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Abstract — Favorskii type rearrangement of cyclic -bromo ketones 2 is promoted 

by NiCl2 in refluxing methanol, giving the rearranged carboxylic acid ester 3 in 

excellent yields. The reaction of 4-bromo-2,3,4,5-tetrahydronaphth [2,1-b]oxepin-5-

one (5) and its regioisomer 8 with NiCl2 in MeOH resulted in Favorskii rearranged 

carboxylic acid esters 6 and 9 respectively.  

 

The rearrangement of -haloketones to the carboxylic acids, esters, salts or amides is a powerful method 

in organic synthesis1 and is known as Favorskii rearrangement. This reaction, however, is promoted by a 

strong base such as alkalies alkoxides or amines.2 Development of this important rearrangement 

promoted by a catalytic amount of active species has been strongly desired since long time. Favorskii 

rearrangement in presence of metal hydride and aromatic amines is also reported.3 DBU in DMSO has 

been used for Favorskii rearrangement of trichlorothioacetamides.4 Aq. KCN in presence of - or -

cyclodextrin was reported to catalyze the reaction of 6,7-dibromo derivative of zerumbone.5 Lithium 

aluminium hydride has recently been used to catalyze the rearrangement of tricyclic -bromoketone.6 

The efficiency of the catalyst used in recent years is generally not very high based on the yields reported 

in literature. As an extension of our recent investigations on the use of transition metal, alkaline earth 

metal and Lewis acids in organic synthesis,7-10 we examined the Favorskii type rearrangement of cyclic 

-haloketones 2. NiCl2 was found to promote the reaction of cyclic -bromoketone 2 in presence of 

MeOH as shown in Scheme 1. When cyclic -bromoketones 2 in methanol were treated with NiCl2 and 

HETEROCYCLES, Vol. 80, No. 1, 2010 593



                    

the mixture was refluxed for 36 h, rearranged carboxylic acid methyl esters 3 were obtained in excellent 

yield (Table 1). Analogous reaction of 2 with CuCl2 resulted in formation of 3 albeit in comparatively 

lesser yields.  
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Scheme 1
 
 

The NiCl2 promoted Favorskii type rearrangement of several cyclic -bromoketones 2 is summarized in 

Table 1. We have compared results using NiCl2 as a promoter, with those by conventional Favorskii 

rearrangement using NaOMe as a base in MeOH (Table 1) and found that NiCl2 acts as a better 

promoter for Favorskii type rearrangement. NiCl2 was taken in excess (3 equivalent) because the 

reactant was not completely converted into the product. Using 1 or 2 equivalent NiCl2, long time (50-60 

h) refluxing was required and hence an excess of NiCl2 was required to facilitate the reaction.  

 
 
 
Table 1. Ni-Catalyzed Favorskii type rearrangement of cyclic -bromoketones 2 
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Entry 

 
Compound 

 
R 

 
R1 

 
X n

Yields 
of 2 
(%) 

Yields of 3 
(%) in 

Yields of 3 
(%) in 

Yields of 3 (%) 
in 

NiCl2/MeOH CuCl2/MeOH NaOMe/MeOH
1 a H H CH2 0 78 95 90 83 
2 b H H O 1 98 97 84 79 
3 c H H O 2 70 86 70 73 
4 d H Me O 1 85 91 90 81 
5 e H Me O 2 60 96 90 88 
6 f Me Me O 1 81 95 89 85 
7 g Me Me O 2 75 90 89 76 
8 h H OMe O 2 60 92 86 85 
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The reaction with NiCl2 to effect Favorskii type rearrangement was also applied to 4-bromo-2,3,4,5- 

tetrahydronaphth[2,1-b]oxepin-5-one (5) and its regioisomer 4-bromo-2,3,4,5-tetrahydronaphth[1,2-

b]oxepin-5-one (8) resulting in the formation of rearranged carboxylic acid esters 6 and 9 in 92 and 95% 

yield respectively as shown in Scheme 2. Our method using NiCl2 for synthesis of these derivatives 

demonstrates a new useful and convenient route. However, Maiti et al.21 used ZnCl2 for the synthesis of 

a number of cyclic -bromo ketones and their acetals from -bromocycloalkyl aryl ketone and 

corresponding acetals in 22-91% yields while our method using NiCl2 leads to 86-97% yields of the 

rearranged products.  
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Scheme 2 

