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ABSTRACT. The reaction of a-methylene-indolines with NaCNBH3 in carboxylic 
acids at room temperature can yield either 2P,3P-dihydro-indolines or their N-alkyl 
derivatives as main products with high selectivity, depending mainly on the 
carboxylic acid and on the reaction time when using a large excess of NaCNBH3. 

The reduction of indoles to indolines with N a B b  or NaCNBH3 in 

carboxylic acids was published earlierl.2. Gribble et al. 1 have found that following 

the reduction N-alkylation also proceeds using NaBHd, while NaCNBH3 reduces 

selectively, without any formation of N-alkylated derivatives. Therefore, the use of 

NaCNBH3 was suggested to selective reduction of indolesl and even for other 

aromatic N-heterocycles3. 

Later, Kumar et al.2 have found the reduction of indoles with NaCNBH3 in 

acetic acid to be only selective at room temperature, while at higher temperature 

(50 “C) reduced N-ethylated derivatives could also be produced. 
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Other auth0rs~7~9~ published the selective reduction of alkaloids having 

a-methylene-indoline structure, e.g. tabersonine (la) and its derivatives, with 

NaCNI3H3 in acetic acid without referring to the formation of any N-alkylated 

products Or by-products. 

We have systematically studied the reactions of the a-methylene-indoline 

alkaloids tabersonine (la), vincadifformine (1 b) and their 15-Br- and 15-No2- 

-derivatives (2 a,b and 3 a,b resp.) with NaCNl3H3 in the carboxylic acids 

HCOOH, CH3COOH and C2H5COOH. The reactions were carried out at room 

temperature (20 "C) using a molar ratio of NaCNE3H3 to the alkaloid 5: 1. 

a b 
/"?7 

1 :Rl=H A6,7 6,7-satd. 
2 :R1=Br A6,7 6,7-satd. 
3 :Ri=NOz A6,7 6,7-satd. 

H COOCH3 

Carboxylic acid NaCNBH3 I 
6 

NaCNBH3 

Car box y 1 ic 
ac id  

a b 
4 : R i = H  A6,7 6,7-satd. Rz=alkyl 
5 :Ri=Br  A6,7 6,7-satd. (CH3, C2H5 O r  C3H7) 
6 : R I = N O Z  A6,7 6,7-satd.  

It could unambiguously be established that the transformation of each of 

our a-methylene-indolines under the given conditions involves the primary 
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formation of the 2/3,3P-dihydro derivatives' (1 + 4, 2 5, 3 --f 6), followed by 

their N-alkylation of different rates to give the final N-alkylated product 

corresponding to the carboxylic acid employed. These N-alkylated products could 

also be produced in separate steps by the reaction of isolated indolines with 

NaCNBH3 in carboxylic acids. 

N-acylation of the indolines, as a competitive reaction, could also be 

detected. However, in accord with the finding of Gribble et al. l, under the applied 

conditions the N-acyl derivatives were not transformed into N-alkyl products. 

Figure 1. demonstrates the course of these reactions in time by the example 

of the reaction of vincadifformine (lb) with NaCNBH3 in acetic acid solution. 

Figure 1. The time-function of the reaction of l b  with NaCNBH3 in acetic acid at 20 "C, detected 
by HF'LC. The molar ratio of NaChBH3 to l b  was 5: 1. 

The experimental results can be well utilized for preparative purposes. 

Namely, the reaction of a-methylene-indolines with NaCNBH3 in carboxylic acids 

even at room temperature can yield either reduced indolines or their N-dkyl 
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derivatives as main products, depending above all on the carboxylic acid and on 

the reaction time applied. 

Using a large excess of NaCNBH3 especially in formic acid or acetic acid, 

a-methylene-indolines without any substituent on the aromatic ring or with 

15-bromo-substitution can rather quickly be reduced (in several minutes) and their 

subsequent alkylation can practically be completed within a few hours. In this 

manner N-alkylated derivatives can easily be obtained with excellent stereo- and 

regio-selectivity in good yield. 

On the other hand, the rate of N-alkylation is considerably decreased when 

applying a larger-sized carboxylic acid, such as propionic acid. (Under our 

experimental conditions using propionic acid, the conversion of indolines into 

N-propyl derivatives did not become complete even in a week.) Therefore, non- 

-alkylated indolines can be prepared with high stereo- and regio-selectivity and 

good yield by a short-time treatment of a-methylene-indolines with NaCNBH3 at 

room temperature in propionic acid. 

Under the influence of highly electron-attracting substituent on the 

aromatic ring (e.g. NO2 on the 15-position), the reduction and especially the 

N-alkylation proceed very slowly. 

Our investigations resulted also in the syntheseis of several new 2[3,3j3- 

-dihydro-indolenin alkaloid derivatives, the main characteristics of which are 

summarized in the Table. 

EXPERIMENTAL 

The course of the reactions in time were detected by HPLC. The 

chromatographic system consisted of a Varian 5000 pump, a Varian UV 100 

detector and a Varian Vista 400 integrator. The UV detector was operated at 210 
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nm and 0.05 a.u.fs.. A 150 mm x 4.6 mm i.d. SUPELCO C-18 5pm column was 

used at 30 "C. The mobile phase was 35% aqueous (NH&C03 (0.01 M) in 

CH3CN. The flowrate was 2 ml/min. 

The NMR spectra were recorded in CDCl3 solution in 5 mm tubes at room 

tempetrature on a Bruker AC-80 PFT-spectrometer at 80 (IH) with the deuterium 

signal of the solvent as the lock and TMS as internal standard. 

General procedure 

To a stirred solution of the substrate (1.2 mmole) in carboxylic acid (20 ml) 

NaCNBH3 (6 mmole) was added in portions at room temperature. M e r  the 

desired time the reaction mixture was poured onto ice then made alkaline and 

extracted with benzene. The organic layer was dried (Na2S04), concentrated and 

the product was isolated by crystallization or chromatography. 

Example I .  Reduction of vincadifforniine (1 b) in propionic acid: 2P, 3pdihydro- 

-vincadifformine (4b) 

To a stirred solution of vincadifformine (0.41 g, 1.2 mmole) in propionic 

acid (20 ml) NaCNl3H3 (0.38 g, 6 mmole) was added in portions at room 

temperature. After 10 minutes the reaction mixture was poured onto ice then made 

alkaline and extracted with benzene. The organic layer was dried (NazSO4) and 

concentrated. The evaporation residue of the extract (0.4 g, 98%) was crystallized 

from ethanol: m.p.=70-71 "C; [aID=+59 O (c=0.2 in MeOH); h,,[nm]=209, 

249, 306. IH-NMR: NH(1) 4.32s; OCH3 3.71s; H-2 3.94& (J<1 Hz); H-3 3.9011~ 

Example 2. Reduction and alkylation of vimadiforniine (1 b): N-ethyl-2fl 3 p  

-dihydro-vincadifformine (N-ethyl-4b). 

20 

Vincadifformine (0.41 g, 1.2 mmole) was dissolved in acetic acid (20 ml). 

NaCN€3H3 (0.38 g, 6 mmole) was added to the solution and was stirred for 2 h at 
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room temperature. After the procedure described in the Example I . ,  N-ethyl-4b 

(0.36 g, 81%) was crystallized from EtOH: m.p.=125-125.5 "C; [a],=+11.2 O 

(c=2 in MeOH); h,,[nm]=210, 258, 3 13; 1H-NMR: CH3(N-Et) 1.021(J=6.9Hz); 

20 

OCH3 3.7%; H-2 3 .SSd (2.0 Hz); H-3 4. I O U  (1 1.9, 6.5, 2.0 Hz). 
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