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Abbrtract: Microwave irradiation using commercial domestic ovens is very efficient to ac- 
tivate potassium acetate on aluxina in the absence of solvent (“dry media”) giving rise 
to remarkable rate enhancements in alkylation reactions with long chain halides . These 
reactions can be performed quantitatively on appreciable amounts of materials in open 
standard Pyrex vessels. 

Introduction 
lficrowave irradiation as efficient thermal energy source Is becoming a standard 

technique in various fields of chemistryl. Devert~~~s, It is only recently that eicro- 
wave ovens have been applied to organic synthesis - . 

Spectacular results have been obtained giving clear indications on the potentia- 
lities and advantages of this new technique when compared to conventional methods. It 
was thus shown that a great number of organic reactions (nucleophilic substitutions, es- 
terifications, rearrangements, Dlels-Alder, Claisen and one reactions, etc..) can be con- 
siderably accelerated when conducted in commercial microwave ovens. It was generally con- 
cluded that performing reactions in such conditions resulted in faster and cleaner reac- 
tions due to less thermal decomposition of products and minimization of secondary 
processes15-23. 

levertheless, these procedures are strongly limited by the presence of solvents 
which reach their boiling points within very short times ( 
waves2-5. 

z 18inl of exposure to micro- 
Consequently, high pressures are developed, thus leading to damages to vessels, 

materials or microwave oven itself and occasionally to explosionsz-5. y’hese inconvenients 
are partially avoided by an appropriate modification of the reaction vessels (special 
sealed Teflon bottles) and by a limitation of the axounts of aaterials (about 101 of the 
container volumel. Anyway, safety problems will limit the use of this new synthesis 
method. 

a) Present adress: Laboratoire de Chimie des Polymdres, Universite de Nonastir, Tunisie. 
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Wing reagents rupported on inorganic solid naterialr in the absence of rolvent 
(“dry media” conditions) togethe;fv;:h xicrovave irradiation lead6 to good rerultr under 
very simple and safe conditions - . In addition, the main advantages of sicroxave ir- 
radiation are remained. 

This paper describer the main advantages of drv media microwave irradiation. This 
technique can be applied to fair-eked suples under simple (standard open vesselr in 
couercial domestic ovens) and rafe conditions (due to the abrence of rolvent). Results 
will concern potasriux acetate l lkylation with long chain halides (known as poor electro- 
philes) perforned on alumina as a solid inorganic support. 

alunina 
CHjCOOK + R-X - CHjCOOR + XX 

8icrorave 
R = nc8H17, nC16E3J X - Br, Cl 

yor the sake of clarity, the thernal behwiour of alumina alone, then of the pu- 
re reagents, finally of reagent6 impregnated on rlunina, in xicrourve ovens, will be 
exuined . 

Domestic sicrorave ovens are equipped with nultinode cavities. The distribution 
of electromagnetic waves is non honogeneour: therefore to get reproducible rerultr, it 
ir necessary to accurately place the ranpler inride the oven. yurthernore, 8icrorave ef- 

fects are connected xith the rhapes and sizer of irradiated ruplem. So, the beat ia to 
use simple shaped vessels (cylindrical, l pherical or cubic oner), the optimal diwnsions 
(height and dianeter) range fron A to h/1018z4 for the 2450 RRz domestic kcrowave oven 
with A - 12.2cm. 

I - TRXRHAL BtWVIoUR 01 RXUTRAL ALURIRA 

Sone oxides such as alwina and silica slightly absorb nicroraver at the 2450 NRz 
frequency13*16~z8. This absorption has been arrigned to the water molecule8 or hydroxyl 
groups present on the surface of these inorganic solidr13, but it could alro be related 
to the non-rtoichionetry character of there naterialsz8. 

