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STUDY OF INFLUENCE THE TEMPERATURE
ON THE REACTION OF DIENESYNTHESIS OF MONOESTERS
OF NORBORNENDICARBONIC ACID ON THE TOTAL
AND OPTICAL YIELD OF THE ADDUCT

Abstract. The influence of temperature of Diels-Alder reaction between cyclopen-
tadiene and monoesters of maleic acid to the yield of obtained adducts has been studied.
The optimum conditions of reaction have been founded. It is showed that at low tempe-
ratures the total yield of adduct has been decreased, but its optically yield increased. The
increasing of temperature lead to increasing of total yield. But optically yield is decrase.

Key words: cyclopentadiene, diene synthesis, monoesters of maleic acid, norborne-
nedicarboxylic acid.

It is known that maleic derivatives are one of the classical dienophiles in the
reaction of diene synthesis and a huge amount of work has been done in this di-
rection. However, research in this field continues to develop intensively and the
search for new applications of the adducts obtained remains relevant to this day.
Thus, the kinetic regularities of a second-order reaction between cyclopentadiene
and a series of dienophiles, including maleic anhydride and N-phenylmaleimide,
were studied in [1]. It is shown that in the dioxane medium, the reaction rate
constant for maleic anhydride is 1.22-10™ 1 / mole ¢, and for N-phenylmaleimide
1.22-10™" 1 / mole c, respectively, while the optimal rate for maleic anhydride is 2,
45-10% 1 / mole ¢, and for N-phenylmaleimide 2,30-10% 1 / mole s. The authors
note that the yield of the adduct in the case of maleic anhydride is 99.5%, and for
N-phenylmaleimide, respectively, exceeds 99.8%.

The reaction of anthracene-9-methanol and maleimide in an agueous medium
under the conditions of "green chemistry” was studied in [2]. It is shown that in
this reaction water serves not only as a solvent but also as an active catalyst. The
reaction proceeds according to the scheme:

O
O HN
O
v
. T

OH
OH

84



ISSN 1813-1107

M1 2018

The authors studied in detail the effect of solvents and the duration of the

reaction on the yield of the adduct.

Solvent Duration, h Yield of adduct, %
Heptane 4 42
n-Propanediol 4 47
Dioxane 4 51
H,O 1 78
H,O / LiCl 0,5 87
H,0 /NaCl 1 76

In [3], the rate constants of the reaction of diene synthesis between cyclo-
pentadiene (CPD) and various dienophiles, including those of maleic series, were

calculated. The authors give the results of the studies in table 1.

Table 1 — The values of the rate constants of Diels-Alder reactions
between cyclopentadiene and certain dienophiles

Diene Dienophile Configuration of adduct Rate constant, 1/mol ¢
CPD Maleic anhydride endo 0,008
CPD Maleic anhydride exo 0,002
CPD N-maleimide endo 0,001
CPD N-maleimide exo 0,024
CPD Di-n-propylmaleat endo 0,005

Diene condensation of maleic anhydride with isoprene in various media (ethyl
ether, butanol, isopropanol, diphenyl ether, dichloromethane, dioxane, ace-tone,
benzene, nitrobenzene, nitromethane, chloroform, THF) has been studied [4].

In continuation of these studies, diene condensation of CPD with various
dienophiles of the maleic series has been studied [5]. The reaction was carried out
at a temperature of 800°C. The authors give the results of the studies in table 2.

Table 2 — The yields of diene condensation adducts of the CPD with various maleic dienophiles

Diene Dienophile Yield of adduct, %
CPD Maleic anhydride 67
CPD Maleimide 70
CPD N-phenylmaleimide 80
CPD Diethylmaleat 43

In [6], the Diels-Alder reaction of CPD with maleic anhydride was studied at
room temperature in the absence of a solvent with the formation of an endo-
adduct in quantitative yield.
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The Diels-Alder reaction of 2-methoxybutadiene with maleic anhydride in
the presence of chiral Lewis acids (Al, B, Ti, Cu, La, Mg, etc. complexes), pro-
ceeding according to the scheme [7]:

O

O
/
+ ' N—R — N—R
MeO
O

MeO
O

The yield of the adduct was 98%, e.e. 93%.

In [8], diene condensation of 2,4-hexadiene-1-ol with maleic anhydride was
studied. The structure of the obtained isomeric adducts was confirmed by IR and
NMR spectroscopy.

The Diels-Alder reaction of a chiral cyclohexene derivative with N-phenyl-
maleimide was studied according to the scheme

IP\II—BenZ
AcO 0 AcO
/ d
+ | N—Ph —
O

The authors note [9] that the ratio of endo: exo isomers is 4.4: 1, and the
yield of the adduct is 53%. The reaction was carried out in a 1M solution of
CDCl; at a temperature of 250°C for 7 days.

