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SUPRAMOLECULAR COMPLEX
OF 1-METHYL-4- (3-(NAFTYL-1-OXY) PROP-1-INYL)PIPERIDIN-4-OL
WITH SULPHATED ARABINOGALACTAN

Abstract. A synthesis of the supramolecular inclusion complex of 1-methyl-4-(3-
(naphthyl-1-hydroxy)prop-1-ynyl)piperidin-4-ol with sulfated arabinogalactan was deve-
loped. The optimal conditions for the interaction of the preparation KN-2 with AG-SOsH
were developed, choosing the mass ratios of the starting reagents, solvents and the
duration of the reaction. For many years at A.B. Bekturov Institute of Chemical Sciences
the fundamental and applied research on creation of new highly effective and environ-
mentally safe plant growth regulators have been carried out. The structure of the supra-
molecular inclusion complex of 1-methyl-4-(3-(naphthyl-1-hydroxy)prop-1-ynyl)piperi-
din-4-ol with sulfated arabinogalactan was studied by the methods of H and *C NMR.
The synthesized new supramolecular complex promising as a preparation with low toxi-
city, biodegradability and high bioavailability for use in the pharmaceutical and agricul-
tural practice.

Keywords: 1-Methyl-4-(3-(naphthyloxy)prop-1-ynyl)piperidin-4-ol, sulfated arabi-
nogalactan, supramolecular inclusion complex, NMR 'H and 3C spectroscopy.

Introduction. The sulfated arabinogalactan (AG-SO3zH) has a great interest
for agriculture and medicine. It can act as a matrix for a directed transport of
various drugs and biogenic metals due to its polymer structure. Sulfated arabi-
nogalactan derivatives save a water solubility and membranotropy of a natural
polysaccharide and possess anticoagulant and lipid-lowering activity. The
presence of sulfate groups in the structure of arabinogalactan makes its a potential
heparinoid, as well as an antimicrobial agent [1-3].

For many years at A.B. Bekturov Institute of Chemical Sciences the
fundamental and applied research on creation of new highly effective and
environmentally safe plant growth regulators have been carried out [4]. Pre-
viously, supramolecular complexes of arabinogalactan (AG) and cyclodextrin
(CD) with  1-methyl-4-(3-(naphthalyl-1-hydroxy)prop-1-ynyl)-piperidin-4-ol
(Akpinol-alpha preparation) was developed. Screening the biological activity of
the new AG/KN-2 complex was carried out on beans, wheat, barley and grapes.
The investigation of the AG/KN-2 complex showed high survival rate of hard-
rooted grape varieties (46% and 4%), as well as an increase of root formation
(38,5% and 12,5%) compared to the control exapmles and preparation (KN-2),
respectively [5].
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EXPERIMENTAL

'H and C NMR spectra of the samples were recorded in DMSO-Ds on a
JNM-ECA 400 (Jeol) spectrometer by operating frequencies of 400 (*H), 100
MHz (C). Chemical shifts are measured relative to the signals of residual
protons or carbon atoms of deuterated dimethyl sulfoxide. In continuation of our
research a synthesis of the supramolecular inclusion complex of 1-methyl-4-(3-
(naphthyl-1-hydroxy)prop-1-ynyl)piperidin-4-ol with sulfated arabinogalactan
was developed. For the interaction of the drug KN-2 with AG-SO;3;H optimal
conditions, choosing the mass ratios of the starting reagents, solvents and the
duration of the reaction were developed.

RESULTS and DISCUSSION

It was found that the synthesis inclusion complex of the some substances
with AG-SO3H carried out by the highest yield at a mass ratio of the initial
reagents 1:1 in DMSO medium, at the temperature of 50-55 ° C, and during the
reaction time for 2-4 hours. After completion of the reaction, the resulting KN-
2/AG-SO3H complex was precipitated by acetone or alcohol, after which the
formed precipitate was filtered off and dried under vacuum.

The substrate molecules are introduced between the long polysaccharide
chains of sulfated arabinogalactan, forming a supramolecular complex that has
higher solubility in water compared to the original 1-methyl-4-(3-(naphthyl-1-
hydroxy)prop-1-ynyl)piperidin-4-ol.

