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Metal dialkylamides have been used to prepare )
complexéé of-thc Lowe R E - ML where R E “is
_ L J (6-x) "L, g’

. . '

‘a tEtraalkylammonlum or tetraphenylarsonlum 1ou,

L= benzcne 1 2 dlthlol €bluene -3, 4 dlthlol or

RN

\

and Hf) or x=5 (for ND and Ta) . - The complcxes wene

owmercaptophenol (for M“Tl, 4r, . 11f, Nb, and $Ef;?
L=1, 2- dlhyeroxyben zene (for Ti and:Huf), Eéﬁaphtﬁéiehef
1 8-dlthlol (for Ti, z:,'and f), and x#4 (for Ti; zx

- LS . . 4l

prepared as Ll or ha’salts accordlng to the generaﬂ

equation: . L : -: : ‘ L
. - . . . '}

THFE b

‘m(ukz)x4-‘(6 -x) NallL -+ (x 3L ———>Na(6_x)ML + xHNR2

d’

. The alkali meLal ‘was then replaced by an, organlc camlon

in acetonitriie.‘ Comparlson of UV and V191ble spectra-

o

of the ncw complexcq with prcv10usly 1solated

eomplcxes éhows thaﬁsthere is a, shift of .the lowest?‘

o

‘encrgy band Lo hlgher energy in the order- Tingcnf,"

Nb(Ta, ho<Hb<Zr, k Ta<Hf A 51mllar shift was'obﬁerved

2= o
for the order S. ¢ ”4.<'Osc6”4 < (o

2C d I, 2- . The shlfts

i

2

above are cons 1stcnt with- spcctra domlnated by

llgand to 'metal charge tranffer bandq. A tentative

assignment of the metal#sulfur streth&ng frequencies



“ is- consistent-with metal¥édlfu£7bonds'beé\Qiﬂ@ N
Ayéaker-ih‘tb¢ same order as the spectral shifts.'. .,

A single/cryétal;x-ray structure'determinatibn

'oﬁff Ucé?g)ghs]qu(Sécsnh)B'hqéjbge?’pgrformédignd  '
_cbmpaggébn.of:the results with the;tris(benzgne-

. ) N o ‘ ‘ : . :
l,2-dithiolato Ti, Zr, Nb and Mo -.structures . v
o e : o ) ’ hd ' ’ . i [

Aﬂ;p§§g§£§§_that*the proper matéhihg of metalld-orbitar
S _““ o t"” ST ’“f“}"“ o ' T
energy and 1igand.drbitallénergy i§ important for

the stabilization of_trigbnal prismatic gegmet&y}
The Ta complex is not trigonai3prismatic, bqt~instead-

two @ the:chelétésyrgtain_nearly‘tﬁe trigonal

' prismgtic configuraﬁibn, thle"tﬁé'thgrd'chelate_is
" twisted by 379 about -thé.‘c2 ‘axis of‘thérprish,”

A reexamination'of the stchtures of dtherhtris_diphio-
,_lené complexes in light of the above Cz'distértion‘shog
that a C, type of distortion is. a bettéf;descfiption’ﬁ

of the structures than the usual descriptign'invoking.

a trigonal distortion. The Ta’complek'appearsito
. R : » © c . .

répresent the.mostgpronouncgd'éxample of“this]

"Cz type ‘of distortion.

=S o E . L L . .



ACKNOWLEGEMENTS

“~

x:The author wxshes to express hls 'sincere thanks to:
. .

Professor J. Takats for ‘his- lnstruqtlon, advice and
friendshlp during the pradress Of\\Pls work.

ProfeSSOr M. J. Bennett for assistance w1tﬁ\the

£ x
crystallographzo studles. , ‘-~\\\s\\\\\
. 2 . . :
stallo~

“Dr;- Cowxe for the use of data from hlS cry

P )

- graPhle-siudlesTuu . ‘

; The roup for assxskance beyond the’ call of chemistry.

The Un\yersity, of Alberta for flnanc1al support
of thuB.wbrk ) : S
My parents for help and encouragement whlch has .
made this work p0551b1e._ ‘.\\ 'siV e
-ﬂpKarln for sharlng all of the high and low monents
' whlch were ' encountered durlng thls worK

Yo

vi



TABLE OF CONTENTS

CHAPTER Yoty - ~ PAGE
1. HISTORICAL CONSIDERATIONS. o « » « « 1
\ :
2. THE SYNTHECIS OF TRIS-DITHIOLEHE

‘ .
COMPLEXES.

@&

INTRODUCTION + o o = o « + o = » = <17 -

EXPERINENTAL + « o o o o .8 . < . .20

‘RESULTS AND DISCUS®ION « o « « o .o «33

’ 5
3. Tiit CRYSTAL STRUCTURE OF TRIS (BLN-

ZENE—l,Z—DIQﬂIOLATO)TANTALATE (v).

)\ . 5
s " INTRODUCTIOHN . . . ..- e o e o a o 64

 EXPERIMLUTAL « « = = o « = o= « = =71

\ '1édLUT;oh.AuD RUFINLMLNT OF THE
HSTRQCEURE:7.~g:. S A &
V DQ%@RIPTF?; OF  THE STRUCTURE . + - «75
. Iséuég;on . t‘, e e 4 e e e« & .105
| T e & o
4. . ':’-A_'ovRT&iOMPRC}\%Tm;ENOL< AND 1,2-DIitY-
RSV G ,
jbedxXB%ﬁizgg'COH%LEXES.
- o R . . :
‘?INT§GbCCT1mq T &
. gj Ei?xkrmﬁninggf'. e e e e e . 115
% .t.‘ ‘ vii



CHAPTER S - PAGE

L

o \._ R
RESULTS .AND DISCUSSION. . . . &%y o 115
R . " ~
S +  COMPLEXES OF NAPHTHALENE-1,8- g
b At
: .
~DITHIOL g
® .
‘ [

INTRODUCTION « . & o "v o o o . . . '.131

EXPERIMLNTAL ... . & . .« o & o o o 2132

. © RESULTS + « « + « « & 4t « « . . .138

DISCUSSION. o o o o o :// . . . .1l44

"itli[-'_EI{I;NCES A ST .. . .154

viii



LTST OF TARLLS

-
. PAGL
CLAPTLR 2 ¢ ‘ ) ) . .
. Table 1: Infrarved fpvif)n as EBr . '
v x, Pellets (¢, [ : ©34..
. . ,
Table 2. Conductiv:: oo UV oand
Visilble ., o 4, 40
1 ’ o1y
Table 3: H=Hnr and - C=-4uMb Specttral
R "RUS‘TU}."CS"" Tt ot - oo 43 T
- 2
Table 4: Concentratlion Studies of -
the Conductivity of _
ey 211112] T (5,C 1 cl ) 5 46
Table 5: Metal-sulfur St{ftching
Frequencices (em 7). 53
~Table 6: Ionization Potentials (evV) 57
Talble 7: Half Wave Potentials for 6L
Reduction (volts) .
[.
CHAPTLR 3: *
Tableé™8: Observed and Calculated
Structure Factor
\ Ampli tudes 76
A )
=~ Table 9: Atom Coordinates and .
. Isotropic Temper%gure :
" Factors . @f ' 81
3 ’ e
Table 10: Rigid Bodies : 83
. 1
™7 Table 1l: Anisotropic Thermal Para-
meters (A?) - 87
Table 12: 1Intraionic Distances . - 94 .
Table 13: Intraionic Angles o 95
: Dihedral Augles. . 99

' Table 14

Cix

.

€1,



Table

Table

Table

—— TPabie-

CHAPTER 4.
—_—— e

Table

Table

Table

CHAPTLR 5
SHAPTER 5

Table
Table

Table

15 Sumnmary of Distances for
Benzencedithiolato -
Conplexces

16 sumnary of Angles for
Benzenedithiofato
Complexey . \

17: Dihedral Angles MNMade by
Polyhedron races

181 “Least Squarés plancs

' / .=

19: Cohductivity Mcasureménts
and UV, visible Spectra

20: IR Spectra -

|
21: H-NMR SYectra
1;;}?
1 ' a &
22 H-IMR Spectra - t
‘ ‘ ]

23: IR Speegra

24 Conductivity ang UV=vVisible
Spectra ’

P
N
S
x

PAGE

100

101

107

110

123

125

130

140

141

143

’

4



\ ) ﬂ"
‘ yﬂ"‘::;w LIST OF FIGURES

\/

PAGE

Qualitative Molecular
Orbital Diagram for "Even™ ,
apd "odd" Ligand Systems -7

o Comparison of the Molecular
e Orbital Schemes of Gray and
.Schrauzer 11

RO 4>A_r‘\l_:.__ PN :-__A PO - —_ SR DI ———— e o e . s e _i._A
CHAPTER 2: . b

Figure 3: Conductivity Cell for Work
' Under Inert Atmoaphcre 32

Figure 4: IR Spectra of Two Benzcne=-1l,2-
3

e ) dithiolato'Complexes 52
N 1
- ) "Figure 5: The Metal- Sulfur Stretchlng
Reglon for Several Benzene- ‘ .
1,2-dithioclato Complexes . 54
4 -
CHAPTER 3: . : o .
,‘f ‘ s ,' ' N
F : AV M S I
igure 6 iew of o( C6 4)3 66
Fiqure 7:: A View of Nb(s C6H ) T 67
.Figure 8: A View of Zr(Ség i, 2- " 68
. ‘Figuré 9: A Stereov1ew of the Unit cCell 91
. . S * ' -
. , ' of [(c I 4As] Ta( c61{4)3
',Figure'lO:' A Stereoview of Ta(S_C_H
’ o Viewed Along the Ide%llzéd
Three-Fold Axis with 50% Thermal
Ellipsoids . 92,
¢ . o

Figure 11: Bond Lengths for “the Ta(SZCGH’)3_93
4

xi



CHAPTER 43

Figure 12;
L]

CHAPTER 5:

F]
Figure 13:.

-

Figure 14:,

i PAFE

A Pro gsed Structure of a
Hydrated 1,2-dihydroxy-
benzence Complex of Silicon 3134

o

A Diagram of ;he,nfsysﬁem
‘Molecular Orbitals of
Benzene~1 ,2-dithiolate 146

. L
A Diagram of the 7m<Systenm
Molecular ®rbitals of

- Naphthalene=158«dithi are~ 147

P oxii o

‘i



Me
Et
Pr

Bu

mcthyl

ethyl

LIST OF ABREVIATIONS

= n-propyl

butyl

phenyl

= isopropyl




R

,Q;‘

' CHAPTER 1: HISTORICAL CONSIDERATIONS

. S ! . . »
“The view that class a, or hard, acids should

not form strong bonds to class b, or'soft, bases is
well illust;ated }n the erMation of complexes between
the early transition metals and iigands centaining

\\3 _only sulfur as the donor atom. The early transition\\\

S

metals are good examples of hard ac1ds due to thelr

e ————— e

Q
predomlnantly high oxldation states and lack of

polarlzabie valence shell electrons. Sulfur, on the

L}

other hand, .is a very soft base due to its largeﬁx~
size and low electronegat1v1ty."fhus, aecosdi;g
%A to hard aud soft acid base theory, sulfur and the
early transition metals should'be vefy_badly mismatched

as. far as bonding is concerned. As will be seen

\ 'Below, this predetion,appears to be correct.
' 3 Do ‘ : . .
) However,_it mustsbe kept in mind that several factors

are lnvolved in determlnlng éhe hardness of an
R o

\
acid or base, and thus it is not strlctly correct to
‘@@ fail to distinguisﬂfbetweeﬁ various types of sulfur
~donors, nbr‘is‘it‘correct to consider all of the:

., early transition metals as essentially the same.

i For-example; a high negative charge and low m-acidity

of the llgand would be - expected to favor transfer

of electrons from the llgand to the metal. Atgsbe‘



' /

same time, decreasing the ease: of . reductlon of the

metal would dlsfavor this ligang to metal charge

-

transfer, Other factors such as metal ion size.
and charge must also be considered. In this work
a.ndmber of these factors will be examined in
regard to the'stabilrzation of complexes between

osulfur donor llgands and the early transxtlon metalsr'

DlScu551ons will be llmlted to the 1ons M(+4) for
"2r and Hf; and M(+a) for 'Nb and Ta, whlch are
the domlnant oxldatlon states of these metals.

'Complexes of these lons'with sulfur contaiq}nd ligands

2-4
have been . well rev1ewed, ~~ but a brief’ .review of ,the

present state 6f knowlege in this area“ w111 be ' B

presented here,
The greatest number of compiekes involving the

early tran51tlon metals and sulfur‘donors are adducts

'between thloethersband metal halides. Due to the ready

avallablllty of titanium. halldes, the greatest number

j .
of 1nvestlgations are with thls‘metal.-gFor example,

compqunds of the type Tix4'2L have been prepared

v

. . 7 .
for L= RZS (where R= Me, Et, Pr ’ Bu),q L=(CH2)nS

(whergr n=3 4 5),5'§ L= [RS(CHz)zsR] % (where

' ' 5, 6 9 \ .

R=Me, Et, and Ph), f and L=l,4-thloxan‘
- " . . \ < - . .

(CyHgos), 11 here in all cases x=CI

-



qnd ‘Br. In contrast to this, Compounds of the
que,MX4-2L'areTSOmewhat more limited for Zr and Hf.
Zirconium halides er4 (X=Cl or Br) form adducts

er4°2L with tetrahydrothiophene.and CII3SCH2CHZSCH3
| 12

(the latter has only been added to Zf¢l4). The

.ligands 1,4~£hioxan and (cu3)25-form'ZrC14'L édducts,;3’l4

In the cases of Ta and Nb, the predominance of six

_coqrdination results in adducts of the type st;vaor

Z)n ) v

S 5
S (for n=4,5 and X=Cl or Br);l L=R25

L= (CH
R 16,17 __ .

_ S o :
(where R=Me, Et, Pr-, and X=Cl or F), and
L=1,4-thioxan. ‘ ' .

More rece%tly it was found that titanium tetra-

chloride will also form adducts with mercaptans.18

Cdmpouﬁds_of the fypq TiClZ'égsu‘wé}e formed'(wﬁérev

- R=Et, Prn;éun, or Ph); while dithibls”fofméd l.to 1
adducts. Thg'monéthiol adducts were-;;pq;ﬁed to ge
thermally stable, while thé‘dithiol adducts evolved
;wo equiyalents-of ﬁél on heating tp yield_dichlofbdi-
thiolafes,,sQCh as fi?iz(éCH2CHQSi. 

© " The second important class of compounds bet%een

”

sulfﬁr,coqtéining_ligapds:and-the earl& transition'metals
“is ﬁhe dithiocarbamétes, This is the largest éroup of
}compoﬁnds'ﬁheré,sﬁifué isvthe‘only‘atpm bonded to the
ﬁrangitioh metal.iah;_ Bradley énd Gitlitz have

found a éonvenient way of preparing these compoundé (



through'CSz‘insertion into the appropriafe métal
amides,19 as illustrated below:

M (NR .+ CS_——>M(S_CNR S . o 1)

( 2)4 S, ‘ ( 5! 2)44 - , ) (1?'

( for M=Ti or¥ Zr and R=Mé,.Et;-and Prn).

“ This prodecure produced Ta(S_CNMe,) from Ta(NMe )',
. . ) . . . e - 2 2 5 2 5 ;
but 'the-corrésponding Nbﬁébmpddnd was reduced to

~..’ '

Nb(52CNM¢2)4., Altefnatively{ reaggion of thé sodium
salt of a‘diﬁhiocarsamate‘with a metal halide bfbdhces‘
mixdd  halo f-,dith.i,o'c,arléa,ma_tg complexes ,_,w_hgxt.e.'__t.'he_,‘z;g - -
) ' . o B

lative amounts of eagh’iig&nd depend'upén“;he amo&ptv

of sodium dialkyldithibcarbamdte used.zon‘23
MCl_ + xNa S,CNR, —> MCls_x(SZCNRz)x_ (2)

- Structural work with dithiocarbamates has shown

2d
complex mic1(szcnmt2)3'§as found to be a slightly dis+

Ti(SZCNE_tz)4 to §§.a D v»déaecahedroﬁ,?4'and‘£he ﬁ;iééfl
,;oftea pentagonal _bipyrhmid.25

A third'group of compounds-is thé.mercaptides,Awhich
‘are relativély few in number. In the reaqfion betweén‘
thiols and titaniuﬁ:tetrachloéide,’complete &ispia;eﬁenf-
of th¢>¢hloridés cannot be athéved;i However, rééctiod._
Setweeﬁ metal amides and aikfﬁthiois pfoduces compounds
éf the type Ti(SR)4(RNH2)¥(RéH)y’(where R is Me,fa:,_éfi
;nd‘x and ylére highly Qariable);ge.‘These cpmp0und$ were

.Ehought”to be polymeric and were generally difficulf to



-

.work,with. Comp.ete displacement_.of chloride ions

reactlng Al(sc Il )3 Et 0) w1th Mcl 1n Lt20 or C6H6.‘ e

(where M=Ti and zr, X 4,‘ or M=Kb and Ta, x—S). The "
27

"..L

resultlng complexes ha the formula M(Sc 5) Gen4

“ . S

erally these mercaptldes were sensitive to atmospheric.

"molsture and 1n some case were al-n therma-lly,unst:able.z6

The flnal group, complex s of Eturated l 2- dlthlols,
nffu;_.WWLll formma*large~part of- thls workT so lt is’ approprlate_

. to more carefully review some Hf the past work an these
OCOMplexes befogz beglnnlng to- descrlbe necent effortsi
1n thls area. “As will be seen leter, these complexes are
‘cheracterlzed by a hlgh degree oficovalent bondlng, |
the ;mportance of whlchvlln the steblllzetlon.of
{ .

suifur complexes of the early tranSLtlon metals, w111

e : become ev1dent as the propertles of several hew
o ,’ . o o
compounds are-examlned.

The past work in the area of tranSLtlon metal com—l'

v plexes of 1 2—d1thlolenes has been well rev1ewed,28 34' .

thus only the conclu51ons drawn from prevxous work w111:

_be mentloned here for comparlson wlth the results of

: . o Q".‘,
thls work : S S }]
e Inténse xnvestlgatlon-lnto the chemlstry of . ».'}“"“
“- - ._l Zﬁdlthlolene complexes began about 1960, when several '

.- A ‘ e L . -
Py . - . . d . . . .
: . Cy . . "‘-



’

groups of re earchéfs sxmultaneously dlscovered

35- 39

Aconvenient routes for preparlng the comp0unds

*Prlor to that tlme, 1nterm1ttant studles haq centered
PR
arognd thevanalytlcal-uses-of dithiols while investiga-

eions rnto'the'properties of these cbmplexes were

,1argé1y negletted.éo'41' 5

The first new aspect. of their chemistry was the ob-
serﬁation»that the'cemplekes may be readily oxidized

or reduccd; and by _means ofvpolarography, ;hemsamemnw_wiwnh
complexes:could sometlmes be observed'wx;h a merietQ |
of dlfferent overall charges.f Ih.Some eases,athe
oxldized or. reduced forms of comélexes.could even

- be 1solated as pure compounds.- The“claSSLflcatlon

\

of llgand systems by G. N. Schrauzer as belng

-

"even or‘"odd"; a¢cord1ng to the number of atomic
orbltqgs Wlthln the llgand system avallable for,

w-bondlng, 1s useful 1n understandxng the unique elec~

trochemlcal behav;our of 1 2- dlthlolenes.36 mhe presenCe‘
of a weakly antlbondlng level in the'"even“ systems
permlts them to exlst as’ the neutral llgand,

’.monQanlon.Or dlanIOh, Flgdre 1. “Tbe "odd“ systems,

L Ve

.on the other haﬁd\\favour the monoanron alone. In

E .valence-bond terms, l 2= dzthjolenes and'other "even"

llgands may exlst as neutfal llgaqu or‘dianions by

~ G,

‘ invokxng the dxthlokebone or dlthlolate -electronic
: : 2 ’
L r.SFx“Fture$~ e
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| or ‘ ' i 2=

“ /2C§§f ‘ C,
R’ s . ,R//‘ﬁSs "y
while the "oda" ligands again provide bﬁlj one suitablé
veleétronic structure,'Z;% monoanions
. ,

t . ) . S

.

