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Abstract- The structures of two (2)-indoloquinolizidine Naxider. and 3b were - 
determined unequivoally. Their Polonovki reorrmgementr gave _4,2, a n d l w i t h  

acetic anhydride in  acetic acid and gave a complex molecule12 with acetic anhydride. 

Recent oshievemenk in the syntherir of vinblortine m d  related compounds have shown the "tilih/ of the 

Polonovrki rearrangement in  organic synthesis I '. There has been mrideroble interest i n  the mechanivn of 

the Polonovrki reaction and reverol schemer have been proposed ). Little i s  known about the rtersochemial 

requirements for the generotion of on iminium intermediate from cyclic amine N-oxides. While Polonovrki 

elimination occurred- in o & -fused quinoloridine N-oxide ), & elimination for lupenine N-oxide 

hor been reported ). The abundant, naturally occurring N-oxides of indole alkoloidr ) may be 

regarded as possible precursors to the corresponding 2-acylindole olkoloidr. In connection with our rtudi- 6 )  

of the oxidation of indoloquinolizidine to the corresponding 2-acylindole derivative?, we have now synthe- 

sized indoloquinoli~idine Naxider  and ertoblirhed the rtereochemirtry of the two isomers. Furthermore, the 

Polonovki reaction of the and & N-oxides hor been investigated. 

Treatment of ( +  )-indoloquinolizidine J, with m-chlor~~erbenzoic acid (m-CPBA) ( 1 . I  mole equivalents ) 

in  chloroform at IS-20•‹C ') for IS hr produced two products 30 and 3-b which were isolated by ion exchange 

t 
column chromdogrophy ( Amberlite CG-400, N OH- form ) .  Evoporotion of the solvent ( 30-M9/o MeOH- 

H 0 ) gave a mixture of diastereoilomers of $ and 3b ( 97% ) which were separated by frac!ional 
2 

cryrtdlimtionr followed by column chromatqrophy ( A l  0 ) of the mother liquor to give*, mp 210.5- 
2 3 

211.SPC ) as the less soluble isomer in  57% yield, and Zb, mp 212-213.S9C ) or the more soluble isomer 

in 24% yield. Both were isomers of quinol i~idine N a x i d e  3 on the baris of elemental analysis or well or 

mas spectra8 '. and showed the charasterirtic indole chromophore in their UV spectra. Inspection of their 



'HNMR spectra gave clues about the stereochemistry of the C/D - ring junction and the major isomer 3 war 

assigned as tmnr on the basis of a signal at  6 4.14 ( CD30D ), 4.80 ( CF3C02H ) w i t h  larger coupling 

constmtr ( ha i fw id th  ca 20 Hz ) consistent with the axial orientation of the proton at  CIzb, while i n b  

this signal has o rmdler coupling constant ( half-width ca 10 Hz ), suggesting that the & iromer b prefers 

cis rteroidol conformation - 5' ). This was further confirmed by a single-crystal x-ray cryrtdlogmphic 

structure determination of 20, which confirmed the tmnr relationship regarding the C/D - ring junction as 

represented i n  Figure 1 ). The i s o m e r 2  cryrtallizer i n  the monoclinic space group P2 /c with 
1 

a =  10.437 ( 4 ) A ,  b = 11.592 ( 3 ) A .  c = 12.028 ( 3 )  A, P =93.5 ( 1 ) O m d  z =4.  1900 i?dependenl 

intensities were measured on a Nicolet P3F automatic diffroctometer using CuKa radiation with a grophite 

mmochromator on the incident beam. The structure wos solved using the symbolic addition procedure for 

centrorymmetric crystals lob ). It war refined by full-matrix methods using a l l  1900 reflsctionr. Hydrogen 

.toms were located in  difference mops and their positional parameters were included in the final cycler of 

refinement. The final R-factor ( agreement between observed and calculated structure factors ) wor 8.Wo. 

