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The title compound, C,3H»,N,0,S, crystallized with two
independent molecules (A and B) in the asymmetric unit.
They have very similar conformations with the pyrrolidine
ring having a twisted conformation, on the Cgpiro — Cipiro bond,
in both molecules. In molecule A, the mean planes of the
benzothiophene and indoline ring systems are inclined to the
mean plane of the pyrrolidine ring by 87.59 (10) and
84.51 (11)°, respectively, and to one another by 72.69 (7)°.
The corresponding angles in molecule B are 87.15 (10),
84.58 (10) and 72.07 (7)°, respectively. In the crystal, the A
and B molecules are linked to one another by two N—H- - -O
hydrogen bonds, forming a dimer. These dimers are linked via
C—H---O hydrogen bonds, forming a three-dimensional
structure.

Keywords: crystal structure; dispiro; benzothiophene; pyrrolidine; indo-
line; hydrogen bonding.

CCDC reference: 1045103

1. Related literature

For examples of the biological activity of indole derivatives,
see: Singh et al. (2000); Chai et al. (2006); Nieto et al. (2005);
Andreani et al. (2001). For the biological activity of indole
alkaloids extracted from plants, see: Quetin-Leclercq (1994);
Mukhopadhyay et al. (1981). For details of highly functiona-
lized pyrrolidines as the main structural element of many
natural and synthetic pharmacologically active compounds,

see: Waldmann (1995). For the crystal structure of a related
compound, see: Ganesh et al. (2012).

2. Experimental
2.1. Crystal data

Co3H,oN,0,8 V = 4226 (2) A’
M, = 42250 Z=8
Monoclinic, P2/n Mo Ko radiation
a=16311(5) A w=019 mm™'
b =11.103 (5) A T=293K

c=23585(5) A
B = 98354 (5)°

2.2. Data collection

Bruker SMART APEXII area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2008)
Tinin = 0.964, Typax = 0.967

2.3. Refinement

R[F? > 26(F?)] = 0.054
WwR(F?) = 0.182

S =107

10504 reflections

0.20 x 0.19 x 0.18 mm

36508 measured reflections
10504 independent reflections
5696 reflections with I > 20(I)
Rine = 0.032

541 parameters

H-atom parameters constrained
APmax =059 ¢ A3

Apmin = =025 ¢ A™3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H2---03 0.86 2.09 2.941 (3) 168
N2'—H2'---03 ) 0.86 2.15 3.005 (3) 172
C13'—H13'--.02" 0.93 2.57 3.439 (3) 155

Cl4' —H14'- - -01" 0.93 2.54 3.402 (3) 154

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

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT
(Bruker, 2008); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2015); molecular graphics:
PLATON (Spek, 2009); software used to prepare material for
publication: SHELXL97 and PLATON.
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Crystal structure of ethyl 1’,5-dimethyl-2'’,3-dioxo-3H-dispiro[benzo[b]thio-
phene-2,3'-pyrrolidine-2’,3"'-indoline]-4'-carboxylate

R. Raja, J. Govindaraj, M. Suresh, R. Raghunathan and A. SubbiahPandi

S1. Comment

Indole derivatives exhibit antihepatitis B virus (Chai et al., 2006) and antibacterial (Nieto ef al., 2005) activities. Indole
derivatives have been found to exhibit antibacterial, antifungal (Singh ef al., 2000) and antitumour activities (Andreani et
al., 2001). Some of the indole alkaloids extracted from plants possess interesting cytotoxic, antitumour or antiparasitic
properties (Quetin-Leclercq, 1994; Mukhopadhyay ef al., 1981). Highly functionalized pyrrolidines have gained much
interest in the past few years as they constitute the main structural element of many natural and synthetic
pharmacologically active compounds (Waldmann, 1995).

Fig. 1 shows the asymmetric unit consisting of the two independent molecules (A and B) of the title compound. The two
molecules have the same geometrical parameters within the precision of the experiment. In molecule A the benzothio-
phene and indoline ring systems are inclined to the mean plane of the pyrrolidine ring by 87.59 (10) and 84.51 (11) °,
respectively, and to one another by 72.6987) °. The corresponding angles in molecule B are 87.15 (10), 84.58 (10) and
72.0787) °, respectively.

In the crystal, the A and B molecules are linked to one another by two N-H:--O hydrogen bonds forming a dimer (Table
1 and Fig. 2). These dimers are linked via C-H---O hydrogen bonds forming a three-dimensional structure (Table 1 and
Fig. 2).

S2. Experimental

A mixture of (E)-ethyl 2-(5-methyl-3-oxobenzo[b]thiophen-2(3H)-ylidene) acetate (1.0 mmol), isatin (1.1 mmol) and
sarcosine (1.1 mmol) was refluxed in methanol (20 ml) until completion of the reaction, monitored by TLC analysis.
After completion of the reaction the solvent was evaporated under reduced pressure. The crude reaction mixture was
dissolved in dichloromethane (2 x 50 ml) and washed with water followed by brine solution. The organic layer was
separated and dried over sodium sulfate. After filtration the organic solvent was evaporated under reduced pressure. The
product was separated by column chromatography using hexane and ethyl acetate (9:1) as an eluent to give a colorless
solid. The product was dissolved in chloroform (3 ml) and heated for 2 min. The resulting solution was subjected to

crystallization by slow evaporation of the solvent giving single crystals suitable for X-ray crystallographic studies.

S3. Refinement

N and C-bound H atoms were positioned geometrically and allowed to ride on their parent atoms: N-H=0.86 A, C-H =
0.93-0.98 A with Ui (H) = 1.5U(C) for methyl H atoms and = 1.2U.,(N,C) for other H atoms.
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Molecule A

Molecule B

Figure 1
The molecular structure of the two independent molecules (A and B) of the title compound, with atom labelling.

Displacement ellipsoids are drawn at the 30% probability level.
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Figure 2

A view along the b axis of the crystal packing of the title compound. The hydrogen bonds are shown as dashed lines (see

Table for details; H atoms not involved in these interactions have been omitted for clarity).

