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Abstract – Isomeric 2-, 3- and 4-quinolinols (11-13) underwent selective ionic 

hydrogenation with cyclohexane in CF3SO3H-SbF5 system to give 

5,6,7,8-tetrahydro-2(1H)-quinolinone, 5,6,7,8-tetrahydro-3-quinolinol and 

5,6,7,8-tetrahydro-4(1H)-quinolinone (28-30), respectively. When reaction was 

carried out in the presence of excess of aluminum chloride, 11 gave 

3,4-dihydro-2(1H)-quinolinone (31), whereas 13 gave the product (30). 

Compounds (11) and (13) condense with benzene in the presence of aluminum 

halides producing phenyl substituted derivatives of 28, 31 and 30 (products 

32-34), respectively. The mechanism of these and related reactions involving 

superelectrophilic dicationic intermediates is discussed. 

INTRODUCTION 

  
Recently, we have reported that the isomeric 5-, 7-, 8-quinolinols and 1-, 3-, 5-isoquinolinols react with 

cyclohexane and benzene in superacids or in the presence of an excess of aluminum halides offering a new 

and useful synthetic approach for the preparation of heterocyclic compounds.2 The key intermediates of 
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these reactions were recognized to be N-protonated arenium ions of the heterocycles – i.e. 

superelectrophilic3 dications (1-10) or the analogous complexes with aluminum halides.
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The most stable dications such as 1-4 have been generated in CF3SO3H-SbF5 acid system as long-living 

species, whereas more electrophilic less stable ions, such as 5-10 have not been detected by NMR 

spectrum but proposed as plausible reactive intermediates. Furthermore, the theoretical estimations of the 

reactivity either of the generated as well as the postulated dications were in a good agreement with the 

obtained experimental results strongly supporting the suggested reaction mechanism.  

Similar reactivity of the quinolines, containing hydroxy group in pyridine ring of quinoline system has 

not been investigated thus far. In continuation of our interest on superelectrophilic activation of 

heteroarenes in superacids we have now extended our investigation to isomeric 2-, 3- and 4-quinolinols 

(11-13) with their reactions with cyclohexane and benzene, in superacids. 

RESULTS AND DISCUSSION 

NMR Spectroscopic study of protonation of 2-, 3-, and 4-quinolinols and related compounds. Initially, 

we examined the process of protonation of 11-13 and related 4-methyl-2-quinolinol (14) and 

4-hydroxy-1-methyl-2(1H)-quinolinone (15) in protonic superacid CF3SO3H (triflic acid, Ho = -14.1) and 



 

CF3SO3H-SbF5 acid system at room temperature by means of 1H and 13C NMR spectroscopy. The spectral 

characteristics of generated ions are given in Table 1. Protonation of quinolinols (11-14) and quinolinone 

(15) in triflic acid gave only the respective N-protonated monocations (11a-14a) and the analogous 

carbonyl-protonated ion (15a). However, in the more acidic CF3SO3H-SbF5 system, precursors (11, 13 and 

14) have shown the similar behavior, whereas 12 gave N,C-diprotonated dication (16) (Scheme 1). The 

NMR spectra of the dication (16) contain the signal of the CH2 group at δ 4.47 in the 1H NMR and at δ 51.6 

in the 13C NMR spectrum. At the same time, the proton spectrum contains the signal of the hydrogen bound 

to nitrogen. The coupling of H2 by the N-H proton is also observed.  Dication (16) is structurally similar to 

isomeric dications (2) and (8). On the other hand, it can be regarded as a derivative of the ethylene dication 

stabilized by adjacent electron-donating arylamino and hydroxy groups.4 
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Protonation of the compound (15) in CF3SO3H-SbF5 acid system gave O,C-diprotonated dication (17) 

significantly stabilized by the electron-donating effect of hydroxy group adjacent to C4 (Scheme 2). This 

dication can be considered as an analogous O,O-diprotonated forms of 1,3-diketones.4a-c  
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Table 1. 1H and 13C NMR Spectroscopic data of mono- and diprotonated ions of compounds (11-15) 
     at 25 oCa 

