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In the title compound, C4;H3,BrNQOs, the central benzene ring
makes a dihedral angle of 42.71 (7)° with the bromophenyl
ring. The pyrrolidine ring adopts an envelope conformation.
The molecular structure is stabilized by weak intramolecular
C—H- - -O interactions and the crystal packing is stabilized by
weak intermolecular C—H- - -7 interactions.

Related literature

For the biological activity of pyrrolidine derivatives, see:
Amalraj et al. (2003); Daly et al. (1986). For related structures,
see: Aravindan et al. (2004); Kumar et al. (2006). For graph-set
notation, see: Bernstein et al. (1995).

Experimental

Crystal data

C47H3,BINO;
M, = 740.38
Triclinic, PT
a=84178 (2) A_
b=132352(3) A
¢ =159610 (3) A
o = 98.143 (1)°

B =92.744 (2)°

Data collection

Bruker Kappa APEXII
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tinin = 0.719, Tpax = 0.779

Refinement

R[F? > 20(F?%)] = 0.037
wR(F?) = 0.098

§ =103

6410 reflections

y =100.944 (1)°

V =1723.17 (7) A?
Z=2

Mo Ko radiation
u=124mm™"
T=295K

0.20 x 0.19 x 0.18 mm

30711 measured reflections
6410 independent reflections
4539 reflections with 7 > 20(1)
Rin = 0.034

469 parameters

H-atom parameters constrained
APmax =032 ¢ A3

APmin = =053 ¢ A™?

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl and Cg2 are the centroids of the C3-C8 and C12-C17 rings, respectively.

D—H---A D—H H---A DA D—H---A
C22—H22B---03 0.97 255 3.026 (3) 111
C23—H23B---03 0.97 2.40 3.113 3) 130
C17—H17---Cgl! 0.93 298 3.720 (3) 137
C26—H26. - -Cg2" 0.93 3.00 3.925 (3) 178

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

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:
PLATON (Spek, 2009); software used to prepare material for
publication: SHELX1.97.

The authors acknowledge the IIT, Madras, for the data
collection.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: 1S2611).
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1'-(4-Bromophenyl)-4'-{4-[(2-0x0-1,2,3,4-tetrahydronaphthalen-2-ylidene)methyl|phenyl}-3'',4"'-
dihydroacenaphthylene-1-spiro-2'-pyrrolidine-3'-spiro-2''-naphthalene-2,1''(1H,2'" H)-dione

B. Saravanan, R. Rajesh, R. Raghunathan, G. Chakkaravarthi and V. Manivannan

Comment

Highly substituted pyrrolidines have gained much prominence since they form the central skeleton of many natural products
(Daly et al., 1986). Substituted pyrrolidine compounds possess antimicrobial and antifungal activities against various patho-
gens (Amalraj et al., 2003).

The geometric parameters of the title compound (Fig. 1) agree well with reported similar structures (Aravindan et al.,
2004; Kumar et al., 2006). The benzene ring (C12—C17) makes a dihedral angle of 42.71 (7)° with the bromophenyl ring

(C42—-C46). The sum of bond angles around N1 [359.9 (2)°] indicates that N1 is spz—hybridized.

The molecular structure is stabilized by weak intramolecular C—H---O interactions and the crystal packing is stabilized
by weak C—H--n [C17—H17--Cgl (-1 + x, y, z) distance of 3.720 (3)A and C26—H26--Cg2 (2 - x, -y, -z) distance of
3.925 (3)A (Cgl and Cg2 are the centroid of the rings defined by the atoms C3—C8 and C12—C17, respectively) interactions.
The intramolecular interactions C22—H22B---O3 and C23—H23B--O3 generate S(6) and S(7) graph set motifs, respect-
ively (Bernstein et al., 1995).

Experimental

To the solution of acenaphthequinone (3) (1.1 mmol), N-(p-bromo) phenyl glycine (2) (1.1 mmol) and 1,4-bis(3',4'-dihydro-
1'- oxonaphthalen-2'-ylidene)benzene (1) (1.0 mmol) was refluxed in dry toluene. Completion of the reaction was evidenced
by TLC analysis. The solvent was then removed in vacuum, diluted in dichloromethane, washed with water, and brine. The

organic layer was separated and dried over NaySO4.The organic solvent was removed and the residue was subjected to

column chromatography using hexane/ethyl acetate (6:4) as eluent afforded the cycloadduct.

Refinement

H atoms were positioned geometrically and refined using riding model with C—H = 0.93 A and Ujso(H) = 1.2Ueq(C) for
aromatic C—H, C—H = 0.98 A and Ujso(H) = 1.2Ucq(C) for C—H, C—H =0.97 A and Ujso(H) = 1.2U¢¢(C) for CH.

