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AnHoTanusi. CHHTE3MPOBAHO M HCCIECIOBAHO KOMIUICKCHOE COEIMHEHHE OpoMmuaa
muaka(ll) ¢ 2-amunorunaamaszonom-1,3,4 (L). Metogamu sieMeHTHOro anamusa, MK-
CHEKTPOCKOIIMU M PEHTreHOCTpyKTypHbIH aHanu3 (PCA) ycraHoBieHBl cOCTaB H
CTPOCHHE MOJYYEHHOT0 KOoMIUIeKca. B kpucramie komiuiekca [ZnL,Br,] meHTpanbHbli
HOH HMMEET HCKaXCHHYIO TETPadPUUYCCKYI0 KOOPIMHALMIO M3 JBYX aTOMOB a30Ta
THAIUA30JIbHBIX IUKJIOB M JBYX aToMoB Opoma. Takxke B paboTe mpeacka3aHo
Pe3yIbTaThl MPOBEACHHOTO aHAIM3a MOBEPXHOCTH XUPI(esbia 3TOro KOMILIEKCA.
Knwuesvte cnosa:  opomuo  yunxa(ll), 2-amunomuaouaszon-1,3,4,  cunmes,
KPUCMANIUYECKask Cmpykmypa, nogepxnocmu Xupuigenvoa.
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Annotation. A complex compound of zinc(Il) bromide with 2-aminothiadiazole-1,3,4
(L) was synthesized and studied. The composition and structure of the obtained
complex based on this ligand was established by elemental analysis, IR spectroscopy
and X-ray structural analysis (X-RSA). In the crystal of the [ZnL,Br,] complex, the
central ion has a distorted tetrahedral coordination of two nitrogen atoms of thiadiazole
rings and two bromine atoms. The results of the analysis of the Hirschfeld surface of
this complex are also predicted in the work.
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Annotatsiya. Rux(Il) bromidning 2-aminotiadiazol-1,3,4 (L) bilan kompleks birikmasi
sintez qilindi va tadgiq qgilindi. Element tahlil, 1Q-spektroskopiya va rentgenostruktura
tahlili (RSA) usullari bilan olingan kompleksning tarkibi va tuzilishi aniglandi.
[ZnL;Br;] kompleks birikmasining markaziy ioni ikki tiadiazol siklining azot atomi va
ikki brom atomidan iborat 0°zgargan tetraedrik koordinatsiyaga ega. Shuningdek, ishda
kompleksning Hirshfeld yuzasining tahlil natijalari keltirilgan.

Kalit so‘zlar: rux(Il) bromid, 2-aminotiadiazol-1,3,4, sintez, kristall tuzilishi, Hirshfeld
yuzasi.

B mocnemnee Bpems NSATUWICHHBIC TeTCPOIMKIMYSCKHAE COCTUHEHUS HAILIU IIHPOKOE
NPUMEHEHHE BO MHOTHX OTPACsiX HAyKd C IIMPOKHM CIEKTPOM JeWcTBbIM, Hampumep 1,3,4-
THAJIMAa30JIbl C aHAJIIeTUYECKO [1,2], MpOTHBOAMMIICITHYESCKOM U 00€300JIMBAIOIICH aKTHBHOCTBIO
[3], a Takxke I THAPOMETALTYPrHYECKOrO H3BJICUYEHHs 30J10Ta M3 PyAbl. B 4acTHOCTH, 3TO
KacaeTcsi 00JIACTH BBIICIAYHBAHMS 30J10Ta, TJIC JUIS BBINICIAYUBAHUS TTPUMCHSIOT OKHUCIIUTENb U
JUraHd, B KAa4eCTBE aKTHBATOPa PACTBOPEHHS HCIOJB3YIOT T'e€TEPOIUKIMYECKOE apoOMaTHUECKOEe
COCJIMHEHHME, COCPIKaIICe B IUKIIC aTOMBI a30Ta WJIU CEPhI, KaK 2-aMHHOTHaua3oa-1,3,4.

['eTepoarom cepbl W/MIM a30Ta TETEPOLMKIMYECKOTO KOJbIAa CIHOCOOHBI K 00pa30BaHUIO
KOOPAMHAIIMOHHOM CBSI3U C TOBEPXHOCTHIO HEPACTBOPEHHOTO METAJUTMYECKOTO 3010Ta [4].

