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Crystal Cchemical Peculiarities of
6-Aminoquinolinium bis(citrsto)borate Dihidrate
Structure

Irena Zviedre|nstitute of Inorganic Chemistry, Anatoly Mishnev/ nstitute of Inorganic Chemistry

Abstract: 6-Aminoquinolinium  bis(citrato)borate dihydrate
[(6-NH,CqHeNH)(CgHe07),B]-2H,0 (I) has been synthesized for
the first time. The single crystals have been obtaéd and the full
X-ray diffraction analysis of the title compound ha been carried
out. The structural units of the compound | crystal are large
complex bis(citrato)borate anions possessing a spin structure,
6-aminoquinolinium cations and two molecules of crstallization
water. In complex anion two citric acid molecules & bidentately
coordinated to the boron atom via the O atoms of ceral
carboxyl and a-hydroxyl groups. The complex anion has
pseudosymmetry G. In 6-aminoquinoline molecule is protonated
the nitrogen atom of the heterocyclic ring. The norkydrogen
atoms in 6-aminoquinolinium cation (except the nitogen atom of
the amino group) are coplanar within the limits of+ 0.039(3) A.
There are eight hydrogen bonds of the ©8H...0, N—H...O type
in the crystals. Crystal structure obtained for conpound | have
been compared with the corresponding data for invemated
crystalline hydrates bis(citrato)borates of 7-, 8-kdroxy- and 8-
and 4-aminoquinolinium cations. X-ray diffraction analysis data
allow to elucidate the influence of the mono-subdtited
quinolinium cations on the complicated crystal strgtures of
bis(citrato)borates crystal hydrates.

C21 H25 NzoleB, triclinic: P-1 (NO 2), a = 9346(2) A, b =
11.326(3) A, ¢ = 12.646(3) Ay = 97.46(2)°p = 106.59(2)°y =
101.66(2)°, V = 1231.1(5) A, Z = Peac = 1.544 glcm pey, = 1.529
glent, R = 0.0449, B = 0.0795, T = 293 K.

Keywords: boron coordination compounds, bis(citrato)borates,
X-ray analysis, hydrogen bonds

|. INTRODUCTION

In the Laboratory of boron chemistry of the Rigachigcal
University Institute of Inorganic chemistry the enaiction of
boric acid with hydroxyl and carboxyl groups-contag

of the compounds synthesed earlier have been daong.
Some BCC containing monosubstituted quinoliniumiocest
have been synthesized in the form of single crystat the X-
ray diffraction studies of them have been perform&te
crystal structures of 7-hydroxyquinolinium bis(aitp)borate
semihydrate Y(7-OH)CGyHeNH) (CsHeO-).B]}-H.O [3] (11),

8-hydroxyquinolinium bis(citrato)borate dihydrate
[(B-OH)CeHeNH]  [(CeHsO7)B]-2H,O  [4]  (l), 8-
aminoquinolinium bis(citrato)borate terahydrate

[(8-NH,)CgHgNH]  [(CeHeO7),B]-4H,O [5] (IV) and 4-
aminoquinolinium bis(citrato)borate monohydrate
[(4'NH2)CQH6NH] [(C6H607)28]Hzo [6] (V) have been
investigated.

The synthesis of BCC with 6-aminoquinolinium cation
along with their X-ray diffraction investigationsié studies
concerning the influence of the substituent in araton the
structure and properties of the compounds seene tpubpo-
seful. The methodology of synthesis and resultsXefy
diffraction analysis of crystals of 6-aminoquindlim
bis(citrato)borate dihydrate
[(6-NH,CgHgNH][(CeHs0-).B]-2H,0 (1) have been considered
in the present work.

Il. EXPERIMENTAL

A Synthesis of 6-aminogquinolinium bis(citrato)borate

dihydrate (1)

Boric acid (0.05 mol; 3.1 g) and re-crystallizedrici acid
(0.1 mol; 21.03 g) were dissolved in 17 ml of waterder
heating. Then 0.05 mol (7.11 g) of twice re-cryi&ad (from
isooctane) 6-aminoquinolinium were added and digsblThe
reaction mixture was slowly cooled and then keptaatstant
temperature. The formation of the title compoundhi& form

polyoxy compounds has been studied [1]. The strattu of finely crystalline mass was started after sonutins. The

investigations of the boron coordination compoufBEC)
have been started by the studies of crystal strestwof

formed compound was filtered, washed with cold iltést
water, alcohol and ether. In the series of repeatedhesis

complexes containing metal and ammonium cationse T%ingle crystals of the compound |, large enough Xeray

structural investigations of BCC with organic casovere not
performed because of the definite difficulties tystallize
these compounds. The interest in studies of therboomplex
amine salts is caused by the series of advantageropsrties
of the compounds. The BCC amine salts are widepjiegh as
antipyretics, metal corrosion inhibitors, antioxits etc.

diffraction studies were not obtained. For the X-emalysis
the most perfect crystals were sorted out fromdtystalline
mass.

