YK 546.552+547.279.52+548.312.4 DOI: 10.14529/chem190405

KOMMMEKCHI MEOW [CuBr,(DMS0-0);] u [Cu(DMSO0-0),SF¢].
CUHTE3 U CTPOEHUE

B.C. CenyuypuH, [].11. LLleeyeHko, B.B. LlapymuH
FOxHo-Ypansckuli eocydapcmeeHHbill yHugepcumem, . YensbuHck, Poccust

Pacteopernem opommaa meau (11) u ¢propuaa meam (I11) B mpUCYTCTBHA NMIABHKOBOH KHCIIO-
THI B THMCTHIICY Tb(DOKCHIC C MOCICIYFOIINM MCAICHHBIM HCHAPCHUEM PACTBOPHTCIIA CHHTC3H-
pOBaHBI M CTPYKTYPHO OXapakTepu3oBaHbl KoMIUekchl Memu [CuBr(DMSO-O);] (1) u
[Cu(DMSO-0),SF¢] (2). Tlo maHHBIM PSHITCHOCTPYKTYPHOTO AHAN3A, MPOBSACHHOTO TpH 293 K
HA ABTOMATHYCCKOM HCTBHIPSXKPYKHOM au(pakromerpe D8 Quest Bruker (IByXKOOpIMHATHBIH
CCD — merexrop, MoK,-mnyuennue, A = 0,71073 A, rpaduToBBIi MOHOXPOMATOP) KPHCTALIOB 1
[CeH15058;BrCu, A 457,74, CHHTOHHS MOHOKIIMHHAA, TPYIIA CHMMCTPHH P2,/C; mapaMeTpsl
sueiixm: a = 8,812(6), b = 15,335(11), ¢ = 12,272(8) A; a = 90,00 rpax., p = 105,82(3) Tpax.,
v = 90,00 rpazx.; V' = 1595,5(19) A3; pasmep kpuctamia 0,59x0,32x0,24 MM; HHTEpPBAJIbI HHIACK-
coB otpakeHmit —13 </ <11, -23 <k <23, -18 </ < 18; Bcero oTpakeHui 45529, HE3aBHCHMBIX
orpaskeHmit 5832; R;,; 0,0971; GOOF 1,001; R; = 0,0497, wR, = 0,1073; ocTaro4Has 3ICKTPOH-
Hast WIOTHOCTD 0,77/~1,36 ¢/A%] 1 2 [CsH4O4FsSsCu, M 522,11; CHHTOHMS TPUKJIMHHAS, TPyIIa
cumMeTpun P-1; mapamerpel suciixku: a = 10,325(18), b = 10.428(18), ¢ = 10,60(2) A;
o = 77,93(11) rpax., B = 89,49(9) rpax., y = 68,12(6) rpax.; V' = 1033(3) A’; pasmep xpucranma
0,47%0,16x0,13 MM; HHTEPBAIBI HHACKCOB OTpakeHHH —11 </ <11, -12 <k <12, -12 </ <12;
BCEro oTpakeHmnit 9324; HezaBucHMBIX oTpaskeHui 3307; R;,; 0,0709; GOOF 1,029; R; = 0,0555,
wR, = 0,1309; ocrarouHas 3ICKTPOHHAS TUIOTHOCTH 0,64/-0,82 e/A3] aTOMBbI MEIU UMCIOT CHJIb-
HO HCKKCHHYIO KBaJpPaTHO-IHMPAMUAATBHYIO KoopauHAImo (yriusl mparc-OCuO 165,68(11)°,
mpanc-OCuBr 143,37(10)° (1) u mpanc-OCuO 163,8(2), 169,0(2)° (2); amuusr cesaseit Cu—Br
2,4681(14) A m 2,5922(14) A (1), Cu—O 1,944(3)-2,054(3) A (1) m 1,940(6)-1,956(5) A (2)).
®parmeHT SFs B 2 (mpanc-yriet FSF 178,8(2)-179,7(3)°, yuc-yrue1 FSF 88,7(2)-91,0(3)°) cBa-
3aH C IEHTPATLHBIM aTOMOM MeH (ummHa cBssu Cu—F 2,208(6) A). CTpykTypHAS OpraHH3aIms B
KpucTaniax 1 u 2 obycnosieHa crabbIMH MEKMOICKY IAPHBIMH KOHTaKkTaMH THIA Opysoy - H-
Coomso) (2,57 A) 1 Cu-Br-H-Cpyso (2.89-3,04 A) (1), S-F-H-Cipyso) (2,32-2.60 A) (2).
[MoHBIC TAOTUIIBI KOOPAMHAT ATOMOB, ATIHH CBA3CH M BAJICHTHBIX VIJIOB I CTPYKTYp 1 1 2 ne-
nmoHupoBaHbl B KemOpmmkckom OaHke CTPYKTYpHBIX JaHHBIX (Ne 1883471, 1898916;
deposit@ccdc.cam.ac.uk; https://www.ccdc.cam.ac.uk).

