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Ah&act-The course of the condensation reaction between 1,2dihydroisoquinolines and aromatic 

aldehydes in acid solution has been defined by the isolation and characterisation of Cbenzylidene-1, 
4dihydroisoquinoline derivatives. The scope of the base-catalysed condensation between isoquinoline 

methiodide and aromatic aldehydes has been examined and some earlier literature corrected. 

THE acid-catalysed condensation of 1,2-dihydroisoquinolines with aldehydes, 
originally described by Bobbitt et d.,’ has been developed3*4 into a very useful method 
for preparing 4-substituted-isoquinolines (3). The mechanism postulated for this 
reaction3” is summarised in Chart I, and the isolation of intermediates of the type 1 
and 2, especially with R, = C6HS, has been claimed.1,3”,3c*4 When isoquinoline 
methiodide is condensed with benzaldehyde in the presence of alkali, under certain 
conditions, the main products are5 3, and a compound formulated as either 2 
(R, = C6H5; R, = H; R, = Me) or 4 (R, = C6H5; R, = Me). This second com- 
pound is formed, presumably, by the disproportionatiorP of the isoquinoline pseudo 
base, under the influence of the alkali, into 2-methylisocarbostyril and 2-methyl-1,2- 
dihydroisoquinoline, followed by condensation of the latter with benzaldehyde as 
indicated in Chart I. 
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In this paper we prove that 1,4_dihydro4benzylideneisoquinolines (2) are inter- 
mediates in the condensation of 1,2-dihydroisoquinolines with aromatic aldehydes, 
under both acid and alkaline conditions. 

When the previously described’ compound 2 (R, = C6H, ; Rz = H ; R, = Me) or 
4 (R, = C,H, ; R, = Me) was reacted with methyl magnesium iodide, a tertiary base 
was obtained, the UV spectrum of the methiodide of which (I.,,,, 285 nm ; E, 18,900) 
is typical of the trans-stilbene chromophore. The NMR spectrum, however, is 
compatible with either structure Sa (R = Me) or 6 arising respectively from 2 (R, = 
&H,; R, = H; R, = Me) or 4 (R, = C6HS ; R, = Me). Catalytic hydrogenation of 
this Grignard reaction product yielded 2,3-dimethyl-4-benzyl-1,2,3,4_tetrahydroiso- 
quinoline (S), identical with the compound obtained from 2,3-dimethyl-1,2-dihydro- 
isoquinoline as shown in Chart II. The condensation product in this case has the 

58 

CHART II 

CHC,H, 

C,H,CHO 

H’ 

8 Sb 

l+dihydroisoquinoline structure 7 from its UV spectrum, and especially since the 
NMR resonance associated with the C-Me group at C3 appears as a singlet (at 2.9 6). 
The UV spectrum of the methiodide of 5b (A,,,,,., 285 nm; ~,,8100) is more in agree- 
ment with a cis-stilbene rather than a trans-stilbene chromophore. The NMR swtrum 
is also consistent with this interpretation; the shielding effect of the phenyl group of 
!% which is sterically hindered from gaining coplanarity with the isoquinoline system, 
would explain the observed diamagnetic shifts of the &-and olefinic-protons 
relative to those in 5a (R = Me). 

By modifying the conditions of the condensation of benzaldehyde with 2-benzyl- or 
with 2-methyl-isoquinolinium iodide in alkaline solution, products of the type 9 
(R, = C6HS; R, = CH&H,) or 9 (R, = C,H,; R, = Me), respectively, were 
formed.s The structure of the former compound was established by showing that the 
product 10 (R = CH,C,H& obtained by reducing it catalytically, is identical with 
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the compound resulting from the reduction of the vinylogous amide 11 (R = 
CH2C6H,) with NaBH,. The structure of 9 (R, = C&s; R2 = Me) has now* been 
proven by an alternative synthesis of it involving the interaction of Qlithioisoquinoline 
with benzaldehyde, followed by quarternisation with methyl iodide. 

