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Abstract

The underexplored potential of the palladium-catalyzed Hayashi-Miyaura reaction in
asymmetric synthesis, focusing on the preparation of novel derivatives of 2,2-diaryl-1-ni-
troethanes. These compounds are of interest as potential building blocks in medicinal and
materials chemistry, yet they remain largely unexamined in enantioselective transfor-
mations. The study specifically targets three challenging substrates: 1,3-dimethoxy-5-(2-
and 4-(2-nitro-1-phe-
nylethyl)phenol. These molecules were selected to probe the reaction’s tolerance toward

nitro-1-(o-tolyl)ethyl)benzene, 2-(2-nitro-1-phenylethyl)phenol,

ortho-substitution and free hydroxyl groups —features known to complicate catalytic pro-
cesses.

Keywords: 2,2-diarylnitroethanes; Hayashi-Miyaura reaction; asymmetric addition;
homogeneous catalysis; heterogeneous catalysis

1. Introduction

Chiral 2,2-diarylnitroethanes occupy a potentially interesting place in modern or-
ganic synthesis. Their structural features, particularly the presence of a chiral carbon atom
bearing both aromatic substituents and a methylene-nitro group, make them versatile in-
termediates in the construction of complex molecules. These scaffolds are directly relevant
for the synthesis of pharmacologically active compounds such as dopamine receptor ag-
onists [1], adenosine analogues [2], etc. In many cases, the biological activity of the final
compounds depends critically on the enantiomeric purity of the intermediate, which
makes the development of efficient asymmetric syntheses of paramount importance.

The Hayashi-Miyaura reaction [3] has proven to be a particularly powerful transfor-
mation for the enantioselective addition of arylboronic acids to aryl alkenes. Since its dis-
covery, it has been expanded from rhodium to palladium catalysis [4-6], broadening its
scope and reducing the cost. Nevertheless, several limitations remain. In particular, steri-
cally demanding ortho-substituted substrates and those bearing free hydroxyl groups
have been recognized as problematic. Hydroxyl substituents can coordinate to the metal
center, inhibiting catalysis, while ortho-substitution can dramatically decrease reactivity
due to steric congestion. Exploring whether these challenges can be overcome is crucial
for extending the applicability of the methodology.
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2. Methods

To address these questions, the present study was designed around a systematic ex-
ploration of different substrate classes. Four (3-nitrostyrenes were prepared, incorporating
electron-donating methoxy groups, sterically demanding ortho-substituents, and free hy-
droxyl functionalities. These substrates were combined with a variety of arylboronic ac-
ids, both unsubstituted and ortho- or para-substituted. The palladium precursor Pd(TFA):
served as the metal source. Acquired 1H NMR spectra of the prepared compounds were
comparable with literature [7,8]. For asymmetric induction, well established isoquinoline-
oxazoline ligand was employed: (S)-iPr-IsoQuinox, bearing an isopropyl substituent.

A
N

Figure 1. Structure of (S)-iPr-IsoQuinox.
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Figure 2. Procedure for Hayashi-Miyaura reaction.

In addition to homogeneous catalysis, a polymer-supported analogue was prepared.
The ligand was covalently immobilized onto a TentaGel™ resin, which was subsequently
complexed with palladium. This allowed the preparation of a heterogeneous catalyst (P-
Pd) that could be filtered, washed, and reused. The performance of this recyclable system
was then compared with the homogeneous analogue under identical reaction conditions

[6].
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Figure 3. Ligand immobilisation and preparation of P-Pd catalyst.
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Figure 4. FT-IR spectra of polymer-anchored ligand and its complex with palladium trifluoroacetate.

3. Results and Discussion

In the homogeneous reactions, a number of trends became evident. First, reactions
involving unsubstituted or para-substituted arylboronic acids generally proceeded effi-
ciently, affording the desired 2,2-diarylnitroethanes in yields ranging from 60% to over
90%. Importantly, enantioselectivities were high, with several reactions delivering
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products with more than 90% ee. These results confirm the effectiveness of the palladium-—
IsoQuinox catalytic system under the conditions employed.

Table 1. Results of homogeneously-catalyzed Hayashi-Miyaura.

