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Reductive cleavage of
imide generates tert-butylcyanamide ligands,

, '-di-tert-butylcarbodi-

Me;CNCN)~, that bind potassium both end-on and

side-on in the same single crystal
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Department of Chemistry, University of California, Irvine, CA 92697-2025, USA. *Correspondence e-mail:
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N,N'-Di-tert-butylcarbodiimide, Me;CN=C=NCMe;, undergoes reductive
cleavage in the presence of the Gd" complex, [K(18-crown-6),][Gd"(NR,)]
(R = SiMe3;), to form a new type of ligand, the tert-butylcyanamide anion,
(Me;CNCN) . This new ligand can bind metals with one or two donor atoms as
demonstrated by the isolation of a single crystal containing potassium salts of
both end-on and side-on bound fert-butylcyanamide anions, (Me;CNCN) ™. The
crystal contains [K(18-crown-6)(H,O)][NCNCMe;s-kN], in which one
(‘BuNCN)~ anion is coordinated end-on to potassium ligated by 18-crown-6
and water, as well as [K(18-crown-6)][n>NCNCMe;], in which an 18-crown-6
potassium is coordinated side-on to the terminal N—C linkage. This single
crystal also contains one equivalent of 1,3-di-fert-butyl urea, (CoH,oN,O), which
is involved in hydrogen bonding that may stabilize the whole assembly, namely,
aqua(tert-butylcyanamidato)(1,4,7,10,13,16-hexaoxacyclooctadecane)potas-
sium(I)—(fert-butylcyanamidato)(1,4,7,10,13,16-hexaoxacyclooctadecane)potas-
sium(I)-N,N’-di-tert-butylcarbodiimide (1/1/1) [K(CsHoN;)(C,H,404)] -
[K(CsHgN3)(Cy2H2406)(H,0)] CoHzoNo.

1. Chemical context

A crystal containing two different potassium 18-crown-6 salts
of tert-butylcyanamide anions, (Me;CNCN)™, and one
equivalent of 1,3-di-fert-butyl urea, Fig. 1, was isolated during
the reduction of incompletely dried N,N'-di-fert-butyl-
carbodiimide with [K(18-crown-6),][Gd"(NR,)]. A reductive
N—C bond cleavage evidently occurred to remove a fert-butyl
group from the starting carbodiimide forming an
(Me;CNCN) ™  fert-butylcyanamide anion that has not
previously been observed as a ligand. This reaction could be
attributed to the presence of the highly reducing Gd" ion
(Ryan et al., 2018, 2020). The urea component of the crystal is
a formal hydrolysis product of di-fert-butylcarbodiimide. The
presence of water in this reaction system is evident from the
fact that one of the 18-crown-6 counter-cations is aquated. The
reduction of carbodiimides with Sm" bis(trimethylsil-
yl)amides, which are not as reducing as Gd", has been known
to form oxalamidinates and amidinates (Deacon et al., 2007).
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Figure 1
The reaction scheme.

The presence of both end-on and side-on bound tert-
butylcyanamide anions in the same single crystal suggests that
these two forms of this ligand are similar in energy. Nature did
not pick one over the other during the crystallization process.
Hence, this could be a versatile ligand depending on the
coordination environment of the cation. In addition, the
presence of urea in the single crystal with its hydrogen-
bonding connections suggests that this could be a valuable
addition to crystallizations to construct complicated assem-
blies, as found here.

2. Structural commentary

An ORTEP diagram of the three components of the crystal is
shown in Fig. 2. The two distinct (Me;CNCN) ™ anions have
similar metrical parameters as shown in Table 1. Both anions
exhibit N—C—N angles approaching linear, N1 —C13—N2 =
176.4 (3)° and N3—C30—N4 = 173.8 (3)°. The (terminal N)—
C distances, N3—C30 = 1.185(4) A and N1—Cl13 =
1.179 (3) A, are in between the 1.13-1.15 A triple-bond range
and the 1.27-1.34 A double-bond range (Allen et al., 1987).
The Me;C—N bonds are also similar, C30—N4 = 1.267 (4) A
and C13—N2 =1.294 (3) A, and are in the double-bond range.
The C—N—CCMe; angle is 115.3 (2)° for C13—N2—C14 and
120.4 (3)° for C30—N4—C31.

Table 1 .
Selected geometric parameters (A, °).

End-on (Me;CNCN)'~ component Side-on (Me;CNCN)'~ component

N1-—-C13 1.179 (3) N3—C30 1.185 (4)
N2—C13 1.294 (3) N4—C30 1.267 (4)
N2—C14 1.487 (3) N4—C31 1.457 (4)
C13—N2—-Cl14 115.3 (2) C30—N4—-C31 120.4 (3)
N1—-CI3—N2 176.4 (3) N3—C30—N4 173.8 (3)
CI13—N1—K1 132.7 (2) C30—N3—K2 104.2 (2)
K1—NI1 3.027 (2) K2—N3 2.690 (2)
K2—-C30 3.197 (3)
Urea Component
014—C35 1233 (3)
N5—C35 1.374 (3) N5—C36 1.477 (3)
N6—C35 1.367 (3) N6—C40 1.479 (3)
N6—C35—N5 113.0 (2)
C35—N5—C36 1225 (2) C35—N6—C40 1233 (2)
Table 2 .
Hydrogen-bond geometry (A, °).
D—H A D—H H A D A D—H A
O7—H7A N1 0.81 (4) 211 (4) 2.862 (3) 154 (3)
O7—H7B N3 0.95 (4) 1.85 (4) 2.788 (4) 173 (4)
N5—H5 N2 0.80 (3) 226 (3) 3.024 (3) 162 (3)
N6—H6 N2 0.82 (3) 229(3) 3.071 (3) 160 (3)

Although the basic structure of the anions is similar, their
interactions with the potassium counter-cations are different.
The K1—NT1 distance of 3.027 (2) A in the component with an
end-on bound anion is considerably longer than the
2699 (2) A K2—N3 distance of the side-on form. The
3.197 (3) A K2—C30 distance in the side-on component is
considerably longer than either of these K—N distances.

The co-crystallized di-tert-butyl urea has metrical para-
meters identical within experimental error to the three
structures in the literature (Gel’bol’dt et al., 2003, 2005; So et
al., 2014).

Figure 2

ORTEP representation of tert-butylcyanamide anions bound side-on and
end-on and 1,3-di-fert-butyl urea, with displacement ellipsoids drawn at
the 50% probability level. Hydrogen atoms are omitted for clarity.

1048

Chung et al

+ [KCsHgNy) Ci3H2406)] [K CsHoN,) Ci,H2404 HyO)] CoHyoN,O

Acta Cryst  2020). E76, 1047—1050



research communications

Figure 3

ORTEP representation of tert-butylcyanamide anions bound side-on and
end-on and 1,3-di-fert-butyl urea, with displacement ellipsoids drawn at
the 50% probability level. Hydrogen bonds are shown as dashed lines.

