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maw calcd for Cl7H,Olaa (M + Na)+ 411.1267, found 411.1247. 
5,6-Dideoxy-~-xylo-hex-5-enitol (71) (61%): lH NMR 

(ddd, J = 1.2,1.8,17.1 Hz, 1 H), 5.19 (ddd, J = 1.3,1.8, 10.5 Hz, 
1 H), 4.20 (dddd, J = 1.2, 1.3, 5.9, 6.5 Hz, 1 H), 3.69 (ddd, J = 

= 11.0 Hz, Au = 17.7 Hz, 2 H), 3.47 (dd, J = 2.9, 5.9 Hz, 1 H); 

For further confirmation of the structure, the O-methylated 
compound was synthesized by using NaH/MeI in DMF: lH NMR 
(acetone-d6, 500 MHz) 6 5.77 (ddd, J = 7.7,10.5, 18.2 Hz, 1 H), 
5.3-5.25 (m, 2 H), 3.76 (m, 1 H), 3.49 (dABq, J b x  = 5.1 Hz, Jbx 

1 H), 3.33 (8,  3 H), 3.30 (8,  3 H), 3.23 (s, 3 H), 3.19 (dd, J = 4.1, 
6.1 Hz, 1 H); 13C NMR (CD,OD, 125.8 MHz) 6 135.5, 118.5, 83.4, 
83.2, 80.0, 71.8,61.0, 59.1, 58.7,56.6; HRMS (FAB) for C10H2104 
(M+ + H) calcd 205.1440, found 205.1443. 

General Experimental Procedure for the Ozonolysis of 
Alkenepolyols. Into a solution of alkene (0.24.5 mM) in MeOH 
at -78 OC was bubbled a stream of O3 until a light blue color 
persisted, indicating the presence of excess 03. After flushing 
out exceas O3 with Nz, Na$03 (a. 2-4 g) was added. The mixture 
was vigorously stirred for 1 h at  -78 "C and 15 h at  room 
temperarture. After filtration and concentration, column chro- 
matography over silica gel (20-50% MeOH in CH2C1,) gave the 
desired aldose. 

2-Deoxy-~-xylohexose (67) (84%). The product showed the 
same 'H and 13C NMR spectra as a sample of 2-deoxy-~-xylo- 
hexose prepared according to ref 3 3  = -6.1 (c = 1.5, HzO) 
(authentic sample: [aIz1D = -5.6 (c = 0.8, H20)).37 

L-Gulose (69) (76%). The product showed the same 'H and 
13C NMR spectra as authentic ~-gulose: [(YIz1D = 17 (c = 2.5, HzO 
(authentic sample: [aIzoD = 20 (c = 13.6, HZO))?' 

L-Idose (70) (68%). The product showed the same 'H and 13C 
NMR spectra as authentic L-idose: [aIz1D = -14 (c = 1.2, H,O 
(authentic sample: [aIz1D = -17.4 (c  = 3.6, H20)).37 

L-Xylose (72) (67%). The product showed the same lH and 
'3C NMR spectra as authentic L-xylose: [a]''D = -17.4 (c = 0.32, 

(CD,OD, 500 MHz) 6 5.93 (ddd, J = 6.5,10.5,17.1 Hz, 1 H), 5.34 

2.8, 5.4,6.3 Hz, 1 H), 3.62 (dABq, J, = 5.4 Hz, J b x  6.5 Hz, J a b  

'3C NMR (CD,OD, 125.8 MHz) 6 140.5,118.1,76.2,76.1,74.1,65.7. 

= 5.5 Hz, J a b  = 9.9 Hz, AV = 27.1 Hz, 2 H), 3.42 (8, 3 H), 3.39 (m, 

(36) Leonard, N. J.; Carraway, K. L. J. Heterocycl. Chem. 1960,485. 
(37) The Carbohydrates; Collins, P. M., Ed.; Chapman and Hak New 

York, 1987. 

H2O) (authentic sample: [aIz1D = -18.8 (c = 0.30, HzO)). 
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A new approach to the synthesis of benzophenanthridine alkaloids is described which is based on cycloaddition 
of arynes to pyrrolinediones, the pyrrolinediones behaving as aza diene equivalents. The synthesis of 2,3,8,9- 
substituted benzophenanthridines and the regioselective synthesis of a 2,3,7,&substituted benzophenanthridine 
were performed. The formal synthesis of chelerythrine and the antitumor alkaloid nitidine is described. 

Planar benzophenanthridinium sal& 1 (Figure 1) have 
been recognized as being potentially useful as antitumor 
agenta, having been shown to intercalate into the minor 
groove of DNA and bind to it c0valently.l However, some 

(1) Ulrichovl, J.; WalterovH, D.; Simanek, V. Acta Uniu. Palacki. 
Olomuc., Fac. Med. 1981, 106, 31. 

0022-3263 J92 J1957-5907$03.00 JO 

2,3,8,9-substituted derivatives, though among the most 
active in L1210 and P388 testa, have been reported to be 
toxic2 Efforts have accordingly been made to develop 

(2) (a) Stermitz, F. R.; Gillespie, J. P.; Amoros, L. J.; Romero, R.; 
Stermitz, T. A. J. Med. Chem. 1975,18,708. (b) Zee-Cheng, R. K.-Y.; 
Cheng, C. C. J. Med. Chem. 1975, 18,66. 

