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In the title half-sandwich complex, [RuCl(n6-C12ng)-
(C10HoN3)]PF4-CH,Cl,, the ruthenium(II) ion is four-coordi-
nated by a chloro, a hexamethylbenzene and a bidentate N,N'-
chelating di(pyridin-2-yl)amine ligand. In the crystal, the
amino N—H group forms a hydrogen bond with the chloro
ligand of a neighbouring complex, thus forming chains along
the b axis. Weak intermolecular C—H---F and C—H.-- CI
contacts are also observed.

Related literature

For related structures with the same N,N’-chelating ligand
coordinated to arene ruthenium moieties, see: Romain et al.
(2010); Gupta et al. (2011); Singh et al. (2004). For the
synthesis, see: Romain et al. (2010); Gupta et al. (2010).
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Experimental

Crystal data
[RuCl(C/,H;5)(CioHoN3) [PFg--

CH,Cl,
M, = 699.88

Monoclinic, P2, /n
a=15.5241 (4) A
b =9.1644 (2) A

¢ =189108 (5) A
B=93621 (1)
V =2685.05 (12) A®
Z=4

Mo Ko radiation
=100 mm™"
T=173K

0.20 x 0.17 x 0.16 mm

Data collection

Bruker SMART CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tomin = 0.738, Tiax = 0.871

31923 measured reflections
9327 independent reflections
7812 reflections with 7 > 20(1)
Ript = 0.030

Refinement

R[F? > 20(F*)] = 0.033
WwR(F?) = 0.087

S =1.06

9327 reflections

344 parameters

H atoms treated by a mixture of
independent and constrained
refinement

APmax = 0.77 € A3

Appin = —0.78 ¢ A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H24. - -ClI 0.85 (3) 251 (3) 33493 (17) 170 (3)
C3—H3.--F3" 0.95 2.52 3.351 (3) 146
C8—HS8-- F5' 0.95 2.55 3435 (3) 155
C20—H204- - -CI13" 0.98 2.78 3.626 (2) 144
C20—H20B- - -F2" 0.98 2.54 3.424 (3) 151

Symmetry codes: (i) —x 432,y +1, —z + 3 (i) —x +2, —y, —z 4+ 2; (iii) x,y + 1, z; (iv)
X—5-y+3z—%

Data collection: SMART (Bruker, 1999); cell refinement: SMART
and SAINT (Bruker, 1999); data reduction: SAINT; program(s) used
to solve structure: SIR97 (Altomare et al., 1999); program(s) used to
refine structure: SHELXTL (Sheldrick, 2008); molecular graphics:
SHELXTL; software used to prepare material for publication:
SHELXTL.

This work was supported by the Korea Research Founda-
tion (KRF 313-2008-2-C00444).

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: OM2411).
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[Bis(z-pyridyl-lc]\’)amine]chlorido(’l6-hexamethylbenzene)ruthenium(II) hexafluoridophosphate
dichloromethane solvate

G. Gupta, B. Therrien and J. Kim

Comment

The title complex shows typical three legged piano-stool geometry with the ruthenium(Il) atom being coordinated by a
hexamethylbenzene ligand occupying one face of the octahedron, a terminal chloro and a bidentate N, N'-chelating ligand,
see Fig. 1. The di(pyridin-2-yl)amine ligand acts as a bidentate chelating ligand through its two pyridyl groups, and the
Ru-N distances are essentially equivalent at 2.099 (2) and 2.098 (2) A. The aromatic ring of the hexamethylbenzene is planar
and the Ru-centroid distance is 1.690 (2) A. The Ru-Cl distance is 2.4108 (4) A, similar to that found in other chloro arene
ruthenium complexes (Singh et al., 2004; Gupta et al., 2011).

In the crystal packing, the N-H amino group is involved in a H-bonded interaction with the chloro ligand of a neighbouring
complex, thus forming infinite one-dimensional chains along the b axis. Moreover, there are weak intermolecular contacts
of the type C—H:--F and C—H--- CL.

Experimental

The synthesis of the title compound has been reported (Romain et al., 2010; Gupta et al., 2011). Yellow-orange crystals for
X-ray diffraction analysis were obtained by slow diffusion of hexane into a dichloromethane solution of the title complex.
Refinement

The H atoms were included in calculated positions and refined using a riding model, with C—H = 0.93-0.96 A and with
Uiso(H) = 1.2 (1.5 for methyl) times Ugq(C), except for the H atom of the N—H group which was found in the Fourier

difference map and refined isotropically.

