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for 8 min. in a sealed evacuated tube. The contents were dis-
solved in methylene chloride and chromatographed on alumina.

The methylene chloride eluate gave a fraction (15 mg.) with
ultraviolet (Amsx 330; 2-pyridylindole), and the 19 methanol
in methylene chloride eluate afforded a sempervirine-like sub-
stance (2 mg.), A=2! 385, 340, 286; A 354, 286.

Emde Reduction of Phenolic O-Methylhuntrabrine Chloride.—
The crude methyl ether (600 mg.) was disselved in 809, ethanol
(40 ml.), added to prereduced platinum oxide (200 mg.) in
aleohol (25 ml.), and stirred in a hydrogen atmosphere for 18 hr.
After removal of the catalyst and evaporation, the residue (600
mg.) was shaken with dilute potassium hydroxide and methylene
chloride, yielding the crude Emde base (290 mg.) to the organic
phase. Chromatography on basic alumina gave from the ben-
zene—ether (2:1) eluate the Emde base (230 mg.) which gave
crystals (150 mg.) from ether-hexane, m.p. 107-108°.

Anal. Caled. for C21H32N202: C, 73.21; H, 936, N, 8.13.
Found: C,73.24; H,9.50; N, 8.06.

Partially Characterized Bases.—All the following basges de-
scribed contained halide as determined by precipitation with
silver rlli']trate, and the ultraviolet absorption spectra are recorded
as A (€1 :m).

Alkaloid-F.—It was recrystallized from ¢-butyl alcohol-water
(20:1), m.p. 242-243°, Amax 222 (860), 275 (230); A 283
(200), 292 (150); Amin 246 (75); vmax 3460, 3410, 1737, 1211 and
750 em. ™2

Anal. Found: C,64.70; H, 6.81.

Alkaloid-H.—This yellow compound erystallized from ethanol-
ethyl acetate, m.p. 300°; AEQHer=d 319315 (420), 403
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(630); Aen 245 (341); Amin 274 (126), 345 (189); Ana 227-232
(590), 323 (370), 418-423 (460); Amia 283 (150), 360 (240);
rmex 3535, 3175, 1640, 1573, 1203, 1062, 853 and 810 em. L

Alkaloid-I.—Crystallized from ethanol, it had m.p. 278-280°,
Amax 219 (1200), 273 (240), 279 (250), 289 (210); Amin 240 (60),
276 (240), 286 (180) with no change in base; wmax 3300, 3150,
750 ecm. 1,

Alkaloid-J.—A sample crystallized from ethanol had m.p.
291-293°, Amax 272 (230), 279 (230), 289 (200); Amin 240 (51),
276 (220), 286 (160) with no shift in acid or base; rmax 3437,
3149, 1631, 1245, 1050, 752 cm. L.

Alkaloid-K.—It was obtained erystalline from ethanol, m.p.
207-208°; Amax 222 (840), 272 (150), 279 (150), 289 (120);
Mmia 253 (120), 277 (140), 287 (110).

Alkaloid-N.—It was crystallized from ethanol, m.p. 263-266°,
Amax 266 (210), 270 (220), 277 (210), 280 (160); X 280 (210),
310 (20); Amin 240 (56), 274 (210), 285 (140), with no shift in
acid or base; rmax 3330, 3140, 1308, 1226, 1110, 1076, 1060,
1048, 903, 758, 740 em. "%
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The inert trisacetylacetonates of chromium(III), cobalt(IIT), and rhodium(IIT) have been acylated with acid

chlorides in the presence of Lewis acids.

of a chelate sulfenyl chloride have been studied.

During a general study of reactions of coordinated
ligands we have sought to demonstrate quasi-aromatic
chemical properties of metal acetylacetonates.!=1
Electrophilic substitution at the central carbon of these
chelate rings has been illustrated with a variety of re-
agents. Through such reactions iodo,® bromo,*!
chloro,® thiocyanato,!? nitro,* acetyl,* formyl? chloro-
methyl,’* and aminomethyl!® groups have been sub-
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Mono-, di-, and triacyl chelates have been characterized. Thiocyano-
gen, sulfur dichloride, and arenesulfenyl chlorides substitute the chelate rings without catalysis.

The reactions

stituted directly into the relatively inert trisacetyl-
acetonates of rhodium(III), chromium(III), and co-
balt(I11).

Sinee the Friedel and Crafts synthesis of aryl ketones
is one of the best-known classical aromatic reactions it
was of interest to see if this method could be applied
to the acylation of stable metal chelate rings. Fur-
thermore, in certain cases it seemed possible to prepare
the anticipated products independently by chelation of
triacylamethanes.

The first attempted acylations of chromium(IIT)
acetylacetonate failed, largely because of acid-catalyzed
degradation of the chelate ring. Although chromium
acetylacetonate is fairly stable in the presence of
aluminum chloride, treatment of this chelate with a
mixture of aluminum chloride and acetyl chloride led
to extensive decomposition. Less powerful acids such
as stannic chloride and zine chloride were not effective
in catalyzing this reaction. A mixture of pyridine and
acetic anhydride or acetyl chloride also failed to react
with this chelate. However, the acetylation was
successful when chromium acetylacetonate was allowed
to react with acetic anhydride and boron trifluoride
etherate in methylene chloride. Under these condi-
tions a complex mixture of acetylated chelates was
formed. Careful recrystallization afforded a sample
which seemed to be pure triacetylated chelate A.*
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Later experiments showed that this sample was con-
taminated with mono- and diacetylated chromium
chelates.

Another apparently pure triacetylated chromium
chelate was prepared by treating chromium(III) acetate
hydrate with pure triacetylmethane in hot dimethyl-
acetamide. This chelate and the purified Iriedel-
Crafts product had nearly identical infrared spectra
and melting points. However, it was later found that
hydrolysis of the ligand during the chelation reaction
gave rise to an impure product. Later, when a com-

pletely nonaqueous chelation technique had been de-

veloped,®® an authentic sample of the pure triacetylated
chelate A was prepared from anhydrous chromium-
(III) chloride, zinc dust, dimethylformamide, and tri-
ethylamine. The pure triacetylated chelate A had a
slightly different infrared spectrum than the Friedel-
Crafts product. Careful chromatography of the Frie-
del-Crafts product then demonstrated that it was con-
taminated with partially acetylated chelates. At-
tempts to purify further the acetylation product and to
isolate mono- and diacetylated chromium chelates were
successful. Chromatography of this mixture under a
variety of conditions did not effect a clean separation.