(S)-iPr-IsoQuinox (7,5 mol%) @
x_NO, Pd(TFA), (5 mol%)
+ _OH >
B MeOH, 40°C, 24h NO,
OH @

Product Conversion ! Yield 2 ee3l

O NO, 22% 15% 44%
U]

_O
OO

o

-~

-

/

>99% 77% 90%

NO,

" w
NO, >99% 96% 56%

O oy (M
"o 30% 21% 94%
N02 o (o] (o]

T w
69% 35% 80%

W
\'%
HO V)

OH

O 50% 22% 90%
NO,
O (V1)

! Accordind to '"H NMR, 2 Measured yield after column chromatography, * According to HPLC with
chiral stationary phase.
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When steric hindrance was introduced, however, significant challenges arose. Ortho-
substituted arylboronic acids reacted sluggishly or not at all, highlighting the strong neg-
ative impact of steric congestion near the reactive site of the boronic acid. This trend is
consistent with previous observations in literature and reinforces the need for careful sub-
strate selection in such transformations. In contrast, ortho-substitution on the nitrostyrene
component was surprisingly well tolerated. The difference illustrates how steric effects
are highly context-dependent: while a bulky substituent on the incoming aryl fragment
prevents efficient coordination and transfer, the same substituent on the nitrostyrene is
accommodated without preventing productive reaction.

The tolerance of the system to hydroxyl-substituted substrates was another key find-
ing. Both 2-hydroxy- and 4-hydroxy-[-nitrostyrenes participated successfully in the addi-
tion reactions. Although the yields were somewhat diminished relative to unsubstituted
substrates, the enantioselectivities remained high. This suggests that potential coordina-
tion of the hydroxyl group to the palladium center does not irreversibly deactivate the
catalyst. From a synthetic perspective, this tolerance is highly advantageous, since hy-
droxyl groups provide convenient handles for further functionalization.

The transition to the heterogeneous P-Pd catalyst was particularly instructive. De-
spite the increased steric complexity of the polymeric environment, the immobilized cat-
alyst provided products with enantioselectivities comparable to those obtained in homo-
geneous solution. Reactivity did decline somewhat, with isolated yields typically reduced
by 10-20%, but this was offset by the ability to recover and reuse the catalyst. In practice,
the resin-bound catalyst could be filtered from the reaction mixture, washed, and reused
with only modest decreases in activity. This demonstrates that immobilization is a viable
strategy for sustainable asymmetric catalysis.

Table 2. Results of heterogeneously-catalyzed Hayashi-Miyaura.

P-Pd (12,5 mol%)

&

X _NO HFIP (5 eq)
@ ¥ 5-OH
i MeOH, 40°C, 24h NO,
OH
Product Conversion ! Yield 2 ee?d
/O O O\
95% 85% 86%
NO, 85%* 50%? 84% 4
O ()]
‘\!/ NO, >99% 24% 54%
O ]l
OH o
62% 7% 80%

’10
HO )
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! Accordind to 'H NMR, ?Measured yield after column chromatography, ® According to HPLC with
chiral stationary phase, * Catalyst reuse.

Overall, the results paint a coherent picture of both opportunities and limitations. On
the one hand, the methodology clearly tolerates a wide variety of substrates, including
those containing hydroxyl groups, and delivers products with high enantiomeric purities.
On the other hand, severe steric hindrance on the arylboronic acid remains a major limi-
tation, and efforts to circumvent this challenge will require new ligand designs or alterna-
tive strategies. Nevertheless, the successful demonstration of recyclable, immobilized cat-
alysts marks an important step toward implementing these reactions in a more sustaina-
ble manner.

4. Conclusions

This work has provided new insights into the palladium-catalyzed asymmetric ary-
lation of 3-nitrostyrenes. The findings establish that chiral 2,2-diarylnitroethanes can be
synthesized in good yields and excellent enantioselectivities even when challenging func-
tional groups such as hydroxyl substituents are present. The study also clarifies the detri-
mental impact of ortho-substituted arylboronic acids, a limitation that will guide future
ligand and catalyst design. Finally, the successful application of a polymer-supported cat-
alyst demonstrated that heterogenization is possible without major loss of enantioselec-
tivity, thus offering a promising route toward recyclable asymmetric catalysts.

In a broader context, these results underline the potential of 2,2-diarylnitroethanes as
chiral building blocks in the synthesis of biologically relevant molecules. By demonstrat-
ing both reactivity and enantioselectivity across a diverse set of substrates, the present
work contributes to expanding the synthetic toolbox available to chemists seeking sus-
tainable, enantioselective methods. The insights gained here will support further efforts
to design catalysts that combine efficiency, selectivity, and recyclability, ultimately bring-
ing the field closer to practical, scalable applications in pharmaceutical and fine chemical
synthesis.
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Abbreviations

The following abbreviations are used in this manuscript:

MDPI Multidisciplinary Digital Publishing Institute

TFA Trifluoroacetate

MeOH Methanol

EDC.HCl1 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
HOBt.H0 Hydroxybenzotriazole hydrate

DMAP 4-(dimethylamino)pyridine
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DMF N,N-dimethylformamide
ee Enantiomeric excess
HFIP 1,1,1,3,3,3-hexafluoroisopropylalcohol
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