H} AMP
(DMSO-d,, 8, m.4.): 9,0 (c, B(i)), -14,2 (c, B(2-6)), -15,9 (c, B(7-
11)), 20,7 (c, B(12)). *C AMP (DMSO-d,, 8, m.A.): 16.7 (-O-CH,-
CH,-CH,-CH-CH,); 25.4 (-O-CH-CH,-CH,-CH,-CH,); 25.7 (-O-CH,-
CH,-CH-CH,-CH.); 31.5 (-O-CH,-CH-CH,-CH,-CH-); 68.1
(-O-CH,-CH,-CH,-CH,-CH,-), 121.3 (C=N). UK (KBr), cm™: 2475 (v
(B-H)), 2247 (v (C=N)), 1108 (v (C-0)). HariaeHo (%): B, 13.64; C,
69.44; H, 6.55; N, 1.47; C_H. B, ,Cs,NOP,. BbiuncneHo (%): B,

13.92;C, 69.61; H, 6.60; N, 1.50. ESI MS. HaitgeHo, a.e.m.: 253,96
{[B,,H,,O(CH,).CNJ* + H*}". (C,H,,B, NO). BbluncneHo: M=253,98.

12° 1 6 22712

HaiigeHo, a.e.m.. 592,33 {[B H O(CH).CN]* + PhP'}.
(C,,H,,B,,NOP). BoiuncneHo: M=592,36.

3. Pe3ynbTaThbl U 06CyKAEHUE

PaspaboTka HOBbIX MeToA0B  GYHKLMOHAAM3aALUK
KnacTepHbIx aHuoHos 6opa [B, H, 1 u [B,H 1> asnsetca
aKTyaNbHOW  3ajayei, pelweHue KOTOpOM  no3BonseT

CYLWeCTBEHHO PacWMPUTb KPYr NOAy4YaemblX MPOU3BOAHbIX,
YNpoOCTUTb YXKe W3BECTHble MNoAXOAbl C COXPaHEHWEM W
yBe/IMYEHNEM BbIXOLOB KefaemMblx NpoayKToB. OuyeHb
YA06HbIM mMeToa0M dYHKUMOHaNn3aumm
[eKabopaTHOro U Ks1030-A04eKabopaTHOro aHMOHOB ABAAIOTCA
peakuuu, npoTekawowme no mexaHnsmy EINS n Tpebytowme
npUMeHeHnA 31eKTPodUIbHbIX UHAYKTOPOB. B Mx KauyecTse
MUCNONb3YIOTCA CUAbHble KUCNOTbl bpeHcTepa, ranoreHuapl
anemeHToB 13 © 14 rpynn, KapboOKaTMOHbI; OTAENbHOTO
BHMMAHUA 3aCNy)KMBaeT NpeaBapuTesIbHO CUHTEe3Upyembli
aHMWOH, coYeTaloWMii B CBOEM cocTaBe B cebe BOpHbIN KnacTep

K/1030-
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n anektpoomun H* — yHAeKarmgposekabopaTHbI aHMOH
[BlOHu]’. OfHaKo MHOrme m3BecTHble MNOoAXOAbl CBA3aHbl C
npoTeKkaHMemM NOH6OYHbIX peaKLMii, CHUNKAKOLWMX 06LLMIA BbIXO4,
CNIOXKHOCTAMMW NPU BblAENIEHUM NPOAYKTOB U OTHOCUTE/IbHOM
TPYAHOAOCTYNHOCTbIO peareHToB.

B aaHHOlM paboTe npepsioXkeH W peanusoBaH MeTop,
CMHTE3a 3aMelLLeHHbIX NMPOU3BOAHbIX K/1030-AeKabopaTHoro m
K/1030-AeKabopaTHOroaHMOHOB, CBA3AHHbIM CUCNOb30BAHUEM
OueHb CUNIbHbIX KOMMIEKCHBIX HeopraHudeckux kucnot H[BF ]
7] HZ[SiFG]. 3TOT NO3BO/INA NOAYYUTb C BbICOKMMWU BbIXO4aMU
(75-91%), MMHUMYMOM HeXXenaTeNbHbIX PeaKkLUin n oTamyaeTcs
NPOCTOTOW UCNOTHEHUSA.

