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and propellant ingredients, which may be satisfied by developing new high nitrogen
maiterials. This report documents research towards the synthesis of polyaminopoly-
nitropyridine-1-oxides and dibenzo-1,32,4,6a-tetraazapentalenes.

This interim report covers work supported by the Office of Naval Research and
pe-formed over the peniod of October 1992 through February 1994. This report has been
reviewed for technical accuracy by Richard A. Hollins.

Approved by Under authority of
R. L. DERR, Heau D. B. McKINNEY
Research Department RAdm., U.S. Navy
20 September 1994 Commandei

Released for publication by
S. HAALLAND
Deputy Commander for Research and Development

NAWCWPNS Technical Publication 8211

Published by v Technical Information Department
COLBUIN weereevreerre e ererteseeateesareenateerearear e te e s nToranteaneraera e aearbeasserasas Cover, 22 leaves

FIFSEPFINING . oviviiiriresinresniinaniesss e st saisssisessss b ssesssssrcanstssssssssasssaess 110 copies




REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reporting burden for this colisction of aRGITIEIDN I CATMALAd 10 SVErage 1 hou! Pér FeenONee, INCIUTING the 1hMe 11 reviewing iNBtniCtions, seasuiing exising dassacasth

muinteining tha data nesded, ans complating andt reviewing the colection of informagion. Sard commans regarding this burde. st or any othes aspect of this colaviion of Infom wsion,

Inchuding sugguttions fof reducing this burvien, 10 Wakhington Headquariers Sarvioss, Di lor Information Operations and Reporis, 1215 Jefleson Davic Highwaty, Sulle 1204, Atingron,

VA 22074302, and 1o the Offios of Managemant ari Budget, Faparwork Reduciion Project (0704-0188), Washingion, OC 20503,

1. AGENCY USE ONLY  (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
September 1994 Progress, Oct 92-Feb 94

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

High Nitrogen Explosives. Part 1. 2,6-Dinitropyridines and PE 61153N

| Dibenzo-1.33.4.6a-Tetraazapenta'enes Project R2402, R2502
6. AUTHCRS Task R2402, R2502
. . - . . —_ Wi it 11357

Robin A. Nissan, William S. Wilson, and Richard D. Gilardi Vork Unit 113570

7. PERFORMING QRGANIZATION NAME(S) AND ACDRESS(ES) 8. PERFORMING ORGANIZATION

Naval Air Warfare Center Weapons Division REPORT NUMBER

China Lake, CA 93555-6001 NAWCWRPNS TP 8211

9. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

Cffice of Naval Research AGENCY REPORT NUMBER

800 North Quincy
Arlington, VA 22207-5660

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION /AVAILABILITY STATEMENT ) 12t DISTRIBUTION COBE

A Statement; public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

(U) High nitrogen materials are sought as potential dense powerful but insensitive explosive and
propellant ingredients. Progress towards the synthesis of 3,5-diamino-2,4,6-trinitropyridine-1-oxide
is described. Also described is recent research to elucidate the chiemistry of 2,4,8,10-tetranitrc-
dibenzo-1,3a.4.6a-tetraazapenialene (TACOT), which will enable the development of new energetic
mateiials based on this ring system.

14, SUBJECT TERMS 7 15. NUMBER OF PAGES
42
Explosives, Synthesis, Sensitivity, Stability, Performance 16. PRICE CODE
17 SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. UMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED uL

Standard Foim 298 (Rav. 2-89)

NSN 7540-01-280 5500 Frescribed by ANSI Sud. 239-18
208-102




UNCLASSIFIED
SECURITY CLASSIFIGATION OF THIS PAGE (When Data Entered)

-

Starde. d Fo 208 1. <X (Paev. 2-89) SECURITY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED




NAWCWPNS 7P 8211
CONTENTS

ENEFOAUTHON ... ettt ercrereseessessesessnesenes sossmsesasssneeronessmessseseseenssnsensnnsersressssesnse

Results and DISCUSSION .....ccoivevevveerernnsieriecn e, et erere et aare s s ereraarsanens
Polyaminopaly nitropyriding-1-0xides .......... cceeirons e reennceees eevveeas
Dibenzo-1,3a,4,6a-1etraazapentalenes ........c.ccvveeeveeeenneeer e cecnveenne

Conclusions and ReCOMMENAAIONS ..o e eseessesesses e e eesssseeeaes

Expernmental Section ........cccoevevevecrnvenneneneee e bt saeaena e
3,5-Dichloropyriding-1-0Xide (8) .....ccccv i evrirrirnereerrereere e sreresseseenons
3,5-Dimethoxypyriding-1-0Xide (9) ..cvevevvenineeseeeese e ereeeeseevesseseeee
3,5-Dimethoxypyrding (10) ....cccvieveeecerrieeeereereereeercvereer et er et e eene e
3,5-Dimethoxy-2-Nitropyriding (11) c...cececeeeeereiree e ee e e eeeene
3,5 Dimethoxy-2,6-dinitropyriding (12) .....cceeceeeeieeeee e e eeeeeeens
3,5-Dimethoxy-2-nitropyriding-1-0xide (13) .....cccereireviririeireeseeereerere oo
3 5- D|methoxy -2,6- dlmtmpyndune -1-oxide (14) .........................................
'% 5- Dmmmo 2 6- dmltropyndme (16) ............................................................
2-Amino-3,5-dimethoxy-s-nitropyridine-1 -0xXide (17) oo,
0ibenzn-1,34,4,6a-tetraazapentalene (23) .......cccoveveecreeeievvevereereer e,
Nitraticn of Dibenzo-1,3a,4,8a-tetraazapentalene (23) .....oocovrveeerreevnnenne
2,8-Diazido-4,10-dinitrodibenzo-1,33,4,6a-

tetraazapentalene (31) (Reference 17) ....ccvevervvveeervieeece e,
2,8-Bis(Triphenylphosphinimino)-4,10-dinitrodibenzo-

1,3a,4,6a-tetraazapentalene (32) ..coveveerevivccnene eeererueaeaeeresaeesas
2-(2'-Amino-3',£'-dinitrophenyl)-7-methoxy-4,6-

dinitrobenzotfiazole (33) -....cvvveeeeeie et e et

Single-Crystal X-Ray Diffraction Analysis ot 2-(2'- Ammo -3'5'-

dinitrophenyl)-7-methoxy-4,6-dinitrobenzetriazole (33)..........

2-(2‘-Amino-3',5’-dinitrophenyi)-7-amino-4,6-

dintrobenzotriazole (35) ......cccvvveveiieriee et e e eres e s e e
2-(2'-Amino-3',5'-dinitrophenyl)-7-nitrofuroxano-

[4,5-e]benzotriazole (36) .........ceeveevenn. BECRSIAN LA e e

NTIS CRA&I i
REf@IENCES ettt e veverssesserasceressssensanesan o RV T O TS LITTTTTTTRINss: d IOPUORINS PP

) Unannoun.ced L
Appendlx ................................................................ R T Y Ny L1171 1 T T T T T TVT U RRRRTORs N

b—————e

By _. e
D1, tul: rhor l

‘
e e e e e ——

1 Fa lull! P |

/1 jant T |




MAWCWPNS TP 8211

INTRODUCTION

The Navy's ongoing requirement for explosives and propellants of
superior performance to enable missile systems to defeat ever more demanding
targets, at longer and longer range, is self-evident. This requirement has led to
a number of productive programs to devise and synthesize new dense
energetic ingredients with enhanced performance as explosives or propellant
oxidizers. Notable among these are hexanitrobenzene, CL-20, tetranitro-
cubane and, more recently, ammonium dinitramide. This requirernent also led
to the development of new energetic polymers, which have been used as
binders for both explosive and propellant formulations (Reference 1).

Equally apparent is the simultaneous need for more insensitive
explosives and propeliants to decrzase the hazards for, and increase the
reliability of, both pe.sonnel and equipment in an increasingly hostile
environment, but without impairing the performance of the weapone systems,
Principal among the inadvertent stimuli to which an item of ordnance may Le
cubjected during manufacture, handling, storage, transport, testing, use, and
disposal are vatrious leveis ot heat, impact, friction, electrostatic discharge and
shock, and any combination thereof. The Insensitive Munitions Advanced
Development (IMAD) program has addressed this difficult problem; but has
largely been restricted to manipulation of formulations using existing proven
ingredients and to engineering solutions specific to the particular weapon
system in question. The overriding philosophy is to ensure that the weapon
"fails safe.” Such approaches must be self-limiting, and there is, therefore, a
need for new insensitive ingredients, particularly those which ¢an endure
environmental abuse and still function as required at the target. One specific
requirement for use in deformable or penetration warheads is a dense
explosive matching the explosive performance of cyclotrimethylenetrinitramine
(RDX) with the stability and insensitivity of 1,3,5-triamino-2,4,6-trinitrobenzene
(TATEE). Gnecilically, a material is required which combines the detonation
valocity and pressure of RDX with the chemical stability and explosive
insensitivity of TATS.
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NO, NO,
rN \| H,N NH,
N N. 0
O,N7 ™"TNO, O,N NO,
NH,
RDX TATB
Density 1.80 (1.83) g/cm® Density 1.78 (1.93) g/cm®
VofD 8940 rvs VoID 7860 nvs
Pcy 378 kbar Pcy 277 kbar
m.p. 204°C m.p. 350°C
hsoe, 22-24 ¢ 10710 NF @ 230 cm

(The detonation parameters given above are those calculated using the
empirical predictive formula of Rothstein and Petersen (Reference 2), while the
censities are those calculated using the group additivity method of Holden
(Reference 3); neither of which takes into consideration factors such as
isomerism, molecular shape, and hydrogen bonding. The much higher
measured densily (in parentnesis) of TATB is a consequence of extensive
intramolecular and intermolecular hydrogen bonding in that molecule, which is
also responsible for its remarkable stability and insensitivity.)

