656 CHEMICKE ZVESTI 22, 656—661 (1968)

A Contribution to the Study of Hydroformylation
of Halogenoolefins
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Vinyl chloride and allyl chloride were not hydroformylated even if dicobalt
octacarbonyl concentration was as high as 2—6 9. After hydroformylation of
allyl chloride from the reaction mixture were isolated cobaltous chloride,
organic polymer and 1,5-hexadiene.

The attempts to hydroformylate halogenoolefins have been already reported
[1—3], however, no positive results have been achieved. On the other hand, M. H.
El-Makhzangi [4] succeded in hydroformylation of some halogenoolefins viz. vinyl
chloride to a-chloropropionaldehyde and identified also acrolein and propionaldehyde
in the product. The preparation of fluoroaldehydes and fluoroalcohols via hydroformyl-
ation of fluoroolefins [5] and, in general, the synthesis of halogenoaldehydes, starting
from substituted halogenoolefins with temperature being in the range 95—115 °C [6]
has been patented. We succeeded in hydroformylation [7, 8] of fluoroarylallylethers
and chloroarylallylethers to the corresponding fluoroaryloxyalkanals or chloroaryl
oxya.kanals in a high yield. On the other hand, the experiments on hydroformyla-
tion of 1,2-dichloroethane carried out under similar conditions, and, eventually at sub-
stantially higher concentration of dicobalt octacarbonyl [9] have failed. It was assu-
med [9] that it was because of high temperature (140—150 °C) under which hydrogen
chloride can be split off, decomposing in turn dicobalt octacarbonyl giving rise to
cobaltous chloride, hydrogen and carbon monoxide.

The aim of the presented work was to shed light on the mentioned contradictions.

Experimental

Materials

Allyl chloride, b. p. 44.5 °C/748 torr; bromine number 208.2 g Br,/100 g; water contents
0.03 % (w).

4-Chlorophenylallylether, b. p. 106—107 °C/12 torr; d3° = 1.1293 g/cm?; iodine number
102.2 g 1/100 g.

2,4-Dichlorophenylallylether, b. p. 121.6 °C/8 torr; hydroxyl number 0; bromine number
'81.2 Br,/100 g; d2° = 1.2602 g/em?; n3) = 1.5536.

Dichloroethane was of analytical grade.

Dicobalt octacarbonyl and an equimolar mixture of carbon monoxide and hydrogen
‘have been specified already [10], the other, mostly auxiliary substances were of analytical
grade.

Procedure

To half or one liter stainless steel autoclaves was added the needed amount of chloro-
-olefin, a solvent if necessary other additives, dicobalt octacarbonyl and, in some experi-
ments, after removing air was added propylene, and always an equimolar mixture of
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carbon monoxide and hydrogen so that the pressure of ca 155 at was reached. The rotating
autoclave was heated in order to reach the desired temperature. Both temperature and
pressure were recorded in 5 min intervals. In the experiments when hydroformylation
was performed at the temperature higher than 120 °C the catalyst i. e. dicobalt octacarbo-
nyl was transferred into the reaction mixture from a special vessel attached inside of the
autoclave only after the desired temperature was reached and at that moment also the
rotation began. The time, when the temperature was reached was taken as the staring
point for measurements. The experiments were continued until the decrease of pressure
stopped. In the experiments in which hydroformylation did not work, they were inter-
rupted only after 4—6 hours. The autoclave was cooled down, and the product
weighted. The reaction rate was determined from the decrease of pressure and the reaction
constants were calculated from the known kinetic equations [11].

The analysts of the product from hydroformylation of allyl chloride N

The product was filtered in an atmosphere of nitrogen. A solid consisting, according the
elemental analysis of cobalt, chlorine, carbon and hydrogen, was triturated and washed
with light-petroleum and dried in an inert atmosphere. Infrared spectra (in KBr pellets)
of the reaction product and dry CoCl, were measured using an UR-10 (VEB Carl Zeiss,
Jena) infrared spectrometer.

