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The title compound, C,4H»3N305S,, crystallizes with two
independent molecules in the asymmetric unit. They differ
essentially in the orientation of the tolyl rings, between which
there is m—7 stacking (centroid—centroid distance = 3.01 A).
The absolute configuration was confirmed by the determina-
tion of the Flack parameter [x = 0.008 (9)]. In the crystal,
molecules are connected by two classical N—H- - -N hydrogen
bonds and two weak but very short C—H- - -Ogygony inter-
actions, forming layers lying parallel to the bc plane.

Related literature

For the biological activity of substituted-1,3,4-oxadiazoles, see:
Aboraia et al. (2006); Akhtar et al. (2008, 2010); Igbal et al
(2006); Syed et al. (2011a); Zahid et al. (2009); Zareef et al.
(2007); Zarghi et al. (2005). For the crystal structure of the 4-
methyl derivative (which has a methyl instead of a phenyl-
methyl substituent at C6), see: Syed et al. (2011b). For the
synthesis of the title compound, see: Syed et al. (2011a). For
information concerning the program RPLUTO, see: CCDC
(2007).
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Experimental

Crystal data

C24H23N3058,;
M, = 465.57

Monoclinic, C2°
a=41.128 2) A

b =5.7205 (5) A
c=189783 (11) A
B = 90.940 (4)°

V = 44645 (5) A’
Z=8

Cu Ko radiation
u=243 mm™"

T =100 K

0.25 x 0.08 x 0.03 mm

Data collection

Oxford Diffraction Xcalibur Nova
A diffractometer

Absorption correction: multi-scan
(CrysAlis PRO; Oxford
Diffraction, 2010)
Tinin = 0.740, Trpax = 1.000

42976 measured reflections
8447 independent reflections
7718 reflections with 1 > 20(1)
Rine = 0.049

Refinement

R[F? > 20(F?)] = 0.031
wR(F?) = 0.080

S =1.04

8447 reflections

587 parameters

1 restraint

H atoms treated by a mixture of
independent and constrained
refinement

APmax = 027 ¢ A3

Apmin = —021 e A™?

Absolute structure: Flack (1983),
3306 Friedel pairs

Flack parameter: 0.008 (9)

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H-.-A D---A D—H---A
N5—HOS- - -N4' 0.79 (3) 222 (3) 3.003 (2) 178 (3)
N5'—HO5'- - -N4" 0.82 (3) 223 (3) 3.048 (2) 171 (2)
C21—H21B---02" 0.99 2.32 3.249 (2) 155
C21'—H21D---02" 0.99 223 3.145 (2) 154
C19—H19---03" 0.95 2.50 3.352 (2) 150

Symmetry codes: (i) x,y —1,z; (i) —x+1y—3 —z+1; (iii) —x+Ly—1 —z (iv)
x,y+1,z.

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell
refinement: CrysAlis PRO; data reduction: CrysAlis PRO;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: XP (Siemens, 1994); software used to prepare
material for publication: SHELXLY97.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SU2319).
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(S)-N-[1-(5-Benzylsulfanyl-1,3,4-oxadiazol-2-yl)-2-phenylethyl]-4-methylbenzenesulfonamide

T. Syed, S. Hameed and P. G. Jones

Comment

The literature contains many reports of a variety of biological activities of substituted-1,3,4-oxadiazoles. These include
anti-convulsant (Zarghi et al., 2005), anti-proliferative (Zahid et al., 2009), anti-tumour and anti-viral (Akhtar et al., 2008),
anti-bacterial (Igbal et al., 2006), urease inhibition (Akhtar et al., 2010), and anti-mitotic (Aboraia et al., 2006) activities.
Some sulfonamide-bearing 1,3,4-oxadiazoles have also been reported in the literature to show anti-HIV (Syed et al., 2011a),
and anti-microbial (Zareef et al., 2007) activities. The title compound was synthesized in our laboratory to explore its

anti-HIV and anti-HCV activities and herein we report on its crystal structure.

The molecular structure of the two independent molecules (1 and 2) of the enantiomerically pure title compound
are shown in Fig. 1. The two molecules are related by a pseudo twofold axis. The main difference between the two
molecules is the rotation of the tolyl group; the corresponding torsion angles are N5—S1—C14—C15 61.4 (2), and
N5'—S1'—C14'—C15' 100.2 (2)°. A least-squares fit of both molecules, ignoring atoms (C15-C20), gave an r.m.s. devi-
ation of 0.19 A (Fig. 2). The large number of single bonds means that the molecules have a considerable number of torsional
degrees of freedom. The conformation actually adopted is a flattened form in which all rings are arranged to correspond
approximately to the smallest dimension of the molecular "box". This was calculated, [RPLUTO; CCDC, 2007], to be 7.9A

for molecule 1 and 7.7 A for molecule 2.

Within the asymmetric unit, significant contacts are the intramolecular C13-H13--Cg(C22-27) 2.91 A, and the ©--x
stacking between rings (C14—C19) and (C14'-C19") with a centroid-centroid distance of 3.01 A . The former necessit-
ates a suitable orientation of the ring (C22—C27), associated with the torsion angle N3—C2—S2—C21 155.8 (2), and
N3'—C2'—S2'—C2' 1154.3 (2)°. In the corresponding compound with a methyl instead of a phenylmethyl substituent at C6
(Syed et al., 2011b), this ring is rotated in the opposite direction, towards the tolyl group, with torsion angle N—C—S—C
being -3.6 (2)°. There the m--w contact has an interplanar angle of 8.2 (1)° and a Cg--Cg distance of 3.75 A; the ring offset

was estimated to be ca 1.5 A.

In the crystal of the title compound, the molecular packing is largely determined by two short classical N-H-*N hydrogen
bonds, together with two "weak" but very short C-H-Ogyifony! interactions (see Table 1 for details). The combinaton of

these interactions leads to the formation of layers lying parallel to the bc plane (Fig. 3).