" m -~

Such a material must also be tractable, allowing manipulation of
crystelline morphology and size, and should be amenable fo production at a
viable cost. The very fact that such materials have not yet been developed
attests that this is no trivial goal. The approach taken in this project is to start
with the inherent stability associated with an aromatic azaheterocyclic ring
system, and to combine this with the alternating nitro and amino groups which
confer stability and insensitivity onto TATB and 1,3-diainino-2.4,6-trinitro-
benzene (DATB). Where appropriate, the oxygen balance and, therefore
presumably, the explosive performance are to be enhanced by the inclusion of
the N-oxide functionality.

RESULTS AND DISCUSSION

POLYAMINOPOLYNITROPYRIDINE-1-CXIDES

Following this approach, two compounds which immediately come to
mind are 2,4,6-triamino-3,5-dinitropyridine-1-oxide, and 3,5-diamino-2,4,6-
trinitropyridine-1-oxide, whose predicted densities and detonation parameters

4
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are given below. If the stability and insensitivity of these materials live up to
expectations, then 2,5-diamino-4,6-dinitropyrimidine-1,3-dioxide might be
considered, with predicted explosive properties which truly match those of RDX.

. NH;
NO,
ﬁ r‘\/[ Y -
NH,
O O
»

Density 1.81 g/om® Density 1.90 g/em® Density 1.92 g/em?®

VotD 8010 nvs VofD 8650 m/s VoD 8930 nvs

P¢) 291 kbar Pcy 351 kbar Pcy 377 kbar

(As an aside, it should also be noted that these materials may be
potential synthons for the very energetic pentanitropyridine and its N-oxide,
whose predicted parameters are also listed below.)

NO, NO,
02N \ N02 02N \ NOz
g w
O,N" "NT TNO ON" "N™ "NO;
0]
Density 1.95 g/cm® Densily 2.07 g/lem®
VofD 9290 mvs VofD 9050 nvs
Poa 411 kbar Pc. 388 khar

There is some precedent for this type of explosive material. Ritter and
Licht prepared 2,4,6-trinitropyridine-1-oxide (Reference 4), but found it to be like
pentaerythritol tetranitrate (PETN) in its sensitivily. Pagoria prepared 2,6-
diamino-3,5-dinitropyrazine-1-oxide (Refrrence 5), but found a drop height of
70 centimeters (cm). Coburn prepared 3,6-diamino-1,2,4,5-tetrazine-1,4-
dioxide (LAX-112} (Reference 6) and found that it exceeds TATB and 3-nitro-
1,2,4-triazole-5-one (NTO) in performance, but does not match RDX. The
experimental densities are given in parentheses; note the higher than predicted
densities (calculated from X-ray data) for the latter two compounds, attributed to
hydrogen bonding between the amine functionalities and the adjacent N-oxide
moieties.
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NO2 N H2
O.N N NO
I \ 2 I ..I 2 N =N N,O
il :
Z = N N
O.N” N7 TNO, HNT N TNH 07
i
@) C NH,
Density 1.86 (1.86) g/cm® Density 1.84 (1.91) gicm® Density 1.81 (1.86) g/em®
VoiD 8370 mv's VofD 8730 nvs VoID 8780 nvs
PETN-like hsoe, 70 €M hege, 179 cm

In a related program (Reference 7) it was shown that 2- and 4-amino-
pyridine could be nitrated in the 3- and/or 5-positions using mixtures of nitric
and sulfuric acids. The reactions proceeded throcugh a nitramine, which then
underwent rearrangement to an aminonitropyridine, which could in turn be
converted to the next nitramine and finally rearranged to 2- or 4-amino-3,5-
dinitropyridine. The sequence could be carried out stepwise, with each

intermediate being isolated in turn, or it could be performed as a concerted one-
not reaction without isolation of any of the intarmediates. As an extension of this
work, we found that 2,6-diaminopyridine (1) could also be nitrated using mixed
nitric and sulfuric acids, first at 5°C and then at 65°C, to give 2,6-diamino-3,5-
dinitropyridine (2). The product was always accompanied by 6-amino-3,5-
dinitropyridone-2 (3), which is believed to be formed by hydrolysis of one of the
presumed intermediate nitramines. The side-reaction can probably be avoided
by using 100% nitric acid, but the contaminant may be removed as the sodium
salt by extraction with boiling water. Oxidation of (2) with 30% hydrogen
peroxide in acetic acid under reflux affords 2,6-diamino-3,5-dinitropyridine-1-
oxide (4) in good yield.

[op]
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N O,N - N0 O,N - NO2
i — | + |
- 2

H,NT N TNH, HNT TN T NH, HNT N7 V0
H
(1) (2) (3)
0N A~ NO2

=
H,NT N7 TNH,

(4)

The N-oxide (4) was also prepared by Licht and Wanders (Reference 8),
who noted its high melting pcint (greater than 340°C) and measured a density
of 1.84 grams/cubic centimeter (g/cm3) by gas pycnometry and a drop weight
impact sensitivity comparable with that of 2,4,6-trinitrotoluena (TNT). We found
a density of 1.90 g/cm3 (also by gas pycnometry), and were unable to initiate
the material in a simple hammer/anvil screening test. These latter results were
indicative of the extensive intramolecular hydrogen bornding sought in an
insensitive energetic material. The predicted detonation velocity and pressure
(7840 meters/second (m/s) and 275 kilobars (kbar)) do not match the
performance desired and anticipated in the target compounds, but they do
malcii ihose foi TATB. ruiiher, 4 may be recrysiaiiized from severai soivenis
(acetic acid, dioxane, dimethylformamide, N-methyl-2-pyrrolidinone), giving
promise that the particle size and shape might be tailored more easily than
TATB to meet a formulator's requirements. In addition, the cost of 2,6-
diaminopyridine (1) is comparable with that of 1,3,5-trichlorobenzene from
which TATB is prepared, indicating that manufacture of 4 may be a viable
commercial possibility.

More recently, crystals suitable for X-ray analysis have been prepared by
slow transfusion of dichloromethane into a solution of 4 in N-methyl-2-
pyrrolidinone. Single crystal X-ray structure analysis was carried out at the
Nava! Research Laboratory (NRL), Washington, D.C., from which a crystal
density of 1.878 g/cm3 was determined, in excelient agreement with our gas
pycnormetry value. Further, the X-ray structure showed the expected extensive

7




NAWCWPNS TP 8211

hydrogen bonding, both intermoiecular and intramolecular. The molecule is
planar, with extended hydrogen bonding between the amine protons and both
the adjacent nitro group and the N-oxide. The molecules are assembled head-
to-tail in ribbong, the ribbons are assembled in sheets, and the sheets are
stacked in a three dimensiconal array resembling that of TATB. However, the
crystals are formed as flattened octahedra rather than as undesirable plates.
The compound is insensitive to impact (10/10 no fires at 200 cm) and to friction
(10/10 no fires at 100 pounds (Ib)), and indistinguishable from TATB. There are
some indications of slight electrostatic sensitivity, which can, however, be
aveided by recrystallization. Initial formulation and performance
characterization is currently in progress (Reference 7).

(Efforts have been made at the University of Maryland to predict the
density of 2,6-diamino-3,5-dinitropyridine-1-oxide (4) using their density search
program (Reference 9). Calculations based on the PM3 semi-empirical
molecular orbital optimizations led to a predicted density of 1.841 g/cm™3;
calculations based on the molecular geometries optimized using the ab initio
Gaussian 92 program (3-21g basis set), which better models strong hydrogen
bonding, led to a predicted density of 1.860 g/cm=3, within 1% of the value
determined by X-ray crystailography.)

Nitration of 3-aminopyridine (5) did not proceed so smoothly; even under
miid conditions the reaciion "took oii," and the produci isolaied was 3-hyaroxy-
2-niiropyridine (€). Presumably 6 was formed via facile acid hydrolysis of a
3-nitraminopyridine, and direct nitration of 3-aminopyridines does not appear to
be a viable method for synthesis of 3,5-diamino-2,4,6-trinitropyridines.

GNHNOZ I x OH
=

However, a review article by Katritzky (Reference 10) indicated that
3,5-dimethoxypyridine and its N-oxide could be nitrated in mixed acid,
suggesting an alternative approach to 3,5-diamino-2,6-dinitropyridine-1-oxide,
and also to 3,5-diamino-2,4,6-trinitropyridine-1-oxide, one of the target
molecules. The former compound would be isomeric with 2,6-diamino-2,5-
dinitropyridineg-1-oxide (4) described above, but would not have the possibility
of intramolecular hydrogen bonding between the amine protons and the
N-oxide.

"Q

—

—
—
N
S

3,5-Dichloropyridine (7) may be transformed into the N-oxide (8) in a
routine fashion (Reference 11}, by treatment with 30% aqueous hydrogen

8
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peroxide in acetic acid at 70°C, and thence to 3,5-dimethaoxypyridine-1-oxide
(9) by reaction with sodiurn methoxide in methano!l under reflux (Referernice 12).
3,5-Dimethoxypytidine (10) cannoi be prepared directly from (7) under these
conditions, but can be prepared by hydrogenation of (9) in ethanol using 5%
palladium on charcoal as catalyst.