Panee Hamu COOOMIAIOCH O CHHTE3¢ W CTPYKType Komiutekca xiopuaa tuaka(ll) [5] u
noaunaa uaka(ll) [6] ¢ 2-amunornaauaszonom-1,3,4 (L=C,H3N3S) cocraBa ZnL,X, (rne X—Cl, I). B
KpUCTAJIJIE  KOMIUIEKCa  IEHTPAIbHBIH  HOH  HMMEEeT  HCKAKEHHYI0  TeTPadIpUUYECKYIO
KOOPJIWHAIIMOHHYIO ~ cepy, COCTOSAIIYI0O W3 JBYX KOOPJIWHUPOBAHHBIX aTOMOB  a30Ta
THAIUA30JIbHBIX KOJEll MBYyX L ¥ JBYyX aTOMOB rajioreHuaa, a Taxke nutpara muaka(ll) [7] ¢
2—amunoTtuaguazonomM—1,3,4 (L) cocraBa ZnlL3(NOs3),, B KOTOpOH IEHTpalIbHBI HOH HMEET
TPUTOHAIBHO-OUMTUPAMHUIATBHYI0 KOOPAMHALIMOHHYI0 cdepy, B DKBATOPUATBHOW IUIOCKOCTH
KOTOPOW KOOPIMHHPOBAHBI aTOMBI a30Ta TpeX MOJIEKyn L, a akcWambHbIC TO3UIMHM ITOJHApa
3aHMMAIOT JIBa aTOMa KHCIIOPO/ia ABYX HUTPATHBIX aHUOHOB. B oTnuume C npeapiayiei padboTsl [ 8-
13], macrosimss paboTa IMOCBSINEHA pe3yJbTaTaM CHHTE3a W HM3YYCHHIO KPUCTAUIMYECKOH |
MOJIEKYJISIPHOM CTPYKTYyphl Komiiekca Opomuma twmuka(ll) ¢ 2-amuuornammazonom—1,3,4 (1)
coctaBa ZNC4HeNsS,Br; (1), cuHTE3MpOBaHHOTO 110 YPaBHEHUIO:

H
N_
N—N H,N i /I\f\is
2 /R + ZnBry2H,0 — /K N o
H,N i S/\H N Br NH,

z % 1
H>;N

IKCIEePUMEHTAIbHASA YaCTh.
B pabote ncnonb3oBanu Jmran — 2-amuHotuaauason-1,3,4 (L), opomun muaka(ll) (“x.4.”),
a Taroke pactBoputenb EtOH (“x.4.”, meperHaHHblif).
Cunte3 nuranga L O6bu1 mpoBei€H B COOTBETCTBUHM METOJUKON, onmyOnukoBaHHOU B [14] u
ObUIa IEpEKPUCTAIN30BaHA U3 ITAHOJIA.
C H N S
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Haiineno, mac. %: 23.76 3.13 4151 28.76
HJ’ISI C2H3N38
Brrunciieno, mac. % 23.75 3.00 41.56 31.69

Cunme3s komnaexca [ZnL,Br,]. Jlns cuHTe3a AaHHOTO KOMIUIEKCA, K TOPSYEMY PacTBOPY
0,606 r (0.006 mons) muranga L B 50 mut aTaHONa 100aBISUIM MPU MTOCTENICHHOM IIEepEMEITNBaHHH,
ropstunii pactop 0,68 r (0.003 moms) 6pomuaa mmuka(ll) B 35 mur sraHoia, 3aTeM HarpeBaid ¢
0OpaTHBIM XOJOJMIBHUKOM B TedeHHe | yac, OT(UIBTPOBBIBAIA U OCTABHIIN IS KPUCTAIN3AIIHH.
UYepes ABOE CYTOK BBINABIIME KPUCTAIUIBI OEKEBOTO IBeTa OT(UIBTPOBHIBAIU U BHICYIIUBAIN Ha
Bo3ayxe. Beixon [ZnL,Br;] — 1,08 r (84%).

OneMeHTHBIH aHanu3 coeauHenuit Ha C, H, N, S, Br Bemonasnu Ha npubdope EA 1108
¢dupmsr “Carlo Erba”, Zn onpenensimu na npudope 3030B ¢upmsr “Perkin Elmer”.

Zn C H N S
Haiineno, mac. %: 15.43 11.04 1.40 19.29 14.89
I[J'I}I ZI"IC4H5NGSZBI’2
Brrumcneno, mac. % 15.29 11.24 1.41 19.66 15.00

WK crekTpbl MOTJIONICHUs 3amuchiBaaud Ha coektpomerpe Shimadzu IRTracer-100 B
o6macti 400-4000 cm™ B TaGnerkax KBr.

PentrenoctpykrypHsiii ananu3 nposenu Ha audpaxromerpe CCD Xcalibur Ruby (Oxford
Diffraction) [15] ¢ wucnoms3oBanuem CuK, wusiaydeHus (rpaduToBbIi MOHOXPOMATOp, O-
CKaHMPOBAHHKE): KPUCTAIBI MOHOKJIMHHBIE ¢ mapamerpamu: a = 7.9997(6), b = 13.4283(8), ¢ =
11.4598(8) A, B =94,711(6)°, V=1226.88(15) A®, dy.u=2.314 r/cM>, mpocTpaHcTBeHHAS IpyIIIa
P21/n.