0 1992 American Chemical Society 
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more efficient synthetic approaches3 to this family so as 
to facilitate the search for members with no undesirable 
side effects; a flexible approach capable of supplying a 
variety of benzophenanthridines would hopefully allow 
acquisition of enough information on structure-activity 
relationships to allow the best candidate for further tests 
to be selected. 

In this paper we show the usefulness of intermolecular 
benzyne cycloaddition (IBC) for the synthesis of benzo- 
phenanthridines. The three chief features of the IBC 
approach are ita convergence, its high regioselectivity, and 
ita reliability and flexibility. 

Results and Discussion 
On the basis of a [4 + 21 cycloaddition4 the intermole- 

cular benzyne cycloaddition approach was initially de- 
veloped as a highly convergent strategy for the synthesis 
of aporphinoids, several classes of which were successfully 
obtained by this method.6 [3 + 21 cycloaddition4 also 
occurs under certain circumstances, which affords a novel 
route to the dibenzindolizidine skeleton of the dibenzo- 
pyrrocoline alkaloids.6 

Recently, i t  has been found that when iso- 
quinolinopyrrolinediones 2 are reacted with arynes 3, they 
do not behave as above but instead lead to another pro- 
totypical isoquinoline alkaloid skeleton, that of the pro- 
toberberines 4.5c17 In this reaction, iso- 

(3) (a) Kessar, 5. V.; Gupta, Y. P.; Kewal, K. S.; Mohammad, T.; Dutt, 
M. J.  Org. Chem. 1988,53,1708. (b) Begley, W. J.; Grimehaw, J. J. Chem. 
SOC., Perkin Trans. 1 1977,2324. (c) Hanaoka, M.; Yamagishi, H.; Ma- 
rutani, M.; Mukai, c. Chem. Phurm. Bull. 1987,&5,2348. (d) Cushman, 
M.; Gentry, J.; Dekow, F. W. J. Org. Chem. 1977,42,1111. (e) Wi, H.; 
Ishikawa, T.; Ichikawa, Y. Chem. Pharm. Bull. 1978,26,514. (0 Beu- 
gelmane, R.; Chastanet, J.; Ginsburg, H.; Quintero-CortBs, L.; Rowi,  G. 
J. Org. Chem. 1985,50,4933. (g) Ishii, H.; Ichikawa, Y.; Kawanabe, E.; 
Ishikawa, T.; Kuretani, K.; Inomata, M.; Hoshi, A. Chem. Pharm. Bull. 
1988,573,4138. (h) Oppohr,  W.; Keller, K. J. Am. Chem. SOC. 1971,93, 
3836. 

(4) Huisgen nomenclature based on the number of atoms. 
(5) (a) Atancs, N.; Castedo, L.; Guitih,  E.; S l ,  C.; S l ,  J. M.; Suau, 

R. J. Org. Chem. 1991,56,2984. (b) Atanes, N.; Castedo, L.; Cobas, A.; 
Guitih, E.; SaA, C.; Sd, J. M. Tetrahedron 1989,45,7947. (c) Sa&, C.; 
GuitiBn, E.; Caetedo, L.; Sua- R.; SaA, J. M. J. Org. Chm. 1986,51,2781. 

(6) Atanea, N.; Guitih,  E.: Sa& C.; Castedo, L.; Sa& J. M. Tetrahe- 
dron Lett. 1987, 28, 817. 
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quinolinopyrrolinediones apparently undergo formal [4 + 
21 cycloaddition followed by extrusion of carbon monoxide, 
behaving as the highly interesting 2-aza diene synthon 5 
(Scheme I).8 

It occurred to us that it might be possible for benzo- 
phenanthridines to be constructed in the same way. 
Scheme I1 shows the retrosynthetic path from the benzo- 
phenanthridinones 6 to the tetralones 8 (X = 0); syn- 
thetically, ‘the cycloaddition of dihydro- 
naphthalenopyrrolinediones 7 and arynes 3 led to 11,12- 
dihydrobenzophenanthridin-6-ones 6, which can easily be 
transformed into benzophenanthridines 1.O 

(7) Cobas, A.; Guitih, E.; Castedo, L.; S l ,  J. M. Tetrahedron Lett. 
1988,29, 2491. 
(8) When this manuscript was in preparation a new approach based 

on a related azadiene synthon was published: Rigby, J. H.; Holaworth, 
D. D. Tetrahedron Lett. 1991,32,5757. 



Intermolecular Benzyne Cycloaddition 

In a preliminary communicationlo we reported that the 
above strategy worked well for the synthesis of the un- 
substituted and monosubstituted benzophenanthridinones 
6a and 6b. The commercially available tetralones 8a (X 
= 0) and 8b (X = 0) were first converted uneventfully into 
the corresponding methylimines 8a (X = NMe) and 8b (X 
= NMe), and these, without further purification, were 
reacted (under carefully controlled conditions) with oxalyl 
chloride (see Experimental Section), providing the desired 
dihydronaphthalenepyrrolinediones 7a and 7b as red 
crystalline solids whose spectral properties were in full 
agreement with the structures postulated. 7a and 7b were 
then reacted with benzyne (3a), which was generated by 
Logullo's" preformed salt method (aprotic diazotization 
of anthranilic acid (gal, isolation of the diazonium salt loa, 
and thermal decomposition in refluxing DME; Scheme III). 
The expected 11,12-dihydrobenzophenanthridin-&ones 6a 
and 6b were isolated in 37% and 34% yields, respectively. 
In the same way, pyrrolinedione 7c, prepared from tet- 
ralone 8c (X = 0) as above, reacted with benzyne to afford 
the 11,12-dihydrobenzophenanthridin-6-one 6c in 49% 
yield. 

