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Abstract - The reactivity of sampangines in electrophilic and 

nucleophilic substitution reactions, nucleophilic addition reactions 

and the tow1 synthesis of some derivatives are described. These 

reactions provide access to many analogs substituted in rings A-, B, 

C-. and D. 

Sampangines are relatively recently discovered alkaloids with significant antifungal activity.lJ Chemically 

they are heterocyclic compounds with four totally conjugated six-membered rings, representing a 

naphtho[l,2,3-ij][2,7]naphthyridine ring system. They can he classified as azaoxoaporphine alkaloids, 

however, the presence of the 2.7-naphthyridine moiety, commonly known as m, suggests the simpler 

name, copyrine alkaloids. 

Sampangine (1) Copyrine 

7H-Naphtho[1.2,3- ijI[2,7]naphthyridin-7-one 2.7-Naphthyridine 

The parent compound of the class. sampangine (I), was first isolated in 1986 from the African tree Czamga 
-3 and synthesized three years later by ~racher." In 1990 in our laboratories, the first natural 

sampangine derivative, 3-methoxysampangine (2). was isolated by bioassay-directed fractionation from the 

bark of the West African uee. Cleisto~holis oatens.5 and found to be very active in &Q against several AIDS- 

9 Dedicated u, Dr. Arnold Bmssi MI Ule occasion of his 701h b i i d a v  
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related opportunistic pathogens such as w- Q ~ ~ t o c o c c u s  neoformans. AsDereillus fumleatus. 

and MvcobacteriymjntraceIlulare.~~6 One year later, other natural sampangines, namely 4- 

methoxysampangine (3), 9-methoxysampangine (4). and 4.9-dimethoxysampangine (5) were isolated by 

Carroll and Taylor' from the Australian trees Euoomatia benneltii. and Euoomatia and later 
synthesized by Kitahara and Kubo.8 

Our interest in the development of natural products as prototype antifungal antibiotics prompted us to examine 

more closely this interesting group of compounds. This paper deals with the chemistry of sampangines, 

including the syntheses of various analogs and the reactivity of sampangine in electrophilic and nucleophilic 

substitution reactions. For the reader's convenience, the results of our studies are presented below in order of 

the sampangine ring system. 

A- and B-ring analogs. 

In order to obtain larger quantities of hnethoxysampangine (2) for biological evaluation, a study of the 

bromination of sampangine and suhsequent methoxylation was undertaken. Several methods commonly used 

in the aromatic bromination of heterocyclic compounds of the pyridine9 and naphthyridinelo type were 

examined, including: 

a) bromine in carbon tetrachloride with pyridine (Eisch bromination)ll-13 

b) pyridinium bromide perbromide in chloroform or pyridine'4 

C) bromine with aluminum chloride (swamping catalyst method) 15216 

d) bromine in methylene chloride and trifluoroacetic acid17 

e) bromine in nitrobenzenel8-20 
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In all cases except the last one, the only product of bromination was 4-bromosampangine (61, obtained in 

yields ranging from 50-70%. Utilizing method (e) of bromination it was possible to obtain a mixture of 4- 

hromosampangine (6) and 3-bromosampangine (7) in yields of 36% and 51%. respectively. The two 

bromides were easily separated by column chromatography and their smctures were unambiguously assigned 

using 2D-nmr spectroscopy, including COSY and long-range HETCOR experiments. 

The aromatic nucleophilic substitution reaction of 4-bromosampangine (6) with sodium methoxide in 

methanol gave the expected 4-methoxysampangine (3) in 80% yield.6 

Full 2D nmr specuoscopic analysis and comparison of nmr spectral data of synthetic (3) with that of Taylor's' 

natural product, as well as that of Cmethoxysampangine synthesized by Kitahara and Kuho.8 proves the 

correct assignment of the structure. Following the observed ease of nucleophilic substitution of the bromine 

atom in compound (6). several other sampangine analogs were prepared, including the ethylsulfide (a), the 4- 

azido (9)6 and the highly fluorescent 4-amino (10). 6 
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0 (8) 61% 

- MeOH, p~pend~ne  
room temperature I ' 0  

0 (9 )  80% 0 (10)95% 

Attempts to substitute the bromine atom in 3-bromosampangine (7) by methoxyl ion in the same manner as 
accomplished for the 4-bromosampangine were unsuccessful. Instead of the desired 3-methoxysampangine, a 

mixture of at least three compounds was obtained (11-13). 

OMe 

In the major product ( l l ) ,  the methoxylation occurred at position 4, with the 3-bromo still present in the 

molecule. Two other minor products that are difficult to separate were tentatively identified as the 

dimethoxylated 3-bromo analogs (12 and 13). This observed retention of bromine at 3-position, and 

substitution at C-4 suggest an exceptionally high susceptibility of carbon 4 to nucleophilic attack. Such cases 

of nucleophilic suhstitution in heterocyclic systems are rather rare 21 and resemble vicarious nucleophilic 
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substitution effects observed by Makosza in the substitution of hydrogen by a - h a l o ~ a r b a n i o n s . ~ ~  The 

significantly different reactivity of 3-bromosampangine (7) and Cbromosampangine (6) in the reaction with 
sodium methoxide in methanol is most probably due to differences in stability of intermediate anionic 0- 

a d d u c ~ s . ~ ~  

In order to prepare 4-alkyl substituted sampangines, such as 4-methylsampangine (17). the Brachef' strategy 

for conswction of the sampangine ring system was followed, in a manner similar to that which we used to 

prepare 3-methylsampangine.6 

DMF, 120°C 

2. NH4CI. HOAc, 120' C 

Thc reactivities of the heterocyclic nitrogen atoms in sampangine (1) were also examined by the reactions 
with a) hydrogen chloride; b) methyl iodide; and c) hydrogen peroxide. The reaction of sampangine (1) with 

hydrogen chloride shows that this particular system is extremely sensitive to traces of moisture when the 

solvent is not sufficiently dry. Under such conditions, 4-chlorosampangine (19) is formed, apparently as a 

result or nucleophilic suhstitution of hydride ion hy CI-. This was further proved by the reaction of 

sampangine (1) with hydrochloric acid. A methanolic solution of sampangine refluxed for 48 hours with 

concentrated HCI was converted to 4-chlorosampangine (19). The product obtained was identified by 

comparison of its melting point and spectral data with that of 4-chlorosampangine prepared by chlorination of 

sampangine with N-chlorosuccinimide.6 

When the reaction of sampangine with HCI is carried out in absolutely dry conditions (dry HCI gas, dry 

methanol), it is possihle to obtain sampangine dihydrochloride (18). the structure of which was confirmed by 

nmr spectroxopy and elemental analysis. 
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HCI gad MeOH 

or conc.HCI IMeOH 

yellow 0 (19) 

Sampangine dihydrochoride (18) can he converted to 4-chlorosampangine (19) with aqueous sodium 

hydroxide solution, ammonium hydroxide, hydrochloric acid, and even on silica or alumina tlc plates. The 

reaction of sampangine with methyl iodide (MeI) is vcry slow and requires the use of a relatively large excess 

of Me1 (with or without solvent) and a long time (7-14 days at room temperature). With oxoaporphines (which 

have a similar ring system exccpt there is no nitrogcn atom at position 1) the quaternization with Me1 usually 

takes 24 hours at room temperature. 24 Quaternization of sampangine with Me1 afforded a dark green 

compound, identified hy 2D nmr spectroscopy as the 6N-monomethiodide (20). 

This is consistent with previous literature, in which it has been noted that reactions of naphlhyridines with Me1 

usually provide N-monomethiodides, whereas diquatemary salts have been prepared using dimethyl sulfate or 

methyl fluorosulfonate.25 The ohserved reginselectivity is most prohably due to a difference in the basicity of 

the nitrogen atoms of this particular naphthyridine ~ ~ s t e m . 2 6  Similarly, reaction of sampangine with hydrogen 

peroxide afforded only the Ng-monooxide. The structure of the N-oxide (21) was proposed based on nmr 

spectroscopy. 
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C-ring analogs. 

Studies on the reactivity of the carhonyl group at position 7 were camed out by examining nucleophilic 

addition reactions of sampangine with: a) hydroxylamine; h) hydrazine: c) semicarhazide; d) aniline; e) 

methylmagnesium iodide; and f) triethyl phosphonoacetate. In cases (a), (c) and (e), the expected products of 

addition of nucleophilic reagents to the carhonyl group, i.e., the oxime (22). semicarhawne (23) and teniary 

alcohol (24) were ohtained. However, the Horner-Emmons reaction of sampangine with triethyl 

phosphonoacetate gave the Wittig-type product (25) of condensation with the carhonyl group hut also with the 

phosphonic acid residue substituted at the position 4. 

