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BBEAEHUE

4-Azuno-3-amuHo-1,2,5-okcanuazon 1 — npu-
BJeKaTeJbHbI NMpeacTaBuTeNb ceMeicTBa ypasa-
HOB, T.K. MOXET ObITh UCMIOJIb30BAaH B KAUYE€CTBE UC-
XOAHOTO COeNMHEHUSs MUl MOCTPOEHUS IUPOKOTO
psAla pa3IUUYHBIX TETEPOLUKINUYESCKUX CUCTEM:
(1,2,3-tpmnazon-1-umn)-1,2,5-okcanuasonos [1, 2],
aHHenaupoBaHHbIX [1,2,3]Tpuaszonol4,5-c][1,2,5]ok-
caguaszonoB [3—8], 1-rugpokcu-5-1mmaHoTeTpas3oia
[9], 3-(a3sumodypazanui)aMuHo-s-TeTpasuHa [10],
N-(|1,2,4]tpnazomno|4,3-b][1,2,4,5]TeTrpasuH-6-1i)-
4-azunodypazaH-3-amuHa [11], 3-a3umo-5,7-nume-
tii-[1,2,5]okcanua3zono|2,3-a|nupuMuanH-8-uyMm
nepxsjopara [12].

Hecmotpst Ha 1O, uTO 4-a3mno-3-amuHodgypaszad 1
HallleJ OTHOCUTEIBLHO IIUPOKOe MPUMEHEHUE B Op-
raHM4YeCKOM CHUHTE3€e, CBOMCTBA 3TOTO COCIMHEHUS
OCTalOTCSI MaJIOM3yYEeHHBIMU, YTO HE IO3BOJSIET B
IMOJTHOI MEpe OLIEHUTH IMTOTEHIIAT €T0 IIPUMEHEHMS.
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ﬂaHHaH CTaTbsd MOCBALICHA NCITIPAaBJICHUIO 3TOM He-
CIIpaBCIJIMBOCTH.

OBCYXIEHMUE PE3VJIILTATOB

B nuTepaType onucaHbl METOOBI TTOJIydeHUST Py-
pazaHa 1, KoTopble BKIIIOUAIOT 1Ma30TUPOBAHUE T1a-
MuHodypaszaHa 2 nog aeiictsueMm NOHSO, B cpene
H,SO,—AcOH [1, 5, 13] wmn H,SO,—H;PO, [14],
MpUBOsIIee K 00pa3oBaHUIO COY 1Ua3oHus 3 (cxe-
Ma 1). 3areM pacTBOp 3TOI COJIM BBUIMBAIOT B BO-
HbIit pactBop NaN; ipu temnepatype 0—5°C, mocie
OKOHYaHWUsI BblAEJCeHUS raza mpoaykT 1 akcTparupy-
€TCSI XJIOPUCTHIM METIJIEHOM. MBI curTaeM IIpoBeIe-
Hue peakuuu B cpene H,SO,—H;PO, 6onee npenno-
YTUTEJbHBIM 110 psiAy MpuuuH: 1) 1eneBoit ¢pypazan 1
ob6pasyercs ¢ aydinnM BeixogoM (80—90%); 2) peakin-
OHHAasl CMECh He 3aMep3aeT B CJIydae IepeoXIaKICHUS,
YTO BO3MOXHO Inpu ucnonb3zoBanuu H,SO,—AcOH;
3) He oOpa3yercsi IMOOOYHEBII BHICOKOUYYBCTBUTEIb-
HBII nuasunodypasaH, KOTOPbIA (popMupyeTcs IIpu
npoBeneHun peakuuu B cpene H,SO,—AcOH [13];
4) peaxkiiys JIydiilie MacITabupyeTcs BIUIOTh 10 10 T uc-
XOOHOTO AuaMruHodypaszaHa 2.

OTMEeTHM TaKXKe psio 0COOSHHOCTEM 3TOTO CUHTE-
3a. I[TocKoJIbKY Ha BCeX CTaausIX peaklMOHHAasi CMECh
MpeacTaBIIsieT co00i BA3KYIO TPYAHO MepeMellnBae-
MYIO Maccy, ONITUMAJIbHO UCHOJIb30BaTh BEPXHEIIPU-
BOJIHYIO MEIIAJIKY B cllydae, eClId peakiusl CTaBUTCS
Ha rPaMMOBBIE KOJIMYECTBA UCXOIHOIO JUaMUHOMY-
pasaHna 2. Berxon dypasana 1 B 3HAaUNTEIILHOM CTeTIe-
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Cxema 1. Cunres 4-a3uno-3-amuHo-1,2,5-okcaguasona 1.

HU 3aBHMCUT OT KadecTBa ucrojibzyemMoit NOHSO,,
MMO3TOMY ONITUMAJIbHBIM SIBJISICTCSI TIPUMEHEHUE CBe-
XKEIPUTOTOBJICHHOTO I KOMMEPYECKH JOCTYITHOTO
pactBopa NOHSO,—H,SO, (mpouenypy noiaydyeHust
cM., Hanmpumep, B Kuure [15]). ITocaenyroiiee pas-
OaBieHne peakUWoHHON cmecu kucinoroir (H;PO,
i AcOH) mmocne BBeaeHUsI Bcero auaMuHodypasa-
Ha 2 B pactBop NOHSO,—H,SO, nipeacrasinsieT co-
00Ii CUJIBHO 3K30TEPMUUYECKUI IPOIEeCC, OCOOEHHO
IIpA TPAMMOBEIX 3arpy3kKax, II03TOMY HeOoOXOaUMO
a(pdekTuBHOE OxJIaxXAaeHUe (Harpumep, 0aHs XJI0-
PUCTBI METUIEH—XUIAKUN N,).

Kucnomno-ocrosHule ceolicmea u 0unoavHulii Mo-
menm. KUCIOTHO-OCHOBHBIE CBOICTBa 4-a3umo-3-
amuHodypasana 1 B pactBopax H,SO, paHee uzyue-
HBI C TIOMOIIIbIO 2JIeKTpOHHOU 1 AIMP-criekTpocko-
nuu [16]. KoHcTaHTa IpOTOHUPOBAHUS AaMUHOTPYII-
bl OBITIa paccurTaHa 1 paBHa —2.88.

