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As a direct consequence of experimental observations which will be described,
in detail, elsewhere, we were led to examine the preparation and properties of alkyl
and aryl trithiocarbonate complexes of transition metals. In particular we were
interested in those cemplexes which could also have a carbonyl and/or hyvdrocarbon
ligand, but had not been previously reported. Several preparations of salts of the
monoalkyl esters of trithiocarbonic acid have been recorded throughout the earlv
literature®, but examples of the corresponding transition metal complexes are scarce
and poorly characterised3. These have been variously stated to be less stable than the
corresponding alkali metal derivatives, to decompose into the metal mercaptide and
carbon disulphide, and, for copper at least, prepared from copper alkvlmercaptide
and carbon disulphide?. It is generallv accepted, however, that metal derivatives of
monoalkyl esters of trithiocarbonic acid are fairlv unstable (see e.g. ref. 5). Never-
theless it seemed possible that this tvpe of complex could be stabilised by the in-
corporation of a good :7-bonding ligand into the molecule.

The trithiocarbonate group has three sulphur atoms, ¢ach in a formaily different
environment, and each potentially able to bond to a suitable metal, either independ-~

S
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ently or in conjunction with at least one of the other two; in addition more than one
metal atom could be involved in complex formation. Consequently a wide variety
of difierent complexes can be envisaged incorporating the different modes of bonding.
This first paper describes the preparation and properties of two different types of
trithiocarbonate complex, and provides additional information on the currently
topical u-mercaptido compounds®.

Iron forms the widest range of sulphur complexes, where the metal is in a low
valency state, and also bonded to such ligands as carbon monoxide, nitric oxide,
phosphines, or a cyclopentadienyl group. Several examples are described in the
preceding paper of two types of compounds (III) and (V), which could conceivably
undergo carbon disulphide insertion to vield trithiocarbonates. However, several trial
experiments failed to reveal the expected reaction. By contrast cvclopentadienvidicar-

* Part I, Ref. 1.
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63 R. BRUCE, G. R. KNOX

bonyvliron halide™ reacted very readily at, or below, room temperature, with sodium
alkyl or arvl trithiocarbonates. The experiment was best carried out in THF solution
by reacting excess mercaptan with the calculated quantity of sodium hydride, at 0°
or below, and then adding carbon disulphide to produce a vellow solution of the salt
of the desired acid. Dropwise addition of a THF soluticn of cyclopentadienvldicarbon-
vliron halide resulted in an immediate colour change and precipitation of sodium
halide. Chromatography revealed a number of products; for the methyl and eth3l
derivatives the major component of each mixture was i(II), R = CH;; C,H;® in
approx. 73 2, vield. However, sodium phenyl trithiocarbonate appears to be unstable,
even in the presence of a gross excess of carbon disulphide. Consequently the principal
product from such reactions was the terminal mercaptide! (IT1, R = C;H,) (56-S5 %)
and only 35 ¢} of the trithiocarbonate complex (II, R = C.Hj;). These derivatives (I1)
are highly crystalline, orange red solids, with melting points near to 100°, and are
stable to air in the solid state. In solution decomposition occurs siowly at ambient
temperature, producing the same organometallic compound (IV) found as a by-product
during the preparation of (II).

OC—Fe—CO
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When decomposition of the dicarbonyvls (II) was deliberately induced by ir-

J- Orgarnometal. Ckem., 6 {1966} 67—75



HYDROCARBOXN METAL SULPHIDE COMPLEXES. 11 69

radiating benzene solutions with TV light, one CO per molecule was eliminated very
smoothly and mononuclear monocarbonyl complexes (IV) were obtained in high
vield. This photolytic displacement of CO parallels the conversion of g-allyl to z-allvl
complexes, described by Green and co-workers®. This similarity is further emphasized
since the chelated trithiocarbonate group and the z-allvl group are isosteric, and thus
the complexes (IV) and the less stable z-allvl--z-cvclopentadienyliron carbonyl are
analogous. The monocarbonyl derivatives (IV, R = CH,, C.H;, C;H;) are deep red
air stable crystalline solids, having lower melting points (below 100%) but greater
solubilities than their precursors. Theyv are sublimable at room temperature, but not
without some decomposition involving loss of carbon disulphide.

