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In the course of our studies on the chemical constituents of Rutaceous plants, we 1) had 

recognized the presence of two structurally isomerlc constituents contalnlng a nltrog?n atom 

In their molecules In the bark of Xanthoqzwn cusp&rtwri Champ (Fagaru ousptdatu Engl ), a 

Formosan Rutaceous plant But the contents of these romponents were so minute that we could not 

perform chemical establishments of their structures Fortunately, 
r 

In the recent lnvestlgatlon, 

we could Isolate a relatively large amount of one of these constituents from the bark of X. 

mmttzanm Maxim (Japanese name Iwa-Zansho) and designated as arnottlanamlde (1) We wish 

to report here structural establishments of atnottlanamlde (1) and Its structurally lsomeric 

one, isoarnottianamlde (Z), due to conversions of chelerythrlne (3) and nltldlne (4) to these 

products by the novel Baeyer-Vllllger like oxldatlon of their ammonium groups, respectively 

Arnottlanamlde (1) was obtained as colourless prisms, mp 267-269", C21Hlg06N ** (M+ at 

m/e 381) from X. arnattzanwn In 0 1583 % yield and from X cuspzdakur In 0 0020 I yield It 

shows following spectral data [IR V(NuJo1) cm 
-1 

320@-3450(0H), 1663(C=O), UV X(EtOH) nm 

(log E)' 236(4.73), 280(4.01)sh, 321(3.63)sh, 324(3 65), 332(3 Sl)] 

Isoarnottianamide (2) was obtained as colourless prisms, mp 254-257", ** C21Hlg06N CM+: at 

m/e 381) from only X cuspsdatWn in 0 00094 % yield It shows following spectral data [IR v(KBr) 
-1 

cm * 167O(C=O) UV X(MeOH) nm(log E) 237.5(4.73), 290(4 00), 332(3 86)] 

Treatment of arnottlanamlde (1) with LiA1H4 in THF gave deoxoarnottlanamlde (5) as 

colourless prisms, mp 200-ZOZ', C21~2105~ ** (M+ at m/e 367) [IR v,(NuJo~) cm -l: 3390(08); 

NMR(CDC13) 6. 2.72(6H, s, N(CH3)2), 3 91, 3.95(38, s, OCH3). 5.99(2H, 8, OCH20), 6.51, 6 81, 

7.18, 7.43(18, d, J=8 5 Hz, arom H), 6.77(1H, s, OH), 7.09, 7.52(1H, s, arom H)] In the NMR 

spectrum of (5), there 1s not observed a signal corresponding to that which appeared in rather 

lower field m the NMR spectrum of (l), but a newly born slgnal due to an N,N-dimethyl group, 

lndlcatlng that (1) has an N(CH )CHO group m Its molecule 
3 

Treatment of (5) with Rodinow reagent 2) afforded methyl deoxoarnottlanamlde (6), as 

colourless prisms, mp 166.5-168 5*, C22H2305N ** (M+ at m/e 381). [NMR(CDC13) 6. 2 63(6H, s, 

N(CH3)2), 3 85(3H, s, 0CH3), 3 90(6H, s, OCH3X2), 5 98(2H, s, OCH20), 6 67, 6 83, 7.06, 7.37 
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Table 1 NMR Spectra of Arnottlanamde (1) and Isoarnottlanamlde (2) 

(~~3000~; 6 ) 

3.97 (6~, S) 

Arom. Hs 
7.28 (lH, s) 7.27 (lH, s) 

7.36 (lH, d, J=8.5 Hz) 7.35 (lH, d, J=9.O Hz) 

aractcristlc 

(E-I, d, J=8.5 Hz, arom H), 7 08, 7 55(1H, s, arom H)]. This chemical evidence Indicates the 

presence of a phenolic group in the molecule of arnottlanamide (1) 

