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ABSTRACT: A novel strategy has been developed to spontaneously form ligand-free Pd(0) nanoparticles from water- and air-sen-
sitive Pd2dba3 in water. These nanoparticles are thoroughly characterized by IR, NMR, and mass spectrometry, revealing that the 
metal-micelle binding plays a critical role in their stability and activity. HRTEM supported the ultrasmall nature of nanoparticles, 
while XPS analysis confirmed the zero-oxidation state of Pd. The shielding effect of micelles and enhanced stability of nanoparticles 
enabled fast cross-couplings of water-sensitive triazine adducts of carboxylic acid to form non-symmetrical biaryl ketones. These 
naturally formed nanoparticles are more efficient than new synthetic nanoparticles formed under a hydrogen atmosphere and tradi-
tional nanoparticles formed using air-sensitive Grignard reagent as a reductant. The activity of naturally formed nanoparticles is 
compared with synthetic nanoparticles over 34 substrates revealing that naturally formed nanoparticles are much more efficient than 
synthetic nanoparticles.

INTRODUCTION. Water is a natural and benign solvent with 
many exciting features to offer the best chemistry.1-3 Upon ad-
equate implementation, aqueous micellar catalysis can signifi-
cantly reduce solvent consumption, waste generation, and en-
ergy usage.4-8 The micellar hydrophobic interior may operate 
like protein’s catalytic hydrophobic pockets, i.e., solubilizing 
the substrates to facilitate substrate-catalyst binding. The spon-
taneous formation of micelles above the critical micelle concen-
tration is mainly an entropy-driven process minimizing the in-
terface between hydrophobic molecules and water and, thus, re-
ducing the system’s free energy. In some instances, it can be 
both entropy- and enthalpy-driven phenomena.9 

Nonetheless, following the same rule, when a metal salt is 
dissolved in the aqueous amphiphilic solution containing mi-
celles, it could form nanoparticles (NPs). The dynamic nature 
of micelles and free amphiphilic molecules possessing suitable 
binding sites drive the spontaneous formation of NPs. These 
evolved NPs, in principle, can be more refined in size and cata-
lytic efficiency compared to the ones synthetically formed. Fur-
thermore, due to the binding nature of the amphiphile, the NPs 
formed via this method are phosphine ligand-free, and such lig-
and-free catalysts play a significant role in addressing sustaina-
bility challenges.10,11 Notably, it is often wrongly perceived that 
the metal determines the cost of the catalytic method.12 How-
ever, most of the time, the ligand adds to the cost and more 
waste, e.g., palladium (Pd) retains its identity after the catalytic 
process, although its oxidation state may change.13 However, 
the ligand may not retain its original structure after the catalysis, 
or it may decompose. Therefore, ligand-free NP catalysis is 
more desirable.8,14,15 

Compared to naturally evolved NPs, the synthetic Pd(0) NP’s 
morphology, size, and the number of active sites largely depend 
on the nature of the reductant and solvents used in the synthetic  

 
Scheme 1. Pd(0) nanoparticles (NPs) derived from Pd2dba3. 
Naturally formed NPs versus synthetic NPs formed under H2 at-
mosphere. 
 
