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Vicinal Glycol Esters from Synthesis Gas

By Joun F. KNIFTON
(Texaco Chemical Company, P.O. Box 15730, Austin, TX 78761)

Summary Vicinal glycol esters, such as ethylene glycol
acetate esters, are prepared from synthesis gas via the
use of homogeneous ruthenium catalysis.

ViciNaL glycol esters, particularly ethylene glycol acetate
esters, have been prepared directly from synthesis gas via
homogeneous ruthenium catalysis.! Aliphatic carboxylic
acids, e.g., glacial acetic acid, act both as coreactant
(equation 1) and as solvent medium for the CO hydro-
genation. The general synthesis [equation (1)] is believed
to be novel.?»?

2 CO + 3 H, + 2 RCO,H —» (CH,0,CR), + 2 H,0 (1)

Where ethylene glycol acetate esters are the desired
products, glacial acetic acid solutions of ruthenium(iir)
salts, e.g., ruthenium(imr) chloride, in combination with
large cationic species, such as quaternary phosphonium
and ammonium salts, as well as the alkali metal salts, are
the preferred catalyst precursors. Methyl and ethyl
acetates constitute the major by-products. Typical
preparative data are summarized in the Table for a series
of such ruthenium catalyst combinations.

TABLE.

The thermodynamics of ethylene glycol diacetate forma-
tion from CO/H, [equation (2)] have been estimated to be
more favourable than for the comparable direct glycol
route?® [equation (3)]. As a consequence, it is not surprising
to find that glycol ester syntheses (Table) may generally
be conducted under conditions milder than those required
for ethylene glycol itself.> However, at the temperatures

2 CO + 3 H, + 2 HOAc — (CH,0Ac), + 2 H,0 (2
AGgyo + 47 kcal molt; log,o Kp — 2:0

2CO + 3 H, —> (CH,OH), (3)
AGgy + 158 kcal mol—?; log,, K — 6-89 (ref. 3)

lcal =4-184]

necessary to achieve measurable rates of glycol acetate
formation® (> 180 °C), the reaction is influenced by experi-
mental conditions, particularly: (i) the ruthenium:cation:
halogen mole ratio;?! (ii) the nature of the cationic cocatalyst
species (Table); (iii) the total operating pressure, tempera-
ture, and [Ru].?

Production of ethylene glycol acetates from synthesis gas:» CO + H, + HOAc — (CH;0Ac), + MeOAc + EtOAc.

Product yield/mmol
A

[ R}
% Acid Glycol Methyl Ethyl
Catalyst precursor conv, acetates® acetate acetate

RuCly-8 Bu,POAc 87 38 556 51
Ru(acac);—8 Bu,POAc ¢ 38 51 252 18
RuO,-8 Bu,POAc 40 48 294 21
RuCly-10 Bu,PCl 88 12 498 149
RuCly-10 Bu,PI <5 — — 1-2
RuCly—-10 HpPhyPOAce >80 50 436 47
RuClg-5 By, POAc 85 29 515 44
RuCl,-5 Bu,NOAc 46 5-7d 2154 42
RuCl-5 Me,NOAc 74 22 491 45
RuCly-5 (PhyP),NOAc 67 1-7 201 137
RuCl;-5 PhAsOAc <5 0-4 13 12
RuCl;-9 Ph,POAc 51 22 425 60
RuCl;-10 CsOAc 156 11 49 10

a Typical operating conditions: RuCly-xH,;0, 3-76 mmol; RuO,-#H,0, 4-0 mmol; HOAc, 50 g; 220 °C, 430 atm pressure, CO-H,

1:1.
have been detected.

¢acacH = acetylacetone.

b Primarily ethylene glycol diacetate + some glycol monoacetate at high conversions.
¢ Hp = heptyl.

4 Butyl acetate also present.

Trace quantities of ethylidene diacetate
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In contrast to rhodium-catalysed glycol synthesis,?
maximum glycol ester formation is favoured for the
RuCly-Bu,POAc couple for P:Ru > 1:1. The effect of
glycol acetate formation upon cation structure and size®
(Table) is indicated by equation (4). The glycol acetate:
methyl acetate mole ratio is 1:4-5 for the RuCl,~10CsOAc
couple.

(PhgP),N < Bu,N < Me,N < Bu,P > Ph,As  (4)

Glycol acetate formation is believed to involve catalysis
via solubilized anionic ruthenium carbonyl species. Typical
RuCl;-8Bu,POAc-HOAc product solutions exhibit the
veo and 'H n.m.r. spectral characteristics? of the ruthenium
hydrocarbonyl cluster [HRu,(CO),;]-, and for syntheses
conducted at [Ru] = 80 mm, Ruy(CO),, slowly crystallizes
from the product solutions upon cooling. The presence of
large cationic species, such as Bu,Pt, should aid in stabi-
lizing this anionic ruthenium cluster during the CO hydro-
genation sequence. However, the substitution of solvents
of high dielectric constant, such as acetic anhydride, that
might favour ion-pair separation,® did not significantly
increase the productivity of the system or the selectivity
for glycol diacetate formation.

Soluble ruthenium complexes have not in the past
readily yielded ethylene glycol from CO and H, [equation
(3)].2:%7 The role of acetic acid in glycol diacetate forma-
tion, apart from thermodynamic considerations, may relate
to the influence of acetate ion, as an auxiliary ligand, upon
the reactivity of the catalytically active ruthenium centre,
together with its importance in the formation of Ru—

1 J. F. Knifton, Br. Pat. 2,024,811/1980.
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acyloxymethyl species® [equation (5)], or Ru-hydroxy-
methyl® intermediates, during CO hydrogenation. Methyl
acetate is unlikely to be an intermediate in glycol diacetate

H,
H(OC)Ru-C=0 —— H(OC)Ru-CH,0Ac
HOAc
CoO (5)
H, ¥
(CH,0Ac), <— H(OC)Ru-C(=0)-CH,0OAc
HOAc

formation since CO hydrogenation experiments in the
presence of MeOAc did not yield the glycol ester. The
importance of labile ruthenium-formyl intermediates,1®
e.g., [Ruy(CO),CHO]~, cannot be ruled out. However, we
see no enhancement in glycol ester formation upon the
addition of formaldehyde.

13C-Enriched acetic acid coreactant has been employed
unambiguously to identify the source of carbon for this
glycol formation [equation (6)], but for glycol diacetate
preparations starting from CO-D, or CD,CO,D, extensive
H-D scrambling is observed.

* *
2CO + 3 H, + 2 MeCO,H — (CH,0,CMe), (6)
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