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Treatment of 1,1’-iminobis-2-butanols with 70% wiw sulfuric acid gives cis- and trans-2,6-diethylmorphol-
ines, 3-ethyl-4-methylpyridine and unsaturated 3-ethyl-4-methylpiperidines. Hydrogenation of the unsatura-
ted 3-ethyl-4-methylpiperidines gives cis- and trans-3-ethyl-4-methylpiperidines. With 50% wiw sulfuric acid
cis- and trans-2,6-diethylmorpholines and a small amount of cis- and trans-2-ethyl-7-methyl-hexahydro-1,4-0x-

azepines are obtained.

J. Heterocyclic Chem., 20, 1681 (1983).

In previous papers [1,2] from our laboratory we have
shown that the reaction between tri- and tetramethyl sub-
stituted diethanolamines and 70% w/w sulfuric acid gives
morpholines with good to excellent yields. During the
course of further studies [3,4,5,6] to elucidate the reaction
mechanism we observed that the ring closure seems to fol-
low exclusively an Sy2-type mechanism with partial inver-
sion of configuration before the cyclization. However, the
exact mechanism of this inversion still remains a subject
for conjecture.

In continuation of our previous work we have now stud-
ied the ring closure of the 1,1"-iminobis-2-butanols.

The 1,1-iminobis-2-butanols (la-c) are prepared from
(SH-)-1,2-epoxybutane [7], (R)+)-1,2-epoxybutane [8] and
commercial DL-1,2-epoxybutane (2a-c) following the syn-
thetic route outlined in Scheme I and using standard con-
ditions.
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The 1-benzylamino-2-butanols (3a-c) have to be purified
from about 4% 2-benzylamino-1-butanol by recrystalliza-
tion. Otherwise 2,5-diethylmorpholines will be formed in
the ring closure reactions.

The 1,1-iminobis-2-butanols (la-c) are treated with a
large excess of sulfuric acid at 145° [1]. The reaction mix-
ture is made alkaline and extracted with diethyl ether. The
resulting reaction product is distilled and hydrogenated in
dioxane with 10% palladium on charcoal as catalyst at 80°
and 1500 psi. The products obtained are shown in Scheme

II and the results of the ring closure are summarized in

Table 1.
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The assignments of the compounds 5 and 6 are routine
and therefore are discussed only in Experimental. The
nmr spectra of the compounds 7 and 8 are shown in Fig-
ure 1. Inspection of the 7-CH-groups (a and b) gives an un-
ambiguous assignment of the cis and trans isomers (see
Experimental). The nmr spectra of 10 and 11 are complex.
Decoupling of the 4-CHj-group of compound 10 gives a
methine group composed of a doublet of two triplets (§ =
1.88; ] = 4.5; ] = 4.5) which means that this compound
tentatively can be assigned cis.

Treatment of (S:S)-1,1’-iminobis-2-butanol with 70%
wiw sulfuric acid at 145° gives 38% cis-2,6-diethylmorph-
oline presumably formed mainly by an Sy2-mechanism.
Only 4% of the trans isomer is obtained which means that
the inversion (or any other mechanism) after which the
trans isomer is formed is of minor importance. The glc of
the reaction product shows that besides the two morphol-
ines at least three unsaturated piperidines and 1% 3-ethyl-
4-methylpyridine [9] are formed. While unsaturated piper-
idines are unstable under the conditions used in prepara-
tive glc, hydrogenation of the reaction product transforms
all unsaturated compounds into cis- and trans-3-ethyl-4-
methylpiperidines [10]. The unsaturated piperidines
might be formed by elimination of two molecules of water
from 1,1iminobis-2-butanol giving dicrotylamine follow-
ed by intramolecular cyclization. A similar cyclization of
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Table 1

Sulfuric acid Reaction time

1,1"-Iminobis-2-butanol (% wiw) hours
S:S (1a) 50 24
70 15
S:R (1b) 50 24
70 15
DL + meso (1c) 50 24
70 15

di-y-chlorocrotylamines to 3-acetyl-4-methyl-1,2,5,6-tetra-
hydropyridines by sulfuric acid has been described by R.
Lukes et al. [11]. The formation of pyridine might mean
that oxidation and/or disproportionation reactions occur
as expected in the reaction mixture.

