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The react1on between ch]orooentacarbony]rhen1um(I) and
B- d1ketones is shown to aive two types of oroducts, Rez(CO) sz(d1kH)2
and Rez(CO) (d1k) A unique structure _could not be est 1lshed for A
either type ‘using 1nfra-red nmr, mass Spectrometry and maonet1c measure- '

ments , Thus, a~crysta1 structure.of one member from each series was _

undertaken to solve the prob1em e _ ]
-Rez(CO) sz(bamH) the two. naTves of the molecu]e are_redmted - - _

by a two fo]d axis and are held togethér by ch1or1ne br1dges " The s

neutral g-ketoenol groupshgée cis to the chlorine brldqes are both on

the same side of the molecule, and are each bonded to the rhenlum atom

~

via only one oxyqen “'-‘; o : R -
| Rez(co)s(dbm)zz “the two halves of the no1ecuje“are re1ated_by

ah inversion centre and are her,together'by one oridging oxygen from - | | 97

:each g-diketone group. The angie between the 0-Re-0 p]ane_and the. e

: 0CCCO g-diketone plane -{s 37°, the largest ever observed for.a metal |

e-djketonate.‘ ‘ | 2 ) |

The Rez(CO)G(dik)é series was shown to undergo bridge breakina
X ' :

and further substition to give products of the type.Re(C0)dik)L and

LRE R : .




and Re(CO)z(dik)L2 where L ='C0, py,ePh3P. - _ S E¢’// e

Y

.

Finaljy, the crystal-structure'bf_an imﬁﬁriﬁy..RezCzd(CO)x, was -

partially solved.
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 -CHAPTER 1
~ InTRODUCTION
The preparat1on and some of the phy51ca1 propert1es-
of tris(pentane 2,8 d1onato)rhen1um (111); Re(acac)3'descr1bed
in the literaturelby Colto et al. (2,3).- Horkers 1n‘our
1aboratory have atéempted, on mahy occa513%5, to make .
Re(acac)3 by the or1g1na1 method, the reaat1on of acetylacetone
_-and ReO2 .and Re203, but w1thout success. Interest in Re(acac)3
stems,ﬁrom,twq reasons., F1r;t. thetmagnetrc moment reported - _
by c‘o]'ton et gj_._is-' q'ug'i.té h_igi.h"(um = 2.33 B.h.)f and the -
'\hagnetic'susceptib11;£i.Varfes\markedly wtth teupereture -

(i « Ix(T+B) ). This is unusuai‘béhaviour for a d4 system
. .

o in a heavy trans1t1on metal s1nce it is expected that the-j

-

;suscept1b111ty (xm) shdu1d be temperature 1ndependent (63)

%,

The results of Co1ton et al are. also Kuite . un11ke the mag-

‘

" netic behav1our of other monomeric Re(III) compounds (64)

| Second]y, Mn(acac)3, wh1ch might be expected toehave ana]o— ~
gous propert1es to Re(acac)3 has 2 structure wh1ch is markediy
distorted from the-D3 symmetry expected for’ M(acag%——c

.pounds, and th1s d1stort1on has been ascr1bed to the Jahn-

*acac is ‘the anion of 2.4 pehtanedione;'CSH70£. For a

complete 1ist of abbreviations see ppendix C.

. - 1 : : . ]
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. s . i



, ‘ , . . L la
*“ : . ~ , " a '\"‘l'.'-ﬁ’*-, [,"
.I@lTer;effect‘(7) Spin orbit coupling, wndch s gencrally .
" much Iarger for third row transition mete4s than for first.
row transitiof metals {63), ‘should remove the grbdnd state”
degqneracy.of Re(1II) and thus there should be. no Jehn-
Teller distorﬁion Thus, one might expect the structure of
Re(acac)3 to have near1y ; symmetry. o
A11 attempts to prepare Re ( acac)a. before this work
was started had used eitner Colton' s method*or sterted from :
'compounds of" Re(III). Re(IV) or Re(V) {24). N S1nce it had
proved poss1b1e to prepare:Mo(ecac)3‘ Cr(acac)3 ond Fe(acac)a';
from the corresponding monomeric meta1 carbony] (4 5), it A' "v,' -
._appeared that reaction of acety1acetone with-Re (C0)16 or
Re(CO ,SC} might give the desired compound. Such was, not tne | |
case. Under the";condftion's tried, Rez(CO)}B d1d n_oc react A
with'acetylacetoneﬁ and the reaction of Re(CO) 61 wich
acety1acetone gave two products. neither of which was Re(acac)3
. . In the meantime. Courrier (1,2 4) had: prepared genu1ne _
| Re(acac)3 and had made very extensive studies of the physicaTr ‘
properties of Re(acac)3 and Re(hfac)3e This work showed o R
that the compound ‘of Colton et al.(2,3) was at the very Yeast
impure. .The magnetic behaviour of pure RebacEc)3 is as
'expected tx i constant va1ue) - In addition, Courrier's»work
'showed that Re(acac)3 is extreme1y easily oxidized. and
_K_ Courrier fg_ al. (1) suggested that Co1ton et al. (2,3) were _— ‘u'
..most proba ly dealing with an oxidation product of Re(acac)3 |

JNOoTk on 1dent1 rcatﬁon of the oxidat1on products of Re(acac)3

7
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is st111 cont1nu1ng in this laboratory (65).

Forster (66) attempted a\crysta1109raph1; study of
_Re(acac)3\and Re(hfdc)ai and although his work was incom-
p]ete, he was ab]e to. show that Re(hfac)3 confains at least
a C, axis, which means that d1stort10n of the type observed
in Mn(\/j )3 does not occur. ;o )

Because it was not possib1e to make Re(acac)3'fr6m
the rhenium carboﬂy] compdund.«and_otheriwquers in our 0
1aboratory had essentia1jy solved the Re(acac)3 problem, and
‘because.ﬁre31minafy eXperiments on the products’ from the
reaction of-Re(CQ)5C1 and g-diketones showed't?at the
proﬂucts wére_relative1y 1nvo1&;i1e‘and %nso]u51e, whiﬁh was
not the behgvioﬁr exﬁected for the monomer cdmp]exes-which )
~Qe had anti;ipate&.'we'decidedhio 1oek at the propertieg‘
~and structures of these compounds | ’

Our Just1f1cat1on far th1s course was re]at1ve1y
simple. Previous workers in our laboratory had studled
g-diketone comp1exes'of rhenium in formal oxidation states
Re(V), Re(1V) and ﬁg(III); The'exfension of ihis work to
Eomp1qx€s of Ré(I) gives information about low valent
ﬁétaf sidikétong‘coma1exes, and tdgéfhgr wiih the previous‘
kork-ih.our 1aboratoryj(],66.24,39), makes the studies on
rhenjum the most.extensive madg'on.dne,metal in a séfies‘
of ox1dat15;}states. | | )

A further justification for do1ng the structures

of our Re{l) compounds is that previous wqu_by Ch'ng Wan {39).

4




1c:A
has shown that the'B-dikétBnates-df Re liI. IV-ang™V have
®» almost no variation in the ﬁg-o (dik) bond Iéngths except
~~for the case where the Re-0 fdjk) bond is opposite a
mu1t1p1y'bonded_system;'If one hséuhes an jonic model for"
'these~cpmpound§..one shbu1d gbsprbe_d decreasing ionic ru§1us
with increasing oiidatibn‘statc. Thercfore; the lack of
variation in bond 1éngths-f0r'Re-0 {dik) through‘forma1~ )
oxid;tion states I1I, IV and V is somewhat suébr1s1ng. rlﬁ

was hoped that a study of the Re(l) system would help to o
clarify this problenm. | e

.

4
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' CHAPTER 2.
CREVIEW

' ‘An exténsive‘néﬁiew of 414 pgpers on metal f-diketone’
complexes was writses &y Fackler (67)f' The main cqntributiohs
of each-papérrare brief]y'mentioned,-but no attempt 'is made
to.coordinate all this'mass of information7in order to draw
some spec1f1c conclus1ons and pred1ct new react1on paths and
products.” A much shorter but mors useful co]]ect1on of
structura] data is made by L1ngafe1ter and Braun (68)lwho
average the bond lengths and angles of ]3 meta1 acety1aceto- -
nates and comparé these to values ca]cu1ated for a de]oca11zed
' L3 electron system lnvo]vwng the 0CCCO B- d1ketone ring but

not the metal atom. These results can be summar1zed_neat1y

in a dfiagram;'
' _calc value 1. 395 &

1 390 A .
C
\ "124° o ‘
] 524 ]249 115 : %
1 aZ4 A l calc value 1. 274 A
L™~ | _ .

[

" The C-0 and C-C (ring)_distances'correspond'tp a bond order

of nearly 1k,




" L : 22
T

Thompson (69) has reéent]y written'a;review'and it is useful

~in that he attempts to draw some conc1u51ons about the nature

2
of the bond1ng He said

“1. ring-currents are either non-existent or do not in-

fluence mo]ecu]ar properties.
2. dn—pn.nnteract1ons do occur and do,observab1y in-
\ ‘fiuénce molecular properties. -
3. the chelate ring is best considered e-eromatic in
nature with reéqrd to'chemiea1 reactivity of the

'Y

coordinated Tigand."

It should be notedlthét he regards these conclusions ee tenta--
tive and that the&.are‘ﬁgged mainly Sﬁ metal-B-diketonates
which are bonded in the most common way-(Fig 1, I)

| Gibson (70) reV1ews the y-carbon bonded and y-carbon
br1dg1ng metal B~ ketoeno1ates and d1scgssesrthe strength
of the M-C bond. He a]so reviews some of.tﬁﬁ\infre—red
and nmr.data and cone1udes'that Y-carben bonded‘neta1'8_

ketoeno]ates are most easily identifted by intraéred, while

T

| compounds w1th a y carbon br1dge are st11] not re11ab1y

-

1dent1f1ed |
"Forster (66) rev1ews the structure of MCacac)3 and
M(hfac)3 compounds. w1th part1cu1ar emphas1s on packing and

disorder problems. Che' ng ‘Wan (39) has rev1ewed the coord1{

anat1on numbers of meta] B ketoeno]ates and the type. and

PR .
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the M-0 (dik) bond length to that of other M-0 bonds., He

-]

concludes that M-0 {(dik) bonds are about .04 A shorter than
M-0 (single bonds); M-0 -(bridging dik) bonds are .1-.2 A

1onger than the corresponding M- 0 (che1ated d1ketone) bonds .

"for the (Ni(acac)z)3 and (Co(acac) )4 structures

-F1na11y. one last structura] aspect may be mentioned

here" the five atoms of the 8- dlketone. 0CCCO, usualty ,.' ,_;;
form a plane, but this p1ane. in most cases, ‘does not 1nc1ude |
}he metal atom Foywhich the® B~ Q1ketone s bonded. The |
amount By-which'fhe metal atom is out ;f,p1ane ﬁsjiemetiﬁes
“_given fn'ﬁngstrqms or desctibed by the dihedra] angle between

the 0CCCO plane ane the OMD. p1ane. In'cempoendsbwith B~

d1ketones bonded in the manner shown in Fig. I,I,_the

dihedral angle var1es from 0° in Zn (dpm)2 (71) to 22° in

Zr(acac) ) (72) | ) e -

~ - In those structures ‘which have a u-0 bridged B-

) diketone, such as Fig. 1, .V, the dihedra] ang]e is-usua{]y

in the 20°-30° range. Th1s type of bridging has a]ways

been deteﬁ;ed only -by X- ray diffraction stud1es.

' Some of the other bond1ng models proposed foz com-

pounds in f1gure 1 have been found in on1y one or twe com-

'pounds to date. 0nce a new bond1ng model has been estab]ished )

however. the trend seems to be that new compounds of this

ggjtype are rapid]y discovered. Infra-red and/or nmr data T i S
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X to XII. “These bonding models must- remain tentative.

however.‘until they are substantiated by structura] data.

~They may prove to be 1ncprre;t. as has been shown for
.example VI-(fig~'1), or are still open to interpretation as
in the case of examples X th;XI.'which 1 discuss ihimore

dgt§11.1n page 59,

- Rheqium B;ketoen61ate compounds.

T first B—ketoenolate complex of rhenium to be

reported was rlsacetylacetonatorhen;um (III), Re(acac)3 (2 3).

This has si e been shown, by Courrier et. al (1), to be in .

: error,‘ d it is probable that the original compound reported

was at least partially oxldlzed. ThlS lS dlscussed at length
’1n the 1ntroduct10n and we may. turn our attentlon to a' ‘ _
second reported method of producxng Re(acac) by Lock (73). /“?
,The reactlon produc;ng Re(apac)3 from ReO(OEt)Cl (Ph P)2

was very complex and can best be summarized by.tho‘following
scheme.' o ) ’ |

_ReOC12(aca9)(Ph3P)

__‘n)eo (OEt)Cl, (PhyP),
) grey

s
b .

