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The title compound, C;sH,3N30,, crystallizes with two mol-
ecules in the asymmetric unit which are linked by a C—H- - N
hydrogen bond. In the crystal, molecules are connected via
weak C—H---O and C—H.: - -N hydrogen bonds between the
amide O atoms and ethyl chains and between pyridine N
atoms and aromatic H atoms in para positions. C—H: - -
interactions also occur.

Related literature

The title compound has been investigated for its extractive
properties in a synergistic mixture with chlorinated cobalt
dicarbollide towards trivalent metals, see: Alyapyshev et al
(2004). For details of the synthesis, see: Nikitskaya et al.
(1958); Shimada et al. (2004).
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Experimental

Crystal data

C15H3N;0, y = 102.600 (2)°
M, =277.36 V =1523.74 (7) A’
Triclinic, P1 Z=4

a=11.1919 3) A Cu Ko radiation
b=11.7913 (3) A w=065mm"
c=122774 (3) A T=120K

a = 90255 (2)°
B = 105.050 (2)°

0.53 x 0.38 x 0.14 mm

Data collection

17964 measured reflections
5424 independent reflections
5034 reflections with 7 > 20(1)
Rine = 0.023

Agilent Xcalibur Atlas Gemini ultra
diffractometer

Absorption correction: analytical
(CrysAlis PRO; Agilent, 2011)
Tmin = 0.538, Tyax = 0.815

Refinement

R[F? > 20(F%)] = 0.033
wR(F?) = 0.089

S =104

5424 reflections

369 parameters

H-atom parameters constrained
Appax = 024 € A3

Apmin = =023 ¢ A2

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

Cg2 is the centroid of the N4/C16-C20 ring.

D—H---A D—H H---A D---A D—H---A
C3—H3-- N4 . 0.93 2.49 3397 (1) 164
C9—HIB---04" 0.97 2.52 3.485 (1) 175
C12—HI12B---03" 0.97 2.59 3.531 (1) 164
C18—H18---N1 0.93 2.52 3.427 (1) 166
C24—H24A.--.02" 0.97 2.46 3.417 (1) 169
C27—H27A---01" 0.97 2.54 3.496 (1) 168
C13—H13B---Cg(2)" 0.97 297 3.726 (1) 139
Symmetry codes: @) x,y—1,z; (ii) —x+1,-y+1,—z+1; (iii)

—x+1,-y+1,—z+2.

Data collection: CrysAlis PRO (Agilent, 2011); cell refinement:
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
Mercury (Macrae et al., 2006) and DIAMOND (Brandenburg & Putz,
2005); software used to prepare material for publication: pubICIF
(Westrip, 2010).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HG5112).
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Comment

The title compound, shown in Figure 1 and Scheme 1, has been investigated in mixture with the dicarbollylcobaltate anion
and its halogen derivatives for significant extraction properties towards trivalent metal cations (Alyapyshev et al.,2004).
It consists of pyridine ring with a diethylamide groups in position 2 and 6. The asymmetric unit contains two molecules
of dipicolinamide connected via hydrogen bonds between pyridine nitrogen atom and aromatic hydrogen atoms in para
position to nitrogen atoms (C3—H3--‘N4, and C18—H18--"N1, Table 1). While at first impression, the amide groups seem
to be related by a mirror plane, closer look reveals their differences. The carbon atoms of carbonyl groups do not lie in a
plane of the pyridine ring and they differ in the distance to this plane (0.178 A for C6 and 0.089 A for C11 to pyridine plane
with N1; 0.146 A for C21 and 0.040 A for C26 to pyridine plane with N4). The molecules form bands in direction of the ¢
axis (Fig. 2) via system of hydrogen bonds between the amide oxygen atom and ethyl chains (Table 1).

Experimental
N,N,N',N'-Tetraethyl-2,6-dipicolinamide was synthesized as described in Shimada et al. (2004), and Nikitskaya ez al. (1958).
Crystals were prepared by slow evaporation from acetonitrile.

Refinement

The hydrogen atoms were localized from the difference Fourier map. Despite that, all hydrogen atoms connected to C were
constrained to ideal positions with C—H = 0.93 - 0.97A. The isotropic temperature parameters of hydrogen atoms were
calculated as 1.2*Ugq of the parent atom.

