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SYNTHETIC COMMUNICATIONS, 26(21), 4023-4037 (1996) 

REOIOSELECTIVE SYNTHESIS OF POLYHETEROCYCLES 

FROH 4-CYCLOHEX-2-ENYL-3-HYDROXY-1- 

METHYLWJIlWLIN-2(lH)-ONE 

K.C. Hajurndar* and A.K. Kundu 
Department of Chemistry, University of Kalyani, 

Kalyani-741 235, W.B., INDIA 

Abstract: 4-Cyclohex-2-enyl-3-hydroxy-l-methylquinolin- 
211H)-one ( 4 )  was prepared in 96% yield by the thermal 
C3,3lsigmatropic rearrangement of 3-cyclohex-2-enyloxy- 
l -methylquinol in-2(1H)-one (3) in refluxing chloroben- 
zene for 1% h. Compound ( 4 )  was cyclised through a 
sequence o f  reactions v i z .  i) acetylation ii) addition 
of bromine and iii) treatment o f  the acetyl dibrorno 
compound 1 6 )  with base to give a bicyclic product 17) in 
90Y. yield. Treatment of compound 4 with pyrizine hydro- 
bromide perbromide in dichloromethane at 0-5 C afforded 
a cyclic product in excellent yield. Compound 4 when 
treated with cold conc. sulphuric acid at 0-5O C 
Curnished the bicyclic product 12 in 89% yield. 

FuroC2,3-clquinolin-415H)-one and 2H-pyranoL3,2- 

c~quinolin-5(6H)-one derivatives are abundant 1 y 

distributed in nature’” and a number o f  syntheses for 

these heterocycles have been which also 

includes our own work. However, the synthesis of  

isomaric 3H-pyranoC2,3-c3quinolin-~~6H~-one~ remained 

7 

S,& 

f unreported till our recent communication whereas the 

synthesis of furoC2,3-c3quinolin-4(5H)-ones has been 

* To whom correspondence should be addressed. 

4023 

Copyright 8 1996 by Marcel Dekker, Inc. 
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MAJUMDAR AND KUNDU 4024 

reported in low yield from the photochemical cyclisation 

of f~ran-2-carboxanilide~"~ and in five steps +rom 

a-nitrotoluene1° also in overall low yield. This paucity 

of literature reports tor the synthesis of heterocycles 

from 3-hydroxyquinolin-2(lff)-one, 1 prompted us to 

undertake the present investigation on the cyclisation 

of 4-Ccyc1ohex-2-eny13-3-hydroxy-l-methy1quino1in-2~1~~- 

one ( 4 )  towards the synthesis of a number of hitherto 

unreported polyheterocycles. Here we report the results 

of this investigation. 

The starting material for this study 4-Ccyclohex- 

2-enyll-3-hydroxy-l-methylquinolin-2(1H)-one 4 was 

obtained in 94% yield by the thermal rearrangement of 

3-Ccyclohex-2-enyloxyl-l-methylquinolin-~~l#~-one 3 in 

ref luxing chlorobenzene. The compound 3 in turn w a s  

obtained by the reaction o f  3-hydroxy-1-methylquinolin- 

2(1ff)-one 1 with 3-bromocyclohexene in refluxinq acetone 

in the presence o f  anhydrous potassium carbonate 

(scheme 1 ) .  

Scheme 1 Reasents: (i) Me2C03/KZC037 reflux, 8-10 h 

(ii) C6H5C1, reflux, 1 0  h 
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POLY HETEROCY CLES 4025 

Our first approach for the cyclisation of compound 

4 was to deactivate the compound 4 towards electrophilic 

substitution by converting 4 into its acetate 5 with 

acetic anhydride-sodium acetate. Erominating S by 

addition o f  bromine to the cyclohexenyl double bond to 

afford the dibromo acetate derivative 6. Compound 6 w a s  

then treated with alcoholic potassium hydroxide to give 

the hitherto unreported bicyclic compound 7 in 90% 

yield (scheme 2). 

