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Summary: Concise general routes to phenanthridines 4 and phenanthridinones 5 based on directed ortho metalation 
and cross coupling tactics are described; a short synthesis of the Amaryllidaceae alkaloid ismine (8b) is reported. 

The phenanthridine heterocycles derive significance from their presence as subunits in several classes of 

alkaloids,’ their pharmacological2 properties, and recently, their detection in environmental sources. 3 Major 

synthetic approaches4 .4b to phenanthridines and phenanthridinones include a) Bischler-Napieralskr and directed 

metalation-based4c cyclization of 2-substituted biphenyls, b) cyclization of 2,2’-substituted biphenyls, 4d c) Pschorr 

reaction,4e d) photocyclization of benzanilides4f and N-arylbenzamides,4g e) benzy ne-mediated condensation of o- 

halo benzylanilines,4h f) Beckmann and Schmidt rearrangement of fluorenones,4a and g) Pd(II)-promoted ring 

closure of N-arylbenzamides. 41 As a further demonstration of the favorable marriage between the directed ortho 
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metalation5 and the Pd(O)-catalyzed cross coupling6 strategies, we report a new general route to phenanthridine (4) 

and phenanthridinone (5) derivatives from the reaction of o-N-t-BOC arylboronic acids (1) with o-bromo- 

benxaldehydes (2) and -benxamides (3) respectively (Scheme). In addition, we provide an application of this 

methodology in a simple synthesis of the Amaryllidnceae alkaloid ismine (gb).7 The new method has advantage in 

regiospecificity, efficiency, and brevity over established phenanthridine construction processes. 498 

Treatment of the arylboronic acid 1, R1 = OMe with o-bromobenxaldehyde 2, R1 = R* = H9 under the 

previously developed conditions 6a led directly to 2-methoxyphenanthridine (Table, entry 2) in modest yield. After 

aryl-aryl bond formation, the thermal loss of the N-t-BOC group is presumably triggered by initial carbinol amine 

formation. Additional entries (Table) of this one pot phenanthridine synthesis is indicative of the scope of 

substitution patterns which may be achieved. In two cases (entries 1 and 5). cross coupling products were isolated 

and cyclized into the corresponding phenanthridines by treatment with TFA (reflux/lO h). Entry 6 represents a one- 

pot preparation of the benzophenanthridine alkaloid skeleton. la,” Under identical conditions, cross coupling of 1, 

R1 = H with the N,N-dimethyl-2-bromobenxamide9 afforded the corresponding 2,2’-substituted biphenyl which, 

upon treatment with TFA (reflux/4 h) provided the phenanthridinone (entry 7). A further representative example 

(entry 8) shows that this sequence is tolerant of similar substitution as that observed in the phenanthridine series. 

The synthesis of ismine (Sb) was initiated by coupling 1, Rr = H with N-methyl 2-bromo-4,5- 

methylenedioxybenxamidel ’ to give biphenyl 7 (75%) which, upon sequential N-methylation (NaH/MeI/THF, 

> 95%) and chemoselective reduction (LiEt3BH/THF/O’C + RT, 72%)12 furnished the N-protected benzyl alcohol 

ga. Standard TFA deprotection under several conditions13 led only to cyclic product 9 in high yield. However, 

adaptation of the excellent Ohfune two-step procedure (1. TBDMSOTf/CH2Cl2/2,6-lutidine/RT/30 min; 2. TBAF/3 

equiv H20/THF/reflux/30 min)14 afforded ismine (gb) in 85% overall yield.15 

t-BocH;$cONHMe Mf&oH o@Me 
7 8 9 

a: R = t-BOC 
b:R=H 

In summary, a new general cross coupling method for the synthesis of phenanthridines and phenanthridinones 

has been develoved. Being based on the versatile directed metalation tactic,6 it promises broad scope for the rapid 

access of phenanthridines with a variety of substitution patterns. Methodological extension and application to 

alkaloid synthesis is in progress. 16,17 
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Table. Synthesis of Phenanthridines and Phenanthridinones 

Entry ArB(OH), ArBr Phenanthridine/ 
Phenanthridinone 

Yield, %a mp OC 

Me0 

3 

Me0 

4 

5 Q- \-/ WOH), 

NHt-BOC 

OMe 

OMe 

NO2 

77 

Nd 

p&de 

w \ / \ / OMe 54 
N' 

Me0 

Q_$ 69 

7 - 

Q- 
\/ WOW2 Br \/ 9 

‘NHt-BOC Me2NOC’ 

MeO_ MeO. 

63 

8 - 

4- 
\/ WOW2 

NHt-BOC 

MeH;opNO’ WNO2 67 

107-l 08b 
(EtOH) 

89-90’ 
(Subl) 

163-l 64d 
(Subl) 

211-215’ 
(Subl) 

186-l 87’ 
(MeOH) 

236-238g 
(CHCt,) 

282-285h 
(MeOH) 

340-344 
(decomp) 
(TFA) 

aRepresents yields of products purified by column chromatography; b Lit.’ 104-105°C ; ‘Lit. 
mp 87-88OC (Kessar, S. V.; Pal, D.; Singh, M.Tetrahedron. 1973 ,a , 177); d tit. mp 164-165’C 
(Prabhakar, S; Lobo, A. M.; Tavares, M. R. J. Chem. Sot., Chem. Commun. 1978 ,884); 
e Lit. 213-214OC ( Onaka, T.; Kanada, Y.; Natsume, M. Tetrahedron Lett. 
180°C (Arcus, C. L.; Coombs, M. M. J. Chem. Sot. 1954 

1974, 1179); ‘Lit. 
4319); s Lit.” 240-242’C; hLit. 285OC 

(Moriconi, E. J.; Spano, F. A. J. Am. Chem. Sot. 1964 , a$ ,38). 
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