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ABSTRACT

Two cobalt-carbonyl oxo processes were devel-
oped to prepare useful products in high yield from
fatty derivatives. In one process, hydroformylation in
the presence of MeOH at 120 C gives dimethyl acetal
esters from either methyl oleate or oleic acid. In the
other, a two-step process, hydroformylation (120 C)
followed by hydrogenation (180 C) gives better yields
of hydroxymethyl esters from both mono- and poly-
unsaturated fatty substrates. Recycling the cobalt
catalyst was demonstrated for the second process.
The acetal and acetoxymethyl derivatives of the oxo
products have utility as polyvinyl chloride plasti-
cizers.

INTRODUCTION

Hydroformylation of unsaturated fatty derivatives has
been reviewed (1). Properties of C;g¢ hydroformylation
products vary according to the catalyst system used, and
many areas of applications for these oxo products are
known.

With methyl oleate, conventional hydroformylation
catalyzed by cobalt carbonyl produces a complex mixture
of isomeric formyl and hydroxymethyl derivatives (2-4). In
marked contrast, selective hydroformylation catalyzed by
rhodium-triphenylphosphine produces a mixture almost
exclusively composed of 9 and 10 isomers of methyl
formylstearate (5). The expensive rhodium catalyst,
recoverable from the solid support and distillation residues,
remains active and can be recycled (6). On this basis, a
laboratory-batch process for hydroformylating methyl
oleate was developed that permitted recycling of the
rhodium catalyst without significant loss of activity (7).

With polyunsaturated substrates, hydroformylation is
accompanied by double bond hydrogenation, and mono-
oxygenated derivatives are produced in lower yields than
with monounsaturated substrates (4). However, with the
rhodium-triphenylphosphine catalyst, hydroformylation of
polyunsaturates produces polyformyl derivatives in high
yields (6,8,9). Various rhodium-derived polyfunctional oxo
products proved useful in coating (10), urethane foam
(11-13), plasticizer (14,15), and lubricant (16) applications.

One advantage of the cobalt carbonyl system, besides
lower catalyst cost, is that it forms difunctional products
from polyunsaturated fatty substrates which may be
desirable in certain polymer applications. Also, these oxo
products can be reduced to hydroxymethyl derivatives with
cobalt carbonyl (4), but not with rhodium-triphenyl-
phosphine when a hydrogenation catalyst, such as nickel, is
required (5). Finally, cobalt-carbonyl oxo technology is
well advanced in the petrochemical field, and continuous
processes are used commercially (17,18).

Cobalt carbonyl catalysis was reinvestigated to deter-
mine if useful oxo derivatives can be prepared in high yields
and to explore ways of recycling the catalyst. This paper
reports two promising approaches to the high-yield prepara-
tion of potentially useful oxo products from fat derivatives.

EXPERIMENTAL PROCEDURES

Materials, analytical methods, hydroformylation proce-
dures, and preparation of derivatives have been described
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previously (4,5,8). Different work-up procedures were used
for different oxo products.

Formyl Derivatives

Hydroformylation of methyl oleate at 120 C in the
absence of MeOH (Table I, run 2) produced formyl esters,
which were converted to the dimethyl acetals (DMA) by
treating crude reaction mixtures with HCI-MeOH in the
presence of trimethylorthoformate (14). After neutraliza-
tion (aqueous Na,COj), a large portion of solid metallic
cobalt precipitated. Almost all the MeOH was removed with
a rotating evaporator under vacuum; then the residue was
taken up in diethyl ether and water and transferred into a
separatory funnel. As the lower aqueous layer was pink, it
contained the rest of the soluble cobalt catalyst. As the
DMA product after water washing and drying (Na,SO4)
was colorless, presumably it was free of cobalt.

The DMA esters produced directly by hydroformylation
in the presence of MeOH (Table I, runs 4,5, and 12) could
not be distilled directly because the enol ether of methyl
formylstearate (15) was formed by thermal cracking in the
presence of residual cobalt catalyst. Decomposition of the
cobalt catalyst with dilute HCI (4) resulted in hydrolysis of
the DMA esters to the formyl derivatives. The best proce-
dure consisted of treating the crude product with aqueous
Na, COj, stripping off the MeOH, and extracting the DMA
esters with diethyl ether. The cobalt catalyst remained in
the water layer as a pink solution.

