W3B. By30B. Xumust u xuM. TexHojorus. 2017.T. 60.Bsir. 3

DOI: 10.6060/tcct.2017603.5494

YJK: 547.525.3:54.057
CUHTE3 U CTPOEHMUE 4-(9TUAPOKCH-1,4,7TPUOKCHUHOHUI)®PTAJTOHUTPUJIIA
A.C. Ky3neuoa, M.B. /Imutpuesn, A.B. 3aBbsisioB, O.U. Koiipman, M. K. Ucasiikun

Anexcannpa Cepreesra Kysuernosa*, Muxaun KorcrantuaoBud Vciasitkua

Kagenpa TexHOIOTHE TOHKOTO OPraHMYEeCKOro CHHTe3a, MexXIyHapoaHas Hay4qHO-HCCIIeI0BaTeIbCcKas 1abo-
patopus Hanomarepuano, HUM makporerepolukiInyeckux coeinHeHni, IBaHOBCKMI rocy1apCcTBEHHBIHN XH-
MHUKO-TEXHOJIOTHUECKUI YHUBEpcHTeT, npocil. [llepemeresckuii, 7, UBanoro, Poccuiickas ®enepanus, 153000
E-mail: kuznetsova.alex.91@gmail.com*, islyaikin@asru

Anekcanap Brnagumuposuu 3aBbsiios, Ockap Mocudosuu Kotigpman

Kadenpa Xumun # TEXHOJIOTHH BBICOKOMOJICKYJIIPHBIX COeMHCHUH, IBAaHOBCKHMIT TOCY1apCTBEHHBIN XUMHKO-
TEXHOJIOTMUYCCKUH yHUBepcuTeT, poci. lllepemereBckuit, 7, iBaHoBo, Poccuiickas ®eneparus, 153000
E-mail: zav2003@inbox.ru

MakcuMm Bukroposuu /Imutpues

Kadenpa oprannueckoit xumun, [lepmckuii rocyaapcTBeHHBIN HAITMOHATBHBIN HCCIIEI0BATENbCKAN YHUBEPCH-
teT, yi1. bykupesa, 15,Ilepmb, Poccuiickas ®eneparius, 614990

E-mail: dmax@psu.ru

Bzaumooeiicmeuem 4-numpogpmanonumpuna ¢ mpuimuienziuKonem 8 cpeoe OCyuieHHozo
OUMEMUNCYTILHOKCUOA 8 RPUCYMCMEUU HPOKATIEHHO20 KapOonama Kanus ¢ meuenue 12 4 npu 60 T
nonyuen 4-(9zuopokcu-1,4,7mpuoxkcunonun)pmanonumpun. Bovidenenue yeneeozo npodykma ocy-
WEeC AU GLLTUGAHUEM PEAKWUOHHOI MACCHL 8 XOIL0OHYIO OUCHUNIUPOSAHHYIO 8600y C NOCIEOYIOU|eil
akcmpaxyueil ouxiaopmemanom. Ilocne omzonxku pacmeopumensn npu HOHUNCEHHOM 0A61eHUU, 3AKTII0-
YUMETbHYI0 OYUCHIKY RPOBOOUTIU MEMOOOM KOJIOHOUHOU XPOMAMOZPAPUU UCROTBIYA ITIOUPYIOULYIO
cmech cocmasa’ ymunayemam . 2excan (1:3). ITocne yoanenus pacmeopumereit npu ROHUNCEHHOM 0A6-
JaeHuu npooykm cymunu é eaxkyyme ¢ meuenue 4 u npu 80 °C.Cmpykmypa nonyueHH020 coeOuHeHUA
YCMaH06/1eHa Ha OCHOBAHUL OAHHBIX INemenmnozo ananuza, UK u *H IMP cnekmpockonuu, macc-
CHEKMPOMEmPUU U PEHM2EHOCMPYKMYPHO20 ananuia. B macc-cnexkmpe coedunenusn oonapysicensl 0ea
cuznana, coomeemcmeyiowue Komniekcam ¢ wenounvimu memainamu’. 299 [M+Na]" u 315 [M+K]"
Da. Memooom ucnapenus pacmeopumens uz pacmeopa 4-(9zuopoxcu-1,4,7mpuokcunonui)pmano-
HUmMpUNA 6 IMUIAUemame nPU HOHUNCEHHOU Mmemnepamype Ovliu HOAYYEeHbl MOHOKPUCHATITbL, NPU-
200Hble 0151 peHmzeHocmpyKkmypHoz2o ananusa. Ilo oannvim Kpucmannozpaguuecxkozo uccnedosanusn 4-
(9-euopokcu-1,4,7mpuokcunonun)pmanonumpun ¢ Kpucmaiiuueckom COCHMOAHUU Rpedcmasisien
c00011 MoHoZUOpam, 8 KOMOPOM MOJIEKYAd 600bl KOOPOUHUPOBGAHA MPUIMUIEHZTUKOTIbHBIM (pazmeH-
moM. Diemenmapnan A4eiuKa co0epHcUm uemoipe MoJa1eKy/ibl KPUCHANI02UOPAma, C6A3aHHbIX MEHCMO-
JEeKYIAPHLIMU 6000POOHBIMU C8A3AMU. Takum 00pazom, mpusmuieH2IuKoabHblil hpazmenm oopazyem
Xeamuyio noa0Cmy, KOMmopas CROCOOHA KOOPOUHUPOBAMb MOIEKYY 00bl UNU KAMUOHBL WeSI0UHBIX
memannos, makux kak Na" u K'. Feomempuueckue xapaxmepucmuxu, noayuennsie onmumusauuei
MOHO2UOpAmMA  MPUIMUTIECHZIUKOAB3AMEUWEHHO20 (manonumpuna 6 2a306oi gaze memooom
DFT/B3LYP/6-31G(d,p) cozrnacyromces ¢ 0annvimu penmzenocmpyKkmypHozo aHaiusa.

