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Svnopsis of Results.

Molecules A through E and J and K were obtained from the Naval
Surface Weapons Center (NSWC). Of these A, J, and K are either unex
pected reaction products or synthetic intermediates which were pro-
duced in their energetic synthesis program. Although these three
compounds are not themselves energetic materials, the identification
of their structures and stereochemistry may aid in understanding the
mechanisms of the reactions involved, and thus indirectly further the
ONR synthesis program.

The series of tetraazabicyclooctanes, molecules B through E,
are very interesting molecules closely related to bicyclo-HMX. 1In
fact, compound E is bicyclo~HMX substituted with four trifluoromethyl
groups; for certain applications, E may prove to be a useful explo-
sive or fuel without further modification.

These four compounds are dense; each of the molecules has a
density greater than the stable form of HMX. The crystallographic
densities are 2.03, 1.98, 2.11, and 2.18 gm/cm3 for B through E
respectively. The densities of D and E are anomalously high with
respect to densities derived from Holdens (NSWC) density prediction
program, 2.02 and 2.04 gm/cm3 respectively. Examination of the x-ray
results show the source of the greater than expected density is
intra-molecular crowding, not unusually close packing. All of the
intermolacular contacts r~e greater than the usual close-packing

limit (the sum of the van der Waals” radii of the atoms), except for

a rather weak NH®°®*NO, hydrogen bond in D. The packing efficiency, i
which is the actual volume of the molecules in a cell divided by the

volume of the cell, is near 0.75 for most crystals. For molecules
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of the heterocyclic compounds produced by hydrazine/formaldehyde/
orthoformate condensation and rearrangement reactions. The specific
aim of this program of study is the synthesis of a "tri-hydrazine”
analog of adamantane {2,3,5,7,8,9-hexaazatricyclo(3.3.1.13'7)decane].
This compound, if derivatized with nitro or nitramino groups, is expec-
ted to be a dense (d>2.1) explosive. Two new hetero~N cage compounds
(F and 1) were produced in FY85 by Bover and Kumar and their structures
were characterized by our x-ray diffraction analyses; energetic substi-
tution has not yet been accomplished. Compound G is a precursor hetero-
cycle from which F and I were made; compound H is a minor, lower mole-
cular weight product for;ed in the same reaction which produces I.
Crystals of both H & I were found in the crystalline reaction product.

Molecules L, M, and N were provided by C. Coon of Lawéence Liver-
more National Laboratories. Compounds L and M ars energetic precursor
molecules whose crystal structures were done primarily to corroborate
thelr structural formulas. Compound N is a new energetic monomer, sim-
ilar to 3,3-bis(methylnitroaminomethyl)oxetane, (BMNAMO). BMNAMO can be
polymerized to form stable energetic homo~ or co-polymers.

Molecule (0) is a novel monoazaadamantare synthesized by A. Nielsen

e e’
"Il

of the Naval Weapons Center (China Lake). Of the four tertiary carbons

:{g in the adamantane cage, three are nitro-substituted and the other is
E¥§ replaced by a nitrogen atom. It is an energetic material, bu:z its den-
iéﬁ sity (1.604 mg mm~!) is much less than HMX; further nitro-substitution
3;; is theoretically possible but is considered to be unlikely.

ES& Compound P was supplied by R. L. Willer of Morton Thiokol. This
B

y
o'}

s s

energetic molecule has the property of decomposing without going

' ‘:‘;:'ii " .
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through a mel: phase.

The remainder of this report is a seriss nf brief technicsl raporss
on each individval zmolecule and the X~T3y experiment ccndicions.
Tracticnal cocordinatss are provided Ior rhose intendinz further compura-
tional study; these are 'crystallographic' coordinares and Qust be
convertad to Cartesian Angstrom coordinates for some orograms. Contact
the authors if cthis creates a problem. Bond distances and angles ara
provided for all molecules; if specific torsion angles or non-5cnded
distances are required, they are on £ila at the Naval Resear:zh

Latoratery (¥RL) and available upon Taquest.
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1-Nitroso-2,2-di{trifluoromethyl)-2,3-diazacycloventan-b-one,

CS H3N302F6

Abstract

M. = 251,088, orthorhembic, Pna2y, a = 10.214(2), b = 10.986(3),

-

7.628(2)A, v = 85L.4(3)A%, z = b, D = 1.952 mg mm™7, CuKa,

<
A = 1.5817BA, u = 2.12 mm™, Fuoy = 466, T = 265K, R = .0511 and 2, =
L0609 for S52L observed reflections, S = 1,205, Crystals volatile, sublime

completely in a day; rapid data collection used to obtain unique set in

three hours.

Experimental

Clear, colorless needle-shaped crystals provided by W. Kcppes of
tne Naval Surface Weapcns Center (Silver Spring, MD), grown by sublima-
“ion at 90°C/200 =m Eg. Data crystal (0.10 x 6.20 x 0.70 mm) centered
on 25 reflections with 33°<26<67° to obtain refined lattice parameters.
YWicolet R3m diffractometer used, incident-beam graphite monochromator,
8/28 scans, scan width = (1.8 + Aq340)°, 29pa = 110°. In view
of veclatility of crystals and scarcity of material, rapid data collection
used: scan rate = 20°/min for all reflections (3 hours for 1 unique set
of data). First da.a set (-10<h<0, O<Kk<1ll, 0<2<8) consisted of
€96 cbservaticns, of which 3€ were monitors, S2b were unique Fo>3c{F,)
and 59 unique Fo<30{¥F,). Monitor reflections (00L, 620, and QLO;
measu~ed after avery 60 reflections) decreased uniformly from 10C to 87%
of their original values (witk individual variations from the mean of

+4%) over the course of 2 hours collecticn., Smoothed curve of monisc

decrements used to correct all data. Second octant {(+h,+k,+%) collected

subsequently, monitors decreasing from 87% to 80% of criginal values;
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~Tetra{criflucromethyl)-2,4,5,3-tewraazabicyelol3.2.3]) octane

Abstracs

CaEgNMLT2, M = 236,14, menoclinic, 72/n, a = 10.L31(4),

(e

~ ~ - - L\ ? A . -
7.050(2), ¢ = 28.,773(L)A, and 3 = 50.2c(:). 4,2, = ¢ch ¢°

. -l < , -
7= 1365.7(23)4%, 2 = 4, 2, = 2.029 mg mm™>, A{CuKa) = 1.541784,
4 = 2,326 el F(CO0) = 1140, ™ = 265%, Final R = €.C53, wR = 0.056 ®:r

2264 independent cStserved reflecticns., There are cne and a hal® mclescules in the

POXC g Pes

asymmet=~ic unii.

Clear 2.3%5 x C,22 x C.l5 m. cerystal crrstallized frem CizCip 2t 5 C°,

Autcmated Hizolet RZm diffractometer with incident veam grarhite zono-

el

-
.

chrcmator A = 1.5L178A(CuKa), 25 centered reflections within 20<25<4C

B
Wit
R
y '
AT

used for determinizg lattice parameters. (Sin3 = 0,5987=, range o°

‘/k):ax

Tt
L
Te

L5
L
‘

o
v A

hiel: O<h<ll, CO<x<8, -30<2<30. Standards 4A0C, 020, COL, menitcre

every 50 reflecticns with linear decrease of 8,5% during data collecsion, 2/29 =de,
scan width (2.0 + 85140)° , scan rate a function of ccunt rate (8°/min, minimum,
30°/min, maximum), 36C1 reflecticns measurad, 3112 unique, R:ine = 0.025, 2264
ctserved Fo>3o(7o). Data ccrrected Tcr Lorentz, sclarizasicn arnd abscrotion

2ff2¢ct3, and Tor the linear decresse in zonitored Intensities. Strmicture sclved tr

direcs metheés. The le

{o

st-squares re=finement used progran SIZLYTT (Sheldrici 168C).

1/[R(|Fo!) + g-(7c)2] , z = 0.0C052, 361

184
a
(¢
]
u,]-
(¢
n
P
3
8]
b
3]
(23
3]
1§
[e 8
&
o 8
[}
1
1]
o
]
[}

tarazetars refined: atcm ccerdinates, anisctropic terxgperature factors Sor all

nen=-% atoms, isotrcpic temperature faciors for H atcms. A/ 0) max = -,14,
2 = 0,053, wR = 2.05¢8, S = 1.510. Tinal éiffarence Fcurier axcursicns .26
and -3.32eA-2 , Atomi:z scatitering factors frca Internaticnal Tables

Sor L-ray Crrztallograziy (137L),

e e et T T T e
Al e e {‘.. e e I3
NN ISP S AN T W, b £
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3,3,7,7-Tetra(trifluoromethyl)-
2,4,6,8-tetraazabicyclo(3.3.0)octane
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2,5- tnitre-3,3,7,T-tetra(srizluorometnyi)-2.4 ,5 32
tetraazabicyelo(3.2.0] octane
Abstract
C3RLNgCuF12, My = L76.1k, orthorhombic, Pra2y, a = 20.073(L),

5= 7.353(1), ¢ = 10.322(2)A, v = 1558.7(L}A3, 2 = b, D = 1,978 =g =3,

ACuke) = 1.55178 ) 4w = 2,22 m-1, F(0C0) = 536, T = 295K,

- -

Tinal R = 0.C6L, wR = 0.C89 for 1205 inderendent obserred reflac=icns

Exgerimenzal

Clear 0.10x0.15x0.55 m. crystal, crystallized °rom CHpClp/nexane
oy W. Kcpres of Yaval Surface Weapons Center (Silver Springs, Md.).
Autcomated Nicolet 33m disfractometer with incident veax graphite zonc-
chromator A = 1.54178A(CuKa), 25 centered reflections within LO<KZ38<EC
used Jor determining lattice parameters. Data corrected for Lorent: and zolarize+iol

effacts, “ut not far abscrstion. (Sine/k)ma = 0,5€A"%, range o2 nil

X

-22<<il, -8<k<d, 12<2&C . 3tandards 00, 800, C20, monitored

every 50 reflecticns with Linear variaticn 4.1% over data collecticn, 2-25 mede,

scan width (2.0 + 85:50)°, scaa rate 2 funcsicn of count rate (5°/min. minimum

30°/=in. maximm), 2363 reflecticns measured, 1263 unigue, R

ot
|
(@]
[ ]
[>]
N
s

in
1295 cbserved Fo>3o(Fo). Structure solved by direct methods. The

o *; g & [} ! '
~223%-squares refinement used progran SHZTATL {3heldrici 1980). ¢ w({Foj-jFe!)2

minimized where w = L/[c@ (iro|) + g+(70)21 | z = 0.cc0%C , 282 Tarameters

4)

refined: atcx ccordinates, anisctrspic terperature faciirs Jor all nom-F atons,
rydrogen isotropic tamperature factors Jixed at 1.2 U, (2). (a/g)max = =0.012
R = 0.06L, ¥ = 0,080, S = 2,85, Tinal diffarence Fouriew axeursions 2,3%L

and -0.,28eA-3 | Atemic scatiering factors frcm In-mernaticnael Tables

for X-ray Crystallography (197L),
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s4,6=Trinisro=3,3,7,T-tetra(tri2lucromethyl )=
2,4,5,8<tetranzabicycio(3.3.0] netare
Abstrace
CRE3N708F10, M» = S21.13, merncclinic, 22:/c, a = £.360(£),

Z =L, D, = 2.110 =g m™2, A(CuKa) = 1.S4178A, u = 2.35 ==+,

7(000) = 102%, T = 255K, Final R = 0.049, wR = 0.07: for inderendent 2:3

LR R,

Experimental

Clear 0.62x0.23x0.35 mm. crystal, crysiallized “rom CisClp /[zexare
ty W. Kcpres cf Naval Surface Weapcns Center (Silver Springs, Md)
Automated Jicclet 331 diffractcmeter wisth incident tean gravhite monc-
chrsmator A = 1.54178A{CuKa), 25 centered refleszicns within 30<268<€0

used fcr determining latiice parameters. Data corrected for Lorentz,

clarization, and absorption affect (Sina/k)max = 0.55A7+, range of hkl:

o)

every 50 reflecticns with linear variation 8.3% over daa cocliacticn,
B-29 mode, scan width (2.0 + Aalag)', scan rate a function of ccocunt

rate, (5°/min. minimum, 3C°/min. maximun ). 2568 reflections measured,
225 unigue, Ryac = 0,023, 2143 observed Fe>3olFo). Structure solved

By direct methods., The least-sguares refinement used progran SEZLXTL
(Sheldrick 1980). I w(!Fo|-|Fc])2 =inimized where w = L/ =2{
g = 0.,00023 , isotrecpic secondary extinction wvalue, C.C013, 267 parameters )

re?ined: at cocrdinates, anisotropic temperature facicrs Sor 2ll nen-3

tcms, isotrovic temperature faciors for F atoms. (A/c)max = 0.2k,
R = Q.0Lkg, wR = .07k, S = 2.77. Tinal difference FTrurier excursions 2.27

and =3.1%248-2 , Atcmic scazte ring factors froo Interneticrnal

Tables for Z-ray Crystallograzhy (1874).
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;; 2,4,5,8=Tetranitro-3,2,7 . 7-tetra(sriflucromethyi -2 .2 ,5,%-
. - ! -

o tetraazabicyclo(3.2.0lcczane

s

. Abstract

I . - f -~ -~
b CaHisNg08F1o, Mx = 380.13, monoclinic, C2/ec, a = 3L.CTL(5),
-
My - =~ =z - - -~ 4 - a -~
o4 b= 7.858(1), ¢ = 13.877(2)4, 8 = 102.,22(1)°, =.p. = 110°C,
L
L - =) e - o - - -
\ Vo= 3k42,2(8}47, 2 = &, D, = 2,18k ng m3, A(Cua) = 1.541793,
A v - - <
n wo= 2,413 =2, F(000) =222k, T = 255X, Final R = 0.0L1, wR = 0.C68 2or
e
QS 2799 indervendent observed reflaecticns.
b
.
\ - s
Jog Zxperimental
;u.“
-“‘ - . - - e
b Clear 0.50x0.35xC.12 mm, crrstal, crystallizad frcm CE-C1s /hexare,
> = =
' Synthesized Ty W. Xoppes of Naval Surface Weapons Center (Silver Springs, Md.)
::. Automated Iicolet R3m diffracicmeter with incident beam grarhi<e =zcno-
')-
e chromator A = 1.54179A(CuXe), 25 centered reflections within 45<28<%C
) used fcr demermining lattice taraneters. Data corrected for Lorentz,
W
N =
) pelarization, and abserption effsctis, (5in6/1)} = 0.,5GA"*+, range of hkl:
At max
%
i -L0<n<28, 0<u<8, 2<2<15. Standards 15 1 1,041,0 O 10, monitored
avery £0 reflecticns with linear variaticn T.0% over data collecticn, 3-22 mode,
‘.:
‘,.-- . ) . . . :
o scan width (2.0 + Ag-40)7, scan rate a furction cf count rate { 5°/mia, minimum,
w
Pl
~ . . 3\ - - Y = 0 -
2 20°/min. maximum), 2503 reflections measured, 2830 unigque, 3:i.+ = 0.012,
n
273% cbserved Fo>2o(Fo)., Stmucture solved by direct methods. Tha
\.‘ - -~
2 least-squares -efinement used crogram SHEILITL (Sheldrici 193C). I w(!Toi-l72!)Z
n.’
- 2inimized where w = 1/[c@ (|Fo|) + g-(Fo)2] , g = 0.00C30, 322 parameters
L
. refined: a%tcnm cocriinates, anisctropic tergerature factors for a2ll nen-3
P..‘
o ascms, isciTopic tamperature Jactors for E atoms, (i/o)max = C.13,
-.-
-~ B = 0,241, wR = 0.068, £ = 3.377. Tinal &ifference Fcurier axcursions 9.23
" B
s and =0,2keA=I , itcmic scaztaring factors from Intarrational Tatles
b Sor X-ray Crystallagrasny {(1G74).
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3-Benzanido-5,3-divenzoyi-1,32,5,5

Abstract

Co5EpaNeCa, My = 455.50, =mencclinic, 22i/c, a = 11,325(3)
- - - / \ - - <
Ho= 29,16:(8), ¢ = 11.652(5)A, 3 = 112,02(2), V = 22830.3(10}AS,

T o= 4, D =

Synthesized by C.

Autcmated Yicolet

ct
le3

R2m diffractometer wi

» incident beam graphize monc-

chremater A = 1.54173A(Cuka), 20 centered

reflesticns within 25<29<30

used Jor determining lattice parameters. Cata corrected Jor Lerens

- . . 5 S
and sclarization effects, {Sin8/A)_,, = 0.52A7%,

C<n<i0, O<Xx<19, -12€2<11, Standards 202, 0Ll, 002, =zcnitcred everr

A0 randon variaticn 2.2°

[¢]
<
11
'y
fo N
[
ot
w

scan width (2.0 + Ag140)° , scan rate a funciicn of zount rase (

30°/aia. maximum), 2541

reflecticns messured, 22638 unique, Ripe =

12AQ otserved Fo>3a(Fo). Stricture sclved by direcs methodszs., The
least-scuares refinement used prograzm SETLUTL (Shneidrick 580), I wllTe

V' oa V21
J B .

Wnere w =

/i@ (7o

, 2= 0.0CCS0 .

320

refined: atcm coordinates, anigetrepic temperatuse factors for 2ail ner-H

2 =12,072, wR = £.0¢2, § = 1,233, Tinal difference Tcuriar excursicns 2.

-~

Ir2m Iatarnaticonal

- -
.« A3C scatiering Zacias for
{=72 —rotat e on'a ('""h)
=72y Crrystaclcgraphy (18 .
- = ) - Pd o - '-.‘..".. I's . . - .
DL IR - o PR - ‘-/-.- -
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-y v/
Atstract
cghﬂghﬂsc—,. 32“ .
a = 12,655(1), b = w4,722(2), ¢

7 =2373.0(5)83, s =L, D = 1.

2034 independent otse

Ixgerizental

Clear 0.08x0.25x0.3C ==. crystal,

Synthesized by G.Xumar and .
Autcmated YNicoler P2m diffrachecn

-

A= 1,54178 AlcuKa),

2or determining lattice parameters. Data corrected for Lorentz and =

tut not absorpsicn effeets, (Sind/A)_ . = 0.37A7-,

-1b<e<lh, O<x<18, -

9 2

33
w
E >
'l
ok
L
]
V]
3
jo ¥
[e]
3]
4
@
"
.l.

C reflectic

=ininized where w = 1/{o2 (!7c]

extinction value, 0.C0272, 412

Tritenzamideo-1l,2,5-nRexalydrstriazine zonchydrase

=red reflecticns.

b=} - T - -
3oyer of =he Univ, o2 I1L. a% Chicage.

15<2<0. Standards 502,

AR R RTRSTARTTR AT 5 P

crystallized ?rcm =zethanol/water,

meter with incident tean graphize

zoncchkroratsor

106, NEQ, mcnitored everr

aticn 1.3% over daza cclilaction, 9-22 mode,
rate a funciicn of count rate {(F°/min, =minimas,
~ions measured, 3729 unigue, Rine 2.C.1,

j oy direct metihcds., The

refined: ztom cooril

- - - - - Ed - - hog 2 3

anisotroric Saxmperature facicors for zll non-# atcezms, Isctrctic temjperature
P - P .y - ~=

2] -~y o had v ~ Rl R 1 D - .. -_ ™ - -~ - Y, -
facstcrs Sor H. A e) max = -C,017, R = 0,042, wR = 3,345, 3 = 1.k33.
DNimgl 35 o6 e K3 P N - - .
Pinal difference Fourier excursicsns 0017 and -0,.1Seld-I |, lfscrmic

P S R oy - & - < - < 3 - .
scattering factors roxm Internaticnal Tatles for Nerwy TrrstallosTathy
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25 cerntered refle
used fcr determining latitice parameters,

i
-

o]

t for absorstion ef?

s’

Tata correct

0.573-

L atiea® i ae g - hadial TR TR TLETOR - Sk 3 A TR RN WO U r YT RS U e WUV R T WL WITWLIY L T - » 7 IR R IR ST 4T s 2 A T e T e - - 'T
2,7-Ditenzoyl-i-tenzamido-1,2,4,5,7-pentaazanicysio(1.2. ) nonane
Abstract
CosHou 402, Mpe = L56.51, 4“ricliniz, P, 2 = 9,155(1},
- - - A ’ Lod - - e - -
b o= 11.b57(2), ¢ = 12.136(2)A, a = 86.77(2) , 8 = 72.75(L) , and v = 7€,52(2)°,
2?
v o=1284,9(%)A-, 2 = 2, D, = 1.279 mg =7, A(CuKa) = 1.311784,
b -
u o= 0.67h mm=2, 7(0C0) = 130, T = 265K, Firal R = 0.0S&, wR = 0.GS57 <er
222 indevendent chserved reflecticns.
Exgerinental
Clear 0.32 x 0.21 x 0.08 mm. crystal, recrystallized from ethanol.
Synthesized Tty G. Xumar and J. Boyer of the Univ, of Ill, at Chicago.
Automated Nlicelat R3xm diffractometer with incident bheanm grathite monc-
ckromator A = 1.34173A(CuKa), cticns within 39<26<£Q

-
ReXO Y

ed for Lo

rentz,

-, range cf

-10<B<8 ,-12€2<1l, -13<2<8. Standards 005, C6C, 520, monizored ever

I
£0 reflections with randem variation 35.1% over data collacticn, 2-29 mxde, |
scan width (1.3 + 8g142)°, scan rate a function of count rase ( 8°/mia. minimm,
30°/=in. maximum;, 3hi8 reflecticns measured, 3131 unigue, Rinc = 0.018,
2421 otserved Fo>3o(Fo). Structure scived by direct rmethods., The
least-sqguares relinement used trogram SHILATL (Sheldrick 1680). C w{!Foi-l7e|)2
minizized where w = L/12 (|Fol) + g+(F2)2] | g =0.00023 , isctrcpic secondars
extincticn value, 0.0078 , 3Lk parameters refined: atom cccrdinates,
anizotrozic temrverature factors for all nen-E atcoms, iscircoic temperaturs
facners £ar £, Tenzene ring hydrogens included using riding =cdel, C-3 =
3.664, C-C-F = 120.0°, 1.1 Ugg(C). (a/0) max = -0.002, 2 = C.0%6,
w2 = 0,057, € = 1.312, TFipal difference Fouriar 2xcursions C.LC and =2.23 ei-3,
Atcnic scatiering factors from Internatlonal Tables for X-ray Crystallograchy (2274

24
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Y Abstract

oot Cufo¥g, My = 1€2.11, crthorhembiz, 7232.2,, 3 = §.1153(S),
Sehy 5 = 3.2572(3), = = 12.78C1{11)A, v = 543,3(1)A3, z = L D, = 1.67%
L4 - -

Y

LAY P .

