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ABSTRACT 

The use of green solvents is a key element in making chemical processes more sustainable. In this work, three biobased 
solvents, diformyl xylose (DFX), dipropyl xylose (DPX), and n -butyl tetrahydrofurfuryl ether (Solvinol), were tested as cosolvents 
in the Suzuki–Miyaura reaction using micellar catalysis in water (TPGS-750-M system). 2% DPX gave > 99% conversion and 
86% yield, while 2% DFX reached 86% conversion and 82% yield. Solvinol required 15% loading to give similar results. DFX 

was easily removed in the aqueous phase upon work-up, while DPX and Solvinol were more difficult to remove due to their 
poor water solubility and high boiling points. These results demonstrate the potential of biomass-derived solvents as green 
alternatives to classical organic solvents. The overall environmental efficiency of the various processes was assessed via our 
internal methodology. Their efficiency at low loadings supports their use in more sustainable and environmentally friendly 
processes. 
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 Introduction 

olvents still make up a major part of the reaction mass in a
ynthesis, and they strongly influence the reactivity and selec-
ivity of the reaction due to their chemical (e.g., polar/apolar,
rotic/aprotic) and physical properties (e.g., melting point and
oiling point). Large amounts of solvents are also used in the
solation and purification of products, and respective cleaning
f equipment [ 1 ]. There has been and continues to be an
mportant effort to reduce the use of “concerning” solvents
mainly due to toxicological concerns) and to increase the use
f green and sustainable solvents. One class of solvents that
s particularly of interest for industry is the so-called polar
protic solvents with such classic representatives as DMF, DMAc,
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or NMP. These solvents are restricted by REACH in virtue
of their reprotoxicity, with replacements actively sought after
[ 2 ]. An interesting new class of biobased solvents is xylose
acetals recently developed by Prof. Luterbacher’s research group
[ 3–6 ]. Diformyl xylose (DFX) and dipropyl xylose (DPX) are
easily accessible in high yields from biomass sources, such as
corn cobs, and show promising potential in various reactions
[ 7 ]. 

In addition to research into neoteric green and sustainable
solvents, the use of water as a reaction medium has been
demonstrated to be of tremendous impact [ 8 ]. In this context,
Palladium-catalyzed [ 9 ] micellar cross-couplings represent an
innovative approach, pioneered by Prof. Lipshutz [ 10, 11 ] and
se, which permits use, distribution and reproduction in any medium, provided the 
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FIGURE 1 The micellar Suzuki–Miyaura reaction studied in this 
work using biobased cosolvents. 

TABLE 1 Overview and properties of renewable, biobased solvents 
used in this work. 

Melting 
point (◦C) 

Boiling 
point (◦C) 

Density 
(g/ml) 

Solubility 
in H2 Oa 

Acetone − 95 56 0.79 Miscible 
DFX 48 237 1.35 13 
DPX 28 238 1.17 1.8 
Solvinol n.a. 195 0.92 5.5 

a g/100 mL at 25◦C. 
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TABLE 2 Evaluation of different biobased cosolvents. 

Cosolvent 
Loading 
(%) 

Time 
(h) 

Conversion 

(%)a 
Yield of 3 
(%)b 

Blank 0 2 60 29 
0 16 92 51 

Acetone 10 2 99 95 
DFX 2 2 86 82 
DPX 2 2 99 86 
Solvinol 3 2 86 64 

a Based on aryl bromide substrate 2 compared to 3 by 19 F-NMR. 
b Based on product 3 by 1 H-NMR with internal standard. 
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reat
uccessfully translated into industrial application by our team
t Novartis [ 12, 13 ], and later by other pharmaceutical compa-
ies. This approach leverages the unique properties of micelles,
anosized aggregates formed by surfactant molecules in aqueous
ystems, to create highly effective outcomes, both in yield and
electivity, and environmentally friendly process conditions in
irtue of mild conditions, typically room temperature [ 14 ]. This
pproach has enabled enhanced reaction rates and selectiv-
ty while significantly reducing the need for organic solvents.
ecently, Handa [ 15 ] and coworkers introduced surfactants such
s PS-750-M that structurally mimic dipolar–aprotic solvents,
ffectively reducing the need for organic cosolvents. Nevertheless,
or established industrial systems based on TPGS-750-M, the use
f a cosolvent remains essential for process robustness; therefore,
eplacing traditional petroleum-based cosolvents with biobased
lternatives like DFX or DPX represents a significant step toward
ustainability [ 10, 16 ]. 

