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The title compound, C,0H,,BNO,, is a simple olefinic
compound which carries both B and N atoms that are trans
to one another. The m-conjugated system of the compound is
considered to be isoelectronic with 1,3-butadiene. There are
two independent molecules in the asymmetric unit in which
the environments around the boron atoms are essentially
planar (r.m.s. deviations of 0.0032 and 0.0021 A for the BO,C
planes). The dihedral angles of the olefinic planes with the
boron planes are 5.70 (11) and 9.74 (9)°, respectively, while
the dihedral angles of the olefinic planes with the carbazole
planes are 19.37 (3) and 10.74 (6)°. These dihedral angles are
consistent with those in 9-ethenylcarbazole and an ethenyl-
boronic ester derivative. The N—Csp®, B—Csp? and C=C
bond lengths suggest that the contribution of the canonical
structure can be described as N'=C—C=B".

Related literature

For the related structure of 9-ethenylcarbazole, see: Tsutsui et
al. (1976); Tian et al. (2006). For the related structure of a
ethenyl-boronic ester derivative, see: Clark et al. (2004). For
the preparation of the title compound, see: Geier et al. (2009).
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Experimental

Crystal data

CyH;,BNO,

M, =319.21
Triclinic, PT
a=11616 (3) A
b=12962 (3) A
¢ =12.99 (3) A
o = 83.620 (11)°
B =85.632 (11)°

Data collection

Rigaku Saturn724+ diffractometer
Absorption correction: numerical
(NUMABS; Rigaku, 1999)
Tmin = 0.990, Tiax = 0.998

Refinement

R[F? > 20(F%)] = 0.053
wR(F?) = 0.137
§=101

6406 reflections

y = 64.647 (6)°

V =1755.6 (8) A®
Z=4

Mo Ko radiation
=008 mm™"
T=93K

0.19 x 0.07 x 0.03 mm

12732 measured reflections

6408 independent reflections
4117 reflections with F? > 20(F?)
Rin = 0.035

433 parameters

H-atom parameters constrained
Apmax =023 e A7

APmin = —022 ¢ A3

Table 1 .

Selected bond lengths (A).

B1-C14 1.537 (3) N2—-C33 1.392 (3)
B2—C34 1.537 (4) Cl3—Cl4 1.336 (4)
N1-C13 1.396 (3) C33—-C34 1.334 (4)

Data collection: CrystalClear (Rigaku, 2008); cell refinement:
CrystalClear; data reduction: CrystalClear; program(s) used to solve
structure: SIR92 (Altomare et al., 1994); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
ORTEP-3 (Farrugia, 1997); software used to prepare material for
publication: CrystalStructure (Rigaku, 2010).

This work was supported by Research for Promoting
Technological Seeds from Japan Science and Technology
Agency (JST).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: FF2046).
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9-[(E)-2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl]-9 H-carbazole

Y. Hatayama and T. Okuno

Comment

Boron and nitrogen atoms are known to be isoelectronic with carbocation and carbanion, respectively. Several isoelectronic
structures have been prepared by replacing C=C bond of aromatic systems with B—N bond. In order to expand the varieties
of isoelectronic structures by utilizing combination of boron and nitrogen atoms, an insertion of C=C bond into B—N bond
is quite important. The title compound, CogH22BNO»>, is a simple olefinic compound which carries both boron and nitrogen

atoms in a trans position. The m-conjugated system is considered to be isoelectronic with 1,3-butadiene.

There are two independent molecules in the asymmetric unit and their structures are similar (Fig.1). The environments
around the boron atoms, the B1/01/02/C14 plane (r.m.s. deviation 0.0032 A and the B2/03/04/C34 plane (r.m.s. deviation
0.0021 A), are planar. The dihedral angles of the C13/H13/C14/H14 plane (r.m.s. deviation 0.0095 A with the N1/C1—C12
plane (r.m.s. deviation 0.0191 A and the B1/01/02/C14 plane are 19.37 (3)° and 5.70 (11)°, respectively. The dihedral
angles of the C33/H33/C34/H34 plane (r.m.s. deviation 0.0111 A with the N2/C21—C32 plane (r.m.s. deviation 0.0376 A
and the B2/03/04/C34 plane are 10.74 (6)° and 9.74 (9)°, respectively. These dihedral angles are consistent with those in
9-ethenylcarbazole (Tsutsui et al., 1976; Tian et al., 2006) and a ethenylboronic ester derivative (Clark et al., 2004). The bond

distances of N1—C13 and N2—C33 show a tendency to be shorten compared with N—Csp2 distance of 9-ethenylcarbazole

(1.398 (8)-1.425 (7) A). The bond distances of B1—C14 and B2—C34 are also tend to be short compared with B-Csp2
distance of the reported ethenylboronic ester derivative (1.544 (5) A). The bond distances of C13—C14 and C33—C34
display a tendency to be elongated compared with C=C bond distances of 9-ethenylcarbazole (1.231 (8)-1.2861 (3) A or a

ethenylboronic ester derivative (1.325 (5) A). These tendencies were well explained by considering the canonical structure

of the T-conjugated system such as N'=C—C=B".

Although a boron atom without steric protection shows intermolecular contact with a lone pair of another atom in many
cases, the spatial contact between the compounds could not be detected. This is presumably because the vacant p-orbital of

boron atom is satisfied with the lone pairs of oxygen atoms and/or &t electrons of the C=C bond.

Experimental

The title compound was prepared according to a published procedure (Geier et al., 2009). The purification of the compound
was performed by gel permeation chromatography (GPC). The single crystals with sufficient quality for X-ray analysis were

obtained by concentration of a hexane solution in a refrigerator.

Refinement

The C-bound H atoms were placed at ideal positions and were refined as riding on their parent C atoms. Ujso(H) values of

the H atoms were set at 1.2Uqq(parent atom).
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Figures

Fig. 1. The asymmetric unit of the title compound with atom-numbering scheme. Displace-
ment ellipsoids are drawn at the 50% probability level and H atoms are shown as small
spheres.

9-[(E)-2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)ethenyl]- 9H-carbazole

Crystal data
CaoH2BNO, Z=4
M,.=319.21 F(000) = 680.00

Triclinic, PT

Hall symbol: -P 1
a=11.616 (3) A
h=12.962 (3) A
c=12.990 (3) A
a=83.620 (11)°
B=85.632 (11)°
v = 64.647 (6)°
V=1755.6 (8) A>

Data collection

Rigaku Saturn724+
diffractometer

Detector resolution: 29.257 pixels mm’!

 scans

Absorption correction: numerical
(NUMABS; Rigaku, 1999)

Tinin = 0.990, Tnax = 0.998
12732 measured reflections
6408 independent reflections

Refinement
Refinement on F2
R[F? > 26(F%)] = 0.053
WR(F?) =0.137
§=1.01

6406 reflections

433 parameters

0 restraints

Dy=1208 Mgm >

Mo Ka radiation, A=0.71075 A

Cell parameters from 4367 reflections
0=1.7-30.9°

w=0.08 mm '

T=93K

Prism, colourless

0.19 x 0.07 x 0.03 mm

4117 reflections with F> > 20(F2)
Rint=0.035
Omax = 25.5°

h=-14—-9

k=-15—15
I=-14-15

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[cX(F,?) + (0.068P)*]
where P = (F,> + 2F.2)/3
(A/6)max < 0.001

ApPmax =023 ¢ A3

Apmin =—022e A3
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Primary atom site location: structure-invariant direct
methods
Special details

Refinement. Refinement was performed using all reflections except for 2 with very negative F2. The weighted R-factor (wR) and

goodness of fit (S) are based on F2. R-factor (gt) are based on F. The threshold expression of F2>2.0 G(Fz) is used only for calculating
R-factor (gt).

