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times with C.p. ether. The extract was washed, dried and
evaporated. The total crude benzoic acid weighed 4.78 g.
(95%). A sample of this acid was recrystallized (Norit)
from water, then sublimed <% vacuo prior to assay, m.p.
121.5-122.5°; combustion water, 9, D:0O, 35.1.

Deuterated Benzamide.—The above deuterated benzoic
acid (4.06 g.) was converted to benzamide by refluxing with
thionyl chioride, followed by treatment of the residue there-
from with chilled ammonium hydroxide. The crude amide
was recovered in 1.60 g. (409,) yvield. It was recrystallized
from a mixture of ethanol (1 ml./g.) and ligroin (3 ml./g.)
to yield two crops: (1) 1.26 g., m.p. 126-127° and (2) 0.25
g., m.p. 121-123.5°.

Hofmann Degradation of Diluted Deuterated Benzamide.
—1.487 g. of the above deuterated benzamide was diluted
with 1.487 g. of recrystallized stock benzamide. The mix-
ture was treated with a solution of potassium hydroxide
(4.2 g.)and bromine (1.42 ml.) in water (38 ml.). The mix-
ture was swirled thoroughly, then treated with a solution of
potassium hydroxide (5.9 g.) in water (10 ml.). The tem-
perature was maintained at 70-80° for 35 minutes, where-
upon the mixture was steam distilled, collecting 75 mi. of
distillate. The distillate was salted and extracted four
times with ether. The extract was dried over potassium
hydroxide, filtered and freed of solvent through a small
column. The residue was 2.24 g. (989,) of crude aniline.

Deuterated Tribromoaniline.—Bromine (0.5 ml.) in ace-
tic acid (3 ml.) and water (2 ml.) was added with stirring to
0.3 ml. of the above aniline dissolved in a mixture of acetic
acid (2 ml.) and water (3 ml.). After five minutes the mix-
ture was diluted with water, and the crude tribromoaniline
(0.95 g., 899,) was collected. The latter was recrystallized
twice (Norit) from dilute ethanol, to give 0.29 g. of a sample
having m.p. 119.5-120°; combustion water, 9, D,0, 13.1;
corrected for dilution, 26.29,.

Deuterated Acetanilide.—One and nine-tenths grams of
the above aniline was converted to acetanilide by the method
described by Fieser.8 The crude product was obtained in
1.13 g. (419,) vield. A sample was purified by vacuum
sublimation prior to deuterium assay, m.p. 113.5-114.5°;
combustion water, ¢, D0, 13.5, 12.5; corrrected for dilu-
tion, 26.0%.

Deuterated p-Bromoacetanilide.—One gram of the above
acetanilide was brominated according to the procedure of
Fieser,? using proportional reagent quantities. The crude
product, 1.51 g. (959,), was recrystallized twice from dilute
ethanol prior to deuterium assay, m.p. 167-167.5°; com-
bgstlign water, 9, D;0, 10.2; corrected for dilution,
20.49,.

Action of Deuterated Raney Nickel on Benzene.—About
4 g. of the above sample B deuterated Raney nickel was
sucked damp-dry and treated with 40 ml. of azeotropically
dried benzene. The mixture was distilled to a small volume,
then treated with additional benzene and distilled to a
residual volume of about 10 ml. At this point the clumped
catalyst had become evenly dispersed through the solvent,
no more D;O was apparent in the distillate and the catalyst

(8) L. F. Fieser, "Experiments in Organic Chemistry,” 2nd Ed.,
D. C. Heath and Co., New York, N. Y., 1941, p. 165.
(9) Reference 8, p. 167.
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was quite pyrophoric. The mixture was refluxed during
30 hr., then filtered damp-dry. The residual catalyst was
markedly pyrophoric. Odor and infrared examination of
the filtrate suggested the presence of a product other than
benzene. Evaporation of 5.38 g. of the filtrate left a pasty
residue of 0.07 g. (1.3%). This smelled like biphenyl.and
was purified twice by sublimation at 70° (0.5 mm.). The
white sublimate had m.p. 69-70° and showed no mixed
m.p. depression with a sublimed sample of biphenyl (m.p.
69—70°). In another experiment 2.40 g. of the above fil-
trate left 0.08 g. (3.7%) of crude biphenyl. This was puri-
fied by sublimation and combusted for deuterium assay;
combustion water, 9, D:0, 2.3.

