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SELECTIVE BROMINATION OF KETONES. A CONVENIENT 
SYNTHESIS OF 5-AMINOLEWLINIC ACID 

Hyun-Joon Ha*, Sung-Koo Lee, Young-Jin Ha, and Jun-Weon Park 

Department of Chemistry, Hankuk University of Foreign Studies 
Yongin-Gun, Kyunggi-Do, 449-791 Korea 

Abstract: Bromination of unsymmetrical ketones with Br;! in methanol proceeded 
regioselectively in good yield at the less substituted methyl carbon. The 
bromination of levulinic acid using this method was followed by azidation and 
amination to lead to an efficient three-step synthesis of 5-aminolevulinic acid in 
36% overall yield. 

Regioselective bromination of unsymmetrical ketones has long attracted attention 

as a method to introduce functionality at the a-position. The preferred position of 

bromination with most brominating agents is usually at the more substituted carbon 

rather than at a methyl carb0n.l Sometimes complex mixtures including 

polybrominated products are obtained. One of the most well-known procedures for 

the bromination of less substituted carbons such as methyl involves use of a silyl 

en01 ether generated from the kinetic enolate with LDA.2 In addition to the 

limitation of generating kinetic enolates on a large scale, this method can give 

difficulties with compounds containing carboxylate, nitrate, and phosphonate 

groups. We are interested in selective bromination of the methyl groups of 

*To whom correspondence should be addressed 

2557 

Copyright 0 1994 by Marcel Dekker, Inc. 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 2
2:

18
 1

4 
Ja

nu
ar

y 
20

13
 



2558 HA ET AL. 

compounds 1 to make a natural substrate and several putative inhibitors of 5- 

aminolevulinic acid dehydratase (E.C.4.2.1.24), the first enzyme responsible for 

the biosynthesis of tetrapyrroles such as hemes, phycobilins, and cobalamines? In 

this communication we describe the regioselective introduction of bromine at the 

methyl groups of compounds 1 such as 2-pentanone (la), n-butyl levulinate (lb), 

levulinic acid (1 c) ,  4-nitro-2-butanone (1 d),  and dimethyl (3- 

oxobuty1)phosphonate (le). 

2-Pentanone (la) was brominated by addition of BQ to yield a mixture of 2 and 

3 in the ratio 5:l in 61% yield. However, the reverse addition, i.e. addition of 2- 

pentanone to Br2 in methanol, gives only 3 as product in 75% yield. For n-butyl 

levulinate (lb) the best result was obtained as 4:l ratio in 86% yield by running the 

reaction at reflux while 3: 1 ratio of selectivity was observed in the reaction at room 

temperature. Levulinic acid (lc) gave the product as brominated methyl ester under 

the typical reaction condition of reflux.5 At room temperature only methyl 

levulinate was obtained as the reaction product. In the course of the reaction we 

observed that levulinic acid was methylated as methyl ester first, then brominated 

with the similar selectivity of 3: 1 to n-butyl levulinate. Bromination was successful 

with good selectivities of 2.5: 1 and 4: 1 in 45 and 60% yield on 4-nitro-2-butanone 

(la) and dimethyl (3-oxobuty1)phosphonate (le) respectively in due course for the 

formation of nitrate and phosphonate isosteres6 of 5-aminoldinate. 

The brominated methyl ester of levulinic acid was used for the preparation of 5- 

aminolevulinic acid7, a precusor in the tetrahydropyrolic biosynthetic pathway 

with herbicidal89 and insecticidal activity.lO 
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5-AMINOLEVULINIC ACID 2559 

Table. Selective Bromination of Ketones 1 in Methanol4 

Compound R Temp Time(h)Yieldy%) Ratiob(2:3) 

l a  CH2CH3 reflux 1.3 61 5: 1 

lac  CH2CH3 reflux 1.3 75 3 only 

l b  CH2c02n-B~ reflux 1.5 86 4: 1 

l b  cH2C02n-B~ r.t. 21 65 3:l 

lcd cH2cog-I reflux 3.5 64 3:l 

I d  CH2N02 reflux 0.7 45 2.5:l 

l e  CHfl(=O)(OCH3)2 reflux 2.5 60 4 1  

a. Isolated yield b. Determined by GC and/or NMR. c. Ketone was added to 

Br2 as reverse addition. d. Product was obtained as methyl ester. see, 

reference 5. 