HO RI 

Y 

HO C,H, 

‘( 

The simplicity of the procedure involved in the alkali-promoted condensation of 
isoquinoline methiodide with aldehydes makes this method a potentially useful route 
to clsubstituted isoquinolines, and the scope of the reaction has therefore been tested. 
The results are summarized in Tables I and II. The structures of the type 9 were 
further characterized as the reduction products 10 (Table 3A) and their derived O- 
acetates (Table 3B). In an effort to extend the scope of these reactions a little more, 
2-methyl-6,7dimethoxyisoquinolinium iodide was examined, but no reaction 
occurred with benzaldehyde. This is not entirely unexpected because in this case it is 
known’ that the equilibrium between the pseudobase and the isoquinolinium 
hydroxide favours the latter. When 2,3dimethylisoquinolinium iodide was condensed 
with m-nitrobenzaldehyde, the product was found to be 12, since upon dehydration 
the known” 2-methyl-3-styrylisoquinolinium iodide was formed. 

With the structure of the l+dihydroisoquinolinium salts of the type 2 established, 
it is now possible, by making comparisons of the relevant characteristic UV and NMR 
spectral data, to allocate similar structures to a number of compounds prepared in 
the condensation of 1,2dihydroisoquinolines with aldehydes in acid solution (Table 
4). The preparative and analytical data for these compounds appear in Table 5. 
In all cases, isomerisation of the l&dihydroisoquinolinium salts to the fully aromatic 
2-methyl-4benzylisoquinolinium salts was effected by heating them with acids, or 
better, with alkali. New compounds prepared in this way appear in Table VI and their 
spectral data in Table 7. 

With the aid of the data now available, the products obtained3’ by the acid- 
catalysed reaction between 2-methyl-1,2-dihydroisoquinoline and crotonaldehyde or 
cinnanaldehyde are the l+dihydroisoquinolinium salts 13 (R = Me) or 13 (R = 
C6H Sk respectively. 

In an attempt to prepare an example of the postulated intermediate 1 (Chart I), the 
compound 9 (R, = C,H,; Rz = Me) was reduced with LAH, but the product was 
found, by UV and NMR spectral analysis, to be 51 (R = H), identical with the 
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Spectral data 
2-Methyl-4(6nitrophenyl) hydroxy~nethylisoquino~jni~ iodide .I _ (8) nm, 231 (51,200), 267 (10,400). 

338 (S,OOO), v,, cm-‘, 3315,1648,1612, 1530. NMR (DMSO.D,) ppm: 46,3H (s), (I%-CH,); 6.6, 1H (s), 
(=CHOH); 6.85.. lH(s), (=CHOH); 76-8.1, 4H (AA’ XX’), (-C,H,NO& 7.9-8.4, 4H(m), (C,_,H’s), 
8.77, 1 H(s), (C,H), 9.9, 1 H(s), (C, H). 

2-Methy~~3-nitrapheny~ hydrox~thyli~quinoljnjum iodide, 1 &c) nm, 231 (47,500~ 264 (9,300), 341 
(6,300). Y,, cm- ! 3300 164S.1610, 1535, NMR (DMSOD,) ppm, 466,3H(s), (fiCH,); 68, lH(d, J = 4.5 
Hz), (=CHOH); 7.1*, lH(d J = 4-S Hz), (=CHOH); 7.7-8.3, 4H(m), (-C,H,NO,); 8.3-8.7, 4H(m), 
(C,-OH’S); 9.0 lH(s), (C,H); 10.2 lH(s), (-C,H). 

2-~ethyl~~dime?hyl~inopheny~ bydroxymethy~~soquino~~nium iodide, i _ (c) nm, 280 (2,?00), 341 

(4,500). v_ cm - ‘, 3364 2580, 1645, 1611. NMR (DMSO.D,X 3.3 and 3.6, 2 %3H(s), (2 x = &HCH,); 

4.5 3H(sX (fiCH,); 6.3,2H(m), (-CHOH); 6.9-7.6, SH(complex), (-C,H,fiHMe& 7.8-8+8,4H(complex), 
(C,, H’s); 9.93; lH(s), (C,H). 

2-Methyl_4(3-methoxyphenyfj hydroxymetky~~soqu~no~in~~m iodide, R ~~ (E) nm, 230 (61,700). 278 (3,300), 

338 (SJOO), v,,, cm - I, 3360,1642,!608. NMR (DMSO.d,), 3&?,3H(s), (-OCH,); 455,3H(s), &CH,); 
6.59, lH(s), (CHOH); 6.7+, lH(s), (CH-OH); 6.9-7.3,4H(compIex), (-C,H,OMe), 80-8.95, SH(compiex), 
(C,.,_,H’s); 10.1, lH(s), (-C,H). 

