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Abatrut-The isomcrk compositions of binary mixtures ofalkcncs resulting from the acidcatalysed 
elimination of 4-aryl-3-mcthyl4pipcridinols arc considered in the light of the relative stabilities of 
E and S-methyl4aryl-1,2,5,dtctahydropyridina (rhc former are shown lo be the more stabk 
under acid conditions). the probable stereochemistry of the reaction (evidence for a preferred WON 
mahnum is described) and the influence of protonatcd nitrogen upon the rates of equilibration 
of the isomeric alkencs. 

IN PART I of this series* it was shown that mixtures of E and 5-methyl-1,2,5,6_tetra- 
hydropyridines result when mns (aryl/methyl) 4-aryl-3~mcthyl4pipcridinols (I) 
arc treated with a mixture of acetic and hydrochloric acids at the reflux temperature. 
In mixtures derived from Qphenyl-, o- and m-tolyl- and p-dimethylaminophenyl- 
pipcridinols the ratio of the 3-(11) to the 5-methyltetrahydropyridine (III) was, in most 
cases, approximately I:2 (after a 12 hr heating period), whereas in those derived from 
4-ptolyl- and pmethoxyphcnyl- piperidinols, the ratio was approximately 4: 1. In this 
paper, some factors influencing the relative proportions of isomeric tetrahydropiperi- 
dines formed in these reactions, are considered. 

I 11 111 

Reluriw srubilities of the 3- and 5-mer~~~lleltohydropylidines (II and III). Isomer 
stabilities were investigated by heating a pure isomer in a mixture of acetic and 
hydrochloric acids and assessing isomer proportions in the prtiuct from the PMR 
integrals of the vinylic and see-methyl (characteristic of the 5-mcthylalkene) and 
t-methyl (characteristic of the Imethylalkene) signals (Table 1). The extent of iso- 
me&&on of the 5-methyltetrabydropyridine (Illa, R’ = H) increased with time, the 
3-Me:SMe ratio being approximately 6: 1 after 96 hr treatment (Table 1, Nos. I-4). 

l Present address, FaculCy of Phanmcy. University of Altxrta, Edmonton. Albau. 

1 Part IV. A. F. Casy, A. H. Beckett and M. A. Iwio. Tern&dron 22,2X1 (1966). 
’ A. F. Casy. A. H. lkckctt, M. A. Iorio and H. 2. Yousacf, Tetruhedron 21.3367 (1965). 
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A mixture of similar composition was obtained from the 3-methyl isomer (Ha, R’ = 
H) after a 6 hr heating period. Further heating had no significant effect upon this ratio 
(Table 1, Nos. 68) which is therefore assumed to represent the equilibrium value. 
In the case of the N-ethyl analogues, the extent of isomerization of the S-methyl 
(IIIb, R’ = H) was more than twice that of the 3-methyl isomer (IIb, R’ = H) after a 
6 hr treatment (Table 1, Nos. 9 and IO). 

These results establish the Zmethyl (II) to be more stable than the 5_mcthyltetra- 
hydropyridines (III) under these conditions. Thus, the generally observed greater 
stability of tetra- compared with tri-substituted alkenes is followed in the present 
examples in spite of the fact that resonance interactions between the Qaryl group and 
the double bond are greater in Smethyl isomers (non-bonded interactions are more 
pronounced in planar conformations of 3-methyl- than in 5_methyl4aryltetrahydro- 
pyridines).a 

The 5-methylalkene (IIIa, R’ = H) was unchanged after 24 hr in boiling toluene. 
This result, together with the finding that rates of isomerization were greater in aqueous 
hydrochloric acid than in an acetic-hydrochloric acid mixture (Table 1, Nos. 2 and 5; 
12 and 14), show that these alkene equilibrations probably proceed via addition 
products (such as the original t-alcohol or a Qchloro derivative) which subsequently 
eliminate by the El mechanism, and require a polar solvent, 

Srereochemisrry. Evidence for the stereochemistry of the acid-catalysed elimination 
of 4aryL3-methyl4piperidinols was derived from a study of the elimination of 
isomeric pairs of piperidinols, the probable conformations of which are known.‘ A 
preferred frans stereochemical course for these reactions is supported by the following 
facts. 

t-5 H !@ to 3l C-3 t C-5 iI lra !o M 
vl 

(1) crj (Ph/Me) 1,3-Dimethyl4phenyl4piperidinol (IV, preferred conformation) 
gave the 5-methyltetrahydropyridinc (IIIc, R’ = H) as sole elimination product in 
80% yield, when heated at 5G52” with 16-17 % aqueous hydrochloric acid for 24 hr 
(Table 1, No. 11); if elimination were cis or uns&ctive, an alkene mixture should 
result. The complete absence of the 3-methyl isomer shows the 5-methyl derivative 
to be stable under these conditions and hence interpretation of the result is uncompli- 
cated by isomerizations. Under the same conditions the rrmrs (Ph/Me) piperidinol (V, 
preferred conformation) was not eliminated (see below). 

