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Diels-Alder (DA) reactions of 3-nitro-2 (1H)-quinolones with 1,3-butadiene derivatives

gave the functionalized DA adducts and the phenanthridone derivatives under the

atmosphere or high pressure conditions.
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X, RAESMICTZ AT IV (COOMe) B &
7/ (ON) e EOBEFRI T HT 5
N-methyl-2 (1H)-quinolone#i% ./ 7 1 )L &
¥ % Diels-Alder (DA) FUG %11V, £ EREALE
M7z DARINER (58452 IC X 4172 phenanthridine
FEE) BE eV LIFPER TR LN 2
H L9 RIS % A5 % phenanthridine 7
BRDPL B SINTWAD, PiPARP G
(A5 F 72 LS P388 12 L T %
(B)® % BT % B 22 #1  phenanthridine 73
R4 IG & 72 phenanthridine &R A5k
OB (C)Y & LTHISN TS (Chart 1).
4, = boRkofiEiiEicEEH L, 3-nitro-2
(1H)-quinolone# % Y/ 7 1 V& T 5DAK
B MW, AFEEILAY (A, B) ORFEN A
B xS AHE L7z (Chart 1) .19 6 or/and 8712 =
N OEPFELET S EE12132 (1H) -quinolone O
WP oEBL2WEIL, 3,4 O E
HODAMIEHHEIT LSS b LEZLND.
F/, = buiE, 7, Narrend
Fof s RICERuUETH), NEVRIIS
NI EEDFIE T B DA IR ARG &9
(D)W e EOERPEAICEY 55T L s,
#7126 or/and 8f7lC= FaEEHT S 2(1H)-
quinolone (1b, ¢) YV T/ 7 4 L & L THW/:.
vx vk L 7T1,3-butadiene & E{liKTH %

butadienesulfone (2a) % fi\W 7234, #H/-12E
WENBEOF LT 4 U ADOHIKIBIZ L ) 2
A R VL EOEREDEANTTERTH D,
8,91 IZE Lk % F 9 4 phenanthridine 7V 1 1
A R QR ERIZE Y 5. BEE (HP:10
kbar) Z&fF F O DA JUG I, KREILEMA L&, 52
ol R 5252 0% A, 40, 3-nitro-
2(1H)-quinolone FEfE (1a-d) 1% OHFHME
Keaf+ 4 BT, Y x & L Chbutadienesulfone
(2a), 2,3-dimethoxy-1,3-butadiene (2b) & 1-
acetoxy-1,3-butadiene (2¢) % W CTKETE &
BEZME T O DABIE & A 7D THET 5.
1 U2, butadienesulfone (2a) & 3-nitro-
(1a)™®, 3,6-dinitro-N-methyl-2 (14) -quinolone
(1b)® & O DA BUL % MET L7z (Chart 2). K&
4T, 1ak 2a®o-xylene &% 180 C
T3 HMMET 5L, N-methyl-6(5H)-
phenanthridone (3a) 1019 2SE & AR L 72 D &
THhotz. $72, 1b & 2aPDo-xylene B =,
180 C T3 HMM#$ 5 &, N-methyl-2-nitro-6
(5H) -phenanthridone (3b, 7%)?, 3bD Yk K
o1k (4, 2%) & DARINE (5, 3%) A7 HER L 7-.
%512, 23-dimethoxy-1,3-butadiene (2b) & N-
methyl-3,6,8-trinitro-2 (1H) -quinolone (1¢) 1314
O DA & RKEESAT, 180T T3 HIEATH
&, 8,9-dimethoxy-6 (5H)-phenanthridone (3¢,
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Chart 1

25%) &, DAfTIE (6, 7%) 2SHER L7-. &
J&: (HP: 10 kbar) 4T, 2b & 1c DDARIE %
90 C T2 HMBULEATH &, DA (6, 43%)
DHAPHFREREOPNETHER L. DX, N#E
&2 3-nitro-2 (1H) -quinolone (1d) & 1-acetoxy-
1,3-butadiene (2¢) D KRHESM: T D DA KIS 2
%, 6(5H)-phenanthridone (3d,'%'? 4 %) & DA
FHIA (7, 6%) AMERINEE 2 AT S AR L 7.