JdunonbHblii MOMeHT (dypa3aHa 1 ObL1 paHee
omnpenesieH 3KCIepMMEHTAIbHO, a TaKXKe pacCUuTaH
C OMOIIBIO ab initio 1 MOIySMIUPUIECKIX METOIOB
kBaHTOBOI xumuu [17]. TlomuepkuBaeTcs, 4To, Kak 1
y apyrux 3-amuHo-4-R-1,2,5-0okcannas3ofioB, dKcIie-
PUMEHTAILHBIN TUIOJBHBIA MOMEHT coenuHeHus 1
(4.27 D) 3ameTHO O0OJIblIIEe, YeM Y UICXOITHOIO He3aMe-
IIEHHOTO (bypa3aHa WK €TO aIKWIbHBIX M apMILHBIX
MPOU3BOAHBIX, YTO OOBSICHSETCS CUIbHOI MOJIsIpr3a-
LIUEN CTPYKTYpbl MEXAY BJEKTPOHOAOHOPHOM aMu-
HOIPYIINOM M 3JIeKTpOHOAKIeNTOpHEIM N—O—N-
¢parMeHTOM IIMKJIA.

B 3T10if paboTe MBI pacCUMTHIBAIN IUTOJILHBIN
MOMeHT ¢ypazana 1, ucnons3dys meron PBEO-
D3/POB-TZVP. Oka3zajnoch, 4TO pacyeTHOE 3Haye-
HUE JISI U30JIMPOBAaHHOM MoJieKybl (4.18 D) oueHb
01M3KO K aKcnepuMeHTaibHOMY (4.27 D). OT™MeTuM,
YTO NUTMOJbHBIA MOMEHT MOJIeKYJbl B KpHCTaJlle,
pacCUMTaHHbBIN U3 TEOPETUUYECKOTO pachpeneseHust
3JIEKTPOHHOM TTOTHOCTH, paBeH 6.14 D. Takoe npu-
MepHO B 1.5 pasza GoJblliee 3HaUeHUE OOBSICHSIETCS
BBICOKOH TMOJIIPHOCTBIO T10JI1s1 KpucTasia [18].

B nmanHoit pabote cTpyKTypy 4-a3mao-3-aMUHO-
dypaszana 1 ucciaemosanu ¢ momoinbio MK-cnexrpo-
ckormu, crekrpockonuu AMP Ha sgpax 'H, 3C,
4N, 5N, 2716 MEHTHOTO aHaJIN3a, PEHTTEHOBCKOM -
¢dpakumMy MOHOKpHCTala U MOPOLIKOBOW pEHTIre-
HOBCKO nudpaKkiinu.

Cnexmpockonusa. OTHECEHUE CUTHAJIOB B CHEK-
tpax BC AMP nposoawioch Npu MOMOILM AByMEP-
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Hoit SAMP-cnekrpockoruu 'H—3C HMBC, &:
145.7 (C4), 150.7 (C3) m. a. Ha cnekrpe PN AMP
¢dypazana 1 IpuCyTCTBYET MOJHBII HAOOP CUTHAIOB
aTOMOB a30Ta: JIBa CUTHAaJIa OKCAaIMa30JIbHOTO sapa
mpu & = —1.3, —16.7 M. 1. (N2 u N35), Tpu curHaia
asumorpymmsl mpu 6 = —143.1, —143.9 (N2' u N3'),
—304.5 (N1") M. 1. (xumuaeckuii cnpur curHamsa N1'
B (1-"N)asunobensone paseH —289.0 M. 1. [19]) u
OOVH CUTHAJI aMUHOIPYNIbl rpu 6 = —340.1 M. 1.
(puc. 1).

B UK-cnekrpe coenuueHus: 1 mpuCyTCTBYIOT ABa
curHania NH-xone6annii (3411, 3327 cm™!), curHansl
WHTEHCUBHOTO TIOIJIOIIEHUS aHTUCUMMETPUYHBIX
Kosie0aHuii asumorpymmnsl (2155, 2135 cm~!) u curna-
abl hypasanoBoro uukia (1639, 1544, 1327 ecm™).

Peumeenocmpykmypnwiti  anaau3. Kpucrtammde-
cKas CcTpykKTypa dypaszaHa 1, paHee IoJlydeHHast
npu KoMmHaTHoOW Temmnepatype (KemOpumkckas
6a3a cTpykrypHbix gaHHbIX (KBCI), [20], refcode
DOVCAT), osu1a 3aHoBo omnpeneiaeHa npu 100 K.
HJis1 9KCIepUMEHTAJILHOTO M3YYEeHUs 2JEKTPOHHOM
CTPYKTYphl (hypazaHa 1 ObLIO MPOBEAEHO MPEeLMU3U-
OHHOE pEHTreHoAUudPaKIIMOHHOE WCCIeq0BaHueE,
MYJbTUIIOJIbHOE YTOYHEHHUE BKCIePUMEHTATbHBIX
JMIaHHBIX W TOIOJIOTUYECKUI aHaInu3 PYHKIIMU pac-
NpeneseHUs IEKTPOHHOMN IIIOTHOCTHU P(T).

Bce mmHEbI cBsi3eit 1 yriibl B coenuHeHuu 1 (puc. 2)
HaXOITCS B IIpeAesiaX OXUIaeMbIX JUAIIa30HOB, YTO

Tab6muna 1. DxcrepyMMeHTaIbHbIC IJIMHBI CBSI3€il 1 TOIIO-
JIOTUYECKUE XapaKTePUCTUKU (DYHKIIMU pacIipeneieHUs:
3JIEKTPOHHOI TUIOTHOCTH P(r), €€ JlarlacuaHa Vzp(r) u
SJUTUIITUYHOCTU CBSI3€i € B COOTBETCTBYIOIIMX KPUTHUYEC-
CKHX TOYKAX CBA3EH

JltnHa p(r), V2p(r),

CBs3b cpsisn, A e A3 eg—5 €

O1—N2 | 1.4045(2) 1.868 8.291 0.00
O1-NS5 | 1.3766(2) 2.001 6.761 0.04
N2—-C3 | 1.31075(15) 2.413 —23.227 0.35
N5—C4 | 1.29863(15) 2.531 —27.445 0.41
C3—C4 | 1.43781(13) 1.979 —17.701 0.31
N6—C3 | 1.34547(15) 2.272 —20.982 0.32
N7—C4 | 1.38611(17) 1.978 —13.472 0.30
N7—-N8 | 1.24460(18) 2.793 —12.692 0.17
N8—NO9 | 1.12367(16) 3.940 —33.583 0.06
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Puc. 1. Criextp BN amp dypaszana 1.

