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Abstract

Objectives. To study the possibility of one-pot synthesis (combination of two processes in one reactor) for the following pairs
of processes: (1) dehydration of 2-hexanol and isomerizing alkoxycarbonylation of the resulting 2-hexene, in order to obtain 2-hexyl
heptanoate, and (2) dehydration of 2-hexanol and isomerizing methoxycarbonylation of the resulting 2-hexene, in order to obtain methyl
esters of C, carboxylic acids. To investigate the effect of the concentrations of 2-hexanol and methanol on the rate of the one-pot synthesis.

Methods. One-pot synthesis was studied in a toluene medium in a steel batch reactor designed to operate at elevated pressure and
equipped with a glass insert, a magnetic stirrer, a sampler, and gas input and discharge devices. Samples of the reaction mass were taken
during the combined process and were analyzed by means of gas—liquid chromatography with a flame ionization detector.

Results. The possibility of ome-pot combination was demonstrated for 2-hexanol dehydration catalyzed by methanesulfonic
acid, as well as for the isomerizing alkoxycarbonylation of the resulting 2-hexene with 2-hexanol and CO, catalyzed by the
Pd(PPh,),Cl,-XANTPHOS-methanesulfonic acid system. The dependencies of the rates of the dehydration of 2-hexanol and the
formation of esters of C,, carboxylic acids on the concentration of 2-hexanol were shown to pass through a maximum. The possibility
of the one-pot process was proved for the synthesis of esters from 2-hexanol, methanol, and CO with the predominant formation
of heptanoic acid esters in the presence of the above catalytic system. The rates of dehydration of 2-hexanol and the formation of 2-hexyl
esters of C, carboxylic acids were found to decrease with increasing the concentration of methanol in the reaction mass. Under mild
conditions (temperature 115°C, CO pressure 3 MPa) with the addition of methanol, the total fraction of 2-hexyl and methyl heptanoic
acid esters among C, carboxylic acid esters was determined to be 85.5%.

Conclusions. The reactions of intramolecular acid—catalytic dehydration of 2-hexanol and isomerizing alkoxycarbonylation of the resulting
2-hexene, catalyzed by the Pd(PPh,),Cl,-XANTPHOS-methanesulfonic acid system, can be performed as a one-pot process. Methanesulfonic
acid simultaneously functions as a catalyst for the dehydration of 2-hexanol and a cocatalyst for the palladium—phosphine system for the
alkoxycarbonylation of hexenes. In the presence of the Pd(PPh,),Cl,~XANTPHOS-methanesulfonic acid catalytic system, processes for
the synthesis of heptanoic acid esters from 2-hexanol, methanol, and CO can be combined within one reactor. An increase in the methanol
concentration negatively affects the rate of the dehydration of 2-hexanol and the formation of 2-hexyl esters of C, carboxylic acids. A small
amount of methanol in the reaction mass leads to an increase in the fraction of heptanoic acid esters among C, carboxylic acid esters.
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HAYYHAA CTATbA

BnusHue rekcaHosna-2 u MeTaHoJ1a Ha COBMeELLEeHHbIN
npouecc aerngparauvm v ankoKkCUuKapooHnnIMpoBaHus
AN CUHTEe3a CJIOXHbIX 3(dUpoB
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AHHOTaUus

I_Ie.lm. HBy‘lI/ITB BO3MOXHOCTU COBMEUIICHUSA B OJHOM PEAKTOPE NPOLECCOB!: 1) JAeruaparaiuuu rekcaHosyia-2 u HU30MEPUBYIOLICTO aJIKO-
KCI/IKap6OHI/IJ'II/Ip0BaHI/I${ 06pa3y10mer005{ rexceHa-2 JJIS TOJTy4YC€HUS 2-FeKCHJIFeHTaHO&Ta; 2) Aeruaparanuu reKcaHoiia-2 u HU30MEpHU3y-
omero MeTOKCI/IKap6OHI/IJ'II/IpOBaHI/I${ 06pa3y10merocsl TeKceHa-2 Jyist TOJTY4YCHUS METHIIOBBIX 3(1)I/IpOB Kap60HOBLIX KHCJIOT C7. HUccneno-
BaTb 3aKOHOMCPHOCTH BJIMSHUSA KOHICHTpAallun TreKCaHoJIa-2 ¥ METaHOJIa Ha CKOpPOCTb COBMEUICHHOTO IpoLecca.