Found for I, %: B 1.93; C 44.65; N 4.85; H 4.50.

Calculated for gH,sN,BO16, %:

B 1.89; C 44.09; N 4.90; O 4.73; H 4.41.

Some BCC with amines have been synthesized andedtud specific weight of the crystalline specimen was29.§/cni

using the physicochemical methods in the Laborabdbiyoron
chemistry earlier [2]. In the course of a search fhe
experimental material for the X-ray analysis theposeful
synthesis of new compounds as well as the repegtattiesis
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and it was determined using the flotation methodthe
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B X-ray diffraction analysis

N2 O
The single crystal experiment was performed on Xacal (25°
system from "Oxford Diffraction” with Saphire CC2tctor. A f/gj
The structure was solved by direct method [7] aefthed by C?;l?fﬁ‘,

matrix least squares method using SHELXL packade [€ - &y,
Crystallographic characteristics and refinemenapeaters are ce'

reported in Table 1, the final coordinates and rttar
parameters of the basic atoms of structdren Tables 2, 3;
selected geometric parameters of the bis(citrata}bo
complex anion and organic cation in Tables 4-6. The

L)

ol os 04 g
‘63\_91 1

. e
geometric characteristics of hydrogen bonds areergiin c2 Ve o o
Table 7. C Xt |
o014 G (o
TABLE 1 N
= Ow1
DATA COLLECTION AND HANDLING V)
ow2 4~
Parameter Value ’
— Fig. 1. The molecular structure of | with the nodiggen atom numbering
Empirical formula G1 Has N2O1B scheme. H atoms are shown as small spheres
Crystal system triclinic
Crystal colour colorless The average length of the corres_pondmg bon@sOB
: amounts to 1.503(8) A and 1.449(8) A in the compeions
crystal size 0.20x0.25 x0.10 mm of 14 crystalline bis(citrato)borates [10]. The mge length of
Radiation type MoK, four B—O bonds (1.471 A) is close to the mean statistical
Wavelength 0.71073 A value characteristic of the bondssB{)—O (1.468 A [11]) and
. 0134 ot to the value of 1.475 A (1.43-A1.55 A) characteristic of the

. inorganic borates [12].
Xcalibur system from "Oxford

Diffractometer Diffraction” with Saphire CCD detect The bond angle eB—_O values in the boron-oxygen
Scan mode 26 tetrahedron (Table 5) are in the range of 104.q@_)t’15.6(3)°
and they exceed the usual values characteristioarfanic

2Bmax 55.26 borates. The least are the intracyclic dihedral leng
N(hKl)measurea N(hK)unique 75009, 0O(1)-B—0(3), O(2y-B—0(4) (average value 104.6°0.6°).

4982 The bond angle O(3B—0(4) formed by atoms included in
Criterion forlgps the carboxylic groups (109.9(3)°) is less than tmagle
N(hK!)g labe> 2 0lacd; 1746 0(2)BO(3) (115.6(3)°) between the oxygen atoms botm
N(par am)refined 405 the carbon atoms §f). The average values of the-O and
SHELXS-86 [7], C—C bond length in citrate ligands of the complexoaniie

Programs SHELXL-93 [8] outside of the corresponding values found for boimls
R factor R=0.0449R, = 0.0795 crystalline bis(citrato)borates with metal and aminm

cations studied earlier [10] as well as in Tthioxy- [3] (1),
8-hydroxy- [4] (IlI) and 8-amino- [5] (IV) and 4-
lll. RESULTS AND DISCUSSION aminoquinolinium bis(citrato)borates. In the terainarboxyl
The crystal structure of the complex | is formednirthe ~9roups the €OH bonds (average length 1.32D.011 A) are
complex bis(citrato)borate anions [€05),B]" possessing longer but the C=0 bonds (average length 124009 A)
the spiran-type structure, 6-aminoquinoline  cationg’e shorter then the corresponding bonds in thiéc dcid
[(6-NH,CgHeNH)]* and two crystallization water moleculesmolecule (average lengths 1.315 A and 1.238 A

