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a b s t r a c t

Chiral glycosyl lactone is an important class of bioactive compound and pharmaceutical intermediate in

nature, especially for chiral lactones with 4 carbon atoms, which are very useful building blocks for syn-

thesis of biologically interesting compounds. Herein, a selective dehydrogenation and solvent matched

catalytic system under oxygen-free conditions was developed to try to achieve the one-step direct con-

version of cyclic hemiacetal sugars toward their chiral glycosyl lactones. During the process, the inherent

structural characteristics of sugar was efficiently utilized, and the transfer of its chiral centers was real-

ized. Under the optimum condition, the corresponding lactones were successfully prepared from C4-C6

sugars with cyclic hemiacetal structure in acetonitrile. The reaction mechanism in acetonitrile was ex-

plored by the first principle density functional theory calculations and tracking reaction process. It was

found that the high lactone yield in acetonitrile was due to the high proportion of α-conformation form

among multiple tautomers in it. This selective dehydrogenation process may further extend the possibility

of the preparation of chiral synthons from carbohydrates directly.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

As the only readily renewable carbon-based resource on earth,

biomass can realize the sustainable production of liquid fuels and

value-added chemicals. And it is a very important route to solve

a series of problems caused by excessive exploitation of fossil re-

sources, which has also been the major driving force for the evolu-

tion of modern chemical industry [1]. Natural carbohydrates with

multi-functional groups are readily converted into flexible generic

molecules for the production of renewable fuels and chemicals

[2,3]. Especially, their clearly-defined chirality centers and high

abundance enable them to become ideal precursors in the de-

sign and synthesis of biologically natural products and bioactive

molecules [4,5].

Lactones are compounds formed by molecular lactonization of

hydroxy fatty acid molecules and can be divided into different

types depending on the position of the hydroxyl group. Glycosyl

lactones are a widely occurring class of compounds with biologi-

cal activity in nature, and are also useful intermediates in the syn-

thesis of natural products. They are versatile food additives that
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are commonly used in the food industry as coagulants, stabilizers,

sourdoughs, preservers, and preservatives [6,7]. Currently, chiral

glycosyl lactones are mostly obtained by enzymatic fermentation

or chemical methods. Gluconolactone is usually synthesized by the

oxidation of glucose with bromine followed by stepwise crystal-

lization [8–10]. An alternative way to prepare glycosyl lactone is

a transfer dehydrogenation reaction catalyzed by transition met-

als, which has been proved useful for protected and unprotected

sugar alcohols as well as reducing sugars. Beaupère et al. used

RuH2(PPH3)4 as catalyst and benzylidene acetone as the hydrogen

acceptor to dehydrogenate various C4-C6 reducing sugars and un-

protected sugar alcohols under mild conditions in DMF [11,12], and

nuclear magnetic resonance (NMR) characterization was employed

to demonstrate their conformations [13,14].

Among various glycosyl lactones, d-(-)-erythronolactone (ERL)

containing two chiral centers has been reported that it can be

converted into many chiral pharmaceutical intermediates such as

2,3-O-isopropylidene-d-erythronolactone and (2-azaallyl)stannane

by its carbonyl addition and coupling reactions [15,16], because

chiral compounds with 3/4 carbon atoms are the optimum chiral

synthon in size [17]. However, works on the preparation of C4 chi-

ral synthons have rarely been published so far, especially for the
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synthesis of ERL. Traditionally, ERL could be obtained by the oxi-

dation of aldehyde group in d-(-)-erythrose (ERO) and subsequent

lactonization. During this process, the addition of strong oxidants

such as hydrogen peroxide and strong acids such as sulfuric acid

is necessary [18,19]. Generally, ERO was produced by the oxidation

of glucose in presence of lead(IV) tetraacetate and cobalt(II) chlo-

ride [20]. Recently, Zhang’s group has reported the conversion of d-

hexoses toward ERO via a Lewis acid catalyzed retro-aldol process

[21–23], laying a solid foundation for the conversion of ERO toward

ERL. However, ERO is prone to dehydrate through anti-Michael re-

action owing to the presence of carbonyl and β-hydroxy groups

in it, which leads to its poor thermostability, especially in alkaline

conditions [24]. This inherent property of ERO associated with its

structure makes it difficult to selectively transform. Therefore, for

the conversion of ERO toward its lactone, mild reaction conditions

such as fewer process steps, shorter treatment time as well as no

addition of oxidants or caustic alkali are more appropriate.

