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Abstraet-Reaction of isoquinolioetriones 1 with phosphonates 2 yields E-ethyl ar-benzylidene-l,2,3,etettahydro-2- 
methyl-1,3-dioxo-t-isoquinolineacetates 3. Treatment of them with diazomethane leads to the corresponding Ecthyl 
a-benzylidene-l,2dihydro-3-methoxy-2-methyl-1-oxod-isoquinolineacetates 4. Irradiation of the latter affords 
benzofclphenanthridones of type 5. 

Phenanthridine alkaloids have received much attention in tion. As with isatine: the presence of an ty-CO group 
view of their interesting pharmacologic properties; syn- allows an easy Witti~Horner reaction on the 4X0 
thetic pathways towards these alkaloids-generally al- group. As expected, the reaction of 2b with lc proceeds 
koxy substituted-have recently been reported.’ In con- 
nection with our work* on alkoxy-N-alkyl-1,3,4 (2Ht 

well at room temperature whereas heating (&I’) is needed 
for lb. instead of the primary Wittig products, the 

isoquinolinetriones we report on their use as key inter- protomers 3 have been obtained. The NMR spectra show 
mediates in the synthesis of the benzo[c]phenanthridine a singlet for one proton at 8.13.2ppm and one at 5.2- 
skeleton. Reaction of isoquinolinetriones 1 with phos- 5.4ppm which disappears on addition of DzO. The first 
phonates 2, yields dfunctionalized isoquinoline deriva- 
tives 3. Methylation of 3 with diazomethane leads to the 

singlet is ascribed to the deshielded vinyl proton, the 
second to the proton at C-4. The ‘T NMR spectrum 

0-methylated derivatives 4 which by oxidative photocy- shows two doublets at -e 144 and + 44 ppm attributable 
cl&ion can be conveniently transformed into to C-10 and C-4; three C-CO absorptions (between 16& 
~nzo[c]phenanthridones 5 (Scheme 1). 175 ppm) are observed. 

In order to test its scope, the method has been applied 
to the isoquinolinetriones la-c and the phosphonates 
2a-b wherein the carbalkoxy group allows functionaliza- 

According to NMR data of the compounds 3 and of a 
model compound 9 obtained from the reaction of Ib with 
(car~thoxyethyl~ene)~iphenylphosphorane the E- 

t a,b.c.d. 2a Y.Z:H 
b Y. 2 =Octt20 

3 a.b.e.d. 

L a.b.c.d. 5 a.b.c.4. 6b 

Tti Vol i?. Vo ?&--N 

a X.H Y.Z aOCH20 

b X.OMe Y,Z =H 

c X.OMs y.2 =oizn20 

d X=N02 Y.2 =OCH20 

Scheme 1. 
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Table 1. 'H NMR data of the prepared benzo[c]phenanthridines 5 and their precursors 3 and 4” 
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configuration can be assigned. From the latter reaction 
the Wittig products 8 have also been isolated (Scheme 2). 
The values 6.43 and 5.84 ppm-calculated4 without con- 
sideration of the influence of the isoquinolinone 
moiety-for the protons cis and frans to the carbethoxy 
group in 9, are in good agreement with the experimental 
values 6.57 f 0.05 and 6.00 r 0.05 ppm. Considering the 
increment (1.35 ppm) of a geminal aryl group the values 
7.78 and 7.19 ppm are calculated for the proton in the E- 
and Z-isomers 3. The experimental value of 8.12 t 
0.05 ppm points to the E-configuration of products 3. 

It must be stressed that the yields of 3 have not been 
optimized; due to its acidic character the chromato- 
graphic separation of 3d could only be realized on ad- 
dition of MeCOOH to the solvent system. 

