HETEROCYCLES, Vol 19, No 4, 1982

INDOLOQUINOLIZIDINE N-OXIDES AND POLONOVSK| REARRANGEMENT

*
Masako Nakagawa, Yoshimitsu Ogeawa, Yuko Miyoke, Keiichi Yomaguchi, and Tohry Hino
Faculty of Pharmaceutical Sciences, Chiba University, 1~33 Yayoi=-cho, Chiba-shi, 260, Japan

Chian C. Chiang, Judith L. Flippen, and Bernhard Witkop

Laboratory of Chemistry, National Institute of Arthritis, Metabolism and Digestive Disease,
National Institutes of Health, Bethesda, Maryland 20014

Abstract— The structures of two { + }-indoloquinolizidine N-oxides 3a and 3b were
determined unequivocally. Their Polonovski rearrangements gave 4, 5, and | with

acetic anhydride in acetic acid and gove o complex molecule 12 with acetic anhydride.

Recent achievements in the synthesis of vinblastine and related compounds have shown the utility of the

1)

There has heen considerable interest in the mechanism of

2).

Polonovski rearrangement in organic synthesis
the Polonovski reaction and several schemes have been proposed Little is known about the sterecchemical
requirements for the generation of an iminium intermediate from cyclic amine N-oxides. While Polonovski
elimination occurred trans in @ ¢is -fused quinclozidine N-oxide 3 ), cis elimination for lupanine N-oxide

4)

has been reported . The abundant, naturally occurring N-oxides of indole alkaloids 5) may be
regarded as possible precursors to the corresponding 2-acylindole alkaloids.  In connection with our studies &)
of the oxidation of indoloquinolizidine ) to the corresponding 2-acylindole derivative 2, we have now synthe-
sized indoloquinolizidine N-oxides and established the stereochemistry of the two isomers.  Furthermore, the
Polonovski reaction of the trans and ¢is N-oxides has been investigated.

Treatment of (+ }-indoloquinolizidine 1 with m-chloroperbenzoic acid {m-CPBA Y (1.1 mole equivalents )
in chloroform at 15-20°C 7) for 15 hr produced two products 3a and 3b which were isolated by ion exchange
column chrematography ( Amberlite CG-400, N+OH- form ). Evaporation of the solvent { 30-50% MeOH-
HQO) gave o mixture of diasterecisomers of Ja and 3b ( 97% ) which were separated by fractional
crystallizations followed by column chromatography (A|203 ) of the mother liquor to give 3a, mp 210.5-
211.5°C 8} 65 the less soluble isomer in 57% yield, and 3b, mp 212-213.5°C & ) as the more soluble isomer

in 24% yield, Both were isomers of quinolizidine N-oxide 3 on the basis of elemental analysis as well as

8
mass spectra ): and showed the characteristic indole chromophore in their UV spectra. Inspection of their
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IHNMR spectra gave clues about the stereochemistry of the C/D = ring junction and the major isomer 3a was

assigned as trans on the basis of a signol at 5 4.14 ( CDsoD Y, 4.80 ( CF3C02H ) with larger coupling
constants { half-width ca 20 Hz ) consistent with the axial orientation of the proton at chb' while in 3b
this signa! has @ smoller coupling constant { half-width ca 10 Hz }, suggesting that the cis isomer 3b prefers

5 9)

cis steroidal conformation This was further confirmed by o single-crystal x-ray crystallographic

structure defermination of 3a, which confirmed the trans relationship regarding the C/D - ring junction as

Oa )

represented in Figure 1 ! The Irany isomer 3a crystallizes in the monaclinic space group P21/c with
6=10.437 (4)A, b= 11,592 (3) A, c = 12,028 (3) A, § =93.5 (1 )°and z =4. 1900 independent
Intensities were measured on a Nicolet P3F outomatic diffractometer using CuKa radiation with a graphite
monochromator on the incident beam.  The structure was solved using the symbolic addition procedure for
centrosymmetric crystals 106 ). It was refined by full-matrix methods using all 1900 reflections.  Hydrogen
atoms were located in difference maps and their positional parameters were included in the final cycles of
refinement, The final R-factor ( agreement between observed and calculated structure factors ) was 8.0%,
With frans and cis N-oxides 3 readily avoilable, their Polonowski rearrangements we;'e investigated. On
refluxing the trans isomer 3a with Ac20 { 8 mole equivalents ) in acetic ocid for 20 min followed by ion
exchange column chromatography ( Amberlite CG-50, COOH form, 0.5 N~ 20% AcOH ), indoloquinolizi-
dinfum acetate 4a was obtoined in 58% yield, together with 50 (7% ) and ] (5% ). On the other hand,
the analogous reaction of the cis isomer 3b provided 4a { 31% ), Sa (16% ), and 1 ( 16% ). The structures
of 4a and 5a were confirmed by converting them to their crystalline iodide 4b ) gnd bromide b 12 ),
respectively.  However, the yield of 4a increased to 67% while the yields of 5a ( 4% ) and 1 ( 0.2%)
decreased when 3a was refluxed with { F3CCO )20 { 8 mole equivalents ) in CF3C02H for 25 min.

