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Screening of Homogeneous Catalysts by Fluorescence Scheme 1
Resonance Energy Transfer. Identification of | |

Catalysts for Room-Temperature Heck Reactions ozs“©\/ ozs“\@v
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For many years, FRET has been used to measure binding
Methods to screen catalyst activity rapidly are being developed constants and enzyme activi§ERET occurs when the emission
to address the challenge of pinpointing the optimal catalyst for a band of one molecule overlaps with an excitation band of a second
particular reaction or of generating a lead catalyst structures for molecule, and when the two chromophores are located within
a new processPrevious high-throughput screening methods have 20—80 A of each other. Upon excitation of the fluorophore that
utilized HPLC? mass spectrometricgolorimetric? IR thermo- absorbs at the higher energy (the FRET donor), quenching of its
graphic? capillary electrophoreti€and fluorescence methods. emission occurs by the FRET acceptor. At an appropriate constant
None of these methods apply to all problems. Many of them are total concentration of free and associated FRET pairs, the emission
relatively slow, are equipment intensive, are specific to a particular of the FRET donor is inversely related to the mole fraction of
reaction, or analyze activity for formation of any product and associated molecules. Thus, the product yields for a reaction that
not necessarily the one desired. forms a covalent bond can be determined fluorimetrically by using
We envisioned an assay that could provide a more general,@n inexpensive, automated fluorescence plate reader when using
rapid approach to screen for product formation that would use °N€ reagent containing a fluorophore and a second containing a
inexpensive, currently available equipment and that would be duéncher.
highly sensitive, noninvasive, and time resolved. To develop this ~ Scheme 1 shows the two reagents we have chosen for our first
assay, we decided to build upon our qualitative fluorescent method Study, in which we evaluated catalysts for low-temperature Heck
that used substrates conveniently tagged with a fluorophidte. reactions. A dansyl fluorophore was tethered covalently to a
report a method to screen for transition metal-catalyzed reactionsStyrenyl group, and an azodye quencher was tethered to an aryl
based on Fluorescence Resonance Energy Transfer (FRET) an@fomide. Compound& and2 (Scheme 1) were synthesized by
the use of this assay to identify catalysts for room-temperature conventional methods (see Supporting Informatlon)..Aqu.orophorga
Heck reactions (eq 1pf aryl bromides. FRET has been exploited and quencher were chosen that contained functionality that is
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as a highly sensitive assay for biological systems. We have
adapted this assay for homogeneous catalysis.
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compatible with most cross-coupling processes, including Heck
reactions. The dansyl group has an emission wavelength that
overlaps with an absorption band of the diazo compound. Upon
covalent linking of the two molecules by the Heck coupling, the
emission of the dansyl group was quenched by the diazo
compound. The emission intensity was then converted to reaction
yield by using a linear plot correlating emission intensity to mole
fraction of coupled product. We generated this standard curve
by preparing 10° M solutions inm-xylene containing various
mole fractions of the two reagents and isolated product. Correla-
tion coefficients obtained for such plots were typically 0.99.

With appropriate substrates in hand, we conducted a set of Heck
reactions in a 96-well format, delivering reagents from stock
solutions using a multichannel pipet. Each well contained a
different phosphine, some of which were commercially available
and some of which we prepared by solution-phase methods. The
structures and synthetic procedures for the 96 phosphines evalu-
ated in this assay are provided as Supporting Information.

