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Obtaining of the pharmacopoeial reference sample
of the mandelic acid isopropyl ester

In accordance with the requirements of the International Council on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) each monograph for a drug must include the test for related
impurities. Impurities in a medicinal product may appear as initial, intermediate or side products of the synthesis and
during storage.

Aim. To obtain the impurity of the pregabalin substance — a high-purity isopropyl ester of mandelic acid in order to
provide the domestic pharmaceutical market with the pharmacopoeial reference sample of the State Pharmacopoeia
of Ukraine (RS SPhU) in the framework of the program for import substitution of reference samples.

Materials and methods. To obtain RS SPhU of the mandelic acid isopropyl ester the traditional methods of or-
ganic synthesis, X-ray diffraction analysis, 'H and *C NMR-spectroscopy, absorption spectrophotometry in the infrared
region, thermogravimetry, the capillary method for determining the melting point, thin-layer and liquid chromatography
were used, determination of water was performed by K. Fischer titration.

Results and discussion. The simple method for the synthesis of 1-methylethyl-(2RS)-2-hydroxy-2-phenylacetate
with mandelic acid and 2-propanol in the presence of catalytic amounts of inorganic acids, as well as its subsequent
purification with a final yield of over 90 % have been proposed.

Conclusions. As a result of the study isopropyl ester of mandelic acid has been synthesized, and the effective
method of its purification providing a high degree of purity of the target compound has been selected. By its characteristics
the substance obtained fully complies with the requirements of the LGC international certificate as a RS and can be
used for the qualitative and quantitative determination of a related impurity in the pregabalin substance.

Key words: synthesis; isopropyl ester of mandelic acid; pregabalin impurity D; pharmacopoeial reference
sample of the State Pharmacopoeia of Ukraine
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OpepxxaHHA hapMaKonenHOro ctaHAapTHOro 3pa3ka isonponinoBoro ectepy
MUrganbHOI KNCIOTH

BignosigHo fo ymoB MixHapoOHOT paam 3 y3rogKeHHst TEXHIYHMX BUMOT [0 nikapcbkux 3acobi (ICH) oo koxHoi
MoHorpadii Ha nikapcbkuii 3acib HeobXiaHO BKMOYATK TECT Ha BUNPOOYBaHHA CyMyTHIX AOMILLOK. [JOMILLK/ y NiKapCbKo-
My 3ac00i MOXyTb 3'ABMATUCS SK BUXiAHI, MPOMDKHI Y NOBIYHI NpoayKTU CUHTE3Y, TaK i Npu 30epiraHHi.

MeTa poboTtu — ogepxaTtn fomiwKy cybeTaHuii nperabaniHy — i30nponinoBuin ectep MUrAanbHOI KUCIOTH BU-
COKOI YMCTOTK Ans 3abe3neveHHs BiTYM3HAHOro hapMaLeBTUYHOIO PUHKY hapMakonenHUM CTaHAapTHUM 3pa3koM
HepxasHoi dpapmakonei Ykpainu (PC3 AdY) B pamkax nporpamu iMnopTos3amMilleHHss CTaHAapTHUX 3paskis (C3).

Marepianu Ta metoau. [ing ogepxxaHHa ®C3 DY isonponinoBoro ectepy MurgansHOI KUCAOTY BUKOPUCTOBYBaNu
TpaauWUiiHi METOAU OpraHiYHOro CUHTE3Y, PEHTIEeHOCTPYKTYpHUIA aHanis, 'H ta *C AMP-cnekTpockonito, abcopbuiviHy
CnekTPodOTOMETPIO B iHppavepBOHii obnacTi, TepMorpaBiMeTpito, KaninsapHUn MeTo BU3HAYEHHSI TEMMNepaTypu nas-
NEeHHS, TOHKOLLAPOBY Ta PiAMHHY XpomaTtorpadito, a BUSHa4eHHSA BOAU NPOBOAUNM TUTPYBaHHAM 3a meTtogom K. Piwepa.

