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In the title complex, [Zn(C7H4NO3S)2(C8H22N4)]�H2O or

[Zn(sac)2(paen)]�H2O [sac = saccharinate and paen = N,N0-

bis(3-aminopropyl)ethylenediamine], the zinc cation is octa-

hedrally coordinated. The equatorial plane of the octahedron

is formed by N atoms of the paen ligand, whereas the axial

positions are occupied by the carbonyl O atoms of the two sac

ligands. One of the sulfonyl groups of the sac ligands shows

disorder and was modelled with two different orientations and

site occupancies of 0:38 (1):0.62 (1). The molecular packing is

stabilized by intermolecular O—H� � �O and N—H� � �O

hydrogen bonds between water molecules and neighbouring

[Zn(sac)2(paen)] molecules, which form chains running

parallel to [010]. The crystal used was an inversion twin.

Related literature

For the synthesis of [Zn(sac)2(H2O)4]�2H2O used as an educt

for crystal growth of the title compound, see: Koksal et al.

(2001). For related structures containing sac ligands, see:

Yeşilel et al. (2006); Yilmaz et al. (2002, 2006).

Experimental

Crystal data

[Zn(C7H4NO3S)2(C8H22N4)]�H2O
Mr = 622.03
Orthorhombic, P212121

a = 10.1025 (5) Å
b = 14.3045 (10) Å
c = 19.2547 (11) Å

V = 2782.5 (3) Å3

Z = 4
Mo K� radiation
� = 1.08 mm�1

T = 296 K
0.32 � 0.30 � 0.25 mm

Data collection

Stoe IPDSII diffractometer
Absorption correction: numerical

(X-RED32; Stoe, 2002)
Tmin = 0.710, Tmax = 0.811

49189 measured reflections
6894 independent reflections
3763 reflections with I > 2�(I)
Rint = 0.148

Refinement

R[F 2 > 2�(F 2)] = 0.068
wR(F 2) = 0.122
S = 0.92
6894 reflections
381 parameters
29 restraints

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.37 e Å�3

��min = �0.36 e Å�3

Absolute structure: Flack (1983),
3014 Friedel pairs

Flack parameter: 0.449 (17)

Table 1
Selected geometric parameters (Å, �).

N3—Zn1 2.100 (4)
N4—Zn1 2.180 (5)
N5—Zn1 2.174 (5)

N6—Zn1 2.124 (4)
O1—Zn1 2.204 (4)
O2—Zn1 2.197 (3)

N6—Zn1—N5 171.1 (2)
N3—Zn1—N4 171.58 (18)

O2—Zn1—O1 179.72 (18)

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N3—H3A� � �N1 0.90 2.56 3.282 (7) 137
N6—H6A� � �N2 0.90 2.52 3.224 (6) 135
N5—H5A� � �N1 1.00 (6) 2.60 (6) 3.411 (7) 138 (4)
N4—H4A� � �N2 0.76 (7) 2.53 (7) 3.278 (6) 166 (7)
O1W—H1W� � �O5 0.86 (2) 2.01 (3) 2.833 (8) 161 (8)
N3—H3B� � �O1Wi 0.90 2.22 3.052 (7) 154
N6—H6B� � �O1Wi 0.90 2.22 3.071 (9) 157

Symmetry code: (i) �x þ 3
2;�yþ 1; zþ 1
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Data collection: X-AREA (Stoe, 2002); cell refinement: X-AREA;

data reduction: X-RED32 (Stoe, 2002); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al., 2006); soft-

ware used to prepare material for publication: WinGX (Farrugia,

1999).

The authors thank the Faculty of Arts and Sciences,

Ondokuz Mayıs University, Turkey, for the use of the Stoe

IPDS II diffractometer (purchased under grant No. F279 of

the University Research Fund).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: WM2151).
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[N,N'-Bis(3-aminopropyl)ethylenediamine]disaccharinatozinc(II) monohydrate

H. Pasaoglu, G. Kastas, O. Z. Yesilel, O. Sahin and O. Büyükgüngör

Comment

In title compound the Zn(II) cation is octahedrally coordinated by two sac and one paen ligands. Most interestingly, the two
sac ligands are bonded to the Zn site via the carbonyl O atoms although N-coordination is usually preferred by this ligand
with first-row transition metals. The equatorial plane, defined by the atoms (N3, N4, N5, N6), of the octahedron is formed by
N atoms of paen ligands, whereas the axial positions belong to the carbonyl O atoms of the sac ligands. The Zn—N bonds are
slightly shorter than the Zn—O bonds (Table 1). Whereas the (O–Zn–O) angle is nearly linear, the trans- (N–Zn–N) angles
of the equatorial plane deviate significantly from linearity. One of the sulfonyl groups of the sac ligands shows disorder, and
was refined with two different orientations (see Fig. 1). However, the bond lengths and angles of the sac ligands are similiar
to those observed in related structures (Yeşilel et al., 2006; Yilmaz et al., 2002; 2006).

