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SYNTHETIC COMMUNICATIONS, 26( 15), 2819-2829 (1996) 

Preparation of Diethyl 2=Alkoxymethyl-, 
2-Phenylselenomethyl- and 

2-Phenylthiomethylmalona te 

Jean-Louis Delepine, Pascal Pecquet, Marie-Christine Betton 
and Frangois Huet* 

Laboratoire de Synthk Organique, URA CNRS 482, Facultk des Sciences, 

B.P. 535, Universitk du Maine, 72017 Le Mans Cedex, France 

Abstract : Title compounds were obtained either by alkylation of the sodium derivative of 

diethyl malonate or by the conjugate addition to diethyl methylenemalonate 4. When 

reactions with 4 were run in basic medium two successive Michael additions 

d. 

Preparation of dialkyl 2-alkoxymethylmalonates is usually performed by 

alkylation of dialkyl malonates with chloromethyl alkyl ethers. 1-6 This reaction 

gives good results from monosubstituted dialkyl malonates6 but some difficulties 

were encountered in the case of the unsubstituted starting materials.5 Other 

preparative procedures such as the reaction of the organozinc derivative of diethyl 

~~~ ~~~~ 

* To whom correspondence sould be addressed. 
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2820 DELEPINE ET AL. 

malonate with acetyl chloride7 and the catalytic hydrogenation of diethyl 

ethoxymethylenemalonate8 were also described. 

In our hands, attempts to prepare compound l a  by reaction between 

chloromethyl methyl ether and the diethyl malonate sodium derivative 5 by the 

procedure of Simonsenl or with several modifications5 led to poor results. 

Therefore we carefully examined results according to the experimental conditions. 

> CH2 <Co2Et 4c02Et 
CO2Et Et02C 

Me0 CO2Et EtO2C CO,Et CO2Et 
3 4 

Meo>< 
2 

Aco2Et "inverse 
Et02CCHNaC02Et + ROCH2C1 - 

5 conditions" RO CO2Et 

la  R=Me(58%) 
lb  R =  t -B~(51%) 

We fustly found that addition of chloromethyl methyl ether to the sodium derivative 

5 ("direct conditions") in refluxing THF, only led to a small amount of the 

expected product la  (4%) together with the dialkylated product 2 (18%), a part of 

the starting material and unidentified products. In another experiment chloromethyl 

methyl ether was added to the sodium derivative 5 at -5OC, the reaction mixture 

was slowly warmed to room temperature, then the reaction was allowed to proceed 

for 3 h at this temperature. We thus obtained tetraester 3 as the main product (79% 

isolated yield). This compound, which was also obtained by Simonsen,l is 

probably issued from the conjugate addition of the sodium derivative 5 to the 

D
ow

nl
oa

de
d 

by
 [

Y
or

k 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 1

3:
47

 3
1 

D
ec

em
be

r 
20

14
 



DIETHYL MALONATE 282 1 

elimination product 4 which should be obtained in situ from la. A similar result 

was pointed out in Knoevenagel reactions.9 

Finally a more satisfactory result was achieved in a reproducible way when 

the sodiuzderivative 5 was added to a dilute THF solution of chloromethyl methyl 

ether and a 58% isolated yield of l a  was thus obtained in these “inverse 

