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Abstract- Compounds (2) were diazatized under several conditions 

to prepare pyrrolo[l,2-flphenanthridines ( 5 ) .  However, together 

with the Pscharr type cyclization, decomposition and intermo- 

lecular coupling reactions were observed. 

To synthetize the pyrroloIl.2-flphenanthridine ring system, structurally relat- 

ed to pseudolicorine which have shown anticancer two possible dis- 

connections could be considered. 

( 1 )  ( 2 )  
The disconnection a, involving the annelation of a phenanthridine nucleus with 

a pyrrole ring, was the only one re~orted.~" The strategy b could be achieved 

by using either the aminophenylpyrrole (1) or 12) as starting material. 

We recently reported the synthesis of pyrroloIl.2-flphenanthridine derivatives 

by diazotization in acetic acid of the amino derivatives of type (11 followed 

by Pscharr type cyclieation brought about by hypophosphorous acid. 1 



Despite the satisfactory results obtained, we started the synthesis of pyrrolo- 

phenanthridine from compound 12) to get derivatives functionalized at the 

phenanthridine moiety. 

The 1-12-aminophenyll-pyrroles 121 were prepared in good yields by reaction of 

1.2-phenylendiamine with the suitable 1.4-diketones (3a-cl. 

t 

13a-c) 12a-c) 

Compounds 12a,bl diazotized in acetic acid as reported previously1 led only to 

the a m  derivatives 14a.b) because of the high reactivity of the 3 position of 

the pyrrole ring. 

Therefore hydrochloric acid was chosen as medium so that the protonation of the 

pyrrale could reduce the formation of the azo derivatives 14).The diazotization 

of the mine 12al was carried out using the procedure which successfully led to 

pyrazalo[l,5-flphenanthridines from the corresponding amino  derivative^.^,^ 

While the yield of azo derivative 14) was actually limited, the large excess of 

sodium nitrite gave rise to a very complex reaction mixture from which it was 
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possible to isolate also compounds (6). (7) and a little amount of pyrrolophe- 

nanthridine (5d) nitrated in the 1 position (yield 8%). To the major product of 

the reaction 128%) was assigned the spiro-type structure (7) on the basis of 

elemental analysis (in agreement with ClgH15N02 1, mS (~+=289), as well as the 

spe~troscopic evidence. The ir spectrum showed two strong absorption bands at 

1700 and 1650 cm-I due to the cyclic ketone and to the acetyl respectively. The 

'H nmr spectrum, besides the substituent signals and pyrrole CH, showed two 

separate multiplets for four protons each attributable to the ring protons; the 

13c nmr spectrum exhibited, together with the methyl signals, nine doublets. 

six singlets for the ring C atoms and two downfield singlets at 197.9 and 202.8 

ppm due to the acetyl and the cyclic ketone respectively. The formation of (71 

can be explained assuming that the decomposition of the diazonium salt gave 

rise to the hydroxy derivative (8) which, because of the excess of nitrite, was 

oxidized to the final structure probably through the mechanism shown below. 

( 8 )  ( 7 )  

( 9 )  ( 1 0 )  
To avoid the problems due to the excess of nitrite, the diazotization of the 

amines (2a.b) was carried out in hydrochloric acid with equimolecular amount of 

nitrite. In these experimental conditions, compounds (41, (5) and (61 were 

obtained. The dediazoniatian and subsequent Pschorr type closure gave rise 

indeed to pyrroloIl.2-flphenanthridines (5e.f) (yield 8-11 0 )  but at the same 

time a simple loss of nitrogen led to pyrroles (61. suggesting that the phenyl 

in the 2 position is not sufficiently activated to the cyclizatian reaction. 

Therefore we repeated the diazotization using as starting compound the amino 



derivative (2c) in which the benzene ring in the 2 position was activated with 

a methoxy group in the opportune position. In this case compounds (4~). (59). 

(5hl and 1601 were isolated in similar yields to those obtained in the preced- 

ing attempt. The structure of 15gl and (5h) were assigned on the basis of the 

mr spectrum: in fact compounds of type (5) unsubstituted at the 

phenanthridine moiety show two different sets of signals for four protons each 

as shown in the figure. 10 

The introdution of a methoxy group in the 9 or 11 

position modifies in different way the pattern of 

the signals since it replaces a downfield proton u 

in the case of (59) and an upfield proton in the 
U D D  U 

case of (5h). Moreover the across-space anisotro- 

pic effect of the methoxy group upon a close U = Upfield; D = Downfield 

proton1' causes a further downfield shift of the 8-H in the structure (591. 