MeToasl. CoBMENIEHHEIH MPOLECC H3yUalld B CPeJie TOMYoJIa B IIEPHOIMIESCKOM CTATBHOM PEaKTope, PACCINTAHHOM Ha paboTy IPH I10-
BBIIICHHOM JaBJI€HHUHU, CHA0)KEHHOM CTEKJITHHOM BCTAaBKOM, MAarHUTHON MEIIAJIKOH, TpoO0OTOOPHUKOM, yCTpOHCTBAMHU BBOA M cOpoca
razos. OTOupaemMsblie B X0/ie COBMEIIEHHOTO MpoIecca MpoOb! PeaKI[OHHON MacChl aHATTM3UPOBAIN METOIOM Ta30-KHIKOCTHOH XpoMa-
Torpaduu ¢ IIaMEHHO-MOHN3AIMOHHEIM JIETEKTOPOM.

Pesynbrarsl. [TokasaHa BOSMOKHOCTb COBMEILCHHS B OTHOM PEAKTOpE ACTHApPATALMU I'eKCAHONIA-2, KaTaIM3UPYeMOil MeTaHCyIb(o-
KHCIIOTOM, U W30MEPHU3YIOUIETO AIKOKCUKapOOHWIMPOBaHUS 00pasyromierocsi rekceHa-2 rekcanonoM-2 u CO, KaTaau3upyeMoro Cu-
cremoii Pd(PPhy),Cl,~XANTPHOS-MeTanCynb()OKHCIOTA. YCTAHOBIEHBI SKCTPEMAIIBHBIE 3aBUCUMOCTH CKOPOCTEH AETHIpaTAIuH
reKcaHona-2 u 06pa3oBaHus CIOKHBIX YPUPOB KapOOHOBBIX KUCIOT C., OT KOHIEHTpAluK rekcanona-2. Ilokazana BO3MOKHOCTb peann-
3alUH COBMEILICHHOTO B OJHOM PEaKTOpe Mpolecca CHATE3a CIMKHBIX 2QHUPOB U3 rekcanona-2, meranona 1 CO ¢ mpeuMyIIeCTBEHHBIM
00pa30BaHUEM CIOKHBIX 3()HPOB TENITAHOBOW KUCIOTHI B IPUCYTCTBUH YKAa3aHHOM KaTalUTHYECKOH cucteMbl. OOHAPYKEHO CHIDKCHUE
CKOPOCTEH JIETH/IpaTaluy rekcanona-2 1 00pa3oBaHus 2-reKCHIIOBBIX d(GUPOB KapOOHOBBIX KHCIOT C,, ¢ YBENMYEHNEM KOHICHTPAIHH
METaHOJIa B PeakIMOHHON Macce. B markux ycnoBusx (temmeparypa 115°C, nasnerne CO 3 MIla) B mpucyTcTBUE J0OABOK METaHOIA
ompe/ieieHa CyMMapHast 0J1st 2-TeKCHIIOBOIO U METHIIOBOTO 3(DMPOB I'€NTAaHOBOM KUCIOTBI CPEIH CIOKHBIX dGUPOB KaPOOHOBBIX KHC-
not C,, koTopas cocTauia 85.5%.

BbiBoabI. Peakuny BHYTPUMONEKY/IAPHOH KHCIOTHO-KATAIUTHYECKON JETHAPATALMN I'eKCAHOIa-2 U M30MEPHU3YIOIIEro aJIKOKCHKap-
OoHMIMpPOBaHUs 00pasylomerocs rekcena-2, karamusupyemoro cucremoit Pd(PPh,),ClL,-XANTPHOS-merancymbpokuciora, MOryT
OBbITh COBMEIIICHBI B OJHOM peakTope. MeTaHCyab()OKHCIOTa OJJHOBPEMEHHO BBINOJIHAET (YHKINH KaTalnu3aTopa JernipaTaliy rek-
caHoJa-2 M cOKaTaau3aropa naaiaani-GpochuHOBOIM cuCTEMBI ATKOKCMKapOOHMIMPOBAHUS I'€KCEHOB. B MPUCYTCTBUY KaTaIuTHYECKOIT
cuctembl Pd(PPh,),Cl,—XANTPHOS-meTancynb(okucioTa MOTYT ObITh peaqn30BaHbl B OHOM PEAKTOPE MPOLECChl CUHTE3a CIIOK-
HBIX 3()MPOB TeNTaHOBON KHUCIOTHI U3 TekcaHona-2, Mmeranona u CO. YBennueHne KOHIEHTPAIMY METaHOJIa HEraTHBHO BIIMSET Ha CKO-
POCTH JIerHIpaTallii IeKkcaHona-2 1 0Opa3oBaHue 2-TeKCUIIOBBIX 3(QHpPOB kapOoHOBbIX kuciaoT C,. HebonbIue koaudecTsa MeTaHoa
B PEAKIHOHHOM Macce NMPUBOAAT K YBEINUCHHIO JOJIM CIOKHBIX 3(UPOB IenTaHOBOMH KUCIOTBI CPEN CIOXKHBIX 3(GUPOB KapOOHOBBIX
kucinor C,.
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Ana unTUpoBaHuga