 

Although the mechanism of the present reaction is not clear, the first step is presumably the 

complexation of bromine atom of ketone carbonyl with nickel chloride 10, followed by the attack of 

methoxy group and the elimination of bromide aniontaking place simultaneously to form 11. 11 

undergoes ring contraction to form 12 which on deprotonation gave desired product 13 as shown in 

Figure 1. 
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Figure 1 

 

Due to the marked pharmacological and biological activities11-20 of benzopyran and 1-benzoxepine 

derivatives, our method provides a convenient and useful route to synthesis of different benzopyran and 
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benzoxepine derivative. Further work to synthesize saturated -halo alkanones viz. cyclopropanone-type 

intermediate is in progress. 

 

EXPERIMENTAL  

Melting points are uncorrected. IR spectra were recorded on a Perkin-Elmer model 137 spectrometer. 1H 

NMR (200 MHz) spectra were recorded on a Perkin-Elmer model R-32 spectrometer in CDCl3 using 

TMS as internal standard and mass spectra on Joel-JMS-D-300 spectrometer. 

General procedure for the synthesis of -bromoketones 2(a-h): Br2 (1.60g, 10 mmol) was added to a 

stirred solution of ketone 1(a-h) (10 mmol) in dry Et2O at 0 oC. The reaction mixture was further stirred 

at rt for 3 h. The resulting solution was washed with 10 mL 10% aq. NaHCO3 solution and 10 mL of 

brine. The ether extract was dried (Na2SO4) and concentrated in vacuo to give crude product. The crude 

product was purified by column chromatography using silica gel G and hexane and CHCl3 as eluant. 

2-Bromo-indanone (2a):  

Pale yellow solid; mp 39-40 oC (lit.,22 mp 37-38.5 oC); yield 78%; IR (KBr): 1723 (C=O) cm-1; 1H NMR 

(CDCl3):  3.45 (m, 1H, CH2), 3.88 (m, 1H, CH2), 4.65 (m, 1H, CH–Br), 7.39-7.91 (m, 4H, phenyl-H); 

MS (m/z): 211 (M+); Anal. Calcd for C9H7BrO: C, 51.18; H, 3.31. Found: C, 51.32; H, 3.40. 

3-Bromo-chroman-4-one (2b):  

Pale yellow solid; mp 96-98 oC; yield 98%; IR (KBr): 1705 (C=O) cm-1; 1H NMR (CDCl3):  4.72 (m, 

3H, OCH2 & CHBr), 6.95-7.26 (m, 2H, ArH), 7.59-7.68 (m, 1H, Ar-H), 8.00-8.12 (m, 1H, Ar-H); MS 

(m/z): 227 (M+); Anal. Calcd for C9H7BrO2: C, 47.61; H, 3.11. Found: C, 47.54; H, 3.06. 

4-Bromo-3, 4-dihydro-1 (2H)-benzoxepin-5-one (2c): 

Yellow oil; yield 70%; IR (Neat): 1693 (C=O) cm-1; 1H NMR (CDCl3):  2.75 (m, 2H, CH2), 4.35 (m, 

2H, OCH2), 4.95 (dd, 1H, CHBr), 7.45 (m, 4H, phenyl-H); MS (m/z): 244 (M++3), 242 (M++1), 241 

(M+); Anal. Calcd for C10H9BrO2: C, 49.79; H, 3.73. Found: C, 49.92; H, 3.85.  

 3-Bromo-6-methyl-chroman-4-one (2d): 

 Yellow solid; mp 75o C (lit.,23 mp 74 oC); yield 85%; IR (KBr): 1696 (C=O) cm-1; 1H NMR (CDCl3):  

2.47 (s, 3H, CH3); 4.61 (m, 3H, CHBr and OCH2), 7.26-8.01 (m, 3H, phenyl-H); MS (m/z): 242 (M++1); 

Anal. Calcd for C10H9BrO2: C, 49.79; H, 3.73. Found: C, 50.02; H, 3.94. 

