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Abstract : A photoinduced electron transfer process sensitized by 9,10-dicyanoanthracene (DCA), using Me38iCN
(TMSCN) as cyanating agent, yields a-aminonitriles in the indole derivatives and analogues series. Efficient synthesis

of indoloquinolizidine alkaloids through a Pictet-Spengler cyclization applied to these a-aminonitriles generated in situ
is described.

O-cyanoamines are stable versatile synthetic equivalents of the corresponding iminium species and are
frequently used in indole alkaloid synthesis!.

A selective procedure for generating an iminium cation can be initiated by photoinduced single electron
transfer2. We have recently reported that this intermediate can be trapped with Me3SiCN (TMSCN) allowing the
obtention of regioselective 2-cyano-3-piperideines as well as oi-aminonitriles from various alkaloids?.
Unfortunately, electron-rich derivatives such as N-tryptophyl-3-piperideine or indolino-indolizidine alkaloids
bearing-an indole or enamine moiety are known to react readily under photooxygenation conditions. They yield
unstable dioxetanes which subsequently undergo extensive decomposition leading to a complex mixture of
products.

_ We report in this paper that in the 9,10-dicyanoanthracene (DCA)-sensitized photooxygenation of these
indole derivatives, the TMSCN is a superior trapping agent for iminium ions and it also displays a suitable
protection towards enamine moieties. TMSCN leads to o-cyanoamine derivatives in fair yields, this methodology
is of general use. In addition, a mild and efficient synthesis of some indoloquinolizidine alkaloids through a

Pictet-Spengler cyclization applied to these a-aminonitriles generated in situ is described.
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Typical procedure. Irradiation of an acetonitrile solution (25 mL) of the indole derivativel®d (2 mmol)
and TMSCN (0.3 mL, 2.2 mmol) in the presence of catalytic amounts of DCA (0.02 mmol) is carried out with a

1800 W Xe lamp through a U.V. cut-off glass filter (A > 420 nm) at 20 °C under oxygen bubbling. At the end of
the reaction (TLC monitoring), the a-cyanoamines are separated by flash chromatography on alumina.
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Table 1 summarizes the results obtained-with various indole derivatives and analogues and illustrates the
synthetic importance of the method. Considering the yields of a-cyanoamines, the photochemical process
competes with the classical modified Polonovski reactionS, i.e. TFAA treatment of the N-oxides followed by
cyanide trapping, which affords the same o-aminonitriles: 1b (protected with a phenylsulfonyl group, 31%)!1b,
3b (85%)149, 6b (41%)7, Tb (49%)7. Furthermore, the Polonovski protocole suffers from several drawbacks:
the indole nitrogen has to be deactivated by a suitable electron-withdrawing group such as the -butoxycarbonyl
(Boc) or the phenylsulfonyl groups in order to avoid the formation of unwanted side products. Moreover, the
acidity of the medium is a problem when considering in situ reactions with carbon nucleophiles and other
organometallic reagents.

The role of TMSCN in the photochemical process is not totally elucidated. We have nevertheless
established from photochemical experiments that:

- the use of other nucleophilic CN- sources such as alkaline cyanides or Et2AICN leads to a rapid and
extensive decomposition of indole derivatives. i

- the trapping of a dipolar peroxide intermediate by TMSCN at low temperatures (-30 or -50 °C) is not
observed; o-aminonitriles are obtained in all cases. This is not in agreement with the report of Saito® for the
singlet oxygenation of N-methylindoles.

Table 1. a-aminonitriles resulting from DCA-sensitized photooxygenation of various indole alkaloids and
analogues.

Amine o-aminonitrile  Reaction Yield P
a, Ri=H b, R;=CN time (h) (%)
R) R3 R4
1a Ex H H 1b* 4 85(31)¢
2a Et H OMe 2b* 2.5 70
3a OBn H H 3pld 4 65 (85)¢
4a Me Me H 4b* 2.5 75
Sa CH2CO2Et H H Sb* 2 55
6a Vincadifformine 6h? 3 63 (41)¢
7a Tabersonine 7b9 1 81 (49)¢

a. All new products (*) gave consistent spectroscopic data (exact MS, IR, 1Y and 1?’NMR) b, Isolated yields ; ¢. Overall yields
through the modified Polonovski procedure

These results clearly show that efficient deactivation of the indole nitrogen is obtained by using TMSCN

to prevent side reactions during o-cyanoamine formation. The formation of ai-aminonitriles indicates that the
nucleophilic attack by the indole nitrogen on the silicon atom would give a hypervalent silicate which deposits
directly the cyanide ion at the conjugated iminium site formed from the amine radical cation which is the primary
intermediate in the single electron transfer process.

