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ABSTRACT:

The reaction of JV-(0-alkenyl)-3-oxobutanamides with manganese(III) acetate in glacial acetic acid at reflux
temperature under an argon atmosphere resulted in the oxidative intramolecular radical cyclization that produced
bicyclomacrocyclic amides in moderate to good yields.
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We previously developed the manganese(lll)-based macrocyclization using terminal dienes and oligomethylene-
tethercd bis(3-oxobutanoate)s' and bis(3-oxobutanamide)s,2 and the macrocyclic compounds from eleven to twenty-two
members having two fused dihydrofurans were synthesized (Scheme 1, eq. 1). The reaction is not necessarily run under
dilute conditions and proceeds during the intermolecular followed by intramolecular cyclization. On the other hand, we
found that the 2-propenoxyoligomethylene 3-oxobutanoates underwent the oxidative intramolecular cyclization to
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produce the macrolides (Scheme 1, eq. 2).3 These reactions prompted us to undertake an investigation of the oxidative
intramolecular cyclization of A/-(<^aIkenyl)-3-oxobutanamides since many biologically active macrocyclic lactams
from fourteen to twenty members were isolated from natural sources,4 e.g., the anticancer antibiotic vicenistatin5 and
hitachimycin,6 the endothelial adhesion inhibitor cyclamenol,7 and influenza A virus inhibitor fluvirucinine A).8

We first undertook the preparation of the W-(9-oxa-l2,12-dipehnyl-ll-dodecenyl)-3-oxobutanamide (lg). The
Williamson ether synthesis of 1,8-octanediol with 3-bromo-l,l-diphenyl-l-propene in the presence of sodium hydride
gave 8-(3,3-diphenyl-2-propenoxy)octan-I-oI (60%), which was converted under Mitsunobu conditions9 into the
corresponding phthalimide (93%) followed by hydrolysis using ethylenediamine according to the Gabriel amine
synthesis. The obtained amine was then condensed using diketene to finally produce lg (73%).

With the oxobutanamide 18 in hand, we initially examined the oxidation of lg (0.2 mmol) with manganese(III)
acetate (1.0 mmol) in acetic acid (100 mL) at 100 °C for 60 min under an argon atmosphere (Scheme 2 and Table 1).
Fortunately, the expected intramolecular cyclization proceeded and the desired macrocyclic compound 28 was obtained
in 32 % yield together with an intractable mixture (Entry 5). In order to improve the yield of 28, the reaction conditions
were further examined. As a result, the yield of 2g increased to 47% when the reaction was carried out at reflux
temperature using four equivalents of manganese(III) acetate (Entry 3).'°
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Table 1. Oxidation ofW-(9-Oxa-l 1 -dodecenyl)-3-oxobutanamide lg with Manganese(III) Acetate"

Entry

1
2
3
4
5
6

l8:Mn(III)b

1:2
1:3
1:4
1:5
1:5
1:6

Temp/°C

reflux

reflux

reflux

reflux

100
reflux

Time/min

2
5
10
10
60
50

2g/%c

35
39
47
36
32
33

Recovery/%c

29
15
-
-
-
-

a The reaction of 18 (0.2 mmol) was carried out in glacial acetic acid (100 mL) under an argon atmosphere. Before the
reaction, the mixture was degassed under reduced pressure for 30 min using an ultrasonicator followed by the
displacement with argon. b Molar ratio.c Isolated yield based on 18.