Crpykrypa pacmmdpoBaHa NMpsIMBIM METOJOM C HCIOJIB30BAHHEM KOMIUIEKCA MPOrpamMmm
SHELXS-97 [16]. PacueTsl MmO YTOYHEHMIO CTPYKTYpPbI BbIIOJIHEHBbI Mo mporpamme SHELXL-
2014/7 [17]. Bce HEBOTOPOAHBIC ATOMBI YTOYHEHBI METOJOM HAMMEHBIINX KBampartoB (mo F) B
MOJTHOMAaTPUYHOM aHU30TPONTHOM NpubmmkeHur. IlojmoxeHus aToMoB BoOJOpoJa NpPU aToOMe
yriepo/a BISABICHBI TEOMETPUIECKN U YTOYHEHBI ¢ (PUKCHPOBAHHBIMHU MAapaMETPaMH H30TPOITHOTO
cmemiennst Uisg=NUeq, e N=1.2, a Ugq — SKBUBAJICHTHBI H30TPONHBIA HapaMeTp CMELICHUs
COOTBETCTBYIOIINX aTOMOB yriepona. OkoHUarenpbHOE 3Ha4deHHWE (pakTopa pacxoIUMOCTH
R1=0.047, wR,=0.105 o 1690 otpakenusm ¢ 1>2c(l) u R;=0.078, wR,=0.123 1o Bcemy MaccuBy
(2478).

OcHOBHBIE KpHcTaliorpa¢uyeckue JaHHble U [apaMeTpbl YTOYHEHHUS CTPYKTYpHI
NpUBEACHbl B Tabi.l, 3HaueHUs KOOpJIMHAT aTOMOB W HUX TEIUIOBble (akTopel — B Tabm.2;
MEKaTOMHBIE PAaCCTOSIHUS M BAJICHTHBIE YTJIbI — B Ta01.3;

Pe3yabTaThl M MX 00CyKICHHE.

B HacTosmeit pabore oOCyxaaeTcsi U3y4yeHHE COCTaBa, CTPOEHHUS BHYTPUKOMILIEKCHOTO
coenunenust oOpomuaa raka(ll).

YacroTa v(n.N) HE H3MeHseTcs (CBoOoapHOrO nuranaa — 1022 CM'l, komruiekca [ZnL,Bry] —
1022 cm™). BaneHTHbIe KOIeOaHHs aMUHOTPYII TAKIKE OCTAIOTCS HEM3MEHHBIMI, PACIIONArasch B
obmactu 3270-3430 cml. HNK-—cnektp KoMmIuieKCHOro coemuHenus [ZNnL,Br;] ormuuaercs ot
cnektpa nuranga L [7] TeM, uTo B HeM mojoca BaleHTHOTo konebanus cBs3u >C=N 1620 emt
paciuervisiercss Ha JBE€ HHTEHCUBHbIE ToJockl (puc.l), KOTOpPOro MOXHO OOBSICHUTH
HEpaBHOLIEHHOCTHIO cBsizelt >C=N B Momekyle nurasaa, KOOPAMHUPOBAHHOTO YEpe3 aToM a30Ta
THanuazoipHOrO I1Mkia. Bo muorom WK-—cnexktp kommiekca [ZnL,Bry] wmamentnuen c¢ MK-
CIIEKTpaMH U3YUCHHBIX paHee KOMILICKCHbIX coequnenuii muuka(ll) [5-9].

Pesynbratel  smemenTHoro ananmm3za u  HMK-—cmekTpanmbHOrOo  mMccienoBaHus — ObUTH
MOJTBEPXKIEHBI METOI0M PEHTTeHOCTPYKTYpHOTro aHanu3a (PCA) (tabx.3).
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Tabauya 1.

Ocnognble Kpucmaniozpaguueckue OGHHbLE U NAPAMEMPDL Y OYHEHUS
cmpyxkmyput [ZnL,Br;]

ITapametp 3HaueHue

M 427.46

Temneparypa, K 228-30

Cunronus MoHOKIMHHas

IIp.rp. P2:/n

a, A 7.9997(6)

b, A 13.4283(8)

c, A 11.4598(8)

o, Tpaj 90

5, rg:ﬂ 94,711(6)

» Tpajg 90

\Z/, A’ 1226.88(15)

p(BBIY.), r/em® ;_314

K, MM 13.44

Pa3meps! kpucramia, MM 0.3x0.25x0.15

O0macTp ckaHupoBaHMA 10 0,rpaj 5.0-76.0

O6uacte naaexcos h, K, | -9<h<10,-16 <k < 14,
-8<1<14

CobOpaHo OTpakeHHI 4842

HeszaBucumbix otpakenuii (Rin) 2478 (0.047)