4-Bromo-7-methyl-3,4-dihydro-1(2H)-benzoxepin-5-one (2e):  

Yellow solid; mp 66-67 oC (lit.,24 mp 66-67 oC); yield 60%; IR (KBr): 1694 (C=O) cm-1; 1H NMR 

(CDCl3):  2.25 (s, 3H, CH3), 2.36 (m, 1H, CH), 2.43 (m, 1H, CH), 4.06 (m, 1H, OCH), 4.34 (m, 1H, 

OCH), 4.90 (dd, 1H, CHBr), 6.89 (d, 1H, phenyl-H), 7.18 (dd, 1H, phenyl-H), 7.47 (d, 1H, phenyl-H). 

MS (m/z): 256 (M++1), 255 (M+); Anal. Calcd for C11H11BrO2: C, 51.76; H, 4.31. Found: C, 51.88; H, 
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4.40.  

3-Bromo-6,7-dimethyl-chroman-4-one (2f):  

Yellow brown solid; mp 95 oC, yield 81%; IR (KBr): 1697 (C=O) cm-1; 1H NMR (CDCl3):  2.35 (s, 3H, 

CH3), 2.38 (s, 3H, CH3), 4.62 (m, 3H, CHBr and OCH2), 7.23 (s, 1H, phenyl-H), 7.94 (s, 1H, phenyl-H); 

MS (m/z): 255 (M+); Anal. Calcd for C11H11BrO2: C, 51.76; H, 4.31. Found: C, 51.96; H, 4.48.  

4-Bromo-7,8-dimethyl-3,4-dihydro-1(2H)-benzoxepin-5-one (2g):  

Pale yellow solid; mp 81 oC (lit.,25 83-85 oC) yield 75%; IR (KBr): 1689 (C=O) cm-1; 1H NMR (CDCl3): 

 2.15 (s, 3H, CH3), 2.19 (s, 3H, CH3), 2.41 (m, 1H, CH2), 2.79 (m, 1H, CH2), 4.08 (m, 1H, OCH2), 4.49 

(m, 1H, OCH2), 4.89 (m, 1H CHBr), 6.78 (s, 1H, phenyl-H), 7.47 (s, 1H, phenyl-H); MS (m/z): 269 

(M+);  Anal. Calcd for C12H13BrO2: C, 53.53; H, 4.83. Found: C, 53.78; H, 5.02. 

4-Bromo-7-methoxy-3,4-dihydro-1(2H)-benzoxepin-5-one (2h):  

Yellow oil; yield 60%; IR (Neat): 1685 (C=O) cm-1; 1H NMR (CDCl3):  2.22-2.53 (m, 1H, CH2), 2.89 

(m, 1H, CH2) 3.81 (s, 3H, OCH3), 4.14 (m, 1H, OCH2), 4.40 (m, 1H, OCH2), 4.99 (m, 1H, CHBr), 7.02 

(m, 2H, phenyl-H), 7.23 (m, 1H, phenyl-H). MS (m/z): 272 (M++1), 271 (M+); Anal. Calcd for 

C11H11BrO3: C, 48.70; H, 4.05. Found: C, 48.94; H, 4.18. 

General procedure for base catalyzed Favorskii type rearrangement of 2(a-h): Synthesis of 

carboxylic acid esters 3(a-h):  

a) General procedure for NiCl2 promoted Favorskii type rearrangement of cyclic -bromo 

ketones 2(a-h): NiCl2 (390 mg; 3mmol) was added to a stirred solution of -bromo ketones 2(a-h) (1 

mmol) in MeOH (10 mL) under N2. The reaction mixture was refluxed for 36 h and MeOH distilled 

off from the reaction mixture. The residue was concentrated in vacuo and 10 mL of H2O was added 

to the reaction mixture. The reaction mixtrure was extracted with CHCl3 (15 mL) and extract was 

washed with 10 mL of brine, dried (Na2SO4) and concentrated in vacuo to yield product 3(a-h). 

b) CuCl2 was used in place of NiCl2 to effect Favorskii type  rearrangement of 2 (a-h): analogous 

reaction takes place and 3(a-h) were formed in 70-90% yields (Table 1). 

