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2-Formyl-8-hydroxyquinoline and 5,7-dimethyl-2-formyl-8-hydroxyquinoline derivatives 
were synthesized. The use of nitrophenols as the oxidizing agents in the reaction 
of the appropriate aminophen01s with crotonaldehyde leads to a substantial 
increase in the yields of quinaldines. According to the IR spectroscopic data, 
the oximes of the formylhydroxyquinolines have a syn configuration. 

2-Formyl-8-hydroxyquinoline (I) [2] and its oxime (II) [2-4], 2-quinolylhydrazone (III) 
[5, 6], 8-quinolylhydrazone (IV) [7, 8], and other derivatives [3, 9] are selective chelating 
agents and extractants for metal ions. The synthesis of aldehyde I is based on the oxidation 
of 8-benzyloxyquinaldine [i0] or 8-acetoxyquinaldine (V) [2] with selenium dioxide and sub- 
sequent hydrolysis of the protective group, but both steps are complicated by side processes. 

Sulfuric acid was found to be a reagent that makes it possible to selectively isolate 
the aldehyde from the mixture of oxidation products [ii]. It forms the a-hydroxy(8-acetoxy- 
2-quinolyl)methanesulfonic acid inner salt (VII) with 8-acetoxy-2-formylquinoline (Vl). The 
aldehyde carbonyl absorption at ~1700 cm-* is absent in the IR spectrum of VII, and there are 
intense bands of stretching vibrations of the SOa- anion at 1184 and 1251 cm-*, of an ester 
carbonyl group at 1772 cm -I, and of alcohol hydroxyl and NH + groups at ~2850 and 3140 cm -~. 

Salt VII displays acid properties and is readily soluble in a cold dilute solution of 
sodium bicarbonate with COt evolution. The addition of sodium hydroxide solution to the 
resulting solution gives a bright-red precipitate of sodium salt VIII, which acids convert to 
hydroxy aldehyde I. The corresponding derivatives (II-IV and IX) were obtained by reaction 
of I with hydroxylamine, 2- and 8-hydrazinoquinolines, and hydrazine hydrate. 

2,5,7-Trimethyl-8-hydroxyquinoline (XI) was obtained from 4,6-dimethyl-2-aminophenol 
(X), 4,6-dimethyl-2-nitrophenol, and crotonaldehyde under the conditions of the Doebnez'- 
Miller reaction. The resinification that, as a rule, accompanies quinaldine syntheses is not 
observed in this case, and the yield of the product is unusually high -- almost 1.4 moles per 
mole of starting amine (X). It is obvious that d considerable amount of amine X, formed 
during the Doebner-nMiller reaction from the nitro compound, which acts as the oxidizing agent, 
also undergoes cyclization. 

2,5,7-Trimethyl-8-hydroxyquinoline 1-oxide (XII) and 8-hydroxyquinaldine 1-oxide (XIII) 
were synthesized by oxidation of the corresponding bases (XI and XIV) with peracetic acid. 

Acetylation of XI with acetic anhydride gave 2,5,7-trimethyl-8-acetoxyquinoline (XV), 
oxidation of which with selenium dioxide and subsequent alkaline hydrolysis of acetate XVI 
gave 5,7-dimethyl-2-formyl-8-hydroxyquinoline (XVII); oxime XVIII was obtained from the 
latter. 

Of the two geometrical isomers of 2-formylquinoline oxime, only one is known; on the 
basis of a study of acylation and complexing reactions [12] and spectroscopic data [13] a 
syn configuration was assigned to it. Attempts to obtain the anti isomer of 2-formylquinoline 
oxime were unsuccessful [12]. 