Figures

A Fig. 1. The molecular structure of [RUCI(HZ-Cl()HgN:’,—KZ—]V,N ’)(n6-C12H18)]PF6. Displace-
LY ., w2 |ment ellipsoids are drawn at the 50% probability level.
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[Bis(2-pyridyI-KN)amine]chIorido(n6-hexamethylbenzene)ruthenium(II) hexafluoridophosphate dichlorometh-

ane monosolvate

Crystal data
[RuCl(Ci2H;5)(C10H9N3)|PFCHCly
M, =699.88
Monoclinic, P2/n
Hall symbol: -P 2yn
a=15.5241 (4) A
b=9.1644 (2) A
c=18.9108 (5) A
B=093.621 (1)°

¥ =2685.05 (12) A3
Z=4

Data collection

Bruker SMART CCD
diffractometer

Radiation source: fine-focus sealed tube
graphite

Detector resolution: 0 pixels mm’!

 scans

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

Tmin = 07389 Tmax =0.871

31923 measured reflections

Refinement

Refinement on F>

Least-squares matrix: full

R[F? > 20(F*)] = 0.033
WR(F?) = 0.087
§=1.06

9327 reflections
344 parameters

0 restraints

F(000) = 1408
Dy=1.731 Mgm>
Mo Ka radiation, A= 0.71073 A

Cell parameters from 550 reflections

0=17-27.0°
w=1.00mm"'
T=173K

Block, orange
0.20 x 0.17 x 0.16 mm

9327 independent reflections

7812 reflections with 1> 2o(/)
Rine=0.030

Omax = 33.9°, Opin = 1.7°
h=-22-24

k=-14-11

/=-25-29

Primary atom site location: structure-invariant direct
methods

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/[6%(Fy2) + (0.0383P)> + 2.053P]
where P = (F,> + 2F.2)/3

(A/G)max = 0.003

Apmax =0.77 ¢ A3

Apmin=—0.78 ¢ A7
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Special details

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

Refinement. Refinement of /2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F* 2, convention-
al R-factors R are based on F, with F set to zero for negative F>. The threshold expression of P> 0(F2) 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
Rul 0.623752 (8) 0.316216 (13) 0.871467 (6) 0.01424 (4)
cl 0.62147 (3) 0.05324 (4) 0.86885 (2) 0.02066 (8)
N1 0.75701 (10) 0.29849 (15) 0.86021 (8) 0.0181 (3)
N2 0.74819 (10) 0.42939 (17) 0.75231 (8) 0.0222 (3)
H2A 0.7794 (18) 0.472 (3) 0.7233 (15) 0.038 (7)*
N3 0.61569 (10) 0.30532 (15) 0.76042 (8) 0.0176 (3)
Cl 0.80663 (12) 0.2324 (2) 0.91254 (10) 0.0237 (4)
H1 0.7790 0.1776 0.9472 0.028*
2 0.89516 (13) 0.2416 (2) 0.91737 (12) 0.0306 (4)
H2 0.9280 0.1945 0.9548 0.037*
C3 0.93565 (14) 0.3209 (2) 0.86646 (13) 0.0323 (5)
H3 0.9967 0.3312 0.8694 0.039*
c4 0.88661 (13) 0.3843 (2) 0.81186 (11) 0.0265 (4)
H4 0.9133 0.4383 0.7764 0.032*
cs 0.79686 (12) 0.36842 (19) 0.80912 (9) 0.0196 (3)
C6 0.67229 (11) 0.37280 (19) 0.72068 (9) 0.0183 (3)
c7 0.65632 (13) 0.3905 (2) 0.64760 (9) 0.0238 (4)
H7 0.6973 0.4385 0.6205 0.029*
Cs8 0.58096 (14) 0.3377 (2) 0.61534 (10) 0.0300 (4)
H8 0.5682 0.3520 0.5660 0.036*
C9 0.52350 (14) 0.2629 (3) 0.65590 (10) 0.0285 (4)
H9 0.4716 0.2231 0.6347 0.034*
C10 0.54359 (12) 0.2481 (2) 0.72714 (9) 0.0226 (3)
H10 0.5051 0.1950 0.7546 0.027*
Cll 0.59093 (13) 0.33487 (19) 0.98353 (9) 0.0215 (3)
c12 0.64864 (13) 0.4479 (2) 0.96903 (10) 0.0238 (4)
CI13 0.63113 (13) 0.54226 (19) 0.90926 (10) 0.0244 (4)
Cl4 0.55431 (14) 0.5232 (2) 0.86567 (10) 0.0253 (4)
C15s 0.49318 (12) 0.4121 (2) 0.88188 (10) 0.0234 (4)
Cl6 0.51229 (12) 0.31772 (19) 0.93991 (10) 0.0210 (3)
C17 0.61053 (17) 0.2298 (3) 1.04399 (11) 0.0362 (5)
H17A 0.6643 0.2589 1.0702 0.054*
H17B 0.6168 0.1310 1.0251 0.054*
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H17C
CI18
HI18A
H18B
H18C
C19
HI19A
H19B
H19C
C20
H20A
H20B
H20C
C21
H21A
H21B
H21C
C22
H22A
H22B
H22C
P1

F1

F2

F3

F4

F5

F6
Cl2
CI3
C23
H23A
H23B

0.5632
0.73129 (16)
0.7244
0.7786
0.7445
0.69407 (19)
0.6916
0.7526
0.6789
0.5372 (2)
0.5179
0.4923
0.5903
0.40948 (15)
0.3842
0.4207
0.3693
0.45135 (16)
0.4105
0.4196
0.4843
0.83358 (3)
0.80510 (16)
0.88637 (13)
0.86296 (14)
0.78098 (12)
0.91667 (13)
0.75213 (14)
0.29778 (4)
0.40491 (4)
0.30396 (15)
0.2966
0.2569