c) General procedure for MeONa catalyzed Favorskii type rearrangement of cyclic -

bromoketones 2(a-h): -bromo ketones 2(a-h) (5 mmol) was added to a stirred solution of MeONa 

[prepared from 230 mg (0.01g atom) of Na in 10 mL of MeOH] and the mixture was stirred with 

refluxing for 2 h at 80oC. The resulting solution was concentrated in vacuo, H2O (15 mL) added and 

the mixture was extracted with CHCl3 (20 mL), dried (Na2SO4) and concentrated in vacuo to give 

3(a-h). 

Methyl 1,2-dihydrocyclobutabenzene-1-carboxylate (3a): 26 

Oil; IR (neat): 1739 (C=O) cm-1; 1H NMR (CDCl3):  3.40 (m, 2H, CH2), 3.67 (s, 3H, OCH3) 4.10 (t, 1H, 
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CH), 7.15- 7.32 (m, 4H, phenyl-H); MS (m/z): 162 (M+); Anal. Calcd for C10H10O2: C, 74.06; H, 6.21. 

Found: C, 73.98; H, 6.17. 

Methyl 2,3-dihydrobenzofuran-3-carboxylate (3b):27  

For spectral and physical data of 3b refer to  http://pubs.acs.org.OL0157858 

Methyl chroman-4-carboxylate (3c):21  

For spectral and physical data of 3b refer to reference 21.  

Methyl 5-methyl-2,3-dihydrobenzofuran-3-carboxylate (3d):28  

Pale yellow oil; IR (neat): 1737 (C=O) cm-1; 1H NMR (CDCl3):   2.33 (s, 3H, Me), 3.06 (m, 2H, OCH2), 

3.85 (s, 3H, OMe), 4.33 (m, 1H, CH), 6.92 (m, 1H, phenyl-H), 7.36 (m, 2H, phenyl-H); MS (m/z): 193 

(M++1); Anal. Calcd for C11H12O3: C, 68.74; H, 6.29. Found: C, 68.57; H, 6.23. 

Methyl 6-methylchroman-4-carboxylate (3e):  

Oil, IR (neat): 1723 cm-1; 1H NMR (CDCl3):  1.91 (m, 2H, CH2), 2.32 (s, 3H, CH3), 3.70 (s, 3H, OCH3), 

3.97 (t, J=4.0 Hz, 1H, CH), 4.19 (t, J=4.0 Hz, 2H, OCH2), 6.87-7.08 (m, 2H, phenyl-H), 7.55 (s, 1H, 

phenyl-H); MS (m/z): 193 (M++1); Anal. Calcd for C12H14O3: C, 69.88; H, 6.84. Found: C, 69.78; H, 

6.80. 

Methyl 5,6-dimethyl-2,3-dihydrobenzofuran-3-carboxylate (3f):  

Oil; IR (neat): 1739 (C=O) cm-1; 1H NMR (CDCl3);  2.35 (s, 3H, CH3), 2.38 (s, 3H, CH3), 3.90 (t, 3H, 

CH3), 4.20 (t, 1H, CH), 4.58 (m, 2H, OCH2), 7.23 (s, 1H, phenyl-H), 7.44 (s, 1H, phenyl-H); MS (m/z): 

207 (M++1);  Anal. Calcd for C12H14O3: C, 69.88; H, 6.84. Found: C, 69.72; H, 6.88. 

Methyl 6,7-dimethylchroman-4-carboxylate (3g):  

Brown oil; IR (neat): 1726 cm-1; 1H NMR (CDCl3): 2.14 (m, 2H, CH2), 2.22 (s, 3H, CH3), 2.23 (s, 3H, 

CH3), 3.79 (s, 3H, OCH3), 3.88 (t, J=4.0 Hz, 1H, CH), 4.10 (t, J=4.0 Hz, 2H, OCH2), 6.72 (s, 1H, 

phenyl-H), 7.41 (s, 1H, phenyl-H); MS (m/z) 220 (M++1); Anal. Calcd for C13H16O3: C, 70.89; H, 7.32. 