Figures

.. . |Fig. 1. View of the asymmetric unit of N,N,N',N'-tetraethyl-2,6-dipicolinamide, together with
L * & |atom-labelling scheme. Displacement ellipsoids are shown at the 50% probability level.

Fig. 2. Projection along the b axis with highlighted hydrogen bonds between the molecules in
the bands in direction of ¢ axis.
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N,N,N',N'-Tetraethylpyridine-2,6-dicarboxamide

Crystal data
Ci5H23N30,

M, =277.36
Triclinic, PT

Hall symbol: -P 1
a=11.1919 (3) A
b=11.7913 3) A
c=122774(3) A
@ ="90.255 (2)°

B =105.050 (2)°
v =102.600 (2)°
V=1523.74 (7) A3

Data collection

Agilent Xcalibur Atlas Gemini ultra
diffractometer

Radiation source: Enhance Ultra (Cu) X-ray Source

mirror

Detector resolution: 10.3784 pixels mm’!
Rotation method data acquisition using ® scans
Absorption correction: analytical

(CrysAlis PRO; Agilent, 2011)

Tinin = 0.538, Trax = 0.815

17964 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 206(F*)] = 0.033
WR(F?) = 0.089

§=1.04

5424 reflections

369 parameters

0 restraints

Z=4

F(000) = 600

Dy=1209 Mgm >

Cu Ka radiation, A = 1.5418 A

Cell parameters from 10531 reflections
0 =3.7-66.9°

p=0.65 mm !

T=120K

Prism, colourless

0.53 x 0.38 x 0.14 mm

5424 independent reflections

5034 reflections with 7> 20(/)
Rint =0.023

Omax = 67.0°, Opyin = 3.7°
h=-13—-13

k=-14—14

I=-14-13

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained

w = 1/[6%(Fy2) + (0.0492P)> + 0.3468P]
where P = (F,> + 2F2)/3

(A/G)max < 0.001

Apmax =024 ¢ A3

Apmin=-023 ¢ A3
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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* 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? are statistically about twice as

large as those based on F, and R- factors based on ALL data will be even larger. The hydrogen atoms were localized from the differ-

ence Fourier map. Despite of that, all hydrogen atoms connected to C were constrained to ideal positions with C—H = 0.93 - 0.97A.

The isotropic temperature parameters of hydrogen atoms were calculated as 1.2*Ugq of the parent atom.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A’Z )

Cl1
C2
H2
C3
H3
C4
H4
C5
C6
C7
H7A
H7B
C8
H8A
H&B
H&C
C9
HOA
H9B
C10
H10A
H10B
H10C
Cl11
Cl12
H12A
H12B
CI3
H13A
H13B
H13C

X

0.34518 (10)
0.33423 (11)
0.2551
0.44453 (11)
0.4405
0.56088 (11)
0.6358
0.56290 (10)
0.23248 (10)
0.08199 (10)
0.0343
0.0235
0.13952 (11)
0.1995
0.0734
0.1820
0.22324 (10)
0.3102
0.2217
0.14003 (12)
0.1516
0.1632
0.0526
0.68695 (10)
0.63999 (11)
0.5875
0.7009
0.55615 (12)
0.4917
0.5168
0.6070

y
0.08087 (9)
~0.03673 (9)
~0.0882
~0.07514 (9)
—0.1533
0.00389 (9)
-0.0196
0.11901 (9)
0.13636 (9)
0.20920 (10)
0.2047
0.1753
0.33599 (10)
0.3690
0.3782
0.3409
0.09539 (10)
0.0880
0.1492
~0.02268 (11)
-0.0791
~0.0459
-0.0178
0.20972 (9)
0.27551 (10)
0.1971
0.2854
0.36185 (12)
0.3492
0.3512
0.4398

z

0.64634 (8)
0.66482 (9)
0.6484
0.70844 (9)
0.7218
0.73192 (9)
0.7637
0.70686 (8)
0.61227 (9)
0.46756 (10)
0.5237
0.3962
0.45498 (10)
0.5248
0.4362
0.3960
0.41142 (9)
0.4413
0.3518
0.36241 (11)
0.4181
0.2971
0.3410
0.73695 (9)
0.54038 (9)
0.5229
0.4956
0.50620 (11)
0.5462
0.4263
0.5244