Figures

". -l Fig. 1. The molecular structure of (I), with atom labels and 30% probability displacement el-
=1 T [ 7 |lipsoids for non-H atoms.
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1'-(4-Bromophenyl)-4'-{4-[(2-0x0-1,2,3,4-tetrahydronaphthalen-2- ylidene)methyllphenyl}-3",4""-dihydro-

acenaphthylene-1-spiro-2'-pyrrolidine- 3'-spiro-2'-naphthalene-2,1"(1H,2""H)-dione

Crystal data
C47H34BrNO;
M, =1740.38
Triclinic, PT

Hall symbol: -P 1
a=8.4178 2) A
b=132352(3)A
c=15.9610(3) A
a=98.143 (1)°
B=92.744 (2)°
vy=100.944 (1)°
V=1723.17 (7) A3

Data collection

Bruker Kappa APEXII
diffractometer

Radiation source: fine-focus sealed tube
graphite
o and ¢ scan

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tmin = 0.719, Tiax = 0.779

30711 measured reflections

Refinement

Refinement on F~
Least-squares matrix: full
R[F? > 206(F%)] = 0.037
WR(F?) = 0.098

§=1.03

6410 reflections

469 parameters

0 restraints

zZ=2

F(000) =764

Dy=1427Mgm>

Mo Ka radiation, A =0.71073 A

Cell parameters from 8389 reflections
0=2.2-25.3°

p=124mm"’

T=295K

Block, colourless

0.20 x 0.19 x 0.18 mm

6410 independent reflections
4539 reflections with /> 26(/)
Riny=0.034

Omax = 25.5°, Opin = 2.2°

h=-10—10
k=-16—15
[=-19—19

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
w=1/[62(Fy?) + (0.0431P)> + 0.5268P]
where P = (F,> + 2F2)/3

(A/6)max < 0.001

Apmax =032 ¢ A7

Apmin=-0.53 ¢ A3

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X

z Uiso*/Ueq
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Brl
0Ol
02
03
N1
C1
C2
C3
C4
H4
C5
H5
C6
H6
Cc7
H7
C8
Cc9
HY9A
H9B
C10
HI10A
H10B
Cl11
HI1
C12
C13
H13
Cl4
H14
C15
Clé6
H16
C17
H17
C18
HI18
C19
C20
C21
H21A
H21B
C22
H22A
H22B
C23
H23A
H23B
C24

0.15843 (4)
1.4073 (2)
1.06900 (18)
0.43369 (19)
0.6591 (2)
1.3657 (3)
1.4467 (3)
1.5830 (3)
1.6890 (3)
1.6733
1.8182 (4)
1.8905
1.8381 (4)
1.9238
1.7332 (4)
1.7483
1.6049 (3)
1.4889 (4)
1.5410
1.3942
1.4366 (4)
1.3564
1.5294
1.2418 (3)
1.2052
1.1534 (3)
1.2262 (3)
1.3342
1.1411 (3)
1.1933
0.9800 (3)
0.9073 (3)
0.7991
0.9932 (3)
0.9415
0.8906 (3)
0.9696
0.8163 (2)
0.7048 (2)
0.7503 (3)
0.6849
0.7885
0.7200 (3)
0.7831
0.6208
0.6752 (3)
0.6373
0.5863
0.8125 (3)

0.56227 (3)
~0.15001 (17)
0.31498 (12)
0.21371 (13)
0.32198 (14)
~0.08403 (18)
~0.14275 (19)
~0.18953 (17)
-0.2189 (2)
-0.2103
~0.2610 (2)
-0.2793
~0.2753 (2)
~0.3047
~0.2469 (2)
-0.2577
-0.2023 (2)
~0.1689 (3)
~0.1566
—0.2243
~0.0714 (2)
~0.0547
~0.0140
~0.04406 (19)
~0.0639
0.02685 (17)
0.10465 (17)
0.1091
0.17533 (17)
0.2269
0.17107 (16)
0.09371 (19)
0.0890
0.02350 (19)
~0.0273
0.25063 (17)
0.3164
0.22580 (15)
0.31159 (16)
0.27266 (18)
0.2087
0.3188
0.11361 (16)
0.0684
0.1091
0.07172 (18)
~0.0031
0.1018
0.09469 (17)

0.415272 (18)
0.50404 (12)
0.14876 (10)
0.13308 (10)
0.27716 (10)
0.37579 (14)
0.43260 (15)
0.39993 (14)
0.45546 (16)
0.5131
0.42732 (19)
0.4656
0.3422 (2)
0.3224
0.28582 (18)
0.2281
0.31344 (16)
0.25318 (17)
0.2016
0.2381
0.29222 (16)
0.2536
0.3009
0.40358 (15)
0.4540
0.36698 (14)
0.32291 (14)
0.3111
0.29635 (14)
0.2675
0.31169 (12)
0.35579 (15)
0.3673
0.38283 (15)
0.4125
0.28252 (12)
0.2878
0.18853 (12)
0.19066 (12)
0.33271 (13)
0.3453
0.3855
0.16731 (13)
0.1905
0.1962
0.07383 (14)
0.0673
0.0543
0.01929 (13)

