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The corresponding saturated B-lactam V showed an
ultraviolet absorption at 248 mu (e 1300). Anal
Found: C. 81.25; H, 5.25, N, 6.60. The nmr.
spectrum (in CDCl;, chemical shifts in p.p.m. from
tetramethylsilane) shows a broad multiplet at 7.0-7.5 8
(10 H) and a multiplet at 5.0 § (1 H) which could be
assigned to the aromatic hydrogens and the vinyl
hydrogen, respectively.

Hydrogenation of VI over platinum catalyst pro-
ceeded with the uptake of one equivalent of hydrogen
and yielded 1,4-diphenyl-2-azetidinone (V), m.p. 154~
156°. An authentic sample of V was prepared as
described by Gilman and Speeter,® m.p. 154-135.5°
(lit.* 153-154°), undepressed upon admixture with
the sample of V obtained by hydrogenation of VI and
having an identical infrared spectrum (potassium
bromide).
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The Cyclization of Geranic Acids. Preparation of a

Cyclobutanone
Sir:

In a series of papers describing the self-condensation
products of unsaturated acids, Schinz! treated the
geranic acids (I) with acetic anhydride and sodium
acetate and obtained piperitenone (II). We have
repeated this work using the mixture of geranic acids
obtained by the silver oxide oxidation of citral??
and find that the neutralfraction of the reaction product
is composed of three compounds. By fractional
distillation one of the three was separated and was shown
to be II [b.p. 118-120° (2 mm.); dinitrophenylhydra-
zone, m.p. 184-185°].* The other two components
were easily separated by g.l.c. The first of these was an
aromatic hydrocarbon C,oHj;; (III); n.m.a. (all in
CDCl;; chemical shifts in p.p.m. from Me,Si) 2.13
§ (3 H, multiplet), 2.33 § (3 H, singlet), 5.04 § (1 H,
multiplet), 5.35 & (1 H, multiplet), 7.15 and 7.33
8 (4 H in an A,B, pattern); ASEOH 247 283, and 294
myu (e 12,500, 5100, 2000), which established the struc-
ture of III as 4-methyl-a-methylstyrene.?

The third compound, C;HuO% (IV), b.p. 86-88°
(20 mm.) (\SSI' 3.28, 5.62, 12.49 ), was a cyclobuta-
none or a highly strained cyclopentanone; 2,4-dinitro-
phenylhydrazone, m.p. 120-122° IV, with hydrogen
and platinum catalyst formed a dihydro derivative V
[(b.p. 124-126° (150 mm.); ASS! 5.62 u; AGHECH 309
mu (e 53); 24-dinitrophenylhydrazone, m.p. 103-
104°] indicating a single double bond in a bi-
cyclic ring system in IV. The ultraviolet spectrum of
IV (ZSEOH 310 mu (e 260)) suggested that the double
bond was located 8,y to the carbonyl group with some
m-bond overlap.” The n.m.r. spectrum of IV [1.12
8 (3 H, singlet), 1.19 3§, (3 H, singlet), 1.75 § (3 H,
multiplet), 2.53 § (3 H, broad multiplet), 4.03 § (1 H,
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broad multiplet), 5.46 6 (1 H, multiplet)] indicated the
presence of a dimethyl group next to the carbonyl, a
third methyl group attached to a trisubstituted double
bond, and a single hydrogen located on the carbon
between the carbonyl and the double bond. The mass
spectrum® of IV confirmed the molecular weight
of the compound and also showed very intense peaks at
m/e 80 and m ¢ 70, indicative of a methylcyclopenta-
diene and dimethyl ketene ions. On the basis of these
data we propose that IV is 2§,6-trimethyl{3.2.0]-
bicyclo-2-heptene-7-one. 3

‘fn.

cHa CHS cHa cHa
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CO,H — + + CH,

| o CH,
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Refluxing methanolic potassium hydroxide converted
IV to a-fencholenic acid (VI), m.p. 45-46°. The struc-
ture of VI was established by comparison of its infrared
spectrum with that of an authentic sample of a-fen-
cholenic acid prepared by the hydrolysis of fenchone
oxime.® The position of the double bond of a-fencholenic
acid was established by conversion to the iodolactone
VII; m.p. 74-75% NSS4 561 w; nanr. 220 6 (3 H,

singlet), 5.10 8 (1 H, doublet, J = 5.0 c.p.s.).

CH,
CHs_ .-I
Xy COH __ \g 0
KOH CH;0OH .
\Y : II CH, T CHs
CH, CH,
VI VII

Aqueous acid degradation of IV led to a mixture of
3-methyl-2-cyclohexenone,’ 2 4-dinitrophenylhydra-
zone, m.p. 177-178° and two isomeric lactones (VIII
and IX) (ASS! 5.63 u) that were difficultly separable
even by g.l.e. While the n.m.r. spectrum of VIII had
a low field triplet (+.8068, J = 6 c.p.s.), in contrast the
spectrum of IX showed a pair of doublets (448 3,
J = 6and 2.3 c.p.s.). The mixture of y-lactones VIII
and IX could also be prepared from methyl a-fencho-
lenate!! by refluxing in benzene with p-toluenesulfonic
acid monohydrate.

