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The formation of ferric acetylacetonate by heating
iron pentacarbonyl with acetylacetone was reported in
1929 by Hieber.? The absence of H,; and CO, expected
as products, was attributed to their reaction to form
“polychinoartige’’ substances.? The nature of this
latter process was not defined. Recently, it was re-
ported that molybdendum(III) acetylacetonate is
formed 1n high yield by heating molybdenum hexacar-
bonyl with excess acetylacetone at 150-153° for about
7 hr.4 No mention was made of the fate of the enolic
hydrogen and displaced CO. We have found that, in
general, reactions of this type are greatly facilitated by
ultraviolet irradiation, particularly at moderate tem-
peratures. Moreover, these reactions, when carried out
1n certain solvents, have been found to produce H; and
CO in the expected stoichiometric amounts, in contrast
with the thermal reactions cited above. Although
many photochemical reactions of metal carbonyls are
known, these usually involve a simple displacement of
carbon monoxide, most often partial, with no change in
oxidation state of the metal.®>~® The reaction we wish
to report is novel with respect to the ease and selectivity
with which various “active’” hydrogen compounds can
be caused to interact with metal carbonyls, producing
metal chelates.

Experimental?

The general procedure employed in this study may be exempli-
fied by the synthesis of chromic hexafluoroacetylacetonate, Cr-
(hfa)s.

A solution of 2.2 g. (0.01 mole) of chromium carbonyl and 9.4
g. (0.045 mole) of hexafluoroacetylacetone in 50 ml. of CCl; was
refluxed for 48 hr. in a quartz flask while irradiated by a General
Electric 250-watt sun-lamp. The solvent was then removed to
yield 5.4 g. (80% vield) of a brown-green solid, m.p. 75-82°,
Recrystallization of this material from #-hexane gave 3.5 g. of
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olive-green needles, m.p. 87.5-88° (lit.10 84-85°). Amnal. Calcd.
for CixsH3;OsF1sCr: C, 26.7; H, 0.45; Cr, 7.7. Found: C, 26.3;
H, 0.49; Cr, 7.6'%; infrared absorption bands at 6.25 (s) (C-0-Cr);
6.44 (w), 6.58 (w), and 7.02 (s) (C=C); 7.40 (w) and 8.0 (vs)
(CFs); 827 (s), 864 (s), and 875 (s) (C-H in-plane bend);
13.47 (m) and 14.83 p (m) (C—CFjstretch).

The gas evolution data for following the rate and extent of re-
action were obtained by use of a wet test meter, with provision for
gas sampling. All reactions were conducted under dry argon,
with a Drierite tube between the reaction system and wet test
meter. The gas analysis was carried out vie gas chromatography
employing standard CO-H; mixtures, The half-life measure-
ments were generally conducted with 0.010 mole of the metal
carbonyl and 0.035 mole of the diketone in 100 ml. of solvent at a
fixed distance above the 250-watt sun-lamp. All reactions were
conducted under reflux provided by the heat of the lamp.

The results of other preparative experiments include Fe(hfa);
(from benzene), 80% yield, m.p. 51-52° (lit.1¢ 49°); Cr(AA);
(from benzene), 91% yield, m.p. 216-217° (lit.!? 216°); Fe-
(DBM);!* (from benzene), 50% vield, m.p. 263-265° (lit.
262-263°); Mo(AA); (from isopropyl ether), 959, vyield, m.p.
228° (lit.* 225-226°); [WO(OH)(AA)]; (from benzene), 849
yield®; FeQs (from benzene), 959 yield, dec. 220°.18

Results and Discussion

The treatment of certain metal carbonyls with enoliz-
able 1,3-diketones under photochemical conditions has
afforded generally high yields of the corresponding
metal chelates with evolution of the stoichiometric
quantities of H; and CO. Thus, for iron pentacarbonyl
and acetylacetone in benzene solution the following
stoichiometry was obtained.

hv
Fe(CO)s + 3AAH E? Fe(AA); + 1.56H, + 5CO
6416

Ferric acetylacetonate was obtained in 849 yield, m.p.
185-186° (lit.12 186°), together with 929, of the thecret-
ical quantity of gas composed of 3.21 moles of CO per
mole of H, (theory = 3.33).

