Figure 1. A computer-generated perspective drawing of 1. Hydrogens are
not shown, and no absolute stereochemistry is implied.

The structure factors were converted to normalized structure
factors and phases were assigned by a multisolution, weighted
tangent formula approach.* All nonhydrogen atoms were lo-
cated in successive electron density syntheses and hydrogens
in a final difference electron density synthesis. Full-matrix
least-squares refinements with anisotropic temperature factors
for nonhydrogen atoms and isotropic temperature factors for
hydrogen have converged to a final crystallographic residual
of 0.046 for the observed reflections.® Additional crystallo-
graphic details can be found in the supplemental material; see
paragraph at end of paper.

Figure 1 is a perspective drawing of the final x-ray model
of stylatulide. All bond distances generally agree well with
accepted values. The intra-ring bond angles in the ten-mem-
bered ring are all larger than normal tetrahedral angles. This
presumably is a consequence of relief of steric strains across
the ring. There are short contacts between O(28)-C(2) of 2.89
A, C(9)-C(2) of 3.28 A, and C(8)--C(5) of 3.21 A. The tor-
sional angles around the ten-membered ring range widely, but
there exists an approximate twofold axis which bisects the
C(1)-C(10) and C(5)-C(6) bonds. The y-lactone ring has an
cenvelope conformation with C(8) serving as the flap. Since the
torsional angles about the C(11)-C(12) and C(12)-C(13)
bornds are essentially 0, the cyclohexane ring has a 1,2-diplanar
conformation. There are no intermolecular contacts less than
the van der Waals distance, save one C—OH-.-O==C distance
of 2.93 A.

Although chlorine-containing diterpenes were known to exist
for more than 10 years,® the structures have been slow to ap-
pear. The structures of the “briareins”, metabolites of the
gorgonian coral Briareum asbestinum have recently been
determined.” Briarein-A, whose structure was also determined
by x-ray analysis ® has the same ring system with a similar
substitution pattern. The structure of the toxin from the sea
pen Ptilosarcus gurneyi (or P. quadrangularis)? is also related
to stylatulide (1) and briarein-A.'° In the copepodite assay,
stylatulide (1) was toxic (LD, go) at concentrations greater than
0.5 ppm.
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Supplementary Material Available: Fractional coordinates (Table
1), bond distances (Table 2). bond angles (Table 3), and observed and
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calculated structure factors (Table 4) (14 pages). Ordering infor-
mation is given on any current masthead page.
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Trimethylenemethane. A Reversible, Temperature
Dependent Transformation from Higher to Lower
Symmetry as Observed by Electron Spin
Resonance Spectroscopy

Sir:

Trimethylenemethane'2 (I), in its ground triplet state,'?
is characterized by a four-line electron spin resonance spec-
trum.2 The presence of four lines, rather than six, is a conse-
quence of the D3, symmetry! of the triplet I. In this, and in
other instances of threefold or higher symmetry, the molecular
x and y axes’ are equivalent and the lines corresponding to
them coincide forming a pair of xy lines, for instance, the inner
two lines in the spectrum of trimethylenemethane-dg (I-d¢)
in Figure la. In molecules of lower symmetry, C,, for example,
the xy lines are split into their component x and y lines giving
rise to four inner lines,2 4 instead of two. The outer two lines
in the spectrum of Figure la are the z lines;?>~* their presence
is not dependent upon the molecular symmetry.

H H
H Hol
g% I_dG’HzD
H H

Examination of the electron spin resonance spectrum of
trimethylenemethane-d¢ (I-ds) has revealed an extremely
facile apparent interconversion of states of different symmetry
of the triplet 1. Thus, irradiation of methylenecyclopropane-ds’
with y-rays,” at the boiling point of liquid nitrogen, gives rise
to the spectrum of the triplet state of trimethylenemethane-d,
(I-dg) shown in Figure la. As the temperature is raised from
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Figure 1. Electron spin resonance spectrum of trimethylenemethane-ds,
from ~-radiolysis of neat methylenecyclopropane-ds, showing the change

in the x) and = lines as a function of temperature.

—196 °C, the lines of the spectrum broaden?® and the z lines
move toward the center of the spectrum. At —155 °C a more
startling change begins to occur in the xy lines. A shoulder
appears which continues to develop as the temperature is in-
creased, until at —140 °C the xy lines become clear doublets.
The course of the change in the spectrum is shown in Figures
la-e.

The splitting of the xp lines is reversible. The original unsplit
spectrum is restored when the sample is cooled to temperatures
below —155°C.°

The splitting of the xy lines is not dependent on the presence
of deuterium. Examination of the parent undeuterated triplet
1, from +-radiolysis of methylenecyclopropane,’” over the
critical temperature region (—155 to —140 °C), again reveals
the development of reversible new splitting in the xy lines, as
shown in Figures 2a-c. In experiments described very re-
cently,’® Yoshida and Edlund report that the hyperfine split-
ting of the xy lines of the triplet I exhibits no significant de-
pendence on temperature. The reported experiments’ did not,
however, encompass a careful examination of the spectra in
the critical temperature region between —160 and —140
°C.

