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BBEAEHWE

3a mocienHee BpeMsl xeaaThl audTopuga OGopa
MIpUOOpENIN CTaTyC MEPCIeKTUBHBIX JTIOMUHOMOPOB
[1—5] ¢ mMpOKUM CIIEKTPOM IIPAKTUUECKOTO IMpUMeE-
HEHMsI B KauyeCTBE JIa3epHBIX KpacuTeJieil, Oumomap-
KEpOB, XeMOCEHCOPOB, KOMITOHEHTOB CBETOUYBCTBH -
TEJIbHBIX IIOKPBITUM JJI1  (POTOrajbBaHUYECKUX
YCTPOMCTB U ap. [6—8].

B-AukeroHaTsl nudTopuma Gopa MPEeacTaBIsioT
co00ii XeJIaThl, B KOTOPBHIX B KAYECTBE JIMTAHIA BbI-
CTymnaet eHosibHast dhopma [-mMKeToHa, B KauecTBe
KOMILJIEKCOOOpa3oBartesisi — KaTUuOH audTopuaa 00-
pa. B-luketoHatsl nudropuaa 6Gopa 06IANAIOT UH-
TEHCUBHOI JTIOMMHECLIEHLIMEN KaK B pacTBOpax, Tak
1 B KpucTayuiaX. JIloMUHECLIEHTHBIE CBOMCTBA KpU-
CTaJUTOB ¥ PACTBOPOB OIHOTO U TOTO Xe B-arKeToHa-
Ta mudTopuma 6opa, B OTIMUME OT OOJBIITMHCTBA U3-
BECTHBIX JIOMUHOMOPOB, 3HAUMTEJILHO Pa3indaloT-
CI M CYLIECTBEHHO 3aBUCST OT KOHIEHTpPaUu
pacTBOpa, YTO MPEACTABISIET YHUKAJIBHYIO BO3MOXK-
HOCTb I YyIpaBJIEHUS ONTUYESCKUMM CBOIICTBaMU
(GYHKIIMOHANIBHEIX MaTepualioB. ApOWIALETOHHI,
Kak U 1,3-IMKETOHBI, SBIISIOTCS YHUBEPCAJIbHBIMU
MIpeKypcopaMy IS MOJYYEeHUSI pa3IUYHBbIX THUIIOB
reTepPOLMKINYECKNX coeaquHeHuii. M3 IomoOHBIX
apoMJIalleTOHOB, [3-TMKETOHOB M MX OOPHBIX KOM-
IUICKCOB JIETKO OCYILECTBJISICTCS CMHTE3 MUPa30JIOB
[9, 10] u nonumeTuHOBBIX Kpacuteeit [11, 12]. Kpo-
M€ TOro, TakKuhe KOMILIEKCHI 00JIafaloT OMOJIoruye-

CKOIf aKTMBHOCTBIO M MOTYT OBITb WHTHOMTOpaMM
Pa3TMIHBIX TUAPOIIA3 Y OKCUTEHA3, HaIIpuMep, UK~
JIOOKCUTEHa3bI-2, TeMeoKcureHasbl- 1, docdonumna-
361 D [13—17].

IToaToMy 0COOBII MHTEpEC MPEACTABJISIIOT IIperna-
paTMBHBIE METOIbI CUHTE3a [3-IMKETOHATOB MU(MTO-
puna oopa. Kak mpaBmiio ncnonb3yeTcsl IByXCTammii-
HbI cuHTe3: 1) KoHaeHcauus KiistitzeHa arietodeHo-
HOB CO CJIOXHbIMU 3¢upamu [18]; 2) xematupoBaHue
MOJTy4eHHOTO B-nuKeToHa 3¢upaToM TpexhTOPHUCTOro
oopa [19]. 3HaUNTEIBLHO pexXke MPUMEHSIIOT KOHACHCA-
o MeepBeiiHa mon neiicTBueM TpudTopuaa Oopa
[20]. AumnmpoBaHue apoMaTUIECKNX COSTMHEHNI YK~
CYCHBIM aHTUIAPHUIOM U TpUdTOpUIOM OOpa ¢ obOpa-
30BaHKeM (-auKeToHaTOB nudTOpHIa GOpa BIIEpBhIE
OBLIO TIpOBeIeHO MeepBeiHOM TIPU MCCAEIOBAHUN
CIOCOOHOCTHU KUCOT JIbtorca K allMJIMPOBAHUIO 110
Opunemo—Kpadrey [20]. B psine pabot 3Ta peakiuus
YIIOMWHAeTCsT KaK KOoHAeHcass MeepseitHa. Bro-
CJIENICTBUU B cepuu padoT [21, 22] ycTaHOBJIEH MeXa-
HU3M peakuuu. Meron MeepBeiiHa IS OJTy4eHUS
B-nmukeroHaTtoB nudTopumaa Gopa MOy pa3sBUTHE
B pabotax [23—25].

B HacTosIIIeM cOO0IIEHNM ITPOBEIEHO CpaBHEHNE
METOIMK MOJIy4eHHS 3aMellleHHBIX OeH30MJILeTOHA-
TOB AudTOpUaa Oopa KoHIeHcalueir MeepBeiiHa C
HCIIO0JIb30BaHUEM razoobpa3zHoro BF; u ero agnykra
¢ ykcycHoit kucnotoit (BF;:2AcOH). UccnenoBanbl
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JIIOMUHECIIEHTHBIE CBOMCTBA MTOJTYYeHHBIX KOMILIEK-
coB nudTopuaa dopa.

