STEREOCHEMISTRY OF THE REACTIONS OF
CYANOHYDRINS OF SUBSTITUTED 4-PIPERIDONES WITH
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SUBSTITUTED 4-AMINO-, 4-METHYLAMINO-, AND
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The action of ammonia, methylamine, or dimethylamine on substituted 4-hydroxy-4-cyanopiperidines in a
modified Strecker synthesis gave mixtures of stereoisomers of the corresponding 4-amino-, 4-methylamino- and
4-dimethylamino-4-cyanopiperidine. |H and 13C NMR spectroscopy was used to determine the structure of these
products. Unusual stereocontrol was found for the reaction of methylamine and dimethylamine with
cyanohydroxypiperidine with substituents at Cy; and Cis) in the ring.

In our preceding communication [1], we described the synthesis of substituted 4-cyano-4-hydroxypiperidines I, 3-IVa,
and established their structure. The stereochemistry of the addition of hydrogen cyanide to the carbonyl group of the starting
ketones was elucidated.

Ina continuation of that study, we investigated the direction of the reaction of cyanohydrins Ier,3-IVer,8 with ammonia
and amines, leading to the corresponding substituted 4-amino-, 4-methylamino-, and 4-dimethylamino-4-cyanopiperidines
V-XIV. Such compounds are intermediates in the synthesis of various biologically active compounds [2-5]. Syntheses have been
reported for some piperidine c-aminonitriles [3,5,6] and their carbocyclic analogs [7-9], but the structure of these compounds
was not established in the work of Vartanyan [3, 5] and Mousseron [9].

'H and C NMR spectroscopy was used to establish the structure of aminonitriles V-XIV and elucidate the
stereochemical control in a moditied Strecker synthesis with cyanohydrins of substituted 4-piperidones. Using our previous data
[1], starting cyanohydrins Ier,3-IVex,8 are mixtures of stereoisomers having equatorial orientation of all the methyl and phenyl
substituents in the piperidine ring and different orientation of the cyano and hydroxyl groups.

Aminonitriles V-XIV were synthesized by the saturation of methanolic solutions of cyanohydrins le,8-IVa, 3 by gaseous
ammonia or amines at 0-5°C. The reaction is complete after 120-168 h [10]. This method gave quantitative yields of
stereoisomer mixtures of previously described [5, 11] substituted 4-amino- and 4-methylamino-4-cyanopiperidines Vilia,3,
Xlle,3, and XIVf as well as previously unreported aminonitriles Va,3-VIle, 8, IXe,8, Xa,8, XIg, and XIII3. On the other
hand, the reaction of cyanohydrin Ilor,8 with dimethylamine leads to a single stereoisomer, dimethylaminonitrile XIIIg in 10%
yield, while the corresponding dimethylaminonitriles could not be obtained at all by this method from cyanohydrins Ie,3 and
[e,5.

In contrast to phenyl-substituted cyanohydrins I, 8-1lla, 3, 4-cyano-4-hydroxy-1,2,5-trimethylpiperidine IVe, 8 reacts
readily with dimethylamine to give a single stereoisomer of dimethylaminonitrile, XIVS [10]. The properties and yields of
previously unreported aminonitriles are given in Table 1.
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TABLE 1. 4-Amino-, 4-Methylamino- and 4-Dimethylamino-4-cyanopiperidines

Compound formita | hexand) " e
va, B C14H19N3 — 1,5051 98
Vi Ci¢H1oN3 96...98 - 92
vi g C15H21N3 74...76 — 97
xp CisH21N3 99...100 - 95
Xa,p CisHa2iN3 - 1,5121 97
Xip Ci6H23N3 81...83 - 80
X118 C16H23N3 * 1,5162 10

*Compound isolated by chromatography on a column packed with grade-Ii-activity
alumina.

In light of the difficulty of separating and assigning the signals of the carbon atoms of the minor a-stereoisomers, the
spectral parameters of only the 3-isomers of aminonitriles V-XIV are given in Tables 2 and 3, while only the parameters for
the signals of the 13C atoms of the cyano groups are given for isomers Va-Xa and Xile; the identification of these cyano group
signals is not difficult.

The quantitative ratio of the stereoisomers of V-XIV in the reaction mixture was established relative to the intensities
of identical carbon nuclei in the 13C NMR spectra with complete proton decoupling [12].

The orientation of the cyano group in the stereoisomers of aminonitriles V-XIV was determined using the width of the
unresolved 13C NMR signals for the cyano groups in the monoresonance spectra. The width at half-height of the 13C NMR
signal of the cyano group of the §-stereoisomers of aminonitriles V-XIV is 20-24 Hz in the monoresonance spectra, while the
width of the cyano group signal of the a-isomers of V-X and XII is only 7-8 Hz (see Table 2). These findings indicate that
the cyano group in the a-isomers are equatorial, while this group in the -isomers is axial [13].

The orientation of the substituents at C,y, C(3), and Cs of the piperidine ring was determined using the 'H NMR data
for the coupling constants of the vicinal protons, 2-, 3-, 5- and 6-H, in the piperidine ring.