Experimental

The synthesis and spectral data of the compound under study have been described previously by our laboratory (Syed et
al.,2011a).
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Refinement

The H atoms at N5 and N5' were located in a difference Fourier map and were refined freely. The C-bound H atoms were
introduced at calculated positions and refined using a riding model: C-H =0.95, 0.98, 0.99, and 1.00 A, for aromatic, methyl,
methylene and methine H atoms, respectively, with Ujso(H) =k * Ueq(C), where k = 1.5 for methyl H atoms and k = 1.2 for
all other H atoms. The absolute configuration (S at C6 and C6') was established by resonant scattering; the Flack parameter
is 0.008 (9) and the Hooft parameter is 0.013 (4).

Figures

) , | Fig. 1. The molecular structure of the title compound, showing the numbering scheme for the
14 b i ) two independent molecules (1 left; 2 right). Displacement ellipsoids are drawn at the 50%
| % =it L | probability levels.

Fig. 2. A least-squares fit of the two independent molecules (molecule 1 dotted lines). All
non-H atoms were fitted except the ring atoms (C15—C20) on the left-hand side of the figure.

Fig. 3. Crystal packing of the title compound, viewed perpendicular to the bc plane in the re-
gion x = 7/8. Thick dashed lines represent classical and thin dashed lines "weak" hydrogen
bonds. Hydrogen atoms not involved in these interactions have been omitted for clarity. The
three vertical rows of molecules are composed of molecules 2, 1, 2, respectively.

(5)-N-[1-(5-Benzylsulfanyl-1,3,4-oxadiazol-2-yl)-2- phenylethyl]-4-methylbenzenesulfonamide

Crystal data

C24H,3N303S, F(000) = 1952

M, =465.57 Dy=1385Mgm >

Monoclinic, C2 Cu Ka radiation, A = 1.54184 A
a=41.128 2) A Cell parameters from 19219 reflections
b=5.7205(5) A 0=3.1-75.7°

c=189783 (1) A p=243 mm '

B =90.940 (4)° T=100K

V=44645 (5) A’ Lath, colourless

Z=8 0.25 x 0.08 x 0.03 mm

Data collection

Oxford Diffraction Xcalibur Nova A

diffractometer 8447 independent reflections
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Radiation source: Nova (Cu) X-ray Source 7718 reflections with /> 20(/)
mirror Rint = 0.049

Detector resolution: 10.3543 pixels mm™! Omax = 76.0°, Opmin = 3.1°
o—-scan h=-50—51

Absorption correction: multi-scan
(CrysAlis PRO; Oxford Diffraction, 2010)

Tinin = 0.740, Tinax = 1.000 [=-23-23

42976 measured reflections

k=-7—-6

Refinement

Refinement on F° Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

H atoms treated by a mixture of independent and
constrained refinement

w = 1/[cX(Fo2) + (0.0523P)°]

R[F?>20(F%)] = 0.031

WR(F%) = 0.080 5 5
where P = (F," + 2F.%)/3
§=1.04 (A/6)max = 0.001
8447 reflections ApPmax =027 ¢ A3
587 parameters Apmin =021 ¢ A7
1 restraint Absolute structure: Flack (1983), 3306 Friedel pairs
Primary atom site location: structure-invariant direct Flack parameter: 0.008 (9)
methods
Special details

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 £ against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F° 2, convention-
al R-factors R are based on F, with F set to zero for negative F?. The threshold expression of F> 0(F2) is used only for calculating R-

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
S1 0.166517 (10) 0.47595 (8) 0.20778 (2) 0.02157 (10)
S2 0.167054 (11) 0.78799 (10) 0.51291 (2) 0.02831 (11)
01 0.13716 (3) 0.6557 (2) 0.39040 (6) 0.0230 (3)
2 0.14887 (4) 0.8364 (3) 0.43097 (9) 0.0230 (4)
N3 0.14640 (4) 1.0359 (3) 0.40067 (8) 0.0266 (3)
N4 0.13278 (4) 0.9900 (3) 0.33309 (8) 0.0229 (3)
C5 0.12768 (4) 0.7679 (4) 0.32999 (9) 0.0209 (4)
N5 0.13242 (4) 0.4323 (3) 0.24788 (8) 0.0232 (3)

sup-3



supplementary materials

HO5
02
03
C6
Hé6
C7
H7A
H7B
C8
C9
H9
C10
H10
Cl11
H11
Cl12
H12
Cl13
H13
Cl14
Cl15
H15
Cl6
H16
C17
CI18
H18
C19
H19
C20
H20A
H20B
H20C
C21
H21A
H21B
C22
C23
H23
C24
H24
C25
H25
C26
H26
C27
H27
St
S2'

0.1322 (6)
0.16115 (3)
0.17624 (3)
0.11270 (4)
0.1097
0.07905 (5)
0.0699
0.0815
0.05586 (4)
0.04399 (4)
0.0506
0.02279 (5)
0.0147
0.01329 (5)
~0.0011
0.02501 (5)
0.0184
0.04630 (5)
0.0545
0.19511 (4)
0.20295 (5)
0.1929
0.22558 (5)
0.2311
0.24035 (4)
0.23229 (5)
0.2426
0.20954 (4)
0.2040
0.26377 (5)
0.2517
0.2762
0.2787
0.14683 (5)
0.1511
0.1565
0.11060 (5)
0.09059 (6)
0.0998
0.05716 (6)
0.0438
0.04327 (5)
0.0204
0.06304 (5)
0.0537
0.09657 (5)
0.1099
0.321235 (10)
0.339409 (11)