erein, we describe the use of renewable xylose acetals and
urfuryl ethers as cosolvents in micellar catalysis in a Suzuki–
iyaura reaction (Figure 1 ), the study and optimization of the
rocess, as well as comparison with other biobased solvents and
he mechanism to follow for the optimal and most informed
ecision. 
of 7
2 Results and Discussion 

We selected a very challenging Suzuki–Miyaura cross-coupling
reaction with hetero aromatic substrates as shown in Figure 1
to assess the new biobased solvents as co-solvents in micellar
catalysis, and to ensure the reliability of the results, based
on some previous work from our laboratory [ 11 ]. Our original
experience showed that when water-miscible solvents such as
THF or acetone were used as cosolvents, 20% cosolvent, by
volume, with water as the micellar medium and TPGS-M-750
as surfactant, resulted in optimal performance. Acetone turned
out to be preferred over THF due to environmental and safety
considerations and its markedly higher yields ( > 99% compared to
∼ 80% using THF). While this approach has been widely applied,
the substantial cosolvent content ( ∼ 20%v/v) still presents an
opportunity for improvement. 

We hypothesized that the more polar xylose acetals could produce
a similar outcome, despite being used in much smaller amounts.
First, the optimal concentration range for DFX to form a stable
micellar dispersion in water was determined. For that, DFX,
water, and TPGS-M-750 as surfactant were mixed in different
ratios. DFX, from 1 to 10%v/v, was added to water containing 2%
TPGS-M-750 as surfactant. At 10%v/v DFX, a considerable portion
remained undissolved even at 40 ◦C. Similarly, at 5%v/v, insoluble
fractions persisted at both room temperature and 40 ◦C but
dissolved upon addition of triethylamine—the base used in the
cross-coupling reaction—resulting in a slightly cloudy mixture.
In contrast, at 1 and 2%v/v, DFX was already dispersed at room
temperature, producing a uniformly milky mixture. 

Based on that finding, we performed the first screening of
biobased solvents at 2–3%v/v concentration (Table 2 ). Using no
cosolvent, the reaction was slow and sluggish, and after 16 h,
92% conversion was observed, but the yield was low (51% based
on NMR assay). With acetone as a cosolvent (10%), a clean
and fast reaction was confirmed. At 2%v/v DFX, the reaction
showed promising performance with 86% conversion and 82%
yield after 2 h, with no additional impurities formed compared
to acetone. The mixture appeared cloudy and brown, with slight
emulsion formation (Figure S8 ). DPX delivered comparable,
slightly improved results, while n -butyl tetrahydrofurfuryl ether
(Solvinol) achieved a noticeably lower yield of the Suzuki–
Miyaura product 3 (64%).1 
Helvetica Chimica Acta, 2026
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TABLE 3 Optimization of renewable cosolvents for 
Suzuki–Miyaura reaction. 

Cosolvent 
Loading 
(%) 

Time 
(h) 

Conversion 

(%)a 
Yield of 3 
(%)b 

DFX 0.2 2 52 36 
1 2 88, 82c 85, 77c 

1 16 98 78 
2 2 86 82 
5 5 78 57 

DPX 1 1 60 48 
1 2 94 50 
1 4 99 60 
2 1 60 48 
2 2 99 86 
10 2 98 86 

Solvinol 1 2 78 49 
3 2 86 64 
7 2 80 68 
15 2 90 87 

a Based on aryl bromide substrate 2 compared to 3 by 19 F-NMR. 
b Based on 1 H-NMR with internal standard. 
c Scale-up by factor 2.6. 
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FIGURE 2 Effect of the temperature on the yield of the Suzuki–
Miyaura reaction. 
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ased on the encouraging results with the biobased cosolvent
n the Suzuki–Miyaura reaction, we next varied concentrations,
eaction time, and temperature (Table 3 ). The DFX loading
ould be reduced to 1%v/v without affecting the yield of the
ross-coupling product 3 . Extending the reaction time at this
oncentration improved the conversion but not the yield. At
.2%v/v, the reaction proceeded very slowly, resulting in low
onversion and yield. Conversely, increasing the DFX loading
o 5%v/v resulted in a heterogeneous mixture with a conversion
omparable to lower concentrations, but with a lower yield. 

