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compound.’? Admittedly the infrared evidence is not

at all definitive in these regions of the spectrum, but .-

the nature of the bonding site on the ligand can at
least be held open for the moment. It is interesting
that the closely related ligand, 2,2’-biimidazole, also
exhibits anomalous chelating ability.!?

Hydrolysis of 2,2’-Bi-2-imidazoline.—The ligand hy-
drolyzed in aqueous solution according to the following
equation to give N,N’-bis(2-aminoethyljoxamide.

NH

me’ N\ /
H?C N/ \ CH?

+ 2H:0 —>

HOOH
NHgCHgCHzIIvacuflql'CHz)cHzNHz
The hydrolysis product appears to be dibasic with pK,,
= 8.30 and pK,, = 9.54 at 25° in a 1.0 M KNO;s solu-
tion. A rapid titration of the original ligand gave
approximate constants pK, and pK,, of 3.8 and 7.7,
respectively.

All of the metal ion complexes appeared to hydrolyze,
the original complexes not being recoverable after dis-
solution in water. Apparently the rate of hydrolysis
was quite slow, judging from the 15,600 cm. ! band in
the Cu(II) complex spectrum which shifted gradually
to about 16,000 cm. —! over a 2-day period. During this
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time the solution changed from blue-green to pale violet
Although insufficient quantities of complex
were isolated for elemental analysis, an infrared spec-
trum of the blue solid obtained after hydrolysis shows
that the compound is likely a complex of N,N’-bis(2-
aminoethyl)oxamide.

Woodburn and O’Gee'* reported that 2,2'-bi-2-
imidazoline was soluble in water to give a basic solution
and yielded ethylenediamine and oxalic acid after re-
fluxing several hours with 109, NaOH. The rapid
hydrolysis of biimidazoline in hot water to ethylenedi-
amine and oxalic acid was reported by Reggel, Henry,
and Wender.?®* No intermediate species were reported.
It was found in the present work that the ligand hy-
drolyzed in either hot (100°) or cold water, but the
hydrolysis product was N,N’-bis(2-aminoethyl)ox-
amide. No ethylenediamine or oxalate ion was de-
tected unless a more drastic condition was used, such
as refluxing with 109, NaOH. The composition and
characteristics of the possible metal ion complexes of
this intermediate as well as the further hydrolysis to
ethylenediamine complexes await further studies.
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The synthesis of transition metal complexes of dithio-«-diketones of composition M(S;CoRz), (7 = 2, 3) from metal salts,
acyloins, and PsSyq is described.  The reaction of benzoin with P4Sy; is shown to produce a mixture of isomeric thiophosphates

of stilbenedithiol.

Evidence is presented for the latter as the main organic solvolysis product.
(CsH5)eCySPS;H are formed during the partial hydrolysis of the thioester mixture.

Small amounts of the acid
The stable nickel chelate ((CsHj)o-

C;S:PS;);Niis described. The reaction of the thioesters with Fe(CO); affords the complex (CsHs )oCoSeFey(CO )s.

Introduction

Recently,%* a general method of preparation of
transition metal complexes of dithio-a-diketones M-
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(SaCyRy), (= 2 or 3) has been developed which utilizes
the easily accessible acyloins and P45y, for the synthe-
sis of the novel bidentate sulfur-containing ligands.
In the present paper details of this reaction are reported.

General Description of the Method

In the preferred procedure the acyloin is first heated
with a 3- to 6-fold molar excess of PsSy in an inert
organic solvent (e.g., xylene or dioxane). The thiola-
tion of the acyloin is exothermic and accompanied by
the evolution of HyS; most of the P,Sy dissolves during
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this reaction but most of the excess recrystallizes upon
cooling. The resulting solutions contain thioesters of
the corresponding dithiols and are stable on storage.
To prepare the metal complexes, solutions of the metal
salts (e.g., acetates, halides, acetylacetonates, etc.)
in water or alcohol are added and the mixtures are
heated. The presence of a solvolyzing agent is essen-
tial; when anhydrous metal salts are employed the
reaction usually does not go to completion. Owing to
the reducing properties of the thioester solution the
anions of the complexes are formed first; salts of the
anions M{S:C:Rs), ™ (2 = 1, 2) may be isolated by
adding quaternary ammonium, phosphonium, or ar-
sonium salts. The metal salts are preferably employed
in low valence states; otherwise a larger excess of the
thioester solution must be used since part of the di-
thiol is oxidized to sulfur-containing by-products (with

