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This review will deal with the applications of sodium chlorite and sodium bromate in 
synthetic organic chemistry. The illustrative preparations which are described in this review were 
culled verbatim from the references listed after each preparation and should be credited to the authors 
of these references. 

I. SODIUM CHLORITE 

Sodium chlorite (NaClO,, RN 7758-19-2) has found many applications in organic synthetic 
methodology. Safety considerations are important as the reagent is a potent oxidizer and should be 
handled carefully. A fire dealing with the contact of NaClO, with a plastic bag has been reported and 
prompted Lancaster to discontinue supplying this reagent' In addition, an explosion of NaClO, has 
led to the suggestion that the reagent be stored in relatively small amounts and used in less than 3 
months? Sodium chlorite (80%, remainder is NaCl) is commercially available as a technical grade 
from a number of suppliers such as VWR, Acros and Aldrich. It decomposes on heating to yield 0,, 
has a mp of 257°C and a water solubility of 39g1100 mL at 17"c?*4 The uses of NaCIO, in synthetic 
organic transformations can be found in a number of reference 

1. Carboxylic Acids 
a) From AMehydes 

A number of reagents have been utilized for the transformation of aldehydes into carboxylic 
acids.15 This group of oxidants includes metal based reagents such as Ag,O, Ago, chromium trioxide, 
potassium or sodium permanganate, and ruthenium analogues. On the other hand, sodium chlorite is a 
chemoselective reagent for the conversion of an aldehyde to a carboxylic acid under mild conditions 
which tolerates a wide variety of other functionalities in the molecule. In addition this methodology 
leads to environmentally friendly waste products in comparison to other metal-based oxidants. 
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RCHO + NaC102 - RCaNa + HOCl 

Historically this methodology was recognized in studies dealing with carbohydrates and 
their analogues.16 Chlorite oxidations usually require a scavenger to avoid the unproductive decom- 
position of the chlorite ion by the hypochlorous acid generated in the oxidation and to avoid side- 
reactions by swamping the HOCl and CIO,, since the latter is a potent oxidizer. The reactions are 
performed in aqueous media and since the chlorite ion is unstable at low pH, the solution is usually 
buffered with aqueous Na$PO,. 

0 0  
HOCl + 2ClOp - 2CIOz + CI + HO 

The initial report of the use of scavengers such as sulfamic acid or resorcinol to suppress the 
ancillary reactions of the CIO, or HOCl formed during the oxidation with the substrate or product 
provided the impetus for the use of NaCIO, in the oxidation of aldehydes to carboxylic acids.",." 
Subsequent investigations have also utilized sulfamic res~rcinol?~,~~ hydrogen peroxide?341 
DMSO?24 2-rnethyl-2-b~tene~~-~~ and cy~lohexene~~ as scavengers. 

An impressive illustration of the use of NaClO, is the synthesis of the penultimate carboxylic 
acid leading to okadaic acid (marine polyether toxin).54J5 Treatment of the aldehyde (X = CHO) with 
NaHQO, in r - B u O w O  in the presence of 2-methyl-2-butene led to the acid (X = COOH) in 66% 
yield. Debenzylation led to okadaic acid (X = COOH, Bn = H). 

Additional selected oxidations of the numerous literature examples performed in the pres- 
ence of scavengers are tabulated in Table 1. 

In some cases during the oxidation of aldehydes with NaClO,, high yields of the acids have 
been reported in the absence of added scavengers. The oxidations of aryl or alkyl a$-unsaturated, 
phenolic, amino or methoxy substituted aryl and heterocyclic aldehydes to the corresponding 
carboxylic acids were readily accomplished by slow addition of NaCIO, to a solution of the aldehyde 
in aqueous a~etonitrile.9~ Applications to the synthesis of heterocyclic carboxylic acids are shown. 

NaC102, H20,  CH3CN c dco2H 
IVC, 2 h; rt, 3 h 

X 
X = 0 (90%); X = NH (87%) 
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Table 1. NaClO, Oxidations of Aldehydes Performed in the Presence of Scavengers 
starting Conditions product Yield Ref 
Material (a) 

OH 

Br 

F 3 C p c H 0  

Br Br 

’M,”- BOC - - CHO 

Ma 

Me 

PhxNAPh 

&CHO 

NaC102, NaH2P04, H2O 
dioxane, sulfamic acid 

OOC. 0.5 h 

NaC102, NaH2P04, CH3CN 
H202, H2O,VC, 0.5 h 

NaC102, NaH2P04 

VC, 1.5 h 

NaC102, NaH2P04, 
THF, 2-methyl-2-propanol 
2-methyl-2-butene, H20 

25OC 15 h 

DMSO, HzO 

NaC102, NaH2P04, H2O 
2-methyl-2-butene 

2-methyl-2-propanol 
2OOC. 3 h 

NaC102, MeOH 
c yclohexene 

0°C. 4 h 

FQ Br 

F 3 C p C o z H  

Br Br 

qJcozH CI 

Ma 

Ma x Ph N-Ph 

A Me COOH 

81 

88 

50 

81 

96 

54 

21 

37 

42 

71 

90 

93 

4-(2,2-Dibromo-I- Trifioromethy1vinyl)benzoic Acid. Typical Pr~cedure’~. - The corresponding 
aldehyde (3.58 g, 10.0 mmol), sodium dihydrogen phosphate dodecahydrate (358 mg, 1.0 mmol), 
water (4 mL), acetonitrile (10 mL) and 30% hydrogen peroxide (1.1 mL) were placed in a 100-mL 
round-bottom flask equipped with a magnetic stirring bar and a dropping funnel. The mixture was 
placed in an ice bath and sodium chlorite (1.6 g, 14 mmol) in water (14 mL) was addedfrom the 
dropping funnel with stirring over a 0.5 h period After the mixture was stirred overnight, 5% HCl(40 
mL) was aaifed. The mixture was extracted with ether (3 x 50 mL) and the ethereal extract was 
washed with brim (30 mL). The ethereal solution was dried over sodium sulfate and the solvent was 
removed to afford the product (3.76 g). Recrystallization j?om ether/hexane gave 3.3 g (88%) of acid 
as colorless crystals; mp 187-188°C. 

The heterogeneous oxidation of 4-hydroxybenzaldehyde with NaClO, in dichlommethane- 
HOAc leads to 4-hydroxybenzoic acid (88%)?5 Functional groups such as esters, alcohols, phenols or 
ketones are not affected. Aliphatic aldehydes are readily oxidized to the corresponding acids. On the 
other hand, 2-hydroxybeddehyde was not oxidized. However, it was found that NaCIO, in the pres- 
ence of DMSO-sodium methoxide readily oxidized 2-hydroxy- and 2,4-dihydroxybeddehyde to the 
corresponding acids in excellent yields. 
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KRAPCHO 

- NaOMe, DMSO 

NaC102,O"C. 2h 
HO 95% HO 

b) From Alcohols 

A limited number of reagents have been developed for the efficient conversions of primary 
alcohols to carboxylic acids which include metal-based oxidants such as chromium, manganese and 
ruthenium?6 Primary alcohols are effectively oxidized to carboxylic acids by NaCIO, catalyzed by 
2,2,6,6-tetramethylpiperidine- 1 -oxyl (TEMPO) and NaOCl in a mild and environmentally benign 
manner. 97-101 This procedure avoids the chlorination of aromatic rings and racemization or epimer- 
ization of substrates with labile chiral centers does not occur. It might be noted that the mixing of the 
NaClO, solution and the NaOCl solutions should be avoided. This procedure is applicable to 
benzylic alcohols, 2-aryl substituted ethanols and propargylic alcohols. The methodology is not 
adaptable to alkenic alcohols and substrates with exceedingly electron-rich aromatic moieties. The 
synthesis of 4-methoxyphenylacetic acid by oxidation of 4-methoxyphenethyl alcohol using NaCIO,, 
TEMPO and NaOCl in acetonitrile is detailed in Organic Syntheses?* Numerous other oxidations of 
primary alcohols to carboxylic acids are also listed along with mechanistic considerations for the 
oxidation. An illustrative example of this is shown.97 

TEMPO, MeCN, NaClO2 Na3P0.1 9 .;yb ::2- 
NaOCl Me Me 
95% 

(~R73S78aS)2-phenyl-8a-methyl-5-oxo-hexahydmox~~~372-a]py~ne-2-ca~b~~~ Acid npkal 
Pmcedure9'.- A mixture of alcohol (40 mmol), TEMPO (436 mg, 2.8 mmol), MeCN (200 mL) and a 
sodium phosphate bufer (150 mL, 0.67 M, pH = 6.7) is heated to 35°C. Sodium chlorite (9.14 g, 80%, 
80.0 mmol in 40 mL of water) and dilute bleach (1.06 mL of 5.25% NaOCl diluted to 20 mL, 2.0 mole 
%) are added simultaneously over 2 h (Caution: Do not mix bleach and NaC10, before adding to the 
reaction mixture). The mixture is stirred at 35"Cuntil the reaction is complete (<2% SM, 2-5 h), then 
cooled to room temperature. Water (300 mL) is added and the pH is adjusted to 8.0 with 2.0 N NaOH 
(-48 mL). The reaction is poured into a cold (0°C) Na,SOJ solution (12.2 g in 200 mL of water) main- 
tained at <20"C with the pH at 8.5-9.0. Afrer stirring for 0.5 h at room temperature, MTBE (methyl 
tert-butyl ether) (200 mL) is added The organic layer is separated and discarded. More MTBE (300 
mL) is added and the aqueous layer is acidified with 2.0 N HC1(-100 mL) to pH = 3-4. The organic 
layer is separated, washed with water (2 x 100 mL) and brine (150 mL) and concentrated to give the 
cnuie carboxylic acid (85-100%). The product can be purified by crystallization from ethyl acetate; 
mp 164-167°C. 

c) From vie-Diols 

Chiral a-hydroxy carboxylic acid can be prepared enantioselectively by means of a two-step 
oxidation process. The first step involves the asymmetric dihydroxylation (via a or p AD) of a 
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terminal alkene and the subsequent oxidation of the aldehyde functionality with 2,2,6,6-tetram- 
ethylpiperidine-1-oxyl (TEMPO), NaOCl and NaClO, in high yields.lM A number of acyclic, cyclic 
and aromatic substituted analogues were prepared. One example is illustrative of the procedure using 
AD mix a to form the diol. 

Me TEMPO, NaClO2 
Ph NaOCl * P h h C O Z H  OH 

60% 
OH 

>98%ee 

Geneml hcedure1O2.-The olejin (1  mmol) was dissolved in tBuOH:H,O (l:l,  10 mL) and 1.49 g of 
Ad-mix (a or p) was added. The mixture was stirred at rt for 18 h and then quenched by adding 
sodium suljite (500 mg) and then stirred for 10 min The alcohol was removed d r  reducedpressure 
and the aqueous layer was extracted with ethyl acetate (3 x 25 mL). The organic layer was dried over 
Na20,  and the solvent removed d r  vacuum The resultant residue was dissolved in MeCN (5 mL) 
and sodium phosphate buffer (4 mL, pH = 6.5). Then, TEMPO (0.25 mmol, NaClO, (2 mmol) and 
diluted bleach (0.02 mmol, 4% active chlorine) were added and the mixture heated to 55°C. After 4 
days the reactwn was allowed to cool to rt and water (10 mL) was added The pH was djusted to 8 
with IN NaOH and cold aqueous Na2S03 (0.4 g in 8 mL of water) was added The pH was lowered to 
2 by addition of 1H HCl and the mixture was extracted with EtOAc (3 x 25 mL). The organic layer 
was dried over Na,SO, and the solvent removed by rotary evaporation. The resultant crude mixture 
contained only the desired a-hydroxy acid 

d) From Furans 

An oxidizing combination of NaClO, and Brz is described in a Merck patent for the one pot 
transformation of furanylazetidinones into 2-carboxyazetidin-2-0nes.~~~ 

Bn. NaClO? (excess) 