Kmoueguie criosa: 6pomuo meou, imopud meou, OuMemuicyibpoxcuo, cunmes, cmpoenue,
DEHM2eHOCMPYKIMYPHbIE AHATU3.

Beeaenne
KoMmriekcHpIe ranoreHcoacpKamue COCIUHCHHIS MEAH ¢ KOOPIUHUPOBAHHBIMH MOJICKYJIAMH THAMC-

TUICYIb(OKCHIA B OOJBIICH CTCIICHH CTPYKTYPHO OXAPAKTCPH30BAHBI HA MPUMEPE XJIOPCOACPIKAIIUX
cocauHeHnH. M3BeCTHBI HEHTPATBHBIC MOHOSICPHBIC KOMIUICKCH YCTHIPEX- U MSCTHKOOP THHUPOBAHHOM
meau [CuHal,(DMSO-0),] Hal = C1 [1], Br [2], [CuCI(Ph;P),(DMSO-0)] [3], [CuCl,(DMSO0-0),1;,] [4,
5], a taxke OusaepHbic KOMIUICKCH [Cu,Cl(u-Cl),(DMSO-0),] [6], [Cux(PhsP),(-Hal),(DMSQO-0),]
Hal=Br, I [7], koTopbic nonyuanu CMEIICHHEM 3TaHOMbHBIX pacTBopoB rajoreanga meau (II) u JIMCO ¢
MOCTICAYIONAM ME/ICHHBIM HCTIAPCHHUEM PACTBOPHUTEITS.

B Hacrosmeii paboTe ommcaH CHHTE3 ABYX JHUMCTHICYIb(OKCHIHBIX KOMIUICKCOB MCIM M Pac-
CMOTPEHBI OCOOCHHOCTH X CTPOCHHS METOIOM PEHTICHOCTPYKTYpHOro anamuza (PCA).

IKCHEePUMEHTAJbHAS YACTh

Cunres [CuBry(DMSO0-0);] (1). 0,200 r 6pomuga meau(ll) pacTBopsiiu mpu NePEeMEIINBAHUN B 5
min aumetuncyibdokenaa. [lociae KOHUCHTPHUPOBAHUS PACTBOPA A0 MOJOBUHBI OT MEPBOHAYAIBHOTO
o0rema HabmoAaI 00pa30BaHUE KEIATO-3CTICHBIX UTOBYATHIX KPHCTAIIOB KOMILIEKca 1, KOTOpbIe OT-
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CenuyypuH B.C., Llleeuenko [.11.,
B.B. Ulapymux

Komnnekcki medu [CuBry(DMSO-0)s] u [Cu(DMSO-0),SFs].
CuHme3z u cmpoeHue

Gupanu u cymmmy. Berxog 0,155 r (38 %), T. pasn. 97 °C. UK-crextp (v, eM '): 2997, 2984, 2905, 1431,
1402, 1317, 1022, 988, 918, 718, 496.