I£ maj be easily seen that the "éven” ligaﬁd systems
cauSe,some difficulty when assigning‘a formal.okidationﬁ
‘state tO'tﬁe‘central metal. For example, in one extreme 
:thé ligands in Md(s C H )3 may be consmdered to be di-

. ’ h
anions and the Mo +6, or in thg other extreme the 1i-.
‘;léhds and Mo atom may all be thought of'as'neﬁt:al. |
Theiimporgant question is the relatiQe participatioq
of metal and liéand orbitals invthé 6ccupied molecular
orbitals of the'complex. As in all‘highiy‘éovglent
-cbmpounds, oxidation states must be approached from
thlS standpoint. A}further similar’ question is whethe‘r
>thé llgands of .the metal undergo oxidation or reduct10n
déring glectron traqsfér ieactfons.' Again, the.natu;z
of the molecuiar orbita1s being populated or dég%puléted

must be considered. 'The existence bf-compounds.suchl



' as: V(82C2Ph2)3, where considering the ligands
as dianions would resylt in the unlikely V6+,
demonstrates that the dithiolene ligands must playﬁa

major role in the redox reactions of their complcexes,
. - N 0
Sl ! . '
FThe second feature of 1,2-dithiolene complexes

k"yhiCh resulted iﬁ intense st%dy in this area'of
chemistry was their stqbiiization of nearly perfect
square élanar geometry in all1of the ? to 1 compléxes,
except posgibly those of 2Zn an;l(:d,29 and the
7 stabilization of triggnal prismatic geometry for
some of tﬁe 3 fo 1l complexes., Prior Lo this”study,
thrge.tris dithiolene cémplekes: 'V(SZCZPh2)3, Mo(S?_C2 2)3
And Re(SzC2Ph2j3, had'béen established by erag
crystallog:aphy to havé trigonal prismatic geometry.32_
while the ligands in £he Re and V complexes were ?
pPlanar, the ligands i; the ﬁo complex were bent. by 18°
about the intraligand S;S axis. A similgr beﬁd was
noted iﬁlsbmevof the brganometallié complexés of the
type (ns-csﬂs)szszc ) (where R“H or CN or S C2R
is benzenedlthlol, and M=Ti. or Zr).42 44 Thg ‘ »

benzene-1,2-dithiol ang ethylene-1, 2-dithiol complexes

with Ti were found by x- ray crystallography to have

45, 46'

a bend of 46°'around ‘the S-S axis. The only two.

-tris <édithiolene comp}exes Xnown for the early tran51tlon



metals Ti [szcz(cmz]Jz- and Ti’(SZCGCl4)32- have notl
been structura%ly cha'arct:erized.‘iv"48 v
Clearly, the unusual structural featurecs of
‘l,é-dithiolene'complexés must ;rise for the same
xeasonﬁ thaﬁ their‘e}ectrochemicgl behaviour is unique,
Two featgresﬁgf their ponding,have been suggested
to e#plain the observed geometries; ‘tﬁey are:
interiigand S-S bonding, and highly delocalized bonding
between the metal and igand system.3i The'pqséulaﬁe
“cf.intexligaéd S*sjbon‘swarcse~mainly"frothhe“éimilarify’
of interligand 's~-s distancés in both the 2 to 1 and
3 to l‘f:omplexes.32 Typicaily, thegz’contacts
were f§und to be‘~3.lg. ' For instance, in fhe séries:
V(52¢2g112)3, Mo(S,CyHy) 5 and Re-(52C2Ph2)3,. |
the inéer and intraligand S~S distances were approxi-
mateiy constént despitélthe vafying s;ze of the
central metaiﬁQg The impoftance éfydelocqlized
metal to ligand bonds maniféstea itself in pfher
respects, such asvcharée transfer Hands in the
Qisible regiop of the épectrum.‘
In an effort to explain the highl? ﬁnéxgeéted
occurence of trigonal érisﬁaticvgeometry in some og'
the 3Ato l'coqplexés, G. ﬁ._SchrauzerSQ and Hf B. Qxay51
separately rePOftéd ghe'results‘of ﬁoletular orbitgl (

+
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’ca;cﬁlations for the ethylenedithiol anqhsci;beneditﬁiol
systems respcctively, Figure 2, “in‘both schemes, the
formation of a 4e' molecular orbital which is highly
deldceIized over the metal and the ligand system | )
has been suggested'as a major factorvin the.stabiiization
of trigonal prismatic geometry.» Both schemes also‘také
_1nto account the formation of interligand S- S bonds,

but Gray s scheme “also suggests the formation of a bond
between orbitals on the‘sulfur %goms, and in the plane

A

of the ligand, and\the d22 orbital of the céntral

”ﬁétéiiaé&H} The fo;matlon of thls bond seems”to be: the
. i
major difference bethen'tce two schemes although there
is also some difference between the relative orderiﬁg
‘of metal and»ligand-orbitals. Unfortunately the
authors do unot provide the mixing coefflclents and
Gray does not supply ae energy scale so that it is dlffl-
cult to correlate results with the schemes. The prrnc1p1e
levels of 1nterest for this dlscu551on are shown in
Flgure 2. In the scheme described by Schrauzer, the
4e' is €the hlghest occupled -orbital and is composed of
41% llgand mT, 17% sulfur-sp?, 25% metalbo and 17% metal
p character, 'The 5e' is similar to the 4e', but w1th
substantial%& more metallcharacter, while the 2a2 1s‘a
pure ligand H -~orbital. 1In the Gray scheme, the‘only

information glven is that ‘the hlghest Occupled orbltal

.

the,Za2 ;,15 a 11gand”' T v orbxtal, while the 4e”and

*+



. 5e¢' have conSLderable metal and ligand character.
N
<A qualltatlvc molecular orbital calculaé!%n~to

compare the relative stab;lit;es'of ;he trigohal

prism and octanedrun has also been made.52 It was con;

cluded~thae strong covalent boodinq betuecn the ligandsl

and the metal should favor the trigonal prlem just on the
U,

basis of © —bonding, while -bondlng was consxdered to

be of hinor importance. Unfortunatbély these authors did

A -~

 not present detailed calculations of any”of the dithiolene

complexes. - However, thé qualltatlve orderlng of molecular

ofbitals was very similar to that given by Gray.

While s;ruztural invee;igations on neutrel tris di-
'thiolene complexee shoWed them to be trigonal ér&smaoic;.
anionic complexee studied before'ehis work were shown
to be.highly distortéd-toward octahedral geome@ry.32'53'
AIt has been'reaeonedlthat increasing the charggﬁon the
complex will increase intefligand repulsive forces'and
thus ‘favor octahedral geometry. In keeping with this
explanation, the 1nterllgand 5-§ contacts in anionic
complexes were found to be‘considerably larger than,
in the neutral.trigOney prismatic complexes. 2 In. .
addieion} the molecular orbital sc@eme of Gfay demands >
that these'adoitional electrons.go intovan orbital
which is largely metal drz'in chafacter ana uence

antlbondlng w1th respect to the mpetal- sulfur bond.

LI .
) \\ . e
— : N
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Furthermote, in‘camplﬁfes subh as Fe[52C (CR) ]3 -2

B ",

0
which has been found . to be octahedral and is formaliy
a low spin d5 system, ligand field stqbilization'enerby

must certainly play an important role in favoﬂing
' : (A '
octahedral geometry 54 S

Apart from x-ray drystallography, v131ble UV spectra

[}

have beeh the most 1mportant structural tool avallable

K]

for studylng tran51tion metal dlthlolene complexes.
i

Partlcularly, 1t has been conSLdered that an.intense

‘transition (Wlth log € ~ 4.0~5.0) at lower energy than
] .

'y

'5£bhE7§b'dobM£&‘1, 1nd1cates trlgonalﬁprlSAatlc
éeometry, especially for the neutral or 31ngly charged
complexes.soﬂsl‘ The assignment of this® transitidn,
based-upon tﬁe pfeviously.mentiehed molecular orbital'
schemes, appeats to be conslée?%bly.different for the -
two sehehes.‘ Graf has stated that the transition 1s

essentlally ligand to metal (Zay>5e0) . charge transfer,

while Schrauzer statesothat it is essentlally llgand ﬂ

o

to ﬂ*(4¢"h.58'24v1n addition to'a difference in the
metal'dependehce;'the'degeneraéies of the transitions
are‘different which"ip theory.stould allow one to
. ' .
'distinguish'petweepithe two~asslgnments. In eoéstrucg-

ing Figure 2, because the Gray scheme had nd energy

" scale, it was necessary to assume that the same
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metal was being used for both schemes and that the

_Separations~2a2' to 5e', in the Gray scheme, and

N

'
¢

4e' to 5e' in the Schrauzer scheme, were ©f the

same magnitude..- ' . o N

_ . e -
A further word in “regard to the electrochemical
. . 4 )

behavidur of‘the 3~to 1l complexes is warfanted- namely

that it is somewhat more restrlcted than for the 2 to‘

-1 complexes."Partlcularly lt should be noted that
only two of the" former complexes, Re(S 2CeHy cu¢)3 and -
Re(s CZPh )3, have been observed to undergo oxxdatlon

1-to p051t1ve1y charged .compounds ; gthese two complexes

‘1

are also the only complexes forﬂ&lly hav1ng the dl con-

flguratlon,mwhlle all others are a°
R A

Haviné réviewed the properties off},2fdithioiene

complexes, it will be useful to consider briefly the

methogs which-have been used to prepare these compoundef

- ~

Since’ the subject.dffgﬁis work will be 3 to 1 complexes,‘t
1the syntheeis of 2 tovl complexes Qill not be_hentioneq
j aithoegh it mey be'said to be vetyisimiler to thattof
3itd'1'complexes; ;R}obabiy_the‘majority of syothetie‘
routeS!knownbto éate use'anhydroos metal chlorides as
starttqg matetiels. ]For examble, toluene-3,4-dithiol.
and benzene 1,2- dlthlol feact with Mocls'or wCL6 to
a

yield neutral 3 to chomplexes as in (3).°1

> W(S_C_H.). + 6HCL - "t

WCl,. + 3(HS),C_H,



by
N 16
:Reactidn 3 is unfortunately restricted since many
l1,2-dithiols are not stable. For example
,Stilbenedithiol is believed to decompdse according
, 55
to (4).
Ph Sl : Ph
2 ” »
" > l + ‘241'25 e (4)

This difficul;§<has been overcome for some of thé‘ligandé
which are stable as disodium salts and pr;vide the
alternaﬁe route illustrated by (5)_and'(5).
. s 3 -
TiCl3h
Na3C0(663)3f§H20;

CrCl - )
3 6H20, . ‘
oo

FeCl,*6H,0, o+ Nazsz‘cz(cuf'é—?n [szcrz,(-cﬁ.)'z']3
Hn (0,CCH3) J*H,0, | |
ReCl_,WCl  or h-d'oC1‘5‘ | - o
| Na_MooO ‘Na,Wo , | () S g | ,
,gezo,’,' \'ro:-(acac")z + Na252c211'2 : _>M(sz'c2';12)-3 ' . (%)
L » i ,

. An alternate route, developed by Schrauzer, employs

phosphorus esters of the ligand, prepared and used as



17

CH,- o CH,
\cu—ou o ' \ P \ //
] -+ P.8 ‘———e-> ” '
4°10 :
C =0 L C // ‘
. S ) / \S \S-/T
CH'3 ' an .

’ [,- _ : w‘cl6
W [Szci(CHB)ZJ 3 < | ' ‘ (7)

0. A

Metal carbonyls are also suitable starting materials, .

-according‘fo (8) and (9).56-58

€ ’
M(CO)6 + PhC=CPH + S——)M'(S th 3

M=Cr, Mo, W ’ (8)

CF3 T 4
AN : . |

R | | ‘

/c-—s +‘M(CO)6———>VPQ [szcz(cp3)2] 3

© CFy

‘M=Cr, ?Mo., W (9)
.The methods used 1n preéarlng the prev;ously mentioned
ieariy tranSLtlon metal complexes were (5) for
SZC2(CN) 47 and ; varlatlon of the same procedure in
whlch the dlpotaSSLum salt of 3, 4, 5, 6- tetrachloro-“

:benzenedlthlol was prepared in ethanol and reacted w1th

Tlcl4 wlthout 1solat10n.4
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CHAPTER 2 THL SYNTHEuIS OF TRIS~ DITHIOLENE COMPLEXES -

'In chapter 1 a number of synthetlc methods were pre-
bsented for preparxng 1,2~ dlthlolene complexes. ‘The )
appllcatlon af these routes to.the early transition
metals was an obV1ous extensxon'of previous research.

~~_»

However in this work a sllght modification was made

JM».'

in that 4 to 1 ligand tovmetal mole ratios. weye .
‘emp}oyed,d:;t_mésfelt”thatmthe_predominance‘of~e£§ht
coordination among the early transitiOn.metalssgb
'mightfexplain the apparent fallure of other researchers
‘to synthe51ze dlthlolene complexes w1th these metals. |
¢4' .

Several of the procedures outlined in chapter 1l were
,.attempted For example, Zrcl4 was reacted‘w1th toluene-
3,4- dlthlol in carbon tetrachlorlde, diethylether and
, tetrahydrofuran in separate trlals.v Notreactionhwas
‘apparent in tetrahydrofuran, whlle from dlethylether
an adduct between the solvent and Zrcl4 was isolated.
From CC14, a dark red 011 was obtalned whlch in
retrospect may have been Zr (s C6H CH. )3 2, but was not
characterlzable due to its polymerlc nature.

- In another attempt ZrCl4 was added to the sodlum
Tsalt of toluene 3 4 dltthl prepared in. anhydrous
_ethanol._ An IR of the 1lght-yellow product had an

'lntense OH stretch 1nd1cat1ng that hydroly51s had

occurred
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A .t‘_ti o g ‘ o , : . -
Rcactlons according to equétions 4 and 6 were also*1

<

tried in a varlety of solvents w1th ZrCl4 wlthout success.'
»Flnally it was concluded that a, more orderly approach

should be taken. One may observe'that-several of

the reactions prevxously outllned are not stralght—
forward in terms of st01chlometry and oxldatlon or re-

ductlon. Ideally, it was thought, eight coordinate

a dlthlol and a metal complex of the type M(B)4 (where
- ‘o ‘
B is a dlprotlc base) in a 4 to ‘1 ratlo‘v Such a base

seemed to- be NR2 r which has  the capab;llty of reacting
\ : :

all the way to H2NR2 . The_inVestigations of Bradley-

andfuammersly 26 into the reactlons of M(NR )4 kwhere

M 1s T1, Zr, or Hf) w1th alkylthlols, dlbcusseﬂ in

chapter 1. showed that there was hope ervthQ

. desired reaction.lf.one paid attention to stoichiometry,

~and if the dithiol was sufficiently acidic} Since ho-

meaSurement of the ac1d1ty of toluene-3,4- dlthlol could
be found »the nextvbest alternative was‘to try the
reaction. It was soon found that reactlon of toluene-
3,4-dithiol w1th Ti[N(C H5)2]4 in toluene produced

a black compound whlch has been tentatlvely formulated

_a_s_ [(czns)zuﬂzlz Ti (s C6H3CH )3, sas w111 soon be

descrlbed. The reallzatron that 51x coordlnate compounds

complexes could be prepared by. the. reactlon between“~~~»w?w -

-



.t

4could'be made from the metal amides initiated_the‘work‘

whlch wxll form the bulk of this thesxs.

EX PE RIMENTAL

e
'

‘ Throughout this work operations were performed

e

under nitrogen atmosphere in Schlenk:type apparatus.

o~

'-The ba51c procedures used have been adequately

i

descrlbed by a number of authors 60 62 cOmmercial

i

nltrogen of 99, 99% purlty or’ better was passed through

ffa heated column OT BASF catalyst PR3 11 to remove

4onygen and then tlrough a column of Malllnkrodt

Aquasorb ,whlch lTVPZO on an’ unert~ ase,'to remove

VWater. Tetrahjdrofuran, toluene and ether were purlfled

"~by dlst1llat10n from flasks contalnlng Na, K or. Na/K

alloy. Acetonltrlle and 'CH Clz wére dlstllled from

P 05,

HZSO4 and Water‘and dried over CaSO4. Tetralkylammonium
and tetraphenylarsonlum salts were reagent chemlcals

but CH2C1 ‘was first washed.w1th‘concentrated

drled for about 15 hours at- 100°C. and 0.1 mm Hg prlor
to,use.“ Hexanes SOlutlons of n- butylllthlum were

purchased from Foote Chemlcal Co., while toluene 3 4-

idlthlol was obtained from Eastman Kodak . or Matheson,-

Coleman and Bell.,
‘Metaliamides were‘prepared by-previouSIy

published pr‘coceclurese.;l“66 with the following:



causiohsm Althoqgh'commereialiy evailable NbCl5 was
found to oelsditeble in the synthesis of metal amides,
TaCl, wes.inseeadspfepared from Ta metal apd élz
'ges‘by;the metood.of Elii567 or some other‘suitable
proceddre.68 Also, the air sensitive Nb and. Ta amides
were<diff;cult'to‘transfef ffom a sublimation probe'
to A Schlenk'pube. A special apparatus,lwhich is
»essentxal;zﬁeuclalsen condenser thh ‘a nitrogen
inlet bu11t into the 51de, at-the top, was devised for:
;hls subllmatlon. The condenSer-like appafatus was
fetted to a flask contalnrng the crude product and once
Subllmation was over; the. flask was replaced by a
© Schlenk tube and the product was scraped down into-
.ehe tube under NZ._
| Sodlum cyclopentadlenlde was prepared in the
'”followlng:way; ‘in a 12 J-neck flask.fitted_wiohpdn‘
kii¥ c'onde»nserv,"N2 dhlet;:droppino funnel and high . ’
ftspeed'mechanicel sti;;erfwieh a large paddle'adjostedf
to ;eadh the bottom of the flask;.freshly_cut and
,cleaned sodium-metal, é3 g, was edded ;o?O mi;of
dry Toluene. AThe.migsugewes‘Leafed until the metal -
Was'ﬁolten,.then vigorouS'stiirioqrwas commeoced. ‘Afﬁe;

- about 5 minutes, the heating was removed and the stfrrihg
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was stopped. The Na sand'was a%lowedAto cool to

room temperature'undisturbed and'the toldene was
removed by syrlnge and was- replaced by 690 ml of dry
‘THF. “Next, 90 ml of freshly distilled cyclopentadlene
was added dropw1se with stlrrlng over a period of
3.5 hours, with the resultxng evolution of
_hydrogen and heat. Einallx, 5 ml of eyclopentadiene
was again added and the mirture‘was stirred an
¥addit;onalelzehourseresulting;intaucolquess.rh.nnhm__“
solution. The flaek &as then fitted with a:ﬁz inlet

equipped with a vaCuuﬁ.stopcock and the dropping

‘funnel, condenser and mechanical stirrer were

. N b

qulckly removed while a magnetxc stlrrlng bar was

N

"added. The solvent was removed under vacuum and

t;e resultlng white solid thoroughly dried. . Benzene—'
1, 2-d1thlol was prepared accordlng to the follow1ng
modifieation of the method of Hunlg_and
,Fleckenetein;G? equatlon l10.

A The 1 2,3~ benzothladlazole was prepared as
follows: in a 12 3-neck'f1ask-fitted with a
droppin§ funnel,rthermometer; and mechanicar
etirrer} iQOmi of'o-an\inothiophenolj9 was dissolred
_in.4bo-ml of glacial acetic acid and 40 ml of water.

i ] ' K ! E \u . . T
This mixture was - cooled in an ice-methanol bath and -

kept at 0-5° C throughout the addition of a
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_solution of 65 g of ‘NalO, in 200 ml of water. Addition
was‘s;opped aé;sbon as a persistant-broﬁn cdl§£ was
observed. The mixture'wh; theﬂ stirred bverh%ght
féilowed by extragtion Q%tﬁ‘threé'zoo ml portions of
CHQClé. The éxtract was washed with:anlggggous 5% NaHCO3

solution and dfied over MgSoO, . 'The{solvent'w5$ rémoVed-

"with a water aspirator and theiérdd&d“was distilled at

56" ¢ anq'o.i mm g to yield 103 g.(43%{_of 1,2,3-benzothia~-

diaéole as a low melting soiid. From this éoint on,

tgé'synthesi;ffollows basiéa;ly the procedure of Hﬁnig

and—flgp%enstein, giben ﬁe£e for the reader's ¢oﬁVeniencg‘
"The 1,2,3-benzenethiqdiazble;'be-g,-Was dissolved

in 850 ml of Csz_éna Qas‘tra§Sfe:red to a 2{ autoclave.

Thq'agtoclaVe Qas éealed, fiushed-wiﬁh N_, and finally

presshrized.go 350 p.s%i. with Né. ?helSYStem Qas

_ heated to 440°§'F., c&&sing the pressure to rise to

750 b.s;i., and stirring was continued at this temperature

for 5 hours while the pressure rose to 1000 p.s.i.

?