Hydroxymethy! Derivatives

Hydroformylation of methyl oleate at 180 C (Table I,
run 8) produced hydroxymethyl esters, which were worked
up with dilute HCl to decompose the cobalt carbonyl
catalyst (4). In another procedure, hydroxymethyl esters
were made by first hydroformylating at 120 C (to form
formyl esters mainly) and then hydrogenating with the
same cobalt carbonyl catalyst at 180 C (Table I, run 9). By
this two-step procedure, metallic cobalt was precipitated in
the final reaction mixture and easily filtered off from a
benzene solution of the mixture. This precipitated cobalt
proved catalytically active under hydroformylation condi-
tions.

RESULTS AND DISCUSSION

Various oxo products were converted to suitable deriva-
tives, which can be distilled and analyzed by gas-liquid
chromatography (GLC). Formyl products obtained pre-
dominantly at 110-120 C (Table I) were converted to DMA
esters, which could be distilled in good yields in the absence
of cobalt carbonyl catalyst. However, if this catalyst
was not completely removed, substantial amounts of
enol ether (15) were formed during distillation. This
by-product was detected by IR (1050, 1070, 1110 cm-1)
and by GLC with methyl 9(10)-methoxymethylenestearate
(15) as the reference.

Hydroxymethyl products obtained predominantly at
180 C (Table I) were converted to various derivatives to
determine which were most suitable for distillation. The
distillation yields were highest after saponification, meth-
ylation, and acetylation (Table II). The lower yields from
direct acetylation (oleate product) or from methylation
followed by acetylation (oleic acid product) can be attri-



139

‘(o1ea1sqns 3 0T 1/3 §°1) 6 unI woig,

Ty y3m sed sisoyiuks aoeidal {0D: TH YiMm 21e[AWI050IpAY :3Ipadoid ae«m.oz&(;
(11 9[9eL) SaInpadosd UONBZIJBALIAP JUIISIIIP AQ PauleIqO SPIaIA J8ySTHg

‘(low €200°0) 1Au0qJed }j2qOD SE UOKIRIJUIIUOD JBJOW SWies

(S 1) 1ay}a [OU3 9,6°T S2PNIU[,

‘(Jowr £1°0) 21890 [AYy}awW SB WOIJBIJUIIUOD Je[oW swesp

*(p) oM snotaald Jo sISeq uo PILYUSP! (PAINNISANSIP-8 1 ‘1) SISWOSE 1L3ULT,

“(8) wiwi/) ¥ 18 092-091 € pawwesdord wwn[od YX [ € UQq

. ‘ad A}
I3BYS-I13}00J [W OST :9AB[D0INE ‘(JUSA[OS INOYIM 2)B1ISGNS 3 OT | ‘JUSAOS YIM Pash 2)eiisqns3 0§) [W (0T INIXIW UOIIOLAI JO SUWIN[OA [B30) ‘(% M §°S) sajeanjesunkjod 10 ajeajo jowr QQ1 sod 8(00)%0)
Jow §°Q *23eIedISIAYIDWAX0IPAY = SINOH °Sareiniesun = un ‘(3jeIesls + aleyywied :61-pI sunl ‘ojeseals :€I-I Suni) sajesnies = JBS ‘[AYIall = SN ‘9JBIS0E = OV ‘[BIddE [AYldWIp = VNG ‘2lHIUOzUaq

FRANKEL: COBALT CARBONYL HYDROFORMYLATION

APRIL, 1976

= ND ozuag ‘91BWIOJOyIIO[AYIawilt] = JOW.L ‘IO Paasul] = OST ‘S19)Sa paasul] [AYiow = OSTIN ‘SI2)sa Jamoljjes [Aylawl = Q4SO ‘pIde d19]0 = POE [O ‘8)L0 JAYIdW = [OI :SUOIIBIAAIGQE 0} A,