The reaction of the compounds 3 with diazomethane 
proceeds well; in the ‘H NMR spectrum the absorption 
at 6 5.2-5.4ppm disappears and a new absorption 
ascribed to the 3-OMe is observed at 3.7-3.9ppm. The 
“C NMR spectrum is also in agreement with the O- 
methylated strucfure 4; only two CO C absorptions are 
present between l63-168ppm whereas the C-4 absorp- 
tion appearing as a singlet is shifted from 244 to 2 
IOOppm; a new peak (quartet) appears at r6l ppm 
(OMe). 

An E-configuration can be assigned to the products 4 
taking into account the singlet NMR absorption of the 
C-IO vinyl proton at 8-8.1 ppm and the arguments of 
other authors’ who compared the absorption of an 
analogous compound to that of Z- and E-cinnamic acid 
derivatives. On thermolysis or photolysis of 4 no reac- 
tion takes place; however on irradiation at 350nm of a 
non-degassed solution of 4in cyclohexane (4a-c) or 
methanol (4d)-in the presence of traces of II a cyclized 
product is formed; in the NMR spectrum the absorptions 
of the C-3 OMe and the C-6’ proton disappear. The 
downfield shift of the C-5 proton and other protons can 
be ascribed to the formation of a planar system; all 
spectroscopic data (Experimental) are in agreement with 
structure 5. After photocyclization re-aromatization by 
loss of methanol probably occurs. 

On irradiation of 4b at 350 or 300 nm the main product 
is not a phenanthridone but a product, the spectroscopic 
characteristics of which are in agreement with structure 
6. The formation of 6b is probably due to a photo- 
oxidation of the C3-C4 double bond. If a degassed solu- 
tion of 4b is irradiated at 300 nm neither cyclization nor 
photo-oxidation products can be isolated. So we can 
conclude that the conversion of isoquinolinetriones to 
phenanthridines constitutes a short and useful way to get 
a good overall yield (22-35%). In contrast to the results 
of other authors’ a single isomer is formed in the last 

COOEt 

lb+$P=C 
/ 

\ + 

step; an electron rich phenyl group seems however to be 
essential in this step. 

EXPERlMENTAL 

All m.ps are uncorrected. The UV and IR spectra have been 
taken on the Perkin-Elmer 124 and 257 spectrophotometers. For 
the NMR spectra a Jeol JNM-MH-100, a Varian XL-100 and a 
Bruker wP-80 spectrometer have been used; the mass spectra 
have been taken on a AEI-MS-12 (ionization energy 70eV) 
apparatus. The photoreactions have been carried out in a RPR- 
208 Rayonet preparative Reactor equipped with RUL-3000 A and 
RUL-3500 A lamos. The isoauinolinetriones were synthesized 
according to known proceduris: 2-methyl-I,3,4 (2 H)_isoquinol- 
inetrione IP.~ 7-methoxy-2-methyl-1.3.4 (2 H)_isoquinolinetrione 
lb* and 2-methyl-7-nitro-1,3,4 (2 H)-isoquinolinetrione Ic.? 

The triethyl a-benzylphosphonoacetates 2a and tb were pre- 
pared with sodium hydride as a base and monoglyme as solvent 
instead of using potassium in xylene.’ Triethyl a-benzyl- 
phosphonoacetate 2a: yield 48%; b.p. 5mm 200”; ‘H NMR 6 
(WC&): 1.15 (3 H, t, J =7, COOCH,cH,), 1.37 (6 H, I, J =7, 
P(O@CH2CH,), 2.8-3.7 (3 H. m, CH2-Ar and CH-CH*-Ar), 4.1 I 
(4 H, q, J = 7. P(0) WH,), 4.26 (2 H, q. J = 7. COWH2). 7.30 
(5 H, br.s, aryl-H). 

