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The asymmetric unit of the title compound, C,oH;3Os,
contains two molecules with small geometric differences.
The dihedral angles between the benzene rings are 62.94 (12)
and 59.99 (12)°. The dihedral angles between the carboxylate
groups in the 2- and 3-positions are 81.72 (13) and 65.54 (15)°,
respectively. However, the dihedral angles between the
carboxylate groups in the 3’ and 4’-positions are 67.24 (15)
and 59.98 (17)°, respectively.

Related literature

For related literature, see: Ding et al. (1992); Ermer (1981);
Ghosh & Mittal (1996); Jiang et al. (2008); Rozhanskii et al.
(2000).

H3COO0C COOCH3 COQOCHS;
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Experimental
Crystal data
CyoH1505 M, = 386.34

Monoclinic, P2,/n Z=38
a=14395(4) A Mo Ko radiation
b=13.453 (4) A =010 mm™
c=21.013 (3) A T=297(2) K

B = 108.45 (4)°

0.45 x 0.42 x 0.38 mm

V =3860.1 (19) A®

Data collection

Enraf-Nonius CAD-4
diffractometer
Absorption correction: none
8168 measured reflections
6906 independent reflections

2997 reflections with 7 > 20(1)
Ript = 0.006
3 standard reflections
every 300 reflections
intensity decay: 1.8%

Refinement

R[F? > 20(F?)] = 0.059
wR(F?) = 0.163

S =103

6906 reflections

515 parameters

H-atom parameters constrained
APpax = 028 € A3

Apmin = =023 ¢ A™3

Data collection: DIFRAC (Gabe & White, 1993); cell refinement:
DIFRAC; data reduction: NRCVAX (Gabe et al., 1989); 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: SHELXLY97.
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Tetramethyl biphenyl-2,3,3',4'-tetracarboxylate

G. Gao, X. Ma, Y. Jiang, W. Chen and J. Men

Comment

The title compound is a useful chemical intermediate for the further preparation of various compounds, including, for ex-
ample, acid, the salts, acyl halides, amides, imides, and the like (Ding et al., 1992). Polymides are well known for possessing
excellent thermal and oxidative stability, as well as excellent mechanical properties (Ghosh & Mittal, 1996). The 2,3,3',4'-
biphenyltetracarboxylic dianhydride was suggested as a monomer for the synthesis of soluble polyimides with high chem-
ical and thermal stability (Rozhanskii et al., 2000).

The asymmetric unit of I contains two crystallographically independent molecules (molecule 1 - C1-C18 and molecule
2 - C19-C38) (Fig. 1). For the molecule 1, the dihedral angle between the two phenyl rings are 62.94 (12)° while in the
molecule 2 is 59.99 (12)° and they are both markedly differ from 42.30 (11)° in the 1,1'-biphenyl-2,3,3',4'—etracarboxylic acid
monohydrate (Jiang et al., 2008). For the molecule 1, the dihedral angles of the two carboxyl groups placed in 2,3-positions
are 81.72 (13)° and another two carboxyl groups placed in 3',4'-positions are 67.24 (15)°; for the molecule 2, which are
65.54 (15)° and 59.98 (17)° respectively. Torsion angles C7—C4—C5—C9 and C27—C24—C25—C29 are 1.4 (4)° and
0.9 (4)°, respectively. However, torsion angles C19—C14—C15—C17 and C39—C34—C33—C37 are 7.0 (5)°and 6.2 (5)°,
respectively. They are markedly smaller than those for the parent phthalic acid 20.3° (Ermer, 1981).

Experimental

2,3,3',4'-biphenyltetracarboxylic dianhydride (29.4 g, 0.1 mol) and p-toluenesulfonic acid (2.0 g, 0.01 mol) was dissolved in
a solution of toluene (100 ml) and methanol (50 ml) in a three-necked flask equipped with a Dean—Stark trap. The mixture
was heated to reflux. After 20 h, water and most of the methanol were removed by azeotropic distillation with toluene. The

mixture was allowed to cool and was added subsequently 500 ml of H>O. The organic phase was washed three times with
saturated NapCO3 and three times with water. Toluene was removed on a rotary evaporator and the residue was recrystallized

in EtOH to afford white powder (34.7 g, 90% yield). Single crystals were grown by slow evaporation of a toluene of solution
over a period of several days, m.p.382-384 K.
Refinement

H atoms were positioned geometrically (C—H = 0.93-0.96A) and refined using a riding model with the Ujso(H) = 1.2 UeqC
(for aromatic) and Ujso(H) = 1.5UeqC (for methyl).
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Figures
| Fig. 1. The molecular structure of I with the atom numbering scheme. Displacement ellips-
oids are drawn at the 30% probability level. H atoms are presented as a small spheres of arbit-
o’ rary radius.

