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Bcmanosaneno, wo oeziopamauisn 2,3 oume-
munoyman 2,3-diony (A0) npoxodumsv 3a
0deoma nOCAI00BHUMU CMAdismMu: 3a NePuLoio
6 pe3ynvmami 6ioulenjienns 00HIEL MOJeKYaU
800U YMEOPIEMBCA NPOMINCHUN NPOOYyKm —
2,3 oumemuabym 3 en 2 on, a 3a Opy2010 — npu
siowenieni uie 00Hi€l MOJIEKYIU 600U OMPUMY -
tomo 2,3 oumemunoyma 1,3 dien (IMB).
Heziopamauin eexcaziopamy 2,3 oumemu-
oyman 2,3-diony npomixae 6 npucymmocmi
MOJIEKYNL 600U, 8 pPe3yabmami 4020 CYmMMEBO
3HUNCYEMbCA enepeemunnuii 6ap’ep peaxuii
Kniouoei cnosa: 2,3-Tumemundyman-
2,3-dion / 2,3-Numemunéyma-1,3-dien /
Keanmoso-ximiuni pospaxyuxu / MOPAC2009 /

Winmostar / RM1
=, u|
Yemanoeneno, umo dezudpamavusn

2,3 oumemunéyman-2,3-ouona (I0) npoucxo-
Ooum 6 06e nocedosamentvHble CMAOUL: 6 NEPBOTL
8 pesyavmame omuienieHusi 00HOU MOJEKYIbL
600bL 00pA3YEMCA NPOMENCYMOUHBLI NPOOYKM —
2,3 dumemunoym-3-en-2-oa, 60 6mopou — npu
omueniieHuu ewyé 00HOU MOJIEKYNbl 6006l NOJLY-
yarom 2,3 oumemunoyma-1,3-ouen (IMB).

Heeuopamavus zexcazuopama 2,3 oumemui-
oyman- 2,3-0uona npomexaem 8 nNPUCYmMcmeuu
MOJIeKY bl 600bl, 6 pe3yabmame uez0 Ccyuje-
Cmeenno cHudicaemcs dnepeemurveckuil Gapovep
peaxyuu

Kniouesvte caosa: 2,3 oumemunoyman-
2,3-0uon / 2,3 oumemunbyma-1,3-ouen / xeam-
moeo-xumuueckue pacuemot / MOPAC2009 /
Winmostar / RM1
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1. Introduction

2,3-Dymetylbuta-1,3-diene is the starting reagent and
valuable monomer in organic synthesis used for the plastics
producing, including metyl-rubbers. The alkilcyclohexen
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derivatives, which can by widely used in chemical, perfume
and food industries are received as a result of cyclization of
this diene with alkylacroleins and alkylacrylics.

Both in laboratory practice and in industry the tech-
nologically perspective method of DMB receiving during




the catalytic dehydration of 2,3-dimethylbutane-2,3-diol
is considered to be the one, to which the major attention
is paid. [1 — 3]. Industrially available acetone is conside
ered to be the original stuff in this process, which turns
into 2,3-dymetylbuta-2,3-diol hexahydrate by reduction.
The 2,3-dymetylbuta-2,3-diol hexahydrate is dehydrates by
azeotropic rectification with benzene [4].

2. Purpose of work

In this work the quantum-chemical investigation of
mechanism of 2,3-dimethylbutane-2,3-diol dehydration
was conducted for the sake of the opportunity to identify
the possibility of hexahydrate 2,3-dimethylbutane-2,3-diol
usage without stage of prior dehydration.