CH;;\ CH:;\
=0 (l)l £=0
7N
H—C\'\ ) Cr/3 Al cH,0—C )%r/;g
C::O 3OEt, \N_//
/ CH,Cl, /C—O
CHs CHi ,
CH;
0 —o
v \ CrCl
cuC—c/ W —
=g DMF
CH3/ =0 EtsN

Dryden! had reported earlier that infrared spectra
of unsubstituted metal acetylacetonates exhibit a
doublet at 1580 and 1520 em. ! whereas 3-substituted
acetylacetonates show only a singlet in this region
(about 1560 em.—!). A second band in the 1500-1600-
em.—! region in the spectrum of our Friedel-Crafts
product was at first! thought to be a violation of Dry-
den’s rule, but the lower frequency band (1520 ¢m.™!)
is now known to come from the mono- and diacetylated
impurities. We have since found Dryden’s rule to be
valid for a large number of substituted metal acetyl-
acetonates, and at this date are aware of no exception to
this rule. Additional studies of the infrared spectra of
mixed-ring metal acetylacetonates show that the vibra-
tions of the three rings are independent of each other
above 700 cm. 13

Another infrared band characteristic of unsubstituted
acetylacetonate chelate rings is the weak (-H) in-plane
bending mode at 1195 cm.—.. The absence of this
band is good evidence of complete substitution of all
chelate rings.'® 1

(14) R. P. Dryden and A. Winston, J. Phys. Chem., 62, 635 (1958).
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(16) C. Djoidjevie, J. Lewis, and R. 8. Nyholm, Chem. I'nd. (London), 122
(1959).
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The Friedel-Crafts acetylation of cobalt(III) acetyl-
acetonate gave more clear-cut results. Under the same
conditions used for the chromium chelate, the cobalt
compound yielded a mixture of four chelates which
were readily separated by chromatography or alumina.
Cobalt acetylacetonate and the mono-, di-, and tri-
acetylated cobalt acetylacetonates (B, C, and D) were
eluted from the column in that order.

CH3\
c—0,
/ 7
H__C\/\ /)/00/3 ACQO,Cchlz
C=-0 BF;-OEt,
cHy
CHg\ /CHa
R =
y =
CH—C—CL__Jod{ YC—H
c—o| T/
/ 0—C{
CHs CH,q
m k]
Bm=1n=2
C,im=2,n=1
Dm=3n=20

The structures of the acetylated chelates were as-
signed on the basis of their infrared spectra, proton
magnetic resonance spectra, and elemental analyses.
Furthermore, the triacetylated chelate D was prepared
independently by reaction of triacetylmethane with
Nag{Co(COs)s).

CHs CH;
\C=Q H,C=C=0 { \/c: :

H—C 2L=0C= _ "y Nag[Co(COy);)
A\ / ——> CH;C C\\ /H ————D
=0 ,Cc—0

CHs CH;

Comparison of the infrared spectra of the mono- and
diacetylated cobalt chelates, B and C, showed only the
anticipated differences in peak intensities. Each
spectrum exhibited an uncoordinated ketone band at
1680 cm.—!, two strong peaks from 1500-1600 cm.™ !,
and a small band at 1195 em.—*. By contrast, the
spectrum. of the pure triacetylated cobalt chelate D
showed in addition to a strong band at 1680 cm.™!
only a single peak in the 1500-1600-cm. ! region (1555
em.~ ) and no absorption near 1195 em.—*. This spec-
trum was identical with that of the pure triacetylated
chromium chelate A, prepared from the pure ligand
under anhydrous conditions.

The nuclear magnetic resonance spectra of the dia-
magnetic mono-, di-, and triacetylated cobalt(III)
chelates (B, C, and D) provided additional evidence
for the assigned structures. A benzene solution of
monoacetylated chelate, B, exhibited signals at 4.65,
7.91, 8.02, and 8.07 (doublet) = with relative intensities
of 2:6:3:12. Comparison with the parent acetylace-
tonate which has peaks at 8.10 and 4.65 7 in the ratio
6:1 showed that the 8.02 peak is caused by the unco-
ordinated acetyl group, whereas the doublet at 8.07 =
must be due to the methyl groups on the two unsub-
stituted chelate rings. The doublet is caused by the
different chemical environment of the methyl groups on
each of these rings arising from differential anisotropy
of the neighboring rings.’* The peak at 7.91 is then
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assigned to the methyl groups on the single acetylated
chelate ring.

The spectrum of the diacetylated chelate, C, ex-
hibited peaks at 4.40, 7.93 (doublet), 8.03, and 8.09
with intensities of 1:12:6:6, respectively. This is ex-
actly the spectrum anticipated by comparison with
the monoacetyl spectrum.

It is noteworthy that in chloroform these two spec-
tra are the same except that the peak caused by the un-
coordinated acetyl groups is the lowest field methyl
signal. This might arise from some type of unsym-
metrical solvation in one of the two solvents.

A solution of triacetylated chelate D in benzene ex-
hibited two single peaks at 7.98 and 8.04 r in the ratio
of 2:1. These signals are easily assigned to the methyl
groups on the chelate ring and the uncoordinated acetyl
methyls.

Since Friedel-Crafts acylation of chromium and
cobalt acetylacetonates under the same conditions
affords mostly a triacetylated chromium chelate and
little or no starting material, but very little triacetylated
coblat chelate and a relatively large amount of starting
material, it would seem that chromium acetylacetonate
is more reactive than cobalt acetylacetonate. IEx-
tensive degradation during the work-up and chromatog-
raphy steps introduces some uncertainty into this argu-
ment. However, the acetylation of rhodium acetyl-
acetonate illustrates a clear-cut decrease in reactivity
of this chelate ring.

Acetylation of rhodium(III) acetylacetonate proved
to be much more difficult than that of the chromium (I1T)
and cobalt(III) chelates. Under the same conditions
which had been successful with the other metals (boron
trifluoride-acetic anhydride for thirty-minute reaction
at room temperature), rhodium(III) acetylacetonate
failed to react. Treatment of the rhodium chelate
with a large excess of this acetylating agent at 40° for
five hours afforded a 199, yield of monoacetylated
chelate E and 509, recovered starting material. For-
tunately, this loss in reactivity of rhodium complexes
parallels in increased resistance to acid degradation of
these chelate rings. It was, therefore, possible to em-
ploy acid chlorides and aluminum chloride to acylate
rhodium acetylacetonate. Under such conditions the
mono- and diacetylated rhodium chelates, E and F,
were obtained along with substantial quantities of re-
covered starting material. The mixtures were sep-
arated by chromatography and the diamagnetic mono-

CH;
N
C—0
V2N RCOCI, AlCl
H'_c\\v/' /Rh/ 3 —Cicmora
/C—‘O
CH,
CHj; CHs
(0] \C—O O—C/
T RN
RC—-C\l\\—’l Rh '\\_’,'/C—H
CcC—0 0—~C
CH, NCH,
m n
Em=1n=2 R = CH;
F,m=2n=1 R =CH;
G,m=3,n=0,R =CH,
Hm=1n=2R = CH,
I, m=2,n=1R = CH;
J, m = 1,n=2,R=CsH7
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and diacetylated chelates, E and F, identified by their
n.m.r. spectra. Except for changes in chemical shift
values the n.m.r. spectra of E and F exactly paralleled
those of the analogous cobalt chelates B and C. The
infrared spectra were also very similar,

The symmetrical triacetylated rhodium chelate A
was not obtained from this reaction even under more
vigorous conditions.