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

X y z Uiso*/Ueq
o1 1.19650 (14) 0.80244 (12) 0.27030 (11) 0.0288 (4)
02 1.05702 (13) 0.72769 (12) 0.23902 (11) 0.0276 (4)
03 0.73428 (13) 0.89367 (12) 0.10030 (10) 0.0267 (4)
04 0.65878 (15) 0.75895 (15) 0.08875 (13) 0.0446 (5)
N1 0.89819 (16) 1.15426 (15) 0.21620 (13) 0.0266 (5)
N2 0.45751 (16) 1.05543 (15) 0.34418 (12) 0.0251 (4)
Cl1 0.7867 (2) 1.20195 (18) 0.15851 (16) 0.0266 (5)
2 0.7364 (2) 1.15124 (19) 0.09656 (16) 0.0296 (6)
c3 0.6224 (2) 1.22080 (19) 0.04871 (17) 0.0336 (6)
c4 0.5611 (3) 13375 (2) 0.06069 (18) 0.0381 (6)
cs 0.6129 (3) 1.3884 (2) 0.11964 (18) 0.0359 (6)
C6 0.7264 (2) 1.32114 (18) 0.16925 (16) 0.0296 (6)
c7 0.8042 (2) 1.34695 (18) 0.23469 (17) 0.0300 (6)
cs 0.7935 (3) 1.4481 (2) 0.27136 (18) 0.0380 (6)
c9 0.8881 (3) 1.4439 (2) 0.33207 (19) 0.0407 (6)
C10 0.9931 (3) 1.3404 (2) 0.35646 (18) 0.0373 (6)
Cl11 1.0044 (3) 1.2395 (2) 0.32233 (17) 0.0325 (6)
cI12 0.9099 (2) 1.24341 (18) 0.26120 (16) 0.0274 (5)
c13 0.9859 (2) 1.03972 (18) 0.23079 (15) 0.0263 (5)
Cl4 0.9701 (2) 0.94585 (18) 0.21762 (15) 0.0260 (5)
c15 1.2589 (2) 0.68006 (18) 0.30464 (17) 0.0293 (5)
Cl6 1.1828 (2) 0.63081 (18) 0.24721 (17) 0.0301 (6)
C17 1.2405 (3) 0.6684 (2) 0.42173 (17) 0.0405 (7)
c18 1.3987 (2) 0.6370 (2) 0.27360 (19) 0.0364 (6)
C19 1.2325 (3) 0.6055 (2) 0.13647 (18) 0.0359 (6)
C20 1.1668 (3) 0.52875 (19) 0.30432 (19) 0.0400 (6)
C21 0.35972 (19) 1.03528 (18) 0.40093 (15) 0.0259 (5)
c22 0.3077 (2) 0.95879 (19) 0.38847 (16) 0.0283 (5)
23 0.2077 (2) 0.9603 (2) 0.45537 (17) 0.0333 (6)
C24 0.1605 (3) 1.0353 (2) 0.53272 (17) 0.0367 (6)
C25 0.2107 (2) 1.1126 (2) 0.54471 (17) 0.0333 (6)
26 0.3101 (2) 1.11383 (18) 0.47789 (15) 0.0263 (5)
C27 0.3769 (2) 1.18617 (18) 0.46632 (15) 0.0256 (5)
28 0.3674 (2) 1.27887 (19) 0.51777 (17) 0.0318 (6)
C29 0.4455 (3) 133272 (19) 0.48543 (17) 0.0338 (6)
C30 0.5321 (3) 1.2958 (2) 0.40222 (17) 0.0332 (6)
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C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
B1
B2
H2
H3
H4
H5
H8
H9
H10
H11
H13
H14
H17A
H17B
H17C
HI18A
H18B
H18C
HI19A
H19B
H19C
H20A
H20B
H20C
H22
H23
H24
H25
H28
H29
H30
H31
H33
H34
H37A
H37B
H37C
H38A
H38B

0.5438 (2)
0.4653 (2)
0.54010 (19)
0.5570 (2)
0.7890 (2)
0.7708 (3)
0.7120 (3)
0.9265 (2)
0.8800 (3)
0.7429 (3)
1.0760 (3)
0.6507 (3)
0.7785
0.5856
0.4826
0.5715
0.7222
0.8817
1.0579
1.0752
1.0674
0.8916
1.1492
1.2795
1.2810
1.4363
1.4079
1.4426
1.2387
1.1738
1.3170
1.1106
1.1292
1.2502
0.3395
0.1709
0.0930
0.1780
0.3081
0.4402
0.5841
0.6036
0.5926
0.5108
0.7186
0.6225
0.7452
0.9737
0.9314

1.20373 (19)
1.14974 (18)
0.99494 (19)
0.89644 (18)
0.84178 (19)
0.7292 (3)
0.9265 (3)
0.8232 (2)
0.6309 (2)
0.6927 (3)
0.8250 (2)
0.8488 (3)
1.0717
1.1879
1.3828
1.4686
1.5186
1.5122
1.3397
1.1691
1.0269
0.9539
0.6998
0.7104
0.5872
0.6791
0.6491
0.5551
0.6733
0.5863
0.5409
0.5093
0.5481
0.4631
0.9072
0.9088
1.0335
1.1640
1.3044
1.3955
1.3346
1.1784
1.0291
0.8554
0.9992
0.9395
0.8955
0.7721
0.8970

0.35044 (17)
0.38344 (15)
0.26653 (15)
0.23134 (16)
0.00247 (15)
0.01803 (19)
~0.08385 (18)
~0.00862 (17)
0.0738 (3)
~0.0810 (3)
0.24176 (18)
0.1401 (2)
0.0873
0.0069
0.0279
0.1262
0.2548
0.3576
0.3973
0.3403
0.2529
0.1928
0.4401
0.4533
0.4473
0.3070
0.1982
0.2955
0.0996
0.1009
0.1378
0.2657
0.3736
0.3105
0.3359
0.4480
0.5779
0.5975
0.5742
0.5201
0.3806
0.2943
0.2334
0.2630
~0.0823
~0.0742
~0.1508
0.0500
~0.0097

0.0305 (6)
0.0253 (5)
0.0264 (5)
0.0292 (5)
0.0292 (5)
0.0399 (6)
0.0499 (8)
0.0326 (6)
0.0529 (8)
0.0710 (10)
0.0263 (6)
0.0285 (6)
0.0355%
0.0403*
0.0457*
0.0430%
0.0456*
0.0488*
0.0448*
0.0390*
0.0316*
0.0312*
0.0486*
0.0486*
0.0486*
0.0437*
0.0437*
0.0437*
0.0430%
0.0430%
0.0430%
0.0480*
0.0480*
0.0480*
0.0339*
0.0399*
0.0441%
0.0399*
0.0382*
0.0405*
0.0399*
0.0366*
0.0317*
0.0351*
0.0598*
0.0598*
0.0598*
0.0391*
0.0391*
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H38C
H39A
H39B
H39C
H40A
H40B
H40C

0.9638
0.8581
0.8951
0.9572
0.6693
0.7239
0.8173

0.7885
0.5657
0.6555
0.6081
0.7558
0.6258
0.6728

Atomic displacement parameters (142 )

01
02
03
04
N1
N2
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl16
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31

Ull

0.0296 (9)
0.0256 (8)
0.0296 (9)
0.0408 (10)
0.0274 (11)
0.0243 (10)
0.0229 (12)
0.0292 (13)
0.0308 (14)
0.0288 (13)
0.0311 (14)
0.0278 (13)
0.0294 (13)
0.0392 (15)
0.0479 (16)
0.0398 (15)
0.0356 (14)
0.0319 (13)
0.0243 (12)
0.0265 (12)
0.0290 (13)
0.0247 (12)
0.0459 (16)
0.0304 (13)
0.0299 (13)
0.0401 (15)
0.0199 (11)
0.0267 (12)
0.0319 (13)
0.0331 (14)
0.0340 (14)
0.0262 (12)
0.0250 (12)
0.0317 (13)
0.0383 (14)
0.0366 (14)
0.0284 (13)

U22

0.0213 (8)
0.0199 (8)
0.0262 (8)
0.0484 (11)
0.0209 (10)
0.0263 (10)
0.0233 (12)
0.0242 (12)
0.0309 (13)
0.0353 (14)
0.0244 (13)
0.0235 (12)
0.0230 (12)
0.0267 (13)
0.0291 (14)
0.0365 (15)
0.0287 (13)
0.0245 (12)
0.0249 (12)
0.0236 (12)
0.0192 (11)
0.0188 (11)
0.0348 (14)
0.0275 (13)
0.0299 (13)
0.0267 (13)
0.0299 (12)
0.0278 (12)
0.0362 (14)
0.0463 (16)
0.0374 (14)
0.0264 (12)
0.0254 (12)
0.0283 (13)
0.0272 (13)
0.0323 (14)
0.0327 (13)