3. Method of quantum-chemical calculations

The dehydration process of 2,3-dimethylbutane-2,3-diol
(DO), or its industrially available analogue - hexahydrate
2,3-dimethylbutane-2,3-diol is endothermic. It is conducted
in the result of heating and leads to creating of one water
molecule and intermediate compound of 2,3-dymetylbut-
3-en-2-ol (enol, EO) and is accompanied by subsequent
splitting of another water molecule from EO and by 2,3-dy-
metylbuta-1, 3-diene (diene, DE) creating [5] (Fig. 1):

BCoan BCgn o, HC  CH

/ . 2 ;
HOHOH o HO—}—/< o c>_\ )
HC CH HC H 2 CH
traps-DO EO cis-DE

The quantum-chemical modelling of 2,3-dimethylbu-
tane-2,3-diol (DO) and its hexahydrate dehydration was
carried out by semiempirical program MOPAC2009 [6] and
the graphic interface Winmostar [7]. Geometry optimizae
tion, at the same time as calculation of heats of molecular
structures formation and activation systems in transition
states of the reaction system were carried out by semiempiri-
cal method RM1 using unrestricted Hartree-Fokka (UHF)
with the coefficient for energy rationing (GNORM) within
0.01-0.5 kcal/mol. The dependence of system potential
energy determination from coordinate of the reaction were
conducted with the step of 0.02 A (STEP = -0.02).

4. Results and Discussion

In Table 1 we can see nergetic parameters for reactants
and products of 2,3-dimethylbutane-2,3-diol dehydration
(Fig. 1), i.e. heat of formation (AfH298), electron energy
(Eel), core-core repulsion energy (Ecore), dipole moment (D)
and ionization potential (I).

The 2,3-dimethylbutane-2,3-diol dehydration is
conducted through two consecutive stages. Fig. 1 gives
energy profiles of two stages of dehydration. Figure 2 shows
the reaction conditions model of it.

At the first stage the hydrogen atom H(11) comes to the
hydroxy group atom of oxygen O(7) creating at the same
time the tense of four membered rings C(1) N(11) O(7)
C(2) (transitional state TS1), destruction of which leads to

creating of the enol EO and water molecule (state EO+H,0).
At the second stage, in the enol EO molecule, the hydrogen
atom H(20) comes to the another hydroxy group atom of
oxygen O(8) creating the strained four-membered rings
C(6) H(20) O(8) C(3) (transitional state TS2) destruction
of which leads to the splitting of the second water molecule
and diene formation (state DE+2H,0).

50 TS2

Lo
/ /
W/ !

I DE+2H,0

1DO EO+H,0

E, kcal/mol
o
(=]

-130

d(H11-07), A d(H20-08), A

Fig. 1. Energy profiles of two stages of anhydrous diol DO
dehydration

Table 1
Energy parameters of reactants for dehydration of anhydrous
diol DO
Parameters DO EO H-,0O DE
AH?S8, keal /mol -129.5 -57.7 -57.9 10.7
Eg, eV -7774.75 | -5675.30 | -489.18 | -3854.52
Ecore, €V 6189.13 | 4435.86 | 143.61 2961.12
D, D 0.00 1.73 1.87 0.53
L eV 10.73 9.58 12.26 9.22

As it has been shown at the graphic of diol DO
dehydration energy profiles (Fig. 1) and in the data table 2
the difference between the power of formation of enol
EO and diene DE molecular structure is positive what
indicates on endothermic reaction. At the same time, the
energy barriers of both stages are proportionate 65.6 and
61.8 kcal /mol, respectively.

AH?298=129.5-63.9=65.6 kcal /mol
AfH?298=117.2-55.4=61.8 kcal /mol

Energy released value is about 54 kcal / mol, which is
equal to the power of water molecule formation (Table 1).

AfH?%8=109.4-55.4=54 kcal /mol

In addition, the formation of the transition state for these
reactions goes closer to of the products formation and has
the late character [8, 9]. This indicates that the destruction
of C-H bond and the formation of O-H bond (transition the
hydrogen atom from methyl group to the hydroxy group
atom of oxygen) is faster than the destruction of O-C bond of
enol with the formation of C=C bond of diene at once.

The water molecule H(11) O(7) H(21) are placed
accordingly to enol molecule in such a way that it
leads to the formation of the intermolecular complex
EO:H,0 due to weak (C(6)-H(20) ... O(7)) and medium
(O(7)- H(21) ... O(8)) hydrogen bonds (Fig. 3) [10].