Uiso*/Ueq
0.0204 (2)
0.0246 (2)
0.030*
0.0269 (2)
0.032*
0.0243 (2)
0.029*
0.0203 (2)
0.0211 (2)
0.0263 (2)
0.032*
0.032*
0.0294 (2)
0.035%
0.035*
0.035*
0.0245 (2)
0.029*
0.029*
0.0343 (3)
0.041*
0.041*
0.041*
0.0213 (2)
0.0264 (2)
0.032*
0.032*
0.0357 (3)
0.043*
0.043*
0.043*
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Cl14
H14A
H14B
Cl15
HI5A
H15B
H15C
N1
N2
N3
0O1
02
Cl6
C17
H17
CI18
H18
C19
H19
C20
C21
C22
H22A
H22B
C23
H23A
H23B
H23C
C24
H24A
H24B
C25
H25A
H25B
H25C
C26
C27
H27A
H27B
C28
H28A
H28B
H28C
C29
H29A
H29B
C30
H30A
H30B

0.82160 (11)
0.8443
0.8001
0.93595 (11)
0.9613
1.0048
0.9141
0.45723 (8)
0.18053 (8)
0.70930 (8)
0.19638 (7)
0.76002 (8)
0.34289 (10)
0.33178 (10)
0.2525
0.44214 (11)
0.4381
0.55846 (10)
0.6336
0.56057 (10)
0.22925 (9)
0.07365 (10)
0.0197
0.0230
0.12039 (12)
0.1691
0.0490
0.1727
0.22581 (10)
0.2183
0.3150
0.15180 (11)
0.0624
0.1743
0.1719
0.68515 (10)
0.62809 (10)
0.6847
0.5737
0.54606 (12)
0.5992
0.5003
0.4869
0.81996 (11)
0.8002
0.8475
0.92803 (11)
0.9023
1.0008

0.38506 (10)
0.3990
0.4549
0.36358 (11)
0.2974
0.4310
0.3488
0.15775 (7)
0.14265 (8)
0.28815 (8)
0.17751 (7)
0.21063 (7)
0.58314 (9)
0.46562 (9)
0.4144
0.42685 (9)
0.3489
0.50556 (9)
0.4820
0.62050 (9)
0.63767 (9)
0.70041 (10)
0.6636
0.6910
0.82907 (10)
0.8386
0.8641
0.8660
0.59551 (10)
0.6452
0.5956
0.47232 (10)
0.4697
0.4493
0.4202
0.70986 (9)
0.77044 (10)
0.7776
0.6927
0.85895 (12)
0.9362
0.8466
0.8500
0.87818 (10)
0.9477
0.8958
0.84799 (11)
0.8325
0.9122

0.69519 (10)
0.7767
0.6619
0.66058 (12)
0.6969
0.6829
0.5801
0.66542 (7)
0.50181 (7)
0.66088 (8)
0.68735 (7)
0.83144 (6)
0.77594 (8)
0.75081 (9)
0.7285
0.75996 (9)
0.7431
0.79455 (9)
0.7991
0.82237 (8)
0.75813 (9)
0.83483 (10)
0.8810
0.7568
0.87084 (11)
0.9485
0.8624
0.8244
0.95535 (9)
1.0152
0.9675
0.96115 (10)
0.9379
1.0373
0.9119
0.85781 (9)
1.02959 (9)
1.1052
1.0177
1.02167 (11)
1.0334
1.0784
0.9482
0.97545 (10)
1.0020
0.9075
1.06496 (10)
1.1332
1.0797

