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was poured into water, acidified by dilute hydrochrolic acid, and 
extracted with ether. The crude product after the usual workup 
was added to a solution of acetic anhydride (0.35 g, 3.4 mmol) 
in pyridine (1 mL). The resulting solution was stirred at room 
temperature for 30 min, then poured into 5 mL of 2 N hydrwhrolic 
acid, and extracted with ether. After the usual workup, the crude 
product was subjected to column chromatography (silica gel/ 
benzene-hexane) to give 4a (0.68 g, 72% yield): NMR (CDC13) 
6 1.2-1.5 (m, 12 H), 2.04 (8, 3 H), 4.05 (m, 2 H), 4.30 (d, 2 H); IR 
(neat) 1720, 1530, 1460, 1360, 1240 cm-'. 

Anal. Caicd for Cl2Nl9NO6: C, 52.74; H, 7.01; N, 5.13. Found 
C, 52.53; H, 6.76; N, 5.09. 

Synthesis of 12-(Acetoxymethyl)-12-nitro-15-pentadeca- 
nolide (4b). The same procedure starting from 2b (1.13 g, 4.0 
mmol) as in the preparation of 4a gave 4b (1.05 g, 75% yield): 
NMR (CDC13) 6 1.0-2.2 (m, 22 H), 2.04 (8, 3 H), 2.32 (t, J = 7 
Hz, 2 H), 4.08 (t, J = Hz, 2 H), 4.36 (s, 2 H); IR (neat) 1715, 1700, 
1530, 1440, 1230 cm-'. 

Anal. Calcd for C18H3,N06: C, 60.48; H, 8.74; N, 3.92. Found 
C, 60.43; H, 8.49; N, 3.88. 

Synthesis of 6-(Acetoxymethyl)-9-nonanolide (5a). A 
mixture of 4a (0.64 g, 2.3 mmol), BuaSnH (0.96 g, 3.28 mmol), 
and AIBN (0.12 g, 0.70 mmol) in benzene (5 mL) was heated at 
80 O C  for 90 min. Then the reaction mixture was subjected to 
column chromatography (silica gel/benzene-hexane) to give 5a 
(0.47 g, 88% yield; NMR (CDCl,) 6 0.8-2.6 (m, 13 H), 2.06 (9, 3 
H), 3.66-4.04 (m, 2 H), 4.48-4.74 (m, 2 H); IR (neat) 1720, 1700, 
1240 cm-'. 

Anal. Calcd for C12H2oO4: C, 63.14; H, 8,83. Found C, 63.16; 
H, 8.66. 

Synthesis of 12- ( Acetoxymet hy 1) - 15-pentadecanolide (5b). 
The same procedure as in the preparation of 5a starting from 4b 
(0.60 g, 1.7 mmol), Bu3SnH (0.64 g, 2.2 mmol), and AIBN (0.09 
g, 0.56 "01) gave 5b (0.48 g, 92% yield): NMR (CDC13) 6 0.9-1.8 
(m, 23 H), 2.02 (s, 3 H), 2.32 (t, J = 7 Hz, 2 H), 3.92 (d, J = 7.5 
Hz, 2 H), 4.10 (t, J = 7 Hz, 2 H); IR (neat) 1720, 1240 cm-'. 

Anal. Calcd for C&3204: C, 69.19; H, 10.32. Found: C, 68.81; 
H, 10.09. 

Registry No. la, 84246-77-5; lb, 84246-80-0; IC, 92643-60-2; 
2a, 84246-81-1; 2b, 84246-84-4; 2c, 81590-80-9; 3a, 6008-27-1; 3b, 
106-02-5; 3c, 61448-27-9; 4a, 92643-61-3; 4a-01, 92643-65-7; 4b, 
92643-62-4; 5a, 92643-63-5; 5b, 92643-64-6; Bu3SnH, 688-73-3. 
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The synthesis of quinoline-2,3-dicarboxylic acid deriv- 
atives can be accomplished by the Friedlander reaction of 
2-aminobenzaldehydes with diethyl oxaloacetate112 or by 
an analogous reaction that utilizes the same aldehydes and 
acetylenedicarboxylic acid  ester^.^ However, the diffi- 
culties encountered in preparing and storing 2-amino- 
benzaldehydes have severely limited the application of 
these synthetic procedures. 

