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A chemoselective reduction of a-keto aldehydes using rongalite in water has been developed for the
efficient synthesis of a-hydroxymethyl ketones. This transformation exploits the unique reactivity of ron-
galite to achieve a mild, metal- and hydride-free reduction that proceeds smoothly in the presence of
various functional groups. The protocol employs inexpensive rongalite (ca. $0.03 per gram), operates in
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an aqueous medium under open-air conditions, and requires no inert atmosphere. The reaction is readily
scalable to gram quantities and exhibits excellent chemoselectivity and broad substrate scope, tolerating
electron-donating, electron-withdrawing, and halogen substituents, as well as hetero aromatics, deliver-
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Introduction

a-Hydroxymethyl ketones represent an important class of com-
pounds that are widely distributed in natural products and bio-
active molecules." These acyloins are key structural subunits of
farnesyltransferase inhibitors, kurasoins A and B, the enzyme
urease,” antibiotics such as olivomycin A and chromomycin
A3,% inhibitors of amyloid-b (Ab) protein production® and
inducers of apoptosis in oral tumors (Fig. 1).”

Beyond their intrinsic biological significance, these motifs are
also recognized as versatile synthetic intermediates.® They are
commonly employed in the preparation of structurally complex
molecules and play key roles as chiral auxiliaries, ligands, and
catalysts in asymmetric synthesis.” Given their broad utility, the
development of efficient and practical methods for the synthesis
of a-hydroxymethyl ketones continues to be a central focus in
both pharmaceutical and synthetic chemistry.

A number of conventional chemical strategies have been
explored for their preparation, including iodine-mediated acti-
vation and oxidation of alkenes,® substitution of
a-haloketones,” oxidation of diols,"® decarboxylative oxidation
of carboxylic acids,"" and N-heterocyclic carbene (NHC)-cata-
lyzed hydroxymethylation of aldehydes."”” While these
approaches are effective, they often suffer from practical draw-
backs such as the requirement for toxic or expensive reagents,
harsh reaction conditions, and limited product yields. In this
context, biocatalytic routes have emerged as attractive alterna-

tives.”® Reported examples include enzymatic reduction of
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ing the desired products in high yields within short reaction times.

diketones, oxidation of diols,"* transamination of amino alco-
hols,” and thiamine diphosphate (ThDP)-dependent hydroxy-
methylation of aldehydes."® Although these methods are envir-
onmentally benign, their application can be restricted by
enzyme availability, cost, pH, and substrate scope. In recent
years, the chemoselective reduction of 1,2-dicarbonyl com-
pounds to a-hydroxy carbonyls has gained prominence as a
particularly powerful synthetic transformation.'” A central
challenge in this area lies in achieving the selective reduction
of aldehydes in the presence of ketones, a transformation that
is highly relevant to the synthesis of natural products and
architecturally complex molecules. The intrinsic higher elec-
trophilicity and lower steric demand of aldehydes compared to
ketones usually enable preferential reduction, and this differ-
ence has been exploited in the design of selective reducing
agents."® For example, attenuated hydride donors derived from
boron or aluminum hydrides have been developed to modulate
hydride transfer reactivity, providing improved selectivity."®
Similarly, transition-metal-catalyzed hydrosilylation has been
extensively studied.”® Despite these advances, existing
methods still suffer from important limitations, such as the
requirement for elevated temperatures, extended reaction
times, and the formation of undesirable by-products (e.g., sila-
nols in hydrosilylation). These drawbacks significantly restrict
their applicability in large-scale or sustainable synthesis. To
overcome these challenges, we sought to develop a novel, tran-
sition-metal- and hydride-free approach for the chemoselective
reduction of 1,2-dicarbonyl compounds (Scheme 1a).

