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NMR spectra, and  Professor G .  W. Kenner, University of 
Liverpool, for high-resolution mass spectra. 

Registry No.-la, 31951-33-4; lb, 41601-98-3; 4a, 875-30-9; 4a 
1,3,5-trinitrobenzene charge-transfer complex, 54383-93-6; 4b, 
1971-46-6; 4b 1,3,5-trinitrobenzene charge-transfer complex, 
54383-94-7; 6a, 54383-95-8; 6a 1,3,5drinitrobenzene charge-trans- 
fer complex, 54383-96-9; 6b, 54384-25-7; 612, 54384-26-8; skatole, 
83-34-1; diborane, 19287-45-7. 
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The amino acids, proline and pipecolinic acid, have been converted into the 4-keto-4,5,6,7-tetrahydroindoles, 
5a and 5b, respectively, in three steps. This sequence involved the preparation of the corresponding N- (4-carbo- 
methoxybutyroy1)amino acids and their subsequent reaction with acetic anhydride and dimethyl acetylenedicar- 
boxylate, thereby yielding the pyrrole triesters, 4a and 4b. This latter transformation employed a 1,a-dipolar cy- 
cloaddition reaction of bicyclic munchnone derivatives generated in situ. The final step in this sequence involved 
a Dieckmann condensation of 4a and 4b using sodium hydride. The application of the sequence to acyclic amino 
acids was also investigated and with phenylglycine and sarcosine, the tetrahydroindoles, 15 and 16, respectively, 
were obtained. 

Munchnones (mesoionic oxazolium 5-oxides) have been 
successfully used in the  preparation of pyrroles bearing 
simple alkyl, aryl, and/or carboalkoxy s u b s t i t u e n t ~ . ~ J  This 
paper will describe the  synthesis of pyrrole derivatives pos- 
sessing a functionalized alkyl side chain capable of under- 
going further reaction t o  yield 4-keto-4,5,6,7-tetrahydro- 
indoles. In particular, this involves the  reactions of N-(4- 
carbomethoxybutyroy1)amino acids with acetic anhydride 
and dimethyl acetylenedicarboxylate. T h e  concept of util- 
izing functionalized 1,3-dipoles has recently been described 
by Lown and Landberg.4 

Results and Discussion 
Initially, t he  amino acids, proline and  pipecolinic acid, 

were used in this study, and the  reactions involving these 
compounds are listed in Scheme I. 

Trea tment  of these amino acids with methyl (4-chloro- 
formy1)butyrate in  refluxing pyridine afforded the  N- acyl 
amino acids, 2a and 2b, respectively. Attempts t o  carry out  
this acylation reaction under Schotten-Baumann condi- 
tions failed t o  give the  desired N- (4-carbomethoxybuty- 
roy1)amino acids. When pipecolinic acid was treated with 
methyl 4-(chloroformyl)butyrate in dilute sodium hydrox- 
ide solution, a low yield of the  N-acyl diacid, 2c, was ob- 
tained. 2a and 2b were isolated as viscous oils and  were 
used in  the  next s tep  without extensive purification, al- 
though 2b was converted into a crystalline dicyclohexylam- 
ine salt  for t he  purposes of characterization. 

Reaction of 2a and  2b with acetic anhydride and  dimeth- 
yl acetylenedicarboxylate furnished the  tetrahydropyrroliz- 
ine 4a and tetrahydroindolizine 4b, respectively, as oils. 
The formation of these products involve the  intermediacy 
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of bicyclic munchnone derivatives (3a and 3b), possessing a 
functionalized substi tuent a t  C-2. Surprisingly, the bicyclic 
munchnone (3b) appears to  be formed more readily than  
munchnones derived from acyclic, N-acyl secondary amino 
acids (vide infra), since carbon dioxide evolution, an indi- 
cation tha t  the 1,3-dipolar cycloaddition of the munchnone 
t o  the  acetylenic dipolarophile has occurred, was observed 
in this case on simply mixing the reactants a t  room temper- 
ature.  Reactions involving the acyclic, N-acyl amino acids 
required the  use of elevated temperatures (45-60’). 