A 0.25-ml. sample of the above benzene filtrate was
freed of its deuterated biphenyl by passage through a 4-foot
Celite~Silicone vapor phase chromatographic column.!?
The benzene fraction was collected® and combusted for
deuterium assay; combustion water, 9, D;0, 2.3.

Deuterated Raney Nickel in Benzene on Phenylacet-
amide.—A portion of sample B deuterated Raney nickel
above was sucked damp-dry (25 g.). The damp sample was
added to azeotropically topped benzene (300 ml.), and the
mixture was distilled down to 60 ml., driving off the ma-
jority of residual D,O and giving a uniform suspension of
catalyst. Phenylacetamide (6.00 g.) and dry benzene (10
ml.) were added, and the mixture was refluxed for 18 hr.
under CaCle-tube protection. The hot mixture was filtered
and the cake was rinsed twice with boiling benzene and five
times with boiling acetone. Solvent evaporation left 5.40
g. (90%) of product. A portion thereof was recrystallized
twice from an ethanol-ligroin mixture, m.p. 157-138°;
combustion water, 9, D20, 3.1.

In a separate experiment it was found that ordinary
Raney nickel in benzene had no readily detectable chemical
action on phenylacetamide during 65 hr. of refluxing.

Hydrolysis and Oxidation of Deuterated Phenylacet-
amide.—A 5.20-g. portion of the above deuterated phenyl-
acetamide was hydrolyzed as before with refluxing 109,
sodium hydroxide solution (100 ml.), then oxidized by
treatment with excess potassium permanganate. Usual
processing led to 4.11 g. (87.59%) of benzoic acid. A por-
tion was recrystallized from water and sublimed prior to
deuterium assay; combustion water, 9, D.0Q, 2.5.

Deuterated Raney Nickel in Benzene on r(+ )-Mandel-
amide.—Deuterated Raney nickel (sample B, 23 g. damp
weight) was treated with dry benzene (200 mi.). The
mixture was azeotropically dried by distillation to a volume
of 60 ml., then treated with 1.00 g. of L(+ )-mandelamide
(la®]p 469.0° (¢ 2, acetone), 969 optically pure). The
mixture was refluxed for 5.2 hr., and the product (0.4Q0 g.)
was isolated as usual. It was dissolved in ethanol, and the
solution was allowed to stand 18 hr., then evaporated to
dryness. Two recrystallizations (Norit) from a mixture
of ethanol and ligroin produced phenylacetamide having
m.p. 157.5-158° and showing no optical activity beyond
experimental error in acetone solution (¢ 3).

(10) W. A. Bonner and T. W, Greenlee, THis JOURNAL, 79, 1696
(1957).
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The dipole moments of 2,3-dihalogenotetralins and 1,2-dihalogenotetralins were measured in solution at various conditions,
to show that each of these compounds has a half-chair ring and can occur in two conformations which are in equilibrium

through ring conversion.

Then, the energy difference AE between the two conformations of each compound is estimated.

From comparison of the AE values, it is concluded that the properties of 2,3-dihalogeno compounds are very similar to
those of corresponding dihalogenocyclohexenes, and the az conformation of the 1,2-isomers is more stable than that of the

2,3-isomers.

The concept of ""non-bonded energy”? in cyclo-

(1) Presented at the monthly meeting of Kansai Branch of the
Agricultural Chemical Society of Japan, Kyoto, June 23, 1956,

hexane derivatives has given clear explanations to

(2) W. Klyne, "Progress in Stereochemistry,” Vol. 1, W. Klyne,

Ed., Butterworths Scientific Pub., London, 1954, p. 36.
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the stereostructures of polycyclic perhydro-sys-
temns, especially those of the steroids, and has been
generally considered to be apphcable to the par-
tially unsaturated polycyclic compounds involving
the cyclohexene or tetralin systems.? It has been
concluded by several investigators?—¢ that, as in
the case of cyclohexane derivatives, cyclohexene
derivatives also are more stable in the half-chair
form than in the half-boat form and can occur in
two conformations which are in equilibrium through
ring conversion, unless the energy difference be-
tween the two is too large.

If the small difference between the double bond
lengths of cyclohexene and tetralin be neglected,
quite similar arguments may be applied in these two
systems. There has been, however, relatively little
experimental evidence about the stereostructures
of tetralin derivatives other than the X-ray analy-
sis by Lasheen,” who has shown that naphthalene
tetrachloride has a half-chair ring.