Ethyl 1’,5-dimethyl-2'",3-dioxo-3H-dispiro[benzo[b]thiophene-2,3'-pyrrolidine-2’,3""-indoline]-4’-carboxylate

Crystal data

C23H22N204S

M, =422.50
Monoclinic, P2/n
Hall symbol: -P 2yac
a=16311(5A
b=11.103 (5) A
c=23.585(5 A

£ =98354(5)°
V=4226(2) A
Z=38

Data collection

Bruker SMART APEXII area-detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

 and ¢ scans

F(000)=1776

D,=1.328 Mgm™

Mo Ko radiation, 2 =0.71073 A

Cell parameters from 5696 reflections

0=14-28.4°
4 =0.19 mm™!
T=293 K

Block, colourless
0.20 x 0.19 x 0.18 mm

Absorption correction: multi-scan
(SADABS; Bruker, 2008)

Tnin = 0.964, Tnax = 0.967

36508 measured reflections

10504 independent reflections

5696 reflections with 7> 2a([)
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Rin=0.032

Omax = 28.4°, Oin = 1.4°

h=-21-21

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F?)] = 0.054

WR(F?) = 0.182

§=1.07

10504 reflections

541 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

k=-10—14
[=-31-28

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w = 1/[c*(F,?) + (0.0924P)’]
where P = (F,2 +2F2)/3

(A/G)max = 0.001

AP =0.59 ¢ A7

Apmin =—-0.25¢ A_3

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 F? > 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 (42)

X y z Uiso™/Ueq
Cl 1.03963 (16) 0.6232 (2) 0.96161 (10) 0.0660 (8)
HI1A 1.0658 0.5934 0.9980 0.099*
HIB 1.0403 0.5619 0.9330 0.099*
HI1C 0.9833 0.6449 0.9643 0.099*
Cl’ 0.96287 (16) 0.7862 (2) 0.53352 (10) 0.0622 (7)
H1'1 0.9358 0.8131 0.4968 0.093*
H12 1.0185 0.7620 0.5304 0.093*
H1'3 0.9640 0.8506 0.5608 0.093*
C2 1.17418 (14) 0.7110 (2) 0.94672 (10) 0.0551 (6)
H2A 1.1862 0.6279 0.9383 0.066*
H2B 1.2043 0.7319 0.9840 0.066*
C2' 0.82877 (14) 0.7046 (2) 0.55249 (9) 0.0481 (6)
H2'1 0.7976 0.6823 0.5158 0.058*
H2"72 0.8181 0.7886 0.5599 0.058*
C3' 0.80481 (13) 0.62477 (19) 0.60028 (9) 0.0403 (5)
H3' 0.8016 0.6765 0.6335 0.048*
C3 1.19796 (13) 0.7946 (2) 0.90055 (9) 0.0423 (5)
H3 1.2033 0.7453 0.8668 0.051*
c4' 0.72363 (14) 0.5595 (2) 0.58713 (10) 0.0464 (6)
C4 1.27782 (15) 0.8619 (2) 0.91628 (11) 0.0539 (6)
C5' 0.63677 (17) 0.4216 (3) 0.62987 (13) 0.0721 (8)
H5'1 0.5962 0.4496 0.5985 0.087*
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H572 0.6141
cs 1.3651 (2)
H5A 1.3978

H5B 1.3981

C6 1.3442 (2)
H6A 1.3940

H6B 1.3120

H6C 1.3126

c6’ 0.6545 (2)
H6'l 0.6043

H62 0.6943

H6'3 0.6764

c7 0.88089 (12)
C7 1.12099 (12)
C8 1.11405 (12)
cs’ 0.88814 (12)
cY’ 0.88955 (13)
C9 1.11184 (13)
cl0’ 0.89327 (14)
H10' 0.8957

C10 1.10808 (15)
H10 1.1063

clr 0.89341 (15)
Cl1 1.10697 (15)
c12 1.1061 (2)
HI2A 1.1039
HI2B 1.1555
H12C 1.0584

c12 0.8946 (2)
H12D 0.8968
HI2E 0.9423
HI12F 0.8453

c13 1.10894 (16)
H13 1.1073

C13’ 0.89070 (15)
H13' 0.8920

Cl4 1.11315 (15)
H14 1.1146

cla 0.88627 (15)
H14' 0.8840

C15' 0.88522 (13)
C15 1.11514 (13)
Cl6' 0.95153 (12)
C16 1.05081 (12)
C17 0.96067 (14)
C17 1.04294 (14)
c1g’ 1.08655 (13)
C18 0.91621 (13)

0.4329
1.0082 (3)
0.9931
0.9863
1.1317 3)
1.1790
1.1533
1.1466
0.2917 (3)
0.2462
0.2643
0.2810
0.54207 (18)
0.87597 (18)
0.93915 (19)
0.48160 (19)
0.35001 (19)
1.07020 (19)
0.2689 (2)
0.2973
1.1524 (2)
1.1251
0.1460 (2)
1.2746 (2)
1.3648 (3)
1.3231
1.4129
1.4159
0.0567 (2)
0.0989
0.0058
0.0084
1.3109 (2)
1.3930
0.1080 (2)
0.0257
1.2320 (2)
1.2597
0.1860 (2)
0.1574
0.30946 (18)
1.1091 (2)
0.63320 (18)
0.78321 (18)
0.72987 (19)
0.68991 (19)
0.6382 (2)
0.7782 (2)

