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Abstract-Reactions of 3-fluoro- (la), 3-broma- (lb), 3-methyl- 

(1~1, 3-methoxy- (Id1 and 3-acetamidoquinoline 1-oxides (lel 

with acylating a g e n l s  (POC13, Ac20, TsCl end PhCOC1) were exam- 

ined (Table). While only 2-substituted quinolines were ob- 

tained from la and lb, fair amounts of 4-substituted products 

were formed in reactions of id, the sole formation of the 4- 

acetoxyquinoline ( 6 1  with Ac O being the most significant re- 
2 

sult. 2-Chloraquinolines, 4-chloroquinolines and 2-tosyloxy- 

quinolines were formed (and sometimes predominate) in addition 

to 2-quinolinones in reactions with TsC1. 

In our search for effective medicines for dementia of Alzheimer type, we have syn- 

thesized a number of 4-aminopyridine and 4-aminoquinoline derivatives. During the 

course of this work we examined reactions of 3-substituted quinoline 1-oxides with 

acylating agents in connection with synthesis of 2.3-disubstituted 4-aminoquino- 

lines. Although there are a few reports on such reactions,' no conherent studies 

have not be done. We chose 3-fluora- (la), 3-bromo- (lbl, 3-methyl- (lc), 3-me- 

thovy (Id), and 3-acetamidoquinoline 1-oxides (le) as 3-substituted quinaline 

1-oxide and studied their deoxygenative substitution with phosphoryl chloride 

(FOCI3), acetic anhydride (Ac201, tosyl chloride (TsClI, and benzoyl chloride 

(PhCOClI. The reaction conditions and results are summarized in Table. 
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Table. Reactions of 3-Substituted Quinoline 1-Oxides ( 1 )  

with Acylating Agents 

Reagents and conditions: 1 )  POC13, 90°C, l h ;  21 Ac20, reflux, 2 h; 

3) TsC1-CHC13, 10%K2C03, room temperature, 3 h; 41 TsC1, CHC13, 

reflux, 1 h; 51 PhCOC1-CHC13, 10% K2C03, room temperature, 3 h 

2-Substituted 4-Substituted 
Run 1 Reaction Other 

Product 1%) Product 1%)  
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Reactions of 3-fluoroquinoline 1-oxide (la1 proceeded regioselectively and af- 

forded exclusively 2-substituted quinolines (2a and 4a1 in generally good yields. 

Thus, the reaction with POC13 afforded only 2-chloro-3-fluoroquinoline (2.31 with- 

out simultaneous formation of the 4-chloro isomer, and it was found that the 

reaction with TsCl gave Za alone not only under reflux in chloroform but also at 

room temperature in the presence of lO%potassium carbonate (K2C031, the corre- 

sponding 2-quinolinone being not isolated. 

The reaction of 3-bromoquinoline 1-oxide (lb) gave also only 2-substituted qui- 

nolines (Zb, 4b and 71. While Ochiai and Okamotola reported that 3-bromo-2-quino- 

linone (4b) was formed in 70% yield upon heating lb with Ac 0 at 130-140'C in a 
2 

sealed tube, heating lb at reflux with Ac 0 for 2 h resulted in the formation of 2 

4b in a small yield of 10% with a major formation of 5-(3-bromo-2-quinolyll-3- 

bromo-2-quinolinone (7; 42'61. Reactions with TsCl yielded the 2-chlaroquinoline 

(Zbl and the 2-quinolinone (4bl differently from those of la. 

Although Lyle and coworkers reported that 3-methylquinoline 1-oxide (lcl gave 2- 

c h l o r o - 3 - m e t h y l q u i n o l i n e  (Zcl in 87% yield when heated at reflux with POC13,1f we 

obtained practically the same amounts of Zc (31%) and the 4-chloro isomer2 (3c; 

34%) from the reaction at 90°C for 1 h .  Such an inconsistency remains to be ex- 

plored further. Whereas the reaction of lc with TsCl and 10%K CO gave 3-methyl- 
2 3 

2-quinolinone (4cI as the sole product, 4c and 3-methyl-2-tosyloxyquinoline (5c1 

were obtained under reflux with TsCl in chloroform, no formation of the 2-chlora- 

quinoline (Zc) being noticed in these cases. 

