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Abstract - The Pummerer reaction applied to indologquinolizidine

derivatives (7) led to compounds (9), (10} and (11) which are precur-

vindorosine {(la)

. 1 . .
and vindoline (1b)~ the Pummerer reaction was used to induce a rearrangement

leading to the pentacyclic ketone (2) from the indoloquinoclizidine (3} according

to Scheme I,
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Scheme I

This "retrobiomimetic" rearrangement followed the reverse pathway affording

. . 2
vincamine (4) from vincadifformine (5)°.
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Over the past twenty years, vincamine (%) and related alkaloids such as eburna-
monine (ﬁ) have been the subject of intense synthetic i.'m:erest3 because of
their therapeutic potential as cerebrovasodilators. In this context, we contsi-
dered that indeolo [2,3-aj quinelizidine (7), unsubstituted on the indolic ni-
trogen could be a synthetic precursor of several analogues of vincamine {(4) and
eburnamonine (6) after cyclisation induced by the Pumnerer reaction and our

study of this reaction is reported in the present paper.

i~

~ g- O~
When treated with dlmsyllithiumlk in THF—Me250, the indoloquinclizidine deriva-
tive (§)5 led to the expected f-ketosulfoxides (7a) and (7b) as a mixture of

diastereomers6 (96%). Refluxing a solution of (Za) and (7b) in tetrahydrofuran

for five minutes in the presence of an excess (6 equiv.) of p-toluenesulfonic

yield : 56%) (Scheme IT).

Compounds (9a) and (_9_]:3)7 which exXhibited in their uv spectra an indelic chro-
mophore were characterized peculiarly by the presence of a low field C21_H

nmr signal at 4.62 and 4.29 ppm respectively, which are in accord with a cis
guinolizidine conformation for the C-D ring ;iunction.8 These two compounds (9a)
and (9b) have been correlated during the following steps of the synthesis.
methylene indoline and an indolenine chromophore, respectively. In the nmr
spectra of compounds (10) and {11) one-proton singlets at 2.99 and 2.94 ppm

lone pair of the adjacent nitrogen.9
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It is noteworthy that the Pummerer reaction, applied to indoloquinclizidines
(7a) and (7h) induced, via the cationic intermediate (12), two types of compe-

titive alkylations (Scheme II}.

Schemne II

and (11) remained the major pathway (path a) compared with the direct N-
alkylation (path b). Acetic anhydride, acetyl chloride and triflucroacetic
anhydride which are commonly used in the Pummerer reaction did net afford signi-
ficant change in the ratio of the products. The orientation of the reaction is
probably controlled at least partially by steric factors. As a matter of fact,

N-alkylation (path b) implies the switching of trans quinolizidine into cis

with Raney-Ni in refluxing acetone and afforded a single compound (13) (93%)

identified as 15-oxo—14,15-dihydroeburnamen1ne11 (Scheme III) thereby indicating

—37%—




Scheme LIT
that (9a) and (9b) were diastereomeric at C, g.
cyclohexene, acetone) afforded compounds (14) and’(if;)? (90% and 83%) whose
reduction with sodium cyanoborohydride in acidic medium 12 gave rise to a single
The pentacyclic ketone (14) has also been prepared by an unambiguous route star-

14

ting with N-protected indoloquinolizidaimne (17) which afforded as previously the
P-keto sulfoxide (18). This compound submitted to a sequential treatment with p-

derivative (10) (overall yield from (17) : 69%) (Scheme IV).

Scheme IV
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Prepared by the sequential treatment : 3,4-dihydro-f-carboline methyl penta-
diencate, chlorobenzene, 110°C ; LDA (2.2 equiv.), THF-HMPA, -78°C, then
EtI, -40°C (overall yield : 49%).

Compounds (Za) and {7b) have not been separated.

{(7a} + (7b) : nmr (400 MHz, CDCl,, TMS : O ppm) : 7.87 (s) and 7.84 (s)

31

Ng-H ; 6.18 (m, 1H) Ciy-H 5 5.39 (m, 1H) Ci5-H ; 4.44 (4, J = 15 Hz, 1H) and
4.17 (d, J = 15 Hz, 1H) CH, SO ; 2.45 (s) and 1.95 (s) CElso 3 1.05 (t, J =
7 Hz) and 1.03 (t, J = 7 Hz) 618‘H3‘ ir (v, em™h) ; 1690.

(9a) : nmr : 5.53 (s, 1H) Cip~H ; 4.62 (s, 1H) Coy-H 2.14 (s, 3H) s-CH3 ;
ir ¢ 1700 ; uv : L max {EtOH) : 227, 280, 293,

(9B} : nmr : 5.41 (s, 1H) ClG_H s 4.29 (s, 1H) C21-H s 2,16 (s, 3H) S-CHB.
{(10) : mnmr : 7.48 (s, 1H) Na-H ; 7.28 (dd, J = 6.6 Hz, 1H} and 6.92 (dd,
J = 6,6 Hz, 1H) C

~“Hand C, ,-H 7.18 (dd, J = 6.6 Hz, 1H} and 6.97 (dd, J =

9 1277 )

