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Introduction

The constant need for broad range of homochiral compounds is one of the major impulses for
development in modern organic chemistry. Advances in asymmetric synthesis are impressive;
however, it requires either the use of enantiomerically pure catalyst or at least a chiral auxiliary
attached to the substrate. Given its commercial availability and exceptional optical purity, diacetone-a.-
D-glucose 2 (DAG) has been widely used in different fields of research in organic chemistry since its
discovery decades ago. It can be fairly easy synthesized from o-D-glucose, which in turn is obtainable
from either starch or cellulose on a large scale.
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Contemporary use of DAG is demonstrated in asymmetric synthesis, where DAG is used either as an
optically pure starting material [1] or a versatile chiral auxiliary [2]. The latter, for instance, has found
a distinguished niche in the synthesis of enantiomerically pure sulfoxides [3]. Recent advances allow
one to use dynamic kinetic resolution approach for industrial synthesis of sulfoxides [4].

The second most important aspect of DAG application is the total synthesis and drug design. Being
based on biologically common sugar platform, DAG is an excellent example of a molecule coming
from chiral pool. Being cheap and easily available, DAG is a promising precursor for many potential
drugs, like anti-cancer [5], anti-HIV [6,7] or different di- [8] and oligosaccharides [9]. Aza- and
thiosugars were developed recently, by replacing lactol ring oxygen with nitrogen [10] or sulfur [11],
respectively.

Lastly, DAG is used as chelating ligand in organometallic chemistry, some metal complexes exhibit
magnetic properties [12].

Though discovered long time ago, synthetic procedures towards DAG do not differ too much. In all
cases glucose is suspended in anhydrous acetone and stirred with an acid, which is neutralized after

reaction is complete. Most common methods of DAG synthesis are summarized in Table 1.
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Table 1
Reported methods for synthesis of diacetone-a-D-glucose
Entry Acid Neutralization agent Yield Reference
1 conc. H,SO4 dry NaHCO; 62 % [13]
2 conc. H,SO, dry NH; 60 % [14]
3 conc. H,SO, dry NaHCO4 65 % [15]
4 ZnCl,, HiPOy conc. NaOH solution 91 % [16]

" 1% acetaldehyde added to increase the reaction rate.

Yields as high as 91 % (entry 4, Table 1) are reported, however the present method requires large
amounts of ZnCl, and is therefore impractical. Other methods (entries 1-3, Table 1) provide the
product 1 in 60...65 % yield. Acetaldehyde can be added to improve the reaction rate, but it reduces
purity of the product and is not required if higher acid concentrations are used. Although one can think
that any traces of water in reaction medium will force hydrolysis of isopropylidene group, we found
that dry solvent is not a strict requirement — one can use not specially dried acetone without a
significant decrease of product yield or purity. Moreover, concentrated sodium hydroxide solution can
be used for neutralization. In this case precipitating sodium sulfate acts as in situ generated drying
agent.

After solvent evaporation, crude DAG contains slight amounts of monoacetone-D-glucose (3) as a
minor impurity. Moreover, the technical product is obtained as an amorphous solid. The most common
way to purify DAG is its crystallization from different organic solvents: petroleum ether [15],
chloroform and hexane mixture [16], ligroin [14] and other organic solvents. Since both, the synthetic
procedure and the work-up of DAG are convenient and cheap, it was crucial to develop
environmentally friendly purification process of that would correspond to “green chenmstry”
approach. To the best of our knowledge, none of such method was reported so far.

Results and discussion

Following “green chemistry” guidelines we have developed new DAG purification method, which in
is environmentally friendly. During elaboration of preparative procedure towards DAG synthesis we
have observed that it is partially soluble in water. Crystallization from water is possible with limited
success, because melting point of crude product is usually below 100 °C. That in turn leads to part of
product melting, forming yellow oil, which complicates purification procedure and makes whole
process to be unsuitable for scaling up. Both, solvent volume increase and lowering temperature
results in reduced yield of crystallization.

To increase crude product solubility and to avoid technical complications mentioned above we
decided to try crystallization from alcohol-water solution. In order to keep method environmentally-
friendly ethanol is the solvent of choice, since it is not toxic and readily biodegradable.

Solutions with different alcohol concentration were investigated to determine DAG solubility, using
pure material. The results are shown on Fig. 1.
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Fig. 1. Solubility of DAG (2) in water-ethanol mixtures at different temperatures

The 80 °C temperature limit was set empirically as it prevents the melting of the crude product during
crystallization. On the other hand, hot crystallization mixtures with ethanol concentration above 20%
(v/v) make solutions too concentrated. That eventually leads to forming of three component system
(water-ethanol-DAG) which is liquid at the given temperature, therefore additional DAG readily
dissolves, making it impossible to determine solubility. For this reason, higher concentrations were not
specifically investigated.

Since crystallization yield correlates to the difference between material solubilities in hot and cold
solutions, the best solvent composition seems to be 20 % (v/v) of ethanol in water. Corresponding
DAG (2) concentration (0.2 g/mL) proved to be the highest, that still yields crystalline product;
therefore we used it in our research.

As the next step to our investigation, we synthesized DAG (2) using the best preparative method [13],
and continued our studies with the crude material obtained. To find the best conditions we made
crystallization experiments with different solvent concentrations, measuring crystallization yields.
Results show that the best conditions are still at 20 % (v/v) of ethanol in water Figure 2.