The rate of carbon monoxide displacement is depend-
ent upon the nature of the 1,3-diketone and the sol-
vent, in addition to the presence of ultraviolet light.
Ultraviolet irradiation of a benzene solution of iron
pentacarbonyl and hexafluoroacetylacetone at 80° pro-
duced within 2 hr. 509 of the gas expected for the for-
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It is believed to arise by hydrolytic oxidation of tungsten(IlI) acetyl-
acetonate.
(16) FeQs = ferric 8-hydroxyquinolinate,
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mation of ferric hexafluoroacetylacetonate. In the
absence of ultraviolet light no reaction was evident even
after 40 hr. at 80°. Moreover, continuous irradiation
of the solution was found necessary since cessation of
the reaction occurred when the irradiation was inter-
rupted. At higher temperatures, on the other hand,
such as in refluxing toluene or the dimethyl ether of
diethylene glycol, the thermal reaction becomes more
important, as would be expected, and the effect of ultra-
violet light less pronounced.

In contrast to the clean reactions of iron and chro-
mium carbonyls, the carbonyls of molybdenum and
tungsten gave labile products with 1,3-diketones.
Molybdenum carbonyl and acetylacetone produced the
air-sensitive Mo(III) acetylacetonate,* while only an
oxyacetylacetonate was isolated from the reaction of
tungsten hexacarbonyl and acetylacetone.

It was found that the reactivity of the active hydro-
gen compound paralleled its acidity; with the following
order of decreasing reactivity prevailing for the photo-
chemical reaction of iron pentacarbonyl in benzene.

hfaH > (CeH;CO),CH; > AAH > 8-hydroxyquinoline
119, hr, 2 6 7 13

The reactivity of the metal carbonyls with acetylace-
tone in benzene or isopropyl ether under ultraviclet
irradiation decreased qualitatively as follows.

Fe(CO) > W(CO); > Mo(CO) >> Cr(CO)s

The effect of different solvents on the photochemical
reaction of iron pentacarbonyl with acetylacetone in the
refluxing solvent was

CCly > CeHg > isopropyl ether > THF
tire, hr., 3 7 8 48

The results obtained in carbon tetrachloride require
some comment. Although chromic acetylacetonate was
obtained in good yield from this solvent, the reactions
of the other metal carbonyls employed in this study
were complicated by side reaction with the carbon
tetrachloride to produce hydrogen chloride and the
metal chlorides.

Efforts to produce mixed carbonyl acetylacetonates,
such as Fe(CO),(AA),, by photochemical reaction of the
metal carbonyl with the required amount of the 1,3-
diketone have thus far given only the simple chelate.
However, studies with bistriphenylphosphine iron tri-
carbonyl have shown that the triphenylphosphine
ligand is considerably less labile than the CO ligand to
displacement by diketones. Photochemical reaction of
bistriphenylphosphine iron tricarbonyl with two moles
of hexafluoroacetylacetone in 1:1 benzene-methylene
chloride solution resulted in a yellow solid, m.p. 183—
185° (from the filtrate), which possessed triphenylphos-
phine but no CO ligand.' Contact of bistriphenyl-
phosphine iron tricarbonyl with acetylacetone, on the
other hand, under similar conditions resulted in little
or no reaction.

(17) Elemental and infrared analyses suggest the product to be primarily
(CsHy)sPFeCla,
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In conclusion, it appears from this and other work
currently in progress in our laboratory that this reac-
tion should be of broad synthetic value.
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In connection with studies of the electric and mag-
netic properties of rare earth monosulfides and nitrides,!
it was established using the Gouy method that EuS,
contrary to the earlier measurements of Klemm,?
is ferromagnetic with a Curie point at 18°K., in excel-
lent agreement with the recent findings of McGuire,
etal.® Extension of the studies of the monosulfides and
nitrides of uranium and thorium, which, like their rare
earth counterparts, crystallize in a NaCl lattice, re-
vealed that US is also ferromagnetic with a Curie point
at 180°K. and a molar susceptibility of 6280 X 10-°
em.u. at 208°K. (u® = 2.46), in disagreement with
previous values,*® while ThS and ThN are diamagnetic.
The metallic components of these materials are thus
present in the -4 state,

The magnetic behavior in the U-N system is more
complicated, as may be seen from Fig. 1. Samples of
the indicated composition were obtained by thermal
decomposition of UNs, which, in contrast to previous
claims,® can be prepared easily by passing ammonia gas
over UH; while raising the temperature to 1000°.
This has been confirmed by analysis and X-ray data,
which showed the presence of a face-centered cubic
lattice with g = 5.800 = 0.005 A., in excellent agree-
ment with the value of Rundles for UN; prepared by a
high pressure method. The magnetic susceptibility
measurements on this phase were rather irreproducible
but showed definitely that the Curie-Weiss law was not
obeyed. Phases of the compositions UN;.53 and UN;
wereobtained reproducibly by heating UN,ina tantalum
crucible in argon for 4 hr. to 1250 and 1900°, respec-
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