We next investigated whether the IBC strategy is gen- 
erally valid for the synthesis of benzophenanthridine al- 
kaloids with 2,3,8,9 or the more common 2,3,7,8 substitu- 
tion patterns. In particular, simple syntheses of nitidine 
( 1c),12 avicine ( lb),12 and chelerythrine ( 1e)12 derivatives 
were devised in which the appropriate arynes (3b-d) were 
to  be combined with the  dihydro- 
naphthalenopyrrolinediones 7d and 78. 7d was derived 
from the 6,7-dioxygenated tetralone 8d (X = 0): 8d (X 
= O)3f was reacted with methylamine hydrochloride, and 
the crude methylimine 8d (X = NMe), without further 
purification, was treated with oxalyl chloride under care- 
fully controlled conditions to yield the required dione 7d 
in 66% yield as a red crystalline solid with IR absorption 
at 1680 and 1740 cm-'. 7e was prepared similarly from 86. 
The arynes 3b, 3c, and 3d were prepared via 10 from 
anthranilic acids 9b, 9c, and 9d. After considerable ex- 
perimentation we found that the procedure for the key 
cycloaddition step with these oxygenated benzynea was to 
add a slurry of the diazonium salt hydrochl~ride'~ in DME 
to a refluxing solution of pyrrolinediones 7 in DME. 

The reaction of pyrrolinedione 7d with aryne 3c afforded 
the adduct 6d14 in 16% yield. The reaction of pyrroline- 
diones 7d and 70 with aryne 3b, followed by standard 
workup and chromatographic purification, gave the ex- 
pected dihydrobenzophenanthridinones 6e14 and 6f in 29 
and 30% yield, respectively. Since 6e has been trans- 
formed into nitidine ( l ~ ) , ~ ~  this constitutes formal syn- 
thesis of this antitumour alkaloid. Presumably, adduct 6f 
can be transformed into the antitumour alkaloid fagaro- 
nine (la) and adduct 6d into avicine (lb) by the same 
procedure. 
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The synthesis of chelerythrine derivatives required the 
use of 3,4dimethoxybenzyne (3d). Our experience" of the 
reactions of pyrrolinediones with unsymmetrically sub- 
stituted arynes led us to predict the desired regioisomer 
as the major cycloadduct. When a solution of pyrroline- 
dione 7d and the diazonium salt 10d was refluxed, 6g wa8 
indeed the only isomer detected (lH NMR)lk in the crude 
mixture, confirming the regioselective nature of the reac- 
tion. It was isolated in 29% yield. Since 6g has been 
transformed into chelerythrine ( le),'5b this constitutes 
formal synthesis of this alkaloid. 

To approach norbenzophenanthridines by the IBC 
procedure required protection of the nitrogen atom against 
phenylation. We decided to synthesize N-benzylbenzo- 
phenantbidinea, which should be easily transformable into 
norbenzophenanthridines by classical procedures. Tet- 
ralone 8a (X = 0) was treated with benzylamine to afford 
imine 8a (X = NBn), which was reacted with oxalyl 
chloride to yield pyrrolinedione 7f. As expected, pyrro- 
linedione 7f reacted with benzyne (3a) to afford the adduct 
6h in 50% yield.16J7 

In summary, intermolecular cycloaddition between a 
benzyne and a dihydronaphthalenopyrrolinedione, fol- 
lowed by CO extrusion, is a highly reliable method for the 
synthesis of benzophenanthridine alkaloids, allowing sim- 
ple and convergent synthesis of benzophenanthridine and 
norbenzophenanthridine alkaloids with 2,3,7,8- and 
2,3,8,9-substitution patterns. 

Experimental Section 
General Procedures. Melting points are uncorrected. 'H and 

13C NMR spectra were recorded at 250 and 62.83 MHz in CDCIS. 
Low-resolution mass spectra (LRMS) and high-resolution mass 
spectra (HRMS) were recorded at an ionization voltage of 70 eV. 
Combustion analyses were performed at the Servei de M i c r d i  
de la Universitat de Barcelona. Solvents were dried by standard 
procedures.'* 
General Procedure for the Synthesis of Pyrrolinedionea 

A saturated solution of MeNHz in CHC13 was prepared by bub- 
bling a stream of MeNHz generated by heating 40% aqueous 
MeNH2 The mixture was cooled to 0 O C  under argon or nitrogen, 
and a solution of freshly distilled Tic& in dry CHC13 was slowly 
added. The reaction mixture was stirred for 15 min at 0 O C  and 
then 24 h at room temperature, the reaction being monitored by 
TLC on alumina plates or NMR. The titanium complexes were 
removed by filtration, and the solution was concentrated to yield 
the methylimines, which were examined by NMR and used for 
the next reaction without further purification. 