( I  "R, 3 S , 4 R ) - 3 - ( I " - t e r t - b u t y l d i m e t h y I s i l y l o x y e t h y l ) ~ ~ ~ o ~ ~ e ~ ~ - 2 ~ n e ~ ~ ~ .  - A phosphate bufer 
was prepared from K H S O ,  (54.4 g), HQO, ( I  mL) and H,O (500 mL). The NaClO, (80%, 169 mg, 
1.5 mmol) was added to the silylatedjhranylazetidinone (295.6 mg, 1.0 mmol) in CH3CN (5 mL) and 
the phosphate buffer (5 mL). The mixture was cooled to 0°C and Br, (0.069 mL of 1.45 M in CH,CN, 
0.1 mol) was added The temperature rose to 6"C, after re-cooling to 0"C, NaClO, (1.56 g, 13.8 
mmol) was added and the mixture was stirred vigorously for 5 h. Ethyl acetate (10 mL) and 10% 
H$04 (2 mL) was added and the mixture stirred for 5 min The aqueous layer was extracted with a 
second portion of ethyl acetate (5 mL.) and the combined ethyl acetate emacts were washed with 10% 
Na$,03 (16 mL) to afford a colorless solution The N%S,03 layer was extracted with ethyl acetate (5 
mL) and the combined organic layer was dried over MgSO, and concentrated to a pale yellow oil 
(371 mg). Hexane:ethyl acetate (lO:l, 2 mL) was added and the solution was seeded and afer 
standing at ambient temperature for 2 h the carboxylic acid was collected by filtration, washed with a 
hexane: ethyl acetate mixture (lO:l, 2 x 0.5 d) and dried in vacuum to @ord 107.5 mg (39%). 
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A two-step procedure for the conversions of 2-alkylfurans into the corresponding trans-2- 
0x0-Zalkenoic acids has been published. Initial treatment of the furan with NBS in aqueous acetone 
affords the aldehyde, which is then oxidized with NaClO, in the presence of 2-methyl-2-butene to 
afford the carboxylic acid.104J0s 

2. Aldehydes and Ketones from Nitro Compounds 

The transformations of nitro analogues into the corresponding aldehydes or ketones has been 
generally done using the classical Nef reaction (acid then base) or modifications of this procedure.lM 
Aliphatic nitro compounds can be converted into carbonyl compounds by use of NaClO, under phase 
transfer conditions (CH,Cl,, 1N NaOH, Bu,HSO,). For example, nitrocyclohexane and 1-nitrohexane 
yield cyclohexanone or hexanal, respectively, in 80% and 70% yields.Io7 Other functionalities, such as 
ketals and ketones are stable to the reactions conditions. Nitro esters can be oxidized to the keto esters 
but hydrolysis of the ester group can occur. 

Hexane-2,s-dwne. Typical pr0cedure'O7. - The 5-nitro-2-hexanone (5 mmol) was dissolved in CH2Cl2 
(15 mL) and tetra-n-butylammonium hydrogen sulfate (0.5 mmol) was added The solution was cooled 
in an ice bath and then NaOH (lM, 15 mL.) was added followed by the addition of solid NaClO, (80% 
purity, 0.75 mmole). Afer 10 min the ice bath was removed and stirring was continued for 7 h. The 
layers are separated and the aqueous phase is extracted with CH2Cl2 and the combined extracts are 
washed with brine and dried over MgSO, Concentration of the extract afforded the dione (78%). 

3. Sulfoxides from Sulfides 

A wide variety of reagents can convert sulfides into sulfoxides some of which are quite toxic 
and expensive.Io8 Treatment of diaryl sulfides and dialkyl sulfides with NaCIO, in a mixture of acetic 
acid and ethyl acetate leads to high yields of the corresponding sulfoxides.IW Dialkyl, alkylaryl, diaryl 
or cyclic sulfides with NaCIO, with the catalyst Mn(acac),Ilo in acetone or (salen)manganese(m) in 
CH,CI, in the presence of moist alumina (or dry alumina in specific cases) afford the corre- 
sponding sulfoxides in high yields. 

NaC102, Mn(acac)3 * a S o c H 3  + 0 s o 2 c H 3  

Acetone, moist alumina 

20T ,  20 min 94% 5.4% 

Methyl Phenyl Sulfoxide. Typical Procedure"o.- AJask was charged with methyl phenyl sulfide (0.2 
mmol), acetone (1 mL), Mn(acac), ( I  mol % of sulfide, 0.002 mmol), moist alumina (0.2 g )  and 
sodium chlorite in that order and theflask was tightly capped with a glass stopper. The heterogeneous 
mixture was magnetically stirred for 20 min at 20°C. The mixhre was filtered through a sintered glass 
funnel and washed with CH,C12 (SO mL). The removal of the solvent by rotary evaporation yielded an 
oil consisting of methyl phenyl sulfoxide (94%) and the corresponding sulfone (5.4%). Chromato- 
graphic separation on a silica gel column with hemne:ethyl acetate (3:7 vh)  afforded pure methyl 
phenyl sulfoxide (94%). 
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4. Disulfides from Thiols 

The oxidative couplings of thiols with DMSO in the presence of alumina have been 
reported.112 The uses of NaClO, as a selective oxidant for the conversion of thiols to the corre- 
sponding disulfides have been de~cribed.l~~-'l~ Aliphatic and aromatic thiols along with heterocyclic 
dithiocarbamic acids and their sodium salts are converted into the disulfides in high yields. 

NaC102, H2O 
R-SH - RSSR 

0-5"C, 10-15 min 
R = Ph (96%); R = p-tolyl(96%); R = o-aminophenyl(80%) 

Gene& P~vcedure"~.- To a stirred cold mixture (0-5OC) of the thiol or dithiocarbamic acid (0.01M) 
in methanol (15 d), a NaC102 solution f0.5075 M, 0.687 g in water (20 mL)] for the thiol or fO.01 
M, 0.904 g in water (30 d)] for the dithiocarbonate was added dropwise in 10 min. The resultant 
solution was stirred at 10°C for an additional 10 min. The solid was immediately collected byfiltra- 
twn and washed with water (2 x 25 d) and dried In some cases the water was exrracted The disul- 
j Z e s  were obtained in excellent yields (73-97%). Hmne-chloroform mixtures were used for crystal- 
lizations. 

5. a-Chloroketones from Ketones 

The a-chlorinations of ketones with molecular C1, and other electrophilic chlorinating 
reagents have been summarized115 The a-chlorination of ketones (aliphatic, alicyclic and aromatic) 
with the reagent combination of NaOCI, and Mn(acac), as a catalyst, and with alumina as a solid 
support, can be performed in dichloromethane as solvenL1I6 In 2-methylcyclohexanone the major 
chlorination product is 2-chloro-2-methylcyclohexanone. In the case of 2-nonanone, the major 
regioiosomer was 3-chloro-2-nonanone (66%). Acetophenone yielded mainly a-chloroacetophenone 
(44%) while p-methoxyacetophenone yielded predominantly ring chlorination products. 

0 

b 
2-Chlorocyclohexanone. Typical 
equipped with a magnetic stirring 

NaC102, Mn(acac)3 

moist alumina, CH2Clz 
75% 

Pr0cedure"b- A 30 mL two-necked round bottom flask was 
bar, a condenser, an argon filled balloon and connected to a 

para& trap. To a stimng solution of eyelo-ne (1 mmol), Mn(acC), (0.01 mmol) andfreshly 
prepared moist alumina (0.5 g) in dichloromethane (I0 mLJ, finely pulverized NaClO, (2 mmol) was 
added in one portion and the system was &aerated by passage of a gentle stream of argon. The 
heterogeneous mixture was vigorously stirred at 20°C with the precaution that @cient stirring during 
the reaction occurs to ensure smooth chlorination and to attain reproducible results. Ajler 3 h, the 
mixture was filtered though a sintered glass funnel and the residue was thoroughly washed with 
portions of dry ether (60 d). The combinedpale yellowfiltrate was concentrated via rotary evapora- 
tion to afford an oil which was chromatographed on silica gel (Wakogel B-5F; 
hexane:dichloromethane, 4:6 vh)  to yield 2-chlorocyclohemnone (75%). 
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6. Aromatic Chlorinations 

A large number of reagents have been used to chlorinate aromatic analogues."' Treatment 
of alkyl phenyl ethers with NaCIO, in CH,CI, in the presence of a (salen)manganese(III) 
~ o m p l e x ' ~ * . ' ~ ~  or Mn(acac),lzo and moist alumina yield monochlorination products with high para 
selectivities. This NaClO,-based biphasic system has also been used for the selective monochlorina- 
tion of substituted anisoles and polymethoxybenzenes. The monochlorinations of benzene, toluene, 
aniline, benzaldehyde, nitroanisoles and xylenes under these reaction conditions were unsuccessful. 

t 

OR NaC102, (salen)Mn(III) 

CI moist alumina 
CH2CI2,25"C 
2h, 94-98% 

R = Me, Et, n-Pr, i-Pr, n-Bu, s-Bu, i-Bu, t-Bu, n-pentyl, n-hexyl, 
n-mtyl, c-pentyl, c-hexyl, ally], PhCHz 

0-Chloroanisole. Typical Procedure'2o.- A flask equipped with a Teflon stir bar, condenser, argon 
balloon and connected to a parafin bubbler was charged with anisole ( I  mmol), moist alumina (1 g), 
manganese(ll1) acetylacetonate catalyst (1 mol % with respect to anisole) and CH2Cl2 (I0 A). The 
dark mixture was stirred for a few minutes and NaC10, (2 mmol) was added in one portion and while 
stirring the flask was deaerated by passage of a slow stream of argon. The heterogeneous mixture was 
vigorously stirred at 25°C and after 40 min the mixture was transferred onto a sintered glass funnel 
and the insoluble residue washed with dry ether (100 A). The filtrate was concentrated via rotary 
evaporation to afford an oil which was chromatographed over silica gel (Merck, silica gel 60, 
hexane:ethyl acetate; 9:l) to afford p-chloroanisole (95%) whkh was Contaminated with about 5% of 
o-chloroanisole. 

7.1,2-Dichlorides from Alkenes 

A variety of reagents which include toxic and noxious C1, gas are known to effect vic- 
dichlorinations of double bonds.'21 Aliphatic, alicyclic and aromatic alkenes undergo vic-dichlorina- 
tion upon treatment with NaClO,, Mn(acac), and neutral alumina preloaded with a small amount of 
water in CH2C12122 Styrene and stilbene afforded 42% amd 37% yields of the vic-dichorides but were 
also contaminated with 1-chloro-Zphenylethene (42%) and 1 -chloro- 1 ,Zdiphenylethene (25%), 
respectively. A typical example is shown. 

NaC102, Mn(acac)2 

alumina C5HlI CsHll 4 
80% CI 

2,3-Dichlomoctane. Typical A 30 mL two-necked round-bottom flask was equipped 
with a Teflon-coated stir bar, a condenser and an inlet tube connected to an argon-jilled balloon. The 
system was connected to a parafin trap. The flask was charged with trans-2-octene ( I  mmol), 
dichloromethane (5 mL), Mn(acac), (0.01 mmol), freshly prepared moist alumina (1 g) and finely 
pulverized NaC10, (2 mmol) and the system was Pushed with argon. The resultant heterogeneous 
mixture at 20°C was stirred vigorously for 4 h. The mixture was filtered through a sintered glass 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

j h e l  and the filter cake was washed with porfz'ons of dry ether (60 mL). The filtrate was concen- 
trated via rotary evaporation to afford an oil. chromatography over silica gel (Merck, Silica Gel 60; 
hexane) afforded 2,3-dichlorooctane (80%). 

8. Aromatic Monobrothations 

A variety of reagents have been utilized to effect electrophilic bmminations of arenes.l2 The 
regioselective nuclear monobmminations of aromatic ethers can be accomplished with the combina- 
tion of NaClO,, NaBr and Mn(acac), catalyst in C%Cl, in the presence of montmorillonite K10.'" 
Selective bmminations of 2,3-dimethoxybenzene and 1,2,3-trimethoxybenzene yield 4-bromo- 1,Z- 
dimethoxybenzene and Cbromo-1,2-3-trimethoxybenzene, respectively. 

NaC102, M n ( a c ~ ) ~ ,  NaBr - D O R  

Br aoR moist Montmorillonite K10 
CH2C12,25T, 1 h 

92-96% yields 
R = Me, Et, n-Pr, n-Bu, n-pentyl, n-hexyl, n-octyl 

p-Bmmoanisole. Typical A 30 mL. two-necked round-bottom jlask was equipped with 
a Teflon-coated stir bar, a condenser and an inlet tube connected to an argon-filled balloon. The 
system was connected to a paraffin trap. The flask was charged with anisole (1  mmol), 
dichloromethane (10 mL), Mn(acac), (0.01 mmol),freshly prepared moist Montmorillonite KlO (1 g), 
finely pulverized NaClO, (1.3 m l )  and NaBr (2.5 m l ) .  The system was flushed with argon and 
the resultant heterogeneous mixture was stirred vigorously at 25°C for 1 h. The mixture was filtered 
through a sintered glass funnel and the filter cake was washed with portions of dry ether (50 mL). The 
filtrate was concentrated via rotary evaporation to afford an oil. Chromatography over silica gel 
(Merck, Silica Gel 60; hexane:ethyl acetate, I0:l) afforded p-bromoanisole (93%). 

