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data, from which reliable values of the rate con-
stants are obtained. 1012

Since 1951 Delahay and his co-workers have
published in THIiS JOURNAL a series of papers deal-
ing with the same or similar questions. In the
course of their work the authors have gradually
approached the results!®!4 which in a more general
form were already obtained in 1947. The appar-
ently simplified treatment of the recombination
process suggested by Delahay!® is similar to that
also discussed in our paper (¢f. ref. 5, p. 350).
Though this paper is mentioned by Delahay, the
meaning of the heterogeneous rate constant used
in his treatment is obviously misunderstood. Whilst
it is true that the heterogeneous constant can be
defined as the product of the thickness of this layer
and of the rate constant of recombination, the
thickness of this layer is by no means related to
the distance between two molecules of the reacting
substance in the solution. This erroneous assump-
tion regarding the thickness of the reaction layer
led Delahay even in his later publications'*~!¢ to a
false computation of the rate and the equilibrium
constants for the ring-aldehydo transformations
of various aldoses.!* With proper treatment the
rate constants cannot be evaluated unless the re-
spective equilibrium constants are known from
other measurements (cf. e.g., the rate of dehvdration
of formaldehyde!?).

The treatment by Delahay and Stiehl'® of cata-
lytic currents observed at the electro-reduction of
ferric ions in the presence of hydrogen peroxide and
strictly valid only for a plane electrode, is included,
as mentioned above, in the solution of the general
schemes worked out by Koutecky.” Its applica-
tion to this special case was discussed in detail by
Pospf&il.?® TIts solution by Miller® represents an
improvement since it distinguishes the effect of the
growth of the electrode on the kinetic and diffusion
component of the limiting current by introducing
an empirical factor for the kinetic comnponent.
This effect was exactly allowed for first by Kou-
tecky® and verified by Pospidil,’® BlaZzek and
Koryta!! and Koutecky, Brditka and Hanus.!*

As far as the processes due to the ‘‘slow electron
transfer’’ are concerned, the first solution of this
problem considering the mass transfer to the plane
electrode was given by Smutek,?! Delahay and
Strassner,?? Evans and Hush? and Kambara and

(10) Z. Pospidil, Chem. Listy, 47, 33 (1933);
Chem. Communs., 18, 337 (1933).

(11) A. BlaZek and J. Koryta, Chem. Listy, 47, 26 (1953); Collection
Caechoslov. Chem. Communs., 18, 326 (1953).

(12) J. Koutecky, R. Brdi¢ka and V. Hanug, Chem. Listy, 47, 793
(1953); Collection Czechoslov., Chem. Communs., 18, 611 (1953).

(13) P. Delahay, THIs JOURNAL, T3, 4944 (1951).

(14) P. Delahay, ibid., T4, 3506 (1952).

(15) P. Delahay and T. J. Adams, iid., 74, 1437 (1952).

(16) P. Delahay and J. E. Strassner, ibid., T4, 893 (1952).

(17) K. Vesely and R. Brditka, Collection Czechoslov. Chem. Com-
muns., 12, 313 (1947).

(18) P. Delahay and G. I.. Stiehl, Tu1is Journ~aL, 74, 3500 (1931),

(19) Z. Pospisil, Dissertation, Charles University, Praha, 1951.

(20) 8. L. Miller, Ta1s JoUurNAL, T4, 4130 (1952),

(21) M. Smutek, Chem. Listy, 48, 241 (1951); Proc. Intern. Polarog.
Congr, Prague, Part III, 677 (1952).

(22) P. Delahay and ]J. S. Strassner, THIS JoUrwaL, 73, 5214
(1951).

(23) M. G. Evans and M. S. Hush, J. chim. phys., 49C, 159
(1952).
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Tachi.?* Later on Delahay? presented the re-
sults in a more comprehensive form giving useful
criteria for the shapes of irreversible waves. How-
ever, the former computations of Delahay and
Strassner?? applied to the iodate ions are dubious,
sitice the authors do not consider the fact that owing
to the recombination of the iodate ion with hydro-
nium ions a complex wave is obtained.?® The pol-
arographic problem of the “slow electron transfer”
respecting the growth of the dropping electrode
against the electrolyte was rigorously treated by
Mejman?7 for the case of the one-way electron proc-
ess. The extension to an electron transfer both
ways has been worked out recently by Koutecky.?
Discussion of the methods concerning the evalua-
tion of the rate constants involved in the polaro-
graphic electrode process is the subject of a recent
communication. 2

(24) T. Kambara and I. Tachi, Bull. Chem. Soc. Japan, 26, 135
(1952).