(2) Using the above elimination conditions, the cb (aryl/methyl) Qptolylpiperi- 
dinol (Ib, R’ = pMe) gave the 3- and 5-methylalkenes (II and IIIb, R’ = p-Me) in 
the ratio of 1 to 2.5 (together with a trace of starting material), while the corresponding 
rruns piperidinol gave qua1 amounts of the two alkenes plus 45% of unchanged 
substrate (Table 1, Nos. 16 and 17). In these cases, a significant interconversion of the 
5_methyl- (III) into the 3-methyl-alkene (II) probably occurs [the equilibration rate of 

* A. H. Bcskcrt, A. F. Guy and M. A. Iorio, Tetrahedron 22,274s (1966). 
’ A. F. Casy. Tetrahedron 22, 2711 (1966). 
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the 4-p-tolyl- is faster than that of the 4-phcnyltetrahydropyridine (IIIa) (Table 1, 
Nos. 1 and 18). However, allowing for this, the fact that more of the S-methyltetra- 
hydropyridine (IIIb, R’ = p-Me) is produced from the c&-piperidinol, indicates a 
preference for frunr elimination; the approximately equal amounts of the 3- and 5- 
methyl isomers formed from the truns piperidinol (Ib, R’ = p-Me) is consistent with 
the same stereochemistry, because truns hydrogen atoms are available at both the 3- 
and 5- positions in this isomer. The relative proportion of the 5-methyl isomer 
(IIIb, R’ = p-Me) was also greater in the cis (Ib, R’ = pMe)derivcd mixture after a 
12 hr reflux period in acetic-hydrochloric acid (Table 1, Nos. 19 and 21). 

Tram elimination mechanisms, well known in E2 reactions, have also been recog- 
nized in certain El processes (notably in mcnthyl and neomenthyl derivativesp and the 
presently described reactions (acidcatalysed dehydration of t-benzylic alcohols), 
which almost certainly proceed by an El mechanism, provide further examples of El 
substrates which eliminate most readily when the ionising group and the /?-hydrogen 
atom are truns diaxial. The elimination of the Cpiperidinols (I) by a hot mixture of 
acetic and hydrochloric acids probably proceeds via an intermediate chloro derivative 
or ester (Cl or protonated OCOMe as ionising group), and the greater reactivity of 
the cis piperidinols (Ib, R’ --. p-Me and Ic, R’ = H) comparcd with corresponding 
truns isomers is possibly a result of such intermediates being formed with greater 
ease in the former isomers because they lack the gauche (3 Me/OH) interactions of the 
truns forms. In the case of alkene equilibrations, the formation of diastereoisomeric 
mixtures of adducts is more likely than that ofa pure cis or truns (Me/Ph) intermediate;. 
hence the occurrence of 3-methyltctrahydropyridines in alkenc mixtures obtained from 
cis (Mc/Ar) piperidinols (I) (as in Table 1, Nos. 16 and 19) is still consistent with a 
truns elimination mechanism since, although this alkene cannot be so-derived from 
the original cis substrate, it can be produced from a truns (Me/Ar) equilibration inter- 
mediate. 

Influence o/positively churgednitrogen. Protonated nitrogen appears to be unfavour- 
able to the elimination of the Qphenylpiperidinols (I) in general and to the formation 
of the 3-methyltetrahydropyridincs (II) in particular, on the following grounds. 

(1) While the elimination of 2-methyl-I-phenylcyclohexanolt [the non-basic 
analogue of the piperidinols (I)], was virtually complete after a 30 min reflux period 
in an acetic-hydrochloric acid mixture, the same treatment of the trans-piperidinol 
(Ic, R’ = H) resulted in an 80 % recovery of starting material (Table 1, Nos 24 and 13). 

(2) When 2-methyl-I-phenylcyclohexanol was heated in an acetic-hydrochloric 
acid mixture for 12 hr, 2-methyl-l-phcnylcyclohexene (equivalent to the 3-methyl- 
tctrahydropyridines) rather than the 6-methyl isomer (quiv to the 5-methyltetra- 
hydropyridines) preponderated in the resultant alkenic mixture (Table I, No. 22). 