CesocresinoBa H.T., barames C.A., Poquonosa A.C., Koznenxo /1.K. Biusinue rekcanosna-2 u MeTaHoja Ha COBMEILEHHBIH MPOLIECC J1erH-
JIpaTaliy U aTKOKCUKapOOHHIMPOBAHHUS ISl CHHTE3a CIOKHBIX 3GUpoB. Tonkue xumuueckue mexnonoeuu. 2024;19(3):192-201. https://
doi.org/10.32362/2410-6593-2024-19-3-192-201

INTRODUCTION compounds give esters. In the former case, it is mainly

homogeneous catalysts based on rhodium and iridium
CO-based syntheses are used to obtain a wide range compounds with the addition of iodides which are
of organic products. For example, carbonylation used, since not alcohols, but alkyl iodides are directly
of alcohols and alkoxycarbonylation of unsaturated carbonylated [1, 2]. These processes primarily use
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methanol and ethanol which produce carboxylic acids
and esters as the main products, and hydrocarbons and
ethers as by-products. In the latter case, the most active
catalysts are considered to be homogeneous systems
based on palladium compounds with organophosphine
and H-acid promoters. In the presence of such
systems, alkoxycarbonylation yields only isomeric
esters [3, 4]. The alkoxycarbonylation of alkenes,
which occurs with the cleavage of the C—C = bond,
is energetically preferable to carbonylation of alcohol,
which requires the cleavage of the C—O o bond.
However, some alcohols are more accessible than
alkenes. Previously “one-pot synthesis” (combination
of two processes in one reactor) was shown to be
possible for the dehydration of (primary and
secondary) alcohols and carbonylation of the resulting
alkenes to form esters and carboxylic acids in the
presence of homogeneous palladium catalysts and
p-toluenesulfonic acid (TsOH) [5-8]. In particular,
a one-pot process based on cyclohexanol and CO was
carried out in the presence of homogeneous catalytic
systems based on Pd(PPh,),Cl, [6], PdCI, [7], and
Pd(OAc), [8] in combination with the promoting
additive PPh; and TsOH. TsOH was a catalyst for
the dehydration of cyclohexanol and a cocatalyst
for the alkoxycarbonylation of cyclohexene.
However, of practical interest is the synthesis
of esters of aliphatic acids, primarily, of a linear
structure, which as a rule are of the greatest
value. For example, heptanoates and decanoates

are components of hormonal drugs (testosterone
preparations) [9]. High selectivities for esters of linear
carboxylic acids are achieved in alkoxycarbonylation
catalyzed by means of palladium systems with
some diphosphines, mainly tert-butyl-substituted
diphosphines [10-16] and diphosphines of the
XANTPHOS group! [17, 18]. These include in the
case of alkenes with internal position of the C=C
bond (isomerizing alkoxycarbonylation). Isomerizing
alkoxycarbonylation consists of two stages: migration
of a multiple bond from the internal position to the
terminal position and subsequent alkoxycarbonylation
to form an ester with a mainly linear structure.

The purpose of this work was to study the possibility
of one-pot combination of the following processes
(Fig. 1): (1) dehydration of 2-hexanol (1) and isomerizing
alkoxycarbonylation of the resulting 2-hexene (2),
in order to obtain 2-hexyl heptanoate (product 3a,
reactions (1), (2)); and (2) dehydration of alcohol 1
and isomerizing methoxycarbonylation of alkene 2,
in order to form methyl esters of C, carboxylic
acids (products 4a—4c, reactions (1), (3)) aimed
at increasing the rate of the process of obtaining esters;
as well as to investigate the effect of the concentration
of alcohol 1 and methanol on the rate of the one-pot
process of ester synthesis.