2-Methyl+-methoxyphenyl) hydroxymethylisoquinolinium iodide, 3. ,.(c) nm, 231 (47,300); 279 (3,7OO), 
342 (4,500), vm. cm - I. 3360, 1647, 1598. NMR (DMSO.d,) ppm; 40, 3H(s), (-OCH,); 4.56, 3H(s), 

(3 IkH,); 665,2H(s), -CH(O&; 7+75,4H(AA’XX’), (--C,H,OCH,); Sw6,4H(m), t--C, ,Hfs), 
8.7 lH(s) (-C H), 9.96, 1 H(s), (-C, H). 

~-1~et~~yl-~~-clrlorophenyl) hydroxymethylisaquinolinium iodide, L ,(e) nm, 247 (26,700). 254 (25,wO). 
3 14 (4,800X V, cm - 1 ,33S4 1648,1608, NMR (DMSO.d,); 4S2,3H(s), (&KH,);6.63,2H(s), (-CHOH); 
7@-7.3.4H(mX (--GHSI); 7.968.8,4H(m), (Cs_sH’s); 8.95, lH(s), (-C,H); lQ1, lH(s), (-C,H). 

2-MethyLW-chlorophenyl) hydroxymethylisoquinolinium iodine, J . llyl (e) nm, 232 (56,700), 287 (1 l,SOOX 
341(8,4OQv,, cm- ! 3340,1645,1610. NMR(DMSO.d,)ppm,4~6,3H(s),(=fiCH,);6-8,2H(s),(-C~OE[); 
72-7.7,4H(AALXX’X (-C,H,Cl); 7.9-8-6,4H(m), (C,,H’s); 8-7, lH(s), (-C&H); 10.1, lH(s), (-C&H). 

1-(m-Nitrophenyl)_2-hydroxy-2-[3’-(21-methyl isoquinolinium)] elhane iodide (12). To a stirred suspension 
of 3-methyIis~uinol~e methiodide (4-3 g) and 3-~tro~n~dehyde (34 g) in EtOH was added aqueous 
SN NaOH (a75 ml). After standing 4 days at RT the solid product was collected and triturated with EtOH 
giving a pale yellow product (4.8 g) which gave short yellow needles m.p. 177-178’ from MeOH. i_(s) 
nm, 234 (63,600), 265 (14200), 347 (5,800), v, cm- ‘, 3320,16S6,1615,1534, NMR (DMSO, d,) ppm; 3.5, 

WmA (--CHOW 4.6,3H(sX &CH,); 5.4, lH(m), (CH-OH); 6.1*, lH(d, J = 5 flz), (-CHOH); 
7.7-8.6, 8H(mA (aromatic H’s); 8.65, lH(s), (-C,H); lt325, lH(s), (-C, H). 

l-(m-NitrophenyD_2-[3’-(2’-me~hy/isoquinolinium)J ethylene iodide. The salt 12, (@S g) was heated on an 
oil bath to 130” and maintained at that temp for 4 hr on cooling the solid mass was triturated with a&one, 
filtered and the solid product (@2g) recrystallized from MeOH as dull yellow needles m.p. 260-263”. 
(Found: C, 51.7; H, 3.6; N, 6.9; I, 30.7. Calc. for C,sH,,IN,02; C, 51.7; H, 3.6; N, 6.7; I, 30.4%). 

This 3-styrylis~uinolini~ salt was also prepared directly by heating 3.methyiis~uinoline (30 81 and 
benzaldehyde (5.0 g) in pyridine (1.5 ml) for 1 hr at 110”. The styryl compound resulted m 45% yield. 