Oxalyl chloride was added dropwise to a stirred solution of the 
imine and freshly distilled Et3N in dry l,2-dimethoxyethane 
(DME) cooled to -60 O C  under argon or nitrogen. After 1 h at 
-60 O C  the cooling bath was removed, and when mom temperature 
was reached the mixture was stirred for 2 h. The pyrrolinedione 
precipitated was removed by filtration, and the liquid phase was 
washed with 5% HC1, dried with NazS04, and concentrated. 
Variable amounta of pyrrolinediones were recovered from the 
residue by chromatography on silica gel (CHzCl2). 
4,S-Dihydro-l-methyl-lH-benz[g]indole-2,3-dione (la). 

The imine 8e (X = NMe) was obtained as an oil in 97% yield 
from tetralone 8a (X = 0,500 mg, 3.40 mmol), MeNH, (50 mL 
CHC1, solution), and Tic& (0.2 mL, 350 mg, 1.84 "01). 'H NMR 

(9) (a) Shamma, M. The Isoquinoline Alkaloids; Academic Press: 
New York, 1972. (b) Shamma, M.; Moniot, J. L. Isoquinoline Alkaloid 
Research 1972/1977; Plenum Press: New York, 1978. (c) Simhek, V. 
In The Alkaloids; Brosei, A., Ed.; Academic heas: New York, 1985, Vol. 
26, pp 186-240. (d) Ninomiya, I.; Naito, T. In Recent Deuelopments in 
the Chemistry of Natural Carbon Compounds; Bognsr, R., Szhtay, Cs., 
Me.; Akad&miai Kiadb: Budapest, 19W, Vol. 10. 

(10) M A ,  G.; Gui th ,  E.; Castedo, L.; Sai, J. M. Tetrahedron Lett. 
1987,28,2407. 

(11) Logullo, F. M.; Seitz, A. H.; Friedman, L. Org. Synth. 1968,48, 
12. 

(12) Krane, B. D.; Fagbule, M. 0.; Shamma, M.; GBzler, B. J. Nat. 
Prod. 1984. 47. 1. 

I - - .  --  . . .. . -. - - 
(13) Cava, M. P.; Mitchell, M. J. Selected Experiments in Organic 

(14) Ninomiya, I.; Naito, T.; Ishii, H.; Ishida, T.; Ueda, M.; Harada, 
Chemistry; Benjamin: Reading, MA, 1966. 

K. J.  Chem. SOC., Perkin Trans. 1 1975, 762. 

(15) (a) Onda, M.; Yamaguchi, H. Chem. P h r m .  Bull. 1979,27,2076. 
(b) Hanaoka, M.; Motonishi, T.; Mukai, Ch,  J. Chem. SOC., Perkin Tram. 
1 1986,2253. 

(16) Parallel studies of similar compounds showed that N-benzyl- 
benzo[c]phenanthridones can be transformed into norbenzo- 
phenanthridines in good yield by treatment with POCl, followed by 
catalytic hydrogenation. PBrez, D.; Guit ih,  E.; Castedo, L., unpublished 
rea11ltS. 

(17) Ninomiya, I.; Naito, T.; Kiguchi, T.; Mori, T.  J .  Chem. SOC., 

(18) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory 
Perkan Tram. 1 1973, 1696. 

Chemicals, 3rd ed.; Pergamon Press: New York, 1988. 
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(CDC13) 6: 1.90-1.99 (m, 2 H), 2.57 (t, J = 6.9 Hz, 2 H), 2.80 (t, 
J 5: 6.0 Hz, 2 H), 3.31 (8,  3 H), 7.29-7.15 (m, 3 H), 8.10 (d, J = 
7.6 Hz, 1 H). 
l-(N-Methylimin0)naphthalene (156 mg, 0.98 "01) and tri- 

ethylamine (0.4 mL, 290 mg, 2.88 mmol) in DME (40 mL) and 
oxalyl chloride (1.0 mL, 148 mg, 1.17 mmol) yielded the pyrro- 
linedione 7a (150 mg, 72%) as a red solid. Mp: 160-162 "C 
(MeOH). UV (EtOH) A,: 255,296 nm. IR (KBr): 1720,1690 
cm-'. 'H NMR (CDC13) 6: 2.42-2.49 (m, 2 H), 2.87-2.94 (m, 2 
H), 3.47 (s,3 H), 7.35-7.41 (m, 2 H), 7.47-7.49 (m, 1 H), 7.72 (d, 
J = 7.5 Hz, 1 H). '3c NMR (CDClJ 6: 16.23,28.86,29.88,109.51, 
125.38,125.54,127.11,129.56,132.69,142.27,161.51,164.61,181.40. 
LRMS m/e:  213 (M+, 72), 184 (24), 156 (loo), 128 (40). Anal. 
Calcd for C,4HIINOS: C, 73.23; H, 5.16; N, 6.57. Found C, 73.18; 

Marth e t  al. 

4~-Dihydro-l-methyl-1H-l$-benzodioxolo[5,6-g]indole- 
2,3-dione (7d). The imine 8d (X = NMe) was obtained in 100% 
yield from 6,7-(methylenedioxy)tetxalone (Sa) (X = O)w (900 mg, 
4.73 "01) in 70 mL of a solution of M e w 2  in CHC13 and Tic& 

6: 1.87-1.96 (m, 2 H), 2.8F2.54 (m, 2 H), 2.71-2.74 (m, 2 H), 3.27 
(8, 3 H), 5.93 (8,  2 H), 6.58 (8,  1 H), 7.61 (8,  1 H). 