All reactions contained a 1:1 ratio of compouridand2, 2.5
equiv of EgN, 37.2uL of DMF solvent, 5.0 mol % of CpPd-
(allyl), and 5.0 mol % of ligand. The reactions were conducted
using an aluminum reaction block containing a 96-well glass plate.
The plate was sealed with a single Teflon sheet and Viton gasket.
The glass plate was then heated with an agitating aluminum block
at 70°C for 15 h. After this time, a 3.2L aliquot was removed
from each well, diluted inm-xylene to 1.0x 102 mM, and
analyzed (1 s/well) on an automated fluorescent plate reader. This
assay was run in duplicate. Of the 80 ligands which showed
moderate activity (greater than 50% vyield), only four showed a
difference between the average yield and the yields for
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100 Table 1. Room-Temperature Heck Reactions of Aryl Bromitles
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Figure 1. Yields by FRET for 96 reactions with different ligands.
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Froseeen  FT L p-CF5-CoH i p-MeO-CH g; 78, 94% of two runs.
@Ph @\Ars 90, 91% @Ars 87, 87% <
MeO._ B Plmxylylls P(otol)y  P(£Bu)s Of the ligands in Figure 2, two of the most active members,
O o »—  1871% 36.71% 49.83% p(e5u) 1-adamantyl-diert-butyl phosphine and RRcP¢-Bu),, were used
O/P‘N); @\ < @ @ : as candidates for room-temperature Heck reactions. 1-Adamantyl-
oo O P(t-Bu), P8y tert—bgtyl phosphine is new, gnd FHCcP(t-Bu) was recently used
#Bu 61.75%  58,90% 55, 85% 56, 87% for efficient C-O bond formation3? Indeed, palladium complexes
Figure 2. Ligands that gave=70% yield of Heck product (Ligand #,  comprised of these ligands catalyzed the Heck reaction of aryl
Yield). bromides at room temperature.

Table 1 summarizes room-temperature reactivity of catalysts
the individual runs that was greater than 8%. The results of this generated from two of the |igands identified as h|gh|y active by
screen are shown in Figure 1. Of the 95 ligands used, 15 providedgyr screening method. Both ligands catalyzed Heck reactions
reaction yields greater than or equal to 70% (Figure 2). involving activated substrates at room temperature, as well as

The 15 ligands that generated the most active catalysts weredeactivated substrates such as bromoanisole. For reactions of
then used in a second screen to determine if the optimal solventacrylate substrates, the ferrocenyl ligand provided a more active
for each catalyst system \{aried with structure. With the structures catalyst system than AdPBu),. However, a reaction of 2-bromo-
of the Il_gan(_js contained m_the most active catalysts of the first gnisole with methyl acrylate did not go to completion after 33 h
screen in mind, we synthesized 1-adamatiytbutyl ferrocenyl at room temperature with the ferrocenyl ligand, while 2-bromo-

phosphine (FcR{Bu)Ad) and included it in the second screen. : L ;
An aluminum block containing 96 % 40 mm glass vials was ﬁlg;sno(;e was coupled in high yield to styrene by the adamantyl

assembled containing the 15 ligands in Figure 2 and tBeh{
Ad. Six different solvents were used: toluene, dioxane, 1,2- Because of the large number of FRET pairs, this method may
dichloroethane, butyronitrile, propyl methyl ketone, and a 1:1 prove suitable for screening of catalysts for many different
mixture of butyronitrile with propyl methyl ketone. Considering reactions and, perhaps, for high-throughput kinetic analysis.
that Heck reactions are almost always run in polar solvents suchHowever, the FRET pair used here should, alone, serve as suitable
as DMF, it was remarkable that these highly active catalysts tags for reagents in many reactions such as aryl halide amination,
showed little solvent effect when using a base, such asg, Kzt aryl halide etherification, carbong-arylation, Suzuki coupling,

is miscible with all the solvents (see Supporting Information for and Hiyama coupling with silanes. Future studies will focus on
details). Because this method for determining product yield is these reactions, as well as determining the full scope of the catalyst
unusual, we evaluated the yields of several reactions by HPLC systems for low-temperature Heck reactions, using aryl chloride
using an internal standard. Only 1 of 10 cases showed a yield byyariants of2 to identify systems for room-temperature Heck
HPLC that was more than 10% different from the yield determined reactions of aryl chlorides, and conducting mechanistic studies
by FRET, and this discrepancy was readily identified by the , getermine the origin of the high activity of the systems
duplicate experiment analyzed by FRET. The ligand in this uncovered here.

experiment, R{Bu)s;, showed a high yield in its reaction conducted

in the second plate analyzed by FRET.
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