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Abstract—A full account of the total synthesis of 18-demethyl-19-hydroxy-N,-demethyl-N,-methylsuaveoline (1), the structure assigned to
macrocaffrine isolated from Rauwolfia caffra, is presented. The key steps involved are an intramolecular cycloaddition reaction of the ox-
azole—olefin 10 and a subsequent dehydration that generated the pentacyclic pyridine derivative 14. The spectral data and specific rotation
of synthetic 1 were dissimilar to those reported for a natural sample, leaving the structure of this R. caffra alkaloid undefined.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

In 1983, Nasser and Court reported the isolation of the mac-
roline/sarpagine related alkaloid 18-demethyl-19-hydroxy-
N,-demethyl-N,-methylsuaveoline (1),' which was named
macrocaffrine,? from the leaves of South African Rauwolfia
caffra. To date, four additional alkaloids [i.e., suaveoline
(2),%2 norsuaveoline (3),2 macrophylline (4),"2"* and sel-
lowiine (5)°] possessing the same skeleton as that of 1 have
been found in various species of Rauwolfia. In connection
with our continuing interest in the synthesis of pyridine-
containing natural products exploiting an intramolecular
oxazole—olefin Diels—Alder reaction,®’ we have recently
achieved the synthesis of suaveoline (2),® norsuaveoline
(3),% and N,-demethyl-20-deethylsuaveoline (5),° the struc-
ture proposed for sellowiine. An important feature of our
synthetic strategy is that all of the suaveoline-related alka-
loids, which possess a variety of substituents at the 20-posi-

1 2:R'=Me,RZ=H, R® = Et
3:R'"=R2=H,R¥=Et
4:R"=H, R% = Me, R® = CH,CH,OH
5 R'=R2=R3=H
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tion, would be derived from the oxazole—olefins 6 that are
readily available through carbonyl olefination of the alde-
hyde 7, postulated as a common intermediate (Scheme 1).
In the present paper, we wish to record the details of a study
directed toward the synthesis of macrocaffrine.
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Scheme 1.

2. Results and discussion

For the synthesis of macrocaffrine, which has a hydroxy-
methyl group at the 20-position, we envisaged the a,3-unsat-
urated ester 10 as an oxazole—olefin substrate for an
intramolecular Diels—Alder reaction. The ester 10 was pre-
pared from the cis-1,3-disubstituted tetrahydro-B-carboline
8, readily available from L-tryptophan methyl ester accord-
ing to our previously reported procedure.® Protection of
the amino group in 8 with benzyl bromide and Na,COj pro-
vided the N-benzyl derivative 9 in 75% yield (Scheme 2).
The 'H NMR spectrum of 8 exhibited two methylene pro-
tons adjacent to the ester group at 0 2.80 and 2.88, whereas
one of the corresponding protons of 9 appeared at 6 1.89,
probably due to the shielding effect arising from the oxazole
ring of the conformer 9A, in analogy with the N-Boc deriv-
ative 11.8 Reduction of 9 with diisobutylaluminum hydride
(DIBALH) at —78 °C, followed by the Wittig reaction
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Scheme 2.

with ethyl (triphenylphosphoranylidene)acetate, was per-
formed as a one-pot procedure, affording the desired esters
(E)-10 and (2)-10 in 54% and 24% yields, respectively.
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With the oxazole—olefins (E)-10 and (Z)-10 in hand, we set
out to explore their intramolecular Diels—Alder reaction. Al-
though treatment of (E)-10 with 1,5-diazabicyclo[4.3.0]non-
5-ene (DBN) in boiling xylene was first tried according to
our precedent in the synthesis of suaveoline (2) and norsua-
veoline (3),® the diene 12 was obtained through a retro-Mi-
chael reaction (Scheme 3). Therefore, the Diels—Alder
reaction of 10 was conducted in the absence of DBN, and
the results are given in Table 1. When (E)-10 was treated
in boiling toluene for 2 h, the diol 15a was obtained in
19% yield together with unaltered (£)-10 (entry 1). Similar

15a; 170-OH
15b: 17B-OH

Scheme 3.

treatment of (Z)-10 also afforded 15a in 17% yield, accom-
panied by the recovered starting material (entry 2). No
significant improvement was observed by elongation of
the reaction time to 24 h (entry 3). It is likely that the ox-
azole—olefin 10 comes to equilibrium with the initially
formed Diels—Alder cycloadduct 13, which provided the
diol 15a in the work-up process, instead of the desired pyr-
idine 14, since the elimination of water leading to 14 from
13 is slow. With a view to isolating the cycloaddition product
as the diol 15a, solvent containing water was next employed.
Thus, treatment of (E)-10 in boiling THF-H,O (10:1, v/v)
for 48 h afforded the diol 15a in 61% yield along with an-
other diol 15b in 33% yield (entry 4). Similar results were
also obtained from (Z)-10 (entry 5).

Having successfully developed an effective intramolecular
cycloaddition reaction of 10, we next examined this step in
further detail. On treatment in boiling THF-H,0 (10:1) for
48 h, the diol 15a gave a 75:25 equilibrium mixture of 15a
and 15b, probably through the imine 16 (Scheme 4). Simi-
larly, the minor diol 15b came to the same equilibrium after
48 h. The time-course of the intramolecular cycloaddition
reaction of (E)-10 at 60 °C was followed by means of 'H
NMR spectroscopic analysis. It may be seen from Table 2
that the diol 15a is first produced and then the isomeric
diol 15b is slowly formed by epimerization of 15a at the
17-position. This view is consistent with the result described
in Table 1 where treatment of (E)-10 in boiling toluene
yielded 15a as a sole product.

On the other hand, when (E)-10 was heated in anhydrous
THF at 60 °C for 12 h, we observed the cycloadduct 13a
as a 1:1 mixture with (E)-10 by 'H NMR spectroscopy. Ma-
tsuo and Miki reported that the stereochemistries of the
cycloadducts 17 and 18 can be determined based on the
value of the coupling constant between the protons H, and
Hg.'° The proton H, in 17, where Hy occupies the exo-po-
sition, appears as a doublet (Jag=4 Hz), whereas the singlet
Ha (JAp=0 Hz) indicates that Hg occupies the endo-position

Table 1. Intramolecular cycloaddition reactions of the oxazole—olefins
(E)-10 and (2)-10*

Entry Substrate Solvent Time (h)  Yield (%) Recovery (%)

15a  15b 10
1 (E)-10  Toluene 2 19 0 42
2 (2)-10 Toluene 2 17 0 23
3 (E)-10  Toluene 24 26 0 27
4 (E)-10  THF-H,0" 48 61 33 0
5 (2-10  THF-H,0° 48 62 34 0

4 All reactions were carried out in boiling solvent.
b 10:1, v/v.
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