From this imine (925 mg, 4.60 "01) and triethylamine (1.53 
mL, 1.11 g, 11.0 mmol) dissolved in 40 mL DME and oxalyl 
chloride (0.42 mL, 622 mg, 4.9 mmol) was obtained the pyrroli- 
nedione 7d (948 mg, 81% yield) as red crystals. Mp: 224-226 
"C (EtOH). UV (EtOH) &: 273,315,369 nm. IR (KBr): 1740, 
1670 cm-'. 'H NMR (CDClJ 6: 2.39-2.45 (m, 2 H), 2.80-2.86 (m, 
2 H), 3.42 (s, 3 H), 6.08 (8, 2 H), 6.86 (8,  1 H), 7.18 (s, 1 H). 13C 
NMR (CDClJ 6: 16.42,29.64,29.94, 102.23,105.58,108.14,110.38, 
118.61,139.76, 147.10,151.48,162.26,165.02,180.40. LRMS m/e:  
257 (M+, loo), 228 (26), 200 (77). Anal. Calcd for Cl4Hl1NO4: 
C, 65.36; H, 4.31; N, 5.44. Found: C, 64.99; H, 4.24; N, 5.42. 
4,5-Dihydro-7-isopropoxy-8-met hoxy-l-methyl- IH-benz- 

[g]indole-2&dione (70). From 6-isopropoxy-7-methoxytetralone 
(8e) (X = O)3f (1.73 g, 7.3 mmol) in 90 mL of MeNHz solution 
and TiCl, (1.35 mL, 2.33 g, 12.3 mmol) in 100 mL of CHC& (in 
this caae the solution of TiCl, was added to the tetralone-MeNHz 
mixture at 0 "C) was obtained the imine 8e (X = NMe) (2.36 g, 
100% yield) as an oil. 'H NMR (CDCl,) 6: 1.40 (d, J = 6.1 Hz, 
6 H), 1.94-1.99 (m, 2 H), 2.56-2.61 (m, 2 H), 2.72-2.77 (m, 2 H), 
3.31 (a, 3 H), 3.94 (a, 3 H), 4.56-4.65 (m, 1 H), 6.62 (s, 1 H), 7.88 
(8,  1 HI. 

From imine 8e (X = NMe) (1.90 g, 7.26 mmol) and NEB (2.8 
mL, 2.02 g, 20.1 "01) in dry DME (50 mL) and oxalyl chloride 
(0.6 mL, 890 mg, 6.99 mmol) was obtained 70 (1.4 g, 64% yield), 
which crystallized from hexane/ether as black needles. Mp: 
167-168 OC. W (EtOH) A-: 224,276,326,372 nm. IR (KBr): 
1740,1680 cm-'. 'H NMR (CDClJ 6: 1.44 (d, J = 6.1 Hz, 6 H), 
2.41-2.48 (m, 2 H), 2.8Cb2.86 (m, 2 H), 3.47 (s,3 H), 3.89 (a, 3 H), 

6: 16.44, 21.81, 28.88, 29.80, 56.45, 71.47, 107.60, 109.99, 114.94, 
117.03,137.87, 148.62,151.91,162.45,165.13,179.97. LRMS m/e:  
301 (M+, 22), 259 (18), 230 (16), 202 (27), 188 (18), 149 (18), 91 
(52). HRMS calcd for C17H1$iOd 301.1314. Found 301.1325. 
Anal. Calcd for C1,Hl@OI: C, 67.76; H, 6.35; N, 4.65. Found 
C, 67.53; H, 5.94; N, 4.35. 
General Procedure for the Reaction of Pyrrolinediones 

with Benzyne." Excess isoamyl nitrite was added over 1-2 min 
to a stirred ice-cooled solution of the appropriate anthranilic acid 
in dry Dh4E containing a catalytic amount of trichloroacetic acid. 
The ice-bath was removed after 15 min, and the mixture turned 
red brown as it reached room temperature. The mixture was 
stirred for an additional 90 min. The following is the recom- 
mended procedure for appropriate handling: after dilution with 
DME, most of the solvent was aspirated by means of a plastic 
syringe with Teflon tubing (instead of the standard metallic 
needle) and discarded. Caution! when dry, benzenedi- 
azonium-2-carboxylate detonates violently on being scraped 
or heated. The remaining material was washed several times 
with DME as above until the washing liquors were neutral and 
the resulting brownish precipitate was suspended in solvent 
(DME). This suspension was aspirated portionwise into a plastic 
syringe through a Teflon tube (instead of the standard metallic 
needle) and added dropwise to a refluxing solution of pyrroli- 
nediones in DME (40 mL). When the addition was complete 
(TLC monitoring), the reaction mixture was refluxed until the 
starting material had disappeared, and the solvent was evaporated 
in vacuo. The residue thus obtained was purified by chroma- 
tography (silica gel, CH2ClJ to afford the benzophenanthridinone. 
5-Methyl-ll,l2-dihydrobenzo[c]phenantMdin-6(5H)-one 

(6a). From pyrrolinedione 7a (500 mg, 2.34 mmol), anthranilic 
acid (9a) (2.62 g, 16.40 mmol), and isoamyl nitrite (3.66 g, 31.30 
"01) was obtained the benzophenanthridinone 6a (230 mg, 37% 
yield) and crystallized from MeOH. Mp: 142-143 "C (lit." mp 

2-Methoxy-5-methyl-1 l,l%-dihydrobenzo[ c Iphenanthr- 
idin-6(5H)-one (6b). From methoxypyrrolinedione 7b (100 mg, 
0.40 mmol), anthranilic acid (9a) (318 mg, 2.00 mmol), and isoamyl 
nitrite (358 mg, 3.06 mmol) was obtained the benzo- 
phenanthridinone 6b (40 mg, 34% yield) and crystallized from 

(0.5 mL, 863 mg, 4.5 "01) in 30 mL Of CHClp 'H NMR (CDCld 

4.67-4.76 (8, 1 H), 6.86 (9, 1 H), 7.21 (8, 1 H). 13C NMR (CDCld 

143-154 "C). 