0.09413 (16)
0.0809 (6)
0.0482 (4)
0.0546 (4)
0.0445 (5)
0.0497 (6)
0.0538 (6)
0.0485 (6)
0.0606 (7)
0.073*
0.0724 (8)
0.087*
0.0805 (9)
0.097*
0.0775 (9)
0.093*
0.0605 (7)
0.0819 (9)
0.098*
0.098*
0.0660 (7)
0.079*
0.079*
0.0526 (6)
0.063*
0.0453 (5)
0.0470 (6)
0.056*
0.0436 (5)
0.052*
0.0387 (5)
0.0516 (6)
0.062*
0.0527 (6)
0.063*
0.0383 (5)
0.046*
0.0334 (4)
0.0355 (5)
0.0455 (5)
0.055%
0.055%
0.0419 (5)
0.050*
0.050*
0.0490 (6)
0.059*
0.059*
0.0417 (5)
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C25
H25
C26
H26
C27
H27
C28
H28
C29
C30
C31
C32
H32
C33
H33
C34
H34
C35
C36
H36
C37
H37
C38
H38
C39
C40
C41
C42
C43
H43
C44
H44
C45
C46
H46
C47
H47

0.8106 (3)
0.7222
0.9385 (4)
0.9348
1.0711 (3)
1.1581
1.0759 (3)
1.1671
0.9446 (3)
0.9538 (3)
0.7872 (2)
0.9035 (3)
0.9449
0.9609 (3)
1.0414
0.9032 (3)
0.9472
0.7779 (3)
0.6976 (3)
0.7309
0.5730 (3)
0.5240
0.5143 (3)
0.4262
0.5908 (3)
0.7222 (2)
0.5557 (3)
0.5437 (3)
0.4711 (3)
0.4999
0.3572 (3)
0.3107
0.3133 (3)
0.3809 (3)
0.3495
0.4956 (3)
0.5412

0.03584 (19)
-0.0173
0.0560 (2)
0.0175
0.1320 (2)
0.1440
0.19022 (17)
0.2411
0.17386 (16)
0.24389 (16)
0.41129 (16)
0.49248 (17)
0.4955
0.57258 (18)
0.6282
0.57155 (19)
0.6246
0.49103 (18)
0.4798 (2)
0.5287
0.3995 (2)
0.3942
0.3235 (2)
0.2700
0.33051 (17)
0.41218 (16)
0.27367 (17)
0.37730 (16)
0.43741 (19)
0.4409
0.4921 (2)
0.5326
0.48635 (19)
0.42677 (19)
0.4227
0.37255 (18)
0.3323

Atomic displacement parameters (142 )

Brl
(0]
02
03
N1
C1
C2

Ull

0.0915 (3)
0.0969 (15)
0.0416 (9)
0.0396 (9)
0.0533 (11)
0.0566 (15)
0.0626 (16)

U22

0.1514 (3)
0.1157 (16)
0.0476 (9)
0.0632 (11)
0.0609 (12)
0.0559 (14)
0.0621 (16)

~0.06084 (15)
~0.0808
~0.11032 (16)
~0.1641
~0.08132 (16)
~0.1148
~0.00322 (14)
0.0168
0.04690 (13)
0.12859 (13)
0.16111 (13)
0.19818 (15)
0.2538
0.15078 (19)
0.1761
0.06981 (18)
0.0403
0.03032 (14)
~0.05085 (16)
~0.0862
~0.07831 (15)
~0.1327
~0.02790 (14)
~0.0476
0.05099 (12)
0.07868 (13)
0.12338 (13)
0.30692 (13)
0.25804 (14)
0.2028
0.28967 (15)
0.2563
0.37064 (14)
0.41970 (14)
0.4744
0.38851 (13)
0.4225

U33 U12
0.05390 (18) 0.0842 (2)
0.0604 (12) 0.0642 (13)
0.0523 (9) 0.0028 (8)
0.0616 (10) 0.0055 (8)
0.0302 (9) 0.0304 (10)
0.0440 (13) 0.0241 (12)
0.0468 (14) 0.0263 (13)

0.0557 (6)
0.067*
0.0628 (7)
0.075*
0.0593 (7)
0.071*
0.0475 (6)
0.057*
0.0379 (5)
0.0362 (5)
0.0371 (5)
0.0489 (6)
0.059*
0.0585 (7)
0.070*
0.0583 (7)
0.070*
0.0465 (6)
0.0583 (7)
0.070*
0.0603 (7)
0.072*
0.0522 (6)
0.063*
0.0403 (5)
0.0381 (5)
0.0391 (5)
0.0395 (5)
0.0521 (6)
0.062*
0.0557 (6)
0.067*
0.0518 (6)
0.0526 (6)
0.063*
0.0468 (6)
0.056*

