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for 12 hours at 300° in a sealed tube. However, 
ketones with fluorine atoms attached to both a-
carbon atoms have been shown to have unusual 
chemical properties,2 and the added effect of ring 
strain in I enhances its reactivity. In many reac
tions the carbonyl group takes part in formation of 
four- and six-membered rings, and a large number 
of unusual additions to the carbonyl group have 
been observed. 

Reaction of I with methyl trifluorovinyl ether 
at room temperature gave 2,3,3,5,5,6,6,7,7-nona-
fluoro-2-methoxy-l-oxaspiro [3.3] heptane (III, b.p. 
98°, 91% yield; anal. Calcd. for C7H3O2F9: C1 
29.0; H, 1.0; F, 59.0. Found: C, 29.2; H, 1.3; 
F, 58.7). Compound I behaves as a potent dieno-
phile as illustrated by its reaction with butadiene 
below 0° to give quantitatively the adduct IV, b.p. 
84° at 110 mm. (anal. Calcd. for C8H6F6O; C, 
41.1; H, 2.6; F, 49.1. Found: C, 41.5; H, 2.8; 
F, 49.0). 
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Perfluorocyclobutanone (I) reacts at room tem
perature with a variety of unsaturated compounds 
to give cyclobutanols. For example, propylene 
gave the allylcyclobutanol V, b.p. 114°, 88% yield; 
anal. Calcd. for C7H6OF6: C, 38.2; H, 2.8; F, 
51.8. Found: C, 38.4; H, 2.8; F, 51.4. Simi
larly methylacetylene gave the allene VI (b.p. 
121°, 53% yield) and allene gave the acetvlene VII 
(b.p. 116°, 47% yield). Anal. Calcd. for C7 
H4OF6: C, 38.6; H, 1.9; F, 52.3. Found for VI: 
C, 39.1; H, 2.1; F, 51.S. Found for VII: C, 
38.7; H, 2.1; F, 52.1. 
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Aromatic compounds add readily to I. For 
example, benzene reacts below 25° in the presence 
of aluminum chloride catalvst to give the phcnyl-
cyclobutanol VIII, b.p. 134° at 130 mm., 96%0 
yield; anal. Calcd. for C10H6F6O: C, 46.9; H, 
2.4; F, 44.5. Found: C, 47.0; H, 2.8; F, 44.5. 

The first isolable azidocarbinol (IX) was ob
tained by the reaction of hydrazoic acid with I at 
— 15° in methylene chloride. The product dis
tilled at 34° at 20 mm., m.p. 4-5.5° (77% yield). 
Anal. Calcd. for C4HF6N3O: F, 51.6. Found: 
F, 51.6. Small samples exploded when held in a 
flame. 
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Perfluorocyclobutane-l,2-dione (II), b.p. 35°, 
was synthesized in 30-50% yields by sulfuric acid 
hydrolysis of 1,2-dimethoxyperfluorocyclobutane, 
prepared in 83% yield by thermal dimerization of 
methyl trifluorovinyl ether at 150°3 (Anal. Calcd. 
for C4F4O2: F, 48.7; mol. w t , 156. Found: F, 
48.7; mol. wt., 157.5 by vapor density). 

The blue color undoubtedly is related to the re
quired cis relationship of the two carbonyl groups 
in the four-membered ring along with the strong 
inductive effect of the fluorine atoms. The linear 
perfluoro-l,2-diketone, C3F7COCOC3F7,

4 is yellow. 
Leonard and Mader6 have shown that in alicyclic 
1,2-diketones having no a-hydrogens the long wave 
length absorption varies regularly as the angle 
between the planes of the carbonyl groups is de
creased by decreasing ring size. Shoppee6 has 
reported that 4,4,5,5-tetramethyl-l,2,3-cyclopen-
tanetrione is blue. Perfluorocyclobutane-l,2-dione 
gives no e.p.r. signal, so the color cannot be ascribed 
to free radical character. 

The blue diketone II polymerizes easily but can 
be kept unchanged over phosphorus pentoxide. 
Reaction with methanol gave mainly the bis-
methylhemiketal,' m.p. 39-42° (anal. Calcd. for 
C6H8F4O4: F, 34.7. Found: F, 34.7); however, a 
small amount of the dioxane X or isomer thereof, 
m.p. 182-183°, was also formed. (Anal. Calcd. 
for C10H8F8O6: C, 31.9; H, 2.1; F1 40.4; mol. wt., 
376. Found: C, 32.1; H, 2.6; F, 39.9; mol. wt., 
365 (ebullioscopic in acetone).) 

The diketone II also underwent many of the 
unusual reactions of the monoketone I1 for ex
ample with dienes, propylene, methyl trifluorovinyl 
ether and aromatic compounds. Reaction occurred 
at one and both of the carbonyl groups in addition 
to formation of some dioxane-hemiketal structures 
analogous to X. 

Details on the preparation and reactions of these 
perfluorocyclobutanones will be reported in future 
publications. 
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A HIGHER HYDRIDE OF YTTERBIUM 
Sir: 

The rare-earth metals, with two exceptions, are 
known to react with hydrogen at moderate tem
peratures and atmospheric pressure to form hy
drides approaching RH3.1 The lighter rare-earth 
trihydrides have a face-centered cubic structure 
while those of samarium and beyond are hexagonal 
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closest-packed. The two exceptions are europium 
and ytterbium, which form orthorhombic dihy-
drides.2 We wish to report the synthesis of a note
worthy higher hydride of ytterbium. 

