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Abstract-Two syntheses of the title compound [(iJ-1 a] have been described: 

the first one is based upon the oxidatwe rearrangement of 7-methoxy-N- 

methyltetrahydro-y-carboline (6a), while the second path involves a spiro- 

cyclization between 2-0x0-5-methoxytryptamine (18a) and formaldehyde. 

(-)-Horsfiline (1 a) is a simple ox~ndole alkaloid, ~solated from Horsfieldia superba.' Its structure has 

been proved by synthesis of the racemate through oxidation of 2 a ,  followed by acidic 

rearrangement of the acetoxyindolenine intermed~ate (3a). A new synthesis of (?)-1 a along a 

radical cyclization strategy has also been reported Demethoxyhorsfiline (1 b) had been obtained 

from 4 b  chloroindolenine by thallium ethoxide assisted rearrangement and subsequent 

Scheme 1 
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The spiroindolenine ring system in 5b  is accessible by oxidative rearrangement of tetrahydro-y- 

carboline (6b), as well (Scheme 2). Indeed, Hershenson prepared 1 3 b  and 1 5 b  from chloro- 

indolenine (8b) upon basic treat men^.^ Prolonged reaction of 6b  with t-BuOCI alone furnished 

chloroindole derivative (1 2b) ,  which could subsequently tie transformed into 1 3 b  and 1 5 b  by 

sodium methoxide in refldxing methanol. Mechanistic explanation for the formation of the chloro- 

pyrimido[l,6-alindole core6 would involve a retro-Mannich reaction via the intermediacy of l o b .  

Similarly, 1 4 b  has been obtained along the attempted pur~fication of chloroindolenine (9b) on 

silica 

6b R j  : CH3 8b R1 CH3 lob R1 CH3 12b R, ' CH3, X = CI 1 5 b  
7b R1 : Bn 9b R, En l i b  R, Bn 13b R, ' CH3. X = OCH, 

14b R1 En, X = C I  

Scheme 2. 

Here we report two alternative routes, using a) oxidative rearrangement of tetrahydro-ycarboline 

(6a) and b) spirocyclization.8 starting from the appropriate 2-oxotryptamine 

Chlorination of 6a9,10 with t-BuOCI smoothly led to the non-isolable chloroindolenine @a), which 

was then rearranged to indoxyle (1  6a)11 in aqueous acetic acid Treament of 8 a  with aqueous 

methanolic NaOH resulted in the formation of (?)-horsfiline ( l a ) 1 2  (13%), its corresponding 

imidoether (15a)13 (9%) and the chloropyrimido[l,6-alindole (1 2a)14 (41%). It is worth noting that 

the chloro substituent Survived the basic treatment in methoxy series (12a), while it had suffered 

nucleophilic displacement in demethoxy series (1 3b).5 Compound (12a) could be transformed 

into (*)- la in sodium mrthoxide-methanol, followed by acid hydrolysis. These transformations 

allowed the preparation of (+)-horsfiline ( l a )  from 6a  w~th  52% overall y~eld (Scheme 3). 
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i. I-BuOCI, Et3N, CH2CI2. -78%; ii: AcOH. MeOH-H20, room temperature, ili: NaOH, MeOH-H20, 70%, 2 h; iv, NaOMe, 

MeOH, reflux, 48 h, v. p-TsOHH20. toluene, reflux. 3 h 

Scheme 3 

In continuation with prevlous studies15 on the synthesis of indole alkaloids starting from 2-0x0- 

tryptamine, we turned to the straightforward cyclizat~on with formaldehyde (Scheme 4). 

2-0x0-5-methoxytryptam~ne (18a)16 was obtained (64%) from 1 7 a  by the DMSO-HCI oxidation 

method,17 along with some 3-hydroxy der~vative (1 9a).18 Otherwise, this latter could q~antitatively 

be prepared from 18a wi!h 1-BuOOH. Cyclization of 1 8 a  w~th  paraformaldehyde in refluxing acetic 

acid afforded a water soluble product (20a), whlch was Isolated and characterized in d~acetylated 

form 22a.19 Na-Hydroxymethylation could apparently be suppressed with slight excess of 

aqueous formaldehyde in alkal~ solution but the non-~solated intermediate (21a) suffered partial 

Na-alkylation again in the course of the reductive rnethylatlon. treatment of 2 1  a with a large excess 

of formaldehyde in acetic acid in the presence of NaCNBH3 gave (*)-I a as major derivative (40%) 

along with 23a ( 2 9 Y 0 ) . ~ ~  
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i. DMSO (2.6 eq ), 37% HCI (2 eq.), 8013, 41- 1-BuOOH, H20, room temperature: Ili: (CH20), (3 eq ), AcOH, reflux 60 h 

then AcCI. Et3N, MeCN. iv: CH20 aq (1.25 eq ) .  NaOH (1 25 eq.), MeOH-H20 then AcOH, CH20 aq. (15 eq.), 
NaCNBH3 (4 eq ). 

Scheme 4. 

In order to avoid this impediment, the Nb-methyl group was introduced prior to oxidation and 

cyclization (Scheme 5). By this way (?)-horsf~line ( la )  could be obtained in 35% overall yield from 

24a via 25a.21 (?)-Demethoxyhorsf~line (1 b ) 4  was also prepared from 24b  under similar 

conditions. As the cyclizations were conducted in acetic acid, in both cases concomitant formation 

of Na-substituted derivatives (26a)22 and (26b)23 were observed , in agreement with former 

results. 24 

i: DMSO (3 eq.), 37% HCI (3 eq.). 80°C; ii: (CH20), (1 2 eq.). AcOH. reflux, 3 h. 

Scheme 5. 
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