The catalyst used in the one-pot processes being study
was the Pd(PPh,),Cl,~-XANTPHOS-methanesulfonic
acid (MsOH) system. This catalytic precursor was chosen
due to its highest level of activity in a model one-pot

WYWM*

+CO+/\/Y 4, p, cat

OH |(2)

tLH

W CeHi>
-H,0 2

1 OH (1)

+CO + CH3;0H| ¢, p, cat
(3) 0

/\M(O\ +

4a 0] 4b

W/\/\

4c O

‘ Fig. 1. Scheme of the one-pot synthesis of esters from 2-hexanol, methanol, and CO

1

XANTPHOS is an organophosphorus compound C;,H;,0P, obtained from heterocyclic xanthene.
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process based on cyclohexanol and CO in comparison
with PdCl, and Pd(OAc), [6-8]. XANTPHOS and
MsOH were used as components of catalytic systems for
isomerizing alkoxycarbonylation [17, 18].

EXPERIMENTAL

The one-pot process was studied in a toluene
medium (Komponent-Reaktiv, Russia) in a steel
batch reactor (Russia) according to the published
procedure [8]. During the experiments, the temperature
was maintained at 115°C, and the pressure of a 1:1
mixture of CO (BK Group, Russia) and Ar (Arton,
Russia) was 6.1 MPa. The concentrations of the
components of the catalytic system were as follows, mol/L:
C(Pd(PPh,),Cl,)=2.0- 1073 (TCI, Japan), ((XANTPHOS)=
= 2.5 - 1073 (BIOSYNTH CARBOSYNTH, USA), and
C(MsOH) = 0.16 (Sigma-Aldrich, France).

Samples of the reaction mass were taken during
each experiment and were analyzed by means of gas—
liquid chromatography with a Crystallux-4000M
chromatograph (Meta-Chrom, Russia) with a flame
ionization detector and argon carrier gas. The carrier
gas flow rate was 1.0 mL/min; and the flow splitting
1:60. The evaporator and detector temperatures
were 300 and 320°C, respectively. The components
of the reaction mass were separated in an Optima-5
capillary column (MACHEREY-NAGEL, Germany);
30 m x 0.32 mm; film thickness 0.35 pm; temperature
programming mode: isothermal mode 80°C for 5 min,
intherange 80-220°C at a heating rate of 20 deg/min, in the
range 220—280°C at a heating rate of 8 deg/min, isothermal
mode 280°C for 2.5 min. Peak areas were calculated using
the NetChrom? program. The chromatogram peaks were
identified by retention time by comparing them with
the retention times of standard samples of substances.

The concentrations of substances 1-4 were calculated
by the internal standard method and decane was used
as an internal standard (EKOS-1, Russia). The internal
standard was introduced at a constant concentration into
the reaction solution in toluene before the start of the
experiment. Toluene was chosen as a medium for the
one-pot synthesis as the most commonly used solvent
for alkoxycarbonylation processes [6-8, 15, 19-22].
Insignificant (total yield of no more than 8%) amounts
of ethers, heptanoic acid, and 2-methylhexanoic acid were
formed as by-products.

RESULTS AND DISCUSSION

The possibility of the one-pot combination of the dehydration
of alcohol 1 and the alkoxycarbonylation of resulting
alkene 2 was tested in experiments 1 and 2 (Table 1). The
mostreactive ofall alcohols inalkoxycarbonylation is known
to be methanol [23]. In this regard, the one-pot synthesis
was performed using both alcohol 1 and methanol (Table 1,
experiments 3, 4). The yields of products 3a—3¢ were
calculated by the formula:

C(3a-3c¢)

nGa=3o =" cw)

-100%, (A)
wherein C(1) is the initial concentration of alcohol 1,
mol/L; C(3a-3c) are the concentrations of esters at the
end of the process, mol/L.

The yields of products 4a—4c¢ were calculated by the
formula:

C(4a—4c)

n(4a—4c) = C’(Tpl—l)

-100%, (B)
wherein  C(CH;OH) is the initial concentration
of methanol, mol/L; C(4a—4c) is the concentrations
of esters at the end of the process, mol/L.

