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A tripodal tris(thiophene) derivative of

hexahydropyrimidine and its ladder-like

extended structure

In the title compound, 2-(2-thienyl)-1,3-bis(2-thienylmethyl)-
perhydropyrimidine, C;gH,(N,S;, a new hexahydropyrimidine
derivative with no formal crystallographic symmetry (but
approximate C; molecular symmetry), the thiophene rings are
approximately orthogonal to the mean plane of the saturated
pyrimidine ‘core’ of the molecule, with the three S atoms
positioned on one side of the six-atom mean plane. The S atom
of the directly attached thiophene ring is involved in an
unconventional (alkyl)C—H---S hydrogen bond (H---S =
2.87 A) with a thiophene CH group of the closest neigh-
bouring molecule, leading to a ladder-like one-dimensional
chain as the extended structure. The crystal specimen used for
data collection was an inversion twin [twin fraction x =
0.41 (4)].

Comment

Sato et al. (1992) have described a method for the synthesis
of  N,N’-bis(2-pyridylmethyl)-N,N'-bis(2-thienylmethyl)-1,2-
ethanediamine. Our goal was to synthesize the tetra(thio-
phene) analogue with a propyldiamine core for binding two
Pt" ions. Contrary to expectation, addition of two equivalents
of thiophene-2-carbaldehyde to N,N’-bis(2-thienylmethyl)-
1,2-propanediamine, (II), followed by NaBH, reduction
afforded the title compound, (I), the Mannich cyclization
product (Buchen et al., 1997).
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Compound (I) is a hexahydropyrimidine derivative, and the
six-membered ring core adopts a chair conformation (Fig. 1).
This was confirmed quantitatively by Cremer—Pople ring
puckering (CPRP) analysis (Cremer & Pople, 1975), which
gave a 0 value closer to 0° (chair) than 50.8° (half-chair). [The
CPRP amplitudes were Q = 0.594 (2) A, 6=141 (1)° and ¢ =
89 (2)°.] Each atom of the six-membered ring thus deviates
systematically from the six-atom mean plane: atom N1 by
0.243 (1), C6 by —0263(1), N2 by 0263 (1), Cl6 by
—0.241 (2), C17 by 0.221 (2) and C18 by —0.221 (2) A. The
weighted average absolute torsion angle for the six-membered
ring is 59 (6)° and reflects a near-ideal (+)-synclinal confor-
mation.

The thiophene rings are oriented with the three S atoms
lying within the same plane. The dihedral angles of each
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Figure 1

The molecular structure of (I), with 60% probability displacement
ellipsoids. H atoms are shown only as the end-points of bonds represented
as cylinders.

Figure 2

A partial packing diagram for (I), showing two chains of interacting
molecules with an interaction axis collinear with the unit-cell b axis.
Dashed lines indicate hydrogen bonds. Interacting H and S atoms are
represented as spheres of arbitrary radii. Non-interacting H atoms have
been omitted for clarity. All other atoms are shown only as the
intersections of bonds represented as cylinders. [Symmetry codes: (i) % - X,
Ty 34z ()i —x —L+y3+2]

thiophene ring relative to the mean plane of the hexahydro-
pyrimidine ring are 81.6 (1)° (S1/C1-C4 ring), 87.9 (1)° (S2/
C7-C10 ring) and 82.0 (1)° (S3/C12-C15 ring). The three
thiophene rings exhibit significant in-plane libration, even at
110K (cf. the displacements for atoms Cl4 and C15).
However, the C—S bonds average 1.712 (6) A (Table 1) and
their precision is thus not overly affected by this thermal
motion.