The molecular packing is stabilized by intermolecular hydrogen bonds (Table2, Fig. 2). Neighbouring Zn(sac)2(paen)

moieties are linked via water molecules through O—H···O and N—H···O hydrogen bonds, which leads to chains extending
parallel to (010).

Experimental

Under continous stirring at room temperature, an aqueous solution of paen (350 mg, 2.0 mmol) was added dropwise to 50

ml of an aqueous solution of [Zn(sac)2(H2O)4].2H2O (548 mg, 1.0 mmol). For synthesis of the latter compound, see: Koksal

et al. (2001). The resulting solution was heated up to 353 K and stirred continuously for 4 h. Then the solution was allowed
to cool to room temperature slowly. Small colourless crystals grown in the solution were filtered off and washed with cold
distilled water and ethanol, and were finally dried.

Refinement

The disordered sulfonyl group of the sacharinate ligand was modelled with two different orientations (S1A—S1B;
O3A—O3B, O4A—O4B) and with refined occupancy factors of 0.383 (11) and 0.617 (11), respectively. All H atoms except
those bonded to N4 and N5 atoms were placed in geometrically idealized positions with distances of d(N–H) = 0.90 Å;
d(C–H) = 0.93 − 0.97 Å, and were refined as riding atoms with Uiso(H) = 1.2Ueq of the parent atoms. H atoms bonded to

N4 and N5 were found from difference maps and were refined freely. H atoms of the water molecule were constrained to
O—H distances of 0.85 (2) Å and were refined with Uiso(H) = 1.2Ueq(OW). The measured crystal was racemically twinned

with an approximate twin ratio of 1:1.

http://dx.doi.org/10.1107/S1600536807049458
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Pasaoglu,%20H.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Kastas,%20G.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Yesilel,%20O.Z.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Sahin,%20O.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=B%26uuml;y%26uuml;kg%26uuml;ng%26ouml;r,%20O.
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Figures

Fig. 1. The molecular structure of (I), with atom labels and displacement ellipsoids displayed
at the 30% probability level. H atoms not involved in hydrogen bonding have been omitted
for clarity.

Fig. 2. The packing diagram of the title compound showing the chain structure parallel to
(010). Benzene rings and some hydrogen bonds have been omitted for clarity.

[N,N'-Bis(3-aminopropyl)ethylendiamine]disaccharinatozinc(II) monohydrate

Crystal data

[Zn(C7H4NO3S)2(C8H22N4)]·H2O F000 = 1296

Mr = 622.03 Dx = 1.485 Mg m−3

Orthorhombic, P212121
Mo Kα radiation
λ = 0.71069 Å

Hall symbol: P 2ac 2ab Cell parameters from 23038 reflections
a = 10.1025 (5) Å θ = 1.4–26.6º
b = 14.3045 (10) Å µ = 1.08 mm−1

c = 19.2547 (11) Å T = 296 K

V = 2782.5 (3) Å3 Rectangular prism, colorless
Z = 4 0.32 × 0.30 × 0.25 mm

Data collection

Stoe IPDSII
diffractometer 6894 independent reflections

Radiation source: fine-focus sealed tube 3763 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.148

T = 296 K θmax = 28.5º

ω scans θmin = 1.8º
Absorption correction: numerical
(X-RED32; Stoe, 2002) h = −12→13

Tmin = 0.710, Tmax = 0.811 k = −19→18
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49189 measured reflections l = −25→25

Refinement

Refinement on F2 Hydrogen site location: inferred from neighbouring
sites

Least-squares matrix: full H atoms treated by a mixture of
independent and constrained refinement

R[F2 > 2σ(F2)] = 0.068
  w = 1/[σ2(Fo

2) + (0.0535P)2]
where P = (Fo

2 + 2Fc
2)/3

wR(F2) = 0.122 (Δ/σ)max = 0.001

S = 0.92 Δρmax = 0.37 e Å−3

6894 reflections Δρmin = −0.36 e Å−3

381 parameters
Extinction correction: SHELXL97 (Sheldrick, 1997),
Fc*=kFc[1+0.001xFc2λ3/sin(2θ)]-1/4

29 restraints Extinction coefficient: 0.0015 (4)
Primary atom site location: structure-invariant direct
methods Absolute structure: Flack (1983), 3014 Friedel pairs

Secondary atom site location: difference Fourier map Flack parameter: 0.449 (17)