Y ng =3, \{CuKa) = 1,54178&, u = 1.036 m=-1, 7(000) = 328, T = 265%°

Y Tinal R = 0.0325, wR = C,.C4iQ for 1126 indevendent observed reflec-icns.
o A1 of %he nen-hydrogen atems in this new hetercarcmatic commound iie
-"-: N JFe ] ~ ‘.A 3
A within C.0l+A of a common plane.

a_ .

y - Zxserimental

.;ﬁ Clear, colorless square prisms; data crystal 0.15 % 9.15 x 0.55=.,
e syathesized & crystallized by M. Chaykeovsky of Maval Surface Wearons
et Centar (Silver Spring, Md.). Automated Nicolet R3m dif®ractometer wi<h
230N
o incident bteam graphite mencchromator \ = 1.54178A(CuKa); 25 cen-

A
% tered reflecticns within U43<29<7S° used for dstermining lattice

el Tarametars, ta corrected for Lorentz & polarizaticn, but not abscrption
ii“ esfacts, (29)gay = 136°, range of 2k : 0<n<T, -3<x<10,

N ~15<2<15, Standards 4CO, Ok0, 0 0 1C, monitored every AQ reflections
e

S

"> with randenm variation 4% over data ccllection, 9/29 mode, scan
. :\.\:

Y, widsz (1.4 + A4142)°, scan rate a functicn of ccunt raze (4°/min.

o

L . Ky - 3 3 K] = k3 -

Ay nizum, 30°/ain. maximum), 1879 reflactions meesurad (inel. 97 =monitors),
o o a

iﬁr, 1106 unique (Friedel rpairs not merged), Rsipy = 0.0178, no reflections
Rt

W1

Strmicture solived vy direct zetheds. Tae lesszt-squares refinemens
AR My mn e STTT VM Q%0 A 2 1390) Y1 i Ay V2 i mimtmad - -
usec DTTETIR oilLld L WShslal TCX LT . - W Ko RE I =/ Toninnced wvaer=2

, 2= 0.IC0Z2%, isotroric seccrndary extincsion

v

2 1 X 2 . o
correcticn appliad, 112 parameters refiped: aicn

cordinates (212 azoms)

¢




';Q anisotropic temperature factors for all non-H atoms, H atom UiJ's fixed at
anisotropic values predicted by rigid-body vibration analysis of non-H
atoms, (A/¢) max = 0.005, R = 0.0326, wR = 0.0LLO, S = 2,25, Final

difference Fourier extrema 0.38 and -0.28 eA-3 . Atomic scattering

factors from International Tables for X-ray Crystallography (1974).
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1,4-Dinitro-2,3,5,6-tetrabromo-2,3,5,6~-piperazine

Abstract: CgHgMOLBry, M, = 491,72, triclinic, Pl, a = 7.517(3), b =
7.566(2), ¢ = 11.835(3) A, a = 78.89(2), 8 = 77.kb(3), vy = 63.84(2)°,
F(000) = 456, Vv = 586.1(3) A3, z = 2, D, = 2.79 mg mm~3, A (CuKa) =
1.58178 A, u = 170.96 cmrl, T = 295K, final R = 0.069 for 1891 unique
reflections. Asymmetric unit consisted of two half-molecules. Results
showed the bromine atoms are in trans-trans configuration, and are all

axial with respect to the piperazone chair-shaped ring.

Experimental: Clear colorless 0.23x0.15x0.08 mm crystal provided
by M. Chaykovsky of the Naval Surface Weapons Center (Silver Spring, MD).

icolet R3M diffractometer, monochromator on incident beam, 9-28
scan technique with a constagt scan speed of 60°/min. Unit cell parameters
from least-squares analysis of 25 reflections with 28 from LT to §5°.
Pl checked for higher symmetry using program AIDS (Mighell, Hubbard and Stalick,
1980), 2038 independent reflections with 20p,, = 130°; three standard
reflections measured after every 60 new reflections showed an average random
variation of 3.0% in |Fy|. Dm not determined, crystals sank in CCL)y (4 =

1.59 mg mm“3), Lorentz polarization correcticns, empirical abscrption
correction applied (max. trans = 0.913, min trans = 0.363). Structure solved
by direct methods (Karle and Xarle, 1966), Br atoms found in E-map, all remaining
non-hydrogen atoms in a difference map. Refined by full-matrix least-squares,
function minimized Zw(lFo-]Fc[)e, isotropic secondary extinction correction

applied. Non-H atoms anisctropic, H atoms in calculated positions riding

on bonded atoms, 1891 reflections having |Fo|>30[F,! refined to a final R

factor of 0.C69 (Rw = 0,083, S = 3.0), A/0Opsyx = 0.20, firel difference map
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es arcund 3r atoms (max height = 1,75 3-3),

[

wvas Teatureless excent far rizt

cussicn
The asymmetric unit for this cempound consisted of 2 2all.mclacules
lccated cn centars 27 syrmetrr rather than cne full mclecule in a zenerz
zesiticn., FHeowever, there are no significant differences in the conforza-
~sicns of t<he “wo melecules. Zn toih meolecules the six-membered ring has a
glizntly flatiened chair conformaticn and ¢ 5Co srcoup is coplarar with

7l. The sun of angies around both T2 and Y2' i3 256.9., 7Sairs of bromize

atczs substitutad cn adjacent carton atems cf the ring are trans wiih

1
1]
u
Uy}
®
%]
ol
ct

o one arcther, ané are axial with respect %o *the ring., fxin

ot
'

nistrogen atéms substituted with nitro groups are usually near planar in
geometry. In this molecule, the amino nitrngens are slightly pryramidal
b

v e

he nitro oups tcth Yend In the eguatorial directisn wiih restecs tc
ery nig

~re rizg. Iven thecuzh this crystal has 2 very zigh density {4,

, - !
3.59 A and a Br2+-¢02 aprroack at 3,29 A,
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1,3xDiacetyl-3,5,7=trinitre-1,3,5,7-te%r3aza=-3=-0xancnane

Atstracs
C3%15T¥0g, M- = 352.25, orshorhembis Phea, 2 = 12.113(2),
5 = 9,595(1), ¢ = 25.076(3)A, @ = 3 = v = G0.CC°, 7 = 2017.3(K)A3,
Z =8, D, = 1.555 0z m™>, A(CuXa) = 1561784, u = 1,280 =+,
FI0G0) = 1472, T = 2GS%, FTinal P = 0.087, wR = 2.C¢k for 1427 independens

ctserved reflacticns. The acetoxy gocup is discrdered with an cccurancy

0?7 57 and 43% resvectively for the two crienmtaticns.
Clear 0.05 x 0.10 x 0.25 mm. erystal crystallized 2rcz me+hyl chlicride.

Autcrmated Nicolet R3In di2fractcmeter with incident bean graghite ronc-

chromator A = 1.541788{CuKa}, 25 centersd reflecticns within 30<29<5(C°

used for determining lattice paraxeters. (3in8/A)_ . = 0.54A7>, range
57 nkl: ~13<a<l, 0<¥<10, 0<2<1lh, S*andaras 460, 2ko, CCE, zcnitored

every 60 raflections with randem variaticn 2.6% cver ZJa%a ccllecticn, /29 =cde,
1dth (2.0 + Ag10)° , scan rate a function of count rate (2°/ain. minizum,

3C°/=min. maximum), 2782 reflactions measured, 2082 unique, Ripe = C.0Z , 1427

ctsarved Fc>3c{7c). Data cerrected for Lorentz, polarizaticn but not abserrtion

22%acts, Structure solved Dy direct methcods. The least-gcuares refinemens

25ed progran SEZLXTL (Sheldsick 1280). T w(|7si-|7c!)2 minimized whers

w =112 {I70]) + gef{Fo}2] | C.0TCLO , Secondarr axtincticn value, 0,00CS.

5S¢ rarame<ers refined: atcm ccerdinates, anisotrcpic femperature Zactors

22r all nen-H atc , I atoms included using ridinz model, C-F = 0.GEA

H-0-E = 106.5°%, H(T)= 1.2 Uaglc) ,]1(a/c) ==x = 0.123, 2 = C.C66,

. : - + » -~ o - 4 L e v p Nememe - .
smcmic gcatiering Zactors from Intvernaticnal Tatlies for {-r 7 Crystaillcgrathy

~'."4-‘ S el e e s S

PR R S o -
4

PN WS A e ma ‘A._;L‘_--_\.AA.‘A..L LGPV R,




mz<zoz<x0am..<m<$:mh|m.. m~msﬁ..om.:z_E.|m ’ q sm...dEuSa;msﬁ
GSS'L - P
/N

03..30

c\/o

4




wde,

de.

-

-

m

a.c

AP TR
0<29<65°

-

e ™ B S
-

2 ()

QAR
dmtad -

Thin

-
-

7.2k
K4

rentaaczancnane
-

TR R
cas

TN
i gt
rstallized Srom methyl ¢
-
L% over dasa collecticn, 6/29

IS
e
U

—o
Loe

-
-

2
¢

a H

MRl Sl S
ad
d reflec

s
-

7S

-y

c
S

Sa Bt ea it uaih men e Sais naae wall o hls shal Sl Salh bl e B Ml el
clserv

-

L o

rarameters.

ar
(=3 4aV]

= i Uiy =it i ¢y
zend
ric
ice
12<2€

an

.

¥
~ -

PRy

L2l

-

-——ii.

g

N
nin

,—2&‘3‘0, -

————

aecticns with random variation

the asyzmet

At
Lapee]

*,9=Tiacetyl-3,

T<R<8

-

Zor 2GCC

0.25

< -
iz
)

efl

ra+
T

-
-

S
2

a

\

’

TuXa
Cle
PRTS

()

AN

lec

Rl i 4 %0 o el 2 S "M
! -
Autcomatad

i}

220 A Se "l * I R

hAaz gt ama? Agin™

%4

@ a function o

~

)°, scan ra

KB

H

™)

ea

~s .
refinemen
eZperaiure

-

-
axeursoens

»

squares

~
vrie

S

-

e v eme

aa
==
r B ek

s
Q

=3
LY

The
an.‘ -

1

iratas,

m ccord

ck 1880

a
3 s
heliri
ase

-
-
~
D

(

-
-

“p—

o\ nd

o——
}=an

g

anl




m eusuourzeRlUed-6‘,‘G'E’ L-0IuN-2"G'e-1A19081a-6°L M
| g
: ¢S'L-P %
w 7@ |
| (D NN %//& 7 ON
\0 NW @ “ ) <> ¥ w‘»

3 IN \LJ €N 4
. \’ (1] 84 ) "b
_ TLD 1\

.w.d 1O \&J

O

W O I S T T PP T T T T L LW W




r
r
A
i S n "
y ° LU ¥ .
“ —~ x .» (4]
/ Hoor- ot -
r o ol t- 3 Q -
r - - (48] fi o Q $? [®) Lo
“ t-- o ] # ol 5! . n S
4 TN 4 e 1 - 42 [N © 11 ~—
, . £ o a~ \0 m_ H [J] Q qu &3 1
4 g} 0O 4 1 3 mv . Y] [ £ ) 4§ 3 L@ o
b (@] G4 [ o} tr - £3 ) 0 £ [ o1 8} 0 ) [ K
F et (8} [ & t- [ 2] [ & .* . 1] ! .£3 -~ o) B 5] X
N " U [ nw v 3] o [¢] t (@) n ot R o t o -1 2
b [ n t- I ] be [J] ol ~- o [ ~ . [ 4]
F. o © -t W ke e I oo m hr e 5 t,
b - >~ N > v v - 0 (&) ™ o a 3 ke ] 9] .
L. o (&) L3 ) [ FR) Q) ~— %) f, 0" 3] 0 v . 1 LY VY
. S ¢ - Pt ) al e 1 d o ..“ by » 8y 13 o
' (@] [ &1 oy [} ¢ ES] o i 9 [} ot ta ] 42 ¢t 4] trd o of e
[ . L I [e] T Q ¢} v : o 13} i o . 4
@ \0 t-- 3 H o ol g 1] 3 o Q =] b H v O o
3 + -~ — s (¢} ? i) . 1 3 -~ ol v . _ et 31 $ v tx) ' .m
d N o~ 9 Yo » o . ) [ B 0 f b i3 w . o : L
[ o ol un - L o ™ v © X a 1 1 o o £t g
I V 9~ . [TaN w_ x n &) 4] 14 ot 3] PR g L ) e ot £ .
L) el [} ! t-- R, O 4] s} rd ] n — D s ) . o
1 — MRS e o v n b 0 = By g - tn 0 ta O LR D
' A2 fra . n . 3] Kel : nm - . 3] o o Q) [$) ‘ e 0 <> . I} . i
. . n o o el 0 N o w S O R T R o1 4
- o) o~ 4 4 D O I Gt ™M 0 J O ] 4] s A
. — st 3 n .L : 4 -~ AV (o] 4] n (2] o t o T v " ¢ 0] 1 3
J (8] (3] N L] 4] ~ ] ¢ - O F3) £ . — ) L
> 1 ) =) " o o B4 i) [ 1] @ " "°. [e] e - [ o] Q Q (] e 4 3] + 9
a el H © n ri -l [$] o~ [T [¢] 3] [ v (U] [} { r ) p
80 - m ~ 4 S~ 3] G «f |y D e [ 42 —_— 0 Y 8} © # { kS .
. 2] ~ ~ o ) 3 [ ) (e [V} 42 o 3] . ~ 0] ni [} O £ 4
O 13 -~ & (& ot ta ~ 3} © [ n > - o % e [{a] 3 o NS
. e bl -~ - ~ 4] 53 g 1] 3 e a8 1 .
] : fa oo r ! F= R E3l s S IS 0 O 1 ™ T - - ) "
. ~4 Fe .~ ] 42 o . ty o G n v 14 \0 [}] 4 oL (T8N Q ¢ .
1 4 m . $ —w_ $. n of E] a) EN (@] W 3 O [ . e O 4
3 o . (@] At n 4 QO L Y] T o} n} (] b 1] . (&) 4> 42 O (@] et ™ 4
S A (@) ’ A . i~y % ] s} vl fi [§) o~ o o o . . (M 3] b
] o el S S N 71 & ko ! ) o N 2 LY &) . £ L o o [ i :
3 (A . O H Q] 3 (3] 1] (] o 42 o) $ 0 4+ 8] o ot 4] of n
- o 3] o 0 £ o) > o (&) o Q C Tt th " " a s 4
\Q ey on t- N ot . ) o 1, o ) LI 0 Fa 3] o b v, 4
[} 3] \O 3 m H ey by . H rt PR b Q LY b &) ©w -1
x o 3] v EY [&] ] Y of 788 0 ] 12 Y o M w0 0 » | ’ o
1 ] . ] + (< T I of 13 @ U 3] 3] & (o s e
[ o c e s~ n 3] - ¥4 0 3] 7] D ol . 9] - i o NS
-t LA € -t %4 ri o -~ L)) < o 0 -1 S+ >y 3 £} ol ~ 1. S
o TS ] = [ . §a ry v v b LY 0 0 o) — [s] £ et t- vy i 9
b, ! =t ] fa (@] 9 et el Uy LS [ (3} o FE) 0 [] [$] g n .
o - < b 9y £ IS S N ¢ Y £s Y] v -~ o i v . o o
b, - Nt 0 1] o ] -rf © 42 1 P o o £ & I Q o b .y
\Yal &) \0) [ Ld) ~ of e oy 43 o vl (< .. 8] [§1 an Q g
[ [ i t-- d — I o) (%4 — - R B O o —t ~ ~~ Lo n 1] (&%) Qs )
X o 2 O ! S H o t~ o 0 . 7Y B ) - d
' A o m O v . ™ t-- LY n B el n 1 Y 3 : e o 0 Ak
1 o o B S S - o M e Y o . b oom o ¥
! ] te ~-- K3 ) at v 4] L W S 4 G £ LT - “ -t P
3 o - W tl B © ¥ N - N T R B ¥ 3 n 0 0 T e
| @] Q . e [} 42 f I '3 ~ —~ fe 42 e I 0 (3} 1
. o - - p Y m A . ~ ) -— o Y B X .
L oy e 3] o o , G . © 0w o n o . 1% )
' L (] . 3] " 0 0 e ol ol ) <] fre g, e (3] al 5 o %
b - — * Re] (@) et %) v %4 ~ 2 N i, J - Ll \ ord o] o 1
o] o ' e — ] RS ] 0 m (6] 4 o ~- N £ n n 3 3 :
4 e w o b o v ke 2 Fry Q] ? [ o .3 - : o d
(&} (@} ) Al o] iel b (&) 4 ; 2., J 9 4 a ot 4
, 42 ] o &) [V} 1) L] 5] g, © 23 [ K] . Q IS he! ..& M v
U =t ) e u ) % '} ) ) O -t 1 'y 0 | PR — 3. 1 L § N 3! o
' o) . 6 . 3 (8 m m 8, - ‘e ; - ) [T o - s LY i o
b 3] \0) 3 i ! o | f N [ [ (&1} o o O vt X R
' P (8] O ksl K$; ' ] ~~ Ly qQ° el -4 2 e O
n ] " ] t 4 . [} 4 of " 0] X )] ] 2 t 3] ~~ ) 1 Sl
A2 - v £ 13 LY -~ 3] o 0 kA 17} -t n 13 Lg] |/ A y
. T 0 =g a o) - 3] [al n L] %] o (¢ ) 3] b g v e ot ~ fr. [
3




euedep(9°¢)ol|dsoi}ju|p-6'9-eZe|P-6‘9-BX0-2

LSV =P @ v QVA/W

DGO =y 960




Abstracs

CngQHhCG, Mw = 272,22, trigonal, a =10 =

Tiemr 2.1% x 2.08 x 0.20 mm. errstal., Autcmatad Nicclat 3m o4ise-
ractopeter with incident beanm grapaite zenochremator A = 1,34178A(CeKa,
20 center=d reflecticns within 20<26<50° used fcr determin

2ing lattice

~11<x<12, -6<2<7, Standards CO3, 32C, 13C, zcnitored every £Q relections

wita random variasion 3.5% over data collection, 2/29 =cde, scan widia

(2.0 + 3q100)° , scan rate a “unccion of count rate (

n

L] .
: <
[zin, minioum,

30°/=zin, maximum), 3015 reflecticns measured, 1017 uwaigue, Rine = 0,038

Data ceorrected for Lorentz, reolarizaticn but not aksorpticn effects,

Strmucture sclved ty direct methods. The least-sguares refinement

used prograa SETLATL (Sheldrick 19280). T w{|Fol-!17e!)2 minimized where

w=1/{2 {|7e]) + z+(70)2] , &= 0.CCOEC.

The structure analysis Is ncY ret cocoplete, however, 3

r

T TrTYTYTY

,.
3
¢
r
L

-
o ’
do

‘

2
.

NS

R
La |

iR
[N
2

R
4 T
LI S S TS

Ay
et

- » oL - .o - - - . - .
EE T T A M PN

. .t . . - ot o . .
R e A R et A i i e AR e

T

NEREY
L)

LS




(0)




e bk e EA” Al A Akl aRAaA AL o A 4 sk avit ach et o g aci 8- Balk ekt Sub cnb Sakodalktal i iet ikl St —h-.T
s bt M e - S bt Bk el dle ] - -

7-Nitre-5,6-dinydro-THE-imidazolo(1,2-4] tetrazole

Abstract
C3HyNg0s, My = 156,11, menoelinic, 22;i/c, a = 6,214(2),

t = 8.592(3), 11.66u(3)A, 3 = 102.32(2)°. Deccmposes wishout melsin

- e pha

7 = 615.2(3)A3, D, = 1.685 mg =m~3, a{Cu¥a) = 1.541723A,

t3
1]
Fa

B o= 1,165 =m~1, 7(C00Q)

[{]
(V")
n
[&]
]

]
n
‘O
N
teg
$
9]
m

= 0,041, ¥R = 0.C60 Zor
28¢ independent ocbservad reflacticns, The 2cmpcound nas 2 whole mclscule
discrder with a 12% cccurancy. The discrdered mcliescule is relatad to the

orimary zolecule wvia a pseudo two fcld axis zassing midway through

A(7)= ¢(8) ana c{5)-C(8) tords.