*See [i] for communication II. 
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We also obtained only one form of 2-formyl-8-hydroxyquinoline oxime (II)and 5,7-dimethyl- 
2-formyl-8-hydroxyquinoline oxime (XVIII#. The IR spectra of dilute solutions of these 
oximes in tetrachloroethylene contain two bands of OH stretching vibrations. The low fre- 
quency bands [90H 3436 cm -~ (A~,/a 42 cm -I, e ii0 liter/mole-cm) and ~OH 3429 cm-* (A~,/2 
43 cm -I, g ill liter/mole'cm), respectively] should be assigned to the stretching vibrations 
of the hydroxyl group in the 8 position of the molecule, since they are similar to the ~OH 
bands in the spectra of 13 other 8-hydroxyquinoline derivatives that we investigated [vOH 
3401-3459 cm-* (A~,/2 35-54 cm -I, c 70-137 liter/mole.cm)]. The high-frequency bands in 
the spectra of oxime II [~OH 3505 cm -~ (A~/2 22 cm-*, e 334 liter/mole .cm)] and oxime XVIII 
[vOH 3586 cm -I (A91/2 22 cm-*, g 366 liter/mole.cm)], which differ markedly from them with 
respect to their width and intensity, belong to the OH stretching vibrations of the oxime 
group. The frequencies of these bands are close to the frequencies of the vOH bands of the free 
hydroxyl groups in the known syn isomers of 2-formylquinoline oxime (3593 cm -I) [13] and 2- 
formYlpyridine oxime (3580 cm-* [14]; this makes it possible to assign a syn configuration 
to oximes II and XVIII. It is known that the strong intramolecular hydrogen bond included 
in a six-membered chelate ring in the anti isomers gives rise to an extremely large low- 
frequency shift of the band; for example, the ~OH band in the spectrum of the anti isomer of 
2-formylpyridine oxime is lowered to 2790 cm -I [15]. 

In contrast to aldehyde I, which undergoes resinification under the conditions of the 
Cannizzaro reaction, its 5,7-dimethyl derivative (XVlI) gives normal products of this reac- 
tion -- (5,7-dimethyl-8-hydroxy-2-quinolyl)methanol (XIX) and 5,7-dimethyl-8-hydroxyquinoline- 
2-carboxylicacid (XX). Thermal decarboxylation of the latter gives 5,7-dimethyl-8-hydroxy- 
quinoline (XXI), which we also obtained from 4,6-dimethyl-2-aminophenol under the conditions 
of the Skraup reaction. 

In the IR spectrum of a dilute solution of dihydroxy derivative XIX in tetrachloro- 
ethylene the frequencies of the stretching vibrations of both the phenolic (3424 cm -I) and 
alcohol (3468 cm-* and shoulder at 3511 cm -~) hydroxyl groups are lowered; this is probably 
explained by their simultaneous participation in an intramolecular hydrogen bond with the 
quinoline nitrogen atom. 
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EXPERIMENTAL 

The IR spectra of tetrachloroethylene solutions (i0 "s mole/liter) or KBr pellets of the 
compounds were recorded with a UR-10 spectrometer. 

2-Formyl-8-hydroxyquinoline (I). A solution of 60.4 g (0.3 mole) of 8-acetoxyquinaldine 
(V) [i0] in 150 ml of dioxane was added at 55-57~ to a suspension of 33.3 g (0.3 mole) of 
selenium dioxide in 375 ml of dry dioxane, and the mixture was stirred at 75-78 ~ for 3 h. 
It was then treated with charcoal and filtered. Water (60 ml) was added to the filtrate, 
and the mixture was cooled with ice and saturated with sulfur dioxide. After 15 h, the 
precipitate was removed by suction filtration and mixed with 900 ml of water and 30 g of 
NaHC03. The solution was treated with charcoal and filtered, and 150 ml of 25% NaOH solution 
was added to the filtrate at 2~ After i0 min, the red precipitate of sodium salt VIII 
was removed by suction filtration and mixed with 600 ml of water, 300 ml of chloroform, and 
18 ml of acetic acid. The lower layer was dried and evaporated, and the residue was crystal- 
lized from 570 ml of n-heptane to give 28.2 g (54.%) with mp 98.5-99~ (mp 98.5-99.5~ [i0]). 
IR spectrum (KBr): vC= O 1707; vOH 3385 (inflection) and 3383 cm -z. 