The bridged mercaptide complexes (V)! are produced when the dicarbonyl
compounds are refluxed in toluene. These are the thermodynamically favoured isomers
when R = CH, and C,H;, but both known isomers when R = C4Hj;. This conversion
may be followed spectroscopically; under the reaction conditions (I1I) are not stable
but it is probable that the preferred sequence is

(11} —— {1V) —— (\1)

Unlike the stable isomers of (\}, both (II} and (IV) can be chromatographed without
difficulty, and do not appear to be unusually sensitive to acid.

INFRARED SPECTRA

The structures of compounds (II) and (IV) follow from their analyses and
infrared spectra.

(@) Carbonyl region

The dicarbonvltrithiocarbonate complexes (I1) show two fundamental siretching
frequencies in the terminal carbonyl region (Table 1) as expected, and both values
lie between those for (I) and (I1I1). The monocarbonyv! complexes (IV) each show a
single terminal carbonyl frequency, and the position of this peak is almost insensitive

TABLE 1
INFRA-RED SPECTRA IN THE METAL CARBONYL REGION
Values (cm~1) obtained as CCl; solutions.

Conipound  CI I CH, C.H; CeHy
(1) 2030 2062
2010 2020

(I1) 2044 2030 2048

2002 1098 2001

(I1X) 2029 20284 2030

1981 1983 1987

(Iv) 1964 1966 1964

@ As CHCI, solution.
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to the nature of the group R {¢f. value for (IV) in Table 1 with values for (V) given in
Table 1 in Ref. 1. This suggests that the S of the SR group is not bonded to an
iron atom, and taken with other evidence supports structure (IV) but not structure
(VI). A comparison of the position of this carbonyl frequency (IV); R = CHjy),
1gbt cm™! in CCl,; 1956 cm—! in CH.CL,] with that given for the recently reported
analogous dimethyldithiocarbamate complex® (1940 cm™! in CH,Cl.) reveals a
shift in the expected direction: the larger electron releasing power of (CH,},N over
CH,S promotes a higher iron—carbon bond order, reflected in a shift to lower frequency
for the carbonyl group in the carbamate complex.

{b) Other regions

The compounds discussed in this paper do not show the pronounced *‘g-10"
bands common to ferrocene chemistryi®; even the C=S stretching frequency of (II}
expected to occur close to this region!!-13, cannot be assigned with certainty, although
it is observed that medium intensity bands in the region 1030-1053 cm™! in (II) are
not present in (IV). However, carbonyl region apart, the most striking difference
between the spectra of (II) and (IV) is the appearance of a strong band near g30-970
cm~! in the latter series. This band position appears to be sensitive to the nature of
R, and is alwavs accompanied by one, or two, other bands of lesser intensity, now
known to be also characteristic of R. Thus the ethyl derivatives (IV), C.H;SCS,-
Mn(CO},i* and (C.H.SCS.).N1.(SC.H;}.!* each show one other medium intensity
band on the high frequency side, whilst the methyl derivative (IV) shows two other

TABLE 2

OTHER CHARACTERISTIC INFRA-RED BANDS

Values {cm—t) obtained as CCl, soiutions: m = medium; s = strong; sh = shoulder.

Compsund CHy C.H CgH

(I1; 1040 m 1052 m 1053 m
Gos m 603 m 611 m
570s 563 s 5760 s
542m  5i0m 548 m

(v 969 s g6o s {o71sh) 948s
560 m 561 m 560 m
522 m 523 m 5323 m
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medium to weak bands, one either side of the predominant band. This principal
band is probablv associated with a C-S stretching mode of the chelated

S:
RS—CZ_ At s
svstem, since both the location and intensity of the band can be reconciled with such

a grouping; to what extent this band can be attributed to a major contribution by
any of the canonical forms

+ - LA -
R-S-C:: R-S-C: R-S-C
.. \‘S'_ = ~g- .. \.b:‘

cannot be judged. One other easily recognisable and characteristic (but unassigned)
difference between the spectra of the dicarbonyl (II) and monocarbonyl (IV) tri-
thiocarbonates occurs In the 500-600 cm~! region (Table 2). The dicarbonyls each
exhibit three bands of medium to weak intensity, the centre band being the strongest,
in the region j40-610 cm~l. This pattern changes for the chelated monocarbonyls
{IV) which show only two bands (m — w) in the 520—560 cm™! region. Although out-
side the region usually assigned to a metal-sulphur stretching mode (400-140 cm—1)12
it is noted that similar bands occur in the relevant regions for (III), (V) and
(C,H.SCS,),N1,L,(SC,H;)., but not for [Ni(SC,H;), .

