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Abstract 

Catalytic double carbonylation of diiodomethane in triethyionhofommte 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 [!-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- 
lion of alkyl chloroacemtes in the presence of an alcohol 
catalyzed by cobalt(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-catalyze~ 
double carbonylation of dihalomethanes, t~:ough th~ 
yields were quite low (less than 10%) [13,14]. In ~his 
paper, we describe our results dealing with a homoge- 
neous rhodium catalyst system in the synthesis of di- 
ethyl malonate from diiodomethane in fairly good yields 
(ca. 60%), a rare example of the selective ft~-mation of a 
C.~ product from C I building blocks. 

Generally, in alcohols, with a transition metal com- 
plex, considerable amounts of carbonylated di- 
halo::,-hane, !, or diaikyi malonate, 2, go to aikylac- 
etate and CO 2 (Eq. (5)), giving low selectivity (less than 
30%) [! 4]. Dialkyl malonates can be efficiently synthe- 
sized only if effective removal of water is accom- 

" Corresponding author. Tel.: (+82) 2-961-0239; fax: (+82) 2- 
966-3701. 

0022-328X/96/$15.00 © 1996 Elsevier Science S.A. All rights reserved 
PH S0022-3 28X(96)06349-8 

plished. Since, under typical reaction conditions, water 
can be introduced into the system inadvertently or via 
side reactions such as Eqs. (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 
solvem no carbonylation reaction occurs [I 4], then st, it° 
able reaction condition:; which promote selective dialkyl 
malonate synthesis reactions cannot easily be found. 

CH 2 X 2 + CO ~ XCH ~COX 

~t2u~'- XCH2CO2R + HX (I)  

XCIt 2CO2R + CO __Rhh XCOCH 2CO= R 

I 

R O H  
CI12(CO2R)2 + ltX (2) 

2 

FIX + ROH ~ RX + H20 

2ROH ~ ROR + H 20 

1 or 2 + H20 t l ' ~  C H 2 ( C O 2 H ) ( C O 2 R  ) 
- H X  or  

- R O H  

C3) 
(4) 

--* CH 3CO2 R + CO 2 (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 I 
Product composition from the carbonylation of diiodomethane catalyzed by a rhodium(l) complex a 

. . . . . . . . . . . . .  

Base .... Conversion (%7 Product composition (%) b 

CH 2(CO2 Et) 2 MeCO 2 E~ EtOCH = C(CO 2 Et) 2 

- -  9 5  c 4 . 6  2 4  - -  

- -  77 22 .9.2 13 
PPh 3 78 45 5.1 - -  
NEt 3 93 40 1.1 Trace 

a [ghlCl(l,5.cod)]2 0.100 mmol. CH2I 2 20.0 mmol, and base 4.00 mmol in triethylorthoformate solvent (14 ml), Pco = 100 atm, 120°C, 12 h. 
t, Based on CH212 consumed. Trace amounts of CH2(OEt) 2, ICH2CO2Et and EtOCH2CO2Et were also detected, c In EtOH solvent (14 ml). 

Table 2 
Effect of added phosphine on the carbonylation of diiodomethane catalyzed by a rhodium(1) complex a 

PPh ~ (mmol) Conversion (%) Product composition (%) b 

CH 2(CO2 Et) 2 MeCO 2 Et EtOCH =C(COzEt) z 

8 . 0 0  80 27 3.  ! 

4.00 78 45 5. ! 
2.00 88 61 4.2 - -  

1 . 0 0  85 68 2.8 - -  

0 . 0 0  77 22 9.2 13 

"[Rh sCl( 1,5.cod)] 2 0.100 mmol arid CH: I, 20.0 mmoi in triethylorthoformate solvent ( 14 ml), /'co ~ 100 arm, 120°C, ! 2 h. b Based on CH z I z 
consumed. Trace amounts of CH2(OEt),: ICHzCOzEt and EtOCHzCO, Et were also detected. 

d ie thylmalonate  in a fairly good yie ld  (Table 1). Even 
though overal l  convers ion of  d i iodomethane  is some- 
what lower  in t r ie thylorthoformate than in ethanol,  the 
~ lee t iv i ty  to the malonate  ester is much  higher. W h e n  
the reaL:tion is carried out in the presence of  a tertiary 
phosphine  or amine,  the selectivi ty for diethyi  malonate  
becomes still higher.  In addit ion to d i e thoxyme tha , e ,  

wh ich  is p roduced  by the reaction of  E tOH and CH212,  
the reaction products  conta ined ethyl  iodoacetate ,  e thyl  
e thoxyaeeta te ,  e thyl  acetate, and d ie thyl  e thoxymethy-  
lene malonate  as by-products .  Inc lus ion of  these by- 
products  seen by G C ,  however ,  could not account  for all 
the CH212 conver ted.  There ate obv ious ly  other by- 
products  not detected by GC. 