u-Hydroxy(8-acetoxy-2-quinolyl)methanesulfonic Acid Inner Salt (VII). A stream of SOa 
was passed for I0 min through an ice-cooled solution of 2.15 g (0.01 mole) of 8-acetoxyl-l- 
formylquinoline (VI) [i0] in 20 ml of dioxane and 2 ml of water. After 3 h, the precipitate 
was removed by suction filtration, washed with dioxane, and dried over NaOH to give 2.93 g 
(99%) of colorless crystals. IR spectrum (KBr): 9SO,- 1184, 1251; 9C=O (ester) 1772; ~NH+ 
and ~OH (alcohol) 2850, 3140 cm-*. Found: C 48.6; H 4.0; N 4.9; S 11.3%. C,2HzzNO6S. 
Calculated: C 48.5; H 3.7; N 4.7; S 10.8%. 

Derivatives II-IV and IX were obtained from aldehyde I in refluxing ethanol. 

2-Formyl-8-hydroxyquinoline Oxime (II). This compound was obtained in 81% yield as 
cream-colored crystals with mp 167.5-168~ (from ethanol). IR spectrum (KBr): ~N-O 977; 
~OH 3362, 3413 cm-:. Found: C 63.7; H 4.2; N 14,9%. CzoHsN202. Calculated: 63.8; H 4.3; 
N 14.9%. 

2-Formyl-8-hydroxyquinoline 2-Quinolylhydrazone (III). This compound was obtained in 
98% yield as pale-yellow fibrous crystals with mp 265~ (dec., from dioxane). Found: C 72.4; 
H 4.7; N 17.8%. Cz,H,4N~O. Calculated: C 72.6; H 4.5; N 17.8%. 

2-Formyl-8-hydroxyquinoline 8-Qulnolylhydrazone (IV). This compound was obtained in 
97.5% yield as bright-yellow fibrous needles (from benzene) with mp 201.5-202~ on further 
heating the melt solidified and remelted at 223-223.5~ Found: C 72.9; H 4.6; N 17.7%. 
C,gH,~N40. Calculated: C 72.6; H 4.5; N 17.8%. 

8-Hydroxyquinaldazine (IX). This compound was obtained in 95% yield as bright-yellow 
plates with mp 261~ (dec., from dioxane). IR spectrum (KBr): 90H 3450 cm -~. Found: C 70.4; 
H 4.5; N 16.1%. C2oH~N~02. Calculated: C 70.2; H 4.1; N 16.4%. 

2,5,7-Trimethyl-8-hydroxyquinoline (XI). A 42-g (0.6 mole) sample of crotonaldehyde 
was added at 100~ in the course of 45 min to a mixture of 41.2 g (0.3 mole) of 4,6-dimethyl- 
2-aminophenol (X), 150 ml of concentrated HCI, and 25.0 g (0.15 mole) of 4,6-dimethy!-2- 
nitrophenol, and the mixture was stirred at IO0~ for another 5 h. The excess nitro compound 
was removed by steam distillation, and the residue was diluted with water to volume of 1.2 
liter, refluxed with charcoal, and filtered hot. It was then cooled and filtered to give 
85.7 g of the hydrochloride of XI; additional amount of product was isolated from the filtrate 
for a total yield of 93.2 g, which amounts to 1.39 mole per mole of the starting amine X or 
92.6% based on the sum of the amino and nitro compounds. The hydrochloride was obtained as 
bright-yellow needles (from 10% HCI) and was converted quantitatively to base XI, with bp 
136-140~ (4 mm) [colorless needles With mp 84.5-85.5~ (from ethanol)], by neutralization 
and extraction with benzene. IR spectrum (KBr): 90H ~ 3260 cm-*. Found: C 77.2; H 7.0; 
N 7.2%. C:2Hz~NO. Calculated: C 77.0; H 7.0; N 7.5%. 

2,5,7-Trimethyl-8-hydroxyquinoline 1-Oxide (XlI). A 13.6-g (0.12 mole) sample of 30% 
H20a was mixed with 10.5 g (0.i mole) of acetic anhydride, and the mixture was added after 
2 days to a solution of 5.6 g (0.03 mole) of XI in 30 ml of chloroform. The mixture was 
stirred for 15 h, after which it was extracted with chloroform. The extract was dried over 
Na2CO~ and worked up to give 3.73 g (61%) of oxide XII as bright-yellow fine needles with 
mp 126-126.50C (from ethanol). IR spectrum (KBr): ~N-O 1270 cm -~. Found: C 70.7; H 6.6; 
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N 6.9%. C12HI3NO2. Calculated: C 70.9; H 6.4; N 6.9%. 