3. Supramolecular features

As shown in Fig. 3, the three components of the crystal are
hydrogen bonded (Table 2). One hydrogen of the water
molecule in the [K(18-crown-6)(H,0)]'* cation is oriented
toward N3, the terminal nitrogen of the side-on bound
cyanamide anion, at distances of 2.26 (3) and 2.29 (3) A. Both
N—H groups on the urea molecule are oriented toward N2,
the internal nitrogen in the end-on bound cyanamide anion, at
distances of 2.41 and 2.36 A.

4. Database survey

A search of the Cambridge Structural Database (CSD,
Version 5.40, update of May 2019; Groom et al., 2016) for
(Me;CNCN)™ anions found no such structures. Three struc-
tures of free 1,3-di-fert-butyl urea are in the literature. Two
structures of the pure compound differ only in the habit of the
crystal (Gel’bol’dt et al., 2003, 2005) and one structure has the
urea co-crystallized with [Ce(Log)>(CO5)] MeC(O)NH,
(Lo~ = [Co(ir™-CsHs)-[P(O)(OEt)}3] ) (So ef al., 2014).

5. Synthesis and crystallization

N,N'-Di-tert-butylcarbodiimide was added dropwise to a dark-
blue solution of [K(18-crown-6),][Gd"(NR,);] (R = SiMe;)
(30 mg, 0.026 mmol) in diethyl ether (5 mL) at 238 K. The
solution changed from dark blue to colorless after a few
minutes. Methylcyclohexane was layered into the solution and
the solution was kept at 238 K, but no crystals were obtained.
Solvent was removed to produce a white solid that was
dissolved in toluene and placed in a vapor diffusion set up with
hexanes. After 5 days, small colorless crystals were collected.
[K(18-crown-6),][Gd"(NR,);] was synthesized according to a
literature procedure (Ryan et al., 2020).

Table 3
Experimental details.

Crystal data
Chemical formula

Mr

Crystal system, space group
Temperature (K)

a,b,c (/f\)

V (A

zZ

Radiation type

p (mm~")

Crystal size (mm)

Data collection

Diffractometer

Absorption correction

Tmina Tmax

No. of measured, independent and
observed [I > 20(1)] reflections

Rin

(Sin O/M ) max (A7)

Refinement

R[F* > 20(F°)], wR(F?), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Pmaxs pmin (e A_3)
Absolute structure

Absolute structure parameter

[K(CsHgN2)(C12H2406)] -
[K(CsHoN,)(Cy,H2406(H,0)] -
CyH,(N,O

991.39

Orthorhombic, Prna2,

88

21.1326 (10), 8.5470 (4), 29.9188 (14)

5403.9 (4)

4

Mo K

0.24

0.47 x 0.15 x 0.14

Bruker SMART APEXII CCD
Multi-scan (SADABS; Bruker, 2014)
0.700, 0.745

42763, 11018, 9556

0.041
0.625

0.033, 0.065, 1.02

11018

614

1

H atoms treated by a mixture of
independent and constrained
refinement

0.19, —0.19

Flack x determined using 3971
quotients [(I")—()/[(IM)+(7)]
(Parsons et al., 2013)

0.015 (13)

Computer programs: APEX2 (Bruker, 2014), SAINT (Bruker, 2013), SHELXL2014/7
(Sheldrick, 2015), SHELXTL (Sheldrick, 2008), ORTEP 3 for Windows (Farrugia, 2012)

and pubICIF (Westrip, 2010).

6. Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 3. H atoms were placed in calculated
positions and refined as riding with C—H = 0.98-0.99 and O—
H = 091 A and Uo(H) = 1.2Uy(C,0) or 1.5U,(C-methyl).
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Reductive cleavage of , ’-di-tert-butylcarbodiimide generates tert-butyl-
cyanamide ligands, (MesCNCN)~, that bind potassium both end-on and side-on

in the same single crystal
Amanda B. Chung, Joseph W. Ziller and William J. Evans

Computing details

DatalGollection: [1PEX2[(Bruker, 2014); [Gell Tefinement: [S_INT(Bruker,2013); dataffeduction: ST INT{Bruker,2013);
program(s) ised [fbSolveStructure: [SHELXTL[(Sheldrick,2008);[program(s) ised foFefine Structure: SHELXL201 4/701
(Sheldrick,2015); tholecularigraphics:[SHELXTL[{Sheldrick,2008),[ORTEP-3 for Windows{Farrugia, 2012);Software [
used [ib [prepare thaterial for Publication: [SHELXTL(Sheldrick,2008), pubICIF (Westrip, 2010).

Aqua(tert-butylcyanamidato)(1,4,7,10,13,16-hexaoxacyclooctadecane)potassium(l)—(tert-butylcyanamidato)
(1,4,7,10,13,16-hexaoxacyclooctadecane)potassium(l)- , ’'-di-tert-butylcarbodiimide (1/1/1)

Crystal datall
[K(CsHgN,X(C12Ha406) ] [K(CsHgN) F(000)=2152
(C |2H2405(H20)]'C9HmN20 D,=1.219 Mg 3
M,=991.39 Mo Ko radiation, A=0.71073[A
Orthorhombic, Pra2, Celliparametersfrom9917 reflections
aZ21.1326[(10) A 6:=02.4-26.2°
h=8.54701(4) A ©=0.24tHhm™
c=129.9188((14) A T=88K
VE5403.91(4) A3 Prism, [dolorless
VASH: ) 0.47%10.15%0.14thm
Data collection]
BrukerSMARTAPEXIIICCD O 11018 Ghdependent reflections
diffractometer 9556reflections With /1= 2a(1)
RadiationSource: fine-focus/sealed [fitbe Rin=0.041
@'and @ [Scans Omax 5126.4°, [ 511.4°
Absorption[Gorrection: mhulti-scan [ hEE26—26
(SADABS; Bruker,2014) kE=10—-10
Twin=10.700, T F10.745 [FF37—36
42763 measured reflections
Refinement[]
RefinementGn (> 1restraint
Least-squaresthatrix: full Primary [@tom site(Ibcation: [Structure-invariant ]
R[F?13126(F)]=0.033 directethods
wR(F?)Z0.065 Secondary [atom [sitelocation: [difference Fourier[]
S=1.02 map
1101 8reflections Hydrogen sitellocation: thixed
614parameters
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Hatoms freated By thixture 6fiindependent(] Apuin=E20.19161A3
and [donstrainedrefinement Absolutelstructure: [Hlack Midetermined tsing [
wE/[e2(F.})F(0.0299P)*30.3001 P[] 3971 quotients[(I*)-(F)]/[(I*)+(F)] (Parsons, ]
where PE(F,F2F2)/3 Flack [and Wagner, Acta Cryst. B69(2013)
(A/6)mZ10.001 249-259).
Apme=10.19767A3 Absolute Structure [parameter: 0.0151(13)
Special details ]

Geometry.[Alllgsds((exceptthe@sdlin/theldihedral angleBetween fwollls. [planes) @re@stimated ising(the full[Govariance ]
matrix. Thelcell [@sdsare fakenfihto dccountGhdividuallyfih theléstimation6fiésdsih [distances, @ngles@nd forsionldngles; ]
correlations Betweenlésds [indell[parameters @re [Gnly lised When [they @re [defined Bycrystal Symmetry. An@pproximate [
(isotropic) freatment6fldell @sds ik hised for @stimatingl@sdsinvolving(lls. fplanes.