Tetramethyl biphenyl-2,3,3',4'-tetracarboxylate

Crystal data
CyoH;303
M, =386.34

Monoclinic, P2¢/n

Hall symbol: -P 2yn
a=14.3954) A
b=13.453 (4) A
c=21.013(3) A
p=108.45 (4)°
V'=3860.1 (19) A3
zZ=8

Data collection

Enraf-Nonius CAD-4

diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=29712)K

®/20 scans

Absorption correction: none

8168 measured reflections

6906 independent reflections

2997 reflections with /> 2o([)

Refinement
Refinement on F>

Least-squares matrix: full
R[F > 206(F%)] = 0.059
WR(F%) = 0.163

§=1.04

Fyop=1616

Dy=1330Mgm>

Mo Ka radiation

1=0.71073 A

Cell parameters from 31 reflections
0=4.7-9.2°

w=0.10mm'

T=297(2)K

Block, colourless

0.45 x 0.42 x 0.38 mm

Rine = 0.006

Omax = 25.3°

Omin = 1.8°
h=-17—-16
k=0—16
[=-14-25

3 standard reflections
every 300 reflections
intensity decay: 1.8%

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

sites

H-atom parameters constrained
w = 1/[6%(Fy2) + (0.069P)%]

where P = (F,> + 2F.2)/3

(A/6)max < 0.001
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6906 reflections APmax =028 ¢ A3

515 parameters APmin=-0.23 ¢ A

Primary atom site location: structure-invariant direct

Extinction correction: none
methods

Special details

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is

used for estimating s.u.'s involving l.s. planes.
Refinement. Refinement of /2 against ALL reflections. The weighted R—factor wR and goodness of fit S are based on F?, convention-
al R—factors R are based on F, with F' set to zero for negative F* 2. The threshold expression of P> G(FZ) is used only for calculating

R—factors(gt) efc. and is not relevant to the choice of reflections for refinement. R—factors based on F* 2 are statistically about twice as

large as those based on F and R—factors based on ALL data will be even larger.

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

X y z Uiso*/Ueq
0O1 0.58582 (18) 0.6473 (2) 0.10659 (14) 0.0722 (8)
02 0.66768 (17) 0.78792 (19) 0.13706 (13) 0.0628 (7)
03 0.37936 (18) 0.57886 (17) 0.11045 (13) 0.0602 (7)
04 0.38789 (17) 0.62465 (17) 0.00901 (12) 0.0582 (7)
05 0.02260 (18) 0.59487 (19) 0.15264 (13) 0.0671 (8)
06 ~0.00811 (19) 0.7556 (2) 0.16431 (13) 0.0718 (8)
o7 —0.12482 (19) 0.6405 (2) 0.02572 (14) 0.0824 (9)
08 ~0.08492 (18) 0.58818 (19) ~0.06318 (13) 0.0691 (8)
C1 0.3321 (3) 0.9024 (2) 0.11080 (17) 0.0492 (9)
H1 0.2773 0.9389 0.1110 0.059*
2 0.4233 (3) 0.9456 (3) 0.13244 (17) 0.0510 (9)
H2 0.4297 1.0114 0.1467 0.061*
c3 0.5055 (2) 0.8924 (2) 0.13322 (16) 0.0463 (9)
H3 0.5667 0.9227 0.1475 0.056*
C4 0.4974 (2) 0.7938 (2) 0.11289 (15) 0.0389 (8)
Cs 0.4049 (2) 0.7492 (2) 0.09027 (14) 0.0363 (8)
C6 0.3216 (2) 0.8033 (2) 0.08845 (15) 0.0412 (8)
C7 0.5861 (2) 0.7338 (3) 0.11817 (16) 0.0454 (9)
Cs 0.7599 (3) 0.7343 (3) 0.1475 (2) 0.0779 (13)
HBA 0.7660 0.6831 0.1804 0.117*
H8B 0.8137 0.7798 0.1629 0.117*
HBC 0.7603 0.7049 0.1059 0.117*
C9 0.3917 (2) 0.6403 (3) 0.07216 (18) 0.0431 (8)
C10 0.3676 (3) 0.5227 (3) -0.0148 (2) 0.0868 (14)
H10A 0.4082 0.4780 0.0179 0.130*
H10B 0.3811 0.5153 —0.0564 0.130*
H10C 0.2999 0.5076 —0.0215 0.130*
Cll 0.2216 (2) 0.7587 (2) 0.06406 (16) 0.0400 (8)
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Cl12
H12
Cl13
H13
Cl14
Cl15
Cl6
H16
C17
CI18
HI18A
H18B
H18C
C19
C20
H20A
H20B
H20C
09
010
O11
012
013
014
o015
016
C21
H21
C22
H22
C23
H23
C24
C25
C26
C27
C28
H28A
H28B
H28C
C29
C30
H30A
H30B
H30C
C31
C32
H32
C33