MONTBEPKIAETCSI COMOCTABIEHUEM T€OMETPUYECKUX
napamMeTpoB 1 ¢ TAKOBBIMU JI51 CXOXKHUX CTPYKTYPHBIX
¢dparmenToB u3 KbC/I mo nporpamme Mogul (Ta6i. 1)
[21]. AsuaHast rpymra sBAsSeTCs HEIUHEHHOM ¢ yr-
oM N7—N8—N9, paBHbIM 171.791(14)°, uTO OUEeHBb
OTM3KO K CpeaHeMY 3HAaUY€HUIO, paCCUMTaHHOMY IS
1430 opraHuyeckux CTPYKTYp (He pa3ymnopsiaioueH-

H6A

Puc. 2. O6muit Bug Moyekyasl 1 B KpucTajjie B Ipel-
CTaBJICHUY HEBOJIOPOIHBIX aTOMOB BEPOSITHOCTHBIMU 3JT-
JIMTICOMIAMU aTOMHBIX CMEIICHUIA.

TIOKJIAZIBI POCCUMCKOM AKAIIEMUU HAYK.

HbIX, He MoHHBIX) 13 KBCJI (Bepcuu 5.43 ¢ oOHOBIIE-
HUsIMU 10 uroHs 2022 r).

Tomosornyeckue IapaMmeTpbl 3KCIEPUMEHTATb-
HOIi (byHKIMU paclipeneieHus dJIeKTPOHHON MJIOT-
HocTH P(r) U ee narwiacuana V2p(r) B KpUTHIECKUX
toukax (KT) (3, —1) cBsa3eii, COOTBETCTBYIOIIMX
BHYTPUMOJIEKYJISIPHBIM B3aUMOJEHCTBUSIM, OTpaXKa-
IOT OCOOEHHOCTU XMMUUYECKO# cBsi3u B (hypazaHe 1
(tabun. 1). Tak, OTHOCUTENIBHO HU3KUE 3HAYEHUS P(T)
M ToJioXuTeabHbIe 3HaueHus V2p(r) B KT cBaseii
N2—01 u N5—-01 gBagrorcsa xapakKTepHOii 0COOeH-
HOCTBIO MOJISIPHBIX CBSI3€i1 MPOMEXYTOYHOTO TUIIA U
JleJIaloT X MepBbIMU KaHAWaTaMU Ha pacllerjieHue
Npy pa3MbIKaHUM LKA, PacripeneneHue GyHKINKT
neopMallMOHHOM 3JIEKTPOHHOM TIoTHOCTU (JIDIT)
(puc. 3) 6e3 MakcuMyMoB Mexnay atoMmaMu N 1 O Tu-
MUYHO IS TAKUX B3aMMONECHCTBUIA TUIIA 3aKPBITHIX
obojsouek. HampoTtus, Tpu Apyrue cBsi3u reTepoLuK-
Jia XapaKTepMu3yloTcsl 60jiee BBICOKMMU 3HAYEHUSIMU
p(r), oTpULIATEILHBIMY 3HaYeHUSIMU V2p(r) U HEHY-
JIEBBIMY 3HAYEHUSIMU DJUTUNITUMHOCTH CBSI3U (€), Je-
MOHCTPUpPYS Ha puc. 3 3HEeKTUBHYIO JeIoKaTIn3a-
1110 3JIEKTPOHHOM TJIOTHOCTU C SIPKO BbIPa’K€HHbBI-
mu nmkamu JDII. Oxwmmaemo, cBa3p N7—N8
a3MIHOI I'PyMIIbl HAMHOTIO cJlabee U UMeeT NIBOMHOM
xXapakTep, B TO BpeMs Kak cBsizb N8—NO9 mnpouHee u
MMeEEeT YETKMI TPOMHOM XapaKTep C MOYTU LMWJIAH-
2023
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Puc. 3. Pacnipenenenue neopMaliMOHHOM 7€ KTPOHHOM HJISOTHOCTI/I B kpuctajuie ypazaHa 1 B 006J1aCTH MEXMOJEKYIISIPHBIX
H-cBs3eit u O---O-B3aumopeiictBusi. Illar kontypa 0.1 e A~ , IOJIOXKUTEJIbHbIE KOHTYPbl 0003HAYE€HbBI CILIOIIHOM CUHEH 1~

HUel, OTpullaTeIbHbIE — IIYHKTUPHOI KPAaCHOM JIMHUEH.

IPUIECKOM CUMMETPUEN 1 3HAYCHUEM €, OJIM3KUM K
Hymo. O6paTuM BHUMAaHME, YTO Ha paclipeeIcHUN
ADIT xopolllo BUIHBI MUKU, KOTOPbIE MOTYT OBITh
NPUITMCAaHBl HEIIOAEJIEHHBIM 3JIEKTPOHHBIM MapaM
reTepoaToMoOB IUKIMYECKOTO (pparMeHTa, a TakxkKe
aromoB N7 1 N9 a3zuaHO Ipylnbl. DTO CBUIECTEIb-
CTBYeT 00 MX MOTEHIMAJIBHON PO B KAaUeCTBE aK-
LIENTOPOB MEXMOJEKYISIPHBIX BOTOPOIHBIX CBSI3EIA.

