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The synthesis of 2{2-pyrrolylmethyl) and 2{2-indolyimethyl)tetrahydropyridines by condensation of
2-cyanopyridines with appropriate pyrrole or indole derivatives followed by ketone reduction, quaternization
and sodium borohydride reduction are described. The acid-induced cyclization of 2{2-pyrrolylmethyl)tetra-

hydropyridines affords

4,5,6,7,8,9-hexahydro-4,8-methanopyrrolo[2,3-dJazocine

systems

(pyrrolo[3,2-f)-

morphans), although the method fails with N-benzyl substituted pyrroles. The acid treatment of 2{2-indolyl-
methyl)tetrahydropyridines and of 2-indolyl tetrahydro-2-pyridyl ketones is not a suitable procedure for the
preparation of indolof3,2-fJ[morphans, because of the protonation of indole nucleus or carbonyl group,

respectively.
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The acid-induced cyclization of 2{arylmethyl)tetra-
hydropyridines is the most general method for the syn-
thesis of benzo- (2) and heteromorphans (3). This method
has been successfully applied in cyclizations upon
aromatic systems such as benzene (2), naphtalene (4),
thiophene (5), benzothiophene (6) and pyridine (7), stable
under the strong acid medium required for the protona-
tion of the tetrahydropyridine double bond. Similarly, the
synthesis of indolo[2,3-f[morphans (8) and other related
systems, such as pyrrolo[1,2-d][1,4]diazocines (1) occurs
satisfactorily by cyclization of a tetrahydropyridine upon
the 2-position of indole or pyrrole, respectively, despite
their acid sensitivity. However, the synthesis of furomor-
phans was not possible by this route, since protonation of
the furan ring in 2{furylmethyl)tetrahydropyridines
results in their decomposition (9).

In this context, we intended to study if cyclizations of
2-2-pyrrolylmethyl)}- and 242-indolylmethyl)tetrahydro-
pyridines upon the 3-position of pyrrole and indole,
respectively, were a suitable synthetic method for
pyrrolof3,2-flmorphans (I) and indolo[3,2-flmorphans (1),
new systems with potential analgesic interest. The Grewe
method (10), the most direct approach to 2-benzyltetra-
hydropyridines, was not appropriate in our case, since the
required pyrrolylmethylmagnesium and indolylmethyl-
magnesium halides have not been described. However, the
required tetrahydropyridines can be obtained from
2-cyanopyridines by a route which has been successfully
applied in the synthesis of thienomorphans (5c,d)
(Schemes I and IV)..

Thus, the Houben-Hoesch condensation between
2-cyano-4,6-dimethylpyridine (IITa) (11) and N-benzyl-
pyrrole (IVa) (12) led to an imine whose acid hydrolisis af-
forded the pyrrolyl pyridyl ketone Va. The best yields were
obtained by using boron-trifluoride etherate as a solvent
(13), which avoids pyrrole polymerization in the acid
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medium. The ir spectrum of the ketone Va showed a
strong absorption at 1620 cm™ due to the carbonyl group,
and in its nmr spectrum singlets at § 2.34, 2.57 and 5.74
due to the methyl and methylene groups, respectively,
were observed. Reduction of ketone Va was carried out
with diborane and by the Wolff-Kishner reaction.
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Treatment of Va with a diborane solution generated in
situ in diglyme (14) and further hydrolysis of the boron
complexes with hydrochloric acid-methanol-water (15) led
to the 2-pyrrolylmethylpyridine VIa in 59% yield. Its nmr
spectrum showed a singlet at 6 4.02 due to the methylene
group formed in the reduction, as well as an upfield shift
of the pyridine and pyrrole proton signals. When the
reduction was carried out in tetrahydrofuran solution,

together with compound VIa (35% yield), 2<(1-benzyl-2-

Scheme 1
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pyrrolidinylmethyl)-4,6-dimethylpyridine (VII) (8% yield)
resulting from reduction of the pyrrole ring by diborane
(16) was isolated as a by-product. This compound was also
found in trace amounts in the crude VIa obtained by
reduction in diglyme. Its nmr spectrum showed only two
signals-in the aromatic region at 6 6.84 (2H) and § 7.33
(5H) due to the pyridine and benzene protons, respective-
ly. The magnetically non-equivalent N-methylene protons
(17) appeared as two doublets (J = 14 Hz, geminal coupl-
ing) at § 3.27 and 4.06. '

When reduction of ketone Va was carried out by the
operatively easier Wolff-Kishner procedure, the pyrrolyl-
methylpyridine Vla was obtained in comparative yield to
that of the diborane reduction. Methiodide VIIIa was ob-
tained by quaternization of the pyridine VIa with methyl
iodide. Its nmr spectrum showed a singlet at 6 4.11 due to
the N-methyl group. Sodium borohydride reduction in
methanolic solution of methiodide VIlla afforded a mix-
ture of four isomeric 2-{2-pyrrolylmethyl)tetrahydro-
pyridines (cis- and trans-IXa and cis- and trans-Xa) in ap-
proximately equimolecular ratio (glc), from which isomers
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trans-1Xa and cis-Xa were separated by column chromato-
graphy. Structural and stereochemical elucidation for
these tetrahydropyridines was carried out by proton
magnetic resonance and spin-decoupling experiments.
Signals assignation was achieved on the basis of two
criteria: the downfield shift of the groups in a cis relation-
ship with the tetrahydropyridine nitrogen lone pair (18)
and the vinyl proton shielding in A2-arylmethyltetra-
hydropyridines with respect to its /A*isomers (19).
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From one reduction attempt of VIIla, besides the above
tetrahydropyridines, a small amount of E-2{5{(benzyl-
methylamino)-1-penten-1-yl}-4,6-dimethylpyridine (XI) was
isolated. This compound arises from the pyrrolidine VII
which accompanied pyrrolylmethyl pyridine Vla prepared

Table 1
Analyses

Compound M.p. (°C) Formula Carbon % Hydrogen % Nitrogen % Halogen %
No. (solvent) (a) Caled. Found Caled. Found Caled. Found Caled. Found
Ib (picrate) 173-175 (E) C,,H,,N,0, 5265 5274 535 5.28 16.16  15.94

