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* Editor’s footnate Two articles dealing with the same subject appear in this issue; although there is

some overlap, ihe reviews being wrstien mdependently, the appro ich and emphasts ate sufficiently
different to warrant publication of boih contnbubhons. Hopefully, their amuttaneons publhcation m
the same tssue will pravide both a usefu! and complete coverage of the topic concemed
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A. INTRODUCTION

The chelating ability of acetylacetone was first reported by Wermner * seventy years
ago and metal complexes of acetylacetone and inany other §-diketones have been exten-
sively studied ** The first metal complexes of monothio-g-diketones were reported by
the author 1n 1964 5 The replacement of one oxygen of the f-diketone by sulphur gives
rise to metal chelates having properties in many mstances constderably different from
those of the complexes formed by the parent -diketone

Monothio-8-diketones and their metal complexes have previously been briefly re-
viewed ¢. However, these two reviews were not devoted entirely to this subject and
furthermore, a considerable body of work has appeared since their publication A review
by Cox and Darken’ precedes this article in this Journal.

B. PREPARATION OF MONOTHIO-g-DIKETONES
1) By reaction of hydrogen sulphide on B-diketones

The first recorded attempt to prepare thio denvatives of a f-diketone was made by
Fromm and Ziersch who prepared the colourless dimer (I) from acetylacetone and
hydrogen sulphide m alcohol 1n the presence of hydrogen chlornide 8. Ethyl thicaceto-
acetate (II, R = Me; R’ = OEt) was prepared by Mitra ® by passing hydrogen sulphide for
6 hnto a solution of ethyt acetoacetate mn alcohol, which had been saturated with hy-
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drogen chloride at —10°C Ethyl thiobenzoylacetate (I1f, R = Ph, R’ = OEt) was pre-
pared by a modification of Mitra’s method by Reyes and Sulverstewn !° who reported that
this compound, which 1s blue, 15 decolonzed on contact with air owing to dissolution of
oxygen The decolorization is not due to polymernization, smce the infrared and NMR
spectra of the blue and decolorized forms are identical. Reyes and Silverstein concluded
that the compound exists solely in the intramolecular hydrogen-bonded thienol form (IH).
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The base-catalyzed reaction of hydregen sulphide on fi-diketones has been investi-
gated *!_ The monothio-dervative of acetylacetone was obtamned tn 24% yield by the
treatment of a solutton of acetylacetone (0 5 mole) in methanol or dimethylsulphoxide
(100 ml) with morpholine (0.05 mole) followed by the rapid passage of hydrogen sulphide
through the muxture for 7h .

Monothio3-diketornes can be prepared fiom p-diketones by the action of hydrogen
sulphide, a low concentration (2 5% in alcohol) 1s used to avoud the formation of polymers
such as (I). Nevertheless, the conditions are rather enitical. For example, benzoylacetone
and dibenzoylmethane are not converted to their monothio derivatives by Mitra’s method
However, if hydrogen sulphide is passed for 30 mun into a solution of the g-diketone at
—10°C followed by the passage of hydrogen chloride for 5 min, the monothio-3-diketones
are obtained On the other hand, thenoyltrifluoroacetone requires saturation of the
alcohol sotution with hydrogen sulphide and hydrogen chloride at —70°C 2,

At room temperature, -diketones and §-keto-esters are in tautomeric equilibrium
between the diketo form (IV) and the chelated hydrogen-bonded form (V)1*:*? In polar
solvents the concentration of the diketo form is increased *3:1%
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There appears to be a relattonship between the amount of enol form present m alcohol
solution and the concentration of hydrogen chloride necessary to bring about converston
to the thio derivative This 1s summanzed m Table 1 of the preceding article 7 It was
also sugpested that reaction with hydrogen sulphide occurs only with the diketo tautomer
{iV) Consequently, higher concentrations of hydrogen chlonde are required for those
p-diketones which exist predominantly 1n the enol form tn order to provide the more
polar conditions necessary to shuft the tautomeric equilibrium m favour of the diketo
form 2.

The reaction czn be represented as follows '8+
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In the case of a f-diketone (IV) when R 5= R’, 1t has been shown that the nucleophalic
attack by hydrogen sulphide takes place at the ketonic group attached to R. if the elec-
tron-withdrawing power of R is less than that of R’ !¢ Thus the monothiofi-diketone
(J11) 1s obtained as the only 1somer, as shown 1n Table 1

Coord. Chem Rev , 7 (1971) 59—-80
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TABLE 1

Monothio-fi-diketones which have been obtained mn only one 1somenc form RC(SHI=CHCOR’ by the
action of nydrogen suiphide on RCOCH,COR’

R R Ref
Mc Fh 12 .

C4H3s, CF3 12

Me CFa 17

Ph CF5 18

pBrCsHa CF;3 19

C4H30 CF3 19

Ph p-CICsHs 16

Ph pMeOCgH, 16

Ph CasH3S 16

p-CICsHg PMeOCgH, * 16 i -
p-CICsH, C4H1S 16

Since the experimental conditions for the preparation of monothio-f-diketones are
rather critical, they are given here The method which has been found to be most satis-
factory 1s as follows '»'® Hydrogen sulphide 1s passed for 20 mm 1nto a solution of the
g-diketone (5 g) in alcohot (200 ml) at —70°C followed by dry hydrogen chloride for
10 min The reaction flask is fitted with a calcium chlornde drymg tube and the contents
are allowed to come to recom temperature, then stood for 15 h If the product 1s a sohid,
the reaction mixture 15 potred into ice-water (500 ml) and the resulting red crystalline
product s filtered off and recrystallized from light petroleum. If the product is an oil,
Ihe reaction mixture, after standing, 1s extracted with light petroleum. The extract, after
cohcentration to small volume (100 ml}, 1s dissolved an alcohol {150 ml), and then
treated with a solution of lead acetate trihydrate (3 g) 1n 80% aicohol (200 ml) Water
{200 ml) 1s added to the mixture, which 1s then warmed on the steam bath for 15 mn
The lead complex 15 filtered off, dried over phosphorus pentoxide, and suspended n
hght petroleum (300 mi} while hydrogen sulphide 1s passed through for 15 min The pre-
ciprtated lead sulphude 1s filtered off, and the red filtrate is dried, the solvent 1s removed
under reduced pressure, and the crude product 1s distilled under reduced pressure to mve
the pure monothio-g-diketone