" degassed by pasc.ng dihitrogén "through- it. Next, .
: ) ‘A ; .

c

. , . Sy
.The sys£em was then allo@ed to coél to foom{temper-.
ature overnight, the autoclavé was.depressﬁrized, and
the mixtutg of golutioniand soiid'xemoved,‘ Th; solveng
was stripped off the mixture i;aving.86 g of crudé .
‘prod;ct, 795 yield of beﬁi;—l,3-dithi342+thione. ‘
in‘a iﬂ 3-neck flask fittgd with a condenser,
90 g of-Kbé wa;fadded éo IJ/F

0 ml of ethylene-

glycolmonom:. ..ylether and the solution was

55'g of benzo-l,3-dithia#2;thioné was added and the
reSQlting dark brown solution was refiuxéd foR %
hours. The solvent was removed:by stéah»distillatioh;rv
the endpoint being signaléd by foamiﬁg of thé reaction
mi#ture. ¥}he rgaction mixture was carefully
-acidifiéd with 125 ml of éoncenﬁiated HCcl (CU$.
'evolution) and‘the prqduct was steam distilied'bver
'4.5 hours. - Thqﬂdistillate was,ext;acted‘with CHZClé
and thé‘extnact w;s.d;ied over Mgsoa. The solvené‘}
_Qés femo?ed on a rotavap yieldipg‘30 g, 70%, of the
c?ude‘product, which was further purified By vécuﬁm

.distillation to give 26 g of a.colorleSs liquid; . .

“61% yield.

i
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Preparatlon of the Complexes-
AUethod 1, Direct Reaction
lcc, ub)qun“J . TH(S,C M4 CH3)
Toluene~ 3 4- dlthlol 0.762 g {0.00486 mole),_was
dlSoOlVGd 3‘;”5 ml of dry tolucne-in a 3- neck

flask £ith

‘d:"bth a nitrogen J.nlet, dropping
funnel'and-magnctic stirrer; A solction of
'fifN(cku ),]4, 0.407 g (0. 0012 1 mole) was. added
Hdropwxse from the dropang funnel resultxng ‘in the
formation of ‘a. dark red-brown solution and a black
solid: - The reaction;miXture was stirred for 24 hours
with'no apparentbchcnge and then refluxed for-
L2 ﬁours which caused more‘precipitate to forﬁ.” The
black solid was collected by filtration to give
lO 765 g, 96% baoed on Ti, _Tne product may be
recrystallized from mlxtures of acetone and lloht
petroleum ether in about 60" yleld; mp 261~263'uncor-
.rected. | | | |
‘Anal. Calcd: ‘/’-’C,‘ 52.86; H, 6.;]3; H, 4.25; .Ti, 7.27.
Found: ¢, 53.07; 1, c,ée; ﬁ; 4.11; Ti, 7.24.

: . : S : . S 5
This compound could also be obtained fA#m reactions

-of 3 moles of toluene- -3, 4 dlthlol w1th 1 mole of the

amlhe,-as 1dent1f1ed by" the IR, 1H NMR and meltlng

'p01nt evidenCe.
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Method 2, Use of n=-Butyllithium~
-~ | ) ‘ .
[(c2u5)4u]2 ¢1(52c6H3$u3)3 l S . :
A solution prepared by adding 2.5 ml of a 1.67N

)

hexanes,éolﬁtion of n-butyllithium to 10 nl of™
TIF, Wasfadded drdbwise to 0;646.g (0.00415 mole)
of toiﬁenelB,d-dithiol in 25 ml of THF. After 1/2‘
houf, 16 ml of a solution of 0.428 g (0.00127 ﬁoley
of Ti[ﬁ(czus);J4 iﬁ 20 m} of iﬂh'was aaded‘Aropwise
to the reaction mixture. (Only thehamougphgfuﬁh?"Ti“59}u:*m(
. tion required by the stoichiomeﬁry of thé'reactiqn'was
added, the rost“wasvdiscarded.) fhe fg$ulting'
" mixture waséépirred bvefnight ahd thén‘1.099 Q'of
_(C2H$}4NI'was.adQed direct}yf ‘The resultiﬁg;mixture
QQS'gtirred'fof;several days andlthen tﬂg solvent |
was‘removed.qndcr vacuum and was régigﬁed;bQ.QS ml -of
,metﬁandl. After sﬁi;fing for 1 hdpr, the reaction
 mix£ure:was allowed td settle for 3 houxg aqd.the're—
'sultinélblack, mierocryétailine solid was coilébted

by filtration in the open.. After drying under vacuum

o : -~ ‘ o.
the y;eld,was 0.257 g (33%);7 mp 229-330 uncorrected.

. »

Anal, calcd: C, 57.63; H, 7.58; N, 3.64; S, 24.95.
 Found: C, .57.18, 57.43; H, 7.50, 7.39; N, 4.11,4.05;

i ,x

‘s, 25.19, 25.62.
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H._CH

: [(c4}19)4n] Nb(s'2C6 3)3

The procedure used here was essentially the same

ee\for Ti except. that methanol was_sfot used for .the
. . . ) ‘ 4
~exchange., Instead 10 ml of CH2C12 was added to

dissolve the ‘crude product‘then‘19qu1 of ether was

added and, _after brief stirrihg, a violet solid

was filtered off. - The product was rechstallized by;

.- .dissolving it in 100 ml of CH Cl2 end'adding 100 ml-

of ether. After otandlng for four days, vzolet

I,
.gave violet hexagons in 13% yield, decomp. 160°.

Anal. Caled: C, 55.68; H, 6.82; N, 1,75; S, 24.10% .-

Nb, 11.64., Found:  C, 55.92, 55.82; H, 6.58, 6.57;

N,.1.79, l 72,,8. 24 11, 24.10; Nb, 11.50, 11.29.

Method 3, Use of Sodium cyclopentadlenlde

[(c H N] HE(S,CeH Cli,)

2 5 4 .33
Sodlum cyclopentadlenlde, 0. SOBlL (0. 00578 mole),

" in 20 ml of THF was added to 1 268 g (0. 00815 mole)

of toluene—3,4—d1thlol in 50 ml of THF. Next, 1.23 g'

(0.00264 mole) of nf[u(c2n5)2]4 in 20 ml of THF

was added dropwise to .the reaction mixture and the
‘resulting 6fange solution %fs'stirred_overnighﬁ.-

Tetraethyiammonium.broﬁide, 1.23 g (0.00578 mole) ,

erystals were collected. Two further crystallizations



£,

" . 4 -

was added to~the reaction mixture and after about 1
. Bee o v
. . - ¥
hour 6f stirring the solvent was rémoved Wnder vacuum

and_the residue was thoroughly dried. The residue
was stirrxed with 150 ml of CH3CN for 1/2 hour and
then filtered to remove NaBr. By concentrating the

filtrate under vacuum and cagling it in a freezer,
. . LY . :
. .

1.234‘g (55%) of an orange solid was pbtain;d, mp 232-

' (2] .
233° uncorrected. ' -

Anal. Calcd: C, 49.15; H, 6.47; L, 3{10; S, 21.28. ;

"“Fpﬁnd:”C[”18T581‘38f48ffﬁ7"6}36;'6;54]fﬂ}”3?00}3}067TJT1v;“ e
“~ i . / *

S, 21.41, 21.15. T

' Using similar synthetic procedures, the following

coﬁpdunds.were also obtained.
Uc2n5)4ujz Zr(S,CeH Cl )5 . - Lo
Red crystals,.mp.229-2308 uncorrected, fG%-Yield.

Anal. calcd: C, 54.56; i, 7.18; N, 3.44; S, 23.62.

_Found: C, 54.23, 54.15; H, 7.44, 7.47; N, 3.69, 3.70;
1 . ) ) .

o
i

S, 22.62, 22.87. .
Rc2u5)4N12 z:($2c6u4)3 .
¢ Red crystals, mp 227° urcorrected, 60%~Yie1d.

Anal. Calcd: C, 52.87; H, 6.78; N, 3!/63; 5, 24.91. N
Found: C, 53.59, 53.12; H, 6.95, 7.17; N, 3.68; S, 25.27,
- 25.45. - ‘ , ~ o

[(Cyi5) 4N] 5 Ti(S,C6H )

Black , pryétalline.solid ﬁp' 134-2256c_uncorrected,



29

802 yield. Anal. Calcd: C. 56.01; H, 7.19; N, 3.84,

. o . ] .
S, 26,39, Found: C, 55.78; Hy 7.00; N, 3.27;

e

s, 25.84,

[(c gy 4N] Ta(s,CglCHy) g

. ‘ ‘D-H /\ .
Dark bré¢wn crystals, decomp. 206 27% yield. ~

.Anal. cCalecd: C, 45.00; H, 4.95; N, 1.8l; S, 24.86.

Found: ¢, 44.11, 44.18; u, 4.82, 5.03; N, 1.57, 1.92;
'S, 23.87, 23.46.
Hcgug) gns] ub(S,Ciy)y
Instead of treating the residue witthIBCN,

it was transferred to a continuous extractor and extracted

|

-
t

with 100 ml of CH Cl2 'Céncehtraning'and cooling the
extfact gave violet crystals 1n 38% yielgqd, dé;omp.>” ' T
‘214l>uncorrected;'lAnal. Calcd: C, 56.25; H, 3.60;
s, 21.45."Found i?c, 56.36 Btliiiiﬁq;33éey 3an;

s, 21.46, 21. 19. : . A,

Rc i) ,As] Ta(s, Celig)y - _ )

5) 4 |
Instead of treatlng the. resxdue w1th(nx3CN, it was -?,
dlssolved in (H$Cl and~f11tered to remove NaCl;' As

. before a dark-brown solld was obtalned,|decoﬁp.

220 ,“‘ﬁield: 47%: Anal. Calecd: C, 51.22; ﬁ, 3.28;
“ 7 oo ' : :

S, 19.53. Found C; 50.78, 50.69; H§3.22, 3.60;

T

s, 20.00, 19.44 , = . ' Y
b

| : . : . .-
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Bon394ujzzr(ozc6u4)3

CryStals of this compoundrwere prepared for study
by x-rey cryetallography in the follow1ng manner:
Sodium cyclopentadlenlde, 0. 190 g (0 00216 mole),
in 20 ml of THF was added to 0.00324 mole of benzene-

l,2-dithiol in 20 ml of THF. To this mlxture, 0.430 g .,

. (0.00113 mole) of- tetraklsdlethylam1d021rcon1um was

‘added in 20 ml of THF.' Kfter stlrrlng overnlght,‘

0.231 g (O 00211 mole) of dry tetramethylammonium

i

chloride was added The solvent was then removed

under vacuum and replaced by SO0 ml of CH3CN After

stlrr;ng for 24 hours a brown solid and a brownish-yellow
solnrlon vere obtalned The brown solld was

: T 1
frltered off and. drled under vacuunm, andlwas finally
dissolved‘in‘SO ml °€ CU3CN with heating.“The orange
solution was filtered.nor and'30 ml- of CH3CN'wa$
added to retardpcrystallization. After cooling'to
roomn temperatnre, tne solutionvwes cooled.overnrght
1n'a refrloerator to yield a small amount of red. crystals.

The fOllOWlng compounds were also prepared for

burposes of cOmparlson:
1

UCGHS) As] Sb(SZCG 4,)3

ThlS compound was prepared by the method of

7
Gagllardl and Durst..} Anal. Calcd: €, 54.49; H, 3.48;



S, 20.7¢. foundj C, 53.82; H, 3.62; s, 20440,
Mo(é C H#) _and W(S CéH3CH3)

These complexes were prepared by the method-of
Gray,ed, a£ and were characterlzed by physical methods.
Physicallﬁeasurements: | ‘

Cbnductivity measurements were made at lO;BM in CH3CN.
fusingva eell designed for,wefk under inert atmosphere,mmmw o
Figure 3, and a Phlllps PR9500 conduct1v1ty brldge.
Molecular welght measurements were made at. 10 3M in
.CI3CN-us1pg a He&dett-Packard 301,A vapor éhase'osmdmetef
ealibrated Qith benzil. Infrared spectra were
fecorded in.the region of 4000 to;250 gm—l as
- mineral oil dulis and very thin KBr peilets en.a'?erkin-‘
Elmer 467-infrared'Speetiophotometer.v ;isibfe and ot
ultrav101et Spectra wese recorded from~lO opg to | /r//“SB

40,000 cm_l on a Cary 14 at ‘10 4M ‘in CH3CN uslng
various path lengths. lH--NMR spectra were recorded .

4 -

on a Varian ASsociates A60 or HA-lOO or Perkin-

',)

Elmer R32, whlle 13C spectra were recorded on a Bruker
.HFXJlO. Polarographlc measurements were made

using condltlons and apparatus_similar_taathat described

72 i

in detail by Holm, ef. al. . JMeasurementsvin,CH3CN
were made at 10-3 M with 0.1 M ( n —C3H7) NClO as P
: Sy ) ‘ _

supporting electrolyte. The apparatus used for
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'Figure 3: Conductivity Cell for Work Under Inert

Atmosphere. .
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CH3CN was the same as that used for CH2C1 except that .
the brldge was composed of 31lica gel, lmpregnated thhu
A K _ ’ . | |
0.1 M ‘ n .Csu7)4Nclo4'an C13CN, and the reference
'}electxode was Ag | 0.1M AgClQ4, 0.1 M ( ni—C3H7)4NClO
The indicator electrode was a platinum microelectrodé

‘rotated at a constant speed of 600 r.p.m. The

3

several minuteS‘followed by water Washing andvsoaking_

‘electrode was pretreated with concentrated HNO. for .. -

)1n ac1d1c ferrous ammonlum sulfate for several

' 74, -
mlnutes and agaln was hlng Wlth water.' . The electrode

was prgpolarized,at potentials slightly’more positive

A

than the wave of interest . before sweeplng through
ST

W

it from 9051t1ve to negatlve potentlals. All polaro—
fgraphlc measurements Were made using a Hetrohm ﬁolarecord
1 . -’

'E26l with IR compensator E446.'

Results and discussiong

as oreviously mentioned, the reactionlbetWeen 4 moles

- of’ toluene 3 4 dlthlol and 1 mole of tetraklsdlethylamldo-

»tltanlum ylelded a black solid tentatlvely formulated |
[(C2H )ZNH 1, T1(92C6H CH3); (I). This ass:l.gnment

is based unon the elemental analysxs, iR (Table 1),

and Uv-v151ble spectra‘(Table‘Z). The IR spectrum" L
) Tt

conclusxvely,shows ‘the presence of the . dlethylammonlumve
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a

’

Table 1: Infrared Spectré'as KBr Pe%{été (cm-l)

Tl(S CH )

212 6"t 3 o - o L

3200- -2600s bz, 2460m sh 2360w sh, 1610w sh

(c H ) NH
[ 5 2

' 1575m, 1535sh, 1460m sh, 1449s, 1432n sh, 1389&}.1376m,sh,
1325vw, 1306vw, 1270m, 1246m, .1204vw, 1156w, 1132m'

11 m, 1059m, 1037m, 867m, soss, 773m, 712vw, éssm,,639w,‘

481m, '448s, 395m sh, 38Ss, 356s, 338m sh

Ré ﬁ5) N]2 Ti(52 6H3CH ;3
2970m, 2910m sh, '2860m sn, 1570w, 1535vw, 14805 sh,

14475, 13905 sh, 1365m sh, 1300vw, 1270m, 1257w sh,

; 1240m, 1205vw sh, 11£1m sh, 1170m, ll30w, 1105m,

10789w; 104lw, 1032w sh, lOOOm, 868m, 798s,;7oavw,

687m,'638w, 551m, 479m, 445m, 393w sh, 382m, -354s, 336w sh..

l(czﬂy N]2 _Tx(s c&) SRR

~ 3095vw sh, 3040w sh, 2§80w, zésoq sh, 2550vw,

l544w, 1479s sh 14535 sh, 1434s, 14175‘55, 13925 sh,
‘1359m‘sh,-1302w, 1272m, 1234m,v11é1m éh':117om, 1150w sh,

© 1097nm, 1046wl$h, idzzm,'looém sh, 928w, 851vw, 786m sh,

‘739s, 716w”sh-,667m, 482m, 454w sh, 439w, 393m-sh;

379s, 344s, 272m. a:'_ ‘ | |

A
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Table 1 continued S . ' ’ .

C_H N H H_)
R ) 5)4 1, zr(s,c H.C 1),
2979m, 29;55h, 2860sh, 1580w,.1480s sh,
1449s, 1392m sh, 1369m &h, 1302w, 1262m sh, 1245m,.
1186m sh, 1175m, "1132w sh, 1109s, 1082vw sh,

1037m sh, 1005m, 869m, 801s, 710vw, 688w, 637w,

*556w, 476w; 443m," 379w, 322s. .
. “-.
AQRC2ﬁ$)4N]2‘Zr(5296H4)31.‘w'
 3090%w sh, 3035m sh, 2975m, 2940m sh, zsaoVw'-lsegy sh,
.51544w,>1477s‘§h ‘14535 sh 14335, 141és Sh 13905 sh |
1370m sh, 1300w, 126Jm, 1232m, 1180m sh 1169m, 1150w th

1094s, 1040m sh, 659m, 479m, 440w sh 370w, 320s. )

&

s

Uc2u5?4u]zuf(szc6n3cn )
2970m, 2940nm sh, 2910m Sh, 1575vw, 1475nm sh,
114465,1388m sh,_l365w sh,-lsoQQ;,'lzssm, 1242m-sh;
1179m‘sh,‘1168m,-1125w‘Sh, 1104s, 1030m, lOdOm-sh;
.ssgm, 797s, 7o7vG, 695w;_634w,-551Q,'473w, :

'440w,[378vw, 310s.
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3

[tc,uy) N] Nb(S C6H CHI)
3025w sh, 29555, 2930s sh, 2868m sh, 1579m, 14785;

14503, 1380m, 1282w, 1243w, 1204w, 1150w, 1147w sh,
1105vw sh 1090vw, 1030w, 872m, eozs, 750vw sh, 737Vw,
' 710vw’ G90w, 551w, 480vw, 44Qw, 398vw sh 364m,

337w‘sh.

L[(CGH 47s]. ijszc Hy) W,mwf_hw,"”_nd,;.mwm,.j_",f”._QDA;M
3035w, 1570w, 1479m, 14345, 14205 sh, 1334w, S

1308w, 1280m, 1233m,.1181m, 1160m sh lrsdm,'1lz?w,

1096vw sh, 16785, 1017w, 995m, 937w, 920w sh, =

1847w,.74os, 6875,'665m sh,_615vw, 4775;’465'5 sh,

456m sh, 439m sh, 399m sh, 360s, 267m.

a

UCzH )4N] Ta(s, 6n3c/3)3;:

3020w sh, 2960m sh|, 2909>. 2860m sh, ;svsw} 1479m sh,
1449s, 1392m~5h, 1372m sh, “1360vw, 1 1275w sh, 1262w';h
1248m, 1206vw, 1183J‘sh,4ll7lm, 114§§w sh,- 1135vw,
:lildm;'ioiiﬁ;.869m,'81is; 785m sh, 7osvw,'689m, 631m,
552m,”48;ﬁ, 445m, 392w, 339s. - 5

| S, VNJ

[(c6 5) 4Pl Tals, 4)3

. 3030w, 1563w, 1548w sh, 1477m, 1432s,
| 1422s sh, 1334w, 1308Wr 1273m. 1238m,,1183ﬁ, 1154w; 1122th;

1100w sh, 1079m, 1033vw sh, 1018w, 996m, 972%w sh,



Table 1 continued
933w, 9224 sh, 845w, 790w sh, 738s, 683s,

'662s sh, 6l14vw sh, 478s sh, 465s, 435m sh, 388m sh,

340s .

 Mo(S_C H
( 276 43 , L L
3030w, 1520m, 1420m, 1306w, 1230m, 1160m, 1140w sh,

- 1068s, -1017m ;. 942w, 844w, 7405_,_._;67.1_,“ /-476m, 435w-sh, = -~ -

417w sﬁ, 275m.

W(52¢6H5CH3)3
3035w, 29iow, 2850w sh, 1585m, 1536m,.

1460w sh, 1441m, 1372v, 1305vw, 1260w, 1242w, 1202s,
I : R : ‘

1152w sh, 1078s, 1030m sh, 950vw, 866m, 800s,

708vw, 69Zm, 650vw, 546m, 487w, 442m, 406vw, 373w,
) : e

" 337w.

»

[(CGH5)4AS] S?(Szceﬂ4)3

- 3035m, 1572vw, 1543w, 1481m, 143754 1418m sh,

-

1337w, 1311w, 1260m, 1243m sh, 1185m, 1163w, 1157w sh, -

11095m 'sh, 1081s, 1038w .sh, 1021w 4 072vw sh,

1930w, 847w, 740s, 6885, 657m % WA 479m sh,

467s, 433w sh, 348s. .
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Table 1 continued '

L(C.H ) N I , :

- 2 5)4 _ . . : .
2980s, 2880m sh, 1460s, 1410s, 1410s, 1380m sh,

1316m, 1248w, 11845, 1082m, 1027s, 1005m sh, 890vw,

870vw, 798s, 740vw sh, 630vw, 474vw.

<
C6H3C}?3(SH) 2‘

3054w sh, 3024w sh, 2954w sh, 2925m, 2869w sh,
_ : o

2740vw; 2541m, 1892vw, 1820vw, 1743vw, 1594m,

1547vw, 1467s, 1383m sh, 1320vw,.1273h, 1218w, 1151w sh,
1129m, 1002vw, 972vw sh, 929w, 870m, 807s, '

698w sh, 668m, 633w, 543m, 436m.

