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Abstract

Catalytic double carbonylation of diiodomethane in triethylorthoformate in the presence of a homogeneous rhodium complex gives

diethylmalonate in a fairly good yield.
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Dialkyl malonates are important intermediates in the
preparation of pharmaceutical chemicals because of their
expense and reactivity. The classic method of cyanation
of monochloroacetic acid to cyanoacetic acid, hydroly-
sis to malonic acid, and esterification is the important
commercial process for the synthesis of dialkyl mal-
onates [1-5]). Currently, the most advanced technology
obviating the use of toxic sodium cyanide in the manu-
facture of dialkyl malonates is based on the carbonyla-
tion of alkyl chloroacetates in the presence of an alcohol
catalyzed by cobal(0) carbonyl [6-12). However, the
double carbonylation of dihalomethanes to give dialkyl-
malonates is not an established process. There have
been a few reports on the transition-metal-catalyzed
double carbonylation of dihalomethanes, ttough the
yields were quite low (less than 10%) [13,14]. In ihis
paper, we describe our results dealing with a homoge-
neous rhodium catalyst system in the synthesis of di-
ethyl malonate from diiodomethane in fairlv gcod yields
(ca. 60%), a rare example of the selective furination of a
C, product from C, building blocks.

Generally, in alcohols, with a transition metal com-
plex, considerable amounts of carbonyiated di-
halosrethane, 1, or dialkyl malonate, 2, go to alkylac-
etate and CO, (Eq. (5)), giving low selectivity (less than
30%) [14]). Dialkyl malonates can be efficiently synthe-
sized only if effective removal of water is accom-
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plished. Since, under typical reaction conditions, water
can be introduced into the system inadvertently or via
side reactions such as Egs. (3) and (4), the decarboxyl-
ation reaction is known to occur at 70°C [15], i.e. well
below the reaction temperature, and without alcoholic
solven: no carbonylation reaction occurs [14], then suit-
able reaction conditions which promote selective dialkyl
malonate synthesis reactions cannot casily be found.

CH, X, + CO =% XCH,COX

L, XCH,CO,R + HX (1)

XCH,CO,R + CO ~X2» XCOCH,CO.R
1

RO, Cil,(CO,R), + HX  (2)

2
HX + ROH = RX + H,0 (3)
2ROH - ROR + H,0 (4)
1 0r 2+ H,0 ———> CH,(CO,H)(CO,R)
- ROH
- CH,CO,R + CO, (5)

Recently, we have found that diiodomethane reacts
with CO in triethylorthoformate in the presence of
homogeneous rhodium complexes as catalysts to give
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Table 1
Product composition from the carbonylation of diiodomethane catalyzed by a rhodium(I) complex *

Base Conversion (%) Product composition (%) ®
CH(CO,ED, MeCO,E. EtOCH=C(CO, En),
— 95 ¢ 46 24 —
—— 77 22 9.2 13
PPh, 78 a5 5.1 -
NEt; 93 40 1.1 Trace

* [Rn*CIK(1,5-cod)], 0.100 mmol, CH,1, 20.0 mmol, and base 4.00 mmol in triethylorthoformate solvent (14 ml), Py = 100 atm, 120°C, 12 h.
® Based on CH,I, consumed. Trace amounts of CH,(OEY),, ICH,CO,Et and EtOCH,CO,Et were also detected. ¢ In EtOH solvent (14 ml).

Table 2
Effect of added phosphine on the carbonylation of diiodomethane catalyzed by a rhodium(I) complex *

PPh, (mmotl) Conversion (%) Product composition (%) °
CH,(CO, Ev), MeCG, Et EtOCH=C(CO, EY),
8.00 80 27 3.1 ——
4.00 78 45 5.1 —
2.00 88 6l 42 —
1.00 85 68 2.8 —
0.00 m 22 9.2 13

* [RH'CX(1,5-cod)]; 0.100 mmol and CH, 1, 20.0 mmol in triethylorthoformate solvent (14 ml), P = 100 atm, 120°C, 12 h. ® Based on CH, I,
consumed. Trace amounts of CH,(OEG,, ICH,CO, Et and EOCH ,CO, Et were also detected.

