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Introduction 
 
Since we have other applications of various 

chain-length of ω-bromoalkyl carboxylic ac-
ids in the preparation of cosmetic formula-
tions, we chose to synthesize these com-
pounds from cyclic ketones of different ring 
size via the oxidation to ω-hydroxyalkyl car-
boxylic acids followed by bromine substitu-
tion of hydroxyl group. According to the lit-
erature oxidation method [1] used for cyclo-
hexanone, the cyclooctanone failed to afford 
the desired 8-hydroxyoctanoic acid but to 
yield 1,8-octanedioic acid instead. Therefore, 
we decided to examine the oxidation to other 
ring size of cyclic ketones including 5, 6, 7 
and 8 member rings. 
In 1899, Baeyer and Villiger [2] were the 

first one to report the oxidation of cyclic 
ketone to lactone using the peroxycarboxylic 
acid. The likely mechanism is believed to be 
depicted in the Scheme 1. Ever since there 
were several methods reported in the 

literature over few decades, however, a 
systematic study involving the oxidation of 5- 
to 8-membered ring ketones are lacking. 
Most methods used less practical reagents, 
such as pertrifluoroacteic acid, 
m-chloroperbenzoic acid with trifluoroacteic 
acid, 1,1,1,3,3,3-hexafluoro-2-propanol with 
hydrogen peroxide, bis(trimethylsilyl) 
peroxide with stannic chloride, and a 
combination of oxygen, benzaldehyde, 
magnesium oxide and copper [3-7]. 
 

Scheme 1. Reaction mechanism of ketone by 
peroxycarboxylic acid 
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With our earlier findings which differed 

from the literature results [1], we decided to 
undergo further examination of this oxidation 
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under various conditions as follows. The 
oxidation was conducted in (1) acidic condi-
tion consisting of formic acid and hydrogen 
peroxide and (2) alkaline condition consisting 
of aqueous sodium hydroxide, hydrogen per-
oxide and optional addition of methanol, re-
spectively. 
 
Results and Discussion 
 
As indicated in the previous section, the 

oxidations were performed under acidic and 
basic condition for comparison whether one 
route is superior to the other. The general re-
action routes were illustrated in Scheme 2. 
 
Scheme 2. Routes of reaction 
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After the oxidation of ketones by either 

conditions, the intermediate products were 
further treated with hydobromic acid with 
sulfuric acid [1] to affordω-bromoalkyl car-
boxylic acids. This investigation included the 
variables, such as (1) reaction temperature, (2) 
stoichiometry, and (3) reaction time to deter-
mine the effect in product formations and 
yields as well. 
Initially, we investigated the various usages 

of formic acid following the literature method 
[1]. The results were presented in Table 1. 
 
Table 1. Effects of formic acid usage on yield of 

product(s) 
 

O
O

O

HO OH
O

HCO2H , 35%H2O2 +

2 31

 
 1 HCO2H H2O2 2 : 3 Yield 

2(%) 
Yield
3(%)

Total
(%)

1 3.1 11.2 3.5 : 1 49 12 61 
1 6.2 11.2 2.5 : 1 41 16 57 
1 12.4 11.2 1.1 : 1 58 42 100

 
Molar
ratio

1 24.8 11.2 1: 1.6 33 54 87 

 
Thus, the molar ratio of 
ketone:formic:hydrogen peroxide at 1:12:11 
was selected for other ketones for further 
investigation. Their results were presented in 
Scheme 3. 
 
Scheme 3. Yields of oxidation products for 

other cyclic kentones 
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As shown in Scheme 3, the dioic acids, 10 

and 12, were produced unexpectedly. As a 
result, the alternative route should be ex-
plored accordingly. Then, the oxidation under 
basic condition in a two-phase system con-
sisting of aqueous and organic layers in the 
presence of phase transfer catalyst, tetrabu-
tylammonium bromide, was conducted at 
various ratios of the reactants. The test results 
presented in Table 2 indicated no favorable 
improvement in this two-phase system. 
Therefore, the next attempt for oxidation was 
performed in the homogenous basic solution 
preferably. 
Again, cyclohexanone was used for the ini-

tial examination for various ratios of reactants. 
Their test results depicted in Table 3 ap-
peared more favorable than the earlier ones.  
The ratio of ketone:NaOH: H2O2 at 1:4:4 

was chosen for further investigation in other 
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cyclic ketones. As noticed in early trial ex-
periments for cycloheptanone and cyclooca-
tanone, they were not soluble in water. As a 
result, their yields were disappointed and 
around 90% of starting materials were recov-
ered. Therefore, methanol was used instead of 
water to achieve the homogenous system and 
a significant improvement was obtained. The 
results of these oxidations were presented in 
Scheme 4. 
 