Both the tetrahydropyrrolizine 4a and the tetrahydroin- 
dolizine 4b possess the requisite spectral characteristics t o  
substantiate their structural  assignments. In particular, the 
ultraviolet spectra of 4a and 4b are in good agreement with 
the  reported uv spectrum (A,,, (CH30H) 268 mp (log t 

3.97) of the homologous tetrahydroindolizine 6, prepared 
by Acheson and Taylor.6 

Conversion of 4a and 4b into the corresponding 4-keto- 
4,5,6,7-tetrahydroindoles, 5a and 5b, respectively, was ac- 
complished by a Dieckmann condensation using sodium 
hydride in tetrahydrofuran containing a trace of methanol. 
In  this manner, compound 5a, a heterocycle which possess- 
es three of the four rings contained in the mitomycin skele- 
ton,  was readily made. 

Since it appeared tha t  munchnones bearing a functional- 
ized side chain a t  C-2 could be used in the preparation of 
complex pyrroles, a study of this reaction with acyclic N- 
acyl amino acids was then made in order to establish the 
synthetic scope of this approach. An example of such a 
reaction, somewhat related to  the present study, has been 
recently reported. McDermott  and Benoiton have found 
t h a t  treatment of Z-Ala-MeLeu with dicyclohexylcarbodi- 
imide in T H F  followed by addition of methyl propiolate re- 
sulted in the formation of t he  crystalline pyrrole 7 in 85% 
yield.6 T h e  formation of this particular product involves 
the  intermediacy of a mesoionic oxazolium 5-oxide which 
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In the present study, four amino acids, glycine, alanine, 
phenylglycine, and sarcosine (N-  methylglycine), 8a4, re- 
spectively, were converted into their N- (4-carbomethoxy- 
butyroyl) derivatives 1 la-d, by first preparing the benzyl 
ester, then  acylating the benzyl ester with methyl (4-chlor- 
oformy1)butyrate in the presence of triethylamine, and fi- 
nally removing the benzyl ester by hydrogenolysis (Scheme 
11). Once formed, the N- (4-carbomethoxybutyroyl) amino 

Scheme I1 
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acids, 1 la-d, were dissolved in acetic anhydride containing 
dimethyl acetylenedicarboxylate and the reaction mixture 
was heated until carbon dioxide evolution was observed to 
occur (system vented through a barium hydroxide trap).  

The  results of the reactions studied here are consistent 
with earlier findings by Huisgen,’ namely, reactions involv- 
ing N-acyl amino acids which are derived from amino acids 
possessing a primary amine group usually fail to  give the 
desired pyrrole products. In our case, reaction of N-(4-car- 
bomethoxybutyroy1)glycine (1 la) with acetic anhydride 
yielded the  corresponding azlactone, which does not appear 
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to exist in any  appreciable equilibrium with the requisite 
mesoionic munchnone. No carbon dioxide evolution was 
observed even up to the reflux temperature of acetic anhy-  
dride, and only a small amount  of monomethyl glutarate 
was obtained from the reaction mixture, indicating that hy- 
drolysis of the azlactone had occurred on work-up. Reac- 
tion of l l b ,  the amide derived from alanine, did furnish a 
small amount of the pyrrole 12. This is also consistent with 

CHJ&C;-JCO&X 
I ' CH2CH2CH2C02CH, 

CH ,O,C 

COiCH? 
12 

Huisgen's finding that dimethyl 2,5-dialkylpyrrole-3,4-di- 
carboxylates react with dimethyl acetylenedicarboxylate in 
a Michael addition fashion.' 

The pyrrole 13 obtained from l lc,  however, does not 
possess the dimethyl maleate substituent on the pyrrole 

CH & ! L f L H 2 c H 2 c H 2 ~ 2 c H J  ,02C C02CH1 

13 

ring nitrogen. Apparently, the p.resence of the aromatic 
phenyl substituent at one of the CY positions of the pyrrole 
ring inhibits this further reaction of 1-unsubstituted pyr- 
roles with dimethyl acetylenedicarboxylate. In  this particu- 
lar example, carbon dioxide evolution was observed to 
occur when the temperature of the reaction mixture 
reached 45'. This is due to the charge stabilization of the 
phenyl substituent at C-4 of t h e  munchnone, thereby facili- 
ta t ing the formation of this highly reactive 1,3-dipole. 

The use of an N-aryl  secondary amino acid such as 12d 
was uneventful and afforded the  desired pyrrole, 14, in 57% 

C H ' O $ r L  COiCH, 
I I CH2CH2CH2C02CH3 

14 

yield. Both 13 and 14 were subsequently converted into the 
corresponding 4-keto-4,5,6,7-tetrahydroindoles, 15 and 16, 
by means of a Dieckmann condensation using conditions 
just  described. 

