Pergamon

Tetrahedron 55 (1999) 1085110870

Tetrahedron report number 501

TETRAHEDRON

118

Microwave Activation in Phase Transfer Catalysis

91405 Orsay, France

b | aboratoire de Chimie Moléculaire et Environnement, Université de Savoie, ESIGEC,

73376 Le Bourget du Lac, France.

Received 12 July 1999

Contents
Microwave Activation
Advantam and interest
Apphcanons in organic synthesis
Coupling with techniques
Equipment
ynthcuc Ap?hcauons in Phase Transfer Processes

O-Alkkylations

1.1. Esters synthesis

1.1.1. Alkyl acetates
1.1.2. Long chain esters
1.13. Aromatic esters
Ether synthesis

.2.1. Aliphatic ethers
2.2, Furamc dlethem
2.3,
2.

—_— R

l’ ncnum. cun:n
4, Phenolic polyethers
-Alkylations
Saccharin
Benzoxazinones and benzothiazinones
Barbitone
Acetanilide
Phthalimide: Gabriel reaction
. N-Phenylpyrrolidino[60]fullerene
. Azaheterocycles
Alkylamm of active methylene

oo b1l o dliel e tn Anchan syom o

CIEOPNNC 800i10iISs 10 Carosii _y COMPpouUnaGs

. Aldol condensation

. Ester saponification

. Base catalyzed transesterifications

rotommons

. Base catalyzed isomerization of aliylic aromatic compounds
. Carbene generation («-elimination)

NO AR

> w
BARZONNDNONONS

.5,

L”“"‘S,

LA
i -,

.1. Nucleophilic aromatic substitution (SyAr)
.2. Dealkoxycarbonylations of activated esters (Krapcho reaction)

[1,3]-Dipolar cycloaddition of diphenylnitrilimine

’l
4. b-Lactams synthesis

6.5. Selective dealkylatlons of aromatic ethers
Conclusion

a@mo

*E-mail : aloupy@icmo.u-psud.fr Fax : +33 169 154679

1noen

(RV1v s P2
10852
10852
10853
10853
10854



The first applications of microwave ovens

[72]

1e first a wave Ovens in Oorganic egan very recently. In the first
experiments, Gedye, and then Giguere, provided evidence for dramatlc acceleratlons in some classical
organic reactions, and these were ascribed to temperature and pressure effects, when performed in closed
Teflon® vessels.'” Since solvents were used in these experiments, some problems with safe operation
appeared, and explosions sometimes resulted. Further developments demonstrated the potential of
solvent-free reactions to soive these problems and to facilitate the scaie-up of prcpdralive runs.

lhree types of solvent-free procedures can be coupled with microwave activation :*
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systems. In this latter case, reactions presumably occur at the interface due to adsorption of the liquid

8sys eactio
reactant at the surface of the solid one.
ii) Reactions between supported reagents on solid mineral supports in « dry media » by impregnation of
compounds on alumina, silicas or clays.’
iii) Phase Transfer Catalysis (PTC) conditions in the absence of organic solvent, i. e. when a liquid
reagent acts both as a reactant and an organic phase.’ This last methodology can also be improved under
sonochemical activation.®

I- MICROWAVE ACTIVATION

Microwaves are a form of electromagnetic radiation with a frequency of 2450 MHz fixed by law,
correspondmg, in Vacuum, to a avelength of 12.2 cm. Many industrial, scientific, medical and domestic
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When molecu!cs with a permanent dipolc are submitted to an electric field, they become aligned. If
this field oscillates, the orientation changes at each alternation. The strong agitation, provided by the
reorientation of molecules, in phase with the electrical field excitation, causes an intense internal heating,

up to 10°C per second, when powerful waves are used.
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the
classica ways. helr mai advantages derive from thc almosl mstantaneous “in core” heatmg of
materials, in an homogeneous and selective manner, especially those with poor heat conduction
properties. This technique proves to be excellent in cases where traditional heating has a low efficiency
because of poor heat transmission, and hence local overheating is a major inconvenience.
The main interests can thus be listed as the rapid transfer of energy into the bulk of the reaction
mixture, without inertia since only the product is heated, and the ease of utilization. Furthermore as the
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interact with substances of annreciable thickness (about 10 cm).”
interact with substances of apprecianle thickness (about 10 cm),

2. Applications in Organic Synthesis
By exposure to microwaves, the thermal effects undergone by materials exhibit an increased
magnitude with the polarity increase of the substrate. These effects can appear in liquid systems,® and in



the solid state as well,” where structural modifications can also occur concomitantly.'® In the presence of
polar solvents, organic reactions require closed Teflon® vessels to avoid volatilization.