Punfication via the [ead complex has the added advantage that any gem-dithiol, which
may aiso be formed 1n the reaction between hydrogen sulphide and the f-diketone, par-
ticularly above —40°C, 1s removed, since, although the lead complex of the gem-dithtol 1s
formed, 1t 1s unstable and decomposes to give the lead complex of the monothio-g-dike-
tone and lead sulphide *°

The monothiof-diketones which have been reported are listed by Cox and Darken’

in their Table 2,
{it) By condensation of ketones with thionic esters

Monothio-3-diketones can readily be obtained in yields exceeding 50% by a Clasen-type
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condensation of ketones with thionic esters, RC(S)OMe, or dithuonic esters, RIC(S)SMe.
The ketone iz added to a suspension of sodamide in ether and, after 15 min, an ethereal
solution of the thionic ester 1s added dropwise. The mixture is aliowed to stand 15 h and
then the sodium salt of the monothioff-diketone 1s extracted with water, Carbon dioxide
1s passed mnto the aqueous solution and the monothiof-diketone separates out 2132,

This method has the added advantage in that, where the two structural isomers (VI}
and (VII} are possible, both 1somers can be prepared 1n gond yteld, whereas the reaction
of hydregen suiphude on the 8-diketone yields only one 1somer {(vide supra). Uhlemann
and his co-wotkers have synthesized a constderable number of monothio-{-diketones by
this method, many of them in both 1someric forms (see Table 2, ref. 7)
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C. OTHER COMPOUNDS CONTAINING THE GROUPING —C{SH)}=CHCO—

Other compounds contammng the groupmg —C(SH}=CHCO— are listed in Table 2 They
can act as chelating agents and form metal compiexes similar to those formed by mono-
thro-8-diketones.

D oSUBSTITUTED MONOTHIO-3-DIKETONES

The a-C-methyl substituted monothio§-dikefones (VIII, R = Me, Ph) have been pre-
pared by the action of hydrogen sulphide on the corresponding -diketones ® The com-
plexmg ability of these ligands appears to be much weaket than that of other monothio-
fi-diketones, this appears to be due to steric hindrance caused by the methyl group at-

i
Ma H—C—H
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tached to the central carbon atom. Where the terminal groups are phenyl, there 15 severe
interaction between the central methyl group and the benzene nngs. A similar steric ef-
fect obtains in 2-methyl-1,3-diphenylpropane-1,3-dione; however, the interzction can be
relieved to some extent by a bendmg of the molecule, as shown in (IX), with a concomi-
tant shortening of the oxygen—oxygen distance **, With the thio derivative VHi (R = Ph),
the larger size of the sulphur atom prevents any appreciable bending of the molecute 2.

Coord. Chem. Rev., 7 (1971) 59-80
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E. PHYSICAL MEASUREMENTS ON MONOTHIO3DIKETONES
{ij Infrared spectra

The infrared spectra of monothio-g-diketones display three charactenstic bands which
have been assigned as follows '**2  }1670—1590 cin™! p(C—0), 1638—1530 cm™!
v(C—C), and 12671190 cm™! p(C—S8) The spectra of crystalline monothio-f-dike-
tones show no absorption in the range 1760—1700 cm™ ,4ttributable to p(C—0)
(ketonuc), indicating that in the solid state, these compounds exist almost entirely in the
thioeno! tautomenc form (IIf). The absence of a sharp SH abserption at ca 2570 em™"
indicates strong chelation of the thiol proton '*

{u} Electromic spectra

Most monoethio-$-diketones are red, whereas the sodwm salt the disulphide (X), and
the S-methy} dertvative (XI) of 3-mercapto-1,3-diphenylprop-2-en-1-one (IIf.R = R’ = Ph)
are yellow. The red colour of {III, R = R’ = Ph}1s due to a band at 505 nm (e, 170), thus
1s an R-band associated with the C—SH group of the hydrogen-bonded thioenol tautomes
(1II). Thas grouping 1s absent 1n the sodwum salt, the disulphude (X), and the S-methyl
derivative (XI). The spectrum of (IlI, R = R’ = Ph) displays a strong band at 408 nm
(e, 14500), thus 1s a K-band associated with the C—S8 chromophore, corresponding to a

=)
Ph\“c%l:.\\c-/F'p
[ y
T O Ph.\c/ —~— /F"h
L] -
-
C c Me
P \\“‘c/ Fh
H (X5
x)

7 —> * transition. There 15 also another strong band at 325 nm (g, 11000} which occurs
in the same region and with half the intensity of the K-band 1n dibenzoylmethane It 1s
constdered to be due to the conjugated system associated with the C= O chromophore
The band at ca. 315 nm n the spectra of ethyl §-mercaptothiocinnamate and M-phenyl-
p-mercaptocinnamarude has been ascribed to the enthiol form (X{I; X = SEt or NHPh)
The intensity of this band decreases with increasing solvent polanty as follows.
CCl4 > n-hexane > CHCly >99% EtOH > 75% EtOH. This indicates that 1n the more
polar solvents there 1s tautomerism betsween the thioenol form (XII) and the thioxo form
(X1 2,

m.

