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SYNTHESIS AND TAUTOMERISM OF 2.4-DIHYDROXYQUINOLINES 
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The reaction 01 ethyl N-12-(2-2-acety1)phenyIIcarbamates with NaHnHF yields 3-2-2.4- 

dihydroxyquinolinne [Z=SMe, SOMe. SO$& and CN]. The study 01 the fautomeric equilibria of all these 

substrates by 13C-nmr shows that thioether and nitrile exhibit the Zquinolone structure, whereas the sulloxide 

and probably the sulfone exist as 4quinobne tautomers. 

In previous paper1 we have reported the anomalous behaviour of the N-ethylcarbamates of 1-(2-aminopheny1)-2-Y- 

ethanol (Y=SMe, SOMe and SO$&) in basic media, which did not yield the expected hydroxyamino derivatives. A similar 

anomalous behaviour was observed in reactions of the corresponding carbong derivatives. Thus, during the murse of 

synthetic investigations involving the preparation of some oxisuran bioisosters (oxisuran = methylsulfinylmethyl 2-pyridyl 

ketone),l. 2. t became necessary to hydrolize carbamate (3) in order to obtain the amino derivative (7 ) .  Surprisingly 

enough, in addition to the amine, a large amount of quinoline derivative (9) was isolated under the usual hydrolizing 

conditions (~aO~/~eOH-H20) .~(Scheme 1) 

Scheme 1 

Using basic media unable to hydrolize the carbamate, f i  would be possible to get the 2,4-dihydroxyquinoline derivatives4 

from the more easily available oacetylaniline derivatives. The importance of these heterocycles, widely spread among the 

quinoline type of alkal~ids.~ prompted us to investigate the smpe of this reaction. Furthermore, the creation of the C(2)- 



C(3) bond in quinoline can be regarded as a new approach in the Neation of the quinoline ring since, to our knowledge, 

there is no precedent of such a process in the literat~re.~ 

In this paper we report the resuns obtained by treating the ethyl u(2-(2-Z-acetyl)phenyl]carbamates [(Z=H (I), Br (2), SMe 

(3). SOMe (4), S02Me (5) and CN (6)l . shown in Scheme 2, in basic non-hydrolyzing media and the 1%-nmr studies 

concerning the tautomeric equilibria of the obtained 3-2-2,4-dinidroxyquinolines [Z=SMe (9). SOMe (lo), S02Me (11) 

and CN (12)l. 

Z Compound 

The synthesis of the compounds (15) had been previously reported.' The cyano derivative (6) was prepared by reaction 

of the bromo derivative (2) with sodium cyanide in dimethylformamide (Scheme 3). Anempts to obtain 6 failed when both 

starting material and reagent were used in equimolar amounts, since dimeric compound (8)  was obtained as the major 

product. However, when 2 was added on a large excess of sodium cyanide, 6 could be isolated in high yield (Scheme 3). 

Scheme 3 

The transformation of keto derivatives (38) into 2.4-dihydroxyquinolines (S12) was carried out with non-aqueous bases 

such as N~HTTHF.~ In these conditions hydrolysis of the carbamate group was not detected (Scheme 4). The formation of 

the quinoline ring requires Z to be an electron withdrawing group. This allows the generation of the intermediate anionic 

species (I), shown in Scheme 4, which undergo intramolecular anack to the carbamate group forming the C(2)-C(3) bond. 

On the contrary, in the case where Z does not stabilize the carbanion I (Z=H. Br) the formation of the carbamate anion II 

(Scheme 4) must be easier, precluding the formation of the corresponding quinoline derivatives. Thus, treatment of ethyl 

N-(2-acetylphenyl)carbamate 1 (Z=H) with NaHTTHF recovered the starting material, whereas the ethyl N-(2- 

bromoacetylphenyl)carbamate 2 (Z=Br) yielded the indolinone (13) resulting of the intramolecular substitution of bromine 

by the carbamate anicnl 



Once the synthesis of the 2,4dihydroxyquinolines was optimized. we attempted the study of their tautomeric behaviour. 

