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Abstract

Tetramethylthiourea (TMTU) reacts with Mn,(CO),, in hexane under UV
irradiation to give axial Mn ,(CO)4(TMTU), with MnBr(CO); in CH,Cl, at room
temperature to give cis-MnBr(CO),(TMTU), and with Mn(OClO;)(CO), in CH,CI,
to give the cationic tetracarbonyl cis-[Mn(CO),(TMTU),]ClO,. The last complex
has been characterized by X-ray diffraction; it reacts with more (TMTU) to give the
unstable species fac-{Mn(CO),(TMTU),]CIO,, with pyridine to give fac-
[Mn(CO),(PY),(TMTU)]CIO,, and with the bidentate ligands (L~ L) o-
phenanthroline or bis-diphenylphosphinomethane to give the corresponding cationic
fac-tricarbonyls fac-{Mn(CO),(L ~ LYTMTU)]CIO,. In all the complexes prepared
the TMTU ligand is S-bonded to the manganese.

Introduction

Transition metal carbonyl complexes containing the potentially ambidentate
ligand tetramethylthiourea SC[N(CH;),], (TMTU) are rare [1] and, to our know-
ledge, no manganese carbonyl derivatives with this ligand have been reported. We
thus considered it of interest to study the reactions of TMTU with several manganese
carbonyl compounds such as Mn,(CO),;, MnBr(CO)s; and Mn(OClO,)(CO)s in
order to determine the degree of CO substitution that can be achieved, the
stereochemistry of the products, and the bonding mode of the ligand.
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Herein we describe the preparation of, inter alia, the cationic tetracarbonyl
cis-IMn(CO),(TMTU), |CIO,, which has been characterized by X-rav diffraction.
No cationic tetracarbonyl complexes of manganese had previously been studied
crystallographicallv.

Results and discussion

When a 1/1 molar mixture of the carbonyl Mn,(CO),, and TMTU was
trradiated with UV light in hexane (reaction (1) in Scheme 1) an orange crystalline
precipitate was obtained and was identified as the neutral compound [Mn .(CO),-
(TMTU)] (D). The '"H NMR spectrum showed a sharp singlet at 3.26 ppm. very near
to that of the free TMTU (3.10 ppm [1]) indicating that the ligand = S-bonded to
the manganese. Consistently, the solid-state TR spectrum showed ahsorptions at
1550, 1375, 1100. 1050, 650 and 625 c¢cm ', which according to the literature [2}].
indicates that the TMTU is coordinated through the sulfur atom.

The structure proposed for I (Scheme 1) 15 also in accord with the »(C0O) IR
spectrum in solution (Table 1), which shows the five absorptions corresponding to
the Mn,(CO),L species when L. occupies an axial position {3]. as observed for a
variety of ligands L. [4].

No further substitution of CO was observed even when an excess of TMTU was
used. This fact. and the good yield corresponding to the monosubstituted product 1
{70%). is not the behaviour normally observed in photochemical reactions of this
type [4]. Therefore, if the mechanism involves the fission of the Mn-Mn bond in the
starting Mn,(CO),, [4]. it appears that the substituted radical Mn(COY (TMTUH
does not undergo further CO substitution and that its dimerization s unfavourable.
[t is known, however, that photodissociation of one CO from Mn.{COj, without
Mn--Mn bond breaking can take place, giving Mn,(CO),; {5]. and so it s possible
that T is formed by interaction of these species with TMTU. On the other hand. the
reaction (i) gave no dispropertionation products, which indicates that the TMTU s
a poorer electron donor ligand than the amines [6].

The reaction of the complex MnBr(CO). with TMTU m CH-Cl. at room
temperature gave crystalline cis-[MnBr(CQ),(TMTU3] (II), data for which are
shown in Table 1. The IR (see Fxperimental section) and 'H NMR spectra were
consistent with S-coordination of the TMTUL Use of an excess of the hgand did not
bring about further substitution, and under more forcing conditions (refluxing
CHCI, or toluene) much decomposition took place to give insoluble non-carbonyl
compounds and a small amount of what appeared to be an unstable fac-tricarbonyvi;
this was not identified but may be Jfuc-IMnBr(CO);{TMTLU, | analogous to the
known fac-MnBr(CO)(TU}. (TU = thiourea) [7]. Most frequently the reaction of
MnBr(CO), with a ligand I gives the disubstituted product MnBr(COy. L., or
mixtures of this and the monosubstituted complex MnBr(C0), L, owing to the facile
reaction of the latter with more L [4]. The behaviour of TMTU parallels that of
bulky ligands such as PCv, [X].