2-Formyl-8-hydroxyquinoline 1-Oxide (XIII). This compoundwas obtained in 30% yield as 
yellow needles with mp I03.5-I04~ (from water). IR spectrum (KBr): 9N-O 1285 cm -~. Found: 
C 68.8; H 5.6; N 8.0%. C,oHgN02. Calculated: C 68.6; H 5.2; N 8.0%. 

2,5,7-Trimethyl-8-acetoxyquinoline (XV). A solution of 56.2 g (0.3 mole) of base XI 
in 240 ml of acetic anhydride was refluxed, after which it was vacuum distilled. The frac- 
tion with bp 165-167~ (4 mm) was collected to give 63.5 g (92%) of yellow crystals with mp 
64-65~ (from petroleum ether with cooling to --20~ the product is hydrolyzed by air mois- 
ture. Found: C 73.2; H 6.6; N 6.3%. C,,H~sN02. Calculated: C 73.3; H 6.6; N 6.1%. 

5,7-Dimethyl-2-formyl-8-hydroxyquinoline (XVII). A solution of 11.5 g (0.05 mole) of 
acetoxy derivative XV in 50 ml of dioxane was added in the course of 2 h to a heated (to 
50~ suspension of 5.66 g (0.051mole) of selenium dioxide in 150 ml of dry dioxane, after 
which the mixture was stirred at 75-800C for 3 h. It was then treated with charcoal and 
filtered, and the filtrate was vacuum evaporated at 45-50~ The residue was dissolved in 
i00 ml of toluene, and 560 ml of 5% KOH was added with vigorous stirring at 0=C. The alkaline 
layer was separated rapidly and neutralized to pH 7 to give 8.1 g (80%) of crude aldehyde 
XVII. For purification, a solution of the product in acetone was allowed to stand in an 
evaporating dish until evaporation was complete, and the fluffy crystals were separated from 
the crust of the more contaminated substance; crystallization from cyclohexane gave gold- 
yellow needles with mp I15.5-I16=C. IR spectrum (KBr): vC= 0 1705 and ~OH 3401 cm-*. Found: 
C 71.5; H 5.2; N 6.7%. C12HIIN02. Calculated: C 71.6; H 5.5; N 7.0%. 

5,7-Dimethyl-2-formyl-8-hydroxyquinoline Oxime (XVIII). This compound was obtained in 
97% yield as yellow needles with mp 204-204.5=C (from ethanol). IR spectrum (KBr): uN-O 
970 and VOH 3190 and 3374 cm -l. Found: C 66.6; H 5.9; N 13.1%. CI~Hz2N202. Calculated: 
C 66.7; H 5.6; N 13.0%. 

(5,7-Dimethyl-8-hydroxy-2-quinolyl)methanol (XIX) and 5,7-Dimethyl-8-hydroxyquinoline- 
2-carboxylic Acid (XX). A solution of 14 g of KOH in i00 ml of ethanol was added to a solu- 
tion of 5.03 g (0.025 mole)of aldehyde XVll in i00 ml of hot ethanol, and the mixture was 
refluxed for i0 min. The ethanol was then removed in vacuo, and the residue was dissolved 
in 300 ml of water. A stream of C02 was bubbled into the solution, and the precipitate 
was removed by filtration, dried, and extracted with boiling n-heptane. Workup of the extract 
gave 1.29 g (50.8%) of dihydroxy derivative XIX with mp 135.5-136~ (from n-heptane). IR 
spectrum (KBr): ~C-O 1054, ~OH 3351 (8-OH), and 3399 cm -z (alcohol). Found: C 71.1; H 6.7; 
N 6.7%. C,2Hz3NO2. Calculated: C 70.9; H 6.4; N 6.9%. 

