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Synopsis 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. In

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/cm 3 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 theU
intermolecular contacts -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'N02 hydrogen bond in D. The packing efficiency,

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

* 3



3 through "E, the packing efficiencies are 0 .73. 0CP . C.73.an ..

~,whnich are ncr-mal to low vaILues.

The marti4cular ccontacts which show severe crowding are -.he ninro -. '

ccntacts. This crowding also 7cduces a num-ber of' distrrtions in the

molecules (see table belov). As one adds nitro grouns to the zarenn:

comvound, the 'b.crds -.o the nit.ro and C7-1 groups lengthen and the --

an--les 3har--en- in addition, the -F-, grouc t:orsiocns deviate b amost 3Ct

from a staggered cor.figraticn. U1. of theseefetsev to2nhe

the ncn-bonded C'7-nitro distances; however, in co~tound E there are

stll:2contact~s which are exmrerne17 short- (more t-han 0.1 below

cr-a-I van der Wals semaraticns).

Selectad Bond Distances. Angles. and Tor-s-cns

Zero-N1O2 -- C Tn riO7 9  7et "Nc

C ~~A):.29 1.544 1. Z5 .3

T0. i.8 1-L.70'

4.5

hestrsin caused b shart- internal conrtacts cakes the zy--netic-

cn-emi3t.-r of bicyclo-H-1YX and ---s derivatives ver diff-icul-t arnd :re

*t~tabe;h:cwever. this internal strai adds to its total ener;,-

content, and cakes it an cv-i .ccre esirable energetic target. cccrcunl

cices7, G, 7andl -were sOnste by rS. 6.. ZC'yer a-d

tf'he 0hvrsz of inci3 an Tiazol in a 3*rsneca"-

7



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(3.3.1.1 3 ,7 )decanel.

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 I) were produced in FY85 by Boyer 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 formed in the same reaction which produces I.

0 Crystals of both H & I were found in the crystalline reaction product.

Molecules L, M, and N were provided by C. Coon of Lawrence Liver-

more National Laboratories. Compounds L and M are energetic precursor

molecules whose crystal structures were done primarily to corroborate

their 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 monoazaadamantane synthesized by A. Nielsen

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

in the adamantane cage, three are nitro-substituted and the other is

replaced by a nitrogen atom. It is an energetic material, but its den-

sity (1.604 mg mm- 1) is much less than HMX; further nitro-substitution

is theoretically possible but is considered to be unlikely.

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

energetic molecule has the property of decomposing without going

01 5
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I-.through 
a melt ohase.

The remainder of this report is a series if brief technical reports

on each individual mnolecul and the x-ray experiment ccnd:i-.ns

Tract4-ona coor:Lna_s are provided for chose incendfn7 further computa-

:-ional study; these are 'crystallographic' coordinates and oust be

converted to Cartesian Angstrom coordinates for some programs. Contact

the authors if :his creates a problem. Bond distances and angles are

provided for all molecules; if specific torsion angles or non-bcnded

distances are required, they are on file at the Naval Research

Laboratory (NRL) and available upon request.
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1-Nitroso-2,2-di( t rifluoromethyl)-1,3- diazacyclopentan-4-one,

C5 H3N302F6

Abstract

= 251.C88, orthorhombic, Pna21, a = 10.21h(2), b = 10.986(3),

= 7.61h(2), V 3 5h.4(3)A3 Z = h, D = 1.952 mg m 3  CuKa,

A= .5h17PA, u = 2.12 mm-, F0 0 0 = 496, T 295K, R = .0511 and R=

.06C9 for 524 observed reflections, S = 1.295. 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. Koppes of

the Naval Surface Weapons Center (Silver Spring, MD), grown by sublima-

tion at- 90°C/200 mm Hg. Data crystal (0.10 x 0.20 x 0.70 mm) centered

on 25 reflections with 33"<26<67 ° to obtain refined lattice parameters.

NT-icolet R3m diffractometer used, incident-beam graphite monochromator,
9/2e scans, scan width = (1.8 + Aala2) ° , 2 emax = ll0. In view

o vc.atilit y of crystals and scarcity of material, rapid data collection

used: scan rate 300/min for all reflections (3 hours for 1 unique set

of data). First da~a set (-!0<h<O, Okll, O<£Z8) consisted of

696 observations, of which 36 were monitors, 524 were unique F 3c(Fo)

and 59 unique Fo<3a(Fo). Monitor reflections (004, 620, and 040;

measured after every 60 reflections) decreased uniformly from 100 to 97'

of their original values (with individual variations from the mean of

+h) over the course of 3 hours collection. Smoothed curve of monitor

decrements used to correct ai' data. Second octant (+h,+k,+Z) collected

subsequently, monitors decreasing from 87% to 80" of original values;

* 7
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numerous -. & cote ff-center in second octant ; seco:no_ set7 discarded4

t:o a';o ci -- arout cr. of errseors.

lorent:z and toclartoation, but;- no:. aottc.. .rect.-ons made.

sc"..e -s-n~ diec- me.:Id ..nSc,~ and a

Tifteen atoms in first ?na2-, E-marp; one more arrearec4 with tanze-

C - n- g. 0-no thi result wams an ra-c

atom -were 'den:L f-e - - C sctern fa-ctc--- -, ata.

and refining occurancies of atoms, holdinjjg iSOtro-nic C; S Constat

~i:niroen ndc~yger. oczu-zancze efte to 1.2-. 0rnewhe

aar-on atom ocounancies remrainred in -1.3-1.15 z-rnge. :-r"t -anearance

* atf hydrogen atoms in difference 7nan corroborated ato=mic a ssigneen.

R:,efinement: 270 nzaraeter: refin-ed, al! _on-? atom=s azorr

=ino hydrogen reffned on nczinan.syo trohin

hydrogens o~c.6 o'de on carbon atoms with isotro-nic VAs and t-ra-

ner xecinet:-r. R 0.0511, 3w=0.06C9, S .9 fo;r52?>B{&.