PesynkraTtyh Ta ix 06roBopeHHs. 3anponoHoBaHW NPOCTUIA Y BUKOHaHHI MeTod cuHTe3y 1-metunetun-(2RS)-2-
rigpokcu-2-herinaueTaTy 3 MUraanbHOI KUCMNOTY i 2-NponaHony B NPUCYTHOCTI KaTamniTUYHOI KiNbKOCTi HeopraHivyHuX
KMCNOT, @ TakoX MOro HacTyMHOro O4YULLIEHHS 3 KiHueBuM Buxogom noHag 90 %.

BucHoBKU. Y pesynbraTi AOCNIIKEHHS CMHTE30BaHO i30NpOoninoBuil ectep MUr4anbHOI KUCNOTKU Ta nigibpaHo
ehEeKTUBHMI METOZ MNOTO OYULLEHHS, AKUIA 3ab0e3nevye BUCOKUIA CTYMiHb YUCTOTU LiNbOBOI CNOMyku. 3a CBOIMM xapak-
TEPUCTUKaMM OfepXKaHa peyoBMHA MOBHICTIO BIAMOBIAAE BMMOram, WO BUCYBAKOTLCA OO0 HET MibKHApOOHUM cepTudi-
katom LGC gk go ®C3, ta moxe 6yTn BUKOpUCTaHa Anst AKICHOrO Ta KinbKiCHOrO BU3HAY€HHS CynpoBigHOT AOMILLKN B
cybcTaHuii nperabaniny.

Knro4oei cnoea: cunme3s; izonporinosut ecmep muedarnbHoI kucriomu,; npezabariHy domiwka D;
ghapmakoneliHuli cmaHOapmHull 3pa3ok [epxasHoi chapmakonei YkpaiHu
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Mony4yeHune chapmakonemMHOro ctaHgapTHoOro o6pasua nsonponunoBoro acupa
MWHOANbHOWN KUCNOTbI

B cootBeTCcTBMM C ycrioBuaMn MexayHapogHOro coBeTa no COrmacoBaHMI0 TEXHUYECKMX TpeboBaHWM K nekap-
cTBeHHbIM cpeacTBam (ICH) B kaxayto MoHorpaduio Ha nekapCTBEHHOE CpeacTBO HEOOXOAMMO BKMOYATb TECT Ha
ncnbiTaHWe ConyTCTBYOLMX Npumecei. [Npumecy B nekapCTBEHHOM CPEACTBE MOryT NOSBAATLCS Kak UCXOAHbIe, NPo-
MEXYTOYHbIE U NOBOYHbIE NMPOAYKTbI CUHTE3a, TaK U NPU XpaHeHUU.

Lenb paboTbl — nony4nTtb npumech cybcTaHumMmu nperabanvHa — M3onponumnoBbii 3Up MUHAANBHOW KUCTOThI
BbICOKOW YMCTOTbI Anst o6ecrnevyeHnsi OTe4eCTBEHHOIO hapmMaLeBTUYECKOro pbiHKa )apMakoneiHbiM CTaHAapTHBIM
obpasuom [ocynapcTBeHHow dapmakonen YkpauHbsl (PCO MdY) B pamkax nporpammbl UMNOPTO3aMELLEHUS CTaH-
AapTHbIX 06pasuos (CO).

Martepuanbi n metoabl. [inga nonydeHns $CO MDY nzonponumnoBoro acpmpa MMHAANBHOM KMCNOTbl MCMONb30Ba-
N TPagULMOHHbIE METOAbl OPraHWYECKOro CUHTE3a, PEHTIEHOCTPYKTYPHbIM aHanus, 'H n 3C AMP-cnekTpockonuio,
abcopOLMOHHYI0 CNEKTPOHOTOMETPUIO B UHGIPaKpacHoW obnacti, TEpMOrpaByMETPUIO, KanunnspHbIA METOL, onpe-
JerneHvs TemnepaTypbl NnaBneHus, TOHKOCIONHY XpoMaTtorpaduio 1 XUAKOCTHYHO Xpomarorpaduio, a onpegerne-
HWe BOAbl NPOBOAMMAM TUTPOBaHUEM nonyMmkpomeTogom no K. duwwepy.