The resultant advantages in comparison to classical heating are especially spectacular. Reactions are
very rapid and usually complete after a few minutes, as a result of both temperature and pressure effects
and supposed specific effects of the radiation, such as improved homogeneity in temperature, a faster
temperature rise,'’ and possibie modifications of activation parameters AH” and AS™.'*P 1t is also
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generally observed that the purity of producis is improved due io the shorier reaciion period at high
th

temperature and the absence of local overheating on the reactor walls which occurs under conventional

heating **°
£=

49,14,15

3. Coupling with PTC Techniques ™
After ion exchange, the nucleophilic ion pair R, N "Nu’ is a highly polar species, especially prone to

undergo specific microwave activation, as exemplified in the case of potassium benzoate [Eq.1]."> The
thermal effects induced by microwave-reactants interactions in this equilibrium were explored (Fig. 1).
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Even in the presence of TBAB (curve ¢), the temperature rise for solid potassium benzoate remains
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phase, esul e thermal effect (curve d). The necessity for a liquid phase to
promote ion-pair exchange between the two solids TBAB and PhCOOK" is therefore proven.

Hence, by coupling microwave technology and solvent-free solid-liquid PTC conditions, heating
can result from the previous ion-pair exchange. We are therefore in possession of a clean, selective and
efficient methodology to carry out organic reactions with substantial improvements in terms of reactions

conditions and simplicity in operating procedures.” They are espec1auy useful for poorly reactive systems
involving for instance hindered electrophiles or long chain halides.'®

4, Equipment '"'8 (Figure 2)
The most popular equipment is the domestic oven. The distribution of the electric field is non
homogeneous (multimode system, a). Consequently, hot and cold spots coexist, making necessary a
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preliminary mapping of the energy before use.'” Nevertheless, a variety of organic syntheses can be
effected with thls simple, non expensive generator.

More sophisticated apparatus has to be used when accurate, reproducible results are required. The
most reliable reactors have properly dimensioned waveguides leading to focusing (monomode system, b)
with a subsequent homogeneous distribution in energy. They permit higher energy yields to be reached
with lower power consumption, and can be used for products of limited stability. These generators are
commercially available.”’
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Fig. 2 : Dispersion of microwave energy : (a) in a domestic multimode oven ;
(b) in a focused open vessel monomode reactor.

II- SYNTHETIC APPLICATIONS IN PHASE TRANSFER PROCESSES

irradiation in the absence of solvent, gen
of reactants can be concerned in order to
of materials and the radiation wavelength.

Since microwave activation is a rather recent technique, the number of examples can appear limited

at the present time, but is rapidly expanding.

P T

1. O-Alkylations
In conventional methods, PTC has provided interesting procedures for alkylation. Coupling with

microwave activation has proved to be quite fruitful, as has already been 1!1;-1..-(;.1 in [Eq.1].
1.1. Esters Synthesis
1.1.1. Alkyl Acetates
Potassium acetate can be readily alkylated in a domestic oven using equivalent amounts of salt and
alkylating agent in the presence of Aliquat 336 (10% mol.). Some main results, as exemplified for [Eq.2],
are given in Table 1."**!
CH;CO0 K* + RX CH;COOR + K'X [Eq.21
Table 1 : Alkylation of CH;COOK" under microwave (domestic oven, 600W)
Time Final Temperature Yield
RX (min) (°C) (%)
n-CgH,;Br 1 187 98
n-CgH,,Cl 1 162 98
n-CgHysl 2 165 92
n-C;H,;Br 1 169 98

w16tz

Yields are practically quantitative within 1-2 min. in all of the cases, regardless of the chain length,
nature of the halide leaving group, and reagent amounts, at least within a range of 10 to 500 mmoles.



re recently, chine
mol ) and alumina (4:1/w
sodium acetate and a benz yl halide using microwave irradiation and PTC in synergy.?’