7~...~n inmiedZw7,-.T>w~.ere w EU 0)r .097>

~~~-( 'a - T 4a.v 0  Ca V a o

axs ocC.- a-. ldfer 2 zr-:pa xr ,22z n
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.3 ,, , -Tetra( _romehyj-2 , ,,-tetraazabicyrclo 13.3.C octane

.Abstr act

C 6. FI2, "s.. = 336.': J, nocli.n, "

-=•50(2), c = 25.7TT(1)A, and 3 = ;0.C(',• M.. = 9' C.

V = 95.T(2)A ,Z = ,D = •2.029 =g - , X(C'K=) = .54!U8S,

= 2.336 =-l, F(cOc) = :!0, T = 295C, Final R= C.053, wR = 0.056 f-r

'29' independent cbser-red reflec:icns. There are one and a half mclecules in the

asy=etric unit.

Clear 0.35 x C.22 x 0.15 . c-r.sta7 zrrstaliized from -2C2 at 5 C ,

' Automated ,R,- '=.e d .0

_,e ........ ?m dffractometer vith incident beam ranhite mono-
ohrcmator X =.5hl7A-(Cu a) 25 centered reflec-:ions "fthin 3042< <6

used for detarmining lattice parameters. = C.59A--, range of

Pill: O<h<l, 0<k<8, -30<%Z30. Standards 600, 020, 001, mcnitcred

ever-j 60 reflecticns -wih linear decrease of 8.9% during data co1lection, e/2 =4e,

scan yidt. (-. - la2) , scan rate a function of count rate ($ Iron. i u

30*/sin. maxi=um) , 36CI reflectcris measured, 3112 unique, R4nt = 0.025, 229:1

cse rred Fo>3a(Fo). Data corrected for Lorentz, ;clarizatizn and abscrz-_ion

. . and for the linear decrease in monitored intensities. Structure solved byr

.methcds. The least-scuares refinement used -rogran S "r (Shel..c... 1980).

-. ,- ,-,<;-i !?c)2 ,.,ni.+iz-d -,,ere v-= :.l[ (l. o') + g.(.-'o) 2m -= ,0 c"o, 36:

-ar-meters refined: atcm cocrdinates, anisoztro-c te- erature factors for al

ncn-. atoms, iso:ric ten-erature factors for H atoms. (A/c) max =

"-"- = =.C53, R = o• , S = .•= . ?-onal difference ?curier excursicrz 0.26

and At-z scattering factors from :nternationa. Tables

fr X-ray C allo-razhy (L .

10
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0F 3 (B)

,\Jc

3,3,7,7-Tetra(triftluoromethyl)-
29416,8-tetraazabicyclo(3.3.Ootn



2 5-intr-33 ,7 7-tetra( iuf-.or!:etiy,.)_2 .4 j<
Abstacttetrmazabicyclo[3-.0octane

C8HLT6C4F:2,, m, oT.L. morhorbia, Pn:a2, a 20.0'"(4),

7-T353(11, c = ..S32(--)A, v 1:598.7)A 3, 4 ~, Dx 1.7 =g=

%(CuKa) I-4-',, j 2.22 =m1 F(CCO) 316, T = 295KC,
Final R O.C64, -,P. = .089 for 2-005 indenendent observed refflec-.4crs.

Clear 0 .104O 15x0465 Y.crJstal, crYstallized from C2CI.2/%exane

- W. c-pes of N1aval Surface Weapons Center (Silver Springs, !jd.).

Automated X icolet R~3= di'fractCmeter ,,rth incIdent beam= graphlte =ono-

'z;7 ~chr-:mato-r X = 2..541T3A(CuKra), 25 centered reflectiors -,ithi.4n 140<29,6C

used f'or determining lsttice pargmeters. Data corrected f'or :oren-. and nolarizatio
effects, 'tut not f-r absortj on. (Sine6/X) 2. 56-, range of hId:

-22<h<-j4, -84k<O, 12<ZC . Standards 004, 800, 020, monitored

ever, 60 reflections 'with linear 'variatzion 4.1',* over data zo]ol'ecticn, a-26 =de,

scan ~ ~ ~ ~ ~~~" -it 20~A~),sa ate a 4runc- icn of count rate (/i.mn~

4 0m.M-axcimu), 2393 reflec-z-cns mteasured4, 1263A unique, R
1.205 observe Fo>a(To). Structure soi.v ed by dlrc etos

least-squares 7efinement used progrsz 3iZXL~held-.-ce 1 880). : v(1-olIFC!)2

m.inimi-'zed -.eere w = :/jc2 (1pol) E .?) 2  = C -CC 03C 3 a~ am e t e r

N =~eflined: atom coordinates, anisotropi: teerature factcrs for all non-i! asoms,

hydrogen isotromic teerature factors f'ixed at .2 U.~() (A/ c)max =-.

O~c64 = -wR oog S = 3... Fia di-e ence 7ourier excur ss
and -0 .2 eA3  toi scattering factors t'rcm :ne rnationa'. Tables
for "-rsv o. salrahy :')

Ls7. gram
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4 6h,-Trinitro-3 3 7,-erticrmer2.
2,4,k , 1etraazabi4cyclot'3.3.0loctane

Abstract

M-, = 2:.3 crccli-nic, ?2-/c, a= .9()

b !9.09C(*2) , c = :2.347:)l., 3 = 95.38(10% v =

nxh =. =2.110 =g X(C-~jx)=.5:S, =25

7-(000) = 1024, T = 295F., Final I = 0.0401, ,R =0.0774L for irndemnerdent 2179

cbserved refl2ections.

Experimental.

Clear Q.6 2x0.23xO.35 = crystal, c:-stallized from CH-Clp /hexane

by W. Kocpres cf' Tava2. Surface Weazc-s Center (Silvrer Spri ngs, Md)

*Automated Nlcole-t R3= di-*fractcmeter with incident beam Eralchite =onc-

chrcmator X = 1.54178A(cuKa), 25 centered reflections -within 3042e460

used for deter Ting lattice zarmeters. Data corrected for Torentz,

toarzation, and albsorptioa eff'ects, (3-n6/)max = 0-55A -, ra-nge of b2.kl

741- 0, 04kX:9, -13<2<12. Standards 200,0 12 C, aC6, monitored

ever 610 reflections izith li-near variation 8.3'j over data collectiorn,

0-8mode, scan vi-dth (2.0 + Aaa2* scan rate a f~iction of ccunt

2rate, (51/min. min4=1n, 3C*/min. maxiIMu ). 2568 reflections =eazuredi,

2259- 'iiie,?t =0.022, 21EB observed Fo>I.Cr(Th). Struct-are solved

by direc- methods. The leasm-scuares refine-ent used 'pogramLX

(Sheldrick 1980). E (?o-'cl n"rimized -where -=l>(h)-~F 2

g0.00023 , isotrc-pic seconda:- exicinvleCC29 6 aram-..ers

refin~ed: atcm coordinates, anisotrom-ic te-eatr ac-.rs fnr all -nr-'=

azCms, i-Sotropl a temnerature factors fcr atom-s. a) ma.naC = 0 .2

=o.oLo,-r 7, S =2.77. Final difference ?-ourier e~ccursicns 0.27

and -3.:;-. Atcmic scat ter-;ng f'actors frsm - --- a-c-a

Tabzles for C-ay .- stallogramhy (1974).

14
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tetraazabicycaio i .2-.0Oictane

Abstract

CONO~~ 2  'r. = 5566.13 nonoclinc, C2:-/c, a --

b = -7.456(j), 1 3.977(2)A, 3 = c.: m) .p. =:0:

V = 2L~.()!,Z = 8, D~ = 2.184 m =-3 X(CuKa)

4%= 2.!i,11 &-, "F(OOC) =222L, T = 29-K, ?inal R = 0.0 1 , -wR .C68 for

27Q9 indemenden-t obser-red reflections.

Exmnerimentai

Cl~ear 0.50x0c.35x0.12 mm. crrsta-l, c:zysta!L.-ed -frcm CF.2,C!. 2 'hexan~e,

Synthesized '-y W. :Kc-p-es of N1aval Surface Wesapons Center (sfiver Springs, Md.)

Automated :Ticole IR3=df~atce with fncident beam graphite =ono-

*chromat''or X = !.ShlT.BA(Ciaa), 25 centered refl.ections wi-,i~ 4542e<90

used fcr de-rermining .att4Ce 'zarameterS. Daacretd~r rt,

:c_.ar..zation, and absormtio. effects, (SJ::6/Xma' = 0.ZZA--, range of' hkl!:

-Lh,48, 01.k<S, 04Z<15. Standards 15 1 ,h, 0 n0, ontrd

eey60 ref"lec-.4c-s wit-h linear variasicr a.~ ver data collect-cn, a-2e =de,

scan width (2.0 + ~A12)., scan. rate a function cf count rate 5*e/mi. m-n=-

30*/min. na.:,J=u) , 3_503 reflections measured, 2830 unlique, ~~t=0.012,

5799 cbOserved Fo>3c(Fo). Structure solved b-y direct =e-thods. The

3tas-scuar--s refnernen- used --rogrpm 5=--bX' (Sheldric2: Se.9w.:- ~Ft'

mniZed -where w c2 I/&(Fol ) + g-(Fo) 2] , g = 0.000C3O. 331 parameters

ref -d: atom cccr4_inates, aniSotrcpiC te-'erature factors fo~r all ncn-17

a.os isoctrctic taz'zerazure factors _ Or ato s , (/) ma." C 3. ,

= 0.03, 3= 3.37. Fnal iffererce Fouri,-er excursion~s'.2

for X-rayCrsalgah 9T.
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3-Benza=d--; ,-iezy-23 5 6, -pentazabiyo n.onane

Abstract

C2 5 1-23N6C_-; !- !15 50 =cclinic, ?2',a =I ~(

b = ',c V .. 5(>,~=120() 2280 .1(2)n

.44~~ = 4, D = 32 g =11 X0~ . 7.%7A

(Cco 0 0 a' T = 2 95KF in a R C 07 2, 'R =C 01 f 0r :2;59 deean

.4 .obsered ref C-4zns.

::xerinenta2.,

Clear 0.05.-0.Q2x.l=. crystal. crysta- ized from methanol.

Synthes±:ed 'by G. K~umar and j. 3ayer of the Universitr of illincfis at1 Ch4-ag

*Autcated licolet 33-m diffractoeter -with incident beam gaohite =-.no-

chrcmat'cr X = .cz473A(Cuja), 20 centered ref2ections -within 2r5241<

used for deter-i4ning lattice ecar~meterz. Data corrected for lucret-

an-d rclarization effects, (Sinel))a = 0.53A-, ran ge o~ fk

Ch:, 04k1, -12 2 11l. Standards 202, 040O, 002, moni;tored ever-v

aO reflec.---ors--t randon var-ia-sizn 2 .2'S over data collection, e-21 =de,

3can wjidth. (2.0 + Aala2)* I scan rate a ±f:ncticn or c:ount rat~e(2/i.inuz

30m.n ax-=m) , 25L2.' -rerflectierns neasu-,red, 2268 unique, Ri.-t 0 C.22,

1269 observed Fo>'3a(?o). St-racture scl-.-ed byr direc-. methods. 7he

Z.east-scuares reflnement used :c ,ram S=M_ (Sheldrick 1z;e8). )2

niminzed where v -1,'2 ('jThI)j -~~,z0-CC50 31. :zae.r

-e~ined: atcrn- coordinates, a-4sctrc-,ic-- tenomerature f'actor for all ncn3

at s , Hiat c s 4-n clu e d using ridin; n-odel, C-1 .P,~C~='9~

1.':) 1.2 ,~C) , ne hy-drogen cordinat-es, --freined. (~/~a

- ?=0.0~72, ;.R = _G, .ff iaZd±~erence Fcuri-er excursicns ).2%± and

-C c -_4A . tzc s cate r ing f ac t crz rr te r na tcn a. :a

X(-ra~y CrystallgraSphy 37)
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Abstract

a = .6c l(i), b 14:~.':2,c=:.2().

-7 =2373 .0( 5)A 3, L :±, .29 mg mm3CII

C2.j09  Fnosre = 9K inal C .022, -wR ^ .C--±5 )r

Es xnerimen-ta.

-!ear 0.O~xO.25xO.30: .- zsta., cifs'7ali4zed frcm =ethanol /-aer.L:y---.es---ed by G.Kumar and j. Bayer of 're Ui.of' -.. t OnIca~C.

* Au-,cmated Nlcoles ?.3= diffractcmeter vidth incident beam granhi-.a =oncch:rozatcr

A -~.5±.7 A(u~a, 2 cntered re-P ecticns -with4i 37429<c0 used

'for determin4,g lattice narameters. Data correct.ed for Lorentz and car za :n,

bvct not, absormticn effects, ('IX)n6/ = 0.57-- rangge of' hkl'

-ii~i, c~c~:6 -:52A0.Standards 502:, 2.C,, 060, monredevr

-- e~2etic-s with randcm_ variaic 1.30, over da-za colleto,9-e-e

scan wjidth (1.8 + Aala2)@ scan rate a f.ctic cf count rat-- m~.-~'

3r.*!mi::. =axiinutz), 4!:z reflec-tions measured, 379P9 niue, .- 1

l05k obser-red Fs>: alFa) . S't:acture solved by dirt et'hods. Thle

least-scuares reifinement used zrogram( S37rio1-7 90. -c

ext4-ct-:on va-lue, C.CC22, -. -caraneters rs*ined: atom coor'inates,

soroi t *"~ factora for all non-;i atoms tC:- -oezmera-a-

factcrs f:,r Hi. I) .: -C 31.7, ?R 0 0. C~ 4~ 2 SK ~7 nira' dIfference Th-ur-4er excurs-cns C.17 and =4 C1e~: ~n

soat-!ering fcosfrc= 2-ternatfcnal Tab-les -'or -ro Csoa1ra:

20
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Ab s: ~

C~T, M. =C n9: ~C C I n CK ?/C, a1,6C

CC'

* - -,~ - -~.X(Cu ;Cm) = = CK,7S-,

.-C (3: 5r=297 ina-"= .3 9, wR C' r1 4i ene

* ... Ki- and J. -3cyer -f -.he U:r.v. of -L h..za,~c,-

- :~C. za:~:~coe ?d _'rctometar vit' ini:en- bIea- Era7.

"o~cra~X=.Cua), 25 cenzared reflec-,icns C_ ,<

~±eerz ~ azz'~e~. a~accrrecz ed lcr rer-z and

- <!:., Standar-s 300, Lo, cr.4. =cn-ored ereryl 60 r=nt:s 'l

var ai ^n 2 . ver i 3ata c 1ecn c, e-2 i =d e, s c anv .lt h 2. a IC2

zca 7s-!e a ofiz a:' un- rate ( -n m -4ni-m..

*zr:rsced diec-, met-cds. 7'-e refst-scuares

-'~~~~~ ~~~ 0/c (K-..~(~~ 1
,g C03, msotr=4_: sercnarv %c-yi~

-zaetr ref-e,: atcm cccrdina-.es, a c se-.razure
7s- -' -,e,

5 0~ 3 S~ 14 .7 Atai fztern fatr re c: _arere v s .

6 22
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I T. I vr r -T V . W . . - - - - - --.-V

2, ,-Cibenzcy!-' -benzamido-1I .2 ,4 6E --7-een-aazabi cy2'o ..2. 1ncrane

Abst ract

C-cHR3L'I,0-;, m-. = 56 .5, triclinic, P-2, a

b . 1 57(2), c 1 .2.139(2)A, a 89.77(2) ,76 2 (1 72T: ai

V =11.C),Z = 2, :) 1 .279 mg =-3, .X(CuKa) 1 ''7A

=061~ ?(CO) '=80 , T~ 29Z5K, Final. R = C'.56 , -wR 0 0.05- ffr

2421 inderenciert cbserred reflectiors.

ExnerimentaJ.

Clear 0.32 x 0.21 x 0.08 ~.crystal, rec-rystaU.ized ffro= ethanol.

Syn,,thesized by G. K,-r and J. Boyer off -he Unir. off 1 at Chicago.

* ~A.tomated R'cl 3= difffractomet er with incident beam grwahit orc

-romator X =1.1-
1 .73A(cu~) 25 centered refflec-jcns v.ithim 39<2e60

used focr dete.rmin ng la--ice -arame'ter3. :ata corrected ffor Lorenitz, rzlartzaticn,

va not fz~r absor,7tion effects. (si,71--,x range off h2C.:

-:~h6 -!-<k<-,, -13<Z<8. Standards 0CT, C60, 520 , moni-.ored everyj

'0 reffleotions -rdth random variation 5.LO over data co !ecticn, e-29 =de,

scan wid-.h (1.3 + Aala2) , scan rate a ffunction of count rateC /-. .n ,

30/±.maxim-n,31L± refiections measured, 3'11 uicue, ';, 0.1

2421. observred Fo>3ca(7o). Structure solured by direct =ethods. The

* east-sc':ares refijnement used -progr= SHLXTL (Sheldr c:~ 1 80) . vt T~o 1 1 2

_._=zzed vnjere v~. g ~ 2 (?~ +g(h
2  = 0.00023 ,icrn secondar-

ew,1inction vaLue, 0.0078 , lL 1para--eters refi~ned: amom coordinates,

07 s~~n:-*-otro-,ic tezermture ffactors for* P-1 _c- azzms, 4sctrc :c teerszure

fc~crs f~zr , erizene ring hydrz:gens nc~.uded usn rifr model, 0-r

K 24
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zl-TetrazooV 0 -

Abstract

C-1, 14.= .2.11, crthcrhicmb-*z, ?212-i21 a .1.5 (5

b3.2572(3) , 2.7!.C1(::)A, 5 3-3.( 2, z $ Z 4

mg =3, 1(t~ .h7A .036 =71 -_(00o) 328 T =295V

Final O .03,26, -$ = C.0440 f'or .iiM indemendent obser-ved refl2ections.

- A~ ffthe ncn-hYdr-.zen atoms in -.his -ew hetercarcmatic corncund lie-

'ithin 0.01',A of a common --pane.

* Exteri--enta2.

2"Clear, colorless square prisms; data czrystal 0.15 x 0.15 x 0.55=.,

sYnthesized & crystailized by M. C.^ayktovsIq'r off Javal Surfface 4Wesmons

Centar (Silvelr Snring, Md.). Automated Nicolet R3m dif±'ractometer w.ith

incident beam granzhite =mocchromator X = 2.541-ISA'uKa); 25 z:en-

tered re±'lectns itn 32(5 used for determiiglatc

-. aramenears. Data corrected -por rcrentz & polari4zaticn, bu. not absorption

efffects, (29)., = 139*, range off akl: 0'r47, -94k<10,

-15<261<5. Standards LGO, QLQ, 0 0 10, monitored every 60 refflections

wihrandom vari'az.cn t4% o-ver data collection, 9/29 mode, scan

;ri :.h + Aa1a4)+ scan rate a ffunction ofcocunt rat7e (*--n

nimin, 3-03 m.n~...~ 1975 ref" ections =easured (i I. 97 moios),

_"C6 unicue (Friede2. zairs no=erged), Rint 0: no reflections

considered u~nobse-red.

Stz acture solved br direct =et.hods. Tlhe es~t-sauares :ref*inemen-t

used pr gram IS22. 7- edrc 2.5) (-o-4! 2 niii here

* ~/% (?o)~<?) 2  
,z .XC0225, 4sotroric seccnca:-etic.4o

c~rrez~cnatnled, arameters refined: a-om ccordinates (al' atcms),



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/o) max = 0.005, R = 0.0326, wR = 0.044o, S = 2.25. Final

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

factors from International Tables for X-ray Crystallography (197).

.- 2

• *

* . * - . . .
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1,4-Dinitro-2,3,5,6-tetrabromo-2,3,5,6-piperazine

Abstract: C6H6 40hBr4, Mr = 491.72, triclinic, PI, a = 7.517(3), b =

7.566(2), c = 11.835(3) A, a = 78.89(2), B = 77.h4(3), y - 63.84(2)',

F(000) = 456, V = 586.1(3) A3 , z = 2, Dx = 2.79 mg mm
3 , k (CuKa) =

1.54178 A, Ij = 170.96 cm- 1 , 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 0.23xO.15xO.08 mm crystal provided

by M. Chaykovsky of the Naval Surface Weapons Center (Silver Spring, MD).

Nicolet R3M diffractometer, monochromator on incident beam, e-2e

scan technique with a constant scan speed of 601/min. Unit cell parameters

