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In the title compound, [Cu(C,H,ClO,),(CsH,NO),(CH,0)],
the Cu® ion has a highly distorted square-bipyramidal
(4 + 1 + 1) coordination environment and is bonded to three
carboxylate O atoms of two chloroacetate anions (mono-
dentate and asymmetrically bidentate), two pyridine N atoms
of 2-methylfuro[3,2-c]pyridine and one methanol O atom.
There is an intramolecular O—H- - -O hydrogen bond. Inter-
molecular C—H- - -O hydrogen bonds result in the formation
of a three-dimensional network and —m stacking interactions
[3.44-3.83 A] are observed between symmetry-related rings of
2-methylfuro[3,2-c]pyridine. Further interactions in the crystal
structure are a short Cl. - -Cl interaction [3.384 (2)A] and C—
H- -7 interactions between 2-methylfuro[3,2-c]-
pyridine rings.

Related literature

For general background, see: Desiraju (1995); Janiak (2000);
Suezawa et al. (2002). For related literature, see: Baran et al.
(2005); Eloy & Deryckere (1971); Ivanikova et al. (2006);
Miklos et al. (2005); MikloviC et al. (2004); New et al. (1989);
Segia er al. (2005); Titi§ et al. (2007); Vrabel et al. (2007a,b).
For similar structures, see: Borel et al. (1978); Moncol et al.
(2007); Wang et al. (2005).
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Experimental
Crystal data
[Cu(C,H,Cl0,),»(CsH,NO),- B=97917 3)°
(CH,0)] V = 4600.9 (15) A®
M, = 548.86 Z=8
Monoclinic, C2/c Mo Ko radiation
a=19.860 (3) A w=123mm™"
b=15576 (3) A T=173(2) K

c=15017 (3) A

Data collection

Nonius KappaCCD area-detector
diffractometer

Absorption correction: multi-scan
(SORTAV; Blessing, 1995)
Tmin = 0.776, Tinax = 0.891
(expected range = 0.716-0.822)

Refinement

R[F? > 20(F%)] = 0.043
wR(F?) = 0.103
§=1.02

4021 reflections

0.26 x 0.20 x 0.16 mm

16690 measured reflections
4021 independent reflections
3093 reflections with 7 > 20(1)
Riy = 0.076

300 parameters

H-atom parameters constrained
APmax = 1.08 ¢ A3

Appin = —0.53 ¢ A3

Table 1 .

Selected bond lengths (A).

Cul—08 1.956 (2) Cul—N11 2.046 (3)
Cul—04 1.964 (2) Cul—01 2311 (2)
Cul—N21 2.031 (3) Cul—05 2.833 (2)
Table 2 .

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H.--A
O1—H10---09 0.84 1.86 2.664 (3) 159
C12—H12.--04 0.95 2.44 2.944 (4) 113
C20—H20. --08 0.95 2.40 2915 (4) 114
C22—H22.--08 0.95 241 2.886 (4) 111
C30—H30- - -04 0.95 2.53 3.000 (4) 111
C6—H6A. - -05' 0.99 2.60 3.510 (4) 154
Cl6—HI16C---O1" 0.98 2.63 3.413 (4) 137
Cl14—H14- - -09" 0.95 2.55 3.450 (4) 159
C20—H20. - -05' 0.95 2.57 3.221 (4) 126
C29—H29- - -05" 0.95 2.69 3.451 (4) 138
C19—H19. - -05' 0.95 2.65 3.235 (4) 120
C16—HI6A- - -09" 0.98 2.65 3.610 (4) 167
C24—H24- --09" 0.95 2.67 3.408 (4) 135
C1—HI1B.--C14" 0.98 2.87 3.834 (4) 168
Symmetry codes: (i) —x+3,—y+3 —z+1; (i) —x+dy—L—-z+% (i)

—x+ Ly, —z+L@v)x, —y+Lz+L ) —x+3y+L —z+L(vi)x, —y+1,z-4
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Data collection: COLLECT (Nonius, 1998); cell refinement:
SCALEPACK (Otwinowski & Minor, 1997); data reduction:
DENZO (Otwinowski & Minor, 1997) and SCALEPACK;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); soft-
ware used to prepare material for publication: enCIFer (Allen et al.,
2004).