0.2314
0.4720 (3)
0.5561
0.4907
0.3850
0.6613 (2)
0.6792
0.6311
0.7509
0.6196 (3)
0.7158
0.5755
0.6304
0.3991 (3)
0.3026
0.4116
0.4747
0.1958 (2)
0.1804
0.2215
0.1060
~0.08437 (6)
0.0740 (2)
~0.0904 (3)
~0.2456 (2)
~0.0793 (2)
~0.0269 (3)
~0.1494 (3)
0.13851 (7)
~0.05472 (7)
~0.0338 (3)
~0.1114
~0.0435

Atomic displacement parameters (142 )

Rul
Cl1
N1
N2
N3
C1
C2
C3
C4
C5
C6

Ull
0.01582 (7)
0.0245 (2)
0.0172 (7)
0.0209 (7)
0.0180 (7)
0.0233 (9)
0.0235 (10)
0.0170 (9)
0.0196 (9)
0.0192 (8)
0.0194 (8)

U22
0.01321 (6)
0.01458 (17)
0.0176 (6)
0.0253 (7)
0.0189 (6)
0.0225 (8)
0.0298 (10)
0.0362 (11)
0.0266 (9)
0.0180 (7)
0.0169 (7)

1.0759
1.01410 (13)
1.0453
0.9834
1.0429
0.89334 (15)
0.8422
0.9096
0.9180
0.80187 (13)
0.8171
0.7700
0.7770
0.83713 (13)
0.8441
0.7871
0.8511
0.95564 (14)
0.9146
0.9970
0.9655
1.08848 (3)
1.10653 (13)
1.16249 (9)
1.06967 (14)
1.01404 (8)
1.05393 (10)
1.12304 (11)
0.69513 (3)
0.78424 (4)
0.73642 (13)
0.7001
0.7691

U33 U12
0.01390 (6) 0.00102 (4)
0.02333 (19) 0.00161 (14)
0.0197 (6) 0.0012 (5)
0.0210 (7) ~0.0042 (6)
0.0162 (6) 0.0002 (5)
0.0251 (8) 0.0035 (7)
0.0372 (10) 0.0042 (8)
0.0432 (12) 0.0006 (8)
0.0337 (10) ~0.0027 (7)
0.0218 (8) 0.0011 (6)
0.0188 (7) 0.0028 (6)

0.054*
0.0425 (6)
0.064*
0.064*
0.064*
0.0425 (6)
0.064*
0.064*
0.064*
0.0474 (7)
0.071*
0.071*
0.071*
0.0415 (6)
0.062*
0.062*
0.062*
0.0362 (5)
0.054*
0.054*
0.054*
0.02634 (11)
0.0875 (7)
0.0800 (7)
0.0859 (7)
0.0590 (5)
0.0792 (7)
0.0860 (8)
0.04174 (14)
0.04606 (15)
0.0350 (5)
0.042*
0.042*

U13
0.00260 (5)
0.00529 (16)
0.0017 (5)
0.0053 (6)
0.0032 (5)
~0.0018 (7)
~0.0076 (8)
~0.0009 (8)
0.0050 (7)
0.0033 (6)
0.0039 (6)

U23
0.00107 (4)
0.00003 (13)
0.0011 (5)
0.0051 (6)
0.0019 (5)
0.0021 (7)
0.0009 (8)
~0.0040 (9)
~0.0028 (7)
~0.0022 (6)
0.0025 (6)
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C7
C8
C9
C10
Cl11
Cl12
Cl13
Cl14
Cl15
Cl6
C17
CI18
C19
C20
C21
C22
P1
F1
F2
F3
F4
F5
F6
Cl2
CI3
C23

0.0273 (9)
0.0308 (11)
0.0262 (10)
0.0212 (8)

0.0304 (10)
0.0269 (9)

0.0321 (10)
0.0335 (10)
0.0204 (8)

0.0212 (8)

0.0536 (14)
0.0361 (12)
0.0544 (16)
0.0685 (18)
0.0233 (10)
0.0322 (11)
0.0245 (2)

0.0957 (16)
0.0692 (13)
0.0794 (14)
0.0668 (11)
0.0597 (12)
0.0573 (12)
0.0485 (3)

0.0356 (3)

0.0355 (12)

Geometric parameters (4, °)

Rul—N3
Rul—NI1
Rul—C14
Rul—C13
Rul—Cl11
Rul—C12
Rul—Cl16
Rul—Cl15
Rul—Cl1
N1—C5
N1—C1
N2—C6
N2—C5
N2—H2A
N3—Co6
N3—C10
Cl—C2
Cl—H1
C2—C3
C2—H2