We report that when 2-nitrobenzaldehydes 1, which are 
much more readily available and stable than their corre- 
sponding amino analogues, are treated with diethyl (di- 

(1) Graebe, C.; Caro, H. Chem. Ber. 1880, 13, 99. 
(2) Hozer, L.; von Niementowski, S. J. Prakt. Chem. 1927, 224, 43. 
(3) Hendrickson, J. B.; Rees, R. J. Am. Chem. SOC. 1961, 83, 1250. 

Hendrickson, J. B.; Rees, R.; Templeton, J. F. Ibid. 1964,86, 107. Reisch, 
J. Pharmazie 1967, 22, 420. 

ethoxyphosphiny1)succinate under alkaline conditions, a 
reaction frequently referred to as the modified Wittig re- 
action: the appropriate diethyl quinoline-2,3-dicarboxylate 
N-oxides 2 are obtained. Subsequent reduction of the 
N-oxides with phosphorous trichloride provides, in toto, 
a novel and facile route to the preparation of quinoline- 
2,3-dicarboxylic acid esters 3 (Scheme I) that circumvents 
the problems associated with the use of 2-aminobenz- 
aldehydes. Furthermore, while the participation of 2- 
nitrobenzaldehyde in the modified Wittig reaction5 and 
the condensation of carbanions with nitro functionalities6 
have each been reported previously, the simultaneous 
occurrence of both types of reaction appears to be without 
precedent. 

The reactions leading to the formation of the N-oxides 
were straightforward (Table I). Briefly, addition of diethyl 
(diethoxyphosphiny1)succinate to a solution of sodium and 
1 in cold ethanol or ethanol-dimethylformamide resulted 
in a dark reaction mixture. Progress of the reaction was 
followed by thin-layer chromatography, and, after 1-3 h 
of stirring, the ethanol was evaporated and the residue 
purified by recrystallization or by chromatography. While 
yields were only modest, the effects of reaction variables 
such as temperature, solvent, and base were not investi- 
gated. In the case of 2a, authentic material also was 
prepared by the reaction of 3a with H202 in acetic acid. 
The 3a used in the latter process was obtained by ester- 
ification of the corresponding dicarboxylic acid, a low-yield 
oxidation product of acridine.' 

The NMR spectra of the quinoline/quinoline N-oxide 
pairs generally were similar except for the signals exhibited 
by the proton a t  position 8 of the quinoline nucleus. For 
example, in the spectrum of 2c this proton produced a 
doublet centered a t  6 8.83 (J = 8 Hz) while in that of 3c 
the same doublet appeared a t  6 8.17, an upfield shift en- 
gendered by reduction of the N-oxide moiety. 

The proclivity of the modified Wittig reaction to afford 
trans-olefins is ~ e l l - k n o w n . ~  Consequently, the likely in- 
itial product arising from the reaction of 1 with diethyl 
(diethoxyphosphiny1)succinate is the trans-cinnamate 
derivative 4 in which the juxtaposition of the acidic 

C0,Et M 

4 
methylene group and the nitro substituent appears to favor 
the condensation, probably through a radical anion 
mechanism,6 culminating in 2. 

Experimental  Section 
Data on each quinoline N-oxide 2 and quinoline 3 are shown 

in Table I. Melting points are uncorrected. Starting aldehydes 
were obtained commercially except for Id which was prepared 
according to ref 8. 

Diethyl Quinoline-2,3-dicarboxylate N-Oxide (2a). A cold 
solution of 3.8 g (0.025 mol) of 2-nitrobenzaldehyde and 0.62 g 
(0.027 mol) of sodium in 45 mL of ethanol was treated, during 
15 min, with a solution of diethyl (diethoxyphosphinyl)succinate9 
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Table I. Melting Points, Solvents of Recrystallization, and 
Yields of Quinoline N-Oxides" 2 and Quinolines" 3 

compd 
2a 
2b 
2c 
2d 
2e 
2f 
3a 
3b 
3c 
3d 
3e 
3f 

mp, "C 
111-112 
95-96 
120.5-121.5 
84-85 
2 14-2 15 
174.5-175.5 
54-55d 
42.5-43.5 
93-94 
55.5-56.5 
131.5-132.5 
132.5-133.5 

solvent of 
recr ystalln 

CHC13/IPEb 
IPEb 
IPO' 
IPEb 
CH3CN 

hexane 
PE" 
IPEb 
PE' 
IPO' 
IPO' 

CZH6OH 

yield, % 
40 
45 
47 
50 
71 
39 
61 
59 
47 
72 
62 
73 

a All analyses are within 10.3% of calculated values. *Isopropyl 
ether. '2-Propanol. dReported mp 55 "C (see ref 7). ePetroleum 
ether. 