SKCITEPUMEHTAJIBHAA YACTDb

TemrniepaTypy IJ1aBJAeHUS ONPEAEIsIM Ha TPUdo-
pe Buchi Melting Point B-540. UK-cniekTps! 3amm-
coiBain Ha MK -®ypre-cniekrpoMeTpe Spectrum BX
400 (Perkin Elmer, CIIIA) B 6pomune Kaiaus. Criek-
Tpel AMP peructpupoBan Ha CIIEKTPOMETPE BBICO-
koro paspenreHust Avance I1 400 MItx (Bruker, I'ep-
MaHus1) Ha gapax 'H u C npu pazauuHbIX padounx
yacToTax. B kauecTBe pacTBOpPUTESI UCTIOIb30BaIN
neiiTepupoBaHHBIi xJ10podopm. JanHeie AMP npu-
BeleHBI B Ta0J. 1 1 2. CrieKTpHI TTOIJIONIEHUST PETH-
cTpupoBaiu Ha criekTpodoromerpe Shimadzu UV
2550 (Shimadzu, Amonwus). CrieKTpbl JIOMUHECIICH-
U 1 BO30YXKIECHMS MOJYISHBI Ha CIIEKTpOodIyopH-
Mmetpe Shimadzu RF 5301 (Shimadzu, Anonwus).
CrnexTpsl (payopecleHIIN ¢ BpeMEHHBIM pa3perie-
HUEM U3MEPEHBI IO TEXHOJIOTUU BPEMSI-KOPPEIUPO-
BaHHOIo cyeta oguMHOYHBIX (poToHOB (TCSPC) Ha
JIa3epHOM TIMKOCEKYHIHOM CIIEKTPO(IyOpUMETpE
FluoTime 200 (PicoQuant, I'epmaHus), MCTOYHUK
PDL 800-B (Ao, = 370 um). [ist onpeaeaeHust KBaH-
TOBOTO BBIXOJa JIIOMMHECIECHIIMMA B Ka4eCTBE CTaH-
JlapTa MCIIOJIb30BaId PacTBOp HadTaaInHa B 3TAHOJIE
(0 =0.12) [26].

B xauecTBe pacTBOpUTEICH 1 peareHTOB B paboTe
MIPUMEHSIJIU: TOJIYOJI, STUJIOEH30J1, 0-KCUJION, n-KCU-
Jo11, HadTanmuH, aHTpaleH, giyopeH (Peaxum, Poc-
cus), 6eHzomnaneToH (Alfa Aesar, CIIIA), staHomn,
XJIOpOOPM, YKCYCHYIO KHUCIOTY, aleTOHUTPUII
(BKOC-1, Poccust), 6opTpudTOopua YKCYCHBIM KIC-
JIOTHBINM KOoMILIeKC, aHn3ona (Sigma Aldrich, CIIIA).
OYNCTKY pacTBOPUTEICH MPOBOAUIN MO U3BECTHBIM
MeToaukam [27].

Coedunenue 1 monlyyanu mu3 OeH3OMIALlETOHA U
acdupara TpudTopuaa 6opa no meronuke [28]. Bbi-
xon 95.4%; R, = 0.57 (xnopodopm); £, 155—156°C;
MK (KBr), v, cm~!: 3138 (OH,,), 2928 (C—Hypy,), 1597
(C=0), 1547 (C=C), 1439 (CH,), 1367, 1358 (5, B—0),
1156, 1138, 1113 (8 B—F), 1090, 1057 (3, B—0O).

C H
Haiinexo, % 55.96; 4.82.
Hnsa CyHgBF,0,
BBIUMCIIEHO, % 55.72; 4.78.

Coedunenue II. K cmecu 0.11monbs BF;:2AcOH u
0.33 MOJIB YKCYCHOTO aHTHIPHIA TOOABIISUIN 1O Karl-
maM 0.054 Monb Tonyona npu 45°C B TedeHue 6 4.
IMocne mobGaBieHUST TONIyoda CMeCh MepeMelIBaIn
ete 3 4 mpu 45°C. OcTaBUIN HA HOYb B XOJIOAWIbHU -
Ke, ocanokK oTduibTpoBanu. [IpoMbuin yKcycHOit
kucaoToi. [IpoayKT mepeKpUCTAIIIN30BaAIM U3 alle-
Tonutpuna. Beixon 25.3%; R, = 0.59 (xn0podopm);
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1., 158—159°C; UK (KBr), v, em: 3153, 3225 (OH,),
2933 (C—Hyy), 1612 (C=0), 1544 (C=C), 1444
(CH,), 1373, 1353 (8, B—0), 1149, 1130 (5 B—F),
1085, 1051 (8,,, B—O).

C H
Haiineno, % 59.98; 5.45.
HAns C Hy BF,0,
BBIYUCIIEHO, % 59.78; 5.41.

Coedunenue IV mioflydaiu U3 opmo-KCUIoJa aHa-
noruyHo II. Beixon 68.5%; R, = 0.55 (xn0podopm);
t,, 137—138°C; UK (KBr), v, cm~': 3165 (OH,,), 3028
(C—Hpy), 1608 (C=0), 1548 (C=C), 1434 (CH,),
1384 (8, B—0), 1168, 1103, (6 B—F), 1047, 1018 (J,
B-0).

C H
Haiineno, % 61.38; 6.01.
HAnsa C,H;3BF,0,
BBIYUCIIEHO, % 61.35; 5.96.

Coedunenue VI monydany 13 aHU30JIa aHAJTOTTYHO
II. Beixon 71.8%; R, = 0.4 (xnopodopm); #,, 163—
165°C; UK (KBr), v, cm~': 3152 (OH,), 2981 (C—
Hypp), 1602 (C=0), 1569 (C=C), 1427 (CH;), 1352,
1352 (8, B—0), 1141, 1130 (6 B—F), 1087, 1056 (3,, B—0).

C H
Haiinexo, % 55.47; 5.11.
Hia C HyBF,04
BBIYHCIIEHO, % 55.35; 5.08.

Coedunenue 111 (MognduLIIpoBaHHAsI METOIMKA
[24]). K cmecu 0.15 monst BF;-2AcOH u 0.45 mons yk-
CyCHOTO aHTHUIpuaa 100asstroT o Karwisam 0.075 Mo
aTun6eH30s1a B TeueHue 6 4 nmpu 45°C. INocae nobas-
JICHUsI 3TUI0EeH30J1a CMEeCh IepeMellIBalIu ene 3 4
npu 45°C. I1ocie ox1axIeHus peaKLIMOHHYIO CMECh
BBUIWJIM B BOLY M 3KCTparupoBajyd XJI0pO(HOPMOM.
OpraHu4ecKUil CIION CYIIWIN CyIbhaToOM HaTpUs,
pacTBOPUTENIb YAAAsUIA Ha POTOPHOM MCIIapuUTeie.
ITponyKT nepeKprucTa/NIM30BaIM U3 alleTOHUTPUIIA.
Boixon 7.6%; R,= 0.62 (xmopodopm); 7,,, 163—165°C;
MK (KBr), v, cm~': 3142 (OH,), 2972 (C—Hpy,), 1610
(C=0), 1551, 1543 (C=C), 1442 (CH;), 1377, 1352 (§,
B-0), 1153, 1130, 1109 (6 B—F), 1086, 1057 (8, B—0).

