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SYNTHESfS OF SOME ISOQUINOLINE DERIVATIVES* 

RYUJI TACHIKAWA 
Faculty of Pharmaceutical Sciences, University of Tokyo 

(Received 3 November 1958 ; in revised form 1 April 1959) 

Abstmct-The Bischler-Napieralski reaction has been applied to the synthesis of several isoquinolinc 
derivatives related to papaverine but devoid of one or two methoxyl groups in positions 6 and 7. 

THE isoquinoline derivatives Ia, b, c, d related to papaverine have been synthesized’ 
with the object of subsequently investigating their physiological proplerties and to 
determine the influence of methoxyl groups in positions 6 and/or 7. 

I 
R2 

Ia,b,c, d 

; !=_$;H,R,=OCH,,n= I 
= CH,, RI--R, = 0-CH,--O, n = f 

c: R = H: R: = CHs, R,--R, I= 0-CH,-0, n = 0 
d: R = OCH,, R, = H, R, = OCH,, n = I 

fawas synthesized by condensing /?-cylcohexa-1,4-dienylethylamine with 3,4-dimethoxy- 
phenylacetyl chloride giving Ha which was cychzed forming the unstable intermediate 
HIa. The latter on dehydrogenation gave IVa which was also obtained by cyclizing 
N-(3’,4’dimethoxyphenylacetyl)-~-phenylethylamine. Further dehydrogenation of 
IVa by palladium in boiling ethyl cinnamate gave I-(3’,4’-dimethoxybenzyl)-iso- 
quinoline Ia. The structure of Ia is supported by the results of analyses and U.V. 
spectrum giving by Nolier et aL2 for papaverine. 

Ib and Ic were synthesized by condensing 3-(cyclohexa- 1’,4’-dienyl)-1 ‘-(Z-amino- 
propane) VII with 3,4-methyIenedioxyphenylacety1 and 3,4-methylenedioxybenzoyl 
chlorides respectively, the products in each case being cyclized and dehydrogenated 
giving Ib and lc. The amine VII was prepared by reducing 3-phenyl-3-methoxy-2 
aminopropane V according to Birch,3 and during the reaction the methoxyl group is 
removed. VI was therefore not obtained. VII was also prepared from propenyl- 
1 S. Sugasawa and R. Tachikawa, Tetrahedron In press. 
z R. C. Noflcr and R. Azima, J. Amer. Ckem. Sot. 72, 18 (1950). 
s A. J. Birch, J. Ckem. Sot. 430 (1944); cf. also A. L. Wilds and N. A. Nelson, J. Amer. Ckem. Sot. 75, 

5360 (1953). 
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benzene which was converted to I-methoxy-1-phenyl-nitropropane via the nitrosite, 
and on reduction with lithium aluminium hydride gave V which by Birch’s method 
gave VII. 

For the synthesis of Id 4-methoxyphenylethylamine is reduced’ to 8%methoxy- 
cyclohexa- 1 ,Cdienylethylamine, and the crude base was condensed with 3,4_dimeth- 
oxyphenylacetyl chloride yielding N-(3,4-dimethoxyphenylacetyl)~fl-cyclohexa-1,4- 
dienylethylamine IId. Cyclization of the latter with phosphoryl chloride gave a poor 
yield* of the base IIId mixed with unchanged IId and resinous matter, Dehydro- 
genation of the mixture of IId and Illd gave the dihydro base IVd which was further 
dehydrogenated to Id. An alternative route for the synthesis of Id started from the 
crude base (obtained by cyclizing IId) which was treated with acid, yielding the keto- 
base VIII in which the presence of the conjugated keto group was indicated by the 
I.R. spectrum (1668 cm-l). VIII was converted to the dimethylketal IX containing 
four methoxyl groups. Treatment of IX with aluminium t-butoxides yielded with loss 
of one methoxyl group the unstable base X which was dehydrogenated giving Id. 