Va (hydrochloride) 119-121 (A) C,,H,,CIN,0 66.18 66.24  6.14 6.03 8.12 812 1030 10.56
Vb (picrate) 153-155 (E) C,H,;N,0, 50.36  50.52  3.52 3.54 16.31 16.32

Vla (hydrochloride) 163-165 (A) C,,H,,CIN, 7294 73.07 677 6.94 8.96 899 1133 11.33
VIb (picrate) 128-130 (E) C,,H,,N,0, 52.05 5205 4.3 4.16 16.86 16.89

VII (dipicrate) 205-206 (E-A) G, H N, O, 50.41 50.15  4.09 4.12 15.17 1490

VIlla 171-172 (A) C,oH,,IN, 5742 5730 554 5.45 6.70 6.65 30.34 3033
VIIIb 212-214 (A) C,H,,IN, 47.58 47131 5.22 4.97 8.54 8.66 38.67 38.43
IXb (picrate) 119-120 (E) C,,H,;.N,0, 52.65 5268  5.35 5.24 16.16  16.19

cis-Xa (b) - (o) C,.H,.N, 81.58 8185 8.90 8.81 9.52 9.59

XI (dipicrate) 181-183 (E) C,,H,,N,0,, 51.07 51.10 429 4.22 14.89  14.76

XII - C,.H,;N 84.17 8430  7.65 7.62 8.18 7.99

XV 108-109 (F) C,.H,N,0 7724 7703  6.10 6.14 10.60  10.30

XVI 84-85 (F) C,,HN, 81.56 8120 7.24 7.11 11.18  11.03

XV 147-149 (F) C,;H,,N,0 76.66 7680  6.81 6.93 10.51 1047

XVIII (picrate) 145-147 (E) C,,H,,N,0, 57.37 5728 481 5.04 14.54 1427

XIX 216-217 (A-E) C, H,,NI, 55.11 5522 539 5.42 7.14 7.11 3235 3224
XX (oxalate) 154-156 (E) C,H,N,O, 67.06 6686  7.25 7.15 7.81 7.91

XX11 199-200 (A) C,,H,IN,O 53.20 5290 471 4.71 6.99 6.66 31.25 31.07
XXIII (oxalate) 149-151 (E) C,,H,,N,O, 64.51 6449 645 6.55 7.52 7.47

XXIVa (hydrochloride) 218-220 (E) C,,H,;CIN,0O, 64.18 63.88  7.40 7.38 8.31 8.10 10.52 1041
XXIVb (hydrochioride) 236-238 (A) C,,H,,CIN,0, 63.45 63.61 6.88 7.16 8.70 877 11.01 11.01
XXVI 187-188 (A-F) (e) CH (N, 8273 8275  6.16 6.16 1017 10.18

XXVl 175-176 (A-F) (f) C,.H,.N, 8241 8230 691 7.02 10.67  10.71

XXVIII 160-162 (A) C,H,sN, 82.28 8204 6.39 6.66 11.07  11.04

XXIX 168-170 (A) C,H,N,0 68.06 6835  6.42 6.45 19.84  19.78

(a) Solvents: A = acetone, E = ethanol, F = ether. (b) Analysis from the mixture of isomers cis-IXa, trans-IXa, cis-Xa and trans-Xa: Caled., C,
81.58, H, 8.90, N, 9.52. Found: C, 81.49, H, 8.92, N, 9.61. (c) B.p. 150-160° (0.3 mmy). (d) B.p. 120° (0.1 mm). (e) Lit. (38) 186-188°.(f) Lit. 178° (39a),

173-174° (39b).
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by diborane reduction. Quaternization of the pyrrolidine
nitrogen atom of VII and further Hofmann elimination in
the basic medium of the sodium borohydride reduction
led to the trans-alkene XI (scheme II). Its ir spectrum
showed an absorption at 1670 cm™, due to the alkene dou-
ble bond, while its nmr spectrum showed, as characteristic
signals, a singlet at 6 3.43 due to the benzylic methylene
protons and a multiplet (AB part of an ABX, system) at §
6.35 and 6.70 for two olefinic protons, whose coupling con-
stant (Jus = 15 Hz) indicates a trans substituted double
bond.