0.1815 (3)
0.2171
0.0899 (2)
0.0647
0.0347 (2)
0.0746 (2)
0.1658 (2)
0.1907
0.0229 (3)
~0.0328 (3)
~0.0385
0.0005
~0.0969
~0.0661 (3)
~0.1833 (3)
~0.1894
~0.1953
-0.2301
0.90819 (19)
0.8394 (2)
0.62367 (18)
0.6628 (2)
0.2462 (2)
0.2231 (2)
0.1182 (2)
0.17875 (19)
0.5672 (3)
0.5100
0.6571 (3)
0.6598
0.7419 (3)
0.8014
0.7401 (2)
0.6495 (2)
0.5620 (2)
0.8319 (3)
1.0022 (3)
1.0181
1.0526
0.9973
0.6447 (2)
0.6633 (4)
0.7030
0.6896
0.5975
0.4657 (2)
0.4016 (3)
0.4192
0.3130 (3)

0.7259 (3)
0.7329
0.6834 (3)
0.6613
0.6729 (2)
0.7055 (2)
0.7487 (2)
0.7718
0.6902 (3)
0.5667 (3)
0.6229
0.5138
0.5448
0.6322 (3)
0.5486 (3)
0.4880
0.5356
0.5961
0.3219 (2)
0.1751 (2)
0.09734 (17)
0.15331(17)
0.0867 (2)
0.2456 (2)
0.1385 (2)
0.0866 (2)
0.4153 (3)
0.4484
0.4616 (3)
0.5251
0.4149 (3)
0.4478
0.3184 (2)
0.2707 (2)
0.3192 (2)
0.2630 (3)
0.2714 (4)
0.2315
0.3201
0.2297
0.1636 (2)
0.0514 (3)
0.0119
0.0486
0.0261
0.2706 (2)
0.2537 (3)
0.2751
0.2060 (3)

~0.00211 (16)
~0.0319
~0.02369 (17)
~0.0678
0.01933 (16)
0.08603 (16)
0.10680 (15)
0.1506
0.13731 (18)
0.1968 (2)
0.2234
0.2257
0.1704
~0.00428 (19)
~0.0923 (2)
~0.0698
~0.1391
~0.0870
0.20321 (13)
0.19739 (18)
0.17382 (12)
0.08491 (12)
0.19228 (14)
0.21508 (15)
0.06290 (15)
~0.01709 (14)
0.18722 (18)
0.1863
0.21457 (18)
0.2325
0.21548 (17)
0.2328
0.19076 (16)
0.16425 (15)
0.16103 (15)
0.19680 (17)
0.2128 (2)
0.2527
0.2172
0.1748
0.14292 (17)
0.0632 (2)
0.0997
0.0265
0.0488
0.13009 (17)
0.16732 (17)
0.2116
0.13961 (17)

0.0503 (9)
0.060*
0.0506 (9)
0.061*
0.0431 (8)
0.0408 (8)
0.0421 (8)
0.051*
0.0508 (9)
0.0904 (15)
0.136*
0.136*
0.136*
0.0522 (9)
0.0846 (14)
0.127*
0.127*
0.127*
0.0730 (8)
0.0968 (11)
0.0558 (7)
0.0649 (7)
0.0765 (8)
0.0870 (10)
0.0838 (9)
0.0790 (8)
0.0582 (10)
0.070*
0.0625 (11)
0.075*
0.0542 (10)
0.065*
0.0446 (9)
0.0416 (8)
0.0442 (8)
0.0506 (9)
0.0868 (14)
0.130%
0.130%
0.130%
0.0413 (8)
0.1001 (17)
0.150%
0.150%
0.150%
0.0448 (8)
0.0513 (9)
0.062*
0.0478 (9)
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C34
C35
H35
C36
H36
C37
C38
H38A
H38B
H38C
C39
C40
H40A
H40B
H40C