If 50% wiw sulfuric acid is used instead only traces of
unsaturated piperidines are obtained and the ratio cis/-
trans of the 2,6-diethylmorpholines increases slightly. Glc
gives evidence of two new compounds which are isolated
and shown to be cis- and trans-2-ethyl-7-methylhexahydro-
1,4-oxazepines. Conceivably, there are a number of ways
in which they can be formed (e.g. see Scheme III).

Which of these routes is the most probable remains un-
determined for the time being.

Whether the hexahydro-1,4-oxazepines are formed
when using 70% w/w sulfuric acid has not been establish-
ed. Both cis- and trans-2-ethyl-7-methyl-hexahydro-1,4-o0x-
azepines are decomposed in 70% w/w sulfuric acid at 145°
giving 45-80% of unsaturated piperidines which upon
hydrogenation give cis- and ¢rans-3-ethyl-4-methylpiperid-

Reaction products %

5 6 7 8 9 10 11

47 4 2 2
38 4 1 2 6
20 18 3 2
22 13 2 S 15
35 10 2 2
25 8 3 S 14

ines. The formation of the hexahydro-1,4-oxazepines is
surprising. M. Lj. Mihailovié et al. [12] have shown that
treatment of w-alkenols containing more remote double
bounds such as 5-hexen-1-ol with sulfuric acid (25% v/v) at
steam bath temperature results in the formation of 2-meth-
yltetrahydropyran and 2-ethyltetrahydrofuran, 6-hepten-1-
ol gives 2-ethyltetrahydropyran and 2-propyltetrahydro-
furan, as well as the nonformation of seven-membered
cyclic ethers in both cases.

Treatment of (S:R)-1,1-iminobis-2-butanol with 70%
wiw sulfuric acid gives 22% cis-2,6-diethylmorpholine and
13% of the trans isomer. This means that only to a small
degree the reaction follows an Sy2-pattern, while the main
route(s) give(s) the more sterically hindered cis isomer.
Apart from the inversion of the diol and an Sy2 cyclization
it cannot be excluded that the monocrotylamine derivative
in one way or the other is an intermediate in the formation
of the 2,6-diethylmorpholines. The same type of mecha-
nism as in the formation of the hexahydro-1,4-oxazepines
might be assumed (see Scheme III). The yield of piperid-
ines using the (S:R)-isomer is substantially higher, which
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Figure 1.
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The 270 MHz 'H-nmr spectra of the 2-ethyl-7-methylhexahydro-1,4-oxazepines. A is assigned trans and B cis.

a and b are enlargements of the 7-CH-groups of the two isomers.

means that more dicrotylamine is formed during the reac-
tion. From a synthetic standpoint this type of cyclization
of 1,1-iminobis-2-alkanols might provide a potentially
useful route to 3,4-dialkylpiperidines. The inexpensive-
ness and ready availability of starting materials add to the
attractiveness of this method. Use of 50% w/w sulfuric
acid increases the ration trans/cis of the 2,6-diethylmorph-
olines which means that the Sy2 ring closure occurs to a
greater extent under mild conditions. The amount of cis-
and trans-2-ethyl-7-methylhexahydro-1,4-oxazepines form-
ed during the reaction is about the same as for the

(S:S)-isomer.

A. Ya. Berlin et al. [13] cyclized 1,1-iminobis-2-butanols
(1 mole) in the presence of concentrated sulfuric acid (1.5
moles) at 170-180° for 8 hours and obtained a yield of 70%
of 2,6-diethylmorpholine. However, their paper contains
no discussion about or demonstration of cis and trans

isomers.

EXPERIMENTAL
GLC.

