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226. Sanya Akaboshi,*! Toshio Kato,*® and Akisuke Saiga*®: Synthesis of
the Heterocyclic Compounds by Pschorr Cyclization. II. Syntheses
of Substituted-6,7-dihydrobenzo[a]quinolizinium Salts.**

(Faculty of Pharmaceutical Sciences, University of Tokyo*!)

In the preceding paper,*® the novel synthesis of the simple 6,7-dihydrobenzo[a]-
quinolizinium salts (VI : R;, R,=H, X=I, and picrate) by Pschorr reaction of 1-(2-amino-
phenethyl)pyridinium salt (V: R,, R,=H, X=Cl) was reported, where the internuclear
cyclization onto a-position of a pyridinium ring occurred.

As regarding to the fact that many of a naturally occurring polycyclic heterocycles
containing a nitrogen atom at a bridge head have the methylenedioxyl or dimethoxyl
group as a substituent, the present paper deals with the application of Pschorr type
reaction toward 1-(2-amino-4,5-methylenedioxyphenethyl) (Va’)-, 1-(2-amino-4, 5-dime-
thoxyphenethyl) (Vb)-pyridinium and 1-(2-amino-4,5-dimethoxyphenethyl)picolinium
(Vc) salts in order to elucidate some scope and limitation of this reaction.

At first, for the synthesis of one of the starting compounds (Va’), two synthetic
methods were investigated; route 1) vie 2-amino-4,5-methylenedioxyphenethyl alcohol
and route 2) 1-(2-nitro-4,5-methylenedioxyphenethyl)pyridinium bromide. But due to
the difficulty in halogenation in the former and in selective reduction of the nitro-
group in the latter, respectively, the alternative route shown in Chart 1 (I->V) was
adopted as the general synthetic method of the starting materials.

On treatment of phenethyl halides (I) with fuming nitric acid in acetic acid,”
specific substitution in the para position to methoxyl and methylenedioxyl group occur-
red smoothly to give 2-nitrophenethyl halides (II) as crystalline form in good yields.
Catalytic hydrogenation of II in acetic acid-acetic anhydride mixture over Adams’ cata-
lyst resulted in the simultaneous acetylation of the amino group generated by the
reduction of nitro group to give acetamides (1), which were then converted into the
corresponding quaternary salts (IV) by heating with pyridine or picoline in the boiling
xylene. Hydrolysis of the quaternary compounds with 10% hydrochloric acid afforded
the hydrochlorides of aminophenethylpyridinium and picolinium salts (IV) which served
as the starting materials for the following Pschorr reaction.

Diazotization of 1-(2-amino-4,5-methylenedioxyphenethyl)pyridinium bromide hydro-
chloride (Va’) was carried out by adding quantitative sodium nitrite solution into cold
hydrochloric acid solution of Va’. By the gradual heating of the reaction mixture, the
decomposition of diazonium compound which was shown by the evolution of nitrogen
took place smoothly, followed by the treatment as described in the experimental part
to geve 9,10-methylenedioxy-6,7-dihydrobenzo[alquinolizinium iodide (VIa”) in good yield
(83.6%). In an attempt directly to use the reaction mixture of the hydrolysis of Iva’
in the subsequent reaction without isolating Va’, the final cyclized product was obtained
in the form of bromide (VIa’) in a yield of 62.2% (calculated from IVa’). Similarly,
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Chart 1.

1- (2-acetamido- 3, 4- methylenedioxyphenethyl) pyridinium chloride (Iva) prepared from
bromide (IVa’) vie iodide (Iva”) furnished the quinolizinium chloride (VIa) in a yield of
55.5%. '

It was shown in the preceding paper** that the decomposition of the diazonium solu-
tion of 1-(2-aminophenethyl)pyridinium salt (V: R;, R,=H) by mere heating in the
absence of copper powder resulted in the replacement of the diazonium group by halo-
gen rather than the internuclear cyclization, and the main product obtained was 1-(2-
chlorophenethyl)pyridinium salt. It was now proved that when the benzene ring in the
starting materials was substituted with methylenedioxyl group which had activated the
attached ring, cyclization took place smoothly under similar condition and none of by-
product was isolated. On consideration of the mechanism of the Pschorr reaction,® it
is of interest that a substituent in the benzene ring has a strong effect on the orienta-
tion of the reaction.

