566 Vol. 14 (1966)

Summary

Thirteen kinds of monohalogenoacyl substituted aromatic derivatives were synthesiz-
ed and tested their antitrichophyton effect.

On anilide, Cl substitution of p-position is 30 times as strong as that of o-position,
and Cl substitution is 33 times as strong as Br substitution. The double bond of acyl
group of monohalogenoacyl substituted aromatic amide derivatives did not show strong
fungical effect, and there was no difference of fungical effect between cis and trans.
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Compounds. X.** A Synthesis of 3-Benzyl-3,4,5,6-tetrahydro-2H
-1,5-methanobenzo[d][1,3]diazocine. (Studies on the Synthesis
of Heterocyclic Compounds. CXLI.*?)

(Pharmaceutical Institute, Tohoku University School of Medicine*®)

In the previous papers*»*~® several kinds of azabenzomorphane derivatives were
synthesized. The purpose of the present investigation was to synthesize 3,4,5,6-
tetrahydro-2H-1,5-methanobenzo[d][1,3]diazocine (I), which appeared to have some
analgesic activity.

Since the skeleton of compound (I) mentioned above has not yet

been synthesized, methods for its synthesis were examined, using 3-

N \/NH cyanoquinoline (II) as a starting material according to the procedures

reported in the syntheses of imidazolidine and hexahydropyrimidine

I derivatives®® and 1,3-diazoadamantane derivatives®. Thus synthet-

ic methods of 3—(N—benzylaminornethy1)—1,2,3,4—tetrahydroquinoline (M), which was

thought to be a key compound for synthesis of 3-benzyl-3,4,5,6-tetrahydro-2H-1,5-meth-

anobenzo[d][1,3]diazocine (Xa) and its 2-phenyl derivative (Xb), were investigated
according to the two methods as follows.

Hydrolysis of 3-cyanoquinoline (II)'” which was obtained by the Rosenmund-von
Braun reaction of 3-bromoquinoline'® gave quinoline-3-carboxylic acid (I).*» Catalytic

*1 Part I : T. Kametani, K. Kigasawa, T. Hayasaka : This Bulletin, 13, 1225 (1965).
¥2 Part CXL : T. Kametani, et al.: Yakugaku Kenkyu, 37, No. 2, 1 (1966).

*3 No. 85, Kita—4-bancho, Sendai (BHHEE, S8 IR FIHE).
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hydrogenation with platinum oxide of the amide (), which was obtained by condensation
of Il with benzylamine in the presence of phosphoryl chloride, gave 3-benzylcarbamoyl-
1,2,3,4-tetrahydroquinoline (V). Reduction of the above carboxamide (V) with lithium
aluminum hydride gave 3-(N-benzylaminomethyl)-1,2,3,4-tetrahydroquinoline (V) as a
colorless syrup, which was characterized as its picrate.

Secondly, catalytic hydrogenation with platinum oxide of 3-aminomethylquinoline
(), which in turn was obtained by hydrogenation of I with Raney nickel, gave
3-aminomethyl-1,2,3,4-tetrahydroquinoline (V). Catalytic hydrogenation with platinum
oxide of a mixture of Wl and benzaldehyde yielded the same compound (V) as described
above (method a), the infrared spectra of the two samples being also superimposable.
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Finally, ring closure with paraformaldehyde and benzaldehyde of compound (V)
gave 3-benzyl-3,4,5,6-tetrahydro-2H-1,5-methanobenzo[d] [1,3]diazocine (KXa) and 2-
pheny1—3~benzy1—3,4,5,6—tetrahydro—2H*1,5—ndethanobenzo[d] [1,3]diazocine (Xb), respec-
tively.

Both specimens (Xa and KXb) lack NH absorption band in the infrared spectrum.
Furthermore, there was no change in the nuclear magnetic resonance (NMR) spectra
of Ka and Kb even when both compounds were treated with deuterium oxide. These
facts reveal that both compounds having the expected structure were obtained by
ring closure of VI.

