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Synthesis of Meridine, Cystodamine, and Related Compounds
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Absiraci: Two aromaiic aikaioids, meridine (1) and cystodamine (3), and related
compou unds (2. 4, 8) were svnthesized hv heterog Diele-Alder reaction between 4-
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methoxy- (or 4-chloro-)5,8-quinolinedione and 2-nitrocinnamaldehyde dimethyl-
hydrazone © 1998 Elsevier Science Ltd. All rights reserved.

A series of biologically active fused polycyclic aromatic alkaloids possessing iminoquinoline-
qumone structure have been isolated from marine orgamsms 1 In 1991 Schmidtz et al. reported the
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from Amphicarpa meridiana and from a Lepiociinides sp., respectively.2 They determined the structure
of meridine as 12-hydroxybenzo|b]pyrido[4,3,2-de][1,7]phenanthrolin-8(8 H)-one (1) by X-ray analysis.2
McCarthy et al. found antifungal activity of 1 against Trichophyton mentagrophytes and Epidermophyton
floccosum.3 Cystodamine (3) was isolated from a Mediterranean ascidian Cystodytes delle chiajei
(Polycitoridae), and showed activity against human leukemic lymphoblasts.*

In connnection with our synthetic studies on fused aromatic alkaloids, we have carm
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cystodamine (3) and related compounds
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The hetero Diels-Alder reaction between 4-methoxy-5,8-quinolinedione’ (11a) and 2-nitro-
cinnamaldehyde dimethylhydrazone (12) in chloroform or acetonitrile (reflux, 48 h) gave no expected

products (13, 14). In contrast, the cvcloaddition was carried out in the presence of acetic anhvdndes (and
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silica gel) for the purpose of preventing a nucleophilic attack of liberated dimethylamine to the quinone
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dione (14), regioselectively. Addition of boron trifluoride diethyl etherate was also effective; the
quinones (13, 14) were obtained.

To improve the yields of 13 and 14 we studied the hetero Diels-Alder reaction using
haloquinone.® The required 7-bromo-4-methoxy-5,8-quinolinedione (11b) was obtained by oxidative
demethylation of 4,5,8-trimethoxyquinoline (10, prepared from 3-bromo-2,5-dimethoxyaniline!? (6),
Meldrum's acid and trimethyl orthoformate via 4(1H)-quinolinone!! (8) in four stens) with cerium(IV)

chloroform (144 h) or acetonitrile (48 h) in the presence of acetic anhydride gave 13 and 14 in better

ammonium nitrate (CAN) in aqueous acetonitrile. The reaction of 11h and aza-diene (12) in refluxing
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11a: X =H 12 13 14 57% HI 2:R=0CH,
b: X =Br 88.5% 1:R=0OH

Table I. Hetero Diels-Alder Reaction between Quinone (11a, b) and Diene (12)
Entry Quinone Diene (12) Solvent Additive(s) Temp. Time Yield {%]
[equiv.] [°C1 [h} 13 14
1 ila 1.2 CHCh — reflux 48 —
2 ila 1.2 CHCl;3 (CH5CO0O),0 reflux 48 2.7 —_—
3 11a 1.2 CHClL, (CH3CO),0, SiO;  reflux 15 7.8 6.1
4 11a 1.2 CHCHh (CH3COR0, Si0;  reflux 30 — 7.3
s 112 1.2 CHyCl, (CH;CO)0, Si0;  reflux 30 54 R7
6 11a 12 CH.(Cl, (CH3CO)0, Si0;  reflux 60 — 13.1
7 11a 1.2 CH;CN — reflux 48 — —
8 11a 1.2 CHCl, (CFsC0O),0 reflux 30 — —_
9 11a 1.2 CH:Cl, BF;-O(CH,CHa3), 25 43 9.6 1.0
10 11b 1.2 CHCL (CH1CO);0 reflux 144 44 10.2
11 11b 1.2 CH3CN (CH1CO),0 reflux 48 139 12.8
12 11b 28 CHCl; (CH3CQO),0 50 65 14.5 17.1
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yields. The use of a large excess!2? of aza-diene (12) sligh

compound (13) was treated with 10% palladium on car

The reaction of quinone (11a, b) and aza-diene (12) is summarized in
The pyridoquinolinequinone (14) was catalytically reduced in methanol to afford pentacyclic
compound (2) in 91% yield. Finally, 2 was heated with 57% hydroiodic acid to furnish the demethylated
product (1) in 89% yield. The spectral data of 1 was identical to the natural meridine.
Similarly, a regioisomer (4) was prepared from 6-bromo-4-methoxy-5,8-quinolinedione (17). The
hetero Diels-Alder reaction between 17 (obtained from 6-bromo-4-chloro-5,8-dimethoxyquinoline!3 (15)
in two steps) and aza-diene (12) in refluxing chloroform; acetonitrile or toluene in the p
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10-28% yields, but no 1,4-dihydropyrido[2,3-g]quinoline-5,10-dione (Table II). Catalytic reduction of
18 furnished 4 in 36% yield.

N
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R OCH, CHO O CHO O HO O
CH,ONa, 15:R=Cl 17 18 4
CH,OH L 16: R = OCH,

71.0%

Table II. Hetero Diels-Alder Reaction between Quinone (17) and Diene (12).

Entry Diene(12) Solvent Additive(s) Temp. Time Yield of 18
[equiv.] [d] [%]
1 1.2 CHCl, (CH3C0);0, SiO, reflux 6 13.0
2 12 CHClp (CH3CO)0, Si0, reflux 5 —
3 1.2 CHsCN (CH3CO);0 reflux 2 283
4 12 CHCHL, (CH5CO),0 reflux 5 189
5 12 CsHsCH3; (CH3CO),0 reflux 9 10.2

We then synthesized cystodamine (3) and its isomer (§). The hetero Diels-Alder reaction
between 7-bromo-4-chloro-5,8-quinolinedione (19) and aza-diene (12) in chloroform containing acetic

anhydride afforded 1,4-dihydropyrido[3,2-glquinoline-5,10-dione (20, 21% yield) and pyrido[3,2-g]-

rAnn compound (28) was Aa Arraanatad

qumuum:-.) 10-dione \41, 34% ylc:u;, nguscxcbuvcx y. The dih 1yQaro Coij| nd \au } was ucuyuauscunm.s
with 10% palladium on carbon in refluxing toluene to give 21 (69% yield). Treatment of 21 with sodium
methoxide in methanol gave methoxyquinone (14, 75% yield), a synthetic intermediate of meridine (1).
The fact showed that 4-chloro-3,8-quinolinedione (19) is more efficient starting material for the synthesis
of 1 and 2. The chloroquinone (21) was heated with sodium azide in aqueous N,N-dimethylformamide to
afford aminoquinone (22) in 58% yield. Catalytic reduction of 22 in methanol furnished cystodamine (3)
in 88% yield. The hetero Diels-Alder reaction between 6-bromo-4-chloro-5,8-quinolinedione32 (23) and
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28% yield), regioselectively.

