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PREPARATION OF PHTHALONITRILE
MONOMER WITH LOW MELTING POINT

Abstract. This article presents the results of the synthesis of para - and meta-hydroxyphenoxyphalonitrile,
phosphorus-containing chlorangidrides with various substituents in phosphorus and 4-(3-propargyloxyphenoxy)
phthalonitrile, the introduction of which into the binder, allowed to achieve the necessary viscosity indicators without
loss of heat resistance. At the first stage, it was proposed to obtain a monomer with a phenoxy group in phosphorus.
For this purpose, we proposed the use of dimethylacetamide (DMAA) with K2COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve this
problem, we conducted a number of experiments on the selection of synthesis conditions using various solvents.
Comparing the Tgt of the obtained monomers, we found higher values for para-oriented phthalonitriles, which is
probably due to higher structure symmetry, as well as an increase in glass transition temperature (Tgt) for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we decided to use
4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate chlorangidrides. Based on the
calculated data, a pattern was identified that consists in a decrease in the Tgt of phosphorus-containing phthalonitriles
when switching to aliphatic substituents in phosphorus. A decrease in the Tgt of monomers was found with an
increase in the size of the aliphatic substituent. As a result of the experiment, we obtained 9 new phosphorus-
containing phthalonitrile monomers with high yield that are resistant to hydrolysis, which is confirmed by the fact
that the products were isolated by flash chromatography on silica gel, as well as two-dimensional TLC. The
synthesized substances were glassy masses with Tgt = - 5-58 °C. The consistency of the approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown.

Key words: thermosetting polymers, temperature-time-transformation diagrams, isothermal transformation
diagrams, thermal stability, thermal analysis, polymer composite materials (PCM).

Introduction. Intensive industrial development is impossible without progress in the field of
materials science [1,2]. Recently, significant progress in its development has been achieved due to the use
of qualitatively new special-purpose materials for the manufacture of machine parts and mechanisms that
operate at a high level of loads, temperatures and sliding speeds, in aggressive and abrasive environments
when using lubricants and cooling liquids and without them [3,4].

The most promising special-purpose materials are polymers and PCM based on them [3]. The
presence of a wide range of polymer matrices, fillers and modifying systems allows us to obtain materials
with the necessary level of properties, which vary in a wide range depending on the composition and
technology of their production. Modern polymers and PCM based on them approach such structural
materials as metals and their alloys by their physical and mechanical properties, while having a number of
significant advantages: low cost of manufacturing products, a high level of chemical resistance, low
weight, the ability to work in friction units without lubrication, and so on [4,5].
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The paper considers a literature review on the scientific basis of obtaining composite materials in
Kazakhstan, which shows the principal possibility of creating new composite films from alicyclic
polyimide and polyethylene glycol with improved physical and mechanical properties [s]. For example,
the authors point out that the resulting nanocomposites are tin dioxide nanoparticles immobilized in an
inorganic polymer mesh of silicon dioxide and deposited carbon. At the same time, silicon dioxide
provides high adhesive properties and prevents crystallization of the composite, while nano - and
microparticles of tin and carbon dioxide determine gas-sensitive properties. The film-forming solutions
obtained by Sol-gel technology contain tetraethoxysilane, tin salts (SnCl2 2H20), silicic acid
(Si02nH20) and sodium silicic acid (Na2SiO3 9H20). The resulting solutions were applied to metal
substrates with subsequent heat treatment. Additional introduction of tetraethoxysilane into Sol solutions
as a source of SiO2 allowed to obtain xerogels of oxide compositions of 5% wt. Sn02-95% wt. SiO2, 30%
wt. Sn02-70 % wt. SiO2. The change in the content of elements shows that the microstructure of the
obtained compounds changes as carbon nanoparticles build up [7].

The synthesis of phthalonitrile monomers is well studied and described in the literature and includes
the stages of nucleophilic aromatic substitution between 4-nitrophthalonitrile and aromatic amides. To
obtain a phthalonitrile monomer with a low melting point, it was proposed to introduce phosphate
fragments into the structure ofthe monomer [s-10].