These 2-cyano-3-piperideines can be used as synthons for a general approach to the construction of
complex alkaloids. So, a mild and efficient synthesis of some indoloquinolizidine alkaloids through a Pictet-

Spengle_r reaction applied to these o-aminonitriles generated in situ has been carried out.
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Following the preceding protocole, after complete disappearance of the starting amine, aqueous HCI 1N
(10 mL) is added to the resulting reaction mixture which is stirred for 3 hours at 50-60 °C under argon
atmosphere. After usual treatment, the tetracyclic indoloquinolizidine is separated by flash chromatography on
alumina.

Table 2 summarizes the results obtained with various N-tryptophylpiperideines. It is noteworthy that an
electron enrichment of the indole nucleus by a methoxy group (entry 2a) accelerates the Pictet-Spengler

cyclization. Lounasmaald has already obtained compound 3c from compound 3a through the same intramolecular

acid cyclization applied to a-cyanoamine 3b with an overall yield of 52 %. The lower yield obtained is probably
due to the obtention of compound 3b by the modified Polonovski protocole which thereby necessitates the
deactivation of the indole nitrogen with a t-butoxycarbonyl protecting group (Boc).

The mild conditions of the straightforward electron transfer process compare advantageously with the
cyclization through the modified Polonovski method, i.e. TFAA treatment of the N-oxides obtained from amines
1a,5a followed by brief treatment with acid, which affords much lower yields of cyclized derivatives: 1c
(30%)10a, 8 (30 %)10,

Table 2. Indolizidine alkaloids11 obtained with various N-tryptophyl-3-piperideines.

Starting amine Cychized Yield2
product (%)
Ry Ry R4
1a Et H H 1cl2 60 (30)b
2a Et H OMe 2¢l3 50
3a OBn H H 3cld 75 (52)
4a Me Me H 4cl4 73
5a CH2COZE H H 815 58 (30)b

a. Isolated yields ; b. Overall yields through the modified Polonovski procedure.

The o-aminonitrile intermediate 5b leads to the tetracyclic derivative 5¢, which spontaneously cyclizes to
the pentacyclic eburnane type alkaloid 8.
Further studies are carried out to elucidate the precise mechanistic role of TMSCN and the total synthesis

of some complex indole alkaloids using these ai-aminonitriles as intermediates is in progress.
Acknowledgments: 1.S. thanks J. Hannard, Omnichem s. a., for the gift of vincadifformine and tabersonine,

References and Notes

1. a) Besselievre, R. ; Thal, C. ; Husson, H.P. ; Potier, P., J. Chem. Soc., Chem. Commun., 1975, 90 ;
Besselievre, R. ; Husson, H.P., Tetrahedron (Suppl. 1), 1981, 37, 241 ; Harris, M. ; Besselievre, R. ;
Grierson, D.S. ; Husson, H.P., Tetrahedron Lett., 1981, 22, 331 ; Feliz, M. ; Bosch, J. ; Mauleon, D. ;
Amat, M. ; Domingo, A., J. Org. Chem., 1982, 47, 2435 ; Herlem, D. ; Flords-Parra, A. ; Khuong-
Huu, F. ; Chiaroni, A. ; Riche, C., Tetrahedron, 1982, 38, 271 ; b) Grierson, D.S. ; Vuilhorgne, M. ;
Husson, H.P., J. Org. Chem., 1982, 47, 4439 ; ¢) Gnecco Medina, D.H. ; Grierson, D.S. ; Husson,
H.P., Tetrahedron Lett., 1983, 24, 2099 ; Grierson, D.S. ; Harris, M. ; Husson, H.P., Tetrahedron,
1983, 39, 3683 ; Bosch, I. ; Feliz, M. ; Bennasar, M.L., Tetrahedron, 1984, 40, 1419 ; d) Lounasmaa,
M. ; Karvinen, E. ; Koskinen, A. ; Jokela, R., Tetrahedron, 1987, 43, 2135 ; e) Bosch, J. ; Rubiralta,



784

il

=0 0 =2

13.

14.

15.