Special details

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 F2 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 F2 > 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 F2 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 (Å2)

x y z Uiso*/Ueq Occ. (<1)
C1 0.1672 (4) 0.4017 (3) 0.1425 (2) 0.0451 (10)
C2 0.1978 (5) 0.3115 (3) 0.1605 (3) 0.0590 (13)
H2 0.2750 0.2830 0.1449 0.071*
C3 0.1087 (6) 0.2641 (4) 0.2031 (3) 0.0728 (15)
H3 0.1278 0.2035 0.2175 0.087*
C4 −0.0065 (6) 0.3058 (4) 0.2241 (3) 0.0749 (15)
H4 −0.0662 0.2717 0.2507 0.090*
C5 −0.0361 (6) 0.3954 (4) 0.2072 (3) 0.0755 (17)
H5 −0.1127 0.4243 0.2232 0.091*
C6 0.0520 (5) 0.4412 (4) 0.1656 (3) 0.0624 (14)
C7 0.2450 (5) 0.4672 (3) 0.0984 (3) 0.0608 (13)
C8 0.8111 (4) 0.6093 (3) −0.1499 (2) 0.0429 (10)
C9 0.7907 (5) 0.7016 (3) −0.1649 (3) 0.0526 (12)
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H9 0.7208 0.7345 −0.1451 0.063*
C10 0.8768 (6) 0.7441 (4) −0.2101 (3) 0.0694 (15)
H10 0.8649 0.8068 −0.2212 0.083*
C11 0.9808 (7) 0.6953 (4) −0.2394 (3) 0.0725 (16)
H11 1.0372 0.7255 −0.2703 0.087*
C12 1.0022 (6) 0.6024 (4) −0.2234 (3) 0.0682 (13)
H12 1.0724 0.5691 −0.2424 0.082*
C13 0.9140 (4) 0.5615 (3) −0.1776 (2) 0.0501 (11)
C14 0.7301 (4) 0.5471 (3) −0.1025 (2) 0.0468 (10)
C15 0.4820 (6) 0.2962 (3) −0.0276 (3) 0.0731 (15)
H15A 0.4710 0.2454 −0.0605 0.088*
H15B 0.4096 0.2931 0.0054 0.088*
C16 0.6118 (6) 0.2837 (4) 0.0107 (3) 0.0718 (15)
H16A 0.6182 0.2191 0.0257 0.086*
H16B 0.6837 0.2950 −0.0216 0.086*
C17 0.6310 (6) 0.3457 (4) 0.0730 (3) 0.0771 (17)
H17A 0.5550 0.3393 0.1034 0.093*
H17B 0.7083 0.3246 0.0985 0.093*
C18 0.3549 (6) 0.3961 (4) −0.1050 (4) 0.0820 (17)
H18A 0.2796 0.3785 −0.0766 0.098*
H18B 0.3576 0.3547 −0.1449 0.098*
C19 0.3383 (6) 0.4956 (4) −0.1292 (3) 0.0810 (16)
H19A 0.4118 0.5128 −0.1590 0.097*
H19B 0.2572 0.5014 −0.1559 0.097*
C20 0.3312 (6) 0.6581 (4) −0.0891 (3) 0.0747 (16)
H20A 0.2514 0.6705 −0.1155 0.090*
H20B 0.4065 0.6710 −0.1188 0.090*
C21 0.3355 (6) 0.7216 (4) −0.0276 (4) 0.084 (2)
H21A 0.2642 0.7040 0.0035 0.101*
H21B 0.3175 0.7847 −0.0435 0.101*
C22 0.4633 (6) 0.7233 (3) 0.0139 (3) 0.0760 (18)
H22A 0.5375 0.7310 −0.0176 0.091*
H22B 0.4623 0.7765 0.0451 0.091*
N1 0.1887 (5) 0.5510 (3) 0.0913 (3) 0.0946 (19)
N2 0.7764 (4) 0.4591 (3) −0.0980 (2) 0.0628 (12)
N3 0.4813 (5) 0.6373 (3) 0.0542 (2) 0.0702 (12)
H3A 0.4140 0.6331 0.0847 0.084*
H3B 0.5563 0.6432 0.0791 0.084*
N4 0.4754 (5) 0.3859 (3) −0.0651 (3) 0.0616 (12)
N5 0.3334 (4) 0.5583 (3) −0.0687 (3) 0.0658 (12)
N6 0.6482 (4) 0.4462 (3) 0.0551 (2) 0.0693 (12)
H6A 0.7227 0.4519 0.0298 0.083*
H6B 0.6606 0.4782 0.0948 0.083*
O1 0.3520 (4) 0.4442 (3) 0.0723 (2) 0.0758 (11)
O2 0.6306 (3) 0.5774 (2) −0.07302 (19) 0.0600 (9)
O1W 0.8016 (5) 0.3978 (5) −0.3387 (3) 0.1273 (19)
O3A 0.107 (2) 0.6125 (9) 0.2157 (8) 0.101 (5) 0.383 (11)
O3B 0.0292 (14) 0.6268 (5) 0.1665 (10) 0.130 (6) 0.617 (11)
O4A −0.0316 (15) 0.5925 (16) 0.1166 (15) 0.115 (4) 0.383 (11)
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O4B −0.0713 (8) 0.5555 (7) 0.0682 (7) 0.115 (4) 0.617 (11)
O5 0.8858 (5) 0.3817 (3) −0.1988 (2) 0.1005 (16)
O6 1.0226 (4) 0.4277 (3) −0.1006 (2) 0.1084 (17)
S1A 0.0774 (9) 0.5583 (5) 0.1553 (5) 0.079 (3) 0.383 (11)
S1B 0.0367 (4) 0.5542 (3) 0.1183 (3) 0.0725 (14) 0.617 (11)
S2 0.90760 (14) 0.44672 (10) −0.14354 (8) 0.0665 (4)
Zn1 0.49146 (5) 0.51064 (3) −0.00068 (4) 0.05359 (16)
H5A 0.252 (6) 0.548 (4) −0.040 (3) 0.082 (16)*
H4A 0.548 (7) 0.393 (5) −0.073 (4) 0.10 (3)*
H1W 0.816 (7) 0.405 (7) −0.2951 (15) 0.154*
H2W 0.720 (2) 0.405 (7) −0.341 (4) 0.154*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

