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Treatment of (S:R}N-benzyl-1,1"-iminobis-2-butanol with 70% w/w sulfuric acid gives cis- and trans-N-
benzyl-2,6-diethylmorpholines (15 and 74%, respectively) and N-alkenyl-4-ethyl-1,2,3 4-tetrahydroisoquinol-
ines (5%). Hydrogenation of the reaction mixture gives cis- and trans-2,6-diethylmorpholines and N-butyl-4-
ethyl-1,2,3 4-tetrahydroisoquinoline. Neither N-benzyl-N-crotyl{2-hydroxy-1-butyl)amine (4) nor N-benzyldi-
crotylamine (3) are intermediates in the reaction. (S:S)}-N-Benzyl-1,1-iminobis-2-butanol gives 95% of cis-N-
benzyl-2,6-diethylmorpholine and 1% of the trens isomer.

J. Heterocyclic Chem., 21, 647 (1984).

In our previous paper [2] we reported that treatment of
1,1"-iminobis-2-butanols with 70% w/w sulfuric acid gives
cis- and trans-2,6-diethylmorpholines, unsaturated 3-ethyl-
4-methylpiperidines, and 3-ethyl-4-methylpyridine. We
have suggested that the formation of morpholines seems
to exclusively follow an Sy2-like ring closure mechanism
[3,4,5,6] with partial inversion of configuration before the
cyclization. However, it cannot be excluded that there is
an alternate route over a monocrotylamine (4) to the 2,6-
diethylmorpholines [2]. In continuation of our previous
work we have now studied the ring closure of the N-benz-
yl-1,1"-iminobis-2-butanols [2] with 70% w/w sulfuric acid.

The N-benzyl-1,1"-iminobis-2-butanols are treated with a
large excess of 70% w/w sulfuric acid at 145° for 15 hours
[7). The reaction mixture is made alkaline and extracted
with diethyl ether. The reaction product is distilled and
hydrogenated in acetic acid with 10% palladium on char-
coal as catalyst at room temperature and 50 psi for 72
hours. The products obtained are shown in Figure 1 and
the results of the ring closure are summarized in Table 1.

Treatment of (S:R)-N-benzyl-1,1"-iminobis-2-butanol [2]
gives 74% of trans-2,6-diethylmorpholine (2). Fifteen per
cent of the cis isomer (1) is obtained, which means that in-
version (or any other mechanism) according to which the
cis isomer was formed occurs to a substantial degree. Be-
side the two morpholines 5% of N-butyl-4-ethyl-1,2,3,4-
tetrahydroisoquinoline (3) was isolated. To try to elucidate
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the mechanism by which the isoquinoline was formed N-
benzyl-N-crotyl{(2-hydroxy-1-butyl)amine (4) and N-benzyl-
dicrotylamine (3) were cyclized in the standard way. The
reaction of 4 and 3 gave a host of compounds of which
only a few have been isolated (see Scheme 1 and Table 2).

These results suggest that neither N-benzyl-N-crotyl-(2-
hydroxy-1-butyl)amine (4) nor N-benzyldicrotylamine (5)
are intermediates in the ring closure of (S:R)-N-benzyl-
1,1"-iminobis-2-butanols (see Table 1) as no traces of 3-eth-
yl-4-methylpiperidines (11 and 12) and N-butyl-5-methyl-
2,3,4,5-tetrahydro-1H-2-benzazepine (9) or 342-methyl-
phenyl)dibutylamine (10) have been detected in the hydro-
genated reaction mixture. This also means that formation
of the N-benzyl-2,6-diethylmorpholines via a crotyl inter-
mediate (4) can be excluded.