Clear 0.60 x 0.12 X 0.C8 m. crrsial crystallized frem  acetone.
Automated MNicclet RIm dilfractcmeter with irncident beam graphite mcno-
chromator A = 1.355178A(CuXa), 25 centered reflacticns within 20<29<73
used Zcr determiniag lattice zarameters., Data corrected for Lerents and
roiarizaticn effects, (Siné/k}:ax = O.SQA‘l, range o7 hlkl:

-74n<0, 24x<3, -13<2<13., Standards 3CC, CLC, CCE, monitored

evary 60 reflecticns with random variaticn 2.5% over data collection, 3/29 mode,

scan width (2.0 + Ag142)° , scan rate a function of count rata ( 4°/min, minmimum,
- \ - - - -
30°/min. maxizum), 1243 reflecticns measured, 1C4Q unigue, 3i,.. = C.OL1,

leas=-3cquares refinement uzed program SETIUTL (Sheidrick 10RCY, I w(!Foi-'Tel)2
ininized where w = 1/[o0€ (|Fol) + g+{70}2] | 2z = 0.2CC23, 130 parazeters
refined: atenm cocrdinetes, anisctrotic texperature fasisr: for 21l nen-3

atcms, iscirepic temperature facters fer f atoms. (A/¢) max = C.1C.,

R = 0,04, wR = 2.060, § = 2,657, Final differance Teouriar exsursicns Q.22

- - -
and =C.24 a4 e Atcmic 3ecattering faciers frocm Internaticnal Tatles for
< - L4
X-ray Crystallesraphy (1374).
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'erystallograpic!
distances and angles as well as rables of anisotropic theraal
paranmetars are provided.

in the index.
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Llist atom coordinates in a fraccional or

dinate svstem. In additicn tables of »ond

The alghabet?

c labels folliow those given
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TAHLE 18 Atom coordinates (x10 ) and temperature tactors (A” x10~ )
. ._« aton x/a Yy/b z2/c Jeq
s N(1) 2378(6) 6331(6) 5825(10) 43(2)
! c(2) 2750(7) 6067(7) 7668(12) 33(3)+
lef N(3) 1436(6) 5548(8) 7676(10) 42(2)
SN C(4) 337(7) 5543(7) 6118(12) 36(3)~
o c(s) 1735(3) $080(8) 4754(13) 34(3) "
AN N(6) 3908(7) 7050(7) $336(12) 53(3)*
b < 0{7) 3875(6) 7334(7) 3769(11) 66(3)*
J c(3) 2802(13) 7150(9) 8882(14) 55¢(3)*
o C(3I) 3721(8) 5036(8) 8144(15) 49(3)
QoD 0(19) -2441(5) 5108(6) S841(8) 33(2)*
Mol F(11) 2358(6) 6872(5) 10454(3) 81(2)*
o F(12) 3998(5) 7593(5) 9110(10) 79(2)*
e F(13) 2091(5) 8060(5) 8259(11) 85(2)*
. F(14) 4933(5) 5409(5) 8169(10) 76(2)*
v F(15) 3600(6) 4122(5) 7057(10) 83(3)*
e F(16) 3442(5) 4610(6) 9745(10) 81(2)*
N Hn(3) 1025(83) 5432(32) 8627(166) 61(29)
™
o * Egquivalent isotropic U defined as one third of the
et trace of the orthogonalised U, ,£ tensor
3."'.{ TABLE 238 B8ond lengths (A)
N(1)-C(2) 1.451(11) H(1)=-C(5) 1.461(11)
N(1)-N(6) 1.337(10) C(2)-N(3) 1.457(10)
- c(2)-c(3) 1.508(13) C(2)-C(9) 1.549(12)
Vol N{3)-C(4) 1.335(11) N(3)-Hn(3) 0.847(116)
R C(4)-C(5) 1.507(12) c{4)-0(10) 1.221(9)
SN N(6)=-0(7) 1.233(12) C(8)=F(11) 1.315(12)
® C(8)-F(12) 1.326(10) C(8)-F(13) 1.324(11)
e C(9)-F(14) 1.304(10) C(9)-F(15) 1.307(12)
o C(9)-F(16) 1.336(13)
TN
50
.:: TABLE 38 Adond angles (deg.)
< C(2)=N(1)=C(3) 114.4(86) C(2)-N(1)-N(5) 118.1(7)
Ll C(5)=N(1)=N{6) 126.7(7) N(1)=-C(2)=-N(3) 100.4(6)
LR N(1)=C(2)=-C(93) 113.7¢(7) N(3)-C(2)=-C(3) 109.3(7)
e N{1)-C(2)=-C(9) 110.1(7) N(3)=-C(2)-C(9) 107.4(7)
o C(g)-c(2)-C(9) 114.3(7) C(2)=N(3)-C(4) 114.83(7)
o C(2)-N(3)-Hn(3) 121.3(69) C{4)=-N(3)=-Hn(3) 122.1(69)
57, N(3)-C(4)=C(5) 109.4(7) N(3)-C(4)-0(10) 124.7(8)
e C(5)-C(4)-0(10) 125.8(3) N(1)-C(35)-C(4) 101.0(7)
L N(1)=-4(8)-0(7) 112.8(7) C(2)-C(8)=-F(11) 111.2(3)
S C(2)=C{B)=-F(12) 113.7(7) F(11)-C(d)-F(12) 106.5(8)
e C(2)-C(8)=-F(13) 110.9(38) FL11)=C(B)=F(13) 108.2(38)
6. F(12)=-C(B)=F(13) 106.0(7) C(2)-C(2)=F(14) 112.4(7)
'.""-.'_' C(2)-C(9)-F(15) 110.7(13) F{14)=-C(9)=-r(15) 199.9(3)
:} C(2)-C(9)-F(16) 109.5(7) F(id)=C(9)-F(10) 107.4(3)
. F(15)-C(9)-F(16) 106.8(7)
®
i}f at
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! TABLE 4§ Anlsciropic tenmparacure facszors {(a“x1C07,
R aszon u., U. . U U, . v u, .
E3N e 23 29 12 o2
- N1} 3103} 65(5) 3204, 5 4) 203) 1703
L Sz 26(4) 52(3) 36i5) 21 4) =1(4) 1(4:
R N(3) 3i(4) 72(5) 22(4) -3(4) -7(3) -12(42
[ C{4) 34{4) 39(5) 34(%) -3(4) -2(3) -1(4)
\ c(3) 37(4) 36(86) 28(4) -3{3) 3{41) -1(4)
.. N(6) 44(4) 59(5) 45(3) 12(4) a{a) -5(4)
e 0(7) 51(3) 39(3) 49(3) 12(4) 10{4) -12(4)
3 c(8) S0(5) 55(6) 59(6) -2(5) -2(5) -10(5;
e ci3) 34(3) 51(3) 31{5) -3(5) -15(5) -4(4)
" 0(10) 34(3) 78(4) 34(3) -3(3) -9(3 -7(3)
F(11) 99(4) 112(3) 33(3) -237(3) 20(3) -26(4)
F(12) 59(3) 90(4) 87(4) -28(3) -7(3) -31(3)
F(13) 948 (4) 70(4) 38(4) -13(4) -8{4) 29(3)
F{14) 32(2) 89(4) 108¢(5) 23{43) -12(3) -3({3)
£(13) 58(4) 535(3) 96{3) -15(4) -15(4) 8(3)
F(16) 69(4) 109(4) 55(4) 35(4) -3¢3) 10(3)
he anisotropic temperature factor exponent takes the form:
2 < ot ~
«27%(a“a*"u 1*&"5' Uja ™ +oee +2hka=n*d, )

- : 4 - 2 3
TABLE 358 Hvaerogen coordinates (xi10 ) and temperature factors {(A“x1uv”)
atom x/a y/b z/c U
H{5a) 1362 67493 4224 53
4(5n0) 124 5499 3837 52
.
®4
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TABLE 1b Atom coordinates (x104) and temperature factors (§2x103)

aton x /a y/b z /c l%c

c(1lx) 7105(3) 505(4) 7247(1) 44 (1)
N(2x) 5985(2) 1662(4) 7365(1) 48(1)*
C(3x) 5844(3) 1846(4) 7922(1) 42(1)*
N(4x) 7099(2) 1412(4) 8137(1) 52(1)*
€(3ax) 5532(3) 3917(5) 8044(1) 51(1)*
C(3bx) 4811(3) 518(5) 8128(1) 57(1)*
F(lx) 4429(2) 4464(3) 7839(1) 72(1)+*
F(2x) 5481(2) 4252(3) 8550(1) 73(1)=*
?(3x) 6436(2) 5065(3) 7865(1) 83(1)*
P(4x) 3682(2) 785(3) 7901(1) 80(1)*
F(5x) 4642(2) 690(4) 8633(1) 92(1)*
F(6x) 5134(2) -1267(3) 80542(1) 97(1)*
c(1l) 9188(3) 5485(4) 9432(1) 40(1)%
N(2) 10493(2) 6151(3) 9293(1) 40(1)*
c(3) 10620(3) 5871(4) 8738(1) 42(1)*
N(4) 9338(2) 5693(4) 8520(1) 49(1)*
C(5) 8412(3) 5586(4) 8929(1) 42(1)*
N(6) 7662(2) 7331(3) 8997(1) 44(1)*
C(7) 7545(3) 7738(4) 8544(1) 42(1)*
N(8) 8602(2) 6751(3) 9795(1) 44 (1)*
C(3a) 11310(4) 7537(5) 8492(1) 67(1)*
C(3b) 11386(3) 4033(5) 8663(1) 56(1l)*
C(7a) 7727(4) 9856(5) 9636(1) 59(1)*
C(7b) 6260(3) 7044(5) 9757(1) 57(1)*
F(1) 12385(3) 7972(4) 8721(1) 126(1)*
F(2) 11514(2) 7297(3) 7998(1) 97(1)*
P(3) 10568(3) 9089(3) 8526(1) 109(1)*
F(4) 12586(2) 4190(4) 83830(1) 97(1)=*
F(5) 11440(2) 3496(3) 8167(1) 69(1l)*
F(6) 10856(2) 2640(3) 8922(1) 95(1)*
(7) 7720(2) 10333(3) 10131(1) 86(1l)=*
F(8) . 8835(2) 10437(3) 9450(1) 94(1)*
F(9) 6817(2) 10886(3) 9397(1) 89(1)*
F(10) 6125(2) 7377(3) 10257(1) 82(1)*
F(11) 6171(2) 5173(3) 9692(1) 85(1)=*
FQIZ) 5266(2) 7801(4) 9514(1) 96(1)*

* Equivalent isotropic U defined as one third of the
trace of the orthogonalised %ﬁ tensor
4
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TABLL

2D Bond lenaras (a)

C{Ix)=N{2x) 1.4852(<)
C{lx)=-%(4xa) l.46002)

C{3x)=MN({4x) l.432(4)
C(Bx)-C(an) 1.5248(%,
C{3ax)=F{ix 1.325(4)

C(3ax)'°(JX/ 1.329(¢)

C{3bx)=F{5%} 1.323{(4
Cl)=%{2) 1.435(4)
T(l)=n(8) 1.487(4)
C(3)=N(4) i.44A(2)
C(3)=C(3n) 1.337¢(¢4)
C(S)=N{(H) 1.443¢(a)
C{(7)=2{3) 1.451(4)
C{7)=C(7D) 1.533(3)
C{3a)=F(2) 1.340(8)
C{3n)=r{1, 1.316108)
C(3b}=F(8) 1.334(4)
C(7a)=5(s) 1.345(5)
C(7b)=F(10) 1.325(4)
C(7h)=-F{i2) 1.333¢(¢2)

TABLE 30 Rond angles (deq.)

N{Zx)=C(1lx)=-C(1lxa) 106.0(3)
C(lxa)=-C(lx)=-N{4xa) 104.3(3)
N(Z2X)=C{3x)=N(4%) 104 9(2)
N(4x)=C(2x)~C{3ax) 108.2(2)
N{(2x)=Ci{3x)~C(3Dbx) 111.8(2)
C{3x)=N{4x)-C(1lxa) 110.3(2)
C{3x)=Cl3ax)=~F{Zx) 11 2.3\3)
C{3x)=C{3ax)-+(3x) 110,3(3)
F{2x)-C(3ax)-r(3x) 107. 6f3)
C(3x)=-C{3bx)=-r(8x) 112.7(3)
C(3x)=-C{3nxX)=-F(6X) 110,0(2)
F(5x)=Cl3nx)=r(b¥%) 10A.7(3)
N{Z2)=Cl1)=(8) 111,1¢2)
C(Ll)=2i2:=-C(3) L0Y,5(2)
N{2)=C(3Y=0C(33a) LOAL(2)
€J(2)-C(3\-C(3“) liv.a{z)
C(327=C{21=7243n) 110,303
C{L)=C(3)=n(x; 192.A(2)
(4)—2(5)-h(h) iid,1(2)
NAB)=T{T j=08(R) 157,402
1 {(3)=-C{7=C(T7a) Lin,%03)
N(Z3)=C{7)=C(7D) 1067.2(2)
1)=3(8)=C(7) 107.0(02)
3)=C(2a)=7(2) 112.0(3)
I)=C{3a)=+(3) 10,803
2)=Ci{3a)=712) 106.3(32)
3)=C{(Zn)=F(3) 112,.6(3)
2)=C{3b)=F(R) 1Qu,.2(:
S)=Cl3n)=¥vr3) 16b.3(3)
T)=C{7a =%03) 10H,.2313)
T)=C(72,=504) 213.103)
8)=C(Ta)=~F(9) 133.=(3)
Ty=ClTo)=-v0il; 104w, 9r3)
T)=C(72)="(12) 113.1(3)
L1i=CiTny=v(12) 107,8¢(2,

Cllx)=Cilxa) 1.331¢
N{2x)=-C{3x) 1oda7¢
C(3xi=C(3ax) 1.532¢
N(4x)=-T(1xAa) 1.460¢
C(3ax)=F(2x)} 1.3175¢
C(3px)=F{dx) 1.321(¢
C{3bx)=F(bx) 1.3211{
C{1)=-C(%) 1.524¢
N(2)=C[3} 1.447¢
C(3)=C(3a) 1.524¢
N(&)=C(3) 1.470¢
N(R)=C(7) 1.448¢
C(7)=C{7a 1,.523¢
Ci3a)=-F{1l) 1.321¢
C(3a)=-7(3) 1,321¢
C(35)=-7{3) 1.313¢
C{Ta)=-7(7) 1.299¢
C(7a)=F(9) 1.304¢
C(7h)=F(11) 1.217¢

N{2x)=-C{1x)=-N{(4
C{lx)=N(2x)=C(3
N{(2x)~- C(3x)-”(3

C(BaY) C(JK)‘L(JDX)
C(3x)=C(3ax)-5(1lx)
F{lx)=C(3ax)!=r(2x
F{lx)=C(3ax)=-¥(3x)
C(3x)=-C(3bx)=-F(4x)
(3x%)
(ﬂx)

F(4x)=C(3bx)-F
F(ax)-C(3bx)-
N(2}=-C{1)=C(
C{S)=-C(1l})=N{:
NM(2)=C(3)-N(2
“(4) C(B\-C(
(3

(

ALV LI VR UV I SRS W Y ||
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C(3)=n(% I.

M{RY=CILT)=C1 7 3;
N(5)=ClT7)=C(T%)
C(7a)=C{7)=CiT0>
C(3)=C(3a)=-t{1)
F(1)=C{3a)=-F(2)
C{1)=-C({3a)~-F!{2)
C(2)=C{30)=5(4;
P(3)=C(3b)=7(5)
F(L)=-C(3m)=T1{15}
CL7)~-C(7a)=-5(7}
T =ClTa)=F (1)
F(7)=C{Ta)=7¢3)
C(7)=C(T)=7(11)
FTLl0)=C(To)=511
F10)=CU{Tn)=T0 ]
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TABLE 4D Anisotropic temperature factors (Ax103)

atom U U 4] U U U

1 22 33 23 12 12
c(1x) 46(2) 33(2) 52(2) -8(1) 1(1) -2(2)
N(2x) 41(1) 57(2) 46(1) ~7(1) ~2(1) 5(1)
C(3x) 37(2) 44(2) 44(2) 1(1) 0(1) -5(1)
N(4x) 68(c) 65(2) 84(1) 8(1) 1(1) -0(1)
c(3ax) 50(2) 50(2) 54(2) -7(2) 4(2) -4(2)
c(3bx) 50(2) 59(2) 64(2) 2(2) 3(2) -8(2)
F(1lx) 72(1) 62(1) 82(1) -13(1) -15(1) 21(1)
F(2x) 71(1) 87(1) 61(1) =29(1) -0(1) -1(1)
F(3x) 90(2 47(1) 114(2) ~4(1) 29(1) -17(1)
F(4x) 45(1) 90(2) 104(2) 9(¢1) -5(1) -17(1)
F(5x) 89(2) 117(2) 70(1) 16(1) 18(1) -33(1)
F(6x) 87(2) 43(1) 161(2) 8(1) 22(2) -11(1)
c(l) 43(2) 34(2) 43(2) 3(1) -0(1) -6(1)
N(2) 40(1) 41(1) 38(1) -3(1) 1(1) ~9(1)
c(3) 46(2) 40(2) 40(2) -1(1) (1) -5(2)
N(4) 46(1) 60(2) 40(1) -11(1) -2(1) -0(1)
- C(5) 40(2) 38(2) 47(2) =5(1) -5(1) -8(1)
- N(6) 45(1) 48(2) 40(1) ~0(1) -3(1) 3(1)
E c(7) 42(2) 41(2) 41(2) 1(1) -1(1) -2(1)
[ N(8) 45(1) 51(2) 37(1) 1(1) 1(1) 0(1)
. c(3a) 89(3) 56(2) 57(2) 5(2) 9(2) -22(2)
¢ C(3b) 54(2) 63(2) 51(2) ~7(2) 4(2) 4(2)
3 C(7a) 73(2) 46(2) 58(2) ~3(2) 5(2) -1(2)
L c(7b) 50(2) 61(2) 61(2) 4(2) 2(2) 1(2)
" F(1) 113(2) 159(3) 105(2) 29(2) -13(2) ~97(2)
- 7(2) 142(2) 95(2) 56(1) 10(1) 32(1) -34(2)
F(3) 174(3) 48(1) 106(2) 18(1) 28(2) -13(2)
F(4) 62(1) 140(2) 87(1" -31(1) -20(1) 34(1)
F(5) 68(1) 82(1) 57(1) -22(1) 1(1) 14(1)
F(6) 143(2) 43(1) 102(2) 7(1) 46(2) 16(1)
F(7) 126(2) 67(1) 64(1) -26(1) -0(1) -5(1)
F(8) 100(2) 58(1) 123(2) -14(1) 32(1) -35(1)
F(9) 125(2) 49(1) 92(2) ~2(1) -11(1) 26(1)
F(10) 70(1) 118(2) 60(1) ~3(1) 21(1) -10(1)
F(11) 75(1) 71(1) 110(2) ~3(1) 27(1) -30(1)
F(12) 46(1) 139(2) 103(2) 30(2) -2(1) 8(1)

-
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The anisotropic temperature

had 2
-”fz(hza*‘U11+k2b*"Uﬁﬁ+ .o

factor exponent takes the form:

+2hka*b*Uu, )

Y TABLE 5b Hydrogen coordinates (3104) and temperature factors (§:x103)
i atom X/a y /5 z/c U

" °d
.. H(lx) 6850(22) -735(19) 7134(9) 36(7)
? H(2x) 5308(29) 1202(45) 7254(11) 83(10)
o H(4x) 7042(27) 783(41) 8389(10) 65(9)
- H(1l) 9247(22) 4213(17) 3569(8) 37(7)
i H(2) 10568(27) 7460(41) 9393(10) 70(9%)
- H(4) 9216(27) 4758(41) 8293(10) 71(9)
o H(S) 7889(19) 4498(23) 8862(9) 35(7)
:j H(6) 6919(24) 7275(37) 8853(9) 52(8)
H H(8) 8435(25) 6175(39) 10078(9) S7(8)
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TABLZ '€ Atom ccordinates (13 ) and temperatuare Zactors (A x13

”

ﬁﬁj a-on x/a v/5 z/c <__
DA Clt) 9012(3) 3079(3) 2432(06) 350(2;*
l. N(2) 5296(2) 3212¢(5) 2433(53) 43(2)"
o c(3) 79956(3) 1515(7} 2074(6) 37{20
T NS 4483(3) 303(7) 2293(7) 55.2) "
S S{3) 9193(3) 1040(%) 2570(3) 31(2)
e N(3) 9304(3) 947 (7) 3909(6) 3202)
c(7) 3565(3) 2632(%3) 4379(7) as(2; "
N(3) 2336¢(4) 3d83(7) 3462(2) 3202} =
N(2') 3C25(3) 3383(5) 2107¢(7) 6C( 1)+
J(2a) 3425(13) 8131(3) 2078(7) 32(z2)*
u{2n) 7432(3) 3022(7) 1931(48) 3503
N(5') $538¢3) -731(8) 1236(7) 70{2)*
Q(da) 9424(13) -1990(%) 3539(6) 77(2)*
J(sb) 3311(4) ~-316(13) 3286(7) 167(3)"
C{3a) 7354(4) 1042(11) 2831(9) 3Q(3) "
Clin) 7756(4) 1384(11) 685(8) 70(3) "
C(7a) 9254(5) 3138(19) 5640(10) 100(4)
c{7p) 10332(4) 2769(11) - 4425(19) 73(3)*
FL1) 3830(4) 1977(3) 2596(13) 213{7)
F(2) 7186(2) -668(56) 2737(3) 38(2)
F(3) 7545(53) 1186(11) 4063(7) 177(4) =
F(4) 7223(13) 2193(10) 379(8) 133(2)
F(3) 7727(3) -281(7) 326(3) 131{2)
F(E) 3256(5) 2161(12) 49(86) 164(4a)
£(7) 9332(4) 4815(3) 3931 (7 1248¢13)
2(8) HSYB(4) 3019(12) 3246(10) 135(3)
T(2) ¥437(7) 2121(11) 63533(3) 202(6)
F{10) 10529(3) 4399¢(7) 4413(8) 118(3;
T(11) 10S6C(3) 1954(10) 3459(11) 173(4)
{12) 10601 (3) 2047(8) 3397(9) 131{a) "
* TIgulvalent isctropic U defined as one tnira = Tne
trace of the crthogonalised Y;., =enscrs
TAB3L:Z 2C 3ond lengths (A)
=2 Cl1)=-N1(2) T.440(38) C(1)=-T13) 1.3t iiz)
R T{1)=N{3) 1.414(10) N{Z2)=T(2) 1,474 ( 7
& N(Z2)-N(2") 1.393(6) S{3r=N(4) 1.40303)
- T(3)-<i3a) 1.532(11) C(3,-C(30) 1.8535(7 1)
o N{4-C(3) 1.398(4) C(5)Y=N{b) T.3C7(09)
f N{8)=C(7) 1.443(3) N(s)=N(6") 1.273(3)
J[T Cl73=N(3) 1.427(10) 2{71-C(7a) 1.347(1 3,
a C{7)=-Ci7b) 1.842{9) W{z')=0(2a) 1.220(7T
3 N(Z')=9(2p) 7.206(3) N{h';=0(6a) 1.218(3)
" et }-0(60) TL.215(011) Cclila)=-¥(1) 1.272(4v)
E?ﬁ C(3a)=-F(2) TL.311(3) Cllaj=-=(3) 1.2247¢13)
L‘- S(3p)-7(4 1.277¢11) SNELITTIES 123302
e Clip)=5i5) TL.337(12) C{7a)=F(7) 1,304 2)
S S(7a;~7(¥8) 1.327(12) Ci7a)y=2(9) 1.273(13)
i C(7b)=5110) 1.262(9) C(7a)=F(11) 1.287{%4)
- C({70)=F(12) 1.294(13)
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TABLE 3C opond anqgles (deqg.)

