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trans-2-Hydroxycyclohexyl quaternary salts of pyridine, 3-picoline and isoquinoline were prepared from cyclohexene oxide 
and from trans-2-hydroxycyclohexyl p-toluenesulfonate. The very poor yield of quaternary salt from the reaction of cyclo- 
hexene oxide with pyridinium iodide has suggested a general mechanistic scheme involving cyclohexenoxonium ion and 
cyclohexene halohydrin. Con- 
figurations have been established as trans through preparation of authentic I-(cis- and trans-2-hydrosyc~clohexyl)-piperi- 

The quaternary iodides have been hydrogenated to the corresponding tertiary amines. 

dines. 

It has been demonstrated that styrene oxide re- 
acts with strong acid salts of heterocyclic tertiary 
amines to give isomeric 2-hydroxyphenethyl qua- 
ternary salts. Plausible intermediates accounting 
for these products are the styrenoxonium ion and 
the “halohydrins” formed from it by reaction with 
the anion of the acid used. 

This reaction has now been extended to cyclohex- 
ene oxide, allowing a study where interest is cen- 
tered on the geometrical configuration of the prod- 
ucts instead of positional isomerism as in the case 
of styrene oxide. 

Cyclohexene oxide (I) reacts with perchloric acid 
salts (IIa) of pyridine, 3-picoline and isoquinoline 
to give trans-2-hydroxycyclohexyl quaternary per- 
chlorates (IIIa) in quantitative yields. Treat- 
ment with sodium iodide in acetone easily converted 
the perchlorate salts to the corresponding iodides 
(IIIc). Pyridinium p-toluenesulfonate and I gave 
a quaternary salt which was transformed to 1- 
(trans-2-hydroxycyclohexyl)-pyridinium iodide, 

The p-toluenesulfonate salts of this series (IIIb) 
were also prepared from the reaction of the corre- 
sponding amine base with trans-2-hydroxycyclo- 
hexyl p-toluenesulfonate (IVb) . 4  The stereochem- 
ical result strongly suggests that the reaction pro- 
ceeds through the cyclohexenoxonium i0n.j 

In a striking departure from the previously re- 
ported behavior of styrene oxide in this r e a ~ t i o n , ~  
I and pyridinium iodide gave only 10% of the qua- 
ternary iodide, along with a large amount of cyclo- 
hexanone. X similar product mixture was ob- 
tained by heating trans-2-iodocyclohexanol ( I V C ) ~  
with pyridine, a very different result from that ar- 
rived a t  by the use of IVb. 

All the reactions presented may be considered to 
fit into the scheme shown in Fig. 1 wherein a com- 
petition reaction is set up between the amine and 
the anion for the cyclohexenoxonium ion. The 
first path yields a trans-2-hydroxycyclohexyl qua- 
ternary salt (111) and the second a trans-2-substi- 
tuted cyclohexanol (IV) where the substituent is the 
anion of the acid used. This latter path may be 
reversible or the generalized halohydrin (IV) may 
enter into an elimination reaction to give cyclohex- 
anone. 
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Fig. 1. 

The results of the reaction of cyclohexene oxide 
with pyridinium iodide are quite reasonable on this 
basis since iodide is a t  the same time the most nu- 
cleophilic and the least easily displaced of the three 
anions used. This allows trans-2-iodocyclohexa- 
no1 to be formed rapidly and almost irreversibly, 
subsequently giving rise to cyclohexanone. In the 
reaction of the pyridinium p-toluenesulfonate, 
any trans-2-hydroxycyclohexyl p-toluenesulfonate 
formed will react with pyridine, as separately dem- 
onstrated, to give the quaternary salt. 

The trans-2-hydroxycyclohexyl iodide salts of 
pyridine, 3-picoline and isoquinoline were hydro- 
genated over platinum and then treated with base 
to yield the corresponding free tertiary amines. 
The isoquinolinium salt gave a 1,2,3,4-tetrahydro- 
isoquinoline. The piperidine compound was iden- 
tical in properties to the l-(trans-2-hydroxycyclo- 
hexyl)-piperidine first reported by K ~ s n e r . ” ~  

In order to place on a more firm foundation the 
assignment of trans configuration to this series of 
compounds, both cis and trans-2-hydroxycyclo- 
hexylpiperidines were prepared by a new method. 
Pentamethylene iodide was allowed to react with 
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Pyridine 
Pyridine 
Pyridine 
3-Picoline 
3 -Picoline 
3-Picoline 
Isoquinoline 
Isoquinoline 
Isoquinoline 
Piperidine (cis) 
Piperidine (trans) 
Piperidine (trans) 
3-Pipecoline 
1,2,3,4-Tetrahydroisoquinoline 

TABLE I 

Yield, Yo h1 p , ne. 
moa 122 

loo", 98" 1i4-17.5 

ioo" 99-100 
lo", 71', 80d 154 

88" 153 
7 1" 144-14,j 
. .  e 
9 1 b  195-196 

52h 89-90 

76' 34-35 

171-172 --c.I I /  

58' 34-35 

62' (bg 102-103) 
6 1' 46-48 

Carbon, % 
Calcd. Found 

47.57 47.57 
61.87 6l.iiO 
43.29 -43.26 
49.40 49.62 
62.78 62.40 
45.15 45.51 

66.14 66.11 
50.71 50.69 
72 .08  72 39 

. . .  . . .  