0.2835 (2)
0.3463 (3)
0.3278
0.4362 (3)
0.4772
0.2537 (3)
0.1830 (4)
0.1968
0.1951
0.1156
0.1845 (3)
0.0844 (3)
0.0676
0.0886
0.0349

0.1771 3)
0.1945 (3)
0.1752
0.2404 (3)
0.2510
0.1852 (3)
0.0548 (4)
0.0941
~0.0140
0.0634
0.1319 (3)
0.0424 (4)
~0.0072
0.0122
0.0931

0.0484 (9)
0.0548 (10)
0.066*
0.0546 (10)
0.066*
0.0604 (10)
0.1100 (18)
0.165*
0.165%
0.165%
0.0579 (10)
0.1078 (17)
0.162*
0.162*
0.162*

Atomic displacement parameters (142 )

01
02
03
04
05
06
o7
08
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
C18
C19
C20
09

Ull

0.0541 (17)
0.0398 (16)
0.0691 (18)
0.0716 (18)
0.0744 (19)
0.079 (2)
0.0496 (17)
0.0518 (17)
0.048 (2)
0.052 (2)
0.041 (2)
0.041 (2)
0.040 (2)
0.043 (2)
0.039 (2)
0.042 (2)
0.036 (2)
0.108 (4)
0.0333 (19)
0.049 (2)
0.044 (2)
0.038 (2)
0.035 (2)
0.042 (2)
0.043 (2)
0.099 (4)
0.041 (2)
0.057 (3)
0.0493 (17)

U22

0.0528 (18)
0.0647 (18)
0.0385 (15)
0.0473 (15)
0.0595 (18)
0.0711 (19)
0.117 (3)
0.0757 (19)
0.037 (2)
0.035 (2)
0.045 (2)
0.037 (2)
0.0340 (19)
0.040 (2)
0.051 (2)
0.097 (3)
0.038 (2)
0.054 (3)
0.041 (2)
0.063 (2)
0.063 (2)
0.043 (2)
0.043 (2)
0.047 (2)
0.056 (3)
0.091 (3)
0.057 (2)
0.083 (3)
0.0671 (18)

0.07211 (17)

0.03489 (17)

~0.0099

0.06343 (17)

0.0377

0.1855 (2)

0.2310 (3)

0.2711

0.2429

0.2045

0.0402 (2)

~0.0540 (2)

-0.0267

~0.0944

~0.0652
U33 U12
0.107 (2) 0.0050 (14)
0.0844 (19) ~0.0051 (14)
0.0755 (18) ~0.0081 (13)
0.0569 (15) ~0.0036 (13)
0.0815 (19) 0.0036 (14)
0.0828 (19) 0.0027 (16)
0.086 (2) ~0.0181 (17)
0.0743 (19) ~0.0166 (14)
0.065 (2) 0.0078 (18)
0.065 (2) ~0.0052 (19)
0.050 (2) ~0.0102 (18)
0.0397 (18) ~0.0047 (17)
0.0376 (17) ~0.0015 (16)
0.0428 (19) ~0.0040 (17)
0.046 (2) ~0.006 (2)
0.097 (3) 0.003 (2)
0.053 (2) ~0.0046 (16)
0.099 (3) -0.012 (2)
0.046 (2) 0.0034 (16)
0.045 (2) ~0.005 (2)
0.043 (2) ~0.0078 (19)
0.049 (2) 0.0002 (17)
0.047 (2) 0.0055 (17)
0.0380 (18) 0.0012 (17)
0.055 (2) ~0.0043 (19)
0.102 (3) -0.012 3)
0.056 (2) -0.0014 (19)
0.097 (3) ~0.016 (2)
0.105 (2) ~0.0108 (15)

U13

0.0223 (15)
0.0202 (14)
0.0263 (15)
0.0221 (13)
0.0446 (15)
0.0499 (17)
0.0287 (16)
0.0123 (14)
0.0200 (19)
0.0175 (19)
0.0102 (17)
0.0139 (16)
0.0159 (15)
0.0162 (16)
0.0132 (17)
0.025 (2)
0.0122 (17)
0.032 (3)
0.0129 (16)
0.0236 (18)
0.0101 (17)
0.0156 (17)
0.0177 (16)
0.0128 (16)
0.0188 (18)
0.061 (3)
0.0112 (19)
~0.001 (2)
0.0274 (15)