C1 0.049 (3) 0.044 (2) 0.042 (2) −0.0024 (19) 0.009 (2) −0.0002 (19)
C2 0.055 (3) 0.062 (3) 0.060 (3) 0.005 (2) 0.001 (3) 0.008 (2)
C3 0.077 (4) 0.067 (3) 0.075 (4) −0.002 (3) 0.004 (3) 0.019 (3)
C4 0.074 (4) 0.082 (4) 0.068 (3) −0.021 (4) 0.019 (3) 0.007 (3)
C5 0.072 (4) 0.070 (3) 0.084 (4) −0.015 (3) 0.038 (3) −0.005 (3)
C6 0.063 (3) 0.057 (3) 0.067 (3) −0.003 (2) 0.037 (3) −0.001 (3)
C7 0.053 (3) 0.059 (3) 0.070 (3) −0.002 (2) 0.022 (2) 0.008 (3)
C8 0.037 (2) 0.047 (2) 0.045 (3) −0.0072 (19) −0.0025 (19) 0.001 (2)
C9 0.061 (3) 0.042 (2) 0.054 (3) −0.003 (2) −0.002 (2) 0.004 (2)
C10 0.089 (4) 0.052 (3) 0.068 (4) −0.014 (3) −0.008 (3) 0.016 (3)
C11 0.084 (4) 0.077 (3) 0.056 (3) −0.021 (3) 0.018 (3) 0.013 (2)
C12 0.055 (3) 0.081 (3) 0.068 (3) −0.003 (3) 0.016 (3) 0.007 (3)
C13 0.047 (3) 0.059 (3) 0.045 (2) 0.000 (2) 0.015 (2) 0.005 (2)
C14 0.033 (2) 0.055 (3) 0.052 (3) −0.003 (2) 0.0064 (19) 0.003 (2)
C15 0.063 (4) 0.058 (3) 0.098 (4) −0.002 (3) 0.021 (3) 0.010 (2)
C16 0.069 (3) 0.066 (3) 0.080 (4) 0.015 (2) 0.012 (3) 0.013 (3)
C17 0.066 (4) 0.085 (4) 0.080 (4) 0.020 (3) 0.006 (3) 0.030 (3)
C18 0.074 (4) 0.072 (4) 0.100 (5) −0.012 (3) −0.013 (4) 0.007 (3)
C19 0.067 (3) 0.087 (4) 0.089 (4) −0.004 (3) −0.015 (3) 0.011 (3)
C20 0.061 (3) 0.072 (4) 0.091 (4) 0.009 (3) 0.004 (3) 0.024 (3)
C21 0.073 (4) 0.059 (3) 0.121 (6) 0.016 (3) 0.029 (4) 0.030 (3)
C22 0.080 (4) 0.059 (3) 0.089 (5) 0.003 (2) 0.033 (3) −0.006 (3)
N1 0.080 (3) 0.049 (2) 0.155 (5) 0.007 (2) 0.069 (3) 0.022 (3)
N2 0.053 (2) 0.046 (2) 0.090 (3) 0.0027 (18) 0.035 (2) 0.016 (2)
N3 0.069 (3) 0.068 (2) 0.074 (3) 0.012 (2) 0.020 (2) 0.002 (2)
N4 0.045 (3) 0.053 (2) 0.088 (3) −0.0020 (19) 0.010 (2) 0.003 (2)
N5 0.050 (2) 0.063 (3) 0.084 (3) 0.005 (2) 0.014 (2) 0.022 (3)
N6 0.061 (3) 0.079 (3) 0.068 (3) 0.003 (2) 0.009 (2) 0.008 (2)
O1 0.057 (2) 0.075 (2) 0.095 (3) 0.008 (2) 0.037 (2) 0.021 (2)
O2 0.0461 (19) 0.059 (2) 0.075 (2) 0.0036 (15) 0.0220 (17) 0.0056 (17)
O1W 0.088 (4) 0.187 (5) 0.107 (4) 0.000 (4) −0.009 (3) 0.013 (4)
O3A 0.120 (13) 0.070 (8) 0.113 (11) 0.009 (8) 0.033 (10) 0.006 (8)
O3B 0.114 (9) 0.048 (4) 0.227 (15) −0.009 (5) 0.085 (9) −0.047 (7)
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O4A 0.050 (5) 0.086 (6) 0.209 (12) 0.012 (4) 0.004 (5) 0.067 (7)
O4B 0.050 (5) 0.086 (6) 0.209 (12) 0.012 (4) 0.004 (5) 0.067 (7)
O5 0.140 (4) 0.059 (2) 0.103 (3) −0.002 (3) 0.048 (3) −0.014 (2)
O6 0.071 (3) 0.136 (4) 0.118 (4) 0.045 (3) 0.018 (3) 0.063 (3)
S1A 0.087 (5) 0.057 (3) 0.095 (5) 0.031 (3) 0.059 (4) 0.021 (4)
S1B 0.064 (2) 0.0434 (13) 0.110 (3) 0.0058 (14) 0.038 (2) 0.008 (2)
S2 0.0651 (8) 0.0589 (7) 0.0756 (9) 0.0126 (6) 0.0299 (7) 0.0147 (7)
Zn1 0.0456 (3) 0.0536 (3) 0.0616 (3) 0.0076 (2) 0.0124 (3) 0.0074 (3)