[9]. Identification and numbering of atoms of themplex is ~correspondingly).
shown in Fig. 1. On the contrary, the -@0(H) bonds (the average length

Two molecules of citric acid are coordinated biéé¢inally 1.312:0.003 A) are shortened, but the C=0O bonds (the. aver
by the boron atom via the oxygen atoms of the eéntrlength 1.222+ 0.03 A) are lengthened (1.331 A and 1.210 A
carboxylic group andx-hydroxyl group. TheC, symmetry in [13]) in the central carboxylic group coordinétéo the
pseudo-axis crosses the center of the anion thrtheyhboron boron atomThe lengths of the G°)—O(H) type bonds with
atom. The B-O bonds follow the regularity- the bonds the hydroxyl groups (the average length 1.428.003 A) are
B—O(hydr.) with average length of 1.451 0.002 A are changed insignificantly. The bonds $p)—C(sp®) with the
shorter than the bonds—®(carb., hydr.) (average lengthterminal carboxylic groups (the average length 3.5@®.009
1.500+ 0.004 A) because the bondss@}—O with average A) are shorter than the corresponding bonds withdéntral
length of 1.426+ 0.003 A coordinated to the boron atom are€arboxylic group (the average length 1.58®.005 A); the

longer than the bonds §f)—O(H) (average length 1.312 bond length values are close to the initial valeésbond
0.003 A) (Table 4). lengths in the molecule of citric acid (1.503 A533 A); the

bonds C¢p®)—C(sp®) (the average length 1.5350.019 A) are
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somewhat shortened (1.540 A in [13]). The dispersidthe
individual bond length values amounts#®.014 A for C=O to their standard values: 1.214 A for -€2(sp’)(OH)=0;
bonds and tat 0.016 A for G-OH bonds in the terminal 1.308 A for C=C(sp?)(=0)—OH; 1.413 A for C¢p’)—OH
carboxylic groups; tor 0.025 A and+ 0.015 A for the With the alcohol groups; 1.502 A for §f)—C(sp%) in
corresponding bonds in central carboxylic groupy] & +

0.021A for the Cgp*)—C(sp®) bonds. The average values ofd

the G-O and G-C bond lengths in the citrate ligands are close

carboxylic acids; 1.530 A for §*)—C(sp®) (C* - the nearest
tom Cép®) conjugated with the corresponding bond [11]).

TABLE 2
ATOMIC COORDINATES AND DISPLACEMENT PARAMETER$IN A2 X 10°)