C H
Haiineno, % 61.55; 6.00.
HAnsa C,H;3BF,0,
BBIYUCIIEHO, % 61.35; 5.96.
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Ta6mua 1. Jannsie 'H IMP 3aMeleHHBIX 6eH30MIaleTOHAaTOB nudTopuna 6opa [-XII B CDCl; (8, m.x.)

No 6-CH; | 5-CH 4-Ar Hpyrue curHaibl
| 2.42 6.61 |7.51-7.55 (2H), 7.67—7.68 (1H), 8.04—8.06 (2H) -
I1 2.43 6.59 |7.35—7.37 (2H), 7.98—8.00 (2H) 2.49 (c, 3H, CH;)
111 2.40 6.55 [7.34—7.36 (2H), 7.97—8.00 (2H) 1.25—-1.29 (c, 3H, CHjy),
2.72—-2,77 (2H, CH,)
v 2.39 6.56 |7.26—7.28 (1H), 7.77—7.80 (1H), 7.85 (1H) 2.33 (¢, 3H, CHj),
2.36 (c, 3H, CH;)
A" 2.40 6.34 |7.18—7.20 (1H), 7.28—7.31 (1H), 7.46 (1H) 2.36 (c, 3H, CH3),
2.54 (c, 3H, CHj3)
VI 2.37 6.49 [6.98—7.01 (2H), 8.04—8.06 (2H) 3.92 (c, 3H, OCH5)

VII | 243 | 6.48 |7.50—7.63 (3H), 7.90—7.92 (2H), 8.07—8.09 (1H), 8.47—8.49 (1H) -
VIII | 2.46 | 6.73 |7.61—-7.68 (2H), 7.90—8.01 (4H), 8.70—8.71 (1H) -
IX | 243 | 6.62 |7.44 (1H), 7.61 (1H), 7.88—7.90 (2H), 8.09—8.11 (1H), 8.28 (1H) -
X 225 | 5.96 |7.46—7.58 (5H), 8.00—8.13 (5H), 8.51 (1H) -
XI | 243 | 6.61 |7.44-7.52 (3H), 7.64—7.66 (2H), 7.74—7.76 (2H), 8.13—8.15 (2H) -

XIT | 242 | 6.62 |7.12—7.17 (1H), 7.29—7.42 (4H), 7.55—7.57 (2H), 7,63—7.66 (2H), -
8.05—8.07 (2H)

Ta6mmua 2. Jlannsie 3C SIMP 3aMeleHHBIX GeH30MIaleTOHAaTOB nudTopuna 6opa [-XII B CDCl; (8, m.11.)

Ne | CI'* Cc2 C3 c4 (&) Ce6' C4 C5 C6 |6-CH; OcTajbHbIE CUTHAJTBI

I |131.'10 (129.21 |129.01 {135.51 |129.01 |129.21 (182.83 [97.52 [192.70 | 24.77 —

IT |147.20 |129.94 |129.14 |128.36 {129.14 |129.94 [182.72 (97.01 |[191.60 | 24.60 |21.94 (p-CHj;)

IIT |153.24 (128.75 |128.75 |128.59 |128.75 |129.27 |182.76 (97.01 [191.56 | 24.60 |14.89 (p-CHjy), 29.13 (-CH,-)
IV |146.05 [130.03 (126.82 |128.64 |130.43 |137.83 |182.92 [97.01 [191.25 | 24.54 |19.72 (m-CHj3), 20.95 (p-CHj;)
V |131.57 (135.92 (130.35 |136.84 |134.46 |132.37 |181.47 {100.98 [191.88 | 24.62 [20.73 (CHj3), 20.95 (CH3)
165.83 |114.24 |131.69 [123.24 |131.69 |114.24 [181.82 (96.35 (190.17 | 24.46 |55.76 (OCHj5)

VII [130.20 |133.84 |125.11 |134.97 |124.56 [127.02 {186.96 (102.07 (192.45 | 24.75 |128.56, 128.90

VIII|131.81 |136.56 (123.36 {132.42 |129.07 {129.96 |182.62 |97.66 (192.16 | 24.79 |127.46, 127.89

IX [143.83 |149.24 (125.72 (139.89 |127.31 |121.36 |182.70 |97.17 |191.11 | 24.63 |36.79 (-CH,-), 120.23, 121.36,
125.39, 128.54, 129.00

X |128.92 |130.75 |127.91 (131.56 (127.91 [130.75 |188.60 {105.54 |193.55 | 24.83 |124.35, 125.77, 128.86
XI |148.21 (129.09 (127.29 |139.02 |127.29 |129.09 |182.31 [97.30 [192.08 | 24.74 |127.66, 128.89, 129.63

XII 136.22 |126.93 (127.01 (144.63 |127.01 |126.93 |181.91 |97.13 |191.62 | 24.70 |126.83, 128.79, 128.86, 129.62,
133.20, 160.74

* CxeMa HyMepallii aTOMOB yrjepoaa O..

KYPHAJI HEOPTAHUYECKOUW XMUMUU  Tom 67 Ne 9 2022



CHUHTE3 1 CITIEKTPOCKOITHMA 3AMEIIEHHBIX BEH3OUJIAILETOHATOB

Coedunenue V moydanu U3 napa-KCUioia aHajlo-
ru4Ho I11. Beixon 5.0%; R, = 0.64 (xnopodopm); 7,
65—67°C; UK (KBr), v, cm~!: 3142 (OH,), 2990,
3076 (C—Hyp,), 1609 (C=0), 1535 (C=C), 1412
(CH,), 1365 (5, B—0), 1159, 1145 (6 B—F), 1087, 1055
(0, B—0).