We thank Professor R. Sillanpdd for measuring the
diffraction data and the Scientific Grant Agency of the
Ministry of Education of the Slovak Republic and the Slovak
Academy of Sciences (1/4454/07 and 1/0353/08) for financial
support.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: OM2220).
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Bis(chloroacetato)-lc2 0,0';k0-methanol-kO-bis(2-methylfuro[3,2-c|pyridine-«/N)copper(II)

D. Miklos, J. Miklovic, V. Mrazova, J. Moncol and P. Segla

Comment

Furopyridines are components of many biologically active compounds, for example the furo[3,2-c]pyridine ring system has
potential antipsychotic activity (New et al., 1989). The furo[3,2-c]pyridine and its derivatives can be readily coordinated to
metal centers through the pyridine N-donor atom (Baran et al., 2005; Ivanikova et al., 2006; Miklo$ et al. (2005); Miklovi¢
et al., 2004; Segla et al. (2005); Titis et al., 2007; Vrabel et al., 2007a,b). As part of our efforts to investigate metal(Il)

complexes based on furo[3,2-c]pyridine derivatives, we describe the X-ray characterization of the title compound.

In the title compound, the cu' atom is six-coordinated by two carboxylate O atoms of the asymmetrically chelating
bidentate chloroacetate anion [Cul-04 = 1.964 (2) and Cu-O5 = 2.833 (2) A], one carboxylate O atom of the monodentate
chloroacetate anion [Cul-O8 = 1.956 (2) A], two N atoms of pyridine rings of 2-methylfuro[3,2-c]pyridine [Cul-N11
=2.046 (3) and Cul-N21 = 2.031 (3) A] and one O atom of methanol molecule [Cul-O1 = 2.311 (2) A], resulting in
highly distorted square-bipyramidal geometry (Fig. 1). The intramolecular O—H---O hydrogen bond forms a six-membered
metallocycle (Fig. 1).

The bond lengths and angles may be compared with the corresponding values in similar complexes, with axial
water molecule [aquabis(benzoato)bis(y-picoline)copper(I1l) (II) (refcode: BZGPCU10, Borel et al., 1978); aquabis(3-
pyridylacrylato)bis(3-pyridylmethanol)copper(Il) (IIT), (refcode: XEYTAX, Moncol et al., 2007); aquabis(acetato)bis(2-(3-
pyridyl)-5-(4-pyridyl)-1,3,4-oxadiazole)copper(Il) (IV), (refcode: QAQNOM, Wang et al., 2005)]. In the molecular struc-
ture of all three complexes (II-IV), there is highly distorted square-bipyramidal (4 + 1 + 1) coordination environment, the

longer Cu—O bond distances for asymmetrically chelating bidentate carboxylate anions are in the range of 2.61-2.78 A.

The hydrogen-bond parameters of the title compound are listed in Table 2. The molecules of the title compound are

linked through weak C—H---O hydrogen-bonding interactions (Figures 2 and 3), where acceptor atoms of hydrogen-bonds

are carboxylate O atoms (O5 and O9). As can be seen in Figure 2, there are observed also short c2-Cv [symmetry
code: (vi) -x + 2, y, -z + 1/2] contacts (Desiraju, 1995) of 3.384 (2)A between the molecules of the title compound. The
additional interactions are the 7-7 stacking interactions (Janiak, 2000), between the two adjacent furo[3,2-c]pyridine rings,
[N21/C22—C25/027/C28—C30] (ny) and [N11/C12—C15/017/C18—C20] (mp). Four 2-methylfuro[3,2-c]|pyridine rings

are stacked in the order my-my - wy-1, - ma-1p, (Figure 2). The distances between na-naiii and na-nbVii [symmetry codes: (iii) -x
+1,y,-z+1/2, (vii) -x + 3/2, y + 1/2, -z + 1/2] 2-methylfuro[3,2-c]pyridine rings are in ranges 3.44-3.66 A and 3.45-3.83 A,
respectively. The CH/m interaction (Suezawa et al., 2002) is also observed between methyl H atom of the methanol ligand
and furan ring of 2-methylfuro[3,2-c]pyridine [Cl—HlB"-nbViii
distances Dy (interatomic distance H1B/C14) and Dy (H/m-plane distance) (Suezawa ef al., 2002) are 2.77 and 2.85 A,

respectively.

