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Abbreviations.

Me methyl

Lt ethyl

Ph phenyl

acac pentance-4dionato (ccetylacetonato)
arion

ac acetoto anion

prtt normel propyl

Py pyridine

en cthylenediomine

¢n-H ethylencdismine which has lost &

proton i.c. HaNCHpCHRTH .
dipy 2«2" dipyridyl

o=-phen 1-10 phenarthroline
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ABSTRACT,

The range of reactivity of oxophosphinerhcnium(V) compounds
has been extended tc include nitrogen donrers, carbon monoxide
and %-diketones. In the latter case a wide variety cf different
compounds were obtained in differing formal oxication states of
the rhenium, including tetrachlorotetrakis(pentene2-4dicnato)
girhenium(IV) which is congidered to have bridging pentane2-
{dione groups. At high temperatures pentenel-4dione hes been
shown to form acetate complexes.

The infra-red spectra of a number of frans—dioxo compouncs
have been re—examined and new assignments are given for the
metal oxygen asymmetric stretching mode. L complete assign-—
ment of the bands in trans-dioxotetremmincosmium(VI) dichloride
has becn performed, clthough this proved imnossible for the
iscelecctronic rhenium(V) analogue. The recaction of trans—
dioxobis(ethylenediamine)rhenium(V) chloride with hydrochloric
zcid has been dnvestigoted in detail end scveral new compounds
heve bheen icolzted. The comvound formulated originelly es
trioxoethylenedicminerhenium(VI) has been reformulated as
<kb}rhydroxotetroxobis(ethylenediamine)dirhenium(V).

The preparation of a wide variety of oxepentachloro-
rhenate (V) compcunds is described together with their spectro-
scopic and magnetic properties. During the course of this
study, two dimethylsulphoxide complexes were obtained, which
from infra~red evidence appear to bond differently to the
rhenium; eone being via the oxygen and the other via the sulphur.

Rhenium pentschloride hes been shown te hydrolyse in two



different ways. In the presence of triphenylphosphine, either
oxotrichlorebis(triphenylphosphine)rheniun(V) or bis(triphenyl-
phosphonium) oxopentachlororhenate(V) is cbtained.

The reection of perrhenic @cid with concentrated ﬁydro—
chloric acid leads to the formation of the trans-trioxotri-

chlororhenzte(VII) ion, although the corresponding fluorine

compound could net be obtaineds



LITTHCDUCW I,

The post-wor period has seexn a vast increase in the
study of transition metels and the complexes which they
fornm. In spite of the limited ¢uantities available, a
grcat deal of work has been performed with rhenium and its
conpounds and a number of nc&el features have been discovered,
which have subséfguehtly been extended to include other
transition metals. Rheniur: chemistry is complicated in
that the element possesses nine formal oxidation states
ranging from Re(VII) to Re(-1), and complexes are known
for all these states; alsc there are number of compounds
with unusual steoichiometries e.g. ReF-z—s Re(CN)aZ—, Qelis? .

So few physical parameters have been ascertained with any
certointy for third row transition metal complexes that
theorctical studies, c¢xcept in the simplest of cases, are
very unreliable. Thus, it is in an endecavour to cxtend the
scope, and clarify some of the earlier misconceptions that
the pfescnt work was initiated.

A number of rcviuw articles and books have appezred
(1, 2, 3, 4, 5) but 211 deal e¢ssentially with the ‘simple"
chemistiry of the element, therc being little or no mention
of the complexcse However, very recently two similar books
have appeared (6, 7) which endcavour to rcctify this omission
by including & lot of data which has appeared in the literature
in the last four or five years, most of which concerns complexes.

From this woint of view, thce book by Peacock (?7) contains



much more recent data - the boclk by Colton (5) can be said
to be complete only to the cnd of 1964,

Until relatively rccently Re(V) was considercd to be a
somecwhat rare oxidation state, c¢ither in the complexed or
uncomplexed state. Llthough Re¥s (X= F, C1, Br) are known,
only reccutly has the simple oxide Re20s been satisfactorily
authenticated (&) using Y-ray methods. A fecature of the
chemistry of Re(V) is the case with which oxygen and nitrogen
form multiplc bonds to the metal atom. Surprisingly though,
none of the oxotrihalides is known with any degrec of certainty,
although the technetium analogucs arc knowne Eowevcr the
complex anicns (Rc0C1s)® (X= CL, DBr, 1) heve becn claimed
(sce Chapter 4) and recently (TcCCLls)?” has beun prepared (9).

Reecently tertiary phosphines have been usced to stabilisc
the (ReO)3+ unitv and s widc range of air stable complexes
have becn preparcd. At first, however these were congidered
to be Re(ITII) derivatives (10), but subsequent work (11, 12)
showed that the comwounds should be reformulated as derivatives
of (ReC)” . Tertiary phosvhines have 2lso beun used to
stabilisc & number of nitride complexes of general formulsa
RclXa2Lez and ReNXeLs (X= halogen, L= phosphine) and arylimido

complexes such as Re(MWR)XzLz (R= aryl) (13).

The idealiscd mctal=oxygen (nitrogen) bond order in

.- 3+ -y 2t L .
(2¢0) and (Rell) is % and a molecular orbital scheme for
this type¢ of system is given in Fig. 1. Introduction of

another oxygen atom trans to the first would be expected to

give a n=bonded system not unlike that of carbon dioxide with



D
a subseguent drop in the metal~oxygen bond order to 2 (the
orbital energy scheme remaining qualitatively the same) .

(1Y)
Such compounds are known for rhenium - a number of trans-
— + - ~ -
(®e02) compounds heve been synthesised (see Chapter %), and

; . . 3+

are now well characterised. In comapounds containing (ReC)
where all the p-orbitels of the oxygen ere utilised in bonding,
protonation is either imposzible or at best difficult, but in

+ - -
trans-(%c0z) complexes protonation occurs readily.

Very recently there have been 2 number of ¥-ray single
crystal studies on (Re0¥yS)” (X= Br, = H20 (14), MeCN (15)),
in which it is concluded that the bromine atoms are coplanar
and there is a short Re=C distance of ca.l.728. The oxo
group has a strong trans effect as shown by the fact that
(ReCX;) bind solvent molecules such as Hz0 and MeClN extremely
weakly and lose them resdily, confirmed by the large Re-
solvent distances (14, 15).

G e . . 3+
In fact almost all Re(V) complexes contain either (Re0)

+ m - . -
or (ReOz2) . This is by no means a unique feature as there

S
N A g 3
are a number of compounds contszining (MO)

(M= Tb, Ta, Mo,
W, Os), although with none of these metals has the research

been as extensive as in the case of rhenium.



CHALDER T,

OXO~PHCSPHING RELFIUM(V) COMPLEXLS

a) Isomerism.

A large number of oxorhenium(V) compounds containing
tertiary phosvhines of the type NeO(CR) XpLz and ReOXsLz
(R=Me, It, CH2Ph., X=Cl, Br, I. L=PFhs, PrhEtz) is known (12,

16). The air-stable solids oxoethoxodichlorobis(triphenyl-

6]

phosphine)rhenium(V), %eO(CEt)Cl2(PPhs) 2 and oxotrichlorobis-
(triphenylohosphine)rhenium(V), ReOCls(PPhs)2, which are
interconvertable, can both be vnrepared in excellent yield
from the reduction of perrhenic acid (made by dissolving
rhenium metal in 10C vol. hydrogen neroxide and evaporating
to dryrness) in hydrochloric eci¢ with triphenylphosphine, in
ethanol and glscial acetic acid respectively. (17)

Ais prepared asbove, #£eCCls(PFhs), is obtained as a bright
vellow/green wmicrocrystalline powder and 1s considered to have
the tertiary phosphines in the trans configuration, as the
dipole moment is 2.25D, (12). Thic follows from the observation
that compounds containing cis-phosphines tend to have very
large dinole moments, ceg.

cig-ReCCls (PPhEtz)2 blue isomer m=10.8D.

Ezggg—ReOClz(PPhEtz)z green isomer/ﬁx:.'L.?D° (i2)
A full single-crystal X-ray determinstion on the green isomer
of Re(Cls(PPhEtz)s has been performed (18) confirming the
trans position of the two phosphines. The metal-oxygen

distance is 1.60%. However, although this figure has been



5
gueried (19), a very short metol-oxygen distance is indicated.
This is consistent with the observed diamagnetism of all these
compounds .

A crude molecular orkital scheme can be constructed to
explein these experimental cbservations. The filled py and
P, orbitals of the oxygen atom donuate to the empty dyz and

dyz crbitals of the rhenium stom reswectively, forming two

~

Ji-bonds. Ag--bond is Torimced between the p, oxygen orbital
and the dZZ rheniuwm orbital. (The dy2 y2 orbital forms

&-bonds in the xy plane with the other ligands, leaving the
d orbital as a nen-bonding arbital), see Fig. 1. Strictly

speaking the d 2 and d & ya orbitals should be considered as

L

FPIGURE To OCrbitel splitting for lerge axial asynmetry caused

by & strong f-donor in a six co=ordinate complex.

fi~orbital
(oxygen)
- F~orbitals

metal nolecular ligand
crbitals orbitals orbitals



6.

constituents of @ hybrid orhital, however the important point

is that the dY? and dy nolecular anti-bonding orbitals are

i}

degtabillised relative to the dXy crbitel, resulting in a singlet
ground state and the conscoucnt dlamagnetism of the (a?) systeii.
Thus to this degree of appreximeticn there i1s a triple bond
between the rhenium and the oxygen atcems, which is postulated

as being the explanaticn for the short'rhenium—oxygen distance.
A very high rhenium oxygen stretching vibration (950-1010 cn )
is alsa indicative of multiple bonding in these compounds.

The three vossible iscmers of Re0Cls(PPhs)z have been
preparcd (16), and have different colours and different infra=-
red spectra, Unfortunately infro-red spectroscopy alone
cannot be used as & diasgnestic test of the abscolute sterco-
chemistry of the two cls-iscmerse. imively, one might expect
that =s triphenylphosphine is a good pr-zcceptor, the metal
oxygen stretching frecoucncy should be grester in isomer (b),
(sec Figs 2) than in (2) or (c), but the values cbtained do
not unembiguously assign isomers (b) zna (c).

FICURE 2. Isomers of R¢QCls(PPhs)a

0 0 0
thP\P} Ol SN g 1 }l) - PPhs
1E L e
c1#’| “PPhs c1””} “NPrhs ¢17” | ™ PPhs
c1 PPhs c1
(a) (b) - (c)
Re=0 969cm 981cnm” 986cm”
or 986em or 981lcm

Simplified group theorctical argunents (neglccting site

symfietry factors) predict thoat 2all three isomers should have



7
three infra-red active Re-Cl stretching freguencies, thus
naking unioue structural assignuments impossiblc. Also the
sclubilitics in benzene arc not sufficiently grcat to obtain
en accurate value of the divole moment, ond cven if this were
nessible, it is difficult to predict whether the dipolc moment

[}

of (b) would be greater thoan that of (c¢) or vice=verso. There
is evidence fer dsomcrisation in dichloromethane, benzene and
azcctone es indiccted by the disappearance of the baond at 9690111_1
and the growth of ancther at 981cm_1, but the rate is very

slow compored to the oxocthoxe compounds, probobly due to the

Tower solubility of the oxotrihalogenc compoundse.

8

lowever ReO(CEL)Clz(PPha)ez is rcadily soluble in benzene

and dinole moments of a number of this tyve of complex have

been measured (12). No configurational assignments have been
rnade because for cach empiricel Fformula there are six geometrical
isomers, and in no case have more than three been made.

The visible spectrum of a solution of the green isomer of
ReC(ODt)Cla(PPhs)2 in dry benzenc has been observed to be time-
dependent at ordinary temperatures, indicating guite rapid
isomerisation, presumably to an eguilibrium mixture over a
neriod of several hours. This was confirmed by the isomerism
within three hours in refluxing benzene/ethanol of green ReC(QEt) -~
Cl2(PPhz)2z to tae purple isomer . £ further slcw reaction
occurs, as is shown by the conversion of a solution of grecen
ReG(OEL)Cl2(PPhs)2 in dry benzene into trans-ReCCls(PPhs)z when
it is shaken for four days at 2%, The visible spectrum of

a2 nujol mull of green ReC(CEt)Clz(PPhs)2 is time-independent,



indicating that such changes do not occur in the solid state.

Similer rapid swvectroocopic changes at roum temperature
were found in the benzene solution spectra of purple ReC(CEt) -
Cl2(PPh3)2, ReC(CEL)CLl2(PPhEtz)2 (12), ReC(0Lt)RBra(PPhs)e2,
ReG(OEt) I2(PPhs)2, ReCG(CHe)Cl2(PPhs)z and ReG(OMe)Iz(PPhs)z.
These changes wore apparcnt immediately the compounds had
dissolved, and hence dipole moment measurements of all thesc
compounds (12) are probably meaningless.

The spectrum of 2 fresh benzene solution of grecn ReO(0Et)-
C12(PPhs)2 showed & maximum at about 555@&, (€~40} and a
minimum at about 490m*‘at room temperature. Az time progressed,

the absorbance increcased and the peositions of the maximum and

minimum moveds There is a charge transfer band at about
45Cmp. The spectrum of the purple isomer appeared as a
serics of shoulders onr the charge transfer band. As eupected,

the spectre werce temperature dependent: if a hot solution

wae allowed. te cool, az timc nrogresscd the absorbance decreased.
This can be explained by assuming that an ccuilibrium is sct

up in solution and is tempcrature dupendent but kinctically
controlicd, the hiph temperature ecullibrium being composed

of predominantly high absorbing (higher € ) compound. Thus

on cooling, this equilibrium is guenched and the absorbance

gereases as time progrosses. There are similar spectroscopic

[N

changes when the solvent is tetrahydrofuran.
The effects of solution igomerism can be experimentally
observed in the diffcrences in the rate of recaction with

acetylacetone (acacH)., Both green ReC(0Bt)Clz(PPhs)2 and



G
the grey/green isomer react with neat acacH to give tetra-
chloretctrakis(pentanc2-4dionato)dirheniun(IV), (ReClz(acac)z)ez,
but the grey/green isomer geve the product after rofluxing for
thirty hours, The product obhtaincd from the grecn isomer
after this time was contaminated with some of the triphenyl-
phosphine containing intermedictes, and pure (ReClz(acac)2)2
was only obtaincd after rcefluxing for fifty hours. (Analysis
after refluxing for thirty hours corresponded approximately to
a mixturc of 33%(ReClz(zcac)z)s and 67%(ReCl(acac)2FPhs).

The difference in rceacton ratcs was also shown by the
rcaction with acecH in benzcenc, The green isomer yiclded
a mixturce of ReClzacac(PFhs)z and ReCClzacacPPhs, whercas
under identiczl conditions the purple isomer yielded only
ReClzacac(PPhs) 2. It has becn suggested thot the green
R:OClzacac (PPhs) is an intermedintc in the formation of
orange RcClaazcac(PPha)ez (20), which suggests the following
reactlon schecme:

ReO(0Lt)Clz (PPhs) 2 —ReO(OLt) C12(PPhs) 2 —3RecOCl2acucPPha—y
greenv purple grecn

ReClzacac (PPhs) 2
arange

The infre~-red spectra c¢f the threc isomers of ReO(OEt)Cl2(PPhs) 2

arc given in the cxperimentol scction.

b) Reactivity
The oxo-phosphine rheniuwn(V) compoundsreact with a wide

variety of ligands but the types of reaction can be divided



1o,

into two main groups:-
i) reactions in which the Re(V) oxidation state is
naintained
ii) resctions in which the formel oxidation state is
decreased, either by classical reduction or by

disproportionation.

Group (i)
1. 411 the ¢=bonding ligands can be exchanged for their

analogues.

Thus, reaction with trialkylphosphines preduces the
corresponding trialkylphosphine complex. This is a convenient
way of preparing these compounds, since the reduction of perrhenic
acid with trialkylphosphines gives low yilelds of the recuired
complex (21). Reaction with pseudohalogens can sometimes
be affected, e.g-

ReCCLls(PPhs)s + 34giCH —aReO(SCH)s(PPhs)2 + AgCl  (12).

2 The oxotrihalcgeno complexes resct with alcohols to give

the corresponding oxoalkoxo compounds ReO(OR)Clz2(PPhz)2 R=lMe,

Et, Prn, PhCHz, CHo=CHCH2, MeO(CHz2) 2. The allyl compound was
made in an attemnt to obtain an allyl grouvp acting as & *~donor
at one end of the molecule and chelating vio the ff-hbond at the
other. To effect this, the compound was treated with perchloric
acid, but unfortunately oxidation occurred and triphenylphos-
phine oxide was obtained. Reaction of ReO(OEt)Clz(PPhs)z with
perchloric acid in benzene produced a stable turquoise solution
in the benzene layer from which only unco=ordinated triphenyl-

phosphine oxide could be obtained.
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3. The reaction with pyridine affords a number of different
products depending on the exact reaction conditions. It has
been reported (16) that the reaction of trans-ReCCls(PPhs)e

with pyridine in ethanol leads to the formation of trans-
dioxotetrapyridinerhenium(V) chloride dihydrate, Egéggl(ReOapyL)—
C1.2H20, in high (75%) yield., However it was found that the
yvield was much lower than this, unless the EEEEE—ReOClz(Pth)a
was completely free from acetic acide. If this were not the
case, addition c¢f ether resulted in the formation of an ecthanol
soluble tar.

Trans-ReOCls (PPhs )2 and moist pyridine (in a 1:% molar
ratio) react to give the binuclear specieﬁ’poxodioxotetra—
chlorotetrakispyridinedirhenium(V) Re203Cl,.pys, which reacts
with ethanol toc give oxoethoxodichlorobis(pyridine)rheniwa(V),
ReC(O0Et)Cla(py)e (22).

4, Some other nitrozen donors have been used: green ReG(OEt)-
C1l2(PPhs)2 reacts immediately with 2.2 dipyridyl or 1,10-
phenanthroline to give ReC(CEt)ClaL. Both these compounds
are blue, like the bis(wyridine) analogue, but are very soluble
in water.
5 Cationic trans-dioxo compounds can be prepared from the
oxoethoxo compounds, e.g.

ReO(CEt)CLlz(PPhs)2 +5L+ Ha0——p(ReO2L,)Cl + EtOH + LHC1 + 2PPhs

L= %en, NHz, py.

Again the pyridine reaction is somewhat complicated owing to
the possibility of the formation of Re20sCLlipyes

Similarly, reaction with potassium cyanide leads to the



12,
formation of the anionic Eggggldioxotetracyanorhenate(V) ion,
trans-(Re02(CN) ).

6. Addition of one o two moies of HC1l can take »lace readily
forming (ReOCLl,Prhs)  (16) and (Re0Cls)®” nespectively.

7 There are a number of reactions in which the oxygen atom
i1s removed. For example reaction with aniline affords a
pﬂenylimido complex (13) .

6.  Both trans-Re0Clsz(PPhs)z and ReO(QLt)Clz(PPhs)z react
with dimethjlsulphoxide (Me290), giving ReCClzPPhs:Meo250 (in

the presence of HCl) and Re02C1(Me250)2 (in the absence of HC1).
Infra-red evidence indicates that in the former complex, the
Me250 is bonded to the metal via the sulphur atom and in the
latter via the oxygen.

Group (ii)

Care has to be taken with prolonged reactions with these
compounds, otherwise disproporticnation occurs in the usual way
for Re(V):

3ReCClz(PPh3)2~—32ReCl,(PPhs)2 + Re0sCl + 2FPhs,

However the yield of tetrachlorobis(triphenylphosphine)rhenium(@V)
ReC1,(PPhs)2, was greater than that predicted by the above
reaction and thus the assumption is that the triphenylphosphine
reduces the Re(VII):

Re03CL + 3PPhs + 2HC1—$ReOCl3(PPhz)2 + PPhz0O + H20,

If the reéction is performed in beiling xylene in an atmosphere
of hydrogen chloride and in the prescnce of excess triphenyl-
phosphine, almost 100% yicld of ReCli(PPhs)z is obtained (23).

