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As part of an investigation of a general synthetic
approach to the alkamine moiety of Senecio alka-
loids? 1-carboethoxy-2,3-dioxopyrrolizidine (I) was
prepared by allowing 1-pyrroline (IT) to react with
ethyl oxosuccinate. The analysis, infrared spec-
trum, and subsequent chemical transformations
confirmed the structure of I; and recently Adams,
Miyano, and Nair¢ synthesized I by the condensa-
tion of ethyl 2-pyrrolidylacetate with diethyl
oxalate in the presence of sodium ethoxide.

It was envisaged that stepwise reduction and
dehydration of I would produce dl-supinidine (III).
Catalytic reduction of I gave in near quantitative
yield 1-carboethoxy-2-hydroxy-3-oxopyrrolizidine
(IV). Adams*and his co-workers also catalytically
reduced I to IV.
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Attempts to dehyrate 1-carboethoxy-2-hydroxy-
3-oxopyrrolizidine (IV) were unsuccessful. Upon
treatment of IV with phosphorus oxychloride in
pyridine an oil was obtained which was probably 1-
carboethoxy - 2 - chloro - 3 - oxopyrrolizidine. At-
tempted pyrolytic dehydrations as well as acid- and
iodine-catalyzed dehydrations of IV yielded start-
ing material.

The lability of the hydroxy group in IV was in-
creased by conversion to the tosylate (V), a trans-
formation which was readily accomplished. The
structure of V was confirmed by analysis, as well as
infrared and ultraviolet spectra.

Treatment of V with one equivalent of potassium
f-butoxide in t-butyl alcohol resulted in the facile
elimination of p-toluenesulfonic acid and the forma-
tion of ecompound VI. Compound VI reacted in-
stantly with bromine and precipitated manganese
dioxide upon addition of a potassium permanganate
solution. The required formula (CyH30;N) was
indicated by analysis. With 109, palladium on
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Fig. 1.—Nuclear magnetic resonance spectrum of I-carbo-
ethoxy-3-oxopyrrolizid-1,8-ene (VI).

charcoal as a catalyst, compound VI took up one
mole of hydrogen. All these experiments and the
method of preparation were consistent with the
formulation of VI as 1-carboethoxy-3-oxopyrro-
lizid-1,2-ene. Nair and Adams® isolated VI after
allowing 1-carboethoxy-2-hydroxy-3-oxopyrrolizi-
dine (IV) to react with p-toluenesulfonyl chloride in
pyridine. They firmly established the gross struc-
ture of VI as they reduced it to the known dlI-
isoretronecanol (1-hydroxymethylpyrrolizidine).s

Najr and Adams® considered compound VI to be
1-carboethoxy-3-oxopyrrolizid-1,2-ene, though they
were unable to obtain dl-supinidine (III) by step-
wise reduction of VI. On the basis of the following
evidence, we have concluded that VI is the isomeric
1,8-ene. The ultraviolet spectrum of VI had two
peaks, one at 288 myu (¢ 12,000) and the other at
218 mu (e 4600). If VI were the 1,2-ene, it would
probably have only one peak of higher intensity in
the 220-mu region as fumarates and related com-
pounds have.! A nuclear magnetic resonance
spectrum’ (Fig. 1) of VI showed the hydrogens of
one ethyl ester and also methylene hydrogens, but
no vinyl hydrogen was detected. The ratio of
ethyl ester hydrogens to methylene hydrogens was
that expected for VI, 5:8. This evidence allows us
to conclude that VI is 1-carboethoxy-3-oxopyr-
rolizid-1,8-ene not the corresponding 1,2-ene as pre-
viously suggested.?
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1-Carboethoxy-2,3-dioxopyrrolizidine (I).—Ethyl oxo-
succinate (22.1 g., 0.117 mole) was added to a solution of 1-
pyrroline in ethanol-ethyl ether. (The maximum amount
of 1-pyrroline was 0.250 mole; this is based on the amount of
pyrrolidine used in the preparation of 1-pyrroline vie N-

(5) M, D. Nair and R. Adams, J. Org. Chem., 26, 3059 (1961).

(6) (a) H. Ley and H. Wingchen, Ber,, 67, 501 (1934); (b) A. Sma-
kula, Angew. Chem., 47, 657 (1934).

(7) The n.m.r. spectrum of VI was taken on a Varian Associates
Instrument at 40 Mec. and 14,000 gauss with benzene as an internal
reference and carbon tetrachloride as the solvent (209;).