U13

~0.00073 (15)
0.0364 (10)
0.0088 (7)
0.0040 (8)
0.0087 (8)
0.0071 (11)
0.0148 (12)

U23

~0.01430 (18)
0.0481 (11)
0.0040 (7)
0.0183 (9)
0.0161 (8)
0.0147 (11)
0.0198 (12)
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c3 0.0563 (15) 0.0495 (14) 0.0478 (13) 0.0226 (12) 0.0117 (11) 0.0162 (11)
C4 0.0752 (18) 0.0665 (17) 0.0508 (14) 0.0324 (14) 0.0112 (13) 0.0183 (13)
cs 0.080 (2) 0.080 (2) 0.0722 (19) 0.0447 (16) 0.0110 (15) 0.0236 (16)
C6 0.090 (2) 0.091 (2) 0.081 (2) 0.0588 (18) 0.0273 (17) 0.0196 (17)
C7 0.096 (2) 0.096 (2) 0.0582 (17) 0.0569 (19) 0.0241 (16) 0.0151 (16)
C8 0.0745 (18) 0.0646 (16) 0.0513 (15) 0.0318 (14) 0.0119 (13) 0.0119 (13)
C9 0.104 (2) 0.114 (2) 0.0448 (15) 0.063 (2) 0.0106 (15) 0.0131 (16)
C10 0.0779 (19) 0.088 (2) 0.0482 (14) 0.0444 (16) 0.0145 (13) 0.0246 (14)
Cll 0.0591 (15) 0.0617 (15) 0.0477 (13) 0.0267 (13) 0.0123 (11) 0.0216 (12)
cl12 0.0500 (14) 0.0508 (14) 0.0411 (12) 0.0211 (11) 0.0058 (10) 0.0117 (11)
C13 0.0416 (13) 0.0516 (14) 0.0523 (13) 0.0169 (11) 0.0066 (10) 0.0118 (11)
Cl4 0.0432 (13) 0.0448 (13) 0.0451 (12) 0.0107 (10) 0.0042 (10) 0.0115 (10)
C1s 0.0436 (13) 0.0444 (12) 0.0303 (10) 0.0145 (10) 0.0000 (9) 0.0067 (9)
C16 0.0442 (13) 0.0684 (16) 0.0517 (14) 0.0223 (12) 0.0117 (11) 0.0240 (12)
C17 0.0568 (15) 0.0588 (15) 0.0535 (14) 0.0218 (12) 0.0141 (12) 0.0287 (12)
C18 0.0408 (12) 0.0436 (12) 0.0334 (11) 0.0142 (10) 0.0002 (9) 0.0092 (9)
C19 0.0339 (11) 0.0373 (11) 0.0311 (10) 0.0089 (9) 0.0039 (8) 0.0086 (9)
€20 0.0387 (12) 0.0416 (12) 0.0299 (10) 0.0131 (9) 0.0048 (9) 0.0102 (9)
c21 0.0543 (14) 0.0582 (14) 0.0314 (11) 0.0267 (11) 0.0043 (10) 0.0110 (10)
22 0.0412 (12) 0.0438 (13) 0.0432 (12) 0.0088 (10) 0.0059 (10) 0.0134 (10)
23 0.0477 (14) 0.0438 (13) 0.0514 (14) 0.0044 (11) ~0.0003 (11) 0.0010 (11)
24 0.0454 (13) 0.0430 (13) 0.0388 (12) 0.0139 (11) 0.0004 (10) 0.0076 (10)
25 0.0597 (16) 0.0545 (15) 0.0502 (14) 0.0137 (12) ~0.0052 (12) ~0.0008 (12)
26 0.082 (2) 0.0701 (18) 0.0397 (13) 0.0290 (16) 0.0080 (13) 0.0003 (12)
27 0.0720 (18) 0.0612 (16) 0.0499 (14) 0.0205 (15) 0.0244 (13) 0.0098 (13)
C28 0.0563 (15) 0.0430 (13) 0.0490 (13) 0.0158 (11) 0.0153 (11) 0.0145 (11)
29 0.0454 (13) 0.0377 (12) 0.0358 (11) 0.0163 (10) 0.0051 (9) 0.0111 (9)
C30 0.0388 (12) 0.0361 (12) 0.0373 (11) 0.0117 (10) 0.0023 (9) 0.0126 (9)
C31 0.0382 (12) 0.0397 (12) 0.0375 (11) 0.0152 (10) 0.0072 (9) 0.0077 (9)
C32 0.0509 (14) 0.0423 (13) 0.0537 (14) 0.0135 (11) 0.0007 (11) 0.0035 (11)
C33 0.0532 (15) 0.0380 (14) 0.084 (2) 0.0088 (11) 0.0119 (14) 0.0063 (13)
C34 0.0606 (16) 0.0446 (14) 0.0810 (19) 0.0212 (13) 0.0266 (15) 0.0267 (14)
C35 0.0511 (14) 0.0504 (14) 0.0496 (13) 0.0267 (12) 0.0180 (11) 0.0202 (11)
C36 0.0695 (18) 0.0729 (18) 0.0512 (15) 0.0384 (15) 0.0252 (13) 0.0333 (14)
C37 0.0707 (18) 0.091 (2) 0.0339 (12) 0.0396 (16) 0.0106 (12) 0.0251 (13)
C38 0.0493 (14) 0.0738 (17) 0.0377 (12) 0.0232 (12) 0.0017 (10) 0.0080 (12)
C39 0.0406 (13) 0.0536 (14) 0.0332 (11) 0.0214 (11) 0.0067 (9) 0.0111 (10)
C40 0.0399 (12) 0.0443 (12) 0.0375 (11) 0.0208 (10) 0.0123 (9) 0.0116 (10)
c41 0.0372 (12) 0.0443 (13) 0.0386 (11) 0.0127 (11) 0.0049 (9) 0.0091 (10)
c42 0.0412 (12) 0.0469 (13) 0.0338 (11) 0.0153 (10) 0.0043 (9) 0.0079 (10)
C43 0.0595 (15) 0.0697 (16) 0.0389 (12) 0.0335 (13) 0.0130 (11) 0.0174 (11)
C44 0.0607 (16) 0.0712 (17) 0.0461 (13) 0.0363 (13) 0.0054 (11) 0.0136 (12)
C45 0.0482 (14) 0.0669 (16) 0.0414 (13) 0.0256 (12) 0.0000 (10) ~0.0060 (11)
C46 0.0576 (15) 0.0696 (16) 0.0335 (12) 0.0217 (13) 0.0089 (11) 0.0035 (11)
c47 0.0525 (14) 0.0578 (14) 0.0353 (12) 0.0220 (12) 0.0038 (10) 0.0103 (10)

