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vacuo, dissolved in H20, and made alkaline with NaOH solution. 
The product was extracted into EtOAc, the extract was dried over 
MgS04 and solvent was evaporated. The HCl salts were formed 
in ether with HC1 gas dissolved in ether to give 9a in 48% yield, 
mp 286-287 "C (EtOH), and 9b in 90% yield, mp >290 "C dec 
(CH3CN/CH30H). Compound 9a: IR (KBr) 4.32,5.92,6.80, 6.92, 
7.10, 7.78, 13.60 pm; NMR (DzOj 6 2.5-5.0 (7 H, m), 3.17 (3 H, 
s), 7.70 (4 H, s); mass spectrum, m / e  202 (loo), 159, 130. Anal. 
Calcd for CI2Hl4N20.HCl: C, 60.37; H, 6.33; N, 11.73. Found: 
C, 60.24; H, 6.43; N, 11.77. Compound 9b IR (KBr) 3.77, 5.88, 
6.86,7.17,7.25,7.37, 7.77, 13.15 pm; NMR (MezSO-d6/D20, 1:l) 
6 1.73 (3 H, s), 2.5-4.7 (6 H, m), 2.95 (3 H, s), 7.73 (4 H, m); mass 
spectrum, m / e  216, 173, 158, 104, 58 (100). Anal. Calcd for 
C13H16Nz0-HC1: C61.79; H, 6.81; N, 11.08. Found: C, 61.70; H, 
6.72; N, 11.14. 
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The stereochemistry of alkylation and protonation of 
stable carbanions remains a subject of current interest by 
virtue of its importance in organic synthesis.' Thermo- 
dynamic and kinetic control of protonation of cycloalkyl 
carbanions can yield products of different stereochemis- 
trya2v3 For example, Krapcho and Weimaster2 report that 
protonation of 1 under equilibrating conditions favors the 
trans stereochemistry while kinetic control of protonation 
favors cis stereochemistry (eq 1). In cyclohexane ring 

* (1)  
a C0,Et Li+ H +  (yPIEt + QCOF 

1 thermodyndniic  2 4  7h 

kinet ic  7 2  28 

CH3 CH3 

systems equatorial protonation is normally favored under 
kinetic control.2 In contrast, kinetic control of protonation 
or methylation of carbanions derived from 9,lO-dihydro- 
phenanthrenes is reported to occur highly selectively from 
the axial direction.* Since the reactions of stable car- 
banions derived from 9,lO-dihydrophenanthrenes have not 
previously been investigated, no comparisons of thermo- 
dynamic and kinetic product ratios have been reported for 
these systems. The 9,lO-dihydrophenanthrenes represent 
a class of compounds with the unusual conformational 

(1) Posner, G. H.; Chapdelaine, M. J.; Lentz, C. M. J. Org. Chem. 1979, 

(2) Krapcho, A. P.; Weimaster, J. F. J. Org. Chem. 1980, 45, 

(3) Zimmerman, H. E.; Mariano, P. S. J. Am. Chem. SOC. 1968, 90, 
6091-6096 and references therein. 

(4) (a) Rabideau, P. W.; Harvey, R. G.; Stothers, J. B. Chem. Commun. 
1969,1005-1006. (b) Rabideau, P. W.; Harvey, R. G. J. Org. Chem. 1970, 

44, 3661-3665. 

4105-4111. 

35, 25-30. 

Table I. Vicinal Coupling Constants for 
9,lO-Disubstituted 9,lO-Dihydrophenanthrenes 

compd 
~~ 

2 5.2 2.8 
3 4.7 7.0 
6O 4.5 
7 a  4.9 
9 , l  O-diphenyl- 4.5 

9-acetoxy-1 O-chloro- 4.0 3.2 
9,lO-dihydrophenanthrene 

9 , l  0-dihydrophenanthreneC 

9,lO-dihydrophenanthrened 
10-methyl-9-phenyl- 5.9 3.5 

a From ref 7. From ref 8a. From ref 6d. From 
ref 8b. 

property that substituents in the 9- and 10-positions 
preferentially occupy the pseudoaxial po~i t ions.~t~ This 
preference leads to the prediction that thermodynamic and 
kinetic control of protonation should yield different ste- 
reoisomers. 

We report here our investigations of the carbanions 
derived from methyl 9,1O-dihydro-lO-methyl-9-phenthre- 
necarboxylate (2c,t) and 9,1O-dihydro-lO-methyl-9- 
phenanthrenecarbonitrile (3c,t). Our interest in the study 
of these carbanions was prompted by the observation that 
protonation of carbanions 4 and 5, putative intermediates 
in the photochemical addition of g-phenanthrenecarbo- 
nitrile and 2,3-dimethyl-2-butene in polar solvent, yields 
predominantly (>go%) a single isomer, 6 and 7 (eq 2).' 