PMR sPECTRA

Several features of the PMR spectra of these sulphur complexes are worth
noting. Referring to the values given in the table (Table 3} it is seen that the cyclo-
pentadienyl resonance iz virtually unchanged by variations of R within a group
(AN, ~ 1.97;: (IV), ~ 5.4 7. This suggests that any inductive effect due to a change
in R, operating through the svstem, 1s minimal. Also the shift in this cyclopentadienyl
ring 7 value from {II) to (IV) follows the same direction as found with {(III) to (V),
when both systems increase the coordination of sulphur to metal. Such increased

TABLE 3
NMR vaLvEs
7-\alues referred to TMS as internal standard in CS, solutions.

Compound C;H; CHy C.H, CeH
(I, R = CH,) 1.92 7.40

(II, R = C,H;) 4.92 6.80% S.75b:¢

(11, R = C4Hy) 4-96 2,614
(IV, R = CHy)  5.40 7.45

IV, R = C,H;) 3.40 6.55% S.63b.¢

(IV, R = GgHy) 5-43 2.57¢

« CH, quadruplet. » CH, triplet. ¢ J = 7.5 cps. € Sharp; width at half-peak height 1.3 cps.
€ Veryv sharp; width at half-peak height << 1 cps.
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shielding of ring protons is expected when carbonyl groups attached to the metal
are replaced by other ligands of greater donor and/or poorer acceptor capacity.
Finallv, additional evidence against structure (VI) may be found from an inspection
of the 7 values for the group R of RS. These are usually rather strongly shielded when
attached directly to an iron atom, and consequently in (VI} would be expected to
occur closer to those in (III) or (V) than (II}.

EXPERIMENTAL

For general experimental procedure and reagents see Part I'. The infrared
spectra were obtained using a Perkin-Elmer model 125 grating spectrophotometer,
and the PMR spectra recorded with a Perkin-Elmer 40 m’c instrument operating at
32.5°. Photochemical experiments were conducted using the equipment previously
described. Microanalyses were by Dr. A. BERNHARDT (Max-Planck Institute} and
osmornetric molecular weight determinations by Mrs. M. KiLraTrick of this depart-
ment.

Cxclopentadienvldicarbonyvitron metivd trithiocarboitate (II, R = CH,)

Methanethiol (2 ml, excess) was added from a svringe to a suspension of =odium
hydride (1.9 2, 50°, dispersion in mineral oil, 0.04 mole) in THF (20 mlj at —;0°,
le.. a CO, condenser. The mixture was stirred magnetically for 2 h when gas evolution

had cecsed and the internal temperature had fallen below o’. Carbon dlsulphide {10
'm) in THF {10 ml} was added dropwise, causing the white suspension to completely
dissolve, and leaving a yvellow solution. Cyclopentadienyldicarbonvliron bromide
(5.9 g, 0.027 mole} in THF (50 ml} was added to the cold solution over 10 min, the
mixture allowed to warm to room temperature over 14 h, evaporated, and extracted
with benzene (oo ml). The extracs was chromatographed on active alumina using
petrol as eluant.

The first band vielded @ metal and carbonyl free, foul smeiling vellow oil (fco
mgi which was rejected. The second, red, band was (IV, R = CH,;) (4oo mg, 20°;),
identified bv m.p. and IR companson with a sample obtained photochemically (see
below). This was well separated from a major, orange-red band which was eluted,
c\‘aporated, and crystallised from methviene chloride petrol vielding orange-red

-\'tak of (II, R = CH,) (5.9 g, 77°,}, m.p. 104 5°%. (Found: C, 35.86; H, 2.7S; .

