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In the mononuclear title complex, [Cu(C;oH;;NOsS)-
(C12HgN,)], the Cu™ cation has a slightly distorted square-
pyramidal environment, with a basal plane formed by two N
atoms of the 1,10-phenanthroline (phen) ligand, one O atom
and one N atom of the 2-(3-methoxy-2-oxidobenzylidene-
amino)ethanesulfonate (L) ligand. The apical position is
occupied by one O atom from the same L ligand. The
asymmetric unit contains two such complexes, which are
interconnected by weak m—m interactions between the
phenanthroline planes, with an interplanar distance of
3675 A and centroid-to-centroid vector of 3.455 A. The
crystal structure contains a certain amount of solvent water
which could not be unambiguously located, and the best
structure refinement was obtained by removing the solvent
contribution from the intensity data and refining against a
solvent-free model.

Related literature

For related literature, see: Casella & Gullotti (1981, 1986); van
der Sluis & Spek (1990); Spek (2003); Wang et al. (1994);
Zhang & Jiang (2002).

Experimental

Crystal data

[Cu(CyoH;1NOsS)(C1,HsN,)]
M, = 501.00

Monoclinic, P2, /c
a=14932 (1) A

b =26.6371 (17) A
c=13.1937 (9) A

B =114.032 (1)°

Data collection

Bruker APEX area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.817, Tyax = 0.833

Refinement

R[F? > 20(F%)] = 0.035
wR(F?) = 0.089
§=0.79

8898 reflections

V =4792.8 (6) A>
Z=8

Mo Ko radiation

w =103 mm™*
T=298(2)K

0.20 x 0.18 x 0.18 mm

30244 measured reflections
8898 independent reflections
4855 reflections with I > 20(1)
Rine = 0.045

579 parameters

H-atom parameters constrained
Apmax =025¢ A7°

APmin = —022 ¢ A7

Data collection: SMART (Bruker,1998); cell refinement: SAINT
(Bruker, 1999); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEPIII (Burnett & Johnson, 1996) and ORTEP-3 for Windows
(Farrugia, 1997); software used to prepare material for publication:
SHELXL97.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: DN2173).
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[(E)-2-(3-Methoxy-2-oxidobenzylideneamino)ethanesulfonato](1,10-phenanthroline)copper(Il)

L.-G. Wang

Comment

Studies of Schiff base complexes containing sulfur and complexes of amino acid Schiff bases (Casella & Gullotti, 1981;
Wang et al., 1994; Casella & Gullotti, 1986) have attracted increasing interest because of their antiviral, anticancer and
antibacterial activities. Recently, Zhang & Jiang (2002) have reported a Schiff base complex derived from taurine, an amino
acid containing sulfur. Compound (I) reported here represents a new Schiff base copper(Il) complex.

The Cul atom in the title complex has a distorted square-pyramidal environment with the basal plane formed by two
N atoms of the 2,2"-pyridine ligand [Cul—N = 2.06 (3) A] and one O atom and one N atom of the L ligand. [Cul—O1
=1.914 (3) A and Cul—N3 = 1.958 (3) A]. The apical position is occupied by another O atom from the same L ligand.
[Cul—O02 =2.286 (3) A]. The asymmetric unit contains two such complexes which are interconnected by weak n-m inter-
action between the phenanthroline planes with interplanar distance of 3.675A and centroid to centroid vector of 3.455A
leading to an offset of 19.9° (Fig. 1).

The unit cell contains a certain amount of water molecules. However, these water molecules appear to be highly dis-
ordered and it was difficult to model their positions and distribution reliably. Therefore, the SQUEEZE function of PLATON
(van der Sluis & Spek, 1990; Spek, 2003) was used to eliminate the contribution of the electron density in the solvent region
from the intensity data, and the solvent-free model was emplyed from the final refinement. Further details are given in
the experimental section. Due to the omission of the water molecules from the model, it was not possible to analyse the
hydrogen- bonding interactions.

Experimental

H>L(0.05 g, 8 mmol), Cu(CH3COO); (0.18 g, 12 mmol) and phen(0.23 g,15 mmol), were added in a mixed solvent of dry

ethanol and acetonitrile, the mixture was heated for 5 h under reflux and stirring. The resultant was then filtered to give a
pure solution which was treated by diethyl ether. A week later, single crystals suitable for X-Ray diffraction analysis formed.
Refinement

All H atoms were placed in calculated positions and treated as riding on their parent atoms with C—H = 0.93 A (Caromatic)s

0.97 A (Cmethylene) OF 0.98A (CrethyD) and with Ujso(H) = 1.2Ueq(Caromatics Cmethylene) or Ujso(H) = 1.5 Ueq(cmethyl)'
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Figures

- .| Fig. 1. Molecular view of compound (I), showing the atomic numbering scheme. For the sake
e of clarity, only heavier atoms are labelled for molecule A. Ellipsoids are drawn at the 30%
. ) . |probability level. H atoms have been omitted for clarity. The n-m interaction is represented as
" ] dashed line.