Cl \CI Ci \CI
J — T
N y

0O
(7) (8)

f

& &
LJ = (J
|
@)
(10) (9)

Nitration of 3,5-dimethoxypyridine (10) for 10 minutes (min) using a
mixture of 96% suifuric acid and 90% nitric acid at 0°C gave a 89% vyield of
3,5-dimethoxy-2-nitropyridine (11); nitration of 10 for 22 hours (h) using a
mixture of 96% sulfuric acid and 70% nitric acid at 40°C gave 3 5-dimethaxy-
2,6-dinitropyridine (12) in 26% yield (Reference 12). Nitration of 3,5-dimethoxy-
pyridine-1-oxide (9) for 2 h using a mixture of 9€% sulfuric acid and 70% nitric
acid at ambient temperature gave a 93% yield of 3,5-dimethoxy-2-nitropyridine-
1-oxide (13); carrying out the reaction for 4 h at 90°C gave 3,5-dimethoxy-2,6-
dinitropyridine-1-oxide (14) in 43% yield (Reference 13).
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CH,;0 OCH,4 CH30 OCH3 CH30 Ay ~OCHs
)y — U pe

NT T NO,
(10) (11) (12)
CHIO A ~OCHs CH3O. - -OCHs CHz0 - OCHs
| — | — | |
& z Z
N NTTNOp 0T N TNO,
|
O 0O 0]
(9) (13) (14)

Ammonolysis of 3,5-dimethoxy-2,6-dinitropyridine (12) for 3 days using
ethanolic ammonia under reflux gave 3-amino-5-methoxy-2,6-dinitropyridine
{15) in quantitative yield. Further ammonolysis under more forcing conditions,
using saturated ethanolic ammonia seaied in a Carius tube and heated for
5 days in an oven at 100°C, gave 3,5-diamin0-2,6-dinitropyridine (16) isolated
in 75% overall yield. However, ammonolysis of 3,5-dimethoxy-2,6-
dinitropyridine-1-oxide (14) under a variety of conditions, from ambient
temperature to 100°C, gave 2-amino-3,5-dimethoxy-6-nitropyridine-1-oxide
(17), rather than the desired 3,5-diamino-2,6-dinitropyridine-1-oxide (18).
Thus, stirring 14 in saturated ethanolic ammonia at ambient temperature for
1 week gave 17 in 78% yield. Ciearly the N-oxide moiety is sufficiently
electron-withdrawing that it activates the adjacent nitro group to nucleophilic
displacement, and reaction takes place preferentially at the 2-positicn. This
unexpected and undesired nucleophilic displacement of an aromatic nitro

| W e Al 1irdina IDAfAvAnnAn 44
SIUUP IlC\D UGUII UUOUIVUU III OUVCIGI PIUVIUUO atuuscu \l IUICIUIIUU l‘f,
CHIO A OCHs  CHO A NHz  HaN N2
| - T 1 - ]
= o P~
O,N N NO, O,N N NO, O,N N NO,
(12) (15) (16)
10
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O O O

(18) (14) (17)

It seems reasonable that the N-oxide (18) should be accessible by
oxidation of 3,5-diamino-2,6-dinitropyridine (1¢). However, 16 was recovered
unchanged after being heated with 30% hydrogen peroxide in acetic acid under
reflux, or after stirring with 30% hydrogen peroxide in trifluoroacetic acid at
ambient temperature. Heating 16 with 30% hydrogen peroxide in trifluoro-
acetic acid under reflux simply resulted in decomposition. Alternative oxidizing
agents will be evaluated for this conversion.

H,N N HeN L
| — |
& &
O.N" N7 TNO, ONT NT TNO,
O
(16) (18)

DIBENZO-1,3a,4,6a-TEYRAAZAPENTALENES

The parent dibenzo-1,3a,4,6a-tetraazapentalene (23) was prepared in
good yield by thermolysis of 2,2'-diazidoazobenzene (21) (Reference 15). (23
has also been described as 5,11-dehydro-5H,11H-benzotriazolo[2,1-a]benzo-
triazole, but the trivial pentalene terminology is used here.) Treatment of
o-phenylenediamine (19) with lead dioxide in benzene under reflux gave
2,2'-diaminoazobenzene (20), which was doubly diazotized and treated with
excess sodium azide to give 21. Thermolysis of 21 in benzene under retiux
afforded 2-(2'-azidophenyl)-2H-benzotriazole (22); thermolysis of 21 or 22 in
decalin at 180°C resulted in smooth conversion to 23.
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NH2 (*\ N3
|

S N2 N 2N
i —_— ! > v
S
H,N / N, &
(19) (20) (21)
o ~ CT
- N
— N—(— — ’
QN, \>_/> N\ ‘
N
Na
(22) (23)

1o

238°C), and is thermally very stable, being sublimabie at atmcspheric pressure
without sign of decomposition. It is planar, and shows no detectable dipole
moment or signs of isomerization, and as such seems an admirable skeletal
system on which to base a thermally stable energetic material. Indeed, nitration
of 23 easily afforded 2,4,8,10-tetranitrodibenzo-1,3a,4,6a-tetraazapentalens
(24) in good yield (Reference 16). This is also a very stable material thermally,
with a melting point of 410°C (dec), which also shows no sign of isomerization,
particularly with the valence-isoaeric 1,2,5,6-ietragzagyciogctajetraene
structure; nonetheless, 24 has been endowed with the sobriquet TACOT.

NO,
N\ Ry N\
\N N 2 \N .
NO,

(23) (24)

12
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TACOT has a predicted density of 1.82 g/cm?, matched by a measured
crystal density of 1.85 g/cm3. This property, coupled with its extraordinary
thermal stability and insensitivity, has led to TACOT being used as a high
temperature explosive, despite its rather unexceptional performance {velocity of
detonation 7060 m/s, and detonation pressure 203 kbar). The intention was,
then, to augment the performarce of TACOT by further substitution. Addition of
four amino groups, as in tetraaminotetranitrodibenzotetraazapentalene (25),
should increase both density (1.866 g/cm3) and performance (velocity of
detonation 7570 m/s and detonation pressure 250 kbar) to some extent, while
the alternating amino and nitro groups shou!d ensure stability and insensitivity;
inclusion of four additiona! nitro groups, as in octanitrodibenzotetra-
azapentalene (26), would markedly increase both density (2.00 g/cm3) and
performance (velocity of detonation 8590 m/s and detonation pressure
346 kbar), but stability and insensitivity would be dependent on the inherent
stability of the heterocyclic skeletal system.

NO, NO,
H,N N NH; O,N N NO,
:N Va NO, :N Z NO,
on” Y TN | oNT Y TN |
NH, N/.\I/\NHQ NO, N/\\|/\N02
NO, NO,
(25) (26)

Not unexpectedly, the presence of the nitro groups in TACOT (24)
deactivates the compound to furtner electrophilic substitution, and, therefore,
further nitro groups cannot be introduced by direct nitration. The original
references indicated that nitration of the parent heterocycle (23) under much
milder canditions should afford the mono- and dinitro derivatives {27) and (20}
in good yield (Reference 16), and it was hoped to reduce these to the
corresponding amines for further nitration. However, in our hands addition of
(23) to 25% aocueous nitric acid at 10°C and warming to ambient temperature
overnight gave a complex mixture. TH-Nuclear magnetic resonance (NMR)
indicated that this mixture was principally composed of 2-nitro isomer 27 (69%),
but also contained the 4-nitro isomer 28 (27%), and the 2,8-dinitro compound
29 (3%), as well as unreacted heterocycle (23) and another dinitro derivative
(probably the 2,10-isomer), both in trace amounts. The majority of 27 was
separated by ropeated washing with hot chloroform, and the remainder of 27 as
well as 28, 2y, and 23 were separated from the chloroform washings by
repeated flash chromatography, using silica as adsorbent and chloroform as
eluent. Each purified component was identified by 1H- and 13C-NMR, and by a
battery of two-dimensional NMR experiments including Heteronuclear Multiple
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Quantum Ccherence (HMQC) short range and Heteronuclear Multiple Band
Coherence (HMBC) long range proton-carbon coupling experiments and
Totally Correlated Spactroscopy (TOCSY) pioton total correlation experiments.
The 1H- and 13C-NMR assignments are presented in Tables 1 and 2,
respectively.

"0 \ N\
20% HNO4 | NO
— N 2
\N

(27)

NO,

(29)

In a similar fashion, addition of 23 to 70% nitric acid and stirring below
0°C for 3 h gave a mixture of 29 (27%) and the 2,4,8-trinitro compound (30)
(72%), as well as TACOT (24) (1%); again the components were separated
using fiash chromatography, and were identified by NMR methods. 'H- and
13C-NMR assignments are also given in Tables 1 and 2, respectively.

Moreover, catalytic hydrogenation of 27 and 29 did not occur smoothly,
and this approach was, therefore, abandoned, at least temporarily.
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N
O,N”~ N,
N
(

29)

N
Cripy™
+ ¢
O,N N,
N
(30)

NO,

TABLE 1. 'H-NMR Chemica! Shifts Of
Dibenzo-1,3a,4,6a-tetraazapentalenes.

Cremcal| 23 | 27 | 28 | 29 | 30 | 24

Hy 8.26 9.20 | 875 9.25 | 9.81 9.98

Hgz 7.45 7.54
Ha 7.67 8.45 | 8.60 8.51 9.27 9.31
Ha 7.97 8.08 8.26

H7 8.26 { 834 | 8238 [ 9.25 [ 9.27 | 9.98
Hs 7.45 | 7.62 | 7.59
Hg 767 | 778 | 7.75 | 851 | 8.58 | 9.31
H1g 7.97 | 8.14 | 8.08 | 8.26 | 8.43 i
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TABLE 2. 13C-NMR Chemical Shifts of
Dibanzo-1,3a,4,6a-tetraazapentaienes.

cremct | 23 27 28 29 30 24
Cia |117.23 |116.63 |120.71 |117.00 112063 |121.15
cr 111188 |11010 111953 |100.80 |115.76 |116.77
Co |121.91 140,19 [119.49 [141.98 |140.72 |141.28
Ca |128.02 |122.74 |125.56 |122.82 |120.47 [121.77
c. |11656 |116.50 |134.02 [117.50 |133.48 |134.49
Caa |145.81 [148.20 [139.03 [147.79 |139.33 l140.89
Cra |117.23 |118.27 [118.15 {117.00 {i18.79 |121.15
c; |111.86 |112.03 {112.03 |109.80 {11017 |116.77
Ce |121.91 |124.¢2 |124.12 |141.98 {14263 |141.28
Co |128.02 |128.86 |128.68 |122.82 |123.47 |121.77
Cio |116.56 |117.59 [117.33 1i17.50 l118.79 {134.49

Cioa |145.81 {14599 |146.03 |147.79 |147.96 |140.89

Reaction of TACCT (24) with nucleophiles takes a somewhat
unexnected courgse. Thug, treaiment with lithium azide in hot dimethvitorm-
amide (DMF) resulted in displacement of nitro groups, and afforded a good
yield of a diazido derivative, which was ascribed to the structure 31 (Reference
16). Lithium azide appears no longer to be available commercially, and simple
substitution with sodium azide did not effect the desired displacement. This lack
of reactivity is probably associated with insolubility of the sodium salt in DMF,
and Professor Boyer (University of New Orleans) was able to modify this
procedure by carrying the reaction out with sodium azide in dimethylisulfoxide
(DMCEO) to give 31 in moderate yield (Reference 17).

