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The macrocyclic lactams containing the biogenetic base
spermine are of particular interest as synthetic targets for the
organic chemist in view of the broad activity which has been
established for spermine-containing compounds in biological
systems and because of the structural complexity of the
molecules themselves.1 We have been interested in the pos-
sibility of metal-templated cyclization of spermine derivatives
which would result in the direct formation of large-ring alkaloids
with amino groups at the positions where they are normally
formed in natural products.2 It was previously reported by
Kimura et al. that the one-pot macrocyclization of tetramines
with R,â-unsaturated esters slowly proceeds under reflux
conditions in methanol, usually, for 2 or 3 weeks to afford the
corresponding macrolactam in a moderate yield.3 Unfortunately,
they failed in an attempt to synthesize macrocyclic spermine
alkaloids using a similar manner and almost no cyclization
reaction occurred.3g Reported herein is a new synthetic strategy
in which the key reaction of synthetic planning is a macrocy-
clization of long open chains withR- andω-functional groups,
taking advantage of an antimony-template effect.
(()-Buchnerine (1a) is an attractive target for our present

synthesis. This was isolated in 1993 by Lumbu and Hootele´
from Clerodendrum buchneri(Verbenaceae)4 and is character-
ized by the presence of a 17-membered ring reflecting spermine
and 4-methoxycinnamoyl precursory units. The synthetic design
was based on a strategy which can be summarized as follows
(Scheme 1): (1) A linear tetraamino ester such as2a was
envisaged as an ideal progenitor of macrocyclic spermine
skeleton1a. (2) Spermine (3), which is commercially available,
could be provided as a basic unit in1a. (3) A 17-membered
ring of 1a could be elaboratedVia the metal-templated cycliza-
tion of 2a.

Selected results in macrocyclization of tetraamino esters are
listed in Table 1. Although tris(dimethylamino)borane was
previously found to be effective for the cyclization of triamino
esters giving 13-membered lactams (e.g., entry 6),2 no lactams
were obtained in the cyclization of2c (entry 2).5 Among several
other organometallic reagents for the cyclization of tetraamino
esters2a-c to 17-membered lactams1a-c screened, we found
antimony(III) ethoxide to be quite effective (entries 3-5). A
solution of the ester2a in dry, freshly distilled benzene was
treated with antimony(III) ethoxide (1.2 equiv) in benzene at
reflux for 14 h. Upon solvent removalin Vacuo the crude
product was directly chromatographed on silica gel to give the
pure lactam1a in 76% yield (entry 5); this was homogeneous
by TLC, with IR, 1H NMR, and mass spectra in accord with
the assigned structure.4 Since none of the polymerization or
regioisomeric product was formed, the isolation of the lactam
was simple. Although titanium(IV) ethoxide and zirconium-
(IV) isopropoxide were somewhat effective reagents (19% and
23% from2c, respectively), most of the tetraamino esters were
decomposed to spermine andR,â-unsaturated ester byâ-elim-
ination.
The novel regioselective macrolactamization of tetraamino

esters 2a-c derived from spermine3 with antimony(III)
ethoxide can be ascribed to the metal template effect. Interest-
ingly, antimony(III) ethoxide did not provide satisfactory results
in the cyclization of triamino ester5 derived from spermidine
(entries 7 and 8). These results suggest that antimony(III) ion
is a rather suitable size as a metal template of a 17-membered
spermine macrolactam. Thus, the possible intermediates
4a-c generated by transamination of antimony(III) ethoxide
could reasonably be expected to undergo a facile, sterically
driven cyclization to1a-c.6,7 Nevertheless, we cannot ex-
clude the possibility of a simple intramolecular hydrophilic
interaction of tetraamino esters in a nonpolar solvent such as
benzene.
The starting tetraamino ester2awas prepared in 61% overall

yield by Michael addition of spermine3 to ethyl 3-(4-
methoxyphenyl)propiolate8 and hydrogenation of the enamino
group over platinum oxide in the presence of CHCl3.9 2b was
also prepared in the same manner. On the other hand,2ccould
be directly prepared in 70% yield by Michael addition of
spermine3 to ethyl acrylate.
The present cyclization process provided crucial information

