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Several approaches to the synthesis of 4-substituted isoquinolines have been explored, as follows: preparation 
and a-alkylation of isoquinoline-&acetic esters, alkylation of kyanomeconin followed by ring expansion, tr-al- 
kylation and cyclization of o-carbomethoxyphenylacetonitrile, and oxidation of 4-hydroxy-1,2,3,4-tetrahydroiso- 
quinoline to the oxo derivative with subsequent addition of a Grignard reagent. With the exception of the second, 
which was blocked at the last stage, all the methods were realized. 

The work reported in this paper is presented as a contri- 
bution to the chemistry of 4-substituted isoquinolines, and 
especially to their syntheses, for which only a limited num- 
ber of flexible methods are a~a i lab le .*-~  The specific com- 
pounds were chosen with an eye to their structural relation 
with the benzophenanthridine  alkaloid^,^ but the methods 
developed apply in general to 4-substituted isoquinolines. 
The approaches include: (1) alkylation of isoquinoline-4- 
acetic esters; (2) alkylation of a 3-cyanophthalide on its 3 
position followed by ring expansion; and (3) alkylation of 
o-carbomethoxyphenylacetonitrile and cyclization to the 
corresponding homophthalimide. Also utilized was (4) Gri- 
gnard addition to the carbonyl group of 4-oxo-1,2,3,4-tet- 
rahydroisoquinoline, which could be prepared conveniently 
by oxidation of the readily accessible 4-hydroxy compound. 
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1. Alkylation of Isoquinoline-4-acetates. The elegant 
procedure of Bobbitt' was adapted to the preparation of 
isoquinoline-4-acetic acid 2 by allowing N -  (2J-dimethoxy- 
benzy1)aminoacetal (1) to react with glyoxylic acidSv6 in the 
presence of acid. The substituent a t  the 4 position of the 
corresponding esters 3 and 4 was elaborated by alkylating 
the ester enolates with benzyl chlorides. The yields of a- 
alkylation products 5-10 from the methyl ester (60-90??) 
were generally better than from the ethyl ester (30-35%). 
With variations possible in conditions, condensing base, 
and alkylating agent, this approach is adaptable to the syn- 
thesis of other kinds of 4-substituted isoquinolines. The 
methiodide 11 of the piperonyl derivative was reduced with 
lithium aluminum hydride both a t  the ester group and in 
the isoquinoline hetero ring; the product could be rearoma- 
tized directly to the quaternary alcohol salt 12. No problem 
was encountered in the synthesis of nitro compound 10 de- 
spite exposure of the nitro group to strong base in liquid 
ammonia. However, when the nitro group in alkylation 
product LO was reduced, cyclization could not be prevent- 
ed, so that, instead of the amino compound, tetrahydroiso- 
quinoline 13 was obtained. 
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The acetic esters were hydrolyzed with exceptional ease 
to the corresponding acids, e.g., 8 to 9. Since the acids are 
arylacetic acids, decarboxylation7 appears quite feasible. 

2. Alkylation of 3-Cyanomeconin (15). A second ap- 
proach to the 4-substituted isoquinolines called for alkyla- 
tion of the arylmacetonitrile system, as in 3-cyano-6,7-di- 
methoxyphthalide (3-cyanomeconin, 15), and conversion of 
the product, 20, to the isoquinoline homophthalimide sys- 
tem, as in 23. This series started with opianic acid (14), 
conveniently obtained from narcotine.8 Cyanide ion reacts 
smoothly with opianic acid to give the necessary 3-cya- 
nomeconin ( 15L9 Methylation with the help of triphenyl- 
methylsodium led to 3-cyano-3-methylmeconin (16), which 
on exposure to alkali lost cyanide ion. By reducing the re- 
sulting 3-methylopianic acid (17) to the known 3-methyl- 
meconin (18),1° the expected mode of alkylation on the 3 
position was confirmed. When homopiperonyl iodide was 
substituted for methyl iodide in the alkylation step, 3- 
cyano-3-homopiperonylmeconin (20) was formed. Since di- 
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rect acid hydrolysis of 20 (analogous to 16 -+ 19) failed, and 
direct alkaline hydrolysis eliminated the essential cyano 
group, a two-stage process was resorted to. Hydrogen per- 
oxide with a catalytic amount of alkali" generated the 
amide 21, which now could be safely hydrolyzed with alkali 
to 3-homopiperonylmeconin-3-carboxylic acid (22). This 
acid 22 was also obtained unexpectedly from a-homopiper- 
onyl( 2-carbomethoxy-3,4-dimethoxyphenyl)acetonitrile 
(29). Although the sequence broke down in its final stages, 
that is, in isomerizing phthalide 21 to 2312 and in reduc- 
tively cleaving13 phthalide 22 to homophthalic acid 24 (the 
intended precursor to homophthalimide 25), we believe 
that this approach should not be lost sight of. So far as the 
reductive step 22 to 24 is concerned, cleavage of a benzyl- 
to-oxygen bond is involved, for which several alternate pro- 
cedures are available.I3 For example, we have now con- 
firmed the reported reduction of 6,7-dihydroxyphthalide- 
3-carboxylic acid to 3,4-dihydroxyhomophthalic acid with 
hydriodic acid.I4 