C H
Haiineno, % 61.47, 6.01.
Hns C,H3BF,0,
BBIYMCIIEHO, % 61.35; 5.96.

Coedunenue VII niosrydanu us o.-alieToHadTOHA T10
metonuke [29]. Boixon 53.5%; R, = 0.59 (xynopo-
dopm); 1, 153—155°C; UK (KBr), v, cm~!: 3147
(OH,y), 3061 (C—Hpy), 1599 (C=0), 1539 (C=C),
1433 (CH,), 1371 (8, B—0), 1151, 1142 (3 B—F), 1076,
1047 (8, B—0).

C H
Haiineno, % 65.56; 4.76.
HAna C,H BF,0,
BBIYUCIIEHO, % 65.45; 4.72.

Coedunenue VIII monyyanu u3 B-ameroHadToHa
no meronuke [29]. Beixon 81.2%; R, = 0.57 (xyopo-
dopm); 1, 182—183°C; UK (KBr), v, cm~': 3147
(OH,), 3061 (C—Hpy), 1599 (C=0), 1539 (C=C),
1433 (CH,), 1371 (8, B—0), 1151, 1142 (5 B—F), 1076,
1047 (0, B—0).

C H
HaiineHo, % 65.36; 4.70.
Hna C4H | BF,0,
BBIYHCIIEHO, % 65.45; 4.72.

Coedunenue IX nonyyanu u3 9H-dnyopena no me-
tonuke [30]. Beixon 61.0%; R, = 0.54 (x10podopm);
15 261-262°C; UK (KBr), v, cm~!: 3141 (OH,,), 3057
(C—Hyy), 1614 (C=0), 1537 (C=C), 1429 (CH,),
1377 (&, B—0), 1182, 1153 (6 B—F), 1076, 1055 (8,
B-0).

C H
Haiineno, % 65.45; 4.90.
Ansa C;H;3BF,0,
BBIYMCIIEHO, % 69.30; 4.86.

Coedunenue X TIOlyd9any U3 aHTpaleHa IO METO-
nuke [31]. Beixon 43.2%; R, = 0.5 (xnopodopm); £,
228°C; UK (KBr), v, cm~': 3141 (OH,), 3057 (C—Hyy),
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1614 (C=0), 1537 (C=C), 1429 (CH,), 1377 (5, B—O),
1182, 1153 (8 B—F), 1076, 1055 (3, B—O).

C H
Haiineno, % 70.72; 4.83.
Hna CgHsBF,0,
BBIYHCIIEHO, % 70.52; 4.69.

Coedunenue XI nonmydanu u3 0 eHMIa 1o METO-
nuke [32]. Beixon 71.0%; R, = 0.59 (xopodopm); £,
211-212°C; UK (KBr), v, cm~!: 3147 (OH,), 3035
(C—Hyy), 1606 (C=0), 1541 (C=C), 1452 (CH,),
1355 (8, B—0), 1182, 1139 (8 B—F), 1091, 1060 (8,
B-0).

C H
Haiineno, % 66.32; 4.53.
Hnsa CigH3BF,0,
BBIYMUCIIEHO, % 66.21; 4.48.

Coedunenue XII monyganu 1o peaxkiium ¢ ra3000-
pa3HbiM TpudTopuaom 6opa. 18.1 r (0.1 monb) (E)-
cTuIbbeHa Jo6aBuian K 60 MJT yKCYCHOTO aHTUAPUIA
M CUCTEMY HAaCBIIIAJIM ra3000pa3HbIM TpeX(TOpH-
CTBIM OOpOM, MOIJEpKUBasi TeMMepaTypy peakiiv-
oHHoI cMecH HImKe 60°C. PeakKIIMOHHYIO cMeCh TTe-
peMelIBaJii A0 Havyajla MHTEHCUBHOM KPUCTAJLIN-
daiuu. OcagoK  OoTGWIBTPOBAIMU, MPOMbBIBAIU
YKCYCHOM KuclioToit. [IpoayKT nmepeKpucTain3oBa-
M u3 auetonuTpuia. Beixon 65.0%; R, = 0.59 (xy10-
podopm). t,, = 210-212°C; UK (KBr), v, cm~!: 3151
(OH,), 3031 (C—Hy,), 1600 (C=0), 1556 (C=C),
1442 (CH,), 1377 (8, B-0), 1188, 1153 (6 B—F),
11080, 1053 (3, B—O).

C H
Haiineno, % 69.97; 5.34.
Ans CigHysBF,0,
BBIYUCIIEHO, % 70.07; 5.30.

PE3YJIBTATbBI U OBCYXIEHHUE

st mmosydeHMsI 3aMelleHHBIX OeH30MIaleToHa -
ToB nudTopuna 6opa [—XII n3 apoMaTU4eCcKUX yrie-
BOIOPOJIOB B Ka4eCTBE MCXOOHBLIX COCIUHEHU MC-
MMOIb30BaIM O€H30J1, Ha(hTaIUH, aHTPaAleH U COOT-
BETCTBYIOIIME 3aMEIlI€HHbIE ITPOU3BOMAHBIE O€H301a.
Hanpumep, npu B3auMOJEUCTBUM C 0pmo- U napa-
KCWJIOJIaMH1, aHU30JI0M, (pIyopeHOM U TUdEeHUIOM
coequHeHUst IV—VI, IX—XI mosy4eHbI ¢ yIOBIECTBO-
pUTENBbHBIMU BbIXOmamMu (puc. 1).

B ciygae 6eH301a n3-3a ero Majioil aKTUBHOCTH
peakliivs auuIupOBaHUsI He UOET TaxXe MO 1efiCTBU-
eM TpudTopuaa 6opa, UICXOOHEII O€H30JI ObLI BBIIEC-
JIeH B MHIUBHUAYyaJdbHOM Buae. [1pm sTom Habdmona-
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Puc. 2. Cxema caMOKOHIeHCAlIMY YKCYCHOTO aHTUIIpUIIA TIOM AeiicTBUEeM TpudTopuaa 6opa.