Similar results were obtained after refluxing 3b for 120 min under similar conditions, providing 4a ( 70% ),
S0 (7%), and 1 (0.7%). Treatment of either 3a or 3b with (CF3CO )20 (3 mole equivalents } in
methylene chloride at room tempercture for 3 hr offorded 4o in 50% yield. In any case, the desired
2-acylindole derivative 2 wos not obtained.

From a consideration of the above results, it may be concluded that the reactions proceed probably by

irans elimination of acetic acid from the acyloxy ammonium ion intermediate ( 6 and 7 ) to give iminium
ions 4, 8 13 ), and 9. ' The trans N-oxide 3o would be expected to give 4 os the major preduct in addition
to 8 and @, which are, however, not stable and readily undergo isomerization to the more stable isomer 4.

Two miner products, 1 and 5, are obtained in olmost comparable amounts, probably formed by disproportio-

nation of §, aithough @ port of 5 might arise from air oxidation of 2. In the case of ( CF3CO )20 in
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CF3C02H, the isomerization of § and § must be facilitated by the strong acid, CF3C02H, te give a high
yield of 4. However, 4 couldalsa orise partially from gis-elimination in ( CF,CO )ZO/CFSCOZH in the
case of cis N=oxide 3b.  On the other hand, when 3a wus refluxed in Aczo without AcOH for 10 min, o
new compound 12, mp 163.5-164.5°C, was obtained in 31% yield besides 1 ( 2% ) and 5a ( &% }, which was

also formed by direct treatment of 4a with Ac20 under similar conditions.  Structural assignment of 12 was

provided by elemental onalysis and the spectral dafa 14 )( uv, IR, ]H- and ]3C-NMR, mass }.  The signal

at 1.91 ppm (d, 3H, J = 2 Hz, CH,-C=C-C-H), 2.80 (d, IH, J =18 Hz, C;,=H), 3.04 (d, TH, J =

1
-H ) were newly observed in ]HNMR ( 200

3

18 Hz, C] -H), 4.08 (s, 1H, C2-H) ond 8.42 {m, 1H, C

& 13
MHz ) spectrum of 12.  The presence of two carbonyl groups in 12 and one sp3 quaternary carbon was
indicated by appearance of the signals ot 202.47, 160.61, and 57.87 ppm in the ]SCNMR ( 200 MHz )
spectrum.  On the basis of IR and UV as well os the NMR spectra, one of the carbonyls was shown forming
the amide at the indole nitrogen.  The stereochemistry of 12 was unambiguously defermined by a single
crystal x-ray analysis.  The results are shown in Figure 2. ]2 crystollizes in the monoclinic space group
P2,/c with a = 11.469 (3 ) A b=12.988(4)A, c=13.659 (5) A, B =125.28 ( 2)° and z = 4.
2787 unique reflections having F, > 2 & ( F, ) were measured on o Riguku Denki AFC-5 diffractometer
using graphite-monochromated CuKa radiation out toa 28 max 150°.  The strucfure was solved by direct
methods using the RASA-11 program packoge 15) provided with the diffractometer.  The structure wos refined
by block~diogonal least-squares methods to an R-factor of 6.9%,

Formation of 12 seems to involve injtial acetylation ot Na-nitrogen and C]-carbon vio 10 to give o diacetyl
intermediate followed by cyclization and dehydration to give 11.  Further acetylation of 11 at the 2-position
and subsequent cyclization would lead to the formation of 12.  The iminium species 4 may be stabilized by

the indole mojety and thus prevent further conversion of 4 to 2-acylindole under these conditions, but 4

showed an enomine reectivity fowards an acylating ogent at the position- 1 to give 12.
AL
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