3. Alkylation of o-Carbomethoxyphenylacetonitrile. 
2-Carboxy-3,4-dimethoxyphenylacetonitrile (27) is readily 
accessible by a two-step conversion from 6,7-dimethoxy- 
indanone (26).14 When sodium methoxide was used in the 
alkylation of the corresponding ester 28 with homopiper- 
onyl iodide, the only products that could be identified were 
7,8-dimethoxyhornophthalimide and 3,4-methylenedioxy- 
styrene. Sodamide as condensing agent was more effective 
in furnishing the a-alkylation product 29. Partial acid hy- 
drolysis of 29 yielded the amide ester 30, which under alka- 
line conditions cyclized to the desired 4-homopiperonyl- 
7,8-dimethoxyhomophthalimide (25).15 The same homo- 

24 
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25 

phthalimide 25 could be obtained also by hydrolyzing 
cyano ester 29 with alkali and cyclizing the resulting homo- 
phthalic acid 31 by heating it with ammonium carbon- 
ate.l5-I7 Note that 31 is the same as 24, so that the 24-to-25 
step as projected before was realized here. Direct compari- 
sons with a sample of 4-homopiperonyl-7,8-dimethoxyho- 
mophthalimide synthesized elsewhere by a different 
route15 confirmed the assigned structure of 25. 

When the Radziszewski hydrogen peroxide procedure" 
was applied to the cyano ester 29, an oxidative step intrud- 
ed, so that the product corresponded not to the expected 
amide ester 30, but instead to 4-hydroxy-4-homopiperonyl- 
7,8-dimethoxyhomophthalimide (32 or 23). Hot aqueous al- 
kali followed by acidification transformed 4-hydroxyhomo- 
phthalimide 32 to 3-homopiperonylmeconin-3-carboxylic 
acid (33), identical with the product 22 obtained before. 
Thermal decarboxylation to 3-homopiperonylmeconin (34) 
further confirmed the structure. 

We have interpreted these transformations by postulat- 
ing that hydrogen peroxide in the presence of a catalytic 
amount of alkali hydrolyzes cyano ester 29 readily to amide 
ester 30 in the usual way, and that in turn the amide ester 
with alkali cyclizes smoothly to 4-homopiperonyl-6,7-di- 
methoxyhomophthalimide (25). The enolate, readily 
formed by removal of hydrogen from the homophthalimide 
4 position,17 then oxidatively hydroxylates to yield the ob- 
served product 32. Continued exposure of homophthalim- 
ide 32 to alkali would open the Py ring with loss of ammo- 
nia, and subsequent acidification would recyclize the inter- 
mediate hydroxyhomophthalic acid to phthalide 33. 

Since o-carbomethoxyphenylacetonitriles are smoothly 
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available from any indanone (cf. 26 to 27), this alkylation- 
cyclization sequence provides a flexible approach to 4-sub- 
stituted homophthalimides, which can then be modified in 
several ways." If o-cyanophenylacetonitriles were general- 
ly accessible, they could serve equally as attractive starting 
materials.'* 

4. Oxidative Synthesis of 4-Oxotetrahydroisoquinol- 
ine Followed by Grignard Addition. Cyclization'J of N -  

(2,3-dimethoxybenzyl)-N-methylaminoacetal (35) with 
acid produced 2-methyl-4-hydroxy-7,8-dimethoxy-1,2,3,4- 
tetrahydroisoquinoline (36) in high yield. After conditions 
were found for controlled oxidation at the 4-hydroxyl 
group, the 4-keto compound 37 became available, and this 
with homopiperonylmagnesium bromide gave rise to the 
desired 2-methyl-4-hydroxy-4-homopiperonyl-7,8-dime- 
thoxy-1,2,3,4-tetrahydroisoquinoline (38). Dehydration and 
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dehydrogenation with iodine afforded the corresponding was cyclized without N-methylation, the 4-hydroxytetrahy- 
4-substituted isoquino'iine 39 in a minimum overall yield of droisoquinoline 425 was obtained, evidently mixed with the 
28% in the five steps from acetal 1. The Py-reduced isoqui- 4-ethoxy compound 43. Oxidation of the hydroxy com- 
nolines 40 and 41 were derived from 39 by treatment., re- pound 42 to the 4-keto derivative was realized, but purifi- 
spectively, with lithium aluminum hydride in et,her2J9 and cation presented problems. 
with sodium borohydride in ethanol. When aminoacetal 1 4-Ketotetrahydroisoquinolines analogous to 37 are 
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known' but, so far as we could find, they have not been 
prepared from 4-hydroxytetrahydroisoquinolines. Al- 
though related Grignard additions are also known,2O they 
have been limited in number, probably because the 4-keto 
compounds have been hard to make. 

In summary, we have described examples of several gen- 
erally applicable syntheses of 4-substituted isoquinolines. 
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