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In  earlier papers (1) we have described the synthesis of a series of l-amino- 
1-(3-~hthalidyl)-alkanes (I) for testing as possible analgetic agents. In  studying 
the properties of these compounds, i t  was found that they could be readily re- 
arranged under neutral or alkaline conditions to give substituted 4-hydroxy- 
1,2 , 3,4-tetrahydroisoquinolones (IV). This rearrangement has been mentioned 
briefly in an earlier paper (la). 

Szeki (2) has also reported a single example of this reaction. He treated phthali- 
dylmethylamine (I; R = H) hydrochloride with excess alkali and after acidifi- 
cation with acetic acid, isolated a product (m.p. 164-165') to which he assigned 
the correct structure (IV; R = H). However, he did not rigorously establish 
the structure of his product and he made no attempt to determine the useful 
limits of the reaction. 

In  the present work we have extended the study of this rearrangement to a 
series of twelve (see Table I) aminophthalidylalkanes (I). In  all but two cases 
the substituted 4-hydroxy-l , 2,3,4-tetrahydroisoquinolones (IV) which resulted 
were isolated as crystalline solids. The structures of the products were verified 
by dehydration with sulfuric acid to the corresponding 1 ,2-dihydroisoquinolones 
(V). Six of the isoquinolones reported in Table I1 hare been described earlier 
(see footnotes). In  two cases (see footnotes) we have repeated the earlier work - 0 OH 0- - , \ /  
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and proved beyond question the structures of the products obtained via the 
rearrangement and dehydration. 

The methods described in the literature for the synthesis of substituted iso- 
quinolones are not readily adapted to preparative work. We have, therefore, 
utilized the rearrangement and dehydration reactions as preparative methods for 
a series of substituted isoquinolone (3) intermediates. 

Discussion. When an aqueous solution of 1-amino-1-phthalidylpropane (I ; 
I1 = C2H6) hydrochloride was neutralized with one equivalent of aqueous so- 
dium hydroxide, an oil separated from the solution. This mixture (pH approxi- 
mately 8),  when heated a t  reflux or just below reflux temperature, yielded, when 
cooled, a quantity of crystalline 3-ethyl-4-hydroxy-1 ,2 ,3  , 4-tetrahydroisoquino- 
lone-1 (IV; R = CzH6) which varied directly with the period of heating. When 
an aqueous solution of the same salt was carefully mixed with two equivalents 
of sodium hydroxide solution, an oil separated but quickly redissolved. When this 
solution of I1 (R = CzHs) was heated a t  reflux temperature for a relatively short 
period of time, the tetrahydroisoquinolone (IV; R = C2Hs) separated from the 
hot alkaline solution as an oil which crystallized upon cooling. If the hydroxy- 
tetrahydroisoquinolone was removed from the cold reaction mixture, the filtrate 
on standing or after additional heating, slowly deposited an additional quantity 
of the crystalline rearrangement product. 

In  the absence of excess alkali, an almost quantitative yield of IV (R = C2H5) 
could be realized if the period of heating was sufficiently long (15-20 hours). 
After shorter heating periods, an appreciable quantity of starting amine could 
he recovered by acidification of the reaction mixture and evaporation to dryness. 

When two equivalents, or more, of alkali were employed, the theoretical yield 
of IT’ (R = CZH,) could be realized after a considerably shorter period of heating 
(3-6 hours), if the rearrangement product was removed from the reaction mix- 
ture as it formed. 

In  each case the rate of the rearrangement reaction decreased very markedly 
with decreases in temperature. 

With only two exceptions the aminophthalidylalkanes (I) which we studied 
possessed two asymmetric centers and thus existed in two different racemic forms. 
In  three of the compounds studied (I; R = CH3, C2H5, and n-C3H7), both of 
the racemic isomers have been obtained in essentially pure form ( la) .  The higher- 
melting racemic form has in each case been designated “isomer A” and the 
lower-melting racemic form “isomer B”. 