procedure.8,16 A careful selection of metal precursors is also a key 
to forming NPs.17 Arylboronic acid has been used to obtain ligand-
free Pd(0) NPs.8 However, to the best of our knowledge, the de-
tailed study of naturally formed Pd(0) NPs in aqueous micelles or 
traditional solvents is missing in the literature. Herein we report a 
systematic study of spontaneous and synthetic ligand-free NPs and 
their catalytic activities comparisons. We hypothesize that aqueous 
micelles of PS-750-M, due to the presence of tertiary amide units, 
can effectively bind with the metal atom to initiate nucleation for 
the spontaneous formation of Pd(0) NPs from their precursors 
(Scheme 1). Its shielding effect could further stabilize the air- and 
water-sensitive metal precursor, such as Pd2dba3.18 For obtaining 
synthetic NPs from Pd2dba3, H2 gas can be used as a reductant due 
to its higher solubility in aqueous micelles, causing de-ligation/re-
duction of dibenzylideneacetone (dba) readily. Because of metal-
micelle binding, the resulting NPs can be catalytic and highly active 
for events needed for cross-coupling. Due to higher surface area of 
NPs and shielding effect of micelles, it is anticipated that the NPs 
as the catalyst should enable cross-couplings of water-sensitive in-
termediates, such as triazine adduct of carboxylic acids allowing 
ketones formation in water. 
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RESULTS AND DISCUSSION. Following the proposed hy-
pothesis, we obtained both the synthetic and natural Pd(0) NPs 
in aqueous micelles from Pd2dba3. Natural NPs were obtained 
by stirring Pd2dba3 in 3 wt % aqueous PS-750-M at basic pH 
(also see Supporting Information, page S2). In contrast, syn-
thetic NPs were obtained by stirring Pd2dba3 in 3 wt % aqueous 
PS-750-M at basic pH and ambient hydrogen pressure. The in-
situ reduction of one of the C=C bonds of dba in Pd2dba3 instan-
taneously free-up Pd(0) atoms for rapid nucleation to form NPs. 
Notably, no natural NP formation was observed in near water 
(see Figure S8 in the Supporting Information). The NPs ob-
tained from both methods were analyzed by infrared (IR) and 
proton nuclear magnetic resonance (1H NMR) spectroscopy for 
probing the interaction between Pd and the carbonyls of PS-
750-M (Figure 1). The IR spectra of naturally formed (also 
called NPs-1) and synthetic NPs (also called NPs-2) are differ-
ent, revealing that these two NPs most likely have different 
structures and bindings with amphiphile PS-750-M (Figure 
1A). Likewise, NPs-1 and NPs-2 displayed different carbonyl 
stretches compared to free Pd2dba3 and PS-750-M, indicating 
the binding between PS-750-M and Pd via carbonyl functional 
groups. The carbonyls of neat PS-750-M appear at ca. 1630 cm-

1, while the same functional group in neat Pd2dba3 appears at 
1638 cm-1.  
The control 1H NMR studies also supports the binding between 
PS-750-M and Pd(0). The synthetic NPs displayed sharp signals 
at 7.30-7.18 ppm, most likely come from the aromatic rings of 
the reduced dba. The sharp signals are due to a lack of binding 
between reduced dba and NPs (Figure 1B). Reduction of dba 
under the hydrogen atmosphere and the subsequent de-ligation 
of the reduced ligand is confirmed by 1H NMR spectroscopy 
and GC-MS analysis (see Supporting Information, pages S16-
S17). Naturally formed NPs showed multiple broad signals be-
tween 7.17-6.07 ppm (Figure 1C). These signals showed up-
field chemical shifts compared to the ones that appeared in the 
1H NMR spectrum of Pd2dba3 in aqueous PS-750-M (Figure 
1D). This is due to the binding between PS-750-M with Pd pre-
sent in the NP form that causes ligation between Pd(0) and dba 
through only one of the double bonds. The number of signals in 
the 1H NMR spectra of Pd2dba3 and dba in D2O/THF solvent 
also differed from the ones observed in NPs-1, further support-
ing no complete de-ligation of dba and the metal-micelle bind-
ing (Figure 1E, F). Thus, the control NMR studies support the 
binding between PS-750-M and Pd(0). It reveals that the NPs 
formed under hydrogen and argon atmospheres are having dif-
ferent chemical environment. 
Next, the metal-amphiphile binding was further probed by mass 
spectrometry (Figure 1G), i.e., matrix-assisted laser desorp-
tion/ionization-time of flight (MALDI-TOF). NMR studies in-
dicated that both the PS-750-M and dba bind with the Pd. How-
ever, on the Pd surface, PS-750-M may bind more strongly than 
the dba. If it is true, only the mass of Pd+PS-750-M was antic-
ipated in the MALDI-TOF analysis of NPs-1. As per our expec-
tation, a fragment from M–dba (Pd+PS-750-M) at 1122 amu 
was observed in the analysis. The absence of dba mass and the 
presence of PS-750-M mass in the Pd system further support 
that PS-750-M binds and stabilizes the Pd NPs. Thus, all spec-
troscopic studies together support the binding between PS-750-
M and Pd. 
High-resolution transmission electron microscopy (HRTEM) 
and high-angle annular dark-field scanning transmission elec-
tron microscopy (STEM-HAADF) was employed to examine 