PesynbraTthl n nx obeyxaeHue. lNMpeanoxeH Nnpocton B UCMONHEHMN MeToA cuHTesa 1-metunetun-(2RS)-2-
rmgpokcu-2-peHunaverata U3 MMHAANbHOW KMCROTbl U 2-NponaHona B NPUCYTCTBUM KaTanuTUYeCKOro Konuyectea
HeopraHM4YecKUX KUCIOT, @ TakKe ero nocrnenyLlen O4UCTKU C KOHEYHbIM Bbixogom 6onee 90 %.

BbiBoabl. B pe3ynkrarte nccnenoBaHms CMHTE3MPOBaH M30MPONUIIoBbIA 3UP MUHAANBHOW KUCNOThI U nofobpaH
3PP EKTMBHbBIV METO, €70 O4MCTKM, KOTOPbI 06ecneynBaeT BbICOKYHO CTEMEHb YMCTOThI LieneBoro npoaykTa. Mo ceoum
XapakTepucTvkam noryyYyeHHoOe BELLECTBO NOMHOCTBIO COOTBETCTBYET TpeboBaHWAM, NpeabaBAseMbIM K HEMY MeXay-
HapogHbiM cepTudukatom LGC kak Kk PCO 1 MoxXeT ObITb MCNOMb30BaHO ANS Ka4eCTBEHHOIo M KONUYeCTBEHHOro

onpeaeneHuns conyTCcTBYIOLWEN NpuMecH B cyGcTaHLMm nperabanvHa.
Knrouyesnble cnoea: cuHmes; u3onponunossbili a¢hup MUHOaNbHOU KUuciomel; npesabanuHa npumecs D;
gapmakonelHbili cmaHOapmHbIl obpa3sey [ocydapcmeeHHOU thapmakoneu YkpauHbl

Substances, new drugs and generic drugs within their
shelf-life are regularly checked for the presence and amount
of related impurities since they can greatly affect the
quality, and hence, the safety of medicines. The referen-
ce sample (RS) of any given impurities is a tool that
allows to simply and effectively solving the analytical
problems. As a rule, all these impurities are presented in
the catalogs of international manufacturers of various
chemical products, including RS. However, the presence
in the catalogs does not always mean the opportunity
to actually purchase RS in the required time. Moreover,
the delivery of a foreign reagent even in the case of stock
availability can take 1.5-2 months, which sometimes en-
dangers the entry of the drug into the market. Exactly
this situation has recently created in Ukraine at several
domestic pharmaceutical companies with the anticon-
vulsant drug Pregabalin [1]. The cause is a banal lack
of RS to determine impurity D (1-methylethyl-(2RS)-
2-hydroxy-2-phenylacetate or isopropyl ester of man-
delic acid), which need for standardization was intro-
duced by the European Pharmacopoeia in 2016 [2]. To avoid
similar situations in the future, or at least minimize their
negative effects the Ukrainian Scientific Pharmacopoeial
Center for Quality of Medicines started the program of
replacement of imported RS by RS of the State Pharma-
copoeia of Ukraine (RS SPhU). This program will al-
low supplying customers with the necessary RS during
the day in any point of Ukraine, and even significantly
cheaper than imported ones. Our study on the synthe-
sis of mandelic acid isopropyl ester, which would fully
meet the quality criteria for RS by its characteristics, has
been performed in the framework of this program.

The aim was to develop the preparative method for
the synthesis of isopropyl ester of mandelic acid with
such quality indicators that would fully satisfy the re-
quirements for RS by the International Organization for
Standardization (ISO) (sections 30-35 in the part of refe-
rence samples) and the general monograph 5.12 “Refere-
nce samples” of the European Pharmacopoeia and the
SPhU [3-5].