N(2}-C(1)=-C(5) 100.8(4) N(2)=C(1)=N(13) 115.4(6)
C(S)=C(1)=N(8) 1U5.7(3) C1)=N(2)=-C(3) 113.48(4)
C(1)=N(2)=N{(2') T1e.4(4) C3)=N(2)=-N(2") 120.,0(3)
N{2)-C(3)=N(4) 98,3(5) N(2)-C(3)-C(3a) 114.0(6)
N{4)=-C(3)=-C(3a) 110.7(6) N(2)=-C(3)=C(3n) 115.0(3)
N(4}-C(3)=-C{3n} 108.0(6) C(3a)~-C(3)-C(3p) 110.1(6)
C(3)=N(4)=-C(5) 117.6(3) C(1)=-C(5)-N(4) 104.9(5)
C{1)=-C(S)-N(b) 100.1(3) N(4)~-C(5)=-N{o) 115.4(86)
C(5)=-N(6)=-C(7) 113.3(5) C(5)~N(6)=N(6") 114.8(5)
C(7)-N(6)=N(6"') 122.7(8e) N(6)=-C(7)-N(3) 100.7(86)
N(6)=C(7)=-C(7a) 111,8(6) N(8)=C(7)=-C(7a) 109.5(6)
N(68)=C(7)=C(7b) 115.3(5) N(8)=-C(7)-C(7b) 107.9(05)
C(7a)=-C(7)-C{(7b) 111.0(7) C{1)=N(8)=-C(7) 116.1(3)
N(2)=-N(2')=-0(2a) 114.8(6) N(2)=N{2')-0{(2b) 119.9(5)
O(2a)=N(2')-0(2h) 125.3(35) N(6)=-N(6')=-O(ba) 115.5(7)
N(6)-N(6')=-0(6Db) 117.6(6) C(ba)=-N(6"')=-0(6Db) 126.8(6)
C(3)=C(3a)=-F(1) 116.1(38) C(3)-C(3a)-F(2) 110.7(7)
F(1)-C(3a)=-F(2) 106.6(7) C(3)=-C(3a)-F(3) 107.6(7)
F(1)=C(3a)=-F(3) 110.1(10) F(2)=-C(3a)-F(3) 105.2(8)
C(3)=-C(3b)-F(4) 115.5(7) C(3)=-C(3b)=-F(5) 111.1(86)
F{(3)-C(3b)=F(5) 108.4(7) C(3)=-C(3b)=-F(6) 107.0(9%)
F(4)=-C(3b)=-F(6) 106.9(3) F(5)=-C(3b)=-F(6) 107.5(7)
C(7)=C(7a)-F(7) 110.7(38) C(7)=-C(7a)-F(38) 108.5(9)
F(7)=C(7a)=-F(8) " 106.9(9) C(7)-C(7a)-F(9) 114.56(9)
F(7)-C(7a)-F(9) 107.9(9) F(8)~C(7a)-F(9) 107.9(11)
C(7)=-C(7b)-F{10) 111.7(6) C(7)=C(7b)=-F(11) 107.5(7)
F(10)-C(7p)~F(11) 108.6(13) C{7)=-C{7?7b)~=-F(12) 114.7(8)
F(10)=C(7b)=-F(12) 105.2(8) F{(11)=C(7b)=-F(12) 109.0(8)
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e B TR S ds =8 fan “TL ELalN B ™o ¥ B Brdvdw wuw SWow oo wTe vvr\vaVﬁW'*“'-.fw
vaBLE 1d Atom coordlnates (x10%) and temperature factors (A?x103)
atom x/a Y/b z/c Ueq
c(1) -1358(4) 7515(2) 1347(3) 42(1)*
N(2) -1761(4) 6931(1) 2120(2) 58(1) ~
C(3) ~455(5) 6360(2) 1941(3) S0(1)*
N(4) 616(4) 6702(1) 1122(2) 48{(1) ~
C(5) -22(4) 7493(2) 807(2) 40(1) *
N(6) 1210(3) 7943(1) 1353(2) 42(1)*
Cc({7) 116(4) 8509(2) 1793(3) 44(1) *
N(3) -1695(4) 8175(1) 1867(3) 61(1)*
q(2'") -3083(3) 2914(2) 2898(3) 63(1)*
Q(2a) -4382(4) 7331(2) 2769(2) 74(1)
0(2n) ~2800(5%5) 6509(2) 3636(3) 93(1)*
N(4') 1359(5) 6286(2) 280(3) 67(1)*
O0(4a) 1985(5) 5722(2) 574(3) 98(1)*
O(4p) 1259(4) 6531(2) -621(2) 75(1)*
N(6') 3004(4) 8035(2) 995(3) 56(1)*
o(6a) 3570(4) 7564(2) 452(2) 67(1)*
o(én) 3897(4) 8549(2) 1328(3) 87(1)*
c(3a) 941(6) 6194(2) 2976(3) 65(1)*
C(3b) -1644(6) 5698(2) 1487(3) 65(1)*
C(7a} 957(6) 8732(2) 2970(3) 62(1)*
C(7b) -169(5) 9189(2) 1036(3) 55(1) =
F(1) 280(4) 5697(2) 3580(2) 94(1) "
F(2) 2613(4) 5963(2) 2703(2) 91(1) "
F(3) 1265(4) 8757(1) 3566(2) 92(1)*
F(4) -3214(4) 5635(1) 1989(2) 92(1) *
F(3) -684(4) 5120(1) 1629(2) 98(1)*
F(6) ~-2166(4) 5798(1) 451(2) 85(1)*
F(7) -336(6) 9140(2) 3372(3) 36(1)*
F(8) 100t1(11) 8159(2) 3604(3) 127(3) =
F(9) 2595(6) 9029(4) 3044(3) 125(2) *
F(10) -1690(12) Y520(5) 1251(10) 78(3) ~*
F(11) ~476(11) 8980(2) 35(3) 100(2)*
F(12) 1254(9) 3609(3) 1140(9) 111(3) *
F(7') -277(12) 3956(06) 3556(7) 81(3)*
F(8"') 2C12(12) 3240(4) 3407(5) 71(3) *
F(9") 2110(11) 9298(4) 2908(6) 66(3)*
F(10') -1182(34) 9633(13) 1482(25) 132(9) *
F(11') ~1175(14) 3898(4) 166(6) 39(3)~
F(12*) 1421 (22) 9387(7) 638(4d) 77(4) "
* Equivalent isotropic (] defined as one third of the

trace of the ortnogonalised Uij tensor

as
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TABLE 4d
atom

C(1)
N(2)
Cc(3)
N(4)
C(S5)
N{(B)
C(7)
N(8)
N(2')
0(2a)
0(2p)
N(4')
0(4a)
0(4b)
N(6')
o(6a)
0(6b)
C{3a)
C(3b)
C(7a)
C{7p)
(1)
F(2)
F(3)
F(4)
F(5)
F(6)
F(7)
F(3)
2(9)
F(10)
F(11)
F£(12)
#(7')
F(g')
T{(9"')
F(10')
f(11°')
2(12')

The anisotropic tenperature factor exponent takes the

atom

H(1)

H(5)
d(d)

- T

“
Anisotropic temperature factors (A“x10

Uy

22
40(2) 40(2)
69(2) 47(1)
61(2) 36(2)
58(2) 39(1)
39(1) 39(1)
31(1) 40(1)
45(2) 33(1)
47(2) a2(1)
68(2) 68(2)
06(2) 78(2)

104(2) 101(2)
72(2) 55(2)
130(3) 51(2)
98(2) 79(2)
41 (1) 61(2)
51(1) 81(2)
58(2) 69(2)
81(3) 57(2)
83(3) 46(2)
80(3) 60(2)
63(2) 43(2)
112(2) 91(2)
78(2) 95(2)

- 119(2) 82(2)

97(2) 31(2)
135(2) 42(1)
111(2) 78(2)
133(3) 66(2)
255(7) 72(2)

67(2) 222(6)

84(3) 60(3)
165(5) 80(2)

85(3) 52(3)

74(3) 109(7)

85(6) 37(6)

64(4) 52(4)
231(24) 77¢(11
113(7) 80(5)
122(3) 57(7)

It Lo A R MLl e ol Al s Lage Batr fos gav pae 4

U

2

.
2U +kD*U__+ ...

11

Hydrogen coordinates

22

Xx/a Y/b
-3114(55) 7508(
-177(38) 7451 ¢
-3041(40) 8500¢(

3
U33 U:3 U13
46(2) 0(1) 3(1)
61(2) 11(1) 30(1)
52(2) 3(1) 1(2)
49(1) -2(1) 16(1)
41(2) 2(1) 2(1)
56(1) (1) 8(1)
53(2) -4(1) 5(1)
99(2) -14(2) 27(2)
56(2) 3(2) 21(2)
B31(2) -4(2) 30(1)
77(2) 24(2) 34(2)
74(2) -18(2) 20(2)
97(2) -1(2) 23(2)
52(1) -8(1) 23(1)
68(2) 6(2) 8(1)
72(2) -11(1) 21(1)
136(3) -13(2) 25(2)
54(2) 5(2) -56(2)
64(2) - 4(2) -4(2)
45(2) -4(2) 6(2)
60(2) 7(2) 5(2)
75(1) 35(2) -7(1)
95(2) 9(2) -16(1)
70(1) =12(1) -21(1)
98 (2) 11(2) 11(1)
111(2) -2(1) ~-12(2)
52(1) -3(1) ~20(1)
63(2) -22(2) 30(2)
53(2) 9(2) 8(3)
32(2) -59(3) ~11(2)
93(6) 8(3) 22(3)
55(2) 12(2) 19(3)
191(38) 43(4) -19(4)
62(5) -12(5) 11(4)
3sg(4) 3(4) -14(3)
783(3) -17(4) -12(4)
) 30(7) -22(3) -25(14)
60(4) -4(4) ~51(4)
53(5) -7(4) 15(35)
torm:
+2nka*p*y__)
4 i
(x10 ) and temperature factors
Z/c U
19) 960{(29) 65(11)
13) ~-32(21) 29(7)
19) 1854(22) 47(4;

Eabitadasaiic ol alic ol R atd AVA A2 Al A 0 0.0 0l 8 ok - B b Aok b and Aok st od oad i |

U
12
-4(1)
10(1)
1(1)
2(1)
4(1)
1(1)
2(1)
-6(1)
-15(2)
-4(2)
-13(2)
7(2)
50(2)
11(2)
-4(1)
7¢1)
-27(1)
=-1(2)
-10(2)
3(2)
4(2)
-7(2)
17(1)
-9(1)
-38(1)
-2(1)
-25(1)
5(2)
38(3)
-22(3)
32(2)
54(3)
-22(2)
-27(5)
-2{(53)
-29(4)
106(14)
6(5)
-31(6)

(4% w203
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O A3LZ 18 Atom ceariinatasg (xiOé) ana tenpera-ure factors (X‘x103)
Fg{; aten x/a v/ z/c Ueq
Sl 3569(1) 6743(3) 3424(1) 34(1) ‘
3744(1) 853/ (2) 3387(1) 33(1) |
C(3) 3147(1) 2534(3) 3647(1) 32(1)* !
N{g) 42438(1) 5627(2) 3549(1 2e(1) >
T(z) 3894¢(1%) 5510(3) 3136(1) I4(1r
N(o) 3756(1) S666(3) 2060(1) 42(1)~
c{7) 3322(1) 58648(3) 1711(2) 40(1)*
) 3228(1) 8511(3) 2632(1) 12(1) *
(2} 353001 9935 (2) 2743(1) 44(1)*
Zi2a} 3199¢(1) 9511 (3 3828(2) SS(1)*
S{Zn) 37026(1) 11405(2) 389C( 1} STy ) *
Nvd' ) 4534(1) 5304¢{3) 3709(2) 48(1) *
C{aa) 4311(1) 0794(3) 3636(2) 83(1)*
O(4b) 4641(1) 4236(2) 3896(2) ag(1)*
N{5') 4010(1) 5167(2) 1445(1) 46(1) =
Q(6a} 4334(1) 4604(2) 18953(1) 59(1)"
Q(6p)} 3384(1) 5390(3) 560(1) 64(1)*
N{3d') 2844(1) 6175(3) 2864(2) 53{1)+*
O{=3a) 2571(1) 59313(4) 21684(2) 8C(1)=
0{sre) 2832(1) 6221(3) 37200y 64{1}*
c{3a) 4350(1) 9681 (3) 2878(2) 43(1)*
C{3p) 4355(1) 2117(3) 4762(2) 40(1V ) *
C(7a) 2201(%) 7323(3) 891(2) 1(1)*
C(7n) 3131(1) 3946(3) 1345(2) 30(1)*
(1) 4121(1) 11061(2) 2544(1) 82{1)~
7(2) 720(1) .102939(2) 3243(1) 82(1)r
F(3) 4373(1) 8670(2) 2093(1) 37(1) -
T(4) 4447(1) 10828(2) 4861 (1) 539(1 )~
7{3} 4680(1) 8190(2) 5180(1) 581(1)+= !
T(6) 4079(1) 3745(2) 5277(1) 49(1) "
F(7) 2864(1) 132(3) 230(1) 83(1)
F(83) 34338¢(1) 3862(2) 1001(1) 68{1)=
F(3) 2141(1) 6670(’) -6(1) 70(1) =
T(10) 2774(1) 4081(2 . 786(1) 67(1)
F(3) 3101(1) 3041(2) 272641 71(1) =
gV 2 3387(1) 3027¢(2) 9329(1) 69(1)~
* Zguivalenc isctropic U Zefined as one whirzrd cf tne
trace2 of the »rthogonaliise< U, . =ansor
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TABLE 2€ 8Bond

C(1)=N(2)
C{1)=N(8)
N(2)=-N(2")
C(3)-C(3a)
N(4)-C(5)
C(5)=N(86)
N(6)=t(6")
C(7)-C(7a)
N(B8)=-N(B"')
N{(2')=0(2h)
N(4')=0(4Db)
N(6')=-0(6Db)
N(3')-0(8b)
C(3a)-F(2)
C(3p)=t(4a)
C(3p)~-F(6)
C(7a)-F(8)
C(7p)=F(10)

lengths (A)

«482(3)
«435(2)
«417(2)
«577(3)
«431(2)
«493(2)
+393(3)
«562(13)
+425(3)

«197(3)
.222(2)
«197(3)
. 306(2)
«314(2)
«325(3)
«330(3)
«321(3)

C(1)=C{5) 1.501(3)
N{2)=-C(3) 1.475(2)
C{3)=N(4) 1.448(2)
C(3)=-C(3b) 1591(3)
N(4)-N(4"') 1.427(2)
N(b)=C(7) 1.462(2)
C({7)=-N(8) 1.467(3)
C(7)=-C(7b) 1.598(3)
N(2')-0(2a) 1.207(3)
N(4')=-0(4a) 1.211(3)
N(6')=-0(6a) 1.203(2)
N(8')=0(Ba) 1.205(2)
C(3a)-F(1) 1.331(2)
C(3a)=~-F(3) 1.333(3
C(3b)-F(5) 1.322(2)
C{7a)=-F(7) 1.328(3)
C(7a)=-F(9) 1.312(3)
C(7b)=F(11) 1.322(3)

C(7b)-F(12)

TABLE 3€ Bond angles

N(2)=-C(1)=-C(5)
C(5)=-C(1)-N(8)
C{1)=N(2)=N(2")
N(2)-C(3)-N(4)
N{(4)-C(3)-C(3a)
N(4)=-C(3)~-C(3b)
C(3)=N(4)=-C(5)
C(5)-N(4)=-¥N(4")
C(1)=C(5)~=-N(6)
C(5)=-N(6)=-C(7)
C(7)-N(6)=MN(6")
N(6)=C(7)=C(7a)
N(B)=C(7)-C(7b)
C(7a)-C(7)-C(7b)
C(1)=-N(8)=-N(8B"')
N(2)=-N(2')-0(2a)
0{2a)=N(2')-0(2h)
N(4)=-N{(4')-0(4b)
N(6)=-N(6')=-0(6a)
O{6a)-N(6')~-0(6b)
N(B)=N(3')=-0(8b)
C(3)=-C(3a)~-F(1)
F(1)=C(3a)-F(2)
F(1)=-C(3a)=-F(3)
C(3)-C(3b)=~F(4)
F(4)=-C(3b)=-F(5)
F(4)-C(3p)=-F(b6)
C(7)=-C(7a)=-F(7)
F(7)=-C(7a)-F(3)
F(7)~C(7a)-F(9)
C(7)=-C(7D)=-FP(10)
F(10)=C(7b)=-F(11)
F(10)=-C(7b)=-F(12)

1
1
1
1
1
1
i
1
1
1.217(2)
1
1
1
1
1
1
1
1
1

«319(3)

(deg.)