It is worthy to mention that catalytic acceptor-less dehydro-

genation process, which provides a unique opportunity to release

H2, is another convenient, atom-economical approach [25–27]. Ob-

viously, glycosyl lactone is the direct dehydrogenation product of

sugar with the cyclic hemiacetal structure. Moreover, the chiral-

ity of the corresponding lactone can be well retained because this

oxidation is limited to anomeric hydroxyl group [28–30]. Inspired

by this, herein, we proposed a one-step mild non-oxidative dehy-

drogenation route to directly convert cyclic hemiacetal sugars into

chiral glycosyl lactones. As we expected, the chiral centers of sugar

can be retained and transferred into lactone without prior protec-

tion or functionalization, meanwhile, H2 is observed at the same

time. Solvents on the reaction process have been screened, and

the highest yield of chiral glycosyl lactone has been obtained in

acetonitrile (CH3CN). Experimental and theoretical evidences show

that the highest ratio of α/β conformation of cyclic hemiacetal

sugar in CH3CN is responsible for the high lactone yield in it. This

research may provide some guidance for the generation of chiral

lactones, thereby further enhancing the bioactivity and practical

values of biomass in nature.

It is generally known that solvent has a notable influence

on the reaction process, and the catalytic dehydrogenation re-

action is also included [31–34]. Taking the flexible structure of

sugar molecules in solvents into consideration, the effect of dif-

ferent solvents on the conversion of cyclic hemiacetal sugars to-

ward lactones was explored firstly, and dimethyl sulfoxide (DMSO),

N,N-dimethylformamide (DMF), CH3CN and methyl isobutyl ke-

tone (MIBK) were adopted for comparison. Combined with our

previous research [35], herein, [Cp∗Ir(bpyO)]OH− (Cp∗ =1,2,3,4,5-

pentamethyl-cyclopentadienide, bpyO=α,α’-bipyridonate) was uti-

lized to perform the acceptorless dehydrogenation process of C4-

C6 cyclic hemiacetal sugars. The structure of [Cp∗Ir(bpyO)]OH− cat-

alyst is given in Fig. S1 (Supporting information). Table 1 shows

the products distribution of the dehydrogenation process of C4-C6

sugars. It is interesting that for C4-C6 sugars, CH3CN is the reac-

tion solvent with the highest yield of each glycosyl lactone and

the highest carbon balance. Specifically, the yield of d-glucono-

1,4-lactone from glucose in CH3CN is 35.9%, times more than that

in DMF and MIBK. Besides lactone, isomeric products, C-C bond

breaking products can also be observed in the reaction solution.