 
Ion 1H NMR signals (J, Hz)b 13C NMR signals 
11ac 6.49 dt (9.2, 2.5), 6.93 t (7.8), 7.00 d (7.8), 

7.17 t (7.8), 7.23 d (7.8), 7.93 dd (9.2, 2.5), 
10.70 br s 

111.2, 118.3, 124, 128.6, 129.5, 135.3, 
135.7, 150.7, 160.5 

12ac 7.02 d (6.2), 7.10 t (7.8), 7.27 t (7.8), 7.41 d 
(7.8), 7.59 d (7.8), 8.06 d (7.5), 11.10 br s 

114.5, 121.7, 127.8, 129.5, 130.9, 
131.8, 136.4, 138.6, 152.1 

16d 4.47 s 2H, 7.30 t (7.8), 7.40 d (7.8), 7.54 t 
(7.8), 7.81 d (7.8), 8.25 d (8.5), 9.70 br d (~8)

51.6, 122.8, 129.9, 135, 139.1, 141.6, 
148.9, 167, 204.5 

13ac 6.34 dd (6.9, 1.1), 6.96 t (8.2), 7.07 d (8.2),    
7.19 t (8.2), 7.58 d (8.2), 7.68t (6.9), 10.60 br 
s 

105.2, 118.9, 119.7, 123.3, 128.9, 
135.8, 138.8, 143.9, 169.3 

14ac 2.00 s 3H, 6.31 s, 6.90 t (7.8), 6.93 d (7.8), 
7.10 t (7.8), 7.32 d (7.8), 10.40 br s 

18.6, 110.5, 123.2, 125.3, 127.8, 
134.1, 134.6, 158.9, 162.8 

15ac 3.17 s 3H, 5.74 s, 6.82 t (7.8), 7.04 d (7.8), 
7.14 t (7.8), 7.49 d (7.8) 

32.2, 93, 116.7, 117.7, 124.6, 127.1, 
135.7, 138.7, 161.3, 168.2 

17d 2.92 s 3H, 3.91 s 2H, 6.86 t (7.8), 6.92 d (7.8), 
7.50 t (7.8), 7.61 d (7.8), 10.90 s, 12.59 s 

33.9, 38.1, 116.3, 120.8, 131.4, 133.9, 
144.7, 152, 170.5, 199.6 

 
aChemical shifts are given with respect to (CD3)2CO as external standard (2.04 and 206 ppm respectively in 1H 

and 13C NMR spectra). bProtons bonded to oxygen are not observed due to rapid proton exchange with the acid, 

except in the case of ion 17. cData for CF3SO3H solution.  dData for CF3SO3H-SbF5 solution. 

 
Dication (17) can also be regarded as an isoelectronic analog of C,C-diprotonated dications (18), which 

were previously obtained by the protonation of 2-naphthol and its derivatives in the extremely strong acid 

systems such as HF-SbF5(1:1)-SO2ClF and HSO3F-SbF5(1:1)-SO2ClF at low temperatures.5 The successful 

generation of dications such as 17 and 18 supports the possibility of formation of the analogous 

N,C-diprotonated dication (19) from quinolinol (11) in superacid media. 
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Theoretical study of the stabilities and electrophilicities of N,C-diprotonated dications of 11-13. To 

establish the relative stabilities and the electrophilicities of the generated and postulated N,C-diprotonated 



 

dications (16) and (19-27)6 (Table 2) derived from compounds (11-13), we have calculated their relative 

energies, the energies of lowest unoccupied molecular orbital (εLUMO), the squares of the coefficients of 

carbon atoms at LUMO of electrophilic centers (c•2) and the atomic charges of electrophilic centers (q•) 

localized at carbon atoms and pendent hydrogen atoms. Calculations were carried out with the Gaussian 98 

program system.7 The geometry optimization was performed using the DFT8 method at the 

B3LYP9/6-31G* level.10 Vibrational frequency at the B3LYP/6-31G*//B3LYP/6-31G* level was used to 

characterize stationary point as minimum (number of imaginary frequency (NIMAG)=0). The values of q• 

were obtained using natural bond orbital analysis11 (NBO) method. Results of calculations are summarized 

in Table 2. 

