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The asymmetric unit of the title compound, C;,H;3BrN,OS,
contains two independent molecules in which the dihedral
angles between the triazole and benzene rings are 2.9 (3) and
7.5 (3)°. The thione group is of the form R,C=S. An
intramolecular O—H---N hydrogen bond occurs in each
molecule. The crystal structure features weak N—H.--S
interactions and m-m stacking of the benzene rings
[centroid—centroid distance = 3.667 (3) A]

Related literature

For the pharmacological activity of 1,2,4-triazole-substituted
and Schiff base compounds, see: Isloor et al. (2009); Ma et al.
(2011). For copper complexes containing 1,2,4-triazole Schiff
base ligands, see: Wen et al. (2004).
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Experimental
Crystal data
C;,H;5BrN,OS M, = 341.23

Triclinic, PT V =1399.5 (15) A’

a=8042(5) A Z=4

b =13.187 (8) A Mo Ko radiation
¢ =13.408 (8) A w=308mm™"
« = 97.406 (9)° T =298 K

B =92.956 (10)° 0.30 x 0.25 x 0.20 mm

¥ = 95.916 (9)°

Data collection

Bruker SMART 1K CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2000)
T'min = 0.458, Tiax = 0.578

14278 measured reflections
4939 independent reflections
3061 reflections with 7 > 20(1)
Rine = 0.055

Refinement

R[F? > 20(F%)] = 0.043
wR(F?) = 0.102

S =093

4939 reflections

347 parameters

H-atom parameters constrained
APmax = 049 ¢ A7

APmin = —055e¢ A7

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1—H1---N4 0.82 1.93 2.644 (4) 145
O2—H2---N8 0.82 1.90 2.612 (4) 144
N1-HIA.--S1' 0.86 2.46 3.300 (4) 164
N5—HS5---S2" 0.86 241 3.252 (4) 165

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

Data collection: SMART (Bruker, 2000); cell refinement: SAINT
(Bruker, 2000); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
ORTEP-3 (Farrugia, 1997); software used to prepare material for
publication: pubICIF (Westrip, 2010).
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4-[(5-Bromo-2-hydroxybenzylidene)amino]-3-propyl-1H-1,2,4-triazole-5(4H)-
thione

Xin Wu, Cai-Xia Yuan, Ling Ma, Kai-Lu Zhai and Miao-Li Zhu

Comment

1,2,4-triazole and its derivatives possess a variety of pharmacological properties (Isloor et al., 2009). Schiff bases derived
from substituted salicylaldehydes form numerous metal complexes (Wen et al., 2004). Also, copper complexes containing
1,2,4-triazole Schiff base ligands are potential inhibitors of PTP1B (protein tyrosine phosphatase 1B), TCPTP (T-cell
protein tyrosine phosphatase), PTP-MEG2 (megakaryocyte protein tyrosine phosphatase) and SHP-1 (Src homology
phosphatase 1) (Ma et al., 2011). In continuation of our work in this area, we report here the synthesis and crystal
structure of the title compound, C1,H;3BrN,OS, ().

The title compound, (I), crystallizes with two independent molecules in the asymmetric unit (Fig. 1). The dihedral
angles between the triazole and phenyl rings are 2.9 (3)° and 7.5 (3)°, respectively. The thione group is of the form R,C=S
with a Cdb\S distance of 1.673 (4)A and 1.675 (4)A indicating significant double bond character. Intramolecular O—
H-*N hydrogen bonds, weak N—H-S intermolecular interactions (Table 1) and 7—= stacking of the benzene rings

[centroid—centroid distance = 3.667 (3) A] are observed that may influence crystal packing.

Experimental
0.5 mmol 5-Bromosalicylaldehyde in 10 ml of ethanol was added to a solution of 4-amino-5-propyl-1,2,4-triazole-3-
thione (0.5 mmol) in 20 ml of ethanol, and then refluxed for 2 h. The resulting solution was filterd and recrystallized from

ethanol. X-ray quality Yellow crystals of the title compound were formed upon slow evaporation of the resulting soluton.