Celg (SH) 5

. 3064m, 2544m, 1598w 'sh, 1575@, 1565w sh, 1457s,
'1433s,v1408w sh, l363vw, 1270m, 1165vw sh, 1120m, 1048n,
1012vw sh, 931m, 858vw, 748s, 662m, 435m.

- '.(C

¢

H As C1
6 5)‘4 c

3045m, 3005w ;g;'rezsm, 1575w, 14758, 14;?5;
1338w éh,.lzlzm, 1278vw sb, 12663; 1182w, ‘
1159w. sh, 10805,.102;w, 9955; §27vw, 881w, 852vw,
eobw, 754s, 740s sh, 688s, 6l4vw, 510m sh, 480$'sh,
4675, 3645 sh, 347s.

LR



Tablebl continued

(CH ) N I.
2990s sh, 2950s, 2870s sh, 1465s, 1452s sh, 1404m sh,

1395m, 1379m, 1362m sk, 1322w, 1310w sh, 1239w,

1179w 'sh, 1164m, 1108m, 1066w, 1055w sh, 1038m,

989w, 921m, 895m, 879m sh, 794w, 736m, 532w, 400vw.

-

bl

‘"aKey: wj weak; m, medium; s, strong; br, broad;

v, very; sh, shoulder.’
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cation, and when compared'to'the'later prepared

.tetraethylammonlum salt 1t was: found to be essentlally
._ .
1dent1ca1 when the dlfferences due to the catlons

.

\ .
were taken into account.,vThe region from 700 to y

'250 cm l-gs particularly important.for comparison, as

v

this.usually encompasses the metal ‘ligand vibretions.

The UV-vrszble spe%tra were also found to be 1ndependent4

of the catlon. A lH ~HMR of the product Table 3, was
. \.

e

’ obtalned w1tn great dlfflcultyhdue -to. its -low -
- -

- Solubility ;n sultable' solVents.. The resulting

'integration seened con51stent.~uth formula (I), except

that the u =i signal coulQ‘not be located. ‘Thls' l

1
,problem is nOt surprxsrng sxnce, due to 4

: 'l .
denlng, it is dlfflcult to locate this

~

quadrupole br

-)

5 2_H2-CI, whlch is con51derably more

usigngllin (c2n
soluble. AIEO,la-séurious peak was observe&

between 3 and 4 Q}m downfield from TMS .whlch varled
‘1n positibn and 1ntensxty dependlng upon how well the
'soivent had been drled or whether or not TMS :. >
'was‘added. Although .this spur;ous sxgnal could
conclevably be - a551gned’to an S-H group, its

varlable posltlon and 1ntenslty suggest that it is-

an lmpurlty._gAnother dlsturblng factlabout (I) 'was
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its conductivity (Table 2) which in several solvents

seemed more characteristic of a'1l to 1 than a
\ ‘ 75 .. = L
2 to 1l electrolyte. - Similarly, a molecular

~weight of 334 was obtained in CH ,CN which is clearly
cohs%gtent with 330 expected ‘for a 1 to 1 electrolyte.

However, concentration studies of the.condﬁctivity
in Cu3CN and CH3N62, Table 4{ gabe non-linear

“plots. of the molar conductivity versus JC  thus .
'suggésting'thét the low cﬁndﬁcﬁivity is a resul£ of
idn\pair formation, Thﬂ?%gzﬁaﬁion of ion péi;s iﬁ
Athisisystem would not be surp£1§in§ as the'cafiog

could readily form hydrdgen bonds to-the anion sulfur
atoms. ~Howeve£,:it.must be:admitted that'Ehe

product could actually be a 1 to 1 electrolyte such

as Ucz 5) ,NH ] Tl(S 2CgH4CHy ) - (scsﬂacu3su)(nu( Hs) ) CI{
.wﬁiéh would contaln twq bzdeﬂtgte 1lgands and oneﬂ

monodentate llgand, with one dangligg.sfﬂ group,

L ¢

L 4 h PR
and the sixth coordination site would be occupied by

-

diethylamine., The somewhat mor%'éonvincing nature of

the IR and ~ . -visille evidence persuades us to
favor (I) for the present time.
A e e e . -
A reaction analogous to-, the 'above Ti reaction

was also attempted with zr, but ‘the resulting red
- »

-
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oil oooid not be obtained in eryetailine form,
nor couldnlt be completely characterlzed.

Under the assumptlon that formula (I) was.
correct, and because of the dlfflculty eneountered
with 2r, 1t appeared worthwhlle to lnvestlgate

e;slxghy modlflcatlons of‘method I in order to
- produoe six-coordinate_1,2—dithioiene.eomplexes.‘
Cleariy it was desirable to avoid the diethylammonium
cation and thisAcoold onlydbe done bylfinding

a strong base to initially remove two protons

'
v

from the ligands‘ee:shown below:

22t " - P
;A B +'3‘”S)2C§§39“3 _ >

+ ' ;
1 + . . 11
2A (sc 353c1 SH) + (HS) C6H3CH3 2HB o (11)
T K]
Reactlon .of the resultxng mlxture with a metal
tetrakisamide should result in the.de51red f - ‘!
complex with A+ es couﬁter'ion, i.e, A M(S C6H3CH3)§.'
c}n early trlals u51ng n- butylllthlum as the base,
'th was soon dlscovered~that such a procedure (method 2)
would wcrk although 1t worked well for only
. . N .
the vozy stable Ti .and Nb - complexes. The 'system
was finally perfected when it was discobéred
_ 'that -sodium _c‘y,c'lopen,tadienide,‘ a reagent

7 VT
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readily available in good Eurity, could be used for 4
preparlng sodlum salts of the llgands under

totally anhydrous condltlons.T.The sodium’ salts

'
were also found to have the advantage that the sodlum'

ﬁ ion .could readily be dlsplaced in acetonitriie
by addltlon of a tetraalkylammonlum or tetraphenyl—‘
arsonlum chlorlde or bromlde with conconittant
‘~g§ec}p;tat;gnﬂpfuNaCL.or.Na&r;,vThus: the general

reactlon of. method 3, shown below, was developedJ

- - ' ' >
M(NR ) + (6 x)NaHS 2CgH,Clly + (x 3)(hs)2c653CH3 >

Na M(

8263CH)3 . o . (12)}

(6 )
(where M~T1, Zr, and Hf,,»x 4 and M=Nb and Ta, x 5)

'vSeveral general comments about the procedure must
be made. Flrst although the tetraalkylammonlum
halldes are 1argely lnsoluble in THE, lt was

e i

evident that some exchange took place even

under these condltlons and so the practlce 6f~ "

startlng the exchange in THF was
tetraalkylammonlum salts.ot the com lexes - /
appeazed more stable than the alkall metal salts.
Also, strlct adherence to, the st01chlometry |

of. the reactlon is obvxously necessary as ‘is: the

%
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»eXclusion of moisture,'since m st'of the solutions are’
moisture_sensitise; The‘l.tgll eiectrolytes-were
'reasonably soluble'in Cd2C1 ‘ehd SIightly soluble
in CH3Cn, but the Ta complex decomposed 1n DMSO.V Oon
.the othet hand, the 2 to 1 electrolytes decomposed
in ch. 012 @ut were stable in DMSO and CH,CN. o

The conduct}vity data, Table 2, do not‘require
conment since values were cleariyAwithin ecceptable..b'

o ... 75 ,
STBRGES .. e e

®

e e R . : 2

The ; -NMR spectra, Table 3,4were also consistent

'

wath the- proposed formulatlons and are essentially 1dent1-

_cal to thelr maln group congeners,71 xmplylng that the
‘complexes are dlamagnetlc.. The trlplet of trlplets
observed for the CH s}gnal of the ethyl .groups’ 1n the
tetraethylammonlum salts arises from coupllng ‘to the
nltrogen (I=1); whlle the CH2 protons dlsplay the usuel
quartet due to the relaxat'on of the N H - cgupllng by the

nltrogen quadrupole.76' Thxs N=- H coupllng observed for‘

. e \ ,
the methyl groups is only seen in compounds where substl-

o

tutlon about the n1trogen is hlghly symmetrical.
_For further dlscuSSlonS, 1t w111 be worthwhlle to

consmder recent structural studles carrled out upon a

-.number of the cOmpounds reported here.



‘ The Mo(s C_H ) ‘and Nb(s C H.) complexes are
4 3 2 6 4

6 3
ytrigonal prlsmatlc, Ta(52C6H ) 18 distorted from
3 ..
trlgonal prlsmatlc geometry, and Zr(s C H ) 2. and -

L

6 4°3
s s 2= . . C . .
'TL(SzcéH CH3) are close to octahedral geometry,
P 3 3 . ' . . N 1
Finer points.of the geometry of these molecules will
be consldered in the next ohapter.'

Since the geometry of zr(s C H ) 2~ was close to

o ’ : 1 2= .
octahedral, the H~NMR of . Zr(S C6H3CH ) was studled

because thls stereochemlstry should possess non-equlvalent

rlng methyl groups. For‘octahedral geometry, ‘one -
signal is predicted for the isomer with all methyls cis,
and three signals due to the ~is’omer-with<,a cis, cis,

-‘trahs arrangement, yreldlng a total of four peaks. '

However, the ring methyls displayed only one srgnal,
/-“ Y
and the soLutlons'have.not been'qooled due to the low

-/ '\
4y

. { ; ) ) : v ' i .
solubility\of this complex. A ' C-NMR was obtarned to

‘take advantage of the larger chemlcal Shlft dlfferences

:expected for this technlque. However, the ring methyls
\remalned a.s1nglet thus 1mp1y1ng that there is elther a

'lvery fast rearrangement occurlng at room temoerature, or’ .
:that the all cis isomer is. the only one present, or that
the apéropriate:chehical:shift'differenees;are too_b

" small to’ohserve,-
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. Although infrared séectxa were recorded from .
4000 to 250 cm 1, Table 1 and Figure 4, aside frou their
use in_dha:@ctefisiné the complexes, little strucuu:al'
;nformatiun could be de?ived ffumvthgm, The ..
'séectra are}similar to the.preViously repofted 2 to 1l
,‘complexes,?? ‘but strong <oupling WIthln “the ilgand
system makes their lnterpretation difflcult. If
.a‘uotpl assigﬂuént of the various modés of
“vibrutiun;weré:available;Jit~mightmbe~pqésible‘“fj
‘to co;reléte~obSErvéd suifts with'the-hméunts of
-dithioﬁetOhe'ofldithib;ate charéute;.uf ihe.ligands!
as has been done for the siugle; ethylenedithiol
‘derivatiues.36 "In thguabéeuée_ofysuuh.an
as;ignmenf'few couclusionshcdn'be ﬁadé; The: metal-
sulfur stretchxng region’ of the.spectrum does
permit some correlations to be made hOWeVen. In Tgb;e
5 ané Eigure 5 it may bé seen';hat'a dﬁange in |
' geometry from trlgonal prlsmaflc to octahedral is
aucombanied by a reductlon of the number of M-S
,vlbrations,-a shiftlof‘these vibrations ;oilowgr.
iéﬁergy,juwd én ihcfease in £he inténsity’qf‘the_.
vib;atioﬁs;v The'change in the numbet of_b;b:;tioﬁs
i# potusurprising‘siuqé'SYﬁmgtry axguments;'?tedict‘

"r-§*3 
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e oL : -1 b,c
Tqblc.S: Metal-Sulfur Stretciing krequcnclo (cm 1) !
Logugy ], mics, e nyeny) 393w .sh, 382m, 356s,

X36w  sh. -
. ¥ . ' -
[cc,mg) i, wits,cou cn )l 97w *sh, 382m, 3545,
36w sh
LY
'UC Hg) 40 Ti(S.,C, 1) 392v sh,  388s,. 3435
7 276747 3 : ST TRERa )
T R U U A SO _
Ucznswdp]z Zr(52C6H3CU3)3 . 379w, 3215
[4C2115),4_1;]2?.r( 5206114) 5 378w sh, 370w, com
, f c T "N
- 3l9vsz, 304sh
Uc2n5)4u]2 Hf(82C6u3CH3)3‘ 377vw, 311s
: , L ' ; . o
(Czhr)4u] 1a(52¢6n3cu3)3 392w, 339s )
[(cgu, ), as] Ta(S2C6H4)3 391m, 370-320s%
Ucb ; nAs] Nb(SZCG 1) 5 399m sh, 360s, 340sh?®
. L »
[(c,n ) l Nb(.J c.u cn %\ " 398w, '364nm, 336sh °
47974 AR E
’ . " “
) . . . . a
(C_n rs] sb(s § 40s
[ 6" 4751 sbis, W3 3 ‘
4this region obscuYred by (CcoH c)40s +
bIxcy. "w,wecak; m, mgdlum s, strong; v, very; si, shouldecr.



Far IR Spectra of -
Benzene -1,2-dithiol Complexes

. Mo(b’d' 3.-'4.;,

[¢42\'s]5b(b&})3‘

L1 1 S | ‘l‘ | 1 ".
600, 500 400 300 cm? .

Figure 5: The Metal-‘s\ilfu-r Strétching Re.g:{i.on_“for_y-ﬂ
Several "Benzqne‘-l',2'-di_thiolato_ Complexes.
(+ ihdi’.ca;gs metai-su'lfu'r ‘Stretc’h)" _

o 4 R
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.. bPlace: WhCrQ__‘th'Q A,b,elLa.viou'x:. Q.f“,cgmp lexes of -

-~ As pointed out in.Chapter 1, the electronic

55
4 "'.‘\;'

two bands for D3h and one band for octahedral symmetry. .

The actual symmetries of the complexes are much

lower, and thus the actual number of bands

~—

does not seein- to have ahy-siqnificénceg A

" problem with the abovc corr latlons arises
- *. :
. N /.

~in tiie Ti cOmplexgé which althodgh octaliedral display

metal-sulfur,stretches almost as high as Wb,

but as will be secn later t“lu is not the only

Ti seems to be ganomolous. = L

\
5.
A

'«spectra mav often be of great use in predlctlng the

. ¢
geomctry of 1,2~-dithiolene complexcs._.nowever, not -

all of the compoundb 1solatcd in this work gave
Spectra 1ndicative of trigonal prismatic

geometry, Instead the observed bands shifted to
higuer enefgy in the‘mannerﬁ

. Ti<Zr~ HE, Nb < Ta, Mo'< b < zr and ‘W< Ta< Hf,

Bcnnett po;nted out that thl is Jugt the order in’

- . :

whicn_tne ccntral netal d orbltal encrgles vary, - @
while<gnalyzlng thc,results of a sﬁructural

study of the Mo,. Nb, and 2Zr complexes,

While this may ‘not appear to be the'prdper'order

v

SN
<
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for the oe;ai d:orbital energies; it must be
remembered that ;qmpiexes as- covalent as Ticl 4. My have
an effective aﬁomic charge as high as +1, 8.81 Thus,
the effective atomic charge in these cases may be as
high as +1.5 to +2.0, and the'thzrd ionizatiqn'
fpotential of each ﬁetal, Table 6, ﬁ&g be used to

"obtain ‘a rough ordering of the &—orbital energies.
As'expecte&, the ionization potentials }ncreasee

in the same order.as the observed stabilization of
-'the“metalfdﬁorbitare:‘”It“ig‘théhfiﬁféfggtiﬁg“fa;gbfé“M‘“‘
that Schrauzer. and Gray have assigned'the lowest.

: energy electronic trans;txon to essentially llgand ..
R . .

(‘" )——> ligand < Tf *) .and’ l‘:.'gand ( "Tv)-——>meta1

(dxz_yz dxy) transxtioni‘fespectxvely. While the

lack of metar ion aependence of the’ spectra of

’”ustilbenedithiol complexes thus far isolated seemsx@

to be consxstent with the assxgnment df Schrauzer, it

is obv1ous that the spectra of the benzenedithiol

complexes behave in a manner moreﬂtonszstent with

'the.resu;ts of Gray. The correlation‘of electronic
' o L ' » .
'spectra.With metal d-orbital energies then suggested»

'to Behnett and Cowie that the structural changes

they had observed in thezr isoelectronic seriesx.* .
L gt

: - 2s oy
Mo S c H Nb s ¢C H .~and 2r(s C_H )
( ) 3¢ (. ) _ ( .6 4)3 A &
,.might have been'brought about'byjthe desgabilization

]
o
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Table 6: JYonization !"'cn:em:i.alsad2 . (eV) v o '

i

Metal - 1 11 11t 1v v

'. B ‘ ¥r : ) ' .

: . . e oW -
Zr . ' 6.84 13.13  22.99 34.34% - = L
=7 . o ) S oo ) ( . i ) a K

LR e . RO AL e e e im m i es e i+ et i e oo

Hf - 7.0 '14.9 "23.3 - 33.3

\

'46.71 65.23

6."
N - - . ;'M' ) » o B o }v l . ; N
Nb ' \, B l §‘o 88 . ' 38 . 3 , SO. 55 - " ;"‘;)‘ - .

‘Ta 7.89. 16 T22 33

. ' o e -
. ' - T : LA ’ e .
cr . 6.766 16.50 3b.96 49,1 J0.2 -

+

‘Mo .. . 7.099 16.15 27.%6 46.4. | 61.2. PR
o SRR S A I SNt L




'yrelat; nsh;p between dtofbltal energy and structure

, 58
y/

) T , o
R : TR

Y

of the d- orbitals which would destroy/delocalized
PR

bondlng with the 1{gands, Figure 2. ﬂThﬁ,predlctlon_

: ¥

‘ot

V
that destanlxzxng the d-orbitals- shbplq fa60r ‘the

octahedral d?ometry had already be made Ln,
Y .

) ’.' "

"’.
the~ca16ulat1¢ns favorlng a o.

+ 52

However, since a camplete molec

upon the electtaplc spectrum.;]

WA S
Comparlsdﬂ'of the electronia' speétrifof t%pﬂ7&fv

-

A o K "
eerles Nb(s C H- )f Ta(S 4) and Sb(9 c ﬁ4h3 -
: R
$howed that it mlght be posslbvg to bes%;ihe~<A' e g

Jitar 0 ¢ . -

3

by obtéinlng the- Tq'%nd Sb _structures,' The 8

b v

) speotra of the latteI compounds clearly Lndlcate ;
o ’#p‘,lf P Y c : " .
) a dlstortlon frpﬁ tr1gona1 prlsmatxc geometry although R N

-t

'the overall,ﬁharge and metal ion’ 51ze for the serles"

,15‘ v - 4--4 . g . :
are essehtially constanta @he structuge of thé .
) . . ¥ . ' ¢ v

Ta complex, “to be descrlbed in Chapter 3, was’ not*"ff

. . s . e S Y_ AR
7—'tr1q§nal prlsmatlc thus verlfylng the 1mportance R
. T ”" v * o+ “Q ' ’ ‘ ’ ' " » ~'~‘.§f- .\ N ‘:‘ u.»“

i}he proper matchlng of metal d and llgand R
""‘ w ) ' . B E
‘orbltals before trlgonal prlsmatlc geometry can AT )
¢ oéccur. LT : ) : S N
'-,;_, "' . .. . ) . . g . . o .
. s - R . . *
": o~ B . © ) . » . P
LR o R " oy - v T
v, “ * @ ’ . T Ce - . . )
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to_b,e., tr'igOnal pri's'ma'tic shows that one must ‘

'reason‘dxthlolene COmplexes of these metals heve

 of metal and 119and orbltal ener%&es ana ‘the fact ., =~ .

v, . ' RN -
. . . ' R .
-in the converse_arqegent it seems that the Ti

spectrum is indicative of trigonal prismatic geometry.
The’ fact that the Ti complex did not- turn out Lo :

- .

&
exerc1se cautlon in the interpretatlon of spectra

of the first row tran51tlon metals. For some

3pectra whlch are . shlfted to much lower energies
than the ' analogous second and thlrd row compounds.
waever, the predlctlon of trlgonal prlsmatic

geometry for Tl might also have been ‘made from the

metal sulfur stretchlng frequencles in the IR._

Agalny the stablllty of the Ti complexes, Whlch 1s

more lxke t'he\&b complexes than tlxose of z2r, seens .
.

to 1nd1cate strong metal suifur bonds. It xs p0551b1e
.

that the ‘high charge op the Tl complex 1§ the

w'

cause of 1ts octahedral geometry. on the other _ .
. , - D

hand . ‘the p0551bxlaty that the flrst row tran51tion o

5

metaleﬁstrongly favor octahedral geometry btcauSe

. S . et

%f thelr small s:.ze 1s certalnly ver* Yéal. T

'Recognhvlng th& lmpprtance of the proper matchlng
Y o v

‘that an increase - 1n the fonmer mxy produte A



aistortions~from’trigonal prismatic geometry, -
[ ~

lt is interesting to ponder what effect decreasing

fx

p the ligand orbxﬂdu

such a chaqg&@?
If one acFW" ése arguments, it is not at all
" i i '

‘surpr151ng thét‘W(mnt) -, Mo(mnt) 2- and V(mnt)32

energies would have. Cgrtalnly,

gL Hlso .produce distortions!

vhere mntsmaleonltrlledmgqi?late, all ‘have

PR — - A_A___'.-t__.‘_ﬂt_,..n___-:‘_.__,, -

geometnies 1ntermed1ate 74?3e trlgonal 2

0 o y.»_.
« s

prism’and'octahedrbn. ft ha u"_ pnqylously ‘

4 R - Vo

<

a great help ln clarlfylng thi 'questlon. The -

t
presentAreasonlng favors trlgonal prismatic

C pem— e -

geometrxes for these two compounds -due to the

é. : somewhat hlgher orbltal energles ofjihese llgands.'