\ ~ o p o ( o E t ) 2  

EtO 
(25) 

0 

This result indicates again the relatively high susceptibility of C-4 for nucleophilic attack, as was also 

observed during attempts to methoxylate 3-hromosampangine (7), and in the formation of 4- 
chlorosarnpangine (19) from sampangine dihydrochloride (18). The reaction of sampangine (1) with 

hydrazine (b) or with aniline (d) surprisingly did not produce any condensation products. To react, 
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sampangine had to he heated with these reagents in a pressure hottle for 24 h. In both cases once again 

substitution on C-4 was observed (compounds 26 and 27). 

& NH;N H2.t OH - &m2 

pressure bottle 
90'CI 24 h 

O (1)  0 (26) 

D-ring analogs. 

Studies on D-ring analogs have focused thus far on the synthesis of methoxy and methyl derivatives. The 

synthesis of methoxysampangines suhstituted in ring D can he achieved from the corresponding 

bromoquinones following Bracher's method of the construction of the sampangine ring ~ ~ s t e m . 4  

The hydroxybromoquinones such as 28 are obtained from corresponding dihydroxynaphthalenes following the 

known procedure.27 2-Bromo-5-hydroxynaphthoquinone (28) reacts with crotonaldehyde N,N- 
dimethylhydrazone (29) in acetonitrile at the room temperature.28 followed by methylation29 with methyl 

iodide to provide 9-methoxycleistopholine (30). which is in turn converted to 8-methoxysampangine (32). In 

the same way, 8-methoxy-4-methylsampangine (33) was obtained from the corresponding hydrazone (15). 

The Bracher method cannot he utilized, however, for the synthesis of methylsampangine analogs substituted 

in ring D because of the unavailability of corresponding methylnaphthols. In order to solve this problem, 

Bracher's synthesis of the cleistopholine skeleton was "reversed" (DC+B to BC+D). 4-Methylquinoline-5,8- 

di0ne(35),~ '  which represents the BC moiety of the sampangine ring system, is obtained from 5.8- 

dimethoxylepidine (34).30 ring D is then constructed by the Diels-Alder reaction with the correspondingly 

suhstituted hutadienes.32 Thus, utilizing a large variety of availahle hutadienes, various sampangine analogs 

substituted in ring D can he obtained. 
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1. (MeOhCHNMe2 
DMF, 120' C 

2. NH4CI. AcOH, 120' C :& Rz I I R6 

RI 0 

Reaction of 4-methylquinoline-5.8-dione (35) with commercially available 2.3-dimethylbutadiene (36) 

provides 7.8-dimethylcleistopholine (37) and, after annulation of the fourth ring, 9.10-dimethylsampangine 

(38) is obtained. In the same manner, other D-ring methylsampangines as well as methoxy, acetoxy, carboxy 
and other derivatives, can be obtained from correspondingly substituted butadienes. 32 

OMe M e  

@k~ 
(m4)zce(N03)6 + (36) R2=R3=MerR1=R4=H 

2. air/EtOWKOH 
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EXPERIMENTAL 

General 

Anhydrous solvents such as tetrahydrofuran (THF), methanol, acetonitrile and dimethylformamide (DMF) 
were purchased from Aldrich Chemical Co in Sure/SealTM bottles and used under nitrogen. 2-Bromo-1.4- 

naphthoquinone (14),27 5-hydroxy-2-hromo-l,4-naphthoquinone (28).27 (E)-2-hutenal N,N- 

dimethylhydrazone (29),33 5.8-dimethoxylepidine (34),30 and sampangine (1) 4.6 were prepared by published 

methods. (E)-2-Methyl-2-hutenal N,N-dimethoxylhydrazone (15) was prepared by analogy to other 

unsaturated hydrazones. 33.34 Other reagents and solvents were purchased from Aldrich Chemical Co. and 
Fisher Scientific and were used as received. 

Melting points (uncorrected) were determined in open capillary tubes with a Thomas-Hoover capillary 

melting point apparatus. Infrared (ir) spectra were recorded on a Perkin-Elmer 281B spectrophotometer. The 
nmr spectra were obtained on a Varian VXR-300 FT spectrometer operating at 300 MHz for 1H and 75 MHz 
for '3C n m ~ .  Chemical shifts are reported as ppm downfield relative to tetramethylsilane. The numbers in 

parentheses for the 13C nmr data refer to the number of attached protons on that carbon atom as determined by 
the attached-proton test (APT). Two-dimensional nmr spectra were ohtained using standard Varian pulse 

sequences for COSY and HETCOR. The long-range HETCOR experiments were optimized for 3 J ~ . ~ = 1 0  Hz 

and ~ J C . H = ~  Hz. High resolution mass spectra were ohtained at the Mass Spectrometry Laboratory, 
Department of Chemistry, Univeristy of Kansas, Lawrence, Kansas. Elemental analyses were obtained from 

Chemical Analysis Group of Oneida Research Services Inc. in Whitesboro. New York and from Elemental 

Microanalysis of Organic Compounds Laboratory of Atlantic Microlah Inc. in Norcross, Georgia. 

Analytical thin-layer chromatography (tlc) was performed on Merck silica gel F-254 glass plates. 

Visualization was achieved with shortwave ultraviolet light andlor Dragendorff reagent spray. Column 

chromatography was performed on Merck 230-400 mesh silica gel. 

Bromination of Sampangine (1) 

a) bromine in carbon tetrachloride with pyridine (Eisch bromination) 

To an efficiently stirred suspension ofsampangine (1) (0.232 g, 1 mmol) in 10 ml of carbon tetrachloride the 

solution of bromine (0.192 g, 0.062 ml, 1.2 mmol) in 1 ml of carbon tetrachloride was added and the mixture 
refluxed for 1 h. The solution of pyridine (0.079 g, 0.08 ml, 1 mmol) in 1 ml of carbon tetrachloride was 

added slowly to the refluxing solution, and the mixture was heated for an additional 12 h. After cooling, the 

mixture was washed with saturated aqueous sodium bicarbonate solution (3 x 10 ml). The organic layer was 

dried over anhydrous potassium carbonate and concentrated to dryness. The residual solids were subjected to 

flash silica gel chromatography while eluting with chloroform to give pure 4-bromosampangine (6) (0.180 g. 
58%). mp 244-24672 ir (KBr) v 1670, 1590, 1400, 1320 cm-1; 'H nmr (CDC13) 6 7.72 (ddd, lH, J=7.9, 7.9, 

1.4 Hz, H-9). 7.86 (ddd, IH, J=7.9, 7.9, 1.4 Hz, H-10). 7.96 (d, IH, J=5.9 Hz, H-3). 8.46 (dd, lH, J=7.9, 1.4 
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Hz, H-8). 8.85 (dd, IH, J=7.9, 1.4 Hz, H-ll) ,  8.99 (d. IH, J=5.9 Hz, H-2). 9.28 (s, IH, H-5); 13C nmr 

(CDCl3) 118.3 (I), 120.5 (O), 123.7 (O), 125.8 (I), 128.7 (I), 131.8 (I), 132.3 (O), 135.0 (I), 135.1 (O), 138.6 

(0). 146.7 (0). 148.6 (I), 150.2 (I), 151.7 (a), 181.6 (0) ppm. Anal. (exact mass, HREIms) calcd for 

C1sH7N20Br m/z 309.9742, found 309.9741. Anal. Calcd for C1sH7N20Br: C 57.90, H 2.27. N 9.00. Found: 
C 57.70, H 2.27, N 9.26. 

b) pyridinium bromide perbromide in chloroform 

This method of bromination of sampangine (1) was described previously.6 4-Bromosampangine (6) was 

obtained in 64% yield. The mp, ir, and IH and '3C nmr data reported are consistent with those obtained for 

other bromination products from experiments (a), (c), (dl9 

C) bromine with aluminum chloride (swamping catalyst method) 
To an ampule containing the suspension of sampangine (1) (0.116 g, 0.5 mmol) in 5 ml of methylene chloride 

was added anhydrous aluminum chloride (0.167 g, 1.25 mmol) followed by bromine solution (0.08 g, 0.026 

ml, 0.5 mmol) in 2.5 ml of methylene chloride. The ampule was sealed and heated at 10VC for 48 h. After 

cooling, ice-water (5 ml) was added to the mixture. made alkaline with 2N KOH and extracted with 
chloroform (3 x 20 ml). The chloroform extract was dried over anhydrous potassium carhonate and 

concentrated to dryness. The residue was chromatographed on silica gel column using chloroform as an 

eluting solvent to provide pure 4-hromosampangine (6) (0.078 g. 50 %), mp 244-24CC. 

d )  bromine in methylene chloride and trifluoroacetic acid 

Sampangine (1) (0.232 g, I mmol) was suspended in methylene chloride (10 ml) and vifluomacetic acid (2.45 

ml) was added. After cooling the solution to O'C, the solution of hromine (0.160 g. 0.05 ml, 1 mmol) in 

methylene chloride (5 ml) was added dropwise. The mixture was kept at WC for 2 h, followed by stirring at 
room temperature for 72 h. The mixture was then neutralized with 2N KOH and extracted with chloroform (3 

x 25 ml). The chloroform extract was dried over anhydrous potassium carhonate. evaporated to dryness and 

the residue was chromatographed on silica gel column using chloroform as eluant to give 4- 

hromosampangine (6) (0.218 g. 70%). mp 244-24CC. 

e) bromine in nitrobenzene 
To a solution of bromine (1.12 g, 0.36 ml, 7 mmol) in nitrobenzene (10 ml), was added sampangine (1) (0.232 

g, 1 mmol) followed by one crystal of iodine. The mixture was heated at 100 OC for 24 h. After cooling the 
nitrobenzene was removed by steam distillation and the residue was extracted with chloroform (3 x 20 ml). 

