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CATALYSIS AND REACTION ENGINEERING
TEXHO/IOI'H KATAIM3A W PEAKIHH
KATALIZ VA REAKSIYA TEXNOLOGIYASI

MATHEMATICAL MODELING OF SYNTHESIS
4,4 -DI{1-METHYL-1-HYDROXY-2-PHENYLETHYNYL)-DIBENZO-18-CROWTY-6

Lyubov KOZINSKAYA (lubasha_1985@mail.ru), Dilorom MIRKHAMITOV A (dmirkhamitova@gmail.com)
National University of Uzbekistan, Tashkent, Uzbekistan

The main goal of this study is the mathematical modeling of the optimal conditions for the synthesis of 4,4 '-di-(1-methyl-1-
hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 by the least squares method. In the STAT program, iconograms olfmathematical mod-
eling of the synthesis and the dependence of the rate 5/‘ ormation of 4',4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6 on temperature and reaction time were obtained, the corresponding analytical def)endencies are determined. Mathematical
processing of the results of the synthesis of 4,4’ "-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 was carried out, a
system of linear equations was compiled using the matrix method. The average reaction rate and the optimum of the mathematical
model were determined, and the ex erimentaﬁand calculated data on the yields of 4',4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)-
dibenzo-18-crown-6 were compared.

Keywords: 4°,4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-crown-6, mathematical model, matrix, least squares method

MATEMATHYECKOE MOJE(IMPOBAHHE CHHTE3A
4’4" IN-(1-METH(1-1-THAPOKCH-2-dEHHISTUHHN/(1)-,ANBEH30-18-KPAYH-6

Jrwo06v KOSUHCKAA (lubasha_1985@mail.ru), Junopom MUPXAMHTOBA (dmirkhamitova@gmail.com)
Hayuonansnotii ynusepcumem Ysoexucmana, Tawkenm, Y3oexkucman

OCHOBHOUL YeNbl OAHHO20 UCCLeO08AHUS ABNAEMCS MAMEMAMUYECKOe MOOeIUPOBAHUE ONMUMALLHbIX YCI0GUI CUHME3d
474" "-0u-(1-memun-1-2udporcu-2-genunsmunun)-oubenzo-18-kpayn-6 memoodom HaumeHouux keadpamos. B npoepamme STAT noxy-
YEHbl UKOHOSDAMMbL MAMEMAMUYECKO20 MOOCIUPOBAHUs CUHME3d U 3A8UCUMOCU cKopocmu obpazosanus 44" "-0u-(1-wemun-1-
2UOPOKCU-2-heHundMunUI)-0uben3o-18-kpayn-6 om memnepamypel u npoOOI’CUMENbHOCIU PeAKYUU, ONPeOeeHbl COOMBEMCMEYI0-
wue anarumuveckue 3asucumocmu. Ilpogedena mamemamuueckas obpabomka pesyivmamos cunmesa 4',4°"-ou-(1-wemun-1-
2UOPOKCU-2-heHundImunUI)-Ouben3o-18-kpayn-6, cocmasiena cucmema TUHEUHbIX YPAGHEHUL MAMPUYHbIM cnocobom. OnpedeneHvl
CpeOHsisi CKOPOCMb Pearkyuul, ORMUMYM MAMEMAMUYECKOU MOOeIU, CONOCMABIEHbL IKCHEPUMEHMANbHbLE U PACYEMHbLe OAHHbIE GbIXO~
006 4,4 "-0u-(1-memun- 1-2uopoxcu-2-penursmunun)-oubenso- 1 8-kpaym-6.