from least-squares analysis of 25 reflections with 29 from h7 to 95.

P1 checked for higher symmetry using program AIDS (Mighell, Hubbard and Stalick,

1980), 2038 independent reflections with 2emax = 130"; three standard

reflections measured after every 60 new reflections showed an average random

variation of 3.0% in IFo0 . Dm not determined, crystals sank in CC1h (d =

1.59 mg =-3 ), Lorentz polarization corrections, empirical absorption

correction applied (max. trans = 0.913, min trans = 0.363). Structure solved

by direct methods (Karle and Karle, 1966), Br atoms found in E-map, all remaining

non-hydrogen atoms in a difference map. Refined by full-matrix least-squares,

function minimized Ew(IFo-lFcj)2, isotropic secondary extinction correction

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

on bonded atoms, 1891 reflections having IFoI>3alFo! refined to a final R

factor of 0.C69 (Rw = 0.083, S = 3.0), A/cmax = 0.20, final difference map

29



'ii,,. 'ms featureless excent for ri=les around 3r atoms (max :heigh~= 1..~ 1-

-h- asy~etric uni tfcr thi s comnound zonsisted of 2 hai-=! --'.Iles

'.caed on centers sv,-=et:-v rather than cr~e f-. 1 mclecule In a gerneras.

zocsition. Hcvever, there are no signifi~cant differences in the conffor&-

tion f~ the two mo2.ecu2.es. :n brcth molec- es the six.-mterbered ring has a

sLzh ly r2.attened chair ccnffomzt4ior and th-e M.0) gr-up is co--na wt

.12. The sun off angl.es around bc-th '12 and M2' is 359.9. 'Dir ob brc±

atcoms substitut ed on ad,~acent carbon atcms cff the ring are trans vithn

"WI restect to one another, and are axijal -with resmect to the- r4ng. _AnLno

* n~ ogen atoms substituted -with nitro gr-uns are rsaZ ear Planar in

aeomet.-. In this molecule, the azino nitrogens are sligzhtly ;yromdal,

ind the nitro -zou--s 'Coth bend in the ecuatorial dir:ection -with resrect to

-,re ring. T-,en thcuz-h tIhis cryztal has a verr i - density (dc,,% = 2.7CI

-nere are only a ffev close intermolecular contacts: a rlpBr nach St

3.69 A and a Br"0'az-roach at 3.2~~

* 30
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0. II-D'acetyI.-3 ,5 ,7t~ir- 5 T-tet-.aaza-q-oxarcrnsre

Abstrac-S

M.. ~3.5,o-or~ohi -ca, a 12L'02

b =9.595(2.), c =2.7(),c= y 90.0CC 7 3=1-.

z=3, x = 1.555 Mg= X \c~axa)= .513, .:9 -

(OGOo) = 70, T = 195r, 7'4na. 02.7 -R = 0.C94 for 427 ind een

zserved reflect'jzns. The acetwxy group :s cJscrdere-d with a-, occurancy

of 57 and 43% resrectively f'or zhe t-wo orien-.ations.

Clear 0.05 x 0.10 x 0.25 =. c:-.stal crystailized from. metbhyl ch.loride.

Au-oomated Ni4colet Rlm diffrac-cmeter with incc dent bee= gratzhite mno-

c-tramator A 1 .5412A (CuKa), 25 centered reflections vithin 3O42945O*

used f'or determining lattice paramaeters. (3ine./X) = c4A ran gemax

*zf h .: -1.3Ca<., 04'-., 0e.2.).&. Standards 400, 0i40, CCOS, monitored

yvr' 60 reflections with random var.aticn 4 .6"0 c'rer data clleton 2S e

scan eidth (2.0 + Aa'a2)* , scan rate a function of count rate (2*/min. mini-1Mu

3G*/mir. maxi=um), 27312 r-e'.'ct ions measured, 24082 unique, R4,.t = .2 , 427

oCse_-red 'c>3c(Tho). Data corrected for Loren-.z, Iolarizaticn but notz absom-tion

e~ct, tructure solvred by direct methods. The least.-scuares refinement

-uzed -crogr- E=X'. (Shed-rick 1.980). Z w(--tc) 2 mnimized 'there

I c2 (0o + g*~o 2  , g 7= 0.C-cC~0 Secondar:r extinction value, 0.0009.

-or a--! ncn-H atoms, atoms included using riding madel, C-7 0.6'

HCH= 109.50, 'U(H)= 1..2 I~C),(A/c) max = 0).123, ?. = C.C66.

-,= 0.0058, 3 .3$4. ?4-naZ' lifference 7vari'er e.-.cursic-zs 0.$and -0.3k eA*

Atomic scatt.ering factorz fro :nernsa.i onal Tab-les fcr X-ray Croa-ath
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,9-iactyl-3 5 , ~.rz- ,25 7 'c-ent aazancr an e

M_. ' 52.17, moccc22.,.., ?2. a = 7.2Li(2 I b =1.82)

=:.5h.T3.S., u = 73 - , 7(c) '36, T =25.Fins2. R = .035

w? X25 -r 290C 'nd4ecenden~t o-served reflec-'crs. Thr z-e "wo ine'ecen

Iec--Z!es in the asyetric u~nit.

Clear 0.25 x 0.15 x 0. . c:7rstal crystallized fr-, me-hyl chloride.

Autcmat, d Ticc2.et R3= diffractceter -,with incident beam zratnhie mono'-

crcnat:,r 'A= .5hA(t. 25 centered ref' ecticms t.--hin 40<2e<65*

used f-zr deter-ining lattice marameters. (Sin5/X) - 6L- ange

cf h1-h3,-24<k<OQ, -'-2<Z<'. Standards 20C, 080 00, mcnitored

e'er c reflec':icn-s with random variation :.4- over dat.a cc'lecticn, 6/2" mde.

scan wi;'dth (2.3' Aala2), scan. rate a function of' zoun-t rat e

300zi. axc:z,), L2-2 reflecticns measured, 2982 an-4cue, Ri-t -30.027, 2900

::csar-e. 7o>3a(Fol. "ata correct.ed '=, Lorent z, roaia:nand ab-scrtt:Icn

-f~cs -trtresled by direct methods. The 'es-t-scuares refinement

-:sed zrozrna ="M~ (She].rick lc80). w( 7c -Vnii d -here

02 + g- (Fo 12 1 : 0:0C30.

7:8 ara~etarz refined: atzrn co=rdinateas, tei=oer:-1z re era:.ir

allnc-Hatsa~neci:-rdinates and::crr.

Z'actcrs, cher atc~s incl:ded using riding model, C-i=0.96A, anz-,e

109 5. K .2 4C2~/)max M .~2 ean 0.3K =~ *' 3 -a = 7 '3-* ?ia.. difference Facurier exc-ursicans C:

and -C . A.:o-ii sca-terinAF fictcrz f'zcn :ne~~~lTables

-" t-a alys I z

St 34
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Z-Oxa-S ,-iz-,1.Uirsic.1decane

Abstrs.

ION -77 1T40 5 , M_ 2-32., tr-.dllnic 2.

b =.i22 '4 4A 9-1.-4! 2), 3 100-22 (2) , arnd y = ~.T2V

V =92()-,Z =2 Dx =m 2.6 g X(cul)

= :.c$ -, FC,0 24 , T =2c5K, 7ia 005 R .-~z

q- indeenent obser-red ref2ecrs.

.eaz: 0.02 x C00 x 0.2.-5~ c:-jstal cr*!s-.a2.ized from ethyl acetate,

Au' onP-.ed 74~col.et R3= dif ractoi~eter V rth irncident 'bee.- gramhie =nco-

crorma-.r k = 1:.51178 (CuKa) 25 cen-ered reflecticns vttm~ 32<29(73

laedfr deer-ining lattice _Lanaeters. S(3inOX). e .3~ a

scan vi.-4th- (2.0 Aa.a2/ , :scan ratt a faction of cour.t ra~e (3*,'_,

,:C/In -4~ ~ ) 2. 164 ref2.ecticrs =easured, 1.253 174 Ze, Ci, . 26, ,,77

cbserved. >c(? To Zata cor-ected for Lrent, 'o a 'dscr-pt'-

:t s Strc-u sove,4 d4 riect =et-ods. The leas'-scuares -e::nemer-.

-sed zrcrz 2SLXT (S-e drici 2.98C). 2 w(lFo -1cl) 2  ±:iewhr

= '~& (m~) g.(h)2 ~ ,g = '0 .CC453 ,Seconciaz xi.to. *a~z .C

V . C a~~7ar e-:rs :-eficed: atom cccrifiates,acctoi er:r fctr

n: l2 cn-~ ato~.s 4soctrao-_te~erstur- factocrs f r a-:zcms I t

n c ded usiag rfigz =de., C- C.-6m', F-C-HE t= : 0- 5. UT,( H .I.I.

* a~ =3.3. C C70~ ,~ .0 3 1.4- 4 4 ...... ce

36
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. Aza-3,'5 7-tini rcadn-~ntane

Abstract

30Z0 90.CO, and 'y 120.000, It 84,=3,D.

-. 3, X (Cu~al .5417l8A, ' :.3 =m-], 7-(-CC) 42 ~2, T 29cK.

The cage ni.trogen lies cn a three foldI axis.

ractometer zit.a inciden~t be&= graphite mcoch.rcoator N

20 cen~tered reflections vit'hin 20420450' used focr deter~ining lattice

- ~ ~ -arameters. (i/Jmax = 0.59 A-, range c: -'f2

4K 12, -6E'ZQ. Standards C03, 20 "I0, =orlitcrdee Ereecon

hit random -.ar-atton 3.51a over data ccllec-.4on, i/29 =cde, scan vidth

(2.0 + ,aa) scan rate a fico tcun ae(2m n iium

30mi. aimm) 016 r-ef1ecti*=s measured, 17 --nIqUe, Bint 0.01c

Data corrected for Lorentz, =c~arization but not absorption effects,

Stn:cture scl-ved by direct methods. The least-sauares rfnement.

0 ~ ~ ~ ~ z Ssd=7a i~T (She2.iric Z80. Fo-,c mi-nimied -wnere

c2t , 'o-) + g. (:-,0) 21 , g C.cO~CC).

7 the structure ana7:rs~s is -c- ret comniete, ho-wever, stcn:ic a33si07ment

S ef i-
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7Tt rc-5 i6& d~-M i v daz o 1o 12 ,2-d! 1Iet razole

Abstrac.

C3 17I016c, M, 5.: n cliic, ?2-,/c, a =6.2i4(2),

' .. 92(3), cz=:.6i2~ 3 IC:2.42(2>' Deco~oses vi~t''a meltin..

I 23)_ = Z =, :)x i.681 m.3~ XC-Ka) r,1-A

= ..295 T (C0O) = 320, T 295K, Final ?. = .04., -. O.C6o for

-86 indenenderit observed reflacticns. The rn=cund ""as a whole mol.ecule

di4scrder with a 12'4 cccurancy. The dis crdered =_clc le is related to thie

2rimar-j molecule via a ;;seudo t-vo ffcli axis :assing =idway through the

C' ~T(T)-C(8) amd c(5)-C(6 bonds.

0 Clear 0-60 x 0.12 x~ 0.083~ cr-rstal. crsta zed trc aeoe.

4utomated lioLt~ izatmtrwt r.ci*den- beam graphite mono-

chrzr~ator X 541573 p~() 25 ce--ered :e±'lecticns vthn 304-29479,

used for determining lattice 7mrameters. Data corrected for Lorentz and

;o-arizatir. -fec":.' (ine iX) 0) .59A range of Inkl:

-74h~o, 04k~q, - 2A.Standards 300, CLO, c6E, cio

ever:,, 6(_ reflections with ran~dom vari.aticn 2.6 o-7er da-.a co-- .ectior, 8,!29 mcde,

scan vidthn (2.0 + ~ca ,scarn raze a czc fc~ count rt 1 ~n mz

:0/min. =,:u 12243 =ef2.ecticzs measured, :9unique, Ri. C.1'

0836 observred ?Tc>3c(Fo). St-.:cture sol-red direc methods. 7.1,

least-scuares refinement u2ed =rogran =ZTL ( rc1 !ll CC'71.

mn-ii zed where ;r =lT02 ( 170! + g.{o 2 1 g0.CC23, .0zaraneters

*T~~. r3z'ined: atcn ccrdinat~as,* ani sotro7zic tenterature fi:c7- fsr aL. 'non--=

a~cs.:~zrni tntraure factC=3 :'or Hatom. (IC) max c.o

.0~ wp .0 . S 2.:z- F .1a differ-nce 7cu:e recursizns

and _C.14 a"- . t 3. cattering factcrs fr :n-t---aticral a.efz

Xayrstal2.praph ( 7-
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Acnendix A

This appendix list atom coordinaces in a frac:ional or

'¢rystallograpic' coordinate system. In addition tables of bond

distances and angles as well as tables of anisotropic thermal

parameters are provided. The alphabetic labels follow those given

in the index.
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TAirk i a Atom coordinates (X104 ) and temperature tactori (A' xl0)

a tom xi/a Y/b Z/c U
* eq

,4(1) 2878(6) 6381(6) 5825(10) 43(2)*

C(2) 2750(7) 6067(7) 7668A(12) 36(3)*
N(3) 1436(6) 5548(d) 7676(W0) 42(2)*

C(4) 837(7) 5543(7) 6118(12) 36(3)-
C(5) 1735(S) 6080(6) 4754( 3) 44(3).
N(6) 3908(7) 7050(7) 5336(12) 53(3) *

0(7) 3875(6) 7334(7) 3769(11) 66(3)'
C(d) 2802(8) 7150(9) 8882(14) 55(3)*
C(9) 3721(8) 5036(8) 8144(15) 49(3)'

0(10) -244(5) 5108(6) 5841(8) 49(2)'

F(11) 2358(6) 6872(6) 10454(8) 81(2)'
F( 1 2) 3998(5) 7593(5) 9110(10) 79(2)'

F(13) 2091(5) 8060(5) 8259(11) 85(2):
F(14) 4933(5) 5409(5) 8169(10) 76(2)'
F(15) 3600(6) 4122(5) 7057(10) 83(3)*

F(16) 3442(5) 4610(6) 9745(10) 81(2)*
Hn(3) 1025(83) 5432(82) 8627(166) 61(29)

* Equivalent isotropic U defined as one third of tfe
.4 trace of tne orthogonalised U tensor

ij

TABLE 2a Bond lengths (A)

N(1 )-C(2) 1 .451(11 11(1 )-C(5) 1 .461( 11)
N(I)-N(6) 1.337(10) C(2)-N(3) 1.457(10)

C(2)-C(8) 1 .508( 1 3) C(2)-C(9) 1 .549(1 2)
N(3)-C(4) 1 .335(11) N(3)-Hn(3) 0.847(116)
C( 4)-C(5) .507(12) C(4) -0(10) 1 .221 (9)
N(6)-0(7) 1. 233( 1 2) C( )-F( 11) 1. 315(1 2)

C(8)-F(12) 1.326(10) C(8)-F(13) 1.324(11)
C(9)-F(14) 1 .304(10) C(9)-F(1 5) 1. 307( 1 2)

< C (9)-F 16) 1 . 336( 1 3)

TABLE 3a -3ond angles (deg.)

C( 2)-N(1-C(S) 114. 4(6) C(2)-N(1 l-N(6) 11 8. 1(7)
C ( 5) -N(1 )-N ( 6) 1 26.7(7) N (1)-C(2)-N(3) 100.4(6)

-N (1)-C1(2)-C(8) 1 3.7( 7) N (3-C (2)-C1() 09.8(7)

-(1)-C(2)-C(9) 110.1(7) N(3)-C(2)-C(9) 107.6(7)
C(d)-C(2)-C(9) 114.3(7) C(2)-N(3)-C(4) 114.8(7)

i C( 2)-H(3)-Hn(3) 121.3(69) C(4)-N(3)-Hn(3) 122. 1 (69)
N(3)-C(4)-C(5) 109.4(7) N(3)-C(4)-0(10) 124.7(8)

C(5)-C(4)-0(10) 125 8(8) N(1)-C(5)-C(4) 101 0(7)
,.-. z. N(1 )-:i(6)-U(7) 112.8(7) C(2)-C(8)-F(1 ) 11 .2(8)

C ( 2 ) -C ( )-F( 1 2) 113. 7( 7) £(11)-C(8)-F(1 2) 106. 5 ( 8)
C(2)-C(8)- F(1 3) 110.9(8) F(11)-C( )- F(1 3) 108. 2(8)
F(12)-C(8)-F(13) 106.0(7) C(2)-C(9)-F(14) 112.4(7)
C(2)-C(9)-F(1 5) 1 10.7(8) F 1 4 -C 9)F(1 5 1 j9 .9(d
SC( 2)-C(9)-F(16) 109.5(7) ( D 4)-C( )-F(ib) 17.4( )

F(15)-C(9)-F(16) 106.8(7)

al



TA.LE 4a An1sotroE.Ic rneratr-1 r+. c-or, cA':t13rx

a :Oil U U U U,-- '-- 33 z 3-

3(7) 61(4) 36 5) 3-4 2(4) 2() -17(3)

C(2) in(4) 54(5) 32(6) 32(4) - ( ) 1 (4.
-"C(9) 4 34) 3( () -3() -(3 -4(4)

C(4) 34(4) 3 5) 34(3) -3(4) -9(3 -7(3)

C() 37(4) 66 6) 28(4) -9( 5) 3 - 1(4)
N( )4%( 69( 5) 45( 5 1 0 4) 4-6 )

Q( 7 6 1 ( 4) i9 (5) 49 k ) 1 2 4) 1 0 4) -12( 4)

C( )50( 5 55( 6) 59( 6) -2(5,) -2(5- -10( 5
"c " 9( ) 44( 5) 31 (5) l 6) -3( 5) -1 5 ( 5 -4( 4

F(I 1) 99(4) 112(5) 33(3) -21(3) 20(3) -26(4)

F (12) 59(3) 90( 4) 87(4) -2B(3) -7(3) -31(3)
F(1 3) 98(4) 70 (4) 38(4) -1 3(4) -8(4) 29(3)
F(14) 32(2) 89( 4) 108(5) 23(4) -12(3) -8(3)

F( 5 88( 4) 55( 3) 96( 5 -16( 4) - 1 8(4) 8( 3

1 ( 61, 69( 4) 1 09( 4) 65( 4) 38( 4) -4( 3) 0 3)

The anisotropic, temperature factor exzonent takes t'e form:

-2 (na a J i U.) r ... r 2hka*., T ,

4 A2
TA L- 5a Nyaro,3en coordZ-nates (x!O ) and temperature factors (A X0)

a tom x/a y/b z/c U

H(5a) 1 62 6793 4224 53
0) 1947 5499 3857 5-

I..-.

.4-

* a2

j+ 't,.-J " ..._,. +, '' '+, J . '' ."+. '. - " " " ,. - -, ',, . - .+ ','+ " + - . +- . '" ,. k ' - , ,'. -
"

-+ I :' ' u , " • =" , " '+"= +
+

+ + '" , v <+ + = i 
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-
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4TABLE lb Atom coordinates (ilO )and temperature factors (A2 x103~)

atom x/a 7/b Z /C U e

COlX) 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)*
C(3ax) 5532(3) 3917(5) 8044(1) 51(1)*
C(3bx) 4811(3) 518(5) 8128(l) 57(l)*
7(1:) 4429(2) 4464(3) 7839(1) 72(1)*
7(2x) 5481(2) 4252(3) 8550(1) 73(1)*
7(3x) 6436(2) 5065(3) 7865(l) 83(1)*
7(4x) 3682(2) 785(3) 7901(1) 80(1)*
FO5X) 4642(2) 690(4) 8633(1) 92(1)*
1(6x) 5134(2) -1267(3) 8042(l) 97(1)*

*C(1) 9188(3) 5485(4) 9432(l) 40(1)*
N(2) 10493(2) 6151(3) 9293(l) 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) 9544(l) 42(1)*
N(8) 8602(2) 6751(3) 9795(1) 44(1)*
C(3a) 11310(4) 7537(5) 8492(l) 67(1)*
C(3b) 11386(3) 4033(5) 8663(1) 56(1)*
C(7a) 7727(4) 9856(5) 9636(1) 59(1)*
C(7b) 6260(3) 7044(5) 9757(1) 57C1)*
7(1) 12385(3) 7972(4) 8721(1) 126(1)*
F(2) 11514(2) 7297(3) 7998(l) 97(1)*
F(3) 10568(3) 9089(3) 8526(1) 1C19(1)*
F(4) 12586(2) 4190(4) 8830(l) 97(1)*
F(5) 11440(2) 3496(3) 8167(1) 69(1)*
F (6) 10856(2) 2640(3) 8922(1) 95(1)*
F(7) 7720(2) 10333(3) 10131(l) 86(1)*
F(8) 8835(2) 10437(3) 9450(l) 94(1)*
F(9) 6817(2) 10886(3) 9397(1) 89(l)*
7(10) 6125(2) 7377(3) 10257(1) 82(1)*
7(11) 6171(2) 5173(3) 9692(l) 85(1)*
F(12) 5266(2) 7801(4) 9514(l) 96(1)*

*Equivalent isotropic U defined as one third of the
trace of the orthogonalised U. tensor

a3



CC 3x)-14 ( -x) 1 .152(4 C(3x)-CC3ax) 1.53"'"5

C(ax-~(x 135()C(3ax)-F(2x) 1..317(4)
C(3axi-F(3x) 1 .329(d) C(31tx)-F(4x) 1. 32 1(

C3 bx) -EI~ F 1. x I3 2 3 (4 C 3bX)-F(6x) 1 .3212(4)
(1) -N 2) .435(4) C(I1)-C 5)I 1.24 (4)

)-N((4 N2-(3) .44(5)C(3-N() > 4) C(3 )-C() .5245
C(3)-C(3h) 1 .53(4) N4 )-c(5 1 .4-10(4)
C(5)-tN( 1 .413(d) N)C 7) .448(4)
C (7 -li 1 .451 (4) C)C 7a) 1.523(5)

C133h4-(4) C(3th)l) 5.21
c(Jb)-1h 1 .3341(4) 2()F7 1, (