Refinement. [AlGolorless Grystal (6flapproximateldimensions0.140X 0. 150X [0.4 74 thm [ was thountedon(d[glassfiber@and ]
transferredfib @Bruker SMART APEX I diffractometer. The APEX2 program package Wasised fodetermine [the tinit-
celliparameters [@nd for(data Gollection (45 Sec/frame(scan fimefor @ Sphere (6fldiffractiondata). Thefaw framedatasas []
processed ising[SAINTand SADABSIib [yieldthereflection [datafile. SubsequentidalculationsWere Garried [Gut Lising [the ]
SHELXTL4program. The!diffractionSymmetry Wasmmm and theSystematic [absences Were [Consistent Withthe
orthorhombic spacelgroups BnmalandPna21. TtWas(laterdetermined [thatSpacelgroup [Bna2 1 Wasdorrect.[]

Thestructure Was(solved By direct tethods/andre finedonF2 By full-matrix Ieast-squares fechniques. Thelanalytical ]
scattering(factors for meutral AtomsWereised throughouttheanalysis. [Hydrogen [@tomsihvolved ihHydrogenBonding [
wereIbcated from@difference-Fourier thap(and refined [(k, y,z[@nd [Wiso). The femaining iydrogen @tomsWerelincluded I
usingf@ridingmodel.

Least-squares @nalysis yielded wR2=10.0649 @nd Goof = 1.01 7 for614 Wariables refined dgainst 1101 8Idata(0.80A), R 11
=[0.0326 Hor [those @556 [data With 1> 2.0sigma(T). The @bsolute Structure Was [@ssigned By refinement 6fthe Flack ]
parameter.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (420

X Y z Uio* /U
K1 0.503471(2) 0.285411(6) 0.486661(2) 0.016271(12)
01 0.43983((8) 0.54671(2) 0.44995((6) 0.01631(4)
02 0.48288(8) 0.31821(2) 0.39004((6) 0.017174)
03 0.53709((8) 0.04531(2) 0.425041(6) 0.01891(4)
04 0.501911(8) ~0.05621(2) 0.51154((6) 0.019974)
05 0.45852((9) 0.17061(2) 0.57014((6) 0.02091(4)
06 0.40127((8) 0.44491(2) 0.53702((6) 0.01781(4)
07 0.617641(9) 0.40291(3) 0.463021(9) 0.02611(5)
H7A 0.61491(16) 0.4531(4) 0.4860((13) 0.04511)*
H7B 0.6279(18) 0.4731(5) 0.4396113) 0.061(12)*
N1 0.57203((11) 0.5119'3) 0.54754((8) 0.0212(5)
N2 0.638841(10) 0.48391(2) 0.61486((7) 0.0165(5)
C1 0.427481(12) 0.55421(3) 0.403321(9) 0.01671(6)
HIA 0.4227 0.6646 0.3939 0.020*
HI1B 0.3877 0.4980 0.3963 0.020*
c2 0.481771(13) 0.48021(3) 0.37910(9) 0.01881(6)
H2A 0.4766 0.4937 0.3464 0.023*
H2B 0.5220 0.5302 0.3882 0.023*
C3 0.53339((12) 0.237713) 0.368011(10) 0.0198(6)
H3A 0.5746 0.2782 0.3786 0.024*
H3B 0.5307 0.2550 0.3353 0.024*
Cc4 0.52814((12) 0.06718) 0.37812((9) 0.02021(6)
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H4A
H4B
C5
HS5A
H5B
Ceé
H6A
H6B
C7
H7C
H7D
C8
HSA
HS8B
C9
H9A
H9B
C10
HI0A
H10B
cn
HITA
HI11B
Ci12
HI2A
H12B
C13
Cl4
C15
HI5A
H15B
HI15C
Cle6
HI16A
H16B
H16C
C17
HI7A
HI17B
HI17C

08
09
010
011
012
013
N3

0.4859
0.5607
0.533761(14)
0.5639
0.4906
0.549721(12)
0.5524
0.5914
0.515831(14)
0.5558
0.5210
0.46265((14)
0.4225
0.4704
0.412841(13)
0.4202
0.3698
0.418371(13)
0.3900
0.4624
0.407751(12)
0.4517
0.3790
0.391741(12)
0.3502
0.3892
0.603741(12)
0.646771(12)
0.691611(14)
0.7337
0.6944
0.6755
0.67458((14)
0.6476
0.6767
0.7172
0.583671(13)
0.5667
0.5904
0.5536
0.765031(3)
0.717791(8)
0.75617((8)
0.800201(9)
0.85430((8)
0.81650((8)
0.77067((8)
0.653181(12)

0.0279
0.0082
—0.1159((3)
-0.1775
—0.1564
-0.13151(3)
-0.2436
—0.0827
-0.06321(3)
-0.0070
-0.1735
0.01061(3)
-0.0440
0.0030
0.25591(3)
0.2417
0.2174
0.42501(3)
0.4881
0.4611
0.60551(3)
0.6410
0.6714
0.62181(3)
0.5727
0.7338
0.49411(3)
0.32331(3)
0.33601(3)
0.3671
0.2345
0.4147
0.21381(3)
0.2145
0.1073
0.2491
0.25591(3)
0.3220
0.1497
0.2528
0.71665((6)
0.94031(2)
1.044912)
0.808012)
0.536912)
0.44501(2)
0.67111(2)
0.5890((3)

0.3691
03613
0.437221(10)
0.4190
0.4317
0.485271(11)
0.4934
0.4912
0.558091(10)
0.5644
0.5675
0.583201(10)
0.5764
0.6158
0.594891(10)
0.6273
0.5878
0.582911(9)
0.6021
0.5877
0.524161(9)
0.5295
0.5423
0.475571(9)
0.4694
0.4674
0.579561(9)
0.633161(9)
0.672961(10)
0.6625
0.6881
0.6939
0.59801((10)
0.5713
0.6101
0.5900
0.649421(11)
0.6733
0.6608
0.6245
0.4134112)
0.470801(6)
0.385241((6)
0.327761(6)
0.363521(6)
0.450971(6)
0.51103(6)
0.390731(9)

0.024*
0.024*
0.02441(7)
0.029*
0.029*
0.0243((6)
0.029*
0.029*
0.024417)
0.029*
0.029*
0.0239.(7)
0.029*
0.029*
0.02281(7)
0.027*
0.027*
0.0200(6)
0.024*
0.024*
0.0177((6)
0.021*
0.021*
0.0159((6)
0.019*
0.019*
0.0159((6)
0.01741(6)
0.02541(7)
0.038*
0.038*
0.038*
0.0243((6)
0.036*
0.036*
0.036*
0.02651(7)
0.040*
0.040*
0.040*
0.016711(12)
0.01791(4)
0.01871(4)
0.02071(4)
0.01751(4)
0.01701(4)
0.01681(4)
0.03421(6)
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supporting information