Kiouesble cioBa: 4’4" - uu-(1-metir-1-ruipokey-2-(peHTHHI)-MOeH30- 1 8-KkpayH-6, MaTeMaTHyecKast MOJIEIb, MATPUIIA, METOJ, HAMMEHBILINX KBAIPATOB

4°,4- DI-(1-METIL-1-GIDROKSI-2-FENILETINIL)-DIBENZO- 1 8-KRAUN-6
SINTEZINI MATEMATIK MODELLASHTIRISH

Io,yubov KOZINSKAYA (lubasha_1985@mail.ru), Dilorom MIRXAMITOVA (dmirkhamitova@gmail.com)
*zbekiston Milliy universiteti, Toshkent, O'zbekiston

Ushbu tadqiqotning asosiy magsadi kichik kvadratlar usuli bilan 4°,4"'-di-(1-metil-1-gidroksi-2-feniletinil)-dibenzo-18-kraun
-6 sintezining maqgiﬁ sharoitlarini matematik modellashtirishdir. STAT dasturida 4',4 " -di-(1-metil-1-gidroksi-2-feniletinil)-dibenzo-
18-kraun-6 iosil bo'lishiga reaksiya tezligi, harorati va vaqt davomiyligini analitik bog'liqligi aniglanib matematik modellashtish
ikonogrammalari olindi. 4,4 "-Di-(1-metil-1-gidroksi-2-feniletinil)-dibenzo-18-kraun-6 sintez natijalari matematik qayta ishlash
amalga oshirildi, matritsa usulida, chiziqli tenglamalar tizimi tuzildi. Reaktsiyaning o'rtacha tezligi, matematik modelning optimalligi
aniglandi, 4°',4""~di-(1-metil-1-gidroksi-2-feniletinil)-dibenzo-18-kraun-6 unumlarining eksperimental va hisoblangan ma'lumotlari

tagqoslandi.

Kalit so'zlar: 4°,4""-di-(1-metil-1-gidroksi-2-feniletinil)-dibenzo-18-kraun-6, matematik model, matritsa, kichik kvadratlar usuli

Introduction

Molecules containing hydroxyl groups and
fragments of multiple carbon-carbon bonds are
often found in nature. For example, the ground
part of lower [1] and higher plants [2], as well as a
component of algae [3] and sea anemones [4] in
aquatic environments. Molecules of acetylenic
alcohols [5] are active at several reaction centers
[6, 7], have the ability to form hydrogen bonds [8,
9], many of them have antimicrobial [10] and oth-
er properties [11]. Acetylene lipids have been cre-
ated to determine the configurations of aminoal-
kanes [12] and many others [13]. Lipid alkynyl-
carbinols constitute a class of potential antitumor
compounds [14].

The introduction of an ethynylcarbonyl
fragment leads to an increase in analgesic proper-
ties and a decrease in toxicity [15].

DOI: 10.34920/cce202218

Traditional planning and implementation of
syntheses [16] based on knowledge of the basic
mechanisms of chemical reactions do not meet
modern requirements in terms of the amount of
reagents [17], solvents [18], and reaction time
[19]. Mathematical modeling makes it possible to
take into account the largest number of factors and
phenomena that affect the course of real chemical
processes [20].

Mathematical modeling provides high accu-
racy in predicting the results of experiments on
calculations [21]. As a result, the number of exper-
iments that had to be carried out earlier to ensure
reliable reproducibility of the experiment [22], the
study of such factors as temperature[23], pressure
[24], solvent nature [25], reaction time, etc., can
be significantly reduced [19]. This leads to the
required economic, experimental, energy and ma-
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terial indicators of modern processes [26]. If nec-
essary, these models can be supplemented with the
required new relationships, which leads to more
accurate quantitative results [27].

Research methods

The article presents the calculation of a
mathematical model for the synthesis of 4’,4""-di-
(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-
18-crown-6 by the least squares method.

Using the STAT computer simulation pro-
gram, iconograms of the dependence of the reac-
tion rate on temperature and process time are
shown.

The matrix method shows the system of lin-
ear equations of analytical dependences of the op-
timal conditions for the synthesis of 4',4""-di-(1-
methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6.

Results and discussions

Mathematical calculation of the study of the
kinetic parameters of chemical reactions allows us
to conclude that it is in principle possible to inter-
act 4’,4""-diacetyldibenzo-18-crown-6 with phe-
nylacetylene according to the Favorsky reaction
[28] to obtain 4°,4"'-di-(1-methyl-1-hydroxy-2-
phenylethynyl)-dibenzo-18-crown-6 under certain
conditions, with given parameters, as well as the
possibility of calculating the depth of this chemi-
cal transformation [29].

