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THE PREPARATION OF CIS- AND TRANS-
2-ALKYL-NN-DIMETHYLCYCLOHEXYLAMINES
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(Received 17 August 1966; accepied for publication 11 November 1966)

Abstract—Mixtures of cis- and ¢rans-2-alkyl-NN-dimethylcyclohexylamines have been prepared by
standard methods and the majority have been scparated into pure isomers by preparative VPC.,

StUDIES of the thermal decomposition of quaternary ammonium hydroxides required
the synthesis of pure cis- and trans-2-alkyl-NN-dimethylcyclohexylamines (I and II
respectively). Numerous methods? are available, but the methods involving reduction,
when applied to the preparation of C-alkylcyclohexylamines, are rarcly stereospecific.
Furthermore, the methods which are claimed to be stereospecific (e.g. the Hofman,
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Curtius, Schmidt and Lossen degradations of cyclohexane carboxylic acids or deriva-
tives; the ammonolysis of cyclohexyl p-toluenesulphonates; the reaction of cyclohexyl
p-toluenesulphonates with sodium azide, with subsequent reduction) suffer from the
obvious disadvantage that they are useful only if the starting material is itself
stereochemically pure.
Our investigations required the pure amines I and 11 containing a variety of alkyl
substituents R. The obvious starting materials were 2-alkylphenols, or 2-alkylcyclo-
hexanols, or 2-alkylcyclohexanones. Many of these compounds are commercially
available, an exception being the case of R = isobutyl. However, 2-iso-butylcyclo-
hexanone was prepared without difficulty by an aldol condensation of cyclohexanone
and isobutyraldehyde, followed by reduction of the C—C double-bond. Catalytic
hydrogenation of 2-alkylcyclohexanone oximes over PtO, proceeded slowly and gave
moderate yields of 2-alkylcyclohexylamines in which cis-isomers formed the major
component (Table 1). Reduction of the oximes with sodium in boiling ethanol gave
moderate to good yields of the primary amines containing a preponderance of the
trans-isomers (Table 2). Attempts to separate the mixtures of cis- and trans-2-
alkylcyclohexylamines by analytical VPC, using the columns developed by Feltkamp
and Thomas,® were not successful. However, under the same conditions, all the
! Houben-Weyl, Methoden Der Organischen Chemie, Band XI, I, Georg Thieme Verlag, Stuttgart
(1957); W. Theilhcimer, Synthetic Methods of Organic Chemistry Vol. 1-18. S. Karger, Basel
(1946-1964); W. Huckel and K-D. Thomas, Liebigs Ann. 645, 177 (1961); A. K. Bose, J. F,
Kistner and L. Farber, J. Org. Chem. 27, 2925 (1962); J. L. Pinkus, G. Pinkus and T. Cohen, Ibid.
27, 4356 (1962).

* H. Fcltkamp and K-D. Thomas, J. CAromat. 10, 9 (1963).
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corresponding cis- and frans-2-alkyl-NN-dimethylcyclohexylamines, obtained by
methylating the mixtures of primary amines, were separated satisfactorily on the
analytical scale (see Fig. 1). The proportions of cis- and trans-bases in the mixtures
were calculated from the area under the peaks, and are reported in Tables 3, and 4;
the corresponding retention times are given in Table S. In most cases, the separations
were successfully extended to a preparative scale (Table 5). In one case, that of
2-methyl-NN-dimethylcyclohexylamine, a preparative separation of cis- and trans-
amines was also achieved by fractional distillation up a spinning band column. The
preferred method for synthesising cis- rich 2-ethyl-NN-dimethylcyclohexylamine
involved catalytic hydrogenation of 2-ethyl-NN-dimethylaniline.

(0) (b)

Inject

» + !

cis trons cis trans

Fio. 1. Separation by unlytml VPC of cis- and trans-2-alkyl-NN-dimethylcyclohexyl-
amine (I and 1I respectively)
(a) a typical separation (R = iso-butyl)
(b) the most difficult separation (R = t-butyl)

The stercochemistry of both the primary and tertiary amines was established by
PMR spectral studies: some of the details of these studies have already been
published?® and the remainder are now reported in Tables 6 and 7.