Geometric parameters (Å, °)

C1—C6 1.368 (6) C18—C19 1.507 (7)
C1—C2 1.372 (6) C18—H18A 0.9700
C1—C7 1.490 (6) C18—H18B 0.9700
C2—C3 1.393 (8) C19—N5 1.471 (8)
C2—H2 0.9300 C19—H19A 0.9700
C3—C4 1.369 (8) C19—H19B 0.9700
C3—H3 0.9300 C20—N5 1.481 (6)
C4—C5 1.356 (8) C20—C21 1.492 (8)
C4—H4 0.9300 C20—H20A 0.9700
C5—C6 1.364 (7) C20—H20B 0.9700
C5—H5 0.9300 C21—C22 1.519 (8)
C6—S1A 1.706 (9) C21—H21A 0.9700
C6—S1B 1.861 (7) C21—H21B 0.9700
C7—O1 1.237 (6) C22—N3 1.466 (6)
C7—N1 1.333 (6) C22—H22A 0.9700
C8—C13 1.355 (6) C22—H22B 0.9700
C8—C9 1.367 (6) N1—S1B 1.623 (6)
C8—C14 1.514 (6) N1—S1A 1.671 (7)
C9—C10 1.372 (7) N2—S2 1.599 (4)
C9—H9 0.9300 N3—Zn1 2.100 (4)
C10—C11 1.382 (8) N3—H3A 0.9000
C10—H10 0.9300 N3—H3B 0.9000
C11—C12 1.381 (8) N4—Zn1 2.180 (5)
C11—H11 0.9300 N4—H4A 0.76 (7)
C12—C13 1.384 (6) N5—Zn1 2.174 (5)
C12—H12 0.9300 N5—H5A 1.00 (6)
C13—S2 1.769 (5) N6—Zn1 2.124 (4)
C14—O2 1.233 (5) N6—H6A 0.9000
C14—N2 1.346 (6) N6—H6B 0.9000
C15—N4 1.473 (6) O1—Zn1 2.204 (4)
C15—C16 1.515 (8) O2—Zn1 2.197 (3)
C15—H15A 0.9700 O1W—H1W 0.86 (2)
C15—H15B 0.9700 O1W—H2W 0.84 (2)
C16—C17 1.505 (8) O3A—S1A 1.430 (14)
C16—H16A 0.9700 O3B—S1B 1.395 (11)
C16—H16B 0.9700 O4A—S1A 1.417 (14)
C17—N6 1.489 (7) O4B—S1B 1.456 (11)
C17—H17A 0.9700 O5—S2 1.431 (5)
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C17—H17B 0.9700 O6—S2 1.452 (4)
C18—N4 1.446 (7)