Experimental part and results. To obtain a phthalonitrile monomer with a low melting point, it was
proposed to introduce phosphate fragments into the structure of the monomer [11-13] . For this purpose,
we synthesized para - and meta-hydroxyphenoxyphalonitrile, phosphorus-containing chlorangidrides with
various substituents in phosphorus, and 4-(3-propargyloxyphenoxy) phthalonitrile, the introduction of
which into the binder, presumably, would allow to achieve the necessary viscosity indicators without loss
of heat resistance. The scheme of synthesis proposed in this paper is shown in figure 1 [14].

Figure 1- Scheme of synthesis of phthalonitrile monomers
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At the first stage, it was proposed to obtain monomer 1 with a phenoxy group in phosphorus. For this
purpose, we proposed the use of dimethylacetamide (DMAA) with K:COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve
this problem, we conducted a number of experiments on the selection of synthesis conditions using
various solvents (table 1) [15].

Table 1- Selection of optimal synthesis conditions

Solvent Synthesis Condition Result
DMA K2CQOs, 70 °C Monomer hydrolysis
Toluene AC The desired monomer (yield 81%)
Dichloroethane AC 4- (3-hydroxyphenoxy) phthalonitrile, insoluble
Bu20 AC A large number of by-products

Addition of acid chloride to A large number of by-products
the precursor melt
Pyridine AC The desired monomer (yield 67%)
THF (Tetrahydrofuran) AC A large number of by-products

Thus, the desired monomer was obtained only when using toluene and pyridine as solvents, but the
main disadvantage of pyridine is its high toxicity (LDlo= 500 mg / kg), whereas when using toluene, the
reaction time is about a week. Since it is necessary to remove the released HCI to shift the equilibrium of
the reaction, we proposed using toluene as a solvent with an equimolar amount of pyridine acid. Thus, it
was possible to reduce the amount of pyridine used and reduce the reaction time to 24 hours.

Comparing the Tgt of the obtained monomers 1-4 (table 2), we found higher values for para-oriented
phthalonitriles, which is probably due to higher structure symmetry, as well as an increase in Tgt for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we
decided to use 4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate
chlorangidrides.

To study the General regularities, researchers from the laboratory of A. R. Khokhlov performed
calculations that allow predicting the glass transition temperature of phosphorus-containing phthalonitriles
[16]. Based on the calculated data, the expected pattern was revealed, which consists in a decrease in the
Tgt of phosphorus-containing phthalonitriles when switching to aliphatic substituents in phosphorus. In
addition, a decrease in the Tgt of monomers was found with an increase in the size of the aliphatic
substituent.

In order to confirm the calculated model, as well as to study the changes in the properties of
monomers and cured matrices depending on the size of the substituent in phosphorus, we attempted to
obtain monomers 5-9 (table 2), using a similar scheme, but only monomer 5 (table 2) was obtained in this
way. In other cases, after the addition of pyridine, a resin began to form in the reaction mixture, which
makes it impossible to isolate the desired product. To solve this problem, we have tested batch addition of
pyridine to the reaction mixture (10%), but the ultimate is the addition of 50% of a given amount of
pyridine, then is quite fast (~ 10 minutes) formation of resin; in addition, the selection of the desired
monomer difficult (yield ~5%). We also proposed the use of Et3N (triethylamine) instead of pyridine and
THF as a solvent, as well as various combinations, but it was not possible to isolate the desired monomer
in any ofthe cases. As a result, to obtain monomers 6-9(table 2), and study them, THF with NaH was used
as a base with further isolation by flash chromatography. After studying the properties of monomers
6-9(table 2), it can be found that the lowest glass transition temperature is monomer s (table 2), with a
butyl group at phosphorus (Tgt = -5 °C), while monomer s (table 2), turns out to be crystalline, having a
melting point of Tmp = 116 °C.