[(F)-2-(3-Methoxy-2-oxidobenzylideneamino)ethanesulfonato](1,10- phenanthroline)copper(ll)

Crystal data
[Cu(C1oH11N1O05S1)(C12HgN,)]
M, =501.00
Monoclinic, P2i/c
Hall symbol: -P 2ybc
a=14.9320 (10) A
b=26.6371 (17) A
c=13.1937 (9) A

B =114.0320 (10)°
V=4792.8 (6) A>
Z=8

Data collection

Bruker APEX area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=29822)K

¢ and © scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tinin = 0.817, Tinax = 0.833

30244 measured reflections

Refinement
Refinement on F>

Least-squares matrix: full
R[F?>20(F*)] = 0.035
WR(F%) = 0.089

§=0.79
8898 reflections

Fooo = 2056
Dy=1389 Mgm >

Mo Ka radiation
1=0.71073 A

Cell parameters from 8898 reflections
0=3.1-25.1°

p=1.04 mm'

T=298 2)K

Block, blue

0.20 x 0.18 x 0.18 mm

8898 independent reflections
4855 reflections with /> 26([)
Rint = 0.045

Omax = 25.5°

Omin = 3.1°

h=-18—18

k=-32—-31
[=-15—-15

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

sites

H-atom parameters constrained
w = 1/[cX(Fo2) + (0.0448P)’]

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

(A/G)max = 0.002

Apmax =025 ¢ A3
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579 parameters APmin=-022¢ A
Primary atom site location: structure-invariant direct . .
methods Extinction correction: none

Special details

Experimental. There is one cavity of 820 A per unitl cell. PLATON estimated that the cavity contains 105 electrons which may cor-
respond to roughly 10 water molecules within the cell. This is contradictory with the size of the cavity in which we could expect to in-
troduce roughly 40 water molecules i.e. roughly 10 water molecules within each asymmetric unit. It is well known that the SQUEEZE
procedure is very dependent on the low-angle reflections and that the electron count may be underestimated if those reflections are
missing which could be the case when data are collected on CCD machine.

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. 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 F> 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 F2. The threshold expression of F?> 2sigma(F2) is used only for calculat-

ing R-factors(gt) etc. 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 0.06716 (3) 0.858157 (14) 0.41746 (3) 0.04569 (13)
S3 —0.03709 (7) 0.76293 (3) 0.47713 (7) 0.0608 (3)
N1 0.19477 (18) 0.85975 (9) 0.5512 (2) 0.0433 (6)
N2 0.15521 (18) 0.81301 (9) 0.3600 (2) 0.0454 (7)
N3 ~0.06083 (18) 0.85115 (9) 0.29555 (19) 0.0421 (6)
o1 0.06101 (14) 0.93005 (7) 0.41949 (17) 0.0497 (6)
02 0.02223 (16) 0.80818 (8) 0.51816 (17) 0.0620 (7)
03 —0.0761 (2) 0.74568 (11) 0.5538 (2) 0.0974 (10)
04 0.09579 (16) 1.02724 (8) 0.4369 (2) 0.0657 (7)
05 0.0147 (2) 0.72467 (10) 0.4458 (2) 0.1085 (11)
Cl 0.1363 (3) 0.79042 (12) 0.2629 (3) 0.0562 (9)
H1 0.0725 0.7916 0.2086 0.067*
2 0.2064 (3) 0.76553 (13) 0.2390 (3) 0.0673 (11)
H2 0.1891 0.7504 0.1701 0.081*
c3 0.2997 (3) 0.76306 (13) 0.3153 (3) 0.0672 (11)
H3 0.3475 0.7468 0.2992 0.081*
c4 0.3235(2) 0.78553 (12) 0.4195 (3) 0.0529 (9)
cs 0.4197 (3) 0.78579 (13) 0.5064 (4) 0.0685 (11)
H5 0.4703 0.7699 0.4952 0.082*
Co 0.4389 (3) 0.80842 (14) 0.6038 (3) 0.0655 (11)
H6 0.5024 0.8077 0.6588 0.079*
C7 0.3642 (2) 0.83352 (12) 0.6249 (3) 0.0480 (8)
C8 0.3787 (3) 0.85810 (13) 0.7246 (3) 0.0608 (10)
H8 0.4403 0.8580 0.7832 0.073*
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C9
H9
C10
H10
Cl1
Cl12
Cl13
Cl4
Cl15
Cl6
H16
C17
H17
CI18
H18
C19
H19
C20
H20A
H20B
C21
H21A
H2IB
Cc22
H22A
H22B
H22C
CulA
S3A
NIA
N2A
N3A
Ol1A
02A
03A
O4A
O5A
CIA
HI1A
C2A
H2A
C3A
H3A
C4A
C5A
H5A
C6A
H6A
C7A