Studies of thermal behaviour of neutral alunina (Figures I and II) indicate that 
the tenperature reached depends on the quantity of irradiated solid. A nui8un. connec- 
ted vith the optinal capacity of the oven, ir obtained for about 200 g alusina. It ir to 
be noticed that a mininun anount of 4g is necerrary to observe an appreciable thermal 
effect: this observation seems to confirm that the diaenrionr of the irradiated samples 
must be larger than X/10. 

lfe have observed that a lg alusina sample cannot reach more than 1OO’C (Figure I), 
even with larger irrradiation times (2Onn). In these conditions, considerable energy los- 
ses cause overheating of the inner walls of the oven and of the Pyrex versels. This could 
lead to irreverrible danages of the magnetron . 
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Purtherxore, during the first minutes, the te8perature of the various samples 

(from 4g to 5OOg) does not change much: it remains less than 200’C. After this induction 
period, large temperature differences appear depending on the amount of irradiated solid. 
It aust also he mentionned that this thermal effect diminishes when the incident aicro- 
wave power is reduced. 
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- Pigure I - 

Thermal behaviour of neutral alumina 
(T90 Ilerck) as a function of the 
irradiation time and of the alumina 
amount (P=6OOW 

Thermal behaviour of various amounts of 
neutral alumina for different irradiation 
times (P=6OOH) 

II - TBERJIAL BEEAVIOUR OF EXE REACTANTS 

The behaviours of each reactant, first neat and then impregnated on alumina, un- 
der microwave irradiation, will be successively investigated. 

Neat potassium acetate, after having lost water by dehydratation, which induces 
a teaperature increase, absorbs only slightly microwave energy. It behaves as a weakly 
polar compound, probably because of its compactness in the solid state (tridimeneional 
aggregates). 

On the other hand, when impregnated on alumina, this compound (potassium acetate 

/alumina = l/5 w/w) absorbs microwave strongly as the temperature becomes difficult to 
control (temperature runaway) and largely exceeds 400-C after a few minutes of irradia- 
tion Mgure III). This strong increase in temperature, i.e. of microrave absorption, is 
probably due to variations in the dielectric properties of the medium1’3*11 in relation 

to specific interactions between alumina and potassium acetate. Thus, alumina seems to 
be able to induce some disaggregation, and even a partial ionic dissociation, of potas- 
sium acetate. This phenomenon could be the origin of anionic activation of this salt on 
the aluaina surfaceJ5. 
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- Figure III - 

Behaviour of each reagent, alone and impregnated on alumina (4g samples, P=6OOW 

The absorption of electromagnetic wave by pure liquid n-octyl bromide is slight- 
higher than that of solid potassium acetate, probably as a consequence of its fluidi- 
which facilitates heat transmission by convection and conduction. When impregnated on 

alumina, octyl bromide has almost no influence on temperature (cf Pigure III). 

RXACTIOD O? POTASSIUH ACXTATK WITR OCTyL BROHIDK 

alumina 
CE$.YJU-K+ + nCSHl,Br A CE3COCnCSE17 + KBr 

microwave 

In a previous communicationz2, we have studied this reaction, showing that micro- 

wave irradiation leads to yields comparable to those obtained by means of classical hea- 
ting (i.e. oil bathsla7 but with significant reductions in reaction times (X30). The 
energy distribution inside the oven had not been taken into account and the amounts of 
reactants (about lg of supported reagents) being too low, so that the microwave influen- 
ce was rather limited and results were poorly reproducible. 

I - SRALL QUANTITIES (<la) : USE OI AN PXTEARIAL BATE 01 ALUMNA 

In order to overcome these drawbacks and when only small amounts can be used, we 
propose to use an external bath of about 2OOg of alumina (cf ?igure II) . This bath al- 
lows a fast heating of the reaction mixture, previously placed at its center in an indi- 
vidual Pyrex vessel; the reaction can then occur at temperatures lower than the boiling 
points of the products. Reaction activations are amplified and magnetron deterioration 
hazards are much lower. 
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Effect of an external alumina bath 
cBJc02K support (l/5) = lg 
nGctBr - 0.17g 

a) external bath (2OOgl 
bl without bath 
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Under such conditions, after a 3-4 minutes irradiation at 6OOY. yields are impro- 
ved to 928 (Pigure IV) with high re reducibility. When compared to classical heating, 
rates are multiplied by at least 100 I? . 

Very accurate conditions are needed to obtain good results as fast temperature 
increases can induce a vaporization of the octyl acetate produced. 

Such a technique offers new perspectives for efficient and safe microrave-indu- 
ted organic synthesis when either small amount8 are concerned or when non absorbing reac- 
tants are involved2’. 