The analyses were performed on a Varian 3700 instrument. The separ-
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ation of the various compounds was carried out as described earlier [1,2].
As cis-2,6-diethylmorpholine and trans-2-ethyl-7-methylhexahydro-1,4-o0x-
azepine only gave one peak on our preparative columns they were sepa-
rated as N-benzyl derivatives using a rather short column (4.5 m x6.7
mm with 20% Carbowax 20 M + 3% (potassium hydroxide on Chromo-
sorb A 60/80), temperature 170-190° and a nitrogen flow of about 50
ml/minute. The resolution was not good enough to produce pure frac-
tions in one run. A second run of the separated crude fractions gave com-
pounds of about 98% purity.

Preparation of (S)-1-Benzylamino-2-butanol (3a).

(SH-}1,2-Epoxybutane (710 mg 0.01 mole}[7], 5.4 g (0.05 mole) of benz-
ylamine and 50 ml of 96% ethanol were heated together in a stainless
steel autoclave at 150° for 2 hours. The reaction product was distilled to
give 1.50 g (84%) of (S)}1-benzylamino-2-butanol, bp 145-147° (8 mm),
mp 43-44° from methylcyclohexane.

Anal. Caled. for C,,H,;NO: C, 73.70; H, 9.56; N, 7.81; O, 8.93. Found:
C, 73.6; H, 9.80; N, 7.78; 0, 8.85.

Prepration of (R)-1-Benzylamino-2-butanol (3b).

This compound was prepared as above from (R} +)1,2-epoxybutane
[8] giving crystals of (R)-l-benzylamin6-2-butanol, mp 43-44° from meth-
ylcyclohexane.

Anal. Calcd. for C, H,NO: C, 73.70; H, 9.56; N, 7.81; O, 8.93. Found:
G, 73.3; H, 9.76; N, 7.72; 0, 9.00.

Preparation of DL-1-Benzylamino-2-butanol (3c).

This compound was prepared as above from commercial 1,2-epoxybut-
ane giving crystals of DL-l-benzylamino-2-butanol, mp 45-46° from
methylcyclohexane. No mp is reported by I. Okada et al. [14].

Anal. Caled. for C;,H;NO: C, 73.70; H, 9.56; N, 7.81; O, 8.93. Found:
C, 73.6; H, 9.80; N, 7.78; O, 8.85.

Preparation of (§:5}-N-Benzyl-1,1"-iminobis-2-butanol (4a).

(Sy1-Benzylamino-2-butanol (3a) (1.79 g 0.01), 800 mg (0.011 mole) of
(SH-}1,2-epoxybutane and 25 ml of 96% ethanol were heated together in
a stainless steel autoclave at 150° for 5 hours. The reaction product was
distilled to give 2.40 g (96 %) of (S:S}-N-benzyl-1,1-iminobis-2-butanol, bp
122-125°/0.05 mm. The hydrochloride, recrystallized from ethanol dieth-
yl ether, had mp 168-169°.

Anal. Caled. for C,H,,CINO,: Cl, 12.32. Found: CI, 12.2

Preparation of (S:R)-N-Benzyl-1,1-iminobis-2-butanol (4b).

This compound was prepared as above from 3b and (SM-)-1,2-epoxy-
butane. The hydrochloride, recrystallized from ethyl acetate, had mp
93-96°.

Anal. Caled. for C,,H,,CINO,: Cl, 12.32. Found: Cl, 12.1.

Preparation of (S:S)1,1"-Iminobis-2-butanol (1a).

(5:S}N-Benzyl-1,1-iminobis-2-butanol (4a) (2.51 g, 0.01 mole) was hyd-
rogenated in 50 ml of dioxane over 0.1 g of palladium on charcoal at 80°
and at 1500 psi in a stainless steel autoclave with efficient stirring. The
filtrate obtained from the hydrogenation was evaporated. The residue
(1.79 g, 100%) crystallized, mp 60-62° after recrystallization from ligroin
(bp 80-110°).

