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group and reducing agent can also provide access to either the natural or epi configuration at the indole
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Despite its modest molecular weight (Mr 326), the alkaloid
ajmaline (1) has nine contiguous chiral centres packed into a tetra-
cyclic cage-like structure.1 The synthetic challenge of this polycy-
clic region, combined with the important medicinal properties of
ajmaline as an antiarrhythmic agent,2 have led to claims of total
syntheses and numerous partial syntheses over the past
45 years.3–6 Of these, only Cook6 has actually completed the prep-
aration of a synthetic sample of ajmaline, with other ‘total synthe-
ses’ relying on comparison with semi-synthetic intermediates
which could themselves be transformed into ajmaline (sometimes
called ‘relay syntheses’).

All of the synthetic approaches have essentially involved two
phases (see Scheme 1):

(a) construction of an advanced core 4 that is common to the
family of ajmaline/sarpagine alkaloids, but lacking the bond
to the indolic 3-position;

(b) introduction of the bond to the indolic 3-position (creating 3
new chiral centres), which can be carried out earlier (route
a) or towards the end (route b), before relatively simple
transformations to complete the synthesis.

One important consideration has been whether the closure of
the 3-indolyl bond should precede or follow the formation of the
south-east (SE) ring (see Scheme 1). Bartlett et al.7 carried out stud-
ies on compounds derived from ajmaline, and found that prior clo-
ll rights reserved.
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sure of the SE ring led to the epi-ajmaline series when reductive
ring-closure to the 3-indolyl position was carried out. Cook’s group
also chose to close this SE ring fairly early in their total synthesis,
as this facilitates 3-indolyl ring-closure (see Scheme 4); they ob-
served either totally or partially selective reduction to the epi-
ajmaline stereochemistry, although they managed to develop con-
ditions in which the desired isomer was only disfavoured by a fac-
tor of 3:2.6

With this in mind, our approach was to leave the formation of
the SE ring until the end of the synthesis, and this Letter describes
our findings on the 3-indolyl ring-closure, which would set three of
the chiral centres in ajmaline; our results also have an important
bearing on some previous synthetic claims.

The synthetic studies described herein were directed at a de-
ethyl derivative of ajmaline (i.e., ethyl absent from SE ring of 1),
for which the aldehyde 9 (see Scheme 3) was a key advanced inter-
mediate (cf. structure 4 in Scheme 1). The synthesis of 9 involved a
homologation sequence starting from L-tryptophan (Scheme 2) to
generate the nitrile 5,8 followed by a kinetically controlled Pic-
tet–Spengler reaction9 to generate 6, with complete stereo-control
of two of the chiral centres; fairly standard steps allowed conver-
sion into 7 in which a third chiral centre was installed, and lacton-
ization of this involved an epimerization such that 8 had four
asymmetric centres installed with complete control of the stereo-
chemistry (Scheme 2).10 Ring-opening of 8 to give the Weinreb
amide,11 protection of the OH as the methyl ether, then reduction
with LiAlH4 gave aldehyde 9 (Scheme 3). Using this N-benzyl deriv-
ative 9, we investigated a series of ring-closure conditions based on
early work using ajmaline derivatives,7 and modified subsequently
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Scheme 1. Late stage retrosynthetic analysis of ajmaline (1).
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Scheme 3. Synthesis of the pentacyclic compounds 11 (natural) and 12 (epi). Reagents and conditions: (a) HN(Me)OMe�HCl, AlMe3, CH2Cl2, rt, 16 h, 86%; (b) NaH, MeI, THF,
0 �C to rt, 16 h, 92%; (c) LiAlH4, THF, �78 to 10 �C, 3.5 h, 94%; (d) Pd(OH)2/C (20%), H2, CF3CH2OH, rt, 16 h, 100%; (e) RCOCl, Et3N, CH2Cl2, rt, 16 h, 71–84%; (f) see Table 1.
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Table 1
Reducing agents for the conversion of 9 or 10 into the pentacyclic compounds 11/12 (see Scheme 3 and Ref. 13); yields are quoted for isolated products that were fully
characterized, whilst the natural/epi ratio was determined from the NMR spectra of the crude products