Me Me 

- 6  

4-* __----- - 

Me 
8 

Me 
7 

No change 

Scheme 2 Heaaents: (1) Ac,O. NaOAc, A, 4 h (11) Er2/AcOH 
L 

1111) kOH/EtOH. A 9  2 h (iv) KOH/EtOH 

or , kCN E I /MeZCO or, Pd-C Ph,O, A 
L 

1 he alternative structure 8 for the cyclisation 

product was ruled out a5 the cyclisation product 7 

remain unchanged when re+luxed in alcoholic potassium 

hydroxide or with potassium cyanide in acetone. This 
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4026 MAJUMDAR AND KUNDU 

pt-oduct also remains unaffected when refluxed with 

palladised charcoal in diphenyl ether. Recently we have 

reported a t-egio- and chemoselective cyclisation of 

n-cyclohexenyl phenol with pyridine hydrobromide 

perbromide" and a150 with hexamethylene tetramine 

hydrotribromide. Sa we have attempted cyclisation o f  

compound 4 with pyridine hydrobromide perbromide or 

hexamethylene tetramine hydrotribromide in dichlorome- 

thane at 0-5O C. The starting material disappeared 

within 1.5 h as indicated by tlc and a new product 8 was 

obtained in 98% yield. When hexamethylene tetramine 

hytribromide wa5 used in this reaction instead of 

pyridine hydrobromide perbromide the reaction was 

completed in 30 minutes (scheme 3). 

12 

4 

9 
Scheme 3 Reasents: (i) PyHBr3,CH2C12, O-SO C, 1.5 h. 

or, C H N HBr3/CH C1 0-5O C, 16 12 4 2 2' 
30 minutes 

Compound 8 when refluxed with alcoholic potassium 

hydroxide furnished the dehydrobrominated product 10 in 

90% yield. fittempt to dehydrogenate of compound 8 with 
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POLY HETEROCYCLES 4027 

Pd-C i n  r e f  lux ing  diphenyl ether13 cleaved the furan 

r i n g  t o  g ive  compound 11 

8 (i) & Me 
&OH Me Y o  

11 10 

(ii) 

Scheme 4 Reasents: Ci) EtOH/KOH, A ,  40 minutes 

{ii) Pd-C/Ph20, A 

N e x t  we have studied the c y c i i s a t i o n  of  4 w i t h  

co ld  conc. ~ u l p h u r i c  acid?4 Treatment o+ 4 w i t h  co ld  

conc. sulphuric ac id  gave a s ing le  product 12 a gummy 

m a s s  i n  89% v ie ld .  Compound 12 res is ted  dehydrogenation 

4 
I 
# 

i 

I 

i 

I 

I 

I 

- Nochange 
( i  1 

____* 

the 
12 

he 
13 

.--b 8 Me 

14 
Scheme 5 Reasents (1) Conc. H. SU4. 0-5" C .  2 h 2 

(11 )  Pd-C/Ph20. reflux. 2 h 
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4028 MAJUMDAR AND KUNDU 

when retluxed with palladised charcoal in diphenyl ether 

indicating its bicyclic nature (schem 5). 

In conclusion, 4-cyclohee-2-enyl-3-hydroxy-l-me- 

thylquinolin-Z(lH)-one, 4 has been successfully cyclised 

under different reaction conditions to give different 

polyheterocycles in excellent yields. 

Expecrirnen ta 1 

Melting points were determined in a sulphuric acid 

-bath and are uncorrected. UV absorptior? spectra were 

recorded on a Hitachi 200-20 spectrometer for solution 

in ethanol. IF? spectra were run in KFr discs on a Perkin 

-Elmer 1330 apparatus. PMR spectra were determined for 

solutions in deuteriochloroform with SiMe4 as internal 

standard on a Jeol Fx-10B (100 MHi) instrument at the 

Indian Institute of Chemical Bioloqy,Calcutta and Rruker 

250 MHz instrument at the Uniuet-sity o f  Konstanz, 

Germany. Elemental analysis and recording o+ ma5s 

spectra were carried out by RSIC (CDRI), Lucknow.  Silica 

gel (4@-120 mesh) was obtained trom Rualigen. Extracts 

were dried over anhydrous sodium sulphate. 

Preparation of 4-Cyclohex-2-enyl-3-hydroxy-l-~thylqui-  

nolin-Z(lH)-one (3). 

A mixture of 3-hydroxy-1-methylquinol in-’2( 1H )-one 

(0.01 mol). 3-bromocyclohexene !0.01 mnl) and anhydrous 

potassium carbonate ( 5  g )  was refluxed in dry acetone 

( 1 0 W  m l )  on a water-bath tor 8-10 h. The reaction 

mixture was then cooled, filtered and evaporated and the 
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POLYHETEROCYCLES 4029 

residue extracted with chloroform. The chlorotorm 

extract  was washed wi th  water ( twice) and dr ied 

(Na SlJ4). Evaporation of  the solvent gave the crude 

product which was then chromatographed over s i l i c a  gel  

(60-120 mesh) using pet.ether (60-80O C)-ethylacetate 

(3: l )  as eluant t o  give the compound 3. 