T YT Y ¥ o Y XY .
1.1.2.Long nain LL.Siers
As a generalization of the above method, stearyl stearate was synthesized within 1 min. in a
. ) 21
quantitative yield [Eq.3].
+ Aliquat 10%
C13sCO0K" + n-CgHy,Br 297 70 o C5H;5C008-CigH3; [ Eqg.3 )
MW (600 W) i min 99 %%,

It is sqlble to perform the alkylation of aromatic acids directly without the necessity of preparing

| T2 antine +h A wxrithh o
b 4 + 4+

7 I S anle o Aicnnats of 4 ~n ha samaratad o oifr hyr mana ~
LIl 1caciive pULd.bblu Il 118 1 d UIDUICLT SL p, blll\ac I all UC scucxaw:u l T Silid _y 1C bl,l.llg 1% § (s a\.Au Willl a
base (potassium carbonate or hydroxide) in the presence of a phase transfer catalyst
Aliquai 1% + ——
ArCOOH + KOH ArCOOK" + H,O |Eqg.41
- 0, - .
ATCOOKY + R-X Aliquat 0% 4 ~~p 4 g+ [ Ea. 51
ArCOOK R-X 277 "7, ArCOOR KX lEq.51
11 FARPS I 1 o el - T 1 D POy PR P DI TPy PRI I
An llluSIratlon O tnis prln01plc 1S Snowi I1n lEq "+J., WDCFCD)’ d vOIdLIc pomr NOICCUIC 18 d Uy-

product eliminated by microwave heating, and the equilibrium is shified to completion. The second effect

of irradiation is the activation of the alkylation step itself in [Eq.5]. All reagents can be used in the

theoretical stoichiometry. Some indicative results are given in Table 2."
Tabie 2 : Alkylation of potassium 4-Z-benzoate (domestic oven, 600W, 10% Aliquat)
Yield 19%)
Yield (%)
4 Time (min) Preformed salt Salt in situ
H 2.5 99 99
NMe, 3 97 100
OMe 2 82 98
CN 3 80 95
NO, 2 81 95
A striking case in this series deals with terephthalic acid alkylation [Eq.6]. The specific effect of
microwave irradiation appears clearly in this example, since, other factors being equal, the yields are
nnambionouslv much hicher
unambiguously much hig
(|ZOOH (IZOOn-Oct
< keos ()
I/\" EE VI @ Voo ot ® 2 2CO3 I [ EQ. 6]
\ L) Ll e FETNTVLTLIL . \ . L * 4
~ Aliquat 10% N~
COOH COOn-Oct
MW (600W) 7 min. 227°C 87%
Classical Heating 7 min. 227°C 20%

1. 2. Ether Synthesis
1.2.1. Aliphatic Ethers
Two types of conditions were studied for this reaction by Yuan ef a/, using either the alcohols or
their corresponding halides as starting materials. 2425 I the presence of quaternary ammonium salts, the
reaction shown in [Eq.7] is completed within a few minutes. Typical results are given in Table 3.

ROH + RX "HNMet poR + HX  [Eq. 7]
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Table 3 : Synthesis of ethers in microwave oven (560W)
R R’X Time (min) Yield (%)
Et PhCH,C1 5 85
n-Bu PhCH,CI 10 78
n-Oct PhCH,CI 10 38
n-Oct n-BuBr 10 78
PhCH, n-BuBr 10 92
This method was extensively applied to a wide range of Williamson syntheses in dry medium using
K,CO; + KOH as a base and NBu,Br as the phase transfer agent and a variety of aliphatic alcohols (e. g.
octanol and decanol, yields : 75-92‘%),2

1
A new famlly of furanic diethers was obtained by alkylation of 2,5-furandimethano

1
1 {Eq.9] (important derivatives from biomass) using microwave and PTC so

/\ ! / \
HOHzClQlCHZOH + R-x __KoH ROHch\cmR [Eq.8 |

H o~ CH;OR
Aliquat 10%

Microwaves Monomode Reactor (30W) 5 min. 180°C  93%
Conventional Heating (Oil Bath) 5 min. 180°C  41%

Diethers were synthesized with good yields and within short reaction times. When compared to

classical heating, under otherwise comparable conditions, reactions times were improved by microwave
activation. These optimized conditions were extrapolated to alkylation of furfuryl alcohol by dihalides

[Eq.9].

Iy I o
SO TCH0H + X-RX ——» o7 “CHyO-R-0-CH;” 0~ 1Eq.9]

Ex : X-R-X = Br(CH,);; Br MW (60 W), 10 min., 170°C, 96%

1.2.3. Phenolic Ethers
As compounds of biological interest, the preparation of gram quantities of aryl-2-(N,N-
diethylamino)ethyl ethers was described in a convent10na1 microwave oven using potassium hydroxide

and glyme as the transfer agent, according to [Eq.10].*

OH O~
OO _Komeme  Z NEL  [Eq.10]
\»\’ CICH,CH,NE, N i
MW (600 W) 2 min. 92-99%,

Under microwave irradiation, a number of phenols react remarkably fast in dry media with a
number of primary alkyl halides to give aromatic ethers [Eq.11].”