C(7a)-Fi8) 1.345(5) C(7a)-F(9) 1.304(l)
C(7b)I(10) 1 .325(4 ) C(7h)-F'cl1) 1.3 17(A

TA2LE 3 b Rond anclies(e.

N(2)-C lx-C~xa) 1Ci03) N(2x)-C(lx)-N(4xa) 111.3(2)

N ( 2x) -C (3 x)-N (,'x) 104 .9(2) N(2x)-C(3Xt)-C(33x) 108 .,(2
N(4x)-C-(3x)-C(3ax) 108 .2 () N (2x) -C (3:c)-C (I -, I12 . 1(
N(4.x)-C(%3x)-C(3bx) 111>.8 () C(3ax)-C(3x)-C(3zvY) i -1.2(3)

C(3x)-C-(3ax)-L-('2x) 112.3(3) F(1 x) -C(3 ax).'( 2x() 07.3(3)
C(3x)-C(3ax)- '(3x) 110.3(3) F(1x)-C(3ax)-F'(3x) 105.8(1)
: 2 x) -C(3 ax) - F'2 17.6() C(3x)-C(3bx)-c'(4x) 113 . ( :
C(3 x)-C(3 1,x) - ( 5 x) 112.7(3) Fdx) -C ( 3 tx) F (x) 107 .()

C(3x-C(r~x-F(6) 10.03) (4x)-C(3bx)-?-(ix) 1o6.9(3)
F(5x)-Cf3rnx)-er(6x) 10t .7(3) N CC)-()107.3(2.'

(2 )-C )-(S 11u.1(2) CC(5)-C(31)-,,1~ 1.(4 )
112-( - ( 0 C~j N C(21 -(3 -N ~ uJ 2Th4-CUL);H >.1 j(2 ) C(0 -)CT 1:.5(2)

3a)C7)C7) 1"7.(2 ) NC(4)-C ( 3)-f- 3,:) 119.2:

C~)- 3 a-~ 2) 13. C(3 )-(4b)-o >.62

4 C(7)-' / - 3)o 0 . k' 3 2 C' 1 ) Cr c) .~ -7 2)

(3 (7. 13U)F7-C(>)- L4 3

C ~~~~10 7 . 0C((C a13.

- OL A) C 3n , . .



* TABLE 4b Anisotropic temperatuare factors (A 2 xI03 )

*atom U, U U 33U 23U 12U1

C( Ix) 46(2) 33(2) 52(2) -8(l) 1 (1) -2(2)
N(2x) 41(l) 57(2) 46(l) -7(l) -2(1) 5(l)
C(3x) 37(2-) 44(2) 44(2) 1 ( I) 0(0) -5(1)
N(4x) 48(l.) 65(2) 44(1) 8(1) 101) -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(lx) 72(l) 62(l) 82(l) -13(l) -15(l) 21(l)
F(2x) 71(l) 87(1) 61(l) -29(l) -0(1) -1(1)

*F(3x) 90(2) 47(1) 114(2) -4(l) 29(1) -17(1)
F(4x) 45(l) 90(2) 104(2) 9(1) -5(1) -17(1)

*F(Sx) 89(2) 117(2) 70(l) 16(1) 18(1) -33(l)
F(61c) 87(2) 43(l) 161(2) 8(1) 22(2) -11(1)
C(1) 43(2) 34(2) 43(2) 3(l) -0(1) -6(l)
N (2) 40(l) 41(1) 38(1) -3(l) 1 (1 ) -9)
C(3) 46(2) 40(2) 40(2) -1(1) 3(l) -5(2)
N(4) 46(l) 60(2) 40(1) -11(1) -2(l) -0(1)
C(5) 40(2) 38(2) 47(2) -5(l) -5(l) -8(1)
N(6) 45(l) 48(2) 40(l) -0(1) -3(l) 3(l)
C(7) 42(2) 41(2) 41(2) 1(1) -1(1) -2(l)
N(8) 45(l) 51(2) 37(l) 1(1) 1(1) 0(1)
C(3a) 89(3) 56(2) 57(2) 5(2) 9(2) -22(2)

4C(3b) 54(2) 63(2) 51(2) -7(2) 4(2) 4(2)
C(7a) 73(2) 46(2) 58(2) -3(2) 5(2) -1(2)
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)
F(2) 142(2) 95(2) 56(l) 10(1) 32(1) -42
F(3) 174(3) 48(l) 106(2) 18(1) 28(2) -13(2)
F(4) 62(1) 140(2) 87(l - -31(l) -20(l) 34(1)
F(5) 68(l) 82(1) 57(1) -22(1) 1(1) 14(1)
F(6) 143(2) 43(1) 102(2) 7(l) 46(2) 16(1)
F(7) 126(2) 67(1) 64(l) -26(l) -0(1) -5(l)
F(8) 100(2) 58(l) 123(2) -1() 32(l) -51
F(9) 125(2) 49(1) 92(2) -2(l) -11(1) 26(1)

*F(10) 70(1) 118(2) 60(1) -3(l) 21(l) -10(1)
F(11) 75(1) 71(1) 110(2) -3(l) 27(1) -30(1)
F(12) 46(1) 139(2) 103(2) 30(2) -2(l) 8(1)

The anisotropic temperature factor exponent takes the form:

-27 ( h a* 1J k b*U 2U2 2 + +2hka*b*U,,

TABLE 5b Hydrogen coordinates (~0)and temperature factors (A2 x10

atom X/a y/b Z U

H(lx) 6850(22) -735(19) 7134(9) 36(7)
H(2x) 5308(29) 1202(45) 7254(11) 83(10)
H(4x) 7042(27) 783(41) 8389(10) 65(9)
HO() 9247(22) 4213(17) 9569(8) 37(7)
H(2) 10568(27) 7460(41) 9393(10) 70(9)
H(4) 9216(27) 4758(41) 3293(10) 71(9)
H ( 5 7889(19) 4498(23) 886'2(9) 35(7)
H1(6) 6919(24) 7275(37) 8853(9) 52(8)
H(S) 8435(25) 6175(39) 10078(9) 57(8)

a5



TABLZ IC Atom coor1nates (x13 ) a nd temperattire 'actor,- (A x1

atom x/a vlb -Ic

C(l) 9012(3) 3079() 2432(a) 5Q 2;

:4(2) 3296(2) 3212(5) 2433(5) 49(2 z
C(3) 7956(3) 1515(7) Z074(b) 47k2 *

N 4) d483(3) 303(") 2293(7) 6
2(5 ) 9103(3) 1042() 2570()51 2)
a(S) 9304(3) 941(7) 3909(6) 52 2)
C(7) 9565(3) 2632(3) 4 79(7) 49(2)'

d659336(4) 36(7 346)2 2 2W

3 C 45. 3) 4 18 (6) 2107(7 60 2:
., (2a) 6423( 3) 61 i(16) 2,j76(7

7433(3) 50"2(7) 1931( d 96 3
N(' ) 9538(3) -731 () 4Z86( 7 70( 2)

0(6a) 9424(3) -1990(5) 35S9(61 77(2)'
Q(ob) 9811(4) -816(0) 5286(7) 107 3)"
C(3a) 7354(4) 1042( 1) 28 1 (9) 30( -)
C( 3) 7766(4) 1384( 1) 685(8) 70( 3)
C(7a) 9254(5) 3136(15) 5640(10) 100(4)'
C( t ) 10332(4) 2760(11) 4425(10) 78( 3)
F(1 ) 6830(4) 1977(3) 2696(1 3) 213 7)-

* F(2) 7136(2) -668(6) 2737(5) 38(2;'
F(3) 7545( 5 ) 1186(1I I) 4.96d(7) 171 4)*

F(4) 722-(4) 2193(10) 379() 153(3),
F(5) 7727(3) -281 (7) 336(5 101 2)
E(6) 3256(5) 2161( 2) 49(6) 164( 4)
F(7) 9292(4) 4815(8) 5931(7, 136(3)'

-- (3) d5%6(4) 2019(1I2) 3546(10) 136( 5)'

F( ) 9437( ) 2121 (1) 6333(3) 20 )

IF(I) 10529(3) 4399(7) 4413(d) 118( 3)
.(11) 10560(3) 1954(10) 3459( 11 173 4)'
,(12) 10601(3) 2047(d) 5397(9) 151(4)

Z•uivalent isotropic 11 d ef Ied ag on tn:.ru o; zhe
trace of t.e orthogonalised U.. -enscr

TASLZ 2C iornd I neqts (A)

SC (1)-N 2) 1.440(3) C(1I)-C' 5 157 W

"[ C 1 )-N 3 41 4( !: 2 -1 4 ,-74 7

" : 2)-N 2') 1 .393(6) 2(3)- (4 .4C0 -
- ( )-C 3a) 1 532(11) C (3-C 3o) 1.5 5
.-.- , N 4J-C13) I. 390(d) C(b)-N (o) 1. 5719

4 (6)-C (7) . 443(3) .J 6)-N (6') . 273 8 3
C.( 7 ) -N ( ) 1 . (10) 2(7 1- (7 a 354,": 3

C 7)-C7o) 1 .542(9) 14(2 -C(2a) . 220(7

z 2' )-0(2n) I .206(9) "4(6' -0(6a) 1 .21 ( 3
,,•. N ' -O 60) i 2! 6( 1 1 3( a -F( . 2 72 Z

C(3a)-F(2,) .31 1(9) C(3a)--'(3) 1. 34 1 3)
3 i - (4) 1. 277( 1 1 3 -F(5 . 232(9
3 rn)-F 6) -231(12 ,Z7a -F(7 1 3 4( I

SC( 7b)-F(1) . 327(2) C 7a -F(9 .2 79( 4)

i"-C 7 n -~ 12) 1.294( 13)

a6I'o

-. .. . . . , , , , . - .. .. . . _ , , _..- . _ , - ,



TA6LE 3C dond angle~s (deg.)

q(2)-CM1-C(5) 100.8(4) N()C1-~)115.4(6)
c C( 5) -c ( I) -N8) 1 U 5. 7 ( ) C(l1)-N 2)-C(3) 1 13.6( 4)
C( I) -N ( 2 ) - N (2 ') 1 1 b.*8(4) C (3) -N (2 )-N(C2 ' )1 20).0U( 5)
N(2)-C(3)-N(4) 98.3(5) N(2)-C(3)-C(3a) 1 14.0( 6)
N(4)-C(3)-C(3a) 110.7(b) N(2)-C(3)-C(3h) 1 15.0( 5

*N(4)-C(3)-C(3r.) 1 08.0(b) C(3a)-C(3)-C(3o) 1 10. 1( 6)
C (3)-N (4)-C(S) 1 1 7 .6( ) C(1-c (5)-N (4) 1 04.9 ( 5)

*C(l)-C(5)-N(6) 10u.1(D) N(4)-C(5)-N(b) 115.4(6)
C (5) -N (6)-C (7) 11 3. 3(5) C(S) -N (6)-N(C61') 11 4.w-8(5)
C(7)-N(6)-N(6') 122.7(b) N(6)-c(7)-N(td) 100.7(6)
N(6)-C:(7)-C(7a) 111.8(b) N(d)-C(7)-C(7a) 109.5(6)

*N(6)-C(7)-C(7b) 115.3(5) N(8)-C(7)-C(7b) 107.9(6)
C (7a )-C(C7) -C (7 b) 1 11 . 0 C 7) C (1)-N (8 1-C( 7) 1 16. 1 ( 5)
N(2)-N(2')-0(2a) 114.8(6) N (2)-N (2') -U (2b) 119.9(5)
0 (2a i-N (2'1-0 C2b 1 25.*3 C5S) N (6) -N(6 -0 ( a ) 11 5.5( 7)
N(6)-N(6')-0(6b) 117.6(6) 0(6a)-N16')-0(6b) 126.8(6)
C(3)-C(3a)-F(l) 116.1(8) 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)

*FC1-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)-CC 3b)-F(5) 111.*1(6)

*F(4)-C(3b)-F(5) 108.4(7) C(3)-C(3b)-F(6) 107.0(6)
F(4)-C(3b)-F(6) 106.9(8) F(5)-C(3b)-F(6) 107.5(7)
C(7)-C(7a)-FC7) 110.7(8) C(7)-C(7a)-F(8) 108.5(9)
F(7)-CC7a)-FC8) 106.9(9) C(7)-C(7a)-F(9) 114.6(9)
F(7)-C(7a)-F(9) 107.9(9) F(8)-C(7a)-F(9) 107.9(11)
C(7)-C(7b)-FC 10) 111.7(6) C(7)-cC7b)-F( 11) 107.5(7)
FJ(1 )-C ( 7b)-F (11) 1 08.*6(8) C(C7)-C (7 b)-F (12) 11 4.*7(8)
F(10)-C(7b)-F(12) 105.2(8) F(Il)-C(7b)-F(12) 109.0(d)

aa



TABLE 4C An=-3cropl: tAmpera-ura ifa=tri (A-x10)

u o

-.- "a -or . UUUUU-. z 2. .. z2 3i

C 6 3 3 3 b6 4) 1(- 3 -4( 3

S2) 543) 1 (2 74(3 -2( -10(3 2)
.(3) 58 4) 26 2 57 ,4 2(3 -7(3 -7( 2)
4 (4) 4 31( 3 46(5 -10( 3 -Z ( 4 3 2

C(5) "5 4 40(3 5(4 -5(3 -10(3 1 ( 3
4(-).4 23) 51(3 6(2) -17(3 22

C 7) 48( 3 37( 3 61 (4 -4(3 -12(3 3(3
N( ) 15(6 2 ( 3 104(5 1(3 -5() -12( 3
N 2' ) 65 3 29( 2 34(4) 3(3 -22(3 9 2
.3 a ) ' 4) 3 2 121(5 12(3) - '4) -3(2

"---' h, 964) 4 5( 3 153(6 3(4 - 3(5 22 3
"-:O' ) ( 42 3 5(5 15(- ,14( 4 10(3
0 6a u4(4 24 2 103(4 -1(3 -3(3 (2
o (6b) 1 51(6) 60 (3 112(5 15(3) -74(5) -0 3

, C 3a) 74(n 2 4) 112(7 -4( 4) 30(5 -10( 4)
C 3o) 74(5 64( 4 72(5 3(4) -15(4) -11 (4
C( 7a) 92(6) 107( ) 102(7) -43(6) -d(6 9(5
C 7D b i4(4 63( 4) 1 G E 7 -I 5) -9( 5 - 1 4)

". 1) (51 UU, 4) 438( 19) 6 2(8 1 46( 9 23(4)

{F62) '5(3 69( 3 100(3) 4(3 -3(3 -36(2
F(3) 265(l 5 ) 156( 6) 3(4) -43(5 0(6) -119(7

14) 1d7(7) 127( 5 145(6) -2B(5 -108(o 42(5
F F(S) 157(5) 72 3 75(3) -24(3 -33(3) -12( 3

" ' F 6 40 9 1 1 760( ) 7(4) -10(4) -!08(7

F 7) 214(7) d2 4) 1 3 (5) -55(4) -25(5 1 (4)
F:d) 110(5) d6( 7) 260( 1 ) -133(3 75(6) -26(5

338(16) 126(6) 97(5) 20(5 78( 7 90())
-1 ) 98(3) 74( 3 1 81 (6) 29(4) -40(4) -46(3
F 11) 6(4) 179( 7 253(10) -107(7) 66(5) -57(4)
-- 12) 97(4) 116(5 39( 10) 72z 6) -85(5 -19(3

[he anis cro c: temnerature acto r exponent takes trhe form:

Z- 7- h.:: r) U-2"aK -k 'U - .. 2k''l

TA6L- 5C 5 - "r, en coo r -a 3 (::1e ) I J ant n :pe aure -ac-r. (A-i )

aom X /a Z IC

" !(4) 3390(37) -7 4 31 ) 2230(67)
4 5) 34,3(2 1  579( 2102(57) 60

4 (6) 91 44( 44) 4 6d6

a8
-. .-. " .-- ** . .. .. . .- .-- - -- .- . -.- -. -- . - - -- '**- - *-.- -" - -" . .,-- -- - ." -- -- - ---



4 2 3TABLE id Atom coordinates (x10 4 ) and temperature factors (A xlO

atom x/a y/b Z/c U eq

C(I) -1858(4) 7515(2) 1347(3) 42(1)*
N(2) -1761(4) 6931(l) 21 20(2) 58( 1)

C(3) -455(5) 6360(2) 1941(3) 50(1)*
N(4) 616(4) 6702(l) 1122(2) 48(1)*
C(5) -22(4) 7403(2) 807(2) 40(1 )
N(6) 1210(3) 7943(1) 1353(2) 42(1)*
C(7) 116(4) 8509(2) 1793(3) 44(1)'
N(S) -1695(4) 8175(1) 1867(3) 61(1)

4 (2' ) -3083(5) 691d(2) 2898(3) 63( 1)
-(2a) -4382(4) 7331 (2) 2769(2) 74( 1)
0(2n) -280O(5) 6509(2) 3636(3) 93(1)'

N(4') 1359(5) 6286(2) 280(3) 67(1)*
0(4a) 1985(5) 5722(2) 574(3) 98(1)*
0(4b) 1259(4) 6531(2) -621(2) 75(1)*

N(61) 3004(4) 8035(2) 995(3) 56(1)*
0(6a) 3570(4) 7564(2) 452(2) 67(1)*
0(6n) 3897(4) 8549(2) 1328(3) 87(1)*

C(3a) 941 (6) 6194(2) 2976(3) 65( 1)
SC(3o) -1644(6) 5698(2) 1487(3) 65(1)*

C(7a) 957(6) 8732(2) 2970(3) 62(1 )*

C(7b) -169(5) 9159(2) 1036(3) 55( 1 ) *
F(1 ) 280(4) 5697(2) 3580(2) 94( 1 ) *

- F(2) 2613(4) 5968(2) 2703(2) 91 ( I)

F(3) 1265(4) 6757(1) 3566(2) 92(1)*

F(4) -3214(4) 5635(1) 1989(2) 92(1)*
F ( 5) -684(4) 5120( 1) 1629( 2) 98(1)
F(6) -2166(4) 5798( 1 ) 451 (2) 85( )
F(7) -336(6) 9140(2) 3372(3) 86( 1)
F (8) 1001 (11) 8159(2) 3604(3) 127(3)'

* F(9) 2595(6) 9029(4) 3044(3) 125(2)&
F(10) -1690( 12) 9520(5) 1251(10) 78(3)'
F(11) -476( 11 ) 8980(2) 35(3) 100(2)'
F(12) 1254(9) 9609(3) 1140(9) 111(3)*
F(7') -277(12) d956(b) 3556(7) 81(3)'

F(8') 2012 (12) 8240(4) 3407(5) 71(3)'
F(91) 2110(11) 9298(4) 2908(6) 6b(3)*
F(10' ) -112(34) 9633(13) 1482(25) 132(9)'
F (11 ' -1175( 14) 8898(4) 166(6) 89( 3
F(12' ) 142-1(22) 9387(7) 688(8) 77(4)'

* Equivalent isotropic W aefined as one third of the

trace of the ortnogonalised Uij tensor

1
~a 9



TAJL- 2d dcc ingns (A)

C (I -N (2) .464( 4) C 1 )-C ) 1 .51 7( 4
C( I )-N (6) 1 .414( 4) 1 ) C 3 . 453 4)

'-2" N( ) N 2' _%) 3 £ -t4 4) 1 . 4 t7 4
C(3)-C(4a) 1.565(5) C(3)-C(30) 1.5d t(5)

4 5(4)-C() 1 .451(4 N 4)-N (4' ) 1 444( 4
C(5)-N(6) 1.467(4) N n)-C 7) 1 45d(4
1 -N(6 1 .381(4) C 7)-Nd) 8. 429(4)
C(7)-C(7a) 1.573(4) CC7)-C(7b 1.555(4)
N-C 2' )-Q( 'a2 I - ( I (2 2 5
"N(4')- ( ) 1.06(4) N24'J)-(4,) 1.22(4)

N( 6' )-o(fia) . 210(4) N (5' )- (6 ) 1. 2 4( 4)
C(3a)-F'( 1 .317(5) C( 3a)-r(2) 1.32U( 5
C(3a)-F( .) 1.306(5) C( 3 )-F(4) * 31 5 5C(T)-F(5) 1.296(4) C(3)-E(6) .31(4

C(7a)-F(7) 1.325(D) C( 7a)-r() .344
a1 .274(6) C (7a-'7' 3C'' C 7a - (3 i 81 (9)C 7a - , ' ) 3 " 8

C(?b F Q 1 3 f.l ( I Q C( 7b) -F.'( 1 1 . 1 5)

C(7b)-F(C 2) 1.312(7) C(7b)-F(1O' ) 1.303(25)
C7D)-F(i 1' ) 1.325(8) C(7b)-F(12') 1.304(15)

Table 3.d Bond angles (deg.)

:C 0.9(2) (12. I
98.0(2) N(2)-C (3 a 12) 1 '1 3)
111()2.)-(2(- 3) ;'(2)-C( *-'() 113.2(3)

-5.55(25.3(u),- .,)-,, ,- '6):00.6(2) :() (5)-:(6) " 2

, .0,)

7' '2) -Ca

(7 -C(7)

-:2.,(3) "2( N)- ( )-( 2. _ C
C I (2 N 'k ,02o-,N,( -,. 4 a) :0 .(3

-'(5)-C(4)- (Tb) 117.3(3) -(T)-C(a)- F(7) , .2 (3)(7)-C( -:(7, Z .'. ) -,-.1'- . -?

. .6.a -' ,753

*"' "20--(7b)- ('') :2-5.-'() N2)-.c(2')-?(:2b -09. 2(5)

F:0'2)-C(5( 2 '.:a ) M9)... ..... , -, , .3
.- .Ct--a) -F" 3) 3 (.) ( .( )-

% -,. , (3 --.,,..( ) --b )---F (
A

'':  (3) ---b2 F(317 7

;Z< -~ (7 -C{b 5) ...
)- Ct  !C8.5(7) () (b -

-C Tb-F ,62) 177
,:<< :"5-C 7b ) 7i.53 - C f -b , -

,(7) (7 "o ,) -F.7 3 ? 7--0a 1' 70 ^ 7-:: ~~~C2 (4;C-  '

'-~~ ~~~ ~~ 10- :5 3)).< , '



-, 3
TABLE 4d Anisotropic temperature factorg (A x10

atom U U U U U U
22 33 23 13 12

C(I) 40(2) 40(2) 46(2) 0(1) 3(1) -4(1)
N(2) 69(2) 47(1) 61(2) 11(1) 30(1) 10(1)

C(3) 61(2) 36(2) 52(2) 3(1) 1(2) 1(1)
N(4) 58(2) 39(1) 49(1) -2(1) 16(1) 2(1)
C(5) 39(l) 39(1) 41(2) 2(1) 2(1) 4(1)

N(b) 31(1) 40(1) 56(1) 0(1) 8(1) 1(I)
C(7) 45(2) 33(I) 53(2 -4(I 5() 2( )
;'(8) 47(2) 42(1) 99(2) -14(2) 27(2) -b I
N(2') 68(2) 68(2) 56(2) 3(2) 21(2) -15(2)
0(2a) b6(2) 78(2) 81(2) -4(2) 30(l) -4(2)
0(2r) 104(2) 101(2) 77(2 24(2) 34(2) -13 (2)
N(4' ) 72(2) 55(2) 74(2) -18(2) 20(2) 7(2)
O(4a) 13b(3) 61(2) 97(2) -1(2) 23(2) 50(2)
0(4b) 98(2) 79(2) 52(1) -8(1) 23(1) 11(2)

N(6') 41(l) 61(2) 68(2) 6(2) 8(1) -4(1)
O(6a) 51(1) 81(2) 72(2) -11(1) 21(1) 7(1)

O(6b) 58(2) 69(2) 136(3) -13(2) 25(2) -27(1)

C(3a) 81(3) 57(2) 54(2) 5(2) -6(2) -1(2)
C(3b) 83(3) 46(2) 64(2) .4(2) -4(2) -10(2)

C(7a) 80(3) 60(2) 45(2) -4(2) 6(2) 3(2)
C(7b) 63(2) 43(2) 60(2) 7(2) 5(2) 4(2)
F(1 ) 112(2) 91(2) 75(1) 35(2) -7(1) -7(2)

F(2) 78(2) 95(2) 95(2) 9(2) -16(1) 17(1)

F(3) .. 119(2) 82(2) 70(1) -12(1) -21(1) -9(1)
F(4) 97(2) 81(2) 98(2) 11(2) 11(1) -38(1)
F(5) 135(2) 42(1) 111(2) -2(1) -12(2) -2(1)

F(6) 111 (2) 78(2) 62( 1) -3(1) -20(1 ) -25( 1 )
F(7) 133(3) 66(2) 63(2) -22(2) 30(2) 5(2)
F(d) 255(7) 72(2) 53(2) 9(2) 8(3) 38(3)
F(9) 67(2) 222(6) 82(2) -59(3) -11(2) -22(3)
F(I U) 84(3) 60(3) 93(6) 8(3) 22(3) 32(2)
F(II) 165(5) 80(2) 55(2) 12(2) 19(3) 54(3)

F(12) 85(3) 52(3) 191(d) 43(4) -19(4) -22(2)
F(7') 74(5) 109(7) 62(5) -12(5) 11(4) -27(5)

85(b) 87(6) 38(4) 3(4) -14(3) -2(5)
F(9') 64(4) 52(4) 78(5) -17(4 -12(4) -29(4)
F( 1 ) 231(24) 77(11) 80(7) -22(8) -25(14) 106(14)
F ( 1 ') 1 15(7) 80( 5) 60(4) -4(4) -51 (4) b( )
F(12') 122(8) 57(7) 53(5) -7(4) 15(5) -31(6)

Tr.e anisotropic tenperature factor exponent takes the form:

2 2a2 222-2, a* U k~n 3- • 22 +2nka"tD*Ul 2)

S 4
TA6LE 5d Hydrogen coordinates (x104) and temperature factor(

atom x/a Y/b Z/c U

H( I) -3114(55) 7bU8(19) 960(29) 65(11)
H(5) -177(38) 7451(13) -32(21) 29(7)
d(8) -3041 (40) 8500( 1 5) 1854( 22) 47 (e3

all
-p.'



-AaLZ le Atom coorlifnates (x104) ana temeraure factor3 (A0

a tom x/a u/b /c

. i'[ Z I 3 69(I )6743(3) 3424(lI) 34(1I) "

,4(2) 3744(1) 8556(2) 3387(l) 33(1)'

C- -  (3 4 167( 1 8534(3 3647(1 ) 33( 1)
N(4 4248(1) 16 27(2) 3549( 1 ) 36( )

0 -  (6) 34(1) 460(3) 153( ) 09( )3
S(6) 3756( 1) 5666(3) 2060( ) 42( 1)
C(7) 3322( ) 5 68(3) 17114(2) 40(1)*
,J(8) 3225(l) 6511(3) 2632(l.) 42(1)'
N (42 3 536( ) 96 (2) 27 (452) 43(1)'

S32a) 35 9( 1) 937(3) 37828(2) 40(1)'
,(7a) 3 06 ( 1406() 3890( 1) 5( )
N(4') 4634(l) 3904(3) 3709(2) 48(1)'
OFt.O(4a) 4911( ) 1)794(3) 3656(2) 63(1)*
0(4b) 4611(1) 4236(2) 3896(1) 68(1)',( 4J0( 1 0( ) 5167(2 1445(41)1

S(6a) 4334( 1 ) 4604(2) 1653( 1 ) 59( 1)
0(61) 3884(l) 5390(3) 560(l) 64(1)'S() 2844( 1 ) 6175(3) 104(2) 5(1)'

0 a(9a) 31( ) 5933(4) 2 6(1 ) 80( 1)'
0q. a nD 2632( 1) 622 1 ( 3 3 2720( 1 6 4( 1

