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SYNTHESIS, STRUCTURE AND PASS PREDICTED BIOLOGICAL
ACTIVITY OF 4-PHENYLNAPHTHOXYBUTYNYLPIPERAZINES

Abstract. New potentially biologically active 4-phenylnaphthoxybutynylpiperazines
were synthesized. The structure of the synthesized compounds was established based
on the IR and NMR (*H and **C) spectroscopic data. A predicted biological activity of
4-phenylnaphthoxybutynylpiperazines was studied using the PASS program.

Keywords: 1-(prop-2-ynyloxy)naphthalene, aminomethylation, benzaldehydes,
1-methylpiperazine, 'H and **C NMR, PASS prediction.

Piperazine and its derivatives are used as antihelminthic drugs, as well as
initial reagents in the synthesis of pharmaceutically active compounds, such as
antibacterial drugs (ciproflaxin) [1], quinolone antibiotics, some tranquilizers
(baspirone and jepiron) (CINNARIZIN) [2]. A number of piperazine derivatives
are metabolites of some drugs. In addition, piperazinecontaining preparations with
a wide spectrum of biological activity are described: anticonvulsant [3], anti-
bacterial against gram-positive (S. aureus, B. subtilis) and gram-negative strains
(E. coli, P. aeruginosa) [4], anti-tuberculosis [5] and antitumor activity [6, 7].

As a task of this study, the design of potentially biologically active new pi-
perazine derivatives with a naphthyloxypropargyl fragment was determined as a
continuance of the development of aminomethylation of 1,5-di(prop-2-ynylo-
xy)naphthalene with secondary amines and aldehydes under catalysis of CuCl or
Cul [8].

2-(Prop-2-ynyloxy)naphthalene was determined as the object of aminome-
thylation, 1-methylpiperazine is the amine compound and as the aldehyde is for-
maldehyde and two aromatic aldehydes (benzaldehyde and p-fluorobenzal-
dehyde). The choice of fluorinated aldehyde was dictated by the well-known fact
that the introduction of fluorine into the quinolone drug molecule leads to
increased activity [9].

The aminomethylation reaction of 1-(prop-2-ynyloxy)naphthalene was
carried out in absolute dioxane in the presence of catalytic amounts of copper (1)
iodide at the temperature 35—40 °C for 2 h.
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As a result of separation from the reaction mixtures, 4-phenylnaphthoxy-
butynylpiperazines 1-3 were obtained in the following yields: 1-methyl-4-(4-
(naphthalen-1-yloxy)but-2-ynyl)piperazine (1) (71%), 1-methyl-4-(4-(naphthalen-
1-yloxy)-1-phenylbut-2-ynyl)piperazine (2) (82%), 1-(1-(4-fluorophenyl)-4-
(naphthalen-1-yloxy)but-2-ynyl)-4-methylpiperazine (3) (73%). It was established
that 1-(prop-2-ynyloxy)naphthalene easily reacts with formaldehyde and aromatic
aldehydes in the presence of copper (1) iodide.

The structure of the synthesized compounds 1-3 was established based on
the data of elemental analysis and on the analysis of IR, *H and **C NMR spectro-
scopic data (tables 1, 2).

A absorption band vc-cy Of the starting 2-(prop-2-ynyloxy)naphthalene at v
3309 cm™ does not present in the IR spectra of 4-phenylnaphthoxybutynylpipe-
razines 1-3. A weak band of disubstituted C=C bond at v 2120 cm™ confirms the
formation of the aminomethylation products.