In the work herein reported, dipole moments of
four dihalogenotetralins (I-IV) were measured at
various conditions to shed more light on the stereo-
structures of tetralin derivatives, especially that of

1,2,3,4-tetrahydro-1-naphthoic acid, a synthetic
plaut growth substance,® which has been investi-
gated in the author’s laboratory.

AN AN /\/\/U
NAAY VA \/U
1 11
Experimental

Preparation of Materials.? 2,3-Dihalogenotetralins (I)
and (II).—To a solution of 10 g. (0.077 mole) of 1,4-dihy-
drounaplithalene,® b.p. 89-92° (20 mm.), in 50 ml. of carbon
tetrachloride, £0 ml. of carbon tetrachloride containing 5.5
g. (0.078 mole) of clilorine or 12.5 g. (0.078 mole) of bromine
was dropped slowly with stirring at 0°. The solvent was
reutoved im vacuo, and the residue was recrystallized several
titnes from ethanol to give 8 g. of I, m.p. 83.5-84° (reported!!
84-85°), or 15 g. of II, m.p. 73-73.5° (reported 71.5-72°,10
73.5-74°),12 respectively.

1,2-Dihalogenotetraling (III) and (IV) were prepared by
halogen addition to 1,2-dihydronaphthalene,’0:1? b.p. 90°
(20 1mm.), in a procedure similar to that used in preparing
tlie 2,3-isomers. From 3 g. of 1,2-dihydronaphthalene,
there was obtained 2.5 g. of III, m.p. 40-41°. Aunal.
Caled. for C;oHl10Cly: Cl, 35.28. Found: (i, 35.43. Braun
and Kirschbaum!® prepared liquid 1,2-dichlorotetralin,
b.p. 155-160° (20 mni.), by direct chlorination of tetralin
2t 100°, and reported that this substance did not crystallize
on cooling. It seems likely that this liquid was a mixture
of cis- and trans-isomers.

(3) D.H. R, Barton, R. C. Cookson, W. Klyne and C. W. Shoppee,
Chemistry & Industry, 21 (1854).

(4) C. W. Beckett, N. K. Freeman and K. 3. Pitzer, TaHIS JOURNAL,
70, 4227 (1948).

(5) R. A. Pasternak, Acta Cryst., 4, 316 (1951).

(6) K. Sakashita, J. Chem. Soc. Japan (Pure Chem, Sect.), T4, 315
(1953).

(7) M. A. Lasheen, Acte Cryst., 8, 593 (1952),

(8) T. Mitsui and A. Tamura, J. Agr. Chem. Soc, Japan, 28, 17
(1951).

(4) All tempcrature measurements are not corrected. A part of
tlie preparation is by Mr. K. Shimazaki and inicroanalysis by Mr. H.
Sato,

(10) F.

(11) 1.

112) 1.

(13) 1. v.

Straus and 1.. l.emmel, Ber., 46, 232 (1913).
Waser, thid., 49, 1207 (1916).

Bamberyger and W. Lodter, ¢hid., 20, 1705 (1887).
Braun and G. Kirschbaum, ¢bid., 54, 507 (1921).
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In a similar manner, 5 g. of IV was obtained, m.p. 71—
72° (reported 70-71°,10 70°13),

Solvents.—Benzene, freed from thiopliene by treatment
with anhydrous aluminum chloride, was dried over metullic
sodium and then distilled, and the fraction boiling at 80-
80.5° was collected. #n-Heptane was treated with concd.
sulfuric acid, dried over metallic sodium and then distilled,
and the fraction boiling at 95.5-98° was collected.

Measurement.—The dielectric constant ¢ of tlie solution
was measured witl the heterodyne beat apparatus as de-
scribed by Morino and Miyvagawa.l* The density d was
determined with a pyenometer similar to that designed Ly
Lipkin, Davison, Harvey and Kurtz.’% The total molur
polarization P; » was calculated by a modified Hedestraid
metliod simmilar to that introduced by Halverstadt and Kuni-
ler,® differing in that densities were used ratlier thian spe-
cific volumes

~a— 13, N
Pro = 2d ':1 + (a — 1)}a + 2) dl:]

where 1f, is molecular weight of solute, ¢ and d; are, re-
spectively, the dielectric constant and density of the solvent,
and ¢ and b are the coefficient of linear expansion of ¢ and d
of solution with respect to the weight fraction of the solute
w: e = ¢ + ow,d = d + bw. The dipole moment u is
given by the equation