For mannose, the yield of lactone in CH3CN is 32.4%, much higher

than 12.9% in DMF and 8.3% in MIBK. The yield of d-glucono-

1,4-lactone from fructose in CH3CN is 26.8%, which is 5∼6 times

higher than that in DMF and MIBK. Likewise, for xylose, it is much

less converted in CH3CN than the other three solvents, but the

d-xylono-1,4-lactone is produced in comparable yield. Obviously,

CH3CN is very favour of the dehydrogenation process of cyclic

hemiacetal sugar in the presence of [Cp∗Ir(bpyO)]OH−, and so sup-

presses the other side reaction of sugars caused by its instable

Table 1

The conversion of C4-C6 sugars toward its lactones.a

Substate Solvent Conv. Yield (C mol%) Detect

carbon

(mol%)(mol%) Lactoneb Othersc

Glucose d CH3CN 85.5 35.9 23.5 81.9

DMSO 91.6 0.0 31.9 50.3

DMF 94.5 17.7 22.3 55.6

MIBK 96.4 16.0 7.9 67.4

Mannose d CH3CN 72.5 32.4 16.2 76.1

DMSO 91.4 0.0 25.6 50.2

DMF 100.0 12.9 31.3 74.5

MIBK 100.0 8.3 9.7 61.6

Fructose d CH3CN 85.4 26.8 14.6 56.0

DMSO 94.4 0.0 35.4 51.0

DMF 100.0 4.7 28.5 67.2

MIBK 100.0 5.9 16.7 63.3

Xylose d CH3CN 35.1 22.1 2.3 89.3

DMSO 86.8 0.0 26.4 50.8

DMF 92.9 20.5 20.3 62.2

MIBK 91.2 19.5 15.3 64.8

ERO CH3CN 62.4 41.7 11.1 90.4

DMSO 67.4 2.3 27.4 62.3

DMF 59.3 24.5 1.6 66.8

MIBK 54.4 35.8 4.9 86.3

H2O 62.3 18.1 10.2 67.9

CH3CN
e 36.4 3.7 0.8 68.1

CH3CN
f 76.5 30.1 1.9 64.5

Glucose CH3CN 20.1 7.5 2.9 90.3

a Reaction condition: Solvent (3 mL), substrate (0.08 mol/L), [Cp∗Ir(bpyO)]OH−

([Cp∗Ir(bpyO)]OH−/sugar molar ratio=0.02). The solution was kept stirring at

150 °C under microwave irradiation for 1 h.
b Lactone refers to d-glucono-1,4-lactone, d-mannono-1,4-lactone, d-xylono-1,4-

lactone and ERL.
c Others refer to the corresponding isomeric products, C-C bond fracture products

and hydrolysate of lactones (in the presence of water).
d NaOH (OH−/substrate molar ratio=0.25) was added.
e Microwave reaction temperature was 120 °C.
f Microwave reaction temperature was 180 °C.

structure. Therefore, we assume that the phenomenon may be re-

lated to the existence of different conformational forms of cyclic

hemiacetal sugars, which were also verified in subsequent results.

More specific, it is worth mentioning that except catalyst, an al-

kali, i.e., NaOH, has to be added for the conversion of C5-C6 sugars.

For example, glucose displays a relatively low conversion (20.1%)

and the low yield of d-glucono-1,4-lactone (7.5%) in CH3CN when

the addition of NaOH is absent. Only with the addition of NaOH

in CH3CN (OH−/glucose molar ratio=0.25), the conversion of glu-

cose sharply rises to 85.5%, and the yield of d-glucono-1,4-lactone

increases by four times from 7.5% to 35.9% (Table 1). This can

be attributed that alkaline environment is conducive to the dehy-

drogenation process [36]. However, for ERO with 4 carbon atoms,

without the addition of alkali, 41.7% yield of ERL can be obtained

in CH3CN. Besides, gas chromatography is employed to determine

the gaseous product, and H2 can be solely detected (Fig. S2 in Sup-

porting information). Obviously, the catalytic acceptorless dehydro-

genation process catalyzed by [Cp∗Ir(bpyO)]OH− is more suitable

for the conversion of ERO toward ERL.

Furthermore, the optimization of reaction condition and the de-

tailed product characteristics of ERO conversion was studied. To

achieve ERL efficiently, we dehydrogenated ERO in CH3CN within

a certain temperature range. The results in Table 1 show that the

ERO conversion increases constantly with the increase of reaction

temperature. Interestingly, as the reaction temperature increases

from 120 °C to 150 °C, the yield of ERL significantly increases from
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3.7% to 41.7%. However, as the temperature continues to increase

to 180 °C, the yield of ERL decreases to 30.1%. This is presum-

ably due to the poor stabilities of ERO and ERL at high tempera-

ture. Different molar ratios of catalyst to ERO (0.01, 0.02 and 0.04)

were employed to explore the influence of catalyst amount on de-

hydrogenation reaction (Fig. S3a in Supporting information). As we

can see, both the conversion of ERO and the yield of ERL increase

first and then decrease with the increasing catalyst amount. More

specifically, when the catalyst/ERO molar ratio is lower than 0.02,

the ERO conversion increases with the increasing molar ratio. How-

ever, as the molar ratio continues to rise to 0.04, the conversion of

ERO declines from 62.4% to 38.3%. The yield of ERL follows a sim-

ilar pattern, which sharply drops from 41.7% to 15.2%. The highest

conversion of ERO (62.4%) and the highest yield of ERL (41.7%) are

obtained at the catalyst/ERO molar ratio of 0.02. The fast decreas-

ing of the ERL yield at a high catalyst/ERO molar ratio can be as-

signed to the reversible hydrogenation ability of [Cp∗Ir(bpyO)]OH−

[37,38]. Meanwhile, as Fig. S3b (Supporting information) shows, as

the ERO concentration increases from 0.04 mol/L to 0.08 mol/L, the

yield of ERL dramatically increases from 18.3% to 41.7%. Further in-

creasing the ERO concentration to 0.16 mol/L, the yield of ERL de-

creases rapidly to 10.6%. Finally, optimum conditions, i.e., molar ra-

tio of catalyst/sugar=0.02, sugar of 0.08 mol/L as well as the reac-

tion temperature of 150 °C in CH3CN, are adopted for the further

study.