finn] Mass specira
4

The mass spectrum of (I1I; R = R’ = Ph) 1s charactenzed by an intense u;olecular on
at m/fe 240 accompanied by an mtense M-1 ton at m/e 239. This 1s due to the formation

Coord. Chent Rev., T (1971) 59—-80
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XL} {1}

of a five-membered resonance-stabilized cyclic 1on (XIV} Qther peaks 1n the spectriim
which occur at m/e 121, [03. and 77 are due to 1ons formed by homaolytic cleavage re-
actions, as shown in Scheme 7 12,

SH +

] SH
c
"“%TH W
N —H
u‘f o /
Vi +
<
mfe 240 (67) (O ; mfe 239) (100'%)

-+
Ph—C =5

+-
mie 127 {11%)

&2 /
phxc/ e Ph
| I
! d \

mfe 240 (E7%)

+
Ph—C =0
mie 105 (A7%)

l—CO
Fnt*

Scheme I afe 77 {63%)

{1v) Dissociation constants

Measurements on monothiofi-diketones i dioxan—water solutions with varying mole
fracttion (n1z} of dioxan have shown that the values of the dissociation constant (pKp)
vary linearly with n; over a range of n; from 0.18 to 0.44 The monothioi-diketones are
stronger actds than j-diketones, having pKp, values 2 0—2.7 log units iower than their
oxygen analogues >3, The values of pKp, in 74.5 vol.% of dioxan, obtained for some
p-diketones and their sulphur analagues are given mn Table 3.

F. METAL COMPLEXES OF MONOTHIO-3-DIKETONES
Metal 1ous known to form complexes with monothio-f-diketones are listed in Table 4.

With the exception of vanadium (IV) and manganese (II), all the metal ions listed form
neutral complexes of the type ML, (LH = monothiof-diketone; n = oxidation state of
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TABLE 3

Values of pK'p for monothio-g-diketones RC{SH)=CHCOR' and their oxygen analoguesin 74 5 vol %
dioxan at 30°C

R R’ Monothio-g-diketone p-Dnketone
Ph Ph 11.14 3235 13 4033 1375 34
Me Ph 104335 10403 12.85 34
Me Me 102622 102033 12 60 32
Ph Me 10.45 33

CaH384 CF3 7 0532 864 36
C4H ;38 Me 10.40 33

Me CaH3S 10 00 33 12.35 34
Cafl3S Cafl3S 10.80 33

Me But 1065 33

But Me 12.02 33

Me CioH. P 112033

CroHe Me 10.70 33

Ph CigH7 11 4533

CioHy Ph 11.3033

7 CaH3S = 2-theenyl ¥ C;oH, = 2-naphthyl.

the metal). Mickel complexes have been 1solated with nearly all the monothio-§-diketones
Listed (Table 2, ref. 7) '#171922_ However, for most of the other metal ions, complexes
are known only with 3-mercapto-1,3-diphenyl-prop-2-en-i-one (III, R = R’ = Ph) 3773%_

The nickel complexes are brown, diamagnetic, square-planar, and insoluble in water
but readily soluble 1n most polar and non-polar organic solvents On the other hand, most
nickel complexes of f-diketones are green, paramagnetic, octahedral, and, at most,
spanngly soluble in organic solvents, although a few red, dilamagnetic complexes of
sterically hindered ligands have been prepared :* . It has been recently observed 40 that
the replacement of oxygen by sulphur in bis-chelate complexes of cobalt{lI) and nickel(I1)
has two 1mportant structural consequences, viz. depclymenzation and the stabilizatron of
the planar form.

Attempts to prepare monothio-f-diketone complexes of vanad.lum(ll B) and chrommum(iD,
even in the absence of arr, result 1n the formation of complexes of vanadium(IV) and
chromium(II) 34! | When monotluodibenzoylmethane (III; R = R” = Ph) 1s treated with
manganese{Il} acetate 1n alcohol, even in the presence of hypophosphorous acid, the
disulphide (X) 1s formed With manganese(I1I) acetate the ligand 15 oxadized to the disul-
phide so rapidly that the maganese(11I) complex cannot be isolated. However, the manga-
nese{III) complex of 5-mercapto-2,2,6,6-tetramethylhept- 4-en-3-0ne (II[;R = R' = CMe;)
has been obtained 32,

If cobalt(Il) salts are treated wrth monothio-f-diketones without precautions to ex-
clude atr, the cobali(IIL} complexes are readily formed. However, the cobali(ll) complexes
of monothioacetylacetone, thiobenzoylacetone, and monothiodipivaloylmethane have
been obtained by the use of thoroughly dued and degassed solvents under ngorously
anaerobic conditions 2. The cobalt(XI) complex of monothiodibenizoylmethane has been
obtained from an aqueous alcohol solution contamning pipenidine at 20°C .

Coord. Chem Rev ,7T {1971} 55-80
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The won(tf) complex of monothiodipivaloylmethane has been obtaimed under anaerobic
conditions *2. The rron{f) and manganese{Il} complexes, Fel,py, and MnL;py, {(LH=
PhC(SH)=CHCOPh), have been obtained from pyndine solution below 15°C; at higher
temperatures oxidation occurs 3.

Both six- and five-coordinate complexes are known with vanadium(IV), The compound
VOL,; (LH = C;sH; SCSH=CHCOCF,) 1s dumeric m mitrobenzens and 1ts mfrared spec-
trum shows no »(V=0}) absorption 1n the region 900—1000 em™ !, accordingly, it was as-
sumed to have the p-dioxo-bndged structure (XV) !7 The compounds VOL, (LH=
RCSH=CHCOR’, R =Ph,R’=Ph, OEt; R=Me, R’ = Ph}, which are monomeric in ben-
zene or methylene chloride, display p(V=C) in the range 984—996 cm™ and are con-
sidered to have a square-pyramiddl configuration 3.