- $°8L €1 0°0 0t (OVO-aN) 9°L8 4 1:Z 081 QUON SuoN 0S1 61
8°t8 00 00 TSt (OVO) 0°L9 [4 0:1 081
T 11 ott QuoON QUON OSTN yst
€98 (1284 00 L6 (PFVO-VINQ) 768 9 I:1 0zl QUON HOSN OSTN L
- 9°6S 992 00 Let (OVO-VINQ) 0°T8 € [ (1741 AUON auanjoL OSTN 91
6’18 00 00 9°ST (OVO-3I) §°98 14 1:T 081 SUON suanjoL 04SN ST
- L'Te 0°'bs 00 €€l unijoN 9 1:1 or1 duoN auanjoL 04SN vI
- T'LL 8¢ $°C 991 3(dOVO-9N) 8°9§ € 1:T 081 QUON suanjoL pwE IO €1
L€ + §°88 TE 00 9t (VINQ) L'86 € 11 1X4! JuUON HO°I pRE 10 (A
- 276 + 81 v'€9 91 YL (VIA-2K) 296 4 11 ()4 JUON uanfoJ, PRE IO 4]
- >b'S + 961 €9 1T 9'8 uni joN S0 01 081
- '€ +LLI 1'z9 T8 9'8 1 1:T 081 pIsA[eled pasn) QuON 10K o1
e €11 + 0°S8 [al] 00 S°E (d°v0) 0'¢8 1 0:1 081
- 0°ST vLL 't S'€ (81 I:1 0zl QUON QUON 103N y6
-— 2S00 + S'vL 00 L1 €€l 3(d>vO) 0°SL 4 1:7 081 SUON auanjo] 10°IN 8
L'1€ 19 vt b's uni JoN 9 11 0S1 JNO ozueg ausnjoL 109N L
- '19 9'1€ S0 89 uni JoN 4 11 0ST1 QUON duanjo] IO°N 9
€6 + V9L L 90 $'9 (VINQ) $96 4 11 otl pdONL HOSIN 105N S
20+ ¥ 1L 26'81 00 Ly (VINQ) T'L6 S'E 11 0Tl QUON HO?IW 102N 14
50°L + 8°9L - Lot 00 [ (VINQ) 898 S I:1 otl pHOSW auanjol, 09N €
- 26°0 + 9°S¥ I'6L 00 v'v (VINQ) v'S6 ST 11 114! JUON auanjoL 102N 4
2TL +TL 195 6'vT 9% uni JoN 59 11 011 QUON auanjol 103N 1
VYINa SNOH jAuzo g uf) 188 (aa13eAlap) (%) @) 00:%H ()] 1sA[e1e3-0D FUEYN TN ajensqng ‘ou uny
1onpoid ajqennsig ENRS srnjeradwa],

(%) qsisAjeue sydesforewtoryd pinbij-sen

eSISA[E}E) [AUOQIBD 1]8q0D)

14714VL



140

JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY

VOL. 53

TABLE I

Analysis of Cobalt Carbonyl Oxo Derivatives

Distillable product

Gas-liquid chromatographic analysis® (%)

Run no.2 Substrate? Derivatization? (%) Sat Un Formyl Acetyld
8 MeOl OAc 75.0 10.4 0.0 0.0 79.5+10.1
Me-OAc 91.4 9.3 0.5 0.0 78.7 +11.5
Sap-Me-OAc 95.0 8.0 0.8 0.0 78.7 +12.5
13 Ol acid Me-OAc 56.8 5.5 2.3 3.0 80.9 + 8.3
Sap-Me-OAc 89.5 1.6 1.1 3.3 78.6 + 9.4
aGee Table 1. MeOl = methyl oleate, Ol acid = oleic acid.

boAc = acetylated, Me = methylated, Sap = saponified. See ref. 4 for procedures. Methylations were done by

refluxing with MeOH containing 1% H,S04 for 2 hr.

€On a JXR column programmed at 160-260 at 4 C/min (8).
diinear isomers (1,18-disubstituted) identified on basis of previous work (4).

buted to the presence of nondistillable estolides formed by
hydroformylation at high temperatures. Previous work
showed that under these conditions estolides and other
by-products are formed by cobalt carbonyl-catalyzed
hydroformylation (2-4).

In products containing substantial amounts of both
formyl and hydroxymethy!l esters, derivatization into
materials suitable for distillation was not too successful.
Some products were first converted to DMA esters and then
acetylated. However, IR studies indicated loss of OH func-
tionality (3500 cm-1) after acetalization with acidic MeOH.
When acetylation was carried out on formy! products, CHO
functionality (2700, 1740 cm-1) was lost. It is known that
aldehydes interfere with conventional acetylation by acetic
anhydride-pyridine when used for the analysis of hydroxyl
groups (19). DMA esters would also be expected to inter-
fere (14). Therefore, distillation yield data are not reliable
for those derivatives of products containing large amounts
of both formy! and hydroxymethy! esters.

