
S-Benzylthiouronium 3-nitrobenzene-
sulfonate

Hoong-Kun Fun,a* Samuel Robinson Jebas,a‡

Ibrahim Abdul Razak,a E. Deepak D’Silva,b P. S. Patilb and

S. M. Dharmaprakashb

aX-ray Crystallography Unit, School of Physics, Universiti Sains Malaysia, 11800

USM, Penang, Malaysia, and bDepartment of Studies in Physics, Mangalore

University, Mangalagangotri, Mangalore 574 199, India

Correspondence e-mail: hkfun@usm.my

Received 9 May 2008; accepted 28 May 2008

Key indicators: single-crystal X-ray study; T = 100 K; mean �(C–C) = 0.004 Å;
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In the title compound, C8H11N2S+
�C6H4NO5S�, the asym-

metric unit is composed of two crystallographically indepen-

dent S-benzylthiouronium cations and two independent

nitrobenzenesulfonate anions. An intramolecular hydrogen

bond generates an S(5)S(5) ring motif. The crystal packing is

stabilized by intramolecular C—H� � �O and intermolecular

C—H� � �O, N—H� � �O and N—H� � �S hydrogen bonds which,

along with short S� � �O [3.034 (2) Å] and N� � �O [2.796 (3) Å]

contacts, form a two-dimensional network parallel to the ab

plane.

Related literature

For related literature on nonlinear optical materials, see:

Chantrapromma et al. (2005, 2006); Fun et al. (2006); Patil,

Dharmaprakash et al. (2007); Patil, Fun et al. (2007). For bond-

length data, see: Allen et al. (1987). For graph-set analysis of

hydrogen bonding, see: Bernstein et al. (1995).

Experimental

Crystal data

C8H11N2S+
�C6H4NO5S�

Mr = 369.41
Triclinic, P1

a = 6.0397 (1) Å
b = 7.7856 (1) Å
c = 17.4680 (2) Å

� = 81.366 (1)�

� = 89.322 (1)�

� = 87.057 (1)�

V = 811.01 (2) Å3

Z = 2

Mo K� radiation
� = 0.36 mm�1

T = 100.0 (1) K
0.32 � 0.19 � 0.04 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.894, Tmax = 0.986

19026 measured reflections
8874 independent reflections
7378 reflections with I > 2�(I)
Rint = 0.043

Refinement

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.112
S = 1.03
8874 reflections
433 parameters
3 restraints

H-atom parameters constrained
��max = 0.38 e Å�3

��min = �0.32 e Å�3

Absolute structure: Flack (1983),
4108 Friedel pairs

Flack parameter: �0.03 (5)

Table 1
Hydrogen-bond geometry (Å, �).

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

N3—H1N3� � �O4i 0.86 1.97 2.796 (3) 162
N3—H1N3� � �S1i 0.86 2.84 3.694 (3) 170
N3—H2N3� � �O3ii 0.86 2.05 2.898 (3) 171
N4—H1N4� � �O3i 0.86 2.26 3.080 (3) 160
N4—H2N4� � �O5iii 0.86 2.37 3.126 (3) 146
N5—H1N5� � �O10i 0.86 1.91 2.764 (3) 176
N5—H1N5� � �S2i 0.86 2.85 3.642 (3) 154
N5—H2N5� � �O9ii 0.86 1.94 2.783 (3) 168
N6—H1N6� � �O1iii 0.86 2.27 3.072 (3) 156
N6—H2N6� � �O8iii 0.86 2.07 2.787 (3) 141
C6—H6A� � �O4 0.93 2.56 2.900 (3) 102
C8—H8A� � �O10 0.93 2.57 2.896 (4) 101
C19—H19B� � �O4iii 0.97 2.51 3.331 (4) 142
C27—H27B� � �O8iii 0.97 2.53 3.259 (4) 132

Symmetry codes: (i) x þ 1; yþ 1; z; (ii) x; yþ 1; z; (iii) xþ 1; y; z.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX2;

data reduction: SAINT (Bruker, 2005); program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL and PLATON (Spek,

2003).
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S-Benzylthiouronium 3-nitrobenzenesulfonate

Hoong-Kun Fun, Samuel Robinson Jebas, Ibrahim Abdul Razak, E. Deepak D′Silva, P. S. Patil 

and S. M. Dharmaprakash

S1. Comment 

In continuation of our research on nonlinear optical (NLO) materials (Chantrapromma et al., 2005, 2006; Fun et al., 

2006; Patil, Dharmaprakash et al. (2007); Patil, Fun et al. (2007), the crystal structure determination of the title 

compound, (I), was undertaken in order to obtain detailed information on its three-dimensional structure and crystal 

packing. Since the title compound crystallizes in a non-centrosymmetric space group, it should exhibit second-order 

nonlinear optical properties.