NMR chemical
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a o N(CHy), R NH, O
3 12 NaN, —24: R =Cl CH,ON, s
51.5% 25:R=NH, CH,OH
18: R = OCH, = 74.9%
Table III. 13C-NMR Chemical Shift Data for Meridine (1), 2, Cystodamine (3), 4, and 5%
Carbon 1 2 3 4 s

C 129.33 131.50 131.64 131.13 132.98
C, 132.55 131.79 134.23 131.87 134.84
Cs 129.62 129.35 132.17 129.40 133.46
Cs 123.34 122.61 124.18 123.96 124.68
Cia 121.74 120.42 121.40 121.80 123.02
Cap 137.91 137.85 139.68% 137.06 140.06
Cs 119.73 120.28 124,18 119.91 123.32
Cs 151.55 149.72 150.39 149.74 149.00
Cra 147.58 145.69 139.489 146.86 143.90
Cs 180.43 180.70 175.42 179.85 186.07
Csa 148.91 149.39 138.97 119.09 110.94
Co 166.61 159.90
Cio 153.70 152.77 139.44 110.13 114.46
Cn 116.95 111.38 114.93 155.07 141.41
Ci2 167.26 166.21 160.37

Ci2a 116.49 122.08 113.90 153.19 146.87
Cizp 152.17 148.42 143.38 148.76 140.45
Cize 117.69 117.90 118.58 117.61 117.65
Ciza 142.51 145.22 144.32 145.19 145.53
OCH3; 56.67 56.73

Ay

a) Assignments confirmed by direct and long-range C-H correlations. b) Assignments may be interchanged.
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Experimental
All melting points were determined on a Yanagimoto micromelting point apparatus and are
uncorrected. IR spectra were obtained with a Hitachi 260-10 spectrophotometer. 1H- and 13C-NMR

Pt a ¥l Rl 7aWa Y04 - avry ~

spectra were measured in CDCl; (unless otherwise noted) at 270.05 (or 500) MHz and 125.65 MHz,
respectively, with JEOL JNM-EX 270 and JEOL JNM-LA 500 spectrometers, and chemical shifts were
recorded in O values relative to an internal standard, tetramethylsilane. Mass spectra were recorded on a
IMS-DX 302 mass spectrometer. Elemental analyses were obtained by a Perkin-Elmer Model 240B
elemental analyzer. All reactions were run with magnetic stirring. Anhydrous sodium sulfate was used
for drying organic solvent extracts, and the solvent was removed with a rotary evaporator and finally
under high vacuum. Column chromatography was carried out on E. Merck silica gel 60 (230-400 mesh)
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5-[[(3'-Bromo-2',5'-dimethoxyphenyl)aminojmethylidene]j-2,2-dimethyi-1,3-dioxane-4 ,6-dione
(7) A solution of Meldrum's acid (170 mg, 1.18 mmol) in trimethyl orthoformate (2 ml) was refluxed for
1 h, and then a solution of 3-bromo—2,5-dimethoxyani1ine (6) (229 mg, 0.99 mmol) in trimethyl
orthoformate (2 ml) was added. The whole was refluxed for 1 h, then cooled, and evaporated. The

residue was chromatographed (CH,Cl,) to afford 7 (265 mg, 69.5%). mp 171 °C (yellow powder from
ethyl acetate). MS m/z (%): 387 (M*+2, 27), 385 (M*, 28), 329 (34), 327 (33), 254 (98)
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Hz, :CH-N), 11.65 (IH, d, J=14.2 Hz, NH).

7-Bromo-5,8-dimethoxy-4(1H)-quinolinone (8) A solution of 7 (200 mg, 0.518 mmol) in
diphenyl ether (4.5 ml) was refluxed for 30 min. After cooling the whole was poured into hexane (17
ml). The precipitated solid was collected, washed with hexane, and chromatographed (CH,Cl,-methanol,

Q:1) to afford 8 (106 me, 72. ncz,\ n 250-252 °C (colorless nowder from CHCl,) S > (%) DS
Sk J W MALVAMG W 2V iigy, Fifs A-A PR LY AW AVVRRIIUSS PRV OL L3000 La3Ri3 . VS L\ Ry L00°
AP A2\ N02 A+ 1N 7O £0 71 m Acsnl Nalad Fre M. 1T, DANMN_.1/ALT_MN. M AL 70. LY
{(M*+2, 23), 283 (M*, 23}, 270 (97}, 268 (100). Anal. Calcd for C11HioBrNGO3:1/4 H3O: C, 45.78; H,
3.67; N, 4.85. Found: C, 45.63; H, 3.49; N, 4. 83 IR (KBr): 1620 cm! (C=0). !H-NMR &: 3.93 (3H, s,

OCHs), 3.95 (3H, s, OCHj3), 6.25 (1H, dd, J = 7.6, 1.7 Hz, C3-H), 6.78 (1H, s, C¢-H), 7.51 (1H, dd, J =
7.6, 5.6 Hz, C2-H), 8.70 (1H, br d, J = 5.6 Hz, NH).

7-Bromo-4-chloroe-5,8-dimethoxyquinoline (9) A mixture of 8 (300 mg, 1.06 mmol) and

phosphorus oxychloride (6.2 ml) was refluxed for 30 min. The reaction mixture was cooled, poured into

ice-water (45 ml), neutralized with 5 N NaOH solution, and extracted with CH;Cl; (3 x 50 ml). The

1ce-wallr A8 Jy AAWNS A SALAdCwus ANGQNFAL O8NS I-A\lll’ {Laina s u‘.vwvu Som 2PN

extract was washed with water, dried, and evaporated. The residue was chromatographed (CHCl3-
methanol, 19:1) to afford $ (308 mg, 96.4%). mp 113 °C (colorless powder from ether). MS m/z (%):
303 (M*+2, 36), 301 (M*, 28), 290 (26), 288 (100), 286 (79). Anali. Calcd for C1;HoBrCINO;: C, 43.67;

H, 3.00; N, 4.63. Found: C, 43.65; H, 3.00; N, 4.62. 'H-NMR &: 3.96 (3H, s, OCH3), 4.05 (3H, s,

OCHsy), 7.05 (1H, s, C¢-H), 7.45 (1H, d, J = 4.6 Hz, C3-H), 8.73 (1H, d, /= 4.6 Hz, C;-H).
7-Bromo-4,5,8-trimethoxyquinoline (10) A solution of 28% sodium methoxide in methanol