In the reaction of 3-methoxyquinoline 1-oxide (Id1 the reactivity of the 4-posi- 

tion apparently appeared. Fair amounts of 4-ch lo ro-3-methoxyquino l ine  (3dl were 

obtained together with the 2-chloro isomer (Zdl not only in the reaction with 

POC13 but also in those with TsC1; the latter reaction gave additionally 2-qui- 

nolinane (4dl but in rather small yields. Particularly noteworthy is the exclusive 

formation of 4-acetoxy-3-methoxyquinoline ( 6 )  in 65% yield in the reaction with 

Ac20. Treatment of 6 with K2C03 solution smoothly led to 3-methoxy-4-quinolinone 

(81. The reaction of id with PhCOCl gave rise to much resinification, no definite 

products being obtained. 
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Reactions of 3-acetamidoquinoline 1-oxide (le) gave only 2Lsubstituted products 

in consistently rather low yields. While the reaction with TsCl in the presence of 

10% K CO gave only 3 - a c e t a m i d o - 2 - q u i n o l i n o n e  (4e1, a fair amount of the Z-tosyl- 
2 3 

oxyquinoline (5e) was formed together with 4e and the 2-chloroquinoline (2e) in 

the reaction in boiling chloroform. 

The structures of these products were assigned on the basis of elemental analyses 

and k n m r  spectra, and the structure of 6 was further confirmed X-ray diffrac- 

tion study. 

Among the above-mentioned reactions, the exclusive formation of 4-acetoxy-3-me- 

thoxyquinoline (6) from id and AcZO is most significant, because the reaction of 

Ac O with quinoline 1-oxide having no 2-substituent did not produce 4-substi- 
2 

tution products, with one exception of the formation of a minute amountof 6- 

methoxy-4-quinolinol (0.5%) from 6-methoxyquinoline l - o ~ i d e . ~  The reaction of 

quinoline 1-oxides with TsCl or PhCOC1, especially in the presence of an alka- 

line solution, has been efficiently appliedto the preparation of 2-quinolinanes, 

3-6 but some other products have been isolated in some cases. In fact, while the 

reaction with PhCOCl provided only the corresponding 2-quinolinones (4a,b,c,e) 

apart from the resinification in the case of id, the reaction with TsCl gave 

rise to other products in all cases. ~ h u s ,  2-tosyloxyquinolines (5c and 5e) were 

farmed in reactions of lc and le, and the deaxygenative chlorination occurred in 

reactions of la, lb, id, and le. The formation of 2-acyloxyquinolines from quino- 

line l-oxides and acylating agents has been previously observed in reactions of 

~-methoxy-,~ ~-acetamido-~ and 4-methylquinoline 1-oxides5 with TsCl or PhCOCl 

in the presence of bases, and electron-donating substituent seems to promote 

this type of reactions but its essential features are not yet clear. The deoxy- 

qenative chlorination by means of TsCl has been also described in a few 

However, it is very noticeable that the reaction of the la with TsCl afforded ex- 

clusively the 2-chloroquinoline (2a1 independently of the presence or absence of 

K2C03 solution. We obtainedthe quinolylquinolinone (7) only fromthe reaction of lb 
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with Ac20; similar quinolylquinolinones were shown to be given also from reac 

tions of some quinaline 1-oxides with TsCl and PhCOCI. 3,4 

EXPERIMENTAL 

All melting points are uncorrected. I H - N ~ ~  spectra were recorded on a Hitachi 

RB-24 spectrometer using tetramethylsilane as an internal standard. X-Ray dif 

fraction data were obtained from a Enraf-Nonius CAD 4 diffractorneter. 

Reaction with POCl -A solution of la-e (Zg) in POC13 (lorn11 was heated at 9O0C 

for lh. Excess POC13 was distilled off, and the residue was poured into H 0 ,  
2 

neutrallized with 10% K2C0 and extracted with CHC13. The residue from the CHCl 
3 3 

extract was chromatographed on silica gel column, and the products were recrys- 

tallized from appropriate solvents. 

Reaction with Ac-0- A solution of la-e (291 in Ac 0 (IOmll was heated at relux 2 

for 2h. Excess Ac 0 was evaporated under reduced pressure, and the residue was 
2 

poured into H 0, neutrallized with 10% K CO and extracted with CHC13. The residue 
2 2 3 

from the CHC13 extract was chromatographed on silica gel column, and the products 

were recrystallized from appropriate solvents. 

4-Acetoxy-3-rnethoxyguinoline ( 6 ) A  solution of id (Zg) in Ac 0 (10mli was heated 
2 

at reflux for Zh, and then excess Ac 0 was evaporated under reduced pressure and 
2 

the residue was dissolved in CHCI3. The CHC13 solution was washed succesively 

with aq.NaHCO3 and ~ ~ 0 .  The residue from the CHC13 solution was recrystallized 

from CBCl ether to give 17 g (69%) of 6, colorless needles, mp 115-116°C. Anal. 3 - 

Calcd for C 12H11N03: C, 66.35; H, 5.10; N, 6.45. Found: C, 66.34; H, 5.07; N, 6.41. 