A significant attractive intermolecular interaction (Fig. 2,
Table 2) exists between atom H9 and atom S2' of a neigh-
bouring molecule [symmetry code: (i) x, y — 1, z]. The
H9. - -S2' distance (2.87 A) is shorter than the sum of the van
der Waals radii of S and H by 0.13 A (Bondi, 1964). The
geometry is consistent with an unconventional hydrogen bond

Figure 3
A space-filling model of three interacting molecules of (I), showing the
ladder-like one-dimensional hydrogen-bonded extended structure. The
axis of the stack is collinear with the b axis of the unit cell.

between sp>-hybridized S and a w-type C—H donor (Steiner,
2002). Molecules of (I) are thus held together (probably only
weakly and in the condensed phase) to form a one-dimen-
sional hydrogen-bonded stack whose axis is collinear with the
b axis of the unit cell. Each molecule within the stack is
translated by 1 along the b-axis direction [(x,y — 1, z), (x, y, 2),
(x,y + 1, z) etc.] to give a molecular sequence reminiscent of
the steps in a conventional ladder (Fig. 3).

Experimental

Under a flow of nitrogen, a solution of 2-thiophenecarbaldehyde
(4.45 ml, 47.6 mmol) in absolute ethanol (16 ml) was added to a
vigorously stirred solution of 1,3-propanediamine (2.0 ml, 23.9 mmol)
in a dropwise manner. The mixture was stirred at room temperature
for a further 2 h to afford a bright-yellow solution of the diimine
Schiff base. The solvent was removed under reduced pressure and the
residue redissolved in fresh absolute ethanol (60 ml), an excess of
NaBH, (1.52 g, 40 mmol) added and the mixture stirred for a further
24 h after effervescence of the gas had ceased. The mixture was
extracted with CH,Cl, (3 x 40 ml), washed thoroughly with deio-
nized water (3 x 50 ml) and dried over Na,SO,. The extracting
solvent was removed under reduced pressure to afford a light-yellow
oil, (II).

The above imination-reduction step was repeated once, starting
with the light-yellow oil of (II) as the amine source and 2-thio-
phenecarbaldehyde as the imination reagent. Slow addition of
NaBH, in small portions is necessary as the second reduction step is
highly exothermic. Colourless crystals of (I) were obtained by
layering a concentrated CH,Cl, solution of (I) with a 1:1 (v/v) mixture
of hexane and cyclohexane (yield 74%).

Crystal data

CisHaoNS; V =1802.62 (11) A’
M, = 360.54 Z=4
Orthorhombic, Pna2, Mo Ko radiation
a=154391 (6) A w=041 mm™'

b =59873 (2) A T=110(2) K

¢ =19.5007 (7) A 0.6 x 0.5 x 0.2 mm
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Data collection

Oxford Diffraction Xcalibur2 CCD
diffractometer

Absorption correction: multi-scan
[CrysAlis RED (Oxford
Diffraction, 2006; Blessing, 1995)]
Tmin = 0.790, Tax = 0.92

Refinement

R[F? > 20(F%)] = 0.029
wR(F?) = 0.082
S=112

5679 reflections

209 parameters

95 restraints

17289 measured reflections
5679 independent reflections
5600 reflections with I > 20(1)
Rine = 0.011

H-atom parameters constrained

ApPmax = 0.46 ¢ A3

Apmin = —037 e A3

Absolute structure: Flack (1983),
2483 Friedel pairs

Flack parameter: 0.41 (4)

Table 1

Selected geometric parameters (A, °).

C1-S1 1.7102 (16) C10—-S2 1.7181 (14)
C4—S1 17176 (14) C12—S3 1.7035 (16)
C6—N1 1.4696 (16) C15—S3 1701 (2)
C6—N2 1.4779 (16) C16—N2 1.4658 (17)
C7—S2 1.7228 (13) C18—NI1 1.4726 (16)
C16—N2—Cl11 109.80 (11) C6—N1—-C18 111.52 (10)
C16—N2—C6 110.33 (10) Cl1—S1—C4 9231 (7)
C11-N2—C6 112.23 (10) C10—S2—C7 92.09 (6)
C5—N1-C6 112.44 (10) C15—-S3—-C12 92.53 (9)
C5—N1—CI8 109.00 (10)

Table 2

Hydrogen-bond geometry (A, °).