The above functlonallzatlon of arnottlanamlde (1) and comparison between the NMR spectrum 

of arnottlanamlde (1) and that of isoarnottlanamlde (2) gave a clue to a speculation on 

formatIon of these constituents In the NMR spectrum, these two alkaloids show four common 

and two characterlstlc signals due to aromatlc protons as shown in Table 1 In the case of (l), 

these characteristic signals were observed as two doublets having the same J value (8 5 Hz), 

lndlcatlng that two aromatic protons should be located at ortho-posItIons of a tetra-substituted 

benzene ring to each other. On the other hand, those protons of (2) would be allocated to 

para-posItIons of a corresponded benzene ring to each other because those srgnals appeared as 

two singlets The natural occurrence of such a pair of posItIona Isomers 3) 1s widely known in 

the Rutaceous alkaloids, In particular, belonged to the benzyllsoqulnoline group, for example 

chelerythrine-nitldlne (the ring A), berberme-xylopine type (the ring D), and laurlfoline- 

xanthoplanlne (the ring D) etc This observation allowed us to lmaglne that both alkaloids 

might be derived from benzo[c]phenanthrldlne alkaloids through some oxldatlve process in Plant 

body Formation of phenol and N(CH8)CHO groups of arnottlanamlde can be rationally explaIned 

by supposIng that Its unmonlum groups of benzo[c]phenanthrldlne alkaloids were sublected to 

a Baeyer-Vllllger like oxidation zn Vzzlo We, therefore, examined the posslblllty of this type 

of reactIon zn uztro 

Treatment of chelerythrrne (3) chloride with m-chloroperbenzolc acid inhexamethylphosphorlc 

triamide (HMPA) at 40" gave arnottianamlde m 70.1 % yield This chemical evidence establlshed 

the structure of arnottlanamide as formula (1) 
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(5) 

Rodlnow R. 

Raney NI 

Rodlnow R. 
c 

(8) 

The present success strongly supported the hypothesis that lsoarnottlanamide (2) might 

come from nltidene (4) zn vzvo. According to this hypothesis, the above oxldative reaction was 

also applied to nitidine (4) chloride In this trial, the main product was a chlorinatedcom$ound 

(7), mp 256-260°, C21H1806NC1** [IR ~(Nu~ol) cm-l 3100-3400(0H), 1673(C=O), NMR(CDC13) 6. 2 99 

(3H, s, NCH3), 3.77, 3.91(3H, s, 0CH3), 5.40(1H, s, OH), 6 02(2H, s, OCH20). 6.57, 7.03, 7 15 

(IH, s, arom. H), 7.23, 7.7O(lH, d, J=8 5 Hz, arom H), 8.10(1H, s, CHO)] In 33.6 % yield and 

(2) was also obtained as a minor product m 3 8 % yield Removal of the chlorine atom from (7) 

by catalytic hvdmuenat?nn on Ran-v nlrkel gave (2) in 27.3 % yield 
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Reduction of (7) with LlAlH4 III THF gave N,N-dlmethyl derlvatzve (8), mp X1-153', C21 
** 

H2005NC1 [IR v(Nu~ol) cm-l 3450(0H), NMR(CDC13) 6 2 81(6H, s, N(CH3)2), 3.82, 3 94(3H, s, 

OCH3), 6 02(2H, s, OCH20), 6 66, 7 11, 7 46(1H, s, arom H), 7 13, 7 47(1H, d, .J=8.5 Hz, arom. 

H)], xn 63 7 % yield, IndIrectly indlcatlng the presence of an N(CH )CHO group m Its molecule 
3 

of (2) 

Treatment of (8) with Rodlnow reagent 2) afforded O-methyl N,N-dlmethyl product (9), mp 

158 5-159 50, c21~2205~~i** [NMR(CDC13) 6 2.69(6H, s, N(CH3)2), 3.51, 3 83, 3 94(3H, 8, OCH3), 

6 Ol(ZH, s, OCH20), 6 65, 7 10, 7 53(1H, s, arom H), 7 11, 7 40(1H, d, .J=8 5 Hz, arom. H)], 

m 67 7 % yield, demonstrating the presence of a phenollc group III (7). 

These chemical evidences are enough to establish the structure of xoarnottlanamlde as 

structure (2) The chlorine atom of (7) 1s seemed to come from chloride anion of nitxdxne (4) 

chloride and Its posltlon would be located to a rrng A of a benzo[c]phenanthridlne skeleton 

because we could find only one signal whxch was asslgnable to an aromatlc proton of the ring A 

U-I the NMR spectra of all of the chlorinated derlvatlves However, the mechanism of chlorlnatlon 

and a preczse locatlon of the chlorine atom were remalned obscure. 

As mentIoned above, we succeeded XI correlating two natural amide derxvatlves with the 

known benzo[c]phenanthrldlne alkaloids by using a novel Baeyer-Villager like oxidation on an 

lmmonlum salt The studies on theextensmnand llmltatlon of this novel reactlon are now under 

progress m our laboratory 
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