Geometric parameters (4, °)

Br1—C45 1.898 (2) C21—H21A 0.9700

sup-5



supplementary materials

01—C2 1.214 (3) C21—H21B 0.9700
02—C30 1.211 (2) C22—C23 1.519 (3)
03—C41 1.204 (2) C22—H22A 0.9700
N1—C42 1.386 (3) C22—H22B 0.9700
N1—C20 1.446 (2) C23—C24 1.492 (3)
N1—C21 1.446 (3) C23—H23A 0.9700
cl—cCll 1.323 (3) C23—H23B 0.9700
Ccl—C2 1.494 (3) C24—C29 1.382 (3)
C1—Cl10 1.505 (3) C24—C25 1.398 (3)
C2—C3 1.486 (3) C25—C26 1.373 (4)
C3—C4 1373 3) C25—H25 0.9300
c3—C8 1.392 (3) C26—C27 1.365 (4)
C4—C5 1.379 (4) C26—H26 0.9300
C4—H4 0.9300 C27—C28 1.364 (3)
C5—C6 1.368 (4) C27—H27 0.9300
C5—HS 0.9300 C28—C29 1.396 (3)
Cc6—C7 1.370 (4) C28—H28 0.9300
C6—H6 0.9300 C29—C30 1.479 (3)
Cc7—C8 1.387 (4) C31—C32 1.352 (3)
C7—H7 0.9300 C31—C40 1.403 (3)
C8—C9 1.506 (4) C32—C33 1.413 (3)
C9—C10 1.504 (4) C32—H32 0.9300
C9—HI9A 0.9700 C33—C34 1.356 (4)
C9—H9B 0.9700 C33—H33 0.9300
C10—HI10A 0.9700 C34—C35 1.402 (3)
C10—H10B 0.9700 C34—H34 0.9300
Cl1—Cl12 1.468 (3) C35—C36 1.408 (3)
Cl1—HI1 0.9300 C35—C40 1.408 (3)
Cl2—Cl17 1.378 (3) C36—C37 1.350 (4)
Cl12—Cl13 1.392 (3) C36—H36 0.9300
C13—Cl4 1.381 (3) C37—C38 1.408 (3)
C13—HI3 0.9300 C37—H37 0.9300
Cl4—Cl15 1.381 (3) C38—C39 1.369 (3)
Cl4—H14 0.9300 C38—H38 0.9300
C15—Cl6 1.388 (3) C39—C40 1.397 (3)
C15—CI18 1.516 (3) C39—C41 1.477 3)
Cl6—Cl17 1.383 (3) C42—C47 1.389 (3)
Cl6—HI16 0.9300 C42—C43 1.389 (3)
Cl17—H17 0.9300 C43—C44 1.380 (3)
C18—C21 1.509 (3) C43—H43 0.9300
C18—C19 1.563 (3) C44—C45 1.369 (3)
C18—HI8 0.9800 C44—H44 0.9300
C19—C22 1.533 (3) C45—C46 1.364 (3)
C19—C30 1.542 (3) C46—C47 1.379 (3)
C19—C20 1.602 (3) C46—H46 0.9300
C20—C31 1.518 (3) C47—HA47 0.9300
C20—C41 1.568 (3)