0 

R 
15, R C6H5; R' = H 
16, R -  H; R'=CH, 

Experimental Section 
Melting points were taken on a Thomas-Hoover Unimelt capil- 

lary apparatus which was calibrated against known standards. U1- 
traviolet spectra were recorded in CH30H solutions on a Beckman 
DK-PA spectrometer; infrared spectra were determined in CHC13 
solutions on a Beckman IR-12 spectrometer; 'H NMR spectra 
were obtained on a Varian Associates A-60 or T-60 spectrometer 

from CDCl3 solutions using tetramethylsilane as an internal stan- 
dard; mass spectra were run on an AEI MS-30. Microanalyses were 
performed by the Searle Laboratories Microanalytical Depart- 
ment. Mallinckrodt silica gel (CC7) was used in the column chro- 
matographic work-ups. 
N-(4-Carbomethoxybutyroyl)proline (2a). A solution of L- 

proline (23.0 g, 0.2 mol) in anhydrous pyridine (300 ml) was treat- 
ed with methyl (4-chloroformy1)butyrate (32.9 g, 0.2 mol) and the 
mixture was heated to reflux for 3 hr. The reaction mixture was 
cooled and poured into a slurry of concentrated hydrochloric acid 
(400 ml) and ice (400 ml). The resultant aqueous acidic mixture 
was extracted with chloroform (3 X 250 ml); the combined chloro- 
form extract was washed with water (250 ml), then dried (NazSOd), 
and the solvent was removed in vacuo. A thick, orange oil (42.75 g) 
was isolated: WOH 3300-3000, pc=o 1735 and 1645 cm-'. This prod- 
uct, 2a, was used without further purification in the next step 
(synthesis of 4a). 
N-(4-Carbomethoxybutyroyl)pipecolinic Acid (2b). Using 

the procedure just described, a reaction of pipecolinic acid (25.8 g, 
0.2 mol) and methyl (4-chloroformy1)butyrate (32.9 g, 0.2 mol) in 
anhydrous pyridine (300 ml) furnished 2b as a brown viscous oil 
(37.10 9): 1431.1 3300-3000, 1c-o 1735, 1720 (shoulder), and 1645 
cm-'. In addition to using this material for the preparation of 4b, a 
small portion (1.2 g) of this oil was dissolved in anhydrous ether 
(50 ml) and a solution of dicyclohexylamine (1.0 g) in ether (10 ml) 
was added. A colorless, crystalline solid was obtained (0.9 g), mp 
139-141'. 

Anal. Calcd for C24H42N205: C, 65.72; H, 9.65; N, 6.39. Found: C, 
65.95; H, 9.99; N, 6.36. 

Dimethyl 2,3-Dihydro-5-(3-carbomethoxypropyl)-lH-pyr- 
rolizine-6,7-dicarboxylate (4a). A mixture consisting of 2a 
(42.75 g, assumed to be 0.176 mol), dimethyl acetylenedicarhoxyl- 
ate (28.4 g, 0.2 mol), and acetic anhydride (250 ml) was stirred and 
heated to 65'. At this temperature an exothermic reaction ensued, 
and the temperature quickly rose to 115O. This temperature was 
maintained for 18 hr by means of a heating bath. After the black- 
ened reaction mixture was cooled, the solvents were removed in 
vacuo, and the black tarry residue that remained was dissolved in 
methylene chloride (250 ml). This solution was washed with brine 
(6 X 150 ml), dried (NazSOd), and the solvent removed in vacuo. 
The black tar that remained was chromatographed on a silica gel 
column (1800 9). Elution of the column with 1% ethanol-99% chlo- 
roform furnished 4a as a brown oil (25.42 9): A,, 266 mp (log c 
3.77); ~4 1735 cm-'. Bulb-to-bulb distillation of a small sample 
of this material afforded a light orange, viscous oil. 

Anal. Calcd for C I ~ H ~ ~ N O ~ :  C, 59.43; H, 6.55; N, 4.33. Found: 
59.08; H, 6.50; N, 4.01. 

