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The first fractions were composed of pure 1-methyl-1-phenyl-
viniyl bromide (IT), while the end fractions were composed
of 2-phenylallyl bromide (I); about 249, of I underwent
polymerization during separation. From the infrared spectra
of the pure I and II isomer it was calculated that the crude
bromides were composed of 73% of I and 279 of I1.

Compound I: b. p. 104-105° at 10 mm., »3% 1.5925,
d:® 1.3729. MRp: found 48.39; caled. 47.46. Amax. 242 mu.:
¢ 8,700 (in isooctane).

Anal, Caled. for CyHBr: C, 54.82; H, 4.57. Found: C,
54.90; H, 4.49.

Compound II: b.p. 98° at 10 mm., n%® 1.5891, d2° 1.3716.
MRp: found 48.39, caled. 47.46. Amax. 247 mu (in isooctane)
¢ 13,240 (in isooctane) Literature:” b.p. 105-106° at 9 mm.,
d; 1.366.

Anal. Caled. for C;H,Br: C, 54.82; H, 4.57, Found: C,
54 78; H, 4.44.

Ozonolysis of II. Compound 1T, 2.35 g., dissolved in 25
ml. of methylene chloride was ozonized at —78°. The ozo-
nide was decomposed by the usual method with hot water.
Acetophenone, 1.23 g., (89%,) was obtained which formed
2,4-dinitrophenylhydrazone, m.p. 246°. It did not depress
the melting point of an authentic sample.

Synthests of 2-phenyl-1,6-hezadiene. Phenylallyl bromide,
I, 31 g. was reacted with 159 excess of allylmagnesium bro-
mide. A 78%, yield of 2-phenyl-1,5-hexadiene was ob-
tained, which distilled at 104° at 10 mm, »2) 1.5314.

Anal. Caled. for C,,;Hy: C, 91.08; H, 8.92. Found: C,
90.75; H, 8.75.

Ozonolysis of 2-phenyl-1,6-hezadiene. Two grams of the
hydrocarbon dissolved in 25 ml. of methylene chloride was
ozonized at —78° and decomposed oxidatively,® except that
no sulfuric acid was added. The benzoylpropionic acid
which was obtained melted, after recrystallization from
water, at 116-117° (literature?) m.p. 116.5°.

Anal. Caled. for C,iH,Os: C, 67.41; H, 5.62. Found: C,
67.11; H, 5.95.
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In a recent paper,? Heath has summarized (from
earlier work of Ketelaar and Blaksma,® and of
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Toy*®) the neutral hydrolysis rate constants of the
pyrophosphates listed below. Since Heath has con-
cluded that the transmission of electronic effects
along the P-O-P bond is small,® the observed rate
constant will be the sum of the rate constants for
the groups attached to each phosphorus atom. In-
dividual rate constants were obtained based upon
the symmetrical pyrophosphates. Using these con-
stants to calculate the expected rate for the unsym-
metrical pyrophosphates, agreement was observed
only in the cases when Ry = Et, R, = Pr,and Ry =
Et, Rs = n-Bu. Consequently, Heath concluded
that steric effects are very much more important
than inductive effects in this series.

TABLE I
Rate CoNsTANTS FOR HYDROLYSIS OF PYROPHOSPHATES,

| |
(R10):P—O—P(OR.),

No. R, R, kX 103min~!  Zg*
1 Me Me 25 0.000
2 Me Et 7.0 —0.200
3 Me Pr 5.6 —~0.230
4 Et Et 1.6 —0.400
5 Me iPr 1.1 —0.380
6 Et nPr 1.0 —0.430
7 Et nBu 0.95 —0.460
8 nPr nPr 0.65 —0.460
9 Et iPr 0.28 —0.580
10 nPr iPr 0.20 —0.610
11 nBu iPr 0.20 —0.640
12 iPr iPr 0.09 —0.760

The hydrolysis data have been reexamined in an
attempt to establish a quantitative correlation of
these reaction rates with structure.

All of the above data are correlated successfully
by means of Taft’s linear free energy-polar energy
equation.’

log k/ky = p*Za*

where p* = reaction rate constant, Zo* = sum of
polar substituent constants (aliphatic series), k =
observed rate constant, k; = observed rate constant
for tetramethyl pyrophosphate. The accompanying
figure gives the plot of log k/kevs. Z¢*, the line
being that calculated using the method of least
squares. The following constants were obtained:
e* = 3.38 =% 0.08, intercept = 0.0561 = 0.0376,
correlation coefficient = 0.994.

Unfortunately, the range of ¢* values is small.
Consequently, if the above correlation is confirmed
for the reaction with groups of greater o* values,
then the following conclusions, based on this lim-
ited data, will follow.