Reductions o~~p~enyl~ydraxymethy~~oquino~ine methiodide (9, R, = C,H,, R, = CH,) 
(a) trans4BmL7ylidene-2-methyl-l,2,3,4,-tetrahydroisoquino~ine (Sa, R = H). The iodide 10 (1.3 g) was 

added as a fine powder to a stirred suspension of LAH (06 g) in ether (60 ml) and the mixture stirred for 
1 hr. By the usual work up a pale yellow oil (0.8 g) was obtained, i Mlnm, 220,285: v,,,,,cm-‘, (liquid film), 
1630, 1596, NMR (CDCl,) ppm; 2.39, 3H(s), (-NCH,); 3.62, 2H(s), (--N-CH*--_); 3.66, 2H(s), 
(-N-CH,--_I 7~1-7.3, 4H(m), (-Ch_, H’s and = CH); 7.34, SH(s), (C,H,-_); 7.82 lH(m), (-C,H). 
The methiodide was obtained as yellow plates m.p. ltl-122”, d,(z) nm, 292 (12,000), v,, cm- ‘, 1614 1586, 
NMR (DMSOd,) ppm; 3.18, 3H(s), (E+NCH,); 3.3, 3H(s), (“NCH,); 4.74, 2H(s), (-NCH,-_); 4.87, 
2H(s), (-NCH,-); 7.35-7.6.3H(m), (-C,,H’s); 749, SH(s), (C,H,-_); 7-87. lH(broad s), (Ph-CH=); 
8.17, lH(m), (-CsH). (Found: C, 55~; H, S-7; N, 34; 1,32.3; C,sH,,IN. Hz0 requires: C, 547; H, 5.6; 
N, 3.5; 1. 32.15%). 

* Signal at Ci disappeared on deuteration when signal at 54 became a triplet (f = 6 Hz). (Found ; C. 
48.9; H, 43; N, 6.2; I, 29.5. C,,H,,IN,O, requires; C, 494; H, 4.2; N. 64, I, 29.1%). 
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The same free base (0.71 g) was obtained by reduction, under normal conditions, of 9 (Ri = C6H,. 
R, = CH,), (1.12 g) using NaBH,. Whm the 

4” 

ethiodide formation was effected under anhydrous con- 
ditions and the products recrystallized from ry EtOH the methiodide was obtained as pale yellow plates 
m.p. 232-234”, .I_(&) nm, 292 (14,1001 v&cm -I. 1610, 1586. (Found: C, 57.3; H, 5~3; N, 3.6; I, 33.9. 
C,,H,,M requires: C, 57.3; H, 5.35; N, 3.7; I, 33.65%). 

(b) 2-Methyl-4-(ghanylhydroxymethy~l,2,3,4-tetrahydroisoquinoline methiodide(10, R = CH,). CPhenyl- 
hydroxymethylisoquinoline methiodide (0.9 g) was dissolved in MeOH/EtOH, (100 mI, l/l) and shaken 
under H2 at 30 psi with Adams catalyst (40 mg) for 16 hr. The mixture was filtered, the solvent evaporated, 
the residue dissolved in water and the base liberated by the addition of aqueous ammonia. This was 
extracted into ether (3 x 15 ml) and the. combined dried ethereal extracts treated with MeI. After 16 hr the 
solid material was collected and recrystallized from MeOH as cream plates (OS g) m.p. 184-l 85’. Y, cm-’ 
3250,1605.(Found:C, 5e55; H, 5.6; N, 3.6; l, 32.6;C,,H,,INO requires: C, 54.7; H, 56; N, 3.5; I, 32.1). 

The 0-aceroles of(10). The alcohols 10, (1.00 were dissolved in Ac,O (5 ml) and heated on a steam 
bath j hr. The mixture was treated with water (50 ml) and the solid material extracted into CHCI,. Evapora- 
tion of the dried solvent yielded gums which crystallized on trituration with EtOH. Recrystallization from 
EtOH afforded the pure products. (Table 3B). 

Specrraf properiies 
24ferhyW[ 1-hydroxy- 1~3,~d~~erhoxyp~e~y~ methyrl-1,2,3,4_tetrahydro~soqsoquinoline, 1_ (E) nm, 285 

(3,ooOL v,., cm -‘.3500,1590. NMR (CDCIsjppm; 245,3H(s), (-NCH,); 2.5-3.5,3H(m), (-NCH,CH-); 
7.15 and 7.4 lH(d. J = 13Hz), (PhCH,N-_): 7.7 and 7.85. 3H(s). (2 x --OCH3): 5.25. lH(d, J = 2*5 Hz), 
(-CH-OH); 6.2, lH(broad), (-OH, signal removed on deuteration); 6.0, lH(d, J = 8.0 Hz), (-C&H of 
-C,H,(OMe),); 64-7.3, 6H(m), (-C6H4- and -C,H,(OMe),). 