-

iﬁ?” gina‘ly, some attentxod shouldﬁﬁé @@id to the

gpolarographlq results ‘in Table 7; The llmlted

redox behaviour of thé néw complexes‘is consiStent :
"A . £y a 3 ' X .
A wlth thelr bexng more lee metal dlthlolates than

.;:%'?i o o

d1th10ketoﬁes,~as a result of the hlgh d-orbltal

"energles of the metal.‘ As . dlthlolatES, re&uctlon

JREN
.



fbeoﬁentials are. relatlve to a Ag|6 1M Agclo . 0.1M

%#5

\

Table_?:”'ualf Wave éotentials for Reduction (volte)f

b . .
CH_CN - CH C1
-2 2

,[(czﬂs)-w]é Ti(S. C6“4’3 R -1:71 "~ a ' ]
g Crh 2x (s, CH. - 1,71

'»*'f'*Q§53§”.’" i

.d
."0 .71
6.366°
. T4 P
a
? ~0.232
Rc6 s 4As] Sb(S a

a . ! Ll S
No redox bghavior observed
!

(n=Cy 7)4NC104 reference electrode.. , : - : ;; :
B ’ : . t-a T . : . {‘- .

‘ CPotentials are relative to a Agl0.41M (n-C u9)4pr‘ G
£0.054 (n- C4H9)4NI, saturdted AgI as reference _f”:% ~
electnode. _ ‘ et 4 o fﬁ $ -t

d e : _— . : 4’v,.'f- . o ‘.n'n.
Corresponds to M(S C H ) + eA —f—~7> M(S C6H4)3%§”*ﬁ~44‘

s B e

COrreeponds to “(SZCGH )“. e ‘:;f——> M(SZC6H4)3 £ w,:,\

f"I‘he Ti anad’ Zr waveg were h;ghly ereverslble, bwt*
the Mo, Nb.ang Ta waves were nearly reversxble as g
\dete;mlned by plottlng the log i/(ig-1) vs,'E,v~‘




....

.
Iy

jyst as they'do. 'What then is the problem w1th Tl?
wThewobserved potentlal ln contrast to the IR‘and‘w"

“Uv-v151ble spectra, is. certalnly con51stent wrth the

4

'

]

becomes more and more unfavorable since electrons must

¢

be forced into vacant molecular orbitals which become

more and more metal in character, while at the

negatzve ‘in the orders- Mo< Nb< 2r and Nb< Ta;

-

]

fact that thls compound has a structure very 81m11ar

Kl . ‘e .

same tlmp the metal orbxtal energies are increaerng.

,Thus,#ihe reduct!dﬁ‘ﬁotent’als should become more '

to z but the hlghly 1rrever51b1e character of

the reduction waves. for éoth metals leaves some

"“,& -

doubt as Lo what,ls happenlng. At the .Same tlme, one~

«

may wonder why no oxldptzon waves were observed'

.for_any of_tbe complexes, In ansWer to this,

LY

‘must be p01nted out that the only 3-to 1 RN

. aa "b"

dlthiolene c%mplexes .ever to be oxldized below ther

' 4
18 electron configuration are those of V; thus

the lack of oxldatlon observed here should

ndt be consrdered surprlsing.' Do

L4 n

‘It is readlay'apparent, then, that whlle

the syntheSLS of 1, 2 dxthlolene complexes of

the .early tran51tlon metals has answered some’.

.

‘ \ o S

e
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T ) . - .
questions, many new questions havewhﬁeh raised -
’ o, : . N ‘, . N ;.’"‘v ~ . . ‘
which require further investigations. ‘Cergfainly
g . e S S, N .
: Fo | Wt T
the new ' synthetic route de3crib¢§‘be§e should be
6f'vélue.in;thése;and other ihvestigations.

s
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CHAPTER 33 THE CRYSTAL STRUCTURD OF TRIS (BENZENE-

. 1,2- DITHIOLATO)TANTALATE &_& R
The observatldh of trlgonal prlsmatic geometry
in complexes_of 1,2-dlthlols angd lfzrdiselenols

has presented a strong 1mpetus for the 1nvest1gatlon

g" : .
of. structures of#tris chelate complexes.' An elucz.- .

'dation of the" factors whxch stabxllze trlgonal prismatzc

L. s . .

N
(R . R Iy
s

coordln tlon has been the ob;ect;ve»of_many df these~e—~u-~w'

1nvest1gat10ns and some ansvers have been .found.’

- T ’ T 2
Studles 1nvolv1ng llgands og various blte srzes oy R
@ . N Y

seem to be in agreement w1th predlqtlons tHat small
% ’ ' 83 - -
Pi'bite sizes favor trzgonal prlsmatlc geometry ~, Also

ltﬁgas been observed that llgand constralnts can

- P 4

&4
* . ) e . L(

ég be utlllzed to impose thls geometry upon the metab

-

but the role of llgand fleld stanxlizat;ob energy,

W

“in StablllZLDg octaheﬂral geometry cannbt be

848“3_

ot -

°d§%Y'

{enough comﬁiexes of 1,2- dlthlols and 1, 2 dlselenols,

'overlooked even Ln these cases.

for which trigonal prlsmatlc geometry was, flrst A
iobserved appear to be the Ieast well understood“

in respect to the forces stabllleng trlgonal prlsmatch

geomeg}y,‘ Both Gray‘ana~Schrauzer have p01nted out

sthat S-S bondlqg and ﬂighly delocallzed bondlng s

B
LAy el



°that ca variation in the amount of de.

65

between the metal and ligand T orbitals are

important, but the relative ordering of these

'and other factors such as strong . O bonding,

the overafi charge of the - complex, the metal ion 51ze,
and the ligand field stabilization has not beén

1)
established. .The problem is?basical@y due to the

lack of systematic studies in this area. The

: Synthe51s of complexes of dithiols w;th the .. .

early tran51t10n4me¢h$§ has prov1ded ‘a basis for

av

mogﬁ:yrderly stud?,‘thus Bennett and Cowie have

investigated the 1soelectron1c series of compounds
. ‘ .

2- 78

MO(S C H4) ’ Nb(S ) ’ and Zr(S C H4)3 .

6 4

The Mo complex was trigonal prismatic, Figure 6,

the Nb’ complex is a sllghtly distorted trlgonal

prlSm, rlgure 7, and -the 2r complex is approachlng"

ocahedral geometry, Figure 8. : Accompanying the":'-

metrlcal changes in the serles, the

variatiOn of - several bond lengths in a systemic'
- ] .
fashion was noted. 1In particular, it was ev1dent

LI ) S
AL 1 oo
L0 & N
: . 2"

'.5"
bonding was occnrring° The S-~c bond léngths of

“the benzenedithlolato ligands nnderwegt an increase'

, e
from’ 1. 727 A in Mo, to 1.746 Rin Nb, to 1.765 = in

oy



4‘,’

oy




Figure 7: A View O’bebR2C6H4)3l .o .«(

N
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A view of 2r(

Figure 8:



Zr.” These changes could be interpreted as an 1ncreasxng
e TN

lmportance of the dxthlolate (52c6H42 ) resonance

form in the order Mo <Nb <Zr, and it was even

%

suggested that the dlthiolate form domlnates in. zZr.
Unfortunately, the limltatxons of the structures did

not permlt high preclSlon in the - C~ C bond. lengths

‘ln the llgand Systems so that the same trend

'"Benn‘tt ‘and- Cowxe y*g@" ed that the observed

structural rhanges resulted from an rncrease ain the"'

‘was difflcult to observe ln these bonds. Nonetheless,

"?
d- orbltal energles of- the central metal Lon

wrich consequently destroyed the hlghky delocallzed

'bondlng in the complexes.‘ Whlle the trend observed

N | SR
for the M=s bonds 13 consrstent w1th tne o -bo'ndivy",g, )

model, without a complete calculation of the o

‘bonds of the llgand system xt'ls difficult to

o 4
say whether thls model would reproduce the observed

~trend 1n C-S bond lengths. At the same time it .-

;

1s obvzous that other factors could be operatlng

N v

to dlsfavor trlgonal prlsmatlc geometry. The metal
51ze was ev1dent1y lncreaSLng from ‘Mo to Zr whlch
comblned w1th the hlgher overall charge of the

complex, would_result»ln dlmlnichndgs-sfbonding




ot
‘l

. . ‘* .
which favors the “g Indeed, a rapid inc,rease .

in xnterllgihd S-s distances was. observed for tge

'

seriES. However, Cowie p01nted out that the

1 N . w
1nterllgand §-s dlstances in. the Nb complex, 3, 232 A,
e Ty
.are longer than -in any prev1ously observed trlgonai
: Y

‘ prism and“are even longer than in the near
L~ . . .
octahedrat”Mo[S o (CN)2]3 . urther it may be

L4

peointed out that the expécted increase n the M-S

bond length from Mo to zZr based upon lole qsdlxgo«
N — '..,.. SO NI UT J — .

would be 0 12 A, while the ‘observed increase is - '
abod% 0311 A -~ Thus itlseemS‘that the interliaand 5-5

>

' bondlng may not be the major factor in stablllznmq
. -” "
-.trlgonal prlsmatlc geometry.

- “~

Based'upon spectroscoplc ewxdence, we observed @hat
the serles of complexes .M(S

’

Cek 4 3 (M Nb, Ta, Sb'),‘l

"

should show a dlstortlon from trlgonal prlsmatlc

«”

o L
geometty tn the ordex- glven‘ ,Because the.central:'-
metal';on.slze ahd_dvereli chatge of:the}oomplex-’
remaih;essentialiiAoonsteﬁtdfor 5&? sefies, this ; s
observatlon has’ ah 1mpottant bearing on th% point’ ,' ;iﬂ'
- XS
ralsed by Bennett and Cow1e and on the questlon of o "t‘%'
prlsm stablllzatron by 1 2- dlthxols. ?Fﬁrthenmore, the
rellabllxtyqof predlctlons based upon spectrosc0p1c.

v: F-) 7 . ...‘

-, .Il . o Lo ~
B - ta -
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the study o~f the c-lose.‘ly related Ho(hm'r)3 and W(NM'I‘)3 ’
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'mixt!tu:e of CC14, CBr4"; ‘I'hus .,d e to the Lack of a

center of symmetry in' theﬁ tetraphenylarsanium

"E"
Qroup, it seemed ;hat .t space group’*ﬁmst be‘d’l *"';; %
. W».. . 9i ‘cﬂ ey
-'"_‘",r’ ' cell reductlon by anow method was. attemptecx @'b
- > @ ‘ '& ':1 )
T 't:he cell chosen as fouﬁﬂ to be a reduced cell.: LD, Jﬁ";
B _The q_ryatal fragment used tesembied %d:.storted;’m .
1 R u.,'[ . 4. N Ly " y !
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A . . o Tt v i, R o
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- o5 e
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v : ' . )
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FORTN 'culate.d using-a p factor of 0 03. Iwo . . : o
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:,,“vl‘v'.reje::ted due to unusual b;t':lk.g;round counts. R
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",‘. " . golution and Reflnement of the S.{:z‘uctuie L. e

- " , ® Prom a Patterson map,.94 two pbss.lb‘le Aé po:.xi;mﬁ.;’ |
C o A _

o ‘\:*onslste:t* with the T‘a at (0 4] O)ﬂmxs'e read:.ly ﬁ: ¥ "
t, Lt . N

e _'.‘apparent,-one at’ (0. 42\6,'0 393, o.4§3x, and tbe e

5 . S AN PN x;! \ . ,
‘ ) other relatep by "a center of ﬁymmet’:x‘y.. Not, kn:owxng Ry

, } .j o &\}hlch enantlomer was! cowecb the fo::mer positlon i

J ‘ was.‘arbltrarllyuchosen as ‘ﬁ%tartlng“ poz.nt, “ c '

- e S

-d the scaleﬁ;‘fgctor-was"‘suhsequent{fx reflned 9'5 9T

- ’ \

m‘%d;nguo R.20. 281" R =©.309. A dl‘fference '.: . ﬁ’i .

' ;_f‘m.r%at th-lS pq;ln,f: rev&led I‘E wssvble pos:.tub Tt

:l" . bt B
o ";.1' "' . ’

\"Q‘

v S 'bmke suifur atoms‘y two pairs .of whlch Were ST R
AN e T 5. .
_ L _— 2 :
‘ .-&J'”a?plg resolved.,- The abo* po&xt;ons we,re L i -
\5" v, C e N T
e 9epdrated lnto two groups of 6 pos-:.tiOns by i
- arbltraxily ehoosrng one. as. a starteng polnt and"
‘ : . 3
ot .4 (‘ - |
A ‘v. e‘luufxam,n% th pc,sltltgn generated from thls by ) e
LA iy __'.._.‘ .J'" ,"e' ‘y'od ) ‘b .( K s “'
the false centex; e\f Symmetry° In thls way, “two *Sets A
S ,‘-_8 8 i R g " CL "." .
i of G‘Cheﬂnéally( reasonable sulfur pos.xtlons veré "U{", s
Ly . L o B O '_.Au - . y ‘
e qgerat-ed. ‘One sét seemed ‘to 'be more! 1ntense %han ‘ -
‘ L. . . - : . R Y
A LY .
_ the o\:her and tlus was chosen fNurther ; T I
\/\ T oL _:~ :
B #f‘lnement.v One cyc]{e of full matrxx 1east .
” ! Y & - ) v:‘ 7
- squares reflnement w1th the 'I'a AAs émd' 6S gave ce
T-‘\';_ " izo 175 and R2‘0 2‘22 ) However, the: thermal para}e,ter
: .'a
RO v
Sl j“Of one §i’llfur {t‘:om was anomalously large and aras sub--
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. I3 LY : ‘i‘-"
another d;fference Fourier: at which txme R =0 154 and .ﬁi
T8 o T "“’J ’ 1 ‘o 3
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‘ 2“ . .

.. S

' pos:.tioh f%r the remalnzng sulfur as well as the
‘ ‘ o te A ]
0 L l
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. - ) ~—n \ » e . o
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4

‘.-"l < e

~
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A

5 “ the teﬂphenf‘é’fsonlnm carbon atoqs. Iné’ludlng Y
. :' A ‘k.‘ e »~ 5 ‘ ; 0 7
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el 1 A WL, ’-" '.h
¢
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Ji “ . B P
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a.'. - . s -
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“ . - ‘ .
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.factors varxed from 0 é‘ to O 7=36.-An' add1t10na1
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. L 2 Ny
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o R . e 7
- of reflnement ylelded R =0. 061 and RZ-O 073 o '
. -1

*

-~

: whlch is a s:.gntflcant 1mpz;QVement at t’he 0 oﬁ L Ll
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confxdence level by a Hamllton R-factor test 101"

.'..__,1{‘3 ‘ Q | D 75 _

- (R

e

‘ .
'Addrnq all. bhe JHydrogen atoms as rigid bodies Vith

t%mperature factors 10- 15% hxgher than the

»

Carbogg'to whlch they ate attd’hed and not

e s .

reflnxng .their’ posxﬁlons gave ‘R
- L]

=0 059 and R =0 072
1e: 2~

after another dycle of reftnement.l Flnally, uelng -t“ﬁdg
R . . . B,
anxsotroplc temperature factors for Ta,qu,- _ “*'.‘}

-tw0rcycles of full matr fx least Squares refliraentf

% - PRl . .
to the»flnal values Rf~a 27 and R2=0\031 '~The : .
".t . > )

number of paraneters %Fing refl ed in.

- \ R Rl | [

two cycles W"‘g80<and the . shlfts Yin all po“3‘

v é
UINE ?

¢

arameter were less than*l/z the~est1mated standa d*
&J.P i

devxatlon. The flnal standaf& dev1atlop of zn *,ff LT .
o ) uiﬂ& ' - v ,‘.\ Lt e

observatlon ‘ot un1t welght wwf 1: 466. A flnal §J guf L

A‘ r*.. l. v~

ifferénce Fourler reveéhed no peaks greater than

0. SSe/A ‘.. The obServed and .calcu{.ated structure

. - -

factors areFshown’, gn Table 8.

’

. . CpEE
. s B Al . 3 . v
\Descrlptlon of the Strugturi o, o Eﬁ

A . i’n.

The flnal po %&vﬂaﬁ,and thermal parameters -

together w1th thglr ‘.f1mated standard dev;atlpas S
. . - R o

are snOWn in Tables 9, 10, angd: 11- The closestttation
o 1e e P

. . - . T . .« st
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 ~0.43558
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0.0991
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@v 05078
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' Table 10 conéinu@d
e : ~
Aﬁom ” x y
H9 . 0.5955 -0.4910
| H10 Y_BLiQQQ*aﬂﬂf——'ﬁ.éBQQ
”T'”’f;II’iT# 0.2684 ~ -0.5300
b 5.971 |
- —B — ~ 27449 v
F 2.358
. | /-
H14  -0.3414 0.188
HLS -0.6126' 0.2377 -
Rle -0.7259 , 0.1595
H17 ~0.5680 " 0.0316
D 2.Q44 |
E 3.093
F. " 4.241
H20  -§.4641 0.3340
H21  -0.3778 -0.1724
' H22 50.5405,g . -0.0043
) 323 -0.1895 0.0021
 324 -0.2758 . -;0.1596
D 3.656
E 15420
F | 2.017 | |
 §%26 _‘ -0.2252 -0.6728
H27 ~0.7661

-0.0231

R

z
0.1208

- 70,0512

-0.0235"

0.3785
0.4203
0.3004

0.1388

~0.2002
=0.1273
~0.2647
-0.4751

. -0.5481

- .
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Table 10 quntiﬁugg

Atom x
H28 ~ 0.0454
" H2e  -0.0881
“H30 -0.2902
D s.asJ
E ~0.809
P 73,958
H32  -0.2785
| H33 -0.3105 -
H34  -0.5244
H35 -0.7062
H36 -0.6741"
D 0.488
E '2.495
F 2.417
H38 = -0.6941
H39 -0.9104
L
H40 -0.9522
H41  -0.7777
H42  -0.5614
D ;' 2.302
E . 2.202
7
F . 3.735

¥

-0.6150
~0.3706

. =0.2773

-0.5736
-0.7833

-0}8857

-0.5688

-0.1512
~0.0338

-~0.1185

~-0.3207

'-0.4381

N

" .86

~0.2688

-0.1255

}—0.0930

-0.2039

-0.3472

-0.3811

-0.4534
~0.6107
- =0.6958

~0.6232

|

aBydrogens are numbered the same as the carbon atoms'to

which they are attﬁched.
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IA} 4 v

\\hyd;oﬁ%n and benzenedithioiato carbon atom.

All non-hydrogen contacts exceed 3,30 A.

\]
The unit cell, Figure 9, was arbitrarily chosen
? . 4 . "
with a Ta at each corner singk the space grdup is
5 L
1 } ' & N 4

In the tetraphenylarsonxum 1on, shown in the center

of'Flgure 9, the phenyl fxngs were treated as rigid

.,.‘ o - &

Lodies. The resultlng geometry is in good argreement

with ‘thdr determlnatlons 102 1°3of this caticn

3

with average As-C bond distance, Table 12 ‘being 1.889 A

while the C-as-C angles average 109,5°,
. ) L}

A stereo view of the Ta(52C anion is shown _

‘ Ceflal 3
alone in Figure 10, The important bond distances and

angles ‘consistent with the numbering scheme of Figure

JlO) are;toﬂbe found in Figyre 11 and Table 13. . .

It is evident that the anion is distorted from"
the trlgonal prlsmatlc geometry £ound in the closely

related Nb complex. The average'ligand twist
: . * N l' ’ *
f'angle is 29 ‘ However, the mode ofmdistorbion,
i‘f :

-unique among dxthlolene complexe/J)otudxed thus far

:
A

makes §uem\a sojg%ment meanlngless 51nce it
tac1tly 1mp11es a symmetrlc trlgonal dlstortxon
R . :
’
angular faces, wh;ch 1s far from“bexng

" of the two E%%

e TR I

TR 2



91

«€

(

vzwu~%vaa sv¥(°u%) 30 11ed

- .

o S" _ .b..... {

By ¥}
R PR ey
TRy 1S

6,

ITUD BYI JO METAORIBIS ¥ 36 exnbyya -

..~
() oL

o, 2P, -] =03

RV et a SN, S P
AP .o

1 -
. e ®
« ) 2 : . .
- b
-, "
TR -
% s b : .
-5E -
: T 7 v
o o .
v 2Y
. T & <
: oy ¢
- - -
2 N . ’
Ve -
. v T
[ -
M ’



v
L, o

. : . - | °spTosdTTTd TeWIdUL %0S Y3TM STXV PIOJ-59Iyl

’ ; - . £,v.9 - :
A . kuﬂﬂmom._r ay3 mco,z pamaTA _"( H Qmmv.ma JO MITAODIIIS ¥ 0T axnbrg
. _ ,
B BN M -
h g ’ . -

. . .