The chloroform extract was then dried over anhydrous potassium carhonate, evaporated and the residue 

subjected to flash silica gel column chromatography, eluting products with chloroform and chloroform-ethyl 

acetate mixture (v/v) 99:l. The main product obtained (0.158 g. 51%) 3-brommampangine (7) has mp 266- 
268 'C. An analytical sample was obtained by crystallization from chloroform: mp 268-269 T, ir (KBr) v 
1675, 1595. 1400, 1375, 1305 cm -1, 1H nmr (CDC13) 6 7.70 (ddd, IH, J=7.8, 7.8, 1.4 Hz. H-9). 7.82 (ddd, 

1H,J=7.8,7.8, 1.4Hz,H-10).8.17(d, IH,J=5.7Hz,H-4). 8.44(dd, 1H,J=7.8, 1.4Hz,H-8). 8.76(dd, IH, 
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J=7.8, 1.4 Hz, H-11). 9.01 (s, IH, H-2). 9.22 (d, IH, 5 5 7  Hz, H-5): '3C nmr (CDCI,) 118.4 (0). 120.7 (0). 
122.5 (I), 125.5 (I), 128.7 (I), 131.7 (I), 132.0 (0). 134.9 (1). 135.0 (0). 138.3 (0). 148.0 (0). 148.8 (I), 149.5 

(1). 150.3 (0). 181.3 (0) ppm. Anal. (exact mass, HRFABms) calcd for Cl~H7N20Br+ H, mlz 310.9820, 

found 310.9827. Anal. Calcd for CisH7N20Br: C 57.91, H 2.27, N 9.00. Found C 57.87, H 2.26, N 9.06. 
The second product of hromination ohtained (0.1 12 g, 36%) was 4-bromosampangine (6). mp 24.246 'C 

and ir, 'Hand '3C nmr consistent with those ohtained in separate hromination experiments (a). (h). (c). and 

(d). 

Methoxylation of 4-bromosampangine (6) 

A solution of 4-hromosampangine (6) (0.31 1 g, I mmol) and sodium methoxide (0.54 g, 10 mmol, freshly 
prepared from 0.23 g of sodium metal) in dry methanol (30 ml) was heated at 4WC for 48 h. The methanol 

was then evaporated and the residue dissolved in chloroform (200 ml). The chloroform solution was washed 

with water (5 x 50 ml), dried over anhydrous potassium carhonate and concentrated. After trituration of the 
residue with ethyl acetate, pure 4-methoxysampangine (3) was ohtained (0.210 g. 80%). An analytical 
sample was obtained by crystallization from chloroform: mp 279-28WC (decomp.); ir (KBr) v 1670, 1595. 
1570, 1500, 1405, 1375, 1320 cm -I, 'H nmr (CDC13) S 4.25 (s, 3H, OCH3), 7.69 (ddd, IH, J=7.9,7.9, 1.2 
Hz,H-9), 7.82 (ddd, IH, J=7.9,7.9, 1.2Hz. H-lo), 8.00(d. IH, k 5 . 8  Hz,H-3), 8.49 (dd, IH,J=7.9, 1.2 

Hz, H-8). 8.66 (s, IH, H-5). 8.85 (dd, lH, J=7.9, 1.2 Hz. H-11). 8.89 (d, lH, b 5 . 8  Hz. H-2); 13C nmr 

(CDC13) 56.9 (3), 114.3 (I), 120.0 (0). 125.3 (1). 128.4 (I). 128.9 (I), 130.3 (0). 131.2 (I), 132.8 (0). 134.2 
(I), 135.6 (O), 141.0 (01, 146.6 (1). 150.4 (0). 152.7 (0) 181.1 (0) ppm. Anal. (exact mass, HRFABms) calcd 

for C16H10N202 mlz 262.0742, found 262.0740. Anal. Calcd for Cw,Hlr~N202: C 73.27, H 3.84. N 10.68. 
Found: C 73.08, H 3.88. N 10.68. 

Methoxylation of 3-bromosampangine (7) 

A solution of 3-bromosampangine (7) (0.062 g, 0.2 mmol) and sodium methoxide (0.054 g, 1 mmol, freshly 

prepared from 0.023 g of sodium metal) in dry methanol (30 ml) was heated at 40% for 48 h. The methanol 

was then evaporated and the residue dissolved in chloroform (200 ml). The chloroform solution was washed 

with water (5 x 50 ml), dried over anhydrous potassium carbonate and concentrated. The residue was 

chromatographed on flash silica gel column eluting with the mixture of chloroform-ethyl acetate (94:6 vlv) to 

give 24 mg (35%) of 3-bromn-4-methoxysampangine (11). as the major product. mp 248-250 T (decomp.), 
ir (KBr) v 1665, 1600, 1545, 1490, 1400 cm -I, IH nmr (CDC13) 6 4.25 (s, 3H, OCH3). 7.70 (ddd, IH, 1 ~ 7 . 8 ,  

7.8, 1.4 Hz, H-9) , 7.82 (ddd, IH, 5=7.8,7.8, 1.4 Hz, H-lo), 8.46 (dd, IH, k 7 . 8 ,  1.4 Hz, H-R), 8.73 (hr s, 

IH, H-5), 8.83 (dd, IH, J=7.8, 1.4 Hz, H-1 l), 9.04 (s, IH, J, H-2); 13C nmr (CDC13) 56.7 (3). 93.6 (a), 113.6 

(0). 121.4 (0). 125.6 (1). 128.3 (I), 130.9 (I), 131.4 (I), 132.1 (0). 134.3 (I), 135.3 (0). 141.0 (0). 149.1 (O), 
150.8 (I), 152.7 (O), 181.0 (0) ppm. Anal. (exact mass, HRElms) calcd for C16H9N202Br + H, mlz 340.9926, 

found 340.9931. Anal. Calcd for C16H9N202Br. I14 HzO: C 55.59, H 2.77, N 8.10. Found: C 55.75 . H 2.85, 

N 7.88, and the mixture (18 mg) of 3-bromo-2,4-dimethoxysampangine (12) with 3-bromo-4,s- 
dimethoxysampangine (13) in ahout 3:8 ratio hased on the nmr spectrum. All efforts to separate these 

compounds by column chromatography or crystallization failed. 
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4-Ethylthio-7H-naphtho[15,3-ij][2,7]naphthyridin-7-one (4-Ethylthiosampangine, 8) 

To the suspension of Chromosampangine (6) (0.155 g, 0.5 mmol) in anhydrous methanol (30 ml) was added 

to the sodium salt of ethanethiol (0.126 g, 1.5 mmol). The reaction mixture was refluxed for 12 h under 

nitrogen. The methanol was then removed by evaporation, water (20 ml) was added to the residue, and the 
mixture extracted with ethyl acetate (3x 50 ml). The organic extract was washed with water (2 x 50 ml) and 

dried over sodium sulfate. The residue obtained after evaporation of the solvent was subjected to flash 

chromatography using the chloroform-ethyl acetate (80:20 vlv) as eluant to give pure 4-ethylthiosampangine 
(8) (0.094 g, 64%). mp. 225-226'C; ir (KBr) v: 1670, 1590, 1400, 1370 cm -1; IH nmr (CDC13/CD30D) G 
1.48 (1, 3H, CH3), 3.26 (q. 2H. CH2), 7.66 (ddd, IH, J=7.8, 7.5, 1.2 Hz, H-9). 7.79 (ddd, IH, J=7.8, 7.5, 1.2 
Hz, H-10). 7.89 (d, IH, 5 5 . 9  Hz, H-3). 8.40 (dd. IH, J=7.8, 1.2 Hz, H-8). 8.76 (dd, IH, J=7.8, 1.2 Hz. H- 

11). 8.83 (d, IH, J 3 . 9  Hz, H-2). 8.83 (s, lH, H-5); 13C nmr (CDCI$CD30D) 13.5 (3). 26.1 (2). 115.9 (I), 

118.6 (O), 125.3 (1). 128.2 (I), 131.3 (I), 132.3 (0). 134.4 (1). 135.1 (O), 136.9 (O), 143.6 (I), 144.1 (0). 146.9 

(1). 148.4 (O), 151.3 (0). 181.7 (0) ppm; Anal. Calcd for C I ~ H I ~ N Z O S  . H20: C68.78, H 4.24, N 9.43. 
Found C 69.01, H 3.80, N 9.46. Anal. (exact mass, HREIms) calcd for C I ~ H ~ ~ N ~ O S  mlz 292.0670, found 
292.0672. 