NG, NO,
>N, N,
iy Ly
= ’ ——T- ’
O,N N N, N,
N N
(24) NO, (31) NO,

Treatment of 31 with triphenylphosphine in ethanol or benzene, at
ambient temperature or under reflux, gave an essentially insoluble solid, which
showed no sign of azide or azo grouping in the infrared spectrum, and the
Staudinger-type structure (32) was tentatively assigned te this product
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(Reference 18). However, attempted hydrolysis using hydrochloric acid and
acetic acid, or using water in tetrahydrofuran, each at ambient temperature,
gave no sign of the cesired diamine. Alternative methods to achieve this
hydrolysis wiil be pursued.

NO,
XM
N O
PP=N" F "N,
N
@z NO:2

Our initial difficulties in repeating the synthesis of 31 prompted us to iook
further at the reactiori of nucleophiles with TACOT (24), and the methoxide ion
was selected berause of the NMR "handle" it provides. Addition of TACOT to
sodium methoxide in methanol at ambient temperature afforded an initial deep
red solution; an orange solid precipitated, acidification of which yielded a yellow
solid, TH-NMR of a solution in dg-DMSO showed an aromatic one proton
singlet, an aromatic two proton AB signal, a broad amine signal and a single
methoxyl signai, the inirared spectrum confirmed the presence of an amine
functionality, suggesting cission of the tetraazapentalene ring system. HMQC
shon range and HMBC long range NMR coupling experiments were initially
complicated by an unexpected instability of the material in DMSO, but more
careful application of these techniques using freshly prepared solutions
indicated the 2-phenylbenzotriazole structure 33 (or a positional isomer).
Single crystal X-ray diffraction at the NRL confirmed the structure as 33. These
studies also showed the structure was (surprisincly) planar, with both
intramolecular and intermclecular hydrogen bonding. This hydrogen bonding
results in dimerization rather than extended planar sheets found in TATB or the
corrugaied sheets of TACOT, and may heip stabiiize the pianar moiecuiar
confaormation. Details of the structure determination are i.cluded in the
appendix.
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N02 -
(24) (33)

Solutions ¢f 33 in dg-DMSO decomposed or rearranged at ambient
temperature with a haif-life of 6-7 days. li is believed that 34 is probably the
product, presumably derived by hydrolysis by residual water in the solvent. A
solution of 33 in toluene was stable under retlux over the weekend; however, a
solution of 33 in DMSO heated at 30°C overnight, quenched with water and
extracted with dichlorcmethane gave a yellow solid whose 1H-NMR was almost
identical witl: 34. Tne aromatic region was indistinguishable and there was no
methoxyl signal, but there were two moles of DMSO present, presumably as
solvent of crystallization. The lability of the methoxyl group was further
demonstrated by its displacement using ammonia in ethanol under reflux to
give 35, The mathaxy comnuund (33) aleo reacted with azide ion in ethanaol
under reflux, yielding not the corresponding azido compound, but rather a ring
fused furoxan derivative, believed to be 36. The structures of 34, 35, and 36
were also assigned on the basis of 1H- and 13C-NMR specira, which are
presented in Tables 3 and 4, respectively, and on the basis of HMQC short

range and HMBC lgng range coupling experiments.
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OH N02 NH2 N02
02N N O2N —
" N
N N
=N =N \ <
NO, HoN NO, NO, H.N NO,
(34) (35)
IO
O=N NO,
N. |
NN /N‘ _/::(
N
<" /
NO, HoN NO,
(36)

TABLE 3. TH-NMR Chermical Shufts
of 2-Phenylbenzotriazcles.

Chemical

s 3 34 35 36

Hs 9.08 9.13 .05 9.12
Hg' 9.06 8.97 9.05 8.97

Hg 8.87 8.85 8.99 8.84
2-NH»2 §.45 8.51 8.50 8.81
Other 4.75 9.50

(OCHa) (NHpj
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TABLE 4. 13C-NMR Chemicai Shifts
for 2-Phenylbenzotriazoles.

Chemical '
shift 33 34 35 36

Caa | 140.79 | 140.92 | 138.91 | 140.99
Cs | 132.80 | 130.36 | 125.61 | 130.34
Cs | 124.44 | 130.36 | 126.57 | 130.45
Cs | 12871 | 117.36 | 122.85 | 164.62
C; | 152.09 | 164.40 | 143.87 | 117.42
C7a | 138.42 | 143.98 | 137.87 | 144.11
Cy | 12669 | 126.76 | 124.15 | 126.84
Co | 14425 | 143.12 | 142.47 | 143.27
Cz | 131.93 | 131.93 | 132.49 | 131.90
Cs | 125.43 | 12354 | 124.00 | 123.68
Cs | 133.60 | 133.69 | 133.63 | 133.67
Ce | 128.21 | 125.09 | 125.07 | 125.30

Other 63.68
(OCH3)

CONCLUSIONS AND RECOMMENDATIONS

Advances have been made in understanding the chemistry of 2,6-dinitro-
pyridines and their 1-oxides, and significant progress has been made towards
the synthesis of 3,5-diamino-2,4,6-trinitropyridine-1-oxide, a compound
expected to be a dense and energetic but insensitive explosive. The synthesis

of 3,5-diamino-2,6-dinitropyridine has been achieved, and efforts will now be
directed towards the further nitration and oxidation of this material.

The fascinating chemistry of the dibenzo-1,3a,4,6a-tetraazapentalene
system has also oeen revisited. The application of flash column chromatog-
raphy and sophisticated NMR techniques have revealed that the partial nitration
of this material is more complex than previously believed. 1 is just as well that
the complete nitration to TACOT is so facile and takes place in a convergent
manner! It has also been shown that nucleophilic reactions involving TACOT
are not necessarily straight forward, and can iead to cissicn of the tetraaza-
pentalene ring system. It seems that the most profitable line for further
derivatization of TACOT may well be vicaricus amination, ang this reaction will
also be pursued, as will the synthesis of other pertinent nitro-substituted
haterocyclic ring systems.
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EXPERIMENTAL SECTION

WARNING: Many of the compounds described in this report
are potentially explcsive, which may be subject to accidental
initiation by such environmentai stimuli as impact, friction, heat or
electrostatic discharge. Therefore, appropriate precautions should
be taken in their handling and/or use. Meiting points were determined in
capillary tubes using a Mel-Temp Il melting point apparatus. Infrared (IR)
spectra were determined in KBr disks using a Perkin-Elmer Model 1330
spectrophotometer. 1H-NMR spectra were determined in dg-acetone or
dg-dimethylsulfoxide (DMSQO) solutions, using an 1IBM NR-80 instrument at 80
megahertz (MHz) or a Bruker AMX-400 instrument at 400 MHz; 13C-NMR
spectra were recorded on the latter instrument at 100 MHz, while the various
two-dimensional NMR experiments were carried out on the same instrument.
Mass spectra were determined using a Perkin-Elmer 5985 gas chiomatograph/
mass spectrometer (GC/MS).

3,5-DICHLOROPYRIDINE-1-OXIDE (8)

To a soluticn of 3,5-dichloropyridine (7) (27 g, 183 millimoles (mmol) in
glacial acetic acid (150 milliliters (mL)) was added 30% aqueous hydrogen
peroxide (25 mL), and the solution was heated at 70°C for 4 h. After standing at
ambient temperature overnight, a further 25 mL of hydrogen peroxide was
added, and the solution was again heated to 70°C for 4 h. As much acetic acid
as possible was removed by distillation under vacuum, and water (100 mL) was
added to the residue, which was then basified with potassium carbonate.
Extraction with chloroform (3 x 100 mL) gave the N-oxide, which was
recrystallized from heptane to give 8 as white needles (26.2 g, 88%), melting
point (m.p.) 107-108°C (lit. 199°C (Reference 12)). TH-NMR (acetone): 8.27 (d,
J =1.60 Hz, H2 6), 7.54 (1, J = 1.60 Hz, H4).

3,5-DIMETHOXYPYRIDINE-1-OXIDE (9)

3,5-Dichloropyridine-1-oxide (8) (24.9 g, 154 mmol) was added to
methanolic sodium methoxide (30 g sodium in 250 mL methanol) and heated
ut.Jer reflux for 24 h. The methanol was removed under vacuum, and coid
water (200 mL) was added, with cooling, to the residue. Extraction with
chloroform (4 x 100 mL) gave a white residue (15 g, 64%). Recrystallization
fromn ethyi acetate gave 9 as off-white needies (12 g, 51%), m.p. 91°C (lit. 91-
93°C (Reference 12)). TH-NMR (acetone): 7.58 (d, J = 2.01 Hz, H2 6), 6.60 (1,
J = 2.01 Hz, Hg), 3.86 (s, OCH2).
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3,5-DIMETHOXYPYRIOJINE (10)

3,5-Dimethoxypyridine-1-oxide (9) (7.0 g, 45 mmol) was dissolved in
ethano!l (120 mL) and hydrogenated over 5% palladium/charcoal (0.7 g) at
ambient temperature overnight. Filtraticn and evaporation of the solvent gave
10 as a colorless oil (6.72 g, 93%). TH-NMR (acetone): 7.89 (d, J = 2.42 Hz,
H2 6), 6.88 (t, J = 2.42 Hz, H4), 3.85 (s, OCH3).

3,5-DIMETHOXY-2-NITROPYRIDINE (11)

3,5-Dimethoxypyridine (10) (0.75 g, 5.4 mmo!l) was dissolved in 96%
sulfuric acid (15 ml.) and cooled to 0°C. Mixed acid (90% nitric acid (0.5 mL) in
96% sulfuric acid (10 mL)) was added dropwise at 0°C, and the reaction mixture
was held at that temperature for 10 min. Quenching on ice, filtration, and
washing with cold water gave a yellow solid (0.88 g, 89%), recrystallized from
aqueous ethanol to give 11 as yellow crystals, m.p. 113.5-115.5°C {(lit. 117-
118.5°C (Reference 12)). IR: 1600, 1570, 1520, 1430, 1410, 1360, 1330, 1260,
1240, 1210, 1110, 1000, 860, 840, 700 cm-!. 'H-NMR (acetone): 7.73 (d, J =
2.35 Hz, Hg), 7.237 (d, J = 2.35 Hz, Hy), 4.02 (s, OCH3). 13C-NMR (acetone):
161.14 (Cs), 150.36 {C3), 143.4 (Cg) 126.74 (Cg), 108.68 (C4), 57.26 (OCHg),
57.16 (OCHg). M/z: 184 (parent ion), 154, 138, 108 (vase peak), 93, 78.