(3) When the amide VI was subjected to the above elimination process, the 3- 
methyltetrahydropyridine (IId, R’ = I-I) resulted, little, if any, of the 5-methyl isomer 
being detected in the total reaction product (Table 1, No. 25). 

l In this respect, it is sign&ant that the unchanged substrate remaining after acid treatment of 
cis Ic (R’ - H) (Table 1, No. 11) was a cis-rroru mixture, as evident from the sec. methyl PMR 
signals (ci~ 45.5 c/s. rru~~ 36 c/s). 

t The PMR characteristics of this akohol [in particular, the position of its s-methyl signal (37 c/s 
from TMS) and the broad nature of its aromatic signal (multiplct. main peaks 444, 44Oc/s, W, 
12 c/s)r indicate it to bc composed, largely, of the rr(uu @h/Me) isomer. 
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TAala 1. INTXlMt. DATA FOR MlXlURD 01 TBIRAHyDuomm II AND III AND 
RELATED m 

-. 
No SUbStratC 

-_- ._... _ _ --.- 
1 Illa (R’ = H) 
2 
3 
4 
5 
6 IIa(R’-H) 
7 
8 
9 IlIb(R’ = H) 

10 Ilb (R’ = H) 
11 c&Ic(R’ == H) 

12 rrax.rIc(R’ = II) 
13 rranrIc(R’- H) 
14 WON Ic (R’ - H) 
IS rr(uu Ic (R’ = H) 
16 cis lb (R’ : pMe) 
17 WON lb (R’ - p-Me) 
18 IIIa (R’ = pMc) 
19 cis Ib (R’ - p-Me) 
20 tic lb (R’ = pMe) 
21 ~runs Ib (R’ = p-Me) 
22 2-mthyl-l- 

23 

24 

25 

pl&ylcyclohexanol 
2-mcthyl-l- 

phcnykyclohcxanol 
2-mcthyLl- 

pllcnykyclohcxanol 
VI 

PMR integrals 
Heating --- -- - - Ratio 

period (ir, 

6 
24 
48 
96 
12’ 
6 

24 

7days 
6 
6 

24’ 

12 
0-s 

12’ 
3’ 

24’ 
24’ 

6 
12 
2 

12 
12 

3 

12 not visibk 3 16 s.3:1 

vinyk? SEC-MC’ t-Me’ 3Mc(lT):SMc(III)’ 
_.--.-_ _ 

4 11 
l-5 7 

5.5 
; 2.5 

not visible 2.5 

/ 
not visible ; 
not visible / 

3 10 

f 1:‘5 

6 16.5 

: 

4’ 
7 

2 7 
3 10 

/ 5.5’ 
2.5 8 
3 6.5 
3 115 

notvisibk 4 

/ k 

f k 

f k 

2.5 
5 

13-S 
15 
20 

h 
h 
h 
4 

17 
- 

16.5 
4 

16 
12 
4 
5 

13 
11 
10.5 
20 
- 

- 

- 

1~4.8 
1:1*2 

245: 1 
6:1 
8:1 
7:1 
8:1 
8:1 
1:2.5 

6.5: 1 
S-Me sok climinatioo 

product 
1:l 
1:l 

2.3:1 
1.7:1 

1:2*s 
1:l 

1.6:1 
1.7:1 

I:1 
5:l 

6.2(2Me) : l(6Me) 

3:1 

2:1 

l Derived from t-alcohols or pure alkcncs (bases or hydrochloride@ by the following general 
proadure: a mixture of the substrate (75 mg l pprox), cone HCI (03 ml) and glacial A&H (@6 ml) 
is heated under r&ix for the stated period. mpde alkaline with 4ucotm ammonia and extrmzted 
with ether. The dried extract is evaporated and the residue examined by PMR spectroscopy in 
CDCI,. 