3 % o 9%
NN
NN
TS

(I}

The only molybdenum{1Il) complexes which have been reported are those having the
emprrical formulae Mo, L, Cl;{H,0): (LH = RCSH=CHCOR’, R = Ph, R’ = Ph, OEt,
R = 2-thienyl, R’ = CF3 ). They are considered to "1ave the trisss-thuolo-bridged structure
(XVI) in which the molybdenum atoms are eight-coordinate. All have anomalcusly low
magnetic moments .

Ruthemum and osmmum form complexes with monothiobenzoylmethane of the type
ML; and ML, (M = Ru, Os). In the ruthenum(IV) and osmium(IV)} complexes the metal
atom 1s considered to be eight-coordinate *°

In the copper(l}, silver(1), and thallum(l) complexes ML the monothio-diketone 15
most Itkely bound to the metal via the sulphur atom only The compounds are insoluble
and probably polymenc wath sulphur bnidges 1%3%38,

Of interest are the tns-ligand complexes of monothiodibenzoy'methane with the
Gronp VB elements, phosphorus, arsenie, anfimony, and bismuth. Whereas the anitmony
and bismuth complexes are readily soluble in benzene, chloroform, and alcohol, the
phosphorus and arsenic complexes are not. In the former the higand 1s chelated through
both sulphur and oxygen but the infrared data indicate that the higand is bound through
sulphiir only 1n the arsenic complex and through oxygen only in the phosphorus com-
pound, This difference in the mode of coordination s manifested mn their reaction with
water. The phosphorus cempound is hydrolyzed within a few minutes, whereas the arsenic
complex 1s unaffected by long contact wath boiling water 3’

Coord Chem. Rev., 7(1971) 59-80
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G. PHYSICAL MEASUREMENTS ON METAL COMPLEXES OF MONQTHIO#-DIKETONES

{1) Infrared spectra

The infrared spectra of the complexes M1, display five charactenstic bands which
have been assigned as listed in Table 5 '#:7+38 There 15 some doubt about the assignments
of »{C=—-C) and v(C—=0) and 1t 1s possible that these assignments should be interchanged
There 1s also # band of medium intensity in the range 820—790 ¢cm™ !, no sumitlar band
occurs in the spectra of §-diketone complexes Thus band was tentatively assigned as
8 stretching coupled with another mode, possible C—H deformation 227, but this
assignment needs further confirmation

TABLE 3
Charactenistic infrared bands of metal complexes of monothio-g-diketones

Band {(em™) Axignment
1520—-1525 r(C—==C}
15421458 w(C=2:0)
1270—1220 {(C==85)
499-437 v(M — 0O}
399-376 v(M — 5}

The copper(l), sitver(1}, cadmum(Il), and mercury(11) complexes, like the S-methyl
dervative (XI), display »(C = Q) at 16401605 crm™! but no absorption in the
»(C—0) and »(M — Q) regions. This indicates that in these complexes the higand s
bound through sulphur only The siver and mercury complexes are almost certainly two-
coordinate, however, the low solubility of the cadmium complexes indicates that they
are probatly four<coordinate and polymeric with sulphur bnidges '5°*

The spectrum of the arsenic(111) complex of (III; R = R’ = Ph) displays »(C = Q) at
1640 cm™!, indicating that the zarbonyl group is not coordinated 7.

(it} Electronic spectra

The eleetronic spectra of a considerable number of nickel(II} complexes of monothio-
B-diketones have been measured. The band at 1440015600 cm™ (e, ca 209) and the
shoulder at 19000—22800 cm™ have been assigned as 4 — 4 transitions of square-planar
coordinated nickel(I}, while the five more intense bands occurring at higher frequencies
are regarded as charge-transfer bands % The position of the lowest energy band at ca.
15000 ¢m™! has been used to place the vanous monothio--diketones among other sulphur
ligands in the spectrochemucal series as follows 4°  dtp << Me—~OMe =~ Ph—QEt ~ Me—OEt
< CqH3S8—CF; < Ph—Ph =2 exan == Me—Ph ~ But—Bu! < Me—Me < dtc (dtp = diethyl-
dithiophosphate; exan = ethyl xanthate; dtc = N,V -diethyldithiocarbamate).

Whereas palladium(H)} complexes are usnally more deeply coloured than thesr
platinum(il) analogues, the platinum complexes of monothto-f-diketones are darker than
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the corresponding palladium complexes The lowest frequency band of the palladium
complex of monothiodibenzoylmethane occurs at 22400 cm™!  while the platinum com-
plex displays a weak shoulder at 17000 and a maximum at 19600 cm™'. The M—~> L _«
charge-transfer band of the ruckel complex occurs at 18000 cm™! 3%, The order of increas-
ing frequency of the M—L_» band for maleomitriedithuol and cyanide complexes 1s.

Nt =2 Pt < Pd **7_ In thus respect monothio-g-diketones resemble maleomtriledithuol and
cyamde.

The spectra of the green complexes VO(RCS=CHCOR'), {R = Ph, R' = Ph, OEft,

R = Me, R’ = Ph) display two absorptions below 18000 cm™, viz a shoulder at
1050012100 ¢m™! and a band at 14700—17300 ¢cm™, which have been assigned
provisionally as thed, , ~d, ;, d,; and the d,, ~d,2_ 2 transittons, respectively The
two intense bands above 20000 cm™? are considered to be charge-transfer bands 43

The spectrum of the wwon(H) complex Fe(Me; CS=CHCOCMe; ), shows a maxtmum at
10500 cm™ , indicative of a tetrahedral configuration 42,

The specira of the cobalt(Il) complexes Co(MeCS=CHCQOCMe), and
Co(PhCS=CHCOCMe), n chloroform solution display 2 maximum at 7300 cm™* with a
shoulder at ca. 9500 ¢cm™, denoting a tetrahedral configuratron. On the other hand, the
solid-state spectrum of C L(Me; CS=CHCOCMe, }; (A .4, 8300 cm” ! )} 15 mdicative of a
square-planar structure, Nevertheless, in toluene solution the spectium progressively
chanpes towards a typical tetrahedral spectrum as the temperature s raised 43,

{ui) Magneric moments

The moments of the vanadium(lV) complexes lie within the range 1. 72—1, 78 B.M.
and are consistent with the expected value for a ' 1on " The complex
Cr{PhCS=CHCOPh), has a moment of 3.8 B M., usual for chromuum{k1) **. The
manganese(III) compound Mn(Mez CS=CHCOCMe, )}, 1s spin-free 2.