When the reduction was run for 72 hours most of the
2,3,4,5-tetrahydro-1H-2-benzazepine ring system under-
goes cleavage and 3-(2-methylphenyl)dibutylamine (10)
was formed. It was isolated as the hydrochloride (see Expe-
rimental). Under these conditions the 1,2,3,4-tetrahydro-
isoquinoline ring is stable [8]. However, when the reaction
mixture from the ring closure of N-benzyl-1,1"-iminobis-2-
butanol was hydrogenated in dioxane with 10% palladium
on charcoal at 120° and 2000 psi some of 3 was transform-
ed into 2-(2-methylphenyl)dibutylamine (13) (see Experi-
mental).
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Table 1
N-Benzyl-1,1"-iminobis-2-butanol Reaction Products %
OH CoH A 0. _C,H C,H
| 2 2775 0 2''s
,CH;CH CH, CH, St j CoHy. C.H,
CH, N -
\ N N (CH;)JCH:,
CH, CH CH, CH, al H
OH 1
2 3
S:R 15 74 5
S:S 95 1 trace
DL + meso 54 38 3
Table 2
Reaction Products %
Amine 1 2 3 9 and/or 10 11 12
,CH,CH=CHCH,
O
\
H c
CHa P €1 CHs 2 1 9 7 11 5
OH
4
,CH,CH=CH CH,
"
\CH, CH=CH CH,
— — 1 3 15 8
5
,CHy CH=CHCH,
O
CH, CH, CH, CH,
— — 3 94 — —
6
OH
CH,CH, CH CH,
O
CH,CH, CH,CH,
— — 4 94 — —
7
OH
,CH2CH CH,CH,
Ot
CH,CH,CH,CH,
— — 46 48 — —
8
In addition to the two crotylamines 4 and 5 compounds i ?H°CH e
. CH
6, 7 and 8 were treated in the standard way; only the @G @ e Hem
. H
hydrogenation step was excluded. The results are summa- N(CH,): CHs CH,
rized in Table 2. Compound 6 gave 94% of N-butyl-5- .
methyl-2,3,4,5-tetrahydro-1H-2-benzazepine (9) and 3% of 1
5 q . CH, CH C.H
N-butyl-4-ethyl-1,2,3,4-tetrahydroisoquinoline (3). Venka- e, ® C,H, é; (;HQNH(CH;)JCHa
taramu et al. [9] have shown that benzylammonium salts @[
possessing a crotyl chain in the presence of 115% poly- N N CH,
H H

phosphoric acid at 300° for 1 hour furnish seven-member-

ed 2,3,4,5-tetrahydro-1H-2-benzazepinium salts in consi- 11 12 13
derable yields (55-67%). No 1,2,3,4-tetrahydroisoquinolin-

ium salts were formed. They suggest that protonation of SCHEME I
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the olefinic bond must have occurred to produce a cation
at the v carbon (in relation to N*) rather than a cation at
the alternate (3 position. The results imply that 1) a cation
intermediate is probably more stable at the v position
than a cation at the 8 position (hyperconjugative effect) or
2) protonation is favoured at the y position in order to
place the positive centers at the most remote positions
creating a more stable intermediate owing to less charge
repulsion followed by an electrophilic attack on the benz-
ene ring. Compound 7 gave the same yields of the six- and
seven-membered ring compounds as 6.

This means either that a y cation might be formed
directly from the secondary hydroxyl group and/or that it
might be formed from the intermediate olefinic compound
6. Compound 8 on the other hand gives 46% of the
1,2,3,4-tetrahydroisoquinoline derivative 3 and 48% of the
2,3,4,5-1H-2-benzazepine derivative 9. This means that a 8
cation most probably is formed directly from the hydroxyl
group before the electrophilic attack on the benzene ring.
The 2,3,4,5-tetrahydro-1H-2-benzazepine ring might be
obtained from the intermediate alkene 6 that is formed by
an El elimination from the 3 cation. Mendelson et al. [10]
have presented a Friedel-Crafts synthesis of 1,2,3,4-tetra-
hydroisoquinolines bearing electron withdrawing groups
starting from 2-benzylaminoethanols and using ammon-
ium chloride and aluminium chloride as ring closure
agents at 185°. Although the issue of direct formation of
products remains unresolved the conversion of aminoalco-
hols to the corresponding amino halides appears to be an
important step in the reaction. Sulfuric acid is also used as
catalyst for this ring closure. No results or mechanisms us-
ing that acid are disclosed in that paper. Schwan et al. [11]
have reported synthesis of 4-phenyl-1,2,3,4-tetrahydroiso-
quinolines by ring closure of 2-benzylamino-1-phenyleth-
anols with refluxing hydrobromic acid and polyphosphoric
acid. A carbonium ion resulting from the acid treatment of
the benzylcarbinols can be invoked in the pathways lead-
ing to both the 1,2,3,4-tetrahydroisoquinolines and the
cleavage products. Attempted cyclization of dephenyl
compounds resulted only in the isolation of the starting
material. Hoffman et al [12] have used sulfuric acid for
the same type of ring closure. The use of this method can
especially be found in the patent literature. Furthermore,
e.g. Bobowski et al. [13] have shown that concentrated sulf-
uric acid as well as 60% sulfuric acid are effective cycliz-
ing agents for 2-benzylamino-1-phenylethanols and o-[1-
{(2-arylethyl)amino}-1-methylethyl]arylmethanols giving
1,2,3,4-tetrahydroisoquinolines and 2,3,4,5-tetrahydro-1H-
3-benzazepines, respectively. The results with the model
compounds 4-8 indicate that no normal (3 cation may