-- -- - 
H, 5.02; N, 6.53. 
4,5-Dihydro-l-benzyl-lH-benz[g]indole-2,3-dione (70. To 

a solution of tetralone (8a) (X = 0) (1.50 g, 0.01 mol) in toluene 
(60 mL) were added freshly distilled benzylamine (2.20 g, 0.02 
mol) and a catalytic amount of p-toluenesulfonic acid, and the 
mixture was refluxed for 12 h in a flask connected to a Dean-Stark 
apparatus. The mixture was then filtered, the solvent evaporated 
in vacuo, and excess benzylamine distilled off in a Kugelrohr 
apparatus to afford the imine 8a (X = NBn) (2.46 g, 100%) as 
an oil. 'H NMR (CDC13) 6: 1.95-2.00 (m, 2 H), 2.64-2.69 (m, 2 
H), 2.81-2.86 (m, 2 H), 4.71 (s,2 H), 7.16-7.46 (m, 8 H), 8.28-8.32 
(m, 1 HI. 

From l-(N-benzy1imino)naphthalene (2.46 g, 10 mmol) and 
Et3N (4.0 mL, 2.90 g, 28 mmol) in DME (80 mL) and oxalyl 
chloride (1.0 mL, 1.48 g, 12.0 mmol) was obtained the pyrroli- 
nedione 7f (1.60 g, 74% yield) as a red solid. Mp: 170-171 "C 
(MeOH). W (EtOH) & 256,294 nm. IR (KBr): 1740,1690, 
1420 cm-l. 'H NMR (CDC13) 6: 2.44-2.50 (m, 2 H), 2.84-2.90 (m, 
2 H), 5.06 (a, 2 H), 7.45-7.15 (m, 9 H). '% NMR (CDClJ 6: 16.42, 
28.77,46.06,110.89,125.08, 125.70,126.33,127.08,127.72, 128.97, 
129.43,132.69,136.41,142.16,162.24, 164.23,181.21. LRMS m / e :  
289 (M+, 331, 232 (33), 198 (100). Anal. Calcd for C1&16N02: 
C, 78.88; H, 5.23; N, 4.84. Found C, 78.82; H, 5.27; N, 4.81. 
4,5-Dihydro-7-methoxy-l-methyl-1H-benz[g]indole-2,3- 

dione (7b). From 6-methoxytetralone (8b) (X = 0) (500 mg, 2.00 
mmol) in 50 mL of MeNH2 solution and TiCl, (0.28 mL, 484 mg, 
2.55 mmol) in 20 mL of CHC& was obtained (24 h) the imine 8b 
(X = NMe) (494 mg, 92% yield) as an oil. 'H NMR (CDClJ 6: 
1.90-1.98 (m, 2 H), 2.54-2.59 (m, 2 H), 2.75-2.80 (m, 2 H), 3.28 
(E, 3 H), 3.81 (s,3 H), 6.64 (d, J = 2.6 Hz, 1 H), 6.79 (dd, J = 8.8 
and 2.6 Hz, 1 H), 8.09 (d, J = 8.8 Hz, 1 H). 

From this imine (287 mg, 1.50 mmol) and Et3N (0.5 mL, 363 
mg, 3.6 mmol) in 40 mL of DME and oxalyl chloride (0.17 mL, 
252 mg, 1.9 mmol) was obtained the pynolinedione 7b (213 mg, 
57% yield) as red crystals. Mp: 168-169 "C. UV (EtOH) A,: 
266,340 nm. IR (KBr): 1735,1675 cm-'. 'H NMR (CDClJ 6: 
2.40-2.47 (m, 2 H), 2.84-2.90 (m, 2 H), 3.44 (s,3 H), 3.89 (E, 3 H), 
6.87-6.89 (m, 2 H), 7.69 (d, J = 9.4 Hz, 1 H). 13C NMR (CDClJ 
6: 16.38,29.61, 29.89,65.57, 107.63, 112.45, 115.63, 118.10, 127.80, 
145.46, 162.31, 163.37,165.00, 180.38. LRMS m/e:  243 (M+, 911, 
214 (321,186 (loo), 115 (35). Anal. Calcd for C14H13N03: C, 69.13; 
H, 5.39; N, 5.76. Found C, 69.29; H, 5.39; N, 5.76. 
4,5-Dihydro-7,8-dimethoxy-l-methyl-lH-benz[g]indole- 

2,3-dione (7c). From 6,7-dimethoxytetralone (&) (X = O)% (1.00 
g, 4.90 mmol) in 70 mL of MeNH2 solution and TiC1, (0.5 mL, 
863 mg, 4.5 mmol) was obtained the imine 8c (X = NMe) (885 
mg, 82% yield) as an amorphous solid. 'H NMR (CDC13) 6: 
1.90-1.98 (m, 2 H), 2.51-2.55 (m, 2 H), 2.72-2.77 (m, 2 H), 3.29 
(a, 3 H), 3.89 (s, 3 H), 3.93 (s, 3 H), 6.60 (s, 1 H), 7.66 (e, 1 H). 

