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In the title compound, C31H22ClNO2S2, the five-membered

pyrrolidine ring, which exhibits an envelope conformation,

makes a dihedral angle of 87.4 (2)� with the acenaphthylene

ring system. The crystal structure is stabilized by �–�
interactions [centroid–centroid distance = 3.869 (2) Å]. A C

atom and the S atom of the thiophene ring are disordered over

two positions with refined occupancies of 0.629 (7) and

0.372 (7).

Related literature

For general background to the applications and biological

activity of the title compound, see: Sarala et al. (2006). For

puckering parameters, see: Cremer & Pople (1975) and for

asymmetry parameters, see: Nardelli et al. (1983).

Experimental

Crystal data

C31H22ClNO2S2

Mr = 540.07
Orthorhombic, P212121

a = 12.6858 (13) Å
b = 13.6733 (13) Å
c = 15.2782 (17) Å

V = 2650.1 (5) Å3

Z = 4
Mo K� radiation
� = 0.33 mm�1

T = 293 K
0.25 � 0.22 � 0.19 mm

Data collection

Bruker APEXII CCD area detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2006)
Tmin = 0.920, Tmax = 0.939

13196 measured reflections
4384 independent reflections
3364 reflections with I > 2�(I)
Rint = 0.033

Refinement

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.113
S = 1.04
4384 reflections
355 parameters
5 restraints

H-atom parameters constrained
��max = 0.31 e Å�3

��min = �0.28 e Å�3

Absolute structure: Flack (1983),
1898 Friedel pairs

Flack parameter: 0.00 (9)

Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT

(Bruker, 2004); 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: SHELXL97 and PLATON (Spek, 2009).

ST and ASP thank Dr Babu Varghese, SAIF, IIT, Chennai,

India, for the data collection.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT5403).

References

Bruker (2004). APEX2 and SAINT. Bruker AXS Inc., Madison, Wisconsin,
USA.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354–1358.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Flack, H. D. (1983). Acta Cryst. A39, 876–881.
Nardelli, M. (1983). Acta Cryst. C39, 1141–1142.
Sarala, G., Kavitha, C. V., Mantelingu, K., Anandalwar, S. M., Shashidhara

Prasad, J. & Rangappa, K. S. (2006). Anal. Sci. 22, x241–x242.
Sheldrick, G. M. (2006). SADABS. University of Göttingen, Germany.
Sheldrick, G. M. (2008). Acta Cryst. A64, 112–122.
Spek, A. L. (2009). Acta Cryst. D65, 148–155.

organic compounds

o268 Thenmozhi et al. doi:10.1107/S1600536810053870 Acta Cryst. (2011). E67, o268

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=bt5403&bbid=BB9
https://crossmark.crossref.org/dialog/?doi=10.1107/S1600536810053870&domain=pdf&date_stamp=2011-01-08


supporting information

sup-1Acta Cryst. (2011). E67, o268    

supporting information

Acta Cryst. (2011). E67, o268    [doi:10.1107/S1600536810053870]

3′-(4-Chlorobenzoyl)-1′-methyl-4′-[5-(2-thienyl)-2-thienyl]spiro[acenaphthyl-

ene-1,2′-pyrrolidin]-2(1H)-one

S. Thenmozhi, E. Govindan, D. Gavaskar, R. Raghunathan and A. SubbiahPandi

S1. Comment 

X-Ray analysis confirms the molecular structure and atom connectivity as illustrated in Fig. 1.The geometric parameters 

in the title compound agree with the reported values of a similar structure (Sarala et al., 2006). The pyrrolidine ring 

makes dihedral angles of 42.3 (2), 89.8 (2) and 87.5 (1)° with the acenaphthylene ring system and the phenyl ring, and bi-

thiophene rings respectively. The sum of the angles at N1 of the pyrrolidine ring (341.1°) is in accordance with sp3 

hybridization. The pyrrolidine ring (N1/C9/C8/C23/C22) adopt an envelope conformation, with the puckering parameters 

q2 and φ (Cremer & Pople, 1975) and the smallest displacement asymmetric parameters, Δ, (Nardelli et al., 1983) as 

follows: q2= 0.410 (3) Å, φ= 316.4 (5)°, Δs(C9)= 4.2 (3)°.The thiophene ring (S2/C28/C29′/C31/C30) adopt an envelope 

conformation, with the puckering parameters q2 and φ (Cremer & Pople, 1975) and the smallest displacement asymmetric 

parameters, Δ, (Nardelli et al., 1983) as follows: q2= 0.062 (7) Å, φ= 357 (12)°, Δs(C29′)= 1.1 (12)°.