, symmetry code: (viii) x, -y + 1, z - 1/2] (Figure 3). The
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Experimental
The organic compounds 2-methylfuro[3,2-c]pyridine (Mefpy) has been prepared using procedure described in Eloy &
Deryckere (1971). Complex Cu(C,H»>Cl03),.2H50 (0.002 mol, 0.57 g) was dissolved in 30 cm’ of methanol and treated

with a methanolic solution of Mefpy (0.004 mol, 0.53 g, 10 cm® me thanol) in a molar ratio of 1:2. The mixture was stirred and
left to stand at room temperature giving a crystalline compound of [Cu(CyH»>Cl0O5)2(CgH7NO),(CH40)]. The Anal. Calc.:

C,45.95; H, 4.04; N, 5.10; Cu, 11.58; Found: C, 45.57; H, 3.87; N, 5.00; Cu, 11.45. IR (KBr) em’L: 1640vs,br v,(COO);
1371vs vg(COO"); 1605m v(C?N)Mefpy; 654m 3(pY)Mefpys 428m x(PY)Mefpys 1041m v(C-O)methanol- UV-VIS: 645 nm.

Refinement

All H atoms of C—H (aromatic, methyl and methylene) and hydroxyl O—H bonds were placed in calculated positions (0.95,
0.98, 0.99 and 0.84 A, respectively); isotropic displacement parameters were fixed (Uiso(H) = xUjso(C/O) (x = 1.2 for

aromatic and methylene; and 1.5 for methyl and hydroxyl) of C or O atoms to which they were attached) using a riding model.

Figures

Fig. 1. Perspective view of the title compound, with the atom numbering scheme and thermal
ellipsoids drawn at the 30% probability level.

Fig. 2. The crystal packing of the title compound with C—H---O hydrogen bonds, CI---CI con-
tacts and n-w stacking interactions. Symmetry codes: (ii) -x + 3/2, y - 1/2, -z + 1/2; (iii) -x + 1,
Vv,z+ 1/2;(v)-x+3/2,y+1/2,-z+ 1/2; (vi) x + 2, y, -z + 1/2].

Fig. 3. The C-H:--O hydrogen bonds and CH/r interactions in crystal structure of the title
compound. Symmetry codes: (i) -x +3/2, -y +3/2, z+ 1; (v) x + 3/2, y + 1/2, -z + 1/2].

Bis(chloroacetato)-KZO,O';KO-methanol-KO-bis(Z- methylfuro[3,2-clpyridine-kN)copper(ll)

Crystal data
[Cu(CoH,Cl0,)2(CsHANO)(CH40)] Fooo = 2248
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M, =548.86

Monoclinic, C2/c
Hall symbol: -C2yc
a=19.860 (3) A
b=15.576 (3) A
c=150173)A
B=97.917 (3)°
V'=4600.9 (15) A3
Z=8

Data collection

Nonius KappaCCD area-detector
diffractometer

Radiation source: Enraf~Nonius FR590

Monochromator: graphite

Detector resolution: 9 pixels mm’'
T=17312)K
® and ¢ scans

Absorption correction: multi-scan
(SORTAV; Blessing, 1995)

Tinin = 0.776, Thax = 0.891

16690 measured reflections

Refinement

Refinement on F*
Least-squares matrix: full
R[F? > 26(F%)] = 0.043
WR(F%) =0.103

§=1.02
4021 reflections

300 parameters

Primary atom site location: structure-invariant direct

methods

Special details

Dy=1.585Mgm >

Mo Ko radiation
A=0.71073 A

Cell parameters from 4021 reflections
0=23-25.0°

p=123 mm !

T=173(2)K

Block, green

0.26 x 0.20 x 0.16 mm

4021 independent reflections
3093 reflections with /> 2o(/)
Rint=0.076

Omax = 25.0°

Omin = 2.3°

h=-21-23

k=-16—18

[=-16—17

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[c2(Fy?) + (0.0452P)” + 8.8488P]

where P = (F,> + 2F2)/3

(A/6)max = 0.001

Apmax = 1.08 ¢ A3

Apmin=-0.53 e A3

Extinction correction: none

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations

between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of

cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F?. The threshold expression of > G(Fz) is used only for calculating R-
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factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large