(25) P. Delahay, THis JournaL, T6, 1430 (1953).

(26) V. Cermak, Dissertation, Charles University, Praha, 1949,

(27) N. Mejman, Zhurn. fiz. chim. (in Russian), 23, 1454 (1948).

(28) R. Brdilka, Abstracts of Papers, X111 Intern. Congr. Pure Appl,
Chem., Stockholm, 24 (1953).
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(+)a-Phenethy! Chloride and (—)2-Phenyl-
pentane!

By RoBerT L. BURWELL, JrR., ALFRED D. SHIELDS AND
HArRoOLD HART

RECEIVED OCTOBER 16, 1953

This note describes experiments which place up-
per and lower limits upon the rotation of optically
active a-phenethyl chloride wia conversion of a-
phenethyl alcohol to the chloride and via conversion
of the chloride to 2-phenylpentane. It also de-
scribes a preparation of a-phenethyl chloride of
high rotation in much improved yield.

Gerrard? has described a preparation of the
chloride employing pyridine and phosphorus oxy-
chloride which gives much larger rotations than
methods previously employed. We have con-
firmed these results and obtained a chloride the ro-
tation of which very slightly exceeded the highest
reported by Gerrard. This establishes a lower
limit to a?%p of 109°.

Employing the Letsinger? modification of the
Wurtz reaction, optically active a-phenethyl chlo-
ride was converted to 4-phenyl-1-pentene by reac-
tion with allylsodium. This was hydrogenated to
2-phenylpentane. From the ratio of the observed
rotation of this material to that reported for the
optically pure material by Cram,* the upper limit
to the rotation of a-phenethyl chloride is 126°.
No assignment can be made of the difference be-
tween 109° and 126° as to loss of optical purity in
forming the chloride from the alcohol and in form-
ing the olefin from the chloride. It is unlikely

(1) The first two authors wish to express their thanks to the Office
of Naval Research for the support of their research.

(2) W. Gerrard, J. Chem. Soc., 110 (1945).

(3) R. L. Letsinger, THIS JOURNAL, 70, 406 (1048).
(4) D. J. Cram, sbid., T4, 2152 (1952).
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that any significant racemization accompanies the
hydrogenation of the olefin with platinum oxide.5®

Dr. E. L. Eliel has pointed out to us that one
may compute an upper limit to the rotation of the
chloride from the rotation of the ether of a-phen-
ethyl alcohol” and from the formation? of this ether
from optically active chloride. This value is 129°
which is probably within the experimental uncer-
tainty of both procedures.

Although Gerrard’s preparation of a-phenethyl
chloride gives material of high rotation, yields are
but about 409,. The rest of the carbinol appar-
ently remains as a phosphoric ester. Extending
the reaction time to three weeks does not im-
prove yields. At the completion of the phosphorus
oxychloride addition, the reaction mixture is a
white viscous mass. Addition of pentane did not
affect this or improve yields. A mixture prepared
from carbinol (0.125 mole), phosphorus oxychlo-
ride (0.125 mole), pyridine (0.375 mole) and chloro-
form (150 cc.) remained liquid and gave a yield of
crude chloride of 709,. On the view that the re-
action, as ordinarily run, was limited by unavaila-
bility of chloride ion to react with phosphoric es-

ters, a mixture similar to the one above was pre-.

pared with the addition of pyridine hydrochloride
(0.75 mole per mole of pyridine). Vields of crude
chloride of 829 and of purified chloride of 709, were
obtained. The rotations are but 869, of those ob-
tained by the unmodified procedure of Gerrard,
but for many applications the increased yield will
make the procedure advantageous.

Experimental

All rotations are homogeneous and given for 1 dm. For
optically pure phenylmethylcarbinol, %D 43.7°.°

Preparation of a-Phenethyl Chloride.—0.466 mole of
phosphorus oxychloride was added to a solution of 1.40
moles of pyridine and 0.466 mole of phenylmethylcarbinol,

a®p —38.93°, in 300 cc. of pentane with the temperature.

maintained at —10° to 0° during the addition. After 16
hours at 5° followed by 24 at 25°, the reaction mixture was
decomposed with ice and extracted with ether. After
washing, the ether extract was evaporated and pentane
added. This solution was washed with three portions of
85% phosphoric acid and then with water. It was dried
with potassium carbonate and distilled at 17 mm., b.p. 78—
82° (uncor.), vield 43%, a®D +97.4; correcting to optic-
ally pure starting material, a2p +109°.

