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Conversion of propylene in the course of its hydroesterification with 
carbon monoxide and alcohol depends on the kind of alcohol used. Reactivity 
of alcohols decreased in the following order: primary > secondary > tertiary 
alcohols. Addition of organic bases increased the reaction rate and changed 
the reaction order. The increased temperature (130— 140°C) enhanced the 
conversion of propylene while the molar ratio of product isomers (n-butyl 
n-butyrate/n-butyl isobutyrate) remained constant: 3.6 i 0.1. 

Under the conditions of hydroformylation of olefins esters can be formed from alcohol; 
arising in homogeneous hydrogenation of forming aldehydes or from alcohols intentionally 
used as solvents for olefins [1] 

*R-CH 2 CH 2 -COOR 
R - C H = C H 2 + R - O H + CO-

Co8(CO)8 
> R - C H - C O O R 

I 
CH3 

This reaction, so far not realized on industrial scale, is also interesting [14] from the 
technical point of view. The known results of hydroesterification of olefins were obtained 
mainly in the presence of methanol [2 — 7]. There is, however, lack of detailed information 
about the formation of isomers and especially about the possibilities to hydroesterificate 
the olefins with different kinds of alcohols. 

Experimental 

Substances 

Propylene of 99.4% (w/w) purity was prepared by contact dehydration of isopropyi 
alcohol on alumina and purified by freezing out. 

Carbon monoxide — 98.8% (w/w), contained 0.4% (w/w) of hydrogen, 0.3% (w/w, 
of carbon dioxide and 0 .1% (w/w) of oxygen. 

Dicobalt octacarbonyl was prepared from cobalt oxides at total pressure of the synthesi; 
gas (CO : Ha = 2 : 1) of about 200 kp cm - 2 at 150°C in light petroleum and recrystallized 
from light petroleum to spectral purity. 

Pyridine (Lachema, Brno) was distilled before use; b.p. 115.4°C/754 Torr, nf? 1.502& 
df 0.9868 g cm-3 . 
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Triethylainine (Lachema, Brno) was distilled before use ; b .p . 89°C/745 Torr , dl° 0.726 g 

cm"3. 
Methanol (Lachemi , Brno) — anal , g rade . 

Ethanol was dried before use, chromatographica l ly pure . 

/i-Propyl, isopropyl, n -bu ty l , i sobutyl , íerí-butyl, n -penty l , n-octyl , n-nonyl , n-decyl , 

/i-undecyl, and ^-dodecyl alcohols (Lachema, Brno) were distilled before use, ch romato -

grapliically pure. 

Analytical 

Saponification niunber was de te rmined t i t r imetr ica l ly [28]. n -Bu ty l n - b u t y r a t e a n d 

«•butyl isobutyrate were de te rmined chromatographica l ly as described previously [29]. 

Procedure 

Alcohol (2 moles) was placed in a half-litre stainless steel ro t a t ing au toc lave a n d a small 
test tube containing 3.56 millimoles of dicobal t oc tacarbonyl dissolved in a small p a r t 
of alcohol used was fastened to t he t he rmomete r t u b e . The autoc lave was t h e n closed, 
three times flushed with carbon monoxide in order t o remove t h e a i r a n d propylene 
(0.5 mole) and carbon monoxide were in t roduced unt i l i ts pressure reached 100 k p c m - 2 . 
The autoclave was t h e n hea ted in the vert ical posit ion a n d after a t t a in ing t h e react ion 
temperature it was t i l ted t o horizontal posit ion whereby the ca ta lys t came into con tac t 
with the reaction mix tu re . This m o m e n t was considered as t h e zero t ime of t h e react ion. 
Temperature and pressure of the react ion mix tu re were recorded in 5 — 10-minute in tervals . 
After termination of react ion, b u t no t la ter t h a n after 3 hours , the p roduc t was discharged 
through a condenser, weighed a n d analyzed. 

R e s u l t s a n d D i s c u s s i o n 

In the course of hydroesterif ication t h e conversion of propylene wi th carbon monoxide 
and alcohols to alkyl esters of n- and isobutyric acids a t 160°C decreases wi th t he length 
of hydrocarbon chain of t h e corresponding alcohol (Fig. 1). While wi th me thano l a n d 
ethanol the conversion goes u p t o 8 0 % , wi th higher alcohols a n d wi th dodecyl alcohol 
the conversion is only abou t 2 2 % (w/w). 