Kak u oxuganoch, caMbIMU MTPOYHBIMU MEXMO-
JIEKYJISIPHBIMU B3aIMOIEMCTBUSIMU B KPUCTAJLIC SIB-
JISTIOTCS CBS3M, 00pa3yIoImuecss MeKIy aTOMaM# BO-
JIOpoJia aMUHOTPYMIIbI U IBYMSI aTOMaMu a3oTta y-
pa3aHoBoro Kkosblla. O0e BOIOPOIHBIE CBSI3U
IIOBOJIBHO CJIa0ble, TTOCKOJBKY aTOMBI a30Ta 3TUX
IPYIIN He SIBJISIFOTCSI CUJIbHBIMM aKlienTopaMu (cie-
IyeT OTMETHUTh, YTO APYTHE IeTePOATOMBI SBIISTIOTCS
elre XymImuMu — akientopamu). IlepBas cBs3b
N6—H6B--N2 (NN 3.0839(2) A, N—H-N 163°,
p(r) 0.151 e A=3, V2p(r) 0.89 e A~5) o6benuHseT MO-
JIEKYJIBI B LIEHTPOCUMMETPUYHBIC TUMEpHI (puc. 3).
DHeprus CBSI3W IMMepa B KpUCTallle, OlICHeHHasT U3
pacueta Metogom PBEO-D3/POB-TZVP, paBHa
7.3 kkayt Moits . Bropast H-cBs13b N6—H6A N5 ciabee
(NN 3.1931(2) A, N—H--N 172°, p(r) 0.113 ¢ A3,
V2p(r) 0.87 ¢ A=5). JIpyrue cBsA3yIOIINe MEXMOJIEKY-
JISIpHbIE KOHTaKThl, BblaejeHHble Kak KT (3, —1)
dbyHK1IMY P(r) B MEXMOJNEKYJISIPHOM MPOCTPAHCTBE,
BKJTIOYAIOT OTHOCUTEJIBHO CHJIbHBIE B3amMOMCHi-
crBusd Mexnay asumorpyrmamu (N--N 3.0994(3) u
3.0871(2) A), cuMMeTpUUHOE T-CTEKUHT B3aUMOLIEii-
cTBUe Mexkay atomamu yritepona C3 rereporuukia (C--C
3.2695(1) A), a Taxke npyrue Gonee ciabble HeHa-
npaBaeHHble O-*N-, N-*N- 1 N-*C-KOHTaKThI.

DHeprust KPUCTAIUTMYECKOM pEeIeTKU, paBHasI
22.5 KKan MOIb~!, M SHeprus KOre3uu, paBHast

21.8 kkat MoJb~!, OBUIM pacCUMTaHbl METOAOM
PBEO0-D3/POB-TZVP kak pa3zHulia SHepruii MexXmy
OTNITUMU3UPOBAHHON KPUCTAJUIMYECKOM CTPYKTYpOIi

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. XUMUS, HAVKU O MATEPHAJIAX

¥ DHEPrueii N30JIMpOBAaHHON MOJIEKYJIBI B TEOMETPUU
KpUCTalla U ONITUMU3UPOBAHHON M30JIMPOBAHHOM
MOJIEKYJIbl COOTBETCTBEHHO.

Tepmoxumuueckue u 3Hepeemu4ecKue napamempol.
®da3oBas yncToTa 00pas3la, MCHOJIb30BAHHOIO IS
BCEX M3MEpPEHUIl, MOATBEpKIeHa METOIOM IIOPOIII-
KOBOI1 peHTT€HOBCKOM TP paKIIUH.

st onpeneneHusi CTaHAAPTHOW SHTaANbIIUU 00-
pa3oBaHus ¢ypazaHa 1 ObIM NMPOBEACHBI KaJlopH-
MeTpuueckue ucciaenoBaHusi. CtaHaapTHasi SHTalb-
nusi oopazoBaHusl ObLIa paccuMTaHa MO IKCIEPU-
MEHTAaJIbHO OIpPEeAeICHHOM CTaHAAPTHOM SHTANbIIUN
ropeHus 1 coctaBuia 107.8 kxan monb~! (856 kkanm kr ).
4-Azuno-3-aMuHodypasaH 1 sBIseTCS COeAMHEHU-
€M C BbICOKOI 3HTaJIbI1elt 0Opa3oBaHUsl, B HECKOJb-
KO pa3 TpEeBbIIAIONIEN SHTAIBIMIO 0Opa3oBaHUs
9TaloHHBIX B3pbIiBUaThIX BemiecTB (TNT, RDX,
HMX, CL-20) [22], 61aronapsi HAIU4IUIO a3UI0TPyII-
bl 1 60sb1I0TO KomuuecTBa cBsizeid C—N 1 N—N.

Tepmuueckoe noBeaeHue ¢ypazaHa 1 ObLIO UC-
CJIeJOBAHO METOJaMU TEPMOIPaBUMETPUUECKOTO
ananuza (TTA) u nuddepeHunaaIbHONl CKaHUPYIO-
mieit kanopumerpun (JICK). I1pu nuHeitHoMm Harpe-
BaHuU ¢dypaszana 1 mporcxognT He3HAUYNTEIbHAs I10-
Tepst Macchl Hke Touku IutaBiieHus (87°C). IMocie
TUIaBJIeHUs 0Opa3iia HabJIo1aeTCs LIMPOKast SHAOTEP-
ma, peructpupyemas JICK (puc. 4, kpacHass KpuBasi),
YTO CBUAETEJILCTBYET O 3HAUUTEIbHOM MCTIapeHUU Be-
11IeCTBa MPU MOBBILLIEHUU TeMmIiepatyphl. [TogaBneHue
ncnapeHus [23] gocTurajgoch TTOBBIIIEHWEM IaBIIc-
Hus 1o 2.0 MIla, 4To ITO3BOJIMIIO 3apEerUCTPUPOBATh
9K30TepMUYECcKoe pasioxeHue dypaszana 1 (puc. 4,
cuHSA KpuBast). TepMudeckast cTaOMIbHOCTD ypa-
3aHa 1 ycTyraer MHOTMM IITATHBIM 3HEPreTUYeCKUM
COEMMHEHMSIM, a TaKKe TuaMruHodypaszaHy 2 (Tadir. 2).

dypazan 1 objagaeT BbICOKO UyBCTBUTEJIbHO-
CTBIO K yIapy, KOTOPYIO MOXHO CPABHUTB C TAKOBOM
y HUTpo3(upoB (TeTpanutporieHTasputput, PETN:
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TTA, 0.1 MIla
100 110 _
|
6\; [Muxk 161°C :
S Oncer 131°C JCK, 2.0 MIla C:ﬁ
o]
= e o
Eso,OHC6T87C 1o é
(D)
5 NICK, 0.1 MIla =
F m
3 ©
=
;5 5
=0 1-10&
1 L L |
50 100 150 200 250

Temnepatypa, °C

Puc. 4. Kpussie JICK u TTA mns dypasana 1 (ckopocTs -
HeitHoro HarpeBa 5 K mun ™, naBirenue 0.1 1 2.0 MITa).