In conclusion these findings suggest that the electronic effects do not 

influence this type of ring closure which occurs by a radical pathway. 

EXPERIMENTAL 

All melting points were taken on a Buchi-Tottoli capillary apparatus; ir 

spectra were determined in bromoform with a Perkin-Elmer 299 spectrophotometer; 

nmr spectra were obtained with a Varian FT-80 spectrometer (TMS as internal 

reference); mass spectra were obtained with a JEOL JMS-01 SG-2 double focusing 

mass spectrometer operating with an electron beam energy of 75 eV and 10 KV 

accelerating voltage. 

General method far the preearation of l-(2-amino~henvlI-5-meth~l-2-(3-R'-phe- 

nv1)-4-R-pyrroles (2.3-c). 

The diketones (3a112, (3bli3, (3c)14 (20 mmolesl, 1,2-phenylendiamine (20 

moles) and acetic acid (100 mll was refluxed for 20 min. After cooling, the 

resultant solution was poured onto crushed ice. The solid precipitate was 

filtered off, air dried and in the case of (2al was recrystallized; in the case 

of (2b,cl it was purified by chromatography (eluant; dichloromethanel. 

Compound (2a) (R'=H, R=COMel was recrystallized from benzene, (yield 51%). mp 

87'C; ir: 3450 and 3350 (NH2), 1650 (CO) cm-l; nmr (DMSO-d6) 6: 2.25 

(3H,s,CH3I, 2.42 (3H,s,CH3), 4.98 (2H.s.exchangeable NH2), 6.77-7.19 (10H,m, 

ArH); ms M+ 290 m/z. Anal. Calcd. for c ~ ~ H ~ ~ N ~ o :  C, 78.59; H, 6.25; N, 9.65. 

Found: C, 78.77; H, 6.25; N, 9.49. 
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Comuound (2bI (R'=H. R=CWEt) was recrystallized from benzene, (yield 63%). mp 

108'C 11it.l~ mp 109°Cl; ir: 3450 and 3360 (NH21, 1685 (CO) cm-l; 'H mr 

(CDCl31 6: 1.40 (3H,t,CH31, 2.36 (3H,s,CH31, 3.60 (2H,s,exchangeable NH21, 4.40 

(2H.q. CH21, 6.76-7.35 (lOH,m.ArHl; ms M+ 320 m/z. 

Compound (2cl (R'=OMe. R=COMe) was recrystallized from benzene, (yield 65%). mp 

1 0 1 ~ ~ ;  ir: 3430 and 3330 ( N H ~ I ,  1650 (COI cm-I; 'H nmr ( C D C ~ ~ I  6: 2.40 (3n.s. 

CH31, 2.50 (3H,s,CH31, 3.60 (5H,s,CH3 and exchangeable NH21, 6.75-7.40 (9H.m. 
+ ArHI; ms M 320 m/z. Anal. Calcd. for C20H20N202: C, 74.98; H, 6.29; N, 8.74. 

Found: C, 75.11; H, 6.43; N, 8.71. 

Diazotization in acetic acid of compounds (2a.b) 

To compounds (2a,bl (5 mmolesl dissolved in the minimum volume of acetone, 

acetic acid (25 mll was added. The mixture was coaled at 0-5'C and diazotized 

with 10% aqueous sodium nitrite (3.5 mll. After 0.5 h 50% hypophosphorous acid 

(11 ml) was added and the reactants were allowed to stir at r.t. overnight. The 

reaction mixture was neutralized with 3N sodium hydroxide. The crude product 

was collected and recrystallized from ethanol to give 3-(2-[4-R-5-methyl-2-13. 

R'-phenyll-pyrrole-l-yll-phenyl-l-azol-4-R-5-methyl-2-~3-R'-phenyll-l-phe~yl- 

pyrroles (4a.b). 

Compound (4al (R=COMe, R9=HI: (yield 85%). mp 235-C; ir: 1680 (COI, 1650 (COI 

cm-l; 'H nmr (DMSO-d61 6: 1.80 (3H,s,CH31, 2.20 (3H,s,CH31, 2.71 (3H,s,CH3), 

2.97 (3H,s,Cn3I, 6.89-9.15 (2OH.m.AmI; ms M+ 576' m/z. Anal. Calcd. for 

C38H32N402: C, 79.14; H, 5.59; N, 9.72. Found: C, 78.96; H. 5.40; N, 9.57. 