In fact this 1s one of the best preparative methods for



ReCl.(PPhs) 2. Thus it weuld appear that reduction has been
gchieved via disproportionation.

1. Reaction with carboxylic acids leads to two serics of
compounds Rez2C1l3(RCO2)2(PPhs)2 and Re20C1s(RCOz) (PPhs)z (23).
In the presence of the appropriate anhydride, the above two
sets of compounds arc obtained together with the known RezCla-
(RCO2)e (23).

2e Guite a numbcr of complexes with acacH have been isolated
(24), and, like the carboxylates, a number of differcnt oxidation
states arc obtained.

3. Genuine reduction occurs with carbon monoxide yielding the
compound chlorotricarborylbis(triphenylphosphine)rhenium(I)
ReC1(CO)3(PPhs)2.  Trans-RcOCls(PPhs)z, RcO(OEt)Clz(PPhs)e
and ReCly(PPhs)z can be recduced in the presence of triphenyl=
phosphine and powdered copper with carbon monoxide to give the
known diamagnetic Re(I) compound ReC1(CO)3(PPhs)z (10, 25).

4. A number of hydrides with unususl stoichiomctries have
been obteined from the reduction of ReQ(0Bt)Clz(PPhs)z with
sodium borohydride (26) ¢.g. ReHs(PPhs)s and ReHs(PPhs),.
These hydrides are whité, air stablcy crystalline solids

which are diasmagnetic and non-conductors in nitrobenzenec,.
Infra~red and nuclear magnctic resonance (nemer.) spectra
together with gas volumetric rcactions confirm the empirical

formulac postulated.

¢) Reaction with acacH and related compounds.

Prior to this work, only onc acac complex of rhenium was
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known, tris(pentonc2-4dionato)rhenium(III), Relacac)s (27) which
was preparcd by refluxing rhenium dioxide in acacH for two days.

From the rcaction of green ReQ(OBt)Clz(PPhs)z with acacH
four diffircnt types of wcac complexcs have been obtained, namely,
oxodichloro(pentane2-4dionato) triphenylphosphinerheniun(V),
ReCClz(acac)PPhs; dichlorc(wentanc2-4dionato)bis(trivhenyl-
phosphine)rhenium(IIT), ReClzacac (PPhs)z2; chlorobis(pentane2-
4dionato) triphenylohosphinerhenium(III), feCl(acac)2(PPhs) and
tetrachlorotetrakis(pentare2—~4dionato)dirhenium(IV), ReaCl,-
acac)yq. The first twe were obtained in an acacli/benzene
mixtore, and the last two in neat acacH. However, at no stage
could Re(acac)s be obtained as the seemingly logical end-product
of this sequence.,

The initial product of the generalised reaction is green
ReOXz(acac)PPh;, which has & cheracteristic strong band in the
infra-red in the region expected for the metal oxygen stretching
mode (seec Teble 4), and all arc diamsgnetic. These grecn
complexes are difficult to prepsre pure, since they repidly
resct further with excess acacH to give the compounds described
below.

When benzene solutions of ReQ(OEtX2(PPhs)z (X= Cl, Br)
are boiled with acacH, reduction of the above Re(V) complex
occurs and the orange/red Re(II1I) complexes ReXeacac(PPhs) 2
are formed. These compounds are paramsgnetic, although the
magnetic moment is considerably less than the ''spin only" value
of 2.83 B.M., which is to be expected for a third row traunsition

element heving = large single electron spin orbit coupling



15.

constant. Accurate and meaningful values of:rnd are difficult
to obtain, there being no obvious correlation between the values
obtained from spectroscopic or magnetic studies. Turthermore

the different assumptions made in essentially the same theoretical

treatment lead to quite different values of:gnd (28).  However,
recently a value ofgr for Re‘+ of ca.2500 em | has been proposed.
-4 - (29a)
TABLE 1. Magnetic data for ReXeaczc(PPhsz)z (X= Cl, Br).
Compound Temp. (°K) Xgl(c.g.so) Forr (B.M.)
ReClsacac(PPhs )2 293.,0 797 x 107° 1.37
248,3 797 i C1l.27
23340 797 i - 1l.22
223.0 797 i 1.20
1973 728 i 1.G7
161.2 | 728 v 0.97
142.7 694 o 0.89
125.C 694 i 0.84
87.0C 555 " 0,63
ReBrzacac(PPhs e 295.3 1016 L ©1.55
2200 1633 i 1.35
194.0 1016 i 1.26
180.8 1033 " 1.23
167.8 999 " 1.16
157.7 965 i 1.11
143.3 1633 ” 1.09
131.3 982 “ 1.09
126.3 932 r 0.98
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The suseptibility of the two compounds was observed over
a temperature range and was found to be more or less independant
of temperature (which is prcdicted by the Kotani theory for a
perfectly regular octahedrzl d° system (135))

Although these compounds can hardly be considered as being
perfectly octahedral, the linearity of}&(B.M.) against T%(OK%)
over such a wide temperature range was surprising. The values
of the "'spin orbit coupling constant" obtained from these
figures are 66C0%60C cm ' for the chloride and 5800%60C cm |
for the bromide. Using the same crude Kotani theory, a value
of 6400 cm ' was obtained for Os‘+ (28). Because of the
departure of strict octahedral symmetry, it is doubtful whether
these figures have any physical significance, and certainly
should not be compared to the vzlue given by Figgis and Lewis (Xa).
The room temperature magnetic moments of these compounds are
compared to those of other Re(III) systems in Table 2.

TABLE 2. Room temperature magnetic moments of some Re(III) compounds

Compound{a) /«(B.H.) Reference
(ReD2012)C10, 2.1 30
(ReD2Brz)C10, 2.0 30
I (ReD2T2)C10, 1.7 30
ReIs(P(CPh)z)s 1.7 31
ReTIs(P(0CeH,CH3)3) 3 1.7 31
Re(scac)s 2¢3 27
ReClzacac (PFhs )2 led
ReBraacac (PPhi) 2 1.6

(a) D= o=-phenylenebis(dimethylarsine)
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When a soluticn of ReC(OEt)Clz2(PPhs)» in neat acacH was
refluxed, the resaction proceeded further than when in benzene.
The initial product was ReCl(acac)2PPhs and on prolonged reaction,
the product obteined was RezClit(acac). The magnetic moment of
this dimer was 2.9%0.2 B.M. per rhenium atom, in agreement with
the expected value for Lke(IV) of ca 3.1 B.l. (29Db) .

The only structure that in & simple way satisfies this
result is where the octahedral Re(IV) configuration is preserved.
by the formation of pentane2-4dionato bridges i.e. the compound
is considered to be di—/4—pentane2—4dionato—tetrachlorobis—

(pentane2~4dionato)dirhenium(IV):

c1 o

Re H

< =acac

Re
—
c1

-..-./\
e _.//
cL

There is no evidence at »resent to show whether the chlorine

atoms are cis or trans to each other. An attempt was made

to substitute the chlorines with carbon monoxide, but the
compound did not react, even when at 2060° and under 1Q0 atms.
pressure for a day. The compound is so stable that it can be
recrystallised from dichloromethane, acetic acid and even
trifluoroacetic acid. The melting point of the compound is
greater than 300° and the molecular weight determined ebullio=-
scopically in chlorobenzene gtill corresponds to that of the
dimer.

A11 other possible structurcs involving either metal-metal
bonds or bridging halides would involve heptaco-ordinate Re(IV),

unless one of the pentane2-4dionato groups were bound through
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only one oxygen or via'ﬂuzg-C atomn, possibilitiés which are
excluded by the infra-red spectrum, which shows no band in the
unco-ordinated keto region. Any such heptaco-ordinate
structure that would give three unpaired spins per rhenium
atom must invelve utilisa£ion in bonding of outer 64 orbitals,
and this would apnear to be energetically less favowable than
the stercochemistry involved in the structure above. The comple x
gave no simple cleavege products when heated with an excess of
pyridine in chloroform solution, which suggests the absence of
chloride bridges.

This is a new type of smcac complex; in (Niacac)a)s (32)
and (Co(acac)a). (33) one oxygen is trico-ordinate, while in
(PtMeas(acac) )2 (34) and K(Pt(zacrc)2Cl) (35) there is a Pt=C
bond to the Z—carbon atom of one of the acac groups. From

!
infra-rcd studies, the aczc in PPhiAulacac) is considered to be
monodentate being bonded to the Au atom via thea—carbon
atom (3%6). Naz2(Pt(acac)2Cl2).5H20 (37) is coumsidered to have
a unidentate acac group, wlthough Wentworth et.zl. (37), were
unzble to decide whether there werc'hﬂag—carbon bonded acec's
or two oxygen bonded acac's or a mixture of both. Later nemere.
work (38) suggests that two J-carbon bonded zcoc's are presente.
It hos been suggested thot mercuric accetylacetonate should be
written as Hg(OCCH3=CHCCCHs)2 i.c. ce the enolote (39).  Thus
it can be secn that since acac is such o verseatilie ligand, there
scems to be no o priori recson why it should not act as 2o
conventional bridging ligond. The Re-Re distonce should be
sufficiently grent to c¢limincte cny significont spin-spin

interoction.
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Thc compound could also be preparced from ReCl,(PPhs)z (23).

In an endeavour to obtain Re(acac)s, some green ReG(CEt)-
Clz(PPhs)2 was put in a sealed tube with neat acacH and heated
at 200° for 24 hours. However the desired product was not
obtained - instead two compounds were isolzted, blue trichloro-
acetatotriphenylphosphine oxiderhenium(IV) ReClsacPPhs0 and
red diamagnetic tetrajy-acetatodichlorodirhenium(III), RezClzac,
(prepared earlier by reaction of rhenium trichloride with acetic
acid (40)).

The mechanism of this reaction is not clear, but presumably
some form of hydrolysis of the acacH occurs, resulting in the
cleaveaye of the molecule. Acetone and ethyl acetate (but not
ethanol or acetic acid) could be seen on the Vapour FPhase
Chromatograph (V.P.C.) of the mother liguors. The vapour
above the mixture in the sealed tube was exemined in the
infra-red, and bands were found at 2340 cm ', 3012 cm ' and
13GC3 cm | which are assigned to the Js mode of carbon dioxide
(41a) ond the %3 and 9, modes of methane (41b) respectively.

No band corresponding to the carbon monoxide stretch (ca.2150 cm ')
could be seen.

The following simplified mechanistic scheme is tentatively

suggested:

a0 0 ob 0 0 C
Tl 8l | £ i i k¥
McCCH2CMe —3 MeC=CH2CMe —3)MeC + ?HzCMe
; |
65 O O H ReO(OEt)X2(PPh3) 2
/N A o F ] .
¥ H B H= i

RezXzaclP + MeCOzEL

(X= C1, Br.)
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In the preparation of anhydrous rhodium(II)acetate from
rhodim(III)hydroxide (42), the role of the acetic acid was
considered to be that of a reducing agent, since carbon dioxide
was evelved during the course of the rcaction. This observaticn
alone, would not appeazr to conclusively.prove the oxidising
propertiecs of the acetic acids

Since no acetic scid was found in the mother ligquors, it
is tempting to suggest that radicel disintegration had occurred
resulting in the formetion of carbon dioxide and methane:

MeCOOH &2 Mc " + "COOH @ lMeH + COz
However, it was found that when acetic acid, or z mixture of
acetic acide and acetone was substituted for the acacH in the
sealed tube, the amount of methane and carbon &loxide formed
wos negligible, although both blue ReClzacPPhszC, red ReaClz~

MeCC2Et were obteoined aos before. Furthernorc, on

]

Cs

\n

)

Cs
heating acacH alecne in the tube acetone weas detected in the
V.P.C, of the mother ligquors end methone ond carbon dioxide
were detected in the infra-red spectrusn of the gos in the tube.
Thus it would cppenr that undcr these somewhat extreme conditions,
acacH cun also breok down as follows:

MeCCCH2CCMe + 2H20--9 2C02 + ZpcH
Howcver; the recction is not as simple cs is outlined above,
since reaction of ReCly(PPhz)z and zcacl under the scnme
experimental conditions afforded Mc200 and MeCO2H in the
VeFoeCay MeH cnd COz in the infro-red and bluce ReClszacPPhsO
only. At no stoge wns ReaClazncy obtained - not even after

heating in the sealed tube at 200° for a week.
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The blue triphenylphosphine oxide containing compound is
formed by aerial oxidation, since when the reaction is carried
out with ReCl,(PPhs)z and acacH in a sealed tube in vacuo, the
blue product is obtasined only after about a minute's exposure
to the atmosphere. This compound was never obtained in an
analytically pure condition, and unfortunately reaction of
ReO(0Et)Bra2(PPhs )z with acacH produced only the red Rez2Brezacy.

The blue compound wes a non-conductor in nitrobenzene,
diamagnetic both in the solid state and in solution, and
monomeric in chloroforme. The n.m.r. spectrum was examined
in ethylene dicloride ond showed o singlet at 8.1 (in addition
to the phenyl protons), which is not inconsistent with & chelating
acetato structure. The infra-red spectrum is given in the
experimental section.

Reszction of the complex witlh pyridine gove o mixture of
products, none of which contoined triphenylphosphine oxide.

The reaction of green ReQ(CEt)Clz2(PPhs)2 with MeCO2H when
refluxed for 20 hours, gave purple crystals of impure Rez2Cls-
(2c)2(PPhs) 2.

Noture of MaXzacy

A compound of similer stoichiometry to RezXzacs: was
reported by Russian worlkers (43), but was formulated as a
rhenium(II) species (ReC12CHsCOOH)2 with & metal-metal bond to
explain the observed diamagnetism. Hawever the oxidation state
of this and a whole series of other alledged Re(II) compounds
(including (pyH)HReCl, - whose structure had been determined (44)

and indicated the presence of (Pe2Cls)*”) has been queried by
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Cotton et.al. (45, 46), In fact these workers formulated the

above pyridinium coaplex as (pyH)g(Rezcla)— . result more in
keeping with the known tendency of Re(III) to form metal-metal
bonds and most of the éﬁsgian Re(II) species cre shown to be
Ee(III) compounds. The crystal structure of K2(Re2Cls) «2H20
has been determined (47) and an ocbnormally short metal-metal
distence hos becn found; so short in fact, that the formation
of o &=bond hetween the two metal aotoms has been proposed (48)
ice. aVquadruple’ bond. This is considered to cxplein the
eclipsed configuration of the anion, because were the cnion
staggered, there could be no overlap between the two dxy
orbitals and thus no & ~bond. Because of the ready inter-
convertability of (Rez2Cls)®  ond Re2Clezace, it is considered
that there might well be 5x§-bond present in HezUlzacs.

Since then, Ho(II) ncetate hos been excmined znd found to

have a very short metol-metal distance (49).  The metzl~

metal distonces in o number of binuclear structures with

bridging acetntes are summerised in Table 3.



2%
TLZBLE 3. Metal-metal distancesin binucleer bridged acetates

and related compounds.

Comwound Metal-netal Bond order” | Keference
dist.(2).
Cuzac2H20 2.64 1 50
Cuzaci2py 2.63 1 51
Crzac2H20 2404 1 52
Rhzac,2H20 2.45 2 53
“(pyH) (HReCL, ) ¥ 2.22 4 44
”(pyH)(HReBrL)”b oL =2, 21 4 54
R =-2.27 4 54
K2(Re2Cls) 2H20 2.24 4 47
(NH.) 3(Tc2Cle)2H20 2e13 4 55
Moz(ac) . 2.11 4 49

a - The bond order is an empirical one based solely
on the bond length (48).

b - "(pyH) (HReBr,)" is said to exist in two dfferent
modifications = the s~fcrm has a tetragenal unit
cell: a= 1,908 # 0,005 ﬁ, b= 7.605 % 0.0C3 £;
and the ff-form has an orthorhombic unit cell:
a= 7,76 £ 0.02 £, b= 16,76 * 0,04 &, c= 16,83 %
0.04 B. (54).

Reaction of ReO(CEt)C12(PPhs)2 with substitubﬂi@-diketones.

When a benzene solution of green ReO(CEt)Clz(PPhs)2 was
heated with an excess of 1, 1, 1, trifluoropentanel-4dione,
1, 1, 1, 5, 5, 5 hexafluoropentane2-4dione or 4, 4, 4, tri-

fluorol~2'thienylbutanel-gdione, (T.T.A.), compounds of the
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type ReClzacac(PPhs)z were obtained. A1l the compounds were
monomeric and soluble in benzene. With phenyl substituted
ﬁ-diketones rather different results were obteincd. l-phenyl-
butanel-3dione reacted with RcO(0Et)CLlz2(PPhs)2 to give a compound
of stoichiometry ReCls(MeCCCHCCPh)PPhs, but the yield was never
much greeter tharn about 25%, 1-3diphenylpropanel-3dione yielded
a compound of approximate compositien (ReClz(PhCOCHCCPh)(PPhs)z2)a.
In an endcavour to purify this complex, a benzene solution was
2llowed to pass down an alumine coluun and then the compound

wos reprecipitated with 3G/40 petrol. Further oolymerisation
occured however; in one experiment o tetramer wes obtained

and in another a hexsner. Thigs behavicur wazs not shown by the
other complexcs. Ior example ReClz(CF3CCCHCCCHs) (PPhs)z on
passing down an slumins column remained monoieric. Although

the benzene solution of keClz(CF3CCCHCOCH3) (PPhs)2 weas absorbed
on the column (in contrast to the PhCOCHCCPh derivative),

clution ef the column with chlorofornm removed the complex.

Thus strictly speaking the two cyperiments are not analogous,

but clearly there cre differences betwecen the two compounds,
although the stoichiometries zare the sanmc. The reason for

the random polymerisation of the PhCOCHCOPh derivative is
difficult to understand.

A benzene solution of "ReClez(PhCOCHCCOPh) (PPhs) 2" exhibited
dichromatism, being red when observed by tronsmitted light
threugh o larse thickness of solution, and green through =
small thickness. Consider = wmedium which absorbes recgonably

strongly in the blue, fairly wenkly in the green ond scarcely
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at 21l in the red. A smnll thickness of the medium will be
sufficieht to absorb most of the blue region of the spectrum
and when viewed Ey transmission with incident white light, the
emergent red and green and blue light cause it to appear green.
If a thick loyer of the medium is viewed by transmission, all
the blue and the green will be szbsorbed, causing the medium to
aprear red, Intermediate thicknesses will appear yellow.

This phencmenon is called dichromatism. This is just the
situation present in the benzene solution of "ReCla2(PhCCCHCOPh)-~
(PPhs)2" and measurement of the absorbtion coefficient at
different wavelengths shows that:

€ (450 my) : ¢ (530 my) = € (730 mu) =36 : 9 1 1

All these compounds had the characteristic C=0 stretch
at 1520-1550 cm-1, which i1s usual in oxygen co-ordinated
@-diketones.

Salicylaldehyde (sall) can be considered to be a/?—diketone
when it co-ordinates via both oxygens. Reaction with trans-
ReCCl3 (PPhs) 2 yiclded oxodichloro(sslicylaldehydo)triphenyl-
phosphine, 2c0Cle(sal)PPhs.  The complex is diamagnetic in
acetone solutien, zs is expected for this type of complex, with
a characteristically high rhenium oxygen stretching frecuency.
The compound was monomeric in acetone and dimeric in benzene,
whereas the acac complexes were monomeric in benzene. Not
surprisingly, reaction of EEEQEfReOClz(PPh3)2 with catechol,
(catllz) produced a compound of quite different stoichiometry
from those obtained from thez?—diketones above. A compound

of stoichiometry ReCls(cat)PPhs is obtained. There is no
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C~H stretch in the infra-red spectrum, indicating that the

catechol is acting ss a bidentate ligand.