0.0263 (8)
0.0406 (11)
0.0377 (11)
0.0259 (9)
0.0204 (8)
0.0238 (8)
0.0142 (7)
0.0187 (8)
0.0261 (8)
0.0190 (7)
0.0342 (10)
0.0547 (15)
0.0222 (10)
0.0369 (12)
0.0624 (16)
0.0302 (10)
0.0325 (3)
0.0516 (11)
0.128 (2)
0.0444 (11)
0.0758 (12)
0.1159 (18)
0.145 (2)
0.0372 (3)
0.0451 (3)
0.0315 (10)

2.0982 (15)
2.0993 (15)
2.1808 (18)
2.1920 (18)
22173 (17)
2.2178 (18)
2.2255(19)
2.2292 (18)
2.4108 (4)
1.343 (2)
1.358 (2)
1.388 (2)
1.391 (2)
0.85 (3)
1.343 (2)
1.355 (2)
1.374 (3)
0.9500
1.388 (3)
0.9500

0.0184 (7) 0.0046 (7)
0.0183 (8) 0.0056 (9)
0.0211 (8) ~0.0003 (8)
0.0208 (8) ~0.0015 (7)
0.0143 (7) 0.0036 (7)
0.0210 (8) 0.0001 (7)
0.0281 (9) ~0.0019 (7)
0.0246 (8) 0.0107 (7)
0.0239 (8) 0.0079 (7)
0.0239 (8) 0.0018 (6)
0.0212 (9) 0.0055 (10)
0.0356 (11) ~0.0057 (11)
0.0532 (15) ~0.0135 (10)
0.0383 (12) 0.0245 (12)
0.0381 (12) 0.0137 (11)
0.0480 (13) ~0.0074 (9)
0.0217 (2) ~0.0028 (2)
0.1124 (18) 0.0272 (11)
0.0388 (9) ~0.0203 (13)
0.129 (2) 0.0169 (10)
0.0315 (7) ~0.0028 (9)
0.0652 (12) ~0.0452 (12)
0.0575 (12) ~0.0489 (13)
0.0377 (3) ~0.0002 (3)
0.0571 (4) 0.0073 (3)
0.0377 (11) ~0.0056 (9)

Cl2—C18

C13—Cl4

C13—C19

Cl4—Cl5

C14—C20

C15—C16

Cl5—C21

Cl6—C22

Cl17—HI7A

C17—H17B

C17—H17C

C18—HISA

C18—HI8B

C18—HI8C

C19—HI9A

C19—HI19B

C19—H19C

C20—H20A

C20—H20B

C20—H20C

0.0054 (7)
~0.0004 (7)
~0.0031 (7)
0.0017 (7)
0.0063 (7)
0.0030 (7)
0.0114 (8)
0.0082 (7)
0.0037 (7)
0.0099 (7)
0.0052 (9)
~0.0059 (10)
0.0228 (12)
0.0138 (12)
~0.0040 (9)
0.0171 (10)
~0.00065 (18)
~0.0155 (14)
~0.0277 (9)
~0.0326 (13)
~0.0187 (7)
0.0299 (9)
0.0167 (9)
—0.0113 (2)
~0.0008 (3)
~0.0006 (9)

0.0071 (6)
0.0055 (7)
0.0007 (8)
0.0008 (6)
~0.0001 (6)
~0.0068 (6)
~0.0031 (6)
0.0045 (6)
~0.0028 (7)
~0.0021 (6)
0.0088 (8)
~0.0177 (11)
~0.0060 (9)
0.0198 (10)
~0.0082 (11)
~0.0006 (9)
~0.00108 (19)
~0.0377 (12)
0.0085 (11)
~0.0205 (12)
0.0029 (7)
~0.0266 (12)
~0.0009 (13)
0.0066 (2)
0.0181 (3)
0.0020 (9)

1.511 (3)
1.417 3)
1.507 (3)
1.438 (3)
1.506 (3)
1.414 (3)
1.510 3)
1.506 (3)

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C3—C4

C3—H3

C4—Cs

C4—H4

C6—C7

C7—C8

C7—H7

C8—C9

C8—H8
C9—Cl10
C9—H9
C10—H10
Cl11—C12
Cl11—C16
C11—C17
C12—Cl13
N3—Rul—NI1
N3—Rul—C14
N1—Rul—C14
N3—Rul—C13
N1—Rul—C13
Cl14—Rul—Cl13
N3—Rul—C11
NI—Rul—C11
Cl4—Rul—Cl11
CI13—Rul—Cl11
N3—Rul—C12
NI—Rul—C12
Cl4—Rul—C12
CI13—Rul—C12
Cl1—Rul—C12
N3—Rul—C16
NI—Rul—C16
Cl14—Rul—C16
CI13—Rul—C16
Cl1—Rul—C16
Cl12—Rul—C16
N3—Rul—C15
N1—Rul—C15
Cl4—Rul—Cl15
C13—Rul—Cl15
Cl1—Rul—C15
Cl12—Rul—Cl15
Cl16—Rul—Cl15
N3—Rul—ClI1
NI—Rul—Cl1
Cl4—Rul—Cl1
CI13—Rul—Cl1
Cl1—Rul—ClI1