% [C(3la) 436U( I) 968i1(3) 2878(2) 4 ( 1 )

-7(3 ) 4355(l) 9117(3) 4762(2) 40(1)*
C-. c(7a) 3 20 1 ( )7323( 3) 891 ( 2) 5 1 I ) *

C (7 3131 ( 1) 3946(3) 1 3d5(2) 70( 1 ) *- :1F( I ) 41 21 (I1 1 1061 (2) 2544( 1 il 62(, 1 ) -

1F(2) 4720(1) .10299(2) 3243(1) 69(1)'
F(3) 4373(lI) 8670(2) 2093(lI) 57(1I)0•
T(4) 4447(lI) '0823(2) 4861 (lI) 59( I)
F(5 4680( 1 ) 190( 2) 51 60(I 1 61 ( 1 -
-%6) 4079(lI) 8745(2) 5277(I ) 49(1 )w
F( 7) 2S64( 1 ) 8 1 4*2 (3 ) 980( 1 ) 83( 1 ) ,,

F({8) 348d(i3) 6562(2) 1 0 1( I ) 68 I ) -
."'L F 9)3141 (l) 6i370(2) -6(I ) 70(1I)w

2.[[ 7( 7,3 7 4[ k )1 0 (2: ) 736 ( 1) 67( 1 -

.". 9( u 10 " 30J41 (21 2' 36 1 )71 (1 )
• .. F( 2 3 3 6 7 3 1) 3 7( 2 929( 1) 69( 1)

7 -wivalens io -tr3n:: U -9.inved as ore !: r-i c: the
:_-ace o, t:h. irtnron al se, U. . ensor

.. l
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TABLE 2e dodlegh (A)

CC1)-N(2) 1.482(3) CMl-C(S) 1.501(3)
C~l)-N(8) 1.435(2) N(2)-C(3) 1.475(2)
N(2)-N(2') 1.417(2) C(3)-N(4) 1.448(2)
C(3)-C(3a) 1.577(3) C(3)-C(3b) 1.591(3)
N(4)-C(5) 1.431(2) N(4)-N(40) 1.427(2)
C(5)-NC6) 1.493(2) N~t,)-C(7) 1.462(2)
14( 6)-N(61) 1.393(3) C(7)-N(a) 1.467(3)
C(7-C(7a) 1.5f32(3) C(7)-C(7b) 1.598(3)

1.425(3) N(2)-0(2a) 1.207t3)

N (2' )-0(C2h) 1.*21 7(C2) N(4 ) - ( 4a) 1.*211(C3)
M(4')-U(4h) 1.197(3) N(6')-0(6a) 1.203(2)
N(6')-0(6b) 1.222(2) N(S')-0(8a) 1.2U5(2)
N(8')-0(8b) 1.197(3) C(3a)-F(l) 1.331(2)
C(3a)-F(2) 1.306(2) C(3a)-F(3) 1.333(3)
CC(3n)-F(4) 1.314(2) c(3h)-F(5) 1.322(2)

C(3b)-F(6) 1.325(31) C(7a)-F(7) 1.328(3)
C(7a)-F(d) 1.330(3) C(7a)-F(9) 1.312(3)
C(7to)-F(1U) 1.321(3) C(7b)-F(II) 1.322(3)
C(7b)-F(12) 1.319(3)

TABLE 3e. Bond angles (deg.)

*N(2)-C(I)-C(S) 100.4(i) N(2)-C(1)-N(8) 110.6(2)
C (5)-Cl () -N (8) 1 05.5(C 2) C (1)-N (2)-C (3) 1 12.4(l)
C (1)-N (2)-N (2') 115.*3(2) C (3)-N (2)-N (26)19.()
N(2)-C(3)-N(4) 98.5(1) N(2)-C(3)-C(3a) 109.9(1)
N(4)-C(3)-C(3a) 112.8(2) N(2)-C(3)-C(3n) 111.7(2)
N(4)-C(3)-C(3b) 109.3(1) C(3a)-CC3)-C(3b) 113.7(2)
C (3)-N (4)-C(5) 11 5.5(1) CC 3)-N (4) -N(4' ) 1 23. 7(1)
C (5)-N (4) -N (4' ) 1 20.4(2) C (1-C (5)-N (4) 102.3( 1)
C (1)-C(S)-N (6) 98. 6(1) N (4)-C(5)-N( b) 115.4(2)
kc(5)-N(6)-C(7) 1 14.5( 2) C(5)-N(b)-N(6') 121 .1(1)
C (7)-NC 6)-N (6 ' ) 1 22.9 ( 2 ) N (6)-C (7) -tI(8) 98. 4( 1
N(6)-C(7)-C(7a) 113.7(2) N4(8)-C(7)-C(7a) 109.5(2)

0N(b)-C(7)-C(7b) 108.8(2) N(8)-C(7)-C(7b) 112.7(2)
C ( 7 a)-C (7) -C (7 b) 11 2. 9 (2) C (1)-N ( 8)-C(C7 )114'(2

4.C (1) -N (8)-N (8') 11 8.8(C2) C (7) -N (8)-N (8 ') 1 21 .7 (2)
NC 2) -N(2') -0 (2a ) 1 15. 5 ( 2) N (2) -N (2') -0(2 b) 1 17.2 ( 2)
o (2a )-N C2')-0 (2h) 1 27.3(2) N (4)-N (4')-o(4a) 115.6(2)
NC(4)-N(4')-Q(4b) 115.2(2) 0(4a)-N(4')-0(4b) 129.1(2)
N( 6)-N(b')-0(6a) 115.7(2) N(6)-N(6')-0(6b) 116.7(2)
O C6a )-N (6' )-0 C6b ) 1 27.6(2) N (8)-N (8') -0 a ) 115.2 (2)

N(1-(8)-J(h) 116.4(2) 0($a)-N(8')-0(8b) 128.3(2)
CC 3 )-CC 3a )-F C) 111.*4(C2) CC 3)-C(C3a )-F (2) 112.*6(C2)
?(1)-C(3a)-F(2) 108.3(2) CC3)-C(3a)-F(3) 109.3(2)
F (1-CC3a ) -F (3) 1 06. 1(2 ) F (2)-CC 3a )-F (3) 1 08.9(2)
C(3)-C(3t,)-F(4) 113.2(2) C(3)-C(3b)-F(5) 110.9(2)
F(4)-C(3b)-F(5) 107.6(2) C(3)-C(3b)-F(6) 108.6(l)
F(4)-C(3b)-F(6) 109.2(2) F(5)-C(3b)-F(6) 107.0(2)
C(7)-C(7a)-F(7) 110.4(2) C(7)-C(7a)-F'8) 109.1(2)
FC7)-C(7a)-F(8) 107.4(2) C(7)-C(7a)-F(9) 113.4(2)
F(7)-C(7a)-F(9) 107.3(2) F(8)-C(7a)-F(9) 109.1(2)
C(7)-C(7b)-F( 10) 112.9(2) C(7)-C(7b)-F(1 1) 108.-5(2)
FC10)-C(7b)-F(1 1) 109.5(2) CC7)-C(7b)-F(1 2) 110.4(2)
FC1U)-C(7b)-F(12) 107.7(2) F(11)-CC7b)-F(12) 107.6(2)

* a13



2 2q'

tABLE 4P AnI-tropDc tenpe-ature factor9 (A x10

a =,m U,, U U U 0 4

c' 0(1) 31(1) 42( 1 2.d(1( 2( ) 4() -3t 1
N(2) 29(l) 34(l) 34(1) -2(l) 3(1) 3(l)

C(3) 30(l) 31(1) 36(1) -1(1) 5() 0(1)

N(4) 27(1) 30(1) 47(1) -1(1) "(1) -0(1)

C(4) 33(1) 31(1) 36(l) 2(1) 4(l) -3(1)
,.,'.,. ,'li.5 (5 5 1 3 6(1 -11 1 )9( ) 6

S(7) 37( 1 49( 1 33( 1 -4(1 ) 5 ) -9( 1
31(1 ) 63(1) 32(l) -6(1) 5( ) -8(1)

N(2' 42( ) 44( 1 42( 1 -3(I ) I (1) 13( 1
Q(2a) 39(l) 73(1) 83(1) -16(1) 12(1) 12(1)

2 71 (1) 38( 1) 63(1 -10(1) 14 1) 4(1)

41 34(1) 46( 1) 59(1 -4( 1) 1 1 8(1)

0(4a 32 ) 68( 1 90( i - 2(I) 1 ) -4(1)

0(4b) 59( 1) 42(1) 96(1) 5(1) -0(1) 17(1)

N(6') 52(1) 42(l) 49(1) -13(1) 21(1) -11(1)
0(6a) 52( ) 56( 1 72( 1 - ( ) 24 ( 1 ) 3( 1)

O(60) 81 ( 1) 74( 1 44(1) -1 (1) 25( 1 ) -10( 1)

N(S') 31(1) 78(1) 50(1) -4(1) 8(1) -5( 1)

0 (Sa 33(1) 138( 2 62(1 -17(1) -3(1) -15(1

r ( 3 b 43(1) 106( 1 48(1 3(1) 17(1) -9(1

* C(3a) 50(1) 36(1) 43(1) -3(1) 11(1) -8(1)

C(3o) 37(1) 41 (1 38(1) -3(1) 3() -

C(7a 55(1) 56(1 40(1 I(1) 4(1) -10(1
C(7) 53(1 ) 54( 1) 40(1) -4(1 ) 5(1) -18(1)

84(1 ) 43( 1 62( 1) 18( 1 ) 22( 1 ) 5(I

F(2) 58(1) 66(1) 67(1) -6(1) 21(1) -27(1)
-C3) 77(1) 55(1) 43( -7(l) 26(1) -13(1
• 4) 74(1) 48() I13() -15(1) 2( ) -19(1)

"-.."(5) 45(I1 ) 76 kI1) 52(I1 -6( ) 14(I 9( 1

F 6 52(1) 63( 1) 33(1) -0(1) 9(1) -4( 1
F( 7) 74(1 ) 97(1 73(1 21(1) 7(1) 301

-33) J4( 1 ) 51(I 51(1 8(1) (1) -21(1

,48 9) ( 1i) a , ) 35( 1 4( 1) -0(1) -Z20 1

10) D8( 1) 8( 1) 48( 1) - ) -4( 1 -32(1

,' 1) 5( 1 ) 67(1) 56(1) 12(1) 9(1) -29(!
1% 2 ") -31 ( I ) i74(I -1I( 2 1 -19( 1

The an-i3otror -z teiopera-ure factor exponent tak-.s tne torm:

--(h a * - G - k - 1, - +. i - n a -v * ,

NT

TA.BL - 5e Hv-rocen coorinates (xli04) ann :emnerazure -actor (A x>")

. a t 3 X

n ) 3524 71 649, 33) 3987(. )

--'- n(4 370 ) 4,5(.7) 340c!( 1 5) 29! 5)

a14



4 2 3

TAdLE If Atom coorlinates (x0 ) and te-ierature factors (A x10l

a ton x/a y/b z/c U eq

NM 1814(5) 2572(3) 2623(5) 57(3)*
C(2) 1053(6) 3192(4) 2004 (b) 64(4)"
ij(3) -304(o) 3061(3) 1682(5) 53(3)*
C(4) -810(6) 2427(4) a90 (b) 57(4)'
i4(5) -122(5) 17b8(3) 1373( 4) 51(3)'
A(6) 211(5) 1692(3) 2630(4) 57(3)'
C(7) 1284(7) 2166(4) 3366 () 64(4)'
N8d 2( J57(5) 2 74(3) 1824( 5) 60( 3)
S(9) 977(6) 160i(4) 1077(b) 60( 3)
N(10) -1ut7(6) 3690(4) 1228(6) 64(3)'
C(II) -1390(6) 4140(4) 1972(6) 59(3)*
0(11) -1047(4) 4015(3) 3042(4) 75(2)*
C(12) -2233(7) 4760(4) 1360(7) 60(4)*
C(13) -2311(8) 5054(4) 260(8) 75(5)*
C(14) -3198(11) 5603(5) -281(9) 106(6)*
' (15) -3976(9) 5869(5) 264(9) 109(6)
C(16) -3884(8) 5601(4) 1341(9) 104(6)*

0 C(17) -3U00(7) 5060(4) 1918(8) 83(5)*
0 (18) -517(7) 1307(4) 3111 (6) 58(3)'
0(18) -281 (4) 1370( 3) 4196(4) 77( 2)
0 (19) -1513(6) 822(3) 2300(5) 51 ( 3)'
C(20) -2672(9) 811(t) 2409(6) 70(,1)*
C(21) -3622(8) 326(6) 1744(6) 92(6)*
C(22) -3373(8) -166(5) 1004(d) 90(5)*
C (23) -2231 (7) -167(4) 675(b) 7s(4)'
S(24) -1309(7) 324(4) 1520(6) 65(4)'
C(25) 3171(7) 2049(4) 1645 () 62(4)'
0(25) 3220(5) 1611-(3) 872( 5) 30(3)'
C(26) 4305(7) 2499(4) 2382('6) 49(3)*
C(27) 5231(7) 2526(4) 1921(7) 86(5)*
C(28) 6331(8) 2931(5) 2490(d) 99(5)*
C(29) 6544(7) 3282(4) 3546(7) 71 (4)*
C(30) 5'35(7) 3243(4) 4013 7) 32(4)*
,(31) 4520(7) 2860(4) 3447(6) 75(4)*

' Equivalent isotropic II defined as one third of tne
* . trace or the ortnogonaiised U.. tensor

*13

t."

* a15

Vx



TA:3L - 2f io rdI Len'7ths (A)

I (1)-C 2) 1 .441 (8) !1( )-C (7) 1 447( 1,,,1 .( -N )416(9) 2 -u 3
V. "J(3)-C(4) 1.465(8) N(3)-N:(1u) 1.406(5)

C'. C 4, N ) .442( 8) 5,-N (6 ) 1 41 1 7
.C )-C(S) .442( 10) N( )-C (7) 1 * 480(

8(5)-Ccla) .361 (10) N(a)-C(9) i.483(s)
1-.357 11) N1 0)-C(11) 1.360(11),C(11) -O(;1 1 ,21UJ d) C(1I )-c(1 2) 1 .4d1 (9)

C( 2b)-c( 1.390(13) C(,2)-C(17) 1.286(13"
C(23)-C(14) 1.391(13) C(24)-C(15) .35(13
C(29)-c( ) 1.343(15) C(I3 )-C(31 7 1.378( )
c )-D1 2Z -ic a - 9 1.472(3

0C( )- ( C) 1 3 6 6 3) C 9)C(24) 1 . 79(I 1 (

SC7(2 0)-C (21 ) 1 .36 0 1 ( )  ( ) ( 2 ) - . 5(311,
C(25)-0(25) 1.226 ) C(25)-C(26) 1.499(9)
C(2b9-C(27) 1.357(13) C(2b)-C(31 ) 1.369()
, -(27)-C(28) 1.385(11) C(28)-C(29 1.352(13)
C(29)-C(30) 1.349(14) C(3)-C(31) f378 )

."TAZLE 31 B nd(I angles (, e g.)

114. (6) NC(2)-N(l)-N(8) ;2. 5 (3C(7)-c( ) -C 12 1 0 8.5(5) N ( )-C(2)- 1(3) 1 2. 2( 6)
C( 1)- -C( ) 114. 7(7) C ( 2) -N (3 )- (1 11 3 4 6)

110.9(5) N(3)-C(4)- C(5) 11.0(1)
4 -N 112.8(5) C(4)-N(5-C(9) 126.3(16

"6)- 5( -C(9 1(9.5(4) . 5 - (6 -C 7) 4 6.-3(5 )
5 ( )-N(6)- 1 22 . 1 5) C (7)-ki 6 -C(1 3) 122.7 6

-,-( r3 )- ( )-C (9) 16.6 )
.- N25 1 23. 7 (5) C(9)-! W(8)-C(25) 129.4( )
.( 10)-C(1)-( 15.(7 ) A 3 o-( )-c(I )12J. , )ri( I )- ( I1 (24) 1 21 . 3( 6) C (1 0)-C(I 2 ) -C( I 1 24 3 6)
J(I I)-c(2 I -C 12) 123.8(7) C 1 )-C (12)-C (13 120 ) 3

* U( )-C(2 1 7) 117.7(7) 7 )-C(2)-C (112 28.3 7)1"" ~ 2 - " 1 3,-C(14 119.6( 10) C 1 3 -C(1 4)-C 1 5) 1 2 1.0 J

3.' (14)-C( 2 5)-CC 2 6) 1219.3(7) C(2 ))-C(126)-CC(27) 121. s 1)

; C 12 -C( 7 -C( 3 120. 2( 9) NI 6)- 1 -O(3 ) 8 ) d. 5

-C ( ) )-C (I)-C ( 9 1 2 . 7)
C(d )-C(27-C(2) 2.6(7) C ( 7)-C(2 1)-o2) 123.4 7)

C 0 (2)-C ( )-C(30) 117.9(7 ) C(29)-C( 2 2 -C(32) 1 20 .2.. ( 2 - (2 )-C Z 4, 1 9 5 C 19 -C ( 2 4 -C 23) 1 21 .5(
"' B - ( 5 - ( 13 6 5 -C (2 5) -C( 6 2 Z. 1 7)":- ( 5 (2 - ( ) 121.3(7) C(2")-C(26)-C(:7 I 113. 3( )

Ill C 25 -C 2 7)-"(C 0. 12 .5 3 C 2 7)- 26) C .7

."C(2/9)-C(Zg) -c( 1) 117.9( 7 C 2-9 -C(31) -C ,-  
12 3

"-.-2 (26) - ( - (3o) 2 .9 )

,.;. a 16



2 O 3

TA3LE 4f Anisotropic tenperatuire factors (A x1 )

a tom U UU U U l12 33 23 13 12

N I)46(4) 70(5) 53( 4) -10(4 15(3) - (4)
C 2 )48( 5 72 (15) 67( 5 - 21 (4 1 5(4) - 5(

\ 3 ) 50(4 57( 4) 52( 4) -11(3) 18(3) 2(4)
C 4 5b(5 70(6) 46( 5) -5(4) 20(4) -12()
N 5 51(4 58( 4) 44C 3) 1(3) 17( 3) -2( 3)

4| 4 ' 4) 45(4) -3(3) 12(j) -12(4)

C(7) 53(5) 80( b) 64( 5) -5(-) 29(5) -2(5)
5 . 4 ( 54 4 6 4 4 ") 58(4) -22(4) 18(4) -1 4)

[i. WI 73() bO D) 985) -11(4) 37(4) -1 (5)
i1)60(4) 614 5) , 3 ( 5 -7( 4) 24( 4) -

4'' 1 )43( 74 )59(b) -16(4) 18(4) -7 4

b \ 11) 64(3 106 4) 56 3) -16(3) 24(3 -10(3
C(12) 67(5) 44(5) 70(5) -19(4) 28(5) -21(4)
C ) 33)13( 7) 54(b) 90(7) -8(5) 35(b) 7(5)
C 14) 138(10) 59(7) 115(9) -12(6) 41(8) 2(7)
C 15) 97(8) 42(6) 165( 10) -5(6) 21(7) -9(6)
,,C 116) 92(7) 54(6) 183(10) -17(6) 69(7) (6

C 17) 90(7) 67(6) 106 (7) -31(5) 55(6) -16(6)
* C 18) 51(5) b9(6) 58( 5) 10(5) 24(4) 7(5

) (18) 87(4) 107(4) 46( 3) -0(3) 34(3) -7(3
U. 9) 40(4) bI(5) 53 ( ) 16(4) 17(4) 1(4)
C 20) 54(6) 102(8) 57( 6) -9(5) 24(5) 3(6)
C(21) 49(7) 142(10) 91(8) 15(7) 30(6) 0(7)
C (22) 85(u) 78(7) 92( 7) 19(6) 17(6) -24(6)
C(23) 103(7) 48(5) 74(5) -2(4) 25(5) -17(5)
C 24) 13(6) 52(5) 79(6) 4( 5 39(5) 1 )(5)
C 25) 5b(5) 71 (b) 72(5) 3(b 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(5 51(6) -17(0)
C(28) 75(7) 144(9) 99( 7) -24(7 56(6) -10( b
C 29) 51(6) 89(7) 72( 6) 19( ) 21 (5 -5(5
C 30) 67(6) 96(7) 79(6) -15(i 24(5) -15(5

+ 0(31) 65(5) 87() 84(3) -18(5) 42(5 -2(5

The anisotro,-ic temperature factor exponent taKes tqe torm:

2 2 2 2 2-2,r (n a* U +k n U2+ ... 2hka*n*U2)
22 22

* a17t. § * I * . - *c•& .* C >C



-- 7-- -- 7

) i t 3 5 2121 :e

a 23) 1 209 32H4 1 2A,

i t 7 ,.)

2'7 1 7 1234
,-( 0 77 7 3 29 ,9,

-171.)(67 37 7 1 231

7 4) 3t
H I b -1 5 d 7 6 2 4 6- I 2 I 644Y -736 171611

H 17) -2'319 4a93 2705 101
: ;2 " 34 1 1 46 2957 'JO

.,21)1 -44,44 337 U4 93A 2-2 -4,)l2 -518 5 ,7 9
* 0( 23) -27 Q -508 335 9

A 24) -503 ,22 4 77
H 27) .i25 2262 1193 3 J
1 28) 2963 21 28 94
29) 7319 35:2 394 8 , 1

H30) 576b 3488- 47' 5

2 395 2345 3799

V -

a 18

, ,. ., .",, .,. -..".'",-. --. ,',.- . " ". - . * " .- " . "- . . "- . ". '' -' .- '- . ' '. , -' . . - .



4 2 3
TABLE Ig Atom coordlnates (xlU and temr.erature tactors (A xlU

a ton x/a y/b z/c Ueq

N(1) -,,(1) 245(1) 31d3(1 ) 3(1 )

'(2) -505(2) 3397(1) 1-924(2 44(])
3 27U(1) 4084(1) 2971 (1 42( 1)* C(4) 9b2(2) 382b( 1 2311(1) 43( 1 *

N(,) 1388(1) 2894( 1 2432(1 4U 1U)

C(b) 51 (2) 2250( 1 2400(1 41 1)'
1-7b (1 ) d35(1 ) 3172(1 44( 1)

C(d) -94b(2) 1519( 1 ) 4090(1) 39( 1)
0(9) -37( 1) 1807(1 ) 4942(1 58( 1)
C( Iu) -18u4(2) 79t(I ) 4002(2 40( 1)

C(11) -16 b(2) 200(1) 4838(2) 52(1)*

c(12) -243b(2 -481(2) 4779(2 641 ) )
C 1 3) -3346(2) -5b4(2) 3911 (2) b71 )

C(14) -34db(2) 29(2i 3U94(2) b4(1 )*
C(15) -2723(2) 707(1) 3132(2) 50( 1)

N91 (1) 4261 (1 ) 4027(I ) 40(l 1)

c(17) 136b(2) 5083(1I 4281(1) 38(1)*

0(18) 1276(1) 5701(1) 3641(1) 60(1)*

C(19) 2046(2) 5187(1) 5398(1 39(1)'

C(20) 2912(2) 5798(2) 5632(2) 64(1)*
C(21) 3588(2) 5899(2) 6658(2) 76(1)'

* C(22) 3398(2) D405(2) 7444(2) 69(1)-

C(23) 2,24(2) 4815(2) 7226(2) 62(1)*

C(24) 1 S48(2) 4700(l) 6212(2) 49( 1)
W 25) 2305[1) 2777(1) 3329(1) 44( 1)

C(26) 3290(2) 2576(l) 3196(1) 40(1)'
0(27) 3422(1) 2459(1) 2331(1) 60 1 )

C(28) 4229(2) 2b0b(1) 4184(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) 044(2) 2373(2) 395712) 64(1 )*

C(32) 5175(2) 2928(2) 5960(2) 62(1)'
C(33) 4270(2) 300b(2) !u7b(" 54(1)'

O(w) 1 729(1) 2bt)2(1) !290(t) 45(1)*

=quiva len t isotropic U Leined s one tiirc ot tie

trace of tne ortnogonalised U.. tensor
1J

TAeLE 2g Bond lenq ths (A)

N 1)-C(2) 1 .476(2 N(1 )-C(b) 1 .4b8(3

N 1)-l)(7) 1.418(2 C(2)- J(3) 1 451(3

C 4 N 51 4 t) .3 14 n C - 0( 1 4 4b (3).- N C(3)-C(4) 1 .366(4 )3-t(6 1.1

*,.-' C(14)-CI(5) 1.•490(2) CN )-C(2) 1,340(3)

(2)- (25) 1.48(2 ) 47)-C(2) 8345(3

C d)-0( ) 1.223(2) C (6)-C( 1 ) 1.497(3

,C I u -C ( I 1.390(3) C 1)-C I ) .385(2
C( I I2)-C(12) 1.37(3 Cd 3)-( 1) 1.370( 3

C 1 3-C(14) 1. 366(4 C 14)-C 133 1. 379(3
W 1'. t) I )-( 17) 1 34'9(2) 2 (1 7 1 -1) . 22 9 (2

C 1 7) -,_' 1 9) 1 .490( 2 )C ( 1 9 -C 2(, . 3 dU (
1 9) -C(2 4 I 38-1( 3 ) (20)-C 21 ) I. 3 9 0 (

C(23)-C(24) 1. 379( 3 )N (, ) -C (2 b ) 1 343( 3

.- C(2b7-0(277 I . 2 2 b(3 C (2 )-C (28) 1.494(2)
. ,C(2d)-C(29) 1. 384(3) C22 )-C(33) 1.385(3)
} ,C(29-C(3U) .37!)(3 C( 30U 31 1 .370( 4 a19
['•"C(31)-C(32) 1.37U(4) C(32)-C(33, 1.384(3)

[ i ..-. ... -.-. -.- - '.?., -? - . ]" : - ;<; ;- .i ?" i i :-... ? .- .. i : : , i. - """--''-,



-PC M -- - - k.,- WE. T7 -L T, -I, K.'.- K-'

C'.2~ (1) -09." 1 C 2 i1 - C7 3 0 .
C 2 o -N J(1 ) -N (7 109. * 1( ) ,4 (1 -CC 2 -. ( 3 ) 1 1O 0 C2

C (2)-N (3)-C (4) 1 1 U. * ( ,- 2 2 -NC( 3) -NC ] ) 1 * )7[ 1

'' C (4)-N:C(3 ) -N (i 1 1 2.9(1 N C3 -- (4 ) -N S ) 11 *. 3 2

... C (4)- N ( "S -C Co Ii * 1.0 2 1CC 4 -:I {5)3-N 25) 1 1 3, * 1

"-"C (0 )-N ( b) -N ( / C i 112. U(1 Li , ) -C Co )-J: 3 ( ) 9, * ( 1
' 3 -N( 7)-CC 11 9.9( 1 C 7 4-C{ -C ( 122 * C 2

11(7 7-C Cd 1-CC10 11j52 1 9)-CC9)-C(12) 2 . 72 2

,C dI-C 0) -C (11 3 1 1 UC. 2 C Cd -CCI1. )-C 1 5 I-2. C2

.C (11 I-C , ) U C .1 . C

I 3-Ctl 2)-2 3 2 2..9C2 C 1 2) -CC 2-C 14 1 1 .4 2

Z -' 7 9 - C ) -C 2 I d_ c . <

,'* : C33-C ( 4 -, k ) 1 2 ( 2 C )

I -C (1 7 -C 1 9) 11 5. 2 C (1 1-C(1 7) - C 19 ) 2; 7 2)

7)-C (1 9)-C 2U) 1 . t) ( 2 C 171-C 9)-C 24 1 23 . I C 2

C 20)-C I  -C k 24 11 4(2 C 9 -C (20)-CC 21 1 2 Q . 2

C 2 U C 2i)-CC2 2 ) I10. 4(2) C(21)-CC22)-CC(2
3 ) Z1.b2

C 22)-C 23)-C 4) 1 20.9( 2 C 1 9)-C( 24)-C( 3 1 2' I (z

5)- .25)-Ct2b) 1!id.5(2 N 252-CC26)-O(2 7  123.5 )2
-- 25)-C(2)-C( 2 8 115.2(2 O-27)-C(2 6-C(2) 12 ,731)
C25i-C(2b)-C(2 9 ) 11Z.(2 C(2 )-Ct2 8)-C 3 3 22.bC2