Additionally, we investigated the time of cooling needed for full precipitation of the material. For this
purpose we made several experiments using conditions described above with various cooling times
(Figure 3). One can see, that the majority of the material precipitates in the 2 hour period. Thus, the
cooling can be reduced to 2 hours without significant loss of the crystallization yield.
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Fig. 3. Crystallization yield correlation with cooling time at 0..+5 °C
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Experimental

Crystallization experiments

Sample of commercially available DAG (5 g) was heated in oil bath (105 °C bath temperature) with
appropriate solvent mixture (10 ml, Figure 2) under constant stirring. Solvent was added dropwise
until solution became homogeneous. After that mixture was refluxed for 20 minutes and poured into a
flask, cooled at 0°C bath with stirring in an ice for 30 minutes. The crystallization vessel was then put
in a fridge (0..+5 °C) for corresponding amount of time (Figure 3). After cooling was complete,
precipitate was filtered off, washed with ice-cold water (10 ml) and dried in air for 24 hours.

Synthesis of diacetone- a-D-glucose using the new crystallization conditions

Conc. H,SO4 (97 %, 84 mL, 1.58 mol, 1.4 equiv.) was added at 5 ... 15 °C to the suspension of a-D-
glucose (100 g, 0.56 mmol, 1 equiv.) in acetone (2 L). The resulting mixture was stirred at 20 °C for 6
h, then cooled to 0 °C and neutralized with aqueus solution of NaOH (124 g in 100 mL of water)
maintaining internal temperature below 10 °C. To complete the neutralization, dry NaHCO; (200 g)
was added until the mixture reached pH 7..8. The mixture was filtered and the solvent evaporated,
yielding crude amorphous DAG (126 g). The crude product 2 (126 g) was dissolved in a mixture of
water (200 mL) and ethanol (50 mL) at 80 °C. Mixture was stirred for 20 min, then filtered hot and
cooled to 0 °C and kept for 2 hours. Precipitate was filtered and dried in oven at 80 °C for 4 h. Yield:
75 g (60%).

Conclusion

Purification of diacetone-a-D-glucose (2) by crystallization from water-ethanol mixtures was
investigated. The optimal conditions were reached by crystallization from 20 % (v/v) ethanol/water
mixture and cooling the solution at 0 °C for 2 hours before filtration yielded 60 % pure DAG. Purified
product analysis showed absence of mono-protected glucose (3) or other major impurities, which
makes the present method suitable for further syntheses. Developed purification method is cheap,
convenient and both environmentally friendly, and it can be used for industrial production of DAG.
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P. Ostrovskis, M. Turks. Videi draudziga diaceton-o-D-glikozes attiriSanas metode.

Izstradata metode diaceton-a-D-glikozes atiiviSanai, parkristalizéjot to no etanola-idens maisijuma. Atskiriba
no citur publicétam attirifanas metodém ta ir videi draudziga, ka ari saglabd augstu produkta iznakumu un
kvalitati. Ir izpeétita kristalizacijas iznakuma atkariba no Skidinataju kompozicijas un dzesésanas laika. Atrastie
optimalie apstakli ietver tehniskas DAG skidinasanu 20 tilp. % etanola-iidens maisijuma pie 80 °C un dzeséSanu
pie 0 °C 2 stundu laika. Produkta iznakums ir 75%, kas nav zemaks par iznakumu citas diaceton- o-D-glikozes
attiriSanas metodés. Produkts tiek iegiits kristaliska forma, kas atvieglo ta taldko izmantosanu. Izstradato metodi
ir iespéjams izmantot DAG ripnieciskai attiriSanai.

P. Ostrovskis, M. Turks. Enviromentally friendly purification of diacetone-a-D-glucose.

New method of diacetone-a-D-glucose crystallization from ethanol-water mixture was developed. Unlike
previously reported methods it is completely environmentally friendly, while maintaining high product yield and
purity. Crystallization outcome as a function from solvent composition and precipitation time was investigated.
The best conditions found include dissolving crude DAG in 20% (v/v) mixture of ethanol in water at 80 °C with
subsequent cooling at 0 °C for 2 hours. Purification yield using these conditions is 75%, which is comparable
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with other diacetone-a-D-glucose purification methods. The product is obtained in easy to handle crystalline
form, which makes the present method useful for up-scaling.

II. Ocmpoeckuii, M. Typxe. [qpysrcecmeennslii k OKpyicaioujeli cpede Memood O8UCmKU duauenon-a-D-
2/LI0KO3bl,

Paspaboman Hoswili memoo ovucmru Ouayemon-a-D-eniokoser (JAI) nymem nepekpucmannuzayuu us cmecu
amanon-600a. B omauuue om yowe uzgecmHvix ONUCAHHBIE Memo0 s6asemcs 6e30nacHuiM OJid OKPysCaroyen
cpedel, COXpAHASL NPU 3MOM BbICOKUU 8bIX00 U yucmomy npodykma. Hccnedosana 3a8ucumocme Guixo0a
NePEKPUCMANNU3AYUY Om COOMHOWLEHUs pacmeopumeneli U CKOpocmu @vinadenus ocaoka. OnmumanvHeie
VCROBUS KPUCIMATU3AYUY GKIIOYalom pacmeopeHue mexnuyeckoli A" 6 20 06. % pacmeopa smanona 6 sooe
npu 80 °C ¢ nocnedyrowum oxaaxcoenuem do 0 °C & meyvenue 2 wacos. Beixod npodykma npu OnmuMmanoHbIx
yenogusix oocmuzaem 75%, He Hudice uem UCnonb3ys Opyeue usgecmuuvle Memoodul ouucmxu. Ipodyxm nonyuarom
8 sude KPUCHANTUYEcKo20 eeujecmsa, wmo obnezdaem e20 Oanvhetiuee ucnonvioéanue. Paspabomarnblil
Memoo modicem Dbime UCNONB308aH 05 ouucmku [JAI™ 6 npomMbluiieHHOM npou3goocmse.

122