OH OR
Z . Z
m + Rr.x KiCO;/KOH,TBAB 0% (\\“/ [iig. 11 ]

X PR =
Y M Y

1W (300 W) 25-65 sec.

Ex:Y=H  RX= PhC

Cl 50 sec. 78%

Me, SO, 25 sec. 87%
Y = pNH, PhCH,CI 40 sec. 89%



The syntheses of 8-quinolinyl ethers from 8-hydr0xyquinqlnines and organic halides has also been
recently reported under PTC conditions and microwaves [Eq.12].%"

P

TN NaOH, PEG-400 N [Eq.12]
Y | J tRX ’ - Y J ) [Fa
N DMF Y N

=

~

0] OR

MW (750 W) 3-15 min.  76-91%
EX:Y=H R-X= PhCH, (I 7 min. 87%
PhCOCH,Br 13 min. 91%

{ ‘q 31" [Eq.14].% In tne first case, a catalytic synthesis of chiral glycerol sulfide ethers was described,*’
while. in the second biologically active amino ethers were prevared 32
vy , VI VIVIVEIVGILL GWLIYVW QllLIV CLLIVI D YYWIL L ylcpalcu
O NaOH, TBAB 0 Ar'SH OH
ArOH + Cl JeOR TBAR. A0 <] —22 . ArO A SAr [Eq.13]
[ NN DEA_ANN
MW Navsi 1, IR N L, AV V]
DMF
MW (750 W) 8 min. 67-92%
O K,CO,/KOH, TBAB 0] RNH ¢
2 3 » »3
ATOH + Cl L} = A0 _<| » ArO_AN_NHR
MW K,CO, / NaOH, TBAB
B~ 141
67-96% Silica gcl JE4. 159
MW 10-40 min. 67-89%
1.2.4. Phenolic Polyethers **
Palurnndancatinng nf 2 ALhialsrhlaramathoNavatana and varinne hicnhannle wxrara afivdiad 11aing tha
T ULYLVUIRIULIDAlIULLD Ui J,J"l)lb\\rlllu WLLIS llly l}U CldliVv aliu vailivus UIDPIIC VLD CiC SLuuicu ubuls 18§ (=
microwave-PTC technique [Eq.15].>' The results obtained show the advantages of microwave fields in

ks S (S tes 4
terms of the molecular weights for crystalline polymer as reflected in higher values of transition
temperature Tg and melting points Tm and also in reactions times for all types of structures.

HO(\ /)‘R“<\ />‘0H +C1C1127t( H,c1 DeOtL TBAD -[OﬂR—ﬂO CHqTCHq-"

O Nitrobenzene l <0> J n
CH; O Microwave Conventional  [Eq.15]
R = -N=N-, -§8-, _(.:_’ —C— 9 Thermal
CH; Ex: R-—C— Yield 72% 50%
Tg 117°C 103°C
Tm 256°C 232°C

o
[}
-3

o
<
)

o=

S
=

an

sodium salt in a mlcrowave oven. TEBA was shown to provide a useﬁ11 co—catalytlc effect (Table 4).

I/Y\N Na'+ R-Br _Sifiagd _ (Y\N-R [Eq. 16]

TEBA
(\
O v O \)
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Tabie 4 : N-Alkylation of saccharin under microwave (750 W)
R Catalyst Time {min) Yield (%)
PhCH, None 4 8
SiO, 4 75
SiO, + TEBA 4 92
n-C 16H33 SIOZ 6 82
Si0; + TEBA 6 97

2.2. Benzoxazinones and Benzothiazinones
Rapid N-alkylations of the title products were performed under PTC and microwaves® as well as
Michael reactions™ using the same conditions [Eq.17].