Observation of the temperature dependent splitting depends
critically on the degree of resolution of the electron spin reso-
nance spectrum. Thus, the spectrum obtained by photolysis
of 3-methylenecyclobutanone’! in randomly oriented frozen
matrices is not sufficiently well resolved to allow the observa-
tion of the temperature dependent splitting of the xy lines. The
latter spectra do show, however, a reversible decrease in D
value with increasing temperature,® which appears (vide infra)
to have the same origin as the reversible splitting of the xy
lines.

Two general explanations for the splitting of the xy lines
may be advanced. There may exist, under the conditions of
temperature employed, only one electronic state of trimethy-
lenemethane (1), the D3, triplet ground state, but there may
be two or more magnetically nonequivalent sites provided by
the matrix. The magnetic distinctions among the different sites
would be required to be a function of temperature. Alterna-
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Figure 2. Electron spin resonance spectrum of trimethylenemethane, from
y-radiolysis of neat methylenecyclopropane, showing: (a-c) the variation
in shape of the low-field xy line as a function of temperature; (d) movement
toward the center of the spectrum and absence of change in shape for the
low-field z line. The small peak at 2968 G is due to the hydrogen atom.
It is a convenient reference point for the movement of the z line.

tively, there may exist a second electronic state of trimethy-
lenemethane (1), energetically accessible and of symmetry
lower than D3y, such that the second state becomes populated
as the temperature is raised.

The latter interpretation appears, on the basis of the ob-
served spectra, to be the more acceptable of the two possibili-
ties. Did there exist magnetically nonequivalent sites in the
matrix, giving rise to multiple xy lines, then the z lines of the
triplet spectrum must also be split in identical fashion.!2 No
such splitting of the z lines is discernible in the spectrum of
either the deuterated (Figure 1) or nondeuterated (Figure 2d)
trimethylenemethanes (I). Additional support for this position
is derived from examination of the triplet spectrum of tri-
methylenemethane-dy (I-dg) in matrices other than neat
methylenecyclopropane-de. The same temperature dependent
splitting of the xy lines is observed in the spectra obtained from
samples prepared by y-irradiation of solutions of methylene-
cyclopropane-dg in hexafluorobenzene (25, 12, and 5%, wt/wt,
solutions) and in tetrahydrofuran (ca. 50% solution).!3

The available evidence being indicative of a minimal effect
of the matrix on the splitting of the xy lines, the tentative hy-
pothesis may be advanced that the splitting results from the
intervention of a second electronic state of trimethylene-
methane (I). As noted above, the second state must become
populated as the temperature is raised and be characterized
by symmetry lower than that of the parent D3, ground state
triplet of I. The argument is strengthened by the fit of the
spectra observed, at the several temperatures of Figure 1, to
a Hamiltonian.# For example the spectrum obtained at —140
°C can be fitted to a Hamiltonian* 214 with D = 0.0219 and
E =0.0054 cm~!, It is a consequence of the appearance of the
new component to the xy line that the center of gravity of that
line moves toward the center of the spectrum, as shown in
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Figure 1. Such a shift results in a decrease in the magnitude
of D812 In order that the spectrum continue to fit a Hamil-
tonian, the separation between the z lines must decrease in a
parallel fashion. Figures | and 2d show very clearly the de-
creasing separation between the z lines as the temperature is
raised.'?

What is the nature of the new state of trimethylenemethane?
Theoretical estimates!® of the difference in energy between the
planar (0,0,0) and perpendicular (0,0,90) triplet trimeth-
ylenemethanes (I) range from 8'%2 and 10'9® to approximately
1716cde kcal/mol. It may be argued that even the lowest of
these values is too great to account satisfactorily for a trans-
formation in which it appears that rapid equilibration or av-
eraging occurs near —150 °C. While the theoretical results can
in no way alone be taken to rule out the (0,0,90) form as a
possibility, they do encourage a search for alternative possible
states of the triplet (1) which might be accessible under the
conditions of the experiments described above.

In their recent theoretical examination of trimethylene-
methane (I), Yarkony and Schaefer!3c noted that when
the 3A,’ ground state of trimethylenemethane was described
as the 3B, state of C,, symmetry, the energy was not
changed.!” No further discussion of the 3B, state has occurred
and there have been no predictions that it might represent a
stable minimum on any reaction pathway of the triplet I. It is
intriguing to speculate, however, that the temperature de-
pendent splitting of the xp lines might be the result of the re-
versible interconversion of the 3B, and 3A,’ states. Such an
averaging between states of D3, and €y, symmetry would
provide an explanation for the observed temperature dependent
splitting. It would also lead to an understanding of the decrease
in the D value. Thus, if the molecule is transformed from D3,
to C,. symmetry by way of an E’ vibration, this would entail
not only contraction of the central bond angle but also
lengthening of the opposing carbon-carbon bond.!® The net
effect would be an increased average separation between the
two unpaired electrons and a consequent decrease in the value
of D.'> However, it is not intuitively obvious and it is corre-
spondingly unsettling, that what appears to be a normal vi-
brational mode, the contraction of the bond angle at the central
carbon atom of I, should lead to a potential minimum. If so,
this symmetry-breaking step would add a bizarre new di-
mension to the chemical and spectroscopic attributes of tri-
methylenemethane (I1).1°
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Synthesis and Crystal Structure of
cis-Diammineplatinum a-Pyridone Blue

Sir:
The blue compounds formed from aqueous solutions of
platinum(II) in the presence of amides have been a subject of
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