The formation and chirality of ERL were confirmed by mass

spectrometry (MS), 1H NMR, 13C NMR and specific rotation (Fig.

1). Two signals at m/z 119 and 137 in the positive ionization

mode corresponding to the theoretical m/z values of ERL and d-(-)-

erythronic acid (ERA) (Fig. 1a), respectively. Peaks with the same

m/z values are clearly observed from the crude product mixture

as well as the commercial ERL solution (Fig. S4 in Supporting in-

formation). It should be noted that the appearance of ERA signal

is mainly due to the hydrolysis of ERL at 180 °C during MS de-

tection. Furthermore, the resonance signals obtained from its 1H

NMR (δ: CH 4.01, 4.05, CH2 4.25, 4.38, OH 5.36, 5.78) and 13C NMR

(δ: C=O 178.2, CH2 63.8, CH 69.0, 71.5, 73.7, 76.7) spectra in Figs.

1b and c are basically coincident with those of commercial ERL

(Fig. S5 in Supporting information). Moreover, the specific rotation

(−62.5°) of the ERL purified from the reaction is very close to that

of the commercial ERL (−63.6°) as well as theoretical value for this

compound. The discrepancy with the theoretical value mainly orig-

inates from the influence of different solvents. Besides, the change

in the specific rotation from −12.4° to −44.9° after the reaction

reveals the formation of levorotatory products with higher left-

handed values from ERO (Fig. 1d), which further demonstrates the

successful preparation of ERL and the retainment of its natural chi-

rality.

Likewise, for C5/6 at room temperature, water was adopted

as the solvent for measuring the specific rotation. Concretely, the

change in the specific rotation from +52.5° to +20.3° after the glu-

cose reaction indicates the generation of levorotatory products or

massive dextrorotatory products with lower right-handed values

(d-gluconic acid) (Table S1 in Supporting information). For fruc-

tose reaction, the change in the specific rotation from −91.9° to

−36.5° demonstrates that the dextrorotatory products (d-glucono-

1,4-lactone) obtained. For mannose reaction, the specific rotation

varied from +13.8° to +18.9°, which proves that substances with

a higher right-handed value (d-mannono-1,4-lactone) is generated.

Similarly, the formation of d-xylono-1,4-lactone can be obviously

inferred from the change of the specific rotation of xylose reaction

solution. These results further confirm that this selective dehy-

drogenation process catalyzes the oxidation of anomeric hydroxyl

group rather than other hydroxyl group. Otherwise, the specific ro-

tation of the solution will change randomly until racemization. In

addition, the mass spectrometry analysis was utilized to detect the

Fig. 1. (a) Mass spectrometry detection of the purified ERL solution in the positive

ionization mode. (b) 1H NMR and (c) 13C NMR spectra of the purified ERL solution

(∼120 ppm was assigned to the resonance signal of CN in CH3CN), and DMSO-d6
was used as the field-locking reagent. (d) Specific rotations of the purified ERL, reac-

tion solution and commercial d-(-)-ERO and d-(-)-ERL in CH3CN. The concentration

of all the aqueous solutions was fixed at 1.0 wt%. The data in parentheses represent

their theoretical values in water.

glycosyl lactones derived from C5/6 sugars in CH3CN. As shown in

Fig. S6 (Supporting information), the corresponding glycosyl lac-

tones were clearly visible in the negative ionization mode.

For substance with multiple tautomers, the reaction rate is

dominated by the concentration of one or more tautomers rather

than the total concentration of substrate if their interconversion is

slow [39,40]. As mentioned above, these cyclic hemiacetal sugars

show various dehydrogenation activities in different organic sol-

vents, and the highest yields of glycosyl lactones were obtained in

CH3CN. Consequently, the complicated tautomeric composition in

different solvents due to its structural diversity should be clarified

to understand the effect of solvent. Previous 1H and 13C NMR mea-

surements on ERO in aqueous solution revealed the co-existence of

α- and β-furanose forms (90%) and they are in equilibrium with a

considerable amount (∼12%) of acyclic forms [41,42]. Herein, 1H

NMR and 13C NMR spectroscopies were employed to evaluate the

tautomeric composition of ERO in the above several organic sol-

vents. To better control variables, concentrations of ERO in differ-

ent organic solvents are consistent. As shown in Fig. S7 (Support-

ing information) and Fig. 2, the chemical shifts (δH and δC) of ERO
in different solvents are not identical. For 1H NMR spectra (Fig.

