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solvent mixture to afford 6.5 g (60%) of (diphenylethylidene)-
diphenylphosphine, mp 114-116° (sealed capillary). The phos-
phine gave rise to a P? nmr signal (CHCl;) at 4+24.2 ppm
(relative to 85% H;PO,) and proton nmr signals (CDCly)
centered (relative to TMS) at = 2.6 (aromatic) and 3.1 (doublet,
J = 3 eps, vinyl) in the correct area ratios.

Anal. Caled for CysHuP: C, 85.7; H, 5.7. Found: C,
85.4; H, 5.9.

The mother liquor from the above crystallization was chro-
matographed on alumina (Baker's neutral) under argon atmos-
phere. Benzene eluted an additional 1.5 g of semisolid material
that was triturated with hexane and subsequently filtered to
give 0.7 g of crude phosphine, mp 112-115°.

Reactions of 2-Hydroxynonyitrimethylsilane. A. With Po-
tassium Hydride.—To a slurry of 5 g of 409, potassium hydride
(freed of its protective coating by hexane washings) dispersed in
50 ml of tetrahydrofuran there was added 10.9 g (0.05 mole)
of 9. Within a few minutes the hydrogen evolution was
complete (1.22 1.). Subsequent to stirring for 6 hr at room
temperature, the reaction mixture was carefully hydrolyzed by
pouring into chilled aqueous ammonium chloride. The ether
extracts were concentrated and distilled to give 0.55 g of
impure 1-nonene, bp 126-143° and 4.03 g of pure product, bp
143-145°. The yield, based on 4.4 g, was 70%.

B. With Triphenylmethylpotassium.—To s red solution of
triphenylmethylpotassium in 25 ml of 1,2-dimethoxyethane,
prepared from 6.37 g (0.027 mole) of triphenylmethane, 3.4 g
(0.05 mole) of isoprene, and 1 g (0.025 g-atom) of potassium
by the method of House,!® there was added 5.4 g (0.025 mole)
of 9 which resulted in a decolorization of the solution. Sub-
sequent to stirring for 1 hr, the reaction mixture was carefully
hydrolyzed with aqueous ammonium chloride. Concentration
of the ether extracts afforded a semisolid that was shown not to
contain triphenylmethyltrimethylsilane by glpe analysis. A

(18) H. O. House and V. Kramar, J. Org. Chem., 27T, 4146 (1962),
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proton nmr spectrum of the mixture (in CDCl;) revealed it
to be composed of triphenylmethane, l-nonene, an isoprene
dimer,’® and a small amount of hexamethyldisiloxane. No
attempt was made to resolve the mixture.

C. With Sulfuric Acid.—To a solution of 8.68 g (0.04 mole)
of 9 in 40 m] of THF there was added 3 drops of concentrated
sulfuric acid. The formation of l-nonene was slow at room
temperature (reaction mixture analyzed by glpe), but became
quite rapid upon heating to 65°. After 2 hr at the higher
temperature, the reaction mixture was water washed and
worked up in the usual manner to give 3.68 g (73%) of 1-nonene,
bp 143-145° and 0.9 g of a distillation residue which was
composed of starting alcohol and small amounts of three
unidentified compounds.

Reaction of (2-Hydroxy-2,2-diphenylethyl)trimethylsilane
with Sodium Hydride.—A mixture of 2.7 g (0.01 mole) of the
aleohol, 0.6 g (0.012 mole) of 50% sodium hydride, and 20 ml of
tetrahydrofuran was heated at ca. 50° for 3 hr and then stirred
overnight at room temperature. The reaction mixture was then
carefully hydrolyzed with aqueous ammonium chloride and
concentrated to give an oil that consisted of ca. 67% 1,1-di-
phenylethylene and 339 starting alcohol (infrared and proton
nmr spectroscopy and gas phase chromatographic analyses).

