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Faculty of Pharmaceutical Sciences, University of Tokyo 

7-3-l Hongo, Bunkyo-ku, Tokyo 113, Japan 

Abstract: The reductive phenylation of nitroarenes was improved by using iron pentacarbonyl 

(IPC) as a reducing reagent. The method was applied to the synthesis of ellipticine and 

dibenzazocine derivatives. 

Nitrobenzene (1) reacts with benzene in the presence of trifluoromethanesulfonic acid 

(TFSA) and zinc dust to give 4-aminobiphenyl (2) as a main product (reductive phenylation of 

nitroarenes).l This novel process is a general method for synthesizing aminobiphenyls, and 

involves iminium-benzenium dications (6 and 7)* formed from the intermediates in the reduction - _ 

process by zinc and acid, i.e., nitrosobenzene (4) and N-phenylhydroxylamine (5) (Scheme 1). 

Catalytic hydrogenation over Pd/C is also effective for the reductive phenylation.' However, 

these methods are performed in a heterogeneous reaction system, and in some cases this process 

does not give a good result because of stirring of the reaction mixture and lowering of the 

acidity of TFSA. We now report a solution to this problem by the use of iron pentacarbonyl 

(IPC) as the reducing reagent. It is well known that IPC reduces nitroarenes.3 
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Direct addition of 1 equivalent of IPC to nitrobenzene (5 mmole) at 5°C in benzene 

(50 eqt) and TFSA (50 eqt), followed by stirring for 30 min at 5°C and work-up using aqueous 

sodium hydroxide gave 4-aminobiphenyl (2; 72%) and 2-aminobiphenyl (3; 11%). By the zinc dust 

method we obtained 1, 3 and aniline in 52, 7 and 30% yields, - respectively, adding zinc (6 eqt) 

in three portions over a period of 3 hr with stirring to an ice-cold mixture of 1(5 mmole) in 

benzene (50 eqt) and TFSA (50 eqt). Catalytic hydrogenation of 1. (5 mmole) in benzene (50 eqt) 
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and TFSA (50 eqt) over 10% Pd/C (100 mg) for 5 hr at room temperature gave 2 and 3 in 22 and - - 
5% yields, respectively, accompanied by unreacted 1_ (49%). Thus, the IPC method gave the best 

use of one equivalent of 

good reproducibity as well as 

result among these methods. The advantages of using IPC are the 

reducing reagent and the homogeneity of the medium, resulting in 

good yields. 

5-Nitroquinoline (8) and 5-nitroisoquinoline (2) were also 

the IPC method. 

and 2. 
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We appl-i'ed this method to the synthesis of ellipticine.' Treatment of an inseparable 

1:l mixture of 2.-acetyl-1,2,3,4-tetrahydro-5,8-dimethyl-6- and 7-nitroisoquinoline (lO)6 in - 
benzene (300 eqt) and TFSA (150 eqt) with IPC (3 eqt) at 0°C gave phenyl-aminotetrahydroiso- 

quinolines (11 and 12); this is the key reaction in our synthesis, and it could not be achieved - 

by the zinc and catalytic hydrogenation methods. After separation of these isomers by silica 

gel chromatography, 11 was converted to ellipticine (14) in 20% overall yield by the procedure 

shown in the Scheme 2. By the same procedure, isoellipticine' was also obtained from 12. 
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This process was also effective% the intramolecular phenyl-phenyl 
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b; NaN3 
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coupling reaction of 

nitroarenes (15) to dibenzo-heterocycles (E), which are of pharmaceutical interest. The - 

results of the IPC reductive cyclization of 15 to 16 are summarized in the Table. -- Cyclization 

to an eight-membered dibenzazocine occurred in good yield, when the substituent R on the nitro- 

gen atom of 15 was the AC, Ts, MS or CF3C0 group (Table runs 2, 3, 4 and 5). When R was H, the 
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The reductive cyclization described here has several advantages; the starting nitroarenes 

can be readily prepared; the reaction conditions are mild enough to keep a functional group 

such as an amine or amide group intact; activation of the benzene ring or the presence of a 

special group other than a nitro goup is not required; the work-up procedure is simple. In 

some cases, the yields are not satisfactory because of competing intermolecular attack of a 

trifluoromethanesulfonyloxy anion, but this problem may be overcome by activating the benzene 

ring. Although the number of examples described here is limited, the present method should be 

very useful for synthesizing aminobiphenyls. 9 We are trying to apply this method to the syn- 

thesis of alkaloids. 
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