 small scale-up by a factor of 2.6 (500 mg bromide 2 ) using 1%v/v
FX gave conversion and yield consistent with the smaller-scale
esults (Table 3 , entry 2). The larger reaction volume also allowed
 clearer visual assessment of the reaction mixture’s homogeneity;
his characteristic milky appearance suggests that the cosolvents
re well-integrated into the micellar system. As shown in Figure 2 ,
he reaction temperature has a strong impact on the Suzuki–
iyaura reaction under micellar conditions. Using 0.2%v/v DFX
s a cosolvent and increasing the temperature, the yield increased
o 63%. With 1%v/v DFX, we observed a drop in yield from room
emperature to 40◦C and then a slight increase to 75% yield. 

ue to the low solubility of DFX ( < 20 mg/mL) in MTBE, cyclo-
exane, and heptane, these solvents facilitate DFX’s partitioning
nto the aqueous phase during aqueous work-ups (for a table
f DFX/DPX miscibility with common solvents see Supporting
nformation). In our micelle protocol, the addition of brine
olution followed by MTBE washing allowed the Suzuki–Miyaura
roduct to be isolated, while most of the DFX remained in the
queous phase. Residual traces of DFX in the MTBE phase were
elvetica Chimica Acta, 2026
removed by washing with water, and DFX was then extracted
from the combined aqueous phases with AcOEt and recrystal-
lized from ethanol, yielding pure DFX, with a recovery rate of
80%. 

Next, the use of DPX as a cosolvent in Suzuki–Miyaura coupling
was further examined. Unlike DFX, DPX is about ten times less
soluble in water (Table 1 ). Reducing its loading from 2 to 1%v/v
maintained conversion but significantly lowered yield ( ≤ 60%),
likely due to reduced reagent solubility under micellar condi-
tions, leading to unproductive side reactions such as hydrolysis,
deborylation, or homocoupling. Increasing DPX to 10%v/v did
not adversely affect conversion or yield, which remained robust,
indicating that higher cosolvent levels help stabilize micellar
environments and mitigate side reactions. 

Compared to the xylose acetals DFX and DPX, Solvinol required a
significantly higher loading (15%v/v) to achieve yields comparable
to those of DFX or DPX at 2%v/v. While Solvinol achieved 90%
conversion and 87% yield at 15%v/v, lower concentrations (1, 3,
or 7%v/v) resulted in lower efficiency (approximately 80% con-
version and significantly lower yields ranging from 49% to 68%),
underscoring its weaker performance compared to the xylose
acetals DFX and DPX under micellar conditions. 

2.1 Sustainability Assessment 

To address sustainability, we utilized our multi-dimensional
streamlined lifecycle analysis to compare three different pro-
cesses [ 18 ]. First, we chose a prototypical literature example
conducted in THF [ 19, 20 ]; second, a scaled-up TPGS-based
micellar protocol using acetone as a cosolvent (10%v/v) [ 11 ];
and third, the example presented here employing 1%v/v DFX
as a cosolvent. Because the processes being compared are at
different development stages, we assumed identical yields (84%)
to prevent stage-related differences from biasing the analysis,
keeping the number of equivalents as reported, only making
minor adjustments to the isolated yields and the amount of
work-up solvents needed (Figure 3 ). An immediate and obvious
observation was the significant difference in between the analysis
of the chemical transformation alone, (Figure 3a ) and that of the
isolated product after work-up (Figure 3b ). 
3 of 7
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FIGURE 3 Relative comparison of environmental burdens of different reaction protocols, (a) reactions without work-ups, (b) reactions including 
the work-up, and (c) equivalents and volumes of reagents, catalysts, and solvents used for the calculation of the reactions without work-ups. 

FIGURE 4 Relative comparison of environmental burdens of different reaction protocols with and without work-up, (a) reaction in THF, (b) 
reaction with acetone cosolvent, (c) reaction with DFX cosolvent. 
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hile this sounds obvious and is a common practice by many,
t remains a common pitfall in claimed green processes. The
riginal reaction using THF solvent generates around 15% more
O2 , compared to the process in water with TPGS-750-M and
0%v/v of acetone (Figure 4a ). The acetone-based protocol is, in
eneral, more sustainable than the numbers make it believe. The
elatively small reduction in CO2 -footprint is due to the increased
mount of boronate ester required—a complex compound that
eeded to be synthesized through multiple steps—which offsets
ome of the environmental benefits achieved from switching to
queous media. This assessment not only facilitates the compari-
on of the processes but also serves as foundational references for
ngoing optimization efforts. Reducing the amount of boronate
ster needed in the acetone-based reaction, for example, enables
of 7
us to reach a much more sustainable process than initially imag-
ined. Going one step further, substituting the 10%v/v of acetone
with only 1%v/v volume of DFX in our micellar protocol, we were
able to reduce the carbon footprint overall by 25% compared to the
original THF-based reaction. Notably, once a sustainable process
was found—such as transitioning from the one using THF to
the one with TPGS-750-M water and acetone—the effects of
further optimizations on the solvent became less beneficial. The
assessment clearly showed that acetone itself had no big impact
on the overall environmental burden of the reaction. Switching
it for a more sustainable alternative like DFX, therefore, had
little benefit, again indicating that under micellar conditions,
the biggest environmental contributor is no longer the solvent.
The environmental benefits in the DFX-protocol are mostly
Helvetica Chimica Acta, 2026
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aused by the ability to reduce the needed amounts of boronate
ster. 