Registry No.—7, 15096-08-9; 9, 15096-09-0; di-
phenylethylidene methyl sulfide, 15096-10-3 ; (trimethyl-
silylmethyl)diphenylphosphine sulfide, 4451-97-2; (di-
phenylethylidene)diphenylphosphine sulfide, 15096-12-
5; (diphenylethylidene)diphenylphosphine, 15096-13-6;
1-nonene, 124-11-8; 11, 4451-96-1.
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The equilibration of the c¢is and trans isomers of the 1,2-, 1,3-, and 1,4-dimethyleyclohexanes has been

carried out using palladium catalyst at elevated temperatures.
isomerization of the diequatorial to the equatorial-axial conformations are as follows:

The thermodynamic quantities for the
for the 1,2 isomer,

AH® = +41.72 kcal/mole, A8° = +0.79 eu; for the 1,3 isomer AH® = +1.81 kcal/mole, AS° = +1.16; and

for the 1,4 isomer, AH® = +1.78 keal/mole, AS° = +1.14 eu.
isomers are in agreement with both theoretical and thermochemical values.

The experimental values for the 1,3 and 1,4
The values for the 1,2 isomer

are somewhat anomalous with reference to the theoretical quantities but in agreement with the thermo-

chemical data.

The conformational energies of the simple alkyl
groups are of considerable importance in quantitative
conformational analysis, and that of the methyl group
is really the cornerstone of the whole subject.* From
calorimetric studies on the isomers of the 1,3- and 1,4-
dimethyleyclohexanes, the conformational enthalpy
of the methyl group was determined to be 1.94 + 0.2
keal/mole in the gas phase,® and 1.66 + 0.2 keal/mole

(1) Paper LVIII: N. L. Allinger, J. A, Hirsch, and M. A. Miller, Tetra-
hedron Letters, 3729 (1967).

(2) This research was supported by grant PRF 29616 from the Petroleum
Research Fund administered by the American Chemical Society.

(3) Nationsl Aeronautics and Space Administration Predoctoral trainee,
1964-1967,

(4) For a recent review, see E. L. Eliel and T, J. Brett, J. Am, Chem. Soc.,
87, 5039 (1965). For a complete literature summary, see J. A Hirsch in
* Topics in Stereochemistry,” Vol. I, N. L. Allinger and E. L. Eliel, Ed.,
Interscience Publishers, Inc.; New York, N. Y., 1967, p 199.

(3) (a) C. W. Beckett, K. 8, Pitzer, and R. Spitzer, J. Am. Chem, Soc.,
69, 2488 (1947); (b) K. 8, Pitzer and C. W. Beckett, ibid., 89, 977 (1047).

in the liquid phase.® By direct equilibration methods
the value in the liquid phase was determined from
these same compounds as 1.97 + 0.3 keal/mole.”

Results and Discussion

Since we have obtained considerable experience in
the equilibrium method during the last few years, it
seemed that it would now be desirable to redetermine
the value in this way with a higher aceuracy. In the
present work, the type of experiment and the measure-
ments were the same in prineiple as previously, but
great attention was paid to achieving accuracy. The
equilibrations were carried out in sealed tubes with a
small amount of palladium catalyst at elevated tem-

(6) (a) E.J. Prossen, W. H. Johnson, and F. D. Rossini, Bur. Std. J. Res.,
39, 49 (1947); (b) ibid., 89, 173 (1847).
(7) N L. Allinger and 8. Hu, J. Org. Chem., 27, 3417 (1962).
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peratures. Care was taken to fill the tubes sufficiently
so that when they reached the equilibrium tempera-
ture the volume not occupied by the liquid was
essentially zero. This avoids the problem of the
presence of a gas phase in which the equilibrium
constant differs from that in the liquid.®

Equilibrium was usually approached from both
sides. The equilibrations were quenched, and the
equilibrium mixture was analyzed by gas phase chro-
matography. The equilibrations were carried out at
five to eight different temperatures over a range of
100°, and each sample was analyzed several times.
From the slope and intercept of a plot of log K against
1/T, the enthalpies and entropies of isomerization
were found. From a statistical treatment of the
data, probable errors of about +0.1 kcal/mole for
the enthalpies of isomerization were calculated for each
isomeric pair. The numerical values found for the
enthalpies and entropies of isomerization are in agree-
ment with the liquid phase thermochemical values,
but the probable errors in the present enthalpy
measurements are much smaller. The results are
summarized in Table L.