The computed relative energies show dications (19-21) and (25-27) to be energetically similar. The 

relative energies of dications (16), and (22-24) are higher. The computed highest relative energy of 16 is 

in sharp contrast to its experimental observation under superacidic conditions. This can be rationalized by 

solvation effects as well as favorable kinetic factors. Thermodynamically all dications (16) and (19-27) 

according to their calculated εLUMO values, could be as electrophilic as dications (1-4) (εLUMOs= -12.263 

to -11.988 eV)2a and some of them more reactive than dications (5-10) (εLUMOs= -12.653 to -12.312 eV).1 

The calculated value of the εLUMO = -13.402 eV of dication (16) seems to be an extremely low for this 

group of dications. The energy difference between this orbital and the second unoccupied MO (εLUMO+1 = 

-9.965 eV) is also unusually significant.12 Consideration of the distribution of the calculated ci
2 at LUMO 

and qi values allows the prediction of the reaction centers to be C4, C7 or C5 and C5 for dications 19-21; C6 

or C8, C8 and C5 or C7 for 22-24; and C2 or C4, C5 or C7 and C5 for 25-27, respectively.13 Electrophilic 

center C2 of dication 16 can hardly be expected as a probable reaction center due to negligible value of c2
2 

at LUMO (0.16). More promising from this point of view seems to be position C3. Nevertheless, 

localization of positive charge on this site (q3 = 0.55) is not so significant as was estimated earlier for 

strongly activated carbonyl groups (q = 0.68 to 0.73), which were electrophilic enough to react with 

benzene or cyclohexane.2a For these reasons it is possible that dication (16), which thermodynamically 

(according to the lowest εLUMO value) is a strong electrophile, but kinetically could be the weakest 

electrophile among the computed structures. 

 
Reactions with cyclohexane and benzene. Quinolinols (11-13) do not react with cyclohexane in triflic 

acid. However, in the more acidic CF3SO3H-SbF5 system over 2-30 h at room temperature reacted to give 

5,6,7,8-tetrahydro-2(1H)-quinolinone, 5,6,7,8-tetrahydro-3-quinolinol and 5,6,7,8-tetrahydro-4(1H)-  

 

 



 

Table 2. Energies of the LUMO (εLUMO),  the Square of the Coefficiets  on carbon atoms at 
the LUMO (ci

2),a NBO Charges  on CH groups (qi)a and Total Energies (-au), ZPE,    
and Relative Energies of dications 16 and 19-27 calculated by the DFT method 
   

dication, q•  and (c•2) εLUMO, eV 
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a These parameters are given for positions with the most significant values of ci
2 at LUMO or qi. 



 

quinolinone (28-30), respectively, in 70 to 90% yield (Schemes 3 and 4). The likely mechanism of the 

reaction of compound (11), according to Scheme 3, includes generation of dications (20) or (21) followed 

by their selective ionic hydrogenation with cyclohexane. The plausible mechanism of reaction of 

compounds (12) and (13) including generation of dications (22-24 and 26) or (27), respectively, is 

considered similar to that described in Scheme 3. It is remarkable that 12 did not give any expected 

product corresponding to the reaction of the generated dication (16), which appears to be a weaker 

electrophile than postulated dications (22-24). 

Reaction of 11 and 13 with cyclohexane also occurred by using 5-7 molar excess of AlCl3 at 90 oC.14 

Quinolinol (11) gave 3,4-dihydro-2(1H)-quinolinone (31) in 80% yield over period 24 h. This reaction 

pathway corresponds to the participation of dicationic species (19′) as a key intermediate (Scheme 3). 

Compound (13) gave hydroquinolinone (30) over period 50 - 100 h in ~70 % yield, similar to the reaction 

in CF3SO3H-SbF5 system. Quinolinol (12) was found to be inert towards cyclohexane under similar 

conditions.  