hen considering the entire process—including both the reac-
ion and work-up steps leading to the crude product (Figure 3b )—
t becomes evident that evaluations are only meaningful when
onducted on the complete procedure. In the processes using
ither THF as solvent or acetone as cosolvent, the solvent is
istilled off, some water might be added, and the product is
iltered off, affording the crude material with little to no increase
n environmental burden (Figure 4a,b ). No other materials
re added except for small amounts of water, and since both
olvents have relatively low boiling points, removing them is a
traightforward process. In the reaction using the highly polar
FX as cosolvent, the reaction with the lowest carbon footprint
f the work-up is not considered, distillative solvent removal is
ery challenging due to a boiling point of DFX of above 220◦C.
s a result, isolation of the product requires additional extraction
teps and greater quantities of solvents, thereby increasing the
arbon footprint by about 100% and the environmental impact of
he process in general (Figure 4c ). 

indings that reflect the need for transparent metrics and proce-
ures to ensure that findings and communicated data are based
n holistic pictures. Other learnings from our in-depth analysis
an be summarized as follows: 

∙ DPX and DFX have similar footprints. Exchanging DFX with
DPX leads to negligible change. 

∙ Exchanging acetone, a sustainable solvent with a low carbon
footprint that can be sourced from renewable sources, with
THF, a highly polluting solvent, makes the process more
polluting. 

∙ Exchanging acetone, a sustainable solvent with a low carbon
footprint that can be sourced from renewable sources, with
DFX, a solvent with an even lower carbon footprint [ 4 ],
the process itself, without work-up, becomes less polluting.
The increased sustainability of the process is not mainly
due to replacing acetone, as its low footprint means it adds
little to the overall environmental impact of the reaction.
Instead, the reduced carbon footprint, when using the DFX
cosolvent, is primarily because less complex starting materials
are required. 

 Conclusions 

romising results have been achieved in Suzuki–Miyaura cross-
oupling within a micellar medium using xylose acetal biobased
olvent (DFX and DPX) and other ether solvent derived from
iomass as a co-solvent. Remarkably, DFX and DPX can be used
n small amounts to achieve good yields. The use of low loadings
1–2%v/v) of xylose acetal biobased solvents is an attractive
pportunity, although, if looked at the reaction holistically, it
oes not constitute here the superior one, as demonstrated by the
ensitivity analysis. The latter enabled us to recognize the better
nd nonobvious option, for a more informed decision ultimately.
e strongly advocate taking caution in such challenging situa-
ions and when commenting on green practices and recommend
everaging the more precise tools at disposal. 
elvetica Chimica Acta, 2026
DFX, when used as a cosolvent, demonstrated promising results
even at low concentrations, leading to high conversions and
yields. Due to its good solubility in water, DFX can be easily
removed by washing the organic layer with water. DPX also
showed excellent results in terms of yield and conversion when
used as a cosolvent. However, its main drawback lies in its
removal at the end of the reaction, due to its low water solubility
and high boiling point (238 ◦C). Despite this, the small amounts
required in micellar catalytic systems make DPX a competitive
option compared to traditional solvents such as acetone or THF
and make it a very attractive option depending on the position of
the step in a synthetic sequence or the specific physical properties
of the product. 

n -Butyl tetrahydrofurfuryl ether (Solvinol) also gave promising
results, though a higher loading (15%v/v) was necessary to achieve
performance comparable to DPX and DFX systems. Its lower
boiling point (ca. 195 ◦C) compared to DPX and DFX facilitates its
removal from the reaction mixture, although it is still relatively
high. 