TasLE 1
D1FFERENCES IN THERMODYNAMIC PROPERTIES BETWEEN
¢is- AND trans-DIMETHYLCYCLOHEXANES?

Thermochemical (25°)8.¢ Present work (260°)4
Isomer AH® as° AH® A8°

1,2 1.54 £0.22 0.72 1.4 £0.03 0.20 £0.06
1,3 1.792 £0.22 1.24 1.80 £0.05 1.13 £0.09
1,4 1.62 £0.22 1.19 1.74 £0.06 1.03 +0.12

¢ The enthalpy values are in kecal/mole and entropy values in
eu. All values are for the liquid phase. The differences are
always in the direction diequatorial = equatorial-axial. * The
entropy values are taken from the thermochemical data of
Huffman.c Our estimate of the probable experimental error
in that work is +0.3 eu. ¢ H. M. Huffman, S. 8. Todd, and
G. O. Oliver, J. Am. Chem. Soc., 71, 584 (1949). ¢ The errors
listed are the standard deviations in the least-squares values.
We estimate our experimental error to be £0.1 kecal/mole for
AH° and +0.2 eu for AS®.

Of more general interest than the isomerization
equilibria of the dimethyleycloalkanes themselves
(Table I) is the equilibrium between the diequatorial
(ee) and equatorial-axial (ea) conformations. Since
the equilibrations were carried out at rather high
temperatures, diaxial and boat conformations which
are negligible at room temperature may alter sig-
nificantly the observed equilibrium constant (Kepeq)
from that in which we are really interested (K.q).
Thus while

Keq_‘(‘e‘a—)

" (ee)
Kopag = (ea) + (boats)

(ee) + (aa) + (boats)

In order to determine K.,, it was necessary to cal-
culate the concentrations of the extraneous conform-
ers present. To do this, the enthalpy and entropy of
each such conformer, relative to the stable conformer,
must be known. Since these corrections prove to be
fairly small, these quantities can be adequately caleu-
lated by rather rough approximations.

For the diaxial isomers, the 1,2, 1,3, and 1,4 were
assigned, respectively, the following enthalpies relative

(8) N. L. Allinger and J. L. Coke, J. Am. Chem. Soc., 81, 4080 (1959).
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to the diequatorial isomers: 2.7,* 5.5,° and 3.64 keal/
mole. The entropies of the diaxial conformers are
taken to be the same as those of their diequatorial
conformers.

It is a little more complicated to correct for the
boat forms present. The enthalpy of the unsubsti-
tuted boat was taken as 5.02 kcal/mole at the pseu-
do-rotational minimum,!® and 6.75 kecal/mole at the
pseudorotational maximum. The contribution by
each methyl group to the total energy of a particular
boat was then calculated by considering that sub-
stitution of a hydrogen by a methyl converted a
propane to a butane unit and by using the energy
function for the rotation of butane as given by Eliel!?
(Table II) and a simple threefold cosine function for

TasLE II
EnTHALPY CONTENT OF CONFORMERS OF n-BUTANE
Dihedral angle, «

(C1C2C3Cy) AH®, keal/mole

0 5.25
30 3.08
60 0.90
90 2.20
120 3.50
150 1.75
180 0.0

propane (Vo = 3.3 kcal/mole). The energy of the
boat form was calculated for each isomer for values of
the pseudo-rotational parameter (6) from 0 to 360° in
30° increments. (Details are given in the Appendix.)

It was found that there were minima in the pseudo-
rotational curve at 30, 90° etc., and each of those
which had a calculated enthalpy of less than 8 keal/
mole (relative to the corresponding chair) was con-
sidered as a separate conformation contributing to the
conformational mixture. The symmetry properties
of each conformer were considered separately, and
their effect on the entropy was taken into account.
With these corrections, K., was then calculated for
each experimental point, and then the thermody-
namic properties for that equilibrium were caleulated
from the points (In K vs. 1/T), and the results are
given in Table III.

The enthalpy values obtained in this work are ap-
preciably more accurate and slightly lower than those
obtained previously by the same method.” They
are also in agreement with the thermochemical values
to within the combined experimental errors, but are
believed to be of greater accuracy.