EO+H,0
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DE+2H,0
Stage 2

Fig. 2. Models of reaction states of anhydrous diol DO dehy-
dration

It’s formation is confirmed by the heat decreasing of
formation state of EO: H,O in comparison with the state of
EO + H,O after the first stage (Table 2).

The enol dehydration reaction modelling in the presence
of water molecule (state EO : H,O) was performed in the
realm of two reaction coordinates d (H(20)-O(7)) and
d (H(21)-O(8)) with the step of -0.02 A and potential
energy of the reaction system was determinate at each point
(Fig. 4).

At fig. 4 we can see that the enol dehydration, in
the presence of water molecule, (state EO : Hy0) can
be conducted as the concerted mechanism, when at the
same time, up to achieving the saddle point transition
state TS2 (H,0), three pairs of bonds- (H(20)-O(7 ),
H(21)-0O(8), C(6)-C(3)) - are being formed and three other
pairs - (H(20)-C (6), H(21)-O(7), O(8)-C(3)) — are being
decomposed, (Fig. 3). The formation of the transition state of
this reaction also has the late character. We can judge about
it by analysing smooth transforming bond order of atoms
pairs reaction from the original (state EO: H,O) to the
transition state TS2 (H,0) and by quickly transformation to
the final products of the reaction DE (2H,0O) (Table 2). Pay
attention that energy barrier of this stage (55.6 kcal/mol) is

significantly lower than the barrier of corresponding stage
without water molecule (TS2).

AfH298=117.8-62.2=55.6 kcal /mol

This indicates that water molecule H(11) O(7) H(21)
in six membered ring transition state TS2 (H,0) (Fig. 3)
reduces ring tension in comparison with the four membered
transition state TS2 (Fig. 1) for 6.2 kcal / mol.

AH298=63.9-57.7=6.2 kcal /mol

In the transition state TS2 (H,0) it acts as an element
of transmission. So, the atom of hydrogen H(20) from atom
C(6) methyl group becomes the atom of oxygen O(7) and the
atom of hydrogen H(21) transmits to atom of oxygen O(8) of
enol molecule hydroxy group.

The dehydration of diol DO hexahydrate also runs in two
stages, but, unlike dehydration of anhydrous diol DO, it is
performed in the presence of water (DO:H,0).

Table 2

Heat of formation (AfH298, kcal / mol) and bonds order (n)
for reactions states of anhydrous diol dehydration

Reaction state

Parameter EO+ DE+ | EO:
H,O H,O | H,O
-129.5|-63.9 |-117.2] -55.4 |-109.4|-117.8
0.968 [1.342] 1.944 [1.938| 1.931 | 1.948
0.92710.935] 0.953 [0.966 | 0.989 | 0.954
0.968 [0.964| 0.964 [0.980 | 0.996 | 0.962
0.96810.984| 0.997 [0.995] 0.995 | 0.997
0.96810.968| 0.959 [1.319] 1.922 | 0.962
n(07-C2) |0.984(0.531|0.002 | 0.001 | 0.001 | 0.001
n(08-C3) |0.984|0.985| 0.986 | 0.537 | 0.000 | 0.981
n(H11-C1){0.9820.312] 0.001 | 0.001] 0.001 | 0.001
n(H20-C6)| 0.9820.979] 0.981 | 0.318] 0.000 | 0.982
n(H11-07)] 0.001 {0.591] 0.959 [0.959 0.953 | 0.958
n(H20-07)| 0.000|{0.000( 0.000 | 0.000| 0.002 | 0.000
n(H21-07)| 0.937{0.868 | 0.961 | 0.958 | 0.958 | 0.961
n(H20-08)| 0.001 {0.001 | 0.001 |0.577 | 0.959 | 0.001
n(H21-08)| 0.001 {0.000| 0.000 [0.001 | 0.001 | 0.001
n(H22-08)|0.937 [0.937| 0.936 | 0.875| 0.959 | 0.935

TS2 DE
(H20)|(2H,0)
-62.2 | -109.6
1.928 | 1.917
0.973 | 0.995
0.986 | 0.996
0.997 | 0.996
1.267 | 1.924
0.001 | 0.001
0.470 | 0.001
0.000 | 0.000
0.297 | 0.000
0.946 | 0.961
0.563 | 0.951
0.392 | 0.001
0.008 | 0.001
0.483 | 0.959
0.933 | 0.960