Otpaxenntii ¢ 1> 26(1) 1690

Yucio yTouHsIeMbIX TapaMeTPOB 152

GOOF (F?) 1.014

R1, WRz (1> 20(1)) 0.047,0.105

R1, WRz (Bce oTpakeHus) 0.078. 0.123

Apmax Apmin(e A7) 0.67,-1.27

BBIBO/IBI O CTPOCHHMH KOMIUIEKCA ¢ MOHOJICHTATHOW KOOPJAWHAIIMEH JIMTaHa, C/ICITaHHbIC TI0
pesynbratam UK criekrpa gokazano metogom PCA (puc.l).
Taonuua 2.
Koopounamut neeooopoonwix (x1 04), 6000poonwix (x1 03) amomoe™ u IKeueaneHmHvle U30Mpon-
nvte mennosvie napamempul (Ax10°) (0nn amomos 60dopoda (Ax10%)) ¢ cmpyxmype [ZnL,Br,]"

ATtom X Y Z U**
Brl 0.37092(10) 0.33432(5) 0.07655(7) 0.0365(3)
Br2 0.80994(9) 0.32879(5) 0.27149(8) 0.0404(3)
Znl 0.51110(11) 0.33768(6) 0.26988(8) 0.0304(3)

S1 0.4204(2) 0.65991(12) 0.36886(19) 0.0362(6)
S1A 0.2490(2) 0.08367(13) 0.44338(16) 0.0389(6)
N4 0.3112(7) 0.4832(4) 0.3939(5) 0.0342(19)
N3 0.4548(7) 0.4731(4) 0.3382(5) 0.0296(19)
N6 0.6707(8) 0.5684(5) 0.2666(6) 0.064(3)

N4A 0.4954(8) 0.1315(4) 0.3261(5) 0.0350(19)

N3A 0.4233(7) 0.2208(4) 0.3567(5) 0.0317(17)

N6A 0.2014(8) 0.2817(4) 0.4569(6) 0.043(2)
C5 0.2808(9) 0.5749(5) 0.4153(6) 0.039(2)
C2 0.5304(9) 0.5583(5) 0.3189(6) 0.033(2)
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C5A 0.4179(9) 0.0566(5) 0.3631(7) 0.039(2)
C2A 0.2931(8) 0.2075(5) 0.4179(6) 0.028(2)
HAGA 0.18820 0.59420 0.45390 0.0470
HBGA 0.44980 -0.00850 0.34810 0.0470
H5A 0.72060 0.51670 0.24190 0.0770

H5 0.71220 0.62670 0.25720 0.0770
HAG 0.22650 0.34250 0.44230 0.0520
HB6 0.11730 0.26870 0.49660 0.0520

* ATOMaM BOJIOpO/Ia TIPUCBOEHBI HOMEPa CBSA3aHHBIX ¢ HUMHU HEBOJIOPOJIHBIX aTOMOB.
kel U = (ZIZJU”a' *aj *a,aj)/3
Koopaunanumonnslii monmdap komriuiekca [ZNnL,Bry] mpeacraBnsier coOOl HCKaXEHHYIO
TETPAdIPUUECKYIO CTPYKTYPY, UCKAKEHUE KOTOPOro 00YCIOBIEHBI OTCYTCTBUEM BIUSHUS IPUPO/IBI
[EHTPATBHOTO aToMa (chepuvaeckr CUMMETpUIHAS d*-0Gon0uka [[unecniu]) npupo1oil auumo- u
MOHOJICHTAaTHOTO JIUTAHJOB, a TaKXe OCOOCHHOCTSMH YHNAaKOBKM MOHOMEPHBIX MOJUAAPOB B
KPUCTAJUTMYECKOU cTpyKType (puc. 1).

c

Cc2

S1

c5 b

v a
6)

Puc. 1. Kpucrajmimyeckas CTpyKTypa KOMILJIEKCHOTO coequHenus |1 (a) u npoexuus
KpHCcTa/JIMYecKoi ynakoBku moJieky. (1) Ha niockocTs ob-oc (0).

Paccrosaus  Zn(1)-Br(1) 2.3999(12) wu Zn(1)-Br(2) 2.3922(12) npubIH3UTEIBHO
omuHakoBbie (Tabm. 2), a mmuabl cBs3eit Zn(1)-N(3A) 2.016 (6) u Zn(1)-N(3) 2.044 (5)
COTJIACYIOTCS C QHATIOTHYHBIMU PACCTOSIHUSIMU JIPYTHX TeTpadapuueckux komruiekcos nuHka(ll) [5-
7). Banenrnbie yrisl NZnBr B crpykrype wucciemoBannoro coemunenus (105.63(15)° —
110.23(16)°) Gmu3KkM K 3HAYEHHAM B JPYTHX TETPAdAPUUYECKUX KOMIUIEKCAX IIMHKA. YTIIBI
Br(1)Zn(1)Br(2) u N(3A)Zn(1)N(3) ysemwuenst go 113.4 (4)° u 114.0 (2)° COOTBETCTBEHHO
(tabn.3) [5-8].