1S = 3 JIx) [24]. DTO coemmHeHNe TaKKe YyBCTBU-
TEJIbHO K TPEHUIO, ero 3HAYeHUEe HAXOMMTCSI MEXIY
YyBCTBUTEJbHOCTBIO MHUIIMUPYIOIINX B3pPbIBUATHIX
BemecTB (a3un ceuHOa: <5 H) [25] u HutposdupoB
(PETN: 70 H) [23]. PacueTHble mapaMeTphbl IeTOHA-
uu pypasaHa 1 conocTaBUMbI ¢ IIMPOKO UCTIOIb3Y-
eMBIM B3phIBYaThIM BenlecTBoM PETN (Ta6i. 2). Kak
BUOHO M3 TaOJI. 2, coennHeHue 1 3HaYUTeaIbHO IIpe-
BOCXOAUT II0 JHEPreTUYECKUM XapaKTepUCTUKaM
nraMuHodypasaH 2 6rarogapst BRICOKUM 3HAYCHUSIM
TIJIOTHOCTHU, SHTAJBIIMM O0Opa3oBaHMUs U Oosee cba-
JJAaHCUpPOBaHHOI1 OpyTTO-(hopMmyIie.

3AKJIIOYEHHME

B pesyabrare mNpoBeNEHHBIX WCCIEIOBAaHUIA
CTpyKTypa 4-a3mmo-3-amMuHo-1,2,5-okcaguazona 1
OblJIa TIOJTHOCTBIO OXapaKTepu3oBaHa MetonaMu 'H,
BC, ¥N, PN AMP- n UK-cnekrpockonun. Penrre-
HOBCKast AU PaKIUsl BLICOKOTO pa3pelieHusl TI03BO-
Juja TOJNYyYUTh JeTaJlbHOE OINMCAaHUe TeOMeTpHhYe-
CKMX W BJIEKTPOHHBIX OcOoOeHHOcTel (dypaszana 1.
HMccnenoBanbl ero tepmuyeckoe noseneHue (TTA-
JCK), onpeneneHbl cTaHAApTHASI SHTAJIBIIMS 00pa-

Taomuua 2. ®us3nKo-XxuMHUYeCKUe cBoicTBa ypa3aHos 1 u 2

30BaHMS, IYBCTBUTEILHOCTh K MEXaHUIECKUM BO3-
JIeiCTBUSIM, TIapaMeTphbl JeToHaluu. Takum obpa-
30M, NaHHasi paboTa MpeacTaBiseT coOOil MmepBoe
MYJBTUINCIIUIUIMHAPDHOE WCCIeOBaHWEe CHUHTE3a,
BBISICHEHUSI CTPYKTYpPhI, (DU3MKO-XUMHUYECKUX U
9KCIUTyaTallMOHHBIX CBOMCTB 3-aMUHO-4-a3uaody-
pazaHa 1, KOTopbIe TTOKa3bIBAIOT, YTO €T0 BO3MOXHO
HCIIOIb30BaTh B KAYECTBE IMOJIMAa30THOTO MHULIUUPY-
IOLET0 BelleCTBA WU LIEHHOTO TIpeKypcopa sl Apy-
TMX BBICOKOA30THBIX SHEPTeTUYECKUX MaTepHAaJIOB.

SKCIIEPUMEHTAJIBHAA YACTb

Buaumanne! CoenuHeHns, NOJfy4eHHbIE B 3TOi pado-
Te, YyBCTBUTEIbHBI K y1apy U TPEHHIO U C HUMH CJIeAyeT
00pamaThCcA KaK €O B3PHIBOONACHBIMM.

Obuyue memoobt

Crnexrpsl 'H, B3C, “N, PN AMP perucrpuposanu
Ha nipu6ope Bruker AV600 ¢ yactoramu 600.1, 150.9,
43.4, 60.8 MI'L cooTBETCTBEHHO. XUMUYECKUE CIBU-
M npuBeneHbl oTHocuTenbHo SiMe, ('H, BC) win
MeNO, (N, BN BHewmHwMii cTaHIAPT, CUJILHOMOMb-
HBIe XUMWYECKHE CIBUTH oTpuliaTeabHbl). MK-criek-
Tpbl 3amucaHbl Ha criekTpomeTpe Bruker ALPHA-T
(tabierka KBr). XumMuaeckue peakTUBBI 3aKYILUICHBI B
dupme Acros 1 UCIOIb30BaHbI 0€3 JOOTHUTEIBHOMN
ouncTKU. OpraHnYecKre PacTBOPUTEIIMN MEPETOHSIIN
nepen ucroab3oBanmeM. JInammHodypa3aH 2 mpu-
TOTOBJIEH 110 MeTOIUKE [26].

Penmeenoeckasn kpucmannoepaghus. JlanHble peHT-
TeHOBCKOI mudpaKLUy MHOKPUCTAJJIA IS COESoU-
HeHus 1 ObuIM TTONTydeHBI Ha nrudpakTomeTpe Bruker
Quest (MMoK,) = 0.71073 A, w-ckaHupoBaHue c
mrarom 0.5° u skcno3uiumeit 2—18 ¢, 20 < 132°). bec-
uBeTHble KpucTtauisl C,H,NO npu 100(2) K MmoHo-
KJIMHHBIC, MMPOCTpaHCTBEHHas rpynma P2,/c, a =
=5.25502(10) A, b=10.5824(2) A, c = 8.84267(17) A,
B =100.3593(7)°, V'=483.734(16) A}, Z=4 (Z = 1),
dyoee = 1.731 T cM~>. HTeHCHBHOCTH 8613 He3aBucH-
MbIX oTpaxkeHuit (R, = 0.0669) n3z 190 682 cobpan-
HBIX UCIIOJIb30BaIM B PEIICHUU U YTOUHEHUHN CTPYK-