Table 2. Results of basic oxidation in phase 

transfer catalyzed two-phase system 
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Table 3. Results of basic oxidation in homogenous 

system 
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 1 NaOH H2O2 2:3 Yield  2 Yield  3 Total 
1 2 4 2:1  53% 32% 85% Molar 

ratio 1 4 4 1: 0 100% 0% 100% 

 
Scheme 4. Results of basic oxidation 
 

O

HO OH

O

4 6
78%

1) 2N NaOH
35%H2O2

2) work up

1) NaOH, 35%H2O2
MeOH

O

O

O

+
HO OH

O

7 8 9

O

O
O

HO
OH

O
+

11 13 14

90% 10%

57% 4%

2) work up

1) NaOH, 35%H2O2
MeOH

2) work up

 

It should be noted that the individual yield in 
a product mixture of lactone 8, and its open 
forms, 9 and 10 obtained from oxidation of 7 
in Scheme 3 could be estimated from the in-
tegrals of its 1H NMR spectrum since their 
chemical shifts of methylene proton next to 
carbonyl group and oxygen are significantly 
different. For example, the chemical shifts of 
relevant mehtylene groups are shown in Fig-
ure 1. The molar ratio of 8:9:10 is equal to 
the integral ratio of Ha:Hb:Hc3. Therefore, the 
yield of each component of products can be 
determined accordingly. 
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                                Ha                Hb              Hc1 , Hc2 , Hc3
δ(chemical shift)    4.2                3.7                       2.4  

 
Figure 1. Chemical shifts of methylene groups  
        in compounds 8, 9 and 10 
 
Since the goal of our study is to prepare 

various bromoalkanoic acids, it was straight 
forward in transforming any mixture of lac-
tone and its corresponding open form of hy-
droxyalkanoic acid to the target product with 
the treatment of hydrobromic acid and sulfu-
ric acid. Their overall yields from cyclic ke-
tones were summarized in Table 4. 
 
Table 4. Overall yields of the 2-step transforma-

tion from cyclic ketones 
 

BrCH2(CH2)mCO2H
where n = 1,2,3, and 4
           m = 3,4,5, and 6

O

n
 

 

Ketone m Bromoalkanoic 
acid 

Overall 
Yield (%) 

4 3 16 59 
1 4 17 64 
7 5 18 84 
11 6 19 43 

1 NaOH H2O2 Yield 2(%) 
1 2 2 12 
1 4 4 25 
1 8 8 42 

 
Molar 
ratio 

1 12 12 67 
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During the course of this investigation, the 
characterization of all products in any reac-
tions was based on the spectral data including 
1H NMR and 13C NMR mainly and IR spectra 
since all of the reaction products have been 
reported in the literatures. 
 
Conclusion 
 
We have examined three sets of oxidation, 

one in the acidic solution and the other two in 
basic solution. Under the basic condition in a 
homogenous aqueous solution or aqueous 
methanol, the results appeard to be the best. 
Particularly, when the starting materials, 
cycloheptanone and cyclooctanone, are not 
soluble in water, methanol is used predomi-
nately in solution to assure the superior over-
all results. Then, the oxidation products, lac-
tone and/or its open form, can be readily 
converted into bromoalkanoic acid without 
further separation or purification. 
It is worth noting that cycloocatnone can 

selectively afford either dioic acid 12 under 
acidic oxidation or hydroxyalkanoic acid 14 
under basic oxidation. The compound 14 is 
also known as anti-SARS disinfectant in a 
spray. 
 