0.0282 (2)
0.034*
0.034*
0.0344 (3)
0.041*
0.041*
0.041*
0.01987 (19)
0.0226 (2)
0.0229 (2)
0.02933 (19)
0.02971 (19)
0.0194 (2)
0.0226 (2)
0.027*
0.0243 (2)
0.029*
0.0227 (2)
0.027*
0.0192 (2)
0.0199 (2)
0.0259 (2)
0.031*
0.031*
0.0326 (3)
0.039*
0.039*
0.039*
0.0240 (2)
0.029*
0.029*
0.0295 (3)
0.035%
0.035%
0.035%
0.0201 (2)
0.0256 (2)
0.031*
0.031*
0.0358 (3)
0.043*
0.043*
0.043*
0.0279 (2)
0.034*
0.034*
0.0318 (3)
0.038*
0.038*
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H30C 0.9494 0.7802 1.0387 0.038*
N4 0.45478 (8) 0.65964 (7) 0.81247 (7) 0.01912 (18)
N5 0.17952 (8) 0.64264 (8) 0.84598 (7) 0.02175 (19)
N6 0.70426 (8) 0.78454 (8) 0.94712 (7) 0.0219 (2)

03 0.18965 (7) 0.67712 (7) 0.66658 (6) 0.02781 (18)
04 0.76290 (7) 0.71225 (7) 0.80198 (7) 0.02781 (18)

Atomic displacement parameters (142 )

Ull U22 U33 U12 U13 U23
Cl 0.0241 (5) 0.0214 (5) 0.0163 (5) 0.0032 (4) 0.0081 (4) 0.0002 (4)
2 0.0278 (6) 0.0213 (5) 0.0241 (5) 0.0010 (4) 0.0098 (4) 0.0018 (4)
c3 0.0376 (6) 0.0189 (5) 0.0270 (6) 0.0070 (4) 0.0133 (5) 0.0052 (4)
C4 0.0290 (6) 0.0251 (5) 0.0230 (5) 0.0111 (4) 0.0100 (4) 0.0053 (4)
Cs 0.0241 (5) 0.0224 (5) 0.0165 (5) 0.0064 (4) 0.0083 (4) 0.0009 (4)
C6 0.0210 (5) 0.0185 (5) 0.0227 (5) ~0.0007 (4) 0.0083 (4) 0.0002 (4)
C7 0.0235 (5) 0.0312 (6) 0.0254 (5) 0.0083 (4) 0.0067 (4) 0.0032 (4)
Cs 0.0324 (6) 0.0287 (6) 0.0262 (6) 0.0089 (5) 0.0048 (5) 0.0022 (4)
C9 0.0258 (5) 0.0292 (6) 0.0206 (5) 0.0063 (4) 0.0098 (4) 0.0019 (4)
C10 0.0350 (6) 0.0342 (6) 0.0333 (6) 0.0032 (5) 0.0127 (5) ~0.0066 (5)
Cll 0.0221 (5) 0.0226 (5) 0.0214 (5) 0.0078 (4) 0.0077 (4) ~0.0012 (4)
c12 0.0272 (6) 0.0311 (6) 0.0216 (5) 0.0029 (4) 0.0105 (4) 0.0028 (4)
C13 0.0374 (7) 0.0403 (7) 0.0306 (6) 0.0104 (5) 0.0101 (5) 0.0123 (5)
Cl4 0.0261 (6) 0.0228 (5) 0.0348 (6) 0.0007 (4) 0.0107 (5) ~0.0021 (5)