@l 4 R NaOH.TEBA_ Ql [Eq. 17]

S]lu,a gel
Y= O. S MW 8-10 min. 72-90%
Ex: Y=0 R-X = PhCH,Br 10 min. §4%
Y=S 10 min. 80%

2.3. Barbitone [Eq.181*

FEt Et Et Et
O“)kfo K5CO3, MesN' CjgHas,Br O‘T r,O i
2LU3, Vie3 168133,BI .
LN TRX - N [ Eq. 18]
g Ty MW (400 W) 6-18min. ~ R” Y "R
O O
Ex : PhCH,Br, 10 min., 99% 86-99%
2.4. Acetanilide®®
The N-alkylation of acetanilide under microwave irradiation in the presence of phase transfer
catalyst has also been r eported [Eq.19].
O NaOH, TBAB 0
H,c4  + RX ; H;c<4 [Eq. 19]
NHPh MW N-Ph
R
Ex :R-X n-Bul 80 sec. 88%
2.5. Phthalimide : Gabriel reaction [Eq.20] >
O 0]
. /] — /i
=
@::(N~H + R-X _KCO»TBAB_ « I ~~r [Eq20]
0 MW (450 W) 4-10 min. 0
49-95%
Ex : R-X PhCH,Cl 4 min. 93%
n-BuBr 4 min. 73%
n-C;Hysl 10 min. 95%

sraliding 40
2.6. 1v-pnenyzpyrrw’cdiuu[é()jf’d” ren

A facile synthesis of a series of N-alkylpyrrolidino[60]fullerenes by PTC without solvent under
microwave has been described [Eq.21].



DPh DhL

¢ ' R-Br, / \ / H

VN /V MW (780 W), 10 min., 80°C \(/\\\_// V
NN N~ N

P
\
e

Ex:R-X PhCH,Br 70%
CH,= CH,-CH,Br 39%
n-CgH,-Br 31%

The synergy between dry media and microwave irradiation was convincingly demonstrated in this
work. For instance, in the case of allyl compound, the yield is only 16% after 24 hours in refluxing
toluene, and no reaction occcurs after 10 min. at 100°C under classical heating, thus revealing an
important specific microwave effect,

2.7. Azaheterocycles .42

A number of azaheterocycles (i.e. pyrrole, imidazole, indole and carbazolc) react remarkably fast
with alkyl halides to give exclusively N-alkyl derivatives [Eq.22]*' [Eq.23].*

,I_N Y oy JNLT TRAD ,l_N e b
(/ » + R_X 1\2\.«U3 7 U, lDI‘lD= (/ » l Eq' 22 j
ir MW (300 W) 30 sec.-1 min ‘I\I
R
Cv « DWLI (1 AN can~r QOO0 71.000,
LA lllbll2bl, v acu,()‘l/u 1o"07/0
(LI ) rx xcowman, (T T ) g
- .
H MW (450 W) 4-10 min. R
79-95%
Ex:R-X PhCH,C1 4 min. 93%
n-BuBr 4 min. 73%
n-C,oH,,Cl 10 min. 95%

3. C-alkylation of Active Methylenes **

Several monoalkylations of functionalized acetates [Eq.24] have been described in a series of
chinese papers using potassium carbonate either pure or mixed with potassium hydroxide. Significant
results are given in Table 5.

R._COOEt + R-X + Base /BN X R ACOOEt  [Eq.24]

RV
Table S : Mono-alkylation of functionalized acetates in microwave oven (650W)
R R’X Time (min) Yield (%)
PhSO,* PhCH,CI ' 3 76
n-BuBr 3 83
n-OctBr 3 79
PhCH=N* PhCH,CI 1 63
n-BuBr 2 55
Ph§#47 PhCH,ClI 4.5 83
A-BubBr 4.5 59
CH,CO* PhCH,CI 3 81

n-BuBr 4.5 ] 61
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Rapid monoalkylations are achieved in good yields when compared with classical ways. Of
particular interest is the synthesis of o-amino acids via alkylation of aldimines under microwave
activation. Subsequent acidic hydrolysis of the alkylated imine provides leucine, serine or phenylalanine
in preparatively useful yields within 1-5 minutes.*’

4. Nucleophilic Additions to Carbonyl compounds

4.1. Aldol Condensation *

Jasminaldehyde was obtained classically from heptanal and benzaldehyde in 70% yield over 3 days

at room temperature [[Eq.25]. However, by using a 600 W domestic microwave oven, an enhanced yield

of 82% was achieved within only 1 minute. The amount of side-products (self condensation of n-
heptanal) decreased from 30 to 18% using this technique.