C42—N1—C20 124.33 (16) C23—C22—C19 116.47 (17)
C42—N1—C21 121.74 (16) C23—C22—H22A 108.2
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C20—N1—C21
Cl1—C1—C2
C11—C1—C10
C2—C1—C10
01—C2—C3
01—C2—Cl1
C3—C2—C1
C4—C3—C8
C4—C3—C2
C8—C3—C2
C3—C4—C5
C3—C4—H4
C5—C4—H4
C6—C5—C4
C6—C5—H>5
C4—C5—H5
C5—Co6—C7
C5—C6—H6
C7—C6—H6
C6—C7T—C8
C6—C7—H7
C8—C7—H7
C7—C8—C3
C7—C8—C9
C3—C8—C9
C10—C9—C8
C10—C9—H9%A
C8—C9—HOA
C10—C9—H9B
C8—C9—H9B
H9A—C9—H9B
C9—C10—C1
C9—C10—H10A
C1—C10—H10A
C9—C10—H10B
C1—C10—H10B
H10A—C10—H10B
C1—C11—C12
Cl—C11—H11
Cl12—CI11—HI11
C17—C12—C13
C17—C12—Cl11
C13—C12—Cl11
Cl14—C13—C12
C14—C13—H13
C12—C13—H13
C13—C14—CI15
C13—C14—H14
C15—C14—H14

113.88 (16)
118.1 (2)
125.0 (2)
116.9 (2)
120.3 (2)
122.0 (2)
117.63 (19)
120.0 (2)
119.8 (2)
120.2 (2)
1212 (2)
119.4
119.4
118.9 (3)
120.6
120.6
120.7 (3)
119.6
119.6
121.0 3)
119.5
119.5
118.2 (2)
122.3 (2)
119.5 (2)
111.3 (2)
109.4
109.4
109.4
109.4
108.0
111.5 (2)
109.3
109.3
109.3
109.3
108.0
129.9 (2)
115.1
115.1
117.2 (2)
119.1 (2)
123.5(2)
121.3 (2)
119.4
119.4
121.4 (2)
119.3
119.3

C19—C22—H22A
C23—C22—H22B
C19—C22—H22B
H22A—C22—H22B
C24—C23—C22
C24—C23—H23A
C22—C23—H23A
C24—C23—H23B
C22—C23—H23B
H23A—C23—H23B
C29—C24—C25
C29—C24—C23
C25—C24—C23
C26—C25—C24
C26—C25—H25
C24—C25—H25
C27—C26—C25
C27—C26—H26
C25—C26—H26
C28—C27—C26
C28—C27—H27
C26—C27—H27
C27—C28—C29
C27—C28—H28
C29—C28—H28
C24—C29—C28
C24—C29—C30
C28—C29—C30
02—C30—C29
02—C30—C19
C29—C30—C19
C32—C31—C40
C32—C31—C20
C40—C31—C20
C31—C32—C33
C31—C32—H32
C33—C32—H32
C34—C33—C32
C34—C33—H33
C32—C33—H33
C33—C34—C35
C33—C34—H34
C35—C34—H34
C34—C35—C36
C34—C35—C40
C36—C35—C40
C37—C36—C35
C37—C36—H36
C35—C36—H36

108.2
108.2
108.2

107.3
113.39 (18)
108.9
108.9
108.9
108.9
107.7

118.5 (2)
120.92 (19)
120.5 (2)
120.4 (2)
119.8

119.8

120.6 (2)
119.7

119.7

120.0 (2)
120.0
120.0
120.4 (2)
119.8

119.8

119.9 (2)
122.51 (19)
117.6 (2)
120.32 (19)
119.93 (18)
119.75 (18)
118.9 (2)
132.80 (19)
108.34 (18)
118.7 (2)
120.7
120.7
122.6 (2)
118.7

118.7

120.5 (2)
119.8

119.8

128.4 (2)
116.0 (2)
115.6 (2)
121.2(2)
119.4

119.4
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C14—C15—C16
C14—CI15—CI18
C16—C15—CI18
C17—C16—CI15
C17—Cl16—H16
C15—Cl16—H16
C12—C17—C16
C12—C17—H17
C16—C17—H17
C21—CI18—Cl15
C21—C18—C19
C15—C18—C19
C21—C18—H18
C15—C18—H18
C19—C18—H18
C22—C19—C30
C22—C19—CI18
C30—C19—CI18
C22—C19—C20
C30—C19—C20
C18—C19—C20
N1—C20—C31
N1—C20—C41
C31—C20—C41
N1—C20—C19
C31—C20—C19
C41—C20—C19
N1I—C21—C18
N1—C21—H21A
C18—C21—H21A
N1—C21—H21B
C18—C21—H21B
H21A—C21—H21B
Cl11—C1—C2—O01
C10—C1—C2—O01
Cl11—C1—C2—C3
C10—C1—C2—C3
01—C2—C3—C4
Cl—C2—C3—C4
01—C2—C3—C8
Cl1—C2—C3—C8
C8—C3—C4—C5
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—C7
C5—C6—C7—C8
C6—C7T—C8—C3
C6—C7T—C8—C9
C4—C3—C8—C7