= 0.0128[{Pr — (Pr + Pa)IT]"

wliere Py and 4 are the electronic and atoniic polarization
of tlie solute, respectively, and 7T is the temperature in ab-
solute scale. Pg 4+ P, was taken to be equal to the mo-
lecular refraction calculated from the atomic refractions
given in the Landolt-Bérnstein table. The values thus ob-
tained are listed in Table I. The experimental error iu u

is =0.02 Din I and IIT and == 0.03 D in I and IV.
TABLE
REsULTS OF MEASUREMENTS
7, P, i,
Solvent ‘K. €l d1 a b ce. D
I, 2,3-Diclhilorotetralin: Pg 4+ 4 = 52.23 cc.
(283 2.3037 0.8890 1.658 0.271 108.33 1.61
Benzene {298 2.2731  .8729 1.630 .271 108.Y7 1.G6G
|
1313 2.2435  .8371 1.602  .270 109.6G 1.72
[274 1.9803 .7322 1.167  .321 08.63 1.4%
n-Heptane {208 1.0457 7117 1.178 2322 101.17 1 55
{323 1.9003 6809 1.140 321 101.43 1.51
11, 2,3-Dibromotetraliu: P’r + Py + 58.03 cc.
B <(298 2.2730 0.8727 0.645 0.441 84,10 1.13
enzene 313 2.2434 8560 6A1 418  84.58 1.17
{274 1.9814  .7B2¢  .333 447 78.00 0.95
#-Heptane <208 1.9460 .7118 .540 435 80.38 1.04
(328 1.9098  .60O3  .550  .432 81,02 1.12
111, 1,2-Dichilorotetralin: Pr + P, = 52.23 cc.
Benzene 208 2.2730 0.8720 1.380 0.279 09.26 1.52
f274 1.6810 .7326 1.125  .324¢  96.13 1.40
w-Heptane {208 1.9464 7121 1.047 .318 07.10 1.48
1323 1.908%8 .G003 1.072  .320 97.60 1.55
IV, 1,2-Dibromotetralin: ’p -+ Py = 38.03 cc.
Benzene 298 2.2733 0.8726 0.847 0.443 93.00 1.34
j274 1.9801  .7325 790 442 07T 1.34
n-Heptane 208 1.9455 .7120 .740 442 95,10 1.35
LS‘.’S 1.9091  .6903  .677 433 02.51 1 35
Discussion

An appropriate model of the tetralin molecule is
required for the analysis of the moment values ob-
tained. TFirst, the half-chair model will be dis-
cussed. It is assumed that unsaturated and allylic
carbon atoms are coplanar, and the intramolecular
distortions are minimum when the bond distances

(14) Y. Morino and 1. Miyagawa, Kagaku.no-Ryoiki (J. Japau.
Chemistry), Extra No. 8 (1953).

(15) M. R. Lipkin, J. A. Davison, W. T. Harvey and S. 8. Kurtz, Jr.,
Ind. Eng. Chem., Anal. FXd., 16, 55 (1944).

(16) 1.. F. Halverstadt and W. D, Kumler, THIS JOURNAL,
(1942).

64, 2988
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and bond angles in Fig. 1 are taken as follows:
C=C, 1.38A.; C—C, 1.54 A.; £9=122° Ly =
111°04', £6 = 108°, 48 = 4B’ = 109°28', La =
109°507, £’ = 109°04’. To calculate the dipole
moments, (i) as the moment value of tetralin it-
self, 0.52 D in benzene obtained by Sidgwick and
Springall?” is used, and (ii) the empirical rule sug-
gested by Morino, Miyagawa and Oiwa®® is ap-
plied, which is as follows: (1) C— Cl, C — Br and
C — H bond moments are assumed to be 1.86,
1.79" and 0.00 D, respectively. (2) In the C—C
bond in which C atom locates in the a-position to
the first halogen atom, a moment of 0.27 D (hal.=
ClI) or 0.51 D (hal. = Br) is induced in the direction
of C«C. (3)IntheC—C bond in which C atom lo-
cates in the B-position to the first halogen atom, a
moment of 0.15 D is induced in the direction of C <
C. (4) Inthe C—halogen bond in which C atom lo-
cates in the B-position to the first halogen atom, a
moment of 0.24 D (hal. = ClI) or 0.42 D (hal. = Br)
is induced in the direction of C < halogen.