Tabauuya 3.
Jlnunsl cesazeit u earenmmuvle yenvt 6 cmpykmype komniaekca [ZnL,Br;]
CBs3b d, A CBs13b d, A

Br(1)-Zn(1) 2.3999 (12) Zn(1)-N(3A) 2.016 (6)
Br(2)-zn(1) 2.3922 (12) Zn(1)-N(3) 2.044 (5)
S(1A)-C(2A) 1.729 (7) S(1A) - C(5A) 1.734 (8)
N(3)-C(2) 1.322 (8) N(3)-N(4) 1.366 (7)
N(3A)-C(2A) 1.314 (8) N(3A)-N(4A) 1.389 (8)
N(4)-C(5) 1.284 (9) N(4A) —C(5A) 1.272 (9)
N(6A)-C(2A) 1.336 (8) C(2)-N(6) 1.322 (8)
C(2)-S(1) 1.746 (7) C(5)-S(1) 1.712 (7)
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Yron ®, Tpa. VYron , Tpat.
N(3A)Zn(1)N(3) 114.0 (2) N(4A)N(3A)Zn(1) 112.3 (4)
N(3A)Zn(1)Br(2) 110.23 (16) C(5)N(4)N(3) 111.4 (6)

N(3)Zn(1)Br(2) 107.03 (15) C(5A)N(4A)N(3A) 112.0 (6)
N(3A)Zn(1)Br(1) 106.61 (17) N(3)C(2)N(6) 125.6 (6)
N(3)Zn(1)Br(1) 105.63 (15) N(3)C(2)S(1) 111.8 (5)
Br(2)zZn(1)Br(1) 113.40 (4) N(6)C(2)S(1) 122.5 (5)
C(2A)S(1A)C(5A) 86.2 (3) N(BA)C(2A)N(6A) 123.9 (6)
C(2)N(3)N(4) 114.0 (5) N(3A)C(2A)S(1A) 113.7 (5)
C(5)N(3)Zn(1) 126.0 (5) N(6A)C(2A)S(1A) 122.4 (5)
N(4)N(3)Zn(1) 119.2 (4) N(4)C(5)S(2) 116.2 (6)
C(2A)N(3A)N(4A) 112.4 (6) N(4A)C(5A)S(1A) 115.7 (6)
C(2A)N(3A)Zn(1) 133.8 (5) C(5)S(1)C(2) 86.6 (3)

CpaBHEHHE TaHHBIX CBOOOHOIO JIMTAH/A ¢ KOMIUIEKCHBIM COSJIMHEHUEM TJIE JUTMHBI CBSI3U
C(2)-N(2) paBna 1.30(1) A [7-8], a kommiekce 6pomua nuHKa cBsazd C-N HECKONBKO yIJIMHEHBI —
no 1.314(8) C(2A)-N(3A) u 1.322(8) A C(2)-N(3). DTo 0OBACHSAETCS TeM, 4TO KOOpPAHHALMSA
muranga uaér uyepe3 atombl azota N(3) u N(3A), Takas KoopJIuMHALUs YMEPEHHO BIIMAET Ha
suponukinueckue BaeHTHbIC yribl N(4)N(3)C(2) u N(4A)N(3A)C(2A).

Omna NHy-rpynma B crpykrype [ZnL;Brz], ywactByer B oOpa3zoBanum cinaboi
BHYTPHMOJIEKYJIIpHOH Bojopoanoii cBsassl (BMBC) N-H---Br (N(6)-H(B6A) 0.90(9) A,
H(B6A)---Br(2) 2,57(9) A. Ilpyroit BMBC cBs3bIBaeT 1Ba THaAMA30JIbHBIX KONbla. IIpu 5ToM B
KayecTBE JIOHOpA BBICTYNAE€T aMHHOTPYIa BTOPOTO THAJMA30JIbHOTO KoJblla. B kadecTe
aKIIeNTopa — HEKOOPJAUHMPOBAaHHKIN aToMm a3oTa nepporo rereporukiaa N(6A)-H(B6A) 0.89(5) A,
H(B6A)---N(4) 2,08(5) A. A Takke, B KpPHUCTAUNIMYECKOM CTPYKType BCTpedaercs
HECUMMETPUYHbBIE MEXXMOJIEKYIIsIpHbIE BOIopoaHbIe cBsi3u (MMBC) (Tabin.4).