On 1-(2-amino-4,5-dimethoxyphenethyl)pyridinium (Vb) and picolinium (V¢) chloride
hydrochloride, examination was made by using freshly prepared Gattermann’s copper®
in the decomposition of the cold diazonium solution, and 9,10-dimethoxy (VIb”)- and 9,10~
dimethoxy-2-methyl(Vic”)-6,7-dihydrobenzo[¢]quinolizinium iodide was obtained in a yield
of 50% and 59%, respectively.

The analytical data of these compounds which were newly synthesized by Pschorr
reaction described avove were in acordance with the values calculated for those of
Vla~VIc” respectively.

2) Delos F. Detar *‘ Org. Reactions’’ Vol. 9, 409 (1957). John Wiley & Sons. INC. New York.
3) L. Gattermann : Ber., 23, 1219 (1890).
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Moreover, ultraviolet spectra of these compounds had their maxima situated
between 357 mp and 367 mp and showed very high-intensity absorption (log & 3.96~4.11),
which were considered to be due to the conjugation between benzene ring and pyridi-
nium ring.

Further, to establish the structure of these products unequivocally, iodides, VIa” and
VIb”, were converted to the corresponding chlorides in the usual manner and subjected
to hydrogenation over Adams’ catalyst in 959 EtOH. The hydrochlorides, Vlia and Vib,
thus obtained were together with their picrate and perchlorate, found to be identical
with authentic samples** which had been prepared from phenethylpiperidones, Vlla and
Viib, through the mixed melting point test and infrared spectra.

It is well known that 2- and 4-aminopyridine form unstable diazonium salts and
by immediate decomposition give rise to the corresponding hydroxypyridines. Recently,
however, Herz and Marty® reported that 4-amino-3-phenethylpyridine 1-oxide had been
successfully cyclized by the Pschorr reaction. Preceding to carry out above-mentioned
Pschorr reaction onto a pyridinium ring, an attempt was made to bring about a ring
closure involving attack onto a benzene ring, where the starting materials were ex-
pected to be more easily available, Thus 1-(3,4-methylenedioxyphenethyl)-2-amino-
pyridinium bromide (Xa’') was prepared by heating 3,4-methylenedioxyphenethyl bro-
mide (Ta’) with 2-aminopyridine in alcohol,*®* and subjected to Pschorr-type reaction.
But no characterizable product was obtained and the starting material was recovered as
a picrate. This was considered to be due to the high resistance of Xa’ to attack by
nitrous acid because of tautomeric equilibrium illustrated in Chart 2 which is far shifted
to the right to form pyridone-imine type (XIa’).”
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O N[ | O HN
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Chart 2.
Experimental

2-Nitro-4,5-methylenedioxyphenethyl Bromide (Ila’)——To a solution of 1.8 g. of 3,4-methylenedi-
oxyphenethyl bromide (Ia’) dissolved in 10ml. of AcOH, a mixture of 1.8 ml. of fuming HNO;(p=1.42)
and 2ml. AcOH was added dropwise, and the reaction mixture was allowed to stand at room tempe-
rature for 1 hr., poured into ice water. Precipitated crystalline was filtered off, recrystallized from
(iso—Pr),O-petr. ether, yield was 1.55g.(72%). Pale yellow needles, m.p. 45~48°,  Anal. Calcd. for
C,HsNO,Br: C, 38.44; H, 2.94; N, 5.11. Found: C, 39.65; H, 3.22; N, 5.13. IR w¢H¢k cm~!: 1525,
1330, 874.

2-Nitro-4,5-dimethoxyphenethyl Chloride (IIb)——This was obtained in 86.5% vyield from 4,5-
dimethoxyphenethyl chloride (Ib) by the method described above. Pale yellow needles, m.p. 111~112°,
Anal. Caled. for CioHO4NCl: C, 48.90; H, 4.92; N, 5.69; Cl, 14.46. Found: C, 49.30; H, 4.60; N,
5.60; Cl, 14.67. IR yXuwl em~: 1530, 1330, 880.