Atom X y z Ui Uz Uss Uiz Uiz Uszs Ueq

B 0.2075(5)|  0.2802(4) 0.7604(3)  27(2) 24(3 29(3 )7 9(2) 10(2) 26(1)
o(1) 0.1245(2)|  0.2363(2) 0.6361(2)  32(2) 23(2 27(2 1(1) 7(1) 5(1) 29(1)
0(2) 0.3169(2)|  0.2089(2) 0.8005(2)  26(1) 25(1 291 5(1) 10(1) 7(1) 27(1
0(3) 0.2734(2)]  0.4106(2) 0.7718(2)  30(1) 20(1 231 1(1) 6(1) 5(1) 26(1)
0(4) 0.0956(2)]  0.2584(2) 0.8243(2)  30(2) 30(2 38(1 7(1) 14(1) 13(1) 3101
0(5) 0.0936(3)]  0.3166(2) 0.4804(2)  47(2) 36(2 24(2 1(1) 1(1) 10(1) 39(1
0(6) 0.0695(3)|  0.1547(2) 0.9603(2)  38(2) 50(2 30(2 12(1) 19(1) 9(1) 411
0o(7) 0.0236(3)|  -0.0061(2) 0.6993(2)  44(2) 35(2 23( 2(1) -3(1) 11(1) 48(1
0(8) 0.1347(3)] -0.1627(2) 0.7050(2)  53(2) 30(2 250( -1(2) -3(2) 13(1) 49(1
0(9) 0.3677(3)|  0.3907(2) 1.0353(2)  41(2) 44(2 Ji1@  -12(2) 14(2) 17(2) 54(1)
0(10) 0.6107(3)]  0.3759(3) 1.0806(2)  30(2 35(2 259( -16(2) -1(1) 5(1) 48(1
o(11) 0.4610(3)]  0.3262(2) 0.6289(2)  44(2 3002 272( -3(2) 26(2) 11(1) 48(1
0(12) 0.6227(3))  0.5065(2) 0.6451(2)  27(2 44(2 279( 9(2) 21(2) 5(1) 50(1
0o(13) -0.1257(3)  0.4216(2) 0.6387(2)  28(2 44(2 (258 -15(2) 10(2) -1(1) 48(1
0(14) 0.0058(3)]  0.5447(3) 0.8047(2)  46(2 64(2 249( -16(2) 20(2) 3(2) 56(1
c(1) 0.1233(4)]  -0.0519(3) 0.7448(3)  33(2) 23(2 236( 5(2) 12(2) 7(2) 3101
c() 0.2508(4) 0.0083(3 0.8536(3 34(2) 27(2 30(2 2(2) 6(2) 6(2) 32(1)
Cc@d) 0.2808(4) 0.1485(3 0.8850(3 28(2) 24(2 23(2 2(2) 6(2) 4(2) 26(1)
C(4) 0.4178(4) 0.1932(3 0.9945(3 35(2) 28(2 30(2 0(2) 6(2) 7(2) 33(1)
C(5) 0.4602(4) 0.3298(3 1.0381(3 35(3) 32(3 28(2 -1(2) 9(2) 12(2) 32(1
C(6) 0.1371(4) 0.1875(3 0.8952(3 27(2) 24(2 29(2 -4(2) 8(2) 0(1) 29(1)
c(7) 0.4867(4) 0.4358(4 0.6380(3 29(3) 35(3 32(2 -1(2) 12(2) 8(2) 32(1
c(8) 0.3721(4) 0.5104(3 0.6391(3 27(2) 3002 3202 5(2) 9(2) 6(2) 30(1)
C(9) 0.2308(4) 0.4481(3 0.6659(3 22(2) 192 2302 0(2) 4(2) 5(2) 23(1)
C(10) 0.1299(4) 0.5397(3 0.6663(3 3002 23(2 234( 2(2) 9(2) 6(2) 30(1
c(11) -0.0094(4) 0.4950(3 0.7013(4 38(3 25(2 (332 -1(2) 11(2) 16(2) 35(1
c(12) 0.1422(4) 0.3271(3 0.5823(3) 23(2 25(2 332( -1(2) 8(2) 9(2) 27(1
N(1) 0.3659(4) 1.0597(3 0.6178(3)  49(3) 31(2 27(3 -1(2) 21(2) 15(2) 41(1
N(2) 0.7932(5) 0.7970(5 0.7821(4) 63(3) 63(3 50(3 17(3) 9(2) 28(3) 58(1
c) 0.2508(4) 1.0191(4 0.5214(3) 35(3) 47(3 31( 7(2) 11(2) 14(2) 411
c@3) 0.2375(4) 0.9081(3 0.4551(3) 33(2) 34(3 232( 1(2) 6(2) 4(2) 35(1
c@4) 0.3426(4) 0.8408(3 0.4907(3) 39(3) 31(2 37( -1(2) 13(2) 2(2) 37(1
(o)) 0.5744(4) 0.8181(3 0.6351(3) 41(3) 28(2 334( -3(2) 12(2) 5(2) 36(1
c(6" 0.6883(5) 0.8620(4 0.7369(3) 44(3) 45(3 336( 11(2) 16(2) 12(2) 411
c(7) 0.7000(5) 0.9808(4 0.7981(3) 42(3) 48(3 31( 3(2) 9(2) 3(2) 43(1
c(8) 0.5969(4) 1.0469(4 0.7597(3) 46(3) 36(3 B1( -9(2) 10(2) -1(2) 42(1
c(9) 0.4758(4) 0.9988(3 0.6587(3) 31(2) 26(2 235( 1(2) 16(2) 5(2) 30(1
C(10) 0.4647(4) 0.8833(3 0.5940(3) 33(2 24(2 (338 3(2) 14(2) 5(2) 32(1
o(1wW) -0.1757(4) 0.2520(3 0.9900(3) 60(2) 67(2 (31 -10(2) 25(2) 19(2) 67(1
o@wW) -0.2130(4) 0.4466(4 0.8755(3) 84(3) 100(3) 93 34(2) 59(2) 48(2 79(1
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TABLE 5