Primary alcohols react under t he condi t ions of hydroesterif icat ion unambiguous ly 
to form the corresponding esters. I n t he presence of secondary alcohols, in addi t ion t o 
their esters, also t he hydroformyla t ion p roduc t s a n d dia lkyl ke tones are formed [8]. 

Table 1 

Alkoxy radical AH0 [kcal mole - 1] 

C H 3 0 . 2 
C 2 H 5 0 . - 6.6 
n-C 3 H 7 0. —11.0 
г-С 3 Н 7 0. - 1 5 . 0 
n-C 4 H e O. - 1 7 . 0 
г-С 4Н вО. - 1 8 . 0 
iert-C 4 H 9 0. - 2 4 . 0 
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Increased affinity to the formation of ketones can be observed mainly when lower: 
the molar ratio alcohol/olefin. Decrease in the conversion of propylene can be observ-
in the sequence: n-butyl alcohol (42.5%), isobutyl alcohol (36.0%) and tert-hutyl alcot 
(15.0%). 

The low yield of tert-hutyl esters observed in the case of tert-hutyl alcohol can 
explained, in addition to existing steric hindrance, also by a shift of a electrons oft: 
C->0 bond caused by the induction effect (+1) of tert-hutyl residues and thus by changn 
the character of the O —H bond. 

The values of enthalpies of formation (AH0 at 298 K) for the corresponding alko: 
radicals as the products of homolytic dissociation of the RO—H bond [9] vary in rati. 
wide range (Table 1). The alkoxy radicals possessing negative AH0 values are more stab: 
Binding energy, D, of tert-hutyl alcohol (tert-CJigOU) is 103 kcal mole - 1 or 110 h 
mole - 1 [10] which is 1 or 8 kcal mole - 1 more than that of n-butyl alcohol (n-C4H90E 

The ratio of isomeric n-butyl n-butyrate and isobutyrate in the reaction product d& 
not vary with temperature and is about 3.6 (Fig. 2). Similarly as with other alcohols al 
in hydroesterification of propylene with butanol the ratio of n-butyrate/isobutyrate 
essentially constant and reaches the value of 3.5 i 0.1 (Fig. 1). Conversion of propyk 
to its C8-esters increases with increasing temperature. At 170°C the conversion is 6d 
(w/w) whereas at 180°C 63% (w/w). 

Kinetic measurements of hydroesterification of cyclohexene and methanol [11] show-
that the reaction is of the zero order with regard to olefin and of the first order m. 
regard to methanol. Linear time function of log(£>0 — Рк)\(рь — рк) is a criterion oft: 
first order reaction [12] supposing that the change of olefin concentration in the com-
of hydroesterification is proportional to the decrease of CO pressure 

In Vo — Рк = kt, 
pt — рк 

where p0 is the pressure of carbon monoxide at zero time, 
pt is the pressure of carbon monoxide at the time t, 
рк is the terminal pressure of CO at assumed 100% conversion. 

Ci Сг Cj Ct, C$ C6 C7 C8 Cg C10 C f l C^ 

alkanoL 

Fig. 1. Effect of the kind of alkanol on the 
conversion of propylene in the course of 

hydroesterification. 
О primary n-alcohols; Л isopropyl 
alcohol and isobutyl alcohol; • tert-hutyl 

alcohol. 
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Fig. 2. Effect of temperature on t! 
conversion of propylene and on i 
mass-ratio of C8-esters found in hydr 

esterification product. 
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As can be seen from Fig . 3, t h e initial velocity of hydroesterif ication of propylene w i t h 

„.butyl alcohol corresponds t o t h e kinetics of t h e first order react ion. We suppose t h a t 

after addition of pyr idine t o t h e react ion m i x t u r e (curve 5, Fig . 3) t h e propert ies of t h e 

catalyst are, due t o t h e p a r t i a l s u b s t i t u t i o n of CO l igands in Co 2 (CO) 8 molecule b y pyr id ine 

or as a consequence of homomolecular d i sproport ion of cobalt carbonyls [26], modified 

& 

0 0.2 0Л 0.6 0.8 

addition of pyridine, moles /mole of oropvlene 

Fig. 3. Effect of pyr idine a n d t r ie thylami-

ne on the kinetics of hydroesterif ication 

of propylene a t 170°C. 