Compound R (in 10) Reduction Yield (%) Natural/epi (11:12)

9 — Various conditions No cyclization —
10a Ph For example, NaBH4; H2/Pd-C;

BH3�THF; N-selectride;
H2/PtO2, 6 M HCl17

10–60 0:100

10b cy-C6H11 H2/PtO2, 6 M HCl 70 22:78
10b cy-C6H11 H2/Pd-C, 6 M HCl 68 59:41
10c But NaBH4 32 0:100
10c But H2/Pd-C 47 45:5518

10c But LiAlH(OBut)3 37 58:42
10d Adamantyl NaBH4 100 0:100
10d Adamantyl H2/Pd-C 69 42:58
10d Adamantyl LiAlH(OBut)3 48 72:28

For related substrates, Masamune3 reported a natural/epi ratio of 2:1, whilst Cook6 achieved a 40:60 ratio for the reductive cyclization step in his total synthesis of ajmaline.
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by Cook6—this essentially involved the use of AcOH/Ac2O/HCl to
trap the alcohol as the acetate 13 (which could be isolated as the
hydroxy-amine 14), followed by reduction of this iminium inter-
mediate. However, no hint of cyclization was observed until the
conditions became so forcing (>60 �C) that the starting aldehyde
was degrading faster than cyclization was occurring, and no signif-
icant amounts of ring-closed product could be isolated. Of course,
pre-closure of the SE ring facilitates this ring-closure, but leads to
stereochemical problems at the reduction step (loc. cit.). It oc-
curred to us, however, that replacing the benzyl by benzoyl might
aid the cyclization in two ways associated with the nitrogen
becoming sp2 hybridized (see Scheme 4):

(a) increasing the conformational flexibility of the boat con-
former 16, allowing a closer approach to the indole 3-
position;

(b) lowering the energy of the boat conformer 16 relative to the
chair 15, thereby increasing the concentration of 16 in the
appropriate conformation for ring-closure.

Removal of the benzyl group was accomplished by catalytic
hydrogenation in trifluoroethanol,12 followed by O-methylation
and N-benzoylation; Weinreb amide formation and LiAlH4 reduc-
tion yielded the aldehyde 10a. To our delight, relatively mild con-
ditions led to cyclization,13 for which reduction by NaBH4 gave a
single diastereomeric product14 with three new chiral centres.
The stereochemistry at the 2-indolyl position is characterized by
the coupling constant—ca. 5 Hz in the epi-ajmaline series, but a
broad singlet (J <1 Hz) in the ajmaline series.15 To our dismay, it
was the epi-ajmaline derivative 12 that we had obtained, and this
remained the case under a wide range of hydrogenation and hy-
dride reducing conditions; this is in contrast to results obtained
by Masamune,3 in which preferential reduction to the ajmaline ste-
reochemistry (natural/epi, 2:1) was reported.

One result did however give us hope. Using platinum oxide as
the catalyst, some reduction of the phenyl ring of the benzoyl
group occurred, and the resulting cyclohexyl derivative clearly
showed the presence of the singlet (ca. d 2.6) characteristic of
the ajmaline series.17 We reasoned that the bulkier protecting
group was partially blocking the si face of the imine, allowing
reduction to the ajmaline series. We therefore tried to optimize
this with bulkier protecting groups and reducing agents, eventually
leading to a 72:28 preference for the ajmaline series—the best
selectivity ever reported for this cyclization.

We believe these results are important for three reasons:

(a) We now have a clearer insight into the subtle conforma-
tional factors that affect ring-closure to the indole 3-position
(Scheme 3), for which the functionalization of the remote
piperidine nitrogen is a crucial factor (see Scheme 4 and
Ref. 16).

(b) The stereoselectivity that we observed for the reductive
cyclization of the benzoyl derivative 10a (exclusively epi)
is in contrast to that reported by Masamune.3

(c) These results clearly take us very close to a synthesis of
ajmaline itself, with seven of the nine chiral centres
installed; introduction of the ethyl group and closure of
the SE ring are the steps still required.
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