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Berberinium chloride (1) unsensitized photooxidation in the pre- 

sence of sodium methoxide affords the lactamic aldehyde (2) in 

contrast to the already informed sensitized reaction that fur- 

nishes the betaine ( 2 ) .  

Applications of synthetic aspects of organic photochemistry in the natural product 

field is widely recognized.''* Alkaloids constitute a major and interesting group 

of compounds of this field in terms of their significant pharmacological activity. 

Direct and sensitized photochemical transformations of alkaloids, have demonstrated 

to furnish a wide range of different  structure^.^ In particular, sensitized photo- 

4 oxidation of berberinium chloride (1) provides the 5.6-dihydro-13-hydroxy-8.9.10- 

trimethoxybenzo[g] -1.3-benzodioxolo c5.6-a] quinolizinium hydroxide inner salt (3) a 

useful intermediate for many berbine derivatives such as phthalidei~oquinoline,~ 

spirobenzylisoquinoline, 13-hydroxyberbines ,4 8 ,  14-ethenoberbines7 and aziridi- 

ne derivatives. 8 
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The present communication deals with the direct photochemical oxidation of (1) in 

the presence of sodium methoxide as a way of finding additional new transformations 

of this alkal~id.~ Surprisingly the stable lactamic aldehyde compound (2), that 

had not been observed before as a photooxidation product of berberine or its deri- 

vatives, was obtained in one step. 

Irradiations of 6 mM methanolic solution of (1) were made with a 125 W medium pres- 

sure Hg lamp immersed in a 75 ml quartz reactor, in the presence of sodium metho- 

xide (10-2OmM) and oxygen bubbling at 14O. Complete transformation of the atart- 

ing material was observed after 75 min. In the absence of sodium no reaction took 

place.10 The yellow final solution11 was evaporated under vacuum and then puri- 

fied over a silica column eluted with CHC13. Ether crystallization of the obtained 

yellow solid afforded 76 mg (45% yield) of the white compound (2). mp 138.5-140°: 
MeOH 3 KBr cm-l: 1705 (ArCHO), 1678 (lactam):Amax nm(1og 6 ) :  233C4.34). 269(4.17), max 

318(3.75): 'H-nmr (CDC13: TMS) 6: 10.33(s, lH, CHO), 7.52(d, J=8, lH, H-12), 7.29 

, 1 - 1  7.04(d, 5=8, 1H. II-ll), 6.80(8, 1H. H-4). 6.03(s, 2H. OCH20), 5.88 

(9, lH, H-8), 3.94 & 3.99 (2 x a ,  6H. 2 x 0CH3), 3.2-3.6 (m. 4H. H2-5 & Hz-6). 

2.96(s, 3H. N-C-0CH3): 13c-nmr (CDC13: TMS) 6 :  189.7(Ar-CHO), 167.4(Ar-CO-N), 
155.6. 152.5, 147.3, 145.1, 138.8. 130.8, 128.9, 126.1, 119.1, 113.8. 111.1, 110.1 

(aromatic), 102.1(0-C-0). 85.5(N-C-0CH3). 60.4 & 56.3 (Ar-0CH3), 49.8(OCH3). 41.4 

(CH2N), 31.0(ArCH2) : m/e (40 eV) : 399 (M'). This compound afforded the 2.4-dinitro- 

phenylhydrazone, mp 212-215'. 

4 The sensitized photooxidation of berberine (1) with sodium methoxide and dihydro- 

berberine (4) without it1' produces the corresponding berberinephenolbetaines (3) 

and ( 5 ) .  The direct reaction of (4) in the absence of sodium methoxide has proved 

to furnish mostly compound (l-).12 However, according to our results, none of these 

tendences seem to occur in the direct photooxidation of (1). As there is no reac- 

tion in the absence of sodium, it is presumed that the first step could be the 

methoxy nucleophilic attack at the more reactive position 8 of berberine13 to gene- 

rate (5) and then formation of the lactamic aldehyde (2) y& the dioxetane (?) 

generated by the reaction between oxygen and the enamine ( 6 ) .  15 



Under direct and Rose Bengal sensitized conditions, photooxidation of the berbe- 

6 
rinephenolbetaine (2) produces three compounds: a spirobenzylisoquinoline, an 

imide-ester and methoxyberberal, the first two compounds by an initial attack of 

oxygen at 8- and 14- positions of (2) and the last one by attack of oxygen at 

the 13- and 14- positions of (j).6 The direct reaction afforded the lower yields 

of products, specially in the formation of methoxyberberal which decreased from 

a 10% yield in the sensitized reaction to 1% in the direct one. That means that 

the 13- and 14- positions of (3) are much less attacked by oxygen under direct 

photooxidation conditions. 

The fact that compound (2) has a carbonyl group at the 13- and 14- initial posi- 

tions of berberine lets dioxetane (1) as its most probable precursor16 and as a 

strong indication that the oxygen attack to those positions of (6) has been fa- 

vored under unsensitized conditions of reaction even in the case of the primary 

formation of a zwitterionic species,16 in contrast with the unsensitized reaction 

tendences ahowed by (z).~ These observations and the different reaction product 

distribution seem to demonstrate that direct and sensitized photooxidation of 

berberine proceed through different pathways. 

From a synthetical point of view, photochemical transformations of berberine allow 

different kind of cyclic structures to be obtained.' Thus, photocleavage of the 

C-ring of berberine derivatives yield compounds like imide-methyl ketones (22%). 8 

6 imide-esters (10%) or imide-aldehydes (3%).12 By direct photooxidation of berbe- 

rine in the presence of sodium methoxide we have extended this kind of reaction to 

the obtention of a lactamic aldehyde (45%) in one step from berberinium chloride. 

This compound represents a controlled16 berberine oxidation product, which due to 

it8 particular structure could be a useful synthon for a number of alkaloid deriva- 

tives. 
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