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Abstract - Six and five-membered cyclic a-cyanoamines have been prepared
efficiently from N-benzylpiperidine and N-benzylpyrrolidine. These a-cyanoamines

were successfully used in the synthesis of gephyrotoxin 223AB.

The versatility of a-cyanoamines as syathons in the preparation of various nitrogenous compounds has attracted
much attention recently.] The cyclic a-cyanoamines are extremely useful for the preparation of a variety of aza-
rings including alkaloids. However, most of the methods for preparing cyclic ®-cyanoamines suffer from low

yields23 or from limited sources.*3 Herein, we report a general and feasible methodology for making this type of
compounds. Through regioselective electro-oxidative a-cyanation of aza-ring compounds,® we have obtained the

cyclic a-cyanoamines, such as a-cyanopyrrolidine and a-cyanopiperidine, in good yields. Meanwhile, a typical

3, 5-disubstituted indolizidine alkaloids, gephyrotoxin 223AB.7 was synthesized via this method,

The electro-oxidative «-cyanation was carried out in a heaker-type undivided cell, fitted with two platinum plate
type electrodes. A typical electrolysis procedure (Eniry 9 in Table 1) is described as follows. A solution of cyclic
amine (1b) (2.0 mmol} in 25 ml of methanol and a selution of KCN (7.5 mmeol) in 25 ml water was placed in a
100 ml beaker. To this mixture was charged with 3.50 Volt® of regulated dc-power through a larger platinum
plate anode (8.0 x 5.0 cm} and a smaller platinum plate cathode (3.0 x 1.0 ¢cm). The progress of the reaction was
monitored with tle and nmr spectroscopy, and the power was disconnected after 16 hours when the.side products
began to form.” The resulted mixture was concentrated in vacuo and the products were purified by column
chromatagraphy. The results of this electro-oxidative substitution at the ¢-nitrogenous carbon under various

conditions are summarized in Table 1.
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Table 1:
Entry Amine(Conc.) KCN DC-Voltage Reaction a-Cyanomamines
time(temperature) Yi;:ld% 2/3)

1 1a(0.10M) 0.15M 2.80V 34 h (0°C) 65 (4.0}
2 1a(0.10M) 0.15M 3.00V 23 h (0°C) 62 (4.8)
3 1a(0.10M) 0.15M 300V 17 h (ambient) 45 (7.0)
4 1a(0.10M) 0.15M 350V 15 b (0°C) 27(8.3)
3 1a(0.10M) 0.15M 3.50v 9 h (ambient) 20 (6.0)
6 1b(0.10M) 0.15M 350V 5 h (ambient) 56 (3.0)
7 1b(0.10M) 0.15M 350V 16 h (ambient) 49 (4.0)
8 1b(0.10M) 0.15M 3.50V 36 h {ambient) 45 (3.5)
9 1b(0.04M} 0.15M 350V 16 h {ambient) 74 (3.0)
10 1b(0.04M) 0.15M 3.50V 36 h (ambient) 30 (9.0

According to our observations, the electrolysis gave better chemica] yield at lower de-power voltage (Entry 1 vs. 2
vs. 4) or at lower reaction temperature(Entry 2 vs. 3). However, better regioselectivities (ratios of 2 to 3) were
observed at higher dc-voltage (Entry 1 vs. 2 vs. 4) or Jonger reaction time (Entry 6 vs. 7 vs. 8 and 9 vs.10). This
is probably due to the further oxidation of ¢-cyanoamines (2 and 3} to form the corresponding multi-cyanated
products, and between the two ¢-cyanoamines, 3 is more prone to undergo such reaction. Meanwhile, lowering
the concentration of amine in the reaction mixture also gave better yield of o-cyanoamine (Entry 7 vs. 9), because
at higher concentration the amine became oily and required much longer reaction time. The optimized condition to

obtain high yield of a-cyanoamine (2b} (74%, Entry 9} is to charge a solution of 0.04 M of amine (£) and 0.15 M

of KCN with 3.50 V dc at room temperature for 16 hours.
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A demonstrative synthesis of indolizidine alkaloid, gephyrotoxin 223AB, is outlined in Scheme 1. In this
synthesis, a-cyanoamine {2b) was allowed to react with n-propylmagnesium bromide in THF at ambient
temperature to give amine (4} in 94% yield.!® While amine (4) was subjected to the similar electrolysis conditions
as Entry 9, regioselective generation of o-cyanoamines (5) in 60% yield was achieved as a mixture of cis and
trans stereoisomers (based on 73% conversion of the starting amine (4)). Further substitution of ¢-cyanoamine

(5) with Grignard reagent {6) in THF at 0°C produce the cis-2,6-alky] disubstituted piperidine {7) in 71% yield
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along with 8% of its trans-isomer (8).11 A simple chromatographic purification gave the pure cis-piperidine (7) of
which the benzyl protecting group was removed by hydrogenolysis in ethanol at 50 psi of Hp over palladium
hydroxide to give the secondary amine (9).12 Unfortunately, we were unable to obtain «-cyanoamine (12) by
acidic hydrolysis of the acetal (9) in the presence of KCN.13 As an alternative, ethylene glycol was used to
replace 1,3-propanediol to give 72% of 1,3-dioxolare (10)!4 of which the acetal functionality was hydrolyzed
under milder conditions. Hydrogenolysis of N-benzylamine (10) in ethanol at 50 psi of Hy over palladium
hydroxide at ambient temperature gave secondary amine (11) in 71% yield. Finally, an intramolecular Strecker
reaction and another substitution of ct-cyanoamine (12) by Grignard reagent were executed based on a literature

procedure!5 to give a 3.3 : 1 mixture of gephyrotoxin 223AB (13) (60%) and its epimer (14) (18%).16

In conclusion, the electro-oxidative oi-cyanantion of cyclic amine offers an efficient route to the a-cyanopiperidine

and a-cyanopyrrolidine, which can serve as an important precursor in the synthesis of alkaloids. An indolizidine

alkaloids, gephyrotoxin 223AB, has been synthesized by this methodology.
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