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Synthesis of the pentacyclic skeleton common to the 
aspidosperma family of alkaloids has received consider- 
able attention over the years.l Vindoline2 (1) is one of 
the more heavily oxygenated and complex members of 
this family and has attracted a great deal of attention 
owing to its unusual structure and high pharmacological 
a~t ivi ty .~ It is the main alkaloidal constituent of Catha- 
ranthus roseus (Vinca rosea) and corresponds to the 
dihydroindole component present in the potent bis-indole 
oncolytic agent, vinbla~tine.~ Previous reports from our 
laboratories have described efficient syntheses of a wide 
variety of polycyclic nitrogen heterocycles that employ 
the tandem cyclization-cycloaddition reaction of rhodium 
carbenoids as the key strategic elemenk5 In conjunction 
with our continuing interest in this area, we have 
developed a fundamentally new approach to the con- 
struction of the pentacyclic skeleton of the aspidosperma 
ring system.6 This strategy has been successfully applied 
to the synthesis of desacetoxy-4-oxo-6,7-dihydrovindor- 
osine (3). This target was selected since the closely 
related C16-methoxy derivative (2) had previously been 
converted by Kutney and co-workers into vindoline in six 
step5.I 
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Our approach to the pentacyclic skeleton of the aspi- 
dosperma alkaloids is shown in antithetic format in 
Scheme 1 and is centered on the construction of the key 
oxabicyclic intermediate 4. We reasoned that 3 should 
be accessible by reduction of 4, which, by analogy with 
our previous work,5 should be available by the tandem 
rhodium(I1)-catalyzed cyclization-cycloaddition of diazo 
imide 5. Cycloaddition of the initially formed dipole 
across the pendant indole n-system would be expected 
to result in the simultaneous generation of the CD-rings 
of the aspidosperma skeleton.8 The stereospecific nature 
of the internal cycloaddition reaction should also lead to 
the correct relative stereochemistry of the four chiral 
centers about the C-ring. In this paper we describe our 
initial experiments that verify the underlying viability 
of this approach to the aspidosperma skeleton. 
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The synthesis of diazo imide 5 commences with the 
easily available 3-carboxy-3ethyl-2-piperidone Treat- 
ment of 8 with 1,l'-carbonyldiimidazole followed by 
reaction with the dianion of hydrogen methyl malonatelO 
afforded p-ketoester 7 in 60% yield. N-Acylation of 7 with 
N-methylindole-3-acetyl chloride (6) using 4 A molecular 
sieves as a neutral acid scavengerll gave the desired 
imide (65%) which was readily converted to the requisite 
diazo imide 5 (90%) using standard diazo transfer 
methodology.12 When diazo imide 5 was treated with a 
catalytic quantity of Rhn(0Ac)r in benzene at 50 "C, 
cycloadduct 4 was isolated in 95% yield as a single 
diastereomer. The structure of 4 was firmly established 
by NMR analysis and by an X-ray crystallographic 
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analysis13 (N-benzyl derivative) which revealed that the 
cycloadduct contains the same relative stereochemical 
centers (CZ, C3, Cg, and C ~ Z )  found in vind01ine.l~ The 
formation of 4 arises by cyclization of the initially formed 
rhodium carbenoid derived from 5 onto the neighboring 
piperidone carbonyl oxygen to  give dipole 9 which sub- 
sequently cycloadds across the indole n-bond.15 The 
isolation of 4 is the consequence of endo cycloaddition 
with regard to the dipole, and this is in full accord with 
the lowest energy transition state.16 The cycloaddition 
can also be considered doubly diastereoselective in that 
the indole moiety approaches the dipole exclusively from 
the side of the ethyl group and away from the more 
sterically encumbered piperidone ring. 

Having established a viable route to cycloadduct 4, 
efforts were next focused on the reduction of the Clo 
lactam carbonyl group and reductive opening of the C3- 
C19 oxido bridge. Treatment of 4 with Lawesson’s reagent 
furnished the expected thiolactam (85%) which was 
cleanly reduced (96%) to amine 10 when exposed to Rd 

~~~ ~~ 
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Ni in refluxing THF.17 To our delight, reduction of the 
oxido bridge was achieved by catalytic hydrogenation 
over Pt0~ using acidic methanol as the solvent to give 3 
in 94% yield as a single diastereomer.l8 The C19- 
stereochemistry was unequivocally established by a 
single X-ray crystal ana1~sis.l~ The overall reduction 
presumably proceeds by an acid-catalyzed ring opening 
of the N,O-acetal group to generate a transient iminium 
ion (i.e., 11) which reacts further with hydrogen from the 
least congested face. 

In conclusion, the successful preparation of desacetoxy- 
4-0~0-6,7-dihydrovindorosine 3 in seven steps was ac- 
complished in 27.2% overall yield and establishes the 
merit of our method as outlined in Scheme 1. The 
tandem cyclization-cycloaddition sequence is particularly 
attractive as four of the stereocenters are formed in one 
step with a high degree of stereocontrol. Work to extend 
these discoveries to the total synthesis of vindoline are 
in progress, and the results of these investigations will 
be reported in due course. 
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