WccneposaHna  nokasanu, 4YTo  B3aMmogeicrtsue

i 2- 2-

TeTpabyTunammoHuesbix coneit aHmoros [B, H, 1 n [B H J*c
UMKANYECKMMM  MpoCTbiMM  3bupamu  (1,4-AMOKCaHOM,

TeTparngponupaHom, TeTparnapodypaHom) B NPUCYTCTBUM
OAHOr0 3KBMBANEHTA BbIWEYKa3aHHbIX 31eKTPOPUNbHbBIX
WHAYKTOPOB NpoOTEeKaeT  CEeNEeKTUBHO MU npusoguT
MOHO3aMeLLeHHbIM NPOU3BOAHbIM (pUcyHOK 1). Heobxogmmo
OTMETUTb, YTO B XO4Ee PEaKUUN CHUXKAETCA 3apag cucTembl u
06pasyoTca oAHO3apALHbIE aHWOHDI.

B cnyyae Ks030-pekabopaTHoro npovecc
OT/IMYAETCA BbICOKOW PErnocenekTUBHOCTbIO U MPUBOAMUT K
Npou3BOAHOMY C 3amMecTUTeNnem OKCOHMEBOro Tuna B
3KBaTOPMANbHOM MosAce.

MepBuyHaa wWHPopmauma o xope npouecca 6biia
nonyyeHa us B u “B{'H} AMP cneKkTpoB  moay4YeHHbIX
coeguHeHuit. Tak, B “B{*H} AMP cnekTpe Npou3BOAHOrO C
Mmosiekynon  1,4-pMOKcaHa B  KayecTBe  3amecTutens
[B,,H,O(CH,),0]" npucyTcTeytoT ABa curHana 8 cnabom none
npy 1.6 wn -57 m.a., oTBevalolWme HEIKBMBAJEHTHbIM
anuKanbHbiM 6OpHbIM BepwMHam (PUCYHOK 2). CUrHan npw
8,1 M.A. oTBEYaeT 3amelleHHOWN Nno3numn (Mnco-atomy 6opa), 1
MMEHHO OH He pacLeniAeTca B OTCYTCTBUMN LUMPOKONOSOCHOIO
noaasaeHuaA CNMH-CNMHOBOTO B3aumogaencTena B-H, To ectb B
1B AMP cnekTpe. CurHanbi npn-20.7 n-22.5 M.4. COOTBETCTBYIOT

dHUOHa

—— > (n-ByN)
tO

—— > (-BuN)
©

OBYM Napam HeaKBMBANEHTHbIX aTOMOB 60pa, NpuaexalLmx K
nnco-nosmumn. CurHan npu -28.9 m.A. oTBeyaeT Tpem atomam
6opa, nNpoOTMBONEXAWMM 3amelleHHOMy atomy 6opa.
Tako BMA  CNeKTpa OAHO3HAYHO  [AOKasblBaeT, 4To
pa3paboTaHHbIK  NOAXOA  NO3BONAET  PErvoceneKTUBHO
nonyyatb MOHO3aMeLl,eHHoe npoussogHoe

neKabopaTHOro aHMOHA MO 3KBATOPUA/IbHOMY

K030~
noscy.

PucyHok 2 —''B 1 "B{*H} AMP cnektpbi (n-Bu,N)
[B,,H,O(CH,),O]

(\\)X i

X
(n-BuyN), + [ ]
(0)
X
(n-BuyN), & [ j
(8]
O B-H X = CHj, O, orcyrcTBHE IPYHIIBI
B E = H[BF,] wun Hy[SiFg]

PUCYHOK 1 — Cxema CMHTe3a MOHO3aMeLLLeHHbIX MPOM3BOAHbIX aHMOHOB [B

]2- n [BIZle]Z-

10H10
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Heobxogmumo Take oTmeTuTb, u4To “B{H} AMP cnekTpbl
OCTa/ibHbIX NPOM3BOAHbIX aHuoHa [B H, 1> ([B, H,0CH.] n

[B,,H,OCH, ]') MMeIOT 04eHb CXOXKMIi BUA € faHHBIM CNEKTPOM
M3-3a OAMHAKOBOro XapaKTepa 3amectutena (OKCOHMEBOro
TmMna).

