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Abstract—Oxidative radical cyclizations of enamide 3 with Mn(OAc); in the presence of Cu(II) were examined. When Cu(OAc),
was used as an additive, 4-acetoxyerythrinane derivative 5 was formed, whereas the use of Cu(OTY), afforded simple erythrinane

6. © 2001 Elsevier Science Ltd. All rights reserved.

Oxidative radical cyclization with Mn(III) has attracted
considerable attention in recent years.'? In a previous
paper, we reported that treatment of N-(cyclohex-1-
enyl)-a-(methylthio)acetamides 1 with Mn(OAc); in the
presence of Cu(OAc), produced methylthio-substituted
carbamoylmethyl radicals I, which cyclized to give tet-
rahydroindol-2-one derivatives 2.>* One possible expla-
nation for the formation of 2 from 1 may involve the
5-endo-trig cyclization of radicals I giving II followed
by sequential oxidations via cations III as outlined in
Scheme 1. In the present study, we examined the reac-
tion of enamide 3 having a 2-(3,4-dimethoxyphenyl)-
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Scheme 1.

ethyl group on the nitrogen atom, and a concise route
to erythrinane derivatives using this method is de-
scribed in this paper.

We initiated our investigation by examining the reac-
tion of enamide 3° under conditions similar to those
described for 1. When enamide 3 was treated with
Mn(OAc); (6 equiv.) in the presence of Cu(OAc), (1
equiv.) in boiling CF;CH,OH for 9 h, compound 4 was
obtained in 72% yield along with small quantities of the
starting material 3 (19%) and erythrinane derivative 5
(mp 156-157°C) (6%). A similar reaction of 3 with a
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much larger amount (10 equiv.) of Mn(OAc); in the
presence of Cu(OAc), (1 equiv.) for 13 h resulted in an
increase in yield (52%) of erythrinane derivative 5 with
a decrease in yield of 4 (39%).°

The structure of 5 was deduced from its spectral prop-
erties. The IR spectrum (CHCI,) showed bands at 1735
and 1675 cm™', which were clearly indicative of an ester
group and an unsaturated five-membered lactam,
respectively. The '"H NMR spectrum exhibited two
singlets due to MeCO, and MeS groups at ¢ 2.00 and
2.49, respectively, and a signal due to the methine
proton on C-4 appeared as a doublet (J=2.6 Hz) at ¢
5.34, indicating the axial nature of the AcO group on
C-4. The 3C NMR spectrum exhibited a signal at J
68.34 ascribable to the quaternary carbon atom on C-5.
The structure of 5 was finally established by X-ray
crystallographic analysis as shown in Fig. 1.7

When compound 4 was further treated with Mn(OAc),
(4 equiv.) in the presence of Cu(OAc), (I equiv.) in
boiling CF;CH,OH, erythrinane 5 was obtained in 37%
yield along with the recovered 4 (57%) after 2 days of
reaction.® On the other hand, the use of Mn(OAc), in
place of Mn(OAc), in the presence of Cu(OAc), gave
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no erythrinane derivative. This was also the case for the
use of Cu(OAc), alone, which resulted in recovery of
the starting material 4. These results suggest that the
formation of 5 from 3 proceeds as outlined in Scheme
2. Thus, at first enamide 3 gives 4 via enamide V in a
manner similar to that described for the formation of 2
from 1 (Scheme 1). The carbonyl oxygen atom and the
sulfur atom of 4 might then coordinate to Mn(OAc),
and Cu(OAc),, respectively, with concomitant aroma-
tization by addition of AcOH to give pyrrole VI. The
subsequent single electron transfer (SET) reaction gives
new radical VII, which is then oxidized with Mn(OAc),
or Cu(OAc), to give the cationic intermediate VIII with
its resonance form VIII'. Finally, axial attack of the
3,4-dimethoxyphenyl group takes place on the cationic
species VIII' from the opposite face to that of the AcO
group to give erythrinane 5.°

We also found that treatment of 3 with Mn(OAc), (6
equiv.) in the presence of Cu(OTf), (1 equiv.) in place
of Cu(OAc), as an additive gave another erythrinane
derivative 6 (mp 169-170°C, lit.> mp 169.5-170.5°C) in
54% yield as a sole product. Formation of 6 from 3 can
be simply rationalized by assuming that an aromatic
ring attacks the cationic intermediate IV.!'°
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Figure 1. ORTEP drawing of 5.
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2. For recent works of oxidative radical cyclizations with
Mn(OAc);, see: (a) Yang, D.; Ye, X.-Y.; Xu, M.; Pang,
K.-W.; Cheung, K.-K. J. Am. Chem. Soc. 2000, 122,
Mn(OAc); . A . : ) .
CU(OTF 1658; (b) D’Annibale, A.; Nanni, D.; Trogolo, C.;
_Cu©Th, Umani, F. Org. Lett. 2000, 2, 401; (c) Davies, D. T.;
CF3CH,0H Kapur, N.; Parsons, A. F. Tetrahedron 2000, 56, 3941; (d)
Wu, Y.-L.; Chuang, C.-P.; Lin, P.-Y. Tetrahedron 2000,
MeG OM 56, 6209; (e) Chuang, C.-P.; Wu, Y.-L.; Jiang, M.-C.
€ € Tetrahedron 1999, 55, 11229; (f) Chuang, C.-P.; Wang,
6 S.-F. Tetrahedron 1998, 54, 10043.

The difference between the modes of reaction of 3 with
Cu(OAc), and Cu(OTf), as an additive may be
explained in terms of the difference in the acidities of
the reaction systems. When Cu(OTf), was used, enam-
ide V, formed by deprotonation of the cationic interme-
diate IV, was readily reprotonated with a strong acid
TfOH to give again IV. On the other hand, when
Cu(OAc), was used, less acidic AcOH could not proto-
nate towards V, which then underwent further oxida-
tion to give 4.

We have shown that oxidative radical cyclization of
a-methylthio amides with Mn(III)/Cu(Il) could be
applied to a concise construction of an erythrinane
skeleton. Further applications of this type of cascade
approach to polycyclic compounds are under intense
investigation.
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