Cls 0.0237 (6) 0.0341 (6) 0.0444 (7) 0.0020 (5) 0.0113 (5) ~0.0022 (5)
N1 0.0224 (4) 0.0198 (4) 0.0183 (4) 0.0045 (3) 0.0074 (3) 0.0010 (3)
N2 0.0223 (4) 0.0248 (5) 0.0224 (4) 0.0060 (4) 0.0085 (4) 0.0019 (4)
N3 0.0223 (4) 0.0222 (4) 0.0240 (5) 0.0022 (4) 0.0083 (4) ~0.0001 (4)
ol 0.0282 (4) 0.0382 (5) 0.0241 (4) 0.0096 (3) 0.0098 (3) ~0.0030 (3)
02 0.0281 (4) 0.0343 (4) 0.0237 (4) 0.0062 (3) 0.0022 (3) 0.0003 (3)
C16 0.0215 (5) 0.0209 (5) 0.0160 (5) 0.0032 (4) 0.0068 (4) 0.0018 (4)
C17 0.0241 (5) 0.0210 (5) 0.0210 (5) 0.0007 (4) 0.0068 (4) ~0.0013 (4)
C18 0.0323 (6) 0.0185 (5) 0.0233 (5) 0.0060 (4) 0.0092 (5) ~0.0012 (4)
C19 0.0250 (5) 0.0243 (5) 0.0211 (5) 0.0088 (4) 0.0075 (4) 0.0011 (4)
C20 0.0223 (5) 0.0211 (5) 0.0155 (5) 0.0052 (4) 0.0069 (4) 0.0027 (4)
C21 0.0189 (5) 0.0175 (5) 0.0211 (5) 0.0002 (4) 0.0052 (4) ~0.0003 (4)
22 0.0235 (5) 0.0312 (6) 0.0270 (6) 0.0107 (4) 0.0097 (4) 0.0040 (4)
23 0.0401 (7) 0.0298 (6) 0.0355 (6) 0.0147 (5) 0.0177 (5) 0.0055 (5)
24 0.0245 (5) 0.0300 (6) 0.0191 (5) 0.0084 (4) 0.0069 (4) 0.0025 (4)
25 0.0321 (6) 0.0316 (6) 0.0275 (6) 0.0095 (5) 0.0105 (5) 0.0076 (5)
26 0.0204 (5) 0.0203 (5) 0.0207 (5) 0.0065 (4) 0.0059 (4) 0.0048 (4)
27 0.0255 (5) 0.0301 (6) 0.0200 (5) 0.0025 (4) 0.0074 (4) ~0.0014 (4)
C28 0.0366 (7) 0.0418 (7) 0.0326 (6) 0.0125 (5) 0.0124 (5) ~0.0073 (5)
29 0.0269 (6) 0.0210 (5) 0.0323 (6) ~0.0016 (4) 0.0075 (5) ~0.0004 (4)
C30 0.0247 (6) 0.0346 (6) 0.0306 (6) ~0.0031 (5) 0.0057 (5) 0.0005 (5)
N4 0.0205 (4) 0.0197 (4) 0.0177 (4) 0.0042 (3) 0.0062 (3) 0.0021 (3)
N5 0.0217 (4) 0.0238 (4) 0.0214 (4) 0.0069 (3) 0.0071 (4) 0.0022 (3)
N6 0.0216 (4) 0.0205 (4) 0.0225 (4) 0.0014 (3) 0.0070 (4) 0.0007 (3)
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03 0.0256 (4) 0.0365 (4) 0.0233 (4) 0.0096 (3) 0.0076 (3) 0.0083 (3)
04 0.0248 (4) 0.0331 (4) 0.0282 (4) 0.0045 (3) 0.0135 (3) 0.0022 (3)