Experimental  
 
NMR spectra were obtained at 200MHz in 

CDCl3 solvent(unless otherwise noted), and 
chemical shifts were reported in δ ppm. 
Melting points are uncorrected. IR spectra 

were obtained by Perkin Elmer Paragon 500 
and reported in wave number. All raw mate-
rials were used as received (unless otherwise 
noted). 
 
General procedure for preparation for 
hydroxyalkanoic acids in the acidic solu-
tion 
 
A mixture of formic acid (77 mmol) and 

35% hydrogen peroxide (70 mmol) was pre-
pared jn 5-10 min. prior to the addition of cy-

clic ketone. Cyclic ketone (6.2 mmol) was 
added dropwise at room temperature. After 
addition, the resulting solution was stirred for 
24-hour at ambient temperature. Water (10 
mL) was added and the solution was ex-
tracted with ethyl acetate (3X10 mL). The 
combined extracts were dried over anhydrous 
sodium sulfate, filtered and evaporated under 
reduced pressure to afford the product. 
 
Tetrahydro-pyran-2-one (5) 8 & 
5-Hydroxy-pentanoic acid (6) 9 
 
IR (film) cm-1: 3206(OH), 2956(CH2), 

1731(C=O), 1167(C-O); 1H NMR δ : 
4.19~4.09 (4H, m), 2.50~2.32(4H, m), 
1.74~1.70 (8H, m); Yield: 41%. 
 
Oxepan-2-one (2) 8 & 6-Hydroxy-hexanoic 
acid (3) 11 
 
IR (film) cm-1: 3225(OH), 2944(CH2), 

1732(C=O), 1167(C-O); 1H NMR δ : 4.18 
(2H, t, J=6.5Hz), 3.67 (2H, t, J=6.4Hz), 2.39 
(4H, t, J=6.7Hz), 1.72~1.39 (8H, m); Yield: 
58% of 2; 42% of 3. 
 
Oxocan-2-one (8) 13, 7-Hydroxy-heptanoic 
acid (9) 14 & Heptanedioic acid (10) 15 
 
IR (film) cm-1: 3215(OH), 2945(CH2), 

1724(C=O), 1462(CH2), 1414(CH2), 
1194(C-O); 1H NMR δ: 4.16 (4H, t, J=6.6Hz), 
3.65 (4H, t, J=6.5Hz), 2.36 (12H, t, J=7.4Hz), 
1.96~1.25 (14H, m); Yield: 42% of 8, 44% of 
9, 11% of 10. 
 
Octanedioic acid (12) 16 
 
IR (film) cm-1: 3230(OH), 2928(CH2), 

1700(C=O), 1465(CH2); 1H NMR δ: 2.92 (br, 
OH), 2.26 (4H, t, J=7.4Hz), 1.61~1.55 (4H, 
m), 1.35~1.29 (4H, m); 13C NMR δ: 176.5, 
33.6, 28.4, 24.3; mp: 131~1330C (lit16 
mp:138~1390C); Yield: 66%. 
 
General procedure for preparation for 
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hydroxyalkanoic acids in the basic solution 
 
To a solution of sodium hydroxide (40 mmol) 

dissolved in water (3.5 mL) at ambient tem-
perature, cyclic ketone (10 mmol) was added. 
Then, 35% hydrogen peroxide (40 mmol) 
was dropwise. The resulting solution was 
stirred for 24-hour at ambient temperature. 
Water (15 mL) was added and then, 12 N hy-
drochloric acid was added to give an acidic 
pH. The solution was extracted with ethyl 
acetate (3X15 mL). The combined extracts 
were dried over anhydrous sodium sulfate, 
filtered and evaporated under reduced pres-
sure to afford product. 
 
5-Hydroxy-pentanoic acid (6)9 

 
IR (film) cm-1: 3288(OH), 2925(CH2), 

1715(C=O), 1410(CH2);
1H NMR δ : 4.05 (2H, 

m), 2.42 (2H, m), 1.78~1.69 (4H, m); Yield: 
78%. 
 
Oxepan-2-one (2) 8 
 
IR (film) cm-1: 2945(CH2), 1714(C=O), 

1405(CH2), 1172(C-O); 1H NMR δ : 4.03 (2H, 
t, J=6.3Hz), 2.38 (2H, t, J=7.2Hz), 1.68 (2H, 
m), 1.43 (4H, m); Yield: 100%. 
 