EXPERIMENTAL

NMR spectra were recorded on a Perkin-Elmer R. 10 spectrometer operating at 60 Mc/s.

Analytical vapour phase chromatography. A Perkin-Elmer 800 Gas Chromatograph was used with
N, as carrier gas. The 12’ X §* column was packed with Carbowax 20 M (5% on a support of
alkali-treated Chromosorb W. The column temp was varied between 120° and 130°; the injector
temp was varied between 250° and 300°. The isomer proportions quoted below were calculated from
the curves by the triangulation method, and are estimated to be accurate to +2%.

Preparative vapour phase chromatography. A Wilkens Autoprep A700 Gas Chromatograph was
used, with He as carrier gas. The 25’ x §° column was packed with Carbowax 20M (25 %)) on alkali-
treated Chromosord W. The temp of the column was varied between 135° and 145°; the injector
temp was varied between 250° and 300°.

* H. Booth, N. C. Franklin and G. C. Gidley, Tetrahedron 21, 1077 (1965).
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The preparation of cis- aad trans-2-alkyl-NN-dimethyicyclohexylamines 2427

General method of preparation of 2-alkylcyclohexylamines rich in cis-isomers. The 2-alkykyclo-
bexanone oxime (20 g), dissolved in & mixture of glacial AcOH (30 ml) and conc HC] (10 ml), was
hydrogenated at room temp and atm press over Adam’s PtO; (1 g) until absorption of H ceased
(5-10 days). The soin was filtered and the filtrate was evaporated under reduced press to a small
volume. Unchanged oxime was removed by shaking with ether, and the aqueous phase was then
basified and extracted several times with ether. Distillation of the dried (KOH) extracts gave the
2-alkylcyclohexylamine.

General method of preparation of 2-alkylcyclohexylamines rich in trans-isomers. The 2-alkylcyclo-
hexanone oxime (25 g) was dissolved in hot dry EtOH (150 ml) and Na (50 g) was added in small
pieces during 2§ hr. The mixture was refluxed for 30 min, and then worked up in the usual manner
(ct. 9), a final distillation giving the crude 2-alkykyclohexylamine.

General method of preparation of phthaloyl derivatives of 2-alkylcyclohexylamines. The cyclohexyl-
amine (1 g) was dissolved, with cooling, in glacial AcOH (5 ml) and treated with powdered phthalic
anhydride (1:5 g). The mixture was heated under reflux for 5-6 hr, cooled and poured with stirring

TABLE S. SEPARATION OF Cis- AND trans-2-ALKYL-NN-DIMETHYLCYCLO-
HEXYLAMINES BY VPC

Purity of base (7)) isolated
Retention Times by preparative VPC
(min) (Estimated by analytical VPC)
Alkyl

cis trans cis trans
Me 512 372 a a
Et 8-08 612 a a
Pr 7-20 552 99-8 a
iso-Pr 9-84 836 100 997
Bu 1020 792 100 a
iso-Bu 11:70 7-80 100 —
sec-Bu 6-96 7-64 100 100
tert-Bu 772 696 a 82
cyclohexyl 3790 29-20 a a
Notes:
* not scparated by preparative VPC.
* incomplete separation.

into a sat NaHCO,aq. The insoluble amide was filtered off and crystallized. The related phthalamic
acid was sometimes isolated by acidification of the NaHCO, solution.

