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in the inorganic, but aromatic-like triphosphoni-
trilic ring system.

We have found that the interaction of potassium
thiocyanate and triphosphonitrilic chloride in
acetone results in the rapid quantitative precipita-
tion of potassium chloride with formation of the
triphosphonitrilic hexa-isothiocyanate which can be
recovered from the solvent medium as a white
crystalline product melting at 42°. Analytical
data verify complete replacement of chlorine atoms
by thiocyanate groups. (Caled. for P3N3(NCS)e:
P, 19.2; §, 39.5; C, 14.8; N, 26.1. Found: P,
19.8,19.7; S, 39.5,40.1; C, 15.1; N, 26.0). Molec-
ular weights were determined cryoscopically in
benzene (caled. for [PN(NCS).J;, 483. Found,
466, 475, 479, 488). Strong absorption in the infra-
red at ~1200 cm.™! indicates retention of the tri-
meric P3N; ring system.? Two other strong ab-
sorptions at 1016 cm.~! and 1960 cm.—! suggest
that the product contains the isothiocyanate’
grouping. The product therefore can be represented
by the structural formula
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The triphosphonitrilic hexa-isothiocyanate under-
goes polymerization to an elastomeric product by
heating in vacuum at 150°. It has been found to
react with a wide variety of active hydrogen com-
pounds such as ammonia, amines, alcohols, hydra-
zine and substituted hydrazines to give condensa-
tion products, characteristic of substances contain-
ing the isothiocyanate group.

(4) L. W. Daasch, Tars JournaL, 76, 3403 (1954).

(5) J. Goubeau and J. Reyling, Z. anorg. allgem. Chem., 294, 98
(1958).

Noves LABORATORY OF CHEMISTRY
UNIVERSITY OF [LLINOIS R. J. A, OrTO
URBANA, [LLINOIS L. F. AUDRIETH

RECEIVED SEPTEMBER 27, 1958

A TRICYCLOHEPTONIUM
NON-CLASSICAL CATION!
Sir:

An instructive example of carbon participation in
solvolysis is available in acetolysis of frans-2-bi-
cyclo[3.2.0Jheptyl and 7-bicyclo[2.2.1]heptyl p-
bromobenzenesulfonates, I and III, respectively.

The {rans-2-bicyclo[3.2.0]heptanol, m.p. of I
61-62°, was available from hydrogenation of the
predominantly frans 2-bicyclo[3.2.0]heptene-4-ol,
the allylic alcohol from solvolysis of syxn-7-nor-
bornenyl toluenesulfonate.? Ester I acetolyzes
with extensive rearrangement? and ion pair return.

(1) (a) This research was supported in part by a grant from The
Petroleum Research Fund administered by the American Chemical
Society, Grateful acknowledgment is hereby made to the donors of
this fund; (b) research sponsored by the Office of Ordnance Research,
U. S. Army; (c) research supported in part by the National Science
Foundation.

(2) S. Winstein and E. T. Stafford, Tris Jour~aL, 79, §05 (1957).

(3) P. Schleyer, ibid.,, 80, 1700 (1958), recently has quoted
the unpublished observation that hydration of olefin V gives rise to
7-bicyclo[2.2.1]heptanol.
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In acetic acid solvent at 50°, the product contains
839, of 7-bicyclo[2.2.11heptyl bromobenzenesulfo-
nate III. Of the remaining 179, of product
analyzed by vapor phase chromatography, 94% is
the rearranged acetate VI, 5% is the unrearranged
acetate IV and 19 is the unrearranged olefin® V.
The per cent. of III obtained varies from 86 at 25°
to 79 at 100°.

Ionization of the 2-bicyclo(3.2.0]heptyl bromo-
benzenesulfonate I is clearly anchimerically acceler-
ated, the rate constant for acetolysis at 50°, 5.66 X
10~* sec.”!, being some 10? times that of the
epimeric cis-isomer. The corresponding cis-alcohol,
m.p. of bromobenzenesulfonate 57-59°, was ob-
tained by lithium aluminum hydride reduction of
the corresponding ketone.
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The product of acetolysis of the very unreactive®
7-bicyclo([2.2.1]heptyl bromobenzenesulfonate III
at 205° for one hour contains 919, unrearranged
acetate VI, 79, rearranged acetate IV and 29, re-
arranged olefin V, Formation of the 2-bicyclo-
[3.2.0]heptyl acetate from I and IT1is stereospecific,
none of the cis-isomer of acetate IV being observed.

