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3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one by condensation of acetone with
formaldehyde in the ratio of 1:4 in an alkaline medium at a temperature of 30-35°C (product yield
67.4%) was obtained. To determine the composition of obtained compound elemental analysis was
used. Functional composition and structural elements were identified using IR spectroscopy. To prove
the structure of the synthesized compound, *H and *C NMR spectra were taken on a JNN-ECA Jeol
400 spectrometer (at a frequency of 399.78 MHz and 100.53 MHz) with a CDCI, solvent. Quantum-
chemical calculations of stable conformations of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
was performed using ab initio DFT B3LYP method and 6-31G (d) and 6-311+G(3df,2p) basis sets.
It was found that the stable conformers obtained by calculations are in the "chair" conformation;
the hydroxymethyl substituents in conformer I are located equatorially, in conformation Il — axially
and equatorially, in conformation Il — axially. In the conformer Ill, as a result of spatial proximity,
hydroxymethyl substituents form an intramolecular hydrogen bond. The total energies and dipole
moments were calculated; a lower value of the dipole moment of the conformation Il may indicate
its preference over the others.
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AuetoH meH dopmanbaernaTiH, 1:4 KatbiHacTa aHe 30-35°C TemnepaTypaza KyprisinreH
CiNTinik opTagafbl KOHAEHCAUMACbIHAH 3,5-AuMeTUNeHOKCUMTETParnaponmpan-4-oH CUHTe3eniHin
anbiHAbl (WbiFbiMbl 67,4%). CUHTE34ENreH KOCBINbICTbIH, 31EMEHTTIK Kypambl 31EeMEHTTIK Tangay
94icimeH aHbIKTanabl. PYHKUMOHANAbIK Kypambl MeH KypbuibiMAbIK dnemeHTTepi WK cnektpi
HaTMXKenepimeH naeHTMdMKaumananabl. KocbinbiCTbiH KypblibicbiH aanengey ywiH JNN-ECA Jeol
400 cnekTpomeTpinae (>kuiniri 399.78 »aHe 100.53 MIy, caiikec) CDCI, epiTkiwiHae AMP 'H kaHe
13C cnekTpnepi Tycipingi. 3,5-a4MMeTUNEHOKCUTETPArMAPONMPaH-4-0HHbIH, MYMKiH 601aTbIH TYpaKTbI
KoHbopmaumanapbiH 6omkay ywiH 6-31G(d) skaHe 6-311+G(3df,2p) 6azanbiK KubIHTbIFbIMEH DFT
B3LYPamnupuKanbik emec aicCiMeH KBAaHTTbIK-XMMUANbIK ecenTeynepnep xacanbiHabl. HaTuxKeciHae
TYPaKTbl  KYpPbUIbIMAAPAbIH,  «OPbIHABIK»  KOHbOpMauMACbIHAA  60NaTbIHAbIFLI  aHbIKTaNbIM,
|-koHdpopmepaeri  rMApPOKCMMETUNAIK  opblHbacapnapablH,  3KBaTopuanbdi, |l-koHpopmepaiH
aKcuanbAi KaHe sksaTopuanbgdi, an Ill-koHpopmepaiH rMApPOKCUMETUNLIK OpbiHOAcapAapbIHbIH,
aKcuanbai opHanacatbiHAbIFbl 6enrini 6onapl. CoHaait-ak Ill-wi KoHpopmepaeri rMaPOKCUMETUNAIK
opblHBacapaapabiH, KEHICTIKTIK aKblHAACYbIHbIH, HOTUMKECIHAE MONEKYNAILWINIK CyTeKTiK 6alinaHbic
Ty3ineTiHairi kepceTingi. KoHdbopmepnepaiH Kannbl SHEPrUACbl MEH AUNONbAIK MOMEHTTEPIH ecen-
Teynep apKpinbl ll-koHPopMepAiH ANNONbAIK MOMEHT MaHiHIH ToMeH 60/ybl OHbIH 6acka opHanacy-
MeH canbICTbipFaHaafbl 6acbim 601y MyMKIHAIMH apTTbIPaTbIHAbIFbI aHbIKTANAbI.