N-Dimethylation of 2-alkykyclohexylamines was carried out by the Eschweiler-Clarke method,
using formaldehyde and formic acid.

cis-2-Ethyl-NN-dimethyicyclohexylamine. 2-Ethylaniline (40 g), Mel (114 g), anhyd Na,CO, (85 g)
and acetone (230 mi) were heated under reflux during 7 hr. Acetone and excess of Mel were removed
by distillation and the residuc was extracted with ether. Distillation of the dried (KOH) extracts gave
2-ethyl-NN-dimethylaniline (33-5 g, 689)), b.p. 49-52°/1-2 mm. The tertiary base (10 g) was hydro-
genated over W5 Raney Ni in MeOH at 130° and 100 atm. initial press. The mixture was filtered
and the filtrate was acidified with 2N HCI and shaken with ether to remove neutral compounds. The
aqueous phase was basified and extracted with ether. Evaporation of the dried (KOH) extracts,
followed by distillation, gave fraction (a), b.p. 38-40/2 mm (not examined) and fraction (b), crude
cis-2-ethyl-NN-dimethykyclohexylamine, b.p. 60-61°/6 mm. (see Table 3).

2-Isobutylcyclohexanone. A mixture of cyclohexanone (60 g) and isobutyraldehyde (72 g) was
added dropwise, at 0°, to a vigorously stirred mixture of 3%, NaOHaq (33 ml) and cyclohexanone
(36 g). Next, 39, NaOHaq (67 ml) was added dropwise, with stirring, during 30 min, the temp being
maintained at 0°. The mixture was stirred at 0° for a further 5 hr. The organic layer was then
¢ H. Booth and F. E. King, J. Chem. Soc. 2688 (1958).
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TABLE 6. SPECTRAL DATA FOR N- AND 2-SUBSTITUTED CYCLOHEXYLAMINES
(Chemical Shifts in 7 values; J in c/s)

a-proton
4-band
Derivative Solv. N-Me a-proton  width (c/s) Misc.
cis-2-Me, NMe, 1 7-87 a Me 9-01* (J 7-0)
2 7-82* J 5-1) a - —
7-85*(J 5°1)
cis-2-Me, NMe,, Mel 3 6-59 a — Me 878 (J 7-0)
cls-2-iso-Pr 1 — 695 6 —
cis-2-is0-Pr, NMe, 1 7-82 a — —
2 7-65* (J 5:3) a — --
trans-2-iso-Pr, NMe, 1 7-89 a - —
2 770 (J 5°1) a — —
7-858 (J 51)
cis-2-is0-Bu 1 — 7-14 77 Me 9-13* (J 5-2)
cis-2-is0-Bu, NMe, 1 785 a — --
trans-2-iso-Bu, NMe, 1 7-83 a .- —
cis-2-sec-Bu 1 — 694 6 —_
cis-2-sec-Bu, NMe, 1 7-82 a — —
2 7-38*(J 59) a — —
cis-2-sec-Bu, NMe,, Mel 3 650 a - —
trans-2-sec-Bu 1 — 7-65 ~18 —
trans-2-sec-Bu, NMe, i 7-86 a - —_—
2 7-68* (J 5-5) a — —
790 (J 5:5)
cis-2-tert-Bu, NMe, 1 777 73 8 But 891
2 7-51*(J 5-5) a — —
trans-2-tert-Bu, NMe, 1 7-90 a — But 892
2 7-55*(J 5-5) a - —
7750 (J 5-5)
trans-2-tert-Bu, NMe,, 3 6-49 a — But 8:86
Mel
cis-2<cyclohexyl, NMe,, 3 650 a — —
Mel
trans-2cyclohexyl, 3 659 a - - -
NMe,, Mel

Solvents: 1, benzene; 2, benzene and excess of trifluoroacetic acid; 3, chloroform.
Notes:

* not seen.

* centre of doublet.

TABLE 7. SPECTRAL DATA FOR PHTHALOYL DERIVATIVES OF 2-ALKYLCYCLOHEXYLAMINES

Observed splittings (c/s)
Derivative Solv. a-Proton (v) Jea Jae
trans-2-180-Pr CeHe 575 117 38
cis-2-is0-Bu* CCl, 573 12-3 3-8
trans-2-iso-Bu* CCl, 6-20 11-0 39
trans-2-sec-Bu CHCI, 590 111 34
trans-2-tert-Bu CeH, 5-65 111 37