CunTtes [Cu(DMSO-0),SF| (2). 0,100 r dropuna meau(ll) pactBopsuiu mpu nepeMEIIMBaHUN B 5
M guMeTHICYIb(hokcHaa U godapmsum 0,2 MII KOHLEHTPHPOBAHHOH TIABUKOBOH kucioThl. HepactBo-
PHUBIIHICA 0CaI0K OT(QUIBTPOBEIBAIM, MOCIC KOHICHTPUPOBAHHUS (PHIBTpPATa A0 MOJOBHHEI OT MEPBO-
HayanbHOro odrema Habmoaamy o0pa3oBaHUE CBETIO-3CICHBIX KPUCTANIOB KOMILIEKCA 2, KOTOPBIC OT-
Gupamn u cymmmd. Beixox 0,108 r (21 %), T. pasn. 201 °C. MK-cmiextp (v, oM '): 2995, 2972, 2907,
1420, 1404, 1024, 988, 951, 937, 739, 482.

HK-cnexrpsi cocauneHnit 1 u 2 3anuceiBanu Ha UK-®ypre cnexrpometpe Shimadzu IRAffinity-
1S B Tabnetke KBr B o61acti 4000400 cm '

Pentrenocrpykrypubiii anaaus (PCA) npoBoaun Ha aBTOMATHYCCKOM HYCTBIPEXKPYIKHOM -
dpaxromerpe D8 QUEST ¢upmer Bruker (Mo K, -m3ayuenne, A = 0,71073 A, rpadurossiii MOHOXpO-
marop). COop, perakTHPOBAHUE NAHHBIX W YTOYHCHHC MApaMETPOB BIICMCHTAPHOU SUCHKH, a TaIOKEe
VHUeT MOTJIOIICHHUS TPOBEACHBI ¢ moMoIeio mporpamm SMART u SAINT-Plus |8]. Bee pacueTs no or-
PCACICHUIO M YTOYHCHHIO CTPYKTYP BBIMONHEHBI ¢ MOMOINbI0 mporpamm SHELXL/PC |9] u OLEX2
[10]. CTpykTypBl ONpEeACTICHEI MPSIMBIM METOAOM H YTOYHECHBI METOAOM HAMMCHBIINX KBAAPATOB B AHHU-
30TPONTHOM HPUOMIKCHUN A1 HEBOAOPOAHBIX aToMoB. loJoKeHHE aTOMOB BOAOPOJA VTOUHSIHA IO
mozean Hae3aHUKA (Uyo(H) = 1,2U,,(C)). Kpucramiorpaduieckue JaHHBIC W PE3Y/IbTaThl YTOYHCHUS
CTPYKTYPHI PUBCACHEI B Ta0J. 1, ANMHUHBI CBS3CH U BAJICHTHBIC VIJIBI — B TaOm. 2.