3,5-DIMETHOXY-2,6-DINITROPYRIDINE (12)

3,5-Dimethoxypyridine (10) (1.5 g, 10.8 mmol) was dissolved in 96%
sulfuric acid (50 mL) and 70% nitric acid (10 mL) was added dropwise and with
stirring at ambient temperature. The solution was heated to 40°C for 22 h,
guenched on ice, and the precipitate filtered and washed with cold water to give

a yeliow powder (0.65 g, 36%). Recrystallization from ethanol gave 12 as very
pale ynllnui needles (0.58 g, 229%), m.p. 178-180°C (lit. 181-182°C (Reference

12)). IR: 1600, 1580 1480 1460 1430 1380, 1320 1290, 1230, 1150 1100,
1000, 870, 860, 840, 710, 690 Cm1 TH-NMR (acetone): 7.86 (s, Ha), 4.21 (s,
OCHa3). 13C-NMR (acetone) 154.32 (C35), 137.25 (C26), 111.35 (C4), 58.70
(OCHa3). M/z: 229 (parent ion), 213, 199, 183, 169, 153, 111, 107 (base peak).

3,5-DIMETHOXY-2-NITROPYRIDINE-1-OXIDE (13)

3,5-Dimethoxypyridine-1-oxide (9) (1.25 g, 8.1 mmol) was dissolved in
96% sulfuric acid (25 mL) at 0°C, and 70% nitric acid (0.5 mL) was added
dropwise at that temperature. The solution was allowed to warm to ambient
temperature, and after 2 h was quenched in ice/water (250 mL). Neutralization
with potassium carbonate and extraction with chloroform (4 x 100 mL) gave a
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pale yellow crystalline sciid (1.5 g, 93%). 3ecrystallization from ethanol gave
13 as yellow plates (1.4 g, 87%), m.p. 174-175.5°C (lit. 168-169°C (Reference
13)). IR: 3080. 1600, 1570, 1540, 1480, 1440, 1400, 1380, 1350, 123G, 1200,
1170, 1160, 1130, 1030, 980, 850, 830, 810, 65C cm-1. 1H-NMR (acetone):
2.77 (d, J = 212 Hz, Hg), 7.01 (d, J = 2.12 Hz, Hy), 4.04 (s, OCHj), 3.98 (s,
OCH3). 13C-NMR (acetone): 159.36 (Cs), 150.64 (C3), 141.37 (Cp), 121.22
(Cg), 99.80 (C4), 36.17 (OCHa3), 57.62 (OCHgz). M/z: 200 (parent ion), 170, 140,
125, 108, 69 (base peak).

3,5-DIMETHOXY-2,6-DIMITROPYRIDINE-1-OXIDE (13)

3,5-Dimethoxypyridine-1-oxide (9) (1.0 g, 6.5 mmol) was dissclved in
w6% sulfuric acid at ambient temperature, and 70% nitric acid (1.5 mlL) was
added dropwise and with stiriing. The solution was warmed to 90°C and
maintained at that temperature fo” 4 h. Quencling in ice/water (250 mL) and
filtration gave a pale yellow/off-white solid (.66 g, 42%). Recrystallizatior: from
ethanol/acetone gave 14 as a pale yellow solid (0.36 g, 23%), m.p. 265-267°C
(dec) (lit. 260-261°C (Reference 13)). IR: 3090, 1580, 1550, 1480, 1440, 1410,
1360, 1220, 1200, 1130, 970, 830, 820, 630 cm-!. *H-NMR (acetone): 7.55 (s,
Ha), 4.19 (s, OCH3). 13C-NMR (acetone): 151.59 (Ca5), 133.72 {C2,6), £9.65
(Cs4), 59.16 (OCHz). M/z: 245 (parent ion), 215, 185, 169, 153, 127, 126, 110
(base peak).

3-AMINO-5-METHOXY-2,6-DINITROPYRIDINE (15)

3,5-Dimethoxy-2,6-dinitropyridine (12) (0.35 g, 1.5 mmo!) was added to
ethanol (100 mL), and the mixture was saturated with ammonia gas and heated
under reflux for 20 h. Evaporation to dryness gave a bright yellow solid (0.3z g,
99%), which was recrystallized from ethanol to give 15 as yellow needles
(0.22 g, 69%), m.p. 140-150°C (dec). IR: 3460, 3320, 1640, 1600, 1560, 1530,
1420, 1260, 1100 cm™'. "H-NMR (acetone): 7.55 (br s, NH2), 7.35 (s, Hg), 4.04
(s, OCHg). 13C-NMR (acetone): 154.10 (Cs), 146.93 (C3), 135.99 (Cg), 130.14
(C2), 111.11 (C4), 57.83 (OCH3). M/z: 214 (parent ion), 184, 168, 154, 138,
137, 109, 95 (base peak).

3,5-DIAMINO-2,6-DINITROPYRIDINE (16)

(a) 3-Amino-2,6-dinitro-5-methoxypyridine (15) (0.25 g, 1.2 mrnol) was
added to ethanol (20 mL) in a Carius tube, and ammonia gas was bubbled in
until saturation. The tube was sealed and then heated in an oven at 100°C over
the weekend. Filtration yielded brown needles, recrystallized from N-methyl-
pyrrolidinone/dichloromethane as 16 (0.15 g, 65%), m.p. >350°C (chars from
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300°C). IR: 3480, 3380, 3340, 1660, 1560, 1490, 1320, 1240, 890 cm-1.
1H-NMR (CMSO): 7.53 (br s, NHp), 6.70 (s, Hg). 13C-NMR (DMSO): 145.02
(Cas), 129.39 (Co6), 108.18 (C4).

{b) 3,5-Dimethoxy-2,6-dinitropyridine (12) (1.15 g, 5.5 mmol) was added
to ethanol (100 mL), and the solvent saturated with ammonia gas. The mixture
was heated under reflux for 3 days, and the solvent was removed under
vacuum; TH-NMR indicated 95% conversion to 15. The residue was placed in a
Carius tube with ethanol (25 mL) saturated with ammonia, and the tube was
sealed and heated in an oven at 100°C for a week. The solid was filtered off to
give 16 as a brown solid (0.75 g, 75%).

2-AMINO-3,5-DIMETHOXY-6-NiTROPYRIDINE-1-OXIDE (17)

3,5-Dimethoxy-2,6-dinitropyridine-1-oxide (14) (0.35 g, 1.4 mmol) was
added to ethanol (50 mL), and ammonia gas was bubbled in until saturation.
The flask was sealed, and the reaction mixture was stirred at ambient
temperature for 2 weeks. Filtration gave an orange powder (0.24 g, 78%).
Recrystallization from ethanol gave 17 as orange crystals, m.p. 177-179°C. IR:
3440, 3220, 3180, 1600, 1580, 1550, 1530, 1230, 1180, 1130, 1080, 820 cm™1.
TH.NMR (DMSQO): 7.18 (g, Ha), 68,10 (br g, NH2), 3.94 (s, OCH3), 3.87 (g, OCHa).
13C-NMR (DMSQ): 147.01 (C3), 143.13 (C2), 141.84 (Cs), 137.13 (Cg), 106.42
(Ca), 57.85, (OCH3g), 56.63, (OCH3). M/z: 215 (parent ionj, 198, 168, 151, 137,
123, 110 (base peak), 69. The same product was obtained it the reaction was
carried out under reflux, or in a Carius tube at 100°C.

DIBENZO-1,3a,4,6a-TETRAAZAPENTALENE (23)

Lead dioxide (23.9 g, 100 mmol) was added to a stirred mixture of
o-phenylenediamine (19) (4.5 g, 41.7 mmol) in benzene (200 mL) at ambient
temperature. The reaction mixture was stirred at ambient temperature for 1 h,
and was then heated under reflux (with stirring) for 3 h. The insoluble lead salts
were removed by filtration and the solution was cooled. Thirty-seven percent
hydrochloric acid (15 mL) was added, and the precipitate was filtered off.
Suspension in water (40 mL) and basification to pH 9 with solid sodium
hydroxide gave a deeply colored solution, which was extract.d with
dichloromethane (4 x 150 mL). Recrystallization of the extract twice from
benzene gave 2,2'-diaminoazcobenzene (20) (1.5 g, 34%). 2,2'-Diaminoazo-
benzene (20) (5.4 g, 25.4 mmol) was added to a mixture of 37% hydrochloric
acid (40 mL) and water (50 mL) and cooled to 0-2°C with stirring. A solution of
sodium nitrite (4.4 g) in water (25 mL) was added dropwise and with stirring,
maintaining the temperatire below 10°C. Stirring was continued for 1 h, and
sodium azide (4.0 g) in water (25 mL) was added at 5°C with stirring. Nitrogen
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was evolved and a precipitate was formed. Stirring was continued for 2 h, and
the solid was filtered off and dried to give 2,2'-diazidoazobenzene (21) (2.60 g,
39%). 2,2'-Diazidoazobenzene (21) (2.6 g, 10 mmol) was dissolved in
benzene (200 mlL) and heated under reflux for 2 h. The solution was
decolorized with charcoal and evaporated to dryness to leave a waxy solid
identified as 2-(2-azidophenyl)-benzetriazole (22) (2.07 g, 89%). 2-(2-Azido-
phenyl)-benzotriazole (22) (2.07 g, 8.8 mmol) was added to decalin (50 mL)
and heated to 185°C with stirring for 2 h. The solution was decolorized with
charcoal and allowed to cool, and the pale tan solid was filtered off to give
dibenzo-1,32a,4,6a-tetraazapentalene (23) (1.43 g, 78%), m.p. 220-224°C (dec)
(lit. 237-238°C (Reference 15)). IR: 1610, 1485, 1435, 1380, 133C. 1250, 1155,
1140, 1100, 810, 750, 730, 630 cm"i. 'H-NMR (DMSO): 8.26 (ddd, J = 8.44,
1.00, 0.82 Hz, Hy 7) 7.97 (ddd, J = 8.68, 0.82, 0.82 Hz, Ha,10), 7.67 (ddd, J =
8.68, 6.96, 1.00 Hz, H3 g), 7.45 (ddd, J = 8.44, 6.96, 0.82 Hz, H>g). 1SC-NMR
(DMSO): 145.81 (Caa 10a), 128.02 (C3 ), 121.91 (C2,8), 117.23 (C1a,7a), 116.56
(Ca,10), 111.86 (C17).