Geometric parameters (4, °)

C1—N1 1.3412 (13) Cl16—N4 1.3397 (13)
Ccl—C2 1.3900 (15) Cl6—C17 1.3900 (15)
C1—C6 1.5108 (15) Cl6—C21 1.5141 (14)
C2—C3 1.3851 (17) C17—C18 1.3864 (16)
C2—H2 0.9300 C17—HI17 0.9300
C3—C4 1.3857 (16) C18—C19 1.3852 (16)
C3—H3 0.9300 C18—HI8 0.9300
C4—C5 1.3899 (15) C19—C20 1.3899 (15)
C4—H4 0.9300 C19—HI19 0.9300
C5—N1 1.3383 (14) C20—N4 1.3393 (14)
c5—Cl1 1.5134 (14) C20—C26 1.5112 (14)
C6—01 1.2342 (13) C21—03 1.2296 (13)
C6—N2 1.3390 (14) C21—N5 1.3424 (14)
C7—N2 1.4658 (14) C22—N5 1.4682 (14)
Cc7—C8 1.5190 (16) C22—C23 1.5160 (17)
C7—H7A 0.9700 C22—H22A 0.9700
C7—H7B 0.9700 C22—H22B 0.9700
C8—H8A 0.9600 C23—H23A 0.9600
C8—HS8B 0.9600 C23—H23B 0.9600
C8—H8C 0.9600 C23—H23C 0.9600
C9—N2 1.4686 (14) C24—N5 1.4667 (14)
C9—C10 1.5177 (16) C24—C25 1.5191 (16)
C9—H9A 0.9700 C24—H24A 0.9700
C9—H9B 0.9700 C24—H24B 0.9700
C10—H10A 0.9600 C25—H25A 0.9600
C10—H10B 0.9600 C25—H25B 0.9600
C10—H10C 0.9600 C25—H25C 0.9600
Cl11—02 1.2320 (13) C26—04 1.2357 (13)
C11—N3 1.3484 (14) C26—N6 1.3457 (14)
C12—N3 1.4711 (14) C27—N6 1.4722 (14)
Ccl2—C13 1.5195 (17) C27—C28 1.5213 (17)
Cl12—HI2A 0.9700 C27—H27A 0.9700
Cl12—HI12B 0.9700 C27—H27B 0.9700
CI3—HI3A 0.9600 C28—H28A 0.9600
C13—HI3B 0.9600 C28—H28B 0.9600
C13—HI13C 0.9600 C28—H28C 0.9600
C14—N3 1.4686 (14) C29—N6 1.4682 (13)
Cl4—Cl5 1.5184 (16) C29—C30 1.5161 (17)
Cl4—HI14A 0.9700 C29—H29A 0.9700
Cl14—H14B 0.9700 C29—H29B 0.9700
CI5—HI5A 0.9600 C30—H30A 0.9600
C15—HI5B 0.9600 C30—H30B 0.9600
C15—H15C 0.9600 C30—H30C 0.9600
N1—C1—C2 123.17 (10) N4—C16—C17 123.29 (10)
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N1—C1—C6
C2—C1—C6
C3—C2—C1
C3—C2—H2
Cl—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C3—C4—C5
C3—C4—H4
C5—C4—H4
N1—C5—C4
N1—C5—C11
C4—C5—Cl11
01—C6—N2
01—C6—Cl1
N2—C6—Cl1
N2—C7—C8
N2—C7—H7A
C8—C7—HT7A
N2—C7—H7B
C8—C7—H7B
H7A—C7—HT7B
C7—C8—HSA
C7—C8—HS8B
H8A—C8—HSB
C7—C8—HSC
H8A—C8—HSC
H8B—C8—H8C
N2—C9—C10
N2—C9—HO9A
C10—C9—H9%A
N2—C9—H9B
C10—C9—H9B
H9A—C9—H9B
C9—C10—H10A
C9—C10—H10B

H10A—C10—H10B

C9—C10—H10C

H10A—C10—H10C
H10B—C10—H10C

02—C11—N3
02—C11—C5
N3—C11—C5
N3—C12—C13
N3—C12—HI2A
CI13—CI12—HI12A
N3—C12—H12B
C13—C12—H12B

113.32 (9)
123.33 (9)
118.12 (10)
120.9
120.9
119.41 (10)
120.3

120.3
118.44 (10)
120.8

120.8
122.88 (10)
116.55 (9)
120.30 (10)
123.47 (10)
118.47 (9)
117.99 (9)
111.25 (9)
109.4
109.4
109.4
109.4
108.0