The calculation by this rule, instead of using 1.91
D for C—halogen bond moment,® seems reason-
ably accurate because of the good agreement of ob-
served and calculated moment values of a number
of halogenated hydrocarbons, especially polyhalo-
genocyclohexanes.#2!

In IIT and IV, this rule cannot be directly ap-
plied; therefore, the double bond in the benzene
ring is regarded to be a single bond. This assump-
tion may be quite adequate, because the induction
effect estimated from this assumption is nearly
equivalent to that from the moment values of ben-
zyl halide and methyl! halide.

TABLE II
DirorLE MoMENTS CALCULATED FROM MOLECULAR MODEL?
18 trans
ae ea aa ee

1, 2,3-Dichloro- 2.70 2.70 0.09 3.15

I1, 2,3-Dibromo- 2.57 2.57 .51 3.10
111, 1,2-Dichloro- 3.13 3.28 .96 3.24
1V, 1,2-Dibromo- 3.01 3.08 1.32 3.26

@ Svinbols ¢ and ¢ are used as in cycloliexane derivatives;
a, nearer to the perpendicular of the benzene ring; e, nearer
to the plane of the benzenc ring than the other.

The moments thus calculated for different con-
formations of each geometrical isonier are shown in
Table II. From this table it is clear that if these
compounds are of frans configurations, the apparent
average moment values should vary with the abun-
dance ratio of two conformations at a given tempera-
ture unless the energy difference AE between them
is too large, because the calculated moment values

(17) N. V. Sidgwick and H. D. Springall, J. Chem, Soc., 1532
(1936).

(18) Y. Morino, 1. Miyagawa and T. Oiwa, Botyu-Kagaknu (Scien-
tific Insect Control), 18, 181 (1950); 1. Miyagawa, J. Chem. Soc. Japan
(Pure Chem. Sect.), T8, 1061 (1954).

(19) These are the observed moment values for methyl chloride and
methyl bromide in the gaseous state; c¢f. S. Sanger, O, Steiger and K.
Gdchter, Hely, Phys. Acta, B, 200 (1932); L. G. Groves and S. Sugden,
J. Chem. Soc., 158 (1937).

(20) A. Tulinskie, A. DiGiacomo and C. P. Smyth, THIS JOURNAL,
76, 3552 (1953); P. Bender, D. L. Flowers and H, L. Goering, ibid.,
77, 3462 (1955).

(21) ‘1, Miyagawa, Y. Morino and R. Riemschneider, Bull. Chem,
Soc. Japan, 2T, 177 (1954); ‘T. Shimozawa, Y. Morino and R. Riem-
schneider, ¢bid., 28, 393 (1955).
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Fig. 1.

undergo appreciable change through ring conver-
sion. On the other hand, if these are of ¢is config-
urations, their moment values should be observed
in the neighborhood of 2.5-3.0 D relatively inde-
pendent of the temperature. But actually, as
shown in Table I, the observed values are found
around 1.6 D (I), 1.1 D (1I), 1.5 D (III) and 1.3
D (1V), and apparent moments of I, II and III in-
crease with temperature. Therefore, it is con-
cluded that these four compounds are of frans con-
figurations and that the addition of halogen to di-
hydronaphthalene proceeds as a frans addition.

The more stable conformation of I, II or III is ob-
viously aa. In IV, du/dT == 0. If the energy dif-
ference AE between two conformations were equal
to zero, then the apparent moment value should be-
comme 1.8 D independently of temperature. Be-
cause the observed moment values 1.35 D are in
good agreement with the calculated value for the aa
conformation, 1.32 D, IV exists almost entirely as
the aa conformation,

Let the number of the aa molecules be N, and
that of the ee molecules be N,, then the following
equation is obtained; N,./N, = e 2E/RT gand the
apparent dipole moment g is calculated as
A'Ve,Uoz + Zvakla2 _ ,ua2 + #52 exp ('—AE/RT)

Ne+ No. 1+ exp(—AE/RT)

—_— 2

LI R . il 5 A

1 + exp (AE/RT)

where p, and u,. are the theoretical moment values

of aa and ee conformations, respectively. Using the

apparent moment values g observed at different

temperatures and the calculated moment values

¢ in Table II, the energy differences AE and the

moments u, of the ee conformations are calculated

for I, IT and III, according to the method proposed

by Lennard-Jones and Pike.?* The lower limit of
AE of IV is obtained from the equation?®?
48pp Z (B — pa?)[1/{1 + exp (AE/RT)} —

1/{1 + exp (AE/RT'}}}

where Ap is the experimental error, T and T are
the highest and lowest temperatures at which the
moments are measured. In this equation, Ay, g,
i and u, are taken to be 0.03, 1.33, 1.32 and 3.22 D,

(22) J. E. Lennard-Jones and H. M. Pike, Trans. Faraday Soc., 30,
845 (1934),

(23) 1. Miyagawa, J. Chem. Soc. Japaen (Pure Chem. Sect.), T6,
1162 (1954).