100.4(1)
105.5(2)
115.3(2)

98,.,5(1)
112.8(2)
109.3(1)
115.5(1)
120.4(2)

98.58(1)
114.5(2)
122.9(2)
113.7(2)
108.3(2)
112.9(2)
118.8(2)
115.5(2)
127.3(2)
115.,2(2)
115.7(2)
127.6(2)
116.4(2)
111.4(2)
108.3(2)
106.1(2)
113.2(2)
107.6(2)
109.2(2)
110.4(2)
107.4(2)
107.3(2)
112,9(2)
109.5(2)
107.7(2)

N(2)=-C(1)=N(8)
C(1)=N(2)-C(3)
C(3)=N(2)-N(2")
N(2)-C(3)-C(3a) ~
N(2)=-C(3)=C(3b)
C(3a)=C(3)=-C(3b)
C(3)=N(4)~-N(4")
C(1)=C(5)=-N(4)
N{(4)=-C(5)=N(b)
C(5)=-N(6)-N(6")
N(6)~-C(7)=-n(8)
N(8)~=C(7)=-C(7a)
N(8)=-C(7)-C(7Db)
C(1)=N(8)=-C(7)
C{7)~-N(8)})=-N(8")
N(2)=-N(2')-0(2Db)
N(4)=-N(4')=-0(4a)
O(4a)=-N(4')=-0(4b)
N(6)=N(6')=-0(6b)
N(8)=N(3*')-0(Ba)
O(Ba)-N(8')=-0(8b)
C(3)=-C(3a)=-F(2)
C(3)-Cc{3a)-F(3)
F(2)=-C({3a)=-F(3)
C(3)=C(3b)=F(5)
C(3)=-C(3b)-F(6)
F(5)=-C(3b)=-F(6)
C(7)-C(7a)-F{3)
C(7)-C(7a)-F(9)
F(8)=-C(7a)~-F(93)
C(7)=-C(7b)=-F({11)
C(7)=C(7b)=F(12)
F(11)=C(7b)=F(12)

110.6(2)
112.4(1)
119.1(1)
109.9(1)
111,7(2)
113.7(2)
123.7(1)
102.3(1)
115.4(2)
121.1(1)

98.4(1)
109.5(2)
112.,7(2)
114.9(2)
121.7(2)
117.2(2)
115.6(2)
129.1(2)
116.7(2)
115.2(2)
128.3(2)
112.6(2)
109.3(2)
108.9(2)
110.9(2)
108.6(1)
107.0(2)
109.1(2)
113.4(2)
109.1(2)
108.6(2)
110.4(2)
107.6(2)
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An1s0troplc tenmperature factors (A2x10“)

U, u u u y
il 22 3z 23 w3
31¢1) 22(1) 2d(1) 2(1) 4(1)
29(1) J4(1) 34(1) -2(1) 3(1)
30¢11) 31(1) Je(1) -1(1) 5(1v)
27(1) (1) 47(1) -1(1) 2(1)
33(1) 31(1) 3I6(1) 2(1) 4(1)
iz(1) 3n(1) 3e(1) -11(1) 2(1)
3701) 493(1) 33(1) -4{1) S(1)
30(1) 83(1) 32(1) -6(1) S5(1)
42(1) 44(1) 42(1) =3{1) 1(1)
39(1) 73(1) 843(1) -16(1) 12(7)
71(1) 38(1) 83(1) -10(1) 14(1)
1401 4n(1) 39(01) -4(1) LR
32(1) ed(1) 90(7) -312(1) 15(1)
59(1) 12(1) 96(1) 5(1) -0(1)
52(1) 42(1) 43(1) -13(1) 21401)
52(1) Se(1)} 72(1) -11(1) 24{1)
d1(1) 74(1) 44(1) -1i{1) 25(1)
31(1) 78(1) S0(1) -4(1) 8(1)
33(1) 138(2) 52(1) -17(1) =3(1)
43¢(1) 186(1) 48(1) 3(1) 17(1)
50(1) 3e(1) 43(1) -3(1) 1101
37(1) 41 (1) 38(1) -3(1) 3(1)
S5(1) 56(1) $0(1) 1(1) 4(1)
33(1) 54(1) 40(1) -4(1) 5(1)
34(1) 43(1) a2{1) 13(1) 22(1)
28(1) 56(1) e7(1) -6(1) 21(1)
77(1) 55(1) 43(1) -7¢(1) 26(1)
74(1) 23(1) S1(1) -13(1) s(1)
45(1) 76(1) 52(1) -5(1) -14(1)
S52(1) 63(1) 33(1) -0(1) (1)
7401) 97(1) 73(1) 231 (1) 7(1)
44(1) S1(1Y) 81{(1) 8{1) 1(1)
33(1) 82(1) 35(1) 4(1) -0(1)
38(1) 39(1) an{1) -9(1) -4(1)
BS5(1) 57(1) S5(1) 1201} 3(1)
241(1) 38(1) 7401 -21(1) 21(1)

tenperasura factor exponent takes tane fora:
o -
Jo. vk 2*T U+ ... #2hRarord )

3

-

{x104) ana Temperacure

c42i{23) 3987¢(21) 347
SnI3(27) 3402(15) 22103
ai4
- IR - R -
= . ~

factars

U

-31
301
o
-0 (1
-3(1
-6 (1
-9
-8(1
13(1
12(1
41
81
-4 (1
1701
-11(1

30
-1¢0 (1
-5(1
-15(1

-9 (1

-3(1

-5(1

-10(1
-13(1
5(1
~27(1
-13(1
~19(1
9 (1
-4 (1
30(1
-21¢(1
-20(1
-32(1
-29(1
-19(1
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TABLE 11 Atom coordinates (x10 ) and temierature factors (A x10 )

atonm x/a y/o z/c U
eq
e (1) 1814(5) 2572(3) 2623(5) 57(3)+
R c(2) 1953(6) 3192(4) 2004(5) 64(a)*
e qa(3) -304(9) 3061 (3) 1682(5) 53(3)*
" c(4) -810(6) 2427(4) 8390(6) 57(4)*
- H(3) -122(5) 1758(3) 1373(4) 51(3)*
d(6) 211(5) 1692(3) 2630(4) 57(3)
. c(n 1284(7) 2156(4) 3366(6) 64(4)*
e H{g) 2057(5) 2074(3) 1824(3) 60(3)"
-~ c(9) 977(5) 1605(4) 1077(6) 60(3)
x N(10) -1057(5) 3690(4) 1228(6) 64(3)*
- C(11) -1390(s) 3140(4) 1972(86) S9(3)
0(11) -1047(4) 4015(3) 3042(4) 75(2)«
- c(12) -2233(7) 4760(4) 1360(7) 60(4)*
e c(13) -2311(8) 5054(4) 260(3) 75(5)*
v c(14) -3198(11) 5603(%) -281(9) 106(6)*
R C(15) -3976(9) 5869(5) 264(9) 109(6)*
A C(16) -3884(3) 5601(4) 1341(9) 104(6)*
c(17) -3000(7) 5060(4) 1918(8) 83(5)*
- c(18) -517(7) 1307(4) 3111(s) 58(3)*
N 0(13) -281(4) 1370(3) 3196(4) 77(2)*
o c(19) -1513(6) 822(3) 2300(35) 51(3)+
o C(20) -2672(9) 311(>) 2409(6) 70(4)~
s c(21) -3622(3) 326(6) 1744(3) 92(6)*
c(22) -3373(8) -166(5) 1004(3) 90(5)*
.- c(23) -2231(7) -167(4) 375(6) 73(4)*
- c(24) -1309(7) 324(4) 1520(6) 65(4)*
- C(25) 3171(7) 2049(4) 1645(6) 62(4)*
o 0(25) 3220(5) 1613(3) 372(5) 30(3)*
< c(26) 4305(7) 2499(4) 2332(5) 49(3)+
c(27) 5231(7) 2526(4) 1921(7) 36(5)*
o c(28) 5331(3) 2931(5) 2490(8) 99(5) "
~. c(29) 6544(7) 3282(4) 3546(7) 71(4)*
ﬁf c(3u) 5535(7) 3243(4) 4013(7) 32(4)*
% C(31) 4520(7) 2860(4) 3447(6) 75(4)*
ot
(N * Equivalent isotropic U defined as one third of tne

trace or the ortnogonalised Ui' tansor
3



TAZLE 2f  sona

leangchs (A}

N{1)-C(T)
C{2)=4(3)
N{3)=2(10)
N(5)=N{86)
N{(B)=C(7)
N(3)=-C(9)
N{10)-C(11)
Cly1)=C{y2)
C(12)=C(17)
C{14)=C(159)
C{le)=C{(17)
C(18)=-C(193)
Cl12)=C(24)
C({2%)=C(z22)
C(23)-C{24)
C(25)=-C(28)
C(26)=C(31)
c(28)=-C(29)
C{30)=-C(31)

1.447(31)
1.457(3)
1.406(9v)
«d411(7)
«480( 3)
sa83(3)
360(11)
$81(3)
igg(13;
«365(14)
«387(11)
«472(83)
«379(1 1)
£ 253(15)
1,389(9)
1.499(3)
1.369(10)
1.352(13)
1.378(10)

e T = PO S
.

LTI W W T N e e

N{1)=C(2) 1.441(93)
N(1)=N{3} 1.4158(9)
N{3)-C(4) 1.465(8)
C(d4)=N(3) 1.,442(38)
N(9)=C(2) 1.442(10)
d4(5)=-C(13) 1.361(10)
N{8)=C(23) 1.3957(11)
C(11)=0(11} 1.210(48)
C{i2)=~C(13; 1.,3906(13)
C{13)~-C(14) 1.391(13)
C{13)=C(1m) 1.343(0159)
C{13)=0(11) 1.224(3)
Clig)=<(20) 1.363(13)
C(20)=-2(21) 1.348(12)
C(22)=-Cc(23) 1.260(13)
C(25)=-0(25) 1.226(10)
C(28})=C(27) 1.357(13)
C(27)=C(28) 1.385(11)
C(239)-C(30) 1.349(14)

TABLE 37 Bond angles {deqg,)
C(2)=N(1)=C(7) 114.1(86)
Cl7)=u(1)=n(3) 108.5(5)
C(Z)=N(3)=C(4) 114,7(3)
C{4)=H(3)=-N(10) 110.9(5)
Cl4)=N(3)={r) 112.4(3)
M(B)=M(3)=-C(23) 109.5(4)
N(S)=N(B8)=C(14) 122.1(3)
H(1)=C(7)=u(8) 111.7(8)
H{1)=N(3)-C(23) 123.7(5)
Wi3}=C(3)=1(3) 1309.5(5)
A{1J)=2{(11)=0(11) 121.3(5)
(11 )=C(i1Y=C{12) 123.8(7)
C{i1)=C(12)=2(7) 117.7(7)
CUi2)=C{13)=C(14) 119.6(10)
Cl14)=C{15)=C(15} 119.8(18)
ClL12)=-C(17)=C(15) 120.2(9)
N{w)=C{1a)=C(19) 117.7(0)
Cl18)=C(1e!=C{20) 113,5(7)
S(2C)=C(13)=C(24) 117.7(3)
Cl29)Y=C(21)=-2(22 112,0(093)
2(22)=C(22)=-C({ 24} 119.5(13)
H(8)=C(23)~0(23) 115.6(3)
J{25)-C({23)~-C(2n) 121.3(7)
C(25)~-C(2R)=2(231) 128,.5( )
C(28)~C(27)=C(2a} 122.6(3)
C(28)-C(29)=C(30) 1177.9(7)
C{26)=Cl31)=C(30) 120.,9(3)

e ’
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C{2)=N{1)=-N{(3)
N(i)-C(2)-n(3)
C(2)=-N(3)=-N¢10)
NO3)=C(4)=N(5)
C(4)=N(3)~C(9)
N(S)=-1(B6)=C(7)
C{7)-n(6)-C{13)
A1) =N(3)-C(93}
C(9)-n(8)=Cc(25)
A03)=2(10)=-C(11)
N(12)=-C({11)~C(12)
Cli1)=Cl12)=-C(13)
Cr3)-Cci2)y=-c{17)
Cl13)=Cc(14a)=-Cc(15)
Cl13)=C(18)=C(i7)
N(B)=-2(13)-0(134)
C(18)-C({13)=Ci{19)

Cl1a)=-c{13)=-Ci2is)
Cl13)-C{20)=-C(23)
C{21)=-C(22)-C(22)
C(19)=-C(24)-C(23)
N{(8)=C(25)=C(26)

C(25)-C(28)~-C(27)
Cl27)=C(28)~C{21;
CTl271-C(28)~C(22)
Cl22)-C(30;)=-C{21)

176.6(5)
119,.4(8)
12C.3(5)
114,3(96)
122,0(3)
1178,3(7)
12109¢30)
121.0(010)

c113.1(5)

124.1{7)
123.8¢7)
121.4(3)
120.2(2)
121.5(3)
132.1(7)

$3(7)
C70T)

{12}

RdE N R VST 3

by b)) e -
[CRNY I

s L e
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TABLE 4f Anisotropic temperature factors (ASx10°)
atom n Va2 Uss Y23 Y13 Y12
N(1) 46(4) 70(5) 53(4) -10(4) 15(3) -1(4)
c(2) 43(5) 72(5) 67(5) =-21(4) 15(4) -15(9)
N(3) 50(4) 57(4) 52(4) -11(3) 183(13) 2(4)
c(4) 56(S) 70(6) 46(3) -5(4) 20(4) ~12(3)
N(S) 51(4) 58(4) 44(3) 1(3) 17¢(3) -2(03)
“4(b) 54(4) on(4) 45(4) -3(3) 12(3) -12(4)
c(7) 533(35) 30(86) 64(5) -5(%) 29(5) -2(3)
H(d) 54(4) o4(4) 58(4) -22(4) 18(4) -13(4)
L) 73(53) 60 {2) 58(5) -1104) 37(4) -11(5)
M(19) p0(4) 649 (5) 53(5) -7(4) 24(4) s(4)
(1) <3(3) 74(n) 59(5) -16(4) 18(4) -7(4)
o(11) 64 (3) 106(4) 56(3) -16(3) 24(3) -1u(3)
Cc(12) h7(5) 44(5) 70(5) -19(4) 28(5) ~21{4)
C(13) 33(7) 34(6) 40(7) -8(5) 35(%) 7(3)
C(14) 138(10) 59(7) 115(9) -12(%6) 41(8) 2(7)
Cc(15) 937(8) 42(s6) 165(10) -5(6) 21(7) -9(6)
C(iv) 92(7) 54(5) 183(10) -17(6) 69(7) 3(5)
cC(17) 90(7) 67(6) 106(7) -31(5) S5(8) -1h(s)
c(18) 51(5) h9(6) 58(5) 10(5) 24(4) 7(5)
0(18) B7(4) 107(4) 46(3) -0(3) 34(3) -7(3)
c(i9) 40(4) 61(5) 53(5) 16(4) 17(4) 1(4)
c(2v) 54(6) 102(13) 57(6) -9(5) 24(5) 3(6)
c(21) 49(7) 142(10) 91(13) 15(7) 30(6) 9(7)
c(22) 85(4y) 78(7) 92(7) 19(5) 17(5) ~24(s)
Cc(23) 103(7) 48(5) 74(5) -2(4) 2515) -17(5)
c(24) 13(5) S2(5) 79(6) 4(5) 39(5) 19(5)
c{25) 5e(5) 71(6) 72(5) 3(v) 40(5) -2(5)
0(25) 92(4) 79(4) 92(4) -30(3) 61(4) -10(3)
c(26) 52(5) 52(3) 54(5) -3(4) 33(4) 2(4)
c{27) 90(7) 92(7) 91(7) -21(3) 51(6) -317(0)
c(28) 75(7) 144(9) 99(7) -24(7) 56(56) -10(5)
c{29) 51(6) 89(7) 72(6) 19(5) 21(5) -5(3)
C(30) 67(6) 36(7) 79(6) -15(3) 24(9) -15(3)
C(31) 65(5) 87(n) 84(5) -18(35) 42(3) -2{5)
The anisotronic temperature factor exponent takes the rform:
-272(n2a'2u11+k2n'2u22+ “ee +2hka'n*u12)
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4 2 3
TABLE 1@ Atom cooralnactes (xl1U ) and temperature tactors (A x10

ﬁ a ton x/a y/b z/c Ueg
- N(1) -42(1) 2495(1) 3183(1) 3g(1) .
C(2) -565(2) 3397(1) 2924(2) d4(1)*
o N(3) 270(1) 4084 (1) 2971 (1) 42(1) =
m Cl4) 962(2) 3826(1) 2311¢1) a43(1)*
.-~ N(3) 1388(1) 2894(1) 2432(1) 4u(1) =
P Clb) 515(2) 2250(1) 2400(1) 41(1)*
ery N(7) -860(1) 1835(1) - 3172(1) 44 (1)~
e c(v) -946(2) 1519(1) 4090(1) 39(1) =
Y 0(3) ~387(1) 1807(1) 4942(1) 58(1)*
b’ (1) -1804(2) 798(1) 4uu2(2) 40(1)*
A C(11) -1666(2) 200(1) 438331(2) 52(1)+*
RO c(12) -2436(2) -4481(2) 477912) ba(1)*
oo C(13) -33448(2) -964(2) 2911(2) 67(1)*
L Cl14) -3486(2) 29(2) 3U94¢(2) ba{1)*
C(13) -2723(2) 707(1) 3132(2) SU(1)*
N(lo) 891 (1) 4261 (1) 4027¢1) 4U(1 )
c(17) 1366(2) 5083(1) 4281(1) 38(1)*
0(18) 1276(1) 5701(1) 3641(1) 6Q0(1)*
c(19) 2046(2) 5187(1) 5398(1) 39(1) =
Cc(20) 2912(2) 5798(2) 5632(2) 64(1)*
c(21) 3548(2) 5899(2) 6658(2) 76(1)*
c(22) 3398(2) 2405(2) 7444(2) 69(1) "
c(23) 25241(2) 4815(2) 7226(2) 62(1)*
c(24) 1348(2) 4700(1) 6212(2) 49(1 )=
H(25) 2305¢61) 2777(1) 3329(1) 44(1) =
Cc(296) 3290(2) 2576(1) 3196(1) 40(1)*
0(27) 3422(1) 2459(1) 2331(1) 6U(1)*
c(248) 4229(2) 2508(1) 41134¢(2) 42(1)=
c(29) 5107(2) 1944(2) 4195(2) 61(1)*
c(30) 6001(2) 1873(2) 5079(2) 73(1 )
C(31) o044(2) 2373(2) 5957(2) 64(1)*
C(32) 5175(2) 2928(2) 5960(2) 62(1)*
C(33) 4270(2) 3006(2) 5076(2) S4(1 )
O(w) 1729(1) 2662(1) 5290(1) 43(1 ) *
* Zguivalent 1sotropic U aerfined As one tnhnira of the
tra

ce of the orthogonalised Uij tensor

TASLE 2§ Bonce lengths (A)

N(1)=-C({2) 1.4781(2) N(1)=C{(b) 1.468(3)
N(T)=U(T7) 1.418(2) Cl2)=H(3) 1.451(3)
H(3)=C(4) 1.465(3) N(3)-t(16) 1.413(2)
C(4)=t(5) 1.405¢(3) N{o)=C(o} 1.44d46(3)
N(S)=H(25) 1.,408(2) Ni7)=C(3) 1.345(3)
5, C(8)=0(Y) 1.223(2) C{8)~-C(10) 1.497(3)
o C(1U)=Cc(1t) 1.390(3) C{I0)=C(13) 1.385(2)
C(11)=C(12) 1.383(3) C(12)=C(13) 1.370(3)
C(13)=C(14) 1.366(4) C(14)=-C(15) 1.379(3)
N(1B)=C(17) 1,349(2) C(171-c(14) 1,229(2)
C(17)=C(19) 1.490(2) C{(r9)=Cc(20} 1,380(3)
C(19)-C(24) 1.385(3) C(20)=C{21) 1,390¢(3)
c(21)=-C(22) 1.354(4) C(22)=-C(23) 1.36814)
C(23)-C(24) 1.379(3) N(25)-C(20) 1.343(3)
C(26)-0(27) 1.226(3) C(26)=C(28) 1.494(2)
c(28)-C(29) 1.382(3) C(28)=-C(33) 1.385(3)
C{29)=C(3U) 1.375(3) C(30)=-C(31) 1.370(4) alg
C(31)=-C(32) 1 1

«370(4) C(32)-C(33) «384(3)
TN e SO s e e il e
Al el A e e s 5 e P Wl O\ W Sy oe-.vae .-y e

- = - T S - - Tet.




Y "I VRN PR N Wad Vol Lol Tl val val
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—~A3Lz 3G 3cona anyg .23 (deg.:

Cl2i=N{1)=Cla) TUY.3(1) CL2)Y=M{1)=N(7) F22.Aa(Y)
Sim)=N{VY)=NL{T7 109,11 () N1y -C(2)=u(3) 1o, 2l
c(2)=N{3)=~Cl4a} 110.5(2) CL21=N{3)=N{16) 1T1Rw.T704)
Clay=(3)=M{10} 112.901) N(3)=C{a)=N13) 112, 3(2)
S(aY=N(3}-C(o 111.9(2) Cla)=M{9)=N(2S Tr3LV0)
C{o)=N{s)=-N{23) 112001} Hi{1)=U(o)=N(3) HOE AR
N{T ) =M(T})=C(&} 112.9(1) H{T)Y=ClE )=o) 122,342
H(T)=C(3}=C(1C) 115.2(1) 0(9)-C{3)=C(112) 121,70 2)
Cla)=Ct10)=C(11) 114,002 ClaY=Cc(1u)=C(13) 122,902
Cl11i=Ci1u)r=Ccita) 1192.0(02) crrTd)y=C(1i)=C(i2) 1193,5(2)
CAv Ty =1 2) =201 3 $20.2(2) ci12)=C(13)=~C(14) 119.302)
CL13)=C(14)~=2113) 1 2. (2) ST =C(ta)=Ccit 4 ToU .02
di3i=N(18)=C(17) 112,301 M{1o)=C({17)=~C014) PRI G
Hiln)=C(17)=C{12) 115.20a7 O{13:=C(1T7)=C(19) 123074020
C{17)=C(12)=C{20) 118.9(2) C(17)=C19)1=Cl24) 123,102
C(20)-CL?3)-C(24} 118.4(2) C(19;=-C(20)=C(21) 120,002
cl2u)=-Ccr2i)=-c(z22) 120.4(2) 2{21)=C(22)=~Ci(23) 13,6020
c(22)=Cl(23)=C(24) 120.9(2) CL19)=-Cl2a)~C(23) 129.V(2)
4(3)=-¥025)=-Cl2b) 1148.5(2) M{23)=Cl26)=01(27) 123.1(2)
H(2s)=-C(26)=-C{28} 115,22} 0L27)=C(26)~C(23) 12,7020
C(26;=C(28)=-CL29) 113.59(2) £4126)=C{28)=C(33) 122.8(2)
C(29;=-Cl28)=-C(33) 118.9(2) Cl128)=-C(29;~C(30) 120.0102)
C(29)=-C(3n1=Cc(3) 120.4(2) C(30)=C(31)=~C(32) 119.0(2)
C(21)=Ct32)=-C(33) 120.m(2) C{28)=-C(33)=C(32) 1198,9¢(2)
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TABLE 4@
atom

N(1)

c(2)

N(3)

Cc(4)

H(3)

Clo)

N{(7)

c(y)

0{(Y)

C(ru)
cC(11)
c(12)
c(13)
cC(14)
cl15)
N(16)
c(17)
o(138)
CcC(19)
C(2V)
c(21)
C(22)
c(23)
c(24)
N(25)
C(26)
0271
c(28)
C(29)
C(3v)
c(31)
c(32)
c(33)
Q(w)

The anisctronic

2,.2 .2,
- ) U
(h®a 11

P R RS L )

U’l

41(1)
41(1)
438(1)
53(1)
40(1)
45(1)
S0(1)
44 (1)
n7(1)
43(1)
63(1)
33(2)
n7(2)
48(1)
46(1)
95(1)
44d(1)
9U(1)
4a6(1)
72(2)
63(2)
72(2)
90(2)
od(1)
49(1)
47(1)
59(1)
41(1)
63(1)
ol(2)
49(1)
49(1)
43(1)
S4(1)

5
+k“ h*

LT AR TR TIR YR T YUY oW I

Anisgtroplc temperaturse

Uaa

41(1)
348(1)
44(1)
47(1)
S5t (1)
47(1)
51(1)
39(1)
72(1)
348(1)
45(1)
47(1)
Su(1)
64(2)
49(1)
34(1)
33(1)
41(1)
3a4(1)
68(2)
39(2)
72(2)
53(1)
41(1)
e5(1)}
40(1)
ge{1)
46(1)
71(2)
86(2)
78(2)
85(2)
66(1)
4d8(1)

tempera ture

2y
22

+ e s 0

factors

U3 Y23
32(1) ~5¢(1
43(1) -3(1
31(1) -2(1
29(1) 3
29(1) -1{1
31(1) -5(1
29(1) -10(1
35(1) -3
32(1) -1(1
42(1) -3(1
51(1) 01
72(2) 701
92(2) -8(1
748(2) -8 (1
55(1) -0
29(1) 4(1
36(1) 2(1
43(1) 11(1
39(1) -2(1
53(1) -2(1
o8(2) -13(1
51 (1) -8(1
38(1) -3
38(1) -3
29(1) =1 (3
37(1) 1(1
39(1) o
41(1) S(1
S51(1) 2(1
53(2) 8(1
58(1) 171
49(1) -14 (1
52(1) -12(1
29(1) 401

fac tor exXxponent takes

+2hka*h*J
12

az2i

)

(;?x1u

)
}
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)

Uis

1301
121

o

1

11 (1

9(

1

11 (1
11
11 (1

B{(

1

lo(1
21 (1
38 (1
37 (1
16(1
161

9(

1

14 (1

14(1
201

8 (

1

1(1
121
151
12(1
16(1
221
131
17(1
1301

4 (

1

10(1
1301
1u(

rhe

)
]
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
13(1)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

£

or

~ .

