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Abstract : A photoinduced electron transfer process sensitized by 9,10-dicyanoanthracene (DCA), using Me3SiCN 
(TMSCN) as cyanating agent, yields ot-aminonitriles in the indole derivatives and analogues series. Efficient synthesis 
of indoloquinolizidine alkaloids through a Pictet-Spengler cyclization applied to these ot-aminonitriles generated in situ 
is described. 

~-cyanoamines are stable versatile synthetic equivalents of the corresponding iminium species and are 
frequently used in indole alkaloid synthesis 1. 

A selective procedure for generating an iminium cation can be initiated by photoinduced single electron 
transfer 2. We have recently reported that this intermediate can be trapped with Me3SiCN (TMSCN) allowing the 

obtention of regioselective 2-cyano-3-piperideines 3 as well as a-aminonitriles from various alkaloids 4. 
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 5. 

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 ~-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 o~-aminonitriles generated in situ is described. 

R1 h v / O  2 /DCA CN 
TMSCN • 

visible light 
H ~ , ~ . R 2  69-85 % " H ~ a  R2 

R1 = H R 3 

Typical procedure. Irradiation of an acetonitrile solution (25 mL) of the indole derivativelb, 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 (k > 420 nm) at 20 °C under oxygen bubbling. At the end of 
the reaction (TLC monitoring), the ¢x-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 ~-cyanoamines, the photochemical process 
competes with the classical modified Polonovski reaction 6, i.e. T F A A  treatment of the N-oxides followed by 
cyanide trapping, which affords the same ~-aminonitriles: lb  (protected with a phenylsulfonyl group, 31%) lb, 
3b (85%) ld, 6b (41%)7, 7b (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 t-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. 

- the trapping of a dipolar peroxide intermediate by TMSCN at low temperatures (-30 or -50 °C) is not 
observed; ~-aminonitriles are obtained in all cases. This is not in agreement with the report of Saito 8 for the 
singlet oxygenation of N-methylindoles. 

R_I .R1 

1 - 5  R3 .6 H ~ 7 H CO-,J~e 

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

Amine o~_aminonitrile a Reaction Yield b 
a, RI=H b, RI=CN time (h) (%) 

R2 R3 R4 

l a  Et H H l b *  4 85 (31) c 

2a Et H OMe 2b* 2.5 70 

3a OBn H H 3b ld 4 65 (85) c 

4a Me Me H 4b* 2.5 75 

5a CH2CO2Et H H 5b* 2 55 

6a Vincadifformine 6b 9 3 63 (41) c 

...... 7a Tabersonine 7b 9 1 81 (49) c 

a. All new products (*) gave consistent spectroscopic data (exact MS, IR, 1H and 13NMR) ; b. Isolated yields ; c. 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 c~-cyanoamine formation. The formation of ~-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- 
Spengler reaction applied to these cc-aminonitriles generated in situ has been carried out. 
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Following the preceding protocole, after complete disappearance of the starting amine, aqueous HC1 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. Lounasmaa ld has already obtained compound 3e from compound 3a through the same intramolecular 
acid cyclization applied to (x-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 
la,5a followed by brief treatment with acid, which affords much lower yields of cyclized derivatives: lc  
(30%) 10a, 8 (30 %)10. 

Table 2. Indolizidine alkaloids 11 obtained with various N-tryptophyl-3-piperideines. 

Starting amine Cyclized Yield a 
product (%) 

R2 R3 R4 

l a  Et H H l c  12 60 (30) b 

2a Et H OMe 2c 13 50 

3a OBn H H 3c ld 75 (52) 

4a IV~ Me H 4c 14 73 

5a CH2CO2Et H H 815 58 (30) b 

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

The (x-aminonitrile intermediate 5b leads to the tetracyclic derivative 5e, 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 (x-aminonitriles as intermediates is in progress. 

Acknowledgments: J.S. thanks J. Hannard, Omnichem s. a., for the gift of vincadifformine and tabersonine. 
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