9. Guanidines from Thioureas 

The synthesis of guanidines, in good yields, has been accomplished by treatment of 
thioureas with NaCIO, in DMF %O.Iz 

10. Isothiocyanates from sodium Dithiocarbonates 

sodium salts which on treatment with NaClO, afford the corresponding isothiocyanates.'26 
Amines on treatment with CS2 in the presence of NaOH afford the dithiocarbamates as the 

w NaClQ 
RNH-C-SNa R-N=C=S 
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11. Oxidations of Saturated Hydrocarbons 

The metalloporphyrin-catalyzed oxidations of saturated hydrocarbons with sodium chlorite 
have been studied.127 The oxidation of cyclohexane with manganese porphyrin ClMn(P) catalyzed the 
NaCIO, oxidation to afford cyclohexanol and cyclohexanone with a good catalyst turnover number. 

12. Oxidations of Aryls and Heteroaryls 

The reactions of the regioisomeric aldehydes with NaClO, in t-BuOH in the presence of 
2-methyl-2-butene lead to the oxidations of both the ring and aldehyde functionality.IB 

0 

2-methyl-2-butene NaCIO,, t-BuOH - :* y /  

COOH H20, NaH2P04 CHO 

a) X = N, Y = CH, 94%; b) X = CH, Y = N, 87% 

The synthesis of 2-trifluoromethyl- 1 ,Cbenzoquinone has been accomplished by 
treatment of 3-trifluoromethylphenol with NaClO, in sulfuric acid.Iz9 

NaClOz 

H2S04-HzO 

0 
CFS 32% 

13. y-Hydroxybutenolides 
a) From Furans 

The treatment of 3,4-disubstituted furans with NaClO, and N q P 0 4  in aqueous ethanol in 
the presence of 2-methyl-2-butene leads to the y-hydroxybutenolides in high  yield^.'^^,'^^ 

R NaClOz t S O H  

NaH2P04 0 

69-80% Aq EtOH 
2-methyl-2-butene 

b) From an a,/3-Unsaturated-y-Ketoaldehyde 

In this case, the intermediate carboxylic acid cyclized to form the product.132 

t 
NaClOz 

NaH2P04 
2-methyl-2-butene 

0 

r-BuOH, H20, rt 
84% 
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14. Chid Amino Acids from Boronic Esters 
Chiral chloroazido boronic esters on treatment with NaC10, in f-BuOH in the presence of 2- 

methyl-2-butene can be converted into the corresponding azido acid which on hydrogenation afford 

L-amino acids.133 

R = CdsCH2, (CH3)CH. PhCH20CH2, r-BuaCCH2CH2 63,57,39,32% 

15. Deprohtion of 1,3-Dithiane Groups 

Thioacetals and thioketals art c h n y l  protective groups in molecules with additional func- 
tionality because of their stability under acidic conditions (compared with acetal and ketals). The 
oxidative cleavages of thioketals to the corresponding ketones can be accomplished using NaClO,, 
NaH2P04 and 2-methyl-2-butene in a methanol (or f-Bu0H)-water at room temperature in good 
yie1ds.lM The oxidative cleavage of aromatic thoacetals were not particularly successful as mixtures of 
carboxylic acids and methyl esters were obtained from methoxy substituted analogues. Groups which 
were found to be compatible with the reagent combination include TBDMS, Tr, PMB and Ac. A 
typical example is shown. It might be noted that the effective removal of thioacetals and thioketals 
using the Dess-Martin periodinane (DMP) has also been reported135 

C02Me 

NaC102, (10 mol) 

NaH2P04 (5 mol) 
2-methyl-2-butene (10 mol) 

rt, 1 h, 47% 
3:l t-BuOH:HzO 

16. As Re-oxidant in Sharpless Asymmetric Hydroxylations 

Sodium chlorite as an oxidant and hydroxy ion pump in the osmium-catalyzed asymmetric 
hydroxylation, can be used as the stoichiometric reoxidant in Sharpless asymmetric dihydroxylations 
of alkenes and cy~ loa lkenes . ' ~~  Treatment of styrene with NaCl, ligand (DHQD),PHAL, 
K,OsO4*250 and f - B u O q O  followed by addition of aqueous NaOH to pH 10.9 and then NaClO, 
(1M) and workup led to l-phenylethane-l,2-diol(73%) with a %ee of 96 and R absolute configura- 
tion. Terminal aliphatic enes such as 1-hexene and 1-hexadecene also led to good yields of diols 
(80%) with R configurations in ee's of 78 and 87%, respectively. 

IL SODIUM BROMATE 

Sodium bromate (RN 7789-38-0) is available as white granules or as a powder. It melts at 
381°C with liberation of 0, and about 2.5 g dissolve in 1 mL of water. Since it is a potent oxidizer it 
should be stored away from organic materials and acids.'37 Sodium bromate is an inexpensive and 
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stable reagent readily available from major suppliers such as Acros, VWR, Lancaster and Aldrich. 
Sodium bromate oxidations yield bromide ion as the inorganic waste product which is eco-friendly in 
comparison to the commonly used metal-based oxidizing agents. In addition, its stability and avail- 
ability make is easier to handle than liquid bromine or hypobromous acid solutions. The uses of 
NaBrO, in organic synthesis can be found in several prior  reference^.'^^-'^^ 

1. Ketones 
a) From Secondary Alcohols 

Oxidations of secondary a l c o h ~ l s ’ ~ J ~ ~  are commonly accomplished using chromium (VI) 
based reagents, ruthenium based @It N, catalytic), with a secondary oxidant to regenerate the active 
ruthenium species, DMSO based reagents such as the Swem oxidation and hypervalent oxidants such 
as the Dess Martin periodinane. Sodium bromate has surfaced as a potentially useful eco-friendly 
oxidant in the conversion of secondary alcohols to ketones. The active oxidizing agents are HOBr or 
molecular BrT 

N a B G  + 3HBr - 3HOBr + NaBr 

HOBr + HBr - Br2 + H20 

Ketones can be readily prepared by oxidations of acyclic or cyclic secondary alcohols with 
NaBrO, in acetic acid in the presence of catalytic amounts of 47% aqueous HBr’46 or with NaBrO, in 
acetic acid.14’ The conversions of cyclopentanol and cyclohexanol to cyclopentanone (93%) and 
cyclohexanone (95%), respectively, are readily accomplished.’46 

2-Octunone. npkal To a solution of 2-octanol( 1.3 g, 10 mmol) in acetic acid (2 mL) 
was added a solution of NaBrO, (0.74 g, 5 mmol) in water (I0 mL), 7itre hydrobromic acid (47%. 0.12 
mL, 1 mmol) was then added at room temperature. The mixture was stirred for 3 h at 40°C and 
treated with a saturated aqueous sodium carbonate solution (I0 mL) and then 2Wo aqueous sodium 
suljite (10 mL) to remove excess bromine. The dichloromethane layer was separated and the aqueous 
phase was extracted with dichloromethane (3 x 10 mL). The extracts were dried over magnesium 
sulfate and concentrated to afsord 2-octanone as a colorless oil: yield ( 1.25 g 98%); bp 170-1 72°C. 

The oxidations of a number of acyclic or cyclic secondary alcohols with NaBrO, and NH4Cl 
in aqueous MeCN afford the corresponding ketones in high yields.’48 

T O  

NaBr03, NH4CI 

MeCN:H20 113 vlv 
80°C. 2 h 

Me 81% Me 

Several Japanese patents describe the use of NaBrO, and NaHSO, in the oxidations of 
secondary alcohols to  ketone^.'^^-'^' These types of oxidations have also been reported in high 
yields using an ion exchange resin Rexyn lOlH (Fisher Scientific Company) and NaBrO, under 
solventless conditions.15* 
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USES OF SODIUM CHUlRITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

The use of catalytic amounts of ruthenium (m) chloride or ruthenium tetroxide, with sodium 
bromate as the reoxidant, is a facile route leading from secondary alcohols to ketones. 'lle acceler- 
ating effects of ultrasound on the oxidation of secondary alcohols such as 2-octanol with NaBr03, 
mediated by RuO,, in a biphasic system have been noted.'53 The synthesis of androstane-3,6,17-trione 
(95%) was accomplished by oxidation of androstane-3~,6a,17f3-triol with RuOzn240 and NaBrO, in 
aqueous ethyl acetate.'" 

&OH 

- .  Ho ; i 
OH 

RuOp2HzO (3  mol %), NaBrO3 

HzO, CH3COzCH3, rt 
10 min, 95% 

The RuCJcatalyzed oxidation of secondary alcohols with NaBr03 in a biphasic medium of 
CHCJ and 40 in the presence of AliquaP 336 affords ketones in excellent ~ie1ds. l~~ 

- 1  NaBr03, RuC13.3HzO 

NazHFQ*12HzO 
rt, 4-15 h 

R R R~ Aliquat336,CHCI3 R R1 

R = R1= Me (100%); R = Me, R1= n-Hexyl(82%); R-R1= ( C H Z ) ~  (75%); R = Ph. R1= Me (98%) 

The RuCl,-catalyzed conversion of acylic and cyclic secondary alcohols to ketones can also 
be accomplished using NaBrO, with tetrabutylammonium bromide (lBAJ3) as the phase transfer cata- 
lyst in CI-$C& and 40.156 

* 1 NaBrO3, RuC13.3H20 

TBAB, CHzClz R R l  
25"C, 0.5 h 

R R Ri  

R = n-Pr, R1= n-Hex (98%); R-R1= (CH& (99%) 

The use of NaBrO, and RuCJ (1 mol %) for the oxidation of a ditosyloxy alcohol has been 
described.15' 

RuC13, NaBrO3 
HOAC, HzO N 0 OH MeCN, 0°C 

95% 
A multi-kilogram synthesis of an intermediate required for the preparation of a thrombin 

inhibitor involved treatment of the secondary alcohol with RuCl, (1 mol %) in aqueous acetonitrile 
and NaBr0,.'58 
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The reagent combinations of catalytic cerium (IV) ammonium nitrate (CAN) or cerium (IV) 
sulfate (CS) with NaBrO, are also effective in the chemoselective oxidations of secondary alcohols in 
the presence of primary alcohols.156J59J6o A typical example is shown.Im 

NaBr03, CAN, H20 

OH CH3CN, 30 min, heat 
80% 

The oxidation of 1,lO-undecanediol with a CeW) impregnated perfluorinated resin sulfonic 
acid catalyst malion@ 555 (NAFK)] with NaBrO, as a co-oxidant in HOAc leads to the chemoselec- 
tive oxidation of the secondary alcohol functionality.161*162 

NaBr03, CdNAFK 8 - MeC(CH&CH20H 
YH 

MeCH(CH2)&H20H 
HOAc, 55T, 3 h 

82% 

The combination of NaBrO, and FeCl, is an efficient oxidant pair for the conversions of 
cyclic and acylic secondary alcohols to the corresponding ketones.163 

NaBr03, FeC13, NaH2P04 

G 4 h  
85% 

HzO, MeCN 6 
The oxidation of secondary alcohols to ketones is accomplished by use of a catalytic amount 

of a cerium (N) phosphonate modified silica and NaBrO, as the re-oxidantIa Benzyltnphenylphos- 
phonium bromate, prepared by treatment of benzyltriphenylphosphonium chloride with NaBrO,, is a 
mild oxidant in the presence of Lewis acids which oxidizes cycloalkanols to the corresponding 
ketones. 65 

Crosslinked poly(4-vinylpyridinium bromate [p,Br(V)] and Amberlite IRA400 supported 
bromate [PsBr(V)] are readily prepared by treatment of the chloride salt with NaBrO,. Various oxida- 
tions’& such as the conversions of 2-octanol and cyclohexanol to the corresponding ketone were 
successful using PsBr(V) with SnCI, as a catalyst. 

b) From Acyloins 

Treatment of a-hydroxyketones (acyloins) with Ce(BrO,)(NO,), in refluxing acetonitrile 
affords 1,Zdiones in excellent ~ie1ds.I~’ 