(7.52 ml) was added to 9 (188 mg, 0.621 mmol). The whole was heated at 65 °C for 30 min, then cooled,

vaI QUL BV 2 200 L5 11171 ) 4 11

diluted with water (30 ml), neutralized with 10% HCIl, and extracted with CH,Cl; (3 x 100 ml). The

8425
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extract was washed with water, dried, and evaporated. The residue was chromatographed (CHCl3-
methanol, 19:1) to afford 10 (131 mg, 70.7%). mp 154 °C (colorless powder from ether). MS mv/z (%):
299 (M*+2, 50), 297 (M*, 50), 284 (97), 282 (100). Anal. Calcd for C;13H;,BrNO3: C, 48.34; H, 4.06; N,

4 TN LCnhnnd. ™ AQ MA. LT ANES. N A 7TL ILT NRAD K. 2 QA /20T o NI\ A N /21T ATT N A NA LY
P TUUBRL. Ny 0.4, I, .U, 1Y, & 70 -V U0 0.74% 06, §, vl njy), 4.Uu< (9n, §, UL,I13) 4.U4 on,

s, OCHa3), 6.78 (1H, d, J = 5.3 Hz, C3-H), 6.96 (1H, s, Cs-H), 8.75 (iH, d, J = 5.3 Hz, C,-H).
7-Bromo-4-methoxy-5,8-quinolinedione (11b) A solution of cerium(IV) ammonium nitrate
(CAN) (1.47 g, 2.68 mmol) in water (8 ml) was added to 10 (200 mg, 0.67 mmol) dissolved in
acetonitrile (20 ml) at 0-5 °C. The mixture was stirred at 0-5 °C for 1 h, diluted with water (50 ml), and
extracted with CHxCl; (4 x 100 ml). The extract was washed with water, dried, and evaporated. The

residue was recrystallized from ethyl acetate to afford 11b (92.2 mg, 51.3%). mp 210 °C (decomp.)

fwuallnwuy mnurdar fram athe] anatatal MQ w./l 700\ DLQ MAA+LD ﬂQ\ ’)K FAA+ 1YY 10Q /I Asernl Nalnd
UCulw POWOET ITGIN CulY: alTaic,;. o AVZ \(70). 207 UVl T4, 70), \LVL , 1W), 100 (&), Andi LaiCa
for CoHeBrNG3-1/3 HoO: C, 43.82; H, 2.45; N, 5.11. Found: C, 43.65; H, 2.16; N, 5.26. IR (KBr)
1692, 1658 cm-1 (C=0). 'H-NMR 0: 4.08 (3H, s, OCHz3), 7.20 (1H, d, J = 5.6 Hz, C3-H), 7.46 (iH, s,

Cs-H), 8.86 (1H, d, J = 5.6 Hz, C>-H).

trans-2-Nitrocinnamaldehyde Dimethylhydrazone (12) N,N-Dimethylhydrazine (0.56 ml,
7.37 mmol) was added to a solution of trans-2-nitrocinnamaldehyde (1.0 g, 5.6 mmol) in CH,Cl; (50
ml). The whole was stirred at 25 °C for S h, and then evaporated to dryness. The residue was chromato-

oranhed ((‘Ha(‘l afford 12 (QT( me, 73 Q%\ mp 39 °C (red powder from hexane). MS m/z (%): 219
graphed (Lny to atrorg 1.4 (Y1l mg, np 57 (reC powgaer m hexane). MS m/z (%) 217
A IOVWN Awad Oalad e OO LT NN 0 £NYE 1T §0Q0. N 1017 Tannd.- 0 £N19. 11 £09. N
(Ivi7, 1UVU). Andi. Laica 10or Uiz ©, 0U.20; 11, J2.76; IN, 15,1/, rouna: C, OU.i2, n, 0.UZ, IN,
16 1 £ 1YY RTR ATY A NN /LYY . RT/ANTY NN £ N 1YY 1.1 T 10N O £ TY__ /\OY el i BVal s AU EE VaWrsl § ¢ | ¥

19.15. 'H-NMR &: 2.99 (6H, s, N(CH3)y), 6.97 (1H, dd, J = 15.2, 8.6 Hz, CH=CH-CH), 7.10 (1H, d, / =

15.2 Hz, CH=CH-CH), 7.13 (1H, d, J = 8.6 Hz, CH=CH-CH), 7.32 (1H, ddd, J = 7.9, 7.3, 1.3 Hz, C4-H),
7.53 (1H, ddd, J=17.9, 7.3, 1.3 Hz, Cs-H), 7.70 (1H, dd, J = 7.9, 1.3 Hz, C¢-H), 7.89 (1H, dd, /= 7.9, 1.3
Hz, C3-H).
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mg, 0.635 mmol) in CHCl3 (5 ml) were added to a solution o
ml), and the whole was refluxed for 15 h. Silica gel was filtered off and the filtrate was evaporated to
dryness. The residue was chromatographed (CHCl3-methanol, 19:1) to afford 13 (14.9 mg, 7.8%) and
14 (11.6 mg, 6.1%).

13: mp 210 °C (purple powdcr from CHC13-methanol) MS m/z (%): 363 (M, 11), 346 (35), 315

(100), 301 (38). High-resolution MS Calcd for C1gH;3N305: 363.0855. Found: 363.0853. IR (KBr):
3432 ¢l (NH); 1682, 1662 cm'l (C=0). 'H-NMR (CD Clg—DMSO dg) 8: 3.96 (3H, s, OCH3), 5.2-5.3
(1H, m, C3-H), 5.41 (1H, d, J = 4.0 Hz, C4-H), 6.34 (1H, dd, J = 7.6, 4.3 Hz, C2-H), 7.16 (1H, &, / = 5.9
Hz, C;-H), 7.2-7.4 (1H, m, C4-H), 7.5-7.6 (2H, m, C5-H, Cs-H), 7.81 (1H, d, J = 8.5 Hz, C3-H), 8

(1H, br, NH), 8.73 (1H, d, J/ = 5.9 Hz, Cg-H). 13C-NMR (CDCl3-DMSO-dg) &: 33.09 (C4), 56.21 ((.H;)
106.26 (C3), 111.76 (C7), 112.91 (C4a), 118.13 (Cs,), 123.35 (C; or C3), 123.37 (C; or C3), 126.58 (Cy),
130.84 (Cg), 132.95 (Cs), 139.19 (Ci0a), 141.31 (Cy), 146.88 (C2), 148.29 (Coa), 153.38 (Cs), 164.76
(Cs), 178.96 (C10), 180.76 (Cs).
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o AP | St