R = CH$(CH,)C(CH3), 6 

5 R = C(CH~),C(CH,),OCH, 7 

Results 
The dihydrophenanthrenes 2 and 3 were synthesized by 

Li/NH3 reduction of the corresponding 9,lO-disubstituted 
phenanthrenes (eq 3 and 4). The reduction yields a 
mixture of cis and trans isomers which are separable by 
chromatography. For both the ester and nitrile, the cis 
stereochemistry (Zc, 3c) predominates. Stereochemical 
assignments are made on the basis of comparison of the 
vicinal coupling constants for the benzylic hydrogens J9,10y 
with literature values for 9,lO-disubstituted 9,lO-di- 
hydrophenanthrenes (Table I).'jv8 The abnormally large 
trans coupling constant for 3t reflects the unusual pref- 
erence of the nitrile group for the pseudoequatorial pos- 
ition (see Discussion). 

Base equilibration of 2c,t and 3c,t in 0.1 M sodium 
methoxide in refluxing methanol yields primarily the trans 

~~ ~ ~~ 

(5) Cohen, D.; Millar, I. T.; Heany, H.; Constantine, P. R.; Katritzky, 
A. R.; Semple, B. H.; Sewell, M. J. J. Chem. SOC. B 1967, 1248-1250. 

(6) (a) Cook, M. J.; Katritzky, A. R.; Pennington, F. C.; Semple, B. M. 
J. Chem. SOC. B 1969,523-526. (b) Cook, M. J. Tetrahedron Lett. 1969, 
2893-2896. (c) Cook, M. J.; Dassanayake, N. L. J .  Chem. SOC., Perkin 
Trans 2 1972,1901-1905. (d) Burton, G. W.; Carr, M. D.; de la Mare, P. 
B. D.; Rosser, M. J. Zbid. 1972, 71C-715. 

41, 3722-3725. 
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Table 11. Product Ratios for Alkylation and 
Thermodynamic and Kinetic Protonation of Carbanions 

X CO,CH, CN 

fi 

2C 2t 

3c 3t 

ester (2t) and cis nitrile (3c, Table 11). The rate of isom- 
erization of the cis and trans isomers is identical. However, 
3c and 3t isomerize at  a rate 30 times greater than that 
for 2c and 2t, consistent with the lower pK, of 3c,t vs. 2c,t 
as measured in dimethyl sulfoxide solution (Table 11). 

The carbanions of 2c,t and 3c,t were generated quan- 
titatively by the method of Bordwell and Hughese using 
KtCH2SOCH3 in dimethyl sulfoxide solution. When the 
carbanions are quenched with aqueous ammonium chlo- 
ride, the predominant isomer is cis for both the ester (2c) 
and nitrile (3c, Table 11). A somewhat higher cis/trans 
ratio (2c/2t ratio of 5.3) was obtained in their synthesis 
(eq 3). Quenching the carbanion of 2c or 2t with methyl 
iodide yields the alkylation product 8, as a mixture of trans 
(74%) and cis (26%) isomers (eq 5, Table 11). The ster- 

a t  ac 

eochemistry was assigned by comparison of the chemical 
shifts of the benzylic hydrogen (HI,,) in 8t (3.00 ppm) and 
8c (3.40 ppm) with those for 2c (3.27 ppm) and 2t (3.45 
ppm) and comparison of the 9-methyl chemical shift in 8t 
(1.40 ppm) and 8c (1.23 ppm) with benzylic hydrogen (H,) 
chemical shifts for 2c (3.81 ppm) and 2t (3.58 ppm). Note 
that 2c and 8t have the 10-methyl group cis to carbo- 
methoxy. 

Discussion 
Base equilibration of esters 2c and 2t favors the trans 

isomer while the cis isomer is favored with nitriles 3c and 
3t (Table 11). Analysis of the coupling constants for the 
benzylic hydrogens shows that the preferred conformation 
in both 2t and 3t is the one with both substituents occu- 
pying pseudoaxial positions (9a) as previously reported by 

I 
CH3 

9a 

I 
H 

9e 

Harvey, Fu, and Rabideauaa for 9-monosubstituted 9,lO- 

(9) Bordwell, F. G.; Hughes, D. L. J. Org. Chem. 1980,45,3314-3320. 
(10) Hughes, D. L., unpublished resulta. 

