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Monobenzyl 3-hydroxypentanedioic acid (5b) was prepared
in 54% yield from monobenzyl acetone dicarboxylate by the
procedure described above: mp 68—68.5 °C (recrystallized from
EtAc-hexanes); 'H NMR (CDCl;, 90 MHz) 6 2.49, (d, J = 6 Hz),
2.53 (d, J = 6 Hz) together 4 H, 4.47 (quintet, 1 H), 5.11 (s, 2 H),
6.56 (br s, 2 H), 7.33 (s, 5 H); IR (CHCI;) 3500 (br), 1720 cm™™.
Anal. Caled for C,H, 05 C, 60.5; H, 5.92. Found: C, 60.28; H,
6.02.

Hydroxamates of 3-hydroxyglutaric acids (6) were prepared
by the carbodiimide-mediated coupling of the acid and hydrox-
ylamine described previously.!!

Methyl O-benzyl-8-hydroxyglutaromonohydroxamate
(6a) was obtained in 62.8% yield: mp 78-79 °C NMR (CDCl,,
90 MHz) 6 2.29 (2H, brd, J = 6 Hz), 248 (2 H, d, J = 6 Hz),
3.69 (83 H, s), 4.36 (2 H, quintet superimposed on a br s), 4.87 (2
H,s),7.4 (5H,s),9.39 (1 H, br s); IR (KBr) 1720, 1680 cm™. Anal.
Caled for C,3H,;sNO5: C, 58.42; H, 6.41; N, 5.38. Found: C, 58.32;
H, 5.98; N, 5.24.

Benzyl O-benzyl-8-hydroxyglutaromonohydroxamic acid
(6b) was prepared in 76% yield: mp 94.5-96 °C; 'H NMR (CDCl,,
90 MHz) 6 2.27 (2H, brd), 2.6 (2H,d,J =6 Hz), 3.87 (1 H, br
s), 4.37 (1 H, quintet, J = 6 Hz), 4.84 (2 H, brs), 5.1 (2 H, s), 7.38
(10 H, s), 9.29 (1 H, br s); IR (KBr) 3500 (br), 3150, 3000, 1715,
1660 cm™. Anal. Caled for CigH, NO;: C, 66.46; H, 6.17; N, 4.08.
Found: C, 66.55; H, 6.19; N, 3.88.

Benzyl O -pivaloyl-3-hydroxyglutaromonohydroxamic
acid (6c) was prepared in 50% yield: mp 72.5-73.5 °C; '"H NMR
(CDCl,, 90 MHz) 1.32 (9 H, s), 2.5 (2H, d, J = 6 Hz), 2.63 (2 H,
d,J = 6 Hz), 4.17 (1 H, br s), 4.47 (1 H, quintet, J = 6 Hz), 4.17
(1 H, br s), 4.47 (1 H, quintet, J = 6 Hz), 5.13 (2 H, s), 7.39 (5
H, s), 8.39 (1 H, br s); IR (KBr) 3450, 3175, 2975, 1770, 1710, 1680
(8). Anal. Caled for C;;HyNOg: C, 60.52; H, 6.87; N, 4.15. Found:
C, 60.65; H, 6.74; N, 4.22.

Azodicarboxylate-Mediated Cyclizations: General Pro-
cedures. The hydroxamic acid and the phosphorous compound
RsP (R = Ph, PhO, or a combination thereof, CH3O, i-PrO) were
dissolved in tetrahydrofuran (0.03-0.05 M) in a round-bottomed
flask fitted with a Teflon stirbar and nitrogen inlet and outlet.
After the solution was brought to the reaction temperature, diethyl
azodicarboxylate was added dropwise via syringe over 1-2 min.
Reactions were monitored by TLC (silica, 1:1 ethyl acetate/
Skellysolve B) and quenched with 500-1000 mol % of water if
olefin formation was observed by TLC. The reaction mixture was
concentrated under reduced pressure and either chromatographed
directly (ether-hexanes, CH,Cl,—hexanes or CH,Cly—ether on silica
gel) or first subjected to a cold aqueous workup that included basic
(0.1 N NaOH) and acidic (0.5 M citric acid) extractions, followed
by treatment with CH,Cl,-hexanes to remove most of the diethyl
hydrazidodicarboxylate, and then chromatography.