Discussion of results. As a result of the experiment, we obtained 9 new phosphorus-containing
phthalonitrile monomers with a high yield, which are shown in table s .they are resistant to hydrolysis,
which is confirmed by the fact that the products were isolated by flash chromatography on silica gel, as
well as two-dimensional Thin layer chromatography (TLC). The synthesized substances were glassy
masses with Tgt = - 5-58 °C, which is significantly lower than for classical phthalonitriles[17,18] and
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lower than for oligomers [19,20]. In addition, monomer s was a crystalline substance with a Tnp= 116 °C,
so the developed calculation method is not applicable. Thus, the consistency ofthe approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown. The thermal properties
ofthe resulting monomers are shown in table 2 .

Table 2 - Thermal properties of the obtained phthalonitrile monomers

Ne Structure Tot/ Tnp(exp.),  To/Trrp(calculated AT, °C
°C value), °C

. (:T y TT 0 2 49+11 27

2 42 4847 6
3 20 - -
4 46 ; ;
5 ' 58 617 3

‘ . N A 116 4318 73

7 (.AXXXKy 5 3345 28
(reCMOXX)1 N ' '

©

9 12 3246 20
10 118 - -
11 185

Conclusion. The introduction of phosphate fragments into the structure of the monomer is proposed
to obtain a phthalonitrile monomer with a Jlow melting point. Para - and meta-
hydroxyphenoxyphthalonitrile, phosphorus-containing chlorangidrides with various substituents in
phosphorus and 4-(3-proparhyloxyphenoxy) phthalonitrile were synthesized, the introduction of which
into the binder allowed to achieve the necessary viscosity indices without loss of heat resistance. 9 new
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phosphorus-containing phthalonitrile monomers resistant to hydrolysis were obtained. The synthesized
substances were glassy masses with Tgt = - 5-58 °C. In addition, monomer s was a crystalline substance
with Tmp = 116 °C, in connection with which the developed calculation method is not applicable. Thus, the
consistency of the approach implying the introduction of phosphate bridges into the structure of
phthalonitriles was shown.
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BANLUY TEMMNEPATYPACbI TOMEH ®TAJTOHUTPWU/1bA1 MOHOMEP ANTY

AHHOTaLMA. BHEPKACL AaMyblHAArbl >Xorapbl TabbicKa >orapbl feureige >XYKTeMeMeH KbI3MeT aTKapaTbiH
MallMHa MeH MexaHu3M beflliekTepll daibiHAay 6GapbiCblHAA apHailbl MakcaTTa cananbl Xaua maTepuangapgbl
nanganaHy HerisiHae Kos XeTKi3ingi. OHbIL, KaTapblHa MOIMMEP XX3He COHbIL, Heri3iHge »kacanraH MKM aTkbizyra
6onafbl.

Monnmepnik MaTpuua, TONTLIPrbILW XX3He TYpneHgipriw xYWenepaiy key cnek” 601ybl TUIC KacueTKe ue
mMaTepuanibl anyra MYMKiHGIK 6epegi. Onap Kypambl MeH JaiiblHAany TeXHOMOruscbiHa opaii TYphnile Kenegi.
Kasipri samaHrbl nonmmepniep mMeH NMKM ¢usnKaiblK-MexaHUKasIblK KacueTiHe Calikec, MeTas/l MeH KOopbITha
CUSAAKTbI KOHCTPYKUMANBLIK MaTepuanapra >akblH Kenegi, 6yn petTe eHAipic eHiMiHIL TeMeH KyHbl, XUMUAbIK
TesiMAiNiKTiL, xorapb! feureiti, as caimak, malinaH6araH YVKenic KOHAbIPrbLIapbIHAa XYMbIC aTKapy MYMKiHAiri
CbIHAbI eeyni apTbIKWbUIbINbI 6ap.

