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Abstract - A new synthetic route to indolo(2,3-g]morphans and
7,8-benzomorphans is reported. The key stcep in these synthescs
is the mercuric acetate oxidation of appropriate 2-(4-piperidyl-
methyl)indoles or 4-benzylpiperidines, respectively. An alterna-
tive synthetic entry to 2-(4-piperidylmethyl)indoles, consisting
in Wadsworth-Emmons condensation of a suitable 4-piperidone with
diethyl Z-oxogropylphosphonatc followed by catalytic hydrogena-
tion and Fischer indolization of the resulting 4-acetonylpiperi-
dine, is described.

The framework of 2-azabicyclo 3.3.1]nonanc (norphan)z is a common fcature of many
natural (morphine and Staychnos indole alkaloids) and synthetic products (6,7-ben-
:onorphans3 and related groups of analgesics‘), in which this nucleus is fused to
an aromatic ring. The synthesis of compounds having an aromatic ring condensed with
the g side (C7-C8) of the morphan system has been accomplished through five differ-
ent approaches, that differ in the bond formed in the last step: a) Closure of the
piperidine ring by lactamization of 4-amino-1,2,3,4-tetrahydronaphthalene 2-acetic
acid derivatives, as in the first synthcsisS of 7,8-bhenzomorphans. b) Elaboration
of the piperidinc ring implying formation of C,-N bond in the last step, such as
occurs in the synthesis of indolo[S,Z-g]-,6 and thiazolo[A,S-g]morphans.7
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c¢) Formation of the Cé-C68 bond either by PPA cyclization of 2-(3-indolyl)-4-piperi-
dinecarboxylic acids8 or by trcatment of 4-acetyl-2-(3-indolyl)piperidines with bo-
ron trifluoride-etherate or p-toluencsulfonic acid.9 These processes have been fre-
quently uscd in the synthesis of the indole alkaloids ulcine and dasycarpidone, and
in that of rclated compounds having the indolo[z,s-g}morphan skeleton. The first
procedure has also been applied to the synthesis of 7,8-benzomorphans,‘° pyrrolo
[Z,S-Q}-.n and pyrrolo{3,2~g}morphans.ll d) Cyclization of 4-{arylmethyl)- or 4-
aroyl-2,3,4,5-tetrahydropyridinium salts generated either by isomerization of 4-
benzoy1~‘2 or 4-(indoly2carbony1)-l,2,sp-tetrahydropyridincs‘3 to the corresponding
1,2,3,4-tetrahydropyridines followed by acid treatment or,by mercuric acetate oxida-
tion of 4-(2-pyrrolylmethyl)- or 4-(3-indolylmcthyl)pipcridines.‘4 The latter have
also becn generated by acid treatment of Z-c:yanc-d-(s-im.lolylmetl'lyl)piperidino:'s.IS"6
e) Elaboration of the aromatic ring in the last step from an appropriate functiona-
lized Z-azabicyclo{S.S.l]nonane. This methodology has received spplication to the
synthesis of hetcromorphans'7 such as indolo[3,2~g]-,6 pyrazolo[d,s-g]-,ls pyrimido
[S,d'gj-,‘s pyrido[s.z‘g]c,‘s pyrido{2.3~g]"9 and thiazolo[S,d-g]morphans.'

In this paper we report the mercuric acetate cyclization of appropriate 4-(aryl-

20 tetracyclic

methyl)piperidines as a new synthetic entry to indolo[Z.S-g]morphans,
21

ring system prcsent in the Sf{aychnos indole alkaloids, and to 7,8-benzomorphans,
structural analogues of 6,7-benzomorphans.

Several synthetic routes towards 4-{2-indolylmethyl)piperidines havc been re-
portcd.zz'23 However, in order to prepare piperidines § required for the synthesis
of indololz,S-g]morphans ] we have developed an alternative procedure consisting in
the Fischer indole synthcsisz4 from 1-(4-piperidyl)-2-propanones. The latter are
casily accessible from 4-piperidones through Wadsworth-Emmons condensation with di-
ethyl 2-oxopropylphosphonate and further catalytic hyvdrogenation according to our

.
previously reported proc:cdt,nrc."S
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When the Fischer indolization of 4-piperidylpropanone 48 phenylhydrazone was ef-
fected with ethanolic hydrogen chloride, the 2,3-disubstituted indole Q& was isolat-
cd in 40% yield as the only product.26 In an attempt to modify the regioselectivity
of the above ring closure, we tried the use of PPA as cyclizing agent since it is
well known that this reagent favors indolization onto the methyl group of methyl al-
kyl ketone arylhydrazones.27 Under these conditions, an approximately equimolccular
mixture of ég and the desired 2-substituted indole i& was obtained. Similarly, treat-
ment of 2b phenylhydrazone with PPA afforded a 1:1 mixture of indole derivatives 3ph
and %Q. Piperidylmethylindoles 48 and 4h were isolated in 30% yield by column chro-
matography and were easily characterized by the signal at 66.2 due to the 3-indole
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proton in the 1H-NMR spectrum. In turn, ‘H-NMR spectra of 2,3-disubstituted indoles
QQ and ék showed, as the most significant signal, a singlet at 62.1-2.3 due to
the methyl group attached to the indole 2-position.

