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Abstract: A variety of 1-(o-alkylphenyl)- and 1-(o-o'-dialkylphenyl}-
pyrrolidines and -piperidines were prepared by the gas phase alumina
mediated condensation of tetrahydrofuran (THF), tetrahydropyran (THP)
or the corresponding diols with primary aromatic amines in fair to
high yield. This methodology can also be used for the synthesis of
1-phenylhexahydroazepine from aniline. A mechanistic interpretation
of the catalytic action of alumina is presented.

When a need arose to prepare several ortho- and di-ortho-alkylated N-
phenyl-pyrrolidines and -piperidines 1 and 2 2, methodology for such syntheses
was found to be limited 3-3. wWe now report that the gas phase, alumina-
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mediated reaction of primary aromatic amines with tetrahydrofuran (THF or
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tetrahydropyran (THP)S, (Scheme 1) presents a general method for the prepara-
tion of a variety of highly hindered 1-aryl-pyrrolidines and —piperidinesg.

Scheme I.
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The observation that diols are converted to cyclic ethers over hot
aluminal® prompted us to investigate the effect of substituting 1,4-butanediol
and 1,5-pentanediol for THF and THP respectively. The equivalence of the
isolated yields (+ 3%) of compounds 1b, 2b, 2d and 2e, prepared by both
approaches, indicates that the diol and cyclic ether may be used interchange-
ably.

Extension of this method to the preparation of 1-phenyl-hexahydroazepine
3, by condensation of aniline with either oxepane or 1,6-hexanediol resulted in
the formation of a mixture of approximately 708 of 3 and 30% of I1-phenyl-
2-methyl-piperidine. The ring contraction observed in this case is consistent
with the concept of the adsorbed cyclic ether possessing oxonium ion character
for its oxygen atom and being capable of undergoing carbonium ion type rear-
rangementsll. The use of 1,6-hexanediol resulted in a substantial reduction in
the overall yield of cyclic amine products obtained which is most likely due to
the relative difficulty of cyclization to the 7-membered cyclic ether on the
catalyst surface.

This methodology is not applicable to the synthesis of cyclic amines from
p-chloro- or p-bromoaniline, due to loss of the halogen substituent on the
catalyst surface and the resulting formation of complex mixtures. Neither was
the reaction suitable for the sythesis of N-arylazetidines using oxetane, 2,2-
dimethyl-1,3-propanediol or 3-hydroxypropylaniline due to the marked propensity
for the formation of unsaturated, rather than cyclic, products.

The observations noted in this study, as well as the observations made by
Bourns et al. in a related investigationa, suggest a simple mechanism for these
transformations which appears not to have been considered previously (Scheme
II). This mechanistic interpretation accounts for all of the known facts about
the reaction including the need to pre-heat the catalyst bed at 400°C to remove
residual water (and thereby increasing the number of Lewis acid sites), the
gradual degradation of the catalyst by the slow conversion of &-alumina to
corundum, and the advantage of using excess amine in the reactionl?,

Scheme II. Mechanistic Interpretation
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Synthesis of sterically hindered 1-arylpyrrolidines and 1-arylpiperidines

This procedure provides for a simple efficient route to hindered 1-aryl-~
pyrrolidines and 1-arylpiperidines which are not accessible by other method-
ologies.

Experimental

Melting points were determined on a Thomas-Hoover capillary melting point
apparatus and they, as well as reported boiling points are uncorrected. IR
spectra were recorded on either Perkin-Elmer 710-B or 237-B spectrophotometers.

H NMR spectra were obtained on a Varian EM-360L spectrometer with tetramethyl-
silane as an internal standard. Mass spectra were run on a DuPont 21-490
spectrometer. All organic chemicals were commercially available used as
received. Fisher Indicating Alumina (8~14 mesh) used as catalyst. The appara-
tus was of the same basic design as described by Bourns, Embleton, and
Hansuld®, All new compounds were submitted to Galbraith Laboratories, Inc. for
microanalysis, with satisfactory results within the usual limits (* 0.3%).

General Procedure: The catalyst was activated by heating at 400°C for 72
hours, followed by cooling to the desired reaction temperature. A 2:1 molar
ratio (amine:cyclic ether or a,w-diol) of mixed reactants was added dropwise (2
drops/sec.) to the column in a slow stream of nitrogen. The scale of the
reaction was 0.5 to 0.25 mole in cyclic ether or diol. The gaseous products
were condensed, and sodium chloride was added to salt out the organic
material. The organic layer was separated, dried over sodium sulfate and
fractionally distilled in vacuo through a 12 om. Vigreux column. The unreacted
starting amine was recovered, and the yield of product was calculated on the
basis of the amount of starting amine consumed. The yields, specific
conditions, physical properties and derivatives for each cyclic amine product
are tabulated in Table I. Spectral data are presented in Table II,

