organic compounds

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

Triphenyl(3,4,5-trimethoxybenzyl)-
phosphonium chloride monohydrate

Alice M. Barkell, Jonathan Sharp and Stephen }. Simpson*

School of Biosciences, Geoffrey Pope Building, University of Exeter, Stocker Road,
Exeter, EX4 4QD, England
Correspondence e-mail: S.).Simpson@exeter.ac.uk

Received 11 August 2008; accepted 29 August 2008

Key indicators: single-crystal X-ray study; T = 294 K; mean o(C—C) = 0.003 A;
R factor = 0.042; wR factor = 0.113; data-to-parameter ratio = 18.9.

The asymmetric unit of the title salt, C,sH,3O5sP"-Cl™-H,0,
contains a benzyltriphenylphosphonium cation, a chloride
counter-ion, and a water molecule of crystallization. The 3,4,5-
trimethoxy substituents of the benzylic functionality are
arranged with the 3,5-methyl groups lying approximately in
the aromatic ring plane while the 4-methyl group is out of the
plane.

Related literature

For background, see: Asakawa et al. (1976); Mervic et al.
(1977); Lawrence et al. (2006).
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Experimental

Crystal data

CosH,505P*-CI™-H,0
M, = 496.94

Triclinic, PT
a=10.5818 (8) A_

b =10.6160 (15) A

¢ =13.8876 (15) A

y = 108.697 (11)°
V =1337.0 (3) A®
Z=2

Mo Ko radiation
# =023 mm™"
T=29 (2)K

o =111.020 (9)° 0.35 x 0.30 x 0.25 mm

B = 95.895 (7)°

Data collection

Bruker P4 diffractometer
Absorption correction: none
6874 measured reflections
5905 independent reflections
4821 reflections with [ > 20(1)

Rine = 0.013

3 standard reflections
every 147 reflections
intensity decay: 0.5%

Refinement

R[F? > 20(F?)] = 0.041
wR(F?) = 0.112
§=1.02

5905 reflections

313 parameters

H atoms treated by a mixture of
independent and constrained
refinement

APmax =031 e A7

APmin = =033 e A3

Data collection: XSCANS (Bruker, 1997); cell refinement:
XSCANS; data reduction: XSCANS; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.

We thank Dr N. M. Boag (Salford University) for access to
the diffractometer.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: FJ2146).
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Triphenyl(3,4,5-trimethoxybenzyl)phosphonium chloride monohydrate

A. M. Barkell, J. Sharp and S. J. Simpson

Comment

The 3,4,5-trimethoxyphenyl group is found in a number of natural products with antifungal properties such as Brittonin A
and B (Asakawa ef al., 1976), and central nervous system therapeutic properties such as Kadsurin (Mervic€ et al., 1977). A
number of anticancer chalcones also contain this functionality (Lawrence ef al., 2006); common synthetic routes to these
products involve Wittig chemistry or Knoevenagel condensation reactions. The title compound is a Wittig precursor requir-

ing deprotonation in the presence of a carbonyl compound.

The activity of the molecule classes above is believed to be related to the conformation of the 3,4,5-trimethoxyphenyl
group relative to the other aromatic ring present. One aspect of this may be due to the disposition of the three methoxy

groups, and the title molecule was chosen to provide a simple starting reference point for a more extensive study.

The structure obtained shows that O—C vectors are directed at 7, 81, and 8° to the phenyl ring plane for the 3,4, and

5-methoxy groups respectively.

Experimental

The title compound was obtained from 3,4,5-trimethoxybenzyl alcohol in two steps.

The alcohol (20 g, 0.1 mol) was dissolved in diethylether (200 ml) and cooled to 0°C. Thionyl chloride (15 ml, 0.21 mol)
was added dropwise over thirty minutes and the solution was stirred for two hours. Water (120 ml) was added portionwise and
the ether layer was separated. Extraction of the aqueous layer with diethylether (3 x 25 ml), combination of the ether fractions,
drying over granular calcium chloride, and removal of the solvent under reduced pressure gave white microcrystalline

3.,4,5-trimethoxybenzyl chloride in near quantitative yield.

