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ABSTRACT

A highly convergent protocol to cyclopeptide alkaloids, as demonstrated by the first total synthesis of antiplasmodial agent ziziphine N, is
developed. The key elements include construction of its aryl ether unit via Mitsunobu reaction, installation of its enamide part via CuI/ N,N-
dimethylglycine-catalyzed coupling reaction, and ring closure with coupling agents such as FDDP and DPPA.

Cyclopeptide alkaloids are a growing family that contains
over 200 members discovered from a wide range of plant
species.1 Since historically many of these species have been
used for medicinal purposes in the treatment of a variety of
ailments, it is not surprising that cyclopeptide alkaloids are
found to possess significant biological properties (such as
sedative, antibacterial, antiplasmodial, and antifungal activi-
ties)1a and thus may serve as leads for drug discovery.
However, restricted natural availability of these compounds
and lack of practical synthetic methods do not allow
systematic studies on the biological properties.1a This fact,

together with their intriguing structures, has caused a steady
stream of studies directed toward synthesis of these natural
products during the past decades.2-7

Structurally, cyclopeptide alkaloids contain a 13-, 14-, or
15-membered macrocycle bearing a peptide unit, which is
connected to a benzene ring with either a 1,4- or a
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1,3-orientation. The previous studies have revealed that the
synthetic challenges for these targets include formation of
the strained macrocycles and introduction of their enamide
unit.2-6 For macrocyclization, Schmidt and co-workers
developed an activated ester method,3b which greatly facili-
tated the total synthesis of the macrolactams,4 while Zhu’s
SNAr cyclization6 and Lipshutz’s oxazolophane approach7

also showed ideal capability for assembling a number of
cyclopeptide alkaloids. However, all these protocols chose
elaboration of the enamide moiety via different elimination
methods after macrocyclization.2-6 Such tedious and low-
yielding manipulations remarkably decreased the synthetic
efficiency. Herein, we wish to report a new strategy for
assembling cyclopeptide alkaloids in a highly convergent
manner, as demonstrated by the first total synthesis of
antiplasmodial agent ziziphine N (1, Figure 1).1e In this

protocol, the formation of the enamide unit in the key
intermediate2 was set up at an early stage via a CuI/N,N-
dimethylglycine-catalyzed coupling reaction of the amide5
with a Mitsunobu reaction product of vinyl iodide4 and
alcohol3.8a

Ziziphine N is a new member of the ziziphine family that
displayed potent antiplasmodial activity with an IC50 value
of 3.92µg/mL. Its structure was tentatively inferred to1 by
comparing the spectroscopic data with those of ziziphine A.

As outlined in Scheme 1, our synthesis of ziziphine N started
from the preparation of pyrrolidine39a and vinyl iodide4.
By using our modified procedure (replacement of isopropenyl
chloroformate with inexpensive DCC),9b we converted
protectedD-serine6 into pyrrolidinone7 in 40∼50% yields.
Reduction of7 with borane-dimethyl sulfide provided the
desired alcohol3. In a parallel procedure, Reimer-Tiemann
reaction of monoprotected hydroquinone8 and subsequent
methylation of phenol afforded aldehyde9.10 Subjecting the
aldehyde9 to a Wittig olefination reaction with Ph3P+(CH2I)I-

gave rise to a vinyl iodide as a mixture of theZ- and
E-isomers.11 The stereoselectivity was not satisfactory in this
case, as a ratio of about 3:1 was determined by1H NMR.
Fortunately, pure isomer4 (56% yield from 9) could be
isolated via chromatography after treatment of the above
mixture with PPTS in methanol.

Connection of3 and 4 via a Mitsunobu reaction12 was
our next planned step. This reaction was found to be rather
sluggish at room temperature mainly because4 was an
electron-rich phenol. However, a reasonable yield for the
desired product10 was obtained by raising the reaction
temperature to 80°C (Scheme 2). Coupling of10 and
N-alloxycarbonyl-L-proline amide 5 under our standard
conditions (CuI/N,N-dimethylglycine, Cs2CO3, dioxane, 80
°C) produced enamide11.8a Cleavage of the silyl ether in
11 followed by stepwise oxidation of the liberated alcohol
gave an acid, which was exposed to Pd(PPh3)4/Et2NH13 to
provide the desired amino acid12 in 56% overall yield.

The stage was now set for the crucial macrocyclization.
We assumed that Schmidt’s protocol3b,4would not be suitable
because the enamide moiety may not survive the Pd/C-
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Figure 1. Structure and retrosynthetic analysis of ziziphine N.

Scheme 1
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catalyzed hydrogenolysis. As a consequence, the use of
coupling reagents was considered, although only one suc-
cessful example had been reported recently.5 To our delight,
the pentafluorophenyl diphenylphosphinate (FDPP) mediated
macrocyclization14 of the amino acid12 worked well and
furnished the lactam2 in 66% yield. It is noteworthy that
the conversion of the commonly used intermediate3 to the
lactam2 only took six steps with an overall yield of about
15%. Obviously, the present approach is much more efficient
than all previous routes from related amino alcohols to the
similar lactams.2-6

With lactam2 in hand, we completed the synthesis of1
via cleavage of the Boc group with ZnBr2 and subsequent
coupling of the liberated secondary amine withN,N-
dimethyl-L-isoleucyl-L-leucine 13 under no-racemization
conditions reported by Zhu and co-workers6b (or stepwise
couplings with N-Fmoc-L-leucine and N,N-dimethyl L-
isoleucine). The spectroscopic data of synthetic115 ([R]D

22

-324.8 (c 0.24 in CHCl3), lit.1e [R]D
22 -326.6 (c 0.18 in

CHCl3)) are identical in all respects to those reported in the
literature, and our results hereby confirm the proposed
structure for ziziphine N.

In conclusion, we have developed a very convergent
strategy to elaborate cyclopeptide alkaloids illustrated through
the first total synthesis of ziziphine N.16 The key elements
include installation of the enamide part via our CuI/N,N-
dimethylglycine-catalyzed coupling reaction and ring closure
with coupling agents such as FDDP. This new strategy makes
the elaboration of this class of natural products much easier
than previous protocols and would therefore benefit their
further pharmacological evaluation and SAR studies.
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