Materials and methods

When performing the experimental part of the work
the traditional method of organic synthesis was used.
The target product was synthesized by a simple method
from commercially available reagents. The 'H and *C
NMR-spectra of the compounds synthesized were recor-
ded on a “Varian Mercury-400” device (400 and 100 MHz,
respectively) in DMSO-d, solution with TMS as an in-
ternal standard. The thermal analysis was performed using
a “Mettler TA 3000 device. Each sample was subjected
to a single temperature scan with the heating rate of
5 °C/min in the atmosphere of inert gas (argon, 20 ml/min)
preventing oxidation of the sample. Determination of the
melting point by the capillary method was performed a
“Buchi B-535" device. The IR absorption spectrum was
recorded on an “IRAffinity-1S” device according to the
conditions described in the SPhU 2.2.24. The purity of
the target compound was determined by liquid chroma-
tography using “Varian ProStar” chromatograph on a Su-
pelco discovery RP-amide C16 column, 250 x 4.6 mm,
5 um, the flow rate — 1.0 ml/min; spectrophotometric
detection was performed at the wavelength of 210 nm.
Thin-layer chromatography was performed using etha-
nol solutions of test samples and the reference sample
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(mandelic acid), they were applied to the TLC Silica gel
60 F,s, plates and chromatographed by the ascending
technique using the mobile phase — butanol : formic acid :
water (4 : 1 :5), developer — 0.4 % solution of bromo-
cresol green. Determination of water was performed by
K. Fischer titration in accordance with the SPhU 2.5.12,
Hydranal-5 (Sigma-Aldrich) was titrated on a “870 KF
Titrino plus” device. To conduct the studies the measuring
glassware of class A and reagents meeting the require-
ments of the SPhU, as well as “Sartorius MC 210 S”
analytical balance were used.

Isopropyl ester of mandelic acid (1). To the solu-
tion of 15.22 g (0.1 Mol) of (2RS)- 2-hydroxy-2-phe-
nylacetic acid in 50 ml of 2-propanol add 0.5 ml of con-
centrated sulfuric acid and boil under reflux for 5 h. Re-
move the excess of 2-propanol under reduced pressure.
Dilute the reaction mixture with cold water and add so-
dium carbonate to pH 8. Extract the oily precipitate of
ester 1 with methylene chloride (3 x 30 ml). Combine
the organic extracts, then distill the solvent with simul-
taneous removal of water as an azeotrope (in the end
under reduced pressure). Distill the residue in vacuum
with a reflux condenser not less than 20 cm, collect the
fraction with a boiling point of 88-90 °C / 4 mm Hg.
Keep ester 1 obtained in the form of a colorless transpa-
rent oily liquid at a temperature of approximately +5 °C
for a few hours until the whole reaction mixture turns
into a white crystalline substance. Yield — 17.67 g (91 %).
M. p.—33.9 °C. The retention factor Rf of the main spot is
0.38, additional spots are not observed. For comparison:
Rf of mandelic acid under the same conditions is 0.65.
The 1H NMR-spectra (400 MHz, DMSO-d,): § 7.35
(2H,d,J=7.4,H-2,6),7.31 (2H, t,J =7.3, H-3,5), 7.25
(1H, t, J = 6.8, H-4), 5.96 (1H, d, J = 5.3, OH), 5.07
(1H, d, J = 5.3, CHO), 4.85 (1H, m, CH(Me),), 1.16
(3H, d, J = 6.2, Me), 1.03 (3H, d, J = 6.2, Me). The *C
NMR-spectra (100 MHz, DMSO-d,): & 172.5, 140.2,
129.4, 128.6, 126.4, 72.8, 68.2, 21.6, 21.3.

Cocrystal of mandelic acid isopropyl ester with
CacCl, (4). To the combined organic extracts (see the
previous example) add granular anhydrous CaCl,, mix
thoroughly and leave for a day at room temperature. Fil-
ter CaCl,, wash on the filter with methylene chloride,
after that distill the solvent (in the end under reduced
pressure). As a result, cocrystal 4 as a white crystalline
hygroscopic substance is obtained. Yield — quantitative.
M. p. >300 °C. The 'H NMR-spectra (400 MHz, DM-
SO-d,): 7.43-7.31 (m, 5H, H arom.), 7.35 (2H, d, J =7 .4,
H-2,6), 7.31 (2H, t, ] = 7.3, H-3,5), 7.25 (1H, t, ] = 6.8,
H-4), 6.10 (1H, d, J = 5.3, OH), 5.05 (1H, d, ] = 5.3,
CHO), 4.83 (1H, m, CH(Me),), 1.12 (3H, d, ] = 6.2,

OH
OH HO Me
I . h
Me
2 3

Me), 1.00 (3H, d, J = 6.2, Me). The *C NMR spectra
(100 MHz, DMSO-d,): 6 172.5, 140.2,129.4, 128.6, 126 .4,
72.8,68.2,21.6,21.3.