Attempted acetylation of rhodium acetylacetonate
with acetic anhydride and polyphosphoric acid at room
temperature was unsuccessful and reaction at 60° led to
extensive decomposition of the chelate. It was noted
that rhodium acetylacetonate is almost completely in-
soluble in polyphosphoric acid in contrast to cold con-
centrated sulfuric acid, in which the chelate can be dis-
solved without decomposition.

Treatment of chromium and cobalt acetylacetonates
with other acylation reagents such as propionyl chloride,
propioniec anhydride, butyryl chloride, butyric an-
hydride, benzoyl ehloride, and p-nitrobenzoyl chloride
in the presence of aluminum chloride or boron tri-
fluoride etherate resulted in extensive chelate degrada-
tion. Small amounts of acylated chelates isolated
from these reactions were not tractable in our hands.
It seems likely that increased bulk in the acylating
agent sterically inhibits the Friedel-Crafts reaction so
that competing ring degradation dominates. How-
ever, benzoyl chloride and butyryl chloride were used
successfully to substitute rhodium({III) acetyl-
acetonate in the same manner as the acetylation of the
rhodium chelate. Monobenzoylated, dibenzoylated,
and monobutyrylated rhodium chelates, H, I, and J,
were prepared in this way.

Friedel-Crafts reactions of rhodium acetylacetonate
with diphenylcarbamyl chloride or ethyl chlorocar-
bonate in the presence of aluminum chloride were not
successful. Attempted alkylations of rhodium acetyl-
acetonate with benzyl chloride using boron trifluoride
or aluminum chloride were also unsuccessful. At-
tempts to introduce allyl groups into chromium acetyl-
acetonate failed.

Kluiber!? had reported earlier that sulfur electro-
philes can be conveniently introduced into metal acetyl-
acetonate rings. He described the preparation of the
trissulfenyl chlorides and thiocyanates of cobalt(III)
and chromium(III) acetylacetonates and the conver-
sion of the chromium trissulfenyl chloride into the tris-
thiocyanate derivative. The trifunctionality of the
chromium sulfenyl chloride made a study of its reactions
difficult.

We have also studied the introduction of sulfur elec-
trophiles into metal acetylacetonate chelate rings.
Thus treatments of rhodium(III), cobalt(III), and
chromium(ITI) acetylacetonates with thiocyanogen
gives high yields of the tristhioeyanato chelates, K, L,

and M. The diamagnetic rhodium and cobalt chelates
show only one signal in their proton resonance spectra.
CH3\0_0 CHa\ _
H— /,”\\ N=2C-§—S—C=N _ //’“;‘\
Cl M/~ Gomomar ~ N=C—8—C{ M3
c—0 ~15° Cc—0
CHy” CHy”
K, M=Rh
L,M=Co
M, M=Cr
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The infrared spectra of these chelates exhibit the antic-
ipated nitrile peak at 2150 em.~!, a single peak in the
1500-1600-cm. ~! region (1555 em.~') and no absorption
at 1195 em.™ %

In a similar manner, arenesulfenyl chlorides were also
found to substitute these chelate rings. No catalysis
was required for these reactions. The aryl sulfide
chelates N formed very stable 1:1 solvates with ben-
zene, a common phenomenon in acetylacetonate
chemistry.!t!2Y These sulfides were surprisingly re-
sistant to oxidation and failed to react with 309, hy-
drogen peroxide. Attempts to prepare a chelate sul-
fone by treatment of rhodium(III) acetylacetonate
with benzenesulfonyl chloride and aluminum chloride
failed.

NO; ON CHay
SCl SRS, s—c(:\" :);M/3
+ cHe
CHa\/C’—-_(\)\ N

H—C{ M3
/SO

In order to avoid the complications attending the
reactions of trissulfenyl chlorides it seemed desirable to
prepare a mono-functional chelate sulfenyl chloride.
This was done by treating dichlorinated chromium
acetylacetonate with sulfur dichloride. The dichloro
chlorosulfenyl chelate, O, was then allowed to react
with cyanide ion to form the dichloro thiocyanato
chelate P. In a similar way, reaction of the sulfenyl
chloride with dry ethanol afforded ethyl sulfenate Q.

e N ey
O SR Cl
o o—cl SCle
c—0 o:c\
CH,

pentane

C.H;0H

C.Hs08—C [ 3

c— 0—C
CHy”

Use of partially halogenated metal acetylacetonates
to introduce only one reactive functional group into
chelate rings and, therefore, avoid the complications of

(17) J. F. Steinbeck and J. H. Burns, J. Am. Chem. Soc., 80, 1839 (1958),
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trifunctionality deserves more comment. Although
such a scheme is often necessary when one wishes to
study the reactions of functional groups on chelate
rings, unexpected complications may arise. The chloro
groups in dichlorinated chromium acetylacetonate are
subject to electrophilic cleavage from the chelate rings.!®
Thus the mixed-ring chelates may be contaminated and
require tedious purification. Use of blocking groups
such as nitro which cannot be cleaved by electrophiles
results in strong deactivation of the remaining unsub-
stituted ring.!* These problems currently are being
studied in attempts to prepare linear polymers with a
chelate ring backbone.

Experimental

All melting points were taken on a Kofler hot stage apparatus
fitted with a polarizing microscope and are not corrected. In-
frared spectra were recorded on a Perkin-Elmer Infracord fitted
with sodium chloride optics and with a Perkin-Elmer Model 421
double grating spectrophotometer. Nuclear magnetic resonance
spectra were measured with a Varian A-60 spectrometer at 60
Me. using tetramethylsilane as an internal standard. Chemical
shifts are reported in = values and relative intensities are given in
parentheses.

Acetylation of Tris(2,4-pentanediono)rhodium(IIl) Using
Acetic Anhydride and Boron Trifluoride.—T'o a stirred solution of
rhodium(III) acetylacetonate!® (500 mg., 1.25 mmoles)in 100 ml.
of pure methylene chloride was added 770 mg. (7.5 mmoles, 0.71
ml.) of freshly distilled acetic anhydride and 1.06 g. (7.5 mmoles,
0.91 ml.) of freshly distilled boron trifiuoride etherate. The
reaction mixture was heated at reflux under nitrogen for 5 hr.