U23

~0.0148 (16)
~0.0119 (14)
0.0061 (13)
~0.0166 (12)
0.0158 (14)
~0.0061 (16)
~0.0200 (18)
~0.0197 (15)
~0.0003 (18)
~0.0066 (17)
~0.0029 (17)
~0.0010 (15)
~0.0031 (14)
~0.0021 (16)
~0.0085 (18)
~0.009 (3)
~0.0080 (18)
~0.040 (2)
0.0048 (16)
0.0031 (18)
~0.0032 (18)
0.0048 (16)
0.0065 (16)
~0.0007 (16)
0.006 (2)
0.027 (3)
0.004 (2)
~0.015 (3)
~0.0144 (16)
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010
O11
012
013
014
0O15
016
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40

Geometric parameters (4, °)

01—C7
02—C7
02—C8
03—C9
04—C9
04—C10
05—C17
05—C18
06—C17
07—C19
08—C19
08—C20
Cl—C2
C1—Cé6
Cl—H1
C2—C3
C2—H2
C3—C4
C3—H3

0.068 (2)
0.0757 (18)
0.107 (2)
0.083 (2)
0.089 (2)
0.0512 (18)
0.0606 (19)
0.063 (3)
0.078 (3)
0.063 (3)
0.051 (2)
0.051 (2)
0.047 (2)
0.045 (2)
0.052 (3)
0.045 (2)
0.186 (6)
0.043 (2)
0.053 (2)
0.045 (2)
0.037 (2)
0.053 (2)
0.053 (2)
0.049 (2)
0.131 (4)
0.051 (3)
0.078 (4)

0.0443 (19)
0.0373 (14)
0.0389 (15)
0.073 (2)
0.089 (2)
0.110 (3)
0.092 (2)
0.045 (2)
0.037 (2)
0.040 (2)
0.035 (2)
0.0314 (19)
0.040 (2)
0.052 (3)
0.110 (4)
0.038 (2)
0.047 (3)
0.040 (2)
0.053 (2)
0.046 (2)
0.050 (2)
0.067 (3)
0.062 (2)
0.070 (3)
0.105 (4)
0.058 (3)
0.123 (4)

1.188 (4)
1.331 (4)
1.465 (4)
1.205 (4)
1.328 (4)
1.457 (4)
1.323 (4)
1.452 (4)
1.206 (4)
1.209 (4)
1.320 (4)
1.454 (4)
1.375 (5)
1.406 (4)
0.9300

1.379 (4)
0.9300

1.386 (4)
0.9300

0.179 (3)

0.0064 (15)

0.0639 (16) ~0.0082 (13)
0.0671 (17) 0.0001 (14)

0.086 (2)
0.106 (2)
0.092 (2)
0.076 (2)
0.064 (2)
0.066 (3)
0.054 (2)
0.047 (2)

0.0099 (16)
0.0118 (18)
~0.0072 (17)
~0.0128 (16)
0.016 (2)
0.003 (2)
-0.014 (2)
~0.0040 (18)

0.0431 (19) 0.0020 (17)

0.046 (2)
0.052 (2)
0.104 (4)
0.044 (2)
0.099 (3)
0.050 (2)
0.048 (2)
0.053 (2)
0.058 (2)
0.040 (2)
0.050 (2)
0.064 (3)
0.122 (4)
0.060 (3)
0.106 (4)

0.0035 (18)
~0.003 (2)
~0.005 (3)
~0.0016 (17)
-0.003 (3)
0.0068 (17)
0.018 (2)
0.0133 (18)
0.0106 (18)
0.006 (2)
~0.004 (2)
0.009 (2)
~0.001 (3)
0.008 (2)
-0.041 (3)

09—C27

09—C28

010—C27
011—C29
012—C29
012—C30
013—C37
013—C38
014—C37
015—C39
016—C39
016—C40
C21—C22
C21—C26
C21—H21
C22—C23
C22—H22
C23—C24
C23—H23

0.040 (2)
0.0355 (14)
0.0528 (16)
0.0456 (17)
0.064 (2)
0.0262 (16)
0.0102 (15)
0.017 (2)
0.014 (2)
0.0111 (19)
0.0135 (17)
0.0155 (17)
0.0131 (17)
0.0130 (18)
0.033 (3)
0.0178 (17)
0.090 (4)
0.0127 (18)
0.0161 (19)
0.0156 (18)
0.0142 (19)
0.0094 (19)
0.0187 (19)
0.021 (2)
0.080 (4)
0.011 (2)
0.004 (3)