as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
Cul 0.68144 (2) 0.73110 (3) 0.32031 (2) 0.02193 (13)
cll 0.47011 (5) 0.61664 (6) 0.48363 (6) 0.0391 (2)
CI2 0.91758 (6) 0.91134 (8) 0.26724 (8) 0.0570 (3)
01 0.70672 (12) 0.67987 (16) 0.18435 (15) 0.0311 (6)
H10 0.7475 0.6953 0.1961 0.042*
04 0.60027 (12) 0.65827 (15) 0.31521 (14) 0.0245 (5)
05 0.58725 (13) 0.72145 (16) 0.44549 (15) 0.0329 (6)
08 0.75801 (11) 0.81089 (15) 0.34186 (15) 0.0255 (5)
09 0.82188 (13) 0.76344 (17) 0.24003 (16) 0.0346 (6)
017 0.85280 (12) 0.44366 (15) 0.51707 (14) 0.0260 (5)
027 0.51950 (12) 1.02340 (16) 0.12018 (15) 0.0308 (6)
N1l 0.73795 (14) 0.63899 (18) 0.39349 (17) 0.0239 (6)
N21 0.62599 (14) 0.82756 (18) 0.25534 (17) 0.0234 (6)
Cl 0.7054 (2) 0.5932 (3) 0.1550 (3) 0.0401 (10)
HI1A 0.7410 0.5605 0.1921 0.060*
H1B 0.7131 0.5908 0.0920 0.060*
H1C 0.6609 0.5684 0.1609 0.060*
2 0.51644 (18) 0.6003 (2) 0.3912 (2) 0.0281 (8)
H2A 0.5376 0.5426 0.3965 0.034*
H2B 0.4844 0.6017 0.3346 0.034*
C3 0.57154 (17) 0.6670 (2) 0.3861 (2) 0.0241 (7)
C6 0.86409 (19) 0.8740 (2) 0.3437 (2) 0.0336 (9)
H6A 0.8924 0.8462 0.3951 0.040*
Hé6B 0.8411 0.9237 0.3674 0.040*
c7 0.81103 (17) 0.8109 (2) 0.3028 (2) 0.0261 (8)
C12 0.72171 (17) 0.5554 (2) 0.3792 (2) 0.0249 (7)
H12 0.6819 0.5407 0.3395 0.030*
C13 0.76207 (17) 0.4910 (2) 0.4212 (2) 0.0232 (7)
Cl4 0.76156 (18) 0.3984 (2) 0.4209 (2) 0.0275 (8)
H14 0.7293 0.3623 0.3866 0.033*
C15 0.81551 (18) 0.3731 (2) 0.4786 (2) 0.0266 (8)
C16 0.84283 (19) 0.2884 (2) 0.5111 (2) 0.0315 (8)
H16A 0.8411 0.2836 0.5759 0.047*
H16B 0.8900 0.2830 0.4996 0.047*
H16C 0.8154 0.2426 0.4794 0.047*
C18 0.81968 (17) 0.5148 (2) 0.4800 (2) 0.0244 (7)
C19 0.83756 (17) 0.5989 (2) 0.4963 (2) 0.0243 (7)
H19 0.8771 0.6147 0.5360 0.029*
C20 0.79452 (17) 0.6590 (2) 0.4514 (2) 0.0238 (7)
H20 0.8051 0.7180 0.4617 0.029*
C22 0.63954 (17) 0.9106 (2) 0.2739 (2) 0.0246 (7)
H22 0.6757 0.9250 0.3197 0.030*
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23 0.60218 (17) 0.9759 (2) 0.2279 (2) 0.0226 (7)
24 0.60092 (18) 1.0681 (2) 0.2304 (2) 0.0263 (8)
H24 0.6297 1.1042 0.2701 0.032*
25 0.55152 (18) 1.0935 (2) 0.1662 (2) 0.0275 (8)
26 0.5241 (2) 1.1790 (3) 0.1366 (3) 0.0374 (9)
H26A 0.5440 1.2229 0.1791 0.056*
H26B 0.4746 1.1790 0.1347 0.056*
H26C 0.5356 1.1917 0.0766 0.056*
C28 0.55083 (18) 0.9522 (2) 0.1590 (2) 0.0266 (8)
29 0.53615 (18) 0.8676 (2) 0.1379 (2) 0.0301 (8)
H29 0.5011 0.8515 0.0913 0.036*
C30 0.57544 (18) 0.8075 (2) 0.1887 (2) 0.0282 (8)
H30 0.5665 0.7485 0.1761 0.034*