The filtrate from the separation of the precipitated XIX was acidified to pH 3 with 
hydrochloric acid to give 1.94 g (71.5%) of acid XX as short yellow needles with mp 238=C 
(dec., from 50% dioxane). IR spectrum (KBr): ~C=O 1725, ~OH 3203 (COOH), and 3348 cm-* 
(8-OH). Found: C 66.5; H 5.1; N 6.4%. C12H,~N03. Calculated: C 66.4; H 5.1; N 6.4%. 

5,7-Dimethyl-8-hydroxyquinoline (XXI). A) 13.72-g (0.i mole) sample of 4,6-dimethyl-2- 
aminophenol (X), 8.36 g (0.05 mole) of 4,6-dimethyl-2-nitrophenol, and 37 g (0.4 mole) of 
glycerol were mixed in a flask with an efficient reflux condenser, 32 g of oleum (4% free 
SOs) was added, and the mixture was heated carefully until an exothermic reaction commenced. 
When the exothermic reaction subsided, the mixture was refluxed for another 3 h and diluted 
with water. The nitro compound was removed by steam distillation, the residue was made 
alkaline to pH 9, and the product was removed by steam distillation to give 14.55 g (84%) 
of a product with bp 126-129~ (4 mm) [colorless crystals with mp 96-96.5~ (from ethanol)]. 
IR spectrum (tetrachloroethylene): ~OH 3412 cm -~. Found: C 76.3; H 6.6; N 8.1%. C,~H~INO. 
Calculated: C 76.3; H 6.4; N 8.1%. 

B) A O.18-g (0.0008 mole) sample of acid XX was heated at 240-250~ for 15 min, after 
which base XXl was removed by steam distillation to give 0.i0 g (70%) of a product with mp 
95.5-96~ (from ethanol); no melting-point depression was observed for a mixture of this 
product with a sample obtained by method A. 
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The reduction of optically active N-(~-phenylethyl)-A','-hexahydro-4-pyrlndonewith 
lithium aluminum hydride proceeds as asymmetric stereospecific 1,4-hydride addition 
and leads to the formation of primarily the thermodynamically stable trans-(8S,9S)- 
N-(a-phenylethyl)octahydro-4-pyrindone and a small amount of the corresponding cis 
isomer. Only cis-(SS,gS)-octahydro-4-pyrindone was obtained from each isomer and 
the mixture of isomers after removal of the chiral substituent from the nitrogen 
atom. The absolute configurations of the compounds obtained were established on 
the basis of circular dichrolsm data and the octant rule. 

Continuing our study of methods for the synthesis of chiral y-piperidones and their 
conformational behavior we investigated the stereochemical specificity of the reduction of 
optically active N-(a-phenylethyl)-As,9-hexahydro-4-pyrindone (I) with lithium aluminum 
hydride. 

The reduction of chiral enamino ketone I with lithium aluminum hydride and the isolation 
of the reaction products were accomplished as in [2] with equimolar ratios of the reagents. 
Column chromatography of the reaction mixture on aluminum oxide and silic~ ge I gave N-(~- 
phenylethyl)octahydro-4-pyrindone (II) and N-(~-phenylethyl)octahydro-4-pyrindole (III) in 
quantitative yield in a ratio of 3:1; the structures and compositions of the products were 
confirmed by the result of elementary analysis, mass spectrometry, and IR and PMR spectros- 
copy (se~ithescheme on the following page). 

Chromatography of the analytically pure octahydro-4-pyrindone II after separation with 
a column in various systems of solvents on Silufol showed the presence of a mixture of two 
isomers, lla and lib, with considerable predominance of isomer fla. Only traces of isomer 
lib were detected by chromatographic monitoring of the reaction mixture during and after 
reduction. The amount of isomer lib increased somewhat on contact with the sorbent. Chromato- 
graphically individual isomer lla was isolated from the mixture of isomers by means of column 
chromatography on silica gel; we were able to obtain isomer lib in small amounts after 
repeated column chromatography of isomer lib-enriched fractinns. On the basis of the results 
of chromatographic separation of the mixture of isomers lla and lib it was established that 
the isomer ratio is 8:1. 

*Communication XLVIII from "Stereochemical Studies." See [i] for communication XLVII. 
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