conditions”. However isolation of l a  ned successive short pad then spinning band 

column distillations ; when the crude product was directly distillated through a 

spinning band column, the elimination occured and a 58% isolated yield of 4 was 

obtained. 

The method was extended to preparation of compound lb,  from 5 and 

chloromethyl t-butyl ether,lO in 51% isolated yield. However, in this case, the 

crude product was purified by column chromatography on silica gel. 

We also succeeded in preparation of these compounds by the conjugate 

additions of the corresponding alcohols to diethyl methylenemalonate 4. The 

reaction gave good results in acidic medium. On the other hand, preparation of 

selenium and sulfur derivatives was also possible by the same way but without 

catalyst (Table 1). 

_<Co,et CO2Et 
4 

d C O B t  

RZH 
___) 

Rz CO2Et 

l a  Z=O,R=Me 

l c  Z = S e , R = P h  
l b  Z=O, R = t-Bu 

Id Z = S . R = P h  
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2822 DELEPINE ET AL. 

Table 1. Preparation of compounds 1 by the conjugate 

addition to 4 

a 0.02 mole by mole of 4 ; b 0.03 mole by mole of 4 

c Freshly prepared by reduction of diphenyldiselenidel3 

When reactions with 4 were run in the presence of catalytic or 

stoechiometric amounts of base, we obtained either mixtures of the expected 

product 1 and of compound 6 corresponding to Michael reaction of 1 with 4, or 

6, exclusively. Compound 6 probably reacts more slowly than 1 with 4 ; therefore 

reaction stops to 6. 

basic 

4 CO2Et 

CO2Et 

CO2Et 
basic 

medium 
1 + 4  * 

A 
Et02C C02Et 

6 
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DIETHYL MALONATE 2823 

Two examples of preparation of compounds 6 by this way are given below. 

CO2Et 

CO2Et 

PhCH2 

n-BuLi 4 
PhCH20H - PhCH20Li - 

A (in excess) THF 
O°C - r.t. EtO2C CO,Et 

6a 
60% (isolation by distillation) 

0.05 mole A 
by mole of 4 EtO2C CO2Et 

6b THF 

O°C + r.t. 95% (isolation by chromatography 
on silica gel) 

In this paper we show that compounds l a  and l b  are efficiently obtained 

by the two preceding ways. The second method avoids using of the toxic 

chloromethyl alkyl ethers. The selenium and sulfur derivatives lc and Id were 

prepared by the second method only and without catalyst. On the other hand an 

unexpected preparative way to compounds 6, involving two successive Michael 

reactions was pointed out. 

Experimental 

1H (400 MHz) and l3C (100.6 MHz) NMR spectra were recorded on a 

Bruker AC 400 instrument, unless otherwise stated, in deuteriochloroform 
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2824 DELGPINE ET AL. 

solution. Elemental analyses were performed by the service of microanalyses, 

CNRS, ICSN, Gif sur Yvette. High resolution mass measurements were 

performed at the CRMPO (Rennes) with a Varian Mat 3 1 1 Spectrometer. Products 

were isolated either by distillation of by flash column chromatography on silica gel. 

Synthesis of l a  and l b  by alkylation 

Diethyl malonate (40g, 0.25 mol) was added dropwise under stirring to a 

suspension of NaH ( log of 60% mineral oil dispersion, prewashed with 