0.0258 (19)
0.0004 (12)
~0.0036 (12)
0.0200 (16)
~0.0156 (19)
0.0036 (18)
~0.0203 (17)
~0.0009 (19)
~0.0107 (18)
0.0025 (18)
0.0053 (16)
0.0035 (15)
0.0028 (16)
0.0053 (18)
-0.019 (3)
~0.0008 (17)
~0.020 (2)
0.0003 (16)
0.0037 (18)
0.0049 (17)
0.0061 (18)
0.0007 (18)
~0.0010 (19)
0.006 (2)
0.032 (3)
0.012 (2)
-0.026 (3)

1.326 (4)
1.469 (4)
1.188 (4)
1.197 (4)
1.331 (4)
1.446 (4)
1.340 (4)
1.465 (4)
1.190 (4)
1.198 (4)
1.328 (4)
1.461 (5)
1.386 (5)
1.399 (4)
0.9300

1.367 (5)
0.9300

1.396 (4)
0.9300
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supplementary materials

C4—Cs
c4—C7
C5—C6
C5—C9
Cc6—Cl1
C8—HSA
C8—HS8B
C8—HBC
C10—HI0A
C10—H10B
C10—H10C
Cl1—C16
Cl1—C12
C12—Cl13
Cl2—HI2
C13—Cl4
C13—HI3
Cl4—C15
C14—C19
C15—Cl6
C15—C17
Cl6—HI16
C18—HI8A
C18—HI8B
C18—HI8C
C20—H20A
C20—H20B
C20—H20C
C7—02—C8
C9—04—C10
C17—05—C18
C19—08—C20
C2—C1—C6
C2—Cl—HI
C6—Cl1—HI
Cl—C2—C3
Cl—C2—H2
C3—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C3—C4—C5
C3—C4—C7
C5—C4—C7
C6—C5—C4
C6—C5—C9
C4—C5—C9
C5—C6—Cl
C5—C6—Cl1

1.399 (4)
1.485 (4)
1.394 (4)
1.510 (4)
1.492 (4)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.389 (4)
1.398 (4)
1.376 (4)
0.9300
1.387 (4)
0.9300
1.406 (4)
1.481 (5)
1.373 (4)
1.506 (4)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

116.6 (3)
115.6 (3)
117.0 (3)
116.2 (3)
120.1 (3)
119.9

119.9

120.7 (3)
119.6

119.6

120.3 (3)
119.9

119.9

119.6 (3)
120.7 (3)
119.6 (3)
120.2 (3)
117.4 (3)
1222 (3)
119.1 (3)
121.8 (3)

C24—C25
C24—C27
C25—C26
C25—C29
C26—C31
C28—H28A
C28—H28B
C28—H28C
C30—H30A
C30—H30B
C30—H30C
C31—C36
C31—C32
C32—C33
C32—H32
C33—C34
C33—C37
C34—C35
C34—C39
C35—C36
C35—H35
C36—H36
C38—H38A
C38—H38B
C38—H38C
C40—HA40A
C40—H40B
C40—H40C

C27—09—C28

C29—012—C30
C37—013—C38
C39—016—C40
C22—C21—C26
C22—C21—H21
C26—C21—H21
C23—C22—C21
C23—C22—H22
C21—C22—H22
C22—C23—C24
C22—C23—H23
C24—C23—H23
C23—C24—C25
C23—C24—C27
C25—C24—C27
C24—C25—C26
C24—C25—C29
C26—C25—C29
C21—C26—C25
C21—C26—C31

1.401 (4)
1.487 (5)
1.401 (4)
1.504 (4)
1.484 (5)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.390 (4)
1.404 (4)
1.381 (5)
0.9300
1.401 (5)
1.502 (5)
1.391 (5)
1.497 (5)
1.386 (5)
0.9300
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

115.8 (3)
114.2 (3)
115.8 (3)
116.7 (3)
120.3 (4)
119.9

119.9

120.8 (4)
119.6

119.6

120.7 (4)
119.6

119.6

118.7 (3)
121.5 (3)
119.6 (3)
121.0 3)
120.4 (3)
118.4 (3)
118.5 (3)
120.4 (3)
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Cl—C6—C11
01—C7—02
01—C7—C4
02—C7—C4
02—C8—HBA
02—C8—H8&B
H8A—C8—HSB
02—C8—H8C
H8A—C8—HSC
H8B—C8—H8C
03—C9—04
03—C9—C5
04—C9—C5
04—C10—H10A
04—C10—H10B
H10A—C10—H10B
04—C10—H10C
H10A—C10—H10C
H10B—C10—H10C
Cl16—CI11—C12
Cl16—C11—C6
C12—C11—C6
C13—C12—Cl11
C13—CI12—H12
Cl11—C12—H]12
Cl12—C13—C14
C12—C13—H13
C14—C13—H13
C13—C14—CI15
C13—C14—C19
C15—C14—C19
Cl16—C15—Cl14
Cl16—C15—C17
Cl14—C15—C17
Cl15—C16—Cl11
C15—Cl16—H16
Cl11—C16—HI16
06—C17—05
06—C17—CI15
05—C17—CI15
05—C18—HI8A
05—C18—HI18B
H18A—C18—H18B
05—C18—HI8C
H18A—CI18—H18C
H18B—C18—H18C
07—C19—08
07—C19—C14
08—C19—C14