TABLE 3
HYDROGEN ATOMIC COORDINATES AND DISPLACEMENT PARAMETERS SELECTEDBOND ANGLES(Q) IN COMPLEX ANION OF CRYSTALI
(IN A% x10°) Angle o, deg Angle o, deg
Atom X y z Ueq 0O(1)BO(2) 110.8(3) | O(2)BO(3) 115.6(3
H(8) -0.047(6) 0.197(5) 0.364(4) 114 O(1)BO(3) 104.0(3) | O(2) BO(4) 105.1(3
H(10) 0.368(5) 0.540(4) 0.885(4 97 0(1)BO(4) 109.9(3) | O(3) BO(4) 111.5(3
H(12) 0.702(6) 0.464(5) 0.651(4 12 C(3)0(2)B 110.7(3) | O(4)C(6)C(3) 111.1(3
H(14) -0.079(7) 0.0504(5) 0.831(5 144 C(6)0(4)B 109.6(3) | O(6)C(6)C(3) 122.9(3)
H(4") 0.3326(4) 0.7602(3) 0.4427(3 5¢ C(9)0(3)B 111.3(2) | O(11)C(7)0(12) 123.3(4
H(5") 0.5693(4) 0.7377(3) 0.5890(3 54 C(12)0(1)B 110.6(3) | O(11)C(7)C(8) 125.5(4
H(7") 0.7860(5) 1.0159(4) 0.8706(3 64 O(7)C(1)O(8) 123.8(4) | O(12)C(7)C(8) 111.2(4
H(8") 0.6075(4) 1.1300(4) 0.8037(3 61 O(7)C(1)C(2) 124.6(3) | C(7)C(8)C(9) 115.3(3
H(1wA) -0.159(9) 0.297(8) 1.056(8) 26 O(8)C(1)C(2) 111.6(3) | O(3)C(9)C(8) 111.1(3
H(AwB) -0.091(8) 0.229(6) 0.983(5) 16 C(1)C(AC(3) 115.1(3) | O(3)C(9)C(10) 111.1(3
H(2wWA) -0.190(7) 0.378(7) 0.922(5) 16 O(2)C(3)C(2) 112.7(3) | O(3)C(9)C(12) 103.4(3
H(2wB) -0.264(7) 0.489(6) 0.906(5) 16 0O(2)C(3)C(4) 108.9(3) | C(8)C(9)C(10) 107.6(3
H(2A) 0.3481(4) -0.0119(3) 0.8483(3 44 O(2)C(3)C(6) 103.5(3) | C(8)C(9)C(12) 111.9(3
H(2B) 0.2250(4) -0.0281(3) 0.9158(3 4 C(2)C(3)C(4) 107.4(3) | C(10)C(9)C(12) 111.8(3
H(4A) 0.3923(4) 0.1503(3) 1.0536(3 44 C(2)C(3)C(6) 103.5(3) | C(9)C(10)C(11) 114.1(3
H(4B) 0.5095(4) 0.1691(3) 0.9814(3 4 C(4)C(3)C(6) 112.5(3) | O(13)C(11)O(14) [123.4(4
H(8A) 0.3374(4) 0.5328(3) 0.5636(3 44 C(3)C(4)C(5) 114.0(3) | O(13)C(11)C(10) [122.9(4
H(8B) 0.4251(4) 0.5886(3) 0.6959(3 44 0(9)C(5)0(10) 123.6(3) | O(14)C(11)C(10) [113.7(3
H(10A) 0.1944(4) 0.6185(3) 0.7187(3 48 O(9)C(5)C(4) 124.2(4) | O(1)C(12)0O(5) 124.7(3
H(10B) 0.0946(4) 0.5577(3) 0.5891(3 4 O(10)C(5)C(4) 112.2(3) | O(1)C(12)C(9) 110.4(3
H(N1) 0.363(4) 1.126(4) 0.656(3) 5 O(4)C(6)O(6) 125.0(3) | O(5)C(12)C(9) 124.9(3
H(N2A) 0.781(6) 0.722(5) 0.748(4) 1q
H(N2B) 0.854(5) 0.824(4) 0.859(4) 11 Two five-membered chelate rings have the mutuabior
HE2) 0.1743(4) 1.0686(4) 0.4971(3 6 atom in the spiran complex anion. The boron-coimagin
@) 0.1522@) 0.8768@) 0.3818(3 heterocycle_s C(9)_O(_3)BO(1)C(12) and C(3)0(2)BO(4)C(
are planar in the limits of(0.030(1) A) and# 0.011(1) A)
correspondingly. The O(5) atom of the carbonyl grds
TABLE 4 declined from the first plane by 0.096(1) A; itsatog O(6)
SELECTED BOND LENGTHS(D) IN COMPLEX ANION IN CRYSTAL OF | atom is coplanar+ 0.018(1) A) with the adjacent plane.
Bond d A Bond d A Dihedral angle value between of two planes of two
heterocyclic rings amounts to 87.8(2)°.
B-O(1) | 1.504(4) 0(1)-C(7) 1.199(4) The nitrogen atom N(1) of the heterocyclic ring 6a
B-0(2) 1.449(4) O(12)-C(7) 1.329(4) aminoquinoline molecule is protonated in acidic medhe
B-0(3) 1.452(4) O(13)-C(11) 1.213(4) lengths of bonds with the nitrogen atom of the tuetyclic
B-0(4) 1.496(4) o(14)y-c(11) 1.310(4) ring in the 6-aminoquinolinium cation as always felif
N(1)—C(2) 1.327(4) A; N(B-C(9") 1.370(5) A. The average
o)rca2) 1.314(4) - 1.5066) lengths of the corresponding bonds in the crystdldl-V
0(2-CE) 1.423(4) C-CE) 1534(4) amount to 1.324 0.010 A and 1.37& 0.004 A (Table 6).
O(3)-C(9) 1.429(3) C(3)-C(4) 1.535(4) The length of the bond NE(6") with the amino group
O(4)-C(6) 1.309(4) C(3)-C(6) 1.529(5) amounts tg %-33]4(?) At rEN(fQ'bﬁ(SéI 1-?7tg(4) iRjAV)Nands it
corresponds to the length of bonds of thar ,
o6rcu2) | 12194) | CA-CO) 1.504(8) type (2.394 A [11)). The N(@)C(4) bonaﬁlenéth (isr? )4-
0(6)-C(6) 1.224(4) CrCE) 1.49405) aminosubstituted cation (1.3260.03 A in average) indicating
O(7)-C(1) 1.199(4) C(8)-C(9) 1.516(4) that atom N(2) of the amino group must §€ hybridized
0(8)}-C(1) 1.326(4) C(9)-C(10) 1.537(4) (C(ar)—NH,, N(sp?) is 1.355 A [11]). Changes in the lengths
0(9)C) 1.206(4) C(9)-C(12) 1.531(4) of C—C bond_s with _substitute_d Carbon_ atoms in the slra_st
I, IV containing amino-substituted cations are lenghan in
00y ) 1.319(4) caoyca) 1.506(5) the structures Il, 11l containing hydroxy-substédt cations.