Refinement

All of the H atoms were placed in their calculated positions and the refined using the riding model with C—H lengths of
0.93A (CH), 0.97A (CH,), 0.97 A (CHs3), 0.86 (NH) or 0.82A. The isotropoc displacement parameters for these atoms
were set to 1.2 (CH, CH,, O, N) or 1.5 (CHs;) times Uy of the parent atom.

Computing details

Data collection: SMART (Bruker, 2000); cell refinement: SAINT (Bruker, 2000); data reduction: SAINT (Bruker, 2000);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); software used to prepare material for publication:
publCIF (Westrip, 2010).
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Br2

Figure 1
Molecular structure of the title compound, (I), with displacement ellipsoids drawn at the 50% probability level. Dashed

lines indicate O—H-N intramolecular hydrogen bonding.
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Figure 2

Packing of the title compound, (I),viewed along the aaxis. Dashed lines indicate O—H:--N intramolecular hydrogen

bonds and weak N—H:--S intermolecular interactions. Remaining hydrogen atoms have been removed for clarity.

4-[(5-Bromo-2-hydroxybenzylidene)aminol-3-propyl-1H-1,2,4-triazole- 5(4H)-thione

Crystal data

C12H13BTN4OS
M,.=341.23
Triclinic, P1

Hall symbol: -P 1
a=8.042(5A
b=13.187(8) A
c=13.408 (8) A
o=97.406 (9)°
£=92.956 (10)°
y=95.916 (9)°
V'=1399.5 (15) A3

Z=4

F(000) = 688

D,=1.620 Mg m3

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 2374 reflections
0=2.5-23.6°

4 =3.08 mm™!

T=298K

Block, yellow

0.30 x 0.25 x 0.20 mm
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Data collection

Bruker SMART 1K CCD 14278 measured reflections
diffractometer 4939 independent reflections
Radiation source: fine-focus sealed tube 3061 reflections with 1> 20([)
Graphite monochromator Rie = 0.055
Detector resolution: 11.72 pixels mm'! Ornax = 25.0°, Opin = 1.5°
 scans h=-9-9
Absorption correction: multi-scan k=-15—15
(SADABS; Sheldrick, 2000) [=-15-15
Tin = 0.458, Tnax = 0.578
Refinement
Refinement on F? Secondary atom site location: difference Fourier
Least-squares matrix: full map
R[F?>20(F*)] =0.043 Hydrogen site location: inferred from
wR(F?)=0.102 neighbouring sites
§=093 H-atom parameters constrained
4939 reflections w = 1/[6X(F,?) + (0.0516P)*]
347 parameters where P = (F,2 + 2F2)/3
0 restraints (A/0)max < 0.001
Primary atom site location: structure-invariant Apmax =0.49 € A3
direct methods Apmin=—0.55e¢ A3
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 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 F? 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 > o(F?) is used
only for calculating 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 (4?)

x y z Uiso®Ueq
Brl 0.38916 (7) 0.16296 (4) 0.59088 (4) 0.06736 (19)
s1 0.49656 (16) 0.40893 (8) 0.14062 (8) 0.0530 (3)
01 0.1987 (5) 0.5771 (2) 0.5179 (2) 0.0666 (10)
H1 0.2089 0.5860 0.4590 0.100*
NI 0.4061 (5) 0.5891 (3) 0.0953 (2) 0.0521 (10)
H1A 0.4451 0.5805 0.0366 0.062*
N2 0.3314 (5) 0.6750 (3) 0.1302 (3) 0.0512 (10)
N3 0.3366 (4) 0.5663 (2) 0.2414 (2) 0.0378 (8)
N4 0.3044 (4) 0.5369 (2) 0.3350 (2) 0.0400 (8)
ci 0.4132 (5) 0.5203 (3) 0.1597 (3) 0.0389 (10)
c2 0.2882 (5) 0.6584 (3) 0.2197 3) 0.0424 (10)
C3 0.1971 (6) 0.7272 (3) 0.2879 (3) 0.0462 (11)
H3A 0.2588 0.7428 0.3531 0.055*
H3B 0.0881 0.6922 0.2975 0.055*
c4 0.1740 (6) 0.8271 (3) 0.2457 (3) 0.0540 (12)
H4A 0.2832 0.8624 0.2370 0.065*
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H4B 0.1143
cs 0.0785 (7)
HSA -0.0316
HSB 0.0695
H5C 0.1368