Atomic displacement parameters (142 )

Ull U22 U33 U12 U13 U23

Cul 0.0215 (2) 0.0189 (2) 0.0251 (2) ~0.00278 (18)  0.00206 (15) 0.00040 (16)
cll 0.0352 (5) 0.0397 (6) 0.0453 (6) ~0.0002 (4) 0.0153 (4) 0.0061 (4)
cR2 0.0403 (6) 0.0577 (8) 0.0748 (8) ~0.0195 (6) 0.0142 (5) 0.0131 (6)
ol 0.0346 (15) 0.0283 (15) 0.0303 (13) ~0.0045 (12) 0.0037 (10) ~0.0056 (10)
04 0.0244 (13) 0.0213 (13) 0.0276 (13) ~0.0045 (10) 0.0031 (9) ~0.0003 (9)
05 0.0376 (15) 0.0274 (15) 0.0333 (14) ~0.0084 (12) 0.0033 (11) ~0.0046 (11)
08 0.0220 (13) 0.0193 (13) 0.0346 (13) ~0.0003 (10) 0.0023 (10) 0.0006 (10)
09 0.0335 (15) 0.0354 (15) 0.0353 (14) ~0.0043 (12) 0.0065 (11) ~0.0019 (11)
017 0.0273 (13) 0.0228 (13) 0.0265 (12) ~0.0005 (11) ~0.0017 (9) 0.0015 (10)
027 0.0319 (14) 0.0308 (15) 0.0277 (13) 0.0050 (12) ~0.0028 (10) 0.0045 (10)
N11 0.0246 (16) 0.0272 (17) 0.0199 (14) ~0.0026 (13) 0.0030 (11) ~0.0017 (11)
N21 0.0215 (15) 0.0263 (17) 0.0224 (14) ~0.0026 (12) 0.0036 (11) 0.0001 (11)
Cl 0.051 (3) 0.030 (2) 0.040 (2) ~0.0026 (19) 0.0080 (18) ~0.0042 (17)
2 0.028 (2) 0.0220 (19) 0.0347 (19) ~0.0048 (16) 0.0075 (15) ~0.0013 (14)
c3 0.0235 (19) 0.0196 (19) 0.0277 (19) 0.0012 (14) ~0.0017 (14) 0.0036 (14)
C6 0.026 (2) 0.029 (2) 0.046 (2) ~0.0072 (16) 0.0048 (16) 0.0026 (16)
C7 0.0230 (19) 0.0218 (19) 0.032 (2) 0.0004 (15) ~0.0009 (15) 0.0089 (15)
c12 0.0256 (19) 0.024 (2) 0.0245 (17) ~0.0046 (15) 0.0002 (13) ~0.0020 (14)
C13 0.0274 (19) 0.0249 (19) 0.0171 (16) ~0.0026 (15) 0.0020 (13) ~0.0008 (13)
Cl4 0.031 (2) 0.026 (2) 0.0242 (18) ~0.0025 (16) ~0.0014 (14) ~0.0038 (14)
Cls 0.035 (2) 0.0222 (19) 0.0237 (18) 0.0001 (16) 0.0072 (14) ~0.0005 (13)
C16 0.034 (2) 0.027 (2) 0.034 (2) 0.0018 (16) 0.0025 (15) 0.0015 (15)
C18 0.0265 (19) 0.027 (2) 0.0197 (17) 0.0022 (16) 0.0033 (13) 0.0028 (13)
C19 0.0238 (19) 0.025 (2) 0.0236 (17) ~0.0045 (15) 0.0007 (13) ~0.0014 (13)
C20 0.0247 (19) 0.0228 (19) 0.0239 (17) ~0.0055 (15) 0.0030 (13) ~0.0022 (13)
22 0.0252 (19) 0.025 (2) 0.0235 (17) ~0.0052 (15) 0.0030 (13) ~0.0008 (13)
23 0.0227 (18) 0.0249 (19) 0.0196 (17) ~0.0006 (15) 0.0012 (12) 0.0015 (13)
24 0.0263 (19) 0.024 (2) 0.0282 (18) ~0.0022 (15) 0.0024 (14) 0.0000 (14)
25 0.026 (2) 0.027 (2) 0.0302 (19) ~0.0004 (16) 0.0081 (15) 0.0017 (14)
26 0.038 (2) 0.035 (2) 0.038 (2) 0.0091 (19) 0.0036 (17) 0.0105 (16)
C28 0.0270 (19) 0.031 (2) 0.0220 (18) 0.0021 (16) 0.0052 (14) 0.0024 (14)
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29 0.026 (2) 0.034 (2) 0.0280 (19) ~0.0029 (16) ~0.0042 (14) ~0.0020 (15)
C30 0.028 (2) 0.027 (2) 0.0298 (19) ~0.0072 (16) 0.0023 (14) ~0.0049 (15)