The structure of 28 was characterized by a spectroscopic method. The carbonyl absorption at 1712 cm"1 in the IR, the
peak at 5204.9 ppm assigned to a keto-carbonyl carbon in the 13C NMR, an olefinic proton at 56.22 ppm (1H, t, J= 6.6
Hz) and methylene protons of the /?-ketoamido group at 5.3.39 ppm (2H, s) in the Ή NMR spectrum of the starting
material 18 disappeared from those of the product 28, while a methine proton at 53.82 (1H, dd, J= 9.2 and 3.7 Hz), the
carbon at 550.0 ppm, and three quaternary carbons at 5 164.7, 110.0 and 93.3 ppm newly appeared in those of the
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product 28. These results indicated that the intramolecular cyclization occurred and the fused dihydrofuran ring must
have been formed. In addition, the positive FAB HRMS of 2S showed the molecular ion peak at m/z 420.2534 (M+H)
which agreed with the exact molecular formula of C27H34NO3. Therefore, the structure was determined to be 3-aza-17-
methyl-12,16-dioxa-15,15-diphenylbicyclo[ 12,3,0]heptadec-17-en-2-one (28).''

Mn(OAc)3
(CH2)n - Οχ^[ (9H2)n
) AcOH

MeV~VNH reflux
A A ar9°n

Scheme 3

Table 2. Oxidation of 7V-( >-Alkenyl)-3-oxobutanamides 1„ with Manganese(lII) Acetate"

1-tniry —

1
2
3
4
5
6
7
8
9
10

Ar
Ph
Ph
Ph
Ph
Ph
Ph

4-ClC6H4

4-MeC6H4

Ph
Ph

n
2
3
4
5

6
8
8
8
10
20

„. ημπ;

1:4
1:5
1:4
1:4
1:4
1:4
1:4
1:4
1:5
1:6

* The reaction of ln (0.2 mmol) was carried out in glacial acetic acid (100 mL) under an argon atmosphere.
Before the reaction, the mixture was degassed under reduced pressure for 30 min using an ultrasonicator followed by the
displacement with argon. b Molar ratio. ° Isolated yield based on ln.

In order to scrutinize the intramolecular cyclization, other #-( >-alkenyl)-3-oxobutanamides (Ar = Ph, 4-ClC6H4, 4-
MeC6H4; n = 2-6,8,10,20) were synthesized according to the above Williamson reaction followed by the Gabriel
method, and subjected to the reaction under similar conditions (Scheme 3). As a result, the desired macrocyclic amides
from eight to twenty-six members having a dihydrofuran ring were isolated in good to moderate yields (Table 2). The
best yield of the macrocyclic amide 23 (67%) was achieved by the reaction using W-(4-oxa-7,7-dipehnyl-6-heptenyl)-3-
oxobutanamide (13: Ar = Ph, n = 3) (Entry 2).

Fortunately, a single crystal of 25 (Ar = Ph, n = 5) was successfully grown from chloroform-hexane in the
monoclinic space group P2t/a with the cell constants α = 19.394(7), b = 9.160(2), c = 11.266(5) A, a = 90.00, β =
95.51(3), and γ= 90.00°. The crystal structure was solved by direct methods, and confirmed that the macrocyclic amide
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2S consisted of a dihydrofuran-fused eleven-membered ring
(Figure I).12·13

Although the mechansm of the manganese(III)-based
oxidative intramolecular cyclization was well-documented by
us14 and other groups,15 it was postulated that the formation of
an electron-donor-acceptor-like complex (EDA complex) A
during the first stage of the reaction of the butanamides ln with
manganese(HI) acetate must play an important role in the head-
to-tail intramolecular cyclization reaction and, subsequently, a
one electron-transfer should occur to give the cyclic radical B,
which would be further oxidized to finally produce the
macrocyclic amides 2n (Scheme 4).

In summary, we have accomplished the unique synthesis of
several macrocyclic amides 2n (n = 2-6,8,10.20) from eight to
twenty-six members using the manganese(III)-based
intramolecular cyclization of the W-(fi>-alkenyl)-3-

oxobutanamides 1,,. Λ further study of the macrocyclization and biological screening of the macrocyclic amides are
currently in progress.

Figure 1

Mn(OAc)3 Mn(lll)

Mn'-o" 6A/L )
/ ~ H )0=< ./
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^~^ = methylene bridge Β

Scheme 4
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