The molecular structure of the title compound shows two intramolecular hydrogen bonds. The crystal packing is 

stabilized by π–π electron interactions. The π–π interactions between the rings Cg4 - Cg6 at x, y, z with the centroid-

centroid distance equal to 3.869 (2) Å, is observed in the crystal structure [Cg4 and Cg6 are the centroids of the rings 

C9/C10/C11/C19/C20 and C1—C6].

S2. Experimental 

A solution of the (4-chloro-phenyl-3-Bithiophenyl-prop-2-ene-1-one derived from Bithiophene (1- mmol), Acenaptho-

quinone (1 mmol), sarcosine (1 mmol) in toluene (30 ml) was refluxed for 8 hrs. The progress of the reacion was 

evidenced by the TLC analysis. The solvent was removed under reduced pressure and the crude product was subjected to 

column chromatogarphy using petroleum ether/ethyl acetate (4:1) as solvent. X-ray diffraction were obtained by slow 

evaporation of a solution of the title compound in hexene at room temperature.

S3. Refinement 

The C and S atoms of the thiophene ring are disordered over two positions (C29/C29′ and S2/S2′) with refined 

occupancies of 0.629 (7) and 0.373 (7). The corresponding bond distances involving the disordered atoms were restrained 

to be equal, and also the same Uij parameters were used for atoms C29 and C29'and S2 and S2′. All H atoms were fixed 

geometrically and allowed to ride on their parent C atoms, with C—H distances fixed in the range 0.93–0.97 Å with 

Uiso(H) = 1.5Ueq(C) for methyl H 1.2Ueq(C) for other H atoms.
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Figure 1

The structure of showing the atom-numbering scheme and intramolecular hydrogen bond. Displacement ellipsoids are 

drawn at the 30% probability level.For clarity H atoms are omitted. 

3′-(4-Chlorobenzoyl)-1′-methyl-4′-[5-(2-thienyl)-2- thienyl]spiro[acenaphthylene-1,2′-pyrrolidin]-2(1H)-one 

Crystal data 

C31H22ClNO2S2

Mr = 540.07
Orthorhombic, P212121

Hall symbol: P 2ac 2ab
a = 12.6858 (13) Å
b = 13.6733 (13) Å
c = 15.2782 (17) Å
V = 2650.1 (5) Å3

Z = 4

F(000) = 1120
Dx = 1.354 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 4384 reflections
θ = 2.0–24.5°
µ = 0.33 mm−1

T = 293 K
Block, colourless
0.25 × 0.22 × 0.19 mm

Data collection 

Bruker APEXII CCD area detector 
diffractometer

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

(SADABS; Sheldrick, 2006)
Tmin = 0.920, Tmax = 0.939

13196 measured reflections
4384 independent reflections
3364 reflections with I > 2σ(I)
Rint = 0.033
θmax = 24.5°, θmin = 2.0°
h = −14→14
k = −15→12
l = −17→17

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.045
wR(F2) = 0.113
S = 1.04
4384 reflections
355 parameters
5 restraints

Primary atom site location: structure-invariant 
direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
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w = 1/[σ2(Fo
2) + (0.0474P)2 + 0.7498P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max = 0.001
Δρmax = 0.31 e Å−3

Δρmin = −0.28 e Å−3

Absolute structure: Flack (1983), 1898 Friedel 
pairs

Absolute structure parameter: 0.00 (9)

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 F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, 
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used 
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq Occ. (<1)

