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Inorder to synthesize stereoisometric 4- acyl(benzoyl)- 1, 3-dimethyl-
and -1, 2, 5-trimethyl-4-piperidinols, the reaction of the geomet-~
rical isomers of 4-cyano~1, 3-dimethyl- and -1, 2, 5-trimethyl-4-
piperidinols and the amines and imidic esters corresponding to
them with some alkyl- and arylmagnesium halides, leading to the
corresponding isomeric piperidinic o-ketols, has been studied. The
dependence of the reactivity of the geometrical isomers of the com-
pounds studied on the spatial orientation of their functional groups has
been shown.

In studying the stereochemistry of some deriva-
tives of piperidine, we have come up against the ne-
cessity for obtaining stereoisomeric 4-acyl- and 4-
benzoyl-4-piperidinols. Up to the present time, com-
pounds of this type have been represented only by the
geometrical isomers of 4-acetyl-1,3-dimethyl~ and
-1, 2, 5-trimethyl-4~piperidinols, which are easily ob-
tained by the hydration of the corresponding isomers
of 4~ethynyl-1, 3-dimethyl- and -1, 2, 5-trimethyl-4~pi-
peridinols [1,2], while stereoisomeric ketols with
other acyl groups or with benzoyl groups have re-
mained unknown.
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In the present paper we describe the synthesis of
some 4-acyl(aroyl)-1, 3-dimethyl- and -1, 2, 5-trime-
thyl-4-piperidinols by the reaction of Grignard re-
agents with the geometric isomers of 4-cyano-1, 3-
dimethyl- and -1, 2, 5-trimethyl-4-piperidinols III8 and
IVB and v, obtained by the addition of hydrogen cya-
nide to the carbonyl groups of 1,3~dimethyl- and 1,2,
5-trimethyl-4-piperidinones I and II [3-5].

In view of the possibility of the dissociative decom-
position of the cyanohydrins and in order to find the
optimum method of obtaining piperidinic ketols of this
type, we have also investigated the analogous reac-
tions of some derivatives of the cyanohydrins 113
and IV and v (imidic esters, amides). It appeared of
interest to study the different reactivities of these
compounds as functions of the spatial orientation of
their functional groups. A comparison of the methods
of obtaining the 4-acyl- and 4-aroyl-1,2,5~trimethyl-
4-~piperidinols Vy-Xy (table) from the cyanohydrin
IVy, 4-hydroxy-1,2,5-trimethyl-4-piperidinecarbam-
idic ester (XIy), and 4-carbamoyl-1,2,5~trimethyl-
4~piperidinol (XIIy) (see scheme) showed that the or-
ganomagnesium syntheses take place most smoothly
and unambiguously when the amide Ity is used. This
compound is readily accessible and we have obtained
them not only by the Pinner rearrangement of the im-
idic ester XIy described previously [6] but also by the
hydrolysis of the cyanohydrin IVY at room temperature
with concentrated hydrochloric acid saturated with
hydrogen chloride [7—9] and by the ammonolysis of
the previously-described [2,6] 4-methoxycarbonyl-
1,2,5-trimethyl-4-piperidinol (XIVy).

The reaction of XIfy with methylmagnesium iodide
takes place with particular difficulty, giving a 27%
yield of 4-acetyl-1,2,5~-trimethyl-4-piperidinol (Vy),
which has been obtained previously by a different
method [2]. In accordance with the spatial structure of
Vv established previously [10] by [R-spectroscopic
methods and on the basis of their common method of
synthesis, the ketols VIy-Xy, like Vy have the equa-
torial orientation of the acyl (aroyl) groupings. *

In combination with the previous spectroscopic da-
ta [10], the conversion of the cyanohydrin IVy into the ke-
tol Vy once again confirms the previously-established [2]
configurative connection between these compounds and

*A study of the spatial conformations of the stereo-
isomeric ketols described in the present paper and
compounds related to them by the methods of IR and
NMR spectroscopy will be published in subsequent
communications.
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Characteristics of the Compounds Synthesized
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. CeHa(NOz) 3OH !
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67.71 10.92
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shows that the cyano group in the cyanohydrin IVy has
the equatorial orientation*