PhCHO + CHy(CHy);CHO KO Afiquat—Pho__ CHO [Eq. 25 ]
MW | min. 82% H C5H11

A second examnle of aldolization [Eq.261 is found in the « drv » reaction of ferrocene carhaldehvde
olizat 1£4.£0;5 18 1ACNyGQe

43 Svwliu vakilapiv Vi & [V 8 Y AiiG 111w N A7 ARAVLIVIL U AT IV VG v

with carbonyl compounds in the presence of potassium hydroxide and Aliquat as a catalyst.® Reactions
which are too slow at room temperature are efficiently accelerated by microwaves, giving good yields
within a few minutes.

0
CHO Il
e 5 Y
- . ™ MYy )J\ ) KO}I. A‘iquat L Rl I Ard
ke R AN L 25 R . Fe ' 1Eq. 26 ]
Al\ TI M ‘L
almd/ - Y A4
4.2. Ester Saponification”’
Fotarge ara aacily gannnifiad in a faw minntec neinag nawdarad nataccinim vAdravida (D mal saniv )
1OWG10 alv vaoit fato & LARLIVAL 111 4 INYY O LDHLIUELND WOl y\) yYyuwvivu wluﬂalulll llj\.llul\lu\( \L 11V \a\.lulV.,
and Aliguat (10% mol.) in the absence of solvent [Eq.27]
~1 AN v L 1 1
1. KOH, Aliquat
R-COOR' d R-COOH  [Eq.27]
2. HCI
Table 6 : Ester saponifications
. Multimode Oven Monemode Reactor Classical Heating
(250W) (90 W)
R R’ Time  Yield Time T Yield Time T Yield
(min) (%) (min) (°C) (%) (min) (°0) (%)
Ph Me 0.5 87 i 205 96 i 205 90
Ph n-Oct 1 83 2 210 94 2 210 72
2,4,6-Me,C¢H, Me 2 75 2 140 84 2 140 38
2,4,6-MeyCeH, n-Oct 2 57 4 223 82 4 223 0
A few examnles are summarized in Table 6. from which three important conclusions can be drawn :

1 AW VY VAGLLPIYD QAT Steaalinadd A4S Ll 2 QURN R, RSEEL A2 AN ARPORIRIN AN

i- Rapid and easy reactions occur, even with the most hindered mesitoic esters, hlch e otherwise
practically non-saponitiable under classical conditions. 2
ii- The advantage of using a monomode reactor versus a domestic oven appears clearly.



ili- More interesting from a fundamental viewpoint is the very strong specific non-thermal effect of

microwave, as evidenced by comparison with classical heating. This effect grows as the ester reactivity
falls.

4.3. Base Catalyzed Transesterifications *'

Transesterifications, such as that shown in [Eq.28], occur readily in microwave ovens due to the
displacement of the equilibrium by evaporation of polar volatile methanol (Table 7).

. Base
ArCOOMe + n-CgH,70H ArCOOn-CgH;; + MeOH  [Eq. 28]
Aliquat
Table 7 : Base catalyzed transesterifications under microwave (600 W),
Ar Base Time (min) Yield (%)

CeHs KOH 3 40

KOt-Bu 3 42

K,CO, 2.5 G0

2,4,6-Me;C.H, KOH 10 64

KOt-Bu 10 68

. KGO 10 8
Thig atridw vrag navt avtanda tha cvnthacic Fkﬁﬁ'l!\‘rl and Andoranaul darivativac frnm neatantad
1 lll-) oLuu-y YYQO 1AL UALUI]U\#U LU N DJILI.II\JDLD Ul Ul Jl. CLLING u\luuumlu]l MUWILYWULIYWO 11Vl PLUI.\/\/\\I\.I

carbohydrates.” Microwave assisted PTC transesterifications with methyl benzoate or dodecanoate were
thus studied for several carbohydrates. Small amounts of dimethylformamide (DMF) were shown to be
necessary to provide good yields (76-96%) with 15 minutes. Rate enhancements when compared to
conventional heating (A) and specific microwave activation were especially noticeable when less reactive
fatty compounds were involved [Eq.29].

e}
><o OH :l OR

-0 K,CO;, TBAB
[ -+ rcocn, % - [Eq.29 ]
OO 15 min., 160°C ! n
R =Ph MW 44%
DMF MW 96% AZ2i%
R=CH(CH,);,  DMF MW  88% A 0%(id. 12h)
5. Deprotonations
5.1. Base Catalyzed Isomerization of Allylic Aromatic Compounds **

Eugenol is a natural product available from a variety of essential oils (cinnamon-tree or piments
leaves). Its isomerization [Eq.30] into isoeugenol, the starting material for synthetic vanillin, is rather
difficult and proceeds in modest yields under relatively harsh conditions. It can be very efficiently

prepared however using 2.2 molar equivaients of base and catalytic (5%) amounts of Aliquat in the
absence of solvent.