There are theoretical reasons for expecting the con-
formational enthalpy of the axial methyl to be greater
inthe 1,3 than in the 1,4 isomer by 0.1-0.2 keal /mole, 2
and such has been observed in other systems.* The
probable errors in the enthalpy changes found in the
present work, though relatively small, are still large
enough to obscure this difference. For the 1,2 iso-
mers, first-order theory predicts for the axial-equa-

(9) N. L. Allinger and M. A. Miller, tbid., 88, 2145 (1961).

(10) P. Hazebroek and L. J. Osterhoff, Discussions Faraday Soc., 10, 87
(1951).

(11) (a) E. L. Eliel, “Stereochemistry of Carbon Compounds,” McGraw-
Hill Book Co., Inc., New York, N. Y., 1962, p 128; (b) see Table I, foot-
note c.

(12) N. L. Allinger, M. A. Miller, ¥. A. Van-Catledge, and J. A. Hirsch,
J. Am. Chem. Soc., 89, 4345 (1967).
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TasLE III

THERMODYNAMIC DATA FOR THE EQUILIBRIUM DIEQUATORIAL — AXIAL-EQUATORIAL DIMETHYLCYCLOHEXANE®

~—Theoreticald——

Isomer AH° AS8° AH®
1,2 1.80 1.38 1.54 £0.22
1,3 1.80 1.38 1.72 £0.22
1,4 1.80 1.38 1.62 £ 0.22

e The enthalpy and free energy values are in kcal/mole, the entropy values in eu (for the liquid phase).
enthalpy values are from ref 6. The entropy values are taken from thermochemical studies by Huffman, et al.11®
¢ The probable errors listed are our estimates.

that experimental error is +0.3 eu.

~—Thermochemical* (298°K)—

Present workd

as°® AHj40 AS310 AG2ss
0.49 1.72 + 0.1 0.79 £ 0.2 1.46
0.87 1.81 £0.1 1.16 £ 0.2 1.47
0.72 1.78 £ 0.1 1.14 £ 0.2 1.43

¢ The
Our estimate of
The standard deviations of the least-squares

® From ref 11a.

values for the 1,2, 1,3, and 1,4 isomers in AH® are +0.03, +0.03, +0.07, respectively, and in A8° are +0.06, +£0.05, and +0.13.

torial conformer a conformational enthalpy of 1.8
kcal/mole from two additional gauche interactions,
and a conformational entropy of 1.38 eu, resulting
from ¢ = 1 (compared with ¢ = 2 for the diequatorial
conformer). The thermochemical values indicate
both the enthalpy and entropy are somewhat smaller
than the first-order theory predicts, but in a compen-
sating way so that the conformational free energy is as
calculated. These results have been attributed to a
cogwheeling of the methyl groups to a greater extent
in the ea isomer than in the ee, which decreases both
the enthalpy and entropy.® Why this should be true
is unclear, but the present work supports the thermo-
chemical values.

Experimental Section

1,3-Dimethylcyclohexane.—This compound was obtained by
hydrogenation of m-xylene.” Gas phase chromatography
showed that the product was 77%, ¢is-1,3-dimethylcyclohexane.
Five samples of this mixture were used in the equilibration
experiments. Percentage compositions are given in Table IV.

trans-Enriched 1,3-dimethyleyclohexane was obtained by dis-
tilling the above mixture through a 3-ft Podbielniak column.
When the temperature rose to 124°, the distillation was stopped

TasLE IV
PERCENTAGE COMPOSITION OF EQUILIBRATED
DIMETHYLCYCLOHEXANES

1,2 Isomer
Temp, °K % major isomer Time, hr
482 .10 81.20 168
406.1 80.31 168
511.4 79.72 120
528.6 78.75 96
543.7 78.27 96
559.0 77.68 120
571.0 77.02 72
585.4 76.56 72

1,3 Isomer
496,20 77.75 200
527.7 75.68 198
543.2 74.99 103
552.7 74.38 104
566.3 73.89 48
583.2 72.54 24
598.5° 71.83 9

1,4 Isomere
483.2 78.45 200
512.7 76.74 180
529.0 75.96 160
548.8 74.36 100
582.2 72.90 24

e The analysis was obtained from one sample starting at 83%
cis. All others were obtained starting at both 83% cis and

75% trans. ® These two analyses were obtained starting at
30% trans. The remaining samples contained less than 229,
trans. °Each analysis is based on three samples, one of which

had been enriched in the trans isomer.

and the residue analyzed by gas phase chromatography. The
analysis showed that >309% of the trans isomer was present
(lit.13 ¢ds bp 120.1°, trans bp 124.4°).