The complex is dimeric

in acetone and benzene, thus unless heptaco-ordination is invoked,

the complex would appear to contain catechol bridges.

dimeric species was obtained from o-nitrophernol.

TABLE_&./?—diketonato complexes of rhenium.

Compound

Re0Clz(acac)PPhs
ReCBrz(acac)PPhs
ReCIz(acac)PPhs
ReOClz(sal)FPhs

Re0Clz(acac)PPhEt

n

ReClzacac(PPhs) 2
RePrzacac(FPPhs)e
Relzacac (PPhs) 2
ReClzacac (PPhEtz)e

ReCl2(CFsCCCHCOMe ) -
(PPhs )2

ReCl2(CFsCOCTCOCEFs) -
(PPhs)2
ReClz(T.T.4.)(PPhs) 2

ReCls (PhCOCHCOCHs ) -
PPh=

{(ReCl2(PhCCCHCCER) -
(FPhi)2)2

ReCl(acac) 2PPhs

Rea2Cl.(acac)s

__{_ -

Another

‘[ Colour CMePe AJRezO Féff(B'M')
green 167-170 ! 979 diamag
green 976 diamag
green 975
dark grecn | 134-137 | 978 diamag
grecn 976 dianmag
orange 182-185 1.4
orangc 187-193 1.6
red 176-177
orange
purple-red | 191-192
dark=-blue 124-127
lilac 188~-192
brown-red 132f134d
dark green
orange 198-199
orangc 297-2994 249




a) Reaction with aromstic tertiary amines.

EEEEE-RQOClz(PPhs)z reacts with pyridine to yield frans-
(ReO2pys)Cl.2H20 (16) or Rez0:Clipy:. (22), depending on the
starting conditons. It has been shown (22) thet the latter
compound is an intermediate in the formation of the former.

The structure of the binﬁclear species is considered to be

that of two octahedra sharing = common oxygen atom (22). This
compound can be cleaved with ethanol giving blue crystals of
Re0(0Lt)Clepye (22). However oxotrichlorobis(pyridine)rhenium(V),
ReCClapyz had not been prepared in any of the above reactions,
although Chakravorti (56) claimed that the green compound

formed on boiling Ezégg-(ReCzpyL)Cl in 514, HC1 was ReOClipyz,
although no physical properties were given. In fact this
compound is oxohydroxotetrapyridinerhenium(V)oxopentachloro=
rhenate(V) (ReO(OH)py.) (ReCCls); see page 52,

ReCClspye was prepared oy suqxnding'Egggﬁ-ReOCl3(PPh3)a
in dichloromethane and passing chlorine gas through until a
red solution was obteined, Treatrment of this solution with
pyridine lead to the formation of ReCClapyz. It could also
be obtained from the reduction of silver perrhenate with thionyl
chloride in the prescnce of pyridine. The green crystals of
this compound were suspended in ethanol and refluxed for three
hours uffordiﬁg the known bluc ReC(OEt)Clzpyze ReC(OEt)Clapye
was also obtained on beoiling & solution of Eggggf(R602py4)Cl
in ethancl for five minutes. It wze also obtained directly
from EEEEE—ReOClz(PPhs)z by rcaction with pyridine in ethanol.

It wes found thot unless the traons-ReOCls(PFhs)z wes
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completely free from acetic acid, the yield of §£3§§~(Re02py4)C1
was very small - an ethanol soluble tor was obtained on azddition
of ether (instead of yellow crystals of E{gﬁg:(RcOszL)Cl)and
one could not therefae, recrystollise from this solvent,'as
suggested by the origincl authors (16). If the ethonolic
solution was boiled, blue crystzls of ReO(CEt)Clapyz separated
out on cooling. The complete recction scheme is given below
in Fig. 7.

e . ; 3 . s
FIGURL 3. Reactions of (ReC) with pyridine.

\\
trans-ReOCls (PPhs) g trons= (ReO2pys )01;f_l‘~iRco(b‘Et )Clapye
LLohs LS "5

vyellow/grecn C. yellow C:/" blue
c c. g5
° . ’ // .
c203CLipys -
. grecn

A = Clz + py

B = EtOH

C = py + H20

At no stage wes ReO(CH)Clzpyz obtoined. fccording to
Murmann (57), the compound is "extremely insoluble® and thus
it is difficult to see why this compound was not isolated in
the formation of ReaGsClipysis The metal oxygen stretching
frequency given by Murmann (57) of 980 cm ' seems to be
rather high in comparison to thHose compounds of similar stoi-
chiometry -~ see Table 5. Repetition of Murmann's experimental
procedure failed to yield & compound of this formulation.
Reaction of green ReO(O0Et)Clz2(PPhs)z with o-phenanthroline

(o-phen) and 2.2' dipyridyl{(dipy.) resulted in the formation
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of ReC(OEt)ClzL (L = o=-phen, dipy.). These compounds were
blue, like the bis{(pyridine) analogue, and had similar metal
oxygen stretching frequencies (see Table 5).

TABLE 5. Metal-oxygen stretching frequencies in ReO(0Et)X2Lz

Compound . Colour 0Re=0 Reference
ReC(OLt)Clapye blue 563
ReO(CEt)CI12(dipy) blue 952
Re0(0¥%t)Cla(o=phen) blue 958
PeC(CEL)CLl2(PPhs) 2 green 949
ReC(CEt)C1l2(PPhs)2 purple 945
2e0(0Et)C1l2(PPhs) 2 grey-grecn 945
ReC(0Et)Cl2(PPhEtz2) 2 violet 951 12
ReO(OE+)C1l2(PPhEt2) 2 purple 542 12
ReO(05t)Bro(PPhs) 2 grey 941
ReC(CEL)I2(PPhs)2 grey i 945

Reaction of trens-ReCCls(PPhs)z with dipy. did not give
pure oxotrichloro(2.2' dipyridyl)rhenium(V), ReOCls(dipy).
The brown compound obtained was always contaminated; probably
with (ReOzdipy2)+. However, the pure compound could be
okbtained from reaction of oxotrichlorotriphenylphosphinedi-
methylsulphoxiderhenium(V), ReGClsFPhsMe2S0 (see page 55).
The analogous reactions with o-phen. elways gave z large number

of by-products, which could nol satisfactorily be scparated.

e} Reaction with carbon monoxide.

Trans-Re0C1ls (PPhs )2, ReO(CLt)CL2(PPhs)2 (green isomer) and
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ReCL,(PPhs)2 could all be reduced in the presence of excess
triphenylphosphine and copper powder with carbon monoxide at
ca. 180 atms, to give the white complex ReCL(CO)3(FPhs)z.
The compound was diamsgnetic in the solid state at 20°.

The formulation (Re(CC),{(PPhs)2)Cl, proposed by Hieber
end Schuster (58), was criticised (25) on the bssis ‘of its low
conductivity in acctene (A = 1.l chn™' cmz), and was reformulated
by Abel (25) as FeCL(C0):(PFhz)z.  The melar conductivity
of the compeund nrepared chove was 4.6 obm” cm’ which is still
much lower than the conventionally accepted figure for a 1:1
clcctrolyte in acetone of ca. 100 ohm™ cm®. Unfortunately,
at that time reliable oxygen esralyscs in the presence of
phosphorus were impossible, However the compound preparecd
by Freni end Volcenti (1C6) was analysed for carbonyl directly
and found to fit the non-ionic formulation, which was supported
by their finding a molar conductivity of less than 0.1 ohm™"' cn®
in nitrobhenzene. However, recently the rcaction of (Re (CO) -

(PPh3)2)Cl with clkoxide has been described (59).

LOH
(e (CO) 4 (PPhs)2)" + ROTZ70 Re(CO) s (PPhs ) 2GCOR
HX
R= Me, Et, Osirq, PhCHaz, X= €1, Br.

It is difficult to see how this resction 1s peossible with a
complex formvlated as a tricarbonyl. Furthermore, although
no method of prepsration wes given, the molar conductivity
wes stated to be 121 ohm™' cm®. Recently the technetium

anzlogue (Tc(CO) L (PPhs)2) (A1C1L.) was prepared (60), with a

molar conductivity of 126 ohm™ ' cm®, Thus it would
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appear that both compounds are capable of cxistance although
more work needs to be done to clarify the preparative procedurcs.

No pink chlcrodicarbonylbis(triphenylphosphine)rhenium(l)
ReCl(CO)g(PPhs)z, was obtained during the cource of the reaction,
in contrast to the cbservations of Freni and Valenti (10).
However the compound was obtained (together with a pale green
isomer) by treating a suspension of green ReCG(C02t)C12(PPhs) 2
in ethanol with carbon monoxide under pressure.

Both rhenium pentachloride (ReCls) znd rhenium trichloride
trimer (ReCls)s can be reduced with carbon monoxide under
relatively mild conditions to yield rhenium pentacarbonyl-
chloride Re(CO)sCl., This 1s a good way of using excess
ReCls, since even in sealed ampoules its reactivity decreases
with time. In addition ReCO)sCl is a useful vpreparative

starting material.

f) Reaction with chlorine.

If chleorine ges was pessed through a suspension of trans-
Re0C13(PPhs) 2 or green ReO(OBt)Clz(PPhs)z in dicloromethane,
chloroform or benzene, & red solution was obtained, which
turned blue on hydrolysis. This suggested that a Re(VI)
speciles was present, but no Re (VI) compound could be isolated
by us. This red solution could alsc be obtained by allowing
e mixture of solid chlorine and green ReC(OE )C12(PPh3)2 to
warm up to room temperature in o sealed tube. When the tube
was opened, and the chlorine allowed to evaporate, a blue tar

remained.
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Addition of pyridine to the dichloromethane solution
resulted in the formatiecn of the Re(V) complex ReOCLspyz.

On reacting the red dichloromethene solution with an ethanolic
solution of tetracthylammonium chloride, (Et.N)Cl, tctracthyle
ammonium oxotetrachlorotriphenylphosphine oxiderhenate (V)

(Et.17) (ReCC1l,PPh3@), was obtained. This compound was a. 1l:1
electrolyte in nitrobenwzenc (%M = 23 ohm cmg) and had a metal
oxygen stretch at 979 cm-1. Rheniuwm=-chlorine stretching modes
were found at 339 cm™!' and 3C0 cm™t! in the infra-red, suggesting
that the anion has C4v symmetry, i.c. with the oxygen aton
trans to the triphenylphosphine oxide. (sce poge 55). The

P=0 streteh of the co-ordincted triphenylphosphine oxide was

ot 1151 en™', (Howcver substitution of (8t N)C1 by tctra~-
phenylersonium chloride (PhgAs)Cl, yiclded only the well known
Re (VII) speecles tctraphenylarsonium perrhenate (Phibs) (ReOs) )
The co=ordinatecd triphenylphosphine oxide could be removed by
reacting further with,ﬂ-dikctoncs, still giving 1:1 clectrolytes
in nitrobenzenc.

The solution could be reduccd ot 110° with corbon monoxide
ot 60 ctms. pressurc to give Rc(CO)sCL,

Thus none of thesce rcactions give much information concer-
ning the noture of the speeies present in the dichloromethanc
solution.

In an endcovour to determine the strength of the oxidising
agent reguirced to affect this change, o suspension of trans-
PeCCl3(PPhs)e in dichloromethane woe trected with ozone.
However only ligond oxidntion cccurrced, giving oxetrichloro=-

bis(triphenylphosphine oxide)rhenium(V) Re0Cls (PPhs0) 2.



CHAFTER 2,

RHENIUM(III) CLUSTERS.

The trimeric nature of & number of Re(III) tertiary phos—
phine adducts has been well authenticated by two different sets
of workers (61, 62}, Eowever, the published data concerning
the nature of the parent rhenium trichloride has been confusing
and contradictory. Three sets of workers found two different

results for the unit cell paramcters:

i by
| a(k) b(2) o (E) BCY Lz
Cotton and Mague }
(63) 1G.826%0,021 -~ 20,364%0,02 - 13
Lux {64) 10.,14%0,0% 1 - 2G.19%0,09 - 18
Gellinek and Ruderff
(65) 14.6 110,15 | 8.88 113,7 | 12

hFowever @ single X-ray detcrmination has subsequently been
nerformed by Cotton (66), confirming his original findings of
& space group of Rfm, with 18 ReClz per hexegonal unit cell.
Rhenium trichloride and rhenium tribromide are not however
isostructural; both Rudorff (65) and Cotton (61) agrec thet
rhenium tribromide has @ monoclinie unit cell with the following
dimcnsions:
a = 8.0 &; b = 10.62 25 ¢ = 8.65 85 F=111% 2z = 6.
Fowever it is interesting to note that (ReX3PPhEtz) (X = Cl, Br)
sre isostructural (67).
Similarly, from spectroscopic evidence, it was suggested

that "ReCl:zPPhiz', os purepored by the method of Chatt ct.ales (12)
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had 2 trimeric structurc. These crystals were described as
purple black pletes, in contrast to the red crystals, formulated
as ReClsPPhs Ly Vilkinson et.al. (27). In fact the latter
compounéd has been shown to be incorrectly formulated and should
be nonachlorotris(triphenylphosphine)trirhenium(III) bis(acetone)
(ReClsPPhz)3,2(Me2CC)»  This fits the original analytical
results (27) better than does 2eClsFPhs; indeed, a mistake in
the calculated carbon percentage (27), accentuates this-differ-
ence. Llso an oxygen analysis was not performed.: The infra-

' (c=0

red spectrum showed a mediuum strong band =t 1740 cm
stretch) and a medium band at 1224 cm™' (CH3=C=0O bend); both
due to acetone (4lc), in addition to the triphenylphosphine bands.

The compound was put on a thermogravimetric balance under
a nitrogen atmosphere, znd at temperstures greater than 140°
there was a steady loss in weight, but not stepwise. On a
vacuum thermogravimetric balance it appearcd to sublime above
150°.

It was possible to prevent trimerisation of the type,
(ReCisL)s, by uging the chelating diphosphine, 1,2bis(diphenyl-
phosphine)ethane, PhaPCH2CH2PPhz. Addition of an acetone
soluticn of this ccmpound to an zcetone solution of rhenium
trichloride resulted in the formation of = complex of stoi-
chiometry ((ReClz)z(thPCHzCHaPth))n. Unfortunately the
compound wes insoluble in the usual organic solvents making a

nolecular weight determinction impossible. There were no bands

in the infra-red spectrum due to the solvent.



CHAPTER 3.

TRANS-DIOLC REENIUM(V) COMPLEXES.

a) Infra-red spectra.

)

“

Cuite & number of stable, dicmegnetic dioxo rhenium(V)
complexes, both cotionic and anibhic are knowne. The reduction
of potassium perrhennte with hydrozine hydrate in the presence
of potassium cysnide was said to produce Kz (ReO(CN).) (868),

but subsequent work (69) showed that the compcund should be

reformulated ss one of the compounds prepared by Klemm et.als

(70), i.ee K3(ReCo(Ch)i).  Since then Ks(ReG2(CN)i) has been

subjected to an X-rey single crystal determinetion (71) and

found to have the trans—-dioxo configuration with a rhenium-

oxygen bond length of 1.07 ke Thus the compound 1s itri-
potassium Egggﬁ—dioxote“racyanorhenate(V). The unit cell is

said to be triclinic (71):

5 = 7.73 % C.02 2 = 107° 281 = 10!
b = 7.35 % 0,02 & 3= 108° 20" % 10
c = 6.32 £ 0.02 1 = 114° 20" % 10!

This is in contrest fo earlier claims of a monoclinic unit cell
(69, 7C), although in hoth cases no cell dimensions were given.
& very sharp strong singlet CZF stretch in the infre-red
spectrun at 2119 e ' oelso suggests o trans configuration.

From infra-red evidence, dioxobis(ethylenediamine)rhenium(V)
chloride (ReCzenz)Cl is considered to be trans (16), and from
the overall similarity and simplicity of the electronic spectrez,

1

it con reasonably be asswried that ell these compounds are

trans (72).
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The reason for the diamagnetism is essentially the same

as that in the oxo phosphine rhenium(V) complexes discussed
previously, except that the P, orbitel of one oxygen ztom

donates to the vecant 4_

i

orbital on the rhenium and the py
orbital of the other oxygen atom donates to the dyz netal
orbitale. The result is, thet o molecular orbital scheme like
thet ‘dn Mig. 1. is agein produced giving a singlet ground state
znd hence dicmzgnetism, Thig explanstion wes put forward by

Symwons (73) to exploin the dicunngnetism of trans-(CsCz (CH) )27

(74).

Thue each oxyzern atom has o lone pair remaining, and so
the metel oxygen bond order is decressed in the trans-dioxo
caompounds, 2, from theot in the oxo cempounds, 3. This is
confirmed by the difference, in the infra-red spectra, of the
rhenium oxygen stretching freguencies and in the different
rhenium oxygen distances, frowm X-ray single crystal dzta.

L number of metal oxygen stretching frequencies tabulated
below, differ from those previously given in the literature.
Deuteration studies revealed that the rhenium oxygen stretch in
trans-(ReOzenz)CLl is at cie 770 en™" and not =zt 814 cm"‘, as
previously suggested (16). Unfortunatelly there appears to be
a certain dezgree of hydrogen bonding in this type of complex,
and thus the position of the rhenium oxygen stretch differs
slightly on deuteration.

In view of the different interpretations of the spectrum
of (Ost(NH;)L)2+ (75, 76), and the somewhat unsatisfactory
data on (ReOz(NH3)4)+, (see experimental section), it was decided

to deuterate both samples in order to make a unique assignment

possible.



TABL

o 6
o) .

in some trans-dioxo complexes.

Metal oxygen asymmetric stretching fequencies

37

Complex Qid:O Reference

(ReGzena) | 269 o

614 16
ReCapye) 814 16
(ReCa(MHs) )" 855 m,

835 vs. b

(0sC2 (1iHsz) 1) 2" 883

883 75

808 76
(Re02(0=CeH4 (PEtz)2)2) " 782 77
(ReCaz(Me2PCH2CHo Do) 2) 786 77
(02 (FhaPCH2CH2PPha ) 2) 784 77

789 78
(ReOz () 4 )3~ 775

Unfortunately deuteration of (ReOz2(1Hs):)Cl proved to be
impractical due to hydrolysis. In fect slightly different
starting conditions produced the monohydrate (ReOz(IHz),4)Cl. Hz2C.
If acetone was used as the solvent, the hydrate was contaminated
with ammonium chloride (the 3. band of NH4+

being apparent at

ca.142C em ') (41b). This could be

removed by boiling the
impure compound in absclute ethanol. A suggested scheme for
the formation of trans—(ReCz(NH3)4)+ from ReC(CEt)Clz(PPhs)»

is given overleaf,
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ReG(OEt)C12(PPhs)2 + Ha0 + S5NH3— (ReG2(NHs).)C1l + NH,C1 + 2PPhs

+ BtOHe weveso(d)a
(ReC2(lH3)4)C1 + Ha0=—3(ReCa(iiHs),)CL. Ha0 R - P
vyellow russet

2(ReO02(NH3)4)Cl. H20 + 7HaC=--32ReCz + NH,ReO, + ZNH,C1
russet black
+ 8NH(OH  veeese(3).

Thus in (1) the NH,C1l is detectable in acetone, as it is less
soluble in acetene than in ethancl, and thus boiling the crude
materizal in ethencl has the effect of nurifyin

the product by

o
(=

dissolving out the NH.Cl. Equation (3) represents the usual

jav}

disproportionation reacticn of Re(V). Clearly the amount of
water present is critical in determining which products are
obtained.

Fortunately nco such difficulties were encountered in the

p+

e

deuteration of (CsC2(lHs),)° , and the results arc tabulated,
together with aseignments in Table 7.