N4
C18
HI8A
HI18B
C19
HI%A
HI19B
C20
H20A
H20B
C21
H21A
H21B
c22
H22A
H22B
C23
H23A
H23B
C24
H24A
H24B
C25
H25A
H25B
C26
H26A
H26B
Cc27
H27A
H27B
C28
H28A
H28B
C29
H29A
H29B
C30
C31
C32
H32A
H32B
H32C
C33
H33A
H33B
H33C
C34

0.61560((13)
0.717821(13)
0.7595
0.6850
0.704711(13)
0.6648
0.6998
0.743281(13)
0.7378
0.7037
0.797511(14)
0.7914
0.8376
0.846431(14)
0.8894
0.8396
0.84004(15)
0.7964
0.8695
0.84914((13)
0.8784
0.8055
0.86499((112)
0.8676
0.9064
0.82601((12)
0.8653
0.8300
0.770031(13)
0.7304
0.7723
0.715631(12)
0.7119
0.6774
0.72106((12)
0.6862
0.7618
0.63535((113)
0.60600((13)
0.64918((17)
0.6404
0.6413
0.6935
0.536911(16)
0.5093
0.5309
0.5263
0.62093((115)

0.76061(3)
1.10221(3)
1.1496
1.1593
1.1137(8)
1.0584
1.2249
1.0441(3)
1.1526
0.9857
0.96771(3)
0.9752
1.0211
0.71991(4)
0.7584
0.7314
0.55221(8)
0.5156
0.4870
0.37861(3)
03123
0.3405
0.36741(3)
0.2562
0.4173
0.43381(3)
0.4892
0.3228
0.50701(3)
0.4595
0.4895
0.74801(3)
0.7309
0.7050
0.91891(3)
0.9764
0.9595
0.66611(4)
0.708113)
0.80361(4)
0.9153
0.7739
0.7825
0.73871(4)
0.6696
0.7183
0.8480
0.533314)

0.330831(9)
0.45834((10)
0.4652
0.4754
0.40962((11)
0.4025
0.4010
0.33832((10)
0.3274
0.3323
0.314561(9)
0.2818
0.3224
0.303751(10)
03110
0.2712
0.317021(9)
0.3112
0.2992
0.3777319)
0.3602
0.3726
0.426171(9)
0.4353
0.4320
0.497931(9)
0.5066
0.5069
0.52049(9)
0.5092
0.5532
0.527681(9)
0.5603
0.5131
0.518041(9)
0.5328
0.5296
0.360331(10)
0.28500((10)
0.25414((12)
0.2580
0.2230
0.2616
0.272381(13)
0.2898
0.2404
0.2789
0.278661(11)

0.0340((6)
0.02251(6)
0.027*
0.027*
0.02391(6)
0.029*
0.029*
0.0230(7)
0.028*
0.028*
0.02311(7)
0.028*
0.028*
0.0259((7)
0.031*
0.031*
0.02571(7)
0.031*
0.031*
0.01981(6)
0.024*
0.024*
0.0182((6)
0.022*
0.022*
0.0184((6)
0.022*
0.022*
0.0183(6)
0.022*
0.022*
0.01771(6)
0.021*
0.021*
0.0194(6)
0.023*
0.023*
0.0255(7)
0.02281(6)
0.044419)
0.067*
0.067*
0.067*
0.04371(9)
0.066*
0.066*
0.066*
0.03261(8)
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supporting information

H34A 0.6655 0.5141 0.2857 0.049*
H34B 0.6126 0.5034 0.2476 0.049*
H34C 0.5941 0.4711 0.2986 0.049*
014 0.663541(8) 0.90281(2) 0.718481(6) 0.02331(4)
N5 0.598901(10) 0.75371(B) 0.673831(B) 0.01831(5)
H5 0.60091(13) 0.6811(B) 0.65721(10) 0.017((8)*
N6 0.705461(10) 0.75941(B) 0.660961(B) 0.017515)
Hé 0.69671(114) 0.6831(4) 0.64551(10) 0.026[(9)*
C35 0.65670((12) 0.81051B) 0.687211(9) 0.01721(6)
C36 0.543971(112) 0.74381(3) 0.7042419) 0.01661(6)
C37 0.560591(113) 0.64941(B) 0.746091(0) 0.02271(6)
H37A 0.5756 0.5453 0.7373 0.034*
H37B 0.5229 0.6388 0.7649 0.034*
H37C 0.5939 0.7036 0.7628 0.034*
C38 0.520151(13) 0.90541(3) 0.717491(10) 0.02211(6)
H38A 0.5532 0.9606 0.7341 0.033*
H38B 0.4824 0.8946 0.7363 0.033*
H38C 0.5094 0.9649 0.6905 0.033*
C39 0.492201(12) 0.65981(B) 0.67763((10) 0.02121(6)
H39A 0.5072 0.5556 0.6689 0.032*
H39B 0.4821 0.7204 0.6508 0.032*
H39C 0.4542 0.6495 0.6962 0.032*
C40 0.772871(111) 0.78221(B) 0.6725009) 0.01671(6)
C41 0.789571(113) 0.95571(3B) 0.67113[(10) 0.02221(6)
H41A 0.7793 0.9982 0.6416 0.033*
H41B 0.8349 0.9689 0.6769 0.033*
H41C 0.7653 1.0115 0.6940 0.033*
C42 0.787741(13) 0.71381(B) 0.718581(9) 0.02331{6)
H42A 0.7624 0.7675 0.7413 0.035*
H42B 0.8328 0.7281 0.7252 0.035*
H42C 0.7776 0.6019 0.7188 0.035*
C43 0.811271{13) 0.69531(B) 0.637161(10) 0.0239{7)
H43A 0.7993 0.5845 0.6371 0.036*
H43B 0.8565 0.7049 0.6440 0.036*
H43C 0.8027 0.7406 0.6077 0.036*
“tomic displacement parameters (4°)01
o U2 33 o2 N3 s
Kl 0.01661(B) 0.01471B) 0.01741B) 0.00071(2) 0.00001(2) 0.00011(B)
01 0.01461(®) 0.01881(10) 0.01541(10) 0.00311(B) —0.001047) —0.00101(B)
02 0.01681(®) 0.0133[(10) 0.02131(10) 0.00091(8) 0.00421(8) —0.00031(B)
03 0.02261(10) 0.01151®) 0.02251(11) 0.00061(B) 0.00061(B) —0.00181(8)
04 0.01901(10) 0.01751(10) 0.02321(11) 0.00261(8) —0.00301(B) 0.00151(B)
05 0.02551(10) 0.01750(10) 0.01981(11) —0.00211(B) 0.00181(B) 0.00231(B)
06 0.02051(9) 0.01641(10) 0.01651(10) —0.00081(B) —0.00121(B) —0.00031(8)
07 0.02750(11) 0.02381(12) 0.02691(13) —0.00301(9) 0.00431(10) —0.00491(10)
N1 0.02331(12) 0.01901(13) 0.02141(13) —0.00201(10) —0.00211(10) 0.00341(10)
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N2
C1
C2
C3
C4
C5
Ceé
C7
C8
C9
C10
Cl1
C12
C13
Cl4
C15
Cleé
C17
K2
08
09
010
011
012
013
N3
N4
C18
C19
C20
C21
c22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
014
N5
N6
C35