2019. T. 11, Ne 4. C. 4248

Tabnuua 1
Kpuctannorpacmueckue gaHHble, MapamMeTpbl IKCMEPUMEHTA U YTOUHEHUA CTPYKTYp 1 1 2
ITapametp 1 2
Dopmyna C¢H;30558;Br,Cu CsH,,0,FS;Cu
M 457,74 522,11
7,K 293,15 293,15
CuHroHust MoHOKIHHHAS TpuximHHAA
Ilp. rpynma P2,/c P-1
a, 8.812(6) 10,325(18)
b, A 15,335(11) 10,428(18)
¢, A 12,272(8) 10,60(2)
o, Tpaz. 90,00 77,93(11)
B, rpan. 105,82(3) 89,49(9)
Y, Tpazm. 90,00 68,12(6)
v, A 1595,5(19) 1033(3)
Z 4 2
p(BBIY.), T/cM’ 1,906 1,679
i, My 6,757 1,624
F(000) 900,0 5340
®opma KpucTaLia (pazMep, MM) obmomok (0,59%0,32x0,24) obmomoxk (0,47x0,16x0,13)
O06macts cO0pa AAHHBIX IO O, TPam. 4,36-66,28 6,46—49.16
-13<h <11, -11 <h <11,
HHTepBaabl HHACKCOB OTPAKCHUI —23<k<23, -12<k<12,
-18</<18 -12</<12
H3MepeHo oTpakeHHI 45529 9324
He3aBUCHMBIX OTPasKECHUIL 5832 3307
R, 0,0971 0,0709
IlepeMEHHBIX YTOUHECHUSA 142 225
GOOF 1,001 1,029
oo 1 2o R B
R-(axTops1 M0 BCEM OTPAKCHHAM R, =0,1191, R, =0,1096,
wR,=0,1292 wR, = 0,1602
Ocrarounas C-?J'IGKTpOHHa}gHJ'IOTHOCTB 0.77/-1.36 0.64/-0.82
(min/max), e/A
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Tabnuua 2
OnuHbI cBA3en U BaneHTHbIe YITbl ANs CTPYKTYp 1 1 2
Cenbd, A | Yroa o, Tpas.
1
Cu(1)-Br(1) 2.4681(14) O(DHCu(1)O3) 165,68(11)
Cu(1)-Br(2) 2,5922(14) O2)Cu(1)Br(1) 143,37(10)
Cu(1)-0O(1) 1,948(3) Br(1)Cu(1)Br(2) 109.81(5)
Cu(1)-0(2) 2.,054(3) O2)Cu(1)Br(2) 106,81(11)
Cu(1)-0(3) 1,944(3) O(DHCu(1)O2) 84,70(11)
S(1)-0O(1) 1,531(3) O(DH)Cu(1)Br(1) 92.35(10)
S(2)-0(2) 1,516(3) O(DH)Cu(1)Br(2) 93.61(9)
S(3)-0(3) 1,527(3) O)Cu(1)O(3) 82.81(10)
OG3)Cu(1)Br(1) 93.48(9)
O3)Cu(1)Br(2) 96.69(9)
2
Cu(1)-0O(1) 1,942(5) O(DHCu(1)O3) 169.0(2)
Cu(1)-0(2) 1,940(6) O)Cu(1)O4) 163.8(2)
Cu(1)-0(3) 1,956(5) O(DHCu(1)O2) 87.8(2)
Cu(1)-O4) 1,945(6) O)Cu(1)O(3) 88.0(2)
Cu(1)-F(1) 2,208(6) O3)Cu(1H)O4) 92.1(2)
S(1)-0O(1) 1,544(6) O(DHCu(1)O4) 89.1(2)
S(2)-0(2) 1,531(6) F(DH)Cu(1)O(1) 98.2(2)
S(3)-0(3) 1,541(6) F(1)Cu(1)O(2) 103.8(2)
S(4)-04) 1,531(5) F(1)Cu(1)O(3) 92.7(2)
S(5)-F(1) 1,719(6) F(1)Cu(1)O(4) 92.4(3)
S(5)-F(2) 1,678(6) F(DS(35)F(2) 178.8(2)
S(5)-F(3) 1,674(5) F(3)S(5)F(5) 179.7(3)
S(5)-F4) 1,681(6) F(4)S(5)F(6) 179.0(3)
S(5)-F(5) 1,685(5) F(DS(5)F(5) 88.7(2)
S(5)-F(6) 1,677(6) F(DS(35)F(3) 91,0(3)

HOJ'IHLIC Ta,6J'II/ILIbI KOOpAUWHAT aTOMOB, IJINH CBA3CH M BAJCHTHBIX YIJIOB ACIIOHUPOBAHBI B KCM-
OpumkckoM OaHke cTpyKTYpHBIX JaHHBIX (Ne 1883471 (1), 1898916 (2); deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

OGcy:knenue pe3ynbLTaTOB

B mpomomxkeHre ucCiea0BaHUS CHHTE3A CYIb(OKCHUAHBIX KOMIUICKCOB MEIH TOAYICHO JABA HEH3-
BECTHBIX PAHEC MOJCKYJSIPHBIX KOMILICKCA ¢ (J-KOOPAUHUPOBAHHBIMU MOJICKYJIAMH TUMCTHIICYIb(OK-
cuga: aubpomo-mpuc(auveruncyibpoxkcum)veas (1) u  rexcadhTopocyibdo-memparuc(IAMETHI-
cymeorcua)meas (2). Kommiekcs 1 u 2 cunTe3upoBanu u3 udpoMuaa MU win qu)TOpruaa MEIu ¢
M00ABICHUEM TUIABUKOBON KHUCIOTHL B JUMCTHICYTb(POKCHIC ¢ MOCACIYIOIIMM MEIJICHHBIM UCTIAPCHU-
€M pacTBOpA;