(E)-2-Methyl-2-butenal N,N-dimethylhydrazone (15) 

N,N-Dimethylhydrazine (13.2 g, 17 ml, 0.22 mol) was added dropwise over 15 min to (E)-2-methyl-2-hutenal 
(17 g, 19.5 ml, 0.2 mol) while cooling the mixture in an ice hath. The hath was then removed and the mixture 

stirred for 2 h at amhient temperature. Calcium chloride (20 g) was added to the reaction mixture and allowed 
to stand for 20 min, and product was decanted. Distillation (hp 60-6YCl15 mm Hg) of the oil through a 15 cm 
Vigreaux column provided pure 15  (13.8 g, 48% ); ir (CHC13) v 1635, 1570, 1460. 1440, 1380 cm-I, 'H nmr 

(CDC13) 6 1.75 (d, 3H, J=7 Hz, CH3C(3)H-), 1.80 (br s, 3H, CH3C(2)=), 2.76 (s, 6H, (CH3)zN-), 5.59 (q, IH, 

J=7 Hz, C(3)H). 7.00 (s, IH, C(1)H): I3C nmr (CDC13) 11.1 (3). 13.6 (3). 43.0 (2x3), 127.0 (I), 135.1 (01, 
140.3 (1) ppm. Anal. (exact mass, HRFABms) calcd for C ~ H M N ~  + H mlz 1227.1235, found 127.1233. Anal. 
Calcd forC7H14N2: C 66.62, H 11.18, N 22.20. Found C 66.82, H 11.06, N 22.08. 

3,4-Dimethylbenzo~]qninoline-5,1O-dione (3-Methylcleistopholine, 16) 

(E)-2-methyl-2-butenal N,N-dimethylhydrazone (15) (3.28 g, 26 mmol) in xylene (10 ml) was added rapidly 

to a xylene solution (40 ml) of 2-hromo-1.4-naphthoquinone (14) (4.74 g, 20 mmol), and the mixture was 
heated at reflux for 3 h under a nitrogen atmosphere. After cooling, the contents of the flask were transferred 

to a separatory funnel, and solid material was dissolved in ethyl acetate (150 ml). The combined organic 

solutions were then extracted with 2N sulfuric acid (3 x 100 ml). The acid extracts were combined, chilled in 

ice, and made basic (pH 10, test paper) with 6N sodium hydroxide solution and extracted with ethyl acetate (4 

x 100 ml). The ethyl acetate extracts were dried over potassium carbonate and concentrated to dryness. The 

crude material was purified hy flash silica gel chromatography, eluting with ethyl acetate-petroleum ether 
(80.20% vlv) to give pure 3-methylcleistopholine (16) (2.2.g,46%), mp 191-192 'C; ir (KBr) v 1680, 1670, 

1590, 1550 cm -I, 'H nmr (CDC13) 6 2.43 ( s, 3H, CH3), 2.76 ( s, 3H, CH3), 7.74-7.77 ( m, 2H, H-7, H-8). 

7.16-7.19 (m, IH, H-6). 8.27-8.29 (m, IH, H-9), 8.74 (s, 1H, H-2); 13C nmr (CDC13) 6 17.4 (3). 17.9 ( 3 ,  
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127.0 (I), 127.1(1), 128.8 (O), 132.4 (0). 133.9 (I), 134.2 (0). 134.3 (I), 138.6 (0). 148.5 (0). 149.5 (O), 154.3 

(I), 182.9 (O), 185.3 (0) ppm. Anal. (exact mass, HREIms) calcd for CpjHllN02 mlz 237.0790, found 

237.0786. Anal. Calcd for C I ~ H I I N O ~ .  114 H20: C 74.52, H 4.69, N 5.79. Found C 74.49, H 4.49, N 5.80. 

4-Methyl-7H-naphtho[1,2,3-ij1[2,7]-naphthyridin-7-one (CMethylsampangine, 17) 

Dimethylformamide dimethyl acetal (2.5 g, 2.8 ml, 21 mmol) was added to a solution of 3-, 

methylcleistopholine (20) (1.66 g. 7 mmol) in dimethylformamide (7 ml) and heated at 120'C under nitrogen 
for 3 h. Ammonium chloride (0.5 g, 9 mmol) and glacial acetic acid (7 ml) were then added and the mixture 

was heated again at 12VC for an additional 2 h. After cooling, the mixture was poured onto water (100 ml) 

and extracted with methylene chloride (4 x 50 ml). The combined organic phases were washed with saturated 

aqueous sodium bicarbonate solution (3 x 50 ml), water (3 x 50 ml), dried over anhydrous potassium 

carbonate and concentrated to dryness. Flash silica gel column chromatography of the crude product, using 

chloroform-petroleum ether ( 50-50% vlv) for elution gave pure Cmethylsarnpangine (17) (0.52 g, 30% ). 
mp 243-245 T: ir (KBr) v 1670, 1590, 1405, 1375, 1320. 1270, 1230 cm -I, I H  nmr (CDCIj) 8 2.72 (s, 3H, 
CH$, 7.64 (ddd, lH, J=7.9, 7.5. 1.2 Hz, H-9). 7.71 (d, IH, J=5.9 Hz, H-3), 7.77 (ddd, IH, J=7.9, 7.5, 1.2 

Hz, H-lo), 8.40 (dd, IH, J=7.9, 1.2 Hz, H-X), 8.73 (dd, IH, J=7.9, 1.2 Hz, H-ll), 8.80 (d, lH, J=5.9 Hz, H- 
Z), 8.89 (s, lH, H-5): I3c nmr (CDC13) 6 15.9 (3), 116.0 (I), 118.6 (0). 125.1 (1). 128.0 (I), 131.0 (I), 132.0 

(0). 132.3 (0). 134.2 (I), 135.1 (O), 137.6 (0). 145.8 (0). 146.7 (I), 148.1 (I), 150.8 (O), 181.6 (0) ppm. Anal. 

(exact mass, HREIms) calcd for C16Hlfl2O mlz 246.0793 found 246.0796. Anal. Calcd for CI~HIONZO- 

H20:C76.63,H4.12,N11.17. FoundC76.64,H4.14,N11.09. 

7H-naphthn[l,2,3-ij]12,7]-1,6-naphthyridinium-7-one dichloride (Sampangine dihydrochloride, 18 ) 

Dry hydrogen chloride gas was passed through a solution of sampangine (1) (0.1 16 g. 0.5 mmol) in methanol 

(50 ml) at room temperature for 3 h. Methanol was removed by evaporation in a stream of dry nitrogen to 
give 0.152 g (100%) of violet dihydrochloride (23). mp > 3 W C ,  ir (KBr) v 3100-2800, 1690, 1660, 1630, 

1570, 1515, 1410, 1380, 1370 cm-I, 1H nmr (CD3SOCD3): 6 6.75 (d, lH, J=6.4 Hz), 7.71 (m, IH), 7.87 (m, 

3H), 8.26 (m, 2H), 8.44 (d, IH, J=6.4 Hz). Anal. Calcd for C I ~ H I O N ~ O C I ~ :  C 59.04, H 3.30, N 9.18, CI 

23.24. Found C 58.68. H 3.30, N 9.02. C123.09. 

In another experiment with sampangine (1) ( 0.1 16 g. 0.5 mmol), carried out in non-anhydrous conditions 
(reagent grade methanol, hydrogen chloride gas directly from lecture bottle), instead of sampangine 

dihydrochloride (23), Cchlorosampangine (19) (0.082 g, 62% ) was obtained: mp 262-263'C: ir (KBr) v 
1670, 1590, 1410, 1315 cm - I ;  'H nmr (CDCL3) 6 7.68 (ddd, IH, J=7.6,7.6, 1.4 Hz, H-9), 7.81 (ddd, lH, J= 

7.6.7.6, 1.4 Hz. H-lo), 7.95 (d, IH, J A . 9  Hz, H-3). 8.41 (dd, IH. J=7.6, 1.4 Hz, H-8). 8.76 (dd, 1H. J=7.6, 

1.4 Hz, H-ll) ,  8.93 (d, IH, J=5.9 Hz, H-2). 9.09 (s, IH, H-5); '3C nmr (CDC13) 115.7 (1). 120.0 (0). 125.6 

(I), 128.5 (I), 131.7 (I), 132.0 (01, 132.2 (0). 134.8 (I), 135.0 (O), 136.9 (0). 146.0 (0). 147.2 (I), 148.2 (I), 

151.5 (O), 181.2 (0) ppm. Anal (exact mass. HREIms) calcd for C I S H ~ N ~ O C I  m/z 266.0247, found 266.0245. 