Cgl is the centroid of the S1/C1-C4 ring.

D—H A D—H H A D---A D—H --A
C9—H9---S2' 0.95 3.5423 (12) 129
C10—H10- - -Cg1" 0.95 3.643 151

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

Methylene and methine H atoms were positioned geometrically
and refined using a riding model, with C—H = 0.97 and 0.98 A,
respectively, and with Uj,(H) = 1.2U.4(C). Aromatic H atoms were
positioned geometrically and refined using a riding model, with C—H
=093 A and U(H) = 1.2U4(C). Towards the end of the least-
squares refinement process, it became clear that thermal libration of

the two ‘outer’ thiophene rings was responsible for highly anisotropic
displacement parameters for the C atoms of these rings. These atoms
were therefore refined with a rigid bond restraint limiting the
components of their anisotropic displacements in the bond directions
to be equal within an s.u. of 0.01 A.

The crystal was an inversion twin with a twin fraction of 0.41 (4).
The idealized point group symmetry of (I) is C,; with a mirror plane
passing through the plane of the central thiophene ring. However,
this is not crystallographically observed because the thiophene rings
S1/C1-C4 and S3/C12-C15 are positioned at different perpendicular
distances from the plane passing through the central thiophene ring
of the molecule. This conformational distortion or feature of (I)
therefore precludes it from having mirror symmetry and hence the
possibility of a structure solution in the centrosymmetric space group
Pnam.

Data collection: CrysAlis CCD (Oxford Diffraction, 2006); cell
refinement: CrysAlis RED (Oxford Diffraction, 2006); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997);
software used to prepare material for publication: WinGX (Farrugia,
1999).

The authors gratefully acknowledge financial support from
the University of KwaZulu-Natal and the National Research
Foundation (NRF, Pretoria). Any opinion, findings and
conclusions or recommendations expressed in this paper are
those of the authors and therefore the NRF does not accept
any liability in regard thereto. We thank Mr C. Grimmer for
the NMR analysis of the samples.
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A tripodal tris(thiophene) derivative of hexahydropyrimidine and its ladder-like

extended structure

Deogratius Jaganyi, Allen Mambanda and Orde Q. Munro

2-(2-thienyl)-1,3-bis(2-thienylmethyl)perhydropyrimidine

Crystal data

C18H20N283

M, =360.54
Orthorhombic, Pna2,
Hall symbol: P 2¢ -2n
a=15.4391(6) A
b=59873(2) A
c=19.5007 (7) A
V=1802.62 (11) A?
Z=4

Data collection

Oxford Xcalibur2 CCD area-detector
diffractometer

w scans

Absorption correction: multi-scan
[CrysAlis RED (Oxford Diffraction, 2006;
Blessing, 1995)]

Tuin = 0.790, Tiax = 0.92

17289 measured reflections

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F*)] =0.029
wR(F?)=0.082

S=1.12

5679 reflections

209 parameters

95 restraints

H-atom parameters constrained

Special details

F(000) =760

D,=1.328 Mgm™

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 15496 reflections
6=3.6-31.9°

4 =041 mm™!

T=110K

Rectangular block, colourless

0.6 x 0.5 x 0.2 mm

5679 independent reflections
5600 reflections with 1> 20([)
Rin=0.011

Omax = 32.0°, Opin = 3.7°
h=-21-23

k=-7-8

[=-27-29

w = 1/[6*(F,?) + (0.051P)* + 0.5189P]
where P = (F,2 + 2F2)/3

(A/O')max =0.001

APy = 0.46 ¢ A7

Apmin=—0.37 e A

Absolute structure: Flack (1983), 2483 Friedel
pairs

Absolute structure parameter: 0.41 (4)