C1 1.3937 (4) −0.2222 (3) 0.0631 (3) 0.0800 (13)
C2 1.3483 (5) −0.2581 (3) 0.1358 (4) 0.1047 (17)
H2 1.3714 −0.3174 0.1586 0.126*
C3 1.2680 (4) −0.2083 (3) 0.1769 (3) 0.0861 (13)
H3 1.2359 −0.2350 0.2261 0.103*
C4 1.2353 (3) −0.1191 (3) 0.1455 (2) 0.0566 (9)
C5 1.2854 (4) −0.0835 (3) 0.0728 (3) 0.0832 (13)
H5 1.2662 −0.0223 0.0514 0.100*
C6 1.3632 (4) −0.1351 (3) 0.0302 (3) 0.0966 (16)
H6 1.3942 −0.1104 −0.0204 0.116*
C7 1.1509 (3) −0.0646 (2) 0.1911 (2) 0.0533 (8)
C8 1.1575 (3) 0.0467 (2) 0.1911 (2) 0.0472 (8)
H8 1.1689 0.0684 0.1307 0.057*
C9 1.2525 (3) 0.0844 (2) 0.2484 (2) 0.0496 (8)
C10 1.3424 (3) 0.1227 (3) 0.1863 (2) 0.0624 (10)
C11 1.4414 (3) 0.0747 (3) 0.2121 (2) 0.0654 (10)
C12 1.5430 (4) 0.0814 (4) 0.1802 (3) 0.0920 (15)
H12 1.5600 0.1236 0.1346 0.110*
C13 1.6186 (4) 0.0224 (5) 0.2192 (4) 0.1115 (19)
H13 1.6874 0.0257 0.1985 0.134*
C14 1.5970 (4) −0.0401 (4) 0.2861 (4) 0.1040 (18)
H14 1.6512 −0.0773 0.3101 0.125*
C15 1.4942 (4) −0.0495 (3) 0.3196 (3) 0.0740 (12)
C16 1.4591 (5) −0.1096 (3) 0.3881 (3) 0.0922 (15)
H16 1.5067 −0.1504 0.4166 0.111*
C17 1.3559 (5) −0.1086 (3) 0.4134 (3) 0.0899 (15)
H17 1.3347 −0.1489 0.4592 0.108*
C18 1.2801 (3) −0.0481 (3) 0.3719 (2) 0.0705 (11)
H18 1.2103 −0.0486 0.3905 0.085*
C19 1.3106 (3) 0.0107 (2) 0.3048 (2) 0.0552 (9)
C20 1.4180 (3) 0.0097 (3) 0.2798 (2) 0.0565 (8)
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C21 1.2724 (4) 0.2350 (3) 0.3369 (3) 0.0880 (13)
H21A 1.2967 0.2752 0.2895 0.132*
H21B 1.3318 0.2051 0.3653 0.132*
H21C 1.2348 0.2746 0.3783 0.132*
C22 1.1089 (3) 0.1941 (2) 0.2613 (2) 0.0567 (9)
H22A 1.1251 0.2389 0.2139 0.068*
H22B 1.0624 0.2262 0.3027 0.068*
C23 1.0607 (3) 0.1006 (2) 0.2272 (2) 0.0496 (8)
H23 1.0329 0.0634 0.2769 0.060*
C24 0.9739 (3) 0.1152 (2) 0.1621 (2) 0.0508 (8)
C25 0.9350 (3) 0.1998 (3) 0.1294 (2) 0.0663 (10)
H25 0.9606 0.2610 0.1453 0.080*
C26 0.8532 (3) 0.1871 (3) 0.0695 (3) 0.0721 (11)
H26 0.8194 0.2393 0.0423 0.086*
C27 0.8272 (3) 0.0943 (3) 0.0545 (2) 0.0522 (8)
C28 0.7479 (3) 0.0563 (3) −0.0029 (2) 0.0568 (9)
C30 0.6091 (4) 0.0442 (3) −0.1079 (3) 0.0979 (16)
H30 0.5593 0.0565 −0.1511 0.117*
C31 0.6363 (4) −0.0460 (4) −0.0872 (4) 0.111 (2)
H31 0.6068 −0.1032 −0.1091 0.133*
N1 1.2030 (2) 0.1596 (2) 0.30319 (19) 0.0615 (8)
O1 1.3271 (2) 0.1816 (2) 0.1289 (2) 0.0946 (10)
O2 1.0810 (2) −0.10617 (19) 0.23110 (18) 0.0746 (7)
S1 0.90714 (8) 0.01840 (7) 0.11587 (6) 0.0631 (3)
S2 0.6657 (4) 0.1332 (3) −0.0552 (3) 0.0847 (11) 0.629 (7)
C29′ 0.7190 (17) −0.0390 (8) −0.0252 (15) 0.105 (8) 0.629 (7)
H29′ 0.7515 −0.0937 −0.0011 0.126* 0.629 (7)
S2′ 0.7253 (10) −0.0658 (7) −0.0140 (8) 0.097 (2) 0.372 (7)
C29 0.686 (2) 0.1034 (13) −0.0665 (19) 0.128 (16) 0.372 (7)
H29 0.6957 0.1690 −0.0806 0.153* 0.372 (7)
Cl1 1.49143 (12) −0.28892 (10) 0.00879 (10) 0.1206 (6)