6.6 Hz, 1H) C,p-H and C ,-H ; 6.05 (4, Jiho15 = 9.6 Hz, 1H) C15-H ; 5.91
(ad, Jyy_ 15 = 9.6 Hz, J14_3 = 4.5 Hz, 1H) C ,-H ; 3.49 (ad, Ja_gr = 16.5 Hz,
Jiyog = 4.5 Hz, 1H) Cy-H 5 3,13 (d, Jg 4, = 16.5 Hz, 1H) C,,-H ; 3.07 (dd,
J5_6 = 7.5 Hz, JS-S' = 4.5 Hz, 1H) cs-H ; 2.99 (s, 1H) Cpqy-H 5 2.66 {dad,
Jg_gr = 9 Haz, Jg 5 = 7.5 Hz, Jg o = 4.5 Hz, 1H) Cg-H 3 2.22 (s, 3H) S-CH,;
2.22 (ddd, Jg,_g, = 12 Hs, Jg, ¢ = 9 He, Jg, 5 = 4.5 Hz, 1H) Cg5 -H ; 1.90
(ad, J6'-6 = 4.5 Hz, J5‘“6‘ = 12 Hz, 1H) 66,—H ;3 1.24% (m, 2H) C19-H2 ; 0.71
(t. Jyg.4g = 7.5 Hz, 3H) C g-Hg. dir : 3380, 1600. uv : 244, 299, 357. ms

338, 291, 135, 134, 122.

(11 : nmr : 7.82 (dd, J = 7 Hz, 1H) and 7.66 (dd, J = 7 Hz, 1H) Cg—H and

C12’" s 7.37 (dd, J = 7 Hz, 1H)} and 7.23 (dd, J = 7 Hz, 1H) C,.-H and

10

C,,-H ; 6.10 (ad, H ; 5.85 (dd,

11 10.5 Hz,

Ji5 14 = Jy5_q = 3 Hay 1H) C, -

J14_15 = 10.5 Hz, J“h3 = 5.2 Hz) € ,-H ; 4,19 (s, 1H) chTH i 3.69 (4,

— 381 —




10.

J3_3' = 18 Hz, 1H) CJ,—H 3 3.17 (dd, J3_14 = 5.2 Hz, J3_3| = 18 H=z, 1H)
63—H i 2.94% (s, 1H) €y H 2.88 (m, iH) C5—H 3 2.65 {m, 1H) and 2.59 (m,
1H) Cg-H and Cg,-H ; 2.22 (s, 3H) S CH, ; 1.52 (a, J = 7.5 Hz, 2H) C -H,;
1.43 (m, 1H) Cg,-H ; 0.88 (%, Jig_19 = 7.5 Hz, 3H) C,g-Hqy. ir : 2925, 2850,

1700, 1615, 1600, uv : 265. ms : 338, 291.

(13} : nmr : 7.48 {4, J = 8 Hz, 1H)} and 7.10 (d, J = 8 Hz, 1H) Cy-H and

C.,-H ; 7.06 (dd, J = 8 Hz, 1H) and 7.06 (dd, J = 8 Hz, 1H) C,.-H and C

12 10 117
4,78 (d, J = 18 Hz, 1H) and 4.%43 (4, J = 18 Hz, 1H)} Cg-Hy 3 4.35 (s, 1H)

H.

1

Czl—H s 1.01 (t, J = 7.5 Hz, 3H) C18-H3. ir : 2950, 1710, uv : 230, 285,
294, 265.

(14) : nmr : 7.54 (4, J = 8 Hz, 1H) et 7.40 (a, J = 8 Hz, 1H) 09—H and
C,p-H ; 7.32 (dd, J = 8 Hz, 1H) and 7.21 (dd, J = 8 Hz, 1H) Cig-H and €, -H;

6.05 (bs, 1H) N -H 5.87 (m, 1H) Ci47H 5 5.76 (d, J = 10 Hz, 1H) Cis-H ;
5.37 (s, tH) C -H ; 3.33 (dd, J = 7.5 Hz, 1H) CS_H ; 2.97 {(d, J = 16.5 Hz,
1H) Cj'_H 3 2.86 (s, 1) 021-H ;3 2.69 (m, 1H) C6-H ; 2.28 (m, 1H) C5|—H H
1.90 {d, J = 12.6 Hz, J = 5.4 H=z, 1H) Csr'H : 0.97 (m, 2H) 019—H2 ; 0.54 (t,
J = 7.5 Hz, 3H) 618-H3. ir : 1705, 1800, uv : 238, 296, 345, ms : 292, 277,

135, 122, 121,

(16) : nmr : 7.13 (d, J = 7.5 Hz, 1H) and 6.56 (d, J = 7.5 Hz, 1H) C9-H and
¢, ,-H ; 7.02 (dd, J = 7.5 Hz, 1H) and 6.73 (dd, J = 7.5 Hg, 1H) C..-H and

12 10

c H; 5,78 (dd, J = 9.6 Hz, J = 4.5 Hz, iH) Ciy-H 3 5.53 (d, J = 9.6 Hz

117

1H) C._-H 5 3.95 (bs, 1H) Na-H ; 1,48 (m, 2H) C H, ; 0.42 (t, J = 7.5 Hz,

15° 19772

3H) C18—H3. ir : 3%00, 1700, uv : 243, 305. ms : 294, 122, 121.

T. Imbert, C. Thal, H.-P. Husson and P. Potier, Bull. Soc. Chim. France,
1973, 2705.

For the chemical shift for 021—H in various vindoline derivatives see Ref. 1

In a recent study, P.L. Feldman and H. Rapoport, J. Org. Chem., 1986, 51,

3882, indoloquinolizidine i, in which C21—H and C20—Et are in a E{geg

relationship, led exclusively to the Eburna derivative ii.
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Prepared by the following steps : 3,% dihydro-p-carboline, NaH methoxy-
methyl chloride, THF ; methyl pentadiencate, chlorobenzene, 110°C ; LDA

(1.1 equiv.) THF-HMPA, -78°C, then EtI, -40°C (overall yield : 35%).
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