Experimental. IR (KBr, v, cm™): 473 (m), 698 (str), 831 (str), 977 (m), 1095 (str), 1198 (str), 1220 (str), 1323 (str), 1365
(str), 1445 (m) 1545 (), 2713 (str), 2805 (str), 2943 (str), 3084 (m) (w = weak, str = strong, m = moderate). 'H NMR
(500 MHz, CDCls, 0, p.p-m.): 7.36 (d, 1H), 7.20 (d, 2H), 7.16 (S, 1H), 6.96 (t, 1H), 6.92 (t, 2H), 6.86 (s, 2H), 4.35 (s,
1H), 3.95 (d, 2H), 3.60 (d, 2H), 3.12 (m, 2H), 2.38 (s, 2H), 1.70 (m, 2H). *C NMR (125 MHz, CDCl;, J, p.p.m.): 22.9,
30,8, 49.0, 52.8, 76.7, 76.9, 77.2, 79.25, 124.7, 125.4, 125.65, 126.3, 126.4, 127.6, 142.8, 145.1, 185, 208.
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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.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso™ Uqq
Cl —0.00001 (11) 0.9888 (3) —0.89257 (8) 0.0209 (3)
H1 0.0091 1.1214 —0.9183 0.025%*
C2 —0.06152 (11) 0.8331 (3) —0.90790 (8) 0.0241 (3)
H2 —0.0998 0.8472 —0.9458 0.029*
C3 —0.06329 (9) 0.6446 (2) —0.86143 (7) 0.0180 (2)
H3 -0.1017 0.521 —0.8644 0.022%*
C4 0.00179 (8) 0.6741 (2) —0.81054 (6) 0.0136 (2)
C5 0.02754 (8) 0.5155(2) —0.75444 (7) 0.0137 (2)
H5A —0.0224 0.4196 —0.7423 0.016*
H5B 0.075 0.4178 —0.7708 0.016*
Co6 0.11383 (8) 0.5050 (2) —0.64952 (6) 0.0109 (2)
He6 0.0808 0.3757 —0.6302 0.013*
C7 0.18942 (8) 0.4201 (2) —0.69011 (6) 0.0108 (2)
C8 0.21565 (8) 0.2040 (2) —0.69975 (7) 0.0132 (2)
HS8 0.1864 0.0783 —0.6811 0.016*
C9 0.29187 (8) 0.1886 (2) —0.74101 (8) 0.0163 (2)
H9 0.319 0.0513 —0.7527 0.02*
C10 0.32141 (9) 0.3920 (2) —0.76182 (8) 0.0183 (3)
H10 0.3714 0.4137 —0.7894 0.022%*
Cl1 0.20893 (10) 0.5386 (2) —0.54955 (7) 0.0183 (3)
H11A 0.2525 0.4643 -0.579 0.022%*
H11B 0.1804 0.4225 -0.5213 0.022*
Cl12 0.25324 (9) 0.7043 (3) —0.50349 (7) 0.0181 (3)
C13 0.26842 (10) 0.6887 (3) —0.43220 (7) 0.0213 (3)
H13 0.2493 0.5692 —0.404 0.026*
Cl4 0.31620 (12) 0.8766 (4) —0.40854 (10) 0.0351 (4)
H14 0.3353 0.8928 —0.3625 0.042%*
C15 0.33176 (12) 1.0293 (3) —0.45774 (12) 0.0348 (4)
H15 0.3619 1.1653 —0.4501 0.042%*
Cl6 0.07041 (9) 0.7217 (3) —0.55082 (7) 0.0188 (3)
H16A 0.0914 0.8145 -0.5122 0.023*
H16B 0.0407 0.5894 —0.5315 0.023*
C17 0.00734 (9) 0.8557 (3) —0.59415 (8) 0.0191 (3)
H17A —0.0441 0.8959 —0.5664 0.023*
H17B 0.0353 0.9954 —0.6099 0.023*
C18 —0.02019 (8) 0.7176 (3) —0.65545 (7) 0.0169 (2)
HI18A —0.0547 0.588 —0.6398 0.02*
H18B —0.057 0.8092 —0.6861 0.02*
N2 0.14392 (7) 0.64972 (19) —0.59294 (6) 0.01318 (19)
N1 0.05635 (7) 0.63855 (19) —0.69341 (6) 0.01153 (18)
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S1 0.05886 (2) 0.91768 (6) —0.82157 (2) 0.02021 (8)
S2 0.25692 (2) 0.60454 (5) —0.73185 (2) 0.01583 (7)
S3 0.29124 (3) 0.95067 (7) —0.53518 (2) 0.02872 (9)
Atomic displacement parameters (42)