In the asymmetric unit of (I) there are two crystallographically independent s-benzylthiuronium cations and two 

independent m-nitrobenzene sulfonate anions (Fig. 1). Bond lengths and angles are found to have normal values (Allen et 

al., 1987). The dihedral angle formed by the mean plane of ring (C13–C18) with the mean planes through rings (C21–

C26), (C1–C6) and (C7–C12) are 57.6 (2)°, 49.9 (2)° and 46.98 (1)°, respectively. The dihedral angle formed by the mean 

planes of rings (C1–C6) and (C7–C12) are 3.07 (1)°, indicating that they are almost coplanar.

An intramolecular hydrogen bond generates a S(5)S(5) ring motif (Bernstein et al., 1995). The crystal packing (Fig. 2) 

is stabilized by intramolecular C—H···O, intermolecular C—H···O, N—H···O and N—H···S hydrogen bonds which 

together with short S···O and N···O contacts, in the range 2.796 (3)–3.282 (3) Å [symmetry code: x, 1+y, z; 1+x, 1+y, z], 

form a two-dimensional network parrallel to the ab plane.

S2. Experimental 

Compound (I) was synthesized by mixing solutions of the sodium salt of m-nitrobenzene sulfonic acid (0.5 g) in 5 ml of 

distilled water with 5 drops of 0.1 N HCl and S-benzylthiuronium chloride (1 g) in 5 ml of distilled water. The mixing 

immediately yielded a precipitate when the reaction container was placed in ice cold water. The resulting precipitate was 

filtered and dried. Crystals suitable for single-crystal X-ray diffraction were grown by slow evaporation of an ethanol 

solution at room temperature.

S3. Refinement 

H atoms were positioned geometrically [C—H = 0.93 Å; N—H = 0.86 Å and CH2 = 0.97 Å] and refined using a riding 

model with Uiso(H) = 1.2Ueq(C, N).
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Figure 1

The molecular structure of compound (I) showing 50% probability displacement ellipsoids and the atom numbering 

scheme. 

Figure 2

The crystal packing of compound (I) viewed down the c axis, showing the two-dimensional network. Short intra and 

intermolecular contacts and hydrogen bonds are shown as dashed lines. 
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(5-Methylpyrazine-2-carboxylato)diphenyltin(IV) 

Crystal data 

C8H11N2S+·C6H4NO5S−

Mr = 369.41
Triclinic, P1
Hall symbol: P 1
a = 6.0397 (1) Å
b = 7.7856 (1) Å
c = 17.4680 (2) Å
α = 81.366 (1)°
β = 89.322 (1)°
γ = 87.057 (1)°
V = 811.01 (2) Å3

Z = 2
F(000) = 384
Dx = 1.513 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 4354 reflections
θ = 2.8–34.6°
µ = 0.36 mm−1

T = 100 K
Plate, colourless
0.32 × 0.19 × 0.04 mm

Data collection 

Bruker SMART APEXII CCD area-detector 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
φ and ω scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2005)
Tmin = 0.894, Tmax = 0.986

19026 measured reflections
8874 independent reflections
7378 reflections with I > 2σ(I)
Rint = 0.043
θmax = 30.1°, θmin = 1.2°
h = −7→8
k = −10→10
l = −24→24

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.044
wR(F2) = 0.112
S = 1.03
8874 reflections
433 parameters
3 restraints
Primary atom site location: structure-invariant 

direct methods
Secondary atom site location: difference Fourier 

map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0534P)2] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.38 e Å−3

Δρmin = −0.32 e Å−3

Absolute structure: Flack (1983), with how 
many Friedel pairs?