On the other hand, benzylpiperidines Q required for the synthesis of 7,8-benzo-
morphans were conveniently prepared from 4-benzylpyridines §, by quaternization
with methyl iodide and further catalytic hydrogenation of the resulting pyridinium
salts 7. In turn, methoxy substituted benzylpyridines Qk and Qg were synthesized
by reaction of m-methoxyphcnylmagnesium bromide with 4-cyanopyridine, as described

8 and by condensation of 4-pyridyllithi-

for the preparation of d-benzoylpyridinc.2
ung with 3,4,5-trimethoxybenzonitrile, respectively, followed by Wolff-Kishner re-

duction of the resulting 4-benzoyl derivatives $h and K-
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Oxidative cyclization of QQ and Qk was effected with mercuric acetate,
presence of EDTA disodium salt to avoid the mercuriation of the indole nucleus, at
pH 3-4 (hydrolysis of Hg(AcO)Z-EDTA.NaZ) ir. water as the solvent.n'32
addition of an excess of NaBH, in order to reduce the possibleover oxidation pro-

33 (36%)

Subsequent

ducts and to destroy the excess of Hg(AcO)Z led to the cyclized compounds }a
and )b (30%), respectively.
In the benzcne series, mercuric acetate cyclizations werc effected in aqueous

acetic acid solution, without adding EDTA.Na Since it was cxpected that clectro-

philic attack of the iminium salt gencrated gy oxidation of piperidine ga upon the
benzene nucleus would be slower than in the indole series, the reaction mixture was
additionally refluxed in 50% aqueous acetic acid. However, cyclization did not occur,
and the dimeric product R was isolated in 44% yield.S‘

The presence of a molecular peak at m/e 374 in the mass spectrum of 98 supported
the proposed structure. The NMR spectrum cxhibited, as the most significant sig-
nals, two singlets (62.15 and 2.6 ) due to piperidine and enamine N-methyl groups,
respectively, and a broad signal (65.9 ) correcsponding to the enamine proton. For-
mation of 93 can be interpreted by considering that electrophilic attack of the
iminium salt gencrated in the oxidation process occurs intermolecularly upon the

corresponding enamine,ss'36

in equilibrium with the iminium salt, instead of intra-
molecularly upon the benzene ring.

When oxidation was effccted from the most activated compound Qk, besides the di-
meric product 9h, 7,8-benzomorphans )0 and ]} were isolated in 13% yield. This re-
sult makes evident that the failure in the above cyclization must be attributed to

the lower nucleophilic character of benzene ring as compared with indole. In
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agreement with this interpretation, mercuric acctate cyclization of 4-(trimethoxy-

benzyl)piperidine Bc furnished exclusively the 7,8-benzomorphan |2 in 91% yield,

thus clearly xndxcatxng that clectronic factors influence the rclatlve ratios of di-

merization versus ring closure.
The molecular peak at m/e 217 for )9

and lﬁ

and at m/e 277 for l& in the mass

spectra, the base peak at m/e 59 (CH NHCHZCH )} in all cases, as uell as the major
fragments at m/e 96 (N-methyldihydropyridinium ion), ™/¢ 44 ((H VH CH ). and m/e
158 for 10 and 11 and m/e 218 for l% {naphthalene type), confxrn the benzonorphan

nucleus and are 1n agreement with those reported for the basic skeleton.

1
H-NMR Data of Indolomorphans { and 7,8-Benzomorphans {Q-l&.
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The spectral data of bridged systems 1 (g Q), NQ )L, and {Q posSsSess some com-
mon trends. Thus, in the TH-NMR spectra the methine proton at C-1 is the most de-
shielded of aliphatic protons and resonates at §v4.4 in the indoloderivatives ]

and at § 3.6 in the 7,8-benzomorphan ]] as usual in this structural type.S

However,

in 7,8-benzomorphans LQ and {% this signal appears at 4-.4.3 duc to the anisotropy

effect of the C-10 oxygen substituent, On the other hand,

in all cyclized compounds

the methylene protons at C-6 appear as diastereotopic, onc of them as a doublet of

doublets at §v3.0

and the other as an isolated doublet at é6%2.65.

The vicinal cou-

pling constants between protons on the CS-C6 unit (J«6.6 and 0 Hz) correspond by
the Karplus relation to dihedral angles which are consistent with those observed

from Dreiding models.

