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ABSTRACT

C_:OZMe
)\/\io Mn(lil) 3 COZMe COzMe

Pyrroles, indoles, and surprisingly, indolines, when equipped with a pendant malonyl group on the nitrogen atom, were effective substrates
in a Mn(lll)-mediated oxidative cyclization reaction, yielding the 1,2-annulated products in good to excellent yields. When indole acetonitrile
was used as a substrate this method provided a rapid synthesis of a tetracyclic tronocarpine subunit.

tronocarpine

Among the vast numbers of indole and pyrrole alkalbids A brief retrosynthesis of tronocarpine is shown in Scheme
there exists a small number which bear a six-membered ring1. Deconstruction of the bridging enone moiety via an aldol
fused to the 1,2-positions and which have an all-carbon
guaternary center attachment at the heterocyclic 2-position.
Several of these alkaloids are shown in Figuré While Scheme 1. Retrosynthesis of Tronocarpine
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2-position would be formed via a malonic radical cyclization
of 2. The choice of this disconnection was inspired by the
seminal work of Snidérand others.

Notwithstanding the excellent contributions of Chuang and
co-workers’, who have demonstrated the viability of malonic
radical additions to indoles, a survey of the literature revealed
that the cyclization of malonic radicals onto aromatics and

especially heteroaromatics is an underdeveloped and under-

exploited synthetic method. In this paper, we report an
expansion of the scope of this reactiaith the significant
advance that indolines (rather than indoles) may be em-

ployed as substrates since they are oxidized to indoles under '

the radical cyclization conditions.

These Mn(OAcymediated cyclizations are postulatea
proceed through the oxidation of a malonic enolate derived
from 3 to yield a malonic radicad (Scheme 2). Cyclization

Scheme 2. Mechanism of Malonic Radical Cyclizations
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onto the 2-position of an indole or pyrrole yields a resonance
stabilized radicab which may undergo further oxidation to
carbonium ion6. Aromatization via proton loss gives the
product?.

A variety of commercially available indoles and pyrroles
were acylated or alkylated with malonyl-containing chains
and subjected to oxidative cyclization with Mn(OAdh
methanol. Table 1 shows the oxidative radical cyclization
of N-acyl indoles8—13 and theN-alkyl derivativel4. While
methanol was our preferred solvent for this transformation,
acetic acid, the most common solvent for Mn(OAc)
chemistry, also yielded satisfactory results. It is likely that
sensitive functionality in more complicated substrates will
be more tolerant of methanol than acetic acid.
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Table 1. Cyclizations of Malonyl Radicals to Indoles

MeQ Mn(OAc); (3 eq)

R

7 /| A

~ "‘)\/\io MeOH!/ reflux/ 16-24 h
X o)

MeO

X=0QorHH
entry substrate product (yield)
CO,Me
8 o 15
o MeO 0
CO,Me
2 N/}\/\f N (82%)
9 16
0
0 MeO 0
MeO. MeO. CO,Me
3 N)\/{ N (74%)
10 17
0
0 MeO 0
Br: Br CO,Me
4 N)\/\i N (68%)
1 o 18
o MeO 0
CN CN
CO,Me
@f\g e 0 DmCoame
12 19
0
0 MeO o
CHO CHO
CO,Me
13 o 20
1 MeO o
CO,Me
7 N N (67%)
14 o 21
MeO

The vyields in Table 1 are uniformly good with the
exception of the indole-3-carboxaldehytig, which decom-
posed under the reaction conditions with only trace amounts
of 13 recovered. This surprised us since we were expecting
the additional conjugation to make this substrate a better
radical acceptor. Substitution at the indole 3-position did not
appear to be a problem. In fact, the improved yield is
consistent with the expected improved ease of formation of
the radical of typé and subsequent oxidation of this radical
by Mn(OAc)s.32 The N-alkyl substratd 4 was also a willing
participant in the radical cyclization yieldir{ in 67% yield.
Compounds such a%4, however, were more tedious to
prepare than thé&l-acyl counterparts.