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.084 (3) 0.079 (3) 0.077 (3) 0.026 (3) −0.020 (3) −0.028 (2)
C2 0.144 (5) 0.069 (3) 0.102 (4) 0.045 (3) −0.011 (4) 0.006 (3)
C3 0.118 (4) 0.062 (3) 0.078 (3) 0.018 (3) 0.003 (3) 0.005 (2)
C4 0.072 (2) 0.048 (2) 0.050 (2) 0.0084 (18) −0.0128 (18) −0.0038 (16)
C5 0.117 (4) 0.064 (3) 0.068 (3) 0.032 (3) 0.016 (3) 0.003 (2)
C6 0.128 (4) 0.082 (3) 0.080 (3) 0.032 (3) 0.027 (3) 0.001 (3)
C7 0.060 (2) 0.054 (2) 0.0459 (19) −0.0004 (18) −0.0096 (17) 0.0039 (16)
C8 0.056 (2) 0.0465 (18) 0.0389 (16) 0.0059 (16) 0.0012 (15) 0.0043 (14)
C9 0.047 (2) 0.0477 (18) 0.0542 (19) −0.0028 (16) −0.0017 (15) 0.0025 (15)
C10 0.060 (2) 0.065 (2) 0.062 (2) −0.006 (2) 0.0040 (19) 0.008 (2)
C11 0.050 (2) 0.080 (3) 0.066 (2) 0.005 (2) 0.0023 (18) −0.011 (2)
C12 0.068 (3) 0.133 (4) 0.075 (3) 0.000 (3) 0.011 (2) −0.012 (3)
C13 0.066 (3) 0.169 (6) 0.100 (4) 0.033 (4) 0.000 (3) −0.037 (4)
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C14 0.075 (4) 0.124 (4) 0.113 (4) 0.048 (3) −0.032 (3) −0.040 (4)
C15 0.073 (3) 0.073 (3) 0.076 (3) 0.023 (2) −0.027 (2) −0.020 (2)
C16 0.112 (4) 0.067 (3) 0.098 (3) 0.013 (3) −0.054 (3) 0.000 (3)
C17 0.119 (4) 0.077 (3) 0.073 (3) −0.016 (3) −0.046 (3) 0.020 (2)
C18 0.084 (3) 0.073 (2) 0.054 (2) −0.010 (2) −0.012 (2) 0.004 (2)
C19 0.066 (2) 0.0488 (19) 0.0512 (19) −0.0036 (17) −0.0095 (17) 0.0001 (17)
C20 0.056 (2) 0.057 (2) 0.0570 (19) 0.0089 (18) −0.0102 (18) −0.0111 (17)
C21 0.084 (3) 0.069 (3) 0.112 (3) −0.012 (2) −0.015 (3) −0.023 (2)
C22 0.058 (2) 0.054 (2) 0.057 (2) 0.0021 (18) 0.0014 (17) −0.0056 (17)
C23 0.051 (2) 0.055 (2) 0.0430 (17) 0.0017 (16) 0.0066 (15) 0.0018 (15)
C24 0.047 (2) 0.056 (2) 0.0495 (18) 0.0076 (17) 0.0057 (15) −0.0022 (16)
C25 0.068 (3) 0.050 (2) 0.081 (3) 0.0092 (19) −0.014 (2) −0.0122 (19)
C26 0.069 (3) 0.061 (2) 0.086 (3) 0.016 (2) −0.019 (2) 0.000 (2)
C27 0.047 (2) 0.056 (2) 0.054 (2) 0.0063 (17) 0.0044 (16) 0.0018 (17)
C28 0.050 (2) 0.059 (2) 0.061 (2) 0.0014 (19) −0.0058 (19) 0.0064 (19)
C30 0.099 (4) 0.081 (3) 0.113 (4) 0.008 (3) −0.055 (3) −0.001 (3)
C31 0.109 (4) 0.072 (3) 0.152 (5) −0.009 (3) −0.057 (4) −0.003 (3)
N1 0.0594 (19) 0.0587 (18) 0.0664 (19) −0.0014 (15) −0.0048 (15) −0.0101 (15)
O1 0.076 (2) 0.109 (2) 0.099 (2) −0.0064 (18) 0.0060 (17) 0.052 (2)
O2 0.0753 (18) 0.0601 (15) 0.0886 (18) −0.0089 (15) 0.0040 (16) 0.0109 (14)
S1 0.0631 (6) 0.0538 (5) 0.0724 (6) −0.0014 (5) −0.0180 (5) 0.0079 (5)
S2 0.0851 (18) 0.0775 (18) 0.0916 (17) 0.0007 (15) −0.0399 (16) 0.0029 (13)
C29′ 0.094 (8) 0.099 (16) 0.123 (11) 0.021 (10) −0.056 (7) 0.015 (10)
S2′ 0.127 (5) 0.053 (3) 0.112 (4) 0.000 (3) −0.073 (3) 0.010 (3)
C29 0.13 (2) 0.11 (2) 0.14 (2) −0.036 (19) −0.001 (17) 0.018 (17)
Cl1 0.1074 (10) 0.1174 (11) 0.1371 (12) 0.0501 (9) −0.0110 (9) −0.0470 (9)