The most noteworthy difference for the saturated carbons in the
of the above cyclized compounds is the high ficld position of C-6 in the indeolo-

13

C-NMR spectra

morphan systems as compared to 7,8-benzomorphans due to the high electrodensity of

the indole nucleus.38

cent to the aromatic ring. Neverthcless,
in which the signal for C-1 appears at a field (5.6 ppm) lower than in the

tive U

This feature should as well be obscrved for C-1,

also adja-

it is only observed in the benzene deriva-

indoloderivative Qg. The upficlding of C-1 in compounds 1§ and ]2 is caused by a
vy-effect induced by the mcthoxy group attached to C-10. On the other hand, we have
observed that aromatic methoxy groups flanked by two oatho substituents exhibit, as

expected,39
tho substituents {~55 ppm).

chemical shift values (~60.5 ppm) higher than those with one or no ox-
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I:‘C-NMR Chemical Shiftsa’b of Indolomorphans J and 7,8-Benzomorphans 48-43.

e CHyCoyy o, cny oy
! | OCH, I ' P ]
d s N » ~ ~
) . 5 g bl ¢ , 7 oo 0
L] "

e "w 10 " 12
¢ 51.78 §2.10 50.11 §7.37 $0.59
c-3 46,47 43.74 46.54 46.25 46.17
C-4 33.12¢ 32.39° 30.75 32.15° 31.00°
c-5 24.80 24.96 23.95 8.1 28.07
C-6 29.27 29.07 34.35 34.9% 34.44
C-6a 135,98 135.88 140.83 140,24 134.64

C-7a or C-7 137.06 136.46 120.75 110.42 106.37
c-8 110.56 110.77 128.42 158.71 151.45¢
C-9 120.57 121.72 107.33 112.82 139,30
c-10 119,27 119 .89 157.59 131.26 152. 1€

C-11 or C-10a 118.20 118.13 118.06 123.77 116.58
C-11a 128.58 128.06 - .- -
C-11b 105.7 105.49 .- - --

CH, bridge 32.89° 32.10¢ 32.52 33,13 32.47€
NCH 44.76 .- 42.94 43.30 43.00
cuzAr .. 60. 484 - - .-
OCH .- -- 55.18 55.13 55.61%

3 60.427
60.75

In ppm rclative to TMS. Measured in CDCl3 solution at 50.3 MHz. b The assignments

. - C . -
are in agrcement with off-resonance spectra. The assignments may be interchanged.

d Phenyl ring carbons were found at 137.79, 129.54, 128.36, and 127.51 ppnm. € Methe

xy group attached to C-8. £ Mcthoxy group attached to C-9 or C-10.

EXPERIMENTAL

Genenal. Melting points were determined in a capillary tube on a Buchi apparatus
and arc uncorrected. !H-NMR spectra were recorded in CDCl; with TMS as internal stan-
dard (60 MHz: Perkin-Elmer R-24B; 200 MHz: Varian XL-200). !3C-NMR spectra were re-
corded with a Varian XL-200 spectrometer (50.3 MHz). Chemical shifts are reported
in ppm downficld (§) from TMS. IR spectra were taken on a Perkin-Elmer 1430 spectro-
photomcter. Mass spectra were reccorded on a Hewlett-Packard 5930A mass spectrometcr.
Prior to concentration, under reduced pressure, all organic extracts were dried over
anhydrous MgSO4 powder. TLC and column chromatography werc carricd out on Si0y (si-
lica gel 60, Merck, 63-200 um) or Al303 (aluminoxid 90, Mcrck, activity [), and the
spots were located with UV light or ioéoplatinate reagent. Preparative TLC was per-
formed on silica gcl plates 60F2¢4 (Merck), layer thickness 2 mm. All distillations
were cffected using a Buchi GKR-S0 Kugelrohr apparatus. The temperature cited are
the temperature of the oven during the distillation. Microanalyses were performed by
Instituto de Quimica Bio-Orgénica, Barcelona.
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1-(1-Methyl-4-pipenidyl)-2-propanone (2a) was prepared from 1-methyl-4-piperido-
ne in a 0.12 mol scale in 76% yield by the”published procedure.25

I-11-Benzyl-4-pipenidyl]-7-propanone (Rh) was prepared from t1-benzyl-4-piperido-
ne in a 0.09 mol scale in 90V yield by the published procedure.25

2-(1-Methyl-4-pipenidylmethyl)indole ). A mixture of ketone 3€ (500 mg, 32
mmol) and phenylhydrazine (349 mg, 3.2 mmol) was heated on a steam bath for 30 min.
Polyphosphoric acid (8 g) was added to the crude hydrazone and the reaction mixture
was stirred under nitrogen at 135 °C for 30 min. The mixturc was poured into crus-
hed ice, and the solution was basified with aqueous sodium hydroxide solution and
cxtracted with benzene. Evaporation of the extracts gave a syrup which was chromato-
graphed on silica gel. Elution with 1:4 benzenc-chloroform left 123 mg (25%) of 2-me-
thyl-3-(1-methyl-4-pipernidyl)indole (3a): m.p. 165-166 °C (hexane); NMR (CClay) 2.3
(s, 6H, NCH3y and In-CHy), 1.6-2.4 (m, 64, 2-Ha and 3-H), 2.6-3.1 (m, 3H, 2-He and
4-H), 6.75-7.6 (m, 4H, ArH), 7.9 (s, 1H, NH). (Found: C, 78.69; H, 8.91; N, 12.09.
Calcd. for CysH2oN2: C, 78.90; H, 8.82; N, 12.26). By a gradual increasc in concen-
tration of eluant from 7% to 2V methanol in chloroform, 152 mg (30%) of the indole
derivative 4a were obtained: m.p. 135-136 °C (hexane) fLit. 141-142 °C (ethanol),222
137-139 °C338 ] ; NMR (200 MHz) 1.40 (qd, J=4, 12 Hz, 2H, 3- and S-Ha), 1.4-1.7 (m,
1H, 4-H), 1.74 (br d, J=12 Hz, 2H, 3- and S-He), 1.94 (td, J=12, 12, 2 Hz, 2H, 2-