Rec;z(aoaq)(Ph3P)2

green (he'v)

1 -
lc | 7 o
a

Re(AR), - (ReIIl)

orange Re (III) ‘ © . brown

¥>n392C14(ooac}4T (74)(Ro Iv)

Reactiong a, b and ¢ were described as rapid, d was consi-

" dered to be slqwer (proceeding through intermediates such as
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ReCl(ecacﬁ (PH‘P) (74) The reactlon was also said to pro— I
duce “Re2Cl "(acac)4 when neat acetylacetone was. used instead

of a benzene soluticon (74) Other startlng materials such

as ReOCl (Ph P) could-also be used‘to dupiicate this reaction,

but it was not dlearly understood how the reactmon could
glvelproducts of Re III, 1V and v ylth very llttle change

in the reaction conditions. Courrier.made_an extensive N

series of'these products. in order to EIucidate he reaction

scheme and 1dent%ﬁy the[stereochemlstry of the products. He ’

made the-Cl, Br’and I enalogous ‘as well as compoundsﬁw1th |
'B;diketbnes othet'then acetylacTtone. Substitution:products ' .- {h
of these initial compounds were also studied. Over flfty |
compounds are mentloned by Courrler, and these include, for

the tlnst time, some-nltrldo—rhenlum compilexes with oxygen
containing. ligands such as ReNCl(hfac)(Ph3p)2 and the first

pyrldlne B-ketoenolate complex of rhenlum ReCl (acac)(py)(Ph P).
Whlle Courrler studled fhe chemlstry of the system, some of

the crltlcal stereochemlcal facts requlred to elucxdate the

reactlon scheme were found by Che'ng Wan who determgned these

- - . . ] . -

‘three structures:

Cl

I o R - . P o
trans Reclz(acac)z RéCli(acac)(Ph3P?2 ,Reoctz(acac)(Ph3P)

I - I - III -
e ‘ ' ’

S
EA

N
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The comblnatlon of structural work by Wan and chemlcal studles

by Courrler solved tbe problem of the reactlon scheme

: acac. . Py ‘ | :
(PhBP)2R§%Fl3; —————eﬂv_(Ph3P)ReO(acac)C12+Ph3P_
S | PhoP '
_(Pb3PO)(Ph3P)Re(acac)C12 _— (Ph3P) Re(acac)C1 Re(acac)2Cl u

=
My main interest in these compounds, however, arises
f from the_lack of veriation in the Re-Q (dik) bond lengths, -
as Steted in the introduction. A short table may beqused to

‘ summarlze some of the features of interest.

Compound Ty - -.Re=0 (dik) Re-Cl Ring . Ring - Dihe-
N -bond length bond . c-0 . Cc-C dral -
o in g_ : length bond  bond - \ angle
i in A .-~ length 1length e k
ReClz(acac)2 - - 1.99 () 2.326(8) 1.27(2) 1.39{2)' 3.1°. .

ReCl, (acac) (Ph,P), 2.00(1),2.04(1) 2.369(4) 1.29(2) 1.35(2) 5.7°
ReOCY, (acac) (PhyP), 2.00(1),2.09(1) 2.373(4) 1.24(3) 1.35(2§°17.0° -7

.
- . - i .o U
. o +
- a
L ! -~ .
ARl T s . s
a - .
e e » -, - .
- . pa <

RN 4

Apart from the equal (wlthin errors) Re—O bond iengths,
one may note that ring c-0 and ring C-C bond lengths are close'
to those values given by Llngafelter fox a delocallzed R

L E ) ‘ A.l:‘i
system <in the B-dlketone, R ‘ .
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CHAPTER III

Chemistry Experiments” S E

Physical methods, ..~

..

Ana]yses for carbon hydrogen nitrogen; f]uorlne, ch]orinE'and

su]phur were done by Ga]bra1th Laborator1es Inc., KnoxvrI]e Tennessee,and

A.B. GygT}, Toronto Ontario. Rough rhenlum and ch]ormne percenfigeﬁfand

accurate rhen1 m- ch]or1ne atom rat1os were determ1ned by neutron -activation

4

ana1y51s 26). Infrared spectra’ we{e recorded for solid samples- ground into

a mut] w1th Nujol. The Nugo] had been dr1ed by ref]ux1ng with phosphorus

’ pewtox1de followed by vacudm d1st1]1at10n The mull samples were mounted
between potass1um brom1de or po1yethy1ene p]ates)and spectra were recorded
" on Perkin- E]mer 337,- 521 and 301 spectrometers Magnet1c‘suscept1b111ty :
measurements were carr1ed out on 10 cm length powdered sanples packed 1nto
3 mm (o. d. ) tubes.//Ca11brat1ons were made u51ng mercury- th1ocyanatocoba]ta
The measzrepept§/were made by the Gouy method and ﬂhe apparacus has been .

- describe prev:ous1y (27). As all samples were d1amagnet1c, or had very low
‘paramagnet1sm, measurement; were made on!y at 23°C and- 180 C oorrec ions ‘
for. the d1amagnet1sm of the Tigand were taken from Seﬂwood (¢8) and Foex (29)
The va%ue for Re(I) was obtalned by comparlson w1th other metals and. eytra- i
po1at10n of data for other rhenium ox1dat1on states and was assumed %o be
-56x10 =6 cgsu.. Mass spectra were recorded on a Conso]1dated Electrodynamxcs
Corp Model 21~ 1108 1nstrument Nuc]ear magnecic resonance spectra were '
recorded -for so]ut1on samp]es on a Varian Associates HA 100 speccroreter

-

Al1 solvents and reagents ‘used were -Reagent grade and were not purified -

further, o B . fff‘ <




———

s .
Preparation of rhen1um compounds used as start1no materials.,

Ch]oropentacarbony1rhen1um(1) Rhen1um meta] powder was . converted to per-.

rhenic acid using 30% hydrogen peroxide in a Florence flask. The‘resulting

solution was b011ed to remove any excess H202 and was neutralized wfth a -

- solution of potass1um hydrox1de a white prec1p1tate of potassium perrhenate

a

was forned. The KReO4 was washed into a Iarge beaker and converted to A
' KéReCz6 (30) The KZReCR.6 was thel converted to Re(CO) CL by the method of

Hteber, Schuh and Fuchs (31). The Re(C0)5C2 was recrysta1l;zed‘from benzene

or eub]imed. Note: -Yields are-not reported as they varied from one prepa— 1 .:

ration to the next. Some unreacted Re&CO) Ce was usua]]y recovered from

each preparat1on 1n whlch it was used as a starting material. Yields based

-

) on amount of Re(CO) Ct reacted were usua]]y at least 50%. Der1vat1ves made . '-'j.
R by further react1on of new compounds reported here usually had a y1e1d of near 80'
Bws(u O-pentane- 2 4- d1onatotr1carbonx}rhen1um I)) (AJ ’th]oropentacarbony1~
rhenium(I) (Immole) and acetylacetoneff3ﬁﬁoie3/;ere refluxed in benzene (m75

ml) for 2 weeks. The pale ye]]ow so]ut1on gradually turned dark bronn Eva—

poration of the so]vent (m20°, m15mm}’ followed by add1tlon of ether (~100
: *
. m]s) and f11trat1on, served to remove any unreacted ch]oropentacarbony]rhe-

- n1um(I)T\VThe f11trate was evaporated and the residues were dissolved. 1n the
m1n]mum amount of chloroform or ether. - Addition of enough petroleum ether to
cause cloud1ness produced a brown powder wh1ch was co]]ected on a filter and
recrysta]l1zed from: methylene ch1or1de or ether, giving small wh1te needles.

Bis{u-0=1 3-d1oheny1prooane—1 3—dionatotricarbony1rhenium(I) (B)' Ch]oro-'

pentacarbonylrhen1um(l) (1mmole) and dlbenzoylmethane (3nmole) were ref]uxed . ;"
for 3- 4 weeks in benzene (%75 m1s) Bright orange crystaTs of the product
were removed on a f1Jter and washed w1th hot benzene Hore product was . ' i:ﬁ;

somet1mes obta1red by hea~1ng the dried res1dues in vacuo with a heat

- : , -_'n' :5'
. -




1amp for 2-3 hours ‘and then wash1ng the me]t with hot benzene.

Bis(p-0-4, 4 4-trifluoro-1-phenyl-1,3-~ butaned1onatotr1carbony]rhen1um(Il)_ (€)

Ch]oropentacarbony]rhen1um(1) and tr1f1uorobenzoy1acetone were refluxed in

benzere for 1 week. The so]ut1on was coo]ed filtered. and evaporated to

‘dryness. The res1dues were d1sso]ved in eﬂun;and the solution was filtered

. and evaporated to dryness These procedures served to’ remove any unreacted .
Re(C0)5C£..‘The brown residues from the:etheraso1ut1on were stirred with

a minimum amount of.ch]oroform'or methylene'Chdoride for a few seconds. " A
brown solutign was fonmed as -the residues dissolved, Teaving‘the yellow
product as a powder in the bottom of the ftask. The solid yellow product
was col]ected on a f11ter as rap1d]y as poss1b1e because it would also
d1sso1ve w1th1n a few m1nutes The brown filtrate usually. contained a

fair amouﬁf'of the yellow product which had dissolved in the chioroform.
Thus, the filtrate could be evaporated to dryness to give a brown residue
fnom which more ye11ow solid coqu be obtained. by repeating the process of

st1rr1ng with a minimum amount of so]vent and f11terrng

Bis{u-0-1,1,1-trifluoro- 3-thenoy1acetonatotr1carbony]rhen1um(I)) (D) This_

yellow compound wWas prepared by the same method as (C) us1ng ch]oropenta-

' carbony]rhen1um(I) and thenoyltr1f1uoroacetone as starting mater1a1s.

B1s(u-0 1,1 f tr1f1uorooentane-2 4- d1onatotr1carbonylrhen1um(I)) (E).VThis

|
yeTTow compound was prepared by the same method as (ﬁ) using chloropenta-
carbony]rhen1um(1) and tr1f1uoroacety1acetone as starting materials.

B1s(u—0-1 1,1,5,5,5- hexafluoro-2 ,4-pentanedionatotricarbonylrhenium(1)) . -

This yel]ow-orange compound was prepared by the same method as:(A) us1ng
ch]oropentacarbony]rhen1um(I) and hexafluoroacety]acetone as starting

. materials.
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BiS(u-Ch10r0triC§rb0hy1(1-pheny]-]-hydroxobut—l-ene-3-one)rhenium(I)).

Chloropentacarbonyirhenium(1) (2g) and benzoylacetone (1 5g) were refluxed

.1" benzene (~150 m]) for 1 day. The pale ye]]ow so1utﬂon gradually turned

green.  The solution was eveporated to near dryness.,, dichloromethane (20

ml) was added and the solution was filtered, and the fi]tratezevapofated

to near dp?ﬁess. A mixture (1:1 v/v) of dichloromethane and petroleum

ether (40° -60° ) was added and the resu1t1ng 'solution allowed to evaporate

slowly over a %éw days to give the des1red product, a ye]1ow -green powder.

The material was recrysta111zed from dlch]oromethane petro]eum ether to

give crystals which were usua]]ﬁ‘~1x-s1ded plates or occas1ona]Ty rhomb -
shaped needles. _ ’

B1s(u ch]orotr1carbony][ 2- hydroxopent 2-ene-4- one]rhenuumgl))

Ch}oropentacarbonylrhen1um(I) and acetylacetone were refluxed in benzene

for 5 hours and the white product. was f11tered off¥. we have been unable to -

,

-

repeat this preparation. ' . : .

Pentane-z.4-dionatbte;racarbony1rhenium(I). (F) Compound“(é) nas'sealed in

a bomb with 200 atm. of carbon monoxide and was;heated‘to 150°C for‘24 hours.
The bomb was ceoled, dismantled and washed out with ether. Evaporation of
the ethen left the white product behind. - |

1 B—diphenylorepane 1 3-dionatotetracarbony1rhenium(I) The green—yel]ow

compound . was prepared s1m11ar1y to ﬁ) u51ng conpound (B) as start1ng

material; o

-+

4,4 4-trif1uoro-1-pheny1—1‘3-butanediOnatctetracarboﬁy]rhenium(I) ~ The

green-yellow. compound was prepared 51m1]ar]y to (i) using compaund (g) as
start1ng mater1a1

1,],1—tr1f1uoro-3-thenoy1acetonatotetracarbonylrhenium(I); The green-yellow




N ¢

compound was prepared similar]y to ({) using compound (p) as startinq

mator1a1

1,1,1- tr1f1uor0pentane-2 4- d1onatotetracarbonylrhen1um(I) - This pale yellow

compound was prepared similarly to (E) using compound (E) as start1ng

materlal ‘ o }

,I.3-diphenv1prgpane-1.3-dionatotricarbony1pyridinerhenium(l). Compound (B)

and an excess of pyridine were refluxed in benzene. The orairge solufion :

" turned ye]low-green overnight, The solutioo was then evapOrated to dryness.
The reswdues were dissolved in methanol and petroleum ether (30-60°) pro-
ducing an orangc solution. Partial evaporat1on and .cooling of this‘solution
- produced orange_crystals which were fecrystal ized from ether and petroloum:
cther (30-60°). / - ; . ' 1\\ o ' .

1,3-diphenylpropane-1 3-dionafotricarbo;y]tripheny]phosphinerhenium(}l

St01ch10netr1c quant1t1es of c0mpound g) and tr1pheny1phosph1ne were refluxed .
in benzene for 13 hours. " The hot solution was Tiltered and then evaporated

to dryness. The residues were‘washed with‘oefheool and tHe impure solid -
orange product was-captured on fi]ter'ano washed with}ethee. These crysta]é
3 were"diSSOIQed in aeetone and the solution was fi]tered.. The filtrate was
allowed to evaporate slowly over 2-3 days,and orange crystals of the puro
product were obtained. ' -

1,].1—trif1uoropehtane-?.4-dionatodicarbonv?bis(triphenylphosphine)rhehium(I).

Compound (E) ard an eitess of tripheny]bhoéphine were refluxed in benzene.
The green solution turned xellow-goeen overnight. The solution was then
evaporated to dryness. The.residues were dissolved in methanol and petroleum
ether (éO-GO"). Partial evaporation and cooling of this solution produced

orange crystals of the product{r The product was recrystaltiized from ether.

Y




1,3- d1phcny1propane 1,3~ dionatodicarbony]bis(tripheny]phosphine)rhen1um( 1.