R = H (92%); R = OMe (85%) 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

c) From so-Diols 

The oxidations of cyclooctane- 1,2-diol or cyclohexane- 1,2-diol with NaBrO, in 
MeCN/water and NaHSO, lead to 1,2-cyclooctanedione (94%) and 1 ,2-cyclohexanedione (93%), 
respectively. In a similar manner, hexan-2,4-diol is converted into the corresponding dione (98%).'@ 

4; NaBrO3, NaHSO3 
L V MeCN, H2O U 

A 
I 
OH rt, 6h 

93% 
II 
0 

1,4-Cycbhenanedione. Typiealproeedure168.- To a solution of NaBrO, (12 mol) and diol(5 mmol) in 
MeCN/H,O (10/3 mL.) was added dropwise a solution of NaHSO, (12 mmol) in H,O (6 d) over a 
period of 0.25 h at room temperature. The mixture was stirred for 6 h and then poured into ether (50 
mL.). The ether layer was separated and the aqueous phase extracted twice with ether. The extracts 
were dried over MgSO, and after removal of the d@ng agent the solvent was removed under vacuum 
and the residue punjfed by column chromatography over silica gel (hexane:ethyl acetate 1O:l)  to 
yield the dione (93%). 

d) From Ethers 

The ceric ammonium nitrate (CAN) catalyzed oxidative cleavages of a number of alkyl 
ethers to the corresponding ketones with NaBIO, have been reported.'@ 

L R1>O 
Ri  NaBr03, CAN, MeCN 

R2 H20,80"C, 12 h b. 
>OR3 

R1-R2 = (CH2)5, R3 = Me (81%); R1= n-Pr, R2 = n-Bu, R3 = Me (88%) 

e)  From Alkyl Silyl Ethers 

The cleavages of trimethylsilyl and t-butyldimethylsilyl ethers to the corresponding carbonyl 
compounds can be accomplished by treatment with NaBrO, in the presence of catalytic cerium 
ammonium nitrate (CAN).169 

L R1>O 
Rl  NaBrO3, CAN, MeCN 

H20,8o"c, 12 h R2 

>Oh 
Rz 

R I - R ~  = (CH2)5, R3 = Si(CH3)3 (75%); R1 = nC7H15, R2 = Me, R3 = Si(CH3)3 (85%) 
R1= Ph, R2 = i-R, R3 = Si(CH3)2 (84%) 

A wide variety of secondary benzylic and secondary alkyl trimethylsilyl ethers are converted 
into the carbonyl compounds in high yields by NaBrO, in the presence of NH,Cl in aqueous acetoni- 

trile.170 Primary alkyl silyl ethers under these conditions afford the corresponding dcohoh. 
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- 8  NaBr03, NH4CI 

MeCN:H,O (7:3) 
80°C. 0.75 h 

80% 

General The trimethylsilyl ether (5 mmol) was added to a mixture of NaBrO, (0.755 g, 
5 mmol) and NH4C1 (0.400 g, 7.5 m l )  in aqueous acetonitrile (7:3, vh, 10 mL.) The mixture was 
stirred at 80°C for 15 to 50 min. When the reaction was complete, the resultant solution was extracted 
with dichloromethane (20 A). The combined extracts were dried over MgSO, The drying agent was 
removed by filtration and the solution concentrated by rotary evaporation and the crude material was 
purified on a silica gel column. 

It has also been reported that trimethylsilylethers derived from secondary benzylic alcohols 
or secondary alcohols yield the corresponding ketones on being heated with NaBrO, and AICI, in 
acetonitrile as solvent.'" 

f) From Alkyl Substituted Benzenes 

AIkyl benzenes are regioselectively oxidized by NaBrO, at the a-position to afford the 
corresponding ketones in good yields in the presence of NH,CI or BU,NHSO,.'~~ 

0 - 6  g X X 

NaBr03, B u ~ H S O ~  

MeCN, H 2 0  

8WC, 24 h 

R = Me, X = H (85%); R = Et, X = H (80%); R = n-k,  X = H ( 89%); R = Ph, X = H (91%) 

Benzophenone. Typical Diphenylmethane (0.84 g, 5 mmol) was added to a mixture of 
NaBrO, (0.75 g, 5 mmol) and BuPSO, (0.40g, 0.12 m m l )  in aqueous MeCN:H,O: 7:3 (vh), 10 mL 
The mixture was stirred at 80°C for 24 h. The mixture was then extracted with dichloromethane (2 x 
10 mL) and the combined extracts dried over MgSO, Evaporation of the solvent furnished benzophe- 
none which was isolated as the 2.4-DNP. 

The CeO, catalyzed oxidations of alkyl benzenes at the a-position in the presence of 
NaBrO, in water-dioxane-acetic acid lead to good yields of  ketone^."^ The oxidations of alkyl 
benzenes to the corresponding ketones is readily accomplished in high yields by treatment with 
NaBrO, with the ion exchange resin Rexyn lOlH (Fisher Scientifi~).'~~ 

0 
NaBr03, IER 03 5 h , r t  * 

94% 

The oxidation alkyl benzenes to ketones can also be performed by treatment with NaBrO, 
with silica sulfuric acid in C$C12.174 For example, treatment of ethylbenzene with this reagent combi- 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

nation affords acetophenone (95%) at mom temperature in 5 hours. 
2. cGHydroxyketones from vic-Diols 

The reagent combination of NaBrO, and NaHSO, selectively oxidizes a variety of 
aliphatic and cyclic diols to the corresponding a-hydroxy  ketone^.'^*'^^ An illustrative example is 
the conversion of 1,2-cyclohexanediol to 2-hydroxy- 1-cyclohexanone, along with a trace of cyclo- 
hexane-1,Zdione (1%). Treatment of 12-hexanediol under these conditions leads to hexan-l-ol-2- 
one in a high yield.*75 

NaBrO3, NaHSO3 

MeCN, H2O 
2 h. slow addn 

95% 

3. Aldehydes 

The preparations of aldehydes from alcohols using a variety of reagents are detailed in 
several reference t e ~ t s . ' ~ ~ * ' ~  

a) From Primary Alcohols 

Oxidations of benzyl alcohol or p-nitmbenzyl alcohol with NaBrO, and NH,Cl in aqueous 
MeCN lead to the corresponding aldehydes in high yields.'" 

- 6  NaBrO3, N k C l  

MeCN:H20 (7:3) 
8PC, 2 h 

80% 

$" 
Oxidation of benzylic alcohols with NaBrO, and FeCI, in an MeCN-H20 mixture leads to 

the corresponding aldehydes.16, The oxidations of benzyl alcohol and substituted benzylic alcohols 
with Ce(BrO,)(NO,), in acetonitrile affords the corresponding aldehydes in excellent ~ie1ds.I~' The 
reagent is prepared by treatment of NaBIo, with CAN in water. 

4-Chlorobenzaldehyde. Typical A solution of 4-chlorobenzyl alcohol ( I  mmol) in 
MeCN (3 mL.) was treated with the prepared reagent Ce(BrO,)(NO,), (1 mmol) [prepared by treat- 
ment of NaBrO, with CAN in water] and the mixture was stirred at rejlux for 0.25 h. The cooled 
mixture was filtered and the solid residue was washed with MeCN several times (2 x 5 mL). The 
solvent was removed by evaporation and the product was purified by chromatography over silica gel 
to afford the aldehyde (90%). 

Benzylic alcohols undergo oxidations to the corresponding carbonyl analogues in good 
yields, and under solvent free conditions, using an ion exchange resin and NaBrOy152 

The RuCl+~talyzed conversion of benzyl alcohol to benzaldehyde (81%) can be accom- 
plished using NaBrO, with TBAB as the phase transfer catalyst in C 3 C 4  and H20.156 The oxidation 
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of long chain alcohols such I-dodecanol and I-hexadecanol with NaBrO, in a two-phase system 
consisting of an aqueous NaHC03/N%C03-buffer solution (pH 10) and an organic phase such as 1,2- 
dichloroethane leads to the corresponding aldehydes in good ~ ie1ds . l~~  

R~C13.3H20, NaBrO3 
MMCH&CHzOH 9 Me(CH&CHO 

Cl(CH2)2CI, 0.5 h 
NaHCO3, Na2C03 

70°C (add ROH) 
0.5 h 

n = 9 (69%); n = 14 (87%) 

Benzyl alcohol is converted into benzoic acid on treatment with a cerium (IV) alkyl phos- 
phonate modified silicaIbl or a polymer supported bromate.IM 

b)  From Ethers 

corresponding aldehydes with NaBrO, have been reported.’@ 
The ceric ammonium nitrate-catalyzed oxidative cleavages of number of alkyl ethers to the 

NaBrO3, MeCN, H 2 0  9 R ’ b O  
R1 

80”C, 12 h H 
>OR2 

H 

R1= C6H5, Rz = H, R3 = CH3 (77%); R1= C6H5, R2 = H, R3 = PhCH2 (95%) 

c)  From Silyl Ethers 

The oxidations of silyl ethers with NaBrO, in the presence of AICl, afford the corresponding 
aldehydes. I7I 

CH~OSI(CH3)3 

NaBrO3, MeCN, AIC13 - 4  8 CI X 
reflux 0.35 - 1  h 

X = H (81%); X = CI (85%); X = Br (87%) 

Treatment of the trimethylsilyl ether of benzyl alcohol with NaBrO, in MeCN in the pres- 
ence of NH,Cl yields benzaldehyde (82%). Saturated primary silyl ethers under these conditions yield 
only the corresponding alcohols.’70 

d)  From Methyl Substituted Arenes 

Methyl benzenes are regioselectively oxidized at the a-position to afford the corresponding 
aldehydes in poor to fair yields by NaBrO, in the presence of NH,Cl and BU,NHSO,.”~ 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

X = H ( 35%); X = Me (60%); X = Br ( 53%) 
The oxidation of toluene and psubstituted analogues with CeO, in the presence of NaBrO, 

leads to poor yields of the corresponding  aldehyde^.'^^ 

* J+ 
NaBr03, CeO2 

H2Odioxane:HOAc 4: 1: 1 R DM' 
95°C 12-24 h R 

R = H (25%); R = C1(35%); R = Br (40%); R = Me (45%) 

The conversions of several a-methylpyrroles into the corresponding a-formylpyrroles are 
accomplished with sodium bromate and 1% ceric ammonium nitrate (CAN) in aqueous methan01.I~~ 

NaBr03, HzO w 8 
MeOH, CAN R1 CHO 

5 h  H 
R1' ,. . 

H 

RI = CO2Et, R2 = Me, R3 = Et (69%); R1= COzEt, R2 = Me, R3 = (CH2)2COzMe (57%) 

4. Esters 
a) From Primary Alcohols 

The direct oxidation of primary alcohols with NaBrO, in the presence of catalytic amounts 
of HBrl& yields the corresponding esters in high yields. 

NaBr03, HBr (cat) 

CC4, H20 
RCH20H * RCQCHzR 

35-37"c, 2h 

R = n-Pr (89%); R = Et (41%); R = ~ - B u  (93%) 

Butyl Butanoak Typical  procedure'^.- To a solution of 1-butanol(O.74 g, 10 mmol) in CCl, (10 
mL) was added a solution of NaBrO, (0.76 g, 5 mmol) in water (10 mL), followed by HBr (a%, 0.15 
mL, ca. 1.3 mmol) at mom temperature. The mixture was stirred for 2 h at 3537°C. The reddish 
mixture was treated with saturated aqueous N%C03 (10 mL) and then with 20% aqueous N%S03 (10 
mL) to remove excess bromine. The CCl, layer was separated, washed with water (3 x 10 mL), dried 
over MgSO, and concentrated to afford butyl butanoate as a colorless oil, 0.64 g (98%); bp 163- 
164°C. 

The oxidative esterification of primary alcohols using NaBrO, in the presence of NaHSO, 
in water also affords the corresponding esters in high yields.Is0 In most cases some carboxylic acid 
(3-7%) was also formed and it might be noted that benzyl alcohol was converted into benzaldehyde 
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KRAPCHO 

and benzoic acid under these conditions. 

NaBrOx. NaHSO, 
_.I - 2  

RCHzOH RCO~CHIR 
H20,  rt, 2h 

R = Et (76%); R = n-Bu (81%); R = r-Bu (70%); R = cyclohexyl (85%) 

b) From Acyclic Ethers 

The oxidations of acyclic ethers with NaBrO, in the presence of HBrIM or NaHS0,16' lead 
to good yields of the corresponding esters. In the former case1& the oxidative esterifications of dihexyl 
ether and diundecyl ether lead to esters contaminated with the corresponding carboxylic acids. 