With a detailed analysis of the mathematical
model of the interaction of the initial substances of
a chemical reaction, it is possible to control the
kinetic parameters of the process [30].

Mathematical modeling of the synthesis of
4’ 4’ -di-(1-methyl-1-hydroxy-2-phenylethynyl)-
dibenzo-18-crown-6 by the Favorsky reaction us-
ing the STAT program was carried out. The objec-
tive functions in mathematical modeling were the
quantitative yield and the rate of formation of the
main product. The working functions were given
the reaction time - the duration of the presence of
substances in one volume, and the reaction tem-
perature.

On the iconogram of the mathematical mod-

KOH

Ci
/CH3 C6H6 ©/

el for the synthesis of 4’,4"'-di-(1-methyl-1-
hydroxy-2-phenylethynyl)-dibenzo-18-crown-6
(Fig. 1, 2), the temperature and duration of the
reaction have an "extreme" character:

The range of the reaction time is given tak-
ing into account the literature data and is 3 hours.

The dependence of the yield of the target
product w(y) on the temperature t and the reaction
time has the form:

w = —122,23 + 3,04x, — 0,017x +

(M
+ 1,67 x,— 0,36x3

where: w - yield of 4',4"-di-(1-methyl-1-hydroxy-2
-phenylethynyl)-dibenzo-18-crown-6 (%); x; -
temperature (°C); X, — reaction time (hour).

Model: y=b0+b1%x1+b2"x142+h3*x2+b4"x2"2
2=(-36.13670)+(1.628431)%+(-0.007848197)"x"2+(- 1 458884)"y+(-0.04451085)"y"2

8.017
9.382
0748
2.213
3479
5836
6.210
7578
8931
ag7
2762
4.038
5493
6.769
8.124
9.580

AR

Figurel. Iconogram of mathematical modeling of the synthesis of
4’,4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6.

Model: z=b0+b1%1+b2%x142+h3*x2+hA™2%2
72(0.1328686)+(0.0161264)"+(-7 3264e-005)"¢'2+(-0.1753242)"y+(0 00921866)"y"2
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Figure 2. Iconogram of the dependence of the reaction rate of
4’,4"’-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6 on temperature and reaction time.
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The STAT program was used to simulate
the reaction rate of the formation of 4°,4""-di-(1-
methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6 depending on the temperature and reac-
tion time:

z= —17,19 + 0,68x, — 0,0041x% +

+3,76 x, + 0,53 x3 2)
where: z- rate of formation of 4’,4"'-di-(1-methyl-
1-hydroxyethynyl)-dibenzo-18-crown-6 (mol/
1's-10-3); x; — temperature (°C); X, — reaction
time, residence time of substances in the reactor
(hour).

The technological criterion for optimizing
the conditions for the synthesis of 4',4""-di-(1-
methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6 was taken as the maximum yield:

w(x;, X3) = max 3)

The optimum of the mathematical model is
achieved at a fixed output of 4°,4""-di-(1-methyl-1
-hydroxy-2-phenylethynyl)-dibenzo-18-crown-6
has the form:

w = b+ byx, + boxi + byx, + byx3 “4)
differentiating the “w” of this equation with re-
spect to each of the variables x; and x, we obtain:

ow

Esz+2ble: 0 (5)

ow
g=b; + 2byx,=10

When solving the system of equations, we
find the values x; and x,:

b,

i and )Cz:—?
2 4

2b,

(6)

X =—

When substituting the found values of the
coefficients b;, b,, b; and b, from equations (1-6),
we find the optimum points x; and x;:

X1 = 76,8 °C; x,= 2,96 hour, w = 68,7%;
z= 2,48-10"*mol/Ih.