The reaction of TMTU with one equivalent of the complex Mn(OCIO,)(CO)..
which contains the weakly coordinating ligand OCIO; [9]. in CH,CI. at room
temperature gave initially the cationic pentacarbonyl [Mn(CO) (TMTUHICIO, (11D
(characterized by its »(CQ} absorptions in the IR spectrum in solution at 2149w,
2059s and 2044sh), which was not 1solated because it reacted further with more
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Scheme 1. (i) TMTU, hvp, hexane. (i) TMTU, CH,Cl,, r.t. (iii) TMTU, CH,Cl,, r.t. (iva) TMTU,
refluxing CHC),. (ivb) decomposition. (v) KBr, CH,Cl,, r.t. (vi) py, CH,Cl,, 1.t. (vii) o-phen, CH,Cl,,
r.t. (viii) dppm, CH,Cl,, r.t.

TMTU to give the tetracarbonyl cis-[Mn(CO),(TMTU),]CIO, (1V). This latter was
isolated as a crystalline solid in good yield by using an excess of TMTU (reaction
(iii) in Scheme 1). The analytical and spectroscopic data (Table 1) were in accord
with the formulation as a cationic cis-tetracarbonyl complex, and indicated S-coor-
dination of the TMTU. In view of the fact that no cationic tetracarbonyl complex of
manganese had been studied crystallographically, we decided to determine the
structure of compound IV. The results are summarized in Tables 2 and 3, and the
structure of the cation [Mn(CO),(TMTU),]" is shown in Fig. 1.

In the cation *, the manganese is in a distorted octahedral coordination in which
the major distortion is the angle SMnS (78.6(1) ), which deviates significantly from
90°. The Mn-CO distances are similar to those encountered in other manganese
carbonyl derivatives [10], and there is a small difference between the Mn—CO trans
to another CO (Mn-C(2) 1.880(10) A) and the Mn—CO trans to sulfur (Mn-C(3)
1.793(9) A). The Mn-S bond length (2.405(3) A) is identical to that in the complex
Mn(n%-SCNMe, )(CO),(PPh,) (2.404 A) [11], and is similar to that in some dithio-
carbamato [12] and S,C complexes [13]. The SCN, group of the TMTU ligand is
planar, and the manganese atom is 1.744(7) A out of this plane, with a MnSC bond
angle of 112.6(3) °. Those features are usually observed in complexes with S-bonded

* The carbonyl cation is on a two-fold axis parallel to the b axis, and the perchlorate anion also lies on a
two-fold crystallographic axis parallel to the ¢ axis.
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Table 2

Atomic coordinates (X 10000) for compound IV

Atom x y z B
Mn 7500 1698(2) 2500 2.34(8)
S(2) 8041(1) 3454(2) 2951(3) 3.10(11)
(1) 8657(3) 2998(8) 3044(10) 2.49(35)
N(@11) 8970(3) 3623(7) 2078(9) 3.20(36)
cQa2) 8836(4) 4292(10) 537(12) 4.28(51)
C(13) 9479(3) 3858(10) 2615(13) 3.92(44)
N(14) 8815(2) 2136(7) 4080(9) 2.87(33)
c1s) 8584(4) 1845(9) 5733(11) 3.65(44)
C(16) 9242(3) 1287(10) 3668(15) 4.49(52)
C) 7689(3) 1808(10) —9760(14) 3.72(47)
0Q2) 7820(3) 1859(9) —1071(9) 6.28(47)
C(3) 7046(3) 503(9) 2165(11) 3.14(42)
o(3) 6779(3) —329(7) 2059(9) 4.89(40)
Cl 0 2500 8014(4) 3.84(17)
0O(4) —234(3) 3420(9) 6990(13) 7.30(57)
o(5) 360(3) 3092(8) 9037(10) 6.26(47)
@B = 3m'Z,Z,U atala; a;