C6—C1—C2 119.9 (4) C21—C20—H20B 109.2
C6—C1—C7 112.0 (4) H20A—C20—H20B 107.9
C2—C1—C7 128.1 (4) C20—C21—C22 116.8 (5)
C1—C2—C3 117.4 (5) C20—C21—H21A 108.1
C1—C2—H2 121.3 C22—C21—H21A 108.1
C3—C2—H2 121.3 C20—C21—H21B 108.1
C4—C3—C2 120.8 (5) C22—C21—H21B 108.1
C4—C3—H3 119.6 H21A—C21—H21B 107.3
C2—C3—H3 119.6 N3—C22—C21 111.7 (4)
C5—C4—C3 121.9 (5) N3—C22—H22A 109.3
C5—C4—H4 119.1 C21—C22—H22A 109.3
C3—C4—H4 119.1 N3—C22—H22B 109.3
C4—C5—C6 116.8 (5) C21—C22—H22B 109.3
C4—C5—H5 121.6 H22A—C22—H22B 107.9
C6—C5—H5 121.6 C7—N1—S1B 113.3 (4)
C5—C6—C1 123.2 (5) C7—N1—S1A 105.5 (4)
C5—C6—S1A 129.6 (4) C14—N2—S2 110.9 (3)
C1—C6—S1A 103.9 (4) C22—N3—Zn1 117.6 (3)
C5—C6—S1B 130.5 (4) C22—N3—H3A 107.9
C1—C6—S1B 105.7 (4) Zn1—N3—H3A 107.9
O1—C7—N1 124.8 (4) C22—N3—H3B 107.9
O1—C7—C1 121.7 (4) Zn1—N3—H3B 107.9
N1—C7—C1 113.5 (4) H3A—N3—H3B 107.2
C13—C8—C9 121.4 (4) C18—N4—C15 112.7 (4)
C13—C8—C14 110.8 (4) C18—N4—Zn1 106.4 (3)
C9—C8—C14 127.8 (4) C15—N4—Zn1 115.5 (4)
C8—C9—C10 117.8 (5) C18—N4—H4A 134 (6)
C8—C9—H9 121.1 C15—N4—H4A 100 (5)
C10—C9—H9 121.1 Zn1—N4—H4A 86 (5)
C9—C10—C11 121.2 (5) C19—N5—C20 112.2 (5)
C9—C10—H10 119.4 C19—N5—Zn1 105.2 (3)
C11—C10—H10 119.4 C20—N5—Zn1 118.2 (4)
C12—C11—C10 120.9 (5) C19—N5—H5A 112 (3)
C12—C11—H11 119.5 C20—N5—H5A 106 (3)
C10—C11—H11 119.5 Zn1—N5—H5A 103 (3)
C11—C12—C13 116.6 (5) C17—N6—Zn1 116.7 (4)
C11—C12—H12 121.7 C17—N6—H6A 108.1
C13—C12—H12 121.7 Zn1—N6—H6A 108.1
C8—C13—C12 122.1 (5) C17—N6—H6B 108.1
C8—C13—S2 107.1 (3) Zn1—N6—H6B 108.1
C12—C13—S2 130.7 (4) H6A—N6—H6B 107.3
O2—C14—N2 125.6 (4) C7—O1—Zn1 134.7 (3)
O2—C14—C8 120.8 (4) C14—O2—Zn1 131.4 (3)
N2—C14—C8 113.7 (4) H1W—O1W—H2W 102 (7)
N4—C15—C16 112.4 (4) O4A—S1A—O3A 113.8 (13)
N4—C15—H15A 109.1 O4A—S1A—N1 99.0 (11)
C16—C15—H15A 109.1 O3A—S1A—N1 119.6 (9)
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N4—C15—H15B 109.1 O4A—S1A—C6 106.5 (10)
C16—C15—H15B 109.1 O3A—S1A—C6 117.9 (7)
H15A—C15—H15B 107.9 N1—S1A—C6 97.2 (4)
C17—C16—C15 115.5 (5) O3B—S1B—O4B 113.0 (8)
C17—C16—H16A 108.4 O3B—S1B—N1 106.6 (6)
C15—C16—H16A 108.4 O4B—S1B—N1 119.8 (5)
C17—C16—H16B 108.4 O3B—S1B—C6 109.0 (7)
C15—C16—H16B 108.4 O4B—S1B—C6 113.4 (4)
H16A—C16—H16B 107.5 N1—S1B—C6 93.1 (3)
N6—C17—C16 113.5 (5) O5—S2—O6 115.1 (3)
N6—C17—H17A 108.9 O5—S2—N2 110.7 (3)
C16—C17—H17A 108.9 O6—S2—N2 111.8 (2)
N6—C17—H17B 108.9 O5—S2—C13 109.5 (2)
C16—C17—H17B 108.9 O6—S2—C13 110.9 (3)
H17A—C17—H17B 107.7 N2—S2—C13 97.5 (2)
N4—C18—C19 110.7 (5) N3—Zn1—N6 99.03 (19)
N4—C18—H18A 109.5 N3—Zn1—N5 89.83 (19)
C19—C18—H18A 109.5 N6—Zn1—N5 171.1 (2)
N4—C18—H18B 109.5 N3—Zn1—N4 171.58 (18)
C19—C18—H18B 109.5 N6—Zn1—N4 89.30 (18)
H18A—C18—H18B 108.1 N5—Zn1—N4 81.88 (19)
N5—C19—C18 109.5 (5) N3—Zn1—O2 88.58 (15)
N5—C19—H19A 109.8 N6—Zn1—O2 91.83 (16)
C18—C19—H19A 109.8 N5—Zn1—O2 87.23 (15)
N5—C19—H19B 109.8 N4—Zn1—O2 92.45 (16)
C18—C19—H19B 109.8 N3—Zn1—O1 91.14 (17)
H19A—C19—H19B 108.2 N6—Zn1—O1 88.13 (15)
N5—C20—C21 112.1 (5) N5—Zn1—O1 92.84 (17)
N5—C20—H20A 109.2 N4—Zn1—O1 87.83 (17)
C21—C20—H20A 109.2 O2—Zn1—O1 179.72 (18)
N5—C20—H20B 109.2