ACH, OCH, C!XHs 

XII lx* X” 

EXPERIMENTAL 

N-(3’,4’-Dimethoxypheny~acetyl)-B-cycio~xa-1,4-dietrylethylamine (Ha) 

B-Cyclohexa-lJ-dienylethylamine (6-2 g) in benzene (80 cc) during stirring and cooling was 
treated dropwise with freshly distilled 3,4_dimethoxyphenylaoetyl chloride dissolved in 100 cc benzene 

l 111. Communication of Extension of Bischler-Napieralksi Reaction by S. Sugasawa. II. Com- 
munication S. Sugasawa and S. Ushioda, Tetrahedron In press. 

t The positions of the double bonds in these compounds are not exactly located. 
4 N. Itoh and S. Sugasawa, Tetrahedron 1.45 (1957). 
6 S. M. McElvain and G. R. McKay, J. Amer. Chem. Sot. 77, 5601 (f955). 
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in the presence of 200 cc 5 % NaHCOS solution. After the addition of about 80% of the chloride 
the amide separated and was kept in solution by addition bf ethyl acetate. After stirring a further 
2 hr at room temp the supematant layer yielded the amide (13.8 g; 916%) which crystallized from 
benzene : n-hexane as colourless needles, m.p. 11 I-I 12”. (Found: C, 71.5; I-I, 7.6; N, 4.55. 
ClaHZ,OsN requires: C, 71.8; H, 76; N, 465%). 

1~3’,4‘-~~methoxy~~zyl~3,4~~hydrojsoq~~~oiine (IVa) 

(a) The amide (Ila, 2-O gI in 30 cc benzene mixed with 2 cc phosphoryl chloride was refluxed 
gently on a steam-bath for + hr. The solvent and the excess of phosphoryl chloride were removed in 
VDCUO and the residue dissolved in dil HCl. The acid solution was basified and the liberated base 
taken up in benzene, washed, dried and the solvent removed. The residue (l-8 g), probably IIIa in 
30 cc xylene was added to Pd-C (0.4 g of 30 %) and the mixture refluxed for 3 hr in an atmosphere of 
N,. The Filtrate free from catalyst was evaporated and the residue distilled in cacuo yielded a yellow 
viscous syrup (1.65 g) b.p. f94-197”[@08 mm, U.V. %max EloB 271 q (log E 3.81). 312 rnp (log E 3+31), 
323 wk (log E 3.33). This was characterized as a crystalline picrate from ethanol, m-p. 154155’. 
(Found: C, 560; H, 4.0; N, 10.7; CZPHOZOBNd: requires C, 56.5; H, 4.3; N, 1 l-O%). 

(b) N-(3’,~-D~ethox~henylacetyl)-~-phenylethylamine (60 g> m.p. 113-I 14” (Found: C, 71-g; 
H, 6.8; N, 4.9. C,,HalO,N requires: C, 72.2; H, 7.0; N, 4.7 %), in 200 cc xylene and phosphorus 
pentoxide (30 g) added in two portions during 1.5 hr was refiuxed for 5 additional hr. The product 
purified through an alumina column, was a yellow oily substance (0.35 g) which gave a picrate m.p. 
155-155.5” identical with that obtained by method (a). 

1-(3’,4’-Dimethoxybenzy&.soquinoline (Ia) 

A solution of the above-mentioned base (2.0 g) in 20 cc ethyl cinnamate was heated over Pd-C 
(0.2 g, 30%) in an atmosphere of Na at 220-230” for 2.5 hr. On cooling the catalyst was filtered, 
washed with benzene and the combined benzene-filtrate shaken with 10% HCl. The acid solution, 
was basified and the liberated base, a yellowish brown syrup (1.73 g,) was again dissolved in benzene 
and purified through an alumina column. The product (152 g or 76.2 %), crystallized from n-hexane 
as colourless needles m.p. 71-72” ; U.V. REzz 274 w (log E 3+76), 3 11 w (log E 3*49), 323 m,u (log E 
3.54). (Found: C, 77.3; H, 5.9; N, 5.0. ClsHl,OaN requires: C, 77.4; H, 6.1; N, 5.0%). 