Ull (]22 (]33 UIZ U13 U23
Cl1 0.0262 (7) 0.0187 (6) 0.0177 (6) 0.0009 (5) —0.0023 (5) 0.0028 (5)
C2 0.0275 (7) 0.0259 (7) 0.0190 (7) —0.0010 (6) —0.0084 (5) 0.0002 (6)
C3 0.0211 (6) 0.0180 (6) 0.0149 (6) 0.0028 (5) 0.0005 (5) 0.0063 (5)
C4 0.0126 (5) 0.0140 (5) 0.0143 (6) —0.0002 (4) —0.0005 (4) —0.0013 (4)
CS 0.0138 (5) 0.0148 (5) 0.0126 (5) 0.0002 (4) —0.0027 (4) —0.0016 (4)
C6 0.0118 (5) 0.0096 (5) 0.0113 (5) 0.0004 (4) —0.0005 (4) —0.0012 (4)
C7 0.0105 (5) 0.0089 (5) 0.0130 (5) —0.0010 (4) 0.0005 (4) —0.0010 (4)
C8 0.0136 (5) 0.0093 (5) 0.0166 (6) 0.0002 (4) 0.0011 (4) —0.0002 (4)
C9 0.0144 (5) 0.0117 (5) 0.0228 (6) 0.0018 (4) 0.0030 (4) —0.0022 (5)
C10 0.0131 (5) 0.0151 (6) 0.0266 (7) 0.0004 (5) 0.0059 (5) —0.0016 (5)
Cl11 0.0234 (6) 0.0178 (6) 0.0136 (6) 0.0040 (5) —0.0067 (4) —0.0025 (5)
C12 0.0175 (6) 0.0223 (7) 0.0144 (5) 0.0024 (5) —0.0026 (4) —0.0035 (5)
C13 0.0207 (6) 0.0281 (7) 0.0152 (6) —0.0056 (6) —0.0131 (5) 0.0063 (5)
Cl4 0.0243 (8) 0.0566 (12) 0.0244 (8) 0.0000 (8) —0.0085 (6) —0.0168 (8)
C15 0.0244 (8) 0.0316 (9) 0.0484 (11) —0.0017 (7) —0.0073 (7) —0.0185 (8)
Clé6 0.0196 (6) 0.0224 (6) 0.0143 (6) 0.0034 (5) 0.0017 (4) —0.0056 (5)
C17 0.0163 (6) 0.0198 (6) 0.0211 (6) 0.0044 (5) 0.0035 (5) —0.0071 (5)
C18 0.0114 (5) 0.0228 (6) 0.0165 (6) 0.0036 (5) 0.0017 (4) —0.0042 (5)
N2 0.0143 (4) 0.0138 (4) 0.0115 (5) 0.0031 (4) —0.0023 (4) —0.0042 (4)
N1 0.0102 (4) 0.0128 (4) 0.0115 (4) 0.0027 (3) —0.0002 (3) —0.0021 (4)
S1 0.02086 (16) 0.01746 (15) 0.02231 (16) —0.00116 (12) —0.00351 (12) 0.00044 (13)
S2 0.01320 (13) 0.00905 (12) 0.02523 (16) —0.00133 (10) 0.00474 (12) —0.00002 (12)
S3 0.0379 (2) 0.02175 (17) 0.02652 (19) —0.00189 (16) —0.00085 (16) —0.00150 (15)
Geometric parameters (A, ©)
Cl—C2 1.364 (2) C10—H10 0.95
C1—SI1 1.7102 (16) CI11—N2 1.4719 (17)
Cl—HI1 0.95 Cl1—C12 1.503 (2)
C2—C3 1.448 (2) Cl1—H11A 0.99
C2—H2 0.95 Cl11—H11B 0.99
C3—C4 1.4233 (19) Cl12—C13 1.4128 (19)
C3—H3 0.95 C12—S3 1.7035 (16)
C4—C5 1.5021 (19) C13—Cl14 1.422 (3)
C4—S1 1.7176 (14) C13—HI13 0.95
C5—NI1 1.4687 (16) C14—C15 1.347 (3)
C5—H5A 0.99 Cl4—H14 0.95
C5—HSB 0.99 C15—S3 1.701 (2)
C6—NI1 1.4696 (16) C15—HI15 0.95
C6—N2 1.4779 (16) C16—N2 1.4658 (17)
Cc6—C7 1.4989 (17) Cl6—C17 1.518 (2)
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C6—H6
C7—C8
C7—S2
C8—C9
C8—HS8
C9—C10
C9—H9
C10—S2