0.6653
0.87962 (19)
0.9167
0.8502
0.87467 (16)
0.8789
0.9041
0.8377
0.62196 (15)
0.6208
0.6533
0.5867
0.61532 (8)
0.88528 (8)
0.82729 (8)
0.67382 (8)
0.66913 (8)
0.83294 (9)
0.71447 (9)
0.7518
0.78791 (10)
0.7505
0.70409 (10)
0.79895 (11)
0.75117 (12)
0.7153
0.7577
0.7500
0.75203 (11)
0.7878
0.7533
0.7457
0.85551 (12)
0.8632
0.64755 (10)
0.6403
0.90078 (11)
0.9381
0.60194 (10)
0.5647
0.61322 (8)
0.88890 (9)
0.60834 (8)
0.89070 (8)
0.65762 (9)
0.83996 (9)
0.66030 (8)
0.83823 (8)

0.087*
0.1127 (14)
0.135*
0.135*
0.1019 (11)
0.153*
0.153*
0.153*
0.0927 (10)
0.139*
0.139*
0.139*
0.0342 (5)
0.0340 (5)
0.0352 (5)
0.0349 (5)
0.0366 (5)
0.0390 (5)
0.0472 (6)
0.057*
0.0505 (6)
0.061*
0.0507 (6)
0.0554 (6)
0.0791 (9)
0.119%
0.119%
0.119%
0.0755 (8)
0.113*
0.113*
0.113*
0.0608 (7)
0.073*
0.0535 (6)
0.064*
0.0561 (7)
0.067*
0.0498 (6)
0.060*
0.0375 (5)
0.0421 (5)
0.0347 (5)
0.0357 (5)
0.0394 (5)
0.0404 (5)
0.0403 (5)
0.0393 (5)
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C19 0.83341 (14) 0.8042 (2) 0.82256 (10) 0.0518 (6)
HI19 0.8028 0.7689 0.7905 0.062*
C19’ 1.16826 (14) 0.6109 (2) 0.67618 (10) 0.0531 (6)
H19’ 1.1991 0.6475 0.7078 0.064*
C20 0.79785 (15) 0.8845 (3) 0.85629 (11) 0.0604 (7)
H20 0.7422 0.9043 0.8465 0.072*
C20’ 1.20368 (15) 0.5272 (3) 0.64379 (11) 0.0605 (7)
H20' 1.2592 0.5068 0.6539 0.073*
C21 0.84242 (16) 0.9360 (3) 0.90390 (11) 0.0601 (7)
H21 0.8168 0.9899 0.9259 0.072*
car’ 1.15838 (16) 0.4738 (3) 0.59713 (11) 0.0598 (7)
H21' 1.1835 0.4178 0.5759 0.072*
C22 0.92554 (15) 0.9083 (2) 0.91941 (10) 0.0510 (6)
H22 0.9554 0.9418 0.9522 0.061%*
Cc22’ 1.07519 (15) 0.5024 (2) 0.58109 (10) 0.0473 (6)
H22' 1.0449 0.4670 0.5489 0.057*
C23’ 1.03826 (12) 0.58414 (19) 0.61354 (8) 0.0363 (5)
C23 0.96336 (12) 0.83105 (19) 0.88591 (8) 0.0365 (5)
N1’ 0.91755 (11) 0.68408 (16) 0.55265 (7) 0.0402 (4)
N1 1.08421 (11) 0.72884 (17) 0.94574 (7) 0.0446 (5)
N2 0.96489 (11) 0.69805 (17) 0.81200 (7) 0.0457 (5)
H2 0.9471 0.6583 0.7814 0.055*
N2’ 1.03867 (11) 0.72204 (17) 0.68548 (7) 0.0451 (5)
H2' 1.0570 0.7638 0.7154 0.054*
o1’ 0.67445 (11) 0.57029 (18) 0.54481 (7) 0.0713 (6)
(0] 1.32537 (12) 0.8496 (2) 0.95875 (8) 0.0923 (7)
02 1.09558 (10) 0.62012 (14) 0.82891 (7) 0.0563 (4)
02’ 0.90884 (10) 0.80189 (14) 0.66769 (7) 0.0550 (4)
03’ 0.89380 (10) 0.53817 (14) 0.71813 (6) 0.0484 (4)
03 1.11019 (10) 0.88373 (14) 0.78238 (6) 0.0495 (4)
04’ 0.71261 (10) 0.49014 (16) 0.63163 (7) 0.0619 (5)
04 1.29010 (11) 0.93490 (18) 0.87355 (8) 0.0734 (6)
S1 1.12144 (4) 0.99348 (5) 0.93983 (2) 0.04493 (17)
S1’ 0.87786 (4) 0.42250 (5) 0.56126 (2) 0.04015 (16)
Atomic displacement parameters (42)
Ull l]ZZ l]33 UIZ U13 1]23
C1 0.0680 (18) 0.0669 (18) 0.0596 (15) —-0.0137 (15) —-0.0021 (13) 0.0282 (14)
Cclr’ 0.0692 (18) 0.0551 (16) 0.0608 (15) —0.0119 (14) 0.0045 (13) 0.0244 (13)
C2 0.0465 (15) 0.0608 (16) 0.0547 (14) 0.0004 (12) —0.0038 (11) 0.0186 (13)
C2' 0.0479 (14) 0.0416 (13) 0.0518 (13) 0.0023 (11) —0.0030 (11) 0.0053 (11)
C3’ 0.0433 (13) 0.0333 (11) 0.0429 (12) 0.0025 (10) 0.0015 (10) —-0.0031 (10)
C3 0.0412 (13) 0.0417 (13) 0.0422 (12) 0.0023 (10) 0.0005 (10) 0.0013 (10)
Cc4' 0.0414 (14) 0.0476 (14) 0.0489 (13) —0.0004 (11) 0.0024 (11) —0.0018 (12)
Cc4 0.0438 (14) 0.0609 (17) 0.0551 (15) 0.0039 (13) 0.0011 (12) 0.0003 (13)
C5' 0.0544 (17) 0.074 (2) 0.088 (2) —-0.0178 (15) 0.0110 (14) 0.0100 (17)
C5 0.062 (2) 0.085 (3) 0.183 (4) —0.0248 (19) —-0.006 (2) 0.036 (3)
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C6
Co’
Cc7
C7
C8
C8’
C9’
C9
C10’
C10
C11’
Cl11
Cl12
C12'
C13
C13’
Cl14
C14'
C15'
C15
Cl6’
Cl6
C17
C17
C18'
C18
C19
C19'
C20
C20'
C21
c21’
C22
C22'
C23’
C23
NI’
N1
N2
N2’
or’
0Ol
02
02’
03’
03
o4’
04