2 

'ma,: Compound 3, vi5cous l i q u i d  (90%); UV ( E t O H ) :  

224 ( l og  L 4-28}, 278 (log L. 3.56) and 319 (log L 3.69) 

nm; I R  ( K l i r ) :  u 1700, 1610, 1580, 1440 and 1270 cm-l; 

'H-NMR (100 MHz: CDCl,/TMS) 6: 1.84-2.24 (m, 6H). 3.76 

( 5 ,  3H), 4.80-5.00 (m,  lH ) ,  5.96 (s, 2H), 6.99 (5, 1H) 

and 7.26-7.60 (m, 4H); m / z  255 ( M  ) -  Anal. calcd. t o r  

C H NO.,: C, 75.29; H, 6.67: N, 5.49%; +ound C, 75.40; 

H, 6.42; N, 5.61%. 

Rearrangement of Compound 3: Formation o+ 4-CCyclohex- 

2-enyl3-3-hydroxy-l-methylquinolin-2(1H~-one (4). 

ma>: 

J 

+ 

16 17 L 

Compound 3 ( 1  g )  w a s  ref luxed in chlorobenzene (10 

m l )  for  10 h. Chlorobenzene was removed in vacuo and the 

residual mass subjected t o  column chromatography over 

s i l i c a  gel  (60-120 mesh). The rearranged product 4 w a s  

obtained by e lu t ing the column w i th  pet.ether (60-80O C )  

-benzene ( 1 : l ) -  

Compound 4, m.p. 192" C (94%) ; UV ( E t O H )  : Amax 222 

( log c 3.95), 251 ( log E 3.66) and 329 ( l o g  c 3.50) nm; 

I K  (kEtr) urnax 3310, 1710, 1595, 1458 and 1250 cm-l; 

'H-NMH (1U0 MHz: CDCl,/TMS) 6: 1.79-2.41 (m, 6H), 3.81 

( 5 .  3H), 4.07-4.39 (m, 1H)? 5.59-6.11 (m, 2H). 7.07-7.59 

J 
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4030 MAJUMDAR AND KUNDU 

Im, 4H) and 8.00-8.23 (m, 1H); m/z 255 ( M + ) .  Anal. 

calcd. for C H NO,: C ,  75.29; H, 6.67: N, 5.49%; found 

C, 75.18: H, 6.37; N, 5.79%. 

Preparation of Acetate Derivative o f  Compound 3. 

16 17 L 

The compound 3 (U.2 g )  and a tew crystals of 

freshly fused sodium acetate (0.1 g )  wae taken in acetic 

anhydride (4 ml) and was heated on a water-bath for 4 h. 

The reaction mixture wa5 cooled and poured into excess 

ice-water. stirred well to decompose the excess acetic 

anhydride and an insoluble solid w a 5  obtained. This was 

recrystal lised trom chloroform-pet-ether (60-80O C) to 

give white crystalline solid 5, 87%, m.p. 185O C. 

Bromination o f  Compound 5r Formation of Dibroroderiva- 

tive 6. 

The solution of bromine (0.5 m mol) in glacial 

acetic acid (1 ml) w a s  added dropwise to a well stirred 

solution of compound 5 (0.5 m mol) in glacial acetic 

acid ( 2  ml) at room temperature. After 2 h, the reaction 

mixture was diluted with water and the gummy mass was 

collected, which wa5 chromatographed over silica gel. 

l h e  product 6 wa5 obtained when the column was eluted 

with benzene. 

Compound 6 ,  m-p. 204O C (91%): UV (EtOH):Xmax 226 

(log L 4-32), 274 (log c 3.59) and 327 (log c 3.36) nm; 

1F.r (k:.Br): u 1770, 1610, i600, 1515 and 1200 cm-l; 

'H-NMH (100 MHz; CDCl3/TMS) 5:  1.55-2.27 (m, 6H) ,  2.38 

( 5 .  3H).  3.74 ( 5 .  3 H ) ,  4.15-4.40 (m, lH), 4.87 ( 5 ,  2H),  

ma x 
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POLYHETEROCY CLES 403 1 

7.28-7.68 ( m ,  3H) and 8.10 (d, J = 8  Hz, 1H). Clnal. calcd. 

for C18H19Br2N0,: C. 47.26; H, 4.16; N, 3.06T.; found C, 

47.38; H, 4.05: N, 3.25%. 

Cyclisation of Compound 6.  

3 

the compound 6 (0.1 g )  was ref luxed w i t h  ethanolic 

potassium hydroxide solut ion (4X) for 2 h. Ethanol was 

removed t o  one th i red by d i s t i l l a t i o n  and water (10 m l )  

was added t o  i t . The aqueous solut ion was extracted w i t h  

chloroform ( 2  x 25 m l )  and the chloroform ext ract  was 

washed w i t h  water (2 x 50 m l )  and dr ied (Na2S04). The 

solvent was removed and the crude mass was 

chromatographed over s i l i c a  gel. The product 7 was 

obtained when the column was eluted w i t h  benzene. 

