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ABSTRACT

A fast and efficient method is introduced for the protection of various
alcoholswith carboxylic acids under microwaveirradiationin the presence
of Keggin-type H.PM, V.0, ,, M= W, Mo. Water is the only by-product of
this green protocol and the catalytic system was inefficient in the absence
© 2011 Trade Sciencelnc. - INDIA

of heteropoly acid catalyst.

INTRODUCTION

Estersareimportant chemical compoundswhich
can besynthes zed viaesterification of carboxylicacids
with acohols. Conversion of alcohol to ester asanim-
portant industria functiona grouptransformationisgen-
erdly catalyzed by usud minerd acids. Consderingthe
importanceof environmenta hed th problemsin chemi-
ca technol ogy, theeco-friendly green approacheshave
been expanded with the aim to diminish generation of
unwanted hazardous and dangerous byproducts. Ac-
cordingly, thepractica feasibility of microwaveasssted
solvent-free protocol sinvariousorganictransformeations
by themediation of inorganic cata ystsprovided anum-
ber of advantagesaof environmentd interest, indluding essy
isolation and recovery from thereaction medium(*2,

Keggin-type heteropolyoxovanadateswith the gen-
eral formulaof H,, PM_, V O, (M=W,Moandx =
0, 1, 2 and 3) areknown to exhibit interesting physical
and chemica propertieswithrelevanceto catalys's, bio-
chemical processes, and materials science®®. These
typesof heteropolyoxometal ates are strong Brensted
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acid and most of them are stronger in acidity than the
usud inorganicacids(HCI, H,S0,, HNO,, HBr), even
stronger than HCIO, and CF, SO H. Thisisof funda-
menta importancefor their gpplicationsin acid cataly-
sis. The difference in the acid strength between
heteropoly acidsand typical inorganic acidscan bedue
tothefact that heteropoly anionsarelarge anionsbear-
ing high negative charge density than inorganic acids.
Therefore, the strength of bonding betweentheproton
and heteropoly anions should belower, whichimplies
that the dissoci ation constants should belower com-
pared to theusua acids. Polyoxometdaesshow acidity
aswell asoxidative ability and can beprofitably usedin
homogeneous, biphesic, or heterogeneous systemg®7.

Herein, in continuation of our ongoing research
program on using heteropol ypolyoxometal atesin or-
ganic synthesig&¢, we wish to describe the protec-
tion of a coholsunder the environmentally benign mi-
crowave approach by themediation of H.PMo, V.0,
and H,PW V.0, asvanadium-containing mixed-ad-
denda heteropolyoxometal ates with Keggin primary
structure.
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RESULTSAND DISCUSSION

Protection of some alcohals catalyzed by H PW |
V,0,,andHPMo,,V, 0, under microwaveirradia-
tion

TABLE 1 showsprotection of somea coholscata-
lyzed by H.PW_ V.0, andH_.PMo, V. O, under mi-
crowaveirradiation in solvent free conditions. Reac-
tionswere performed in short timeswith mediumto
high conversions, except for (+) menthol and phenol,
andwithexcellent selectivities(~100%). H.PW, V.0,
and H.PMo, V.0, were effective catalysts in the
acetylation of 1-phenyl ethanol and 1-butanol and led
t0>78% of conversionafter <4 min. It seemsthat Lewis
and Bronsted acidity of the catalysts, inner coordina-
tion sphere of themetal ions, and structural features of
the catalystsat the molecular levelscontributeto the
catalytic activity of the catalystsin the protection pro-

cess.

Protection of 1-butanol with different acetylating
agentscatalyzed by H.PW V., O

10" 2740
TABLE 2 describes protection of 1-butanol with

TABLE 1: Protection of somealcoholscatalyzed by H.PW. |
V,0,,andH,PMo, V.0, under microwaveirradiation®