1373 3)
0.9500
1.399 (3)
0.9500
1.398 (2)
1373 3)
0.9500
1.393 (3)
0.9500
1.370 3)
0.9500
0.9500
1.408 (3)
1.438 (3)
1.511 (3)
1.436 (3)

83.79 (6)
89.60 (6)
123.32(7)
111.71 (6)
94.28 (7)
37.81 (8)
163.23 (7)
112.97 (7)
80.69 (7)
68.04 (7)
148.73 (7)
90.31 (7)
68.18 (7)
38.00 (7)
37.01 (7)
125.66 (7)
150.10 (7)
67.90 (7)
80.27 (7)
37.78 (7)
67.28 (7)
96.32 (6)
161.23 (7)
38.05 (8)
68.16 (7)
67.67 (7)
79.85 (7)
37.01 (7)
86.10 (4)
86.21 (4)
149.52 (6)
162.15 (5)
95.32 (5)

C21—H21A
C21—H21B
C21—H21C
C22—H22A
C22—H22B
C22—H22C
P1—F1
P1—F5
P1—F6
P1—F2
P1—F4
P1—F3
Cl2—C23
CI13—C23
C23—H23A
C23—H23B

Cl11—C12—Rul
C13—Cl12—Rul
C18—C12—Rul
C14—C13—Cl12
C14—C13—C19
C12—C13—C19
C14—C13—Rul
C12—C13—Rul
C19—C13—Rul
C13—C14—C15
C13—C14—C20
C15—C14—C20
C13—C14—Rul
C15—C14—Rul
C20—C14—Rul
Cl16—C15—Cl14
Cl6—C15—C21
Cl14—C15—C21
C16—C15—Rul
C14—C15—Rul
C21—C15—Rul
C15—C16—C11
C15—C16—C22
Cl1—Cl6—C22
C15—C16—Rul
C11—C16—Rul
C22—C16—Rul
Cl11—C17—H17A
C11—C17—H17B

H17A—C17—H17B

C11—C17—H17C

H17A—C17—H17C
H17B—C17—H17C

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.5608 (19)
1.5730 (18)
1.5766 (19)
1.5776 (16)
1.5830 (14)
1.593 (2)
1.761 (2)
1.770 (2)
0.9900
0.9900

71.48 (10)
70.03 (10)
130.24 (15)
119.61 (17)
120.4 (2)
120.0 (2)
70.67 (10)
71.98 (10)
129.79 (15)
120.39 (16)
119.5 (2)
120.1 (2)
71.52 (10)
72.80 (10)
127.76 (15)
119.30 (17)
1212 (2)
119.49 (19)
71.35 (10)
69.15 (10)
132.43 (14)
120.49 (17)
120.23 (19)
119.27 (18)
71.64 (11)
70.80 (10)
129.16 (13)
109.5

109.5

109.5

109.5

109.5

109.5
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Cl2—Rul—Cl1
Cl16—Rul—cCl1
Cl15—Rul—Cl1
C5—N1—Cl1
C5—N1—Rul
Cl—N1—Rul
C6—N2—C5
C6—N2—H2A
C5—N2—H2A
C6—N3—C10
C6—N3—Rul
C10—N3—Rul
N1I—C1—C2
N1—C1—H1
C2—Cl1—H1
C1—C2—C3
Cl—C2—H2
C3—C2—H2
C4—C3—C2
C4—C3—H3
C2—C3—H3
C3—C4—C5
C3—C4—H4
C5—C4—H4
NI—C5—N2
N1—C5—C4
N2—C5—C4
N3—C6—N2
N3—C6—C7
N2—C6—C7
C8—C7—C6
C8—C7—H7
C6—C7—H7
C7—C8—C9
C7—C8—HS
C9—C8—HS
C10—C9—C8
C10—C9—H9
C8—C9—H9
N3—C10—C9
N3—C10—H10
C9—C10—H10
C12—CI11—C16
C12—C11—C17
Cl16—C11—C17
Cl12—Cl11—Rul
C16—C11—Rul
C17—Cl11—Rul
C11—C12—C13

124.22 (5)
90.41 (5)
112.55 (5)
118.13 (16)
122.54 (12)
118.56 (13)
126.00 (15)
113.3 (18)
112.2 (18)
117.98 (15)
122.58 (12)
118.60 (12)
122.70 (19)
118.6

118.6
118.73 (19)
120.6
120.6
119.31 (19)
120.3

120.3
119.19 (19)
120.4
120.4
119.67 (16)
121.75 (17)
118.57 (17)
119.91 (15)
121.68 (17)
118.40 (16)
119.44 (18)
120.3

120.3
119.08 (18)
120.5

120.5
118.44 (19)
120.8

120.8
123.26 (18)
118.4

118.4
119.76 (16)
121.06 (19)
119.18 (18)
71.52 (10)
71.42 (10)
128.81 (14)
120.36 (17)