DAMTHME (7) D THET & b % ¥ 3o 4R b
EOEDLHICLTHREL, A==
HF—%)E (NOE) AR M IVIZBWT, DAF
Ik (7) DR (10a) KFEE TALT £ F IV FED A
FOUKFEBICHBEBH S -0l LT, #%

M (10a) AZFE & THARKERICIZHEIEO 5Nk
Mol Z s, %HE(10a) KEETATE ¥
VEE, cis DBMRICH B L E Lz, Bk
(8a-d) i, &4 xFied % DARIIME(3a*,5,6,7)
25 HNO, O i & Z 2z < Pk FE T 72138
WERR AR LT HRILL TEKL-EEZ LR
b, FEIZ3bD Yk Nk (4) DR, FER
{LASHNO, DIBEN S BIGT 5 Z & R LT
W5,

= bk (1ad) & ¥V (2a-¢c) DIHTIETF
AL TRESNME S, ME—EEELRNT T TF
EN/-6DA3NHFFHRETH o2, @EESRNE
T T, BREFBDT 5 H AN ER
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FTAHOT, = b aEOREEDE S ISR PLE, 3-nitro-2 (1H)-quinolone (1a-d) & 1,3-
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= WKW R T A5 DT, = baikd2-31@ £ T T47\vy, 6(5H)-phenanthridone FHEAE X
AT 5T L CTHEEREED H L CTHE L 7= DL ERERIL SN DAMNIME L K W LFRE
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Al s X, Yanaco s fll BRI E 28 & vy, &
TRMWIETHAH. IR A7 bLiE, PERKIN
ELMER FT-IR 1725X, MS 2% % bV iZ, JEOL
JMS-DX303/JMA-DA 5000, JTCHETH I,
PERKIN ELMER 2400 CHN Elemental Analyzer
ZAEH L7z, NMR AXZ bLiE, JNM-GSX 400
('"H-NMR, 400 MHz; 3C-NMR, 100 MHz), JNM-
EX 270 ("H-NMR, 270 MHz; '*C-NMR, 67.8 MHz)
THE L7z, Ab%% 7 b, tetramethylsilane
(Me,Si) % NERIEHE & LT, Me,SidH D ppm T
WLz, 7T v iatTAsavR NI T T 4 —
&, FEEM & LT Merck Kieselgel 60 (230-400
mesh) & W7z,

1a & 2a D DA KIS

1a(0.204 g, 1 mmol) & 2a(1.187 g, 10 mmol)
D o-xylene (2 ml) HWEFHEH, 180°CT3HM
MBS 5. &, BEEZWMEYZEL, &
BWE 79 ahshr0R 7T T 14—
(acetone:hexane = 1:2) THEEE IS 5, £—if
HE82 5 3all mg, 0.5%, mp > 300 C (lit.1)
mp >300C] #145.
1b & 2a D DA R

1b (0.249 g, 1 mmol) & 2a(1.187 g, 10 mmol)
? o-xylene (2 ml) W % BEH, 180 CT3HM

Table 1. Diels-Alder Reactions of 1a-b with 2a-c

MBS 5. Wik, BEEZBREEEL, &
BWhk 75 ahTLrATNTTT 4 —
(acetone:hexane = 1:2) CABEREEI4 % . &%
HiEf 2~ 5 5,6,6a,7,8,10a-hexahydro-5-methyl-cis-
6a-nitro-6 (5H) -phenanthridone (5; 8 mg, 3%),
BB A 5 38b[0.017 g, 7%, 253 C (mp
255-258 T)V], HEZWHHHEA S 7,7,10,10-
tetrahydro-5-methyl-2-nitro-6(5H)-
phenanthridone (4; 5 mg, 2%) %1% 5.