The product from the first stage was mixed with triphenylphosphine (37.2 g, 0.115 mol). Addition of toluene (200 ml)
and pump-purging with nitrogen gave a colourless solution which was heated under nitrogen at reflux temperature for
thirty hours. The reaction mixture was allowed to cool to room temperature before being filtered under nitrogen. The white

microcrystalline product was washed with petroleum ether and dried under reduced pressure (42.1 g, 72%).

Crystallization of a small sample by layering petroleum ether (40—60°C) onto a concentrated dichloromethane solution

produced crystals suitable for the structure determination.

Refinement

H atoms bonded to the O atom were located in a difference map and refined with distance restraints of O—H = 0.84 A, and

with Ujso(H) = 1.2Uq(O). Other H atoms were positioned geometrically and refined using a riding model, with C—H =
0.93-0.96 A and with Ujso(H) = 1.2 (1.5 for methyl groups) times Ugq(C).
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Figures

RV P Fig. 1. The molecular structure of the salt, with atom labels and 25% probability displacement
g el | ellipsoids for non-H atoms.

Triphenyl(3,4,5-trimethoxybenzyl)phosphonium chloride monohydrate

Crystal data

CrgHa03P™-CI™*H,0
M, = 496.94
Triclinic, PT

Hall symbol: -P 1
a=10.5818 (8) A
b=10.6160 (15) A
c=13.8876 (15) A
a=111.020 (9)°

B =95.895 (7)°
y=108.697 (11)°
V=1337.0 3) A’

Data collection

Bruker P4 diffractometer
Monochromator: graphite
T=2942) K

P=101.3 kPa

® scans

Absorption correction: none
6874 measured reflections
5905 independent reflections
4821 reflections with /> 2o(/)

Refinement
Refinement on 7>

Least-squares matrix: full

R[F? > 20(F%)] = 0.041

WR(F%) = 0.112

zZ=2

F()OO =524

Dy=1234Mgm>

Mo Ko radiation

1=0.71073 A

Cell parameters from 40 reflections
0=9.0-12.5°

p=023mm '

T=294(2)K

Cell measurement pressure: 101.3 kPa
Block, colourless

0.35 x 0.30 x 0.25 mm

Rint=0.013

Omax = 27.5°

Omin = 1.8°
h=-13—>1
k=-12—12
[=-18—18

3 standard reflections
every 147 reflections
intensity decay: 0.5%

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H atoms treated by a mixture of
independent and constrained refinement

w = 1/[c2(Fy?) + (0.0485P) + 0.4603P]
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where P = (F,> + 2F.)/3

§=1.03 (A/6)max < 0.001

5905 reflections ApPmax =031 ¢ A3

313 parameters Apmin=-—0.33 ¢ A7

Primary atom site location: structure-invariant direct o .
Extinction correction: none

methods

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) are estimated using the full covariance mat-

rix. 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 /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>. The threshold expression of F> 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? are statistically about twice as large

as those based on F, and R- factors based on ALL data will be even larger.