N-(Benzyloxy)-4-[ (methoxycarbonyl)methyl]-2-azetidi-
none (7a) was prepared as an oil in 49.6% yield by the reaction
of 6a with (PhO);P (500 mol %)/DEAD (125 mol %) for 16 h
at room temperature: 'H NMR (CDCly, 90 MHz) § 2.27-3.00 (m,
4 H, CH, of ring and CH,CO,CHj,), 3.68 (s, 3 H), 3.94 (m, 1 H),
4.93 (s, 2 H), 7.47 (s, 5 H).

N-(Benzyloxy)-4-[[(benzyloxy)carbonyl]methyl]-2-azet-
idinone (7b) was prepared as an oil in 35% yield by the reaction
of 6b with (PhO),PPh/DEAE: H NMR (CDCl; 90 MHz) §
2.27-2.97 (m, 4 H, CHj, of the ring and CH,CO,R), 3.97 (m, 1 H),
4.90 (s, 2 H), 5.10 (s, 2 H), 7.37 and 7.41 (2 s, 10 H).

1-(Pivaloyloxy)-4-[{(benzyloxy)carbonyl]methyl]-2-azet-
idinone (7¢) was prepared as an oil in 70% yield by the reaction
of 6¢ with (PhO);P/DEAD for 3-4 days at room temperature:
'H NMR 6 1.30 (s, 9 H), 2.53-3.27 (m, CH,CO,R and CH, of the
ring), 4.43 (dq, 1 H, J = 2 and 6 Hz), 5.2 (s, 2 H), 7.40 (s, 5 H);
In the 300-MHz NMR, the multiplet between 6 2.53 and 3.27 is
shown to be two sets of double doublets for the protons on Cg
and one doublet of quartets for the methylene protons of the C,
substituent; IR (CHCl;) 1805, 1765, 1785 cm™.

1-Hydroxy-4-[[(benzyloxy)carbonyl]methyl]-2-azetidinone
(7, R! = H). Compound 7¢ (142 mg, 0.445 mmol) was dissolved
in 10 mL of THF-H,0 (1:1) and treated with 250 mg (730 mol
%) of ammonium acetate. Acetone was added until the solution
became homogeneous. The solution was stirred at room tem-
perature for 12 h and then concentrated to remove the THF. The
aqueous residue was adjusted to pH 9 with an aqueous 5% Na,COj3
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solution and extracted with three 10-mL portions of ethyl acetate
to remove any starting material (7c) and pivalamide. The aqueous
layer was then acidified to pH 2 with 1.2 N HC], saturated by
the addition of solid NaCl, and extracted with five portions of
ethyl acetate. These latter extracts were combined, washed with
brine, dried over anhydrous MgSQ,, filtered, and evaporated to
yield the N-hydroxy compound as an oil in 60% yield. This
compound was used directly without further purification:'® 'H
NMR (CDCl;, 90 MHz) 6 2.30-3.10 (m, 4 H, CO,CH,Ph and CH,
of the ring), 4.06 (dq, 1 H, J = 2 and 6 Hz, methine of the ring),
5.13 (s, 2 H), 7.38 (s, 5 H).