The cobalt(Iil) and mckel(Il) complexes are diamagnetic >3 The cobalt(fI) com-
plex Co(Mey CS=CHCQCMej; ), 1s spin-paired with a moment of 2.93 B M. but in chloro-
form solution the moment ranges from 3.17 BM at 294°K to 3 65 B M. at 318°K. The
compoiunds Co(MeCS=CHCOCMe), and Co(PhCS=CHCQOCMe}, are spin-free with
moments of 4 45 and 4 59 B.M., respectively, mmdicating a tetrahedral configuration 92
Several copper(Il) complexes of the type Cul, are known and their moments are normal,
lying withun the range 1 84—1.93 B M, *»*°

The iwon(IT) complex Fe(Me; CS=CHCOCMe, ), has a moment of 5 18 BM in toluene,
the moment was not measured m the sohd state 42,

The iron(IIE) complexes display anomalous magnetic behaviour, their room-temperature
moments varying between 2 3 and 5.8 BM (see Table 6}. The ethyl thiobenzoylacetate
complex behaves as a normal paramagnetic and obeys the Cune—Weiss law with # = —8°K.
The moments of the other complexes are temperature-dependent, due to a thermal
equilibnum between the nearly equi-energetic spin-paired (¢3 ) and spin-free (3 ge2) con-
figurations of tle iron atoms, resulting from the approximately equal magmitudes of the
lipand field (A) and the pairing energy () in these complexes The ligand field, and con-
sequently the magnetic behaviour, are sensitive to the nature of R and R' electron-with-
drawang groups appear to be the most effective in increasing the population of the spin-
paired configuration 5,

Coord. Chem Rev ,7 (1971} 5980
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TABLE 6
Magnetic data on Fe(RC5=CHCOR’); complees

R R’ I Temp range Range of p
(298° X CE)

Ph CF3 231 80—373 186 - 365
D-BrCgHy CFa 310 80-378 206 -445
D-MeCgH, CF3 345 80—-378 211 -506
pMeOCqH;  CFa 344 80-375 270 -4 65
2-Thienyl CFa 549 133368 413 -558
2-Furyl CF3 561 80—373 407 -570
Ph Ph 550 80—403 218 -577
Ph OEt 582 93-293 567 —582

Some measurements have been made :n complexes of metals of the second and third
transtiton senes The molybdenum(IIl} complexes Mo, L4 Cl.{H,0), (LH = mencthio-3-
diketone), which are considered 1o have the tliolo-bridged structure (XVI), have
anomalcusly low mements ranging from 0 3 to 1.1 BM Most octahedral camplexes of
maolybdenum{IIl}, for which magnetic measurements have been made, have moments
lying between 3 66 and 3 88 B M , as expected for the ¢? configuration with no orbital
conirtbution to the moment The low moments of the monothio-f-diketone complexes
and of same other thiolo-bridged molybdenum(IIl} complexes are considered to be due
to metal—metal interaction either directly or via the bridging atoms +

Osl; (LH = PnCS=CHCOPh) has a moment of 1 66 B M_, mndicating a spin-patred
(z3 ) octahedral complex, osmmum(I1I) complexes normaily have moments within the
range 1 6~1.95 BM ESR measurements on the corresponding ruthenium{iIl} complex
indicate the presence of one unpaired electron (1 e the tgg configuration) *°

The moment of Osl, ts 1 89 B M , while Rul, 1s diamagnetic The diamagnetism of
the ruthenium complex may ind:icate a cubic environment and the moment of the osmmum
complex ndicates the presence of two unpaired electrons 2 Octahedral osmuum(IV)
coraplexes, which presumably have the tgg configuration, have room-temperature mo-
ments withun the range 1 2—§ 7 B.M., far below the spin-only value of 2 84 B M
Qsmium(EV) has a high spin—orbit coupling constant X; this means that kT/\ 1s quite
small at room temperature, leading to a magnetic moment which 1s low at ordinary tem-
paratures and strongly temperature-dependent #°. Little 1s known about the magnetism
of eightcoordinate asmmum(iV)

fiv) Mossbauer spectra

Mossbauer spectra have been obtained at 300 and 80° K for the complexes
Fe(RCS=CHCOR"), (R = Ph, Me, R" = Ph, Me), which display a thermal equilibrium
between the ®A; (13 e2) and the 2T, (£3,) spin 1somers Both spin 1somers were de-
tected in all four compounds, although not always at both teniperatures. This 1s (n con-
trast to tns-{¥,N-dialkyldithiocarbamatoiron(IIl) complexes for which unfavourable
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relaxation times prevent the detection of the isomers by Mossbauer spectroscopy. The
Mossbauer parameters *® for the monothio-8-diketone complexes are given by Cox and
Darken 7 1n Table 13. It can be seen from the Table that the low-spin (2 T2 ) isomers have
much larger quadrupole splittings (AF) than the high-spin (°A4 ;) isomers at the same tenr
perature.