—0.0734
0.0900
0.1381
0.0291
—0.1138
—0.0643
—0.1286

U33

0.0343 (9)
0.0345 (9)
0.0223 (8)
0.0571 (11)
0.0293 (10)
0.0227 (10)
0.0290 (12)
0.0307 (12)
0.0365 (13)
0.0404 (14)
0.0412 (14)
0.0332 (13)
0.0355 (13)
0.0451 (15)
0.0484 (15)
0.0400 (14)
0.0335 (13)
0.0274 (12)
0.0257 (12)
0.0260 (12)
0.0371 (13)
0.0426 (14)
0.0376 (14)
0.0482 (15)
0.0462 (14)
0.0546 (16)
0.0239 (11)
0.0274 (12)
0.0316 (13)
0.0288 (13)
0.0252 (12)
0.0211 (11)
0.0216 (11)
0.0287 (12)
0.0335 (13)
0.0337 (13)
0.0287 (12)

U12

~0.0095 (7)
~0.0073 (7)
~0.0095 (7)
~0.0285 (9)
~0.0089 (8)
~0.0088 (8)
~0.0070 (10)
~0.0081 (10)
~0.0120 (11)
~0.0071 (12)
~0.0039 (11)
~0.0085 (10)
~0.0107 (10)
~0.0128 (12)
~0.0198 (13)
~0.0201 (12)
~0.0151 (11)
~0.0144 (11)
~0.0074 (10)
~0.0088 (10)
~0.0075 (10)
~0.0050 (10)
~0.0137 (13)
~0.0086 (11)
~0.0091 (11)
-0.0161 (12)
~0.0075 (10)
~0.0089 (10)
~0.0152 (11)
~0.0170 (12)
~0.0123 (12)
~0.0060 (10)
~0.0058 (10)
~0.0052 (11)
~0.0093 (11)
~0.0173 (12)
~0.0115 (11)

0.0391*
0.0635*
0.0635*
0.0635*
0.0852*
0.0852*
0.0852*

U13

~0.0038 (7)
0.0004 (7)
0.0040 (6)
0.0249 (8)
0.0045 (8)
0.0027 (8)
0.0068 (10)
0.0011 (10)
0.0013 (11)
0.0030 (11)
0.0072 (11)
0.0098 (10)
0.0111 (10)
0.0122 (12)
0.0125 (13)
0.0047 (11)
0.0059 (11)
0.0082 (10)
0.0011 (9)
0.0010 (9)
~0.0036 (10)
~0.0029 (10)
~0.0070 (12)
~0.0053 (11)
~0.0004 (11)
~0.0084 (12)
0.0004 (9)
0.0013 (10)
0.0014 (11)
0.0098 (10)
0.0035 (10)
~0.0029 (9)
~0.0044 (9)
~0.0046 (10)
~0.0110 (11)
~0.0074 (11)
0.0021 (10)

U23

~0.0006 (7)
~0.0021 (7)
~0.0065 (6)
~0.0320 (9)
~0.0031 (8)
~0.0052 (8)
0.0000 (10)
0.0015 (10)
0.0018 (11)
0.0053 (12)
0.0023 (11)
~0.0021 (10)
~0.0038 (10)
~0.0057 (11)
~0.0115 (12)
~0.0081 (11)
~0.0032 (10)
~0.0044 (10)
~0.0004 (9)
~0.0032 (9)
~0.0016 (10)
~0.0028 (10)
~0.0006 (11)
~0.0036 (11)
~0.0124 (11)
0.0045 (12)
~0.0006 (10)
~0.0032 (10)
~0.0009 (11)
~0.0010 (11)
~0.0049 (10)
~0.0009 (9)
~0.0010 (9)
~0.0044 (10)
~0.0052 (10)
0.0012 (11)
~0.0036 (10)
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supplementary materials

C32
C33
C34
C35
C36
C37
C38
C39
C40
B1

B2

0.0255 (12)
0.0218 (12)
0.0282 (13)
0.0307 (13)
0.0369 (14)
0.0461 (17)
0.0333 (13)
0.0555 (18)
0.065 (2)

0.0312 (15)
0.0243 (14)

Geometric parameters (4, °)

01—C15
01—Bl1
02—C16
02—Bl1
03—C35
03—B2
04—C36
04—B2
N1—C1
N1—C12
N1—C13
N2—C21
N2—C32
N2—C33
Cl—C2
C1—Cé6
C2—C3
C3—C4
C4—Cs
C5—C6
C6—C7
C7—C8
C7—C12
C8—C9
C9—C10
C10—Cl11
Cl11—C12
C13—Cl14
Cl14—Bl1
C15—Cl16
C15—C17
C15—CI18
C16—C19
C16—C20
C21—C22

0.0250 (12)
0.0315 (13)
0.0270 (13)
0.0331 (13)
0.0416 (15)
0.0581 (18)
0.0388 (14)
0.0281 (14)
0.096 (3)

0.0260 (14)
0.0281 (14)

1.466 (3)
1.373 (4)
1.465 (3)
1.376 (4)
1.474 (3)
1.374 (4)
1.467 (3)
1.371 (4)
1.407 (3)
1.412 (4)
1.396 (3)
1.409 (3)
1.415 (4)
1.392 (3)
1.393 (4)
1.415 (3)
1.390 (3)
1.391 (4)
1.381 (5)
1.391 (3)
1.446 (4)
1.397 (4)
1.406 (3)
1.380 (5)
1.397 (3)
1.378 (4)
1.383 (4)
1.336 (4)
1.537 (3)
1.560 (4)
1.520 (3)
1.512 (4)
1.525 (4)
1.519 (4)
1.392 (4)

0.0237 (11)
0.0229 (11)
0.0310 (12)
0.0222 (11)
0.0479 (15)
0.0305 (14)
0.0266 (12)
0.0670 (19)
0.080 (3)

0.0221 (13)
0.0330 (14)

~0.0081 (10)
~0.0089 (10)
~0.0110 (10)
~0.0114 (11)
~0.0214 (12)
~0.0076 (14)
~0.0167 (11)
~0.0143 (13)
~0.054 (2)

~0.0129 (12)
~0.0108 (12)

C35—C36
C35—C37
C35—C38
C36—C39
C36—C40

C2—H2
C3—H3
C4—H4
C5—HS5
C8—HS
C9—H9

C10—H10
Cl1—H11
C13—H13
Cl4—H14
C17—H17A
C17—H17B
C17—H17C
C18—HI18A
C18—H18B
C18—H18C
C19—HI19A
C19—HI19B
C19—H19C
C20—H20A
C20—H20B
C20—H20C
C22—H22
C23—H23
C24—H24
C25—H25
C28—H28
C29—H29
C30—H30
C31—H31

~0.0034 (9)
0.0008 (9)

0.0047 (10)
0.0043 (10)
0.0202 (12)

~0.0036 (9)
~0.0020 (10)
~0.0037 (10)
~0.0082 (10)
~0.0250 (12)

~0.0037 (12) ~0.0037 (13)

0.0081 (10)
0.0294 (14)
0.0319 (17)
0.0029 (11)

~0.0069 (10)
~0.0077 (13)
~0.063 (2)

~0.0027 (11)

~0.0003 (11) ~0.0041 (11)

1.551 (5)
1.517 3)
1.507 (4)
1.519 (4)
1.522 (5)
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
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supplementary materials

C21—C26
2223
C23—C24
C24—C25
C25—C26
C26—C27
C27—C28
C27—C32
C28—C29
C29—C30
C30—C31
C31—C32
C33—C34
C34—B2
01--C13
01--C19
02--C17
03-C33
03--C39
04--C37
N1-C5
C1-C4
Cl1--Cl4
C2-C5
C2--C13
C2--Cl4
C3-C6
C5-C8
C7--C10
c8--Cl1
C9--C12
C11-C13
C17-+C20
C17-Bl
C18--C19
C18--C20
C18-BI
C19--Bl
C20--Bl