This study was carried out by I3C-nmr spectrcscopy, as in similar Nmethylated derivatives pmviwsly &~~dbed.9 

Starting Reaction Yield Reaction 
Matwial time (h) w) product 

Scheme 4 

The five possible tautomeric forms for quinoline derivatives (8-12) and the numbering used to identiy the carbons have 

been indicated in Scheme 5. The l%-chemical shills of the signals corresponding to the commercially available 2.4- 

dihydroxyquinoline ( E H )  (14) (used as reference) and those for compounds (9-12). recorded in DMSO, are given in 

Table 1. The assignments were easily made by comparison with data reported in the literature for products of similar 

siructure.Q. 10. 

A single set of signals can be observed in the 1%-nmr spectra of compounds (9-12) (the same is true for the l ~ - n m r  

spectra), which indicates that tautomerism showed in Scheme 5 is fast in the nmr time scale. As only one of the signals in 

the spectra of the mmpounds (911) can be assigned to saturated carbon (corresponding to the methyl group) 

structures IV and V can be ruled out. On the other hand, tautomer Ill can be also precluded because of the well-known 

trend of 2- and 4-hydroxypyridines and quinolines to be protonated on nitrogen as a consequence of their lower 

tm~lalpy.11 AS a resun tautwnerism is reduced to fons  I and 11. 



Tabla 1 : l 3C-~mr  chemicalshifts of mmpounds(912) and (14) in DMSOds. 

Corrpd.(Z) G2 C 3  C-4 C4a C-5 C-6 C-7 C-8 C8a Other 

a Can be interchanged. 

In order to know which of the two possible tautorners (2-quinolone or 4-quinolone) is mainly adopted by each of the 

compounds (9-12) described in this paper, we have used the reporled chemical shins lor compounds (1517)9 collected 

in Scheme 6 as reference. From this Scheme it can be seen that the 6values for the atoms C-3. C-4 and C-4a are very 

different in both types of structures, and they must therefore be used to establish the nature of the predominant 

tautomer. The chemical shifts for the rest of the carbons cannot be used for this assignment because of their similarity in 

both tautomers. 

The similarity between the observed 6 values for the carbon atoms in compound (14) (Table 1) and those of the 

heterocycles (15) and (16) depicted in Scheme 6 (A6< 1.2 ppm), along with the marked differences that 14 shows with 

respect to 17, allow us to mndude that 14 exists mainly as the Bquinolone tautomer. On the other hand, the comparison 

of the chemical shift values observed for 14 and 15 and those of 15 and 16 (all of them with 2-quinolone structure) 

showed respectively that neither methylation on nitrogen nor on oxygen at the 4 position changed substantially the 6 

values of the heterocydic rings, at least in this kind of tautomer. 

Thioether (9) exhibits similar chemical shifts to those of mmpound (14) (and so to those of 15 and 16) except for C-3, 

which is more deshielded in 9 (A6=6.5 ppm). This variation is within the range that, in other substrates.'' a sulfenyl group 
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affects the chemical shins of an olefinic carbon directly bonded to sunur. It allows us to assume that compound (9) exists 

as Zquinolone tautomer. Taking into amount that the effect on the chemical shin of C4a of the substitution at C-3 must 

be small in 4quinolone structures, the fact that bC(4a) for compound (9) was similar to that of 14, but very different to that 

of 17 (existing as 4quinolone tautomer) reinforces the assumption of the 2quinoione structure for thioether (9). 

Scheme 6 

Compounds (10) and (11) show a clearly different behaviour. The p4fect  resulting from one or two oxygens on sulfur 

atom [sulfoxide (10) or sulfone ( l l ) ] ,  should induce a downfield shin of C-3 as compared with chemical shift of above- 

mentioned carbon when the oxygen is missing [sulfide (S)]. Nevertheless, the C-3 chemical shins observed for 10 and 

11 are even lower than those for S (see Table I), which suggests that sulfoxide and sulfone must exist as a different 

tautomeric structure to that of 9, namely 4quinolone tautomer. 