The picrute was crystallized from ethanol, m.p. 164”. (Found: C, 56.8; H, 4.1; N, 1@8. 
C,,H,,O,N, requires : C, 56.7; H, 3.9; N, 11.0%). 

Propenylbenzene pseudonitrosite 

Dilute sulphuric acid (410 g, 20%) was added dropwise with stirring and cooling to a mixture of 
propenyl benzene (30 g in 250 cc ether) and an aqueous solution of sodium nitrite (120 g). Solid 
pseudonitrosite separated but stirring was continued for an additional hour and the product then 
washed successively with water, a small amount of methanol and ether and dried, yield 26.3 g, m.p. 
116-l 18” (decomp). (Found: C, 55.3; H, 5.2; N, 14.35. (C,H,,O,N,), requires: C, 55.7; H, 5.2; 
N, 14.4%). 

l-Methoxy-1-phenyl-2nirropropune 

The pseudonitrosite (15 g) was added in small portions to a methanolic solution of KOH (100 cc, 
10 %) in a stoppered bottle and shaken into solution. Glacial acetic acid was added until the solution 
was neutral, the solvent evaporated iu uacw and sufficient water added to dissolve inorganic matter, 
with separation of an oily substance. The latter in benzene was washed, dried and evaporated to a 
yellow liquid, which distilled at 112-l !4”/5 mm, yielding 12.5 g (83.2%). 

3-Phenyl-3-methoxy-2-aminopropane (V) 

To a cooled ethereal solution of LiAIHc (6 g) was added dropwise with cooling and stirring an 
ethereal solution of the foregoing nitro-compound (13.8 g). After treatment with cold water and 
evaporation of the ethereal solution, the yellow oily base dissolved in dilute HCl was shaken with 
benzene, and basified with cone NaOH solution. The base in benzene was dried, the solvent evaporated 
and the residue distilled in cucuo in an atmosphere of Hz. The amine (8.8 g, 75.3%) distilled at 
93-95”/6 mm. The hydrochloride formed colourless needles m.p. 186-l 88” from ethanol-acetone. 
(Found: C, 59~45; H, 8.1; N, 705; OCH,, 15.2; C,H,,N(OCH,) HCl requires: C, 59.55; H, 
7.9; N, 6.95; OCHs, 15.4%). 
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3-(Cy&he~2-1,4-dienyf)-1’-(2-uminopropune) (VII) 

The amine (V, 6.6 g) in absolute ethanol (18.3 g) mixed with 100 cc liquid ammonia was reduced 
by adding 2.8 g lithium in small portions and cooling in ethanol-dry ice. After addition of the metal 
the mixture was stirred until the blue colouration disappeared. The crude base was distiiled in wcuo 
in an atmosphere of HP, yielding 52 g (953%) of a colourless clear distillate b.p. 71-72”/5 mm, 
which gave a negative result on CH,O determination. 

N-(3,4-Mefhylenedioxyphenyfacefyl)-#kyclohexa-1 ,4_dienylisopropyfamine (lib) 

This was prepared as usual and formed colourless plates from n-hexane : benzene, m.p. 108-109”. 
The yield was 91.5%. (Found: C, 72.2; H, 6-8; N, 4.9; C,,H,,O,N requires: C, 72.2; H, 7.0; 
N, 4.7 %). 

1-(3,4-MefhyIenedioxyben~yl)-3-methyl-3,4-dihydroxyisoquino~ine (IVb) 

This was obtained in a yield of 71.3 % by cyclizing IIb followed by dehydrogenation as described. 
U V ngtir 276~ (log E 3-80), 3 18 rnp (log E 3*46), 326 wr (log E 344). . . &crate: Yellow prisms from 
ethanol, m.p. 170-l 71’ (decomp). (Found : C, 57.0; H, 4.1; N, 10.9; C&HPOOOONI requires: C, 
56.7; H, 3-9; N, 11.0%). 