Catalytic hydrogenation of Ka and Kb with palladium oxide was investigated in
order to obtain the final compound (I) by debenzylation. The compound (Xa)in methanol
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was hydrogenated to give the N-methyl derivative, one mole of hydrogen being absorbed.
In the NMR spectrum of the above product the protons of the N-methyl group appeared
as a singlet at 7.82z. This reveals that KXa was converted into Xa or Xb. Furthermore,
the location of the N-methyl group in the rather high field of 7.82¢ seems to indicate
that a cleavage between the N;- and C,-position gave compound (Xb) by reductive alky-
lation. If the fission had occurred between C,- and N, to form compound (Xa), the
protons of the N-methyl group should appear at a lower field of 7.18z as in the case
of 1-methyl-1,2,3,4-tetrahydroquinoline.*®
PNLVLN In fact, methylation of VI with dimethyl sulfate gave 1-methyl-3-
1 H NH (N—benzyI—N—methylaminomethyl)—l,2,3,4—tetrahydroquinoline (X); in
NN/ (I:H2C6H5 this compoun.d, the N,-methyl group of the qu1%'1011ne I}ucleus show-
CH, ed up as a singlet at 7.18c and that of the side-chain N,-methyl
Ya group at 7.83r The chemical shift of the former signal is identical
to that of 1-methyl-1,2,3,4-tetrahydroquinoline (XI) at 7.18z while the
latter is comparable to that of Xb at 7.82c.
The NMR spectra of VI, Xb, X and Xl are summarized in Table L

Tasce I. Nuclear Magnetic Resonance Spectra*t of Tetrahydroquinoline Derivatives

Aromatic protons >NH N-CH;
Structure —— N-CH,CeHs ~-CH,- ——
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5 4 1/
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On the other hand catalytic hydrogenation of Kb gave an oil, the infrared and
NMR spectra of which were identical with those of the above mentioned compound -
(M). In this case two moles of hydrogen were absorbed. This fact is presumably due
to the formation of toluene, but it could not be detected.

It is well known that methylenediamine type compounds such as imidazolidine
derivatives are generally unstable to acid.®*™® Therefore, the following experiments
were examined in order to inspect the stability of Xa and Kb against acid. After
compound (IXa) had been dissolved in 0.1 N hydrochloric acid, basification of the acidic

*4 Nuclear magnetic resonance spectrum was determined on a Varian A-60 spectrophotometer with deutero-
chloroform as solvent and tetramethylsilane as internal reference. In this Table the signals are shown
as the r-value.

12) P.J. Scheuer, W.I. Kimoto, K. Ohinata : J. Am. Chem. Soc., 75, 3029 (1953).
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solution with sodium hydroxide gave compound (VI), the infrared spectrum of which
was superimposable on that of the specimen(Vl) mentioned above. The same treatment
of Xb with acid gave a mixture of W and benzaldehyde. The UV spectra of Ka in
ethanol (Fig. 1) and in 0.1 N hydrochloric acid (Fig. 2) were almost the same. On the
other hand, the absorption curve of compound (Kb) in 0.1 N hydrochloric acid (Fig. 2)
was similar to that of benzaldehyde; however, in ethanol no decomposition took place
(Fig. 1).

Furthermore, Kb was found to be hydrolyzed by merely being refluxed in dilute
ethanol to give compound (V).

Experimental*®

3-Benzylcarbamoylquinoline (IV)——A mixture of 5 g. of quinoline-3-carboxylic acid (I),"» 3.1 g. of
benzylamine and 20 ml. of POCl; was heated under reflux for 1 hr. After cooling the resultant mixture was
decomposed with ice-water, basified with aqueous NasCOj solution, and extracted with CHCl;. The extract
was dried on KyCOj; and distilled off, to give the amide (V) as a crystalline substance, which was recrystal-
lized from EtOH to give 6g.(80%) of colorless needles, m.p. 143~144°.  Anal. Caled. for CyHyONy: C,
77.84; H, 5.38; N, 10.68. Found: C, 77.95; H, 5.51; N, 10.78. IR »X* cm-1: 3300 (NH); 1660 (C=0).