Lt e

Sadi i Sath eudlanmh Sadl B if @ A & e B+ 8 Y

Uiz

-7
1(1
-2(1
=31
-2(1
(1
16 (1
-0 (1
231
2(1
-2
-4
1301
10(1
-1 (1
11
4(1
-4(1
3(1
24 (1
29(1
301
-5(1
~7¢1
2(1
1(1
16(1
201
21 (1
271
vt
101
2(1
-2(1
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S AR AT A AL e sy S A I Cape afacanristde’det i S S NS . - 7
TAsLI 3G Hydrcsgen coordinagias {x104) anal =emgaeariture Jazsors (Athﬂ
aIcn . x/a v/o 2/ J
4(2a) -131Jd(12) 3399013 2130014 Sdi{n)
H(ZIn) ~973(15) 3s211 ) J440(13) S2(2.
H{4a; 434(14) 3357{12) 1326(14) $Q.2)
H(40) 1609(13) 42054(13) 2439(1 3} 39(9)
Hisal -7t14) 2237(11) teag2(13) S1(>]
a{on} 431(12) 1620(1 25 2533(1 %} 2T
4(7) -1133(13} 1312(13) 2380014 53(7%)
H(17) -1027(15) 281(3 4) 2421(13) Ssia)
H(12) -2330(17) -353{1%) 3312(1%8) g0, 7
H{13) -3804 (17} -1064d{(15) 3383(19) 8217)

(va) -qU079(1 %) -32{1% 251017 de (7,
H5{13) =250 (14) 11130125 S379(v ) 31.3)
A01n) TO3C(1 3 3BT (1 3) 4435(14) 2242
A4 31071 (10} 2111 3) 2un9(1n) T30
1{d 4201 (19} 331V T7(19) DolU{!I) Y217
2{2 3912(24) 3435(1w) d167(19) D909
A(22 2346(29) 4429(18) 73u0(19) t8ig;
H5{24) 1209(16) 1303¢(14) cC71(13) 35 (5)
H(2S3) 2295(15) 2743(13) 3974(1 1) $7(8)
H(23) Su49(13) 1618(13) 3s533(19) 87(7}
4(30) 8642(29) 1504(13) 3095(19) 15(9)
4(31) S643(17) 2204(13) 8556(15) 70(7)
4(2312) 3174(18) 3271(13) 92362(1e) d2(7.
H{23) 3683(14) 34718(12) 3988(14) 55 (n)
Hilw) 195%1(20) 2367¢(13%) 3133(14a) 30 (a)
4(2w) 2U92(186) S 23584(14) 3904(16) 59 (o)
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@apLE 1h

atom

N(1)
N(2)
c(3)
N{4)
c(5)
C(o)
c{7)
c{g)
C(9)
C(10)
C(11)
c(12)
(o)
(1 3)
Cc(14)
0(14)
C(15)
C{(1o)
c(17)
c(13)
c(19)
c(20)

* Equivalent 1sotropic U aefined as one
trace of the or thogonalised U

TABLE 2h

N(1)=-N(2)
N(1)=C(b)
C(3)=-N(4)

N(4)=-n(13)

C(o)=GC.b6)

C{7)=-Cc(12)
C(9)~-C(10V)
c{'1)=Ct12)

Cc(14)=-0

‘ql.\.\ \\ \ \

(14)
C(15)=C(1e)
c(16)=C(17)
C(1d)=-C(19)

e w o ot

hentndh Shadl - R IE I B A A S Bt E
T T T I W WO W W YT -

4 2 l
Atom coordinates (x1Q ) and temperature factors (A xl O)

x/a

81vd (1)
©239(1)
5651(1)
51438(1)
5367(1)
6550(1)
7345(1)
7600(1)
8343(2)
3840(1)
84594(1)
7848¢(1)
6294(1)
4207(1)
3586(1)
3839(1)
2579¢(1)
2213(1)
1265(1)
e81(1)
1047¢(1)
1992(1)

ij tensor
Bond lengths (A)
1.410(2) N(1)=-C(5) 1.467(2)
1.345(2) N(2)=-C(3) 1.273(2)
1.383(2) N(4)=-C(5) 1.468(2)
1.393(2) C(o)=C(7) 1.499(2)
1.240(2) C(7)=-C(3) 1.334(2)
1.386(2) C(8})~C(Y9) 1.3983(3)
1.373(3) C(1u)y=Cc(11) 1.367(13)
1.377(2) N(13)=-C(14) 1.353(2)
1.228(2)}) C(14)=C{15) 497(2)
1.384(2) C(15)=C(2u) 1.384(2)
1.382(2) C{17)~-C{18) 1.377(3)
1.375(3) C1Y)-C(2U) 1.38U(2)
a23
-' "":’.\S;_\:('ii‘.;;:n.-;k:. .‘:"\i\.fnf‘n":-(‘-'(.-\:4:_.\&\ax.‘r 4-(&1_1‘)1;(.‘-\-1 et ta S atac et otass

v/b

2954(1)
1619(1)
1073(2)
1875(1)
3204(2)
3Iv3v(2)
3709(2)
2536(2)
2463(2)
3549(2)
4713(2)
4800(2)
5045(1)
159S5(1)
1969(1)
1708(1)
1378(1)
1772(2)
1634(2)
1097(2)

683(2)

822(2)

z/¢

4735(1)
5002(1)
4013(2)
2941 (1)
3479(2)
5525(2)
6767(2)
7426(2)
8581(2)
qudg(2)
3451(2)
7310(2)
5160(1)
2424(1)
3273(2)
4556(1)
2557(2)
1187(2)
614(2)
1396(2)
2752(2)
3334(2)

)

eq
5141
54(1
51 (1
48 (1
52(1
49 (1
44 (1
66 (1
7481
74(1
73(1
52(1
63(1
50(1
441
53(1
46 (1
58(1
67(1
67(1
69(1
58(1

thir? of the

)t
)i

)'
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:a TAsLE 3N sona anqles {(aaqg.)

M)

b Sld)=di1)=Ci3) Ti1.d(1) N(2)=H{1)=Clb) 1264201
[ Cis=u(1 ) =CUn) 121.201) H{1)=N{2,=C(2) T04.T(1 )
AL N(21=C(3)=N(3) 115.5(1) C(3)=N(4)=C(5] 106.2(1)
L CU3)=Nl4i=t(13) 118.6(1) C(3)=N(4)=N(13) T1e.h{1)

! H(T)=C(3)=M(4) 10U.2(1) N(1)=C(n)=C(7) 1220441
ASR Mit)=C(e)=U(n) 117,200 C(7)=Clo)=0(5} 1200300
Pt Cio)=l(T=C{s) 126,100 C(6)=C(7)=-C(12 115,9(1)
o Cls)=i(7) =001 2) 1i8.u(1) ClTl=C(8)=C(9) 12U.5(2)

N Clml=Cid)=C(10) 120.7(2) C(9)=C1U)=C(11) 112,202
JituY=Cir1)=Cc2) 120.6(2) C(7)=C(12)=C(11) 121.0(2)
N4 =M(13)-C(13) 12u,2(1) N(13)=C(14)-0(14) 121.3(1;
PRSP IS E AR IRETRESE) O(14)-C(13)=C(13) 122.4(2)
Z{te)=Cl13)=Ciln) 122.9(2) C(14)=C{1S)=2(2U) 117.7(1)
Cile)=2(i3)=C(2y) REPEIGN C(15)=Cr1o)=C(17; 120.0¢(2)
Cilo)=2(17)=Cl1a) 120.4(2) C(17)=-C(13)=C(19) 119.0(2)
T(13)=C(19)=C(2V) 120,3(2) C(15)=C(20)=-C(19) 120.2(2)
g - 2 3
TA2LE 471 Anisotropic temperature factors (A“x107)

3 Ton G- U22 U33 U23 U13 Ul:

N1 S4(1) 41 (1) A9(1) 4(1) ~6(1) -1(1
Hiz) 33(1) 42(1) 53(1) u(1) -5(1) 2(1
C(3) 53(1) 43(1) 42(1) -2(1} -1{1) 300
N4 43(1) 34(1) 43(1) -1 (1) 0(1) ~1(1)
C(3) s14%) 51(1) 49(1) 3(1) -1(1) -2(1)
Cio) S1(Y) 43(1) 50(1) i) 7(1) -1(1}
C(7) 47(1) 49(1) 47(1) -5(1) (1) -0(1)
c(3) 70(1) 54(1) 61(1) -4(1) -12(1) 1)
C{9) 32(1) 69(1) 68(1) =7(1) ~18(1) 15(1)
cliu) 959(1) 89(1) 64 (1) -20(1) -9(1) 11(1)
C(11) 02(1) 76(1) 73(1) ~23(1) -0(1) -12{1)
c(12 53(1) Se(1) 63(1) -7{1) 6(1) -7¢1)
Dioj au(1) as(1) 69 1) 741) -0 1Y)

o M(13) 4501) 65(1) 38(1) -6 (1) 201) ~4{1)

Sy 4 31 (1) 38(1) a3(1) -0(i) 5(1) 201)
O(14) 50(17) So (1) Ju{l) -3(1) o (1) 1(1)
o S o) 4701 40(1) 49¢1) =201 7(1) 2¢1)
e <(1o) S2(1) 64(1) 35(1) PO 701) $(1)
Tk C(i?) 57(1) 7701) 61(1) 110t -2(1) S0t
LA Tila} +741) BY (1) q40(1) -201) 2(1) -2
t:x S(19) 26(1) s1(1) 7301 S0 1o (1) -3 1)
b’:;:{ C(2U) 26(1) el (1) 55(1) 201) 11 (1) -4(1)
2%

1 Tne ani1sotropic tanperature fac tor exponan:t taiges the forna:
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ranLk Sh Hyarogen cooradinates (x1U4) and tenmperature factors (fzx1u3)
a tom x/a Y/b 2/c U
H{3) 5579(11) 113(17) 3949(1e) 64(5)
Hi{ca) 4799(12) in68(106) 372417} 58(5)
H{20) 2208(12) a89(17) 429217} 73¢(>)
4(oh) 5625(12) 3700(16} 2934(138) 38(5)
HiV3) 24(12) YE3(17) 1027148} 73(2)
H{13) GUBY(3) 1388(17) 1554(19) 75(5)
$(1U) 9377(15) 3482(18) 2933121) gui{iov)
H{lo) 26101 2) 2125(17) 6dd (17} 71(>2)
nl(17) 1Ulsil4) 1933(13) ~-337(1y) 8§3(0)
M(1Y) 61a(14) 349(19)} 3291(19) 93(86)
H{d) 7230(12) 1786(149) 705U(RU) 77(0}
wH{y) Ba51(17) te26(22) 8974(25) 11o(%)
4(12) 7638(12) 5615(13) 6849(17) 75(59)
H(11) 8912(15) 5474(22) 88U 21) 101¢(7)
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TAILE 1]
atom

N(1)
d4(2)
C(3;
REGES]
cC(3)
(s)
N(7)
c(8)}
Ci9)
C(19)
A(1 1)
Cc{12)
C(13)
c(14)
c(13)
C(16)
C(17)
N(13)
C(19)
0(20)
{21)
C(22)
C(23)
Cc(24)
c(2%)
c({26)
C(27)
C(23)
C{29)
C(30)
C{(31)
C(32)
C(33)
C(34)

uiva
acea

»
t
1q .']

T R ey
o LTS

_'a- 5 “
*éAAE.._x'_f ,

T

Atoam coordinates (x10%) and =emcerature facsors
/2 /o 3/z Yoo
1T13897(3) 227302} « 422, 52(1)*
3626(3) 2549(2) 3918(2) S4(1)*
3000( ) 13935¢(3) 2681(3) S3(1)
9356(3) 245(2) 29032 <3(1}) "
1891004 -287(2) 2758¢3) S3(1)~
12201¢(3) 174(2) 1993(2) S1(1) >
11363(3) 209¢(2) 350(2) 51(i)=
11932(4) 1795(3) 10571(3) Z9(1) *
12304(4) 1336(3) -n20(2) S4(v)
220G (4) 3669(3) 35263 s8(2) "
d276(32) 3393¢(2) S529(2) Fa{r)*
Y840(4) 4637(3) 2861¢(2) 52{2)~
¥466(8) 4974(43) 1895¢(3) 10402)
93976(7) 3923(4) 1303(4) 121(3)~
103846(8) 6522(3) 1598(4) 110(3) =
11237(35) 8§174(4) 2661(4) I56(2)
10713(4) 5242¢(3) 3259(3) 31{2)»
818Q(3) -87(2) 3119(2) S4(1)
73432(4) ~724(3) 40443(3) 33¢{1)*
8424d¢(3) -7033(2) 4820(2) Ti(1)+
§723(4) ~1434(3) 4052(2) SO(1) =
6582(4) -2530(3) 4620(3) 72(2)*
5929(3%) -3304(13) 4617(4) as()r
4812(4) -3040(9%) 34066(4) 33(2)+
4633(4) -2002(4) 3524(4) 3Q(2) *
£593(4) -1230(3) 2504(3) 73(2)*
12488(4) ~112(3) -78(3) S54(1) ™
12137(3) 373(2) -9409(2) 77(1) >
13515(4) ~1349(3) ~-223(3) B1(1)~*
14510(4; -1776(3) 122(3) 75{2;*
18473(5) -2916(4) 176(4) 107(2) =
13453(8) -3660(4) -715(4) 124(3)
14485(5) -3232(3) ~1362(4} 117(2)
13526(4) -2088(13) ~1134(3) B3(2)~

alent isctreopic U defined as one thirad of the
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TABLE 2i

N(1)=N(2)
N(1)=C(9)
N(2)=C(10)
N(4)=-C(5)
C(5)=-N(6)
N{(6)=C(9)
N(7)=C(27)
C(1V)=C(12)
C(12)=-C(17)
C(14)=-C(15)
C(1e)-Cc{17)
C{i19)=-0(20)
C(21)=C(22)
C({22)=-C(23)
C(24)-C(25)
C(27)=-0(28)
c(29)-C(30)
C(30)=-C(31)

dona lengths

1.412(3)
1.464(4)
1.,345(4)
1.466(4)
1.464(4)
1.473(4)
«337(3)
«493(5)
«364(6)
«352¢(3)
«386(6)
«219(4)

+386(6)
«357(6)
«239(4)
«379(5)
«392(3)

C(32)-C(33)

TABLE 3i

N(2)-N(1)~C(8)
C(8)=-N(1)=-C(9)
N(1)=N(2)=C(10)
N(2)-C(3)=-N(4)
C(3)-N(4)=-N(18)
N(4}-C(5)-N(8)
C(S)-nN(&6)=-C(9)
N(6)-N(7)~-C(8)
C(8)=-N(7)-C(27)
N{1)=-C(9)=-N(6)
N(2)=-C(10)=-C{12)
C(10)-C(12)-C(13)
ci{13)=-Cc(12)-Cc(17)
C{13)=C(14)=-C(15)
C(13)=C(16)=C(17)
N{4)-N(18)-C(19)
N(18)=C(19)=-C(21)
C(19)=-Cl{21)-C(22)
C(22)-C(21)-C(26)
C(22)-C(23)=~-C(24)
C(24)-C(25)=-C(26)
N(7)=C(27)~-0(28)
0(28)-C(27)-C(29)
C(27)=C(29)=-C(34)
C(29)-C(30)~C(31)
C(31)-C(32)=-C(33)
C(29)-C(34)~-C(33)

L -.'

. - €
.1 L-‘.“

)
1
1
1
1
1
1.370(3)
1
1
1
1
1
1

PR
......

«361(3)

Bond angles (deg.)

113.8(3)
103.4(2)
115.0(3)
108.5(2)
113.7(2)
113.1(2)
113.,2(2)
110.6(2)
121.0(2)
107.4(3)
118.6(3)
120.0(4)
119.0(4)
120.2(5)
120.9(5)
121.9(3)
115.6(3)
117.7(3)
118.6(4)
120.6(4)
120.8(4)
117.1(3)
120.9(3)
116.2(3)
120.1(4)
119.4(4)
120.3(4)

N(1)~C(8) 1.458(4)
N(2)-C(3) 1.482(4)
C(3)~N(4) 1.445(4)
N{4)-N(18) 1.406(4)
N(6)=N(7) 1.426(4)
N(7)=C(8) 1.481(4)
C(10)-0(11)  1.232(4)
C(12)-C(13) 1.347(6)
C(13)=-C(14)  1.396(6)
C(15)-C(16) 1.354(7)
N(18)=C(19) 1351(4)
C(19)=C(21) 1.490(5)
C(21)-C(26) 1.374(5)
C(23)-C(24)  1.363(7)
C(25)=C(26)  1.383(6)
C(27)-C(29) 1.487(4)
C(29)=C(34) 1.391(9)
C(31)=C(32)  1.373(8)
C(33)-C(34)  1.375(5)

N(2)=N(1)-C(9)
N(1)=N(2)=C(3)
C(3)=-N(2)-C(10)
C(3)-N(4)-C(5S)
C(5)~N(4)=N(18)
C(5)=N(6)=N(7)
N(7)=-N(6)=C(9)
N(6)=N(7)=-C(27)
N(1)=-C(8)=N(7)
N(2)-C(10)=-0(11)
0(11)=C(10)=-C(12)
C{10)=C(12)-C(17)
C(12)=-C(13)-C(14)
C(14)-C(15)=C(186)
C(12)-C(17)=-C(186)
N{(18)=-C(19)-0(20)
0(20)-C(19)-C(21)
C(19)=C(21)=-C(286)
C(21)=C(22)-C(23)
C(23)-C(24)-C(25)
c{21)-C(26)=-C(25)
N(7)=C(27)=-C(29)
C(27)-C(29)-C(30)
C(30)-C(29)-C(34)
C(30)-C(31)=-C(32)
C(32)-C(33)-C(34)

LRI
..........