117.46 (19)
120.05 (19)
122.48 (19)
121.0 (2)
119.5

119.5

121.7 (2)
119.1

119.1
116.01 (17)
103.72 (16)
115.92 (17)
106.9
106.9
106.9
110.14 (16)
111.45 (16)
109.23 (16)
113.50 (16)
112.50 (15)
99.56 (15)
115.98 (17)
113.12 (16)
101.41 (16)
102.76 (14)
113.35 (16)
110.53 (16)
103.74 (16)
111.0

111.0

111.0

111.0

109.0
-3.7(4)
173.9 (3)
178.5 (2)
-3.903)
~15.5 (4)
162.3 (2)
165.4 (3)
~16.8 (4)
0.2 (4)
~178.9 (2)
~13(4)
1.0 (5)

0.4 (5)
~1.6(5)
179.1 (3)
1.3 (4)

C36—C37—C38
C36—C37—H37
C38—C37—H37
C39—C38—C37
C39—C38—H38
C37—C38—H38
C38—C39—C40
C38—C39—C41
C40—C39—C41
C39—C40—C31
C39—C40—C35
C31—C40—C35
03—C41—C39
03—C41—C20
C39—C41—C20
N1—C42—C47
N1—C42—C43
C47—C42—C43
C44—C43—C42
C44—C43—H43
C42—C43—H43
C45—C44—C43
C45—C44—H44
C43—C44—H44
C46—C45—C44
C46—C45—Brl
C44—C45—Brl1
C45—C46—C47
C45—C46—H46
C47—C46—H46
C46—C47—C42
C46—C47—H47
C42—C47—H47

C23—C24—C25—C26
C24—C25—C26—C27
C25—C26—C27—C28
C26—C27—C28—C29
C25—C24—C29—C28
C23—C24—C29—C28
C25—C24—C29—C30
C23—C24—C29—C30
C27—C28—C29—C24
C27—C28—C29—C30
C24—C29—C30—02

C28—C29—C30—02

C24—C29—C30—C19
C28—C29—C30—C19
C22—C19—C30—02

C18—C19—C30—02

122.6 (2)
118.7

118.7

118.1 (2)
121.0
121.0

119.4 (2)
133.5(2)
106.76 (17)
113.52 (18)
123.1(2)
1233 (2)
127.9(2)
124.93 (18)
107.03 (17)
119.58 (18)
122.77 (18)
117.64 (19)
121.4 (2)
119.3

119.3

119.4 (2)
120.3

120.3

120.4 (2)
119.69 (17)
119.87 (18)
120.3 (2)
119.9

119.9

120.8 (2)
119.6

119.6

~178.9 (2)
1.6 (4)

~1.4 (4)
~1.1(4)
-3.103)
176.5 (2)
176.65 (19)
-3.8(3)
3.4(3)
~176.4 (2)
~176.99 (19)
2.8(3)
3.4(3)
~176.87 (17)
~159.31 (18)
-36.6 (2)
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C2—C3—C8—C7
C4—C3—C8—C9
C2—C3—C8—C9
C7—C8—C9—C10
C3—C8—C9—C10
C8—C9—C10—C1
C11—C1—C10—C9
C2—C1—C10—C9
C2—C1—C11—C12
C10—C1—C11—CI12
C1—C11—C12—C17
C1—C11—C12—C13
C17—C12—C13—C14
Cl11—C12—C13—C14
C12—C13—C14—C15
C13—C14—C15—C16
C13—C14—C15—C18
Cl14—C15—C16—C17
C18—C15—C16—C17
C13—C12—C17—C16
C11—C12—C17—C16
C15—C16—C17—C12
C14—C15—C18—C21
C16—C15—C18—C21
C14—C15—C18—C19
C16—C15—C18—C19
C21—C18—C19—C22
C15—C18—C19—C22
C21—C18—C19—C30
C15—C18—C19—C30
C21—C18—C19—C20
C15—C18—C19—C20
C42—N1—C20—C31
C21—N1—C20—C31
C42—N1—C20—C41
C21—N1—C20—C41
C42—N1—C20—C19
C21—N1—C20—C19
C22—C19—C20—N1
C30—C19—C20—N1
C18—C19—C20—N1
C22—C19—C20—C31
C30—C19—C20—C31
C18—C19—C20—C31
C22—C19—C20—C41
C30—C19—C20—C41
C18—C19—C20—C41
C42—N1—C21—C18
C20—N1—C21—C18

