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the structural formulas assigned above were correct.
The physical constants are presented in Table I,
and the infrared spectra® are shown in Figs. 1 and
2. The infrared spectra for perfluoropropyl di-
sulfide and trisulfide are almost identical and
indicate the similarities in structure. The main
difference is the presence of a band at 12.59 microns
for the trisulfide, absent for the disulfide, which
may be accounted for by the presence of the addi-
tional sulfur atom in the former. In comparing
these spectra with that for l-iodoheptafluoropro-
pane,® the striking similarity of all spectra from 2 to
9 microns is excellent evidence for the presence of
the C;Fs- group in all three cases.

The chemical reactions of these perfluoro sulfur
compounds are being studied.

Experimental
In a sealed Pyrex glass bulb of 500-ml. capacity, a mixture
of 22.0 g. (0.0743 mole) of l-iodoheptafluoropropane pre-
pared as previously described® and 50 g. of elemental sulfur
was carefully heated at 250° for 14 hours. Reaction was
evidenced by the liberation of large amounts of free iodine.
Traces of a gaseous product were noted when the Dry Ice
cooled flask was unsealed. There was finally collected 8.9
g. of iodine and 12.78 g. of a liquid product by transferring
under a vacuum of 0.5 mm. at temperatures up to 180°.
Fractional distillation at 760 mm. pressure yielded several
cuts: 0.5 g., b.p. 41-45° (unreacted C;F;I); 0.5 g., b.p.
approximately 90° (prcbably C;F:8C;F;); 7.0 g., b.p.
120-123°, mostly 122.2° (C;F:S:CsF7); and 3.0 g., b.p.
152.5—153° (C3F7SSC3F7). Anal.t Caled. for CaFuS-_z.' C,
17.92; F, 66.14; mol. wt., 402.2, Found: C, 17.89; F,
66.18; mol. wt., 400.0. Caled. for C¢FSy: C, 16.59;
F, 61.25; S, 22.15; mol. wt., 434.3. Found: C, 16.30;

F, 61.30; S, 22.35; mol. wt., 434.2.

Acknowledgment.—The authors wish to ex-
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support of this work.
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The Heat of Formation and Entropy of Aqueous
Cuprous Ion

By DoxaLD D, WacMAN

The note by Hugus! has pointed out an error in
the value of the entropy of aqueous cuprous ion in
Table I-34 of the Selected Values of Chemical
Thermodynamic Properties.? This value was cal-
culated from the values for the heat and free
energy of formation of the Cu*(aq) ion. In cal-
culating the value of AH;® we used the equilibrium
data of Heinerth® on the reaction !/ Cu (¢) +
1/,Cut*t (aq) = Cut (aq) measured as a function
of temperature. However, the value AH =
9.4 keal., caleulated from the log K vs. 1/T plot,
was erroneously assigned to the reaction Cu(c)
4+ Cutt(aq) = 2Cu*(aq). Utilizing the proper

(1) Z. Z. Hugus, THuis JoURNAL, T8, 5459 (1951).

(2) Selected Values of Chemical Thermodynamic Propesties, Series
I, Table 34, National Bureau of Standards, Washington, D. C,,

(March 31, 1949).
(8) E. Heinerth, Z. Elektrochem., 87, 61 (1831),
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value of AH and the heat of formation of Cut+*(aq)
= 15.39 kcal./mole? (calculated from other data*—7)
we obtain the following corrected values for the
formation of Cu*(aq)

Cu(c) + H* (aq) = Cu*(aq) + !/:Hx(g)
AH;%5.18 = 17.1 keal./mole
AF;%0.15 = 12.0 kcal./mole??
AS$s.16 = 17.1 cal./deg. mole

Taking the entropies of H*+(aq), Cu(c), and !/,Ha(g)
as 0, 7.96, and 15.61 cal./deg. mole,? respectively,
we obtain

S°(Cu*(aq)) = 9.4 cal./deg. mole

This value is in agreement with that of Hugus
within the limits of uncertainty. The difference
is due to the fact that we have assigned values to
the heat and free energy of formation of the cupric
ion Cut+*(aq) slightly different from those used by
Latimer, Pitzer and Smith in their calculation of the
entropy of the ion.10.11

The values of AH;° in Table I-34 for Cu,
S04(aq) and Cu(ClO4)s(aq) should also be changed
to —181.4 and —47.4 kcal./mole, respectively.