The corresponding hydroxytetrahydroisoquinolones (IV; R = CH3, C2H6, 
and n-CSH,) can also exist in two racemic forms since they, too, possess two asym- 
metric centers. In  this case, too, the higher-melting racemic form has been des- 
ignated “isomer A” and the lower-melting “isomer B.” 

In each of the three cases (R = CH3, C2H5, and n-C3H7), rearrangement of 
isomer A of the aminophthalidylalkane gave isomer B of the hydroxytetrahy- 
clroisoquinolone and the B isomer of the amine yielded the A isomer of the iso- 
quinolone. In  each of the three cases, the B isomer of the aminophthalidylalkane 
rearranged a t  a considerably faster rate than the corresponding A isomer. By 
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taking advantage of this differential rate, aminophthalidylalkanes considerably 
richer in isomer A could be recovered from the partial rearrangement of a mix- 
ture of isomers A and B. 

In  the other cases where two racemic forms were possible, the racemic amino- 
phthalidylalkane mixture (A and B) was used. 

Both centers of asymmetry are removed by the dehydration with sulfuric 
acid. Thus any one pair of A and B isomers of IV gave only a single dihydroiso- 
quinolone (V) . 

Conclusions. The rearrangement reaction is apparently a base-catalyzed one, 
and proceeds through the intermediate sodium salt of the carboxylic acid (11) 
formed when the phthalide ring is opened. The separation of the hydroxytetra- 
hydroisoquinolone from a strongly alkaline solution suggests that the driving 
force for the reaction is the formation of a stable six-membered ring. This prob- 
ably occurs through the intermediate 111, in equilibrium with 11, by the loss of 
hydroxyl ion. This formation of an amide, under conditions (strong alkali) 
which usually favor the hydrolysis of amides, is presumably due to the steric 
factors involved and to the stability of the rearranged product. 

EXPERIMENTAL 

Rearrangement of 1-amino-1-phthalidylalkanes ( I ) .  An aqueous solution of the amine 
hydrochloride was treated with two equivalents of 40% sodium hydroxide solution. The 
resulting solution was heated a t  92-100" for a period of three to six hours. For the most 
part the substituted 4-hydroxy-l,2,3,4-tetrahydroisoquinolones crystallized directly from 
the cold alkaline reaction mixture. Additional crystalline product was obtained by con- 
centrating the filtrate on a steam-bath. The products were purified by crystallization from 
aqueous alcohol. The non-crystalline products were separated by extraction into benzene 
or chloroform. After removal of the solvent they were used as such. The results are sum- 
marized in Table I. 

Dehydration of substituted 4-hydroxy-l,2,S,~-tetrahydroisoquinolones (IV). The carbinol 
was added with stirring to concentrated sulfuric acid at  such a rate that the temperature 
did not exceed 95". The resulting solution was then heated at  85-95' for three hours, cooled, 
and poured onto cracked ice. The product was isolated by filtration and purified by crys- 
tallization from alcohol. The melting point of those isocarbostyrils which were not new 
agreed with the previously reported values. In two cases the syntheses already described 
were repeated and the identity of the rearranged products was established by mixture 
melting points. The data are summarized in Table 11. 

RACEMIC ISOVERS OF SUBSTITUTED 4-HYDROXY-1,2,3,4-TETRAHYDROISOQUINOLONES 
Isomer A .  A solution of 1.0 g. (0.0044 mole) of l-amino-l-phthalidylpropane hydrochlor- 

ide (isomer B) in 10 ml. of water containing 1.1 g. (0.0275 mole) of sodium hydroxide was 
heated to  reflux and allowed to stand for five days. The crystalline product weighed 0.7 
g. (83%); m.p. 183-185.5". 

Isomer B .  A solution of 1.0 g. (0.0044 mole) of l-amino-l-phthalidylpropane hydrochlor- 
ide (essentially isomer A) in 10 ml. of water containing 1.1 g. (0.0275 mole) of sodium hy- 
droxide was heated to reflux and allowed to stand for five days. After heating a t  85-100" 
for an additional ten hours and standing for three days the solution was evaporated to  a 
small volume and acidified with concentrated hydrochloric acid. The crystalline product 
(0.7 9 . )  was refluxed with alcohol and the inorganic material removed. Concentration of the 
alcohol solution and dilution with water yielded 0.45 g. (53y0) of isomer 13; m.p. 127-129'. 