0.091 (3)
0.088 (2)

0.0416 (12)
0.0381 (12)
0.0394 (12)
0.0408 (12)
0.0461 (13)
0.0456 (13)
0.0630 (16)
0.0672 (17)
0.0647 (16)
0.0610 (17)
0.101 (2)

0.112 (2)

0.0681 (18)
0.0727 (17)
0.0659 (17)
0.0699 (17)
0.0446 (13)
0.0431 (13)
0.0413 (12)
0.0403 (12)
0.0488 (14)
0.0504 (14)
0.0408 (13)
0.0427 (13)
0.0426 (14)
0.0423 (14)
0.0394 (14)
0.0389 (14)
0.0509 (16)
0.0541 (17)
0.0498 (15)
0.0500 (15)
0.0401 (12)
0.0394 (12)
0.0428 (11)
0.0453 (11)
0.0532 (12)
0.0494 (12)
0.0528 (11)
0.0568 (12)
0.0621 (11)
0.0594 (11)
0.0742 (11)
0.0749 (12)
0.0516 (11)
0.0516 (11)

0.082 (3)
0.071 (2)
0.0284 (10)
0.0321 (11)
0.0338 (11)
0.0328 (11)
0.0296 (11)
0.0312 (11)
0.0405 (13)
0.0376 (13)
0.0321 (12)
0.0373 (13)
0.0467 (16)
0.0482 (16)
0.0331 (13)
0.0289 (12)
0.0421 (14)
0.0329 (12)
0.0305 (11)
0.0377 (12)
0.0295 (11)
0.0341 (11)
0.0272 (11)
0.0301 (11)
0.0432 (13)
0.0392 (12)
0.0632 (17)
0.0670 (17)
0.0703 (18)
0.0718 (19)
0.0629 (17)
0.0604 (17)
0.0563 (15)
0.0474 (14)
0.0349 (11)
0.0377 (11)
0.0383 (10)
0.0495 (12)
0.0453 (11)
0.0452 (11)
0.0899 (15)
0.138 (2)
0.0367 (9)
0.0365 (9)
0.0388 (9)
0.0410 (9)
0.0670 (12)
0.0732 (13)

0.129 (3)
0.124 (3)
0.0318 (10)
0.0307 (10)
0.0314 (10)
0.0305 (10)
0.0328 (10)
0.0391 (11)
0.0376 (12)
0.0457 (13)
0.0539 (14)
0.0673 (16)
0.088 (2)
0.0651 (17)
0.0838 (19)
0.0592 (15)
0.0626 (16)
0.0471 (13)
0.0367 (11)
0.0454 (12)
0.0321 (10)
0.0313 (10)
0.0416 (12)
0.0398 (12)
0.0363 (11)
0.0349 (11)
0.0464 (13)
0.0472 (13)
0.0709 (17)
0.0712 (18)
0.0695 (17)
0.0690 (17)
0.0474 (13)
0.0452 (13)
0.0336 (10)
0.0319 (10)
0.0377 (9)
0.0365 (9)
0.0356 (9)
0.0379 (10)
0.0651 (12)
0.0736 (13)
0.0693 (11)
0.0672 (11)
0.0315 (8)
0.0325 (8)
0.0649 (11)
0.0909 (14)

-0.027 (2)
~0.0207 (19)
~0.0028 (9)
~0.0015 (9)
0.0000 (9)
~0.0041 (9)
~0.0051 (10)
~0.0022 (10)
~0.0029 (11)
—0.0041 (12)
~0.0030 (11)
~0.0025 (12)
~0.0008 (16)
~0.0046 (16)
~0.0031 (12)
~0.0048 (12)
~0.0051 (13)
~0.0042 (11)
~0.0039 (9)
~0.0044 (10)
~0.0038 (9)
~0.0015 (9)
~0.0034 (10)
~0.0060 (11)
~0.0063 (11)
~0.0066 (10)
~0.0103 (12)
~0.0072 (13)
0.0032 (13)
0.0064 (14)
0.0054 (13)
0.0113 (14)
~0.0016 (12)
0.0014 (11)
~0.0020 (10)
~0.0026 (10)
~0.0041 (8)
~0.0072 (9)
~0.0079 (9)
~0.0093 (9)
~0.0163 (10)
~0.0199 (13)
0.0060 (8)
0.0033 (8)
~0.0085 (8)
~0.0065 (8)
~0.0160 (9)
~0.0201 (10)

0.005 (2)
0.031 (2)
0.0025 (9)
0.0010 (8)
0.0014 (9)
0.0027 (9)
0.0017 (9)
0.0023 (10)
0.0054 (11)
0.0049 (11)
0.0041 (12)
0.0079 (13)
0.0110 (18)
0.0091 (16)
0.0194 (15)
0.0107 (13)
0.0177 (13)
0.0103 (12)
0.0032 (9)
0.0059 (10)
0.0011 (9)
0.0007 (9)
0.0042 (10)
0.0034 (10)
0.0036 (9)
0.0016 (9)
~0.0045 (11)
~0.0031 (11)
0.0059 (13)
0.0092 (13)
0.0185 (13)
0.0223 (14)
0.0092 (11)
0.0095 (11)
0.0045 (9)
0.0036 (9)
~0.0007 (8)
~0.0023 (8)
~0.0038 (9)
~0.0029 (8)
~0.0122 (9)
~0.0199 (10)
0.0072 (9)
0.0028 (8)
0.0049 (7)
0.0068 (7)
0.0008 (8)
~0.0042 (9)