From 6,7-dimethoxy-N-methylimine (760 mg, 3.47 "01) and 
Et3N (1.55 mL, 1.125 g, 11.0 mmol) in DME (10 mL) and oxalyl 
chloride (0.39 mL, 572 mg, 4.51 mmol) was obtained the pyrro- 
linedione 7c (630 mg, 66% yield). Mp: 205-206 "C. W (EtOH) 
&: 273,324 nm. IR (KBr): 1740,1690 cm-'. 'H NMR (CDClJ 
6: 2.42-2.48 (m, 2 H), 2.82-2.89 (m, 2 H), 3.48 (s, 3 H), 3.92 (8,  

6: 16.50, 28.99, 29.91, 56.14,56.35, 107.87, 109.13, 112.59,117.48, 
138.01, 147.94, 153.16, 162.43, 165.06, 180.19; LRMS m / e :  273 
(M+, loo), 244 (38), 216 (72), 192 (52). HRMS calcd for 
CL6Hl6NO4: 273.1001. Found 273.1010. Anal. Calcd for 

N, 5.14. 

3 H), 3.98 ( ~ , 3  H), 6.87 ( ~ , l  H), 7.21 (8 , l  H). 13C NMR (CDC13) 

CiSHiSNO4: C, 65.91; H, 5.53; N, 5.12. Found C, 65.85; H, 5.43; 
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MeOH. Mp: 171-172 "C (lit.3f mp 188-190 "C). 
2,3-Dimethoxy-5-methyl-l lY12-dihydrobenz[  c 1 -  

phenanthridin-6(5H)-one (6c). n o m  dimethoxypyrrolinedione 
7c (450 mg, 1.65 mmol), anthranilic acid (9s) (1.45 g, 10.64 mmol), 
and isoamyl nitrite (2.04 g, 17.45 mmol) was obtained the ben- 
zophenanthridinone 6c (250 mg, 49% yield) and crystallized from 
MeOH. Mp: 184-185 OC (lit.lg mp 184-186 "C). 
5-Methy1-12,13-dihydro-1,3-benzodioxo1o[5,6-c ]-1,3-di- 

oxolo[4,5-j]phenanthridine-6(5H)-one (Sa). Dihydrooxy- 
avicine. From pyrrolinedione 7d (60 mg, 0.23 mmol), 4,5- 
methylenedioxyanthranilic acid (9c) (426 mg, 2.35 mmol), and 
isoamyl nitrite (450 mg, 3.86 mmol) was obtained the benzo- 
phenanthridinone 6d (13 mg, 16% yield). Mp: 242-243 "C 
(benzene-hexane) (lit.14 mp 237-241 "C). 
2-Isopropoxy-5-methyl-3,8,9-trimethoxy-l1,12-dihydro- 

benzo[ c ]phenanthridin-6(5H)-one (6f). Dihydro- 
oxyfagaronine. From pyrrolinedione 7e (200 mg, 0.66 mmol), 
4,5-dimethoxyanthranilic acid (9b) (1.14 g, 5.81 mmol), and iso- 
amyl nitrite (1.11 g, 9.52 mmol) was obtained the benzo- 
phenanthridinone 6f (81 mg, 30% yield) and crystallized from 
MeOH. Mp: 218 "C. UV (EtOH) A,: 234,266,344,358 nm. 
IR (KBr): 1630, 1500 cm-'. 'H NMR (CDC13) 6: 1.42 (d, J = 
6 Hz, 6 H), 2.79 (s,4 H), 3.80 (8, 3 H), 3.87 (s, 3 H), 4.02 (8, 3 H), 
4.03 (8,  3 H), 4.57-4.66 (m, 1 H), 6.85 (8, 1 H), 7.02 (8,  1 H), 7.04 
(8, 1 H), 7.88 (8, 1 H). LRMS mle: 409 (M+, 88), 367 (loo), 352 
(51). Anal. Calcd for CBH2,N06: C, 65.92; H, 5.53; N, 5.12. 
Found C, 65.85; H, 5.43; N, 5.14. 
S-Benzyl-ll,l2-dihydrobenzo[ c]phenanthridin-6(5H)-one 

(6h). From pyrrolinedione 7f (230 mg, 0.79 mmol) in DME (40 
mL), anthranilic acid (9a) (634 mg, 4.63 mmol), and isoamyl nitrite 
(888 mg, 7.59 mmol) was obtained the benzophenanthridinone 
6h (136 mg, 50% yield) and crystallized from MeOH. Mp: 
128-129 OC (lit." mp 128-131 "C). 