TMTU [14-16] and also in compounds with thiourea and other substituted thicureas,
although there are variations in the metal to SCN, plane distances and in the MSC
angles. It has been suggested that these differences may arise from changes in the
hybridisation (sp?~sp?) of the sulfur atom [17]. As already found for other TMTU
complexes [14] (and also for thiourea and substituted thiourea complexes [17]), the
changes in the dimensions of the ligand upon coordination are small. The S—C bond
1ength (1.752(8) A) is, however significantly larger than that in the free ligand (1.68
A), and is closer to the values expected for a C-S single bond (1.79-1.86 A) than for
the C=S double bond (1.55-1.56 A) [11]. The SC-N distance (mean 1.317(11) A) is
slightly shorter than in the free ligand (1.37 A) and is near the value corresponding
to a C=N double bond [11]. As in cases previous studied [14], the small angles
CADNADCAI) (113.4(7)°) and CASHNAHC(16) (113.3(7)°) may be due to
packing forces. The dihedral angles between the plane SCN, and those defined by
the atoms N(14)C(15)C(16) and N(11C(A3)C(12) (31.7(7) and 27.0(7)°, respec-
tively) are also commonly observed in TMTU complexes [14-16]. In solution,
however, the four methyl groups give only one signal in the 'H NMR spectrum at
room temperature, because of free rotation around the SC-N thioamide bond [18].
The cationic tetracarbonyl IV reacts with more TMTU in refluxing chloroform
(reaction (iva) in Scheme 1) to give one fac-tricarbonyl with two bands in the »(CO)
IR spectrum (2009s, 1912s,br) that could be the tris-tetramethylthiourea species
fac-[Mn(CO),(TMTU),]ICIO, (V) *, although because of the low value of the
v(CO) frequencies other possibilities involving N-bonded TMTU cannot be ruled
out. Our attempts to isolate this compound resulted in decomposition, with forma-
tion of IV (reaction (ivb) in Scheme 1). It thus appears that the behaviour of the
TMTU towards the complex Mn(OClO;)(CO); contrasts with that observed for

* The known tris-ethylene-thiourea (ETU) analogue has »(CO) absorptions at 2020s, 19255 cm ™! [23c).
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Table 3

Bond lengths (A) and bond angles { ©) for compound IV

S—-Mn 2.405(3; 5.-Mn-S’
C(2)-Mn 1.880(103 C(2)-Mn--S
C(3)-Mn 1.793(8) Ci2) -Mn-5
O3-S 1.752¢%) C2y -Mn-C(2y
N H-C(h 132811y Ce3)-Mn--S
N{143-C(1 1.306(10) C(3)-Mn-S’
C12)-N(1 1.466(11) Ce3-Mp-C(2)
CUI3-N(I D) 14760105 Ce3-Mn- 2y
CU5-N(14) 1.495(115 Ce3) -Mn--S7
C{16)-N(14) 1.508(11) Cr3p M- (3
O(2)--C(2) 110811} Cil)-5-Mn
O3-C(3y IR E LIS Neth-Ciy-8
Otd-C1 1.423(8y N(14-C{1-S
45 1.424¢%; M4y =Nl

COl2p- N -y
COD-N- O
T3N3y
Ci15)-N(1d3- (1)
Cio)-N14y-
Ci6-- N4 s
G2y ~Mrn

Of3-C(3)-Mn RN
C(3y--Mn-C(3) GO0
O3 Cl O 4y H09 T %
Q- Cl-Ody” [REIE N
K531 Sy P

T lS5-xr y 05— x s - x D5y o

many other ligands L, which readily give the fac-tricarbonyls [Mn(C(y,L,]". and
no tetracarbonyl species are formed [9.19]. More recently, however. 11 has been
reported that the reaction of [Mn(CO);(NCMe)|PE, with PPh. gives nuxtures of
IMn(CO)s(PPh,)]PF, and cis-{Mn(CO),(PPh.),]PF, {20].