Compound (4bl (R=CwEt. R'=HL: (yield 85%1, mp 195'C; ir: 1720 (COI, 1700 (COI 

cm-l; 'H nmr (DMSO-d61 6: 1.00 (3H,t,CH31, 1.28 (3H,t,CH31, 2.22 (3H,s,CH31, 

2.82 (3H,s,CH31, 3.81 (2H,q,CH21, 4.21 (2H,q,CH21, 6.67-9.02 (20H.m.ArHl; ms M+ 

636 m/z. Anal. Calcd. for C40H36N404: C, 74.45; H, 5.70; N, 8.80. Found: C, 

75.19; H, 5.46; N,8.69. 

Diazotization in hvdrochloric acid of compound (2a) with sodium nitrite with 

ratio of mine to nitrite (1:8L 

Compound (2al (5 mmolesl in 6N hydrochloric acid (44 mll, was diazatized with 

10% aqueous sodium nitrite (28 mll at 0-5'C. After 0.5 h 50% hypophosphorous 

acid ill mll was added and the reactants were alloved to stir at r.t. 

overnight. The reaction mixture was neutralized with 3N sodium hydroxide. The 

crude product was collected and chromatographed. Elution with dichloromethane 

gave at first 2-acetyl-3-methyl-l-nitropyrrolo[l,2-flphenanthridine (5d1, 



(yield 8%). mp 160°C (from ethanol) ; ir: 1680 ICO) , 1330 (No2) cm-l; 'H nmr 

(DMSO-d61 6: 2.94 (3H.s. CH31, 3.27 (3H,s,CH3), 7.55-7.75 (4H,m,H6,H7,HlO,Hl1] 
+ 

8.11-8.75 (4H,m,H5,H8,Hg, H12); ms M 318 m/z. Anal. Calcd. for ClgH14N203: C, 

71.69; H, 4.43; N, 8.80. Found: C, 71.50; H, 4.49; N, 8.82. 

The second product to be eluted was 3-acetyl-1.5-diphenyl-2-methylpyrrole (6a). 

lyield la%), mp 100°C (from ethanol) llit.12 mp 10l0C1; ir: 1650 ICO) cm'l, 

nmr IDMSO-d61 6: 2.30 (3H,S,CH31, 2.42 13H,s,CH31, 6.88 (1H.S.CH). 7.00-7.50 

(lOH,m,ArHI; ms M+ 275 m/z. 

The third product to be eluted was s~iro~2-acetyl-3-methylpyrrolo(l.2-alisoin- 

dole-5.2'-cyclohexandien-1'-one) (71. lyield 28%). mp 150DC (from ethanol); ir: 

1700 (COI, 1650 (COJ cm-l; 'H nmr (DMSO-d6J 6: 2.47 (3H,s,CH31, 2.66 (3H.s. 

CH31,7.71-8.04 (4H.m.ArH). 8.47 (1H.s.CH). 8.66-8.98 (4H.m.ArHl. 13c Nor 

IDMSO-d61 6: 26.95 lql, 31.41 lq), 122.70 (2dI. 123.58 Is), 124.52 (51, 125.88 

(dl, 128.05 (dl, 128.22 Id), 129.05 (d), 129.28 Id), 131.45 (dl, 132.22 Is), 

133.51 (d), 142.25 Is), 147.36 Is), 151.65 (s), 197.91 ( s ) ,  202.84 Is); ms M+ 

289 m/z. Anal. Calcd. for ClgH15N02: C, 78.87; H, 5.23; N, 4.84. Found: C, 

78.82; H, 4.98; N, 4.70. 

Further elution with dich1oromethane:ethyl acetate (9:l) gave l4al (yield 9%). 

Diazotization in hydrochloric acid of compounds (2a-cl with sodium nitrite with 

ratio of mine to nitrite (1:lL 

Compounds (2.3-c) (5 moles) were diazotized with aqueous sodium nitrite (3.5 

mll and the reaction was carried out and worked up as above. The crude product 

was collected and chromatographed. 

