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A series of bi- and tridentate sulphur
cbmplﬁxes with theiGroup VI metal héxacarbonylsihas been
prepared. Garbcnyl.halide derivatives: of these sulphur
carbonyl complexes have been obtained, The.tricarbonyl
dihalides of molybdenum and tunésten_are most probably
seven—coordinated. With}thé exception of two tiicab-
bonyls of tungsten, which could possibly be. five~coor-
dinated, all the carbonyls isoclated were. six-coordinated.
A complex of uranium tétrachloride and Z;E-dithiahexane
seems to be the first oxygen-free sulphur complex of
uranium reported. so far, |

The following sulphur ligands were used
successfully : 2,5-dithiahexane, 1,4~dithian and 3,6,9-
trithiaundecane., The:bidentate.2,5—dithiahexane; which
is known to be present in its gauche form in metal hélide
complexes prepared earlier, was found to form mononuclear
chelated complexes with the metal. carbonyls alse,and
the ligand was present in its gauche form judging from
infra red spectra. The bidentate 1,4-dithian was found
to give dinuclear, non-chelated complexes. Geonetric
calculatiohs showed that the ligand is much more likely to
be present in a slightly distorted asymmetric boat form in
these complexes than in the chair form, a conformation pre-
ferred by this ligand in its solid and gaseous state. 3,6,9-

trithiaundecane acted as a tri- and bi-~dentate ligand;



forming mononuclear tricarbonyls with the Group VI métal
“hexacarbonyls. _

Manganese pentacarbonyl formed unstable
complexes with the ligands mentioned, However; air stable
six~coordinated:tricarbonyl bronide cbmplexes could be.
obtained. from. the reaction of 2,5-dithiahexane or l,4-dithian.
with either manganese pentacarbony% bromide or the tetra-
carbonylﬁdibromide. %,6,9-trithiaundecane acted as a bi-
dentate 1igand with nanganese pentacarbohyl bronide and
the reaction product formed an adduct With.BEHE corresponding
to one uncoordinated sulphur atom.

Infra‘red spectra of all and. nuclear magnetla
resonance spectra of nany of the complexes are given and

discussed.
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INTRODUCTION.

General.
| 'Many metal complexes containing sulphur are
known. For instance, compounds with the sulphur in the
form of éulphide, thiocyanate, mercaptan, di- and poly-
sulphide, or trithiocarbonate have been uséd as ligands.
Sulphur atoms‘linked by two carbon atoms and present in a
suitable configuration have been shown to be good chelating
agents.l"z’3
Most sulphur complexes known so far are
derived from metal halides. A great number -of mercurtc
chloride complexes with.sulphur compounds have been prepared
as characterising derivatives. ©Sulphur complexes with
platinum metal halides have also been suggested for identi-
fication.purposes, as they have well-defined melting po:i.nts..l+
Among'the‘work with transition metals it is also worth
mentioning the publications by LivinQStone concebning
sulphur complexes of nickel, palladium, and platinum.5
| Fewer compleies“of ﬁetal‘carbonyls with
sulphur ligands have beeﬁ prepared. Most of the work on.

metal carbonyls concerns ligands'such as As, N, Sb, P, and

CNR and a review of the field has been presented by Nigam
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et al.sa Most of the earliest work én sulphur containing
metal carbonyls or carbonyl halldes was done by Hieber and
his. coworkers, who prepared a number of iron carbonyl com-~
plexes with the ligands thiophenol, mercaptobenzothiazole,
thiosemicarbazide, thionaphtol, and methyl- add ethyl
sulphide.7’8’9 A thiophenol complex of cobalt carbonyl
wag also obtained. The only compound reported with a group -
VI.metal.carbonyl.Was;C6H5S Mo(CO)» py, @ brown powder of
unknown molecular weight, which- formed by reaction between.
tris-pyridine molybdenum tricarbonyl andﬂthiophenol.9 |

More recently Hieber and Schropplo have.
prepared the sulphur bridged complex (CO)QMn(PhS)Mn (CO),
and. Hieber and Beckll

formuia.(M(CO)BX)z, where M + Fe. or Co and X = S, Se,

obtained compounds with the general

SC H5 y O SCGH5 Cotton and Zlngales;E‘prepared three
molybdenum: complexes L Mo (co)a, where L = <CH'3)2S’ (0}5)43;-
or (NH?)ECS by allowing tropylidine molybdenum tricarbonyl
to react with these sulphur ligands according to the.

method of Abel, Bennett, snd Wilkinson'® These complexes
and the thiophenol compound reported by H:ie.ber9 seem to be
the only group VI metal carbonyls with sulphur ligands

known prior to this work.
During the reaction of metal carbonyls

with sulphur ligands rupture of the C-S bond sometimes

bakesAplace. Morgan and Ledburyl noticed very early that



the reaction. between thallium hydroxide and thiophene
produced T1,8 and OH:(C'H;:CH)on.»: The work by King et a1l4
with vinyl sulphides and iron. dodecacarbonyl often gave
volatile camplexes of the type (RSCH=CH)Fe,(CO)g (I) and
(II), and Hieber and Scl:xa‘rfenbie.r'g9 obtained complexes lil;e
(IIL) from dialkyl sulphi:_t}e S, | | |

1fSH1

/\ l ‘}:—,_*\F(co /\

&o)k
) S
\% /  Rlo) R

Fe (o),

i
'

(1) (II) 15 (I11)
It has also been shown by Kaesz et al. that the main
product after reaction of iron carbony]ﬂé and thiophene
is (II). The desulphurisatiom has not been found to take
Place during reactions with the group VI metal cambonyls-,
or with manganese carbonyl bromides during the work px;e-
sented: in this thesis. The work dome here with irom
carbonyls. gave unsatisfactory resultsy so that nothing
definite can.be said. about the aesulphurisation. effect on
the ligands used., In all reactionm products su]..phu.f was
presant;‘ but the method of quantitatiwe sulphur analysis
used was not satisfactory and the: sulphur contents ‘iﬁas.

found by difference.,
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In this thesis stable bi- and. tridentate
sulphur camplexes with the. group VI metal.carbonyls;
mangan&&a,carbonyl.bromidea and uranium tetrachloride
are described. The ligands were. of different types. The
bidentate 1igand 2,5~dithiahexane (IV) occurs in its
extended and in its gauche form in the liquid state,®
but as the S-S distance im the gauche form is snitable
for chelation in. octahedral complexes of the metals used,
it wag found to give mononuclear complexes only and. with:
the ligand in. the gauche form: judging from infra red
epectra. The bidentate ligand: 1,4-dithian (V) formed
dinﬁélearvnonrchelated.complexesa Although it is known
from X-ray and electron diffraction studies that this
compound exists in. its chair form in its solid and gaseous

stafea;17a’h}calculations of the geometry of the possible

complexes.makea the slightly distorted. agymmetric boat
form seem much. more likely to be present after coordinatiom.

Inh models and from calculations it is seen that the
1l,4-dithian molecule in these complexes is unlikely to
adopt a chair’coﬁformation, as this involves. very close
approach of certain protons of the sulphur ligand molecules
on opposite sides of the complex. The potentially tri-
dentate ligand 5;6;9—trithiaundecane (VI) has been found to
function as such,although there is infra red indication

of bicoordinated complexes being present probably ag THVeT-
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mediates. .
fH; | CHI/,S-—CHz-CH3
CH,—S /CH,- cu,.\. ‘CHz
| : 5 oS P
. CHr-? S CHi— CH Ch
CH, ‘ CHy

~ §— CHi~CHy
(V) (V) (VI)

Among other sulphur ligands tried with
less. or no success were tetramethyl. biphosphine disulphide
(VII) and. trithioformaldehyde(VIII), but in the case of the
formgr the S-5 distance is rather larger than that needed
to form octahedral complexes. of chromium, molybdenun,
'tﬁngsten, or manganese. Possibly further work with
uranium or other larger metal atoms would be more satis-
factory. Trithioformaldehyde, which gives complexes with
some of the platinum metals, reacted with molybdenum
hexacarbonyl, but the reaction product could not be
purified. An iron complex with toluene 3,4~dimethyl
thicether (IX) was obtained, but the reaction products
of this ligand and the carbonyls of nickel or molybdenum
were obtained in very small yields. As this ligand was
more expensive than ather suitable ligands available,

the work was not pursued further.



6.

| - CH,
), —Pp =S /(H S\ N

(CHS)Q_P:S \CHZ—_S

(VII) , (VIII) (IX)

It is well known from the results of pre-
parative chemistry that complexes containing chelate rings
are more sbteble than similar non-chelated compounds, the
stabilising effect being greatest when a five-membered.
ring is formed. It is thus to be expected that the
complexes of 2,5-dithiahexane and 5,6,9—trithiaundecane :
ghould be more stable than those of l,4-dithian, which
acted as a: bidentate non-chelating ligand. This has indeed

. been found for the complexes prepaved. as far as chemical
stability is concerned, the difference in the thermo-
‘stability being less pronounced.

The chelate effect is known to be.an entropy
phenomenon. When a bidentate chelating ligand replaces a. |
monodentate ligand, there will be & change in the number
of freely moving bodies and thus a change in the trans-

lational. entropy. The chelate effect should thus be
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independent of the bond strength between metal and ligand
and this has been found to be the case. Schwarzenbachl8
has derived equations. for some specially chosen complexes
in order to establish the approximate magnitude of this
entropy effect, which is very difficult to determine by
direct measurements of the quantities AH and T OS required.
in the equation AG = ~RT 1lnk - AH - TAS. Direct
measurement of the equilibrium constants has turned out
to be more satisfactpry, as can be seen from table 1 taken
from Bjerrum's work with nitrogen ligands. The table also
shows that the chelate effect is greater for a five-
membered thén for a six-membered ring.

| Table. L.

Chelate effect for some metal ions with nitrogen 13'.pﬂ:atnc“j.s.l‘9

306 Kr50ha898r €02t M2t ot zn®t ca®t

log X M 4 2,08 2.77 4,17 2.31 2.62

;og k' M A2 1.60 2,22 3.5L 2.38 2.07
log kx M en 5.99 7.77 10.73 5.92 5.63
log k¥ M pen - 6.38 9,80 - -
Chelate effect

of en : 2,31 2.78 3,05 1.2% 0,94
of pen : 1.39 2,10

A = monodentate ligand, en = ethylenediamine, pen = pro-
pylenediamine. -
' An explanation of the stability of a

chelated complex is the simple one that if one of the two
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coordiﬁating linkéges is broken, the other can keep the.
coordinating atom near the central atom until the broken
bond is reformed. This explanation has been supported.
by experiments using radiéactive,tracers. |

| In the dinuclear 1,4-dithian complexes it
is also possible that a smali.amount of stabilisation
could be derived from the slightly increased ease of
reformation of the fourth metalrsulphur bond, although
this effect must be much smaller than the corresponding
one for a 2,5-dithiahexane metal carbonyl complex.

Generally speaking there is no uniform

pattern of céordinating affinities of all ligand atoms
for all. acceptor molecules and ions, or even for simple
alkyls of ligands like P35 or 328. Rather, their relative
affinities depend on the acceptor concerned.zo For
insfance, the alkyls of the group VI ligands have the
following tendencies towards trimethyl gallium : 0> S< Se>Te,
with platinum II the order is changed to be : 0K ES< Be< Te,

21l yave studied the relative stabili-

Schwarzenbach et al.
ties of multidentate complexes of N, O, and S in the
molecule (HDEC CH~2)2N:(CH2)2 X.(CH2)2 I\T(CHéCOEH.)2 where

X = N,0, or 8., In the case of the alkaline earth metal
ions the order of stability was found to be : O>N> 8§,
With Cu, Cd, and transition metal ions with nearly filled

orbitals the order changed to : N>S>O0,
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However, there are. two regular features
concerning ligand affiniﬁies. The netals and. netal ions
can be divided into two classes of ligand acceptors ¢ |
a).those,which form their most stable complexes with the
first ligand atom of each Group, i.e. with N, O, and F,

b) those which form their most stable complexes with the
~second or a subsequent ligand atom.

Most metals in their common valency states
belong to class a). The acceptors of class b), which are
less numerous, are almost all found among a number of
neighbouring elements occupying an areca of more or less
triangular shape in the Periodic Table. The base of this
triangle stretches in the sixth period from.about tungsten
to polonium;with its apex at Cu. (Cf. Plate 1, p 11).

As caﬁ be seen most of the metals investi-
gatéd in this thesis belong to the border region between. -
class a) and class b) acceptors. Chromium, which is a
class a) acceptor with less affinity for sulphur than for
oxygen, gave stable carbohyl complexes with the chelating
ligands, but no carbonyl iodide complexes comtaining
sulphur could be.isolatedi The reaction between chromium
carbonyl. complexes and fluorine has not been investigated.

When sulphur acts as a ligand with a class
b) acceptor metal, the G’ -bond férmed.by donation of a. pair

of electrons from the sulphur to the metal is strengthened.
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by dative 9% -bonding from filled d-orbitals om the metal to
unfilled d-orbitals on the sulphur. In a metal carbonyi.
complex there can be competition between the unfilled 3% d-
orbitals on the sulphur and the 2 p-orbitals on. the carbon
atoms belonging to the carbonyl groups for the d-electrons
on the metal, which are used for T7-bonding. The two
posbible extreme structures are shown in fig. X, where

shaded orbitals are filled;fﬁnshaded are unfilled,

/)
N, VTR, -V o

gy -0 LD

S O <sS

X.

It would then be expected that a ligand
with:strong {7-bonding ability would impart more triple
bond. character to the C-0 bond and cause an increase in
the. carbonyl. frequencies in the infra red spectrum.

12

Judging from the results of Cotton and Zingales nd

comparing the results obtained in this thesis to those of

6asulphur should have a somewhat smaller 7 -

Nigam et al.
bonding ability than phosphorgus, arsenic,and antimon
when coordinated to Group VI metal carbonyls. On the

other hand, a comparison of the carbonyl frequencies of



sta!esQo

-valent

S8

jz)a-l‘e 1. Cla

T Actinides

Lanthanides

ification of acceptor atoms in their normal

@ Border region.

Class (b)

Class (o)

N\

[

/.



12,

the. 2,5-dithiahexane group VI metal carbonyls with those.
found for phosphorgus complexes derived from the very similar
ligand CHé P(CH )EPCHZCHB 25 shows little difference or

even & reversed trend., Bouquet and Bigorgne6o

found: little
difference in the carbonyl frequencies of diethyl sulphide:
molybdenum: carbonyls when comparing them to those of simi-
lar arsine.and.phosphine complexes, A close study of their
results reveals, however,that the carbonyl frequencies of the
sulphur carbonyl complexes are on the whole a little lower
than those of the arsine analogues.

The §7-bonding ability of a ligand is related
to its.capacity of directing a second substituent into,ifs |
trans—position.22’25 In the case of platinum metals mono-
dentate ligands have been arranged in the order of increasing -
trans. effect and double bonding in the following way :
B

P35NR2S ’V’SCNH2 <NO~CO NCqu_ ~CN.

O< OH <NH.§ ~RNH, < pyridine <CL< Br < CNS <L~ NO5v SOBH ~
22

Accordin@ to Chatt et al.25 the trans effect
does not always bring about weakening of the bond opposite
to a trans directing ligand., If this bond does not depend
on dative ¢7-bonding from the metal, the metal-ligand bond
may actually become strengbthened., As an example the two

following reactions can be cited :

K(NH;,PtC1;) + CoH, —> cis (NH;,CoH,,

P‘LCl) + NH5 —> trang (NH_, 2H4,Pt01) + KC1

PtClg) + KCi

LGP
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Since thé nitrogen has rio sihitable orbitals
to receive electrons from the metal it will be more. strongly
bouhd ‘to the metal through the & -bond electrons, &s the |
elettron affinity of the metal is increased by the 17 -
bonding to the trans directing ligand. The electron with-
drawal occurs mainly from the antinodes of the d-orbital.
most remote from the trans &irectiﬁg ligandé thus the Pt=N
bond is most strengthoned, and the ethylene group enters
into the cis-positicn. When the ethylené group dirécts the
NH3 gfoﬁp into the trans~position, the nucleophilic atbtack
of the nitrogen atém will téke place at the antinodés most
remote froém the etnyleﬁe group, that is where the electron
density is most lowered. o

Different metals transmit the trans effect
to different degrees ! platinum is a very godd transmitter
as there is a small energy differenceé betweeén its 5 d and
6 5 of 6 p orbitals; palladium is found to be less effective
Ag most of the research has been done on the platinui
metals, little is known ebout othéer metals. It would be
expected by éﬁalogy with the research ddne.that.tungsten-
should transmit better than molybdenum or chromium. As
most of -thig work deals with complexes Where cis§- or trans-
positions aﬁe‘deterﬁined by geometric Peasont not reélated
to the trans effect, little can be said about thé group VE

metals or manganese as transmitters. However, when ¢afi-
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plexes of the type L.M(CO)3 were formed from chromium and
bmolybdenum with the tridentate ligand 5,6;9—trithiaundecane,
the configuration most likely to arise considering the great
trans directing effect of the carbonyl groups24 seems to
have been achieved, judging from fhe infra red carbonyl
spectrum and considerations of symmetry properties., Com=
plexgs of the type LEMO(CO)5 with similam infra red carbonyl
spectra were obtained from monodentate phosphine, arsine,
and stibine ligands by Abel et al.l3 As these complexes
arose by replacement of cycloheptatriene, the geometry of
the starting material may have been of importance. It is
however, not possible to be sure of configurations adopted.
on the basis of infra red spectra alone. Dipole moment
measurements and X-ray work would be needed for certainty.
When a bidentate sulphur ligand has feplaced;
carbonyl groups, the remaining groups trans to the sulphur
atoms.should be. more inert to nucleophilic attack, as they
facé less competition for the d-electrans of the metal.
The entry of a second. bidentate chelating ligand is thus
made: more difficult; for its second sulphur atom is: trying
to attach itself in a now deactivated position. As it is
indicated. by the infra red carbonyl frequencies. that sulphur
has a somewhat smaller 51 -bonding ability than arsenic, it
‘is to be expected that the carbonyl groups trans. to sulphur

atoms are more inactivated than carbonyl. groups trans to
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arsenic., Thus it is not altogether surprising that no
dicarbonyl derivatives analogous to the onés obtained from.
the Group. VLI hexacarbonyls with arsines by Nigam et al.68
could be obtained with 2,5-dithiahexane in similar condi-
tions. Only tetracarbonylS'and some tricarbonyl material
possibly COﬁtaining 5-coordinated complexes, which could not
be fully characterised, were obtained.