The reaction of diene furo [3.4-b]-benzodioxin synthesis with various dieno-
philes, including maleic anhydride, is described in [10] and the formation of
stable bis-adducts is shown.

Diene condensation of allocymene with maleic and citraconic anhydride has
been studied, leading to the formation of preferentially endo-adducts [11]. As a
result of these reactions, new synthetic sesquiterpenoids were synthesized. The
structure of the adducts obtained is confirmed by X-ray spectroscopy.

In [12], the [4+2]-cycloaddition of substituted Al- and Mg-cyclopenta-2,4-
diones with dienophiles such as maleic anhydride, N-methylmaleimide and 1,4-
benzoquinone was investigated.

Thus, a review of these reports shows that studies in the field of studying
diene condensation based on maleic dienophiles continue to develop intensively
and are of great scientific and practical interest. In connection with this, our stu-
dies have synthesized monoesters of norbornenedicarboxylic acid by the reaction
of diene synthesis of cyclopentadiene and maleic acid monoesters, and optimi-
zation of this process has been carried out.
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Results and discussions

The aim of this work is to develop a regression mathematical model with the
subsequent solution of the optimization problem, as well as to study the process
of obtaining racemic and optically active forms of mono-esters of norbornene
dicarboxylic acid on this model.

The synthesis of the optically active forms of the corresponding compounds
was carried out in the presence of a catalyst, a chiral menthol complex with
aluminum chloride in a benzene solvent medium according to:

COOR e
COOH

COOR

COOH
I -Vl VII - Xl

R =1 - CgHy (I1; VII); i - CHy (111, VII); 1 - CyHg (IV; 1X); i - C4Hg (V; X);
cat.* — AICI,OMent
temperature — -40 : +20°C

O (VI; XI)
solvent — CgHg;

Physic-chemical parameters and yields of synthesized adducts are presented
in table 3 [14].

Table 3 — Physico-chemical parameters of synthesized monoesters of norbornene dicarboxylic acid

0
Compound | Configuration fBrutto- T C dg’, n2
ormule melt. boil. (mm.Hg) g/ml D
VI 25, 3S (+) CioHiOs | 140-142 - - -
VI s CqoH1604 138-139 - - -
IX “r Cq3H1504 135-137 - - -
X - Cy3H150,4 138-139 - - -
Xl = Ci15H2004 115 - - -

To find the optimal conditions that ensure the maximum total and optical
yields of the compounds was obtained, the influence of temperature and the ratio
of the catalyst: dienophile was studied. The molar ratio of the catalyst: dienophile
was varied from 0.25: 1 to 0.5: 1, the reaction temperature was changed in the
range (-) 50: (+) 40°C.

The results of studies using isopropyl monoester of norbornenedicarboxylic
acid (1) are presented in table 2, 3.
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Table 2 — Effect of temperature on the total yield of the isopropyl monoester

of norbornenedicarboxylic acid

Temperature, Molar ratio Total yield of adduct,
°c catalyst : dienophile %
-50 05:1 77
-40 05:1 79,8
-30 05:1 82
-20 05:1 84,5
-10 05:1 87

0 05:1 89
10 05:1 93
20 05:1 96
30 05:1 99
40 05:1 99
-50 03:1 79
-40 03:1 81
-30 03:1 83
-20 03:1 85
-10 03:1 87
0 03:1 89
10 03:1 91
20 03:1 92,5
30 03:1 94
40 03:1 99
-50 025:1 78,5
-40 0.25:1 80
-30 025:1 82
-20 0.25:1 84,2
-10 025:1 86
0 0.25:1 88,6
10 025:1 91
20 025:1 93,5
30 025:1 96,5
40 0.25:1 99
-50 02:1 77,5
-40 02:1 79
-30 02:1 81
-20 02:1 83
-10 02:1 85
0 02:1 87
10 02:1 89
20 02:1 92
30 02:1 94,5
40 02:1 974
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As can be seen from table 2, the greatest yield of the adduct is observed in
the region of positive temperatures o f 30-40 C, whereas at low temperatures the
total yield of the adduct decreases.

Table 3 — Effect of temperature on the optical yield of the isopropyl mono ester of