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

X y z Uiso*/Ueq
Cl 0.59549 (16) 0.30260 (16) 0.18593 (12) 0.0346 (3)
C2 0.73649 (16) 0.35116 (17) 0.19652 (12) 0.0369 (3)
H2A 0.7780 0.2842 0.1741 0.044*
C3 0.81545 (16) 0.49986 (17) 0.24067 (12) 0.0373 3)
c4 0.75394 (17) 0.60102 (16) 0.27451 (12) 0.0376 (3)
cs 0.61208 (17) 0.55084 (17) 0.26445 (13) 0.0380 (3)
C6 0.53270 (16) 0.40187 (17) 0.21970 (13) 0.0386 (3)
H6A 0.4380 0.3688 0.2124 0.046*
c7 0.51360 (16) 0.13991 (16) 0.13848 (12) 0.0366 (3)
H7A 0.5683 0.0907 0.1009 0.055*
H7B 0.4319 0.1174 0.0866 0.055*
Pl 0.46139 (4) 0.06666 (4) 0.23356 (3) 0.03399 (11)
cl12 0.2474 (2) ~0.2060 (2) 0.15299 (17) 0.0580 (5)
H12A 0.1956 —0.1579 0.1890 0.070*
C13 0.1887 (3) ~0.3548 (2) 0.0915 (2) 0.0779 (8)
H13A 0.0966 —0.4065 0.0853 0.093*
Cl4 0.2640 (3) —0.4265 (2) 0.03979 (18) 0.0780 (8)
H14A 0.2236 —-0.5270 —0.0006 0.094*
C15s 0.4004 (3) ~0.3509 (2) 0.04689 (17) 0.0708 (7)
H15A 0.4515 —0.4009 0.0116 0.085*
Cl6 0.4617 (2) ~0.2005 (2) 0.10669 (15) 0.0525 (4)
H16A 0.5529 —0.1490 0.1103 0.063*
Cl1 0.38491 (18) ~0.12838 (17) 0.16085 (13) 0.0415 (4)
22 0.68223 (19) 0.26808 (19) 0.40368 (14) 0.0486 (4)
H22A 0.6578 0.3386 0.3913 0.058*
C23 0.7940 (2) 0.3093 (2) 0.48553 (16) 0.0608 (5)
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H23A
C24
H24A
C25
H25A
C26
H26A
C21
C32
H32A
C33
H33A
C34
H34A
C35
H35A
C36
H36A
C31
0O1
02
03
C50
H50A
H50B
H50C
C60
H60A
H60B
H60C
C70
H70A
H70B
H70C
Cll1
099
H99A
H99B

0.8445
0.8313 (2)
0.9064
0.7571 (2)
0.7821
0.6446 (2)
0.5950
0.60641 (16)
0.3431 (2)
0.4150
0.2424 (3)
0.2467
0.1362 (2)
0.0696
0.12752 (19)
0.0544
0.22765 (18)
0.2225
0.33660 (16)
0.95480 (12)
0.83251 (14)
0.56099 (14)
1.0203 (2)
1.1176
0.9839
1.0036
0.8700 (3)
0.9240
0.7883
0.9229
0.4212 (2)
0.3970
0.4090
0.3631
0.79294 (5)
1.0516 (3)
1.095 (5)
0.982 (5)

0.4081
0.2062 (3)
0.2351
0.0608 (3)
~0.0090
0.0167 (2)
~0.0824
0.11974 (18)
0.1799 (2)
0.1823
0.2246 (3)
0.2570
0.2213 (3)
0.2528
0.1718 (2)
0.1682
0.12755 (19)
0.0950
0.13157 (17)
0.55746 (13)
0.74874 (12)
0.65759 (14)
0.4558 (2)
0.5071
0.3872
0.4044
0.8112 (2)
0.9140
0.7968
0.7648
0.6117 (2)
0.6955
0.5630
0.5458
0.01474 (6)
0.2095 (2)
0.153 (5)
0.154 (5)

Atomic displacement parameters (142 )

Cl1
C2
C3
C4
C5
C6

Ull

0.0353 (8)
0.0343 (8)
0.0311 (7)
0.0400 (8)
0.0409 (8)
0.0329 (8)

U22

0.0333 (7)
0.0346 (8)
0.0384 (8)
0.0300 (7)
0.0366 (8)
0.0390 (8)