Anal. Calcd for CI~H~NZOCI:  C 67.56, H 2.65, N 10.50. Found: C 67.63, H 2.52, N 10.54. Mp and all above 

spectral and analytical data are identical or consistent with authentic sample of 4-chlorosampangine obtained 
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earlier 6 from an independent method. Heating the sampangine (1) (0.06 g, 0.25 mmol) with concentrated 

hydrochloric acid (I ml) in methanol (10 ml) at reflux for 48 h also produces some 4-chlorosampangine (24) 

(0.015 g, 22% ) accompanied by unreacted starting material. 

7H-Naphtho[l,2,3-~~[2,71-6-methylnaphthydi~um-7-one iodide (Sampangine bmethiodide, 20) 

A solution of sampangine (I)  (0.1 16 g, 0.5 mmol) in methyl iodide (50 ml) was stirred at room temperature 

for 7 days. Evaporation of methyl iodide left dark-green sampangine 6-methiodide (25) (0.187 g, 100%) mp > 
3 W C ,  ir(KBr) v 1680,1615, 1585, 1535,1505,1495, 1470, 1380, 1370.1340 cm-l,IH nmr (CD3SOCD3) 6 

4.85 (s, 3H, N-CH3) 7.79 (m, 1H. H-9). 7.93 (m, 2H, H-I0 and H-3), 8.06 (d, IH, 5 5 . 7  Hz, H-4). 8.29 (m, 

1H. H-8), 8.78 (m. 2H. H- l l  and H-2). 8.95 (d, IH, J=5.7 Hz, H-5). Anal. (exact mass, HREIms) calcd for 

C I ~ H I I N ~ O I  mlz 373.9918, found. Anal. Calcd for C I ~ H I I N ~ O I :  C 67.56. H 2.65, N 10.50. Found: C 67.63, 
H 2.52, N 10.54. 

7H-Naphtho[l,2,3-~~[2,7]-6-naphthyridinium-7-one oxide (Sampangine 6-N-oxide, 21) 

Trifluoroacetic acid (3.0 ml, 40 mmol) and hydrogen peroxide (30%. 4.5 ml, 44 mmol) were added to a stirred 

solution of sampangine (1) (0.16 g, 0.5 mmol) in glacial acetic acid (3 ml). The reaction mixture was stirred 

at room temperature for 48 h. Water (50 ml) was added to the mixture and extracted with ethyl acetate (3 x 25 

ml). The combined extracts were washed with 5% sodium hicarhonate solution (3 x 10 ml), then with brine (3 

x 10 ml) and dried over anhydrous sodium sulfate. After removal of the solvent, the residue was subjected to 

flash silica gel chromatography, eluting with ethyl acetate to obtain pure sampangine 6-N-oxide (21. 0.1 g, 
85%). mp 186-l8RoC, ir (KBr) y: 1665,1655,1590, 1415, 1380, 1335, 1305 cm-I, 1H nmr (CDC13) : S 7.72 

(m, 2H. H-9 and H-4), 7.85 (m, 2H. H-10 and H-3). 8.41 (d, lH, J=7.2 Hz, H-2). 8.52 (dd, lH, k1.3 .7 .9  Hz. 

H-81, 8.89 (d, lH, J=5.4 Hz, H-5). 8.92 (dd, IH, J=1.3, 7.9 Hz, H-11); I3C nmr (CDCI3 + CD3SOCD3): 

118.2 (11, 119.2 (0). 123.4 (I), 125.2 (I), 126.0 (I), 128.5 (0). 129.3 (I), 131.2 (O), 132.2 (I), 132.7 (O), 133.8 

(0). 143.3 (1). 144.1 (0). 144.6 (I), 173.4 (0) ppm. Anal. (exact mass, HRElms) calcd for CI5H8N2O2 m/z 
248.0586, found 248.0584. 

7H-Naphtho[lJ,3-ij][2,7]-naphthyridin-7-oxime (Sampangine oxime, 22) 

To a stirred suspension of sampangine (1) (0.116 g, 0.5 mmol) in methanol (7 ml), hydroxylamine 

hydrochloride (0.1 14 g, 2 mmol) and sodium acetate (0.164 g. 2 mmol) were added. The reaction mixture was 

refluxed for 48 h. After cooling, the solvent was evaporated, water (50 ml) was added, and the mixture 

extracted with ethyl acetate ( 3 x 50 ml). The organic extract was dried over anhydrous sodium sulfate and 

concentrated to dryness. The residue was purified by flash silica gel column chromatography, eluting with 
chloroform to give sampangine oxime (22) (0.08 g. 65%). mp 218-220'C; ir (KBr) v 1605, 1570, 1540, 1470. 

1400, 1340, 1300 cm -I. ' H  nmr (CDC13) 5 7.61 (m, 3H, H-9, H-10 and H-3), 7.82 (d,lH, J=5.8 Hz, H-4), 

8.55 (m, IH, H-8), 8.64 (d, IH, J=5.8 Hz, H-2). 8.82 (m, IH, H-I]), 8.90 (d, IH, k 5 . 8  Hz, H-5); 13C nmr 

(CDC13) 116.7 (O), 117.2 (I), 121.4 (I), 123.7 (I), 125.3 (I), 129.6 (I), 129.8 (0). 131.2 (I), 131.8 (0). 139.4 

(O), 141.6 (0). 142.6 (I)  . 148.1 (0). 148.7 (10, 152.5 (0) ppm. Anal. (exact mass, HREIms) calcd for 
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CtsHgN30 m/z 247.0746, found 247.0748. Anal. Calcd for C1SH9N30.'/4 H2O: C 71.56, H 3.80, N 16.69. 
Found: C 71.52. H 3.79, N 16.59. 

7H-Naphtho[lJ,Syl[2,7l-naphthyridin-7-semicarbawne (Sampangine semicarbazone, 23) 

A mixture of sampangine (1) (0.116 g, 0.5 mmol). semicarbazide hydrochloride (0.223 g, 2 mmol) and 
anhydrous triethylamine (0.3 ml. 2 mmol) in anhydrous ethanol (5 ml) was heated at reflux for 40 h. Water 

(10 ml) was added to the cooled mixture, and the resulting solid was filtered. The crude product was purified 
by flash silica gel column chromatopraphy using chloroform-ethyl acetate (5050 vlv) as eluant to provide 
pure sampangine semicarbazone (23) (0.08 g, 56%). mp 154-155'C ; ir (KBr) v 1700, 1680, 1615, 1605, 

1580,1550, 1520 cm -I, 'H nmr (CD3SOCD3) 6 7.61 (m, 2H, H-9 and H-lo), 7.85 ( d, IH, J=5.6 Hz, H-3 ), 

7.98 (d, IH, J=5.8 Hz, H-4), 8.72 (m, IH, H-8), 8.78 (m, IH, H-l I), 8.87 (d, IH, J=5.8 HZ, H-2), 8.92 (d, 1H, 

J=5.8 Hz, H-5); l3C nmr (CD3SOCD3) 117.2 (0). 117.8 (I), 119.6 (1). 124.2 (I), 124.7 (1). 128.4 (0). 128.5 

(I), 129.7 (O), 130.5 (1). 133.1 (O), 138.7 (0). 144.8 (I), 147.6 (I). 148.8 (0). 150.7 (0). 155.9 (0) ppm. 
Anal.(exact mass, HREIms) calcd for C1&IllN50 mlz 289.0967. found 289.0958. 