0.3027 (3)
03113
0.2115 (2)
0.1602
0.2698 (2)
0.2492 (2)
~0.0865 (2)
~0.0023 (2)
0.0137 (2)
~0.0475 (2)
~0.0344
~0.1294 (3)
~0.1702
~0.1499 (2)
~0.2061
-0.1122 (2)
~0.1733
~0.1069 (2)
-0.0610
~0.1639
~0.1380 (2)
~0.1806
~0.1752
0.1063 (3)
0.0482
0.1158
0.1619
0.64785 (3)
0.68734 (7)
0.5971 (2)
0.50451 (18)
0.78552 (19)
0.68059 (15)
0.62862 (16)
0.69166 (19)
0.67704 (19)
0.6580 (2)
0.6446 (3)
0.7125
0.5959 (3)
0.6318
0.4992 (3)
0.4674
0.4457 (3)
0.3416 (3)
0.3056
0.2941 (3)
0.2264
0.3460 (2)

0.88202 (13)
0.8979
0.88243 (12)
0.8996
0.83488 (11)
0.81033 (11)
0.94087 (11)
0.95869 (11)
1.01168 (11)
1.04272 (12)
1.0770
1.02408 (13)
1.0457
0.97418 (13)
0.9619
0.88848 (12)
0.8807
0.80149 (11)
0.7782
0.8036
0.78127 (12)
0.7526
0.8068
1.07918 (12)
1.0918
1.0962
1.0849
0.963637 (14)
0.85167 (4)
0.93262 (9)
0.97952 (9)
0.94433 (10)
1.02090 (7)
0.89728 (8)
0.83556 (10)
1.11313 (8)
0.81301 (10)
0.91202 (13)
0.9096
0.89336 (14)
0.8786
0.89691 (13)
0.8846
0.91880 (12)
0.92501 (13)
0.9124
0.94820 (13)
0.9518
0.96773 (12)

0.7350 (3)
0.8011
0.6452 (3)
0.6525
0.5410 (2)
0.4373 (3)
0.2543 (2)
0.3425 (2)
0.3467 (3)
0.2673 (3)
0.2716
0.1798 (3)
0.1251
0.1740 (3)
0.1168
0.2405 (2)
0.1852
0.2676 (3)
0.2580
0.1976
0.3548 (3)
0.3249
0.3732
0.4594 (3)
0.4650
0.4004
0.5281
0.76034 (3)
0.89860 (9)
0.6028 (2)
0.7082 (2)
0.8101 (2)
0.85712 (17)
0.8594 (2)
1.0061 (2)
0.9188 (2)
0.8164 (2)
0.5493 (3)
0.5842
0.4402 (3)
0.4048
0.3882 (3)
0.3163
0.4403 (3)
0.3925 (3)
0.3217
0.4455 (3)
0.4107
0.5555 (3)

0.0592 (10)
0.071*
0.0539 (9)
0.065*
0.0403 (8)
0.0429 (8)
0.0412 (8)
0.0417 (8)
0.0466 (8)
0.0520 (9)
0.062*
0.0581 (10)
0.070*
0.0544 (9)
0.065*
0.0434 (8)
0.052*
0.0519 (9)
0.062*
0.062*
0.0564 (9)
0.068*
0.068*
0.0679 (11)
0.102*
0.102*
0.102*
0.04578 (12)
0.0639 (3)
0.0478 (7)
0.0437 (6)
0.0486 (7)
0.0492 (6)
0.0717 (7)
0.0919 (9)
0.0728 (7)
0.1016 (10)
0.0636 (10)
0.076*
0.0721 (11)
0.087*
0.0656 (11)
0.079*
0.0524 (9)
0.0654 (11)
0.078*
0.0630 (10)
0.076*
0.0499 (9)
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C8A

H8A

C9A

H9A

CI0A
H10A
CIl1A
CI2A
CI3A
Cl4A
CI5A
CI6A
H16A
CI7A
H17A
CI8A
HI18A
CI9A
HI19A
C20A
H20C
H20D
C21A
H21C
H21D
C22A
H22D
H22E
H22F

0.3022 (3)
0.2345
0.3587 (3)
0.3300
0.4595 (2)
0.4974
0.4485 (2)
0.4978 (2)
0.8456 (2)
0.7607 (2)
0.7620 (3)
0.8427 (3)
0.8420
0.9265 (3)
0.9807
0.9283 (3)
0.9844
0.8546 (2)
0.9175
0.8158 (3)
0.8830
0.7745
0.8076 (2)
0.8339
0.8475
0.6742 (3)
0.7251
0.6116
0.6840