The reaction mixture was poured into 250 ml. of water and ice
containing enough sodium carbonate to neutralize the acidic by-
products and stirred rapidly. The separated methylene chloride
phase was extracted twice more with small portions of pure
water, dried with calcium chloride, and evaporated to yield a
light yellow, amorphous powder.

The crude mixture of chelates was dissolved in benzene and
purified by chromatography using a 12 X 1 in. column of Merck
alumina and benzene as an eluent. Three bands were collected
over a long period. The first band, which was recovered from the
solvent by flash evaporation on a rotating Rinco evaporator and
then recrystallized from benzene-heptane, weighed 250 mg., m.p.
260-263°. An infrared spectrum and a mixture melting point
showed this band to be recovered rhodium acetylacetonate,
m.p. 260-261°; infrared (KBr), 1565, 1515, 1380, 1268, 1200,
1020, 935 e¢m."1; ultraviolet (ethanol), Amax 258 mu (e 9040), 317
(10,700); n.m.r. (CCly), 7.89 (6), 4.65 = (1).

The second band afforded 105 mg. (199,) of pure (3-acetyl-
2,4-pentanediono)-bis(2,4-pentanediono)rhodium(III}), m.p. 252-
253°; infrared (KBr), 1675, 1550, 1360, 1265, 1240, 1200, 1060,
1025, 935 em.t; ultraviolet (ethanol), Amax 258 mu (e 12,750),
317 (10,200). The n.m.r. spectrum of this acetylated chelate
was consistent with the assigned structure: (CHCly), 7.85 (6),
7.84 (6), 7.82 (8), 7.55 (3), 4.46 (2) r; (CCly), 7.89, 7.87, 7.85,
7.62, 4.63 .

Anal. Caled. for CiyHesO-Rh: C, 46.17; H, 5.24.
C, 46.32; H, 5.32.

The third band afforded 12 mg. of an intractable chelate. An
infrared spectrum of this substance indicated a more intense un-
coordinated carbonyl absorption than possessed by the mono-
acetylated product.

An acetylation reaction attempted at the boiling point of 1,2-
dichloroethane (83°) for 1 hr. resulted in major decomposition of
the chelate system and less than 109 recovery of starting
material. No acetylated products were detected.

Acetylation of Tris(2,4-pentanediono)rhodium(III) using Acetyl
Chloride and Aluminum Chloride.—To a stirred suspension of 2.0
g. (15 mmoles) of sublimed, anhydrous aluminum chloride in 50
ml. of pure 1,2-dichloroethane under a nitrogen atmosphere was
added 1.18 g. (15 mmoles, 1.07 ml.) of freshly distilled acetyl

Found:

(18) J. P. Collman, W. L. Young, III, R. H. Barker, and M. Yamada,
142nd National Meeting of American Chemical Society, Organic Division,
Atlantic City, N. J., September, 1962; Abstract of papers, p. 40-Q.

(19) F. P. Dwyer and A, M. Sargeson, J. Am. Chem. Soc., 15, 984 (1953).
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chloride. The resulting solution was cooled to —20° with a
methanol-ice bath. To this mixture was added over a 10-min.
period a solution of 1.00 g. (2.5 mmoles) of rhodium(III) acetyl-
acetonate in 20 ml. of 1,2-dichloroethane. The solution was
stirred for an additional 20 min. during which time the tempera-
ture rose to —15°. The reaction mixture was poured into 200 ml.
of ice and water containing 15 ml. of concentrated hydrochloric
acid and stirred vigorously. The aqueous layer became slightly
yellow indicating some decomposition of the chelate system. The
organic phase was extracted once more with water, dried over
potassium carbonate, and filtered. The crude mixture of chelates
was recovered by solvent evaporation.

Chromatographic purification of the crude produet in the usual
way afforded three chelates. The first band afforded 300 mg. of
recovered rhodium acetylacetonate The second band yielded 350
mg. of (3-acetyl-2,4-pentanediono)bis(2,4-pentanediono)rhodium-
(III), m.p. 252-254°. The identity of this monoacetylation prod-
uct was confirmed by comparing its infrared spectrum and nu-
clear magnetic resonance spectrum with those of a sample of the
material obtained previously.

The third band afforded 110 mg. of yellow crystals, m.p. 259—
261 dec. The infrared spectrum, nuclear magnetic resonance
spectrum, and elemental analysis indicate that this compound is
(2,4-pentanediono)bis(3-acetyl-2,4- pentanediono)rhodium(I1I),
the diacetylated chelate: infrared (KBr), 1700, 1685, 1560,
1520, 1420, 1350, 1275, 1240, 1200, 1055, 1020, 950, 925 cm.™!;
ultraviolet (ethanol), Amax 259 mu (e 12,050}, 317 (7360); n.m.r.
(CHCL), 7.84 (6), 7.82 (6), 7.80 (6), 7.55 (6), 4.46 (1) »; (CCly),
7.86, 7.85, 7.80, 7.61, 4.63 7.

Anal. Caled. for C;yN;OsRh: C, 47.12; H, 5.20. Found:
C, 47.33; H, 5.23.

This reaction afforded a 339, recovery of starting material, a
329 yield of monoacetylated product, and a 13% yield of di-
acetylated product. Repetition of this experiment using acetyl
chloride in place of 1,2-dichloroethane as solvent yielded 409%
starting material, 189, monoacetyl, and 109 diacetyl chelate.

Butyrylation of Tris(2,4-pentanediono)rhodium(III).—Treat-
ment of 1.0 g. of rhodium acetylacetonate with 2.0 g. of aluminum
chloride and 1.6 g. of n-butyryl chloride in 75 ml. of 1,2-dichloro-
ethane under the same conditions described before yielded 679,
recovered starting material and 100 mg. (8.5%) of (3-butyryl-
2,4 - pentanediono)bis(2,4 - pentanediono)rhodium(IIT); m.p.
185-187; infrared (KBr), 1680, 1560, 1520, 1370, 1270, 1205,
1020, and 930 cm.1; ultraviolet (ethanol), Amax 260 mu (e 8020),
317 (6980); n.m.r. (CHCL), 9.05 triplet (3), multiplet 8.70-8.15
(2), 7.88 (6), 7.87 (6), 7.85 (6), 7.36 triplet (2), 4.47 (2) ~.

Anal. Caled. for CyHxO/Rh: C, 48.52; H, 5.79. Found:
C, 48.43; H, 5.93.

An additional 10 mg. of an impure acylated chelate was ob-
tained from the third band, but attempts to purify this crude
product failed.