7-Methyl-7H-naphtho[1,2,3-~j[2,7]-naphthyridin-7-01(24) 

A suspension of sampangine (I)  (0.1 16 g, 0.5 mmol) in anhydrous tetrahydrofuran (10 ml) was added to a 
solution of methylmagnesium iodide in tetrahydrofuran (3.5 ml of 3M solution. 10.5 mmol) and the mixture 

was refluxed under nitrogen for 24 h. After cooling tetrahydrofuran was evapoarted after cooling, water was 
added (20 ml), and the mixture was extracted with ethyl acetate (3 x 50 ml). The combined organic extracts 

were washed with brine (2 x 50 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated and 

the residue was subjected to a short flash silica gel column chromatography, eluting with petroleum ether- 
ethyl acetate ( 5050 vlv) to give pure (24) (0.04 g, 32%), mp 138-14WC: ir (KBr) v 1620, 1580, 1550, 1470, 

1450, 1410, 1395 cm-1, 1H nmr (CDC13) 6 7.50 (ddd, IH, k 7 . 8 ,  7.8, 1.4 Hz, H-9). 7.53 (d, IH, k 5 . 7  Hz, H- 

31, 7.57 (d, 1H. 5=5.7 Hz, H-4), 7.60 (ddd, IH, J=7.8,7.8, 1.4 Hz, H-lo), 8.01 (dd, IH, J=7.8, 1.4 Hz, H-E), 

8.68 (dd, IH, J=7.8, 1.4 Hz, H-11). 8.72 (d, IH, J=5.7 Hz, H-2), 8.77 (d.lH, J=5.7 Hz, H-5); 13C nmr 

(CDC13) 38.9 (3). 73.0 (0). 116.6 (0). 119.2 (I). 119.6 (I), 126.6 (I), 127.7 (I), 129.4 (I), 130.6 (O), 132.7 (1). 

140.2 (O), 145.3 (0). 147.8 (I), 149.0 (I), 154.0 (0). 166.1 (0) ppm. Anal.(exact mass, HREIms) calcd for 

C L ~ H ~ ~ N Z O  m/z 248.0950. found 248.0932. 

4-Diethylphosphono-7-carboethoxymethylene-7H-napho[l,2,3-[2,7]naphthyridine (25) 

Triethyl phosphonoacetate (0.224 g, 0.198 ml, 1 mmol) was added to a solution of potassium t-butoxide 

(0.168 g, 1.5 mmol) in anhydrous tetrahydrofuran (10 ml), and the resulting mixture was stirred at room 

temperature under nitrogen for 1 h. The mixture was then cooled to 0 T  and a suspension of sampangine (1) 

(0.1 16 g. 0.5 mmol) in anhydrous benzene (10 ml) was added. The contents of the flask were warmed to room 

temperature, then heated at reflux for 2 h. After cooling, the mixture was concentrated in vacuo and the 
residue was subjected to flash silica gel column chromatography, using ethyl acetate as eluent to provide pure 
(25) (0.09 g, 40%), mp 146-147°C; ir(KBr) v 1730,1670,1605,1595, 1570,1495,1485,1440,1400,1380 cm 

-I, 'H nmr(CDCl3) 6 1.25 (m, 9H, 3 x CH?), 4.12 (m, 4H, 2 x OCH2). 4.27 (m, 2H, OCHz), 4.98 (d, lH, J=25 
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Hz, =CHI, 7.65 (hr dd. IH, J=7.8,7.8 Hz, H-9), 7.79 (br dd, IH, J=7.8,7.8 Hz, H-lo), 7.94 (d, IH, k 6 . 0  Hz, 

H-3). 8.40 (hr d, IH, k 7 . 8  Hz. H-8). 8.78 (hr d. 1H. k 7 . 8  Hz, H-11). 8.89 (d, IH, J=6.0 Hz, H-2), 9.43 (d, 

IH, J=2.7 Hz, H-5): '3C nmr (CDC13) 14.0 (3). 16.3 (3). 16.4 (3). 47.9 (I), 62.7 (2). 63.8 (2), 63.9 (2), 116.2 

(I), 119.5 (0). 126.2 (1). 126.3 (O), 128.4 (I), 131.4 (I), 132.3 (0). 134.7 (I), 135.6 (O), 137.9 (0). 147.3 (O), 

147.5 (I), 149.7 (I), 151.7 (0). 166.3 (0). 181.1 (0) ppm. 31P nmr ( C D Q  + H3P04) 2092.76 (P=O) + 2075.23 
(P=O) in 5:l ratio due tn the mixture of isomers. Anal. (exact m a s  HREIms) calcd for C23H23N206P mlz 

454.1294, found 454.1290. Anal. Calcd for Cz3H23N2O6P. 314 HzO: C 59.04, H 5.28, N 5.99. Found C 

59.05, H 5.04, N 6.08. 

4-Amino-7H-naphtho[1,2,3-@l[2,7]naphthydin-7-one (CAminosampangine, 26) 

A mixture of sampangine (0.116 g, 0.5 mmol), hydrazine monohydrate, (98% 1 ml), and absolute ethanol (4 

ml), was placed in a pressure hottle and heated at 9VC for 24 h. Shiny red crystals appeared in the mixture at 

the end of heating period. The mixture was cooled and the product filtered and washed with cold ethanol, 
followed by petroleum ether to give pure 4aminosampangine (26) (0.062 g, 50%). mp >30VC, ir(KBr) v 
3300(hr), 1725, 1625, 1585, 1505. 1460, 1385, 1300 cm-1, IH nmr (CD3SOCD3) S 7.72 (ddd, lH, 5~7.5.7.5, 

1.3 Hz, H-9). 7.83 (ddd, IH, J=7.5, 7.5, 1.3 Hz, H-lo), 7.95 (hr s, 2H, NHz), 8.21 (d, IH, J=5.9 Hz. H-3). 
8.26 (dd,  1H, J=7.5, 1.3 Hz.H-8). 8.38 (s.  IH, H-5),8.75 (dd.lH, k 7 . 5 ,  1.3 Hz. H-11). 8.81 (d, IH, J=5.9 

Hz, H-2); I3C nmr (CD~SOCDI) 115.7 (I), 119.8 (0). 124.1(0), 124.7 (1). 127.0(1), 130.9 (I), 132.0 (1). 
132.8 (O), 132.9 (0). 133.1 (I), 134.7 (O), 144.3 (1). 145.1(0), 148.5 (0). 178.4 (0) ppm. Anal. (exact mass 

HREIms), calcd for C15H9N30 mlz 247.0746, found 247.0744. Anal. Calcd for C15H9N30. H20: C 67.92, H 

4.18, N 15.84. Found C 68.30, H 3.80, N 15.75. Mp and all above spectral and analytical data are identical or 
consistent with authentic sample of 4-aminosampanginc ohtained by us earlier 6 by independent way. 

4-Phenylamino-7H-naphtho[1,2,3-ij1[2,7]naphthyndi7-one (4-Anilinosampangine, 27) 
A mixture of sampangine (0.1 16 g. 0.5 mmol) and aniline (2 ml) was placed in the pressure bottle and heated 
at 7VC for 24 h. The reaction mixture was cooled and the separated solid filtered, and washed with petroleum 

ether.T he crude product was subjected to flash silica gel column chromatography, using chlorofom-ethyl 
acetate (955 vlv) as eluant to give pure Canilinosampangine (27) (0.09 g. 54%). mp 270-272'C. ir (KBr) v 
1660,1640, 1590,1560, 1535. 1400, 1380 cm-I, 'H nmr (CD$OCD3) 6 7.27 (m, IH, Ph), 7.51 (m, 4H, Ph), 

7.75 (hr dd, IH, J=7.8, 7.8 Hz, H-9). 7.87 (hrdd, IH, J=7.8, 7.8 Hz. H-10). 8.27 (hr d, 1H. k 7 . 8  Hz, H-81, 

8.38 (d, IH, J=5.9 Hz, H-3), 8.67 (s, IH, H-5). 8.77 (hr d,lH, k 7 . 8  Hz, H-11). 8.90 (d. IH, J=5.9 Hz, H-2). 

9.71 (s, IH, NH); I3C nmr (CD3SOCD3): 115.3 (I), 119.7 (0). 122.7 (I), 122.8 (I), 124.8 (I), 125.1 (I), 
126.9 (0). 127.1 (I), 129.0(1), 129.7 (I), 131.0 (I), 132.7 (O), 133.5 (I), 134.9 (0). 136.2 (O), 139.0 (1). 139.2 

(01, 139.9 (0). 145.1 (I),  148.9 (0). 178.9 (0) ppm. Anal. (exact mass. HREIms) calcd for C21H13N30 mlz 

323.1059, found 323.1053. Anal. Calcd forCzlH13N30: C 78.00. H 4.05, N 12.99. Found C 77.81, H 4.11, N 

13.11. 
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9-Methoxy-4-methylbenzo[g]quinoline-5,lOdione (9-Methoxycleistopholine, 30) 
(El-2-hutenal-N,N-dimethylhydrazone(29)3 (18 g, 0.16 mol) was added to the solution of 2-hromo-5- 

hydro~y-1,4-naphthoquinone(28)~7(25.3 g. 0.1 mol) in anhydrous acetonitrile (300 ml) and the mixture was 

stirred in the dark at room temperature for 24 h. After evaporation of the solvent the residue was 

chromatographed on a flash silica gel column using ethyl acetate as eluant to provide 9-hydroxycleistopholine 
( 5  g, 21%), mp 237-23rC (lit.?8 mp 2 3 0 3 ;  ir (KBr) v 3600-3300, 1690, 1630,1575,1455,1460,1355 cm 