Ay

10.82; 5, 31.97. CGH FeO,5; caled.: C, 36.01; H, 2.69; O, 10.66; 5, 32.05°,.}

Creispentadicisvldicarbonyliron :’t’_.! irithivecardonate (I, R = C,Hj)

Sodium hydride ( > 2, dizpersion, 0,034 mole} in THF {20 mlj was treated
at 0° with ethanethiol (2. 12 e, 0,03.;. mole) in THF (20 ml). Carbon disulphide (3 ml,
excess} in THF (20 mx) was added after gas evolution had ceased (15 min}, and the
mixture stirred at o° until a clear vellow solution had been formmed. Cyclopentadienyl-
dicarbonyliron icdide (8.1 g, 0.027 mole) in THF (50 ml) was added dropwise, the
mixture stirred for 6 h at room temperature, evaporated, and the residue extracted
with benzene (200 mi). The extract was fiitered through kieselguhr, and chromato-
graphed on neutral, .4 h alumina. Ether/petrol (1:1) eluted two bands; ether eluted
a red gum (210 mg} which rapidly decomposed, and a black solid (40 mg) devoid of
carbonyi absorption in the IR, and only slightly soluble in chloreform. These bands
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HYDROCARBOX METAL SULPHIDE COMPLEXES. I 73

were not investigated further. The two bands eluted first were rechromatographed;
petrol successively removed a trace of an organo-sulphur compound and (IV, R =
C.H,) (25 mg, 1 %), identified by its IR spectrum. A main orange-red band yielded the
complex (II, R == C,H;) which was isolated as orange red platelets (6.31 g, 74 %) from
ether/petrol, m.p. 82.5°. (Found: C, 37.95; H, 3.13; O, 10.31; S, 30.33. C;cH;,Fe0,5;
caled.: C, 38.22; H, 3.21; 0O, 10.15; S, 30.59 %.)

Cyelopentadienyldicarbonylivon phenyl trithiocarbonate (11, R = CH;)

Thiophenol (4.4 g, 0.04 mole) in carbon disulphide (10 ml) was added dropwise
to a stirred suspension of sodium hydride (1.94 g, 50°; dispersion, 0.04 mole) mn
carbon disulphide (zo ml) maintained at 0°. A veryv slight reaction occurred to give
a pale vellow colour. After 15 min THF (20 ml) was added dropwise, causing immediate
gas evolution and an exothermic reaction. The resulting yellow solution was stirred
for 10 min and a solution of cvclopentadienyldicarbonyliron bromide (7.7 g, 0.03 mole)
in carbon disulphide (100 ml} and THF (50 ml) was added slowly. The mixture was
stirred for 14 I, evaporated, extracted with benzene (250 ml), filtered through Kiesel-
guhr and re-evaporated to small volume. Chromatography on active alumina using
petrol c¢luted diphenyl disulphide (570 mg), a red gum (250 mg) containing mostly
diphenyl dizulphide but showing a single terminal metal carbonyl band in the IR,
and a red solid (130 mg) grossly contaminated with diphenyl disulphide, but showing
two bands in the terminal metal carbonyl region of the IR. Ether/petrol (1:1} eluted
cvclopentadienyldicarbonyliron phenyvimercaptide (3.915 g, 56 %) (I1I, R = C4H;)
and orange-red cyvclopentadienvldicarbonvliron phenyl trithiocarbonate (II, R =
C.H,} (2.0%5 g, 35°5), m.p. 106.5 from ether/petrol. (Found: C, 46.56; H, 2.85; O,
0.03; S, 26.48. C,;;H,FeO0.S; caled.: C, 46.41; H, 2.78; O, S.54; 5, 26.55%.

\Vhen the above reaction was carried out using onlyv a slight excess of carbon
disulphide (3.2 g, 0.042 mole], diphenyl disulphide (Soo mg) and (III, R = C;Hy) (7.3
g, 85°,) were the only products at room temperature. When this reaction was re-
peated and the mixture refluxed, a yvellow crystalline product was obtained before
the addition of the bromide at room temperature; diphenyl disulphide (5.40 mg) and
(III, R = C H;) (2.785 g, 65°,) were the only products detected by chromatography.

Tic plivteciientical conversion of (IX) fo (I17)

{0 R == CH,. The dicarbonyl complex (3.0 g, 0.0t mole) dissolved in benzene
{250 ml: was irradiated for 6 h at room temperature. As in the subsequent experiments
(p) and {c}* very little decomposition occurred. The irradiated solution was evaporated
and chromatographed on active alumina; petrol eluted an organo-sulphur compound
{50 mg; which was rejected. {Methvitrithiocarbonato)cvclopentadienyliron carbonyl
(IV, R == CH,) (1.9S g, 75 °,) was cluted with 20 ¢, ether /petrol. An analytical sample,
m.p. 55, was obtained as ruby-red prisms from ether/petrol; it was volatile at room
temperature/107% mm (Found: C, 35.16; H, 3.06; O, 6.07; S, 35.26; mol. wt., 277.
C,H,FeO3, caled.: C, 35.29; H, 2.98; 0, 5.87; S, 35.34%; mol. wt., 272.) Pure ether
eluted (11, R = CH,) (200 mg) (7 % recovery).