CHs _H H ,’CHa
0.0 0.0
“H “H
\H CHS ._H cHa
CH; CH,
VIII IX

Refluxing IV in toluene with p-tolueresulfonic acid
monohydrate caused a series of rearrangements to X
(b.p. 68-71° (1 mm.); Aoy 5.72 w, ASHOH 301 m,
(e 323); 2,+-dinitrophenylhydrazone, m.p. 185-187°
nr. 1.03 8 (3 H, singlet), 1.13 8 (3 H, singlet), 1.75 3
(1 H, doublet, / = 11 c.p.s.), 2.04 § (I H. doublet,
J =11 cps.), 240 § (3 H, multiplet), 3.13 6 (1 H,
multlplet'), 4.92 5 (1 H, multiplet), 5.16 5 (I H, multi-
plet). Upon catalytic reduction X was converted only
to a dihydro derivative XI [b.p. 100° (10 mm.); ASSh
5.73 u;  2,4-dinitrophenylhydrazone, m.p. 144-146°]
so X must be bicyclic. NalO, and KMnOy oxidation
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of X provided the 8-diketone (XII); ASSH 5.66, 5.74
u; nm.r. 3.22 6 (1 H, singlet), 1.26 § (3 H, singlet), 1.03
8 (3 H, singlet) (the remaining protons appeared as a
complicated series of multiple peaks from 2.1-3.0 §
indicating that the equivalent bridge protons has
moved downfield as expected). Mild base treatment of
X11I provided the keto acid XIII; A$SH5.74 and 5.86 u.

The acid rearrangement of IV also gave small
amounts of the isomeric ketone XIV; ASCk 397 573

gy AGEEOH 305 mu (¢282); n.m.r. 1.04 § (3 H, singlet),
1.136 (3 H, singlet), 1.81 8 (3 H, doublet, J = 2.0c.p.s.),
2.18 6 (2 H, narrow multiplet), 2.65 § (1 H, triplet,
J = 45 cps), 282§ (1 H, doublet, J = 1.0 cp.s.),
and 6.15 8 (1 H, quartet, / = 2.0c.p.s.). The structure
of XIV was established by catalytic hydrogenation to
XI.

CH; 0 o;@zo
CH;,
CH, CH, CH;
X XII
H
HO,C 0 © 0
CH, CHs
CH; CH,
XIII

XIv

Pyrolysis of IV at 340° provided isopiperitenone!®
(XV) (2,4-dinitrophenylhydrazone, m.p. 153-136°)
and piperitenone (II) as the major products. A minor
pyrolysis product was the aldehyde XVI (ASHOH 310
mu (e 9800); ASSM 3.69, 5.95 u; semicarbazone, m.p.
211-213°). The structure of XVI was established by
comparison with an authentic sample!® prepared
from 3-methyl crotonaldehyde. Pyrolysis of IV at
higher temperatures led to piperitenone and m-xylene

CH, CHO
CH,
CH,
0
CH
HC™ SCH, ol
XV

formed by the demethylation and decarbonylation of
XVI.
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The Interaction of Urea and Acetamide with
Polyglycine!
Sir:
We have measured the association of urea and acet-
amide with polyglycine in water and dioxane, by
observing the mobility of the amides on polyglycine

(1) This work was supported by Research Grant G-21030, from the
National Science Foundation.
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columns, a technique which permits rapid comparison
of the interaction under a variety of conditions. If it is
assumed that the binding of the amides is through pep-
tide hydrogen bonds, then the association is a measure
of hydrogen bond formation and strength. Several
differing estimates of peptide hydrogen bond strength
have been reported,®>~* the most recent being that of
Klotz and Franzen,? who found that in water the bond is
very weak. The data presented here confirm this
conclusion.

Polyglycine was prepared by polymerization of the
N-carboxyanhydride in pyridine.’> Thermostated col-
umns (0.6 X 20 to 30 cm.) were operated under ) 1b.
pressure, with a flow rate of no more than 2 ml /hr.
Samples (0.1 ml.) were applied to the column, and the
effluent fractions were analyzed for urea or acetamide
by acid hydrolysis followed by ninhydrin determina-
tion of the ammonia liberated. The volume at which
uunretarded material emerged was determined using
solutes which would not interact with polyglycine
(i.e., sodium chloride, acetic acid, or acetone, when
water was the solvent, and azulene or acetic acid for
dioxane).

Simnple chromatographic theory shows Ry = 1/(1
+ Ka), where R; is the mobility, and Kqis the distribu-
tion coefficient of the solute between the liquid and
solid phases.® Table I presents values of Ky for
chromatography of urea and acetamide on polyglycine,

in water and dioxane, at several temperatures. Neither
TABLE I
THE CHROMATOGRAPHY OF UREA AND ACETAMIDE ON
POLYGLYCINE
Tempera- Distribu- Monomer Associa-
ture, tion co- conen,, tion
Solute Solvent °C. efficient M comstant
0.05 M urea or H;O OQor 40 <0.035 5.2 <0.007
acetamide
0.05 M acet- Dioxane 12 4.0 5.6 0.72
amide
0.05 M acet- Dioxane 40 2.3 5.6 0.41
amide

solute was measurably retarded in water, but aceta-
mide was retarded in dioxane. The insolubility of urea
in dioxane precluded measurement of its chromato-
graphic behavior using this solvent. The distribution
coefficient for acetamide in dioxane was at least 100
times that in water, in agreement with the data of
Klotz and Frauzen® for the dimerization of N-methyl-
acetamide in these same solvents, 7.e., association
constants 0.005 and 0.52, for water and dioxane,
tespectively, at 25°  An association constant for the
formation of an acetamide—polyglycine complex can be
calculated from the distribution coefficient by introduc-
ing the concentration of polymer peptide bonds, which
was crudely approximated as the molar concentration
of monomer in the column packing. The resulting
values are shown in Table I. The agreement with the
constants of Klotz and Franzen is remarkable, and
almost certainly fortuitous. The probable unavail-
ability of some peptide bonds of the solid polyglycine
may have been compensated by more than one hy-
drogen bond formed per acetamide bound, or a
more favorable entropy for binding to solid polyglycine,
compared with the dimerization of two free molecules.
It must be emphasized that the chromatographic
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