C12—C18—H18A
C12—C18—H18B
H18A—C18—H18B
C12—C18—H18C
H18A—C18—HI18C
H18B—C18—H18C
C13—C19—H19A
C13—C19—H19B
H19A—C19—H19B
C13—C19—H19C
H19A—C19—H19C
H19B—C19—H19C
C14—C20—H20A
C14—C20—H20B
H20A—C20—H20B
C14—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
C15—C21—H21A
C15—C21—H21B
H21A—C21—H21B
C15—C21—H21C
H21A—C21—H21C
H21B—C21—H21C
C16—C22—H22A
C16—C22—H22B
H22A—C22—H22B
Cl16—C22—H22C
H22A—C22—H22C
H22B—C22—H22C
F1—P1—F5
F1—P1—F6
F5—P1—F6
F1—P1—F2
F5—P1—F2
F6—P1—F2
F1—P1—F4
F5—P1—F4
F6—P1—F4
F2—P1—F4
F1—P1—F3
F5—P1—F3
F6—P1—F3
F2—P1—F3
F4—P1—F3
Cl2—C23—CI3
Cl12—C23—H23A
CI3—C23—H23A
Cl12—C23—H23B

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
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
91.77 (14)
90.87 (15)
177.30 (15)
88.70 (13)
89.24 (12)
90.24 (12)
91.70 (11)
90.64 (11)
89.86 (11)
179.59 (14)
179.65 (17)
87.92 (14)
89.44 (15)
91.45 (13)
88.15 (11)
110.21 (12)
109.6
109.6
109.6
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C11—C12—C18
C13—CI12—CI18
N3—Rul—N1—C5
Cl4—Rul—N1—C5
CI3—Rul—N1—C5
Cl1—Rul—NI1—C5
Cl2—Rul—N1—C5
Cl16—Rul—N1—C5
Cl15—Rul—N1—C5
Cl1—Rul—N1—C5
N3—Rul—N1—Cl1
Cl4—Rul—N1—Cl1
CI13—Rul—N1—Cl1
Cl1—Rul—N1—Cl1
Cl2—Rul—N1—Cl1
Cl16—Rul—N1—Cl1
Cl15—Rul—N1—Cl1
Cl1—Rul—N1—Cl1
NI—Rul—N3—C6
Cl14—Rul—N3—C6
C13—Rul—N3—C6
Cl11—Rul—N3—C6
C12—Rul—N3—C6
C16—Rul—N3—C6
C15—Rul—N3—C6
CI1—Rul—N3—C6
NI—Rul—N3—C10
Cl14—Rul—N3—C10
C13—Rul—N3—C10
Cl11—Rul—N3—C10
C12—Rul—N3—C10
C16—Rul—N3—C10
C15—Rul—N3—C10
CI1—Rul—N3—C10
C5—N1—C1—C2
Rul—N1—C1—C2
N1I—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
ClI—N1—C5—N2
Rul—N1—C5—N2
ClI—N1—C5—C4
Rul—N1—C5—C4
C6—N2—C5—N1
C6—N2—C5—C4
C3—C4—C5—N1
C3—C4—C5—N2
C10—N3—C6—N2
Rul—N3—C6—N2

121.75 (19)
117.87 (19)

40.39 (14)
~45.02 (16)
~71.01 (14)
~138.95 (13)
~108.84 (14)
~148.91 (14)
-51.0 (3)
126.88 (14)
~149.88 (14)
124.71 (14)
98.72 (14)
30.78 (15)
60.89 (14)
20.8 (2)
118.8 (2)
~63.39 (13)
~39.46 (13)
84.14 (14)
52.69 (15)
138.4 (2)
40.8 (2)
146.23 (13)
121.66 (14)
~126.06 (13)
151.27 (14)
~85.14 (14)
~116.59 (14)
-30.8 (3)
~128.45 (15)
~23.04 (16)
~47.61 (14)
64.67 (13)
3.9(3)
~166.30 (16)
-0.4(3)
-1.803)
0.5(3)
175.93 (16)
~14.3(2)
-52(3)
164.55 (14)
-34.9 (3)
146.20 (19)
3.1(3)
~178.03 (18)
~178.17 (16)
12.5(2)

CI13—C23—H23B
H23A—C23—H23B

NI—Rul—C13—C14
Cl11—Rul—C13—C14
C12—Rul—C13—C14
Cl16—Rul—C13—C14
Cl15—Rul—C13—C14
Cll—Rul—C13—C14
N3—Rul—C13—C12
NI—Rul—C13—C12
Cl14—Rul—C13—C12
Cl1—Rul—C13—C12
Cl16—Rul—C13—C12
C15—Rul—C13—C12
Cll—Rul—C13—C12
N3—Rul—C13—C19
N1I—Rul—C13—C19
C14—Rul—C13—C19
Cl11—Rul—C13—C19
C12—Rul—C13—C19
C16—Rul—C13—C19
C15—Rul—C13—C19
Cll—Rul—C13—C19
C12—C13—C14—C15
C19—C13—C14—C15
Rul—C13—C14—C15
C12—C13—C14—C20
C19—C13—C14—C20
Rul—C13—C14—C20
C12—C13—C14—Rul
C19—C13—C14—Rul
N3—Rul—C14—C13
NI—Rul—C14—C13
Cl11—Rul—C14—C13
C12—Rul—C14—C13
Cl16—Rul—C14—C13
C15—Rul—C14—C13
Cll—Rul—C14—C13
N3—Rul—C14—C15
NI—Rul—C14—C15
C13—Rul—C14—C15
Cl1—Rul—C14—C15
C12—Rul—C14—C15
Cl16—Rul—C14—C15
Cl1—Rul—C14—C15
N3—Rul—C14—C20
NI—Rul—C14—C20
C13—Rul—C14—C20
Cl11—Rul1—C14—C20