C21--C24
C21---C34

C22:-C25
C22:--C33
C22---C34

1.416 (3)
1.391 (4)
1.390 (4)
1.385 (5)
1.395 (4)
1.442 (4)
1.399 (4)
1.402 (3)
1.380 (4)
1.395 (3)
1.385 (4)
1.388 (4)
1.334 (4)
1.537 (4)
3.017 (3)
3.110 (4)
3.119 (3)
2.971 (3)
3.134 (3)
3.159 (4)
3.598 (3)
2.764 (3)
3.126 3)
2.822 (4)
3.187 (3)
3.235(3)
2.773 (4)
3353 (5)
2.768 (4)
2.816 (3)
2.756 (4)
3.060 (4)
2911 (5)
3.089 (4)
2.903 (4)
3.513(5)
3.514 (4)
3.054 (4)
3.534 (4)
2.772 (4)
3.150 3)
2.827 (4)
3.207 (4)
3.266 (3)

C33—H33

C34—H34

C37—H37A
C37—H37B
C37—H37C
C38—H38A
C38—H38B
C38—H38C
C39—H39A
C39—H39B
C39—H39C
C40—HA40A
C40—H40B
C40—H40C

C26-
C26-
C27-
C28-
C28-
C28-
C28-
C29-
C29-
C29-
C29-
C29-
C30-
C30-
C30-
C33-
C33-
C33-
C33-
C34-
C34-
C34-

C34--
C35---
C35---
C37--
C37--

C38-

H10Y
HIY
H10"Y
_H9xi
HISA®
'HZOCViii
.H34iii
‘H17B*
'H17CViii
HISA®
_ngcviii
'HZOCViii
-H17B*
H1 chiii
_Hzocviii
_stiii
‘H37BY
H37CY
-H40AY
'H28iii
‘H37AY
‘H37BY
H37CY

H2
H14
H2
H3
H13'
H2

H13l

0.950
0.950
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980

3.2689
3.1521
3.5052
3.4471
3.5790
3.3390
3.2475
3.1483
3.0266
3.0783
3.5697
3.1325
2.9601
3.2391
3.2835
3.5184
3.0667
3.3930
3.5877
3.3559
3.5331
2.9875

3.5375
3.2424
3.5176
3.3948
3.3753
3.4537
3.2725
3.5449

sup-7



supplementary materials

31
C37--
C37-
C38-
C38-
C38:-
C39--
C40--

C26
C28

C30

C31
C32

C33
C40
‘B2
C39
C40
‘B2
‘B2
‘B2

22
23

C11-

Cl13-
Cl4

Cl4-
c21-
c21-
C22-+
€23+
C24-
C24-
€26+
C27-
C32-
C34-
C37-
€38
€38~

C38
C2
Cl14

C38il
C26iii
03
241
C38t
03
C24il
C27iii
C32iii
01 iv
Oliv
civ
C14iii
,N2iii
21 iii
Czliii
37"
34"
02
N1i
ci3f
H13
H14
H17A

2.769 (5)
3343 (5)
2.768 (4)
2.820 (3)
2.760 (4)
3.046 (4)
2.892 (6)
3.103 (4)
2.850 (5)
3.471 (6)
3.521 (4)
3.093 (4)
3.529 (5)
3372 (4)
3.370 (4)
3.526 (3)

3.344 (4)
3.569 (4)

3317 (3)
3.492 (3)
3.344 (4)
3.578 (3)
3.533 (4)
3.569 (4)
3.462 (3)
3.572(3)
3.596 (3)
3372 (4)
3.370 (4)
3.578 (3)
3.462 (3)
3.492 (3)
3572 (3)
3.596 (3)
3.535(4)
3.535 (4)
3.526 (3)
3317 (3)
3.533 (4)
2.6326

3.4004

2.5927

C39-
C40--
C40--
C40-
C40--
C40--
H23!

24T
H25'
Bl

H3-
H3-
3
H3-
H37A
H3-

H3-
Ha-
H3-
H--
H--
Ha--
Ha-
Ha--
Ha--

H14
H19B

H8Vi
H19B
H20A

“H39CX
H3Y
H4Y
H1 9Bxiii
H1 9Cxiii
H20A

H38A

H37BY
03
C35

C37
C38
H31
H33
H37A
H38B
03
04"
C37
C40"
H18B'
H19Al
H33

H37B
H37BY
H40AY
H40B"
04"
C4vii
C5vii
C19viil
c40¥
Havil

3.1802
3.4358
3.4457
3.2488
3.5219
3.2368

3.5481
3.1717
3.3541
3.5448
3.5302
3.4196
3.1429
3.4434
3.1009

3.2813
2.5567
3.2424

3.3948
3.2725
3.2950
2.9556

2.7348
2.5925
3.5567
2.9576
3.3753
3.5481
3.2288
3.3887
3.3831
2.6147
3.3418
3.4791
2.9959
3.4447
3.4571
3.5083
3.1527
3.4437
3.1717
3.2307
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supplementary materials

o1~
ol
o1~
oL~
o1~
ol
02~
02~
02~
02~
02~
02~
02~
02~
03~
03~
03~
03~
03
03~
03~
03~
03~
04~
04

04~
04--
04--
NI~
NI~
NI~
N2~
N2~
N2~
Cl
c1-
cl-
cl-

H17B
H17C
HI18A
H18B
H18C
HI9A
H14

H17A
HI19A
H19B
H19C
H20A
H20B
H20C
H33

H34

H37A
H37B
H37C
H38A
H38B
H38C
H39B
H34

H37B
H39A
H39B
H39C

H40A
H40B
H40C
H2
HI11
H14
H22
H31
H34
H3
H5
H13
H14

2.5956
3.2569
2.6000
2.5969
3.2583
2.8139
2.7591
2.8254
2.5804
2.5790
3.2483
2.6133
2.6130
3.2682
2.5590
3.3888
2.5809
2.5816
3.2528
2.6159
2.6184
3.2734
2.8506
2.7989
2.8849
2.5820
2.5823
3.2502

2.6288
2.6302
3.2800
2.8113
2.7883
2.6814
2.8125
2.7862
2.7119
3.2430
3.2876
3.3075
2.9029

Ha--
Ha--
Ha-
Ha--
Ha-
Ha-
Ha--
Ha--
HS--
HS--
HS-
H5--
H5-
HS--
HS--
HS--

HS5--
HS5--

He-
He-
He-
He-
He-
HE-
He-

Hg--
Hg--
HO-
Ho--
Ho--
Ho--
Ho--
Ho--
Ho--
Ho-
Ho--

HSVii
H18B!
H19A'
H19Bviii
H19Cviii
H19C!
H40AY
H40B"
C4Vii
C18viii
C19viii
H4vii
H18AVi
H18BVi
H18Cili
Hi9CVil
H19C!
H30

-04%

.Cl gviii
-C391%
H1 8Aviii
'HlSBViii
~ngcviii
H28M
-H20M

H30
H39AX
H39B™
20
c28™
H17C*
H20A™
H20B™
H20B*
H28™
H39AX
H39B™

H10--C20™
H10--C25
H10--C26'

2.5326
3.1088
3.3451
3.5571
2.6059
3.4309
3.0916
2.4566
3.2378
3.0086
3.5579
2.5326
3.5520
2.5229
2.6356
2.6893
3.5690
3.5397
3.4179
3.3972
3.4457
3.1419
3.4023
3.0879
3.2629

3.3817
3.5972
2.7319

3.3861
3.4233
3.4471
3.5047
2.8175
3.1279
3.4972
2.6427
3.4756
3.2565
3.2907
3.2043
3.2689
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supplementary materials

c2--
c2--
C3--
C4--
C5--
C5--
C6-
C6
C6-
C7--
C7--
C7--
C8--
C8-
C9---
C10-
Cll-
Cl1--
Cl12-
Cl12-
Cl12-
Cl13--
Cl13--
Cl14-
Cl15-
Cl15-
Cl15-