In order to evaluate the eilecl of the SOMe and SO$& groups on the chemical shin ot the oiefinic carbons, we mmpared 

the 13~-chemical shins of E-2-methylsulfinyl- and E-2-methylsulfonyl-2-butanes [obtained by treatment of an ethanolic 

solution of erythm3-chloro (or bromo)-2-methylsuninylbutane and erythrod-chloro (or brom0)-2-methylsulfonylbutane l3 

15 
with a 10% aqueous solution of sodium hydroxide]14 with those reported for 2-butene. This Comparison allows us to 

establish the a- (on C-21, p (on the oiefinic C-3 and the saturated C-I) and yeffects (on C-4) induced by the SOMe and 

S02Me groups shown in Scheme 7. By adding these values to those of 14, which exhibits a 2quinolone structure, we 

can calculate the expected values for 10 and 11 when they adopt the same Zquinolone structure (A and B in Scheme 

7). On the other hand on the basis of the values obtained for compound (17) (Scheme 6). which exibits the 4-quinolone 

structure.1~ it is possible to calculate the expected values for suiloxide and sulfone, if they existed as 4-quinolone 

tautomer (D and E in Scheme 7). 

In the case of sulfoxide (lo), the experimental 13C-6values (Table 1) quite agree with those calculated for D, but they are 

very different to those calculated for A. As a consequence, we can ascertain that sulfoxide (10) exists as a 4-quinolone 

tautomer, being this compound the first non-methylaled 1,4-dihydroxyquinoline reported exhibiting this structure. 

In the case of sulfone (111, the agreement between calculated (B and E in Scheme 7) and experimental (Table 1) values is 

worse than in the case of sulfoxide. The 2-quinolone structure predicts better the chemical shifts of the C-2 and C-4, 

whereas fw the 4quinolone one, the agreement is more satislactory for C-3 and C-4a. Anhough this l a d  prevent us from 

ascertaining unequivffially the favored tautomer for the sulfone (111, we think that it must exist as 4quinolone, as in the 



2156 HETWOCYCLES, Vol. 32, No. 11, 1901 

case of sulfoxide (10). That is because the pelfects of the sunonyl group are very dependent on the spatial arrangement 

of the sunur substituents, whereas the rnagnitude of the a-effects must be almost independent of such disposition, which 

gives higher predictive value to the first effect. Moreover, the p-effect of + I 2 2  ppm obsewed for C-3 in the 2- 

methylsullonyl-2-butene (Scheme 7) is a consequence of the strong -M effect of the S q M e  group, that requires an 

adequate orientation between the sunur dorbiials and the double bond. The conformational restrictions around the C(3) 

S bond, imposed by the oxigenated functions at C-2 and C-4 in compound ( I t ) ,  muld hinder such spatial arrangement 

achieved, determining a much lower B-effect of the sulfonyl group than that observed in the model. These conformational 

restrictions must be operative in all sulfur functions, even in the case of sulfoxide, which suggests that the good 

agreement obsewed between calculated and experimental values for C-2 and specially for C-4 in compound (10) must be 

accidental. This possibility is probably due to the low rnagnitude of the p-effect lor the SOMe group.I7 

Scheme 7 

The a-effect of the CN group on an unsaturated fragment is -15.8 ppm and the p-effect is +16.4 ppm (see Scheme 7).18 

By assuming a 2-quinolone structure for 12, we can predict the values indicated for C in Scheme 7 (taking 14 as the 

reference compound), whereas if the nitrile existed as 4quinolone tautomer, it is possible to calculate the values indicated 

for F (taking 17 as the model mmpound). In this case, there is a clearly much better agreement between the experimental 

values and those calculated for C, which indicates that the nitrile (12) exists as Pquinolone tautomer.'"aking into 

account that the CN group cannot exhibit different spatial arrangements, nor its conjugation with the double bond be can 



aiiered by steric interactions, the B-elfects predicted for this group on a simple model, must be very reliable in compound 

(12). 

As conclusion, we can state that the 2quinolone tautomer is the preferred structure for subtrates (9) and (12) as it is the 

case in the other 3-substituted 2,4-dihydroxyquinolines so far reported, whereas for sulfoxide (10) and. probably for 

sulfone ( l l ) ,  the predominant tautomer is 4-quinolone. 

EXPERIMENTAL 

Silica gel used in column chromatography was Merck-60 (230-400 mesh). Meiling points were determined on a BOchi 

594392 type S apparatus in open capillary tubes and are uncorrected. Mass spectra (ms) were recorded in a HP-5985 

spectrometer in the electron impact (El) at 70 eV. Mass data are reported in mass unit (mh) and the values in brackets 

regard the relative intensity from the base peak (as 100%). The infrared spectra were obtained on a Nicolet 5 DX FT-IR. 