We wish to thank Mr. Hugus for calling attention
to this error.

(4) F. Muller and H, Reuther, ibid., 47, 640 (1941).

(5) F. E. Wetmore and A, R. Gordon, J. Chem. Phys., 8, 60 (1937).

(6) J. Thomsen, ‘“Thermochemische Untersuchungen,’”* Barth,
Leipzig, 1882-1886.

(7) A. Bouzat, Ann. chim. phys., 39, 305 (1903),

(8) F. Fenwick, THiS JOURNAL, 48, 860 (1926).

(9) W. M. Latimer, "Oxidation States of the Elements and their
Potentials in Aqueous Solutions,” Prentice-Hall, Inc., New York,
N. Y., 1938.

(10) W. M, Latimer, K. S. Pitzer and W, V., Smith, THIS JOURNAL,
60, 1829 (1938).
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The Occurrence of Hydroxylysine in Proteins
By Lois WiLEY INSKIP

Because of conflicting reports!? in the literature
on the occurrence of hydroxylysine in proteins, a
search for hydroxylysine in the basic amino acid
fractions of six protein hydrolysates was made by
means of paper chromatography. Gelatin, known
to contain about 19} hydroxylysine, was used as a
control.

Two-dimensional chromatograms run in the
phenol-collidine solvent system showed that
hydroxylysine was present in gelatin, as was an-
ticipated, but absent {from casein, lactalbumin,
glycinin and zein (gluten). Human hair contained
a substance which moved on the chromatogram to a
position very close to that occupied by hydroxyly-
sine but which was probably cystine. Although
cystine is usually decomposed during two-dimen-
sional chromatography when phenol is used as the
first solvent,?® traces of it may be detected when it is

(1) D. D. Van Slyke, A, Hiller and D. A, MacFadyen, J. Bisol.
Chem., 141, 681 (1941),

(2) P, Desnuelle and S. Antonin, Biochem. et Biophys. Acts, 1, 50
(1947).

(8) C. B. Dent, Biochem. J., 48, 169 (1948).
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present in large amount, as it is in hair. When a
chromatogram was run on a mixture of the hair
basic amino acid fraction and known synthetic
hydroxylysine, the hydroxylysine spot was ob-
served to be in a position slightly different from
that of any of the spots on the chromatogram of the
hair basic amino acid alone, and to have a color
distinct from the colors of the spots near it. Thus,
it seems unlikely that hydroxylysine is present in
human hair, at least in amount large enough to be
readily detected by this method.

Chromatograms on the basic amino acid fraction
of wool showed two spots close to the position
occupied by hydroxylysine and having the same
color as that exhibited by hydroxylysine. When a
two-dimensional chromatogram was run on a
mixture of the wool basic amino acids and known
hydroxylysine, the hydroxylysine spat covered
both of the spots observed on the chromatogram
of the wool basic amino acids alone. In view of
the report by Middlebrook* that hydroxylysine is
present in wool, it seems quite possible that one
of these spots might be hydroxylysine.

Experimental.—Thé proteins were hydrolyzed under ni-
trogen for 20 to 24 hours with 6 N hydrochloric acid. Excess
hydrochloric acid was removed by treating the hydrolyzate
with Amberlite IR-4B to pH 3.5. After removal of aro-
matic amino acids by the method of Partridge,® basic amino
acids were adsorbed on a column of Amberlite IRC-50 buf-
fered at pH 7.0. They were eluted from the column with 1
N hydrochloric acid, the eluate evaporated just to dryness,
and taken up in water. The basic amino acids were sepa-
rated from sodium chloride and other salts by precipitation
with phosphotungstic acid, the phosphotungstates decom-
posed with 2 N hydrochloric acid, and phosphotungstic acid
extracted with a mixture of amyl alcohol, ether and ethyl
alcohol. The aqueous layer was then evaporated to dryness
and taken up in a small amount of water for chromatography.
The chromatographic solvents were an 809, solution of
Merck and Co., Inc., reagent grade phenol in water, and
Eastman Kodak Co. symmetrical collidine saturated with
water. Ninhydrin, 0.25%, in water-saturated n-butanol,
was used as the color-developing agent.

(4) W. R. Middlebrook, N ature, 164, 321 (1949).
(5) S. M. Partridge, Biochem. J., 48, 459 (1949),
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Decalin-1,5-dione

By WiLLiam S. JounsoN, C. Davip GUTSCHE! AND
D. X. BANERJEE?