4-[[(Benzyloxy)carbonyllmethyl]-2-azetidinone (3). The
N-hydroxy compound 7 (R! = H; 65 mg, 0.3 mmol) was dissolved
in 5 mL of THF-H,0 (1:4). Nitrogen was bubbled through the
solution and 3.0 mL of a 20% aqueous solution of TiCl; (Matheson
Coleman and Bell) was added dropwise while maintaining the
pH at 7 by automatic addition of 1 N NaOH with a pH stat. After
stirring at room temperature for 1.5 h, the solution was purged
with air and the resulting suspension was filtered through Celite.
The Celite was washed with methanol. The filtrate and washings
were combined, concentrated, and extracted with five 25-mL
portions of ethyl acetate. The ethyl acetate layers were combined,
washed with brine, dried over MgSO,, filtered, and evaporated
to yield 30 mg (50%) of 3 as an oil. Crystallization from ethyl
acetate—hexanes gave 16 mg of 3 as white crystals: mp 92-92.5
°C (lit.> mp 95 °C, from benzene); '"H NMR (CDCl,, 90 MHz)
6 2.50-2.80 and 3.0-3.3 (m, 4 H, CH, of ring and CH,CO,Bz), 3.97
(dq, 1 H, methine of ring), 5.13 (s, 2 H), 6.13 (br s, NH), 7.4 (s,
5 H).
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acetate

G. P. Stahly,* E. M. Marlett, and G. E. Nelson

Research and Development Department, Ethyl Corporation,
Baton Rouge, Louisiana 70821

Received May 17, 1983

The conversion of title compound 1 to ethyl 1,4-di-
methyl-1H-pyrrole-2-acetate (5) is an important trans-
formation in the synthesis of 5-benzoyl-1,4-dimethyl-1H-
pyrrole-2-acetic acid antiinflammatory agents.! Carson
and Wong! described a three-step method in which diester
1 is hydrolyzed to diacid 4 with 25% NaOH, 4 is selectively
reesterified to acid ester 2 with 0.5% HCI in ethanol, and

(1) Carson, J. R.; Wong, S. J. Med. Chem. 1973, 16, 172.
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2 is decarboxylated at 200 °C to ester 5. Our attempts to
simplify this sequence have resulted in a procedure by
which selective hydrolysis and decarboxylation of the 3-
carbethoxy group of 1 can be effected in a single operation
in good yield.

Decarboxylation of pyrrole acids can be accomplished
in several ways, such as pyrolysis, heating with copper
bronze or copper chromite, or distillation from dilute al-
kaline or acidic solutions.? There are also isolated exam-
ples of direct removal of carboalkoxy groups.? Selective
elimination of a pyrrole 3-carbethoxy function was reported
by Chu and Chu,* who hydrolyzed 2,4-dimethyl-3,5-di-
carbethoxy-1H-pyrrole preferentially at the 3-position with
use of 85% sulfuric acid and decarboxylated the resulting
acid ester.

Kinetic evidence suggests that the mechanism of acid-
catalyzed ester hydrolysis is A2 in dilute acid, but is A,c1
in more concentrated (>85%) acid.> The A,s1 mechanism

-involves an acylium ion intermediate, which should be
generated more readily at the 3-position of pyrrole 1 than
on the alkyl side chain. Therefore, hydrolysis of the 3-
carbethoxy group should be favored in concentrated acid
systems.

Treatment of diester 1 with various concentrations of
sulfuric acid (82% to fuming) followed by isolation and
heating of the neat product mixtures at 200 °C for 15 min
afforded mixtures of compounds 1 and 5-7. In no case was
the yield of desired compound 5 greater than about 10%
by GC analysis.

Since reaction of diacid 4 with acidic ethanol results in
selective esterification of the acetate carboxy group,! we
tested addition of ethanol to the sulfuric acid systems and
found that 1 could be converted directly to a mixture of
the decarboxylated compounds 5-7. Product distribution
was shown to be highly dependent on reagent composition.
Optimum conditions involved treatment of 1 with a 10:9:1

(2) Jones, R. A; Bean, G. P. “The Chemistry of Pyrroles™; Academic
Press: New York, 1977; p 329.

(3) Reference 2, p 331.

