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effect of 3.1 for the hydrolysis of la in strongly acidic media 
indicates that the rate-limiting step of the hydrolysis of this 
ester under these conditions is proton transfer from solvent 
to the double bond to form a carbonium ion which is subse- 
quently rapidly attacked by water. Under mildly acidic con- 
ditions the a-acetoxyr3tyrenes apparently hydrolyze via the 
normal A ~ c 2  mechanism of acid-catalyzed ester hydrolysis.6 
However, our studies with the acylenol 2 indicate that this 
compound hydrolyzes via rate-determining proton transfer 
to the double bond ev'en in the mildly acidic pH region. The 
solvent deuterium isotope effect, 3.1 f 0.1, for the hydrolysis 
of 2, determined in thle acidic pH region is similar to solvent 
deuterium isotope effects of 2.5-3.0 observed for the hydrol- 
ysis of ketene acetalsz1 and vinyl ethers,zz both of which hy- 
drolyze by rate-determining protonation of the double bond. 
This isotope effect is also identical with that observed for 
hydrolysis of la (see above) in the strong acid region of acid- 
ity. 
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Dutt and Sen' reported the preparation of quinoxalines 
of structure 3 by condensation of o-phenylenediamine (1) with 
the diketone 2 prepared by condensation of diethyl oxalate 
with 2 mol of benzyl cyanide. In an effort to repeat this work 
for the purpose of preparing 4 and 5 (Scheme I) we found that 
the starting carbonyl compound used by Dutt and Sen was 
actually the 1:l condensation product 6, and their final con- 
densation product was 3-(a-cyanobenzyl)-2( 1H)-quinoxali- 
none (7). Our experiments also indicated that 2 would not 
condense with 1 to give 3, but fortuitously synthesis of type 
5 compounds has been recently r e p ~ r t e d . ~  

Interestingly, Dutt and Sen2 claimed to have prepared 
1,4-dicyano-1,4-diphenyl-2,3-butanedione (2) by a variation 
of the method of V ~ l h a r d , ~  wherein diethyl oxalate was con- 
densed with 2 equiv of benzyl cyanide with sodium in ethanol. 

Scheme I 
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But in contrast to Volhard's procedure, Dutt and Sen omitted 
the ethanol. Repetition of both procedures showed that Vol- 
hard prepared 2, but that Dutt and Sen had prepared ethyl 
phenylcyanopyruvate (6). Formation of 6 in the absence of 
EtOH and an excess of benzyl cyanide is probably the conse- 
quence of precipitating the sodium salt of 6 formed by inter- 
action of 1 equiv each of diethyl oxalate and benzyl cyanide, 
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thus interdicting further alkylation of 6. Compound 6 is better 
prepared by the method of Adams and C a l ~ e r y . ~  

Condensation of 6 with 1 by the reported procedure in ei- 
ther cold HOAc or hot EtOH gave 7 monohydrate. In hot 
HOAc the hydrolysis product, 3-(a-carboxamido)benzyl- 
2( 1H)-quinoxalinone (8) was, however, obtained. Complete 
hydrolysis with spontaneous decarboxylation of either cyanide 
7 or amide 8 gave the known 3-benzyl-2(1H)-quinoxalinone 

Obviously, condensations of 1 with 6 in HOAc and EtOH 
proceed via the classical "addition-elimination" (A-E) se- 
quence (Scheme 11) about the keto group of 6, wherein water 
is eliminated in the second (E) step of the reaction. 
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Surprisingly, in the aprotic solvent THF, the second step 
of the A-E sequence referred to above results in elimination 
of the relatively stable cyanobenzyl carbanion (instead of 
water), with formation of 2,3( lH,4H)-quinoxalinedione (lo)! 
This reaction is outlined in Scheme 111. 

Scheme 111 
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Experimental Section' 
a,d-Dicyanodibenzyl diketone (2) was prepared by the Volhard4 

procedure. Yellow material (29%) was obtained mp 285-287 "C from 
HOAc-HzO (l: l ,  100 mL/g) (lit.2 mp 132 "C); green powder, mp 279 
"C from amyl alcohol (150 mL/g) (lit.4 mp 270 "C); IR (KBr) 3300 
(OH), 2300 (CN), 1530 cm-l (C=C); NMR (Me2SO) 8 7.29-8.15 (m, 
10, aromatic), 9.35 (s, 2, OH). 

Anal. Calcd for CleH12N202: C, 74.98; H, 4.19; N, 9.72. Found: C, 
74.63; H, 4.38; N, 9.43 (lit.2 N, 9.4; lit.4 C, 75.11; H, 4.27; N, 9.89). 

Ethyl Phenylcyanopyruvate (6). The Dutt and Sen2 "modified" 
procedure for 2 was used, wherein the above procedure for the prep- 
aration of 2 was altered by omitting EtOH solvent, Na being added 
directly to a solution of diethyl oxalate and benzyl cyanide: mp 
126-128 "C from EtOH-H20 ( l : l ,  10 mL/g) (lit.2 mp 132 "C, lit.5 mp 
1:Kl "C):  lit.$ preparation mmp 125-127 "C. 