Analysis of the 3C and 'H NMR data of the aminonitriles synthesized showed that the reaction of the mixtures of
cyanohydrin stereoisomers lo,8-IVer,8 with ammonia leads to mixtures of the o~ and B-stereoisomers of aminonitriles
Va,3-VIiw, B, in which the fraction of the S-isomer with axial orientation of the cyano group and equatorial amino group is
80-90% . These reactions proceed through the formation of the corresponding 4-iminopiperidines (Scheme) [6, 7,11, 14]. Thus,
the ratio the a- and B-isomers of the aminonitrile reaction products hardly depends on the ratio of these isomers in the starting
cyanohydrins. Our data indicate that the attack of the C=N bond of the imino group by the cyanide anion leads to the
predominant formation of stereoisomers VS-VIIIB with an axial cyano group. In this case, the orientation of the substituents
in the piperidine ring is completely retained.

The reaction of cyanohydrins I8, lle,8, and IVa,8 with methylamine proceeds analogously to give a mixture of
stereoisomers of methylaminonitriles IXa,8, Xa,8, and Xlla,B, in which the (-stereoisomers with an axial cyano group and
equatorial orientation of the substituents at Cy) and C3, or C(s in the ring also predominant (80-90%). We have found that
the reaction of cyanohydrin mixture Illa, with methylamine leads to the stereocontrolled formation of only one aminonitrile
isomer, namely, XIB. The axial orientation of the cyano group in this compound was established using >C NMR spectroscopy.
The positions of the substituents at C,, and C(3) was established using PMR spectroscopy, which the coupling constant of the
vicinal 2-H and 3-H is 10.5 Hz, indicating the trans-diaxial orientation of these protons. Thus, the methyl group at C 3, and
the phenyl group at C ) are equatorial. We found an unusual steric course for this reaction since, as indicated by IH PMR
spectroscopy, a change occurs in the configuration of the piperidine ring during the reaction such that the methyl group at Cs,
becomes axial. This conclusion follows from the coupling constants of the C ¢ H, methylene group with 5-H (2.5 and 3.0 hz).
Such 37 values correspond to equatorial orientation of 5-H. Thus, the methy! group at C(sy in XIf has axial orientation. The
axial orientation of the methyl substituent at C(s, in the piperidine ring in dimethylaminonitriles XIII§ and XIVS.

The starting configuration of the piperidine ring and axial orientation of the methyl group at Cs) in these cases is
probably a consequence of the conversion of the corresponding cyanohydrins into aminonitriles XI8, XIII3, and XIVf through
pathway B (see Scheme) and the corresponding enamines, namely, substituted 4-methylamino- or
4-dimethylamino-1,2,5,6-tetrahydropyridines [6, 14]. Thus, our data indicate that the formation of aminonitriles XI8, X113,
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z—isomers XIg, XIIg, XIVE

1@,f) R =Ph, R? = Me, R = H; T1(,8) R' = Ph, R?* = H, R* = Me; T (cx,) R =Ph, R? = R* = Me;
IV (@B) R' =R®=Me, R*=1; V() Rt = Ph, R* = Me, R =R* = H; VI(@,8) R ~Ph, R?=R* = H,
R®=Me; VII(@,B) R! = Ph, R? =R®=Me, R* = H; VIli(@,f) R* =R*=Me, R*=R* = 11; IX (@,8) R =
Ph,R?=R'=Me, R’=H; X(,f) R' =Ph, R® = H, R® =R* = Me; XI(B) R' = Ph, R =R’ = Me, R" =
H; X11(@,0) R' =R} =R’ = Me, R? = H; XTI (§) R12= Ph,R®=H, R*=R*=Me; XIV(B) RI-R*=R*=
=Me,R°=H

and XIVS through pathway B and the corresponding enamines is probably a consequence of the structure of the starting
cyanohydrins and amines. In these cases, the addition of hydrogen cyanide to the enamine double bond proceeds
stereoselectively through trans addition to give single stereoisomers of XIg, XIIS, and XIVS with an axial cyano group and
is accompanied by change in the orientation of the equatorial methyl group at C(s in the ring and its shift to axial orientation.

Cyanohydrins Ier,8 and IHler,8 do not react with dimethylamine. This failure may be attributed to the steric hindrance
produced by the substituents at Cy,) and Cs, in the ring.

EXPERIMENTAL

The 'H NMR spectra of the compounds studied were taken on a Bruker WM-250 spectrometer at 250 MHz for 2%
solutions in CDCl;. The chemical shifts of the protons were measured relative to HMDS as the internal standard. The 13C
NMR spectra with complete hydrogen decoupling and the monoresonance spectra were taken on a Bruker WP-80 DC
spectrometer at 20.15 MHz using CDCl; as the solvent.

Cyanohydrins Ie,8-IVa,3 were synthesized as described in our previous work [1], while V-XIV were synthesized as
described by Urinovich [11]. The major indices of the products are given in Table 1. The elemental analysis data corresponded
to the calculated values.
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4-Amino-1,3-dimethyl-2-phenyl-4-cyanopiperidine (Ve,8). A solution of 4.61 g (0.02 mole)

4-hydroxy-1,3-dimethyl-2-phenyl-4-cyanopiperidine Ier, in 15 ml methanol was saturated with gaseous ammonia for 1 h with
external cooling to 0-5°C. The reaction mixture was left with a calcium chloride tube at room temperature for five days and
the solvent was removed in vacuum at <20°C. The oily residue was dissolved in ether and dried over anhydrous magnesium
sulfate. Ether was distilled off to give 4.5 g of a mixture of stereoisomeric aminonitriles Ve, 3.

Products VI-XIV was obtained analogously by saturating cyanohydrins Ier,3-IVexr,8 with ammonia, methylamine, or

dimethylamine.
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