Mathematical processing of synthesis re-
sults 4" 4"-di-(1-methyl-1-hydroxy-2-
phenylethynyl)-dibenzo-18-crown-6

Table 1
Dependence of the yield of 4",4""-di-(1-methyl-1-
hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 on
the reaction temperature

t; 12013040 )50 |60 |70 |80]90] 100
yi | 1412032147 54]62|70]65] 64

——vyield of acetylenic
30 alcohol DB18KG

20 30 40 50 60 770 80
Reaction temperature, °C

90 100

Figure 3. Dependence of the yield of 4",4""-di-(1-methyl-1-
hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 on the reaction
temperature.

The mathematical model faces the task of
determining the relationship and the mathematical
dependence of the product yield y as a function of
f(x) - the reaction time. The analytical dependence
y= f(x) is connected by the variables x and y.

To solve this problem, we use one of the
methods of analytical dependence - the method of
least squares.

The Table 1 shows the results of experi-
mental data on the synthesis of 4",4""-di-(1-methyl
-1-hydroxy-2-phenylethynyl)-dibenzo-18-crown-
6, where y; is the yield of the target product, t; is
the reaction temperature (Fig. 3).

The analytical dependence of the yield of
4’ 4" -di-(1-methyl-1-hydroxy-2-phenylethynyl)-
dibenzo-18-crown-6 y, and the reaction tempera-
ture t, has the form:

y=at’ +bt’ +ct+d , @)

where a, b, ¢, d - coefficients leading to changes
in the yield of the target acetylenic alcohol de-
pending on temperature.

The sum of squared deviations for given
parameters with coefficients - should be kept to a
minimum:

9
E(a,b,c.d) = Z[__\': —at? — bt? —ct; —d]* =min (8)
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With respect to the given parameters, the partial derivatives of the function E(a, b, c, d) have the

form:
S
0E(a,b,c.d) .
i, ! 8 22‘[)-I —atf — bt7 —ct; —d] x (—t?)
da
I=1
0E(a,b,c.d) -
2ld.2ed) _ Zz[” — at? — bt? —ct; —d] x (—t?)
db .
I=1
3E(a.b.c.d)
R =2 ) [y - at — bt —ct; —dl X (=t)
dc .
iI=1
dE(a.b.c.d)
—ag = 212_1[)‘1- —at? — bt] —ct; —d] x (—1)

©)

(10)

(In

(12)

Let us represent the extremum of the function of parameters a, b, ¢ and d equal to zero:

aE(a,b,c,d)_O ,
oa B

OE(a,b,c,d) 0
ob

OE(a.b.c.d) _
oc ’

OE(a.b,c.d) _
od

Transforming the equations we get:

S
2) Iy — at? - bt? — ct; — d] x (~£7) =0

=1

S
22“‘1‘ —at? — bt? —ct; —dl x (—£2) =0

I=1
S
ZZ[)'i —at? —bt? —ct;—dl x (=) = 0
1=1
S
22“‘1‘ —at? —bt? —ct;—dl x (-1) = 0

i=L

We bring this system of equations into the following form:

Zt;’a +Zt,5b +z t;‘c+z tid = ) yt?
i=1 i=1 i=1 i=1 i=1

9 9 9 9 n
Zt?a +Zt;‘b +Zt,~3c+thd =Z y;i tf
i=1 =1 i=1 i=1 i=1

9 9 9 9 n
Zt,“a+Zt,3b +thc+Ztld= yiti
i=1 f=1 i=1 =1 i=1

(13)

(14)

(15)

(16)

7

(18)

(19)

(20)

21

(22)

(23)
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9 9 9 n

Ztﬁa +Ztﬁb +Zt:c+ nd = Z__\-: (24)

1=1 I=1 I=1 i=1

To find the coefficients, we solve the matrix:
r 9 9

9 9 1

Z(q)é Z(ms Z(q)‘ Z(m!
iI=1 i=1

t) Zu Zu yi - (8 [

i ( ti ,)!

-

w I

—_
ot
2

wm

[\/] °

—
-

=

=1 =1

=1
9

I’_)a Z(f )' tf Z\'I 'tf
i=
9

] (25)

—
H"?
2
'™
M °
—
-~

i=1 i=1

i=1 i=

t;)* Z t; 9

9
“i=1 =1 i=1 dti=1

-

Vi

~
o+
p—
w
M o
P
-

The value n indicates the number of experiments performed at different temperatures, for a given synthe-
sis of 4,4"'-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 temperature range 20-100 °C, n=9 .