M. ; Bolds, J., Tetrahedron, 1987, 43, 391 ; Lounasmaa, M. Studies in Natural Products Chemistry ;
Atta-ur-Rahman, A., Ed. ; Elsevier: Amsterdam, 1988 ; Vol. 1, p89 ; Stork, G., Pure Appl. Chem.,
1989, 61, 439 ; Tamminen, T. ; Jokela, R. ; Tirkkonen, B. ; Lounasmaa, M., Tetrahedron, 1989, 45,
2683 ; Lounasmaa, M. ; Jokela, R., Tetrahedron, 1989, 45, 7449 ; Lounasmaa, M. ; Jokela, R. ;
Tiainen, L.P., Tetrahedron, 1990, 46, 7873 ; Zeller, E. ; Sajus, H. ; Grierson, D.S., Synlett, 1991, 44.
Pandey, G. ; Kumaraswamy, G., Tetrahedron Lett., 1988, 29, 4153 ; Santamaria, J. ; Ouchabane, R. ;
Rigaudy, J., Tetrahedron Lett., 1989, 30, 2927 ; Santamaria, J. ; Ouchabane, R. ; Rigaudy, I.,
Tetrahedron Lett., 1989, 30, 3977.

Santamaria, J. ; Kaddachi, M.T., Synlezz, 1991, 739.

Santamaria, J. ; Kaddachi, M.T. ; Rigaudy, 1., Tetrahedron Lett., 1990, 31, 4735.

Saito, I. ; Matsuura, T. Singlet Oxygen ; Rindby, B. ; Rabek, L.F. Eds. ; John Wiley and Sons, Inc.:
New York, 1978, p186 ; Wasserman, H.W. ; Lipshutz, B.H. Singlet Oxygen ; Wasserman, HW. ;
Murray, R.W. Eds. ; Academic Press: New York, 1979, p467 ; Calabi, L. ; Danieli, B. ; Lesma, G. ;
Palmisano, G., J. Chem. Soc., Perkin Trans. 1, 1982, 1371 ; Hugel, G. ; Laronze, J.Y. ; Levy, J.,
Heterocycles, 1981, 16, 581.

Potier, P., Rev. Latinoamer. Quim., 1978, 9, 47 ; Grierson, D.S. Organic Reactions ; Paquetie, L. A.
Ed. ; John Wiley and Sons, Inc.: New York, 1990, Vol. 39, p85.

Henriques, A. ; Kan, C. ; Chiaroni, A. ; Riche, C. ; Husson, H.P. ; Kan, SX. ; Lounasmaa, M., J. Org.
Chem., 1982, 47, 803.

Saito, I. ; Nakagawa, H. ; Kuo, H.Y. ; Obata, K. ; Matsuura, T., J. Amer. Chem. Soc., 1985, 107,
5279.

Santamaria, J. ; Herlem, D. ; Khuong-Huu, F., Tetrahedron, 1977, 33, 2389.

a) Chevolot, L. ; Husson, A. ; Kan-Fan, C. ; Husson, H.P. ; Potier, P., Bull. Soc. Chim. Fr., 1976,
1222.; b) Husson, H.P. ; Chevolot, L. ; Langlois, Y. ; Thal, C. ; Potier, P., J. Chem. Soc., Chem.
Commun., 1972, 930

The biogenetic numbering system is used: Taylor, W.I ; Le Men, ., Experientia, 1965, 21, 508.

lc. mp. 115° (ether) ; M+ 252 (100 %, C17H20N2), 251, 223, 208, 180, 169, 151, 115, 83 ; IR

(CHCI3, cm-1) 3400, 2920, 1620, 1450 ; 1H NMR (200 MHz, CDCI13, 8) 1.20 (3H, ¢, H-19, J=6.5
Hz), 2.33 (4H, m, H-16, H-18), 2.7 (1H, m, H-6), 2.93 (3H, m, H-6, H-17), 3.30 (2H, m, H-5), 4.6
(1H, 5, H-3), 5.68 (1H, m, H-15), 7.12 (1H, dt, H-10, J=2.6 Hz, J=7.8 Hz), 7.17 (1H, dt, H-11,
J=2.6 Hz, J=7.8 Hz), 7.35 (1H, dd, H-9, J=7.8 Hz, J=2.6 Hz), 7.54 (1H, dd, H-12, J=7.8 Hz, J=2.6
Hz), 7.90 (1H, 5, NH) ; 13C NMR (CDCI3) 12.7 (C-19), 18.0 (C-6), 24.7 (C-16), 28.6 (C-18), 44.1
(C-17), 49.7 (C-5), 56.6 (C-3), 107.2 (C-7), 110.7 (C-15), 118.0 (C-12), 119.3 (C-9), 120.8 (C-10),
121.4 (C-11), 127.0 (C-14), 133.6 (C-8), 135.5 (C-2), 137.1 (C-13).