C6 0.3493 (5)
H6 0.4027

C7 0.3181 (5)
cs 0.2452 (5)
C9 0.2203 (6)
HY 0.1734

Cl10 0.2647 (6)
H10 0.2475

cll 0.3349 (5)
c12 0.3633 (5)
HI2 0.4133

Br2 0.51614 (6)
S2 0.14032 (16)
02 0.1831 (4)
H2 0.1680

N6 ~0.0208 (5)
N5 0.0102 (5)
HS —0.0145
N7 0.0963 (4)
N8 0.1549 (4)
C13 0.0814 (5)
Cl4 0.0324 (5)
C15 0.0280 (5)
HISA 0.1416
H15B ~0.0325
Cl16 ~0.0556 (6)
HI6A 0.0035
HI16B ~0.1700
C17 ~0.0559 (7)
HI7A —0.1174
H17B ~0.1078
H17C 0.0573

C18 0.2235 (5)
HIS 0.2378

C19 0.2791 (5)
€20 0.2579 (5)
C21 0.3146 (6)
H21 0.3009

22 0.3909 (5)
H22 0.4284

23 0.4117 (5)
24 0.3565 (5)
H24 0.3704

0.8111
0.8980 (4)
0.8647
0.9604
0.9140
0.4529 (3)
0.4104
0.4230 (3)
0.4844 (3)
0.4511 (4)
0.4926
0.3566 (4)
0.3341
0.2955 (3)
0.3282 (3)
0.2868
—0.08187 (4)
0.37417 (8)
—0.0214 (2)
0.0389
0.3668 (3)
0.4074 (2)
0.4674
0.2607 (2)
0.1671 (2)
0.3467 (3)
0.2768 (3)
0.2020 (3)
0.1892
0.1375
0.2392 (3)
0.3043
0.2505
0.1630 (4)
0.0991
0.1893
0.1519
0.1495 (3)
0.2006
0.0495 (3)
~0.0309 (3)
~0.1252 (3)
~0.1784
~0.1398 (3)
~0.2029
~0.0604 (3)
0.0322 (3)
0.0846

0.1799
0.3133 (4)
0.3197
0.2844
0.3786
0.3590 (3)
0.3131
0.4566 (3)
0.5321 (3)
0.6243 (3)
0.6743
0.6423 (3)
0.7043
0.5681 (3)
0.4773 (3)
0.4287
~0.31301 (4)
~0.08568 (8)
0.0781 (2)
0.0943
0.1823 (2)
0.0951 (2)
0.0853
0.0741 (2)
0.0448 (2)
0.0267 (3)
0.1686 (3)
0.2411 (3)
0.2590
0.2094
0.3367 (3)
0.3679
0.3191
0.4107 (3)
0.3808
0.4701
0.4285
~0.0384 (3)
-0.0799
~0.0681 (3)
-0.0101 (3)
~0.0421 (3)
~0.0030
~0.1314 (3)
~0.1529
~0.1893 (3)
~0.1588 (3)
~0.1989

0.065*
0.0833 (18)
0.125%
0.125*
0.125*
0.0420 (11)
0.050*
0.0368 (10)
0.0466 (11)
0.0554 (13)
0.066*
0.0562 (13)
0.067*
0.0458 (11)
0.0442 (11)
0.053*
0.06348 (19)
0.0509 (3)
0.0544 (8)
0.082*
0.0499 (9)
0.0516 (10)
0.062*
0.0374 (8)
0.0385 (8)
0.0418 (10)
0.0413 (10)
0.0441 (11)
0.053*
0.053*
0.0495 (12)
0.059*
0.059*
0.0694 (15)
0.104*
0.104*
0.104*
0.0414 (10)
0.050*
0.0368 (10)
0.0395 (10)
0.0497 (12)
0.060*
0.0490 (11)
0.059*
0.0428 (10)
0.0427 (11)
0.051*
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Atomic displacement parameters (42)