The general regularity (the bonds alternating inirgpa
C(3C(4"; C(5%C(6); C(7¥C(8") with average length of
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1.367(5) A (1); 1.364(8) A (11); 1.363(3) A (11)1.372(5) A The system of hydrogen bonds seems to be someesdst |
(IV); 1.378(4) A (V) are shorter than the other-C bonds is developed in the crystals of complex | than in talyBydrates
preserved in the monosubstituted quinolinium catian of 4- (V) and 8- aminoquinoli-
structures +V. The average length of all-«€C bonds in 6- nium (IV) bis(citrato)borates.
amonoquinolinium cation amounts to 1.385(5) A that Eight independent hydrogen bonds (Table 7) are ddrin
coincides with the mean statistical value 1.384 ok the which three hydroxyl groups from the four terminarboxylic
length of Céar)—C(ar) bonds [11]. groups of anion and amino group of cation act amdo

Ten non-hydrogen atoms of the cation lie in one@lan In structures (IV, V) the proton of nitrogen atorh the
the limits of+ 0.039 A; the nitrogen atom of the amino grougheterocyclic ring also participates in formation fofdrogen
N(2) is declined from the mutual plane of ten atolms bonds.
0.110(1) A.

TABLE 6

BOND LENGTHS AND THEIR ESTIMATED DEVIATIONS IN THEG-AMINO- (I), 7-HYDROXY- (Il), 8-HYDROXY- (lll), 8-AMINO- (V) AND 4-AMINOQUINOLINIUM (V)
CATIONS IN FIVE BICITRATO)BORATE HYDRATE STRUCTURES

Bond () ()} (i (Iv) V) Mean
N(1)-C(2") 1.327 1.315 1.324 1.322 1.334 1.324
N(1)-C(9") 1.370 1.371 1.368 1.372 1.375 1.371