A sample of the product (0.5022 g) was then refluxed in 100 ml of distilled water for 40
minutes, filtered, the insoluble residue was again extracted with 50 ml of water for 30
minutes, filtered and dried. The resulting brown-yellowish product represented 5.2 9,
(0.0236 g) of the original sample. In a similar manner an additional amount of the insol-
uble residue was prepared. Its elemental analysis (79.21 9, C, 12.6 9, H, 3.74 9%, Cl) was
performed and also was run its infrared spectrum (in KBr).

A pink filtrate was first concentrated in order to crystallize out CoCl, . 6H,0. The
crystalline product was identified by the analysis of cobalt and chlorine.

The analysis of the product after removal of solids was carried out employing gas-
-liquid chromatography. A column (3 X 200 mm) was packed with an adsorbent (grain-
-size 0.12—0.15 mm) treated with 5 9; of a stationary phase consisting of Tridox (alkyl-
polyglycolether) and Slovafol (alkylphenolpolyglycolether) in the ratio 1: 1. As a carrier
gas was used hydrogen at a flow rate 60 ml/hr, column temperature 82.7 °C. Retention
times for n-hexane, 1,5-hexadiene, allyl chloride and toluene were 1 min 18 s; 1 min 30 s;
2 min 15 s; and 11 min 36 sec, respectively.

Results and discussion

The results of the experiments on hydroformylation of propylene in the presence
of allyl chloride, vinyl chloride and dichloroethane along with the results of hydro-
formylation of allyl chloride, vinyl chloride and 4-chlorophenylallyl ether alone, as
well as the reaction conditions are listed in Tab. 1. The course of some experiments
is demonstrated on Fig. 1.

From the presented results it can be seen that allyl chloride in not hydroformylated
even at 4—6 9, concentration of dicobalt octacarbonyl at 100—140 °C. In its pre-
sence or in the presence of vinyl chloride neither hydroformylation of propylene can
take place. The retardation effect of dichloroethane and namely allyl chloride on hydro-



Table 1
Hydroformylation of propylene in the presence of chlorinated hydrocarbons or chloroolefins alone
o o Batch consisted of [g] . . g .g s .§ )
o a Chlorinated hydro- o) 5 = 2 e g,
g ,_8.. Propy- i y Solvent 8 ﬂé_‘ . 3 g .g g i 5| g é Ig Remarks
S5 | e 5 | 550 |EEEElSSEnEE
e compound amount | compound | amount o HAL OF 02038 LM oS

0./ — allyl chloride 38 toluene 50 1.7 75 6 0 —

1 — allyl chloride 76.5 — - 1.7 100 7 0 —

0.7 — allyl chloride 38 butanol 50 0.86 100 6 0 —

1 — allyl chloride 76.5 butanol 50 1.7 120 6 0 — with addition
of 0.3 g of
pyridine