0.99224 (13)
0.9962
1.01060 (13)
1.0275
1.00356 (12)
1.0162
0.96168 (11)
0.93712 (11)
1.02885 (12)
1.04753 (12)
1.09791 (12)
1.12763 (14)
1.1606
1.10881 (16)
1.1294
1.05996 (16)
1.0473
0.97739 (14)
0.9662
0.89156 (13)
0.8894
0.8736
0.86740 (12)
0.8904
0.8372
1.16233 (14)
1.1654
1.1677
1.1870

Atomic displacement parameters (142 )

Cul
S3
N1
N2
N3
(0]
02
03
04
05
Cl1
C2
c3
C4
Cs5

Ull

0.0392 (2)
0.0617 (6)
0.0420 (16)
0.0447 (17)
0.0419 (16)
0.0420 (13)
0.0586 (15)
0.089 (2)
0.0532 (15)
0.129 (3)
0.053 (2)
0.078 (3)
0.062 (3)
0.047 (2)
0.049 (2)

U22

0.0416 (2)
0.0527 (6)
0.0432 (15)
0.0425 (15)
0.0423 (16)
0.0384 (12)
0.0613 (15)
0.123 (2)
0.0359 (14)
0.0715 (19)
0.054 (2)
0.061 (2)
0.057 (2)
0.042 (2)
0.060 (2)

0.6163 (3)
0.5868
0.7198 (3)
0.7606
0.7630 (3)
0.8333
0.6052 (2)
0.5483 (2)
0.8696 (3)
0.8784 (2)
0.9134 (3)
0.9370 (3)
0.9598
0.9272 (3)
0.9424
0.8951 (3)
0.8902
0.8474 (3)
0.8612
0.8196 (3)
0.8269
0.7529
0.9202 (3)
0.9825
0.9398
0.9612 (4)
1.0346
0.9638
0.9136

U33

0.0400 (2)
0.0482 (6)
0.0336 (15)
0.0376 (16)
0.0326 (14)
0.0523 (14)
0.0440 (13)
0.0590 (17)
0.0852 (18)
0.092 (2)
0.053 (2)
0.063 (3)
0.081 (3)
0.065 (2)
0.089 (3)

U12

0.00257 (19)
~0.0084 (5)
~0.0023 (13)
0.0022 (13)
~0.0017 (13)
0.0025 (10)
~0.0193 (12)
~0.0396 (18)
0.0046 (11)
0.0495 (19)
~0.0012 (19)
0.002 (2)
0.010 (2)
0.0038 (17)
0.015 (2)

0.0613 (10)
0.074*
0.0594 (10)
0.071*
0.0541 (9)
0.065*
0.0417 (8)
0.0423 (8)
0.0456 (8)
0.0441 (8)
0.0513 (9)
0.0677 (11)
0.081*
0.0790 (13)
0.095*
0.0680 (11)
0.082*
0.0554 (10)
0.066*
0.0638 (10)
0.077*
0.077*
0.0568 (10)
0.068*
0.068*
0.1031 (16)
0.155%
0.155%
0.155%

U13
~0.00042 (18)
0.0022 (5)
0.0041 (13)
0.0053 (13)
0.0056 (12)
0.0024 (11)
~0.0019 (12)
0.0090 (16)
0.0048 (14)
0.011 (2)
0.0121 (19)
0.028 (2)
0.027 (2)
0.0168 (19)
0.020 (2)

U23
~0.00068 (18)
0.0131 (5)
~0.0023 (13)
~0.0015 (13)
0.0019 (12)
0.0036 (10)
0.0098 (11)
0.0348 (16)
~0.0028 (12)
0.0101 (16)
~0.0049 (19)
~0.018 (2)
~0.009 (2)
0.0019 (18)
0.003 (2)
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C6
C7
C8
C9
C10
Cl1
Cl12
Cl13
Cl4
Cl15
Cl6
C17
CI18
C19
C20
C21
Cc22
CulA
S3A
NIA
N2A
N3A
Ol1A
02A
03A
O4A
O5A
CIA
C2A
C3A
C4A
C5A
C6A
C7A
C8A
C9A
CI0A
CIIA
CI2A
CI3A
Cl4A
CI5A
CI6A
CI7A
CI8A
CI9A
C20A
C21A
C22A