0.318 (5)
0.6639 (3)
0.2503 (3)
0.6305 (3)
0.7381
0.5358 (4)
0.4442
0.4296
0.7294 (4)
0.8782 (4)
0.8553
1.0582 (4)
1.1566
1.0945 (4)
1.2188
0.9474 (5)
0.9699
0.7682 (5)
0.6708
0.5712 (4)
0.4229 (4)
0.2739
0.4952 (4)
0.3940
0.7134 (4)
0.8570 (4)
1.0049
0.7895 (4)
0.8907
0.7947 (5)
0.8419
0.9281
0.6670
0.5189 (4)
0.3969
0.4655
0.5414 (4)
0.3627 (4)
0.2311
0.3738 (5)
0.2485
0.5660 (4)
0.5744
0.7455 (4)
0.8783
0.7340 (4)
0.8580
0.48913 (9)
0.78665 (9)

0.2709 (12)
0.15920 (6)
0.18271 (6)
0.27056 (10)
0.2294
0.29039 (10)
0.2505
0.3313
0.30833 (10)
0.25553 (10)
0.2083
0.27069 (11)
0.2341
0.34032 (12)
0.3514
0.39293 (11)
0.4401
0.37735 (11)
0.4141
0.27153 (9)
0.32732 (10)
0.3309
0.37751 (10)
0.4155
0.37338 (10)
0.31670 (10)
0.3127
0.26571 (9)
0.2277
0.42984 (10)
0.4716
0.4124
0.4423
0.53937 (10)
0.5037
0.5846
0.54782 (9)
0.52384 (11)
0.5011
0.53275 (13)
0.5169
0.56454 (11)
0.5701
0.58817 (10)
0.6100
0.58035 (10)
0.5973
0.28913 (2)
~0.01838 (2)

0.030 (6)*
0.0261 (3)
0.0268 (3)
0.0227 (4)
0.027*
0.0272 (4)
0.033*
0.033*
0.0255 (4)
0.0279 (4)
0.033*
0.0308 (4)
0.037*
0.0345 (5)
0.041*
0.0387 (5)
0.046*
0.0348 (5)
0.042*
0.0227 (4)
0.0269 (4)
0.032*
0.0305 (4)
0.037*
0.0278 (4)
0.0278 (4)
0.033*
0.0258 (4)
0.031*
0.0376 (5)
0.056*
0.056*
0.056*
0.0292 (4)
0.035%
0.035%
0.0275 (4)
0.0358 (5)
0.043*
0.0428 (6)
0.051*
0.0367 (5)
0.044*
0.0347 (5)
0.042*
0.0318 (5)
0.038*
0.02305 (10)
0.02753 (11)
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ol 0.36121 (3) 0.6560 (2) 0.11112 (6) 0.0220 (3)
2 0.35354 (4) 0.8379 (4) 0.06659 (10) 0.0237 (4)
N3' 0.35610 (4) 1.0389 (3) 0.09662 (8) 0.0252 (3)
N4' 0.36541 (4) 0.9927 (3) 0.16741 (8) 0.0233 (3)
cs' 0.36816 (4) 0.7694 (4) 0.17275 (9) 0.0222 (4)
N5' 0.35627 (4) 0.4383 (3) 0.25289 (8) 0.0233 (3)
HOS' 0.3569 (5) 0.323 (5) 0.2274 (11) 0.023 (6)*
02’ 0.32614 (3) 0.6908 (3) 0.33283 (7) 0.0294 (3)
03" 0.31089 (3) 0.2714 (3) 0.31844 (7) 0.0296 (3)
ce 0.37862 (4) 0.6282 (3) 0.23546 (9) 0.0224 (4)
H6' 0.3804 0.7352 0.2770 0.027*
c7 0.41243 (4) 0.5204 (4) 0.22288 (10) 0.0258 (4)
H7'l 0.4202 0.4406 0.2663 0.031*
H72 0.4108 0.4025 0.1848 0.031*
cs' 0.43648 (4) 0.7080 (4) 0.20266 (10) 0.0250 (4)
co' 0.44705 (4) 0.8726 (4) 0.25207 (10) 0.0273 (4)
HY' 0.4398 0.8620 0.2992 0.033*
clo 0.46791 (5) 1.0508 (4) 0.23364 (11) 0.0306 (4)
H10' 0.4750 1.1612 0.2680 0.037*
clr 0.47863 (5) 1.0687 (4) 0.16422 (12) 0.0344 (5)
HII' 0.4929 1.1910 0.1511 0.041*
c1 0.46813 (5) 0.9063 (4) 0.11491 (12) 0.0359 (5)
HI12' 0.4753 0.9178 0.0677 0.043*
c13' 0.44723 (5) 0.7261 (4) 0.13372 (10) 0.0314 (5)
HI3' 0.4403 0.6152 0.0994 0.038*
cl4 0.29307 (5) 0.5646 (4) 0.22125 (10) 0.0239 (4)
c1s' 0.27134 (4) 0.3988 (4) 0.19568 (10) 0.0251 (4)
HIS' 0.2708 0.2471 0.2160 0.030%
cl6 0.25036 (4) 0.4563 (4) 0.13994 (10) 0.0270 (4)
H16' 0.2352 0.3435 0.1231 0.032*
c17 0.25124 (4) 0.6745 (4) 0.10860 (10) 0.0257 (4)
c1g 0.27325 (4) 0.8394 (4) 0.13545 (10) 0.0255 (4)
HIS' 0.2744 0.9894 0.1142 0.031*
c1y 0.29351 (4) 0.7883 (4) 0.19256 (9) 0.0254 (4)
H19' 0.3075 0.9047 0.2118 0.030%
20 0.22829 (5) 0.7398 (4) 0.04908 (10) 0.0320 (5)
H20D 0.2161 0.6012 0.0338 0.048*
H20E 0.2407 0.8009 0.0095 0.048*
H20F 0.2131 0.8598 0.0652 0.048*
cr 0.35966 (5) 0.5122 (4) ~0.03843 (10) 0.0277 (4)
H21C 0.3552 0.3993 ~0.0003 0.033*
H21D 0.3501 0.4483 ~0.0826 0.033*
22 0.39605 (5) 0.5307 (4) ~0.04671 (9) 0.0261 (4)
23 0.41558 (5) 0.3493 (4) ~0.02205 (11) 0.0331 (5)
H23' 0.4061 0.2206 0.0015 0.040%
24 0.44899 (6) 0.3552 (5) ~0.03170 (12) 0.0386 (5)
H24' 0.4621 0.2291 ~0.0154 0.046*
C2s' 0.46332 (5) 0.5443 (4) ~0.06506 (11) 0.0339 (5)
H25' 0.4862 0.5491 —0.0711 0.041*
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C26'
H26'
c27
H27'