0.02161(12)
0.01911(13)
0.02301(14)
0.01681(13)
0.01511(13)
0.02531(16)
0.0173(13)
0.02741(16)
0.03371(17)
0.02501(15)
0.02291(15)
0.01801(13)
0.01471(12)
0.01781(13)
0.02011(14)
0.03471(16)
0.03181(16)
0.02641(15)
0.01751(3)
0.02191(9)
0.016819)
0.02241(10)
0.02121(9)
0.01721(9)
0.01561(9)
0.02821(14)
0.04561(17)
0.02241(14)
0.01821(13)
0.02511(15)
0.02841(16)
0.02971(16)
0.03401(17)
0.02101(14)
0.01571(13)
0.02111(14)
0.02231(14)
0.01521(13)
0.01431(13)
0.01781(14)
0.02261(15)
0.0521(2)
0.03551(19)
0.03801(18)
0.01921(10)
0.01611(12)
0.01501(11)
0.01861(13)

0.01291(12)
0.01391(13)
0.01821(15)
0.02601(16)
0.0216(15)
0.01371(15)
0.01451(14)
0.01651(15)
0.01781(15)
0.02911(17)
0.02541(16)
0.01411(14)
0.01221(13)
0.00991(13)
0.01631(14)
0.01901(15)
0.01931(15)
0.02031(16)
0.0149((3)
0.01211(9)
0.01791(10)
0.01871(11)
0.0164((10)
0.01791(10)
0.01411(10)
0.04871(18)
0.02731(15)
0.01201(14)
0.01711(14)
0.01941(15)
0.02341(16)
0.03241(18)
0.02911(17)
0.01401(14)
0.01491(14)
0.0149((14)
0.01461(14)
0.02441(16)
0.02401(16)
0.03321(17)
0.02201(15)
0.050(2)
0.0391(2)
0.03491(19)
0.02821(11)
0.02171(13)
0.02051(13)
0.01741(14)

0.01511(12)
0.01701(15)
0.01511(15)
0.01671(14)
0.02391(16)
0.03411(18)
0.04111(18)
0.02941(18)
0.02031(16)
0.01451(15)
0.01181(14)
0.02101(15)
0.02091(15)
0.02001(15)
0.01571(14)
0.02251(16)
0.02181(16)
0.03261(18)
0.01781(3)
0.0197(10)
0.02131(11)
0.02101(11)
0.01501(10)
0.01581(10)
0.02071(10)
0.02581(15)
0.02901(15)
0.0332((18)
0.03641(18)
0.02461(17)
0.0175[(16)
0.01561(15)
0.01391(15)
0.02461(16)
0.02411(16)
0.0193((15)
0.01801(15)
0.01361(14)
0.01981(15)
0.02551(17)
0.02371(16)
0.031(2)
0.0561(2)
0.02501(17)
0.0223((11)
0.01721(13)
0.01701(13)
0.01551(14)

0.00061(9)
—0.00021(11)
—0.00341(12)
0.00101(12)
0.00081(11)
0.00071(12)
0.00491(11)
—0.00441(12)
—0.00551(13)
—0.00251(13)
0.00191(12)
0.00161(11)
0.00281(10)
—0.0020((10)
0.0023((11)
0.00371(13)
0.00671(13)
0.00031(12)
0.001412)
0.0001((8)
0.0011((8)
0.00231(B)
0.0014((8)
0.00541(8)
—0.0008(8)
—0.01341(13)
0.00951(13)
0.00291(12)
0.00291(11)
-0.00141(13)
—0.00441(13)
0.00601(14)
0.00691(14)
0.00241(11)
0.00341(11)
—0.0016((11)
—0.00341(11)
0.00101(12)
0.00201(11)
~0.00781(13)
—0.00381(12)
—0.0263(18)
—0.0022((16)
—0.00151(15)
-0.00321(9)
—0.00231(10)
—0.00291(10)
—0.00041(11)

—0.0028(10)
—0.00451(11)
—0.00221(11)
0.0024((11)
0.00161(12)
0.01041(13)
0.00451(14)
-0.01201(13)
—0.00801(13)
0.00181(12)
0.00131(12)
0.00231(11)
0.0007((11)
0.00611(12)
-0.00121(11)
—0.00591(13)
—0.0008(12)
0.00191(13)
0.00121(2)
0.0014((8)
—0.0021((8)
0.00201(8)
0.0001 (B)
—0.0001 (8)
0.0040((B)
—0.00581(12)
0.00311(13)
0.00711(13)
0.00341(13)
—0.00951(13)
—0.00451(12)
0.00461(13)
-0.00301(12)
0.00161(12)
0.00181(11)
—0.00531(11)
0.00141(12)
0.00261(11)
0.0011((11)
0.00501(13)
0.00011(12)
0.00641(17)
-0.01211(17)
0.00081(14)
0.00201(8)
0.001519)
0.0009(9)
0.0011((11)

0.00001(9)
0.00231(11)
0.00181(12)
-0.00251(12)
-0.00551(12)
-0.00201(13)
0.00551(14)
0.00581(12)
0.00631(12)
0.00181(12)
—0.00381(12)
—0.00181(11)
—0.00181(11)
—0.00081(11)
0.00101(11)
—0.00061(12)
—0.0016((13)
0.00821(13)
—0.0003(3)
—0.0007((8)
0.00161(8)
0.00451(R)
—0.0018((8)
0.0005(B)
0.0009 (B)
0.00181(13)
—0.00551(12)
—0.00241(12)
0.00561(14)
0.00531(12)
0.00621(12)
0.00001(13)
—0.00501(13)
—0.00351(12)
0.00001(11)
0.00161(11)
0.0032((11)
-0.00291(12)
—0.0069((12)
—0.0113((15)
0.00361(13)
~0.00341(17)
0.0171(18)
—0.01051(14)
—0.0114((9)
—0.0061 [(11)
—0.0069((10)
—0.0011((11)
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supporting information

C36 0.01481(13) 0.01821(15) 0.01691(114) —0.00041(11) 0.00281(11) 0.0002[{11)
C37 0.02341(15) 0.02311(16) 0.02151(16) 0.00221(12) 0.0015112) 0.0014113)
C38 0.02001(14) 0.02321(16) 0.0231115) 0.00271(12) 0.00411(12) —0.0025112)
C39 0.0157113) 0.02311(15) 0.02481(16) —0.00111{(11) 0.0011{12) —0.00031(13)
C40 0.01431(12) 0.0180[(13) 0.01791(114) —0.00041(11) 0.0003[11) —0.00091(12)
C41 0.01721(14) 0.02211(16) 0.0273117) —0.0014112) —0.00101(12) 0.0025[{13)
C42 0.0219(14) 0.02411(16) 0.0239{116) —0.0014113) —0.00181(12) 0.0020[13)
C43 0.01521(13) 0.03071(18) 0.02581(116) 0.0008[{12) 0.00091{12) —0.00441(13)
Geometric parameters (4, )01