Treatment of the tetrahydropyridine mixture, cis-IXa,
trans-IXa, cis-Xa and trans-Xa, with proton or Lewis acids
(20) did not afford in any case the pyrrolomorphan Ia.
Strong proton acids, such as hydrobromic acid and
phosphoric acid, or Lewis acids such as aluminum
trichloride or stannic tetrachloride, common reagents in
this kind of cyclizations, caused pyrrole decomposition.
Acetic acid and its mixture with trifluoroacetic acid, as
well as boron trifluoride etherate, promoted fragmentation
of the starting tetrahydropyridines to 1-benzyl-2-methyl-
pyrrole (XII) (Scheme III). The nmr spectrum of XII show-
ed two singlets at § 2.09 and 4.96 due to the methyl and
methylene groups, respectively, and signals for eight
aromatic protons. The formation of pyrrole XII can be in-
terpreted on the basis of the initial protonation of the pyr-
role nucleus, more basic than the tetrahydropyridine dou-
ble bond, and the further fragmentation promoted by the
tetrahydropyridine nitrogen atom.
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Attempts of cyclization with polyphosphoric acid afford-
ed a complex mixture from which any product could have
been separated. The nmr spectra of the crude reaction
mixture and those of the fractions obtained by column
chromatography showed the absence of benzylic
N-methylene signals and the presence of singlets in the &
3.8 region, thus suggesting a benzyl group migration from
the pyrrole nitrogen atom to other ring positions (21). On
the other hand, doublets at & 0.3-0.4, characteristic of
methyl groups in cyclization products from related
6-methyl-2-arylmethyltetrahydropyridines (1,22) were also
observed. This results encouraged us to investigate tetra-
hydropyridine cyclizations upon N-methyl substituted pyr-
role systems, expecting that the lower migratory aptitude
of the methyl group could avoid the above rearrangement.
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The elaboration of the required 2-(1-methyl-2-pyrrolyl-
methyl)tetrahydropyridines was carried out by a similar
route to the preceding one (Scheme I). Thus, condensation
between N-methylpyrrole (IVb) and 2-cyano-4-methyl-
pyridine (IIIb) (11) in boron trifluoride etherate and
dichloromethane solution (23) in presence of dry hydro-
chloric acid led to the pyridyl pyrrolyl ketone Vb (ir: 1625
cm™) in good yield. The Wolff-Kishner reduction of Vb af-
forded the pyrrolylmethylpyridine VIb, whose methylene
group was observed in the nmr spectrum at 6 4.00. The
quaternization of VIb with methyl iodide led to the
pyridinium salt VIIIb, whose sodium borohydride reduc-
tion afforded a mixture of two isomeric tetrahydro-
pyridines IXb and Xb, in which the A®*isomer pre-
dominated (6.6:1, glc) as expected in borohydride reduc-
tions of 1,2,4-trisubstituted pyridinium salts (24). The ma-
jor isomer IXb was isolated by fractional crystallization of
its picrate salt. Its nmr spectrum showed as characteristic
signals three singlets at 6 1.66, 2.34 and 3.56 due to the
methyl groups on 4 and 1 positions of the tetrahydro-
pyridine ring and on the pyrrole nitrogen atom, respec-
tively, and one broad singlet at 6 5.35 due to the vinylic
proton (25). Treatment of the IXb and Xb tetrahydro-
pyridine mixture with polyphosphoric acid promoted the
cyclization upon the 3 position of the pyrrole nucleus
leading to a single pyrrolomorphan Ib (systematic name:
1,4,7-trimethyl-4,5,6,7,8,9-hexahydro-4,8-methanopyr-
rolo[2,3-d]azocine). Its nmr spectrum showed two doublets
(J = 3.3 Hz) in the aromatic region due to the « and 3 pyr-
role hydrogens, thus indicating a cyclization product, and
three singlets at 6 1.20, 2.29 and 3.46 due to the methyl
groups on 4-, 7- and 1-positions, respectively. Therefore,
cyclization of 2-(2-pyrrolylmethyltetrahydropyridines is a
suitable method for the preparation of pyrrolo[3,2-flmor-
phans.

In order to apply this method to the synthesis of indolo-
[3,2-flmorphans II, 2-(2-indolylmethyljtetrahydropyridine
XX was prepared in a similar way. (Scheme IV). Thus, con-
densation between 2-lithio-1-methylindole (XIII) (26) and
2-cyano-3,4-dimethylpyridine (XIV) (5¢) followed by acid
hydrolysis led to the indolyl pyridyl ketone XV (ir: 1640
em™) in good yields. Its reduction under Wolff-Kishner
conditions afforded the 2-{(pyridylmethyl)indole XVI,
whose nmr spectrum showed as more characteristic signal
a singlet at & 4.22 for the interannular methylene group.
The best yield (74%) was obtained when the hydrazone of
ketone XV was previously formed, water from the reaction
medium was removed and potassium hydroxide was add-
ed. This procedure avoids the formation of the indolyl
pyridyl methanol XVII which is found in a great extent
(40%) (27) when the reaction is carried out under usual
Huang-Minlon conditions (28). Alcohol XVII shows an ir
absorption at 3380 cm™, as well as a singlet at 6 5.70 in its
nmr spectrum, due to the methine group.
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Alternatively, reduction of 2-indolylketope XV with
diborane generated internally in diglyme (14), followed by
acetone hydrolysis of the boron complexes (29), led to the
2-pyridylmethylindole XVI in 30% yield, lower than the
obtained by the Wolff-Kishner procedure. When the
borane reductions were carried out on mild reaction con-
ditions (time and temperature) the indolyl pyridyl
methanol XVII was also isolated. On the other hand, when
hydrolysis of the boron complexes was effected with hydro-
chloric acid the pyridylmethylindoline XVIII was also
isolated. Its formation is interpreted on the basis of the in-
dole protonation and further reduction by intramolecular
hydride transfer from the pyridine-borane adduct (30). In
the nmr spectrum of indoline XVIII the absence of the in-
dole B proton and an upfield shift of its N-methyl group
were observed.

H
H: OH h
xvil XVIII
Scheme V

Quaternization of pyridylmethylindole XVI with methyl
iodide, followed by borohydride reduction of the resulting
methiodide XIX, afforded the desired 2-(2-indolylmethyl)-
tetrahydropyridine XX in 77% overall yield. Its nmr spec-
trum showed characteristic singlets at § 3.62 and 2.32 for
the N-methyl groups on the indole and the tetrahydro-
pyridine rings, respectively, and at 6 1.62 and 1.55 for the
methyl groups on the double bond. Cyclization attempts in
acid media (31) were unsuccessful since 1,2-dimethylindole
(XXI) resulting from fragmentation of the starting tetra-
hydropyridine XX (Scheme VI) was always obtained in
high yields.
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- This behavior, different from the observed in the
cyclization of 2-(3-indolylmethyl)tetrahydropyridines to in-
dolo[2,3-flmorphans (8) is interpreted as a consequence of
the higher basic character of 1,2-disubstituted indoles in
relation to 1,3-disubstituted ones (32). The former present
the 3-position widely protonated, what prevents their
cyclization and promotes the observed fragmentation.
These results suggested us the assay of tetrahydropyridine
cyclizations upon the 3-position of 2-acylindoles, whose
carbonyl group was expected to avoid indole protonation
and subsequent fragmentation reaction. Related cycliza-
tions of imminium salts upon the 3-position of 2-acylin-
doles have been described (33). On this purpose, the
2-indolyl 2-tetrahydropyridyl ketone XXIII was prepared
from the ketone XV by quaternization of the pyridine
nitrogen atom followed by borohydride reduction (Scheme
VII). Ketone XXIII showed an ir absorption at 1650 cm™
and singlets in its nmr spectrum at 6 1.51, 1.68, 2.30 and
3.98, due to the methyl groups on the double bond, and to
tetrahydropyridine and indole N-methyl groups, respec-
tively.
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Polyphosphoric acid treatment of the tetrahydropyridyl
ketone XXIII did not lead to the indolo[3,2-fjmorphan IIb
but to the 4-piperidinol XXIVa resulting from the double
bond hydration. Compound XXIVa showed ir absorptions
at 3380 and 1635 cm™ due to the hydroxyl and carbonyl
groups, respectively. Its nmr spectrum showed a singlet at
6 1.15 due to the C-4 methyl group, a doublet at 6 0.9 due
to the C-3 methyl group and five hydrogens in the
aromatic region, indicating therefore the absence of a
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cyclization product (34). The formation of the alcohol
XXIVa confirms the double bond protonation of the tetra-
hydropyridine. However, the cyclization does not occur
because of the protonation of the conjugated carbonyl
group. Similarly, polyphosphoric acid treatment of indolyl
tetrahydropyridyl ketone XXV described in a previous
work (35), led to 4-piperidinol XXIVb. A similar result has
been observed in the cyclization attempts of the 2-furyl
1,4-dimethyl-1,2,3,6-tetrahydro-2-pyridyl ketone (9b).
Thus, cyclizations upon the aromatic ring in aryl
tetrahydropyridyl ketones do not represent a valid alter-
native to those in 2-(arylmethyl)tetrahydropyridines.