0.041 (2)
0.037 (2)
0.049 (2)
0.062 (3)
0.049 (2)
0.0384 (19)
0.0387 (19)
0.0371 (18)
0.0407 (19)
0.042 (2)
0.055 (2)
0.060 (2)
0.045 (2)
0.0333 (18)
0.051 (2)
0.048 (2)
0.063 (3)
0.0351 (2)
0.0467 (6)
0.0500 (18)
0.0374 (15)
0.0394 (16)
0.0411 (13)
0.0488 (15)
0.0751 (19)
0.081 (2)
0.078 (2)
0.067 (3)
0.100 (4)
0.084 (3)
0.066 (3)
0.074 (3)
0.051 (2)
0.042 (2)
0.039 (2)
0.050 (2)
0.046 (2)
0.0404 (19)
0.045 (2)
0.0373 (19)
0.043 (2)
0.054 (2)
0.071 (3)
0.050 (3)
0.042 (2)
0.035 (2)
0.050 (2)
0.040 (2)
0.134 (4)

0.066 (3)
0.0455 (19)
0.064 (2)
0.067 (2)
0.060 (2)
0.0325 (17)
0.0364 (18)
0.047 (2)
0.0435 (19)
0.043 (2)
0.0415 (19)
0.053 (2)
0.064 (2)
0.056 (2)
0.048 (2)
0.051 (2)
0.046 (2)
0.0491 (2)
0.0552 (6)
0.0486 (17)
0.0434 (15)
0.0530 (17)
0.0499 (13)
0.0647 (16)
0.107 (2)
0.0526 (16)
0.0791 (19)
0.070 (3)
0.070 (3)
0.060 (2)
0.045 (2)
0.063 (3)
0.064 (2)
0.049 (2)
0.070 (3)
0.064 (2)
0.063 (2)
0.0383 (18)
0.0391 (18)
0.052 (2)
0.050 (2)
0.051 (2)
0.052 (2)
0.072 (3)
0.085 (3)
0.086 (3)
0.069 (3)
0.049 (2)
0.054 (3)

0.069 (3)
0.046 (2)
0.047 (2)
0.035 (2)
0.046 (2)
0.041 (2)
0.045 (2)
0.0353 (18)
0.0399 (19)
0.053 (2)
0.061 (2)
0.055 (2)
0.046 (2)
0.0326 (18)
0.039 (2)
0.051 (2)
0.089 (3)
0.0476 (2)
0.0697 (7)
0.0471 (17)
0.0457 (17)
0.0519 (17)
0.0587 (14)
0.099 (2)
0.083 (2)
0.0906 (19)
0.107 (2)
0.057 (3)
0.057 (3)
0.045 (2)
0.040 (2)
0.037 (2)
0.051 (2)
0.048 (2)
0.065 (3)
0.070 (3)
0.047 (2)
0.0389 (19)
0.037 (2)
0.0427 (19)
0.0319 (18)
0.043 (2)
0.060 (2)
0.089 (3)
0.065 (3)
0.045 (2)
0.071 (3)
0.068 (2)
0.138 (4)

0.0058 (19)
~0.0023 (17)
-0.012 (2)
-0.010 (2)
~0.0028 (18)
~0.0019 (15)
~0.0009 (15)
0.0059 (16)
0.0064 (16)
0.0030 (17)
0.0106 (18)
0.0226 (19)
0.0144 (18)
0.0023 (17)
~0.0059 (17)
~0.0115 (17)
~0.0012 (19)
~0.00128 (19)
~0.0005 (5)
~0.0013 (14)
0.0016 (13)
0.0025 (14)
~0.0110 (11)
0.0157 (13)
0.0028 (17)
~0.0076 (14)
~0.0147 (16)
0.004 (2)
0.003 (3)
-0.011 (2)
~0.0118 (19)
-0.021 (2)
-0.010 (2)
~0.0034 (17)
0.0055 (19)
0.0131 (19)
0.0052 (18)
~0.0056 (16)
~0.0091 (16)
~0.0088 (17)
~0.0062 (17)
~0.0094 (19)
~0.016 (2)
-0.022 (2)
~0.007 (2)
0.009 (2)
0.009 (2)
0.0081 (17)
~0.008 (3)

0.001 (2)
0.0009 (17)
~0.0034 (18)
0.0066 (19)
0.0119 (18)
0.0074 (16)
0.0081 (17)
0.0103 (15)
0.0155 (16)
0.0172 (18)
0.025 (2)
0.018 (2)
0.0101 (17)
0.0046 (15)
~0.0001 (17)
0.0008 (17)
0.025 (2)
0.01125 (19)
0.0031 (5)
0.0222 (15)
0.0123 (14)
0.0171 (14)
0.0224 (11)
0.0271 (14)
0.0221 (16)
0.0406 (16)
~0.0043 (17)
0.028 (2)
0.043 (3)
0.019 (2)
0.016 (2)
0.000 (2)
~0.002 (2)
0.0075 (18)
0.012 (2)
0.030 (2)
0.0130 (18)
0.0084 (16)
0.0117 (17)
0.0113 (16)
0.0082 (16)
0.0141 (18)
0.005 (2)
0.001 (2)
0.0101 (19)
0.0172 (17)
0.023 (2)
0.0073 (18)
0.072 (4)