The Russian workers (75) attewpted to deuterale their
sample by rocrystallising from D20, but found that hydrclysis
occurred., This was confirmed during the course of the present
works; the only way to achieve satisfactory deuteration was to
recact potassium osmate with deuterated ammoniun chloride ND.C1
(sec experimental). On the assumption that the NHsz and NDs
groups oscillate as & unit, i.e¢. thet the coupling between the

Cs-I and the N-#(D) is small, the ratio O should

Os-1H;* O 0s-1Ds
? 0+5
be 4”) 1l i.ce 1.086:1.

The observed ratio is 1.09:1

Likewise the ratio O, 4t O

70 Qe 5
_§;t Vy_y should be(§%>‘ :1 i.c. 1.37:1 ideally.

The obscrved valuc is 1.36:1.
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7] = =\ e T + Ny + .
TABLE 7. Infra-red spectra of (UsO2(¥Hs):)? and (0sOz(1Ds)s)?

+ +
(0s02(NH3),. )2 |(Cs02(1tDs ), ) 2
. Assigrnment (41d)
GriffithiAtovmyan |present present
(75) (75) worlk work
520C s 2353 5. )
) |¥N-H (N-D) stretch.
3049 s, 2edz s, )
1605 w. 1610 w. combination band.
164<S n. ) [NH3(ND3) degenerate
)
1558 5. |1593 =. [1563 s. 1152 s. ) deformation.
LCES m. Q, mode ND.CL impurity
125C s. (1371 s. [1351 s. 1042 5. ) |WH3(ND3) symmetrical
)
1334 s. {1356 s. 11333 s. 1032 s. ) deformation.
308 =, 8362 s. 885 s. 364 s. 0s=0 asym. stretch
367 317 =. 818 s. 654 m. )
) |3 (¥D3) rock
849 641 . )

{403 . 444 n. Os=NHz(11D3) stretch.

The band assigned as the Ils rocking mode is not partic-
ularly broad or intense compared to the osmium oxygen stretch,
contradicting the generalisation of Svatos et. al. (79) that
the rocking vibration is very broad and intense'. However
the presence of a strong band at 864 cm™' in the deuterated
Eample (the ¥Ds rocking mode would be shifted down some hundreds
of wavenumbers) favours the above assignments. In a partially
deuterated sample the band at ca. 57¢ ci™' has split into two
components, indicating that this is not & pure asymmetric

osiium oxygen stretch and that »resumably there is some hydrogen
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bonding occurring.

b) Electronic spectra.

The electronic spectra of & number of trans-dioxo rhenium(V)
species have been examined snd are contrasted (where data is
available) with those of the mono- and di~protonated species.

Tt has been known for some time (80) that (ReOzenz)  could be
protonated readily and salts of oxohydroxobis(ethylenediamine )=

24

rhenium (V) , (Re0(CH)enz) and bis(hydroxo)bis(ethylenediamine)-

: 34 .
rhenium(V), (Re(OH)zenz) were isolated. These changes can be

7

observed visually in hydrochloric ecid. Addition of 2M. HCL
to the yellow (ReOzena) gives the pink (ReG(CH)enz)?  and add-
ition of 10M. HC1 gives blue (Re(CH) 2enz)> .  The acid assoc-
iation constants for both stages have been determined (81).

The mononrotcnated (ReC(OH)enz) ' is expected to be dia-
magnetic due to multiple bonding between the rhenium and the
oxygen (Re=C stretch 980 cm™')(an X-ray structure of (ReC(CH)enz)-
(C104)2 is at present being carried out), (82), but in di-
protonated (Re(OH)zenz)3+, with less posibility of 7¥-bonding,
paramsgnetism could result. However the compound is diamag-
netic in solution at 250.

Unfortunately only one strong band can be seen in ecach case,
making o unicue dssignment impossible. The following is
tentatively suggested as being the most likely interpretation=-
that the main bend is the (1Eg§~v132g) and the other is the
(3Egé——1B2g). Cne would expect the spin forbidden band to be

at a lower energy due to stabilisation caused by the favourable
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exchange energy.

TABLE 8. Electronic spectra of trans-dioxo rhenium(V) and

relsated species.

. -1.a
Complex Solvent Band max. ﬁnmucag%‘(cm )
ngj
+ _ .

(ReCzenz) Ha0 550 3

435 23 3300
(ReG(oilenz)®" | om. me1 €50 6

484 22 3500
(Re (OH)zenz)>"  |10u. HOT 820 9

600 22 3400

+

(ReO2 (F¥Hs) ) nujol mull 590 sh.

445
(ReCa(Cl),)”™ | Hz0 ca. 520 sh. | co. 5

420 34 %500
(Re0(CH) (c) ) 2~} 2 BCL 660 sh. | ca.z0

5%6 41 1 3800

4.

a-—A()% is the width of the mein band at half intensity, for
use in obtaining the oscillator strength f.

farh6 104 A

T e

Since we expect (05)” to be & poorer Fi~donor than (O)é-
ie€e tha% the L_ level would be progressively stabilised with
g
increasing protonatior of the system, we would expect the bands
to move to succesively higher wavelengths @s the protonation is

increased. Inspection of Table 8. illustrates this for both

the ethylenediamine and cyanide complexes. Furthermore we
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. . T 2+
would expect a greater difference between (ReO(0H)enz) and

.. - 34 24 +

(Re(Cil)zenz)” , than between (ReC(CH)cnz) 2nd (ReOzenz) ,

since there is little JT-bonding in the bis(hydroxo) complex,

as indicated by the e-(CH) stretching frequency (see Table 15).
. . _ 3- .

Although the spectrum Pf (Re02(I'H3),)  was carried out on a

nujol mull, it can be seen that the relative absorbtion energics

follow thet of the spectrochemical series, i.c. CN > en) NHs.

. ) . o + . . N

Fo dato is given for (ReCepy.) since it appears that the

ebsorbtion spectrum is extremely sensitive to the solvent.(57).
- . 3+ .

The spectrum of (Re(CH)zenz) was observed over & period
of 15 days, during which time the solution turned yellow and
bands appeared at 1080, 765, 474, 41C e These are character=

istic of '"(ReOCls)"Y,

.{.
¢) Reazction of trans—(ReCanyL) with HC1.

The green insoluble prodvct obtained by refluxing trans-
(HeOzpy¢)Cl in 5M.HCL has been variocusly described as ReCClspyez
(56), Re(CH)2Clspyz (83), (ReCopys)2(ReCCls) (84) and Re(CH)2-
Clzpyz)Cl (57). o aznalytical data was presented to support
the formulation Re(CH)2Clsnyz. ReCClapyz has been prepared
by other methods and differs from the comwvound produced in
this reactione. Formulation as (ReCzpy:)2(ReCCls) (84) seems
unlikely since the same authers postulate monoprotonation and
the formation of red trans-oxohydroxotetrapyridinerhenium(V)
dichlaride, (ReC(CH)py.)Clz, merely by passing HCl gas over

o}

solid Eyans—(ReOzpyL)Cl at 207, In fact the i1nsoluble green

compound i (ReO(OH)py;) Re0Cls) . The cationic and anionic
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Re=0 stretches are at 968 ca”™' and 940 cm™' respectively. The
same compound was obtained in 10M, HCl and deuteration failed
to shift the azbove bands, making Murmann's assignment of the
compound as (Re(CH)2Clzpyz)Cl unlikely (57), since on this
basis the bands must bhe assignéd as O-H deformation modes.

(4 wealk broad band at ca. 2350 cm™' is assigned to the 0O-D
stretch in the deuterated sample). Heating the compound in
pyricdine leads to the formation of the starting material,
(ReOzpy.)Cl. Hence the fellowing eguilibria are postulated:

(fe02pys)Cl + HClz= (KeC(OH)py:)Clz
yellow red

2(HeC(CH)pys)Cla + 5HCLe=(ReO(CHE) pys) (ReOCls) + 4pyHCL + HaO,
red green

The compound formulated as ReC(CH)Clzpyz by Murmann (57),
obtained by boiling EEQEE-(Ee02py4)Cl in 1. HC1 is not Rez203=-
Clipyes Az obtained zbove, the compound has an almost feature-~
less infra-red spectrum and did not give consistent analytical
results. The nature of this complex, or mixture is not known,
although it is & nonconductor in acetonitrile.

Compounds of the type ReC(CH)ClaLz and (Re(CH)2ClaL2)Cl,
(L= py, %en) were claimed by Hurmann (57), suggesting a complete
analogy between the two systems. That this is not so can
readily be scen by the recaction of (RGCzLL)+ with dilute hydro=-
chloric acid. With L= %en, the reaction proceeds via the
pink monoprotonated (ReC(OH)enz)2+. Whereas with L= py, fthe
solution at no stage shows the bright red colouration due tc

(ReO(0H) py.) 27,
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a) Reaction of (ReOzen2)+ with HC1.

The nature of the reaction of Eggggﬁ(ReOzenz)Cl with acid
has been fairly fully investigated, (57, &C, 81, 85) but further
compounds have now been isolated. Cver & period of time, the
pink solution of _t_r_a_@_s;(ReO(OH)enz)“ in 2M. HC1l deposits green
crystels of stoichiometry Rez203Cl,enz, which react further
with excess ethylenediamine to give Eggggf(Rerenz)Cl.

The structure of the green complex is postulated to be
similer to that of the pyridine complex, (ReOClzpyz)zO iee
with an oxygen atom linking two octahedra (z2) incorporating
& linear Re=~0O=-Re system. L weak band at £71 em™' is presum-—
ably due to the bridging oxygen (c.f. (ReOClezpyz)20, 876 cu™'
and ((30015)20)‘", 867 em™'),  The terminal rhenium-oxygen
stretch is in the expected region for a multiply bonded system,
see Table 15, Murmann (57) formulates this compound as
ReC(CH)Clzen, but unfertunately the compound's insolubility
prevented a molecular weight from being determined.

The compound could not be prepared by any of the methods
used for the pyridine analogue, nor could it be obtained from
Re203Cl,pys by reaction with ethylenediamine, since this
resulted in the formation of yellow (ReOzen2)+. No cleavage
product was cobtained with ethanol on refluxing for 6 days, or
by heating in a sealed tube &t 2c0°, The compound was
completely inscluble in all common organic solvents, thus
making molecular weight and conduetivity measurements impossible.

After 2 days, the blue solution of Ezggg-(Re(OH)zen2)3+

in 10M. HCl deposited green crystals of oxotrichlorcethylene=-
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diaminrhenium(V), ReOClsen, Care must be excercised in the
preparation, for if the rhenium concentration is too low, no
crystals separatc out and if it is too high, the crystals are
contaminated with cthylenediamine hydrocheride, e¢nHzClz (which
can be ﬁmoved by sheaking with water) . Since the yield of the
reaction (w.re.t. rheniuwm) is almost 100%, the isolation and
characterisation of enHaCUla indicates that the ratio en:Re is
1:1 in this compound, comparcd to 2:1 in the original starting
matcriel. Murmann (57) formulated this compound as (Re (0H) 2~
Clzen)Cl, but the infra-red spectrum znd clemental analysis
favour the above formulation. In fact Murmann's analytical
data (57), fits the formulation ReCClsen better then (Re (CH) 2~
Clzen)Cl. If ReCClzen is heated in dilute IICL, hydroclysis

occurs and Re20:3Clienz is formed:
2Re0Cl.zen + H2C -—3Re(3Cliene + 2HCL.

This reaction occurs in cny meist solvent in which ReOClsen
ig partially soluble (e.g. Mell, MeCN) - the liberated chloride
ion is rezdily detected in MeOi.
On boiling in 5M. IICL, ygggg—(ReOzenz)Cl gave firstly
pink (ReO(OH)en2)2+, then insoluble green Nea20:Clienz; after

about 4C minutes the latter dissolved to give & yellow solution.

+
Ladition of M gave a precinitate of M2ReOCLs (M = Rb, Cs).
(see page 52).

..y.
The reactions of (ReCzenz) with HC1l are summarised

in Figure 4.
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N - . +
FIGURE 4. Reactions of (ReCazenz) with HCL,

(Re (OH) 2enz) 013*7T3F90013en 6~%(enﬂ2)ReOCls*ﬁT}MzReOCls

T b1ueA\ green yellow yellow
A fB,C.
c. (ReO(0H)enz)Cla | Re205CLiene
A //2 pinlk /:u green
/;/// f/,/’/rff/’
J
(ReOzena/)Cl & A = 2Me HCL D = en
yellow B = 5M, LCl E = (1 = Bb, Cs)a

¢ = 1CM, HC1
These results do not invalidate the pseudo-Tirst order
kinetics observed by Murﬁann (57) for the reaction of (Re(CH)2
en2)3+ in concentrated HCl, but reformulation leads to the

following equations:

ky
(Re (CH) 2enz)Clz + 2HC1 ——3 ReOClsen + enHzClz + Ho0

kg
EeOClszen + 2HCL —— enHz2ReCCls.

Very recently, new Russzsian work has appeared (85), which
suggests that the compounds formulated above as (Reanng)+,
(ReO(CHYenz)"" and (Re(OH)zenz2)’ "' should be reformulated as
(Re(OH)a(en-H)z)+, (Re (CH) 2 (en~H)en) " ana (& e(CH)zen2)3+
respectively. A number of physical properties have been
recorded; c¢lectrical conductivity, infre-red and visible spectra.
Conductivity measurements do not distinguish between the two
series of compounds.

Yor some reason, only that part of the infra-red spectrum
between 40GC0 and 24C0 cm™' is given. In each case, it is
concluded that the presence of & band in the region 3300-

- -1 n e Y
3550 en is proof of the presence of the O~ group. However,
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it is well known that W-I also absorbs in this region (4lc).
This appears to have been ignored by EBvteev (85), and nore
experimentation would be required in order to distinguish
between the two. Certainiiy the infra—red spectrum in the
range 10C0-75C cm | is more distinctive and favours the
original formulations of Lebedinskii et.al. (80). As
previously stated, the rhenium-oxygen bond order in trans-
dioxo comnlexes i1s 2 aund the Re=0 stretch in (ReCeenz)Cl is
at 769 cm-1, however on protenation the bond crder increases
to 3 (as in the oxo-phosphinc rhenium(V) compounds) and the
Re=C stretch in, for exumple, (ReC(CH)enz)(ClCi)2 is at

963 cm

(sce Toble 15). Were these compounds all bis(hydroxo)

]

species (85), it would be impossible to interpret thes
aifferences.

Only in the case of ”(Re(OH)g(en~H)z)+” is the visible
spectrum given. Bands are found at 300 my. and 44C mite
although no extinction coefficients are given, It is
difficult to believe that such fundemental colour changes
occur solely due to the protonation of en-H.

On heating “(Ré(CH)z(en-E)z)Cl” in concentrated HCIL,

- . R ~ 2= R . .
Evteev (83) isoloted (ReGCls)® , confirming our observations.

e) "Trioxocethylenediaminerhenium(VI)".

A4 compound trioxoethylencdiaminerhenium(VI), ReUsen was
claimed to be one of the preducts obtained from reaction of
tetrachlorobis(pyridine)rheniwum(IV), ReCi,pyz with ethylene-~

diamine, (the other being (RteCzenz)Cl) (86) although no
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chemical analyses or properties, other than the diamagnetism,
were given,. It has also been claimed that Eigggf(Re02en2)Cl
slowly hydrolyses to give an almost whiteée compound, which was
formulated as ReCsen, although 4% chlorine was found in the
sample (20).

Recently trioxodiethylenetriaminemolybdenum(VI), MoOsdien
has beeun prepared (87)‘and shown to have a cis-trioxo configur-
ation (88) with an average Mo-0 distance of 1.736 2.  Although
the skeletal symmetry is C3v’ only one Mo-O stretching frequency
could be seen in the infra-red spectrum, at 835 cm—1, and it
has therefore been assumed that there is acecidental degeneracy
of the 41 and E modes (89). It is of interest to note that
no such compounds were obtained with ethylenediamine or tri-
ethylenetetramine (87),

It was found that rhenium trioxide, &eOs, (made by the
dioxan reduction of perrhenic acid (9C)) and ethylenediamine
did not rcact, even when heated in a sealed tube at 200° for
16 hours. Thus direct combination proved to be impossible,
hence it was decided to reinvestigate the hydrolysis of trans-
(ReOzen2)+.

A solution of (ReOzenz)Cl in water wes allowed to stand
in a stoppered flask for @ months. No white compound was
obtained, in contrast to the observations of Lock (20), but
large brown crystals separated out. Chemical analysis showed
that they did not contain chlorine and that the stoichiometry
wag approximately that of ReCzen. The coﬁpound was diamag-

. . . a
netic in the solid state at 25, as measured on a Faraday
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Balancey which would appear to discriminate against Relszen.
Also since Re(VI) is & very unstable oxidation state with
respect to hydrolysie, the likelihood of Re(VI) crystallising
out in an zgueous medium is small.,  The mode of preparation
suggests that Re(V)_is the most 1likely oxidation state and
since five co~ordinﬁtionbi; net common, the six co-ordinate
structure given below is favoured:
H 0
~ %e/
N
.
i.ce a ¢is—dioxo structure is postulated.
The compound is essentially @ non-conductor in water (it
is insoluble in all other inert solvents), and cdn be protonated
by mineral acids. Addition of FCl to the yellow aqueouls
solution produces &« red colouration, which is lost when the
pd of the solution is raised. This 1s o reversible process.
The infra-red. spectrum in the range 4000-000 cm ! was
superficlally similar to that of the storting motericl, except

that there was no band at -t

-3
[}

9 cm (i.c. no trans-dioxo species
was present), zlthough there was a band ot 32.820 e . This
is additional evidence for the reassignment of the Re=0 stretch
in (ReOzenz)Cl, (see Table ©). The most striking feature of
the spectrum is the presence of two strong bands at 920 and

898 cm ', which have no counterpart in the spectrum of (ReOz-

enz2)Cl. These bands are considered to be the symmetric and

asymmetric Re=0 stretches respectively. The spectrum in the
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vanpe 600-4CC em™' is relatively simple - (ReOgzenz)Cl has two
-1 -
bands at 578 cm  and 498 cm 1, whereas this compound has the
snalogous bands at 545 cm™' and 479 cm™'. In addition there

is & medium band at 472 cm"’, which is tentatively assigned to

a vibrational mode of the bridging 4-membered ring, probably

the asymmetric Re-0 stretch, The corresponding vibration in
/OE[ »
a wide range of comlexes containing the (LCu\ \quL) cation
OH
(L= dipy, o-phen.) has been found in the range 478-498 cn™' (91),
/QH 4+ 1

in (Lzor\ N CrLla) (L= o=-phen,) at 551 cm™' (92) and in

0H

/OH\ _ ot ) »
((NH})LCO\ ;CO(NHz)L) at 535 cm (93), and thus can be

CH
seen to be dependent on the metal atom concerned.

The infra-red data for a number of cis-dioxo molybdenum
compounds has recently been summarised (94), and is given
below in Table Q.

One would expect that cis~dioxo compounds would absorb at
a greater frequency than the trans-dicxo, since in the former
case there are greater possibilities for 1M -bonding, but at a
lower frequency than the mecno-oxo compounds (where the bond

order is 3).



TABLL G,

Cis-dioxo metal oxygen stretchines frequencies

t

Compound Terminal 1M=C stretch|Bridging - Roferencei
Sym. 28yMme C-4 stretch
(Mo, ) 2™ 936" 895 41f
1602012 (Hz0) 2 963 938 b
(MoG2F, )%™ 930 930 b,
MoCa2Cl(w=CsHs) 920 887 95
MoOz (oxine) 2 925 899 96
((MoC2(C20,)E20)20)%7 | 960 920 860 Ce
(KoO2 (W=CsHs) ) 2C 920 898 )
) 95
93¢ 850 )
930 898 850 89
(Re04)” 9717 918 41f
(ReO2Br2)” 935 875 14
(ReOzen(OH) )2 920 898
(Re02C1(Me2SC)a)2 7 944 895 d.
a2, = I,R, inactive
be - W. Ps Griffith personai communication.
¢. - Crystal structure by F. A. Cotton, S. M. Morehouse,
and J. S. YWood, Inorg. Chem., 1964, 3, 1603.
d. = See page 57
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{

CHAPTER 4.