14: mp 293-296 °C (decomp.) (colorless powder from ethyl acetate). MS m/;
\
4

316 (33), 315 (lvv N Hlah_mmluhnq MS C?JCQ ior C19H11A1305: 3\11 \NIZ7. Fﬁuud: 3 ANTT
(KBr): 1700, 1676 cm! (C=0). 'H-NMR d: 3.98 (3H, s, OCH3), 7.16 (1H, d, / = 5.8 Hz Cq-H), 7. 2/8

~ «ry 4 r ww ] -

(iH, dd, 4 = 7.6, 1.2 Hz, Ce-H), 7.44 (1H, d, J = 4.6 Hz, C7-H), 7.67 (1H, ddd, / = 8.2, 7.6, 1.2 Hz, C4-
H), 7.77 (1H, td, J = 7.6, 1.2 Hz, Cs-H), 8.34 (1H, dd, 7/ = 8.2, 1.2 Hz, C3-H), 8.92 (1H, d, J = 5.8 Hz,
C,-H), 9.11 (1H, d, J = 4.6 Hz, Cg-H). 13C-NMR &: 56.89 (CH3), 111.52 (C3), 120.01 (Csa), 125.05
(C3), 128.58 (Csa), 128.95 (Cy), 129.27 (Cy), 129.92 (Cg), 134.00 (Cs), 135.25 (Cy), 146.51 (Cy),
148.14 (Cqg,), 149.22 (Cg), 150.36 (Ci10a), 154.07 (Cg), 155.81 (C3), 166.36 (C4), 180.41 (Cs or Cig),
181

(b) Table I, Entry 9: Boron trifluoride diethyl etherate (65 ul, 0.529 mmol) was added to an ice-
cooled solution of 11a (100 mg, 0.529 mmol) and 12 (139.2 mg, 0.635 mmol) in CH,Ci; (30 mi) with
stirring, and the whole was stirred at 25 °C for 30 h. The reaction mixture was washed with 5% aqueous
NaHCOj; solution, dried, and evaporated. The residue was chromatographed (CHCl3-methanol, 19:1) to
afford 13 (18.4 mg, 9.6%) and 14 (2.0 mg, 1.0%).

(c) Table I, Entry 11: Acetic anhydride (70 pl, 0.746 mmol), and 12 (98.1 mg, 0.447 mmol) in

acetonitrile (5 ml) were added to a solution of 11b (100 mg, 0.373 mmol) in acetonitrile (5 ml), and the

whole was refluxed for 48 h. The reaction mixture was evaporated to dryness, and the residue was
Ahenmnatageranhad (MOLIMN] . cmathannal 101 ¢n affned T2 1Q Q vivnr 12 Q0L and 1A 717 2 e 19 0QLN
VL) 14 Layucu A\ ST PLEY s 1Y w283 Uy, 17.1) W0 allUlUu AJ (10.0 111, 10.7 /U} U A= 1/7.0 sy LL.OAD).
AN LY T Tleeaeo. 17 A o_af. L33 me 21 N 2T A I o AL SEMN s Y TOTT o BN
(d) 140IC I, CIIUY 4, ACCLC dllly ac (JJ Ui, V.o /4 01) 41d 11D (DU II1g, U.10/ N1} WeIT

added to a solution of 12 (1.18 g, 5.38 mmol) in CHCI; (2 ml), and the whole was heated at 50 °C for 65
h. The reaction mixture was cooled and chromatographed (CHCl3-methanol, 19:1) to afford 13 (9.8 mg,
14.5%) and 14 (11 .5 mg, 17.1%).

toluene (4 ml). The mixture was refl ,lx-d fo ; 1 filtered. The filtrate was evaporated
anAd tha racidna wace rhrnmatnaranhad (O, _mathannl 101\ tn affnrd 14 (10  mo S4 REN
aflld uiC IESIGUC Was COlVILaWgiapucy (Laiui3-liikulallln, 17.1) 10 diiUld 35 (1u.0 lig, J5.579)
Meridine Methvl Ether (2) The niiro COmMDOuT 1 1A INE nn NN NLO 1% Sel

10 14 (<40 mg, U. UoY mmoi) in Iwmaﬂol \0 m-l)

IVEI€T1GINE IVIetny1 Liner (4)
was hydrogenated at 1 atm for 1.5 h using 10% palladium on carbon (20 mg) as a catalyst. The catalyst
was filtered off and the filtrate was evaporated. The residue was chromatographed (CH2Cl,-methanol,
19:1) to afford 2 (19.7 mg, 90.9%). mp >300 °C (yellow powder from CHCl3). MS m/z (%): 313 (M*,
100), 284 (26), 255 (32). High-resolution MS Calcd for C;9H{;N30;: 313.0851. Found: 313.0852. IR
(KBr): 1686 (C=0), 1598, 1572, 1330, 1304, 1066, 984, 758 cm"l. 'H-NMR &: 4.25 (3H, s, OCH3), 7.30
(1H, d, J=56Hz, C;;-H), 7.84 (1H, ddd, J = 8.3, 7.9, 1.0 Hz, C3-H), 7.96 (1H, ddd, J=8.3,7.9, 1.0 Hz

LRy Wby oF = J.\J KA A T2k F.07F Liky ULy L4\ ARkiy N 3TAR FTel N \AXAy WiNALly A oNF A Ry
? £ *

C,-H), 8.36 (1H, dd, J = 8.3, 1.0 Hz, C;-H), 8.62 (1H, dd, J = 8.3, 1.0 Hz, C4-H), 8.69 (1H, d, J = 5.6 Hz,
Cs-H), 8.91 (1H, d, J = 5.6 Hz, C19-H), 9.34 (1H, d, J = 5.6 Hz, C¢-H). 'H-NMR (500 MHz, CDCl;3-
DMSO-dg) 8: 4.22 (3H, s, OCH3), 7.32 (1H, d, J = 5.6 Hz, Cy;-H), 7.83 (1H, ddd, J = 8.2, 7.0, 1.2 Hz,
Cs-H), 7.94 (1H, ddd, J = 8.2, 7.0, 1.2 Hz, C,-H), 8.27 (1H, dd, J = 8.2, 1.2 Hz, C;-H), 8.58 (1H, dd, J =
8.2, 1.2 Hz, C4-H), 8.67 (1H, d, J = 5.6 Hz, Cs-H), 8.83 (1H, d, J = 5.6 Hz, C;3-H), 9.25 (1H, d, J=5.6
Hz, Cs-H). 13C-NMR (CDCl3-DMSO-dp): see Table III.