The structure of the inclusion complex of 1-methyl-4-(3-(naphthyl-1-
oxy)prop-1-ynyl)piperidin-4-ol with sulfated arabinogalactan was studied by the
methods of NMR *H and *C and scanning electron microscopy. A fragment of
the supposed structure of the inclusion complex of 1-methyl-4-(3-(naphthyl-1-
oxy)prop-1-ynyl)piperidin-4-ol with AG-SOzH is shown in the figure 1.
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Figure 1 — A fragment of the supposed structure of the inclusion complex
of 1-methyl-4-(3-(naphthyl-1-hydroxy)prop-1-ynyl)piperidin-4-ol with AG-SOsH
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Figure 2 — *H NMR spectrum of the inclusion complex
of 1-methyl-4-(3-(naphthyl-1-hydroxy)prop-1-ynyl) piperidin-4-ol with AG-SOzH

In the *H NMR spectrum of the supramolecular complex KN-2/AG-SOsH
(figure 2) in the high-field region & 2.04 ppm is found a singlet signal correspon-
ding to the protons of the N-methyl radical. The axial and equatorial protons H-1
and H-5, H-2 and H-4 of the equivalent CH. groups of the piperidine system are
resonated in the region of 6 1,68-1,75 and 2,08-2,26 ppm wherein the signals of
Ha protons are loca ted in a stronger field than the signals of He protons.

A singlet signal with chemical shift 6 5,02 ppm was assigned to the protons
of the secondary carbon atom C-10. In the weak field region are found chemical
shifts of protons of the benzene nucleus. The protons H-19, H-15 and H-18
resonate as doublet signals in the region of & 7,05, 7,83 and 8,09 ppm, respec-
tively. In the range of 7,38 to 7,49 ppm are found the triplet signals of the protons
H-16, H-17, H-20 and H-21.

Sulfasubstituted fragment - B-galactopyranose (figure 3) was chosen as a
building block for interpretation of the NMR spectra of AG-SOsH. The protons of
methine and methylene groups of galactopyranose unit of the complex AG-SOz;H
resonate in the high field region. The protons of the tertiary atoms C-2, C-3 and
C-5 resonate at 6 3,22, 3,58 and 3,52 ppm, respectively. The proton H-6 resonates
in the region of & 3,70 ppm. The signals of H-1 and H-4 protons could not be
identified.

In the 3C NMR spectrum (figure 4) signals of the equivalent atoms C-1 and
C-5, C-2 and C-6 of the guest molecule piperidine are found in the region of &
39,46 and 51,48 ppm, respectively. Chemical shift at 6 44,89 ppm was assigned to
the methyl radical. The secondary carbon atom C-10 resonates in the region of &
56,78 ppm. Sp-hybridized C-8 and C-9 atoms resonate in the weak field of &
91,59 and 79,41 ppm.
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Figure 3 — Signals of a fragment of the elementary unit of sulfated arabinogalactan

Figure 4 — 13C NMR spectrum of the inclusion complex
of 1-methyl-4-(3-(naphthyl-1-hydroxy)prop-1-ynyl)piperidin-4-ol with AG-SOsH

Carbon atoms of the benzene nucleus resonate in a weak field. The
following chemical shifts are characteristic for carbon atoms of methine groups:
d (C-19) = 106,98 ppm; & (C-21) = 121,23 ppm; & (C-18) = 121,93 ppm;
d (C-20) = 125,54 ppm; 6 (C-17) = 125,94 ppm; & (C-16) = 126,56 ppm;
d (C-15) = 126,96 ppm. The quaternary carbon atoms C-12, C-13 and C-14
resonate in the region of 6 153,24, 125,54 and 134,60 ppm, respectively.

The carbon atoms C-1, C-2, C-3, C-4, C-5 and C-6 of the elementary unit of
AG resonate in the region of &6 100,01; 68,55; 70,00; 63,91, 69,16 and
6 60,79 ppm.

The values of chemical shifts of carbon atoms and hydrogen protons of the
KN-2/AG-SOsH complex are shown in the table.