Geometric parameters (Å, º) 

C1—C2 1.344 (7) C17—H17 0.9300
C1—C6 1.349 (6) C18—C19 1.360 (5)
C1—Cl1 1.748 (4) C18—H18 0.9300
C2—C3 1.377 (6) C19—C20 1.415 (5)
C2—H2 0.9300 C21—N1 1.450 (5)
C3—C4 1.375 (5) C21—H21A 0.9600
C3—H3 0.9300 C21—H21B 0.9600
C4—C5 1.370 (5) C21—H21C 0.9600
C4—C7 1.479 (5) C22—N1 1.435 (4)
C5—C6 1.377 (6) C22—C23 1.510 (5)
C5—H5 0.9300 C22—H22A 0.9700
C6—H6 0.9300 C22—H22B 0.9700
C7—O2 1.218 (4) C23—C24 1.498 (4)
C7—C8 1.524 (5) C23—H23 0.9800
C8—C23 1.535 (4) C24—C25 1.354 (5)
C8—C9 1.577 (5) C24—S1 1.723 (4)
C8—H8 0.9800 C25—C26 1.394 (5)
C9—N1 1.466 (4) C25—H25 0.9300
C9—C19 1.517 (5) C26—C27 1.332 (5)
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C9—C10 1.573 (5) C26—H26 0.9300
C10—O1 1.206 (4) C27—C28 1.432 (5)
C10—C11 1.470 (5) C27—S1 1.727 (3)
C11—C12 1.381 (5) C28—C29′ 1.396 (9)
C11—C20 1.396 (5) C28—C29 1.402 (10)
C12—C13 1.387 (7) C28—S2 1.682 (5)
C12—H12 0.9300 C28—S2′ 1.703 (8)
C13—C14 1.360 (8) C30—C31 1.318 (6)
C13—H13 0.9300 C30—C29 1.420 (10)
C14—C15 1.408 (7) C30—S2 1.625 (6)
C14—H14 0.9300 C30—H30 0.9300
C15—C20 1.400 (5) C31—C29′ 1.416 (9)
C15—C16 1.403 (7) C31—S2′ 1.612 (9)
C16—C17 1.365 (7) C31—H31 0.9300
C16—H16 0.9300 C29′—H29′ 0.9300
C17—C18 1.419 (6) C29—H29 0.9300