morphology and particle size distribution. Energy-dispersive X-
ray spectroscopy (EDS) mapping allows for the determination 
of the chemical composition and X-ray photoelectron spectros-
copy (XPS) for studying the Pd’s oxidation state. These anal-
yses mentioned above were performed for NPs-1 and NPs-2. 
These NPs were also compared with the ones formed by the re-
duction of Pd2dba3 with MeMgBr (called NP-3). The HRTEM 
and STEM-HAADF analyses of NPs-1 revealed the formation 
of smaller NPs with an average diameter of 3.8 nm (Figure 2, 
A1-C1 and D1). No clumping was seen in these NPs, most 
likely due to stabilization provided by both PS-750-M and dba. 
The NPs were well dispersed due to their small size and inter-
action with amphiphiles. 

 
Figure 1. Detailed Characterization of synthetic and naturally 
formed nanoparticles. (A) Control IR study. (B-F) NMR studies 
revealing metal-micelle binding (H8-THF was used in the study). 
(G) MALDI-TOF of naturally formed nanoparticles supporting Pd-
PS-750-M binding. 
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In contrast, NPs-2 were larger (Figure 2, A2-C2) with an aver-
age diameter of 6.4 nm (Figure 2, D2). These NPs were dense 
and less uniformly dispersed, which may be due to fast nuclea-
tion and particle growth causing fast de-ligation of dba. How-
ever, NPs-3 were comparable to NPs-1, although some clump-
ing was observed in them (Figures A3-C3). EDAX mapping of 
NPs-1, NP-2, and NP-3 revealed the presence of Pd and carbon 
from PS-750-M (Figures E1, E2, E3). The low percent of the 
carbon in NPs-2 was most likely indicative of a lesser number 
of amphiphiles per NPs compared to a more significant number 
of amphiphiles in NPs-1 and NPs-3. Some clumping was also 
observed in NPs-2. XPS analysis of all NPs reveals the presence 
of Pd in a zero-oxidation state (Figures F1, F2, F3). However, 
more oxidized Pd was observed in NPs-2 and NPs-3, which 
may be due to less or no shielding of NPs by micelles. The air 
exposure of NPs during analysis also causes their slight oxida-
tion. Notably, the binding energy of Pd(0) in the peak deconvo-
luted spectra of Pd in NPs-1 and NPs-3 was 334.9 eV. In com-
parison, it was 334.3 eV in NPs-2, revealing the different struc-
tures of metal-amphiphile binding in NPs. 
 

 
Figure 2. Nanoparticles characterization. (A1, B1) HRTEM 
analysis of NPs-1; (C1) STEM-HAADF analysis of NPs-1; (A2, 
B2) HRTEM analysis of the NPs-2; (C2) STEM-HAADF analysis 
of NPs-2; (A3, B3) HRTEM analysis of the NPs-3; (C3) STEM-

HAADF analysis of NPs-3; (D1) histogram of NPs-1; (E1) EDAX 
analysis of NP-1; (F1) peak deconvoluted spectra of Pd in NPs-1; 
(D2) histogram of NPs-2 (E2) EDAX analysis of NP-2; (F2) peak 
deconvoluted spectra of Pd in NPs-2; (D3) histogram of NPs-3; 
(E3) EDAX analysis of NP-3; (F3) peak deconvoluted spectra of 
Pd in NPs-3. 
From detailed analytical studies, we found that these NPs contain 
Pd(0) atoms bound to PS-750-M, although NPs-1 (naturally 
formed) were smaller in size and less oxidizable than NPs-2 and 
NPs-3 (synthetic). Therefore, we decided to explore their catalytic 
activities on highly valued cross-couplings of water-sensitive tria-
zine-acid adduct to access non-symmetrical biaryl ketones. Biaryl 
ketones have been recognized as one of the most critical structure 
motifs in pharmaceuticals,19-22 natural products,23 materials,24 ag-
rochemicals,25 cosmetics,26 and dyes.27 Besides, such motifs are 
widely used as a synthetic intermediate for synthesizing various 
valuable compounds such as oximes,27 cyanohydrins,28 carba-
zones,29 acetals,30 and pinacols.30 Their conventional or popular 
synthetic methods include: (i) Friedel-Craft acylation of arenes 
with a low regioselectivity, limited substrate scope, and requiring 
excessive Lewis acid.29,30 (ii) Acylation of organometallic reagents 
requires anhydrous conditions and stoichiometric organometallic 
reagents and is incompatible with many functional groups.31,32 (iii) 
Oxidation of secondary alcohols involving excessive strong oxi-
dants.33 Transition-metal catalyzed carbonylative couplings have 
also been reported for their synthesis.34 However, such coupling 
methods involve highly toxic CO as the carbonyl source. Suzuki 
couplings of carboxylic acids via in-situ generated anhydride inter-
mediate using different activating reagents have also been re-
ported.35,36 All these methods strictly require anhydrous conditions 
and toxic organic solvents. 
 