DTANOHUTPUBbAI MOHOMEPIEP CUHTEe3I 3epTTereH 3gebueTTepae eTe TYCIHAIPIAreH api cumarTanraH XsHe
KypambIHAa 4-HUTPOMTANOHUTPUALI X3IHE XOLW LWCN ANoMAap apacbiHAarbl HyKeo@uabgi Xow men aiMacTbIpy
catbinapbl 6ap. banky Temmnepartypacbl TeMeH QTaNOHUTPUAAI MOHOMep any YLiH MOHOMEpP KypblibIMbIHA
hochaTTbl PparMeHT eHM3Y YCbIHbIALL. Byn YLWiH Napa )XaHe MeTa-rnapoKcueHoKCUTanoHnTpmuna”™ gochop mMeH
4- (3-nponapruaokcuteHoken) GTanoHnTpungeri TYpRi anmacTbiprbiwbl 6ap (octopsibl KbIWKbUT X10puaTep
CUHTEe3AeNi XX3He OHbl 6aiiNaHbICTbIPYLUbI KypaMra eHri3y Xblyra Te3iMAgifiKTi )xorantnactaH TyTKbIP/bIKKa KOn
XKeTKi3yre MYMKIHAIK 6epefi.

BipiHwi Ke3euae dochopaarbl heHoKcH Tobbl 6ap MOHOMEP aly Typasbl YCbIHbIM Xacangbl. On YwiH 6i3 k2co3
6ap gumetnnaudetamug (OMAA) naliganadyibl YCbIHAbIK, analiga eHiM Herisri optaga rmapoMTuKanbliK Typakcbi3
6onraHibIKTaH, 6i3 i3gereH moHomepaiy 6eniHyi MYMKIH emec ear Ocbl MaceneHi welty YLWiH TYpAi epiTKiwTepai
naiganaHa oTbIpbIn, CUHTE3/eY WapTTapblH Taujay 6olibiHLWa bipkaTap Tak1pumbe XY prigik.

ANbIHraH MOHOMepgAiy TCT-iH canbICTbipa OTbIPbIN, napa-6arbITTasiraH (TaNOHUTPUAre apHaaraH >orapbl
M3HLi afiKblHAaAbIK. Byn KypbUIbIMHbIL, )X0rapbl CUMMETPUACLIMEH, COHAa-ak docdoHaT HerisiHaeri MoHomepre
apHasiraH Tst-HL, XXorapbliayblHa 6ainaHbicTbl 601ybl bIKTUMas. KaTbipbliraH MaTpyLaHbIL, TEPMUS/bIK KacueTiHil,
6ipaeli >xorapblbIrbiH eCKepe OTbIPbIN, HETi3ri NPeKypcop XaHe docaT xnopuai peTiHae 4- (3-rmapoKcuteHoKen)
(OTANOHMTPUNAT KOMAAHTaH XeH fien TanTbIK.

EcenTenreH manimeTTep HerisiHge octop KypambiHAarbl anndaTTbl afiMacTbIprbiliTapra eTyfie KypambliHia
hocthopbl bap TanoHuTpungepaw, Tst aszao Y/[epiciH KepceTeTiH 3aHAblIbIK aHblKTanbl. COHbIMEH Katap,
anndaTTbl aIMacTbIPrbill Meflwepi ynrairaHaa TCT MOHOMePAiH TeMeHAENTiHI aHbIKTadbl.

Taxipnbe HaTUXKeciHAe rngponusre Tesimai 9 xaua goctopnbl PTaNOHUTPUALT MOHOMEPSIEP a/lbIHAbI, aTaraH
eHimaep cunukarenbge new-xpomatorpadusa 3agiciMeH, coHpali-ak ekienwemgi TCX HerisiHge aHbIKTangbl.
CuHTe3genreH 3attap - Tst = -5-58 ° C 6onaTtbIH 3iiHEK Maccanap, 6yn KnaccukanblK (Ta/IOHUTPUTE, O/IMTOMepre
KaparaHga alitapnbiktaii TemeH. COHbIMEH KaTap, MoHomep Tna = 116 °C kpuctangbl 3aT 60AraHAbIKTaH ecenTik
3fic KongaHblaMangbl. dTanoHUTPUA KypblibiMbiHA hocdaT KenipiH eHrisygi 6ingipeTiH TacingiH ayKbIMAbUIbITbI
KepceTingi.