The proton nmr spectra were recorded on a Bruker WP-200-SY spectrometer in FT mode. Shifts are reported in ppm 

down field from internal TMS when deuterium chloroform was the solvent. 

Ethvl N-I2-I2-CvanoacehIJ~henvllcarbamate (81. To a suspension of 0.40 g (8.20 mmol) of sodium cyanide in 30 

ml of DMF 0.20 g (0.70 mmol) of ethyl N(2-(bromoacetyl)pheyl]carbamate (2) in 10 ml of DMF were slowly added. The 

mixture was stirred at room temperature for 1 h, then the reaction mixture was quenched with saturated aqueous 

ammonium chloride. The organic phase was washed with 10 ml of water three times. The organic solution was dried over 

sodium sulfate. Removal of the solvent under reduced pressure furnished a residue which was crystallized from 

hexanelacetone. Yield 0.13 g (84%). mp 195-196°C. Anal. Calcd for Ci2Hi2Nz03: C, 62.06; H, 5.21; N, 12.06. Found: C, 

62.10; H, 5.24; N, 12.14.Ymx (KBr) 3280, 2950, 2265, 1730, 1660, 1600, 1540, 1460, 1210, 1070, 940 and 775 

cm.l. Ms: 232 (W)  (20.3), 192 (19.8), 164 (14.3), 146 (100.0). 132 (14.5), 120 (63.0), 105 (6.9). 92 (55.3), 77 (11.9) and 

64 (33.6). 8 (CDC13): 10.70 (br s, IH). 8.57 (m. IH). 7.M (m, 2H), 7.10 (m. IH). 4.24 (q. J=7.2 Hz. 2H), 4.18 (s, 2H) and 

1.33 (1, J=7.2 Hz, 3H). 

1.4-Bisl2-ethoxvcerbonvlamino~henvlJ-2-cvano-l.4-butanedione8 It was obtained from ethyl N-(2- 

(bromoacetyl)pheyl]carbamate in the same manner as described for the preparation of 6 but using equimolecular amount 

of sodium hydride. It was crystallized from hexanelmethanol. Quantitative yield, mp 197-199°C. Anal. Calcd for 

Q3H23N306: C, 63.15; H, 5.30; N, 9.61. Found: C, 63.20; H, 5.35; N, 9.62. v,,,(nujol) 3280, 2250, 1730, 1660, 

1590, 1535, 1255. 1220, 1170. 1070 and 750 cm-I. Ms: 437 (M+) (8.9). 419 (2.6). 391 (2.8). 346 (1.3). 246 (9.7), 192 

(42.3),164(14.1), 146(100.0), 120(22.6),92(19.5)and65(11.4).6(CDC!3):10.W(brs, IH),10.58(brs, 1H),8.60(d, 

J=8.6 Hz, IH), 8.53 (d, JS.5 Hz, IH), 8.08 (dd, J=1.2 and 8.2 Hz, IH), 7.98 (dd, J=l.t and 8.0 Hz, IH), 7.67(dt, J=1.2 

and8.6Hz, 1H),7.61 (dt, J 4 . l  and8.5Hz. IH),7.20(1, J=7.6Hz, IH), 7.13(1, J=7.8Hz, 1H),5.06(m, 1H),4.23(c, J=7.0 

Hz, ZH), 4.20 (q, J=7.0 Hz, 2H), 3.90 (m, 2H), 1.30 (1, Jz7.0 Hz, 3H) and 1.29 (t, k7 .0  Hz, 3H). 

General procedure tor the svnthesis of 3-substituted 2.4-dlhvdroxvauinolines 19-121. To a suspension 

of 0.02 g (0.87 mmol) of sodium hydride in dry THF (20 ml) under argon atmosphere the corresponding carbamates ( 5 6 )  

(0.4 mmol) in dry THF (10 ml) were added. The mixture was then refluxed. Alter m l ing  and diluting with water thesolution 

was neutralized with 10% aqueous hydrochloric acid. In the case of the thioether (9) the organic material was extracted 
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into methylene chloride and the solution was dried over sodium sulfate. The solvent was removed under reduced 

pressure. In the case of the highly water-soluble quinolines (10-12) it was necessary to evaporate the aqueous layer to 

dryness and extract the solid residue with methanol. 