119.1 (3)
122.8 (3)
124.8 (3)
112.4 (3)
109.5
109.5
109.5
109.5
109.5
109.5
126.2 (3)
122.1 (3)
111.6 (3)
109.5
109.5
109.5
109.5
109.5
109.5
118.1 (3)
120.6 (3)
1212 (3)
120.7 (3)
119.7
119.7
121.0 3)
119.5
119.5
118.6 (3)
121.5 (3)
119.8 (3)
119.8 (3)
118.0 (3)
122.1 (3)
121.7 3)
119.1
119.1
124.2 (3)
1253 (3)
110.3 (3)
109.5
109.5
109.5
109.5
109.5
109.5
124.1 (3)
124.3 (4)
111.6 (3)

C25—C26—C31
010—C27—09
010—C27—C24
09—C27—C24
09—C28—H28A
09—C28—H28B
H28A—C28—H28B
09—C28—H28C
H28A—C28—H28C
H28B—C28—H28C
011—C29—012
011—C29—C25
012—C29—C25
012—C30—H30A
012—C30—H30B
H30A—C30—H30B
012—C30—H30C
H30A—C30—H30C
H30B—C30—H30C
C36—C31—C32
C36—C31—C26
C32—C31—C26
C33—C32—C31
C33—C32—H32
C31—C32—H32
C32—C33—C34
C32—C33—C37
C34—C33—C37
C35—C34—C33
C35—C34—C39
C33—C34—C39
C36—C35—C34
C36—C35—H35
C34—C35—H35
C35—C36—C31
C35—C36—H36
C31—C36—H36
014—C37—013
014—C37—C33
013—C37—C33
013—C38—H38A
013—C38—H38B
H38A—C38—H38B
013—C38—H38C
H38A—C38—H38C
H38B—C38—H38C
015—C39—016
015—C39—C34
016—C39—C34

121.1 3)
121.6 (4)
125.2 (4)
113.3 (3)
109.5
109.5
109.5
109.5
109.5
109.5
1252 (3)
1232 (3)
111.6 (3)
109.5
109.5
109.5
109.5
109.5
109.5
118.0 (3)
121.1 3)
121.0 3)
121.5 (3)
119.3
119.3
120.0 (3)
116.9 (3)
123.1 3)
118.6 (3)
120.8 (3)
120.5 (3)
121.1 3)
119.5
119.5
120.8 (3)
119.6
119.6
124.3 (4)
126.0 (4)
109.5 (3)
109.5
109.5
109.5
109.5
109.5
109.5
124.4 (4)
123.8 (4)
111.8 (3)
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08—C20—H20A
08—C20—H20B
H20A—C20—H20B
08—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
C6—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
C2—C3—C4—C7
C3—C4—C5—C6
C7—C4—C5—C6
C3—C4—C5—C9
C7—C4—C5—C9
C4—C5—C6—C1
C9—C5—C6—C1
C4—C5—C6—Cl1
C9—C5—C6—Cl1
C2—C1—C6—C5
C2—C1—C6—Cl11
C8—02—C7—O01
C8—02—C7—C4
C3—C4—C7—O01
C5—C4—C7—O01
C3—C4—C7—02
C5—C4—C7—02
C10—04—C9—03
C10—04—C9—C5
C6—C5—C9—03
C4—C5—C9—03
C6—C5—C9—04
C4—C5—C9—04
C5—C6—C11—C16
Cl—C6—C11—C16
C5—C6—C11—C12
Cl—C6—C11—C12
C16—C11—C12—C13
C6—C11—C12—C13
C11—C12—C13—C14
C12—C13—C14—C15
C12—C13—C14—C19
C13—C14—C15—C16
C19—C14—C15—C16
C13—C14—C15—C17
C19—C14—C15—C17
Cl14—C15—C16—Cl11
C17—C15—C16—Cl11
C12—C11—C16—C15
C6—C11—C16—C15