Table 1. Optimization studiesa 

 
entry Pd NPs and other conditions 3 (%)b 
1 1 mol % Pd NPs-1, cbase K3PO4 51 
2 2 mol % Pd NPs-1, cbase K3PO4 55 
3 3 mol % Pd NPs-1, cbase K3PO4 72 
4 3 mol % Pd NPs-1, base Et3N 65 
5 3 mol % Pd NPs-1, base K2CO3 82 
6 3 mol % Pd NPs-1, base K2CO3, solvent THF 

instead of aq. PS-750-M 
39 

7 3 mol % Pd NPs-1, base K2CO3, solvent water 
instead of aq. PS-750-M 

45 

8 3 mol % Pd NPs-1, base K2CO3, reaction tem-
perature 25 oC instead of 45 oC 

56 

9 3 mol % Pd NPs-2, cbase K3PO4, reaction time 
6 h instead of 2 h 

52 

10 4 mol % Pd NPs-2, cbase K3PO4, reaction time 
6 h instead of 2 h 

64 

11 4 mol % Pd NPs-2, dbase K3PO4, reaction time 
6 h instead of 2 h 

56 

12 no Pd NPs, cbase K3PO4 or K2CO3 n.d. 
13 3 mol % Pd NPs-3, base K2CO3 78 

aConditions: 1 (0.5 mmol), 2 (0.75 mmol), Pd NPs-1 derived from 
Pd2(dba)3 or Pd NPs-2 derived from Pd2(dba)3 and molecular hydrogen 
as reductant, base (0.5 mmol), 1.8 mL 3 wt % aq. PS-750-M, 0.2 mL 
THF, 45 °C, 2 h. bIsolated yield. c1.1 equivalent. d10 mol %. 
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We began our catalytic studies on carboxylation reaction in aque-
ous PS-750-M using carboxylic acid adduct 1 and boronic acid 2 as 
benchmark substate. Using 1 mol % in-situ formed Pd(0) NPs-1 
and K3PO4 as a base, 51% yield of 3 was obtained (Table 1, entry 
1; for more details, see Supporting Information, page S21-S24). 
Notably, the reaction was completed in 2 hours. Therefore, we kept 
the reaction time 2 hours for the remaining optimization studies. 
Increasing the catalyst loading to 2 mol % did not significantly im-
prove the yield (entry 2). 3 mol % catalyst afforded a 72% isolated 
yield of 3 (entry 3). However, 4 mol % catalyst loading did not 
improve the yield (see Supporting Information, Table S2, page 
S21). Therefore, we decided to use 3 mol % catalyst loading as op-
timal. Replacing K3PO4 base with Et3N reduced the yield to 65% 
(entry 4), but K2CO3 base afforded an 82% isolated yield of 3 (entry 
5). Therefore, we picked K2CO3 as an optimal base. PS-750-M was 
crucial for the catalytic activity. Reaction in neat THF affords only 
39% product (entry 6), while in neat water, 45% of 3 was obtained 
(entry 7). Likewise, the reaction in toluene only affords 41% 
of 3 (Table S5, entry 2). Other surfactants, such as TPGS-750-M, 
SDS, Nok, SDC, and Pluronic, were not as effective as PS-750-M. 
However, Tween 20 provided 80% of 3 (Table S5, entries 4-10). 
This indicates that PS-750-M is crucial for Pd-micelle interaction 
as well as catalysis. Reducing the reaction temperature to 25 oC 
slowed the reaction rate, and only 56% of product 3 was obtained 
(entry 8). Thus, for NP-1 as a catalyst, the optimal conditions were 
3 mol % catalyst loading, 1.0 equivalent K2CO3 as a base, 45 oC 
reaction temperature, 0.25 global concentration, and THF additive 
(10 % relative to aq. PS-750-M; for more details of optimizations, 
see Supporting Information, pages S21-S24). Although NPs-2 
were easily oxidizable under air, these NPs worked also as catalysts 
under a non-oxidizable atmosphere. The in-situ generated NPs-2 
afforded a 52% isolated yield of 3 (entry 9). However, the reaction 
was completed in 6.5 h instead of 2 h. The slower reaction rate may 
be due to the larger NPs and lesser surface area of the catalyst. With 
the use of 1.1 equiv. K3PO4 as a base and higher catalyst loading (4 