cyclohexane, 0.25 mol) in THF (250 mL) under argon at 6OOC. The reaction was 

allowed to proceed at the same temperature until the gas evolution ceases, then the 

reaction mixture was cooled to O°C and cannulated, in 3 min, under argon pressure, 

into a stirred and cooled (-5OC) solution of chloromethyl methyl ether (20.15 g, 

0.25 mol) in THF (200 mL). Reaction proceeded for 1 min and iced water (200 

mL) was added. Extraction (Et20,2 x 200 mL), drying (MgS04) and evaporation 

led to the crude product which was quickly distillated through a short column. A 

second distillation through a 80 plate spinning band column (or a 50 cm filled 

column) led to 29.6 g of l a  as an oil (58%) ; bp 118OC/13 mm Hg (Lit12 121- 

122OC/15 mm Hg) ; l H  NMR : 6 1.27 (t, 6H, J = 7.1 Hz), 3.37 (s, 3H), 3.70 (t. 

lH, J = 7,6 Hz), 3.85 (d, 2H, J = 7.6 Hz), 4.23 (q, 4H, J = 7.1 Hz). 

Compound l b  was obtained at lower scale from chloromethyl t-butyl 

etherlo (1.03 g, 8.41 mmol) in the same experimental conditions except that the 

crude l b  was chromatographed on silica gel (cyclohexane/ethyl acetate 85 : 15). 

Pure l b  was thus obtained as an oil (1.05 g, 51%) ; 1H NMR : 6 1.18 (s, 9H), 

1.27 (t, 6H, J = 7.1 Hz), 3.60 (t, lH, J = 7.6 Hz), 3.81 (d, 2H, J = 7.6 Hz), 4.21 
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DIETHYL MALONATE 2825 

(9, 4H, J = 7.1 Hz) ; l3C NMR : 6 14.0 (CH3 of C2H5), 27.1 (CH3 of t-Bu), 

59.6, 60.7, 61.3 (2C), 73.4 (quat. C), 167.9 C=O) ; Anal. Calcd for C12H22O5 

: C, 58.52 ; H, 9.00. Found ; C, 58.34 ; H, 8.79. 

Synthesis of la  and lb  by Michael reaction 

A mixture of diethyl methylenemalonate 411 (15.0 g, 87.3 mmol) dry 

MeOH (100 mL) and p-toluenesulfonic acid (0.34 g, 2.0 mmol) was refluxed for 

lh. The reaction mixture was then cooled and evaporated, 10% aqueous NaHCO3 

(75 mL) was added and extraction with Et20 (3 x 150 mL) followed by drying 

(MgSO4) and evaporation led to the practicaly pure product la. It could be purified 

by distillation or chromatography on silica gel (cyclohexaneEt20 80 : 20). Yield of 

pure product 98% (17.4 g). 

Reaction with t-BuOH in the same experimental conditions, except that a 

larger amount of catalyst was used (0.03 mole by mole) and that the reaction 

mixture was refluxed for 4 h, yielded l b  which was chromatographed 

(cyclohexandethyl acetate 85 : 15).Yield 86%. 

Diethyl 2-phenylthiomethylmalonate l c  

Thiophenol (1.54 g, 14.0 mmol) in THF (10 mL) was added quickly at 

room temperature to a stirred solution of diethyl methylenemalonate 4 l  (2.07 g, 

12.0 mmol) in THF (5 mL). After 12 h stirring, THF was evaporated then Et20 

(30 mL) was added. Washing (10% aqueous NaOH then H20), drying (MgS04) 

evaporation and chromatography on silica gel (cyclohexaneEt20 98 : 2) led to 3.07 

g of l c  (91%) as an oil ; lH  NMR : 6 1.26 (t, 6H, J = 7.1 Hz), 3.39 (d, 2H, J = 
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2826 DELkPINE ET AL. 

7.6 Hz), 3.55 (t, lH, J = 7.6 Hz), 4.19 (9, 4H, J = 7.1 Hz), 7.29 (m, 3H), 7.41 

(m, 2H) ; l3C NMR : 6 14.0 (2C), 32.8 (2C), 52.2, 61.8, 127.1, 129.1 (2C), 