K1—07 2.7071R2) 011—C24 1.4221(B)
K1—01 2.8291({18) 011—C23 1.4300B)
K1—05 2.84651(19) 012—C26 1.4221(B)
K1—03 2.8490((18) 012—C25 1.4291(B)
K1—02 2.9371R2) 013—C28 1.4261(B)
K1—06 2.9655(19) 013—C27 1.43110B)
K1—04 3.0134[(19) N3—C30 1.18514)
K1—NI1 3.02712) N4—C30 1.2671(#)
KI1—HT7A 2.77514) N4—C31 1.4571(#)
01—C1 1.4211(B) C18—C19 1.4871(#)
01—C12 1.4251(8) C18—HI8A 0.9900

02—C2 1.4231(8) C18—HI8B 0.9900

02—C3 1.4301(B) CI19—HI%A 0.9900

03—C5 1.4271(B) C19—HI19B 0.9900

03—C4 1.4291(B) C20—C21 1.4981(1#)
04—C7 1.4251(B) C20—H20A 0.9900

04—C6 1.4331(B) C20—H20B 0.9900

05—C9 1.4191(B) C21—H21A 0.9900

05—C8 1.4251(8) C21—H21B 0.9900
06—C10 1.4301(B) C22—C23 1.4941(4)
06—Cl11 1.4321(B) C22—H22A 0.9900
O7—H7TA 0.8114) C22—H22B 0.9900
O7—H7B 0.95(4) C23—H23A 0.9900
N1—C13 1.1791(B) C23—H23B 0.9900
N2—C13 1.2941(B) C24—C25 1.4911(4)
N2—Cl14 1.4871(B) C24—H24A 0.9900

C1—C2 1.4971(4) C24—H24B 0.9900
Cl—HI1A 0.9900 C25—H25A 0.9900
Cl1—HI1B 0.9900 C25—H25B 0.9900
C2—H2A 0.9900 C26—C27 1.4991(4)
C2—H2B 0.9900 C26—H26A 0.9900

C3—C4 1.4931(#) C26—H26B 0.9900
C3—H3A 0.9900 C27—H27A 0.9900
C3—H3B 0.9900 C27—H27B 0.9900
C4—H4A 0.9900 C28—C29 1.4931(4)
C4—H4B 0.9900 C28—H28A 0.9900

C5—C6 1.4831(4) C28—H28B 0.9900
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supporting information

C5—HS5SA
C5—H5B
C6—HO6A
C6—H6B
C7—C8
C7—H7C
C7—HTD
C8—HSA
C8—HSB
C9—C10
C9—HO%A
C9—H9B
C10—HI10A
C10—H10B
Cl1—Ci12
Cl1—HI11A
Cl11—H11B
Cl12—HI12A
Cl12—HI12B
C14—Cl16
C14—C15
Cl14—C17
C15—HI15A
C15—HI15B
C15—H15C
Cl6—H16A
Cl6—H16B
Cl6—H16C
Cl17—H17A
C17—H17B
C17—HI17C
K2—N3
K2—08
K2—O010
K2—012
K2—O011
K2—09
K2—013
K2—C30
08—C29
08—C18
09—C20
09—C19
010—C21
010—C22

07—K1—01
07—K1—05

0.9900
0.9900
0.9900
0.9900
1.4921(4)
0.9900
0.9900
0.9900
0.9900
1.4941(4)
0.9900
0.9900
0.9900
0.9900
1.4991(4)
0.9900
0.9900
0.9900
0.9900
1.5251(4)
1.5261(4)
1.5321(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
2.69012)
2.7565((18)
2.7801(2)
2.79941(18)
2.8541((18)
2.9355((19)
2.94891(19)
3.1971(3)
1.4271(3)
1.4331(8)
1.43013)
1.4351(3)
1.4221(3)
1.4271(3)

91.691(6)
130.881(7)

C29—H29A
C29—H29B
C31—C33
C31—C32
C31—C34
C32—H32A
C32—H32B
C32—H32C
C33—H33A
C33—H33B
C33—H33C
C34—H34A
C34—H34B
C34—H34C
014—C35
N5—C35
N5—C36
N5—HS5
N6—C35
N6—C40
N6—H6
C36—C38
C36—C37
C36—C39
C37—H37A
C37—H37B
C37—H37C
C38—H38A
C38—H38B
C38—H38C
C39—H39A
C39—H39B
C39—H39C
C40—C41
C40—C43
C40—C42
C41—H41A
C41—H41B
C41—H41C
C42—HA42A
C42—HA42B
C42—H42C
C43—H43A
C43—H43B
C43—H43C

012—K2—C30
011—K2—C30

0.9900
0.9900

1.5311(4)
1.5331(4)
1.5391(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.2331(8)
1.3741(8)
1.47713)
0.80(3)
1.3671(3)
1.4791(8)
0.82((3)
1.5221(4)
1.5301(4)
1.5321(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.5251(4)
1.5261(4)
1.5301(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

114.871(7)
103.541(6)
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01—K1—05
07—K1—03
01—K1—-03
05—K1—03
07—K1—02
01—K1—02
05—K1—02
03—K1—02
07—K1—06
01—K1—06
05—K1—06
03—K1—06
02—K1—06
07—K1—04
01—K1—04
05—K1—04
03—K1—04
02—K1—04
06—K1—04
O7—KI1—N1
01—K1—NI1
05—K1—NI1
03—K1—NI1
02—K1—NI1
06—K1—N1
04—K1—NI1
O7—K1—H7A
O1—K1—H7A
05—K1—H7A
03—K1—H7A
02—K1—H7A
06—K1—H7A
04—KI1—H7A
N1—K1—H7A
Cl—01—C12
C1—01—K1
Cl12—01—K1
C2—02—C3
C2—02—K1
C3—02—K1
C5—03—C4
C5—03—1
C4—03—K1
C7—04—C6
C7—04—Kl1
C6—04—K1
C9—O05—C8
C9—05—K1

117.01(6)
82.871(6)
115.851(6)
113.741(5)
80.761(6)
58.13((5)
147.891(6)
57.901(5)
127.681(6)
59.21((5)
57.981(5)
147.32((5)
110.391(5)
115.70((6)
148.831(5)
56.33((5)
57.621(5)
109.511(5)
108.181(5)
59.57((7)
87.49((6)
81.51((6)
136.951(6)
127.031(6)
75.45((6)
118.45((6)
17.1(8)
89.61(7)
118.1(8)
99.0((8)
94.01(8)
112.8((8)
120.91(7)
42.51(8)
112.14((19)
120.271(14)
119.04[(14)
112.0(2)
108.771(15)
107.291(115)
111.8(2)
121.19(15)
120.571(14)
111.812)
106.261(15)
106.971(14)

113.142)
120.52[(15)