. S 4

[
= 2 ) .
: : . . | .



Figure 11:

“

Bond Length§ for the TA(S

H

2C6H4)3 ..
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Table Y2+ Intraionic Distances

Atoms

Ta - S
- avg

C = Spvg

.”Sj=1ﬁintrir“”

AS‘C [}

As - C19

As = Cog

As - ¢

Ag" =

-

Distance (&)

2.430

1.746

.3.149

° ln889

.890 (5)

1.904 (5)

*1.888(4)

1.874(4)

Atoms

L]

3.646(3)

3.059(3)

A
3.132(4)

3.204(3)

3.265(4)

\

3.722(3)

312304y

3.177 (4)

3.146(3)



. 95
%{?ab@g&l3z ‘Intraionic Angles A

= v SN ‘

A'_&’s "7;’Angl_,e ,' deg Pair Atomsl ) A;gle, deg

2; A §9-Ta-s, ‘?é.fa(g) S a sl-cl-cﬁ':. 119,9(7)

¥ s -Tamg.  79.15(10) a S¢=Ce=C, £ 120.3(6)

S _s_,liTAé:.s,ﬁ ' 80.29(9) _- ,A,_S_g.:glg‘%i_. — _£21’_5“ L S
54-?a455 1 80,52(7) b S3=C,=Cy, - 120.1(10)
S,=Ta-$, 81.52(9) by S,-C,g=C, . 121.0(6) -
S,~Ta=S, 83.42(9) | ¢ ss-cl3;c;9‘ 120.4(7) ,f
S,-Ta-S . 83.29(75 ; - € v S '&?
Sl‘Ta—S3 99:02(8f .»j‘q o c6;él-cl B 120.5%95\7J
5,~Ta-S5 99.15(8)’ a ¢ -c,-c, | 119.6(12) .
slfTé-s4 105.42(8) e c,-c,-c, ©120.4(10)
"s;-Ta-Sg 106.36(8) . ¢ -c,~C5 (__"119.1(10)
S,~Ta-Sg 122.28(10) | c4-c5j96 | 1.aa2)
S;=Ta=S, 147.19(8) (L. = C.=C,=C; ' 118.5(9)
.Ss-Ta;s6 ‘158.09(8) . £ °12’C7JE3 ” Iizo.O(;é)
5)-Ta-s, 158:69(8) £ cymcgmc, 122.4{14)
51'83'5; 52.57(7) ' g . csfcg-cloh 118.0(13) "
;2-s4-56'.52.77(8) g Co=Cjp-Cll 122.1022)
53-si-s1»156.2717) it cib—cll-ciz. ~120.9(14)
S,4-Sg=S, 56.11(8) i c11;5125c7 . i?ka(ll)
.$3_55-51_ 71.16(8) 3 C18-C13TF1JW\ 120i1(§) r.

)

-t
(S



Atoms
S¢™S3

Ja»&l-cl

—S .
4

.Table 13 continued .

. Angle,deg\

71.12(9)

110.1(4)

109.413)

Ta552-912,104,9(4)

- .9(3)
a=5:-C,...~103.9(3)

SRS
.Ta-S3‘C7

Ta‘s4‘C18

A

108.0(4)

1108.4(3)

Paix Atomé Angle,deg
3 C13'C14'°15": 12613(11i
- €476 5% 117.2;11)
‘C15‘éléfci7 ..122.4(101
) €16=Cy5=Cpg°  120.8(10)
,C17-c18~d1} | 1}a:f(9)-.
e . JT
C,,mAs-C 192 (2)
| ‘ Csj-As-Clé " 110.1(3)
’ €, mAs=C 107.7(3)
. c31-5s-c19 '169,6(2)
C3;-AS-C,¢ 107.4(2)
c -As-c,_ 110.8(3)

19

g

s
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true in the present cémpoundr A clearer Picture of

the distortion is obtaxned by the indivxduai

chelate twistl 04 or tiltloS angies whlch are ¢1 6 =
- . o ’ .

s4* ‘ * 6 ~ ' and s
' ®2.3 16, b, o = 16 a _xl 6* . .
370, . = 0 ! - 0 ;
7 X 2,3 10", Xg,5 = 10 (the .
subscrlpts refer to the sulfur atoms formlng the ' ﬁ »
e A kiedi i SRS

~‘chélate rings) reSpectlvely. It seems that

part of the anlon retalns nearly the trigonal .
. . Toe

Prismatic confxgﬁrat;on, $=0, while the remaining

chelate is close to the octahedral llmlt, ¢-60

Nt / In thls regard it is 1nterest1ng to note that the : oo
"expected octahedral limit" based upon bite size . .

: <. 83 o »

and M-S,bond lengths» 1s 49" -, and hence the most

severely distorted chelate in our case has even -

k]

passed this limit. of course - the above angle‘us for

molecules which suffer symmetrlcal dxstOrtxons,‘

“in partlcular keeplng parallel trlangular 53
planes. ThlS is not the case here, and the
angle between the two planes is 11, 8 } alloWing o . "y

‘for the observed twist., The fact that part of the : |

molecule retalns a- conflguratlon close to that- o -

found in the trlgonal prlsm is further ev1denced by E R
& .

the angles sz-Ta-Ss-of 122.28(10) ~  and S;-Ta-sd of

- .
\ )
) [ .
. . R .



S o : o
. ' 0 .
147.19(8) - , which are close to 136 found,in

trigonal prismelic complexes. In addition, the

’ ‘dihedral angle, Table 14, formed by the planes defined

A

hy Ta,szss‘and Ta,S 4SS is 116.5°, again close to ehe
expected 120° for a trigdnel prism.

A comperlson of some of the bond lengths and
angles for the Mo, Nb Ta,.and Zx benzenei
1,2~ dlthlolato complexes is shown in Tables 15 and 1le6.
I; ‘is- evident- that the ‘ra complex- lies between the‘“
Nb and_the Zr4qomplex from the S=M-S
trans angle of 154..7" ' anﬂuthe twist angle ef 29°,
The 0r1g1n ék the dlstortlon in the Ta complex 1s,
however, clearly not due to changes ‘in the M- S
bond length or the 11gane geometry_elnce these
parametefs are'very close to the yaluesifound in
the Wb complex. Howevef,.i; must be cecognized that
the everagestlisted in Table.e ‘15 nhd 16; were

computed from values which cover a considerable
PO . . & .- .

) range. For example, not too much significance should

be attached to the average interligand S-S distance
‘ L o
«in the case of Ta since these vary from 3.059 A
. 0 . . . ) -
to 3.722 A. However, a clear trend is seen for

‘several of the parameters as previously pointed out.

o



Table 14: Dihedral Angles

" Atoms in Plane 1

Ta,S.s

19

Aﬂgle'

' Atoms in Plahe 2
Ta,S s 107.6
2 3 '
:a,s4,ss 106.4
" Ta,s ,sS . 116.5
: ' 4 5
SipSG,Cl,Cz,C3,C4_,C5,C6 0.0
521$30C7'C8,C9oC10rC11:
¢ 17.6
12 . , : .
s4,s5,c13,c14,c15,c16,c17
! F;B . . - . 30.0
e
82'84'86 1108
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:Table 15; Summary of Diséances.for Bénzenedithiolato

Y

Complexes

Compound M-s ‘§S=S(intra) ‘S=-S(inter) S-é'
M ), 2.: . .09 1.727
Mols,CeH ) 2.367 3.110 j.oor 1.72
Nb(s,CeH, )7 2.441 3.150 3.232 . . 1.744
Ta(S,CqH,) ~ 2.430 3.149 3,338 1,746
‘2 q 3 ) : S SO O

C

Zr(SZC6H4)3., 2.543 ~3.265 - 3.584 .1.765
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It would therefore be - expected that the- unique; highly

EwiSted igand in the Ta complex should exhibtt

‘that there is s‘me systematic érror present, possibly

in the unit cell \dimensi ., However, all of the

1m—~wa1ternat1ng long-shomt pattern of lengths (Ta-Si=2.396,

Ta-S2=2 467 ; Ta-33=2 Ta- S4—2.440; Ta 86=2 449,

] (e} N o
Ta-85=2 427 A) does not seen con31stent with this .

type of, error. Slmllar arguments can be made for -

other bonds of approxlmately the same orlentatlon. C

Again, the c-C bonds of the ligangs did not

-3
]
0n
(24
2]
[+
o]
t
e
"
o
4
o]
(7]
o
[
)]
Q
[ =
1]
o,
o
v
=2
"
Q
=
(24
=2
o
™
g
[+
e
B
(o]
r’
[
[o]
=]

‘whieh increased on going farther from the metal ion,
‘Thermal motion was so - large, in fect that fuzzy 'sheoows'
>were assoc1ated w1th many ofvthe spots in Laue .wo'
photographs of the - crystal ‘.These shadows' Were
asszgnable to. thermal dlffuse scatterlng by the

L



‘ . 103

- .e "t
.106 As in the study of Bennett ‘ang Cowie,
. . )

Crysta
y was noted with tlic § atoms displaying

an anoma
. . . >

o~

.- : "' . .
larger or nearly as large thermdl paramcters as
the C atoms to .which they were attached.

Another inpuresting_fcatdré of the present
Qtrucfural btudy'is thie non-planarity bf,twé of
the bcnzengdithiolaté ligand systems.‘,hs.thc

'twist»angic varies from 16.3% and 1¢.5°

Lt 53 .-7—°~—,~~———~tlxe» foldaing-of the -ligand s ystem ciianges -
v v v S
from 30.0 and 17.6 to 0.0 . In Zr(S C H ) ’
: -~ ' 2 6 43
the ininidual twist angles .are ¢l'= Qé = 42,8
and . ¢ _#30.0 , while the coff@ﬁﬁgndiﬁg ligand
‘ : S e _
. ~ ' . ) - o LT
*diliecdral angles arec 3.9°and_0.5 i Jand in

¢

Hb(sécﬁn[) i where all three twist angles are ncar .
. -4 " .

' , . v
zero, the dihedral angles of the llgahds are 22.8, .

Yy ¥ v o C o . .
22.6 and 21.8 . Slm;la:ly-ln,Ao(52C6u4)3<
all twist angles are zero while ligand dihedpal'

angles are 13.1°, 21.1° ana 30-({- It is difficult,

to understand why the nbnplanarity.of the ligand

-
..

t

systen is so variable, and for tnis reason it is -temp

“to ascribe. these affects to packin@’fo:ces; but

’
-

at the same time the existeince of a .rough
3porielation between the fewist anglé and ligand bendin

.

‘must also be recorded. lHoweéver, the direction
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D., ' F] /. , M
° . !

L3

of this correlation seems to be.just the opposite ' 4
of what would be expectel from hhe _~bonding’
argument, . That is, n-bonding; which ghould
‘favor the trigomal prism, should also fagfr plenar
ligands; i.e. the dithioketone resonance extreme@
and sp2 hybridxzed S atoms. Further, it has. been
established previously that complexes of

2(C6H5) have planar ligands, while 52C2H2 is‘ . v
fagain bent, Ligand folding has a}ip been observed
uin bis-cyclopenteerenp; metal dithiolene complexes 105"

109 - Axguments involving the affect of the metal

f.od : -~
{ ~
and ligand substltuents on the delocallzation of

7
bondlng to the metal have been advanced by Kopf1
and Kotoglulo8 110 in studles of biscyclopenta--

dienylmetal dzthiolate systems, where the lzgand

bending in ( !]5 )2'1‘1(52 H )109 and

0 L
{ n 5--C Hs)Ti(SVC H )1 8 is nearly the same ) t

' 5 111
~at 46 v whereas 1n (N C HS)W(52C6H4) and

.5 110 0 o
. : - Mo t .
‘( n 'csﬂs)z o(szcsﬂ4) ‘i is 8 end e
‘respectively. The relatiohship'of the : %Vqﬂ
( n 5 5)2M(52C2R2) system to the tris dithlolene | %ﬁla
complexes is not clear at thxs time, but further

. work 1n one area could’ help clar;fy the other.



Discussioh
The most important aspect ‘of the Ta structure
is that it varifies the contention of Bennett and
*

Cowie that an increase in the d-orb&:al energy
of the central metal .results in a distortlon from
octahedral geometry. The fact that little'change
is seen in the M-S or C-S bond lengths only
points out that the differenceS‘between Nb and

_ Ta involve only small energy changes, as. expected..

The nature of the dlstLrtlon, which is unique

among .dithiolene compiexes studied thus far, also

105

deserves a word of commant. Although it is dlfflcult

to give an explanation for 1ts occurence, an
examlnatlon of exlstlng structural data suggests

that this type of dlstortlon is not S0 unusual.

In a recent discussion, Muettertles and Guggenberger

favored the coordlnatlon polyhedron as a-means of

‘describlng the geometry of complexes.112 These
W |

authors pointed- out that ‘a tabulatlon of the angles

“between adjacent faces of the polyhedron will

accurately descrlbe the type of'geOMetry.
A

A large tabulatlon of these angles for complexes rang-

f.j.

ing from octahedxal to trigonal, prlsmatzc coordlnation

2

wasg presented.. It then became apparent»that
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few complexes were known ' between the mldpoxnt of
.this series and the trigonal prismaticolimit.

The .Ta complex is then particularly 1mportant because
it falls W1thin this region. Table’ 17 presents the
angles in question for the Ta complex. Gbmparison

of these angles with those of ‘Muetterties and Guggen-
berger brinqs out several interesting points. For
complexes near the tr1gona1 prlsmatic limit, 6's
_At.bl Avary consxderably but often two ‘are very
81milar, §'s at b2 are nearly constant, and
the’remaiming Srg may be grouped Ainto three - - .
pairs of nearly equal angles. The reason .for the
observed battern lies in the near éz symmetry

of these complemes.. The fact tﬂat the Ta complex
ha’s neerly C2 symmetry is evident when comparlng

the 1ntra10n1c angles in Table 13, which are lettered.
to identify pairs that would be related.by a

two-fold axis blsectlng the chelate 5156

and passxngothrough Ta. Further'examination of the
angles of Muettertles and Guggenberger reveals that
the dev1atlon from C3 symmetry increases as one
approaches the trigonal prlsmatlc limit. Thus
complexes with small average thst angles such

2~ 2 2= : '
as V(mnt)3 ’ Mo%mnt)3 . W(mnt)3 and Zr(82C6H4)32
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Table 17: Dihedral Angles Made by Polyhedron Faces® . 4
\ . .
§'s at b1 ) - §'s at b2 Remaining P
1
¢ 24.2 90.3 59.6 , 60.5
~ 48.8 o .o%2.7 81.0, , 82.7
49,3 . 95.3 ' 87.4 , 89.8
J, &
- \ | ».

§'s are chosen as descrgbed in réference 112;
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o7 : p Y}

N

- possess C2 symmetr9.113 The deviation of many complexes

from C, symmetry requires that individual twist or tilt’

angles or alternaﬁely Gdggenberger's and Muetterties'

6's be reported and the reporting of average twist.

-angles should be discouraged since it does not always

give a clear picture of the distortion.

v Also, some questions about the D > '
' q ut - D3a<—> D3y

reaction path must be raised. While the energy.

differences between the Nb and Ta complexes must

certainly be small, the average twist angle in the
Ta cbmplex, 29 °, suggests that the Ta is well

along t&q distortion path toward Dad'geometry.

.Does, then, the average twist angle tiuly_indicate

the positioﬁ of a complex along the D3de———>D3h

reaction path? Rather, the lack of examples

lying between the midpoint and the trigonal prismatic:

. A Y . L3 . .A‘
extreme may not be a result of inadequate

synthetic studies, but instead a result of the
: ' . S ‘

-

small energetic bhaﬁges necessary'to pfoduce iarge
distortions.

The unusual s;ructufal ch#nggs.obserQed'on
géing froﬁ Nb to Ta suggest ‘that further wofk in tﬂis

region of the pgriodic.table with ligand systems of



o

.

slightly different energy, for example tetra- .
chlorobenzenedithiol, would be well yorthwhilé for

the purpose of: increasing our undefstanding of -

\ . ’
the unusual bonding of l,2-dithiolene complexes.



Table 18: Least Squarés Planes? -

Y

Atoms .Defining
the Plane

Ta'sl'sﬁ

Ta,S4S5

C3¢C,¢C5,C¢

S4¢55:C13¢Cyy

C15:C167C17+C18

52(54,56

1'SZ'C1'C2

S,0534C,.Cq

‘ﬁﬂh

Equation of the Plane

'029952x-o.055gy

-0.08152z=0
-0.2576x+0.9307y~
0.2598%=0
0.9271z=0

0.9937%x-0.0962y~-
0.05812+0.0968=0

0.413x+0.0340y~
0.9099z~0.5479=0

- .0.0816x+0.7801y~
0.62032+0.9075=0

Ty

/-

' -0.6619x~0£4519y-
0.5981z-1.{4608=0

w2407 %+H0w28T 2y = D o e

N

Distances of
Atoms fron 0
the Plane (A)

S, =0.007.

cﬁ 0.026 .
€, =0.012
c/-0.019
ct=0.012
c3 0.012
C6-0.017

52 0.046

4C9 0.037

C, A=-0.022
c320.019
Cll-0.029
Cg 0.016

I

S, 0.006
Cyx 04011
S

-0.046

,C16f0,043“‘

. C13 0.032

cy;-0.008

C14 0.021

110

Y
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Table 18:continued Y
”
Atoms'befin;ngn_ e Distances of
~ the Plane Equation of the Plane  Atoms from
D . ) the Planee« (3)

510505, ¥ 0.6515x+0.6034y+
3 0.45982-1.4388=0

-0.6462x+0.6447y+ .

S¢75 S | |
~ﬁ~-5~f§~-——~AJ~—-—o.@qps:-r;39¢e?o_—fu~~~~~~—~»w-w~~A -
S, 05545, 0.7283x+0.4472y~ J —
v> 0.51932z-1.2393=0
S1¢54+S, . =0.7426x+0.5336+." "~ .
5 ' ~ 0.40482z-1.2551=0"
S,15 S 0.R257x-0.6918t+
0.6859z-1.1519=0
52¢S3.5¢ 0.6553x-0.3714y-
0.6577z~1.3823=0
S2+5445g T -0}1936x-0.7029y+.ﬂ3h S

0.6844z-1.1573=0

\ b

“

AThe é&uations,of thevplanes are Lx+My+Nz=D,

‘where L, M, and N are direction Qfsines referred

¢ Py

-to the'o;thogon%l.coordingte’systsm ﬁhere_x'is-a,

.Y is in the ab plane, and z is c», - Sy
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CHAPTER 4 : ORTNOMERCA?TOPHENOD AND 1,2-DIJIYDROXY-

]

BENZENE COMPLEXES : o

'Introduction

. ! i ’ ' ‘ ) o ' -
In Chapter 2, a new method was presented for the
synthesis of complexes of 1 »2-dithiols. 1In this
chapter the exten51on of this route to other llgands
XH . -
of the type I, where ' ‘
(1)

M VO

X and Y<%re $,0 and 0,0 will be presented, Thé

method has permltted 1solation of the followxng
‘complexes- '[Rhnlﬁ‘x M(XYC H4)3 ’ where M=Ti, zr.

and Hf, X=4, R4E=(C H ) N, X= 0 and-Y=S'(aIso for \-

‘i and Hf; x=Y =0) ; where M=Nb and Ta, x=5, R4E=

\ .

(CGHS)qgs' X=0 and Y= s." R , l .