0.008 (2)
0.0078 (17)
0.0110 (19)
~0.0051 (17)
~0.0044 (18)
0.0053 (15)
0.0070 (15)
0.0061 (15)
0.0068 (16)
0.0033 (17)
0.0106 (18)
0.0174 (18)
0.0103 (18)
0.0030 (16)
~0.0016 (16)
0.0095 (17)
-0.002 (2)
~0.00943 (19)
0.0013 (5)
~0.0049 (13)
~0.0012 (13)
~0.0069 (14)
~0.0146 (11)
0.0239 (14)
0.0364 (17)
~0.0209 (14)
~0.0279 (18)
~0.004 (2)
~0.011 (2)
~0.0082 (19)
0.0037 (17)
0.0060 (19)
0.014 (2)
0.0126 (17)
0.020 (2)
0.008 (2)
0.0007 (18)
0.0051 (15)
0.0044 (15)
0.0041 (16)
0.0042 (15)
~0.0037 (17)
0.0029 (18)
0.018 (2)
0.019 (2)
0.006 (2)
~0.018 (2)
~0.0059 (18)
-0.030 (3)
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Geometric parameters (4, °)

Cul—Ol 1.918 (2) CulA—Ol1A 1.9204 (19)
Cul—N3 1.942 (2) CulA—N3A 1.955 (3)
Cul—NI1 2.002 (2) CulA—N2A 2.008 (3)
Cul—N2 2.136 (3) CulA—NIA 2.072 (3)
Cul—02 2.171 (2) CulA—02A 2.285(2)
$3—03 1.433 (3) S3A—O05A 1.429 (3)
$3—05 1.438 (3) S3A—O03A 1.457 (3)
$3—02 1.463 (2) S3A—02A 1.464 (2)
$3—C21 1.770 (3) S3A—C21A 1.751 (3)
N1—C10 1.310 (4) NIA—CIA 1.307 (4)
N1—Cl1 1.355 (4) NIA—CI2A 1.364 (4)
N2—Cl 1.337 (4) N2A—C10A 1.334 (4)
N2—C12 1.360 (4) N2A—Cl11A 1.359 (4)
N3—C19 1.285 (3) N3A—C19A 1.292 (4)
N3—C20 1.467 (4) N3A—C20A 1.466 (4)
01—Cl4 1.314 (3) O1A—Cl14A 1.318 (3)
04—C15 1.380 (4) 04A—C15A 1.360 (4)
04—C22 1.410 (3) 04A—C22A 1.432 (4)
Cl1—C2 1.379 (4) CIA—C2A 1.413 (5)
Cl—HI1 0.9300 ClIA—HIA 0.9300
C2—C3 1.348 (5) C2A—C3A 1.326 (5)
C2—H2 0.9300 C2A—H2A 0.9300
c3—C4 1.407 (5) C3A—C4A 1.378 (5)
C3—H3 0.9300 C3A—H3A 0.9300
Cc4—C12 1.391 (4) C4A—CI12A 1.405 (4)
C4—C5 1.427 (5) C4A—C5A 1.429 (5)
C5—C6 1.340 (5) C5A—C6A 1.333 (5)
C5—H5 0.9300 C5A—HS5A 0.9300
Cc6—C7 1.422 (5) C6A—CTA 1.436 (5)
C6—H6 0.9300 C6A—HG6A 0.9300
Cc7—Cl1 1.393 (4) C7TA—C8A 1.388 (5)
C7—C8 1.405 (5) CIA—Cl1A 1.408 (4)
C8—C9 1.357 (5) C8A—C9A 1.370 (5)
C8—HS 0.9300 CSA—HSA 0.9300
C9—C10 1.394 (4) C9A—C10A 1.388 (4)
C9—H9 0.9300 C9A—H9A 0.9300
C10—H]10 0.9300 C10A—H10A 0.9300
Cl1—Cl12 1.432 (4) Cl11A—CI12A 1.408 (4)
C13—Cl4 1.403 (4) C13A—CI8A 1.409 (4)
C13—CI18 1.410 (4) C13A—Cl4A 1.411 (4)
C13—C19 1.439 (4) C13A—CI19A 1.420 (4)
Cl4—Cl5 1.429 (4) C14A—CI5A 1.417 (4)
C15—Cl6 1.354 (4) C15A—CI16A 1.368 (4)
Cl6—C17 1.388 (4) C16A—C17A 1.402 (5)
Cl6—H16 0.9300 C16A—H16A 0.9300
C17—CI18 1.359 (4) C17A—CI8A 1.372 (5)
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C17—H17
CI18—H18
C19—H19
C20—C21
C20—H20A
C20—H20B
C21—H21A
C21—H21B
C22—H22A
C22—H22B
C22—H22C
01—Cul—N3
01—Cul—N1
N3—Cul—NI1
01—Cul—N2
N3—Cul—N2
NI—Cul—N2
01—Cul—02
N3—Cul—02
N1I—Cul—02
N2—Cul—O02
03—S3—05
03—S3—02
05—S3—02
03—S3—C21
05—S3—C21
02—S3—C21
C10—N1—C11
C10—N1—Cul
C11—N1—Cul
Cl—N2—Cl12
Cl—N2—Cul
C12—N2—Cul
C19—N3—C20
C19—N3—Cul
C20—N3—Cul
C14—01—Cul
S3—02—~Cul
C15—04—C22
N2—C1—C2
N2—C1—H1
C2—C1—H1
C3—C2—C1
C3—C2—H2
Cl—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C12—C4—C3