Karouesble ci1oBa: 4-HUTPO(TATOHUTPUI, TPUITHICHTIIUKOIb, PEHTT€HOCTPYKTYPHBIHN aHAIH3, TEO-
pust GYHKIMOHAIA TUIOTHOCTH
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4-(9-Hydroxy-1,4,7-trioxynonyl)phthalonitrile wasrppared by reaction of 4-nitrophthalo-
nitrile with triethylene glycol in dry DMSO in thgresence of fresh-calcined fine milled.&0; at
60 °C for 12 hours. The reaction mixture was pour@ao cold distilled water and extracted by
CHCl,. Then the crude product obtained after solvent pweation was purified by column chro-
matography on silica gel using elution mixture ofhg/l acetate : hexane (1:3) and after that end
product was dried at reduced pressure at’8for 4 h. The product was characterized by IR and
'H NMR spectroscopies, mass-spectrometry, elementalyasis and X-ray diffraction data. In
MALDI-TOF spectrum, two signals located at 299 [M#f and 315 [M4k]" Da were detected.
Conformity between the calculated isotopic distritmns and those derived from experimental data
proves these assignments. A colorless monocrysiighisle for X-Ray measurements was grown up
by low temperature solvent evaporation from a sautof 4-(9-hydroxy-1,4,7-trioxynonyl)phtha-
lonitrile in ethyl acetate. X-ray studying showeldat this compound is a monohydrate of 4-(9-hy-
droxy-1,4,7-trioxynonil)phthalonitrile with a watemolecule located in lateral chain. Four mole-
cules of 4-(9-hydroxy-1,4,7-trioxynonil)phthalonile and four water molecules were founded to
be located in one unit cell with formatting eightiermolecular hydrogen bonds. Hence triethylene
glycol fragment forms a chelate-like cavity which able to hold a water molecule or a cation of
alkali metal. It was found that its structure is we similar to that optimized at DFT/B3LYP/6-
31G(d,p) level. The some bond lengths of theordtaaculations are found to be greater than ex-
periment data because of close intermolecular irgtetions in solid state.

Key words: 4-nitrophthalonitrile, triethylene glycol, X-rayféliaction, DFT method

JInst HUTHPOBAHUS:
Kysnenosa A.C., ImutpreB M.B., 3aBbsiio A.B., Koiipman O.U., Ucnsiikua M.K. Cunres u crpoenue 4-(9Tuapoxcu-
1,4,71puokcunonun)brasoHutpuna. M36. 6y306. Xumus u xum. mexvoroeus. 2017.T. 60.Bpin. 3.C. 15-21.

For citation:
Kuznetsova A.S., Dmitriev M.V., Zav'yalov A.V., Kishan O.1., Islyaikin M.K. Synthesis and structurfete(9-hydroxy-
1,4,7-trioxynonyl)phthalonitrilelzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tek2@l7. V. 60. N 3. P. 21.