Benzoylation of Tris(2,4-pentanediono)rhodium(III).—Treat-
ment of 1.0 g. of rhodium acetylacetonate with 2.00 g. of alumi-
num chloride and 4.22 g. (30 mmoles, 3.5 ml.) of freshly distilled
benzoyl chloride in 80 ml. of 1,2-dichloroethane under the same
conditions for 1 hr. afforded 330 mg. (33%,) of starting material,
120 mg. of monobenzoylated chelate and 40 mg. of dibenzoylated
chelate.

The monobenzoyl compound, (3-benzoyl-2,4-pentanediono)-
bis(2,4-pentanediono)rhodium(IIl), 150 mg. (11%), m.p. 231-
232°, was the second band eluted from the column with benzene.
The spectral characteristics and elemental analysis of this com-
pound confirm the assigned structure: infrared (KBr), 1660,
1560, 1515, 1370, 1282, 1267, 1245, 1195, 1133, 892 em.™1;
ultraviolet (CHCl;), Amax 316 mu (e 8550); n.m.r., 7.97 (6), 7.82
(6), 7.75 (6), 4.43 (2), 1.65-2.5 (5) =.

Anal. Caled. for CpHy;0.Rh: C, 52.39; H, 5.00. Found:
C, 52.78; H, 5.00.

The dibenzoylated chelate, (2,4-pentanediono)bis(3-benzoyl-
2,4-pentanediono)rhodium(ITI), 40 mg. (49,), m.p. 205-208°,
was remeved from the eolumn by extruding the third band and
extracting with boiling benzene-methanol. The spectral charac-
teristics and analyses of this chelate confirm the assigned struc-
ture: infrared (KBr), 1660, 1555, 1515, 1360, 1280, 1245, 1133,
and 890 em.!; ultraviolet (CHCl;), Amax 311 mu (e 5620); n.m.r.
(CHCL), 7.94 (6), 7.86 (6), 7.72 (6), 4.50-4.40 (1), 1.65-3.65
(10) 7.

Anal. Caled. for CyuHy0OsRh: C, 57.24; H, 4.80.
C, 57.60; H, 4.95.

Found:
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Preparation of Triacetylmethane.—Ketene wag generated from
reagent acetone in a cracking apparatus® and was passed for 3
hr. into 200 g. of acetylacetone. The orange liquid was evapo-
rated at 70° to an orange oil by a rotatory evaporator, then
vacuum distilled at 27 mm. The third fraction (b.p. 108-112°)
was redistilled at 30 mm. to give 105.9 g. (28.5%) of a faintly
yellow oil (b.p. 111-113°) which was shown to be pure by vapor
phase chromatography and identified as triacetylmethane by its
physical properties, infrared spectrum, and chelation with cop-
per(Il) acetate.

Preparation of Bis(3-acetyl-2,4-pentanediono)copper(1I).—To
2 ml. of triacetylmethane in 1 ml. of ethanol was added 4 ml. of
saturated copper(Il) acetate solution. The solution turned im-
mediately dark blue. After stirring at room temperature for 25
min., small crystals of blue bis(3-acetyl-2,4-pentanediono)-
copper(Il) were obtained. Yield: 0.35 g., m.p. 207-207.5°;
infrared (KBr), 1685, 1582, 1450, 1400, 1350, 1239, 1055 cm. 1.

Anal. Caled. for Ci H1sOsCu: C, 48.66; H, 5.25. Found:
C, 48.44; H, 5.55.

Preparation of Tris(3-acetyl-2,4-pentanediono)chromium(III)
from Triacetylmethane. A.—An intimate mixture of 0.5 g. of
anhydrous chromium trichloride and 0.5 g. of zinc dust was added
to 5 ml. of dimethylformamide. An exothermic reaction ensued
and a green solution was formed. To this solution was added 8
ml. (8.6 g., 60 mmoles) of triacetylmethane, 3.16 g. (20 mmoles
of anhydrous chromium(III) chloride, and 0.3 g. of zinc dust.
To the green mixture was added dropwise 8.3 ml. (6.0 g., 60
mmoles) of triethylamine. The exothermic reaction was kept
at about 60° by stirring the mixture through an external water
bath., The purple mixture was stirred for an additional 1.5 hr.
and then poured into 300 ml. of water. The purple precipitate
was collected on a filter, washed with water, sucked dry, and
then dissolved in methylene chloride and filtered. The organic
phase was dried over magnesium sulfate and evaporated to a
purple solid. Recrystallization from benzene-heptane afforded
purple crystals, m.p. 195-197°, 5.87 g. The mother liquor
afforded an additional 0.47 g.; total yield 6.34 g. (66.7%). An-
other recrystallization afforded an analytical sample, m.p. 197-
198°. A test chromatographic column showed only a single
chelate. The infrared spectrum and elemental analyses indi-
cated that the product was pure tris(3-acetyl-2,4-pentanediono)-
chromium(II1); infrared (KBr), 1687, 1560, 1450, 1420, 1360,
1242, 1055 em. 1.

Anal. Caled. for CyHyOoCr: C, 53.05; H, 5.69. Found:
C, 53.28; H, 5.88.

B.—To a stirred suspension of 0.83 g. of chromium(IIT) ace-
tate hydrate in 10 ml. of dimethylacetamide was added 1.42 g. of
triacetylmethane. The mixture was heated to 80° or 16 hr. and
then combined with 50 ml. of water. The resulting solution was
extracted with two 50-ml. portions of chloroform. The chloro-
form extracts were combined, washed with two 100-ml. portions
of water, and then dried over calcium sulfate. The solvent was
removed and the purple oil was crystallized from ethanol. Two
recrystallizations from ethanol yielded 0.14 g. (8.6%) of the
triacetylated chromium(III) chelate as a purple powder, m.p.
197-199°, The infrared spectrum of this chelate indicated the
presence of a small amount of unsubstituted chelate rings.

C.—To a solution of 0.37 g. of tris(tetrahydrofuran)trichloro-
chromium(IIT) and 0.43 g. of triacetylmethane in 25 ml. of 1:1
acetone-water was added 0.3 g. of triethylamine. The mixture
was stirred for an hour and the resulting purple solution was
then extracted with 20 ml. of methylene chloride. The solution
was dried, the solvent removed, and the purple residue crystallized
from benzene-heptane. The resulting powder was further puri-
fied by chromatography on alumina. The yield of triacetylated
chromium(III) acetylacetonate was 0.19 g. (25%), m.p. 196-
198°. The infrared spectrum of this product indicated the pres-
ence of a small amount of unsubstituted chelate rings.