2-Acetamido-4,5-methylenedioxyphenethyl Bromide (ITIa’)——1.2 g. of I1a’ was dissolved in a mixture
of 15 ml. of Ac,O and 5ml. of AcOH, and subjected to hydrogenation over 50 mg. PtO, at room tem-
perature in an atmospheric pressure of hydrogen. 425 ml. of H; was absorbed. After filtration of
catalyst and evaporation of solvent in vacuo, the residue was recrystallized from EtOH to give white

4) S. Akaboshi, T. Kutsuma, K. Achiwa : This Bulletin, 8, 14 (1960).
5) W. Herz, D.R.K. Murty : J. Org. Chem., 26, 418 (1961).
6) T.M. Sharp: J. Chem. Soc., 1939, 1855.

7) L.C. Anderson, N.L. Seeger : J. Am. Chem. Soc., 71, 340 (1949).
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needles, m.p. 171~172°. Yield : 0.57 g. (42.4%). Amnal. Calcd. for C;H:2NO;3;Br: C, 46.17, H, 4.23, N,
4.86. Found: C, 46.03; H, 3.96; N, 4.73. IR v}l cm~': 3280, 1660, 1640, 934, 861.

2-Acetamido-4,5-dimethoxyphenethyl Chloride (IITb)——3.3g. of Ib was obtained from 3.5g. of
Ib by the procedure described above as white needles, m.p. 156~157° (from EtOH). Yield, 89.5%.
Anal. Calcd. for CuH;gNO3Cl: C, 55.92; H, 6.21, N, 5.43. Found: C, 56.13; H, 6.26; N, 5.71. IR
vXwl em-1: 3336, 1668, 1540, 865.

1-(2-Acetamido-4,5-methylenedioxyphenethyl)pyridinium Bromide (IVa’) The mixture of 2.18 g.
of IMa’, 0.9¢g. of pyridine and 50 ml. of dry toluene was refluxed for 15 hr. Precipitate which was
separated gradually was filtrated while hot, washed with benzene and then Et,O, recrystallized from
EtOH to give white needles. Yield, 2.4g. (86.5%), m.p. 274~275° (decomp.). Anal. Calcd. for CicHir-
N,O3Br: C, 52.61; H, 4.69; N, 7.67. Found: C, 52.41; H, 4.66; N, 7.53. IR wlud cm-': 3270, 1677,
1630, 1534.

1-(2-Acetamido-4,5-dimethoxyphenethyl)pyridinium Chloride (IVb)——1.4g. of IVb was obtained from
1.28 g. of IIb by the method described above. White needles. m.p. 262° (decomp.). Yield, 83.3%.
Anal. Caled. for Ci;H;O0:Cl: C, 60.62; H, 6.24; N, 8.32. Found: C, 60.76; H, 6.09; N, 8.11. IR
plul em-1: 3240, 1675, 1640, 1538.

Picrate : Yellow needles (from EtOH), m.p. 181°~182°, Anal. Calcd. for Ci/HN,0;-CeHN3O7: C,
52.16; H, 35; N, 13.25. Found: C, 52.05, H, 4.08; N. 13.31.

1-(2-Acetamido-4,5-dimethoxyphenethyl)picolinium Chloride (IVe)——1.45 g. (83%) of IVc was obtained
from 1.28 g. of b and 5.3ml. of picoline by the treatment as in the case of IVa’. Colorless needles,
m.p. 250~251°(decomp.). Anal. Calcd. for CisH3N.05Cl: C, 58.67, H, 6.78; N, 7.59. Found: C,
58.71; H, 6.87; N, 7.64. IR pXlud cm~1: 3240, 1680, 1650, 1540.