In the case of (2a) elution with dichloromathane gave at first 2-acetyl-3- 

methylpyrrolo[l,2-flphenanthridine (Self (yield 11%1, mp 146'C (from ethanol); 

ir: 1660 (CO) cm-l; lH nmr (DMSO-d6) 6: 2.55 (3H,s,CH31, 3.15 (3H.s.CH31, 

7.43-7.61 14H.m,H6,H7,H10,H111, 7.69 llH,s,H1), 8.34-8.80 l4H,m,H5,H8,Hg,Hl21; 

ms M+ 273 m/z. Anal. Calcd. for ClgH15NO: C, 83.49; H, 5.53; N, 5.13. Found: C, 

83.50; H, 5.47; N, 4.96. 

The second product to be eluted was compound l6al (yield 5%). The third product 

to be eluted was unreacted starting compound 12.3) (yield 21%). Further elution 

with dich1oromethane:ethyl acetate (9:l) gave the a m  compound (4al lyield 

25%). In the case of (2b1, elution with dichloromethane gave at first 

2-carbethoxy-3-methy1pyrrolo[1,2-flphenanthridine (Sf), (yield 8%). mp 138'C 

(from ethanol); ir: 1700 (COI cm-l; nmr IDMSO-d61 6: 1.35 (3H,t,CH3), 3.17 
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13H,s,CH31. 4.30 12H,q,CH21, 7.44 llH,s,H1l, 7.49-7.84 I4H.m,H6,H7,HlO,Hl1). 
+ 8.09-8.74 I4H,m,H5,H8,Hg.Hl21; ms M 303 m/z. Anal. Calcd. for C20H17N02: C, 

79.18; H, 5.65; N, 4.62. Found: C, 79.92; H, 5.72; N, 4.56. 

The second product to be eluted was 3-carbethoxy-1.5-diphenyl-2-methylpyrrole 

(6b). (yield 5%). mp 99-C lfrom ethanol) llit.16 mp 100'Cl; ir: 1690 ICOI cm-l; 

l ~ n m r  (DMSO-d6) 6: 1.29 (3H,t,CH3), 2.32 (3H,s,CH31, 4.24 12H,q,CH21, 6.70 

IlH.s.CH1, 7.05-7.49 IlOH,m,ArH); ms M+ 305 m/z. 

The third product to be eluted was unreacted starting material l2bl lyield 

23%). Further elution with dich1oramethane:ethyl acetate (9:l) gave the azo 

compound l4b) (yield 42%). 

In the case of I2cl elution with dichloromethane gave Z-acetyl-3-methyl-9- 

methoxypyrrolo[l,2-flphenanthridine l5g), lyield 3%). mp 150'C lfrom ethanol); 

ir: 1665 ICO) cm-l; 'H nmr IDMSO-d61 6: 2.54 13H,s,CH31, 3.10 13H,s,CH31, 4.03 

13H,s,CH31, 7.04 11H,dd(J10,11=7.2 Hz,J10,12=2.4 Hz),Hl01, 7.26-7.58 13H,m,H6, 

H7,Hl11, 7.54 llH,s,H1), 7.76 11H,dd(J12,11=7.2 Hz,J12,10=2.4 Hzl,Hl21. 8.22 

11H,ddlJ5,6=9.6 Hz,Jgr7=2.4 Hz).H51, 9.24 11H,ddlJ8,7=9.6 Hz,Jgr6=2.4 Hzl,H8); 
+ ms M 303 m/z. Anal. Calcd. for C20H17N02: C, 79.18; H, 5.65; N, 4.62. Found: 

C, 79.47; H.5.43; N. 4.58. 

The second product to be eluted was 2-acetyl-3-methyl-ll-methoxypyrro10[l,2-f1- 

phenanthridine l5h), lyield 3%), mp 136'C (from ethanol); ir: 1665 ICOI cmT1; 

nmr (DMSO-d61 6: 2.60 (3H,s,CH31, 3.18 (3H,s,CH31, 3.96 13H,s,CH31, 7.04 

(1H,ddlJ10,9=9.6 Hz,J10,12=2.4 Hzl,Hl01, 7.40-7.70 l3H,m,H6,H7,Hl21, 7.76 

(lH,s,H1l, 8.20-8.52 13H,m,H ,H ,H I ;  ms M+- 303 m/z. Anal. Calcd. for 5 8 9 

CZOH17N02: C, 79.18; H, 5.65; N, 4.62. Found: C, 79.31; H, 5.78; N, 4.52. 