The analysis of spectral data showed that the signals of the H-3 and H-6
protons of the galactopyranose unit of AG-SOsH are shifted (As = 0,31-3,81 ppm)
due to their participation in the complexation process. The chemical shifts most
protons of the KN-2 molecule are also shifted (Ad = 0-0,13 ppm), that indicates
formation of the supramolecular inclusion complex KN-2/AG-SO3H.
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'H and 3C spectral data of the KN-2 and AG-SOsH
in the free state and as part of the inclusion complex
In a free state (80), As part of the AJ(8-60),
Ne CH ppm. complex (5), ppm. ppm.
Ho | xc "o | Bc ASCH) | a820)
1-methyl-4-(3-(naphthyl-1-hydroxy)prop-1-ynyl)piperidin-4-ol
1 Ha 1,58 1,68 0,10
-CHo- 39,47 39,46 -0,01
H»> 1,67 1,75 0,08
p | CHe | Ha | 207 |00 | 208 | o g 001 0,78
H»s 2,39 2,26 -0,13
3 C - 65,09 - * - -
4 | CHe | Ha | 207 | o0 | 208 | o) 001 0,78
Ho 2,39 2,26 -0,13
g | CHe | Ha | 198 | g L1%® 1 5o 010 0,01
H»s 1,67 1,75 0,08
-CHs 2,02 46,16 2,04 44,89 0,02 -1,27
=C- - 92,32 - 91,59 - -0,73
=C- - 79,15 - 79,41 - 0,26
10 -CHe- 5,01 56,84 5,02 56,78 0,01 -0,06
12 C= - 153,29 - 153,24 - -0,05
13 C= - 125,60 - 125,54 - -0,06
14 C= - 134,61 - 134,60 - -0,01
15 -CH= 7,84 128,04 7,83 126,96 -0,01 -1,08
16 -CH= 7,48 126,96 7,47 126,56 -0,01 -0,40
17 -CH= 7,48 126,48 7,47 125,94 -0,01 -0,54
18 -CH= 8,11 121,94 8,09 121,93 -0,02 -0,01
19 -CH= 7,05 106,93 7,04 106,98 -0,01 0,05
20 -CH= 7,45 125,95 7,47 125,54 0,02 -0,41
21 -CH= 7,40 121,12 7,42 121,11 0,02 -0,01
AG-SO3H
1 >CH- 4,81 103,82 * 100,01 - -3,81
2 >CH- 3,22 68,87 3,22 68,55 0 -0,32
3 >CH- 3,80 70,32 3,58 70,00 -0,22 -0,32
4 >CH- 4,16 66,55 * 63,91 - -2,64
5 >CH- 3,52 69,68 3,52 69,16 0 -0,52
6 -CHz- 3,76 61,10 3,70 60,79 -0,06 -0,31
*Signal not interpreted.
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Conclusion. For the interaction of the drug KN-2 with AG-SOsH optimal
conditions, choosing the mass ratios of the initial reagents, solvents and the
duration of the reaction were developed. Thus, the synthesized new supra-
molecular complex promising as a preparation with low toxicity, biodegradability
and high bioavailability for use in the pharmaceutical and agricultural practice.

This work was carried out by financial support of the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan within the
framework of the program Ne BR05234667 “Physicochemical foundations of the
creation of inorganic, organic, polymer compounds, systems and materials with
desired properties .
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Pe3some
E. C. Cviuesa, U. H. Ounyapoexosa, M. C. Myxanosa, T. M. Ceiiinxanos

1-METWJI-4-(3-(HA®TUJI-1-OKCW)ITPOII-1-UHWIT)ITUTTEPUINH-4-OJIIbIH,
CVYJIb®ATTBI APABMHOT'AJJAKTAHMEH CYITPAMOJIEKYJIAJIBIK
KOCBUIBICHI

ACKBIH MOJIEKYJABIK KipikkeH 1-metwn-4- (3-(Hadruia-1-rumpokcu) mpor-1-uHwm)
MUNEPUANH-4-01/1bIH CyIb(aTThl apaOMHOTaNaKTaH aiy kys3ere acsipbuinel. KH-2 sxoHe
AG-SO3H mnpenapaTrapblHBIH MaccajblK e3apapa KaTblHacTapblHa Kapal, epiTKiml
OOMBIHIA OpPEKETTECY YAKBIThl €CKEpUIreH THIMII JKarJlaiiaap aHbIKTaJbIHIbL. ATairaH
TYPFBIIAFBl SKOJIOTHSIIBIK Ta3a MKOHE KOFAphl TUIMAUIIKTI ©CIMIIKTEp MEH JKEMiC aralll-
TapblHA apHaJIFaH ©Cy CTUMYJISITOPJIapbIH CHHTE3/IeY KyMbICTapbl O.beKTypOB aThIHAAFbI
XUMHS FBITIBIMJIAPBl MTHCTUTYTHIHBIH iprelli )koHe KoJ11aHOalIbl KOIDKBUIFEI 3epTTeyIepiHiH
JKaJFachl OOJBIN TaOBUIAABI. ACKBIH MOJICKYNANBIK KipikkeH 1-metwmn-4- (3-(mapTun-1-
THIPOKCH) TPOM-1-MHWIT) TUNepUINH-4-0NIbIH CyIb(QaTThl apaObnHOTaJaKTaHHBIH KYpPHI-
aeivel *H xone BC IMP oxictepiMen 3epTTeninzi. ANBIHFAH acKbIH MOJEKYJANBIK Kipik-
ke 1-metun-4- (3-(HadTrin-1-ruapokcn) mpor-1-uHu) MHHepuanH-4-0JIbIH CYIb(AaTThI
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apaOMHOrajJakTaH KOCBHUIBICHIHBIH TOKCHKAJBIK YJIBI KAacHETI TOMEH, OHOJIOTHSUIBIK
BIOBIPAY MEH KOJ JKETIMIUIIrT onapiplH (apMaleBTHKA >XOHE aybll IIapyamiblIbIK
caJjlajlapblH/ia MaiianaHyFa KeH ol allajpl.