The replacement of the last two carbonyls

in a hexacarbonyl. is even more difficult. Chatt and Wa‘bson25
succeeded in making the complex Mo LB’ where L: = ditertiary

phosphine, but the replacement could not be made to take
place directly as in the case of nickel carbonyl, where
aromatic tertiary diphosphines replaced all carbonyl groups
at 1500.26 In order to get Mo L5 dibeniene.molybdenum was
" heated with the teftiary'diphosphine in a sealed tube at
140° for 50 hours. Dibeﬁzene chromium could not be made.
to react at all. It is possible that complexes with two
or three bidentate chelating sulphur ligands attached to
molybdegumwcquid be obtained from dibenzene molybdenum in
these conditions or at higher temperatures; but this approach
has not been tried yet. \

Stability and the course of replacement
reactions do, however, not. depend only on the degreg of
double bonding énd steric strain. The fact that there is

no universal. pattern for complex formation shows that many
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variables must be involved. The stabilisation energy of
the crystal field of the ligahds may make an important con-
tribution, especially if a change in coordination number
and configuration occurs in a replacement reaction., As is
well known, the presence of different ligands affects the
energy levels of the d-orbitals of a metal; causing energy
differencies characteristic of the configuration of the
complex, These energy levéls have been determined spectro-
metrically. From maximum frequencies of symmetric'complexes
of Cu II,Co III, and Ni II the order of decreasing ligand
effect has been found for these metal ions, and ligands

' have been arranged in the so called Fajans-Tsuchida series :
3:>
scN~1~> H,0 >>F~ > RCO,™ > OH™ > C1”>Br~. The compari-

sons of complexes containing F~, Br™, NOz', and CN. depend

on—t > 1,10-phenantroline > NO, > ethylenediamine > NH

both on interpretation of optical spectra and on lattice
energy calculations. Not much has been done to determine
thermodynamic values of compliexes with these ligandslfrom
solution data and even less is known about complexes with
ligands containing sulphur, phosphordus, and arsenic; - Thus
~not much can be said quantitatively about the field strength
of sulphur ligands until further work on spectra, lattice
energies, and thermodynamics of sulphur complexes. has been.

carried. out.
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2.5-DITHIAHEXANE COMPLEXES.,

Farlier work on 2.

-dithiahexapa.

- The bidentate chelating sulphur ligand
2,5-dithiahexane, 1,2-dimethylthioethane, has been shown to
form complexes of the type : |

$H3 C\HZ (]:H3
CHa— S CHh—Co, CH—S$,
CH,—$ CHy—§ CH; —§
( l
CHy £H3 - i CH, 44
a ; 2% . c ‘
XL,

where X = Cl, Br, and Ial“ Since no molecular weights
were reported, the possibility of di- or polymer formation
can not be excluded. Different types of complexes were
obtained depending on the metal. halide, With M = Pd II, Zn II
Cd II, and Hyg IL type a was formed, with Sn IV, type b. The
halides of Cu II.and Au I were believed to change their
valencies to Cu L and Au III and give the suggested dimers

of type c.

This ligand could also act as a bidentate,
non-chelating ligand, With bismuth iodide Morgan and Ledburyl‘
obtained a brighf red crystalline solid, which analysed. |
for a ligang to metal ratio of 3 : 2. They suggested

structure d (cf. fig., XII) faor the red crystals, which on.
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exposure to light or moisture:. relinquished two molecules:
of 2,5-dithiahexane to give a compound far which. structure

e (cf. fig., XII) was propased. Determination of the mole-

«cular weight has not been done.,

CH ]':SL/S — CHs c‘i“!
R CHy— S8,
CH/-‘ SA_-CH: l
2 - CHy CH, — T
lC CH 2 S"‘)Bl .13
"o gl |
—th CH;
AN ’
CHy
d.o ‘ m Coe

The. work by Backhouse et aZL.5 on Ni IT
halides and 2,5-dithiahexane led to the formation of com-
plexes like Ni(chdlate)e(hai.)a. These compounds decomposed
in water, ethanol, or acetone., Conductivity and magnetic
susceptibility determinations indicated an octahedral
configuration. Attempts to make complexes from hi%her
valency states were unsuccessful. The.Z;S-dithiéhexane
complexes were, however, more stgble than those of the
gimilar ardmatic.ligand toluene,3,4—dimethylthioether;'m
which on reaction with nickel halides gave minute amounts

of unstable complexeé.
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Some of the work by Morgan and Ledburyl'was

repeated by Bennett et al.Zt

, Who prepared the two most
stable 2,5—dithiahexéne complexes from Pd Cl2 and Hg 12

in order to establish the presence of isomers with methyl
groups cis ar trans to the chelate ring, As it can be
estimated from thermodynamic data that the energy requifed.
to move a methyl group from the cis to trans position is.

about 5 kcal./mole it is not surprising that only one

compound could be isolated.
The complex RS(CHa)asR.Pd Cl,, where R =
CH506H4"had the special feature of adding one molecule of

~acetone or chloroform per metal atom on contact with these
soivents. In this thesis recrystallisation of 2,5-dithia-
hexane complexes from these solvents never secmed to lead

to this type of addition.
2,5-dithiahexane is known to exist in its

gauche form in complexes judging from infra red spectra,

16 sssigned two strong peaks at 7%5 and 728

Sweeney et al.,
em™L to the extended or trans form of theAligand, which
showed these peaks in its iiquid form together with peaks

at 840, 900, 1010, and 1272 cn~L attributed to the.

gauche form, In the solid state the ligand did not have this
four lasﬁ peaks. No infré red evidence of the eclipsed
cis-form was reported. The cis-form is somewhat less stable

because of proton interaction, which makes its presence

less likely. The spectra are shown in Table 2.
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Group VI metal complexes.

2,5-dithiahexane carbonyl complexes of chromium,

molybdenum,and tungsten.

When 2,5~dithiahexane reacted with the.
hexacarbonyls of chromium, molybdenum, and tungsten in
nitrogen atmosphere, carbon monoxide was evolved readily
at 150° and only one type of complex was found in these
reaction conditions. These yellow compounds are tetra-
carbonyls, which are most probably octahedral, as they
are hexacoordinate monomers. The tungsten complex was too
insoluble for‘ﬁolecular,weight determination in benzene,
but is assumed to be monomeric in analogy with the chromium
and molybdenum complexes. Their proposed-structuré is

shown in fig. XIII:

0, ¢ 2”3
-] ------ N\
, \P1//7 ch,

XITlL,

This structure has sz symmetry and should give rise to
four carbonyl stretching bands in the infra red, as was

in fact observed for the complexes. (cf. table 2.)
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The rest of the infra red spectra are shown
in table 2. By comparison with the liquid and. solid spectra
of the ligand it is evident that the complexes are typical
of the gauche form just as in the case of other metal halide
complexes of this ligancl.l‘6 The weak band at 900 cm™* is not

1

always visible, the 1010 cm ~ band is shifted about 15 cm_:lL

1

upwards and the 1272 cm — band is shifted as much downwards,

The peaks in the region around 730 em™L

are missing,

The distance between the two sulphur atoms
of 2,5-dithiahexane in its gauche form has been calculated
to be about 3,35 A, a distance which is suitable for a cis-
configuration in an octahedral sulphur complex of chromium,
molybdenum, or tungsfen, where the distance between cis-
positions ranges from about 3.1l to 3.3 A, The distance in
the eclipsed cis-form of 2,5-dithiahexane is 2.88 A,

The complexes are similar in type to the

6a from ditertiary

tetracarbonyls prepared by Nigam et al.
arsine. Their thermostabilities were found to be slightly
lower than those of the arsine complexes. The chromium
compound'darkéned in a closed tube around 150° , the
molybdenum one at 150° with subsequent melting at 160-3°,
and the tungsten one at 160°, The tetracarbonyls could be
recrystéllised in air without decomposition, from benzene,

chloroform, or acetone, which last is to be preferred in the

cagse of tungsten. They chromatograph well on alumina in



TABLE 2, : 224
NON-CARBONYIL. IR-SPECTRA QF 2,5-DITHIAHEXANE AND ITS COMPLEXES.,

Ligand® | Ligand M (CO),
Liquid Solid. Mulls with CaF, and NaCl optics of
chromium = molybdenum  tungsten
29258 2910s 2929m 2923w 2928w
2825vw
- - cf. table 8.
1430vs 1430vs 4335w 143%w 1435w
421w 1421w 1420w
1412w 1412w 1411w
1%323m. 1320m 1317w 1325w 1321m
1299y 1301w 1300w
* * Tk *l)
1272s - 1254m 1259m. 125%w
1203vs 1210vs
1160w 116%w
11%6s 11%57s 1137w
> % B % %* 2)
1010m. sh - 1024w 1027w 1026s.
O58vg O64vs o6w 967w - 96%9m,, 3)
900w - 895w
o % * * * 5)
84-0m — 833w 838w 83%2m
. 4
736vs. 735vs” | )
_ 728vs sh' - :
682vs 678vs 681w 662w 662w B
: 643m:

The bands marked * are attributed to the gauche form.
The bands marked + are attributed to the trans form.

1) probably CH, wagging
2 8robably C-C stretch
3 H, rocking
L) C-8 stretch

These assignations are given by Sweeney et alal6
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benzene or‘chloroform and can be kept for months in &
sample tube; The nuclear magnetic resonance spectra, which
have becn obtained from the chromium and molybdenum tetra- -
carbonyls will be discussed in a later chapter, (cf, toble 7)
They show the complexes to be diamagnetic.

Attempted Dréparation of bis-2,5~-dithiahexane metal dicarbonyl,

Nigam et a1.6a

succeeded in making L2_M(GO)2
when reacting a ditertiary arsine ligand with the group VI .
hexacarbonylé in a bomb at 250° with periodioal‘releasé of

the carbon monoxide formed. waever, when 2,5-dithiahexane
was kept at 255° for three hours in a bomb with the hexa-
carbonyls of molybdenum and tungsten; the anticipated reection
did not take place at all. vInstead a mixture of tetracarbo~
nyl and a yellow material, which after recrystallisation:
analysed far tricarbonyl, was obtained,

In the case of molybdenum the tricarbonyl
materlal. Whlch always analysed for one more carbon atom
than required for 2,5-dithiahexane molybdenum tricarbonyl
and was monomerié, was possibly impure tetracarbonyl, as
it had the same infra red carbonyl spectrum. Unlike the
tetracarbonyl it could, however, fiot be successfully
chromatographed on alumina, This material, which was also
obtained by reduction of carbonyl halide derivatives of

the 2,5-dithiahexane tetracarbonyls (cf. p.37), could not
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be satisfactorily characterised, although made in fair yield
repeatedly with constant analysis.

-After the bomb experiment with tungsten
hexacarbonyl at 250° decomposition took pléce,'at 220? however,
a mixture of two carbonyls formed and was separated on
alumina in benzene-petrol mixture L : 1. The first yellow
band, which contained a small amount of material, had a new
spectrum (cf. type B, on plate &, ) almost identical to
those of tricarbonyls isolated from 1,4-dithian (cf. table10),
The analysis of C and H;corresponded to those required for
2,5-dithiahexane tungsten tricarbonyl. As there was in-
sufficient material fbr further analysis 5—coordinated
tungsten can not be stated to be present.- The second band
of f the column had a spectrum identical to that of the
tetracarbonyl and analysed accordingly. No other carbonyl

compounds'could be isolated.
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Ligand replacement reactions of 2,5-dithiahexane group VI

metal carbonyls. .

Reaction with dienes and cycloheptatriene,

| ﬁorbornadiene, C7Hé, bicyclo-(2,2,1)-hepta~
2,5-diene, is known to react directly with. the hexacarbonyls
of chromium, molybdenum, and tungsten to give complexes. of
the typeuC?HB Md(CO)4.29’5O These reactions are complicated
by diene-polymerisation; which takes place readily in the
case of molybdenum and tungsten. In the case of chromium,
however, there is little or no pblymerisation. Several.
days are needed for the reactions with the hexacarbonyls,

- When norbornadiene reacted with 2,5-dithia-
hexane chromium tetracarbonyl. at 110° in petrol, it replaced
the sulphur ligand in an hour., No polymerisation occurred
and the yellow solid subliming in vacuo at 100° was identical.

~ with the norbornadiene chromium tetracarbonylL obtained

by Abel et al.2? and by Pettito0 judging from analysis,

infra red spectrum, and melting point. With molybdenum this

reaction proceeded less satisfactorily because of the diene

polymerisation. There was infra red evidence of the formation

of the molybdenum analogue, but the compound was not isolated.
As the reaction with norbornadiene took

place readily, replacement reactions with other dienes were

attempted., 1,4~-cyclohexadiene and 1,4-diphenyl-l,3~buta-
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diene did , however, not replace 2,5-dithiahexane at 110°%in
petrol. Even when the.l;4-cyclohexadiene reaction was
allowed to rum for four days, only the starting materials
were recovered, .

Cycloheptatfiene.in_the'complex C7H8Mo(00)3
has been replaced by monodentate sulphur ligands.12 It is.
thus not surprising that when cycloheptatriene was allowed
to react with 2,5-dithiahexane molybdenum tetracarbonyl at
21.2(}‘D for 1.5 hours no replacement occurred. Instead a new
orange carbonyl compound with an infra red band at 1960.cm'l

formed, but it was not isolated.

Reactions with triphenylphosphine and its oxide,

2,5-dithiahexane chromium tetracarbonyl

was heated with triphenylphosphine oxide for one hour at
llO°, but afterwards only the starting materia&s;cduld be.
recovered, Under these conditions triphenylphosphine
will replace 2,5-dithiahexane in the group VI tetracarbonyls.
In replacement reactions there is not always retention of
configuration and it is not surprising that the more stable

- trans-isomers were the only carbonyl products in the case.
of chromium and tungsten, while with molybdenum there was
a mixture of the cis- and trans-isomers and also possibly
some formation of ftriphenylphosphine métal fri- and pentzoar—

. bonyl judgidg frori - infra red spectra. The analyses of the
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complexes isolated from the first band off the column on
chromatography on alumina in benzene were approximately
correct for bis-triphenylphosphine netal. tetracarbonyl,
but some impurities seemed to accompany the complexes. The
decomposition temperatures were lower than those found for
the pure compounds.

These results are in accordance with the re-=

sults of other workers. When Hieber and Peterhans31

let

the group VI hexacarbonyls react with two equivalents of
triphenylphosphine in a sealed tube at 140-603 they obtained
the trans-isomers of all three metal carbonyls. Poilblanc
and Bigorgne52vfound that by heating either isomer of bis-
triphenyiphosphine molybdenum tetracarbonyl for an extended
period, a cis : trans equilibrium ratio of 1 : & Was estab-
lished., Bennet't;a7 also prepared a mixture of these isomers

- by replacing norbérnadiene in norbornadiene molybdenum tetra-
carbonyl by two molecules of triphenylphosphine, The cis-~
isomer could not be isolated, as it was contaminated with

triphenylphosphine. The main reaction product was the trans—

isomer.

Replacement by pyridine.
| Pyridine replaced 2,5-dithiahexanc with ease
on molybdenum giving rise to bis-pyridine molybdenum tetra-

35
carbonyl identical to that obtained by Strohmeier and Gerlacg.
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In tho unrcerystallised rcaction product there was a small

anount of tris-pyridinc tricarbonyl present judging from. a

L

typical strong infra rédrcarbonyl.peak at 1715 cm -, whichs

was also present in the compound made by Hieber and Mhhlbauer54.
This trié—pyridine molybdenum tricarbonyl was the main product
when the 2;5—dithiahexané molybdenum carbonyl material obtained
in several ways (cf. PP. 23, 328 ) was allowed to react with

pyridine, although a considerable amount of tetracarbonyl

was also isolated.

Attempted replacement by %.6.9-trithiaundecanca

The tridentate,ligand did. not replace the

‘bidentate one on heating of 2,5-dithiahexane chromium tetra=

carbonyl with 3;6;?—tr§thﬁéundecaﬁa at 11.0%r ot 1559°
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2;5—d;;hiahexagg carbonyl halides of chromium, molybdenum,

and_tungsten.

Orange tricarbonyladiiodides and dibromides
were obtained from the 2,5-dithiahexane group VI metal tetra-
carbonyls by reaction with iodine or bromine at room tempera-
ture. It was important that no excess of the halide was
present} as decomposition set in and with bromine other
complexes formed.