1 — allyl chloride 76.5 toluene 50 1.7 140 4 0 —

1 50 dichloroethane 25 toluene 25 0.58 143 41/2 91 —

1 50 dichloroethane 26 toluene 0.58 140 4 89 —

1 50 allyl chloride 17 toluene 34 0.58 140 31/2 24 —

1 50 — — toluene 50 0.58 140 21/2 99.5 9.7 reference
experiment

50 vinyl chloride 14 toluene 50 0.58 140 3 14.5 — 0.5 g of hy-
drochinone
added

50 vinyl chloride 14 toluene 50 0.58 140 41/2 0 — 0.5 g of hy-
drochinone
added

1 — vinyl chloride 31 toluene 50 1.0 140 4 0 —

1 — allyl chloride 76.5 toluene 50 3.0 100 5 0 —

1 — allyl chloride 76.5 toluene 50 5.0 140 4 0 —

1 — 4-chlorophenyl-

allylether 70 — — 1.0 150 11/2 99 5.0

— 2,4-dichlorophe-

nylallylether 100 — — 0.58 140 1 99 6.5
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I'ig. 1. The course of hydroformylation of oo . , .
propylene alone and in the presence of 70 |
dichloroethane and allyl chloride at 2
141 4+ 2°C and 1.16 9% (w) of dicobalt b0 .
octacarbonyl. 50 -
1. propylene in absence of chlorinated hyd- 0 ]
rocarbon (reference experiment); 2. in the
presence of 0.22 mol. of dichloroethane; 90 7
3. in the presence of 0.22 mol. of allyl 20 3 -
chloride. 10 i
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formylation of propylene is evident (Fig. 1). The obtained products do not contain
cobalt carbonyls presenting thus an evidence that hydroformylation was retarded or
completely stopped by decomposition of hydroformylation catalyst. This effect was
more pronounced in the attempts to hydroformylate vinyl chloride and allyl chloride,
respectively, when, even at low temperatures (75—140 °C) and a high concentration
of dicobalt octacarbonyl hydroformylation, as the matter of fact, has not been started.
On the other hand, hydroformylation of 4-chlorophenylallyl ether and 2,4-dichloro-
phenylallyl ether proceeds at a similar rate as hydroformylation of higher olefins [12]
and the reaction rates check with the first-order kinetic equation. It follows that
the deciding fact for hydroformylation is the stability of C—halogen linkage in organ-
ic halogen-containing compounds and the possibility to split off hydrogen halogenide
or hydrogenolysis. The C—F linkage is stronger than C—Cl one (bond energy of C—F
is 107 keal, of C—Cl 66.5 kecal). Consequently, fluoroolefins are easily hydroformyl-
ated to fluoroaldehydes [5]. Allyl chloride readily forms complexes with cobalt
carbonyls facilitating thus the removal of halogen, the process favoured by stabilising
effect of n-electrons of the double bond. However, this is not the case with dichloro-
ethane, even if hydrogen chloride can be split off readily; in its presence hydroformyl-
ation of olefins still can be carried out. If chlorine is attached to an aromatic nucleus
neither the removal of hydrogen chloride can be considered.

From the reaction mixtures resulting from our attempts to hydroformylate allyl
chloride was isolated a compound resulting from reaction or decomposition of cobalt
carbonyls with allyl chloride. Comparing the infrared spectra of this compound and
that of pure cobaltous chloride they were shown to be almost superimposable. So,
under the conditions of hydroformylation dicobalt octacarbonyl is decomposed by
allyl chloride and vinyl chloride giving rise to cobaltous chloride. As it was found
[13, 14] the latter, being the salt of a very strong acid, stronger than cobalt hydro-
tetracarbonyl, cannot under the given conditions form cobalt tetrahydrocarbonyl,
the catalyst of hydroformylation.

Extraction and erystallisation of the given compound afforded pure cobaltous
chloride, in addition to the rest of water-insoluble organic compound, which formed
5.24 9, of the original sample. From the elemental analysis (79.21 9%, C, 12.62 9%, H,
3.75 9%, Cl) and the infrared spectrum with the absorption bands at ¥ (cm—1) 3040—
—2800, maxima 2930 (s) and 2870 (m), 1800—1690 with maxima at 1760—1710 (m),
1490 —1420 with maxima at 1460 (m) and 1390—1375 (w) it was evident that we
were dealing with an organic compound. It originated probably from polymerisation
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-of the reaction products of dicobalt octacarbonyl with allyl chloride, or also by
copolymerisation with allyl chloride.

Finally, in the liquid product after separating the compound resulting from de-
.composition of dicobalt octacarbonyl with allyl chloride, by gas-liquid chromato-
graphy was identified 1,5-hexadiene which on hydrogenation on palladium was
converted to n-hexane. 1,5-Hexadiene originated probably from allyl chloride by the
action of cobalt carbonyls e. g. dicobalt octacarbonyl:

4CH,=CHCH,C] + Co,(CO), - 2CH,=CHCH,CH,CH=CH, + 2CoCl, + 8CO.

‘The situation is presumably analogous to that reported [15—18] on action of nickel
tetracarbonyl on allyl chloride.