(0.027 mol) in 5 mL of ethanol. The resulting dark solution was 
stirred for 1.5 h while maintaining the reaction mixture in an ice 
bath. The solvent was evaporated under reduced pressure and 
the residue partitioned between ethyl acetate and water. The 
ethyl acetate was dried over Na2S04 and then evaporated under 
reduced pressure. The residue was recrystallized from chloro- 
form-isopropyl ether. 

Compounds 2b-f were prepared by the same procedure, fol- 
lowing the course of the reactions by thin-layer chromatography. 
In the preparation of compounds 2b, 2e, and 2f, small amounts 
of dimethylformamide were used to aid in dissolution of the 
starting aldehydes. For compounds 2b and 2d, purification was 
carried out by chromatography over silica gel, using CHC1, as 
eluent. 

Compound 2a also was synthesized by heating on the steam 
bath a solution of 0.27 g (0.001 mol) of diethyl quinoline-2,3- 
dicarboxylate' and 0.43 mL of 30% H202 in 0.5 mL of acetic acid 
for 3.5 h. The reaction mixture was poured into 20 mL of satu- 
rated NaHC03 and the precipitate obtained was filtered, dried, 
and recrystallized from isopropyl ether, mp 111-112 O C .  Both 
infrared and NMR spectra were superimposable on those of 2a 
prepared according to the above procedure. 

Diethyl Quinoline-2,3-dicarboxylate (3a).7 A solution of 
0.87 g (0.003 mol) of 2a and 1.24 g (0,009 mol) of PC13 in 40 mL 
of CHC& was refluxed for 3 h. Solvent was removed under reduced 
pressure and the residue was partitioned between ethyl acetate 
and water. The organic layer was dried over Na2S04, and, fol- 
lowing evaporation, the residue was recrystallized from petroleum 
ether. 

(9) Linke, S.; Kurz, J.; Lipinski, D.; Gau, W. Liebigs Ann. Chem. 1980, 
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Compounds 3a-f were prepared similarly except that compound 
3b was purified by chromatography over silica gel, using CHCl, 
as eluent. 

Registry No. la, 552-89-6; lb, 6361-22-4; IC, 6628-86-0; Id, 
395-81-3; le, 20357-25-9; l f ,  712-97-0; 2a, 92525-68-3; 2b, 
92641-44-6; 2c, 92525-69-4; 2d, 92525-70-7; 2e, 92525-71-8; 2f, 
92525-72-9; 3a, 32413-08-4; 3b, 92525-73-0; 3c, 92525-74-1; 3d, 
92525-75-2; 3e, 92525-76-3; 3f, 92525-77-4; diethyl (diethoxy- 
phosphinyl)succinate, 7071-15-0. 
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The hydride reduction of the cyclohexenone system has 
been a subject of numerous studies.' In contrast, only one 
study was made on 2,2,6-trimethyl-2,3-dihydro-4H- 
pyran-4-0ne.~ It is therefore considered interesting to 
carry out experimental studies on 2,3,5,6,7,8-hexahydro- 
benzo-4H-pyran-4-one derivatives3s4 in order to  evaluate 
the directive effect of the oxygen atom. 

Reduction of the hexahydrobenzopyran-4-ones la-d 
with lithium aluminum hydride proceeded rapidly to af- 
ford the allylic alcohols 2a-d. However, they underwent 
rapid polymerization to form a polymeric material a t  room 
temperature for 1 day. The reaction appeared stereose- 
lective since only the cis 4-hydroxy-2-methyl isomers were 
otained in the case of 2b and 2d. These results require 
that the addition of the hydride ion occurs from the same 
side of the molecule as the axial hydrogen at C-2 in a 
half-chair conformation as in 5-substituted cyclo- 
hexenones.' Structure 2 was based on standard spectro- 
scopic methods. The configurations of 2b and Zd were 
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