C 29)-CC2)-C( 33) 1 13.9(2 C26)-C(29)-C(30 1"U. C2

4 C 9)-C 3U -C( 3  ) 1201.4(2) C(3U)-C(31)-CI32 1i9.(2Z

C"C 1)-CC 32)-CC(33) 120. ( C 2 C -C (33)-CC 2 119.92

~..

St

I% 20
- . \ .o .

.lA: ..,-.-



2 3
TABLE 4g Anisotroplc temperature factors (A xlU

.%

atom U 022 U33 U23 U13 U12

N (1 41 (1) 41(l) 32( 1 -5(1 ) 1 3( ) -7(l)

C (2 41(1) 48( 1 43(1 -3(1) 12(l) 11)

N(3) 4 (l) 44(1 31 (1) -2(I) b(1) -2(1 )

C(4) '3(1) 47(1) 29(1) 3(1) 11(1) -3(1)

- ( ) 40(1) 11 ( 29( 1 ) -1( ) 9(1) -2(1

CC 45(1) 47( 1 31 (1 -5(1 ) 11(1) U(1)

t4 '(7 5U(1) 51(1) 29( 1 -10( ) 11(1) -1b(1)

C( ) 44( ) 39( 1 .35(1 -3( ) 11(1) -U( )

o (,) '7 () 72( 1) 32( 1 -1(I) 8(1) -23(1)

C(IU 43( ) 38( 1 ) 42( 1 -3(1) 1 (I) 2( )
~,<C(1 63(I 1 45( 1 ) ( 1)0(I 1 21 I 1 -2(I 1

C(12) 6 (2) 47( 1) 72( 2) 7(1 ) 38(1 ) -4( )

C(1 3 o7(2) 5U(I) 92(2) -8(1 ) 37(I ) -13( )

C(14) 48(1) 64(2) 73(2) -8(1) 16(1) -10(I)

C(1 5) 4b(1 ) 49(1) b5(1) -0(1) 16(1) -1(1)

N(lb) 55(1) 34(1) 29(1) 4(1) 9(1) 1(1)

C(17) 48(1) 33(1) 36(1) 2(I) 14(1) 4(l)

O(1d) 9U(1) 41 (1) 43(1) 11(1) 13(1) -4(1)

C(19) 46(1 ) 34( 1 39( 1) -2(1) 14(1) 3(1)

C(2 U 72(2) 68(2) 53(1) -2( ) 20(1) -24( )

C(21 b3(2) d9(2 b8( 2 -13(1) 8(1) -29(1)

C(22 72(2) 72( ) 51( 1 -8(1) 1(1) 3(1)

C(23) 90(2) 53(1) 38(1) -3(1) 12(1) -5(1)

C(24) b (1 ) 41(1) 38(l) -3(1) 15(1) -7(1')

N(25 4J(1) b 1) 29( ) -1(i) 12(1) 2( 1

C(2b) 47(1) 40(1 37( 1) 1 (1) 16(1) 1 (1)

0(27 9(1) 8b l) 39(l) U(1) 22(1) 16(l)

C(2d) 41( ) 4b( I) 41 ( ) 5(1 ) 1 8(1) 2(1)

C(29 63(1) 71 (2 )51 ) 2(1 ) 17( ) 21 (1)

C(3U) bU(2) 86(2) 68(2) 8(1) 13(1) 27(1)

C(31 4 (1) 78(2) 8(1 ) 17(1) 4(1) u(1

C(32 49() 85( 2) 49( 1 ) -14( ) 10(1) -10( )

C(33) 43(1) 6b( ) 52(1 ) -12(1,) 13(1) 2(1)
o(w I) 4d ) 29( 1) 4( 1 1U(I 1 -2( )

The anisotroric temnpera ture fac tor exponen t takes the! form:

- , (h 2a(U 1 h* U . +2hka*h*J 1119. 22 12_
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2 a J( 3---.~. j--- J- -1 3 J 1 4)

4( a - 4 14 O(1 4) 3 9 1 2 215 1 4) o
.( "n) -972(1 4 352112) 344o( 1 4) 52(,

-.. ) 434(14) 3857 !?. 1526(14) 50, )

H(4o) 1 f,9( 15) 42 4 13 2429(1) 596
H -7(14 2237(11) 1ha 2 ) 4(

(7) - 11 5 1 0 1 2 25 3 (1 4 5S

1- ,4 2 ; " 7( 1 2 1 4) 4 ! ( " 1 , 1 '

.(13) -3 4(17) -1 0c4 15 3963( 1d ) 2) 7
S4) -4079( 1, -3 t 1( 1 7

.1 :Z -26 (14) 1 1'7 1 4)I

4 p

.iiu 3071(1 ,) 31U '1 3) 74.91 1 ) 5 -'

Z 42 ( .) 6317 6 )OuU (9) 1 2 ')

H ( 2) 3912( 2 J 54 ( 1d d167(19) 109W
1(2) 2346(20) 4429(18) 7800(19) 199

H 24) 12Q09(16) 4303(14) ~071 13) 6(6)
l(25) 22035(1 5) 2740 13 3974(14) 5:(b
4 '(29) Su49(1) 1618 1 5 3559(16) 87 7
i(30) 6642(20) 1504(18) 50 6(19) T15(9

14(321) 6643(17) 2104( 15 6556( 1 ,6) 7b(7
. (32) ,74( t) 3271 (15 562( 16! 2(7
H(23) 36iS5(14) 341 (12) 5088(14) 55()
.' 1 w 1 J51 (20) 2367 ( 6) 133( I) 99(

.2w, 2J92(16) 2 84( 14) 5904(16) 169(6

.2
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4 (2x13)
IAILE ih Atom coordina tes (xlO ) and tourperature factors (A X10

atom x/a y/bzc Ueq

b() I 08( 1) 2954( ) 4735(1 ) 51 ()

N(2) b239(1) 1619(I) 5002(1) 54(1)*
C(3) 5651(1 ) 1073(2) 4013(2) 51( 1)

N(4) 5148(l) 1675( ) 2981( ) 48( 1)
C(5) 5367(l) 3204(2) 3479(2) 52(1)*
C(O ) 6560(1) 3930(2) 5525(2) 49(1)*
C(7) 7345(l) 3709(2) 6767(2) 48(1)'
C(d) 7600(I) 2536(2) 7426(2) 6b(l)*I. C(9) 6343(2) 24b3(2) 8581(2) 78(1)-
C(10) 884b(1 ) 3549(2) 9088( 2) 74(1)

C(II) d594(1) 4713(2) 8451(2) 73(1)'
C(12) 7648(l) 4800(2) 7310(2) i2 1)"
)(6) 6294(1) 5045(1) 5160(1) 63(1)*
14(13) 4207(1) 1595(1) 2424(1) 50(1)*
C(14) 3586(1 ) 15b9(I ) 3273(2) 44( 1 )*
0(1 4) 3839(1 ) 1 708(I ) 4556(1 ) 53( 1 )*
C(15) 2579(1) 1378(1) 2557(2) 46(1)*
C(lb) 2213(1) 1772(2) 1187(2) 58(1)*

C(17) 1265(1) 1634(2) 614(2) 67(1)
* C(18) b8(1) 1097(2) 1396(2) 67(1)*

C(19) 1047(1) t83(2) 2752(2) 69( 1)

C(20) 1992(1) 822(2) 3334(2) 58(1)*

- Equivalen t isotr)pic U efined as one tflir. of the

. trace of the orthogonalised U.. tensor

TABLE 2h Bond lengths (A)

N(1)-C(2) 1.345(2) N(l)-C(3) 1.273(2)
C(3)-t(4) 1.383(2) N(4)-C(3) 1.468(2)

N(4)-rj(13) 1.393(2) C(b)-C(7) 1.499(2)

C(o)-Gb) 1.240(2) C(7)-C(s) 1.384(2
C(7)-C(12) 1. 38b(2) C()-C(9) 1 383 (3
C(9)-C(1 O, 1.373(3 C(10)-C( 1) 1.3b7 k3
C(l 1 )-C(12) 1.377(2) N(13)-C(14) 1.353(2)
C(14)-0(14) 1.228(2) C(14)-C(1 5) 1.497 2
C(15)-C(1b) 1 .384(2) C(15 -C(2u) u. 384 2

C(16)-C(17) 1.382(2) C(17)-C(18) 1.377(3)
C(I8)-C(19) 1.37d(3) C(19)-C(2U) 1.38U0 2)

L* a23
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7A.iL-- 3h1 nond arr71- (leq.J

* .¢z 2 )-:J (1 )-C(D } )ii * . ( 1 ) N (2)-N (1 )-Co o) 1 2b. 9' 1

I-.2(1) 1)-N a2-C 1) U4.7( 1
:4 2 - ( 3 ) N( 41 1 (1 ) C(3)-N (4)-C( 5 1 UO. 2 1

3 - - (1 3) 1 18. 1 )C ( 5 ) -N (4)- 13) 1 1 (
SM-C )-N (4) 1Uu. 2(1) '(I -C( )-C(7) A I2.4()

[,. . , - , )-U ( I .2 i )( * ) O ]12 .

,.... - 1 .2 C (7)-CZ
1 17 (i -Cj z2

*--4)-(1 1 220 ( I c ( 7)-Cc 2)-U(I 121 .( i
3) I u7)- 29C'( 1 2"(14 (14)C I 122f

SI Z 2 ( 2 C( 4)()-(2,j 1 17. 7(
C 1, 5 1 c 7 .1 - 5 - 1 l'* .. (- ) C( )-C( o-C 7; 1 u

C(Id)-C(19)-C(2u ) 120.3(2) C(15)-C(20)-C(19) 12U.2(2)

2 3,".L- 4h Anisotrop c temperature factor3 (A xl 3

<":[ ,_= u. 2 u u u u
22 33 23 12 1.Z

N 1 ) 4( 1 41 (1 } 49(1 4(1 -b( 1 -1

8(1 1 42( 1) 531i 0(1 -5( 1 2( 1
C 3) 53( 1 45( 1 4 ( -2 1 -1(1 31

'- .. I 4) 41( 1 )4 1 43(I- ( 1 0(l1 - , 1

51(1) 49(1 ( -1(I -2

C ) 51(l) 43(1) 50(I) 2(1) 7(1) -1(1)
C(7) 47(1) 49(1) 47(1) -3(1 )(1 -01)
C(d) 70(1) 54(l) 61(1) -4(1) -12(l) 1
C(9) 62(1) 69(1) 68(1) -7(1) -18(1) 15(

!)9(1) bg 89(1 ) b4(l) -20(I) -9(I ) 1 )

C 1) 2 1 7( b) 73(1 -21 -01 -13(1
C(12) 63(l) 56(1) 63(l) -7(1) 6(1) -7 1)

on t5 k 5 1 1 7t 1 -UtI

N (13) 45(1 b 5 1) 38(1 -( 1 2( 1 -4( 1
'-' 1 ) 38( 1 )43(I1 -I(jo(

-. '(1) 7( ) 40(1) 4u(1) -2(1) 7 1) "g 1)

-2(1 1) 2 64( 1) 55(1 i 0( ) 7 i 41
c-7) 7 1 77(1) 61(1 1VI) -2(1)

1.' 9) 6 1) 5Ol 1J 73( 1 b(O~ -d I
e.,J 2U --u Ol 1 ) b 1 (1 -I

The an -.sotrop:c tempera ture _ac tor expon,- r. -a :es z" e for :

n - -a U. ,- -i u

-1:
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TAHLk' 5h kiy-troqven coorcl nate.s ()clU) and temperature factors (A2 xlU3 )

a tom x/a Y/b Z/c U

hk) 5579t11) 113(17) 3949(16) 64(5)

i(3a) 4799(12) 36b8(lb) 3724(17) 58(5)
2 uO 2 2h t)b 2) 489( 17) 42192( 17 1 7 3(

56. b) 5b25( 1 2) 37Q0(1 6) 2834( 16) 38(5

H 1 3) 4Ut ( 1 3) 3b ( 1 7) 1554( 19) 75(5)
. j(1t) j377(1 5 3482( 1 8) 9933k21 )88(b

H ( 1 0) 2 b1 0 ( 1 2) 11 25t( 1 7) 14 17 7 71

-( (17) 1u1,44 1933(18) -337(I ) 83(o)

i(19) (3l1 (14) 349(19) 3291(19) 93(b)
2( 7 30( 1 1 7 h 1 b 7o!)Ou( u 77(o)

H(12) 7(38( 1 2) 615( 1 d) 6849( 17) 75(b)
4(I 1 81-1 2( 1 547 4 2 2) 88U b 21 1 101 (7

a -25

" a25
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TAaLZ Ii At'om coordinates (xI 0) and -e..erature factors (A x1)

,. atom x/,' z/ /: Ue
tom ec

0N(1) 1 097( 3) 2273 2) 2 4-(2 52( 1 ) v
Ili2) 9636( 3) 2549(2) 3018 (2 54( 1 ) *
C(3) 9000(4) 1595(3) 36d 1(3 53(1)'

9366(3) 45(2) 290(i 4( 1
--. C(S) 1 0910(4) -267(3) 27d( 3) 53(1I) -

4(6) i '201 (3) 1 7 4 2) 998( 251(I)

N(7) I 1 6 ( 3) 509(2) 950(2 51(1)

C( ) 1 1032(4) 1 795(3) 1051 t3 59( )

C%9) 12304(4) 1346(3) 2420(2 54( I)
C( 1 0) 9200( Z 4) 3669( 3) 35.6( 1 36(3)
•( 11) 27Q( Q 1 3899(2) 4509( 2 ) )

C- 01 2) 9840( 4) 4637(3) 581( '3 2~
C(',3) 9466(6) 4974(4) 1853704(2)
C( 1 4) 9976(7) 5923(4) 1303( 4) 131 (3)

C(15) 10846(6) 6522(3) 1,698(4) 110(3)-
C (16) 11237(5) 6174(4) 2661(4) 96( 2)
C(17) 071 (4) 5242(3) 3259( 3 31 (2)'

8160(3) -67(2) 3119(2) 54-1- )
C(19) 7832(4) -724(3) 4048(3) 53(1)

0(20) 842d(3) -703(2) 4820(2) 71 (1)
--C(21) 5729(4) -1494(3) 4052(2) 50( 1 )

.(22) 6882(4) -2530(3) 4620(3) 72(2)&

C(23) 5929(5) -3304(3) 4617(4) d5( 2)

C(24) 4812(4) -3040(4) 4066(4) 83( 2)
- "(25) 4633(4) -2002(4) 3524(4) 90( 2)

C(26) 5593(4) -1230(3) 3504(3) 73(2)'
C(27) 12488(4) -112(3) -78(3) 54(1)'
0(28) 12137(3) 373(2) -909(2) 77(1)w
C (29) 13515(4) -1349(3) -223(3) 61( I )

C ( 30) 14510(4' -1776(3) 422(3) 75( 2)*
C(31) 15473(5) -2936(4) 176(4) 107(2)-
C(312) ;5453(6) -3660(4) -716(4) 124(3)'

C.(33) 14485(5) -3232(3) -1362(4) 1!7(2)t
0 (34) 1352i(4) -2088(3) -1134(3) 3 (2)'

* Equival-nt isotropic U detined as one thirz of the
trace o-4 tne or.hogonalised U.4 tensor

a2
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TABLE 2i dona lengths (A)

2N 1)-N(2) 1.412(3) N(1 )-C(8) 1.45d(4)

S(1-C(9) 1.464(4) N(2)-C(3) 1.482(4)
N,(2)-C(10) 1.345(4) C(3)-N(4) 1.445(4)
N(4)-C(5) 1.466(4) N(4)-N(18) 1.406(4)
C(5)-N(6) 1 .464(4 N(6)-N(7) 1 .426(4)
4 (6) -C(,:1 1 .473(4) N17)-C(a) 1 .481(4)
N(7)-C(27) I1.337( 3) C(10)-oHl1) 1 .232( 4)
C(10)-C(12) 1 .498(5) C(12)-C(1 3) 1 .347( 6)

%C(12)-C(1 7) 1 .3b4(6) C(13)-C(14) 1 .396(6)MWC(14)-C(1S) 1.352(8) C(15)-C(16) 1.354(7)
C(16)-C(17) I1.386(b) N(18)-C(19) 1 .351(4)

~* ~C(19)-0(20) 1.219(4) C(19)-C(21) 1.490(5)
C(21)-C(22) I1.370(5) C(21)-C(26) 1 .374(5)
C(22)-C(23) 1 .386(b) C(23)-C(24) 1.361(7)
C(24)-C(25) 1.357(6) C(25)-C(26) 1.383(6)
C(27)-0(28) 1.239(4) C(27)-C(29) 1.487(4)
C(29)-C(30) 1 .379(5) C(29)-C(34) 1 .391(5)
C(30)-C(31) 1 .392(5) C(31)-C(32) I1.373(d)
C(32)-C(33) 1.361(8) C(33)-C(34) 1.375(5)

*TABLE 3i Bond angles (deg.)

N (2)N 11- 8 13. 8(3) N )N( C()11 4.0'1( 2)
C~)N1-()103.4(2) N(1)-N(2)-C(3) 121.3(2)

N(I1)-N(2)-C( 10) 115.0(3) C(3)-N(2)-C(1 0) 118.3(2)
N(2)-C(3)-N(4) 108.5(2) C(3)-N(4)-C(S) 114.6(3)
C(3)-N(4)-N(18) 113.7(2) C(S)-N(4)-N(18) 112.6(2)
N(4)-C(5)-N(6) 113.1(2) C(5)-N(6)-N(7) 109.7(3)
C(5)-N(6)-C(9) 113.2(2) N(7)-N(6)-C(9) 99.4(2)
N(6)-N(7)-C(8) 110.6(2) N(6)-4(7)-C(27) 126.7(2)
C(t3)-N(7)-C(27) 121.0(2) NM1-C(8)-N(7) 104.9(2)
N 1)-C (9)-N (6) 1 07.4 (3) N (2)-c (10)-a (11) 1 20. 7 (3)
N(2)-C(10)-C(12) 116.6(3) 0(11 )-C(10)-C(12) 120.7(3)
C(10)-C( 12)-C( 13) 120.0(4) C(10)-C(12)-C(1 7) 120.9(3)
C(13)-C(12)-C(17) 119.0(4) C(12)-C(13)-C(14) 120.7(5)
C (13) -C(1 4)-C (1 5) 1 20. 2 (5) C (1 4)-C(1 5) -C(1 6) 11 9.0 (4)
C (1 5)-C (16)-C (1 7) 1 20.9(5) C(l1 2) -C ( 1 7) -C ( 16) 120.1(4)
N(4)-N(18)-C(19) 121.9(3) Nq18)-C(19)-0(20) 122.0(3)
N(18)-C(19)-C(21 ) 115.6(3) 0(20)-C(19)-C(21) 122.4(3)
C(19)-C(21)-C(22) 117.7(3) C(19)-C(21 )-C(26) 123.6(3)
C(22)-C(23)-C(24) 120.6(4) C(23)-C(24)-C(23) 120.2(4)
C(22)-C(21 )-C(26) 118.6(4) C2)-C(22)-C(23) 119.2(4)
C(24)-C(25)-C(26) 120.8(4) C(21 )-C(26)-C(25) 120.4(3)
N(7)-C(27)-0(28) 117.1(3) b(7)-C(27)-C(29) 122.0(3)
Q(28)-C(27)-C(29) 120.9(3) C(27)-C(29)-C(30) 125.0(3)
C(27)-C(29)-C(34) 116.2(3) C(30)-C(29)-C(34) 118.7(3)
C(29)-C(3O)-C(31) 120.1(4) C(3Q)-C(31)-C(32) 120.5(5)

%C(3l)-C(32)-C(33) 119.4(4) C(32)-C(33)-C(34) 121.0(4)
C -. C(29)-C(34)-C(33) 120.3(4)

a27



TABL& 4Z Anl4otropic temperature factors (Ax x0

atom U,, U.. U U U U
-- -13 23 1.3

(1)64(2) 49(2) 39(1l) 8(l1) -10(lI) -16(l1)

N(2) 66(2) 43(l) 45(2) 2(1) -2(1) -17(1)
C(3) 67(2) 50(2) 43(2) 4(1) -14(2) -19(2)
N(4) 63(2) 44(1) 42(1) 4(1) -15(1) -22(1)

/,C(5) 73(2) 46(2) 43(2) 9(l1) -19(2) -17(2)

.J(6) 66(2) 54(2) 36(1) 12(1 ) -16(1)
1 C(7) 66(2) 51 ( 2 ) 32(1) 4(I) -14(1) -5(1)
C(d) 70(2) 62(2) 44(2) 13(2) -18(2) -15(2)
C(9) 66(2) 63(2) 40(2) 8(2) -16(2) -24(2)
C( 1 0) 82(2) 55(2) 59(2) -0(2) -5(2) -22(2)
0(11) 126(2) 69(2) 74(2) -13(1) 18(2) -38(2)
C (1i2) ?36( 3) 43( 2) 54(2) -1I(2) -S( 2) -Iti( 2 )
C(13) 1 65(4) d( 3 ) 92(3) 30(2) -61 (3) -64(3)

C(14) 222(6) 92(3) 104(4) 44(3) -68(4) -65(4)
C(15) 182(5) 58(3) dO(3) 9(2) -7(3) -53(3)

C(16) 113(3) 81(3) 98(3) 0(3) -12(3) -56(3)
C(17) 95(3) 76(3) 75(3) 8(2) -20(2) -36(2)
4(18) 77(2) 60(2) 38(1) 15(1) -23(1) -37( )

C(19) 68(2) 56(2) 41(2) 12(2) -17(2) -23(2)
0(20) 95(2) 95(2) 45(1) 26(l) -34(l) -47(1)

l C(21 ) 58(2) 53(2) 39(2) 8(1) -10(2) -21 (2)
C(22) 81 (2) 71 (2) 74(2) 28(2) -29(2) -31 (2)
C(23) d9(3) 61 (2) 105(3 ) 25(2) -20(3) -31 (2.)
C(24) 73(3) 88(3) 94(3) 11(2) -13(2) -45(2)
C(25) 73(3) 117(3) 99(3) 30(3) -39(2) -46(3)
C(26) 70(2) 79(3) 82(3) 31 (2) -30(2) -32(2)
C(27) 61 (2) 64(2) 42(2) 6(2) -15(2) -27(2)
0(2") 1 03(2) 90(2) 39(1) 5() -26( 1) -21.(2)
C(29) 63(2) 61(2) 50(2) 3(2) 1(2) -21(2)
C(30) 71 (2) 72(2) 67(2) 7(2) -3(2) -9(2)
C(31 ) 77(3) 89(3) 1 20(4) 26(3) 6(3) 2(3)
C(32) 119(4) 60(3) 141(5) 4(3) 22(4) -1(3)
C(33) 1 26(4) 72(3) 125(4) -29(3) 8(3) -26(3)
C(34) 77(3) 75(3) 78(3) -16(2) -2(2) -31 (2)

The anasoaropic temperature factor exponent takes tne form:

-2-'h 2 222 U ... +2hka'D'l
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4 2 3
TABLE 5i Hydrogen coordinates (x10) and temperature factorg (A X10

atom x/a y/b z/c U

H(13) 8840 4559 1612 114
H(14) 9708 6150 612 143
H(15) 11184 7184 1301 120
H(16) 11880 6579 2935 105
H(17) 1 0977 5021 3954 88
. ( 22 ) 7654 -2720 5022 78
1(23) 6057 -4034 5008 93
1(24) 4159 -3581 4061 91
1(25) 3831 -1801 3149 98
H (26) 5465 -506 3105 79
H(30) 14537 -1273 1043 82
H(31) 16158 -3231 63, 116
H(32) 1 611 4 -4461 -882 135
H(33) 14472 -3737 -1987 130
H1(34) 12862 -1798 -1605 90
H(3a) 9438(30) 1414(21) 4335(22) 58(8)
H(3b) 7883(31) 1900(22) 3991 (22) 66(8)
H(5a) 11154(26) -417(19) 3482(19) 43(7)
H(5b) 10914(29) -1065(21) 2397(22) 61(8)
Pi S(Sa) 1 0010(29) 1886(21) 1026(21) 55(d)
i(8b) 11657(33) 2148(24) 381(24) 77(9)

S9a) 1 34U9(30) 1445(23) 1956(23) 56(8)
.4(9b) 12158(25) 1381(18) 3212(18) 37(6)
H 18) 7992(27) -225(20) 2498(21) 52(7)

.;

.

%-.
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TABLZ ] Atom coordinates (xlO ) and temoeraure fac-ors (A z1J

atom X/a Y/b/c Ue

NI ) 2240(2) 2848(l) 6836(i) 13(')*.

C(2) 46(2) 2943(2) 6248() 33(1)'

C() 350(2) 4,8 (2) 5468( ) 34(!)*
S N(4) 21 1 6(2) 5164(2) 5411 (1 ) 37(1 )

k5ZC(5) 3981,3 5024(2) 6030( ) 42(1 
C(6) 4042(3) 3867(2). 6747(1) 39(1)

N(7) 1999(3) 1598(2) 7508(1) 45(I)'
N(9) 81 (3 995(2) 7313(1) 52(1 )

-971 (3 "8C6 3) 6 136() 48(

. N(" 0) -398(3 4629(2) 4763( ) 6
N(11) -164(3 5900(2) 4260( 1 52(1)'

4(12) 17573 6242(2) 4635(1) 50(*1)'

Equivalent isotropic U defined as one thi-rd of the
trace of the crtnogonali sed U.. tensor

TABLE 2j Bond lenq _s (A)

N(1 )-C(2) 1.351 2 N(1 )-C(6) . 392 (2)
N(i)-N(7) .349(2) C(2)-C(3) 1.426(2)

•C 2)-N(9) !.313(2 C 3)-N(4) 1.352(2)
• ."C 3)- ( 0) 1, 34 5( N N( 4 )-C( )"• 3 92( 2

N(4)-N(12) 1.348(2) C(5)-C(6) 1.323(2)

S7) -N.(8) .298(2 N()-N(9) 1 .359(2)
."- N (1 0)-N(11) 1 .356(2 N(11)-N(12) 1 299(2)

TABLE 3j Bond angles (deg.)

C(2)-N( )-C(6) 125.2(i) C(2)-N(I)-N(7) 07.8(1)
C(6)-N(1)-N(7) 126.9() N (1)-C(2)-C(3) 16.6(1
NC1I )-C(2)-N(9) 09.6(1) C(3)-C(2)-N(9) 33.8(1)

C(2)-C( 3)-N(4) 116.7(1) C(2)-C )-N( 1 0) 33.9( )
4 C4)- ( 3 )-N(10) 1 09.4(1 C ( 3)-N(4)-C(5) 1 25. 0( )

C(3)-N(4)-N(1 2) 107.8(1) C(5)-N(4)-N(1 2) 127.2(1)

PQ N( 4)-C 5)-C(6) 118.3(1 N .)-C( 6)-C(5) 13.1(1)

N 1)-N 7)-N() 05. 1 ( C7)-N ( ) -NC9 ) 1 2 . )