The complexes were found to be diamagnetic
and monomolecular, and only the tungsten tricarbonyl di-
bromide was too insoluble for molecular weight determina-
tion in boiling benzene or for nuclecar magnetic resonance
examination. The reaction of the tetracarbonyls with iodine
and bromine gives high_yield and probably corresponddl to

the. equation :

IT iy
5M (c:o)ahraa..2

CHZS(CH2)2§CHB M(GO)I+ + Hal., = CHBS(CH2)250H~
ﬁ? + CO
showing the formationﬁof seven~coordinate complexes ana-
logous to the arsine compdexes reported by Nigam: et al.Gb
The sulphur carbonyl halides were non-conductors in nitro-
benzené. The possibility of halogen being attached directly
to sulphur was considered unlikely, because benzene solu-
tions of the tricarbonyl diiodides were not decolourised.

by sodium thiosulphate; whereas the ligand halogen adducts. are.
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The amount of carbpn'monoxide evolved Wés not determined.
| The diiodides could be recrystallised in air
and best from benzene, although they did not decolmpose much
in chlproform; dichlbromethane; or acetone. The dibromides
decomposed more and were best obtained directly from the
filtered benzene reaction solution by evaporation of part of
the solvent in vacuo. However, the thermostability of the
dibromides was greater than that of the diiodides. It was
also found that the tungsten diiodide complex was much more
stable thermally than the molybdenum one. The molybdenum:
carbonyl. halides also started to decomposc when dissolved in:
nitrobenzene as could be seen from the value of the conduc~
tivity; which rose with time much faster than expected.
from'thé hygroscopic properties of dry nitrobenzene. The
tungsten complexes showed no such effect when left in nitro-~
benzene for ten minutes after the conductivity determination,
When 2,5-dithiahexane chromium tetracarbonyl
was allowed to react with iodine under nitrogen, the reaction
solution at once turned orange as in the case of molybdenum
and tungsten. However, the reaction product could not be
isolated. The infra red spectrum of the carbonyl rogion:
of the reaction mixture showed two new carbonyl peaks at
2083 and'l970 cm’l; which disappeared in one hour. Thder
tthe sameléonditions the molybdenum analogue showed two peaks

ab 2046 and 1966 cm—lg so it is probable that the chromium.
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complex is analogous. As chromium is a smaller atom, the
yseven—coofdinate complex should form with difficulty and
be unstable. The infra red carbonyl spectra of the carbonyl
halides are shown in table 9 . The non-carbonyl. infra red
spectra appear in table 3 together with spectra of the
tetraiodide adduct of the sulphur ligand. Judging from the
spectra the adduct alse occurs in the extended or trans form
in the solid state and as a mixbture of thé trans and gauche
forms in.the liquid. state. In the carbonyl halides the
ligand is again present in its gauche form, A band at ébout
750.cmfl‘was,scen in the case of the diiodides after some runs,
but as some decomposition may have taken place and some

of the iigand or its tetraiodide adduct may have been formed;
this band‘ié.not ta be considered as evidence for the pre=

sence of the transi-form,
None of the 2,5-dithiahcxane metal carbonyl

"halides could be chromatographed on alumina. Although the
2,5—dithiahexané tungsten tricarbonyl diiodide darkened at
l35° in a closed tube, the molybdenum analogue. started to
change at 4bpin‘é closed tube or when heated in a:sblvent
abo#e this teﬁperature. The molecular Weight obtained in
boiling benzene was abnormally high; but did not correspond.
to that of the dimer. As it was suspected that a new complex
had fonmed the trlcarbonyl.dmmodlde was heated. at a bath

temperature Qf‘ll5 in benzene and the red brown solid
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fegidue was extracted with much chloroform until a new
portion of the solvent did not turn dark red and cpague.
at onece, If the lagt part of the residue consisted of
well fbrmed erystals 2,5adiﬁhiahexane molybdenum dicarbonyl
monoiodide dimer could then be obtained pure by recrystalli-
sation froﬁ chloroform, in which solvent it was slowly
soluble to.giVe a red transparent solution. The molecular
weight of this new complex is in very closé agreement
with the molecular weight obtained on attémpting to determine
the value by the ebullioscopic method in benzene. Attempts
to cohfirm the molecular weight by the isépiestic method.
in dry tetralydrofuran failed. Unfoértunately, it was
impossible to prepare sufficient pure material for deter-
mination of the méghetic susceptibility. Paramagnetic
impurities accompanied theé complex and caused too high
values, 80 that no information about the number of unpaired
electrons could be obtained. |

The reaction taking place should. thus
corregpond to‘the followihg equation P
2. CH,S(CH3),SCH; 1o(CO)5T, §£i§g§2;0H5u<bH2) so Mo(CO)EE .
' + 2 CO + Ié

Howeves, it Was’not clear if the dimur contained halogen of
carbonyl bridges: The infra fed spectrum: in chloroform, in
‘which salvent the dompound is &omewhat sdluble, showed three
bands at 2000, 1945, and 1866 ¢n~ Y, It is well known that
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the triple bonded carbon monoxide molecule absorbs in the.
ihfra red at 2143 en™l and the double bonded Kedones around
1700 em™L, Bridging carbonyl gfoups.nave been found to absorb
in the region between 1700 ando1850 cmél; as can be sgeén, for
ifistance; from thé spectra of caobalt octacarboryl or irén
enneacarbonyl.35?36 This assumption has Been found Valid far
metal.carbohyls and carbonyl halides in general; although it
miist be borne 1A mind. that rot all carbonyl péeaks in this Low
region are derived from bridging carbonyls. 15’ S 37 The
2,5=dithiahexanc molybdenum dicarbonyl. iodide. dimer has.

“ljperhaps tao near to

the lowest band a little above 1850 cm
the bridging carbonyl region .to-rule out the possibility of
a. carbonyl bridge altogether, | | |

Chatt, Duncanson; ahd. anani§3%orking with
palladium. compleéxes with halogen bridges found that amines
such as p~toluidine; piperidine, or n—ocﬁylamine.reactedawith
" the brldge halogen to give mononuclear compounds Like ~
L an Pd Hal,, However, these hew compléxes could not always
be isolated depending on the nature of I, When L = PR3 oxr
As.R3; na difficulties arose; but if L = R,S, R,Se, or RyTe,
the amine complexes decomposeds It was alsa found that the
stability of the amine complex decreased witﬁ increasing
molecular weight of the halogers ‘ ‘ |

If there wére halsgen bridges present in the

dimeric¢ molybdenum. carbonyl. halide; the complex would be:
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expected to react with p-toluidine and this was found to. be.
- the case on warming in benzene. ‘It is not surprising that
the amine complex could not be characterised considering the
results of Chatt and his cOworkéré? However, when in one
experiment“thé benzene solution was refluxed in a bath at
10Q° , there was formation of a compound. of very intense
violét colour. This very insoluble material could be freed
- from:. dark brown reaction prbducts by many times repeated;
centrifugation in benzene., The violet solid was concentra-
ted aon top. The analysis of this preoduct corresponded to
Kp-t.oluidine.).a_molyﬁdenum.diiodide:]X and. this result was
corrcboratediby the qualitative‘analysis; which was positive:
for Mo, I, and N, but negative for S, The infra red spectrum
showed no.carbonyl.baﬁds. The complex decomposed at 1500 in
& closed tube. As not much work was done on this compound
and as no molecular Weight could be obtained, no definite
statement could be made concerning 1its structure; although

the one shown in fig. XIV could be possible.

fo)
e e xan

CH}



TABLE 3, 35
INFRA RED SPECTRA. OF 2,5-DITHIAHEXANE TETRATODIDE AND
2., 5-DITHIAHEXANE CARBONYL HALIDES OF MOTYBDENUM AND FUNGETEN.

I L M(CO) L. M(CO0).Br, L Mo(60),I]
5301.op%1cs ﬁu&lﬁ, NaCl ¢ 6aF [;pthS- 2=e

or

CH,,clﬁ Mulls

2973w 2980w 2980w

2958w 2045w o
2920n  e9ilw . e92aw
- - cf, table 9.
1440w 1440n 14310
L43%m 1432w 1425m 14245
14171 14 3rii 14114
1405m 1400w 1405m.

, 1331w 3 o
1320 - 1315m 1324w - 132%m 131%w
12635 1250w 1248w
1203g 1215m 1231w

| 1192w _

1126m 124w 1124w

1040m” 1022w 1032m 1018w
996w 981m: 980sh.

o 970s 975m o
95%7s « 950m 06%s 967sh. 068n
916w sh «  9liw, 959s8h

8%%w 909w QLW 4
905sh
840w g42m. 849m, e
: 838u 856w
728wt 7320t (756m)t
725m
' 675W

The bands marked * are attr1buted to the gauche forni
The bands marked + are attributed to the Tians form.
For assignations cf. table 24

1) band present after some runs in solvents containing Cls
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From table 3 it can be seen that the tetra-
iodide adduct of 2,5-dithiahexane has the same configurations
in the liquid and solid state as the sulphur ligand. In. the
carbonyl halide complexes the bands typical of the gauche.
form of 2,5-dithiahexane are visible. The diiodides did.

after some runs show a band at 756 em™>

, Which was not to
be. found, when the complexes had becn handled in benzene only;
in solvents like chloroform, dichloromethane, or acetone
some decomposition aiways took place,even if the complex could.

be obtained pure enough‘to give correct analysis after re-

crystallisation from these eolvents., The carbonyl spectra

of the tricarbonyl dihalides in dichloromethane were very
complex, but the corresponding carbon disulphide spectra

were simple, as can be seen in table 7 .

Attempted Grignard reaction with. 2,5-dithiashexane molybdenum:

tricarbdnyl,g;jodide.
When 2,5-dithiahexane molybdenum tricarbonyl.

diiodide was added. to a solution of two equivalents of CHZMgE;
the orange colour of the reaction solutioﬁ disappeared.
The. same colour reappeared after a few minutes owing to the.

formation of the reaction products, The. orange solid, which

‘was isolated from the ether extract after hydrolysis in small

yield, was probably a mixture of complexes, as the analysis
did: not fit a definite formula, although the molecular weight

fitted exactly with the dimethyl derivative expected.
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REDUCTION. OF THE 2. 5-DITHIAHEXANE TRICARBONYI:. DIIODIDES

OF MOLYBDENUM. AND TUNGSTEN..

Reduction with LiAlH, or NaBHﬁA,
| - When 255—dithiah9xane tungsten tricarbonyl
diiodide. reacted in dry tetrahydrofuran with LiAlHu; there
was nuclear magnetic resonance evidence of hydride formation
- caorresponding to twa high field bands at TJ= 15,41 and

7 = 19.57. The hydrides have not been isolated from the
solution; which on exposure to the air changed its. colour
fron‘light yvellow to yellow brown. The light yellow colour
returned when more Ld.A:I~.H.4 was added., After exposure tolair
“the terrahydrdfuran solution was evaporated in vacuo. A
benzene extract of the residue was concentrated, and chromato-
graphed on alumina., As in the case of the bomb reaction with,
tungsten hexacarbonyl. and 2,5-dithiahexane at 2209 two yelliow
bands containing the same reaction products sepaéated. The.
first band thus contained a small amount of a yellow solid,
which analysed for 2,5~d&thiahexane tungsten tricarbonyl in
the C and H: determination, which was the only one done owing
to the small.yield., The.infra-red spectrum is shown ;n plate
8 . The second. band containedlthe,tetracarbonyl; which

had the spectrum shown in plate 7.

| When the same reaction was carried out with:

NaBHu; the reaction solutionlshowed the same colour bhanges

on exposure to air, but no hydride peaks were visible in the
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high resolution. nuclear magnetic resonance spectrum and
only traces of the yellow solid from the first band off the

colunn formed.
The reaction of 2,5-dithiahexane molybdenum

tricarbonyl. diiodide with LiAlH, or NaBH, in dry tetra-
hydrofuran afforded again the same compound as the bomb
reaction at 220° betwéen the sulphur ligand and the hexa-
carbonyl. No evidence of hydride formation could be abtained.
The yellow monomer with the CSE&OSZ.MDOE analysis and the
tetracarbonyl type spectrum was isolated in 30 % yield hy
ether extraction of the residue after the evaporation of the.
solvent. The compound a?peared to decompose in beniene on
an alumina column,and fractional recryétallisation from:
benzene, ether, ar a mixture of light petrol and dichloro-
methane did nat reveal,new compounds, The solid reacted
with Qarbbn monoxide at 80° and 100 atm. in & bomb to give
the molybdenum hexacarbonyl., Uhder; milder conditions no
reaction took plac&. It reacted with pyridine at 60° ta
give about 60 % tris-pyridine molybdenum tricarbonyl and
about 40 % of the tetracarbonyl in one experiment. The
2;5—dithiahexane molybdenum tetracarbonyl. afforded these
compounds in yields of 10 and 9Q % respectively under the
same conditions 'in another experiment. Because of this
contrédiotory evidence‘nothing cén be said with certainty

about this solid, which was obtained in three different
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Waye afid had many times repeated constant analysis, Its
nuclear magnetic resdHarce spectrum wag very like that of

the tetracarbonyl and containisd no hyiridc.bancs.

Readtioh with KOH in ethanol,

Chatt ahd~ShaW61 have shown that tertiary
phosphine compllexes of transition metals undergo both:
reduetion and. carbonylation on heating with KOH. in ethanol.
The 2,5-dithiahexane tricarbonyl diiodides of molybdenum or
tungsten reacted at once &#nd at room temperatufs with these
Feagenta; but only in thé case of molybdenun could a Feaction
prodiict be isolated.  Thig yellsw solid was the same.
¢ dipound CgﬁiOSQ»Mooz although the oxygen analysis tended
to be a little too high, perhaps the solvent acted as a ligand
in part of the material, The infra red carbonyl spectrum
was again the same as that of the tetracarbonyl. and there

was no hydride evidences

Rediction with sodium. amalgam,

| Attemp%é to reduce 2,5-dithiahéxane tungsbten
tridarbonyl diisdide with sodium amalgam in dry tetrahydro-
furah were made: Reaction took placé immediately, but na

definite products could bé isolateds
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Although naiy uranium cémﬁleies with o¥ygen.
Bl hitrogén ligands afe khowh, few have béén prepared with
phicsphordus or sulphuf as donor atoms; &s ik shown in &
review of actinide complexes by dcmynség Aliigsp and Mann™*9
prepared four trialkylphosphine complexer with the formula
‘ﬁixuaé;PRag where X. & ClL ar Br and R. = céﬂé ax 63ﬁ7;
Aftedipts to make the analoghes f¥am trialkylarsines or
chelating diarsines failed.

, | Upasijtl complexes of a aumber of thioacids,
thiolactic and bhivglysosellie; in whish sulphur is most
probably coordineted to the mebal, have beeh cbtained, bub
no oxygen-free Bulphuf complex 6f wrahiufi-seems tao have been
isalated priof 6 this wopis It is khown that uranium
tetrachloride i soluble ih aiméﬁhylgulphiae, a fact which
indicates sulphup eoopdination t6 wranium IV, but tgis system
has not been much studied,*l Alse, Albess and Langé have
suggested that aialkymsaiﬁhieeaﬁbamatea of upanium IV were
intermédiates if theiy synthesis af uvanyl complexes.

It has been found ﬁhét sulphhr is & weaker
donoy to uranium and thovium than 18 6%ygens Wendlandt and
Bryant™? showed that the solubilibies of uranyl and thorium
nitrates in tribubylthiephosphate apsbewenty btinés’ Lowér thon
“Fhose of the oxXygen analogue, notwithstanding the similar
dicledtric constants of these media (€ = 6,82 and 8.05 resp.)
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In this work two equivalents of 2,5-dithia-
hexane were allowed to react with one equivalent of anhydrous
uranium tetrachloride under nitrogen at room temperature in
dry tetrahydrofuran. The reaction was complete in about
twentyfour hours., Bis-2,5-dithiahexane uranium tetrachloride;
a grey-green solid, could be obtained pure after evaporation
of the solvent in vacuo and washing with light petrol under
nitrogen. The low conductivity in nitrobenzene indicates an
eight-coordinated complex, This compound is not analogous to
the hexa-coordinated compounds reported by Allison and Mami"‘O
but to the similarly grey-green complex bis-1,2-dimethoxy-
ethane uranium tetrachloride prepared from 1,2-dimethoxy-
ethane and anhydrous uranium tetrachloride by Parshalll'f4 As
no,molecular weights have been determined of these compounds
owing to low solubility in benzene or decomposition in tetra-
hydrofuran, when the isopiestic method was tried, the coordi-
nation numbers can not be stated with certainty.

Solid bis-2,5-dithiahexane uranium tetra-
chloride is very stable in the absence of air and can be. kept
under nitrogen in a stoppered flask for several months
without decomposition. It is not very soluble in organic
solvents‘except tetrahydrofuran or nitrobenzene. On
heating im a closed. tube the complex decomposed at 150°, The
infra red spectrum showed the ligand to be present in the gauche

form& so that the monomeric structure seemed most likely
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Attempted reactions between urggium tetrachloride and. other.

sulphur ligands.