N(2)—-C* 1.384 - - 1.370 1.326 1.360

HO—C* - 1.357 1.348 - - 1.353
C(2'C(3") 1.380 1371 1.387 1.398 1.360 1.379
C(3'C(4") 1.373 1.366 1.360 1.362 1.406 1.365
C(4'-C(10") 1.415 1.395 1.409 1.414 1.437 1.408
C(5'C(10") 1.403 1.419 1.416 1.413 1.407 1.412
C(5'C(6") 1.369 1.366 1.359 1.367 1.365 1.364
C(6"»-C(7") 1.428 1.398 1.403 1.396 1.389 1.396
C(7'C(8") 1.358 1.359 1.369 1.387 1.363 1.361
C(8)C(9) 1.398 1.394 1.409 1.427 1.402 1.398
C(9C(10Y) 1.417 1.411 1.411 1.417 1.401 1.411

C* - substituted atom; bond lengths-C* (in bold) are not used in mean bond length datoens

The spatial package of the crystals is lamellae Stucture The three-dimensional package of the structurattituents is
layers are parallel to the plane (011). In thecstmal layers realized in the crystals (V). The crystals of 10Q° C) and V
(Fig. 2) the complex anions are stacked so asaihg &xis of (85° C) occur to be the thermally most stable ortés,
them is perpendicular to the plane of the layer. stability of IV (45° C) is considerably below.

The double chain of complex anions passes along the
parameter a in the layer. In this anion chain four
crystallization molecules are located among the fnions.

TABLE 7
GEOMETRY OF HYDROGEN BONDS IN THE STRUCTURE dF

The complex anions are connected in the chaintiirby the | - A-H...B bond Distances, A
hydrogen bondl, but the bond#l-8 connect them via the | A-H H...B A..B
molecules of crystallization water. 6-Aminoquinalim 1. | 0(12)H12)...0(13) 096 | 1.81 2.731 (3)
cations are situated between the two complex aclh@mns in 2 | NOLR(NZA). O(L2 os7 | 252 3345 3)
the layer. The amino groups of the each catfmir are | N@FHIN2A)...Of __) : i '
directed to the opposite sides to the two no tidah | 3- | N(2-H(N2B)..O(6) 095 | 2.15 3.069 (3)
structural layers and form the hydrogen bo2d3 with anions | 4. | o(@w)-H(1wA)...O(10)ii 0.87 | 257 3.047 (3)
Iof these Iayert's Ias well as realize the connectiowadentical | 5 | o(1w)-H(1wa)...014) 087 | 226 3.029 (3)
ayers in crystals.

The formation of lamellar structures is charactirisf the | > | C@W)HAWB)..O6) 091 | 193 2830 3)
crystal structures of bis(citrato)borates with meutostituted | 7- | O(2w)}-H(2wA)...O(1w) 105 | 177 2.816 (3)
quinolinium cations (II-V). The chains (lll, V) otthe | 8. | O(2w)-H(wB)...0(9)" 0.87 | 2.01 2.868 (3)

interlayer of cations and complex anions (II) octurbe the
initial elements in the layer. The interlayer cattaan be
realized on the level of van der Waals interactigihy or
strengthened by the action of separate hydrogeds$@h V).
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Fig. 2.Structural layer parallel to (011) plane. A solitklindicates unit cell; hydrogen bonds by daskress| numbering is according to Table 7

IV. CONCLUSIONS

In result of the performed X-ray diffraction stuslief the
complex | and structures I1I-V investigated earliand
containing monosubstituted quinolinium cations, tedinite
changes were established to occur in the geométrgtmns,

in the chemical composition of compounds (number

crystallization water molecules is from 1/2 to 4)dain the
spatial package of crystal structures depending toa

properties and position (4-, 6-, 7-, 8-) of the ftithents (HO-

and HN- groups) in monosubstituted quinolinium cations.
The structure is deposited with CCDC 738386.
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Ir éna Zviedre, Anatolijs MiSpovs. 6-Aminohinoinija dicitr atoborata dihidr ata sintéze un kristaliska struktiira

SinteZts 6-aminohinahija dicitratoboiata dihidiats [(6-NH,)CgHeNH][(CeHeO-)2B]-2H,0 (1), izaudzti ta monokriséli un ar monokristiu
rentgenstrukiranaizes metodi noteikta savienojuma pilna ktiska strukfira. Kompleksa | krigisko struktiru veido vienddinpu spianu
uzhives kompleksie diciitoboiatanjoni, 6-aminohinahija katjoni un divas kristalizijasidens molekulas.

Komplekso dicititoboratanjonu veido divas citronskes molekulas, kas bidatitkoordirétas pie bora atoma ar cealis karboksilgrupas un
o-hidroksilgrupas sibelda atomiem. Kompleks anjona cenfifais - bora atoms novietots uz pseidosimetrijas @ss6-Aminohinoina
molekuk protorets heterocikliskais speka atoms. Aminohin@hija katjona nadegpraza atomi (igemot aminogrupas #ekia atomu) ir
plarari robezs+ 0.039(3) A.