The third product to be eluted was 3-acetyl-2-methyl-5-l3-methoxyphenyll-1- 

phenylpyrrale ( 6 ~ 1 ,  (yield 10%). mp 86'C lfrom ethanol); ir: 1655 ICO) an-'; 'H 

Nnr (DMSO-d61 6: 2.48 13H,s,CH31, 2.52 13H,s,CH31, 3.60 (3H,s,CH31, 6.52-7.56 
+ I9H.m.ArHl. 6.78 (1H.s.CHI; ms M 305 m/z. Anal. Calcd. for C20HlgN02: C, 

78.66; H, 6.27; N, 4.59. Found: C, 78.82; H, 6.07; N, 4.48. 

The fourth product to be eluted was unreacted starting material (2cl (yield 

21%). Further elution with dich1oromethane:ethyl acetate (9:l) gave 3-(2-(4- 

acetyl-5-methyl-2-(3-methoxyphenyl)-pyrrole-l-yll-phenyl-l-azo)-4-acetyl-5-me- 

thyl-2-(3-methaxyphenyll-1-phenylpyrrole (4'21, lyield 53%). mp 198-C lfrom 

ethanol); ir: 1690 (CO), 1650 ICO) cm-l; 'H nmr IDMSO-d61 6: 1.79 13H,s,CH31, 

2.21 13H,s,CH31, 2.51 13H,s,CH31, 2.67 (3H,s,CH31, 3.40 13H.s.CH31, 3.44 l3H.s, 



cH3), 6.53-9.35 (18H,m,ArHl; ms M+ 636 m/z. Anal. Calcd. for C40H36N404: C, 

75.45; H, 5.70; N, 8.80. Found: C, 75.32; H, 5.61; N, 8.88. 

ACKNOWLEDGEMENT 

This work was supported by a Grant from the C.N.R. and from Minister0 P.I. 

REFERENCES AND NOTES 

* An account of this work was presented at the "7th Lakeland Heterocyclic 

Symposium", Grasmere May 1985. 

1. Part 19: G.Dattol0, G.Cirrincione, A.M.Almerico, E.Aiello and I.DSAsdia, 

J. Heterocycl. Chem., in the press. 

2. Weng Zunyao, Wang Zhaoying and Yan Xiaoming, Yaoxue Xuebao, 1982, 11, 

744; Chem. Abstr., 1983, 98,  89710a. 

3. Pan Qi-Chao, Pan Chi-Chao, Chen Xiao-Jun, Liu Zong-Chao, Meng Zheng-Mu 

and She Qi-Long, Yao Hsueh Hsueh Pao, 1979, 14, 705; Chem. Abstr., 

1980, 93, 7949. 

4. A.Jimenez, A.Santos, G.Alons0 and D.Vasquez, Biochim. Biophys. Acta, 

1976, 421, 342. 

5. E.FuruSawa, N.Suzuki. S.Tani, S.Furusawa, G.Y.Ishiota and J.Motobu, Proc. 

soc. EXP. Biol. Med.,1973, 143, 33. 

6. W.K.Anderson, H.L.McPherson and J.S.New, J. Heterocycl. Chem., 1980, ll, 

513 

7. R.M.Acheson, A.S.Bailey and I.A.Selby, J. Chem. Soc. (CL, 1967, 200. 

8. W.J.Barry, 1.L.Finar and A.B.Simonds, J. Chem. Soc.. 1956, 4974. 

9. 1.L.Finar and A.B.Simmonds, J. Chem. Soc. (Cl, 1958, 200. 

10. G.Cirrincione, G.Dattolo, A.M.Almerico, E.~iello, ~.cusmano, ~.~acaluso, 

M.Ruccia and W.Hinz, J. Heterocycl. Chem., in the press. 

11. L.M.Jackman and S.Sternhel1, "Application of Nuclear Magnetic Resonance 

Spectroscopy in Organic Chemistry", Pergamon, London, 1969, p. 81. 

12. J.S.SaruP, A.U.Qureshi and J.N.Ray, J. Am. Chem. Soc.. 1932. 54, 3988. 

13. C.Paa1, Ber., 1883, l6, 2867. 

14. G.Dattol0. G.Cirrincione, A.M.Almerico, G.Presti and E.Aiell0, 

Heterocycles, 1984, 22, 2269. 

15. W.Borsche and J.C.Titsingh,Ber., 1907. 40, 5012. 

16. L.Lederer and c.Paal,Ber., 1885, 18, 2595. 

Received, 2nd July, 1986 