OMe OMe
HO\i/’\ (BuOK, Aliquat HO\,iA\,
k/k/\ MW (45 W) 18 min. W‘x

5
(7%
=]
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Dichlorocarbene was generated under solid-liquid conditions using microwaves. Refluxing a
mixture of CHCl,, powdered NaOH and trace amounts of CTAB in cyclohexene under microwave



irradiation gave 90% of dichloronorcarane [Eq.31] within 20 min., versus 81% in 60 min. without
microwave exposure, or only 12% in 90 min. without the catalyst.
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5.3. p-Elimination
Bromo acetals in basic media can lead to cyclic ketene acetals [Eq.32]. These P-eliminations,
previously performed under solid-liquid PTC without solvent and with sonication,®® were further
: 57
improved by microwave irradiation (Table 8).
Br (0] B 0]
ase
N~/  TBAB 0~

Table 8 : B-Eliminations on bromo acetals in a monomode reactor (75W). Comparison with
sonochemical conditions and classical heating.

Base Ultrasound Conditions Microwave Conditions  Classical Heating
t T Yieid t T Yieid t T  Yieid
h ¢ (o) (mn) (C) (%) (min) (°C) (%)
Ph TO KOH, TBAB 1 75 81 10 130 81
~0 Br (BuOK,TBAB 1 35 70 5 75 87 5 715 36
Co KOH, TBAB (T 81 10 28
O Br -BuOK, TBAB 1 45 70 5 60 95 5 64 4]

With potassium z-butoxide and TBAB, higher yields are obtained faster than under sonication
conditions or with conventional heating.

£ MAicaall -
6. Miscellaneous Reac

6.1. Nucleophilic

1 vwvv»v‘/uu-v e

The irradiation of a rmxture of ortho or para- mtrochlorobenzene and ethanol in the presence of
sodium hydroxide and a phase transfer agent ylelds the corresponding ethoxy aromatic compounds within a
few minutes [Eq.33).>® The same procedure was subsequently applied to 2-chlorophenol.”® In both cases,
PEG 400 was shown to be the most efficient catalyst (Table 9).

(/z\ .Cl . ~__OFEt
Z——QJ/ + EtOH + NaOH Coest!10% 5 7 [Kq. 33 ]
X -NaCl, -H,0 NS
Table 9 : Nucleophilic aromatic substitution under microwave {420-700W)
Z Catalyst Time (min) Yield (%)
4-NO, ¥ none 2 14
PhCH,N"Me;CI 2 51
PEG 400 2 99
2-NO,* PEG 400 2 99
2-OH 3¢ PhCH,N*Me,CI 2 70
PEG 400 2 82




6.2. Dealkoxycarbonylations of Activated Esters (Krapcho reaction)

This type of reaction is usually best performed in DMSO solution. A simpler procedure was
proposed using anionic activation and microwave irradiation, with a metal salt as the reagent and a PTC
in the absence of solvent.®® This procedure was applied to the striking case of cyclic B-ketoesters and

-~y are

considerable improvements [Eq.34] (Table 10) can be noted when the maximum yields obtained under

0s -1 LTTY 1 61

classical Krapcho conditions (< 20% when R#H) are considered.

O O
COOBt i puner AR f
L ,I\R —_—— [Eq. 34 |
1.0
LRSAN ~"

Table 10 : Dealkoxycarbonylation of cyclic B-ketoesters in a monomode reactor.

R Microwave Conditions T Yield
Time (min) Power (W) 0 (%)
H 8 30 138 96
Et i5 30 160 94
n-Bu 20 45 167 89
n-Hex 20 90 186 87

n or cler to verify the speullc effects of microwave irradiation, the second experiment (R = Et) was

_,._.t',‘_—..n.l using Losl. Lo &2
pcl 1011ca lb LUIIVCllllUlld.l Uu oain neatir 5 ullUCI lIlC same LUIlUlI.lU[lb Ul l.lIIlC clIl(.l lCIIIpCI'dlUrC \l

160°C). No reaction was observed. Further heating for 3 hours led to total conversion but the yield
( 60%\ was limited by product degradation. Clearly, when compared to conventional heating, microwave

heatmg provides a large reductlon in time, 51mpllﬁed experlmental conditions, and the prevention of
product degradation at high temperature.