EXPERIMENTAL

Melting points were determined on a Biichi apparatus and are uncor-
rected. Nuclear magnetic resonance spectra were recorded on a Perkin-
Elmer model R-24B (60 MHz, tetramethylsilane at § 0.0 as internal stan-
dard) with deuteriochloroform as a solvent unless otherwise indicated.
Chemical shifts are reported as § values in parts per million (ppm). The
infrared spectra were determined on a Perkin-Elmer model 577 spectro-
photometer. The gle were run isothermally on a Perkin-Elmer F-11
chromatograph with a flame ionization detector. A 2 m glass column, 6.4
mm in diameter was used, packed with 2.5% OV-225 on 100-120 mesh
chromosorb WHP. Elemental analyses (Table I) were performed by In-
stituto de Quimica Orgénica Aplicada de Cataluny, Barcelona.

1-Benzyl-2-pyrrolyl 4,6-Dimethyl-2-pyridyl Ketone (Va).

To a stirred and ice-bath cooled solution of 9.0 g. (68 mmoles) of
2-cyano-4,6-dimethylpyridine (IIla) (11) and 13.4 g. (85 mmoles) of
1-benzylpyrrole (IVa) (12) in 60 ml. of boron trifluoride etherate, 1.0 g. of
powdered anhydrous zinc chloride was added and dry hydrogen chloride
was bubbled through the mixture for 1 hour. The resulting dark-red

solution was allowed to stand at room temperature for 24 hours, poured
into ice-water, made alkaline with concentrated sodium hydroxide solu-
tion and extracted with chloroform. The organic layers were evaporated
and the residue was taken up in 200 ml. of 4N hydrochloric acid. The
solution was refluxed for 5 minutes, cooled, basified with aqueous
sodium hydroxide and extracted with ether. The ethereal layers were
dried and the solvent removed under reduced pressure giving 15.5 g.
(75% yield) of the ketone Va; nmr: 2.34 (s, 3, C-4 CH,), 2.57 (s, 3, C-6
CH.), 5.74 (s, 2, CH;), 6.30 (dd, 1, pyrrole-C4 H), 7.0:7.6 (m, 10, aromatic).

2{(1-Benzyl-2-pyrrolylmethyl}4,6-dimethylpyridine (VIa).
a) Diborane Reduction.

Sodium borohydride (9.5 g., 0.25 mole) was added portionwise to a stir-
red solution of 32 g. (0.11 mole) of Va in 200 ml. of dry diglyme. Then, a
solution of 50 g. of boron trifluoride etherate in 150 ml. of diglyme was
added dropwise (temperature between 5 and 10°). The resulting mixture
was stirred at room temperature for 4 hours, the solvent was removed
under reduced pressure and the residue was dissolved in 500 ml. of
methanol. Hydrochloric acid (6N, 100 ml.) was added slowly and the mix-
ture was refluxed for 25 minutes. Methanol was evaporated under
vacuum and water (100 ml.) ice (50 g.) and excess of concentrated am-
monia were added. The basic solution was extracted with ether and the
dried ethereal layers were evaporated leaving an oily residue, which was
purified by distillation (b.p. 110°, 0.3 mm) giving 17.9 g. (59% yield) of
Vla, nmr 2.13 (s, 3, C-4 CH,), 2.42 (s, 3, C-6 CH,), 4.02 (s, 2, interannular
CH,), 5.07 (s, 2, N-CH,), 6.0-6.3 (m, 2, pyrrole C-3 H and C-4 H), 6.68-7.35
(m, 8, aromatic).

When the reduction was carried out in tetrahydrofuran as a solvent, a
mixture of VIa (35% yield) and pyrrolidine VII (10% yield) was obtained.
Compound VII was isolated by silica gel column chromatography
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(chloroform-acetone 8:2 as eluent) and purified by vacuum distillation
(b.p. 210°, 0.3 mm); nmr: 1.6-1.8 (m, 4, pyrrolidine C-3 H, and C-4 H,),
2.22 (s, 3, C-4 CH,), 2.48 (s, 3, C-6 CH,), 2.0-3.3 (m, 5, pyrrolidine C-2 H
and C-5 H, and interannular CH,), 3.27(d, J = 14 Hz, 1, N-CH,); 4.06 (d,
J = 14 Hz, 1, N-CH,), 6.84 (broad singlet, 2, pyridine), 7.33 (broad
singlet, 5, benzene).

b) Wolff-Kishner Reduction.

Ketone Va (70 g., 0.24 mole) and 80% hydrazine hydrate (45 g., 0.72
mole) were added to a solution of 47 g. (0.84 mole) of potassium hydrox-
ide in 330 ml. of ethylene glycol. The resulting mixture was heated under
reflux for 2 hours and then the whole water and the exceeding hydrazine
hydrate were distilled to raise the temperature to 190°, and the remain-
ing solution was refluxed for 4 hours. The reaction mixture was poured
over 1.5 liters of ice-water and extracted several times with ether. The
ethereal extracts were washed with water, dried and the solvent removed.