09—K2—C30
013—K2—C30
C29—08—C18
C29—08—K2
C18—08—K2
C20—09—C19
C20—09—K2
C19—09—K2
C21—-010—C22
C21—010—K2
C22—010—K2
C24—011—C23
C24—011—K2
C23—011—K2
C26—012—C25
C26—012—K2
C25—012—K2
C28—013—C27
C28—013—K2
C27—013—K2
C30—N3—K2
C30—N4—C31
08—C18—C19
08—C18—HI18A
C19—CI8—HIBA
08—C18—HI18B
C19—C18—H18B
H18A—C18—HI18B
09—C19—C18
09—CI19—HI19%A
C18—CI19—HI9%A
09—C19—HI19B
C18—C19—HI19B
HI19A—C19—HI19B
09—C20—C21
09—C20—H20A
C21—C20—H20A
09—C20—H20B
C21—C20—H20B
H20A—C20—H20B
010—C21—C20
010—C21—H21A
C20—C21—H21A
010—C21—H21B
C20—C21—H21B
H21A—C21—H21B
010—C22—C23
010—C22—H22A

86.08(7)
120.581(7)
112.412)
120.691(15)
120.491(115)
110.912)
106.811(15)
107.11((15)
113.21(2)
120.98((16)
119.931(16)
111.21(2)
107.761(14)
108.711(15)
112.371(19)
120.471(15)
117.09((15)
112.042)
104.601(14)
108.971(14)
104.312)
120.31(8)
108.61(2)
110.0

110.0

110.0

110.0

108.3
109.21(2)
109.8
109.8
109.8
109.8

108.3
108.81(2)
109.9
109.9
109.9
109.9
108.3
108.51(2)
110.0

110.0

110.0

110.0

108.4

108.11(2)
110.1
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C8—05—Kl1
C10—06—C11
C10—06—K1
C11—06—K1
K1—O7—H7A
K1—O7—H7B
H7A—O7—H7B
CI13—N1—Kl1
C13—N2—C14
01—C1—C2
01—C1—HIA
C2—Cl—HI1A
01—C1—HI1B
C2—Cl1—HI1B
HIA—C1—HIB
02—C2—C1
02—C2—H2A
Cl—C2—H2A
02—C2—H2B
Cl1—C2—H2B
H2A—C2—H2B
02—C3—C4
02—C3—H3A
C4—C3—H3A
02—C3—H3B
C4—C3—H3B
H3A—C3—H3B
03—C4—C3
03—C4—H4A
C3—C4—HA4A
03—C4—H4B
C3—C4—H4B
H4A—C4—H4B
03—C5—C6
03—C5—H5A
C6—C5—HS5A
03—C5—H5B
C6—C5—H5B
H5A—C5—H5B
04—C6—C5
04—C6—H6A
C5—C6—H6A
04—C6—H6B
C5—C6—H6B
H6A—C6—H6B
04—C7—C8
04—C7—H7C
C8—C7—HTC

123.45((16)
110.36((19)
104.421(14)
103.561(14)

851(B)
1291(2)
1081(4)
132.711(19)
115.312)
108.41(2)
110.0
110.0
110.0
110.0
108.4
108.21(2)
110.1
110.1
110.1
110.1
108.4
108.71(2)
110.0
110.0
110.0
110.0
108.3
108.51(2)
110.0
110.0
110.0
110.0
108.4
108.91(2)
109.9
109.9
109.9
109.9
108.3
109.31(2)
109.8
109.8
109.8
109.8
108.3
108.61(2)
110.0
110.0

C23—C22—H22A
010—C22—H22B
C23—C22—H22B
H22A—C22—H22B
011—C23—C22
011—C23—H23A
C22—C23—H23A
011—C23—H23B
C22—C23—H23B
H23A—C23—H23B
011—C24—C25
011—C24—H24A
C25—C24—H24A
011—C24—H24B
C25—C24—H24B
H24A—C24—H24B
012—C25—C24
012—C25—H25A
C24—C25—H25A
012—C25—H25B
C24—C25—H25B
H25A—C25—H25B
012—C26—C27
012—C26—H26A
C27—C26—H26A
012—C26—H26B
C27—C26—H26B
H26A—C26—H26B
013—C27—C26
O013—C27—H27A
C26—C27—H27A
013—C27—H27B
C26—C27—H27B
H27A—C27—H27B
013—C28—C29
013—C28—H28A
C29—C28—H28A
013—C28—H28B
C29—C28—H28B
H28A—C28—H28B
08—C29—C28
08—C29—H29A
C28—C29—H29A
08—C29—H29B
C28—C29—H29B
H29A—C29—H29B
N3—C30—N4
N3—C30—K2

110.1
110.1
110.1
108.4
109.112)
109.9
109.9
109.9
109.9
108.3
109.61(2)
109.8
109.8
109.8
109.8
108.2
108.31(2)
110.0
110.0
110.0
110.0
108.4
107.81(2)
110.2
110.2
110.2
110.2
108.5
108.21(2)
110.1
110.1
110.1
110.1
108.4
108.71(2)
109.9
109.9
109.9
109.9
108.3
108.31(2)
110.0
110.0
110.0
110.0
108.4
173.81(8)
54.621(17)
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04—C7—H7D
C8—C7—H7D
H7C—C7—H7D
05—C8—C7
05—C8—HS8A
C7—C8—HS8A
05—C8—HEB
C7—C8—HE&B
H8A—C8—HSB
05—C9%—C10
05—C9—H9%A
C10—C9—H9A
05—C9—H9B
C10—C9—H9B
H9A—C9—H9B
06—C10—C9
06—C10—HI10A
C9—C10—HI0A
06—C10—H10B
C9—C10—HI10B
HI10A—C10—HI10B
06—C11—C12
06—C11—HI11A
C12—C11—HI11A
06—C11—H11B
C12—C11—H11B
H11A—C11—HI11B
01—C12—C11
01—C12—HI12A
C11—C12—HI12A
01—C12—H12B
C11—C12—HI12B
H12A—C12—HI12B
NI—CI13—N2
N2—C14—Cl16
N2—C14—C15
Cl6—C14—C15
N2—C14—C17
Cl6—C14—C17
C15—C14—C17
C14—C15—HI15A
C14—C15—HI15B
HI5A—C15—HI15B
C14—C15—H15C
H15A—C15—HI15C
HI15B—C15—HI15C
Cl14—Cl16—H16A
Cl14—Cl6—Hl16B

110.0
110.0
108.3
108.31(2)
110.0
110.0
110.0
110.0
108.4
108.61(2)
110.0
110.0
110.0
110.0
108.3
109.01(2)
109.9
109.9
109.9
109.9
108.3
109.112)
109.9
109.9
109.9
109.9
108.3
108.61(2)
110.0
110.0
110.0
110.0
108.4
176.41(3)
110.912)
106.91(2)
110.042)
111.51(2)
108.91(2)
108.61(2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

