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The Favorskii rearrangement (1) of &-halocycloalkanones Ja leads to
ring contracted cycloalkanecarboxylic acids or esters II1la. The reaction
is believed to proceed via cyclopropanone intermediates of type Ila, or
by way of delocalized intermediates (2). Alternatively, a semibenzilic
mechanism (Ia - IVa - IIIa) may be considered; indeed, the latter mech-
anism must be operative in the rearrangement of 2-bromocyclobutanone (Ib)
to cyclopropanecarboxylic acid (IIIb), since Dy0 in the reaction medium

did not label the ring of isolated IIIb (3).
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Substitution of NH for CHy in the position o to the carbonyl group
not bearing the halogen substituent in I would give (-~halogenated<w-amino
lactams (Ic), which, under Favorskii conditions, might be expected to re-
arrange tc cyclic o-imino acid derivatives IIlc, possibly via the bicyclic
aziridinores IIc (X = N). We wish to report that &-halolactams of medium
ring size (Ic, n = 8, 9, 10, 11, 12) do indeed rearrange to Q-imino acids
in good to fair yields on treatment with base, and this rearrangement
affords a novel synthes{s of the heretofore unknown 7-, 8-, 9-, 10- and
11-membered cyclic g-imino acids homologous to proline, i.e., hexahydro-
azepine-2-carboxylic acid (II1Id), octahydroazocine-2-carboxylic acid
(IIIe), octahydroazonine-2-carboxylic acid (I1If), decahydroazecine-2-
carboxylic acid (IIIg), and azacycloundecane-2-carboxylic acid (IITh),
respectively (Table I).¥

The reagent of choice for this rearrangement is potassium t-butoxide
(in t-butyl alcohol, tetrahydrofuran or dioxan), although even NaOH in
aqueous dioxan give rearranged products, Typically, the a-chloro-(o;
bromo-)lactamf (0.050 mole) is treated with potassium t-butoxide (0,10
mole) in t-butyl aleohol, initially at 50° and then at reflux temperature
for 18 hours., The reaction mixture is acidified, the t-butyl alcohol
removed by distillation (this procedure hydrolyzes the imino acid ester

which is initially formed), and the aqueous residue is extracted with

*Proline as well as alkyl-substituted prolines have been prepared by
treatment of suitable 3-halopiperidin-2-ones with base (4), and pipecolic
acid amide by the reaction of 3-chloro-2-oxohexamethylenimine with NHq
under NH,Cl catalysis (5). These reactions may possibly represent first
examples of the Favorskii rearrangements in the @-halolactam series.

*The a-chloro-(or bromo-)lactams, prepared by halogenation (6) of the
lactams to the @,o-dihalo derivatives followed by catalytic hydrogenolysis
to the monohalogenated lactams, had satisfactory physical and analytical
properties. The lactams themselves were conveniently prepared by the
Beckmann rearrangement of the corresponding cycloalkanone oximes.
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methylene chloride to remove non-volatile neutral components, The imino
acid is isolated initially as a water-insoluble copper complex, and then
liberated by treating a methanol or methanol-chloroform solution of the
complex with H2S (7), or more simply with 8-hydroxyquinoline. The free
imino acids are all crystallizable from water-acetone, or methanol-acetone.

That these rearrangement products are cyclic ¢-imino acids is further
adduced by the disappearance of N-H absorptions in their infrared spectra
when nitrosated, or upon conversion to their phenylthiohydantoin deriva-
tives (Table I)., The spectra of these 1,5-polymethylene-3-phenyl-2-
thichydantoins (KB 1752-1760 cm™l (amide), 1483-1508 cm™l (thicamide);

EtOH 935-237 my (log € 3.86-4.01), 269-271 mp (log € 4,00-%,15)] were
quite comparable to the spectra of the phenylthiohydantoin derivative of
proline WXBE 1762 (c=0), 1505 eml (c=8); AECOH 238, 272 myu (log € 3.96,
4.14)] and of pipecolic acid WKBE 1750 (c=0), 1510 em~l (c=5); AEEH 233,
272 m4 (log € 3,97, 4,14) ) which were prepared independently.