(8) All melting points are uncorrected. Microanalyses were per-
formed by Spang Microanalytical Laboratorivs, Ann Arbor, Michigan.
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chloropyrrolidine.? This solution was refluxed for 3.5 hr.,
cooled, and acidified with aqueous hydrochloric acid. The
volume of solution was reduced to ca. 100 ml. by reduced
pressure distillation. The solution was then extracted with
three 100-ml. portions of benzene. The benzene extract was
washed with three 30-ml. portions of water saturated with
sodiura chloride. The washings were discarded and the
benzene solution dried over sodium sulfate. After the ben-
zene was removed, 15.7 g. (64.09,) of erude solid I was ob-
tained. The solid was dissolved in warm benzene and char-
coal was added. This solution was warmed on a steam bath
for 10-15 min.; Filter-Cel was added and the solution fil-
tered. After removal of the benzene, the solid was recrystal-
lized from ethyl ether-purified petroleum ether (b.p. 90-

100°). The recrystallized white solid was sublimed, m.p.
123-125°,
Anal. Caled. for CmH1304N: C, 5686, H, 620; N,

6.63. Found: C, 56.92; H, 6.33; N, 6.71.

1-Carboethoxy-2-hydroxy-3-oxopyrrolizidine (IV).—Six
grams (0.0285 mole) of sublimed I was dissolved in 50 ml. of
959, ethanol and placed in a hydrogenation bomb, and 3 g.
of W-2 Raney nickel was added. At 100° and 2000 p.s.i.
the theoretical amount of hydrogen was taken up in 4 hr.
The solution was allowed to cool to room temperature and
brought to atmospheric pressure. The solution was then
filtered. After removal of the solvent the solid was recrystal-
lized from ethyl acetate-purified petroleum ether (b.p. 60-
68°) and sublimed, m.p. 128.2-132.1°.

Anal. Calcd. for C10H1504N: C, 56.32; H, 7.09; N,
6.57. Found: C, 56.24; H, 7.01; N, 6.54.

1-Carboethoxy-2-hydroxy-3-oxopyrrolizidine Tosylate
(V).—A 0.153-g. (2.31 mmoles) sample of IV was dissolved
in 10 ml, of anhydrous pyridine, and 1.11 g. (5.71 mmoles)
of recrystallized p-toluenesulfonyl chloride was added. The
solution was stored at 0° for 17 hr. and then poured onto
crushed ice. Within 0.5 hr., a copious white precipitate
formed. This was filtered, washed with water, and after
being dried, 0.634 g. (67.8%) of V was obtained, reerystal-
lized from ethyl acetate, m.p. 123.1-124.2°.

The infrared spectrum of V in 109, chloroform solution
had no absorption bands in the 3.0-u region and had peaks
at 5.80 and 6.24 u. The ultraviolet spectrum in 95%, ethanol
had one peak at 226 mu (e 12,500).

Anal. Caled. for CHaO6NS: C, 55.72; H, 5.50; Found:
C, 55.63; H, 5.97.

1-Carboethoxy-3-oxopyrrolizid-1,8-ene (VI).—A 0.529-g.
(1.43 mmoles) sample of V was placed in a flask and 50 ml.
of anhydrous {-butyl aleohol was added. The solution was
warmed on a steam bath for 5~10 min., and most of the tos-
ylate dissolved. To this warmed stirred solution, 7.49 ml.
of 0.193 N (1.43 mmole) of potassium -butoxide in ¢-butyl
alcohol was added. The solution became bright red as each
drop of base was added, but the color then disappeared and
only persisted after all the bagse had been addded. The
solution was acidified with dilute hydrochloric acid and then
extracted with benzene. The benzene was removed by
reduced pressure distillation. The residue was chromato-
graphed on a column packed with Florosil (60/100 mesh,
Floridian Co., Tallahassee, Florida). The chromatographed
material (over 90%) was sublimed, m.p. 88.9-90.0°.

Anal. Caled. for CioH;s0:N: C, 61.52; H, 6.71; N,
7.18. Found: C, 61.61; H, 6.66; N, 6.55.
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During studies on isocyanides in these labora-
tories we have had occasion to prepare large quanti-
ties of formo-t-butylamide. Neither the formyla-
tion of ¢-butylamine by formic acid nor the Ritter
reaction on isobutylene or t-butyl aleohol® is ap-
pealing as a routine preparation, the former be-
cause mixing the very volatile ¢-butylamine with
formic acid is a troublesome and tedious procedure,
and the latter because of the obvious hazards of
working with hydrogen cyanide. We have found
that t-butylamine can be formylated conveniently
by refluxing and then distilling an equimolar mix-
ture of ethyl formate and #butylamine. The high
rate of this reaction is in striking contrast with the
negligible rate of acetylation of i-butylamine by
methyl acetate* at 25°. Similarly ¢-octylamine
(2,4,4-trimethyl-2-pentylamine) is formylated at
approximately the same rate.

Experimental®

Equimolar quantities of ethyl formate and i-butylamine
were refluxed in tared flasks, the excess reagents and ethanol
were distilled on the water bath, and the residual formo-¢-
butylamide was weighed. The procedure was checked by
distilling several batches. Typical yields for 4,16,32, and
48 hr. of reflux were 29.4, 66.8, 79.2, and 84.09%, respec-
tively. Similarly, a mixture of 120 g. (1.0 mole) of {-octyl-
amine and 150 g. (2.0 moles) of ethyl formate was refluxed
12 hr. and then distilled. The formo-f-octylamide was ob-
tained in a yield of 98 g. (629%), b.p. 245-248°., This
material is slightly amber in color and may be better puri-

fied by vacuum distillation.
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Bridged Polycyclic Compounds. XVIII.
Addition of Dialkyl Azodicarboxylates
1o Norbornadiene!
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Recent reports have established that norborna-
diene (I) exhibits unusual chemical reactivity as