Dimethyl 3-(3-Carbomethoxypropyl)-5,6,7,8-tetrahydroin- 
dolizine-1,2-dicarboxylate (4b). A solution of 2b (23.5 g, as- 
sumed to be 0.09 mol), dimethyl acetylenedicarboxylate (21.3 g, 
0.15 mol), and acetic anhydride (400 ml) was stirred at  room tem- 
perature overnight. The reaction mixture was evaporated to dry- 
ness in vacuo and the residue obtained was dissolved in ether (300 
ml). The ether solution was filtered, washed with water (200 ml), 
10% K2CO3 solution (200 ml), and water (200 ml), then dried 
(MgS04) and evaporated to dryness. The brown oil that was ob- 
tained (28.60 g) was divided into two equal portions and each por- 
tion was chromatographed on a silica gel column (1000 9). Elution 
of these columns with 1046 ethyl acetate-90% benzene afforded 4b 
as a light brown oil (12.12 9). Distillation of a small sample of the 
brown oil furnished a light yellow, viscous oil: bp 223-224' (0.9 
mmHg); A,, 267 mp (log c 3.82); K=O 1730 cm-'. 

Anal. Calcd for C ~ ~ H Z ~ N O S :  C, 60.52; H, 6.87; N, 4.15. Found: C, 
60.74; H, 7.07; N, 3.86. 

Dimethyl 2,3,5,6,7,8-Hexahydro-8-oxo-1H-pyrrolo[ 1,2-a]- 
indole-7,9-dicarboxylate (5a). Sodium hydride dispersion in 
mineral oil (57%, 8.2 g, 0.2 mol) was washed twice with pentane, 
the pentane washings were carefully decanted, and distilled THF 
(250 ml) containing 1 ml of methanol was added. A solution of 4a 
(25 g, 0.077 mol) in distilled THF (100 ml) was added in dropwise 
portions over a 1-hr period to this NaH suspension under a nitro- 
gen atmosphere with stirring at  reflux. Heating of the reaction 
mixture a t  reflux was continued for an additional 90 min; then it 
was cooled and cautiously acidified by adding concentrated hydro- 
chloric acid (20 ml). The acidified mixture was then dissolved in 
water (300 ml) and the resultant solution was extracted with chlo- 
roform (2 X 250 ml). After the combined chloroform extract was 
washed with brine (500 ml), the organic solution was dried 
(Na2S04) and the solvent was removed in vacuo. Trituration of the 
residue with ether afforded a brown solid (17.4 g) which was re- 
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crystallized from ethyl acetate to give a light-tan, powdery solid 
(5.25 g, 23%): mp 139-141'; A,, 283 mp (log t 4.02), 263 (3.94), 225 
(3.90); p c 4  1740 and 1680 cm-l; in addition to 6 3.73 and 3.81 (8, 

OCH3) and 3.90 (t, CH, J = 7 Hz), a series of multiplets are pres- 
ent between 6 2.00 and 3.60, integrating for ten protons. 

Anal. Calcd for C15H17N05: C, 61.85; H, 5.88; N, 4.81. Found C, 
61.73; H, 5.95; N, 4.83. 

Dimethyl 1,2,3,4,6,7,8,9-0ctahydro-l-oxopyrido[l,2-a]~n- 
dole-2,10-dicarboxylate (5b). Using the procedure described for 
the synthesis of sa, reaction of 4b (16.08 g, 0.047 mol) with sodium 
hydride dispersion (57%, 4.20 g, 0.10 mol) in distilled THF (200 
ml) containing 1 ml of methanol afforded a light brown solid (11.55 
g, 81%), mp 142346'. A slightly modified work-up was employed 
here and involved the use of acetic acid in place of concentrated 
hydrochloric acid during the acidification. Recrystallization of the 
brown solid from water and decolorization using Darco furnished 
5b as colorless plates: mp 153-157'; A, 285 mp (log c 3.92), 265 
(3.85), 229 (3.93); pc=o 1735 and 1680 cm-l; a series of multiplets 
between 6 1.70 and 3.95 with two singlets a t  6 3.75 and 3.81 (OCH3 
protons). 

Anal. Calcd for C16HlgN05: C, 62.94; H, 6.27; N, 4.59. Found C, 
63.10; H, 6.42; N ,  4.43. 

Preparation of Amino Acid Benzyl Ester p-Toluenesulfon- 
ates (9). The synthesis of sarcosine benzyl ester p-toluenesulfon- 
ate (9d) will serve as an example of the synthetic method used in 
this reaction. A mixture consisting of sarcosine (22.3 g, 0.25 mol), 
p -  toluenesulfonic acid monohydrate (48.5 g, 0.255 mol), benzyl al- 
cohol (100 ml), and anhydrous benzene (50 ml) was heated to re- 
flux overnight beneath a Dean-Stark trap. After 19 hr had elapsed, 
10.5 ml of water had collected in the trap. The reaction mixture 
was cooled, ether (300 ml) was added, and the resultant mixture 
was refrigerated for several days. A colorless solid (58.6 g) was ob- 
tained and addition of ether (150 ml) to the mother liquor provid- 
ed a second crop of solid (76.3 9). The solids were combined and 
recrystallized from acetone, yielding a colorless solid (63.85 g, 
73%), mp 99-102'. 