0.44391 (5)

0.4535

0.41052 (5)

0.3974

0.7253 (4)
0.8551
0.7189 (4)
0.8438

Atomic displacement parameters (142 )

S1
S2
0O1
C2
N3
N4
C5
N5
02
03
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27
St
S2'
or'
c2
N3'
N4'
Ccs'
N5

Ull

0.0286 (2)
0.0317 (2)
0.0299 (6)
0.0249 (8)
0.0318 (8)
0.0289 (7)
0.0222 (8)
0.0305 (8)
0.0349 (7)
0.0355 (7)
0.0256 (9)
0.0282 (9)
0.0225 (8)
0.0243 (9)
0.0265 (9)
0.0277 (9)
0.0370 (11)
0.0337 (10)
0.0261 (8)
0.0301 (9)
0.0338 (10)
0.0243 (9)
0.0295 (9)
0.0293 (9)
0.0317 (10)
0.0369 (10)
0.0391 (10)
0.0467 (12)
0.0468 (13)
0.0347 (11)
0.0392 (10)
0.0368 (10)
0.0299 (2)
0.0338 (2)
0.0285 (6)
0.0261 (9)
0.0317 (8)
0.0305 (7)
0.0247 (8)
0.0305 (8)

U22

0.0198 (2)
0.0313 (3)
0.0196 (7)
0.0210 (11)
0.0233 (9)
0.0197 (8)
0.0212 (10)
0.0164 (9)
0.0243 (8)
0.0242 (8)
0.0189 (10)
0.0237 (11)
0.0280 (11)
0.0322 (11)
0.0317 (12)
0.0323 (13)
0.0508 (16)
0.0422 (14)
0.0227 (10)
0.0273 (12)
0.0367 (12)
0.0367 (12)
0.0241 (11)
0.0232 (10)
0.0518 (15)
0.0283 (12)
0.0246 (11)
0.0264 (12)
0.0366 (14)
0.0443 (14)
0.0382 (14)
0.0327 (13)
0.0215 (2)
0.0290 (3)
0.0186 (7)
0.0229 (11)
0.0211 (9)
0.0193 (8)
0.0228 (10)
0.0173 (9)

~0.08939 (11)

~0.1123

~0.08060 (10)

~0.0978
U33 U12
0.01621 (18) 0.00177 (19)
0.0218 (2) ~0.0015 (2)
0.0196 (6) ~0.0007 (5)
0.0232 (9) ~0.0003 (7)
0.0245 (7) ~0.0026 (6)
0.0202 (7) ~0.0016 (7)
0.0192 (8) 0.0021 (7)
0.0225 (8) 0.0001 (6)
0.0192 (6) 0.0023 (6)
0.0207 (6) 0.0034 (6)
0.0237 (8) 0.0018 (7)
0.0296 (9) ~0.0020 (8)
0.0260 (9) ~0.0042 (8)
0.0272 (9) ~0.0019 (8)
0.0339 (10) 0.0001 (8)
0.0436 (12) 0.0013 (9)
0.0285 (10) ~0.0019 (10)
0.0284 (9) 0.0001 (10)
0.0192 (8) 0.0023 (7)
0.0232 (9) ~0.0019 (7)
0.0208 (8) 0.0016 (10)
0.0224 (9) 0.0013 (8)
0.0300 (10) ~0.0023 (8)
0.0249 (8) 0.0018 (8)
0.0291 (10) ~0.0014 (11)
0.0224 (9) 0.0026 (8)
0.0188 (8) 0.0017 (8)
0.0344 (11) ~0.0006 (10)
0.0448 (13) ~0.0116 (11)
0.0310 (10) ~0.0019 (10)
0.0267 (9) 0.0048 (10)
0.0259 (9) ~0.0011 (9)
0.01781 (19) ~0.0008 (2)
0.0197 (2) 0.0039 (2)
0.0188 (6) 0.0009 (5)
0.0221 (8) 0.0032 (7)
0.0228 (7) 0.0003 (6)
0.0200 (7) 0.0005 (7)
0.0189 (8) ~0.0006 (8)
0.0222 (7) ~0.0011 (6)

0.0347 (5)
0.042*
0.0318 (4)
0.038*

U13
~0.00120 (14)
~0.00495 (16)
~0.0029 (5)
0.0023 (7)
~0.0021 (6)
~0.0003 (5)
~0.0005 (6)
~0.0030 (6)
~0.0033 (5)
~0.0013 (5)
~0.0015 (7)
~0.0031 (7)
~0.0019 (7)
~0.0014 (7)
~0.0031 (8)
0.0024 (8)
0.0046 (8)
~0.0006 (8)
0.0009 (7)
~0.0021 (7)
~0.0042 (7)
0.0013 (7)
0.0023 (7)
0.0019 (7)
~0.0030 (8)
~0.0010 (7)
~0.0013 (7)
0.0009 (9)
~0.0028 (10)
~0.0005 (8)
0.0034 (8)
~0.0034 (7)
~0.00022 (15)
~0.00464 (16)
~0.0022 (5)
0.0000 (7)
~0.0011 (6)
~0.0005 (5)
~0.0016 (6)
~0.0017 (6)