2-Hydroxymethylhexamethylenimine (8) when oxidized with acid perman-
ganate gave an imino acid identical to hexahydroazepine-2-carboxylic acid

(I1Id), Ring homology was indicated by decarboxylation of octahydroazo-
cine~2-carboxylic acid (IIIe) and octahydroazonine-2-carboxylic acid (ILIf)
in refluxing cycloheptanone to heptamethylenimine and octamethylenimine,
respectively, identified as their phenylthiourea derivatives.

These cyclic q-imino acids were all chromogenic with ninhydrin reagent
and migrated on paper in ascending order of Ry values with increasing
molecular weights, and were eluted in sequence of increasing molecular
weights from a column of cation exchange resin using a pH 4,25 citrate
buffer (Table I),

In a few cases, diketopiperazines were isolated as by-products. Thus,

treatment of 3-chloro-2-oxocheptamethylenimine (V) with potassium t-butoxide
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in tetrahydrofuran gave two isomeric diketopiperazines, C14H22N202, m,. pts.
118-119° (19%) and 200-201° (26%), while like treatment of 3-chloro-2-
oxobctamethylenimine (VI) gave two diketopiperazines, C16H24N202, m, pts,
156-158° and 166-168°, These diketopiperazines exhibited amide carbonyl
absorptions at approximately 1660 cm’l (KBr) but no N-H absorptions in the
infrared, and were hydrolyzable in acid to IIId and IlIe, respectively.

The rearrangement appears not to be initiated by abstraction of the
proton on the lactam nitrogen followed by a synchronous 1,3-transannular
displacement of the halogen (Loftfield mechanism), since VI did not give
rearranged products with NaH, but remained unreacted after 1 hour in
refluxing toluene. The isolation of diketopiperazines with NaOH as reagent
rules out a semi-benzilic mechanism which cannot account for their forma-
tion., A mechanism involving initial hydrolytic cleavage of the lactam
ring followed by cyclization of the resulting @-halo-W-aminoalkanoic acid
by intramolecular displacement of halogen by the amino group, while perhaps
operating in part in the formation Jf the 7-membered IIId, is highly
improbable in the formation of imino acids of the higher-membered series
on the basis of the known difficulty of cyclization of w-bromoalkylamines
to polymethylenimines of medium ring-size (9). This was verified experi-
mentally, Whereas VI gave the 8-membered IIIe in 40% yield with 2,6N NaOH
in aqueous dioxan (as well as a diketopiperazine, m.p. 152-154° in 6%
yield), the corresponding 2-chloro-8-aminoSctanoic acid (prepared by
hydrolysis of the chlorolactam VI in acid) under identical conditions, did
not cyclize to IIIe when examined by TIC {957 CoH50H:PH:H20 (40:10:10),
n-C,4H70H:HOAC :Hp0 (25:6:25, upper phase) (Cellulose); CH30H:Hp0:fH

(35:20:1) (Silica Gel)], although a total of four ninhydrin chromogenic
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components were detected.* By contrast, TLC of the reaction mixture from
the chlorolactam VI showed only two ninhydrin chromogemic components, one
of which proved to be the @-imino acid IIIe.

The following mechanism is tentatively proposed for this rearrange-

ment :
R O3
- X, )i COOR
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Carbonyl attack byGBOR on the a@~halolactam Ic followed by a 1,3-trans-
annular displacement of the halogen would give the intermediate VII which
may collapse to an (-imino acid (or ester) (IIIc), or eliminate the
elements of ROH to give a bicyclic aziridinone IIc, which can further
dimerize to the diketopiperazine VIII, All efforts to isolate the
aziridinones IIc or identify them in reaction mixtures by infrared analyses
under conditions which were successful for the identification of other
aziridinones (10) have, however, not yet met with success. Since the
stability of aziridinones is largely dependent on the presence of multiple

alkyl substituents in positions adjacent to the carbonyl group and the

*However, 2-chloro-7-aminoheptanoic acid on like treatment gave IIId in
amounts detectable by TLC. The reaction mixture contained five ninhydrin
chromogenic components separable by TLC. These same five products were
also detected on treatment of V under identical conditions.
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amide nitrogen (10e), the isolation of bicyclic aziridinones may be possible

only from suitably substituted a-halolactams,
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