Absolute structure parameter: −0.03 (5)

Special details 

Experimental. The data was collected with the Oxford Cyrosystem Cobra low-temperature attachment.
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 matrix. 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, 
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used 
only for calculating 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

S1 0.37546 (10) 0.53723 (8) 0.82205 (4) 0.01444 (14)
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O1 0.4811 (4) 0.4607 (3) 0.47221 (12) 0.0252 (5)
O2 0.1931 (4) 0.4114 (3) 0.54531 (12) 0.0241 (5)
O3 0.4577 (3) 0.3635 (3) 0.85663 (11) 0.0180 (4)
O4 0.1377 (3) 0.5430 (3) 0.80849 (11) 0.0184 (4)
O5 0.4448 (3) 0.6737 (3) 0.86311 (12) 0.0206 (4)
N1 0.3820 (4) 0.4617 (3) 0.53419 (14) 0.0193 (5)
C1 0.4988 (4) 0.5723 (3) 0.72854 (15) 0.0147 (5)
C2 0.7020 (4) 0.6478 (4) 0.71677 (16) 0.0167 (5)
H2A 0.7710 0.6903 0.7569 0.020*
C3 0.8017 (5) 0.6590 (4) 0.64337 (18) 0.0207 (6)
H3A 0.9384 0.7085 0.6351 0.025*
C4 0.7004 (5) 0.5977 (4) 0.58323 (17) 0.0184 (6)
H4A 0.7673 0.6044 0.5347 0.022*
C5 0.4953 (5) 0.5255 (4) 0.59719 (16) 0.0163 (5)
C6 0.3912 (5) 0.5112 (3) 0.66886 (15) 0.0154 (5)
H6A 0.2539 0.4623 0.6767 0.018*
S2 0.31950 (11) −0.08507 (8) 0.41082 (4) 0.01834 (15)
O6 0.5275 (5) 0.1046 (3) 0.73759 (13) 0.0379 (6)
O7 0.2256 (5) 0.0097 (4) 0.69863 (14) 0.0493 (8)
O8 0.1789 (4) 0.0611 (3) 0.37490 (12) 0.0231 (5)
O9 0.4738 (4) −0.1484 (3) 0.35681 (13) 0.0301 (5)
O10 0.1907 (4) −0.2203 (3) 0.45482 (13) 0.0282 (5)
N2 0.4156 (5) 0.0558 (4) 0.68796 (15) 0.0285 (6)
C7 0.4798 (5) −0.0078 (4) 0.48202 (16) 0.0168 (5)
C8 0.3892 (5) −0.0087 (4) 0.55576 (17) 0.0185 (6)
H8A 0.2493 −0.0502 0.5677 0.022*
C9 0.5124 (5) 0.0534 (4) 0.61044 (17) 0.0215 (6)
C10 0.7218 (5) 0.1167 (4) 0.59464 (18) 0.0227 (6)
H10A 0.8017 0.1578 0.6327 0.027*
C11 0.8082 (5) 0.1169 (4) 0.52112 (19) 0.0239 (6)
H11A 0.9479 0.1590 0.5094 0.029*
C12 0.6880 (5) 0.0546 (4) 0.46421 (17) 0.0195 (6)
H12A 0.7471 0.0549 0.4148 0.023*
S3 0.77990 (11) 0.92863 (9) 0.89784 (5) 0.02185 (17)
N3 0.9177 (4) 1.2377 (3) 0.85658 (14) 0.0211 (5)
H1N3 1.0112 1.3173 0.8448 0.025*
H2N3 0.7778 1.2643 0.8544 0.025*
N4 1.1997 (4) 1.0283 (3) 0.88215 (14) 0.0199 (5)
H1N4 1.2973 1.1048 0.8708 0.024*
H2N4 1.2408 0.9209 0.8963 0.024*
C13 0.8638 (5) 0.8126 (4) 1.08658 (18) 0.0229 (6)
H13A 0.7231 0.8611 1.0730 0.027*
C14 0.9388 (6) 0.8053 (4) 1.16156 (19) 0.0292 (7)
H14A 0.8479 0.8490 1.1982 0.035*
C15 1.1470 (6) 0.7337 (4) 1.18259 (18) 0.0294 (7)
H15A 1.1961 0.7290 1.2332 0.035*
C16 1.2827 (6) 0.6688 (4) 1.12789 (19) 0.0274 (7)
H16A 1.4234 0.6208 1.1417 0.033*
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C17 1.2086 (5) 0.6754 (4) 1.05282 (17) 0.0217 (6)
H17A 1.3000 0.6312 1.0164 0.026*
C18 0.9993 (5) 0.7473 (4) 1.03121 (17) 0.0178 (6)
C19 0.9156 (5) 0.7358 (4) 0.95108 (18) 0.0216 (6)
H19A 0.8127 0.6432 0.9556 0.026*
H19B 1.0406 0.7015 0.9204 0.026*
C20 0.9890 (5) 1.0752 (4) 0.87791 (15) 0.0165 (5)
S4 0.70823 (11) 0.42238 (9) 0.29521 (4) 0.02029 (15)
N5 0.8675 (4) 0.6477 (3) 0.37270 (14) 0.0205 (5)
H1N5 0.9647 0.6932 0.3980 0.025*
H2N5 0.7379 0.6980 0.3650 0.025*
N6 1.1136 (4) 0.4218 (3) 0.35682 (14) 0.0209 (5)
H1N6 1.2132 0.4650 0.3819 0.025*
H2N6 1.1425 0.3262 0.3388 0.025*
C21 0.7614 (5) 0.3251 (4) 0.09917 (17) 0.0211 (6)
H21A 0.8905 0.3852 0.0900 0.025*
C22 0.6228 (5) 0.3107 (4) 0.03818 (17) 0.0241 (6)
H22A 0.6595 0.3609 −0.0118 0.029*
C23 0.4305 (5) 0.2224 (4) 0.05098 (18) 0.0258 (7)
H23A 0.3378 0.2128 0.0099 0.031*
C24 0.3766 (5) 0.1484 (4) 0.12517 (19) 0.0266 (7)
H24A 0.2463 0.0897 0.1341 0.032*
C25 0.5157 (5) 0.1608 (4) 0.18650 (17) 0.0228 (6)
H25A 0.4794 0.1091 0.2362 0.027*
C26 0.7088 (5) 0.2503 (4) 0.17390 (16) 0.0180 (6)
C27 0.8588 (5) 0.2713 (4) 0.23962 (17) 0.0242 (6)
H27A 0.9976 0.3182 0.2200 0.029*
H27B 0.8905 0.1601 0.2718 0.029*
C28 0.9169 (5) 0.5019 (4) 0.34598 (16) 0.0175 (6)

