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A7t Tl A3k pentanitropentaaza[3.3.3]propellanes A AISFL AL, ©] Foll &2l X377 EYHA &
3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]propellane (TOPAP) 25 = Lol 3T 2 Ao X = TOPAP 29 Hx=
HE=Z3} B-e-S 1aste] A28 1ouA] 245 FA A shalth 1 A3 NOBFR. S} #7 Ak o] g3t A5
7HA] B EA] ¢k 2 6-dinitro-3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]propellane 5CE Z U] 82%°] &= A T3}
Sk e s Tt RAAH RAANE o gajo] 72T R

Until now, there has been much efforts for the development of polycyclic molecules as high energy materials because of their
high density and potential energy. However, there were only a few reports on the development of highly N-substituted poly-
cyclic compounds due to difficulties of the synthesis. We have designed pentaazapropellanes as new high energy materials
and we have recently reported unsubstituted 3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]propellane (TOPAP) 2 as a new skel-
eton for high energy materials. Herein, the nitration of TOPAP 2 was reported for the first time. Thus, 2,6-dini-
tro-3,7,9,11-ttraoxo-2,4,6,8,10-pentaaza[ 3.3.3]propellane (2,6-DNTOPAP) 5C, which is a new nitro derivative of TOPAP 2, was
obtained up to 82% yield by the reaction of NO,BF4 and anhydrous HNOs. The structure of 5C was determined by spectro-
scopic analysis.
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hFigure D[2]. 3FAITF 2o UA] EAE 3t thsae] 313E o
A A W Aot o] A3k siRkEe] A s el ole
o] Q1o Wo] HuER&= iglth # AFalo A 4 ) A4t o)
& A3k 3, F 547 Yot g AoR VdEE v
g 2oy A =4 A ATE JAEghh 2L oA 249
FRE, s v FZolARE FA AT HL vy 3
EQ ZEAYQ) Fxof vhge] AAE X3t 2,4,6,8,10-pentanitro-
3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]-propellane  (PNTOPAP)<
TVEEFA AL, #<ell PNTOPAPS] F& =431 3,7,9,11-tetraoxo-2,4,6,
8,10-pentaaza[3.3.3]propellane (TOPAP) 2°] 7FHASH TIUPHS Hx=
rsisitl(Figure 2)[3]. ©] A¥E HFFOR & AvelMe 2 W A
ol 8717} ==A] 9ke- TOPAP 29| 720l 71etst N-HEZ 3] W1-3-5
slo] oA E4=0] Aglo] 75 Aoz} ¢ds13lal TOPAP 298] UE
23} J1-gol| thisle] H50=2 ®iskeal stk
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Figure 1. Polycyclic high energy materials.
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Figure 2. Structure of pentaaza[3.3.3]propellane and TOPAP 2.
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2.1. 3,7,9,11-Tetraoxo-2,4,6,8,10-pentaaza[3.3.3]propellane (TOP
AP) 22| BH[3]

Glycoluril diethyl ester®] 332 Hue o] WH[3,5]S iz
3lo] 21831tk Diethyl tartrate (15.0 g, 72.8 mmol)2} NBS (17.0 g,
218 mmol)e] &FHEo F4= ethylene dichloride (100 mL)& 7}kl
A 9718k 2 h B9t B wRksith wkgo] FuU NaySOs
(10 9= 7Fetal 7 SRt §ulE =57 AASh zholze|
diethyl ether (40 mL)E 7}t ¥ HAAEZE A succinimide?} 9-&
231, diethyl ether (40 mL x 4)2 Foldlth AE &9 2 A (urea)
(10.9 g, 102 mmolyE 713t ¥ 8wl thA] 79t SHsteh W2 o
ol toluene (50 mL)= 7}t & o] 4-70] §l=5F thA] 7 SH$
th Polxl 2o toluene (150 mL)¥} TFA (16.5 mL, 286 mmol)S
7}8}3l, Dean-Stark trap< Adx| 8 7, I12o4] 35 WREAZICE A3