Table 1 - *H NMR (8, ppm) spectral data
for 4-phenylnaphoxybutynylpiperazines 1-3

CH,N N
Comp. OCH, (CHN) Ph N N CHs
1 | 691-834 4,86 334 - 257,234 | 230
7,29-7,32; 2,30

2 | 693-835 4,87 (5,03) 7.49-7.53; 2,58: 2,46

7,50-7,62

e 2.30

3 | 691-832 4,86 (5,02) [ates 257:2,62
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Table 2 - 3C NMR (8, ppm) spectral data
for 4-phenylnaphoxybutynylpiperazines 1-3

Comp.| O-CH, |-C=C-|-C=C-| =C-CH, | —N N— | CH; Ph

1 56,20 80,27 | 78,79 47,26 52,08; 55,03 | 46,10 -
56,22 83,17 | 78,80 61,62 55,24; 56,56 | 46,05 | 128,31; 129,12; 129,86
56,19 83,43 | 78,79 60,54 55,25; 56,67 | 46,13 | 116,29; 132,25; 160,13

Carbon atoms of the naphthalene ring
Cl CZ C3 C4 C5 CG C7 C8 C9 ClO
1 |153,43| 105,58 (125,48| 121,10 | 126,15 | 125,74 | 122,17 | 121,33 | 127,62 |134,67
153,44| 105,61 (125,57| 121,32 | 126,68 | 125,76 | 122,18 | 121,51 | 127,63 |134,58
3 |153,43| 104,58 |125,55| 121,30 | 126,66 | 125,74 | 122,17 | 122,08 | 127,62 |134,67

Comp.

In the '"H NMR spectra of 4-phenylnaphthoxybutynylpiperazines 1-3 are
found the signals of the aminomethylene and aminomethine groups protons at &
3,34 ppm and 5,03-5,02 ppm. Chemical shift at 5 2,30 ppm was assigned to the
methyl group protons standing at the nitrogen atom of the piperazine cycle.
The signals of the piperazinemethylene groups protons are found at 6 2,57 and
2,62 ppm. Chemical shifts in the region & 4,86—4,87 ppm were assigned to the
protons of the O-methylene group. The signals of the naphthalene nucleus protons
are found at 6 6,91-8,32 ppm. The protons of the benzene nucleus resonate in the
region 6 7,13-7,17 and 7,47-7,51 ppm.

3C NMR spectra of 4-phenylnaptoxybutynylpiperazines 1-3 have carbon
atoms signals of the aminomethylene and aminomethine groups at 6 47,26, 61,32
and 60,54 ppm. The carbon atoms of the triple C=C bond resonate in the regions &
78,79-78,80 and 80,27-83,43 ppm. Signals in the region & 56,19-56,22 ppm
were assigned to the oxymethylene carbon. Weak field signals at & 104,58-153,44
ppm were assigned to the carbon atoms of the naphthalene ring. Signals of the
CHs-N group are found in the region 6 46,05—46,13 ppm. The carbon atoms of the
piperazine cycle resonate in the region 6 52,08—-56,67 ppm.

One of the possibilities of a comprehensive study of the biological activity of
compounds is computer prediction and further evaluation of the likely types of
activity of new substances with subsequent testing in accordance with the results
of the forecast. In order to determine the types of potential biological effects of
the synthesized compounds, a predictive assessment of the probable biological
activity was carried out using the PASS (Prediction of Activity Spectra for Sub-
stance) program [10]. This program PASS - Pharma Expert allows the selection of
substances that are likely to have a certain type of activity.

The results of the forecast with an indication of the predicted type of activity
and a calculated estimate of its probability, which ranges from 0 to 100% are
presented in the table 3.
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Analysis of the forecast shows that 4-phenylnaptoxybutynylpiperazines 1-3
are substrates of the Cytochrome CYP2C12 families with the probability above
70% and they are responsible for the metabolism of endogenous steroids in a
body. An antispasmodic activity similar to the drug papaverine for the piperazines
1-3 was forecast with the probability 16% to 39%, whereas anti-neurotic activity
was predicted with the probability of 51-73%.

It should be noted that introduction of the aromatic substituents [phenyl- (2)
and p-fluorophenyl- (3)] into the molecule imparts a high probability of neotropic
activity, which is capable of stimulate mental activity, activating cognitive func-
tions, improving memory and increasing the ability to learn.