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

S1 0.0132 (3) 0.0156 (3) 0.0147 (3) −0.0010 (2) −0.0006 (2) −0.0028 (2)
O1 0.0274 (12) 0.0322 (12) 0.0163 (10) 0.0034 (9) 0.0009 (9) −0.0061 (9)
O2 0.0218 (11) 0.0285 (12) 0.0236 (11) −0.0070 (9) −0.0016 (9) −0.0066 (9)
O3 0.0197 (10) 0.0164 (10) 0.0169 (9) 0.0018 (8) −0.0002 (8) 0.0000 (8)
O4 0.0138 (10) 0.0201 (10) 0.0209 (10) −0.0010 (8) 0.0001 (8) −0.0019 (8)
O5 0.0202 (10) 0.0223 (10) 0.0222 (10) −0.0061 (8) 0.0008 (8) −0.0111 (8)
N1 0.0229 (14) 0.0157 (12) 0.0188 (12) 0.0024 (10) −0.0025 (10) −0.0019 (9)
C1 0.0144 (13) 0.0126 (13) 0.0167 (13) 0.0009 (10) −0.0022 (10) −0.0018 (10)
C2 0.0130 (13) 0.0167 (13) 0.0199 (13) −0.0007 (10) −0.0032 (10) −0.0012 (11)
C3 0.0128 (13) 0.0199 (14) 0.0273 (15) −0.0018 (10) 0.0006 (11) 0.0034 (12)
C4 0.0167 (14) 0.0195 (14) 0.0182 (13) 0.0018 (11) 0.0020 (11) −0.0008 (11)
C5 0.0176 (13) 0.0149 (13) 0.0166 (12) 0.0015 (10) −0.0048 (10) −0.0031 (10)
C6 0.0141 (13) 0.0144 (13) 0.0170 (13) −0.0010 (10) −0.0017 (10) −0.0002 (10)
S2 0.0198 (4) 0.0174 (3) 0.0176 (3) 0.0013 (3) −0.0044 (3) −0.0023 (3)
O6 0.0591 (18) 0.0348 (14) 0.0216 (12) −0.0018 (12) −0.0106 (11) −0.0094 (10)
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O7 0.0337 (15) 0.092 (2) 0.0243 (13) −0.0050 (15) 0.0061 (11) −0.0138 (14)
O8 0.0235 (11) 0.0209 (11) 0.0232 (10) 0.0045 (8) −0.0055 (9) 0.0004 (9)
O9 0.0310 (13) 0.0378 (13) 0.0224 (11) 0.0120 (10) −0.0038 (9) −0.0118 (10)
O10 0.0330 (13) 0.0221 (11) 0.0284 (11) −0.0104 (9) −0.0110 (10) 0.0035 (9)
N2 0.0390 (18) 0.0263 (14) 0.0199 (13) 0.0067 (12) −0.0021 (12) −0.0052 (11)
C7 0.0169 (14) 0.0150 (13) 0.0175 (13) 0.0034 (10) −0.0031 (10) −0.0003 (10)
C8 0.0172 (14) 0.0171 (13) 0.0205 (13) 0.0024 (11) −0.0019 (11) −0.0019 (11)
C9 0.0232 (16) 0.0201 (15) 0.0206 (14) 0.0059 (11) −0.0056 (11) −0.0036 (11)
C10 0.0206 (15) 0.0202 (15) 0.0276 (15) 0.0037 (11) −0.0091 (12) −0.0055 (12)