and 6-Ha), 2.28 (s, 3H, NCH3), 2.66 (d, J=6.7 Hz, 2H, InCH;), 2.87 (br d, J=12 Hz,
2H, 2- and 6-He), 6.23 (dd, J=2.1, 0.8 Hz, 1H, indole 3-H), 7.1-7.1S (m, 2H, indole
S- and 6-H), 7.2-7.3 (m, 1H, indole 7-H), 7.5-7.55 (m, 1H, indole 4-H)}, 8.0 (br s,
1H, NH).

When a solution of the ketone (500 mg, 3.2 mmol) and phenylhydrazine hydro-
chloride (466 mg, 3.2 mmol) in 7 m] of absolute cthanol saturated with dry hydrogen
chloride was refluxed for 2 h 30 min and then stirred at room temperature overnight,
the 2,3-disubstituted indole 3a (284 mg, 40%) was isolated as the only product after
the usual work-up. v

2-{1-Benzyl-4-pipenidylmethyl}indole (4b). Operating as above from ketone 2b (1 g,
4.3 mmol) a crude mixture of indole derivi¥ives 3b and 4b was obtained and ™~
chromatographed on silica gel. Elution with benz€he-chi¥Yoform (1:0 to 1:1 eluent)
gave 3-(1-benzyl-4-piperdidyl)-2-melhylindole b): 290 mg (22%): m.p. 130-131 °C (e-
thanol-cther); NMR (CCl4) 2.1 (s, 3H, CHs), 1.4-3.0 (m, 9H, piperidine), 3.35 (s, 2H,
ArCH2), 6.7-7.4 (m, 4H, indole), 7.1 (s, SH, ArH), 7.6 (m, 1H, NH). (Found: C, 82.84;
H, 8.02; N, 9.18. Calcd. for C21H24N2: C, 82.89; H, 7.89; N, 9.21). Elution with chlo-
roform-benzene (1:1 to 1:0 eluent) gave ;g: 407 mg (31%); m.p. 105-106 °C (ethanol-
water) (Lit.23a 112-114 °C (ethanol-wate¥)]; NMR (200 MHz) 1.3-1.6 (m, 3H, 3-, 4-,
and S-Ha), 1.65 (br d, J=12 Hz, 2H, 3- and S-He), 1.98 (td, J+12, 12, 2Hz, ZH, 2- and 6-Ha),
2.59 (d, J=6.4 Hz, 2H, InCH;), 2.90 (br 4, J=12 Hz, 2H, 2- and 6-He), 3.54 (s, 2H,
ATrCH2), 6.17 (dd, 'H, indole 3-H), 6.9-7.5 (m, 4H, indole), 8.46 (br s, 1H, NH).

2-Methyl-1,2,3,4,5,6-hexahydno-1,5-methanoazocino [4,3-b]indole g;g). A solution
of 4a (433 mg, 1.89 mmol) in methylene chloride (S ml) was added to solution of
merfuric acetate (3.03 g, 9.49 mmol) and EDTA.Na2.2H20 (3.6 g, 9.63 mmol) in water
(65 ml1). Methylene chloride was evaporated by heating thc mixture at 40 °C under a
strcam of nitrogen and the resulting solution was rcfluxed for 1 h. After addition
of methanol (22 ml) and sodium borohydride (64 mg), the whole was stirred at room
temperature for 20 min and filtercd. The filtrate was concentrated under reduced
pressurc, basificd with aqucous ammonium hydroxide, and extracted with methylene
chloride. Evaporation of the dried organic extracts gave an oil which was chroma-
tographed through alumina. On clution with 9:1 chloroform-methanol, 153 mg (36%)
of la were obtained: m.p. 185-187 °C (ether-ethanol); NMR (200 MHz) 1.68 (dd, J=
12,2 Hz, 1H, 3-Ha), 2.1-2.7 (m, SH, 4-H, 5-H and 12-H), 2.41 (s, 3H, NCH3), 2.72
(d, J=17 Hz, 1H, 6-H), 3.13 (dd, J=17, 6.3 Hz, 1H, 6-H), 4.37 (br, 1H, 1-H), 7.1-
7.5 (m, 4H, indole), 8.40 (br, 1H, NH); (Found: C, 79.23; H, 8.12; N, 12.36. Calcd.
for CygH1gN2: C, 79.60; H, 8.01; N, 12.37).