OXCTENTACHLORORHEENATE (V) o

a) Preparation.

The two previous methods for the preparation of the
oxopentachlororhenate (V), (FeCCls)®” ion (97, 98), both involve
addition of potassium icdide to perrhenic acid in hydrochloric
acid and both result in the formation of dipotassium hexachloro-
rhenate(IV) as the main product.

4 better preparative method, similar to that for the oxo-
pentachloromolybdate(V), (1c0CLls)?” ion (99), is to dissolve
freghly prepared ReCls in 1CM, HCIl; addition of M+ to this
solution gives an immediate vrecipitate of M2ReOCls, (M+ = Rb+,

+ +

+
Cs", CoHs¥ , PPhsll ).  With M = ((Ph).As)

a yellow compound
was obtained which decomposed in vacuo.

The ilon was also obtained by allowing the blue acidic
solution of Ezﬁggf(Re(OH)zenz)Cls to stand for some weeks,
when yellow crystals of cthylencdiaminium oxopentachlororhenate(V),
(enHz2) (ReCCls) were formed (scc nage 46).  The caesium salt
could be prepared from the latter and from bis(tetramethylasncn-
ium)oxopentachlororhenate(V), (F¥es)2(Re0Cls) by metathesis.

Cn boiling a solution of EEEE§“<RQO2CHE)01 in ca.5M. HC1,
(Re0C15)2” and not (Re(OH) 2C1.) as cleaimed (57) was formed.
This result was shown by ellemental cnalysis of the caesium
salt and also by infra-red spectroscony. Mo bands were visible
in the 0-H, or Re-OH stretching regions (2500-300C cm_1 and
-1

600-400 cm respectively). The stronz band at ca.950 ecm ,

——
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assigned (57), as an O-H deformation mode, failed to shift on
deuteration and is assigned by us as the Re=0 stretch. Murmann
(57) claims that protonation gives an O0=H stretching band at
1600 cm“1, this is incorrcct - the only possibility is that
the band is an HeO (d2) bending mode i.e, either the compound
is (ReOCL H20) or moist (ReCCls)?™, Our analytical results
favour the latter, and this has been substantiated by indep-
endent workers (85). The (PhLAs)+ salt decomposed in vacuo
and could not be prevared by us in a pure state.

The action of HCl g&s on trans-RcOCls(PPhs)z in benzene
produccs green triphenylpﬂosphonium oxotetrachlorotriphenyl-
phosphinerhenate(V), (PPhsH)(ReGCL,PPhs) (16). However, on
passing HCl gas through a refluxing suspension of trans-ReCClsz—~
(PPhz)z in tetrahydrofuran (T.H.F.), a pinkish compound of
stoichiometry (PPhsH)2(ReCCls).C,HseC was formed. A strong
band at 1062 cm ' and a weak one at 907 em ' are assigned to
the asymmetric and symmetric ring stretches of the T.II.F.
respectively (10CC),

(PPhsH)2Re0Cls and (PPhsH)2Re0CLls.CiHgC, both originally
pink, turned yellow after & day or two unless kept in vacuo.
The product in each case was yellow (PPhsH)(ReCCl,PPhz) as shown
by the appearance in the infra-red spectrum of a medium/strong
band at ca.1C90 cm ' due to triphenylphosphine (as apposed to
the triphenylphosphanium cation (101)). The solid state
decomposition of (PPhsH)2ReOCls is clean but the solvent in
(PPh3H) 2Re0CLs.C.Hg0 evidently stabilises the salt and only

partial decomposition cccurs. However the T.H.F. could be
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removed by hesting @ suspension of the compound in acetone, or
even 2M., HCl — the loss of HCl was noted when acetone was the
solvents The facile loss of HCL from triphenylphosphonium

chlororhenates has been observed before (21).

TABLE 1C. Decomposition of triphenylphosphonium oxopenta-

chlororhenates.

]
Compound m(cm'1) Compound 0(cm-1) Lssiznment
(FPhaH) 2Re0Cls 2780 [{(FPhzi) 2ReCCla~{ 2424 [P=K stretch
CtHsC _
1112 1113% P sensetive

node (g)@

1C62 |esym. CiHsO
ring stretch

971 948 |[Re=C stretch

(PPhsl) (Re0CL,=- | 2404 || (PPhsE) (ReOCls=| 2410 [P-E stretch

Prhs) PEha )
ral’ . . .
(yellow) 1114) (yellow) 1113) 1P sensitive
modes (q)
1092) 1093) | of the
phenyl rings®)
o : 968 |Re=0 stretch

Z

* Motation of D.E. Whiffen, J.C.S5., 1956, 1350.
Thus it can be scen that the two decomposition products are
identical.
Two isomers of (FPhsl) (ReCCliFPhs) have thus been prepared,
one green (16) and the other yellow. There are only two

seometrieal isomere of the anion, shown helow:

C 0
c1 ! .c1 Cl, | _.PPhs
P Re
c1” | ~Ne1 c1” i ™ ¢l
FPh= .. ¢l

(a) (b)
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Isomer (a), having the C,v point group, should have 11 ncrmal
vibrations of species 4A, + 2B, + B, + 4E (treating the triphenyl-
phosphine as & single unit and omitting site symmetry consider-
ations) and should have 2 infra-red active Re=Cl stretching

modes. Whereas isomer (b), with a C, point group should

heave 15 normal vibrations of species 10A' + 54", with 4 infra-

red active Re-~Cl stretches.

The green isomer was found to have Re-Cl stretches at 342,
325, 309 and 286 cm™' whereas the yellow isomer has bands at
314 and 296 cm” . Thus the yellow lsomer is congidered to
have structure (a).

This is in accord with the modes of preparation: addition
of ICl to Egﬁgg-ReOCls(Pth)z substitutes one of the Prhs
groups for a Cl znd thus results in the formation of the
complex with the Cg point group (green (16)); the Cl lost
from (ReOCls)z— would be expected to be the Cl trans to the
oxygen, due to the strong trans effect of the oxo group,
giving the complex with the C , point group {(yellow).

When dimethylsulphoxide, (Me2580) was substituted for
T.H.Fey, no salt formation occurred - green crystals of oxotri-
chlorotriphenylﬁhosphinedimethylsulphoxiderhenium(V), Re0Cls—-
PPhialie 250 were obtained, The compound is diamagnetic in the
solid state at 20°, The complex could elsoc be obtained from
green ReC(OEt)C1l2(PPh3)z. ReCCl3PPhsle 30 reacts with pyridine
and ethylenediamine to give impure (ReQ2pys)Cl and (ReOzen2)Cl
respectively, but rcaction with dipy. yields oxotrichloroc2.2'-

dipyridylrhenium(V), ReOClsdipy.
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Both EzégngeCCls(PPh3)z and green ReO(0Et)Cl2(PPhs)z,
on treatment with Me280, in the absence of HCl, yield (ReC2Cl-
(MezSO)z)n, which &

rain is diamagnetic in the solid state at

20°. The compound dissolves in water to give a colourless
solution, twc ecuivalents of acid being liberated per unit
formula weight (CG.082 5. Re0201(MepS0)2 5 33,3 ml., Q.CLN.
NaCH). The most likely mode of dissolution would appear to
be one accompanied by aerial oxidation:

Re02C1(Me2S0)2 + HzC + (0) —3HReOp + HC1 + 2Me2S50
The molar conductance was 615 ohm = cm® per unit formula
weight,. Assuming both perrhenic and hydrochloric acids to
be completely dissociated in aqueous solutlan, the theoretical
molar conductance would be 831 ohm ' cmZ. (The ionic conductances
are H+, 350; Cl_, 76: ReO{: 55) (102, 103). Thus the large
lonic conductance of H+ accounts satisfactorily for the observed
molar conductance.

The preparation can be considered as a two stage one:

HC1
Re0C13(PPhz)z + Me2aSO == ReQCl3PPh3Me250 + PPh3 eceeesssll)

or ReO(OFEt)C1l2(PPhs)z + Me250 + HCL &= ReOC1l3PPh3Me250 + EtCH
+ PPhs
ReOCI3PPh3Me280 + MezS0 + HzO —3 Re0201(MeSO)2 + 2HCL
+ PPhs censesea(2)
Evidence for this scheme is that no Re02C1(Me250)2 was formed
if HCl was added to the recction mixture or if calcium hydride

dried benzene wss used as the solvent in (2).



TASLE 11. A comparison of the infra-red spectra of some rhenium dimethylsulphoxide complexes

with related compounds.

i (Re02C1D2) 2 ReQX3PD RcC¥3P2 Pb Assignments ¢
d%&oxo diﬂchloro
Isoner(a){ Isomer(b) X=CL i=Rr ¥=CL1 Y=DBr
1087 5. | 1080 s. | 1093 s. 11094 s. |[1039 . )
) | P sensitive mode q.
1074 sh.}1075 sh.i 1075 sh.|1074 sh. )
1012 s. (1041 s. 1041 s. 1041 w.e 1037 s, )
)
G456 s. (1032 s. 1032 s, 990% vs.| 99C vs. )
) { CHs rock
921 me. 080 i 900 s. )
)
887 we | S44 s. 969 m. )
1031 me | 1030 she 1030 m. {102 m. 1026 s. ) {lC—H in plane deform-
) ation.
1001 s. | 1CCO s, 008 n | 992 m, 999 m, Ring breathing mode
969 1. 944 s 961 s GEO s 969 s. 280 vs. )
) | Re=0 stretch
395 s. 971 sh. )
1055 vs.l 907 vs. | 907 vs. | 1138 s.| 1131 s. )
)| 5=0 stretch
g 895 s. 1129 s. | 1122 s. )

s



Ta8L 11. Continued.

a . i
D (Ie02C1Dz2)2 ReC¥s D Ite0X3P2 p° i Assignmentsc
: -
dipoxo tdigehloro
Tsomer(a)! Isomer(b) | ¥=C1 X=Fr i=Cl X=Dr
752 m. | 751 nt. 748 g, 9AG s, | 746 vs. )
! % ¥ C-F deformation
743 5.
690 s. 720 . 726 me 735 sha 735 she )
) Asymitetric C-38 stretch
T20 T, 720 i 720 5. | 728 vs. )
702 m. | 702 m. 707 . 706 n. )
) | Out of plane ring
5G9 W )
) deformation
652 s. | 692 s 69% S. 691 se | 693 vs.e )
535 ved 534 vs. | 522 vs. | 524 vsd 514 vs. )
)
528 ghd 527 she 507 VSe 506 s | 499 vs. ) | P sensitive mode ¥y
)
495 5. 498 s.{ 493 vs. )
475 m. | 474 n. 454 m. 450 w. | 432 w. )
)1 P sensitive mode t
£4% m. L22 i )
A eh.
474 &h ; Oxygen bridge

)! vibration 7

19



TABLE 1i, Continued.

a g iy T ™ .k ; A -
D (Re02C1D2) 2 eCx3PD ReOX3Pa o Assigrments®
digoxo dimchloror !
Isomer (&) Iscuer(b) | x=Ci X=Rr X-C1 ¥=Br
474 gh. |
)
471 s, 420 wa | 429 w. ) | Me250 tortiomal
)
46C 5. 460 s. 4od w, | 424 w, ) node
)
A5G s, 458 s. 416 wol 425 w. )
1 {
D= MeoSO
P= Prhs
a~ Frem data in reference 104, which is confined to the range 4000-60C0 cm . In fect

Me280 is completely blank in the range 600-400 cm .
b- E. Steger and K. Stopperka, Chem. Ber., 1961, 94, 3023.

¢~ Phosphine ring assignment nctation due to D. H. Whiffen, J.C.3., 1956, 1350.
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Unfortunctely (Re02C1(Me280)2) was not scluble enough in
inert solvents to permit = molecular weight determinatione.
&n attempt to mcke the cnalogous bromides gave only EeOBrsPPha-
Me28C,; oils being obtailned instead of ReOzBr(MegsO)z.

There is o good deal of w=bond character in the sulphur
OXygon boﬁd in Me250, the two most predominant canonical forms
being: |

A + -
MeoB = O MeaS =~ O

(a) (b)

Co—ordination via the oxygen atom wculd tend to make (b) predom-
inant and via the sulphur, (a) predominant. Thus, the position
of the sulphur oxygen stretching frequency gives an indication
zs to the mode of bonding, it being greater for sulphur bonded
Me250C complexes then for oxygen bonded ones (104). Thus it
is concluded that ReOX3PPhsMe280 is a sulphur bonded complex
and (Re02C1(Me280)2)n oxygen bonded, see Table 11,

However the complete assignment of the bands less than
1100 en™' is not unambiguous, hence in an endcavour to elucidate
the nature of these bends, the spectra of (Co(Mc250)6)(C104) 2
and PAC1lz2(Mc25C)2 were recordcd over the range 1100-400 6m“1,
sec Table 12. (Co(Me250)6) (CLOL)2 is zn example of an oxygen
bonded complex and PaClz(Me280)2 & sulphur bonded (104).

The strong band at 435 cm™' in (CO(MezSO)6)2+ nust be due
to the co=ordinated Meo280. One possibility is that it is a
Co—0 stretch, but 435 cm™' would seem to be rather high for
this (although Cotton eteal. (105) have tentatively assigned
bands 2t ca. 470 cm™' in some molybdenunm dimethylsulphoxide

complexes as Mo-0 stretches). In the oxygen bonded complexes
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. -1
MBrz(Me280)2, (M=Mg, Zn) there is a strong band at 443 cm  in
both compounds (106). If this were an M=0 stretch, one would
have expected a considerable shift in the position of this band.
The other possibility is that it is a torsional mode connected
with the oxygen bonding (in sulphur bonded systems, it appears

at a lower frequency and is much weaker).

TABLE 12. Infra-red spectra of (Co(Me250)e)(C10.)2 and

PaClz(Me250) 2.

(Co(Me250)6) (C104) 2% | PACL2 (Me280) 2% Assignment
1080 vs. bd. V) _mode of C10.” (41f) |
1026 sh,. 1022 s. )
990 vs. bd. 994 w. ;
) CHs rock
946 m. )
925 ma %
9432 s. 9341 sh. 1119 s. S=0 gtretch
716 s 731 m. Asymmetric C-=8 stretch
680 m. 685 m, Symmetric C=S stretch
623 s. 3, mode of €10~ (41f)
435 vs. bd. 416 m, Me2SO torsional mode?

a — preparcd by the method of J.8elbin, W.E.Bull and L.H.Holmes,

J. Inorg. Nuclear Chem., 1960, 16, 219.
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The nature of ReG201(le2S0)z is uncertain, but the two
most reasonzble formulatione would appear to he:

G 0 0

0
Me250. § O OSMe 2 0. cL_ 5 .0
- ~
Npe” SRE ;Re/\ \Re{

MeoS0"" ‘l“o’él\omez Me2S0 5 01’6 OSMe 2
s S
Mes Mes

(a) (n)

In formulation (a) there is & &%poxo system with a corresponding
singlet Ee=0 stretch at 969 em” ' end in (b) a diychloro system

containing a cis—~ dioxo group with corresponding Re=0 stretches

at 944 cm™' and 895 cn~'. It was impossible to distinguish

between these two posesibilities unambiguously, seeTable 1l.

It was hoped that bands due to the bridging ring system:
in (a) could be scen. Unfortunately, there is only one
fully suvbstonticted transition metal complex containing such
a system - BalMo20,(C204)2.51i20, which has been shownto contain
((MoG(C204 )H20)202) -~ (:07).,  However all the bands in the
infra~red spectrum of this compound could be occounted for
without any oxygen bridging mode - although the 010 oxalate
mode at 480 cn”' is rather bresd end could conceivebly mask
the oxygen bridge mode under the envelope. The bridging
chloride vibrational mode in (b) would be expected to occur
less thon 300 em™ ', Infra-red studies on some dy§hydroxo
copper species indicate that = band in the range 478 - 498 cm~"
could be assigned to a Cu-0C asymmetric stretch (91).
Although strictly speaking, these compounds are not analogous

to (a), one would reascnably expect that vibrations due to &
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d%goxo system would be not too far removed from this value,
The (ReOCls)?” ion was also formed on heating trans-(ReOz-

pye)Cl in 5M. HC1l, see page 43.

b) Magnetic properties.

Earlier workers (1C8) claimed that KoReCCls was weakly
paramagnetic, the explanation mresumably being similar to that

— =+
postulated for other (ReO)

complexes; however recently Colton
(1.09) found that Cs2ReCCls was paramagnetic with a "spin-only"

value of the magnetic moment 91= 2.85 B.,M.) and a small value

of the Weiss constant. This result could not be confirmed by
us, although the salt is in fact paramagnetic. However the

magnetism appeers to depend on the exact method of preparation.
The caesiva salt prepared by Method 4. (see experimental) obeys
the Curie-Weiss Law, but gave large values of the Weiss Constant.
The magnetic moment was field dependent, but at room temperature
and T = 6.46 x 10° gauss, M= 2.0 B.M. (I).  Under the same
conditions Cs2Re0Cls prepered from method B. gave M= 1.7 B.M.
(II) and that prepared from Method C. gave M= 1.0 B.M, (111),
A1l three samples hed satisfactory analyses, identical infra-
red and reflectance spectra, butthe X-ray powder pattern of
(IIT) was slightly different from those of the other two.

The electron spin resonance (e.s.r.) of the three powdered
solids wos examined at 20°, A1l three had 2 strong line

.70 gauss, but in the spectrum

centred at g= 2.011, AH
max slope

of (I) a complex hyperfine structure was observed. For (II)

and especielly (III), the hyperfine structure broadened
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considerably (AE R 650 gauss) and was centred at g~2.
max slone

Although similar megnetic anomalies were observed for
Rb2ReOCls, (Me:;l')2ReCCls was found to have a magnetic moment
of between C.6 and 0.8 B.M. over a large temperature and field
range.

Since the observed nagnetic moments are dependent on the
field strength i.e. the complex is magnetically concentrated,
the actual values probebly do nct have any strict physical
significance and thus, although we are unable to draw any firm
conclusions from this data, it is clear that differences in
the crystal packing cen cause somewhat different anti-ferro-
magnetic Intersactions. There is no evidence that the anomalies
are due to ferromegnetic or anti-~ferromognetic impurities

according to analyses, e.g. for iron and nickel.

- s A TT T, 2=
c) Spectrosconic properties of (uoxs) .

1 . . - .
The spectra of & number of (d') specics with lorge axicl

o+

+
asymmetry such as (V0)2 , (cro)?

, and (MoO)3+ have been

observed (99, 110, 111, 112, 113, 114) in which an orbital
energy scheme similar to thot originally postulated by Ballhausen
and Groy (111) for (VO)2+ as been proposed (essentinlly the

same 2s that given in Figure 1), This recuires thot three
allowed ligand field bands should be visible in the caseof,

for example (Mo0OCLs) %™, Eowever only two bands can be seen,

the third (2A1e-2B2) being obscured by the first charge transfer

band. The spectrwi of (MoOCls)?®™ in 10M. HC1l is cssentially

the saime ns the reflectance spectrum of solid (NH,)eMoCCls (112),
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but dilution of the (i00Cls)®  solution results in the
extinction coefficient of the (zB1é-zB°) transition increasing
markedly - a behaviour which has beén ascribed to the formation
of oxo-bridged dimers (114). Further evidence indicating the
rresence of dimergs in dilute acid has been obtained from
magnetic (115) and €eSele (115) studies.