All the solvents discussed are derived from biomass, which
is a major advantage from a sustainability point of view [ 18 ].
However, their cost remains higher than that of petroleum-
based solvents. In this context, cosolvent loading emerges as
a key parameter in process assessment, with more compre-
hensive micelle characterization essential for improved process
understanding and optimization. 

Our streamlined lifecycle assessment shows that the environ-
mental performance of these micellar protocols cannot be judged
on the reaction step alone. On paper, the DFX-based system
looks best when only the transformation is considered, but the
demanding work-up required to remove high-boiling DFX largely
erases this advantage. Acetone, by contrast, contributes little to
the overall footprint; the main leverage comes from reducing the
amount and complexity of starting materials such as the boronate
ester. DPX and DFX have very similar footprints, while replacing
acetone with THF clearly worsens the impact. The analysis
and optimal decision is particularly impactful when it comes to
dealing with the resulting waste water stream and minimization
of its CO2 footprint [ 16 ]. Overall, these results highlight that
credible “green” claims must be based on transparent metrics
and on the full process, from reaction to isolation, and base
your assertions on objective evidence and data, refraining from
subjective assumptions 

4 Experimental Section 

Diformyl xylose (DFX) and dipropyl xylose (DPX) have been
provided by Bloom Biorenewable SA (Switzerland), and n -butyl
tetrahydrofurfuryl ether (Solvinol) by Minagro SRL (Belgium).
All other reagents and solvents were commercially available and
used as received. No specific precautions to exclude air and
moisture from solvents were taken. 

A solution of 2 wt% TPGS-750-M was prepared by dissolving
TPGS-750-M in deionized water by stirring for 16 h at room
temperature (RT). 
5 of 7
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nless otherwise specified, NMR spectra were recorded at
98 K on a AMX-300 Bruker Avance spectrometer at 300 MHz
1 H-NMR), 282 MHz (19 F-NMR), and 75 MHz (13 C-NMR). Chemi-
al shifts ( δ) are expressed in ppm downfield from SiMe4 using
he residual protonated solvent as an internal standard and
oupling constants in Hz. Assignments are based on homo- and
eteronuclear shift correlation spectroscopy. 

.1 Using TPGS-M-750 2% in Water and no 
osolvent 

nder Ar atmosphere, 2-bromo-3-(trifluoromethyl)pyridine
 1 ) (147 mg, 0.635 mmol, 1.0 eq.) and Pd(dtbpf)Cl2 (13 mg,
.020 mmol, 0.034 eq.) were weighed into a vial. TPGS-M-750
% in water (1.4 mL) was added, and the mixture was stirred at
00 rpm at RT for 10 min. Triethylamine (0.17 mL, 1.222 mmol,
.912 eq.) was added, followed by methyl 3-amino-6-(4,4,5,5-
etramethyl-1,3,2-dioxaborolan-2-yl)-pyrazine-2-carboxylate ( 2 )
184 mg, 0.646 mmol, 1.03 eq.). After 2 h, the reaction mixture was
uenched with brine (20 mL) and extracted with ethyl acetate
3 × 15 mL). The combined organic layers were dried over
gSO4 , filtered, and concentrated to obtain the crude product 3
s a brown solid (390 mg). The yield (29%) was determined by
uantitative 1 H-NMR analysis using 1,3,5-trimethoxybenzene as
n internal standard. The conversion (60%) was determined by
9 F-NMR by the ratio of 2 to 3 . Purification was carried out by
lash column chromatography (SiO2 , AcOEt/heptane 50:50, Rf of
 = 0.35). 

.p. 150–151◦C. 1 H NMR (300 MHz, DMSO- d6 , 298 K): δ = 8.91
dd, JHH = 4.9, 1.6 Hz, 1H, H5 ), 8.73 (s, 1H, H8 ), 8.33 (dd, JHH =
.2, 1.6 Hz, 1H, H3 ), 7.73–7.64 (m, 3H, H4 + N H2 ), 3.85 (s, 3H,
C H3 ) ppm. 13 C{1 H} NMR (75 MHz, DMSO- d6 , 298 K): δ = 166.22

 C11 ), 155.13 ( C7 ), 152.87 (q, 3 JFC = 1.9 Hz, C6 ), 152.23 ( C5 ), 147.74
 C8 ), 139.41 ( C9 ), 136.07 (q, 3 JFC = 5.2 Hz, C3 ), 123.56 (q, 1 JFC =
73.6 Hz, C1 ), 123.42 (q, 2 JFC = 32.4 Hz, C2 ), 123.24 ( C4 ), 121.02 ( C10 ),
2.30 ( C12 ) ppm. 19 F{1 H} NMR (282 MHz, DMSO- d6 , 298 K): δ =
 56.87 ppm. HR-MS ( m/z ): calculated for [M + H]+ = 299.0756. 