exist in the ring closure of (S:R)-N-benzyl-1,1"-iminobis-2-
butanol. In an attempt to mechanistically account for our
experimental findings we offer the tentative working hypo-
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thesis that the electrophilic attack on the benzene ring
takes place in the transition state of the Sy2 ring closure
reaction in which both the two hydroxy groups and the
amino group are supposed to be involved. The geometry
of the Sy2 transition state is such that steric factors might
well be important. Furthermore, we believe that an azirid-
ine-like ring structure might exist in the transition state [6]
without a real covalent bond between the nitrogen atom
and the 3 carbon atom. The charge distribution in the am-
monium-carbonium ion, stabilized by the ' hydroxy
group is such that neither an Syl-type ring closure to cis-
and trans-N-benzyl-2,6-diethylmorpholines nor an E1 eli-
mination to the crotyl derivative 4 takes place. On the
other hand, we believe that the postulated three-member-
ed ring structure can react either with a water molecule
and/or a sulfuric acid molecule giving randomly both S
and R configurations at the 3 and (' carbon atoms (inver-
sion) or as an electrophilic center attacking the benzene
ring. However, more precise mechanistic study with re-
gard to this intricate ring closure remains to be done.

Treatment of (S:S)-N-benzyl-1,1'-iminobis-2-butanol [2]
in the standard way gave 95% cis-2,6-diethylmorpholine
formed by an Sy2 mechanism. One per cent of the trans
isomer was obtained which means that inversion is of mi-
nor importance in this ring closure. Furthermore, only
traces of N-butyl-4-ethyl-1,2,3,4-tetrahydroisoquinoline
could be detected by glc. This means that the sterical and
electronic arrangement in the Sy2 transition state are suit-
able for a ring closure giving the more sterically hindered
cis isomer in practically quantitative yield.

EXPERIMENTAL

All melting points are uncorrected. The 'H-nmr spectra were obtained
on a Bruker 270 MHz FT-instrument in deuteriochloroform. Chemical
shifts are reported in & units from TMS. The assignments of the new
compounds 3, 9, 10 and 13 are’routine and are therefore reported only
in Experimental.

GLC.

The analyses were performed on a Varian 3700 instrument. The sepa-
ration of the various compounds was carried out as described earlier
{7,14]. The crotyl derivatives 4, 5 and 6 appear as mixtures of isomers.
Unfortunately, we have not yet been able to separate these compounds
into pure isomers on a preparative scale.

Ring Closure of (DL + meso}N-Benzyl-1,1-iminobis-2-butanol.

(DL + meso)N-Benzyl-1,1"-iminobis-2-butanocl (251 g, 1 mole) was ad-
ded with stirring and cooling to 750 ml of 70% w/w sulfuric acid. The
mixture was kept in a glass autoclave at 145° for 15 hours. An excess of
20% sodium hydroxide solution was added with stirring and efficient
cooling. The organic layer was separated and the residue extracted with
several portions of diethyl ether. The combined organic phases were
dried over sodium sulfate, filtered and evaporated. Distillation gave a
fraction of 221 g, bp 90-95° (0.1 mm).

Catalytic hydrogenation of 116,5 g of the reaction product in 250 ml of
dioxane over 4 g of 10% palladium on charcoal was performed at 120°
and at 2000 psi in a stainless steel autoclave with efficient stirring. After
about 8 hours no more hydrogen was absorbed. To the filtrate obtained
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from the hydrogenation, 75 ml of concentrated hydrochloric acid was ad-
ded, whereupon the dioxane, and the water were evaporated under good
vacuum. An excess of 20% sodium hydroxide solution was added to the
residue with efficient cooling. The product was extracted with diethyl
ether and the ether extract dried over sodium sulfate. The ether was eva-
porated. The residue was distilled to give 69.3 g of cis- and trans-2,6-di-
ethylmorpholines, bp 176-179°, and 3.7 g, bp 90-95° (0.1 mm), of a col-
ourless liquid which by gle proved to be two compounds (50:50). They
were separated by preparative gle. The first fraction (1.74 g) was 242
methylphenyl)dibutylamine (13); *H-nmr: & 0.81 (t, 3H, CH,), 0.85 (1, 3H,
CH,), 1.20-1.27 (m, 2H, CH,), 1.29-1.43 (m, 2H, CH,), 1.52-1.75 (mm, 2H,
CH,), 2.34 (s, 3H, CH,), 2.48-2.56 (m, 2H, CH,), 2.75-2.88 (m, 2H, CH,),
3.04-3.10 (m, H, CH), 7.03-7.24 (m, 4H, C;H,).