NaBr03,48% HBr 0 
c 

R A P  
R-0-R 

35-4o"c. 4 h 

R = n-Bu (54%); R = n-hexyl(75%) 

Hexyl Hexamate. Typical Procedurel4.- To a solution dihexyl ether (1.86 g, 10 mmol) in CH2C12 
(10 mL) was added a solution of NaBrO, (1.51 g, 10 mmol) in water (10 mL.) and then 47% HBr (0.3 
mL., ca. 2.6 mmot) at room temperature. The mixture was stirred for 20 h at 3540°C and then treated 
with a saturated aqueous Na,C03 solution (10 A) and then a 20% aqueous Na2S0, (10 mL) to 
remove Br,. The CH2C12 layer was removed and the aqueous layer extracted with CH,Cl, (3 x 10 mL.). 
The combined layers were dried over MgSO, and evaporated under reduced pressure to yield hexyl 
hexarwate as a colorless oil (75%); bp 244°C. 

c)  From Aromatic Carboxylic Acids 

A convenient esterification procedure involves treatment of aromatic carboxylic acids 
with toluene and NaBr03-NaHSO, in a 2-phase system.Ig1 The following examples are illustrative 
of the procedure. 

CHI 

0 NaBr03, EtOAc,H20 NaHS03 R ' O T R 1  

Ri  rt, 40 h 
RKOH -k b 

R = Ph, Rl= H (95%); R = p-OCH3Ph, R1= H (80%); R = 3-pyridy1, R1 = OEt (63%); 
R = 2-thieny1, R I  = H (63%) 

5. a-Ketoesters from a-Hydroxyesters 

The oxidations of a-hydroxy esters with NaBrO, in the presence of RuCl,, hexade- 
cyltrimethylammonium chloride (HDTAC) and N%HFQ4 in a benzene water medium yield the corre- 
sponding a-keto esters.lg2 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A R E W W  

NaBrO3, RuC13, HDTAC R - Ph-C-CO2Et P" 
Ph-CH-C&€t 

NazHPO,, Benzene, HzO 
25T, 1 h 

quant 

6. Lactones 
a) From Cyclic Ethers 

Tetrahydrofuran is converted into y-butyrolactone on treatment with NaBrO, in the presence 
of 47% HBr. On the other hand, under similar conditions, tetrahydropyran was converted to Gvalero- 
lactone in a poor yield (13%).'& 

3 5 4 P c  
5 h, 67% 

The oxidations of several cyclic ethers with NaBr03 in the presence of NaHSO, also lead to 
high yields of the corresponding 1act0nes.I~' Tetrahydrofuran leads to y-butyrolactone (68%) and 1,3- 
dihydoisobenzofuran is readily oxidized to the phthalide (96%). Another example is shown. 

0 
NaBrO3, H2O 

NaHS03, over 0.25 h 
rt, 16 h 

80% 

Treatment of cyclic ethers such as tetrahydrofuran and tetrahydropyran with NaBrO, in the 
presence of water and NaHSO, leads to reasonable yields of the corresponding lactones contaminated 
with 11-16% of the dicarboxylic acids resulting from over-~xidation.'~~ 

- Qo +Ho2c-co2H 
NaBrO3, H2O 

16% NaHSO4,25-30"C 
20 h 69% 

b) From CswDiols 

The oxidations of 1,4-,1,5- and 1,6 diols with NaBrO, in the presence of HBr (catalytic) and 
HOAc (or CCI,) lead to the corresponding lactones in reasonable yields.I4 

- NaBrO3, H20 
HO-(CHdn-OH 

cc14,47% Hl3r 
3540°C; 5-9 h, 

n = 2 (78%); n = 3 (40%); n = 6 (78%) 
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KRAPCHO 

c) From o-Alkylbentene Carboxylic acids 

Treatment of o-alkylbenzenecarboxylic acids with NaBrO, and NaHSO, in a 2-phase water- 
ethyl acetate system affords the corresponding y-lactones in good yields.Ia 

7. Carboxylic Acids 
a) From Pnmry Alcohols 

The conversions of primary alcohols into the corresponding carboxylic acids can be accom- 
plished using NaBr03-HBr/CCl,/?-BuOH. For example, 1-decanol and benzyl alcohol are oxidized to 
the respective acids in 78% and 89% yields. Under these conditions, 1 1-hydroxyundecanoic acid leads 
to the corresponding dicarboxylic acid (75%). On the other hand, oxidation of 2-phenylethanol leads 
to phenyl acetic acid (40%) along with ring brominated phenyl acetic acid ( 4O%).Is5 

The selective oxidation of the primary alcohol groups in cellulose to the corresponding 
carboxylic acid moieties has been reported using phosphoric acid and NaBrO, in the presence of 
NaBr.lS6 The use of ruthenium (m) trichloride-sodium bromate oxidations of polysacccaharide such 
as cellulose and chitin to the corresponding carboxylic acids has been re~0rted. l~~ 

b) From Aldehydes 

Treatment of an Amberlite IRA-4OO(CI-) resin with aqueous NaBrO, leads to a bromate 
resin which readily oxidizes aromatic aldehydes to the corresponding carboxylic acids.ls8 

Bromate resin 
R-CHO - R-COOH 

acetone, reflux 

R = Ph (88%); 4-CIPh (93%); 3-BrPh (90%); 4-OMePh (96%); 
furfuryl(88%); 3,4-diCIPh (92%); 4-NO2Ph (92%) 

c) From Hydrazides 

carboxylic acids in 87-98% ~ie1ds.I~~ 
Treatment of hydrazides with CAN and NaBr03 in MeCN affords the corresponding 

NaBr03, CAN 
RCONHNHz c RCOOH 

70% aq. MeCN 
15 min 
87-98% 

R = Ph, 4-N02Ph, 3-N02Ph, 4-MeOPh, 4-MePh, n-pentyl, n-hexyl 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVEW 

8. a-Hydroxycarbxylic Acids from Esters 

The sodium induced acyloin coupling of carboxylic acid esters initially yields the disodium 
salt of the enediol. Treatment of this salt with NaBrO, affords a-hydroxycarboxylic acids (via oxida- 
tion of the a-hydroxyketone followed by the benzylic acid rearrangement). The crude acids (no yields 
reported) were used directly for further transformations into symmetrical ketones or 1,2-dione~.'~ 

RC02Et b R2C, 
1) Na, Et20 ,C02H 

2) NaB103, H20 OH 
O"Ctort,lh 

R = Me, Ph, 9-fluorenyl, 2-adarnantyl 
=flux, 5-6 h 

9. Quinones from Hydquinones 

Treatment of hydroquinones with catalytic CAN in the presence of the oxidant NaBrO, 
affords the quinones in high ~ie1ds.I~~ 

MeCN, NaBr03, H20 CAN 7:3 (cat) V/V - x$x X X X X 
OH 0 

rt, 2-4 h 
X = H (96%); X = Br (92%) 

xJ+x 

10. N-Bromoamides and N-Bromoimides from Amides or Imides 

A number of imides or amides in water containing sulfuric acid and aqueous acetic acid on 
treatment with NaBr03 and HBr (or NaBr) lead to the corresponding N-bromoimides or amide~ . '~~  

* 
NaBrO3, H2O 

H2SO4, HOAC, rt 
add aq HBr, 20 min 

99% 

N-Bromobenzamide from Ben~amide'~~.- Solid NaBr (690 mg, 6.7 mmol) was added slowly to a 
solution of benzamide (1.21 g, 10 mmol), NaBrO, (760 mg, 5 mmol) and concentrated sulfuric acid 
(740 mg, 7.5 mmol) in aqueous HOAc (70%, 7 mL). The mixture was stirred for 20 min at room 
temperature and the solid was collected by filtration, washed with cold water and dried to afford 
white crystals, 1.55 g (84%), mp 124-126°C. 

11. Benzylic Bromides from Alkyl Benzenes 

The selective brominations of alkylbenzenes using NaBr0, in a two phase system of ethyl 
acetate:water in the presence of NaHSO, has been described. In general, substantial amounts of the 
qa-dibromo derivatives are also formed.'" 
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KRAPCHO 

Br + b  NaBr03, NaHS03 

EtOAc, H2O 

X X 
n 4 h  

X = H (72%); X = C1(74%); X = COiH (80%) 

as(Bmmomethy1)-p-chbmbenzene. Typical Procedure'93.- To a solution of NaBr03 (1.35 g, 9 mmol) 
in water (4.5 mL) was added p-chlorotoluene (3 mmol) in ethyl acetate (6 mL), followed by a solution 
of NaHSO, (0.93 g 9 mmol) in water (9 mL) over a 0.25 h period. The mixture was stirred at room 
temperature for 4 h and then poured into ether (50 mL). Afer separation of the phases, the aqueous 
layer was extracted twice with ether and the combined extracts were washed with an Na,S203 solu- 
tion. The extract were dried over MgSO, and the solvent removed under vacuum and the residue pun- 
jied by column chromatography (silica gel, hexane:ethyt acetate 10: 1 )  to yield the a-brominated 
product (74%). 

The benzylic brominations of a wide variety of substituted toluenes have been reported 
using NaBrO, and (CH,),SiBr in CCl, in the presence of benzyltriethyl ammonium chloride 
(BTESCI). In most cases, the corresponding a,a-bromo analogues are also formed ( 10-15%).194 

Br - 6  NaBr03, (CH3)3SiBr 

BTEACI, CC14 
rt, 1-12 h X 

X 6 /' 

R = X = H (87%); R = Me, X = H (97%); R = H, X =p-Me (92%); 
R = H, X = 0-CI (81%); R = H, X =p-OMe (82%) 

eBromotoluene from Toluene'94.- Toluene (184 mg, 2 mol) was dissolved in CCl, (6 mL). Sodium 
bromate (302 mg, 2 mmol) and benzyltriethyl ammonium chloride (22 mg, 0.01 mmol) were added. 
Bromotrimethylsilane (615 mg, 4 mmol) in CCl, ( 2  mL) was added and the mixture was stirred at rt 
for1 h. The insoluble material was removed byfiltration and the solvent evaporated. Analysis of the 
crude product (97%) by nmr showed the presence of a-bromotoluene (87%) and a,a-dibromo- 
toluene (10%). 

12. Aromatic Brominations 
a) From Unactivated Benzenes 

Sodium bromate in the presence of sulfuric acid is a powerful brominating agent. The 
bromination of deactivated substrates such as nitrobenzene, benzoic acid and benzaldehyde occurs 
quite readily. Two methods were utilized which consisted of the addition of the sulfuric acid to 
starting material and NaBrO, in water or the addition of solid NaBrO, to a solution of the substrate in 
aqueous sulfuric acid.'9s*'% 
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USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

X X 

X = NOz, COOH, COZMe, CHO, CF3 (85-98%) 

3-Bmmobenzoic Acid Qpical PmcedwdB.- A 1 L four-neckedjksk, equipped with a mechanical 
stirrer, a reflux condenser and a dropping funnel was charged with benzoic acid (61 g, 0.5 mol), 
jinely ground NaBrO, (71.7 g, 0.475 mol), water (300 mL) and K$04 (1 g). The reactor was warmed 
to 85-90°C and corn H2S04 (122 mL.) was added dropwise over a period of 1 h. The stim'ng and 
temperature were maintained for an additional 0.5 h. The mixture was allowed to cool to rt, water 
was added, the product collected by filtration, washed with water and dried in an oven at 60°C to 
yield the product (92.3 g, 93.7%) as a light yellow material. 

b) From Activated Benzenes 

The bromination of activated aromatic compounds can be accomplished with the combina- 
tion of TMSBr and NaBrO, in solvents such as dichlommethane and carbon tetrachl~ride.'~' Treat- 
ment of anisole with this reagent pair leads to 4-bmmoanisole as the major product (93%) along with 
2-chloroanisole (7%) in an overall 85% yield. Treatment of p-chloroanisole leads to 2-bromo-4- 
chloroanisole (94%). 