The compound 1-methyl-4-(4-(naphthalen-1-yloxy)but-2-ynyl)piperazine (1)
has a high probability of the activity for the treatment of phobic disorders
(neuroses) (64%) and anti-neurotic action (71%).

Also, the obtained compounds can be preparations for urticariatreatment (23-
52%), phobicdisorders treatment (64%), as well as vasoprotector (37-50%) and
Musclerelaxant (31—-38%).

Table 3 — Predicted biological activity of 4-phenylnaphthoxybutynylpiperazines 1-3

Probability of occurrence of predicted activity, %

Chemical
compounds

Spasmolytic,Papaverin-like
Platelet aggregation stimulant
Phobic disorder streatment

CYP2C12 substrate
Antineurotic
Urticariatreatment
Vasoprotector
Antihelmintic
Musclerelaxant
Nootropic
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Thus new 4-phenylnaphthoxybutynylpiperazines with potential biological
activity were synthesized. It was established that 4-phenylnaphthoxybutynyl-
piperazines with high probability can be the agents for the treatment of various
neuropathic and phobic disorders, also they could promote the metabolism of
endogenous steroids organism.

EXPERIMENTAL PART

The course of the reactions and the purity of the products were monitored by
the TLC analysis on "Silufol UV-254" plates with the appearance of substances
spots with iodine vapor. The eluent for TLC was a mixture acetone—hexane (2:1).
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Elemental analysis was performed on the CE 440 elemental analyzer. The IR
spectra were recorded on a Nicolet 5700 spectrometer in KBr tablets. The *H and
3C NMR spectra of the samples were recorded on a JNM-ECA 400 (Jeol) spec-
trometer with operating frequencies 400 (*H), 100 MHz (**C) in deuterated
chloroform CDCls.

1-Methyl-4-(4-(naphthalen-1-yloxy)but-2-ynyl)piperazine (1). A solution
of 1-methylpiperazine 0,82 g (0,0082 mol) in 10 ml of dioxane was added
dropwise with stirring at 40 °C to the mixture of 1,5 g (0,0082 mol) 1-(prop-2-
ynyloxy)naphthalene, 0,24 g (0,0082 mol) paraform, 0,15 g (0,00078 mol) copper
(1) iodide in 20 ml of dioxane. After completion of the reaction, dioxane was
distilled off, the residue was treated with an aqueous solution of ammonia and
was extracted with benzene. The benzene extract was dried with potash, then the
solvent was evaporated. The residue was separated by column chromatography on
silica gel. The eluent was benzene. Chromatographically homogeneous fractions
were combined, benzene was distilled off under reduced pressure. 1-Methyl-4-(4-
(naphthalen-1-yloxy)but-2-ynyl)piperazine (1) was obtained in the form of an oil
in 1,7 g (71%) yield, Ry = 0,78. Found (%): C 77,52; H 7,53; N 9,52. C15H,:N,0.
Calculated (%): C 77,92; H 7,03; N 9,25.

1-Methyl-4-(4-(naphthalen-1-yloxy)-1-phenylbut-2-ynyl)piperazine  (2)
was synthesized similarly from 1,5 g (0,0082 mol) 1-(prop-2-ynyloxy)naph-
thalene, 0,87 g (0,0082 mol) benzaldehyde and 0,82 g (0,0082 mol) 1-methylpipe-
razine in the presence of 0,15 g (0,00078 mol) copper iodide (1) in dioxane at
40 °C. 1-Methyl-4-(4-(naphthalen-1-yloxy)-1-phenylbut-2-ynyl)piperazine (2)
was obtained in the form of oil in 2,5 g (82%) yield, Ry = 0,8. Found (%):
C 81,05; H 7,07; N 7,56. C,5H2N,O. Calculated (%): C 81,61; H 6,78; N 6,79.