DM
CuBry M50 1 CuBr,(DMS0-0)4]

DMSO + HF
CUF2 _— [CU(DMSO-0)4SF6]

IMo maunueiM PCA, atombl mMeau B coeauHeHusx 1 U 2 MMEIOT CHJIBHO HUCKAKCHHYIO KBaAPaTHO-
MUPaMHUAATBHYI0 KoopIuHauio (puc. 1 u 2).
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CeH4ypuH B.C., lles4yeHko A.11., Komrinekcbi medu [CuBry(DMSO0-0);] u [Cu(DMSO-0)4SFg].
B.B. WlapymuH CuHme3s u cmpoeHue

c(2)

C@3)

Puc. 1. CtpoeHue Kkomnnekca 1

Puc. 2. CtpoeHue KoMnnekca 2

Tpanc-yraer O(1)CuO(3) 165,68(11)°, O(2)CuBr(1) 143,37(10)° B (1) u O(1)CuO(3) 169,0(2)°,
0O(2)CuO(4) 163,8(2)° B (2) CyLUIECTBEHHO OTJIMYAKOTCS OT TEOPETHUYECKMX 3HaueHui. [ yuc-yrios
TaK)Ke HaOJIIONaeTCsl 3HAUMTEIbHOE OTKJIOHEHHe OT TeopeTnyeckux 3HaueHuit: 82,81(10)-109,81(5)° B
(1) u 87,8(2)-103,8(2)° B (2). Paccrosmms Cu-Br B (1) coctapmsmor 2,4681(14) A u 2,5922(14) A; nm-
eI cszeit Cu—O msmensroTes B uHTepBase 1,944(3)-2,054(3) A (1) u 1,940(6)-1,956(5) A (2). Cnabo-
nckaxkeHHbIH okTadapudeckuit pparment SFg (mpanc-yraer FSF 178,8(2)-179,7(3)°, yuc-yraet FSF
88,7(2)-91,0(3)°) B 2 cBsizaH C LEHTpaIbHBIM aTOMOM Meau nocpenctsom aroma F(1), mnuna cesizu Cu—
F(1) (2,208(6) A) Gombie cymMMBI KOBaJIEHTHBIX paaMycoB atoMoB Memu 1 dropa 1,89 A [11], ommaxo
CYIIECTBEHHO MEHbIIe CyMMBI MX BaH-IeP-BaalbcoBLIX paauycos (3,3 A) [12]. MocTukoBsIii XapakTep
atoma F(1) npusomut k ymmurermio cesisu S(5)-F(1) mo 1,719(6) A no cpapHeHHMIO ¢ OCTANLHBIME CBS-
3amu S(5)-F(2-6), THHBI KOTOPBIX M3MeHsIOTC B HHTEpBaste 1,674(5)-1,685(5) A.

B xkpucramie coequHeHust 1 MpHCYTCTBYIOT MEKMOJEKYJSIpHbIe KOHTAKThI Opwmsoy " H-Cimso)
(2,57 A) u Cu-Br--H-Cpumso) (2,89-3,04 A), 6ruskue k cymmMam BaH-Tep-BaaibCOBBIX DAY COB aTo-
MOB BOZIOpozia 1 Kuciopona (2,62 A), a Taxxe Bomopona u 6poma (2,93 A) [13]. B xpucramne 2 Habmo-
JAI0TCsl MHOro4HcieHHble KOHTAaKThl S—F+H-Cpumsoy (2,32-2,60 A), MEHBIIE WM MPAKTUYECKU COBIIA-
JAKOIIME C CYMMOI BaH-JIep-BaalbCOBBIX PAJUyCOB aTOMOB Boopoza u dropa (2,57 A) [13].
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BroiBoabl