Recently there has been some criticism of the charge transfer
assigrment in which it was concluded that metal chlorine 7i-
bonding should be taken into consideration (99, 116), although
ceser. studies on (Nig)2lio0Cls failed to reveal any hyperfine
splittings due to the chlorine atoms (113, 117). However
bromine hyperfine splittings have been seen in the frozen

solution (77°K.) epectra of (MoOBrs)®  and (WCBrs)®

and an
unpaired spin density on the bromine atoms of between 443 and
o . - . . -
5.8% has been estimated (118), which indicates the existence
ef a small amount of in-plane Fr-bonding.
The entire orbital cncrgy scheme has been gueried by Selbin
etoale (119, 120) on the basis of low temperature spectroscopic
o ~ sy 2t . )
studies on a number of (VQ) species, but other workers (121
disegree with these internretations. Thus it can be secn that
a good deal of confusion remains - even for these superficially
. 1 .
simple (d') systems.
sy . . 2= 2y .
The position regarding (Re0C1s) (8%) is very comnlicated,
. . 2= .
since some of the charscteristics of (MoOCls) are retained
and sSomc NEwW OnNes appear. The reflectance spectrum of solid
Cs2Re0Cls is quite difrferent from the solution spectrum obtained

by dissolving freshly prepared ReCls in 10M. HC1. Furthermore,
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on lowering the HCL concentratior the solution turned green
and one of the bands increased in intensity (like (MoOCLls) 2™
(114)), but two of the others passed through o minimun (see Table
13). The solution in 10M, HC1l is paramagnetic, as measured
on a Gouy balance at 20° Qu: 2,1 B.M.) and confirmed by the

Nedere method (122).

TABLE 13. Spectroscopic data for oxorheniwn(V) species.

i

Peal positions (mga) (molur extinc-
’

Species Solvent .

tion coefficients in parentheses)

W(Re0CLls) 27w | 12M. HC1 | 1050(20)5 75C(17); 700sh.(15);
474(23); 400sh.(27).

0,9M. HCL | 700 sh.(12); 474(20); 4c5(25).
G oM, HCL | 675(78); 474(16); 405(22).
5.9M. HCL | 675(85); 474(7); 405(22).
5.04. HCL | 675(98); 474(8); 405(24).
3.0, ECL | 675(92); 474(16); 405(30).

3 -

(ReOBrs) ” acetone © | 820(26); 535(65); 450(52) .

(ReCIs)?™ acetone © | 815(1.5-2); 525(350); 415(184C).

a - For ”(ReOClS)E_”, the extinction coefficient is calculated
as the guotient of the observed absorbance and the total
concentration of rhenium in the supposed monomer/dimer
equilibrium expressed a5 monomer.

b = Guinolinium salt.

The data for the bromo and iodo analogues (123) seems unreliable

on a number of counts, principally that the values of the
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extinction coefficients seenn to be rather large to be due
entirely to ligend field transitioms. (Zven for (MoOBrs)?™
there are two quite dismetrically opposed assignments (99,
124)).

(Re0CLs)®” was also obtained by allowing a solution of
(Re(OH) 2¢n2)Cls in 10M. HCL to stand over a period of time,
(see puge 46) . The spectroscopic changes of a solution of
(Re(OH) zen2)Cls in 10M. HCLl were observed over a period of
15 days and the results tzbulated below, together with those
of related species.

S X . A ; 3+
TABLEC 14, Changes in the visible spectrum of (Re(QH)zenz)

Compound = Band maxima (QF).
(Re (CH)2en2)>" 600; 820.
Spectrum after 2 days ca.40C she; 470 sh.; 7503 1050.
Spectrum sfter € days 4083 475; 775: 1060,
Spectrum after 15 dayse 4105 4745 785; 1080,
enHo (ReCCls) 4075 475; 780; 1100.
b

CszRe0CLs (II). 4063 4745 ca.800; (L0407).

"Cs(Re(OH) 2C1. )" (57) 408; 48G; 820,
Filtrate from the above

400; 4703 770; 1048.

Cs2ReCCls preparation

ReCls in 10M. HCL. 40C sh.; 4743 700 sh.; 7503 1050,

i

a - All measurements performed in 10M. HC1.
b = Cs2Re0Cls is very spardingly scluble in 10M. HCl, leading

to some uncertainty in the positiorn of the bands.
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The principal difference in the spectra of “(ReGCls)"
derived from (Re(OH)zenz)®  and that derived from ReCls is
that the latter possesses @ chorge transfer band between 4CC
and 35C @F, There is no conclusive proof that (Re0C1s) %™
exists in solution at all. An infra-red spectrum of the
solution of ReCls din 10M, HCI foiled to show an Re=0 stretch
in the diagnostic region (see Table 15).

Colton (109) had claimed that dissolution of ReCls in
concentrated HCl gave a yellow/brown solution which subsequently
turned green, and from which (ReOCls)e_ could be obtained.

We have been unable to confirm the formation of Re(VI) species,
although the colour change was confirmed. Cs2Re0Cls was

the only product obtained by addition of Cs+ to either the
yellow solution, or the green solution, or a solution through
which ozone had been passed for 5 hours, as coufirmed by the
identity of infra-red and reflectance spectra and chlorine
analyses for the products. The colour change yellow to green
was observed whilst the solution was under a nitrogen atmosphere
and was very rapid when the pressure of the vapour above the
solution wos reduced. Furthermore, the yellow colour cculd

be regenerated by p;ssing HCY gas through the green solution.
Partial conversion to the yellow form wos achieved by addition
of LiCl to the solution. Thus it would appear that the
chloride ion concentration is critical and that no redox
reaction is occurring. Thus species such as ReCls  or ReClz>
may be present in solution (no Re=0 stretch in the infra—red),

although these could not be isolated in the solid state.
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~ . 0
The e+s+re spectra of the two solutions at -140" were

different and contained different degrees of hyperfine structure

~ there being no obvious relationship between the two spectra

or between that of the caesium salt obtained by addition of

+
Cs to either of the twe solutions.

o) - ~
broadened out at 20  and no single sextet (for

and '°"Re (62.,93%), I =

4
Infra-red spectra of some (Re0)°

Unfortunately the signal

% ) could be seen.

'8 5Re (37.,07%)

TABLE 15. species.
Compound Colour|Re=0 in | Other stretching MeDPo
(ReCC1s)? nodes

ReOClspya green 970 (Re=C)

(ReC(CH) py. ) -

(Re0Cls) green | 940 968 (Re=0)

(ReCClzen) 20 green 980 (Re=0) 1954.
ReOClzen green 982, 967 (Re=0C)
Cs2Re0Cls yellow] 952 »310
Eb2Re0Cls vellow! 977, 956

(CoHell) 2 (Re-

0C1s) yellow| 950
enHz(ReOCLs) yellow| 974 2404.
(¥Me, ) 2(Re=~

GCls) orange| ¢a.950 > 300
ReCClzdipy brown 985 (Re=0)

(ReC(CH) py. )~

Cle red 97% (Re=0) unstable
(ReO(OH) py o)~ :

(C1CL) 2 purple 983 (Re=0) explosive
(Re0(0H)enz )~ fawn 987 (Re=0), 552

(PtCle) (Re=OH)

(Re (CH) 2¢nz) o=

(PtCle) 3 green 561 (Re~OH)
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CHAPLER 5,

HYDROLYSIS OF RHENIUM PENTACHLORIDE,

In addition to thc usual disproportionation reaction,
3Re(V)—) 2Re (IV) + Re(VII), (which occurs in alkali or am
excess of water), there-is the possibility of the reaction:

ReCls + HaC & (Re0Cls) + 2HC1 = HeReOCls.

With an excess of HCl present, the equilibrium is pushed over
to form (ReOCls)n- 2s discussed above; the transient green
colour noted by Colton (109) and alsc by us is probably due
to (ReOCls).

Dissolution of ReCls in moist acetone (or T.H.F.)} followed
by addition of triphenylphosphine results in the formation of
trans-FeCCls(PPhs)2 (Re=0 stretch 969 en”').  From the
resulting acetone sclution trichlorotriphenylphosphinerhenium(III)
biS(acetone), ReCl3PPh3.2Me2C0 could be obtained. A possible

reaction scheme is:

ReCls + Ha0 —) (ReOCla) + 2HC1
(Re0OC1s) + 2PPhs -} trans-Re0C1s(PPhs)2

(Re0C13) + 2PPh3«gEEEg ReClazPPhz.2Me2C0 + PPhz0Q

In support of this scheme smail amounts of triphenylphosphine
oxide were obtained from the mother liguors and the ReClszFPPhz.-
2Me2C0 could be oxidised with molecular oxygen to green Re(OClz~
(PPhs)2 (Re=0 stretch 983 cm™ ). ReCls dissolves in acetone
to give a green solution, which on standing in air turns

purple and then brown. At 21l stages trans-Re0C13(PPhs) e
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could bée obtained on addition of triphenylphosphine.
(ReQCl3) has not been isoleted in the above reaction, nor from
reaction of ReCls with liguid sulphur dioxide (c.f. the

reaction of MoCls with liquid 802 to give MoCClz (125)).
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CHAPTER 6.

THE TRICXCTRICHLORCRHENATE(VII) ION.

The vast majority of oxygen containing Re(VII) compounds
can be considered to be perturbations of (ReO4)~ €ee (ReOsN)Z“,
ReOsX (%= F, C1l, Br), (Re038)  and Re207; although both six
co~ordinate ReOFs and five co-~ordinate Re02F'z have been
described (126). However mo compound of stoichiometry
(Re03X3)°” has been described, although Peacock (127) considered
that the (ReOzF})z— ion should be capable of existence, and
both the isecelectronic (WOst)B- (128) and (0s03F3) (129)
have been described.

Dissolution of perrhenic acild in concentrated HCl saturated
with HCLl gas produces a yellew solution from which CsCl precip-
itates a pale yellow solid of stoichiometry Csz2(Re03Cls) (130).
The compound dissolves in water (or base) to give a clear
solution with no black ReOz forming, indicating that a Re(VII)
species is present. It turns white if exposed to the atmosphere.

There are two possible geometriczl isomers:

o) o)
o} _c1 c_ { _c1
~ Re./ \.ée/
o | Sec1 c1-" 4 ~c1
cl o)

(a) (b)

Simplified group theory (omitting site symmetry considerations)
would indicate that since isomer (a) has the C3v point group,

there should be 10 normal vibrations of the ion of species
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4A1 + A2 + 5 and that theré should be two metal-oxygen and
two metal=chlorine stretching modes active in both the infra-
red and Raman spectra. Similarly, isomer (b) should have 15
normal vibrations, of species 6&1 + Az + 4B1 + 432 and that
there should be three metal-oxygen and three metal-chlorine
stretching modes active in both the infra-red and Raman spectra.

The infra-red spectrum consists offl an extremely broad
absorbtion centred at about 900 cm-1, with a band width (width
at half intensity) of about 10C cm . In the metal-chlorine
stretching region, bands were found at 314 sh., 32C vs., 334 m.
and 370 me (211 in cm ). It is suggested that the shoulder
at 314 cm ' is an isotopic effect due to °'Cl, thus it is

expected that the rotic of the two freguencies should be

inversely proportional to the scuare root of the atomic

. masses:
(-;—%:)"'5:1.03 (259) = 1.02

The sgrecment is quite good, and thus three bands remain which
are assigned to rhenium~chlorine stretching modes, suggesting
that isomer (b) with sz symmetry is the correct formulation,
The assignument of the abcve three bands as Re-Cl stretches is
not completely unambiguous, since O-Re-0 deformation modes are
known to occur in this region.

The Raman spectrum of the solid was exeamined using the
mercury green line (5461 &) as the exciting line. Unfortunately
scattering effects made observations of the Re~Cl stretches

imvossible, but three weak bands could be seen in the Re-0
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stretching region -~ 363844, 9104 and 940%4 cn™', Thus it is
concluded that isomer (b) is the correct geometrical formulation.

The preparation of the analogous fluoride was attempted.
However it was never obtained, even when liguid hydrogen fluoride
was used as the solvent. (The Raman spectrum of a solution of
sodium perrhenate in 155 hydrogen flucride was that of the
unperturbed (ReC.) icn). Addition of a solution of CsF
in concentrated HF to a solution of perrhenic acid in concentrated
HF with some liquid HF present did not give an immediate
precipitate. If the mixture was kept cool, large white
crystals separated out after zbout a week. Analytical results
indicated that this compound wass CsReOg. In confirmation of
this, no Re-I stretches could be seen in the infra-red
spectrum and the X-Ray powder pattern was identiczl to that
of an cuthentic sample of CsReO, obtained by addition of an
aqueous solution of CsCl to an agueous solution of perrhenic
acida Cther cations such as (Ph4ﬁ5)+ gave immediate wvrecip~-
itates of the correspondins perrhenate, or in the case of
(RLN)+ or Bb' did not give any precipitates at all. In view
of the fact that (ReC1:Cls)?™ appears to exist, there scems to
be no reason why the fluoride should note. The most likely

explanation as to why the ion was not obtained is that the

salts are too soluble relative to the corresponding perrhenate.
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EAPERIMENTAL.

Simple elemental microaznelyses were by the Microsnalytical
Laboratories of Imperisl Colleze and by Alfred Bernhardt
Mikroanalytisches Laboratoriwm, sulheim/Ruhr. Thenium was
determined as tetraphenylarsonium perrhenate and caesium as
the tetraphenylborate. Infra-red spectra were recorded in
nujol mulls on & CGrubdb Parsons Spectromaster unless otherwise
stated. Tlectronic spectra were recorded in solution on a
FPerkin Elmer 350 Spectrophotometer. Magnetic measurements
were carried out by the Gouy metihod, and in solution by the
n.m.r. method (122}, using a Varian 3400B. spectrometer
operating at 56.45 Mc/s. uniess otherwise stated. lelting

points were determined on a Xofler hot stage and are corrected.

6‘
.
lo}

cular weights were determined using a techrolab Osmometer
operating at 37° in the solvent indicated, unless otherwise
stated. Vapour phase chromatographs were obtained from a
Perkin olmer ' 11 Gas Chromatogrash. Y.s.r. spectra were
obtained on a Varian V 45C2/15 Spectrometer. Solid state
Raman spectra were obtained on a Carey 81 Raman Spectrometer
using the mercury green (5461 2) line as excitation, with a
neodymium filter. Far infra-red spectra were recorded on &
Grubb Psrsons D.l.4 Spectroueter.

411 reactions were carried out under an atmosphere of

5

nitrogen unless otherwice stated.
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Trans-oxotrichlorobis(triphenylphogphine)rhenium(V). (17)

Lhenium metal (3g.) was dissolved in excess 10C vol.
hydrogen peroxide and tie solutiocn evaporated to dryness.

Fal

The perrhenic acid thus formed was dissolved in 1CHM. HCL

(7 ml.), and the solution added to =z suspension of triphenyl-

¢.) in glacial acetic zcid (250 ml.). Lfter

<

phosphine (25
stirring at room temverature for about % hr., the product

was filtered, washed with glacial acetic acid and ether and
obtained as yellow/green microcrystals (12.2 g., 91%.).

(Founé¢: €, 52.3; H, 3.7: C, 1.9 calc. for CzeH30Cl:CP2Re:

Cy 51.9: H, 3.5; G, 1.9%) . The wroduct thus obtained was
suitable for most purposes, but not all. A1l traces of

acetic acid could be removed by suspending the solid in

ether, filtering snd drying in vocuo. over phosphorus pentoxide.

Q;octhoxodichlorobis(triphenylphosphine)rhenium(V).(green isomer)

Rhenium metal (3 g.) was dissolved in excess 100 vol,
hydrogen peroxide anc¢ the solution evaporated to dryness.
The perrhenic acid thus formed wes dissolved in 10M. HCL
(7 ml.) and the solutiorn added to a suspension of triphenyl-
phosphine (25 g.) in ethanol (250 ml.). The mixture was
heated to the boiling point, and refluxed for ten minutes.
The hot suspension was filtcered and the green product was
washed with ethanol and ether and obtzined as microcrystals
(12.1 g., 87%). (Found: €, 54.2; H, 4.4 calc, for CssHis-
CleO2P2Re: C, 54.2; H,4.2%).

Oxcethoxodichlorobis(triphernylphosphine)rhenium (V). (grey/green

isomer).

Rhenium metal (3 z.) was dissolved in excess 1CC voli

(17)
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hydrogen peroxide and the soluticn evaporated to dryness.
The perrhenic acid thus fermed was dissolved in 1CM. HC1
(6 ml.) znd added to a suspension of triphenylphosphine
(24 g.) in ethano® (300 ml.). The mixture was stirred

at room tempcrature for four hours, filtered, washed with
ethanol ard ether and obtained as grey/grecn microcrystals
(7.3 ., 54%). (Found: C, 54.3; H, 4.4%).

Oxoethoxodichlorobis(triphenylphosphine)rhenium(V). (purple isomer)

The grey/grcen isomer above (C.50 g.) was dissolved in
a mixture of benzene (50 ml.} and cthanol (20 ml.) and refluxed
for twenty hours. On cooling, purple crystals of the compourd
were deposited (C.23 g., 46%). (Found: C, 54.9: H, 4.6%).
This isomer was also obtained on rcfluxing the green isomer
in an ethanol/benzerc mixture for three hours.

The infra-red spectra of the three isomers were examined

in the range 90C-10CC cm .

Isomer G b Intensity ratioi
Re=0 §C—-CHz N o
£0-CH2: Y Re=0
grcen 949 908 1:1
grey/green 945 906 2.5:1
purple 945 505 2:1

Thus it seems reasonable to supposc that the grey/green
isomer is not just a mixture of the grc¢en and purmnle isomers.

Decomposition of green ReO(O0Et)Clz(PPhs)a.

A solution of grcen ReO(OEt)Clz(PPhsz)z (1 g.) in benzene

(60 ml,) was shsken at 20° for four days. The insoluble
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product was collected and washed with ether to give trans-
Re0C1l3(PPhs)2 as prisms (0.3 ge, 30%). (Found: C,51.7;
H, 3.8 calc. for CssH3oCl30PsRe: C, 51.9; H, 3.6%).

The infra-re¢d spectrum of this compound was identical
to that of an authentic samnle.

Oxoalloxodichlorobis(triphenylphosphine)rhenium(V).

Trans-Re0C13(PPhs)z (0.5 g.) was refluxed in benzcne
(30 ml.) and allyl alcohol (5 ml.) for 10 minutes producing
a bright groeocn solution. Addifion of 30/40 petrol to the
cold solution afforded the compound as green microcrystals
similar in appearance to the starting material (0.39 g., 76%).
(Tound: C, 54.45 H, 4.0; O, 3.7, C3¢H35C1202P2Re requires
¢, 54.8; H, 4.1; 0, 3.8%).

The compound was very soluble in benzene.

tn

Reaction of green ReC(OBt)Cl2(PPhs)p with acacH in benzene.

ReO(OEt)Clz(PPhs)2 (green isomer) (2 g.) was dissolved
in bengzene (30 mle.) and to this solution was added acacH
(2 mi.). This mixture was refluxcd for six hours and then
evanorated down (in vacuo.) to about 15 ml. Filtrztion
afforded large green crystals together with orange microcrystals.
The large groen crystals were hand picked from the remainder
and their infra-red spectrum showed o strong absorbtion at
979 cm~t, attributablc to a rhenium oxygen stretching mode,
whereas the oraonge dompound wes blank in this region.
(Found for the green crystols C, 43.0; H, 3.6 calc. for
C23H2201203PRe: €, 43.5; H, 3.5%) i.e. the green complex

is ReOClzacacPPhs. (Found for the orange crystals C, 55.9;
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H, 4.3 calc. for Ct41H37C1202P2ke: C, 55.9; H, 4.2%) i.c.