Ull U22 l]j} U12 U13 U23

Brl 0.0834 (4) 0.0674 (3) 0.0629 (3) 0.0222 (3) 0.0151 (3) 0.0374 (3)
S1 0.0863 (9) 0.0448 (7) 0.0363 (6) 0.0296 (6) 0.0219 (6) 0.0124 (5)
ol 0.104 (3) 0.053 (2) 0.053 (2) 0.0347 (19) 0.038 (2) 0.0096 (16)
N1 0.081 (3) 0.045 (2) 0.039 (2) 0.027 (2) 0.028 (2) 0.0140 (17)
N2 0.076 (3) 0.042 (2) 0.043 (2) 0.0232 (19) 0.025 (2) 0.0148 (17)
N3 0.054 (2) 0.0365 (19) 0.0274 (18) 0.0125 (16) 0.0092 (16) 0.0128 (14)
N4 0.052 (2) 0.040 (2) 0.0313 (19) 0.0078 (17) 0.0147 (17) 0.0110 (15)
Cl 0.052 (3) 0.039 (2) 0.030 (2) 0.011 (2) 0.008 (2) 0.0099 (18)
2 0.048 (3) 0.043 (2) 0.040 (2) 0.011 (2) 0.010 (2) 0.0129 (19)
C3 0.057 (3) 0.039 (2) 0.049 (3) 0.018 (2) 0.021 (2) 0.015 (2)
C4 0.072 (3) 0.045 (3) 0.051 (3) 0.019 (2) 0.018 (3) 0.017 (2)
cs 0.115 (5) 0.056 (3) 0.097 (4) 0.045 (3) 0.057 (4) 0.028 (3)
C6 0.061 (3) 0.037 (2) 0.031 (2) 0.010 (2) 0.016 (2) 0.0079 (18)
C7 0.047 (3) 0.038 (2) 0.025 (2) 0.0033 (19) 0.0080 (19) 0.0050 (17)
C8 0.052 (3) 0.051 (3) 0.039 (3) 0.009 (2) 0.015 (2) 0.009 (2)
C9 0.074 (4) 0.061 (3) 0.034 (3) 0.013 (3) 0.023 (2) 0.003 (2)
C10 0.062 (3) 0.078 (4) 0.034 (3) 0.008 (3) 0.014 (2) 0.022 (2)
Cll 0.052 (3) 0.049 (3) 0.040 (2) 0.004 (2) 0.009 (2) 0.020 (2)
c12 0.060 (3) 0.043 (2) 0.032 (2) 0.009 (2) 0.009 (2) 0.0082 (19)
Br2 0.0799 (4) 0.0558 (3) 0.0581 (3) 0.0235 (3) 0.0309 (3) ~0.0026 (2)
S2 0.0755 (9) 0.0429 (6) 0.0419 (6) 0.0249 (6) 0.0211 (6) 0.0133 (5)
02 0.085 (2) 0.0426 (17) 0.0434 (18) 0.0200 (17) 0.0240 (17) 0.0158 (14)
N6 0.068 (3) 0.049 (2) 0.037 (2) 0.0223 (19) 0.0166 (19) 0.0066 (17)
N5 0.083 (3) 0.039 (2) 0.041 (2) 0.0294 (19) 0.023 (2) 0.0109 (16)
N7 0.051 (2) 0.0321 (18) 0.0332 (18) 0.0170 (16) 0.0127 (16) 0.0046 (14)
N8 0.051 (2) 0.0298 (18) 0.0369 (19) 0.0156 (16) 0.0104 (17) 0.0020 (14)
C13 0.055 (3) 0.034 (2) 0.038 (2) 0.015 (2) 0.007 (2) 0.0039 (18)
Cl4 0.049 (3) 0.041 (3) 0.036 (2) 0.013 (2) 0.013 (2) 0.0047 (19)
C1s 0.055 (3) 0.044 (2) 0.037 (2) 0.015 (2) 0.010 (2) 0.0093 (19)
Cl16 0.063 (3) 0.053 (3) 0.034 (2) 0.015 (2) 0.014 (2) 0.002 (2)
C17 0.097 (4) 0.076 (4) 0.042 (3) 0.023 (3) 0.015 (3) 0.019 (3)
C18 0.055 (3) 0.036 (2) 0.037 (2) 0.014 (2) 0.014 (2) 0.0087 (18)
Cl19 0.044 (3) 0.031 (2) 0.037 (2) 0.0097 (19) 0.005 (2) 0.0057 (18)
€20 0.046 (3) 0.036 (2) 0.039 (2) 0.010 (2) 0.006 (2) 0.0096 (19)
21 0.067 (3) 0.030 (2) 0.055 (3) 0.010 (2) 0.004 (3) 0.013 (2)
22 0.060 (3) 0.037 (2) 0.053 (3) 0.021 (2) 0.007 (2) 0.001 (2)
23 0.047 (3) 0.042 (2) 0.041 (2) 0.013 (2) 0.013 (2) 0.0011 (19)
C24 0.055 (3) 0.039 (2) 0.039 (2) 0.017 (2) 0.014 (2) 0.0085 (19)