Triethyl a-piperonylphosphonoacetate ~JJ: yield 65%: b.p. 
0.1 mm 190’; ‘H NMR S(CDCI,): 1.20 (3H, t, J=7, 
COOCH2CH,), 1.39 (6 H, t, J = 7). P(O)OCHzCH,), 2.8-3.4 (3 H, 
m, CH2-Ar and CH-CH,-Ar), 4.15 (4 H, q. J = 7, P(OmH& 4.22 
(2H, q. J =7, CwH& 5.88 (2H, s, OCH*O), 6.5-6.8 (3H, m, 
aryl-H): m/z (%): 358 (W, 19), 285 (22). 220 (100). 

Compounds of type 3 
General mefhod. To a suspension of NaH (0.33 mol) in 60ml 

benzene. 2 (0.2mol) dissolved in 2OOml benzene was added 
dropwise while keeping the temp at 150”. When Hz-bubbling 
ceased, 1 (0.1 mol), dissolved in I00 ml benzene, was added and 
the mixture warmed up (60”). The reaction was controlled on 
TLC with C,H&H&OOEt 4: I (solvent Al or CHCI,-MeCN 
IS: 1 (solvent B) as eluting systems. The mixture was poured into 
300ml of an ice-cold soln of NH&l and extracted three times 
with 30ml CH&. After drying and concentrating the soln, 
further purification of the crude product was achieved by column 
chromatography and crystallization from EtOH. Spectroscopic 
and analytical data are given below and in Tables I and 2. 

E-Ethyl a-piperonylidene-l. 2. 3, 6tetrahvdro-2-methyi-~, 3- 
dioxo&isoquin&ne&etate 30. Yield 46%; m.p. 158”; n$z (%): 
393 (M’, St), 347 (M-EtOH. IOO), 319 (347-CO. 52). 263 (M- 
COOEt-MeNCO. Ill, 262 (319-MeNCO. 12). Exact mass calcd. 
for M’ 393.1212; Found 393.1208. (Found C, 67.50; H, 5.07: N. 
3.44. Calc. for CuH,9N06: C, 67.57: H. 4.87: N, 3.56). 

E-Ethyl a-benzyiidene-l, 2. 3, 4-tetrahydw7-methoxy-2- 
methy/- 3-dioxokisoquinolineacetate 3b. Yield 70%; m.p. i57”; 
m/z (%1: 379 (M’. 34). 333 (100). 305 163). 249 (8). 248 (41. Exact 
mass‘&lcd fo; M+. 376!1419;‘Fo;od 379.1417. (io;nd C.‘69.69; H, 
5.66; N. 3.66. Calc. for C2?H2,NOJ: C. 69.65: H. 5.58; N, 3.69). 

E-Ethyl a-piperonylidene-I, 2. 3. dtetrahydro-7-methoxy-2- 
methyl-l, 3-dioxo-4-isoquinoiineacetate 3c. Yield 65%; m.p. 159“; 

7 B-E 0-Z 9 

Scheme 2. 
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Table 2. Physical constants of the benxo[c]phenanthridines 5 and their precursors 3 and 4 
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1 

m/z (%): 423 (Id’, 29). 377 (IOO), 349 (61), 293 (7). 292 (4). Exact 
mass calcd for M’ 423.1318; Found 423.1331. (Found C, 64.69; H, 
5.10; N, 3.25. Calc for t&H2,NOr: C, 65.24; H, 5.00; N, 3.31). ‘sC 
NMR G(CDCI,): 13.83 (CH,CHzO), 27.12 (CHIN), 44.07 (C-t), 
55.68 (CH,OAr), 61.01 (CH,CH,O), 101.69 (OCH,O), 197.70 (C-2 
or C-5’) 108.91 (C-5’ or C-2’), Ill.86 (C-8). 121.54 (C-6). 123.40 
(C-6’). 126.46, 128.70 and 129.79 (Gta, C&X, C-9, C-l’), 127.50 
(C-S), 143.46 (C-IO), 148.49 and 148.98 (C-3’ and C-4’). 159.31 
(C-7), 164.84 (C-l), 165.71 (COOEt), 172.05 (C-3). 