A% = , or

2
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respectively. The results thus obtained are shown
in Table III. Even if the values of u, of 1T and IV
are taken to be equal to the values of chloro analogs
I and ITI, respectively, the results do not undergo
an appreciable change.

TasLe 111

EXERGY IIFFERENCE BETWEERN Two CONFORMATIONS
e (D) caled.

Solvent AL, cal./mole 1, D from model
{ Beuzene 800 £+ 150
J L o . ; =
. - 6= 0. R

| n-Heptate 960 £ 130 ¢ 6:£0.3 8.15

7

: Benzenc 1400 = 200 -, )

{ n-Heptaue 1550 == 200 3.5+0.3 5.10
1 n-Heptaae 1350 & 150 5.7 £ 0.4 3.4
IV w-Heptaue =2000 RPN 3.26

As discussed above, the half-chair model can well
explain the observed moment values. On the other
hand, the model of the half-boat form canunot, be-
cause the calculated mmoment values become consid-
erably larger than the observed values, e.g., in the
compound I, ¢is form, 2¢3¢ (3.3 D) = 2a3a (3.5 D);
trans form, 2a3e = 2¢3a (2.2 D). Recently, Kum-
ler and Huitric®* have demonstrated that ''six-
membered ring compounds with two or more atoms
in the ring that do not have sp¥-binding, such as a
bivalent atom or a carbonyl which has essentially
sp?-binding, are most likely to have flexible forms”
from the studv of the molecular structures of a-
lialocyclohexanones. These dihalogenotetralins arc
such a type of compound since the ring with halo-
gens has two carbon atoms with sp?-binding. Even
if the observed facts can well be explained by the
half-chair model, it is too much to decide only from
dipole moment values that these dihalogenotetra-
lins have the halt-chair structure and have not any
coutributions from the half-boat or the other flexi-
ble structures. The fact that compounds I, IT and
III have different inomients in benzene and n-hep-
tane and that the moments in any one solvent vary
with temperature, mnay be accounted for by the
alternative hypothesis thut a flexible form makes
anl appreciable contribution to the structure, ac-
cording to Kumler and Huitric’s idea.

However, taking into consideration Sakashita's
results,® from Raman spectra of trams-4,5-di-
chiloro-1-cyclohexene, that this compound has only
two possible structures in the liquid state or solu-
tion, and from the dipole momnent values, that the
observed facts can well be explained only when
these two possible structures are the cu and ee con-
formations of the half-chiair structure, it is quite
reasonable to conclude that these tetralin deriva-
tives, structurally verv similar compounds to di-
chlorocvelohexene, are also of half-chair ring struc-
turc.

The fact that A/ of 1I or IV is, respectively,
larger than that of T or 111 in the same solvent, may
be caused by the larger van der Waals radius of
the bromine atom, as i1t the case of dilialogenocyvelo-
hexanes and -cvclohexenes.

The structural chemical properties of 2,3-dihalo-
genotetralins arce very siutilar to those of the corre-
spouding dihalogenocvelohexenes, as shown i T

(24) W, Ly Kuser

1150

Al AL & Lhutrie, Taas Jouvvaan T8, i3l
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ble IV. It seems that in these substances, where a
condensed benzene ring is compared with a double
bond, there are no remarkable differences in the
properties, as the various interactions about halo-
gen atoms opposite to a double bond or a benzene
ring are nearly the same. The change of AE with
solvent miay be explained as in the case of the rota-
tional isowmers of 1,2-dihalogenoethanes,® in which
the energy difference decreases with the increasing
dielectric constant of the solvent.

TanpLy 1V
AE VaLues (Cav./More) oF I AxND 11, AND THEIR RELATED

CompoUNDS 1N VARIOUS SOLVENTS
. " .