(4) Chu, E. J.; Chu, T. C. J. Org. Chem. 1954, 19, 266.

(5) Yates, K. Acc. Chem. Res. 1971, 4, 136.
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Figure 1. Hydrolysis—decarboxylation of 1 at 60 °C in
H2SO4/02H5OH/H20: (.) 1, (O) 5, (A) 2, (A) 3, (.) 8, (D) 7.
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volume ratio of 96% sulfuric acid/ethanol/water at 80 °C
for 1 h, which afforded a 78% analytical yield of desired’
pyrrole 5.

Treatment of compound 2, 3, or 4 under the conditions
described also afforded ester 5. Thus the reaction pathway
can be envisioned as a series of hydrolysis-esterification
equilibria followed by decarboxylations to produce com-
pound 5 and the completely decarboxylated pyrrole 7
(Scheme I). To confirm this sequence, a mixture of diester
1, sulfuric acid, ethanol, and water maintained at 60 °C
was sampled regularly, and the samples were analyzed by
both GC and HPLC. Compounds 1-3 and 5~7 were ob-
served in the reaction mixture; the relative amount of each
present as the reaction progressed is shown in Figure 1.
The preponderance of ester 5 indicates that either acid
ester 2 is decarboxylated much faster than its isomer 3 and
diacid 4, or the equilibrium mixture contains only small
amounts of 3 and 4. Although pyrroles are known to un-
dergo acid-catalyzed dimerization by attack of the pro-
tonated cation on the neutral species,’ ester 5 appears to.
be quite stable under these conditions. The same yield
of 5 was obtained after 4 or 24 h at 60 °C. Presumably
extensive protonation of the pyrrole in this concentrated
acid system inhibits dimerization.

Three other pyrrole diesters (8a—c) were synthesized to
determine the effect of substituent changes on the hy-
drolysis-decarboxylation reaction (Scheme II). Only the
4-substituted analogues 1, 8a, and 8¢ gave good yields of
decarboxylated products. Compound 8b was almost com-
pletely consumed but gave only 8% of desired product 9b.”
Decarboxylation of aromatic acids is known to be accel-
erated by the presence of electron-donating groups in the
ortho and para positions.® In addition, steric strain relief

(6) Smith, G. F. In “Advances in Heterocyclic Chemistry”; Katritzky,
A.R., Ed; Academlc Press: New York, 1963; Vol. 2, p 292.

(7) (a) Maryanoff B.E.J. Org. Chem. 1979, 44, 4410. (b) Maryanoff,
B. E. J. Heterocycl. Chem. 1977, 14, 1717.
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may be a factor as in the hydrolysis of methyl mesitoate
in strong acid media.? It is reasonable to expect that
similar electronic and steric factors influence pyrrole acid
decarboxylations.

The hydrolysis—decarboxylation reaction can be carried
out with other acids. Phosphoric acid and perchloric acid
also converted compound 1 to compound 5. Hydrochloric
acid was not effective. Diesters 1 and 8c were recovered
in high yield after treatment for 1 h at 75-80 °C with
ethanol saturated with hydrogen chloride.

Experimental Section

Melting points were determined with a Fischer-Johns hot stage
or a Mel-Temp melting point apparatus and are uncorrected. 'H
NMR spectra were recorded on a Varian EM-390 spectrometer.
Chemical shifts are reported in parts per million relative to
tetramethylsilane. Mass spectra were obtained on a Finnigan 4023
gas chromatograph/mass spectrometer equipped with a 50-m
SE-52 fused silica capillary column. GC analyses were performed
on a Hewlett-Packard 5380A instrument equipped with either
a 10 ft X !/4 in. stainless steel column packed with 10% DEGS
on Chromosorb Q or a 6 ft X !/ in. stainless steel column packed
with 10% SE-52 on Chromosorb W, using dibutyl phthalate as
an internal standard. HPLC analyses were performed on a Waters
M6000A instrument equipped with a 4.6 mm X 30 ¢cm column
packed with 10 um silica and connected to a Schoeffel SF770
variable-wavelength detector set at 254 nm. The eluent solution
was 97% dichloromethane, 2.5% acetic acid, and 0.5% methanol
(volume percent). Elemental analyses were performed by
Huffman Laboratories, Inc., Wheat Ridge, CO.