S7), resonances at ∼9.7 ppm are assigned to aldehyde H, δH be-

tween 4.8∼5.6 ppm belong to α- and β-furanoses and linear hy-

drate (h) of ERO [41]. In their 13C NMR spectra (Fig. 2), α- and

β-furanoses and h of ERO resonate between 95∼110 ppm. For ac-

curate quantitation, peak areas are determined by integration after

amplification. For example, taking CH3CN solution as an example,
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Fig. 2. 13C NMR spectra of the ERO in DMSO, DMF, CH3CN and MIBK. DMSO-d6 was

used as the field-locking reagent.

for 1H NMR spectra in Fig. S7, a doublet of doublets at 5.36 ppm

is assigned to β-furanose, and α-furanose is also a doublet of dou-

blets at 5.38 ppm. In 13C NMR spectra (Fig. 2), a single of singlet

at ∼97 ppm is assigned to h. And single of singlet at ∼102 ppm

and ∼99 ppm are assigned to α-furanose and β-furanose, respec-

tively [43,44]. Table S2 (Supporting information) shows the pro-

portion of different conformations in selected solvents, which is

determined by the peak intensities of different conformations in
13CNMR spectra (Fig. 2). As we can see, the peak intensity ratio

for α/β increases in the following order: DMSO < DMF < MIBK

< CH3CN. This trend correlates well with the trend in the yields

of ERL in them, that is, the proportion of α-furanoses in CH3CN

is the largest among these solvents, and the yield of ERL in it is

the highest. To confirm this, the conversion of ERO in water was

carried out. Because ERO in water possesses the same α/β ratio

with DMF (Table S2, entries 2 and 5), the same yield of ERL should

be observed. As shown in Table 1, the ERL yield in water is be-

tween those in DMSO and MIBK, but slightly lower than that in

DMF. This can be attributed to the hydrolysis of ERL toward ERA

in water (Fig. S8 in Supporting information). Obviously, the total

yield of ERL and ERA in water is comparable with that in DMF.

Consequently, it is expected that the content of α-furanoses in so-

lution is directly proportional to the dehydrogenation rate of cata-

lyst. This correlation between the α-furanose form and the lactone

yield demonstrates again that this selective dehydrogenation pro-

cess occurs on anomeric carbon atom of sugar.

Moreover, the existence forms of C5/6 cyclic hemiacetal sug-

ars have been extensively studied by NMR spectroscopy [45,46]. As

shown in Fig. S9 (Supporting information), 13C NMR results show

the conformational compositions of C5/6 sugars in CH3CN, and the

assignment of peaks is done based on literatures [47–50]. Table

S3 (Supporting information) shows the relative conformation pro-

portions of C5/6 sugars calculated from 13C NMR spectra. The α-

pyranose was found to account for 47% and the β-pyranose for

53% of the total glucose. For fructose, the α-furanose proportion

is only 34%, while, the sum of β-furanose and β-pyranose is 66%.

For mannose and xylose, they show the same ratio of α/β . The

above results successfully proved the existence of α-conformation

in CH3CN, and thus further proved our previous speculation, that

is, a high α/β ratio leads to a high selectivity of lactone.

