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ABSTRACT

Commonly consumed soft drinks have been utilized for the first timefor the
efficient hydrolysisand al coholysis of epoxides furnishing the correspond-

ing 1,2-diolsand ot-alkoxyal cohol srespectively.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Epoxidesareversatile synthetic intermediatesfor
organic synthesisand they undergo widevariety of nu-
cleophilicring opening reactions. There have been sev-
era studiesreported on the epoxidering opening with
widevariety of nucleophilesunder aplethoraof condi-
tiong such asprotic/Lewisacids, homo- and hetero-
geneous metal catayss, ionicliquids, solid and aque-
ous phase reactions, etc. While each method hasiits
own meritsand limitations, thereis still aneed for the
development of highly smplified and environmental ly
benign procedureswithout the use of any toxic/expen-
sivecataystsor harsh reaction conditions.

Organicsolventsareused extengvely intheindustry
aswdll asintheacademiclabs, and their releaseinto
theenvironment isametter of immensehedth and safety
concern. Due to the wide range of hazards that are
associated with thesevol atile organic compounds, there
have been tremendous effortstowardsfinding clean
aternative sources. Beveragessuch as Coca-Cola®!?,
Pepsi®, etc. arehighly inexpensiveand extensively
consumed dl over theworld. Thesetypeof soft drinks
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aremildly acidic, however they have never been used
for any type of reactions for organic synthesis.
Accordingly, we envisioned the use of thesedrinksfor
acid mediated synthetic organic transformations.

EXPERIMENTAL

Hydrolysisof epoxidewith coke

To asolution of 5mL Coke (or a20% v/v solution
of Coke in water) was added 240 mg (2mmol) of
styrene oxide, and stirred for two hours at room
temperature. Upon completion (TLC), the reaction
mixture was diluted with saturated brine (5mL) and
worked up ethyl acetate (3x20 mL), dried (MgSO,),
and concentrated in vacuo to obtai n spectroscopically
purediol (257mg, 93%vyield).

Alcoholysisof epoxidewith coke

To asolution of themethanol (4.5mL) and styrene
oxide (240 mg, 2mmol) was added 10% v/v (0.5mL)
of Coca-Cola, and stirred at 50°C overnight. Upon
complete consumption of the epoxide (TLC), the
reaction mixturewas concentrated invacuo, diluted with
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TABLE 1: Hydrolysisof styreneoxidein varioussoft-drinks

O Soft Drink :
©/<I Water (1:4 v/v)
)

OH

©)\,O H
(2

. Amount Time Diol
Soft Drink W) (h)  yidd (%)

1 Cocacola®? 100 2 95
2 Cocacola® @ 20 2 93
3 Diet coke® 2 20 2 88
4 peps® 20 2 92
5 Sprite® ¥ 20 2 93
6 Mountain dew® 1l 20 2 89
7 Fanta® @ orange 20 2 87
8 Barq’s® @ root beer 100 24 91
9 Barg’s® @ root beer 20 24 90
10 Canadadry®®clubsoda 100 168 20°

220% of the diol was obtained along with remaining starting
material even after stirring for one week

TABLE 2: Hydrolysisof epoxideswith Coca Cola®

OH
R/<C|) Water:Coca Col &2 R)\/OH
G 4)

Sr. . Coca Cola Temp Time Yielc
no. Epoxide (Wiv) Product ©C) (h) (%)
o OH
1 @A 100% OH 25¢ 2 95
2 - 20% - 25°C 2 93
OH
3 (Jo w0 [ I 25°C 24 96
OH
4 20% - 25°C 24 93
OH
5 <P 100% Ty 25C 24 95
6 20% - 25°C 24 41
7 20% 50°C 12 68
o)
0_<J OH
g [ J 100% OOWOH 25°C 48 NR
9 - 100% 50°C_ 12 98

saturated brine (5mL) and worked up with ethyl acetate
(3x20 mL) and water. The combined organic layers
weredried (MgSO,), and concentratedto obtain 17:1
mixture of alcohol and diol in 95% combined yield,
based on crudeproton NMR analysis.