I H - N ~ ~  (CDC1 ) 6 :  2.47 (3H, s ,  COCH31, 4.00 (3H, s ,  0CH31, 7.31-8.12 (4H, m, H5_81, 
3 

8.80 (lH, s ,  H I 
2 ' 

To a solution of 6 (1.65 g) in MeOH (40 mll was added 10% K2C03 (10 ml), and the 

whole was stirred at roam temperature for l h  and then treated with anhydrous res- 

in amberlyst. The solvent was evaporated and the residue was recrystallized from 

CHCl -MeOH to give 1.3g (65%) of 3-methoxy-4-quinolinone (81, colorless granules, 3 

mp 151-152'C. Anal. Calcd for C10H9N02: C, 68.17: H, 5.15; N, 7.95. Found: C, 

68.35; H, 5.01; N, 8.20. '~-~rnr (CDC1 6: 3.80 (lH, s ,  0CH31, 7.15-7.95 (4H, m, 
3 

H5-8), 8.30-8.55 ( l H ,  dd, J=1.5 and 8.0Hz, HZ), 11.70 IlH, br s ,  NH). 
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Reaction with TsC1-10%K CO - A  solution of la-e (2 51 and TsCl (2.06.2.809, 1.2 - 
equiv. in CHC13 (40 ml) was stirred with 109. K2C03 (4Omll at room temperature 

for 3h. The CHC13 layer was separated, washed with H O and concentrated. The re- 
2 

sidue was chromatographed on silica gel column, and the products were recrystal- 

lized from appropriate solvents 

Reaction with T s C l  -A solution of la-e (2gl and TsCl (2.06-2.805. 1.2 equiv.) 

in CHC13 (40mll was heated at reflun for lh. The reaction mixture was washed 

with H 0 and concentrated. The residue was chromatographed on silica gel column, 2 

and the products were recrystallized from appropriate solvents. 

Reaction with PhCOC1-10% K,CO -A solution of la-e (2 5) and PhCOCl (1.52-2.19 y, 

1.2 equiv.) in CHC13 (40mll was stirred with 10% K2C0 (40mll at roam temperature 
3 

for 3 h. The precipitate was filtered off, and the CHCI3 layer was washed with 

H 0 and concentrated. The residue was chromatographed on silica gel column, and 2 

the products were recrystallized from appropriate solvents. 

2-Chloroquinolines 

2a (Runs 1, 3 and 41: Colorless needles, mp 83-84°C (hexanel. &. Calcd for 

C H NFCl: C, 59.53; H, 2.78; N, 7.71. Found: C, 59.50; H, 2.62; N, 7.71. '~-~rnr 9 5 

(CDCI I 6: 7.40-8.05 (5H, m, H4_8). 
3 

2b (Runs 6, 8 and 91: Colorless needles, mp 91-92OC (hexanel. Anal. Calcd for - 

C9H5NBrC1: C, 44.58; H, 2.08; N, 5.78. Found: C, 44.87; H, 2.03; N, 5.68. 'H-~mr 

(CDC1 I 6: 7.30-8.01 (4H, m, H5_81, 8.28 (IH, s ,  H41. 
3 

2clf (Run 111; Colorless scales, mp 80-81-C (hexanel. Anal. Calcd for C10H8NC1: 

C, 67.62; H, 4.54; N, 7.89. Found: C, 67.86; H, 4.43; N, 7.85. '~-~mr (CDCI 6 :  
3 

2.43 13H, 5 ,  CH3), 7.20-8.00 (5H, m, H 
4-8). 

2d (Runs 16, 18 and 191: Colorless needles, mp 80-81°C (hexanel. m. Calcd for 
C H NC1: C, 62.03; H, 4.16; N, 7.23. Found: C, 62.23; H, 4.09, N, 7.25. I H - N ~ ~  10 8 

lCDCl31 6: 3.95 (3H, 5 ,  0CH31, 7.30-8.10 (5H, m, H4_81. 

2e (Runs 21 and 241: Orange needles, mp 168-169'C (EtOH). Anal. Calcd for C 
llH9 

N20C1: C, 59.88; H, 4.11; N, 12.70. Found: C, 59.94; H, 4.07; N, 12.60. ' ~ - ~ m r  

lCDC1 I 6: 2.30 (3H, s ,  COCH3), 7.10-7.90 (5H, rn, H 
3 5-8, NHAc), 8.91 (IH, 5 ,  H ) 4 ' 

4-Chlor~~uinolines 

3c2 (Run 111: Colorless needles, mp 52-53'C (hexane). s. Calcd for C ~ ~ H ~ N C I :  
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C ,  67.62; H, 4.54; N, 7.89. Found: C, 67.66; H, 4.44; N, 7.85. I H - N ~ ~  (CDCl31 6: 

2.50 (3H, s ,  CH31, 7.40 (4H, m, H 5-81, 8.61 (lH, s ,  ~ ~ 1 .  