PK," 22.7 21.7 
cisltrans, thermodynamicb 0.19 * 0.01 1.47 i 0.02 
cis/trans, kineticC 3.8 * 0.1 3.2 t 0.1 
trans/cis, methylation 2.8 * 0.2 

solution with M carbon acid. In dimethyl 
sulfoxide, 2 X lo-' M carbon acid with 4 X lo -*  M 
K+-CH,SOCH,; quenched with aqueous NH,Cl. 
dimethyl sulfoxide with 2 X 
lo -*  M K*-CH,SOCH,; quenched with excess CHJ 

From ref 10. In refluxing 0.1 M NaOCH, in CH,OH 

In 
M carbon acid and 4 x 

Table 111. Conformational Populations and Free Energy 
of Isomerization for 2c,t and 3c,t 

X CO,CH, CN 
% pa-pa (J)a 94 (2t) 64 (3t) 
% pa-pa  ZAG")^ 95 (2t) 72 (3t) 

AG"(X) + A G " ( c H , ) , ~  1.85 0.59 

a Calculated by using the relationship Jobsd = xJee + 

AGO . , kcal/mol 1.11 -0.25 
A Go w k c a l  /mol 1.11 -0.15 

kcal/mol 

(1 ; x)J, from ref 8a. 
AG (X) = AG(X,, - Xpe). 

dihydrophenanthrenes (Table 111). The pseudoaxial 
preference has been attributed to an unfavorable steric 
interaction between pseudoequatorial substituents and the 
peri hydrogens.& The excellent agreement of the con- 
formational populations calculated from the coupling 
constants for 2t and 3t (Table 111) with those calculated 
by using the sum of the AGO values measured by Harvey 
et al.& for monosubstituted dihydrophenanthrenes shows 
that the predominant factor in determining the confor- 
mational populations in 2t and 3t is the X-peri hydrogen 
interaction. The X-methyl gauche interaction is evidently 
of minor importance. 

The measured free-energy differences between the cis 
and trans isomers of 2 and 3 correlate well with the AGO 
values for the carbomethoxy and nitrile groups calculated 
from the NMR data of Harvey et al. (Table III)." The 
cis-trans ratio for the ester 2 shows the expected prefer- 
ence for trans stereochemistry. The cis stereochemistry 
is favored for nitrile 3 in accord with Harvey's& report that 
the nitrile group shows a slight preference for occupying 
a pseudoequatorial position in 9,10-dihydro-9- 
phenanthrenecarbonitrile. It is interesting to note that the 
AGO values of CN for 9,lO-dihydrophenanthrenes (-0.15 
kcal/mol) and cyclohexane (-0.15 to -0.25 kcal/mol)'l are 
similar, but values for other substituents, including alkyl 
and carbomethoxy, are of opposite sign. The cis-trans 
ratios obtained from base equilibration of 2c,t and 3c,t 
(Tables I1 and 111) are determined primarily by the X-peri 
hydrogen interaction. As in the conformational popula- 
tions of the trans isomers, the X-methyl gauche interaction 
has a minor influence upon the equilibrium isomer ratios. 

Kinetic control of methylation or protonation in di- 
methyl sulfoxide solution yields ca. 80% trans isomer for 
2 and 3 (Table 11). In the absence of ion pairing, the 
carbanions derived from 2 and 3 should assume a planar 
geometry in order to allow maximum overlap with both 
aromatic and carbonyl or nitrile R orbitals.12 Planar 

Calculated from data in ref 8a; 

(11) March, J. "Advanced Organic Chemistry", 2nd ed.; McGraw-Hill: 

(12) Bordwell, F. G.; Branca, J. C.; Johnson, C. R.; Vanier, N. R. J. 
New York, 1977; p 130. 

Org. Chem. 1980,45, 3884-3889. 
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carbanions should exist as a mixture of two conformers 
(lOa,e), the conformation with the methyl group pseudo- 

2 
I 

Notes 

plished by stirring 3.65 g of the acid with 9.0 mL of trifluoroacetic 
anhydride in 75 mL dry benzene with heating for 15 min.15 
Methanol (9.0 mL) was added and heating continued for an 
additional 10 min. The solvent was removed at reduced pressure, 
and the residue was taken up in ether and washed with 20% 
NaOH. The ether was dried (MgSO,) and removed under reduced 
pressure to yield a light yellow oil, 2.38 g (73%). Attempted 
crystallization was unsuccessful: NMR (CDCl,) 6 2.60 (s, 3 H), 
4.00 (s, 3 H), 7.37-7.67, 7.87-8.03, 8.43-8.60 (m, 8 H); IR (thin 
film) 1730, 1449, 1432, 1245, 1210, 756, 723 cm-'. Anal. Calcd 
for C1,HI4O2: C, 81.58; H, 5.64. Found: C, 81.85; H, 5.75. 