NaNaMF 

H*/Pd.C, H30+ 

2c X=Br 

R=CH3 

4 X=N3 
xL C02R 

R=CH3 

5 X=N?-l$X 

R= H 

Scheme 

Methyl 5-bromolevulinate (2c) was converted to azide (4) in quantitative yield by 

the reaction with NaN3 in DMF at -1OOC. Reduction of the azide and hydrolysis of 

the methyl ester was accomplished by one-pot catalytic hydrogenation in methanol 

with hydrochloric acid in 75% yield. This procedure affords 5-aminolevulinic acid 
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2560 HA ET AL. 

(5) as the hydrochloride in 36% overall yield, starting from readily available 

levulinic acid. 

Experimental 

General Procedure for Bromination. Bromine (25 mmol) was added to a 

solution of ketone 1 (25 mmol) in methanol (60 ml) at room temperature for 15 

min under N2 atmosphere. After the addition was completed the reaction mixture 

was stirred for 30 min at room temperature after which time the reaction proceeded 

fiuther under the condition specified on the table. After the reaction was completed 

methanol was removed from the reaction mixture under reduced pressure. The 

residue was partitioned between ether and water. The pH of the resulting solution 

was adjusted to 8.0 by adding NaHCO3. The ether layer was washed successively 

with aqueous NaHCO3 solution and brine, dried over anhydrous Na2S04, 

filtered, and concentrated to yield crude product. This material was purified by 

either fractional distillation or flash chromatography over silica gel. 

Methyl 5-azidolevulinate (4). Methyl 5-bromolevulinate (2c, 0.50 g, 2.4 

mmol) was added to the sodium azide (0.47 g, 7.2 mmol) solution dissolved in dry 

DMF under N2 atmosphere at -1oOC. The resultant reaction mixture was stirred for 

1 hr keeping the temperature -1OOC. ARer the reaction was completed ether (5Oml) 

was added and DMF was washed out with brine (3 x 1OOml). The organic layer 

was washed successively with 5% NaHC03 solution and water, dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure to give 

product in quantitative yield. 1H NMR (CDCl3): 6 2.63-2.80 (my 4H, -CH2CH2- 

), 3.65 (s, 3H, OCB),  4.07 (s, 2H, -CH2N3); 1% NMR (CDC13): 6 27.6, 43.5, 
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5-AMINOLEVULINIC ACID 2561 

52.0, 57.4 173.1, 203.4; Anal calcd. for CgHgN303: C, 42.1; H, 5.30; N, 24.5; 

Found C, 40.8; H, 5.1 1; N, 25.5%. 

5-Aminolevulinic acid hydrochloride (5). The foregoing methyl 5-  

azidolevulinate (4, 0.36 g, 2.1 mmol) in 10 ml of methanol was stirred with 2 ml 

of c-HCl and 30% Pd/C catalyst (130 mg) under an atmospheric H2 gas at room 

temperature. After 2 hr the reaction mixture was filtered through Celite to remove 

catalyst and concentrated under reduced pressure. The crude product was purified 

by recrystallization with butanoUacetic acid to give crystalline solid product in 75% 

yield. l H  NMR 0 2 0 ) :  6 2.79 (t, J = 6.1 Hz, 2H, -CH2C02), 2.99 (t, J = 6.1 

Hz, 2H, -CH2C(=O)C), 4.22 (s, 2H, -CH2N+H3Cl-); 13C NMR 0 2 0 ) :  6 30.0, 

36.6, 49.7 179.3, 206.6; Anal calcd. for CgH10N03Cl: C, 35.8; H, 6.01; N, 

8.36; Found C, 35.5; H, 6.21; N, 8.39%. 

Acknowledgment: This work was supported by funds from Korea Science & 

Engineering Foundation whom we would like to thank. 
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