Tabauya 4.
Xapaxkmepucmurxa 6000poousix ceésseil 6 cmpykmype [ZnlL,Br,] (D-0onop, A-akuenmop)
Pactosuue, A Vroa
D-H---A Kogs! cummerpun D-H H-A DA DHA,
rpaj.
BMBC
O —;rg)%) X, Y, 2 0.90(9) 257(9) | 3.404(8) | 154(7)
N(6A) —
H(B6A)---N(4) X, Y,z 0.89(5) 2.08(5) | 2.956(9) | 168(5)
MMBC
N(6) —
H(ABA)---Br(2) | 32X l/2ty1/22 0.76(7) 2.89(7) | 3.531(8) | 144(6)
N(6) -
H(ABA)--N(4a) | 2 x12+y.1/22 0.76(7) 2.54(6) | 3.080(9) | 129(6)
N(6A)-H(ABA)- - -1/2+x,1/2-
Br(1) y,1/2+7 0.88(9) 2.74(10) | 3.442(7) | 138(9)

JImuHBl CBSI3€ M BaJIEHTHBIC YIUIbI B JBYX HE3aBUCHUMBIX Jmrangax L B [ZnL,Br]
JIOCTaTOYHO XOPOIIO corjiacyercss Mexay coboi (Tabm.2). Paccrostaust ~ S-C mexkar B OOBIYHBIX
npenenax (1.712(7)-1.746(7) A) [8, 12], paccrosuus N-N naxopmsrcs B untepsane 1.366(7) u
1.389(8) A u coOTBETCTBYeT CTaHAAPTHBLIM 3HAYEHHUAM JJIs OJMHAPHBIX CBSA3EH B MATHUIEHHOM
rereponukie [8, 18]. Mexaromusie paccrosaus N-C (C(2)-N(6) 1.322(8) A u C(2A)-N(6A)
1.336(8)) mpeumyIiiecTBEHHO OauHApHbBIE, a JAuHbl ukindeckux cBszeir C=N (C(5)-N(4), C(2)-
N(3) u C(5A)-N(4A), C(2A)-N(3A)) ycpeaHeHbl U COOTBETCTBYIOT IMPOMEKYTOUHBIM 3HAYCHHSIM
MEXIy IBOWHBIMH U OJIMHAPHBIMU CBSI3aMH 32 CUET COMPSDKEHUSI CUCTEMBI CBSI3eH TeTEepPOIIUKIIA.
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Amnanu3z uMHbI cBsi3eil a3oMeTuHOBbIX rpymni (C=N) cBoOoaHOro JMranga 1 KOMILJIEKCHOTO
COCIMHEHHE TIOKa3bIBaeT, 4YTo y cBoOoHOTO Juranga C=N cBs3u 6onee oguHakoBbie (1.297(8) Awu
1.28(1) A) [5], a xommiekce KOOpIMHUPOBAHHBIA azoMeTnHOBBIT C=N CBsI3p GoJee YIIMHEHHI
(C(2)-N(3) 1,322(8) A u C(2A)-N(3A) 1.314(8) A), yem HexoopaunupoBanusii (C(5)-N(4)
1.284(9) A u C(5A)-N(4A) 1.272(9) A) asomerunossiii cBaszs C=N (1a61.3).

CorocTaBiieHre CTPYKTYPHBIX TAaHHBIX THAANA30JIbHBIX IIUKIIOB coeauHenus [ZnL,Bry] u 2-
amuHO-5-(R)-Tnaauaszona-1,3,4 [5, 12, 19] nokaspiBaeT, 4TO OTMEUYACTCS HECKOJIbKO MEHbIIEE
OTKJIOHEHHE aTOMOB OT «CPEAHEN» MI0CKOCTH (Tabi1.b).

Tabnuya 5.
Omknonenue amomos om “cpeonux” naockocmen ¢ cmpykmype [[ZnL,Br;]]

ATOM M €T0 OTKJIOHEHHE,A
N(3) N(4) C(5) C(2) S(1) N@®)* zZn(1)* Br(1)* Br(2)*
-0.004 -0.003 0.007 0.008 -0.007 0.009 -0.333 -2.717  0.790
N(3A) N@A) C(5A) C(2A) S(1A) N(6A)* Zn(1)* Br(1)* Br(2)*
0.000  0.007 -0.008  -0.004 0.006 -0.022 -0.385 -2.752  0.911

[Tomumo 3TOrO, B 3TOH paboTe OBUIM M3y4EHBbl 3HAYEHUS HEKOTOPBIX TOPCHOHHBIX YIJIOB
MOJIEKYNIbl KomIuiekca [Znl;Brp]. AnHanu3 3HaueHUH TOPCHOHHBIX YIVIOB B HAaXOAWUTCSA
YIIOBJIETBOPUTEIBHOM COIJIACMM C BEJIMYMHAMHU «YCPEIHEHHON» IUIOCKOCTU IMSTUYWICHHBIX
TeTePOIMKIIOB U YIIIaMH TIOJIUA/Ipa aroMa Komruiekcooopazosarens ruaka(Il) (tadm.6).

Tabauya 6.
OchosHble mopcuoHnHble y2iivl 6 cmpykmype Komnaekca [ZnlL,Br;]

Vbl (TOPCHOHHBIE) ®, TPaI. Vsl (TOpCHOHHBIC) ®, TPaI.