When uranium tetrachloride was allowed to
react with 1,4-dithian or 3,6,9-trithizmuidecane in the sane
© conditions as with 2,5—&ithiahexane; reaction took place
similarly} as could be seen from thevchaﬁge of colour from.
yellow—green %o‘blue—g:een. However, because of much lower
gtabilities the conplexes isolated under nitrogen gave unsatis~
factory analyses. ’Thej decomposed very gquickly in air and
also under nitrogenvduring washing with solvents like dry
benzene or petrol, which were tried to minimise. the sticky

appearance af the reaction products.
The molecular weight of the trithiaundecane

reaction product was 770 and indicated & monomer with two
sulphur ligands coordinated partly or fully to a molecule

of uranium tetrachloride,
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REACTION OF .2,5-DITHIAHEXANE WITH TUNGSTEN HEXACHLORIDE.,

' Whereas tungsten hexacarbonyl reacted with
2,5-dithiahexane at 150° to form a metal -organic complex
without decomposition of the sulphur ligand; tungsten hexa~
chloride behaved very differently in the‘same conditions.
The. mixture of tungsten hexachloride and 2,5-dithiahexane
turned vialet at lOO°; at higher temperature this colour
disappeared. and the reaction mixture turned brown. The
sulphur ligand was. attacked and. transformed into a nunbexr:
of‘other sulphur compounds. When the reaction mixture was
chromatographed. on alumina, about 10 % yield of the. white
volatile solid 1,4-dithiani (MP- 110-12°)was isclated from.
the light petrol. eluent., (cf, fig. V). Other sulphur com-
pounds formed were not characterised.

However, as. the yield of the 1,4-dithian
was low and. as this compound was not always formed, the cata=
lytic decomposition of 2;5~dithiahexane is not recommended
as an improved method of preparation of 1,4~dithian, which:

I
iz made in better yield by the method of Meyer 5, Husemann46

?
or Masson4? from sodium sulphide and ethylene dibromide, with.
subsequent decomposition of a polymer intermediate by

heating with phenol at 160°, If pure 1,4-dithian is

needed, chromatography dn alumina in light petrol is recome~

mended.



1.4-DITHIAN COMPLEXES.

Earlier work on 1.4-dithian,

1,4-dithian (c¢f. fig. V) in its solid and

gaseous form has been shown to. hawve the centrosymmetric

L7240 14 55 thus analogous to diaxan 19

chair'configuration.
It can be seen from calculations that in the boat form of
l,4-dithian some hydrogen atoms come close together, making
this isomer less stable. Furthermore there will be. con-
Siderable repulsion between lone pairs of electrons on the
sulphur atoms. This latter effect will not necessarily be
important‘iﬁ the complexed molecule,

Although the configuration of a ligand may
be much changed on complex formation, it seemed likely that
1,4~dithian would tend to form di~ or polynuclear complexes:
and act as bidentate non-chelating ligand. This was found to
Be so in &ll cases, when the molecular weight could be deter-
mined. Most‘of'the complexes were indeed sufficiently
soluble in benzené for molecular weight determination, The
possible structures of the complexes will be discussed later,

Borknight and smith”© have prepared a number
aof 1;4—dithian complexes of metal salts. Typical ccmplexég
obtained include the following compounds, all of which have
unknown molecular weights and thus are probably di~ or poly-

meric &
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Pt Cl, 2 dt Cu, L, at
Pt Cl, dt Gu(CN) at
Cu Cl, db Hg(C]_04) 2 dt.
Cu Br, &t Hg (NO )2 dt.
CuF, 2 dt , Hg 012 at
"Cu 012 dt | Ag(C'.L 0,) at
,CuzBrz ok '

Group VI metal complexes.

l,4—d1th1an carbonvls of tungsten and molybdenum.

The bidentate non-chelating ligand 1, 4—
dithian formed less stable complexes of the hexacarbonyls
of the groupVI.metals than{did the bidentate chelating
2,5-dithiahexane. This was to be expected~becaﬁse of the
stébilising influence of a five-membered chelate ring in the
case of the latter.

When the hexacarbonyls were heated in molten.
l,4—diﬁhian at températures between 140°and 160’, there was
formation of tetra- and tricarbonyls with spectra very similar
to thase deri#ed from the 2;5-aithiahexane complexes;A&&
far as the infra red carbonyl region was concerned. (cf. tables

8 and [0, and also plates 7 and &).

With molybdenum both a tri- and a tetracar-
bonyl. were obtained. The yellow tetracarbonyl crystals
formed by slow cooling of the reaction mixture, were well

washed with much benzene, and big crystals, separated by hand
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picking, analysed correctly for 1,4-dithian molybdenum tetra-
carbonyl. Attempted reCrystallisation from benzene; chloro-
farm, ar acetone invariably led to complete decomposition.
Erom the benzene extract'o£ the'reaction,mixture.a:white
tricarbonyl could be isolated in low yieldj it analysed
approkimatély'for l,4—&iﬁhién molybdenun tricarbonyl’ dimer.
‘The molecular weight of the tetracarbonyl could not be ob-
tained, ‘Both complexes appeared tc,decompose'slowly in air
and the yellow crystals tended ;o wither ta a powder,

| | The‘tungsten hexacarbonyl reaction éfforded
only one defined product, a yellow 1,4-dithian tungsten tri-
| carbionyl.' dimer, which was stable in air and had the typical
infre: red carbonyl spectrum found for the 2,5~dithiahexane
ltungsten tricarbonyl material and fot 1,4-dithién molyb~
denum tricarbonyl dimer. The 1;4—dithian.tungsten‘tridarbonyl
was purified by bénzene extraction of soluble impurities and
subsequent recrystallisation of the residue from much benzene.,
The yield was about 5 % and attempts to raise it by per~
forming the reaction in petrol.ether (boiling point about 1359
were unsatisfactory., This compound should contain five-
. coordinated tungsten, and as this coordlnatlon number is
unusual, the reaction was repeated for canflrmatlon. The
first half dozen times it was made it analysed correctly
using the same batch of gtarting material, On.changing to
~another batch of the 1,4-dithian, which had been purified
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differently a£d5contained]dif£erent impurities, the analysis
of the l,4~dithian tungsﬁen-tricarboﬁyl".dimeri formed was:
tao high for carbon and oxygen and very discrepaﬁt from run
to run. The reéction productjélways retained its carbonyl
spgctrﬁm with no new peaké viéiblen Thﬁs, although it seems
very probable that the five—coordinéte&.tungsten complex
existed, more work would be necessary to establish its

existence beyond doubt.

Reaction of the 1,4-dithian carbonyl complexes of tungsten

and molybdenum with iodine,
| 1,4-dithian tungsten tricarbonyl reacted

readily with iodine under nitrogen at room temperature. Care
was taken to avoid excess ofsiodine, bﬁt the yield of degF
orange tricarbonyl diio&ide‘ dimer was only about 50 %, so
that the small amount of effervescence observed may have. |
begn.caused by decompositibn; The amount of carbon monoxide
evolved was not determined, as it was thought to be of doubt~
ful significance, because of the unknown nature of the
decomposition products. The tricarbonyl diiodide. dimer,
contained no unceordinated sulphur, was non-conducting in
nitrobénzene gnd. is certainly analogous to the 2,5-dithia-
hexane metal tricarbonyl dihalides and thus seven-coordinated.
 The infra redfcarbdnyl spectra are also similar, (cf.‘tabléﬁa
Ttwas more stable than the 2,5-dithiahexanc tungsten trim

carbonyl diiodide and gave aasimple carbonyl:spectrhmbin
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dichloromethane, in which solvent it was very ém‘lublc. It
decomposed ax 85° in a closed: tube ~that is fifty degreea
lower than the 2,5- dlthlahexane analogue. The. seven-coordina-

ted dimer should thus correspond to the-sﬁructure shown in
dge XV ¢
' Hy— CH,,
I s S
| | z/ CHz—CHz \Il
cow W (CO),
. l -—CH,\ /l
I .

/
\
1— CHz/

With molybdenum a very similar infra red
carbonyl spectrum was observed in the reaction solution,
:i.ndicating that the analiogous complex had formed, but the
mater,iél. isolated -and recrystallised from benzene seemed

to have decomposed; &s no carbonyl. pcaks remained.

(ef. table 2).

Attempted reaction betwsen 1. 4-dithian and_chromium hexa-
| carbonyl. |

W:Lth chrom:.um hexacarbonyl a yellow: complex
with the same- type of J_ni‘ra red carbonyl spectrum as the.
tungsten tr:.carbonyls_ Was obta::.ncd with l,4—d1th1an_ in the
same conditions. 'l‘his_ chromium comp‘lex was rather unstable

and a definite analysis could not be obtained, although the
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molecular weight and hydrogen #alues indicated that onl& bne
1,4-dithian molecule connected twa chromium atoms. This
arrangemeﬁt seemed likely from geometric considerations
because of tne smaller size of the chromium.s
The 1,4-dithian complexes of tungsten and
- chromium were ohromatographed on alumina in benzene, but

there sccmed to be decomposition.

* Reactions with cycloheptatriene tungsten tricarbonyl
and cycloheptatrienc, '

' RREr is known from the work by Cotton and
Zing318512 that three monodentate sulphur ligands will.
replace cyclbheptatriene in its molybdenum tricarbonyl
on refluxing in pctrol at 100-20°% 1In an attempt to raise
the yield of 1,4-dithian tungsten tricarbonyl dimer.

G7HB W (C.O)5 was allowed to react in the same conditions
~with 1;4—dithian. The initial red‘colour‘of the reaction
solutionApersiéted-; . Op. examining'the infra red carbonyl
spectrum of the solution no bands typical of the l;4—ditnian‘,
tungsten tricarbonyl. dimer. could be seen.

On the other hand, when the 1,4-dithian
tungsten tricarbonyl dimer. was heated with cyclohepté—
triene for half an hour at 1509 in a preliminary experiment,
‘new carbonyl bands were found at 2008, 1987, and l9OQ,cm-% .
indicating formation of new carbonyl compounds or even.

possibly CH W (CO)

7Hg
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The stercochemistry of the 1,4-dithian complexes.
The oxygen analogue of 1,4~dithian retains

its chair configuration in those complexes, .which have been.
studied by xéray.sl”52‘1;4§dithian also retains the. chair
form in its.oiygen‘and iodine COmpounds»shown.in fig. XVL
and XVII*8:53 .

0 | o

| o
S ) . —

A l"‘_S\\//\\ "
VL. XVII.. .

It is thus to be expected that 1,4~dithian
complexes with metal cafbonyls‘should,retain the .chair con- |
figuration alsa, With the carbonyls af the group VI metals
it has been found in this work that dimeric. complexes with
no bridging carbonyl bands in the infra red spectrum were
formed, and structures like those shown in.‘ plates @ and 3,
night be expected. HoWever; studies of models and careful

calculations54

show that the distances between the protons
labelled @& and a' and the protons b and b' are about L1.05 A&
 for plate 2 and 1,15 A for plate 3., These distances are
sa much less than tWiée the van der Waals' radius of the.
hydrogen atom (2%1,2.A) that this structure seems impro~

bable .



The interaction of the lone electron pairs
of the sulphur atoms, which makes the boat form of 1,4-dithian
much less stalile than the chair form, is no impediment to its
existence in complexes. This conformation will still be
destabilised to an extent of éboﬁt 5 keal/mole with respect
to the chair conformation as'a.result of non-bonded inter-—
'éctions béﬁwéen:the protons of the adjacent méthyléne groups.
The distance between the sulphur atoms in.the boat form
(2.88 A) is rather toa short for formation of a strainless
mononuclear complex of the type;shown in fig. XVIIL, where
the distance between.octahédrai.cié;positions is calculated

to be about 3.3 A for tungsten and molybdenum,

/ / y \ \
S\ v 5
NN
(co)
XVIII,

In the complexes the conformation of 1,4-

dithian. which seems most probable from consideration of
calculated atomic distances, involvaé‘a slightly'disxbrted.
‘asymmetric boat form with: carbon a&omsdat baw and stern.

It. has been pointed out by Hazebroek and Oosterhoff?ﬁ, that
the.boaf of cyclohexane is just ohe'mehber of an: infinite

class of flexible strainless forms, and that some of these
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other cbnformafipns are slightly-morc étable than the cus~
tomary boat form., Similar'considerations can be.appliednto».
thefl,A—dithian molecule and 6f particular interest is the .
conformation in which the bow.and. stern positions are occu-
ried by cérban atoms‘instead.of sulphur aﬁoms. Two isomers
can then arise. Plate "4 illustrates the meéo—boh@lex.withi
two non—superlmposable ligands, plame 5 the 1somer with tWo
superlmposable llgan&s, Whlch is optically actlve. In these
structures there lS much: less 1nteractlon than in structures
involving the conventlpnal.chalr formaberween protons‘frmm
‘two differént.l;4;diﬁhian moleculés., In the méso-fdrm‘the_
distancés aF-é' and b - b' are equal to 2.42 A. rThe;closest
proton distance, a - &', in the optically active isomef;is E
2.42 A, Both these distances are as great as the wvan. der |
Wealst dlhneter ‘of the, hyﬁrogcn aton.

o The only proton distance in an asymmetrLc
boét conformation of l,4—dithian, which is significantly
less than than 2,40 A, is that between the axial hydrogens
on. the baw or‘Stefn Garbon atoms, (cf. ¢ - d in plate 4 )
This distance is calculated to be 1.86 A. There is, however,
only ane such proton interaction in each l,4-dithian molecula 
of such conformation and it is unlikely to decrease the
stability by more than about 51kcal/mole.‘ Furthermore,,it:
"is;passible to deform the molecule: from. the strict ssymmetric

boat conformation. without introducing,angular st:ainv(@f. the

v
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flexible form of-oyclo—hexaoe)55 in such a way that the
: distance berween the iﬁterferiﬁg‘hydrogen‘atoms increases.
This deformation also.has the éffect of-drawing together
the two dlfferent l 4-dlthlan molecules in the metal complex
's0 that thelr hydrogen atoms begin to interact : presumably
& compromlse Wlll be reached. in Whlch’each 1,4-dithian mole-
~ecule is sllghtly distorted. from the asymmetric boat form.
with a corresoonding?gaiﬁ in stability{ It is evident that
the difference in energy'between these isomers ils quite.
negligible and that<the energy barrier t6 their intercon-
version-is so low as to preclude resoluoion at or@inary-
. temperatures, The‘nuclear magnetic resonance spectraare::
shown in plate 6 end in. tablc.Z}..OnLyone‘broad polialets

ton peak could be foundo
Because of the small . amount of straln

already present in the: complexes of molybdenum and tungsten,
any reduction of the M - S bond length should bring the
1,4-dithian molecules closer together and decrease  stabi- |
lity., It is noteworthy that chromium, which can ‘be expectead
to give Cr - S bonds some 0,15 to 0.20 A shorter, does not. |
seem to give complexes-of-this type. |

- The infra red non~carbonyl spectra of the.
ligand, its tetraiodide ddduct, and its metal carbonyl and
carbonyl halide complexes are shown in teble 4 on.the

next page. @
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- NON-CARBONYIL, SPECTRA OF 1.4-DITHIAN AND. ITS COMPLEXES,

L L | LI (TMo(C0), ). (TW(CO)), (LW(CO)s

Yulls CS,,CH,Cl, Mulls * CS, Mulls ‘MIls GS;3°2 I,)Mulls
NaCl NaCl NaCl NaCl NaCl ©NaCl NaCl  NaCl

: | 3050w

2945w 2950m sh | 2960w 2970w - 2975y

. 20225 2922w 2920w 2932w 2935w )

2840m | - 2850w 2850w
2800n o _

- - - T - cf. tables 8 and 9 .