{v} NMR spectra

Data obtamed from the NMR spectra of acetylacetonate, f-ketoimine, and monothio-
acetylacetonate cornplexes of nickel(II) in pyridine solution show that the contact shifts
are a sensitive function of the hetercatom and that the extent of g-delocalization in-
creases as N << O < §, while the n-delocalization decreases as N2> O > S The observed
increase 1n o-spin delocahzation parallels in reverse order the relative positions of the
Ligands 1n the spectrochermical series viz fi-ketoimine > acetylacetone >> monothicacetyl-
acetone 31

The NMR spectra are further discussed below (Section H)

(vij ESR spectra

ESR measurements have been made on three vanadiun (IV) complexes of the type
VO(RCS=CHCOR"), The spectra are similar to those of uther VO2* complexes. The go
values are somewhat higher (~0.005) than those found for f-diketone complexes, consis-
tent with a greater electron delocalization in the monothio-f-dikeione complexes relative
to f-diketone complexes 4

The values of the 1sotropic hyperfine splittings 4 o for vanadium(IV) complexes de-
crease mn the order. g-diketone (~110&) > monothio-3-diketone (~95G) > N N-dialkyl-
dithiocarbamate (~90G) > maleomitnledithiolate {(~70G) This sequence 1s consistent
vath the greater degree of covalency of (b} class (sulphur) compared to (a) class (oxygen)
donors 3,

{vu} X-ray structural anaiyses

A preliminary structural investigation on Niy(Me3; CS=CHCOCH3);, indicated that the
compound probably has a trans arrangement 2

Although 1t was earhier reported that a preliminary X-ray structural determuitation on
the 1somorphous palladum and platinum complexes M(PhCS=CHCOFh), (M = Pd. Pt)
showed that these compounds had a frans-configuration 4, thus was 1n error. Both com-
plexes are c1s square-planar, the Pd—S distances are 2 26 and 2 22A 53,

The crystal structure of monothiodibenzoylmethanato-m-methylaliylpalladmm(ii),
(m-C4 H,)Pd(PhCS=CHCOPh), has been deternuned by a three-dimenstonat X-ray crys-
tallographic analysis The Pd—O and Pd--S distances are 2 067 and 2 291 A, respectively
The Pd—C distances are 2 08, 2 15, and 2 21 A to the three carbon atoms of the methyl-
allyl backbone The long Pd—C bond length of 2 21 A is opposite the sulpliur atom and
may be ascribed to a trans effect 3

The Pd—S bond length in ¢15-Pd(PhCS=CHCOPh}, (2 26 A} and m the allyl complex

Coord Chem. Rev ,7(1971) 59--80
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(2 29 R)is much shorter than the value of 2 49 A calculated from the observed Pd—O
distapce and the difference between the sulphur and the oxygen covalent radi:. This
pronounced shortening 1s indicative of considerable Pd—S #-bonding The difference
between the geometry of the monothio-f-diketone chelate ring and that obtaining in the
3-diketone analogues reflects the asymmetry induced in the former by the presence of
the large sulphur atom **

{viti ) Dipole moments

The dipole moments of the nickel(Il}, palladium(Il), and platinum(ll) complexes of
monothiobenzoylmethane (LH), obtained from static polarization measuraments in
benzene solution, were found to be as follows. Nil,, 245D, PdL.,,, 3 63D, PtL,, 297D
Dielectne relaxation measurements in benzene solution pave the following values for the
dipole moments Nil,, 1 2+0.1D,PdL;, 1320 1D, PtL;, 1.2+ 0 1D. The appreciably
higher values obtamed from static polarization measurements are constdered to be due to
abnormally high atomic polarization in these complexes ** Simular high atomic pelariza-
t1on has been found for many 8-diketone complexes 5.

Since the X-ray structure determination has shown the palladmim and platinum cem-
plexes to have the cisconfiguration in the crystalline state *2, the non-zero values for the
dipole moments can be taken as evidence for the exustence of the cis-form in solution In
an attempt to ascertain if bath isomers were present 1n solution, the NMR spectra were
measttred but, due to msufficient solubihity, the signal due to the vinyl protons could not
be detected with certainty [t appears that only one 1somer is present in solution, since
attempis to separate the c1s—trans 1somers by thin-layer chromatography were unsuccess-
ful } 1s considered that the complexes exist in solution solely in the ¢fs-form, since anly
a small dipole moment would be expected for the cis-1somer and the electronegativity
difference between the oxygen and sulphur atoms would not be great because these atoms
form part of a pseudo aromatic ring m the complex The relatively high value of the dielec-
tric relaxation times (ca 80 X 10712 sec)1s indicative of a non-planar arranpement of the
phenyl groups %, this 1s 1n keeping with the results obtained from the X-ray structure de-

termination 3
{ix } Stability constants

Stepwise formation constants (k; and k;) and overall stability constants (8,,) have
been measured for eight bivalent metal complexes of monothiobenzoylmethane and for
five metal complexes of benzoylthicacetone and for the zmc complexes of another eleven
monothiof-diketones. The measurements were made at 30°C 1n 74.5 vol.% dioxan—water
wath perchlorate, nitrate, or chloride salts of the metals. These results, together with the
values of log 8, for the corresponding f-diketone complexes, are given in Table 7.