0.9300
0.9300
0.9300
1.505 (4)
0.9700
0.9700
0.9700
0.9700
0.9600
0.9600
0.9600

94.07 (9)
90.02 (9)
174.02 (10)
127.37 (9)
101.09 (10)
79.75 (10)
125.12 (9)
90.16 (9)
83.92 (9)
105.09 (9)
113.38 (19)
111.21 (16)
111.99 (18)
107.01 (16)
106.94 (17)
105.80 (14)
118.2 (3)
126.2 (2)
115.6 (2)
116.5 (3)
132.3 (2)
111.1 (2)
116.4 (2)
123.6 (2)
119.82 (19)
126.34 (19)
124.76 (13)
117.4 (3)
123.4 (3)
118.3

1183

120.2 (4)
119.9

119.9

118.8 (3)
120.6

120.6

117.8 (3)

Cl17A—HI17A
CI18A—HIBA
CI9A—HI9%A
C20A—C21A
C20A—H20C
C20A—H20D
C21A—H21C
C21A—H21D
C22A—H22D
C22A—H22E
C22A—H22F

O1A—CulA—N3A
O1A—CulA—N2A
N3A—CulA—N2A
O1A—CulA—NI1A
N3A—CulA—NIA
N2A—CulA—NIA
O1A—CulA—O2A
N3A—CulA—O2A
N2A—CulA—O2A
NIA—CulA—O2A
O5A—S3A—03A
O5A—S3A—02A
03A—S3A—02A
O5A—S3A—C21A
03A—S3A—C21A
02A—S3A—C21A
CIA—N1A—CI2A
ClIA—N1A—CulA
CI12A—N1A—CulA
Cl10A—N2A—CI11A
C10A—N2A—CulA
Cl1A—N2A—CulA
CI9A—N3A—C20A
CI9A—N3A—CulA
C20A—N3A—CulA
Cl14A—01A—CulA
S3A—02A—CulA
CI5SA—04A—C22A
NIA—C1A—C2A
NIA—ClA—HIA
C2A—ClA—HIA
C3A—C2A—CI1A
C3A—C2A—H2A
CIA—C2A—H2A
C2A—C3A—C4A
C2A—C3A—H3A
C4A—C3A—H3A
C3A—C4A—CI12A

0.9300
0.9300
0.9300
1.525 (4)
0.9700
0.9700
0.9700
0.9700
0.9600
0.9600
0.9600

92.14 (10)
90.44 (10)
176.90 (11)
150.90 (9)
97.89 (11)
80.62 (11)
106.94 (9)
87.95 (10)
89.66 (9)
100.69 (9)
113.86 (18)
112.07 (16)
111.78 (16)
105.85 (18)
106.01 (17)
106.63 (15)
117.7 (3)
130.7 (2)
111.6 (2)
118.0 (3)
128.1 (2)
113.9 (2)
116.8 (3)
121.1(2)
121.8 (2)
122.17 (19)
130.35 (14)
118.0 (3)
122.1 (4)
119.0

119.0

120.1 (4)
119.9

119.9

120.2 (4)
119.9

119.9

117.4 (3)
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C12—C4—Cs
C3—C4—C5
C6—C5—C4
C6—C5—H>5
C4—C5—H5
C5—Co6—C7
C5—C6—H6
C7—C6—H6
C11—C7—C8
C11—C7—C6
C8—C7—C6
CoO—C8—C7
C9—C8—HS
C7—C8—HS
C8—C9—C10
C8—C9—H9
C10—C9—H9
N1—C10—C9
N1—C10—H10
C9—C10—H10
N1—C11—C7
N1—C11—C12
C7—C11—C12
N2—C12—C4
N2—C12—C11
C4—C12—C11
C14—CI13—CI18
C14—C13—C19
C18—C13—C19
01—C14—C13
01—C14—CI15
C13—C14—CI15
C16—C15—04
Cl16—C15—Cl14
04—C15—C14
C15—C16—C17
C15—Cl16—H16
C17—Cl16—H16
C18—C17—C16
C18—C17—H17
C16—C17—H17
C17—C18—C13
C17—C18—H18
CI13—C18—H18
N3—C19—C13
N3—C19—H19
C13—C19—H19
N3—C20—C21
N3—C20—H20A

