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Abstract: The electrochemical bis-bromination of the chiral building block 1 followed by a 
dehydrobromination step allowed the preparation of a bromopiperideine 3. The stereoselective 
addition of nucleophiles onto this key intermediate permitted the synthesis of various 4-substituted 
piperidine derivatives. © 1999 Elsevier Science Ltd. All rights reserved. 

The 2-cyano-6-oxazolopiperidine 1 is a chiral non-racemic building block designed I and used 2'3 for 

the asymmetric synthesis of  piperidine alkaloids. We recently described the electrochemical oxidation of 1 

giving halogenation at C-545. Notably, we reported that the regioselective anodic bis-bromination of  1 

afforded in 82% yield the 5,5'-dibrominated product 25. In order to demonstrate the synthetic potential of 

electrochemical reactions in the preparation of  piperidine derivatives from 1, we undertook the 

investigation of  the chemical reactivity of  2, a compound which can be prepared on a 1.5-2.5g scale when 

the electrolysis is performed galvanostically. 

Compound 2 was easily dehydrobrominated (DBU, THE) 6 to afford the bromopiperideine 37 (64%) 

which appeared to us to be a possible precursor of  variously substituted piperidine derivatives (Scheme 1). 

Indeed, we have now in hand a potential cL,13-unsaturated iminium ion (5,6-dihydropyridinium) which 

allows introduction of  substituents at the C-4 and C-5 positions, in addition to the possible substitutions at 

the C-2 and C-6 positions already available from compound 1. 
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Br Br 
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Scheme 1 

The chemistry of  2-cyano-A3-piperidine compounds as latent 5,6-dihydropyridinium salt has been 

particularly documented s. Furthermore, addition of  organocuprates to ct 13-unsaturated oxazolidines was 

reported to give regiospecific 1,4-addition with good diastereoselectivity 9. 
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In this paper, we wish to disclose our investigations related to the addition of various nucleophiles 

to compound 3 (Scheme 2). Oxygen, nitrogen and carbon nucleophiles (Nu) were studied and the results 

are listed in the Table. Addition at the C-4 position was observed in each case giving rise to compound 4 in 

good yields. Debromination of 4 was easily achieved using Bu3SnH ~° affording 5. 

PO. PO 
% ,.. % 

..... Nu NC B u3Snl-I 

AIBN 
Br i Br I 

X X 
3 4 5 

Scheme 2 

With oxygen nucleophiles (entries a and b, Table) the reaction was conducted at 50°C in H20 (and 

acetone) or MeOH in the presence of acetic acid (10 equiv.). Compounds 4a and 4b were obtained in very 

good yields and as a single diastereomer. The configuration of these compounds, easily deduced from ~H 

NMR spectra, is depicted in the Table. 

When a primary amine was used as a nucleophile, aprotic conditions were necessary. Among the 

numerous Lewis acids studied, only TIC14 proved to be efficient. Indeed, the presence of a large excess of 

amine (4.5 equiv.) previously treated in CH2C12 at -20°C with TiCI4 (3.0 equiv.) (suggesting the formation 

ofa TiC14.n (BnNH)n type of species) was necessary. In this case 4c was isolated in 45% yield as a mixture 

of two epimers at C-5 (and / or C-6) in a 4:1 ratio as proved by JH NMR and transformation to a single 

compound 5c. 

Addition of carbon-n nucleophiles was conducted in CH2C12 at -20°C and in the presence of 1 

equiv, of BF3.OEt2 ~'~2. Compotmds 4d and 4e were obtained in good yields but as a complex mixture of 

four products. Transformation of 4 into 5 reduced this to a mixture of only 2 separable epimers at C-4 in a 

ratio of4:l (5d) and 1:I (5e), respectively. 

It should be noticed that compounds 4a, 4b and 5a-e ~3 exhibit the same configuration at C-2 and C- 

6 as starting material I even though these two centers can be epimerized. The excellent diastereoselectivity 

observed for oxygen nucleophiles in forming 4a and 4b as unique components could be explained by a 

reaction under thermodynamic control. This is consistent with the observed configuration as well as the 

good to poor stereocontrol obtained with the carbon-n nucleophiles. 

In conclusion electrochemical halogenation of 2-cyano-6-oxazolopiperidine 1 has opened new 

synthetic perspectives in the way of bromopiperideine 3 which can be stereoselectively substituted at C-4 

particularly with oxygen nucleophiles. 

Acknowledgements: The authors wish to thank Professors M.-B. Fleury and H.-P. Husson for their interest 

in this work and valuable discussions 
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Table: Addition of nucleophiles to the bromopiperideine 3, 

Entry  Nu 

a H20  

b MeOH 

C Ph~/NH2 

~ i(Me)3 

p h / ~  (Me)3 

Condit ions 

Acetic Acid ~ 
50 °C 

(water/  
acetone)  

Acetic Acid ~ 
50 °C 

( M e O H )  

TiCI4 b 
-20 °C 

(CHzCIz) 

BF~.OEt,f 
-20 °C 

(CH2CI2) 

BF30.Et2 ~ 
-20 °C 

(CHzCIz) 

P~ 

i Br 
OH 

P~ 

i Br 
OCH3 

e~. 

N C ~ ~  r 

NH 
Ph"-/2 epimers 

Yield 
(%) 

5 d 

[cqD Y i e l d  
(CHiCle) (%,) 

P~.. 

N C ~ , , ~  ,., O 
85 -236 85 

1 (c, 1.o) 
OH 

N C ~  .,,O 
82 -223 90 

l (c. 1.1) 
OCH 3 

O N C ~ . , ,  

NH 
eh.../ 

45 -149 

(c, 1.2) 

77 

N C ~  ,,O 
62 / 60 

[~ 2 epimers 
II 4:1 

/ 60 

p~. v~. 

N C ~  O 66 N C ~ . , , O  

3 (I lmnol) was dissolved in a mixture of water:acetone 50:50 v/v (3 mL) containing acetic acid (0.6 mL, 10 retool) and 
stirred at 50 °C for 2 h. b benzylamine (BnNH.,) (0.16 mL; 1.5 retool) was added to a solution (2 mL) of TiCI4 (1 mmol) in 
CH2CI_, The suspension obtained was stirred at -20 °C. After 1 h, a solution (1 mL) of 3 (92 mg, 0.33 mmol) in CH2CI_, was 
added. The resulting mixture was stirred at -20 °C for 1 h. ~ BF3.OEt2 (0.06 mL, 0.33 mmol) was added to a solution (1 mL) of 
3 (92 rag, 0.33 mmol) in CH_,CI2 containing allyltrimethylsilane (0.1 mL, 0.6 mmol) or ct-(trimethylsiloxy)styrene (0.2 mL, 1 
retool). The resulting solution was stirred at -20°C for 3 h. a Typical procedure for debromination of compound 4 is as follows: 
to a solution (10mL) of 4 (0.35 mmol) in toluene were added tributyltin hydride (1 mL, 3.7 mmol) and AIBN (30 mg, 0.2 
retool). The resulting solution was stirred at 60°C for 3 h. 
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