U23

0.00067 (18)
~0.0002 (2)
0.0012 (5)
~0.0021 (7)
~0.0026 (7)
0.0016 (7)
0.0029 (7)
0.0010 (7)
0.0043 (6)
~0.0037 (5)
0.0023 (7)
0.0026 (8)
~0.0001 (8)
0.0020 (8)
0.0026 (9)
~0.0072 (10)
~0.0098 (10)
0.0033 (10)
~0.0016 (7)
0.0028 (8)
0.0036 (9)
~0.0077 (8)
~0.0045 (8)
0.0019 (8)
~0.0094 (11)
0.0053 (8)
0.0073 (8)
~0.0004 (9)
0.0031 (11)
0.0127 (10)
0.0026 (9)
~0.0005 (9)
~0.00065 (18)
~0.0004 (2)
~0.0009 (5)
0.0040 (7)
0.0014 (6)
~0.0006 (7)
~0.0032 (8)
~0.0021 (7)
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02

o3’

Co'

Cc7

(&3

Cco'

C10'
cir'
C12'
C13'
C14'
C15'
Cl16'
C17
C18'
C19'
C20'
c21
C22'
C23'
Cc24'
C25'
C26'
c27

0.0363 (7)
0.0368 (7)
0.0269 (9)
0.0271 (9)
0.0234 (8)
0.0252 (9)
0.0264 (9)
0.0304 (10)
0.0399 (11)
0.0312 (9)
0.0279 (9)
0.0293 (9)
0.0267 (9)
0.0234 (9)
0.0278 (9)
0.0264 (8)
0.0318 (10)
0.0350 (10)
0.0365 (10)
0.0421 (11)
0.0401 (12)
0.0340 (10)
0.0391 (11)
0.0381 (10)

Geometric parameters (4, °)

S1—02
S1—03
S1—N5
S1—C14
S2—C2
S2—C21
01—C5
01—C2
C2—N3
N3—N4
N4—C5
C5—C6
N5—C6
C6—C7
C7—C8
C8—C13
C8—C9
C9—C10
C10—Cl11
Cl11—C12
C12—C13
C14—C19

0.0295 (8)
0.0288 (8)

0.0188 (10)
0.0225 (11)
0.0252 (11)
0.0302 (11)
0.0299 (12)
0.0294 (12)
0.0377 (14)
0.0364 (13)
0.0212 (10)
0.0218 (10)
0.0269 (11)
0.0278 (11)
0.0221 (11)
0.0232 (10)
0.0330 (13)
0.0265 (11)
0.0248 (11)
0.0256 (12)
0.0360 (13)
0.0389 (13)
0.0352 (13)
0.0284 (12)

1.4312 (14)
1.4351 (15)
1.6256 (17)
1.7597 (19)
1.7368 (19)
1.824 (2)
1.365 (2)
1371 (2)
1.281 (3)
1.416 (2)
1.289 (3)
1.499 (3)
1.463 (2)
1.539 (3)
1.504 (3)
1.392 (3)
1.397 (3)
1.383 (3)
1.400 (3)
1.386 (3)
1.383 (3)
1.388 (3)

0.0224 (6) 0.0004 (6)
0.0232 (6) ~0.0039 (6)
0.0215 (8) ~0.0015 (7)
0.0276 (9) 0.0030 (8)
0.0265 (9) 0.0037 (7)
0.0266 (9) 0.0045 (8)
0.0356 (10) 0.0004 (8)
0.0435 (12) ~0.0003 (9)
0.0303 (10) 0.0034 (9)
0.0266 (9) 0.0038 (9)
0.0226 (8) 0.0019 (7)
0.0244 (9) 0.0007 (7)
0.0272 (9) ~0.0014 (8)
0.0261 (9) 0.0023 (8)
0.0268 (9) 0.0004 (7)
0.0265 (8) ~0.0002 (8)
0.0311 (10) ~0.0006 (9)
0.0216 (8) ~0.0005 (8)
0.0171 (8) ~0.0010 (8)
0.0315 (10) 0.0039 (9)
0.0397 (12) 0.0119 (10)
0.0288 (10) 0.0007 (9)
0.0299 (10) ~0.0046 (9)
0.0288 (10) 0.0006 (9)

C15—Cl16'

Cl6—Cl17'

Cl17—Cl18'

C17—C20'

C18—Cl19'

c21'—C22'

22— C23'

2227

23— C24'

C24'—C25'

C25'—C26'

C26'—C27'

N5—HO05

C6—H6

C7—HTA

C7—H7B

C9—H9

C10—H10

Cl1—HI1

Cl2—HI2

C13—HI13

Cl5—HI5

~0.0004 (5)
0.0012 (5)
~0.0039 (7)
~0.0034 (7)
~0.0031 (7)
~0.0004 (7)
~0.0014 (8)
0.0030 (9)
0.0023 (8)
~0.0018 (7)
0.0020 (7)
0.0035 (7)
~0.0008 (7)
0.0032 (7)
0.0030 (7)
0.0008 (7)
~0.0048 (8)
~0.0028 (7)
~0.0001 (7)
0.0011 (8)
~0.0015 (9)
0.0008 (8)
0.0025 (8)
~0.0015 (8)

~0.0064 (6)
0.0065 (6)
~0.0010 (7)
~0.0007 (8)
0.0000 (8)
~0.0024 (8)
~0.0058 (9)
0.0059 (10)
0.0055 (9)
~0.0049 (9)
~0.0015 (7)
0.0002 (8)
~0.0026 (8)
~0.0023 (8)
0.0013 (7)
~0.0018 (8)
0.0000 (9)
~0.0067 (8)
~0.0056 (8)
0.0005 (9)
~0.0002 (10)
~0.0074 (9)
~0.0009 (9)
0.0005 (8)