3-(Benzylcarbamoyl)-1,2,3,4-tetrahydroquinoline (V)——The above amide (V) (5.3 g.) in 100 ml. of MeOH
was hydrogenated at atmospheric pressure in the presence of 2.1 ml. of conc. HCI and 250 mg. of PtO,, a
theoretical amount of H, (1008 ml.) being absorbed.  After filtration and removal of the solvent, the residue
was basified with 10% aq. NaOH solution and extracted with CHCl;. The extract was washed with H,O
and dried on KyCOj3. Evaporation of the solvent and recrystallization from EtOH gave 5.32.(89.8%) of V as
colorless prisms, m.p. 143~144°. This compound showed the depression of melting point on admixture with
the starting material (V). Amnal. Calcd. for CyHisONg: C, 76.66; H, 6.81; N, 10.52. Found: C, 76.80;
H, 6.90; N, 10.50. IR vii cm™: 3420 (NH), 3300 (NH), 1615 (C=0).

3-(N-Benzylaminomethyl)-1,2,3,4-tetrahydroquinoline (VI). a) Reduction of V with Lithium Alumi-
num Hydride A solution of 4.9g. of the amide (V) in 30 ml. of dry dioxane was dropwise added to a
stirred suspension of 2.1g. of LiAlH, in 90 ml. of dioxane at 105~110°. The mixture was then refluxed
for 4 hr.  After concentration of the solvent, 200 ml. of benzene was added and then cooled. The excess
of reagent was decomposed by dropwise addition of H,O. The above benzene layer was separated by decanta-
tion, washed with H;0O, and dried on K;COs. Evaporation of the solvent and distillation 7 vacuo gave 4.2 g.
(90.5%) of VI as a colorless viscous oil, b.py 220°. IR ylaud cm=1; 3450 (NH), 3350 (NH) (shoulder). UV

*5 All melting points are uncorrected.
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AE9E myp, (log €): 252 (3.92), 304 (3.32). UV A%¥ myp (log ¢): 257 (2.75); 261.5 (2.75); 268 (2.63). The NMR
spectrum is shown in Table I.

The picrate of VI formed yellow cubes (from AcOH), m.p. 169~171° (decomp.). Anal. Calcd. for
C7H3oN5-2C¢HsO;Ns : C, 49.02; H, 3.69; N, 15.77. Found: C, 49.03; H, 3.76; N, 15.60.

b) Reductive Benzylation of VIII——After a mixture of 2.4g. of Wl and 1.5g. of benzaldehyde in 50
ml. of benzene was refluxed for 1 hr., the solvent was distilled off, to give Wla as a viscous syrup. The
preceding base (Vlla) (1 g.) was hydrogenated in 30 ml. of MeOH in the presence of 77 mg. of PtO,, 90 ml. of
H, being absorbed. Filtration and removal of the solvent gave an oil, whose picrate was recrystallized from

AcOH to afford the same compound as above. IR spectrum of this picrate was identical with that of the
above one.

3-Aminomethylquinoline (VII)—The compound (I) (5g.) in 100 ml. of MeOH containing 2.6 g. of lig.
NH; was hydrogenated in the presence of 19 ml. of Raney Ni, 1450 ml. of H, being absorbed. Filtration and
distillation 7 vacuo afforded 3.3 g. (64.7%) of VI as a pale yellow oil. IR v cm=1: 3370 (NH); 3300 (NH).
Recrystallization of the picrate from AcOH gave colorless needles, m.p. 215° (decomp.). Anal. Calcd. for
C1oHi1oN»-2CeH;0,Ns : C, 42.86; H, 2.62; N, 18.17. Found: C, 43.15; H, 3.05; N, 18.21.

3-Aminomethyl-1,2,3,4-tetrahydrogquinoline (VIII)——The compound (V) (3 g.) in 80 ml. of MeOH was
hydrogenated in the presence of 4 ml. of conc. HCl and 99.5 mg. of PtO,, 850 ml. of H, being absorbed.
Filtration and distillation of MeOH afforded the crude HCl salt of VIl quantitatively. The picrate formed
yellow cubes (from AcOH), m.p. 182.5~183°(decomp.). Amnal. Calcd. for C10H14Ny-2CeH30:N; : C, 42.59; H,
3.25; N, 18.06. Found: C, 42.98; H, 3.67; N, 18.28. IR »iu¢ cm™ (free base) : 3360 (NH), 3300 (NH).
NMR (z) : 2.75 (GH, singlet, aromatic protons of benzyl radical); 2.85~3.75 (aromatic protons of quinoline);
6.23 (2H, singlet, -CHa~ of benzyl radical); 6.40~8.15 (9H, 2NH, 3-CH,-,=CH-).