leading to an unusually concise synthesis of other macrocyclic
spermine alkaloids, (()-verbacine (7),10 (()-verbaskine (8),10,11
and (()-verbascenine (9),10,12 from a common intermediate1b
(Scheme 2).
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Synthesis of verbacine7 from 1b required the selective
acylation at N-6 of1b (Scheme 2). This was accomplished by
addition of cinnamoyl chloride to a 1:1 mixed solution of1b
and (3,5-bis(trifluoromethyl)phenyl)boronic acid in dichlo-
romethane to give7 as the major product in 53% yield, together
with recovered1b, the monocinnamoyl amide acylated at N-11
of 1b, and the dicinnamoyl amide acylated at both N-6 and N-11
of 1b.13 Analytical data of the synthetic verbacine were
identical, in all respects, with those reported in the literature.10

The acylation of1bwith acyl chloride or acid anhydride in the

absence of boronic acid gave only the dicinnamoyl amide. The
efficiency of the present regioselective acylation can, therefore,
be ascribed to the stability of a 1,3-diaza-2-boracyclohexane
unit. Thus, the possible six-membered-ring intermediate6
generated by complexation of1bwith the boronic acid at N-11
and N-15 could reasonably be expected to undergo acylation
with free amino group at N-6.14

Verbacine (7) was readily transformed to verbaskine (8),
which contained a cyclic urea unit, in good yield by treatment
with triphosgene in dichloromethane. This result clearly
indicated that1b was not acylated at N-11 but at N-6. Also,7
was transformed to verbascenine (9) in almost quantitative yield
by selective acetylation at N-11 of1b. This was readily
accomplished with 1 equiv of acetic anhydride in the presence
of triethylamine at-78 °C. Analytical data of8 and9 were
completely identical with those reported in the literature,
respectively.10,11b,12a

The efficiency of the antimony(III) ethoxide as an intermo-
lecular amidation catalyst was also studied, and the results are
summarized below.7,15 The reaction was carried out with
various structurally diverse methyl esters or carboxylic acids
and amines in the presence of 5-10 mol % of antimony(III)
ethoxide under reflux conditions in toluene (C11H23CONHC7H15,
91%; C11H23CONHBn, 90%; PhCONHC7H15, 84%; c-C6H11-
CONHC7H15, 86%; C11H23CONH-c-C6H11, 64%; c-C6H11-
CONH-c-C6H11, 47%; 1-(4-phenylbutyryl)-3,5-piperidine, 44%).
In the reaction of esters or carboxylic acids with primary amines
the corresponding amides were formed in high yield. Better
yields were obtained with less hindered substrates, and high
chemoselectivity for less hindered primary amine was observed
in the amidation of methyl dodecanoate with a 1:1 mixture of
heptylamine and cyclohexylamine (86% yield amides, the
ratio of 95:5). This characteristic of antimony(III) ethoxide is
reflected in the exclusive regioselectivity in the above
macrolactamization. Methyl cinnamate did not give Michael
adduct, but the corresponding amide in high yield ((E)-
PhCHdCHCONHC7H15, 86%).
In conclusion, novel antimony-templated cyclizations proved

to be highly useful for the synthesis of macrocyclic spermine
alkaloids. The rate accelerations and high regioselectivities
observed in this work suggest a mechanism in which the acyclic
tetraamino ester is covalently or coordinately attached to the
antimony before the final cyclization step.As far as we know,
this is the first example of the use of antimony(III) alkoxide as
a promoter of amidation.7,15,16
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Table 1. Antimony-Templated Macrolactamization of Spermine
Derivatives

entry amino ester MLn conditions yield (%)

1 2c a 80 °C, 10 h 0b

2 B(NMe2)3c 60 °C, 48 h 0d

3 Sb(OEt)3e 80 °C, 15 h 65
4 2b Sb(OEt)3e 80 °C, 9 h 90
5 2a Sb(OEt)3e 80 °C, 14 h 76
6 5f B(NMe2)3c 145°C, 8 hg 74g

7 Sb(OEt)3c 80 °C, 19.5 h 0b

8 Sb(OEt)3c 110°C, 51 h 38h

aNo addition of reagents.bNo reaction.c 2 equiv of reagent was
used.d Starting material decomposed.e 1.2 equiv of reagent was used.
f Methyl 3-phenyl-4,8,13-triazatridecanoate (5). g Xylene was used as
solvent. See ref 2b.h Some unknown byproducts were included.
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