Coemunenne | Ty, °C Thasns °C | d,rem™ KHI;IKO;((;)LA 1S, Ix FS,H D,xmc! | Pey, Ila
1 87 131 1.655 451 2 20 8.2 29
2 180¢ 2384 1.61¢ 896 80¢ 2204 7.4 22
PETN 1414 1814 1.78¢ —543°b 34 704 8.4 29
Ty, — TEMTIepaTypa IiabieHus; T,,;, — TeMIepaTypa Havasa pasioxeHus; d — TIIOTHOCTb MPY KOMHATHO# Temmepatype; HOF — oH-

Tajbusl o6pasoBaHusi; IS — UYyBCTBUTEIBHOCTD K yaapy; FS — 4yBCTBUTEIBHOCTD K TpeHUI0; D — pacuyeTHasi CKOPOCTb J€TOHALINY;
Pc_j — pacueTHoe aBJieHUe IeTOHALMN (C ucronb3oBaHueM rpuioxenuss PILEM [26]).

a124], 21221, € 1271, 2 [28].

JOKJAIBI POCCUMCKOM AKAJTEMUU HAYK. XMW, HAVKU O MATEPHAJIAX
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Puc. 5. JlaHHbIe TOPOIITKOBOI peHTTeHOBCKOM nudpakimu dypazaHa 1 u ee MonenupoBanust Metonom [laymm. CuHsist TMHUS —
9KCMepUMeEHTaTbHAs TudpakTorpaMma, KpacHas IMHUSI — pacyeTHast udpakrorpamma, cepast JIMHKUSI — pa3HOCTHAst KpYBasi.

Typbl. CTpyKTypa pellieHa METOJIOM IBOMHOIO IMpo-
cTpaHcTBa ¢ moMolbio rmporpamMmmbel SHELXT [29] u
YTOYHEHa B MOJIEJ I HE3aBUCUMBIX aTOMOB METOIOM
HaMMEHbBIIMX KBAaIpaToB Mo F? B aHU30TPOITHOM
OpUOMKEHUN ¢ moMolbio mporpammbl SHELXL
[30]. AToMBI Bomopona HalieHBI M3 Pa3HOCTHOIO
cuHTe3a Pypbe U yTOUHEHbI B U3OTPOMHOM MTPUOIIH-
JKeHUU. YTOUHEHHbBIE apaMeTpbl PACXOAUMOCTH CO-
craBmw R, = 0.0292 (paccuurano mis 7621 otpaxe-
Huii c I > 26(1)), wR, = 0.0824 u GOF = 0.978.

MynbTUIIONBHOE YTOYHEHUE ITPOBOIUIOCH B paM-
Kax Mopaenu XaHceHa—Kormmenca [31] ¢ moMoIbio
maketa nporpamMM XD [32]. ITomoxxernsa atomoB H
HOPMUPOBAHBI HAa 3HAYECHMUSI, B3ITHIC U3 pacyeTa Me-
tonom PBE(0-D3/POB-TZVP, u 3a¢ukcupoBaHHL.
YpoBeHb MYJIbTUIONLHOTO Pa3J0XKEeHUsI ObLT OKTO-
MOJILHBIM JJISI 3JIEMEHTOB BTOPOTO psiia U KBaapy-
MOJILHBIM [JI1 aTOMOB BOJIOPOAAa, OTPaHUYEHUS 10
CUMMETPHUU HEe HAKJIaAbIBAJIUCh. YTOYHEHUE ITPOBO-
JIWJIOCH MO F B HECKOJILKO UTEpalluii ¢ pa3aeabHbIM
YTOYHEHUEM TE€OMETPUYECKMX W MYJILTUIIOJILHBIX
rmapaMeTpoB; Ha MOCJeIHEM Iare BCe IMapaMeTphl
YTOUHSIJIUCh BMECTe. YTOUHEHHE CcOlloch K R, =
= 0.0165 (paccuuraHo g 7534 orpaxenuii ¢ F >
> 30(l)), wR=0.0163 1 GOF = 1.002. O611ee Kaue-
CTBO 3KCHEpUMEHTa M YTOYHEHMS MOATBEPXKICHO
3HAUECHUSIMU Pa3HOCTEM CpeIHEeKBaAPAaTUUYHBIX aM-
IUTMTY CMEILIEHUN BOOJIb BEKTOPOB KOBAJEHTHBIX
cBsi3eil (3HaueHust He rpesbimaoT 4 X 10-4 A2).

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. XUMUS, HAVKU O MATEPHAJIAX

IMonHble KpucTayuiorpadudecKue JaHHbIE AEO-
HUpOBaHbI B KeMOpUIKCKIIT IIEHTP KpUCTaIorpa-
dnuecknx gaHHeix, CCDC 2164362 (My/JIbTAIIONE-
Hasi Monelib) U 2164363 (Modenb He3aBUCUMBIX aTo-
MOB).

IMopomkoBelit peHTreHOAN(pPaKIIUOHHBINA 3KC-
NeprMEHT TIpOBOAMIM Ha audpakTtomeTpe Bruker
AXS D8 (CukK,, A = 1.534 A, pexxum orpaxkeHus),
OCHAIIIECHHOM IIO3MIMOHHO-YYBCTBUTEIBHBIM [IE-
tektopoM LynxEye. Ilapamerpsl 3s1eMeHTapHOI
SYeiiKM YTOYHEHBI IO AuUdpakTorpaMme METOHAOM
I[Maynn ¢ momolblo IIPOrpaMMHOTO OOecHedYeHUs
Bruker TOPAS 5.0 [33], B KauecTBe HaYaJIbHBIX B35I-
Thl 3HAYEHUS, TTOJIydeHHBIE IjIs1 MOHOKpHCTAJLJIA.

JlaHHBIC MOPOIIKOBOII PEHTTeHOBCKON audpak-
muu st coenuHeHuss 1 (puc. 5) mpu KOMHATHOM
temreparype (oK. 298 K): kpucrayuibl MOHOKJIMH-
HbIe, POCTPaHCTBeHHad rpynma P2, /c, a = 5.3289(4) A,
b = 10.7266(7) A, c = 8.9631(6) A, B = 98.894(2)°,
V'=7506.19(6) A, Z=4(Z = 1), dypoy = 1.655 T M,
R, =0.0385.