Kristalos veidotas astms G-H...O, N—H...O tipuadeyraZza saites. Krigliska struktira | iz\eértéta saidzinajuma ar ieprieks noteilem 7-, 8-
oksi- un 8-, 4-aminohinaiija dicitratoboiatu hidratu kris@liskajam struktiram.

Rentgenodifisko petjjumu rezulita noteikta aizvietdju pozicijas unipadbu ietekme uz vienaizvietoto hinoija katjonu veidotam
dicitratobomtu hidratu kristiliskajam struktiram unipadbam.

Co1 Has NoOygB, trikling singonija: P-1 (No. 2)a = 9,346(2) A;b = 11,326(3) A;c = 12,646(3) A;a = 97,46(2)°,8 = 106,59(2)%y =
101,66(2)°%; V = 1231,1(5) AZ = 2, preoer = 1,544 g/Cr persp= 1,529 g/cny R= 0,0449R,, = 0,0795.T = 293 K.

Hpena 3Buenpe, Anaroiauii MumHes. CHHTe3 M KPUCTAINYECKasl CTPYKTYPa JUTHAPATA JHIUTPATOO0paTa 6-aMUHOXHHOJTHHHS
BrepBeie CHHTE3MpOBaH AWrHApar auiuTparobopata 6G-amuHoxuHoiuHUs cocraBa [(6-NH,CgHegNH)(CsHsO-)oB]-2H,0O (I). Tlomyuersr
MOHOKPHCTAJUIBI M TIPOBEJCH IIOJHBIA PEHTTCHOCTPYKTYPHBIH aHanu3. CTPYKTYpHBIMH CAMHULAMH KpucTajuia | SBISIFOTCS KpYIHbBIC
KOMIIIEKCHBIC TULIUTPATO00paT-aHHOHBI CHIMPAHOBOI'O CTPOCHMS, KATHOHBI 6-aMHUHOXHHOJIMHUS U IBE MOJICKYJIbI KPHCTAIUTU3ALMOHHON BO/IBL.
JuuutpaTobopar-aHMOH 00pa3oBaH MyTeM OHMICHTATHOH KOOpAMHALMKM aTOMOM 0Oopa IBYX MOJICKYJ JIMMOHHOW KHCJOTBI 4Yepe3 aTOMbI
KUCJIOpOJia LCHTPAIbHOW KapOOKCHIBHOW M O-THIAPOKCHIIBHOM Tpymmn. KoMIUIeKCHBI aHHMOH MMeeT mceBnoock cummerpun Cp, KOTOpas
POXOJUT Yepe3 aToM Oopa. B Mosiekye 6-aMHHOXHHOJIMHA IPOTOHUPOBAH aTOM a30Ta reTepolrkiia. HeBoJopo/HbIe aTOMBI KATHOHA (KpoMe
aTOMa a30Ta AMHHOTPYTINIbI) KOIUIaHapHE! B mpenenax = 0.039(3) A.

B kpucramiax 0o6pa3oBaHbl BOCEMb HE3aBHCUMBIX BOJOPOAHBIX cBsiseil TumoB O—H...O, N—H...O. [IpoBourcst comocTraBieHue CTpyKTypHI |
€ KPUCTAJUIMYECKUMH CTPYKTYPaMH I'HAPATOB AULUTPAToO0paToB 7-, 8-0kcu- u 8-, 4-AMUHOXMHOJIMHHUS.

B pesyibraTe NpOBEACHHBIX PEHTICHOCTPYKTYPHBIX HMCCICAOBAHMIT BBIABICHO BIIMSHHME MOJIOKCHUS M CBOWCTB 3aMecTHTeleil B KaTHOHAX
0JJHO3aMEIIEHHOTO XUHOJINHHUS Ha KPUCTAUNIMYECKUE CTPYKTYPHI U CBOICTBA I'MAPATOB AULUTPATOOOPATOB.

Cy1 Has N,OyB, tpuximnnas cunronus: P-1 (No. 2),a = 9,346(2) Ab = 11,326(3) Ac = 12,646(3) Ao = 97,46(2)° = 106,59(2)°y =
101,66(2)%; V = 1231,1(5) AZ = 2, pyue. = 1,544 glcm poeen = 1,529 glery R= 0,0449R,, = 0,0795T = 293 K.
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