(b1 R = C,H,. The above experiment was repeated using the ethyvl derivative
(II, R = C_H,) (3.0 g, 0.095 mole). Chromatography separated an organo-suiphur
compound (band 1) (500 mg) (rejected) and (II, R = C,H;) (470 mg, 17 % Tecovery)
(band 3) from (ethvitrithiocarbonate)cyclopentadicnyliron carbonyl (IV, R = C,Hy)
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(1.68 g,64 %) (band 2) ruby-red crystals (ether), m.p. 60°. (Found: C, 37.68; H, 3.71;
0, 5.72; S, 33.37- CeHoFe0S; caled.: C, 37.76; H, 3.53; O, 5.59; S, 33.62 %.

{€) R = Cyfl5. (Phenylitrithiocarbonato)cyclopentadienviiron carbonvl (IV, R =
Ce¢Hj) (490 mg, 62 %) was obtained as deep red crystals, m.p. 92~ (ether/petrol) from
the dicarbonyvl complex (II, R = C H;) (860 mg, 0.00238 mole) after 6 h irradiation.
(Found: C, 46.50; H, 3.30; O, 5.14; S, 28.58. C,3;H,,FeOS; calcd.: C, 46.72; H, 3.02;
0. +79: S, 25.78 %.}

Thiz consversion of (I} to (V) in refluxing toluene

(@) R=CH,. A solution of cvclopentadienyldicarbonyliron methyl trithio-
carbonate (z g) in toluene (30 ml) was refluxed for 1 h, causing the colour of the
solution to darken until it became brown-black. The metal carbonyl region of the
infrared spectrum of this solution was recorded every 15 min; initialiv the intensity
of the 2044 cm™! and 2002 cm™! peaks decreased as a new peak [due to (IV) at 1964
cm~1 developed, but towards the end of the reaction this peak also decreased and was
replaced by a single peak at approx. 1950 cm™! (V). The toluene was evaporated at
room temperature/10~* mm and the residual brown gum chromatographed in ether/
petrol (1:1) on neutral, 4 h alumina. A single olive-brown band was eluted (rco 1950
cm~t which vielded (V, R = CH;) (700 mg, 54°), m.p. and mixed m.p. 1061057,
after evaporation and subimation (100°/10~2 mm). The position of the metal carbonyl
peak in the IR spectrum indicated that the product was the stable isomer! of (\, R =
CH,).

(6) R = C.H,. The decomposition of {II, R = C,H;} (f g} in toluene {So ml)
at reflux was foliowed spectroscopically during 1 h. Following the work-up procedure
described in (a}, (V, R = C.H;) (490 mg, 73°;) was isolated and identified as the
therrnodynamically stable isomer by m.p. and IR (yco 1952 cm™?).

{c) R = C;H;. Cyclopentadienyldicarbonvliron phenyl trithiocarbonate {II, R
= C,H;) (150 mg) was converted after 1 h in boiling toluene (30 m!) into both known
isomers of (V, R = CgH;}1. Chromatography (neutral, 1o h alumina) using ether/petrol
{x:3) separated the stable isomer (14 mg, 13 %) (rco approx. 1940 cm™}) from the less
stable 1somer (6g mg, 619) (vco 1980 cm™?) and showed that (II) had been com-
letelv consumed.

Y.

je)
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SUMMARY

Sodium alkyl or arvl trithiocarbonates react with cyclopentadienyldicarbonyl-
iron halide, producing cvclopentadienvldicarbonyliron alkyl or aryl trithiocarbonates
[C;HFe(CO),CS;R’ which readily lose carbon monoxide. UV irradiation converts
these dicarbonyls (R = CH,, C.H;, CiH;} into chelated monocarbonyls, (alkvl- or
arvitrithiocarbonato}cyvclopentadienyliron carbonyl [C;H;Fe(CO)CS R, which suffer
carbon disulphide elimirnation in refluxing toluene yvielding the known di-g-mercaptido-
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sis(cyclopentadienylcarbonyliron) [{C,H,Fe(CO)SRI,. The IR and PMR spectra of
these complexes are discussed.
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