With tronr and & N-oxides=(readily available, their Polonowski rwrmngementr were investigated. On 

refluxing t h e m  isomer 9 with Ac 0 ( 8 mole equivalents) in  acetic acid for 20 min followed by ion 2 

exchonge column chmmatography ( Amberlite CG-50, COOH form, 0.5 N- 20% AcOH ), indoloquinolizi- 

dinium acetate* was obtained i n  58% yield, together with _h ( 7% ) a n d l  ( 5% ). On the other hand, 

the andogour reaction of the & isomer 3 b  provided+ ( 31% ), _b ( 16% ), m d l (  16% ). The structures 

12 ) of $ and* were confirmed by converting them to their crystdline iodide $ 'and b r o m i d e s  , 

rerpectiveiy. However, the yield of _Q increased to 67% while the yields o f 2  ( 4% ) and IJ 0.% ) 

decreased when &I war refluxed with ( F CCO ) 0 ( 8  mole equivalents ) in  CF CO H for 25 min. 3 2 3 2 

Similar results were obtained after refluxing z b  for 120 min under similar conditions, providing _Q ( 70% ), 

Sa ( 7%), and 1 ( 0.7%). Treatment of either* o r b  with ( CF3C0 ) 2 0  ( 3  mole equivalents ) i n  - 
methylene chloride o t  room temperature for 3 hr afforded _Q in  5Wb +Id. In any care, the desired 

2-acylindole der ivat ive2 wor not obtained. 

From a conriderotion of the above results, i t  may be concluded that the reactions proceed probably by 

trans elimination of acetic acid from the acyloxy ammonium ion intermediate ( k o n d z  ) to  give iminium - 
ions 4, 3 l3 ), and 9. ' The tr.nr N-oxide. would be expected to give 40s the major product i n  addition 

to  8 and 2, which are, however, not stable and rwd i l y  undergo iromerization to the more rtobie iromer 5. 

Two minor products, l a n d  5, are obtained in  almost comparable amounts, probably formed by dirproportio- 

nation of 9, although a part of 2 might mire from air oxidation of  9. In the core d ( CF3C0 ) 2 0  in 
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CF3COZH, the irameriration o f 2  o n d  must be facilitated by the strong acid, CF CO H, to give o high 
3 2 

yield of 4. However,  could also orire from &-elimination in ( CF3C0 )20/CF3C02H in  the 

care of & N-oxideJb. On the other hand, when* war refluxed in  Ac20  without AcOH for 10 min, a 

new  compound^, mp 163.5-164.5T, war obtained in 31% yield beridesL( % ) a n d 2  ( 6%), which was 

also formed by direct treatment of _Q with Ac 0 under similar conditions. Structural orrignment of 12 war 
2 

1 
provided b y  elemental analysis and the spectral doto 14)( UV, IR, H- ond 1 3 ~ - ~ ~ ~ ,  mas ). The signal 

at 1.91 ppm (d,  3H, J = 2 Hz, CH3-C=C-C-H), 2.80 (d, IH, J = I 8  HZ, C - H ,  3.04 ( d, IH, J = 
16 

1 
18 HZ, CI6-H ), 4.08 ( r ,  IH, C2-H) 0nd8.42 ( m, IH, CI3-H ) were newly observed in HNMR (200 

3 
MHz ) spectrum of 12. The presence of huo corbonyl groups in 12 and one rp quaternary carbon was 

indicated by appearance of the signals at 202.47, 160.61 , and 57.87 ppm in the 1 3 ~ ~ ~ ~  ( 200 MHz ) 

spectrum. On the basis of IR and UV or well or the NMR spectra, one of the carbonyls war rhown forming 

the omide ot the indole nitrogen. The stereochemistry of z w a s  unambiguously determined by a single 

crystal x-ray analysis. The results are rhown in  Figure 2. 12 c~yrtallizes in  the monoclinic space group 
e 

PZ1/c with a = 11.469(3 ) AD, b = 12.988( 4 ) A ,  c =  13.659 ( 5 )  AD, /3 = 125.28 ( 2 ) "  and 1 - 4 .  

2787 unique reflections having F. > 2 6 ( F. ) were measured on o Rigaku Denki AFC-5 diffractmeter 

using gmphite-monochromoted CuKa radiation out to a 2 8 = 150'. The structure was solved by direct 
max 

methodl using the PASA-11 program pockage l5 ) provided with the diffroctometar. The structure wor refined 

by block-diagonal least-squarer methods to on R-factor of 6.%. 

Formatim of 2 seems to involve initial ocetylation ot Na-nitrwen end C -carbon via z t o  give a diacetyl 
1 

intermediate followed by cyclizotion ond dehydration to give n. Further acetylotim of fi at the 2-position 

and subsequent cyclization would lead to the formotim of 12. The iminium species ?may be rtobilized by 

the indole moiety ond thus prevent further conversion of 4 to 2-acylindole under there conditions, b u t i  

showed on enamine reactivity towards an ocyloting agent at the position- 1 to give 12. - 
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