C11 0.0149 (14) 0.0199 (15) 0.0363 (17) −0.0018 (11) −0.0032 (12) −0.0021 (13)
C12 0.0178 (14) 0.0164 (14) 0.0235 (14) 0.0011 (11) −0.0009 (11) −0.0013 (11)
S3 0.0150 (4) 0.0199 (4) 0.0292 (4) −0.0045 (3) −0.0034 (3) 0.0025 (3)
N3 0.0147 (12) 0.0189 (12) 0.0294 (13) −0.0045 (9) −0.0001 (10) −0.0012 (10)
N4 0.0142 (12) 0.0211 (13) 0.0241 (12) −0.0025 (9) 0.0002 (10) −0.0016 (10)
C13 0.0206 (15) 0.0208 (15) 0.0268 (15) −0.0007 (11) 0.0053 (12) −0.0024 (12)
C14 0.0363 (19) 0.0219 (16) 0.0287 (16) −0.0027 (13) 0.0097 (14) −0.0010 (13)
C15 0.038 (2) 0.0278 (18) 0.0200 (15) −0.0090 (14) −0.0013 (13) 0.0053 (13)
C16 0.0228 (16) 0.0265 (17) 0.0298 (17) −0.0019 (12) −0.0054 (13) 0.0067 (13)
C17 0.0192 (15) 0.0220 (15) 0.0224 (14) 0.0022 (11) 0.0039 (12) −0.0002 (12)
C18 0.0176 (14) 0.0130 (13) 0.0224 (14) −0.0041 (10) 0.0024 (11) −0.0004 (11)
C19 0.0195 (15) 0.0150 (14) 0.0298 (16) −0.0016 (11) 0.0014 (12) −0.0017 (12)
C20 0.0156 (13) 0.0207 (14) 0.0136 (12) −0.0031 (10) 0.0007 (10) −0.0027 (10)
S4 0.0170 (4) 0.0252 (4) 0.0202 (3) −0.0003 (3) −0.0022 (3) −0.0082 (3)
N5 0.0177 (12) 0.0222 (13) 0.0228 (12) −0.0013 (9) −0.0009 (10) −0.0067 (10)
N6 0.0187 (13) 0.0233 (13) 0.0212 (12) 0.0006 (10) −0.0056 (10) −0.0050 (10)
C21 0.0222 (15) 0.0188 (14) 0.0224 (14) −0.0025 (11) 0.0019 (12) −0.0027 (12)
C22 0.0329 (18) 0.0236 (16) 0.0157 (13) −0.0003 (13) −0.0014 (12) −0.0027 (12)
C23 0.0283 (17) 0.0249 (16) 0.0265 (16) 0.0023 (13) −0.0125 (13) −0.0116 (13)
C24 0.0242 (16) 0.0241 (16) 0.0335 (17) −0.0064 (12) −0.0009 (13) −0.0087 (13)
C25 0.0269 (16) 0.0221 (15) 0.0185 (14) −0.0005 (12) 0.0036 (12) −0.0001 (12)
C26 0.0215 (15) 0.0182 (14) 0.0149 (12) 0.0013 (11) −0.0023 (11) −0.0047 (11)
C27 0.0256 (16) 0.0286 (16) 0.0197 (14) 0.0069 (12) −0.0035 (12) −0.0103 (12)
C28 0.0163 (14) 0.0215 (15) 0.0144 (12) −0.0026 (11) 0.0008 (11) −0.0011 (11)