OpHako cnekTpbl Ha sAapax B He HecyT HMKaKoM
MHGOPMaLMM O CTPOEHUM MNPUCOEAUHEHHOTO 3K30-MOANIA-
puyeckoro 3amectuTens. Mostomy Hamu 6b1aK 3a4eACTBOBAHDI

meToabl *H n 3C (APT) AMP cnekTpockonuu. B yactHocTH, B8 'H

cnekTpe npoussogHoro (n-Bu,N)[B, H,O(CH,),0] (pucyHok 3)
Kpome curHanos npu 0.94, 1.30, 1.57 n 3.17 m.A4., oTBeYatoLmnx
TeTpabyTunammoHneBOMy npucyTcTByeT napa

curHanos npu 4.10 1 3.69 m.4. OT O- U B-MEeTUNEHOBbIX rpynn

KaTUOHY,

COOTBETCTBEHHO NpuUcoeanHeHHoro 3amectutens. B 3C (APT)
AMP cneKTpe 3TOro e Npou3BoAHOro HabaoAaoTCA CUrHAMbI
npu 64.3 n 81.1 m.4. (oT B- 1 a-CH,-rpynn npucoesnHeHHOro
1,4-AM0OKCaHa), a TaKKe pAjg CUrHANOB OT KAaTMOHHOM 4acTu
(npwn 13.5, 19.3, 23.1 1 57.6 m.4.) (pucyHoOK 4).

PucyHok 3 —*H AMP cnektp (n-Bu,N)[B, H,O(CH,),O]

PucyHok 4 — °C (APT) AMP cnekTp (n-Bu,N)[B
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MeToa mynbtuagepHoi AMP cnekTpockonuu fokasbiBaeT
CTpoeHue 3ameLleHHbIX NPOU3BOAHbIX " Ks1030-
AonekabopaTHoro aHnoHa. Hanpumep, B !B {*H} AMP cnekTpe
coeauHenus (n-Bu,N)[B,H, OC.H, ] HabatoaatoTca Tpu curHana
npu 11.1, -17.7 v -14.8 m.A., KOTOpble OTBEYAIOT UNCO-aTOMy
60pa, NpoTUBONEKALLEMY €My aTOMy Hopa M BCeM OCTa/IbHbIM
atomam 6opa CoOTBETCTBEHHO (PUCYHOK 5). KpaltHe cxoxumm
asnaotca B {*H} AMP cneKkTpbl M OCTaNbHbIX CUHTE3MU-
POBAHHbIX 3ameLleHHbIX NpPOMn3BOAHbIX
AonekabopaTHoro aHnoHa. Kak BugHo, ocobeHHocTblo AMP
CNeKTPOB Ha Afpax ''B AnAa npoussofHbix aHWoHa [B,H J*
ABNAETCA WX TOpas3fo MeHblas CTPYKTYPUPOBAHHOCTbL MO

K1030-

CpaBHEHUIO co NPOn3BOAHDbIX K/1030-

aekabopaTHoro aHuoHa. OgHako metoabl *H u BC AMP

CneKkTpamu

CMEeKTPOCKONUUMNBITOMC/TY4aEeNO3BONATUAEHTUPULMPOBATD
CTpOEeHWe 3amMecTUTeNs OKCOHWeBoro Tuna. Tak, B *H AMP
cnekTpe (n-Bu,N)[B,H,,OC.H, ] umetoTca
oTBevarLme NpUcoeAMHEHHON MOIeKy e TeTparngponupaHa:

conm CUrHanbl,
npu 1.58 (CH, (y), 4acTM4HO nepeKpbIBaeTCA C CUrHanoM OT
MeTWNeHOBbIX rpynn KatuoHa), 1.78 (CH, (B)) n 4.45 m.4. (CH,
(a)) (pncyHok 6). B cnektpe 3C AMP TakKe HabawogatoTca Tpu
CUrHana OT  HEeJKBMBANIEHTHbIX  METW/IEHOBbLIX  rpynn
3amectutens (npu 20.8 (CH, (v)), 24.6 (CH,(B)) 1 82.1 (CH, (a))
(pucyHoOK 7).

PucyHok 5—"'B{'"H} AMP cnekTp (n-Bu,N)[B,,H, ,OCH ]

12° 1 5 10

PucyHok 6 —'H AMP cnekTp (n-Bu,N)[B,,H OCH, |
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PucyHok 7 — 'H AMP cnektp (n-Bu,N)[B

MeTtoz UK-cneKkTpockonuu no3sonseT JOoNoaAHUTENbHO
noATBEPANTb CTPOEHWE NONYYEeHHbIX MOHO3aMeLLeHHbIX
npou3BogHbIX. B cnekTpax Bcex CUHTE3MPOBAHHbIX
COeANHEHWUA NPUCYTCTBYET CU/IbHAA NONOCA NOMOLWEHUA B
AvnanasoHe 2440-2500 cm™, KoTopasa oTBeYaeT BaJIEHTHbIM
KonebaHnam B-H M He3HauuTeNbHO CMelleHa B CTOPOHY
KOPOTKMX BOJIH OTHOCMTENbHO aHa/NIorMYHOW NONOChlI B
He3ameleHHbIX  Ks1030-6opaTax; TakXe B  CAEKTpax
noABAAETCA MOA0Ca NOMNOWEHNA BANEHTHbIX KonebaHwui
ceazeit C-0*-C B paitoHe 940-980 cm™.