~0.001 (2)
~0.002 (2)
~0.0036 (9)
~0.0041 (9)
~0.0017 (9)
~0.0027 (9)
~0.0019 (9)
~0.0028 (10)
0.0011 (10)
0.0009 (11)
0.0081 (11)
0.0061 (13)
0.0204 (15)
0.0183 (14)
~0.0085 (14)
~0.0027 (12)
~0.0167 (13)
~0.0101 (11)
~0.0041 (9)
~0.0074 (10)
~0.0017 (9)
0.0008 (9)
~0.0020 (9)
~0.0007 (10)
0.0058 (10)
0.0043 (10)
0.0105 (13)
0.0079 (13)
0.0201 (15)
0.0229 (15)
~0.0007 (14)
0.0025 (14)
~0.0077 (12)
~0.0024 (11)
0.0037 (9)
0.0030 (9)
0.0072 (8)
0.0109 (9)
~0.0108 (9)
~0.0096 (9)
0.0105 (11)
0.0183 (14)
~0.0138 (8)
~0.0148 (8)
—0.0114 (7)
~0.0079 (7)
0.0121 (9)
0.0250 (11)
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S1 0.0582 (4) 0.0439 (3) —0.0069 (3) 0.0039 (2) —0.0096 (2)
S1’ 0.0562 (4) 0.0333 (3) —0.0054 (3) 0.0026 (2) —0.0052 (2)
Geometric parameters (A, ©)

C1—NI1 1.457 (3) Cl10—C11 1.381 (3)
Cl—HI1A 0.9600 C10—H10 0.9300
C1—HIB 0.9600 C11'—C13’ 1.393 (3)
Cl—HIC 0.9600 Cl11'—C12’ 1.502 (3)
ClI'—N1’ 1.460 (3) Cl11—CI13 1.390 (3)
Cl'—HI1"1 0.9600 Cl1—C12 1.506 (3)
C1'—H1"2 0.9600 CI2—HI12A 0.9600
ClI'—H1'3 0.9600 CI12—HI12B 0.9600
C2—NI1 1.478 (3) Cl12—HI12C 0.9600
C2—C3 1.523 (3) CI12'—H12D 0.9600
C2—H2A 0.9700 CI12'—HI12E 0.9600
C2—H2B 0.9700 CI12'—HI12F 0.9600
C2'—N1’ 1.465 (3) C13—Cl14 1.375 (3)
c2'—C3’ 1.529 (3) CI13—H13 0.9300
C2'—H2'1 0.9700 C13—C14’ 1.375 (3)
C2'—H2"2 0.9700 C13'—H13’ 0.9300
C3'—C4' 1.502 (3) Cl14—C15 1.394 (3)
Cc3—C7' 1.543 (3) Cl4—H14 0.9300
C3'—H3’ 0.9800 Cl14—C15’ 1.397 (3)
C3—C4 1.501 (3) Cl4—H14' 0.9300
Cc3—C7 1.546 (3) C15"—S1’ 1.746 (2)
C3—H3 0.9800 C15—S1 1.751 (2)
Cc4—o1’ 1.192 (2) C16'—N1’ 1.463 (2)
C4'—04' 1.335(3) Cl6'—C23’ 1.504 (3)
C4—0I1 1.182 (3) Cl6—C17' 1.573 (3)
C4—04 1.331 (3) Cl16—NI1 1.463 (2)
C5'—04' 1.448 (3) Cl16—C23 1.511 (3)
C5'—C6’ 1.488 (4) Cl16—C17 1.574 (3)
C5'—H5'1 0.9700 C17—02’ 1.212 (2)
C5'—H5"2 0.9700 C17'—N2’ 1.347 (3)
C5—C6 1.413 (5) C17—02 1.213 (3)
C5—04 1.458 (3) C17—N2 1.349 (3)
C5—H5A 0.9700 C18—C19’ 1.365 (3)
C5—HS5B 0.9700 C18'—C23’ 1.394 (3)
C6—H6A 0.9600 C18'—N2’ 1.402 (3)
C6—H6B 0.9600 C18—C19 1.378 (3)
C6—He6C 0.9600 C18—N2 1.395 (3)
C6'—Ho6'1 0.9600 C18—C23 1.396 (3)
C6'—Ho6"2 0.9600 C19—C20 1.378 (4)
C6'—HO6'3 0.9600 C19—H19 0.9300
C7—C¥ 1.524 (3) c19—C20’ 1.382 (4)
C7—Cl16’ 1.560 (3) C19—H19’ 0.9300
C7—S1’ 1.836 (2) C20—C21 1.371 (4)
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C7—C8
C7—Cl16
C7—S1
C8—03
C8—C9
C8'—03’
C8—C9'
C9—C15’
Co—C10’
C9—C15
C9—C10
C10'—C11’
C10—H10’

N1—Cl—HIA
NI—C1—HIB
HIA—C1—HI1B
N1—C1—HIC
HIA—C1—HI1C
H1B—CI—HI1C
N1I'—C1'—H1'1
N1I'—C1'—H1"2
HI'l—C1'—H172
NI'—C1'—H1"3
HI1'l—C1'—H1'3
H12—C1'—H1'3
N1I—C2—C3
NI—C2—H2A
C3—C2—H2A
N1—C2—H2B
C3—C2—H2B
H2A—C2—H2B
N1'—C2'—C3’
N1'—C2'—H2'1
C3'—C2'—H2'1
NI'—C2'—H2"2
C3'—C2'—H2"2
H2'1—C2'—H2"2
Cc4'—C3'—C2’
C4'—C3—C7'
C2'—C3'—C7’
C4'—C3'—H3’
C2'—C3'—H3’
C7—C3'—H3’
C4—C3—C2
C4—C3—C7
C2—C3—C7
C4—C3—H3

1.527 (3)
1.559 (3)
1.832 (2)
1.219 (2)
1.462 (3)
1211 (2)
1.466 (3)
1.385 (3)
1.392 (3)
1.382 (3)
1.395 (3)
1.387 (3)
0.9300

