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The conformational equilibrium in piperidine (LE+lA) has been studied far 20 years with surprising 

changes in the balance of evidence. 
1 

This Letter concerns the kinetically controlled, stereospecific conversion 

of conformers of piperidine derivatives into analysable mixtures of diastereameric ions. Booth 2,3 attempted to 

deuteranate the model piperidinea kinetically to give $ and&z by mixing the liquid amine with an excess of 

CF3C02D. Diffusion of the ammonium ion f into the acid, however, will be slower than H (or D) exchange 

between the ammonium ion, as it is formed at the interface of the twa liquids, and the amine molecules 

hydrogen bonded to it, since such exchanges are at the diffusion controlled limit in homogeneous solution.5 

If, therefore, the conjugate base of the acid is very weak H-D scrambling may take place among the nitrogen 

species at the liquid-liquid interface, thereby giving *p-d and invalidating the results, without exchange 

between the acid and amine,6 e.g.: 

CF3C02D + ~-H......~-H......,-, _I) CF3C02 + 4N;H-,t.. .. H-k-H etc 

We have reinvestigated the deuteronatian of ring-biased piperidines (3,B using ‘H NMR spectra with 14N 

7,R decoupling to analyse the resulting mixture of isotopically distinct ions (Fig. 1). 

I: R4-l 

2: R= ct-3, S-Me, 

3: R= &2,6-M; 

HA 

a 
Figure I. Ions Isrvlting from deutemnation of piperidines 2 and 2 
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Figure 2 shows parts of the ‘H NM spectra7 of solutions of 2 and 2 prepared by five different methods; 

la-e are the N-H resonances from the following solutions: 

(4 

04 

(4 
(4 

(4 

$a chloride in CF3C02D; 

A statistical mixture of &-d chlorides, prepared by crystallisation of ja fram H20-D20 (1: i), in 

CFSC02D; 

A mixture of liquid 2 and excess CF3C02D (Booth’s met hod2); 

A solution prepared by allowing the vapour of3 to diffuse to the surface of D2S04; 
4,lO 

A solution prepared by extracting 2 from a dilute solution in cyclohexane with D2S04. 
4.10 

Spectra Ila-e show the resorumces of the 2(6) -axial Protons (HA) in the five samples of $, while spectra Illa-e 

show the N-H resonances of five solutions, prepared analogously to (a)-( e a ) bo ve, of& Deuteronation may be 

used to determine the conformational equilibrium in secondcry anines if the reaction is (i) irreversible, 
2 

(ii) stereospecific and (iii) kinetically controlled. The stereospecificity is probable by analogy with tertiary 

amines, 
4 

although multiple labelling experiments would be required to elucidate the possible role of proton 

(or deuteron) tunnelling. Spectra Ild and Ile (see below) strongly suggest that deuteronation, as in tertiary 

amines, is kinetically controlled under suitable conditions, as in (d) and (e) above. 

Series II Series III Series I 

8 7 6ppm 27 2.5 2 &pm 

Figure 2. Parts of the proton spectra of fond 2 Series I, AH (with “N,decaupllng), and Series II, 

2(6)-axH(HA)ll resonances for solutions (a)-(e) for& ; Series Ill, &H (with “N-decoupling) resonances 

for solutions of 2 analogaus b (a)-(e). 
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TABLE Ratios of integrals E = HX/I-+ for ions 5 and 1 and derived values of 

K old AGO (kJ mol-‘) at 298K for; and 2 

3 R Kg)’ AGO@) 5 R K(s” AGo@ 

la 1.08 Ill0 1.04 

lb 1.04 lllb 1.06 

Ic 0.97 lllc 0.w 

Id 0.86 0.82 0.5 l 0.2 llld 0.48 0.41 2.1 l 0.2 

le 1.02 0.98 0.0*0.2 llle 0.50 0.48 1.8kO.2 

a The average value, 1.04, of R for la, b and Ila, b has bum used to correct the &served 

values of R in deriving K: the correction lowers AGO by <O. 1 kJ mol 
-1 

. 

In ion&r the proton HA (see Ila in Fig. 2) appears as a quartet due to approximately equal couplinp to 

HB, HC and H (11 .7 Hz, first order analysis); each component is further split into a doublet by coupling to 

Hv (2.7 Hz). 
l? 

In the spectrum of3 (not shown), the couplings to DX and Dv are unresolved and HA appears 

as a triplet. In the remaining spectra Ilb-e from mixtures of ions HA gives seven lines, consisting of a quartet 

(from&r and*) and a triplet (from& and-&I). There is, however, an important difference between Ilb or 

Ilc, in which there is broodening but no resolved coupling to I$ in the triplets, and Ild or Ile, in which the 

triplets show a clear coupling to I$ in spite of broadening by D X. Since Ilb comes from a mixture of all four 

ions&-d and matches Ilc almost exactly, we conclude that Ilc does not correspond to a mixture of $ and & 

only, B claimed by Booth,2 and cannot be the result of kinetically controlled deuteronation of 2. In contrast 

Ild and Ile, fram solutions prepared by methods which avoid amine-ion reactions and consequent isotopic 

scrambling at the acid-amine interface, are consistent with a mixture of $I and @ resulting from kinetically 

control led deuteranation. 

The 14N decoupled spectra la-e of the N-H protons of &were integated; the ratios of are= 

R= HX/% (Tab1 e are a reliable measure of &l/C+1 ) for spectra Id and Ie and so lead directly to K md AGO 

for the equilibrium $EEl-zA in the gas phase and in cyclohexane. Spectm of mixtures of ions ?a-d & not 

allow the presence ofza andzd to be determined at the available 14N decoupling power and resolution 

(spectra IIIa-e). Qualitatively, however, it is striking that the value of E for lllc is close to unity (as for Ic) 

and that the I-$ resonance is relatively broad, as is that of Illb, which must correspond to a mixture of+d, 

whereas llld and llle show lower values of E and narrow HY 
resonances. These differences suggest that llld 

and llle arise from kinetic deuteronation, while lllc shows isotopic scranbling. 

If the ratios E = HX/I-+ f or ions $z and s (from spectra Id and le) are accepted as a meaure of the 

equilibrium constant K@ then our results (Table) indicate little or no conformational preference, in the gas 

phase and in a non-polar solvent, in 3 end by analogy in piperidine ($ itself. This conflicts with the recent 
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conclusion 
la 

that there is a clear preference far the equatorial conformer l_E under similar conditions and 

emphosises the need for still further investigation of this system. 
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