Br(1)Zn(1)N(3)C(2) -81.3 (5) N(3A)Zn(1)N(3)N(4) -30.0 (5)

Br(1)Zn(1)N(3)N(4) 86.8 (4) N(3A)Zn(1)N(3)C(2) 162.0(5)
Br(1)Zn(1)N(3A)C(2A) -86.8 (6) Br(2)Zn(1)N(3)N(4) -152.1 (4)
Br(1)Zn(1)N(3A)N(4A) 77.9 (4) Br(2)Zn(1)N(3)C(2) 39.9(5)
N(3)Zn(1)N(3A)N(4A) -165.8 (4) Br(2)Zn(1)N(3A)N(4A) -45.5 (4)
N(3)Zn(1)N(3A)C(2A) 29.4(7) Br(2)Zn(1)N(3A)C(2A) 149.7(6)

A Taxke, B paboTe OBbLT MPOBEJICH aHAN3 TTOBEPXHOCTH XUpIHIPelbaa JaHHOTO KOMITICKCa

(puc. 2).

a

c

Puc. 2. Ananu3 noBepxnoctu Xupudeanaa ouc (2-amuno-1,3,4-ruaguazos-N) quépomuaa
nunka(Il) (a), miaomaan nokasaresei popmMpl (a) U KPUBOI JIMHUHU MJIOIIATbAX
yKa3bIBaIoOIas 30HbI B3auMoeiicTBus O0uc (2-amuHo-1,3,4-tuaana3zon-N) 1uOpoMuia MMHKA

OO6HapyxeHa mpUpoIa MEKMOJICKYISIPHBIX B3aUMOJICUCTBUN B COCTaBEe KpUCTAIIA, aHATN3
nmoBepxHocTh Xwupuidenpaa ¢ momornisio nporpammbl  CrystalExplorer 17.5 m mons cnenos
nByxmepHoro maibiia [20]. i mOCTpOEHHUs MOBEPXHOCTEH MCIIOJIB30BAIOCh HOPMHUPOBAHHOE
paccTostHue KoHTakTa (dnorm), KOTOPOE PACCUUTHIBATIOCH CICTYIONTUM 00pa3oM:
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Vdw Vdw
_ di = de — I

anfm - Vdw Vdw
fi fe

rae di u de — paccTosiHEe OT MOBEPXHOCTH 10 OJMKANIIEro aToMa BHYTPH M BHE MOBEPXHOCTH
cooTBeTcTBeHHO, 'V dW — BaH-/Iep-BaaJibCOB pauyc aToma.

Benmnunna dnorm mo3BoJiseT MACHTHU(PHUIIMPOBATH O00JACTH, UTPAFOIIHE OOJBIITYIO POJIb B
MEXMOJICKYIIIPHBIX B3aUMOJCUCTBUAX. TpexMepHbIe KapThl MoBepxHOCcTH Xwupiidensaa (dnorm)
OTpaXKarOT KOPOTKHE KOHTAKTHI, BAH-JICP-BaaIb.COBBI KOHTAKTHI M [UTMHHBIC KOHTAKTHI. BpUIH Takke
MMOCTPOCHBI JIBYMEPHBIC Pa3BEPTKU MOBEPXHOCTH Xupidenbaa ¢ UCIOIb30BAaHUEM PacCTOSHUN de
u di.

[Tnomans dnorm ompeznenena myreMm pacuera BHemHHX (de) u BHyTpeHHux (di) paccrosHuit
70 OJIFDKaMIIero siapa U MoCTpoeHa Ha turomaan 286,94 Adu nosepxHoctu 273,69 A pa3Mepnl —
0,1306 (kpacusbrit) 1o 1,4499 (cunmii) (puc. 3b). I'paduku dopmbl-uHAEKCa M KPUBBIX JTUHHA —
0,9915 10 0,9978 a.6. u — ot 4.0 10 0.4 a.6. (puc. 4).

Kpome Toro, Obumd W3y4eHBI pPACCTOSHUS B3aUMOJCHCTBUS OTACIBHBIX aTOMOB B
KPUCTAIJINYECKOM COCTaBE MOJIEKYJIbl JaHHOTO KOMILJIEKCHOTO COEIMHEHUs (IOJI JBYXMEPHBIX
OTIICYATKOB IAJIBIIEB U KX OTHOCHUTEIBHBIC O B IIOBEPXHOCTH Xupiidensaa) (puc.S).
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Puc. 3. /IByxmepHbIe 10Jisl 0TEYATKOB NAJbIEeB MOJIeKY.Jabl Ouc (2-amuno-1,3,4-

THaaua3oJ-N) guopomuaa nuaka(ll) m ux oTHOCHTEILHBIN BKJIAJA B IOBEPXHOCTH
Xupugenbaa

DHepruu B3aUMOJEHCTBHUS (KKajl/MOIb) MEXIy BBIOpDAHHOW MOJEKYIOM U JPYTHMH
OKpalIeHHBIMHA MoJIeKyJaaMu paccuutana B Mmoaenu HF/3-21G B nporpamme Cyrstal Explorer (puc.
4, tabm. 7).