The analogous cyclizations onto pyrroles also proceeded
as expected. Substrat2®—24were prepared and subjected
to typical cyclization conditions. Cyclization of thé-alkyl
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derivative of pyrrole itsel23 was slightly lower yielding || ||| AR NI

than that of théN-acyl derivative of pyrrol22. The presence Scheme 3. Synthesis of Cyclization Substrates
of a phenyl substituent at the 3-position of pyrraeset up Indole cyclization substrates

regiochemical considerations. The 3-phenyl group would be R MeQ R,

expected to stabilize the putative intermediate radical favor- O/\/\> ol 0 NaHDMF  Z /| Ny MeQ
ing cyclization proximal and not distal to the 3-phenyl ~ N S o e-16h NN ©
substituent. This was in fact borne out a2dlyielded a 2:1 29 30 MeO s13d | ©
mixture of isomer27 and 28 which were inseparable but 15-38% yields

could be easily differentiated in the proton NMR spectrum
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o g g excellent yields of théN-acyl specieg4 when indoline33
27 28

2:1 was treated with acid chlorid80 in the presence of
triethylamine, while theN-alkyl compound36 was accessed
in a manner similar to the preparation bf. Moreover, we

One of the challenges with this synthetic method for the found that we could access the related compounds with a

formation of complex indole scaffolds was, oddly enough, ©N€-carbon shorter tether by employing indoline in a ring
the preparation of the substrates. Scheme 3 summarizes thefPP€NING reaction with cyclopropane diesters. To this end,

preparation. Substrat@s-13were prepared by treatment of indoline 33 was treated with either the commercially avail-
the deprotonated indole with a rather sensitive acid chloride @P!€ 1,1-carbomethoxycyclopropane or its phenyl-substituted

307 Although this was a reasonable method for preparing counterpaftunder the influence of Yb(OTi)to effect the
enough of theN-acyl indoles for this study the method was SYNthesis of the substrat83 and 38 in good yields. |
less than ideal. Thi-alkyl substrates were prepared by first ~ When surveying dehydrogenation methods for conversion

alkylating the indolate with 1,3-dibromopropdrand treat-  Of indolines to indoles we quickly realized that Mn(OAc)
ment of the resulting monobromide with sodium malonate. could also be used to this effWe then reasoned that both
the dehydrogenation and cyclization may occur in one pot.

In an effort to improve the overall efficiency of this ’ S )
synthetic methodology, we turned to acylation and alkylation We Subjected4, 363810 the standard cyclization condi-

of indolines rather than indoles. It was reasoned that thetlonS (now with 5 equiv of Mn(OAg)and were pleased to

increased nucleophilicity of the indoline nitrogen would lead ;)_b;tlarv?:a _I(ilean con\;]ersmn Ito t:\edll,_z-acgilgzsed gompounds.
to improved reactivity in the acylation and alkylation a eh ! ust.rate.st err]esults.hn omh mL;n ervyer:jt
chemistry. The indoline could then be dehydrogenated to the SMooth reaction in methanol whereas the aniideequire

indole using traditional methods. We were pleased to realize ref'“’f'.”g acetic agld. n .th.e case of aniligé, the methan.ohc .
conditions were insufficient to affect dehydrogenation in

good yields, only trace amounts of the desired prodiict
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So0c.2000,122, 1554. (9) Corey, E. J.; Chaykovsky, M. Am. Chem. S0d.965,87, 1353.

(8) Dehaen, W.; Hassner, A. Org. Chem1991,56, 896. (10) Ketcha, D. M.Tetrahedron Lett1988,29, 2151.
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Table 3. Cyclizations of Malonyl Radicals to Indolines Scheme 4. Synthesis of a Tronocarpine Substructure
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37 2 39 (OAc);, onto the 2-position of indoles and pyrroles is an
effective method for the generation of annulated heterocycles.
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. N ¢OMe Veon N T COzM(ggo/) to indoles under the reaction conditions. The application of
0 . . .
38 )\/\COZMG ¢ 0 this method to the synthesis of the tetracyclic core of the
PH Ph

natural product tronocarpine has also been illustrated. Efforts
are underway to employ this synthetic methodology to the
preparation of both tronocarpine and mersicarpine.
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