Meridine (1) Hydroiodic acid (57%, 20 ml) was added to a suspension of 2 (100 mg, 0.317

mmol) in acetic acid (8 ml), and the whole was heated at 100 °C for 30 min. The reaction mixture was
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cooled, diluted with ice-water (200 ml), neutralized with NaHCOs5, extracted with CHCl; (containing

3% methanol, 3 x 100 ml). The extract was washed with water, dried, and evaporated. The residue was

4111 01 4 ) 1 CAiatl W washea withh walcr, dned, an vapoiaiCld., 100 ISIGUC Was
<

rhraomatnoranhad I("Uf‘l- mathanal 101 tA offed 1 704 o QQ SO7N 11 .
VINVINAIWWUELGPLIVU (UITU UK WGV, 17.1) WU dllUlu 1 (0470 111E, 00.070). ulp )LJU C (YCLOW wwucx

from CHCl3-methanol). MS m/z (%): 299 (M*, 100), 271 (20), 243 (43). High-resolution MS Calcd for
C18HgN30,: 299.0695. Found: 299.0695. IR (KBr): 3444 (OH), 1690 (C=0), 1606, 1478, 1468, 1336,
1322, 1296, 1216, 1106, 866, 772 cm'l. 'H-NMR (500 MHz) &: 7.28 (1H, d, J = 5.5 Hz, C;;-H), 7.89
(1H, ddd, J = 8.1, 7.3, 1.1 Hz, C3-H), 8.00 (1H, ddd, J = 8.1, 7.3, 1.1 Hz, C,-H), 8.26 (1H, dd, J = 8.1,
1.1 Hz, C,-H), 8.66 (1H, dd, J = 8.1, 1.1 Hz, C4-H), 8.69 (1H, d, J = 5.5 Hz, Cs-H), 8.81 (1H, d, J = 5.5
Hz, Cyp-H), 9.41 (1H, d, J/ = 5.5 Hz, Cs-H), 15.30 (1H, s, OH). 13C-NMR: see Table III.

6-Bromo-4,5 8-trimethoxyquineline (16) A solution of 28% sodium methoxide in methanol (2

Ll et 02 0t A o SR A EA SRR N uSASARrEAAR S \ A W7 2151 LUAVHAVUALUY A1 LARVWAIGMINTE \ &

ml) was added to 15 (50 mg, 0.165 mmol). The whole was refluxed for 30 min, then cooled, diluted with
water (30 mi), neutralized with 10% HCI, and extracted with CH,Cl, (3 x 50 mi). The extract was

'I
o
p]
~

washed with water, dried, and evaporated. The residue was chromatographed (CHCl3-methanol, 19:1) to
afford 16 (35.0 mg, 71.0%). mp 142 °C (colorless powder from CHCl3). MS m/z (%): 299 (M*+2, 38),
297 (M*, 39), 284 (98), 282 (100). Anal. Calcd for C12H12BrNOs: C, 48.34; H, 4.06; N, 4.70. Found: C,
48.08; H, 3.99; N, 4.67. 'H-NMR §&: 3.85 (3H, s, OCH3), 4.04 (3H, s, OCH3), 4.06 (3H, s, OCH3), 6.85
(1H, d, J = 5.3 Hz, C5-H), 7.17 (1H, s, C+-H), 8.75 (1H, d, J = 5.3 Hz, C;-H).

__,.. w-3=2L) <7 2845

6-Bromo-4-methoxy-5,8-quinolinedione (17) A solution of CAN (920 mg, 1.68 mmol) in

______________________ mL

waler \‘l IILI) was dUUCU to 10 \IUU mg, U JJD IIIII]UU UlthlVCU l[l dLC[UIlllIllC\IL IIll) at U J \, 1N0C
mixture was stirred at 25 °C for 1 h, diluted with water (100 mi), and extracted with CH,Cli; (3 x 150 mi).
The extract was washed with water, dried, and evaporated. The residue was chromatographed (CHCl;-
methanol, 19:1) to afford 17 (34.2 mg, 38.0%). mp 180 °C (yellow powder from ethyl acetate). MS m/z
(%): 269 M*+2, 14), 267 (M*, 15), 223 (100). IR (KBr): 1672 cm! (C=0). 'H-NMR &: 4.10 (3H, s,
OCHa), 7.20 (1H, d, J = 5.6 Hz, C3-H), 7.29 (1H, s, C;-H), 8.87 (1H, 4, J = 5.6 Hz, C,-H).

4-Methoxy-9-(2'-nitrophenyl)pyrido[2,3-g]quinoline-5,10-dione (18) (a) Table II, Entry 1:

Asatin an rida N 0l NTAL o 113 Marnls ailina gal &N TN_I)2N mach N1 o) and 12
Pg ¥ =189 a.uu_yu.uuc LFV ML, LU uuusux), siiila 5:1 \1.. MIETCK suiCa g1 by, /u—cou MCsa, v. ox By alil L&

(98.1 mg, 0.447 mmol) in CHCI; (5 ml) were added to a solution of 17 (100 mg, 0.373 mmol) in CHCl3
(15 ml), and the whole was refluxed for 6 days. Silica gel was filtered off and the filtrate was evaporated
to dryness. The residue was chromatographed (CHCl;-methanol, 19:1) to afford 18 (17.5 mg, 13.0%).
mp 271-275 °C (decomp.) (yellow powder from ethyl acetate-CHCl3). MS m/z (%): 315 (M*-NO,, 100),
285 (18). FABMS: 362 (M*+1). High-resolution MS Calcd for C;9H;;N203 (M*-NO3): 315.0770.

Found: 315.0775. IR (KBr): 1684 cm'! (C=0). 'H-NMR 6&: 4.13 (3H, s, OCH3), 7.20 (1H, d, J = 5.9

» oo P 747 (1 o Q
Ly \_3"k1 ), . ARLy Q' TER)y 7.7 122y Uy v . 8°41)y ARy BUEy W Fe7y
- o 4 oYY ~ YY, ™ M4 717Y .1 r ~ s 1 7 TIT '} TN O 24 717TT 1.3 r ~ O 1D TIT_ M TN O 01 /11T
7.6, 1.7 Hz, L4-l‘l), 7.74 (1H, td, J = 7.6, 1.3 Hz, C5-H), 8.34 (1H, dd, J = 7.9, 1.3 Hz, C3-H), 8.81 (1H,
d, J = 5.9 Hz, C;-H), 9.14 (1H, d, J = 5.0 Hz, C7-H). 13C-NMR &: 56.97 (CH3), 111.37 (C3), 119.82

(Csa), 124.79 (C3), 126.33 (Coa), 127.94 (Cg), 129.34 (Cy), 129.90 (Cq), 133.87 (Cs), 134.50 (Cy),

146.81 (Cy), 149.53 (Cs, or Cg), 149.60 (Cs, or Cg), 150.66 (C10a), 154.67 (C7), 155.72 (C,), 166.45

(C4), 179.80 (Cs or Cy9), 181.66 (Cs or Cy).