Decalin-1,5-dione (III) is an intermediate in the
total synthe51s of estrone,® and has potential uses
in other steroid syntheses.* ItJwas prepared by
Hudson and Robinson® by the hydrogenation of
1,5-dihydroxynaphthalene (I) over Raney nickel
to decalin-1,5-diol (II), followed by chromic acid
oxidation. Their procedure, however, was unsatis-
factory because the diol could be obtained in only

(1) Wisconsin Alumni Research Foundation Postdoctoral Fellow,
1947. Washington University, St. Louis, Missouri.

(2) Watumull Foundation Fellow; W. A. R. F. Postdoctorate Fel-
low, 1948-1949. College of Engineering and Technology, Bengal,
India.

(3) W. S. Johnson, D, K, Banerjee, W. P. Schneider and C. D.
Gutsche, THIS JoUrNAL, 73, 1426 (1950).

(4) See for example, W, S. Joh , ). &
ébsd., 78, 8726 (1850).

t5) B. J. F. Hudson and R. Robinson, J, Chem, Soc., 691 (1942).

kovicz and M, Miller,
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5-89, vyield, the chief product being «-deculols
produced by hyd.rogenolysis.

Q2=

1 1[ 111

Iu the present work the hydrogenation step was
carried out over W-7 Raney nickel catalyst with
added sodium hydroxide to avoid hydrogenolysis®
and the mixture of stereoisomeric diols (II) was
produced in over 709 yield. There are five
diastereoisomeric forms of the diol II possible and
two of these have been described previously:
Campbell and Harris? synthesized an isomer, m.p.
178-178.5°, by catalytic reduction of an octalin-
1,5-diol obtained by selenium dioxide oxidation of
A%-octalin. Hudson and Robinson® isolated what
appeared to be a pure isomer, m.p. 159-161°, by
repeated recrystallization of the mixture of diols
II produced on catalytic hydrogenation. In our
work a small amount of a new isomer melting at
210-211° was isolated from one of the hydrogena-
tion runs.

Oxidation of the mixture of diols II with chromic
anhydride in acetic acid gave a mixture of cis-
and trans-decalin-1,5-dione in 609, yield® In
the present work a modified procedure was de-
veloped in which the oxidation was carried out
with sodium dichromate and sulfuric acid in the
presence of dilute acetic acid and benzene. Start-
ing with the crude mixture of diols II, the mixture
of diones III was obtained in over 709, yield. This
mixture can be used directly for certain synthetic
purposes,®* or may be easily fractionated into
fairly pure cis (m.p. 79-80° pure) and frans (m.p.
166-167° pure) isomers. The cis isomer has not
been previously isolated. Since the cis is easily
isomerized to the frams form,® the crude ketone
mixture can be converted essentially entirely over
to the latter by heating with acid.

Experimental®

Purification of 1,5-Dihydroxynaphthalene.—A solution of
600 g. of crude 1 5—thydroxynaphtha.lene (Eastman Kodak
Co., technical grade) in 3 1. of alcohol was boiled with 120 g.
of Norit for 5 minutes, and filtered while hot. The insol-
uble tar and Norit remaining in the funnel were washed
several times with boiling alcohol. The combined filtrates
were again boiled with another 120 g. of Norit and 12 tea-
spoonfuls of Raney nickel, and filtered while hot. This
filtrate was treated a third time with 60 g. of Norit and
filtered yielding a straw-colored filtrate. Upon cooling ‘to
room temperature 234 g. of the diol crystallized. This mate-
rial was separated by filtration. About 60 g. of Norit was
added to the filtrate which was then concentrated by dis-
tilling off about 1 1, of the solvent (a rubber-sealed stirrer
was employed to prevent bumping), filtered and chilled in
the refrigerator. A second crop amounting to 108 g. was
thus obtained. By repeating the concentration ( Norit) and
crystallization three times a total of 424 g. (719, recovery)
of material suitable for hydrogenation was obtained.

(6) Cf. H. E. Ungnade and A. D, McLaren, ibid,, 66, 118 (1944)
and H. E. Ungnade and D, V. Nightingale, sbid., 66, 1218 (1944).

(7) W. P. Campbell and G. C, Harris, ibid., 63, 2721 (1941).

(8) Unless otherwise specified all melting points are corrected for
tem exposure.