C2—C1—C6 120.5 (4) C11—C20—C15 122.9 (4)
C2—C1—Cl1 120.4 (4) C11—C20—C19 113.5 (3)
C6—C1—Cl1 119.2 (4) C15—C20—C19 123.6 (4)
C1—C2—C3 120.9 (4) N1—C21—H21A 109.5
C1—C2—H2 119.6 N1—C21—H21B 109.5
C3—C2—H2 119.6 H21A—C21—H21B 109.5
C4—C3—C2 120.2 (4) N1—C21—H21C 109.5
C4—C3—H3 119.9 H21A—C21—H21C 109.5
C2—C3—H3 119.9 H21B—C21—H21C 109.5
C5—C4—C3 117.3 (4) N1—C22—C23 102.3 (3)
C5—C4—C7 122.6 (3) N1—C22—H22A 111.3
C3—C4—C7 120.1 (4) C23—C22—H22A 111.3
C4—C5—C6 122.2 (4) N1—C22—H22B 111.3
C4—C5—H5 118.9 C23—C22—H22B 111.3
C6—C5—H5 118.9 H22A—C22—H22B 109.2
C1—C6—C5 118.8 (4) C24—C23—C22 114.4 (3)
C1—C6—H6 120.6 C24—C23—C8 114.5 (3)
C5—C6—H6 120.6 C22—C23—C8 101.9 (3)
O2—C7—C4 121.9 (3) C24—C23—H23 108.6
O2—C7—C8 120.4 (3) C22—C23—H23 108.6
C4—C7—C8 117.6 (3) C8—C23—H23 108.6
C7—C8—C23 115.8 (3) C25—C24—C23 128.9 (3)
C7—C8—C9 111.7 (3) C25—C24—S1 109.0 (3)
C23—C8—C9 104.7 (2) C23—C24—S1 122.1 (2)
C7—C8—H8 108.1 C24—C25—C26 114.0 (3)
C23—C8—H8 108.1 C24—C25—H25 123.0
C9—C8—H8 108.1 C26—C25—H25 123.0
N1—C9—C19 110.5 (3) C27—C26—C25 114.6 (4)
N1—C9—C10 114.9 (3) C27—C26—H26 122.7
C19—C9—C10 102.2 (3) C25—C26—H26 122.7
N1—C9—C8 102.7 (3) C26—C27—C28 128.7 (3)
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C19—C9—C8 118.0 (3) C26—C27—S1 109.5 (3)
C10—C9—C8 109.1 (3) C28—C27—S1 121.8 (3)
O1—C10—C11 129.1 (4) C29′—C28—C29 96.6 (8)
O1—C10—C9 122.9 (4) C29′—C28—C27 132.2 (5)
C11—C10—C9 108.0 (3) C29—C28—C27 130.4 (6)
C12—C11—C20 120.1 (4) C29′—C28—S2 107.7 (6)
C12—C11—C10 132.3 (4) C27—C28—S2 120.0 (3)
C20—C11—C10 107.5 (3) C29—C28—S2′ 106.7 (7)
C11—C12—C13 117.1 (5) C27—C28—S2′ 122.3 (3)
C11—C12—H12 121.5 S2—C28—S2′ 117.5 (3)
C13—C12—H12 121.5 C31—C30—C29 104.2 (8)
C14—C13—C12 123.3 (5) C31—C30—S2 117.8 (4)
C14—C13—H13 118.3 C31—C30—H30 121.1
C12—C13—H13 118.3 C29—C30—H30 133.1
C13—C14—C15 121.1 (4) S2—C30—H30 121.1
C13—C14—H14 119.4 C30—C31—C29′ 106.9 (6)
C15—C14—H14 119.4 C30—C31—S2′ 120.4 (5)
C20—C15—C16 116.4 (4) C30—C31—H31 126.5
C20—C15—C14 115.4 (4) C29′—C31—H31 126.5
C16—C15—C14 128.2 (5) S2′—C31—H31 113.0
C17—C16—C15 120.6 (4) C22—N1—C21 115.5 (3)
C17—C16—H16 119.7 C22—N1—C9 109.4 (3)
C15—C16—H16 119.7 C21—N1—C9 116.2 (3)
C16—C17—C18 121.9 (5) C24—S1—C27 92.86 (17)
C16—C17—H17 119.0 C30—S2—C28 92.3 (3)
C18—C17—H17 119.0 C28—C29′—C31 114.8 (8)
C19—C18—C17 119.3 (4) C28—C29′—H29′ 122.6
C19—C18—H18 120.3 C31—C29′—H29′ 122.6
C17—C18—H18 120.3 C31—S2′—C28 91.2 (5)
C18—C19—C20 118.2 (3) C28—C29—C30 115.5 (10)
C18—C19—C9 133.1 (4) C28—C29—H29 122.3
C20—C19—C9 108.7 (3) C30—C29—H29 122.3