3-Ethyl-1 ,d-dihydroisoquinolone-1 by the dehydration of isomers -4 and B .  A solution of 
1.6 g. (0.0084 mole) of 3-ethyl-4-hydroxy-l,2,3,4-tetrahydroisoquinolone-l (isomer A4; 
m.p. 18C-183") in 10 ml. of concentrated sulfuric acid was heated at 90" for three hours. 
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Cooling and the addition of cracked ice yielded 1.1 g. (79%) of crystalline product; m.p. 
143-145" (softening a t  128-130'). 

In  the same way 3.8 g. (0.02 mole) of isomer B (n1.p. 128-130") and 25 ml. of sulfuric acid 
yielded 2.7 g. (77yc) of the same product; m.p. 143-145" (softening at 128-130"). 

EFFECT OF HEAT AND ALKALI ON THE REARRANGEMEKT OF 1-AMINO-1- 
PHTHALIDYLPROPANE 

A .  Under neutral or slightly alkaline conditions. (1) Three and one-half hours reflux. To a 
solution of 22.8 g. (0.1 mole) of 1-amino-1-phthalidylpropane hydrochloride (a mixture of 
isomers A and B; m.p. 208-210') in 100 ml. of water was added 7.0 ml. (0.1 mole) of 40% 
sodium hydroxide. The pH of the resulting mixture (an oil separated) was approximately 
8. It was heated a t  reflux for 3.5 hours. After cooling, the solid was collected, washed with 
water, and dried; 12.4 g . ;  m.p. 148-160". The filtrate was acidified with concentrated hydro- 
chloric acid and evaporated to  dryness. The organic material was separated from the so- 
dium chloride by extraction with boiling alcohol. The alcohol solution was concentrated 
and diluted with acetone to yield 1.5 g. of starting material (water-soluble), m.p. 249-260' 
(essentially isomer A). Concentration of the mother liquor yielded an additional 1.0 g. 
of the starting amine, m.p. 212-230", and 1.8 g. of water-insoluble rearranged product, 
m.p. 115-135". The total yield of rearranged product (mixture of A and B isomers) was 
14.2 g. (75%). The total yield of recovered starting material (richer in isomer A) was 2.5 

(2) Two hours reflux. The preceding experiment was repeated with the same mixture of 
isomers but the reflux time was reduced to  two hours. A total of 9.2 g. (49%) of mater- 
insoluble rearranged product, melting range 115-163", was isolated. The recovered starting 
material (water-soluble fraction) weighed 8.7 g. (38%) and melted over the range 190- 
263 '. 

(3) One hour reflux. The same mixture of isomers was refluxed for one hour to give 5.8 
g.  (31%) of rearranged product, melting range 125-160°, and 13.3 g. (58y0) of recovered 
starting material, melting range 215-266'. 

B.  I n  the presence of one equivalent of sodium hydroxide. A solution of 22.8 g. (0.1 mole) 
of essentially pure isomer B (m.p. 237-243') in 100 cc. of water containing two equivalents 
of  sodium hydroxide was heated a t  reflux for 1.5 hours. A total of 14.5 g. (80%) of rear- 
ranged product, m.p. 181-183.5", was isolated directly from the reaction mixture. Acidi- 
fication, evaporation, and extraction with alcohol yielded 3.7 g. (16%) of starting material; 
n1.p. 238-241". 

g. (11%). 

SUMMARY 

1. X series of substituted 4-hydroxy-l,2.3 ,i-tetrahydroisoquinolones have 

2 .  Dehydration of the hydroxytetrahydroisoquinolones has yielded the cor- 

3. The effect of heat and alkali on the rearrangement reaction has been studied 

been prepared by the alkaline rearrangement of aminophthalidylalkanes. 

responding 1 ,2-dihydroisoquinolones. 

qualitatively . 
PHILADELPHIA, PEhXSYLVANIA 
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