ORGANIC
LETTERS

Direct Synthesis of Monofunctionalized Vol 2%
Indolizine Derivatives Bearing 4305-4308
Alkoxymethyl Substituents at C-3 and

Their Benzofused Analogues

Joseph Kaloko, Jr. and Anthony Hayford*

Department of Chemistry, Thomas Harriot College of Arts and Sciences,
East Carolina University, Science and Technology Building, Suite 300,
Greenville, North Carolina 27858-4343

hayforda@mail.ecu.edu

Received August 3, 2005

ABSTRACT
TR e —— TR FENFEN
! | 1. Wittig olefination ' | P ROH, base, reflux  {* |
By RN JRNEEE
CHO o Sonogashira coupling | no catalyst N _\
Z
TMS OR

Treatment of ( 2)-2-pyridine and quinoline silylated vinylacetylenes at reflux with several alcohols in the presence of a suitable inorganic base
(KOH, K,CO3, CsF, or KF) serendipitously gave 3-alkoxylmethylindolizines and the corresponding 1-alkoxymethylpyrrolo [1,2- ajquinolines and
not the anticipated desilylated vinylacetylene derivatives. A mechanistic possibility for this unexpected chemical transformation is suggested.

Indolizine derivatives (Figure 1) have been the subject of a calcium entry blockers, chemotherapeutics, and cardiovas-
number of biological and theoretical studies because of their cular agent$-# In addition, severaD-containing synthetic
intriguing molecular structurésand their therapeutic
applicationg~® Among other uses, synthetic and natural
indolizine derivatives have considerable potential as new
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processes that lead to DNA dama&gdn this respect, silylated vinylacetylene derivativeg and 8 from com-
indolizine derivatives represent prime synthetic targets and mercially available 2-pyridine and 2-quinoline carboxalde-
investigational compounds useful in the development of hydes by means of modified Wittig bromoolefination/
drugs to treat human diseases such as cérmedt HIV Sonogashira coupling procedut&sThe treatment of silylated
infections’ conjugated acetylenic derivatives with basic alcoholic solu-
A number of synthetic approaches to these azabicyclic tions or fluoride ions has been known to afford the corre-
heterocycles have been reported and reviewed in thesponding terminal acetylenésHowever, to our surprise,
literaturel-® Most previous practical syntheses of the indoli- upon the attempted desilylation a)¢2-pyridine-silylated
zine ring system have employed the Scholtz or Tschitschiba-vinylacetylenes7 and 8 under standard basic methanol
bin cyclocondensation reactiohd*° In addition to these  conditions at room temperature, we observed that the desired
existing procedures, a number of dipolar cycloaddition terminal vinylacetylenes were relatively unstable under the

reactions of pyridinium ylides with various olefinic and

reaction conditions and were converted to 3-methoxymeth-

acetylenic precursors appended with electron-withdrawing ylindolizine 9a and 1-methoxymethylpyrrolo[1,alquinoline
groups have been developed and proven to be quite valuablélOb, respectively (Scheme 1, Tables 1 and 2). The assigned

in the synthesis of certain indolizine derivativé8However,

some of the cycloaddition methods are plagued by low- || NN

yielding reactions and regioselectivity problems when un-
symmetrical, highly functionalized, and sterically demanding
alkynes or olefins are used as substrafed® Therefore, an
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functional group variation on the indolizine nucleus is highly

desirable for structural and biological activity assessments.
In this paper, we wish to report an unprecedented cyclization

reaction of the silicon-capped)-2-pyridine vinylacetylene
with various basic alcohol solutions to give 3-alkoxymethyl-
substituted indolizines. Likewise, 1-alkoxymethylpyrrolo[1,2-
ajquinolines (benzflindolizine) derivatives were successfully
obtained fromthe cyclization aff-2-quinoline vinylacetylen&-
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Scheme 1. Synthesis of 3-Alkoxymethylindolizines and
1-Alkoxymethylbenz[e]indolizines
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8: quinoline derivative
9: 3-alkoxylmethylindolizine