(b) Table II, Entry 3: Acetic anhydnde (35 ul, 0.374 mmol), and 12 (49.1 mg, 0.224 mmol) in
(]

itrile (3 ml) were added to 2 solut of 17 fﬁﬂ me, 0.187 mmnl in acetonitrile
s J llul WV Wl W WS & O uu I é L LAAL. AL WA A LALLL AN
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whole was refluxed for 2 days. The reaction mixture was evaporated to dryness and the residue was
ch_mma__gvranhed ({CHCl:-methanol. 19- :1) to afford 18 (19.1 mg, 28.3%)

SENS (SRR ARG TRANRAARRAURy 2 7 BiaViG AU 1704 Jiny &U.s /0.

9-Methoxybenzo[b]pyrido[4,3,2-de][1,10]phenanthrolin-8(8H)-one (4) The nitro compound
i8 (25 mg, 0.069 mmol) in methanol (i4 mi) was hydrogenated at 1 atm for 30 h using 10% palladium
on carbon (20 mg) as a catalyst. The catalyst was filtered off and the filtrate was evaporated. The
residue was chromatographed (CH,Clz-methanol, 19:1) to afford 4 (7.8 mg, 36.0%). mp 293-295 °C
(decomp.) (yellow powder from ethyl acetate-CHCl3). MS m/z (%): 313 (M*, 100), 284 (30). High-
resolution MS Calcd for C1oH;;N30,: 313.0851. Found: 313.0844. IR (KBr): 1672 (C=0), 1574, 1464,
1358, 1302, 1264, 1082, 1058, 774 cm'l. 1H-NMR (500 MHz, DMSO-dg) &: 4.09 (3H, s, OCH,), 7.51

(1H, d, J=5.9 Hz, C1¢-H), 7.94 (1H, ddd, J = 8.3, 7.3, 1.3 Hz, C3-H), 8.05 (1H, ddd, J = 8.3, 7.3, 1.3 Hz,
C3-H), 8.41 (‘H dd, J = 8.3, 1.3 Hz, Ci-H), 8.96 (1H, d, J = 5.9 Hz, Cq;-H), 8.98 (1H, dd, /=83, 1.3
Hz, C4-H), 9.07 (iH, d, J = 5.6 Hz, Cs-H), 9.29 (1H, d, J = 5.6 Hz, C¢-H). 13C-NMR (DMSO-dg): see

Table II1.

7-Bromo-4-chloro-5,8-quinolinedione (19) A solution of CAN (2.71 g, 4.95 mmol) in water
(20 ml) was added to 9 (300 mg, 0.99 mmol) dissolved in acetonitrile (25 ml) at 0-5°C. The mixture
was stirred at 25 °C for 30 min, diluted with water (100 ml), and extracted with CH,Cl, (4 x 150 ml).

The extract was washed with water, dried, and evaporated. The residue was recrystallized from CHCl;
d I 6.6%). mp 170-176 °C (yellow powder from CHClz). MS m/z (%): 275 (M*+4,
73 (M*+2, 100), 271 (M*, 76), 245 (15), 243 (12), 194 (15), 192 (43). Anal. Calcd for CoH3Br-
ClNOg C, 39.67; H, 1.11; N, 5.14. Found: C, 39.40; H, 1.13; N, 5.13. IR (KBr): 1688, 1660 cm-!
(C=0). 'H-NMR &: 7.58 (1H, s, Cs-H), 7.73 (1H, d, J = 5.3 Hz, C3-H), 8.89 (1H, d, J = 5.3 Hz, C»-H).
1,4-Dihydro-6-chloro-4-(2'-nitrophenyl)pyrido[3,2-g Jquinoline-5,10-dione (20) and 4-
Chloro-6-(2'-nitrophenyl)pyrido{3,2-glquinoline-5,10-dione (21) (a) Acetic anhydride (35 pl, 0.374

mmol) and 19 (50 mg, 0.183 mmol) were added to a solution of 12 (1.13 g, 5.15 mmol) in CHCl; (2 ml),

wr ' +1 t +, "
and the whole was heated at 50°C for 60 h. The reaction mixture was cooled and chromatographed
s alo 1 % Py AlC_ 3 AH A~ ~1 Nor N 3

20: mp >300 °C (purple powder from CHCl3-ether). MS m/z (%) 369 (M*+2 4), 367 (M*, 12),
352 (24), 350 (67), 319 (100). High-resolution MS Calcd for C;gHgCIN304: 367.0360. Found:
367.0363. IR (KBr): 3176 cmr! (NH); 1694, 1660 c! (C=0). 'H-NMR &: 5.31-5.36 (1H, m, Cs-H),
5.55 (1H, d, J = 4.3 Hz, C4-H), 6.34 (1H, dd, J = 7.6, 4.3 Hz, C,-H), 7.01 (1H, br, NH), 7.28-7.55 (3H,
m, C4-H, Cs-H, Ce-H), 7.58 (1H, d, J = 5.3 Hz, C;-H), 7.86 (1H, d, J = 8.3 Hz, C3-H), 8.72 (1H, d, / =

5.3 Hz, Cz-H).
21: mp 252-255 °C (yellow powder from CHCls-ether). MS m/z (%): 365 (M*, 1), 319 (100).
High-resoiution MS Caicd for C1gHgCiN304: 365.0203. Found: 365.0208. IR (KBr): 1698, 1678 cm!

(C=0). 'H-NMR &: 7.31 (1H, dd, J = 7.6, 1.3 Hz, C¢-H), 7.51 (1H, d, J/ = 4.6 Hz, C7-H), 7.71 (1H, d, J
=4.6 Hz, C3-H), 7.72 (1H, ddd, J = 8.3, 7.3, 1.3 Hz, C4-H), 7.81 (1H, ddd, J = 7.6, 7.3, 1.3 Hz, Cs-H),
8.36 (1H, dd, J = 8.3, 1.3 Hz, C3-H), 8.94 (1H, d, J = 4.6 Hz, C;-H), 9.17 (1H, d, J = 4.6 Hz, Cg-H).
13C-NMR &: 125.07 (C3), 127.55 (C4a), 128.62 (Cs,), 129.15 (C7), 129.66 (Cy4), 130.01 (C¢), 131.14

(C3), 134.14 (Cs), 134.45 (Cy), 145.54 (Cs), 146.64 (Cy), 148.06 (Cga), 149.39 (Cg), 150.07 (Cioa),
154.07 (Cy), 154.65 (Cg), 179.35 (Cs or C10), 181.14 (Cs or Cyo).