Results and discussion

Isopropyl ester of mandelic acid is the known sub-
stance, and to date two fundamentally different ways of
obtaining it have been described. They are the interac-
tion of phenylglyoxal with 2-propanolol in the presen-
ce of yttrium (III) chloride [6], or esterification of D-man-
delic acid with the same alcohol under the effect of Le-
wis acids (boron trifluoride etherate) [7]. These ways
are certainly interesting, give good yields and, apparent-
ly, one of them could easily be used for solving the syn-
thetic task set. However, the need for the use of the gi-
ven inaccessible catalysts, in our opinion, is unlikely re-
asonable in the synthesis of the chemically simple com-
pound. Besides, there is no information on purity of com-
pounds obtained in these ways. Therefore, they have more
theoretical value than practical one, at least in respect
of the synthesis of isopropyl ester of mandelic acid.

The attempt was made to obtain RS SPhU of man-
delic acid isopropyl ester (1) using a more simple me-
thod shown good results in the synthesis of alkyl-o-hyd-
roxy carboxylates [8], namely by esterification of race-
mic mandelic acid (2) in the classic version, i.e. by boiling
in the excess of 2-propanol (3) and in the presence of
the catalytic amounts of anhydrous mineral acid (hydro-
chloric or sulfuric) (Scheme 1).

Monitoring by thin-layer chromatography (control-
led by the presence of the initial mandelic acid in the re-
action mixtures) showed that esterification fully comp-
leted in approximately 5 hours regardless of the nature
of the catalyst. After completion of the reaction the ex-
cess of 2-propanol was distilled, water was added, the
catalyst was neutralized with the solution of sodium car-
bonate, and the resulting mandelic acid isopropyl ester
(1) was extracted with methylene chloride. As a rule,
before further manipulation it is necessary to remove
residual water from organic extracts, and it can be done
with a variety of agents. A granular anhydrous calcium
chloride, which is characterized by the ability to dry or-
ganic solvents with a relatively small amount effective-
ly [9] is used in our work, and, besides, it is very easy to
work with. However, its tendency to form solvates with
lower alcohols is also known [10]. Although compound
(1) has a hydroxyl group in its structure, but it is unlike-
ly to be correct to name it a lower alcohol. We had some
expectations regarding the use of calcium chloride for
its dehydration. Indeed, treatment of the resulting solu-
tion of mandelic acid isopropyl ester (1) in methylene
chloride with a granular anhydrous calcium chloride at
OH

o} Me

T

H+ o Me

—_—

Scheme 1
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Fig. 1. The "H-NMR-spectra of isopropyl ester of mandelic acid dried over CaCl, (top) and its C3 (bottom)

first glance did not lead to any surprises —only clarifi-
cation of the solution typical for such operations was
visually observed due to binding of water.

However, after distilling methylene chloride it was
found that the product obtained according to its charac-
teristics did not correspond to the properties of the tar-
get ester (1) — we failed to distill it under reduced pres-

sure (4 mm Hg) since it remained a white crystalline
substance even when heated up to 200 °C. Under nor-
mal conditions this compound generally has a melting
point above 300 °C (for comparison — M. p. of ester 1 is
only 34 °C) and rapidly absorbs moisture from the air.
At the same time, its 'H-NMR-spectrum appeared
to be virtually identical to the spectrum of mandelic acid

c26 G35
c=0 cq C4 C-OH ¢y CH, J(:H3 |
180 175 170 165 160 155 150 145 140 135 130 125 120 11 80 75 70 6 25 20 15
W— v -
180 175 170 165 160 155 150 145 140 135 130 125 120 11 80 75 70 6 25 20 15