Table 1 summarizes reaction conditions and main oxo
products from methyl oleate, oleic acid, safflower and lin-
seed methyl esters, and linseed oil. Formylstearate pro-
duced directly at 120 C from methyl oleate (79%) and
formylstearic acid from oleic acid (63%) were 95-96%
distillable as the DMA esters. However, they were mixed
with varying amounts of hydroxymethyl derivatives (Table
I, runs 2 and 11). In the presence of either a stoichiometric
amount (run 3) or excess MeOH (run 4), the DMA ester
formed as major product was mixed with 7-19% formyl
ester. Addition of trimethylorthoformate improved the
conversion to DMA ester and accelerated the rate (run 5).
This observation agrees with a similar report (20) on the use
of alcohols and orthoformic esters under hydroformylation
conditions to decrease side reactions and the reduction of
aldehydes by formation of fairly stable acetals. With oleic
acid, the DMA methy! ester was produced directly in good
yield (run 12).

The hydroxymethylstearate (87% by GLC) produced by
hydroformylation in one step at 180 C from methyl oleate
was only 75% distillable as the acetate derivative (run 8).
With oleic acid, more stearate was formed than with methyl
oleate, and the product was only 57% distillable as the
acetate methyl ester derivative (run 13). Yields of hydroxy-
methyl esters were improved by carrying out the hydro-
formylation in two steps: hydroformylating first at 120 C
to form the formyl esters, then hydrogenating by replacing
the synthesis gas with H,, and raising the temperature to
180 C. The final product was 83% distillable as acetates
(run 9). The catalyst, which decomposed under these con-
ditions, was readily separated by filtration. This cobalt
catalyst was inactive at 120 C but active at 180 C (run 10).
When this recycled catalyst was used, the product con-
tained more formylstearate (64%) than hydroxymethyl-
stearate (25%). Hydrogenation following hydroformylation

increased the proportion of hydroxymethyl esters only 4%.

Much work has been reported in the hydrocarbon field
on modified cobalt carbonyl toimprove catalyst stability
and selectivity for certain oxo products (21). On the one
hand, the yield of alcohols is increased by adding alkyl-
phosphines to the cobalt carbonyl catalyst (22). On the
other hand, the yield of aldehydes is increased either by
using less stable arylphosphite complexes of cobalt car-
bonyl (23) or by adding to cobalt carbonyl such com-
plexing agents as nitriles, anisole, thioanisole, or thiophenol
(24). Tributylphosphine increased the proportion of linear
isomers produced from oleate and linoleate, but lowered
yields of distillable oxo products (4). Since benzonitrile
proved to be the most effective modifying agent on the
stoichiometric hydroformylation with cobalt carbonyl (24),
its effect was investigated on the catalytic hydroformyla-
tion of methyl oleate. Although this complexing agent
inhibited hydroformylation at 110 C, it was effective in
increasing the proportion of formyl products at 150 C

(Table I, compare runs 6 and 7).
Included in Table 1 are product distributions from

hydroformyiated polyunsaturated substrates. At 120C,
linseed methyl esters produced a higher proportion of
hydroxymethyl esters than did methyl oleate (compare
runs 16 and 2). Distillation yields of DMA esters produced
directly or after acetylation were lower than corresponding
products from methyl oleate (compare runs 16-17 with
runs 2 and 4). Similarly, yields of distillable hydroxymethyl
esters were lower with linseed methyl esters by the two-step
hydroformylation-hydrogenation procedure than with
methyl oleate (compare runs 18 and 9). With linseed oil,
distillation yields of hydroxymethyl esters were better
because the products had to be saponified and converted to
acetoxy methyl esters. Previously, we (4) showed that
by-product formation lowers the yields of oxo products
from polyunsaturates. However, we now find that saponi-
fication improves these yields after converting the hydroxy-
methyl acids to the acetoxymethyl esters.

This work provides the basis for two improved and
promising cobalt carbonyl oxo processes yielding poten-
tially useful products from fatty derivatives. In one process,
hydroformylation with MeOH at 120 C produces fairly
stable DMA esters from both methyl oleate and oleic acid.
This dimethyl acetal is useful as a secondary polyvinyl
chloride (PVC) plasticizer (15). It is also an intermediate in
preparing pentaerythritol cyclic acetal of formylstearate, a
useful monomer for preparing poly(ester-acetals) and
poly(amide-acetals) (15). In the two-step process, hydro-
formylation followed by hydrogenation improves the yield
of hydroxymethyl esters from both mono- and polyun-
saturated fatty substrate. The cobalt catalyst could be
recylced by this second process. The acetoxymethyl
derivatives of these oxo products have been used as PVC
plasticizers (25).
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The oxo products made offer many areas of practical

interest (1). Although the basis for catalyst recycling
processes is described, larger scale operations and conti-
nuous operation need to be explored.
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