Cl15-
Cl15-
Cl16-
Cl16-

Cl6-
Cl16-

Cl16+
C17-
c17-

C17--
C17--
C17-
C18-

H4
H14
H5

H2

H3

HS8

H2

H4

H8

H5

H9
HI11
H5
H10
H11
-H8
-‘H9
H13
-H8
-H10
-H13
H2
H11
-H2
‘HI9A
‘H19B
-H19C

H20A
‘H20B
-H20C
‘H17A
‘H17B

-H17C
‘H18A

H18B
H18C
H18A
‘H18B

H18C
H20B
-H20C
‘HI17A

3.2747
2.6526
3.2678
3.2842
3.2595
3.2208
3.3074
3.2492
2.8819
2.8662
3.2514
3.2934
3.2121
3.2630
3.2784
3.2728
3.2680
2.7690
3.2843
3.2294
2.6224
3.0174
2.8553
2.7073
2.7060
3.4063
2.8307

3.4310
2.7680
2.8499
2.6979
3.3999

2.8198
3.4202

2.7461
2.8420
2.6686
3.3409

2.7106
2.5614
3.1232
3.3396

H10--
H10--
H10--
H10--
H10--
H10--
H11-
H1l-
H1l-
Hll--
H1l-
H1l-
H1l-
HII-
HI1-
HII-
HI11-
H13-
H13-
H13-
H13-
H13-
H13-
H13-
H13-
H13-
HI13--

H13.
Hl4-

H14-
Hl4-
Hl4-
Hl4-
Hi4-
Hi4-
Hi4-
Hi4-

HI17A--

HI7A
H17A
H17A
H17A

27!
H17AX
H20A™
H20B™
H20C™
H25!
c21
22!
c23!
C24!
C2s'
C26!
H22!

‘H23!
‘H24!
H37CH
‘H38CH

C22!
C23!
c37t
C38fl
H22!
H23!
H24iii
H37Al
H37C!
H38B'!
H38C'!
03

.24

C35
C38

H241
stiii
H33

H38A
H38B

c9*
~C11*
~H23!

3.5052
3.2488
2.8790
3.1254
3.3305
3.2265
3.1201
2.9476
2.7948
2.8600
3.0466
3.1521
3.4705
3.2479
3.3524
3.0481
3.4828
3.1563
3.0430
3.4537
3.5449
3.0827
2.8696
3.0257
3.1325
2.9407
3.2048

3.0730
2.6754
3.5794
3.5176
3.1802

3.0246
3.1952

3.1980
2.9460
2.7622
3.4193

3.1239
3.4394
3.2488
2.8395
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supplementary materials

C18--H17B 2.6731 H17A--H241 3.3931
C18---H17C 2.7096 HI17A--H25i 3.4855
C18-H19A 2.9053 H17B--C22! 3.3821
C18--H19C 2.7068 H17B--C23! 2.9814
C18-H20C 3.3551 H17B--C29" 3.1483
C19--H18B 2.5385 H17B-C30" 2.9601
C19--H18C 3.1228 H17B--H22! 3.1321
C19-+-H20A 2.6581 H17B--H23! 2.3248
C19--H20B 3.3434 H17B--H29* 2.9741
C19--H20C 2.7170 H17B-+H30% 2.6374
C20--H17A 2.9148 H17C-C9* 3.4345
C20-+H17C 2.7084 H17C-C29% 3.0266
C20--H18C 3.3563 H17C-H9* 3.5047
C20--HI19A 3.3428 H17C--H29% 2.5097
C20--H19B 2.6698 H17C-+H29% 3.4017
C20-+-H19C 2.7078 H17C-H30% 3.2977
C21--H23 3.2440 HI18A-(C22 3.5314
C21-+H25 3.2966 HI8A--C28* 3.5790
C21-+H33 3.3191 H18A-C29% 3.0783
C21-H34 2.9454 HI18A-H5 3.5520
C22-H24 3.2770 HI18A-Hg*! 3.1419
C22--H34 2.6857 HI8A--H22! 2.7350
C23---H25 3.2714 HI18A--H28* 3.5441
C24--H22 3.2856 H18A-H29¥ 2.6193
C25-+-H23 3.2619 HI8A--H34! 2.7615
C25-H28 3.2083 H18B-C3" 3.4227
C26-+H22 3.3037 H18B---C4ll 3.3475
C26--H24 3.2527 H18B--C5Xi 3.4101
C26:--H28 2.8811 HI18B--H3! 3.2288
C27-H25 2.8609 H18B-H4ll 3.1088
C27-H29 3.2550 H18B--H5M! 2.5229
C27-H31 3.2964 H18B--Hg"! 3.4023
C28-+H25 3.2015 H18B---H34! 3.5610
C28-H30 3.2594 H18C--C5Mi 3.2483
C29--H31 3.2864 H18C---C29%i 3.5697
C30--H28 3.2694 H18C-C30% 3.2391
C31--H29 3.2762 H18C--H5M! 2.6356
C31-+H33 2.6998 H18C--Hg"! 3.0879
C32-+H28 3.2817 H18C---H29%i 3.3891
C32-H30 3.2340 H18C-H29* 3.0961
C32-H33 2.5860 H18C-H30% 2.7643
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supplementary materials

€33
C33~
C34-
C35+
€35+
C35+
€35+

C35-
C35--
C36-
C36-
C36-

C36-
C36-
C37-
C37-
C37-

C37-
C37-
C38--
C38:-
C38-
C38-
C38--
C38:-
C39--
C39--
C39--
C39--
C39--

C40-
C40--
C40-~

C40--

C40-
C40-

~H22
‘H31
‘H22
‘H39A
H39B
-H39C
‘H40A
-H40B

H40C
H37A
H37B
-H37C

H38A
‘H38B
-H38C
H38A
‘H38B
-H38C

-H40A
‘H40C
‘H37A
‘H37B
H37C
H39B
‘H39C
-H40C
‘H38A
-H38C
H40A
H40B
‘H40C
‘H37B
H37C
-H38C

-H39A

H39B
-H39C
H13

H17A
H17B
H18B
H19A

3.0430
2.8401
2.7325
3.3943
2.7001
2.8132
2.7344
3.4078

2.8162
3.4058
2.7197
2.8365

2.7127
3.3958
2.8100

3.3303

2.6499
2.7018

2.5399
3.0849
2.6644
3.3290
2.6915
2.8542
2.6485
3.3064
2.4819
3.0545
3.3444
2.6705
2.7152
2.8996
2.6953
3.3073

2.6815

3.3453
2.7026
2.5945

2.8662
3.5240
3.5789
2.8185

H19A--
HI9A-
HI9A-
HI9A-
HI19A-
HI19A-
H19A--

HI9A -
HI%A--
HI9B---
HI9B---

HI9B---

HI9B:--
HI9B--
HI9B--

HI19B-
HI19B-
H19B-

H19B-
H19B-
H19C-
H19C-
H19C-
H19C-
H19C-
H19C-
H19C-
H19C-
H19C-
H19C-
H20A--

H20A-
H20A--

H20A--
H20A--

H20A--
H20A--
H20A--

H20A--
H20A--
H20B-
H20B--

'Clii
'CZH
'C3ii
-c4t
‘CSii
'C6ii
'H3ii
‘H4l

H38A
C38
C39
C40xiii
H4xii
H38A
H38C
H39Axiii
H39B
H39C

‘H40B*i
“H40CX
cgi
-c4l
.C5¥il
'CSii
.C40xii
4
H4't
S
_Hsii
'H40me
'C9Vi
10"

C39
C40xiii
H9"!
H10"

H39B
H39C

-H40B1
-H40CHi
'H9Vi
H9X

3.5328
3.3037
3.0062
2.9686
3.2092
3.4812
3.3887
3.3451

2.8762
3.4358
3.2488
3.3541

3.5571

2.5937
3.4631

3.4666

2.9822
2.6398

2.5695
3.2955
3.1214
3.4047
3.1528
3.4970
3.5448
2.6059
3.4309
2.6893
3.5690
2.6852
3.0849

3.1275
3.5219
3.5302

2.8175

2.8790
2.9115
3.5019

3.3125
2.9080
3.1279
3.4972
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supplementary materials