mol %), a 64% isolated yield of 3 was achieved in 6 hours (entry 
10). The reaction also worked with the catalytic amount of K3PO4 
(10 mol %), affording 56% of 3 (entry 11). Based on this initial 
activity test, NP-2 were catalytically inferior to NP-1. No prod-
uct 3 was obtained without a Pd catalyst (entry 12). Using K2CO3 
base, NPs-3 affords product 3 in 78% yield. (entry 13) However, 
these NPs were ineffective for other substrates, e.g., low yields 
of 21, 22, and 34 were obtained (see Supporting Information, page 
S32). Likewise, no reaction was observed when Pd(dppf)Cl2 or 
Ni(cod)2/PCy3 were used as the catalyst (see Supporting Infor-
mation, Table S9, page S24). PdCl2/IPr catalyst afforded only 68% 
of 3, revealing that NP-1 acts as an efficient and sustainable cata-
lyst. Due to the use of toxic Grignard reagents in their synthesis, 
inferior catalytic activity, and easily oxidizable nature, NPs-3 were 
not selected for studying the full substrate scope.  
The optimization studies showed that NPs-1 and NPs-2 are active, 
although reaction rates were slower with NPs 2. Therefore, we de-
cided to perform a substrate scope using both kinds of NPs and 
compare their efficiency on a variety of substrates. In the substrate 
scope study, we used in-situ-formed NPs. To our delight, both NPs 
were active for cross-couplings of triazine adduct of carboxylic ac-
ids (Table 2, 3-37). However, compared to NPs-2, reactions were 
generally completed faster with NPs-1. For example, for forming 
3, the reaction was completed in 2 hours with NPs-1 and 6.5 hours 
with NPs-2, and the yield was significantly lower in the latter case. 
The couplings of adducts of heterocyclic carboxylic acids with het-
eroaryl boronic acid were amenable. Likewise, aromatic-aromatic 
and aromatic-heteroaromatic combinations worked well. Func-
tional groups such as trifluoromethyl (13, 17, 19, 21, 28, 33), Boc 
(17, 31-36), aldehyde (18), and ester (25) were well tolerated. A 
combination of triazine adduct of thiophene carboxylic acid and 

thiopheneboronic acid afforded product 10 in excellent yield in 
only 2.5 hours. The adduct of pyridylcarboxylic acid (29) also 
worked well with the pyridylboronic acid. Boronic acids derived 
from benzothiophene (6, 22, 34), furan (8, 15, 20, 26, 31), pyridine 
(5, 14, 23, 27, 29, 37), and thiophene (4, 10, 25, 32) displayed 
good-to-excellent reactivity. Notably, reactions were generally fast 
and completed between 15 minutes to a few hours using NPs-1. 
Although reaction rates were slower with the use of NP-2 catalyst, 
reaction yields were better in examples 5, 9, 17, 19, 21, 24, 27-
29, 33, and 37. Notably, the yields were significantly enhanced in 
example 33 when NP-2 was used as the catalyst. Interestingly, un-
der such a hydrogen environment and the presence of Pd, no Cbz 
cleavage was observed in example 37. Notably, all carboxylic acid 
adducts were also synthesized in aq. PS-750-M (for details, see 
Supporting Information, page S20). 
Table 2. Substrate scopea 

 
aConditions: Triazine ester (0.25 mmol), (hetero)arylboronic acid 
(0.375 mmol), catalyst (3 mol % NPs-1 or 4 mol % NPs-2) = NPs 
[NPs-1 derived from Pd2(dba)3 and K2CO3 (0.25 mmol) or NPs-2 de-
rived from Pd2(dba)3, H2, and K3PO4 (0.25 mmol)], 0.9 mL 3 wt % aq. 
PS-750-M, 0.1 mL THF, 45 °C. *Yields based on the average of two 
runs. All yields are isolated. 
 