Conversion of Ethyl 1,4-Dimethyl-3-(ethoxycarbonyl)-

1H-pyrrole-2-acetate (1) to Ethyl 1,4-Dimethyl-1H-

pyrrole-2-acetate (5) with Sulfuric Acid. General Procedure.
To a mixture of 2.0 g (7.9 mmol) of diester 1,! 4.6 mL of absolute
ethanol, and 0.4 mL of water was added, dropwise, with stirring,
4.4 mL of 96% sulfuric acid. The solution was placed in a 75-80
°C oil bath, vigorously stirred for 75 min, and then poured into
15 mL of water. The resulting aqueous mixture was extracted
with four 10-mL portions of dichloromethane, The organic layers
were combined, dried (MgSQ,), concentrated, and distilled (short
path, 95~100 °C, 1 torr) to give 1.0 g (71% yield) of colorless oil
5.

Analysis of the Reaction Mixture in the Conversion of
1 to 5. To 5.0 g (20 mmol) of diester 1 were added 3.5 mL of
absolute ethanol and 5.4 mL of 96% sulfuric acid. This mixture
was placed in a 60 °C oil bath and stirred vigorously. At intervals
a portion of the reaction mixture was removed, weighed (about
0.4 g/portion), and partitioned between water and dichloro-
methane. The organic layers were dried (MgSOy), concentrated,
weighed, and analyzed. The amounts of compounds 5-7 were
determined by GC (internal standard), and the amounts of com-
pounds 1-3 were determined by HPLC (external standard). The
results are summarized in Figure 1.

3-(Ethoxycarbonyl)-1,4-dimethyl-1 H-pyrrole-2-acetic Acid
(3). A mixture of 2.3 g (9.25 mmol) of 1, 1.4 g (10 mmol) of
potassium carbonate, 25 mL of 95% ethanol, and 50 mL of water
was heated at reflux for 16 h and poured into ice water. The
resulting aqueous solution was acidified with 6 N HCI and the
precipitated solid was collected by filtration, washed with water,
and dried in vacuo at 50 °C to give 1.6 g (79% yield) of acid ester
3: mp 154-155 °C; 'H NMR (CDCly) é 1.38 (t, 3 H, J = 7 Hz),
2.20 (s, 3 H), 3.60 (s, 3 H), 3.99 (s, 2 H), 4.38 (9, 2 H, J = 7 H2),
6.40 (s, 1 H), 10.5 (br s, 1 H).

Decarboxylation of a sample of this material at 200210 °C for
20 I{(l)il’i afforded 3-(ethoxycarbonyl)-1,2,4-trimethyl-1H-pyrrole
(6).

Conversion of Ethyl 3-Carboxy-1,4-dimethyl-1H-
pyrrole-2-acetate (2) to 5. By the general procedure 0.10 g (0.44
mmol) of acid ester 2! afforded 77 mg of a product mixture that

(8) March, J. “Advanced Organic Chemistry”, 2nd ed.; McGraw-Hill:
New York, 1977; p 514.

(9) Newman, M. S. J. Am. Chem. Soc. 1941, 63, 2431.

(10) Grob, C. A.; Schad, H. P. Helv. Chim. Acta 1955, 38, 1121.
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contained, by GC analysis, 58 mg (70% yield) of ester 5.

Conversion of 3 to 5. By the general procedure 0.10 g (0.44
mmol) of acid ester 3 afforded 77 mg of a product mixture that
contained, by GC analysis, 43 mg (53% yield) of ester 5, 11 mg
(23% yield) of 1,2,4-trimethyl-1H-pyrrole (7),! and 2 mg (1%
yield) of 1.