109.5
109.5
109.5
109.5
109.5
109.5
-0.7 (5)
—0.8(5)
1.3 (5)
~175.6 (3)
0.3 (4)
176.6 (3)
~175.5 3)
1.4 (4)
-12(4)
174.3 (3)
179.4 (3)
-5.1(4)
1.7 (5)
~178.9 3)
-3.9(5)
176.6 (3)
174.1 3)
-2.7(5)
~6.4 (4)
176.8 (3)
-0.5(5)
~175.4 3)
~76.6 (4)
98.8 (4)
98.6 (3)
-86.0 (4)
117.0 (3)
~62.4 (4)
~63.0 (4)
117.6 (4)
~1.1(5)
178.9 (3)
0.7 (5)
—0.8(5)
176.7 (3)
1.4 (5)
~176.1 (3)
~175.5 (3)
7.0 (5)
-1.9(5)
175.1 3)
1.7 (5)
~178.3 3)

016—C40—H40A
016—C40—H40B
H40A—C40—H40B
016—C40—H40C
H40A—C40—H40C
H40B—C40—H40C

C26—C21—C22—C23
C21—C22—C23—C24
C22—C23—C24—C25
C22—C23—C24—C27
C23—C24—C25—C26
C27—C24—C25—C26
C23—C24—C25—C29
C27—C24—C25—C29
C22—C21—C26—C25
C22—C21—C26—C31
C24—C25—C26—C21
C29—C25—C26—C21
C24—C25—C26—C31
C29—C25—C26—C31
C28—09—C27—010

C28—09—C27—C24

C23—C24—C27—010
C25—C24—C27—010
C23—C24—C27—09

C25—C24—C27—09

C30—012—C29—O011
C30—012—C29—C25
C24—C25—C29—011
C26—C25—C29—011
C24—C25—C29—012
C26—C25—C29—012
C21—C26—C31—C36
C25—C26—C31—C36
C21—C26—C31—C32
C25—C26—C31—C32
C36—C31—C32—C33
C26—C31—C32—C33
C31—C32—C33—C34
C31—C32—C33—C37
C32—C33—C34—C35
C37—C33—C34—C35
C32—C33—C34—C39
C37—C33—C34—C39
C33—C34—C35—C36
C39—C34—C35—C36
C34—C35—C36—C31
C32—C31—C36—C35
C26—C31—C36—C35

109.5
109.5
109.5
109.5
109.5
109.5

1.1 (6)
-2.0(5)
0.7 (5)
~174.5 (3)
1.5 (5)
176.7 3)
~174.4 (3)
0.9 (5)
1.1(5)
~178.4 (3)
-2.3(5)
173.5 3)
177.1 3)
~7.0 (4)
~1.6(5)
177.0 3)
154.8 (4)
—20.3 (5)
—23.7 (4)
161.1 (3)
-5.0(5)
177.5 3)
107.1 (4)
—68.8 (4)
~75.4 (4)
108.7 (3)
119.8 (4)
~59.6 (4)
—60.2 (4)
120.3 (4)
1.8 (5)
~178.1 (3)
-2.7(5)
175.6 3)
2.0 (5)
~176.1 3)
~175.6 (3)
6.2 (5)
—0.5(5)
177.1 3)
~0.3 (6)
-0.3(5)
179.6 (3)
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C18—05—C17—06

C18—05—C17—CI15
C16—C15—C17—06
C14—C15—C17—06
C16—C15—C17—O05
C14—C15—C17—O05
C20—08—C19—07

C20—08—C19—C14
C13—C14—C19—07
C15—C14—C19—07
C13—C14—C19—08
C15—C14—C19—08

10.4 (5)
~174.3 (3)
68.0 (5)
~115.2 (4)
~107.3 (4)
69.6 (4)
0.3 (5)
~177.9 (3)
~163.5 (4)
13.9 (5)
14.6 (5)
~168.0 (3)

C38—013—C37—014
C38—013—C37—C33
C32—C33—C37—O014
C34—C33—C37—014
C32—C33—C37—013
C34—C33—C37—013
C40—016—C39—O015
C40—016—C39—C34
C35—C34—C39—015
C33—C34—C39—015
C35—C34—C39—016
C33—C34—C39—016

9.6 (6)
~174.8 (3)
60.3 (5)
~121.5 (4)
~115.2 (4)
63.0 (4)
0.1 (6)
~178.0 (3)
~159.6 (4)
17.9 (6)
18.5 (5)
~163.9 (3)
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Fig. 1
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