2-Melyi4[ 1-hydroxy-i-(a-fury0 mefhyl]-l,L3,4_tetrubydroisoquinolinP, v,,,_ cm _ ‘, 3400, 1610. NMR 
(CDCl,) ppm; 2.3, 3H(s), (-NMe); 2.6, lH(q. J = 11.5 and 34 Hz), (one -C,H); 2.9-3.3, 2H(m), (other 
-C,H, -C.H); 3.2 and 3.7 lH(d, J = 14.5 Hz), (PhCH,N-); 5.05, lH(d, J = 2.5 Hz), (-CHOH); 
57-6*2,3H(m), (-C,H,C,H fury1 and -C,H); 6.5-7-2,4H(m), (-C,H fury1 and C,_,H’s) OH absorption 
not observed but HDO peak obtained on deuteration. 

2-Methyl4[ l-hydroxy-l-f~nitrophenyl)methyl]-l,~3,~tetrahydroisoquinoline, I m,., (E) nm, 280 (9,200). 
v,, cm -‘,3200, 1600, 1510. NMR (CDCl,) ppm; 2.55, 3H(s), (-NCH,); 2.8, lH(q, J = 11.5 and 3.0 Hz), 
(one -&H); 3&3.35,2H(m), (other -CJH and -C*H); 34 and 4.0, lH(d, J = 154 Hz), (PhCH,N-); 
5.4, lH(d, J = 2-S Hz), f-CHOH); 5-95, lH(d, J = 8-O Hz), (-C,H), 6.7-72, 4H(m), f-C,&l’s and 
-OH ; 7.35 and 8.2,4H(AA’XX’), (-C,H,NO,). 

2-MelhyM-[ l-hydroxy-l-(2-nitrophenyl)merhyl]-l,23,~tetrahydroisoquinoline, I MI (E) nm, 265 (6,ooO). 
%,,,Cm-‘,3500, 1610, 1520, NMR(CDCI,) ppm; 2.5, 3H(s), (-NCH,); 2.65, lH(q, J = 12.0 and 2.5 Hz), 
(one -C,H); 35-34,2H(m), (other -CsH and -C,H); 3.35 and 3.39, lH(d, J = 145 Hz), (PhCH,N-); 
5*3,lH(d, J = 2-5 HZ), (-CHOH); 645,lH(d, J = 84 Hz), (-C,H); 6.7-7+2,4H(m), (-C,sH’s and OH); 
7.3-8.2, 4H(m), (-C,H,NO,). 

Preparation (acid catalysed) of the Cbenzylidene-1,4_dihydroisoquinolinium salts (Table 5) and their isomeriza- 
tion lo 4-benzylisoquinotines or 4-benzylisoquinolium salts (Table 6). 

(a) The exocycfic hydrochlorjdes. A soln of the appropriate ~nzylaminoa~~ldehyde dimethyla~tal 
f(N)4 mole) in EtOH/conc HCl, (150 mI, 1 :l). was allowed to stand at RT for 16 hr and then the aromatic 
aldehyde (@05 mole) was added and the soln heated on a steam bath 4 hr. After cooling the mixture was 
diluted with water (150 ml) and allowed to stand overnight at W when crystalline product separated. 

(b) 7% exocycfic metho-salts. A soIn of the appropriate N-methyl~nzyla~t~dehyde dimethylacctal 
(0.04 mole) and the appropriate aromatic aldehyde (@OS mole) in EtOH (40 ml) was stirred rapidly while 
cHCl(40 ml) was added during 1 min. The mixture was then heated on a steam bath 4 hr. cooled diluted with 
water (80 ml) and stored at 0” for 16 hr. Crystalline products were then collected in the yields quoted in 
Table 5. 

The isomerization reaction 
(i) Fur exocyclic hydrochlorides. A soln of the benzylidene salt in EtOH was heated under, reflux until the 

UV s+- indicated that the reaction has proceeded to completion 512 hr). ConantmUon and coohng 
of the mother liquors caused the product to separate in very good yields. 

(ii) For exocycIic me&u-salts. The exocyclic salt (2-O 8) was heated under reflux in EtOH (20 ml) containing 
30% KOH aq (5 ml). On cooling white needles of the aromatic base separated in very good yield. 
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