DFT calculations were performed to study the reaction mech-

anism of ERO to ERL catalysed by [Cp∗Ir(bpyO)]OH−. The reaction

pathway and its Gibbs free-energy profile at 298.15 K are presented

in Scheme 1. In the Gibbs free-energy profile scheme, the red lines

are for α-ERO and the black ones are for β-ERO, and names for

the species ending with letter “a/b” are for α-/β-ERO, correspond-

ingly. In the first step, the hydroxyl ion of [Cp∗Ir(bpyO)]OH− ab-

stracts one proton from α-/β-ERO leaving as water and the re-

sulting ERO ion binds with Ir to form Int1a/Int1b in one elemen-

tary reaction step. Subsequently, Ir of Int1a/Int1b abstracts another

proton from ERO ion to generate ERL (P) and Int2. Then, Int2 fur-

ther abstracts one proton from another α-/β-ERO molecule using

the oxygen atom of its C=O group, producing Int3 and ERO ion

a(-)/b(-). The two hydrogen atoms on Int3, one bonding with Ir and

the other bonding with O of C=O, form chemically adsorbed H2

on Ir, i.e. Int4. In the next step, H2 leaves from Ir and then ERO

ion a(-)/b(-) binds immediately to Ir to form Int1a/Int1b and com-

pletes the catalytic cycle. From Scheme 1, it can be concluded that

[Cp∗Ir(bpyO)]OH− is just a pre-catalyst. The real catalyst is Int2

because it is the most stable intermediate in the reaction path-

way and its generation is fast because the free-energy barriers of

the reaction steps leading to it are all below 10 kcal/mol. The rate

of the whole catalytic reaction is determined by two consecutive

steps. The first step is from Int2+ERL to Int3+ a(-)/b(-) and the

second step is from Int3 to Int4. The overall free-energy barrier

of this catalytic reaction is the free-energy difference between the

highest transition state (TS3+ a(-)/b(-)) and the lowest intermediate

(Int2+P) in the catalytic cycle, which is 29.3/34.0 kcal/mol for the

α-/β-ERO, respectively. The lower free- energy barrier for α-ERO is

a result of a(-) being more stable than b(-), which leads to a lower

free-energy change from Int2+ERL to Int3+ a(-). The reason that

a(-) is more stable than b(-) is that the oxyl ion in a(-) is stabilized

by two adjacent OH groups through intra-hydrogen bonds while in

b(-1) there are no OH groups to stabilize the oxyl ion because the

OH groups and the oxyl ion are at the opposite side of the ring.

The computational results show that the conversion of α-ERO

to ERL has a lower overall free-energy barrier than that of β-

ERO. Therefore, if the conversion among various conformers of

ERO is slower than the dehydrogenation reaction, we would ex-

pect that the higher proportion of α-ERO is in the reaction system,

the higher the yield of ERL would be. A recent theoretical study

showed that with the help of water molecules, the conversion of

α-ERO to other tautomers will still overcome a free-energy barrier

of 40.7 kcal/mol [51]. This is too high a barrier to overcome under

the present reaction temperature. It is expected that the conver-

sion between α- and β-ERO would be even slower in anhydrous

system without the help of water molecules. This clearly explains

why the highest yield of ERL is obtained in CH3CN, because the

proportion of α-ERO is the highest in it (Fig. 2 and Table S2).

To verify the theoretical prediction that Int2 is the working cat-

alyst, we recorded the 1H NMR spectra of the reaction system un-

der an excessive amount of [Cp∗Ir(bpyO)]OH− in the reaction so-

lution (Fig. S10 in Supporting information). A peak at −13.8 ppm

appears after reaction for 25 min (Fig. S10b), which is assigned

to the hydride H on Ir (Int2) [52]. As the reaction progresses to

maximum yield, the active intermediate is difficult to detect due

to its small amount (Fig. S10c). However, as exhibited in the Fig.

S11 (Supporting information), after reaction, a typical Ir-H stretch-

ing at 2033 cm−1 was identified performing diffuse reflectance in-

frared spectroscopy (DRIFTS) on the spent catalyst. This is close to

the position of Ir-H infrared vibration peak in literature, it indi-

cates the removed H tends to adsorb on the iridium atom of the

[Cp∗Ir(bpyO)]OH−, which could lead to the structure change of the

iridium complexes. This result well matches the theoretical predic-

tion, that is, Int2 is the most stable intermediate and its generation

is fast.

To sum up, we developed a mild one-step catalytic system

without additional oxidant to convert cyclic hemiacetal sugar to-

ward glycosyl lactones with its chirality delivery. Under the op-

timum conditions, high yield of lactone is obtained from vari-
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Scheme 1. Proposed reaction mechanism of dehydrogenation process of α-ERO based on DFT calculations, the critical reaction intermediate is Int2, and the active hydrogen

atoms of ERO are highlighted in red. In the center, the DFT computed free-energy profile of the ERO dehydrogenation reaction is displayed.

ous sugars in CH3CN. Moreover, up to 41.7% yield of ERL is ob-

tained with a ERO conversion of 62.4% in CH3CN with no addi-

tives are required. An in-depth discussion and study of the prod-

uct structure is provided by means of specific rotation test, NMR,

FTIR and mass spectrometry. In addition, DFT calculations confirm

that the tautomeric composition in solvent is the pivotal factor

for this efficient conversion, and the high lactone yield in CH3CN

can be assigned to the high proportion of α-conformation form

of cyclic hemiacetal sugar in it. These findings not only provide

a new insight into the retainment of chiral centre but also open

up a promising route for the preparation of chiral synthons from

biomass sugars in the future.
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