* present in a mixture of cis- and trans-imides.
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separated, washed with 2N HCI, dried (MgSO,) and hcated at 140-145° with anhyd oxalic acid for
2hr. The organic layer was separated, washed with water, dried (MgSO,) and distilled up & 2§’
spinning band column. The fractions collected were cxamined by PMR, and the fraction b.p. 100-
105°/20 mm, was a mixture of isomeric 2-(2"-methylpropenyl)cyclohexanones. This fraction (30 g)
was dissolved in EtOH (40 ml) and hydrogenated over 107, Pd-C (1 g) at room temp and atm press
(3-9). H, absorbed; theory 4-41.). The mixture was filtered and distilled through the spinning band
column. The fraction b.p. 95-98°/15 mm was collected as 2-isobutykcyclohexanonc. The derived
oxime (93 7 yield) had b.p. 135-138°/14 mm. The semicarbazone formed platelets (EtOH), m.p. 158-
159°. (Found: C, 62:9; H, 10-4. C,,H,,N,O requires: C, 62'6; H, 10-1%,.)

2-5-Buiyicyclohexanone oxime. o-s-Butyiphenoi (400 g), dissoived in EtOH (80 mi) was hydro-
genated over W5 Raney Ni at 150° and 100 atm initial press. The mixture was filtered, heated to
remove EtOH, dissolved in ether and shaken several times with 20%, NaOHaq. Distillation of the
dried (MgSO,) ethereal soln gave crude 2-s-butykyclohexanol (380 g, 9077, b.p. 76-80°/2:2 mm, as a
mixture of isomers. The foregoing mixture (200 g) was dissolved in glacial AcOH (100 ml) and
treated gradually, at 25-30°, with a mixture containing CrO, (90 g), water (100 ml) and glacial AcOH
(200 ml). The usual method of working-up gave 2-s-butykyclohexanone (145 g, 70%), b.p. 66-70°/
3 mm (lit.* 48°/0-7 mm). A mixture of this ketone (145 g), NaHCO, (130 g), hydroxylamine hydro-
chloride (108 g) and water (30 ml) was heated at 100° during S hr and then treated by ether-extraction.
Distillation of the dried (MgSO,) extracts gave 2-s-butykyclohexanone, b.p. 50-53°/0-9 mm and
2-s-butylcyclohexanone oxime (92 g, 5970, b.p. 116-118°/4 mm. (Found: C, 71-2; H, 11-0; N, 83.
C,oH,yNO requires: C, 71-0; H, 11-3; N, 83%.)

2-1-Butylcyclohexanone oxime. o-t-butylphenol (200 g), in EtOH (100 ml) was hydrogenated for
5 hr over W5 Raney Ni at 150° and 80 atm initial press. The mixture was filtered, heated to remove
EtOH and dissolved in ether. The ether was shaken several times with 309, NaOHagq, dried (MgSO,)
and totally distilled. VPC showed that the product was a mixture of cis-2-t-butylcyclohexanol (3990,
trans-2-t-butykyclohexanol (4 %) and 2-t-butykyclohexanone (57%;). Fractional distillation up a 2§’
spinning band column gave 2-t-butykyclohexanone (98 g), b.p. 81-82/14 mm.

The residue of 2-t-butykcyclohexanol (52 g) was oxidized by the method of Schmerling,® giving
2-t-butylcyclohexanone (36 g), b.p. 87-89°/19 mm (total recovery of ketone: 134 g). The semicarba-
zone had m.p. 180-182° (lit.* 182-183°).

The ketone (25 g), water (10 ml), hydroxylamine hydrochloride (24 g) and NaOH (138 g) were
heated at 80° for 12 hr. The usual method of isolation gave 2-t-butylcyclohexanone oxime (23 g, 84%),
m.p. 71-72° from light petroleum, b.p. 40-60°. (Found: C, 71-0; H, 11-2; N, 83. C,H,,NO
requires: C, 71-0; H, 11'5; N, 84%)

¢ L. J. Dankert and D. A. Permoda, Chem. Abstr. 60, 14405 (1964).
¢ L. Schmerling, J. Am. Chem. Soc. 69, 1121 (1947).