MonekynspHaa macca BCeX NOJyYeHHbIX COeaANHEHUN
6blna noaTBepKAeHa ¢ nomolbio metoga ESI
cnektpomeTpuu. Tak, B aHWOHHOM 4acTu cnekTpa (n-Bu,N)
[B,,H,,OCH ] Habnopaetcs  WMHTEHCUBHBIA AWK ¢
OTHOLIEHWEeM m/z, paBHbIM 226,92 a.e.M., YTO COOTBETCTBYET
monekynapHon macce [B, HOCH, ] (pacyeTHoe 3HaueHue
226,95 a.e.m.).

NHTepecHO OTMeTUTb, YTO 6oNee BbICOKME BbIXOAbI
AOCTUFAIOTCA 3a CYET MUCMonb3oBaHUA TeTpadTopobopHOW
KUCNOTbl B KayecTBe 3NeKTPOPUABHOrO MHAYKTOpA, 4TO

macc-

B
O B-H

i) 1) KCN, IM®A; 2) Ph,PCI, H,0

PucyHok 8 — Cxema B3aumogencTsua (Bu,N)[B
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MOKHO CBA3aTb C ee 6o/bluel KOHLEeHTpauuen B BOAHOM
pactsope mo cpasHeHuto ¢ H,[SiF ]. Hamu 6bina nposeseHa
cepua 3KCMEepPUMEHTOB, KOTOpas MoOKasana ALelcTBUTENbHO
CHUXXEeHMe BbIXOAa MOHO3aMeLLeHHHbIX NPOU3BOAHbIX MO Mepe
pasbasneHuna H[BF ].

Mpon3BogHble K/1030-60PaTHbIX aHUOHOB C LUKANYECKUMMU
3aMeCTUTENIAMM OKCOHWMEBOrO TWNa MpeAacTaBAaloT coboi
yaobHble Npekypcopbl ana AanbHen GyHKUMOHannsaumm. OHK
OTHOCWUTENIbHO NErko BCTYMAOT B PEAKLUMN C OBLIMPHBIM KPYrom
HYKN1e0OUNbHbIX PEareHToB, NPy 3TOM NPOUCXOAUT PacKpbITUE
3amecTuTeNei C nocaeayoWwmm NnpucoeanHeHemM neH4aHTHbIX
bYHKUMOHaNbHbIX rpynn. TakMe coeAuMHEHUs B AasibHenwem
MOryT 6biTb MOAUPULMPOBAHLI NPU MOMOLM CTaHAAPTHbIX
OpraHMYecKUx peakumint C Lenblo NoAyyYeHUA MPOM3BOAHBLIX C
TpebyemblM COCTAaBOM M CBOMCTBAMU, BTOM YNCe BUONOTUYECKM
AKTUBHBbIX.

B pamkax faHHOM paboTbl bbina NpoBeaeHa HanpaBaeHHan
dYHKUMOHANN3aumMa TeTparngponmMpaHoBOro Mpou3BOAHOTO
Ki1030-AeKabopaTHOro aHMOHa 3a CYeT B3aMMOAENCTBUA
peakuum c umaHmaom Kanusa 8 MOA (pucyHok 8).

OC.H

5 10

] ¢ KCN B AM®A

12H11
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HoBbIli MeToA, CMHTE3a OKCOHMEBBIX NPOU3BOAHbIX...

B pesynbtate 6blI0 NONAYyYeHO NPOM3BOAHOE aAHWMOHA
[BHLI” ¢ MpoTeKkaHue
peakuMu KOHTpo/MpoBanocb c nomouwpbto B {{H} AMP
cnekTpockonuu (pucyHok 9). B 4yacTHOCTM, B CNeKTpe
NPOUCXOAAT  XapaKTepHble  U3MEHeHWsa, CBf3aHHble ¢
M3MEeHEeHMEeM XapaKTepa 3amMecTUTeNsa C OKCOHMEeBOro Ha
3QUpPHbINA: CUrHAN OT MNCO-MO3ULMU CMeLLaeTca Ha 2 M.4. B
CUNbHOE NoNe OTHOCUTENIbHO aHAaNOTMYHOTO CUTHaNa B CNEKTpe
(n-Bu,N)[BH,,OCH, ], cxoxum obpasom cmelaerca curHan
OT NpoTMBOJieXKalero atoma 6opa. CurHan OT OCTaNbHbIX
AecATv atomos 6opa pacwennfaeTca Ha 4Be KOMNOHeHTbI (-14.2
1 15.9 m.4.). TakoW BMA CNeKkTpa O4HO3HAYHO CBUAETeNbCTBYET

NeHOAHTHOM  LMAHO-TPynnow.