The distillation of the oily residue gave 37.8 g. (57% yield) of Vla.
2(1-Benzyl-2-pyrrolylmethyl}-1,4,6-trimethylpyridinium Iodide (VIIIa).

A solution of 46.8 g. (0.17 mole) of Vla and 125 g. (0.88 mole) of methyl
iodide in 250 ml. of anhydrous acetone and 40 ml. of dry benzene was
gently refluxed for 5 hours. The reaction mixture was allowed to stand at
5° for 24 hours and the methiodide VIIIa (58.2 g., 82% yield) was col-
lected by filtration; nmr: 2.27 (s, 3, C-4 CHy), 2.76 (s, 3, C-6 CH,), 4.11 (s,
3, N-CH,), 4.43 (s, 2, interannular CH,), 5.20 (s, 2, N-CH,), 5.9-6.2 (m, 2,
pyrrole C-3 H and C-4 H), 6.8-7.0 (m, 2, pyrrole C-5 H and pyridine C-3
H), 7.15 (s, 5, benzene), 7.50 (s, 1, pyridine C-5 H).

2-(1-Benzyl-2-pyrrolylmethyl)-1,4,6-trimethyltetrahydropyridines (IXa
and Xa).

To an ice bath cooled solution of 6.3 g. (15 mmoles) of VIIIa in 70 ml.
of methanol, 1.10 g. (30 mmoles) of sodium borohydride were added por-
tionwise. The resulting solution was refluxed for 3 hours, the solvent was
removed at reduced pressure, 150 ml. of water were added and the
aqueous basic solution was extracted with ether. The evaporation of the
dried ethereal layers afforded 2.85 g. (65% yield) of an oil which on gle
showed four peaks of approximately equal areas. Tetrahydropyridines
trans-1Xa and cis-Xa were isolated by silica gel column chromatography,
on elution with chloroform-methanol (99:1) and (97:3), respectively; nmr:
(trans-1Xa)0.98 (d, ] = 6.8 Hz, 3, C-6 CH,), 1.60 (s, 3, C-4 CH;), 1.65-2.00
(m, 2, C-3 H,), 2.23 (s, 3, N-CH;), 2.3-3.2 (m, 4, C-6 H + C-2H + interan-
nular CH,), 5.09 (s, 2, N-CH,), 5.32 (broad singlet, 1, = CH), 5.95-6.25 (m,
2, pyrrole C-3 H and C-4 H); 6.65 (t,J = 2 Hz, 1, pyrrole C-5 H), 6.9-7.4
(m, 5, benzene); nmr: (cis-Xa) 1.11 (d,J = 6.2 Hz, 3, C-6 CH,), 1.65-2.00
(m, 2, C-5 H,), 2.30 (s, 3, N-CH,), 2.1-2.5 (m, 1, C-6 H), 2.6-3.25 (m, 3, C-2
H + interannular CH,), 5.29 (broad singlet, 1, = CH), C-4 CH,, N-CH,
and aromatic signals as in trans-IXa.

Tetrahydropyridines cis-IXa and trans-Xa could not be completely
separated by column chromatography. The nmr spectra of the enriched
mixtures allowed the following partial assignments; nmr: (cis-[Xa) 1.20
d, J = 5.0 Hg, 3, C-6 CH,), 2.23 (s, 3, N-CH,), 5.32 (broad singlet, 1,
= CH), aromatic signals as in ¢trans-IXa; (transXa) 1.03 (d,J] = 6.6 Hz, 3,
C-6 CH,), 2.21 (s, 3, N-CHj), 5.29 (broad singlet, 1, =CH), aromatic
signals as in trans-1Xa.

When the reaction was carried out with a non-recrystallized sample of
methiodide VIIIa, together with the above tetrahydropyridines, a small
amount (4% yield) of pyridine XI was isolated; nmr: 1.5-2.0 (m, 2, CH,-
CH,-CH,), 2.14 (s, 3, C-4 CH3), 2.22 (s, 3, C-6 CH}), 2.05-2.60 (m, 4, CH»-
CH,-CH,), 3.42 (s, 2, N-CH,-Ar), 6.40 (d,] = 15 Hz, 1, =CH), 6.45-6.9 (m,
3, =CH and pyridine C-3 H and C-5 H), 7.23 (s, 5, benzene).

Attempts of Cyclization of Tetrahydropyridines IXa and Xa: 1-Benzyl-
2-methylpyrrole (XII).

A solution of 0.96 g. (3.2 mmoles) of the mixture of tetrahydropyri-
dines cis-IXa, trans-IXa, cis-Xa and trans-Xa in 25 ml. of boron
trifluoride etherate was refluxed for 3 hours. The reaction mixture was
poured over ice-water, rendered basic with 50% sodium hydroxide solu-
tion and extracted with ether. The evaporation of the dried extracts gave
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an oil which was filtered through a silica gel column. On elution with
n-hexane-benzene (8:2), 0.25 g. (40% yield) of the pyrrole XII were ob-
tained; nmr: 2.09 (s, 3, CH,), 4.96 (s, 2, CH,), 5.91 (m, 1, C-4 H), 6.10 (m,
1, C-3 H), 6.60 (m , 1, C-5 H), 6.9-7.4 (m, 5, benzene).

4-Methyl-2-pyridyl 1-Methyl-2-pyrrolyl Ketone (Vb).

A stream of dry hydrogen chloride was bubbled for 1 hour through a
solution of 1 g. (8.4 mmoles) of 2-cyano-4-methylpyridine (I1Ib) (11) and
1.2 g. (14.8 mmoles) of N-methylpyrrole (IVb) in 20 ml. of boron
trifluoride etherate and 20 ml of anhydrous dichloromethane
(temperature between 0-5°). The resulting mixture was allowed to stand
at room temperature for 24 hours, poured over ice, rendered basic with
50% sodium hydroxide solution and extracted with ether. The organic
layers were evaporated and the residue dissolved in 50 ml. of 2N
hydrochloric acid. This solution was refluxed for 3 minutes, cooled and
basified with 2N sodium hydroxide solution. The extraction with ether
gave 1.54 g. (75% yield) of Vb; nmr (carbon tetrachloride): 2.36 (s, 3, C-4
CH,), 4.00 (s, 3, N-CH,), 6.10 (dd, 1, pyrrole-C-4 H), 6.88 (dd, 1, pyrrole-
C-3 H), 7.20 (d, ] = 5 Hz, 1, pyridine-C-5 H), 7.62 (dd, 1, pyrrole-C-5 H),
7.84 (s, 1, pyridine-C-3 H), 8.56 (d, ] = 5 Hz, 1, pyridine-C-6 H).