ReClzacac(PPhs) 2. This is to bc contrasted to the behaviour
oef nurple ReO(0Lt)C12(PPh3 )2 which under the scme experimental
conditions yieclds only the orange ReClzacac(PPhz)az. (24)
(Found C, 55.9; H, 4.3; <1, 8.,0; 0,4,0; P, 6,9 M 911
(ebullioscopic in benzene) Cg1Hz7Cl202P2Re requircs C, 55.9;
H, 4.2;, Cl, 8.1; 0, 3.6; P, 7.C% M 881)

Oxodibromo (pentancl-ddionnto) triphenylphosphinerhenium (V) (24)

L solution of RcO(CEt)Bra2(PPhs)z (2 g.) in benzene (50 ml.)
was heated for about one minute in the presence of acecH (2 ml.)
and pourcd into 30/40 petrol.when o green precipitate wes
obtained. Usunlly the green crystcols hod to be seporated
from.tho orange motericl as above. The green product wos
reprecipitrted by slow cvinoration of its benzene solution
and washed with ether to givé the product as prisms (0.26 ge,
15%).  (Found: €, 38.7; H, 3.1; Br, 22.7 M, 660 (ecbullio-
scopic in benzene) C23Hz2Brz203PRe requires C, 38.2; H, 3.1;
Br, 22,1% M4, 723).

Oxodi—iodo(pentane2—4dionato)triphenglphosphinerhenium(V).

An attemnt wes made to prepore this compound in o similar
way to that of the bromide, but it has not yet been prepared
pure, because of the similer solubility of the red product of
the reaction.

Oxodichloro(pentance—4dioneto) phenyldiethylphosphinerheniun(V). (24)

This was prenored from ReO(CEL)CL2(PPhEL2)2 (12) in =
similer monner to the chloride of the triphenylphosphine analogue
cbove, and wos obtained os prisms (20%). (Found: C, 33.8;

H, 4.0; Ci1sHz2C1203PRe rcoguires C, 33.5; H, 4.1%).
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The compound was dicmsgnetic, likce the triphenyl-
phosphine analogue, but more soluble in organic solvents.

Dibromo(pentane2—4dionato)bis(triphenylnhosphine)rhenium(III).

This was prepored from ReCQ(OLt)Bra2(PPhz)z (4 g.) in =
similer manner to that of the chloro complex described above
end reprecipitated from hot benzene with 30/40 petrol and
obtcined as prisms (1.27 g. 3¢%). (Found: C, 50.5: H, 3.9;
Br, 17.C; 0, 4.0; P, 6.1 C.1H37Br202P2Re requires C, 50.5;
H, 3.9; Br, 16.5; 0, 3.3; P, 6.4%).

Di-iodo{pentanc2-4dionato)bis(triphenylphosphine)rheniwa(III).

This was preparcd from ReO(QEt)I2(PPhiz)z (1.24 g.) in a
similar menner to the chloro complex szbove and wes obtained as
needles (0.4 go, 31%). (Found: €, 45.9; H, 3.7 Ct1Hz7I1202~
P2Re requires C, 46.3; H, 32.5%).

Dichloro{pentanc2-4dioneto)bis(phenyldiethylphosphine)rhenium(IIT).(24)

This wns prepored in the same way as the above compounds,
but starting with ReC(0Lt)Clz2(PPhlitz)z (12) and was obtained as
prisms (25%). (Found: C, 43.8; H, 5.4 C2sH37C1202P2Re
recouires C, 43.6; H, 5.4%),

The compound was more solucble in organic solvents than
the triphenylphosphine analoguc.

Chlorobis(pentanc2-4dionato) tripvhenylphosphinerhenium(IIL).

Grecn RcO(CEt)CL2(PPhs)z (3.33 g.) was refluxed in
acacHE (30 ml.) for 16 hours ~nd coolcd. The product wes
collected, refluxed in benzene for 16 hours exposed to the
ctmosphere, nnd the suspension allowed to cool. The orange

product was filtered, weoshed with ether ond obtnined as prisms
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{06 g., 22%), (Found: C, 49.0; H, 4.1; 0, 9.3 M, 683

(chloroform) C28Hz0C1l0,PRe requires C, 49.3; H, 4.3; O,
9.4% M, 682).

Di:}(~pentane2—4dionnto~tetrachlorobis(pentfne2—4dionato )~

dirhenium(IV).

Green ReO(OEt)Clg(Pthdz (4.28 g.) wrs refluxed in ccacH
(40 ml.) for 5C hours =nd the mixture allowed to cool depositing
the compound. The crude product wns collected, reprecinitated
from chloroform solution with 3C/40 petrol and obtnined as
orange microcrystcels (1.15 g., 25%) . (Found: C, 26.53;
H, 2.7; C1, 15.4; 0, 14.4; Re, (by diffecrence) 41.0 M, 939
(chloroform); 9C9 (ebullioscopic in chlorobenzene) CzoHzsCls-
OseRez requires C, 26.4; H, 3.1; Cl, 15.6; 0, 14.1; Re, 40.8%
M, 911).

The compound wns virturlly insoluble in 21l common orgonic
solvents, only smnll ~mounts being rccerystrllisable from
dichloromethone, ccetic ccid and trifluoroﬁcetic acid.

Trichloroacetatotriphenyl phosphine oxiderhenium (IV).

Green ReO(OEt)C1l2(PPhs)z (1 g.) was ploced in o Carius
tubs with acacH (3 ml.). The tube was secled ond heated ot
200° for 24 hours. The tube wos nllowed to cool, then opened
end nllowed to stand opern to the otmosphere for one minute and
then the contents were filtered. 4 mixture of blue micro-
crystals and large red crystnls was obtained. The mixture
wes shaken in dichloromethrne or chloroform, in which the
blue compound wes soluble. The red crystals were filtered

of f mnd the filtrate was ollowed to cvaporate ot room



82,

temperature depositing the compound as needles (0.21 el 28%) .

°

(Found: €, 38.2; H, 3.1; Cl, 14.4; 0, 7.0; P, 4.0;
M, 678 (chloroform) Cz0H18C1l203PRe requires C, 38.2; H, 2.9;
Cl, 16.9; 0, 7.6; P, 4.9% M, 630). m.p. 227-232°.

An attempt was made to purify the compound by adsorbing
the dichloromethane solution on a silica column and then
eluting with acetone, and allowing this solution to evaporate
at room tenmperature. However, the analytical results were
not much improved.\ (Found: C, 4C.8; H, 3.C; €1, 15.8:

0, 7.6%).
The infra-red spectra in nujol and hexachlorobutadiene

mulls is given below.

Band position Lssignment
1592 w. C-C stretch in phenyl ring
150C w. Me deformation
1485 . C-C stretch in phenyl ring
1453 s. Asymuetric C=0 stretch
1437 vs, C~C stretch in phenyl ring
1356 w. Symmetric C=C stretch (?)
1144 s, Co~ordinated F=C stretch
1119 s. )

) - P-sensitive mode q.

1088 s. ) ]

The P-sensitive mode g was split when the spectrum was
recorded in dichloromethane solution, and is thus not a solid

state effect.



Tetraéfkwacetatodichloro dirhenium(III).

Green ReOCEt)Cl2(PPhs)z (1 z.) was placed in a Carius
tube with acacH (3 ml.). The tube was sealed and heated at
200° for 24 hours. The tube was allowed to cool, then opened
and allowed to stand open to the atmosphere for one minute
and then the contents were filtered. A mixture of blue
microcrystals and largevred crystals was obtained. The
mixture was shaken in dichloromethane or chloroform, in
which the blue compound was soluble. The large red crystals
were filtered and washed with cther (0.21 g. 52%). (Found:
C, 14.65 H, 1.7; ©, 18.9 calc. Tor CsH120120sRez: C, 14.1;
H, 1.8; 0, 18.8%).

The compound was insoluble in all comson organic solvents
and had an infra-red spectrum identical to that of an authentic
sample (40).

Tetra-sp-acetatodibromno dirhenium(III).

This was prepared as above starting from ReO(CEt)Bra-
(PPhs)z (but this time no blue compound was obtained), and
obtained as red crystals (0.14 g. 34%). (Found: C, 12.9;
H, 1.65 O, 17.0 CeHi2Brz208Rez requires €, 12.5; H, 1l.6;
0, 16.7%).

The bromo complex was slightly more soluble in organic
solvents than was the chloro analogue,

Dichloro(l, 1, 1 trifluoropentane2-4dionato)bis(triphenyl-

phosphine)rhenium(III),

A solution of green ReO(OEt)Cl2(PPhs)z (L g.) and 1, 1,

1 trifluoropentane2-4dione (2 ml.); in benzene (40 nl,) was
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heated under reflux for 15 minutes, cooled andi 30/40 petrol

added. The product was collected and reprecipitated from
benzene with 30/40 petrol and obtained as ncedles (C.68 g.
61%). (Found: C, 53.2; H, 4.0 M, 838 (chlorofornm) 941

(benzene) CL1H3,Cl2F302P2Re reguires C, 52.7; H, 3.7%

M, 934).

Dichloro(l, 1, 1, 5, 5, 5hexafluoropentanc2~4dionato)bis—

(trinhenylphosphine)rhenivm(III).

Thiz was prepared and purified in the same way as above
starting from green ReO(CEt)Clz(PPhs)z (0.95 g.) and 1, 1, 1,
5, 5, Shexafluoropentane2-4dione (2 ml.) in benzene (40 ml.)
and cbtained as microcrystals (C.79 g. 71%). (Found: C, 49.3;
E, 3.2; F, 11.5; M, 98G (benzene) Ci1H31Cl2FeC02P2Re requires
¢, 49.8; H, 3.1; T, 11.5 M, 989).

Dichloro (4, 4, 4triflucrol—2' thienvlbutanel-3 dionato)-

bis(triphenylphosphine)rheniua(III).

This coeompound was pfepared and purified as above starting
from green ReC(OLDt)Clz(PPhs)z (0.5 g.) and 4, 4, 4trifluorol-2"
thienylbutanel-3dione (thenoyl trifluoracetone, T.Tels) (0.25 g.)
in benzene (30 ml.) and obtained as necedles (0.26 g. 44%),
(Found: C, 52.6;5 H, 3.6; S, 3.5 M, 1059 (chloroform)
CesH3,CLlaF302P2ReS requires C, 52.7; H, 3.4; S, 3.2%

M, 1002).

Trichloro(l—phenylbutanel—Bdionato)triphenylphosphinerhenium(IV).

Green ReO(OEt)Clz(PPhs)z (0.5 ge) was dissolved in benzene
(40 ml.) containing l-phenylbutanel-3dione (C.4 g.) and was

refluxed for 15 hours. Additon of 30/40 petrol afforded
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brown/red microcrystals of the complex. These were dissolved
in benzene ond reprecipiteated with 30/40 petrol (0.11 g. 26%).
(Found: G, 47.7; H, 3.4; 0, 4.6; M, 756 (benzene) CazsHas-
Cl302PRe requires C, 47.0; E, 3.4; 0©, 4.5% M, 716) .

The compound was soluble in mest common organic solvents.

Dichloro(l-3diphenyl propancl-3dionato)bis(triphenylphosphine)-

rheniun(III).

Grecn ReO(OEt)C1l2(PPhs)z (0.5 g.) was dissolved in benzene
(50 ml.) containing 1l-3diphenylpropanel=-3dione (0.4 g.) and
refluxed for 15 hours. To the clear green sclution was added
30/40 petrol affording dark green microcrystals of the compound
(Cd g.). (Found: G, 57.7; H, 4.C; ©, 3.0 M, 1961 (benzene)
Cs51H41C1202P2Re requires C, 60.9; H, 4.1; O, 3.2% M, 1004),

The compound was dGissolved in benzene (giving a dichro-
matic solution) and allowed to run down an alumina column.
3C/40 petrol was added to this solution affording derk grecn
mycrocrystals, siniler in appearance to the ériginal crystals.

(Found: a) C, 61.4; H, 4.4; M, 4021 (benzenc)

b) ¢, €1,5; H, 4.8; M, 5775 (benzene)).

Oxodichloro(salicylaldehydo)triphenylphosphinerhenium(V).
Trans-ReCCl3(PPhz)2 (0.5 g.) was dissolved in refluxing
benzene (50 ml.) for 14 hours. To the hot filtrate was added
salicylaldehyde (0.15 g.). The mixture was refluxed for a
further 10 minutes end allowed to cool and then filtered.
30/40 petrol was added to the filtrate yielding a green
compound together with some brown material. This mixture

wes added to acetone (in which the brown compound is sparingly
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soluble}, filtered and o the clear filtrate was added

30/40 petrol affording olive grecn prisms (0.06 g. 15%).
(Found: ¢, 46.1; H, 3.5; 0, 7.4 I, 647 (zcetone), 670
(chloroform), 1119 (benzene) Cz2s5Hz0Cl203PRe requires C, 45.7;

H, 3.1; 0, 7.3% M, 657).

Di;urcatecholatohexachlorobis(triphehylphosphine)dirhenium(V).
Trans-Re0C1ls(PPhs)z (0.5 g.) was refluxed in benzene for

48 hours. To the hot solution was added = solution of catechol

(0.13 g.) in benzene. Refluxing was continued for a further

10 ninutes and the mixture was allowed to cool and then filtered.

Addition of 30/40 petroll to the filtrate produced the conpound

as & brown microcrystals (C.11 g. 14%), (Found: ¢, 43.7:

H, 2,75 0, 4.7 M, 1295 (benzene); 1324 (acetone) CreHsaCle-

O.PeRez requires C, 43.5; H, 2.9; 0, 4.8% M, 1326).

Oxotrichlorobis(pyridine)rheniun(V),

Trans=ReOCls; (PPhs)2 (0.5 g.) was suspended in dichlero-
methane (20 ml.) and chlorine gas was passed thrcough until a
deep red solution was obtainecd. Pyridince was slowly added
to the solution until it turned green. Cn beiling this
solution, green micrccrystals of the compound seperated out.
These were filtered and washed with ether (0.1 g. 44%).

(Found: €, 25.8; H, 2.2; C, 3.5 C10H10C13N20Re recguires

C, 25.6; H, 2.1; 0, 3.4%). The compound was insoluble in

2ll inert solvents, but formcd bluc ReO(CEt)Clepyz on boiling

in ethanol, and Egggg—(ReOzpyk}Cl on refluxing in moist pyridinec.

Cxoethoxodichloro(2.2' dipyridyl)rhenium(V).

Grecn RcO(OEt)C12(PPhs)z (0.5 g.) was suspended in ethanol
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(46 wla.}. TPo this was added 2.2! dipyridyl (0.2 g.) and the

mixture was heated, open to the atmospherc, just to the point
of ebullition. At this steoge a red/brown solution was obtained,,
which on cooling turncd dark blue, depositing the compound as
a dark blue szmorphous powder (0.02 g. 7%). (Found: C, 29.7;
H, 2.7; W, 6.0 C12H13C128202Re requires C, 30.3; H, 2.8;
N, 5.9%).
Further refluxing did not increase the yield - rather the
compound tended to decompose.

The principal bands in the infra-rcd spectrum are:

Band position
- Assigmment (131)
(em ')
160C m. ring froguency
1446 g, ring frecuency
952 Se Re=0 stretch
916 s. & O-Cliz
763 s, out of plane ring hydrogen bending
node

Oxoethoxodichloro(1-~10 nhenanthroline)rhenium(V).

Green ReC(CEt)C12(PPhs)z (0.5 g.) was suspended in etheanol
(3C ml,) to which was adced 1-10C phenanthroline hydrate (0.2 g.).

The mixéure wes hested, open to the antmesphere, for about 2

ninutes giving ¢ red solution. On cooling, the solution
turned blue and deposited the compound as & bluc powder. This

was filtered and washed with ethanol and cther (0.08 go 27%).

(Found: C, 34,1; H, 3,0; N, 5,63 0, 6,5 C1,H13C12N202Re
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requirces C, 33.8; H, 2.6; N, 5.6;5 0, 6.4%).

The principal bands in the infra-red spectrum are:

t
Band position .
- Assignment (131)
(cn )

1511 w. ring frequency

1429 n. ring freguency

1033 s. ?

958 s. Re=0 stretch
904 1. 4 0~CHz
852 s. out of plane central ring hydrogen
bending mode
718 s. out of plence heterocyclic ring

hydrogen bending mode

Chlorotricarbonylbis(triphenylphasphine)rheniun(I).

Method A.

Trans-Re0Cl3(PPhs)2 (1 z.) was placed in a bomb with
trighenylphosphinc (1.2 g.) and powdered copper. Carbon
monoxide at 150 atns. wos adnitted and the bomb was heated
at 120° for 12 hours. The solid moss was extracted imto
dichloroncthane. Lddition of ¢thanol afforded the compound
as whitce microcrysteals. Thesc were boiled in cther (to get
rid of thc last troces of triphenylphosphinc), filt¢red and
aricd (0,99 g. 99%)}. (Found: ©C, 56 calc. for C3zgH30ClO3-
PzRe: 0, 5.8%).

Mcthod B.
This was essentially the same as Method A, substituting

grecn ReC(OEt)Cla(PPhs)e (1 g.) for the trons-Re0Cls(PPhs)z.
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The carbon monoxide pressure was 180 atms. (0,92 g. 94%) m.p.
185-189°.,  (Found: 0, 6.0%).
Method C.

This wes the ssme os cbove using ReCl,(PPhs)2 (1 g.) ana
o corbon meonoxide pressure of 165 atms. (C.94 g. 96%). (Founa:
O, 6.0%), |

Chlorodicarbonylbis(triphcnzlphosphine)rhenium(l).

4 sucpensicn of grecn ReO(OEt)Clz2(PPhs)z (1 ge) in
e¢thanol (10 ml,.) was placed in a bomb.  Carbon monoxide at
60 atms. was cdmitted and the bomb was heated at 110° for
18 hours. The contents of the bomb were then boilcd in
excese ethanel and filtered,. The soliid thus cobtained was
dissolved in hot dichloromethanc, filtcred, and the filtrate
was nllowed to evapornte slowly at room temperaturc depositing
pink ond green plotes (.22 g 23%), these were hand scparated
and were found to have identicel infra-red spectra: (carbonyl
stretches 2041 vw.; 1934 vs.; 1880 vs. (cnm —1) ). b sanmple
of the pink isomer was wrshed with ether and dried in vacuo.
over phosphorus pentoxide. (Found: C, 57.0; H, 4,0; 0, 3.9
calc. for CssH»0ClO2PzRe: C, 56.9; H, 3.7;5 0, 4.0%).

Chlorownentccarbonylrheniun(I) .

Mcthod A.

Freshly prepared ReCls (0.77 g.) s1nd ethanol (5 ml,) were
placed in o bomb with cerbon monoxide (8C atms.) and heated
ot 10C° for 17 hours., The white crystals of the compound were
filtered nnd washed with ether (0.6 g. 78%).  (Found: C, 16.8;

€1, 10.0 calc. Tor CsClOsRe: €, 16463 Cl, 9.8% calc. for the
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dimeric tetracarbonylchloride CsCleOsRez: C, 14.4; C1, 10.6%),

Method B.

This was repeated using (ReCls)s (0.3 g.) instead of ReCls
and with the same experimentzl conditions, white crystals were
obtained with an identiczl infra=-red spectrum to that of Re(C0)sCl
as prepared above (0.18 g. 50%).

The compound ‘wes a non-conductor in nitrobenzene at 22°.

Tetraethylammonium oxotetrachlorotriphenylphogphine oxiderhenate(V).

EEEEE-ReOCls(PPhs)z was suspended in dichloromethane and
chlorine gas was passed through until a red solution was
obtained. This wes reduced to z small volume by boiling,
then excess etharol was added producing & yellow solution to
which was added a solution of Et, HCl1.H20 in ethanol, affording
the compound as & pink amorphous powder. This was filtered
and washed with ether. (Found: C, 41.3; I, 4.6; ¥, 2.1;
0, 348 C26H35C1,M02PRe requires C, 41.5; H, 4.65 N, 1.9;

0, 4.3%). m.p. 192-195°.
1

The infra=-red spectrum in the range 1160-970 cm™ is .

given below with essignments (201):

Band position(em™') fssignment
1151 =0 stretch
1122)
) _ P sensitive mode g

1094}

1029 £ in plane C-H deformation
997 phenyl ring breathing mode
979 Re=0 stretch
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Oxotrichlorobis(triphenylphosphine oxide)rhenium (V).