1-(3,~Merhy~enedioxybeazyf)-3-methy~isoqainoline (lb) 

This forms colourless prisms m.p. 87-88” from n-hexane; U.V. kg:? 278 m/A (log E 3*89), 3 17 rnp 
(log E 3*54), 329 rnp (log c: 3.56). The yield was 77.3% from (IVb). (Found: C, 77.7: H, 5.6; N, 
5.1; C,,H,,O,N requires: C, 78.0; H, 5.4; N, 5.05 X). The picrute separated in yellow needles 
fromethanol-glacial acetic acid, m.p. 180”. (Found: C, 57.0; H, 3.9; N, 11-l; C,,H,,O,N, requires: 
C, 56.9; H, 3.6; N, 11.1%). 

N-( 3’,4’- Merhy Ienedioxybeazoyi-~-cyc~ohexa- 1 ,~dienylisopropyiamine (I fc) 

This forms coloudess needles m.p. 83-W from n-hexane. (Found: C, 71.6; H, 6.8; N, 5.2; 
C17H190SN requires: C, 71.6; H, 6.7; N, 4.9%). 

1 -f3,4-Mefhylenedioxyphenyl)-3-methyl-3,4~ihydrois~uinol~ne (WC) 

This is obtained as a yellow syrup in 76.4% yield from LIc by cyclization and dehydrogenation. 
U.V. dktzil 259 rnp (log E 3*95), 293 rnp (log F 3.83). The picrute forms yellow prisms from ethanol, 
m.p. 175-176” (decomp). (Found: C, 556; H, 3.6; N, 11.3; C,,H,,O,N, requires: C, 55.9; H, 
3.6; N, 11.3%). 

1 i3’,4’-~ethylenedioxyp~ny~-3-mefhyIisoqaino~ine (Ic) 

This was obtained in 72.5% yield by dehydrogenation of IVc and formed colouriess needles 
m.p, 74-75” from n-hexane. U.V. i .EtT 285 rnp (log E 3*96), 333 ml_c (log E 3.87). (Found: C, 77-3; 
H, 5.1; N, 5.3; C,,H,,O,N requires: C, 77.6; H, 49; N, 5.3 “/,). Thepicrure forms yellow needles 
from ethanol, m.p. 184”. (Found: C, 55.85; H, 3.4; N, 1 l-4; C23H1(10SNI requires: C, 56-l; H, 
3.25 ; N, 11.4 %). 

p-4-Methoxycycfohexa-1,4-dienyfethylamine 

4-Methoxyphenethylamine was reduced according to Birch’s method and yielded a colourless 
Liquid (92.1%) b.p. 78-78.5”/1 mm after distillation in an atmosphere of H,. U.V. AE:ti 277 m(r 
(log E l-72). This base is fairly unstable and discoIourizes gradually. 

N-(3,4-Dimefhoxypheny/acetyacelyl)-B-cyciohexa-1 &dienylefhylamine (Ild) 

The foregoing base was treated with 3,4dimethoxyphenylacetyl chloride to form IId (90.2%) 
which separated from benzene : n-hexane in colourless needles m.p, 91-93”. (Found: C, 68.6; H, 
H, 7.9; N, 4.1; ClaHL60rN requires: C, 68.9; I-I, 7.55; N, 4.2%). 

1-(3’,4‘- Dimethoxybenzyf)=l-mefhoxy-3,4-dihydroisoqainoline (IVd) 

A mixture of the amide (IId, 2 g) in benzene (50 cc) and phosphoryl chloride (2 cc) was gently 
refluxed on a steam-bath for IO-15 min. To the cooled mixture sufficient dry petroleum-ether was 
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added to cause a reddish ail to separate. After standing the supematant layer was discarded and the 
base extracted with benzene (ca. IO0 cc), and addition of 100 cc 10% NaOH with vigorous shaking. 
The benzene layer was dried over K,COB, the solvent evaporated in zwuo in an atmosphere of NI 
leaving a brown syrup, which in absolute xylene was refluxed over 30% Pd-C (@5 g) in an atmosphere 
of Ne for 4 hr. Filtered free from the catalyst the solvent was removed in ww and the residue in 
10% HCl extracted with benzene, basified with NaOH solution, and the benzene, washed, dried and 
evaporated in vafflo. A brown residue dissolved in a mixture of n-hexane and benzene was filtered 
through an alumina column yielding a yellow syrup @21 g, 11-Z%). U.V. Ag:? 277 w (log& 3.831, 
310 rnp (log E 3*37), 321 rnp (log E 3.89). This was characterized as a crystaliinepicrate, m.p. 159-161’ 
(decomp) from acetone. (Found: C, 55.3; H, 4.2; N, I@O; C,,H,,O,,N, requires: C, 556; H, 
4.4; N, 10*4%). 