SC. C(2)-N(9)-N(i) 104.6() CC3)-N(" -N(1") 1 4 ( )

-N (10)-N( 11)-NC( 2) I 1 2 . 1 1N (4)-NC 1 2)-N (11) 05. 3(1)

a30
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TABLE 4j Anisotropic temperature factors 
(Ax10 3

atom U U U U U U
ao 11  22  33 23 13 12

N(l) 35(l) 33(l) 32(l) 0(1) -1(1) 1(1)

C(2) 32(1) 32(1) 34(1) -4( ) -0(1) -0(1)

C(3) 37(l) 34(l) 32(l) -6(1) -0(1) - (1)

N(4) 44(1) 32(1) 33(1) 0(1) 2(1) -3(l)
C(5) 35(1) 43(1) 47(1) -3(1) l(1) -7(l)

C(6) 32(1) 43(1) 43(l) -3(1) -2(l) 1(I)

N (7) 52(1) 41 (1) 42(1) 7( ) -0(1) 2( )

N(8) 56(1) 46(1) 54(1) 14(1) 3(l) -9(1)

N(9) 44(1) 45(l) 54(1) 5(1) 0(1) -12(1)

N(10) 53(1) 46(l) 39(1) -2(1) -11(1) 7(1)

N(1 A ) 71(1) 45(1) 40(1) 3(1) -7(,) 7(l)

N( 12) 69( 1) 38(l ) 41 t1) 5( ) 0() 1 (1 )

H(5) 47 51 62 2 1 -17

H(6) 37 57 53 -1 -10 0

The anisotropic temperature factor exponent takes the form:

22 *2 2 2
-27. (h2 a +k b* U2 2 + .*. +2hkabUl2 )/':. 2 32h a u

* TABLE 5j Hydrogen coordinates (x10 and temperature factors (A2 x10 3 )

atom x/a y/b z/c U

H(S) 4984(31) 5828(27) 5964(14) 53*

H(6) 5194(29) 3690(21) 7215(14) 49*

.4.
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:abe .k At~miz -ccrdina-es an~d ta~er~ture :'ac-ors (A) 2 *

Atom ~ a 'eq

0 .3S'% 2)C .3(.1 23Y 22(
0.237~~(:5) C3693.i) 52(7i) 2.

30 ~ ~~ .. 8724.3 2.'5~2 o.

-.003(15'g ,

r2 59(1) 0.6119(2) 4 4.':
C.2.563(12) 0).8795q2 0-204 \) 30

,20.1-232(15) D.7-,38(',1) .8( L()
0.4685(13) 0.7M39(15) 0-333-(3) 5.9(-)

C2' o.2914(i2.5) 0.6e252(2.'l) 0.3252(od) Va

0

:y drogen Coordirnates

H20. 2 5z. I L 0.922 .
0.-55;2 0.27S 0.9293.
0.282 -.056 1~294.

0.76' 0.4--, -. 8

or'inates are given for both half -r-clecuies 2r'n the asy'.e-tri-c '~t
re~'.'gha-'!' of =o~ec,,;e is gen'erated by c--s-.aU-'gra-zh-c syr'et-z
~~-x, -~ - r th ~e' a'~~c2;-.2-y. 1-z f'or the Primed

-7,-uia Ier n is cr ozc U d e f:ed a s c r. e z h rd c~ f e t r ce f e
c-r~hognalsedi~X te'nscr.

a32



Table 2 k Bond lengths (A)

Molecule 1 Molecule 2(')

Brl-C2 1.980(9) 1.984(lO)
3r2-C6 i.984(1o) 1.971(10)
Nl-C2 1.43T('6) 1.1443(18)

1.-C6 i.410(17) 1.1429(i6)
NI-N2 1.441(1) 1.412(11)
N2-Cl 1.201(17) 1.198(17)
N2-02 1.233(16) 1.234(16)
C2-C6A -.525(12) 1.505(13)

Table 3 k Bond angles (deg.)

Molecule 1 Molecule 2(')

C2-N1-C6 123.6(8) 122.14(8)
C2-NIl-N2 113.1(9) 115.3(9)
c6-Nl-N2 117.3(9) 117.4(10)
NI-N2-01 117.2(10) 117.7(11)
NI-N2-02 113.9(11) 113.9(10)
01-N2-02 128.8(9) 128.3(9)
BrL-C2-ZTI 113.9(7) 113.6(7)
Brl-C2-C6A 108.9(6) 109.0(7)

' f!-C2-C6A 109.2 (9) i0.6 (i0)

Br2-C6-NI 114.6(6) 113.3(7)
Br2-C6-C2A 108.7(7) 108.4(6)
NI-C6-C2A 111.2(10) 111.2(10)

.

9'.
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Talek Torsion a-g-es (deg.)

"olec.e. . Mclecule 2

~03
" C2-C A-..TAL-C'A "Z". 1 *"

.r-'TL-C2A-Br2 "
-21.3 -12.

I-i-'12-1 -175.0 -168.C - -' T N2- C 2 T-•5 I

Jma3

• ,/a3,
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TABLE 11 Atom coordinates (xl0 4 ) and tamperature factors (A 210)

atom x/a y/ z/C Ue

N(G) -328(3) 629(4) 2225(1) 48(1)*

C(2) -1052(4) 874(5) 1789(2) 47(1)*

1(3) -526(3) 1064(4) 1274(1) 47(1)*
C(4) -390(4) 2381(4) 1019(2) 46(1)*

N(5) -1267(3) 2767(4) 662(1) 44(1)*

C(6) -1350(4) 2312(5) 114(2) 45(1)*

N(7) -1120(3) 3356(4) -283(l) 59(1)*

C(10) 186(4) 1667(5) 2468(2) 46(1)*

0(11) 65(3) 2865(3) 2321(1) 57(1)*

C(12) 877(5) 1271(6) 2923(2) 72(2)*

M(13) -80(3) -76(4) 1043(2) 55(1)*
0(14) 356(3) 67(4) 608(1) 71(1)*
0(15) -161(3) -1172(4) 1286(2) 71(1)*

N(16) -2058(3) 3585(4) 855(2) 51(1)*

0(17) -2714(3) 4034(4) 538(1) 69(1)*
0(18) -2063(3) 3821(4) 1337(1) 70(1)*
N(19) -57(4) 3642(4) -382(2) 70(2)*

0(20) 609(3) 3127(4) -84(2) 82(1)*
0(21) 144(4) 4396(4) -756(2) 112(2)*
C(S) -1922(5) 3880(6) -627(2) 104(2)*

* 0(9) -1702(5) 3723(6) -1177(2) 84(2)*
C(22) -2246(6) 2481(7) -1280(3) 53(2)*

0(23) -2774(6) 1916(7) -929(2) 78(2)*

C(24) -2295(8) 2064(10) -1857(3) 89(3)*
0(9a) -2113(9) 2692(11) -1005(3) 103(3)*
C(22a) -2590(8) 2593(3) -1518(3) 106(3)*
0(23a) -2521(16) 3792(4) -1674(4) 265(3)*
C(24a) -2199(12) 1383(4) -1840(5) 75(3)*

. Equivalent isotropic U defined as one third of the
trace of the orthogonalised Uj tensor

TABLE 2 Bond lengths (A)

N(1)-C(2) 1.434(6) N(1)-C(10) 1.338(6)
C(2)-N(3) 1.460(6) N(3)-C(4) 1.438(6)

O N(3)-N(13) 1.364(6) C(4)-N(5) 1.458(6)
N(5)-C(6) 1.447(5) N(5)-N(16) 1.351(5)

C(6)-N(7) 1.448(6) N(7)-H(19) 1.370(7)
N(7)-C(8) 1.413(7) C(10)-0(11) 1.228(5)

. C(10)-C(12) 1.479(7) N(13)-0(14) 1.225(6)
N(13)-0(15) 1.228(6) N(16)-0(17) 1.217(5)

V N(16)-0(18) 1.231(5) N(19)-0(20) -1.221(6)

N(19)-0(21) 1.216(6) C(8)-0(9) 1.413(7)
* C(8)-0(9a) 1.509(11) 0(9)-C(22) 1.404(9)

C(22)-0(23) 1.226(10) C(22)-C(24) 1.504(10)

0(9a)-C(22a) 1.421(12) C(22a)-O(23a) 1.229(6)

C(22a)-C(24a) 1.504(10)

a35
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- TA3LZ 3omd au1es (de.)

C -q(3)-C(4 123.9(4) C(-(2)- (13) 117.0(4)

C(4)-N(5)-C(6) 123.9(3) C(4)-N(5)-i(16) 118.3(3)
117.(3) 3)C(6)-q() i 5 2()

C(6)-(7)(19))-() 1

1(1)-C (0)-C(1) 115.7(4) 1(3.)-C(0)-C(12) 13.3(4)

!i(3)-N(.)-0(14 ) 117.7(4) 0(3)-N(13)-O(15) 117.2()
.0(1)-N(13)-0(15) 125.1(4) S(5)-N(16)-0(17) 117.5(i)

( (5)-018) 117. 7(4) 0(17)-N(16)-0(18) 1 4.3(4)()N19)-0(2 0 !7 .3 (7) -N (19 )-0 (2 1) 117.4(5)
S()-N(1)(1 3() N(7)-C(8)-(9) 115.0 )

[[q (7)-C(8)-O(92a) 10-.7(6) O(9)-C(22)-0(22) 120.6(7)
-C(3)-C(9)-C(22) 100.3(5) 0(23)-,:(22)-C(64) 12.2(7)

115.3(7) 1C (a 9a ) 133.:(3)

Z(Z)-C(2a)-0(23a) 101.3(8) o(9a)-C(12a)-C(2 4 a) 112.9(3)

0 (23a)-C(Za)-C(24 a) 123.0(9)

k 3 LZ1 Ami3otrOpiC t_*perature _-aCtor3i (A10~

66(2) 34(Z) 44(2) 1(2) -9(2)

0(2) 47(3) 44(3) 51(2) -1o(2) 6(2)
5(3) 35g) 40(2) 37(2) -1(2) -1(2) 37Z2)
0(4) 43(2) 44(3) 44(2) -i0(2) -1(2) 6(2)

C(6) .(3) 42(2) 40(2) -4(2) -() 3(2)
N(7) 30(3) 53(2) 43(2) 6(2) -3(2 -.3(:)
0...0 62(3) 42(2) 36(Z) -5(.) .(2) 6(2)
O(il) a1(2) 37(2) 54(2) -1(2) -13(2) -5(2)
C(I:) 94(4) 61(3) S2(3) -2(3) -20(3) 7(3)
-(13) 65(2) 0(2) 5(2) -11(2) (2) 2) 17(2)
0(i 98(3) 66(2) 9(2) -12(2) 11( :9(2)
0(15) 93(3) 43(2) 71(2) -2(2) -5(2) 11(2)
"(16) 50(2) -z(.) 43(2) -6(2) 3(2) 16(2)

0(!7) 50(2) 32(2) 64(2) -6(2) -10(2) 34(2)
* 0(is) 73(2) 87(2) 50(2) -1(2) 5(2) 23

1) 109(3) 50(3) 5,_ (2) -11(2) 2-

02) 3 63(2) 91(3) 15(2) 57(3) -6k
',~~ C~)1 3 13 ( 4) 1-(3) 7( )1 ) 73(4"

0(9) 105() 72(4) 74(4) 41(3) -3(i) -13(3)

,(24) 73(3) 93(5) 98(5) 37(3) 21(5) 7(5)
0(9a) 107(5) i S)U 41(4) -46(4) -24(4) 49K3)
C.._a) 20(5) 49(5) 223(6) -1(6 -23(5> 15(!)
S(23a) .542(6) 3(5 34 (5) 7( ) -i 27(')
C( 4a)a -35(3) 37(;' 54(5) 45)" -1,(5)

:he aisozr?ic zim2ezatre faczoz e ~n take3 the form:

-2-- (2hka*b*U.)



TABLE 51 Hydrogen coordinates (xl0 4 ) and temperature factors (A 103)

atom x/a y/b Z/cU

H(1) -208 -299 2344 45
R(2a) -1530 98 1762 45
K(2b) -1461 1690 1867 45
H(4a) -334 3072 1292 39
H(4b) 265 2356 816 39
H(6a) -853 1565 64 48
N(6b) -2072 1989 57 48
H(12a) 1240 421 2843 70
H(12b) 440 1152 3235 70
H(12c) 1401 1981 2987 70
H(8a) -2611 3489 -541 112
H(8b) -1936 4855 -562 112
H(8a') -2536 4182 -426 112
H(8b) -1625 4641 -827 112
f(24a) -2681 1212 -1898 91
H(24b) -1567 1947 -1979 91
•(24c) -2641 2771 -2063 91
f(24x) -1967 625 -1622 90
R(24y) -1681 1541 -2118 90
H(24z) -2886 1171 -1996 90

'
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TASLZ IM Atom coor i4nates ( 104) and ':a era tuir: factors (A1 0)

a tom i/c

4U1%) 236713) 1369(l) 2528(2) 47(1)'
C(2) 3136(4) 1823( ) 3493(2) 46( )
N(3) 3250(3) 2413(l) 3113(2) 40( 1)
C(4) 4377(3) 2793( ) 2614(2) 38( i)
N(5) 5657(3) 3.12( 1269(2) 35(!)'
C(s) 5753(3) 401" (1) 3020(2) 40( 1)
N(7) 7499(3) 4282(1) 2577(2) 44( 1)
C(8) 8577(4) 4790(l) 3417(3) 49(1)2
N(9) 9070(3) 5462(1) 3053(2) 49(1 )
C( 0) 3 :9( 1118( ) 665(2) 45( -
C(, ) 4990(3) 1321 () 536() 61 (1)1
C( I.) 499(4) 537(2) a::(3, 6 (
N( 1 3) 1 660 3) 2393( ) 3C06(2) 46( 1)
0(14) 113(2) 2597(1) 3165(2) 62(1)'
0( 1 5) 1 301 (3) 3485( ) 2774(2) 57(1)'
u (16) 6806(3) 3149( ) 4433(2. 39( )
01 17) 6733(3) 2556(1) 4831 (2) 51(1)
0(1 8) 7665(2) 3599(1) 5062(2) 51 1)
N(19) 7955(3) 4141(1) 1500(2) 47( )
0(20) 7046(3) 3710(1 ) 91(2) 65(1 )
0(21 '3234(3) 4467( I ) 129(2) 61 ( I)
C(22) 6701 (4) 5795( 1 ) 3540(3) 49(1)'
0(23) 5761(3) 5529(1) 4291(2) 66(1)'
C(24 5387(5) 6502(2) 3095(3) 64( 1)
N( 1 7433(3) 1470( 1) -239(2) 51 ( 1)
C(2') 8334(4) 2090(2) 1(2) 49(1)*
N(31) 8202(3) 2572(1) -1034(2) 44(1)*
C(4 ) 9676(3) 2727(1) -1802(2) 40(1)'

13097C 3) 3359(.) -1514(2) 42(1)'
"- 6 10 5 13) 3922(1) -2365( 2) 40(1)1

7 199(3) 4029 ( 1) -2985(2) 44( 1)
C (8 1 3446(3) 4592 () -2-,37(3) 49(1)'
N(9 13180(3) 5117( ) -3637(3) 50(1)-
C(0 ) 8070(4) 1027(1) -1090(3) 43( )
O(111) 9411(3) 1170(l) -1669(2) 59(1)'
C(12') 7072(4) 378(2) -1253(4) 65( 1'
N(1 3) 530(3) 2871(1) -1346(2) 48(1 )
0( 141) 5241(3) 2674( ) -7 82(2) 66(%)'
0(13 ) '429(3) 3299( ) -:162(2) 63( )'
N1' ) I 2(3) 3404( 1) -49(2) 44(1 )
0(17' !1314(3) 291(1 72(2) 5(1)
0(13') 12541(3) 3920(1) -223(2) 56 's
N(19 :5 61 (3) 2591 (1) -3902(2. 46( '
0(20') 11627(3) 085(1) -4020(2) 58()'
0(21') 13819(3) 3750k ) -4527(2) 62(1)

C'22' ) s Z95 4) 5566( ) -2632(3) 553C )B
0(2' C IC7.,a 3) 5536( 1) -3926(3) 31(1)
C(24') 1690(4. 6101(2) -4640(4) 65(1)'

'Zc'=_:a 1en r, ~ op- t L t 0 C e ine as 3 Cn1e -,.-Ir Cf -.
trace of tte ortnoca.e U3 tncr* w--

-i:,,na1 -3 U i a
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TABLE 2M Bond lengths (A)

NC1 -C(2) 1.441(3) N(1 -C(10) 1.341(4)
C(2)-N3 1.451(3) N3-C(4) 1.454(3)
N(3)-N(13) 1.369(3) C(4)-N(S) 1.452(3)
N(5)-C(6) 1.445(3) N(S)-?l(16) 1.354(2)
C(6)-N(7) 1.458(3) H(7)-C(a) 1.461(3)
N(7)-N(19) 1.364(3) C(S)-id(9) 1.436(4)
N(i)-C(22) 1.345(4) N(10)-O( 1) 1.239(3)
C(9)-C.22) 1.494(4) N(13)-0(14) 1.239(3)

N(13)-0(15) 1.212(3) N(16)-0(17) 1.225(4)
%,(21 ) -0( 14) 1.200(4) N(19)-0(20) 1.298(3)

N(1')-C(10') 1.341(4) C(21)-N(3') 1.463(4)
-q(3' )-C(4') 1.448(3) N(3')-ti(I1 1.358(3)
C (4') -11(5') 1.*447 (3) N (5 -C (61) 1.*444(3)
N(5')-N(16') 1.358(3) C(6')-N(71) 2.465(3)
N(71)-C(BI) 1.446(3) N(7l)-N(19') 1.361(3)
C(81)-N(9') 1.444(4) N(9')-C(22') 1.334(4)
CC1 0' )-0( 11' ) 1.*240(4) C( 10' )-C( 12' ) 1.*487(4)
N(13' )-0(141 ) 1.229(3) N(1 3' )-0(151) 1.220(3)
.4(161)-0(171) 1.230(3) N(16')-0(131) 1.222(3)
W(9')-0(20') 1.216(3) N(19')-0(21') 1.229(3)
C(22')-0(231) 1.241(4) C(22')-C(24') 1.499(5)

TABLE 3M Bond angles (deg.)

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(4)-N(3)-N(13) 119.1(2) N(3)-C(4)-N(5) 115.7(2)
C(4)-Nt5)-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(8)-N(9) 113.4(2)
C(S)-N(9)-C(22) 122.4(2) N(1)-C(10)-O(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)-O(1 4) 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)
INi()-N(16)-o(IS) 116.8(2) 0(17)-N(16)-0(18) 125.9(2)
N(7)-N( 191-0(20) 116.8(2) N(7)-N(19)-0(21 ) 117.0(2)
0(20)-N(19)-0(21)1 126.2(2) N(9)-C(22)-0(23) 121,4(3)

*N(9)-C(22)-C(24) 115.9(3) 0(23)-C(22)-C(24) 122.7(3)
C(2' )-l( 1' )-C(I 0') 121.9(2) H( ' )-C(2' )-N(3' ) 173.9(2)
C(2')-N(3')-C(4') 123.9(2) C(2')-N(3')-N(13') 118.7(2)
C (4') -?1(3 ') -4(1 3') 11 7,*3(C2) N (3 'I-C (4 ' ) -N(5 ') 11 4.*6(C2)
C(4')-N(S')-C(6') 124.0(2) C(4')-N(5')-NUI6#) 117.9(2)
C(6')-N(5')-N(16*) 117.8(2) N(S')-C(6')-N(70) 114.7(2)

*C(6')-N(7*)-C(81) 124.9(2) C(6')-4(7')-N(i9') 117.8(2)
C(8' i-rC 7' )-N( 19') 117.2(2) N(7' )-C(8' )-M(q' ) 114.5(2)
C(a' )-N(9' )-C(22' 1 121.0(3) N(1 ')-C(10' )-O(1 1') 119.9(3)

N1)-C(1 0' )-C(1 2') 117.4(3) 0(11' )-C(10' )-C(1 2') 122.7(3)
4 (3 ') -N (13' )-0(1 4' ) 1 16.*3 (2 ) NC3 ') -N (1 3' )-0(1 51*) 11 7.*5(C2)
0(14') -N (13') -0(15') 126.2(2) N()-N16)017) 716.6(2)

* H5' -N(6'1-O 18 )118.1(2) 0(17' )-N(16' )-0(i 8') 125. 3(2)
N(7')-4(19')-C(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)
NC9')-C(22')-C(24') 117.0(3) 0(23')-C(22')-C(24') 122.6(3)
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T.ALE 4M Anliot.op. c temperature factors (A- xC )

",.. ..: U.L ;

N(I) 329(l) 47(1) 57(1) -7(1) 16(i) -14(l)
C(2) 48(l) 48(l) 42(1) 3(1) 10(I) -8(,,)
.4( 3) 32(1 ) 41(1 ) 49(1 ) -1(1 ) 9(1 ) -5(1
C(4) 36(li 40(l 39(l ) -3(lI ) 10( I -6(1

N(S) 35(1) 34(l) 36(1 ) I(1 ) 3( ) -3(1)
C() 38( 1) 37( ) 45(1 ) 1(1 1()-

z(7) 50( 1) 40(1 ) 44(l ) -2(1) 15(i) -11 (1)

C(8) 47( 1 ) 43( 1 ) 55( 1 ) -2(1 ) 9( ) -9( )
4 (9) 56( 1 ) 391 1 ) 57( 1 ) -0( 1 ) -12(1

.(10) 47( 1 ) 42( ) 48(I) 1(1) 10( ) -5( )
3 ( 1 ) 6,(I ) 70( ) -10(1 ) 27(1) -14( )

.( 1 59( ) 63( 2) 73( ) -21 ( 2) 1 (1) - ()
N( 13) 3 (1 35( 1) 47( ) -9(1 ) 5(1) -1(I
Q(1 4) 36(l) 78( ) 74(1) -9( 1 ) 15( ) -10(1)

0(15) 52( ) 35( ) 64, ') -2(1 7() 0(1)
4, . (16) 34(l 42(I 1 47( i - 1( ) ( I ): 2(

"(17) 56(l) 44( 1) 52(1) 1 (1 ) 4( ) 6(l)

3(I) 49( 1 56(1 ) 46(1) -4(l) -I ( -10(1)
N(19,1 51 (1) 45(1) 49(1) 3(1) 17( 1) -2( )

0(20) 74( ) 72(1) 51 (1) -15(1) 19( ) -13(1)
0(21) 53( 1) 64( ) 67(1) 12(1) 29(1 -7(1)
- 222 59(2) 42( ) 48(l) -3(1) 12(1) -8(i
0(2) 75() 53(1) 74( ) 5(l) 38( ) -4(1)
C (24) 36(2) 47(2) 63(2) -G(1) '.(2) -(2)

[..[:.N I 5 (I)47( I 60(l ) 4( 1 29(I)--- )

a(2 ) 56(1) 51 (2) 43(1) -1( ) 15(1) Z
-. :.. (! 3') 37(1) 45(1) 51() 2() 14(1) 4(1)

%(4') 39(1) 44(1) 38(1) -4(1) 1.(1) -"(l)
-1 5 ) 41(1) 51(1) 33(1) 0(i, 4(1) -3C )

C (6 ) 36(1) 42( ) 44() -3( 1) 11(1) 4(")

A 7, 46(1) 41(1) 48(1) -3(1 19(1 21 ,

-c(3') 42(1) 49(1) 56( ) 0(1) 1(1 ) 2()

N 9' 46(1) 41(1) 59(1) 1 1) 24 (1) 3(1)

C 1 ' ) 43(1) 43(l) 60(2) 8( 1 14(1) 8(1)
0( 11' ) 59(1) 47(1) 77(1) -2( 1) 36(1) 5(1)

'-3 1 2') 54(2) 44(2) 99(2) 2(2) 18(2) 2(1)

,-, 3') 41(1) 48(1) 57(1) -9( 1) 10(1) 3(1)

4(15' ) 4 1(1) 68( 17(1) 10(1) 27 1) -3(1)
,-. .0( 1 51 61 1) 76(2) -'7( 1 10 1 1)2( 1)

4(17') 49) (1) 40 141 ) 3( ) -2 1

""C(!8' ) 49(1) 57(1) 51(1) -13(12 31) -11(1)

-' N(19,) 50(1 ) 47(1) 42( 1 1(1) 13(1) 13(1

0(20 ) 67(1 ) 52( ) 56(1) -11(1 1 1 I(i)
-CC2 ' 56(1) 58(1) 60(1) 21) 4(1) 7( 1

C ( 22 ) 421, ) 39(1) 35 ( 2) 1 ) 1 6(1 -1 2
0(23,' 53( 1) 68(1) 1:2(2) 21() 52(1) 23t)

S(24 ) 54(2) 46%2 97(22 10(2) 13(2) -1(2

The an- so-:pc -empera'ure fact :r e:cpcnen: akes the form:

h,.. -a& h- U. -k n" -, +- 2, Ilk a, 1) U

a40
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TABLE 5M Hydrogen coordinates (xO ) and temperature factors (A2x10 )

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(12c) 2395 757 -22 77
H(24a) 6289 6510 2192 76
H(24b) 7456 6755 3427 76
H(24c) 5291 6696 3376 76
H(I ) 6635(33) 1357(17) 75(28) 61
H(2'a) 7877 2287 708 59
H(2' b) 9681 1999 219 59
H(4 a) 9153 2737 -2666 48
H(4'z) 10589 2373 -1687 48
H(6'a) 9498 3852 -3004 48
H(6'fb) 10293 4318 -1896 48
H(8'a) 14697 4430 -2741 58
H(8'b) 13267 4779 -1952 58
H(91) 13903(36) 5150(18) -4187(25) 60
H(12d) 5855 394 -977 78
H(12e) 7798 41 -787 78
H(12f) 6970 271 -2133 78
H(24d) 11745 6534 -4249 78