DO | TS1 TS2

AH298
n(C2-C1)
n(C3-C2)
n(C4-C3)
n(C5-C2)
n(C6-C3)

TS2(H,0)

a b

Fig. 3. Models of initial a - (EO: H,0) and transitional b - (TS2
(H,0)) states of enol EO dehydration in the presence of
water molecule
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Fig. 4. Potential energy surface of enol dehydration in the
presence of water molecule (EO: H,0)

Water molecule of anhydrous diol DO:H,0O, similar to
the dehydration of enol EO: H,O water complex (Fig. 3), in
both cases acts as an atom of hydrogen transmission element
from the methyl group of DO through water hydroxy group
atom of oxygen to the DO hydroxyl atom of oxygen. As a
result less tense six membered ring (Fig. 5) was created
comparing to much more tense four membered ring (Fig. 2

(TS1)).

09 HI1l

Fig. 5. Model of hydrated diol (DO: H,0)

The creating of TS1 (H,0) and TS2 (2H,0) transition
states (Fig. 6) of two stages hydrated diol DO:H,O
dehydration also runs by the concerted mechanism, as for
complex EO:H,0 (Fig. 4), and potential energy surfaces for
both stages also have the saddle points, energy barriers of
which correspond to some transitional states (Table 3).

Energy barriers, during both stages of transition creating
(first stage - TS1 (H0) from the initial complex DO : H,O;
second stage - TS2 (2H,0 from the intermediate complex
EO: 2H,0)) are 54.4 and 56.5 kcal / mol, respectively.

AH?8=184.2-129.8=54.4 kcal /mol
AfH?298=176.0-119.5=56.5 kcal /mol

These values are significantly lower than the energy
barriers of TS1 and TS2 stages of anhydrous diol DO
dehydration (65.6 and 61.8 kcal/mol, respectively). This fact
indicates that obtaining 2,3-dimethylbuta-1,3-diene from
the 2,3-dimethylbutane-2,3-diol hydrated by its dehydration

instead of anhydrous 2,3-dimethylbutane-2,3-diol is more
favoured.

H10 09 Hl1 22
A @)

TS1(H,0)

TS2 (2H,0)
a b

Fig. 6. Models of : a- TS1 (H,0) and b - TS2 (2H,0)
transition states of two stages hydrated diol DO: H,0
dehydration

Table 3

Heats of molecular structures and transition states (A{H2%,
kcal / mol) formation and bonds order (n)of two stages
hydrated diol DO: H,0 dehydration

Reaction state
Parameter 32% TS1(H;0) 2EHOZB 211“:{?6 TS2(2H,0) 3DHE26
AH® [1842] 1298 |-1782] 1760 | -1195 | -1713
n(C2-C1) | 0967 | 0968 |0959| 0962 | 1262 | 1927
n(C3-C2) | 0927 | 0934 [0953] 0955 | 0976 | 0994
n(C4-C3) | 0970 | 0987 [0998] 0996 | 0996 | 0996
n(C5-C2) | 0966 | 0967 |0964] 0962 | 0986 | 0995
n(C6-C3) | 0970 | 1293 |1944] 1948 | 1928 | 1922
n(07-C2) | 0986 | 0983 |0984| 0980 | 0468 | 0.000
n(08-C3) [ 0972 | 0461 | 0.000| 0.000 | 0000 | 0.000
n(H25-C1)[ 0980 | 0981 |0983] 0982 | 0306 | 0.000
n(H20-C6)[ 0961 | 0290 |0.002] 0.000 | 0.001 | 0.000
n(H20-07)| 0.000 | 0.000 |0.000 [ 0.001 | 0478 | 0.956
n(H21-07)| 0936 | 0936 | 0937 0934 | 0936 | 0.957
n(H11-08)| 0014 | 0495 |0959| 0965 | 0965 | 0957
n(H22-08)| 0933 | 0936 0960 | 0965 | 0964 | 0958
n(H10-09)| 0963 | 0946 |0961] 0957 | 0946 | 0.956
n(H11-09)] 0936 | 0381 |0.001] 0.000 | 0000 | 0.000
n(H20-09)] 0011 | 0571 |0951] 0961 | 0398 | 0.002
n(H25-09)| 0.000 | 0.000 |0.000| 0.000 | 0554 | 0950