INTRODUCTION give a strong influence on the reactivity of phtim
The substituted phthalonitriles are widely usef{/€S @nd properties of Pcs and Mcs derived frioemt.
as starting materials in the synthesis of phthaiecyselecnon of substituted phthalonitriles and diagsiin

nines (Pcs) and macroheterocyclic compoundes] the case of Mcs allows fine turning their propertied

[1-6]. Nature, number and positions of substituent§2dS t0 new functional materials with desirableper
erties. For instance, introduction of bulky sulnsitts
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on periphery of macrocycles like as long alkyl cisai and OLEX2 [21] software packages. The final refine-
[7] and bulkytert-butyl groups [8] allows to obtain the ment parameter®; 0.0502wR. 0.1247 [ > 26(1)], Ru
products soluble in organic solvents what makeeeas0.0761 wR. 0.1502 (for all)S1.040.
their purifications and opens the large opportasito Quantum-chemical calculations were carried
studying their structures and properties by thehods out with full geometry optimization at DFT/B3LYP/
where solubility is important. The oligooxyethylene5-31G(d,p) level using Firefly software package][22
glycol substituted phthalonitriles with various @un Starting geometry for the calculation was derivedf
tional groups at the terminal oxygens [9-12] wesedu X-ray data. The optimized configuration was fouad t
as precursors in synthesis of Pcs and Mcs [13, 14k in compliance with critical conditions [23]. Pro
Thus, Pcs bearing hydrophilic polyethylene glycotessing and presentation of the results were paedr
monomethyl ether groups have been studied as ageusg Chemcraft software package [24].
for photodynamic therapy [15, 16]. SYNTHESIS

_ To_the best of our knowk_edge the phthalonitrile A mixture consisting of 1.49 g (8.0 mmol)
bearing triethylene glycol substituent wasn't obé@l 4_pjtrophthalonitrile, 2.3 ml (16 mmol) triethylengy/-
for the moment. Although using of the phthaloretril oo ang 20 ml dry dimethy! sulfoxide was heatedaip
with functional OH group can lead to macrocyclegg ¢ ynder argon. Then 3.2 g (23 mmol) fresh-cal-

which are of interest to polymers modification. fdie
fore the aim of this work is synthesis and struegiud-
ying of 4-(9-hydroxy-1,4,7-trioxynonyl)phthaloniti

EXPERIMENTAL

4-Nitrophthalonitrile has been prepared follow
ing the method described in the literature [17ladtien
solvents were thoroughly dried before use accortting
standard procedures [18]. Column chromatography

on aluminum sheets precoated with silica gel 62 F
(Merck). MALDI-TOF spectra were obtained with

Shimadzu Biotech Axima Confidence in positive ion
field using 2,5-dihydroxypenzoic acid (DHBas matrix.
'H NMR spectra were recorded with an Avance-300
struments in DMSO-pPwith tetramethylsilane as inner
standard. Chemical shifts are expressed in partsipe

lion (ppm), and coupling constants (J) in Hertz)(HR

spectra were recorded on Avatar 360 FT-IR. Detecti
of carbon, hydrogen, nitrogen and oxygen was ahrri

crystal suitable for X-ray investigation was groiw
low temperature solvent evaporation from a solutibn
4-(9-hydroxy-1,4,7-trioxynonyl)phthalonitrile in tatl
acetate. The molecular structure aiHGeN2OsH2O in
the crystalline state was determined using an Kaali
R diffraction instrument with monochromatic MgK
radiation by w-scanning method with CrysAlisPro
software package [19]. Crystal is triclin&7.4812(19),
b 8.490(2) ¢ 13.0208(19) Ag. 97.418(16)p 95.726(16),
v112.50(2)°V 747.5(3) R, M 294.300cac 1.308 g/criy

i 0.100 mm, Z 2, space grouf-1, reflections col-
lected: 6104; reflections unique = 3494, 2382 Wwith
20(l). The absorptions were corrected by SCALE