= phenyl, 2,3,5,6-tetraphenyldithiadiene is formed)
which are sometimes difficult to separate from the
complexes. Purification of the complexes may be
achieved either by reduction to the anion with hy-
drazine and subsequent oxidation through reacidifica-
tion or preferably by column chromatography on
silica using benzene as eluent. Among the acyloins
the diaryl derivatives react particularly cleanly, while
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already been prepared.®—® The CN-substituted com-
plexes are likewise obtained via the sodium salt.®

The Constitution of the Thioesters

Although it was stated previously that thiophos-
phoric esters of the dithioacyloins are formed in the
reaction of acyloins with P.Sy,%* no such compounds
have yet been reported. For the model experiments
to be described in the following, benzoin was selected
for reasons mentioned above. The evaporation of the
thioester solution afforded an amber resin, for which
the analysis corresponds most nearly to CygHaoSsP20s;
it is clearly soluble in benzene and other organic sol-
vents and hydrolyzes in neutral, alkaline, or acidic solu-
tion. The final solvolysis products in acidic solution
are phosphoric acid, HS, and stilbenedithiol, a com-
pound which is known to undergo self-condensation to
tetraphenyldithiadiene and polymeric dithiobenzil 1
It may be trapped as a cyclic ketal (II) by acid solvolyz-
ing the thioester in the presence of acetone. If benzal-
dehyde is used instead, a compound with the probable
structure IIT is isolated. Iron pentacarbonyl also
reacts, producing the red complex IV.'%12 These and
several other reactions are shown schematically. The
infrared spectrum of I shows a P=0 stretch at 1214

alkyl acyloins form the active thioesters in lower yield, = em.~!; bands at 1050 and 943 cm.~! indicate P—O
H
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producing volatile malodorous by-products. Where
available, a-haloketones may be employed in place of
the acyloins. The thiophosphate of 1,2-phenylethyl-
enedithiol, for instance, is more conveniently prepared
by allowing a-bromoacetophenone to react with P,Sy
than by way of benzoyl carbinol or phenylglyoxal.
Attempts to prepare the unsubstituted complex by
this route were so far unsuccessful. However, the re-
cent isolation® of the disodium salt of ethylenedithiol
makes this ligand accessible as well, and a number of
the basic unsubstituted complexes M(S,C.H,), have
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OC—Fe--F e<—CO
ocC CO
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and P—O-—P bonds. Although partly covered by the
phenyl absorptions, a band at 752 em.™! suggests the
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presence of P==S bonds. The P—S§ stretching vibra-
tions appear as a broad band with a maximum at 518
cm. ! and shoulders at about 490, 455, and 440 cm. !,
respectively, Evidently, the ester solution is a mix-
ture of various thioesters of the general structure I.
A separation into the individual components was not
attempted in view of the high viscosity of the products.
Pertinent additional information has been obtained,
however, from the partial hydrolysis of the thioester
solution in the presence of Ni%** ijons. If a small
amount of water is employed and a reaction tempera-
ture of 40° is maintained, the major product is still
NiSiCi(CeH;)s; however, from the filtrate a yellow-
brown complex of composition CyHySgPeNi crystal-
lized, which must have structure V.

CGH"’:[S\P¢S\N/S\P/S]:CSH‘_’

1L =

CoHs o NSNS NS NCeHs
\Y

Its isolation provides evidence for the intermediate
occurrence of minor amounts of the acid (CgHs)o-
C,S:PS,H during the hydrolysis of the ester mixture.

Experimental

Isolation of the Ester Mixture.—The preparation of the thio-
phosphoric ester solution of stilbenedithiol has already been
described.4 A solution made up from 100 g. of benzoin and 150
g. of PySy in 700 ml. of xylene was allowed to stand for several
days, during which time excess P,Sy crystallized out of the solu-
tion. An aliquot was evaporated ¢ vacuo at steam-bath tem-
perature. A viscous, amber residue was obtained which solidi-
fied to a clear resin. Anal. Caled. for CgHaoS:P202: C, 55.1;
H, 3.3; S, 26.2; P, 10.1; mol. wt., 610, Found: C, 55.5; H,
4.0; S, 25.2; P, 7.3; mol. wt., 550. It is readily soluble in
benzene, xylene, dioxane, and other solvents, yielding clear
solutions which produce complexes M(S:C:R:), when heated with
metal salt solutions. The thermal decomposition afforded a
mixture of (mainly) 2-phenylthionaphthene with tetraphenyl-
thiophene (both compounds were identified by comparison of the
infrared spectra). ‘