Acetylation of Chromium(III) Acetylacetonate.—To a solution
of 10 g. of chromium acetylacetonate and 10.5 g. of freshly dis-
tilled acetic anhydride in 50 ml. of anhydrous methylene chloride
under nitrogen was added 10 ml. of pure boronitrifiuoride ether-
ate. The deep purple solution was stirred at room temperature
for 30 min. and then shaken vigorously with cold aqueous potas-
sium acetate. The organic phase was dried, filtered, and the
solvent removed. The purple oil was poured into ethanol, and
the resulting violet crystals were collected and then recrystallized
from ethanol. The crude purple powder, 5.7 g. (52%), melted at

(20) J. W. Williams and C. D, Hurd, J. Org. Chem., B, 122 (1940).
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192-194°. Two more recrystallizations from ethanol afforded an
analytical sample of tris(3-acetyl-2,4-pentanediono)chromium-
(I}, m.p. 198-200°. The infrared spectrum of this sample
indicated a small amount of partially acetylated chelate was
present.

Anal. Caled. for CyH0,Cr: C, 53.05; H, 5.69.
C, 53.03; H, 6.10.

Acetylation of Cobalt(III) Acetylacetonate.—To a solution of
10 g. of cobalt(II1) acetylacetonate and 10.5 g. of acetic anhy-
dride in 50 ml. of anhydrous methylene chloride was added 10 ml.
of freshly distilled boron trifiuoride etherate. The deep green
solution was stirred for 30 min. and then decomposed with cold
potassium acetate solution. The organic phase was separated,
dried, and evaporated to dryness. The crude green powder was
taken up in benzene and purified by chromatography on a 52 X 6
cm. column of alumina. Elution was begun with benzene and
completed with methylene chloride-benzene. Four green bands
were collected and each crystalline product was recrystallized
from ethanol.

The first band afforded 0.15 g. of cobalt(III) acetylacetonate,
identified by mixture melting point with an authentic sample and
its infrared spectrum.

The second band yielded 0.57 g. of (3-acetyl-2,4-pentane-
diono)bis(2,4-pentanediono)cobalt(III), m.p. 185-186°; in-
frared (KBr), 1675, 1565, 1517, 1370, 1279, 1245, 1191, and 1057
cem.™, The proton magnetic resonance spectrum of the mono-
acetylated chelate showed signals at 8.08 (6), 8.06 (6), 8.02 (3),
7.91(6), and 4.20 (2) = in benzene.

Anal. Caled. for CyHy30:Co: C, 51.27; H, 5.78.
C, 51.26; H, 5.83.

The third band afforded 0.68 g. of (2,4-pentanediono)bis(3-
acetyl-2,4-pentanediono)cobalt(III), m.p. 184-185°. A mixture
melting point with the monoacetylated chelate was 180-182°.
The infrared and n.m.r. spectra and elemental analysis confirmed
the structure of the diacetylated chelate: infrared (KBr), 1678,
1560, 1518, 1390, 1360, 1241, 1191, and 1057 cm.™!; n.un.r.,
8.09 (6), 8.03 (6), 7.94 (6), 7.92 (6), and 4.70 (1) = in benzene.

Anal. Caled. for CyHz0:Co: C, 51.83; H, 5.68. Found:
C, 51.44; H, 5.75.

The fourth band yielded only an oily green solid. This chelate
was further purified by chromatography on Florisil, using methyl-
ene chloride-2-propanol as an eluent. Recrystallization from
ethanol gave 0.08 g. of tris(3-acetyl-2,4-pentanediono)cobalt(1II)
as green needles, m.p. 169-170°; infrared (KBr), 1689, 1561,
1311, 1246, and 1059 em.~1, no 1191-cin. ~! band; n.m.r., 8.04(1)
and 7.98 (2) 7 in benzene.

Anal. Caled. for CuHyu0sCo: C, 52.28; H, 5.64.
C, 52.27; H, 5.92.

Preparation of Tris(3-acetyl-2,4-pentanediono)cobalt(III) by
Chelation of Triacetylmethane: A. With Cobaltous Carbonate and
Hydrogen Peroxide.—To a suspension of 0.50 g. of cobaltous car-
bonate in 3.58 g. of triacetylmethane was added slowly with
vigorous stirring 12 ml. of 109 hydrogen peroxide. After stirring
20 min. at 50°, the green solution was diluted with 100 ml. of
water and extracted with three 35-ml. portions of chloroform.
The extracts were combined and dried over anhydrous magne-
sium sulfate. Upon removal of the solvent, a green oil resulted
which was purified by chromatography on alumina. Three green
bands were separated, collected, and crystallized from benzene-
heptane. The first band (0.245 g.) was identical in melting point
and infrared spectrum to (3-acetyl-2,4-pentanediono)bis-(2,4-
pentanediono)cobalt(III). The infrared spectrum and melting
point identified the solid from the second band (0.265 g.) as (2,4-
pentanediono)bis(3-acetyl-2,4-pentanediono)cobalt(I1L). The
third band gave a modest yield (0.165 g.) of a compound identical
in melting point to tris(3-acetyl-2,4-pentanediono)cobalt(IIT).
The infrared spectrum of this compound, however, revealed the
presence of a slight impurity of the diacetylated chelate. Further
purification of this band by alumina chromatography gave pure
tris(3-acetyl-2,4-pentanediono)cobalt(III), m.p. 169-170°.

B. With Sodium Tricarbonatocobalt(III) 3-Hydrate.—To a
suspension of 0.89 g. of sodium tricarbonatocobalt(IIl) tri-
hydrate in 10 ml. of 1:1 acetone-water was added with stirring
at 50° 1.56 g. of triacetylmethane. After 45 min., the black-
green suspension was extracted with two 25-ml. portions of chloro-
form. The green extract was washed with 50 ml. of water,
dried over anhydrous magnesium sulfate, and evaporated to a
bright green oil. The oil upon crystallization from benzene-
heptane gave 0.18 g. (11.4%) of crude tris(3-acetyl-2,4-pentane-
diono)eobalt(III). Purification of this material by Florisil
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chromatography afforded 0.10 g. of pure tris(3-acetyl-2,4-pen-
tanediono)cobalt(II1)identical in melting point and infrared spec-
trum to an authentic sample obtained from the Friedel-Crafts
acetylation. The chromatography also revealed traces of mono-
and diacetylated cobalt(III) acetylacetonates.

Treatment of Chromium(III) and Cobalt(III) Acetylacetonates
with Ketene. Into a solution of 5.0 g. of chromium acetylaceto-
nate in a solution of 50 ml. of xylene, 25 ml. of toluene, and 25 ml. of
benzene was bubbled through a vigorous stream of gaseous ketene
for 2 hr. The chelate was recovered by evaporation of the
solvent and chromatography in the usual manner. A mixture
melting point of this product with an authentic sample of chro-
mium(IIL) acetylacetonate was not depressed. Only the starting
material was detected in the work-up. A similar experiment using
cobalt(III) acetylacetonate also yielded only the starting ma-
terial.