ABSPACK multi-scan method. All non-H atoms were reg

fined anisotropically by full-matrix least-squaresthod.
All calculation were performed by using the SHEL[ZD]
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W,
conducted on silica gel Merck-60. TLC was performe

n

%

out with a FlashEA 1112 CHNS-O Analyzer. A mono

cined fine milled KCO; was added stepwise by a por-
tion of about 0.5 g within 30 min intervals. Theace
tion mixture was heated up to 80 &4nd was stirred at
this temperature for 12 h. After cooling to r.t,GOs
was filtered off and filtrate was concentratedap ml
volume at reduced pressure and then was poured into
55 ml cold distilled water. This mixture was extext
with 3x40 ml portions of CkCl;, the combined extract

s washed by 50 ml distilled water, and the organi
yer was dried over N8Qs. After that the extract was
concentrated at reduce pressure and the product was

urified by column chromatography on silica gehgsi

lution mixture: ethyl acetate:hexane (1:3). Finadl-
vents were rotaevaporated and white powder wad drie
at reduced pressure at 8D for 4 h. Yield: 0.99 g (46
%). tn = 141-142 €. R = 0.39 (Silica gel 60 5,
CH.Cl2:CH30H:CgH14 10:1:3). IR (KBr)v, cnmt: 526;
25; 838; 893; 970; 997; 1044; 1097; 1127; 1255;
321; 1422; 1488; 1560; 1598; 1716; 2228; 2853,
2919; 3090; 34272H-NMR (DMSO-&) §, m.1.: 8.05
(m, 1, Ha.r), 7.78 (dd, J = 11.8, 2.6 Hz, 1H,}17.46
(m, 1H, H.r), 4.28 (s, H, CHy), 3.77 (s, H, CHy), 3.56
(m, 11H, CH», OH), 3.41 (d, J = 5.3 Hz,I2 CH)).
Anal. calc. forCi4H16N204, %: C 60.68; N 10.14H
5.84. Found, %C 62.68; N 10.61H 5.76. MALDI-
TOF m/z, Da: found: 299, 315, calculai&v = 299
[M + Na]*, C14H16N204Na+; EM = 315 M + K]+,
C14H16N204K+.

RESULTS AND DISCUSSION

4-(9-Hydroxy-1,4,7-trioxynonyl)phthaloni-
trile was obtained by interaction of 4-nitrophtatdte
with triethylene glycol2 in dimethyl sulfoxide
MSO) in the presence of fresh-calcined fine rdille
2CQ; following the procedure described in literature

17



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. ZOY. 60. N 3

for olygooxyethylene phthalonitrile [25]. Sinceetfi- hydroxy group and oxygen O1W of water (1.963 A)
ylene glycol has two terminal OH-groups, formatidn and between oxygen O3 of triethylene glycol fragtmen
3 runs with participation of the first of them arftht and hydrogen HIWA of water (1.981 A) form crystal-
no gives much influence on reactivity of the seconiithe structure oB-H>O (Fig. b). The hydrogen HIWB
OH-group. Therefore a formation of bisphthalorgtril of water is connected with another molec8la the

4 as a side product takes place (Scheme). crystal pack (HLIWB — O1). Hence, triethylene glycol
N KoCO5 A~ ) M fragment forms a chelate-like cavity which
jijN?z(\o’_‘oﬁDﬂsﬁ {,:,0 oy N Ny {,\0 0/(? eN is able to hold a water molecule or a cation
NE OH  HO b[ R j@ @[ of alkali metal.
1 2 3 Gy NE 4 Can Quantum-chemical  calcula-
Scheme tions at the DFT/B3LYP/6-31G(d,p) level
Cxema were carried out with the aim to compare geometric

Variation of relationships betwednand2 at  characteristics of molecules in a solid and aratsal
the range 1:2, 1:1 and 2:1 shown that the best yiel giates. It was found that the calculated geometic
3is achieved while an excess of riethylene glyea$  rameters of monohydrata-H-0) are similar to those
used. Separation of the produBnd4 has been done gerjyved from X-ray data (table). The trend of quamt
by column chromatography on silica gel using ethhemical calculations yielding heteroatom-hydrogen

acetate:hexane (1:3) mixture. _ distances larger than experimental values is sirtola
The product3 was characterized by massinat obtained previously [29, 30].

spectrometry, IR andH NMR spectroscopies, ele-
mental analysis and X-ray diffraction method data.

It worthy to note that no signal of molecular
ion was detected in MALDI-TOF spectrum &f But
there are two signals located at 20815 Da which
correspond to [M+Nd]and [M+K]* ions. Conformity
between the calculated isotopic distributions drudé
derived from experimental data proves this assign-
ment. So electron density rich oxygens of triethgle
glycol fragment of3 are able to coordinate cations of
alkali metal as it takes place in the case of crethers
[13, 26, 27].

The dominant bands in the IR spectré8aire
induced by vibrations of oxyethylen€-O0-C— (1127,
1096 cm) and €H— (2853, 2923m™) groups. In-
tense absorption bands observed at 2288 can be
identified as stretching vibration§C=N).