NITRATION OF DIBENZO-1,3a,4,6a-TETRAAZAPENTALENE (23)

(a) Dibenzo-1,3a,4,6a-tetraazapentalene (23) (1.25 g, 6.0 mmol) was
added 10 25% nitiic acid (17.5 mL) with stiriing at 10°C, and the suspension
was allowed to warm siowly to ambient temperature over ebout 2 h. The
reaction mixture was stirred at ambient temperature over night to give an
orange solid (1.40 g), which was filtered oif and washed with water. Washing
with chloroform (50 mL) over the weekend left an orange/,eilow solid (1.07 g,
70%), which was recrystallized from chioroform to give 27, m.p. 295-297°C (lit.
301-303°C (Reference 16)). TH-NMR (DMSO): 9.20 (d, J = 2.24 Hz, H1), 8.45
(dd, J = 9.44, 2.24 Hz, H3), 8.34 (dd, J = 7.68, 0.91 Hz, H>), 8.14 (dd, J = 8.76,
0.84 Hz, Hyg), 8.08 (d, J = 9.44 Hz, Hy), 7.78 (ddd, J = 8.76, 7.44. 0.91 Hz, Hg),
7.62 (ddd, J = 7.68, 7.44, 0.84 Hz, Hg). 'SC-NMR (DMSQ): 148.20 (C4a), 145.99
(C102), 140.19 (Co), 128.86 (Co), 124.42 (Cg), 122.74 (Ca), 118.27 (C7a),
117.59 (Cqp), 116.63 (Cy3), 116.50 (Cy4), 112.03 (C7), 110.10 (Cy). The
chloroform washings were separated by repeated fiash column
chromatography (silica/chloroform) to give unreacted 23 (0.025 g), additional
27 (0.12 g, 8%), 28 (0.12 g, 8%), and 29 (0.04 g, 2%). Recrystallization of 28
from chloroform/heptane gave red/orange crystals, m.p. 2565-258°C (dec). IR:
1615, 1525, 1510, 1480, 1380, 1360, 1330, 1280, 1260, 1130, 1090, 890, 810,
750, 735 cm-1. TH-NMR (DMS0j: 8.75 (dd, J = 8.12, 0.90 i1z, Hy), 8.60 (dd, J =
8.08, 0.90 Hz, H3), 8.38 (dd, J = 8.48, 0.96 Hz, Hy), 8.08 (dd, J = 8.72, 0.80 Hz,
H1p), 7.75 (ddd, J = 8.72, 7.00, 0.96 Hz, Hg), 7.59 (ddd, J = 8.48, 7.00, 0.80 Hz,
Hg), 7.54 (dd, J = 8.12, 8.08 Hz, H). 13C-NMR (DMSO): 146.03 (C1pa), 139.03
(Caa), 134.02 (C4), 128.68 (Cg), 125.56 (C3), 124.12 (Cg), 120.71 (Cq3a), 119.58
{C1), 119.49 (C2), 118.15 (C7a), 117.23 (Cq0), 112.03 (C7).
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(b) Dibenzo-1,3a,4,6a-tetraazapentalene (23) (0.10 g, 0.48 mmol) was
added in small portions t¢ 70% nitric acid (3 mL) at ice/salt bath temperatures,
and stirred for about 3 h; the temperature did not exceed 0°C. The mixture was
gquerichad in ice/water (100 mL), to give an orange/yellow solid (0.14 g)
identified by 1TH-NMR as a mixture of two major compor.ents. Separation by
repeated flash column chromatography (silica/chioroform), afforded 29 (0.04 g,
28%), 30 (0.10 g, 60%), and a trace of TACOT (24). Recrystallization gave 29
as a yellow solid, m.p. 333-338°C (dec) (lit. 340°C (dec) {Reference 16)).
1610, 1590, 1520, 1355, 1330, 1290, 1110, 850, 830, 750, 725, 710 cm-1. 1H-
NMR (DMS0): 9.25 (d, J = 2.16 Hz, H1,7), 8.51 (dd, J = 9.48, 2.1€ Hz, H3 g), 8.26
(d, J = 9.48, Hg 10). 3C-NMR: 147.79 (C4a50a), 141.98 {C28), 122.82 (C3.9).
117.59 (C4,10), 117.00 (C1a,7a), 109.80 (C1,7). Recrystallnzatlon of 30 from
chioroform gave an orange solid, m.p. 270-271°C. IR: 1620, 1600, 1540, 1520,
1429, 1355, 1330, 1300, 1290, 1160, 1110, 900, 820, 750, 740, 730, 710 cm™1.
TH-NMR (DMSQ): 9.81 (d, J = 2.08 Hz, H1), 9.48 (d, J = 2.16 Hz, H7),9.27 (d, J =
2.08 Hz, H3), 8.58 (dd, 9.48, 2.16 Hz, Hg), 8.43 (d, J = 9.48 Hz, H1g). 13C-NMR
(DMSO): 147.96 (C10a), 143.68 (Cg), 140.72 (C2), 139.39 (C4a), 133.48 (Cy),
123.47 (Cg), 120.87(C3), 120.53 (C14), 118.79 (C10), 118.05 (C74), 115.76 (C1),
110.17 {C7). TACOT (24) is an orange/red powder, m.p. >380°C (lit. 410 (dec)
(Reference 16)). 1R: 3100, 1620, 1530, 1480, 1410, 1355, 1325, 1280, 1135,
1070, 1050. 820, 745 cm~1. 1TH-NMR (DMSO0): 9.98 (d, J= a 02 Hz, Hq,7), 2.31

(A =200 H> H~s\ 13(“- NMR (DMSQ): 141.28 (Cs 5}, 140.89 ",
Vv T Lva ey T35 St ' 2,8) 140.82 {C4a,10a),

134.49 (C4,10), 121.77 (Cag), 121.15 (C1a,7a) 116. 77 (C1 7).

2,8-NIAZIDO-4,7i0-DINITRODIBENZO-1,3a,4,6a-
TETRAAZAPENTALENE (31) (Reference 17)

2,4,8,10-Tetranitro-1,3a,4,6a-tetraazapentalene (TACOT, 24) (1.55 g,
4.0 mmol) was added to DMSO (33.5 mL) and stirred at ambient temperature.
Sodium azide was added slowly with stirring at ambient temperature, and after
15 min the mixture was warmed to 70°C and held at that temperature for 1 h,
turning very deep red in color. The mixture was cooled to 15°C in ice/water,
and the orange solid was filtered off and washed with ethanol (5 mL) and finally
ether (5 mL) to give 31 (0.60 g, 41%), m.p. 197°C (dec) (lit. 200°C (dec)
(Referen1ce 16)). IR: 2120, 1600, 1525, 1360, 1330, 1290, 1135, 960, 880, 810,
740 cm”
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2,8-BIS(TRIPHENYLPHOSPHINIMINO)-
4,10-DINITRODIBENZ2O-1,3a,4,6a-
TETRAAZAPENTALENE (32)

2,8-Diazido-4,10-dinitrodibenzo-1,3a,4,6a-tetraazapentalene

(31) (0.10 g, 0.26 mmol) and triphenylphosphine (0.15 g, €.57 mmol) were
stirred in benzene (50 mL) for 24 h, forming a putple solution and a dark purple
solid. Filtration gave a purple solid (0.15 g), m.p. >350°C (chars from 300°C)
When the reaction was carried out in ethano! at ambient temperature for 24 h or
in benzene solution under reflux for 4 h, the same product was cbtained (0.19 g
and 0.20 g, respectively). This material was tuo insoluble for measurement of
NMR spectra, but the IR spectra displayed clean, sharp signals, with a notable
absence of any azide signals around 2100 cm™'. The compound was
tentatively identified with the structure 32. IR: 1600, 1515, 1495, 1440, 1355,
1335, 1370, 1110, 1090, 730, 700, 530 cm™1.

2-(2'-AMINO-3",5"-DINITROPHENYL)-7-METHO XY~
4,6-DINITROBENZOTRIAZOLE (33)

2.4,8,10-Tetranitrodibenzo-1,3a,4,6a-tetraazapentalene (TACOT, 24)
(1.00 g, 3.6 mmol) was added to methanolic sodiurm methoxide (1.00 g sodium
metal in 100 mL methanol) at ambient temperature. The solid appeared to
dissolve to give a deep red solution, whereupon an orange solid staried to
appear. After stiring the reaction mixture at ambient ternperature for 24 h, the
solid was filtered off and washed with a little cold methanol (10 mL) to give a
dinty orange solid. Suspension in methanol (100 mL) and stirring at ambient
temperature for 3 h gave a clean orange solid (1.13 g), probably a Meisern-
heimer salt. (TH-NMR (DMSO0): 9.04 (br s, -NH3). 9.02 (s, 1H), 8.90 (d, J = 2.76
Hz, 1H), 8.80 (d, J = 2.76 Hz, 1H), 3.07 (s, -OCHg, 6H).) Suspension in water
(100 mL) and aciditication with 37% hydrochlonc acid gave a clean yellow solid
(0.85 g), recrystallized from acetone/ethanol 10 give 33 as ochre/yeliow crystals
(0.76 g), m.p. 229-232°C. IR: 3400, 3280, 3100, 1625, 1580, 1535, 1335, 1290,
1250, 1150, 1120, 990, 980, 820, 700, 620 cm-1. TH-NMR (DMSO): 9.09 (s,
Hg), 9.07 (d, J = 2.80 Hz, Hy'), 8.87 (d, J = 2.80 Hz, Hg'), 8.45 (br 5, -HH»), 4.75
(s, -O7ZHg). 13C-NMR (DMSO0): 152.09 (C7), 144.25 (Cy'), 140.79 (C3a), 138.42
(C7a), 133.60 (Cs'), 132.80 (C4), 131.93 (Cg), 128.71 (Cg), 128.21 {Cyq'), 126.69
(Cq7), 125.43 (Cg4'), 124.44 (Cs), 63.68 (OCH3). (Note: NMR spectra should be
run on freshly prepared solutions, due to instability of 33 in this solvent: vide
infra.) M/z: 420 {parent ion and base peak), 406, 405, 333, 328, 239, 209.
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Single-Crysta! X-Ray Diffraction Analysis of
2-(2'-Amino-3',5'-dinitrophenyl)-7-methoxy-4,6-
dinitrobenzotriazole (33,

C13HgNgOg, F.W. = 420.3, moroclinic space group P24/c, a = 7.190(2),
b = 8.836(2), ¢ = 25.555(6) A, B = 94.39(2)°, V = 1618.7(7) A3, Z = 4, pcaic =
1.725 mg mm-3, A(MoKa) = 0.71073 A, 1 = 0.149 mm-1, F(000) = 856, T =
294°K.