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
105.23 (17)
110.7
110.7
110.7
110.7
108.8
105.46 (17)
110.6
110.6
110.6
110.6
108.8
116.09 (18)
114.57 (18)
103.36 (16)
107.4
107.4
107.4
115.39 (19)
114.41 (19)
103.89 (17)
107.6

C20—H20
c20—C21’
C20'—H20’
C21—C22
C21—H21
Cc21'—C22’
C21'—H21'
C22—C23
C22—H22
C22'—C23'
C22'—H22'
N2—H2
N2'—H2'

CI13—C11—C12
Cl11—CI12—HI2A
C11—C12—H12B
HI2A—C12—H12B
C11—CI12—H12C
H12A—C12—H12C
H12B—C12—HI12C
C11'—C12'—HI12D
C11'—C12'—HI12E
H12D—CI12'—HI12E
C11'—C12'—H12F
HI12D—CI12'—HI2F
HI2E—C12'—H12F
Cl14—C13—Cl1
C14—C13—HI13
Cl11—C13—H]13
C14'—C13'—C11’
C14'—C13'—H]13’
C11'—C13'—H13’
C13—C14—Cl15
C13—C14—H14
C15—C14—H14
C13'—C14'—C15’
C13'—C14'—H14'
C15'—C14'—H14'
C9—C15'—C14'
C9—C15'—S1’
C14'—C15'—S1’
C9—C15—C14
C9—CI15—S1
C14—C15—S1
NI'—C16'—C23’
NI'—C16'—C7’
C23'—C16'—C7’

0.9300
1.368 (4)
0.9300
1.387 (3)
0.9300
1.391 (3)
0.9300
1372 3)
0.9300
1.380 (3)
0.9300
0.8600
0.8600

121.4 (2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
1235 (2)
118.3
118.3
1233 (2)
118.4
118.4
117.9 (2)
121.1
121.1
118.0 (2)
121.0
121.0
120.0 (2)
115.04 (16)
124.97 (16)
119.9 (2)
114.58 (17)
125.48 (18)
116.25 (16)
98.97 (15)
117.18 (17)
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C2—C3—H3
C7—C3—H3
01'—C4'—04'
01'—C4'—C3’
04'—C4'—C3’
01—C4—04
01—C4—C3
04—C4—C3
04'—C5'—C6’
04'—C5'—H5'1
C6'—C5'—H5'1
04'—C5'—HS5"2
C6'—C5'—H5"2
H5'1—C5'—H5"2
C6—C5—04
C6—C5—H5A
04—C5—HS5A
C6—C5—HS5SB
04—C5—H5B
H5A—C5—HS5B
C5—C6—H6A
C5—C6—H6B
H6A—C6—H6B
C5—C6—H6C
H6A—C6—H6C
H6B—C6—H6C
C5'—C6'—H6'1
C5'—C6'—Ho6"2
H6'1—C6'—H6"2
C5'—C6'—H6'3
H6'1—C6'—H6'3
H62—C6'—H6'3
C8'—C7—C3'
C8'—C7—Cl16'
C3'—C7"—C16'
C8—C7—SI’
C3—C7"—SI’
Cl6'—C7—S1’
C8—C7—C3
C8—C7—C16
C3—C7—C16
C8—C7—S1
C3—C7—S1
Cl16—C7—S1
03—C8—C9
03—C8—C7
C9—C8—C7
03'—C8'—C9’

107.6
107.6
124.4 (2)
126.2 (2)
109.35 (19)
124.0 (2)
126.2 (2)
109.7 (2)
109.4 (2)
109.8

109.8

109.8

109.8

108.2

110.2 (3)
109.6
109.6
109.6
109.6

108.1

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5
115.11 (16)
114.84 (16)
99.87 (16)
107.51 (14)
109.33 (13)
109.96 (13)
115.41 (16)
114.67 (15)
100.14 (16)
107.12 (14)
109.40 (13)
109.94 (13)
125.66 (19)
122.30 (19)
112.04 (16)
125.59 (19)

N1'—C16'—C17’
C23'—C16'—C17"
C7"—Cl16'—C17'
N1—C16—C23
N1—C16—C7
C23—C16—C7
NI—C16—C17
C23—C16—C17
C7—C16—C17
02'—C17—N2'
02'—C17—Cl16’
N2'—C17'—Cl16'
02—C17—N2
02—C17—Cl16
N2—C17—C16
C19—C18'—C23’
C19'—CI18'—N2’
C23'—CI18'—N2’
C19—C18—N2
C19—C18—C23
N2—C18—C23
C18—C19—C20
C18—C19—H19
C20—C19—H19
C18—C19'—C20’
C18—C19'—H19’
C20'—C19'—H19’
C21—C20—C19
C21—C20—H20
C19—C20—H20
C21'—C20'—C19’
C21'—C20'—H20'
C19'—C20'—H20’
C20—C21—C22
C20—C21—H21
C22—C21—H21
C20'—C21'—C22’
C20'—C21'—H21'
C22'—C21'—H21'
C23—C22—C21
C23—C22—H22
C21—C22—H22
c23’—C22'—C21’
C23'—C22'—H22'
C21'—C22'—H22'
C22'—C23'—C18’
C22'—C23'—Cl16’
C18—C23'—Cl16’

112.51 (17)
101.53 (16)
110.89 (15)
115.93 (16)
99.34 (15)
117.27 (17)
112.44 (17)
101.69 (16)
110.62 (15)
125.7 (2)
126.9 (2)
107.32 (18)
125.8 (2)
127.0 (2)
107.13 (18)
122.6 (2)
127.8 (2)
109.61 (19)
127.8 (2)
122.1(2)
110.04 (18)
117.3 (2)
121.3