PRISPEVOK K STUDIU HYDROFORMYLACIE HALOGENOLEFINOV

V Macho, J. StfeSinka

Vyskumny tstav pre petrochémiu,
Novéky

Pri hydrofoimyldcii propylénu pri teplote okolo 140 °C a koncentrécii 1,16 9%, hm.
-oktokarbonylu dvojkobaltu mé dichléretdn retardaény uéinok, avSak v pripade vinyl-
-chloridu a alylchloridu hydroformyldcia uz takmer neprebieha. Samotny vinylchlorid
a alylchlorid sa dokonca ani pri koncentracii 2—6 9, oktokarbonylu dvojkobaltu (na
hmotu alylchloridu) nehydroformyluji. Naproti tomu 4-chlérfenylalyléter i 2,4-dichlér-
fenylalyléter sa lahko hydroformyluju a rychlost je porovnatelnd s rychlostou hydro-
formylédcie vyssich olefinov.

Rozhodujica pre hydroformyldciu halogénolefinov alebo olefinov za pritomnosti
halogénuhlovodikov je predovSetkym pevnost vézby uhlik—halogén, ako aj schopnost
-odstiepovat halogénvodik. V pripade alylchloridu sa z produktu izolovala tuhd ldtka,
pozostdvajica z 94,8 9, chloridu kobaltnatého a 5,2 9, organického polyméru. V kvapal-
nom produkte sa zistil 1,5-hexadién. Jednou z reakeii bol zrejme rozklad oktokarbonylu

«dvojkobaltu alylchloridom:
4CH,=CHCH,CI 4 Co,(CO)y — 2CH,=CHCH.,CH,CH=CH, +{ 2CoCl, 4 8CO.

N3YYEHUE I'JIJPO®OPMUJINPOBAHUSA T'AJIOTEHOJE®NHOB

B. Maxo, II. Crpemnuka

Hayuno-ncciefoBaTeIbCKH UHCTHTYT IETPOXIMIIN,
Hosaku

ITpu rugpodo pMUIMPOBAHNM NTPONUJIEHA ITpK TeMmeparype 140° u koHuenTpauuu 1,16 9
Bec. AMKO0aJIbTOKTOKAPGOHNIA NUXJIOPITAH AeiiCTBYeT KaKk 3aMe[JINTeNb, OJHAKO B cilydae
BUHWJIXJIOPMAA U QIUNIMAXJIOPHAA IMAPOoPOPMUIMPOBAHIE YiKe MOYTH He MPOTeKaeT. BuHMI-
XJ0pUA ¥ AIIMIXJIOPUA Jaxke INPU KOHIeHTpamum 2—6 %) nMKOGaILTOKTOKAPOOHUIA
(Ha Bec amIMAXIOPHUAA) He rMAPOPOPMMIMPYIOTCA. B MPOTUBOMONOMKHOCTD ATOMY 4-XJI0D-
Qerunammuaadup u 2,4-guxaopdeHnaananasgup Jerko rugpoGOpMHIMPYIOTCA, HpUYeNM
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CKOPOCTb HX THAPOQOPMILIMPOBAHIIA CPABHHUTEJbHA CO CKOPOCTHIO TIIAPO(YOPMUINDOBAHNA:
BBICIUMX 0JIe(UHOB.

Pewaromum npyu rugpodopMUIHPOBAHNH IATI0reHoIeQUHOB MIH 0Je(IHOB B IIPUCYTCTBHM
raJioreHyrieBOTOPOAOB fABIAETCA CUIA CBA3M YINIEPOJ—TAJIOreH, a TaKMe CIO0COOHOCTH
OTINEMJIATE TIOTEeHBOOPOA. B ciaydae anauixiopupa M3 MPOAYKTA BHENIUIN TBEPHOE:
BEIL[eCTBO, COCTOsIee U3 94,8 % xiaopucroro Kobambra 1 5,2 %, OpraHMUECKOro MoJNMepa.
B xupkom nmpopykre Haumin 1,5-rekcagueH. OgHON U3 peakiuit 670, OYEBHHO, Pa3Jo-
HeHMe MUK00ATbTOKTOKAPOOHNIIA ANITMIXIIOPUIOM:

[ SJURN O

© 0w =1 O

10.
11.
12.

13.
14,
15.
16.
17.
18.

4CH,=CHCH,CI -+ Co,(CO);, -~ 2CH,=CHCH.CH,CH=CH, + 2CoCl, + 8CO.

ITepeseaa T Juanunzeposa.
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