The use of the cyanohydrin IVy for the synthesis of
the ketals Vy-Xy proved less suitable because of the
lower yields of the desired products as a result of the
partial dissociation of IVy under the action of the Grig-
nard reagents and the formation as by-products of the
piperidinol II and the corresponding tertiary alcohols,
the presence of which was detected on thin-layer chro-~
matography of the products of the reaction of IVy with
ethylmagnesium and phenylmagnesium bromides. The
use in the reaction with ethylmagnesium bromide of
the imidic ester XTIy, obtained [6] from IVY by Pinner's
method, enables the ketol VIy to be synthesized in
higher yield (see table) but again with contamination by
the piperidinol II and the tertiary alcohol formed from
XIy by the partial splitting off of methanol [15] and the
formation of the cyanohydrin IVY. The use of the im-
idic ester XIy proved inconvenient because of its low
stability, which prevented satisfactorily reproducible
results from being obtained.

The reaction of methylmagnesium iodide and of
ethylmagnesium and phenylmagnesium bromides with
the cyanohydrin I8 takes place in full analogy with
the reactions of IVy and is accompanied by the forma-
tion of 4-acetyl-1,3-dimethyl-, 4-propionyl-1,3-di-
methyl-, and 4-benzoyl-1, 3-dimethyl-4-piperidi-
nols XVB3, XVIB, and XVIIB, respectively (see table),
of which XVB has been obtained previously by a differ-
ent method [1].

In agreement with the spatial structure of XV es-
tablished previously [12] and the generality of the
method of synthesis, the ketols XVIZ and XVIIS have
the cis-structure with axially-oriented propionyl and
benzoyl groups (see scheme).

The reaction of ethylmagnesium and phenylmagne-
sium bromides with the stereoisomeric mixture of the
cyanohydrins VIS andy obtained from the piperidinol
II and acetone cyanohydrin at 0 to —=5° C and enriched
inthe cyanohydrin IV (25—30%)** leads to mixtures of
the ketols VIS and v and IXB and y. The separation of

*The possible configurations of the geometric iso-
mers of IVy and Vo, B, v have been discussed pre-
viously [11] on the basis of chemical data. In our most
recent paper [10] it was shown by means of spectro-
scopic methods that the functional groups in the ketals
VB and Vy have the opposite spatial arrangement. In
view of this, subsequently the spatial configurations
at C-4 of the piperidine ring in the ketals V3 and vy
and in the compounds configuratively connected with
them will be reversed.

**Aninvestigation of the steric directivity of the ad-
dition of hydrogen cyanide to the carbonyl group of the
piperidinols I and II and its dependence on the reaction
temperature is the subject of the following communi-
cation, in which the quantitative ratios of the isomers
in the stereoisomeric mixture of the cyanohydrins Illa
and B and IV3 and v obtained under various conditions
are established.
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these mixtures and the isolation of pure samples of
VI8 and IXB can be done by fractional crystallization
because of the different solubilities of the epimeric
ketols. .

In order to make a variation in the synthesis of the
ketols VIS, IXB, XVI3, and XVII3 from the geomet-
ric isomers of amides with axially oriented carba-
moyl groups and to study their reactivity, we have
synthesized the previously-undescribed amide XIIS and
4-carbamoyl-1, 3-dimethyl-4-piperidinol (XIXB) (see
scheme and table). The conversion of the cyanohydrin
I3 into the amide XIXB via the hydrochloride of me-
thyl 1,3-dimethyl-4-hydroxy-4-piperidinecarbamidate
(XVIIIB) by the Pinner rearrangement proved to be
extremely laborious because of the low reactivity of
XVIIB, as a result of which the amide XIXB could not
be obtained with a yield of more than 15%, in spite of
variations in the reaction conditions. In contrast to
this, the hydrolysis of the eyanohydrin III8 at room
temperature with concentrated hydrochloric acid sat-
urated with hydrogen chloride [7~9] enabled the amide
XIXB to be obtained with a yield of 80%. In the hydrol-
ysis of the stereoisomeric mixture of cyanohydrins
IVB and ¥ under the same conditions, it was impos-
sible clearly to fix the stage of the formation of the
isomeric amides XII8 and vy and to find the optimum
reaction conditions since in all experiments these
compounds were formed with yields of 35—40% in ad-
mixture with the 4-hydroxy-1,2,5-trimethyl-4-piper-
idinecarboxylic acids XIII3 and y. The most conven-
ient method for the synthesis of the amide XIIB proved
to be the ammonolysis of the previously described [2]
hydroxy ester XIVB. In comparison with its epimer at
C-4 of the piperidine ring XIVy, the hydroxy ester
XIVB proved considerably less reactive under ammo-
nolysis conditions and was converted into a mixture
of the amide XII8 and the hydroxy acid XIIIB.