The hydrochloride, recrystallized from ethanol-diethyl ether, had mp
115-118°.

Anal. Caled. for C H,;N-HCl: C, 70.42; H, 10.24; Cl, 13.86; N, 5.48.
Found: C, 70.1; H, 10.4; Cl, 13.8; N, 5.22.

The second fraction was N-butyl-4-ethyl-1,2,3,4-tetrahydroisoquinoline
(3); 'H-nmr: 6 0.93 (1, 3H, CH,), 0.97 (t, 3H, CH,), 1.33-1.44 (m, 2H, CH,),
1.50-1.61 (m, 2H, CH,), 1.70-1.79 (m, 2H, CH,), 2.40-2.50 (m, 2H, CH,),
261 (d, 2H, CH,), 2.70-2.75 (m, H, CH), 3.43-3.67 (g, 2H, CH,), 6.95-7.16
(m, 4H, C,H,).

The hydrochloride, recrystallized from ethanol-diethyl ether, had mp
178-180°.

Anal. Caled. for C,H,,N-HCI: C, 70.98; H, 9.53; Cl, 13.97; N, 5.52.
Found: C, 70.8; H, 9.82; Cl, 13.9; N, 5.43.

Catalytic hydrogenation of 58.25 g of the reaction product in 150 ml of
glacial acetic acid over 5 g of 10% palladium on charcoal was performed
at room temperature at 50 psi in a glass bottle with efficient shaking.
After about 72 hours no more hydrogen was absorbed. The isolation of
the reaction products was carried out as above. Thirty-four g of cis- and
trans-2,6-diethylmorpholines and 1.77 g of N-butyl-4-ethyl-1,2,3,4-tetra-
hydroisoquinoline (3) were obtained.

N-Butyl-5-methyl-2,3,4,5-tetrahydro-1 H-2-benzazepine (9).

This compound has the following physical data: ‘H-nmr: § 0.89 (t, 3H,
CH)), 1.24-1.34 (m, 2H, CH,), 1.36 (d, 3H, CH,), 1.42-1.50 (m, 2H, CH,),
1.62-1.68 (m, 2H, CH,), 2.29-2.36 (m, 2H, CH,), 2.93-3.02 (m, H, CH),
3.08-3.22 (m, 2H, CH,), 3.82-3.95 (q, 2H, CH,), 7.09-7.24 (m, 4H, C,H,).

The hydrochloride, recrystallized from ethanol-diethyl ether, had mp
136-140°.

Anal. Caled. for C,,H,,N-HCI: C, 70.98; H, 9.53; Cl, 13.97; N, 5.52.
Found: C, 70.8; H, 9.69; Cl, 14.0; N, 5.39.

Preparation of 3{2-Methylphenyl)dibutylamine (10).

N-Butyl-5-methyl-2,3,4,5-tetrahydro-1H-2-benzazepine (9) (2.17 g, 0.01
mole) was hydrogenated in 50 ml of dioxane over 0.1 g of 10% palladium
on charcoal at 100° and at 1500 psi in a stainless steel autoclave with ef-
ficient stirring for 5 hours. The filtrate obtained from the hydrogenation
was evaporated giving a residue of 2.17 g (99%). This compound has the
following physical data: 'H-nmr: 6 0.89 (1, 3H, CH,), 1.20 (d, 3H, CH,),
1.21-1.45 (m, 4H, CH,), 1.72-1.83 (m, 2H, CH,), 2.32 (s, 3H, CH)),
2.48-2.57 (m, 4H, CH,), 3.02-3.07 (m, H, CH), 7.05-7.24 (m, 4H, C;H,).

The hydrochloride, recrystallized from ethanol-diethyl ether, had mp
135-138°.

Anal. Caled. for C (H,,N-HCL: C, 70.42; H, 10.24; Cl, 13.86; N, 5.48.
Found: C, 70.2; H, 10.5; Cl, 13.9; N, 5.31.

cis-N-Benzyl-2,6-diethylmorpholine Hydrochloride.
This compound had mp 181-183°.

Anal. Caled. for C,;H,,NO-HCL: C, 66.77; H, 8.97; Ci, 13.14; N, 5.19.
Found: C, 66.5; H, 9.08; Cl, 13.2; N, 5.11.

trans-N-Benzyl-2,6-diethylmorpholine Hydrochloride.

This compound had mp 137-139°.
Anal. Caled. for C;H,,NO-HCI: C, 66.7; H, 8.97; Cl, 13.14; N, 5.19.
Found: C, 66.6; H, 9.10; CI, 13.2; N, 5.14.
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Preparation of N-Benzyl-N-crotyl{2-hydroxy-1-butyl)amine (4).