73.04 '72.97 
77 88 78 1 U  

Hydrogen, To 
Calcd. Found 

j . 8 1  5 .68  
6 .63  6.59 
5 .28  5 . 4 0  
6.22 6 . 3 2  
6 .93  6 .90  
5 68 3 . 5 8  

6.31 6.3.5 
5.11 5 .15  

l l . %  1 1 . 5 4  

. . .  . . .  

. . .  . .  

. . .  . .  
11 .75 11 .90  
9.15 9 .10  

Directly from I Directly from 11-b Metathetically from the perchlorate. Metathetically from the p-toluene- 
Free tertiary sulfonate. 

amine From czs-2-aminocyclohexanol From trans-2-aminocyclohexanol. 7 From corresponding quaternary salt. 
e Obtained as an oil which would not crystallize. f Calculated for over-all reaction from I 

cis-9 and trans-2-aminocyclohexano110 in a proce- 
dure patterned after that described by Luft." The 
resulting piperidines were quite different and the 
lower melting trans compound was identical with 
the three preparations of l-(trans-2-hydroxycyclo- 
hexyl) -piperidine referred to previously. 

Experimental Part1* 
Reactions of Cyclohexene Oxide (I)  .-Equivalent quan- 

tities of 1'3 and the amine perchlorate (IIa) or p-toluene- 
sulfonate ( I Ib )  were di~solved in pyridine and heated on a 
steam-bath for an hour, after moderating the initial exo- 
thermic reaction. Treatment a i t h  dry ether gave oils 
which slowly crystallized. The products were recrystal- 
lized from acetone-ether. 

The quaternary perchlorates (IIIa) and p-toluenesulfon- 
ates (IIIb) were converted to iodides ( I I Ic)  by preparing 
saturated solutions in hot acetone and adding excess sat- 
urated sodium iodide in acetone. Cooling of the perchlo- 
rate solutions gave the crystalline iodides. Immediate 
filtration of the warm p-toluenesulfonate solutions is neces- 
sary in order t o  remove the insoluble sodium p-toluenesul- 
fonate. 

Reactions of trans-2-Hydroxycyclohexyl p-Toluenesul- 
fonate (IVb).'--In each case, IVb was dissolved in an ex- 
cess of the base and the solution was heated on a steam-bath 
for 5 hr. Subsequent treatment with dry ether gave crys- 
talline products which were recrystallized from alcohol- 
ether mixtures. The conversion of these to  iodides, as 
above, gave products identical to those obtained from the 
perchlorate salts. 

Reaction of Cyclohexene Oxide ( I )  with Pyridinium Iodide 
and trans-2-Iodocyclohexanol (IVc) with Pyridine .--% mix- 
ture of 10 35 g. of pyridinium iodide and 4.9 g. of cyclohex- 

The data for the products are listed in Table I .  
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e:.L oxide ( I )  was heated on a steam-bath for 25 hr. 
The addition of dry ether threw out 11 .0 g. of brown crystals, 
m.p. 135-200'. A Yolhard iodide analysis gave 58.40% 
I-,  from which yields of pyridinium iodide and l-(tiens-2- 
hydroxycyclohexy1)-pyridinium iodide Ivere calculated to be 
90 and lo%, respectively. Heating with acetone separated 
the product into a large insoluble fraction identified as py- 
ridinium iodide, m .p .  175-190°, and a small soluble frac- 
tion, m.p.  152-153', identical with l-(trnns-2-hydroxycy- 
clohexylj-pyridinium iodide. The ether solution from above 
\vas evaporated on a steam-bath and the residual liquid was 
treated ni th  10 g. of semicarhazide hydrochloride anti 15 g. 
of sodium acetate in 50 nil. of 70% alcohol. 1Varming for 
4 hr. ,  followed by long cooling, gave xhite crystals weigh- 
ing 4.4 g. (5irO), n1.p. 166", corresponding to cyclohexanone 
semicarbazone.14 

A solution of 11.5 g. of trans-2-iodoc~-clohexar1ol~ (IVc) in 
10 ml. of pyridine was heated for T hr. and then treated with 
ether in the same manner as before. T h e  iodide analysis of 
58.85% corresponded to yields of 89% pyridinium iodide 
and 8y0 l-(tra1zs-2-l1ydrox)-cycloliexyl)-pyridinium iodide. 
The ether extracts produced 3 . 5  g. (45%) of cyclohcxanone 
semicarbazone, m .p .  166". 

Hydrogenation of Quaternary Iodides .-Solutions of the 
salts in 50% aqueous methanol Irere hydrogenated a t  room 
temperature in :i low-pressure apparatus using platinum 
oxide. Gni absorption was complete in a few hours, where- 
upon the catdyst  was separated and the solution was evapo- 
rated to remove most of the methanol. Treatment with 
excess potassiuni hydroxide yielded an nil layer which was 
extracted i r i t h  ether. IXstillation n t  reduced pressures 
gave the desired amines (Table I ) .  

Reaction of Aminocyclohexanols with Pentamethylene 
Iodide.-Equivalent quantities of the aminocyclohexa~iol 
and pentamethylene iodide along with excess anhydroris 
potassium carbonate were p1:rced in acetone and the mixture 
was refluxed for 4 hr. with good stirring. TYater was atide4 
and the resulting oil layer '~yas extracted r i t h  ether. 1)is- 
tillatiori under reduced pressure gave the desired hydroxy- 
cyclohexl-lpiperidines. The products :ire rc~ported in Tahlt. 
I. 
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