109.5

109.5

109.5

109.5

109.5

109.5
111.82 (9)
109.3

109.3

109.3

109.3

107.9

109.5

109.5

109.5

109.5

109.5

109.5
123.47 (10)
118.13 (9)
118.34 (9)
113.75 (9)
108.8

108.8

108.8

108.8

N4—C16—C21 113.76 (9)
C17—C16—C21 122.86 (9)
C18—C17—C16 118.14 (10)
C18—C17—H17 120.9
Cl16—C17—H17 120.9
C19—C18—C17 119.22 (10)
C19—C18—HI8 120.4
C17—C18—HI8 120.4
C18—C19—C20 118.61 (10)
C18—C19—HI9 120.7
C20—C19—HI19 120.7
N4—C20—C19 122.84 (9)
N4—C20—C26 116.66 (9)
C19—C20—C26 120.35 (9)
03—C21—N5 123.73 (10)
03—C21—Cl16 119.16 (9)
N5—C21—Cl16 117.09 (9)
N5—C22—C23 111.66 (9)
N5—C22—H22A 109.3
C23—C22—H22A 109.3
N5—C22—H22B 109.3
C23—C22—H22B 109.3
H22A—C22—H22B 107.9
(22— C23—H23A 109.5
(22— C23—H23B 109.5
H23A—C23—H23B 109.5
C22—C23—H23C 109.5
H23A—C23—H23C 109.5
H23B—(C23—H23C 109.5
N5—C24—C25 111.75 (9)
N5—C24—H24A 109.3
C25—C24—H24A 109.3
N5—C24—H24B 109.3
(25— C24—H24B 109.3
H24A—C24—H24B 107.9
C24—C25—H25A 109.5
C24—C25—H25B 109.5
H25A—C25—H25B 109.5
C24—C25—H25C 109.5
H25A—C25—H25C 109.5
H25B—C25—H25C 109.5
04—C26—N6 123.44 (9)
04—C26—C20 118.43 (9)
N6—C26—C20 118.11 (9)
N6—C27—C28 113.31 (10)
N6—C27—H27A 108.9
C28—C27—H27A 108.9
N6—C27—H27B 108.9
C28—C27—H27B 108.9
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HI2A—C12—HI2B 107.7
Cl12—CI13—HI3A 109.5
Cl12—CI13—HI3B 109.5
HI3A—CI13—HI3B 109.5
Cl12—CI13—HI3C 109.5
HI3A—CI13—HI3C 109.5
H13B—CI13—HI3C 109.5
N3—Cl14—CI5 113.57 (9)
N3—Cl14—HI4A 108.9
C15—Cl4—HI14A 108.9
N3—Cl14—H14B 108.9
C15—Cl4—H14B 108.9
H14A—Cl4—H14B 107.7
Cl4—C15—HISA 109.5
Cl4—Cl15—HI5B 109.5
HI5A—C15—HI5B 109.5
Cl4—C15—HI5C 109.5
HI15A—C15—H15C 109.5
H15B—C15—HI5C 109.5
C5—NI1—Cl 117.90 (9)
C6—N2—C7 118.62 (9)
C6—N2—C9 124.19 (9)
C7—N2—C9 116.98 (9)
Cl11—N3—Cl4 118.41 (9)
Cl11—N3—Cl12 124.65 (9)
Cl4—N3—CI2 116.35 (9)

Hydrogen-bond geometry (4, ©)

Cg2 is the centroid of the N4/C16—C20 ring.
D—H-4

C3—H3-N4!

C9—HIB04!!

C12—H12B-03'

C18—H18-N1

C24—H24A--02'

C27—H27A-011

C13—H13BCg(2)"!

D—H
0.93
0.97

0.97
0.93
0.97

0.97
0.97

H27A—C27—H27B
C27—C28—H28A
C27—C28—H28B
H28A—C28—H28B
C27—C28—H28C
H28A—C28—H28C
H28B—C28—H28C
N6—C29—C30
N6—C29—H29A
C30—C29—H29A
N6—C29—H29B
C30—C29—H29B
H29A—C29—H29B
C29—C30—H30A
C29—C30—H30B
H30A—C30—H30B
C29—C30—H30C
H30A—C30—H30C
H30B—C30—H30C
C20—N4—Cl16
C21—N5—C24
C21—N5—C22
C24—N5—C22
C26—N6—C29
C26—N6—C27
C29—N6—C27

H-A
2.49
2.52
2.59
2.52
2.46

2.54
2.97

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

DA
3397 (1)
3.485 (1)
3.531(1)
3.427 (1)
3.417 (1)
3.496 (1)
3.726 (1)

107.7
109.5
109.5
109.5
109.5
109.5
109.5

113.32 (9)

108.9
108.9
108.9
108.9
107.7
109.5
109.5
109.5
109.5
109.5
109.5

117.81 (9)
124.13 (9)
119.09 (9)
116.76 (8)
118.26 (9)
125.00 (9)
116.11 (8)

D—H4
164
175
164
166
169

168
139
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Fig. 1

sup-9



supplementary materials

Fig. 2
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