Compound (E) and an excess: 'of tripheny]phosphine were ref]uxed in benzene
for 12 hours ~ The orange solution turned orange-red within the first2
hours The so1ut1on was evaporated te.dryness and the residues were washed

with nethano1 which Ieft orange crystals of the product 1n the bottom of

| the flask. ~These crysta1s were co]]ected on a filter and washed with ether

1,14135,5.5-hexaf1u0r0—2,4-pentaned1onatotetracarbonylrhenium({).- The

yellow crystals of the product were prepared by the same method as (A) using

hexafluoroacetylacetone and refluxing for only 12 hours.,

Other reactions: _ _ 7
1) Rez(CO)BCE?_(bamH)2 was seaied in a bomb with 200 atmospheres of carbon

monoxide and was heated to 150°C for 24-hodrs The products were 1dent1f1ed

u by infra-red spectroscopy and were (RE(C0)4C2)2 and bamH

o, | j I
Re?(CO)Gsz(bamH)z____€> Re,(C0)gCa, + zpamH B r

L]

2) Rez(CO)GCRZ(bamH)2 was refluxed in benzene ¥ith sodium carbonate for
-3 days in an attempt to remove HCzrand form Rez(CO)'bamz. “The 1nfra-red'

spectrum of the dried res1dues showed that no change had taken place.

&

3) Rez(CO) sz(bamﬁ)2 was heated in vacuo up to 135°C 1n a sub11mat1on

apparatus fitted with a water cooled cold finger.' Initially, some bamH
condensed on the cold finger. Later, some light yellow unidentified .
species eqndensed on the cold finger, it showed some.carppnyl.and -:ofher'
bands in the I.R. A brown g]ass;, left in the bottom » . can be

purified to giéE mainly the original ReZ(CO)s(bamH)z. _ o

4y Rez(co)sdbm2 was sealed in a bomb with 200 atm. of nitrogen and was

o

heated to 150°C for=gd—tours. Rezfcolsdbmz was recovered unchanged.




i

T

“ . o ’ . 13

5) Re(CO) dbm was sea?ed 1n a bomb with 200 atm. of n1trogen and was
heated to 150°C for 24 hours... Rez(CO)sdbm2 was the only product”found.

6) Re(CO)zdbm(Ph 3P), was heated to*185°c 1n\vacuo in a sublimation. .-ﬁ\)

apparatus fitted with a water coo]ed co]d fﬁnger. The residue in the

bottom is ma1n1y ‘Re(C0) dbm(Ph P) and there are traces everywhere in the

apparatus of othér decompos1t1on products, but it was not possible to ‘

- obtain enough sample to identify them.

7) [PhZSRe(CQlBC£]2 and [(Ph-S—CH -Ph)Re(CO) Cz]z*Wereﬂprepared by Hieber'§
(22 and references therein) method. [Ph SRe(C0) Ca]2 was heated to 185°C
in vacuo in a sub11mat1on apparatus but no [Re(CO) Cz] (22) product cou?d

be found. The startwng produet was found unchanged in a]],parts of the_

apparatus. A[(Ph-S-CHz-Ph)Re(C0)3C2]2 was heated to 230°C .in vacuo in a

;ub]imatidn apparatus. .Again, no [Re(CO)atﬁlk could be found and’tee starting

material was recovered everywhere in the sublimation apparatus. [PhZSRe(C0)3-

Cz]éfwas'melted at 140°C in raeuo Qvernight together with some bamH. Only
the.starting products could be'reeovered AN the above in 7 were an attempt
to produce Hieber® s (22) compound Re(CO) CzbamH whi€h is descrlbed as dark
md' . . . | . .

8) Rez(CO)éacac2 was refluxed'tplbenzehe gith Ph.P for two days.. The'
solution was evaporated and methanol was added, 1eav1ng a cream co]oured
powder which has -an infra-red spectrum 1dent1ca1 to that of Re(CO)zacac(P23P)2
reported by Fren1 et al. (25)

9) Deta1ls,re1evant to the preparation of compounds descriped here:
Rea(CO)G(dik_)2 all use 1 mmo}e Re(C0)562'and*3mﬁpIe of thers-diketone_in

75 ml. of benzene. A]]'Rez(CO)GCLZ(dikH)Z use 2a Re(CO);Ct and 1.5q of

‘the g-diketone in 150 ml. of benzene. Re(CD),dik use 100 mg of the

— -




- - ' '; 13a
‘ . ’ ' - ) v

corresponding Rgz(CO)s(dik)z. Re(C0)3(dik)L (L = py, Ph,P) and

Re(€0) (dik)(PhoP), use 200 mg of Re,(C0)g(dik), or Re(CO)cdik in

100 m]} of benzene. Quantities may be increased proportionately to

. the amount of product desired.
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CHAPTER 1V

. The Structure of Re,(CO) (dbm)o

Since usual phys1caI methods (IR, nmr, mass spectra and maqnet1c
measurements) did not revea} FﬁE’ttructure of the Rez(CO)G(dik)2 series
of compounds (see Chapter VI), a single crystal X-ray determination.
was undertagen. Rez(CU)G(acac)2 was chosen first as‘it'hao the smallest
number of'atoﬁs in the moleoule inithis series. It proved to be
d1sordered or twinned, ‘however, and the structure of ReZ(CO) (dbm) was
solved 1nstead The results of both crystal!ooraph1c studies of the

Rez(CO) (dlk)2 series are reported ‘here.

Bgegco)s(acac 5

’ fCrysta]]ograohy. Re,(C0) (acac),. A crysta] of Rez(CO) (acac)2 was

" mounted along the needlefax1s. Intearated we1ssenberg photographs were_
taken of the (hnz) layers (n=0-6) with CuKa radiation end an inteorated
precession photogroph.wag takeo'with‘MoKu rao%ation of the (Okz) zone and
a further preoession photographkofwthe thOg)-]ayer was recorded for another
crystal. Syetenatic absences'oere observed-for hkz (h+e=2n+1) and a mirror
-plane or two fo]d axis was apparent on a11 photographs Assuming the cnystal :
was orthorhombic, possible space groups were C222(DZ, No. 21) Cmm2(C2v, No.
35), Amm2(C24, No. 38), CnnnKDZh , No. 65) Patterson maps usina aTI of
these space groups did. not show any self-¢onsistent posit1on for the

rhenium atom: Trial pos1t}ons were used for the\rhen1um atom but the

- 23 .
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\“ « ) . L
lowest value of R, obtained was 0.47. Photographs taken in the (hk0)
direction shcwed pecullar radial streaks as though two crystals were

'present and out of a11gnment by 1°40' Approximater 20 crystals from

-d1fferent recrystall1zat1ons‘were exam1neq by X-ray diffraction ana 7
ai] showed this effect. The appafent unit cell dimensions were a = 15. 26(?}?;$;_//,_%e;\
= 16.01(1), ¢ = 17 58(1)A (ca'hbrated with a crystal of rutile (noz)) -
a= 4.5929(5)3 c=2 9591(3)A (32). Deta11ed examination of the photographs
 suggested that the crystals were either tw1nned. or that d1sorder was present
rgiving 2 higher pseudo—synmetfy. VNo further X-ray studies were made of this

compound.

Re,(C0)¢(dom),
Chystal]ography:' ReZ(CO)G(dbm)ZT A‘singie crystal 0.2 x 0.08 x 0.12 mm3,‘
‘ wﬁich showed complete exti,nction every.: 90° when rotated through a.po‘larizing
| microseope was used for inifia] X-ray studies. A series of Weissenberg -
and'precess{on photographe showed that the crystal waS‘monoc]ipic, and the
systeﬁatic ébseﬁcee hOz, 2 = 2n +|1‘ OkO k =2n + 1 showed that the space
groupgwas P2;/c. Precess1on phqtograpns of the (100) -and (010} zones taken
_w1th HoKu radiat1on and ca11brated with the d1ffract1on pattern of a single -
crystal of T10 (rutile) were used to determ1ne the unwt cell parameters. ° :
The density of a few crystals was measured by flotat1on 1n a bromoform-
ch]oroform mixture. _

36 e, . o Lo Fwe 9858
Monqc11n1c. a = 11.988(8), Q_é 14.44](3), g_=,10.298(7)_A, B =.115.25(7)°,
v=8128%, 5 = 2,02, =2, b = 2.03 (20°C, Moka, & = 0.71069 A), P2y/c

Z

. XHFl IF.l - w|F
f = £1F:T_ S 2 ow(F_)°
| 0




25

(¢, No. 14]. | | - .
Six 1ayers perpendicu]ar to [TDZ] were recorded on an 1ntegrat1ng Neissen-
berg camera; 4 1ayers perpendicu]ar to [010] and eight Tayers perpendicuf
]ar to [100] were recorded on an 1ntegrat1nq precession camera. All

.photographs except the first three layer photographs on the we1ssenberg
camera were taken w1th MoKa radiation, The Tatter were taken with Cuke

‘radjat1on. Tbe intensities of a]T‘ref]ections,were'measured on a Joyce-

Loebl microdensitoheter All data were corrected for Lorentz, and polari-
zatf‘~ effects, but no corrections were made for absorption These data

- were used to solve the crystal structure a]though. the CuKa’ weissenberg
data (absorption errors) and (Okz) and (hOz) data (poor picture quality)

-were’ removed in 1ater stages of tbe refioement (see be1ou).' Thus the
original data .set of ~2800 ref1ections was reduced to 1436 of which 966
were observed ‘ After the structure had been solved the data were retaken
using a Syntex PT automatic diffractometer. . A single crysta] of Re (CO)6
(dbm)2 ground 1nto a. sphere of 0.15 mm radius was used. Data.were recorded_
using Zirconium-filtered MoKa radiation which was made monochromatic by
using the 002 reflection from highly;oriented gtaphiteQ The intensities
were measured by the 6/26 scan techntque up toda.value of 23€¥;i§° Counts were

20below K ]and above Ko “and the background was ‘counted on both sides. Peaks
less than 3c*above the background were called unobserved, and peaks less
than the background were rejected. - The intensity of a standard reflection
was measured every 50 reflections. It:shoﬁed a deviatjon of :5.8%7 The
Hnear absorption coeffi¢ient for the compound for MoKa radiation was 81
!, The data’were‘correctedrfor Lorentzrand:pOIarization effects but

not absorption; the absorption coefficients'ranged'from 5.35 to 4.95.

*g= square root of averaged peak, and background counts.
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However.‘the error from neglect of absorption cdrrection-w111 be less
than this since the data were collected in three batches (1, 0 = 0- 12.
2, 0 = 11 173 3, 0 =17-23) and each batch was rofined with {ts own scale

constant Thus the maximum error which can arise from neglect of the

absorption correction is 3%,

Solution and'Refinement of the Structure . ‘ “ : | '

Using Patterson maps for thc (To2), (100) and (010) zones it was-
' poqsible to 10catc the rhenium atom, Using all the film data, refinement

3 .
of the rhenium atom parameters for two cycles gave R = 0.16. The short-

1
_egt'Re-Rc distanée was 3.5 3-suggeSting a dimer1c‘unit. Subseqdcnt elec-
tron density and e}ectron differénce syntheSes; wjth calculations based
on known gcometries for B-dikgtoﬁehand phenyf groups. revealed all the o
| remaining-afoms; except the hydrogen atoms. Further refinement, after
' E1imination of CuKa aﬁdpoor £11m data, and'using’a Cruickshank weighting
scheme (33) with the weights set equal to (GI-F + 0. 013 F 2);1
observed reflections and zero weight for unobserved refiections was
terminated at R2 =0, 101 . At this point the main features of the struc-
ture were apparent but H Cz0 groups were bent (170°(2)) and the phenyl
groups were badly distorted (C-C’ranged from 1.28 A to 1.52 A and C-C- C
ang]es ranged from 107° to 12§Q).' However, difference maps showed no
‘residual peaks at more ﬂhanzz 1.5¢/A° and no parameter shifted by more
than 1/3 of its estimated standard deviation in the Tast few cycles of
refinément}.'At this.point the data Were retaken on the diffractometer_ . "5‘
énd on%y.diffractometer data were used in subsequent refinements. The
new set consiste& of 1563 independent reflections, of which 1295 were

o.b-served ™ One cycle of ref‘lnement of the diffractometer data using the

* see page 81 o see'page 38
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parametcrs determined above and varying on]y thc sca]e conséi%ts
drOpped R to 0.07. Using & Cruickshank weighting scheme with weiqhts
cqual to (29 0.6 F + 0. 004 F 2) -1 for observed reflections and zero
for unobservedsref]ections and allowing all the parameters 11sted in
Table 6 to vary dropped R2 to 0.0427 when refinement was_terminated.
In all the refinement cyc1es_of diffractdmb}er d3ta, which were done
using the full matrix\]eaét squares prograhmg CUDLS wriffen for the
- CDC-6400 computer by J. S. StephenS; the rhenium sc&tteringﬂcurve of.
glromer (34), including dhomaious depersion corrections (35) was used.
The oxyaen scattering curve was afso that of Cromer, and that for carbon
was taken from the Internatitnal Taples (36). No anomalous-dispersion PN
corrections were app?ied té carbon bf oxygen. | o f'“
In the final cycle of refincment no parameter shifted - by more
than 1/10 of its cstimated standard deviation and a serIes of electron
~ density difference maps through the unit cell showed no residual peaks
'outside + 1 e/a . The final set of atom parémeters is given in Table 6
and a comparison of |Fb[ ?nd lFCI is given in.Appendix_b. .§

Results and Discussion

-

“The principal interatomic distances and angles are Tisted in

- d Téb]e'7 and the molecule {s i1lustrated in.Figure 2. The molecule is
dimeric (based on the rhenium atoms) and the two halves are centro-
symmetrically related. Each rhenium atom is si;-coordinate, being
attéched té atoms at'the apices of a very roughidctahedroh. The poéiticns
are filled by thrée mutual]y_gig_&arbony] groups and two further,pqsitions
are filied b& the oxygen atoms of a chelated B-ketoenolate group. The

final position is filled by one of the oxygen atems from the s-ketoenolate

- wsee P8 . o o .

i
- M o IR
S H
. - : NE
o - 3
e ) *RN




group chelated to the other rhenium atom which thus forms a bridge

between the two rhenium atoms. The rhenium=rhenium distance of 3.494(1) A :

is. too long to allow any s1gn1f1cant metal-meta1 interaction.- Bridging

by a g-ketoenolate group through an oxygen atom attached to two metal

. atoms has-begn observed previous]y in [Ni(acac)2]3 (16) and tcb(aéac)2]4
(37), bq; it is only recently tha? dimeric compounds have been shovn to

have this form of bridging (39). It-is of interest to compare features

of the bridging section of [Pr(thd)3]2 (38) and our compound. The'Bridges‘

in both compounds afe asymmetric“ The distance of the oxygen atom to the
‘rhenium to which it is chelated (2.162(9) A) is significantly shorter
sthan the disfancé to the otﬁer rhenium atom (2.204(7) R). For the prase-
odymfum compound the situation is reversed,.the corresponding diﬁtances,
which are much Targer, -being 2.59(2) R and 2}47(2)l3. The twq-Re-O'
(chelatedj distances do not differ Significéntly,but all Re-0 distances,
éppear to be significantly Idﬁgér tﬁah.the Re-0 (g-ketoenolate)} distances
in Re(acac) sz, Re(acac)Cz [P(C6H5)3]2 and ReOCz (acac)P(C6H5 3 (23,39)
* where the average distance is 2.02(1) A. _

Long Pr-0 distances were also observed by Erasmus et al. (38) for
[Pr(thd),],, who argued that the cause was the éombination of ‘the 70°

' aﬁgTes‘needed in a seven-coordinaté structure and the need to keep ‘the -

0-0. d1stances above 2.8 A Simi]ar steric requirements may be the cause .

of the longer Re-0 d1stance in our compound, since the 0(2)- Re-o(z) |
angle 1is 74°C, and the 0(2) 0(2) distance is s1gn1f1cant1y shorter
(2. 62(2) A) than that observed in [Pr(thd);l,. - '

| Other possible reasons for the longer Re-0 distance in our com-

pound may be the destruction of any pr-dr interaction between the g-keto-

.
o =
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enolate ring and the metal since,as the data in Tab1e 8 shoub the
dihedral angle between the p1ane of the B-ketoenolate r1ng and the
MO (che]ated) p1ane is 37°, the largest value cver observed for a p-
ketocnolate comp1ex. The comparable angle for [Pr(thd)3]2.1s 295.