E-Ethyl a-piperonylidene-1, 2, 3, 4-tetrahydro-2-methyl=l- 
nitro-I, 3-dioxo4isoqvinolineacetute 3d. Yield 53%; m.p. 161”. 
m/z (%): 438 (M’, 50), 392 (MO), 364 (50). u)8 (7), 307 (4). Exact 
mass talc. for M’ 438.1062; Found 438.1058. (Found, C. 60.25; H. 
4.29; N, 6.29. Calc. for t&H,sNzOs: C, 60.28; H, 4.14; N, 6.39). 

Compounds of type 4 
These products have been obtained on treatment of 3a-d with 

CH2N2 in diethyl ether as solvent. To 24mmol &dissolved in 
25 ml ether-30 mmol CH2N2, dissolved in 180 ml ether, was 
added. The reaction was followed on TLC using the solvent 
system A or B. After evapdration of the solvent the residue was 
purified by column chromatography on silica gel with Ccl,- 
CH,COOEt as eluent. 

Spectroscopic and analvtical data are given below and in 
Tables 1 and 2. . 

E-Ethyl a-piperonylidene-I, 2-dihydro-3-methoxy-2-methyl-l- 
oxo4isoquinolineocetate 41. Yield>95%; m.p. 143”; m/z (%): 
407 (M’, IOO), 346 (M-EtOH-Me, 8). 334 (MCOOEt, 9). 319 
(334Me. 9), 318 (346X0, 8). 262 (3WMeNC0, 7) 261 (318- 
MeNCO, 23). Exact mass calcd. for M’ 407.1369. Found 
407.1364. 

E-Ethyl a-benzylidene-I, 2-ddydm-3,7-dimethoxy-2-methyl-l- 
oxodisoquinolineacetote 4b. Yield 63%: oil: m/z (%): 393 (M’. 
MO), 332 (l,, 320 (4), 305 (13), 3@l (19). k.(7), 247 i29). Exact 
mass talc. for M+ 393.1542. Found 393.1508. 

E-Ethyl a-piperonylidene-I, 2-dihydro-3, 7-dimethoxy-2- 
methyl-I-oxo-4-isoquinolineocetate 4c. Yield 66%; m.p. 124”; m/z 
(%): 437 (M’, IUO), 376 (l4), 364 (3), 349 (IO), 348 (24). 292 (8) 
291 (32). Exact mass talc. for M’ 437.1474; Found 437.1470. 
(Found C, 65.60; H, 5.50; N, 311. Calc. for C&,NO,: C, 65.90, 
H, 5.30; N, 3.20). “C NMR 6 (CD&): 14.20 (CH,CHxO), 29.00 
(CHsN), 55.60 (CH,OAr), 61.10 (CHsO-C=C-), 61.20 
(CH&H20), 100.55 (C-t), 101.59 (OCHzO), 108.59 (C-2’and C-S’). 
109.16 (C-8). 122.36 (C-l’), 123.46 (C-6), 125.05 (C-4a). 125.14 
(C-S), 126.97 (C-6’) 128.82 (C-9), 130.11 (CXa), 143.47 (C-lo), 
148.25 (C-3’ or C-4’) 148.34 (C-3), 149.39 (C-4’ or C-3’). 158.38 
(C-7) 162.80 (COOEt), 168.32 (C-l). 

E-Ethyl a-piperonylidene-1, 2-dihydro-3-methoxy-2-methyl=l- 
nittoisoquinolineacetate 4d. Yield > 95%; m.p. 182”; m/z (I): 
452 (M’, RIO), 391 (IO), 379 (IO), 364 (12) 363 (12) 318 (7), 307 
(7) 306 (27). Exact mass talc. for M’ 452.1219; Found 452.1200. 

Compounds of type 5 
An 0.1% soln in cyclohexane (4a-e) or MeOH (4d) was irradi- 

ated at 350nm or 3OOnm (4h) in the presence of 12. The ppt 
formed during the irradiation was removed by filtration. 
Purification of the ppts by chromatography over silica gel using 
CHCl,CHsCN mixtures afforded 8a-d. 