4-Methyl-2{1-methyl-2-pyrrolylmethyl)pyridine (VIb).

To a solution of 1.5 g. (26 mmoles) of potassium hydroxide in 15 ml. of
ethylene glycol, 1.5 g. (7.5 mmoles) of Vb and 1.5 g. (24 mmoles) of 80%
hydrazine hydrate were added. The resulting mixture was refluxed for 1
hour, distilled to raise the temperature to 190° and then refluxed again
for 3 hours. The reaction mixture was poured over ice-water and ex-
tracted with ether. The ethereal layer was washed with water, dried and
the solvent removed, affording 0.93 g. (67% yield) of VIb, nmr (carbon
tetrachloride): 2.22 (s, 3, C-4 CH,), 3,44 (s, 3, N-CH,), 4.00 (s, 2, CH,), 5.92
(m, 2, pyrrole-C-3 H and C-4 H), 6.46 (m, 1, pyrrole-C-5 H), 6.84 (s, 1,
pyridine-C-3 H), 6.90 (d, J = 5.5 Hz, 1, pyridine-C-5 H), 8.36 (d,] = 5.5
Hz, 1, pyridine-C-6 H).

1,4-Dimethyl-2{1-methyl-2-pyrrolylmethyl)pyridinium Iodide (VIIIb).

To a solution of 5.7 g. (30 mmoles) of VIb in 45 ml. of anhydrous
acetone and 9 ml. of dry benzene, 22.7 g. (160 mmoles) of methyl iodide
were added. The resulting mixture was refluxed for 3 hours and allowed
to stand at room temperature for 24 hours. The methiodide VIIIb (9.0 g.,
90% yield) was obtained by filtration; nmr (hexadeuteriodimethyl-
sulfoxide): 2.53 (s, 3, C-4 CH;), 3.56 (s, 3, pyrrole-N-CH,), 4.32 (s, 3,
N-CH,), 4.56 (s, 2, CH,), 5.86 (m, 1, pyrrole-HB), 6.02 (m, 1, pyrrole-HB),
6.86 (m, 1, pyrrole-Hay), 7.38 (broad singlet, 1, pyridine-C-3 H), 7.93
(broad doublet, 1, pyridine-C-5 H), 9.00 (d, J] = 6.2 Hz, 1, pyridine-C-6 H).

1,4-Dimethyl-2{1-methyl-2-pyrrolylmethyl)tetrahydropyridines (IXb and
Xb).

To an ice-bath cooled solution of 2.5 g. (7.6 mmoles) of VIIIb in 50 ml.
of methanol, 1.0 g. (26.4 mmoles) of sodium borohydride was added por-
tionwise. The resulting solution was refluxed for 3 hours, the solvent was
removed at reduced pressure, 100 ml. of water were added and the
aqueous basic solution was extracted with ether. The evaporation of the
dried ethereal layers afforded 1.12 g. (78% yield) of an oil which on glc
showed two peaks of relative areas 6.6:1. The major isomer, IXb, was ob-
tained and purified by fractional crystallization of its picrate, nmr (car-
bon tetrachloride): 1.66 (s, 3, C-4 CH,), 1.88 (broad signal, 2, C-3 H,),
2.34 (s, 3, N-CH,), 2.54-3.30 (m, 5, C-6 H; + C-2 H + interannular CH,),
3.56 (s, 3, pyrrole-N-CH,), 5.35 (broad singlet, 1, = CH), 5.72-6.00 (m, 2,
pyrrole-Hp), 6.44 (m, 1, pyrrole-Ha).

1,4,7-Trimethyl-4,5,6,7,8,9-hexahydro-4,8-methanopyrrolo[2,3-dJazocine
(Ib).

Polyphosphoric acid (50 g.) and 1.12 g. (5.5 mmoles) of the mixture of
tetrahydropyridines IXb and Xb were stirred at 130-140° for 6 hours.
The cooled solution was poured into an excess of concentrated am-
monium hydroxide-ice and extracted with ether. The solvent was remov-
ed from the dried extracts leaving an oily residue which was filtered
through a silica gel column. On elution with chloroform-methanol (98:2),
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0.32 g. (28.5% yield) of Ib were obtained; nmr (carbon tetrachloride):
1.20 (s, 3, C-4 CH,); 1.1-3.4 (m, 9, alicyclic protons), 2.29 (s, 3, N-7 CH,),
3.46 (s, 3, N-1 CH,), 5.67 (d, ] = 3.3 Hz, 1, pyrrole-Hf), 6.25 (d,J = 3.3
Hz, 1, pyrrole-Ha).

3,4-Dimethyl-2-pyridyl 1-Methyl-2-indolyl Ketone (XV).

A solution of 35 g. (0.27 mole) of N-methylindole in 130 ml. of ether
was added dropwise to a stirred solution of butyllithium in ether (1.46,
180 ml.). The resulting mixture was refluxed for 9 hours, ice cooled, and
a solution of 32.5 g. (0.25 mole) of 2-cyano-3,4-dimethylpyridine (XIV)
(5¢) in 150 ml. of benzene was slowly added. The solution was stirred at
room temperature for 13 hours and then extracted twice with 350 ml.
portions of 10% hydrochloric acid. The aqueous layers were refluxed for
30 minutes, cooled and a stream of ammonia was bubbled through the
solution until a slightly basic pH. On standing, the ketone XV
precipitated and it was purified by recrystallization in anhydrous ether,
affording 44.8 g. (70.7% yield); nmr: 2.25 (s, 3, CH,), 2.31 (s, 3, CH,),
4.18 (s, 3, N-CH,), 6.81 (s, 1, indoleC-3 H), 7.0-7.8 {m, 5, pyridine-C-5 H
and indole), 8.36 (d, ] = 6 Hz, 1, pyridine-C-6 H).