Theaeomplexes isqlated here are imperﬁant as
aﬁaiOQS"ofAbepzene-i,z—dithioiate cemplexes, and
‘agvsueh.maf proéide'eome-pew insight into’ the
‘boﬁdihgfin such eyetems. Also, it is eo be hoted
that few complexes where x=0 and Y=5 have béen
‘reported in the chemlcal llterature 115'11§
but durlng our investlgaelons in thlS aree,‘complexes

of the type H M(osc H-) (where x= 2 for Ti and Zr,

Xx= 1 for Nb -and Ta, _and x=0 for W) were reported by other'



o

of these{compleres,

e =
117 L _ i |
researchers.. However, the Ti and zr complexes wvere

reported to undergo polymerlzatxon upon standing and

‘were generally dlfflcult “to, work w1th Sane

the role of the hydrOgens ih these complexes wés not

clear, our 1nvestxgatlons were contlnued because they

have the advantage of produc1ng well behaved crystalllne

‘materials. nSlmllarly, with the complexes where

X=Y=0, numerous reports have appeared ‘on the synthesls :

because of the presence of water or amlnes belng

assocxated with the samples, which were not prepared }
N B

under rlgorously anhydrous condltlons. . The

bl
difficulties which water of crystalllzatlon ‘can cause .

is clearly Lllustrated by the dxspute over a
Sl(IV) complex, where structures such as that shown

25,
in Figure 12 were con51dered p0551b1e. Even

‘a recent structure of the. anhydrous pyrldlun salt

.(csupu) si(o_c_H,) (C5H6N = pyridinjum),”

2°6 4°3 .
showlng the Si to be octahedrally coordinated by ° .
-oxygen atoms,lz6 does not answer questlons about

the hydrate. Therefore, we merely wxsh to

bdemonstrate that anhydrous complexes may be prepared

according to our,method'if this is desired.
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Figure 12: A Proposed’ Structure of a Hydrated (
l,2-dihydroxybenzene Complex of Silicon.
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Experimental

Much“of fhevexperimentel teehnique used here nas
already been presented in Chapter 2, 50 dlscussxons
w;ll be limited to new operatlons.

Tetraethylammonium chloride was purchased.aefa
‘monohydrate and dehydrated at 80-90% ¢ ﬁnd.o;os nm Hg.

_ I \ , : :

~ The anhYdrous salte was then dissolved in CH CH, and

3
stored under nltrogen in a large reservoxr wlth @ e
L . r_.’ :
buret attached to it for convenient measurrng of . ,

.

the solutlon. -The CH3cn eolution was standardized

by prec1p1tat1ng the Cl as AgCl. The 1 2= dlhydroxy—
4benzene, or pyrocatechol, was obtalned commercxally
and subllmedlbefore use. Orthomercaptophenol_wes
prepared accordlng to U-. S patent 3,468, 961 by

perm1551on of Hooker Chenlcal Corp., whxch was

wa
E

found to be superior to the prev1ously preferred

: Preparatlon of the Compounds B

[(c Ho) u]2 Tl(OSCGH )
Sodium cyclopentadlenlde, 0.330 g (0 00375 mole),'

in 20 ml af THF was added to 0 00563 mole of

o-mercaptoPhenol'ln 20 ml-THF. Next, 0.00188 mole of
_ S ' , S F'Y " PR ’ '
Ti[N(C,H5),],4 in 20 ml of ' THF was added, and after
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' stirrlng 48 hours, 13.8 ml of 0. 272 M tetraethyl—

.o

vammonlum chlorlde ln (H%CN was added Thxs mlxture
&

‘was sp1rred 2 hours and then the solvent was
. F) C- . .

removed under vacuum and replaced by '50 ml

of CH,CN. After stirring overnight the solution was

3
filtered to remove NaCl. Addition of 55 ml of ether

with vigorous stirring followed by allowing

' the solutiou fo stand produced large black crystal§1;>ftmmdruw

. \
The reactlon mlxture was cooled in a»freezer for

.24 hours and the black crystals were flltered off,
y;eld 0.518 g (40%). mp 218~ 220° uncoryvected.

Anal. calcd: ¢, 59.98; H, 7.70; H, ‘4.11; S, 14.13.

. Found: _c}'$9;85,‘sd.o7; H, 7,54; 7.745 N, 4.24,74.24;
'S, 14.55, 14.59. | | o

.ln a slmilar manner, the following compounds

';Qerc also'prepareu. o ‘ |
[<_¢21!5>4"J‘2 Zr (0SC H,)

Pale'yellow hexagons were obtained in BO%IYield
after one recrystalilzegloh.cmp 218° uncorrected.
'Anal ~Ccalcd:- c, 56 39; H, 7 24; N, 3.87; S, 13 28/
Found: C, 56.40, 56.47; u, 7.21, 7.56; N, 4.00,/4. 125
s, 13.46, 13.18. | | |

[(c ia)z HE(OSC H, s

White crystals, 77% yleld, mp 214~ 215° Tuhcorrected;
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Anal. Caleds:  C, 50.32; H, 6.46; N, 3.45; S, 11.85.
Found:"c;JSO.BG, 50.81; H, 6.75, 6.72; N, 3.40,

3.61; s, 11-56;.11.79{. | | A |

nc H: )4N] Hf(O c u4)3

White crystals in 34% yielad. Anal. Calcd: C,

©

53.50;

H,.6.87; N, 3.67. Found: C, 53.40; H, 6.49; N, 4.01.

[(c6n )~As] Nb(osc Hyd sy

Th1$ complex was. . isolated by addlng SOlld tetraphenyl»uwum

arson;um ‘chloride to the THF reaction. The THF was. ,

removed under  vacuum after 2 hours and replaced by 50

ml of" CH2012 and after 2 hours the solutzon was fxltered.

?Addltlon of ether and coollng produced black. crystals.‘

in 60% yleld whlch gave poor analysxe. The prgduct )

was recrystalllzed from hot CH3CN to nge black crystals,

v‘24% y1e1d.' Anal, Calcd: C, 59.44;" H, 3.80; s, 11 33%

N

18% yield. - Anal. Calcd: C, 53.§8; H,

P

Found: C, 59.40; H, 4.29; s, 11.28.
[(C6H5)4A§]-Ta(OSCGH4)3 . I
In the same manner as Nb,‘red'crystals'were obtaihed;

3.45; S, 10.27.
- ’ ‘ R . .

Found: C’ 53-38' 53.86’H' 3.58" 3.49’ S. 100:04,

9.88. . '

[(c Hg) N], T1(02C6H4)3 3

. This compound was prepared ln the same manner as -
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the correspondlng o-mercaptophenol complex except that
‘.dlglyme was used as solvent 1nstead of THF. After,
Several recrystalllzatlons from CH3CN and ether
mixtures orange crystals of suitable purity
were obtalned ~Anal. Calcd; C, 64.55; H, 8.28.
fround; C, 64.03; H, 7. ao |
'.[<C§H )4ASJ MB(oC H (SH)) Cl | |

~ To,-0.840 g (O 00665 mole) of- o~mercaptophenol”‘”"
1n 50 ml of THF was added 0. 00229 mole of sodlum

{ f

‘oyclooentadlenlde in 12 ml of THF. Solid- NbCl5 was .. V

'then added and the reactlon mlxture 1mmed1ately

‘turned dark brown. The reaction mlxture was

»stlrred for 96 hours after whlch 0. 96 g of
tetraphenyl arsonium chlorlde was added After stlrrlng
for l hour the solvent was. removed under vacuum and

‘ was replaced by 50 ml of CH. Clz. “Aftex Stlrxlng.

r
1 hour the\mxxtune was f#ltered and 20 ml of ether : .
was added resultlng in the formatlon of a dark
brown oll. The Supernatant was decanted off and -
the - oil wasldried under vacuum but could not be,
characterlzed An addltlonal 20 ml of ether was

added to the supernatant causzng more 011 to’ form.

'Thls tlme the reactlon mlxture wvas allowed to stand
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for 1 week at room temperature’and the o0il dissappeared

leaving'black crystals. The IR of the product' was
very simila:.to [(C6"5)4A5] Nb(OSC6H4)3 + except
for an additional peak at 800 cm amd loss of a
peak at 270 cm . Yield: 19%, mp 196-198° .

Anal. Calecd: ( for RC6H5)4ASJ Nb(oc6u4§ﬂ)2¢14‘);
C, 49.79; H, 3.48; S, 7.38; C1, 16.33.

Found: ¢, 50.39, 49.88; H, 3.54, 3.48; s, 7 06,

A7;15}>C17Nié:§2:n16.87. Phys;cal Measurements were
made as outlined in Chapter»z.

Results and Dlscu 51on

[y

SOdium,Salts‘of the desired complexes were

e

prepared in THF accordlng to the follow1ng equatlonf

H(NR ) i (6-x)NaXC6H (YH) + (x-3)(HX)C6H4(YH)

}5' Na (gux) M (XXCH ) o : S(13)

Y

(where x=4" for Ti, Zr and Hf and x=5 ‘for Wb and Ta)._
pAs in the case of the benzene 1 2= dlthlol complexes‘
‘descrlbed in Cnapter 2, the compounds were isolated
as tetraphenflarsonium or tetraeikYiammonium'

rsalts by exchange w1th the appropriate hallde ln'
ccﬂ3CN or CH2C1 t Some comfilcatlons heve arlsen

in. the synthe51s of the complexes of o-mercapto-'

“phenol and 1,2—dlhydroxybenzene, however.- It appears



120

that, because of the higher solubility of NaBr
[

and NaI in CH3CN, the exchange is not as complete

~

for bromides or iodides as-it is for chlorides.
Whlle th;s caused no’ problems in the synthesxs'

of benzene-l 2~ dxthlol complexes, the somewhat

' more forc1ng condltlons necessary to precxpitate -

the o-mercaptophenol and 1 2-dihydroxybenzene

complexes ‘may reSult in prec1p1tatlon of the. . .
uneXChanged tetralkylammonlum bromlde or lodlde.:

All of these dlffzcultles were overcome by

using tetraethylammonlum chlorlde. Although | e ;§
“most tetraalkylammonlum ehlorldes have the
.dlsadvantage of belng hygroscoplc, we have foond

that they may be ea51ly dehy rated and subsequently

:handled as CH3CN solution
Another problem encountered w1th the 1 2~ dlhroxy—‘
benzene complexes, and whlch could conoe1vab1y be a"
problem withﬂother llgands, was that th;“sodlumv |
.salt of the llgand was 1nsoluble in THF; Thls
dlfflculty may be ellmlnated by using dlglyme as

<

solvent as the sodlum salt of l 2- drhydroxybenzene

was Soluble 1n dzglyme and was succ{\sfully used in

‘thls manner to prepare the T1 complex\\.However,';t ", ’ ‘\\
! ) ' ‘
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t
was found that the.reactlon.between mqﬁal amides
and the sodlum salt of 1,2~ dxhydroxybenzene w111 still
bProceed in THF, and thus the use of dlglyme is
unnecessary and even undeslrable, for thls llgand system,
.due to(xts high bo;llng point, )
Since the preparati of metal amides is an
added incoqvenience LK?:;eparing metal complé#es;
_.an att"mpt.was_mademtofpzeparo theﬁsodiom?salt>7“~
of the NL complex WLth o-mercaptophenol directly

from NbCl Agaln a mixture of the ligand and its sodium.’

5
- salt was pPrepared in THF,.but instead of a*dlng Nb (NMe )5,
Nbcls'was added and the. reSultlng dark brown mixture was

zwrefluxed for 44 hours._ Under these condltlons,'no char—
'sccerlzable compounds could be 1solated, but by doxng the
same.reactlon at room temperaturc'for 96 hours,'after the

addltlon of tetraphenylarsonlum chlorlde, black crystals

were. ﬁbtalned with the formula [\c H )4As]Nb(OC6H4SH) Cl4,

whlch Seems to be a mlxedrch%oro- rthomercaptbp@eho&ato

».\cv

,complcx. | "c' i‘.«; o }
'The*complexes reoorted in tﬁ%s‘chapcer are well‘

'behaved,'air'scablc_solids with the.exception

of the o-mercaptophenol complexes of Zr and Hf. All

of the 2 to 1 electrolytes are soluble in CH3CN, ’

"and the 1 to 1 electrolytes in CH2C12 or_CH CN.
o AR : ] . 3w
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‘The conductivity measurements, Table 19, are consistent.

with the prOpOSed formulations and need no further

¥ 76 o ‘
cdmment. ¢ ) . -

-~

R J‘fhe IR,spectra of the complexes, Table 19, are very

%‘ng;ex, but are clearly consistent WIth the overall

2

m&*e-up of the complexes., thaxled analysis of the
'5pectra cannot be performed at thls time due to,the
absence of v1brat10nal assicnments for these. ligandﬁo
systems._

The comparlson of electronlc spectra of the..
complexes,‘run on lp 4‘M solutlons between 10,000

‘and 40, ooo'cm“1

¢ to those of the corresponding
benzene—l 2~ dltthl compLexes is 1nterest1ng.:vThe
maxlma, shown in Table 19, undergo a hypsocl@gomic
shift in the same manner as observed in Chapter 2,
i.e. Ti< Zr-Hf, Nb< Ta, Nb < zZr and W< Ta< HE,

The dependence of the peak posxtlons on the central
metal and the hlgh 1nten51ty of the bands agaln
'Ldentlfies them as malnly llgand to metal charge
transfer. ‘By comparison’ of spectra of one metal with‘
the dlfferent llgands we also obtaln a hypsochromlc
2- 2- 2-

.shxft in the prder C6H452 g Cshéos. < C6H402 .,

‘'which is the order of increasing'stabillty of the
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fab;e 203 ‘fn”Spectra‘
RPN HEO,CoHy)y -

’ -§045msh, 3oosm 2980msh, 2945wsh, 2580vw, 1570w,
1475s, 1410msh, 1392m, 1368vwsh 13243, 1303wsh,
713h0s, 1181m8h,.1170m, 1144wsh 1693m,-1016m, 1002msh,
893msﬁ 867m, 791s, 7318, 61?9, 59888h, Ssng; 4905,‘

337w, 2639.

»Tnxosc4%)3.. ‘
3050vw, 1560m, 14335, 1290wsh -1253s, 21293
1150w, 1116w, 1059m, 1017m, 968vw, 930w, . 8503,

A S

7423,_719mah, 6935, 6308, 5475,,4475, 43lssh, 3§8§§h,
309m; 268w. . . o § | i
t(c2H5)4N].éT1(O 6iq) 5 |
3040w§h, 2980w, 1561w, 1460s, ;392w, 1339w, 1327w,
1303vw, 1247s, 1182wsh 1171w, 1143vw, 1092w, 1011w,
892w, 867w, 80lm, 737msh, 727x, 623m, sodksh, 553vwsh,
| 'ssavw,'sdzm, 410m, 320m.  -° . - .
csn-(dﬂ)l - | | ,‘ |
34505, 33205, 3050vw l618m, 1596msh 15108,
14688, 13625, 1278ssh, 1253s, 1239ssh, 1187s, 1164nsh,
-1149wsh, 1094s, 1039m, 935vw, 915w, 839m, 769msh,
754msh, 7415, 722vwsh, 630mbr, 567w, 559w,'495mbr,

450wsh, 378w,-335vw; '



Table 20 continued .

f(cﬁu

As] Nb(OSC

3044m, 14

- 1310wsh,

1114m,

737s,

270m.
[(QGHS)
3045m, 3000wsh,11560m, 1479msh 14

: v1333wsh

1147wsh,

862s,

E
438s,

1079m,

722msh,

741s, 72

371s, 30

60w,

1065msh,

686s,

»
[

1306wsh,
1111lm, 107

Omsh,

6w, 2

)

1480ms

v

1254ssh, 12255, 1184msh
544s,
4As] Ta(0§C6H4)

l252s8sh, 12235, ll181lmsh,

h, 14385, 1393wsh,,1

1020m, 996m, 920wsh,

464ssh, 436s,

8m, 1063msh, 1019,

687s,

52s8.

[tc,n5) N ] micoscgHy)

3018vwsh,

1163wsh, 11

382s,

36s, 1

995m,

635s, 546s, 478msh,
oA :

PR

3046msh, £982m, 2950msh,

126

335wsh,

S51wsh, .

'849s, -

322msh,

395wsh,

1160wse,

Qiswsh{’

465s,

2582vw,

1555m, ldf%ssh 14468, 143233h 139288h 1368wsh,

Y

)

1235ssh,

118

lmsh,

1171m, 1147vw,

1109m,

1055m,‘r§@85, 1001msh, 913wsh, 851s, 787msh,

7498' 726msh, 6915' 6225' 5495' 4308' 368% 30050

Uc

) N: ] Hf(OSC

3055msh

a

1483ssh 1453s

1237ssh,
1063m,

751s,

1028m,

728msh5

)

29dom, 2955wsh,’2s70vw, 1566m,

r 143

‘1184msh, 1

1001msh,

6895;

7ssh,

172n,

6183,

1496msh, 1371wsh 12

‘Q"

1149vwsh, 1109m, 108

915wsh 860msh;

945m, 451wsh,

847m,

430m,

ks

I
e,
N t’
meo

67s,

ovwsh, 1

7§7msh,

4

348m, .
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_ fF(Cgﬂs)AN].ZZ?(OSCGH4)3 |  n¥nujo1

3050-2760sn, 1563msh, 1555m,'147o-14199n,
1375sn, 1303wsh, 1269s, 1232855,'1182msh, 1171m,
i148wsﬁ,.1105m, 1074vwsh, 1061m, 1024m, 1001msh, 914w,
.894v§sh, 846s, 784m,. 7465, 724ssh, 683s, 6}33, 54ém,

>

448wsh, 427m, 344s.

_HOC6H4SHV |

 3430sbx, 3070w, ‘3030wsh, 2580wsh, 2530w, ;.
1szém;,1ggoﬁ§h; 147§s, 1447sshi,13§9m,‘1288m, v

1240mish, 1204s,.1182esh, 1155msh, 1128msh, 1073m, |
f061wsh, 1035wsh, 1029m, 941vwsh, 925wéh, 913w, . o
eqzm,'751s, 711w, egzvqsh,,679§,'564vw, 497vw, 439w, 3

374w.

ey : ‘s,‘strdng;,m,medium;Aw,weak; sh,shoulder;

!
br,b;oad; v,very,’
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lig;nd o;bita}s‘and is thus_conaistqnt with mhiply
ligand to metal charge tranﬁfe?. Ho&ever, it is
interesting to“ﬁote thaﬁ the séectra of fhe.w
and'Nb éompiexes of o?mercaptophen01.bear a strong
resemblancerﬁo some of the ?enzené-l,z-dithiQI
comPle#es known to be trigonal'ériSmétic;"CertAiniy

the complexes of 1,2-dihydrdkybénzene and o-mercapto- -

‘

phenol are expected to be close to the octahedral

limit, but the speéﬁra suggest”thgt it cannot be
takén for granted tﬁat fhe compiekes are all
octahedral;A However, some stru@tuxél.» "

studie§ should betundértakég before aﬁtempts

are méde to éorrelafé the sfructﬁr;; Witﬁ'tﬁe . t

cogeasd
T

spectra. o i S i
4

Polarographic studies on the W and Nb ”. f“’;ég

.o-mercaptﬁphenoi éomplexeéiﬁére made in CH,C1, ;nd the
?i.l,z#dihydr§x§benzeﬂe complex was studied in both
'éHZClz and CH#CN,_but in no case Qas either o*iaatiqn
‘or reduction obsexved. The absence of oxidatioﬁ is
_not surprisihg'ﬁé%guse the 1igand orbitais a;é even’
mére stable here than forvbenzene—l,z;dithiol,.gnd_no"

oxidation was observed for compléxés of the latter

‘ligand. However, it seems ﬁhat if'there is any ligand.
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->electro,r'm1g:t glve bette{%pehav1our ...... finally,

" the results ©

character in the lowest unoccupied molecular orbital,

" the reductlon potentlals of 1, 2-d1hydroxybenzene

‘ "

and o-mercaptophenol complexes should be at more

positive potentiale than_the corresponding benzene

]
0

dithiol complexes. No:explanation‘can be‘offered,

at this time, for the absence of reductlon waves.-v

\‘— y
Further lnvestrgablons w1th a dropplng mercury

o . ¥
..... n b

g .

o
:

g -

llmlted H—NMR stdales are shown in

.-

Table 21. . . . . o

129
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‘CHKPTE.R 5 COMPLEXES OF NAPHTHALLNE l,8~ DITHIOL

In ghapters 2 and 4 a new synthetlc route

was presented for the synthe51s of,ietal complexes
‘.

with ligands of the type; C X C

. '(I) "vax"l
C xy NS

vhere X and Y are O Ot‘Sr In this chapter the exten-

oL 4 , _ - < [
ion‘of_thls_routemto“complexes_of.ligand8e0£~theftype:“"“‘““
' SH SH '

’ 4
N - N . :
N . L '

7ill be presented.

Whlle the chemlstry of metal complexes of mono129 130
and dlanlonlc llgands llgands114 129, 131 132 of types‘III
S R—C-——s , '
. and Ivl, 4;;‘ , .
(111) R-——C——-S . (1vy

have- been ‘the subject of a large number of
.lnvestlgatlons, “the l 3- dlthlolates Seem- to have

attracted i"xle attentlon,‘wlth the only report belng that
of some 2 to 1 complexes of hexachloronaphthalene- |
1 B-dlthlol with Nl, Pd, Pt- .and Zn.133 The complexes‘;
presented here represent the flrst example of 3 to 1

naphthalene -1, 8 dlthlol complexes, havlng the,formula
’ N .

[(c2 N] M(szc10 6)3, where M is Ti, zx, or ‘x_if,'.jw

-
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Experimental

The general procedures used.in'the,preparation
of these complexes have been outllned Ln Chapter 2.