In this regard, we turned our attention to rongalite (sodium
hydroxymethanesulfinate dihydrate, SHM),>" an inexpensive
(~0.03 USD per g) and readily available industrial product that
has attracted interest as a green alternative to toxic formal-
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Fig. 1 Some bioactive molecules that contain a-hydroxymethyl ketones and their derivatives.
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Scheme 1 Chemoselective reduction of a-keto aldehydes.

dehyde. Owing to its multifaceted reactivity, rongalite can act
as a super electron donor,”” a C1 unit source,” and a precur-
sor to the sulfoxylate dianion (SO,>7).>* In continuation of our
efforts to explore the synthetic utility of rongalite as both an

Org. Biomol. Chem.

electron source and a reagent for hydride-free reductions,*> we
herein report a chemoselective, transition-metal- and hydride-
free protocol for the preparation of a-hydroxy ketones from the
corresponding a-keto aldehydes (Scheme 1b).

This journal is © The Royal Society of Chemistry 2025
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Results and discussion

To evaluate our hypothesis for the synthesis of 2-hydroxy-1-
phenylethan-1-one 3a, we initially carried out the reaction
using phenyl glyoxal 1a (1 mmol) and rongalite 2 in aceto-
nitrile at room temperature for 24 hours. Under these con-
ditions, no transformation was observed, and the starting
material remained unchanged (Table 1, entry 1). Interestingly,
increasing the temperature to 70 °C initiated the reaction and
afforded the desired product 3a, albeit in low yield (15%) after
12 hours (Table 1, entry 2). The structure of compound 3a was
confirmed by 'H and "*C NMR spectroscopy, along with HRMS
(see the SI).

Encouraged by these initial results, we turned our attention
to optimizing the reaction conditions to improve yield, and a
solvent screening was conducted. Switching the solvent to THF
slightly increased the yield to 24% (Table 1, entry 3). Further
screening with polar aprotic solvents such as DMF and DMSO
resulted in moderately improved yields of 31% and 35%,
respectively (Table 1, entries 4 and 5). Notably, the use of polar
protic solvents such as methanol and ethanol significantly
enhanced the yield to 56% and 65%, respectively, and also
reduced the reaction time (Table 1, entries 6 and 7).

These findings can be attributed to the equilibrium nature
of glyoxals and the better solubility of rongalite in polar protic
media. Based on this insight, we evaluated an EtOH:H,0O
(8:2) mixture, which led to a further increase in yield to 68%
(Table 1, entry 8). Remarkably, performing the reaction in
water alone resulted in a rapid transformation within
3 minutes, delivering the product 3a in a high yield (Table 1,

Table 1 Optimization of reaction conditions for chemoselective reduction
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entry 9). It is worth mentioning that phenyl glyoxal 1a was
sparingly soluble in water at room temperature. However, upon
heating to 75 °C, the substrates dissolved progressively, and
the reaction proceeded smoothly with rongalite to afford the
desired product 3a without any co-solvent. Given the eco-
friendly, sustainable, and economical nature of water as a
solvent, it was selected as the optimal medium for further
optimization studies. Subsequent temperature screening
revealed that the reaction proceeds most efficiently at 75 °C
(Table 1, entry 10). However, variations in temperature and
increasing the equivalents of rongalite did not lead to further
improvements in the yield of 3a (Table 1, entries 11-13). With
the optimized reaction conditions in hand (Table 1, entry 10),
we turned our attention to evaluating the substrate scope of
the reaction using a series of structurally and electronically
diverse a-keto aldehydes to assess the generality and func-
tional group tolerance of the developed protocol (Table 2). We
first examined aromatic a-keto aldehydes bearing electron-
donating groups (EDGs) on the phenyl ring. Substrates featuring
alkyl (methyl) and alkoxy (methoxy) substituents at the para-,
meta-, and ortho- positions smoothly underwent the reaction,
affording the corresponding a-hydroxymethyl ketones (3b-3e) in
excellent yields ranging from 81 to 90%. Similarly, substrates
bearing hydroxy groups or extended electron-donating motifs
such as benzo[d][1,3]dioxole (3f-3i) were also well-tolerated, deli-
vering the desired products in 77-96% yield. These results
suggest that the presence of EDGs enhances the nucleophilicity
of the a-keto carbonyl system, thereby facilitating the trans-
formation. Encouragingly, the reaction also proved efficient for
substrates containing halogen substituents. A wide range of

of a-keto aldehyde?