121.3

117.9 (2)
121.1

121.1

121.7 (2)
119.2

119.2

121.1 (2)
119.5

119.5

120.3 (2)
119.8

119.8

120.7 (2)
119.6

119.6

119.4 (2)
120.3

120.3

119.1 (2)
120.5

120.5

118.7 (2)
132.36 (19)
108.97 (18)
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03'—C8'—C7'
CO—C8—CT7'
C15'—C9'—C10’
C15—C9—C¥'
C10'—C9'—C¥8'
C15—C9—C10
C15—C9—C8
C10—C9—C8
Cl11'—C10'—C9’
C11'—C10'—H10’
C9'—C10'—H10’
C11—C10—C9
C11—C10—H10
C9—C10—H10
C10'—CI11'—C13’
C10—CI11'—C12’
C13—CI11'—C12’
C10—C11—C13
C10—C11—C12

N1'—C2'—C3—C4'
N1I'—C2'—C3'—C7’
NI—C2—C3—C4
NI—C2—C3—C7
C2'—C3'—C4'—O01’
C7T"—C3'—C4'—O01’
C2'—C3'—C4'—04'
C7—C3'—C4'—04'
C2—C3—C4—01
C7—C3—C4—01
C2—C3—C4—04
C7—C3—C4—04
C4'—C3'—C7—C¥'
C2'—C3'—C7—C¥'
C4'—C3'—C7—C16’
C2'—C3'—C7—C16’
C4'—C3'—C7—S1’
c2'—C3'—C7—S1’
C4—C3—CT7—C8
C2—C3—C7—C8
C4—C3—C7—Cl16
C2—C3—C7—C16
C4—C3—C7—S1
C2—C3—C7—S1
C3—C7—C8—03
C16—C7—C8—03
S1—C7—C8—03
C3—C7—C8—C9

122.6 (2)
111.77 (16)
120.8 (2)
113.37 (18)
125.86 (18)
120.9 (2)
113.59 (19)
125.51 (19)
120.1 (2)
119.9

119.9

120.0 (2)
120.0
120.0

117.8 (2)
121.1 (2)
121.1 (2)
117.8 (2)
120.7 (2)

~138.63 (19)
-12.3(2)
138.1 (2)
12.1 2)
-52(3)
~125.6 (3)
177.55 (18)
57.1(2)

5.5 (4)

125.9 (3)
~177.6 (2)
-57.2(3)
~72.2(2)
160.55 (17)
164.28 (17)
37.01 (19)
48.9 (2)
~78.35 (17)
73.3 (2)
~160.00 (18)
~163.00 (17)
~36.33 (19)
—47.5 (2)
79.15 (18)
59.8 (3)
-55.9 (3)
~178.13 (17)
~120.8 (2)

C22—C23—C18
C22—C23—C16
C18—C23—Cl16
ClI'—N1'—C16’
C1I'—N1'—C2’
Cl16'—N1'—C2’
Cl—N1—Cl16
Cl—NI—C2
Cl6—N1—C2
C17—N2—CI18
C17—N2—H2
C18—N2—H2
C17—N2'—C18'
C17—N2'—H2'
C18"—N2'—H2'
C4'—04'—C5'
C4—04—C5
C15—S1—C7
C15'—S1'—C7’

S1—C7—C16—C17
NI'—C16'—C17'—02'
C23'—C16'—C17'—02’
C7"—C16'—C17'—02'
NI'—C16'—C17—N2'
C23—C16'—C17—N2'
C7"—C16'—C17"—N2'
N1—C16—C17—02
C23—C16—C17—02
C7—C16—C17—02
NI—C16—C17—N2
C23—C16—C17—N2
C7—C16—C17—N2
N2—C18—C19—C20
C23—C18—C19—C20
C23—C18'—C19'—C20’
N2'—C18'—C19'—C20’
C18—C19—C20—C21
C18—C19'—C20'—C21’
C19—C20—C21—C22
C19'—C20'—C21'—C22'
C20—C21—C22—C23
C20'—C21'—C22'—C23'
C21'—C22'—C23'—C18'
C21'—C22'—C23'—C16'
C19'—C18'—C23'—C22'
N2'—C18'—C23"'—C22'
C19—C18'—C23'—C16’

119.1 (2)
132.47 (19)
108.43 (18)
115.75 (17)
115.02 (18)
107.92 (15)
115.13 (17)
114.82 (19)
108.06 (16)
112.54 (17)
123.7
123.7
112.40 (17)
123.8

123.8

119.5 (2)
118.8 (2)
92.67 (10)
92.30 (9)

173.63 (13)
48.1 (3)
173.1 2)
—61.7 (3)
~129.14 (18)
—42(2)
121.06 (18)
—48.7 (3)
~173.4 ()
61.3(3)
128.69 (18)
4.0 (2)
~121.25 (18)
178.2 (2)
~0.6 (3)

0.7 (3)
~178.0 (2)
0.6 (4)

0.3 (4)

0.1 (4)

—0.1 (4)

1.6 (4)
~12(4)
2.1(3)
~179.6 (2)
-1.9(3)
176.99 (18)
179.44 (19)
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supporting information

C16—C7T—C8—C9
S1—C7—C8—C9
C3'—C7"—C8'—03’
C16'—C7'—C8'—03'
S1'—C7"—C8'—03’
C3'—C7"—C8'—C9'
Cl16'—C7—C8'—C9’
S1—C7—C8'—C9’
03'—C8'—C9'—C15’
C7T"—C8'—C9—C15’
03'—C8—C9"—C10’
C7—C8"—C9—C10’
03—C8—C9—CI15
C7—C8—C9—C15
03—C8—C9—C10
C7T—C8—C9—C10
C15'—C9—C10'—C11"
C8'—C9'—C10'—C11’
C15—C9—C10—Cl1
C8—C9—C10—C11
Cc9—C10—C11'—C13’
Cc9—C10—C11'—C12’
C9—C10—C11—C13
C9—C10—C11—C12
C10—C11—C13—C14
C12—C11—C13—C14
C10'—CI11'—C13'—C14'
C12—CI11'—C13'—C14'
Cl11—C13—C14—CI15
Cl11'—C13'—C14'—C15’
C10'—C9'—C15'—C14'
C8'—C9'—CI15—C14’
C10'—C9'—C15'—S1’
C8'—C9'—C15'—S1’
C13—C14'—C15'—C9’
C13—C14'—C15'—S1’
C10—C9—C15—Cl14
C8—C9—C15—C14
C10—C9—C15—S1
C8—C9—C15—S1
C13—C14—C15—C9
C13—C14—C15—S1
C8—C7'—C16'—N1’
C3'—C7—C16'—N1’
S1'—C7—C16'—N1’
C8'—C7"—C16'—C23’
C3'—C7"—C16'—C23’
S1'—C7—C16'—C23’