The procedure of improved yields follows: 0.463 mole of
hydrogen chloride gas was passed into a solution of 1.07
moles of pyridine and 0.204 mole of phenylmethylcarbinol,
a®Dp 410.95°, in 200 cc. of chloroform, with the reaction
mixture kept at —15°. 0.204 mole of phosphorus oxyvchlo-
ride was added with the solution at about the same tempera-
ture. After a day at room temperatures, it was decom-
posed with ice. The chloroform layer was extracted with
85% phosphoric acid, washed, dried and distilled at 8 mm.,
b.p. 68°, yield 70%, a®D --23.65° or corrected to optic-
ally pure carbinol —94°.

4-Phenyl-1-pentene was prepared by action of sodium
allyl on a-phenethyl chloride following the preparation of
4-methyl-1-decene by Letsinger and Travnham!® save that

(8) G. 8. Gordon, III, and R. L, Burwell, Jr., Tuis Jour~aL,T1,2355
(1949).

(6) D. J. Cram, ibid., 74, 5518 (1952). In Cram’s 3-phenyl-1-
butene, the double bond is one carbon atom nearer the optical center.

(7) K. Mislow, ibid., T3, 4043 (1931).

(8) E. D. Hughes, C. K. Ingold and A. D. Scott, J. Chem. Soc., 1201
(1937). See also W. Gerrard and M. F. Lappert, ¢bid., 1024 (1951).

(9) A. McKenzie and G. W. Clough, J. Chem. Soc., 103, 687 (1913);
E. Downer and J. Kenyon, fbid., 1156 (1939). da/d! may be obtained
from R. H. Pickard and J. Kenyon, #bid., 99, 45 (1911),

(10) R, Latsinger and J. Traynham, Tazs JOURNAL, T0, 3342 (1048),
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the octane was not replaced by hexane and the chloride was
added at —45 to —20°. From chloride of a¥%p 77.89°,
4-phenyl-1-pentene was obtained by fractionation at re-
duced pressures, a?p —5.92°, #%p 1.5032. This material
undoubtedly contained unreacted chloride. It was hydro-
genated over Raney nickel at room temperatures and three
atmospheres of hydrogen and then fractionated to give 2-
phenylpentane, a®p -9.26°, #2%p 1.4872. The infrared
absorption spectrum of this material was indistinguishable
from that of an authentic sample of 2-phenylpentane, so
that unreacted chloride had been destroyed by hydrogen-
olysis.

From Cram’s value* for 2-phenylpentane, a2*p 15.00°,
and our measurement of the temperature coefficient, a®D
14.91°. Whence, the maximum rotation of the chloride is
77.89 X 14.91/9.26 = 125.4°.

In other experiments with chloride of lower rotation, the
4-phenyl-1-pentene was fractionated in a small Stedman
column: b.p. 187-188° (uncor.), #%p 1.5020, yield from
chloride, about 809%,. The sign of rotation and presumably
the configuration were inverted from that of a-phenethyl
chloride. This product was much freer of unreacted chlo-
ride perhaps, in part, owing to decomposition of any unre-
acted chloride on the metallic packing, From hydrogena-
tion of such material, a®Dp 16.1° for optically pure 4-
phenyl-1-pentene. This is a lower limit since possibly pres-
ent was a small amount of unreacted chloride which owing
to its much larger rotation of opposite sign would have a
rather large effect on the rotation of the 4-phenyl-1-pentene.

Similar preparation of the pentene, but with allylmagne-
sium bromide replacing sodium allyl, gave pentene whose
rotation was but 439, of that prepared via sodium allyl.
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By JouN R. FERRARO,? LEONARD I, KATZIN? AND GEORGE
GiBsoN?

RECEIVED Aucgust 10, 1953

The literature on the hydrates of thorium nitrate
has long been confused. A dodecahydrate,—¢
hexahydrate,”™ 1 hemihydrate (Th(NO;)45.5H,0),!!
pentahydrate,!21? tetrahydrate® and dihydrate!*
have all been reported. Since there seemed to be
considerable uncertainty as to the composition of
the hydrate crystallizing from aqueous solutions, it
was deemed advisable to make a more careful study
of this system.

The present paper is an investigation of the hy-
drates of thorium nitrate and the ternary system
thorium mnitrate-water—-nitric acid at 25°. The
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