When the condensation was carried out in shorter times and without
removing the unreacted indole before the final acid hydrolysis, ketone
XV was isolated in 41% yield (silica gel chromatography) together with
four other compounds. On elution with benzene, 1,1'-dimethyl-3,3"
biindole (XXVI) was isolated; nmr (carbon tetrachloride): 3.75 (s, 6,
CH,), 7.0-8.0 {m, 8, aromatic), 7.10 (s, 2, indole-C-2 H). In hexadeuteriodi-
methylsulfoxide solution the last signal appeared at § 7.63, indicating
therefore an indole a-hydrogen (36).

On elution with benzene-chloroform (9:1), 0{2,2-bis(1-methyl-3-indolyl)
ethyl}-N-methylaniline (XXVII, N-methylindole trimer) was isolated;
nmr: 2.35 (s, 3, NH-CH), 2.8-3.1 (broad signal, 1, NH), 3.32(d,J] = 7 Hg,
2, CH,), 3.62 (s, 6, N-CH,), 4.80 (1, ] = 7 Hz, 1, CH), 6.4-7.6 (m, 14,
aromatic), 6.83 (s, 2, indole-C-2 H).

On elution with chloroform-benzene (8:2), (3,4-dimethyl-2-pyridyl)bis(]-
methyl-3-indolyl)methane (XXVIII) was isolated; nmr: 2.28 (s, 3,
pyridine-CH3), 2.33 (s, 3, pyridine-CH,), 3.61 (s, 6, N-CH,), 6.17 (s, 1, CH),
6.58 (s, 2, indole-C-2 H), 6.8-7.4 (m, 9, aromatic), 8.18 (d, ] = 6 Hz, 1,
pyridine-C-6 H). The signal at & 6.58 is shifted at § 6.84 in hexadeuterio-
dimethylsulfoxide, indicating therefore an indole o-hydrogen (36).

On elution with chloroform-methanol (1:1), 4-[2-amino-2{3,4-dimethyl-
2-pyridyl)vinyl]-3-methylpyridine-2-carboxamide (XXIX) was isolated, ir:
v NH 3200, 3405, 3300 cm™, » C=0 1625 cm™; nmr: 2.30 (s, 3, CH,),
2.32 (s, 3, CH), 2.63 (s, 3, CHs), 3.00 (broad singlet, 2, NH,), 6.00-6.40
(broad signal, 2, CONH,), 7.18 (d, 1, pyridine-Hp); 7.24 (s, 1, =CH), 7.28
(d, 1, pyridine), 8.31 (d, 1, pyridine), 8.60 (d, 1, pyridine). Compound
XXIX slowly decomposes giving 3,4-dimethylpyridine-2-carboxamide.

243,4-Dimethyl-2-pyridylmethyl}-1-methylindole (XVI).
a) Wolf-Kishner Reduction.

To a solution of 20 g. (75.7 mmoles) of XV in 200 ml. of diethylene
glycol, 7.70 ml. of 80% hydrazine hydrate were added. The resulting
solution was refluxed for 1.5 hours, distilled to raise the temperature to
220° and a solution of 10.8 g. (191 mmoles) of potassium hydroxide in
140 ml. of diethylene glycol was added. The resulting mixture was reflux-
ed for 4 hours 30 minutes, cooled, poured over ice-water and extracted
with ether. The ethereal layer was washed with water, dried and the
sovlent was removed giving 14 g. (74% yield) of XVI; nmr: 2.20 (s, 6,
C-CHa), 3.68 (s, 3, N-CH,), 4.22 (s, 2, CH,), 6.00 (s, 1, indole-C-3 H), 6.8-7.5
(m, 5, pyridine-C-5 H and indole), 8.2 (d, 1, pyridine-C-6 H).

When the reduction was carried out under usual Huang-Minlon condi-
tions (28), a mixture of pyridine XVI (40.8% yield) and alcohol XVII
(40% yield) was obtained; nmr: (XVII) 1.97 (s, 3, C-CH,), 2.24 (s, 3,
C-CHs), 3.83 (s, 3, N-CH;), 5.48 (broad signal, 1, OH), 5.70 (s, 1, CH), 6.30
(s, 1, indole-C-3 H), 6.9-7.55 (m, 5, pyridine-C-5 H and indole), 8.35 (d, 1,
pyridine-C-6 H).

b) Diborane Reduction.

To an ice-bath cooled solution of 10 g. (37.8 mmoles) of XV and 3.2 g.
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(84.7 mmoles) of sodium borohydride in 100 ml. of digiyme, 14 ml. of
boron trifluoride etherate dissolved in 60 ml. of diglyme were added
dropwise. The resulting mixture was heated at 55° for 8 hours and then
poured into 800 ml. of anhydrous acetone. The solution was refluxed for
2 hours, the solvent was removed at reduced pressure and the oily
residue was filtered through a silica gel column. On elution with benzene-
chloroform (6:4), 3 g. (31% yield) of XVI were obtained. When the above
crude reaction mixture was poured into 2V hydrochloric acid and reflux-
ed for 45 minutes, a mixture of compound XVI and indoline XVIII was
obtained. Their separation was achieved by column chromatography on
elution with benzene-chloroform (6:4) and (2:8), respectively; nmr:
(XVIII) 2.23 (s, 6, C-CH}), 2.72 (s, 3, N-CH,), 2.75-4.00 (m, 5, indole-C-2 H
and C-3 H, + interannular CH,), 6.4-7.2 (m, 5, pyridine-C-5 H and
indole), 8.24 (d, 1, pyridine-C-6 H).

1,3,4-Trimethyl-2-(1-methyl-2-indolylmethyl)pyridinium Iodide (XIX).