5. Conclusions

In this work it has been established that in the result
of quantum-chemical research the anhydrous mechanism
of dehydration of 2,3-dimethylbutane-2,3-diol and it's
hexahydrate is passed two consecutive stages. The reaction
is proceeded in the presence of water, which makes the
transmission of methyl group atom of hydrogen to the DO
hydroxyl atom of oxygen in the case of using hexahydrate
DO for dehydration. This effect of transmission significantly
reduces energy barriers stages of hydrated DO dehydration,
in comparison with the anhydrous.
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Hocaioxceno 3axonomipnocmi aodiabamuumnozo
Himpyeanns Genzony 00 Himpoben3ony 3 00Houac-
HO10 61020HK010 NPooyxmie peaxuii. Busueno énaue
Ha cxnad piokoi i napoeoi pas na 6uxoodi: mMov-
H020 6Xi0H020 CNiBGIOHOWEHHS 0EH301 - A30MHA
KuUcjaoma, mucky 6 cucmemi, memnepamypu macu
Ha 6x00i. Iloxazano, wo nposedenns npovuecy nio
3ANUMKOBUM MUCKOM 00360JI5€ NOBHICMIO Nepese-
cmu npodyxmu 6 naposy Paszy 3a paxyHox menJo-
mu peaxuii

Kmouosi cnoea: adiabamuune nimpyeanns,
Oenszon, mamemamuuna mooev, CKAao pas, muck,
memnepamypa, KOHUEHMPAUis

T ]

Hccnedosanvt 3axonomeprnocmu aouabamuye-
CK020 Humpoeanus Oemzona 00 HumpobdeHzona c
00HOBPEMEHHOU OM2OHKOU NPOOYKMOE8 Peaxuyuu.
H3zyueno eausnue na cocmae x#uoxkou u napoeot
Qa3 na évixode: MOILHO20 6X00H020 COOMHOUEHUS.
0eH30.1 — azomuas xucaoma, 0aeJaeHUsL 6 cucmeme,
memnepamypor maccot Ha éxode. Ioxazano, umo
npoeedenue npouecca nod 0CMAMOUHbIM 0ABTECHU-
eM n0360Jis1em NOJIHOCMbIO Nepesecmu nPooyKmol 6
naposyio pasy za cuem menomol peaxuuu

Kniouesvte cnosa: aduabamuueckoe numposa-
Hue, 0eH30Jl, Mamemamuueckas Mooeib, COCMAS
¢as, dasaenue, memngpamg{:pa, KoHuenmpauus

1. Beenenue

Hurpobenson — BakHEHNIIUiT MPOAYKT HPOMBIII-
JIEHHOTO OpPraHMYecKOoTO CHHTE3a, OCHOBA JJS Jlaib-
Hel1ero moJiyuyeHusd TOJUMEPOB, Kpacurejei, Jie-
KapCTBEHHBLIX HpenaparoB, B3pbiBUaThbIX BemecTs [1].
Muposoii 06beM npousBoicTBa HUTPOOEH30JA IIpe-
BBITTAET 2,5 MJH TOHH [2] M ©MeeT TEeHAEHI[WIO TaJb-
HelimeMy Bo3pacrtaHuio. Texuosoruss HUTpobeH30Ia
XapaKTepu3yeTcsl CPaBHUTEJIbHO BBICOKOW 2HEPTroeM-
KOCThIO, 06pa3oBaHUEM 3HAYMTEJIBHOTO KOJUYECTBA
OTXOJI0B: Ta30BbIX BBIOPOCOB U CTOYHBIX BOJ, MOJ-
JeKamnxX o4ncTke. Pa3zpaboTka HOBBIX MOAXOA0B K
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