1-(2-Amino-4,5-methylenedioxyphenethyl)pyridinium Bromide Hydrochloride (Va’)—1.125g. of Va’
was heated on a boiling water bath with 109 HCI for 3 hr. After cooling, the precipitated crystals
were collected by filtration. The filtrate was concentrated under reduced pressure to a one-third its
original volume and while hot an equal volume of EtOH was added. After standing overnight in
a refrigerator, another crop of crystals were obtained. Overall yield was 0.99¢g.(89.5%). Colorless
grarules, m.p. 257°(decomp.). Anal. Calcd. for C,;sH;sN0,CIiBr : C, 46.75; H, 4.48; N, 7.79. Found:
C, 46.94; H, 4.49; N, 7.10. IR X4 cm-': 2800~2000, 1632.

1-(2-Amino-4,5-dimethoxyphenethyl)pyridinium Chloride Hydrochloride (Vb)——0.85g. of Vb was
obtained from 1.03g. of IVb by the method described above. Yield, 85%. m.p. 253~253.5°(decomp.)
(from MeOH-Et;,0 mixture). Anal. Caled. for Ci5HzoN;0.Cl: C, 54.55; H, 5.76; N, 8.68.

Picrate : Yellow needles, m.p. 194~195.5°(decomp.). Anal. Calcd. for C;;HyN20,-2C;H;N;07: C,
45.25; H, 3.35. Found: C, 45.42; H, 3.19.

1-(2-Amino-4,5-dimethoxyphenethyl)picolinium Chloride Hydrochloride(Vc) Working up analogous
to the case of Va’, 1.05g. of IVc gave 0.9g. of Vc (86.5%). Anal. Calcd. for CisH22N0:Cly: C, 55.65;
H, 6.38; N, 8,12, Found: C, 56.12; H, 6.19; N, 7.96.

Picrate : m.p. 198~199°(from aq. AcOH)., Anal. Calcd. for CysH22N205-2C:H-N3;07: C, 46.03; H,
3.56; N, 15.34. Found: C, 45.60; H, 3.81; N, 15.21.

Pschorr Reaction

9,10-Methylenedioxy-6,7-dihydrobenzo[a]quinolizinium Salts (VIa~VIa") i) Via” from va’: 0.89
g. of Va’ was suspended in 4.5ml. of 209% HCI and to this solution 0.21 g. of NaNO,; dissolved in 3 ml.
of HyO was added dropwise with stirring at 0° to 5°. After keeping at the same temperature for 10
min., the reaction mixture was warmed to room temperature and then to 70~80° gradually to complete
‘the decomposition of diazonium compound until the evolution of N, had ceased. After cooling, the
mixture was neutrized with 109 Na.COs;. KI crystals were added and the pale yallow crystals separated
imediately were collected by filtration, washed with EtOH and crystallized from EtOH to pale brown
needles of Via”. Yield, 0.72g.(83.6%). Anal. Calcd. for CisH:120.NI: C, 47.61; H, 4.00; N, 3.97; O,
9.06. Found: C, 47.32; H, 3.76; N, 3.45; O, 9.16. UV APLEOH my (log &) : 268~269 (4.13), 365~368
(4.04).

ii) Vla” from IVa’: 0.3g. of [Va’ was dissolved in 1 ml. of 10% HCI and subjected to hydrolysis
by heating on a boiling water bath for 2 hr. After adding 0.5 ml. of conc. HCl, the mixture was
submited to diazotization with 70 mg. of NaNO, dissolved in 1ml. of H;O and subsequent decomposition
in a manner as described above. The resultant mixture was evaporated to dryness under reduced
pressure. The residue was extracted with hot EtOH to remove inorganic salts. On cooling of the
extract, the pale yellowish green crystals of Vla’ was separated out. Yield, 0.153 g.(60.3%). Anal.
Caled. for C;4H;,0:NBr-H,O: C, 51.87; H, 4.35; N, 4.32, Found: C, 51.76; H, 4.23; N, 4.67.