0.5279
0.50507 (17)
0.5604
0.44254 (18)
0.4556
0.35967 (16)
0.3175
0.33980 (13)
0.39684 (15)
0.4429
0.43595 (17)
0.5084
0.36822 (18)
0.3952
0.26053 (16)
0.2149
0.22064 (14)
0.1481
0.28894 (13)
0.25460 (11)
0.32194 (10)
0.30251 (12)
0.2316 (2)
0.2444
0.1583
0.2764
0.2485 (2)
0.2869
0.2017
0.2075
0.3081 (2)
0.3349
0.3548
0.2383
0.06989 (4)
~0.0017 (2)
-0.021 3)
0.016 (3)

U33 U12

0.0341 (7) 0.0111 (6)
0.0399 (8) 0.0135 (6)
0.0379 (8) 0.0099 (6)
0.0375 (8) 0.0090 (6)
0.0415 (8) 0.0183 (7)
0.0449 (9) 0.0132 (6)

0.073*
0.0655 (6)
0.079*
0.0672 (6)
0.081*
0.0529 (4)
0.064*
0.0384 (3)
0.0560 (5)
0.067*
0.0705 (6)
0.085*
0.0630 (5)
0.076*
0.0537 (5)
0.064*
0.0449 (4)
0.054*
0.0381 (3)
0.0512 (3)
0.0508 (3)
0.0531 (3)
0.0654 (6)
0.098*
0.098*
0.098*
0.0795 (8)
0.119%
0.119%
0.119%
0.0636 (6)
0.095*
0.095*
0.095*
0.05847 (15)
0.1006 (7)
0.151*
0.151*

U13

0.0093 (6)
0.0105 (6)
0.0087 (6)
0.0110 (6)
0.0133 (7)
0.0105 (6)

U23

0.0143 (6)
0.0126 (6)
0.0138 (6)
0.0116 (6)
0.0180 (7)
0.0187 (7)
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C7 0.0346 (8) 0.0342 (8) 0.0361 (8) 0.0100 (6) 0.0093 (6) 0.0118 (6)
Pl 0.03064 (19) 0.03014 (19) 0.0356 (2) 0.00880 (15) 0.00623 (15) 0.01065 (15)
c12 0.0451 (10) 0.0435 (10) 0.0684 (13) 0.0021 (8) 0.0025 (9) 0.0208 (9)
C13 0.0682 (15) 0.0455 (12) 0.0816 (16) ~0.0120 (11) ~0.0115 (13) 0.0226 (12)
Cl4 0.112 (2) 0.0323 (10) 0.0544 (12) 0.0001 (12) ~0.0074 (13) 0.0113 (9)
C1s 0.122 (2) 0.0448 (11) 0.0487 (11) 0.0387 (13) 0.0235 (12) 0.0161 (9)
C16 0.0687 (12) 0.0404 (9) 0.0480 (10) 0.0202 (9) 0.0172 (9) 0.0178 (8)
Cll 0.0442 (9) 0.0326 (8) 0.0392 (8) 0.0080 (7) 0.0036 (7) 0.0133 (6)
22 0.0499 (10) 0.0407 (9) 0.0444 (9) 0.0121 (8) 0.0030 (8) 0.0130 (7)
23 0.0533 (11) 0.0555 (11) 0.0454 (10) 0.0058 (9) ~0.0045 (9) 0.0080 (9)
24 0.0510 (11) 0.0850 (16) 0.0502 (11) 0.0270 (11) ~0.0031 (9) 0.0202 (11)
25 0.0725 (14) 0.0727 (14) 0.0609 (13) 0.0404 (12) 0.0008 (11) 0.0259 (11)
26 0.0563 (11) 0.0456 (10) 0.0520 (10) 0.0211 (9) 0.0019 (8) 0.0168 (8)
c21 0.0344 (8) 0.0380 (8) 0.0376 (8) 0.0118 (6) 0.0061 (6) 0.0128 (6)
C32 0.0555 (11) 0.0788 (14) 0.0410 (9) 0.0340 (10) 0.0164 (8) 0.0246 (9)
C33 0.0757 (15) 0.0980 (18) 0.0470 (11) 0.0454 (14) 0.0307 (11) 0.0256 (11)
C34 0.0559 (12) 0.0736 (14) 0.0702 (13) 0.0359 (11) 0.0319 (11) 0.0273 (11)
C35 0.0397 (9) 0.0608 (11) 0.0604 (11) 0.0224 (9) 0.0116 (8) 0.0226 (9)
C36 0.0405 (9) 0.0494 (10) 0.0404 (9) 0.0172 (8) 0.0083 (7) 0.0143 (7)
C31 0.0352 (8) 0.0386 (8) 0.0375 (8) 0.0122 (6) 0.0113 (6) 0.0139 (6)
ol 0.0307 (6) 0.0434 (7) 0.0654 (8) 0.0083 (5) 0.0126 (5) 0.0122 (6)
02 0.0550 (7) 0.0310 (6) 0.0530 (7) 0.0068 (5) 0.0177 (6) 0.0102 (5)
03 0.0512 (7) 0.0418 (7) 0.0751 (9) 0.0260 (6) 0.0240 (7) 0.0242 (6)
C50 0.0370 (10) 0.0626 (13) 0.0881 (16) 0.0218 (9) 0.0163 (10) 0.0193 (11)
C60 0.104 (2) 0.0470 (12) 0.0939 (18) 0.0200 (12) 0.0490 (16) 0.0374 (12)
C70 0.0555 (12) 0.0657 (13) 0.0885 (16) 0.0382 (10) 0.0347 (11) 0.0349 (12)
cll 0.0422 (2) 0.0691 (3) 0.0547 (3) 0.0258 (2) 0.00903 (19) 0.0125 (2)
099 0.1220 (19) 0.0785 (13) 0.1320 (18) 0.0569 (13) 0.0683 (15) 0.0509 (13)