123.53 (19)
1.3 (2)
~60.0 (3)
55.2(3)
177.89 (17)
121.49 (19)
~123.31 (19)
—0.6 (2)
~177.6 (2)
0.9 (2)
3.5(4)
~178.0 (2)
178.4 (2)
~0.9 (3)
2.6 (4)
178.1 (2)
0.6 (3)

179.4 (2)
—0.5 (4)
~179.5 (2)
0.7 (4)
~178.0 (2)
—0.6 (4)
177.7 2)

1.0 (4)
~177.3 3)
~13 ()
177.4 (2)
—0.3 (4)

0.6 (4)
-1303)
179.7 (2)
178.21 (17)
0.7 (2)

0.7 (3)
~178.73 (18)
12(3)
~179.7 (2)
~178.93 (18)
0.2(2)

—0.8 (4)
179.36 (19)
~171.82 (16)
~48.09 (17)
66.79 (16)
62.4 (2)
~173.85 (16)
~58.97 (19)

N2'—C18'—C23'—C16’
N1'—C16'—C23'—C22’
C7"—Cl16'—C23'—C22'
C17—Cl16'—C23'—C22'
N1I'—Cl16'—C23'—C18'
C7"—C16'—C23'—C1¥'
C17—C16'—C23'—C18'
C21—C22—C23—C18
C21—C22—C23—C16
C19—C18—C23—C22
N2—C18—C23—C22
C19—C18—C23—C16
N2—C18—C23—Cl16
NI—C16—C23—C22
C7—C16—C23—C22
C17—C16—C23—C22
N1I—C16—C23—CI8
C7—C16—C23—C18
C17—C16—C23—C18
C23'—C16'—N1'—C1’
C7"—Cl16'—N1'—C1’
C17"—Cl16'—N1'—C1’
C23'—C16'—N1'—C2’
C7"—C16'—N1'—C2’
C17—C16'—N1'—C2'
C3'—C2'—N1'—CI’
C3'—C2'—N1'—C16'
C23—C16—N1—C1
C7—C16—N1—C1
C17—Cl16—N1—C1
C23—Cl16—N1—C2
C7—C16—N1—C2
Cl17—Cl16—N1—C2
C3—C2—NI1—Cl1
C3—C2—NI1—Cl16
02—C17—N2—CI18
C16—C17—N2—C18
C19—C18—N2—C17
C23—C18—N2—C17
02'—C17—N2'—C18’
Cl16'—C17'—N2'—C18'
C19—CI18'—N2'—C17’
C23'—C18'—N2'—C17’
01'—C4'—04'—C5'
C3'—C4'—04'—C5’
C6'—C5'—04'—C4'
01—C4—04—C5
C3—C4—04—C5

~1.7(2)
~52.5(3)
64.1 (3)
~175.0 (2)
125.88 (19)
~117.47 (19)
3.5(2)
-2.7(3)
~179.9 (2)
2.2(3)
~176.70 (18)
~179.95 (19)
1.12)

52.1 (3)
~64.9 (3)
174.4 (2)
~125.32 (19)
117.70 (19)
-3.0(2)
—60.5 (2)
173.11 (18)
56.0 (2)
169.02 (17)
42.61 (19)
~74.5 (2)
~150.53 (18)
~19.6 (2)
61.8 (3)
~171.59 (19)
~54.6 (2)
~168.35 (18)
~41.7 (2)
753 (2)
149.20 (19)
19.2 2)
173.8 (2)
-3.7(2)
~177.1 2)
1.8(2)
~173.8 (2)
3.5(2)

177.5 (2)
-13(2)

0.3 (4)

177.6 2)
107.4 (3)
23 (4)
~179.3 (2)
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supporting information

C8'—C7"—Cl16'—C17' -53.5(2) C6—C5—04—C4 -121.2 (3)
C3—C7—Cl16'—CI17’ 70.28 (19) C9—C15—S1—C7 0.53 (18)
S1'—C7—C16'—C17' —174.85 (13) C14—C15—S1—C7 —179.6 (2)
C8—C7—C16—NI1 171.27 (16) C8—C7—S1—Cl15 —0.99 (15)
C3—C7—C16—N1 47.09 (17) C3—C7—S1—Cl5 124.78 (15)
S1—C7—C16—NI1 —67.99 (16) Cl6—C7—S1—Cl15 —126.18 (14)
C8—C7—C16—C23 —63.0 (2) Cc9—C15—S1'—C7' 0.32 (17)
C3—C7—C16—C23 172.77 (16) Cl14'—C15—S1'—C7' 179.8 (2)
S1—C7—C16—C23 57.69 (19) C8'—C7'—S1'—C15’ 0.17 (15)
C8—C7—Cl16—C17 529(2) C3'—C7—S1'—C15’ —125.44 (15)
C3—C7—Cl16—C17 —71.29 (19) Cl16'—C7—S1'—C15' 125.85 (15)
Hydrogen-bond geometry (4, °)

N2—H?2---03’ 0.86 2.09 2.941 (3) 168
N2'—H2'--03 0.86 2.15 3.005 (3) 172
C13'—H13"-02" 0.93 2.57 3.439 (3) 155
Cl4'—H14"--01f 0.93 2.54 3.402 (3) 154

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