Anal. Calcd for C17H21N05S: C, 58.10; H, 6.02; N, 3.99. Found 
C, 57.75; H, 6.09; N, 3.78. 

In a similar manner, alanine benzyl ester p -  toluenesulfonate 
(9b) was prepared in 65% yield, mp 112-114O (lit? mp 113-114'), 
and phenylglycine benzyl ester p -  toluenesulfonate (9c) was syn- 
thesized in 80% yield, mp 192-194.5' (CH3CN). 

Anal. Calcd for CzzH23NObS: C, 63.91; H, 5.61; N, 3.39. Found 
C, 63.87; H, 5.75; N, 3.12. 

Preparation of N-(4-Carbomethoxybutyroyl)amino Acid 
Benzyl Esters (10). The synthesis of 10a will serve as an example 
of the experimental procedures used for this reaction. A mixture of 
glycine benzyl eaiter p- toluenes~lfonate~ (9a, 16.85 g, 0.05 mol) in 
chloroform (300 ml) was cooled to 5' and triethylamine (10.0 g, 0.1 
mol) was added. After stirring for a few minutes, a solution of 
methyl (4-chloroformyl)butyrate (8.25 g, 0.05 mol) in chloroform 
(25 ml) was added in dropwise portions over a 45-min period. The 
reaction mixture was allowed to stand overnight at room tempera- 
ture, and was then washed with dilute hydrochloric acid (2 X 200 
ml) and water (300 ml) and dried (Na~S04). Removal of the sol- 
vent in vacuo and purification by bulb-to-bulb distillation provid- 
ed 10a as a light yellow oil (13.15 g, 90%): ~ N H  3440 cm-l, p c = ~  
1740 and 1680 cm-l; 6 1.80-2.70 (m, six protons), 3.63 (8 ,  OCHs), 
4.06 (d, CH2, J == 5.5 Hz), 5.16 (s, OCHZ), 6.25 (broad s, NH), 7.33 
(s, phenyl protons). 

Anal. Calcd for C16H19N06 ljHzO: C, 59.58; H, 6.68; N, 4.63. 
Found: C, 59.39; H, 6.72; N, 4.76. 

The following N- (4-carbomethoxybutyroy1)amino acid benzyl 
esters were prepared in an analogous manner. 
N-(4-Carbomethoxybutyroyl)alanine benzyl ester (lob) was 

a colorless oil obtained in 85% yield; p" 3440, pc-0 1735 and 1680 
cm-l; 6 1.40 (d, CH3, J = 7 Hz), 1.80-2.60 (m, six protons), 3.65 (s, 
OCH3), 4.71 (4, CH, J = 7 Hz), 5.16 (s, OCHz), 6.25 (broad s, NH), 
7.33 (s, phenyl protons). 

Anal. Calcd for ClsHzlNO5: C, 62.52; H, 6.89; N, 4.56. Found: C, 
62.23; H, 6.89; N, 4.58. 
N-(4-Carbomethoxybutyroyl)phenylglycine benzyl ester 

(1Oc) was a colorless solid, mp 68-72' (benzene-hexane), obtained 
in 90% yield: ~ N H  3440, pc=o 1735 and 1680 cm-l; 6 1.80-2.60 (m, 
six protons), 3.56 (s, OCHs), 5.16 (8 ,  OCHz), 5.63 (d, CH, J = 7 
Hz), 6.66 (broad d, NH), 7.10-7.40 (m, phenyl protons). 

Anal. Calcd for C Z ~ H ~ ~ N O ~ :  C, 68.28; H, 6.28; N, 3.79. Found: C, 
68.58; H, 6.25; N, 3.81. 
N-(4-Carbomethoxybutyroyl)sarcosine benzyl ester (loa) 

was a colorless oil isolated in quantitative yield pc=o 1730 and 

1650 cm-l; 6 1.80-2.60 (m, six protons), 3.06 (8 ,  CHsN), 3.61 (s, 
OCH3), 4.18 (s, CHz), 5.16 (s, OCHz), 7.40 (s, phenyl protons). 