1-[1-(4-Fluorophenyl)-4-(naphthalen-1-yloxy)but-2-ynyl]-4-

methylpiperazine (3) was synthesized similarly from 1,5 g (0,0082 mol) 1-(prop-
2-ynyloxy)naphthalene, 1,02 g (0,0082 mol) p-fluorobenzaldehyde and 0,82 g
(0,0082 mol) 1-methylpiperazine in the presence of 0,15 g (0,00078 mol) copper
(1) iodide in dioxane at 40 °C. 1-[1-(4-Fluorophenyl)-4-(naphthalen-1-yloxy)but-
2-ynyl]-4-methylpiperazine was obtained as an oil in 2,36 g (73%) vyield,
R¢ = 0,93. Found (%): C 77,29; H 6,49; F 4,89; N 7,21. C,sHxsFN,O. Calculated
(%): C 77,71, H 6,02; N 6,97.

The work was carried out with financial support of the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan within the
framework of the grant project 4P05131025/F5 «Target design of the preventive
preparations and/or adaptogenes for plants in the organoelement systems
family».
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Pe3zrome
E. C. Coiuesa, M. C. Myxanosa, B. K. FO, K. H. Umanxynosa, T. M. Cetlinxarnos

4-OEHNJIHAO®TOKCUBY TMHUJIIIMITEPASVHEPAIH CUHTESI,
KY¥YPBUIBICHI )KOHE PASS BOJDKAM/1bI BUOJIOT UAJIBIK AKTUBTIIIIT

’ana nmoreHuManbl OUONOTHSUIIBIK aKTUBTI 4-(QeHunTHaTOKCHOY THHHUINHUIIEPa3HH-
nep cuHre3neninal. CHHTE3/IeNTeH KOChUIBICTapAbIH KYPbUIBICH MK-CrieKTpoCKONHsIIbIK,
SIMP 'H xone *C creKTpoCKOMUsIIBIK MamiMeTTep Herisinae monenaenm. PASS Garmap-
JIaMachIHBIH KeMeriMeH 4-(heHnTHadTOKCHOY THHIIIHIIEpa3suHIepAiH 0omKkaMIbel 61oJo-
THSUTBIK, aKTUBTLUTIKTEP1 aHBIKTAIBIH/IEL.

Tyiiin ce3nep: 1-(pon-2-UHUIOKCH)HAPTATMH, aMUHOMETIIICY, OCH3aJIbACTUITED,
1-merwnmunepasuH, AMP H msHelsC, PASS 6omxay.

Pe3zrome
E. C. Cuiuesa, M. C. Mykanosa, B. K. IO, K. H. Umaunxynosa, T. M. Cetinxanos

CHUHTE3, CTPYKTYPA U ITPOTHO3UPYEMAS PASS BUOJIOT MYECKA S
AKTUBHOCTD 4-OEHUJIHA®TOKCUBY TUHUJITIMITEPA3VTHOB

CHHTE3MpOBaHbl HOBBIE MOTEHIUAJIBHO OHMOJOTMYECKH akTHBHBIC 4-(enunHadTo-
KcnOyTuHWINMNepasuHel. CTpOeHHWE CHHTE3MPOBAHHBIX COEJIMHEHUH YCTaHOBJCHO Ha
ocHOBaHMH JaHHBIX MK-criextpockomuu u cnexrpockormuu SIMP 'H u *C. C nomomsio
nporpammbl PASS wn3yuena nporHozupyemasi OHOJNOTHYECKas aKTHBHOCTh 4-(eHun-
Ha(TOKCHOY THHIIIITUIIEPA3HHOB.

KaroueBbie cioBa: 1-(mpomn-2-WHUIOKCH)HA(TANINH, aMHHOMETHIMPOBaHHE, OCH-
3ampaerusl, 1-metwinunepasud, SIMP Hu 13C, PASS nporaosuposanue.
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