RESULTSAND DISCUSSION

Asamodel study, we carried out the hydrolysis
and dcoholysisof epoxidesusing oft drinksascatadyds.
Initially, weattempted thereaction of styreneoxide (1)
with Coca-Cola® Classcand graifyingly, thehydrolysis

= Fyl| Peper

took place smoothly at room temperature and the
reaction was completewithin 2h. A smplework up of
thereaction furnished spectroscopicdly pure 1-phenyl-
1,2-ethanediol (2) in95%yidd. Impressed by thisresult,
we carried out thehydrolysisof (1) in4:1 (v/v) solution
of water and coke, and the hydrolysiswasfoundto be
equally facileand the product diol wasobtainedin 93%
yield. Thehydrolysisof (1) wasthen attemptedin other
commonly consumed soft drinks such as Pepsi®,
Sprite®, Fanta® Orange, Mountain Dew®, Diet
Coke®, and Barq’s® Root Beer. The reaction was
observed to beuniforminall the above casesand the
diol wasobtainedin congstently highyields (entries 3-
9, TABLE1).

The comparatively lessacidic soft drink Root Beer
(pH~4.6) took longer time (24h) for completion of
hydrolysis. The hydrolysis aso took place in the
presenceof cataytic Root Beer inwater assolvent (entry
9). Expectedly, the reaction of (1) with Club Soda
(CanadaDry®, pH ~5.2) wasduggish and only ~20%
hydrolysistook place even after stirring for oneweek
(entry 10, TABLE 1).

To further test the generality of this reaction,
hydrolysisof severa other representative epoxidessuch
ascyclohexene oxide, 1,2-epoxyhexane and phenyl
glycidyl ether wasatempted usng CocaCola® Classic.
In al these cases, the product diolswere obtained in
very highyiedsin stoichiometric Cokeor inasolution
of Cokeinwater (TABLE 2). Phenyl glycidyl ether was
relatively sluggishto react at room temperature, and
elevated temperature (50°C) wasrequired to affect the
hydrolysis(entries8-9, TABLE 2).

Wethen studied thealcoholysisof epoxidesusing
Coke as a catalyst in methanol, and ethanol. As a
representative example, thereaction of styreneoxide
was attempted with methanol in the presence of 20%
v/v Coke to yield 2-methoxy-2-phenyl ethanol asa
singleregioisomer. However, hydrolysiswasobserved
asacompetitivesdereactionfromthewater presentin
Cokeand 3.3:1ratio of acohol to diol was obtained.
Tominimizethehydrolyss, thereection wasattempted
with lower amount (10% v/v) of Coke, to affect the
alcoholysisin 17:1 ratio. Lowering of the amount of
Coke (5% V/v) ledto dower rate of d coholysiswithno
further improvement in chemoselectivity. Heating the
reaction at 50°C in the presence of 5% v/v Coca-Cola
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o Coke:

©/<] ROH ©)\/ ©)\/
(3 ) (4

20% v/v Cokein MeOH, 25°C: 1
5% v/v Cokein MeOH, 25°C: 01
1

1

5% v/v Cokein MeOH, 50°C: 17 :
20% v/v Cokein EtOH, 25°C: 2.4
20% v/v Cokein EtOH, 50°C: 42 : 1

SCHEME 1: Alcoholysisof styreneoxide

H
(:D Coke: ROH U U
H

©) (5
20 % v/v Cokein MeOH, 50°C:1.5 : 1
20 % v/v Cokein EtOH, 50°C: 0.75: 1

SCHEME 2: Alcoholysisof cyclohexeneoxide

proved optimal for methanolysi's, and the corresponding
alcohol was obtained in 95% yield. The reaction of
ethanol was observed to be sl ower than methanol and
~10% v/v Cokewasrequired for compl ete consumption
of epoxideat 50°C, and a4.2:1 mixtureof acohol:diol
wasobtained in 94%yield (SCHEME 1).

Cyclohexene oxide proved even slower towards
acoholysis, and reaction of methanol and ethanol inthe
presence of 20% Coke provided amixture of a cohol
and diol in aratio 1.5:1 and 0.75:1 respectively
(SCHEME 2).

CONCLUSIONS

In conclusion, we have devel oped aninexpensive
and convenient procedurefor the soft drinks catalyzed
hydrolysis and alcoholysis of epoxides. We have
demonstrated that a variety of epoxides undergo
hydrolysisin nearly quantitativeyieldsin the presence
of variouscommonly consumed soft drinks. Similarly,
we haved so shown that a coholsundergo reactionwith
epoxidesin the presence of catalytic amount of soft
drinks. Owingtotheinexpensiveavailability, general
acceptance and environmental amicability of the soft
drinks, the present methodol ogy could open up arange
of applicationsamongst theindustry aswell asinthe
academia
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