To find whether the catalyst is effective with the polarity rever-
sal of coupling partners, we performed a reaction between ben-
zoic acid adduct 38 and thiopheneboronic acid 39 using NPs-1 
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(Scheme 2A). In this case, 76% isolated yield of product 4 was 
obtained in 20 minutes of reaction time. Instead, when thio-
phenylcarboxylic acid adduct 40 and phenylboronic acid 41 
were exposed under the same conditions, product 4 was ob-
tained in a 62% isolated yield in 2 hours. Although the reaction 
rate was slow due to changes in electronics in nucleophile and 
electrophile, good reactivity was observed. 
Next, the scalability of this catalytic methodology was evalu-
ated on a gram-scale reaction between carboxylic acid adduct 
42 and boronic acid 43 (Scheme 2B). In this reaction, product 
34 was obtained in 92% isolated yield, 13% more yield than the 
one obtained on a 0.25 mmol scale reaction. Therefore, this 
methodology is scalable and works better on large-scale reac-
tions. 

 
Scheme 2. Activity tests of nanoparticles. (A) Reactivity test with 
reversal of polarity. (B) Gram-scale reaction using NPs-1. (C) Sta-
bility of NPs-1 under argon and air atmosphere.  
 
NPs stability was also accessed under argon and air atmos-
pheres at room temperature (rt). The NPs-1 kept under argon 
atmosphere at rt for a week were equally efficient as freshly or 
in-situ prepared (Scheme 2C). A reaction of carboxylic acid ad-
duct 40 and boronic acid 44 affords product 15 in 82% isolated 
yield, a similar yield obtained with a fresh catalyst. However, 
the catalyst became slightly less efficient when stored under air 
for a week, and a 67% isolated yield of product 15 was obtained. 
To evaluate any induction time, we compared the % yield of 3 
at different time intervals using NPs-1, NPs-2, and NPs-3 
(Scheme 3). Notably, the latter was cautiously prepared by the 
addition of Grignard reagent to the Pd source and capping the 
resulting particles with aq. PS-750-M (for details, see Support-
ing Information, page S8). In the reaction between 1 and 2, the 
trends in reaction rate were similar with the NPs-1 and NPs-3, 
although the reaction was slightly slower when NPs-3 were 
used. In contrast, NPs-2 were significantly less efficient and 

provided a 48% yield of 3 in 2 hours, while with NPs-1, product 
3 was obtained in an 82% yield. In this case, t1/2 was only 48 
minutes compared to > 2 h with NPs-2 and > 1 h with NPs-3. 
Therefore, the naturally formed Pd(0) NPs bound to PS-750-M 
molecules are more efficient than other types of NPs. 

  
Scheme 3. Reaction profile using different nanoparticles. 
 
CONCLUSION. In summary, the water-sensitive triazine ad-
ducts of carboxylic acids can efficiently afford non-symmetric 
ketones in water via cross-couplings with boronic acids using 
naturally formed Pd(0) NPs from the air- and water-sensitive 
Pd2dba3 as NPs precursor. These NPs are much more effective 
than those requiring any reductant for their formation, and re-
action rates were faster for a broad range of substrates. The 
shielding effect of micelles stabilizes both the NPs and triazine 
adduct to enable the catalysis efficiently. Both the NPs and cat-
alytic reaction are scalable and sustainable. The methodology is 
safer because it does not involve any reductant and toxic or-
ganic solvent. Since no phosphine ligands are involved in catal-
ysis, this methodology is affordable. 