2c¢. amorphous ; Mt 282 (100 %, C18H22N2), 190, 175, 143, 132, 117, 108, 85, 79 ; IR : 3400, 2920,

2830, 1710, 1620, 1450 ; 1H NMR : § 1.17 (3H, 1, H-19, J=6.5 Hz), 2.06 (1H, m, H-16), 2.30 (3H,
m, H-16, H-18) 2.69 (1H, m, He-6), 2.85 (1H, m, H-17), 2.95 (1H, m, Ha-6), 3.30 (1H, m, H-5),
3.85 (1H, s, H-20), 4.60 (1H, s, H-3), 5.64 (1H, m H-15), 6.80 (1H, dd, H-11, J=8.8 Hg, J=2.4 Hz),
6.93 (1H, d, H-9, J=2.4 Hz), 7.21 (1H, d, H-12, J=8.8 Hz), 7.90 (1H, s, NH) ; 13C NMR : § 12.6 (C-
19), 18.0 (C-6), 24.5 (C-16), 28.5 (C-18), 44.1 (C-17), 49.5 (C-5), 55.8 (C-20), 56.6 (C-3), 100.2 (C-
15), 106.9 (C-7), 111.2 (C-12), 111.4 (C-9), 120.6 (C-11), 127.4 (C-14), 130.7 (C-8), 134.2 (C-2),
137.0 (C-13), 153.9 (C-10).

dc. amorphous ; M+ 252 (100 %, C17H20N2), 237, 223, 194, 180, 169, 156, 143, 92 ; IR : 3470,

2910, 1450 ; 1H NMR : § 1.72 (1H, 5, H-19), 1.9 (1H, m, Ha-16), 2.05 (1H, s, H-18), 2.35 (1H, m,
He-16), 2.70 (2H, m, He-6, H-17), 2.95 (2H, m, Ha-6, H-17), 3.34 (2H, m, H-5), 4.53 (1H, s, H-3),
7.12 (1H, dt, H-10, J=2.6 Hz, J=6.6 Hz), 7.18 (1H, dt, H-11, J=2.6 Hz, J=6.6 Hz), 7.34 (1H, dd, H-
9, J=6.6 Hz, J=2.6 Hz), 7.50 (1H, dd, H-12, J=6.6 Hz, J=2.6 Hz), 7.91 (1H, 5, N) ; I3CNMR : §
17.4 (C-6), 18.7 (C-18), 31.5 (C-16), 43.6 (C-17), 50.3 (C-5), 58.8 (C-3), 106.6 (C-7), 110.7 (C-12),
(1 ésig)(cs), 119.3 (C-10), 121.4 (C-11), 123.2 (C-8), 127.1 (C-15), 128.4 (C-14), 134 (C-2), 135.5
8. amorphous ; M* 264 (100 %, C17H16N20), 235, 223, 205, 180, 167, 149, 118, 85,70 ; IR :

2910, 1710, 1640, 1450 ; 1H NMR : § 2.25 (1H, m, He-14), 2.38 (1H, m, Ha-14), 2.70 (2H, m, H-6),
2.95 (3H, m, H-3, H-5), 3.30 (2H, m, H-3, Ha-17), 3.51 (1H, m, He-17), 4.05 (1H, s, H-21), 5.67
(1H, m, H-15), 7.25 (1H, m, H-10), 7.30 (1H, m, H-11), 7.40 (1H, m, H-9), 8.34 (1H, m, H-12) ;
I3C NMR : § 203 (C-6), 26.2 (C-14), 40.2 (C-17), 48.0 (C-3), 51.3 (C-5), 55.8 (C-21), 112.2 (C-T),
116.1 (C-15), 118.0 (C-12), 121.6 (C-9), 123.9 (C-10), 124.2 (C-11), 128.3 (C-8), 130.1 (C-20),
132.9 (C-2)), 134.9 (C-13), 166.4 (C-16).
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