4: FELEIRSGS (acetone), mp 250-255C
(decomp) . IR (KBr) cm™: 1683, 1642, 1602, 1345,
828. 'H-NMR (CDCL,) & : 3.27-3.33 (2H, m, CH,) |
3.55-3.60 (2H, m, CH,), 3.80 (3H, s, NMe) , 5.90-
6.04 (2H, m, H-8,9) , 7.46 (1H, d, J = 9.2 Hz, H-4) ,
8.38 (1H, dd, J = 2.7, 9.2 Hz, H-3) , 8.55 (1H, d,
J = 2.7 Hz, H-1) . BC-NMR (CDCL,) & : 25.81,
26.50, 30.17, 114.69 (C2) , 120.07, 120.26, 121.33,
124.17, 124.13, 128.12, 138.67, 142.568, 161.45.
MS m/z: 256 (M*), 255. HR-MS m/z: Calcd for
C,.H,,N,0,, 256.0848. Found: 256.0830.

5. # gL (acetone), mp 60 C. IR (KBr) cm™:
1698, 1598, 1341, 841. 'H-NMR (CDCl,) & : 2.09-
2.19 (1H, m, H-10) , 2.59-2.66 (1H, m, H-10) , 2.85
(1H, ddd, J =22, 4.8, 16.0 Hz, H-7) , 3.54 (3H, s,
NMe), 4.01 (1H, dd, J = 6.6, 10.0 Hz, H-10a),
3.98 (1H, dd, J = 7.3 Hz, H-10a) , 5.69-5.80 (2H,
m, H-8,9), 7.16 (1H, d, J = 8.9 Hz, H-4) , 8.12 (1H,

Entry Quinolone Diene Temp. Time Pressure Product Yield
(C) (d) (kbar) (%)

1 1a 2a 180 3 Atmospheric 3a trace
2 1b 2a 180 3 Atmospheric 3b 7
4 2

5 3

3 1c 2b 180 3 Atmospheric 3c 25
6 7

4 1ic 2b 90 2 10 6 43
5 1d 2c 180 3 Atmospheric 3d 4
7 6




— 4A

d,J = 2.5 Hz, H-1), 8.22 (1H, dd, J = 2.5, 8.9 Hz,
H-3). BC-NMR (CDCl,) &: 20.12, 30.41, 31.17,
39.35, 89.92, 115.83, 123.31, 123.37, 123.39,
124.77, 126.97, 143.16, 143.53, 161.69. MS m/z:
303 (M*), 257. HR-MS m/z: Caled for C,,H;N,0,,
303.0855. Found: 303.0854.

