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Abstract:

Received April 5, 1968

The complete molecular structure of gaseous frans-2-decalone has been analyzed using the sector-

microphotometer method of electron diffraction. The molecule was found to have both rings in the chair form.

The average bond lengths were r(C-H) = 1.121 A, r(C-0) =
= 109.5°, C-C-C = 111.3°, and C-C-C (carbonyl) = 114°,

angles were C-C-H

1.225 A, r(C-C ) = 1.532 A, The average bond
The parameters were determined

by three independent analyses performed on three sets of photographic plates.

In recent years, Allinger has published a series of
papers on the conformation of cyclohexanone rings,
particularly as they are found in compounds with
fused ring systems.®* When diaxial dimethyl sub-
stituents are present, the ring is forced to distort
drastically. In order to investigate such distortions
in detail, it was decided to analyze the molecular
structure of 1,1,10-trimethyl-trans-2-decalone, along
with some decalones with fewer methyl groups, by gas
phase electron diffraction. With compounds of this
size there are so many possible internuclear distances
that some assumptions must be made to analyze a
structure from gas phase data. In order to see the
effects of steric repulsions, a model which represents
an undistorted decalone is helpful. Thus, as a com-
parison model of a relatively undistorted system, the
structure of rrans-2-decalone has been determined.

Experimental Procedure

Gas phase electron diffraction photographs of rrans-2-decalone
were taken on the Indiana University electron diffraction apparatus+*
using an r3 sector. The photographs were recorded on 4 X 5 in.
Kodak process plates using camera lengths of approximately 11
and 25 cm. The accelerating potential of the electron beam was
40 kV and the beam current was approximately 0.1 uA. The
camera length and accelerating voltage were measured to a pre-
cision better than 0.05%% in all cases. Blank photographs were also
taken to determine the shape of extraneous (nonspecimen) scat-
tering in the instrument. In order to obtain sufficient vapor pres-
sure, the sample was heated to 110 &= 15° by immersing the sample
bulb in an oil bath and heating the tube leading to the gas nozzle
with an electrically insulated nichrome wire wrapped about the
tube. The temperature of the gas nozzle was measured with a
type J thermocouple. The absorbancies of three photographic
plates from each camera length were measured on the Indiana Uni-
versity microphotometer. *

The sample was synthesized in this laboratory according to the
procedure of Augustine.® No impurities could be detected by gas
phase chromatography or infrared spectroscopy.

Treatment of the Data

It is convenient to convert the absorbancies of the
photographic plates to leveled intensities before
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analyzing the structure. This conversion requires cor-
rections for the extraneous scattering and for the use of
the sector and a method of conversion from absorbancy
to intensity. A correction for extraneous scattering
was made to the absorbancy data by subtracting a func-
tion with the same shape as the extraneous scattering on
a blank plate taken without gas in the system. This
is not an optimum procedure but recent work indicates
that the shape of the blank with gas in the system is the
same except for the small angle region. Thus what is re-
ferred to here as extraneous scattering is more properly
termed apparatus scattering as opposed to rest gas
scattering. This function was obtained from a least-
squares fit of the absorbancies of a blank plate for each
camera distance using a low-order polynomial. (This
required a quadratic equation for the 11-cm data and
a cubic equation for the 25-cm data.) These functions
were then subtracted from the absorbancies of the
sample in the amount necessary to bring the leveled in-
tensity at the outside edge of the plate to a value similar
in magnitude to that in the middle, where apparatus
scattering is small. A correction for the deviations of
the sector from 3 was obtained by taking the ratio of
experimental to theoretical intensities for neon. All
atomic scattering intensities were calculated using the
elastic scattering factors of Strand and Bonham?® and
the inelastic scattering factors of Bewilogua.” These
values are not the best currently available but are con-
venient to use and deviations between these values and
more accurate values are smooth and may be absorbed
in the background function. The sector correction
was made using an average of the absorbancies of two
neon plates taken at a camera length of 45 cm having
similar exposure. Experiments with blank plates
showed that at this camera length the apparatus scatter-
ing became small and was nearly constant across the
plate. The electron intensity appeared to be linearly
proportional to the absorbancy for all plates used. This
was determined by comparing two 25-cm distance plates
having a large exposure difference. The ratios of ab-
sorbancies of these two plates were constant at all points
except for the effect of random noise; thus, the ab-
sorbancies were used directly as intensity values with
no correction.’ Finally the intensities were leveled by
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Figure 1. Experimental radial distribution curve obtained from
set of data for rrans-2-decalone. The lower curve is a plot of the
difference between the experimental and calculated f(r) curves.