Geometric parameters (Å, º) 

S1—O5 1.449 (2) N4—C20 1.306 (4)
S1—O4 1.456 (2) N4—H1N4 0.8600
S1—O3 1.461 (2) N4—H2N4 0.8600
S1—C1 1.776 (3) C13—C14 1.383 (5)
O1—N1 1.232 (3) C13—C18 1.396 (4)
O2—N1 1.229 (3) C13—H13A 0.9300
N1—C5 1.464 (4) C14—C15 1.380 (5)
C1—C2 1.388 (4) C14—H14A 0.9300
C1—C6 1.390 (4) C15—C16 1.387 (5)
C2—C3 1.403 (4) C15—H15A 0.9300
C2—H2A 0.9300 C16—C17 1.383 (4)
C3—C4 1.379 (4) C16—H16A 0.9300
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C3—H3A 0.9300 C17—C18 1.389 (4)
C4—C5 1.390 (4) C17—H17A 0.9300
C4—H4A 0.9300 C18—C19 1.510 (4)
C5—C6 1.386 (4) C19—H19A 0.9700
C6—H6A 0.9300 C19—H19B 0.9700
S2—O9 1.440 (2) S4—C28 1.740 (3)
S2—O8 1.452 (2) S4—C27 1.835 (3)
S2—O10 1.460 (2) N5—C28 1.310 (4)
S2—C7 1.778 (3) N5—H1N5 0.8600
O6—N2 1.222 (4) N5—H2N5 0.8600
O7—N2 1.224 (4) N6—C28 1.315 (4)
N2—C9 1.471 (4) N6—H1N6 0.8600
C7—C12 1.386 (4) N6—H2N6 0.8600
C7—C8 1.393 (4) C21—C22 1.384 (4)
C8—C9 1.376 (4) C21—C26 1.387 (4)
C8—H8A 0.9300 C21—H21A 0.9300
C9—C10 1.390 (4) C22—C23 1.379 (5)
C10—C11 1.380 (5) C22—H22A 0.9300
C10—H10A 0.9300 C23—C24 1.379 (4)
C11—C12 1.396 (4) C23—H23A 0.9300
C11—H11A 0.9300 C24—C25 1.387 (4)
C12—H12A 0.9300 C24—H24A 0.9300
S3—C20 1.742 (3) C25—C26 1.388 (4)
S3—C19 1.806 (3) C25—H25A 0.9300
N3—C20 1.316 (4) C26—C27 1.504 (4)
N3—H1N3 0.8600 C27—H27A 0.9700
N3—H2N3 0.8600 C27—H27B 0.9700