TywH cesgep: TepMOpeaKTWUBTI MOAMMeEp, «TemnepaTypa-aiiHany YakbITbl» AuarpaMMachbl, M30TePMUSA/bIK
TYPNeHy Auvarpammacbl, TePMUANBLIK TypaKTbUIbIK, TEPMUANBLIK Tangay, NoauMepnik KOMNo3uuuMAnbIK maTepuan
(MKM).
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MONAYYEHUNA dTANOHUTPUIBHOIO MOHOMEPA
C HU3KOW TEMMEPATYPOW MNNABAEHUSA

AHHOTaunsA. 3HauuTeNbHble YCNEXW B PasBUTUM MPOMbILLNEHHOCTU AOCTUINHYTbI 3a CYET WUCMNOJb30BaHUA
Ka4yeCTBEHHO HOBbIX MaTepuasioB CMeUManibHOro HasHaueHWs 4718 M3roTOB/MEHUS AeTasieil MalluH U MeXaHU3MOB,
paboTaloLLMX NPY BbICOKOM YPOBHE Harpy3okK, B YUMC/0 KOTOPbIX MOXXHO OTHeCTU nonmmepbl n NMKM Ha 1x ocHoBe.

Hannuune WIMPOKOro cnekTpa MoMMEPHbIX MaTpWL, HanoAHUTENen N MOAMMDULUPYIOLLUX CACTEM M03BOMSET
nonyyaTb MaTepuasibl C Heob6X0AUMbIM YPOBHEM CBOWCTB, KOTOpblE WM3MEHSAKTCA B LUMPOKOM WHTepBajle B
3aBMCMMOCTU OT COCTaBa U TeXHONOrnu nx nosyveHns. CospeMeHHble nonnmepbl n MKM Ha nx ocHoBe Mo (PU3NKO-
MeXaHWYeCKMM CBOMCTBaM MpUOAMKaOTCA K TaKMM KOHCTPYKLMOHHBLIM MaTepvanaM, Kak MeTa/lbl U UX Ch/iaBbl,
MMeS Mpu 3TOM PSAL CYLLECTBEHHbIX MPEVMYLLECTB: HeBbICOKas Ce6ecTOMMOCTb M3rOTOB/IEHUS U3AENNIA, BbICOKUIA
YPOBEHb XMMMWYECKOI CTOMKOCTW, HEBbICOKAsi Macca, BO3MOXHOCTb paboThl B y3/1ax TpeHUs 6e3 cMasblBaHMS.

CuHTe3 (PTa/IOHUTPU/IbHBIX MOHOMEPOB [OCTATOYHO XOPOLUO M3Y4YeH W OnucaH B fiMTepaTtype M BK/KOYaeT B
cebs cTagMm HYKIeoUIbLHOT0 apoMaTUYeCcKOoro 3aMeLLeHUs Mexay 4-HUTPO(TaNoOHUTPUIOM U apoMaTUYeCKUMU
avonamn. Ons noayyeHus pTasIOHUTPUIBHOIO MOHOMEPA C HU3KOM TemnepaTypoil MaBfieHUs 6bi/l0 MPeAnoXeHo
BBefleHVe octaTHbIX (parMeHTOB B CTPYKTYpYy MOHOMepa. [nsA aToro 6bLiM CUHTe3MpoBaHbl Mapa- U MeTa-
rMAPOKCUEHOKCMANTANOHUTPWA, (hocthopcofepxkallme XNopaHrugpuibl € PasIMyHbIMU  3aMecTUTENAMU  Npn
octhope un  4-(3-nponaprunokcudeHoKcn)  PTaIOHUTPU, BBefeHMe KOTOpOro B COCTaB  CBA3YHOLLErO,
NpeAnoIoXKNTENbHO, MO3BONIO bl AOCTUYb HEOOXOANMbIX MoKa3aTesnel BA3KOCTM 6e3 NoTepy TepMOCTOMKOCTM.