1 (ma)

Fig. 2. The C-NMR spectra of isopropyl ester of mandelic acid dried over CaCl, (top) and its C3 (bottom)
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isopropyl ester RS (Fig. 1). It contains the signals of
all proton-containing functional groups, and their inten-
sity, multiplicity, and chemical shifts coincide. Only the
signal of the alcoholic hydroxyl (6.10 ppm) is slightly
displaced to a weak field relative to the same signal of
RS (5.96 ppm). This fact (together with the above data)
could be interpreted as the confirmation of participation
of the alcoholic hydroxyl group in formation of a com-
pound of the solvate type with calcium chloride. Howe-
ver, this conclusion is not quite correct since it is well
known that the chemical shifts of the “active” protons
(OH, NH, SH) even of the same substance can greatly
vary depending on conditions of the spectrum registra-
tion (concentration, temperature, etc.) [11].

In these cases, *C-NMR-spectroscopy is more in-
formative since carbon atoms are very sensitive to even
minor changes in their chemical surrounding, which af-
fects their chemical shifts [12]. However, this method
has not explained the situation with the structure of the
compound obtained — its *C-NMR-spectrum also coin-
cided with the spectrum of mandelic acid isopropyl es-
ter RS (Fig. 2). However, it should be remembered that
the real cause for this result may be not the structure of
the product studied, but only the specific effect of the
solvent used (DMSO-dy).

At the same time, conventional analytical qualita-
tive and quantitative analyses show that calcium chlo-
ride is still present in the isolated substance and in rather
large quantities — its content is 34.4 %. Based on this
fact it can be assumed that ester 1 forms an adduct with
calcium chloride in the ratio of 1 : 1 (it is possibly a
solvate although, in our opinion, the name of cocrystal
is more close to the truth). The highly branched spatial
structure of mandelic acid isopropyl ester studied ear-
lier [13] could promote to formation of this cocrystal
(Fig. 3). By the way, in the solution cocrystals usually
form a common mixture with the unrelated components
[14], and it is in good agreement with the results of our
NMR studies.

Another interesting and important aspect of the ana-
lytical problem, which we had somewhat unexpectedly

L T

Fig. 3. The structure of the molecule of ester 1 in presentation of
atoms by ellipsoids of thermal vibrations with 50% probability

Table 1

The melting points of calcium chloride
and its crystalline hydrates [15]

Crystalline hydrates . .
ofycalcium c%loride Melting point
Cadl, 772-775 °C
CaCl, - H,0 260 °C
CaCl,« 2H,0 176 °C
CaCl, - 4H,0 455 °C
CadCl, - 6H,0 30°C

to solve, is determination of the water content in the iso-
lated product — if it enters the molecule of the cocrystal
and, if so, in what form and in what quantity.

Using K. Fischer titration it was found that the to-
tal amount of all water in the sample was only 1.75 %,
while a derivatographic attempt to trace the loss of mois-
ture in the dynamics gave a very different result. Thus,
it follows from the derivatogram in Fig. 4 (curve 1) that
the sample gradually loses its weight immediately after
the start of heating. At a temperature of approximately
110 oC the process significantly accelerates and ends
with a peak on the differential thermogravimetric curve
at 168 oC. After that weight loss abruptly stops, but at
175 oC it recovers again reaching its maximum at 183 °C.
If all weight lost by the sample in the given temperature
range is taken as water, then there will be an incredibly
high result — 24.75 %. The cause for this effect became
clear after studying the thermal behavior of mandelic
acid isopropyl ester RS (Fig. 4, curve 2). It appeared to
be thermally stable and easily volatile substance, and
thus virtually nullified the results of the derivatographic
studies.