The reaction of 1V with other i1gands resulted in replacement of one TMTU, or
one CO and one TMTU. Thus, with KBr in CH,Cl, at room temperature, complex
IT was formed quantitatively (reaction (v} in Scheme 1), and with pvndine (PY) the
cationic tricarbonyl fac-{Mn{CO),(PY),(TMTIHCIO, (I1V) was obtained in good
yield (reaction (vi) in Scheme 1). Similarly, the bidentate ligands ortho-phenanthro-
line (phen) and bis-diphenylphosphinomethane (dppm} reacted with IV (reactions
(vii) and (viii) in Scheme 1} to give respectively fac{Mn(CO),(phen} TMTUHCIO,
(Vlla) and fac-[Mn(CO),(dppm)(TMTU)CIO, ¢VIII) The complexes Vila and
VIII were also prepared f{rom the corresponding perchlorate species fac-
[Mn(OCIO, (CO) (L 7" L)} (L 1 =phen or dppm) and TMTU wx CH,CI.. and
the salt fac-[Mn(CO),(phen) TMTU)PE, (VIlby was obtained by ireating fuc-
[MnBr(CO),(phen)} with TMTU in CH,CI, in the presence of TIPF,. In these
complexes, the NMR and IR data again supported the S-coordination of the
TMTU, although some IR absorptions of this ligand were abscured by those of the
other ligands and of the counterion.

The replacement of the remaining TMTU in VII and VIil by figands such as
P(OPh); was difficult; decomposition occurred in the case of VIII and the known
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C(15)O’ N(14)

c(16)

Fig. 1. Structure of the cation [Mn(CO) 4(TMTU),]* with the atom numbering.

cis, trans-{ Mn(CO), (phen)[P(OPh),], } C10, [21] was formed very slowly in the case
of VIIa. The cis,trans cationic dicarbonyl was also formed when the neutral complex
[MnI(CO),(phen)[P(OPh),]] [22] was treated in CH,Cl, with TMTU and TIPF.

The partial replacement of TMTU from IV is reminiscent of the outcome of
reactions of salts of the cation fac-[Mn(CO);(NCMe),}* with monodentate or
bidentate ligands; these give [Mn(CO);(NCMe),L]", [Mn(CO);(NCMe)L,]* or
[Mn(CO),(NCMe),L,]* [23], showing that it is difficult to replace all the NCMe
ligands.

Experimental

All reactions were carried out under dry argon. The complexes Mn(OCIO; }(CO);
[9], fac-Mn(OClO;)(CO);(phen) [21] and fac-Mn(OClO, }(CO);(dppm) [24] were
prepared by published methods. The IR spectra were recorded with a Perkin—Elmer
298 spectrometer and calibrated against the 1601 cm ™! polystyrene absorption. The
NMR spectra were measured on a Varian FT 80A spectrometer.

Mn,(CO)(TMTU) (1)

To a solution of Mn,(CO);, (0.10 g, 0.27 mmol) in hexane (30 ml) was added
TMTU (0.16 g, 1.24 mmol), and the mixture was irradiated with UV light for 4 h.
The orange precipitate formed was filtered off and crystallized from diethyl ether as
orange crystals (0.09 g, 70%).



IR (KBr): 1550m. 1490w, 1455m. 1405w, 1378m. 1263w, 1155w, 1110-1100m.
1050w, 870vw, 665sh, 645vs. 155 cm

MuBriCO)(TMTU) (1)

A mixture of MnBr(COj, {10 g, 0.36 mmiol) and TMTU (0.07 ¢ 0.55 mmoly in
CH,CI, (25 mly was stirred at room temperature {or 48 b Additic
partial evaporation of the soivents gave an orange precipitate, which was recrvstal
hized from CH,CL, /hexane to give orange crystals (3.09 g, 65% )