The reactivity of the axial amides XII8 and XIX8
obtained in this way also proved to be considerably
lower than that of the amide XIIy,

These geometric isomers react with Grignard
compounds with great difficulty and are converted
into the ketols VB, VIB, IXB, XVB, and XVI3 with
yields of not more than 50% after taking the recovery
of the initial amides into account.

The low reactivity of the amides XII8 and XIXS in
Grignard reactions, of the imidic ester XIS in the
Pinner rearrangement, and of the hydroxy ester XIV3
in ammonolysis is due, in all probability, to steric
hindrance caused by the 1,3-meta-axial interaction
of the axial functional groups with the hydrogen atoms
at C-2 and C-6 of the piperidine ring. At the same
time, we have observed no appreciable differences in
the reactivity of the cyanohydrins ITIS and IVS3, on the
one hand, and IVy, on the other hand, which may be
due to the small effective volume and linear structure
of the cyano group [13,14].

EXPERIMENTAL

4-Propionyl-1, 2, 5~-trimethyl-4~-piperidinol (VIy). a) Over an hour,
an ethereal suspension of 5.3 g (~0.3 mole) of 4-cyano-1,2,5-
trimethyl-4-piperidinol (IVy) with mp 141-143° C was added to an
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ethereal solution of the ethylmagnesium bromide prepared from 5.5 g
(0.23 g-atom) of magnesium and 25 g (0.23 mole) of ethyl bromide
in 160 ml of dry ether at such a rate that the ether boiled gently.
After the whole of the cyanohydrin had been added, the mixture was
boiled for 6 hr and was hydrolyzed with 160 ml of 18 % hydrochloric
acid; the ethereal layer was separated off and the acidic aqueous layer
was heated in the water bath for 2 hr and was then cooled and neu-
tralized with potassium carbonate. After extraction, the ethereal ex-
tract was dried with calcined magnesium sulfate, the ether was elim-
inated, and the residue was recrystallized to give 4.0 g of the ketol
Viy, Rf 0.76 (Al, Oy, activity grade II, benzene—acetone, 1: 1).
Similarly, the cyanohydrin IVy and phenylmagnesium bromide gave
the ketol IXy, and the stereoisomeric mixture IV8, y gave the ketols
VIB and y and IXB and y.

b) Over an hour, 8 g (0.04 mole) of methyl 4-hydroxy-1, 2, 5-
trimethyl-4~piperidinecarbamidate (XIy) [6] was added to an ethereal
solution of etiylmagnesium bromide prepared from 8.8 g (0.37 g-atom)
of magnesium and 39.26 g (0.36 mole) of ethyl bromide in 200 ml of
dry ether. After the reaction mixture had been heated to the boil for
3 hr and had been worked up in the usual way, 7.3 g of the ketol VIy,
giving no depression of the melting point in admixture with a sample
of the material obtained in the previous experiment, was obtained.

c) Over an hour, an ethereal suspension of 5.6 g (~0.03 mole) of
4-carbamoyl-1, 2, 5-trimethyl-4-piperidinol (XIly) [6] was added to
the ethylmagnesium bromide prepared from 5.5 g (0.23 g-atom) of
magnesium and 25 g (0.23 mole) of ethyl bromide in 150 ml of dry
ether. After 6 hours' heating and the usual working up, 4.5 g of the
ketol V1y, identical with the samples described above, was obtained.

In a similar manner, ketols Vy, Vily, VIIly, IXy, and Xy were
obtained from the amide XIIy.