Livingstone and Sullivan ¥ determined the stoicheiometnc stability constants with
chlonde and with perchlorate as supporting electrolyte {figures for the latter are listed in
Table 7). Stoicheiometnic stability constants are thermodynamic stability constants which
are valid for a standard state, defined by the composition of the sotution *?. Thermo-
dynamic stabihfy constanats may be obtained from the stoicheiometric <onstants by the
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TABLE 7

Stabihity constants of metal compiexes of monothie-g-diketones and g-diketones in 74.5 vol % dioxan
at 30°C

R R’ Metal  Monothio-g-diketone complex &Diketone
1on complex
log ky log ka log 84 log f1a
Ph Ph Cu(ll) 221532 25 00 32
9 9p 3% 11.22 35 21 1235 25.10 34
226 33
Ph Ph Nx(ID} 21.65 32 20 18 34
99535 10.80 35 2072 35
222 33
Ph Ph Zn(lh 8 84 35 908 35 1792 3% 19.64 4
‘ 1023 33 1006 33 20 29 32
Ph Ph Pb(iD) 174 35 18 79 34
10113 96132 19 7232
Ph Ph ca(ny 90438 86535 177035 166338
10 4033 10,08 33 20 48 23
Ph Ph Be(ll} 9 38 33 79733 17 3533 260334
Ph Ph Mn¢ll) 74333 73133 14742 17793
Ph Ph uodt 10433 94733 198133
Me Ph Cu(il) 102238 10 0035 202235 2301 32
Me Ph Ni(I) 9.73 35 967235 1940 18 00 32
Me Ph Zn{Il) 8.23 ¥ g 2738 16 50 3%
9 4533 929 33 187733
Me Ph Pb{Il) R 26 35 71635 15.42 35 16.35 32
Me Ph cadln 82335 7 8035 16 04 35 14 54 58
Ph Me ZndIT) 957 9.45 23 19 02 32
Me CyoH7 4 Zndl) 10283 56833 1996 33
CroH7 7 Me Zndl) 9883 95333 19 4133
Me C4H3$?  znan 9193 90333 18223
C4H3S  Me Zn(ID 9.46 33 9.24 33 187033
Ph C 0H, Zn(l  10.47 33 10.10 23 2057 3
GioH, Ph Zn(ll}y 103733 101233 204933
Me t-Bu Zn(H) 9.61 33 9.53 3 19.14 32
&Bu Me Zn{ll} 10367 10.24 33 206033
Me Me Zn(i) 9333 g 29 A 18622
C4HaS C4qH,S Zn(ID} 9.76 3 951 1927 9

4 C,oH, = 2-naphthyl. ® C,H3S = 2-thienyl.

Coord. Chem. Rev., T (1971} 59-80
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use of the appropriate activity coeffictents but there can be some uncertainty in the actual
values assigned Livingstone and Sullwan found that the thermiocynamuc stability con-
stants are 1 6—1 8 log units greater than the stoicheiometric values under the conditions
they used. The values quoted by Uhlemann et al ** for the zinc, lead, and cadmmum com-
plexes are appreciably higher than those reported by Livingstone and Sullivan but Uhle-
mann’s values are the thermodynamic stability constants. Strnilarly, the stability constants
of the g-diketone complexes, determined by Van Urtert et al. ** and quoted for com-
parison m Table 7, are thermodynarmic constants

From the stability data, certain generalizations can be made With sodium perchlorate
as the supporting electrolyte the stability order 1s Cu > N1 >> Zn > Cd > Pb This sequence
differs from the Mellor—Maley series ¥ Cu>NI>Pb>7Zn> Cd, whach has been found
to hold almost universally for oxygen and mitrogen Ligands Class {g} metal 1ons, by defi-
rurtion, form stronger compliexes with oxygen than with sulphur donors, whereas the re-
verse 15 true for (b) class metal 1ons %50, The (2) class metal 1ons beryllium(IT) and
manganese{II) form stronger complexes with g-diketones than with their monothio
analogues. However, in view of the ready oxidation of manganese(II) in the presence of
ntonothio-fi-diketones (vide supra), the values for manganese(IT) inust be accepted wath
reserve The 1netal 10ns, nickel(11), zine(Il), cadmium(1l}, and lead(1I} form stronger
complexes with monothio-8-diketones, showing their () class character The situation
with copper(il) 1s mteresting 1n that log 8. 1s greater for g-diketones than for therr mono-
thio denvatives Tlus indicates that copper(Il) is definitely {(z) class with respect to these
figands On the other hand, copper(I) s class (&) in that 1t readily forms complexes with
sulphur, phosphorus, and arsenic higands

The copper(Il} and nickei(11) complexes are unusual, since the values for log K, are
greater than pKp, for the igand This situation 1s rare.

The data obtaned by Uhlemann =t al. ¥ for the 2inc complexes show that the greater
the value of pKp, the greater the value of log 8, .

Stability measurements have been made for nine rare earth complexes of benzoylthio-
acetone {see Table 8} The measurements were made on the perchlorates at 0.1 M 1omc
strength 1n 3 1 acetone—water solution at 30°C 51, As for other rare earth complexes,

TABLE &

Stability constants of rare earth metal complexes of 3-mercapto-1-phenylbut-2-en-1-one
MeC(SH)Y=CHCOPh 1n 3 1 {v/v) acetona—water at 30°C

Metal 1on logk, log ks log k4 log 33
Yy 385 342 318 10 45
La3* 342 298 270 210
| o 371 334 297 10 02
Nd3+ 380 341 316 1037 *
Sm* 403 355 311 10 69
Gd3+ 392 3138 302 10 32
Dy3* 4.00 357 328 10 85
Er3* 418 370 345 11.33

Yb3T 433 382 355 1170
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the values of log 8; nse from lanthanum to samanum and fall to gadolimium, then ihcrease
again, while the value for yttnum les between those of neodymium and samarium. The
average vaiue of log 35 for benzoylacetone is 18, whereas for benzoylthioacetone 1t 1s

ca. 11, indicating the class (&) character of the rare earth 10ns.