Table 1. Results of the study of one-pot processes based on alcohol 1 and CO (experiments 1 and 2), as well as alcohol 1, methanol, and

CO (experiments 3 and 4); the time of the processes was 7 h

Product yield, % Conversion
of alcohol 1, %
Exp. No. C(1),M | C(CH,0H), M
3a 3(atb+c) 4a 4(at+b+c) 1
1 0.500 - 36.1 60.3 - - 94.7
2 1.000 - 10.4 20.0 - - 39.5
3 0.250 0.250 10.7 13.7 13.9 15.6 66.4
4 0.500 0.500 5.4 7.2 5.1 6.1 423

2

https://www.meta-chrom.ru/catalog/soft/netchrom/. Accessed February 28, 2024.
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Table 2. Initial rates of alcohol 1 dehydration (), formation of product 3a (r3,), and formation of the sum of products 3a+3b+3¢ (73,3}, 3.

in experiments 1, 2, and 5-7

Exp. No. | C(1), mol/L 7y + 102, mol/(L-min) 32 * 10%, mol/(L-min) Fiasabise * 104 mol/(L-min)
1 0.500 1.70 2.2 3.0
2 1.000 0.85 0.9 1.3
5 0.150 0.26 0.6 0.7
6 0.300 1.21 2.5 3.5
7 0.750 1.01 1.6 2.2

The conversions of alcohol 1 and methanol were
calculated by the formula:

C'(1,CH,OH)

1,CH,OH) =
L CLOM =4 e, om)

100%, ©
wherein C’(1, CH;0H) is the concentration of alcohols
at the end of the process, mol/L.

As the data in Table 1 shows, in the presence
of methanol, the yields of products 3(a+b+c) decreased,
and the total yield of methyl and 2-hexyl esters was also
lower when compared with experiments 1 and 2. The
intermediate products in all experiments were 1-hexene
and 2-hexene. The by-products were heptanoic acid,
2-methylhexanoic acid, and also ethers.

The effect of the concentration of alcohol 1 on the
rate of the one-pot synthesis of ester products 3a—3c¢ was
studied in a series of one-factor experiments (Table 2,
experiments 1, 2, 5-7). This consisted of varying the
concentration of alcohol 1 in a toluene medium and
keeping other reaction conditions constant (in the
absence of methanol). Table 2 presents the initial rates
of the dehydration of alcohol 1 (), the formation
of product 3a (r3,), and the formation of the sum of
products 3a+3b+3c¢ (73, 3p,3.) in the one-pot process.

Table 3. Initial rates of alcohol 1 dehydration in experiments 4
and 8—11 with the addition of methanol; in all experiments,
C(1)=0.500 M

Exp. No. C(CH;0H), mol/L | 7y - 102, mol/(L-min)
8 0.025 1.48
9 0.050 1.29
10 0.150 1.10
11 0.300 0.90
4 0.500 0.78

Note: experiments are listed in order of increasing methanol
concentration.

The rate r; was calculated from the slope of the initial
portion of the curve for the total formation of free
hexenes, esters, heptanoic acid, and 2-methylhexanoic
acid. The rates of ester formation were calculated from
the slopes of the initial portions of their accumulation
curves.

As the data in Table 2 shows, the dehydration rate
reached its highest value at an alcohol 1 concentration
of 0.500 mol/L. The rates of ester formation were
the highest at C(1) = 0.300 mol/L. The fraction
of product 3a among resulting esters 3a—3¢ ranged from
57.5% at C(1) = 0.300 M to 74.7% at C(1) = 0.15 M.
The conversion of alcohol 1 in the latter case reached
89.7%.

At the next stage of research, the effect of methanol
on the one-pot process was studied in a series of one-factor
experiments. This process simultaneously involved
alcohol 1, methanol, and CO. In these experiments
(Table 3, experiments 4, 8-11), the concentration
of methanol was varied, and the initial concentration
ofalcohol 1 was 0.500 M. Table 3 presents data on changes
in the initial rate of the dehydration of alcohol 1. Figure 2
illustrates the dependencies of the initial rates of the
formation of products 3a—3¢ and 4a—4c.

3.5
3.0
2.5
2.0

L5

7+10% mol/(L-min)

1.0

0.5

~NoW R

0 0.1 0.2 03 0.4 0.5
C(CH,0H), mol/L

Fig. 2. Dependencies of the rates of the formation of products
(1) 3a, (2) 3a+3b+3c, (3) 4a, and (4) 4a+4b+4c in the one-pot
process based on alcohol 1, methanol, and CO
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As the data in Table 3 (in comparison with the
results of experiment 1, Table 2) and Fig. 2 shows,
an increase in methanol concentration led to a decrease
in the rates of the dehydration of alcohol 1, the
formation of product 3a, and the formation of the sum
of products 3a+3b+3c. The dependencies of the rates
of the formation of products 4a, 4b, and 4¢ passed
through a maximum. The total fraction of products 3a
and 4a among the resulting esters ranged from 53.7%
at C(CH,OH)=0.025M t0 80.3% at C(CH;0H)=0.50 M.
However, the conversion of alcohol 1 in the latter case
was only 42.3%. In experiments 1-10, the fraction
of products 3a+4a among the various esters was the
largest (85.5%) in experiment 3.