For our investigations of rare-earth hydrogen 
systems in regions of high dissociation pressures 
(up to 65 atm.), we constructed a stainless steel 
high-pressure system. This consisted of an atomic 
hydrogen welded,3 double-walled bomb, in which 
the outer chamber could be pressured with hydro
gen to prevent diffusion from the inner bomb at the 
high temperatures. Accessories consisted of a 
0-1000 p.s.i. Bourdon gauge and a steel reservoir of 
uranium hydride for pressuring the system. 

The ytterbium-hydrogen system was of partic
ular interest since it seemed likely that the pre
dicted thermodynamic stability of a trihydride 
phase placed it within range of attainable high 
pressures. The inner bomb was charged with 
eight grams of cleaned, 99.8% ytterbium metal4 

and first heated in vacuo. It then was allowed to 
absorb hydrogen at atmospheric pressure until the 
composition of the hydride was YbHi.90. The 
hydrogen pressure in the apparatus was increased 
to several atmospheres and pressure-temperature-
composition data obtained. At a composition of 
YbH2.4 the dissociation pressure was 20.9 atm. at 
312°. Upon completion of the experiments, the 
sample was removed from the bomb in a protective 
atmosphere. It was a black, air-stable substance; 
a 94 mg. sample stored in air for 70 days gained less 
than 1 mg. Examination by powder X-ray diffrac
tion techniques showed the presence of a f.c.c. 
phase along with a small amount of the ortho-
rhombic dihydride. The lattice constant of the 
f.c.c. phase was determined, after correction for 
film shrinkage, from a plot of a versus the Nelson-
Riley function, and found to be 5.192 ± 0.002 A. 
A calculation of the expected lattice constant for a 
f.c.c, BiF3-type ytterbium trihydride using 0.86 A. 
for the radius of the Yb + 3 ion6 and correcting for 
the increased coordination number, and 1.29 A. 
for the radius of the hydride ion6 gave a = 5.14 A. 

Additional portions of the sample were analyzed 
for hydrogen by three methods: one portion by 
combustion of the hydride in a stream of oxygen, 
one portion by thermal decomposition and measure
ment of the hydrogen evolved, and several por
tions by reaction of the hydride with acid to give 
an amount of hydrogen which could be accurately 
measured. The formula was found to be 
YbH2 .55 * o.o6- The f.c.c. phase then would cor
respond ideally to the compound YbH3, and thus 
unexpectedly be analogous to the trihydrides of 
the lighter rare-earths. 

It was verified by an X-ray diffraction powder 
photograph that thermal decomposition of YbH2-Ss 
in hydrogen at approximately one atmosphere 
yielded the orthorhombic dihydride. The formula 
of the dihydride was found to be YbHi. S6 * o.os, 
by measurement of the hydrogen evolved from the 
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YbH2.55, as well as by analysis of the resulting di
hydride. A metastable f.c.c. modification of ytter
bium dihydride with a 5.26 A. also was found when 
samples of YbH266 were thermally decomposed and 
quenched. 

Measurement of the magnetic susceptibility of 
the YbH2.56 at room temperature by the Gouy 
method gave a molar susceptibility of 5040 X 10 ~6 

c.g.s. unit. This compares quite reasonably with 
the value 7260 X 1O-6 c.g.s. unit/mole7 which 
would be expected for a hypothetical YbH3, con
taining only Yb + 3 and H - ions. 

We also attempted to prepare a higher europium 
hydride by treating two small (30 mg.) pieces of 
the metal with hydrogen in the high-pressure ap
paratus in two separate experiments (33-41 atm. 
and 400-500°), but both attempts resulted only in 
the formation of the orthorhombic EuHi.g-i.j. 
Perhaps EuH3 was formed, but reverted to the di
hydride when ordinary conditions were restored. 
I t is also possible, since europium(II) is thermo-
dynamically more stable than ytterbium(II) rela
tive to the respective trivalent states, that no 
EuH3 phase could be formed under the prevailing 
conditions. We succeeded, however, in preparing 
another sample of the higher ytterbium hydride 
from approximately 100 mg. of ytterbium metal. 
An X-ray diffraction powder photograph of the 
resulting hydride showed the presence of a large 
portion of the orthorhombic YbH2 along with the 
f.c.c. phase. Analysis of a portion of this product 
gave the formula YbH2.2. 

We are pleased to acknowledge the financial sup
port of the Office of Naval Research. 

(7) G. Hughes and D. W. Pearce, ibid., 55, 3277 (1933). 

DEPARTMENT OF CHEMISTRY JAMES C. WARF 
UNIVERSITY OP SOUTHERN CALIFORNIA 
Los ANGELES 7, CALIF. KENNETH HARDCASTLE 

RECEIVED MARCH 20, 1961 

INTRAMOLECULAR CHLORINATION WITH LONG 
CHAIN HYPOCHLORITES' 

Sir: 

As part of our study of the radical reactions of 
alkyl hypochlorites23 we have been investigating 
the possibility of rearrangement of long-chain 
alkyl hypochlorites to chloroalcohols analogous to 
Hofmann-Loffler-Freytag reaction of N-chloro-
amines4 via a radical chain process involving se
quences such as 

RCH2(CH2)nC(CH3)20- —> RCH(CHOnC(CHs)2OH 
(D 

RCH(CH2)X(CHO2OH + RCH2(CHOnC(CHO2OCl >• 
RCHC1(CH2)„C(CH02OH + RCH2(CHOnC(CHO2O-

(2) 
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