1.394 (3)
1.383 (3)
1.398 (3)
1.507 (3)
1.387 (3)
1.511 (3)
1.389 (3)
1392 (3)
1.389 (3)
1.390 (3)
1.382 (3)
1.387 (3)
0.79 (3)

1.0000
0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
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Cl4—C15
C15—Cl6
Cl6—C17
C17—C18
C17—C20
C18—C19
C21—C22
2223
2227
C23—C24
C24—C25
C25—C26
C26—C27
S1'—03'
S1'—02'
SI'—N5'
s1—C14'
S22
s2—Ccar
015’
o1—C2'
C2—N3'
N3—N4'
N4——C5'
c5—C6
N5—C6'
c6—C7'
c7—C8'
c8—C13'
c8—CY'
co—Cl10'
cl0—cir'
Cl1—CI12'
C12—C13'
Cl4—Cl15'
Cl14—Cl19'
02—81—03
02—S1—N5
03—S1—N5
02—S1—Cl4
03—S1—Cl4
N5—S1—Cl14
C2—S2-—C21
C5—01—C2
N3—C2—01
N3—C2—S2
01—C2—S2
C2—N3—N4
C5—N4—N3

1.391 (3)
1.384 (3)
1.391 (3)
1.389 (3)
1.503 (3)
1.390 (3)
1.507 (3)
1.385 (3)
1.393 (3)
1.389 (3)
1.382 (4)
1.380 (3)
1.391 (3)
1.4316 (15)
1.4331 (15)
1.6329 (16)
1.772 (2)
1.7302 (19)
1.820 (2)
1.364 (2)
1.374 (2)
1.287 (3)
1.416 (2)
1.286 (3)
1.496 (3)
1.465 (2)
1.543 (3)
1.513 (3)
1.392 (3)
1.393 (3)
1.381 (3)
1.400 (3)
1.383 (3)
1.392 (3)
1.385 (3)
1.391 (3)

120.22 (8)
106.96 (8)
105.33 (8)
107.74 (9)
108.64 (9)
107.31 (8)
100.92 (9)
102.11 (15)
113.26 (16)
125.00 (15)
121.64 (14)
105.59 (16)
106.60 (15)

Cl6—H16
C18—HI8
C19—H19
C20—H20A
C20—H20B
C20—H20C
C21—H21A
C21—H21B
C23—H23
C24—H24
C25—H25
C26—H26
C27—H27
N5'—H05'
C6'—H6'
C7—H7'1
C7—H72
C9'—H9'
C10—HI10'
Cl1'—HI11'
C12—HI2
C13—HI13'
C15—HIS5'
Cl6—HI16'
C18—HIg
C19—H19'
C20'—H20D
C20'—H20E
C20'—H20F
C21'—H21C
C21'—H21D
C23'—H23'
C24'—H24'
C25'—H25'
C26'—H26'
C27—H27'
S1—N5—H05
N5—C6—H6
C5—C6—H6
C7—C6—H6
C8—C7—H7A
C6—C7—HTA
C8—C7—H7B
C6—C7—H7B

H7A—C7—H7B

C10—C9—H9
C8—C9—H9
C9—C10—HI10

C11—C10—H10

0.9500
0.9500
0.9500
0.9800
0.9800
0.9800
0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500
0.82 (3)
1.0000
0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9500
0.9800
0.9800
0.9800
0.9900
0.9900
0.9500
0.9500
0.9500
0.9500
0.9500

113.8 (17)
108.0
108.0
108.0
109.2
109.2
109.2
109.2
107.9
119.4
119.4
120.2
120.2
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N4—C5—O01
N4—C5—C6
01—C5—C6
C6—N5—S1
N5—C6—C5
N5—C6—C7
C5—Co6—C7
C8—C7—C6
C13—C8—C9
C13—C8—C7
CO—C8—C7
C10—C9—C8
Co—C10—C11
C12—CI11—C10
C13—C12—Cl11
C12—C13—C8
C19—Cl14—Cl15
C19—Cl14—S1
C15—C14—S1
Cl16—C15—Cl14
C15—C16—C17
C18—C17—C16
C18—C17—C20
C16—C17—C20
C17—C18—C19
C14—C19—CI18
C22—C21—S82
C23—C22—C27
C23—C22—C21
C27—C22—C21
C22—C23—C24
C25—C24—C23
C26—C25—C24
C25—C26—C27
C26—C27—C22
03'—S1'—02'
O3'—SI'—N5'
02'—SI'—NS5'
03'—S1'—C14'
02'—S1'—C14'
N5'—S1'—C14'
c2—S2'—C21
c5s'—o1—C2'
N3 —C2'—O1'
N3 —C2'—S2'
o1'—C2'—82'
C2'—N3'—N4'
C5'—N4'—N3'
N4'—C5'—O01'

112.41 (16)
128.00 (17)
119.57 (17)
120.36 (13)
113.87 (15)
107.71 (16)
111.15 (15)
111.85 (16)
118.5 (2)
121.37 (19)
120.12 (17)
121.25 (18)
119.6 (2)
119.4 (2)
120.64 (19)
120.6 (2)
121.02 (18)
120.38 (15)
118.60 (16)
119.1 (2)
121.26 (19)
118.38 (18)
120.8 (2)
120.8 (2)
121.6 (2)
118.59 (18)
114.43 (15)
118.79 (19)
119.0 (2)
122.16 (19)
120.7 (2)
120.4 (2)
119.2 (2)
120.7 (2)
120.2 (2)
121.04 (8)
106.17 (9)
105.68 (9)
107.42 (9)
108.00 (9)
107.94 (8)
101.14 (9)
102.12 (15)
112.84 (15)
126.02 (15)
120.99 (14)
105.81 (15)
106.39 (15)
112.82 (16)