'~Naphthalene l 8- dlthlol was prepared by a publlshed proce-

dure134 135 scheme 14, given here thh Sllghﬁ modlflcatlon.

In a-38, 3- neck flask fztted w1th a mechanlcal

stirrer was placed 466 g of Easthan technical

~8-am1nonaphthalene-l-sulfunlc acld(I), 490 ml of water m}~~mww

-and 490 ml of concentreted'HCl. Tﬁe reeultlng

suspension was‘cooled to 0° ¢ ie'an.ice—@ethanol bath

'anq.a solution of 153 g ef Nawoé in 280 ml;ef'weter

was added dropwise ofer a period ef,3 houre keeping

thevtemperature_between‘o'and Sbvc; 'At the et@

of'tﬁiS‘trme;,severe foamiﬁg occurred and.additi n

QasHstopped; but stirring at'O-SOC‘Was continued for

1% houre. vThe solutlon was then flltered through

a large Buchner funnel .and the tan solld(II) was’ vacuum

drled and_seperated 1nt9‘seven.equal portions of
76,grwhiehvyere“then treated in the_following

hanher. In a weil ventiletédvhood~4n a 28 beaker.

:fqﬁip?ed with a nicﬁrome-ﬁiregstirrer (be sure te

eee nichrome wire)136 was é;acgd 60 g of technical

éotéésium.ethy;xaptgate in_afsolution of .20 gLof

LY
e~



133

SO3H NH2
H+
>
NaNQ2
CHgCHchsz K
v .
SO_K S=C(S)OCH . :
3" (s) 2cH3
ont
2
PCLS A .

—_ . +:. . x
H‘,, Zn
‘ v
SH SH ‘“
: (ViI).

{14y
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'NaZCQ$ in 120 ml ofiwater; The diazosulronate(ll)
prepered above (76'g) was euspended in 120 ml -

of ice-weter and added carefully to tﬂe solution aboﬁe,
whieh was*beiﬁg kept.dt'50-55° C. The reactien |
quxture;ttrned dafkibrewn and N, wae evolved

vigorously. When Né evolution had ceased, 300 g
: _ > € ',

‘of.'a 30%'aque6us‘NabH solution?wa§~added slowly and

-~ -~ - 'the resulting mixture was heated to 90 C: ~after - - — -

being held at 85-90°.C for 20 min., the mixture Qae
boiled for - 20'minutes'ahd'céncentrated to?aﬁout
‘ i
""Soo'ml "The solution was carefnlly ac1d1f1ed Wlth
550 ml of 6M HC1 reSultlng in COS‘evolutlon. After -

eoollng overn;ght, a yellow SOlld was collected by
»féltration'inia yield of 55 g. The dlSulfide(IV) ﬁuSFv
be thoroudhly.dried before the next etep{ Tbtal yield
’350 5. | | o

In !.15 3—neck flask fztted with a stirrer
_and thermometer, was placed 100 g of the thoroughly

drled dlsulflde(IV) prepared above. Whlle coollng in an‘

ice bath 150 g of POC13 wiz added w1th resultlng heat
{ . i vg ¥ .

evolutlon. The mlxture w

Iy

0 .
to l0 C-
in .an -ice bath,

SChle;E tube over a
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reaction mixture was:kept-below 15° ¢. The reaction

mixture was stirred and cooled for an additional

a

2 hours and' then poured over 1200 g of ice in a 2¢

beaker cooled in ice. A . great deal of heat was

evolved and the resultlng mixture was cooled with Oc- -

casional stlrrlpg.for'l/z hour. The dark brOwn.eolld(V)

was collected on a Bichner funnel and although wet

)rwas converted. dlrectly to the sulfxnlc acid(VI)w»n~'>~~m

The crude product was added to 128 g of Na250 in
1L of boxllng water, and ‘the mixture was boiled
for 10 minutes. “After cooling, thé soTution was

filtertd and finally acidified with 6N H SO, to

: cid, | ON H SO,
pH 3. The milky mixture resulting was cooled in
ice and the solid filtered off. Yield 50 .4 of the

sulfinic acid(VI), o ' Cn
i ' ' d

The reductxon of 33 g of 1 1'-d1th10napthalene 8, 8'
dlsulflnlc acid (vI) was carrle%:out -under N2 atmosphere

ip a 2£, 3- neck flask fltted with a condenser and -

'

mechanlcal stlrrdr. To the sulflnlc acid was added

12 of 98% etha%ol and 500 ml of concentrated Hcl

and the mixture was-heated. From a- Schlenk
tube, 165 g of zZn dust was added carefully over a

perlod of 1/2 hour ~and the resultlng solutlon was

|

'refluxed for.1/2 hour. The solution was filtered hot
, _

through an 11 c¢m, 10-20 B glassdfrit and the zinc

residue was‘waShed with boiling. 98% ethanol. The

3
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prqduct.was vacuum'dried to yield 21 g of pale,

yellow flakes. When prepared in this manner the pro-

.duct is. wellrbehaved and air stable for more than the

time necessary for we;ghlngs,-but was nonetheless
stored under nitrogen.

Lithium oyclopentadienide'was prepared by'reaction

of a flltered solution of n-butylllthlum (Matheson,

_‘Coleman and Bell) with excess cyclopentadlene At e e

'

% in hexanes. The mixture was gradually warmed

to room tempefature'and the white product was

filtered off, washed with hexanes, and vacuum dried.

Li,s c. H . - - )

2727106
The dilithium salt of naphthalene dithiol was

Prepared by adding a stoichiometrid amount of

lithlum cyclopentadlenlde, in THF, to’ naphthalene-l 8-
dlthlol in THF. The solvent was strlpped off, and

an IR was run on'the.solid . The product was not -

purlfled and was only used for IR and UV spectra.

Preparatlon of the Complexes

f(c ns) N]2 T;(scho )
Lithldm cyclopentad;enlde, 0.305 g (0. 00424 mole),

in 20 ml of THF was added to 0 817" g (0.00424 mole),

. of naphthalene-1,8-dithiol in 30«@1 of THF resulting

Y
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in‘the fofmation of, a yelloﬁ'soiution. Next,

0. 410 g (0 00106 mole) of tettaklsdiethylamzdotltanium
vas added in 30 ml of THF. With the addition of
-the first d;op of the T1 solution, the reaction- .
'mixeure~turned burgundy-black and remained so througheut
;he addition. - After stirring overnlght, 1. 09 g -
(0;00424 mo;e’ of tetraethylammonium iodide, which
had;beenmdiied-atwloom C and--0.05-mm-Hg - for 15- hours—“-e
‘was added dlrectly to’ the ﬂeactlon mixture. 'Ihe"”

THF wes then pumped 'off and the residue was washed,

twice with 50 ml of dry ether. Afte}-thorough drying,

"150 to 200 ml of CH3CN was added and the mix;gfe was

w
-
N

. heated to near boiling, then filte;ed'hot. The}filtrate

e Ny L
vy .

was.cooledﬁovernight ip a refrigerator yielding '’
'black needles which were collected b; fdltratlon add
vacuum dried.. Yleld 0 603 g, 65% based on Tl,'mp
2i1-212 Cc under vacuum. :Anal. Calcd::“c, 62.84;.H;ﬂd.65;
N, 3.19; s, 21.88;'T1, 5.45. éeunds; c, 61.10; H, 6.33; |
N, 3.99; S, 21.83; Ti, 5.56.

In‘a mennertsimilar to that ueed for‘Ti, the zr aed
HE comp1e¥es werejisoiated using either a 4 to 1 or
3 to 1, liganad ee‘metel'retie.
- [tc H5)4N]22r(szclo 6)3 |
v:.'Orange platelets were‘obtained-in 30% yield,



'

. .o . - / - ’
decomp. 199 € under vacuum. Anal. Calcd: C, 59.89;

H_' 6034} N' 3004, S’ 20.85'o Found; C,58.05}

\

H, &.17; N, 3.42; s, 20;17-»‘*?-\, A

_‘(‘!\\vl W .

) : "'
[(czn5 2N]2 Hf(52 1oH ) Y .

Yellow plate;ets were obtained in 22&&’\~
yleld, meltxng with decompositlon at 218 220 C,under‘_

vacuum. Anal., Calcd: C, 54717,; H, 5ﬂ79;<N, 2.77;

\s';lg’osT"Fouhd‘“'Ci”SITQOT"H?HS{Blf"N1‘2}77{‘s; jb:bi;f“”“‘

~Results‘ . . - o
Complexes of naphthalene -1,8~ dlthlol haveéﬁﬁen
prepared accordlng to the follow1ng schemez '
-_M_(NRZ)‘q + 2L15C10H681{ + C;lOHG(SH)Z
,.1'12-“‘5261'0”5"3 + 4HNR2< J s
~ where M%Ti, Zr, and Hf. ’
As .in the case of the benzene-l 2-d1th101 complexes,‘
'the'alkall metal salt of the complex was not 1solated,
‘but catlo‘rexchange was carrled out w1th‘tetraethy1-
»ammonlum lodlde 1n CHBCN., However, unllke the
'benzene-l 2~ d1th101 complexes,‘the\;odlum salts of

the’ naphthalenedlthlol complexes were 1nsolub1e

in CH3CN Fortunately, the llthlum salts, although
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~ moderately insoluble in cnacn; have a high enocugh
S , . '
solubility for exchange to take place in a reasonable

.time. The resulting tetraethylammonium salts

2

ére'slightly soluble in cﬁSCN, and'moderétely soluble,

in hot CH CN thus facilitating isolation of the
3 ‘ Co

complexes. For_ln-NMR purposes,'it is necessary
to‘usé'dG-DMso as solvent, and even then an

_ instpument with a good signal to noise ratio is . .

]
needed. The resulting chemital shifts are shown in
. Table 22 and the-inténsities agree with thqﬂformuld~
I

, : i
tions.: )

inf;ared speétra of the complexes may be compared

to that of the lig%hd and are seen to be consistent

Wigh thé\%orhulétioﬁ' ;s‘tgtraethylammonium sal;s
of néphthgzﬁngqithioi complexé#} fable~23; |
éondG};i;ity measuremenfs, fable24-, §re
v'cqnsistentlwith‘a'z.to 1 electrolyte;in‘the case of

-
o C o 76 - o
Ti and too high for Zr and HE. -, As"will later be

seen, the Zr and Hf complexes may be undergoing

v

"dissociation.

" The UV and. visible épectra, shown in Table 24 ,

are clearly ddﬁinated'by the spectrum of the ligand.

Some enhancement of the transitions is seen, but only .
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Table 23s: IR Specfra‘

(CPLPPLN 2T (531 0M6! _ ¢
3040w, 2970w, 2940wsh, 1580w, 1522s, 1475ssh,
1450s, .1408ssh, 1389ssh, 1345s, 1315wsh, 1300msh,

1258vw, 1193vs, 1179ssh, 1169ssh, 1146msh, 1083wsh,

1055msh, 1025msh, 1000m, 878vs, 8l3vs, 790ssh, 762vs,

631w, 590w, 552m, 450s, 320s.

ety N1 z:(s CoH )

10 e R TV |
3030vwsh,.3000vwsh. 2970w, 1582w, 1525m,

1472s, l447msh,_1432msh, 1421m, l389m, 1360msh,

1 1345s, 1258m, 1192s, 1183slsh, 1170ssh, 1140msh,

~ o T

1088s, 1052ssh, 10l8ssh, 997s, 874sm 8l4vs; 78553h

" 763s, 723wsh, 629w, 587vw,'§ﬁ5w,_483wsh, 455msh,

435s, 425msh. -  o o .

2 10 6)3

Uczﬂ ) N] HE(S
‘ 3040vwsh, 2970w, 1582w, 1531s, 1477s,, 1i§0msh

1433msh, 1415s, 1390s, 1367msh, 1348, 1318w, 1298m,
1263m, 1199s, 1174s,'iisomsh 1110m, 1057m, 1002s,

986msh, 879s, 816s, B8l0ssh, 802msh 789msh, 769s,

: ) ~
N——\\;

L;ds c )

10t 3 o o
' 3040vwsh, 2970w, 1600w, 15365, 1484w, 1414m,

1351m, 1299w, 1262w, 1209m, 1195s, 1147 1097s,



784vw, 757s, 720m, 580w,  530vw, 467vw.
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Table 23 continued

1046s, 1022ssh, 983w, 900wsh, 874m, 8l3ssh, 802s,

’

-

763s, 722w, 622vw, 547.
-(SH)zcio_Hs AR
3050w, 2560msh, 2530m, 1599w, 1549m,

- 1498w, 1418w, 1365m, 1337vwsh, 1315m, 1213s, 1064vw,

985m, 937m, 901lvw, 896vw, 867m, 8f4ssh, 8ils,. N
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Table 24: Conductivity®and Uv-vVisibleD

Compound ) Am ; Maximasﬂcmnl) and
‘Intensities ( ¢ )

¢ .
. .
.

10 Hg)y 227 21,400(12,000); 25,600
¥

- ' (29,000)sh; 27,300

[(C2H5)4N32T1(S c.

, . (30,400),
‘.iE(Czns)éhJéZ;kSZCIoHé)sw-7350- - 27,300-(49,600) 5 - .-

40,000(102,000) sh

 [(C2H5)4n] }If(SZClo 6)3 3?8' ‘%7,500(38,3001;

40,000(83,600) sh

b

1282C10H6 27{500112,300);

40,500(28,000) sh

solutions approx. 10-3 M in CH,CN

bSolut@ons'apqux; lQ-d'M—in Cii ; CN
_ccmz'ohmf1 mole”
T Ll T o e

oo ¢ . . I

';‘JSL



I, but ,.,AteS.:tS.., forx. both of . t-hese-{e-l ements—-have .,be‘e.n,._

inert atmosphere, but IR data show an ahsence of

L L. 1sa

Ti appears to have a pronounced'metal-ligand

interaction.

Some mention must also be made of the analytlcal
data of. the compounds. The complexes have consxstently
dlsplayed low carbon analys1s, and the total of all

elements analyzed is less than 100% in the T1 case.

a

0bv10us sources of contamination involve Li or

negative. Another p0551b1e contamlnant is moxsture,

,but not only have the complexes been handled under

any hydr olysxs products. While it cannottbe stated

' .w1th all certalnty that the complexes are pure, the

.Le%}dence that we have suggeséﬁ that some - problem

may be 1nvolved in the carbon analy51s.l In anyv

"event ‘the nature of the complexes has cer!hlnly

been establlshed and at this tlme 1t seems that

no other synthetlc routes are avallable to

prov1de a way of preparxng the complexes, espec1ally

in an unguestlonably pure state. Further-experimentation

is needed to,clarlfy this quest;on.

.Discussion: -

Comp}exes of‘naphthalene-l;s-dithiol-are'interestlng
for at leastftwo reasons; Firstly, it is interestingf
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to ponder whether thls ligand will form highly
delocallzed bonds w1th metals as the 1,2- dlthlolenes'
do,‘or whether it will behaye‘more like'the{dithio-
=Carbamates. Theéclassification'of llgand'systeme"
as"even”'or "odd" according tqhthe nnmberzof
erbitals ayailable.for"ﬂh-bbnding~within the,

'fllgand clearly distinguishes between the 1, 2- dlthlolenes

‘and 1 1 dlthlo aca.ds.30 Howéver, naphthalene -1, 8 dlthlol_

—i

presents a small problem in that 1t is even"‘but it

1s st111 not possible to ‘write favorable‘resonance ' I
structures for the dlthloketone form.. The whole

: N
questlon has been clarlfled by Elsenberg when he.
.polnts out that one must con51der ‘the- symmetry of'
» . =

the. approprlate llgand molecular orbltals.32‘ That n
is; the 1lgand orbrtals must not only be of the
- proper energy for '~-bond1ng to the metal, as reasonéd
in Chapter 2, but also must have the.apprbprlate sym-
'metry. Molecular orbltal calculatxons by Blrss on the
ienzene-l 2~ dlthlolato,'Flgure713, and napthalene--
1,8~ dlthlolato, Flgure 14, llgand system clearly
'show that the naphthalene 1,8~ dlthlolato llgand has

S a hrghest fllled molecuiar orb1ta1 of a2 symmetry which,

unllke the benzene drthlolato llgand, is- not the

i
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5,CoH; (87 ELECTRONS) 5,CsHiZ (107 ELECTRONS)
ENERGY(ed| T ENERGY(ew

— 90  |4a, —24

- .4:—_"_-_"_1]0,9, _]3a,
——-03

L 21 | 4b

| —ﬂ—;"i';o;o |

—53. | 3b,

oo . __H_ 212 20, Lt

4

- -10.4

4120 .

222 | 2b

foene _ﬂ_ =235 1‘2», '."'-',“"'"'_"‘f"H_']?.J‘ .->
I R s ’; ' S L K
Ao ey )C e
T .  _‘-.'5 R - ‘

‘ :'Figuré'i3£  A Diagram bf'thg mT-System Méleculér

_Orbitals of Ben;ene—l,Z-dithiolaﬁe.7 ST



. o o e
S,CioHZ (14 Electrons) S2C10Hg (127 Elegtrons)

Energy'(e.y.) . Ehé_rgy (ev)

4103 o199

S Figure 14: A vDiagra.m of the T-System Molecular

Oorbitals of Naphthalene-1,8~dithiolates
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. SZ"C»]OHg (127 Elec‘trons). '

,4 .schng"(mvr Electrons)

| Ene'rgy {ev)

oo

-3
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‘vgppropriate symmetry for effective'w-honding

with the metal.t38 On the- other hand, if o -
bondlng is the 1mportant factor in favoring trigonal
Prismatic geometry, then the naphthalene- -1,8~- dxthlolate
complexes should certalnly behave more llke benzene-

1 2=~ dithlolate complexes. For o -bonding, thee .
dlstlnctlon between "even" and "odd" licands

systems would apparently not enist. However, a

-

certainly be lmportanggﬁince the dianions would be
stronger;6 -donors\ At the same timg, the‘distinctionw
between-?even" and “odd" ligands would still'haye

to be retained when con51der1ng the- electrochemlcal
behav10r of the- complexes. Unfortunately, the. evxdence
that we have at thls time does not provide a good test
for.the varlousvtheorles.. It has already been |
shown, Chapter 2, that the benzene l 2-dithiol

complexes of Ti, Zr, and'uf,behave llke metal

{

dlthlolates and show few of the unusual characterlstlcs‘.
assoclated w1th metal dlthlolenes."Thus,.zt is not
surprlslng,%hatithe corresponding naphthalenedithiol ~
conplexes also hehave'as'dithiolates. Honever,'lt‘is
also eylaent'that the naphthalene.dithiol ligand is

- not as strongly bound as”benzenedithlol with these metals,
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1

both from .the higher energy UV spectra, .and also .
from the instability of the Zr and Hf complexes..
The conductivity, UV . spectra, and air sensitivity of

the Zr and Hf complexes all sugdest that only weak

bonds are belng formed with the metal 1n contrast . to -

the air stable Ti complek. Whe her such differences

will be ev1dent in other complexes remalns to be seen.?;Lff
T ,0 . -0 EPO e -
,A”SQCQDd_reason_fo:rstudyxngmcomplexesuoﬁm:..;.3,1f_:§j

-

naphthalene-l 8- dlthlol, and in partlcular those ded*ﬁ’

-~ .,,~;.

scribed here, arises from the smal} bite'expecteg;for.f
. . ) R R ) " :.-.“"“

B e

this ligand. Although no structural work has been™
carried out on this ligand, rough calculations

. , o
predict a bite of ~2.4 A. stng a Ti=s bond length

. 45,46
of ~2.,4.a, mr .one tﬁen arrlves at a. normallzed

bite of 1.0;83 SuCh'a,small‘normalized bite

has been predicted to give near trigonal prismatic

"

complexes in order to minimize. llgand 11gand

83

repulsxons.‘ As of yet .O 3 to 1 chelates w1th

such a small blte hav% been reported. Ratherf other~f4“

-

-ligands with small bites such as NO tropolone,
' v 3-.p '

er dlalkyldlthlocarbamates give rise to- eight

coordlnate complexes w1th the early tran51t10n - ' .

139,140
metals. . P0551bly the hlgh charge of the
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naphthalenedlthlol llgand favors. low’ coor&:hation

numbers, Attempts were also made to synthe51ze eight

&

coordlnate naphthalene dlthlol Fomplexes by u51ng 4

to 1 ligand to metal ratlos,'however, both these

‘condltlons and 3 to 1 ratlos resulted in 3 to 1

complexes. ‘Whether these 3 to 1 complexes are

trlgonal prlsmatlc w111 requlre,further 1nvestlgiafons.

WOrk is also needed in the area of complex forma-';”m"wumw

.tlon with other metals and with other 1igand systems such

A e
as ethane-l 2- dlthlol to assess the relatlve roles of

\

" .
- X (5]

at)i/ m -bondlng. ‘
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