1c & 2b D DARIE

1¢ (0.232 g, 0.789 mmol) ¥ 2b (0.342 g, 3
mmol) ® o-xylene (2 ml) BF#W = HE T, 180T
T3 HMIMEARIET 5. Wk, B2 ey %
L, W% 795> ah I L0 NT T T4
— (acetone:hexane = 1:2) THHEEHT 5. 6
wER A 5 5,6,6a,7,8,10a-hexahydro-8,9-
dimethoxy-5-methyl-2,4-cis-6a-trinitro-6 (5H) -
phenanthridone (6; 0.070 g, 25 %), # it HED
7 5 8,9-dimethoxy-5-methyl-2,4-dinitro-6 (5H) -
phenanthridone (3c; 0.023 g, 7% ) % {55
3c: B EEHIREL (acetone), mp 271-275 C. IR
(KBr) cm!; 1663, 1601, 1518, 1283, 829, 738. 'H-
NMR (CDCl,) 6: 3.57 (3H, s, NMe) , 4.08 (3H, s,
OMe), 4.17 (3H, s, OMe) , 7.58 (1H, s, H-10) , 7.90
(1H, s, H-7), 8.67(1H, d, J = 2.5 Hz, H-1), 9.12
(1H, d, J = 2.5 Hz, H-3). ¥C-NMR (CDCl;) ¢
35.68, 56.57, 56.68, 103.05, 109.18, 119.71,
119.91, 120.77, 123.22, 125.90, 136.09, 139.75,
140.57, 152.05, 154.57, 161.49. MS m/z: 359
(M*), 299. HR-MS m/z: Caled for C,¢H,;N;0,,
359.0753. Found: 359.0727.
6: K E ARG (ether-hexane) , mp 199-200 C.
IR (KBr) cm™: 1721, 1607, 1543, 1261, 736. 'H-
NMR (CDCl,) é6: 2.18 (1H, dd, J = 10.2, 17.2 Hz,
H-10), 2.72 (1H, dd, J = 7.0, 17.2 Hz, H-10) , 3.00
(1H, dd, J = 3.0, 14.4 Hz, H-7), 3.29 (3H, s,
NMe), 3.46 (1H, d, J = 14.4 Hz, H-7) , 3.64 (3H, s,
OMe) , 3.68 (3H, s, OMe) , 4.15 (1H, ddd, J = 3,0,
7.0, 10.2 Hz, H-10a), 8.33 (1H, d, J = 2.4 Hz, H-
1),8.61(1H, d, J = 2.4 Hz, H-1). 13C-NMR
(CDCL,) 6: 28.57, 30.77, 35.13, 40.03, 58.03,
58.32, 88.78, 121.59, 125.72, 131.24, 133.55,
133.93, 137.72, 139.98, 142.97, 160.93. MS m/z:
408 (M*), 362. HR-MS m/z: Caled for € H(N,O,

408.0917. Found: 408.0942.

1c & 2b DEEERMAT O DARIE

1¢(0.052 g, 0.17 mmol) & 2b (0.114 g, 1 mmol)
?D CH,Cl, (4.5 ml) Il x 771 » JTJTF“
10 kbar, 90 CT2 HMMERILS 5. kR, ¥
A MIEREE L, WEWE 7T AT a0
< N5 7 4 — (acetone:hexane = 1:2) THEERE
B2, a5 6(0.030g,43%) H155

1d & 2c D DA RIS

1d (0.232 g, 0.789 mmol) & 2¢ (0.342 g, 3
mmol) @ DME (2 ml) R 2 H &, 180CT3
HEMESOET 5. @5, B2 IEE R L, %
Bue 75 ah 6270 NI TT 14—
(ethyl acetatechexane = 1:1) TGS 5.
—MHE 2 5 c-7T-acetoxy-5,6,6a,7,8,10a-
hexahydro-5-methyl-cis-6a-nitro-6 (5H)-
phenanthridone (7; 0.013 g, 6 %), & _HEH
% 3d [0.006 g, 4%, mp 288 C (lit.'") mp 289 C]
2155
7: EO K & (acetone) , mp 70 C. IR (KBr) cm™:
3442, 1706, 1559, 1308, 1220, 763. '"H-NMR
(CDCL,) 6: 2.04 (3H, s, COMe) , 2.17 (1H, m, H-
10), 2.76 (1H, m, H-10) , 4.08 (1H, ddd, J = 3.8,
7.1, 7.1 Hz, H-10a), 6.00 (1H, m, H-8), 6.10 (1H,
m, H-9), 6.33 (1H, d, J = 5.1 Hz, H-7), 6.83 (1H
d,J =179 Hz, HA4), 712(1H dd, J = 7.4, 7.6 Hz,

-2), 7.24(1H, dd, J = 7.6, 7.9 Hz, H-3) , 7.33

(1H, d,J="74Hz H-1), 827 (1H, brs, NH) . '3C-
NMR (CDCl,) 6: 20.7, 31.1, 35.2, 65.9, 90.5,
116.6, 123.0, 124.8, 125.9, 127.9, 128.5, 130.3,
133.3, 159.4, 169.1. MS m/z: 302 (M*) . HR-MS
m/z: Calcd for CzH,N,O5, 302.0903. Found:
302.0901.
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