X D S “ X
AN Solvent . = = “\;'/L\\/ =
| CaHs — 400" 700" 300
1 «’ 1-C:Hys .. P ano
_ccy 50" 800 -
[ Cel; 80° 1300° 1400
Br ¢ 7-CqHyg 500° 1550
L CCly 500 1400° -

* K. Kozina, K. Sakashita and S. Maeda, Tuis JOURr-
~al, 76, 1965 (1954). *Ref. 6. ¢ K. Sakashita, private
communication, April, 1936.

The increase of AL froin dihalogenocyclohexanes
to -cvclohexenes or -tetralins is supposed to be
caused partly by the following factor. In these com-
pounds, the aa conformation is subjected to the
mutual repulsion between hydrogen and halogen
atomis which are in so-called meta-axial relation-
ship. In dihalogenocyclohexane, there are 4 meta-
axial pairs in ac conforination, but in dihalogeno-
cvelohexeue and -tetralinn, owing to the disappear-
aiice of two hivdrogen atoins, there are only 2 mefa-
axial pairs. Therefore, it seems that ee forms of
the latter two are less subjected to such repulsion
than the former, so aa forins of dihalogenocyclohex-
ene and -tetralin are more stable than that of di-
halogenocyclohexane.

It is clear from Table III that A/ values of 1,2-
dihalogenotetralins are considerably larger than
those of the corresponding 2,3-dihalogenotetralius.
The bouds attached to C-1 are not truly equatorial
or axial in character, and the directious of these
bonds are less distinguishable than those attached
to C-2, but the interactions of halogen atom at C-1
with C-§ und H at C-8 do not exist in the 2,3-1s0-
mers, and it is considered that these interactions
play an importait role in the increase of AL, Then,
it is reasonable to consider that in 1,2-dihalogeuo-
tetralin, both halogen—-H at C-8 and halogen—C-§
distances are considerably shorter in ee than in aa,
therefore, the steric repulsion in ee of 1,2-dihalogeno-
tetralin becomes greater thai in that of the 2,3-iso-
mer, making the former considerably more unstable
than the latter.

Trom the discussions above, the following con-
clusions are obtained: {1) Each of these ac-frans-
dihalogenotetralins has a half-chair ring and can
oceur i two conformations through ring comnver-
sion, as in the case of dihalogeno-cyclohexane aid

evelohexene,  (2) The struectural chemical prop
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erties of tramns-2,3-dihalogenotetralin are very simi-
lar to those of trans-4,5-dihalogeno-1-cyclohexene.
(3) As to trams-1,2-dihalogenotetralin, probably
because of the sterical repulsions of halogen at C-1
with C-8 and H at C-8, the e¢ conformation become
more unstable than that of the 2,3-isomer, therefore,
AE becomes larger than that of 2,3-dihalogenotetra-
lin.

Froin these conclusions the following could be
speculated: (1) In regard to ac-monosubstituted
positional isomers, the abundance ratio of axial
conformation to equatorial one may become larger
in a-substituted tetralin than in the S-substituted
one. (2) In 1,2-disubstituted tetralin, not only of
trans configuration but of cis configuration, the
more stable conformation may be generally the
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one in which the substituent at C-1 is axial. When
two substituents are fused together to make another
ring, the #rams configuration cannot occur other
than in 1e2e; in the cis configuration, however,
la2e may be more stable than le2a.
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Ionization and Dissociation Equilibria in Liquid Sulfur Dioxide.

VI.

Hexaphenylethane!

By Harry P. LEFTIN AXD NORMAN N. LICHTIN
RECE1VED OCTOBER 4, 1956

The effects of solute purity, light and oxygen on the electrical conductivity of sulfur dioxide solutions of liexaphenylethane
have been investigated. Contrary to previous reports, pure solutions of hexaphenylethane do not conduct significantly.

Electrolytes are, however, generated by the action of light and of oxygen.

Comparison of the data for oxygenated solutions

of hexaphenylethane with the conductivity of tetramethylammonium sulfate in liquid sulfur dioxide at 0.1° over the dilution

range 200 to 100,000 liters per mole suggests that a 2-1 electrolyte is present.

These observations make possible simple

explanation of earlier reports on the properties of solutions of hexaarylethanes in sulfur dioxide.