1416w . 1430w

1400m.  1415m 1408w _ 1#15m 1411sh - 1414m
1355w : : ‘ 1328w
1295m 1303m. ‘ 1294m - 1298m 1296w
1280s 1275w 1275m. . 1277m 1277w
1255g ' 1255w: . 1237sh 1237w
1203w - : . 1205w . R
i - 1160m 11e2sh 1165w
1147m  1146s 1147w 1ll4om - 1150m 1148sh
11.0Cw .- 1094sh 1115w
- 1063w
988w  99n 1000w 986w  995m 1000m  995sh: -
_ 960w 967m
940w  942n 0%6m. 936w
© 903%gh A 901sh 90Qsh. ,
892ah 898s 886m 898m. 89m 892m  898sh -
v 795w 823w 781w
"760m. - 760m - . 730w
66ls 662m " - 655m 660m -

1) The C-S.stretching peaks of 2,5-dithiahexane tétra-
jodide wére much weaker than thase of the ligand itself,
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In the solid state 1,4-dithian and its tetra-
iodide adduct have a fairly strong band at 760 cm—% in the
CHé—rocking region, which is not visible in solution spectra,
This peék'is'alsbjfound-in the mull spectra of the complexes

L

but it is much weaker and shifted about 25 cmf upwards. In

the CS, spectrum of l,4edithian tungsten tricarbonyl dimer.
there is a fairly stréng peak at 730 cn™t, The G-8 stretching
peaks of the tetraiodide adduct can not be seen, Also in the
cage of the 2,5—dithiahexane.tetbaiodide adduct, the C~S
stretching peaké-are either very weak or missing. The

1147 cn™t peak in 1,4-dithian and its tetraiodide is shifted
10 to 20 cm'l'upwards in the complexes, this peak could
correspond‘fo the'CHz—tWisting.regiqn. On the whole the
spectra of the ligand and its complexes are fairly similar.,

More careful spectra would be necessary to draw more definibe

conclusions concerning the conformation of the ligand.
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3.6, 9-BRITHILUNDECANE COMPLEXES.
No complexes of the sulphur ligand %,6,9-
trithiaundecane, (GHZCH?SCHZCHE)Zg (ef. fig. VL), seem ta

have been prepared prior to this work. Few metal organic
compoundsﬁwithvtridentate sulphur ligands can be found in
the literature, For‘instqnce;‘Carius56 prepared theicom_
pounds A850335833-Gu3(caﬂ583)2, and Pb CzHcS; from trithio-
glycerin (fig. XIX), but reported no molecular weights,
Pbllack and Ceatrjrlj.o]ﬁ"7 obtained an orange precipitate when
mixing lead acetate with trithiophloroglucin (fig. XX);

- again the complex was not investigated further.,

HS SH
HS-CH2-|CH-CHZ-SH
SH
SH
XIX, XX,

3,6,9-trithiaundecane sometimes acted. as
& bidentate ligand (cf. the reaction with manganese penta-
carbonyl bromide, p.7l), but in the reactions with the
chromium‘or molybdenun hexacarbonyls it gave as the malin
product complexes.in which all three sulphur stoms were
coordinated giving the maximum stabilising effect of two

five-membered chelate rings.,
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Another carbonyl.compound was.also found in.
the yellow petrol ether fractlon separated from both tri-
carbonyl complexes L:M.(CO)B. These other compounds could
be partly purified by thomatogfaphy on alumina in -petrol, a
treatment: which destroyed the tricarbonyls. The chromato~
graphing conplexes were most likely to be the bi-coordinated
intermediate55 L~M.(CO)4; as the infra red carbonyl spectra
were almost identical to those of the 2,5-dithiahexane tetra-
carbonyls. As the complexes were present in low yield and;
difficult to separate from an cily impurity, possibly the
ligand; they codld not be obtained pure. The weakly positive
methyi iodide test for uncoordinated sulphur might thus not
have been significant. In the case of molybdenum a small
amount of yellow solid. could be separated after careful
'Washing of the material with carbon tetrachloride. There was,
however, insufficient for the characterisation of the com-
pound., _ | |

Several éttempts were made to prepare the
3,6,9-trithiaundecane tungsten tricarbonyl from the hexacar-~
bonyl and the ligand both directly and in a solvent. It was
found that the tridentate sulphur ligand did not replace
any ééfbonyl groups after 44 hours refluxing in petrel, LOO-
12¢°, After heating for one hour at 170° without a solvent
the reaction products had decomposed. It thus appears that

the complex formed with tungsten is less stable than those
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obtained from molybdenum and chromium. In this respéct this
sulphur ligand ressehbles benzene and its hdmologues rather
than the other sulphur ligands studied in this work62 .

It was found that the tridentate sulphur
ligand did,not replace 2,5-dithiahexane in ité chromium tetra-
Acarbonyl on heating in petrol 100-120°, After heating without
solgent for one hour at 155° (conditions sufficiently intense
for the formation aof 3;6,9—trithiaundeoane chromium tricarbo~
nyl from the hexacarbonyl) the infré red carbonyl spectrum of
the reaction mixture still.shoWed only thelbénds typical of'
tétracarbohyl4 It seemed unlikely that any replacement had
accurred, as the tricarbonyl complex must form more easily
from an intermediate, where two of the three sulphur atonms
are already coordinated, than from the hexacarbonyl directly.

It would have been expected thHat sdiﬁhdf ron-
Plexes with two chélafe rings should have been more Stable..v
than those with only one such ring. However, although the
'thermostabilitias of the two types of carbonyls werc sinilar;
the complex with two chelate rings seemed less stable chemi-

cally as they could not be chromatographed on alumina like

the 2,5-dithiahexane carbonyls.
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3,6,9-TRITHIAUNDECANE: TRICARBONYLS OF CHROMIUM AND MOLYBDENUM.

_ Réaction between 3;6,9—trifhiaundecana andi

chromiun hexacarbnnyl,either directly at 155-1500 or im
petrol gther, lOQfZOP gave the hexacocordinate monomer as the
main product. This yellow solid was, however, mixed with an
Qily'fraction with a tetracarbonyl infra red carbonyl
spectrum. The impurities could be removed by washing with
benzene, this processy; however, involved some loss of the
product. |

The reaction of the molybdenum hexacarbonyl
was best carried out in 100—20°petrol, After cooling of the
reaction mixture: two liquid phases,remained; the lower of
which gave the tricarbonyl as a white'precipitate.on treat-
ment with diethyl ether. The tricarbonyl was recrystallised:
from a L : X nixture of light petroleun and dichioromethane
and gave aanegatiﬁe.result i the methylliodide test for
uncoordinated sulphur. The upper petrol layer was found toa
glve the sane'tetgacarbonyl infra red spectrun.

Two possible octahedral structures of the
tricarbonyls could exist and are shown in figs. XXI and XXII.
Judging from group theory the cis~conformation, which has
CBV gymmetry, should have two twa infra red carbonyl.peaks;
the trans-isomer having(%hﬁ-symmetry should give rise to o
three carbonyl bands. As was the cage with the tris-tri-

phenyl phosphine. molybdenun. tricarbonyl. prepared by Abel;
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Be#inétt, and &‘Jilkinsonl‘5

only two bands were observed.
(cfi table LL). |
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In a complex where the trldentate sulphur
ligand acts as a bidentate one, tWo differéent structures are

possmble as shown in figs, XXIII and XIV :
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ZX1TT, - XXIV.,

Structure XXIII scoms. most probable,, as the
. possibility of attaching a aséeond sulphur atom after the
| first sulphur atom of the molecule is coordinated is much
greater, if‘the atoms are separated by a distance suitable
for for matlon of a complex, in which the stabilising influ-

ence of a five-membered ring comes into play.
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Reaction with iodine. |
The 3;6;9—trithiaundecaﬁe nolybdenum and
éhfemium‘ﬁricarbényls rebcted readily and. without efferw
vedtence with iodine; but the: tricarbonyl diiodides expected
‘.by analogy with the‘2;5—dithiaheXane and 1,4~dithian com-
pie%éa,-éould‘not Be isolated owing to their low stability,
The reaction 6f the nmolybdenum compound could bé followed
in the infra red spectrum taken of the dichloromethane
raaction mixture, The carbonyl bands of the tricarbonyl
| ‘disappea:ed at once, and a new slowly disappearing spectrin
Wwas observed, This new gpectrum was gimilar to that of the
| 2,5-dithiahexane rolybdentin tricarbonyl. diiodide, but two
| extra cai:bcnyl bands were also 'pres'ent, ‘as decomposition
took place. (6t téﬁic 9). The redabrown.powder'isolated
after the reaction contained no carbonyl bands‘and could not
‘be characterised. | ' |
a The. chiromium ﬁricarbohyl also reacted at
onée, but the complex formed decomposed immediately, so
that no spectium could be sbtained. mhe‘ﬁbnaaarbonjl.infra~
red spectra of the 3,6,9=trithisundccane complexes are shown
in bable 5 on the next .page. together with that of the ligand.
In the complexef new bande appear at about »850,- ‘.905',' and
1280 ¢n~*, The bands, which sharacterise the gauche form
of 2,5-dithiahexane are at 840, 900, 1010, and 1272 cm™ T,
It is thus likely that new peaks illustPate the fact that
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NON-CARBONYY, INFRA RED SPROTRA OF 3,6.9-TRITHIAUNDROANE

AND. T8 TRIGARBONYLS OF MOLYBDENUM AND CHROMIUM:

L

1iquid, no

solvent

NéC.l. ) )

L.Cr(CO)B
. Mlls,
NaGl,

L Mo (CO)5

Mulls.
NaCl.,

30361
- 2935m
. 2900&h.

S ST Y

_2954w .
2925w

2082w
292 Ly

.

cf. table 11, P. 83

L e

1450m
1423m -

135w

1260n
1200n

1129w
1047w
960w

780w
?55w
719w
683w
Gh6w

1425w
1409m

1248w

116484
112%n

1050m
9v2n
8%0a*
gg%ﬁi),

1443m
1435m
1405m
13965
1575w
1565w
1280v w
L/ Dw*
1240m.

1169w

1052w
067w

. 905n*

832n1*
e
7587y
664sh.
sh0m:

* dénotes bands passibly indieative of the gauche con-
" formations of the ligande twé chelate rings. 5
1) bands in this part of the spectrun are obscured in Nujol.



. 63,
the middle sulphur atom in the tridentate ligand in the
complexes is. present in the gauche position with respect
to the other two outer sulphﬁr atoms. The fourth band de=
‘rived from the gauche form of 2,5-dithiahexane at 1010 cn™ -
and which was attributed to a C-C stretch by Sweeney et alala
is not wvisible in the 3,6,9~trithiaundecane complexes,

The gauche conformation of the sulphur atoms fits in well

with the distance between two ¢is-—positions in an octahedral

complex of chromium and molybdenum, so it is cxpgétu& to be

the preferred conformation. |

In the urcoordinated ligand the bands typical’
of the gauche conformations are absent and it seems most
likely that the central sulphur atom is in the trans- or
extended position relative to the outer sulphur atoms. As
thé nolecule can take up difféerent positions{around the
central sulphur atom, it is not surprising that a fairly
complex pattern ofkbandé are visible in the C-S strétching
regioh and the. lower CHéfﬁOCKing region. No sulphur atoms
are attached to methyl groups ds in 2,5-dithiahexane, so
that the bands are shifted a little relative to the bands

of the bidentate ligand.
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Sulphur conpléxes of fanganese carbonyl brbmldes and

attemptied reactions of sulphur lipands with manganese

pefita-carbonyl.

‘It is known that mefiganese cdrbonyl halides
rédct more readily with 4 nwiber of ligonds than doeas
nanganése carbonyl. Abel and WilkinéonBS, and Hieber gnd.
Schropplo have prepared & ntimber of complexes of manganesc
cafbonyl halides and have found that aromatic amines, iso-
nitriles;-triphehylphosphine, érsine, and stibine give non=-
polar complexes of the type L, Mn(co): X; wheta I = ligand
and ¥ = hélogeh. NH5 and KCN. formed the polar complexes
(Mn(Co)q_(l”Ha)2 X and K Mn(CO)4(CN)2 regpectively.

luch less is knowh about Bulphur complexes
of manganese cafbonyl halides. Hieber and Schropp used
thiophenol as a ligand and obfained the sulphur bridged
dimer | |

ok
{ S ﬂ
(o), M Ma (e,
r\ /
Pk
XXV, - .
from mahganese chloride. This complex seems to be the only
one reported so far of mangéhese cafbonyl halides and a

sulphur ligand.
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In this thesds the reactiods of five sulphur
ligandd With manganese carbonyl bromides have been investige-
ted. With 2,5-dithiahoxane, 1l,4-dithian, and.3?,6,9-tri-
thiaundeéane-wbll.defined:ain stable complexes Were abtained.
ofi heating at 5Q° in petrol. ' On the other hand, the desired
reaction with tetrédmethyl-biphosphine disulphide (cf. fig. ViL,
P. 6)did hot tdké place ih theSe conditions, the miAimum
S-S distance (3.7 A) being té great to fit in Wéll.With
the distance between two cibs~positions on octahedral nanga-
nese (about 3,10 A). |
The reaction betiween manganeSe-teﬁfacabenyl
'dibromide and thiourea afforded a small anount of a not very
stable rose~red complex with a new carbonyl infrs red spectrum
(2052n, 2015n, and_1929m) after two hours' reflaxing in
petrol ether, 100-20° in one prelininary experiﬂenﬁ..
Owing to Low yicld this complex ¢oiild not be characterised.
Yamaguch159 found that thioufea, unhlike urea, is coordinated
through the sulphiir atom in all complexes exXamined in the
infra red judging from bands adsighed to metal-nitrogen snd
aetal-sulphur boh&é, -The thiolitea éomplex obtained from
mdnganese tetracarbdiyl dibromide was thus unlikely to be
sfabilised By chelaté ring forméatiod.
' Although manganése carbonyl was expectied to
react’less'feadiiy with the sulphir ligands, the reaction

was attemptéd with 2,5-dithiahe¥ane ahd 1,4-dithian., With
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the former a flesh coloured product formed, but it was very
unstable in airvand‘miked with much unrcacted pentacarbonyl.
After refluxing for two hours in 100—200petrol.most of the
starting material.Waé unchanged;‘ The isolation of the new
compound was not carried out and the reaction was only tried
once. After heating of 1,4~dithian and manganese pentacar-
,bonyl,in‘petrol_lDO—EO? whe starting materials were recovered
' unchanged. Atg160;90d Withbut a solvent reaction took plade
and a small amount of a yellow but not very stable solid with
infra red carbonyl bands at 2023m and 1993m em™* was separated

but not characterised.

- 2,5-dithiahexane manganese tricarbonyl bromide.

2,5~-dithiahexane reacted readily with both
manganese pentacarbonyl bromide and tetracarbonyl dibromide
at 75° in petrol and in both cases the identical complex
formed. The stable orangé yellow crystals could.be purified
in good yield by recrystallisation from diethyl. ether or
benzene., The complex was monomeric; nnn-conducting in nitroe
benzene and contained no uncoordinated sulphur atohs.
Unlike the other sulphur carbonyl complexes isolated in this
work it melted, appdrently without decomposition, at 135-6°,
On heating in lDO~20°petrol fof two hours ho polymerisation
took place. In this respect the complex behaved like the

mangancse carbonyl halides with nitrogen, phosphorgis,
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arsenic, and antimo ny 0,58 and not likc the polyderising Ly 4
dithian complem dedcribed later, Two struétupes can arise

ap shown in figs, XXVI and XEVIT 4

- CHy 0 CH
% ? - o ¢ 17
N\ /,'Swl ,C\Fﬁ/;\
iYL A e CHy
0% t S BF'“}‘S; |
c S
Br s % CH3

- XXVI, XXVIE,

the former being most likély becausé of the khown high

trans effect of the carbeayl grbu‘p. The proton magnebic
spec¢trum differs from’ﬁhdge of the 2,5-dithishéxasne group VI
carbonyls and will be discusseéd oh p. 79, (cf. also plate 6); -

1, 4~dithian manganese tﬁicarbo“fihbﬂcmide._

When 1,4~dithisn was allowed to react with
mangahése penﬁacérbonyl;brémidé or with the tetracarbonyl
dibremide; caréful control of the temperatife and time of tne
reaction Was necessary in order to obtair. the d:.mcrlc complex
expected in analogy with ‘bhe work on molybdonum and. tungsten.
At 65° in petrol ether {Cq_HBSg Mn(eo) Br,_;a wWas the nain - §
product after hea:blng for five ninutés. With higher tempe~

rature and longer rcaction timeé +¢hHé redcbion product or
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produété Qould'ﬁgt be-reérystallised becauge of very low
SOlﬁbility in water and orgaﬁic.SOlvents, The fiore soluble
dimer could be purified by recrygtallisation from dichloro-
methane: It was a n0n4conﬂu§tor in nitrobenzéne, Aa there
was no infra red evidence of bridging carbknyl groups, the
following structures have been considered :
%

/C Hl' c Hl\ ' ‘ AN v

< MKl
/sl N 7N\
Br(C 0)3. " : Mh((O)BBr- | "\’ /ﬂr
TS NS
CHa- oy | . L N¢
7
XXVIIL, . XXIX, |

- Structure XXVIII seens much:moré iikely by analegy with the
bungsten and'molybdenum'complexes of the 8anme ligénd‘already'
described, althéugh the smaller sife of the manganese atom,
which is almost &s emall as the chromium one, causes more
‘strain in the compéund. The. riogt important abjection to
structure XXIX lies in the Iaﬁt that it would require seven-
- coordinate nanganese, as the éomﬁlei.dbnﬁains no uncoordina-
'ted‘sulphur. Alge the strong téndendy to polymerisation,
which probably takes place through halogen bridge formation,
nakes strucfure XXVIII seen more iikeiya'

In structure XXVIII the sulphur atoms are
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again nost likcly to be attached trans to darbonyl groups
becausc of the high trand dirccting cffeét of thesc groupss
In this case two isonors. can arisc as shown in figs. XXX and

CEXT »

0 0 0
g CH.~CHy 1 C | - CH—CHs  C
. r ' ; " 2 2
oI N B S
pav> 'S‘C‘Ht”*“;”*' K20~y —CH
Nl \ T CHy Gl f Q,' CH;=CH .
SRS SCHzCH 9. tei\'O ? rﬁ/ s 1 N
% z 8\— B CHQ_ CHz By O

XXX, o XXXI.

No atte.ipts have been ande o cstablish the
presence of isunors.ThaFCOHPicx whs diaragnetic.  Its infra
. red darbonyl‘spéctrun in_diOthromethane showed four bands.
If - certain.. carbonyl. groups woere prescnt in an cnviron—.
nent different from that of another carbonyl group on the
netal, o norc complex carbonyl spectrua could occur,
The darbonyl.spcctrum is shown in table 12, The ruclear
nagnetic rcsonance speetrum is. shown in table 7 and in plate
6. The dincr dcconposed at about 200° in @ closed tube as.
did also the polymeric natorial, which probably formed during

the heating period.
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The Dq_ymerlsgtlon Eroduct. |
If the reaction betwecn 1, 4—d1th1an and

either of the manganese carbonyl bronides was carried out at
85-100° if petrol. for ﬁalf an hqur; a very insoluble'yellbw
c¢opplex. formed. As it could not be purified by reorystalli-
sabion, the material was not fully characterised; although it
was found that it analysed a.little higher for carbon and
hydrogen ahd a littlé lower for oxygen than did the dlmer.