TyiliH ce3pep: TeTparvAponuMpaHoH; auetoH; dopmanbaerna;
KOHPOPMaUMANbIK Tanaay; KBaHTTbIK-XMMUANBIK ecenTeynep; Gaussian.
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KoHaeHcaumen auetoHa ¢ GopmManbaernaom B LLENOYHOW cpefe B COOTHoweHun 1:4 npu
Temnepatype 30-35°C nosnydeH 3,5-AMMETUNEHOKCUTETparMaponupar-4-oH  (Bbixog 67,4%).
CocTaB MONYYEHHOTO COEAMHEHWUA YCTAHOBNEH 3/1EMEHTHbIM aHanu3oM. ®DYHKLMOHaNbHbIN
COCTaB W CTPYKTYpPHble 31E€MeHTbl UAEHTUPUUMPOBaHbI € nomolublo  MK-cnektpockonuu.
[na  pokasaTenbcTBa CTPOEHUA  CMHTE3UMPOBAHHOMO  COEAMHEHWA OblAM  CHATbI  CMeKTpbl
AMP *H u 3C Ha cnektpomeTpe JNN-ECA Jeol 400 (Ha yactote 399,78 My 1 100.53 Mrlu) c
pactsoputenem CDCl,. Bbino/iHeHbI KBAHTOBO-XMMWYECKME PACYeTbl YCTOMYMBBIX KOHbOPMAaLWii
3,5-AMMeTUNeHOKCUTeTparnaponupaH-4-oHa Heamnupuyeckum metogom DFT B3LYP ¢ 6a3ncHbiMu
Habopamu 6-31G(d) n 6-311+G(3df,2p). YcTaHOBNAEHO, YTO YCTOMYMBbIE CTPYKTYpbl HaxogAaTca
B KOHPOPMALMM «KPEecno»; r’MAPOKCUMETU/IbHbIE 3amecTuTenn KoHpopmepa | pacnonoxeHbl
3KBaTOpUManbHO, KoHPopmepa |l — akcManbHO M aKkBaTOpManbHo, kKoHdopmepa Il — akecnanbHo. B
KoHdpopmepe Ill B pe3ynbTaTe NPOCTPAHCTBEHHOIO CONUMKEHUA TMAPOKCUMETUIbHbBIE 3amMecTUTeNn
06pasyloT BHYTPUMONEKY/IAPHYIO BOAOPOAHYIO CBA3b. PaccunTaHbl MOMHbIE SHEPTUM U AUNO/bHbIE
MOMEHTbI KOHPOopmepoB, Gonee HU3KOe 3HaYEHNe AUNOBHOTO MOMeHTa KoHdopmauuu |l moxeT
YKa3blBaTb Ha ee NPeAnoYTUTENbHOCTb Nepes, OCTalbHbIMMU.

Kniouesble cnosa: TeTparnaponnpaHoH; aueToH; d)opmanb,qermp,; CUHTE3; KOHAeHCauusa;
K0H¢OpMaLI,M0HHbIl7| dHaNN3; KBAHTOBO-XMMUYECKUE PacCyeTbl; Gaussian.
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1. Introduction

Tetrahydropyranones, their derivatives and isomers, as
well as other heterocyclic ketones with sulfur and nitrogen
atoms in the ring, are widely used in medicine [1-4].

We investigated synthesis and identification of
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one, which is a
promising starting material for the synthesis of various
heterocyclic  compounds. The  structural
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one:

formula  of

0]

HO OH

(0]

Condensation of acetone with formaldehyde in an alkaline
medium proceeds according to a complex scheme studied by
Holmes and Morgan. The nature of the final products depends
on the ratio of components taken for the reaction [5]. In his
article [6], Morgan suggested 2 products of condensation of one
mole of acetone and four moles of formaldehyde:
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one and
5-(B8-oxipropionyl)-1,3-dixane.

As a result of identification and proving the structure of the
products of this condensation using IR and NMR spectra, we
were able to prove that the reaction
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one.

Being a heterocyclic ketone with symmetrically located
substituents, which contain polar functional groups, the resulting
compound can form various spatial structures, computer
simulation of which may be of interest.

Six-membered alicyclic compounds have a large variety of

product is

forms and conformational effects. The nature and origin of these
effects have been studied in many papers on heterocycles and
their substituted analogues.