IR (Nujoly: 15525, 1500m. 146514525, Td5vw. 1390sh. 13785 1250m. 1210w,
1160m, 1140w, 1112m. 10950, 1055w, 87%w. 6655, 655m. 635, 610s cmp

of hexane and

Cis-IMn(CO)(TMTU.JCIO, (11
To a solution of Mo(OCIGHCO); (0.54 g, 1.84 mmol) s CH-C, (40 ml) was
added TMTU (0.49 g, 3.68 mamol). The muxture was stirred at roont temperature for
4.5 h in the absence of light and then addition of hexune gave a vellow precipitate.
which was recrystallized fromy CHLCT, /hexane to give vellow erystals (0.69 g, 71%).
IR (Nujol): 1565s, 1505w, 1460s. 1415w, 1400sh, {3855 12650 1210w, 1165m.
1150w, 1095vs (ClO, ). 108350 RROw, 670w, 460w, 640sh. 625 om l

Fac-[MRCOJAPYIATMTE IO, (VI)

Pyridine (0.03 g, 0.38 mmol; was added to a soluton of 1V (0.1 2, 0.19 mmol) in
CH,Cl, (30 ml), and the muxture was stirred at room temperature for 30 min. After
addition of hexane. partial evaporation of the solvent gave VI as an orange solid
{0.09 g. 90%).

IR (KBr): 1595w, 1550ui. 1435nm1, 1375m. 1260w, 1220w, 1160w, 1090vs by
(ClO,). 1060sh, 765-755n1. 695m, 630w, 620s em

fac-[Mn(CO},(pher)(TMTL)PF, (VIIb)

To a solution of fac-MnBr(CO);(phen) (0.10 g, 0.24 mmoly in CH,CI, (25 ml}
was added TIPF, (0.12 g. .36 mmol) and TMTU (0.04 g, 0.32 mmol). The mixture
was stirred for 1.5 h in the absence of light and filtered. Additton of hexane 1o the
filtrate gave an orange precipitate of VIIb. which was recrystallized from
CH.Cl, /diethyl ether (0.11 g, 75%).

IR (KBr): 1552m. 1510w, 1490w, 1460w, 1420w, 1375w. 1260w, 1153w, 1105m,
1050w. 833s (PF,). 720m, 673m, 630m, 620sh, 500m cm ™

Jac-[Mn(CO) (dppm)y( TMT L] IO, (Vi
To a solution of fac-Mn{OCIO CO),(dppm) (0.17 g. 0.28 mmoly in CH-C1, (25
ml) was added TMTU (0.04 g. .32 mmol). The mixture was stirred in the absence
of light at room temperature for 45 h then addition of hexane gave a solid, which
was recrystallized from CH,{T, Zethanol to give pale yeliow needles (0.14 g, 68%).
IR (Nujol): 1550m. 1455s. 1435sh. 13758, 1260w, 1095¢br. (CIG,), 780w, 730s.
710w, 670w, 660w, 620s e

Crystal structure determinations of compound 1V
Crystal dara: C3H,,N,OS,Mn - CIO,. FW = 530.9. orthorhombic. Space group
Prnb *. a 27.328(4), b 10.602(3). ¢ 7.980(2) A, ¥ 2312 A D 1525 aem *. Z =4,

* This s a non-standard serting of #ung (Nr, $2),
o . !
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F(000) = 1096, A(Mo-K,) 0.71069 A, u 6.98 cm !, 288 K. A prismatic crystal
(0.1 X 0.1 X 0.15 mm) was selected and mounted on a Philips PW-1100 four circle
diffractometer. Unit-cell parameters were determined from 25 reflections (4 < 8 <
12°) and refined by the least-squares method. Intensities were collected with
graphite monochromatized Mo-K , radiation, using the w-scan technique, with scan
width 0.8° and scan speed 0.03° s~ '. 1198 independent reflections were measured
in the range 2 < 8 <25°, 1053 of which were assumed as observed applying the
condition [ > 2.50([1). Three reflections were measured every 2 h as orientation and
intensity control and no significant intensity decay was observed. Lorentz-poiariza-
tion, but not absorption, corrections were made.

The structure was solved by direct methods, using the MULTANS4 system of
computer programs [25] and refined by full-matrix least-squares, using the SHELX76
program [26].

The function minimized was Zw | Fy | — | F. || %, where w = (c°(Fy) +
0.014| Fy |*)"'. The final R values were 0.065 (wR =0.072) for all observed
reflections.
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