Geometric parameters (4, °)

Cul—08 1.956 (2) Cl4—Cl5 1.341 (5)
Cul—04 1.964 (2) Cl4—H14 0.9500
Cul—N21 2.031 (3) C15—017 1.404 (4)
Cul—NI11 2.046 (3) C15—Cl16 1.484 (5)
Cul—Ol 2311 (2) C16—HI16A 0.9800
Cul—05 2.833(2) Cl6—H16B 0.9800
cll—C2 1.786 (3) C16—H16C 0.9800
C2—C6 1.767 (4) 017—C18 1.367 (4)
Cl—CDi 3384 (2) C18—C19 1.371 (5)
01—Cl 1.419 (4) C19—C20 1.380 (5)
01—HIO 0.84 C19—H19 0.9500
Cl—HIA 0.9800 C20—H20 0.9500
Cl1—HIB 0.9800 N21—C22 1.343 (4)
Cl—HIC 0.9800 N21—C30 1.353 (4)
04—C3 1.282 (4) C22—C23 1.385 (5)
05—C3 1.239 (4) C22—H22 0.9500
C2—C3 1.519 (5) C23—C28 1.399 (5)
C2—H2A 0.9900 C23—C24 1.438 (5)
C2—H2B 0.9900 C24—C25 1.337 (5)
08—C7 1.273 (4) C24—H24 0.9500
09—C7 1.240 (4) C25—027 1.398 (4)
Cc6—C7 1.509 (5) C25—C26 1.483 (5)
C6—H6A 0.9900 C26—H26A 0.9800
C6—H6B 0.9900 C26—H26B 0.9800
N11—C12 1.351 (4) C26—H26C 0.9800
N11—C20 1.359 (4) 027—C28 1.362 (4)
Cl12—C13 1.382 (5) C28—C29 1.378 (5)
Cl2—HI12 0.9500 C29—C30 1.379 (5)
C13—CI8 1.396 (5) C29—H29 0.9500
C13—Cl4 1.442 (5) C30—H30 0.9500
08—Cul—04 171.36 (9) C15—Cl14—C13 106.7 (3)
08—Cul—N21 88.12 (10) C15—Cl4—H14 126.7
04—Cul—N21 91.19 (10) C13—Cl4—H14 126.7
08—Cul—N11 90.01 (10) C14—C15—017 111.4 (3)
04—Cul—N11 90.14 (10) C14—C15—C16 134.2 (3)
N21—Cul—N11 176.10 (10) 017—C15—C16 1143 3)
08—Cul—Ol 96.14 (9) C15—Cl16—HI6A 109.5
04—Cul—Ol 92.47 (9) C15—Cl16—H16B 109.5
N21—Cul—Ol 90.02 (10) H16A—C16—H16B 109.5
N11—Cul—O1 93.59 (10) C15—C16—H16C 109.5
08—Cul—O05 119.56 (8) H16A—C16—H16C 109.5
04—Cul—O05 51.81 (8) H16B—C16—H16C 109.5
N21—Cul—05 89.66 (9) C18—017—Cl5 105.6 (3)
N11—Cul—O05 88.28 (9) 017—C18—C19 127.1 (3)