Found: C, 70.79; H, 7.28.   

Methyl 6-methoxychroman-4-carboxylate (3h):  

Yellow oil; IR (Neat): 1726 (C=O) cm-1; 1H NMR (CDCl3): 2.15 (m, 2H, CH2), 3.70 (s, 3H, CH3), 3.80 

(s, 3H, OCH3), 4.04 (t, J=4.01 Hz, 1H, CH), 4.45 (t, J=4.0 Hz, 2H, OCH2), 6.92-7.26 (m, 3H, phenyl-H); 

MS (m/z): 223 (M++1); Anal. Calcd for C12H14O4: C, 64.85; H, 6.35. Found: C, 64.76; H, 6.31. 

2-Bromo-3,4-dihydronaphtho[2,1-b]oxepin-1(2H)-one (5):  

3,4-dihydronaphtho[2,1-b]oxepin-1(2H)-one (4) on reaction with Br2 in Et2O, according to the 

procedure followed for 2(a-h) yielded dull colored solid; mp 93 oC; yield 78%; IR (KBr): 1685 (C=O) 

cm-1; 1H NMR (CDCl3):  3.43 (m, 2H, CH2), 4.22 (t, J=7.0 Hz, 2H, OCH2), 5.85 (m, 1H, CHBr), 7.5-

8.27 (m, 6H, naphth-H); MS (m/z): 292 (M++1), 291 (M+); Anal. Calcd for C14H11BrO2: C, 57.76; H, 
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3.81. Found: C, 57.94; H, 3.86.   

Methyl 2,3-dihydro-1H-benzo[f]chromene-1-carboxylate (6):  

2-Bromo-3,4-dihydronaphtho[2,1-b]oxepin-1(2H)-one (5) on reaction with NiCl2 in MeOH according to 

the procedure followed for 2(a-h) yielded methyl 2,3-dihydro-1H-benzo[f]chromene-1-carboxylate (6) 

as an oil; IR (neat): 1738 (C=O) cm-1; 1H NMR (CDCl3): 1.65 (m,  2H, CH2), 3.50 (t, J=4.0 Hz, 2H, 

OCH2), 3.85 (s, 3H, OMe), 4.02 (t, J=4.0 Hz, 1H, CH), 7.10-8.0 (m, 6H, naphth-H); MS (m/z): 243 

(M++1); Anal. Calcd for C15H14O3: C, 74.36; H, 5.82. Found: C, 74.25; H, 5.80. 

4-Bromo-3,4-dihydronaphtho[1,2-b]oxepin-5(2H)-one (8):  

3,4-dihydronaphtho[1,2-b]oxepin-5(2H)-one (7) on reaction with Br2 in Et2O, according to the 

procedure followed for 2(a-h) yielded light brown colored solid; mp 106 oC; yield 84%; IR (KBr): 1680 

cm-1; 1H NMR (CDCl3):  3.39-3.47 (m, 2H, CH2), 4.20 (t, J=7 Hz, 2H, OCH2), 5.67 (m, 1H, CHBr), 

7.56-8.20 (m, 6H, naphth-H); MS (m/z): 292 (M++1), 291 (M+); Anal. Calcd for C14H11BrO2: C, 57.76; 

H, 3.81. Found: C, 57.66; H, 3.79. 

Methyl 3,4-dihydro-2H-benzo[h]chromene-4-carboxylate (9):  

4-Bromo-3,4-dihydronaphtho[1,2-b]oxepin-5(2H)-one (8) on reaction with NiCl2 in MeOH according to 

the procedure followed for 2(a-h) yielded methyl 3,4-dihydro-2H-benzo[h]chromene-4-carboxylate (9) 

as an oil; IR (neat): 1734 cm-1; 1H NMR (CDCl3): 1.59 (m,  2H, CH2), 3.46 (t, J=4.0 Hz, 2H, OCH2), 

3.79 (s, 3H, OMe), 3.92 (t, J=4.0 Hz, 1H, CH), 6.80-7.84 (m, 6H, naphth-H); Anal. Calcd for C15H14O3: 

C, 74.36; H, 5.82. Found: C, 74.24; H, 5.78.   
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