The bromination of the octahydrobenzo[g]quinoline was accomplished on treatment with 
aqueous HBr, NaBrO,, in aqueous acetic acid.198 

Br 

aq 41% HBr, NaEhQ3 

HOAc, 1 h, 40°C 

OCH:, CHI 
OCHa CHI, 92% 

The red colored insoluble polyvinyltriphenylphosphonium tribrornide has been prepared by 
treatment of polyvinylbenzyltriphenylphosphonium bromide with NaBrO, and HBr. This agent is a 
mild monobrorninating agent for phenols, aromatic ethers, acetylated amines in good yields and with 
a high para ~electivity.'~~ 

13. Bromohydrins from Akenes 

Bromohydrins can be prepared by treatment of alkenes with NaBrO, in combination with 
the reducing agent NaHSO, (source of HOBr). In the reactions with 1-octene or 2-octene, regioiso- 
meric bromohydrins are obtained. However, 2-methyl- 1-pentene produced only 1 -bromo-2-methyl-2- 
pentanol. Cyclohexene and trans-stilbene afford trans-2-bromocyclohexanol and erythro-2-bmmo- 1,2- 
diphenyl ethanol in 70% and 50% yields, respectively. On the other hand, a,fJ-unsahuated carbonyl 
compounds form the bromohydrins in a stereo- and regioselective manner in good yields.m 
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* R q R  
NaBr03, NaHS03 

CH3CN, H20, rt 
R&R 

Br 

14. qa-Dibromoketones from 1-Alkynes 

Treatment of several terminal alkynes with NaBrO, in the presence of NaHSO, in aqueous 
%SO4 and acetonitrile lead to the corresponding a,a-dibromoketones.200 In the case of 4-octyne, 5 5 -  
dibromo-4-octanone is formed in a 50% yield. 

- R q B r  
NaBfl3, 

NaHS03 
R-CmC-H 

Br 

R = n-hexyl(U%); R = Ph (87%) 

15. Cleavage of Protective Groups 
a) From Benzyl and Benzylidene Analogues 

Benzyl ether and benzylidene carbohydrate protecting groups can be selectively cleaved by 
treatment with NaBr0,-N~Sz04 in an ethyl acetate-water medium. A variety of functional groups 
such as acetyl, chloroacetyl, pivaloyl, tosyl, t-butyldimethylsilyl, trityl and isopropylidene groups are 

stable to the reaction conditions. Slightly lower yields of the deprokcted products were obtained when 
NaHSO, was used in place of Na$,04. A typical example (nine reported) is shown 

OCOCHzCl 
c 

B n O 6  BzO OBZ EtOAc, H20 HO& BzO OBZ 

oCoCHzC' NaBr03, Na2S204 

OBz 3h. 82% OBz 

General Procedure2O1.- The benzylated (or benzylidene) sugar (0.3 mmol) was dissolved in EtOAc (4 
mL) and a solution of NaBr03 (136 mg, 0.9 mmol) in water (3 mL) was added. To the well stirred 
two-phase system an aqueous solution of Na&O, (85% purity, 157 mg, dissolved in 6 mL of water) 
was added dropwise over a period of 10 min at room temperature. Afer completion of the reaction 
( X C )  the mixture was diluted with EtOAc and the organic phase washed with aqueous sodium thio- 
sulfate. The crude product was then purified by silica gel chromatography. 

b) From Acetals and Ketals 

The deprotection of ethylene acetals and ketals can be performed by treatment with NaBrO, 
in acetonitrile in the presence of AlC13.203 

NaBrO3, AIC13, CH3CN 0 
c 

reflux, 0.7-3.5 h 

204 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

c) From Tetrahydropyranyl Ethers 

primary and secondary tetrahydmpyranyl (TI-IE’) ethers are readily converted to their respec- 
tive c h n y l  compounds with NaBrO, in the presence of AIC1,.m 

NaBrO3, AICI3, CH3CN 

reflux, 2.5 h 
78% 

16. Sulfoxides from Sulfides 

Treatment of sulfides with catalytic CAN in the presence of the oxidant NaBr03 affords the 
corresponding sulfoxides in excellent yields.lgl 

NaBr03, CAN (cat) 

MeCN, H20,7:3 V/V 
rt, 0.5-4 h 

R-S-R * RSOR 

R = n-Bu (83%); R = Ph (92%) 

Sodium bromate in combination with NH,Cl is also an effective reagent pair for the oxida- 
tions of wide variety of sulfides to sulfoxides.2w 

NaBrO3, NH&I - RSORl 
MeCN, H20 

R/“R1 

R = R1 = Me, Et, n-Bu, Ph (85-95%); R = Me, R1= Ph ( 90%) 

Dibenzyl Surfoxide. Typical Procedurezw.- Dibenzyl sulfide (1.072 g, 5 mmol) was added to a 
mixture of NaBrO, (0.755 g, 5 mmol) and NH4Cl (0.400 g, 7.5 m m l )  and aqueous acetonitrile 
(MeCN:H,O; 7:3 vh; 10 mL.) and the mixture was stirred for 40°C for 3.5 h. The resulting mixture 
was extracted with dichloromethune (2 x 20 d). The combined organic layers were washed with a 
saturated aqueous solution of NaHCO, (15 mL.) and dried over anhydrous MgSO, and filtered Evap- 
oration of the filtrate afforded dibenzyl sulfoxide as a colorless solid which was purified by crystal- 
liwtionfronr EtOH to afford the product (1.037g, 90%), mp 135137°C. 

The use of a silica gel supported NaBrO, for the oxidations of sulfides to sulfoxides has 
been reported in an abstract.m Oxidations of sulfides with NaBrO,/silica sulhric acid in CI-I$4 lead 
to excellent yields of the corresponding sulfoxides with no overoxidation to the s~lfones.”~ The 
oxidations of sulfides to sufoxides can also be accomplished using an immobilized cerium alkyl phos- 
phonate.206 

17. Disulfides from Thiols 

Disulfides can be readily prepared by the oxidations of alkyl or aryl thiols with NaBrO, and 
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KRAPCHO 

silica gel-sulfuric acid.174 

NaBr03, silica-sulfuric acid - 2R-SH R-SS-R 
0.4-3.3 h, rt 

85-96% 

R = Ph; R = PhCH2; R = cyclohexyl; R = r-Bu 

18. Quinoxalinone from Quinoxalinol 

Treatment of 1,5-dihydro-3-trifluoromethylpyrid~ino[3,4-b]quinoxalin-4-ols with NaBrO, 
in refluxing acetic acid affords 1 -methyl-3-trifluoromethylpyridazino[3,4-b]quinoxalin-4( 1 H)-one~.~O’ 

X = H (81%); X = C1(84%) 

REFERENCES 

1. M. Jasiewicz, Chem. Id, 202 (1999). 

2. R. H. Simoyi, Chem Eng. News, 71,4 (1993). 

3. The Merck Index, 13”Edition, p. 1538, Merck & Co., Inc., Whitehouse Station, N. J., 2001. 

4. J. J. Kaczur and D. W. Cawlfield, “Kirk-Othmer Encyclopedia of Chemical Technology” Vol5, 
p. 968, J. Wiley & Sons, 4” Edition, 1993. 

5. T. Hase and K. Wahala, “Encyclopedia of Reagentsfor Organic Synthesis”, L. A. Paquene, 
Editor-in-Chief, Vol. 7, p. 4533, J. Wiley & Sons, Inc., New York, 1995. 

6. M. Fieser and L. F. Fieser, “Reagents for Organic Synthesis”, Vol. 5 ,  p. 603, J. Wiley & Sons, 
Inc., New York, 1975. 

7. M. Fieser, R. L. Danheiser and W. Roush, “ Fieser and Fieser’s Reagents for Organic Synthesis”, 
Vol. 9, p. 423, J. Wiley & Sons, Inc., New York, 1981. 

8. M. Fieser, “Fieser and Fieser’s Reagents for Organic Synthesis”, Vol. 11, p. 481, J. Wiley & 
Sons, Inc., New York, 1984. 

9. M. Fieser and J. G. Smith, “Fieser and Fieser’s Reagents for Organic Synthesis”, Vol. 13, p. 
280, J. Wiley & Sons, Inc., New York, 1988. 

206 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CHUlRFTE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

10. M. Fieser, “Fieser and Fieser’s Reagents for Organic Synthesis”, Vol. 14, p. 114, J. Wiley & 
Sons, Inc., New York, 1989. 

1 1. T.-L. Ho, “Fiesers’ Reagents for Organic Synthesis”, Vol. 20, p. 348, J. Wiley & Sons, Inc., New 
York, 2000. 

12. T.-L. Ho, “Fiesers’ Reagents for Organic Synthesis”, Vol. 21, p. 400, J. Wiley & Sons, Inc., 
Hobokne, NJ, 2003. 

13. A. Weickmann and K. P. Zeller, in Houben-Weyl, Vol. 4 l a ,  p. 490, 1981. 

14. M. Hudlicky, “Oxidations in Organic Chemistry”, pgs. 27,176,179,185, ACS Monograph 186, 
American Chemical Society, 1990. 

15 (a) R. C. Larock, “Comprehensive Organic Transfomtions”, 2“d Edition, pgs. 1653-1655, J. 
Wiley & Sons, Inc., New York, 1999. (b) M. A. Ogliaruso and J. F. Wolfe, “Comprehensive 
Organic Functional Group Transformations”, Vol5, pgs. 74,102, Vol. Ed., C. J. Moody, 
Editors-in-Chief, A. R. Kahitzky, 0. Meth-Cohn, C. W. Rees, Pergamon, 1995. 

16. B. 0. Lmdgren and T. Nilsson, Acta Chem. Scad.,  27,888 (1973). 

17. B. 0. Lindgren and T. Nilsson, SE 353899,1973; Chem Abstr., 80,47659 (1974). 

18. W. Buchowiecki, J. Zjawiony, H. Zajac, S. Magielka, A. Janebski, D. Krementowska, PL 
115489, (1982); Chem Abstr., 98,34380 (1983). 

19. J. A. Canicio, R. Canela, J. Capdevila and A. Ginebreda, Afinidud, 40,142 (1983); Chem Abstr., 
99,87782 (1983). 

20. J. A. Moore and E. M. Partain, III, Org. Prep. Proced lnt., 17,203 (1985). 

21. F. M. Hauser and S .  R. Ellenberger, Synthesis, 723 (1987). 

22. T. Eicher, K. Massonne and M. Herrmann, Synthesis, 1 173 (1991). 

23. A. Saeed, I. Hussain and N. H. Rama, J. Chem. SOC. Pakistan, 18,48 (1996); Chem. Abstr., 125, 
10433 (1996). 

24. R. Green, Tetrahedron Lett., 38,4697( 1997). 

25. K. M. Bhattarai, A. P. Davis, J. J. Perry, C. J. Walter, S. Menzer and D. J. Williams, J. Org. 
Chem., 62,8463 (1997). 

26. M. Bellassoued, M. Salemkour and E. Reboul, Synfh. Commun., 27,3103 (1997). 

27. M. L. Micklatcher and M. Cushman, Synthesis, 1878 (1999). 

28. F. Sansone, S. Barbom, A. Casnati, D. Sciotto and R. Ungaro, Tetrahedron Lett., 40,4741 

207 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



KRAPCHO 

(1999). 

29. H. Hirasawa, T. Taniguchi and K. Ogasawara, Tetrahedron Lett., 42,7587 (2001). 

30. H. Awano, M. Kusumoto and M. Koito, JP 2003055296 ( In Japanese); Chem. Abstr., 138, 
1875 17 (2003). 

3 1. G. S. Arora, H. Shirahama and T. Matsumoto, Chem. Id., 318 (1983). 

32. H. Kwiecien, Polish J. Chem., 72,2254 (1998); Chem. Abstr., 130, 13978 (1998). 

33. E. Dalcanale and F. Montanari, J. Org. Chem., 51,567 (1986). 

34. G. M. Makara and W. K. Anderson, J. Org. Chem., 60,57 17 ( 1  995). 

35. M. Oki, I. Fujino, D. Kawaguchi, K. Chuda, Y. Moritaka, Y.Yamamoto, S. Tsuda, T. Akinaga, 
M. Aki, H. Kojima, N. Morita, M. Sakurai, S. Toyota, Y. Tanaka, T. Tanuma and G. Yamamto, 
Bull. Chem. SOC. Jpn, 70,457 (1997). 