Geometric parameters (4, °)

Brl—Cl1 1.902 (4) Br2—C23 1.900 (4)
S1—Cl1 1.673 (4) S2—C13 1.675 (4)
01—C8 1.348 (5) 02—C20 1.351 (4)
0O1—HI 0.8200 02—H2 0.8200

N1—Cl1 1.334 (5) N6—C14 1.297 (5)
N1—N2 1.377 (4) N6—N5 1.371 (4)
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NI1—HIA
N2—C2
N3—C2
N3—ClI
N3—N4
N4—C6
C2—C3
C3—C4
C3—H3A
C3—H3B
C4—C5
C4—H4A
C4—H4B
C5—H5A
C5—H5B
C5—Hs5C
Co—C7
C6—H6
C7—Cl12
C7—C8
Cc8—C9
C9—C10
C9—H9
C10—Cl11
C10—HI10
C11—C12
Cl12—HI12

C8—0O1—H1
C1—N1—N2
C1—N1—HI1A
N2—NI1—HI1A
C2—N2—NI1
C2—N3—Cl1
C2—N3—N4
C1—N3—N4
C6—N4—N3
N1—C1—N3
NI—C1—S1
N3—C1—SI1
N2—C2—N3
N2—C2—C3
N3—C2—C3
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C2—C3—H3B
C4—C3—H3B

H3A—C3—H3B

0.8600
1.304 (5)
1.375 (5)
1.385 (5)
1.390 (4)
1.274 (5)
1.479 (5)
1.524 (5)
0.9700
0.9700
1.512 (6)
0.9700
0.9700
0.9600
0.9600
0.9600
1.442 (5)
0.9300
1.394 (5)
1.404 (5)
1.381 (5)
1.378 (6)
0.9300
1.380 (6)
0.9300
1.366 (5)
0.9300

109.5
114.6 (3)
122.7
122.7
104.0 (3)
109.1 (3)
118.4 (3)
132.6 3)
120.6 (3)
102.0 (3)
126.4 (3)
131.5 (3)
110.3 (3)
125.3 (4)
124.4 (3)
111.6 (3)
109.3
109.3
109.3
109.3
108.0