Fal(eF 50 mL) Wolu] M|y, vHES 6-8 h Y 35 1
t} Whgo] Fupd Aeow LS il ) fulE gt SR
tod B AASCE SilE Al g &l EtOH (100 mL)S 713}
g AolA mrksic}, AAdE HAES AZ3, acetone
(150 mL)¥} 5510 mL)E A2 1AE Rojdl o5 2o} B
IAE 7] FollA Azt A2 31409 glycoluril diethyl ester 15
112 g HATHTE 54%, 2 steps).
kA A& glycoluril diethyl ester 1 (3.50 g, 12.2 mmol)°l] 7 N NH;
(MeOH solution, 35 mL)< 7}5kal A2ellA] 12 h &<t wyksic) Jhgo]
b 73} SRSkl SulE BE AAR § uxly FEE o]gslo]
5 h ol 5] AL AZ=AIZ] 3140 ethylene dichloride (40
mL)E 1, p-TsOH (6.90 g, 36.3 mmol)S 713t} 2715 A3k v
& WHEES 24 h B9 A4 B0l $5F wnksic) vkgo] b
A} SRl s 25 AAS U, EBtOH (30 mL)2 S5 (3
mL)E 7}k 3 h 9 wylsith whl 3 MY AAES A=Ea
EtOH (20 mL)¥} acetone (40 mL x 3) 0.2 Aol ¥ 37| FollA Ax
AFA Aol 3141d2e] TOPAP 28 2.16 g AATHTH 84%, 2 steps).
Mp. > 350 C (decomp.); 'H NMR (DMSO-ds) & 12.09 (s, 1H),
8.64 (s, 4H); C NMR (DMSO-ds) & 172.1, 159.1, 74.7; IR (KBr)
3361, 3317, 1755, 1728, 1693 cm’; Anal. Caled for CeHsNsOu: C
34.13, H 2.39, N 33.17, found: C 33.85, H 2.58, N 33.17; HRMS
(FAB) caled for CeHeNsO4 [M + H]" 212.0420, found 212.0423.
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2.2. Dinitroglycoluril diethyl ester 32| g+

0 T2 #lA glycoluril diethyl ester 1 (0.400 g, 1.54 mmol)<
TFAA (5.82 g, 27.7 mmol)°ll 7}t 5 4= 24k0.44 mL, 30.8 mmol)
& A TRt REE AAE] Ad2o® &7 6 h B9k wRkEt:
Hhgo] b Whg A2 AJE (50 g)ofl = 7, ethyl acetate (15
mL x 3)° & Aojdivk e {7]&N2 1ot 73 ¥ Agawnt
E 199 (hexane:ethyl acetate = 1:1)2 “J#|ste] A w9 3g&E

& 0445 g AANFE 85%).

Mp 174 C; 'H NMR (acetone-d¢) 6 9.86 (s, 2H) 4.38 (q, 4H, J =
7.1 Hz), 127 (t, 6H, ] = 7.14 Hz); ®C NMR (acetone-ds) & 162.6,
147.4, 76.0, 66.1, 14.1; Anal. calcd for C;oH;2N¢O1o C 31.92, H 3.21,
N 22.34, found 32.26, 3.59, 21.98; HRMS (FAB) calcd for CioHi3N¢O1o
[M+H]" 377.0693, found 377.0689.

2.3. Tetranitroglycoluril diethyl ester 42| £+

0 T A-Lo)A P,0s (0.495 g, 3.49 mmol)ell = 2410.58 mL,
14.0 mmol)& 3] 718t U, glycoluril diethyl ester 1 (0.080 g,
0279 mmol)S 7}k ), Aeow L= S wHlslth 1.5 h 5, W
S LEZ2 50 TR &2 2 h B9 71d3it) wkgo] v -10 CTE
EE U F 24 NaCOs (5 g0 AH3] 718t 95-5(50 mL)E A
oJx AE F, doJ7 1A= acetone (10 mL)o)| Fojx Btk 744t
s ¥ A9 AR vHE 189 (hexane:ethyl acetate = 1:1)% A5k
o] A 149 3}TE 45 0.075 g AATHTE 58%).

Mp 192 C; 'H NMR (acetone-ds) & 4.49 (q, 4H, ] = 7.1 Hz), 1.35
(t, 6H, T = 7.1 Hz); °C NMR (acetone -ds) 6160.9, 140.1, 79.7, 67.7,
14.8; Anal. caled for CoH;oNgOy4 C 25.76, H 2.16, N 24.03, found C
26.01, H 2.47, N 23.98.
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Scheme 1. Synthesis of TOPAP 2.
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Scheme 2. Nitration of glycoluril diethyl ester 1.

2.4. 2,6-Dinitro-3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]propel
lane 5C2| &M

TOPAP 2 (0.500 g, 2.37 mmol)°l| - A1K5.3 mL, 118 mmol)<
0 CoflA 3] 718kaL, NO,BF, (0.673 g, 5.92 mmol)S 7|3t} 20
min & 2207 25 HHF) &8 10 h ¢ wHksih yhgo] &
U A5E(50 g)oll R84S 1 FJd¥ vAE AETh TFA (10
mL), G=5(40 mL), DCM (40 mL)E 22 Fo] AL 1AE Ao
Wity A 1AE 13 BEofA AZRAIA e 1A §9HE 5C
£ 0.584 g AATHTE 82%).

Mp > 225 C (decomp.); 'H NMR (DMSO-d¢) & 12.62 (s, 1H),
10.79 (s, 2H); °C NMR (DMSO-d¢) & 164.9, 146.7, 71.0; HRMS
(ESID) caled for CeHoN7Og [M - H]" 299.9959, found 299.9958.