Geometric parameters (4, °)

Cl—C2 1.386 (2) C23—H23A 0.9300
Cl1—C6 1.389 (2) C24—C25 1.369 (3)
Ccl1—C7 1.508 (2) C24—H24A 0.9300
C2—C3 1.386 (2) C25—C26 1.391 (3)
C2—H2A 0.9300 C25—H25A 0.9300
C3—01 1.3654 (19) C26—C21 1.384 (3)
c3—C4 1.395 (2) C26—H26A 0.9300
C4—02 1.3766 (19) C32—C33 1.384 (3)
C4—C5 1.396 (2) C32—C31 1.385 (2)
C5—03 1.3704 (19) C32—H32A 0.9300
C5—C6 1.389 (2) C33—C34 1.372 (3)
C6—H6A 0.9300 C33—H33A 0.9300
C7—P1 1.8069 (16) C34—C35 1.378 (3)
C7—HTA 0.9700 C34—H34A 0.9300
C7—H7B 0.9700 C35—C36 1.379 (3)
P1—Cll1 1.7943 (17) C35—H35A 0.9300
P1—C31 1.7949 (17) C36—C31 1.395 (2)
P1—C21 1.7982 (16) C36—H36A 0.9300
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Cl12—Cl13
cl2—cCl1
C12—HI2A
C13—Cl4
CI3—HI3A
Cl4—C15
Cl4—HI4A
C15—Cl6
C15—HISA
Cl6—Cl1
Cl6—HI6A
2223
C22—C21
C22—H22A
C23—C24
C2—C1—C6
C2—C1—C7
C6—C1—C7
C3—C2—Cl
C3—C2—H2A
Cl—C2—H2A
01—C3—C2
01—C3—C4
C2—C3—C4
02— C4—C3
02—C4—C5
C3—C4—C5
03—C5—C6
03—C5—C4
C6—C5—C4
C5—C6—Cl
C5—C6—HG6A
C1—C6—H6A
Cl1—C7—PI1
Cl—C7—H7A
P1—C7—H7A
C1—C7—H7B
P1—C7—H7B
H7A—C7—H7B
Cl1—P1—C31
Cl1—P1—C21
C31—P1—C21
Cl1—P1—C7
C31—P1—C7
C21—P1—C7
C13—Cl12—Cl1
C13—C12—HI2A
Cl1—C12—HI2A
Cl4—C13—Cl12