8429



8430 Y. Kitahara et al. / Tetrahedron 54 (1998) 8421-8432

(b) Palladium on carbon (10%, 30 mg) was added to a solution of 20 (9.6 mg, 0.026 mmol) in
toluene (3 ml). The mixture was refluxed for 2 h, then cooled and filtered. The filtrate was evaporated

and the residue was chromatographed (CHCls-methanol, 19:1) to afford 21 (6.6 mg, 69.1%).
4-Methoxy-6-(2'-nitrophenyl)pyrido[3,2-g Jquinoline-5,10-dione (14) from 21 A solution of

28% sodium methoxide in methanol (1 mi) was added to 21 (30 mg, 0.082 mmol). The whole was stirred
at 25 °C for 30 min, diluted with water (50 ml), and extracted with CHCl5 (3 x 50 ml). The extract was
washed with water, dried, and evaporated. The residue was recrystallized from CHCI; to afford 14 (22.3
mg, 75.2%).

4-Amino-6-(2'-nitrophenyl)pyrido[3,2-glquinoline-5,10-dione (22) Sodium azide (22.1 mg,
.34 mmol) was added to a solution of 21 (25 mg, 0.068 mmol) in N,N-dimethylformamide-water (1:1,
5

nAd tha whanla wac haatad at N fAr 1 h  Tho raantinn mivinra wr Anlad Ailntad with wrntas
th 1 0 1€acil

N\ a
miy, anGg e wino:e was nealtg at bu L 101 1 1. on mixture was coole €q, LUt wiul Waicr
, &l

chimm i D - lak FYITLNY Y I\ L . o

nd extracted with CHCl; (3 x 50 ml). The extract was washed with water, dried and evaporaied.
The residue was chromatographed (CHCls-methanol, 19:1) to afford 22 (13.6 mg, 57.5%). mp >300°C
(red powder from CHCls-ether). MS m/z (%): 346 (M*, 1), 300 (100), 272 (16). High-resolution MS
Calcd for C1gH;oN4Q4: 346.0702. Found: 346.0703. IR (KBr): 3416, 3284 cm! (NHy); 1692, 1644 cm'!
(C=0). 'H-NMR &: 6.75 (1H, d, J = 5.9 Hz, C5-H), 7.28 (1H, dd, J = 7.6, 1.7 Hz, C¢-H), 7.45 (1H, d, J

= 5.0 Hz, C7-H), 7.68 (1H, ddd, J = 7.9, 7.6, 1.7 Hz, C4-H), 7.78 (1H, td, J = 7.6, 1.3 Hz, Cs-H), 8.34
2

-

(1TH Ad I=70 1% 2 (... HY  §1 (1 A I—=—85Q = (. HY Q1 (1 d I—-80 > ' . H) 13 _
\ikEy Uy v T o7y deod SThiuy Ne3'TRAYy G d \A1hy Uy v ™ J.7 L&y \UJTXR)y Z.12 \1diy WUy v ST LALy N EZERJ. L)
NRD /CTYW . 2 MMCN AR 11V LA /.Y 118 2D (O 1A AN (N 197 TA (Y 120N (M. Ae M.\
INIVIR (L AAUI3 T AAVIOU-GE) U 11209 \U4ga)y 11304 \U3), LLAAL (LT, 12o1.79% \U53), 147.U0 \ 7 0L | 4,
129.09 (C; or Cy4), 129.87 (Cg¢), 133.98 (Cs), 135.53 (Cy9), 146.62 (Cy), 148.47 (Coy), 149.06 (Cg),

149.75 (Cio0a), 151.36 (Cp), 153.74 (Cg), 156.13 (C4), 180.70 (Cs or Cy0), 185.22 (Cs or C10).
Cystodamine (3) The nitro compound 22 (63.1 mg, 0.182 mmol) in methanol (35 ml) was
hydrogenated at 1 atm for 24 h using 10% palladium on carbon (64 mg) as a catalyst. The catalyst was
filtered off and the filtrate was evaporated. The residue was chromatographed (CH,Cl,-methanol, 9:1)
to afford 3 (48.0 mg, 88.3%). mp >250°C (red powder from CHCl;-C

pe Ly rY L 028
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~
-
(%)) t
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H), 7.86 (1H, td, J = 7.3, 1.0 Hz, C5-H), 7.98 (1H td, 7.3, 1.0 Hz, C5-H), 8.34 (1H, d, J/ = 5.6 Hz,
Ci0-H), 8.41 (1H, dd, J = 7.3, 1.0 Hz, C;-H), 8.91 (1H, dd, J = 7.3, 1.0 Hz, C4-H), 9.07 (1H, d, J = 5.6
Hz, Cs-H), 9.28 (1H, 4, J = 5.6 Hz, C6-H), 7.8-7.9, 10.1-10.2 (each 1H, br, NHy). 'H-NMR (DMSO-ds
+ 1 drop of HCI) &: 7.54 (1H, d,J=73Hz,C11—H),799(1H ddd, J =8.3, 6.9, 1.0 Hz, C3-H), 8.09 (1H,
td, J = 6.9, 1.0 Hz, C,-H), 8.34 (1H, d, J = 7.3 Hz, C,¢-H), 8.70 (1H, dd, J = 6.9, 1.0 Hz, C;-H), 9.03

iv

(1H, dd, J=283. 1.0 Hz C.-H), 925 (1H,d J=56 Hz Cs-H) 939 (1H, d, J=5.6 Hz, Cs-H). ITH-NMR
(LEdy Uy v Ty AoV KRy TR jy Fedoad \idRy Uy v JO RREy 5711y, 0T 111, Gy, I VAL, LGaay. TARCINNAN
(NN MU TN Y. LD Aenne afF COFR.CN-TN R 7W M A T=-—TNH> ... 7Q7 (1 Ad T - R 9D
\JUVY IVEILL, WL ILY? T & WUPD ULl WA SRS ) Ve 120 \(L3Ly Uy o = 14U Q1&g Nr] [TAR)y .27 \121y Wy v Ueday
7.3, 1.2 Hz, C5-H), 8.06 (1H, ddd, J = 8.2, 7.3, 1.2 Hz, C;-H), 8.24 (1H, 4, J = 7.0 Hz, Co—H) 8.37 (H,
dd, J=8.2, 1.2 Hz, C1-H), 8.70 (1H, dd, J = 8.2, 1.2 Hz, C4-H), 8.97 (1H,d, /= 5.5 Cs-H), 9.43 (1H,

d,J =5.5 Hz, Cs-H). 13C-NMR (CD:Cl; + 2 drops of CF3CO,D): see Table IIL
4-Chloro-9-(2'-nitrophenylpyrido[2,3-g]quinoline-5,10-dione (24) (a) Acetic anhydride (30
1, 0.32 mmol), and 12 (60 mg, 0.274 mmol) were added to a solution of 23 (30 mg, 0.11 mmol) in

