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sulfoxide (2 X M) under argon, and a two-fold excess of a 
KtCH#OCH3 standard solution was added to generate the highly 
colored cabanion? The solution was quenched by being poured 
into a separatory funnel containing 1 mL each of saturated 
aqueous NH4Cl and ether. The ether layer was separated im- 
mediately and analyzed by GC using a 6 ft X in. GC column 
of 3% OV-101 on Supelcoport. The product ratios are reported 
in Table 11. 

Methyl cis -9,lO-Dihydro-9,1O-dimethyl-9-phenanthrene- 
carboxylate (8t) and Methyl trans -9,10-Dihydro-9,10-di- 
methyl-9-phenanthrenecarboxylate (812). A 29-mg sample of 
2c,t was dissolved in 4 mL of dimethyl sulfoxide (2 X lo-' M) 
under argon, and a twofold excess of a standard solution of 
KCCH2SOCH3 was added.e The reaction was quenched by ad- 
dition of 0.3 mL of CHJ. After 15 min, 10 mL of saturated 
aqueous NH4C1 was added and the mixture extracted with ether. 
The ether layer was washed with saturated NaCl solution, dried 
(MgS04), and evaporated to yield 17 mg (56%) of a colorless oil, 
which contained 74% 8t and 26% 8c by N M R  NMR (CDC13, 
mixture of isomers) for 8c 6 1.10 (d, J = 7.0 Hz, CHJ, 1.23 (s, 
CH3), 3.40 (4, J = 7.0 Hz), 3.67 (8 ,  OCHJ, 7.1-7.9 (m); for 8t 6 

(8, OCH3), 7.1-7.9 (m); GC/MS (70 eV), m / e  (relative intensity) 
266 (M', 22.2), 207 (loo), 192 (56). 

Acknowledgment. Support for this work was provided 
by the National Science Foundation (Grant No. CHE- 
8026020). 

Registry No. 2c, 80360-58-3; 2t, 80360-59-4; 3c, 80360-60-7; 3t, 
80360-61-8; 8c, 80360-62-9; 8t, 80360-63-0; lO-methyl-9- 
phenanthrenecarboxylic acid, 65698-59-1; 9-bromo-10-methyl- 
phenanthrene, 52979-71-2; methyl 9-methyl-10-phenanthrene- 
carboxylate, 55042-80-3; lO-methy1-9-phenanthrenecarbonitrile, 

1.10 (d, J = 7.0 Hz, CH3), 1.40 (8, CH3), 3.00 (q, J = 7.0 Hz), 3.67 

17024-15-6. 

Simple Syntheses of Diethyl Oxomalonate and 
Alkyl Glyoxylates 

Michael E. Jung,*' Kozo Shishido, and Leonard H. Davis 

Department  of  Chemistry, University of California, 
Los Angeles, California 90024 

Received August 18, 1981 

Diethyl oxomalonate (1) and ethyl, methyl, and benzyl 
glyoxylates (2a,b,c) are useful reagents in organic chem- 
istry. The a-keto ester functionality of all of these com- 
pounds is quite reactive and participates in electrocyclic 
processes (Diels-Alder reaction: ene reaction3) and various 
condensations ( a l d ~ l , ~  carbinolamine f~ rma t ion ,~  Frie- 
del-Crafts reaction,6 and Wittig reaction2e). Recently 
several new methods have been developed for the prepa- 

(1) Camille and Henry Dreyfm Teacher-Scholar, 1978-1983. Fellow 
of the Alfred P. Sloan Foundation, 1979-1981. 

(2) (a) Jurczak, J.; Tkacz, M. J. Org. Chem. 1979, 44, 3347-52. (b) 
Bonjouklian, R.; Ruden, R. A. Ibid. 1977,42,4095-103. (c) Achmatowicz, 
O., Jr.; Jurczac, J.; Pyrek, J. S. Tetrahedron, 1976,32, 2113-5. (d) David, 
S.; Eustache, J.; Lubineau, A. J.  Chem. Soc., Perkin Tram. 1 1979,1795-8 
and references therein. (e) Jung, M. E.; Shishido, K.; Light, L.; Davis, 
L. Tetrahedron Lett. 1981, 4607-11. 