131.0 (2C), 134.4, 168.0 (2C) ; Anal. Calcd for C14H1804S : C, 59.55 ; H, 

6.43 ; S, 11.35. Found : C, 59.62 ; H, 6.47 ; S, 11.40. 

Diethyl 2-phenylselenomethylmalonate Id 

Freshly prepared phenylselenoll3 (0.713 g, 4.54 mmol), 

diethylmethylemalonate 4 l  (0.390 g, 2.27 mmol) and THF (10 mL) were stirred 

for 4 h at room temperature. Evaporation, addition of brine (10 mL), extraction 

with CH2C12 (3 x 10 mL), drying (Na2S04), evaporation and chromatography on 

silica gel (cyclohexane/Et20 90 : 10) led to 0.568 g (76%) of Id as an oil ; lH 

NMR : 6 1.26 (t, 6H, J = 7.1 Hz), 3.30 (d, 2H, J = 7.7 Hz), 3.59 (t, lH, J = 7.7 

Hz), 4.19 (q, 4H, J = 7.1 Hz), 7.29 (m, 3H), 7.55 (m, 2H) ; l3C NMR : 6 14.0 

(2C), 25.0 (2C), 53.0 61.7, 127.7, 129.2 (2C), 133.8 (2C), 131.5, 168.3 (2C) ; 

Anal. Calcd for C14H1804Se : C, 51.07 ; H, 5.51 ; Se, 23.98. Found : C, 51.29 

; H, 5.46 ; Se, 24.43. 

Preparation of 6a 

n-Butyllithium (12.5 mL of 1.5 M solution in hexane, 20 mmol) was added 

dropwise at -5OC and under nitrogen to a stirred solution of PhCH20H (2.5 g, 23 

mmol) in THF (50 mL). Reaction was allowed to proceed for 30 min then diethyl 

methylenemalonate 411 (3.4 g, 19.8 mmol) in THF (10 mL) was added dropwise 

at the same temperature. The reaction mixture was stirred for 30 min at 0°C then 30 

min at room temperature. Addition of brine (10 mL), extraction with Et20 (2 x 100 

mL), drying (MgS04) evaporation and distillation (bp 125OC/O.O25 mm Hg) led to 
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DIETHYL MALONATE 2821 

2.68 g of 6a as an oil (60%) ; 1H NMR (90 MHz) : 6 1.24 (t, 12H, J = 7.6 Hz), 

2.75 (d, 2H, J = 7.5 Hz), 3.72 (t, lH, J = 7.5 Hz), 3.91(~, 2H), 4.19 (4, 8H, J = 

7.6 Hz), 4.52 (s, 2H), 7.35 (m, 5H) ; l3C NMR : (20.1 MHz) : 6 13.8 (2C), 

13.9 (2C), 30.2, 48.3, 57.3, 61.3 (2C), 61.4 (2C), 70.7, 73.2, 127.3-128.2 

(4C), 137.6, 169.1 (4C) ; Anal Calcd for C23H3209 : C, 61.05 ; H, 7.12. Found 

: C, 61.13 ; H, 7.07 ; HR-MS : calcd for C23H3209 452.2046, Found : 

452.2053. 

Preparation of 6b 

Triethylamine (15.2 mg, 0.15 mmol) was added dropwise at 0°C and under 

stirring to a mixture of diethyl methylenemalonate 411 (0.526 g, 3.06 mmol) and 

of phenyl~elenol l~ (0.480 g, 3.06 mmol) in THF (10 mL). The reaction mixture 

was stirred for 12 h at room temperature, then THF was evaporated and Et20 (50 

mL) was added. Washing (10% aqueous NaOH then water), drying (Na2S04), 

evaporation and chromatography on silica gel (cyclohexaneEt20 80 : 20) led to 

0.729 g of 6b (95%) as an oil ; lH NMR : 6 1.15 (t, 6H, J = 7.1 Hz), 1.26 (t, 

6H, J = 7.1 Hz), 2.69 (d, 2H, J = 6.1 Hz), 3.43 (s,  2H), 3.50 (t, lH, J = 6.1 

Hz), 4.00 (m, 4H), 4.17 (m, 4H), 7.24 (m, 3H), 7.54 (m, 2H) ; l3C NMR : 6 

13.7 (2C), 14.0 (2C), 31.9 (2C), 32.1 (2C), 48.1, 57.3, 61.6, 61.7, 127.4, 

129.0 (2C), 129.9, 133.7 (2C), 168.9 (2C), 169.6 (2C) ; Anal Calcd for 

C22H300gSe : C, 52.70 ; H, 6.03 ; Se, 15.75. Found : C, 52.99 ; H, 5.97 ; Se, 

15.31. 

Acknowledgment. We thank the local section of Sarthe of the Ligue 
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