CsF or KF
10: 1-alkoxylmethylbenzoindolizine

t-BuOK, -78°C

5: 2-pyridine carboxaldehyde
6: 2-quinoline carboxaldehyde

ROH, reflux

structures of the products of the reactions are strongly
supported byH NMR, 13C NMR, and high-resolution mass
spectrometry studies. Notably, thé NMR spectra obtained
for all of the indolizine and beneg]indolizine products
(except the deuterated compouti@h) listed in Tables 1 and

2 showed a downfield singlet signal between 4.8 and 4.90
ppm consistent with indolizy-type methylene hydrogens
bearing an alkoxyl group.

Investigations aimed at the optimization of the reaction
conditions indicated that the use of KF or CsF along with
heating the reaction mixture to reflux in the desired alcohol
as solvent resulted in rapid and efficient synthesis of
indolizine products. In subsequent reactions, the alcohol was
systematically varied to include primary, secondary, tertiary,
and cyclic alcohols. In addition, functionalized alcohols such
as propargyl, allylic, and benzyl alcohols were used to furnish
a library of 3-alkoxymethylindolizines and 1-alkoxymeth-
ylbenzo[elindolizine derivatives (Tables 1 and 2). In some
cases (Table 1, entries-b, and Table 2, entries-16), the
desired products were simply extracted from the reaction
mixture with excellent purity, thereby eliminating the need
for further chromatographic purification. It is of interest to
note that, when the desilylation reactions were performed at
0 °C (basic methanolic solution or TBAF), the desilylated
vinylacetylenes were obtainé#. However, when the reac-
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Table 1. Array of 3-Alkoxymethylindolizines Table 2. Array of 1-Alkoxymethylbenz[e]indolizines

entry alcohol products base yield (%) time (hr) entry alcohol products base yield (%) time (hr)
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tions were allowed to warm to room temperature, the The formation of the observed products could be rational-
indolizine products eventually prevailed. It is also worth 1Z€d by postulating an electrocyclic reaction pathway that
noting that the treatment of the desilylated vinylacetylenes Pegins with the formation of the terminal vinylacetylehe
with various alcohols also yielded the indolizine products Via protodesilylation off or 8 upon treatment with fluoride
in the absence of base or fluoride ions. ions (Scheme 2). A 1,6 Michael-type conjugate addition of
The use of high boiling and/or expensive alcohols such alkoxide at the acetylenic terminus followed by electrocy-
as benzyl alcohol and deuterated alcohols as solvent in theclization involving pyridine nitrogen results in the direct
transformation was undesirable. Thus, we have demonstratedormation of 3-alkoxymethyl-substituted indolizine or benz-
that such transformations proceeded smoothly using CsF and€lindolizine derivatives under mild conditions. On the basis
10—20 molar equiv of the alcohol in refluxing anhydrous of the proposed mechanism, treatment&fvith KF in
toluene (Table 1, entries—®, and Table 2, entries—710). refluxing deuterated methanol (GBID) gave the doubly
deuterated benzo[elindolizinlain 87% yield (Table 2).

_ In terms of synthetic value, the protocol unveiled in this

©

Scheme 2. Proposed Mechanism for Formation of paper has proven to be general and very successful in the
Monosubstituted Alkoxymethylindolizines preparation of a variety of 3-alkoxymethyl-substituted in-
{f‘?*| t {:‘”“‘[ = S Electracyclic dolizines and 1-alkoxymethylbenzindolizines in moderate to
TN | Sy | SN | Ring-closre high yields. These compounds not only constitute a new class
(= o > of C(3)hydroxymethyl-protected indolizines and C(1)-benz-
™S ( ~ o) [elindolizine analogues, they are also potential building
o H-Q R-0 blocks in the synthesis of biologically relevant C(3)-
F : B substituted hydroxymethyl indolizidines and C-1 bexjz[

indolizidines via suitable protective group removal and
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m m traditional hydrogenation methods.
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Supporting Information Available: Experimental pro- zo[dlindolizines 10a—j. This material is available free of
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