Calia®aloBa ' Ra ol st e S AW . \F'T

113.0(2)
121.3(2)
118.3(2)
114.6(3)
112.6(2)
109.7(3)

99.4(2)
126.7(2)
104.9(2)
120.7(3)
120.7(3)
120.9(3)
120.7(3)
119.0(4)
120.1(4)
122.9(3)
122.4(3)
123.5(3)
120.3(4)
119.2(4)
120.4(3)
122.0(3)
125.0(3)
118.7(3)
120.5(5)
121.0(4)




M(1)

N(2)

C(3)

N(4)

C(5)

H(s)

N(7)

c(3)

C(9)

c{19)
2{(11)
C{3i2)
C(13)
C{14)
c(13)
C(18)
c(17)
N(18)
C(19)
Q0(20)
c(21)
c{22)
c{23)
ci24)
C(23)
C{z1)
ci2m
0(23)
C(29)
Cc(30)
C{3y)
C(32)
Cc(33)
C{33)

-

The aarsotropic

9

? 2 2.
-27" (aTa* "y

o) 2
Ani3otrtroplc =emperature factors (A x10 )

1

64(2)
66(2)
67(2)
63(2)
73(2)
06(2)
66(2)
70(2)
56(2)
82(2)
126(2)
36(3)
183(4)
222(8)
182(3)
113(3)
95(3)
77(2)
868(2)
35(2)
538(2)
31(2)
89(3)
73(3)
73(3)
70(2)
51{2)
03(2)
63(2)
71(2)
77(3)
19(4)
26(4)
37(3)

—

- -t

)

Py

SN,

Py Wy Wy W
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.t a
PN

\f:‘f-‘-' .{ .~ ‘J: R

V.,
Jagns

49(2)
43(1)
50(2)
44(1)
46(2)
54(2)
51(2)
62(2)
83(2)
55(2)
59(2)
$3(2)
3d(3)
92(3)
58(3)
81(3)
76(3)
60(2)
56(2)
25(2)
53(2)
71(2)
61(2)
88(3)
17(3)
72(3)
84{2)
90(2)
61(2)
72{(2)
839(3)
560(3)
72(3)
75(3)

-

-~
-
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temperature factor

U«q
-
39(1)
45(2)
43(2)
42(1)
43(2)
3e(1)
32(1)
44(2)
40(2)
39(2)
74(2)
34(2)
$2(3)
04(4)
30(3)
v (3)
75(3)
33(1)
41(2)
45(1)
39(2)
74(2)
05(3)
94{3)
99(3)
82(3)
42(2)
39(1)
50(2)
67(2)
20(4)
41(8)
25{4)
78(3)

2U + see. =2hkxatprl

exponent

12)

Y T

y
23

8(1)
2(1)
3(1)
4(1)
(1)
12(1)
4(1)
13(2)
3(2)
-0(2)
-13(1)
-1(2)
30(2)
44(3;
9(2)
Q(3)
8(2)
15(1)
12(2)
26(1)
8(1)
28(2)
25{(2)
11(2)
30(3)
31(2)
6(2)
S(1)
3(2)
7(2)
26(3)
1(3)
-29(3)
-16(2)

taxkes %

U
13

-10(1)
-2¢1)
-14(2)
-15(1)
-13(2;
-16(1)
-14(1)
-18(2)
-16(2)
-3(2)
18(2)
-8(2)
-61(3)
-58(4)
-7(3)
-12(3)
-2C(2)
«23(1%)
-17(2)
-34(1)
-10(2)
-29(2)
-20(3)
-13(2)
-39(2)
-30(2)
-15(2)
-26{(1)
1(2)
-3(2)
6(3)
2204)
8(3)
-2(2)

ne Zorn:

4444

o, .
-

-16(1)
-1701)
-13(2)
-22(1)
-17(2)
-13(1)
-3(1)
-15{2)
-24(2)
-2202)
-38(2)
-13(2)
-64(3)
-85(4)
-23(3)
-56(3)
-36(2)
-37(1)
-23(2)
-47(1)
-21(2)
-31(2)
-31(2)
-4512)
-46(3)
-32(2)
-27(2)
-20(2)
-21{2)
-9(2)
2(3)
-1{(3)
-26(3)
=31(2)
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TABLE 51
atom

H{13)
H(14)
H(15)
H(10)
H(17)
H(22)
H{(23)
H(24)
4(25)
H(26)
H(30)
H(31)
H(32)
H{33)
H{(34)
H(3a)
H(3b)
H(Sa)
H{Sb)
H(8a)
A(8D)
H(9a)
H4(9b)
H(13)

2 i)
Hydrogen coordinates (x104) and temperature factors (A x10°)

Xx/a

8840
9708
11184
11880
10977
7654
6057
4159
3831
5455
14537
16158
16114
14472
12862
9438(30)
7883(31)
11154(26)
10914(29)
10010(29)
11657(33)
13409(30)
12158(25)
7992(27)

y/b

4559
6150
7134
6579
5021
-2720
-40134
-3581
-1801
-506
-1273
-3231
-4461
-3737
-1798
1414(21)
1900(22)
-417(19)
-1065(217)
1886(21)
2148(24)
1445(23)
1381(18)
-225(20)

z/c

1612
612
1301
29135
3954
5022
5008
4061
3149
3105
1043
631
-882
-1987
-1605
4335(22)
3991(22)
3482(19)
2397(22)
1026(21)
381(24)
1956(23)
3212(18)
2498(21)

U

114
143
120
105

84

73

93

91

94

79

82
116
135
130

90

58(8)

66(8)

43(7)

61(8)

55(4)

77(9)

56(3)

37(8)

52(7)




\ SeA A i B a Aua A i i e gl WA aad sai coll S Al Soll dad Bak. Bl

o

-
*
L

-
"::“‘.{5'.‘/,("_‘-
PSR

-
1"qu

e
e Al
*
'o‘ o

T

TR I |
'

P S I A )

s e
43

1
+
-“;" 5
s 23 3 r

ik
'."I

" l‘ -‘ '- l' " l‘ ﬂ
L 3
R R A W

f)

. ,
N Ak

‘ [ 4
f"f.e‘ Py
rrrl

.
L

Sa
. >

@,
®. -

-
.
[y

g

TASBLI 1j Atom ccordinactes (x1d’) and temperac-ure facz=ors
ataom ®/a /5 S /c Ueq
M(1) 2240(2) 2848(1) 6336(1) 33(21 >,
c(z) Cre(2) 2943(2) 6248(1) 33(1)*
T(3) 35G¢(2) 4187(2) 5468(1%) 34(1)+#
N(4) 2118(2) 5164(2) 3411(1) 37(1)
Cci{s) 3981103) 2024(2) 6C30(1) 42(7) =
c(s} 4042(3) 3867(2). 6747(1) 39(1)~
N(7) 1393(3) 1598(2) 7508(1) 45(1) ~
N{g) 87(3) 595(2) 7313(1) 52(1)*
N(2) -371{(3) 1808 (2) 6336(1) 33(1)~
N(1Q:} -1393(3) 4529(2) 1783(1) 480 )*
N(1!) -1864(3) 5300(2) $4260(1) S52(1) =
N(12) 1787(3) 5242(2) 4635(1) S50(3)*
* Equiwvalent isotropic U defined as one third of the

trace of the crthogonalised Uij tensor
TA3LZE 2} 2ondéd leng=as (4)
N(1)=-C(2) 1.38102) N(1)=C(86) 1.39%(2)
N(1)=N(7) T.349(2) C(2)=C(23) 1.426(2)
C(2)=-N(9) 1.393(2) C(3)=-N(4) 1.352(2)
C(3)=-N(10) 1.315(2) N(4)=-C(3) T.392(2)
H(4)=N(12) T.3438(2) C(S)=C(86) 1.325(2)
A7r-ni(8) 1.293(2) N(8)-N(9) 1.3592(2)
N(1Q)=N(113) 1.385(2) N(11)=-M(12) 1.299(2)
TABLE 3j Bond anglas (deg.)
C(2)=N(1)=C(6) 125.2(1) C(2)=N{(1)=N(T) 107
C{B)=N(1)=N(7) 126.9(1) N(1)=C(2)=-C(3) 116
N(1)=C(2)=-N(9) 109.6(1) C(3)=-C(2)~-N(9) T33
C(2)=-C(3)=-(4) 116.7(1) C(2)=-C(2)=-N(10) 133
N(4)-C(3)-N(10) 10G.4(1) C(3)-N(4})=-C(3) 125
C{3)=N(4)-N(12) 107.8(01) C(5)=-N(3)~N(12) 127
N(3)=-C(5)=-C{8) 118.3(1) N(1)=-C(€)=-C{3) P13
N{T)=N(T7)=-N{3) 198.3(1) N{(7)=N(3)=-N{(9) 12
C(2)=N(9)=-N(3) 104.5(1) C{3)=N{12)=-N(11) 104
N{(10)=N{(11)=N("'2} 11207 (1) N(4)=N(12)=-N(11) 108
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TABLE 4j
atom

N(1)
c(2)
c(3)
N(4)
c(5)
c(6)
N(7)
N(8)
N(9)
N(10)
N{11
N(12)
H(S)
H(6)

The anisotropic temperature factor exponent takes the form:

-277.2(h2 a*2U

TABLE Sj
atom

H(5)
H(6)

Ull
35(1)
32(1)
37(1)
44(1)
35¢1)
32(1)
52(1)
56(1)
44(1)
S3(1)
71(1)
69(1)
47
37

11t

Hydrogen coordinates

x/a

4984(31)
5194(29)

kzb* U,, +

51
57

y/b

5828(27)
3690(21)

U
33

32(1)
34(1)
32(1)
33(1)
47(1)
43(1)
42(1%)
54(1)
54(1)
39(1)
40(1)
41(1)
62
53

cee +2hka'b*012)

(x104) and temperature factors (A

z/c

5964(14)
7215(14)

u
23
o(1)
-4(1)
-6(1)
G(1)
-3(1)
-3(1)
7(1)
14(1)
5(1)
-2(1)
3(1)
5(1)

-1
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Anisotropic temperature factors (A x10 )

u

53«
49*

2x103)
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¢ Table 2K Bond lengths (A)
AN
R .
1 Molecule 1 Molecule 2(")
o Br1-c2 1.980(9) 1.984(10)
3 3r2-Cc6 1.984(10) 1.971(10)
N N1-C2 1.L437(2€) 1.443(18)
& N1-C5 1.b10(17) 1.429(16)
v N1-X2 1.441(1) l.h12(11)
; N2-C1 1.201(17) 1.198(17)
- ¥2-02 1.233(16) 1.234(26)
- C2-céa 1.525(12) 1.505(13)
T4 Table 3k Bond angles
4
f ¥ Molecule 1 Molecule 2(')
K
® C2-N1-C6 123.6(8) 122,4(8)
e C2-N1-N2 113.1(9) 115.3(9)
N C6-N1-N2 117.3(9) 117.4(10)
ot N1-N2-01 117.2(10) 117.7(11)
N N1-N2-02 113.6(11) 113.9(10)
\ 01-N2-02 128.8(9) 128.3(9)
: Bri-C2-M1 113.9(7) 113,.6(7)
: Brl-C2-C6A 108.9(6) 109.0(T)
o N1-C2-C6A 109.2(9) 110.6(10)
- Br2-C6-N1 114.6(6) 113.3(7)
- Br2-C6-C24 108.7(7) 108.4(6)
4 N1-C6~C2A 111.2(10) 111.2(10)
"
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.
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Tazle 4K  Torsion angles (2eg.)

LI v
Molecula 1 Moclecula 2
N1-T2<35A-01 40,3 :
T 2 .3 0.5
C2=-2€A=N18-22A L7, \6 .
L7, 2
C8A-N1A-C28-25 Lg X 3 els
o3 R 5.3
Ir1oN18-C24-Br24 1434 1153
C2-1-¥2-0: -2’ '3 P
) i =21 -12.8
pres C2-41-N2-02 161.2 SR
K. S8=41-12-31 175, Yeals
A CETI-NZ2 - 2.9 e
" e '\ { .7 : LL -
‘ - [ B




W T VST ey

Ty T T T YT

TABLE 11|
atow

R(1l)
€(2)
X(3)
c(4)
N(S)
c(6)
N(7)
c(l10)
0(ll)
C(12)
N(13)
0(1l4)
0(15)
N(1l6)
0(17)
o(l8)
N(19)
0(20)
0(21)
c(8)
0(9)
c(22)
0(23)
C(24)
0(9%a)
€C(22a)
0(23a)
C(24a)

% BEquivalent {sotroplc U defined
trace of the orthogonalised @d

il S el e n atut e duis

gk e T g s A BRI SN

-

4
Atom coordinates (x10 ) sad tsmperature factors (A21103)

x/2

-328(3)
-1052(4)
-526(3)
-390(4)
-1267(3)
-1350(4)
-1120(3)
186(4)
65(3)
877(5)
~80(3)
356(3)
-161(3)
-2058(3)
~2714(3)
-2063(3)
~57(4)
§09(3)
144(4)
-1922(5)
-1702(5)
~2246(6)
-2774(6)

-2295(8)

-2113(9)
-2590(8)
-2521(16)
-2199(12)

TAaBLE 2|

N(1)-C(2)
C(2)-N(3)
N(3)-N(13)
N(5)-C(6)
C(6)-N(7)
N(7)-C(8)
€C(10)~C(12)
N(13)-0(15)
N(15)-0(18)
§(19)-0(21)
c(8)~0(9%a)
€(22)-0(23)

0(9%a)~-C(22a)

D PR SO P AR SN PR S et

1.435(6)
1.460(6)
1.364(6)
1.447(S)
1.46548(6)
1.413(7)
1.479(7)
1.228(6)
1.231(5)
1.216(6)
1.509(11

y/b

629(4)
874(5)
1064(4)
2381(4)
2767(4)
2312(5)
3356(4)
1667(5)
2865(3)
1271(6)
-76(4)
57(4)
-1172(4)
3585(4)
4034(4)
3821(4)
3642(4)
3127(4)
4396(4)
3880(6)
3723(6)
2481(7)
1916(7)

2064(10)

2692(11)
2593(3)
3792(4)
1383(4)

Bond lengths (A)

)

1.226(10)
1.421(12)
C(22a)-C{24a) 1.504(10)

........

Y e
PP --x‘-)\gl._ M

.._--:‘.-».‘ oo \'_ .
-1 a -'hnlth‘i-.AL‘\‘_ PR VL R R, S Aﬂkﬂn\-}lx.!;:\dm

z/c

2225(1)
1789(2)
1274(1)
1019(2)
662(1)
114(2)
-283(1)
26468(2)
2321(1)
2923(2)
1043(2)
608(1)
1286(2)
855(2)
$38(1)
1337(1)
-382(2)
-84(2)
-756(2)
-627(2)
-1177(2)
-1280(3)
-929(2)
-1857(3)
-1005(3)
~1518(3)
-1674(4)
-1840(5)

tensor

N(1)-C(10)
N(3)-C(4)
C(4)~N(5)
N(5)-R(16)
N(7)-8(19)
C(10)-0(11)
N(13)-0(14)
N(16)-0(17)
N(19)-0(20)
C(8)-0(9)
0(9)-€(22)
€(22)-C(24)

Teq
48(1)w
47(1)*
47(1)*
46(1)*
44(1)*
45(1)*
S9(1)*
46(1)*
S7(1)*
72(¢2)*
55(1)*
71(1)*
71(1)*
SL(1)*
69(1)*
70(1)*
70(2)*
82(1)*

112(2)*

104(2)*
84(2)*
53(2)*
78(2)*
89(3)*

103(3)*

106(3)*

265(3)*
75(3)*

az one third of the

1.338(6)
1.438(6)
1.458(6)
1.351(5)
1.370(7)
1.228(5)
1.225(6)
1.217(5)
1.221(6)
1.413(7)
1.404(9)
1.504(10)

C(22a)~-0(23a) 1.229(6)

LY -

‘‘‘‘‘
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%%é *A3L2 3! 3ond angles (dez.)
;\-.::; C(2)=-R(1)~-C(10) 121.5(4) R(1)=C{2)-X(3) .
e C(2)-N(3)~-C(4) 123.9(4) C(2)=N(2)=-8{12) .
o C(3)Y=-N(3)-H(L3) 118.9(4%) A(3)-C(4)-N(3) .
S C(4)~-H(5)=~C(5) 123.9(3) C(5)=-N(S)=-H(16) .
R C(6)=-N(5)=-A(1S) 117.3(¢3) N{S)=~C(6)=8(T) .
C(6)=X(7)~N(13) 117.2(4) CL6)=~N(T)=C(8) .
Y F(19)-N(7)-C{3) 119.5(4%) A(L)=-C(10)-0(11) .
tLS N(1)-Cc{10)~-Cc(1L2 115.7(4) 0(11)-C(10)-C{12) .
Ko N(3)=-N(12)-0(14) 117.7(8) N{3)-N{L12)-0(L5

0(14)-N(13)-0(13)
N(5)=N(18)-0(18)
N(7)-N(19)=-0(20)

- 0(23a)=-C(22a)-C(25%a) 123.0(3)

i ; TA3LZI 4! Anisotropic teaperaturs factors (x'-vo~\

ttv.;,- atom g, I T S a . 5.

o - Pope < - - —_—

- (1) 66(2) 25342) $3(2) 1(2) -8(2) -2¢2)

= 2(2) 47(¢3) 84(2) S1{2) -10(2) 5(2) -502)
203) 55(7) £0(2) 37(2) -11(2) ~1(2) 15(2)
i) 43(2) 44(3) 44023 -10(2) ~1(2) 5(2)
N(5) 51(2) La(z) 35(2) -5{2) -3(2) 15¢2)
S si(3) 4202} 40(2) - (2) -3(23 3(2)
N(7) 30(3) 33(2) 43(2) 6(2) -3(2) 13¢2)
c10) 62(3) 42(2) 36(2) -5(2) 1(2) 6(2)
o(il) 31(2) 37(2) 54(2) -1{2) -13(2) “3(2)
c(iz) 354(4) 61(3) 52(3) -2(3) -20(3) 7(3)
3(13) 65(2) 30(2) 50(2) -11(2) -10¢2) 17(2)
0(l4) 38(3) 66(2) 33(2) =12(2) 11(2) 29¢(2)
0(15) 93(3) 43(2) 71(2) -2(2) -15(2) 11(2)
N(16) 50(2) 5372) 43(2) -6(2) 202) 16(2)
017> 50(2) 32(2) 54{2) =5(2) -10¢2) 34{2)
0(18) 73(2) 87(2) 50{2)  -18(2) 5023 23¢2)
q(13) 109(3) £0(3) s1(2) -11(2) 22(3) -1(2)
n(20) 75(2) 100(3) TL2) -12(2) TenY -1672°
0¢21) 178(5) $3¢2) 91(3) 15¢2) 57¢3) -5(33
c(3) 133(3) 115¢4) 643(3) T(3) 102) 78(a"
0(2) 105¢4) 72(4) 76(4) 41(3) -3(4) -13¢3)
{22 23(2) 3i1(3 104(3) 1500 -26(4) =15{(3)
0(13) 33(4) r2(%) 72(4) -17(2) -11(4) =343
2(24) 73(3) 28(3) 98(5) 17(3) 21(s8) 7a(3)
0(3a) 107(3) 156(3) 41(5) EYES ~3404) 5303
c(22a) 30(3) 39(5) 223(5) -11(5) -28(5) 15(35)
0(23a) 542(8) 33(5) 34(5) L(8)  =1AT(8) 2703)
C(24a) 35(3) 37(5} 54(3) 503) -17(5) 253
The anisoctropic ta2apazature factor expoaz2al takes the fora
2T (927a%~C | HC ST __ b ... +2nxathHIL. )

ai3é
N T e A T e e SN N
lf._'f";(‘_('h ._\L.".J mu’... n‘h-s..'Cn_" A.'LA.A...._.;;-'::‘" ‘.'.. . ;-a;r_‘; NI, i ,L..L.m..)ﬁ.;' \ .n".l(‘ '* \\'.AJ\A .].')Lg

8¢20)-¥(19)=-0(21) 123.3(3)
3(7)-C(8)=9(2%a) 102.7(3)
C(3)-C(9)-c(22) 100.3(3)
C(9)~-C(22)-C(23) 115.3(7)
0(94)‘c(423)-0(’33) 101.3¢8)

N(5)-N(16)-0(17)
O(l7)-N(¢16)-0(13)
H(7)=-3(19)-0(21)
N(7)~-C(3)-0(9)>
0(8)=-C(22,-9(22;
0(23)-C(22)=-C(24)
C(3)=-2{(9a)-C{222a)
0{9%a)=-C(2

2a)~=C(24a)

.

s e o
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TABLE S| 4Hydrogen coordinates (x104) and temperaturs factors (A2x103)
atom x/a y/b t/c Uec
(1) -208 ~299 2344 45
H(2a) ~-1530 98 1762 : 45
H(2b) -1461 1690 1867 45
H(4a) -334 3072 1292 39
H(4D) 265 2356 816 39
BH{6a) =853 1565 64 48
H(6b) ~-2072 1989 57 48
2(12a) 1240 421 2843 70
2(12b) 540 1152 3235 70
4(12c) 1401 1981 2987 70
B{(8a) -2511 3439 ~541 112
H(8Db) ~1936 4855 -562 112
B(8a“ ) ~2536 4182 -426 112
B(8b") -1635 4641 -827 112
H(24a) -2681 1212 ~-1898 91
H(24b) -1567 1947 ~-1979 91
H(24¢) -2641 2771 -2063 91
B(24x) -1967 625 -1622 90
H(24y) -1681 1541 -2118 90
H(24z) -2886 1171 ~1996 90
ald7

..... N e T, ST T e e T e ]
............. e N A ‘, IR S e e e .‘,_.'.".,,_-_-_._*‘__‘ RS
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TA3LZI 1M Atom coorzinates {(x107) and <snperature factors (A~:210°)
aton «/a v/ </c yac
N{1) 2367(3) 1369(1) 2528(2) 47(1)*
c(2) 3136(4) 1823(1) 2493(2) 46(1) "
N(3) 3250(3) 2513(1) 3113(2) 40(1)
c{4) 4377(3) 2723(1) 286144{(2) 33(1; .
N(5) 5887(2) 331201 33s82(2) 35{1)*
ci(3) 3783(3) 4013 (1) 2020(2) 40(1)