Conversion of 3-Carboxy-1,4-dimethyl-1H-pyrrole-2-acetic
Acid (4) to 5. By the general procedure 2.7 g (15 mmol) of diacid
4! afforded a product mixture that contained, by GC analysis,
2.3 g (84% yield) of ester 5, 0.1 g (7% yield) of 7, and 0.2 g (6%
yield) of 1.

Ethyl 3-(Ethoxycarbonyl)-1,4,5-trimethyl-1H -pyrrole-2-
acetate (8a). A solution was prepared from 10 g (51 mmol) of
diethyl 1,3-acetonedicarboxylate, 8.3 g (77 mmol) of 3-chloro-2-
butanone, and 45 g of dichloromethane. This solution was added
simultaneously with 35 g of 40% aqueous methylamine (0.45 mol)
to a 100-mL flask equipped with a distilling head during a 15-min
period. The resulting mixture was heated to 90 °C for 30 min
to remove the methylamine and dichloromethane, cooled, and
extracted with 45 g of toluene in two portions. The extracts were
dried (MgSO,) and concentrated at 60 °C. The solid residue
crystallized from methanol to give 3.4 g (25% yield) of 8a: mp
85-87.5 °C; 'H NMR (CDCl,) 6 1.24 (t, 3 H, J = 7 Hz), 1.32 (t,
3H,J =7Hz), 2.11 (s, 3 H), 2.19 (s, 3 H), 3.42 (s, 3 H), 4.09 (s,
2 H), 4.19 (q, 4 H, J = 7 Hz), 4.26 (q, 4 H, J = 7 Hz); mass
spectrum (70 eV), m/e (relative intensity) 267 (M*, 20), 222 (10),
221 (28), 194 (87), 192 (14), 166 (60), 150 (8), 121 (8), 56 (100),
42 (7). Anal. Caled for C; HyNO, C, 62.90; H, 7.92; N, 5.24.
Found: C, 62.88; H, 7.87; N, 5.30.

Conversion of 8a to Ethyl 1,4,5-Trimethyl-1H-pyrrole-2-
acetate (9a). By the general procedure 3.0 g (11 mmol) of diester
8a afforded a product mixture that was distilled (short path,
95-100 °C, 1.0~1.5 torr) to give 1.4 g (64% yield) of ester 9a: 'H
NMR (CDCl;) 6 1.20 (t, 3 H, J = 8 Hz), 1.93 (s, 3 H), 2.05 (s, 3
H), 3.33 (s, 3 H), 3.50 (s, 2 H), 4.10 (q, 2 H, J = 8 Hz), 5.77 (s,
1 H); mass spectrum (70 eV), m/e (relative intensity) 195 (M,
21), 123 (6), 122 (100), 56 (5). Anal. Caled for C,;H;;NO,: C,
67.65; H, 8.78; N, 7.18. Found: C, 67.07; H, 8.71; N, 7.24.

Ethyl 3-(Ethoxycarbonyl)-1-methyl-1H-pyrrole-2-acetate
(8b). By a procedure analogous to that of Bisagni et al.,'? 62 g
(0.30 mol) of 15% aqueous methylamine, 12 g (0.05 mol) of 1,2-
dibromoethyl acetate,’® and 10 g (0.05 mol) of diethyl 1,3-
acetonedicarboxylate afforded 3.1 g (26% yield) of diester 8b.!*

Ethyl 3-(Ethoxycarbonyl)-1-methyl-4-phenyl-1H-
pyrrole-2-acetate (8¢). This compound was prepared from
a-chloroacetophenone by the procedure described for synthesis
of diester 8a. It was concentrated by column chromatography
on silica gel with dichloromethane as eluent and isolated as a crude
brown oil by preparative TLC (silica gel) in about 12% yield.!®
The *H NMR spectrum was consistent with structure 8c. Mass
spectrum (70 eV), m/e (relative intensity) 315 (M*, 28), 270 (8),
269 (74), 242 (63), 241 (87), 214 (100), 168 (11), 128 (3), 42 (66).