CH2 1, (0.6 ml), and the whole was refluxed for 5 h. The reaction mixture was evaporated to dryness
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(100). IR (KBr) 1694 cml (Cz()) 1H-NMR 6:7.26 (1H,dd, J =173,
5.0 Hz, Cg-H), 7.68 (iH, ddd, /= 8.3, 7.6, 1.3 Hz, C4-H), 7.75 (1H, d, J = 53Hz,C3-H),776(1H ddd,
J=7.6,7.3, 1.3 Hz, Cs-H), 8.36 (1H, dd, J = 8.3, 1.3 Hz, C3-H), 8.85 (1H, d, J = 5.3 Hz, C,-H), 9.18
(1H, d, J/ = 5.0 Hz, C7-H). 13C-NMR &: 124.96 (C3), 126.65 (Coa), 127.13 (C4a), 128.45 (Cg), 129.60
(Cq), 129.87 (Ce), 131.07 (C3), 134.03 (Cs), 134.20 (Cy), 145.98 (C4), 146.81 (Cy), 149.40 (Cs,), 149.87
(Co), 150.40 (C10a), 154.07 (Cy), 155.04 (C7), 179.44 (Cs or Cyp), 180.54 (Cs or Cyp).

(b) Acetic anhydride (35 ul, 0.374 mmol) and 23 (50 mg, 0.183 mmol) were added to a solution of

2 (1.13 g, 5.15 mmol) in CHCl3 (2 ml), and the whole was heated at 50 °C for 45 h. The reaction

Py s By 7 oL S 7ol an, 4N 1m0 o~

mixture was cooled and chromaiographed (CHCl3-methanol, 19:1) to afford 24 (18.5 mg, 27.6%).

4-Methoxy-9-(2'-nitrophenyl)pyrido[2,3-g]quinoline-5,10-dione (18) from 24 A solution of

28% sodium methoxide in methanol (0.6 ml) was added to 24 (15 mg, 0.041 mmol). The whole was

stirred at 25 °C for 30 min, diluted with water (9 ml), and extracted with CH,Cl, (3 x 10 ml). The extract

was washed with water, dried, and evaporated. The residue was chromatographed (CH,Cl,-methanol,
99:1) to afford 18 (11.1 mg, 74.9%).

4-Amino-9-(2'-nitrophenyl)pyrido[2,3-glquinoline-5,10-dione (25) Sodium azide (15 mg,

ARt TS ARAaA 1. £ 94 YN K n v | LTS RS I - . W
.23 mmol) was added 10 a solution of 24 (20.5 mg, 0.056 minol) in N, N-dimethylformamide—water (1:1,

[l =
o N

1.0 ml), and the whole was heated at 90 °C for 1 h. The reaction mixture was cooled, diluted with water
(30 ml), and extracted with CHCl; (3 x 30 ml). The extract was washed with water, dried, and
evaporated. The residue was chromatographed (CH,Cl,-methanol, 97:3) to afford 25 (10.0 mg, 51.5%).
mp 181-184 °C (yellow powder from ethyl acetate-ether). MS m/z (%): 346 (M*, 1), 300 (100), 273 (16).
High-resolution MS Calcd for C;gH;9N4O4: 346.0702. Found: 346.0706. IR (KBr): 3412, 3292 cm'!
(NHy); 1686, 1652 cm’! (C=0). !H-NMR &: 6.80 (1H, d, J = 5.6 Hz, C3-H), 7.23 (1H, dd, / = 7.3, 1.6

Hz, Ce-H), 747 (1H, d, J = 5.0 Hz, Cg-H), 7.65 (1H, ddd, J = 8.2, 7.6, 1.6 Hz, C¢-H), 7.73 (1H, ddd, J =
7. 6, 7. 3, 1.3 Hz, Cs-H), 8.35 (iH, dd, /= 8.2, 1.3 Hz, C3-H), 8.41 (1H, d, J = 5.6 Hz, C5-H), 9.13 (1H, 4,
J =5.0 Hz, C7-H).

9-Ammobenzo[b]pyrido[4,3,2-dc][1,10]phenanthmlin-S(SH)-one (5) The nitro compound 25
(11 mg, 0.032 mmol) in ethyl acetate (7 ml) was hydrogenated at 1 atm for 2 h using 10% palladium on
carbon (11 mg) as a catalyst. The catalyst was filtered off and the filtrate was evaporated. The residue
was chromatographed (CH2Cl;-methanol, 19:1) to afford 5 (8.5 mg, 89. 7%) mp >250 °C (red powder
from CHCly-ether). MS m/z (%): 208 !

C N .{"\- g 1\955' Bannd. 70

i8 1 108v4 . 2
IH-NMR (DM 9 5.

(1H, ddd, J =17.3, 6.9, 1.3 Hz, C,-H), 8.38 (1H, dd, J = 7.3, 1.3 Hz, C;-H), 8.44 (1H d, J=5.9 Hz, C;;-
H), 897 (1H, dd, J = 7.3, 1.3 Hz, C4-H), 9.06 (1H, d, J = 5.6 Hz, Cs-H), 9.28 (1H, d, J = 5.6 Hz, C4-H),
7.8-8.2, 8.8-9.1 (each 1H, br, NH;). 'H-NMR (DMSO-dg + 1 drop of HCI) &: 7.43 (1H, d, J = 7.3 Hz,

Cio-H), 8.10 (1H, ddd, J/ = 7.9, 6.9, 1.3 Hz, C5-H), 8.19 (1H, ddd, /= 7.9, 6.9, 1.3 Hz, C,-H), 8.41 (1H, d

J=7.3 Hz, C;;-H), 8.49 (1H, dd, J = 7.9, 1.3 Hz, C;-H), 9.12 (1H, dd, J = 7.9, 1.3 Hz, C4-H), 9.22 (1H,
d, J = 5.6 Hz, Cs-H), 9.40 (1H, d, J = 5.6 Hz, C¢-H). 'H-NMR (500 MHz, CD,Cl; + 2 drops of
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CF3CO;D) 6: 7.29 (1H, d, J = 7.0 Hz, C¢-H), 8.14 (1H, ddd, J = 7.9, 7.0, 1.2 Hz, Ca-H), 8.22 (1H, ddd, J
=R8.2,70,1.2Hz, C,-H), 846 (1H, d, J=70Hz C;;-H), 853 (1H dd J =8

.4 BRL, 27 2. N~a2y X2y 7ons Aidly "‘"ll Aigy Uesdd \ 411y Ul

2 -
dd, J =19, 1.2 Hz, C4-H), 9.04 (1H, d, J = 5.8 Hz, Cs-H), 9.51 (1H, d, J = 5.8 Hz, Cs-H). 13C-NMR

el ol e rry

(CD,Cl; + 2 drops of CF3C(O,D): see Tabie III.
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