1. The fact that the total polar effect of all
groups is operative, as given by Z¢*, indicates a
(4) A.D.F. Toy, J. Am. Chem. Soc., 70, 3882 (1948).

(5) A.D.F. Toy, J. Am. Chem. Soc., 72, 2065 (1950).

(6) D. F. Heath, J. Chem. Soc., 1956, 3796.
(7) R. W. Taft, Jr., J. Am. Chem. Soc., 75, 4231 (1853).
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log k/ko
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So*

Fic. 1. Prot oF Log k/ky vs. Z¢* Numbers refer to pyro-
phosphates in Table I.

symmetrical transition state for the P-Q-P strue-
ture. Possibly the rate-determining step involves
an attack on the central oxygen atom, followed by a
rapid scission of one of the P-O-P bonds. This pos-
tulate is in contrast to the proposed P-O bond seis-
sion in phosphate ester hydrolysis as the rate-de-
termining step.® A mechanism involving two inde-
pendent attacks by water molecules on each phos-
phorus atom, as suggested by Heath? is ruled out.
The fact that the observed rate constants almost
agree in the two cases cited above with the sum of
two rate constants calculated from the symmetrical
pyrophosphates is purely fortuitous.

2. These reactions are influenced chiefly by polar
effects, and very little, if at all, by sterie effects, as
is strikingly demonstrated by the high value of the
correlation coefficient and by the agreement of the
rate constant for tetraisopropyl pyrophosphate
which obeys the above relationship. This conclusion
is in conflict with those of Toy® and Heath.?

3. In the data available, all pyrophosphates of
general structure

ro.] ] ,OR
b0
R,0 ORy

have either R1=R2=R3=R4 or R1=R2 and R3=R4.
Due to the fact that the correlation depends on Zo*,

it is expected that it will also hold when R;=Rs,,

Re=R, and when R; # R; # Rs; = Ra.
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Many procedures for the preparation of sulfox-
ides are based on the controlled oxidation of the
corresponding sulfides. Difficulties are sometimes
encountered with these methods when sulfones are
formed, resulting in purification complications, and
when other portions of the molecule are attacked by
the oxidation process. Both of these difficulties were
encountered in attempts to prepare 2-hydroxydi-
ethyl sulfoxide from 2-hydroxydiethyl sulfide by
conventional methods.

Patein? has shown that the reaction

H:0
R:S + Br; —> R:SBr; —> R,SO + 2HBr

quantitatively forms the sulfoxide and hydrobromic
acid. This reaction has since been used as a basis for
the determination of sulfides®~® and by Harnish
and Tarbell® for the preparation of benzyl phenyl
sulfoxide. It has been used on occasion by a few
other workers for sulfoxide preparation.®

Pure 2-hydroxydiethyl sulfide reacts stochio-
metrically with bromine when determined by the
method of Siggia.* It was impractical to separate
the sulfoxide from this analytical reaction mixture,
and the preparative reaction was carried out by
adding pure bromine to the acidified aqueous solu-
tion of 2-hydroxydiethyl sulfide. The equivalence
point could be observed precisely by the appearance
of the yellow bromine color when a slight excess
bromine was added. The final reaction mixture
contained the sulfoxide, water, hydrobromie acid,
and a little hydrochloric acid. 2-Hydroxydiethyl
sulfide is soluble in about five parts of water and
the sulfoxide is very soluble. The extraction of the
sulfoxide from the neutralized and salted reaction
mixture with ether was very inefficient beeause of
the unfavorable partitioning. However, it was found
that an anion-exchange column (Amberlite IR-4B)
retained the acids completely with excellent recov-
ery of the produet in dilute aqueous neutral solu-
tion. Concentration and distillation gave pure 2-
hydroxydiethyl sulfoxide.

(1) This investigation was supported in part by funds
provided for biological and medical research by the State
of Washington Initiative Measure No. 171. Scientific Paper
No. 1576, Washington Agricultural Experiment Stations.
Work conducted under Project No. 1229,

(2) G. Patein, Bull. soc. chim., 50, 203 (1888).

(3) J. R. Sampey, K. H. Slagle, and E. E. Reid, J. Am.
Chem. Soc., 54, 3401 (1932).

(4) S. Siggia and R. L. Edsberg, Anal. Chem., 20, 938
(1948).

(5) D. P. Harnish and D. 8, Tarbell, Anal. Chem., 21,
968 (1949).

(6) “Methoden der Organischen Chemie,” Houben-Weyl,
Band IX, Georg Thieme Verlag, Stuttgart, 1955.