Anal. Caled. for C;H,,NO,: C, 59.59; H, 11.88; N, 8.69; O, 19.85.
Found: C, 59.3; H, 12.0; N, 8.62; 0, 19.7.

Preparation of (S:R)-1,1"-Iminobis-2-butanol (1b).

This compound was prepared as above from (4b), crystals, mp 56-57°
from ligroin (bp 80-110°).

Anal. Calcd. for C;H,,NO,: C, 59.59; H, 11.88; N, 8.69; O, 19.85.
Found: C, 59.3; H, 12.1; N, 8.59; O, 19.6.
cis-2,6-Diethylmorpholine (5).

This compound had the following physical data: 'H-nmr (deuterio-
chloroform: TMS): & 0.94 (1, 6H, CH,), 1.45 (m, 4H, CH,), 2.37-2.88 (qq,
4H, CH; J = 12.28,J = 10.40, ] = 2.10); 3.30 (m, 2H, CH). Compare
cis-2,6-dimethylmorpholine [15].
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N-Phenyl-cis-2,6-diethylmorpholine-4-thiocarboxamide.

This compound had mp 106-108° [13].
Anal. Caled. for C,H,,N,08: N, 10.06; S, 11.52. Found: N, 10.2; S,
11.5.

(5)-N{1-Phenylethyl)-cis-2,6-diethylmorpholine-4-carboxamide.

This compound had mp 109-111°.
Anal. Caled. for C,,H,,N,0,: C, 70.57; H, 9.02; N, 9.65. Found: C, 70.7;
H, 9.07; N, 9.59.

trans-2,6-Diethylmorpholine (6).

This compound had the following physical data: *H-nmr (deuterio-
chloroform: TMS): § 0.93 (t, 6H, CH,), 1.44 (m, 2H, CH,), 1.70 (m, 2H,
CH,), 2.55-2.94 (qq, 4H, CHy; J = 12.12,] = 5.72,] = 3.40), 3.55 (m, 2H,
CH). Compare trans-2,6-dimethylmorpholine [15].

N-Phenyl-trans-2,6-diethylmorpholine-4-thiocarboxamide.

This compound had mp 120-122°,
Anal. Caled. for C,;H,,N,0S: N, 10.06; S, 11.52. Found: N, 10.1; S,
11.8.

cis-2-Ethyl-7-methylhexahydro-1,4-oxazepine (7).

This compound had the following physical data: n% = 1.4543; 'H-nmr:
(see Fig..1) 6 3.94 (m, H, CH; ] = 10.5,] = 6.4,] = 4.2).

N-Benzyl-cis-2-ethyl-7-methylhexahydro-1,4-oxazepine Hydrochloride.

This compound had mp 137-139°,
Anal. Caled. for C;H,,CINO: Cl, 13.14. Found: Cl, 13.2.

trans-2-Ethyl-7-methylhexahydro-1,4-oxazepine (8).

This compound had the following physical data: n%, = 1.4508; 'H-nmr:
(see Fig. 1) 6 3.78 (m, H, CH; ] = 6.3,] = 4.6, = 3.0).

N-Phenyl-trans-2-ethyl-7-methylhexahydro-1,4-oxazepine-4-thiocarbox-
amide.

This compound had mp 89-91°.
Anal. Caled. for C,;H,,N,0S: N, 10.06; S, 11.52. Found: N, 10.2; S,
11.7.

N-Phenyl-cis-3-ethyl-4-methylpiperidine-1-thiocarboxamide.

This compound had mp 108-110°.
Anal. Caled. for C,;H,,N,S: N, 10.68; S, 12.22. Found: N, 10.7; S,12.1.

N-Phenyl-trans-3-ethyl-4-methylpiperidine-1-thiocarboxamide.

This compound had mp 97-99°.
Anal. Caled. for C;H,,N,S: N, 10.68; S, 12.22. Found: N, 10.8; S, 12.5.
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