Compound 7, m. p. 292O C (98%) ; UV ( E t O H )  : Amax 225 

( l og  c 4.02), 280 ( l og  E 3.17) and 321 ( l og  E 3.47) nm; 

1R IKBr): 'umax 1690, 1670, 1565, 1410 and 1220 cm-lg 'H- 

NMR (100 MHz: CDC13/TMS) 6: 1.44-2.60 (m, 6H), 3.64-3.80 

( m ,  lH ) ,  3.82 ( 5 ,  3H), 4.50-4.64 (m, l H ) ,  4.80-4.96 (m, 

1H) and 7.34-7.76 ( m ,  4H); m / z  335 and 333 (M  ).  Anal. 

calcd. for C H IcrN02: C, 57.49:; H, 4.79; N, 4.19T.; 

+ 

16 16 

+ound 

/TMS) 

1.75- 

c, 57.45; H, 4.88; N, 4.32%; 

6: 1.25-1.47 (m, lH, H ) ,  1 
9 

-90 (m, 1H. Hi), 1.94-2.13 

H-NMR (250 MHZ; CDC13 

55-1.63 (m, lH, H+) ,  

( m ,  2H, Hd and He', 

2.36-2.45 (m,  lH,  Hh), 3.75 (t, J=2.5 Hz, lH, Hc), 3.82 

i s ,  3H, N-CH3), 4.54-4.56 (dd, J=1.8 and 2.6 Hz,lH,Hb), 

4.85-4.87 (dd, J=1.9 and 3.8 Hz, Ha) and 7.24-7.55 (m, 

4H). 
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4032 MAJUMDAR AND KUNDU 

Attempted Dehydrobrorination of Compound 7 .  

A mixture o f  compound 7 (0.05 g) and potassium 

hydroxide (0.08 g )  in rectified spirit ( 2  ml) wa5 

t-efluxed on a water-bath for 4 h. No change was observed 

a5 evidenced from the tlc o f  the reaction mixture and 

also trom co-tlc with the starting material 7, mixed 

m.p. etc. 

Attempted Functionalisation of  Compound 7. 

6 mixture of  compound 7 (0.035 g)? powdered 

potassium cyanide (0.035 0 )  and 5% potassium iodide in 

acetone ( 2  m l )  was stirred and heated under reflue for 0 

h. No change wa5 observed when examined by tlc. 

fittempted Dehydrogenation of Compound 7. 

Compound 7 (0.05 g )  w a s  refluxed with 10X 

palladised charcoal in diphenyl ether ( 2  ml) for 2 h. No 

change w a s  observed when examined by cn-tlc with the 

starting material 7, mixed m.p. etc. 

Pyridine Hydrobromide Perbromide or  Hrxamethylene Tetra- 

mine Hydrotribromide mediated Cyclisation o f  Compound 7. 

The bromiriating agent sol id pyridirte hydt-obromide 

perbromide (0.5 mi mnl) wa5 added slowly to a dichlorome- 

thane solution (20 ml) cf the compound 7 (0.5 m m o l ) .  

[-he reaction mixture was then stirred for 1.5 h on a 

magnetic stirrer at @-5O C ,  when hexamethylene tetramine 

hydrutribramide was i.tsed in t1.r same condition ~ the 

reaction was completed within 30-40 minutes. AQter 

completicrii GT the reaction. the reaction mixture -was 
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POLYHETEROCY CLES 4033 

washed with 5% NaHC03 ( 2  x 

25 ml) and dried (Na2S04). The residual mass after 

removal of solvent wa5 subjected column chromatography 

over silica gel using benzene as eluant to give the 

white solid product 8. 

solution ( 2  x 25 ml), water 

Compound 8, m.p. 195O C (98%); UV (EtOH): Amax 227 

(log E 4 - 3 1 ) ?  2.44 (log s 3.97) and 326 ( l o g  E 3.85) nm; 

IH (KBr ) :  umax 1670, 1635, 1600, 1460 and 1230 Em-'; 'H- 

NMR (100 MHz; CDC13/TMS) 6: 1.64-2.40 (m, 6H), 3.56-3.74 

( m ,  lH) ,  3.79 ( 5 ,  3H), 4.94 (d, J=4 Hz, 2H) and 7.38- 

7.64 (m, 4H); m/z 335 and 3-33 (M+) .  final. calcd. +or 

C H BrN02:C. 57.49; H, 4.79; N, 4.19%; found C, 57.86; 

