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Abstract--The synthesis of chiral 2-(2-indoly1)- and 2-(3-indoly1)-4- 

piperidones by reaction of ~,N-dimethyl-4-oxo-2-[l-(phenylsulfon~l)- 

indolyl]piperidinium iodide and (4-(-)-phenylglycinol is reported. 

Some years ago we developed an improved synthesis of 2-aryl-4-piperidones which has 

been applied to the synthesis of a large number of compounds related to natural 

products and pharmacologically active compounds.1~2 However, until now there is no 

suitable way described to prepare chiral 2-aryl-4-piperidones, even if very recently, the 

synthesis of chiral 4-piperidones by the use of a rarely employed reaction between N,N- 

dimethyl-4-oxopiperidinium iodide and (S)-(-)-a-methylbenzylamine has been reported.3 

In this paper we describe the application of this methodology using (R)-(-)-phenylglycinol 

and 2-arylpiperidinium salts (2) to obtain chiral 2-[I-(phenylsulfonyl)-2-indolyll- and 2-[I- 

(phenylsulfony1)-3-indolyll-4-piperidones ( la) and (1 b) (Scheme 1). 

Scheme 1 
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We first treated piperidinium salts (5) with (R)-(-)-phenylglycinol and K2C03 in ethanol 

obtaining the chiral piperidones (6) in reasonable yields.4.5 Then, the hydroxy group 

was protected as a silyl ether (7).6 It is worth mentioning that the quaternization reaction 

of 4b7 into 5b only yielded the hydrate form of 5b.8.9 This fact was corroborated by the 

spectroscopic data. Thus, in the ir spectrum of 5b.H20 no absorption at 1705 cm-1 but 

an intense OH band were observed, and the 1% nmr spectrum presented a typical 

chemical shift value of 6 95.5 for C-4. After heating 5b.H20 at 80°C under a 5 mmHg 

vacuum for 2 hours the dehydrated compound (5b) was obtained, which clearly 

showed the absorption at 1710 cm-1 in the ir spectrum and the signal at 6208.5 in the 

13C nmr characteristic of the carbonyl function. Reaction of piridinium salt (5b) with (R)- 

(-)-phenylglycinol in the standard conditions yielded a 1:l diastereomeric mixture of 

chiral 4-piperidones (6b)"J in 40% yield, which was separated by flash 

chromatography and the isomers were identified by spectroscopic data. In particular, 

signals at 6 60.8 and 69.3 were observed for the hydroxyethyl chain in the 1% nmr 

spectra of both compounds and significant differences were only Observed for C-2 and 

4 5 6 7 

Reagents and Conditions: (i) CH31 (5 eq.), acetone, room temperature (a: 98% b: 

79%). (ii) 1. (R)-(-)-phenylglycinol (1 eq.), K2C03 (2 eq.), C~H~OH-HZO,  A; 2. slow 
addition of 5a in CH2CI2; 3. A, 3-5 h (a. 56%, b: 40%). (iii) TBDPSCI (1.2 eq., imidazole 
(2 eq.), CHzCI2, A, 12 h (-95%). 

Scheme 2 
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C-6 (56.0 and 47.8 for isomer (aR,3S), and 6 51.3 and 52.4 for isomer (aR,3R), 

respectively) indicating that the ethyl substituent adopts an equatorial orientation in the 

preferred ring conformation of each isomer. 

In a further step, we prepared 2-indolyl-4-piperidone (3a) by methylation of piperidine 

(8a)l and hydrolisis of the resulting acetal (8b). Quaternization of piperidone (3a) with 

an excess of methyl iodide in acetone led to enone (9)" as the result of the piperidone 

ring f r a g m e n t a t i ~ n . ~ ~ . ~ ~  Formation of 9 was evidenced by the presence of two doublets 

(J=16 Hz) at 6 6.8 and 7.7 in the 'H nmr spectrum corresponding to the trans olefin 

protons and by the 13C nmr chemical shift at 6 199.5 for the carbonyl group. Formation of 

9 as a hydroiodide was showed by subsequent liberation to the free amine (9) with an 

aqueous potassium carbonate solution. The most significant modification observed in 

thelH nmr spectra was the shielding (A6 0.55) of the singlet corresponding to the N- 

methyl groups. 

Reagents and Conditions: (i) CH31 (1.5 eq.), acetone, room temperature, 5 h (91% 
yield). (ii) 4N HCI, CH30H. A, 10 h (96% yield). (iii) CH31 (4 eq.), acetone, room 
temperature (65% yield). (iv) 1. (I?)-(-) phenylglycinol (1 eq.), C2H50H-H20, K2CO3; 2.9 
in CH2CI.a slow addition, A, 5 h. v) EtOH, room temperature, overnight. 

Scheme 3 
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The following treatment of 9 with (R)-(-)-phenylglycinol provided enone (lO).14 which 

furnished piperidone (la)l5 by cyclization in ethanol. Compound ( la)  showed to be a 

single diastereomer, in which the Paryl substituent is in an axial disposition (6 4.55, 

doublet of doublets, J=7 and 5 Hz). It is worth noting that transformation of 4- 

ketopiperidinium salts such as 5 into 6 usually involves a three step mechanism: (i) 

opening of the piperidine ring by a Hofmann p-elimination promoted by the base; (ii) 

Michael addition of the chiral amine; and (iii) displacement of dimethylamine.9.'6.17 A 

similar mechanism could be expected in the transformation of 3a into la ,  but instead. 

enone (10) is isolated, which indicates that a substitution of the ammonium salt takes 

place before the Michael addition. 

Finally, piperidone (3b), obtained from its corresponding acetal by hydrolisis,le was also 

quatemized with an excess of methyl iodide (Scheme 4). In a similar manner than in the 

previous case, enone (1 l ) lg  was isolated, which was identified by its spectroscopic 

data. Reaction of 11 with (R)-(-)-phenylglycinol furnished enaminone (12), which was 

directly cyclized yielding satisfactorily the desired piperidone (1 b).20.22 

The formation of a single epimer in the case of 2-indolyl-4-piperidones (1) can be 

accounted for by considering an equilibrium between the open enones (10 and 12) and 

the cyclized structures, which leads to the exclusive formation of the thermodynamically 

most stable isomer. 
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Reagents and Conditions: (i) CH31 (4 eq.), acetone, room temperature (60%) (ii) 1. 
(R)-(-)-phenylglycinol, C2H50H-H20, K2C03, 4 2. 11 in CH2CI2 is slowly added, A. 5 h 
(iii) C2H50HI room temperature, overnight. 

Scheme 4 
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