'H NMR data were found to be in agreement
to literature data [14,28]. Signal &t= 7.45-8.05pm
corresponds to the resonance of benzene protoes. Th
—O-CH—CH-— units of triethylene glycol fragment
were determined at= 4.28-3.41ppm

A colorless monocrystal suitable for X-Ray
measurements was grown up by low temperature sol-
vent evaporation from a solution of 4-(9-hydroxy-
1,4,7-trioxynonyl)phthalonitrile in ethyl acetaterys-
tal structure (a) and packing (b)®H->0 are shown in
Figure.

It was established that compoudioh crystal-
line state (triclinic crystalP—1 space group) is a mon-
Ohydrat.e' Four mo.leCUIeS of 4-(g-hydroxy_l’4’7_tri_Fi . Crystal structure (a) and packing (bBt120 by X-ray analysis
oxynonil)phthalonitrile and four water moleculesreve ch. C}rlpyKTypa Mone1(<y)m,1 (a')O i (b) gngi];;a Kpﬁcmﬂf{a Moni_
founded to be located in one unit cell (Fig. b).oTw- kyisl 3H20 metogom PCA
termolecular hydrogen bonds between hydrogen H1 of

18 W3B. By30B. Xumus u xuM. texHosorus. 2017.T. 60.Beim. 3
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Table

Selected experimental and calculated bond lengthd)

and valence angles (°) of-Bl20 molecule
Tabnuya. JxcnepuMeHTAIbHbIE M PacYeTHbIE JJIMHbI
csizeii (A) u BanenTnbe yrawt (°) B Mmosekyie 3H20

X-ray diffraction DFT B3LYP/6,31 G(d,p)
CM—O\x C14—0:
C1/3 H‘ C1/3 "
Bz H{:)gc.s gl’ ":?: N
Ry oo o
Bond lengh, A
r(O1-Hy) 0.864 0.977
r(Ol-C14) 1.395 1.407
r(02-C12) 1.415 1.414
r(OZ-Cla) 1.422 1.428
r(Os-Cio) 1.420 1.417
r(Os-C11) 1.424 1.421
r(O+Cs) 1.347 1.352
r(04-Co) 1.435 1.432
r(Ce-C1o) 1.488 1.515
r(C11-C12) 1.491 1.516
r(C13-C14) 1.480 1.524
r(H1-Os) 1.963 1.891
Angle, °
o(H1-01-C4) 112.0 108.6
0(O1-H1-0Os) 163.7 171.0
0((01-014-013) 111.8 113.6
a(Clz-Oz-C13) 1134 1139
(X(Oz-Clz-Cll) 110.1 108.1
(X(Oz-C13-C14) 1095 1091
0((010-03-011) 112.1 114.1
(X(Oa—Clo-Cg) 1100 1088
0((03-011-012) 109.3 107.8
0(Cs-04-Co) 118.2 119.1
0(O4-Co-C10) 108.7 107.8
(X(H17-05-H13) 998 1037
(X(H17-05-H1) 102.0 92.3
(X(ng-05-H1) 1223 996
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The difference in position of water molecules
in 3*H20 which is detected on going from theoretical
model to X-ray data can be explained by particgrati
of the water in intermolecular interactions witke gec-
ond molecule of nitrile. So, the distance betweén O
and O5 is equal to 2.975 A for the theoretical data
to 3.147 A for monocrystal. The maximal deviation
(near 22.7°) was observed for angleks(Os-H1) be-
tween hydrogen of hydroxyl group of triethylene-gly
col fragment and oxygen of molecule of water. Rota-
tional motions and flexibility of triethylene glytfsag-
ment of3 contribute to non rigidity of its structure.

CONCLUSION

4-(9-Hydroxy-1,4,7-trioxynonyl)phthaloni-
trile bearing triethylene glycol moiety was prewhbsy
nucleophilic substitution of nitro group in 4-nipio-
thalonitrile with triethylene glycol in the presenof
K2CQOs. The product was characterized by mass-
spectrometry, IR andd NMR spectroscopies, ele-
mental analysis and X-ray diffraction data. It veas
tablished that phthalonitrildin crystalline state is a
monohydrate. The geometric parameters3ofie-
rived from X-ray analysis were found to be in agree
ment with those carried out by theoretical calcarat
at DFT/B3LYP/6-31G(d,p) level.
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