Picrate : Yellow plates from Me;CO, m.p. 227.5~228.5°. Aneal. Calcd. for Ci1H50:N-CsH,N30;:
C, 52.87; H, 3.11; N, 12.33. Found: C, 52.86; H, 3.52; N, 12.49.

ili) Vla from IVa: The saturated solution of KI was added to an aquous solution of 0.43 g. of IVa’.
‘The precipitated crystalline iodide (IVa”) which decomposed at 267~268° was collected by filtration. This
{0.47 g.) was dissolved in 10 ml. of 509 EtOH and AgCl freshly prepared from 1.6 g. of AgNO; was
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added. After being refluxed for 2.5 hr., inorganic salts were filtered off. Precipitate was washed
repeatedly with 509 EtOH. The filtrate and washing solution were combined and evaporated to dryness
under reduced pressure. The residual crude material was crystallized from EtOH to colorless needles
of IVa, m.p. 270°(decomp.). Yield, 0.33g. Anal. Calcd. for CisHi;O3 NoCl: C, 59.59; H, 5.35. Found:
C, 58.94; H, 5.62.

0.40 g. of the foregoing chloride (IVa) was subjected to hydrolysis, diazotization and decomposition
according to the same procedure as described in ii). The resultant reaction mixture was neutralized
with 10% Nay,CO; and evaporated to dryness iz vacuo. The residue was extracted with hot EtOH.
After treatment with activated carbon, EtOH was evaporated to dryness. The residue was crystal-
lized from EtOH-AcOEt mixture to colorless needles of Via, m.p. 278~279° (decomp.). Yield, 0.18 g.
(65.0%). Anal. Calcd. for C1,H;20.NC1.H.O: C, 60.11; H, 5.04; N, 5.01. Found: C, 59.26; H, 4.86;
N, 5.34.

9,10-Dimethoxy-6,7-dihydrobenzo[alquinolizinium Iodide (VIb”)——0.66 g. of Vb was diazotized in
a usual manner and urea was added to decompose an excess nitrous acid. To this cold diazonium
solution, Gattermann’s copper prepared freshly was added in a small portions at 0~3° until the evolution
of N, gas had ceased. After removal of the catalyst by filtration the mixture was evaporated to dryness
under reduced pressure, and the residue was extracted with hot EtOH. The EtOH extract was again
evaporated to dryness iz vacuo and the residue was dissolved in H,O, treated with activated charcoal.
After adding with KI crystals, the mixture was extracted with CHCI; repeatedly. Being washed with
saturated NaHSO; solution, and dried over Na,SO,, CHCl; was evaporated to drydess iz vacuo and the
resultant crude product was recrystallized from H,O to pale yellow crystals of VIb”, m.p. 241~242.5°,
Yield, 0.37 g.(50%). Anal. Calcd. for Ci;3H1s0.NI: C, 48.78, H, 4.34, N, 3.79. Found: C, 48.86; H,
3.95; N, 4.08. UV ABXEOH m, (log &) : 285 (4.12), 364 (4.11).

Picrate : Yellow needles (from aq. EtOH), m.p. 202~204°. Anal. Calcd. for CisH;s0.N-CsHoN;0;:
N, 11.92. Found: N, 11.72.

2-Methyl-9,10-dimethoxy-6,7-dihydrobenzo[z]quinolizinium Iedide (VIc”)——0.85g. of Vic” was ob-
tained from 1.3g. of Vc in the same procedure as described in the case VIb”. Yield, 59.0%. m.p. 245~
246°.  Amal. Caled. for CisHisO.NI: C, 50.13; H, 4.70; N, 3.66. Found: C, 49.83; H, 4.86; N, 3.72.
UV ABXECH my, (log €) : 283 (4.02), 357 (3.96).

Picrate : Yellow needles (from EtOH), m.p. 174~175°. Anal. Calcd. for CisHzoNO;-CeH,O/N;s: C,
54.54; H, 4.13; N, 11.57. Found: C, 54.36; H, 4.47; N, 11.33.