Zubkov et al. [7] based on the analysis of transition state
conformations, explained the high chemoselectivity of
intramolecular cycloaddition in substituted piperidine-4-ones.
Mistryukov [8] has investigated the stereochemistry and the
electrostatic, steric, and conformational factors of the hydride
reduction of 4-piperidone derivatives. Diwischek et al. [9]
observed the stereochemistry of 1,2,6-trimethyl-4-piperidone.
Energy differences between chair conformations of the cis- and
the trans-isomer of 1,2,6-trimethyl-4-piperidone and the
potential energy surface of the equilibration process of the
trans-isomer of 1,2,6-trimethyl-4-piperidone between its chair
conformers were determined by quantum chemical calculations
(BLYP/SVP approach).

Miranda and others [10] have performed high level ab
initio quantum chemical calculations for tetrahydro-4-pyranone
(B3LYP/6-311+G  (3df2p). The molecule has a "chair"
conformation; the angles and lengths of bonds are given one the
Figure 1 (in A and in degrees respectively).

T,

a b

Figure 1 — Front (a) and side (b) views of the most stable
conformation found for tetrahydro-4-pyranone

© 2018 Al-Farabi Kazakh National University
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2. Experiment

We carried out the modified synthesis of acetone and
formaldehyde at a ratio of 1:4 in an alkaline medium [11].
11.2 g of acetone (0.2 mole), 24 g (0.8 mole) of formaldehyde, 3
g (0.02 mole) of K,CO, were added to a device consisting of a
round-bottom flask with a reflux condenser and a mechanical
stirrer. The reaction mixture was stirred at a temperature of 30-
35°C for 7 days. The course of the reaction was monitored by TLC
in the benzene-alcohol system (6:4). The next day, the solution
discolored, then turned yellow. After 7 days the mixture was
placed in a separatory funnel, extraction was carried out 3 times
with benzene and the upper layer is separated. The resulting
benzene extract was dried with anhydrous magnesium sulfate.
The next day, benzene was distilled off. After distilling off the
benzene, a crystalline precipitate formed on the bottom of the
flask. After placing the obtained precipitate on filter paper, it was
washed several times with hexane, and recrystallization was
performed in ethanol.

3. Results and Discussions

As a result, 21.5 g of 3,5-bis(hydroxymethyl)tetrahydro-4H-
pyran-4-one were obtained in the form of a light yellow powder.
Yield 67.4%, T,=138-140°C. After synthesis, the physicochemical
properties o+f the compound were studied. Physicochemical
properties of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
are given in Table 1.

To determine the gross formula and elemental composition
of the resulting product elemental analysis was performed.

Results of elemental analysis of 3,5-bis(hydroxymethyl)
tetrahydro-4H-pyran-4-one are given in Table 2.

Functional composition and structural elements were
identified using IR spectroscopy. The results of the spectrum
analysis of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
are shown in Table 3.

To identify the structure of the synthesized compound and
confirm that the compound corresponds to the structure of
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one, *H and *3C
NMR spectra were obtained. The *H NMR spectrum was recorded
on a JNN-ECA Jeol 400 spectrometer (at a frequency of 399.78
MHz) with a solvent CDCI, (Table 4).

The 3C NMR spectrum was recorded on a JNN-ECA Jeol 400
spectrometer (at a frequency of 100.53 MHz) with a solvent
CDCl,. The results of the spectral analysis are shown in Table 5.

Spectrum analysis shows that the structure of the obtained
productis consistent with the structure of 3,5-bis(hydroxymethyl)
tetrahydro-4H-pyran-4-one.

We carried out the analysis  of
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one using the
methods of quantum chemistry. Quantum-chemical calculations
were performed in the GAUSSIAN 09 program with full geometry
optimization. The most stable molecular structures were
obtained from DFT calculations using the B3LYP density
functional and the 6-31G(d) and 6-311+G(3df,2p) basis sets.