Modification of the General Procedure for the Reaction 
of 7d with Arynes 3b and 3d. To a stirred ice-cooled solution 

(19) Ninomiya, I.; Yamamoto, 0.; Naito, T. J. Chem. SOC., Perkin 
Trans. 1 1983,2165. 

of the appropriate anthranilic acid in EtOH were added concd 
HC1 and isoamyl nitrite, and the mixture was stirred for 45 min 
at 0 "C, diluted with ether, and stirred for a further 45 min. The 
diazonium salt, now as hydrochloride, was washed as above and 
aspirated into a plastic syringe. Caution! The same precautions 
as above should be observed! The suspended diazonium salt 
was added to a refluxing solution of 7d containing propylene oxide. 
2,3-Dimethoxy-12-methyl-5,6-dihydro[ 1,3]benzodioxo1o- 

[5,6-c]phenanthridin-l3( 12H)-one (6e). Dihydmxynitidine. 
From pyrrolinedione 7d (60 mg, 0.233 mmol), propylene oxide 
(5.3 mL), dichloroethane (40 mL), 4,5-dimethoxyanthranilic acid 
(9b) (766 mg, 3.89 mmol), isoamyl nitrite (842 mg, 7.20 mmol) 
and concentrated HCl (0.4 mL) was obtained the benzo- 
phenanthridinone 6e (25 mg, 29% yield). Mp: 236-237 "C 
(EtOH) (lit.I4 mp 242-245 "C (benzene-hexane)). 
1,2-Dimethoxy-12-methyl-5,6-dihydro[ If ]benzodioxolo- 

[5,6-c]phenanthridin-13( 12H)-one (6g). Dihydrooxychel- 
erythrine. From pyrrolinedione 7d (123 mg, 0.48 mmol), pro- 
pylene oxide (6.3 mL), dichloroethane (30 mL), 3,4-dimethoxy- 
anthranilic acid (9d) (914 mg, 4.64 mmol), isoamyl nitrite (1.15 
mL, 8.59 mmol), and concd HC1 (0.5 mL) was obtained the 
benzophenanthridinone 6g (51 mg, 29% yield). Mp: 202-204 "C 
(lit.15a mp 208-209 "C). 
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The synthesis of benzophenanthridine alkaloids by an efficient new convergent strategy based on the Diels-Alder 
reaction between an a-pyrone and an aryne is described. With minor modifications, norbenzophenanthridines 
and phenanthridines and their 12-amino derivatives were obtained in good overall yields. 

The benzophenanthridine alkaloids, a group of iso- 
quinoline alkaloids with more than 60 members,' is 
characterized by the basic skeleton 1. The most important 
members of this group from a pharmacological point of 
view are quaternary salts. In particular, the alkaloids 
fagaronine (2a) and nitidine (2b) have marked antitumor 
properties.2 Both have shown activity against leukemia 

(1) (a) Krane, B. D.; Fagbule, M. 0.; Shamma, M.; Gozler, B. J. Nat. 
Prod. 1984,47,1. (b) Shamma, M. The Isoquinoline Alkaloids; Academic 
Press: New York, 1972. (c) Shamma, M.; Moniot, J. L. Zsoquinoline 
Alkaloid Research 1972/1977; Plenum Press: New York, 1978. (d) 
Simhek, V. In The Alkaloids; Brossi, A., Ed.; Academic Press: New 
York, 1985, Vol. 26, pp 185-240. (e) Ninomiya, I.; Naito, T. In Recent 
Developments in the Chemistry of Natural Carbon Compounds; Bognk, 
R., Szbtay, Cs., Eds.; AkadCmiai Kiadb, Budapest, 1984; Vol. 10. 

(2) (a) Suffness, M.; Cordell, G. A. The Alkaloids; Brossi, A., Ed.; 
Academic Press: New York, 1985; Vol. 25. (b) Stermitz, F. R.; Gillespie, 
J. P.; Amoros, L. J.; Romero, R.; Stermitz, T. A. J. Med. Chem. 1975, 
18,708. (c) Zee-Cheng, R. K.-Y.; Cheng, C. C. J. Med. Chem. 1975,18, 
66. 
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in the P-388 test, but the trials of nitidine were interrupted 
because of toxicity problems. 

There are many classical methods3 for the synthesis of 
benzophenanthridines using one-bond reactions (formation 
of one bond/step) but very few involving a two-bond key 
step; the first to be reported was the formation of ring B 
by cycloaddition between an o-quinodimethane and an 
alkynee4 Our experience with the synthesis of aporphi- 

(3) (a) Kessar, S. V.; Gupta, Y. P.; Kewal, K. S.; Mohammad, T.; DUG 
M. J. Org. Chem. 1988,53,1708. (b) Ekgley, W. J.; Grhhaw, J. J. Chem. 
SOC., Perkin Trans. 1 1977,2324. (c) Hanaoka, M.; Yamagishi, H.; Ma- 
rutani, M.; Mukai, c .  Chem. Pharm. Bull. Jpn. 1987, 35, 2348. (d) 
Cushman, M.; Gentry, J.; Dekow, F. W. J. Org. Chem. 1977,42,1111. (e) 
Ishii, H.; Ishikawa, T.; Ichikawa, Y. Chem. Pharm. Bull. Jpn. 1978,26, 
514. (f) Beugelmans, R.; Chastanet, J.; Ginsburg, H.; Quintero-Cort&, 
L.; Roussi, G. J. Og. Chem. 1986, 50, 4933. (9) Ishii, H.; Ichikawa, Y.; 
Kawanabe, E.; Ishikawa, T.; Kuretani, K.; Inomata, M.; Hoshi, A. Chem. 
Pharm. Bull. Jpn. 1985, 33, 4138. 

(4) Oppolzer, W.; Keller, K. J .  Am. Chem. SOC. 1971, 93, 3836. 
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