(3) (a) Salomon, M. F.; Pardo, S. N.; Salomon, R. G. J. Am. Chem. SOC. 
1980,102,2473-5. (b) Achmahwicz, O., Jr.; Szymoniak, J. J.  Org. Chem. 
1980,45,1128-32. 

(4) Schultz, A. G.; Yee, Y. K. J. Org. Chem. 1976, 41, 561-3. 
(5) (a) Scartazzini, R.; Peter, H.; Bickel, H.; Heusler, K.; Woodward, 

R. B. Helu. Chim. Acta 1972,55,408-17. (b) Finkelstein, J.; Holden, K. 
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ration of 1' and 2ab8 which have significantly improved 
older  method^.^ We herein report a simple method for 
the preparation of these compounds on a reasonable scale 
from very readily available precursors. The technique 
involves essentially neutral conditions and thus should be 
useful for the preparation of acid- and base-sensitive oxo 
esters. 

Condensation of diethyl malonate (3) with acetaldehyde 
and acetic anhydride gives a good yield (68-86%) of diethyl 
ethylidenemalonate (4).1° Ozonolysis of 4 at  -78 OC in 
dichloromethane followed by destruction of the ozonide 
with triphenylphosphine and distillation from phosphorus 
pentoxide produces diethyl oxomalonate 1 in 62% yield. 
The use of dimethyl sulfide as the reducing agent for the 
ozonide leads to the formation of dimethyl sulfoxide, which 
complicates somewhat the purification of 1. The overall 
yield of 1 from diethyl malonate 3 is approximately 
45-50%, which compares well with most other methods.' 

E t 0 2 C  

E t 0 2 C  >=X ROzCCHO 2 
Ro2c% C 0 2 R  

(21-5 
(E1-6 

1, x =  0 
3, X =  H, 
4, X = CHCH, 

a, R = Et;  b, R = Me; C, R = CH,Ph 

By a similar procedure, the glyoxylates 2abc can also 
be prepared in good yield.'l Ozonolysis of diethyl and 
dimethyl maleate (5a and 5b) at  -78 OC in dichloro- 
methane followed by reduction of the ozonide with di- 
methyl sulfide and distillation produces the glyoxylates 
2a and 2b in yields of 65% and 53%) respectively. The 
corresponding fumarates 6a and 6b can also be used with 
little or no reduction in yield. An approximately 1:l 
mixture of dibenzyl maleate (5c) and dibenzyl fumarate 
(6c), prepared from maleic acid and benzyl alcohol, could 
be converted into benzyl glyoxylate (2c) in 36% yield. 
Presumably this method could be extended to the prepa- 
ration of any saturated alkyl glyoxylate. No attempts have 
yet been made to optimize any of the yields given. While 
perhaps not as convenient as other precedures for the 
production of large quantities of 1 and 2, this method 
permits the easy preparation of these materials on a 10- 
100-mmol scale. 

Experimental Section 
Diethyl Oxomalonate (1). Diethyl ethylidenemalonate (4; 

10 g, 0.0537 mol), prepared from diethyl malonate (3) and ac- 
etaldehyde,l0 was dissolved in 100 mL of dried dichloromethane 
and ozonized at -78 OC for 2 h. After ozonization was complete 
and the solution had been purged of the blue color with an oxygen 
flow, triphenylphosphine (14.1 g, 0.0537 mol) in 50 mL of di- 
chloromethane was added to destroy the ozonide. After evapo- 

(7) (a) Faust, J.; Mayer, R. Synthesis 1976,411-2. (b) Pardo, S. N.; 
Salomon, R. G. J. Org. Chem. 1981,46, 2598-9. 