A clear orange 0.010 x 0.15 x 0.33 mm crystali, in the shape of a prism,
was used for data coliection on an automated Siemens R3m/V diffractometer
equipped with an incident beam monochromator. Lattice parameters were
determined from 25 centered reflections within 20 € 29 < 41°. The data
collection range of hkl was: 0<h<7,-2<k<9,-27 </ < 27, with
[{sin 8)/Almax = 0.54. Three standards, monitored after every 97 refiections,
exhibited random variations with deviations up to +2.0% during the data
collection. A set of 3272 reflections was collected in the 6/20 scan mude, with
scan width [20(Kg 1) - 0.6] to [20(Kg2) + 0.6]° and w scan rate (a function of
count rate) from 2.0°/min. to 8.37°/min. There were 2114 unique reflections,
and 1779 were observed with Fp > 36(Fg). The structure was solved and
refined with aid of the SHELXTL system of programs (Reference 19). The full-
matiix ieast-squares refinement varied 257 parameters: atom coordinates and
anisotropic thermal parameters for all non-H atoms, atom coordinates and
isotropic thermal parameters for the nonmethyl H atoms. Ideal rethyl H atoms
were included using a riding model (coordinate shifts of C applied to attached H
atoms, C-H distances set tc 0.96 A, H angles idealized). One common Ujso(H)
was refined for the methyl hydrogen atoms.

Final residuals were R = 0.045 and wR = 0.046 with final difference
Fourier excursions of 0.50 and -0.23 eA-3. The largest difference peak was
located in a cavity large enough to accommodate a water molecule, but if so,
the occupancy was very low (<10%). so it was not reported. Crystaliographic
details are given in the Appendix.

A solution of 33 (0.10 g, 0.24 mmol) in DMSO (10 m') was heated at
80°C overnight, and quenched in water (50 mL) to give a clear yellow solution.
Extraction with dichlcromethane (2 x 50 mL) and evaporation to dryngss gave a
yellow oil; dissolution in toluene (25 mL) and standing over the weakancd pave a
yellow solid (0.50 g), m.p. 225-228°C (dec), identified as 34. IR: 3400, 3300,
3090, 1635, 1620, 1590, 1510, 1330, 1280, 920, 815, 600, 530 cm-1. *H-NMR
(DMSO): 9.13 (s, Hs), 8.97 (d, J = 2.80 Hz, Hyg'), 8.85 (d, J = 2.80 Hz, Hg'), 8.81
(br s, -NH2), 6.47 (br s, -OH(?)), 2.52 (s, DMSQ). 13C-NMR (DMSOQ): 164.40
(C7), 143.98 (C7a), 143.12 (Cy2'), 140.92 (C3a), 133.69 (Cs'), 131.93 (C¢'),
130.36 (Cg4, Cs), 126.76 (Cq'), 125.09 (Cg'), 123.54 (Cyq'), 117.36 (Cg), 40.41
(DMSO). M/z: 406 (parent ion), 98, 90, 78 (base peak), 63.
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2-(2'-AMINO-3',5'-DINITROPHENYL)-7-AMING-
4,6-DINITROBENZOTRIAZOLE (35)

2-(2'-Amino-3',5"-dinitrophenyl)-7-methoxy-4,6-dinitrobenzotriazole (33)
(0.25 g, 0.6 mmol) was suspended in ethanol (50 mL.) saturated at 0°C with
ammonia, and the reaction mixture was heated under refiux overnight. Cooling
and filtration gave a yellow solid (0.22 g, 91%), which was recrystallized from
acetone to give 35 as a fine yellow solid (0.18 g, 74%), m.p. 340°C (dec.). IR:
3350, 3315, 3240, 3200, 1620, 1590, 1530, 1500, 1480, 1350, 1330, 1290,
1260, 1150570 cm-1, TH-NMR (DMSO): 9.50 (br s, -NH3), 8.05 (s, Hs), 9.05 (d.
J = 2.80 Hz, Hy), 8.99 (d, J = 2.80 Hz, Hg), 8.90 (br s, -NH3). 13C-NMR (DMSO):
142,87 (Cy), 142.47 (C2'), 138.91 (C3z,), 137.89 (C7a), 123.63 (Cs'), 132.49
(C3'), 126.57 (Cs), 125.61 (C4), 125.07 (Cg'), 124.15 (Cy'), 124.00 (C4'), 122.85
(Cg). M/z: 405 (parent ion), 375, 313, 253, 207, 44 (base peak).

2-(2°-AMINO-3',5'-DINITROPHENYL)-7-NITROFUROXANO-
[4,5-e]BENZOTRIAZOLE (36)

2-(2'-Amino-3'5'-dinitrophenyl)-7-methoxy-4,6-dinitrobenzotriazole (33)
(0.20 g, 0.48 mmol) was suspendec in ethanol (50 mL), and sodium azide (0.20
g) was added. Thirty-seven percent hydrochloric acid (1 mL) was added, and
the reaction rnixture was heated under reflux tor 6 h. A yellow solid (0.70 g)
was filtered off and washec with ethanol. The mother liquors were evaporated,
diluted with water (25 ml) and filtered to give a brown solid (0.03 g). The two
fractions were combined (0.10 g, 52%), and purified by flash column
chromatography (silica/ethy! acetate) to give a yellow solid recrystallized from
ethanol to give 36 (0.06 g, 31%), m.p. 231-234°C (dec). IR: 3420, 3280, 1630,
1590, 1440, 1400, 1335, 1260, 1150, 1120, 970, 920, 740, 725 cm-1. TH-NMR
(DMSO0): 9.12 (s, Hs), 8.97 (d, J = 2.80 Hz, Hy'), 8.84 (d, J = 2.80 Hz, Hg'), 8.81
(br s, -NH3). 13C-NMR (DMSO): 164.62 (Cg), 144.11 (C7a), 143.27 (C2"),
140,99 (C33), 133.67 (Csg'), 131.90 (C3'), 130.45 (Cs), 130.34 (C4), 126.84 (Cq),
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Appendix

DETAILS OF SINGLE-CRYSTAL X-RAY STRUCTURE
ANALYSIS OF 2-(2'-AMINO-3',5-DINITROPHENYL)-
7-METHOXY-4,6-DINITROBENZOTRIAZOLE
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FIGURE A-1. Structurg of 2-(2'-Amino-3',5"-dinitrophenyl)-
7-methoxy-4,6-cinitrobenzotriazole.

34




NAWCWPNS TP 8211

TABLE A-1. Atomic Coordinates (x104) and Equivalent
Isotropic Displacement Coefficients (A2x103).a

p.3 y z U(eq)
c(l) 3128(4) 1999(3) 3371(1) 31(1)
C(2) 2640(4) 3166(3) 2997(1) 32(1)
0(2) 3619(3) 3552(3) 2599(1) 46(1)
C(24a) 5259(5) 2706(5) 2479(1) 55(1)
c(3) 985(4) 3921(3) 3077(1) 31(1)
N(3) 303(4) 5180(3) 2741(1) 37(1)
0(3A) 1376(2) 5828(3) 2471(1) 51(1)
0(3B) -1342(3) 5542(3) 2756(1) 53(1)
C(4) -150(4) 3548(4) 3482(1) 35(1)
C(5) 332(4) 2441(3) 3835(1) 33(1)
N(5) -860(4%) 2133(3) 4254(1) 41(1)
0(54) -2375(3) 2770(2) 4243(1) 65(1)
0(5B) -302(3)  1236(3) 4595(1) 57(1)
C(6) 2022(4) 1651(3) 3787(1) 31(1)
N(7) 2840(3) 545(3) 4075(1) 37(1)
N(8) 4388(3) 256(3) 3829(1) 35(1)
N(9) 4635(?) 1081(3) 3406(1) 37(1)
C(10) 57334 -860(23) £012(1) 33(1)
C(11) 5467 (4) -1753(3) 4471(1) 34(1)
N(11) 3976(4) -1621(4) 4747(1) 43(1)
C(12) 6950(4) ~2793(3) 4605(1) 35(1)
N(12) G926(4) -3762(3) 5067(1) 42(1)
0(12a) 9€31(3) -3685(3) 5351(1) 57(1)
0(12B) 8225(3) -4615(3) 5164(1) 77(1)
C(13) 8496(5) -2927(4) 4326(1) 36(1)
C(14) 8650(4) -2044(4) 3890(1) 35(1)
N(14) 10320(4) -2162(3) 3605(1) 40(1)
0(1l4a)  11502(3) -3105(3) 3749(1) 53(1)
0(14R)  10492(3) -1294(3) 3236(1) 56(1)
C(15) 7282(4) -1012(4) 3730(1) 36(1)

4 Equivalent isotropic U defined as one third of the trace of the
orthogonalized Uj; tensor.
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TABLE A-2. H-Atom Coordinates (x104) and Isotropic
Displacement Coefficients (A2x103).

x Yy z U
H(2A) 5735 3147 2173 75(7)
H(2B) 4955 1665 2406 75(7)
H(2C) 6212 2750 2762 75(7)
H(4) -1237(37) 4052(32) 3512(10) 32(8)
H(11A) 3847 (455 -2307(42) 5030(13) 65(11)
H(11B) 3155(46) -881(42) 4652(13) 97(11)
4(13) 9383(36) -3600(33) 4421(10) 29(8)
H(15) 7392(36) =451(34) 3418(12) 39(9)
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TABLE A-3. Bond Lengths (A) and Angles (°).