O PaCKPbITUM LIUKANYECKOTO 3amecTUTeNa 1 NpucoeguHeHnn
neHAAHTHOW rpynnsl.

[ nAaycTaHOBAEHUA CTPOEHWUA KOHLLEBO GYHKLMOHANbHOM
rpynnbl  6bIAM  MCMONb30BaHbl MeTogbl *H u 1B3C AMP
cnekTpockonuu. 'H  CNekTp COAEPNKUT  3HauYUTENbHble
M3MEHEHWA, CBA3aHHble C 06pPa3oBaHMEM aNKCOKCUbHOM
cnevcepHoON rpynnbl, KOTOPaA NPOABNAETCA B BUAE CUTHANOB
npu 1.33, 1.54, 2.43 1 3.27 m.4. B 3C AMP cnektpe, nommmo
CUrHanoB OT cneicepHol uenu npu 16.7, 25.4, 25.7,31.5 1 68.1
M.4., NPUCYTCTBYET CUTHAN B CMAbHOM none npu 121,3 m.Aa.,
oTteevatowen rpynne -CN (pucyHok 10). OTcyTecTBME ApPYrUX
CUTHANOB  NOATBEP)KAAeT  rMnoTesy O  CeNIeKTUBHOM

PucyHok 9 — “B{'"H} AMP cnextp (Ph,P),[B,,H, O(CH,),CN]

PucyHok 10 — *C AMP cnektp (Ph,P),[B,,H, O(CH,).CN]
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E.C. boapuHoBa n gp.

NPOTEKaHWW peakUMn No mexaHusmy S 2 u npucoeanHeHum
UMaHUA-MOHA MMEHHO 4Yepe3 6onee HyKNeoPpUAbHbIA aTom
yrnepoga. O npucoeauHeHumn rpynnbl -CN TaKKe cBuaetenb-
cTByeT MK-cnekTp NoAy4YeHHOro MpPOM3BOAHOrO, B KOTOPOM
npucyTcTByeT nosoca norioweHua npu 2247 cm? [49].
CneKkTpanbHas KapTWUHa TaK¥Ke COAEPKWUT CWUIbHYKO nosocy
NMOrNIOWEHNA, COOTBETCTBYHIOLLYIO BaN€HTHbIM KonebaHui B—H
oT 6opHoro Knactepa npu 2475 cm™, a nonoca npm 950 cm™,
KOTOpas OTBeYaeT BasieHTHbIM KonebaHuam C—0*—C B uCXxogHOM
CoeAMHEeHUN C 3aMecTUTeNIeM OKCOHMEBOIO TUMA, UCYe3aeT.

CMHTe3MpoBaHHOE  coeAuMHeHMe € MeHZaHTHOM
LMAHOrpynnoi moxeT 6biTb MCNONb30BAHO ANA AanbHenweln
bYHKUMOHANN3aLMKM, B 4YacCTHOCTM, ANA CUHTE3a Ks1030-
[04eKabopaTos C KOHLEBbIMU KaPHOKCUAbHLIMU M aMUAHBIMM
rpynnamuv. 3TUM COefMHEeHWs, B CBOK oyepenb, 3a cuyeT
AMCTAaHUMPOBAHHOW BMONOrMYECKM aKTUBHOM Tpynnbl MOryT
CTaTb OCHOBOW AN MNONYYEHUA  AHTUMUKPOOHbIX ¥
NPOTMBOBUPYCHbIX NPOU3BOAHbBIX, @ TaK)Ke MNpenapatos Ans
1°B-HelTpOHO3axBaTHOM Tepanuu 3/10KQYeCTBEHHbIX
HOBOO6pPa3oBaHUiA.