o o o
H
HO g Solvent OH
K N
o) ONa.2H,0
Temp.
1a 2 3a

Entry Solvent Rongalite (equiv.) Temp. (°C) Time (h) byield (%)
1 CH;CN 2.0 Rt 24 n.r?
2 CH;CN 2.0 70 12 15
3 THF 2.0 70 10 24
4 DMF 2.0 70 2 31
5 DMSO 2.0 70 2 35
6 MeOH 2.0 70 15 min 56
7 EtOH 2.0 70 10 min 65
8 EtOH + H,0° 2.0 70 3 min 68
9 H,O 2.0 70 3 min 82
10 H,O0 2.0 75 3 min 85
11 H,O 2.0 80 3 min 80
12 H,O0 1.5 75 10 min 78
13 H,O 2.5 75 5 min 70

“ All the reactions were conducted on a 1 mmol scale of 1a (1 mmol), 2 (2 mmol) and solvent (3 mL), unless otherwise mentioned. ? Yield where
reported is of isolated and purified products. ¢ Solvent (8 : 2 v/v).  n.r = no reaction.
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Table 2 Substrate scope of the chemoselective reduction of a-keto aldehydes by rongalite®?
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“Reaction conditions: a-keto aldehydes 1a-1y (1 mmol) and rongalite 2 (2 mmol) in 3 mL of H,O at 75 °C. ? Yield of isolated products.

halogenated aryl glyoxals, including fluoro, chloro, bromo and
iodo (3j-3p) derivatives, were successfully converted into the
corresponding products in good yields of 68-85%, regardless of
the substitution pattern (ortho, meta, or para).

This halogen tolerance not only underscores the robustness
of the methodology but also offers synthetic handles for
further functionalization via cross-coupling or halogen-metal
exchange strategies. We then explored the effect of electron-
withdrawing groups (EWGs) on the reactivity of the a-keto alde-

Org. Biomol. Chem.

hyde. Substrates bearing phenyl (3q), trifluoromethyl (3r), sul-
fonyl (3s), and cyano (3t) substituents all underwent efficient
transformation, affording the corresponding products in yields
ranging from 68 to 80%. These results indicate that even
strongly electron-deficient substrates are amenable to the
transformation, albeit with slightly diminished reactivity com-
pared to their electron-rich counterparts. This may be attribu-
ted to the decreased electrophilicity at the a-carbon or poten-
tial competing interactions with the aqueous solvent system.

This journal is © The Royal Society of Chemistry 2025
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Furthermore, the developed protocol was successfully
extended to polycyclic and heteroaromatic systems, which are
often considered challenging substrates due to potential solu-
bility issues or coordination with functional groups.
A naphthyl-derived a-keto aldehyde (3w) gave good yield (76%),
demonstrating that sterically hindered and extended n-systems
do not significantly impede the reaction. Importantly, hetero-
cyclic substrates containing furan (3u), thiophene (3v), indole
(3x), and benzofuran (3y) motifs all reacted smoothly, yielding
the desired products in moderate to good yields (73-80%).
This tolerance toward heteroatoms highlights the versatility of
the method for potential application in medicinal chemistry
and complex molecule synthesis. In addition to aromatic and
heteroaromatic a-keto-aldehydes, we also examined other ali-
phatic derivatives such as methyl glyoxal (1z) and ethyl glyoxal
(1aa) under the optimized conditions. However, they failed to
give the desired a-hydroxyalkyl ketones.