Tyiiin ce3nep: 1-metnn-4-(3-(HadTri-1-okcu)npon-1-uHuwn)nunepuauH-4-01, Cyib-
(arTel apaOMHOTANaKTaH, CyNpaMOJIEKYJaNbIK KemeHai kocwbuisic, AMP H sxone'®C
CHEKTPOCKOIIHS.

Pe3iome
E. C. Coiuesa, H. H. Onyapbexosa, M. C. Mykanosa, T. M. Ceilnxanos

CYIIPAMOJIEKYJISIPHBIN KOMILIEKC
1-METWJI-4-(3-(HA®TUJI-1-OKCW)ITPOII-1-UHW)ITUITEPU AVH-4-OJIA
C CYJIb®ATUPOBAHHBIM APABUHOTI'AJTAKTAHOM

PaspaboTan cuHTe3 HaAMOJCKYSIPHOTO KOMILIeKca BKITtoueHust 1-metun-4-(3-(aad-
THI-1-TUapoKen) mpomn-1-MHWII) nUnepuanH-4-ola ¢ CyJib(paTUPOBaHHBIM apabuHOTra-
nmakTanoM. OrmpeneneHsl ONTHMAlbHBIE YCIOBHSA B3amMmoneiictBus mpemapata KH-2 ¢
AG-SO3H ¢ BBIOOpPOM MacCOBBIX COOTHOIIEHUIH MCXOIHBIX PEareéHTOB, PACTBOPHUTENEH U
MIPOJIOIDKUTENBHOCTH peakiun. B Teuenne MHOrUX ner B MHCTUTYTE XMMHYIECKHUX HAyK
uM. A.b. BektypoBa npoBoauiInCch (yHIaMEHTAIbHBIE U MPHUKIAIHBIC HCCIECIOBAHUS O
CO3JIaHUIO HOBBIX BHICOKO3()()EKTUBHBIX M SKOJIOTUIECKH OE30IMACHBIX PErYJIATOPOB POCTa
pactenunit. CTpyKTypa HaIMOJICKYIISIPHOTO KOMIUIEKCa BKIOUeHHs |-metmn-4- (3- (Had-
THII-1-TUapoKen) mpor-1-uHu) nunepuanH-4-ona ¢ cyab(paTHpOBaHHEIM apaOHHOTralaK-
TanoM Obuia m3ydena metogamu AMP H u °C. CunresupoBan HOBBIM HaaMONEKYJISp-
HBII KOMIUIEKC, TIEPCIIEKTHBHBIA B KayecTBE Npernapara ¢ HU3KOH TOKCHYHOCTBIO, OHO-
pasiiaraeMocTbhi0 M BBICOKOW OMOJOCTYITHOCTBIO JIIsl HCIOJIb30BaHUS B (hapMaleBTHYEC-
KOH M CEeNbCKOXO3SIICTBEHHOMN MPaKTUKE.

KunroueBbie cioBa: 1-metnin-4-(3-(wadrn-1-okcu)nporn-1-uHun)munepuaua-4-oi,
cynb(aTHpOBaHHBIH apaOWHOTANAKTaH, CYNPaMOJIEKYJSIPHBIH KOMIUIEKC BKJIIOUEHHS,
cnektpockonus IMP *H u 3C.
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