Introduction

The differences in behavior of solutions of hexa-
phenylethane? in sulfur dioxide and in organic sol-
vents has been the subject of considerable discus-
sion. Thus in so called '‘non-ionizing’”’ solvents,
molecular weight,® magnetic susceptibility* and
spectral® data in conjunction with photochemical
instability® and rapid reaction with oxygen’ demonu-
strate conclusively the dissociation of hexaaryleth-
anes into free radicals. In sulfur dioxide, however,
the solutions have been reported to conduct the
electric current,? to be photochemically stable® and
to fail to react with oxygen.® Moreover, the ob-
served color!! and spectrum?? in SO, have been de-

(1) Based on a dissertation submitted by H. P, Leftin in partial fud-
fillment of a requirement for the Ph.D. at Boston University, May,
1955.

(2) For general reviews of this subject see: (a) M. Gomberg, Chewmn.
Revs., 1, 91 (1924), (b) G. W. Wheland, '’Advanced Organic Chemis-
try,”” John Wiley and Sons, 1nc., New York, N. Y., 1949, pp. 680-713.

(3) (a) M. Gomberg and L. H. Cone, Ber., 3T, 2037 (1904); (b)
M. Gomberg and C. S. Schoepfle, Txis JOURNAL, 39, 1652 (1917).

(4) (a) N. W. Taylor, ¢bid., 48, 854 (1926); (b) E. Muller, 1.
Muller-Radloff and W. Bunge, Ann., 820, 235 (1935); (c) M. F.
Roy and C, 8. Marvel, TH1s Jourxar, §9, 2622 (1937); (d) R. Preckel
and P. W. Selwood, ¢bid., 63, 3397 (1941).

(5) (a) J. Piccard, Ann., 881, 347 (1911);
Ewald, 7bid., 478, 163 (1929).

(6) S. T. Bowden and W. J. Jones, J, Chem. Soc., 1149 (1928).

(7) (a) M. Gomberg, Ber., 83, 3150 (1900); Turs JoUrNAL, 22,
757 (1900); (b) J. Schmidlin, Ber., 41, 2471 (1908).

(8) (a) P. Walden, Z. physik. Chem., 43, 443 (1903); (b) M. Gom-
berg and L. H. Cone, Ber., 37, 2033 (1904); 38, 1342 (1905); (c)
M. Gomberg and F. W. Sullivan, Jr,, THIS JOURNAL, 44, 1810 (1822),

(9) Reference 6, p. 1153.

(10) L. C. Anderson, THis JournaL, 5T, 1673 (1935).

(11) M. Gomberg and F. W. Sullivan, ibid., 44, 1829 (1922).

(i2) (a) K. H. Meyer and H. Wieland, Ber., 44, 2557 (1911); (L)
Reference 10.

(b) K. Ziegler and 1..

scribed as differing markedly from those observed
in many other solvents.!®

This anomalous behavior has received several
chemical interpretations!* which differ in detail
but which all assume an ionization mechanism in-
volving only hexaphenylethane and sulfur dioxide.
These proposed mechanisms can be divided into
two general classes depending upon the valence
type of the electrolyte produced and, therefore, in
view of the recent demonstration® of the applica-
bility of modern electrolyte theory to solutions of
electrolytes in sulfur dioxide, would be distinguish-
able on the basis of conductivity data alone. Un-
fortunately the data of Walden®® and of Gomberg®
lack precision and do not extend over a sufficient
concentration range to be useful for this purpose.
Accordingly, attempts were made initially to ob-
tain precise conductivity data employing crystal-
line samples of pure hexaphenylethane. These in-
vestigations revealed!® that the observed conduc-
tivity is an artifact of interaction with light or oxy-
gen and is not characteristic of pure solutions.

(13) Ziegler and Ewald, reference 5b, reported that the spectra of
hexaphenylethane solutions are identical in a series of solvents cover-
ing a wide range of dielectric constant, ion solvating power and struc-
tural properties.

(14) (a) Reference 2a, p. 102; (b) P. Walden, 'Chemie der Freien
Radicale,”” S. Hirzel, Leipzig, 1924, p 154; (c) W. A, Waters, *"Chemis-
try of Free Radicals,’”’ Oxford Press, London, 1948, pp. 35-36; (d)
Reference 2b, p. 712; (e) H. 1. Cole, Philippine J. Sci., 19, 681 (1022);
(f) G. Cilento and W. F. Walter, Tars JOURNAL, 76, 4469
(1954).

(15) (a) N. N. Lichtin and P. D. Bartlett, ¢bid., T3, 5530 (1951);
(b) N, N. Lichtin and H. P. Leftin, J. Phys. Chem., 60, 160, 164
(1956).

(16) H. P. Leftin and N. N. lichiin, 'fuis Jouzrwnac, 76, 2593
(1954),