H, 4.56; N, 4.35%; 'H-NMR (250 MHr; CDC13/TMS) 5 :  1.21- 

1.33 (m, lH, He)-  1.57-1.64 (m, lH, H . ) ,  l.81-1.99 ( m ,  1 

H, tif). 2.12-2.18 (m, 2H, H,, and H ) *  2.22-2.33 ( m ,  lH, 
9 

Hd), 3.72-3.78 (dd, J = b . S  and 11 Hz, lH, Hc) ,  3.79 ( 5 ,  3 

H, N-CH,), 4.92 ( 5 ,  lH, Hb), 4.93 (5. lH, Ha) and 7.31- 

7.52 (m, 4H). 

Attempted Dehydrogenation o f  Compound 8. 

16 16 

1 

3 

Compound 8 (0.05 g) wa5 refluxed with 10Y. p a l l a -  

dised charcoal in diphenyl ether ( 2  ml) for 2 h. The 

compound w a 5  breacked into compound 11. 

Compound 11, m.p. 192O C: (60%); I R  ( K B r ) :  u max 

-3270, 16210, lb(b0, 1463 and 1275 cm-'; 'H-NMR (100 MHt:  

CDCl,/TMS) 3: 3.82 ( 5 ,  3H) and 7.08-7.80 (m, 10H); m / z  

251 < P I + ) .  

4 
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4034 MNUMDAR AND KUNDU 

Dehydrobromination of Compound 8 .  

PI mixture of compound B (0.05 g) and potassium 

hydroxide (0.08 g) in rectified sprit (3 ml) was 

refluxed on water-bath f o r  40 minutes. Ethenol was 

removed and the residue was extracted with dietheylether. 

1-he ethereal solution was washed repeatedly with salt- 

water, water and finally dried (Na2S0,+). Hemoval of 

which wa5 recrystallised soivent gave a white solid 1 0  

from chloroform-methanol. 

Compound 10, m.p. 170O 

225 (log c 4.55) and 326 (log 

1680, 1615, l60B, 1455 and 

C (91%): UV (EtOH): Amax 

r' 3;68) nm; LR (K6r): v max 

zs0 cm-l: 'H -N~R (100 M H ~ ;  

CDCl,/TMS) 5:  1.56-2.56 (m, b H ) ,  2.64-3.00 (m, l H ) ,  3.78 

(5, 3 H ) ,  4.68 ( 5 ,  lH), 7.20-7.48 tm, 3 H )  and 7.99 (d, J= 

8 Hz, 1H); m / z  253 ( M  ) .  Anal. calcd. for ClbHl5NO2: C, 

75.83; H. 5.93; N, 5.53%; found C, 75.65; H, 5 - 8 3 ,  N, 

5.741. 

Cyclisation of Compound 4 in Conc. Sulphuric A c i d .  

%. 

+ 

Compound 4 (0.1 g )  was added to the well-stirred 

cold conc. sulphurlc acid (1.5 ml) at 0-5O C and the 

stirring was continued for 2 h at this temperature. The 

reaction mixture was poured into crushed ice and 

extracted with chloroform. The chloroform extract was 

washed with sodium bicarbonate ( 1 0 L )  solution ( 2  >: 25 

ml), water ( 2  x 50 ml) and dried (Na2S04). Removal of 

solvent gave a viscous oil which was subjected to column 
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POLY HETEROCYCLES 4035 

chromatography over silica gel using benzene to give 

produc t 12. 

Compound 12, gummy liquid (89%); UV (EtdH): hmax 

226 (log E 4.33), 281 (log E 3.55) and 321 (log E 3.03) 

nm; IR (KBr): vmax 1660, 1610, 1600, 1453 and 1225 c m - l ;  

'H-NMR (100 MHz; CDC13/TMS) 6: 1.52-2.12 (m,  8H),  3.32- 

3.52 (brs, l H ) ,  3.78 ( 5 ,  3H), 4.76-4.94 (br5, lti) and 

7.32-7.72 (m, 4H); m / z  255 (P I+ ) .  Anal. calcd. fo r  

C H NO2: C ,  75.29; H, 6.67; N, 5.49Y.; +ound C, 75.55; 

H, 6.7; N, 5.24%. 

Attempted Dehydrogenation of Compound 12. 

16 17 

Compound 12 (KI.05 9 )  was refluxed with 10Y. 

palladised charcoal (0.01 g) in diphenyl ether (2 ml) 

fpr 2 h. No change was observed as evidenced from tlc of 

the reaction mixture, co-tlc with the starting material 

12 and also superimposable i.r. spectra. 
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