Cl2—Cl1—HI11 120.3
C10—Cl11—HI11 120.3
C13—Cl12—HI2 119.7
Cl1—CI2—H12 119.7
Cl2—C13—HI3 119.7
C8—C13—HI3 119.7
Cl6—C15—HI5 120.4
Cl4—C15—HI5 120.4
C15—C16—HI16 119.4
C17—C16—H16 119.4
C17—C18—HI8 119.2
C19—C18—HI8 119.2
Cl4—C19—HI9 120.7
C18—C19—HI9 120.7
C17—C20—H20A 109.5
C17—C20—H20B 109.5
H20A—C20—H20B 109.5
C17—C20—H20C 109.5
H20A—C20—H20C 109.5
H20B—C20—H20C 109.5
C22—C21—H21A 108.7
S2—C21—H21A 108.7
C22—C21—H21B 108.7
S2—C21—H21B 108.7
H21A—C21—H21B 107.6
C22—C23—H23 119.7
C24—C23—H23 119.7
C25—C24—H24 119.8
C23—C24—H24 119.8
C26—C25—H25 120.4
C24—C25—H25 120.4
C25—C26—H26 119.7
C27—C26—H26 119.7
C26—C27—H27 119.9
C22—C27—H27 119.9
C6'—N5'—H05' 116.1 (15)
S1'—N5'—H05' 115.4 (15)
N5'—C6'—H6' 108.2
C5'—C6—H6' 108.2
C7—C6—H6' 108.2
C8—C7—H7'1 109.6
C6—C7—HT'1 109.6
C8—C7—H7?2 109.6
C6'—C7—HT?2 109.6
H7'1—C7—H72 108.1
C10—C9'—H9' 119.4
C8—C9'—H9' 119.4
C9'—C10—H10' 120.0
Cl11'—C10—H10' 120.0
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N4——C5'—C6'
o156
C6—N5'—SI'
N5—C6—CS5'
N5—C6—C7'
C5—C6—C7'
C8—C7—C6'
C13—C8—C9'
C13—C8—C7'
C9—C8—C7'
C10—C9—C8'
Cc9—C10—C11'
cl2—CI1—Cio
cl1—c12—ci3'
C8—CI3—Cl12'
C15—Cl14—C19'
C15—Cl14—S1'
C19—Cl14—SI'
Cl4—CI15—C16'
C17—C16—C15'
C16—C17—C18'
C16—C17—C20'
C18—C17—C20'
C19—CI8—C17'
C18—CI19—C14'
C22—C21'—S2'
23— (2227
23— C22—C21'
C27—C22—C21'
€22 (23— C24'
23— (24— (25'
C26'—C25'—C24'
25— C26—C27'
C26'—C27—C22'
C6—N5—H05
C5—01—C2—N3
C5—01—C2—S2
C21—S2—C2—N3
C21—S2—C2—01
01—C2—N3—N4
S2—C2—N3—N4
C2—N3—N4—C5
N3—N4—C5—01
N3—N4—C5—C6
C2—01—C5—N4
C2—01—C5—C6
02—S1—N5—C6
03—S1—N5—C6
Cl14—S1—N5—C6

128.53 (17)
118.62 (17)
121.64 (13)
114.01 (15)
108.00 (16)
109.93 (15)
110.48 (17)
118.82 (19)
120.67 (18)
120.44 (17)
121.10 (18)
119.9 (2)
119.2 (2)
120.7 (2)
120.2 (2)
120.34 (18)
119.89 (16)
119.75 (15)
119.49 (19)
121.26 (19)
118.27 (17)
121.69 (18)
119.99 (19)
121.31 (19)
119.22 (19)
114.75 (15)
118.94 (19)
118.76 (19)
122.25 (19)
120.4 (2)
120.4 (2)
119.2 (2)
120.5 (2)
120.5 (2)
118.1 (17)

1.28 (19)
~175.38 (13)
155.78 (17)
~27.96 (16)
-1.7Q2)
174.82 (13)
1.46 (19)
~0.72 (19)
178.11 (16)
~0.26 (19)
~179.19 (15)
~41.23 (16)
~170.22 (14)
74.15 (16)

C12—C11'—H11'
C10—C11'—H11'
C11'—C12'—H12'
C13—C12—H]12'
C8—C13'—H13'
C12'—C13'—H13'
C14—C15—HI15'
Cl16'—C15—HI15'
C17—C16'—HI1¢6'
C15—C16'—HI1¢6'
C19—C18—HI18'
C17—C18—HI18'
C18'—C19'—H19
C14—C19'—H19
C17'—C20'—H20D
C17—C20'—H20E

H20D—C20'—H20E

C17'—C20'—H20F
H20D—C20'—H20F
H20E—C20'—H20F
C22'—C21'—H21C
S2'—C21'—H21C
C22'—C21'—H21D
S2'—C21'—H21D

H21C—C21'—H21D

C22'—C23'—H23'
C24'—C23'—H23'
C23'—C24'—H24'
C25'—C24'—H24'
C26'—C25'—H25'
C24'—C25'—H25'
C25'—C26'—H26'
C27'—C26'—H26'
C26'—C27—H27'
C22'—C27—H27'
C5—01'—C2—N3'
C5—01'—C2—S2'

C21'—S2'—C2'—N3'
c21—s2'—C2—or'

O1'—C2'—N3'—N4'
S2'—C2'—N3'—N4'
C2'—N3'—N4'—C5'
N3'—N4'—C5'—O1'
N3'—N4'—C5'—C6'
C2—O1'—C5'—N4'
C2—O01'—C5'—C¢6'
03'—S1'—N5'—Cé6'
02'—S1'—N5'—C6'

C14'—S1'—N5'—C¢6'

120.4
120.4
119.6
119.6
119.9
119.9
120.3
120.3
119.4
119.4
119.3
119.3
120.4
120.4
109.5
109.5
109.5
109.5
109.5
109.5
108.6
108.6
108.6
108.6
107.6
119.8
119.8
119.8
119.8
120.4
120.4
119.7
119.7
119.7
119.7