11 - KKACTIONS OK LAAGKST GUAKTITILS 

As previously pointed out, optimization and reliability of microwave effects 
demand that the minimal dinensions of the irradiated samples are at least equal to A/10 
with A = 12.2cm. To fulfill these conditions, reactions are performed with high amounts 
of reactants (at least 4g. of AcOK-alumina l/5 mixtures1 in cylindrical Pyrex open ver- 
salt whose minimal dimensions are 18 mm diameter and 12~ height. 

aI Potdssim Acetate ia excess 

Khen the reaction is performed with an excess of CEjCOOK with respect to nGctBr, 
the best yields are about 808 after 2 minutes irradiation with a 600 U power. A longer 
irradiation induces a large decrease in yield (only 36* after 4mn) due to vaporization 
of the octyl acetate produced, because the local temperature is much higher than its boi- 
ling point. this phenomemon is conuected with uncontrolled temperature increase induced 
by a CH3COGK/alumina excess, an effect which is represented on Pigure III. 
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These conditions can be partly improved by a decrease in oven power: a 87% yield 
can be obtained in 10 minuter with a power equal to 27Oli. 

b) Octal bromide in excuss. 

In order to avoid difficulties induced by uncontrolled heating related to excess 
potasrium acetate, we used a slight excess of l lkylating agent. yrom the rerultr obtai- 
ned (table I), quantitative yield is reached within two minutes of irradiation, 150 times 
faster than with conventional heating. 

- TABlaB I - 

lficrowave Activation (6OOU) in presence of excess nOctBr 
CH3COOK/alumina = 3g (5mmoles CE,COOK) 

nOctBr - 1.45g (7.5 mm01081 

1 time (mn) 1 1 1.5 2 3 

final te8perature (‘Cl 182 192 196 184 

yield* W 63 91 ss 98 

*yields evaluated by gc. 

In order to specify the origin of the microwave effect, the reaction was then 
performed in an oil bath at 190-C (i.e. very close to microwave conditions). Yields thus 
obtained were 08, 132 and 50% after 2, 5 and 15 minutes respectively. 

Comparison between yields after 2 minutes of reaction under microwave or classi- 
cal heating suggests that the special reactivity observed under microwave activation is 
not due only to heating effects. As previously suggestedf3, this observation can be re- 
lated to the poor thermal diffusion of alumina which is a barrier for thermal activation 
of the reaction whereas aicrowaves are easily transmitted. Bowever, further work is 

necesrary. 

After optiaisation of the reaction, we have tested the reproducibility of the 
results and looked for the possibility of operating on larger amounts of reagents. Ye 
have found yields ranging fron 95 to 998 for six experiments. We have obtained the sue 
yields when largest amounts of reagents were involved (from 5 to 100 uoles of potassium 
acetate). yor instance, a yield of 99 b waa obtained within 2 minutes of irradiation on 
0.1 mole (9.8g) of CE3COOK impregnated on 4Og alumina reacting with 0.15 sole (29g) of 
a-octyl bromide. 

cl Commri8on between iroregnated and di8oar8ed l cet8tc. 

In order to test the possibility of using simply dispersed potassium acetate in 
alumina without previous impregnation, we have performed a series of experiments with 

such reagent8 (Table II). 
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- TABLE II - 

Kicroravc activation (6OOg) tor the reaction vith dispersed acetate on alumina 
CH3COOK = 5 wles ; alumina = 2.5g ; nOctBr = 6 mmoles 

time (M) 1 2 3 4 5 10 

final temperature (‘Cl 167 172 161 152 146 140 

yield (W 12 26 51 58 67 66 

By comparing the results (Tables I and II), it appears that impregnated acetate 
reactivity is much higher than that of dispersed species. Such a behaviour has already 
been underlined rith CH3COOK2g, but also rith KCN3’, KaCl@ and llaOH3’. 

Aluaina 
CE3COOK + C16Ej3X - cl13cooc16E33 + KX 

Kicrorave 
X= Br or Cl 

Uicrovave activation was also studied in the case of acetate alkylation by hali- 
des with longer chains, and consequently less reactive. Ye have thus tested hexadecyl 
bromide (bp = 305-C) and chloride (bp = 26O’C). 