Oxocan-2-one (8) 13, 7-Hydroxy-heptanoic 
acid (9) 14 
 
IR (film) cm-1: 3206(OH), 2933(CH2), 

1714(C=O), 1410(CH2), 1224(C-O)。 
1H NMR δ: 4.02 (2H, t, J=6.5Hz), 3.66(2H, t, 
J=6.4Hz), 2.36 (4H, t, J=7.3Hz), 1.68~1.59 
(8H, m), 1.48~1.29 (8H, m); Yield: 90% of 8; 
10% of 9. 
 
Oxonan-2-one (13) 18 & 
8-Hydroxy-octanoic acid (14) 14 
 
IR (film) cm-1: 3311(OH), 2934(CH2), 

1712(C=O), 1414(CH2), 1257(C-O)。 
1H NMR δ: 4.01 (2H, t, J=6.5Hz), 3.65 (2H, 

t), 2.35 (4H, t, J=7.4Hz), 1.67~1.35 (20H, m); 
Yield: 57% of 13, 4% of 14. 
 
General procedure for preparation for 
bromoalkanoic acids  
 
To round-bottom flask, hydroxyalkanoic 

acid and/or its lactone (4.52 mmol) and 48% 
hydrobromic acid (6.8 mmol) were charged. 
98% sulfuric acid (3.6 mmol) was added 
drop- wise. The resulting solution was re-
fluxed for 12-hour and allowed to cool to 
ambient temperature. Water (60mL) was 
added and extracted with ethyl acetate 
(3X30mL). The combined extracts were dried 
over anhydrous sodium sulfate, filtered and 
evaporated on rotary evaporator under vac-
uum to afford the product. 
 
5-Bromo-pentanoic acid (16) 9 
 
IR (film) cm-1: 3206(OH), 2964(CH2), 

1732(C=O), 1443(CH2), 1201(C-O);  
1H NMR δ : 3.43 (2H, t, J=4.3Hz), 2.41 (2H, t, 
J=7.1Hz),1.97~1.75 (4H, m)。 
13C NMR δ : 179.6, 33.0, 32.9, 31.8, 23.1; mp: 
38.3~40℃ (lit9 mp:42.5℃); 
Yield: 75-80%. 
 
6-Bromo-hexanoic acid (17) 12 
 
IR (film) cm-1: 3129(OH), 2941(CH2), 

1714(C=O), 1413(CH2), 1258(C-O)。 
1H NMR δ: 3.42 (2H, t, J=6.7Hz), 2.39 (2H, t, 
J=7.2Hz), 1.89 (2H, m), 1.66 (2H, m), 1.51 
(2H, m)。13C NMR δ : 179.6, 33.8, 33.3, 32.3, 
27.6, 23.8 mp: 33.2~35.1 ℃  (lit12 
mp:31.2~31.8℃) Yield: 64-71%. 
 
7-Bromo-heptanoic acid (18) 17 
 
IR (film) cm-1: 3210(OH), 2936(CH2), 

1714(C=O), 1410(CH2), 1254(C-O)。 
1H NMR  δ: 3.40 (2H, t, J=6.8Hz), 2.37 (2H, 
t, J=7.3Hz), 1.83 (2H, m), 1.61 (2H, m), 1.42 
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(4H, m)。13C NMR δ : 179.6, 33.8, 33.6, 32.5, 
28.1, 27.8, 24.4; Yield: 84% 
 
8-Bromo-octanoic acid (19) 19 
 
IR (film) cm-1: 3110(OH), 2934(CH2), 

1713(C=O), 1412(CH2), 1244(C-O); 1H 
NMR  δ: 3.40 (2H, t, J=6.7Hz), 2.36 (2H, t, 
J=7.4Hz), 1.85 (2H, m), 1.64 (2H, m), 
1.38(6H, m); 13C NMR δ: 179.9, 33.9, 32.7, 
28.8, 28.4, 27.9, 24.5; mp: 34~36℃  (lit19 
mp:34~36℃); Yield: 70%. 
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