2-8enzy£-!,2,3,4,5,6-hexahydno-I,S-me(hanoazoc(no[4,5-b](ndote (Qk). Opecrating
as above from the indole derivative 4b (0.5 g, 1.64 mmol), mercuric acetate (2.62
g, 82 mmol) and EDTA.Na;.2Hy0 (3.12 g, 8.3 mmol) at 90-100 °C for th, the tetra-
cyclic base b (150 mg, 30‘% was isolated after column chromatography through si-
lica gel (99:1 chloroform-ethanol as eluent); NMR (200 MHz) 1.57 (d, J=12.5 Hz, 1H,
4-He), 1.85 (dd, J=12.S, 2.8 Hz, 1H, 12-Ha), 2.0S (tt, J=-14.5, 14.5,6 4.8, 4.8 Hz,
‘H, 4-Ha), 2.16 (td, J=14.5, 14.5, 3.2 Hz, 1H, 3-Ha), 2.36-2.58 (m, 3H, 3-He, S-He
and 12-He), 2.63 (d, J=17 Hz, 6-H), 3.08 (dd, J=17, 6.7 Hz, TH, 6-H), 3.31 and 4.11
(2d, J=13 Hz, 1H each, ArCH;N), 4.48 (br, 'H, 1-H), 7.09-7.48 (m, 9H, ArH), 8.43 (br,
1H, NH). For the hydrochloride: m.p. 200-202 °C (acetone-cthanol). (Found: C, 73.44;
H, 7.00; N, 7.77;C1, 10.15. Calcd. for C2tH,3CIN2. 1/3C3H,0: €, 73.765 H, 7.03; N,
7.82;, C1, 9.89). -
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o 4-{3-Methoxybenzoylipyridine (ik). A solution of 4-cyanopyridine (6 g, 57 mmol)
in tetrahydrofuran (50 ml) was added dropwise under nitrogen to the Grignard rea-
gent prepared from m-bromomethoxybenzene (10.1 ml, 80 mmol) and magnesium (1.92 2,
0.08 mmol) in anhydrous ether (50 ml). The resulting mixture was refluxed for S h,
thg solvent was evaporated, and the residue was treated with 1:1 aqueous sulfuric
acid (25 ml). The solution was basified with 7201 aqueous sodium hydroxide and ex-
tracted with ether. The organic extracts werc dried and evaporated to give 3b
(7.42 g, 87%). IR (KBr) 1660 (C«0); NMR 3.8 (s, 3H, OCHy), 7.0-7.4 (m, 4H, érﬂ),
7.5 (d, J=6 Hz, 2H, Pyr-H), 8.7 (d, J=6 Hz, ZH, Pyr-H). The picrate derivative had
m.p. 144-146 °C (ethanol). (Found: C, 51.3%; H, 3.05: N, 12.57. Calcd. for Cigti1a
NgOg: C, 51.59; H, 3.19; N, 12.66).

4-!Stl,S-Tnémc(hoxybegéoql)pyaid(ne (3£)+ To a cooled (-70°C) solution of 4-bro-
mopyridine hydrochloride 27(6.7 g, 34.6 mmol) in anhydrous ether (10 ml) was added
dropwise under nitrogen a solution of n-butyl-lithium (43.3 ml, 69.3 mmol) in anhy-
drous ether (30 ml) also cooled at -70 °C. The mixture was stirred at -70 °C for 1
h and at -30 °C for 30 min. Then, a cooled (0 °C) solution of 3,4,5-trimethoxyben-
zonitrile (6.7 g, 34.6 mmol) in anhydrous benzene (40 ml) was slowly added. The re-
action mixture was stirred at -30 °C for 30 min, poured into ice-water (100 ml), a-
cidified with 2N hydrochloric acid, and extracted with benzene. The aqueous layer
was refluxed for 2 h, cooled, basified with 20% aqucous sodium carbonate, and ex-
tracted with chloroform. Evaporation of the solvent left (2.5 g, 27%). A sample
recrystallized from cthanol melted at 103-105 °C; IR (CHC 3) 1655 (C=0); NMR 3.8
(s, 6H, OCH3), 3.9 (s, 3H, OCH3), 6.95 (s, 2H, ArH), 7.45 (d, J=6 Hz, ZH, Pyr-H),
8.7 (d, J=6 Hz, 2H, Pyr-H)}; MS m/e {rclative abundance) 273 (M*, 67), 258 (21), 202
(22}, 195 (100}, 116 (15), 109 (16), 106 (62}, 78 (67}, 66 (23), St (26). (Found:
C, 65.96; H, S.57; N, 4.96. Calcd. for CigHygNOg: €, 65.93; H, 5.53; N, 5.12).