Compounds (11) and (13) react with benzene in the presence of excess of aluminum halides. Similar to 

the reaction with cyclohexane, the reaction of (11) can take place by two pathways corresponding to the 

participation of dications (19′) and (21′) (or 20′) to give 4-phenyl-3,4-dihydro-2(1H)-quinolinone (32) 

and 5,7-diphenyl-5,6,7,8-tetrahydro-2(1H)-quinolinone (33), respectively (Scheme 5). Product (32) was 

obtained only in 5% yield when the reaction was carried out in the presence of AlBr3 at room temperature 

for several hours. The yield corresponds to the equilibrium concentration of the product. This was 

confirmed by the reaction of 32 with AlBr3 in benzene to give a mixture of 11, 32 and 33 (the ratio 

~90:5:5, respectively) over a 40 h period at 25 oC.  Product (33) was obtained in 30-40% yield when 11 

was reacted with benzene in the presence of AlBr3 at room temperature over ~250 h.15

Compound (13) reacts slowly with benzene in the presence of AlCl3 as well as AlBr3, but reacted readily 

(for 4 h at 25 oC) in the presence of HBr-AlBr3 to give a mixture of cis and 

trans-5,7-diphenyl-5,6,7,8-tetrahydro-4(1H)-quinolinone (34) in 82% yield  (Scheme 6). The 

mechanism of this reaction including generation of dications (26) or (27) (or analogous complexes with 

AlBr3) is considered similar to that described in Scheme 5. 
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Compound (12), however, does not react with benzene in the presence of aluminum halides.16 The lack of 

reactivity of 12 either towards benzene or cyclohexane in the presence of aluminum halides can be 

explained by the decrease in concentration of reactive dications (22-24) due to the favorable formation of 

16 (or analogous complexes). This is in agreement with the similar behavior found for 11 and isomeric 1- 

and 3-isoquinolinols1 the involving dications such as 19, 5 and 8.  

It must be mentioned that product (32), which is formed upon reaction of 11 with benzene in low yield 

(Scheme 5), have been previously obtained in good yield by high-temperature (130 oC) polyphosphoric 

acid-catalyzed cyclization of cinnamanilide (35) (Scheme 7).17 The reaction was accompanied by the 

formation of 11 as a byproduct. Compound (11) was obtained as a major product when the reaction was 

carried out with AlCl3 at 100 oC.18 The formation of 11 was explained by the direct elimination of 

benzene from 35.17 Now it is obvious that 11 is produced due to the elimination of benzene from 32 

according to a reversible reaction shown in Scheme 5. 
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We have also investigated the cyclization of  (35) in triflic acid, a less acidic medium, in which the 

elimination of benzene from 32 will be less likely. Indeed, product (32) was obtained in 82 % yield over 5 

h period at room temperature.19 It seems reasonable that mechanism of the reaction includes generation of 

O,C-diprotonated dication (36) followed by its intramolecular cyclization. Dication (36) can be regarded 

as an analog of the dication (19) as well as of the long living dications (17, 18) and O,C-diprotonated 

dication (37),  which has been derived from protonation of 4-phenyl-3-buten-2-one in 

HF-SbF5(1:1)-SO2ClF acid system.20  
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CONCLUSION 

In summary, we have found that quinolinols (11-13) undergo selective ionic hydrogenation with 

cyclohexane and condense with benzene in strong acid media to give respective products (28-34). The 

experimental results can be explained by participation of N,C-diprotonated dications (19-27) (or 

analogous complexes with aluminum halides) as key superelectrophilic intermediates. These 

intermediates, according to theoretical estimations, possess electrophilicity comparable with that of 

dications (5-10). However, the reactivity of 11-13 are less than that of 1- and 3-isoquinolinols.1 This is 

due to the relatively lower stabilities of dications (19-27) when compared to that of dications (5-10) and is 

in accord with their computed relative energies.  