norbornenedicarboxylic acid

Temperature, Molar ratio Optically | yield of adduct,
oc catalyst : dienophile %
-50 05:1 65
-40 05:1 60,5
-30 05:1 57
-20 05:1 55,1
-10 05:1 54,6
0 05:1 55,6
10 05:1 58
20 05:1 62
30 05:1 67
40 05:1 74
-50 03:1 95
-40 03:1 86
-30 03:1 78
-20 03:1 72
-10 03:1 68
0 03:1 63,5
10 03:1 61,5
20 03:1 61
30 03:1 62
40 03:1 64,5
-50 0.25:1 97,2
-40 0.25:1 87
-30 0.25:1 78
-20 0.25:1 70
-10 0.25:1 64,5
0 0.25:1 60
10 0.25:1 57
20 0.25:1 55
30 0.25:1 54,8
40 025:1 56
-50 0.2:1 97
-40 0.2:1 85,5
-30 02:1 75,4
-20 02:1 67
-10 02:1 60
0 02:1 54
10 02:1 50
20 02:1 a7
30 02:1 45,8
40 02:1 45
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From figure 2 it follows that the optimal optical yield of the adduct is ob-
served in the region of negative temperatures (-) 50°C at a molar ratio of 0.3: 1 to
0.2: 1. Under these conditions, the optical yield of the isopropyl monoester of
norbornene dicarboxylic acid is 95-97%.

With the help of the developed mathematical model in the form of a regres-
sion polynomial adequately describing the experimental data, optimal values of
the reaction input variables were found: catalyst: dienophile ratio equal to 0.3: 1,
temperature equal to (+) 40°C at which the maximum yield of the isopropyl mo-
noester of norbornene dicarboxylic acid was 99 %. However, under these con-
ditions, the optical yield of adduct was 64.3%. The maximum optical yield of
adduct (97.2%) is observed at a temperature of (-) 50°C and a catalyst: dienophile
ratio of 0.25: 1, but the total yield of adduct is 78.5%.
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Pe3iome

A. I'. I'acanos, 2. I'. Mameobeiinu, 1. I'. Aiobos, . M. Mameoosa,
M. M. I'ypbanosa, A. M. Mamedosa

HOPBOPHEHANKAPBOH KbIIIKbIJIBIHBIH MOHOS®UPJIEPIH
JUEH/I CUHTE3AEY PEAKLIMSACHI TEMITEPATYPACBIHBIH AJJAYKTIH
JKAJITIBI )KOHE OIITHUKAJIBIK HIbIFBIMBIHA OCEPIH 3EPTTEY

I{uknoneHTaaueH MEH MaJeHH KbIIIKBUIBIHEIH MOHOY(GHpIepl apackiHaarsl Juibca-
ANbIep peakuuschl TeMIIepaTypachlHbIH AJNbIHFaH aJIyKTEep/iH IIbIFBIMBIHA dCepi 3epT-
tenai. Peakuusi KYHiHIH OHTaMJIbl jKaFgainapbl aHBIKTAJABl. TOMEH TeMIlepaTrypajiapaa
QJUTYKTIH KaJIbl HIBIFBIMBI a3asTHIHBI, Q)1 OHBIH ONTHKAJIBIK IIBIFBIMBI apTAaThIHBI KOpce-
turni. Temmeparypa apTKaH cailblH aAIyKTiH JKaJIbl IIBIFBIMBI apTajbl, aj ONTHKAJIBIK
LIBIFBIMBI TOMEH/ICH .

Tyiiin ce3aep: LUKIONCHTAAWCH, IHSHII CHHTE3, MaJeUH KBIIIKBUIBIHBIH MOHO-
a¢uprnepi, HOpOOPHEHANKAPOOH KBIIIKBLIEI.

Pe3rome

A. I Tacanos, 2. I'. Mameobeinu, 1. I'. Aiobos, 1. M. Mameoosa,
M. M. I'ypbanoea, A. M. Mamedosa

U3YYEHUE BJIMAHWSA TEMITEPATYPBI PEAKIIAN TUEHOBOI'O CUHTE3A
MOHO5®1POB HOPBOPHEH/IMKAPBOHOBOU KUCJIOTHI
HA OBIIMIM Y OIITUYECKHNU BbIXOA AAAYKTA

W3ydeHo BiMsHHME TemiepaTypbl peakuuu Jluibca-Aubaepa MEXAy IHKIOICH-
TageHOM M MOHO3(HPaMH MAaJCHHOBOW KHCIOTHI Ha BBIXOJ ITOJNYYCHHBIX aITyKTOB.
OrmpezeneHbl ONTHMAaJIBHBIC YCIOBHS NMPOBEICHHS peakuud. [loka3aHo, 4TO MPH HU3KUX
TeMIepaTypax OOIIMH BBIXOJ aATyKTa YMEHBLIACTCs, TOT/AA KaK €r0 ONTHYECKUH BBIXOX
Bo3pacTaeT. C yBelMYEHNEM TeMIIepaTyphl 00N BEIXOA aJTyKTa 3aKOHOMEPHO BO3pac-
TaeT, a ONTHYECKHUH BBIXOJ CHIDKAeTCs.

KnaioueBsbie ci10Ba: UKIONEHTAIMEH, TUEHOBBIM CHHTE3, MOHOA(UPHI MaIEHHOBOM
KHCJIOTBI, HOPOOPHEHANKApOOHOBAs KHCIIOTA.
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