Conversion of 8c to Ethyl 1-Methyl-4-phenyl-1H-
pyrrole-2-acetate (9¢). By the general procedure 23 g (7.5 mmol)
of crude diester 8c afforded a product mixture that contained,
by GC analysis, ester 9¢ and no trace of unreacted diester 8c.
Compound 9c¢ was isolated as a crude brown oil (1.2 g, 51% yield).
The 'H NMR spectrum was consistent with structure 9¢. Mass
spectrum (70 eV), m/e (relative intensity) 243 (M*, 30), 171 (8),
170 (100), 128 (8), 42 (22).
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Base-catalyzed reactions of 3-piperidinones appear at-
tractive in the synthesis of alkaloids. For example, the
reaction of an appropriately substituted 3-piperidinone
with a Michael acceptor could be a route to the hydroli-
lolidine ring system that is found in such alkaloids as
lycorine, vinblastine, and aspidospermine. A base-cata-
lyzed ring closure via a 3-pyrrolidinone (a five-membered
analogue of a 3-piperidinone) was used in the synthesis of
the lycorine skeleton.?
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Treatment of a model compound, N-crotonyl-3-
piperidinone, with sodium methoxide in methanol, po-
tassium hydroxide in methanol, or Triton B in tert-butyl
alcohol did not give the desired cyclization. A secondary
amide was obtained in addition to unreacted starting
material. The formation of a secondary amide also was
observed in the attempted base-catalyzed cyclization of
N-[5-(ethylenedioxy)-2-hexenoyl]-3-piperidinone or the
base-catalyzed condensation of N-benzoyl-3-piperidinone
with methyl crotonate. To determine the nature of the
secondary amide products and how they might originate,
we treated N-benzoyl-3-piperidinone with sodium meth-
oxide in methanol at room temperature. Yields of up to
25% of methyl 4-benzamidobutanoate were obtained, the
ester being identical with a sample prepared from 4-
benzamidobutanoic acid.?® The formation of this ester is
arrested if air is excluded from the reaction. (In the ab-
sence of air essentially no reaction occurs at all with any
of the derivatives.) When oxygen was bubbled through
the reaction mixture a 95% yield of the ester was obtained.
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The facile autoxidation of 3-piperidinones under neutral
conditions has been reported and explained as possibly
proceeding via an a-hydroperoxide and a 1,2-dioxetane.*
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The above scheme cannot be followed in all details under
the basic conditions we used because the methyl ester is
obtained. In our system, a carbanion is a likely interme-
diate that reacts rapidly with oxygen to give the a-hy-
droperoxide or its anion. Deuterium exchange (0.3%
NaOD, D,0, 25 °C, 20 min) occurs to a greater extent at
the 2-methylene group (80%) than at the 4-methylene
group (37%) as determined from 'H NMR spectra. The
reaction of carbanions with oxygen has ample precedent.®
It is reasonable to suppose that methoxide then adds to
the 3-carbonyl group, resulting in the formation of methyl
N-benzoyl-N-formyl-4-aminobutanoate, which is subse-
quently deformylated by methoxide ion as shown below.
An analogous scheme was proposed to explain the base-
catalyzed reaction in' air of 1,2-diaza-2,5-dimethyl-6-
phenylbicyclo[3.1.0)hept-6-ene-4-one with methanol.®
Another possibility involves oxidation of the 2-position to
a carbonyl group followed by attack of methoxide on the
3-carbonyl group to cause ring cleavage with loss of carbon
monoxide. None of the 2,3-diketopiperidine derivative was
observed although several stable examples of these com-
pounds have been reported.” However, their rapid de-
composition with methoxide ion is not precluded.
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