The observed results indicate formation of the
common bridged ion II by ionization of either I
or III. Jon pair return at C; gives rise to III.
Acetates IV and VI arise from solvent attack at C,
and C, respectively, while olefin V presumably
arises from proton loss from C;. The effect of tem-
perature on the product composition shows that
the energy of activation for formation of solvolysis
product exceeds that for ion pair return by 1.3
keal./mole. Also, the energies of activation for
solvent reactions at C; and C; are higher than that
for solvent attack at C; by 0.7-1.4 kcal./mole.

An estimate of the difference in ground state free
energies of esters I and III may be based on the
available kinetic information. As shown in equa-
tion 1, K., the equilibrium constant between the
two materials, is the product of two ratios, (ksa/
k3x) being the ratio of rates® of ionization, ca. 10~°
at 25°, and (k_s/k—sn) being the partition factor for
reaction of the intermediate cation II with bromo-
benzenesulfonate ion. Approximating the partition

[3.2.0] _ [l (kesm
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Ky = it =
e [2.2.1] k_on
(4) A, T. Blomquist and J. Kwiatek, ibid., 78, 2098 (1951),
(8) (a) C. Norton, Dissertation, Harvard University, 1955; (b) S.
Winstein, M. Shatavsky, C. Norton and R. B. Woodward, Ta1s
JournaL, 77, 4183 (1935).
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factor as 0.05, the figure which applies in acetolysis,
leads to a K. value of ca. 5 X 107!%, The standard
molar free energy of the [3.2.0] ester I exceeds that
of the [2.2.1] isomer III by ca. 14,000 cal./mole.

DEPARTMENT OF CHEMISTRY S. WINSTEIN
UNIVERSITY OF CALIFORNIA Furvio GADIENT
Los ANGELES 24, CALIFORNIA E. T. STAFFORD
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THE ANOMALOUS INFRARED SPECTRA OF SOME
S CYCLOPENTENONES
we

It has been reported! recently that the infrared
spectrum of 3,4-diphenyl-2-cyclopenten-1-one (I)
in carbon tetrachloride solution is anomalous in
that two bands of comparable intensity occur in the
carbonyl-stretching region at 5.82 and 5.90 y; this
bifurcation was observed also with solutions in
other solvents and with solid state spectra. The
spectrum of  2,5-dimethyl-3,4-diphenyl-2-cyclo-
penten-l-one (II) showed a single band (5.86 g,
CCL), as did that of ¢is-3,4-diphenylcyclopenta-
none (III) (5.74 u, CHCl;). Since this region is of
such extraordinary importance in the application
of infrared spectroscopy to structural studies, it
was of considerable interest to determine the origin
and generality of this phenomenon.

Two possible sources—association or the presence
of a mixture of A? and A? isomers—already have
been eliminated.! Further, the perseverance of the
double band in the solid state spectra and ultra-
violet spectral studies made it most unlikely that
the phenomenon is due to the presence of rotational
isomers. There remained the possibility of Fermi
resonance? between the carbonyl vibration and a
close-lying overtone. There is in fact a band at
11.63 1% in the spectrum of I which may be tenta-
tively assigned to the out of plane bending vibra-
tion of the single ethylenic C-H bond of I.# The

(1) P. Yates, N, Yoda, W. Brown and B. Mann, THIS JOURNAL, 80,
202 (1958).

(2) G. Herzberg, “Infrared and Raman Spectra of Polyatomic
Molecules,” D, Van Nostrand Co., New York, N. Y., 1945, p. 215;
E. B. Wilson, Jr., J. C. Decius and P, C. Cross, “Molecular Vibrations,”
MecGraw-Hill Book Co., New Vork, N. Y., 1953, p. 198.