Methyl cis-9,10-Dihydro-lO-methyl-9-phenanthrene- 
carboxylate (2c). The aromatic ester from above (0.55 g) in 80 
mL anhydrous ether was added to 160 mL distilled ammonia.& 
Lithium wire (90 mg) was added and the reaction mixture stirred 
for 30 min, a t  which time 40 g of NH,Cl, 100 mL of H,O, and 50 
mL of ether were added sequentially. The ether layer was sep- 
arated, dried (MgSO,), and evaporated to yield 0.55 g (99%) of 
a colorless oil which contained 84% 2c and 16% 2t and was 
otherwise free from impurities by GC and NMR. A pure sample 
of 2c was obtained from preparative thick-layer chromatography 
by elution with 2% ethyl acetate in hexane: NMR (CDC13) 6 1.37 
(d, J = 7.0 Hz, 3 H), 3.27 (m, J =  7.0, 5.2 Hz, 1 H), 3.53 (s, 3 H), 
3.81 (d, J = 5.2 Hz, 1 H), 7.12-7.32 (m, 6 H), 7.52-7.77 (m, 2 H). 

Methyl trans -9,lO-Dihydro- 10-met hyl-9-phenant hrene- 
carboxylate (2t). A 62-mg sample of 2c in a 15-mL solution of 
0.1 M NaOCH3 in methanol was refluxed for 1 h. Ether was added 
and the mixture washed with 10% HCl. The ether layer was 
separated, dried (MgS04), and evaporated to yield 62 mg (100%) 
of a colorless oil which contained 85% 2t and 15% 2c. A pure 
sample of 2t was obtained by chromatography on a preparative 
thick-layer plate by elution with 2% ethyl acetate in hexane: 
NMR (CDC1,) 6 1.12 (d, J = 7.0 Hz, 3 H); 3.45 (s, 3 H), 3.45 (m, 
1 H), 3.58 (d, J = 2.8 Hz, 1 H), 7.12-7.35 (m, 6 H), 7.55-7.75 (m, 
2 H). 
10-Methyl-9-phenanthrenecarbonitrile. A mixture of 9- 

br~mo-lO-methylphenannthrene~~ (4.99 g) and CuCN (17.6 g) was 
refluxed in dimethyl sulfoxide (275 mL) for 2.2 h.16 The mixture 
was allowed to cool before being poured into 1000 mL of 5050 
NH40H/H,0. The white precipitate was filtered and chroma- 
tographed on silica by elution with toluene to yield 2.67 g (67%) 
of the nitrile, which was recrystallized from ethanol: mp 178-179 
"C; NMR (CDCl,) 6 2.90 (8,  3 H), 7.45-7.70 (m, 4 H), 7.90-8.20 
(m, 2 H), 8.40-8.65 (m, 2 H). Anal. Calcd for CI6Hl1N: C, 88.45; 
H, 5.10; N, 6.45. Found: C, 88.83; H, 5.38; N, 6.16. 

cis -9,lO-Dihydro- 10-methyl-9-phenanthrenecarbonitrile 
(3c) and trans-9,1O-Dihydro-lO-methyl-9-phenanthrene- 
carbonitrile (3t). A 0.50-g sample of the aromatic nitrile from 
above in 25 mL of dry T H F  was added to 50 mL of distilled 
ammonia.88 Lithium wire (60 mg) was added to the refluxing 
ammonia solution. After 45 min the reaction was quenched with 
5 g of NH4Cl. Ether and water were added (50 mL each), the 
ether layer was separated, and the aqueous layer was washed with 
ether. The ether layers were combined, dried (MgSO,), and 
evaporated to yield 0.42 g (82%) of a crude mixture of 3c and 
3t. Chromatography on a silica gel column (4.8 cm X 12 cm) eluted 
with 2% ethyl acetate in hexane affords good separation. The 
first isomer to elute was 3t (0.18 g, 34%) followed by 3c (0.12 g, 
24%), both colorless oils: NMR (CDCl,) for 3c 6 1.26 (d, J = 7.0 
Hz, 3 H), 3.30 (m, 1 H), 4.20 (d, J = 4.7 Hz, 1 H), 7.24-8.23 (m, 
8 H); for 3t 6 1.37 (d, J = 6.9 Hz, 3 H), 3.29 (quintet, J = 7 Hz, 
1 H), 3.77 (d, J = 7.0 Hz, 1 H), 7.24-7.51 (m, 6 H), 7.70-7.86 (m, 
2 H). 