- The steric requirements of the brfdging oxygen atoms and con-
sequently the remafning che1ated oxygen atoms cause a reduction in the
OReO angles from the 1deal octahedra1 angle of 90° by from 6-16° (80 0(3), .
| 84.1(3). 73.7(3)°). However, the carbonyl groups remain nearly perpen-

\ dicular te cach other (C-Re-crang1es:88.0(6). 89.9(6}, 86.5(7)) so-that
the angles at rhenium between the carbonyl groups and the oxygen atohs
are opened'uﬁ from 90° {93, 0(5) to 100 9(5)). -The maximum distortionSin
~all cases are in the 0{2), 0(2)1. Re C(1?) c(18) plane: r
The Re- c 0. systems are essent1a11y 11near (171(4). ]78(1). 178(13
and the Re-C bond lengths- §1 87(1) A average) and c=0" bond 1engths
{1.18(2) A average) are in good agreement with those found prev1ou,1y'in
(BgCEH]])Re(CO)3Cs (40), HRe Mn(CO)]é (41) and (CgH,)Re(C0) 5 (42). The
corresponding. angles and bond lengths within the s-ketoeno1ate ring,are
" not sienificantly d{fferent-frem the average ve1ues found for a number
;df-s-keteenolate structures (43)."bUt the Cic3 distance does app&é; to
be significant]y 1onger-than the C C3 distance (see below). The bondr
lengths and angles found within the phenyl rings are norma1
The planarity of certa1n groups of atoms within the mclecu]e has
been tested and .the results are presented in Tab]e 8, togetherrwith the.
d1hedra1 ang1es between the planes. Both phenyl rings are-essentia11y~ -
' p]anar, as expected and are quite marked1y twisted from the plane of “

the 8- ketoeno1ate ring, plane 3 by 25° and plane 4 by 22°. This twist

o




.
may arise from aksimple.roﬁLtioh about the C(Z)-C(lo) and C(1)-C(4)
bond; (@) or a tilt of the C(4)C(7} and C(13)C(’0)raxes out of the‘
plane of the g-ketoenolate ring at either c(4) and €(10) or C{1) and
c(2) (o). The results in the second part of Table 8,'provide:informa-
tion-which allows separation of the two twist components, |
X PIaﬁe two is bent at C{1) (s =.12°) and plane three is bent at
c(2) (s = 3°). Both plane 3 and plane 4 are rotated about the €(1)C(4)
and €(2)C(10) axes (6 ~26°). An examination of the packing d1agram(jag3)
suggests that the twists are probab]y necessary to allow the most effi- -
cient packing. The distortion at C(1) (e) may be the reason for the
appdrent non-equiva1ence of the C(1)C(3) and C(2)C(3) distances. The
bend will tend to affect the overiab at C(1), weakening the C(TlC(s)
bond, and causing;a strengtheniné of the C(2)C(3) bond, as is obsérved.
The eirors in the CO(diketone) distance;lare such that is not bqssib]e
to say whether any simi]ar'effgét is ref]ec;ed in these bonds.
As {1llustrated in Figure 3,-the'm01ecule§ are_pacéed almost in
‘1ayt_‘ers parallel to: thé g_‘fg p1ané_, the centers of the layers lying approx-
iﬁéfe]y in the uqif‘ce]] g_g!?ége énd_half—way along b. jNithiH the layers
packing in the E_di?ection is dé;ermined byfihe-a-ketoeno]ate system :
(including the phenyl ringg). The'molecule§ are arranged such that the
s—ketoeno]ate on one side of theémo]ecuie liesfd;rectly above the opposite -
. s-ketoenolate group on the next mo]ecu1e Thus considering'on1y the

. B-ketoenolate parts o? the molecule, the molecu1es are stacked like tiles
on a roof and are t11ted w1th respect to the ¢ direction, _Cons1der1ng
alternate layers in the b direction the molecules are tilted in opposite .

directions with respect to the ¢ direction. Contact in the‘airection'is-
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prov1ded pr1mar11y by the phenyl rings although one carbony1 group

in each asymmetr1c ha]f of the mo]ecu]e is sandw1ched between two

- pheny1 rings, one from its own mo]ecu]e and one from another.
Contact in the b d1rect1on is between both carbonyl and

“phenyl groups, w1th carbony} grougﬂ,on a molecule interleaving with

carbonyl groups on molecules both above and below, and phenyl groups

contacting only phenyl groups in the other molecules.

J
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/
‘Table 6° _Atomic Parameters’ 'for Rqegggle(dbm)a
" Coordinates

X oy z ‘ Uu*
‘Re .11200(5)+ .08530(3) .07941(5) *
(1) .2061(8) -.0312(5)  .2101(9) 40(2)
0(2) -.0827(7) © .0177(5) .0951(8)  29(2)
"0(3) -.0337(3) - - “2475(7) -.106(1) 60(2)
0(4) . .188(1) ~.210(8) .336(1) 71(3)
o(5)  .347(1) 1518(7). .05%(T) - 61(3)
c(1) A8101) -.0656(8) .311(1) 37(3) -
c(2) . -.037(1) .0137(8) - .22001) . 30(3) - .t
¢3) - .oe7(1) { .0473(9) ©  .324(1) 37(3)
c(4) .279(1) .1249(9) .415(1) 35(3)
c(s) - .396(1) .1160(9) .428(2)  51(3)
c(6) .495(2) © =173(1) .528(2)  67(5)
o7 464(2) -.236(1) .609(2) 69(4)
¢(8) ~  .37(2) " -.245(1)°  .593(2) - 64(4) &
c(g) -~ .250(1) . -.190(1) .495(2) - 53(4)
c(10) . -.157(1). -.0107(8)  .232(1) 35(3)
c(1) - -.2451) .0531(9) .148(2) a7(4) -
c(12)  -.351(2) - .057(1) .153(2) - 56(4)
c(13) -.381(2). ~-.004(1) .248(2)  51(4) |
c(ie)  -.293(2) - -.066(1) .330(2)  ~ 59(4)
c15)  -.179(1) -.0701(3)  .326(1) 136(3)
c(16) 022(1) 7 .1881(9) .963(1) - 35(3)
c17) sy . .1633(9) . .235(1) 41(3)

c(18) .254(1) - .1273(8) 084(1) 33(3)

*Estimated standard deviations in parentheses.
*Thermal parameters are in (A)2 x 103

+ .

Atom Uy Uy o Uz Upp o Uiz Ugg

Re g;l 5 .30.0 29.0(3) 0.0(3) 17.9 1.3(3)




Table 7 -

Bond Distances in‘Rga(CO)c(dbm)o*

Bonded“atoms Length (A) Bonded atoms '  Length (R)
Re-C(16) 11.88(1) c(2)-c(3) 1.34(2)
Re-C(17)- ~ 1.84(1) c(4)-c(5) 1.37(2)
Re-C(18) 0 1.88(2) . c(5)-c(6) - 1.45(2)
Re-0{1) - . 2.143(8) c(6)-c(7) 1.39(3)
Re-0(2) : 2.162(9) c(7)-c(8) - '1.35(3)
Re-0(2) 4 0 2.204(7) ¢(8)-C(9) 1.41(2)
c(16)-0!3) v T 1.172) c(9)-¢(3) 1.38(2)
c(17)-0(4) 1.18(2). c(10)-c(11) 1.39(2)
c(18)-0(5) 1.19(2) c(11)-¢c{12) 1.40(3)"
0(1)-c{1) 1.29(2) c(12)-c(13) 1.41(3)
0(2)-c(2) 1.34(2) c{13}-c(14) 1.37(2)
C(1)-C(4) 1.49(2) £(14)-c(14) 1.39(3)
c(2)-c(10) 1.49(2) c(15)-C(10) 1.40(2)"
c(1)-¢(3} 1.45(2)

33

Subscr1pt ; refers to tﬁe atom re]ated'by a center of symmetry to

the correSpond1ng atom Tisted in Table 5. Estimated standard devia-
tions in parentheses. :

-

- Bond Ang]esﬁ}n ReO(CO) (dbm)o

Bonded atoms

Re-C(16)-0(3)

‘ Ang]e (deg) :
0(1)-Re-0(2) 80. 0(3) :
0(1)-Re-(0)(2) . 84.1(3)
0{1)-Re-C(16) 176.3(5)

0(1)-Re-C(17) - 93.,0(5)

_ 0(1)-Re-C(18) 93.7(5)
0(2)-Re-0(Z) (1) 73.7(3)
0(2)-Re-C(16) 96.4(5)
0(2)-Re-C(17) 98.8(6)
0(2)-Re-C{18) 172.0(4)

0(2}-Re-C(16) '94.4(4)
0(2)§-Re-C(17) ~ 172.3(6)

0(2)j-Re-C(18) -  100.9(5) .
c(1s]-Re-c(17) - 88.0(6)
C{16)-Re-C(18) 89.9(6)
€(17)-Re-C(18)- 86.5(7)
Re-0(2)-Rej; - 106.3(4)
Re-0{2)-C(2) . 122.1(6)
Re-0(2)-C(2) - 113.7(6)
0(2)-c(2)-C(3) 122(1)
0(2)-c(2)-c(10) 114(1)
¢{3)-c(2)-c(10) 123(1)
c(2)-c(3)-¢c(1) 126(1)

178(1)

Ce(7)-c(8)-c(9)

Bonded atoms

Re-C{17)-0(4)
Re-C(18)-0(5)
c(9)-c(4)-C(5)
c(4)-C(5)-C(6)
c(5)-c(6)-C{7)
c(6)-C{7)-c{8)

c(8)-c(9)-Cc(4)

c(15)-c(10)-c{11) -

c(10)-c(11)-c{12)
c(11)-c(12)-c(13)
c(12)-c(13)-c{14)
¢(13)-c(14)-c{15)
c(14)-C(15)-c(10) <

0{1)-C(1)-C(3),
0(1)-c(1)-c(4)" -
c(3)-c(1)-Cc{4)

. c%l)-c(4)-c(5)
c(1)-c(4)-c(9)

- €(2)-¢(10)-C(11)

"6{%%-C(]0)-C(15)
C(T)-0(1)-Re .

" Angle (deg)

178(1).
- 171(4)
121(1)
121(2)
117(2)

C122(2)

122(2)
118(2)
121(2) -
121(2)
118(1)
121(2)
- 122(2)
118(1) .
123(1)
116(1)
122(1)
119%1)
,120(1)
118(1)
120(1)
126(1)
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The mo]ecular structur'e of Re ,(C0) (dbm) (The labelling of
. atoms correSponds to that used in Tabie 6.) .. ) h
- - - \ i - -
- 4
© , -~



35

140N

“ben



5

Figure 3

Stereogram (stereosc0pic pair of perspective projections) of

Re“(CO) (dbm)z. The conteats of one unit cell are shown with some pro-

jeotion-outside the cell to show the pack1ng b and g_arefﬁhraIIeltn

the side and top of the page respect1ve]y,

1

o
and the view is down c*.