This was obtained by dehy~u~nation of IVd and formed colourless needles m.p. 85-W from 
n-hexane, yield 60*4x, U.V. A,,, atoB 277 m$ flog r?. 3+W, 313 rn@ (log E 3*61), 323 nqu (log E 3.63). (Found : 
C, 74.0; H, 6.3; N, 4.6; OCHS, 29.85; C,pH,,O,N requires: C, 73.8; H, 6.15; N, 4-5; OCH*, 
30-l %>* The @rare crystalhzes in yelfow prisms from ethanol : acetic caid, m,p. 171”. (Found: 
C, 55.45; H, 4-2; N, 10-6; C,,M,,O,,N, requires: C, 55-8; H, 4.1; N, 10.4%). 

The crude reddish oil, obtained by cyclizing Ild with phosphoryl chloride was acidified with 10 % 
HCl and undissolved matter was removed by extraction with benzene. The acid solution with benzene 
was watmed ~st~-~th~ for several ruin, cooled and basified with Na,cO, solution and the benzene, 
washed, dried and part of the solvent evaporated. The residual solution was filtered through an 
alumina column and a yellow syrup obtained on evaporation of the solvent. The base (39.8%) 
solidified and crystallized from n-hexane: acetone in pale yellow prisms m.p. 176-178”. I.R. ug&?’ 
1668 cm-” (>C=C-C--O). (Found: C, 71.9; H, 6.8; N, 4.7; OC& 2@3; C1,HISON(OCH,)t 
requires: C, 72.2; H, 7.0; N, 4.7; OCHa, 20.7%). 

The 2:4-dinifrophenyl~un~ m&hare crystallized as red needles m.p. 212-214” (decomp) 
from ethanol. (Found: C, 49%; H, 4.8; N, 12.0; C&H2~0,NSH,SO~ requires; C, 49.9; H, 4.7; 
N, 12+1”/. 

To a well cooled mixture of the oxo-compound (VIII, 0.6 g) and methyl orthoformate (4 cc) dry 
hydrogen chloride was bubbled and the mixture refluxed (steam-bath) for 2.5 hr. Excess formate was 
distilled ofI and the dark brown residue well kneaded with. powdered K&OS (2 g), covered with ether 
and dilute K&Q solution (20 cc, 5 %) added with cooling. 

The aqueous layer was extracted with ether and the ethereal solution dried (K&Q) and evaporated. 
Tbe resuhant brown residue in benzene : n-hexane was filtered through an alumina column and 

0.32 g (462”1,) of a yellow syrup obtained. (Found: OCH,, 353; C,,H,,N(OCH,), requires: 
OCH,, 35+9”/,). The methiodide was prepared as usual and formed yellow prisms m.p. 198-201” 
(decomp) from ethanol. (Found: C, 51.5; H, 5.9; N, 3.1; C,,H,,O,NI requires: C, 51.6; H, 6.2; 
N, 2.9 %I. 

The ketai (IX, 0.25 g) in a small amount of benzene was well mixed with a few drops of aluminum 
t-butoxide in benzene and the residue obtained by evaporation of the solvent was heated (oil-bath) at 
200-220” in an atmosphere of Ns for 2 hr. The product was extracted with benzene, mixed with 
n-hexane, and filtered through an alumina CO~WJZI. On evaporating the filtrate the reddish oil 
(O,l 1 g) was dehydrogenated in boiling ethyl cinnamate over Pd-C. The product (0.05 g, 22.3 %) m.p, 
85-W was not depressed on admixture with Id obtained by the alternative method. 
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