Liquid-phase dehydration of secondary alcohols

under conditions of acid catalysis occurs by
the £1 mechanism [24]:
(l)H
CH;(CH,);CH—CH; + H"
4)
@
o
CH3(CH2)3CH_CH3 —_—
-H,0
(5)
i @
+ H,0
—>CH3(CH2)2C|/I}LCH—CH3 (—62)>

®
—> CH;(CH,),CH=CHCH, + H;0

The dehydration of alcohols is known to be
complicated by side reactions of the formation of ethers.
In our studies, an increase in the concentration of alcohol 1
to 0.500 M led to an increase in the rate of dehydration.
With a further increase in the concentration of alcohol 1,
solvation of the carbocation formed in reaction (5)
by molecules of alcohol 1 apparently progressed,
resulting in the formation of by-products (ethers) and
a decrease in the rate of intramolecular dehydration.
Under the action of methanol, these negative processes
probably occur more actively, resulting in a decrease
in the rate of the formation of hexenes as the methanol
concentration is increased.

By-products of heptanoic and 2-methylhexanoic
acids can be formed in two ways: by the hydrolysis
of esters 3a, 3b, 4a, and 4b and the hydroxycarbonylation
of 1-hexene and 2-hexene. This is similar to that
described previously for the one-pot process based
on cyclohexanol and CO [7, §].

The established dependencies of the rates of the
formation of products 3a—3c¢ in the one-pot process based
on 2-hexanol and CO, as well as those of products 4a—4c¢

in the one-pot process based on 2-hexanol, methanol,
and CO, pass through a maximum. This is consistent
with the data on the alkoxycarbonylation of cyclohexene
using cyclohexanol and methanol, catalyzed by the
Pd(PPh,),Cl,~PPh,~TsOH system [21, 22]. The
ascending branches of such dependencies are due
to the participation of alcohols as co-reagents
in alkoxycarbonylation. The descending branches
appear to be associated with the involvement of these
components in ligand-exchange reactions leading to the
formation of catalytically inactive palladium complexes
(reactions (7), (8)) [21, 22].

Pd(PPhs),(Tol), + ROH
Pd(PPhs),(ROH)(Tol) + Tol

%

Pd(PPh;),(Tol), + 2ROH
Pd(PPh;),(ROH), + 2Tol

®)

The decrease in the rates of the formation
of products 3a and 3a+3b+3c¢ and the total rate of the
formation of esters 3a+3b+3c+4a+4b+4c in the presence
of methanol is presumably a consequence of a decrease
in the rate of the dehydration of alcohol 1. At the same
time the addition of methanol leads to an increase in the
fraction of linear esters.

CONCLUSIONS

The possibility of one-pot combination was determined
for the intramolecular acid-catalytic dehydration
of alcohol 1 and the isomerizing alkoxycarbonylation
of the resulting 2-hexene, catalyzed by the
Pd(PPh,),Cl,-XANTPHOS-MsOH  system. MsOH
simultaneously served as a catalyst for the dehydration
of 2-hexanol and a cocatalyst for the palladium—phosphine
system of alkoxycarbonylation of hexenes. The
dependencies of the rates of the dehydration of alcohol 1
and the formation of 2-hexyl esters of C, carboxylic
acids on concentration of alcohol 1 were shown to pass
through a maximum. The main product of the one-pot
process was 2-hexyl heptanoate. The rates of the
dehydration of alcohol 1 and the formation of 2-hexyl
esters of C, carboxylic acids were found to decrease with
increasing methanol concentration. The dependencies
oftherates ofthe formation of methyl esters of C, carboxylic
acids on the concentration of methanol were demonstrated
to pass through a maximum. The highest selectivities
for heptanoic acid esters (up to 85.5%) were obtained
at a molar ratio of 2-hexanol : CH;OH = 1:1. Thus,
further studies of the one-pot process based on 2-hexanol
and CO with the addition of methanol should be aimed
at finding optimal conditions, in order to ensure high
yields of heptanoic acid esters.
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