Boiuucaumenvnole memodst. PacueTbl KpUCTaIU-
YeCKO CTPYKTYPHI C IEPUOIUIECKUMU IPAHUTYHBIMU
YCIOBUSIMU W30JIMPOBAHHOI MOJIEKYJIBI U IUMeEpa
MIPOBOAMJIY C VICTIOJIb30BaHEM TEOPUH (PYHKIIHOHA-
JIa TUTOTHOCTH ¢ KOMOWHAIIUEN TUCIIEPCUOHHO-KOP-
pektupoBaHHoro ¢pyukunonaira PBE0-D3 u 6a3uc-
Horo Habopa POB-TZVP [34]. Ing pacyeToB uC-
noJab3oBaiau nporpammusblii maker CRYSTALIL7 [35].
OnTuMM3aLvs FTeOMETPUM NPOBeASHA 111 KPUCTA -
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JIa C HCIIOJIb30BAaHMEM 3KCIIePMMEHTAIbHBIX Mapa-
METPOB 3JIEMEHTApHOU sTYeiku U cumMmeTpuu. s
WCHpAaBJIEHUS OIIMOKM CYNEpHO3ULIMKU Oa3MCHBIX
Ha0OpPOB MCIOJB30BAJIM METOI NIpoTuBOoBeca [36].
MuTterpupoBaHue 3J€KTPOHHOKW TJIOTHOCTU MO
aTOMHBIM 0a3ucaM MNPOBOAWIN C HOMOIIBIO IIPO-
rpamMMbl TOPOND17 [37] u3 makera CRYSTALI17;
JIUMOJAbHBIA MOMEHT pPaCcCUUTBHIBAJIU C ITOMOIIBIO
COOCTBEHHOTIO IIPOrPaMMHOI0 00eCIIeUeHHSI.

Tepmuueckuii AHAAU3 U UBMEDEHUS YYECMBUMENbHO-
cmu. TepMudeckoe MoBeAcHUE U3ydaad Ha MpUbope
Netzsch DSC 204 HP B Toke a3zoTta. O0pa3iibl Maccoi
~(0.3 MT TTOMEIAIVCh B 3aKPBITHIC ATIOMUHUEBBIE TUT-
JIX C TIPOKOJIOTBIMU KPBILIKAMU 1 HATPEBAJIUCH C JIU-
HeitHoli ckopocThio 5 K Mun~! no 300°C. Vnapuyio u
(GPUKILIMOHHYIO YYBCTBUTEILHOCTh OLIEHUBAIN B CO-
otBeTcTBUM ¢ nmpoueaypamu STANAG [38, 39] B ce-
pusix u3 25—30 ucneitanuii. I1puBeaeHHbBIe 3HaYe-
HUS TIPEICTABISIOT COOOI 3HEPrui0 MageHUs WIU
CUIY TPEHUSI, KOTOPBIE COOTBETCTBYIOT BEPOSITHOCTHU
UHULUMPOBaHUs, paBHOil 50%.

Kanopumempuueckue uszmepenus. Kanopumerpu-
JyeCcKHe M3MEpPEHUST SHEPruM cropanus dypasaHa 1
MPOBOJMIN Ha MPELM3UOHHOM aBTOMaTUUYECKOM Ka-
JIOpUMETpPE CXUTAHUSI C U30TSPMUYECKOIl 000J10Y-
KoM (KoHCTpyKumu JlabopaTopuu TepMOOMHAMUKUI
BbICOKOHepreruyeckux cucrem @OUIL XD PAH),
pa3paboTaHHBIM CHEUHAIBHO IJISI CXUTaHUSI DHEP-
roeMkux BeniectB [40]. ITogpoOHasg MeTOIMKa MO~
TOTOBKU O0pa3lioB U IMIPOBEACHMS SKCIIEPUMEHTA T10
CXKUTaHUIO onrcaHa B ctaTthe [41]. [IpoBepka Ha 1oJi-
HOTY CTOpaHMsI BEIIECTB B KAJTOPUMETPE B TOCTATOU-
HOI CTENEHU KOHTPOJMPYETCS YKa3aHHOM MOrpel-
HocThIo KajopuMerpa (CKO = 0.003—-0.004%).

Cunmes

ockoabky Ha 6cex cmadusx cuHmesa peaKyuoH-
Has cmecb npedcmasasiem coboll 83Ky mpyoHO nepe-
Meuwusaemyro Maccy, OnMUMAaibHO UCNOAb308AMb BePX-
HenpueooHyio mewanxy!!!

NOHSO,. Buumanue!!! He doaxcno o6pa3osewvieameo-
Cs1 KDACHBIX NAPO8, U CMeCb He Q0ANCHA OKPAUUUBAMbCS
6 meuerue ecex onepayuii!!! Cyxoit Xopollio neperep-
it NaNO, (7 1, 0.1 MoJb) 106aBJISITIU HEOOIBIIIMMU
MOPUMSIMHA K DHEPTUYHO IepeMelIBaeMOM OXJia-
XKIeHHOU KoHUeHTpupoBaHHoit H,SO, (80 mi, d =
= 1.83 r cM?), monep:KMBasg TEMIIEpaTypy CMECHU He
Bhbilie 10°C. BaxHo, uto6bl Kaxaas nopuust NaNO,
cpa3sy Xe CMEIIMBAJIaCh C KUCJIOTOM U B CMECh HE 10~
nanana Boaa. [locie nob6asiaeHus scero NaNO, no-
JIYIEHHYIO CYCIIEH3UIO IepeMellnBaii B TeUCHUE
15 muH nipu Temneparype 10°C, 3areM K00y ¢ peak-
LIMOHHOM Maccoil MepeHOCUIN B TITULEPUHOBYIO 6a-
HIO, [Jie HarpeBaJiv 10 KOMHATHOM TeMIiepaTypshl. 3a-
TeM HauMHaJu IUIaBHOe HarpeBaHue 10 TOCTUKEHUSI
temmeparypsl ~60°C (Ho He BbilIe 70°C), Ipu KOTO-
poit Becb NaNO, pactBopuJics. IToaydyeHHbI Tpo-

JOKJAIBI POCCUMCKOM AKAJTEMUU HAYK. XMW, HAVKU O MATEPHAJIAX

3payHBIi paCTBOP HUTPO3UIICEPHOI KMCIOTHI OXJIa-
IVJIA Ha BOTHO-JIEASHOM OaHe 10 KOMHATHOI TeMIie-

paTyphl.