Anal. Calcd for C12H1103N: N, 6.45 (lit.2 N, 9.4). 
3-(a-Cyano)benzyl-Z( 1H)-quinoxalinone (7). A solution of 2.8 

g (0.014 mol) of 6, 1.2 g (0.011 mol) of 1, and 20 mL of HOAc was 
stirred for 0.5 h a t  25 "C, diluted with water, and filtered to give 2.6 
g (85%) of yellow solid: mp 222-223 "C; mp 215-217 "C from HOAc- 
H20 (l : l ,  150 mL/g), mp 217-218 "C from EtOH-H2O (l:l, 100 mL/g) 
(lit.2 mp 227 "C for alleged 3); IR (KBr) 4000-2700 (NH, OH), 2170 
(CN), 1650 (CO), 1600 cm-l (NH bend). 

Anal. Calcd for C16HllN30"20: C, 68.81; H, 4.69 N, 15.04. Found 
C, 68.82; H, 4.57; N, 15.15. 

The same weights of 1 and 6 in 20 mL of boiling EtOH for 0.5 h gave 
the same results as above. 

Anal. Found: C, 68.86; H, 4.15; N, 15.30. 
After drying a t  78 "C (1 mm), the samples had mp 219-220 "C; 

analysis then showed the substance to be a hemihydrate which re- 
gained its original weight upon standing in air; IR (KBr) 3400 (NH, 
OH), 2180 (CN), 1650 (CO), 1600 cm-l (NH bend); UV max 372 nm 
( t  11 I l l ) ,  356 (infl), 290 (infl), 226 (21 ill), 200 (end absorption). 

Anal. Calcd for C16HllN30.lhHzO: C, 71.10; H, 4.47; N, 15.54. 
Found: C, 70.95; H, 4.22; N, 15.61. 
3-(a-Carboxamido)benzyl-2( 1 H)-quinoxalinone (8). Method 

A. Refluxing 7 in HOAc (20 mL/g) for 3 h gave 44% of yellow 8: mp 
297-299 "C; mp 301-303 "C from HOAc-H20 ( l : l ,  60 mL/g); IR 
(KBr) 3360-3180 (NH), 1650 cm-l (CO); UV max 340 nm ( t  55711, 
282 (5352), 254 (infl), 229 (16571), 200 (end absorption); NMR 
(Me2SO) 6 5.51 (s, 1, CHI, 7.25-7.90 (m, 12, aromatics, "2). 

Anal. Calcd for C16H13N302: C, 68.81; H, 4.69; N, 15.04. Found: C, 
68.55; H, 4.75; N, 15.13. 

Method B. Refluxing.a solution of 2.4 g of 1 and 5.6 g of 6 in 40 mL 
of HOAc for 3 h gave 29% of 8, melting point and mixture melting 
point as above. 

3-Benzyl-2( 1H)-quinoxalinone (9). Method A. A suspension of 
8 in 6 N HCl(66 mL/g) was refluxed for 6 h to give 78% of yellow 9, mp 
199-202 "C. The crude product was treated with Darco and Filteraid 
in 4.5 N NH40H solution, filtered, and reprecipitated with 6 N HC1 
to give white 9 mp 199-202 "C; mp 200-201 "C (lit.6 mp 196 "C) from 
Me2CO (50 mL/g); IR (KBr) 1650 cm-' (CO); UV max 344 nm ( c  
7176), 334 (infl), 282 (6588), 254 (infl), 229 (21 647), 200 (end ab- 
sorption); NMR (Me2SO) 6 4.2 (s, 2, CHz), 7.0-8.0 (m, 10, aromatics, 
OH). 

Anal. Calcd for C15H12N20: C, 76.25; H, 5.12; N, 11.86. Found: C, 
76.26; H, 5.14; N, 11.52. 

Method B. Hydrolysis of 8 in boiling 2 N KOH for 6 h gave 44% 
yield of white 9: mp 196-200 "C; mp 201-202 "C from EtOH-H20 (l : l ,  
100 mL/g); same mixture melting point, IR, UV, and NMR as cited 
above. 

Anal. Found: C, 76.05; H, 5.09; N, 11.74. 
2,3(1H,4H)-Quinoxalinedione (10) .  Method A. A solution of 5.6 

g (0.028 mol) of 6 and 2.4 g (0.022mol) of 1 in 40 mL of boiling T H F  
for 1 h gave 2.0 g (56%) of yellow solid: mp <360 "C; mp <360 "C from 
EtOH (200 mL/g) (lits mp <360 "C); IR (KBr) 3050-2800 (NH), 1660 
cm-' (CO); UV (0.1 N NaOH) max 342 nm ( t  11 000), 327 (16 800), 
315 (13 440), 264 (infl), 200 (end absorption) [lit.8 340 (11 000), 326 
(14 500), 315 (12 OOO)] ;  NMR (Me2SO) 6 7.3 (s, 4, aromatics) 12.0 (s, 
2, NH). 

Method B. Preparation of 10 by the method of Newbold and 
Springs gave 10 of the same melting point, mixture melting point, IR, 
UV, and NMR as cited above. 
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