Treatment of Rhodium(III) Acetylacetonate with Diphenyl-
carbamyl Chloride.—To a stirred suspension of 533 mg. (4
mmoles) of anhydrous aluminum chloride in 35 ml. of dichloro-
ethane was added 928 mg. of diphenylearbamyl chloride. The
resulting suspension was cooled to 0°.  To this mixture was added
dropwise 400 mg. of rhodium acetylacetonate in 15 ml. of di-
chloroethane. The reaction was allowed to stir for 1 hr. at room
temperature. The usual work-up afforded 365 mg. of recovered
rhodium acetylacetonate.

A similar experiment with ethyl chlorocarbonate gave the same
results.

Treatment of Tris(3-phenylthio-2,4-pentanediono)rhodium(III)
with Hydrogen Peroxide.—A solution of 100 mg. of the sulfide
chelate, 20 ml. of acetic acid, and 10 ml. of 309; hydrogen per-
oxide was stirred at room temperature for 30 min. The usual
work-up afforded only the starting material. A repetition of
this experiment at a higher reaction temperature resulted in
nearly total decomposition of the chelate system; however, the
recovered chelate had not been oxidized.

Treatment of Rhodium(III) Acetylacetonate with Benzyl
Chloride under Friedel-Crafts Conditions.—To a stirred mix-
ture of 800 mg. (6 mmoles) of anhydrous aluminum chloride and
400 mg. (1 mmole) of rhodium acetylacetonate in 50 ml. of 1,2-
dichloroethane was added dropwise 840 mg. (6 mmoles) of
freshly distilled benzyl chloride in 10 ml. of 1,2-dichloroethane.
The mixture was stirred under nitrogen for 30 min. and then
decomposed with dilute hydrochlorie acid and worked up in the
usual manner. The starting material was recovered in high
yield. Little decomposition was noticed and no other chelates
were detected—even by chromatography.

Similar experiments with boron trifluoride etherate and varying
conditions gave the same result.

Tris(3-thiocyanato-2,4-pentanediono)chromium(III).—Lead
thiocyanate was prepared by dropwise addition of an aqueous
solution of sodium thiocyanate to a rapidly stirred solution of lead
nitrate. Theinsoluble salt was collected by suction filtration and
washed several times with ice~water and finally with anhydrous
ether. The salt was stored in a vacuum desiceator over phospho-
rus pentoxide in the dark.

Thiocyanogen was prepared by dropwise addition of a solution
of 10.5 g. (0.066 mole, 3.37 ml.) of bromine in 20 ml. of 1,2-
dichloroethane to a vigorously stirred suspension of 21.4 g.
(0.066 mole) of anhydrous lead thiocyanate in 80 ml. of 1,2-
dichloroethane cooled to —15°. The red bromine color was
allowed to disappear before each successive addition of bromine.
The mixture of thiocyanogen and lead bromide was stirred for
5 min. after the bromine addition was completed.

The solid lead bromide was allowed to settle and the colorless
thiocyanogen solution was filtered into a stirred solution of 7.0 g.
(0.02 mole) of chromium(IIl) acetylacetonate in 50 ml. of 1,2-
dichloroethane cooled to —15°. The mixture was stirred for 2
hr. at —15° and then allowed to come to room temperature and
react for an additional hour. The reaction mixture was ex-
tracted two times with water. The organic phase was dried with
caleium chloride, filtered, and evaporated to dryness. The red
powder was recrystallized from 959, ethanol to yield 7.85 g. of
pure tris(3-thiocyanato-2,4-pentanediono)chromium(III), m.p.
191-192°; a second crop of 2.10 g., m.p. 190-192°, was obtained
by concentration of the mother liquor. The total yield was 9.95
g. (95.6%); infrared (KBr), 2150, 1555, 1405, 1360, 1330,
1175, 1060, and 1025 cm. L.

Anal. Caled. for CisHisOsN:S:Cr: C, 41.53; H, 3.49;
N, 8.07; 8, 18.48. Found: C, 41.56; H, 3.56; N, 7.78;
S, 17.81.
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Tris(3-thiocyanato-2,4-pentanediono)cobalt(III).—Under the
same conditions used for the analogous chromium complex the
green crystalline tris(3-thiocyanato-2,4-pentanediono)cobalt(111)
was formed in 769, yield, m.p. 166-167° dec.; infrared (KBr),
same as chromium complex; ultraviolet (CHCls), Amax 300 mu
(e 13,750); n.m.r. (CClL), 7.30 =.

Anal. Caled. for (ImHngeNaSsCo: C, 40.98; H, 3.4.4; N,
7.97; S, 18.24. Found: C, 40.34; H, 3.92; N, 7.98; S,
18.43.

Tris(3-thiocyanato-2,4-pentanediono)rhodium(III).—Under
the same conditions used for the analogous chromium complex
the yellow crystalline trithiocyanatorhodium chelate was prepared
in 989, vield, m.p. 214~215°; infrared (KBr), 2150, 1550, 1365,
1331, 1055, 1025, 918 cm.~!; ultraviolet (CHCls), Amax 310 mu
(¢ 65,500); n.m.r. (CHCl), 7.30 7.

Anal. Caled. for CisHisOsN3S;Rh:  C, 37.90; H, 3.18; N,
7.35. Found: C, 37.74; H, 3.42; N, 7.83, 7.06.

Tris(3-phenylthio-2,4-pentanediono)chromium(III).—To a
stirred solution of 3.40 g. (0.01 mole) of chromium(IIT) acetyl-
acetonate in 50 ml. of 1,2-dichloroethane was added dropwise a
solution of 5.8 g. (0.04 mole) of freshly prepared benzenesulfenyl
chloride in 25 ml. of 1,2-dichloroethane. The temperature
quickly rose to 40° and local boiling was observed. The reaction
was stirred at room temperature for 30 min. The mixture was
extracted with dilute aqueous sodium carbonate. The green
aqueous layer indicated some decomposition had taken place.
The organic layer was separated, dried over potassium carbonate,
filtered, and evaporated to dryness. The grey-purple, amor-
phous residue was recrystallized from 809, ethanol to yield 2.0
g. (32.79%) of crystalline tris(3-phenylthio-2,4-pentanediono)-
chromium(IIT), m.p. 90-100°. An analytical sample was
prepared by two more recrystallizations from ethanol-water,
m.p. 104-105°; infrared (KBr), 1550, 1470, 1410, 1360, 1330,
1070, 1025, 920 em.™Y; ultraviolet (CHCL), Aeax 326 mu (e
14,400).