Jioch norouenue BF; peakiimoHHOI cmechbio 1 00-
pa3zoBaHue 6eJ0ro ocajaka XOpoIllo pacCTBOPHMMOIO B
Bozae. ComtacHo paborte [33], caMOKOHAeH cALIUs YK-
cycHoro aHruapuaa (puc. 2) IpoxoauT 4epe3 odopa-
30BaHUE WHTEpMeauara, KOTOPbIA TUAPOJIU30M U
MOCeAYIOIUM AeKapOOKCUIUPOBAHUEM MOXHO Tie-
DPEBECTHU B alleTUJIAIIETOH.

benzounaneronar mugropuna 6opa (1) momydeH
KJIACCUYECKUM METOIOM — KOMILIEKCOBAaHMEM OeH-
30MjaleToOHa ¢ 3dupaToM TpexdpTopucToro 6opa B
NpUCYTCTBUN TpmoOyTmiaoopara. Ilpm mcroms3oBa-
HUU B KQUECTBE UCXOMHBIX aPEHOB, AKTUBUPOBAHHBIX
O-IOHOpaMM: TOJIyoja, 3TUI0EeH30I1a, 0pmo- U napa-
KCHJIOJIOB, peaKIMs UACT IMPaKTUIEeCK 0e3 Imo0oY-
HbIX TipoluieccoB U ¢ BF;:2AcOH u ¢ razoobpa3Hbim
BF;. IIpu ucnonw3oBanuu BF;2AcOH HekoTopbie
KOMIUIEKCHI 1udTopuaa 6opa oKa3ajch pacTBOPH-

KYPHAJI HEOPTAHUYECKOW XUMUU

MBI B peaklimoHHoi cMecu. [ToaTomMy nipoliecc Bolae-
JICHUS TIeJIeBBIX MTPOAYKTOB MOIUMDUIIMPOBAIN: pe-
aKIIMOHHYIO CMECh BBUJIMBAJIM B BOAY W BBIMTaBIINi
ocanok ordwibTpoBanu (Komruiekcol 11, TV, VI), B
TMIPOTUBHOM CJTydae, IMPOAYKT SKCTParupoBaIN XJIO-
podopmom (11T u V).

1-(B-Hadtun)6yranauonar-1,3 nudropuna 6opa
(VIII) monyyanu ¢ BeixogoM 73% aumiavpoBaHUEM
HadTaJlMHA TPU WCIOJb30BAaHUU Ta3000pa3HOTO
TpudTopuna 6opa [34]. 3aMeHa CHIBHOII KMCIIOTBI
JIbtouca — tpudropuna 6opa Ha 6osiee cnadbyio BF; -
- 2AcOH 1npuBOIUT K MOJYYEHUIO CMECU M30OMEPHBIX
nponykroB VII u VIII [29], koTopyto TpyaHO pasne-
JIUTb MeTomaaMUu (PpakilMOHHOW KpUCTALIM3alUu U
KOJIOHOYHOI Xpomartorpadueii.

MOJICKYJIB. Ha(bTaJII/IHa MMECT ABa p€aKIIMOHHBIX
HOEeHTpa: O- 1 B—HOJIO)KCHI/ISI. o-ITonoxeHue sIBIsIET-
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I
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CHj3 CH;

BF;
OCOCH;

Puc. 3. Cxema O-auwivpoBaHMsI alleTOHA.

cs1 6oJiee BBITOAHBIM U MPU KUHETUYECKOM KOHTpOJIe
peakiiuM 3aMelleHus] UAYT T0 O-TI0JIOKEeHUIo, Mpu
TEPMOIMHAMUYECKOM BO3MOXHA peakIiusi B B-1oJio-
xkeHue [35]. O6e BO3BMOXKHOCTU MOTYT peaanu30BaTh-
csl IpY allMJIMPOBAHUU HadTalvHa MOI JeicTBUEeM
XJIOpUAa aTlOMUHUS: B TUXJIOpITaHE 00pa3yeTcs O-
n3oMep, a B HUTpobeH3oe B-uzomep [36]. Cnenosa-
TeJIbHO, TIPY UCIOJIb30BaHuM ra3oobpasHoro BF; aiu-
JIMpoBaHUE Ha(TaIMHA UAET MO TEPMOIUHAMUYECKO-
My KOHTPOJTIO, a Tipy ucnoib3oBaHuu BF;2AcOH no
KUHETH4YecKoMy. EnMHCTBEHHAasi BOBMOXHOCTD TTOJTY-
quThb 1-(0-HadTIn)Oyranauonar-1,3 mudropuna (7) —
9TO MCHOJb30BaTh O-alleTWJIHaGTaIuH. Takxke
HEOMHO3HAYHO AalWJIUpYyeTcsl aHTpaleH: TMpU uC-
nosib3oBaHuu BF;2AcOH nmaxe npu ajauTesbHOM
HarpeBaHWU peaKIIMOHHOI CMECH OCTaeTCsl CIOXKHAs
cMmech npoaykToB. C razoobpaszHbiM BF; altunupona-
HY€ TIPOXOJIUT CTPOTO IO TIOJIOXEHUIO 9 MOJIEKYJIbI
aHTpalleHa.

st aHn3oa, comepXKalllero CHIbHBIA T-IOHOP
METOKCHU-TPYIIyY, aluJUpoOBaHUE C ra3o00pasHbIM
BF; npoxoauT o4eHb UHTEHCUBHO, COMTPOBOXIAETCS
BBIACJICHUEM TeIlIa M 3HAYUTEIILHBIM OCMOJIEHHEM
peakuMoHHOM  cMmecu. Ilpu  ucCIHoOJb30OBaHUU
BF;2AcOH ocMoneHust He TPOUCXOIUT, MOIydaeT-
CsI TOCTaTOYHO YMCTBI MPOAYKT aHW30MJIALIETOHAT
mudropuma 6opa (VI). st apeHOB, cogepKallux -
JOHOPBI CpemHel cuibl (qudeHun, GayopeH, CTUIb-
0OeH) peakiys yIOBJIECTBOPUTEIHHO IIPOXOOUT U C ra-
3000pa3HbiM BF; 1 ¢ BF;:2AcOH.