sup-6



supplementary materials

01—Cul—05
C1—01—Cul
C1—O01—HI10
Cul—O1—HI10
Ol—CI—HIA
0l1—CI1—HIB
HIA—CI—HIB
01—CI—HIC
HIA—C1—HIC
HIB—C1—HIC
C3—04—Cul
C3—05—Cul
C3—C2—Cll
C3—C2—H2A
Cll—C2—H2A
C3—C2—H2B
Cll—C2—H2B
H2A—C2—H2B
05—C3—04
05—C3—C2
04—C3—C2
C7—08—Cul
C7—C6—CI2
C7—C6—H6A
Cl2—C6—H6A
C7—C6—H6B
Cl2—C6—H6B
H6A—C6—H6B
09—C7—08
09—C7—C6
08—C7—C6
C12—N11—C20
C12—NI11—Cul
C20—N11—Cul
N11—CI2—CI3
N11—CI2—HI2
C13—Cl12—H12
Cl12—C13—CI8
C12—C13—Cl4
C18—C13—Cl4
08—Cul—01—Cl
04—Cul—01—C1
N21—Cul—O01—Cl
N11—Cul—01—Cl
05—Cul—01—Cl
N21—Cul—04—C3
N11—Cul—04—C3
01—Cul—04—C3
05—Cul—04—C3

144.26 (8)
127.3 (2)
108.3
92.0
109.8
109.7
109.5
109.0
109.5
109.5
111.3 (2)
71.48 (19)
1132 (2)
108.9
108.9
108.9
108.9
107.8
125.0 (3)
122.9 (3)
112.1 (3)
126.7 (2)
113.5 (3)
108.8
108.8
109.0
108.9
107.7
126.2 (3)
120.9 (3)
112.8 (3)
118.8 (3)
119.3 (2)
121.8 (2)
121.1 3)
119.5
119.5
118.0 (3)
136.2 (3)
105.8 (3)

136.2 (3)
—44.5 (3)
~135.7(3)
45.8 (3)
-46.2 (3)
-92.4(2)
83.9 (2)
177.5 (2)
-3.75 (19)

017—C18—C13
C19—C18—C13
C18—C19—C20
C18—C19—H19
C20—C19—H19
N11—C20—C19
N11—C20—H20
C19—C20—H20
C22—N21—C30
C22—N21—Cul
C30—N21—Cul
N21—C22—C23
N21—C22—H22
C23—C22—H22
C22—C23—C28
C22—C23—C24
C28—C23—C24
C25—C24—C23
C25—C24—H24
C23—C24—H24
C24—C25—027
C24—C25—C26
027—C25—C26
C25—C26—H26A
C25—C26—H26B
H26A—C26—H26B
C25—C26—H26C
H26A—C26—H26C
H26B—C26—H26C
C28—027—C25
027—C28—C29
027—C28—C23
C29—C28—C23
C28—C29—C30
C28—C29—H29
C30—C29—H29
N21—C30—C29
N21—C30—H30
C29—C30—H30

C13—C14—C15—C16
C14—C15—017—C18
C16—C15—017—C18
C15—017—C18—C19
C15—017—C18—CI13
C12—C13—C18—017
C14—C13—C18—017
C12—C13—C18—C19
C14—C13—C18—C19

110.4 (3)
122.4 (3)
115.7 (3)
122.1
122.1
124.0 (3)
118.0
118.0
118.9 (3)
122.2(2)
118.8 (2)
121.7 3)
119.1
119.1
117.5 (3)
136.9 (3)
105.6 (3)
106.9 (3)
126.6
126.6
111.4 (3)
133.1 (3)
115.5 (3)
109.5
109.5
109.5
109.5
109.5
109.5
105.9 (3)
127.7 3)
110.2 (3)
122.1 (3)
115.9 (3)
122.0
122.0
123.9 (3)
118.1
118.1

177.9 (4)
—0.4 (4)
~179.2 (3)
~179.3 (3)
13(3)
178.7 3)
~1.7(4)
—0.7 (5)
178.9 (3)
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08—Cul—05—C3
04—Cul—05—C3
N21—Cul—05—C3
N11—Cul—05—C3
01—Cul—05—C3
Cul—05—C3—04
Cul—05—C3—C2
Cul—04—C3—05
Cul—04—C3—C2
Cll—C2—C3—05
Cll—C2—C3—04
N21—Cul—08—C7
N11—Cul—08—C7
01—Cul—08—C7
05—Cul—08—C7
Cl2—CI2—C6—C7
Cul—08—C7—09
Cul—08—C7—C6
Cl2—C6—C7—09
Cl2—C6—C7—08
08—Cul—N11—C12
04—Cul—N11—C12
01—Cul—N11—C12
05—Cul—N11—C12
08—Cul—N11—C20
04—Cul—N11—C20
01—Cul—N11—C20
05—Cul—N11—C20
C20—N11—C12—C13
Cul—N11—C12—C13
N11—C12—C13—C18
N11—C12—C13—Cl4
C12—C13—C14—CI5
C18—C13—C14—CI5
C13—C14—C15—017

Symmetry codes: (i) —x+2, y, —z+1/2.