4-A3zudo-3-amuno-1,2,5-oxcaduazon 1. 1) Ilpueo-
moenaenue coau ouasonus 3. Buumanue!!! Heobxodumo
agpgexmuesrnoe oxaaxncoenue 6o epems ecex onepauuii!!!
ITonydyeHHBIIT pacTBOP HUTPO3UICEPHON KHCIOTHI
(0.1 monb) B KoHUeHTpUpoBaHHOU H,SO, oxnagunm
no —5°C m nob6aswm 3,4-mmaMuHO-1,2,5-0Kcamu-
azoin 2 (10 1, 0.1 MoJIb) HEOOIBIINMU MOPLIASIMHU TIPU
DHEPIrUYHOM TMepeMEIIMBaHUN, MOMACPKUBAS TEM-
reparypy peaklMoHHO#i cMecu He Bbiie 2°C. 3aTtem
MO KaruisiM 100aBWIM KOHLieHTpupoBaHHyto H;PO,
(80 M1, d = 1.70 r cM~®) pu TemmiepaType He BbILIE
2°C, nmocie 4ero peaklMOHHYIO Maccy nepeMelinBa-
ym ripu 0—2°C B TeueHue 1 4.

Peaxuyus coau duasonusa 3 ¢ NaN; K oxnaxiaeHHO-
My 1o 0°C pactBopy NaNj; (32.5 1, 0.5 mmoms) B H,O
(250 mu1) B cTakaHe (00BeM 2 J1 1iIu 00Jiee) 1o0aBUIn
gen (250 ) M mpu 3HEPTUYHOM IEepeMelIMBaHNUU
OCTOPOXHO IIPWJIMJIA CBEXEIPUTOTOBJICHHBII pac-
TBOpP COJIM IUa3oHust 3. PeaklIMOHHYIO Maccy mepe-
MEITUBAJIN IO TIpeKpaleHus BeimeaeHus N,. [Tomy-
yeHHyl0 cycneH3uto oakcrparupoaiu  CH,CI,
(3 x 750 mn), opraHuyeckyo ¢asy npombuin H,O
(3 x 500 mia), cymmnu Hag MgSO,, pacTBOpUTEND
yIaJIuiIA Ha BaKyyMHOM Hacoce. OCTaToK mnepekpu-
crasmnzoBaiv u3 CCl,. Kpucranibl 6;1e1H0-XeaToro
nBeta otmeanan M Beicymmim. Ilomygeno 10.5 1
(79%) 4-azuno-3-amuno-1,2,5-okcaguaszona 1. JCK
(5°C mun™'): T, = 87°C, T,,, = 131°C. 'H AMP
(600 MTIt, IMCO-d,, o, m. 1.): 6.21 (¢, 2H, NH,).
BC AMP (150 MTI'u, AMCO-d,, 3, M. 1.): 145.7 (C4),
150.7 (C3). “N SAMP (43 MTIu, IMCO-d;, 6, M. 1.):
—143 (2N, N3, Av,, = 170 I'n); —345 (o4eHs wr. c.,
IN, NH,). BN AMP (61 MTI'u, IMCO-d;, 8, m. 1.):
—1.3 (N2 i N5), —16.7 (N2 i N5), —143.1 (N2’
win N3'), —143.9 (N2' wou N3'), —304.5 (N3"),
—340.1 (NH,). UK (KBr, V.., cM'): 3411, 3327,
2313, 2155, 2135, 1639, 1544, 1327. Haiineno, %: C,
19.23; H, 1.63; N, 66.28. Beraucneno mrs C,H,N,O,
%: C, 19.05; H, 1.60; N, 66.66.

BIIATOOJAPHOCTHU

ABTOpBI BBIpaXXalOT HCKPEHHIOK 0JIarogapHOCTh
I.X.H., Tipodeccopy O.A. PakuTuHy 3a IIOJOTBOPHBIE
KOHCYJIbTAllMM TIpU TMOJATOTOBKE CTaThM. PeHTreHomu-
dbpakumoHHbIe MccaenoBanus dypazaHa 1 MpoBeneHbI ¢
ncnoiab3oBaHueM obopynoBanus lleHTpa mccienoBaHuUs
CTPOCHUSA MOJICKYJI I/IHCTI/ITyT QJIEMCHTOOPIraHM4YCCKUX
coenuHeHuit M. A.H. HecmesiHoBa Poccuiickoit akane-
MWU HayK.

TOM 513 2023



4-A3NN0-3-AMHWHO-1,2,5-OKCAINA3O0JI

NCTOYHUKUN ®PUHAHCHPOBAHW S

PaGora, 3a uckiitoueHuEeM TEPMOXUMUYECKON U PEHT-

reHoIMMPaKIIMOHHBIX YaCTEeM, BHITTOJTHEHA IMTpH (DMHAHCO-
Boli momnepxkke Poccuiickoro HaydHoro ¢oHaa (IpoekT
Ne 22-13-00089). TepmoxmMudeckasi 4acTh pabOTBI BbI-
nonHeHa 110 T'oc3aganuio mo teme 1.4.1.5. Ilponecch ro-
peHusl U B3pbiBa. Tema 3apeructpupoBaHa B PocPune —
peructpamonHsiii Homep TITHHM 102105120219 0-8 ot
05.04.2022 r. PykoBogutens — C.M. ®@poiios.
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The synthesis verification of 3-amino-4-azido-1,2,5-oxadiazole and its structural characterization
(IR, NMR, X-Ray, elemental analysis) are reported. Its thermal behavior (TG-DSC), standard enthalpy of
formation, sensitivity to mechanical stimuli, detonation parameters were studied. Our study unveils wide ap-
plication perspectives of 3-amino-4-azidofurazan as a precursor to novel energetic materials for future in-

sights and an eco-friendly primary explosive.
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