-I, lH nmr (CDC13) 6 2.95 (s, 3H, CH3), 7.36 (dd, IH, 5 ~ 8 . 4 ,  1.0 Hz, H-8). 7.55 (d, IH, J=4.8 Hz, H-3), 7.71 

(dd, 1% J=8.4, 7.6 Hz, H-7), 7.91 (dd, IH, J=7.6, 1.0 Hz, H-6), 8.94 ( d, IH, J=4.8 Hz, H-2), 12.54 (s, IH, 

OH); I3C nmr (CDC13) 22.5 (3). 116.0 (0). 118.7 (1). 124.1 (1). 128.5 (0). 131.2 (I), 132.3 (O), 136.5 (I), 

149.5 (O), 150.7 (01, 153.3 (I), 161.3 (O), 180.4 (O), 190.2 (0) ppm. Mp and spectral data are consistent with 

the same compound puhlished in the literature.28 Silver oxide (Ag20, 11.6 g, 50 mmol), and methyl iodide 

(114 g, 50 ml, 1 mol) were added to a solution of 9-hydroxycleistopholine (6 g, 25 mmol) in chloroform (250 

ml). The mixture was stirred in the dark at room temperature for 12 h. After that time the mixture was filtered 
and the solid residue was washcd with hot chloroform (2 x 100 ml). The comhincd filtrates were washed with 
water (2 x 50 ml) and dried over anhydrous sodium sulfate. Evaporation o( solvent gave the pure 9- 
methoxycleistopholine (30) (4.4 g. 70%). mp 188-189-C; ir (KBr) v 1660, 1580, 1470. 1450, 1430. 1400, 

1370 cm-I, IH nmr (CDC13) S 2.85 (s, 3H. CH3), 4.03 (s, 3H, CHBO), 7.35 (dd, lH, J=8.0, 1.0 Hz, H-8), 

7.45 (d, 1H. J=4.8 Hz, H-3), 7.70 (dd, IH, J=8.0, 8.0 Hz, H-7), 7.96 (dd, lH, J=R.O, 1.0 Hz, H-6), 8.80 ( d, 

IH, J=4.8 Hz, H-2); 13C nmr (CDC13) 22.7 (3, 56.6(3), 118.2 (I) ,  119.7 (I), 122.1 (0). 130.7 (O), 131.2 (I), 

134.5 (0). 134.8 (I), 148.8 (0). 150.7 (0). 152.7 (I), 159.7 (0). 182.3 (0). 184.2 (0) ppm. Anal. (exact mass 

HREIms) calcd for C I S H I I N O ~  mlz 253.0739, found 253.0716. Anal. Calcd for C I S H I I N O ~ .  H20: C 

68.69,H4.61,N5.34. FoundC68.95,H4.36,N5.47. 

8 - M e t h o x y - 7 K - n a p h t h o [ 1 , 2 , 3 - y ] [ 2 , 7 ] n a p h ~  (8-Methoxysampangine, 32) 

Dimethylformamide dimethyl acetal (3.1 g, 3.5 ml, 26 mmol) was added to a solution of 9- 

methoxycleistopholine (30) (1.5 g, 6 mmol) in dimethylformamide (5 ml) and heated at 12WC under nitrogen 

for 14 h. Ammonium chloride (3 g) and glacial acetic acid (3 ml) were then added and the mixture was heated 

again at 120 <C for an additional 2 h. After cooling, the mixture was poured onto water (100 ml) and extracted 

with methylene chloride (4 x 50 ml). The combined organic phases were washed with saturated aqueous 

sodium bicarbonate solution (3 x 50 ml), water (3 x 50 ml). dried over anhydrous potassium carbonate and 

concentrated to dryness. Flash silica gel column chromatography of the crude product, using chloroform- 

petroleum ether (50.50% vlv) for elution gave pure 8-methoxysampangine (32) (0.2 g. 20%). mp 168-170°C; 
ir (KBr) v 1670, 1610. 1585. 1545, 1530, 1470, 1400, 1370 cm -I, IH nmr (CDC13) 6 4.08 (s, 3H, CH30), 

7.41 (dd, IH, J=8.0, 1.2 Hz, H-9). 7.59 (dd, IH, J=8.0, 8.0 Hz, H-10). 7.61 (d, lH, J=5.8 Hz, H-3), 7.89 (d, 

IH, J=5.8 Hz, H-4), 8.16 (dd, IH, J=8.0, 1.2 Hz, H-11). 8.93 (d, IH, J=5.8 Hz, H-2), 9.07 (d, 1HJ=5.8 Hz, 

H-5); I3C nmr (CDC13) 6 57.1 (3). 117.8 (1). 119.4 (I), 120.0 (O), 121.7 (I), 123.3 (0). 123.9 (I), 131.8 (I), 

134.6 (01, 138.6 (0), 146.9 (01, 147.0 (I), 148.1 (I), 152.2 (0). 159.3 (0). 182.2 (0) ppm. Anal. (exact mass, 

HRFABms) calcd for C I ~ H I O ~ % O ~  + H m/z 263.0821 found 263.0821. 
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3,4-Dimethyl-9-methoxybenzo[g]quinoline-5,lO-dione (3-Methyl-9-methoxycleistopholine, 31) 
fEJ-2-methyl-2-butenal-N,N-dimethylhydraone(l5) (15.1 g. 0.12 mol) was added to a solution of 2-hromoJ- 

hydroxy-1.4-naphthoquinone(28)27(25.3 g, 0.1 mol) in anhydrous acetonitrile (300 ml) and the mixture was 

stirred in the dark at room temperature for 24 h. After evaporation of the solvent the residue was 
chromatographed on flash silica gel column using ethyl acetate as eluant to provide 3-methyl-9- 
methoxycleistopholine (6.35 g. 25%). mp 140-141T ; ir (KBr) v 3200-2900, 1720, 1670, 1585, 1535, 1445, 
1360 cm - I ,  IH nmr (CDC13) 6 2.47 (s, 3H, CH3). 2.83 (s, 3H. CH3), 7.31 (dd, IH, 5 4 . 4 ,  1.2 Hz, H-8), 7.66 

(dd, 1H. J=8.4, 7.5 Hz, H-7), 7.86 (dd, J=7.5, 1.2 Hz, H-6), 8.78 ( s, IH, H-2). 12.54 (s, IH, OH); ' 3 ~  nmr 
(CDC13): 17.7 (3). 17.8 (3). 115.9 (0). 119.1 (I), 124.4 (I), 127.7 90). 131.9 (O), 136.0 (I), 138.5 (0). 147.9 

90). 149.5 (0). 154.3 911, 161.8 90). 180.4 (0). 190.5 (0) ppm. Anal. (exact mass HREIms) calcd for 

CISHIINO~ mlz 253.0739. found 253.0741. Anal. Calcd for C I ~ H ~ ~ N O ~ . ' / ~  H20 : C 68.70, H 4.61 , N 5.34. 
Found C 69.08, H 4.51, N 5.32. 

Silver oxide (Ag20,9.3 g, 40 mmol), and methyl iodide (91.2 g. 40 ml, 0.64 mol) were added to a solution of 

3-methyl-9-methoxycleistopholine (5 g. 20 mmol) in chloroform (250 ml). The mixture was stirred in the dark 
at room temperature for 24 h. After that time the mixture was filtered and the solid residue was washed with 

hot chloroform (2 x 100 ml). The combined filtrates were washed with water (2 x 50 ml) and dried over 

anhydrous sodium sulfate. Evaporation of solvent gave crude material which was crystallized from ethyl 

acetate-petroleum ether (20:80 vlv) to give pure 9-methoxy-3-methylcleistopholine (31) (4.0 g. 76%). mp 
167-16YC; ir (KBr) v 1675, 1660, 1585, 1550, 1470, 1440, 1380. 1365, 1330 cm-1, 1~ nmr (CDCl3) 6 2.40 

(s, 3H. CH3). 2.69 (s, 3H. CH3), 3.99 (s, 3H, CH3O), 7.28 (dd, IH, 5 4 . 0 ,  1.0 Hz, H-a), 7.64 (dd, IH, 
J=8.0,8.0 Hz, H-7). 7.88 (dd, lH, J=8.0. 1.0 Hz, H-6). 8.67 (s, IH, H-2); I3C nmr (CDC13) 17.2 (3). 17.8 (3). 

56.5 (3). 118.0 (I), 119.5 (I), 123.0 (O), 131.2 (0). 134.5 (I), 134.6 (0). 138.6 (0). 147.2 (a), 148.3 (O), 153.7 

(I), 159.4 (O), 182.6 (0). 185.2 (0) ppm. Anal. (exact mass HRElms) calcd for C16H13N03 m/z 267.0895, 
found 267.0891. Anal. Calcd for C16H13N03. 114 Hz0: C 70.71, H 5.01, N 5.15. Found C 70.41, H 4.98, N 
5.14. 