B1-~-H19B 3.4857 H20B--H10" 3.1254
B2--H33 2.5578 H20C--C28X1 3.3390
B2--H37A 3.5330 H20C--C29* 3.1325
B2--H37B 2.8836 H20C--C30* 3.2835
B2--H38A 3.5819 H20C--H10" 3.3305
B2-H39A 3.5239 H20C--H29% 3.4322
B2--H39B 2.8724 H20C---H40Bi 3.4672
B2-H40A 3.5954 H20C-+-H40C*11i 3.4191
H2--H3 2.3452 H22--01"Y 2.7802
H2--H14 2.0058 H22--C15 3.5198
H3--H4 2.3245 H22--C18Y 3.4450
H4--H5 2.3305 H22---H11VY 3.4705
H5--H8 2.8167 H22-H131 3.0827
H8--H9 2.3326 H22--H17BY 3.1321
H9---H10 2.3327 H22--H18AY 2.7350
H10---H11 2.3325 H22---H37AY 3.3954
H11-H13 2.3058 H22--H37CY 3.1823
H13--H14 2.7814 H23--01" 2.7517
H17A-HI8A 3.5549 H23--C13" 3.4922
H17A-H20B 2.3387 H23--C15" 3.4131
H17A-H20C 3.3752 H23--C17Y 2.9194
H17B--H18A 24713 H23--C24%Y 3.5932
H17B--H18B 3.5581 H23--B1Y 3.4196
H17B--H18C 2.9835 H23--H11Y 3.2479
H17B-H20B 3.5293 H23--H13Y 2.8696
H17C+HI18A 2.9753 H23--H17AY 2.8395
H17C--H18C 2.5558 H23--H17B 2.3248
H17C--H20B 2.3273 H23--H24*Y 2.8649
H17C-+H20C 2.6650 H24--N1il 3.3862
HI18B--HI19A 2.3166 H24---C13i 2.7911
H18B-H19B 3.5070 H24---C1411 2.7126
H18B---H19C 2.3103 H24---C23%Y 3.5183
H18C-H19A 3.3732 H24--B1ll 3.1429
H18C-+H19C 2.6708 H24--H11Y 3.3524
H18C-H20C 2.9358 H24--H13i 3.0257
H19AH20A 3.5480 H24--H 1411 3.0246
H19B--H20A 2.4559 H24--H17All 3.3931
H19B--H20B 3.5520 H24---H23XY 2.8649
H19B-H20C 2.9901 H24--H24%Y 3.4897
H19C-H20A 2.9590 H25--02fll 3.2299
H19C-H20C 2.5602 H25--C14i 3.3856
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supplementary materials

H22--
H22--
H23--
H24--
H25--
H28-
H29--
H30--
H31-
H33-

H37A--
H37A--
H37A-
H37A--
H37B-
H37B-
H37B-
H37B-
H37C-
H37C--
H37C--
H37C--
H37C--

H38A:
H38A--
H38A--
H38C--
H38C-

H38C-
H39A--
H39A--
H39A--
H39B-
H39C:-
H39C--

-H23
-H34

H24
H25
H28
H29
H30
H31

-H33

H34

H38A
H38B
H38C
H40A
H38B
H38C
H40A
H40C
‘H38A
H38B
H38C
H40A
H40C

H39A
H39B
H39C
H39B
H39C

-H40C
H40A
H40B
H40C
H40B
H40B
H40C

O1-H22!
O1-H23!
02--H25'
02--H38A
02--H39B
03--H2
03--H3
03--H14

2.3440
2.0045
2.3228
2.3380
2.8023
2.3329
2.3303
2.3407
2.2260
2.7762
3.5468
2.4544
2.9837
3.5092
3.5410
3.5927
23124
3.3416
3.5922
2.9467
2.5394
2.3229
2.6265

3.4490
2.2510
2.2617
3.3096
2.5874

2.8757
3.5637
2.4788
2.9976
3.5624
2.9623
2.5497
2.7802
2.7517
3.2299

2.6201
2.8790
2.5567
3.5567
2.6754

H25~
H25-
H25-
H25--
H25-
H25-
H28-~
H28-~
H28-~
H28--
28~
H28-~
H29-
H20--
H29--
H29--
H20--
H20--
H20--
H20--
H29--
H20--
H20--

H30-
H30'
H30.
H30.
H31-
H31 -
H31-

H31 -
H31 -

C33iii
B1 iii
H10"
H14iii
H17All
H33iii
C9xi
C34iii
H8xi
ngi
HISA®
H34iii
Cl 7viii
C17*
Cc18*
H8xi
H17B*
H17Cviii
H17CX
HI8AX
ngcviii
H18C*
HZOCviii
H29%
cs

C6

C7
C8

-C17*

H5
H8

H17B*
H17C*
HsCvi

‘N1

Cl1
C2
C3
C4
C5
C6
H2
C2

3.5184
3.4434
3.2265
3.1952
3.4855
3.4850
3.3784
3.3559
3.2629
2.6427
3.5441
3.0271
3.4562
3.5597
3.2710
3.3817
2.9741
2.5097
3.4017
2.6193
3.3891
3.0961
3.4322

3.5140
3.4040
3.0763
3.1137
3.4874
3.3842
3.5397
3.5972
2.6374
3.2977
2.7643
3.3851
2.7556
2.8692
3.1833

3.4162
3.3778
3.0548
3.2950
3.1050
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supplementary materials

04~
04--
04~
NI~
NI~
NI~
NI~
N2~
Cl-
cl-
c1-
cl-

3
3
3
o
e
e
e
o
o
e
e
e
Cs-
Cse-
Cs
Cs
Cse-
Cse-
Cs
Cs

H3Y
H4Y
H8Y!
H241
H31
H38B'!
H38C!!
H37CY
H19A!
H31
H38B'!
H38C!!
H19Al
H31
H33

H37A
H38B

H18B'
H19Al
H31
H33
H37A
H40A"
H4vii
HSVii
H18B'
H19A!
H19CVil
H19C!
H31
H40AY
H40BY
H4vii

H1 SBviii
ngcviii
H19A!
H19Cviii
H19C!
H30
H31

HI9AT

2.9576
3.4571
3.4179
3.3862
3.3851
3.1651
2.6113
3.3943
3.5328
2.7556
3.4777
3.0690
3.3037
2.8692
3.1050

3.2809
3.4697
3.4227

3.0062
3.1833
3.3666
3.2319
3.3213
3.5083
3.2378
3.3475
2.9686
3.1214
3.4047
3.4162
3.3780
3.1340
3.1527
3.4101
3.2483
3.2092
3.1528
3.4970
3.4040
3.3778
3.4812

H33-
H33-
H33--
H33-
H33
H33
H33
H34-
H34-
H34-
H34-
H34-
H34-
H34-
H34-

H37A:-
H37A--

H37A-
H37A--
H37A--

H37A--
H37A--
H37A--
H37B-
H37B-
H37B-
H37B-
H37B-
H37B-
H37B--
H37B-
H37C-
H37C-
H37C-
H37C-
H37C:
H37C-
H37C-
H37C--
H37C-
H37C-

H33Y
H34
H37BY
N2Y
ciit
c21Y
22"
c33Y
34"
Hit
H13'
H22Y
H34Y

3.3666
2.9556
3.3831
3.1980
3.4850
3.2274
3.4549
3.5729
3.2475
2.7615
3.5610
3.0271
3.4395
3.3294
3.5750

3.2809
3.2319
3.5331

2.7348
2.6147
3.1325
3.3954
3.4395
3.0667
2.9875
32813
33418
3.4791
3.2274
3.3294
3.2079
3.3943
3.4647
3.4444
3.3871
3.3930
3.5375
3.0481
2.9407
3.1823
3.5750
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supplementary materials

H39A
C9--
C9--
H20A®
“H28%

H39A
‘H39B™
C10-
C10-
Cl10-
Cll1-
Cll1-
Cll1-
cll-
c12-
C13-
C13-
C13~
C13-
Cl4-
Cl4-
Cl4-
Cl4-

co-
co-
co-
co-

Cl15-
Cl15-
Cl16-
C17-
C17-
C17-
C17-
Cl18-
Cl18:--
Cl18:--
C18:--

H30
H31

H38C!!
H30
H38C'!
H39AX
H30

H17A*
H17C*

HITA®
H20A™
‘H40C!!
HI7A*
H37CH
-H38CH
‘H40C!
‘H38CH
‘H23!
_H24iii
‘H38B'
H3s8CH
_H24iii
,H25iii
‘H38A
‘H38B
H22!
‘H23!
‘H38A
‘H23!
_H29xii
H29*
H30*
_stii
,ngii
H22!
H29*