(3) This and subsequently quoted band positions are for solutions
in carbon tetrachloride,

(4) Cf. P. Yates, M. I. Ardao and L. I. Fieser, THIS JOURNAL, 78,
650 (1956); R. N. Jones, I*'. Herliug aud E. Katzenellenbogen, ibid.,
77, 651 (1955).
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first overtone of this band should fall very close to
the position anticipated for the simple carbonyl
stretching frequency of I. That the splitting of the
carbonyl band does indeed appear to depend upon
the presence of a band at 11.6-11.7 p has been
determined by the examination of the spectra of a
series of cyclopentenones. Compounds II, IV and
V, all without ethylenic hydrogen, show only very
weak or no absorption in this region and have
single carbonyl-stretching bands, while compounds
I, VI and VII, with single ethylenic hydrogen and
bands at 11.6-11.7 u, have split carbonyl bands.
The case of VIII is instructive: the compound
possesses a single ethylenic hydrogen but its bend-
ing band falls at 11.45 ¢ and a single carbonyl band
is observed.?

R, CsCs

R

I,Ri = H Ry = CH;, Ry = Ry = Ry = I
II, R1 = CHg, Rz = GHS, R3 = R4 = H, k 5 = CII;
IV, Rl = CHs, Rz = CGHS, Ra =R, = R5 ==
\‘,R1=CH3, R2=R3 = 4=R5=H
\"I,R1=R2=R3-—R4=Ra=H

VII, R1 = H, Rz = CHs, R3 = R4 = R5 = H

VIII, Ry, = H, Rg = CeHs, R; = H, Ry = Rs = CHS
IX, R1 = D, R;) = C6H5, R3 = R4 = R5 = D

Confirmation for this view was obtained by the
preparation of 3,4-diphenyl-2-cyclopenten-1-one-
2,4,5,5-d, (IX) by heating I in dioxane with deute-
rium oxide and sodium carbonate; IX was obtained
as colorless needles, m.p. 109.5-110° (A#nal.
Caled. for CyyHieDO: atom 9 excess D, 28.57.
Found: D, 28.69). The spectrum of IX had no
band at 11.63 p and showed a single carbonyl band
at 5.86 u. Also the deuterated product obtained by
similar treatment of VII lacked the band in the
11.6-11.7 u region and had a single band at 5.86 u
in place of the two bands of VII at 5.81 and 5.89 w.

PETER YATES
L. L. WILLIAMS

DEPARTMENT OF CHEMISTRY

HARVARD UNIVERSITY

CAMBRIDGE, M ASSACHUSETTS
RECEIVED SEPTEMBER 19, 1958

(5) It may be noted that for all of these compounds the first over-
tones belong to the saine symmetry species as the carbonyl-stretching
fundaniental and thus Fermi resonance is allowed; cf. ref, 2.
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Actualités Biochimiques. No. 20. Aspects Actuels de la
Biochimie des Acides Aminés et des Protéines. By
J.T. EpsaLL, Professeur a ’Université Harvard. Publiées
sous la direction de Marcel Florkin et Jean Roche.
Masson et Cie., Editeurs, 120, boulevard Saint-Germain,
Paris 6°, France. 1958. 156 pp. 16 X 24 cm. 2.000
fr.

Unlike the review of a manuscript that of a book is some-
thing like reviewing a TV program—it’s too late to do any-
thing about it. In the present instance, however, this re-
viewer would not have done anything about it even if lhe
had had the opportunity. In this comparatively short

monograph the topics for consideration have been carcfully
selected, are lucidly presented and bring the reader right up
to work in progress in the biophysical chemistry of the amino
acids, peptides and proteins. In many respects it may be
considered a supplement to the earlier ACS monograph on
this subject by Cohn and Edsall.

The volume under review is the result of a series of lec-
tures by Professor Edsall at the College of France and at the
Sorbonne in late 1955 and early 1956. Translated into eas-
ily read French by Professor Jean Roche and associates the
material has been published as number 20 in the “Actualites
Biochimigues” paperback serics. The almost simultancous