(8) Kelly, T. R.; Schmidt, T. E.; Haggerty, T. G. Synthesis 1972,544-5. 
(9) For 1: (a) Dox, A. W. "Organic Syntheses", Collect. Vol. 2; Wiley: 

New York, 1932; pp 266-9. (b) Riebsomer, J. L.; Imine, J. Ibid., Collect. 
Vol. 3; 1955; p 326. (c) Miiller, R. Chem. Ber. 1933, 66, 1668-70. (d) 
Astin, S.; N e w " ,  A. C. C.; Riley, H. L. J. Chem. SOC. 1933,391-4. For 
2: (e) Hunsberger, I. M.; Tien, J. M. Chem. Znd. (London) 1959, 88-9. 
(fj Weygand, C. "Organic Preparations"; Wiley: New York, 1945, p 455. 
(e) Oroshnik. W.: SDoerri. P. E. J. Am. Chem. SOC. 1941. 63. 3338-9. 
- (10) Fones, W: S.*"Orgkic Syntheses", Collect. Vol. 4; Wiley: New 

York. 1963: DD 293-4. 
(11) The ozonolysis of diethyl and dimethyl fumarate and maleate in 

methanol has been reported before, but either the product was not iso- 
lated or the methanol hemiacetal was formed. (a) Pappas, J. J.; Keave- 
ney, W. P.; Gancher, E.; Berger, M. Tetrahedron Lett. 1966,4273-8. (b) 
Johnson, C. D.; Bailey, P. S. J. Org. Chem. 1964,29, 703-7. (c) Briner, 
E.; Rossetti, G.-P.; Fliszar, S. Helu. Chim. Acta, 1965,48, 1076-8; 1964, 
47, 2041-9. 
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ration of the solvent in vacuo, the residue was distilled [bp 63-65 
"C (3-4 mm)] to  give slightly impure diethyl oxomalonate (1). 
Redistillation of this material in the presence of a small amount 
of P205 afforded 5.8 g (62%) of pure diethyl oxomalonate ( l ) ,  bp 
80-3 "C (4 mm) [lit.'* bp 106-108 "C (17 mm); lit.7b bp 92-96 "C 
(11 mm)]. 

Ethyl Glyoxylate (2a). Diethyl maleate (5a; 20 g, 0.116 mol) 
in 200 mL of dichloromethane was ozonized for 2.25 h at -78 "C. 
After the blue color of m n e  was purged for 15 min with an oxygen 
flow, the cold solution was added to excess dimethyl sulfide (8.0 
g, 0.13 mol) via an addition funnel under nitrogen at 25 "C. The 
solution refluxed by itself and then was allowed to stir a t  25 O C  

under nitrogen overnight. The solvents and excess dimethyl 
sulfide were distilled off at atmospheric presswe, and the residue 
was fractionally distilled through a 20-cm Vigreaux column to 
give 15.34 g (65%) of ethyl glyoxylate (2a) bp 49 "C (35 mm) [lit.* 
bp 40-45 "C (22 mm)]; phenylhydrazone mp 130-132 O C  (lit.12 
mp 130.5 "C). When we began with 10 g of diethyl maleate and 
used 4 g of dimethyl sulfide with removal of solvent and excess 
dimethyl sulfide on a rotary evaporator, the yield varied from 57% 
to 65% (6.8-7.7 g). Diethyl fumarate (6a) (10 g, 0.058 mol) 
produced 7.0 g (59%) of ethyl glyoxylate (2a). 

Methyl Glyoxylate (2b). Dimethyl maleate (5b; 10 g, 0.069 
mol) in 100 mL of dichloromethane was ozonized and worked up 
under identical conditions, using 4.76 g of dimethyl sulfide with 
removal of solvent and excess dimethyl sulfide on a rotary 
evaporator. The yield of methyl glyoxylate (2b) varied from 5.5 
to 6.5 g (48.8-53.5%), bp 45-50 "C (29 mm) [lit.8 bp 55-65 "C 
(20 mm)]. Dimethyl fumarate (6b; 10 g, 0.069 mol) was ozonized 
and worked up under identical conditions to give 5.7 g (47%) of 
methyl glyoxylate (2b). 