A very small. amount cbtalned by extraction with nuch chloro-
forn had no tonclusive analysis either. An infra red spectrum
taken of a dichlorometane extract showed thieec very weak bands,
and also the nujol spectrum of the unrecrystalliSed naterial
was somewhat Simpler than the chrespondingvspectrum of the

- dimer. The bands were shifted downwards in the polymer, but

Lwas too hlgh ip to indicate car-

the lowest band at 1902. cn
bonyl brldges.J)The hydrogen analyS1s, which was sbout 3 %
indisated that two l,4—d1thian rings connected_the nanganese
atong, if only one ring were presént, the analysis would

be about 1.5 %.

1) ‘ef. table 12; p. 83
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%,6,9-TRITHTAUNDECANE MANGANESE TRICARBONYL BROMIDE.

A very viécous deep red oil. formed readily in
high yield when manganeée pentacarbonyl. bronide reacted with
(CH%GH%SGHEQHE)Qﬁ. This oil could be purified by twice
repeated chromatography in diethyl. ether on alumina and
analysed correctly for the complex (CHZCHZSCHZQHé)éﬁiMn(QQDBBr'
As. ai seven~coordinated manganese complex is much less likely
to exist than a six-coordinated one; it was not surprising
that the compound contained uncoordinated sulphur in the
nethyl iodide test. Reaction with B?H6 took place and. about
80 % of the amount required for one uncoordinated. sulphur atom
was taken up in about an hour. The addition compound was
fairly stable under nitrogen and an infra red spectrum could:
be recorded. This spectrum contained & very strong band at
' EAOQ,cmfm'and"a:carbonyl region with four bands, one more.
than the red oil, After ten minutes the thﬁ:BéﬁE adduct band
at 2400 cm"l‘had glnost disappeared and the carbonygl spectrum.
only contained three bands as in the case of the red oil,

1 gownwards, possibly

these bands were shifted about ten. cnm™
b:cause. of the diglym-solvent. The red oil.could be reco-
vered after the decomposgsition of the BéHt adduct, which on
exposure to air gave rise to strong effervescence, The

- decomposed édﬂuct was extracted with ether, which contained.
the recovered red oil, There was an orange,residue.aftér the

ether egtraction., This orange solid had an infra red carbonyl
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gpectrun with threc bands at 2055w, 1.96lm, and 1882w, but.
was not characterised,
The 3,6,9-trithiaundecane fianganese tricarbo-
nyl bromide was & non-conductor in nitrobenzene and its infra
red carbonyl spectrum showed no bridging carbonyl bands. Agc

it is a monomer, the following iwa structures have been con-

gidered ¢
‘¢ :
. \ 0 ke
0 C cHed 0. ¢ I
\C"' 'i' -t “({'H ¥ '-»"l"“‘ ",’C-'(Hl
N \ ) \ ,/”1;‘J \CH
’ Mh / CH M 1\5
,/ o /CH_{' 2 / n ’, )
OéCL R B < (,:’_{.4 S(:/CHINCH/
Nee 07

XXXIT, XXXITT,
Structure XXXII is much more likely to ford as it is
gtabilised by a five-membered chelate ring. Because of the
trans effect of the carbonyl group the two sulphur stoms
¢oordinated are most likely bo be attachedltrané{to carbonyL

groups.
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REACTIONS BELTWEEN IRON. CARBONYLS AND SULPHUR LIGANDS.

Much: of the previous work on reactions
between iron carbonyls and sulphtir ligands appears in the
following references : 7,8,9;11,k4, and 15. (cf. p, 2) .-

In this thesis arce reported scme reactions between'Fe(CO)5
and EFG(CO)4]5; which took placé :eadily; but the results
were d,isaappoinﬁing} because of low yields,.and instability in
gone cases. | Usually orange. red. comnplexes formed and mostly
there were two carbonyl complexes, as could be seen when the
reaction products were. chromatographed in petrol. on alumina,
‘The. first band. contéined- a purex product than 4id. the second
band, which was contaminated with the sulphur ligand used,
Infra red carbonyl. spectra were recorded. nf the. prodﬁcts
obtained from both bands,.

Hieber, Bader and Riess.7 prepared the complex
?_'; 5-dithiahexane iron dicarbonyl diiodide. from 2,5-dithia-
hexane and "Fe(CO) 435. This iron carbonyl was allowed to
react with 1,4-dithian in this work, but only the tetralodide
adduct of the ligand formed: at room temperature. The results
of the recactions attempted in this woik are shown briefly

in table. 6 on the next pages :
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PH
REACTIONS BETWEEN IRON CARBONYLS AND SULPHUR LIGANDS
Ligend Carbonyl Condltlons . Regults
in 2 '
Toluene 3,4- Ee(CO)y Reflux in 3.00-20" Pirst carbonyl pff
dimethyl 7 petrol or in the column, : MP 122-24,
thiocther, iron carbonyl

(Cfo flg. :D{)

for 4 to.16 hrs
Ra'b:LQ 1: lo

C 37.0,37.13 B 2,97,
2 87,0 16,.29; Fe
22,76, 2292.%

two consecutlve,
runs: MW 450, IR :
2016s,2056=:,2088n

second. band off
coluam : intense
red carbongl; IR 3
2053n,2008s, l977m,
1945n and llgand.

2. 5-dithiahexane Ee(CO)
(of. fig. IV)

Heatln§ 2. hrs
at 140° in an.
excess of the
ligand

a red oily pro-
duct came off the
column. It decom-
posed in an attemp~
ted. vacuun destil-~
lation at 80°,

Y R

Heating 5.5 hrs
in d@iglym at 105°
Ratio 1 : 1.

After the solvent
was filtered off
the residue was
extracted with: THF
From the concentrs
ted solution & nom
carbonyl, light
clive green solid
precipitated on |
acetone addition,
Fe +, 5 +,

" (Fe(CO),] 3

Heating L hr in
excess of ligand
at 80-115°,

First red carbo-
nyl off columm IRs
2085m,2048s , 2002,
1896

gecond band : red
oil + ligand.,
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TABLE 6_CONTINUED.

Ligand Carbonyl Conditions. Results.
in N, =
2, S-dith:i:ahexane [Ee(CO) 4;13 Two fractions came

“heating L -hr off the codunn, the
.in petfrol at second contained
at 80" (1*1) ° orange crystals,

1,4~-dithian Be(C0),I, in cther at  tetraiodide of 1,l—
(cf. fig. V) raom tempera- dithian fell out,
ture (1:1)

3,6,9-trithia- [Fe(C0),}, Heating 1 hr First orange carbo-
undecane 5 in %e,trol at nyl off the colunn
(cf. £ig. VI) 1.00° . (1:1) had IR : 2080s,2038s,

_ L o , . 2000s_and the oralyv-
' sis : C 26,69 H 1.56
Q 23%.85 Fe 22,91 %,
MW 784, It had been
recrystallised once
fron petrod. ‘

second: band off the
colunn contained. a .
red oil. IR : 203%5s,
2020s,1973%vs,19%9vs,
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NUCLEAR MAGNETIC RESONANCE SPECTRA. AND. ASSIGNMENTS.
| The ruclear nagnetic resonénce spectra of

gome of the complexes prepared in thif thésis have been exa-
mined on a Varian instrument at 56.45 né/gec, and 22°%t1,
The line positions are given in T -~values (10,00 ninus the
position in ppm on the low field side of tetramethylsilane
as internal reference). (cf. table 7 and piate & ). The.
golvents used are menﬁionad in. each case, |

As can be seen from table 7 the shifts of the
methyl and methylenc peaks of 2,5-diﬁhiahexane on complex far-
mation are very small, especially for the methylene group. |
A Similar result was found. by Li, Johnson, and Shoolery?5
who studied: the methylene.pfoton peaks of glycylglycinate
and glycinanide before and after’'chelate formation with zinc
or magnesium chloride. On cqﬁblexihg,the proton peak of the
methylene group tavelved in the ring shifted a little, ahout
0,30 ppm and 0,36 ppn respectiVely}) The shifts obtained with
2,5«dithiahexane on complex formation with the group VL
metals and mangénese were even smaller indicating weaker.
chelatec bonds. The methyl proton peak of. the 2,5-dithia-
hexane: eonplexes shifted approximately Q.25 to 0.30 ppn.
These shifts could bs due to restriction of torsional move~
ment of the alkyl groups becaiise. of ¢helation.

Whereas. the two peaks éxpected from 2,5-di-

thiahexane had a similar shape and the areas under then

1) on Zn



77
could be estimated to have the expected ratio of 6 : 4 in.
the group VI tetracarbonyls; the nanganese tricarbonyl brom’de
complex had a very sharp methyl. peak and a broad nethylene
peak with some sfructure. The ratio of the areas of two g0
different peaks was very difficult to deternmine with
accuracy. This changed spectrun may depend on distortion of
the symmetry of the chelate ring. The size of the metal
seened to bec unimportant, as the chromium tetracarbonyl of
the 2,5-dithiahexane had a spectrum very mimilar to that of
holybdenum.

When two iodine atoma are attached to 2,5-di-
thiahexane molybdenum tetracarbonyl, the sPeotrum changes to
give a large double peak at the methylene proton region and
a somewhat smaller peak at the methylk prcton region. On
further recrystallisation one more peak appears at T = 6e73e
This peak is probably due ta the formation of a decomposition
product, as a similar one is the only peak seen in the
chlorofrrn spectrun of the tricarbonyl dibromide, which as
found to decompose extensively in this solvent. |

The Ligand. l,4-dithian has methylene. group
protons in both the axial and the equatorial positions, and
as extensive spin-spin coupling occurs in nolecules of this
type, only onc broad unresolved band was found at room.
temperature in this ligand and its conplexes. This band

shifted. downwards on conplex formation and in the case of
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the}tupgsten,complex-the_shift;Was about 0.5 ppm.

.  5,6,9ftrithiaundecane gave the three
~expected peaks. The methyl peak fronm the ethyl gave a
triplet with a. splitting of about 7 cps. The methylene.
ngﬁouqurom,thé;ethyl.partagave:a quadruplet with the samz
sphisting.. Thoses two peaks were found to be about 0.15 pi:

~lever Ghan those- of diethyl sulphide, but at a. similar

-,wdistance:from one‘énother.54’65’The,bridging:methylene peak

appearéd'unresolved a little lower on the id—value.scale;

~ but partly overlapping the.ethyleeﬁhylene peak. On complex
‘formation the methyl.gﬁoup paak was shifted. a little down-
wards, but the other peaks remained almost unchanged.oh

, formation of two chelate rings. The 3,6,9-trithiaundecanc

nanganese tricarbonyl bromide was not investigated.
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NUCTLEAR MAGNETIC RESONANGE;SPECTRA OF._SULPHUR. COMPLEXES,

72

molybdenun tri-
carbonyl

8.59 ethyl hidden
bridge

7.30

Compound Qflvalue ifevalue solvent
nethyl B nethylene B E

2;5-dithiahexane 7.85 7.28. CHE&B
chroniun tetra- | '
carbonyl com=
plex 7465 7435 "
nolybdenun. tetra-
carbonyl conplex. 7.58 7 .28 G
molybdenug tricar-
bonyl diiodide,2% 4
recrystallised 7.58 27,7622, G735 "
nolybdenun tricar-
bonyl dirromnide once 1) 1) _ 2) .
pecrystallisnd 7835 7.38 6,817
nanganese tricar- 3) 4)
bonyl bromide 752 7.26 "

A s e ) |
1,4-dithian 7415 '6014
tungsteh'tritara- 4)

- bonyl diner 6.04 CHGl5
nanganese. tricar- 4) '
bonyl dinmer 6,98 CH,C1,
decane. 8.75 ethyl 7.495>

bridge 7.33 v CC.’L.4
- 8.65 bridge 7.35 C.HQl3

i

1)very weak bands. 2)very strong band.

4)broad band., 5)unresolved.

3) very narrow pand.
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Plute 6,

Nuclear magnetic resonsnce spectres

GSS(CHz)zSGHa CHy5(CH,),8CH, '
. N 3 ' )
T= 7.0 8,0 7.0 8.0
CH,S{CH, ) ,5CH; CHyS(CH,),SCH,
or(C0), | q -Mn(Co)ghr
—_—d R i R ) _iA J‘p, 1
T s 70 ° 8,0 7.0 840
Mcﬂacazwnzcaz)zs
N N [ N 3 { N " 4 1 [l ) 4
ﬂ
ta 7.0 8,0 940
(CH_CH_SCH,CH,.) §
3 2 2
b,
ﬂ !
- 1 A { l
T=a 7.0 8.0 9.0 ‘



INFRA. RED SPECTRA.

TABIE 8. | - 80,

TETRACARBONYL: SPECTRA. OF GROUP VI.METAL.COMPDEXES.
COMPLEX. CARBONYL: STRETCHING FREQUENCIES 7MEDIUM OPTICS

2,5-dithiahex~ 2020m; 19145, 1898s, 1869s 'CHCla; GaE2
ane. chromiunm. v

tetracarbonyl 2022n, 189%6s, 1862s  CH,Cl,, ™
nolybdenun 20%30m, 1919, 1905s, 1868s:  CHOL,, "
analogue. 20335,  1906s, 18638  CH,01,, ",
tungsten - 20271, 1910s, 18968, 1867s CHCL,, ™

analogue 2025nay 19605, ~ 186ls CHZQé,; M

1,4~-dithian nolyb— | , | . :
denun tetracarbonyl 2Q33%nm, 1900s, 1860s CE,Cl,, NaCl

3,6,9-trithiaun-

decane reaction

byproduct with ' '
Cx(CO 2020n, ,1900s5, 1862s CHEFJQ, NaCl
Mo(CO 6 203%7a, 1898s, 1890sh, 1860sh. QG,Q, -

dipyridyl molyb- b

denumeaexracarh , o '
bonyl™* ' 2022n, 1906vs, 1877s, 1826s GHCla, NaClL
cis~bis~triphe- '
nylphosphine ‘
molybdenun 293 , ,
tetracarbonyl®’’78026n, 1933vs, 1910vs acy,, CaF,
1,2-biséi~ ..
. ¢thyl "of Cr20Q0s, 1905sh, 1880vs
phosphino-ef -Mo2012s.,, 1909sh, 189lvs, 1873sh
ethanc. of W 2008g, 1901sh,1882vs, 1866 sh

- o-phenylenebis-
dinethylarsine.

chroniun tetra ‘ .
carbonyl, 6a 2012, 1922, 1898 CHOL

3?
nolybhdenun
analogue; 6a 2026, 1938, 1923, 1914 cyclohexame

tungsten o : o L
analogue, 6a 2016, 1923, 1905, 1885 CHCl3
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' INFRA. RED. SPECTRA.
TAELE Q, 81,
CARBONYL HALIDE SPECTRA OF THE GROUP. VI METAL COMPLEXES.

COMPLEX CARBON‘IL_ FREQUENCIES  MEDIUM OPTICS

2,5-dithiahexane no- ‘ _
lybdenun tricarbonyl , ' o '
diiodide 2046s, 1988low sh, 1960s CS, W

tungsten énalogue : 2033m, 1943s, 1906w . oo

nolybdenun dibronide .
analogue 20440, 1990 low sh, 1955m ™ "

tungsten dibronide v _
analogue 2054g, 1977s, 1912s NMajox, ™

reactlion nixture of

2,5=-dithishexane chro-

niun tetracarbonyl and ’ ‘
iodine ' 2Q8%n, 1980 low sh, 1970m CHCl;, B

2,5-dithiahexane molyb-,
denun dicarbonyl iodide, ,
dicer o : 2000w, 1945w, 1866m " .

1,4-dithian tungsten,
tricarbenyl. diiodide, , . -
diner 2054n, 1972s, 1911n GI.{2C}]_2 n.

roactlion mixture of

1,4-dithian nolybdenum

tetracarbonyl and io- g

‘dine 2062s, 199ls, 193%2s " t

o-phenylenebisdinethyl.
arsine nolybdenum tri-
carbonyl diiodidsc, 6b 2053, 1982, 1925 _ Nujol

dibronide anslogue,&k 2023, 1971, 1921 .

et




INFRA RED SPECTRA,
TABLE 10, - 82,

COMPOUNDS WITH THEHCARBONYL SPECTRUM SHOWN IN PLATE. 8 ,

,COMPLEX CARBONYIL FREQUENCIES MEDIUM OPTICS

(2,5-dithiahexane

tungsten. tricarbo-~

ny})_;C and H ana- _ .

lysi® only. 2087m, 1990 low sh, 1942s CH,Cl, NaCl

1,4~-dithian molyb-
denun tricarbonyl ' '
diner,l) 2080w, 1980 low sh; 1950s L ",

1,4-dithian tungsten ,
tricarbonyl dimer 2080w, 1985 low sh, 1945s CS, - m

Reaction product of

1l,4-dithian and chro-

niun hexacarbonyl, . , )

not. purified 2075ny 1995 low shy 19%8s CE&CIQ m

Reaction product of

tetranethyl. biphos-

phine disulphide and

nolybdenun hexacar=- ‘
bonyl, 2),3) 2082w, 1995 low sh, 1952s " t

Reaction product of

trithiofornaldehyds

and molyggenum hexa- _ .

carbonyl®at 8052 hra20872, 1990 low sh, 1952s " "

lg C. analysis L.25 % too high

2) the carbonyl. complex could not be separated fron. the
sulphur ligand., o o o

%) 1. hr in boab at 220°, carbonyl sublines at 115°with ligand

All these complexes were obtaincd in low yield and with the

exdeption of the 1l,4-dithian tungsten tricarbonyl diner
they weke all fairly unstable, as could be cxpected fron

potontially five-coordinated complexes of molybdenun;

tungstens and chroniun,



INFRA RED. SFLCTRA.
TABLE 11, 83%.