In general, the ability of isomeric quinolinols and isoquinolinols to undergo activation in the presence of 

strongly acidic agents through the formation of dicationic intermediates makes it possible for the latter to 

act as a novel heterocylic synthons and extends the applicability Friedel-Crafts type reactions in the field of 

heterocyclic compounds.  

EXPERIMENTAL 

1H and 13C NMR spectra were recorded on a 300 MHz superconducting NMR spectrometer.  HRMS 

spectra were measured at the Southern California Mass Spectrometry Facility at the University of 

California at Riverside. Triflic acid, aluminum halides and compounds (11-15) were purchased from 

suppliers and used as received. Cinnamanilide (35) was obtained by reaction of cinnamoyl chloride with 

aniline. Antimony pentafluoride was distilled under argon. Elevated temperature reactions were carried 

out in 15 mL pressure tubes. 

 
Procedure for the Protonation of 11-15 was similar to that for isomeric quinolinols and isoquinolinols 

as previously reported.2a

 
5,6,7,8-Tetrahydro-2(1H)-quinolinone (28).  

To a stirred solution of 11 (0.02 g, 0.14 mmol) in CF3SO3H (1.2 g, 8 mmol) was added SbF5 (1 g, 4.6 

mmol) at rt. After the addition of cyclohexane (0.1 g, 1.2 mmol) the reaction mixture was stirred and then 



 

was kept at 25 oC over a 20 h period. Then the mixture was poured over several grams of ice. The 

resulting mixture was neutralized with 10% NH4OH solution, washed with water and extracted with 

CHCl3. The organic phase was dried over anhydrous MgSO4. After concentration in vacuo the residue 

was purified by silica gel column chromatography with CHCl3, CHCl3 – acetone to give crystalline 

product (28) (0.017 g, 83%): mp 202-203 oC (lit.,21 mp 205-206 oC). 1H NMR (CDCl3) δ 1.7-1.85 (m, 

4H), 2.47 (t, J 6.3 Hz, 2H), 2.67 (t, J 6.3 Hz, 2H), 6.36 (d, J 9 Hz, 1H), 7.17 (d, J 9 Hz, 1H). 13C NMR 

(CDCl3) δ 21.5, 22.5, 26, 26.7, 114.4, 116.8, 143, 143.8, 164.9. 

 

5,6,7,8-Tetrahydro-3(1H)-quinolinol (29).  

To a stirred solution of 12 (0.06 g, 0.4 mmol) in CF3SO3H (2.4 g, 16 mmol) was added SbF5 (1.4 g, 6.5 

mmol) at rt. After the addition of cyclohexane (0.5 mL) the reaction mixture was stirred at 25 oC for 30 h. 

Then the mixture was poured over several grams of ice. The resulting mixture was neutralized with 10% 

NH4OH solution, washed with water and extracted with CHCl3. The organic phase was dried over 

anhydrous MgSO4. After concentration in vacuo the organic phase was separated by silica gel column 

chromatography with benzene-acetone (3:1) to obtain the crystalline product 29 (0.045 g, 72%): mp 

198-199 oC (acetone). 1H NMR (CDCl3) δ 1.79 (br s, 4H), 2.72 (br s, 4H), 7.78 (s, 1H), 7.98 (s, 1H). 13C 

NMR (CDCl3) δ 21.9, 22.1, 22.8, 26.3, 130.8, 134.9, 136.5, 138.4, 153.8. HRMS C9H11NO calcd 

149.0841, found 149.0847. 

 

5,6,7,8-Tetrahydro-4(1H)-quinolinone (30).  

Method a. To a stirred solution of 13 (0.02 g, 0.2 mmol) in CF3SO3H (1.2 g, 8 mmol) at room 

temperature was added SbF5 (1 g, 4.6 mmol). After the addition of cyclohexane (0.1 g, 1.2 mmol) the 

reaction mixture was stirred and then kept at 25 oC for 2 h. Then the reaction mixture was poured over 

several grams of ice. The resulting mixture was neutralized with 10% NH4OH solution, washed with 

water and extracted with CHCl3 (15×3 mL). The organic phase was dried over anhydrous MgSO4. 