4. 3aknoueHune

B pesynbTaTe AaHHOro uMcciegoBaHuA 6bia paspaboTaH
HOBbIN 3PPEKTUBHbIA CNOCO6 CUMHTE33a MOHO3aMELLEHHbIX
NPOU3BOAHbIX Ks1030-AeKabopaTHOro "
AofekabopaTHOro aHMOHOB C 3aMeCcTUTENMU OKCOHMEBOFO
TMna (1,4-pMOKCcaHOM, TeTparngpodypaHom "
TeTparngponMpaHom), KOTOPbI i 3aKntoyaerca B
Mcnonb3oBaHunTeTpadTOpOobOpPHONUTrEKCaPTOPOKPEMHUEBO M
KUCNIOT B KayecTBe 3NeKTPOPUAbHbIX MHAYKTOPOB. bBbiio
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NOKa3aHo, 4To Haﬁ,ﬂ,eHHblﬁ noaxo4 nNo3BonAeT CeNeKTUBHO (l/I

pernMocenekTMBHO — B c/lyyae aHnoHa [B, H, 1*) u ¢ Bbicokumm

BbIXOAAaMM MOAyYaTb UefeBble COEAWHEHUA; MNpUYEM
npeanoyTUTEeNbHO MCNONb30BaHMeE MMEHHO H[BF4]
(mocturatotca 6bonee BbiICOKME Bbixoabl). Ha ocHose
npou3BOAHOrO Kn030-poaekabopaTtHoro aHWOHaA c
NPUCOEANHEHHOM  MONEKYNON TeTparvaponupaHa 6biio
nosly4eHo coeAnHeHMeE C NeHAATHON LLUAHOTPYNMOM — BaXKHbIM
Npekypcop  ANA  CUMHTe3a  OMONIOrMYEecKM  aKTUBHbIX

6opcoaepKalLLmx BewwecTs.

bnarogapHocTtu

PaboTta BbiNonHEHa € Ucno/b30BaHWeM 060pyLoBaHWA
LeHTpa KonnektusHoro nosb3osBaHua PTY MWP3A npwu
noagepxke MuHUCTepCTBA HayKM M Bbicliero obpasoBaHuA
Poccuiickolt depepaumm B pamkax CornaweHua Ne075-15-
2021-689 071 01.09.2021 r.

OnucaHue BKNaga aBTopos CRediT

E.C. BoApuHoBa — UccneAoBaHUe, GopmanbHbIi aHanus;
0.B. duanH - wuccneposaHue; E.A.EwTykoBa-Llernosa —
dopmanbHbli aHanus; U.E. Cokonos — popmanbHblii aHaNus;
A.A. MegBenes — wuccaegoBaHue, GOpPManbHbI aHanus;
A.UN. HNuyroBckun — umccnenoBaHue, ¢GopmasbHbIM aHanus;
E.10. MaTBeeB—KOHLENTyan3aLmna, MeTo000r1A, HanncaHme.
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NHbopmauums 06 aBTopax

bospuHoBa EneHa CepreeBHa —cTapwuii npenogasaTenb,
MWPSA — PoccUINCKUIA TEXHONOTUYECKUIN YHUBEPCUTET;

®dunmvH OdaHuna BaneHTuHoBMY — cTyaeHT, MUPSA —
Poccuitckmii TexHONOrMYECKUN YHUBEPCUTET;

EwTykoBa-lWernosa Enusaseta AnekcaHApoBHa —
accucteHT, MWPDA —  POCCUIACKUIM  TEXHONOTUYEeCKUi
yHUBepcuTeT;

Cokonos Nnba EBreHbeBMY —KaHAMAAT XMMUYECKUX HaYK,
Hay4YHbIA COTPYAHMUK,
LLeHTp NUTaHMA, BUOoTeXHONOrMM M 6e30NacHOCTM NULLYK;

depepancHbIl  UccnenoBaTENbCKUN

Megagenes Aptem AHaTO/IbEBUY — KAHAMAAT XMMUYECKUX
HayK, Hay4HbI COTPYAHWUK, WHCTUTYT OpraHnyYeckom Xmmuu
mm. H.[. 3ennHckoro PAH;

Huuyrosckuit  Aptemuin  Uropesuy —  KaHAupat
XMMUYECKMX HayK, AupekTop LleHTpa KOANeKTUBHOrO
nonb3osaHua, MWUPIA — POCCUIACKUA TexXHOOrMYecKni
YHUBEPCUTET;

MartBeeB EBreHui lOpbeBuY - 4OKTOP XMMUYECKUX HayK,
OOoueHT, aoueHT, MWUPIA — POCCUIACKUIA TEXHONOTUYECKUI
yHUBepcuTerT.
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