Benzyl Glyoxylate (2c). A mixture of dibenzyl maleate (512) 
and dibenzyl fumarate (6c) (prepared from maleic acid and benzyl 
alcohol; 20 g, 0.0675 mol) in 200 mL of dichloromethane was 
ozonized a t  -78 "C for 2.25 h. Normal workup with excess di- 
methyl sulfide (4.66 g, 0.075 mol), rotary evaporation of solvent 
and excess dimethyl sulfide, and distillation produced 7.9 g (36%) 
of benzyl glyoxylate (2c), bp 130-132 "C (25 mm). 
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Chlorine dioxide (CIOz) is well-known to react with al- 
iphatic amines to give products of oxidative dealkylation 
or, in the presence of a P-hetero atom, oxidative frag- 
mentation.' In most cases a single mechanism, involving 
rate-determining formation of an minium cation radical, 
is operative.' Meta- and para-substituted benzyldi- 
methylamines are unexceptional;2 however, with benzyl- 

(1) D. H. Rosenblatt and E. P. Burrows in 'The Chemistry of Amines, 
Nitroso and Nitro Groups and Their Derivatives", S. Patai, Ed., Wiles, 
Chichester, England, 1982, Supplement F, pp 1086-1090. 

(2) D. H. Rosenblatt, L. A. Hull, D. C. DeLuca, G. T. Davis, R. C. 
Weglein, and H. K. R. Williams, J. Am. Chem. Soc., 89, 1158 (1967). 

tert-butylamine and dibenzylamine, a-hydrogen abstrac- 
tion competes with electron abstraction, and with benzy- 
lamine it is the predominant rate-determining p ro~ess .~  
Kinetic studies had been carried out under pseudo-first- 
order conditions with a large excess of amine at controlled 
pHs (range 6-9), and product analyses were done following 
reaction of C102 with excess or stoichiometric equivalents 
of the amine. Under these conditions only cleavage 
products were f ~ u n d . l - ~  

We here report that, for certain amines having an active 
a-methylene group, reaction with excess CIOz leads to a 
significant amount of amide formation in competition with 
oxidative dealkylation. An example is dibenzylamine (1, 
Table I). To determine the extent of competition between 
two different a-methylene groups in amide formation, we 
studied the reaction of ethyl N,N-dibenzylglycinate (2)4 
under different conditions of pH and solvent. Over the 
pH range 4-7 in the optimum medium, 1:l acetonitrile- 
water, product composition did not greatly vary, and am- 
ides constituted 20-30% of the products. Of the two 
isomeric amides derived directly from 2 , 4  predominated 
by a factor of 3-5. Table I summarizes the results of a 
typical run. Below pH 4 (pH 2.5-3), 2 was consumed less 
readily, and the yields of amides were lower, with 4 still 
predominant. 

While amide formation by C102 has not been previously 
reported, the extent of competitive cleavage reactions 
under the above conditions precluded synthetic utility in 
these cases. However, treatment of 2 with C102 generated 
in situ5 from the reaction of chlorite and HOCl at pH 2.5-3 
gave amides 4 and 5 in a combined yield of 80%, with 5 
predominating (Scheme I). These amides were readily 
separated by preparative TLC. At  higher pH the in situ 
reaction was slower, and the yields of amides were lower. 
It should be emphasized that HOCl alone at  pH 2.8 gave 
only cleavage products, while chlorite alone was inert. 

Previously reported conversions of amine a-methylene 
groups to carbonyls have been generally limited to cyclic 
amines. For example, ruthenium tetraoxide was useful for 
the oxidation of N-substituted pyrrolidines to amides, and 
in some cases further to imides! N-Arylpyrrolidones were 
obtained on ozonation of N-arylpyrr~lidines,~ and air ox- 
idation of N-butylisoindoline gave predominantly N-bu- 
tylphthalimidine and N-butylphthalimide.8 Some years 
prior to initiation of this work, N-butyl-3-hydroxy- 
phthalimidine (6) had been observed in our laboratory as 

m-LB" 
6 

the major product of C102 treatment of N-butyliso- 
ind~l ine .~  We now anticipate that C102 may be of general 
utility in the oxidation of active a-methylene groups in 
acyclic amines as well. 

In addition to this practical aspect, the observed pre- 
dominance of amide 4 over 5 except in the in situ reaction 
at low pH may be of some mechanistic significance. In the 
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