109.6
108.1

143.33 (11)
~103.61 (12)
~131.67 (17)
—66.32 (11)
—29.85 (11)
~125.76 (17)
~170.01 (11)
-85.01 (12)
131.67 (17)
28.06 (11)
65.35 (12)
101.82 (12)
59(3)
~55.6 (2)
29.4 (2)
~113.9 3)
142.5 (2)
114.4 (3)
179.8 (2)
~143.7 (2)
120.3 (2)
13(3)
~178.40 (18)
56.12 (16)
~178.35 (18)
1.9 (3)
~123.56 (18)
~54.79 (15)
125.48 (18)
~127.75 (11)
~45.46 (13)
65.98 (11)
29.69 (11)
103.05 (12)
131.44 (16)
150.63 (10)
100.80 (11)
~176.91 (10)
~131.44 (16)
~65.46 (11)
~101.75 (12)
~28.40 (10)
19.19 (17)
~143 (2)
68.0 (2)
113.5 (3)
179.5 (2)

sup-8



supplementary materials

C10—N3—C6—C7
Rul—N3—C6—C7
C5—N2—C6—N3
C5—N2—C6—C7
N3—C6—C7—CS8
N2—C6—C7—CS8
C6—C7T—C8—C9
C7—C8—C9—C10
C6—N3—C10—C9
Rul—N3—C10—C9
C8—C9—C10—N3
N3—Rul—C11—C12
NI—Rul—C11—C12
Cl4—Rul—C11—C12
CI13—Rul—C11—C12
Cl16—Rul—C11—C12
Cl15—Rul—C11—C12
Cl1—Rul—C11—C12
N3—Rul—C11—C16
N1—Rul—C11—C16
Cl4—Rul—C11—C16
CI13—Rul—C11—C16
Cl12—Rul—C11—C16
Cl15—Rul—C11—C16
Cl1—Rul—C11—C16
N3—Rul—C11—C17
NI—Rul—C11—C17
Cl4—Rul—C11—C17
CI13—Rul—C11—C17
Cl12—Rul—C11—C17
C16—Rul—C11—C17
Cl15—Rul—C11—C17
Cl1—Rul—C11—C17
C16—C11—C12—C13
C17—C11—C12—C13
Rul—C11—C12—C13
C16—C11—C12—C18
C17—C11—C12—C18
Rul—C11—C12—C18
C16—C11—C12—Rul
C17—C11—C12—Rul
N3—Rul—C12—C11
N1—Rul—C12—C11
Cl4—Rul—C12—Cl11
CI13—Rul—C12—Cl11
Cl16—Rul—C12—Cl11
Cl5—Rul—C12—Cl11
Cl1—Rul—C12—C11
N3—Rul—C12—C13

3.0 (3)
~166.33 (13)
36.0 (3)
~145.18 (18)
0.0 (3)
~178.84 (18)
-23(3)

1.6 3)
-3.8(3)
165.96 (16)
1.5(3)
~121.3 (2)
56.45 (12)
~65.90 (12)
~28.76 (11)
~131.64 (16)
~103.21 (12)
144.58 (10)
10.4 (3)
~171.91 (9)
65.74 (11)
102.89 (11)
131.64 (16)
28.43 (10)
~83.78 (9)
1233 (2)
-59.0 (2)
178.7 (2)
~1442 (2)
~115.4 (2)
112.9 (2)
141.4 (2)
29.2 (2)
-2.603)
176.89 (18)
52.13 (15)
178.88 (18)
-1.703)
~126.43 (19)
~54.68 (15)
124.76 (18)
151.63 (13)
~129.88 (11)
103.99 (12)
133.55 (17)
29.75 (11)
66.19 (12)
~44.26 (13)
18.08 (19)

C12—Rul—C14—C20
C16—Rul—C14—C20
C15—Rul—C14—C20
Cl1—Rul—C14—C20
C13—C14—C15—C16
C20—C14—C15—C16
Rul—C14—C15—C16
C13—C14—C15—C21
C20—C14—C15—C21
Rul—C14—C15—C21
C13—C14—C15—Rul
C20—C14—C15—Rul
N3—Rul—C15—C16
NI—Rul—C15—C16
Cl14—Rul—C15—C16
C13—Rul—C15—C16
Cl1—Rul—C15—C16
C12—Rul—C15—C16
Cll—Rul—C15—C16
N3—Rul—C15—C14
NI—Rul—C15—C14
C13—Rul—C15—C14
Cl1—Rul—C15—C14
C12—Rul—C15—C14
Cl16—Rul—C15—C14
Cll—Rul—C15—C14
N3—Rul—C15—C21
NI—Rul—C15—C21
Cl14—Rul—C15—C21
C13—Rul—C15—C21
Cl1—Rul—C15—C21
C12—Rul—C15—C21
Cl16—Rul—C15—C21
Cll—Rul—C15—C21
Cl14—C15—C16—C11
C21—C15—C16—C11
Rul—C15—C16—Cl11
C14—C15—C16—C22
C21—C15—C16—C22
Rul—C15—C16—C22
C14—C15—C16—Rul
C21—C15—C16—Rul
C12—C11—C16—C15
C17—C11—C16—C15
Rul—C11—C16—C15
C12—C11—C16—C22
C17—C11—C16—C22
Rul—C11—C16—C22
C12—C11—C16—Rul