2.4-Dihvdroxv-3-methviIhioauinoiine (91 was obtained from 3. Reaction time: 2 h. It was crystallized from 

cyclohexanelacetone. yield (84%) mp 205-207°C (demmpt.). Anal. Calcd for CIO~NO$: C, 57.95; H, 4.38; N, 6.76; S, 

15.83. Found: C, 57.86; H, 4.27; N, 6.88; S, 15.83. vm,,(KEr) 3320, 2900, 1655, 1600, 1500, 1409, 1291, 1226, 876, 

750 and 630 an-I. Ms: 207 (M+) (W.0), 192 (0.9), 174 (100.0), 164 (22.7). 146 (13.4), 133 (14.5). 120 (22.7), 104 

(14.0), 92 (27.4), 77 (22.4) and 63 (18.7). 6 (CDCb): 11.60 (br s, IH), 7.96(br s, IH), 7.96 (dd, J=1.6 and 8.0 Hz, IH, H- 

5), 7.57 (ddd, J4.6, 7.0 and 8.2 Hz, IH, H-7), 7.44 (dd, J=1.2 and 8.2 Hz, IH, H-e), 7.25 (ddd, J=1.2, 7.0 and 8.0 Hz, IH, 

H6) and 2.41 (s. 3H, CN).  

2.4-Dihvdroxv-3-methvisuifinviauinoiine (101 was obtained from 4. Reaction time: 5 days. It was purified by 

mlumn chromatography using methanol as eluent, yield (58%), mp A80"C. Anal. Calcd for CjoH$d03S: C, 53.80; H. 

4.06; N, 6.27; S, 14.36. Found: C, 53.78; H, 4.00: N, 6.21; S, 14.28. v,,,(nujol) 3409, 3219, 1665, 1623, 1264, 1166, 

1025, 969, 765 and 667 cm.'. Ms(EI): 223 (M+) (43.5). 130 (43.5). 91 (52.2), 83 (69.6), 73 (100.0) and 65 (52.2). 6 

(DMSO-d6): 10.20 (br s, IH), 10.15 (brs, IH), 7.83 (dd, J d 6 a n d  8.0 Hz, IH, H-5), 7.30 (ddd, J=1.6, 7.1 and 8.2 Hz, IH, 

H-7), 7.03 (dd, J d l  and 8.2 Hz, IH, H-6), 6.92 (ddd, J4.1, 7.1 and 8.0 Hz, IH, H-6) and 2.89 (s, 3H, CN).  

2.4-Dihvdroxv-3-methvisuifonvlauinoiine(1l~was obtained from 5. Reaction time: 2 days. it was crystallized 

from acetonelmethanol, yield (80%), mp 324-326°C. Anal. Calcd for CloHgNO4S: C, 50.20; H, 3.79; N, 5.85; S, 13.40. 

Found: C, 50.18: H, 3.72: N, 5.81; S, 13.53. v m,,(nujol) 3450, 1655, 1480, 1025, 995 and 850 cm-I. Ms: 239 (M+) 

(4.5), 167 (22.51, 139 (63.5). 105 (87.7). 91 (24.6). 83 (32.4). 74 (23.0) 67 (21.3). 57 (67.6) and 43 (100.0). 6 (DMSD 

d6):10.20(brs, IH), 10.15(brs, IH), 7.85(dd, J=1.6and8.0Hz, IH, H-5), 7.34(ddd, J4.6, 7.1 and8.3Hz, IH, H-7), 

7.10 (dd, J4 .2  and 8.3 Hz, IH, H-8). 6.95 (ddd, J=1.2, 7.1 and 8.0 Hz, IH, H-6) and 3.12 (s, 3H. CH3). 

2,4-Dihvdr0~~-3-~ven0auin0iine~121 was obtained from 6. Reaction time: 3 days. It was purified by column 

chromatography using methanol/chlwoform (213) as eluent. yield (90%). mp 288.290% (1it.,~~289'C). 
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