CARBONYT, SPECTRA -OF 3,6&, O MRITHIAUNDECANE, AND TRIS:TRIPHENYDL-
PHOSPHINE :MOLYBDENUM AND TUNGSTEN TRICARBONYLS.

COMPLEX CARBONYL. FREQUENCIES MEDIUM OPTICS
3,6,9-trithiaundecanc 1919s, 1788s HCBD NaCl
nolybdenun tricarbo- _ ,
nyl | 19%2s, 1812s CH,Cl, "
%,6,9-trithiaundecane  1907s, 1790s Nujol "
chronium tricarbonyl N

| 1932s, 1818s 082012:CaF2.
Tris—triphenyl.phos.phinel5 ,
nolybdenun tricarbonyl —1949g, 1835g Nujol
TABLE 12.

CLRBONYL SPECTRA_OF MANGANESE CARBONYL BROMIDES.

COMPLEX CARBONYL FREQUENCIES MEDIUM OPTICS

2,5-dithiahexanc. nanga= -
nese. tricarbonyl bromide 2052s, 197Q0s, 1922s. CHCl5 MaCl

l@4-dithian nanganese ~
tricarbonyl. bromide

dinmer- 2048g, 2025 sh, 1968s, .
, l92.Os.CH2012 "
polyner 2027w, 1953w, 1902w w

3,6,9-trithiaundecane
nanganese tricarbonyl -
bronide 2046g, 19655, 1920s “ "

-~

Bis~triphenylphosphinea
manganese tricarbonyl e
bronide, 58 2046 , 1955 , 1916 CHC1

5

Bis~-triphenylarsine

nanganese. tricarbonyl

bromide, 58 2055s, 225s, 1953w,
' 1918w

" "
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DIECUSSION OF THE INFRA RED CARBONYL SPECTRA.

As can be gecn from the tables 8 and 1l and

12 sulphur ligands lower the

the work of Cobton and Zingales
carbonyl fregquencies much less than nitrogen ligands and a.
little nore than phosphine, arsine, or stibine ocnes. A con-
parison of the carbonyl frequencies of the 2;5-dithiahexane
conplexes and the very sinilar bidentate phosphine ligand
shows, however, that this tendency is not always pronounced.
but can perhops be slightly reversed, Bouquet and.Bigorgne6o
also found little difference in the carbonyl frequencies of
phoéphor¢us, argenic, and_sulphur co@@lexes,_although a
careful study of bheir results reveals the carbonyl frequen-.
cies of the sulphur complexes to be a little lower than -
those of the arsenic complexes. The tendency is nost pro-
nounced for the lower peaks of the c¢arbonyl spectrum. The.
sulphur to metal bond should thus have a little more double
bond character than the metal to phosphorgus and the netal-
to arsenic bonds, Table 8 also shows that the carbonyl fre-
quencies of the molybdenun tetracarbquls_tend to be.a.;ittlé
higher than those of the chromium and tungsten analoéuéé. As
nmany variebles are involved, it is not possible to explain
this tendency satisfactorily.

In the carbonyl halide conplexes the electron

withdrawal effected by the.halogen groups brings about a

great change of the clectron density around the netal,
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80 that nothing can be said of the different qf;bonding
abilities of the ligands  judging fron bhese spectra.

| Al tetracarbonyls with two coordinated
sulphur atons were found to have approxinately the same
spectrun with the same shape, which is shown in plate 7 .«
&s in nost of the cases the two sulphur atons noust be attached
cis. to one another, an octahedral coaplex should have Coy
symnnetry as in fig., XIII on page 20.'This configuraticn
ought %o give rise to four,carbohyl bands, which were indeed
observed in chloroforn or carbon tetréchlbfide. In di—
chloromethane, however, bnly three bands were observed in
all cases both with NaCl. and Ca¥, aptics. As the tetra-
carbonyl of molybdenun obtained with 1,4-dithian has a very
sinilar four-band spectrum, it thus seems very likely that
the two sulphup atoms from two moleéules"of the ligand are
attached cis to one another; The trans-isomer gives rise
to,only one strong band, and this spectrum was never observed.

The only other carbonyl spectrun obtalned

with carbonyl complexes, which had only two sulphur atoms
attached to the netal, is’shown in plate 8. This spectrum;
which appears in table lb; was obtained in a number of
‘cases for a compound. forned together with a éetraéarbonyl
ar férmed:by the reduction of a tricarbonyl halide. In
some reactions 5etween.the group VI nmetal hexacarbonyls

and 1,4-dithian this spectrun was the only new one observed.
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If the reaction product could be isolated, there was always
analybical evidence Df~ﬁrica¢boﬁyl:fornatign,'Whichrsee*e&
reasonable, as the spectrum contained one band less than
those of the tetracarbonyls, As five-coordinated conplexes
are known to be -unstable, it was not surprising thaﬁ;mbst of
these cozplexes were unstable and difficult to purify. The
existence of the 1,4~dithian tungsten tricarbonyl dimer
seens fairly certain: In thc not very satisfactory rcactions
between molybdenun hexacarbonyl. and the ligands tetranethyl-
biphoéphine disulphide or. trithiofornaldehyde this tricar-
bonyi.spectrum was the only indication of the formation of
a netal organic carbonyl complex. As the reaction conditions
had to be rather drastic in the case of the phosphorfus con-
taining ligand, it was possible that complexes cculd have
forned erm deccnposed starting material.

Table 1l shows the two carbonyl bands cxpected
from the configuration shown in fig. XXI on page 60. The only
other carbonyl spectrum derived from the reaction of the‘
tridentate sulphur ligand with the group VI hexacarbonyls
was a tetracarbonyl type spectrum shown in table 8. No
evidence of structure XXII was found.

Of the sulphur complexcs with anganese
shown in table 12. @1l but the l,4-dithian diner complex have

the three band carbonyl. spectrun, which was found for the

similar nanganese’ and rhcniun compléxes prepared by Abel

et a158 Only two of the manganese co:plcxes prepared in
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the work by Abel et al. hadvatdifferent four band carbonyl
spectrun, which was found in the case of the bis-triphcnyl-
arsine nangancse tricarbonyl bronide and iodide, whileuthe
chloride had the usual threc band spectrun. The 1,4~dithian.
nanganese tricarbonyl bronide diner has a very sinilar
arrangenent of its four bands, and it is conceivable that
the. three conplexcs with a four band spcetrun nay have'a
configutation different from that of the conplexes with a
threc band spectrun. Perhaps the. sulphur and arsine ligands
could‘be attached trans to the halogen in the coaplexes with
the less usual four band carbonyl spectrun. Although this
confornation seens less likely because of the great trans
cffect of the carbonyl group, it is naybe preferred for
steric or other rcasons. The 1,4-dithian nanganese tricar-
bonyl bromidc. diner differs in its chenical behaviocur fron
the other manganesc sulphur conmplexes in its easeﬁdﬁ
polynerisation., 'The triphenylarsine conplexes, howe#er, aid
not scen to polynerise in the sanc way, as they were pre-
pared at 120° in petrol and cculd be hcated for half‘an'hou:

without changing.



EXPERIMENTAL, _ _ 88,

All preparations were carried out in nitrogen
- atnospherc, The mictroanalyses werc nade by the Microanaly-
tical Laboratory, Imparlal College. Infra red spectra wese
recorded on & Perkin Elmér, Model 21 spectroneter; using
NaCl and CaFé.optics. The nuclear magnebic regonance spectra
were studied on a Varian Associates Model 4300 B gpectro-
rneter operating at 56.4 ncs/secc.  Magnetic neasurements on
solids were made using the Gouy nothod.
Group VI netal carbonyls: and carbonyl halides,
2.5~dithishexane chroniun tetracarbonyl.

Cr(00)6 (1L g, 4.5 nnoles) was heated at

' 150-65° with excess of 2,5-dithiahexane . (5 nl) until no more
gas was cvolved (2 hrs). The reaction nikture was allowed to
c¢ool, the solid naterial was filtered off and. washed well
with light petrol. Some unreacted Cr(C0), was sublined off
on 0° C cold finger at. 70%0.1 nn Hg. The residue was
recrystallised fron CHOLy to give decp yellow crystals,
yield 64 %, (Found C 33,81 H 3,83 Q 22,4:0r 18.22 %, M = 285
(ebull. in benzgne); CgH, 18,020, requires : C 33.50 H 3.51

Q 22,30 Cr 18.17 %, M. = 286). The compound deconposes: at
about ;500 in a ciosed tube., It is soluble in CHCLJ..3 and
benzene, very slightly soluble in petroleun ether, It can

be chromatographed on alunina,

- 2,5-dithiahexane molwbdenun. tetracarbonyl and. 2,5-dithia-

hexane tunggten tetracarbonyl were prepared like the chroniun

analogue in 4% and 26 % yield respectively. They are both
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yellow. The. tungsten conplex was less soluble and was best

recrystallised fron acetone., (Found for the Mo conplex. :

C 29.54 H 3,30 0 19,51 Mo 29.22 %, M = 339 (sbull. in ben=
zene); csﬁioszmgo4 requires : € 29,05 H 3,15 @ 19.38 Mo 29,07
M = 330, It decomposes at about_lBOo'inva closed tube)

(Found for the W complex : G 23,48 H 2,71 0 15.80 W 43,5 %;
C8H1082W04{requires : C 23,01 E2.41 0 15.50 W 43.9 %-), The
conplex is too insoluble in benzene for nolecular weight
deternination. It decomposes at about 160° in a closed

tube. Bath complexes can be chromatographed on alunina in

CHC1..
3

2, 5-dithiahexane molybdenun tricarbonyl diiodide.

2,5-dithiahexane nolybdenun tetracarbonyl

(1L g, 1.8 naoles) in 50 nl benzene: was allowed to.react With
I, in lOO-nl_benz?né (0.43,g, 1.7“hmoles)<gradually‘with gaod
stirring for half an hour. Deep orange crystals precipitated.
from the solution on concentration in vacua. Reérystalli-
sation from benzene gave 85 % yield of the analytically pure
compound. Recrystéllisation'from CH015 or acetone also gave
the analgtiqally pure. conpound, but the conplicated infré red
carbonyl. spectrun in chlorinated solvents showed that de-
conposition took place in these conditions. The.qsaispectrum.
was less complex. (Found : G 14.95 H 1,98 0 8.78 Mo 17.54 %,
M = 506 (isopicstic in tetrahydrofuran); G7HHOSQMb0512_reP
quires : C. 15,11 H 1,81 O 8,63 Mo 17.2% %, M = 556). The
conpoulnd started to deconpose at about 40° in solution or in
‘& closed tube. It is non-conducting in nitrobenzéne Qﬂ: 0.8

.[Il.h’.OS.), v
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Lhe diiodide analogue of tungsten and the dibronide analogues

of molybdenun and tungsten weneahnepareglinjthgyaamﬁywaypi_
The..dibr omides , Which We;celesg a_@bg-.ia;-:tnan-, im-e; dﬁ;;;;g;@es‘;;;'; :
were best obtained by diﬁect crystallisation ffom the filQ
tere&;apd.concéntrated réaution solution and<thei deconposed
rapidly in chlozinated splvents'or acetone. All the tricar-
bonyl.dihalides'weré orangé, thoy Were:obtained in yields of
about 85 %. They were nore soluble than the tetracarbonyls.
2'.5—d,i_tnianéxar;e tungsten tricarbonyl diiodides

(Found ¢ G 15.26 H.1.75 0 7.17 I 39.72%, M = 631 (ebull, in
benzene,)'07H1082W0312‘requi:es : C 13.06 Hrl;57 0 7;46 ‘ '
139,40 %, M = 644.) The complex décomposes at about 135° in

a: closed tube and is non-conducting in nitrobenzene (A= Onhos).
2.5-dithiahexane molybdenun tricarbonyl dibronide.

(Found : G 17.72 K 2.18 0 10.44 Mo 20,96 Br 34.53 %, M = 478,
(ebull. in benzene)s - CoH, oS,lo0,Br, requires : C18.18 K 2.18
0 10.39 Mo 20.75 Br 34.55 %, M = 462). The complex decompo-

‘ses at about 125° in & closed. tube and is non-conducting in
nitrobenzéne (A= 1.5nn0s).

2,5-dithiahexane_tungsten tricarbenyl dibronide.

(Found, C 15.49 H 2,03 O 8.89 Br 28.54 % M.dould not be done
in benzene. Cof S;WOBr, requires : 15.51 E:1.83 0.8.74

Br 29,06 %).. The complex deconposes at. about 145° in a closed

tube and is non-conducting in nitrobenzene (/L= Qnhos).

Attenpted preparation of the chronmium iodine analogue.,
When 2,5-dithialiexane chromiun tetracarbonyl was allowed to

react with iodine in CHZQM2,the.orange~reaction solution
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had an infra red spectrua sinilar o the tricarbonyl dihalide
compleies of nmolybdenun and tungsten. Thc infra red carbonyl
bands disappcarcd in abbubt one hour and the comnplex was not

isolated. (cf. table 9) Reaction in benzene was not tried.

2,5~dithiahexane molybdenun dicarbonyl iodide dJiner fron

deconposition of 2,5-dithiahexane nolybdenun tficarbon 1

diiodide, -

2,5-dithiahexane Joljbdenun tricarbonyl diiodide (8 g,10 o=
noles) was heated in benzene for two hours in an oil. bath at
110°, The benzene solution was filtered off and the gelid
residue was extracted with several 5Q nl portiong of CHCl3
until. a newly added portion was transporent and:ligﬁt'ré&
b&own, The red brown crystalline dimer could be obtained
pure. if Well,formed’crystals were recrystallised fronm

mauch CHCla,:in which solvent it is.stable'and.slightly but
slowly soluble. (Found C 17.58 H 2.46 0 8.19 Mo 24.30

I 321.7% %; M = 792 (obtained by heating the.tricérbOnyl
diiodide in benzene, by the ebulloscopic method). Attenpts
“to deternine the molecular weight of the dimer isopiesti-
cally in tetrahydrqfuran failed owing to deconposition.
QIAHZOS4MQ294 requires & 0,17.38 B 2.51 0 8,0 Mo 23,92

I 31,65 %, IL = 802). The dimer decouposes at about 85° in
é;clpsed tube. Its conductivity in nitrobenzene is low |
(/L=2.7phog), The yield, which could be as high as 50 %

of not quite analybically purc matcrial varied and it was

difficult to prepare larger amounts of really pure complex,
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Reaction of 2,5-dithiahexane molybdenun dicarbenyl iodide

dimer with p-toluidine.

The. diner was allowed té react.with two equivalents of
p-toluidine in benzene., Ax.40° there seened tb be very
little interaction as the starting naterials were recovereds.
After refluxing in benzene for 15 ninutes reactioﬁ took
place and a brown solid, which could not be characterisedl
and which contained no carbonyl bands in the infra red, wes
obfainedu If during the refluxing the bath tenperature was
raiged above 1009 two fractions of solids could be obtained.
An intensely violet solid could be separated fron the brown
solid by seven times repeated centrifuging-iﬁ behzenea~ The.
violet cumplex was concentrated on top of the brown solid.
The violet complex contained Mo, I, and N, but no S. (Found. :
C 29.93 H 3.44 N 5,24 Mo 16,20 %; bis-p-toluidine molybdenurm
diiodide razquires : C 29,70 B 3.55 N 4,96 Mo 16.92 %.), The.
violet complex wes very insoluble anderobaﬁIy:dif'o#‘?@19'

" nmeric. It contéiné!no carbonyl groups. It ioses its colour
slowly, when heated abave 15Q° in a closed tube;

The. brown solid had no infra red carbonyl bands.

Beductioﬁ of 2,5~-dithiahexane tungsten tricarboﬂy1 diiodide.
2,5~dithiahexane tungsten tricarbonyl diiodide reacted |
readily with reducing agents such as sodium.amalgan, KOH

in ethénol, NaBHu; and LiAlH, . No reaction products:coﬁld

be obtained with the firgt three Teducing agents, but with

LiAlHu in tetrahydrofuran the hydride~containing reaction



9.

nixture gave two carbonyl conplexes after exposure to air,
These carbonyl conplexes could bc isolated by evaporation of
fhe sodwent, extraction of the solid residue With benzene.
and subsequent chromatography on.alumina. The first yellow
band off the coiu@n.contained a snall amount of a yellow
solid cérbonyl,.which after careful_washing.withra snall
amount of light petrol. and pumping down, analysed in the
following wey : C. 21.87 ﬁ.2.24?%2¢5-dithiahexane tungsten
tricarbonyl. requires : C 21.55 K 2.58% No nore analyses coﬁldﬁl
be done owing to low yield. This.complex‘seeméd identiéal |
to the coumplex obtained by diféct reaction of 2,5-dithiahex-
and and tungsten hexacarbonyl. in a bomb at 220° for twa hours.
(Found after cthmatography on alunina in benzene : G 21.20
HL149O§9The second band off the coluan in both cases con-
tained 2,5-dithiahexane tungsten tetracarbonyl.