DL-1-Benzylamino-2-butanol [2] (17.9 g, 0.10 mole), 13.6 g (0.15 mole)
of trans-crotyl chloride, 20 g (0.2 mole) of triethylamine and 250 ml of
toluene were refluxed for 24 hours with efficient stirring. The precipita-
ted triethylamine hydrochloride was filtered off. The solvent was evapo-
rated and the residue distilled to give 21.9 g (94%) of 4 bp 90-95° (0.1
mm). Analysis (glc) showed two isomers (84:16).

Preparation of N-Benzyldicrotylamine (3).

Benzylamine (10.7 g, 0.10 mole), 27.2 g (0.30 mole) of trans-crotyl
chloride, 40 g (0.4 mole) of triethylamine and 250 ml of toluene were re-
fluxed for 24 hours with efficient stirring. The isolation of the reaction
products was carried out as above. N-Benzyldicrotylamine, (20.5 g, 95%),
bp 144-146° (10 mm) was obtained. Analysis (glc) showed three isomers
(70:28:2).

Preparation of N-Benzyl-N-crotyl-1-butylamine (6).

N-Benzyl-1-butylamine [15] (16.3 g, 0.10 mole), 13.6 g (0.15 mole) of
trans-crotyl chloride, 20 g (0.2 mole) of triethylamine and 250 ml of tolu-
ene were refluxed for 24 hours with efficient stirring. The isolation of the
reaction products was carried out as above. N-benzyl-N-crotyl-1-butylam-
ine, (20.4 g, 94%), bp 78-82° (0.1 mm), was obtained. Analysis (glc) show-
ed two isomers (86:14).

Preparation of N-Benzyl-N-butyl{2-hydroxy-1-butyl)amine (8).

N-Benzyl-1-butylamine (32.6 g, 0.20 mole), 18 g (0.25 mole) of 1,2-ep-
oxybutane and 250 ml of 96% ethanol were heated together in a stainless
steel autoclave at 150° for 5 hours. The reaction product was distilled to
give 45.2 g (96%) of N-benzyl-N-butyl{2-hydroxy-1-butyl)amine, bp 90-
92° (0.1 mm). This compound had the following physical data: "H-nmr: &
0.86 (t, 3H, CH,), 0.94 (1, 3H, CH,), 1.24-1.48 (m, 6H, CH,), 2.31-2.59 (m,
4H, CH,), 3.37-3.83 (q, 2H, CH,), 3.54-3.61 (m, H, CH), 7.22-7.30 (m, 4H,
C,H,).

The hydrochloride, recrystallized from ethanol-diethyl ether, had mp
119-121°.

Anal. Caled. for C;;H,,NO-HClL: C, 66.28; H, 9.64; Cl, 13.04; N, 5.15.
Found: C, 66.5; H, 9.70; Cl, 13.2; N, 5.10.

Preparation of N-Benzyl-N-butyl{(3-hydroxy-1-butyl)amine (7).

1-Benzylamino-3-hydroxybutane [16] was prepared from 3-hydroxybut-
yronitrile [17] by catalytic hydrogenation over Raney-nickel [18] followed
by benzoylation and reduction with lithium aluminium hydride {7]. To a
mixture of 35.8 g (0.20 mole) 1-benzylamino-3-hydroxybutane, 50 g (0.5
mole) of triethylamine and 500 ml of benzene, 48 g (0.45 mole) of butyryl
chloride was slowly added with stirring and efficient cooling. The reac-
tion mixture was refluxed for 1 hour with stirring. The triethylamine
hydrochloride formed was filtered off and washed with diethyl ether. The
benzene ether solution was slowly added to a slurry of 35 g of lithium alu-
minium hydride in 1.5 ¢ of diethyl ether. The reaction mixture was reflux-
ed for 5 hours and then decomposed. After filtration the solvents were
evaporated and the residue distilled. N-Benzyl-N-butyl{3-hydroxy-1-
butyl)amine (41.4 g, 88%), bp 92-95° (0.1 mm) was obtained. This com-
pound had the following physical data: 'H-nmr: 6 0.86 (1, 3H, CH,), 1.11
(d, 3H, CH,), 1.24-1.32 (m, 2H, CH,), 1.44-1.65 (m, 4H, CH,), 2.24-2.28 (m,
H, CH,), 2.51-2.58 (m, 2H, CH),), 2.67-2.73 (m, H, CH,), 3.23-3.86 (q, 2H,
CH,), 3.83-3.87 (m, H, CH), 7.22-7.30 (m, 4H, C,H,).
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