Concentration in vacuo provided the crystalline product (30) (0.019 g, 92%): mp 206-207 oC (acetone) 

(lit.,22 mp 200-210 oC). 1H NMR (DMSO-d6) δ 1.5-1.7 (m, 4H), 2.25 (t, J 6.7 Hz, 2H), 2.49 (t, J 6.7 Hz, 

2H), 5.92 (d, J 8 Hz, 1H), 7.46 (d, J 8 Hz, 1H). 13C NMR (DMSO-d6) δ 21.5, 21.6, 21.7, 26.4, 112.9, 

123.3, 135.9, 144.5, 176.8. 

Method b. A mixture of 13 (0.1 g, 0.7 mmol), AlCl3 (0.7 g, 5.2 mmol) and cyclohexane (4 mL) was 

stirred at 90 oC for 48 h and after workup described above gave 30 (0.071 g, 69%).  

 

3,4-Dihydro-2(1H)-quinolinone (31). 



 

To a suspension of AlCl3 (0.68 g, 5 mmol) in cyclohexane (2 mL) was added 11 (0.1 g, 0.7 mmol). The 

resulting mixture was stirred at 90 oC for 24 h, followed by cooling the mixture was poured over several 

grams of ice and extracted with CHCl3. The organic phase was washed with water, then dried (MgSO4) 

and concentrated. The crude material was washed with hexanes. The solid residue23 (0.1 g) was 

recrystallized from benzene to provide the product (31) (0.081 g, 80%): mp 166-167 oC (ethanol) (lit.,24 

mp 167-168 oC). 1H NMR (CDCl3) δ 2.64 (t, J 7.4 Hz, 2H), 2.97 (t, J 7.4 Hz, 2H), 6.81 (d, J 8.5 Hz, 1H), 

6.98 (t, J 8.5 Hz, 1H), 7.17 (m, 2H), 8.8 (br s, 1H). 13C NMR (CDCl3) δ 25.2, 30.7, 115.4, 123.1, 123.6, 

127.5, 128, 137.2, 171.9. 

 

4-Phenyl-3,4-dihydro-2(1H)-quinolinone (32). 

Method a. To a solution of AlBr3 (1.35 g, 5 mmol) in benzene (3 mL) was added 11 (0.145 g, 1 mmol). 

The resulting solution was kept stirred at 25 oC for 24 h, then poured over ice and extracted with CHCl3. 

The organic phase was washed with water, dried (MgSO4) and concentrated to provide a mixture of 

11/32/33 (~15:1:1), which was separated by silica gel column chromatography with CHCl3 to obtain 

crystalline product (32) (0.011 g, 5%): mp 177-178 oC (CHCl3), (lit.,17 mp 178 oC). 1H NMR (CDCl3) δ 

2.93 (m, 2H), 4.3 (t, J 8.3 Hz, 1H), 6.85-7 (m, 3H), 7.2-7.4 (m, 6H), 8.8 (br s, 1H). 13C NMR (CDCl3) δ 

38.4, 42, 115.7, 123.4, 126.7, 127.2, 127.8, 128, 128,4, 128.9, 137, 141.4, 170.8. 

Method b. Cinnamanilide (35) (1 g, 4.5 mmol) was dissolved in triflic acid (5 g, 33.3 mmol). The 

resulting solution was kept stirred at 20 oC for 5 h, and then poured over ice. Precipitated material was 

filtered of, washed with water and dried. The subsequent chromatographic purification (silica gel, CHCl3) 

gave 32 (0.82 g, 82%). 

 

5,7-Diphenyl-5,6,7,8-tetrahydro-2(1H)-quinolinone (33). 