O5—S1—O4 113.68 (12) C14—C13—C18 120.0 (3)
O5—S1—O3 113.38 (12) C14—C13—H13A 120.0
O4—S1—O3 111.39 (12) C18—C13—H13A 120.0
O5—S1—C1 107.07 (12) C15—C14—C13 120.7 (3)
O4—S1—C1 105.35 (12) C15—C14—H14A 119.6
O3—S1—C1 105.17 (12) C13—C14—H14A 119.6
O2—N1—O1 122.9 (2) C14—C15—C16 119.6 (3)
O2—N1—C5 118.8 (2) C14—C15—H15A 120.2
O1—N1—C5 118.3 (2) C16—C15—H15A 120.2
C2—C1—C6 121.3 (3) C17—C16—C15 120.0 (3)
C2—C1—S1 121.1 (2) C17—C16—H16A 120.0
C6—C1—S1 117.5 (2) C15—C16—H16A 120.0
C1—C2—C3 118.9 (3) C16—C17—C18 120.7 (3)
C1—C2—H2A 120.5 C16—C17—H17A 119.6
C3—C2—H2A 120.5 C18—C17—H17A 119.6
C4—C3—C2 121.1 (3) C17—C18—C13 119.0 (3)
C4—C3—H3A 119.4 C17—C18—C19 119.0 (3)
C2—C3—H3A 119.4 C13—C18—C19 121.7 (3)
C3—C4—C5 118.1 (3) C18—C19—S3 117.6 (2)
C3—C4—H4A 121.0 C18—C19—H19A 107.9
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C5—C4—H4A 121.0 S3—C19—H19A 107.9
C6—C5—C4 122.7 (3) C18—C19—H19B 107.9
C6—C5—N1 117.9 (2) S3—C19—H19B 107.9
C4—C5—N1 119.4 (2) H19A—C19—H19B 107.2
C5—C6—C1 117.8 (3) N4—C20—N3 122.3 (3)
C5—C6—H6A 121.1 N4—C20—S3 123.1 (2)
C1—C6—H6A 121.1 N3—C20—S3 114.6 (2)
O9—S2—O8 112.40 (13) C28—S4—C27 103.46 (14)
O9—S2—O10 113.93 (15) C28—N5—H1N5 120.0
O8—S2—O10 111.89 (14) C28—N5—H2N5 120.0
O9—S2—C7 106.75 (14) H1N5—N5—H2N5 120.0
O8—S2—C7 106.93 (13) C28—N6—H1N6 120.0
O10—S2—C7 104.21 (13) C28—N6—H2N6 120.0
O6—N2—O7 123.8 (3) H1N6—N6—H2N6 120.0
O6—N2—C9 118.6 (3) C22—C21—C26 120.4 (3)
O7—N2—C9 117.6 (3) C22—C21—H21A 119.8
C12—C7—C8 120.9 (3) C26—C21—H21A 119.8
C12—C7—S2 120.8 (2) C23—C22—C21 120.4 (3)
C8—C7—S2 118.3 (2) C23—C22—H22A 119.8
C9—C8—C7 118.1 (3) C21—C22—H22A 119.8
C9—C8—H8A 120.9 C22—C23—C24 119.6 (3)
C7—C8—H8A 120.9 C22—C23—H23A 120.2
C8—C9—C10 122.5 (3) C24—C23—H23A 120.2
C8—C9—N2 118.3 (3) C23—C24—C25 120.4 (3)
C10—C9—N2 119.2 (3) C23—C24—H24A 119.8
C11—C10—C9 118.4 (3) C25—C24—H24A 119.8
C11—C10—H10A 120.8 C24—C25—C26 120.2 (3)
C9—C10—H10A 120.8 C24—C25—H25A 119.9
C10—C11—C12 120.6 (3) C26—C25—H25A 119.9
C10—C11—H11A 119.7 C21—C26—C25 119.0 (3)
C12—C11—H11A 119.7 C21—C26—C27 119.5 (3)
C7—C12—C11 119.4 (3) C25—C26—C27 121.4 (3)
C7—C12—H12A 120.3 C26—C27—S4 105.9 (2)
C11—C12—H12A 120.3 C26—C27—H27A 110.6
C20—S3—C19 104.77 (14) S4—C27—H27A 110.6
C20—N3—H1N3 120.0 C26—C27—H27B 110.6
C20—N3—H2N3 120.0 S4—C27—H27B 110.6
H1N3—N3—H2N3 120.0 H27A—C27—H27B 108.7
C20—N4—H1N4 120.0 N5—C28—N6 121.5 (3)
C20—N4—H2N4 120.0 N5—C28—S4 116.1 (2)
H1N4—N4—H2N4 120.0 N6—C28—S4 122.4 (2)

