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Decarboxylation of aromatic carboxylic acids under microwave enhanced conditions is an increasingly attractive
method of preparing deuterium/tritium labelled compounds.

For many years the most widely used methods for preparin@*/T* donor several labelled imines have been prepared; these
deuteriumt and tritiun? labelled compounds—hydrogen in turn can be used to lab@ilactams and other biologically
isotope exchange, hydrogenation and dehalogenation with Dinteresting compounds such @saminophosphate'$.

or T, gas in the presence of a transition metal catalyst, boro- Finally, it is worth noting that the corresponding
hydride reductions and methylations—have remained essefphosphite¥ (R,HP=0; R = OEt, OMe), cheap, non-toxic
tially unchanged. Now through the application of microw&ves hydrogen-atom donors and attractive alternatives to organic
it is becoming possible to greatly accelerate the reactions, téin hydrides, have been identified as effective radical reducing
carry them out in a different manner &y replacing /T,  agents for organic halides, thioesters and isocyanides. The
with solid donoré such as formates and, in some cases, per{abelled versions of these reagents thus provide new opportu-
form reactions such as borohydride reductions entirely in thejties1?

solid staté. In the case of tritium the much cleaner reactions
and reduced levels of radioactive waste produced represe

additional improvements. A further consequence is that th wo different microwave instruments (a CEM MDS system and a

relative merits of the various methods no longer remain th‘?\/Iatsui M169BT unit) were used for the decarboxylation studies of
same and that some hitherto rarely used methods now becomich the former was a commercial design and the latter was a house-
considerably more attractive. Such is the case for decarboxyold kind.*H (300 MHz) and?H (*H decoupled, 46 MHz) NMR

lation reactions where, in the few quoted exanfplsthe spectra were obtained using a Bruker AC300 spectrometer.
method having been used for tritiation purposes, the overrid- A typical decarboxylation procedure for acidsbwas as follows:
ing feature is the harsh experimental conditions employed. Acid (e.g_indole-2-carboxylic acid, 153 mg, 1.2 mmol), catalyst

) . . : : : . [CuCQ,. Cu(OH), 227 mg, 1.3 mmol] and quinoline (1 &mwere
2-Unsubstituted indoles, widely used intermediates Inmixedoi'n a heavy walled glass tube. The tube was sealed under vac-

organic chemistry, are commonly synthesised through decar,m and placed in a beaker containing vermiculite, then irradiated in
boxylation of the parent acfdThis is achieved by prolonged the CEM MDS microwave oven. On completion of microwave irradi-
heating in the presence of Cu (metal/salts) as catalyst and aion, the contents were diluted in EtOAC (50°;rand washed with
basic solvent such as quinoline. In our studies (Table 1) prioHC! (1% aqueous, ¥ 50 cn¥), followed by HO (50 cn), NaOH
washing of the acid with CIOD to exchange the carboxy (0-1 M agueous, 3 40 crrf) and finally saturated aqueous 8&,
proton with deuterium, followed by brief microwave activa- (2% 25 cnP). Removal of solvent afforded the crude product which

. . . . X L. . h ifi i | h h ili I, 4:1
tion, is sufficient to achieve decarboxylation/deuteriation in ;vgfar:e?(?ieghlgll :eetge?%ri‘%uﬁg ;SQOIEGLC;TEIIOQI’&D y (silica gel,

~100% yield. The procedure was equally successful for pecarboxylations of benzoylformic acig8,7) were carried out
a-methylcinnamic acig2) and three substituted benzoic acids using the Matsui 169BT microwave oven. Typically benzoylformic
(3-5), although only in one case was the deuterium incorpo-acid (0.10 g, 0.66 mmol), N-ethylmorpholine (0.16 g, 1.33 mmol) and
rated regiospecifically. deuterium oxide (DO, 66pl, 3.3 mmol) were placed in a pear-shaped
Further improvements in the procedure for labelling theseﬂask (25 cnd) fitted with a septum. The flask was evacuated, then

" - laced in a beaker containing vermiculite and irradiated in the
compounds can be anticipated as it has been shown that lSXia};rowave oven at 300 W power for 4 minutes. On completion, the

using thick wall glass tubes capable of withstanding high presfiask was allowed to cool. 0.1 émf the contents were taken up in
sures and a commercial reactor decarboxylation proceeds iODCI, (0.5 cnf), washed with water, dried, and analysedtfyNMR

the absence of the environmentally undesirable copper catapectroscopy (Bruker AC300). As the chemical shift for the two pro-
lysts8 Furthermore quinoline can be replaced with walter tons in theortho-position of the aromatic ring of benzoylformic acid

_ath. (0 ~ 8.00 ppm) is somewhat higher than those for benzaldehyde
Our approach was to replachD-Iby D,0 and to use N-eth @ ~ 7.80 ppm) this served as a means of calculating the decarboxy-

ylmorpholine as Qatalyst, the Substrates_ now _belng ON€ Oftion yield which was consistantly > 90%. Comparison ofthand
more benzoylformic acid®,7). By comparison with & previ- - 24 NMR spectra gave the isotopic incorporation.
ously quoted thermal exampfethe microwave enhanced

decarboxylation/deuteriation occurs very rapidly and is com-We are grateful to the European Union for a postdoctoral fellowship

plete within 4 minutes. (LBF), and both _IAESTE (THG_) anq the Ministry of Petrqleum
The range of compounds that can be labelled in this manngFe Bo T B T08 SRl ored D10 COST Programme

h‘?‘s been further widened by.the recent observat6that élnnovative Methodspand Techniquespfor Chemical Transformagtions).

tributylphosphine and other trivalent phosphorus compound

(RyP; R =Bu, Ph, MgN, OEt) catalyse the decarboxylation of

a-iminoacids. By using deuteriated/tritiated acetic acid as a

%g(perimental
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Table 1. Examples of successful microwave enhanced decarboxylations/deuteriations

Entry Reactant Catalyst/ Power/ Product/Deuterium
solvent heating time incorporation (relative %)
1 CuCO,.Cu(OH), 560W, 16 min
@:\—cooo D (67)
N\
b Quinoline N LeY
H
2 “ 560W, 14 min
CO0D D (41)
3 COOD “ 560W, 16 min
D (23)
@8) Djé[o(ss)
MeO OMe
MeQ' OMe
CooD u i
4 veo e 560W, 16min D (100)
Me0\©/OMe
cooD

5 " 560W, 18 min D 67)
i i D (33)
C!

Cl

6 N-ethylmorpholine 300W, 4min
I D,0 o
cooD
Q)\ ©)LD(100)
7 o “ 300W, 4min
D (100)
MeO
MeO
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