4-(3-Methoxybenzyl)pyridine (fb). To a solution of potassium hydroxide (22.7 g,
0.4 mol) in cthylene glycol (400 ml), kctone ég (20 g, 93.8 mmol) and 80% hydrazi-
nc hydrate (28 ml, 0.435 mol) werc added. The resulting mixture was refluxed for
2 h 30 min, distilled to raise the temperature to 190 °C, and refluxed again for
3 h. The reaction mixturc was poured into ice-water and extracted with chloroform.
The organic cxtracts were washed with water, dried, and evaporated to give benzyl-
piperidine b (15.1 g, 81%) as a clear oil, b.p. 135-136 °C/0.06 mm Hg {Lit. % b.p.
140 °C/0.4 mmHg).

4-13,4,5-Taimethoxybenzyl) pyridine (6c). Following the above proccdure, from ke-
tone ig (2.42 g, B.35 mmol), 80% hydrazinc hydrate (2.49 ml, 38.7 mmol), and potas-
sium hydroxide (2.02 g, 35.6 mmol) in ethylene glycol (36 ml), benzylpyridine 6¢
(1.1 g, 49%) was obtained; NMR 3.65 (s, 2H, ArCHz), 3.7 (s, 9H, OCH3), 6.2 (s,“IH,
ATH), 6.9 (d, J=6 Hz, 2H, Pyr-H)}, 8.3 (d, J=6 Hz, 2H, Pyr-H); MS m/e¢ (relative a-
bundance) 260 (18), 259 (M*, 100), 244 (87), 216 (32), 182 (47), 181 (48), 167 (35),
156 {68), 155 (35), 129 (41), 93 (32). The picrate melted at 165-167 °C (ethanol};
NMR 3.85 (s, 9H, OCHy), 4.15 (s, 2H, ArCHp), 6.38 {s, 2H, ArH), 7.65 (4, J=6 Hz, 2H,
Pyr-H), 8.75 (d, J=6"Hz, 2H, Pyr-H). (Found: C, $1.81; H, 4.04, N, 11.26. Calcd.
for C,,H20N4040: C, 51.685 H, 4.12; N, 11.47).

I-Methyl-4-13,4,5-taimethoxybenzyllpynidinium Jodide (Jc). Freshly distilled me-
thyl iodide (3 m1, 44.5 mmol) in anhydrous acetonc (5 ml) was added dropwise to a
solution of pyridine R5 {(0.97 g, 3.74 mmol) in anhydrous acetone (50 ml). The re-
sulting mixture was stirred at room temperaturc for 15 h. The solid was filtered
and crystallized from ethanol to give Jc (0.98 g, 65%); m.p. 259-260 °C; NMR (IMSO-
dg) 3.55 (s, 3H, OCHz), 3.7 (s, 6H, Oéﬁg). 4.1 (s, 2H, ArH), 4.25 (s, 3H, NCHy),
6.6 (s, 2H, ArH), 7.9 (d, J=6 Hz, 2H, Pyr-H), 8.7 (d, J=6 Hz, 2H, Pyr-H);, MS m/e¢
(rclative abundance) 274 (M*, 1), 259 (20), 245 (34), 142 (100), 127 (41). (Found:
C, 47.82, H, 5.01; N, 3.94; 1, 31.41, Calcd. for CygHygINO3: C, 47.89; H, 5.02; N,
3.49; 1, 31.63).

4-8Benzyl-1-methylpipendidine (8a). A mixture of 4-benzyl-i-methylpyridinium 10di-
ded! (7a; 5.5 g, 17.6 mmol) in absolute methanol (200 ml) and platinum dioxide (200
mg} was shaken at room temperaturec under hydrogen at atmospheric pressure for 48 h.
The catalyst was filtered off and the solution was evaporated. The residuc was dis-
solved in water, basified with 20V aqueous potassium carbonate, and extracted with
chloroform. Evaporation of the dried organic extracts yielded (3 g, 90%); NMR
(200 MHz) 1.37 (dq,J =12, 12, 12, 3.7 Hz, 2H, 3-Ha and S-Ha), 1.,4-1.5 (m, 1H, 4-Ha),
1.63 (br 4,3 «12.5 Hz, 2H, 3-He and S-He), 1.85 (td, J =12, 12, 2.5 Hz, 2H, 2-tla and 6-Ha),
2.23 (s, 3H, NCH3), 2.53 (d,J =6.5S Hz, 2H, Ar-CHz), 2.81 (dt, ) =12 Hz, 2H, 2-He and
6-He), 7.06-7.34 (m, SH, ArH); MS m/e¢ (relative abundance) 190 (§8), 189 (M*, 24),
188 (29), 111 (23), 98 (36}, 96 (26), 91 (57), 83 (63), 70 (74), 65 (39), 55 (58},
44 (100), 43 (57), 42 (98). The picrate melted at 173-175 °C (cthanol). (Found: C,
S4.56;, H, 5.38; N, 13.28. Calcd. for CygHy2Ng0O7: C, S4.54; H, 5.30; N, 13.39}.
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4-(3-Methoxybenzyl)-1-methylpipenidine (8b).40 A mixture of pyridinium salt 41