C6—C1—C2—C3 1.7 (8) N1—C22—C23—C24 −166.4 (3)
Cl1—C1—C2—C3 −177.1 (4) N1—C22—C23—C8 −42.3 (3)
C1—C2—C3—C4 −2.0 (8) C7—C8—C23—C24 −83.9 (4)
C2—C3—C4—C5 0.1 (6) C9—C8—C23—C24 152.7 (3)
C2—C3—C4—C7 −178.5 (4) C7—C8—C23—C22 152.0 (3)
C3—C4—C5—C6 2.1 (7) C9—C8—C23—C22 28.6 (3)
C7—C4—C5—C6 −179.4 (4) C22—C23—C24—C25 1.3 (5)
C2—C1—C6—C5 0.5 (8) C8—C23—C24—C25 −115.8 (4)
Cl1—C1—C6—C5 179.3 (4) C22—C23—C24—S1 −179.3 (2)
C4—C5—C6—C1 −2.4 (7) C8—C23—C24—S1 63.6 (4)
C5—C4—C7—O2 151.1 (4) C23—C24—C25—C26 −179.9 (3)
C3—C4—C7—O2 −30.3 (5) S1—C24—C25—C26 0.7 (4)
C5—C4—C7—C8 −32.4 (5) C24—C25—C26—C27 −0.2 (5)
C3—C4—C7—C8 146.1 (4) C25—C26—C27—C28 −179.7 (3)
O2—C7—C8—C23 −12.0 (5) C25—C26—C27—S1 −0.4 (5)
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C4—C7—C8—C23 171.5 (3) C26—C27—C28—C29′ 176.8 (17)
O2—C7—C8—C9 107.7 (4) S1—C27—C28—C29′ −2.5 (17)
C4—C7—C8—C9 −68.8 (4) C26—C27—C28—C29 10 (2)
C7—C8—C9—N1 −131.0 (3) S1—C27—C28—C29 −170 (2)
C23—C8—C9—N1 −5.0 (3) C26—C27—C28—S2 −5.6 (6)
C7—C8—C9—C19 −9.3 (4) S1—C27—C28—S2 175.2 (3)
C23—C8—C9—C19 116.7 (3) C26—C27—C28—S2′ 180.0 (8)
C7—C8—C9—C10 106.6 (3) S1—C27—C28—S2′ 0.8 (8)
C23—C8—C9—C10 −127.3 (3) C29—C30—C31—C29′ 8 (2)
N1—C9—C10—O1 −62.6 (5) S2—C30—C31—C29′ −4.8 (15)
C19—C9—C10—O1 177.7 (4) C29—C30—C31—S2′ 10.7 (18)
C8—C9—C10—O1 52.1 (5) S2—C30—C31—S2′ −1.8 (11)
N1—C9—C10—C11 117.3 (3) C23—C22—N1—C21 175.1 (3)
C19—C9—C10—C11 −2.4 (4) C23—C22—N1—C9 41.8 (3)
C8—C9—C10—C11 −128.1 (3) C19—C9—N1—C22 −149.3 (3)
O1—C10—C11—C12 −0.1 (8) C10—C9—N1—C22 95.7 (3)
C9—C10—C11—C12 −180.0 (4) C8—C9—N1—C22 −22.7 (3)