1432 (2)
~143.5(2)
~115.1 3)
—95.9(2)
-2.8(3)
176.85 (18)
52.69 (15)
176.60 (18)
-3.703)
~127.89 (18)
~55.51 (15)
124.16 (19)
145.85 (11)
~124.88 (19)
~132.94 (16)
~103.26 (12)
~28.99 (10)
—65.52 (11)
57.46 (11)
-81.21 (11)
8.1(2)
29.68 (11)
103.96 (12)
67.42 (11)
132.94 (16)
~169.60 (9)
30.2(2)
119.5 (3)
111.4 (3)
141.1 (2)
~144.6 (2)
178.9 (2)
~115.6 (3)
~58.2(2)
1.6 3)
~177.77 (18)
53.32(15)
~176.89 (18)
3.7(3)
~125.22 (17)
~51.68 (15)
128.92 (18)
1.0 (3)
~178.42 (18)
~53.70 (15)
179.58 (18)
0.1(3)
124.85 (17)
54.73 (15)
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N1I—Rul—C12—C13
Cl4—Rul—C12—C13
Cl11—Rul—C12—C13
Cl16—Rul—C12—C13
Cl15—Rul—C12—C13
Cl1—Rul—C12—C13
N3—Rul—C12—C18
NI—Rul—C12—C18
Cl4—Rul—C12—C18
CI13—Rul—C12—C18
Cl1—Rul—C12—C18
Cl16—Rul—C12—C18
Cl15—Rul—C12—C18
Cl1—Rul—C12—C18
C11—C12—C13—C14
C18—C12—C13—C14
Rul—C12—C13—C14
C11—C12—C13—C19
C18—C12—C13—C19
Rul—C12—C13—C19
C11—C12—C13—Rul
C18—C12—C13—Rul
N3—Rul—C13—C14

Hydrogen-bond geometry (4, ©)

DH-A
N2—H2A--ClI1!
C3—H3-F3!
C8—H8-F5'
C20—H20A--C13'
C20—H20B-F2"V

96.56 (12)
~29.56 (12)
~133.55 (17)
~103.80 (12)
~67.37 (12)
~177.81 (9)
-92.0 (2)
~13.6 (2)
~139.7 (2)
~110.1 (2)
116.3 (2)
146.1 (2)
~177.5(2)
72.1 (2)

1.4 (3)
180.00 (18)
54.17 (15)
~178.90 (18)
-03(3)
~126.10 (18)
~52.79 (16)
125.83 (18)
58.32(12)

D—H
0.85 (3)
0.95
0.95
0.98
0.98

C17—C11—C16—Rul
N3—Rul—C16—C15
NI—Rul—C16—C15
Cl14—Rul—C16—C15
C13—Rul—C16—C15
Cl1—Rul—C16—C15
C12—Rul—C16—C15
Cll—Rul—C16—C15
N3—Rul—C16—C11
NI—Rul—C16—C11
Cl4—Rul—C16—C11
C13—Rul—C16—C11
Cl12—Rul—C16—C11
Cl15—Rul—C16—C11
Cll—Rul—C16—Cl11
N3—Rul—C16—C22
NI—Rul—C16—C22
Cl14—Rul—C16—C22
C13—Rul—C16—C22
Cl1—Rul—C16—C22
C12—Rul—C16—C22
Cl15—Rul—C16—C22
Cll—Rul—C16—C22

H-A
2.51 (3)
2.52
2.55
278
2.54

DA
3.3493 (17)
3351 (3)
3.435(3)
3.626 (2)
3.424(3)

Symmetry codes: (i) —x+3/2, y+1/2, —z+3/2; (il) —x+2, —y, —z+2; (iii) x, y+1, z; (iv) x—1/2, —y+1/2, z—1/2.

~124.72 (17)
~43.37 (13)
148.04 (12)
29.14 (11)
66.44 (12)
132.97 (15)
103.78 (12)
~128.87 (10)
~176.34 (9)
15.07 (17)
~103.83 (11)
~66.53 (11)
~29.19 (10)
~132.97 (15)
98.17 (9)
71.1 (2)
—97.5(2)
143.6 (2)
~179.1 (2)
~112.6 2)
~141.8 (2)
114.5 (2)
~14.42 (19)

D—H-A
170 (3)
146

155

144

151
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Fig. 1
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