Anal. Calcd for C16HzlNO5: C, 62.52; H, 6.89; N, 4.56. Found: C, 
62.37; H, 6.93; N, 4.49. 

Preparation of N-(4-Carbomethoxybutyroyl)amino Acids 
(11). The following description of the experimental procedures 
used in preparing 11s is representative of the method used in this 
debenzylation reaction. A solution of 10a (12.3 g, 0.041 mol) in 
ethyl acetate (200 ml) was treated with 5% palladium on carbon 
(1.2 g) and the mixture was hydrogenated using a Parr Shaker ap- 
paratus at room temperature and atmospheric pressure. Once the 
theoretical amount of hydrogen had been taken up (this usually 
occurred within 3 hr), the mixture was filtered and the filtrate was 
evaporated to dryness in vacuo. l la  was isolated as a light yellow 
oil (7.75 g, 93%), which crystallized on standing at  room tempera- 
ture: mp 62-66'; p" 3440, p o ~  3300,3000. pc=o 1730 and 1675 
cm-'; 6 1.80-2.65 (m, six protons), 3.65 (s, OCH3), 4.03 (d, CH2, J 
= 6 Hz), 6.85 (t, NH, J = 6 Hz), 9.30 (5, COzH). 

Anal. Calcd for CsH13N05: C, 47.28; H, 6.45; N, 6.89. Found: C, 
46.95; H, 6.55; N, 7.00. 

The following N-(4-carbomethoxybutyroyl)amino acids were 
prepared in an analogous manner. 
N-(4-carbomethoxybutyroyl)alaniqe ( l l b )  was obtained as a 

light yellow oil in 89% yield, which crystallized into a colorless 
solid: mp 137-140' (EtAc-hexane);  OH 3690 and 3300-3000, ~ N H  
3440, ~4 1740 and 1680 cm-l; 6 1.43 (d, CH3, J = 8 Hz), 1.80.- 
2.60 (m, six protons), 3.65 (s, OCH3), 4.66 (d of q, CH, J = 8 Hz), 
6.80 (d, NH, J = 8 Hz), 8.33 (8 ,  COzH). 

Anal. Calcd for CeH15N05: C, 49.76; H, 6.96; N, 6.45. Found: C, 
49.72; H, 6.66; N, 6.83. 
N-(4-Carbomethoxybutyroyl)phenylglycine ( l l c )  was iso- 

lated as colorless needles, mp 102-105' (benzene), in 88% yield: 
WH 3690 and 3300-3000, p" 3440, pc=o 1735 and 1680 cm-l; 6 
1.70-2.60 (m, six protons), 3.60 (s, OCHs), 5.57 (d, CH, J = 7 Hz), 
7.06 (d, NH, J = 7 Hz), 7.33 (8, phenyl protons), 9.68 (s, COzH). 

Anal. Calcd for C14H17N05: C, 60.20; H, 6.14; N, 5.02. Found: C, 
60.16; H, 6.14; N, 5.01. 
N-(4-Carbomethoxybutyroyl)sarcosine (1 ld) was obtained 

as a colorless oil in quantitative yield: WH 3690 and 3300-3000, 
pc=o 1730 and 1650 cm-l; 6 1.80-2.80 (m, six protons), 3.00 and 
3.08 (s, CH3N),1° 3.70 ( e ,  OCHs), 4.10 and 4.16 (s, CH2N),1° 9.16 (s, 

Anal. Calcd for CgH15N05: C, 49.76; H, 6.96; N, 6.45. Found: C, 
49.94; H, 6.63; N, 6.50. 

Reaction of l l b  with Acetic Anhydride and Dimethyl 
Acetylenedicarboxylate. l l b  (7.2 g, 0.033 mol) was dissolved in 
acetic anhydride (125 ml) containing dimethyl acetylenedicarbox- 
ylate (5.7 g, 0.04 mol), and the solution was heated to 120' for 24 
hr. After the solution was cooled and the acetic anhydride was re- 
moved in vacuo, the residue was dissolved in ether (200 ml), fil- 
tered, and washed with dilute hydrochloric acid (2 X 100 ml), then 
water (2 X 100 ml). The ether solution was dried (MgS04) and 
evaporated to dryness, leaving a brown oil (10.05 9). This oil was 
chromatographed on a silica gel column (1200 g) and elution with 
5% ethyl acetate-95% benzene afforded 12 as a light brown oil (2.2 
g, 15%): A,, 258 mp (log c 3.90); pc=o 1735 and 1710 (shoulder), 
/LC=C 1660 cm-'; 6 2.18 (s, CHs), 1.55-2.90 (m, six protons), 3.65, 
3.70,3.83,3.86 (s, five OCH3), 7.36 (8 ,  vinyl proton). 