36. P. Merino, S. Franco, F. L. Merchan and T. Tejero, Tetrahedron Lett., 39,641 1 (1998). 

37. H. Uno, N. Nibu and N. Misobe, Bull. Chem. SOC. Jpn, 72,1365 (1999). 

38. G. P. Luke and D. A. Holt, Terrahedron: Asymmetry, 10,4393( 1999) 

39. T. Furutani, M. Hatsuda, R. Imashiro and M. Seki, Tetrahedron:Asymmetry, 10,4763 (1999). 

40. A. Raach and 0. Reiser, J. prukf. Chem., 342,605 (2000). 

41. A. R. Daniewski, W. Liu, K. Puentener and M. Scalone, Org. Process Res. Dev., 6,220 (2002). 

42. D. Gree, Y. Le Floc’h and R. Gree, Synth. Commun., 20,937 (1990). 

43. C. Iwata, N. Maezaki, M. Murakami, M. Soejima, T. Tanaka, and T. Imanishi, Chem. Commun., 
516 (1992). 

44. X. Fang, U. K. Bandarage, T. Wang, J. D. Schroeder and D. S. Garvey, Synlett, 489 (2003). 

45. G. A. Kraus and M. J. Taschner, J. Org. Chem., 45, 1175 (1980). 

46. G. A. Kraus and B. Roth, J. Org. Chem., 45,4825 (1980). 

47. B. S. Bal, W. E. Childers, Jr., and H. W. Pinnick, Tetrahedron, 37,2091 (1981). 

48. K.-Y. KO, W. J. Frazee and E. L. Eliel, Tetrahedron, 40, 1333 (1984). 

49. A. Tanaka, S. Otsuka and K. Yamashita, Agric. Biol. Chem., 48,2535 (1984). 

208 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

50. A. Ohsaki, K. Matsumoto, K. Shibata, T. Kubota and T. Tokoroyama, Chem. P h m  Bull., 33, 
2171 (1985). 

51. L. R Hillis and R. C. Roland, J. Org. Chem, SO, 470 (1985). 

52. A. V. Rama Rao, K. Bal Reddy and T. G. Murali Dhar, Indian J. Chem, 25B, 1014 (1986). 

53. P. Bey, F. Gerhart and M. Jung, J. Org. Chem., 51,2835 (1986). 

54. M. Isobe, Y. Ichikawa and T. Goto, Tetrahedron Len., 27,963 (1986) 

55. M. Isobe, Y. Ichikawa, D.-L. Bai, H. Masaki and T. Goto, Tetrahedron, 43,4767 (1987). 

56. T. Ohta, Y. Yamato, H. Tahira and M. Somei, Heterocycles, 26,2817 (1987). 

57. F. Yamada and M. Somei, Heterocycles, 26, 1 173 (1 987). 

58. S .  Plaue and D. Heissler, Tetrahedron Len., 28, 1401 (1987). 

59. D. Heissler and C. Ladenburger, Tetrahedron, 44,25 13 (1988). 

60. M. Ochiai, T. Ukita, S. Iwaki, Y. Nagao and E. Fujita, J. Org. Chem., 54,4832 (1989). 

61. J. W. Tilley, R. Sarabu , R. Wagner and K. Mulkerins, J. Org. Chem, 55,906 (1990). 

62. C. Siegel, P. M. Gordon and R. K. Razdan, Synthesis, 851 (1991). 

63. L. W. Deady and N. H. Quazi, Australian J. Chem., 45,2083 (1992). 

64. C. Mazzini, L. Sambn, H. Regeling, B. Zwanenburg and G. J. F. Chittenden, J. Chem. Soc., 
P erkin Trans. 1,335 1 (1997). 

65. R P. Spencer, H. K. B.Yu, C. L. Cavallam and J. Schwartz, J. Org. Chem., 62,4507 (1 997). 

66. T. Q. Dinh, X. Du, C. D. Smith and R. W. Armstrong, J. Org. Chem., 62,6773 (1997). 

67. H. I. Duynstee, M. C. de Koning, H. Ovaa, G. A. Mare1 and J. H. van der Boom, Eur. J. Org. 
Chem, 2623 (1991). 

68. S. Colle, C. Taillefumier, Y. Chapleur, R. Liebl and A. Schmidt, Bioorg. Med Chem, 7, 1049 
( 1999) 

69. M. Sagakami, K. Hone, K. Higashi, H. Yamada and H. Hamana, Chem P h a m  Bull., 47,1237 
(1 999). 

70. F. Raeppel, J.-M. Weibel and D. Heissler, Tetrahedron Len., 40,6377 (1999). 

71. M. Alcon, A. Moyano, M.A. Pericas and A. Riera, Tetrahedron: Asymmetry, 10,4639 (1999). 

209 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



KRAPCHO 

72. M. E. Jung and J. M. MacDougall, Tetrahedron Lett., 40,6339 (1999). 

73. D. L. Boger, S. Miyazaki, S. H. Kim, J. H. Wu, S. L. Castle, 0. Loiseleur and Q. Jin, J. Am. 
Chem. Soc., 121, loo04 (1999). 

74. M. Martin, G. Mas, F. Urpi and J. Vilarrasa, Angew. Chem., Inf. Ed., 38,3086 (1999). 

75. X. Teng, Y. Takayama, S. Okamoto and F. Sato, J. Am. Chem. Soc., 121, 1 1916 (1999). 

76. K. Yamaguchi, C. Shinohara, S. Kojima, M. Sodeoka and T. Tsuji, Biosci. Biotechnol. Biochem. 
63,73 1 ( I  999). 

77. A. K. Ghosh and Y. Wang, Tetrahedron, 55,13369 (1999). 

78. T. Ling, A. X. Xiang, and E. A. Theodorakis, Angew. Chem, Inf. Ed., 38,3089 (1999). 

79. D. H. Kim and S. Chung, Tetrahedron:Asymmefry, 10,3769 (1 999). 

80. P. S. Dragovich, R. Zhou, S.E. Webber, T. J. Prins, A. K. Kwok, K. Okano, S. A. Fuhrman, L. S. 
Zalman, F. C. Maldonado, E. L. Brown, J. W. Meador, III, A. K. Patick, C. E. Ford, M. A. 
Brothers, S. L. Binford, D. A. Matthews, R. A. Ferre and S. T. Worland, Bioorg. Med. Chem. 
Lett., 10,45 (2000). 

81. K. Weinges, H. Schick and H. J. Ziegler, Eur. J. Org. Chem.,1623 (2000). 

82. J. M. Andres, N. de Elena and R. Pedrosa, Tetrahedron, 56, 1523 (2000). 

83. T. Hanazawa, M. Koiwa, G. P.-J. Hareau and F. Sato, Tetrahedron Lett., 41,2659 (2000). 

84. F. Chan, P. Magnus and E. G. McIver, Tetrahedron Lett., 41,835 (2000). 

85. A. Mahadevan, C. Siegel, B. R. Martin, M. E. A M ,  I. Beletskaya and R. K. Razdan, J. Med. 
Chem., 43,3778 (2000). 

86. N. Bremand, J. F. Normant and P. Mangeney, Synlett, 532 (2000). 

87. D. B. Berkowitz, S. Choi and J.-H. Maeng, J. Org. Chem., 65,847 (2000). 

88. I. Paterson, G. J. Florence, K. Gerlach and J. P. Scott, Angew. Chem., Inf. Ed.,39,377 (2000). 

89. H. Abe, S. Aoyagi and C. Kibayashi, Tetrahedron Lett., 41,1205 (2000). 

90. L. W. Deady and T. Rodemann, J. Heterocyclic Chem., 38, 1 185 (2001). 

91. G. T. Kim, M. Wenz, J. I. Park, J. Hasserodt and K. D. Janda, Bioorg. Med Chem., 10,1249 
(2002). 

92. C. Kuroda, T. Kasahara, K. Akiyama, T. Amemiya, T. Kunishima and Y. Kimura, Tetrahedron, 

210 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CHUlRITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

58,4493 (2002). 

93. S. G. Davies, S. W. Epstein, A. C. Gamer, 0. Ichihara and A. D. Smith, Tetrahedron: 
Asymmetry, 13,1555 (2002). 

94. B. R. Babu and K. K. Balasubramaniam, Org. Prep. Proced Int., 26, 123 (1994). 

95. J. P. Bayle, F. Perez and J. Courtieu, Bull. SOC. Chim France, 565 (1990). 

96. (a) R. C. Larock, “Comprehensive Organic Tmnsfomtions”, 2d Edition, p. 1646, J. Wiley & 
Sons, Inc., New York, 1999. (b) G.J. Hollingsworth, “Comprehensive Organic Functioml Group 
Transfmtions”, Vol5, pg. 73, Vol Ed., C. J. Moody, Editors-in-Chief, A. R. Katritzky, 0. 
Meth-Cohn, C. W. Rees, Pergamon, 1995. 

97. M. Zhao, J. Li, E. Mano, Z. Song, D. M. Tschaen, E. J. Grabowski and P. J. Reider, J. Org. 
Chem., 64,2564 (1 999). 

98. M. M. Zhao, J. Li. E. Mano, J. Zhiguo and D. M. Tschaen, Organic Syntheses, 81,195 (2005). 

99. Z. J. Song, M. Zhao, R. Desmond, P. Devine, D. M. Tschaen, R. Tillyer, L. Frey, R. Heid, F. Xu, 
B. Foster, J. Li, R. Reamer, R. Volante, E. J. J. Grabowski, U. H. Dolling and P. J. Reider, J. 
Org. Chem., 64,9658 (1999). 

100. S. Koshida, Y, Suda, M. Sobel, J. Ormsby and S. Kusumoto, Bioorg. Med Chen Lett., 9,3 127 
( 1999). 

101. J. E. Dettwiler and W. D. Lubell, Can J. Chem, 82,318 (2004). 

102. F. J. Aladro, F. M. Guerra, F. J. Moreno-Dorado, J. M. Bustamante, Z. D. Jorge and G. M. 
Massanet, Tetrahedron Lett., 41,3209 (2000). 

103. J. E. Lynch, R. P. Volante, W. L. Laswell and I. Shinkai, I., US 4952288 (1990); Chem Abstr., 
114,42392 (1991). 

104. Y. Kobayashi and M. Matsuumi, J. Org. Chem., 65,7221 (2000). 

105. Y. Kobayashi, M. Nakano, G. B. Kumar and K. Kishihara, J. Org. Chem., 63,7505 (1998). 

106. (a) W. Pinnick, “Org. Reactions”, 38,655 (1990). (b) R. C. Larock, “Comprehensive Organic 
Trunsfomtwns”, 2nd Edition, p. 1227, J. Wiley & Sons, Inc., New York, 1999. 

107. R. Ballini and M. Petrini, Tetrahedron Lett., 30,5329 ( 1989). 

108. (a) M. Madesclaire, Tetruhedron, 42,5459 (1986). A review. (b) W. Adam, C. M. Mitchell and 
C. R. Saha-Moller, Tefruhedron 50,13 121 (1 994). 

109. J. V. Weber, M. Schneider, B. Salami and D. Paquer, Recl. Trav. Chim. Pays-Bus, 105,99 
(1986). 

21 1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



KRAPCHO 

1 10. M. Hirano, S. Yakabe, J. H. Clark, and T. Morimoto, J. Ckm Soc., Perkin Trans. 1 2693 
(1996). 

11 1. M. Hirano, S. Yakabe, J. H. Clark, H. Kudo and T. Morimoto, Synth. Commun., 26,1875 
(1996). 

1 12. M. Hirano, S. Yakabe, H. Monobe and T. Morimoto, J. Chem Research (S), 472 (1998). 

1 13. K. Ramadas and N. Srinivasan, SyMh. Commun., 25,227 ( 1995). 

114. K. Ramadas, N. Srinivasan, N. Janarthanan and R. Pritha, Org. Prep. Proced h t . ,  28,352 
(1996). 

115. R. C. Larock, “Comprehensive Organic Transformations”, 2nd Edition, p. 709, J. Wiley & Sons, 
Inc., New York, 1999. 

1 16. S. Yakabe, M. Hirano and T. Morirnoto, Synth. Commun., 28, 131 (1998). 

1 17. R. C. Larrxk, “Comprehensive Organic Transformatiom”, 2”d Edition, p. 620, J. Wiley & Sons, 
Inc., New York, 1999. 

1 18. M. Hirano, S Yakabe, H. Monobe and T. Morimoto, Can. J. Chem., 75,1905 (1 997). 