O1—C10—C11—C20 −177.7 (4) C19—C9—N1—C21 77.8 (4)
C9—C10—C11—C20 2.5 (4) C10—C9—N1—C21 −37.2 (4)
C20—C11—C12—C13 −0.8 (6) C8—C9—N1—C21 −155.6 (3)
C10—C11—C12—C13 −178.2 (4) C25—C24—S1—C27 −0.7 (3)
C11—C12—C13—C14 −0.2 (8) C23—C24—S1—C27 179.8 (3)
C12—C13—C14—C15 0.8 (8) C26—C27—S1—C24 0.6 (3)
C13—C14—C15—C20 −0.4 (6) C28—C27—S1—C24 180.0 (3)
C13—C14—C15—C16 −179.6 (5) C31—C30—S2—C28 6.1 (6)
C20—C15—C16—C17 −0.2 (6) C29—C30—S2—C28 −37 (4)
C14—C15—C16—C17 179.0 (4) C29′—C28—S2—C30 −5.1 (13)
C15—C16—C17—C18 0.3 (7) C29—C28—S2—C30 42 (4)
C16—C17—C18—C19 0.2 (6) C27—C28—S2—C30 176.7 (3)
C17—C18—C19—C20 −0.8 (5) S2′—C28—S2—C30 −8.6 (8)
C17—C18—C19—C9 −178.5 (4) C29—C28—C29′—C31 −8 (2)
N1—C9—C19—C18 56.5 (5) C27—C28—C29′—C31 −178.6 (9)
C10—C9—C19—C18 179.3 (4) S2—C28—C29′—C31 4 (2)
C8—C9—C19—C18 −61.1 (5) S2′—C28—C29′—C31 166 (12)
N1—C9—C19—C20 −121.3 (3) C30—C31—C29′—C28 0 (2)
C10—C9—C19—C20 1.5 (3) S2′—C31—C29′—C28 −169 (9)
C8—C9—C19—C20 121.1 (3) C30—C31—S2′—C28 −3.6 (11)
C12—C11—C20—C15 1.3 (6) C29′—C31—S2′—C28 8 (7)
C10—C11—C20—C15 179.2 (3) C29′—C28—S2′—C31 −11 (9)
C12—C11—C20—C19 −179.5 (4) C29—C28—S2′—C31 −5.2 (19)
C10—C11—C20—C19 −1.6 (4) C27—C28—S2′—C31 −177.6 (4)
C16—C15—C20—C11 178.7 (4) S2—C28—S2′—C31 7.8 (10)
C14—C15—C20—C11 −0.6 (5) C29′—C28—C29—C30 14 (3)
C16—C15—C20—C19 −0.5 (5) C27—C28—C29—C30 −175.8 (12)
C14—C15—C20—C19 −179.8 (4) S2—C28—C29—C30 −121 (6)
C18—C19—C20—C11 −178.2 (3) S2′—C28—C29—C30 13 (3)
C9—C19—C20—C11 0.0 (4) C31—C30—C29—C28 −15 (3)
C18—C19—C20—C15 1.0 (5) S2—C30—C29—C28 127 (6)
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C9—C19—C20—C15 179.2 (3)