Due to the influence of the substituents, the conformation
of the six-membered "chair" cycle differs from the conformation
of the unsubstituted tetrahydropyranone calculated by the
authors [10]. According to quantum chemical calculations, the
conformers have a "slightly distorted chair" conformation;

conformational

Table 1 — Physicochemical properties of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one

Compound

T, °C

R, (benzene-alcohol system 6:4) Product yield, %

3,5-bis(hydroxymethyl) tetrahydro-4H-pyran-4-one

138-140 0.21 67.4

Table 2 — The percentage by mass of the elements included in the 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one (Gross

formulaC_H_O,)

7 1274

Element Detected, % Estimated, %

c 52.41 52.50

H 7.93 7.55

(e} 39.65 39.94

Table 3 — IR spectrum of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
Compound Frequency, v, cm™

OH CH, Cc=0 C-C C-0-C
3,5-bis(hydroxymethyl) tetrahydro-4H-pyran-4-one 3432 2933.2872 1703 1657.1452 1101

BecTHuK KasHY. Cepua xummyeckasn. — 2018. — Ne4(91)
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Table 4 — *H NMR spectrum of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one

Compound Chemical shift, o, ppm (CDCL,)
CH,(C*?) CH (C) CH,(C7) OH(*%%)
3,5-bis(hydroxymethyl) tetrahydro-4H-pyran-4-one 3.61 (dd) 2.19 (tp) 3.53 (tp) 5.15 (tp)
Table 5 — 3C NMR spectrum of 3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one
Chemical shift, o, ppm
Compound
CH,(C?9) CH (C*) CH,(C71) c
3,5-bis(hydroxymethyl) tetrahydro-4H-pyran-4-one 66.18 50.39 62.02 215.19

hydroxymethyl substituents in position 3 and 5 of the ring occupy
the equatorial position (1), axial and equatorial (Il), axial position
(1) (Figure 2).

Note: R = -CH,OH

Figure 2 — Representation of the proposed
conformational equilibrium for 3,5-bis(hydroxymethyl)
tetrahydro-4H-pyran-4-one

The conformer (lll) has a "chair" conformation; both
hydroxymethyl substituents occupy the axial position (Figure 3).

As it shown in the Figure 3, the substituents of conformer
IIl are spatially close together and form an intramolecular
hydrogen bond. The bond lengths and dihedral angles for the
substituents of conformers are given in Table 6.

According to the calculations the difference in the total
energy of the conformers does not exceed 18 kJ/mol. The low

energy of transition of both substituents from the equatorial
position to unfavorable axial position (conformer Ill) may possibly
be explained by the formation of a hydrogen bond between the
hydroxyl groups of the substituents. For a more detailed study of
the spatial structure of 3,5-bis(hydroxymethyl)tetrahydro-4H-
pyran-4-one, we intend to obtain 2D NMR spectra of the
compound.

9
9

Figure 3 — View of conformer (lll) found for
3,5-bis(hydroxymethyl)tetrahydro-4H-pyran-4-one

Table 6 — The bond lengths, dihedral angles, total energy, total dipole moment of conformations for 3,5-bis(hydroxymethyl)tetra-

hydro-4H-pyran-4-one

Conformation D(igidcrle_zlc?_régsl)e D(igidczajlcir&%;e r (O“A-HS), Tolt_le;;rfpezrsgy, Total dipols moment,
| 179 178 7.21 -574.808 2.22
Il 175 72 7.38 -571.372 1.68
1 75 70 1.89 -574.801 4.88
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4. Conclusion

The synthesis of 3,5-bis(hydroxymethyl)tetrahydro-4H-
pyran-4-one was performed by condensation of acetone and
formaldehyde in the ratio of 1:4 in an alkaline medium at a
temperature of 30-35°C (product yield 67.4%). The structure of
the synthesized ketone was determined and identified by IR
spectroscopy, elemental analysis and one-dimensional NMR
spectroscopy.

The stable conformations of the obtained ketone were
studied by ab initio methods of quantum chemical calculations.
The cycle in the molecule has the form of a "slightly distorted
chair". As a result of the calculations, three stable conformers

References (GOST)

were obtained. The low conformational transition energy
indicates that the molecule can exist in conformational
equilibrium between them. The axial conformer Il can be
stabilized by an intramolecular hydrogen bond. However, a
lower value of the dipole moment of the conformer Il may
indicate its preference over the axial one.
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