N4—C30—K2
N4—C31—C33
N4—C31—C32
C33—C31—C32
N4—C31—C34
C33—C31—C34
C32—C31—C34
C31—C32—H32A
C31—C32—H32B
H32A—C32—H32B
C31—C32—H32C
H32A—C32—H32C
H32B—C32—H32C
C31—C33—H33A
C31—C33—H33B
H33A—C33—H33B
C31—C33—H33C
H33A—C33—H33C
H33B—C33—H33C
C31—C34—H34A
C31—C34—H34B
H34A—C34—H34B
C31—C34—H34C
H34A—C34—H34C
H34B—C34—H34C
C35—N5—C36
C35—N5—H5
C36—N5—H5
C35—N6—C40
C35—N6—H6
C40—N6—H6
014—C35—N6
014—C35—N5
N6—C35—N5
N5—C36—C38
N5—C36—C37
C38—C36—C37
N5—C36—C39
C38—C36—C39
C37—C36—C39
C36—C37—H37A
C36—C37—H37B
H37A—C37—H37B
C36—C37—H37C
H37A—C37—H37C
H37B—C37—H37C
C36—C38—H38A
C36—C38—H38B

122.81(2)
108.21(3)
108.71(2)
109.21(3)
112.8(2)
109.31(2)
108.71(8)
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
122.61(2)
11412)
11212)
123.41(2)
11412)

11712)
123.51(2)

123.51(2)
113.0(2)
111.6/(2)
110.72)
110.042)
105.512)
108.91(2)
110.042)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H16A—C16—H16B
Cl14—Cl16—H16C
H16A—Cl6—H16C
H16B—C16—HI16C
Cl4—C17—HI17A
C14—C17—H17B
H17A—C17—HI17B
C14—C17—H17C
H17A—C17—H17C
H17B—C17—H17C
N3—K2—O08
N3—K2—010
08—K2—010
N3—K2—012
08—K2—012
010—K2—012
N3—K2—O011
08—K2—011
010—K2—011
012—K2—011
N3—K2—09
08—K2—09
010—K2—09
012—K2—09
011—K2—09
N3—K2—013
08—K2—013
010—K2—013
012—K2—013
011—K2—013
09—K2—013
N3—K2—C30
08—K2—C30
010—K2—C30

Cl12—01—C1—C2
K1—01—C1—C2
C3—02—C2—C1
K1—02—C2—Cl1
01—C1—C2—02
C2—02—C3—C4
K1—02—C3—C4
C5—03—C4—C3
K1—03—C4—C3
02—C3—C4—03
C4—03—C5—C6
K1—03—C5—Cé6
C7—04—C6—C5

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
96.891(7)
96.671(7)
118.441(6)
96.11(7)
117.761(6)
119.941(6)
103.341(7)
159.771(6)
59.49((5)
60.45((5)
105.011(7)
59.53((5)
58.941(5)
158.871(6)
113.98((5)
103.401(7)
59.29((5)
159.931(6)
58.48((5)
114.85((5)
114.41((5)
21.041(8)
95.31((6)
79.00(7)

177.112)
-35.312)
179.712)
-61.912)
65.7(3)
-175.41(2)
65.412)
-179.01(2)
28.91(2)
—64.11(3)
174.412)

-33.718)
-178.21(2)

H38A—C38—H38B
C36—C38—H38C
H38A—C38—H38C
H38B—C38—H38C
C36—C39—H39A
C36—C39—H39B
H39A—C39—H39B
C36—C39—H39C
H39A—C39—H39C
H39B—C39—H39C
N6—C40—C41
N6—C40—C43
C41—C40—C43
N6—C40—C42
C41—C40—C42
C43—C40—C42
C40—C41—H41A
C40—C41—H41B
H41A—C41—H41B
C40—C41—H41C
H41A—C41—H41C
H41B—C41—H41C
C40—C42—H42A
C40—C42—H42B
H42A—C42—H42B
C40—C42—H42C
H42A—C42—H42C
H42B—C42—H42C
C40—C43—H43A
C40—C43—H43B
H43A—C43—H43B
C40—C43—H43C
H43A—C43—H43C
H43B—C43—H43C

K2—09—C20—C21
C22—010—C21—C20
K2—010—C21—C20
09—C20—C21—010
C21—010—C22—C23
K2—010—C22—C23
C24—011—C23—C22
K2—O011—C23—C22
010—C22—C23—011
C23—011—C24—C25
K2—011—C24—C25
C26—012—C25—C24
K2—012—C25—C24

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
110.2(2)
106.61(2)
109.41(2)
111.002)
110.412)
109.21(2)
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

-62.2(2)
174.21(2)
-32.918)
65.11(3)
-174.112)
32.718)
-179.712)
61.8(2)
—63.6(8)
179.41(2)
-61.6(2)
177.21(2)
-37.102)
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K1—04—C6—C5 —62.21(2) 011—C24—C25—012 67.91(B)
03—C5—C6—04 65.81(B) C25—012—C26—C27 =175.41(2)
C6—04—C7—C8 —177.412) K2—012—C26—C27 40.21(2)
K1—04—C7—C8 66.21(2) C28—013—C27—C26 174.412)
C9—05—C8—C7 —174.912) K2—013—C27—C26 59.102)
K1—05—C8—C7 24.61(B) 012—C26—C27—013 —66.91(8)
04—C7—C8—05 -62.11(B) C27—013—C28—C29 177.912)
C8—05—C9%—C10 172.61(2) K2—013—C28—C29 —64.21(2)
K1—05—C9%—C10 -26.21(3) C18—08—C29—C28 175.612)
C11—06—C10—C9 -178.4112) K2—08—C29—C28 —32.31(8)
K1—06—C10—C9 —67.71(2) 013—C28—C29—08 67.21(B)
05—C9—C10—06 65.51(8) C31—N4—C30—K2 119.31(B)
C10—06—C11—C12 178.012) C30—N4—C31—C33 122.21(B)
K1—06—C11—C12 66.71(2) C30—N4—C31—C32 —119.41(B)
C1—01—C12—C11 178.81(2) C30—N4—C31—C34 1.2[4)
K1—01—C12—C11 30.81(2) C40—N6—C35—014 13.114)
06—C11—C12—01 —68.918) C40—N6—C35—N5 —169.71(2)
C13—N2—C14—Cl16 57.6((B) C36—N5—C35—014 —25.004)
C13—N2—C14—C15 177.61(2) C36—N5—C35—N6 157.712)
C13—N2—C14—C17 —63.81(3) C35—N5—C36—C38 67.41(B)
C29—08—C18—C19 —171.71(R) C35—N5—C36—C37 —55.51(8)
K2—08—C18—C19 36.21(8) C35—N5—C36—C39 -174.4112)
C20—09—C19—C18 176.012) C35—N6—C40—C41 —66.71B)
K2—09—C19—C18 59.81(2) C35—N6—C40—C43 174.702)
08—C18—C19—09 —63.713) C35—N6—C40—C42 55.918)
C19—09—C20—C21 -178.61(2)

Hydrogen-bond geometry (4, 901

D—H-~! D—H H-- D~ D—H-!
O7—H7 N1 0.811(4) 2.1114) 2.862[(B) 15413)
O7—H7B--N3 0.9514) 1.851(4) 2.7881(4) 1731(4)
N5—H5--N2 0.801B) 2.261(8) 3.02413) 1621(3)
N6—H6--N2 0.821B) 2.291(8) 3.0711B) 16003)
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