Overall, these results clearly demonstrate the broad sub-
strate scope and functional group compatibility of this trans-
formation, establishing it as a practical and efficient strategy
for accessing a-hydroxymethyl ketones from readily available
a-keto aldehydes under mild, aqueous, and metal-free con-
ditions. To assess the synthetic practicality and scalability of
the developed methodology, we carried out the reaction under
gram-scale conditions, which is particularly important for
demonstrating potential industrial applicability. A solution of
2-0x0-2-phenylacetaldehyde (1a) (2.00 g, 14.91 mmol) and ron-
galite (2) (2.36 g, 29.82 mmol) in water (15 mL) was heated at
75 °C under open-air conditions (Scheme 2). As expected, the
reaction proceeded efficiently and cleanly, delivering the target
product, 2-hydroxy-1-phenylethan-1-one (3a), in 78% isolated
yield after a simple workup.

To gain insight into the mechanism underlying this chemo-
selective reduction, we performed a series of control experi-
ments aimed at probing the role of rongalite and the possible
involvement of radical intermediates (Scheme 3).

Initially, a blank experiment was conducted using phenyl
glyoxal 1a (1.0 mmol) in water (3 mL) at 75 °C, in the absence
of rongalite 2. Under these conditions, no formation of the
desired product 2-hydroxy-1-phenylethan-1-one 3a was
observed. This clearly indicates that rongalite is essential for
promoting the reduction process. To investigate whether the
reaction proceeds via a radical pathway, we conducted further
control experiments in the presence of radical scavengers,
namely TEMPO and hydroquinone. In these experiments,
2-oxo-2-phenylacetaldehyde 1a (1.0 mmol) was treated with

o N i
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. ~""SONa2H,0 ——> '
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Scheme 2 Gram scale synthesis.
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Scheme 3 Control experiments.

rongalite 2 (2.0 mmol) and either TEMPO or hydroquinone
(3 mmol) in water (3 mL) at 75 °C. In both cases, the formation
of product 3a was significantly suppressed, with only 10-15%
yield obtained. This reduction in yield in the presence of
radical inhibitors strongly suggests that the reaction proceeds
via a radical mechanism. Moreover, HRMS analysis (see the SI,
S61) of the reaction mixture revealed the formation of a
TEMPO substrate adduct (4) m/z = 330.1664 (Scheme 3c); col-
lectively, these observations point toward a rongalite-mediated
radical reduction mechanism, wherein the a-keto aldehyde is
likely reduced through single-electron transfer (SET) processes
initiated by the sulfoxylate species generated from rongalite
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Scheme 4 Plausible mechanism.
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under aqueous thermal conditions. Based on the results from
control experiments and insights from previous literature,?* a
plausible radical-based mechanism is proposed as shown in
Scheme 4. Under the reaction conditions, rongalite undergoes
thermal decomposition to generate formaldehyde and the
bisulfite anion (HSO,").

The HSO,~ species then donates a single electron to the
a-keto aldehyde 1a, producing the ketyl radical anion I.
Protonation of intermediate I yields the ketyl radical II, which
undergoes a second single-electron reduction by another equi-
valent of HSO,  to form the carbanion intermediate III.
Finally, protonation of III furnishes the desired product,
2-hydroxy-1-phenylethan-1-one 3a.

Conclusions

In conclusion, a transition-metal- and hydride-free protocol
has been developed for the chemoselective reduction of a-keto
aldehydes, affording diversely substituted a-hydroxymethyl
ketones in 68-96% yields using rongalite as the reducing
agent. Rongalite, an inexpensive and readily available indus-
trial reagent (ca. $0.03 per g), acts as a radical-based, hydride-
free reducing source. This strategy effectively overcomes the
drawbacks of previously reported methods, such as the for-
mation of hazardous byproducts, prolonged reaction times,
high temperature requirements, and poor chemoselectivity.
Moreover, the reaction proceeds efficiently in an aqueous
medium, highlighting its green and sustainable character. The
synthetic utility of the protocol was further demonstrated by a
gram-scale transformation, which delivered the desired
product in 78% yield.
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