.
Y

diethylmalonate in a fairly zood yield (Table 1). Even
though overall conversion of diiodomethane is some-
what lower in triethylorthoformate than in ethanol, the
selectivity to the malonate ester is much higher. When
the reaction is carried out in the presence of a tertiary
phosphine or amine, the selectivity for diethyl malonate
becomes still higher. In addition to diethoxymethane,

Table 3

which is produced by the reaction of EtOH and CH, I,,
the reaction products contained ethyl iodoacetate, ethyl
cthoxyacetate, ethyl acetate, and diethyl ethoxymethy-
lene malonate as by-products. Inclusion of these by-
products seen by GC, however, could not account for all
the CH,I, converted. There are obviously other by-
products not deteeted by GC.

Effect of various chodium cotalysts on the carbonylation of diiodomethane ?

Catalyst Conversion (%) Product composition (%) ©
CH _y( CO: Enz MGCO‘! Et EWQCH= (‘(CO; lit)z
Rh(CO),, ¢ 92 23 1.5 9.7
{RhCI(1,5-c0d)]; 8S 68 28 -
Rh,(0,CMe), 69 48 5.2 Trace
RhCHPPh,), ¢ 58 32 17 —
RhCL, ¢ 78 2 13 5.7

* Catalyst 0.100 mmol, CH, 1, 200 mmol, PPh, 1.00 mmol in triethylorthoformate solvent (14 ml). Peg = 100 atm, 120°C, 12 h. © Based on
CH, 1, consumed. Trace amounts of CH J(OEY),, ICH ,CO, Et and EtOCH 2CO, Et wete also detected. © Catalyst 0.0500 mmol. * Catalyst 0.200

mmol.

Table 4

Effect of vatious rhodium catalysts on the carbonylation of ethy! iodoacetate *

Catatyst Conversion (%) Product composition (%)

EtOCH,CO, Et CH,{(CO,Ev, MeCO, Et EtOCH=(CO,Et
Rh (CO),, © 9 Trace 33 53 1.7
[RhCH1,5-cod)], 99 Trace 25 5.6 36
Rk {O0,CMe), 97 Trace 28 5.2 Trace
RhCl, ¢ 87 20 75 15 8.0

* Catalyst 0.100 mmol, ICH,CO, Ex 20.0 mmol, PPh, 1.00 mmol in triethylorthoformate solvent (14 ml), Feo =100 atm, 120°C, 12 h. " Based
on ICH,CO, Et consumed. * Catalyst 0.0500 mmol. ¢ Catalyst 0.200 mmol.
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The roles of added base are to remove hydrogen
iodide from the reaction field in order to promote the
carbonylation and to act as a ligand. The effect of
change in the concentration of PPh, on the reaction
shows that too much PPh; has a detrimental effect on
the selectivity toward CH,(CC, Et), (Table 2) possibly
by forming (ICH,PPh,)*1". Various forms of rhodium
catalyst precursor show catalytic activities toward dou-
ble carbonylation of diiodomethane (Table 3). The fact
that rhodium dimers seem to have better selectivities to
diethylmalonate tells us the dinuclear pathway operates
in favor of the formation of diethylmalonate (Eq. (6)).
The oxidative addition to the second rhodium center
must be considerably more facile than to the first, and
direct synthesis of diethyl malonate without the forma-
tion of XCH,CO,Et prevents the formation of possible
side products.

CH,X, —» XH,-Rh-X
Rh
X_Rh" CH,-.. Rh-X (6)

If we use ICH,CO,Et as a substrate instead of
CH, 1,, the rhodium monomer gives the best selectivity
to diethylmalonate, as expected (Table 4), since the
mononuclear carbonylation pathway is sufficient.
Therefere, mononuclear and binuclear pathways must
both be operating in the case of CH,I,, with the
binuclear pathway being better for selectivity. Although
the exact nature of the catalytic cycle for diethyl mal-
onate formation is not clear, the very high selectivity
obtained here is quite interesting for the use of trieth-
ylorthoformate as a solvent.

Diethyl malonate syntheses can be carried out effi-
ciently by adding a catalytic amount of Rh complex to
diiodomethane (20.0 mmol) in triethylorthoformate in a
Parr 125 ml magnetically stirred autoclave equipped
with a glass liner and a temperature controller. After

being purged with CO several times, the reactor was
pressurized to a desired pressure and heated to the
desired temperature with stirring. After the required
time, the liquid phase was withdrawn and analyzed by a
Hewlett-Packard gas chromatograph (GC) with a flame
ionization detector. For quantitative analysis, a known
amount of N,N-dimethylformamide was added as an
iaternal standard to the reaction mixture.
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