EEEEE-ReGCls(Pth)z (Cu5 ©.) was suspended in dichloro-
methane and ozone was passed through the mixture until a bright
green solution was obtained. This was allowed to evaporate
at room temperature affording the compound as bright green
plates (C.06 g. 12%). (Found: €, 50.1; H, 3.7 CzeHsoCls-
03P2Re requires C, 50.0; H, 3.5%). The infra-red spectrum

. - -1, . . .
in the range 1130-960C cm is given below with assignments

(101):
Band position(em™ ') Assignment
1124 P=0 stretch
1092 )
) P sensitive mode g

1066 )

1029 £ in plane C-E deformstion
999 phenyl ring breathing mode
980 | Re=0 stretch

Nonachlorotris(triphenylphosphine)trirhenium(III) bis(acetone).

Freshly prepared (ReCls)z (0.3 g.) was shaken in acetone
overnight at room tempersture giving a bright red solution.
To this solution was added triphenylphosphine (C.6 g.) in
acetone, giving an clmost immediste crystalline precipitate
of the complex. The mixture was allowed to stand for one
hour, filtered, washed with acetone and ether and dried in
vacuo at 110° (0.4 g. 66%). (Found: €, 40.2; H, 3.4;

Cl, (a) 17.9, (b) 18.9; 0, 2.2 CeoHs7CleC2P3Res requires

C, 40.5; H, 3.2; €1, 17.9; O, 1.8%).
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The chlorine anslysis was determined
(a) oxygen flask ignition method
(b) alkaline hydrolysis.

Bis(trichloro)l,2bis{diphenylphosphino)ethane dirhenium(III).

Freshly prepared (ReCls)s (0.2 g.) wes dissolved in
acetone and to this solution was added acetone solution of
1,2bis(diphenylphosphino)ethane. The compound was obtained
as a dark blue/purple suspension which coagulated on boiling
(0ed go 60%). (Found: C, 31l.6; H, 2.7 Cae6Hz.ClsP2Re
requires C, 31.7; H, 2.4%). The compound is insoluble in
all common organic solvents, making a molecular weight
determination impossible and indicating probable polymerisation.

Tripotassium transdioxotetracyanorhenate(V).

This was prepared by the method of Wilkinson et.al. (132)
by refluxing a methanolic solution of potassium cyanide and
green ReO(OEt)Clz(PPhs)a2.

Trans~dioxobis(ethylenediamine)rhenium(V)chloride dihydrate.

This wes prepared by the method of Wilkinson et.al. (16)
by refluxing green ReO(CEt)CLlz(PPhs)2 with cthylenediamine.
Deuteration was achieved by dissolution of the complex in
heavy water (D20) and evaporating to dryness in vacuoc. several
times.

Trans-dioxctetrapyridinerhenium(V)chloride dihydrate.

A sample of trans~ReOCls(PPhs). was shaken in acetone,
then refluxed in ether and filtered. In this way the starting
material is freed from all traces of acetic acid. Then the

procedure given by Wilkinson et.al. (16) was followed except
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that 5 ml. of pyridine were used instead of 2 ml.

Trans-dioxotetrammineosmium(VI)dichloride.

Purple potassium osmate (prepared by the addition of a
solution of osmium tetroxide in potassium hydroxide to ethanol
(76)) was shaken in a saturated agqueous solution of NH.CL
affording the compou;d as yellow microcrystals (133).

Deuteration was achieved by shsking potassium osmate in
a saturated solution of ND.Cl in D20. ID.Cl was prepared
by dissolution of NH4Cl in D20 and evaporating to dryness in
VACUO . The product so obtained was redissolved in D20 and

the solution was again evaporated to dryness.

Trans-dioxotetramminerhenium(V)chloride.

Green ReO(OEt)C12(PPhs)z (C.5 g.) was suspended in
ethanol (25 ml.) with 0.88 ammoniz (3 ml.) and warmed for a
few seconds until a yellow suspension was formed. The
mixture was 2llowed to cool and the collected microcrystals
were washed with ethanol and ether (0.11 g. 58%). (Found:
E, 3.7; N, 17.8; 0, 9.9 ClH2N,02Re requires K, 3.8; I,
17.45 0, 9.9%).

The compound was insoluble in 21) common organic
solvents.

The infra-red spectrum, with suggested assigmments (414)

is given overleaf:
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Band nosition (cm ') hssignment
3170 s. )
Ii-H stretch
3086 s. )
1630 m. NEs degenerate deformation
1318 s. )
) NEs symmetrical deformation
1295 s. )
855 m. she )
) Re=0 stretch
835 s. )
807 m. )
) NHs rock
7244 s. bd. )
424 m, Re-Il3 stretch

Trang-dioxotetramminerhenium(V)chloride hydrate.

Green ReO(CEt)Cl2(PPhs)z (G.2 g.) was heated in ethanol
(1C¢ ml.) and 0.8C ammonia (1 ml.) for 2 minutes. The russet
compound was filtered and washecd with ether (0.05 g. 62%).
(Found: N, 16.5; ©, 14,0 ClH{,¥,03Re requires ¥, 16.5;
0, 14.1%).

The infra-red spectrum of the sample was similar to that
of the anhydrous salt. The compound was insoluble in all
common organic solvents.

Trans-oxohydroxotetrapyridinerhenium (V) oxopentachlororhenate (V).

Trans~(ReCapy:)C1.2H20 (0.1 g.) was dissolved in water
(5 mli.) and 10M. HCL (5 ml.) was added. The solution was
boiled for 30 minutes. Filtration yielded green microcrystals
of the compound which were washed with water, ethanol and

ether (0.02 g. 27%). (Found: C, 26.1; H, 2.2; N, 6.5;
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0, 53 €20H21C1s¥,03Rez requires C, 26.2; H, 2.3;

W, 6,15 C, 5.3%).

}y—Oxodioxotetrachlorobis(ethylenediamine)dirhenium(V).
Trans-(ReCzenz)Cl.2H20 (0,71 g.) was dissolved in ca.2M.
HC1 (50 ml.) to give a pink solution of Ezggg—(ReO(OH)enz)Clz.
The solution was allowed to stand for a month during which time
green ncedles of the compound were deposited. The product
was collected, washed with acetone and ether (0,37 geo 62%),
(Found: €, 7.43 H, 2.5; C1, 2C.4; 17, 8.1; O, 7.5 CsHie=

C1,N,0sRez requires C, 7,03 H, 2.4; C1, 20.8; N, 8,2;

Oxotrichloroethylenediaminerhenium(v).

Trans-(ReOzenz)Cl.2H20 (0.13 g.) was dissolved in ca.10M.
HCL (5 ml.) giving a blue solution of trans-(Re(OH)zenz)Cls.
The solution was allowed to stand for 2 days when green
).

; H, 2.3; Cl, 28,7; N, 7.6; 0O, 5.1 CzHe-

=

crystels of the compound were deposited (0.12 g. 97

co

(Found: ¢C, 6.
ClsN¥N20Re requires C, 6.5; H, 2.2; Cl, 28.9; I, 7.6; C,

4.4%) .

Di=fie= ydroxotetroxobis(ethl}enediamine)dirhenium(V).
Trans-(ReOzenz)C1.2H20 (1,8 g.) was dissolved in water
(30 ml.) and sllowed to stand in a stoppered flask for 9
months, when brown crystals of the compeound separated out.
These were Tiltered and washed with acetone and ether (0.19 g.
7%)e  (Found: C, 8.7; H, 3.C; Cl, 0.0; 1II, 9.8; 0, 1643
C,H18M,0eRez requires C, 841; H, 3.1; Cl, 0.0; N. 9.5;

0, 16.3%).



Dicaesium oxopentachlororhenate(V).

Freshly prepared ReCls (0,50 g.) was dissolved in hot
128, HCL (10 ml.) to give a yellow solution.  Addition of
CsCl (0.47 go) in 12M. HC1 (10 ml.) yielded yellow prisms of
the compound, which were washed with ether saturated with HC1
(Ce72 g. 84%)e (Found: C1, 27.63 Cg, 41.13; ©, 2.7 calce
for ClsCez20Re: CLl, 27.5; Cs, 41.2; 0O, 2.5% Re, 28.8%).
Method B.

This was the method givern by Murmann (57) for the prearation
of "Cs(Re(OH)2C1s) %,  Trans-(ReCeenz)CLl.2H20 (0.5 g.) was
heated in SM. HC1 (20 ml.) to give a yellow solution to which
a solution of CsCl in 5M. HCl was added. The compound was
treated as above and obtained as yellow prisms (0.59 g. 75%) .
(Found: CI, 28.2; Cs, 40.13 C, 2.3%).

Method C.

To z solution of (Me,¥)2(Re0Cls) (0.60 g.) in 12M. HCL
(20 ml,) wes added excess CsCl in 12M., HCl.,  The crystals
were renmoved and washed as before (0.57 g 78%) . (Found:

0, 2.3; Re, 29.0%).

Dirubidium oxowuentachlororhenate (V).

Substitution of RbCl in the above procedures yields the
vellow crystelline rubidium salt.
Method A,

(Found: Cl, 32,5 CLsORbzRe requires Cl, 32.33 O, 2.9%)

/u-: 2el Bebe

=~
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Method B,
(Found: C1, 32,9; 0, 3.1%). /¢= 2.2 B.M.
The compound was markedly more soluble in 12M, HC1l than
the caesium salt.

Bis(guinolinium) oxopentachlorovhenate(V),

Substitution of quinoline for CsCl in Method A. yields
the compound as pale yellow microc;ystals. (Found: C, 33.9;
Hy 2.3; 0, 2.6 C18E16C1ls20Re requires C, 3%.8; H, 2.5;
O, 245%)s  The compound is fairly soluble in 12M. HC1 but
virtually insoluble in cold acetone.

Bis(trinhenylphosphonium) oxopentachlororhenate(V).

Substitution of triphenylphosphine (C.12 g.) for CsCl in
Method A, afforded the compound as pink microcrystals, which
were dried in vacuo. over phosphorus pentoxide (0.16 g. 80%).

s

(Found: C, 47.7; H, 3.8;5 0, 2.3 C36H320150P2Re requires
1.8%).

C, 47475 H, 3.65 O,

Ethylenediaminium oxopentachlororhenate (V),

Trans-(ReOzenz)C1.2H20 (0.7% g.) was dissolved in 10M. HCL
to give a blue solution containing trans-(Re(OH)zenz)Cls.
The solution was allowed to stand for a month, during which
time yellow prisms were denosited. The crystals were collected
and washed with ether saturated with HCLl (C.46 g. 58%).
(Found: C, 5.9; H, 2.3; Cl, 40.2; N, 6.3; 0, 4.1 C2H1o-
ClsNz20Re requires C, 5.4; H, 2.,3; €1, 4C.2; N, 6.4; O,
3.6%) .

On addition of ether to the filtrate, a white sublimable

solid was obtained with an infra-red spectrum identicel to that
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of an authentic sample of enHa2Cloz. Both compounds coulld be
obtained by boiling the blue (Re(OH)z2enz2)Cls for 2-3 hours.

Bis(tetramethylamaonium) oxqpentachlororhenate(V).

Rhenium metal (1 g.) was dissolved in 100 vol. hydrodgen
peroxide and the resulting solution evaporated to dryness.
The residual perrhenic acid was dissolved in 10M. ECL (25 ml.)
and to the solution was added a solution of tetramethylammonium
iodide in water. The mixture wazs stirred at 20° for 2 hours
and filtered. Evaporation to dryness of the filtrate yielded
the compound as orange prisms. (Found: €, 18.6; H, 4,73
0, 3.0 CsHz,Clsl20Re requires C, 18.2; H, A6 0, 3.00),
Tmpure (MeyM)2(ReOCLls) was also obtained on shaking
trans-Re0C1s(PPhs)2 with Me,NCL in dichloromethane for &
week at 20°,

Bis(triphenylnhosphonium) oxopentachlororhenate(V) tetrahydrofuran.

Trans-Re0Cls (PPhs)z (1 g.) wes suspended in dry T.E.F.
(80 ml.). bry HC1l gas was passed through the refluxing
susmension for % hours during which time the colour changed to
buff. The compound was filtered, washed with ether and dried
in vacuo. over phosphorus pentoxide (0.78 g. 66%). (Found:
C, 48.7; H, 4.2; Cl, 18.3; 0, 3.6 CLoH40Cis02P2Re requires
C, 49.1; H, 4e1; CL, 18.,2; 0, 3.3%).

Trivhenvlivhosrhonium oxotetrachlorotriphenylphosphinerhenate(V).

Method 4.
(PPh3H) 2Re0Cls was allowed to stand for 10 days open to
the laboratory air during which time yellow microcrystals of

the compound appeared. (Found: C1l, 16.7 C3sH31C1,0P2Re
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requires C, 49.7; H, 3.6;5 €1, 16.4; C, 1.8%).
Method Z.

(PPhzH) 2Re0C15.C Hs O (Cul g.) was suspended in 2M. HCL end
the mixture heated for 5 minutes. The solid was filtered,
washed with acetone and ether; affording yellow microcrystals
(C.03 go 34%).  (Found: C, 50.0; H, 3.4; Cl, 17.0; G, 1.7%).

The compound was insoluble in all common organic solvents,
thus making conductivity and molecular weight weasurements

impossible.

Oxotrichlorotriphenylphosphinedimethylsulphoxide rhenium(V).

Trans-Re0Cls (PPhs)z (C.5 g.) was suspended in benzene
(50 ml.) and dimethylsulphoxide (1 ml.). Dry HC1 gas was
passéd through the cold suspension durinsg which time the
trans-Re0Cl3(PPhs)2 went into solution in the benzene layer.
After 2 days, large green crystasls appeared at the liquid

interface, These werecollected and washed with ether (0.1 g.

L}

26%).  (Found: C, 37.2; H, 3.3; 0, 5¢2 C20H21C1302PReS

~

requires C, 37.0; H, 3.3: 0, 4.9%).
There wereno infra-red bands in the P~H stretching region
(cae2400 cm '),  The compound was also formed:
(a) on shaking trans~ReOCls(PPhs)z (1 g.) in benzene
(30 m1l.), Me250 (1 ml.) and 10M. HC1 (5 ml.) at
20° for 4 days (0,68 z. 87%). (Founda: C, 36,8;
Hy 3.2%). |
(b) on shaking green ReO(QEt)Cl2(PPhs)z (1 g.) in benzene
(30 m1.), Me25C (1 ml.) and 10M. HCI (5 ml.) ot 20° for

day (0463 ge 82%). (Found: C, 37.2; H, 3.4%).
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In both cases the compound was filtered, washed with acetone
and obtained as green microcrystals.

Oxotrichlorel.2'dipyridylrheniua(V).

ReOC13PPh3Me280 (0e2 z.) was suspended in dichloromethane
(30 ml.) to which was added a solution of dipy. (0«2 ge) in
dichloromethane (5 ml.). The mixture turned brown immediately
and was refluxed, open to éhe atmosphere, for 3% hours. The
solution was evaporated down (a2t reduced pressure) to about a
quarter of its original volume, depositing &« brown solid which
was filtered end washed with ether (0.12 g. 84%). (Found:
C, 25473 H, 1.83 0, 3.7 ca&lc. for CioHgClsNaORe C, 25,83 H,
1e7; O, 345/}
The infro-red spectrum is clear betwcen 985 cm“1 (Re=0 stretch)
and 767 cm—1 (out of plane ring hydrogen bending mode (131) ).
Both isomers of this stoichicmetry have been claimed (134),
one grecen and one purple, but no infre-red datz was given.

Cn prolcnged heating in ethonol, o blue solution was
obtained which prebobly contained the blue species ReO(OEL) -
Clz2dipy.

Bis(dioxochlorobis(dimethylsulphoxide)rhcnium(V)).

Trens-ReOC1s (PPhs)2 (1 g.) or green ReO(CEt)Clz(PPhs)e
(1 g.) was chaken at 20° in benzenc (25 ml.) and Me2S50 (1 ml.)
for 20 hours. The green amorphous complex was collected,
washed with ether and dried in vacuo. over phosphorus pentoxide
(Ce5 s 100%),  (Found: €, 11.5; H, 2.9; Cl, 8.7; O, 15.6;3
Re, 46.2; 38, 14.6 Csliz,C1l20sRe25; requires C, 11.7; H, 2.9;

Cl, 8.7; O, 15.65 Re, 45.4; S, 15.6%),
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Oxotribromotriphenylphosphinedimethylsulphoxide rhenium(V).

ReOBrs(PPhs)2 (1 g.) was shaken in benzene (25 ml.),
Me2SC (1 ml.) and conce HBr (5 ml.) at 20° for 5 hours. The
green solid weas collected, recrystallised from dichloromethane,
washed with ether and cbtained as green pletes (C.54 g. 67%)
(Found: C, 30.6;5 H, 3,0; 0, 4,2 C20H21Br302Pked requires
Cy, 30.7; 1, 2.7; 0, 4,1%).

Trans—oxotrichlorobis(triphenylphosphine)rhenium(V),

Freshly prepered EeCls (0.5 g.) was dissolved in acetone.
To this green solution was added triphenylphosphine (0.72 ge)
in acetone. The mixture wes shaken at 20° for l% hours
during which time the solution turned purple and yellow/green
crystals of the compound were formed. These weré collected
and washed with ether (0.5 g. 44%). (Found: C, 52.4;
Hy 349 calc. for C3eH30C13CP2Re C, 51.9; H, 3.6%),

Trichlorotriphenylphosphinerhenium(III) bis(acetone) - iscmer 1.

Addition of ether te the purple mother liquors above
vielded a purple tar. This was redissolved in acetonc (5 ml.);
ether (40 ml,) was added and the mixture was allowed to stand
overnight depositing purple crystals of the compound. (This
procedure mey have to be performed several times to get a non
tarzry residue) The crystals werce filtered, washed with
ether and dried in vecuoc. at 20° (0.24 g. 26%), (Found:

C, 42.9; H, 4.0; 0, 4.3; M, 681 (acetone) Cz2,H27Cl302FRe
requires C, 43.0; H, 4,13 0, 4,8%; M, 671),
The carbonyl stretching frequency of the acetone could be

seen at 1712 cm™'.
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Trichlorotriphenylphosphinerhenium(III) bis(acetone =~ isomer 2.

The purple crystals of isomer 1. were heated in vacuo. at
80° yielding green microcrystals of the compound = with a
greatly increzsed total volume, (Found: C, 42,05 H, 4.2;

0, 4.8%; M, 661 (acetone))
| The carbonyl stretch is visible at 1712 cm—1, and there is
a comnplete absence of bands in the range 900~IOOO em”™ ',

L solution of the compcund in acetone was added to a
solution of triphenylphosphine in acetone; oxygen was blown
through the mixture and the mixture was allowed tc stand for
5 weeks. A small amount of pale green precipitate was
formed with a strong absorbtion at 9383 cm—1, suggesting Re0Clz=

(PPh3)2 hcd been formed.

Dicaesium trioxotrichlororhenate(VII). (first prepared by

N.P,Johnson).

Rhenium metal (2 g.) was dissolved in 100 vol. hydrogen
peroxide and the solution eveporated to dryness. The residue
(perrhenic ocid) was dissolved in 10M. HC1 (10 ml.) and the
solution was seturated with HC1l gas giving & yellow solution.
To this was added & solution of CsCi (4 g.) in saturated HCl.
The mixture was allowed to stond overnight. The yellow cryst-
alline product was collected under an atmosphere of HCl, washed
with 12¥., HCE =nd dried in vacuo. over phosphorus pentoxides
(4,15 go 58%).  (Found: €L, 17.1; Cs, 4%2.8; ©C, 7.8; Re,
2046 ClsCs203Re requires Cl, 17.5; Cs, 43.8; C, 7.9; Re,

50- 7(70) *
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