To a solution of AlBr3 (1.33 g, 5 mmol) in benzene (2.5 mL) was added 11 (0.145 g, 1 mmol). The 

mixture was stirred at 25 oC for 250 h and then poured over ice and extracted with CHCl3. The organic 

phase was dried (MgSO4) and concentrated. The residue was separated by silica gel column 

chromatography with benzene-acetone (3:1) to obtain the crystalline product (33) (0.096 g, 32%) as a 

mixture of cis and trans isomers (~2:1). HRMS C21H19NO calcd 301.1467, found 301.1465.  

Recrystallization of the mixture from acetone gave pure cis-33: mp 305-307 oC. 1H NMR (CDCl3) δ 1.97 

(q, J 12.2 Hz, 1H), 2.28-2.38 (m, 1H), 2.9-3.2 (m, 3H), 3.97 (dd, J 12.2, 6 Hz, 1H), 6.29 (d, J 9.4 Hz, 1H), 

6.97 (d, J 9.4 Hz, 1H), 7.12-7.35 (m, 10 H). 13C NMR (CDCl3) δ 35.4, 40.1, 41.1, 44.8, 117.1, 117.3, 

126.7, 126.8, 126.9, 128.3, 128.6, 128.8, 143.3, 143.4, 144.1, 144.8, 164.9. 

trans-3325: 1H NMR (CDCl3) δ 2.12 (dt, J 13.6, 4.2 Hz, 1H), 2.36 (dd, J 13.6, 5.6 Hz, 1H), 2.8-3.2  (m, 



 

3H), 4.05 (dd, J 5.6, 4.2 Hz, 1H), 6.38 (d, J 9.4 Hz, 1H), 7.08 (d, J 9.4 Hz, 1H), 7.1-7.35 (m, 10 H). 13C 

NMR (CDCl3) δ 34, 34.2, 38.4, 41.6, 115.4, 117,7, 126.5, 126.6, 127, 128.4, 128.5, 128.6, 143.3, 143.7, 

144.2, 145.1, 165.2. 

 

5,7-Diphenyl-5,6,7,8-tetrahydro-4(1H)-quinolinone (34). 

To a solution of AlBr3 (1.33 g, 5 mmol) in benzene (2.5 mL) was added 13 (0.145 g, 1 mmol). The 

resulting solution was saturated with gaseous HBr (0.16 g, 2 mmol) and stirred at 25 oC for 4 h, then 

poured over ice. The quenched reaction mixture was treated with CH2Cl2 (2 mL) followed by ether (15 

mL) and stirred for 1 h. The precipitated white powder was filtered off, washed with water and ether and 

dried to give the product (34) (0.247 g, 82%) as a mixture of cis and trans isomers (~1:2, respectively). 

HRMS C21H19NO calcd 301.1467, found 301.1464. Recrystallization of the mixture from acetone gave 

pure trans-34: mp 291-293 oC. 1H NMR (DMSO-d6) δ 1.98 (d, J 14 Hz, 1H), 2.37 (td, J 14, 5.7 Hz, 1H), 

2.9-3.4  (m, 3H), 4.47 (d, J 5.7 Hz, 1H), 7.05-7.4 (m, 11H), 8.47 (d, J 7.4 Hz, 1H). 13C NMR 

(DMSO-d6) δ 32.6, 34.5, 36.8, 37.5, 110.8, 123.3, 126.3, 126.7, 126.8, 127.7, 128.2, 128.6, 140.9, 143.7, 

143.9, 152.5, 169.8. 

 cis-3425: 1H NMR (DMSO-d6) δ 1.85 (q, J 13.4 Hz, 1H), 2.3-2.4 (m, 1H), 2.9-3.4  (m, 3H), 4.28 (dd, J 

13.4, 8.4 Hz, 1H), 6.95 (d, J 7.4 Hz, 1H), 7.15-7.4 (m, 10H), 8.39 (d, J 7.4 Hz, 1H). 13C NMR 

(DMSO-d6) δ 35.1, 38.5, 41.1, 41.3, 111.4, 124.5, 126.1, 126.7, 126.8, 127.1, 128.3,128.6, 140.2, 143.7, 

145.5, 153.1, 170.2. 
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