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A one-pot procedure was developed to efficiently prepare hexahydroindolinones containing a tethered furan ring. Reaction of a furanyl azide
with Bu 3P delivered the iminophosphorane, which was allowed to react with 1-methyl-(2-oxocyclohexyl)acetic acid to give the desired
hexahydroindolinone ring system. Further treatment with trifluoroacetic acid afforded the tetracyclic lactam skeleton found in the alkaloid
(£)-selaginoidine.

The taxodeaceous plamtthrotaxis selaginoidess well- with a (1-substituted-2-oxo-cyclohexyl)acetic acid derivative
known in Tasmania under the name of King Billy Pine and (i.e., 4) under Dean—Stark conditiofis.

is highly valued as a source of softwood timBérSome
specimens of the tree attain a height of 40 m and are ove
1000 years old. A number of alkaloids are present in all of
its plant materials, including the bark and lea¥e&3ne of

the compounds isolated was assigned the structure of (+)- \Qj MeO o

selaginoidine (1), which corresponds to a unique nonben-
zenoid member of the homoerythrina alkaloid fandil@n MeO,C—( / mN
the basis of our earlier work using hexahydroindolinone MeOC™ ~o
derivatives for the synthesis of various erythrina alkal8ids,
we felt that a suitably substituted hexahydroindolinone ﬂ
precursor might allow for a facile entry to the tetracyclic
core of selaginoidinel)). The formation of the homoerythrina Br
skeleton ofl was envisioned to come about from either a ﬂ\/v

. . . . MeO,C 0
Heck or radical-induced cyclization of the bromo-furanyl 002

hexahydroindolinon® (Scheme 1). A convenient way to 3
construct2 would involve condensation of furanylamirde
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and delivered aldehydé in 70% vyield? A subsequent heterocycled? The aza-Wittig reaction corresponds to the
reduction of 6 with sodium borohydride afforded the nitrogen analogue of the Wittig olefination process and
expected alcoho?, which in turn was converted into the involves the reaction of an iminophosphorane with a carbonyl
corresponding mesylag& Treatment oB with NaNs; in DMF group. The reaction has been used to prepare various cyclic
furnished furanyl azid® in 93% yield (Scheme 2). imines and its synthetic relevance has been summarized in
several review article® The intramolecular version of this
_ reaction has drawn considerable attention in recent years
because of its high potential for heterocyclic synthésis.
Scheme 2 Since we were having a great deal of difficulty in converting
dr Pd0) l_\jiﬂ azide 9 into amine 10 for subsequent condensation with
MeO,C~ >0~ “Br CH,=CHCH,OH MeC,C” ~0 cHO ketOQCId4 (R= Mg), we Wondgred Whether it m|ght be
s . possible to use a2|o'9.d|rectly Wlthput the |_ntervent|qn of
10. Thus, an aza-Wittig type reaction bf with ketoacid4
JNaBH4 should generate imin&2, which we expected to rapidly
cyclize and furnish the desired hexahydroindolinone system

ﬂi/v /Ui/v 13 (Scheme 3}° Indeed, this proved to be the case, especially
— /A
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7
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The reduction of azides to amines is a reaction of

paramount importance in organic synthesis; therefore, a great o}

many reagents have been reported to effect this transforma- é&'&ow

tion.’? Indeed, there has always been a considerable interest

in searching for more efficient and chemoselective azide 4

reducing agent¥ In our hands, however, the reduction of Br o L5 Br

azide9 to amine10 proved somewhat problematic due to @MN —= @MN CO-H
the presence of both the ester and bromo groups. Our © o H

attempts to hydrogenate the azide group were complicated Me0.C CHs MeO.C H CHs

as a result of the simultaneous reduction of the bromo group. 13 12

The Staudinger reactiéh using the iminophosphorane
derived from9 also proved troublesome, as we could only
obtain aminel0 as an impure oil in low yield. when microwave technology was applied to the condensation