Takum ob6pazom, pactsopenue Opomuga meau(ll) B mumMeTHICYTB(OKCHAS COMPOBOKAACTCS BHE-
JPCHHUEM TPEX MOJICKYJI PACTBOPHUTE/IS B KOOPAMHALMOHHYIO Chepy atoMa Meau u 00pa30BaHUEM KOM-
mwickca [CuBry(DMSO-0);]. B ananoruunoii peaxiuu propuga meau (II) ¢ aumeruncynpdokcuiom B
MPHUCYTCTBHH TUIABUKOBOH KUCIOTH oOpasyercs kommuieke [Cu(DMSO0-0),SFs], B koTopoM B KOOpau-
HAIMOHHYIO cepy aromMa MEAU BXOIAT YETHIPE MOJICKY/Bl pacTBoputes, a pparmeHt SFy cBsizaH ¢
MEHTPATBHBIM aTOMOM TocpeaAcTBoM cBsazu Cu—F.
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COPPER COMPLEXES [CuBr,(DMS0-0);] AND [Cu(DMSO0-0),SF].
SYNTHESIS AND STRUCTURE
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South Ural State University, Chelyabinsk, Russian Federation

The dissolution of copper (II) bromide and copper (II) fluoride in the presence of hydrofluo-
ric acid in dimethyl sulfoxide, followed by slow evaporation of the solvent, have synthesized
copper complexes [CuBr,(DMSO-0);] (1) and [Cu(DMSO-0),SF¢] (2). They have been structu-
rally characterized. The X-ray diffraction pattern has been obtained at 293 K on an automatic dif-
fractometer D8 Quest Bruker (MoK ,-radiation, % = 0.71073 A, graphite monochromator) of crys-
tals 1 [CsH;304S3Br,Cu, M 457,74, the monoclinic syngony, the symmetry group P2,/c; cell pa-
rameters: a 8.812(6), b 15.335(11), ¢ 12.272(8) A, o = 90.00 degrees, p = 105.82(3) degrees,
v = 90,00 degrees; V' = 1595.5(19)A%; the crystal size is 0.59 x 0.32 x 0,24 mm; intervals of ref-
lection indexes are —13 < /s <11, -23 <k <23, -18 </ < 18; total reflections 45529; independent
reflections 5832; R;,; 0.0971; GOOF 1.001; R, = 0.0497, wR, = 0.1073; residual electron density
0.77/-1.36 ¢/A%] and 2 [CsH404F¢SsCu. M 522.11, the triclinic syngony, the symmetry group
P-1; cell parameters: a 10.325(18), » 10.428(18). ¢ 10.60(2) A, a = 77.93(11) degrees,
B = 89.49(9) degrees, v = 68.12(6) degrees; I = 1033(3) A’; the crystal size is 0.47x0.16x0.13
mm; intervals of reflection indexes are —11 <4 <11, -12 <k <12, —12 <[ < 12; total reflec-
tions 9324; independent reflections 3307; R,,; 0.0709; GOOF 1.029; R; = 0.0555, wR, = 0.1309;
residual electron density 0.64/~0.82 ¢/A®]. the copper atoms have a distorted square-pyramidal
coordination (the #rans-OCuO and trans-OCuBr angles are 165.68(11)° and 143.37(10)° (1);
trans-OCuO are 163.8(2), 169.0(2)° (2); the Cu-Br and Cu-O bond lengths are 2.4681(14) A and
2.5922(14) A (1), 1.944(3)-2.054(3) A (1) and 1.940(6)-1.956(5) A (2) respectively). Fragment
SFs in 2 (the FSF frans-angles 178.8(2)-179.7(3)°, cis-angles 88.7(2)-91.0(3)°) linked to the
central copper atom (the Cu—F bond length 2.208(6) A). The structural organization of crystals 1
and 2 is controlled by intermolecular bonds Omsoy "H-Comsoy (2,57 A) and Cu-Br-H-
Coomsoy (2.89-3.04 A) (1), S—F--H-Cppmsoy (2.32-2.60 A) (2). Complete tables of coordinates
of atoms, bond lengths and valence angles for structures 1 and 2 are deposited at the Cambridge
Structural Data Bank (no. 1883471, 1898916; deposit@ccdc.cam.ac.uk;
https://www.ccdc.cam.ac.uk).

Keywords: copper bromide, copper fluoride, dimethyl sulfoxide, synthesis, structure, X-ray
analysis.
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