3./1,3]-Dipolar Cycloaddition of Diphenylnitrilimine %

iphenylnitrilimine (DPNI) can be subjected to 1,3-dipolar cycloa /i e
bonds as dipolarophiles [Eq.35]. It can be generated in situ by reaction of hydrazonoy! chloride with a
base
[ Ph-C=N-NPh)
N
o1 o o . - 1IC1 l A I
t’l‘lY,N\N/t’n + Base i 1 ; i,
Cl NN
H Ph—C=N-NPh
TYDNIT e~ 25
LI INI L 5. 5351
F——\ 0O Ph\//N* '{\‘}‘Ph Ph— N¢ I‘\I’Ph
DPNI + z—<\_/>—’/\_\ — )—4‘ + ,\—-1‘
Ar-CO'= ="H Ar-CO'= =z"H
Ph g bhL T Dy
& AR i 111 I I

The cycloaddition can be performed almost quantitatively within 6 minutes under microwave
irradiation using KF and Aliquat as a base. For the sake of illustration, results with substituted chalcones
are indicated in Table 11. When the same reactions are performed all other factors being equal (time,
temperature), no reaction occurs under classical thermal conditions. This behaviour once more confirms a

specific radiation effect.



Tabie 11 : 1,3- dlpolar cycloaddition of DPNI to chaicones in a monomode reactor (30 W)
L4 TIIIIC T l lclu
(min) Q) (%)
H 6 170 90
Br 5 170 93
Ci 6 i74 95
Me 6 168 87
OMe 6 175 89
. ,, o1 . 63
6.4. B-Lactams Synthesis >
Silyl ketene acetals react with aldimines to give f-lactams using KF in the presence of a phase
transfer agent (18-crown-6) within a few minutes using microwave irradiation in closed Teflon vessels
[Eq.36]
h Ph \/T_H -Ph
P &
YN 4+ Me, _ OSiMe; KF - 18-crown-6 N [ Fq. 36 ]
H P H  OM " O R
H  OUMe MW (300 W) 7min. M€
93% (anti/syn = 65/35)
6.5. Selective Dealkylations of Aromatic Ethers *
thy 1soeugenol nd thoxy anisole can be selectively demethylated or deethylated using

O
= OMe KOtBu i 18 6 /J‘ jut = Vig
(\!r u geowns (7] v O] [Eq.37]

(Ethylene glycol) \K \I/-

R = CH=CH-CH3, H

Under solvent-free conditions only deethylation is observed whereas, in the presence of ethylene
glycol (EG), the selectivity is totally reversed and demethylation becomes the major process. In both
cases, considerable increases in reaction rate were observed under microwave irradiation when compared
to classical heating (A) (Table 12) .

Table 12 : Selective dealkylations of ethoxy anisole (R=H)

Time Temperature Starting 1 2
(min) (°C) material (%) (%) (%)
- MW 20 120 7 - 90
- A 26 120 48 - 50
EG MW 75 180 - 72 23
EG A 75 180 98 - -

III- CONCLUSION

The usc of microwave irradiation to provide the activation energy for synthetic chemistry certainly
leads to faster and cleaner reactions when compared to conventional heating. The coupling of microwave
technology with solvent-free solid-liquid PTC conditions constitutes a new and pamcularly efficient,
powerful, and attractive method.

Significant improvements in yields or reaction conditions can be achieved, together with
considerable simplifications in operating procedures. The powerful synergistic combination of PTC and
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microwave techniques has certainly allowed an ever increasing number of reactions to be carried out
under clean and mild conditions. Furthermore, the inherent simplicity of the method can be allied with all
the advantages of solvent-free procedures in terms of reactivity, selectivity, economy, safety and ease in
mampulation.

In the interim between submission and edition of this report, several interesting publications in the
field appeared. They concern essentially :
-the alkylation and arylation of pyrazoles®® as an interesting one-pot synthesis of I-
heteroarylpyrazoles;
- the alkylation of 2-methoxyphenol with 1,2- dibromoethane followed by reaction with potassium
phthalimide to glve 2-(2- memoxypnenoxy Yethylamine®
tha gunthacic and icamanizatinn af aptylithincva

ot
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- the methylation of 3,4-dihydroxybenzaldehyde ¢ by hylene iodide in the presence of TBAB
on carbonate surface;
- the reductive decyanation of alkyldiphenylmethanes in aqueous sodium hydroxide and PEG-400.%°

the presence of TRAR and subsequent isomerization to isotbi f‘ya
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