1.380 (3)
1.393 (3)
0.9300
1.358 (4)
0.9300
1.381 (4)
0.9300
1.391 (3)
0.9300
1.387 (3)
0.9300
1.385 (3)
1.397 (2)
0.9300
1.377 3)

120.50 (14)
118.08 (14)
121.41 (14)
119.79 (15)
120.1

120.1
123.80 (15)
115.76 (14)
120.44 (14)
120.66 (15)
120.02 (15)
119.26 (14)
124.28 (15)
115.34 (14)
120.37 (15)
119.63 (15)
120.2
120.2
114.83 (11)
108.6
108.6
108.6
108.6

107.5
109.68 (8)
110.92 (8)
108.89 (8)
106.24 (7)
110.07 (8)
111.01 (8)
119.6 (2)
120.2
120.2
120.6 (2)

01—C50

02—C60

03—C70

C50—HS50A
C50—HS50B
C50—HS50C
C60—H60A
C60—H60B
C60—H60C
C70—H70A
C70—H70B
C70—H70C
099—H99%A
099—H99B

C22—C23—H23A
C25—C24—C23
C25—C24—H24A
C23—C24—H24A
C24—C25—C26
C24—C25—H25A
C26—C25—H25A
C21—C26—C25
C21—C26—H26A
C25—C26—H26A
C26—C21—C22
C26—C21—P1
C22—C21—P1
C33—C32—C31
C33—C32—H32A
C31—C32—H32A
C34—C33—C32
C34—C33—H33A
C32—C33—H33A
C33—C34—C35
C33—C34—H34A
C35—C34—H34A
C34—C35—C36
C34—C35—H35A
C36—C35—H35A
C35—C36—C31
C35—C36—H36A
C31—C36—H36A
C32—C31—C36
C32—C31—P1
C36—C31—P1
C3—01—C50
C4—02—Co60
C5—03—C70

1.423 (2)
1.427 (3)
1421 (2)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.85 (4)
0.89 (4)

119.5
119.54 (19)
120.2
120.2
120.6 (2)
119.7

119.7
120.13 (18)
119.9

119.9
119.22 (16)
121.36 (13)
119.41 (13)
119.84 (19)
120.1

120.1
120.24 (19)
119.9

119.9
120.53 (19)
119.7

119.7
119.77 (18)
120.1

120.1
120.13 (16)
119.9

119.9
119.49 (16)
121.59 (14)
118.87 (12)
116.07 (14)
114.00 (15)
117.11 (14)
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Cl4—CI13—HI3A
C12—CI13—HI3A
C13—Cl4—CI5
C13—Cl14—HI4A
C15—Cl14—HI4A
Cl4—C15—Cl6
Cl4—C15—HI5A
Cl6—C15—HI5A
C11—C16—C15
Cl1—C16—HI6A
C15—Cl6—HI6A
Cl6—C11—C12
Cl6—C11—P1
C12—C11—P1
C23—C22—C21
C23—C22—H22A
C21—C22—H22A
C24—C23—C22
C24—C23—H23A
C6—C1—C2—C3
C7—C1—C2—C3
Cl—C2—C3—01
Cl—C2—C3—C4
01—C3—C4—02
C2—C3—C4—02
01—C3—C4—C5
C2—C3—C4—C5
02—C4—C5—03
C3—C4—C5—03
02— C4—C5—C6
C3—C4—C5—C6
03—C5—C6—Cl
C4—C5—C6—Cl
C2—C1—C6—C5
C7—C1—C6—C5
C2—C1—C7—PI
C6—C1—C7—PI1
Cl—C7—P1—Cl1
Cl1—C7—P1—C31
Cl—C7—P1—C21
Cl1—C12—C13—Cl4
C12—C13—Cl4—CI5
C13—C14—C15—Cl6
Cl4—Cl15—Cl6—Cl1
C15—Cl6—C11—C12
C15—Cl6—C11—P1
C13—C12—C11—C16
C13—C12—C11—P1
C31—P1—C11—C16