(S g, 14.6 mmol) in absolute methanol (100 #t) and platinum dioxide (167 mg) was
hydrogenated as above. After the usual workup, piperidine gﬁ (3.05 g, 95%) was ob-
tained; NMR (200 MH2) 1.34 (qd, J=12, 12, 12, 3.7 Hz, 2H, 3-Ha and S5-Ha), 1.3-1.5
(m, 1H, 4-Ha), 1.64 (br d, J=12 Hz, 2H, 3-He and S-He), 1.86 (td, J=12, 12 and 2.5
Hz, 2H, 2-Ha and 6-Ha), 2.23 (s, 3H, NCH3), 2.51 (d, J=6.5 Hz, 2H, ArCH,), 282 (br d,
J=12 Hz, 2H, 2-Hc and 6-He), 3.79 (s, 3H, OCH3), 6.6-7.3 (m, 4H, ATH); A’ m/e (re-
lative abundance) 220 (9), 219 (M*, 46), 218 (51), 111 (18), 98 (22), 97 (12), 96
(47), 91 (17), B3 (39), 70 (26), S5 (23), 44 (39), 43 (100), 42 (31). 13C-NMR 32.29
(t, 3- and 5-C), 37.23 (d, 4-C), 43.22 (t, ArCHy), 46.43 (q, NCH3), 55.09 (q, OCH3),
56.92 (t, 2-C and 6-C), 110.91 (d, Ar 4-C), 114.34 (s, Ar 2-C), 121.57 (4, Ar 6-C),
129.05 (4, Ar 5-C), 142.34 (s, Ar 1-C), 159.50 (s, Ar 3-C). A sample of hydroio-
dide resulting from hydrogenation melted at 142-145 °C (cther-acctone). ound: C,
48.23; H, 6.31; N, 3.93; I, 36.85. Calcd. for Cq14H2INO: C, 48.42; H, 6.38; N, 4.03;
1, 36.54).

I-Methyl-4-(3,4,5-taimethoxybenzyllpiperidine (fg). Operating as above, from py-
ridinium iodide 7g¢ (1.21 g, 3.01 mmol), platinum dioxide (61 mg), and absolute me-
thanol (SO0 ml), piperidine %; (0.71 g, 84%) was obtained. A sample recrystallized
from acetone melted at 105-T07 °C; NMR (200 MHz) 1.34 (qd, J=12, 12, 12 and 3.7 Hz,
2H, 3-Ha and S-Ha), 1.3-1.5 (m, 1H, 4-Ha), 1.59 (br d, J=12 Hz, 2H, 3-He and 5-He),
1.84 (td, J=12, 12 and 2.5 Hz, 2H, 2-Ha and 6-Ha), 2.21 (s, 3H, NCH3), 2.41 (djl -

6 Hz, 2H, ArCH2), 3.76 (s, 3H, OCHx), 3.80 (s, 6H, OCH3), 6.29 (s, 2H, ArH); !°C

NMR 32.05 (t, 3-C and 5-C), 37.23 [d, 4-C), 43.53 (t, ArCH), 46.24 (g, NCHz), 55.85
(q, OCH3), $5.99 (t, 2-C and 6-C), 60.84 (q, OCH<), 105.98 (d, Ar 2-C and 4-C),
136.34 %s, Ar 1-C), 152.95 (s, Ar 3-C and 5-C); ﬂs m/e (relative abundance) 280 (S),
279 (M*, 21), 278 (10), 264 (33), 248 (34), 181 (14), 111 (30), 98 (24), 96 (100),
83 (67), 70 (32), 44 (30). (Found: C, 68.41; H, 9.03; N, 5.00; Calcd. for CqgH25NO3:
C, 68.79;, H, 9.02; N, 5.01).

Mercuric Acetate Oxidation of 4-Benzyl-1-methylpipendidine (Ba). A mixturce of pi-
peridine (1.5 g, 7.9 mmol), mercuric acetate (23.3 g, 79 mmol), and 5% acetic a-
cid (100 mI) was refluxed for 7 h. The precipitate formed during the reaction was
filtered and washed with 5% acetic acid. The combined filtrates wcre saturated with
hydrogen sulfide for 30 min. Mercuric sulfide was removed by filtration through "Hy-
flo Super-Ccl” and washed with 5% acctic acid. To the combined filtrate and washings
was added an equal volume of glacial acetic acid. The recsulting solution was rcflu-
xed under nitrogen for 72 h, cooled, basificed with 20% aqueous sodium hydroxide, and
extracted with ether. Evaporation of the dried organic extracts gave an o:l which
was purificd by column chromatography using chloroform as cluent to give 4d-benzyl-
3-(4-benzyl-1-methyl-2-pipenidyl)-1-methyl-1,2,3,4-Ltetrahydropyridine (Qa) (0.64 g,
44%); IR (NaCl) 1650 cm~1 (C=C); NMR 2.15 (s, 3H, NCH3), 2.6 (s, 3H, enaminc NCH3),
5.9 (m, 'H, =C-H), 7.15 (br s, 10H, ArH); MS m/¢ (relative abundance) 374 (M*, 1),
283 (1), 226 (1), 187 (S), 97 (12), 96 (100), 94 (16), 91 (17), 44 (11), 42 (33), 39
(13).