C6—C1—C2—C3 −0.8 (8) C1—C6—S1A—O4A 127.3 (13)
C7—C1—C2—C3 179.6 (5) S1B—C6—S1A—O4A 29.9 (12)
C1—C2—C3—C4 2.0 (9) C5—C6—S1A—O3A 56.1 (12)
C2—C3—C4—C5 −3.0 (10) C1—C6—S1A—O3A −103.4 (10)
C3—C4—C5—C6 2.7 (10) S1B—C6—S1A—O3A 159.2 (13)
C4—C5—C6—C1 −1.6 (9) C5—C6—S1A—N1 −174.9 (6)
C4—C5—C6—S1A −157.6 (7) C1—C6—S1A—N1 25.7 (7)
C4—C5—C6—S1B 168.0 (5) S1B—C6—S1A—N1 −71.8 (6)
C2—C1—C6—C5 0.7 (9) C7—N1—S1B—O3B 125.5 (9)
C7—C1—C6—C5 −179.6 (5) S1A—N1—S1B—O3B 45.7 (10)
C2—C1—C6—S1A 161.8 (6) C7—N1—S1B—O4B −104.7 (7)
C7—C1—C6—S1A −18.5 (7) S1A—N1—S1B—O4B 175.6 (10)
C2—C1—C6—S1B −171.1 (5) C7—N1—S1B—C6 14.6 (6)
C7—C1—C6—S1B 8.6 (6) S1A—N1—S1B—C6 −65.1 (7)
C6—C1—C7—O1 −179.7 (5) C5—C6—S1B—O3B 67.1 (9)
C2—C1—C7—O1 0.0 (9) C1—C6—S1B—O3B −122.0 (7)
C6—C1—C7—N1 1.1 (7) S1A—C6—S1B—O3B −32.4 (8)
C2—C1—C7—N1 −179.3 (6) C5—C6—S1B—O4B −59.8 (8)