Anal. Caled. for CssHssOsSaCl’Z C, 58.82;
14.27. Found: C, 58.57; H, 5.21; S, 13.14.

Tris(3-o-nitrophenylthio-2,4-pentanediono)cobalt(III).—To a
stirred solution of 3.51 g. (0.01 mole) of cobalt acetylacetonate in
50 ml. of 1,2-dichloroethane cooled to 0° was added dropwise a
solution of 7.55 g. (0.04 mole) of o-nitrobenzenesulfenyl chloride
in 50 ml. of 1,2-dichloroethane at such a rate that the tempera-
rure did not rise above 5°. The mixture was stirred for an addi-
tional 30 min. at 0-5°.

The organic phase was extracted four times with water. The
fourth aqueous wash was neutral to litmus. The organic phase
was dried over potassium carbonate, filtered, and evaporated to a
dark, viscous oil. The oil was taken up in hot benzene, treated
with activated charcoal, filtered, and then diluted with an equal
volume of hot heptane. Slow cooling of this solution afforded
brown crystals which were collected and air dried. The first
crop weighed 6.20 g., m.p. 211-212° dec., and a second crop of
1.0 g. was obtained by concentrating the mother liquor (total
yield 80.7% calculated for benzene solvate); infrared (KBr),
1590, 1565, 1550, 1515, 1410, 1360, 1335, 1300, 1100, 1072,
1038, 845 em.~1; ultraviolet (CHCl;), Amax 370 mu (e 23,700);
n.m.r. (CCL), 7.46 (1R8), 2.71 (18) = (broad). The infrared
n.m.r. and elemental analysis of this substance indicate that it is
a monobenzene solvate. It is remarkable that treatment at 100°
and 0.1 mm. for 24 hr. failed to remove the benzene.

A nal. Calcd. for CasHaoOuNgSaCO'CaHeZ C, 5250, H,
4.06; N, 4.70. Found: C, 51.71; H, 4.06; N, 4.85.

H, 4.94; S,
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Tris(3-o-nitrophenylthio-2 4-pentanediono)chromium(III).—
Under the same conditions as the cobalt analog this chromium
chelate was prepared in 809, yield, m.p. 251-252°. Again the
spectral properties and elemental analysis indicate a monobenzene
solvate; infrared (KBr), 1583, 1565, 1550, 1512, 1410, 1360,
1445, 1300, 1240, 1070, 1035, 1015, 915, 845 em.!; ultraviolet
(CHCI3), Amax 367 mu (e 21,300).

Anal. Calcd. for CaaHaoO;zNaSgCr‘CeHet C, 528], H,
4.09; N, 4.74; S, 10.84. Found: C, 51.92, 52.73; H, 4.10,
4.17; N, 4.74, 5.09; S, 10.29.

Tris(3-o-nitrophenylthio-2,4-pentanediono )rhodium(III).—In
a manner similar to that deseribed before the rhodium thioether
was prepared in 709, yield, m.p. 261-263°; infrared (KBr),
1588, 1565, 1540, 1515, 1450, 1410, 1360, 1335, 1300, 1245,
1100, 1065, 1035, 915, 845 cm.™}; ultraviolet (CHCL), Amax
268 mu (e 16,500), 369 (14,300); n.m.r. (CCl,), 7.46, 2.71

(broad). Again the thioether was a very stable monobenzene
solvate.

Anal. Caled. for CasHa(\OlgNaSaRh.CeHel C, 4995, H,
3.87; N, 4.48. Found: C, 50.39; H, 4.02; N, 4.55.

Reaction of Sulfur Dichloride with Dichlorinated Chromium-
(III) Acetylacetonate.—To a suspension of 6.0 g. (14.3 mmoles)
of (2,4-pentanediono)bis(3-chloro-2,4 -pentanediono)chromium-
(IIT) in 50 ml. of pure pentane was added 3.2 ml. (49 mmoles)
of freshly distilled sulfur dichloride. The mixture was stirred
for 12 hr., and then the solid product was eollected and washed
several times with pure pentane. Recrystallization from ben-
zene-heptane afforded 4.5 g. of (3-chlorothio-2,4-pentanediono)-
bis(3-chloro-2,4-pentanediono)chromium(I11), tan erystals, m.p.
153, 153.5°; infrared (KBr), 1550, 1450, 1410, 1360, 1335, 1290,
1040, 1020, 980, 920, and 705 em. 1.

Anal. Caled. for CisHisClLOgSCr: C, 37.20; H, 3.72; S,
6.62; Cl,22.00. Found: C,37.74; H,3.75; 8,6.29; Cl, 21.72,

Treatment of Chelate Sulfenyl Chloride with Cyanide.—To a
solution of 1.00 g. (2 mmoles) of (3-chlorothio-2,4-pentanediono)-
bis(3-chloro-2,4-pentanediono)chromium(III) in 20 ml. of ben-
zene was added 0.26 g. (4 mmoles) of potassium eyanide and the
mixture was stirred for 1 hr. The mixture was filtered and the
filtrate was evaporated. The brown powder was taken up in
benzene and purified by chromatography on Florisil (deac-
tivated by addition of 109 water). The first band was
collected, the solvent evaporated, and the product recrystallized
from benzene-heptane, 405 mg., tan needles, m.p. 198-199°.
The infrared spectrum was almost identical with that of the
starting material.

Anal. Calcd. for C1eH1501205NSCI‘:
N, 2.94; 8, 6.74; Cl, 14.91.
2.69; S, 6.46; Cl, 14.60.

Reaction of Chelate Sulfenyl Chloride with Ethanol.—To a
solution of 1.00 g. (2 mmoles) of (3-chlorothio-2,4-pentanediono)-
bis(3-chloro-2,4-pentanediono)echromium in 20 ml. of benzene
was added 0.184 g. (4 mmoles) of absolute ethanol and 0.216 g.
(2 mmoles) of triethylamine. The solution was stirred for 1.5
hr., filtered, and the solvent was removed. The residue was
purified by chromatography on Florisil (deactivated by 10%
water) using benzene as the eluent. The first band afforded
(3 -ethoxysulfenyl-2,4 -pentanediono)bis(3 -chloro-2,4 - pentanedi-
iono)chromium(III) after recrystallization from benzene~hep-
tane, m.p. 245-246°, 56 mg.; infrared (KBr), 1550, 1480, 1440,
1375, 1355, 1320, 1160, 1075, 1050, 1025, 925, 690 cm. 1.

Anal. Caled. for CiyHyCLO:SCr: C, 41.30; H, 4.69; S,
6.48; Cl,14.34. Found: C,41.26; H,4.19; S, 6.49; Cl,15.11

C, 40.43; H, 3.81;
Found: C, 40.21; H, 3.99; N,