C2—C1—S1
C2—Cl1—H1
S1—C1—H1
C1—C2—C3
C1—C2—H2
C3—C2—H2
C4—C3—C2
C4—C3—H3
C2—C3—H3
C3—C4—C5
C3—C4—S1
C5—C4—S1
N1—C5—C4
N1—C5—HS5SA
C4—C5—HS5A
N1—C5—HS5SB
C4—C5—HSB
H5A—C5—HS5B
N1—C6—N2
N1I—C6—C7
N2—C6—C7
N1—C6—H6
N2—C6—H6
C7—C6—H6
C8—C7—Co6
C8—C7—S2
C6—C7—S2
C7—C8—C9
C7—C8—HS8
C9—C8—HS8
C10—C9—C8
C10—C9—H9
C8—C9—H9
C9—C10—S2
C9—C10—H10
S2—C10—H10
N2—CI11—C12
N2—CI11—HI1A
C12—C11—HI11A

1
1.3687 (17)
1.7228 (13)
1.4287 (18)
0.95

1.3625 (19)
0.95

1.7181 (14)

112.17 (12)
123.9
123.9
114.14 (14)
122.9
122.9
109.05 (13)
125.5

125.5
128.05 (12)
112.34 (10)
119.49 (9)
110.68 (11)
109.5

109.5

109.5

109.5

108.1
107.79 (10)
110.31 (10)
110.38 (10)
109.4
109.4
109.4
128.56 (11)
111.23 (9)
120.21 (9)
112.47 (11)
123.8
123.8
112.67 (12)
123.7
123.7
111.53 (10)
1242
1242
110.81 (12)
109.5

109.5

Cl6—HI16A
Cl6—H16B
C17—C18
C17—H17A
C17—H17B
C18—NI1
C18—HI8A
C18—HI18B

HI11A—C11—HI11B
C13—C12—C11
C13—C12—S3
C11—C12—S3
C12—C13—C14
C12—C13—H13
C14—C13—HI13
C15—C14—C13
C15—C14—H14
C13—C14—H14
C14—C15—S3
C14—C15—HI15
S3—C15—HI15
N2—C16—C17
N2—C16—H16A
C17—C16—HI16A
N2—C16—H16B
C17—C16—H16B
H16A—C16—H16B
C18—C17—C16
C18—C17—HI17A
Cl6—C17—H17A
C18—C17—H17B
C16—C17—H17B
H17A—C17—H17B
N1—C18—C17
N1—CI18—HI18A
C17—C18—HIBA
N1—C18—H18B
C17—C18—HI18B
H18A—C18—HI18B
Cl6—N2—C11
Cl6—N2—C6
C11—N2—C6
C5—N1—C6
C5—N1—C18
C6—N1—C18
Cl—S1—C4
C10—S2—C7

