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was obtained. Washing of this residue once with 20 ml. of eold
ethanol gave 9.0 g. (629, yield) of the desired product, m.p.
114-115° (reported? m.p. 116.5-118°, reporteds 114°).
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When the lactone-lactam I previously described by
Worrall,2 was refluxed in 59, hydrochloric acid, N-alkyl
cleavage occurred and the product, isolated in 839
vield, was found to be identical with an authentic sam-
ple of the nortricyclenic acid lactone I1.%¢ In a similar
manner IIT was found to give IV which was convéited

’\I —C=0 CO.H
N —-——C (o) COH

into II by reduction with sodium borohydride followed
by heating. The ketone IV had been previously pre-
pared by oxidation of I1.+ The amino acid lactone V?
is converted into its hydrochloride under the conditions
mentioned above, indicating that the N-alkyl cleavages
observed occur in the lactams instead of the amino
acids. The unusual N-alkyl cleavages observed are con-
sidered to proceed via an intermediate bridged carbo-
nium ion such as VI. In a similar manner N-¢-butyliso-
butyramide, VII, evolved isobutylene when refluxed in
209, hydrochloric acid.
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Experimental’

Hydrolysis of Lactone-lactam of endo-cis-2,3-Dicarboxy-endo-
S-amino-endo-6-hydroxynorbornane (I).—The lactone-lactam I
(0.75 g., m.p. 191-192.5°) prepared as previously described? was
refluxed in 20 ml. of 5% hydrochlorie acid for 12 hr. The product
wag isolated as long white needles by concentrating the solution
to a small volume and cooling. Recrystallization from water
gave 0.61 g. (81%), m.p. 207-207.5°, alone and on admixture
with an authentic sample of II.? Its infrared spectrum was
identical with that of the authentic sample.

Anal. Caled. for CoHsO4: C, 60.00; H, 4.47.
59.90; H, 4.75.

The aqueous solution remaining after the removal of IT was
made basic and steam distilled. The ammonia liberated was
titrated with standard acid using a modified micro-Kjeldahl pro-
cedure® and 999 of the theoretical nitrogen content resulting
from N-alkyl cleavage was detected.

Acid Hydrolysis of III.—The keto-lactam, I1I (0.10 g., m.p.
234-236°) prepared as previously described? was refluxed for 6
hr. in 20 ml. of 109 hydrochloric acid. After work-up as de-
scribed above, a 709, yield of pure IV was obtained, m.p. 238—
238.5° (reporteds 239°), »55 1780, 1710, 1690 ecm.~!. Nitrogen
analysis, as described above, indicated quantitative N-alkyl
cleavage.

Conversion of IV into II.—The ketone, IV (0.048 g.), was
added to a solution of 0.056 g. of sodium borohydride in 1 ml. of
509 ethanol. After standing at room temperature for 2 hr. the
solution was made acidic with dilute hydrochloric acid and con-
tinuously extracted with ether for 10 hr. Evaporation of the
ether left a solid which was heated in a sublimation tube at 170°
and 40 mm. for 3 hr. The unszblimed residue (0.010 g.) was
identical in melting point and infrared spectrum with an authen-
tic sample of II.

Hydrolysis of N-t-butylisobutyramide.—N-i-Butylisobutyr-
amide® (0.800 g., m.p. 115-117°) was added to a refluxing solu-
tion of 20 ml. of 209, hydrochloric acid in a closed system con-
taining a gas burette. After 1 hr. 94 ml. (759, yield) of gas was
evolved. The gas was identical in its infrared spectrum (10-cm.
gas cell) with isobutylene.
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The effect of codrdination to zinc ion on the rate of
coupling of a phenolic chelating agent with a diazonium
salt has been reported in a previous paper in this series.?
The present work was undertaken to extend these rate
studies to complexes of a number of other metal ions.
The metal ions selected for this work were restricted to
those which exhibit only one oxidation state in agueous
solution. In this way, side reactions of the metal ions
with the diazonium salt were minimized.
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