Reduction of 2,5-dithiahexane nolybdenua tricarbonyl diiodide.
The molybdenun analogue reacted readily with RaBH4,”LiAiH4;

and KOH. in ethanol to give in all cases a yellow salid with
the same spectrum as 2,5-dithiahexane nmolybdenun tebtracar-~
bonyl, No other carbonyl bands were observed, although

the analysis repeatealy indicated a tricarbonyl. Chromaﬁof
graphy lead to deconposition and recrystallisation did not
change the analysis, which in all cases showed the presence
of a mononer. (Found : ¢ 29,5%*0,35 H 3,310,300 16.40% 0.4
Mo 31.420,5 %, M. = 3141 33 2,5-dithiahexane nolybdenun
tetracarbonyl.:equires : G 29,05 H 3,16 0 19,38 Mo 29.07 %,
the tricarbonyl : C 27.85 H 3.34 O 15.90 Mo 31.72 %, M = 303,
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Direct reaction of 2,5-dithiahexanc and nmolybdenun hexa-

'cérbonyl.at 220—250?

Molybdenun hexacarbonylﬂwas allowed to react with excess
2,5-dithiahexane in & bomb for thrée hours at 220-250°,
Only one carbonyl complex was fourd. This complex had

the 2,5~dithiahexane holybdenun t&tracarbonyl spectrun

and the same anomalous tricarbonyl analysis as the naterial
obtained by reduction of the tricarbonyl diiodide. (Fomnd :
C. 29.86 H:3.43 0 16.56 %, M. = 371.)

Direct rcaction of 2,5-dithiahexanc and tungsteﬁ”hexécar-

- bonyl at 220,

Tungsten hexacarbonyl reacted with 2,55dithiahexane in a
bomb at'zeob to give both the 2,5-dithiahexane tungsten tetra-
carbonyl and a suspected tricarbonyl, which were separated |
by chromatography on alunina in benzene., No other carbonylL
coﬁplexes were observed. The suspeqte@’tricarbonyl.séomed

to be identical to the carbonyl dbfained by rgduction of the
tricarbonyl diiodide. (cf. analysgs giVen.ih coﬁnection with

reduction reactions).

Replacement‘of 2,5-dithiahcxane by norbornadienc.
2,5-dithiahexane chronium tetrécarbonyl (0.5 g, 1.75 nnoles)
in 25 nl petrol ether 1.00-20"was heated at SO—ZLOOo far two
hours with norbornadiene (0.2 g, 0.22 nnoles). In the case
of chroniun no polymerisation was observed. After cooling
the the petrol ether solution was combined with the petrol.’

‘ether extract of the small solid residue. The solvent was
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evaporated in vacuo and the norbornadience chroniun tebra~
carbonyl was subliticd on to a cold finger kept a£ -80%at
100°/6.1 o Hg. The yollow.conplexawas recrystellised fron
' light petrol and nelted at 89--93.° . "'(Faund : C 56,99 E 3.25
0 24,91 %, M = 255 (ebull. in benzené); GliHédiO4 réquires ¢
C 51,60 H: 3.14 O 24,99 %, M = 256).

Refplacefieit of 2.5-aithishexanc by triphenylphosphine.

About 2 g of the 2,5-dithishexsne tetracarbunyls of chromiﬁm,
aclybdenun, or tungsten were ollowed to reiet with two equi-
valerts of tripbenylphosphine. for threc to five hours. The
colour of the reaction mixture changed fron yellaw to light
yellow and a small anocunt of effervescence was observed in
the beginning of the experiment.. The reaction tedperature
wag 120° and about 30 #i of petrol ether 100-20° was suffi-
¢iént as & solvent. After cooling the ssiid naterial was
filtered off and washed well with light petrol. The solid
was chromatographed on aludina in & 1 1 aixture of benzene
and light petrol. The first fraction coaing off the colunn
¢ontsined about 30 % yicld. of bis—triphenylphoéphine netal
tetracarbonyl; which contained no sulphur but ésould not be
obtained pure. in spite of recrystallisation fron benzene |
or Cﬂéplé.or repeated chronatsgraphy. There was infra red
evidenge of the_formation of shall amuunts'éf:thé‘hoxau
coordinated tri- aﬁd pentacarbofyl derivatives with the
trans isuner of the tetracarbunyl being the nain reaction

product.
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Replacenent of .2.5-dithiahexanc by pyridine.

1,5 g (4.5 maoles) of 2,5-lithiahexane nolybdenua tetracar-
bonyi;Was heatedAin an excess of pyridine (25‘313 at 60° for
half an hour. After ccoling of the orange red reaction
Bolution the solvent was evaporated so that about 10 nl re-
neinedi The deep yellow crystals, which separated, were
recrystallised froi pyridine, washed with pyridine, then with
& 2 : L nixture of light petrol and pyfidine,and finally with.
light petrol. The conplex contained no sulphur. (Found @

O 45.98 B 2,93 N 7,55 0 17.30 %, M = 367 (cbull. in benzene);
C, 4By oF5ll0, requifes 0 45,90 H 2.75 N 7.64 0 17.48 %,

M = 366,) (Yield about 90 %). Before ro¢rystallisation infra
red carbonyl bands typical of the tris-pyridine nolybdenun

tricarbonyl were vidible,
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1,4-DITHIAN  COMPLEXES..

1,4~dithian nolybdenun fetracarbonyl.and.tgicarbonyl.dimer.

1,4-dithian (0.6 g, 4.9 nnoles) was well naixed with nolyb-
denun hexacarbonyl (1.3 g, 4.9 nnoles) and heated at 140-50°
for half an hour. After cooling, the unreacted start nateri-
als were sublined off onto a liquid nitrogen probe at
50-110°/0.1 ma Hg; The residue was extracted with two
pPorticns of 50 nl benzene fron which the white tricarbonyl
was crystallised in 1 % yield. (Fouﬂd € 29.26 H 2, 28

0 16.38 %, M = 534 (ebull, in benzene using on a mininun
anount of naterial); 014 l6S M02.6 requires ¢ C 28.10 H 2,65
0 16.00 %, M. = 600), Attenpts to recrystallise the yellow
crystalline tetracarbonyl residue from benzene, CHCla, or
acetone failed owing to deccaposition. Crystals separated.
by hand frocn the residue after careful washing with benzene
and light petrol were found to be pure. (Found C 28,91

H 2,69 0 19.44 %; 16H1 ﬂo O requires ¢ C 29,11 H 2.44

0 19,50 %). (Yield 37 %). The tetracarbonyl deconposes at
135% in a closed tube., Both carbonyls deconpose. slcwly in

air, (cf. table 9, p. 8L for iodine reaction).
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l.4~-dithian tungsten tricarbonyl diner.

1,4-dithian (3.5 g, 2.9 nnoles) was well nixed with tungsten
hexacarbonyl (10.4 g, 2.9 anoles) and heated at 145-60°.

The effervescence ceased aftor one hour andvthe reaction
could bé resuned after exbraction of the cooled rcactisn
nixturelwith three¢ 50 nl portions of benzene. The benzene
was evaporated iﬁ vacuo and the extracted starting matcrials
weré sublined off onto é liquid nitrogen probe at 50-11070.1
an He and conbined with the unextracted starting matcrials,
which were nunped free of solVent'and'allowed to react again.
A one hour reaction gave about 0.5 é (about 5 %) yellow
carbonyl ccmplex, which wa§ Waéhedeith twb SO‘ml‘portioné

of benzenes The residue was recrystallised from about 750 nl
of benzene, in which solvent the conplex was slowly soluble.,
(Found : C 21,81 H.1.70 0 12,47 W 47,08 %, M = 796 (ebull, in
" benzene); 01A31684W206 requires ¢ C 21,60 E 2,07 O 12433

W 47,30 %, M = 776),, The complex deconposed at about 155°

in a closed tube. It was very soluble in'0H2¢%a~

l,4~dithian tungsten tricarbonyl diiodide dimer.

1,4~-dithian tungsten tricarbonyl.dimer (90 ag, 0.1l nnoles)
was dissolved in 10 ml;OH2012 and allowed to TFeact at room
témperéture with iodine (5l‘ng,_0.2 mmoles)s After 30 ninu-
tes when all jodinc had been consuned; the reaction nixture
was filtercd and cancentraﬁed in vacuo to a volune of about
2 nl. .The diiodide was prec¢ipitated carefully with about

2 nl of light petrol and washed well_with light petrol after
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dentrifugings (Found : C 13.31 H 1,31 0 7,39 I 39.52 %,

M = 1264 (cbull. in benzenu) Cq4E &S 4N ;0 14 requires ¢

C 13,10 H 1.25 O 7:47 I 39.45 %, M = 1284),, The cuopleéx
deconposed at about 85° in a cloged tube. It could beé- reo-

crystallised from benzene, but deccmposed in CHCZL5 or acetone,

3,6,9-t¥ithlaundecane ch¥oniun tricarbonyl,

Chroniun hexacafbonyl (2.8 g, 12;7 Anoles) in 20 nl 100-20°
petroléun ether was headted with 3,6,9-trithiaundecane

(3 nl, 4 ﬂmolesb‘&k a bath teperature of about 140° for

5 hours, After cooling the decp yellow crysﬁals were
filtered off and washed well with light petrol. A snall
aftount .of chronius hexacarbonyl was. sublized off onto a 0°
probe at 60°70.L fn Hg., Thé crystsls wede extracted with
foud 5 nl portions of behzehe, which contéined. both tetra- -
afnd trico¥munyls The rest of the crystals were recrystalw
lised from benzene. (¥ield 3% %) (Found : C 38,13 H 5.15

0 15,95 %, M = 555 (cbulls in benzene); UpiHy 8,00,
requires ¢ C 38.15 H 5.23 0 13,82 %, M = 347). The complex
detonposed at about 130° in a elosed tubes It was very
soluble in benzenc and CHyOlse - |

This tricarbonyl reacted readily with iodine to give an
orange cohplex, which was so unstable that the infra red
gpectrun of the reaction nixture contained no earbonyl
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3 6,9-trithiaundecanec Jolvbdenuu tricarbonyl.

Molybdenum hexacarbonyl (1 g, 3.8 nmoles) 4n 5 nl 100-20°
petraleun ether wag allowed to react wibh 5,6,9~ﬁr1thlaunuem
catiec (0.8 nl, 3.8 Ariolos) for two hours at 115%. After
88éling two liquid'phases séparated in the reaction vessel.,
Mogt of the petrol layer on top wgs decanted off. The lower
oily layer was Washéd with four 3 nl portions of diethyl
ether and a wirite solid precipitated cut. It was recrystal-~
liged from a 1 : 1 aixture of CHC1, and light petrol and
washed well with light potrol. (Yield 30 %) (Found : C 33.39
H 4,55 0 12420 Mo 24.27 %, M = 378 (ebull, in benzene);
Cp1HypS5lo0; roquires @ G 33.80 I 4,62 0 12,30 Mo 24.52 %,

= 390). The conplox decomposed at about 145 in a closed
tubé . | |

Bigw(2,5~dithiahexane) uraniun tetrachloride.

Uraniun tetrachloride (1,2 g, 3.17 onoles) in 50 nl dry tetra-
hydrofuran was allowed to react am roon teﬁperature with
2,5=dithiahexane (0.5% nl, 6.54 rnnoles) for 24 hours;with
oc¢asional. shaking. The éolvent was.then eﬁaporafed in

vacuo and the grey-grecen sdlid forned was washed well with
light petrol under nitrogen. (Yield about 95 %). (Found :

C 15.28 H 3,51 (U 37,88 fron green U508 residuo) Cl 22.10:%j
Cgl,8,UCL, requires : C 15.40 H 3.23 U 38,20 C1 22.70 %).

The complex detonposed at about 150° in a closed tube under
ﬁitrcgen. It cuuld be kept for several nonths in a stop-

pered flask under nitrogen without decouposition, which
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tosk place rapidly in air. The conmplex was not soluble in
benzene but was fairly soluble in tetrahydrofuran. It is
essentially non-conducting in nitrobenzene (= 5 nhos).

It had the following infra red spectrun : 2930w, 1595w,
1463 low sh, 1452;, 1420a, 1370 low sh, 1313w, 1295 low sh,
1282w, 1265w , 1028w , 1015w, 971n, 913w, 840w . The bands

narked * were assigned to the gauche forna of the sulphur

ligandol6

MANGANESE CARBONYL BROMIDE COMPLEXES.

245§diﬁhiahexane nanganese tricarbonyl bronidea

‘Manganese pentadarbonyl.bromide (1 g, 3.6 nnoles) was allo-
wed to react with an excesds of 2,5-dithiahoxane (3 nl, 24
nnoles) at 75° for half an hour. After cooling an orange.
air stable solid was filtered off and washed well with
light petrol. Traccs of nangancse pentacarbonyl. bronide:
were sublized off onto a 0° probe at 80°/0.1 nn Hg. The
new conplex was recrystallised from diethyl ether. (Found ¢
C 24.60 H 3.12 0 13.65 Br 23.47 %, M = 345 (ebull. in ben-
zene) ; 07H1082Mn0333 requires : C 24.65 H 2.95 O 14.06

Br 23.41 %, M = 341). The conplex had a definite nelting
point at 135-6"., It was rery soluble in CHCla. It was
non-conducting in nitrobenzene (/L= O phos).

The reactiuvn of mangancse tetracarbonyl dibromide and 2,5~
dithiahexane gave thce identicdl. conplex, which on heating

in F0e-20° petroleun ecther at 110°renained nononeric,
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1.4-dithian nanganesc tricarbonyl bronide diner.
Mangahese pentacarbonyl. bronide (0.7 g, 2.5 nnoles) was
allowed to react in 5 ml.80—lOOcpetroleun ether at 650 for
5 ninutes. Careful control of the reaction conditions was
feuhd to be nGCGSSary;'as polyucrisation easily occurred,
After cooling,the orange yellow solid was filtered off .and
washed well with light petrol. It could be recrystallised
from CH,Cls. (Bound : C 24.90 H 2,43 0 14.07 %, M:= 662
(ebull. in benzene); G4y g8y Mns 0B, requires & C 24,85
H 2,38 0 14.1% %, M = 678)., The coaplex deconposed at about
200° in a oldsed tube and was non-conducting in nitro-
bénzene. (/\e 0 mhos)O With mangancese tetracarbonyl
dibronide the identical complex was obtained in the sane
reaction ccnditions.
Polyner
Whéh the reaction was carried out at 10Q° for half an hour
the reaction product was an orange yellow very insoluble
solid, which could hot be recrystallised. A very snall
anount of yellow solid was ekxtracted with rmch QHQ15 and.
analysed as follows : C 21.55 H L.44 0 17.21 Mn 19,7 %,
M = 558 (¢bull: in benzene). The residue had the following
anzlysis ¢ C 26.44 H 3,10 0 13.62 Mn 11.37 %; no conclusions
were drawn concerni:g the structure of these compaunds or
nixtures of conpounds, The polyneric nmaterial was non-

condueting in nitrobenzene. (L= Q mhos).
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5;6;9-trit;igundecane.manganese tricarbonyl bronide,

Manganese pentacarbonjljbronide (2.5 g,,9.l.nmoles) in 10 nl -

1.00-20° petroleun cther was allowed to react with an excess
of 3,6,9-trithiaundecane (% al, 14 omoles) at 100° for one
hour, All the nanganese pentacarbonyl recacted and a‘deep
red and very viscous oil gank to the bottom of the reaction
vessel. The oil was purified by twice repeated chromato-
graphy on alunina in diethyl ether. (Found : C 31.69 H 4,33
0 11.30 Mn 22.61 Br 18,01, 19.03 %, M = 442 (ebull in -
benzene); 011318331““053*‘? requires ¢ C 31.58 H 4.24 0 11,19 |
Mn 12.80 Br 18,58 %, M = 429 (cbull. in bonzene), The com -
plex was non-condiicting in nitrobenzene (A= O mhos). The
nethyl iodide test for uncqor&inated sulphur Was.positive
and 380 ng of the oil (0.887 mnoles) in 2.5 nl diglym taok
up 0.71 eqﬁi&alent&,(O.BOB nnoles) of BoHe corresponding

to 80 % of the anount required for on uncoordinated sulphur

aton/nolccule, When the BoHe adduct was cxposed to air;@mggk

effervesccence was observed and the 3,6,9-trithiaundecane
nanganesc tricarbonyl bromide could be recovercd pure after

chropatography on aluaina in diethyl cther.

‘.?
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SULPHUR. LIGANDS.

2,§—dithiahokane .was obtained from Tiight Chenicals znd
could be used dircctly. The density was very near to 1 m/nl.
In spite of the nauscating sncll of this coapound no ill
effects were found after long exposure to high cuncentra-
tions of its funes.

1,4—dithian was prepared fron sodiun sulphide and ethylene.
bronide. in ethancl. On heating on a stean bhath white polyner
precipitated and was subscquently depolynerised by boiling
with phenol at 160°. The 1,4-dithian was extracted fron the
reaction nixture, which was first liberated from phencl by
washing with NaOH: solution. In order to get pure l,4-dithian
the extraction was best carried out with petrol ether and the
ligand was chronatographced on alunina in petroleun ether;45-47
MP 111-112° , (Found : C 39,50 H 6,93 %, M = 123 (cbull. in
benzene); O HgS, roquires : C. 39.95 B 6,66 %, M = 120), Oxy-
gen containing iopurities often acconpanied the ligand.
%,6,9-trithiaundccane was prepared fron nustard gas; yperite;
according to the nethod by Helfrich and Reid®’ The ligquid
ligand was twice distilled and the fraction 144-46°/ 1 nn Hg.
was retained; (Bath tenperature = 195°) (Found ¢ C 46,5 H 8.8%;
CsHissa requires : C 45.3 H 9,4 %), This purity was found
sufficient for the reactions carried out. This tridentate
ligand scemed to causc slight stonach upset when handled
with bare hands, the same effect was noticed on handling the

tridentate trithiofornaldehyde. (cf. ref. 68).
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