O5—S1—C1—C2 30.8 (3) O7—N2—C9—C10 175.5 (3)
O4—S1—C1—C2 152.1 (2) C8—C9—C10—C11 0.1 (4)
O3—S1—C1—C2 −90.1 (2) N2—C9—C10—C11 −178.6 (3)
O5—S1—C1—C6 −153.3 (2) C9—C10—C11—C12 −0.2 (4)
O4—S1—C1—C6 −32.0 (2) C8—C7—C12—C11 0.1 (4)
O3—S1—C1—C6 85.8 (2) S2—C7—C12—C11 179.0 (2)
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C6—C1—C2—C3 −1.3 (4) C10—C11—C12—C7 0.1 (4)
S1—C1—C2—C3 174.5 (2) C18—C13—C14—C15 0.0 (5)
C1—C2—C3—C4 0.5 (4) C13—C14—C15—C16 0.1 (5)
C2—C3—C4—C5 0.5 (4) C14—C15—C16—C17 −0.2 (5)
C3—C4—C5—C6 −0.8 (4) C15—C16—C17—C18 0.3 (5)
C3—C4—C5—N1 179.1 (2) C16—C17—C18—C13 −0.2 (4)
O2—N1—C5—C6 5.8 (4) C16—C17—C18—C19 −173.9 (3)
O1—N1—C5—C6 −174.1 (2) C14—C13—C18—C17 0.1 (4)
O2—N1—C5—C4 −174.1 (3) C14—C13—C18—C19 173.6 (3)
O1—N1—C5—C4 6.0 (4) C17—C18—C19—S3 −135.9 (2)
C4—C5—C6—C1 0.0 (4) C13—C18—C19—S3 50.5 (4)
N1—C5—C6—C1 −179.8 (2) C20—S3—C19—C18 67.8 (2)
C2—C1—C6—C5 1.0 (4) C19—S3—C20—N4 17.4 (3)
S1—C1—C6—C5 −174.9 (2) C19—S3—C20—N3 −163.9 (2)
O9—S2—C7—C12 28.0 (3) C26—C21—C22—C23 0.2 (5)
O8—S2—C7—C12 −92.5 (2) C21—C22—C23—C24 0.1 (5)
O10—S2—C7—C12 148.9 (2) C22—C23—C24—C25 −0.7 (5)
O9—S2—C7—C8 −153.1 (2) C23—C24—C25—C26 1.0 (5)
O8—S2—C7—C8 86.4 (2) C22—C21—C26—C25 0.1 (4)
O10—S2—C7—C8 −32.2 (3) C22—C21—C26—C27 −178.5 (3)
C12—C7—C8—C9 −0.2 (4) C24—C25—C26—C21 −0.7 (4)
S2—C7—C8—C9 −179.1 (2) C24—C25—C26—C27 177.9 (3)
C7—C8—C9—C10 0.1 (4) C21—C26—C27—S4 108.2 (3)
C7—C8—C9—N2 178.8 (3) C25—C26—C27—S4 −70.4 (3)
O6—N2—C9—C8 177.2 (3) C28—S4—C27—C26 −159.2 (2)
O7—N2—C9—C8 −3.3 (4) C27—S4—C28—N5 160.8 (2)
O6—N2—C9—C10 −4.0 (4) C27—S4—C28—N6 −18.8 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

N3—H1N3···O4i 0.86 1.97 2.796 (3) 162
N3—H1N3···S1i 0.86 2.84 3.694 (3) 170
N3—H2N3···O3ii 0.86 2.05 2.898 (3) 171
N4—H1N4···O3i 0.86 2.26 3.080 (3) 160
N4—H2N4···O5iii 0.86 2.37 3.126 (3) 146
N5—H1N5···O10i 0.86 1.91 2.764 (3) 176
N5—H1N5···S2i 0.86 2.85 3.642 (3) 154
N5—H2N5···O9ii 0.86 1.94 2.783 (3) 168
N6—H1N6···O1iii 0.86 2.27 3.072 (3) 156
N6—H2N6···O8iii 0.86 2.07 2.787 (3) 141
C6—H6A···O4 0.93 2.56 2.900 (3) 102
C8—H8A···O10 0.93 2.57 2.896 (4) 101
C19—H19B···O4iii 0.97 2.51 3.331 (4) 142
C27—H27B···O8iii 0.97 2.53 3.259 (4) 132

Symmetry codes: (i) x+1, y+1, z; (ii) x, y+1, z; (iii) x+1, y, z.