Hydrogen-bond geometry (4, °)

0O1—H10--09
CI12—H12--04
C20—H20--08
C22—H22--08
C30—H30--04

C6—H6A-05"
Cl6—H16C--01'
Cl14—H14--09'

~176.77 (19)
3.81(19)
95.6 (2)
-87.7(2)
6.0 (3)
-5.6(3)
172.3 3)
8.2 (4)
~169.9 (2)
7.2 (4)
~174.6 (2)
~106.4 (3)
77.0 (3)
~16.6 (3)
165.0 (2)
~117.3 (3)
4.8 (5)
~172.6 (2)
29.4 (4)
~153.1 (3)
~156.7 (2)
31.9 (2)
~60.6 (2)
83.7(2)
183 (3)
~153.1(2)
114.4 (2)
~101.3 (2)
~1.0(5)
174.2 (2)
0.9 (5)
~178.6 (3)
~179.1 (4)
1.4 (4)
0.6 (4)

0.84
0.95
0.95
0.95
0.95
0.99
0.98

0.95

017—C18—C19—C20
C13—C18—C19—C20
C12—N11—C20—C19
Cul—N11—C20—C19
C18—C19—C20—N11
08—Cul—N21—C22

04—Cul—N21—C22

01—Cul—N21—C22

05—Cul—N21—C22

08—Cul—N21—C30

04—Cul—N21—C30

01—Cul—N21—C30

05—Cul—N21—C30

C30—N21—C22—C23
Cul—N21—C22—C23
N21—C22—C23—C28
N21—C22—C23—C24
C22—C23—C24—C25
C28—C23—C24—C25
C23—C24—C25—027
C23—C24—C25—C26
C24—C25—027—C28
C26—C25—027—C28
C25—027—C28—C29
C25—027—C28—C23
C22—C23—C28—027
C24—C23—C28—027
C22—C23—C28—C29
C24—C23—C28—C29
027—C28—C29—C30
C23—C28—C29—C30
C22—N21—C30—C29
Cul—N21—C30—C29
C28—C29—C30—N21

1.86
2.44
2.40
2.41
2.53
2.60
2.63

2.55

2.664 (3)
2.944 (4)
2.915 (4)
2.886 (4)
3.000 (4)
3.510 (4)
3.413 (4)

3.450 (4)

~178.7 (3)
0.6 (5)
0.9 (5)
~174.1 (2)
—0.7 (5)
263 (3)
145.1 (3)
~122.5(3)
93.3(3)
151.0 (2)
-37.6 (2)
54.8 (2)
-89.4 (2)
1.5 (5)
178.7 (2)
-2.0(5)
178.3 (4)
179.6 (4)
0.0 (4)
0.2 (4)
178.3 (4)
0.4 (4)
~178.4 (3)
178.6 (3)
-0.4(3)
~179.4 (3)
0.3 (4)
1.5(5)
~178.8 (3)
~179.3 3)
—0.4(5)
—0.3(5)
~177.6 (3)
—0.3(5)

159
113
114
111
111
154
137

159
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C20—H20--05" 0.95 2.57 3221 (4) 126
C29—H29--05" 0.95 2.69 3.451 (4) 138
C19—H19--05" 0.95 2.65 3.235 (4) 120
C16—H16A-09" 0.98 2.65 3.610 (4) 167
C24—H24--09" 0.95 2.67 3.408 (4) 135
C1—HI1B--C14"" 0.98 2.87 3.834 (4) 168

Symmetry codes: (ii) —x+3/2, —+3/2, —z+1; (iii) —x+3/2, y—1/2, —z+1/2; (iv) —x+1, y, —z+1/2; (V) x, —y+1, 2+1/2; (vi) —x+3/2, +1/2,
—z4+1/2; (vii) x, —y+1, z—1/2.
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Fig. 1
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Fig. 2

sup-11



supplementary materials

Fig. 3
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