4-Carbamoy1-1, 2, 5-trimethyl-4-piperidinol (XIIB). The sodium
methoxide obtained by dissolving 1.5 g of sodjum in 2.5 ml of meth-
anol was added to a ammonia-saturated solution of 6.8 g (0.035 mole)
of 4~-methoxycarbonyl-1, 2, 5~trimethyl-4-piperidinol (XIV8) {2] with
mp 70-71° C in 100 ml of methanol. The mixture was heated for 12 hr
at 100° C in a steel ampul; the methanol was distilied off and the
residue was dissolved in water and neutralized with 18% hydrochloric
acid. The resulting aqueous solution was saturated with potassium car-
bonate and extracted with ether. The ethereal extract was dried, the
ether was driven off, and the residue was recrystallized to give 3.2 g
of the amide XIIB. Concentration of the aqueous solution ylelded 2.5 g
(39.7%) of 4-hydroxy-1, 2, 5-trimethyl-4-piperidinecarboxylic acid
(XIIB) with mp 304° C (subl., from ethanol), Found, %: C 57.89,
57.56; H 9.36, 9.18; N 7.75, 7.73. Calculated for GH;NQ;, %o: C 57.75
H 9.09; N 7.48.

Similarly, the same amount of 4-methoxycarbonyl-1, 2, 5-tri-
methyl-4-piperidinol (XIVy) with mp 118~119° C [2, 6] yielded 3.5 g
of the amide XIIy, identical with the sample of this compound syn-
thesized [6] from the amino ester X1y.

4-Propionyl-1, 2, 5-trimethyl-4-piperidinol (VI8). Over an hour,
an ethereal suspension of 4.7 g (~0.025 mole) of the amide XITB was
added to an ethereal solution of the ethylmagnesium bromide pre-
pared from 4.6 g (~0.2 g-atom) of magnesium and 21 g (0.2 mole) of
ethyl bromide in 200 ml of dry ether, after which the reaction mixture
was heated to the boil for 10 hr, After the usual working up and re-
crystallization, 1.9 g of the ketol VI8 and 0.65 g (14 %) of the initial
amide XIIB, sparingly soluble in gasoline, were obtained.

4-Carbamoyl-1,3-dimethyl-4-piperidinol (XIXB). A solution of
5 g (~0.03 mole) of 4-cyano~1, 3-dimethyl-4-piperidinol (I1I8) with
mp 97-98° C in 9 ml of concentrated hydrochloric acid was cooled
with ice water and saturated with hydrogen chloride until the increase
in weight was 4 g, and was then left at room temperature for 4 days.
After the elimination of the excess of hydrochioric acid and neutra-
lization of the solution with potassium carbonate, the crystalline
amide XIXB that had deposited was filtered off and the agueous layer
was saturated with potassinm carbonate and extracted with ether.
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After the ether had been driven off, the crystalline residue was com-
bined with the main substance and recrystallized to give 4.45 g of the
amide XIXB.

The hydrolysis of the stereoisomeric mixture of cyanohydrins
IVB and y was carried out under the same conditions.

4-Propionyi-1,3-dimethyl-4-piperidinol (XVIg). A suspension
of 5 g of 4-cyano-1, 3-dimethyl-4-piperidinol (III8) in 70 ml of ether
was added to an ethereal solution of the ethylmagnesium bromide
prepared from 5.5 g (0.23 g-atom) of magnesium and 25 g (0.23 mole)
of ethyl bromide in 150 ml of dry ether at such a rate that the reac-
tion mixture boiled gently. Boiling was continued for 5 hr and then
the usual process of working up yielded 4.17 g of the ketol XVIB with

0.32 (Al O3, activity grade II, benzene—acetone, 1: 1).

The ketol XVII3 was obtained similarly from the cyanohydrin III8
and phenylmagnesium bromide.

4-Benzoyl-1, 3-dimethyl-4-piperidinol (XVIIB). The reaction of
5.2 g (0.03 mole) of the amide XIXB with the phenylmagnesium bro-
mide prepared from 6.5 g (0.23 g-atom) of magnesium and 36.1 g
(0.23 mole) of bromobenzene in 150 ml of ether gave, after the usual
working up, 2.68 g of the ketol XVII3 with Ry 0.53 (AL 05, activity
grade II, benzene—acetone, 1: 1).
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