3-Benzyl-3,4,5,6-tetrahydro-2 H-1,5-methanobenzo[d][1,3]diazocine (IXa)——A mixture of 1g. of A1
and 3g. of paraformaldehyde in 20 ml. of benzene was refluxed for 40 min. and then the excess of the reagent
was filtered off. The benzene layer was washed with 10% aq. NaOH solution and dried on KiCO;. Eva-
poration of the solvent gave an oil, whose distillation in vacwo afforded 0.8 g. (76.2%) of Ka as a colorless
viscous syrup, b.pss 190~200°. Anal. Caled. for CisHpN, @ C, 81.78; H, 7.63; N, 10.60. Found : C, 81.83;
H, 7.83; N, 10.57. UV 5% mp (log &) : 269.5 (2.90). UV 255" mp (log ¢) : 257.5 (2.96), 261.5 (2.96),
268 (2.86). NMR (r): 2.67~3.33 (9H, aromatic proton); 7.67~6.08 (10H, 5-CHs-), 8.05 (1H, multiplet,
Cs-H). Treatment of Xa with D,O gave no change in the above NMR spectrum.

2-Phenyl-3-benzyl-3,4,5,6-tetrahydro-2 H-1,5-methanobenzo[d][1,3]diazocine (IXb)——After a mixture
of 4.5g. of VI and 1.88g. of benzaldehyde in 50 ml. of benzene had been heated under reflux for 10 min.,
the solvent was removed at atmospheric pressure and the residue was extracted with petroleum ether. The
extract was chromatographed on 30g. of Al:Os. Evaporation of the first eluate (100 ml.) of petroleum ether
gave 4g. of a colorless solid, which was recrystallized from petroleum ether to yield 3.1g.(76.5%) of Xb as
a large colorless lump, m.p. 86~88°. Amnal. Calcd. for CoHaNz: C, 84.66; H, 7.11; N, 8.23. Found: C,
84.53; H, 7.35; N, 8.35. UV 2%¥™ my (log ¢) : 251 (4.07). NMR (z): 2.0~3.58 (14H, aromatic proton);
6.2 (2H, methylene of benzyl radical), 6.3~8.0 (8H, 3-CHy- and 2>CH). Substitution of Xb with deuterium
oxide gave no change in the NMR spectrum.

Evaporation of the second eluate (100 ml.) of ether recovered 1.5g. of the starting material (V).

Hydrolysis of IXa with 0.1N Hydrochloric Acid——After a solution of 50 mg. of Ka in 20 ml. of 0.1
N HCI had been allowed to stand for a short time, the mixture was basified with 10% aq. NaOH solution
and extracted with ether. The extract was washed with H.O and dried on K:COs;. Removal of the solvent
gave the free base of VI, whose infrared spectrum was identical with that of the sample (VD).

Hydrolysis of IXb with 0.1V Hydrochloric Acid——After the same treatment of 0.3g. of Xb with 50
ml. of 0.1N HCI solution, the mixture was extracted with ether. The solvent layer was separated and dried
on KsCO;. Removal of the solvent gave benzaldehyde as an oil, whose 2,4-dinitrophenylhydrazone'® was
identical with that of an authentic sample, m.p. 237°. The above acidic aqueous solution was basified with
109% aq. NaOH solution and extracted with ether. The solvent layer was separated, washed with HyO and
dried on K,COs;. Removal of the solvent afforded VI as an oil, whose infrared spectrum was identical with
that of the compound (V) as above.

Hydrolysis of IXb with Water——A mixture of 0.1g. of Kb, 0.5ml. of H,0 and 10 ml. of EtOH was
refluxed for 1 hr. Removal of the solvent and distillation ¢ vacuo gave V as an oil, whose infrared spectrum
was identical with that of the above sample (VI).