Ha nepBom 3Tane 6bI10 NPEA/IOXKEHO MOMyYEHME MOHOMepa C (PEHOKCWU-Tpynnoi npu gocgope. AnsA aToro
HamMu ObIJI0 NPef/IOKEHO MCnosb3oBaHMe aumeTtunauetamunga (OMAA) ¢ K2CO3, ogHako MpOLYKT OKasaics
rMapoMTUYECKN HecTabuneH B OCHOBHOW cpede, B CBSI3W C YeM BbliefieHNe WMCKOMOr0 MOHOMepa 6biso
HEBO3MOXHO. [N pelleHWss 3Toii nNpo6ieMbl Hamy 6bl NPOBefeH PS4 3KCMEePMMEHTOB MO MOAOGOPY YC/oBuMiA
CMHTE3a C UCMOMb30BaHMEM Pa3/INUHbIX PACTBOPUTESEN.

CpaBHMB TCT MO/lyY4eHHbIX MOHOMEPOB, Mbl O0OO6Hapy>Xunu 60/iee  BbICOKME 3Ha4YeHUs L8 napa-
OpPVEHTUPOBAHHbIX (hTaNIOHUTPUIIOB, YTO, BEPOSTHO, CBA3AHO C 60/1ee BbICOKON CMMMETPUEl CTPYKTYPbl, a Takxke
Bo3pacTaHue TCT 419 MOHOMEPOB Ha OCHOBe (ochoHaToB. BBUAY 04MHAKOBO BbICOKUX TEPMMUYECKUX CBOWCTB
OTBEPXAEHHbIX MaTpuL, HamMy OblI0 peLleHo UCMNoNb3oBaTh 4-(3-rMAPOKCUGEHOKCN) (PTa/IOHUTPU B KayecTse
OCHOBHOI0 MpeKypcopa, a Takxe ochaTHbIe XNOpaHT MAPUAbI.

Ha ocHoBe pacuyeTHbIX [aHHbIX Oblna BblBfIEHA 3aKOHOMEPHOCTb, 3aKJ/HOYalOLWAACAa B CHUXeHuu Tcr
hochopcogepkaliux GTanoHUTPUIOB NPU Nepexofe K anmdaTuyecKUM 3amecTuTensamM npu goccgope. Kpome Toro,
6b1710 06HAPY>XXEHO CHIKeHUE TCT MOHOMEPOB NPU YBEIMUYEHUWN pasMmepa angaTnyeckoro samecTuTens.

B pesynbTaTe 3KcnepumMeHTa Hamu OblaM MOMy4YeHbl C BbICOKUM BbIXOLOM 9 HOBbIX, ochopcogepixKalimx
(PTaNIOHUTPU/IbHBIX MOHOMEPOB, YCTOMYMBBLIX K TMAPONAN3Y, YTO MOATBEPXKAEHO TEM, YTO MPOAYKTbI ObIN BblAeNEHbI
METOLOM (hfiell-xpomaTorpaum Ha cunukarene, a Takxke [BymepHoii TCX. CuWHTe3MpoBaHHble BeLLECTBa
npeacTaBNsAnM coboi cTeknoobpasHble Maccbl ¢ Tcr = -5-58 °C, 4TO 3HAYWNTENbHO HUXE, YeM A1 K/IacCUYecKmx
(PTANOHUTPUIOB M HWKe, YeM AnA onuromepoB. Kpome Toro, MOHOMep MpeACTaBAsA/A CO60l KpuUCTaliMyeckoe
BewecTBo ¢ T = 116 °C, B CBSI3W C YeM pa3paboTaHHbIi pacyeTHbI MeTo[ HernpuMeHUM. Takum o6pas3om 6Gblna
nokasaHa COCTOATENIbHOCTb MNoAxofda, MojpasyMeBaloLero BBeAeHWe (ocaTHbIX MOCTUKOB B CTPYKTYpYy
(PTaNOHUTPUNIOB.

KnwueBble cnoBa: TepmopeaKTUBHble MNOAWMepbl, AuMarpamMbl  «TemnepaTypa-BpeMsa-rnpeBpaLLeHns»,
JuarpaMmbl  M30TEPMUYECKMX MpeBpaLleHnil, TepMmU4yeckas CTabunbHOCTb, TEPMUYECKUIA aHanv3, MNOJMMEPHbIe
KOMMNO3ULNOHHbIe MaTepuansl (MKM).
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