£
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The Structure of Re°§COEEC1;§hamH2 )\x/;;\';?{"ﬁ

The second type of compound obtained from the reaction of Re(C0)5C£

-
with g-ketoenols posessed unusual physical properties which were unex-
plainable by the data available (see Chapter VI ). Thus it became‘impera-
tive to solve the structure of a Rez(CO)Gsz(dikH)2 compound to better

understand the nature of the reactions of Re(CO)SCz with B-ketoeno]s

C0)6C$$bamH 2

-Crystaiiography A plece of acicular crystal was sandpapered by hand-

to a sphere of 0.2 mm diameter. The crystal was shown,bx,precession\\
photographs to‘be‘monoc{inio, and with oroper choice of the a and Q_axes.‘
the systematic absences hkz; htk = 2n+1, hOz, zr2n+i revealed the‘space.
group was C2/c‘or Cc. The former space group was suggested.by‘the,Patterson
syntheses which showed rhenium atoms related by a.center of symmetry and :
the choice was confirmed by the successful solution of the structure. |
'Accurate unit ce11 parameters vere obtained by 1east squares refinement

of the output from a Syntex P].automatic diffractometer wnich centereq on
fifteen refiections. -
 Re(C0)g(bamH), T fn. 935.2
Monoclinic, a = 14. 77(2), b = 17, 98(2), ¢ = 13. 48(2) A, 8 = 124.34(9)°,

V= 2956 A3, po = 2.15(1). Z = 4 (dimer units), o Pe 2.07(20°. MoKa, A =
0.71069 A) c2/c (No. 45, €5.). |
‘Deta were‘recorded using.: _ unfiltered MoKa radiation on a Syntex P1

diffractometer. The radiation was made monochromatic by using the 002

- 37
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'reflection.from htgh]y oriented graphite, Intensittes were measured hy

the 0/20'scan technique-up‘to'a value of 2¢ -(ﬁg Counts were 20 below K 4 and
" above K 2,and the background was counted on both sides. Peaks less than

3o above the background_were called unobserved, and peaks Tess than |

background were rejected. The intensity of a standard reflection was

measured every 50 reflections. It showed a deviation of +£\%~. The

linear absorption coeff1c1ent for the compound for MoKa, radiation was
' 32.5 cm ]. ‘The data were corrected for Lorentz, po]ar1zat1on and

absorption effects. The data set consisted of ¥293 independent reflections

of whjch 1087 were observed.

.Solution and. Ref1nement of the Structure

Using Patterson maps for the (100), (010) and {001) zones it was
p0551b1e to detect the rhenium atoms which occurred as centro/;mme-
tr1cally re]ated pairs. Using all the data, refinement of the rhenium | .
-~ atom parameters garewgl = (.23, E]ectron‘density and difference mapé) _ e
located the chlorine atom and R] dropped_to 0.18. Subsequent electron
density and difterence syntheses with‘ca1culations baSed on known
' geometries for phenyl rings revea]ed all the remaining atoms, except
the hydrogen atoms. *urther ref1nement us1ng a Cru1ckshank we1ght1ng
scheme (33) w1th the weight set equa1 to (75-0. 8F + 0. 0029F 2,
6100(F-)2 1'1 for observed reflections and zero we1ght for unobserved re-
| flect1ons was term1nated at Rz = 0.044 . .
In all the.ref1nement cycles.of diffractometer data, which-were
done using'the full matrix least squares programme CUDLS nritten'for the
-~ CDC-6400 computer by J. S. Stephens, the rhenium and chlorine scattering

curves of Cromer (34), including anomalous dispersion'corrections (35),

-

* see page 81




were used. The oxygen scattering curve was alsb that of Cromer and
that for carbbn was taken from the International Tables (36). No
anomalous d{spersion corrections were applied to carbon orlégygén.,

' In fhe final cycle of réfinement no parameter shifted by more
than‘I/ZOO of {ts éstimated sfanqard deviation and a series of electron
density differeqcé maps throﬁgh thé unit cell showed no residuai beaks
outsidg 'td.B e/a3. The final set of -atom parameters is given in Table 9

and a comparison of |F | and IF.I is given in Appendix E.

Results and Discussion

: Se]ected.bond distances ahd angles are given 1n‘Tab1é 10, and the
molecule is pictured in Figure 4. The molecule is dimeric, based on the
rhenium atoms./and the two halves are joinéd by two chlorine bridges which
- are symmetric, The molecule is thus very like [Re(C0)4C£]2 (44) in which

two of the carbonyl groups are rep}hcbd by neutral g-ketoenol molecules
bonded through thé'ketone grﬁups. Surprisingly, both ketoenol groups are
approximately at 90° fo each of the Re-Ce bridges jﬁd ére on the same'ﬁide
" of the ReszRe b]ane.‘ The g-ketoenol molecules are oriente& such that

thé best planes through the two molecules Ties roughly along the Re-Cz
bonds. The Re-Ct distances are 2.511(5)‘3 eaéh'and are cohparab]e to the
distances of 2.465(13) A found in Re,Ce,) (45). The Re-O(ketone) distance
of 2.16(2) 3 is ideniica],’within the errors, to the Re-0 distances found
in Rez(co)ﬁ(dbm)2 (2.15(1) R) (Chapter 1V) but these disfénces are con-
Qiférab1y-sho:3er than the monodentate s-ketoéno1ate Cu-O'distancé in ./
bis(1,1,1,5,5,5-héxaf1uordpentane-2,4-dionatdjbisﬁNN-dimethy]ephylenedig-
minecopper{1I) whicﬁ is 2.76(1) R (46). The speric requirements of the
bridging‘ﬁhiorine atoms require the CzTRe-Cg angle to be 80.4(1)° (RéZCZ]O =




81.9(4), 80.8(4)°). The Ce-Re-0(1) angle 1s also less than 90° (84.9(4)°).
The three mutual]y cis curbonyl hroups. are possibly slightly less than\
90" apart from cach other (87(1), 86(1) and 88,5(9)°) and thus the angles
hvtwcvn ‘the carbony] group and the ch1or1no and oxygen atoms are opcnod
up from 90° (92(1) to 95(1)°).
| The Re-C:-0 systems are essentially linear and the Re-C and C:.0~
bond Tengths are in good agreenfint with.tﬁcsg found prcvious]x-(Chaptcr . ///
'IV and chtrcnccs therefn). The g-diketone ring is eséentia]ly planar |
(see Table 11) and the two'Cd distances 1in the—rihg\prc signifjcaglly
'dirferent at the 95% confidence level and'marginaJ1y‘&?fferent.at,thc
- 98¢ confidence level as are éhe fwo ring C-C distances. ThiS suqggests
that-thc Tigand {s in-~the ietoeno] form with very little, {f ahy. delo-
calizatwon of e]ectrons. in contrast to what is found in comp1cxes of
-kctoenolate anions. Thg‘p1unar+ty‘1s probably maintained by hydrogen A
bond1ng from the enol oxygen atom to the ketone: the oxygen atoms arc .'
close.cnough (2.52(?)3), There 1s prdbab1y no hydrogen bonding'frdm the
cnol” oxygen atom-tothelhearQQi bridqing ch1or{nc atoh. as the 0(0H)-Ct |
distance of 3.52. E is too fong (4?) The least squares planes data in N
&b]e lea]so show that the phenyl group 1s planar, as expcctcd and is |
almost c0planar with the g-ketoenol ring (dihedra] angle 2.4°).

To our-know1edge this is the fjrst_casé_where it has been clgar~
1y shown B; X=-ray structure.determinatidn'that a neutral Béketbeno]
| moIeéu}é'can act as a‘monodehtate ligﬁnd,,dlthough a metal complex éona
taining neug;a] écety]acé%onimine has a very similar mctanligand
~geometry (48). In addition such a form of bonding has beep postulated .
in a recent paper (19) for Mn(acact},Br,. It is interesting that the

e .
’ : \
. .

- i -
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postulate by Kawaguch1 et al, (19) based on infrared spectra; that metal-
11gand bonding to a neutJt] B- ketoeno]ate molecule will be weaker than
‘to the g-ketoenolate anion, and the correspond1ng observation by Richard-
.sonFet al, (48) that M-O(ketoenolate) distances are 1ongeﬁ”tﬁan’M:O
(ketoeno]ate;hydrogen bonded) distances are not borne out for the'twd ,
Re(I) compounds, Rez(CO) (dbm)2 and Re,C1, (co) (bamH)2
The . pack1ng of the molecu]es in the unit cell i§’ shown in Figure

5. The mo]ecu]es are packed in rows in the a direction with over1ap of
the B—ketoeno1ate and phenyl r1ngs from. a1ternate molecules, which are
arranged head to head lake a stack of kniwes with b]ades over]app1ng,
and the hand'le of each successwe km‘c pomtmg in the oppos1 te d1rec-
tion to the preceding one. Further contact‘1nithe_g_d1rect1on is between

carbony] groups in the ReCzZRe ﬁ]ané ' In‘the‘c direction the chains of

~phenyl and methyl groups contact the carbony1 groups of the next chain

-

related by the C-center1ng Int Ton. the contacts are primar-

ily 8-ketoenol-g-ketoenol carbonyl-carbonyl.
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Table 9 Atomic parameters* for Re., €0) Ce g zleo

\‘ x oy 2 ot

Re 545 176.46(4) . 327.93(6)
e 83.4(3) 18802 120.43)  65(1)
0{1) 441(1) N '295g1) ; | ‘334(1) L 67(3)

e(n) Cses() - 3ss() ' 2e9())  s9(4)
c(2) 262(1) 35001 1990) . 8o(s)
c3) 435(1)  42s(n) © 326(1). 54(4)
4 s am() w2l se(e)

o2) . 6}1(1) oAy es) 76(3)
cs) , 606(1) s05(1)  4a4() - 57(4)
c(6) ng(1) .. 506(1) 521(2) 80(5) __—
c(7) Cms) . sna( 557(2) 90(6)
os)  7ne(2) - 637(1) 513(2) 93(6)
c(9) - - 608(2) 640(1) - 438(2) 86(6)

oo s48(1) ;s 571(1) 990) .68 -
c(11) 429(2) . 73(1) . - 331(2) 100(6) -

- o(3) Ca3s() 8 337(1)° 129(5)
c(12) - 465(1) 172(1) - 486(1) 73(5)
oa) aw2(1) - 17401y 586(1) ()
c(13) 280(1) 167(1) 277(1) - 84(5)
o) | () s 28801 125(5)
“Aton Uy, U2z U3 Uiz Y13 Va3
Re 54.7(4) 62.6(5) 59.2(4) 0(10)  27.7(3) 0(4)

*y 15 in (A)2x103 7 o ' - {

. Est1mated standard deviations in parentheses




Table 10 Bond Distances and Angles Rgz(C0)5C£2

Bonded atomé*

Re-Cz
Re-Ce*
Re-0(1)
Re-C(11)
Re-C(12)
Re-C(13)
~o(1)-c(1)
"c(1)-c(2)
C(1)=C{3)
c(3)-c(4)

" Bonded ato&s
Ci-Re-Cg*
:Cg-Re-0(1) A
Ce-Re-C{11) --
Ce-Re-C(12)

. C2-Re-C(13)
0(1)-Re-C(11)
0(1)-Re-C(12)
. 0(1)-Re-C(13)
0(1)-Re-Cz*
C(11)-Re-C(12)}
C(11)-Re-C(13)
C(11)-Re-Cg*

C(12)-Re-C(13)

C(12)-Re-Cg*
C(13)~Re-Ce*
. Ré-Ct-Re*

Re-0(1)-c(7)

B

el emd  awd  emd wd med

distance A

2.511(5)
2.511(5)
2.16(1)
1.87(2)
.86(2)
.85(2)

.49(2)
-40(2)

.32(2)

angle(degrees)

80.4(1)
84,9(4)

95.4(9)

175.7(86)
95.3(7)
173.3(9)
92.3(7)

. 106.4(7)

80.0(4)
87(1)
86(1)
93.5(9)

- 88.5(9)

95.9(6)

-175.6(7)

98.8(1)
141(1)

.29(2) -

Bondeé atoms
c(4)-0(2)
c(4)-c(5)
c(5)-c(s6)
c(e}-c(7)
C(7)-c(8)

. c(8)-c(9)
- €(9)-c(10)

c(10)-c(5)
€(11)-0(3)
c(12)-0(4)
¢(13)-0(5)

“Bonded atoms .
- 0(1)-C(1}-c(2)
-0(1)-C(1)-¢(3)

c(2)-c(1)-c(3)
c(1)-c(3)-c(4)

©(3)-C(4)-0(2)
c(3)-C(4)-C(5) -
- 0(2)-C(4)-C{5)
. €(8)-c(5)-c(10)
c(4)-c(5)-c(6)
C(10)-C(5)-C(6)
C(5)-C16)-C(7)

c(6)-C(7)-G(8)
c(7)-c(8)-C(9)
c(8)-c(9)-c(10)
c(5)-c(10)-¢(9)
Re-C(11)-0(3)

Re-C(12)-0(4)

Re-C(13)-0(5)

(bamH)z

43

. Q
distahce A
- 1‘3; (2)

angl

— md et ed et ed ) ed ed e

.50{2)
.37(2)
.44(3)
.35(3)
35(3)
.44(3)
.40(2)
A1)
17(3)
.19(3)
S

e(degrees)
120(1)

191
121(1)
12401)

122(1)

129(1) « .

- 109(1)

117(1)
123(1) e
120(1),

- 121(2) -

116(2)
125(2)
118(2)
118(1)
177.7(6)

- 176(2)

176(2)

Non-bonded atem distances: Re-Re*, 3.852(1)8%; Cz-Ca*, 3.240(5)%; ca*-0(2},
_3.52(2)4; €2-0(2), 5.02(2)&; 0(1)-0(2), 2.52(2)k. |

Tx The superscript refers to an atom generated'by'(-x;y;&Jz)I o
* Estimated standard deviations in parentheses.
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~ Table 11__ Selected Planes™ of Atoms in Re9100§6622§bémH}2 :

Plane Atoms Deviation(A) Equation
A Re ~ -0.06 -0.07002A +°0.997428
B S +0.04 +0.01585C = 3.01765
| . Ce*x -0.01
» Re* +0.03 ‘ .
B 0(1) - 40.001  -0.65251A + 0.019148 .
o) -0.01 - +0.75754C = 0.31492
© o C(3) . +0.01 T '
Lo - 0.00 R 3
0(2) \ﬁy T o
o m ~00 -0.62824A +. 0,04314B
| c6) .+0.07 +0.78004C = 0.76202
c(7) ~0.01 BN -
c(8) 0.00
c(9) +0.01
c(10) . -0.01 ~
'> : | . ’ / |

r

* ATl planes are'leasﬁ squares ,planes determined by the programme PALS |
writteni by P. G. Ashmore for the CDC 6400 computer and based on the
work of Schomakér?et al. (498). The pfogramme transforms the cell into

an orthogonal cell corresponding to the crystallographic a, b, ¢* axes.