Let's simplify the temperature value by introducing the variable t', which will reduce the tempera-
ture value by a factor of 10 to: f t

10 - (26)

Then, the definition of the given coefficients a, b, ¢ and d has the form of the following analytical
dependence: X 5
y=at” +bt'"" +ct'+d 27)
Let us compose a system of linear algebraic equations for given coefficients:

2293433a+262038,1b+32069,20c+4055,764d =112941,7
262038,1a+32069,20b+4055.764c+538,14d =16672.04 (28)
32069,20a+4055,764b+538,14¢+76,4d=2550,2
4055,764a+538,14b+76,4c+12d=410

Solving the system of these equations for a, b, c and d, we obtain the values of the required param-
eters.
a=—0,104; b=1,858; c=—5,60; d = 11,464 (29)
Thus, the analytical temperature dependence of the yield of 4°,4""-di-(1-methyl-1-hydroxy-2-
phenylethynyl)-dibenzo-18-crown-6 has the form:
y =—0,104t"+1,858t”-5,60t'+11,464. (30)
To compare the experimental data with the obtained parameters of the analytical dependence, we pre-
sent the results of the yield of 4°,4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 in Table 2.
Table 2

Comparative data (calculated and experimental) dependence of the yield of 4°,4""-di-(1-methyl-1-
hydroxy-2-phenylethynyl)-dibenzo-18-crown-6 on temperature

Ne | Temperature, | Temperature, | Experimental | calculated
t °C data data
1 20 2 14 16.422
2 30 3 20 27.371
3 40 4 32 38.014
4 50 5 47 49.680
5 60 6 54 58.159
6 70 7 62 67.725
7 80 8 70 72.456
8 90 9 65 69.852
9 100 10 64 65.578
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For visual comparison of the experimental
and calculated data on the yields of 4°,4""-di-(1-
methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-
crown-6, a graph was plotted (Fig. 4):

al -
70 -
60 -
5 -
a1 -
a0 -
20
10 4
|

e Experimental data

¥oeild, %

e Calculated data

200 30 403 50 60 FDOBD 40 10

Reaction temperature, "C

Figure 4. Comparison of experimental and calculated yield data
for 4°,4"'-di-(1-methyl-1-hydroxy-2-phenylethynyl)-dibenzo-18-

-dibenzo-18-crown-6 satisfactorily.

Previously, a time variable was introduced.
Now, based on the obtained analytical dependence
(3), the analytical formula for the variable t has the
form

y =-0,1043+1,8582-5,60+11,464 (32)
or
y =-0,000104t’+0,01858t*-0,560t+11,464 (33)

Conclusion

A mathematical model for the synthesis of
4’4"’ -di-(1-methyl-1-hydroxy-2-phenylethynyl)-
dibenzo-18-crown-6 was created, the optimum syn-
thesis, analytical dependences of the rate and yield
of the reaction product depending on time were de-
termined and reaction temperature.

A mathematical formula is proposed to de-
scribe the yield of 4',4""-di-(1-methyl-1-hydroxy-2-
phenylethynyl)-dibenzo-18-crown-6. The experi-
mental data correlates with the calculated ones. The

constructed analytical dependence
y =-0,104t"+1,858t"-5,60t'+11,464
describes the chemical process for the synthesis

of 4°,4""-di-(1-methyl-1-hydroxy-2-phenylethynyl)

10.
11.

12.

15.

16.

17.

crown-6. proposed mathematical model makes it possible to

predict the kinetics and conditions of the process. If
necessary, this model can be supplemented with
new required ratios to obtain more accurate quanti-
tative characteristics of the synthesis of 4",4""-di-(1-
methyl-1-hydroxy-2-phenylethynyl)-dibenzo- 18-
crown-6.

When comparing the data in Table 2, the

€2))
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