3d (Runs 16, 18 and 191: Colorless needles, mp73-74°C (hexanel. a. Calcd for 

C H NOCl: C, 63.03; H, 4.16; N, 7.23. Found: C, 62.15; H, 4.06; N, 7.10. k N m r  10 8 

(CDC13) 6: 4.10 (3H, 5 ,  0CH31, 7.40-8.25 (4H, m, H5_81, 8.75 (lH, s ,  H21. 

2-Quinolinones 

4a (Runs 2 and 5): Colorless needles, mp 244°C (CHC13-MeOHl. G. Calcd for 

C H NOF: C ,  66.26; H, 3.71; N, 8.59. Found: C, 66.39; H, 3.69; N, 8.56. '~-Nmr 9 6 

(CDCl31 6: 6.99-7.85 (5H, m, H4-81, 12.31 (IH, br  5 ,  NHI. 

4bla (Runs 7, 8, 9 and 101: Colorless prisms, mp 250-251'C (CHC13-MeOH). e. 
Calcd for C H NOBr: C, 48.25; H, 2.70; N, 6.25. Found: C ,  48.27; H, 2.61; N, 6.36. 9 6 

'H-Nmr (CDCl31 6: 6.96-7.65 (4H, m, H5-81, 8.25 (lH, s ,  H4), 12.25 (IH, br s ,  Nil). 

4c (Runs 12, 13, 14 and 15): Yellow needles, mp 240-242'C (CHCl31. Anal. Calcd - 

for C10H9NO: C ,  75.45; H, 5.70; N, 8.80. Found: C, 75.55; H, 5.70; N, 8.75. l~-~rnr 

(CDC1 I 6: 2.14 (3H, s, CH31, 6.90-7.73 (5H, m, H4-81, 12.10 (lH, br s ,  NHI. 3 

4d (Runs 18 and 191: Colorless needles, mp 189-190°C (CHC13-MeOHI. Anal. Calcd 

for C10H9N02: C ,  68.15; H 5.15; N, 7.95. Found: C, 68.68; H, 5.04; N, 8.01. I H - N ~ ~  

(CDCl31 6: 3.83 (3H, s ,  0CH31, 6.95-7.60 (5H, m, H4-81, 12.02 (lH, br s ,  NHI. 

4e (Runs 22, 23, 24 and 251: Colorless crystals, mp 2 3 0 ~ C  (CHC1 -MeOHl. Anal. 
3 - 

Calcd for C 11H10N202: C, 65.34; H, 4.98; N ,  13.85. Found: C, 65.40; H, 4.83; N, 

13.76. '~-~rnr (CDC13) 6: 2.17 (3H, s ,  COCH31, 6.95-7.65 (5H, m, H4-81, 9.30 (lH, br 5 ,  

NFAcl, 12.15 (lH, br s,NHl. 

2-Tosylo~yq~in01ines 

1 5c (Run 141: Colorless needles, mp193-195'C (MeOH-ether). H-Nmr (CDC1 I 6: 2.30 
3 

(3H, s ,  3-CH31, 2.70 (3H, s ,  CH3-Ph-I, 7.09-7.81 (4H, ABq, J=8.0 Hz, Ph-H 
2,3,5,619 

7.93-8.60 (4H, m, H5-81, 9.37 (ln, s ,  H4). 

5e (Run 241: Colorless needles, mp 157-158-C (MeOH-ether). '~-Nrnr (CDC1 ) 6: 2.24 
3 

(3H, s ,  CH P h - I ,  2.27 (3H, s ,  COCH31, 6.96-7.37 (4H, ABq, J=8.0 Hz, Ph-H 
-3 2,3,5,613 

7.55-8.45 (4H, rn, H5_81, 9.60 (lH, s, H4). 10.15 (lH, b r s ,  NHAcI. - 

Quinolylquinalinone 7 (Run 71 : Brown prisms, rnp 249-250°C (CHC13-ether]. Anal. - 

Calcd for Cl8Hl0N20Br . C, 50.27; H, 2.34; N, 6.51. Found: C, 50.43; H, 2.29; N, 2 ' 

6.71. ' ~ - ~ m r  (CDC131 6: 7.20-8.35 (9H, rn, Ar-HI, 8.65 (lH, s ,  H41. 
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