A solution of 4 ml. (9.12 g., 64.2 mmoles) of methyl iodide in 8 ml. of
dry benzene was added portionwise to a stirred solution of 3.98 g. (15.9
mmoles) of XVI in 24 ml. of anhydrous acetone. The mixture was stirred
at room temperature for 1 hour, refluxed for 2 hours and then allowed to
stand at 5° for 12 hours. The methiodide XIX (5.6 ¢g., 90.5% yield) was
obtained by filtration; nmr: 2.40 (s, 3, CH,), 2.55 (s, 3, CH,), 3.92 (s, 3,
indole-N-CH,), 4.48 (s, 3, N-CH,), 4.82 (s, 2, CH;), 5.51 (s, 1, indole-C-3 H),
6.7-7.6 (m, 4, indole), 7.75 (d, 1, pyridine-C-5 H), 9.15 (d, 1, pyridine-C-6
H).

1-Methyl-2-(1,3,4-trimethyl-1,2,5,6-tetrahydro-2-pyridylmethyl)indole
XX).

To an ice-bath cooled solution of 4.7 g. (10 mmoles) of XIX in 225 ml.
of methanol and 25 ml. of water, 0.68 g. (20 mmoles) of sodium hydroxide
pellets and 0.83 g. (20 mmoles) of sodium borohydride were slowly added.
The resulting solution was refluxed for 6 hours 30 minutes, the methanol
was removed at reduced pressure, 100 ml. of water were added and the
basic solution was extracted with chloroform. The evaporation of the
dried extracts gives an oil which was purified by distillation (b.p. 160°,
0.1 mm) affording 2.37 g. (83% yield) of XX; nmr: 1.55 (s, 3, C-CH,), 1.62
(s, 3, C-CH,), 1.8-2.3 (m, 2, C-5 H,), 2.32 (s, 3, N-CH;), 2.5-3.3 (m, 5, C-6 H,
+ C-2H + interannular CH,), 3.62 (s, 3, indole-N-CH;), 6.30 (s, 1, indole-
C-3 H, 6.9-7.7 (m, 4, indole).

Attempts of Cyclization of Tetrahydropyridine XX: 1,2-Dimethylindole
(XXI).

A solution of 3 g. (11.2 mmoles) of XX in 37.5 ml. of 48% hydrobromic
acid was heated at 135° for 3 hours. The reaction mixture was poured
over ice-water, basified with concentrated ammonia and extracted with
ether. The organic layers were dried and evaporated giving 1.53 g. (94%
yield) of the indole XXI, m.p. 56-57° (ether) [lit. (37) 56°}; nmr: 2.20 (s, 3,
C-CH,), 3.30 (s, 3, N-CH,) 6.05 (s, 1, indole-C-3 H), 6.5-7.6 (m, 4, indole).

1,3,4-Trimethyl-2{1-methyl-2-indolylcarbonyl)pyridinium lodide (XXII).

A solution of 11.6 ml. (26.4 g., 186 mmoles) of methyl iodide in 16 ml.
of dry benzene was added dropwise to a stirred solution of 16.2 g. (61.3
mmoles) of XV in 8] ml. of anhydrous acetone. The mixture was stirred
at room temperature for 1 hour, refluxed for 3 hours and then allowed to
stand at 5° for 12 hours. The methiodide XXII (23 g., 92% yield) was col-
lected by filtration; nmr:  2.30 (s, 3, C-CH;), 2.62 (s, 3, C-CH,), 4.20 (s, 3,
N-CH,), 4.32 (s, 3, N-CH;) 7.10-7.83 (m, 5, indole), 8.01 (d, 1, pyridine-C-5
H), 9.41 (d, 1, pyridine-C-6 H).

1-Methyl-2-indolyl 1,3,4-Trimethyl-1,2,5,6-tetrahydro-2-pyridyl Ketone
(XXIII).

Sodium borohydride (5.1 g., 135 mmoles) was added portionwise to a
stirred and ice-cooled solution of 18.3 g. (45 mmoles) of the iodide XXII
in 120 ml. of methanol. The resulting solution was refluxed for 5 hours,
the solvent was removed at reduced pressure, 200 ml. of water were add-
ed and aqueous solution was extracted with ether. After drying and
evaporation of the solvent, 10 g. of crude XXIII was obtained. The filtra-
tion through a silica gel column gave, on elution with benzene-
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chloroform (7:3), 8.0 g. (63% yield) of XXIII; nmr: 1.51 (s, 3, C-CH,),
1.68 (s, 3, C-CH,), 2.0-3.8 (m, 4, C-5 H; + C-6 H;), 2.30 (s, 3, N-CH,), 3.88
(s, 1, C-2 H), 3.98 (s, 3, indole-N-CH,), 6.9-7.6 (m, 5, indole).

Attempts of Cyclization of Tetrahydropyridine XXIII: 4-Hydroxy-1,3,4-
trimethyl-2-piperidyl 1-Methyl-2-indolyl Ketone (XXIVa).

Polyphosphoric acid (10 g.) and 1.0 g. (3.5 mmoles) of XXIII were stir-
red under nitrogen at 100° for 2 hours. The mixture was poured over an
excess of concentrated ammonium hydroxide-ice and extracted with
ether. The evaporation of dried ethereal extracts gave an oil which was
filtered through a silica gel column. On elution with benzene-chloroform
(7:3) and with chloroform-methanol (99:1), 50 mg. of unreacted XXIII
and 200 mg. (19.8% yield) of XXIVa, respectively, were obtained;
nmr: (XXIVa) 0.9 (d,] = 7 Hz, 3, C-3 CH,), 115 (s, 3, C-4 CH;), 1.4-2.2
(m, 3, C-3 H + C-5 H,), 2.30 (s, 3, N-CH,), 2.4-3.9 (m, 2, C-6 H,), 3.98 (s, 3,
indole-N-CH,) 4.35 (d, ] = 8 Hz, 1, C-2 H), 4.5 (broad signal, 1, OH),
6.8-7.7 (m, 5, indole).

4-Hydroxy-1,4-dimethyl-2-piperidyl 1-Methyl-2-indolyl Ketone (XXIVb).

Operating in the same manner, from 0.7 g. (2.6 mmoles) of XXV, 0.2 g.
(26% yield) of XXIVb were obtained; nmr: 1.28 (s, 3, C-CH;), 2.28 (s, 3,
N-CH.), 2.75 (m, 2, C-6 H,), 3.04 (dd, 1, C-2 H), 4.04 (s, 3, indole-CH,),
7.79-8.89 (m, 5, indole).
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