Dimethyl 2-Phenyl-5-(3-carbomethoxypropy1)pyrrole-3,4- 
dicarboxylate (13). A solution comprised of l l c  (5.6 g, 0.02 mol), 
dimethyl acetylenedicarboxylate (4.25 g, 0.03 mol), and acetic an- 
hydride (150 ml) was warmed to 45-55' for 6 hr, then cooled and 
evaporated to dryness in vacuo. The residue was dissolved in ether 
(100 ml) and the ether solution was washed with dilute (5%) acetic 
acid (100 ml), 2% NaHC03 solution (100 ml), and water (100 ml). 
After drying (MgSOd), the solution was evaporated to dryness and 
the residue was triturated with hexane. 13 was obtained as a vis- 
cous orange oil (6.85 g) and this material was used without further 
purification in preparing 15. A small sample of 13 was purified by 
bulb-to-bulb distillation and afforded a light yellow oil which had 
the following spectral characteristics: ~ N H  3470 and 3340, pc=o 
1735 cm-l; 6 1.70-2.50 (m, four protons), 2.93 (t, CH2, J = 7 Hz), 
3.66; 3.80,3.83 (s, three OCHs), 7.20-7.57 (m, phenyl protons), 9.50 
(broad s, NH). 

Anal. Calcd for ClDH21N06: C, 63.50; H, 5.89; N, 3.90. Found: C, 
63.11; H, 5.81; N, 3.46. 

Dimethyl l-Methyl-5-(3-carbomethoxypropyl)pyrrole-3,4- 
dicarboxylate (14). Using the procedures described for the syn- 
thesis of 13, reaction of l l d  (15.55 g, 0.072 mol), dimethyl acetyl- 
enedicarboxylate (12.8 g, 0.09 mol), and acetic anhydride (200 ml) 

C02H). 
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furnished 14 as a yellow oil: bp 196-198' (0.6 mmHg) (12.25 g, 
57%); A,, 258 mp (log e 3.90); pepo 1735 cm-'; 6 1.70-3.10 (m, six 
protons), 3.61 (s, CHsN), 3.66, 3.78, 3.83 (s, three OCHs), 7.08 (5, 

pyrrole ring proton). 
Anal. Calcd for CldHlgNOe: C, 56.56; H, 6.44; N, 4.71. Found C, 

56.52; H, 6.24; N, 4.42. 
Dimethyl 2-Phenyl-4-oxo-d,5,6,7-tetrahydroindole-3,5-di- 

carboxylate (15). To a suspension of sodium hydride (57% disper- 
sion in mineral oil, 2.1 g, 0.05 mol, washed with pentane to remove 
the mineral oil) in distilled THF (50 ml) containing 0.2 ml of 
methanol, a solution of 13 (6.85 g, 0.019 mol) in distilled THF (25 
ml) was added in dropwise portions over a 30-min period. The 
reaction mixture throughout this addition was kept under a nitro- 
gen atmosphere and was stirred while the mixture was heated to 
reflux. Upon completion of the addition of 13, the mixture was re- 
fluxed for an additional 3 hr, then cooled to 5' and acidified with 
acetic acid (20 ml) and water (200 ml). The aqueous mixture was 
extracted with chloroform (2 X 100 ml), and the combined organic 
extract was washed with brine (200 ml), dried (NaZSOd), and evap- 
orated to dryness in vacuo. The brown tarry residue (6.05 g) was 
then chromatographed on a silica gel column (1000 g) and elution 
with 20% ethyl acetate-80% benzene furnished a brown semisolid 
(2.23 g) which was recrystallized from benzene-ether to give 15 as 
a colorless powder (0.93 g, 15%): mp 121-123'; ~ N H  3440 and 3300, 
pc=-o 1735 and 1680 cm-'; 6 2.10-3.10 (m, four protons), 3.45 (t, 
CH, J = 6 Hz), 3.65 and 3.68 (8 ,  two ocH3), 7.30-7.50 (m, phenyl 
protons), 10.13 (broads, NH). 