3.0763
3.0548

3.4422
3.1137
3.2615
3.4810
3.4874
2.8891

3.4193
3.4345
3.0849
3.3784
3.3302
3.5354
3.1239
3.1275
3.5263
3.4394
3.4647
3.2691
3.5352
2.7261
3.4922
2.7911
3.0944
3.0653
2.7126
3.3856
3.2875
3.1916
3.5198
3.4131
3.4510
29194
3.4562
3.5597
3.3842
3.0086
3.3972
3.4450
3.2710

H38A--
H38A--

H38A-
H38A--
H38A:

H38A--
H38A:-
H38A--
H38B-
H38B-
H38B-
H38B-
H38B:-
H38B-
H38B-
H38B-
H38C:-
H38C-
H38C-
H38C:-
H38C-
H38C-
H38C-
H38C-
H38C-
H38C-
H39A--
H39A--
H39A--
H39A -
H39A -
H39A--
H39A--
H39B-
H39B-
H39B-
H39B-
H39B-
H39B-
H39C-
H39C-

02
Cl14

Cl6
C19
B1
H14
HI9A
H19B

_Nlii
'Clii

C2

C13f

Cl4
H2

H13'

H14

'N]ﬁ
'Clii
'C6ii
_C7ii
cnt
c12t
c13t
Hif
H13f

H19B

'C7Vi
-C8Vi
'C9Vi
~H8Vi
'H9Vi
‘H19me
'H39me

02

'C9Vi
‘H8"!
-H9Vi

H19B
H20A
C19
C39xiii

2.6201
3.2875

3.4510
3.0622
3.1009
2.9460
2.8762
2.5937

3.1651
3.4777
3.4697
3.0944
3.1916
2.5925
3.2048
2.7622
2.6113
3.0690
3.4422
3.2615
3.2691
2.7261
3.0653
3.4828
3.0730
3.4631
3.4810
2.8891
3.3302
2.7319
3.4756
3.4666
2.8638
2.8790
3.5354
3.3861
3.2565
2.9822
2.9115
3.5707
3.2368
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supplementary materials

C18--H34i 3.5729 H39C--H19B 2.6398
C19--H4Mi 3.4437 H39C--H20A 3.5019
C19--H5M 3.5579 H39C--H39AX 2.8638
C19--H38A 3.0622 H39C--H39CM 2.7173
C19-+-H39C 3.5707 H40A-C3Y 3.3213
C19--H40B1 3.0629 HA40A+C4¥ 3.3780
C20---H9"i 3.4233 H40A--C33Y 3.5877
C20--H10% 3.2907 H40A--H3Y 2.9959
C20---H40CXii 3.5942 H40A--H4Y 3.0916
c21-HI1Y 3.1201 H40A--H33" 3.4549
C21--H37CY 3.4444 H40B---C4" 3.1340
C22--H11" 2.9476 H40B--C191 3.0629
C22--H13Y 3.1563 H40B---H3" 3.4447
C20--H17BY 3.3821 H40B--H4" 2.4566
C20--HI18AY 3.5314 HA40B--H19BM!! 2.5695
C20-H37CY 3.3871 H40B--H19C 2.6852
C23--HI11Y 2.7948 H40B--H20AX 33125
C23--H13" 3.0430 H40B---H20C*i 3.4672
C23--H17BY 2.9814 H40C--C101 3.5263
C23--H24*Y 3.5183 H40C--C111 3.5352
c24--HI11Y 2.8600 H40C--C20" 3.5942
C24--H1411 3.5794 H40C--H19B 3.2955
C24-+H23™ 3.5932 HA40C--H20A™ 2.9080
C25--H10" 3.2043 HA40C--H20C*1 34191
C25--H11Y 3.0466

C15—01—Bl 107.1 (2) C2—C3—H3 119.303
C16—02—Bl 106.48 (19) C4—C3—H3 119.295
C35—03—B2 107.2 (2) C3—C4—H4 119.591
C36—04—B2 107.2 (3) C5—C4—H4 119.600
CI—N1—C12 108.38 (17) C4—C5—H5 120.374
Cl—N1—C13 128.6 (3) C6—C5—H5 120.367
CI2—N1—CI13 122.97 (19) C7—C8—H8 120.545
C21—N2—C32 107.63 (17) C9—C8—H8 120.546
C21—N2—C33 129.5 (3) C8—C9—H9 119.646
C32—N2—C33 122.8 (2) C10—C9—H9 119.648
N1—C1—C2 130.62 (19) C9—C10—H10 119.380
N1—C1—C6 108.2 (3) C11—C10—H]10 119.379
C2—C1—C6 121.11 (19) C10—C11—HI11 120.911
Cl—C2—C3 117.8 (2) Cl12—Cl1—HI11 120.902
C2—C3—C4 121.4 (3) N1—CI13—H13 115.810
C3—C4—C5 120.8 (2) Cl14—CI13—HI3 115.792
C4—C5—C6 119.3 3) C13—Cl4—H14 119.238
C1—C6—C5 119.6 (3) Bl—Cl4—H14 119.229
Cl—C6—C7 107.47 (18) C15—C17—HI17A 109.471
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supplementary materials

C5—Co6—C7
C6—C7T—C8
C6—C7—C12
C8—C7—C12
C7—C8—C9
C8—C9—C10
Co—C10—C11
C10—C11—C12
N1—C12—C7
N1I—C12—C11
C7—C12—C11
N1—C13—C14
C13—C14—Bl1
01—C15—Cl16
01—C15—C17
01—C15—C18
Cl16—C15—C17
C16—C15—CI18
C17—C15—CI18
02—C16—CI15
02—C16—C19
02—C16—C20
C15—C16—C19
C15—C16—C20
C19—C16—C20
N2—C21—C22
N2—C21—C26
C22—C21—C26
C21—C22—C23
C22—C23—C24
C23—C24—C25
C24—C25—C26
C21—C26—C25
C21—C26—C27
C25—C26—C27
C26—C27—C28
C26—C27—C32
C28—C27—C32
C27—C28—C29
C28—C29—C30
C29—C30—C31
C30—C31—C32
N2—C32—C27
N2—C32—C31
C27—C32—C31
N2—C33—C34
C33—C34—B2
03—C35—C36
03—C35—C37

133.0 3)
133.36 (19)
107.1 (2)
119.5 (3)
118.9 (2)
120.7 (3)
1212 (3)
118.19 (19)
108.7 (2)
129.82 (18)
121.4 (3)
128.4 (3)
121.5 (3)
101.87 (17)
107.33 (17)
107.9 (2)
112.8 (3)
115.13 (19)
111.0 2)
102.30 (17)
106.33 (16)
108.41 (19)
113.0 (2)
115.62 (19)
110.3 (2)
130.71 (19)
108.4 (3)
120.8 (2)
118.0 (2)
121.6 (3)
120.8 (3)
118.8 (3)
120.0 (3)
107.57 (19)
132.3 (2)
133.4(2)
107.0 (2)
119.5 (3)
119.1 (2)
120.5 (3)
121.5 (3)
117.7 (2)
109.3 (3)
129.05 (19)
121.7 3)
130.1 (3)
120.5 (3)
101.98 (18)
106.51 (16)

C15—C17—H17B
C15—C17—H17C
H17A—C17—H17B
H17A—C17—H17C
H17B—C17—H17C
C15—C18—H18A
C15—C18—H18B
C15—C18—H18C
H18A—C18—H18B
H18A—C18—HI18C
H18B—C18—H18C
C16—C19—HI19A
C16—C19—H19B
C16—C19—H19C
H19A—C19—H19B
H19A—C19—H19C
H19B—C19—H19C
C16—C20—H20A
C16—C20—H20B
C16—C20—H20C
H20A—C20—H20B
H20A—C20—H20C
H20B—C20—H20C
C21—C22—H22
C23—C22—H22
C22—C23—H23
C24—C23—H23
C23—C24—H24
C25—C24—H24
C24—C25—H25
C26—C25—H25
C27—C28—H28
C29—C28—H28
C28—C29—H29
C30—C29—H29
C29—C30—H30
C31—C30—H30
C30—C31—H31
C32—C31—H31
N2—C33—H33
C34—C33—H33
C33—C34—H34
B2—C34—H34
C35—C37—H37A
C35—C37—H37B
C35—C37—H37C
H37A—C37—H37B
H37A—C37—H37C
H37B—C37—H37C