N5—C13 1.330 (5)
N5—HS 0.8600
N7—C13 1.381 (5)
N7—N8 1.384 (4)
N7—Cl14 1.391 (5)
N8—C18 1.274 (4)
Cl4—Cl15 1.470 (5)
C15—Cl16 1.527 (5)
C15—HI5A 0.9700
C15—HI5B 0.9700
Cl16—C17 1.500 (6)
Cl16—HI16A 0.9700
C16—HI16B 0.9700
Cl17—HI7A 0.9600
C17—HI17B 0.9600
C17—H17C 0.9600
C18—C19 1.450 (5)
C18—HI8 0.9300
C19—C20 1.395 (5)
C19—C24 1.398 (5)
C20—C21 1.392 (5)
C21—C22 1.374 (6)
C21—H21 0.9300
2223 1.383 (6)
C22—H22 0.9300
C23—C24 1.363 (5)
24— H24 0.9300
C20—02—H2 109.5
C14—N6—N5 104.5 (3)
C13—N5—N6 114.8 (3)
C13—N5—H5 122.6
N6—N5—HS5 122.6
C13—N7—N8 133.1 3)
C13—N7—Cl4 108.8 (3)
N8—N7—Cl4 118.0 (3)
C18—N8—N7 1212 (3)
N5—C13—N7 102.2 (3)
N5—C13—S2 126.8 (3)
N7—C13—S2 131.0 3)
N6—C14—N7 109.7 (3)
N6—C14—C15 125.9 (3)
N7—C14—C15 124.3 (3)
Cl4—C15—Cl16 112.5 (3)
Cl4—C15—HISA 109.1
Cl16—C15—HI5A 109.1
Cl4—C15—HI5B 109.1
Cl16—C15—HI5B 109.1
HI15A—C15—H15B 107.8
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C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C5—C4—H4B
C3—C4—H4B
H4A—C4—HA4B
C4—C5—H5A
C4—C5—HSB
H5A—C5—HS5B
C4—C5—Hs5C
H5A—C5—HSC
H5B—C5—H5C
N4—C6—C7
N4—C6—H6
C7—C6—H6
C12—C7—C8
C12—C7—C6
C8—C7—C6
01—C8—C9
01—C8—C7
C9—C8—C7
C10—C9—C8
C10—C9—H9
C8—C9—H9
C9—C10—C11
C9—C10—H10
C11—C10—HI10
C12—C11—C10
C12—C11—Brl
C10—C11—Brl
Cl1—C12—C7
Cl11—C12—HI12
C7—C12—H12

Cl—NI—N2—C2
C2—N3—N4—C6
C1—N3—N4—Co6
N2—N1—CI1—N3
N2—N1—C1—S1

C2—N3—CI—NI1
N4—N3—CI1—N1
C2—N3—C1—S1

N4—N3—C1—S1

NI—N2—C2—N3
N1—N2—C2—C3
C1—N3—C2—N2
N4—N3—C2—N2
C1—N3—C2—C3
N4—N3—C2—C3

112.6 (3)
109.1
109.1
109.1
109.1
107.8
109.5
109.5
109.5
109.5
109.5
109.5
120.7 (4)
119.7
119.7
118.3 (4)
118.2 (3)
123.5 (4)
118.0 (4)
121.8 (4)
120.3 (4)
120.2 (4)
119.9
119.9
119.7 (4)
120.1
120.1
120.7 (4)
119.3 (3)
120.0 (3)
120.7 (4)
119.6
119.6

—0.8 (5)
~178.9 (4)
0.5 (6)

0.2 (5)
~179.6 (3)
0.5 (4)
~178.9 (4)
~179.8 3)
0.8 (7)
1.1(5)
~177.7 (4)
~1.0(5)
178.5 (3)
177.8 (4)
~2.7(6)

C17—C16—C15
C17—Cl16—HI16A
C15—C16—H16A
C17—Cl6—H16B
C15—Cl16—HI16B
H16A—C16—H16B
Cl6—C17—HI17A
Cl16—C17—H17B
H17A—C17—HI17B
Cl16—C17—H17C
H17A—C17—H17C
H17B—C17—H17C
N8&—C18—C19
N8—CI18—HI8
C19—C18—HI18
C20—C19—C24
C20—C19—CI18
C24—C19—CI18
02—C20—C21
02—C20—C19
C21—C20—C19
C22—C21—C20
C22—C21—H21
C20—C21—H21
C21—C22—C23
C21—C22—H22
C23—C22—H22
C24—C23—C22
C24—C23—Br2
C22—C23—Br2
C23—C24—C19
C23—C24—H24
C19—C24—H24