Figurer4

The molecular structure of'ReZCRZ(CO)B(bamH)Z. The

labelling of the atoms is as in Table 9. e
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Figur'e 5
Stereogram (stereoscopic 6air of perspective projections)
of Rezc':z(co)s(bam}i)z. The ¢ axis is parailel to the top of the page and -

the b axis to the side of the page. The view 1s approximately aldng ar.
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s ' CHAPTER VI

Results and Discussion

A]though it was not poss1b1e to reach the original goal of this
work the preparat1on of Re(acac)3, much was learned about thé reaction of
Re(CO)SCz with p-ketoenols. Two types of compound were prepared when
Re(CO)SCR reacted with B-ketoenols: one retained the ch]orin; atom and
che other lost it. These were investigated in order to estabiish their )
1dent1ty | ' ' '

The type which neta1ned ch10r1re was shown to be d1amagnet1c(page 7)
This suggested that the compound conta1ned Re(1) and that, consequent]y.
“the 6- d1ketone was present as a neutral 3-ketoeno1 The n.m.r. spectrum
was also consistent with th1s conclusion (see later, page. 49) -

The empirical formula obtained for the benzoyTacetmiethane
member of the series was Re(CO)BCzuadH. Thisufonnula would represent -

a normal six-coordinate species if bamH acted as a che]ating‘iigqnda‘
However, the ghysical properties of the compound &id not resemble -those )
of other Re(CO) Cle (L = py» Ph3 _ aniline ) ‘ rmononeﬁs (50,51).

; The Tow solub111ty and involatility suggested that the compound was a dimer
“or po1jmer. but the 1ntract1b111ty precluded mo1ecu1ar we1ght measurements .

by solut1on or mass spectroscopic. techniques. |

Slnce we cgould not estab11sh a unique structure for the compound,

a single crystal X-ray analy51s was undertaken to solve the preblem. ‘

The particular compound studied ‘here, Rez(C0)6C12(bamH)2, was

- shown by X-ray analysis to be a chlorine br1dged dimer where the 3-ketoenol

47
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is monodentate and bonded to the metal via one oxygen. The bond

1en§ths found between che atoms in the g-diketone rinb also suogested
that the ligand was-in the ketoenol form with little, if any, delocali-
sation of electrons, in contrast to what is found in complexes of g-keto-
enolate ;Lions © It was impossible, however, to locate the hydrogen atoms

and evidence fron other physical methods had to be cons1dered together

"with X-ray data, 1n order to eliminate alternative structures such as

a neutral &- d1ketone comp]ex of Re(I) or a B-ketoenolatc complex of

‘Re(11). Mass spectroscopy of the compound was not very he1pfu1 the

compound was relatively involatile under the experimental cond1t1ons |

tried, and decanposed The major peak was at m/e 162 corresponding to
bamH The corpound was d1amagnet1c and since there is a Quas1 octahe-

6 Re{1) system

dral arrangenent of ]1gands around the rhenium atom,a d
seemed, more Tikely than a d Re(II) system The Re-Re distance of
3. 852(])A is too Tong to allow metal-metal bond1ng, a]though superex-

change might take place through the ch]or1ne atoms. As the compound

" was diamagnetic at both 23°C and -380°C any superexchange would have

to be very strong.

Chem1ca1 evidence showed clearly the presence of a neutrall
s-diketone er ketoenol: the pure neutral ligand was isolated when_our
compound was treated with dry'Colat 50 atmospheres in~the temperature

range'90°C—TSO°C. The_reaction'is : A

2

[Re(CO) jCa(bami)], + 200 — [Re(C0),Cal, + 2bamh.

At the higher iemperature sore Re(C0)5C£ was obtained, probably from the

rezction
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: [Re(CO)4C£]2 + 200 — Re(CO)SCz.

Proton n.m.r.'spectra gave the best evideﬁce for the proposed
. structure and are consistent oh1y with the ketoenol form. -A1though
spectra ghowed that some decompos1t10n took place w1th time, giving free
s-ketoenol ligand, fresh solutions showed a peak at -13.8 ppm from
| tetramethy]s11ane ass1gnab]e to an enol OH group and this peak was the . -
same size:- as a peak at -5.55 ppm ass1gnab1e to the y C- H. (Smm11ar peaks
occur in the free ketoenol at -13. 4 ppm and -5.6 ppm re1at1ve to T.M.S.)

The combunat1on of X-ray, 1nfrered, n.m.r. and magnetic data
_ shous unéwbiguousiy'that the structure of this compound, Rez(CO)GCQZ(bamH)zw'
is correctly descr1bed here, _ |

Prevxously, H1eber (22) assaned e structure to a comp]ex con-
taining,a neutral (but che1ated) ketoenol on:the basis of a 6~0H band at
'Am16i0 cm-j in the infrared spectrum Our compound also shows a band at
1610 -cn™) a5’ well as two others in the 1500-1600 cm -1 region, but our
1nvestwgat1ons of other 8- ketoenolate compounds (Chapter III) show a
nurber of complexes have three infrared absorpt1g:s in.this region wtth?
the' highest band, in some cases, Tear 1610 cm -1. Thus we do not regard "»_ f
this as a usefu1 d1agnost1c test. 1 have reported the 1nfrared spectrum

in detail in Chapter III - A comparison of the ‘infrared spectrum in the

carbony] stretch region with that of_pyzRe(CO)3I (44) is interesting.

by Re(c0)gl  208L. o3s, | e e
" o ' | R
[Re(CO)(¢ikH)CL], 2040, ~ 2030, 1930 1910, 1895 o .

The gii_é}rangement of carbonyT groups postulated for the former compdund o,
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ir.ﬁim11ar to'that in one half of the second compound. The extra bands

_ are consis tent with a coupling of the vibrations of the two halves of
the mo]ccule to give rise to a doubling of the 204% cm'1 (2040, 2030) and ,
1934 cn™! (1930, 1910) bands: o o

The work of Hieber (22) referred to above reported the prcpora-

tion of the monomeric form of our COmpound_propdrcd by the rcaction
" heat o -
[Re(CO)SCE]x + dikH ————r RQ(CO)3Cn(d1kH)

N structure proposed was ‘ 3

R, N
| o--c/ ! o
. ' /\ //CH

2

v_"-.’

. A .
Very little physical evidence was given for this structure, and it

‘seems very unlikely as we have obsérved no tendehcyrfor our compound
to form a monomer (Chapter III page 12). If such awmonomer exists,
the structure of our compound. where the enol group is relatively near
- the bridge pos1tion would- easily a]low bridge breaking. 'Re]ative]y
little environmenta] change would take place at the rhenium atom,

7

certainly not suff1cient to give rise to a drastic colour change from the

7
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pale-yellow green of our compound to the deep red- brown of Hieber's. *
The f1na1 point aga1nst the structure proposed by H1eber is that,

' a]though the calcylated and observed ana]ytmcal resu]ts for Hieber's
compounds agree very we]] the ce]culated figures are in error and

fit better a formulat1on ReC(CO) Ce(dikH) (see Tab]e 12}. Relatively
little exper1menta1 deta11 is given .of the preparataons, but c]ear]y
this work should be reinvestigated; so far we have been unable to
‘repeat the preparations " (Chapter I1I, page 13).

The second type of compound appeared to contain a s-ketoenolate
anion,. bonded to the nefal in the usuzl way, via the two oxygen atoms.
‘Magnet1c and 1nfrared data were cons1stent w1th such a complex- con-
taining rhen1um(1) Emp1r1ca1 formu]as derived from the first few
analyses were border11ne between Re(CO) d1k and Re(CO) dik. -

An examp1e of. the ca]culated values for carbon and hydrogen

content for one of the first compounds in this series sent out for

analysis shows the difficulty

| Calc'd % C % H
[Re(€0) ydbm], 438 2.2
Re(C0)4-dbm . may o 2a

He believed the compounds were actually Re(CO)'dik as we.were“prejudiced
in favour of a six coordinate Spec1es. Early mass spectra] data wera
confusing, however, as they showed, 1ons only up to Re(CO) d1k ;f the
conpounds really were Re(CO) dik, then one of the carbony1 groups was
excessive]y-easy to remove under the cond1t1ons in the mass spectrometer.

By varying these conditions, it was eventually p0551b1e to ob.a1n jons
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which corresoonded not to Re(C0)4(dik)+,/but to fragments of a dimer
Re (d1k)a : Better cond1t1ons on the mass spectrometer 1ed
to the detection of the parent ions; Rez(CO)s(mk)2

The mass spectra of the dimers Rez(co) (d1k)2 show a similar
pattern: Re(CO) (dik) is very abundant compared to Rez(CO) (d1k)2
Both of the preceding ions, Re(CO) (d1k) and Rez(CO) (d1k)2 lose’
carbonyls, usua11y one at a tfﬁe, t113 they reach the species Re(d1k)
" and Rez(dlk)2 The Rez(chk)2 forms more Re(dik) and then this goes

on to form ReO compounds The Rez(co)s(tfac)2 compound shows a variation

in that it also loses F. and HF. -
' bridge o _
€0 Toss Rez(CO) (diK)," - breaking Re(C0) (diK)"
Re (CO)S(d1k)2 — Re(CO)z(dik)+
. . +
Rez(C0)4(d1k)2 n Re(C0) (dik) ;
.oy T NPTIAN

Rez(C0)3(d1k)2 Re(dik)

oyt + ‘
Rez(CO)-(d1k)2 Re-0- s

'Rez(co)(d1k)2

Vv . Re (d1k)2

Once we discovered that he Qere dea1tng with dimers, the infrared
data were re-examined.to see if the'type of br1dg1ng between the two
halves of the dimer could be detected An exam1nat1on of the. carbony]
(carbon monox1de) stretch1ng region showed bands as 1ow as 1890 cn ’The
.quest1on arose as to whether these could be caused by bridging carbony1s.
Bands near this frequency have been attr1oute§ to bridging carbonyls for
" other metals, but such a Tow value has been'found for other Re(I)} com-

pounds containing on1y‘term1nel carbonyl- groups: e.g.




py,Re(CO),1 2041, 1934 and 1891 an' (48).

_The most likely passibility, however, was that the dimer contained a

&

weak metal-metal bond ]1ke the*one in Rez(CO)10 Such a weak metal-
metal bond would explain the easy formation of Re(C0) (d1k) in the
mass spectrum. ° Attempts to find the metal-metal bond stretch in the
!1aser Raman spectrum near the va]ue g1ven for Rez(CO)]0 failed because
all the samples scattered the laser beam from 0 to ~ 200 cm -1 which 15
in -the region of 1nterest.

The second choice 1nv01ved a br1dge system 11ke that postulated

for Rez(acac) Cn4 (17).

|
\l/
No
Cl-

More recent work has shown that this structure is incorrect (23,24) and

it, therefore seemed un11ke1y for our compounds. '
The final poss1b1]1ty seemed to be a bridging system sim11ar

to [Nl(acac)zj (Fig. 1, V). (16) thh one oxygen atom on each s-d1ketone

act1ng as a bridge. If any of these three poss1b111t1es were correct,

we would be dealing with a compound wh1ch showed novel bonding
for rhenium The'structure of one. member of /the ‘seriesy ReZ(CO)Gdbmz

‘was shown to be:
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Four other dlmers with br1dg1ng 8- d1ketones of th]S type are known

(38a,b,c). One. series has the formula Mz(thd)6 ‘where M = Pr (38¢c),

“or'M = Nd, Am (38b). These are very similar to our compound in that

the br1dge bond is perpend1cu1ar to the plane of the g-diketone. The

other compound, COZ(acac) (H 0)2 (38a) has the bridge bond in the same

: plane as. the g-diketone ring which bridges. The structure of Re, (co) (dbm)2

QC\

0

- also bcre a strong resemblance to that of [Re(CO) Cz]2 (44), e.q.

o © 0
. _o~_ . ¢

C "Cl - C
o | 6 - .70,

. with one end of the g-diketone replac1ng a neutra] carbon monoxide and

the other end replacing 2 br1dg1ng chlorine. Since it is poss1b1e to

carbonylate [Re(co) Cz]z back to Re(CO) C2 via the react1on

ZCO
[Re(CO) C!.]z m 2 RE(CO)S;Z
_ 150°C
it seemed iikely'that the Rez(CO)s(dik)z_series of'compounds gou1d also

undergo carbonylation with a CO molecule replacing the bridge bond.

ft 2
~
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i

This prediction was borne out when it was found that Re(C0)4(dik),

could indeed be formed by the fol]ow1ng scheme

Re,(C0) (d1k)2 g 2 Re(C0),(dik)
- 150°C o &

'thing the course of this work, -the preparation of-Mn(CO)A(hfac) from

Mn(CO)sta and hfacH. was reportod (6). 1t was interesting, to compare

the infrared spectrum of.Mn(CO)A(hfac) with the spectra of the Re(C0)4(dik)

. series in the carbonyl region:

Mn(CO) j(hfac) 2123, 2055, 1973, 1950, cm

Re(C0)4(_d1'k)‘ g, 2000, 1990, 1945 en”|
The question arose- as to why Mn(CO) Cs gave the monomer Mn(CO)4(hfac) as
a product while Re(co) C2 gave the dimers Rez(CO) (d1k)2 Under the

react1ons cond1t1ons (refTux1ng in benzene) two 1ikely pathways for the

react1on_are.