109.472
109.469
109.473
109.467
109.476
109.475
109.472
109.471
109.464
109.477
109.469
109.472
109.469
109.475
109.473
109.468
109.472
109.472
109.472
109.473
109.472
109.471
109.468
121.026
121.021
119.208
119.202
119.621
119.608
120.600
120.573
120.473
120.476
119.737
119.731
119.240
119.235
121.147
121.165
114.977
114.962
119.747
119.740
109.473
109.468
109.469
109.473
109.473
109.472
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supplementary materials

03—C35—C38
C36—C35—C37
C36—C35—C38
C37—C35—C38
04—C36—C35
04—C36—C39
04—C36—C40
C35—C36—C39
C35—C36—C40
C39—C36—C40
0l1—BI—02
Ol1—BI—Cl4
02—BI—Cl4
03—B2—04
03—B2—C34
04—B2—C34
Cl—C2—H2
C3—C2—H2
C15—01—B1—02
C15—01—BI—Cl4
B1—01—CI5—C16
B1—01—C15—C17
B1—01—C15—CI8
Cl6—02—B1—01
Cl6—02—BI—Cl4
B1—02—C16—C15
B1—02—C16—C19
B1—02—C16—C20
C35—03—B2—04
C35—03—B2—C34
B2—03—C35—C36
B2—03—C35—C37
B2—03—C35—C38
C36—04—B2—03
C36—04—B2—C34
B2—04—C36—C35
B2—04—C36—C39
B2—04—C36—C40
Cl—NI—CI2—C7
Cl1—NI—CI2—Cl1
C12-NI—CI—C2
C12—NI—CI1—C6
Cl—NI—CI3—Cl4
CI3—NI—CI—C2
C13—NI—CI—C6
C12—NI—CI3—Cl4
C13—NI—CI2—C7
C13—NI—CI2—Cl1
C21—N2—C32—C27

108.9 (2)
114.3 (3)
113.89 (18)
110.5 (2)
102.74 (19)
106.7 (2)
109.1 (3)
113.0 (3)
114.0 (3)
110.7 (3)
113.12 (17)
124.6 (3)
122.3 (3)
112.9 (2)
123.1 3)
124.0 (3)
121.107
121.095
-8.9(3)
169.59 (18)
23.79 (19)
-94.9 (2)
145.40 (17)
~11.6 3)
169.92 (17)
25.37 (19)
-93.4(2)
147.99 (17)
10.1 (2)
~169.04 (17)
~23.38 (17)
96.74 (19)
~144.05 (16)
9.1 (3)
~171.82 (18)
-23.0 (2)
96.1 (3)
~144.28 (18)
1.7(3)
~178.5(2)
176.8 (2)
-1.4(3)
~19.3 (4)
-3.7(4)
178.07 (18)
160.09 (19)
~177.80 (17)
2.0 (4)

2.11 (19)

C35—C38—H38A
C35—C38—H38B
C35—C38—H38C
H38A—C38—H38B
H38A—C38—H38C
H38B—C38—H38C
C36—C39—H39A
C36—C39—H39B
C36—C39—H39C
H39A—C39—H39B
H39A—C39—H39C
H39B—C39—H39C
C36—C40—HA40A
C36—C40—H40B
C36—C40—H40C
H40A—C40—H40B
H40A—C40—H40C
H40B—C40—H40C
C8—C7—C12—NI1
C8—C7—C12—Cl1
C12—C7—C8—C9
C7—C8—C9—C10
C8—C9—C10—Cl1
C9—C10—C11—C12
C10—C11—C12—N1
Cl10—C11—C12—C7
N1—C13—C14—Bl1
C13—C14—B1—01
C13—C14—B1—02
01—C15—C16—02
01—C15—C16—C19
01—C15—C16—C20
C17—C15—C16—02
C17—C15—C16—C19
C17—C15—C16—C20
C18—C15—C16—02
C18—C15—C16—C19
C18—C15—C16—C20
N2—C21—C22—C23
N2—C21—C26—C25
N2—C21—C26—C27
C22—C21—C26—C25
C22—C21—C26—C27
C26—C21—C22—C23
C21—C22—C23—C24
C22—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C21
C24—C25—C26—C27

109.469
109.474
109.467
109.471
109.475
109.471
109.468
109.474
109.473
109.465
109.464
109.483
109.473
109.468
109.475
109.469
109.476
109.466

179.3 (2)
—0.5(4)

0.7 (4)
0.1(4)
~1.1(4)

1.3 (4)

179.8 (2)
—0.5(4)
~177.40 (17)
-53(4)
173.09 (19)
-29.61 (19)
84.30 (16)
~147.18 (14)
85.14 (18)
~160.95 (14)
-32.4(2)
~146.09 (17)
-32.2(3)
96.3 (2)
~178.07 (16)
179.51 (14)
1.52(19)
22(3)
~175.78 (15)
~1.4(3)
-0.1(3)

1.0 (3)
-0.2(3)
-1303)
176.06 (18)

sup-19



supplementary materials

C21—N2—C32—C31
C32—N2—C21—C22
C32—N2—C21—C26
C21—N2—C33—C34
C33—N2—C21—C22
C33—N2—C21—C26
C32—N2—C33—C34
C33—N2—C32—C27
C33—N2—C32—C31
N1I—C1—C2—C3
N1I—C1—C6—C5
N1—C1—C6—C7
C2—C1—C6—C5
C2—C1—C6—C7
C6—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—C1
C4—C5—C6—C7
C1—C6—C7—C8
Cl—C6—C7—CI12
C5—C6—C7—C8
C5—C6—C7—CI12
C6—C7T—C8—C9
C6—C7—C12—NI1
C6—C7—C12—C11

Symmetry codes: (i) x+1, y, z; (i) —x+2, —p+2, —z; (iil) —x+1, —y+2, —z+1; (iv) x—1, y, z; (v) —x+1, =y+2, —z; (Vi) x, y—1, z; (vii) —x+1,
—y+3, —z; (viii) x—1, y+1, z; (ix) x, y+1, z; (X) —x+2, —p+2, —z+1; (xi) —x+1, —y+3, —z+1; (xii) x+1, y—1, z; (xiil) —x+2, —p+1, —z; (xiv)

—x, —y+2, —z+1.

~177.67 (16)
174.71 (16)
~2.23 (18)
6.8 (4)
-8.4(3)
174.70 (16)
169.73 (17)
~175.07 (14)
5.1(3)

179.6 (2)
~179.67 (17)
0.6 (3)

1.9 (4)
~177.86 (19)
23 (4)

0.9 (4)

0.9 (4)
~1.4(4)

0.0 (4)

179.7 (2)
179.7 (3)
0.5(3)

-0.0 (5)
~179.2 (3)
~178.5 (3)
-1.4(3)
178.84 (18)

C21—C26—C27—C28
C21—C26—C27—C32
C25—C26—C27—C28
C25—C26—C27—C32
C26—C27—C28—C29
C26—C27—C32—N2
C26—C27—C32—C31
C28—C27—C32—N2
C28—C27—C32—C31
C32—C27—C28—C29
C27—C28—C29—C30
C28—C29—C30—C31
C29—C30—C31—C32
C30—C31—C32—N2
C30—C31—C32—C27
N2—C33—C34—B2
C33—C34—B2—03
C33—C34—B2—04
03—C35—C36—04
03—C35—C36—C39
03—C35—C36—C40
C37—C35—C36—04
C37—C35—C36—C39
C37—C35—C36—C40
C38—C35—C36—04
C38—C35—C36—C39
C38—C35—C36—C40

178.48 (17)
-0.22 (19)
0.8 (4)
~177.86 (19)
~178.42 (18)
-12(2)
178.64 (15)
179.92 (16)
-03(3)
0.1(3)

0.4 (3)
-0.8(3)

0.7 (3)
179.62 (17)
-0.1(3)
176.99 (17)
9.9 (3)
~169.14 (19)
27.75 (19)
-86.81 (19)
145.62 (15)
-86.7 (2)
158.70 (17)
31.1(3)
144.85 (17)
30.3 (3)
—97.3(2)
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