.2 Using Acetone as Cosolvent 

nder Ar atmosphere, 2-bromo-3-(trifluoromethyl)pyridine ( 1 )
150 mg, 0.644 mmol, 1.1 eq.), Pd(dtbpf)Cl2 (13 mg, 0.020 mmol,
.034 eq.), and acetone (0.14 mL, 10%v/v) were weighed into
 vial. TPGS-M-750 2% in water (1.4 mL) was added, and the
ixture was stirred at 300 rpm at RT for 10 min. Triethylamine
0.17 mL, 1.22 mmol, 1.9 eq.) was added, followed by boronate
ster 2 (183 mg, 0.636 mmol, 1.0 eq.). After 2 h, the reaction
ixture was quenched with brine (25 mL) and extracted with
thyl acetate (3 × 20 mL). The combined organic layers were
ried over MgSO4 , filtered, and concentrated to obtain the crude
roduct 3 as a brown solid (260 mg, conversion 99%, yield
5%). 

.3 Using DFX as Cosolvent 

nder Ar atmosphere, 2-bromo-3-(trifluoromethyl)pyridine ( 1 )
500 mg, 2.2 mmol, 1.0 eq.), Pd(dtbpf)Cl2 (43 mg, 0.07 mmol, 0.03
of 7
eq.), and DFX (50 mg, 1%v/v) were weighed into a vial. TPGS-M-
750 2% in water (5.1 mL) was added, and the mixture was stirred
at 300 rpm at RT for 10 min. Triethylamine (0.615 mL, 4.0 mmol,
2.0 eq.) was added, followed by boronate ester 2 (642 mg,
2.3 mmol, 1.1 eq.). After 2 h, the reaction mixture was quenched
with brine (25 mL) and extracted with ethyl acetate (3 × 20 mL).
The combined organic layers were dried over MgSO4 , filtered,
and concentrated to obtain the crude product 3 as a brown solid
(508 mg, conversion 82%, yield 77%). 

4.4 Using DPX as Cosolvent 

Under Ar atmosphere, 2-bromo-3-(trifluoromethyl)pyridine ( 1 )
(138 mg, 0.592 mmol, 1.0 eq.), Pd(dtbpf)Cl2 (13 mg, 0.020 mmol,
0.034 eq.), and DPX (180 mg, 10%v/v) were weighed into a vial.
TPGS-M-750 2% water (1.4 mL) was added, and the mixture was
stirred at 300 rpm at RT for 10 min. Triethylamine (0.17 mL,
1.222 mmol, 1.912 eq.) was added, followed by boronate ester 2
(179 mg, 0.622 mmol, 1.05 eq.). After 2 h, the reaction mixture
was quenched with brine (20 mL) and extracted with ethyl acetate
(3 × 15 mL). The combined organic layers were dried over MgSO4 ,
filtered, and concentrated to obtain the crude product 3 as a
brown solid (390 mg, conversion 98%, yield 85%). 

4.5 Using Solvinol as Cosolvent 

Under Ar atmosphere, 2-bromo-3-(trifluoromethyl)pyridine ( 1 )
(154 mg, 0.661 mmol, 1.05 eq.), Pd(dtbpf)Cl2 (12 mg, 0.020 mmol,
0.034 eq.), and Solvinol (85 mg, 7%v/v) were weighed into a vial.
TPGS-M-750 2% in water (1.4 mL) was added, and the mixture
was stirred at 300 rpm at RT for 10 min. Triethylamine (0.17 mL,
1.222 mmol, 1.912 eq.) was added, followed by boronate ester 2
(185 mg, 0.643 mmol, 1.00 eq.). After 2 h, the reaction mixture was
quenched with brine (20 mL) and extracted with ethyl acetate (3
× 15 mL). The combined organic layers were dried over MgSO4 ,
filtered, and concentrated to obtain the crude product 3 as a
brown solid (570 mg, conversion 90%, yield 87%). 
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1 Other biobased solvents such as cyrene and butyl 3-hydroxybutyrate
(B3HB) [ 17 ] showed similar performance with a conversion of approx-
imately 60% after 2 h. While cyrene yielded relatively pure crude
mixture (only product and starting material), B3HB produced additional
impurities, likely due to solvent degradation. 
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