Kinetics of Isomerization of 2c,t and 3c,t. To a 0.5 mL 
solution of 0.2 M carbon acid (>97% one isomer) in methanol 
was added 25 pL of a standard solution of 0.23 M NaOCH,. The 
reaction was followed by monitoring the methyl doublets in the 
NMR spectra. Pseudo-first-order kinetics were observed a t  low 
conversion. The relative rate constants (kb,t/k,,t  = 30, k k  = ka, 
and k ,  = kSt; Table 11) are obtained from standard treatment 
of the data a t  low conversion. 

Kinetic Protonation Product Ratios for 2c,t and 3c,t. A 
30-mg sample of the carbon acid was dissolved in 5 mL of dimethyl 

10a 10e 

axial ( loa )  being of lower energy. If 10a were the only 
reactive conformer, stereoselective formation of 2c, 3c, and 
8t would be predicted (2 > E ) ,  with methylation being 
more selective than protonation,2 a prediction contrary to 
the data in Table 11. Reaction from 10e should yield 
comparable amounts of cis and trans isomers upon me- 
thylation or protonation (2 = E).  Assuming rapid con- 
formational inversion on the reaction time scale and com- 
parable reactivity for the two conformers, product mixtures 
which favor 2c, 312, and 8t to similar extents would be 
expected, as is observed. 

From the results of base equilibration and kinetic pro- 
tonation studies it is concluded that conformational in- 
version of 9,lO-dihydrophenanthrenes and their carbanions 
is more rapid than either protonation or deprotonation. 
This conclusion is seemingly incompatible with Harvey's 
observation of 100% cis stereoselectivity for the protona- 
tion of 9,10-dialkyl-9,10-dihydrophenanthrenes and 100% 
trans stereoselectivity for the alkylation of 9-alky1-9,lO- 
dihydr~phenanthrenes.~~@' The greater stereoselectivity 
in these reactions may be due to the differences in behavior 
between the stable carbanions in this study vs. unstable 
alkyl carbanions. Harvey proposed that electrophilic at- 
tack occurs exclusively from the pseudoaxial direction on 
a pyramidal  arba anion,^^ whereas the more stable car- 
banions in this study are most likely ~ 1 a n a r . l ~  Extensive 
ion pairing may also contribute to the high selectivity 
observed by Harvey as well as the greater selectivity of 
formation of 2c vs. 2t upon quenching of the lithium salt 
in liquid ammonia vs. the potassium salt in dimethyl 
sulfoxide. Carbanions derived from dihydrophenanthrenes 
may prove to be an attractive system for detailed inves- 
tigations of ion-pairing effects. 

Experimental Section 
General Methods. A stock solution of K+-CH2SOCH3 in 

CHBSOCH3 was prepared as previously described.', Methanol 
was distilled from Mg(OCHJ, under nitrogen prior to use. Melting 
points were measured on a Fischer-Johns melting point apparatus 
and are uncorrected. NMR spectra were obtained on Varian 
CFT-20 and EM360-A NMR spectrometers. Mass spectra were 
obtained on a Hewlett-Packard 5985 GC/MS system. Analyses 
were carried out by NMR or GC with a Hewlett-Packard 5750 
gas chromatograph equipped with dual flameionization detectors 
and a 6 ft X in. GC column of 3% OV-101 on Supelcoport. 

10-Methyl-9-phenanthrenecarboxylic Acid. Treatment of 
9-br0mo-lO-methylphenanthrene'~ (6.67 g) with 0.91 g of Mg in 
150 mL of anhydrous ether for 5 h with heating resulted in 
formation of the Grignard reagent.14 The solution was bubbled 
with COz gas for 4 h. Workup in the usual way yields 4.75 g (82%) 
of the carboxylic acid which was recrystallized from 5% acetic 
acid in toluene: mp 203-205 "C; IR (KBr) 3450,1692,1258,755, 
721 cm-'. 

Methyl 9-Methyl-10-phenanthrenecarboxylate. Esterifi- 
cation of 10-methyl-9-phenanthrenecarboxylic acid was accom- 

(13) Olmstead, W. N.; Margolin, Z.; Bordwell, F. G. J. Org. Chen. 

(14) Bachmann, W. E. J. Am. Chem. SOC. 1934, 56, 1363-1367. 
1980,45, 3295-3299. (15) Parish, R. C.; Stock, L. M. J .  Org. Chem. 1964, 30, 927-929. 

(16) Whitaker, K. E.; Snyder, H. R. J. Org. Chem. 1970, 35, 3Ck32. 
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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). 
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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. 
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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- 
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