10" 2740
Catalyst Substrate product Conv.% Time Selec. TOF®
(min) %
H 5PVV10V2040 1_ B utyl 80 4 100 3529
1-Butanol
HsPM 010V 2040 acetate 78 4 100 3441
HsPW 3oV 20, Ph. 90 2 100 7941
SOV ) Pheethanol  TPT-ethyl
HsPM 010V 2040 acetate 85 3 100 5000
HsPW10V 2040 Cyclohexyl 45 8 100 992
Cyclohexanol
HsPM 010V 2040 acetate 40 10 100 706
HsPW10V 2040 pheny| <4 5 100 <1411
Phenol
HsPM 010V 2040 acetate 5 10 100 882
HsPW 10V 2040 Benzyl Benzyl 80 3 >08 4705
HsPMoyV,0,  alcohol acetate 78 4 >97 3441
HsPW 10V 2040 Menthy! 20 10 100 352
Menthol
HsPM 010V 2040 acetate 20 12 100 294

aConditions: Catalyst (0.034 mmol), was dissolved in a solution
of acetic acid (50 mmol) and alcohol (10 mmol) and subjected to
microwave irradiation with full power. Microwave irradiations
were carried out with pulses of 15s followed by a 5s cooling
periods. All acetylated products were known compounds and
wereidentified by means of IR and *H-NM R spectroscopy and/
or comparison of their b.p. or m.p. with authentic samples;
"Turnover frequency (TOF) was calculated by the expression
[Product]/[catalyst]xtime (h™)

—= Full Paper
different acetylating agentscatayzed by H.PW V.0

under microwave. Clearly, moreedectron defici 1eont 2034(-)
boxylic groups caused higher tendency of 1-butanol
toward acetylaion. Dichloroacetic acid, asthemost ec-
tron deficient carboxylic acid, led tothe highest activity
and produced 95% of conversion after only 2 min.;
whereas, acetic acid gave 80% of product after 4 min.
2-bromopropionic acid was|ess effective than acetic
acid and obtained 90% of product after 6 min. Phenyl
acetate showed | ow reactivity compared to acetic acid
and gave 95% of product after 10 min. In accord with
our previousfindings!”, benzoyl chlorideisobvioudy
moreeffectivethan acetic acid and obtained fast (<1min)
and effective protection of 1-butanol (>90%). Ethyl
format and formic acid were al so less effective than
acetic acid. Although, thesetwo acetyl ating agentswere
effectiveat short time (<2 min), however, the protec-
tion reactions were stopped at 50-65% and no more
conversionswereachieved at longer reaction times.

I nfluenceof microwave power on theacetylation of
1-butanol with acetic acid catalyzed by H_.PW
V2040

Influence of microwave power on the progress of
1-butanol acetylation with acetic acid inthe presence
of acatalytic amount of H.PW, V,O, hasalso been
studied (TABLE 3). The reactions were carried out
under 17-100% microwave power. Rationdly, protec-
tion wasincreased along with enhancing power. For
example, conversion% wasincreased from 30to 65%
by enhancing power from 17% to 50% during 8 min.
However, utilizing full power (100%) led tothe highest
conversion (80%) in short time (4 min). At thispower,
temperature of the reaction vessel wasmeasured to be
72-75°C in repeated experiments. Moreover, perform-
ing control experimentsin an equipped research micro-
waveoven (Micro-SY NTH labstation), confirmed ac-
ceptablereproducibility of the obtained data.

Sudyingreproducibility of thecatalyst

To study therecycleability and stability of the cata-
lyst, H.PW, VO,  wasregenerated theend of the pro-
tection reaction. The catalyst was washed with
dichloromethane, dried at room temperatureand finaly
was heated to 130 °C for 3 h. FT-IR spectrum of the

regenerated catalyst showed the four characteristic
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bandsbel onging to the K eggin structure at 1088 v(P-
0); 998v (W-0)); 890v ( W-O,-M, M=W and V);

and 778 v (W-O M), O, and O . refer toterminal
and bridging oxygen atoms, respectl vely intheKeggin
anionicframework. Theseresultsclearly demonstrated
that the Keggin structureisretained after completion
of theacetylation reaction. Therefore, therecycled cata-
lyst could bereused for severa timeswithout consi der-
ablelossof activity. Effectsof different reaction param-
eterson theacetylation of d coholswith aceticacid cata
lyzed by other heteropoly acids were aso investi-
gated*9,

MATERIALSAND METHODS

Typical experimental procedurefor acetylation of
alcoholswith aceticacid catalyzed by heter opolyo-
xometalatesunder microwaveirradiation