1. 2 Re(CO)GCr + 2 dikk I 2 Re(CO)(ik) + 2 HCs y " S
fast
_ Rez(CO)s(dik)z : -
R 12 hours il + 2 CO
2N 2 Re(C0)gle [Re(C0) 4C2]5 .
+ 2 diki
e . . iy -
Rez(co)s(d1k)2 + 2 HC2 | E

He thought that any Re(co) (dik) formed would be converted to the_dimer
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very rapidly in refluxing benzene. Milder reactidn conditions.werey
tried (ref]uxing.1n‘CH2C22‘40°C) and the solutions slowly fprned to

the appropriate co]our for the particular Re(CO)4(dik) compound but

no product cou]d be Tsolated as purification steps gave back virtually
al] the Re(CO)SCz. The react1on was tried for a few ho;rs in ref]ux1ng
benzene with hfacH as the 11gand as this g-ketoenol seemed to react the

fastest. Some Re(CO)4(hfac) was iso]ated in good_xleld from th1s reac-

—_—

tion, thus show1ng that the formation of Re(co)4(d1k) as a first step
in pathway 1) (prev1ous page) is poss1b1e However, Re (CO) (d1k)2 com-
pounds have been, prepared d1rect1y from [Re(CO)qczlz, thus show1ng that
epathway 2) is also poss1b1e " The react1on to form Re(CO)4(d1k) compounds
from the. d1mers has been shown to. be reversible by s1mp1y heating the
compounds to m1oo°c in air. Some even d1mer1ze at room temperature over

e

a period of a few months. '. : e

The resehb]ance_of the:Rez(CO)G(dik)z_compounds and [Re(C0)4Cn]2 o

can be carried further " In work reported -preVious to this research (50,51),

" no one had ever managed to replace more than two carbony] groups in

e(C0) sCx with donor 1igands, thus g1v1ng Re(C0) CLL2 {L = py, Ph 3Psaniline;
L,=1,10- phenanthro11ne) , (In Re(C0) I, however, up to four carbony]

groups have been replaced (25a). ) Ifa B-ketoenolate group is equivalent

to one neutral carbony1 group and one chloride aniom, then it should still

be possible to replace two carbony] groups in Re(CO) (dik) type compounds,
where the d1k group has rep]aced one CO group and one Cz atom. Thus we
attempted to make compounds of the type Re(CO)Z(d1k)L Indeed, it was
possible to react Re(CO)4(d1k) andeez(CO) (dik), with triphenylphosphine
to obtain Re(CO), (d1k)(Ph P)2 (in the case of. the Rez(CO)G(dbm)2 dlmers, |

* "
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one Ph3P breaks the bridge and the other Ph3P replaces a carbonyl group) .

This was sﬁbwn concTusiveTy where the s-ketoeno]ate was dibenzoylmethane

or tr1f1uoroacety1acetone. and a reaction residuc-was obtained for

.accty1acctone and this res1due had the same co]our. squbility properties

and IR spectrum as Re(CO) (acac)(Ph P) prepared by Freni et al. (25b)

x -

by a completely different synthet1c route, e.g. o v

~

P Né acéc .

also prepared by ReH(CO) (Ph P)2 95$5~

Some monosubst1tuted intermediate compounds ‘were also 1solated using .

ahorter react1on t1mes, e. g Re(CO) (dik)L (L = Ph P py) thus the reac-

tion g1v1ng Re(CO) (d1k)L2 proceeds stepwise.

The ev1dence gathered from the two series of COmpounds reportcd

_hcrc has shown that 1nfrared spectra are unrel1ab1e in the prediction

~ of these types of structures In fact. a prev1ous]y reported compound,

Pt{acac)(acacH)Cs (20 21) has been postuIated from infrared anln m.r. data

to have the acacH group bonded s1m11ar1y to eﬁherne

Pt.

H CH.
c-—-c\:‘)' o L

J




but it is Jjust as 11kc1y. bascdﬂon our results for Re?(CO)GCn(bam{)Z.

that this compound is bonded via one oxygen

ThL brwdglng g-diketone groups cou1d not be predicted from the infrarcd

_,../
spectra e1ther as'mhey appearcd to be ordinarily chelated s-diketones.

v

~ Qur z-dxlotone.br1dgcd dimers and all other O, br1dg1ng s-diketones have

~— -
only becq_dctect;d by X-ray ana]ysis - R
[ ' - - - ) . ’ ‘ .
s _ 5
o -
™, ~
.
- ‘ i 1] Ed
- i
)
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CHAPTER VII

Conc1usions

ReZ(C0)10 does not appear to react with B- -diketones up to

373°K but Re(CO) Ce reacts to give Rez(CO) (dik)z, Rez(co) sz(d1PH)2,
or Re{C0) ,(dik) and at least two reaction pathways have been shown to _
be possible. The Rez(CO) (d\k) - compounds can be carbony]ated to g1ve
Re(CO) , (d1k) compounds and -on heating these lose carbon monoxide and
reform Rez(C4) (d}k)2 The Rez(CO) C!.Z(d'ikH)2 compounds did not react
further to g1ve the Rez(CO) (chk)2 compounds by elimination of HCs.
The Re (CO) (d1k)2 and Re(CO) (3ik) compounds react with 11gands such
as pyr1d1ne and tr1phenylphosph1ne to give Re(CO) (dik)L and Re CO)n
(dlr)LZ compounds but do not react w1th molecuTar n1trogen even undcr
‘pressurce and at ‘elevated temperatures The crystal StFLCtUFC studies on
, " one member of each of the series, ReZ(CO) (dik), and Rez(CO) Ctz(dxtﬁ
revealed some unusual bonfng modes of B8~ -diketones, e. 9.5

) & che]ated B- d1ket€§§zahich also forms a br1dge to anothef rheniﬁm

atom via one of the oxygen atoms and has a very large value, X7¢, for

the dihedral angle between the 0-Re-0 plane and 0-C-C-C-0 plane pf tne

diketone ring. . h .

2) monodentate neutra] -d1ketone with 1little or no de1ocalizatibn .
of electrons even though the E:diketone ring rema1ns planar.
In both the above structures, the Re- 0 bond lerigth is 2.15 A

These: distances are among the 1ongest observed for Re-0 bends. TWO

" explanations are possible:for the great length of the bond. tither one

60
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can use Cqﬁtoné} values based on the Paulina model to calculate }hat

the Re-0 bond order is 2/3; or one can arquelthqt_in these compounds,

formally containing Re(l}, the covalent radiu; is 0.11 A lonaer than

that ca]culated by Cotton for a compound of Re(V). -We frefer the

former 1nterpretat10n A direct.comparison between the structUrés

det ermined here with those of Che' ng Wan (39) (see also Chapter 1)

is not possible, however, since the diketones are not bonded to |

tHe rhenium atom inAthe éame manner. Potential .sources ofirhenium(l)

s-ketoenolates, with the g-diketone bonded in a manner similar to |

- those of Che'! nq Wan, are-the monomeric compounds prepared near the

end of this work. i.e., Re(CO)d(d1k).-Re(C0) (dik}(L} (L = py, Ph P) T

or Re(CO) *dik)(Ph 2‘ ‘1t was also determmned that thp-chem1stry of

the products was cons1stent with their structure o
: F1na11y. durina the -course of this work, some crystals of a

compound, which we have not yet 1dent1f1ed were 1so1ated from the pre-

paration of one of the Re (CO)GCEZ(d1PH) c0mpounds 89cause of the

sma]] amount of avai1ab1é mater1a1 the only data coT?ected were by.

X-ray d1ffract10n and the ensu1nq incomplete crystal structure is . ~

reported in Appendix A. The search for more of this compound may be

a fruitful 1{ue of research for other workers in this field and it is

hoped'fhat-the properties determined thus far will help: them in thetr

work,




APPENDIX A -

Structurc of RCQEEA(CO!x?

The work rcoortcd in "this chapter is not directly rclatcd.to
the main part 0f°thé thesis (thé‘reactions of Rc(CD)SCQ with p-ketocnols) .
Nchtholcaﬁ} thc"compouod dcscribcd.here'was fsolated from the reaction
mixture of Rc(CO)SCi_and a diketone, and our initfal studies a?sumcd it N
was a rcaction product. It now sccms probable that the compound was
formed dur:nn the preparation of the Re(CO) Ct starting material. A1thooqh
jthc quant1ty of material was extremely 1imited (3 crysta]s. difttcult Lo
see w1th the naked eye~0” -9 gram), 3 relatively large amount of informa- ‘
L\OH has been gathcrcd and some conclusions n be drawn as to the naturc-
and occurrence of this conmound The formula for the compound is. ‘o11owod
Ly ‘a question mark to indicate the uncercawnty not only of tht cxact
- formula, but of some of the e]emcn present in the compound. Although we
do not know the exact preparat1on of this compound wc have an idea of =1
its origin and it is useful to rcport the crystal structuro here, since
~the structurc ray suggcst a suitable prcparat1on ‘

- A vcry simi.lar prob]cm occurred in thc casc of rhcn1um tetra-
chloride in 1966 (53). Rhenium tetrachloride was prepared by accident
during the commercia1 prcparat1on of rhenium trxchloride Suffjcient

" ymaterial was made to allcw complete characterization and determination
of the crysta1 structure (54,55). All attempts to repcat thc prcparatton

by thc above method have been unsuccessfgj The structural stud1os and

the reported properties were uscful, howevcr. in a}lowfﬂg Unaﬁb19U0U<

- . -
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identification of the material, when a tomplcfe1y different syothetic
routc was found three yoarsﬂlaterl1n.tgis 1aboratory (56). On these
grounds, I feel it is useful to publish the_oesults of oﬁ1s picce of

incomplete work. o

-

' Re,C2 co),? o
| While searching throughrthe flat p]atco of Re (CO) sz(baM{)z
for some more su1tab1y shaped crystals a few: necdlos of the same’ '
colour were found and one was mounted a]ong the need1e axis and put on
the diffractomoter., Using a po\arowd photograph the Syntex diffracto-
meter was centered on‘tcn refiectfoﬁs The derived unit cell was not
the same as that obta1ned for the Re (CO) Ciz(banﬂ)z plates but it |
was assumed that the two were related by a simple transformation and B ,;_
a set of intensity:data wq..s collected, "with the idea of performing
the tronsformation later. It soon became apparont that the unit cc11
of the need]cs could not be transformed into that of the plates and ve
thought that we might be dealing with another crystal]ogrgfhio form of
Re,(C0) (Cp(barti),. o B N
-Cryéta1logfaph}: The sysfematic ext1nct1ons of thc new -cell were:
hot (i = 2n+1), oko (k = 2n+1) and the space group -which f1ts this is
P21/c. The cell is nonocl1n1c with as= 9 1869 b 1. 586%(:"l2 8509A
= 109. 1Lq] v = 1291 Bor-4 (20°c Moka = 73069 A), P23/c (¢35, No.14).
He were unable to measure: the density of the compound and we have
had to estimate Z. We chose = 4 on-3he fo11ow1ng grounds The calcu]atod
dens1tv for four formu1a units of thn present known atoms per unit cell '
is 2.6 g cm 3, which is 511ght1y h1gher than other organometaT11c rhen1ur

chlorides (e.g., Rez(co) cgz(bamﬁ)z ’2 1@). A dens1ty correspondxng

»
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to Z = 8 would be very high (5.2 g em ) and is only observcd in very
51mple b+nary—compounds of rhenium It secmcd unlike]y for a complex
compound. In addition. a molecu]ar geometry calculation shows the
longest adjacent atom contacts are from 3.4 to 3.9 A away. This
value is reasonab1e for van der Naals contact distances and 1mp11es
that there arc no ecmpty spaces in the un1t ce]]}for which we “have not

accounted.
T
A total of 1623 1ndcpendent reflections were measured of
whigh‘ﬁ242 were observed _The ten reflections used to center the

‘diffractomcter were used to get the unit ce11 parameters above

solution of .the Structure

Using Patterson maps of the three zefo-layers,‘jt was possible : T
to locate what épeeared,to be a rhenium aton. ‘Ré for this trial posi- .-
tion was .39 and the rhen1um atom temperature factors were normal.’

- An electron density and electron density diffcrence map showed two

heavy atoms wh1ch were both assigned as chiorine. The R factor drOpped
| to .24 but the ch10r1ne atom temperature factors were fairly large and
negative. New electron density. maps and di fference maps using the ‘ '_’,{;‘\\\\\#\
rhenium atom and two “chlorine atons showed four synwetr1ce1ly siaced
atoms forming 2 plane w1th the Re atom ‘and the two Cz atoms and shoeed | - v

vhat appeared to be two carbony1 groups perpend1cu1ar to the ReCi,
4 synmetric atom p1ane w1th one- carhonyl group on each side of the
-1

rhenium atom. A molecu?ar/geometry calculation shpwed the, following

structure:




o | o
cu<0\R/0~\ cl
0 l\o

C
o, . _‘(

-

The'four symmetric atoms had been dssigned as O\ygen'atoms.' One cycle

of ref1nemcnt based on thg above structure dropped the R factor to .20°

but the temperature factors “of the two ch]or1ne atoms and four br1dg1ng

oxygen atoms were fa1r1y large and negative. This structure did not | (.
make much chemical sense, but it was dec1ded to try and see if we cpuidl"

locate any (bamH) group using e]ectrdn density and difference haps with.

-

the atoms 1n the structure just ‘shown. :
Other 1light atoms were 1ocated but were not stable and were not

arranged in any manner resemb11ng a (bamH) group. © Further attcnpts also
met with failure It was dec1ded that these green needles were perhaps
$qmefimpurity and were not Re (CO) Cn(bamH)2 after an.

| The temperature factors suggested that atoms twice the size of
those assigned as oxygen atoms and chlor1ne atoms were needed in the
reSpectlve pos1t1ons. The four oxygen atoms were reassigned as chlor1ne
ators and the two or1g1na1 chlor1ne atoms were at First reass1gned as »:.
copper atoms. The copper could have carried through from the preparat1on
'of'fhe startiﬁg material, Re(to) Ce, whwch is prepared from KZReCn6 and
copperﬁpowder underipressure of carbon monox1de._ This gave;the structerc
&hown on “the fe1waing page: - l) s |

N 3 ’ . \ - ‘_ - ‘ : ) L
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This later proved to bébunsatisfactory, however, as some carbonyl

groups tound on the copper atoms, ystng“absorption corrected data,

seemed to form peculiar bfidges from ong{po1ecu1e to thé"next, . The
refinement was stopped at thts Stégé until turther'crysta1s could be

found. | R o ' | | |

One more crysta] was found, after an’ exhaust1ve search, and

this was ana]ysed on the scann1ng e]ectron m1cr0probe The only ele-

ments found were rhen1um and ch]or1ne, with no trace of other heavy

elements. Carbon and oxygen do: not show up w1th this method This

meant that the "copper" atoms had to be accounted for in some other _ z;}/

manner. - A disordered structure was proposed where a rhenium atom with

a multiplicity of .5 occurred in p1ace_of the “copper” atoms. we nov
om0 t |
Rex~~_ ~-R Rc-z
. Cl— - CI
(: Co _ _ . | , |

which-is rea1ly-an,ajternation in the packing direction I aﬁé I1:

- 9

-,




rhenium

There a?so ceems to be”two carbany

atom, and these are in the same pﬁ

chiorine atows, but afcomp1ete octahedral

the‘disordered rhenium atoms cou1d not be

structurc is shown in Fig. 6 In a]] the

werc done us1ng the full matrix 1east squa

for the

CDOC 6400 computer by J S. Stephens

5cattering.curves of Cromer (34), c1ud1n

of Cromer and that for

‘correctxons (35) were used. The oxygen sc¢

(36); No anomalous d1spers1on correcttons

oxygen.