1,4-Dimethylcyclohexane.—The compound was prepared as
previously described.” Gas phase chromatography showed
that the cis isomer was present to the extent of 78.

A cis-enriched mixture was prepared as described above and
was used in all equilibrations (lit.!® c¢is bp 124.3°, trans bp
119.4°).

1,2-Dimethylcyclohexane.—The compound was prepared by
a method strictly analogous to the one previously described.?
The reduction product was distilled through a 2-ft spinning-
band column and collected over the range 122-127°, n25p 1.4315
(lit.13 ¢1s, n2p 1.4336, bp 129.7°; trans, n?5p 1.4247, bp 123.4°).
Gas phase chromatography showed the mixture to be >83%
cis.

Preparation of a trans-rich mixture was carried out by placing
15 g of the reduction product and 1.5 g of 109, palladium on
carbon in a sealed tube and equilibrating at 523°K for 48 hr.
The resulting mixture was shown to contain more than 759%
of the trans isomer by gas phase chromatography.

Equilibrations.—Samples of ca. 100 mg of dimethylcyclohex-
ane and 20 mg of 10% palladium-on-carbon catalyst were
sealed in 6 mm X 1 in. pyrex glass tubes leaving only enough
air space to allow for expansion of the liquid (*/; to 3/, full).
The tubes were placed in a constant-temperature furnace for a
suitable length of time (predetermined by preliminary experi-
ments) following the general procedure which was outlined
earlier.”

Equilibrium concentrations of the cis- and trans-dimethyl-
cyclohexanes were determined by gas phase chromatography
on an instrument equipped with a Disc chart integrator. The
column used was 6 mm X 12 ft filled with 209 y-methyl-vy-
nitropimelonitrile on 48-60 mesh firebrick with a helium flow
rate of ca. 25 cc/min.

Determination of Kona.—The relative areas of the cis and
trans peaks were determined by use of the disk integrator in the
case of the 1,4 isomers; the values for the 1,2 and 1,3 isomers
were determined by the half-band-width technique. Half-
band-width treatment of the curves, obtained from the analysis
of the 1,4 compound, yielded percentage values whose average
deviation was +0.5% from those obtained from the disk
integration. Samples of known composition were analyzed,
and it was found that the areas under the peaks corresponded
to the amount of material present to within experimental error.
The only side products detected were the aromatic hydro-
carbons, which were easily separated and did not interfere.
Olefinic products were not anticipated, as they would be ex-
pected to disproportionate. The nmr spectra were checked
for the 1,2 isomers, and no allyl or vinyl absorption could be
detected.

Appendix!*

The calculations required to obtain K.q from Kpeq
for the 1,2 isomer are outlined as follows.

(13) F. D. Rossini, ‘‘Selected values of Physical and Thermodynamic
Properties of Hydrocarbons and Related Compounds,” Carnegie Press,
Pittsburgh, Pa., 1953.

(14) The notation used is as follows: AGe.: means AG for the reaction
chair = boat for the cis isomer; ba and bb designate boat a and boat b,
respectively; HS is the enthalpy of the chair mixture; K, Ko are the equi-
librium constants for the reaction chair = boats for the trans and cie isomers,
respectively; ee, aa, and ae are diequatorial, diaxial, and axial-equatorial
respectively.
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1, 2-trans
CH
CHs CHgy :
CH:s CH, CH,
-30° 30° 0°
1,2-cis
CHs
CH;
CHs CHs
0° 30°
1,2-cis

Chair: H® = 2.70 kcal/mole, o = 1; dl
Boat: H® = 8.89 keal/mole, ¢ = 1; dl(6 = 30°)
For chair = boat:
AGg = 6.19 keal/mole, Ko, = exp (—6.19/RT)
Ne- = 1/(1 + ch)