0.99
0.99

1.514 (2)
0.99

0.99
1.4726 (16)
0.99

0.99

108.1
128.30 (14)
110.92 (11)
120.77 (11)
110.67 (15)
124.7
124.7
113.48 (15)
1233

123.3
112.27 (14)
123.9
123.9
109.88 (11)
109.7
109.7
109.7
109.7

108.2
109.33 (12)
109.8

109.8

109.8

109.8

108.3
110.31 (11)
109.6
109.6
109.6
109.6

108.1
109.80 (11)
110.33 (10)
112.23 (10)
112.44 (10)
109.00 (10)
111.52 (10)
92.31(7)
92.09 (6)
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supporting information

N2—CI11—H11B 109.5 C15—S3—C12 92.53 (9)
C12—C11—HI11B 109.5

S1—C1—C2—C3 —0.09 (19) C12—C11—N2—C16 —70.25 (15)
C1—C2—C3—C4 0.1 (2) C12—C11—N2—C6 166.64 (11)
C2—C3—C4—C5 —175.93 (13) N1—C6—N2—Cl16 62.86 (13)
C2—C3—C4—S1 —0.06 (16) C7T—C6—N2—Cl16 —176.61 (11)
C3—C4—C5—N1 —147.79 (13) N1—C6—N2—C11 —174.34 (11)
S1—C4—C5—N1 36.60 (14) C7T—C6—N2—Cl1 —53.80 (14)
NI—C6—C7—C8 —122.75 (14) C4—C5—NI1—C6 —156.52 (10)
N2—C6—C7—C8 118.23 (14) C4—C5—N1—C18 79.28 (14)
NI—C6—C7—S2 57.68 (13) N2—C6—NI1—C5 175.78 (10)
N2—C6—C7—S2 —61.34 (13) C7T—C6—NI1—C5 55.20 (13)
C6—C7T—C8—C9 —179.08 (12) N2—C6—N1—C18 —61.43 (13)
S2—C7—C8—C9 0.52 (15) C7—C6—NI1—CI18 177.99 (10)
C7—C8—C9—Cl10 —0.21 (18) C17—C18—N1—C5 —177.05 (12)
C8—C9—C10—S2 —0.21 (17) C17—C18—N1—C6 58.21 (15)
N2—C11—C12—C13 131.74 (16) C2—C1—S1—C4 0.05 (14)
N2—C11—C12—S3 —47.07 (16) C3—C4—S1—C1 0.01 (11)
Cl11—C12—C13—C14 177.16 (15) C5—C4—S1—C1 176.27 (11)
S3—C12—C13—C14 —3.94 (18) C9—C10—S2—C7 0.43 (12)
C12—C13—C14—C15 332 C8—C7—S2—C10 —0.55 (11)
C13—C14—C15—S3 -1.2(2) C6—C7—S2—C10 179.09 (11)
N2—C16—C17—Cl18 55.84 (15) C14—C15—S3—Cl12 —0.98 (16)
Cl16—C17—CI18—NI1 —54.04 (16) C13—C12—S3—Cl15 2.86 (13)
C17—C16—N2—Cl11 174.63 (11) Cl11—C12—S3—C15 —178.15 (13)
C17—C16—N2—C6 —61.15 (15)

Hydrogen-bond geometry (4, °)

D—HA4 D—H H-4 D—H-A4
C9—H9--S2! 0.95 2.87 129
C10—H10--Cgl’ 0.95 2.78 151

Symmetry codes: (i) x, y—1, z; (i) x+1/2, —=y+3/2, z.
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