MATERIALS AND METHODS. 
All manipulations were carried out under argon atmosphere un-
less otherwise noted. Solvent molarity listed in reaction 
schemes is relative to the limiting reagent. 
Chromatography. TLC plates (UV 254 indicator, aluminum 
backed, 175-225 µm thickness, standard grade silica gel, 230–
400 mesh) was supplied by Merck; silica gel (60 Å pore size, 
230-400 mesh) was purchased from Silicycle; sand was pur-
chased from Fisher Chemical and VWR scientific.  
Solvents. Ethyl acetate, hexanes, THF, and HPLC-grade water 
were purchased from Fisher Chemicals or MilliporeSigma. 
NMR solvents were obtained from MilliporeSigma; surfactant 
PS-750-M was prepared using the standard procedure and 3 wt 
% solution was prepared in HPLC-grade water. Poly(ethylene 
glycol) methyl ether 750 (mPEG-750-M) was supplied by Alfa-
Aesar and MilliporeSigma. 
Reagents. Pd2(dba)3 was supplied by MilliporeSigma. Aryl-
boronic acids were purchased from MilliporeSigma or Combi-
Blocks or Matrix Scientific. Commercially available carboxylic 
acids were either supplied by MilliporeSigma or Combi-Blocks 
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Inc. or Acros Organics or Alfa-Aesar. K2CO3 was purchased 
from MilliporeSigma. 
General Instrumentation. All products were purified by man-
ual column chromatography using silica gel (60 Å pore size, 
230-400 mesh). NMR spectra were recorded at 23 °C on Varian 
MR-400 and Varian Unity INOVA 500 (400, 500, 700 MHz, 
respectively). Reported chemical shifts are referenced to resid-
ual solvent peaks. HRMS analyses were obtained either using a 
5975C Mass Selective Detector coupled with a 7890A Gas 
Chromatograph (Agilent Technologies) or orbit-trap.  
Optimized procedure for the synthesis of diaryl ketones us-
ing Pd NPs-1. 4.0 mL reaction vial containing a PTFE-coated 
magnetic stir bar was charged with triazine ester (0.50 mmol), 
Pd2dba3 (1.5 mol %, equivalent to 3 mol % Pd NPs), K2CO3 
(0.50 mmol), and appropriate arylboronic acid (0.75 mmol). 
Later, freshly argon purged 1.8 mL 3 wt % aq. PS-750-M and 
0.2 mL THF were added, and the reaction vial was closed with 
a rubber septum. The mixture was evacuated and backfilled 
with argon. The vial was transferred to a pre-heated stir plate at 
45 °C and the mixture was stirred under argon atmosphere. Af-
ter complete consumption of triazine ester as monitored by 
TLC, the reaction vial was opened, and 1-2 mL ethyl acetate 
was added. The mixture was then gently stirred for 2 min at rt. 
Stirring was stopped and the organic layer was separated using 
a pipette. This extraction procedure was repeated for an addi-
tional time. The combined organic layers were dried over anhy-
drous Na2SO4. Volatiles were removed under reduced pressure 
to obtain crude product, which was then purified by column 
chromatography over silica gel using hexanes/ethyl acetate as 
eluent. 
Optimized procedure for the synthesis of diaryl ketones us-
ing Pd NPs-2. 4.0 mL reaction vial containing a PTFE-coated 
magnetic stir bar was charged with triazine ester (0.50 mmol), 
Pd2dba3 (2 mol %, equivalent to 4 mol % of NPs-2), K3PO4 
(0.55 mmol), and appropriate arylboronic acid (0.75 mmol). 
Later, freshly argon purged 1.8 mL 3 wt % aq. PS-750-M and 
0.2 mL THF were added, and the reaction vial was closed with 
a rubber septum. The mixture was evacuated and backfilled 
with argon. The vial was transferred to a pre-heated stir plate at 
45 °C and the mixture was stirred under hydrogen atmosphere. 
After complete consumption of triazine ester as monitored by 
TLC, the reaction vial was opened, and 1-2 mL ethyl acetate 
was added. The mixture was then gently stirred for 2 min at rt. 
Stirring was stopped and the organic layer was separated using 
a pipette. This extraction procedure was repeated for an addi-
tional time. The combined organic layers were dried over anhy-
drous Na2SO4. Volatiles were removed under reduced pressure 
to obtain crude product, which was then purified by column 
chromatography over silica gel using hexanes/ethyl acetate as 
eluent. 
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