119.7
119.7

120.4 (2)
119.8

119.8

120.3 (2)
119.9

119.9

119.1 (2)
120.5

120.5

120.02 (17)
119.19 (14)
120.66 (15)
119.55 (18)
120.2

120.2

120.96 (19)
119.5
-0.3(2)
~179.41 (14)
179.69 (15)
0.0 (2)
-2.1(2)
177.63 (14)
~179.06 (15)
0.7 (2)
1.2(2)
178.17 (14)
~178.00 (14)
-1.0(2)
~178.40 (15)
0.7 (2)

0.0 (2)
179.03 (14)
103.56 (15)
~75.54 (17)
~173.31 (12)
68.01 (13)
~52.62 (14)
0.9 (4)

—0.9 (4)
0.3 (4)
1.5(3)
-1.4(3)
~177.44 (15)
0.3 (3)
176.19 (17)
176.66 (14)

01—C50—H50A
01—C50—H50B
H50A—C50—H50B
01—C50—H50C
H50A—C50—HS50C
H50B—C50—HS50C
02—C60—H60A
02—C60—H60B
H60A—C60—H60B
02—C60—H60C
H60A—C60—H60C
H60B—C60—H60C
03—C70—H70A
03—C70—H70B
H70A—C70—H70B
03—C70—H70C
H70A—C70—H70C
H70B—C70—H70C
H99A—099—H99B

C21—C22—C23—C24
C22—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—C21
C25—C26—C21—C22
C25—C26—C21—P1
C23—C22—C21—C26
C23—C22—C21—P1
Cl11—P1—C21—C26
C31—P1—C21—C26
C7—P1—C21—C26
Cl11—P1—C21—C22
C31—P1—C21—C22
C7—P1—C21—C22
C31—C32—C33—C34
C32—C33—C34—C35
C33—C34—C35—C36
C34—C35—C36—C31
C33—C32—C31—C36
C33—C32—C31—P1
C35—C36—C31—C32
C35—C36—C31—P1
Cl11—P1—C31—C32
C21—P1—C31—C32
C7—P1—C31—C32
Cl11—P1—C31—C36
C21—P1—C31—C36
C7—P1—C31—C36
C2—C3—01—C50
C4—C3—01—C50

109.5
109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

100 (4)
-0.1(3)
0.1(4)

0.0 (4)

0.2 (4)

0.2 (3)
~179.85 (17)
0.0 (3)
~179.99 (16)
~1.85 (18)
118.94 (16)
~119.73 (16)
178.12 (14)
~61.09 (16)
60.24 (16)
0.0 (4)

0.9 (4)
-1203)

0.6 (3)
-0.5(3)
~177.89 (18)
0.2 (3)
177.66 (14)
107.02 (17)
~14.53 (18)
~136.43 (16)
~70.42 (15)
168.03 (13)
46.13 (15)
—6.6(3)
173.14 (17)
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C21—P1—C11—Cl16
C7—P1—C11—C16
C31—P1—C11—CI12
C21—P1—C11—CI12
C7—P1—C11—C12

~63.01 (16)
57.73 (16)
0.69 (18)
121.01 (16)
~118.25 (16)

C3—C4—02—C60
C5—C4—02—C60
C6—C5—03—C70
C4—C5—03—C70

81.1(2)
~102.0 (2)
8.1(3)
~171.10 (17)

sup-8



supplementary materials

o 35 ) -?{:3u
03 { e o--/ ‘ D
/;B \—.I £33
S S
w0yl 5o [ 0L 2
\ /7 3
I SN AN |
C2 ~ l C1lu
0t L G“ \\ / &
cee c23 ‘c( "-é C15
O 2 ‘Nr
Jo y <

Cli
i

sup-9