B-AukeroHatsl audTopuma 6opa MOXHO IOIY-
YUTh HE TOJBKO HeTmocpeacTBeHHbIM C-alunpoBa-
HUEM, HO I KOCBEHHO — O-aljiMpoBaHUEM KETOHA
¢ nocienyromuM C-allMJIMpoOBaHUEM MOIYYEHHOTO
eHoJia keToHa (puc. 3). Hekotopsie 3¢hupbl €HOJIOB
KETOHOB yIaJI0Ch BBIACIUTh U3 PEaKIIMOHHON CMeCcU
U TIPeBpaTUTh, 06paboTaB aHTUAPUIOM KHMCIOTHI U
tpudTOopunom 6opa, B a3hup eHona -amukeToHa W,
3areM, B B-aukeToHat audropuna Gopa [22].

B HavanbHBII IepUoOa peakiuu, MoKa He 00pa3o-
BaJIOCh OOJIBIIIOE KOJIUYECTBO KAPOOHOBOI KMCJIOTHI,
npeobmagaer C-anmaupoBaHue (puc. 1, BepxXHMt
nmyThb peakiuun). Kucnora, odOpasyroiasicsi B Ka4eCcTBe
MOOGOYHOrO IIPOAYKTa, SIBIsSIETCSI KaTaau3aTtopom O-
anmupoBaHus (puc. 3), clienoBaTeIbHO BO3MOXKHO
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MIpOTeKaHWe peaKluK 110 KOCBEeHHOMY IyTu (puc. 1,
HIDKHUI myTh peakiun). C TedeHrneM BpeMeHM KOC-
BEHHBIN IIyTh MOXET Jaxe IpeoOyiagath. IIpsmoit
IMyTh IpeodIagacT IIpyU OLICTPOM HACHIILIEHUN peaKIiyv-
OHHOI1 cMecH TpUdTOpuaoM 00pa, a KOCBEHHBII IIpU
MemTeHHOM. OcoOeHHO OBICTPO HAKOITJICHUE KUCIOTHI
MPOUCXOIUT Ipu ucnonb3zoBanuu BF;2AcOH, BbicBO-
OoXmarolasicss B XOIe peaklMyd YKCyCHash KHCJI0Ta
CITOCOOCTBYET peaky o myTu O-amumnpoBaHus.

Takum oOGpazoM, BBIOOp MeEXIy Ta3000pa3HbIM
TpUdTOPUIOM GOpa 1 €ro AIIYKTOM C YKCYCHOM KHC-
JIoOTOil — 3TO BBIOOp Mexay MexaHuzmamu C- u O-
allMIMPOBAHMUSI, UTO OOBSICHSIET 0Opa3oBaHUE CMECH
MPOAYKTOB peaKlIMU MPpU allJIMPOBaHUY aHTpalleHa
u HadranuHa BF;2AcOH u o6pa3zoBaHre UHIUBU-
JIyaJIbHBIX BEILECTB MPU UCIOIb30BAaHUN ra3000pa3-
Horo BF;. Kak noka3zaHo Ha nmpumMepe auujInpoBaHUS
aHu3ona (cuHTe3 Komiviekca VI), umcmonb3oBaHUe
BF; - 2AcOH xopolilo NoaxoauT Jisl alluIMpOBaHUS
aKTUBHBIX COENUHEHUA.

CrpoeHue BcexX IMoTyYeHHbBIX 0eH30MJIalleTOHATOB
nudTopuma 6opa IOATBEPXKASHO JAHHBIMU DJIEMEHT-
Horo aHaimm3a, UK- u AIMP-cniektpockonuu. B nH-
dpakpacHbIX criekTpax psaa coenmHeHuii [1—XII mo-
SIBJISIIOTCS crielinrIeCcKUEe IS 3TOro Kjlacca Coem-
HeHMII Tmosockl: B auarnasoHe 1380—1360 cm~!
CUTHaJIbl BaJIECHTHO-CUMMETPUYHBLIX KOJeOaHUIA
cBs3eit B—O, mojioca paciierisieTcs: M3-3a Haaudus
usoronos °B u 'B; B o6aactu 1150—1000 cm~! cur-
HaJIbl BaJICHTHBIX KOJIEOaHMII 00pa30BaHHBIX CBI3bIO
B—F m BaneHTHBIX acMMMETpUYHBIX Koseoanuit B—O.
CTouT OTMETUTh HAJIMYUE MHTEHCUBHBIX CUTHAJIOB
cBsa3eit C=0 u C=C B xeJaTHOM IIMKJIe TIpu 1560—
1540 cm~!, B obmactu 1450—1410 cMm~! nosiBnsieTcst
rnoioca nedopMallMOHHBIX aCMMMETPUYHBIX KOJIe-
OaHMIf METUIBHOM TPYIIITHI.

CrpoeHue Bcex MOJMyYeHHBIX J-AMKEeTOHATOB M-
dTopuna 6opa TMOATBEPKIACHO XapaKTePHBIMH CUT-
Hanamu B ciektpax AMP 'H: npu 6.4—6.7 m.1. (CuH-
IJIETHBII TIPOTOH B TraMMa-IIOJOXEHUHM XeJIaTHOTO
mukiaa) u 2.3—2.5 M.a. (CMHIJIETHas METWIbHas
rpynmna) (ta6a. 1). B ciekrpax AMP 3C (ta6i. 2) or-
YETJIUBO TMPOCIEKUBAIOTCS TPU TPYIIIbI CUTHAJIOB: B
obyactu 24—25 M.I. CUTHAJl METWJIbLHOM I'PYMIILI, B
o6nactu 97—100 M.4. curHazi yriepona B Y-TIOJI0Xe-
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HMM XeJIaTHOTO ILIMKJa, curHambl 182—184 u 190—
193 m.1. C—O u C=0 rpymrm, coorBeTcTBeHHO. KO-
Ia B O-IIOJIOKEHUH XeJIAaTHOTO IIUKJIA COTPSKeHHAS
T-CHUCTEMA YBEJIMYMBACTCS, MICHTHU(MUKALIUS BCEX
(GEHMUIBHBIX CUTHAJIOB CTAHOBUTCS IIpOOIeMaTH4-
HOII 13-3a CTepUYECKUX U OPUEHTALIMOHHBIX (haK-
TOPOB.