Table 3 

Effect of various d)~ium ctltalysts on the carbo,ylatlo, of dlic~]ometh.'.me ~ 

Catalyst Conversion (%) Pr~xluet composition (%) *' 

CFi ~(CO, Et) 2 MeCO~ Et EtOCIt = C(CO z Et).., 

Rh4(CO)I~ ~ 92 23 7.5 9.7 
{RhCl(I.5ocod)]: 85 68 2.8 
Rh ~(O~CMe)~ 69 48 5.2 Trace 
RhCl(PPh ~)~ a :)8 3.2 i 7 
RhCI ~ ~ 78 22 13 5.7 

a Catalyst 0,100 retool, Ci{~! z 20.0 retool. PPh~ !.00 mmol in triethylorthofonnate solvent (14 ml), I'co ~ 100 atm. 120~C. 12 h. t~ Based on 
CH z ! ~ consumed. Trace amounts of CH ~(OEt),i ICH zCO~ Et and EtOCH zCO 2 Et were also detected. " Catalys! 0,05~) retool. 'j Catalyst 0.200 
retool. 

Table 4 

Effect of various rhodium catalysts on the carbonylation of ethyl iodoacetate "~ 

Carats, st Co.ver~ion (%) Paxluct composition ~ q ) ~ 

EtCK'H ,CO., Et CH 2(CO, Et): MeCO~ Et EtOCH = C(CO 2 Et) 

Rh~(CO)I ~ ~" 99 Trace 33 5.3 1.7 
[RhCK 1,5<otfi]~ 99 'I'rac¢ 25 5,6 3.6 
Rh ~(O,CMe)a 97 Trace 28 5,2 Trace 
RhCI ~ ~ 87 Z0 75 ! 5 8.0 

Catalyst 0,100 retool, ICH ~CO~ Et 20,0 retool, PPh ~ i.00 mmol in triethylorthofonnate solvent ( 14 ml), t (  o = 100 arm, 120°C. i 2 h . ,  Based 
ICH~CO:Et consumed. ~ Catalyst 0.0500 retool, d Catalyst 0,200 retool. 
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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 3 on the reaction 
shows that too much PPh 3 has a detrimental effect on 
the selectivity toward CHz(CCzEt)z (Table 2) possibly 
by forming (ICH2PPh3)+I -. 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 zCO2 Et prevents the formation of possible 
side products. 

Rh 
C H 2 X  2 ~ XH 2 - R h - X  

Rh 
X _ R h . . ' C H 2 " . .  R h _ X  (6) 

If we use ICH2CO2Et as a substrate instead of 
CH 212, the rhodium monomer gives the best selectivity 
to diethylmalonate, as expected (Table 4), since the 
mononuclear carbonylation pathway is sufficient. 
Therefore, mononuclear and binuclear pathways must 
both be operating in the case of CH2I 2, 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 retool) 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-dimethylformami0e was a0ded as an 
internal standard to the reaction mixture. 

Acknowledgements 

This research was supported by Korea Science and 
Engineering Foundation. 

References 

[ I ] J. Schwyzer, Die Fabrikation pharmazeuti~'cher und chemischer 
Produlae, Springer, Berlin, 1931, p. 102. 

[2] Dew Chemical Co., US Patent 2 337858, 1943. 
[3] A.A. Ross and F.E. Bibbins, Ind. Eng. Chem., 29 (1937) 1341. 
[4] Nihon Hohyaku Co., Jpn. Kokai 76143612, 1976. 
[5] N.V. Koninklijke Hederlandsbe Zoutindusu'ie, Neth. Appl. 

66013168, 1968. 
[6] R.F. Heck and D.S. Breslow, J. Am. Chem. Soc., 85 (1963) 

2779. 
[7] T. Suzuki, T. Matsuki, K. Kudo and N. Sugita, Nippon Kagaku 

Kaishi, (1983) 1483. 
[8] Dynamit Nobel A.-G., Ger. Often. 2524389, 1976. 
[9] Dynamit Nobel A.-G., Ger. Often. 2603026, 1977. 

[10] Asahi Denka Kogyo K.K. Jpn. Kokai 78108918, 1978. 
[I I] Dcnki Kagaku Kogyo K.K., Jpn. Kokai 80053241, 1980. 
[12] Dynamit Nobel A..G., Can Patent i 080251, 1980. 
[13] Anic S.p.A., Br. Patent 1547113, 1978. 
[14] W.S. Wc~ton, R.C. Gash and D.J. ColeoHamilton, J. Chem. 

Soc. Chem. Commun., (I 994) 745. 
[15] l~.W, Hughes, in M. Gr.~yson and D. Eckrofll (cds.), Kirk- 

Othmer Encyclopedia of Chemical Techmdogy, Vol. 14, Wiley, 
New York, 3rd edn., 1981, p. 795. 