I - EKXADKCYL BROHIDK 

Ye have first used the conditions of octyl bromide reaction. Reaction is incoa- 
plete and yields remain constant, near 802, after 2, 3 and 4 minutes of irradiation. 

yurther studies were necessary to improve these results (Figure Vr). Thus, it is 
possible to reach 952 yield after only 75 seconds of irradiation if reaction is carried 
out in presence of an excess of CK3COOK. This rate enhancement (300 times rith respect 
to conventional heating) is essentially due to potassium acetate excess which induces a 
fast increase of temperature and consequently an improved reactivity. 

II - EKKADKCYL CKLORIDX 

Chlorinated alkylating agents are usually less reactive than their corresponding 
brominated ones. Kevertheless, as they are cheaper and more readily available, they are 
of great interest in organic synthesis33. So, we have studied their behaviour under mi- 
crovave irradiation (yigure Vb). 
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- IIGURK V - 

Kicrorave Activation (6OOY) Of the reaction : CH$.XOK + C&3x 
CI$COOK/alumina = 4.51~ (7.5 mmol. CE3COOIC) 

nC16H33X = 5 mmol. 
a) X - Br : Final temperature = 234-C 
b) X - Cl : ?inal temperature = 275-C 

In these conditions, chloride reactivity is only slightly lower than that of bro- 
mide compounds. A 902 yield can be reached after 2.5 minutes of irradiation whereas 

yield is zero after 20 hours at 85-C with conventional heating. So, chlorinated alkyla- 
ting agents can easily be used in the reaction, which is not the case usually. 

Conclu5ion5 

Kxcellent yields (90-992) can be obtained in the synthesis of long chains alkyl 

acetates by microwave irradiation of solvent-free reaction media. Reaction times are ve- 
ry short (generally less than 3 minutes) and rates can be as high as 300 times than tho- 
se obtained with conventional heating. Appreciable amounts of reagents can be involved 
(0.1 mole or more) in safe and easy conditions. When only small amounts of products are 
available (about 1 gram), the use of an external alumina bath is highly beneficial. 

The experiments described here show clearly that the use of microwave z;W$s14for 
rapid solvent free organic synthesis, either on solid supports in ” dry media ’ or 
by solid-liquid phase transfer catalysis without solvent3’, is of great interest. Diffi- 
cult thermal reactions can be performed rapidly in safe conditions, in particular when 
high boiling point products are involved. 
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It momma that thm microwave l ffoct im errentimlly connected with mpecitic hem- 
ting eftectm5. Rowerer, when rupported remctloma are concerned, this effect alone cmnnot 
explmin the l peciml remctirity mnder microwave irrmdimtion. 

~erluntrl part 

Rouinment 

All experiments were performed in a 2450 RRt commerciml oven, l AVR705 Philips 
nodel. It is fitted with l mixing wire, l precise digital time-mwitch mnd a power selec- 
tor from 125 to 600 li. A comrme tempermture uemsurement is performed by introducing l 

Quick digitml thermometer in the rmmple just mt the end of l mch lrrmdimtion; in these 
tempermture determinmtions, vmrimtiom between sererml readings l re less thmn 5-C. 

oven CUtOVrmDhy 

Hot zones of the oven l re previously delimited by using a wet blotting-paper 
that, after a short irrmdimtion, l now to localize the zones of muimml electric field 
(burnt pmrtm of the irrmdimted pmper). Then, the suple to be irrmdimted is plmced at a 
hot point of the oven, alrmym at the rue plmce. 

Generml procedure 

Impregnated potmsmium mcetate on alumina is prepmred by mixing solid alumina with 
an aqueous solution of the mmlt, then by removing wmter under reduced premsure. Remgenta 
mixture6 (inpregnmted mcetate and neat l lhyl hmlides) mre introduced In open cylindrical 
Pyrex rerrelr. After irrmdimtion, the mixtures are cooled to room temperature and then 
rimply eluted with an organic rolvent (diethyl ether or methylme chloride). Orgmnic com- 
poundm (mlkyl l cetmtes and halides) are then l nmlyxed by gc using an internml rtmndard 
and by RRR2’. 
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