Reaction time, yield, spectroscopic and analytical data are 
given below and in the Tables I and 2. 

Ethyl 12, 13-dihydro-l2-methyl-l3-oxo-[l, 3lbenzodioxoloU. 
bc] phenonthtidine-S-c&boxy&e Sm. 6 Days; 7%; m.p. 208”; 
m/z (%): 375 (M+. 100). 374 (M-H, 29) 347 (M-C2H4, 4) 346 
(M-NMe, 12), 330 (M-OEt, 8), 302 (MCOOEt, 5). Exact mass 
talc. for M’ 375.1106; Found 375.1058. (Found C, 70.28; H, 4.66; 
N, 3.62. Calc. for CszHr7NOs: C, 70.39; H, 4.56; N, 3.73). 

Ethyl 5.6 - dihydrw - 8 - methoxy - 5 - methyl - 6 - 0x0 - benzo(c] 
phenanthridine - II - carboxylate 5b. 16 Days: ~5%; oil m/z 
(%): 361 (M’, loO), 366 (23) 333 (5),, 332 (I)), 316 (6). 288 (5). 
Exact mass cafe. for M’ 361.1314; Found 361.1287. 

Ethyl 12, 13-dihydro-2-methoxy-12-methyI-13-oxo-[l, 3]ben- 
zodioxolo[S, bc] phenanthridine-5-carboxylate SC. 6 Days; 64%; 
m.p. 193”; m/z (%): 405 (M+, IOO), 404 (16), 377 (4), 376 (8) 360 
(7), 332 (4). Exact mass talc. for M’ 405.1168; Found 405.1212. 
(Found C, 67.95; H, 4.92: N, 3.44. Calc. for Cs,HrqNOG: C, 68.14; 
H, 4.72; N, 3.45). ‘C NMR 6 (CDCI,): 14.00 (CH3CH20), 40.95 
(CH3N), 55.71 @HIOAr), 61.89 (CH3CH20), lOl.% (CKH20), 
102.29 (C-S’), 105.02 (C-2’), 108.74 (C-8), 114.55 (CX’), 121.16 (C-6), 
121.81 (C-l’), 125.25 (C-IO), 125.83 (C-9) 126.46 (C-8a and C-k), 
127.71 (C-5), 129.51 (CA), 136.95 (C-3), 147.94 and 148.22 (C-3’ and 
C-f’), 159.81 (C-7), 163.62 (COOEt), 170.41 (C-l). 

Ethyl 12, I3-dihydro -12 - methyl - 2 - nitro - 13 - 0x0 -[I, 3]ben- 
zodioxolo[S, bc]phenanthridine-5-carboxylate Sd. 9 Days; 44%; 
m.p. 266”; m/z (46): 420 (M+. 100). 419 (23), 392 (4) 391 (8). 375 
Q, 373 (2), 347 (4). Exact mass talc. for M’ 420.0957, Found 
420.0935. (Found C, 62.74; H, 3.92; N, 6.55. Calc. for Ct2Hr6N20, 
C, 62.86; H, 3.84; N, 6.66). 

Photo-oxidution product 6b 
After irradiation at 3OOnm of 4h in cyclohexane the solvent 