supplementary materials

sup-9

C13—C8—C9—C10 1.1 (7) C1—C6—S1B—O4B 111.2 (6)
C14—C8—C9—C10 −179.4 (4) S1A—C6—S1B—O4B −159.2 (9)
C8—C9—C10—C11 −0.1 (8) C5—C6—S1B—N1 175.8 (6)
C9—C10—C11—C12 −0.7 (9) C1—C6—S1B—N1 −13.3 (5)
C10—C11—C12—C13 0.6 (8) S1A—C6—S1B—N1 76.4 (6)
C9—C8—C13—C12 −1.2 (7) C14—N2—S2—O5 −115.8 (4)
C14—C8—C13—C12 179.2 (4) C14—N2—S2—O6 114.4 (4)
C9—C8—C13—S2 178.4 (4) C14—N2—S2—C13 −1.7 (4)
C14—C8—C13—S2 −1.2 (5) C8—C13—S2—O5 116.8 (4)
C11—C12—C13—C8 0.3 (8) C12—C13—S2—O5 −63.7 (6)
C11—C12—C13—S2 −179.2 (4) C8—C13—S2—O6 −115.1 (4)
C13—C8—C14—O2 −178.9 (5) C12—C13—S2—O6 64.4 (6)
C9—C8—C14—O2 1.6 (7) C8—C13—S2—N2 1.7 (4)
C13—C8—C14—N2 0.1 (6) C12—C13—S2—N2 −178.8 (5)
C9—C8—C14—N2 −179.4 (5) C22—N3—Zn1—N6 138.1 (4)
N4—C15—C16—C17 70.4 (6) C22—N3—Zn1—N5 −40.7 (4)
C15—C16—C17—N6 −68.9 (6) C22—N3—Zn1—O2 46.5 (4)
N4—C18—C19—N5 −59.4 (7) C22—N3—Zn1—O1 −133.6 (4)
N5—C20—C21—C22 68.2 (7) C17—N6—Zn1—N3 136.5 (4)
C20—C21—C22—N3 −72.1 (6) C17—N6—Zn1—N4 −42.2 (4)
O1—C7—N1—S1B 168.7 (5) C17—N6—Zn1—O2 −134.6 (4)
C1—C7—N1—S1B −12.1 (8) C17—N6—Zn1—O1 45.6 (4)
O1—C7—N1—S1A −161.8 (7) C19—N5—Zn1—N3 163.8 (3)
C1—C7—N1—S1A 17.4 (8) C20—N5—Zn1—N3 37.6 (4)
O2—C14—N2—S2 −179.9 (4) C19—N5—Zn1—N4 −17.7 (3)
C8—C14—N2—S2 1.2 (5) C20—N5—Zn1—N4 −143.8 (5)
C21—C22—N3—Zn1 60.2 (6) C19—N5—Zn1—O2 75.2 (3)
C19—C18—N4—C15 167.5 (5) C20—N5—Zn1—O2 −51.0 (4)
C19—C18—N4—Zn1 40.0 (6) C19—N5—Zn1—O1 −105.1 (3)
C16—C15—N4—C18 176.7 (5) C20—N5—Zn1—O1 128.8 (4)
C16—C15—N4—Zn1 −60.7 (5) C18—N4—Zn1—N6 169.4 (4)
C18—C19—N5—C20 174.1 (5) C15—N4—Zn1—N6 43.5 (4)
C18—C19—N5—Zn1 44.3 (5) C18—N4—Zn1—N5 −11.9 (4)
C21—C20—N5—C19 −176.1 (5) C15—N4—Zn1—N5 −137.8 (4)
C21—C20—N5—Zn1 −53.4 (6) C18—N4—Zn1—O2 −98.8 (4)
C16—C17—N6—Zn1 58.9 (6) C15—N4—Zn1—O2 135.3 (4)
N1—C7—O1—Zn1 −6.3 (10) C18—N4—Zn1—O1 81.3 (4)
C1—C7—O1—Zn1 174.6 (4) C15—N4—Zn1—O1 −44.6 (4)
N2—C14—O2—Zn1 2.1 (8) C14—O2—Zn1—N3 142.0 (5)
C8—C14—O2—Zn1 −179.1 (3) C14—O2—Zn1—N6 43.0 (4)
C7—N1—S1A—O4A −133.4 (12) C14—O2—Zn1—N5 −128.1 (5)
S1B—N1—S1A—O4A −23.0 (11) C14—O2—Zn1—N4 −46.4 (5)
C7—N1—S1A—O3A 102.6 (9) C7—O1—Zn1—N3 46.4 (6)
S1B—N1—S1A—O3A −147.1 (12) C7—O1—Zn1—N6 145.4 (6)
C7—N1—S1A—C6 −25.4 (8) C7—O1—Zn1—N5 −43.5 (6)
S1B—N1—S1A—C6 85.0 (9) C7—O1—Zn1—N4 −125.3 (6)
C5—C6—S1A—O4A −73.2 (14)
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Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A
N3—H3A···N1 0.90 2.56 3.282 (7) 137
N6—H6A···N2 0.90 2.52 3.224 (6) 135
N5—H5A···N1 1.00 (6) 2.60 (6) 3.411 (7) 138 (4)
N4—H4A···N2 0.76 (7) 2.53 (7) 3.278 (6) 166 (7)
O1W—H1W···O5 0.86 (2) 2.01 (3) 2.833 (8) 161 (8)

N3—H3B···O1Wi 0.90 2.22 3.052 (7) 154

N6—H6B···O1Wi 0.90 2.22 3.071 (9) 157
Symmetry codes: (i) −x+3/2, −y+1, z+1/2.
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Fig. 1
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Fig. 2


