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Abstract – Total syntheses of (S)-harmicine and (R)-1,2,3,5,6,10b-
hexahydropyrrolo[2,1-a]isoquinoline were carried out using chiral 1-allyl-1,2,3,4-
tetrahydro- β-carboline and 1-allyl-1,2-dihydroisoquinoline as starting materials,
respectively.   

In recent years, we have developed a new method by which allyl group was introduced at C-1 position

of β-carboline or isoquinoline derivatives using chiral auxiliaries derived from readily available amino

acids.  Thus, 1-allyl-1,2-dihydro derivatives of isoquinolines2 and β-carbolines3 were obtained in a

highly diastereoselective manner.  Allyl group is a versatile tool for syntheses of other functional

groups,4 and there are several reports concerning the application of racemic allyl group of β-carboline to

the synthesis of various alkaloids.5  In order to prove the usability of the chiral allyl adducts obtained

by our method, we have investigated straightforward transformation of the compounds to natural and/or

useful compounds, and found that the allyl adducts were transformed to fused five-membered rings

through a hydroboration-Mitsunobu reaction procedure.  From a 1-allyl-β-carboline, an alkaloid named

harmicine was synthesized in an optically pure form, and it was also found that the initially suggested

stereochemistry was incorrect.6  From a 1-allylisoquinoline derivative, an optically active

pyrrolidinoisoquinoline derivative was obtained.  This paper describes these results.   

2,3,5,6,11,11b-Hexahydro-1H-indolizino[8,7-b]indole (1) has been used as a starting material of

racemic total synthesis of many alkaloids such as tubifoline, condyfoline, fluorocurarine etc.,6 thus the

synthetic utility of the compounds was established.  Although 1 had been thought to be a non-natural

product, it was isolated recently from the leaf extract of Kopsia griffithii, and the absolute configuration

of  C-11b chiral center was suggested to be (S) from the spectrum data.7  The compound was named

as harmicine.  The verification of the absolute configuration, however, was not reported so far.

In the course of our research for asymmetric synthesis of 1-allyl-1,2,3,4-tetrahydro-β-carboline, we

found that both enantiomers were obtained in high yields and good stereoselectivity.3  In these



precedents in hand, we have applied these compounds to the synthesis for indole alkaloids, and at first,

determined to synthesize harmicine for the determination of the absolute configuration.  The synthetic

scheme is shown in Scheme 1.  

Since the report7 suggested the structure of 1 as the (S) isomer, we selected an (S)-allyl adduct (3) as a

starting material.  The compound (3) was obtained from the method reported earlier in 91%ee (overall

yield 71% from β-carboline via 4 steps).8  A standard hydroboration-oxidation procedure afforded a 1-

(3-hydroxypropyl)- β-carboline (4) without any noticeable racemization.  The reduction of

trichloroethoxycarbonyl group by zinc/acetic acid readily eliminated the group to give 1-(3-

hydroxypropyl)-1,2,3,4-tetrahydro- β-carboline (5).  The compound (5) was recrystallized from hexane-

AcOEt to give an optically pure form.  Then a Mitsunobu procedure9 was applied to 5 and the ring-

closed product (1) was obtained in a good yield with high enantiopurity.  All the values of the ee were

obtained from the chiral HPLC analysis.  We started the synthesis using the (S) isomer, and the

racemization did not occur in the reaction process.  The value of the specific rotation was, however,

showed [ α]17
D=  -108.31° (c 0.10, CHCl3), which has an opposite sign for the reported value of (+)-(S)-

harmicine.  Therefore, the present study revealed that the naturally occurring harmicine has an (R)

configuration.  

Next, a similar procedure was applied to the synthesis of a pyrrolidinoisoquinoline (12) using a 1-allyl-

1,2-dihydroisoquinoline as a starting material (Scheme 2).  The derivatives of 12 widely exist in plant

products and many of them have been reported to exhibit interesting biological activity.10  Accordingly,

many studies have focused on development of general approaches to these compounds.11  However,

there are not many general methods for the asymmetric synthesis of them,12 and Lee et al. recently

reported the total synthesis of both enantiomers of parent 12.13  Therefore, we decided to apply our

method to the asymmetric synthesis of (R)-12.  

We already reported that the introduction of bromo group(s) to isoquinoline ring raised the

stereoselectivity of the addition reaction of isoquinoline with nucleophiles in the presence of chiral acyl

chloride derived from L-alanine.2  Thus, the compound (6), which was readily obtained from the
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reaction of isoquinoline and bromine, was adopted as a starting material.  When 6 was allowed to react

with allyltributyltin and N-phthaloyl-L-alanyl chloride in the presence of tetrabutylammonium iodide,

the 1-allyl-1,2-dihydro adduct (7) was obtained in 95% yield (95% de).  Then hydroboration-oxidation

protocol was carried out using BH3-THF complex to give 8 in a moderate yield of 70%.  The reduction

of 8 under catalytic hydrogenation conditions rapidly proceeded to give a debrominated derivative (9) in

a quantitative yield.  Further reduction under the same conditions slowly transformed 9 to 10 in a

moderate yield.14  The compounds (8, 9, and 10) were obtained as a single diastereomer, which were

confirmed by the 1H and 13C NMR spectra.  Then the chiral auxiliary was eliminated with LiAlH4

reduction in THF to afford 11 without any racemization, and the compound was subjected to the ring-

closing reaction to give the compound (12) in an optically pure form.  

In this paper, we described the application of the chiral allyl adducts derived from β-carboline and

isoquinoline to the synthesis of harmicine and a pyrrolidinoisoquinoline in short straightforward steps.

The results showed that the reported configuration of (+)-harmicine was reversed.  Application of the

allyl adducts to syntheses of other chiral alkaloids is now under investigation.
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