1.21 (19)
~174.64 (13)
154.33 (17)
~30.40 (16)
-15(02)
174.09 (13)
1.2(2)
-0.5(2)
177.52 (17)
~0.37 (19)
~178.60 (15)
~162.24 (14)
~32.52 (16)
82.83 (16)
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S1—N5—C6—C5 —69.23 (19) S1'—N5'—C6'—C5' —73.65 (19)
S1—N5—C6—C7 167.03 (13) S1'—N5'—C6'—C7' 163.85 (13)
N4—C5—C6—N5 127.40 (19) N4'—C5'—C6'—NS5' 128.6 (2)
01—C5—C6—N5 ~53.8(2) 01'—C5'—C6'—N5' —53.4(2)
N4—C5—C6—C7 ~110.7 2) N4 C5'—C6—C7' ~109.9 (2)
01—C5—C6—C7 68.0 (2) 01'—C5'—C6'—CT' 68.0 (2)
N5—C6—C7—CS8 —174.88 (15) N5'—C6'—C7—C8' 178.48 (15)
C5—C6—C7—C8 59.7(2) C5'—C6'—C7—C8' 53.5(2)
C6—C7—C8—C13 —108.3 (2) C6'—C7'—C8'—C13' -107.2 (2)
C6—C7T—C8—C9 70.2 (2) C6'—C7'—C8'—C9' 69.8 (2)
C13—C8—C9—C10 -1.1(3) C13'—C8'—C9'—C10' -0.2(3)
C7—C8—C9—C10 —179.66 (18) C7—C8'—C9—C10' —177.21 (18)
C8—C9—C10—C11 0.8 (3) C8'—C9—C10'—C11" 033)
C9—C10—C11—C12 -0.8 (3) c9—C10—C11'—C12' -0.1 (3)
C10—C11—C12—C13 1.0 (3) c1o—C11'—Ci12'—C13' -0.2(3)
C11—C12—C13—C8 -1.34) Cc9'—C8—C13'—C12' -0.1 (3)
C9—C8—C13—C12 1.3(3) C7—C8—C13'—C12' 176.88 (19)
C7—C8—C13—C12 179.86 (19) C11'—C12—C13'—C8' 033)
02—S1—C14—C19 —4.05 (17) 03'—S1'—C14'—C15' —13.95 (17)
03—S1—C14—C19 127.68 (15) 02'—S1'—C14'—C15' —146.02 (15)
N5—S1—C14—C19 —118.91 (15) N5'—S1'—C14'—C15' 100.16 (16)
02—S1—C14—C15 176.24 (14) 03'—S1'—C14'—C19' 167.84 (14)
03—S1—C14—C15 —52.03 (17) 02'—S1'—C14'—C19' 35.77 (16)
N5—S1—C14—CI15 61.38 (17) N5'—S1'—C14'—C19' —78.05 (16)
C19—C14—C15—C16 -0.2(3) C19—C14'—C15'—C16' 1.3(3)
S1—C14—C15—Cl16 179.55 (15) S1'—C14'—C15'—C16' —176.87 (14)
C14—C15—C16—C17 0.53) C14—C15'—C16'—C17' 1.3(3)
C15—C16—C17—C18 -1.1(3) C15—C16—C17—C18' -1.6 (3)
C15—C16—C17—C20 177.26 (18) C15—C16—C17—C20' —178.99 (17)
C16—C17—C18—C19 1.53) Cl16—C17—C18'—C19' -0.8(3)
C20—C17—C18—C19 —176.93 (17) C20—C17—C18'—C19' 176.64 (17)
C15—C14—C19—C18 0.53) C17—C18—C19'—C14' 3.4(3)
S1—C14—C19—CI18 —179.24 (14) C15—C14—C19'—C18' -3.6(3)
C17—C18—C19—C14 -1.1(3) S1'—C14—C19'—C18' 174.55 (14)
C2—S82—C21—C22 —62.79 (16) c2—82'—C21'—C22' —69.37 (15)
S2—C21—C22—C23 139.26 (17) S2'—C21'—C22'—C23' 143.09 (16)
S2—C21—C22—C27 —42.1 (2) S2'—C21'—C22'—C27' -394 (2)
C27—C22—C23—C24 -0.7(3) C27—C22'—C23'—C24' -0.6 (3)
C21—C22—C23—C24 177.92 (19) C21'—C22'—C23'—C24' 176.99 (18)
C22—C23—C24—C25 1.3(3) C22'—C23'—C24'—C25' 1.1 (3)
C23—C24—C25—C26 -0.8 (3) C23'—(C24'—C25'—C26' -0.8(3)
C24—C25—C26—C27 -0.1 (3) C24'—C25'—C26'—C27' 0.1(3)
C25—C26—C27—C22 0.6 (3) C25'—C26'—C27'—C22' 0.4 (3)
C23—C22—C27—C26 -0.2(3) C23'—C22'—C27—C26' -0.2(3)
C21—C22—C27—C26 —178.82 (18) C21'—C22'—C27—C26' —177.65 (18)
Hydrogen-bond geometry (4, ©)

D—H-4 D—H H-A DA D—H-4A
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N5—H05-N4!
N5'—H05'"N4"
C21—H21B--02""
C21'—H21D--021
C19—H19--03"

Symmetry codes: (i) x, y—1, z; (i) —x+1/2, y—1/2, —z+1; (iil) —x+1/2, y—1/2, —z; (iv) x, y+1, z.

0.79 (3)
0.82 (3)
0.99
0.99
0.95

2.22(3)
2.23(3)
2.32
2.23
2.50

3.003 (2)
3.048 (2)
3.249 (2)
3.145 (2)
3.352(2)

178 (3)
171 (2)
155
154
150

sup-12



supplementary materials

Fig. 1
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Fig. 2
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Fig. 3
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