’ Tripkt, chemical shift near 360 c/s from TMS. 
l Doublet, chemical shift near 60 c/s from TMS. 
4 Broad singlet, chemical shift near 96 c/s from TMS. 
l Calculations for the 5 MC alkcnc (III) based upon both vinylic and tMe integrals; results 

averaged if close, othcrw& s-Me derived value taken. Integrals checked against that of the aryl signal. 
r Signal visible but integral too small to be measured aozurately. 
’ Solvent, cone HCl(4 ml) and water (4 ml). 80 mg substrate, reflux temp. 
4 Ratio obtained by comparing the ~-MC integral with the calculated 100% value @ased upon 

the aromatic integral). 
( Solvent, cone HCI (2 ml) and water (2 ml). 60 mg substrate, SO-52”. 
i S-MC (40 c/s) integral 9 (~45% unchanged pipcridinol). 
b t-Me signal not resolvable; ratio calculated from observed and calculated s-Me integral. 
1 s-Me (38 c/s) integral 24 (-80’~ unchanged pipcridinol). 
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In the light of these factors, consideration may now be given to the isomeric 
compositions of prcducts derived from the piperidinols (I) after a 12 hr reaction period. 
The relative proportion of the G-to the tetra-substituted alkenc is greater in the initial 
products than in products isolated after a prolonged heating period, as is evident from 
the results of experiments in which substrates were heated for differing periods of 
time (Table 1, Nos 14 and 15.19 and 20). Hence 5-mcthyltetrahydropyridine forma- 
tion from rrm~~ 4phenyl(ctc>3-methylpiperidinols is even more favoured than is 
indicated from the composition of products isolated after a 12 hr reaction period, 
and most of the 3-methyltetrahydropyridine content must therefore be derived from 
the Smethyl isomer as a result of equilibration. In ftons substrates, loss of either a 
C-3, or an axial C-5 proton is consistent with a front elimination process and the 
preferred loss of the latter proton may be associated with its greater acidity (the acidity 
of the C-3 proton is reduced by the inductive influence of the C-3 methyl substituent). 

The factors of stereochemistry and /?-proton acidity are equally applicable to the 
elimination of 2-methyl-I-phenylcyclohexanol and there is evidence that substantial 
amounts of t&substituted alkene are also produced initially when this compound is 
heated with acid (the proportion of 6-methyl-1-phenylcyclohexene in the alkene mixture 
rises as the reflux period is reduced from 12 hr to 30 min (Table 1, Nos 22-24)‘. On 
this account, therefore, it is considered that the different isomeric ratios of tri- to 
tetra-substituted alkenes obtained from the 4-aryl-3-mcthylpiperidinols (I, R’ = H, o- 
and m-Me, andp_NMeJ on the one hand and 2-methyl-1-phenylcyclohexanol and the 
4-aryl-3-methyl-piperidinols (I, R’ = p-Me and p-OMe) on the other, stem largely 
from the influence of protonated nitrogen upon the rates of equilibration of the 
isomeric alkenes. The evidence that protonatcd nitrogen retards the elimination 

process is also applicable to the influence of AH upon equilibration because transition 
states for the two processes are probably similar. This influence may be interpreted in 
terms of positively charged nitrogen destabilizing carbonium ion intermediaties that 
have reduced electron densities at the C-3 or C-5 positions. The more probable 
resonance contributors (VII) of the alkenes (II and III) are known from UV studies,a 
and if it is assumed that their electronic characteristics at C-3 and C-5 reflect those of 
corresponding elimination intermediates, it follows that positively charged nitrogen 

VII 

l The observation that 2-methyl-1-phcnykyclokxanol treated with 2.5% H&O, in;AcOH for 
20 min at room tcmp gives 77% of bu~thyl- and 20% of 2-uxthyl-l-phcnykyclohc.um.’ provides 
further evidence in this respect. 
6 D. V. Banthorpe. E/b&w&m Jbcrloas pp. 117 and 152. Ekvier. London (1963). 
’ R. B. Gulin and H. P. landal. 1. Am. Ckm. Sot. IS.3969 (1953). 
’ E. W. Garb&h, Jr., 1.0~. Ckm. 27,4247 (1962). 
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wiIl destabilize the intermediates leading to the alkenes (II and III, R’ = H, m-Me 
and pMNeJ to a greater extent than those from which the alkenes (II and III, R’ = 
p-Me and pOMe) are derived. 

EXPERIMENTAL 

Compounds I, II and III have been previously reported.**’ 2-Methyl-1-phcnykyclohcxanol, b.p. 
W/O+6 mm, nz 1.5369 (lit? b.p. 105-106”/1 mm, n: 1.5359) was prepared from 2-mcthylcyclo- 
hcxanonc and lithium phenyl. The mixture of alkaxa daivcd from this alcohol after treatment witb 
acid (Table, footnote u) distilled at 7WW’/@8 mm, nz 1.5460 (lit.* b.p. 78”/1 mm, $15460). The 
PMR spectra were obtained on a Pcrkin Elmer R-10 instrument in CDCI, with TMS as internal 
standard. Thanks are due to Mr. G. McDonough for razording the spectra. 
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