119. M. Hirano, S. Yakabe, H. Monobe, J. H. Clark and T. Morimoto, Synrh. Commun., 27,3749 
(1997). 

120. M. Hirano, S. Yakabe, H. Monobe, J. H. Clark and T. Morimoto, T., J. Chem SOC., Perkin 
Trans. 1,308 (1997). 

121. R. C. Larock, “Comprehensive Organic Transformations”, 2nd Edition, p. 630, J. Wiley & Sons, 
Inc., New York, 1999 

122. S.Yakabe, M. Hirano andT. Morimoto, Synrh. Commun., 28,1871 (1998). 

123. R C. Larock, “Comprehensive Organic Transformations”, 2nd Edition, p.623, J. Wiley & Sons, 
Inc., New York, 1999 

124. M. Hirano, S.Yakabe, H. Monobe and T. Morimoto, Synth. Commun., 28,669 (1 998). 

125. K. Ramadas, N. Janarthanan and R. Pritha, Synletf, 1053 (1997). 

126. M. F. Rahman, lndian J. Chem., 19B, 828 (1 980). 

127. J. P. Collman, H. Tanaka, R. T. Hembre and J. I. Brauman, J. Am. Chem. SOC., 112,3689 
(1990). 

128. Q. Chen and L. W. Deady, Australian J. Chem., 46,987 (1993). 

212 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CMORLTE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

129. J.-C. Blazejewski, R. Dome and C. Wakselman, Synthesis, 1120 (1985). 

130. D. L. J. Clive, Minaruuaman and L. Ou, J. Org. Chem, 70,3318 (2005). 

131. D. L. J. Clive and L. Ou, Tetrahedron Lett., 43,4559 (2002). 

132. 0. Flogel and H.4.  Reissig, Eur. J. Org. Chem., 2797 (2004). 

133. D. S. Matteson and E. C. Beedle, Tetrahedron Lett., 28,4499 (1987). 

134. T. Ichige, A. Miyake, N. Kanoh and M. Nakata, Synktt, 1686 (2004). 

135. N. F. Langille, L. A. Dakin and J. S. Panek, Org. ktt., 5,575 (2003). 

136. M. H. Junttila and 0.0. E. H o d ,  J.  Org. Chem., 69,4816 (2004). 

137. The Merck Z&x, Merck Research Laboratories, 13* Edit., p. 1537, Whitehouse Station, NJ, 
2001. 

138. J. J Harrison, “Encyclopedia of Reagents for Organic Synthesis”, Paquette, L. A., Editor-in- 
Chief, Vol. 7, p. 4528, J. Wiley and Sons, Inc., New York, 1995. 

139. L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis”, p. 1055, J. Wiley & Sons, Inc., 
New York, 1967. 

140. T.-L. Ho, “Fiesers’ Reagents for Organic Synthesis“, Vol. 18, p. 330, J. Wiley & Sons, Inc., 
New York, 1999. 

141. T.-L. Ho, “Fiesers’ Reagents for Organic Synthesis”, Vol. 20, p. 347, J. Wiley & Sons, Inc., 
New York, 2000. 

142. T.-L. Ho, “Fiesers’ Reagents for Organic Synthesis”, Vol. 21, p. 400, J. Wiley & Sons, Inc., 
New York, 2003. 

143. M. Hudlicky, “Oxidations in Organic Chemistry”, ACS Monograph 186, pgs 29,139,120,15, 
133,139, American Chemical Society, 1990. 

144. R. C. Larock, “Comprehensive Organic Tranformations”, 2“dEditi0n, p. 1236, J. Wiley & Sons, 
Inc, New York, NY, 1999. 

145. K. E. B. Parkes and S. K. Richardson, “Comprehensive Organic Functional Group Transforma- 
tions”, Vol3, p. 11 1 and the following 2 chapters, G. Pattenden, Vol. Ed., Pergamon, 1995. 

146. S. Kajigaeshi, T. Nakagawa, N. Nagasaki, H. Yamasaki and S. Fujisaki, Bull. Chem. SOC. Jpn, 
59,747 (1986). 

147. Y. Ishii, M. On0 and H. Shibata, JP 09087227 (1997); Chem Absrr., 127,17443 (1997). 

213 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



KRAPCHO 

148. A. Shaabani and M. Amen, J. Chem. Research (S), 100 (1998). 

149. Y. Sato, JP 2002088010 (2002); Chem. Abstr., 136,279140 (2002). 

150. Y. Ishii, T. Nakano and Y. Sato, JP 20021 73457 (2002); Chem, Abstr., 137,20154 (2002). 

151. Y. Ishii, T. Nakano and Y. Sato, JP 2002173451 (2002); Chem, Abstr., 137,20173 (2002). 

152. A. Shaabani and D. G. Lee, Synth. Commun., 33,1255 (2003). 

153. A. Mills and C. Holland, Ultrasonics Sonochemistry, 2, S33 (1995). 

154. S. De Munari, A. Cem, M. Gobbini, N. Almirante, L. Banfi, G. Carzana, P. Ferrara, G. Marazzi, 
R. Micheletti, A. Schiavone, S. Sputore, M. Tom, M. P. Zappavigna and P. Melloni, J. Med 
Chem., 46,3644 (2003). 

155. Y. Yamamoto, H. Suzuki and Y. Moro-oka, Tetrahedron Lett., 26,2107 (1985). 

156. S. Kanemoto, H. Tomioka, K. Oshima, and H. Nozaki, Bull. Chem. Soc. Jpn, 59,105 (1986). 

157. K. M. Belyk, W. R. Leonard, Jr., D. R. Bender and D. L. Hughes, J. Org. Chem., 65,2588 
(2000). 

158. F. J. Fleitz, T. A. Lyle, N. Zheng, J .  D. Armstrong III and R. P. Volante, Synth.Commun., 30, 
3171 (2000). 

159. H. Tomioka, K. Oshima and H. Nozaki, Tetrahedron Lett., 23,539 (1982). 

160. M. Ihara, Y. Ishida, M. Abe, M. Toyota, K. Fukumoto and T. Kametani, J. Chem. Soc., Perkin 
Trans. 1, 1155 (1988). 

161. S. Kanemoto, H. Saimoto, K. Oshima, K. and H. Nozake, Tetrahedron Len., 25,3317 (1984). 

162. S. Kanemoto, H. Saimoto, K. Oshima, K. Utimoto and H. Nozaki, Bull. Chem. Soc. Jpn, 62,519 
(1989). 

163. A. Shaabani and S. Ajabi, Indian J. Chem., 40B, 148 (2001). 

164. N. Al-Haq, A. C. Sullivan and J .  R. H. Wilson, Tetrahedron Len., 44,769 (2003). 

165. M.-H. Wu, G.-C. Yang and Z.-X. Chen, Youji H u m e  (Chinese), 20,808 (2000); Chem. Abstr. 
134,56735 (2000). 

166. B. Tamami and M. A. Karimi Zarchi, Eur. Polym. J., 31,715 (1995). 

167. F. Shirini, H. Tajik, A. Aliakbar and A. Akbar, Synth. Commun., 31,767 (2001). 

168. S. Sakaguchi, D. Kikuchi and Y. Ishii, Bull. Chem. Soc. Jpn, 70,2561 (1997). 

214 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



USES OF SODIUM CHLORITE AND SODIUM BROMATE IN ORGANIC SYNTHESIS. A REVIEW 

169. G. A. Olah, B. G. B. Gupta and A. P. Fung, Synthesis, 897 (1980). 

170. A. Shaabani and A.-R. Karimi, Synth. Commum., 31,759 ( 2001). 

171. H. Fimuzabadi and I. Mohammadpr-Baltork, Synth. Commun., 24,1065 (1994). 

172. A. Shaabani, A. Bazgir and M. Abdoli, Synth. Commun., 32,675 (2002). 

173. Q.-Z. Shi, J.-G. Wang and K. Cai, Synrh. Commun., 29.1 177 (1 999). 

174. A. Shaabani, K. Soleimani and A. Bazgir, Synth. Commun., 34,3303 (2004). 

175. M. Bierenstiel, P. J. D’Hondt and M. Schlaf, Tetrahedron, 61,491 1 (2005). 

176. R. C. Larock “Comprehensive Organic Transformations”, 2““ Edition, p. 1235, J. Wiley & 
Sons, Inc., New York, 1999. 

177. K. E. B. Parkes and S. K. Richardson, “Comprehemive Organic Funcriom~ Group Transforma- 
rions”, Vol3, p.1 and the following two chapters, G. Pattenden, Vol. Ed., Pergamon, 1995. 

178. A. Behr and K. Eusterwiemann, J. Organomeral. Chem., 403,209 (1991). 

179. P. Bobal and D. A. Lightner, J. Heterocyclic Chem., 38.1219 (2001). 

180. K. Takase, H. Masuda, 0. Kai, Y. Nishiyama, S. Sakaguchi and Y. Ishii, Chemistry Lett., 87 1 
(1 995). 

181. K. M. Khan, G. M. Maharvi, S. Hayat, Zia-Ullah, M. I. Choudhary and Atta-ur-Rahman, Tetru- 
hedron, 59,5549 (2003). 

182. M. Tanaka and F. Abe, JP 01302053 (1989); Chem. Abstr., 112,215766 (1990). 

183. L. Metsger and S .  Bittner, Tetrahedron, 56,1905 (2000). 

184. S. Hayat, Atta-ur-Rahman, M. I. Choudhary, K. M. Khan and E. Bayer, Tetrahedron Lett., 42, 
1647 (2001). 

185. T. Veeraiah and M. Periasamy, Synth. Commun., 19,2151 (1989). 

186. M. Pagliaro, Carbohydrare Res., 308,3 1 1 (1998). 

187. Y. H. Sashiwa, K. Nakamura, Y. Takeuchi and H. Saimoto, Polym. J., 23,1279 (1991). 

188. A. B. Chetri, B. Kalita and P. J. Das, Synfh. Commun., 30,3317 (2000). 

189. X. Huang, and Y. Jin, Hangzhou Dance Xuebao, Ziran Kewban, 14,195 (1987); Chem. Absrr., 
107,236191 (1987). 

215 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



KRAPCHO 

190. G. A. Olah and A.-H. Wu, Synthesis, 1177 (1991). 

191. T.-L. Ho, Synrh. Commun., 9,237 (1979). 

192. S. Fujisaki, S. Hamura, H. Eguchi and A. Nishida, Bull. Chem. SOC. Jpn, 66,2426 (1993). 

193. D. Kikuchi, S. Sakaguchi and Y. Ishii, J. Org. Chem., 63,6023 (1998). 

194. L. G. Lee, J. W. Seo, U. C. Yoon and H.-T. Kang , Bull. Korean Chem. S O C . , ~ ~ ,  371 (1995); 
Chem. Absrr., 123,256237 (1995). 

195. A. Groweiss, Org. Process Res. Dev., 4,30 (2000). 

196. Y. Yamaoka, JP 11228505 (1999); Chem Absrr., 131,144408 (1999). 

197. J. G. Lee, H. T. Cha, U. C. Yoon, Y. S. Suh, K. C. Kim and S. Par, Bull. Korean Chem SOC., 12, 
4 (1991); Chem. Absrr., 114,246879 (1991). 

198. M. Banziger, E. Kusters, L. La Vecchia, W. Marterer and J. Nozulak, Org. Process Res. Dev., 7, 
904 (2003). 

199. M.-H. Wu, G.-C. Yang and Z.-X. Chen, Chin. J. Chem. (Engl) 19, 173 (2001); Chem. Abstr., 
134,325993 (2001). 

200. H. Masuda, K. Takase, M. Nishio, A. Hasegawa, Y. Nishiyama and Y. Ishii, J. Org. Chem., 59, 
5550 (1994). 

201. M. Adinolfi, G. Barone, L. Guariniello and A. Iadonisi, Terrahedron Lett., 40,8439 (1999). 

202. M. Adinolfi, L. Guariniello, A. Iadonisi and L. Mangoni, Synlett, 1277 (2000). 

203. I. Mohammadpoor-Baltork and A. R. Nourozi, Synthesis, 487 (1999). 

204. A. Shaabani, H. R. Safaei and A. Bazgir, Iran. J. Chem. Chem. Eng., 19,47 (2000); Chem. 
Absrr., 135,256796 (2001). 

205. M. H. Ali and D. Kriedelbaugh, Absrracrs of Papers, 2231dACS Meeting, Orlando, Fl, USA, 
April 7- 1 1,ORGN-022 (2002). 

206. M. Al-Hashimi, G. Roy, A. C. Sullivan and J. R. H. Wilson, Tetrahedron Lett., 46,4365 (2005). 

207. Y. Kurasawa, I. Matsuzaki, W. Satoh, Y. Okamoto and H. S. Kim, Hererocycles, 56,291 
(2002). 

(Received November 7,2005; in find form January 13,2006) 

216 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