B Ta6s. 3 npuBeneHbl cCIeKTpaabHbIE XapaKTepu-
ctuku pactBopoB [—XII. [nst xkomrmekcoB -1V
MaKCUMYMBbI CIIEKTPOB JIIOMUHECILIEHIIUM HAXOMSATCS
B Tosry0oii obsiactu cnekrpa (390—395 HMm), KBaHTO-
BBIi BBIXOJ JIIOMUHECUEHILIMU | HE3HaUUTEeeH U CO-
crasigeT 0.001, mrsa komriekcoB 11—V, comepxkammmx
AJIKWJIbHBIE 3aMECTUTENU (G-TOHOPHI) B (PeHUTIBHOM
KOJIbLIE, TTPOUCXOIUT YBEIUUYEHUE KBAHTOBOTO BBIXO-
nma mo 0.12, 9To, TTO-BUIMMOMY, CBI3aHO C 3aMele-
HUeM BpalleHus1 ¢eHUIbHOro Kojblia. BBemeHue
CUJIBHOTO T-IOHOPA METOKCUTPYIIIbI B VI He BbI3bI-
BaeT 3aMETHBIX CIEKTPabHbIX U3MEHEHUM. YBEIU-
yeHHe pa3Mepa TT-CUCTEMbI MOJICKYJIbI ITyTeM 3aMeHbI
¢deHwnna Ha HaTU, aHTpalWI, AUPEHUI, CTUILOE-
Hua (komiuiekcesl VII—XII) nmpuBoauT K 3HAYNTEIb-
HOMY 0aTOXpOMHOMY CMEIIEHUIO CHEKTPOB MOIJIO-
IIeHUsI, BO3OYXIEHUSI JTIOMMHECLIEHLIMU U JIIOMU-
HECUEHIIMU U 3aMETHOMY YBEJIMYEHUIO KBAHTOBOIO
BbIxoga mioMuHecueHuun no 0.53—0.75 (tabn. 3).
MakcuManibHOe 6aTOXPOMHOE CMEIIEHUE CIIEKTPOB
naomomaercst st [X (A, = 443 uM, Ay, = 536 HM),
JUJTSI KOTOPOTO U3-3a CTEPUYECKUX 3aTPYIHEHU I U He-
TJIOCKOTO CTPOCHUST MOJIEKYJIbI peau3yeTcs COCTOSI-
HHe ¢ IepeHocoM 3apsiga [31].

Jnsa V HadmogaeTcss 6aTOXpOMHBINA CABUT CITEK-
TPOB MONIOIIEHUS Y TIOMWHECLIEHIIMW U 3HAYUTEIb-
HO YBEJIMYMBAETCS BEJIUYMHA CTOKCOBA CIBUTa IO
CPaBHEHUIO C OCTaJIbHBIMM AJKWJIOEH30UJIalleTOHA-
Tamu audTtopuaa 6opa [-IV. Hannune MeTUibHOM
TPYIIIbI B 0pmo-MON0XEHUU (PeHUITBHOTO KoJiblia B V
He TT03BoJIsIeT GEHUIBHOMY U TMKETOHATHOMY KOJIb-
11aM JIeXKaTh B OMHOM MJIOCKOCTH U TIPUBOIUT 00pa3o-
BaHMIO poTaMepoB (puc. 4).

T'eoMmeTpust MOEeKy Bl V ONITUMU3NPOBAHA METO-
moMm TD DFT (6-311G(d, p)) (puc. 5). OGHapyXeHO,
YTO YTOJ MEXIYITJIOCKOCTIMU (DEHUIILHOTO U XeJIaT-
Horo koJiel] coctasisieT 30°. [Tpu aToM 111 V BeposIT-

X

CH;

rot A

Puc. 4. Cxema oOpa3zoBaHUsl poTaMepoB V, CTpejKamMu
MOKa3aHbl CTEPUYECKUE 3aTPYIHEHUST B MOJIEKYJIE, TIpe-
ISITCTBYIOIME CBOGOIHOMY BpalIleHWI0 (HEeHUIBHOTO
KOJIBLIA.

KYPHAJI HEOPTAHUYECKOW XUMUU

MHWUPOYHUK u np.

Taomuna 3. CriekTpajabHble XapaKTEPUCTUKU PACTBOPOB
3aMelleHHbIX OeH3oualeToHaToB audTopuaa odopa I—
XII B xmopodopme

No | Agpss HM |Agy, HM Murm: AVS_TI’ ¢ T, HC
HM | cM
I 328 345 395 5171 0.001| 0.54
II 334 340 392 4585 0.01 1.40
I 335 360 390 2264 0.12 1.11
v 323 325 419 2386 | 0.01 1.86
\% 347 406 470 7542 0.001| 1,66
VI 360 366 386 2403 0.04 291
VII 367 373 444 4725 0.61 9.2
VIII | 343,379 | 380 444 3862 0.53 7.1
X 383 382 436 4270 0.86 1.85
X 443 447 536 3917 0.09 | 0.85
XI 358 360 426 4459 0.75 1.13
XII 394 390 470 4104 0.70 2.00

HO 00pa3oBaHUe POTaMEPOB, PA3TNYAIOIINXCS TTOJI0-
JKeHEeM METWJIBHON TPYTIThI OTHOCUTENHHO TUKETO-
HaTHOro KoJjibla (puc. 3). batoxpomHoe cmellieHue
CIEeKTpa JIOMUHECLICHIIMM U YBEJIWYEHUE CTOKCOBa
casura V OoTHOCHUTENIbHO KoMriuieKcoB I—IV (ta6n. 3),
CBSI3aHO C TIEPEHOCOM 3apsiaa B MOJIeKyIIe V IIpH Trepe-
xone B Bo30yxmeHHoOe cocrosHue (B3AMO—-HCMO)
(puc. 5a).