dividing by the atomic scattering. These leveled in-
tensities, corrected for the sector and extraneous scat-
tering, are given in Table I*® for three sets of plates.

Radial distribution curves were calculated from the
intensities in the usual manner.? A damping factor
was used to reduce the value of M.(g) to a tenth of its
value at ¢ = 108. A correction was made for non-
nuclear scattering.!® Experimental backgrounds were
obtained as analytical functions described by six- or
seven-term polynomials!! refined according to the Karle
nonnegative area criterion. !?

In order to minimize bias from theoretical data at
g < 11, a Fourier transformation of the experimental
radial distribution curve was made and the M.(g) so
obtained was used for the small angle scattering. This
modification of the standard procedure did not appear to
make a significant change in the radial distribution
curve, Figure 1 shows the experimental radial dis-
tribution curve and the difference between it and a
theoretical curve based on the best model. Figure 2
shows a leveled intensity curve and its experimental
background for one set of plates.

In an experiment of this type it is extremely difficult
to get realistic estimates of errors in the parameters
measured. Therefore, following the suggestion of
Morino, Kuchitsu, and Murata,!® separate least-
squares analyses were performed on radial distribution
curves obtained from each of the three sets of plates.
This should give an indication of the magnitude of
uncertainties due to noise in the data or to any subjec-
tive steps in the data processing. The parameters
agreed to better than +0.005 A for the more prominent
bonded and shorter nonbonded distances (<2.5A). All
internuclear distances not reported were calculated from
a model compatible with the data and were held con-
stant during the least-squares analysis. These consist
of distances larger than 4 A and nonbonded C-H,
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Figure 2. Experimental leveled intensity and background curves
for trans-2-decalone obtained from one set of plates.

O-H, and H-H distances. The H-H distances have a
negligible effect on the radial distribution curve and the
small number of O-H nonbonded distances have only
a small effect. Other than the major C-H nonbonded
distance at 2.17 A the C-H peaks are spread out across
large regions of the radial distribution curve. Although
there are several C-H peaks, they overlap each other
and cannot be resolved. Their locations are known
reasonably well from the framework structure of the
carbons but their amplitudes remain quite uncertain.
Since their positions were fixed during the analysis, the
reproducibility obtained for distances larger than 2.7 A
will be better than the true uncertainty. Thus, al-
though the reproducibility is good, it is doubtful that
the bond lengths or amplitudes can be trusted to better
than 0.02 A for these longer distances.

Results

Table II gives the results of the least-squares analysis
for the major peaks. In all cases the indices of resolu-
tion for both camera distances were larger than 0.9.
The parameters reported are averages of the three
analyses. The values for the distances and amplitudes
must be considered to be averages of those distances of
the same type within 0.1 A of the listed value.

Table II. Bond Lengths and Amplitudes of Vibration for
Major Internuclear Distances of trans-2-Decalones
Bond re, A Iy A
C-0 1.225 0.044
2.402 0.063
3.475 0.127
C-H 1.121 0.078
2.176 0.113
Cc-C 1.532 0.053
2.535 0.077
2.971 0.084
3.893 0.088