was removed and the residue purifkd over a silica gel column. 
Mixtures of CHCIS MeCN were used in this puritication. A 
yellow oil (54%) was obtained. IR (CHC13jcm-‘: 2840 (OMe), 
1759, 1720, 1710 and 1670 (GO); m/z 6): 425 (M+, 3). 395 
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(M-CHsO, 7), 337 (M-MeNCOOMe, 27,. 3%) (337C0, 7). 292 
(337-OEt. 18). 264 (292-C0,36), 263 (309-EtOH, 100). Exact mass 
talc. for M’ 425.1474; Found 425.1458. ‘H NMR 6 (CD&): 1.20 
(3 H, 1, J = 7. COOCH2CH3). 3.40 (3 H, s, CH,N), 3.68 (3 H, s, 
CH,OCO), 3.76 (3 H, s, CHsOAr), 4.18 (2H, q, CH,CH,OOC), 
6.68 (I H, d, J,=2, Hb), 6.78 (1 H, dxd, J,,=8, J,=2, H-4), 
7.1O-7.3O(5H,m,aryl’-H),7.6O(1H,d,Jo=8,H-3),7.8O(1H,s. 
vinyl H). “C NMR 6 (ClX13: 14.16 (CHsCHsO), 31.11 (CHIN), 
53.47 (CH,OCO), 55.77 (CH,OAr), 61.56 (CH,CH,O), 112.41 (Cd 
or C-4), 113.17 (C-4 or Cd), 125.69 (C-2), 128.97 (C-3’), 130.56 
(C4’). 130.83 (C-2’), 131.16 (C-l), 132.96 (C-l’), 133.67 (C-3), 
142.59 ( = C-H), 142.80 (CO-C=), 154.72 (COOMe), 164.97 (C-5). 
165.22 (COOCHsCH3), 171.83 (CON), 193.27 (CO-C=). 

Pnpamtion of model compound 9 
1 mmol lb and 1, 2 mmol 7 were refluxed in 5 ml benzene. 

Chromatography of the mixture on silica gel with Ccl,- 
CH,COGEt afforded 34 mg (I 1%) 8-E, 90mg (30%) 8-Z and 
I18 mg (39%) 9 with the following characteristics: 

Compound 8-E. IR (CHCIs) cm-i: 2835 (OMe), 1712 (COOEt), 
1668 (CONCO); m/z (%): 303 (M’, 26), 258 (M-OEt, 28), 257 
(M-EtOH. 87), 230 (MCOOEt, 16), 229 (257C0,lOD). ‘H NMR 8 
(CLXls): 1.19 (3 H, f, CH,CHsO), 2.47 (3 H, s, CHrC=), 3.39 (3 H, 
s, CHsN), 3.90 (3 H, s, CH,OAr), 4.22 (2 H, q. CH,CH,O), 7.05 
(1 H, d xd, J,,=9. J, =3, Hb). 7.42 (I H. d, Jo=9, H-S), 7.67 
(1 H. d, J,,, = 3. H-8). 

Compound 8-Z. IR (CHC13)cm-‘: 2835 (OMe). 1714 (COOEt), 
1668 (CONCO); m/z (46): 303 (M+,21), 258 (27), 257 (87), 230 
(16), 229 (100. ‘H NMR 6 (CDC13): 1.38 (3 H, 1, CH,CHsO), 2.38 
(3 H, s. CHs-C=). 3.36 (3. H, s, CHsN). 3.92 (3 H, s, CH30Ar). 4.38 

(2 H, q, CH,CH,O), 7.18 (1 H, d x d, J,, =9, I, = 3, H+, 7.62 
(1 H, d, 10’9, H-5). 7.75 (1 H, d, J,=3, H-8). 

Compound 9. IR (CHCl&m-‘: 2832 (OMe), 1716 (COOEt). 
1668 (CONCO); m/z (%): 303 (M’,21), 258 (16), 257 (92), 230 
(23), (229 (100). ‘H NMR 8 (CDCl3): 1.08 (3 H, t, CHsCHsO). 3.38 
(3 H, s, CH,N), 3.87 (3 H, s, CHPAr), 4.08 (2 H, q, CH3CH,0), 
4.63 (1 H, s, H-4), 6.00 (I H, s, H,,-E), 6.57 (1 H, s. H,,-Z), 7.12 
(2 H, m, H-5 and H-6), 7.72 (1 H, d, J = 2, H-8). 
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