2.5. 2,6,10-Trinitro-3,7,9,11-tetraoxo-2,4,6,8,10-pentaaza[3.3.3]-
propellane 6C2| &Hd

FA2H0.9 g, 142 mmol)& -5 C ice bathS o]&ate] WzkA|7)
% trifluoroacetic anhydride (TFAA, 0.6 mL, 2.84 mmol)% 23] 7}
St 10 min F<9F Y %o wHE ¥ TOPAP 2 (0.100 g,
0.474 mmol)Z 713t 5] AL o7 HHF| $&A17IY wHsith 12 h
H Y FHES =3 TFA (10 mL)E ot Noll 1A=
Tol uAF AIEE ALgato] 24 h B9 AXAA A 114 6CE
0.112 g AATHTE 61%).

'H NMR (DMSO-ds) & 10.80 (s, 1H); °C NMR (DMSO-ds) &
162.8, 147.6, 75.9.

3. 241 3 nE

9 5791 TOPAP 2+ =il ¥ =, ddde=z 7183
diethyl tartrate ZH-E] 4A] FH-g-of 28] 49519 21 Scheme 1°]
YeRIATH3]. ©12] F3HAIS) glycoluril diethyl ester 12> YEZ3} &k
59 REsRMERE ARSIQItE UER S} vkg 2708 g vk
3 AgEE AE71u sEe] uel A7rF 2ERXX]TH6], TOPAP
29} AR F2E AU TNGU FAdoll o] 83 NNYEZ 3} WH{7]
52 Q(urea)” )7} e TR e BHEL] NUERS) B 20 S
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Table 1. Nitration of TOPAP 2

)OL H ? No,
0Ny A Rl oy -R2
conditions o N M NH 0.0 B N - o)
2 :3’_?: or O= —
TOPAP HNWN=N02 HNWNﬂRa
0 0
5C 6
R' RZR*=NO, or H
Conditions Product (yield)
P,0s/HNO; 6 (32%)
TFAA/HNO; 6 (61%)
Ac,O/HNO; 6 (38-4%)
NO,BF4/HNO; 5C (53-2%)
NH4NO;, TFAA 5C (11%)

[8] FaL= 3o & Aelx el NoUERS WS xdstarst skalth
YE=ZS} 92 22 2xdolets Agsh= F3=el wet 237t o
ZA v = 7] dlizel TNGUS 37 Wl YERS wkg 24
< 10l WA Ageto] Btk fARE T30l BaERA] ok 73Rl
N-nitroglycoluril diethyl esterS $dall w1 1 A3E o]gshd Ysth
1= TOPAP 29| N-HEZ3} Hkgox o] & ZoR o st

A QA (urea) 719 N-HEZSE Wb 270 Fol A2elA 4 2
Ak} TFAA (trifluoroacetic anhydride) £ Ac,02] &3-&E0|u 4=
P,0s &} - At E3Ha-8 0]831o] glycoluril diethyl ester 101 N-U]
EZg} iS5 33l A} SF3ATHScheme 2). ©] FollA] F5= Ak
7 TFAA 22 A0 EF=5 AF-SE 2ol = dFs HERY]
7} %1% N N-dinitroglycouril diethyl ester 3 3}5tE0] F2 Qo5
o} 2y B AA P0sE ©]8-8] in situ® NoOsS BAIAA
ool oA N-UERSE WS 318ESIE wole vl 719 da
71 B UEZ7|7F 9% tetranitro 3}8E2] N,N,N,N-tetranitrog-
lycouril diethyl ester 45 €& 5 AT ©] Hhel & Ao YERT]
2 5918 4 vk Rauw o 2HoR[6]) UERS WS 9
al moko, olE £ NO,BF, H,S0,7 7= ko] 29, st
+ tetranitro 3FFER] 45 27171 o#RTh PoJZ] Naitroglycoluril
diethyl ester 32} 45 2 AFoA HE2E Pt o7 733h4 &+
AAAE olgsto] 2E g1

Glycoluril diethyl ester 1°] 2@ UEZ3} gk-g AE ujgoz
TOPAP 2¢|| N-HE=Z S} Wh3-& 738 215 Table 10 YERASITE of
Fio) dks Az BEA R UEZI|ZF EYE ZAoR Ay F
7HA el UER 313E 5 T 65 42 7 3t BE A4
UERY7} B 299 3h3hE ey ER 313l PNTOPAPE ¢
oA kST &, TFAA, P,0s 22 A0F - At} o] vk
sk 3hE 60] T2 DojA|1, YERHS AHES vh3ellx = slet
& 50] F2 dojgltt 53] e 5% NOBFE Y dakat o]
ARSI 8-S 7P Al €5 5 AT T Yl AlES YERS)
HES oA s FekSo] wol AA AvEE & dojx|x]| okshtt

dolzl 3ol 25 sty sl 'HeF PC NMR AFEF,
HRMS A& o]g3to] E48t Ay}, s3HE 5+ 4 Wl 109949
ALE AL A ] 718 di Foll F 2] Ao YERZ]7F
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ol =¥l UERY]9] S0l uje} 6A, 6B, 6C = 6D} L ER
SRHES e 4 Qs dA7EA HRMSY U474 7 22 data
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Figure 5. Possible structures of nitro compound 6.
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