Iminophosphoranes were first prepared at the beginning "éaction.
of the last century by Staudinger and have become extremely The advent of single mode microwave reactors, which

useful reagents for the construction of nitrogen containing enable precise control of reaction conditions, has opened the
way for the exploration of microwave-assisted methods for
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(200 W, 150°C, 30 min) gave the best results, producing
hexahydroindolinonel3 in 63% vyield. This optimized

skeleton of the erythrina/homoerythrina family of alkaloids.
Furanyl azide23 was easily converted into the desired

method was then applied to a number of related condensatiorenamide sulfide (i.e.24) following the azide/iminophos-
reactions where the azide, ketone, and acid chloride werephorane/ethylthioacetyl chloride protocol already established

varied (Scheme 4). Heating a 1:1 mixture of furanyl azide

Scheme 4
0]
©/\N3 BusP ©AN)&CH3
o o)
14 CH5COCI
15
R R (0]
/J‘\/\N BuaP /J‘\/\NXCHs
3
(@]
16;R = Br O @
17;R=3nBuz  CH,COCI
18; R=Br
19; R = SnBu,
O
/@\/\/N BuoP - A
3 — N\
CeHs™ "0 ketoacid 4 o 0 CH
H
20 heat 25 5y 3
S

(0]

Aj_\
CoHsg NN
CHy

22

20 with ketoacid4 in a microwave reactor at 18 for 30
min delivered not only the desired hexahydroindolin@ie
(80%) but also the tetracyclic furé2® (15%) derived from

a N-acyliminium ion promoted cyclization &1 under the
reaction conditions’ Further experimentation showed that
treating21 with either trifluoroacetic acid or trifluoromethane
sulfonic acid gave lactar@2 in >90% yield.

Earlier work in our laboratory has shown that the Pum-
merer reaction followed by a-cyclization represents an

(Scheme 5). A subsequent sodium periodate oxidation

Scheme 5
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afforded sulfoxide&26, which on treatment with trifluoroacetic
acid furnished the tetracyclic lacta?8in 76% yield as the
exclusive product. The preferential formation @B is
consistent with our earlier stereochemical observations,
suggesting that a 4dazarov type electrocyclization controls
the direction of closure from the-acylthionium ion inter-
mediate?! The Pictet—Spengler step involves attack of the
proximal furanyl ring from the less hindered side of the
iminium ion.

To demonstrate that this methodology could also be used
for assembling the homoerythrina skeleton, the homologous
enamido furanyl sulfoxide27 was subjected to the acid-
catalyzed cyclization conditions (Scheme 5). The major
product isolated (40%) corresponded to the cyclized lactam
29. Presumably, the lower yield of product is related to the
entropically more demanding seven-membered ring cycliza-

effective and general method for the preparation of many tion onto the resultingN-acyliminium ion formed from the

diverse azapolycyclic skeleto#sSince the combination of

initial Pummerer reaction. Further studies need to be carried

a Pummerer/Mannich cyclization sequence offers unique Out in order to maximize the yield 9.

opportunities for the assemblage of complex target mol-
ecules'® we decided to study the acid-induced cyclization
of enamide7 (n = 1) and28 (n = 2) to determine whether

In summary, we have shown that a variety of vinylogous
amides and hexahydroindolinones can be prepared using an
aza-Wittig reaction of iminophosphoranes derived from

these systems could also be used to assemble the corgrany| azides and 1-methyl-(2-oxo-cyclohexyl)acetic acid.
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Intramolecular electrophilic substitution on the furan ring
occurs when the hexahydroindolinone is treated with acid.
Further studies on the synthesis of selaginoidibeand
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related homoerythrinane alkaloids are in progress and will ship. We thank Mickea Rose for some experimental as-
be reported in due course. sistance.

Supporting Information Available: Spectroscopic data
and experimental details for the preparation of all new
compounds. This material is available free of charge via the
Internet at http://pubs.acs.org.
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