H. ADDUCTS OF METAL COMPLEXES OF MONOTHIO-3-DIKETONES

Adduets of mckel(1I), palladum(1l), platinum(I1}, zine(11), mercury(1I), and lead(II)
complexes of monothio-f-diketones with pyridine, a-picoline, y-picoline, 2,2 -bipyndyl,
1,10-phenanthroline, 2,9-dumethy!-1,10-phenanthroline, 2,2",2"-terpyndyl, or tnphenyl-
phosphine have been descnbed %%

The adducts of the nickel complexes are paramagnetic (¢, 3 05—3.34 B M.) and ther
reflectance spectra exhibit bands at ¢a. 10500 cm™* and 14500—-18700 cm™!, which are
characteristic of octahedral mckel(II} The terpyndyl adducts display v(C = O)at ca.
1650 cm™!, indicating that one carbonyl group 1s not coordinated and that terpyndyl 1s
acting as a tridentate Consequently, the nickel atom 1s six-coordinate in these terpyndyl
adducts *5,

The phenanthroline, bipyridyl, and bistnphenylphosphune adducts of the palladiam(II)
and platinum(II) complexes also display p(C = O) at ca. 1650 cm™, indicating that the
carbonyl groups of the monothio-8-diketone hgands are not coordinated and that the
metal atom 1s four-coordinate Indeed the complex Pd(C;H; SCS=CHCOCF;); (Ph3P)
displays »(C = O) at 1646 cm™! and »(C"0) at 1490 cm™!, indicating the presence of
both bidentate (S,0-bonded) and unidentate (S-bonded) monothiog-diketone 8

Both five- and sixcoordinate zinc complexes have been 1solated, viz ZnL;pic and
ZnL,pme, (L= C4H;38CS=CHCOCF,, pic = - and -y-picoline) 18,

The NMR spectra of the pyndine adducts of the nickel complexes
Ni(MeCX=CHCOR), py, (X =0, S, NR’, R = Me, Ph, R' = Me, Ph, or p-toly!) have been
measured 5! . The observed contact shifts for the §-diketone and monothio-g-diketone
complexes are listed 1n Table 9. The symbols a, 3, and « refer to the structire (XVII) The

H
(-]
Her‘\c&c\c/na
! ]
X
\Nl,f‘;o

(XTI

variation in X from O to S affects primarily the 4~CH; group, causing a shaft of 2224
ppm. Although the highest bonding m-orbital must contain some unpawed spun due to the
positive 3-CH shufts for all the adducts, one additional spin-transferral mechamism must be
present and its magnitude differs with the nature of X It is considered likely that this
secondary mechanism 1s ligand-to-metal spin transfer into the hughest bonding g-orbual **.

I HALOGENATION REACTIONS OF METAL COMPLEXES OF MONOTHIO8-DIXETONES
The chromum(IiI), cobalt(1II}, thodium(II), and palladium(Il) complexes of acetyl-

Coord. Chem Rev ,7 (1971) 5980
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TABLE 9
Contact shifts for Ni(MeCX=CHCOR)»py4

X R Contact shifts {ppm)

o CHa B-CH L3
Q Me —2.95 +18 50 —295
O Ph +19 28 —-336
s Me -3 00 +14 54 —25.90
S Ph +15 D5 -27133

acetone undergo electrophilic substitution at the central carbon atom of the higand, in-
dicating the aromatic nature of the chelate ring ®**%. The cobalt(I1} complexes of thio-
acetylacetone and monothiodibenzoylmethane react with MN-bromoesuccimmide to yield
the tribromo denvatives Co(RCS=CBrCOR); (R = Me, Ph} The NMR spectrum of
Co{CH3 CS=CHCOCH;), has a signal at 6.26 ppm, attributable to the vinylic proton
Thus signal was not observed 1 the spectrum of the bromination product. The attempted
bromination of complexes of some other metals was unsuccessful 7.

Attempts to effect halogen substitution at the central atom of the ligand 1 the
nuckel(II), cobalt(III}, copper(Il}, and palladium(I1) compiexes of monothobenzoyl-
methane by reaction with M<chlora-, M-bromo-, and M-1odo-succimimides under a vanety
of conditions led to oxidation of the ligand and the isofation of indefinite products 2.

J ANALYTICAL APPLICATIONS

A radio-tsotope dilution methed, mmvolving the use of monothiodibenzoyimethane,
has been developed for the determination of mercury 1n quantities above 0.5 pg. A known
amount of ?®Hg.labelled standard mercuric chlortde solution 1s added to the unknown
mercury sample solutton at pH ~ 4. A sub-stoicheiometnic amount of monothiodibenzoyl-
methane is added and the mercury complex is extracted with chloroform. The standard
2®Hg solution is treated 1n the same manner and from the measured activities of both
solutions the amount of mercury in the unknown solution can be calculated Other
metals do not interfere 5%, )

Cobalt, nickel, lead, and zinc can be extracted with 1072 M thiothenyltrifluoroacetone
in toluene from weakly acid solutions. Copper can be symilarly extracted from strongly
acid solutions 7.

The extraction of copper, nickel, and cobalt with thioisobutyrylacetone,
PriCSH=CHCOMe, 1n toluene has been studied over a range of pH. Copper is quantita-
tively extracted at pH 2.5, whereas no nickel or cobalt 15 extracted below pH 3.5. How-
ever, the reagent 1s not suttable for analytical application because 1t 15 easily oxidized ™.

A method has been descnibed for the extraction and photometric determination of
cobalt with monothiodibenzoylmethane. Interfering metals can be separated by re-extrac-
tion with sodium hydroxide/sodium cyanide, except in the case of copper. In the presence
of thiourea, copper and manganess do not interfere in up to ten-fold amounts. Zinc can
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be kept in solution by means of ammonia and ammomum thiocyanate but ron must be

separated by ether extraction 2.

The gas chiomatography of the metal complexes M(MeCS=CHCQCMe), (M = Co,N1,P’d)
has been effected. The symmetrical peaks obtamned mdicate that gas chromatography of
these compounds could have analytical applications. The general chromatographic
characterstics were found to be superior to those of most volatile metal tris(R-keionates) ™.
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