Inan open vessd test tube (10 ml) equipped witha
magneticdtirrer, thecatayst (0.034 mmol) wasdissolved
inacetic acid (50 mmol). Then, the corresponding al-
cohol (10 mmol) was added. The mixture was prop-
erly stirred with the help of amagnetic stirrer (15s) and
thenirradiated under safe conditionsinamicrowave
oven (Panasonic NN-GT546W operdting at 2450 MHz
providing amaximum output of 1000 W) for there-
quiredreactiontime. Microwaveirradiationswere car-
ried out with pulsesof 15 sfollowed by a5 scooling
periods. Progress of the reactions was followed by
GLC. After completion of thereaction, the contents of
thetest tube were cooled to room temperature. There-
after, acetic acid wasremoved under reduced pressure
and 20 ml of ether were added. Thereaction mixture
waswashed with 5% NaHCO, solution, thenwith H,O,
and dried withMgSO,. Evaporation of thesol vent fol-
lowed by silica-gel chromatography provided the pure
acetate. The catalysts were prepared and character-
ized accordingto literature procedures>-2,

Preparation of 10-molybdo-2-vanadophosphoric
acid, H ,[PMo, V.0, ]

H.,[PMo, VO, ] was prepared according to the
procedure of Tsigdinos et al.l?, Sodium
metavanadate(12.2 g, 100 mmol) was dissolved by
boilingin 50 ml of water and then mixed with (3.55g
25 mmol) of Na,HPO, in 50 ml of water. After the

TABLE 2: Protection of 1-butanol tothecorresponding ac-
etatewith different acetylating agentscatalyzed by H.PW |
V,0,, under microwave?!

Conv.%

Entry Protecting agent (min) Selec.%  TOF
1 Acetic acid 80(4) 100 352
2 2-Br-Propanoic acid 90(6) 100 2647
3 Dichloro acetic acid 95(2) 100 8382
4 Phenyl acetate 95(10) 100 1676
5P Benzoyl chloride 90(1) 100 15882
6° Ethyl formate 50(2) 100 4411
7 Formic acid 65(2) 100 5735

aThe reactions were carried out as described below TABLE 1;
bProtecting agent: alcohol ratiowas1: 1

TABLE 3: Effect of microwavepower on theacetylation of 1-
butanol with aceticacid catalyzed by H.PW, V.0, *

10" 2740

Entry Power (%) Conv.% (min) Selec. (%)
1 17 35(7) 100
2 34 60(9) 100
3 50 60(7) 100
4 67 80(6) 100
5 84 90(6) >98
6 100 80(4) >98

Thereactionswere carried out as described below TABLE 1

solution was cooled, (5 ml, 17 M, 85 mmol) of
concentrated sulfuric acid was added, and the solution
developed ared color. Then, (60.5 g, 250 mmol) of
Na,MoO,.2H,0 wasdissolved in 100 ml of water and
was added to the red sol ution with vigorousstirring,
followed by dow addition of concentrated sulfuric acid
(42ml, 17 M, 714 mmol). Thehot solution wasdlowed
to cool to room temperature. The 10-molybdo-2-
vanadophosphoric acid wasthen extracted with 500
ml of diethyl ether. Air was passed through the heteropoly
etherate (bottom layer) to freeit from ether. The solid
remaining behind was dissolved in water and then
dlowedtocrysdlize Thelargered crystalsthat formed
werefiltered, washed with water, and air-dried.

Preparation of 10-tungsto-2-vanadophosphoric
acid, H [PW V.0, ]

Sodium metavanadate (Nav O,, 12.2 g, 100 mmol)
wasdissolvedin 50 ml of boiling water and mixed with
di-sodium hydrogen phosphate (Na,HPO,, 3.55g, 25
mmol), dissolved in 50 ml of water. After cooling the
resulting sol ution to room temperature, concentrated
sulfuricacid (5ml, 17 M, 85 mmol) wasaddedto give
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ared solution. Sodiumtungstate di-hydrate (NaWO,.
2H,0, 82.5 ¢, 250 mmol) was dissolved in 100 ml of
water and was added to the red solution with vigorous
stirring, followed by d ow addition of concentrated sul-
furicacid (42ml, 17 M, 714 mmol). Extraction of the
solutionwith diethyl ether (500 ml), followed by evapo-
rationinair, afforded H,[PW, V O, ] asacrystalline,
orange-red solid (yield, 74%).

CONCLUSION

In conclusion, anefficient and fast method for acety-
|ation of alcoholsusing microwaveirradiaionisintro-
duced. Catdyticamountsof chegp and smpleKeggin-
type H.PM V., M= W, Mo led to protection of
alcoholswith acetic acid in high yields, with reduced
reaction timesunder solvent free conditions. It seems
that H.PMo, V.0, andH_PW. V, O, acted not only
asBronsted acid but also as Lewis acid in the acetyla-
tionreaction.
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