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Abstract—Stille CC-couplings in supercritical CO, (s¢CO,) were performed with perfluoro-tagged and un-tagged Pd complexes in
high yields. With fluoro-tagged complexes yields were generally slightly higher. A recycling of the perfluoro-tagged catalyst was

also achieved. © 2001 Elsevier Science Ltd. All rights reserved.

Supercritical CO, (s¢CO,) is an environmentally benign
medium for chemical reactions. It shows a high solvat-
ing power for certain gases, there is no gas-liquid
boundary, its low viscosity leads to high diffusitivity, it
is non-flammable, and can be easily removed from the
products of a reaction.! Due to these favorable proper-
ties it is becoming increasingly important as a reaction
medium and especially so in metal catalyzed reac-
tions.>* However, its application is limited due to low
polarity which creates solvation problems for polar and
ionic catalysts.

The solubility of such catalysts in scCO, can be
enhanced by incorporating ‘CO,-philic’ ligands.** This
can be achieved by inserting perfluoro tags into parent
ligands thereby enhancing their lipophilicity. This was
demonstrated impressively for Rh-catalyzed hydro-
formylations in s¢CO,.* In these experiments the activ-
ity of the Rh catalyst was highly dependent on the
basicity of the phosphine ligands. The activity increased

with decreasing basicity of the phosphine ligands
caused by the electron-withdrawing perfluoro entities.’

Pd complex-mediated CC-couplings are currently a
topic of high interest. In a recent report, Holmes et al.®
have applied the phosphine ligand 1 for solubilization
of Pd complexes and employed them for Heck, Suzuki
and Sonogashira couplings in scCO,. Tumas et al.’
have demonstrated that ligand 2 was suitable for Heck
and Stille couplings in s¢CO,. Fluorinated Pd sources
such as PA(OCOCF;), in combination with phosphines
are another alternative as to allow for CC-couplings in
5¢CO,.8

Recently, we have synthesized a set of new perfluoro-
tagged Pd complexes and demonstrated their applica-
tion in Stille couplings in a fluorous biphasic system
(FBS).? Out of this set, we have selected the Pd com-
plexes 3 and 4 to evaluate Stille reactions in scCO,
(Scheme 1). In complex 3 the perfluoro tag is attached
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directly to the meta position in the phosphine ligand
whereas in complex 4 the fluoro tag is attached to the
para position and has an inserted CH,CH, spacer to
diminish the electron withdrawing properties of the
perfluoro entity. The application of the catalysts 3 and
4 opens up the possibility to recover and re-use them
for further couplings. Pd(PPh;),Cl, (5) was used for
comparison since it was reported to be not soluble in
5¢CO,.°

Three different aryl bromides 6-8 were selected and
reacted with the stannanes 9 and 10 to yield the cross-
coupling products 11-16 in s¢CO, employing 2 mol%
of the catalysts 3-5 (Scheme 2).

Addition of LiCl can enhance the yield of Stille cou-
plings and is essential when working in fluorous bipha-
sic systems.'® Due to the low solubility of LiCl in
scCO,, it was substituted by one equivalent of the more
lipophilic tetrabutylammonium chloride (TBACI).

Since significant decomposition of the Pd complexes
was observed above 100°C, the reactions were carried
out at lower temperature (90°C). The results are sum-
marized in Table 1.!! The yields are based on the 'H
NMR spectra of the crude reaction mixtures, by com-
paring the integrals of products with those of the
starting materials. No trace of a possibly formed cine
product was detected.

Generally the reaction times of the couplings in s¢CO,
were longer as compared to the same reaction carried
out in the fluorous biphase system.® It was expected
that the electron withdrawing effect of the perfluoro tag
would have an influence on the coordination properties
of the phosphine ligands and thus have an effect on the
catalytic properties of the Pd complexes, but the yields
obtained for the same Stille coupling applying the
perfluoro-tagged catalysts 3 and 4 were virtually identi-

cal. These observations are identical with those
obtained from Stille couplings in fluorous biphase sys-
tems mediated by perfluoro-tagged Pd complexes.’

The coupling yields are generally high, and moderate
only for those couplings where steric hindrance is
involved due to ortho-substitution of the starting mate-
rials, which is a common problem in Stille couplings,
especially for the stannanes.!?

To our surprise, catalyst 5 was also able to mediate
Stille couplings in sc¢CO, efficiently. The yields obtained
with this catalyst were only slightly lower as compared
to the same reaction performed with the perfluoro-
tagged catalysts 3 and 4. The results indicate that at
least some of the catalyst 5 must be soluble in sc¢CO,
under the conditions applied to the coupling reactions.
Such activity of seemingly insoluble catalysts has so far
only been reported for Rh complex-mediated hydro-
formylations in scCO,."?

In order to recycle the perfluoro-tagged catalysts 3 and
4, the residue after dissipation of the CO, was dis-
tributed between dimethyl formamide (DMF) and
perfluorohexane (FC 72). After phase separation, the
DMF was extracted two times with FC 72. The com-

Table 1. Stille couplings with catalysts 3-5

Product Aryl-bromide Stannane Yield (%)
3 4 5

11 6 9 93 88 87
12 6 10 95 95 91
13 7 9 55 54 43
14 7 10 48 40 34
15 8 9 94 91 87
16 8 10 91 91 84
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Table 2. Repetitive Stille couplings with catalyst 3

Compound  Yield (%) (Ist run) Yield (%) (2nd run)
11 93 95
12 95 93
13 52 61
15 92 95
16 90 93

bined FC 72 layers were evaporated and the catalyst
recovered in such a way was re-used for a consecutive
Stille coupling. The DMF layer was evaporated and the
yield was estimated from the 'H NMR spectra as
described above. The results obtained with catalyst 3
are summarized in Table 2.

In summary, we have demonstrated that Stille CC-cross
couplings in scCO, can be catalyzed with perfluoro-
tagged Pd catalysts 3 and 4 as well as with the un-
tagged Pd complex 5. The yields with complexes 3 and
4 were slightly higher. Furthermore we have demon-
strated that a recycling of the catalyst can also be
achieved.
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