Kaxk nmokasan aHanu3 nanHbix PCA, n1s coequHe-
it [-I11, VI, VIII, X, XI ¢enunbHOE M XeraTHOE
KOJIbIIA JIeXKaT B OMHOM TTocKocTH [36]. Pacuer reo-
metpuu IV u XII metonom TD DFT (6-311G(d, p))
TakKe MOATBEPAMJ ITUIOCKOE CTPOSHHE MOJEKY
(puc. 50, 58B). Cpenu ucciaeOOBaHHBIX ABEHAIATH
komrutekcoB Tpu (V, VII u [X) uMeroT 3HauUnTEeNbHBII

: e~
Mv i
B3MO HCMO -}e(a..)

. o
Tl A A

Puc. 5. CtpoeHue rpaHUYHBIX opOuTaIeil MOJIEKYIbl V
(a), onTMMU3MpPOBaHHAs reomMeTpusi MoJiekysbl [V (0),
ONTUMU3UpPOBaHHas1 reomeTpust MoJiekysbl XII (B).
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YIoJl MEXIY IIOCKOCTSIMU (DEHUJIBHOTO U JUKETO-
HatHoro kojel (30°, 34° [29] u 77° [31] cooTBeT-
CcTBeHHO). 1 3Tx KoMmIuiekcoB nepexonq B3MO—
HCMO saBnsieTcsl TiepexoioM ¢ IIEpeHOCOM 3apsia,
YTO TIPUBOOUT K 3HAYUTCILHOMY 06aTOXPOMHOMY
CABUTY CITEKTPOB ITONIOILEHUS TIOMUHECIIEHLIMU OT-
HOCUTEIBHO CIIEKTPOB JPYTUX COCAUHEHUIA U CyIle-
CTBEHHOMY CHIXXEHUIO KBAHTOBOTO BBIXOJA JIIOMU-
HEeCUEHIINH.

SAKIIIOYEHUE

Psn 3amenieHHBIX 0eH30MIalIeTOHATOB TU(PTOPH-
Ja 6opa MoJyduiv KoHAeHcauueil MeepBeitHa (alu-
JIMpOBaHUE apOMaTUYECKUX COCIUHEHU YKCYCHBIM
aHTUAPUIOM IIof meiicTBueM TpudTopuaa 6opa win
ero amayktoB). Iloka3zaHo, YTO peakiusl YCIIEIIHO
MPOXOAUT C APOMATUISCKUMU COCIUHEHUSIMM, ME-
IOIMMU JTOHOPHBIE 3aMECTUTEIM B (PEeHUIBHOM
KOJIblIE, I C KOHAEHCUPOBAaHHLIMU apOMaTUIECKIMU
coenmMHEHUIMU (HadTaaIuH Win aHTpaieH). [1pu mo-
OBITKE alMJIMPOBaHUS O€H30J1a IIPEeUMYIIeCTBEHHO
MIPOXOOUT CAMOKOH/IeHCcaLsI YKCYCHOTO aHTUAPpUAA.
Bonbiioe 3HaYeHre nMeeT BEIOOP KUCIIOTHI JIponca
HY>XKHOM aKTUBHOCTH (TpuUdTOpUI 60pa 1 ero aiIayK-
ThI). JIsT KOHOEHCUPOBAHHBIX apOMaTHUYECKUX CO-
eIMHEeHUIT HeoO0XOOMMO MCIIONb30BaTh ra3000pa3-
HBII TpudTOpKI O0pa IS HallpaBIeHMs peaKIIny 110
TEpMOAUHAMUYECKOMY IMYTU, a JUISI COSAUHEHUI C
aKTUBHBIMHM JOHOPHBIMU TPYIIIAMH — €TO aIIyKT C
YKCYCHOM KMCJIOTOI IJISI YMEHBIICHUSI KOJIMJEeCTBa
MOOOYHBIX MPOIECCOB, IMIPUBOISIINX K OCMOJISHUIO
cMmecu. KoHpeHcanmio MeepBeitHa MOXHO PEKO-
MEHIOBAaTh IS TIOJIYYEeHMsI 3aMEIIeHHBIX O0€H30MJI-
aleToHaToB qudTOpHAa Oopa B IIpenapaTUBHBIX KO-
JIMYECTBaX, C LIEJbI0 MTAJIbHEMUIIIEro UX MCIOJIb30Ba-
HMSI, HallpMMep, KaK MPeKypcopoB MpPU MOJTy4YSHUU
KpacuTteneii.

CucTeMaTU3UPOBaHbI JAHHBIE MO JTIOMUHECIIEHT-
HBIM cBoicTtBaM OeH3owmianieToHatoB [—XII. Ilo
CPaBHEHUIO C HE3aMElIEHHbIM OE€H30UIalleTOHATOM
nudTopuna 6opa I BBeneHUe aTKUIbHBIX 3aMEeCTUTE -
Jeit B ¢peHMIbHOE KOJbllo (KoMIuiekchl I1—V) He
MPUBOIUT K 3aMETHBIM CIIeKTpaJbHbIM W3MEHUM,
TIpY 3TOM yBeJIUYMBaeTcsl KBaHTOBBIN Bbixon ¢ 0.001
(I) 10 0.12 (I1I). CymecTBeHHOE yBeTMUYeHIE KBAHTO-
BOTo BbIxoja JioMuHecHeHIu 10 0.75 (X) 1 3Hauu-
TeJIbHBIN 6aTOXPOMHBIN cABUT 10 536 HM (IX) nocTh-
raloTcs Mpu yBEJMYEHUU TT-CUCTEMbI MOJICKYJIbI: TIe-
pexon ot (peHmIIa K HapTHIy, aHTpauuiIy, TUQEHITY.

OUHAHCHWPOBAHUWE PABOTHI
Pa6ota BeImoiHeHA TTpy MHAHCOBOI moaaepxkke Mu-
HOOpHAyKu, HOMEpP TeMbl TOCYNApCTBEHHOIO 3aJaHus

0205-2021-0001.
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KOH®JIMKT MHTEPECOB

ABTODBI 3agBJISTIOT, YTO Y HUX HET KOH(IMKTA UHTE-
pECOB.
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