Preparation of 1-Phenylhexahydroazepine,3: Using the general procedure outlined
above, 102.1 g (1.1 moles) of aniline and 55.0 g (0.55 moles) of oxepane were
condensed over alumina at 340°C. A 63% yield of a narrow boiling fraction
containing approximately 70% 1-phenylhexahydroazepine and 30% 1-phenyl-2-
methylpiperidine was obtained bp 71-74°C (0.3 mm). The isomeric impurity may
be separated chromatographically (silica gel/pet. ether) to afford 1-phenyl-
hexahydroazepine bp 76°C (0.3 mm) [Lit. 1 bp. 146-148°C (12 mm)]; HCl salt mp
194-196°C (Lit.!3 mp 194°C); !H NMR (CC1,): & 1.53 (s broad, 8H), 3.35 (t, J=6
Hz, 4H), 6.25-6.63 (m,3H), 6.80-7.23 (m,2H); mass spectrum (40 eV), m/e (rela-
tive intensity): 175 (M+, 100), 146 (97). Use of the corresponding diol in
place of the cyclic ether reduces the yield of product to ca. 25%. 1y NMR
absorptions corresponding to the isomeric impurity include a methyl doublet at
6 0.92 (J=6Hz), and partially resolved multiplets at § 1.33 and 6§ 3.02. The
structure of the major product was further verified by comparison with an
authentic sample of 1—pheny1hexahxdroazepine prepared by an adaptation of the
method of Bunnett and Brotherton!™, To 4.29 g (0.11 mole) of freshly prepared
sodium amide was added 16.9 mL (0.15 mole) of hexamethyleneimine, The result-
ing mixture was heated to ca. 100°C for 20 minutes after which time bromo-
benzene (7.86 g, 0.05 mole) was added dropwise. A vigorous reaction ensued
with the evolution of ammonia, but the reaction subsided when all of the bromo-
benzene had been added. The resulting mixture was refluxed for 16 hours,
cooled, and cautiously treated with 25 mL of water and 50 mL of benzene. The
benzene layer was separated and washed with three 50 mL portions of 5% hydro-
chloric acid, and the combined acid extracts were made strongly basic with 20%
sodium hydroxide solution. The o0il which separated was extracted into ether,
dried over sodium sulfate, filtered, concentrated and the oil distilled under
reduced pressure to give 8.5 g (97% yield) of 1-phenylhexahydroazepine, bp
75-76°C (0.3 mm), having an NMR spectrum identical to that described above.

Acknowledgements: The authors gratefully acknowledge the gift of o-isopropyl-
aniline and di-o-alkylanilines, furnished by Ethyl Corporation.
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Synthesis of sterically hindered 1-arylpyrrolidines and 1-arylpiperidines

TABLE 1I. Spectral Data for 1-Aryl Cyclic Amines
IR (neat), cm-l(intensity)
No. g NMR (CC1,), 6&(J,Hz) vC-N(aliphatic)-
vC~N{aromatic)
1. 7 -2. 3 45% ,2.24(5,3H) 3,08
1a |[(t,3=78 50-7.14(m, 48) 1189 (m) 1314 (s)
1.70- 2.04 m 4H) .19£ sn; 3.03
b |(t,J=78z 6.88{m,3A) 1210 (m) 1320 (s)
1.70- 2.03 m,4H) 2, 21 s 2.25(s,3H
1c |3:08¢ c,a= u£,4&5 15%¢3 5(m, 3 138, 1192 (m) 1315 (s)
1. 7 -2, 4n 24 8,6H),3.18
19 |(t,3=78 3 ’s ‘2( 5& 1192 (s) 1315 (s)
1.19(t J-BHz,SH} sm 4H),2.5
1e |(q,J 8éz,4u) 7(c J=7Hz, 64(5,35) 1193 (m) 1360 (s)
1.20(d,d= 7Hz & 1.80-2.15(m,4 % ,3.02(t
1£  |3=7Hz,4H) épt.,J=7Hz, 10),6.85-7.4% (m4H)| 1183 (m) 1355 (m)
1.15§ J-7nz,6a) 1.80-2, 15(m,453 *s
19 |36) .fS;t JL7Hz 4H),3. 12 hept =7Hz 8y,
6.78=7.07 {m,3H) 1187 (m) 1355 (m)
1.17(c,J=Hz GH& 1.20 t,J-7Hz ; .85-
th [2.15({m 4ﬂa, (9 H) 5. St J=7Hz,
16) 3050 (hapt =Tz, 16 16 é(s, 1170 (m) 1350 (m)
o |9:58 }.ogém 3H%é}°22(§ IR iBopt 1163 (m) 1345 (m)
1 . m e
J=7nz,1é),5 18(t,34652,4é),§598 § Pt
1,35-1. 87(m % 12524(s, 3u) 2.78(¢t,
2a |dlstorted,dh =7.19(m, &8) 1225 (s) 1374 (s)
1,38-1,90(m SH% ,2.19(s sa) 2,75(¢,
2b |distorted,d4f),6.69-6.95(m, 38} 1227 (s) 1380 (s)
1.34-1.87(m,6H) . 2.19(s,3H),2.24(s,3H),
2¢ |2:77(t,distoérte é, H),6.49-%.01(m, 38) 1247 (s) 1385 (s)
CDC14)1.53=1.91(m,6H),.2.27(S,.6H),3.05
24 ft,dié%orted, 5)56'94)7.18($,5H))' 1215 (s) 1385 (s)
1.18(t,J=8Hz,6H) 1,42 1.87(m,sﬁi 2.58
2e¢ | (§,J28h%,48), 3.02{t,distortéd,4A),8.93(s,3H) 1214 (m) 1364 (m)
1,18(d,J=7Hz 6H) ,1.45- 1.85$m, ,2.77(¢
2¢  |dlstorted,4H’,3.45{hept,J=27H 16.78- 1217 (s) 1375 (m)
7.25(m, 48]
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