1. triethylamine (0.1 mole) ; 2. n o a d d i t i o n 

(standard exper iment) ; 3. p y r i d i n e (0.1 

mole); 4. pyridine (0.14 m o l e ) ; 5. pyr id ine 

(0.3 mole). 

Fig. 4. Effect of pyr id ine on t h e conver­

sion of propylene a n d on t h e mass-rat io 

of formed C 8-esters. 

so that by addit ion of 0.3 mole of pyr id ine per 1 mole of propylene t h e react ion order 

becomes visibly fractional. Affer a d d i t i o n of s t ronger base, for e x a m p l e t r i e t h y l a m i n e 

(Fig. 3), the hydroesterif ication is slowed d o w n a n d pract ica l ly s tops. I n our previous 

work we have found t h a t some s u b s t i t u t e d der ivat ives of pyr id ine, for e x a m p l e ^-picoline, 

increase the rate of hydroesteri f ication [13]. 

la spite of t h e fact t h a t t h e m e c h a n i s m of hydroesteri f icat ion was n o t inves t igated 

in detail we suppose, on t h e basis of several indicat ions [21] t h a t it is similar t o t h e me­

chanism of hydroformylat ion [ 1 5 - 1 7 ] . Cobalt carbonyls [Co 2 (CO) 8 a n d Co 2 (CO) 7 ] can 

react with alcohols t o form a lkoxycobal t t r icarbonyls a n d corresponding cobal t carbonyl 

hydride. The la t ter forms in t h e presence of a n olefin n- a n d isoalkylcobalt t e t r a c a r b o n y l s 

which exist in t h e equi l ibr ium [18, 19] a n d c a n r e a r r a n g e b y shifting t h e CO molecule 

to the corresponding acylcobal t carbonyls . T h e react ion of acylcobal t carbonyl w i t h 

alkoxycobalt carbonyl leads finally t o t h e format ion of a n alkyl ester of a l iphat ic acid. 

The addition of pyr id ine p r o m o t e s t h e t o t a l conversion of olefins in t h e course of 

hydroesterification. I f t h e conversion of propylene in control e x p e r i m e n t s is 5 6 % , a d d i t i o n 

°f 0.2 mole of pyr idine per mole of propylene would raise it u p t o 9 3 % u n d e r t h e same 

conditions. The increase of pyr id ine c o n c e n t r a t i o n in hydroesteri f icat ion m e d i a causes 

the decrease of ?i-butyl тг-butyrate/n-butyl i s o b u t y r a t e ra t io (Fig. 4). I f t r i e t h y l a m i n e 
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is added to the reaction mixture the hydroesterification does not practically pro^ 
(Fig. 3). Triethylamine probably forms a stable, catalytically ineffective complex w: 

cobalt carbonyls, similarly as it was observed in the experiments with ammonia [20, t 
On the other hand [23], it is known that even stronger bases (diethylamine, KB = 1.26 
X 10 - 3 , pyridine, KB = 1.4 X 10~9 and triethylamine, KB = 5.65 x 10"4) do not reti 

the hydroformylation of methacrylate [22]. This observation can be explained byt; 
fact that these amines are able to bind free acids formed in hydrolysis of esters byt 
effect of water present in used raw materials. The binding of free acids also elimina-
their negative effect [21] on cobalt carbonyls. Finally, it should be mentioned tk 
mainly at higher temperatures, the amines can play the role of hydrogen donors in t: 
reaction of olefins with carbon monoxide catalyzed by dicobalt octacarbonyl. This react; 
can lead to corresponding acid amides [24], similarly as the reaction of primary andsecc 
dary amines leads to alkylacyl amines and dialkylacyl amines, respectively. Strong ba,v 
which do not possess nitrogen-bonded hydrogen (for example tertiary aliphatic amine 
have similar negative effect on hydroesterification forming the stable complexes w: 
cobalt carbonyls. 

From the results of hydroesterification of propylene with alcohols and carbon monox:: 
it follows that, mainly at temperatures higher than 140°C, the hydroesterification 
olefins can, due to the increased concentration of alcohols formed by homogenec. 
hydro genation of aldehydes [8, 21, 25] in the reaction medium, proceed as a simultan« 
reaction. The same is true when alcohols are used as solvents [1, 21, 24]. 
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