[Ipu cpaBHEHUH T€OMETPUYECKUX XaPAKTEPUCTUK MO NaHHBIM PCA M pacueTHbIM KBaHTOBO-
XUMUYECKUM JaHHBIM YCTAaHOBJICHO, YTO PACUETHBIE U HKCIIEPUMEHTANIbHBIE TAHHBIE COTJIACYIOTCH,
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4TO CBUACTCILCTBYCT O NMPABHUIBLHOCTU TCXHUKHU BBIIIOJHCHHA PACUYCTOB U IMPUMCHUMOCTH HUX B
AIPUOPHOM IIPCACKa3aHUK BEPOATHBIX JOHOPHBIX IEHTPOB B PCaKIHAX KOMHHGKCOO6paSOBaHI/IH.

Puc. 4. MosekyJibl BOKPYT BHIOPAHHOM (CeTYATBIM JKeJITero CBeTa) MoJIeKYyJIbl
NMOKA3aHbl PA3HBIMH LBETAMH

Taonuua 7.
Duepeuu e3aumooeticmeusn (KKai/moib) mexncoy 6blOPAHHOU MOJIEKYI0U U OpyUMU
OKPAWEHHBIMU MOJICKY1AMU

N | Koxbl cummerpun | R SJ;I?II;TTI:_I %T;ZHZ E ele|E_pol |E _dis|E rep| E_tot
2 X+1/22;ri3/’;1/2' 7.70 Bgi'é\gg 36.7 | -105 | -20.4 | 41.2 | -38.9
2 X, Y, 2 8.00 ngilé\((gg 39| 58 [-102] 74 |-127
1 Xy, -z |10.33 Bﬁ'ggg 198 | -26 | -46 | 04 | 152
2 'X+1/22;i’/;1’2" 7.68 Bﬁéﬁg 66.3 | -17.7 | -382 | 75.3 | -69.9
2 'XJ’”ZZ;{/;W" 8.05 Bﬁ'ggg 640 |-143 | 223 422 | -716
1 Xy, |1053 Bﬁ'ggg 73| -1.6 | -98 | 72 |-13.0
1 X, -y, -2 7.75 2?'5;((5@ 204| 57 | 81| 21 |-315
1 X, -y, -2 6.40 Bﬁg{;g 39.7| -84 |-54.1| 446 | -67.8

KBaHTOBO-XMMHYECKHE HCCIEIOBaHUS MPOBOAMIUCH B HECKOJBKO 3TamoB: pa3padoTka
TEOPETUYECKONH MOJIENH MCCIIEyeMOro BEIeCTBa, ONTHMHU3ALUSA U pacueT (U3UKO-XUMHUYECKUX
napameTpoB, 0o0pabOTKa M BU3yalIM3alMsl MOJYyYEHHBIX PE3yJbTaToOB. B pe3ynbraTe compsikeHus
HaOrofaeTcss  mepepaclpesiesieHne  AJIEKTPOHHOM — IUIOTHOCTU. TeopeTuueckue KBaHTOBO-
XUMHUYECKHE HCCIIEOBAHUS BbISBWIM (POHTANbHBIE (FPaHUYHBIE) MOJIEKYJISIPHbIE OpOUTAIN B
OCHOBHOM U BO30Y>KJICHHOM COCTOSTHUHM MOJICKYJIBL.
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112 — |— -0 00824
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Huaepamma snepeemuueckux yposueu B3MO E(Lumo)=-0.20346 5B

u HCMO DnekmponHoe cmpoeHue MoaeKyibl
HCMO
BriBoaBI.

1. B pesymbrate wuccinemoBanuii Meromamu HWK-cmnektpockornmu u PCA  mokasaHo,
TeTpadapuueckas cTpykrypa komruiekca nuaka(ll), okpyx€HHOro 1ByMsi aroMamMu Opoma H JIByMsI
SHJIOIMKINIECKIMHU aTOMaMH a30Ta, HAXOSIIUXCS B 0-TOJIOKEHUU K aMUHOTPYIIIIE.

2. CoryiaCHO TIOJTyYEeHHBIM JIAHHBIM, MEXMOJICKYIISIPHBIC B3aHMO/ICHCTBUS HA TIOBEPXHOCTH
Xwupridenbaa B KpUCTAUTHYECKOH perreTke umeror poiro: H...Br/Br...H (27.5%), H...H (13.4%),
S...Br/Br...S (13.2%), N...H/H...N (13.0%), C...S/S...C (7.0%), N...S/S...N (6.3%),
N...C/C...N (4.0%), N...Br/Br...N (3.6%). YcranoBieHa poyb rajoreHoBbix cBszeii Br-H, Br-N,
BMBC 1 MMBC: N-H...Br, N...H B ¢popMupoBanuu KpuCTaIIINYECKON CTPYKTYpPHI.
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