1,2-trans

Chairs: ee, H° = 0.9 keal/mole, ¢ = 2; dl

aa, H° = 3.6 kcal/mole, ¢ = 2; dl

Boats: ba, H° = 6.57 keal/mole, ¢ = 2; dI (6 = 30°)
bb, H° = 8.66 kcal/mole, ¢ = 1; dl (6 = —30°)

For chairs:

K = exp (—2700/RT)
Nee=1/(1+K) Nn=1_Nes
H; = Z N\H}

S = —RZ (Niln Ny)
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For boats:

K = 2 X exp (—2090/RT)
Now =1/(1 + K) Niw=1— Npa
Hy, and Sy, are calculated as for chairs

For chair = boat:

AG° = Hﬁm - H:hair - T(S;oat - S:hlir)
_ (boats) _ A10
K. = (chairs) exp (—aG*/RT)

Nohairs = 1/(1 + Ky)

The mole fraction of diequatorial chair (N.') in the
mixture then is

Neo' = Neo'Nenairs

Then for axial-equatorial = diequatorial

- N

Ko =,

Kobad

Similar calculations were carried out for the 1,3 and
1,4 isomers.

Enthalpy and entropy values were obtained by a
least-squares fit of In K w»s. 1/T. All correlation
coefficients were >0.996.

Registry No.—cis-1,2-Dimethyleyclohexane, 2207-
01-4; trans-1,2-dimethylcyclohexane, 6876-23-9; czs-1,3-
dimethylcyclohexane, 638-04-0; {rans-1,3-dimethyl-
cyclohexane, 2207-03-6; cis-1,4-dimethylcyclohexane,
624-29-3; trans-1,4-dimethylcyclohexane, 2207-04-7.

Directional Effects of Substituents in the Ozonolysis of Naphthalenes.
Synthesis of o-Phthalaldehydes
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A number of substituted naphthalenes have been ozonized and the selectivity of ozone attack determined

quantitatively by conversion to the phthalic acids.

Naphthalenes with electron-withdrawing substituents
give predominance of attack on the ring not containing these substituents.

Triphenylphosphine reduces

these ozonolyses mixtures at low temperatures and results in good yields of the isolated o-phthalaldehydes.
The cyclic peroxides that can be isolated from various naphthalenes are also reduced with triphenylphosphine

to the corresponding o-phthalaldehydes.

Numerous investigations into the ozonolysis of
naphthalene! and substituted naphthalenes? have been
reported. These systems absorb 2 moles of ozone and
lead to various ortho-disubstituted derivatives of
benzene depending on reaction conditions and method
of work-up. Further attack on the benzene ring is
found to be extremely sluggish and for practical pur-
poses may be considered to be negligible relative to
the uptake of the first 2 mole equiv of ozone.

The majority of studies have been concerned with
substituted naphthalenes in which the substituents
are electron releasing. These are attacked by ozone
predominantly, and in some cases exclusively, in the
substituted ring. The net result is that one generally

(1) (a) P. 8. Bailey, 8. 8. Bath, F. Dobinson, F. J. Garcia-Sharp, and
C. D. Johnson, J. Org. Chem., 29, 697 (1964); (b) C. D. Johnson and P, S.
Bailey, ibid., 89, 703 (1964).

(2) P. 8. Bailey, Chem. Rev., 88, 959 (1958). Reference 1a has a review of
more recent work.

isolates the same products from these naphthalene
derivatives that can be obtained from the ozonolysis
of naphthalene itself. On the other hand, little is
recorded® in the literature on the ozonolysis of naph-
thalene derivatives containing electron-attracting sub-
stituents, which would be expected to give greater
attack of ozone on the unsubstituted ring. One
purpose of this work was to determine quantitatively
the selectivity of ozone attack on a variety of naphtha-
lenes with electron-withdrawing substituents. Since
a high selectivity is desirable in order to avoid mix-
tures of products, this information would be of value
in choosing appropriate naphthalene systems for con-
version to a number of difficultly available benzene
derivatives. Of particular interest was the synthesis
of o-phthalaldehydes and certain phthalic acids.

(3) Most simple monosubstituted naphthalenes with electron-withdrawing
substituents have never been treated with ozone.