9,10-Methylenedioxy-1,2,3,4,6,7-11b H-hexahydrobenzo[a]quinolizine Hydrochloride (VIIa) To a
solution of 0.12g. of Via dissolved in 5ml. of 95% EtOH, 20 mg. of PtO, was added and the mixture
was shaken in H, atmosphere at room temperature. After 38.8 ml. of H, had been absorbed, the
catalyst was filtered off and the filtrate was evaporated to dryness under reduced pressure. The residue
was recrystallized from EtOH-isoPrOH to colorless needles. Yield, 80 mg. (70%), m.p. 254~256°.
Anal. Caled. for Ci4H;sO,NCl1: C, 62.80; H, 6.78; N, 5.23. Found: C, 63.42; H, 7.03; N, 5.04.

Picrate : Yellow needles (from EtOH), m.p. 198~199°(decomp.). Amnal. Caled. for CyHzoOsNys: C,
52.17; H, 4.38; N, 12.17. Found: C, 52.58; H, 4.21; N, 12,25.

Perchlorate : Colorless needles, m.p. 231~233°(from EtOH). Amnal. Caled. for CyHisONCl: C,
50.68; H, 5.47; N, 4.22° Found: C, 50.40; H, 5.80; N, 4.46.

These hydrochloride, picrate and perchlorate showed no depression of melting point when mixed
respectively with the authentic samples which were prepared from piperidone (Vla), and their IR and
UV spectra were also identical with these of authentic samples.

9,10-Dimethoxy-1,2,3,4,6,7-11b H-hexahydrohenzo[a]quinolizine Hydrochloride (VIIb)——The foregoing
iodide (VIb”) was converted into the corresponding chloride by the customary method and reduced
catalytically as described above. The picrate of the product thus obtained was found to be identical
with an authentic sample by admixture and IR spectrum of hydrochloride (VIb) was well superimposable
with that of an authentic sample.

2-Amino-1-(3,4-methylenedioxyphenethyl)pyridinium Bromide (Xa’)——The mixture of 3.25 g. of Ia’,
2.0g. of 2-aminopyridine and 30 ml. of EtOH was refluxed for 6 hr. on a water bath. The mixture
was evaporated to dryness iz vacuo, the residue was washed with benzene and purified by recrystal-
lization from EtOH to colorless neelles, m.p. 212~213.5°, Yield, 2.7 g.(569%). Anal. Calcd. for CiHis-
O;N,Br : C, 52.02; H, 4.68; N, 8.67. Found: C, 51.85; H, 4.84; N, 8.56.

Picrate : Yellow needles, m.p. 175~177°.  Anal. Calcd. for C;JH150:N;-C.H.N3;O7: C, 50.96; H,
3.64; N, 14.86. Found: C, 51.61; H, 3.76; N, 14.87.

Trial of Pschorr Reaction of 2-Amino-1-(3,4-methylenedioxyphenethyl) pyridinium Bromide (Xa')—
0.14g. of Xa’ was dissolved in a hot mixture of 0.8 ml. of 209 HCl and a small amount of MeOH.
The solution was then cooled to 0° and 40 mg. of NaNO; dissolved in 0.5 ml. of H,O was added drop-
wise. After stirring for 30 min., the mixture was warmed to room temperature and allowed to stand
2 hr. The crystals separated were collected (0.10 g.), and purified as a picrate by crystallization from
EtOH, m.p. 175~177°, which was found to be identical with a picrate of Xa’' by admixture.

NII-Electronic Library Service



No. 11 1451

The authors are grateful to Prof. Emeritus S. Sugasama and Prof. S. Yamada of the University
of Tokyo for their interest and encouragement throughout this work. Thanks are also due to the
members of the Central Analysis Room of this Faculty for microanalytical, infrared and ultraviolet

spectral data.

Summary

The Pschorr reaction of 1—(2—amino—4,5—méthylenedioxyphenethyl)pyridinium (va’),
1-(2-amino-4,5-dimethoxyphenethyl)pyridinium (Vb) and 1-(2-amino-4,5-dimethoxyphen-
ethyl)picolinium (Vc¢) salts was carried out and the corresponding cyclized product was

obtained respectively.
2- Amino-1-(3,4- methylenedioxyphenethyl) pyridinium salt was prepared and its

Pschorr reaction was investigated.

(Received March 8, 1963)
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