118.2 (3)
123.9 (3)
121.7 (4)
119.2
119.2
121.3 (3)
119.3
119.3
116.9 (3)
118.5 (3)
124.6 (3)
119.8 (3)
120.1
120.1
119.0 (3)
120.5
120.5
123.0 3)
118.5
118.5
123.0 3)
116.9 (3)
120.1 (3)
1233 (3)
116.6 (3)
120.1 (3)
120.7 (3)
122.4 (3)
116.9 (3)
124.4 (3)
119.2 (3)
116.4 (3)
124.5 (3)
121.6 (3)
113.9 (3)
120.9 (3)
119.6
119.6
119.9 (3)
120.1
120.1
120.4 (3)
119.8
119.8
127.7 3)
116.1
116.1
112.9 (3)
109.0

C3A—C4A—C5A
CI12A—C4A—C5A
C6A—C5A—C4A
C6A—CSA—HSA
C4A—CS5A—H5A
C5A—C6A—CT7A
C5A—C6A—H6A
C7A—C6A—H6A
C8A—C7A—C11A
C8A—C7A—C6A
Cl11A—C7A—C6A
CI9A—CS8A—CTA
C9A—C8A—HSA
C7A—C8A—HS8A
C8A—C9A—CI10A
C8A—C9A—HOA
C10A—C9A—HOA
N2A—C10A—C9A
N2A—C10A—HI10A
C9A—CI10A—HI10A
N2A—C11A—CI12A
N2A—C11A—C7A
CI12A—CI11A—C7A
NIA—C12A—C4A
NIA—C12A—C11A
C4A—CI12A—Cl11A
CI8A—CI13A—CI14A
CI18A—C13A—CI19A
Cl14A—C13A—CI19A
O1A—CI14A—C13A
O1A—CI14A—CI15A
CI3A—C14A—CI15A
04A—CI15A—C16A
04A—CI15A—C14A
Cl16A—C15A—C14A
CI5A—C16A—C17A
CI5A—C16A—HI16A
C17A—C16A—HI16A
CI18A—C17A—C16A
CI18A—C17A—HI17A
Cl16A—C17A—HI17A
C17A—C18A—CI13A
C17A—C18A—HI18A
CI13A—C18A—HI18A
N3A—C19A—C13A
N3A—C19A—HI19A
CI13A—C19A—HI19A
N3A—C20A—C21A
N3A—C20A—H20C

125.2 (4)
117.4 (3)
122.5 (3)
118.7
118.7
121.0 3)
119.5
119.5
117.6 (3)
124.6 (3)
117.8 (3)
120.0 (3)
120.0
120.0
119.1 (3)
120.5
120.5
122.9 (3)
118.5
118.5
117.0 (3)
122.3 (3)
120.7 (3)
122.6 (3)
116.9 (3)
120.6 (3)
120.2 (3)
118.0 (3)
121.5 (3)
124.1 3)
118.0 (3)
117.9 (3)
124.7 3)
114.2 (3)
121.1 (4)
120.6 (4)
119.7
119.7
119.9 (4)
120.1
120.1
120.4 (4)
119.8
119.8
127.5 (3)
116.3
116.3
110.3 (3)
109.6
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C21—C20—H20A
N3—C20—H20B
C21—C20—H20B
H20A—C20—H20B
C20—C21—S3
C20—C21—H21A
S3—C21—H21A
C20—C21—H21B
S3—C21—H21B
H21A—C21—H21B
04—C22—H22A
04—C22—H22B
H22A—C22—H22B
04—C22—H22C
H22A—C22—H22C
H22B—C22—H22C

109.0
109.0
109.0
107.8
112.5 (2)
109.1
109.1
109.1
109.1
107.8
109.5
109.5
109.5
109.5
109.5
109.5

C21A—C20A—H20C
N3A—C20A—H20D
C21A—C20A—H20D
H20C—C20A—H20D
C20A—C21A—S3A
C20A—C21A—H21C
S3A—C21A—H21C
C20A—C21A—H21D
S3A—C21A—H21D
H21C—C21A—H21D
04A—C22A—H22D
04A—C22A—H22E
H22D—C22A—H22E
04A—C22A—H22F
H22D—C22A—H22F
H22E—C22A—H22F

109.6
109.6
109.6
108.1
113.6 (2)
108.9
108.9
108.9
108.9
107.7
109.5
109.5
109.5
109.5
109.5
109.5

sup-10



supplementary materials

Fig. 1
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