H(24e) 10539 6056 -5170 78
H(24f) 12708 6053 -5139 78

a41



TABLE I n .cOor-n' .a as (~ )and tez-perature facz Crs~

at cm x.aY/b /

0(2) 1. r- (:3 374(8) i ) 77(2)'
C ) -35(1!) 2927(12.) 373(4) (3i0()2085k(9) 2447(9) 1688(-1) L4()(5) "G89)4(9 73(') 46(2)-*N(6) 510(M -422(7) 2362(3) 4'z(2)*0()196 4( 11 -64(g) 3850(4) 5()0() 90(1) 2350(lo) 4210(4) 5 (3)*

NK) :3<) 3663i7) 1184(3) 46(2,)*01T 708(9' 4127i(8) 2570(a' 46(2)*
-(6a -3 i8 -740(7) 2763(3) -53.(2)*0(6aN -3023(7T) -790(7) 1931(3) 66'(2)*0(6b) -2689(8) 01() 3542(3) 73(2)*N(9a) 6 17T ( 8 3855(7)~ 3526(4) 52(2)*0(9a) 73121(7) 4492(M 2790(3) .4(2-0(9Qb) 7564(8) 3%444(7J) 43063 (3) 7t(2)*

' E v~i ist~o±cU defined as one thl rd of' thsj
"za ce 0 f the 0 rt cgona 7s ad U4 ensc

TABLS 2n -ond length ,s (A)

0(2)-'4(3) 1.."57(3) C(3-() 1558
'-1542(8) C()c~) 1.509(7)C (5) -11(6 i.4063(7) 6-C(7) 1.1145(6)N ( 6)-6a) 1.369(M C(T)-3(3) .5 13

4(9)-'(a) 1.67('7) (6a) -0 6a) 1 .2:56
N(6)-(6) .427)N(9a)-0(9a) 1.227"(7)

*TABLZ Bn Ec r. anglZes (deg.)

09 - 2.3(5) 0()02 -C(

c ( : 2 c ( 4 - o ( c ) 1 2 . ( 5 ) 1 3 ) 0 ( 4 ~ c ( o ) 1 7 -2 ( 4 )
*o C(5)-4 6) o7' !21.7(4) C(5-N(6)-N(a) 11.8")

: 17.5(5) O1)N9) -W'(a

0) )-N(0a) -0--b)
9a) i2Z.6(51

a 5



2 3

TABLE 4n Anisotroplc temperature factors (A xl )

atom U 11  U 22  U 33  U 23  U 3  U12

C(1) 46(4) 77(4) 61(4) 27(3) 6(3) 25(4)
0(2) 81(3) 111(4) 54(2) 36(2) 22(2) 46(3)
C(3) 48(4) 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) 54(3) 51(3) 9(3) 14(3) 17(3)
N(6) 32(2) 47(3) 51(3) 10(2) 9(2) 7(2)
C("I) 56(4) 59(4) 60(4) 22(3) 20(3 ) 19(3)
C(8) 50(4) 75(4) 49(3) 11(3) 9(3) 19(3)
N(9) 27(2) 50(3) 59(3) 7(2) 8(2) 9(2)
C(10) 29(3) 43(3) 68(3) 16(3) 10(3) 12(3)
N(6a) 44(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)
O(6b) 66(3) 67(3) 92(3) 9(2) 51(3) 12(2)
N(9a) 36(3) 45(3) 73(3) -4(3) 2(3) 15(2)
0(9a) 40(2) 69(3) 91(3) 14(2) 25(2) 22(2)
O(9b) 54(3) 81(3) 84(3) 2(2) -14(2) 32(3)

The anisotropic temperature factor exponent takes the form:

-2- 2(h2a*2 U +k2b*2U + ... +2hka*b*U1 2 )
11 22 12

TABLE 5n Hydrogen coordinates (x,0 4 ) and temperature factors (A2 xl02 )

atom x/a y/b z/C U
eq

- H(la) -279 4099 998 65
H(lb) -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(7a) 1010 -867 4299 61
H(7b) 3282 -593 3839 61
H(8a) 4009 2550 4831 62
H(8b) 1603 2836 4306 62
H(lOa) 1351 4285 2721 49
H(10b) 3745 5498 2372 49

a43
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TAaLS lp At-cm ccordinates (xl0') and te.-nerature factors (Ax1O)

a tci x/a y//U

N() -2263(3) 1336(2) 278(2) 58(1):
N(2) -2509(3) 2348(3) -639(2) 66(11,
1N(3) -851(4) 3165(3) -682(3) 64(1)*
N(4) 690(2) 2549(2) 242 (1) 47(1)*
C(5) 2961(5) 2972(3) 729(2) 55(I)'
C(6) 3541(5) 1310(4) 1747(2) 53(1)'
N(7) 1359(3) 1089(2) 1729(2) 53(1)*
C(S) -211(3) 1579(2) 794(2) 42(1)*
N(9) 1066(1) -64(2) 2464(2) 57(1)
0(10) -769(3) -645(2) 2258(2) 74(1)2
0(111) 2622(3) -374(2 3224f(2) ()
1N(lx) -1045(11) -62(9) 1682(7) 57(4)
N(2x) 231(11) -746(9) 2648(7) 70(4)
N(3x) 2252(11) -203(9) 2903(7) 115(12)
N(4x) 2267(11) 878(9) 2066(7) 50(3)
C(Sx) 3843(11) 1939(9) 1794(7) 33(16)
C(Sx) 2505(11) 2?34(9) 727(7) 122(17)
' (7:c) 358(11) J998(9) 55(7) 32(4)
C(sx) 296(11) 918(9) 1356(7) 39(3)

* N(9x) -1403(11) 2419(9) -332(7)
C(!Ox) -3111(11) 1722(9) -323(7) 96(7)
0 (!Ix) -1085(11) 3406(9) -985(7) 105(10)

' Equivalent isotropic U defined as one thJ-1 of the
trace of the orthcqcnalised Ui tensor

" b-e 2C 3crd Lenzh .

. ()-cT(8) 1.313(3) N(7k)-,() 1.365(2)
... 3 : ) '-V( ) 1.357(3)

* . I•h .. :_, "() I( () _ .2()

• 22"3.:8 . 02 ) :()-0 (,, -r) .: ()

C I ... . *,* -IT'

. ', ~~ ~ ~ % -:,,)T ? 7(' " )-0( "

*3n2,- 4.43tamces ,and .n" ': :e '3 (7 )-J(r - d e; - r^
.3d/fcnl fr= -. ,- =a -I f=.

( -.(u -(5 . =( ) .( _ -,. 8) n( _ _. (-
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TABLE 4p Anisotropic temperature factors (A\2 Xl0 3 )

a town' U11 U 22 3 3 U 23  U1 1

N(1) 40(l) 65(1) 66(1) -9(1) 2(l) -1(l)
N4(2) 46(l) 86(1) 56(1) -11(1) -10(1) 14(1)
N(3) 56(l) 80(2) 50(1) 8(1) -(1 i) 16(1)
N(4) 42(l) 51(1) 45(1) 3(l)() 2(l)
C(5) 36(1) 68(2) 61(2) 10(1) 111 (1)
C(6) 38(l) 62(2) 54(2) 2(1)l) 0(1)
N(7P 44(1) 56(1) 57(1) 14(l) 4(l) -4(1)
C(8) 40(1) 42(1) 43(1) -2(l) 8(l) 1(1)
N(9) 70(l) 50(1) 53(l) 2(l) 18(1) 4(l)
0(10) 83(1) 67(1) 75(1) 5(l) 26(l) -22(1)
0(11) 86(l) 83(1) 65(1) 24(l) 7(l) 18(1)

The anisotropic temperature factor exponent takes the forri.:

-2 -r 2 h 2a*211 +k2 b*2 U 22+ ... +2hka*bhtl 1
X11 220 120

* ~TABLE 5p- Hydrogen coordinates (x0)and temperature factors(Ax1)

a tom x y zU

H(5a) 3743(32) 2745(27) 117(15) 70
H(5b) 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) 3951(9) 969(7) 70

*H(6bx) 3103(11) 2837(9) 49(7) 7(1

a45



Ser 432/84/2I1 SYN

Revised January 1985

DISTRIBUTION LIST

Dr. R.S. Miller Dr. J. Pastine
Office of Naval Research Naval Sea Systems Command
Code 432P Code 06R
Arlington, VA 22217 Washington, DC 20362
(10 copies)

Dr. A.L. Slafkosky Dr. Henry P. Marshall
Scientific Advisor Dept. 93-50, Bldg 204

Commandant of the Marine Corps Lockheed Missile & Space Co.
Code RD-1 3251 Hanover St.
Washington, DC 20380 Palo Alto, CA 94304

J.HU Applied Physics Laboratory
ATTN: CPI.A (Mr. T.W. Christian) Dr. Ingo W. May
Johns Hopkins Rd. Army Ballistic Research Lab.
Laurel, MD 20707 ARRADCOM

Code DRXBR - IBD
* Aberdeen Proving Ground, MD 2100.

Dr. Kenneth D. Hartman
Hercules Aerospace Division Dr. R. McGuire
Hercules Incorporated Lawrence Livermore Laboratory
Alleghany Ballistic Lab University of California
P.O. Box 210 Code L-324
Washington, DC -21502 Livermore, CA 94550

Mr. Otto K. Heiney P.A. Miller
AFATL-DLJG 736 Leavenworth Street, #6
Elgin AFB, FL 32542 San Francisco, CA 94109

Dr. Merrill K. King Dr. W. Moniz
Atlantic Research Corp. Naval Research Lab.
5390 Cherokee Avenue Code 6120
Alexandria, VA 22312 Washington, DC 20375

Dr. R.L. Lou Dr. K.F. Mueller
Aerojet Strategic Propulsion Co. Naval Surface Weapons Center
Bldg. 05025 - Dept 5400 - MS 167 Code R1I
P.O. Box 15699C White Oak
Sacramenta, CA 95813 Silver Spring, MD 20910

Dr. R. Olsen Prof. M. Nicol
Aerojet Strategic Propulsion Co. Dept. of Chemistry & Biochemistry
Bldg. 05025 - Dept 540) - MS 167 University of California
P.O. Box 15699C Los Angeles, CA 90024
Sacramento, CA 95813

p".

N * ,o. *



.. Ser 42^..814/-1.1 T.71

Rev-lsed Januar7 1,8

I. .:,(SYN)

DISTRI3tTION LIST

Mr. L. Roslund
Dr. Randy Peters av.al Sr'ace Wecs Canter
Aercjet Strategiz ?r:ulsion Co. Code RIOC
Bldg. 05025 - Dept 5 &C0 - :S 167 'hi:e Oak, Silver Spring, M 209
P.O. 3ox i5699C
Sacramento, CA 95813 Dr. David C. Sayles

3allio:ic Missile Defense
Dr. D. HMann Advanced Technolocy Center
U.S. A-my Researzh .?.0. Box .1C0
Zineerin Division auntsvi.e, AL ---07

Box 12211
Research Triangle Park, NC ., 7709-ZZ I

Mr. R. Geisler Director
AT N: DY/.S-Zi4 US Amy Bealist: Research Lab.
-L AT_'N : D~X-R-D

Edwards .7"3, CA 9352-1 Aberdeen Prcvin; Grcund, M 2C .5

Cc=and er
Naval Air Systems Co-And US Ar--v M±ssile Co=m-and
A'.W. : Mr. Bert-ram P. Sobers AN: DRSMI-.

NAVAIR-320G Walter W. ;Thar.cn
Jefferson Plaza 1, RM 472 Redstone Arsenal, A. 35393
Washing.cn, DC 2C261

T. Yee
R.B. Steele Naval 7eapcas Cantar.Tara ?r-eapons Co.~

Aerojet Stratag. Propuis~cn Co. Code 3255
P.O. Box 13699C Chr.a Lake, CA 93555
Sacramento, CA 953.1-

Dr. E. ZiMet
Mr. . Stosz Office of Niaval Technology
Naval Surface Weapons Cen:er Code 071

Code R0B Arlington, A "
W.-.'i; t Oak
Sil.er SDr&'., M 20910 Dr. Ronald L. ert

Naval Weapons Center
-Mr. E.S. Suttcn Code 1.9

3 k o I Carrra zfon Cnna Lake, CA ....
Elkton "ivision
..O. 3cx 241 T. Bog's
0r -:on, MD Naval Weapons Canter

Code 389

Dr. Gran: Thcmzson China Lakz. CA 93 35
Mcrt:zn Thickcl, 1zc.
Wasatch D!'7isicn Lee C. 'stabrcok, ?.!r
MS 2-0 P.O. Bcx 5-1- Mortoa Thiokol, :nc.

S 3zi-ha= Ci:-, U7 34ZCZ P.O. Box 3C058
.hrve-crt, A -130

"., " - " - " - " .- " " ' ; ' " " ' ' ' -.4,'. - . . . . '-.- - " '. ' X . . % " -. '. ' -.- .. -. ' . . . . , . -



Ser 432/34/212
Revised January 1985

.(SYN)

DISTRIBUTION LIST

Dr. G. Neece Dr. Andrew C. Victcr
Office of Naval Research Naval Weapons Center
Code 413 Code 3208
Arlington, VA 22217 China Lake, CA 93555

Mr. C.M. Havlik Dr. J.C. Hinshaw
0/83-10, B/157-3W Morton Thiokol Inc.
Lockheed Missiles & Space Co., Inc. P.O. Box 52 4
P.O. Box 504 Mail Stop 240
Sunnvale, CA 94086 Brigham City, Utah 84302

Dr. Philip Howe Dr. V.J. Keenan
Ballistic Research Labatory Anal-Syn Lab. Inc.
Code DRXBR-TBD P.O. Box 547
Aberdeen Proving Ground, MD 21005 Paoli, PA 19301

Prof. C. Sue Kim G.E Manser
Department of Chemistry Morton Thiokol
California State University, Sacramento Wasatch Division
Sacramento, California 95819 P.O. Box 524

Brigham City, Utah 84302

Mr. J. Moniz P. Politzer
Naval Ordnance Station Chemistry Departnent
Code 5253L Universicy of New Orleans
Indian Head, MD 2064') New Orleans, Louisiana 70148

Dr. R. Reed Jr. Mr. David Siegel
Naval Weapons Center Office of Naval Research
Code 38904 Code 253
China Lake, CA 93555 Arlington, VA 22217

L.H. Sperling Dr. Rodney L. Willer
Materials Research Center #32 Morton Thiokol, Inc.
Lehigh University P.O. Box 241
Bethlehem, PA 18015 Elkton, MD 21921

Dr. Kurt Baum Dr. R. Atkins
Fluorcchem, Inc. Naval Weapons Center
680 South Ayon Ave. Code 3852
Azusa, CA 91702 China Lake, CA 93555

.

0%

. . . . . .



c'~s: f-. c.::s Mor:on Th::-kcl, 7,-c.

7-ns , -1 -, -.- ~ ., 1 2 7 7 C

Dr. C. Coc-,

Dr. 3. David Hl -a- . Dr. R. Ga~
?ol:.scierces, Nh.ava- Resear=" labcr-to:-

:a";zr.m F a Park Code 6030
7-3,?~I974, 1ashingto, :C :2273

De~artmzn: o0C-, .::

Newark, e.awar-2~:

Dr. A.. De~usco

m ~a Laka A~

-- n :. -

*-'-..--

12

.-4 A



Ser 432/84/211 SYN
Revised January 1985

(SYN)
DISTRIBUTION LIST

Mr. J. Consaga Dr. L.H. Caveny
Naval Surface WeaponCenter Air Force Office of Scientific
Code R-16 Research
Indian Head, MD 20640 Directorate of Aerospace Sciences

Bolling Air Force Base
Naval Sea Systems Command Washington, DC 20332
ATTN: Mr. Charles M. Christensen

NAVSEA62R2 W.G. Roger
Crystal Plaza, Bldg. 6, Rm 806 Code 5253
Washington, DC 20362 Naval Ordance Station

Indian Head, 11D 20640

Mr. R. Beauregard Dr. Donald L. Bell
Naval Sea Systems Command Air Force Office of Scienrific
SEA 64E Research
Washington, DC 20362 Directorate of Chemical &

Atmospheric Sciences
Bolling Air Force Base
Washington, DC 20332

Dr. Anthony J. Matuszko Dr. H.G. Adolph
Air Force Office of Scientific Research Naval Surface Weapons Center
Directorate of Chemical & Atmospheric Code RI1

Sciences White Oak
Boiling Air Force Base Silver Spring, M 20910
Washington, DC 20332

Dr. Michael Chaykovsky U.S. Army Research Office
Naval Surface Weapons Center Chemical & Biological Sciences
Code R11 Division
White Oak P.O. Box 12211
Silver Spring, MD 20910 Research Triangle Park, NC 27709

J.J. Rocchio
USA Ballistic Research Lab. G. Butcher
Aberdeen Proving Ground, MD 21005-5066 Hercules, Inc.

MS X2H
G.A. Zimerman P.O. Box 93
Aerojet Tactical Systems Magna, Utah 84044
P.O. Box 13400
Sacramento, CA 95813 W. Waesche

Atlantic Research Corp.
*. B. Swanson 7511 Wellington Road

INC-4 MS C-346 Gainesville, VA 22063
Los Alamos National Laboratory

*- Los Alamos, NM 87545



*-0164 913 STRUCTURAL CHEMISTRY OF ENERGETIC COMPOUNDS(U) OFFICE 2/2
'OF NAVAL RESEARCH ARLINGTON VA R GILARDI ET AL.

I UNCLASSIFIED '0 C 5F/G 7/4 NL

SEu..



"~~~. LnI, _- 111,. L65
I

LI.

11111_.5 ~ l

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU Of STANDARDS 1963-A

4

ii.



Ser 422Z/E4/Z.'. 57:'T

Revised januar,? 1985

0N
(SYN)

DiS72:3UTT-ON UTS7

Dr. 'ames T. Br~ant Dr. john S. Wilk~s, :r.
Naval Weanons Center
Code 3Z053 USAF Academy, CC 80840
China Lake, CA 93555

Dr. L. Rothstein Dr. H. Rosenwasser
Assistant Director Naval Air Systems Co~and
Naval Zx-zlosives Dev. Z=-%neer4 g Dept. AIR-1201R
Nava! Weapons Station Washington, DC 20261
Yorktown, VA 2-691

Dr. M*.J. Kam.er Dr. A. Nielsen
Nava' Surface Weapons 'Canter Naval. Weapons Center
Ccde Rul Code 385
1White Oak, Silver Spring, 1,0 2C910 C' i za L ake, CA 9

ZDr. Her:r Uebstar, IT Dr. Joyce j. 3aufnan
Manager, Chemical Sciences Branch The :ohns Hopkins Uuiver54t-
A=: Code 5;063 Department of Chie=nis:z
Crane, ZN 4 7 522 IBaltimore, IM 22l-13

Dr. R.S. Valentini Dr. J.R. West
United Technologies Chenical Systems Morton TIhiokol, TInc.
P.O. -C-. 540015 P.O. Bc:- 300518
San Jose, CA 95i50-0015 Shreveport, LA 711230

Adinistrativ;e Contracting Director
Officer (see contract for Naval Research Laborato.-
address) Attn: Code 2627

(1 copyv) Washingon., ZC 203714
(6 copies)

Defe-nse Technical. 1fcrnat~cn Center
Bldg. 5, Cameron Station Dr. Robert j. Schmitt
_Uexancria, VA 2:21: SRI ;.ntational
(12 copies) 333 Ravenswood Avenue

Menlo Park, CA 94025

JArrnad jurnas: Dr. Michae. D. Coburr
Code DRD-AR1-1D Los A2.amos National Lab
Ballistic Research L-ab M-1, E:xplosives :echnolocg7
Aberdeen, 1., V10 Mail Stop, C9_

Los Alamos, NX. 3 75 211
Mr. C. Gotzm=er
Naval Surface Weavcrns Center

* Code R-11
!,rhite Oak

4Silver Zprizg, n 209 1 0

Ih



Ser 432/84/211 SYN
Revised January 1985

-' DISTRIBUTION LIST

Dr. R.F. Walker
Chief, Energetic Mate;ials Division Dr. D.D. Dillehay
DRSMC-LCE (D), B-3022 Morton Thiokol, Inc.
USA ARDC Longhorn Division
Dover, NJ 07801 Marshall, TX 75670

Dr. Janet Wall G.T. Bowman
Code 012 Atlantic Research Corp.

- Director, Research Administration 7511 Wellington Road
Naval Postgraduate School Gainesville, VA 22065
Monterey, CA 93943

R.E. Shenton Brian Wheatley
Atlantic Research Corp. Atlantic Research Corp.I '4N

7511 Wellington Road 7511 Wellington Road
Gainesville, VA 22065 Gainesville, VA 22065

'Mike Barnes Mr. G. Edwards
Atlantic Research Corp. Naval Sea Systems Command
7511 Wellington Road Code 62R32
Gainesville, VA 22065 Washington, DC 20362

Dr. Lionel Dickinson C. Dickinson
Naval Explosive Ordinance Naval Surface Weapons Center
Disposal Tech. Center White Oak, Code R-13

- *Code D Silver Spring, MD 20910
Indian Head, MD 20340

Prof. J.T. Dickinson Prof. John Deutch
Washington State University MIT
Dept. of Physics 4 Department of Chemistry

,.Pullman, WA 99164-2814 Cambridge, MA 02139

M.H. Miles Dr. E.H. deButts
Dept. of Physics Hercules Aerospace Co.
Washington State University P.O. Box 27408
Pullman, WA 99164-2814 Salt Lake City, UT 84127

Dr. T.F. Davidson David A. Flanigan
Vice President, Technical Director, Advanced Technology
Morton Thiokol, Inc. Morton Thiokol, Inc.
Aerospace Group Aerospace Group
110 North Wacker Drive 110 North Wacker Drive
Chicago, IL 60606 Chicago, IL 60606

-- I



IIC

..' C. -


