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. ·.The reaction betNeen chl oropentacarbonyl r'heni.um(·I) and
.. -' ...-...... "..

' .
- .. .

S-d}ketones is shown to ~ive two types of'~roducts, Re2(CO)6C£2(dikH)2-. '.'.
and .Re2(CO)6(t1ik)2.' A uniqu:e structure could not be 'e~/lisned .f.or ' .

either type using infra-red, nmr, mqSS spectrometry and ~~gnetic measure~

ments •. , Thus, a crys ta1 structure of one member from each seri es was

undertaken to solve the problem.

',Re2(CO)6C£2(bamH)2: the two ~,lves.oLthe"mo]eculeare_reCated_ .
•

by a two fold axis and are held together by chlorine bridges •. The
.~

neutral S-ketoenol groups are cis to-the chlorine bridges, .are both on

• the same side of the molecul'e, and..are each bonded to the rhenium atom

-via only one oxygen.

Re2(CO)6(dbm)2: the two hal~es.of the molecule--are related by
. ,

a~ inversion centre and are held.togetQer by one bridging oxygen f~om'

.,
each 6-diketone group. The angle between the O-Re-O plane and the',

OCCCO S-diketone plane·i's 37°, the largest ever observed for a metal

s-d!ketonate•.

The Re2(CO)6(dik)2 series was shown to undergo bridge breakina
'\

and further sUbstiti~n to give products of the type.Re(CO)3dik)l and

iii ~""'.• "

. '
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and Re(CO)Z(dik)LZ where,L ='CO. py.-Ph3P.

,
Fi na1.1y. the crys ta1 structure of an impuri,ty., ReZ~~4(CO) x' was

parti a11y soived.
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Tile preparation and some. of the physical ~ro.perties,

, . .' . *
of tristpentane~2.4-dionato)'he~fum(III);~~(acac)3'described

in the l.iterature,by Colton: e,t:al. (2,3).·' .Workel'S in our
'. -- , .

\aboratory have'attempted: on mahy occasi~R$, to make.
. ., ,,' q. , ;

Re(acac)3 by t"be' 'original, method, the rea ..tion of acetylacetone
.• " ::t . . . b b

an~ Re0 2 .and ~~203" but without succes~. Interest in Re{acac)3
. • . - J'" " ,. "

stems .f..rom. tw:o r,easons',·First. themagneti'c moment reported'

. .
with temperatur~

a d4 system

by Cb~tol't et ,tl. _is ciu)te ~i!J.h(lJ298 = 2.. 33. 8.M.) 'andthe

~agneiic suscepiibility va~ies\markedly
. ~ .' .

(Xm "'.lx(T,+B)-l). Th)S is unusual 'behaviou: for

in a heavy transi~ion metal sin~e it i~ expected that the,

.susc;~Ptibil{ty (X ) '.Shduld be temperature' independe'~t''(6'3).
~ m· "' . .
~. .'. .'

The re.sults· of Colton e1;.(al. are also ~uHe .unli"ke the mag-
«' '-~-... . ..

netic behaviour of other monomeric Re(III) compounds (64).

Secondly, Mn(acac);3' W:hich might beexpecte~ t.o'have analo- '­

gousproper:tiesto Re(acac)3 has a structure which is marked~y
.' .. . ~..' .

distorted from the 03 symmetry expected for M(a~~om-

pounds, and this distortion has been ascribed to the Jahn- ... ,"

.,,;-~

......::._-.........;._---:.._-----'------~--~-- '

*acac is ~the anion o'f 2,4 pe,ntanedione;. CSH702.
complete list of abbreviations see@'ppendix C.

For a
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,
G

-r,el1ef.;'-effe'ct. (7). SP.in orbit coupling, which is genera..lly

much larger {or thil',d row transition metll-ls- th'an' for first,'. .
row transitioh" metals '(63)'sh'ould ~e~ovc the grirtind state

, ,
..... ., - "

dege.ne,racy of Re (I I I) and thus there should be. no Jahn-

-'

/

•

Re (I V) orRe ( V): '( Z4 ) . '. S i' n~ e i't had. '
~ . "

andFe'( ac ac) 3.

(4,S),it

proved pos~ible to prepare;Mo(acac)3~ Cr(acac)3

from the corresponding ~onomeric metal carbonyl
, . .

_ appe~red that rcactiooflof acetylacetone withrReZ(CO)lO or _,

Rc(CO}SCl might .gi.ve the dl!si~~,d compound .. SKh waS not'the

case. UndC!r tbe.conditions tried, ReZ(CO)lO d~not r~act •

wLth acetyJacetone". and the reaction of Re('cO)S'C~ with "

acetylac,,:to,ne g'ave tw~ products, ,neither of which' was Re(acac)3',"

In the meantime, Cour'rier (l,Z 4')' had: ~r~par,ed genuin'e

Tell!:!r distort'lon. Thus, one might expec~ the structure of
c "

Re~acac)~ to ha.ve ne,arly 03 symmetry.