Preparation of the Cyclic Dimethylketal of Stilbenedithiol.—
A thioester solution made from 50 g. of benzoin and 50 g. of P4Syo
in 400 ml. of dioxane was mixed with 11. of acetone and 150 ml. of
concentrated HCl and refluxed for 38 hr. After cooling the
solution was sloawly added to 2 1. of dilute NaOH (1 N). Subse-
quent extraction with n-hexane and recrystallization from ace-
tone-water afforded 7 g. of product, m.p. 112°. Anal. Caled.
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for CoHaeSz: C, 71.9; H, 5.7; S, 22.5; mol. wt., 284.3. Found:
C, 72.1; H, 5.7; S, 22.5, mol. wt., 282. The n.m.r. spectrum
(in CCly at 60 Mc.) shows two single peaks at 1.91 and 7.08
p.p.m. vs. TMS as the internal standard, with intensity ratio of
6:10. The ketal was heated in tetrahydrofuran solution with
concentrated HCI in the presence of NiCl; for 5 h-. Dilution
with H:O and extraction with benzene gav: a green o-ganic
phase from which NiS,C4(CsHj;)s was isolated.

Preparation of CyH;eS; (Compound III).—To 100 ml. of a thio-

_ester solution prepared as in the previous experiment, 90 ml. of

freshly distilled benzaldehyde and 10 ml. of concentrated HCI
were added. After refluxing for 5 hr., the solution was allowed
to cool. The product (2.5 g.) crystallized out of this solution
and was isolated. Recrystallization from xylene afforded slightly
yellow needles, m.p. 232°. Amnal. Caled. for CyHisS;: C,
69.2; H, 442; S, 26.4; mol. wt., 367. Found: C, 68.3; H,
4.5; S, 26.3; mol. wt., 367. The compound was reduced with
LiAlH, in warm tetrahydrofuran. After hydrolysis and acidifi-
cation, bis(dithiobenzil)nickel was obtained by adding a Ni?*
solution. The compound contains no -SH group, as evidenced
by the infrared spectrum and by standard chemical tests.

Reaction of the Thioester Solution with Fe(CO);.—The xylene
solution of the thioester was heated with an excess of Fe(CO)s.
Vigorous evolution of CO and the precipitation of a black material
(FeS) occurred while the solution became deeply red. After
filtration and evaporation of the sclution the residue was dis-
solved in benzene and chromatographed on a column of silica.
The complex was finally recrystallized from methanol; the wine-
red needles decompose at 126°. Anal. Caled. for CoolipS,-
Fe:0e: C, 46.0; H, 1.9; S, 12.3; TFe, 21.4; mol. wt.,- 521.8.
Found: C,45.8; H,2.2; S, 12.3; Fe, 20.9; mol. wt., 523.

Isolation of Ni(S:PS:Ce(CeHs)s)e (VI).—To 500 ml. of a thio-
ester solution from 100 g. of benzoin in dioxane, 100 ml. of a
saturated solution of NiCl, in water was added, and the mixture
was carefully warmed to 40°. After 20 min. the complex NiS,Cy-
(CeHs)y (vield 50 g.) was filtered off and the filtrate was cooled.
Yellow-brown crystals (8 g.) separated after several days of
standing and were recrystallized from CH,Cl; by Soxhlet ex-
traction. The complex is diamagnetic and sparingly soluble in
most solvents. Anal. Caled. for CuHeSsPaNi: C, 45.8; H,
2.7; 8, 35.0; P, 84; Ni, 80. Found: C, 45.8; H, 2.8; S,
35.6; P, 8.4; Ni, 8.0. Upon heating VI decomposes at 265°,
producing a mixture of 2-phenylthionaphthene and tetraphenyl-
thiophene as the volatile organic products. Infrared spectrum:
3048 (s), 3030 (s), 1600 (m), 1582 (m), 1557 (s), 1488 (s), 1477 (s),
1256 (m), 1181 (s), 1162 (m), 1107 (w), 1076 (s), 1033 (s), 1002
(s), 980 (s), 911 (m), 855 (vs), 840 (vs), 820 (s), 752 (s), 742 (vs),
695 (vs), 647 (vs), 613 (vs), 595 (s), 571 (vs), 517 (s), 498 (m),
467 (m), 445 (w), 349 (s), 823 (s) cm.~! (in KBr). The band
at 571 cm.1is assigned to the P==S..-Ni stretch; the bands at
517, 498, 467, and 445 cm.™! are the P—S and the bands at
349 and 323 cm. ! the Ni—S stretching vibrations.