Catalytic Hydrogenation of IXa——The compound (Xa) (1.24 g.) in 30 ml. of MeOH was hydrogenated
in the presence of 50 mg. of PdO, 105ml. of Hy being absorbed. Filtration and evaporation of the solvent
gave an oil, whose distillation i# vacuo afforded 1.1g.(93.3%) of the compound (Xb) as a colorless viscous
oil, b.po.1 170°. Anal. Caled. for CisHaeNa: C, 81.16; H, 8.33. Found : C, 80.99; H, 8.60. The r-values
of NMR spectrum are shown in Table I.

13) N.R. Campbell : Analyst, 61, 392 (1936).
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The picrate formed yellowish-green cubes (from AcOH), m.p. 162~163° (decomp.). Anal. Caled. for
CisH3sN,- 2CH30,N3-HoO ¢ C, 48.52; H, 4.07; N, 15.09. Found : C, 49.01; H, 4.01; N, 14.81.

Catalytic Hydrogenation of IXb——The compound (Kb) (0.87g.) in 50 ml. of MeOH was hydrogenated
in the presence of 117 mg. of PdO, 107 ml. of H, being absorbed. Filtration and distillation of the solvent
gave an oil, whose distillation i vacwo afforded 0.5g. (78.1%) of M as a colorless viscous oil, b.py 220°. The
infrared and NMR spectra were identical with those of VI.

1-Methyl-3-(N-benzyl-N -methylaminomethyl)-1,2,3,4-tetrahydroquinoline (XI)—-Dimethyl sultate (0.66.
g.) was added dropwise to 0.5g. of VI on cooling, and the mixture was heated on a water-bath for 1 hr.
After shaking with 10 ml. of 339 KOH solution, the reaction mixture was extracted with ether. The solvent
layer was separated, washed with water and dried on KyCOs.  Removal of the solvent gave an oil, whose
distillation ¢z vacuo b.p; 230~240°(bath) afforded 0.2 g. (36.4%) of X as a pale yellow viscous oil, which was.
comparatively labile. Furthermore, characterization as its salts resulted in failure.

1-Methyl-1,2,8,4-tetrahydroquinoline (Kairoline) (XII) Dimethyl sulfate (3.7 g.) was added dropwise
to 3.5g. of 1,2,3,4-tetrahydroquinoline'® on cooling, and the mixture was warmed on a water-bath for 0.5
hr.  After the above mixture had been shaken with 10 ml. of 33% KOH solution, it was extracted with
ether. The solvent layer was separated, dried on K,COs; and evaporated to give an oil, to which was added
Sml. of Ac;0. The mixture was heated under reflux for 1hr. Removal of AcsO in vacuo gave an oil,
which was dissolved in benzene. The benzene extract was washed with 10% NaOH solution and then 10%.
HCI solution. From the benzene layer 0.9 g. of neutral substance was obtained. The above acidic solution
was basified with 109 NaOH solution and extracted with ether. The extract was dried on K;CO; and evap-
orated to give an oil, whose distillation iz vacuo gave 1.4g. (43.7%) of X[ as a colorless oil, b.p; 96°. The-
r-values of NMR spectrum are shown in Table I.

Recrystallization of the picrate from EtOH gave yellow prisms, m.p. 125°(recorded 121°,% 123~.124°16)
and 136~137°1D),
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Summary

In order to test the analgesic action of azabenzomorphane derivatives, 3-benzyl-3,4,
5,6-tetrahydro-2H-1,5-methanobenzo[d][1,3]diazocine (Xa) and its 2-phenyl derivative.
(XDb) were synthesized by cyclization of 3-(N-benzylaminomethyl)-1,2,3,4-tetrahydro-
quinoline (V) with paraformaldehyde and benzaldehyde. Both compounds were found to
be extremely labile against acid.

Methods for synthesis of VI, which was used as a key intermediate, were also
examined using 3-cyanoquinoline (II) as a starting material according to two procedures,
that is, a) reduction of 3-benzylcarbamoylquinoline (V) and b) reductive benzylation of
3-aminomethyl-1,2,3,4-tetrahydroquinoline with benzaldehyde in the presence of hydro-
gen and platinum oxide.
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