Anal. Calcd for ClsH1.iNO6: C, 66.05; H, 5.24; N, 4.28. Found: C, 
66.11; H, 5.15; N, 4.25. 

Dimethyl l-Methyl-4-oxo-4,5,6,7-tetrahydroindole-3,5-dL 
carboxylate (16). Following the procedure described for the syn- 
thesis of 15, reaction of 14 (4.5 g, 0.015 mol) with sodium hydride 
(57% dispersion, 2.1 g, 0.05 mol) in distilled THF (50 ml) contain- 
ing 0.2 ml of methanol furnished a dark orange oil (5.20 g) which 
was chromatographed on a silica gel column (500 9). Elution of the 
column with 5% ethanol-95% benzene afforded 16 as a tan solid 
(1.85 g, 46%): mp 95-100'; ~ C = O  1735 and 1680 cm-l; 6 2.30-3.00 
(m, four protons), 3.50 (t, CH, J = 7.5 Hz), 3.56 (s, CHsN), 3.71 
and 3.78 (s, two OCHs), 7.23 (9, indole ring proton). 

Anal. Calcd for C13H&O6: C, 58.86; H, 5.70; N, 5.28. Found: C, 
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58.95; H, 5.85; N, 4.88. 

Registry No.-la, 147-85-3; 16, 535-75-1; 2a, 54384-27-9; 2b, 
54383-97-0; 2b dicyclohexylamine salt, 54383-98-1; 4a, 54383-99-2; 
4b, 54384-00-8; 5a, 54384-01-9; 5b, 54384-02-0; 8a, 56-40-6; 8b, 56- 
41-7; 8c, 69-91-0; 8d, 107-97-1; 9a, 1738-76-7; 9b, 42854-62-6; 9c, 
54384-04-2; 9d, 54384-06-4; loa, 54384-07-5; lob, 54384-28-0; lOc, 
54384-08-6; 10d, 54384-09-7; I la,  54384-10-0; llb, 54384-29-1; llc, 

54384-15-5; 15, 54384-16-6: 16, 54384-17-7; methyl (4-chloro- 
formyl)butyrate, 1501-26-4; dicyclohexylamine, 101-83-7; dimethyl 
acetylenedicarboxylate, 762-42-5; p- toluenesulfonic acid, 104-15-4; 
benzyl alcohol, 100-51-6. 
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The oxidative rearrangement of a-ketoacyl derivatives to malonates has been extended to include a synthesis of 
0-lactams by oxidative (periodate) ring contraction of a-keto-y-lactams. The rearrangement introduces a carbox- 
yl group at  the a carbon of the 0-lactam and is capable of converting 0-substituted a-keto-y-lactams to the a,a- 
disubstituted ring-contracted derivatives. The application of the reaction to several simple mono- and bicyclic 
lactams is presented. 

T h e  fortuitous observation that periodate treatment of 
t h e  d-lactam l-methyl-3-hydroxy-3-hydroxymethyl-2-pi- 
peridinone led t o  the  formation of y-lactam 2 was followed 
by  the  determination that the  actual precursor of 2 was the  
a-keto-d-lactam 1.l T h e  possibility that related acyclic de- 
rivatives might undergo a similar rearrangement was real- 
ized with t h e  demonstration that a -ke to  esters and  amides 
can be rearranged to rna1onates.l Rearrangement of t he  6-  
lactam 1 t o  the ring-contracted derivative 2 also suggested 

0 HO,C 

0 D -  I CH, 
I 

CH3 
1 2 

the possibility of extending the  reaction t o  provide a syn- 
thesis of 0-lactams. Formation of p-lactams by this ring- 
contraction reaction represents a potential synthesis of 0- 
lactams containing either mono- or difunctionality at the  a 
carbon, and the  rearrangement conditions of periodate at 
room temperature and neutral  pH suggested compatibility 
of t he  approach with t h e  presence of a variety of substitu- 
ents. 

Examination of t he  numerous methods currently avail- 
able for p-lactam synthesis2 reveals that nearly all ap- 
proaches require ring closure directly t o  the  four-mem- 
bered ring. Of t h e  few methods utilizing ring expansion or 
ring contraction,3 only the  photolytic Wolff rearrangement 
of 3-diazo-2,4-pyrrolidinediones appears t o  have received 
more than passing a t t e n t i ~ n . ~ ~ ? ~  T h e  potential advantages 
of P-lactam formation by ring contraction under mild and 