7499(3) 4282(1) 2877(2) 44(13*
8E77(4) 4790(1) 3417(3) 49(1)
3070(3) $S462(1) 3083(2) 49(1) =
3590(3) 1118(1) 1683(2) 4s(1 .~
4990(3) 1321(1) 1538(2) 81(1,*
2499(43) 587(2) 822(3; &s(1
18831(3) 2893(1) 3co6{2) 46(1; *
<13{2) 2597(1) 3163(2) 62(1)*
1301(3) 3485(1) 2774(2) S7(1) e
68C6(3) 3149(1%) 4433(2; 33{15*
8§733(3) 25586(1) 4831(2) St1(1)"
7583(2) 3599¢(1) 5082(2) 31(1)»
79S3(3) 4141(1} 1500(2) 47(1) "
7046(3) 3710(1) S11(2) 53(1)*
5234(3) 34467(1) 1129(23 61(1)
5701(4) 5795(1) 3540(3) 42(1 . *
3761(3) $529(1) 4291(2) 66(1)*
5387(%) 6502(2) 309s5(2) 64(1)*
7432(3) 1470(1) -289(2) 31(1)+
3334(4) 2090(2) 1(2) 438(1) ¢
8202(3) 2572(1) -1034(2) 44(71)*
3875(3) 2727(1) -1802(2) 30(1)*
13837(3) 3353(1) -1514{2) <2{1)~*
10813{3) 3922(1) -2363(2) 40(1)
2193(2) 40229(1) ~2985(2) 44(1) =
3446(3) 4592(1) -2737(32 49{(1;*
3180(3; 5117(1) -3637(3) S0(1,)=
3070(4) 1027(1) -1090(3) 43(1 )"
I411(3) 1170(1) -1659(2 39(1)*
7072(4) 378(2; -1253(4) 65(1 )+
55330(3) 2871 (1) -13438(2) 48(1)*
SZ41(2) 2574101) -782(22 66{1)*
n§29( 3] 3299¢(1) -27/2(2) 83(1)*
1173203 340401 -423{2) 44(1)
1131403 291201 272{2) ST .
1264 (3) 3220(01) -223(2) et
12841(3) 2231(1) -3992(2° 45(1 ;"
11627(3) i085(1) -4020(2) 38(1)
13319(3) 378001 -4527¢2! 53(1)~
1182514 2586(1) -2632(3; 33(1)
$07453843) SsZe( 1) -2826(3) 31 {1 ).
17630(4; 6101(2) -345640(4) 33(1)*
*T IZZELVAil2nt 1SOTtIcpLs U defined a3 caz talizrd ci cie
trace of the orthogecnalisad U., tanscr
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TABLE 2fM 8ond lengths (A)

N(1)=C(2) 1.441(3) N{(1)=-C(10) 1.341(4)
C(2)=N(3) 1.451(3) N(3)-C(4) 1.454(3)
N(3)=N(13) 1.369(3) C(a)=-n(S) 1.452(3)
N(S)=C(6) 1.445(3) N{(5)=N({16) 1.354(2)
C(6)=N(T7) 1.458(3) N(7)=-C(8) 1.461(3)
N{(7}=N(19) 1.364(3) C{(8)=N(9) 1.436(4)
N(9)=~-C({22) 1.345(4) C(10)-0(11) 1.239(3)
c(10)=-C(12) 1.494(4) N(13)-0(14) 1.230(13)
N({(13)=0(15) 1.216(3) N(16)-0(17) 1.225(3)
N(16)=-0(18) 1.220(3) N(19)-0(20) 1.218(3)
N(19)=-0(21) 1.232(3) C(22)-0(213) 1.229(4)
c(22})=C(24) 1.500(4) N(1')=-C(2') 1.429(4)
N{(1')=C(10') 1,341{(4) C(2')-N{3"') 1.463(4)
N(3*)=-C(4"') 1.448(3) N(3')=-M(13') 1.358(3)
C{4')=N(5") 1.447(3) N(5')-C(6"') 1.444(3)
N{3')-N(16"') 1.358(3) C(6')=N(7") 1.465(3)
N(7')=C(8"') 1.446(3) N(7')=-N{19') 1.361(3)
C(8')=-N(9"') 1.444(4) N(9')=C(22') 1.334(4)
C(10')-0(11"') 1,240(4) C(10')~C(12') 1.487(4)
N(13')~0(14') 1.229(3) N(13')-0(15*) 1,220(3)
N(16')=-0(17') 1.230(3) N{16')=-0(18*) 1.222(3)
N(19')-0(20') 1.216{3) N(19')=-0(21*) 1.229(3)
C{22')-0{(23') 1.241(4) C(22')=C(24') 1.4929(5)

TASLE 3M Bond angles (degq.)

C(2)=-N(1)=C(10) 121.9(2) N(1)=C(2)=N(3) 115.5(2)
C(2)=N(3)=-C(4) 122.6(2) C(2)=N{3)=-N(13) 118.3(2)
C{a)=N(3)-N{13) 118.11(2) N{3)=C({4)=-N(5) 115.7(2)
Cla)-N(5)=C(6) 122.5(2) C(4)-N(5)=N(16) 119.4(2)
C{6)=-N(5)=-N(16) 117.9(2) N(5)-C(6)=-N(7) 113.7(2)
C(6)=N(7)}-C(8) 123.3(2) C(6)=N(7)=~N(19) 117.3(2)
C(8)-N(7)=N(19) 118.3(2) N(7)-C(B)=-N(9) 113.4(2)
C(8)-N(9)~C(22) 122.4(2) N(1)=C(10)~0(11) 121.,0(2)
N(1)=C(10)-C(12) 116.5(2) 0(11)~C(10)=-C{12) 122.5(3)
N(3)=-N{(13}-0(14) 116.6(2) N{3)=N{13)=~0(15) 117.5(2)
0(14)=-N(13)-0(15) 125.9(2) N(5)=N(16)~0(17) 117.4(2)

.j N{S)-N(16)~0(18) 116.,8(2) 0(17)=N(16)=-0(18) 125.9(2)

-~ N(7)-N{19)~-0(20) 116.8(2) N{7)=N{(19)=0(21) 117.0(2)

o 0(20})=-N(19)-0(21) 126.2(2) N(9)~-C(22)=-0(23) 121.4(3)

e N(9)-C(22)-C(24) 115.9(3) 0(23)-C(22)-C(24) 122.7(3)

< C(2')=N(1')=-C(10") 121.9(2) N(1')~C(2')=N(3") 113,9(2)

Y C(2')=N(3')=-C(4") 123.9(2) C{2')~N{2')=N(13") 118.7(2)

" C(4')=N(3')=N{(13") 117.3(2) N(3')~C{4')-u(5") 114.6(2)

X C(4')=N(5')=C(6") 124.0(2) Cl4')=N(5')-N(16") 117.9(2)

> C(6')=N(5*)=N(16") 117.8(2) N(5')=~C(6')=N(7") 114.7(2)

b C(6')=N(7')-C(8") 124.9(2) C(6')=N(7')=N(19") 117.8(2)

- C(B8*)=N(7')=~N(19") 117.2(2) N(7')=C(8')=N(9") 114.5(2)

iy Cla')=a(9')-C(22") 121.0(3) N(1'3=C(10')3=0(11') 119.9(3)

- N(1')=C(10')-C(12') 117.4(3) 0{11')=C(10')=-C(12*) 122,7(3)
N(3')-N(13')-0(14") 1:16.3{2) N(3')=-N(13")-0(15') 117.5(2)
O(14"' )=N(13')=-0(15') 126.2(2) N{(S*')=-N({16"')=-0(17") 116.6(2)
N(S')=-N(16')~0(18"') 118,1(2) O(17')=N(16')-0(18"') 125.3(2)
N(7')=N{(19')=0(20') 117.9(2) N(7')=N(19')-0(21*') 115,9(2)
0(20°)-N{19')=-0(21') 126.2(2) N(9')~C(22')=C(23') 120.4(3)
N(9')=-C(22')-C(24') 117.0(3) 0(23')-C(22')-C(24"') 122.6(3)
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n TABLE 4M Aniso=rcpicec tamperacture factors {(A” x127)
N
e atam Uiz U %3 ook ol V.2
-
NP N(1) 29(1) 47(1) 57(1) -7(1) 16(1) -14{1)
;"f c(2) 4a(1) 43(1) 42(1) 3(1) 10(1) -3(1)
: N(2) 32(1) 41(1) 49(1) -1(1) 9(1) -5(1)
s c(4) 38(1) 40(1) 39(1) -3(1) 10(1) -6(1%)
o N(S) 33(1) 24(1) 36(1) 1(1) 3(1) -3(1)
N (5} 33(1) 3701) 45(1) 1(1) 11(13) =3(1;
<7 d4(7) 30(1) 40(1) 44(1) -2(1) 185(1)} -11(1)
- c(a) 47¢(1) 45(1) 55(1) -2(1) 9(1) -9(1)
y N(9) 56(1) 39¢1) 57(1) -0(1) 22(1) -12(1)
c(10; 47(1) $2(1) 48( 1(1) 10(1) -5(1)
Q{113 36(1) 63(1) 70{(1) -10(1) 27(1) -14(1)
S(12) S3(2) 83(2) 73(2) -21(2) 111 -3(1)
o N{13) 3701 35(1) 47(1) -9(1) 5(1) -2(1}
R G(14) 36(1) 78(1) 74(1) -9(1) 15(1) -10(1)
j— c{15) 52(1) 35(1) 64{1) -2(1) 7(%) 10(1)
o N({186) 34(1) 42(1) 41 (1) -1(1) 8(1) 2(1)
- 23(17) 55(1) 14(1) 52(1) 1101) 4(1) 5(1)
g 2(18) 43(1) 56(1) 45(1) -4(1) 141} -10(1}
R N{13} $1(1) 45(1) 49(1) ) 1701 -2(1)
e ta 0{20) 7401) 72(1) S1(1) -15(1) 19(1) -13(1)
G(21) S3{1) 54(1) 57(1) 12(1) 29(1) -7(1)
. c(22; sa(z2) 32(1) 43(1) -3(1) 12(1) -8(1)
Lo 0(23) 75(1) 33(1) 74(1) 5(1) 38(1) -4(1)
s c{24) 36(2) 47(2) 63(2) -C(1%) 16(2) -1(2)
D N(1') 32(1) 47(1) 60(1) A1) 28( 1) -2(1)
' c{2') 556(1) £1(2) 131} -1(1) 15(1) 20
e N(3*) 3701) 43(1) S1(1) 2(1) 14(1) a1
e ci4") 39(1) 44(1) 33(1) -4(1) 1141) -i(1)
S Mg 4i(1) 51(1) 33(1) 01} $(3) -3{1)
o Ci{5*) 38( 1 42(1) 44(1) -201) 11(1) 401)
T N(TT) 45(1) 41 (1) 43(1) -3(1) 13(1) 241)
() cLar) 42(1) 45( 1) 26(1) (1) 11(1) (1)
AR N(2') 46(1) 11(1) 59(1) 1(1) 24(1) 3(1)
v c(10") 43(1) 43(1) 60(2) 8(1) 1401 g8(1)
Y o(11") so(1) 47(1) 7701) -2(1) 36(1) 5(1)
AN c(12') 34(2) 14(2 29(2) 2(2) 18(2) 3(1)
gy H(13' ) $1(1) 48(1) 57(1) -9(1) 10(1) (1)
o S(14") 44(1) 58(1) 30(1) -15(1) 27¢(1) -3(1)
S 6(15") 61(1) 76(2 s7(1) 10{(1) 3(1) 2201
- N{T5') 38(1) 8§2{1) 2701 -3(1) 3(1) -2(1}
i 0(17') 49(7) 3c(1) 4001} 1401) 3¢ =30t
S c(18*) 49(1) 5701) 31(1) -13(1; 3(1) -11(1)
. N(19') 50(1) 47(1) 42(1) 101) 1201) 1001
* 0(z29') 57(1%) 52(1) S6(1) -11{13 13(1) 1(1)
e ce2i's 58(1) 38(1) 50(1) 2019 34(1) 701
ot c(22") 4°(1) 32(1) 35(2) 101) 18(1 -t
o (23" 53(1) 868(1) 122(2) 2101) 32(1) 3301
- Cl24') 34(2) 46(2) 57{2; 16(2) 13(2) 101
’-,"q
o The anisctrcopic tenmperature factir a2xpcnent taxas the Zora
] - - - -
e -Z-(A%a* U, +k 5*"U__+ ... =2hka'b*U_ )
a40
e e N L e e T s o N L L e j.;ﬂin;uzuiu;u;-;u;»;x;x;=i=
O A A T R A N T R R R YRR A L L RS YR ".;'.AXLA.‘_;A:".A'A_A\_A'A.J A AT A
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TABLE 51 Hydrogen coordinates {(x10 ) and temperature factors (A x10 )

—p "
M P i hPhils (SR WS

_p

Y -t

atom x v z u

H(1) 1381(33) 1185(17) 2566(30) 56

H(2a) 2377 1803 4175 54

H(2b) 4369 1674 3781 54

H(4a) 4486 2979 1800 45 ‘
H(4b) 5732 2433 2528 45 }
H(6a) 4825 4061 2315 47

H(6b) 5396 4262 3720 47

H(8a) 9866 4726 3316 58 |
H(8b) 8389 4732 4285 58 ‘
H(9) 8678(38) 5703(16) 2664(26) 54 \
H(12a) 1284 484 1049 77

H(12b) 3246 189 873 77

H{12¢) 2395 757 -22 77

H(24a) 6289 6510 2192 7

H{24b) 7456 6755 3427 76

H(24c) 5291 6696 3376 76

H(1') 6635(33) 1357(17) 75(28) 61

H{(2'a) 7877 2287 708 59

H{2'D) 9681 1999 219 59

H(4'a) 9153 2737 -2666 48

H(4'Dp) 10589 2373 -1687 48

H(6'a) 93498 3852 -3004 48

H(6'b) 10293 4318 -1996 48

H(8'a) 14697 4430 -2741 58

H(8'b) 13267 4779 -1952 58

H(9') 13903(36) 5150(18) -4187(25) 60

H(124) 5855 394 -977 78

H(12e) 7798 a1 -787 78

H(12F) 6970 271 -2133 78

H(244Q) 117459 6524 -4249 78

H(24e) 10539 6056 -5170 78

H(24£) 12708 6053 -5139 78

aq
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TABLE 4N Anisotropic temperature factors (A2x103)

atom U

[ o

11 U22 LJ'33

23 Uis 12

Cc(1) (L) T7(4) 61(4) 27(3) 6(3) 25(4)
0(2) 81(3) 111(4) 54(2) 36(2) 22(2) 46(3)
Cc(3) 48(14) 81(4) 61(4) 27(3) 24(3) 21(4)
c(4) 31(3) 55(3) 48(3) 22(3) 8(3) 14(3)
C(5) 37(3) S54(3) 51(3) 9(3) 14(3) 17(3)
N(6) 32(2) 47(3) 51(3) 10(2) 9(2) 7(2)
c(7) 56(4) 59(4) 60(4) 22(3) 20(2) 19(3)
C(8) 50(4) 75(4) 49(3) 11(3) 9(3) 19(3)
N(3) 27(2) 50(3) 59(3) 7(2) 8(2) G(2)
c{10) 29(3) 43(3) 68(3) 16(3) 10(3) 12(3)
N(6a) 4iy(3) 42(3) 71(3) 5(2) 18(3) 9(2)
0(6a) 36(2) 78(3) 83(3) 15(2) 10(2) 18(2)
0(6b) 66(3) 67(3) 92(3) 9(2) 51(3) 12(2)

e N(9a) 36(3) 45(3) 73(3) -4(3) 2(3) 15(2)

o 0(9a) 40(2) 69(3) 91(3) 14(2) 25(2) 22(2)

ol 0(9b) 54(3) 81(3) 84(3) 2(2) -14(2) 32(3)

E;? The anisotroplic temperature factor exponent takes the form:

9o, 22002 2182

253 =27 “(h<a* ULL+k b#* U22+ e +2hka*b*U12)

L o g
£t
¥

445;;;

TABLE 5n Hydrogen coordinates (x104) and temperature factérs (A% x10%)

atom X/a y/b Z/c U°q
H(la) -279 4099 998 65
H(1lb) -1245 1569 671 65
H(3a) 4168 1717 707 66
H(3b) 5017 4243 1034 66
H(5a) 3042 =267 2085 49
H(5b) 483 =902 1423 49
H(72) 1010 -867 4299 61
H(7b) 3282 -593 3839 61
H(8a) 4009 2550 4831 62
H(8b) 1603 2836 4306 €2
H(102) 1351 4285 2721 49
H(10b) 3745 5498 2372 4g




TABLE 1p
atem

N{(

ON<dLZ
’\’\ﬁ’\’\
O ~1 N Ut de L)) =
Vv\/\-vvv-_rv

V(
c(s
N{2
Q(193)
o111}
N(1lx)
N{2x)
N(3x)
N{4x)
C{5Sx)
C{5x)
N{7x)
c{8x)
N(9x)
C{10x)
C(llx)
* Zguiva
r-ace

J(2)-8(2]
7{1,-2(8)
1(2)-3(2)
¥(3)-5{b)
Y(L)=203)
TiuYaz(3)
a2

-

q(2 -.()
y(:)-vuu

- -
*Zond dist

Atcm ccordinates (x107)

X /a

-2263(3)
-2509(3)
-8351(4)
630(2)
2961(5)
35421(%)
1359¢(3)
-211(3)
1066(3)
-7863(3)
2522(3)
-1045(11)
231(11)
2252(11)
2287(11)
3843(11)
2505(11)
338(11)
296(11)
-1403(11)
-3111(11)
-1085(11)

lent isctropi

of

Zend Length

[

A= () ”—1 3 Q
e P i e T ame S e N
w -1 J.

.
‘o
<
b
.

ances anc

e et et et
',_A
(@]
(D
.
J

/>

1326(2)
2348(3)

"3188(3)

ic
the orthcgconaliszed Us.

ey

D N

— TN D

2543(2)
2872(3)
1810(4)
1089¢

STV SN S I V]

and tsmperature

nA.Sak Sai G2 Sk B b ans T Al 1 a'e gt 2t e Bl o pad o r:h'vrmw4r!wvgv'mmmmm
. »
W "

z /< Uoq
273(2) 58(1)*
-639(2) 86 (11"
-882(3) 54(1)*
2421(1) 47{21)*
729(2) SS5(1)*
1747(2) 53(1)*
1729(2) S3(1)*
794(2) 42(1)=
“464( 37(1)*
58(:) 74(1)*
327452) 79(:)*
1332(7) S7(4)
2648(7) 70(4)
2903(7) 115(12)
2066(7) 50(3)
1794(7) 33(16)
227(7) 122(17)
518(7) 3204)
13568(7) 39(3)
-332(7) B2(4;
-323(7) 26(7)
-985(7) 105(10)
U defined as cne =third of the
censor
c{5)-(6) 1.5u2(h)
c(si=ua(7) 1.ug0(k)
N(7)-c{(8) 1.365(2)
N(T)-§(0) 1.357(3)
T(a)-c(19) 1.222(3)
3(9)-"(--) 1.284(3)
SrRYam(TYaa09) 123.2(2;
cly-miTian(e) 22u,a(2)
F(1i=C(R)=x(%) 1ii.3(2)
() =2(8Y=1(") ar.o(2)
T(LY=c(3)-n(T; w782
H(TY-N(5 YT (0] 122.3(2)
F(7)-m(e)0f L) 22.0{(2}
o(io)-x{z)-n(.2 128,7(2)
iiscrZer Torm o not diZfer

factors (A" x107)
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TABLE 4p Anisotrcpic temperature factors (A2x103)

atom Uy, U,, Ui, Uss Uis Uy,

N{(l) 40(1) 65(1) 66(1) -9(1) 2(1) -1{(1)
N(2) 46(1) 86(1) 56(1) ~-11(1) -10(1) 14(1)
N(3) 56(1) 80(2) S0(1) 8(1) -0(1) 16(1)
N(4) 42(1) 51(1) 45(1) 3(1) 7(1) 2(1)
C(5) 36(1) 68(2) 61(2) 10(1) 11(1) 1(1)
Cc(6) 38(1) 62(2) S54(2) 2(1) 1(1) 0(1)
N(7) 44(1) S6(1) 57(1) 14(1) 4(1) ~4(1)
C(3) 40(1) 42(1) 43(1) -2(1) 8(1) 1(1)
N(9) 70(1) 50(1) 53(1) 2(1) 18(1) 4(1)
0(10) 83(1) 67(1) 75(1) 5(1) 26(1) -22(1)
0(11) 86(1) 83(1) 65(1) 24(1) 7(1) 18(1)

The anisotropic temperature factor exponent takes the form:

~27%(h%a*?u__ +K¥ b*2u__+ + *hay
27(h*a*?u i b U+ «.. +2hka*b*u )

TABRLE Sp- Hydrngen coordinates (x104) ana temperature factors (A x10°)

atom X V4 pA U
H(5a) 3743(32) 2745(27) 117(15) 70
H(5D) 3222(36) 4004(15) 1036(19) 70
H(6a) 4508(30) 1037(20) 1563(20) 62
H({6b) 4158(32) 2237(24) 2502(12) 62
H(5ax) 4291(11) 2591(9) 2486(7) 70
H(Sbx) 5104(11) 1444(9) 1560(7) 70
H(6ax) 2260(11) 3351(9) 969(7) 70
H{(6bx) 3103(11) 2837(9) 49(7) 70
a4b

R
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