8-Methoxy-4-methyl-7H-naphtho[lJ,3-ijl[2,7]naphthyndin-7-one (8-Methoxy-4-methylsampangine, 33) 

Dimethylformamide dimethyl acetal (2.5 g, 2.8 ml, 21 mmol) was added to a solution of 9-methoxy-3- 

methylcleistopholine (31) (1.87 g, 7 mmol) in dimethylfonnamide (4 ml) and heated at 120 'C under nitrogen 

for 3 h. Ammonium chloride (0.6 g, 11 mmol) and glacial acetic acid (6 ml) were then added and the mixture 

was heated again at 120 OC for an additional 2 h. After cooling, the mixture was poured onto water (100 ml) 

and extracted with methylene chloride (4 x 50 ml). The comhined organic phases were washed with saturated 

aqueous sodium bicarbonate solution (3 x 50 ml) , water (3 x 50 ml). dried over anhydrous potassium 

carbonate and concentrated to dryness. Flash silica gel column chromatography of the crude product using 

chloroform-methanol (200: 1 vlv) for elution, gave pure 8-methoxy-4-methylsampangine (33) (0.38 g, 20% 
), mp 163-164 T ;  ir (KBr) v 1670,1600, 1585,1470, 1400 cm -I, IH nmr (CDCb) 6 2.72 (s, 3H, CH3), 4.08 

(s. 3H. CH30). 7.38 (dd, lH, J=8.0, 1.2 Hz, H-9), 7.57 (dd, 1H. J=8.0, 8.0Hz, H-10). 7.67 (d, IH, J=5.9 Hz, 

H-3). 8.11 (dd, lH, J=8.0, 1.2 Hz, H-l I), 8.88 (s, IH, H-5). 8.93 (d, IH, J d . 9  Hz, H-2); '3C nmr (CDC13) 
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6 16.1 (3), 57.1 (3). 114.8 (I), 119.2 (I), 119.6 (0). 121.5 (I), 122.9 (O), 131.9(1), 132.7 (0). 134.5 (O), 137.8 

(0). 145.2 (O), 146.3 (I), 148.3 (I), 152.1 (O), 159.3 (O), 181.9 (0) ppm. Anal. (exact mass, HREIms) calcd for 

C17HnNz02 mlz 276.0899 found 276.0891. Anal. Calcd for C17Ht2N202. l/d120: C 72.72, H 4.49, N 9.98. 
Found: C 72.33. H 4.63, N 9.76. 

4-Methylquinoline-5,8-dione (35) 

To a solution of 5.8-dimethoxylepidine (34)30 (1.5 g, 7.5 mmol) in acetonitrile (50 ml), a cooled (0-5'C) 

solution of ceric ammonium nitrate (8.22 g, 15 mmol) in water (25 ml) was slowly added with vigorous 

stining within 20 min. The reaction mixture was cooled in an ice bath during the addition. After addition was 

complete the cooling bath was removed and the mixture stirred at room temperature for additional 30 min. 
After addition of water (50 ml), the mixture was transferred to a separatory funnel and extracted with 

chloroform (3 x 100 ml). The combined chloroform extracts were washed with water (3 x 50 ml), dried over 

anhydrous potassium carbonate and evaporated. The crude product was crystallized from chloroform-hexane 
(90:10 vlv) to give pure 4-methylquinoline-5,s-dione (35) (1.1 g. 86%). mp 118-1 19'C; ir(KBr) v 1680. 
1660, 1605, 1580, 1440, 1370, 1300 cm -1, lH nmr (CDC13) 6 2.71 (s, 3H, CH3), 6.91 ( ABd, IH, J=10.4 Hz, 

H-6 ), 7.01 ( ABd, lH, J=10.4 Hz, H-7). 7.39 ( d, lH, J=5.0 Hz, H-3). 8.75 ( d, IH, J=5.0 Hz, H-2); 13C nmr 
(CDC13): 22.0 (3). 127.3 (0). 130.8 (I), 137.0 (I), 139.4 (I), 148.2 (0). 150.4 (0). 152.9 (1). 183.1 (0). 186.4 

(0) ppm. Anal. (exact mass, HRFABms) calcd for C ~ O H ~ N O ~ +  H, mlz 174.0555 found 174.0540. Anal. 
Calcd for CIOH~NO. lIgH20: C 68.46, H 4.17, N 7.98. Found: C 68.62, H 4.14, N 7.99. 

4,7,&Trimethylhenzo[glquinoline-5,10-dioe (78-Dimethylcleistopholine, 37) 

4-Methylquinoline-53-dione (36) (1.0 g, 5.8 mmol) and 2,3-dimethyl-l,3-butadiene (36) (0.95 g, 1.3 ml, 11.6 

mmol) in absolute ethanol (10 ml) were heated under reflux for 24 h. The solid that separated from the cooled 

reaction mixture was dissolved in 5% ethanolic potassium hydroxide (25 ml), and air was passed through the 

mixture for 6 h. The initial green solution turned yellow during that time. After cooling to about -1VC. the 

separated product was filtered, washed with cold water (10 ml), followed by cold ethanol (5 ml), and finally 

with cold petroleum ether (10 ml). The crude product was crystallized from methylene chloride-petroleum 
ether (20:80 vlv) to give pure 7,s-dimethylcleistopholine (37) (0.84 g, 60%), mp 235-236'C; ir (KBr) v 1680. 

1660, 1600, 1580, 1520, 1440 cm-I,  'H nmr (CDC13) 6 2.34 (s, 3H, CH3). 2.35 (s, 3H, CH3), 2.80 (s, 3H, 

CH3). 7.40 (d, IH, J=4.8 Hz, H-3). 7.82 (s, IH, H-6). 7.96 (s, IH, H-9). 8.79 (d, IH, J=4.8 Hz, H-2); 13C 
nmr(CDCl3) 20.0 (3). 20.2 (3), 22.7 (3). 127.9 (1). 128.0 (I), 128.9 (0). 130.4 (O), 130.9 (I), 131.7 (O), 144.1 

(0). 144.5 (O), 150.1 (0). 151.2 (01, 153.0 (01, 181.8 (O), 184.7 (0) ppm. Anal. (exact mass HRFABms) calcd 

for C16H13N02+ H mlz 252.1025, found 252.1023. Anal. Calcd for C16H13N02: C 76.48, H 5.21, N 5.57. 
Found: C 76.19, H 5.27, N 5.50. 

9,10-Dimethyl-7H-naphtho[l,2,3-ij][2,7]naphthyridin-7-nne (9,10-Dimethylsampangine, 38) 

Dimethylformamide dimethyl acetal (1.07 g, 1.2 ml, 9 mmol) was added to a solution of 7 8 -  
dimethylcleistopholine (37) (0.75 g, 3 mmol) in dimethylformamide (3 ml) and heated at 120 OC under 

nitrogen for 3 h. Ammonium chloride (0.25 g. 5 mmol) and glacial acetic acid (3 ml) were then added and the 
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mixture was heated again at 120 "C for an additional 2 h. After cooling, the mixture was poured onto water 
(100 ml) and extracted with methylene chloride (4 x 50 ml). The combined organic phases were washed with 

saturated aqueous sodium bicarbonate solution (3 x 50 ml), water (3 x 50 ml), dried over anhydrous potassium 
carbonate and concentrated to dryness. Flash silica gel column chromatography of the crude product, using 
ethyl acetate for elution. gave pure 9.10-dimethylsampangine (38) ( 0.2 g. 25% ). mp 230-231 OC; ir (KBr) v 
1670, 1600, 1585, 1470, 1400 cm -I ,  'H (CDCIj) S 2.34 (s, 3H, CH3), 2.35 (s, 3H. CHj), 4.08 (s, 3H, 

CH30). 7.54 (d, IH, J 3 . 5  Hz, H-3). 7.79 (d.lH, J=5.5 Hz, H-4). 8.01 (s, IH, H-8). 8.25 (s, IH, H-ll), 8.66 
(d, IH, J=5.5 Hz, H-2). 8.99 (d, IH, J 3 . 5  Hz, H-5); 13C nmr (CDC13) S 19.7 (3), 20.3 (3). 118.6 (I), 119.4 

(O), 123.1 (I), 126.0 (I), 129.1 (I), 130.1 (O), 132.9 (0). 138.4 (0). 140.7 (0). 144.6 (0). 147.0 (1). 147.9 (O), 

148.1 (1). 151.3 (0). 181.6 (0) ppm. Anal. (exact mass, HRFABms) calcd for C17H12N20 + H. m/z 261.1028 

found 261.1038. Anal. Calcd for C17H12N~0.114 H20: C 77.1 1, H 4.76. N 10.58. Found: C 76.96, H 4.92. N 

10.33. 
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