Cl14—N6—N5—C13
C13—N7—N8—CI8
C14—N7—N8—C18

N6—N5—C13—N7
N6—N5—C13—S2
N8—N7—CI13—N5

C14—N7—C13—N5

N8—N7—C13—S2
Cl14—N7—C13—S2
N5—N6—C14—N7

N5—N6—C14—C15
CI13—N7—C14—N6

N8—N7—C14—N6

C13—N7—C14—C15
N8—N7—C14—C15

111.8 (3)
109.3
109.3
109.3
109.3
107.9
109.5
109.5
109.5
109.5
109.5
109.5
119.7 (3)
120.1
120.1
118.3 (3)
122.8 (3)
118.9 (3)
117.4 (3)
122.4 (3)
120.2 (4)
120.2 (4)
119.9
119.9
119.8 (4)
120.1
120.1
120.6 (4)
120.0 (3)
119.4 (3)
120.9 (4)
119.6
119.6

—0.2 (5)
6.2 (6)
~176.1 (4)
0.2 (5)
~178.1 (3)
177.7 (4)
-0.1 (4)
~4.1(7)
178.1 (3)
0.0 (5)
179.8 (4)
0.1 (5)
~178.2 3)
~179.7 (4)
2.1(6)
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N2—C2—C3—C4 =5.9 (6) N6—C14—C15—Cl16 2.6 (6)
N3—C2—C3—C4 175.5 (4) N7—C14—C15—Cl16 —177.8 (4)
C2—C3—C4—C5 179.0 (4) Cl4—C15—C16—C17 —178.8 (4)
N3—N4—C6—C7 179.1 (4) N7—N8—C18—C19 —178.2 (3)
N4—C6—C7—C12 177.3 (4) N8—C18—C19—C20 1.4 (6)
N4—C6—C7—C8 =3.0(7) N8&—C18—C19—C24 —179.0 (4)
C12—C7—C8—O01 179.8 (4) C24—C19—C20—02 —179.4 (4)
C6—C7—C8—O01 0.0 (7) C18—C19—C20—02 0.3 (6)
C12—C7—C8—C9 0.3 (6) C24—C19—C20—C21 0.7 (6)
C6—C7T—C8—C9 -179.5 (4) C18—C19—C20—C21 —179.7 (4)
01—C8—C9—C10 179.6 (4) 02—C20—C21—C22 179.6 (4)
C7—C8—C9—C10 -0.9 (7) C19—C20—C21—C22 -0.4 (7)
C8—C9—C10—C11 0.3 (7) C20—C21—C22—C23 0.2 (7)
C9—C10—C11—CI12 1.0 (7) C21—C22—C23—C24 -0.3(7)
C9—C10—C11—Brl —177.8 (4) C21—C22—C23—Br2 —179.6 (3)
C10—C11—C12—C7 -1.6 (7) C22—C23—C24—C19 0.6 (7)
Br1—C11—C12—C7 177.1 (3) Br2—C23—C24—C19 179.9 (3)
C8—C7—C12—Cl11 1.0 (6) C20—C19—C24—C23 —0.8 (6)
C6—C7—Cl12—CI11 —179.3 (4) C18—C19—C24—C23 179.5 (4)
Hydrogen-bond geometry (4, °)

D—H-4 D—H H-4 DA D—H-4
O1—H1--N4 0.82 1.93 2.644 (4) 145
02—H2-"N8 0.82 1.90 2.612 (4) 144
N1—H14--S1! 0.86 2.46 3.300 (4) 164
N5—H5---S2f 0.86 2.41 3.252 (4) 165

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