~179.6 (3)
~179.4 (3)
0.3 (4)
~144.1 3)
36.7 (4)
-55.0 (4)
~143.1 3)
39.5 (3)
171.6 (2)
-5.7(5)
151.9 (3)
-34.1 (4)
0.0 (3)
~174.1 (2)
-0.6(3)

0.8 (3)

179.3 (2)
-03(3)
~178.8 (2)
0.4 (4)

174.8 (2)
-0.3(4)
~153.2(2)
252 (3)

84.7 (2)
—96.8 (2)
-80.1(2)
48.2 (2)
157.96 (17)
~73.7(2)
39.94 (19)
168.29 (17)
65.1 (3)
~112.3 (2)
~51.5(3)
131.11 (19)
~170.68 (19)
11.9 (2)
87.33 (19)
~146.76 (17)
~31.20 (19)
~146.72 (17)
-20.8 (2)
94.75 (18)
-33.6(2)
92.26 (19)
~152.18 (16)
~163.82 (19)
13.7(2)

C20—C19—C30—02
C22—C19—C30—C29
C18—C19—C30—C29
C20—C19—C30—C29
N1—C20—C31—C32
C41—C20—C31—C32
C19—C20—C31—C32
N1—C20—C31—C40
C41—C20—C31—C40
C19—C20—C31—C40
C40—C31—C32—C33
C20—C31—C32—C33
C31—C32—C33—C34
C32—C33—C34—C35
C33—C34—C35—C36
C33—C34—C35—C40
C34—C35—C36—C37
C40—C35—C36—C37
C35—C36—C37—C38
C36—C37—C38—C39
C37—C38—C39—C40
C37—C38—C39—C41
C38—C39—C40—C31
C41—C39—C40—C31
C38—C39—C40—C35
C41—C39—C40—C35
C32—C31—C40—C39
C20—C31—C40—C39
C32—C31—C40—C35
C20—C31—C40—C35
C34—C35—C40—C39
C36—C35—C40—C39
C34—C35—C40—C31
C36—C35—C40—C31
C38—C39—C41—03
C40—C39—C41—03
C38—C39—C41—C20
C40—C39—C41—C20
N1—C20—C41—03
C31—C20—C41—03
C19—C20—C41—03
N1—C20—C41—C39
C31—C20—C41—C39
C19—C20—C41—C39
C20—N1—C42—C47
C21—N1—C42—C47
C20—N1—C42—C43
C21—N1—C42—C43
N1—C42—C43—C44

73.0 (2)
20.3 (2)
143.05 (17)
~107.37 (19)
42.7 (3)
165.7 (2)
~75.8 (3)
~137.41 (18)
~14.5(2)
104.02 (18)
-3.103)
176.7 (2)

0.4 (4)

23 (4)

176.4 (2)
-2.003)
~176.8 (2)
1.6 3)

0.9 (4)

2.0 (4)

0.3 (3)

172.9 (2)
178.84 (19)
45(2)
23(3)
~172.05 (19)
~173.09 (19)
7.0 (2)
3.4(3)
~176.43 (18)
175.38 (19)
-3203)
-0.8(3)
~179.42 (19)
~10.8 (4)
162.4 (2)
173.1(2)
~13.7(2)
-34.4(3)
~159.3 (2)
80.2 (2)
141.88 (17)
17.0 2)
~103.51 (18)
172.7 (2)
~10.1 (3)
-6.5(3)
170.7 (2)
~179.6 (2)
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C15—C18—C21—N1

C19—C18—C21—N1

C30—C19—C22—C23
C18—C19—C22—C23
C20—C19—C22—C23
C19—C22—C23—C24
C22—C23—C24—C29
C22—C23—C24—C25
C29—C24—C25—C26

Hydrogen-bond geometry (4, ©)

~162.26 (18)
-34.0 (2)
—44.8 (2)
~166.22 (18)
82.3(2)

45.9 (3)
-20.2 (3)
159.3 (2)

0.7 (3)

C47—C42—C43—C44
C42—C43—C44—C45
C43—C44—C45—C46
C43—C44—C45—Brl1

C44—C45—C46—C47
Br1—C45—C46—C47
C45—C46—C47—C42
N1—C42—C47—C46

C43—C42—C47—C46

Cgl and Cg2 are the centroids of the C3—C8 and C12—C17 rings, respectively.

D—H-A
C22—H22B03
C23—H23B03

C17—H17--Cgl!
C26—H26--Cg2't

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

D—H
0.97
0.97
0.93

0.93

H-A
2.55
2.40

2.98
3.00

DA
3.026 (3)
3.113 (3)
3.720 (3)

3.925 (3)

1.1 (4)
—0.7 (4)
0.2 (4)
179.39 (19)
0.7 (4)
~178.94 (18)
0.2 (4)
~180.0 (2)
-0.7(3)

D—H4
111
130
137

178
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Fig. 1
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