Nevertheless, more careful and detailed analysis de-
rivatograms has allowed us to obtain useful information.
In particular, the peak on the differential thermogravi-
metric curve 1 at 168 °C can indicate only about the loss
of water by the hydrate form of calcium chloride. Only
four forms are known (Tab. 1), but only one of them is a
dihydrate, which losing one molecule of water in simi-

0.000
Neme t N
~

-0.00%

-0.010 |

dmfct (mals)

-0.020 |

o 50 100 150 200 250 300

Temperature (°C)

Fig. 4. Derivatograms of isopropy! ester of mandelic acid dried over
CaCl, (1) and its C3 (2)
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Fig. 5. Chromatograms: ester 1 after the conventional vacuum distillation (top); mandelic acid (in the middle); ester 1 after vacuum distillation

lar conditions is converted into a monohydrate, is fully
consistent with the experimental data. Unfortunately, the
quantitative determination of water is not considered here
since all measurements associated with the weight loss
are masked by evaporation of isopropyl ester of man-
delic acid. However, its thermal stability and volatility
can play a very positive role. Thus, the peak at 183 °C
on the derivatogram 1 (Fig. 4), which fully coincides
with a similar peak on the derivatogram 2, shows that
from this point the sample no longer contains isopropyl
ester of mandelic acid. And there is no calcium chloride
monohydrate in the residue; thus, nothing prevents to
the quantitative determination of water. Simple calcula-
tions show that in the temperature range from 240 to
285 °C (another indication that we are dealing with a

with a reflux condenser (bottom)

monohydrate) 0.86 % of the initial weight is lost, it is
1.72 % calculated with reference to calcium chloride di-
hydrate (the result of water determination by K. Fischer
semi-micro method — 1.75 %).

Therefore, based on the whole complex of the ana-
lytical studies conducted it can be unambiguously said
that mandelic acid isopropyl ester (1) easily forms co-
crystals both with calcium chloride 4a, and with its di-
hydrate 4b, and their real ratio can obviously vary within
a wide range depending on the amount of water present
in the reaction mixture (Scheme 2).

Since anhydrous calcium chloride (even granular)
turned out to be totally unsuitable for drying the solu-
tion of mandelic acid isopropyl ester in methylene chlo-
ride, it was decided to perform this operation by even

Table 2

The results of the tests conducted

The quality indicator The LGC certificate data [16] The results obtained

Description A white powder A white crystalline powder
Identification:

X-ray analysis - satisfied
'H NMR spectroscopy - satisfied
13C NMR spectroscopy - satisfied
Melting point 34°C 33.9°C
IR spectroscopy satisfied satisfied
Determination of purity by liquid 100 % 100 %
chromatography
Water (Karl Fischer semi-micro method) < 0.05 % <0.05 %
Certified content of C,,H,,0, 100.0% 100.0%
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Fig. 6. The IR spectra of the isopropyl ester of mandelic acid: the synthesized one (top), the ester from the LGC certificate (bottom)

more simple method — removal of water as an azeotro-
pe with the organic solvent. However, according to the
data of the chromatographic studies (Fig. 5) under these
conditions ester 1 undergoes the partial hydrolysis to the
initial mandelic acid (2), but its content was so low (1.1 %)
that this adverse process can be neglected.

Moreover, vacuum distillation with a reflux conden-
ser allows to completely get rid of unwanted impurity of
mandelic acid. Thus, the target isopropyl ester of man-
delic acid with the purity of 100.0 % was obtained (Fig. 5).

In the end the IR-spectrum of ester 1 was recorded
for its comparison with the standard IR-spectrum given
for this compound in the LGC certificate. As clearly seen
from Fig. 6, they are absolutely identical.

The results of all analytical tests for the isopropyl ester
of mandelic acid synthesized are summarized in Tab. 2 com-
pared to the characteristics of RS from the LGC certificate.
These data indicate that it fully complies with the require-
ments for RS and can be used as RS SPhU to determine the
corresponding related impurity in the pregabalin substance.

CONCLUSIONS

It has been shown that the common reaction of mandelic
acid with 2-propanolol in the presence of mineral acids can
be successfully used for the synthesis of high-purity isopro-
pyl ester of mandelic acid, which meets all the requirements
for pharmacopoeial reference samples by its parameters.

Conflict of Interests: authors have no conflict of
interests to declare.
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