All attempts to prepare Re(acac)3' _befor~ th1.s work

was started. had used eith..er Co1ton's method 'or stortC!d from. , ... .
- I'

'~ompo~ndsof RetIII),

o

,.

Re'(acac)3' and had made very ex·tensive' s,tudies of the physical
, ' ,

prop~rties of Re(acac)3 and.Re(~fac)3~ This work showed
-

that the compoun~~of CDlton et ~.(Z,3) wa's a't the very least

impure..~he ,,"ta,gnettc beha.viour of pure R'e(,a:'ac)3 is as '0,

expected tx • constant value) .• In addition, Courrier's -workm , ' ,
, show.ed tb'at ~e(acac)3 is extremely easl1yoxidized, and

~. ~

~urrier et al. (1) suggested that Colton et al. (Z ,3) ~ere-- " --,

.r:

most probably deali~g ~ith an

, ~Work on identiJ~cation of the

~ "

oxidation product of Re(ac~c)~.

o~idationproducts of Re(acac)3
.. ..

I

" • ~"
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is still continuing in this laboratory (65).

Forster" (66) attempted a crystallographic study of
, ' .

. Re(acac):r and Re(hf~c)3; and although his work was incom-

plete, he was able to show that Re(hfac)~ contains at least
" '" ~ .

a C3 axis, which meais that distortion of the type observed

in Mn (ajC).3 'do~s not" occu'r.

, Because it was not possible to make Re(acac)3 from

the rhenium carbonyl compo,und, "and other wO,rkers in our

laboratory had essentia1Jy solved the, Re(acac)3 pr.:oblem" and

because p'rel iminary experiments on the products' from the'. '

~eaction of· Re{CO)5Cl and S-diketones showed 'that .the
- ~ .,

pro~ucts w~re rel~tively involatile .and insoluble, which was

not the behaviour e«pected for the monomer complexes which

·we had anti~ipated, we' decided~~o look at the properties

and structures of ' these compounds .

. Our justificafio",n fQr this course was relatively
•

simple. Previous workers in our laboratory ha~ studied,

S-d1keton~ complexes of rheniu~ in formal oxidation states
,

.Re(V), Re(IV) and R~(III). The extension of this work to

complexe's of REdI) gives information about low valent. ,

~etaf S:diketone com~lexes, and t6ge~her wi~h the previous
a

,

work in ,our laboratory!(l,66,24,39), makes the studies on

rhenium the most extensive made on one metal in a series'

o'f ~)<idati~ states.

A further justifica~ion for doing the structure2

of our Re(I) compounds is th'at prev,ious work by Ch'ng Wan (39).
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hils S how nth II t t ~e '/3 - d1kc ton <I t cs 0f ReI I I, I V- 1I nII' V hII ve

.' III mo s t nov lIr 111 t 10n 1nth e Re - 0 (d 1k) bon d 1en 9t hsex cep t

"-for the clIse where 'the Re-O ('~.1 k) bond 1s oppos He II

mult1ply bonded.system.lf one ~ssumes lin 10n1c model for

these, compounds, one shouldobserve.n: decre<ls1ng 10n1c rlld'1us
, . .\ .

w1th 1ncrells1ng ox1dllt10n stllte. Therefore~ the lack of

vllr1at10n 1n bond ,lengths for Re-O (d1k) through formlll
"

ox1d<lt10n stlltes III, IV lind V 1s somewhat surpr1s1ng. It

was hoped thllt a s.tudy of the Re (1) system woul"d hel p to J
clar1fy th1s problem.

, '

~
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. ..'

. .~:



. / .:',: CHAPTER 2 .

REVIEW

. ,
, d.

An extensiVe ~eview of 414 papers on metal $-diketone"
J

complexes was writt.en by Fackler (67). The main contributions

of each paper are briefly mentioned. but no attempt'is made

to.coordinate all this mass of information 'in order to' draw. .

some specific concl.usions and predict new reaction· paths and

products.' A much shorter but more useful collection of

structural data is made by Lingafelter and Braun (68) who

average the bon-d 1engths an~ angl es of 1.3 me.tal acety~ aceto.- ~
I .

nates and compar~these'to values calculated for a de~ocalized
. I

II electron system inv'olving the OCCCO S-diketone ring' but, .

o
calc value 1.395 A

not the 'metal atom. 'Thes-e results. can be summarized"neatly

in a diagrall'e;

......
[

The C-O and C-C (ring) distances

of nearly l~.

2 .

order






















































































































































































