Mercundic Acetate Oxidation of 4-(3-Methoxybenzyl]-1-methylpipenidine (Bh). A solu-
tion of piperidine Q hydroiodide (S g, 14.4 mmol), mercuric oxide (38.8 g, 0.18 mol),
and 40% acetic acid (200 ml) was refluxed for 7 h. The usual workup gave 1.1 g of
an oil which was chromatographed. On elution with chloroform, 4-{3-methoxybenzyl}-
3-[l-(S-methoxqbenqu)-l-nethyt-?-pya(dyt]-l~n%(hql-l,7,3,4-tetaahydaopyn£dine (3R)
was obtained: 0.21 g (7%); IR (NaCl) 1635 c¢m~' (C=C); NMR 2.25 (s, 3H, NCH3), 2.
(s, 3H, enaminc NCH;), 3.7-3.8 (br s, 6H, OCH3), 6.0 (br, 1H, 2-H), 6.6-7.2 (m, 8H,
ATH); MS m/e (relative abundance) 434 (M*, 1),7325 (1), 218 (1), 121 (S), 115 (2),

96 (100), 81 (10), 78 (12), 42 (38). On clution with 97:3 chloroform-methanol, a
(1:1) mixture of 8-methoxy-2-methyl-1,5-methano-1,2,3,4,5,6-hexahydro-2-benzazocane
(11) and 10-methoxy-2-methyl-1,5-methano-1,2,3,4,5,6-hexahydro-2-benzazocine (lQ)
was obtained: 0.42 g (13%). Pure )| (lower R value) was scparated by preparative
TLC using 9:1 ecther-acetonc as developing solvent. NMR (200 MHz) 2.15 (s, 3H, NCH3),
2.43 (dd, J=12.6, 3 Hz, 1H, 3-He), 2.65 (d, J=18 Mz, 1H, 6-H), 3.05 (dd, J=18, 6.6
Mz, 1H, 6-H), 3.63 (t, Je3 Hz, 1H, 1-He), 3.79 (s, 3H, OCHs)‘ 6.6-6.9 (m, 2H, ArH),
7.10 (t, J=8 Hz, 1H, ArH); EM m/e¢ (relative abundance) 217 (M°, 10), 174 (4), 160
(9), 159 (17), 158 (10), 115 (16), 96 (20), 91 (10), 78 (6}, 77 (11), 63 (10), S9
(100), 44 (60), 42 (56). The picrate melted at 192-195 °C (ethanol). (Found: C,
53.42; H, 4.97; N, 12.58. Calcd. for C20H52N408: C, 53.80; H, 4.96;, N, 12.55). Ben-
zgzocine 10 (higher R4 value) was obtained contamined with %l and showed the follo-
wing spectroscopic data: NMR (200 MHz) 2.15 (s, 3H, NCHg), Z2.67 (d, J=18 Hz, 1H,
6-H), 3.02 (dd, J=18, 6.6 Hz, 1H, 6-H), 3.77 (s, 3H, Ocas , 4.32 (t, J=3 Hz, 1H,
1-He), 6.70 (4, J=8 Hz, 1H, ArH), 6.75 (d, J=8 Hz, 1H, ArH), 7.16 (d, J=8 Hz, 1H,
ArH); MS m/e (rclative abundance) 217 (M*, 36), 203 (30), 160 (18), 159 (38), 158
(17), 145 (40), 144 (38), 115 (34), 96 (37), 74 (31), 59 (100), 44 (45).
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§,9,10-Trimethoxy-2-methyl-1,2,3,4,5, 6-hexahydro-1,5-methano-2-benzazocine 2.
A mixture of piperidine §§ {(0.53 g, 1.89 mmol), mercuric oxide (4.12 g, 19 mmol],
and 40V acetic acid (30 ) was refluxed for 7 h. After the usual workup, the re-
sulting acetic acid solution was refluxed under nitrogen for 72 h, basified, and
extracted with ether to give pure benzazocine 12: (0.39 g, 91%); NMR (200 MHz) 2.20
(s, 3H, NCH3), 2.60 (d, J=18 Hz, H, 6-H), 3.0 (dd, J=18, 6.6 Hz, 1H, 6-H), 3.84
(s, 94, OCH3), 4.20 (br, 'H, 1-H), 6.42 (s, IH, ArH) . EM m/e (reclative abundance) 277
(M, 6), 220 (21}, 219 (5}, 218 (6), W15 (1), 96 (12), 91 (12),77 (12),59 (100), 44 (46). The
picrate melted at 138-140 °C (ethanol). (Found: C, 52.06; H, $.26; N, 11.14, Calcd.
for Cy,HpgN Oyt C, 52.17; H, S.17; N, 11.06).
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