o The angles were CCC =
(carbonyl) = 114°,

111.3°, CCH = 109.5°, and CCC-

As would be expected, the data for nonbonded dis-
tances agree with a model having both rings in the chair
form. Although small amounts of a skew boat can-
not be ruled out, there is no evidence to support its
presence.
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The most precisely determined parameter is the C-C
bond length at 1.532 A. This is usually thought of as
an average of two types of bonds, the shorter sp2-sp?
bonds to the carbonyl carbon and the normal C-C
bond. Although these two bonds cannot be resolved
it is interesting to consider their effect on the average.
A commonly accepted value for a C-C bond adjacent
to a carbonyl bond is 1.50 A, although there is some
evidence in favor of a slightly longer bond.'* Any value
for the C-C bond adjacent to the carbonyl bond which
is less than 1.51 A would require a value of 1.538 A or
more for the average C-C bond length for the other
C-C bonds. This value is larger than that normally
found in hydrocarbons but it is in agreement with that
found for trams-decalin by Davis and Hassel.!¢ This

(14) E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison,
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Y., 1965, p 455.
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may be due to a general expansion of bond lengths in
the ccllouble ring or to a longer C-C bond at the bridge-
head.

The bonded C-H and C-O distances overlap in such
a way that in order to obtain reasonable results, a value
had to be assumed for the amplitude of vibration of the
C-H bond. The results obtained for the bond lengths
using the assumed amplitude agree with those obtained
from other molecules with a carbonyl bond."”
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Abstract:

Sirenin (I) is the sperm attractant of the water mold Allomyces.

Ozonolysis of its bis-NABS ester af-

forded NABS-hydroxyacetone in addition to two aldehydes (II and III), resulting from selective attack at each of

the two double bonds.

sirenin with manganese dioxide were deduced from spectroscopic evidence.
Synthesis of this cyclopropane triester and three of its stereo-

permanganate led to the cyclopropane triester VI.

Structures for these aldehydes as well as for the dialdehyde IV obtained by treatment of

Oxidation of sirenin with periodate~

isomers proved that sirenin was a sesquiterpene and possessed the carene bicyclic ring system. Additional com-
parison with cis- and trans-2-methyl-2-penten-1-ol allowed the stereochemistry and structure of sirenin to be estab-
lished as 9-[(E)-4-hydroxy-3-methyl-2-butenyl]-10-hydroxy-2-carene.

he presence of hormones in the sexual reproduc-
tion of fungi was first suggested in 1880 but did
not receive any experimental confirmation for another
40 years.? In 1958, the chemotactic hormone sirenin
was first reported?® and the presence of sexual hormones
in other fungi has been demonstrated or postulated.*
Our recent communication® provided the first complete
structural characterization of a plant sex hormone, and
a partial characterization of hormone A (antheridiol)
has been reported.®
Sirenin is the sperm attractant produced by the
female gametes of the water mold Allomyces and is
active at concentrations of 10~ M. The production,
isolation, and characterization of sirenin and its 4-(4-
nitrophenylazo)benzoate (NABS) esters have been
described.” We now present evidence for the complete
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structure and stereochemistry of sirenin (I). It differs
significantly from mammalian sex hormones in that
sirenin is a sesquiterpene rather than a steroid.

Mass spectrometry and microanalyses’ of sirenin
and its derivatives established the molecular formula
Ci;H,40; for sirenin. The formation of a diacetate
and a bis-4-(4-nitrophenylazo)benzoate (NABS) ester
(Ib) suggested that both oxygen functions in sirenin
were alcohols which was further supported by ir ab-
sorption at 3600 cm~!, That both hydroxyl groups
were part of primary allylic alcohol moieties was indi-
cated by the four-proton signal in the nmr spectrum
at & 3.97 which shifted to 4.75 in Ib. From the magni-
tude of the shifts of the vinyl proton signals at § 5.38
and 5.80 in I to 5.59 and 5.98 in Ib, respectively, two
primary allylic alcohols with a §3-vinyl proton were
postulated since the carbinol proton signal was un-
split. One tertiary and one vinyl methyl group in
sirenin were also indicated by the singlets at 6 0.88 and
1.67, respectively.

In order to elucidate the nature of the double bonds,
bis-NABS-sirenin (Ib) was partially ozonized. In
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