.430
.351
.393
467
.217
.356
.415
.224
.345
L4364
.378
.429
.370
.211
.455
.226

C(l)-C(2)
C(Ll)-N(9)
€(2)-C(3)
C(3)-N(3)
N(3)-0(3A)
C(4)-C(5)
C(5)-c(6)
N(5)-0(5R)
N(7)-N(8)
N(8)-C(10)
C(10)-C(15)
C(11)-C(12)
C(12)-C(13)
N(12)-0(12B)
C(14)-N(14)
N(14)-0(14A)

b e o e e e e et e e e s

C(2)-C(1)-C(6)
Ci6)-C(1)-N{5)
C(1)-C(2)-C(3)
C(2)-0(2)-c(24a)
€(2)-C(3)-C(4)
C(3)-N(3)-0(3Aa)
0(3a)-N(3)-0(3B)
C(4)-C(5)-N(5)
N(5)-C(5)-C(6)
G(5)-N(5)-0(5B)
C(1)-C(6)-C(5)
C(5)-6(6)-N(7)
N(7)-N{8)-N(9)
N(9)-N(8)-C(10)
N(8)-C(10)-C(11)
C(11)-C(10)-C(15)
€(10)-C(11)-C(12)
C{11)-C(12)-N(12)
N(12)-C(12)-C(13)
C(12)-N(12)-0(12B)
€(12)-C(13)-C(14)
C(13)-C(14)-C(15)
C(14)-N(14)-0(14A)
0(14A)-N(14)-0(14B)

(4)
(4)
(4)
(4)
(4)
(4)
(4)
(&)
(3)
(4)
(4)
(4)
(4)
(4)
(4)
(4)

122.
108,
114.
121.
123,
119
123
119
122.
118.
119.
131.

1148
A,

120.
120.
122,
113
121.
115.
118,
119.
121.
118.
123.

4(3)
3(2)
6(3)
2(2)
1(3)

43
-3(3)
L4(3)

2(3)
0(3)
7(3)
2(3)

A A A\
Ny

9(2)
9(2)
4(3)

.8(3)

0(3)
5(3)
3(3)
5(3)
1(3)
5(3)
1(3)

C(1)-C(6) 1
C(2)-0(2) 1
0(2)-C(24) 1
C(3)-C{4) 1
N(3)-0(3B) 1
C(5)-N(5) 1
N(5)-0(5A) 1
C(6)-N(7) 1.
N(8)-N(9) 1
C(10)-C(11) 1
C(11)-N(11) 1
C{12)-N(12) 1
N(12)-0(12a) 1
C(15)-C(14) 1
€(14)-C(15) 1
N(14)-0(14B) 1

€(2)-C(1)-N(9)
C(1)-C(2)-0(2)
0(2)-C(2)-C(3)
C(2)-C(3)-N(3)
N(3)-C(3)-C(4)
C(¢3)-N(3)-0(3B)
C(2)-C(4)-C(5)
C(4)-C(5)-C(6)
C(5)-N(5)-0(54)
0(54)-N(5)-0(5B)
C(1)-C(6)-N(7)
C(6)-N(7)-N(8)
B{7)-K{8)-C{10)
C(1)-N(9)-N(8)
N(8)-C(10)-C(15)

.409
.327
LA49
.406
.229
.448
.224

334

.326
.439
.333
460
.226
.372
.380
.229

€(10)-C(11) -N(11)
N(11)-C(1l1)-€(12)
C(11)-C(12)-C(13)
€(12)-N(12)-0(12a)
0(12A)-N(12)-0(12B)
C(13)-C(14)-N(14)
N(14)-C(l4)-C(15)
€(14)-N(14) -0(14B)
C(10)-C(15)-C(14)

(4)
(4)
(4)
(4)
(4)
(4)
(4)
(4)
(3)
(4)
(4)
(4)
(4)
(&)
(4)
(%)

129.
.5(3)
119.
121.
115.
3(2)
121.
L4 (3)
118.
123,
109.
163.
122,

103.

125

117

118

116

123

3(3)

9(3)
9(3)
0(3)

6(3)

3(3)
7(3)
1(2)
1(2)
7¢(2)

2(2)

.7(3)
123.

1(3)

.0(3)
123.
120.
121.
119.
119.
118,
119.

5(3)
2(3)
5(3)
1(3)
7(3)
3(3)
7(3)
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TABLE A-4. Anisotropic Displacement Coefficients (A2x103).a

1

n Usz Uiy Y U3 93
c(l) 33(2) 29(2) 31(2) 3(2) 1(1) -2(1)
c(2) 15(2) 33(2) 28(2) -5(2) 1(1) 0(2)
0(2) 44(1) 49(2) 47(1) 9(1) 15(1) 15(1)
C(24) 45(2) 60(3) 63(2) 13(2) 17(2) 12(2)
C(3) 38(2) 25(2) 29(2) 2(2) =3(L 2(1)
N(3) 44(2) 34(2) 34(1) 2(1) 2(1) 2(1)
0(3A) 56(1) 44(2) 54(1) “1¢1) 11(1) 17(1)
0(3B) 44(1) 58(2) 57(1) 19¢1) 5(1) 18(1)
c(4) 35(2) 32(2) 38(2) 5(2) 4(1) -5(2)
G(s) 39(2) 31(2) 28(2) 3(2) 5(1) 3(1)
N¢S) 43(2) 43(2) 37(2) 5(1) 7(1) 4(1)
G(5A) 52(2) 82(2) 65(2) 29(1) 26(1) 26(1)
0(5B) 66(2) 64(2) 45(1) 14(1) 13(1) 23(1)
C(6) 37(2) 29(2) 27(2) 4(2) 1¢1) 101
N(7) 38(1; 38(2) 34(1) 5(L) 5(1) 4(1)
N(8) 35(1) 37(2) 33(1) 6(1) 2(1) 1(1)
N(9) 41(2) 38(2) 33(1) 6(1) 4(1) 7¢1)
c(10) 34(2) 32(2) 32(2) 6(1) -6(1) 1(1)
c(11) 36¢2) 34(2) 12(2) -1(2) ~1(1) “1(2)
N(11) 43(2) 46(2) 40(2) 10¢2) 9(1) 13(2)
c(12) 39(2) 32(2) 32(2) 3(2) -1(1) 6(2)
N(12) 41(2) 43(2) 43(2) 7(1) 2(1) 9(1)
0(128) 57(1) 65(2) 50(1) 19¢1) 15(1) 19(1)
0(12B) 60(2) 93(2) 81(2) 40(2) 21(1) 52(2)
c(13) 318(2) 33(2) 318(2) 8(2) -1¢2) 1(2)
C(16) 35(2) 34(2) 35(2) 4(2) 1(1) -4(2)
N(14) 42(2) 42(2) 38(2) 3(1) 2(1) -3(2)
0(144) 46(1) 59(2) 55(1) 19¢1) 4(1) 3(1)
0(14B) S8(1) 59¢2) 54(1) 7(1) 18(1) 15(1)
c(15) 42(2) 35(2) 30(2) 0(2) 2(1) 1(2)

2 The anisctropic displacement factor exponent takes the form:
-2n2(h2a*2Uq¢ + . .. + 2hka*b*Uq2).
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STRUCTURE DETERMINATION SUMMARY

CRYSTAL DATA

Empirical Formula 013 H8 N8 O9

Color- Habit

Crystal Size (mm) 0.10 x 0.13 x 0.33
Grystal System Monoclinic
Space Group PZl/c
Unit Cell Dimensions a =7.190(2) A
b - 8.834(2) A
c = 25.555(6) A

g = 94.39()°

Volume 1618.7(7) A3
Z 4

Formula Weight 420.3
Density(calc.) 1.725 Mg/m3
Absorption Coefficient 0.149 m.m“1
F(000) 856

-----
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DATA COLLECTION

Diffractometer Used Siem
Radiation MoKa
Tempe~ature (K) 294

Monochromator High
28 Range 3.1

Scan Type Wyck
Scan Speed Vari
Scan Range (w) 1.20
Background Measurement Stat

ens R3m/V

(A = 0.71073 &)

ly oriented graphite crystal
to 45.0°

off

able; 2.07 to &.37°/min. in w

[o]

ionary crystal and stationsry

counter at beginning and end of

scan

, each for 50.0% ¢f total

scan time

Standard Reflections 3 measured every 98 reflections
Index Ranges O<h=7, -25k=9
=27 = 2 5 27
Reflections Collected 3272
Independent Reflections 211¢& <Rint -~ (.65%)
Observed Reflections 1779 (F > 3.00(F))

Absorption Correction N/A




NAWCWPNS TP 8211

SOLUTION AND REFINEMENT

System Used Siemens SHELXTL PLUS (VMS)
Solution Direct Methods

Refinement Method Full-Matrix Least-Squares
Quantity Minimized )jw(Fo-Fc)2

Absolute Structure N/A

Extinction Cecrrection x = 0.0010(2), where

& -

F = F [ 1+ 0.002xF/sin(26) ) /%
Hydrogen Atoms Riding model, fixed isotropic U
Weighting Scheme wl = o2(F) + 0.0002F

Numiber of Parawmeters Refined 297

Final R Indices (obs, data) R=464.52 %, wR =~ 4.60 %

R Indices (all data) R=~5.56 %, wWR = 4.74 &
Goodness—-of-Fit 1.75

Largest and Mean A/o 0.004, 0.000
Data-to~Parameter Ratio 6.0:1

Largest Difference P=zak 0.50 eA™

Largest Difference Hole -0.23 eh™>
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