In the f1na1 cyc]e of refinement,

density

~outside

than 1/3 of its est1mated standard dev1at1

d1fference maps through the unit ¢

:3e/A . The f1na1 set of atom par

and a comparison of F and F g1ven at

Ry

= 16 and R, = 19 {unit we1ghts)

1t may be argued that 2 d;scussnon

o

1

] grbops on.tge.disordered
ane as the rhenium and
arrangement Of atoms around
found. The present trial
refinement cycles, which
res~programme CUDLS written.

the rhenium, and ch10r1ne'
g ‘anomalous dispersion

attering curve was also that

carbon was taken from the Internat1ona1 Tables

were app11ed to carbon or

no parameter shifted by more
on and a series of e]ectron
el1 showed no peaks or va]Ieys
ameters is given in Tabie 13

“

the end 6f-this append1x. :

of bond lengths and.ang1es

&
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in a compound in which.we are not even certain . Al

atoms is pointless. We have included this discus sion however

re of the

, since
a structuou whould not on]y make crysta]lographic sensc, but a1oo
chemical sense. By examining the bond lengths and ang1os'and comparing
them with expected values derived from _other compounds we should be e
ahble to decide whcther theJoompound is chemical nonsense or not. If‘
should be boroe in mind in the discussion‘that our naming of an atom

- is an educated quess for the purposcs of the discussion. Eina1‘pfoof

\

‘must come later,

Results_and Dlscu%siqb

Scﬂccted bond d1stances and ang1cs arckg1ven in Tabie 14 and

the molecule is p1céurcd in Fig. 6  The e1gpz Re- Cr bonds are equa1

~(within crrors) and are 2. 45(3) A on averaﬂ; This bond distance is |
similar to that found for Re (CO) szcbam? 29 which a]so has a bridaing
chlorine. Thc four Ci-Re-Ct anqgles are‘ja1so equal. within -
orrors and are 86(1)°. The four Re-Ce- ﬁe angles are 94(])° These
anuleq are probably a requzrement of the Ci br1dgea as they are similar

| to those ‘oand for Re,C24q- Hérpend1cu1ar to the plane formed by all |
the other atoms Jn one molecu]e are two carbonyl groups, one on each
q1de of the ccntral rhen1um atom. These are close to linear and have ' k .
bond longths similar to those outlined in. Chapters IV and V

| The 11ght atoms surround1ng the disordered rhenium atoms

}'caonot be p051t1ve1y identified. liowever, a calcu]at1on invalving

7étho voluwe of pOS;;B]e groups around the'disordered rhenjum atoms

-indicates that only small carbonyl grooos‘OY chlorine aooms'could fit

in the unio cell. & {bari) group would beitoo bulky. ~1f enough sample
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can be gathered, a neutron activation analysis (26) giving rhenium-

chlorine ratios will help settle the uncertainty.
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Table 13 Atomic Parameters for RGgEl4(CO),?

Aom X Sy _‘ oz U*' =
e - .1077(3) .1238(2) .2255(2) +
()Y 5207(8) .1202(6)  .3284(7) .

o re(@ .6941(1) neae) g
ce(1)y  -.YOT(AY 204343} 249(3) x
celz) . -.008(3) .003(2) . - .097(3) '
co(3) .378(4) -012(2) ,200(3) +
ce() BN2(an, - -208(2) .348(4) s
¢(1) 105(5) .213(4) - ,086(4) 0(9)
0(1) 108(8) \\iiza(é) ~.019(3) - 15(9)
c(2) .107(6) " 4%8(5) ..859(5) - 11(12)
(3 .33(1) : .54??7\\ . 197(9) 12(24)
0(3)" 25(1) 025(9) N .708(8) 33(24)
aa™ o .346(9) J17(7) oo
o)™ - 201y .809(9) o0ae) T 42(26)

Mon Uy Uy o Y iz i U3 -
e 1101 o s oy e ot

_Re(1)  37(3) 25(4) g2(6) ~ 0{3) - 114 0(#)
Re(2) 33(3)  28(4) - 84(6) - 0(3) (3 - 0o(4)
ce(1) $3(18)  64(18) _ 11(ze) o) 407 0(17)
ce(2) '4?(11) 43(i3)  1e6(31) - 16(10) 35(15) et
cL(s) 85( 57(17)  107(26) o(15) . o(18) * 0{16)

(4)

////JU1(22) 4015) Jo8(38) ~ 5315)  73(24) - 46(19)-
/////’// E%tlmatcd standard dev1atfons in parenthescs

4 s in A2k 10700

*fThesc atoms‘ﬁave a multiplicity of .5. ~
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Table 14  Selected Bond Distances and Angles* for Re°c£1gco;x3

Bonded atoms

Re(1)-Ce(3)

A_RQJ_ﬂ:CLﬁz)MJWUHA_A_w_

e ~Ce(1)
Re  -Ce(3)
Re ~Ce(4)
' Re A;C(l) .
Re  -C{2)

Re(1)-Ce(4%

. Bonded atoms

" Caf1)-Re

' -Cl(1)-Ref

Ce(1)-Re
rCE(1S-Re'
Cn(3)-ge
c{1) -Re

“- Ce{3)-Re(1)

Ce(1)-Re(2)

* . ) ’
Estimated

-Qt(Z)
ce(3)

-c(1)

c(2)
-Ce(4).
..C(Z) .

-Cz(4)
-C2(2)

angle (deg)

: 87(1)

8701)

dhtmme(h

2.45(4)

2.40(3)
2.45(3) »
2.06(5)
1.97(6) '
2.48(3)

2.82(4)

179(1)
92(1).
86(2)

. 86(1)
178(2)
~85(1)

Bonded atoms *

RE(Z):CE({j"“"

- Re(1)-c(3)
72 - 48(‘3):"‘ - _

Re(2)-Ce(2)

c(n)

- ¢(2)

¢(3)
c(4)

Re .

Re

ﬁe'
Re
Re

Re .

Re(1)-£(3) -0(3)
~Re{1)-C(8) -0(4)

CRe()C(a)

-0(1)
-0(2)
o3)
-0(4)

'Bonded atoms

_ct(1)-Re(2)

Ca(2)-Re(2)

-Ce(3)-Re(1)

;Ca(4)—Rc(l)~
(1) -0{1)

-c(2) -0(2)

standard deviations 1in pgrentheses.

- -

distance (A)

,__1ffglﬁllﬂ,LJ;g,"l,“__,J,,ﬂ‘J
© 2.50(3)

2.45(3)
1.73(7)
o2
1.a9(8)
1.1(2)
1.4(1)

angle (deg)

93(1)
- 93(1)
94(1)
95(1)
:178(35

" 178(3)

1maz)

L 157(7)

PR

oy

e
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Figure 6

“Molecular structure of‘ReZCaé(Cij?
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APPENDIX B | L

¥ . X-ray Diffraction

. ‘. V .. o . {
1ntroduct1on //—§%7 ‘ .

L]

r

Groups of atoms usually pack \ o tnto ch&stals in such
a way that the same atoms repeat themselves at regu]ar 1nterva1s in
three d1mens1ons. The volume of space wh1ch‘1s upique and is repeated
by s1mp1e trans]atIOn in“space 1s known as the unit ce11 and is def1ned
'lby a, b, c, a, gand y where a, b and ¢ are the three-s1des defining
‘the 1imits of .the ﬁnit eeII; a is the‘angTe between b and c; g between
@ and c,and Y between a and b. -

S1nce the spacing between the -atoms is of\the Same order of .
V'magn1tude as: the wavejength-of the. X—rays, “the X-rays are d1ffracted
-and can be made to produce spots on a. f11m The s1ze of the un1t cell
determ1nes,v1a an angular functlon the distance between reerction§] ''''
and the.number of elect¥ons (and therefore atoms) interacting with the
X-ray beam, as'well as.the relative arrangement of the atoms, determines
the intensities of the ref]ect1ons., 0n1y those ref1ect1ons wh1ch ‘undergo
construct1ve 1nterference w111 show up . This condition is met when (57)
'the 1nc1dent .and d1ffracted beams " are cop]anar with the normal to 2
crystal lattice plane and the angle from the plane of the incident and.

diffracted beams »>»e the same. Th]S may be expressed as Bragg's law -

..

t '  ma = 2dsine

where d is the distance between two adjacent parallel planes, o is the

77




—ahy

" and is a Four1er transform of the electron den51ty, p(x,y z), X5 ¥

" and zJ are the fract1ona1 coord1nates of the

&

L
angle between the plahe and the incident and diffracted beam, ) is
the waﬁe]ength of the X- rays and n is an inteéer ca]led-the drder of-
flect1on The 1att1ce planes are numbered. -using integers g k and i
wh1ch are ca]]ed M1Tler indices and are defined such that any ke plane,

which contain the 0r1g1n, 1ntersects 2 at ‘a/h, b at b/k and c at c/»

—
-
L4

s

Structure factors

- The e1ectrons 1n the “atoms scatter the X- rays Waves scattered

v

by d1fferent atoms genera]ly d1ffer in phase because of the d1fference, )

in path 1ength of the two X-rays. In some arb1trar§ dlrectfon defined ]

~b_y the vector H the resuTt of these wayes may be summed up to g1ve

the structure factor Fy

= =.‘_ .' -3 .+ ‘k k2 2 . : . .
. ig 1521 ijaexpL2w1(th’- ya 123)] |

.

' ‘ .th
where fJ is the atomic form factor (scatter1ng factor) of the jo atom

3

;th atom along a,.b and c,

‘respectively. Tj is the temperature dependent term and is

s

. . .2 ‘ :
b SN By S
= -B. : : .
Ty = explB; ._}T) ‘,
where B 1s a Debye-Ha]]er temperaturextaEtorxiss,59) and accounts for
@
the therma] motwn of the atoms from their average position.  ~—

&

In genera] the structure factor F is expressed in two parts:

A+ 13,‘

b |
n

-

13

N ' o
- L+ ky. + 12
I fjc052n(th ! 5+ ?3)

where A ¢
_ =1 3

¢

r




)

- 79 |
' . , _ N . »
~and - . . B~= z f sin2x(hx, + ky + 520 HER N - ] :
- “§=1 J J J - . :
) o, 2 '2'h _ . S .
. so that FF = A” + B The phase angle of F,.a = ta B/A 15 not an

observable QUantxty and only the intensities. FF can be obtaaned These -
are corrected for Lorentz (L) (60) po1ar1zat1on (P) (60) and absorption
‘(A ) {(60) such ‘that the intensity I is BT

Tk IR 20 L

, _'. ok .' . ) '
- where k.is @ scale constant. A depends on size of crystal and-its -

contents, - . ) . o N

. 1+ cos™ 28

- L depends on techn{oue used. . e . .-

Patterson functions

. . ¢ ’ : . - “
- Since the phases are not known, the electron density cannot be

_ found directly. For the structures solved- in this thes1s, ‘the. rhenium

[

 atoms were found using the Patterson function. Correct pos1txons For

" the hen1um atoms usua]ly sets enough phases for “the other atoms to be

“found from.electron density maps. " The Patterson funct10n is . 7

AY S
Plulv,w) =V J J J o(x,y,2z)o{®+u, ytv, z+tw)dx dy dz

e ) : 000 . ~

b ‘ : (.

5

Using structure factors this is | iy
_ o

zzz ]F*{z cosZn(hu + kv + zz)

. : P(-I.I,V,\;J) =4
| T e

-

Usually, informatton from~the 3 zero layers was used independently to get

.
-

-y




!

- two dimensional hrojections.' In the Patterson'function thb(g\a:e A
maxima corresponding to each interatomic vector

.where V (x 3+ y, b + z.c) 1s the pos1t1on of an atom “in the unit ce11 _ -
~ There are N atoms in a un1t each w1th z1 electrons (1 =1, 2..5.N);f
this w111 create N2 max1ma 1n .the Patterson funct1on of height z, zJ
N of these occur at the or1g1n and N(N 1) occur e]sewhere but most
peaks blend into a common background except the rhen1um rhen1um inter-

actions whqch because of the large. number ofe?ectrons re]at1ve to: the
usual othar atoms, stand out above the background - . | _"° :

"~ The rhenium atom pos1t1ons were then tr1ed alone as-a tr1a1
st;}:ture and the rhen1um atoms usua11y set-a Targe number of phases

so -that 11ghter atoms could be found from electron dens1ty (61 and e A

dlfference Fourier maps. .

Least—squares ref1nement

[

The set of structwe factors, lF ], ca1CLﬂated from the proposed
model are’ then compared to the observed structure factors ([F The - . ¢
correctness of the_structure is tested by compar1h§ the [Fo[ and lﬁcl'

in two convent1ona1 funct1ons : ‘ :
e 'ZIIFIIFII : S/
| S R TR S ' '
(—\ ' : "_ o Zml-'Fo‘l-LFcH ]]/a .

Ry = [

* ' ' .0 | !

R1r§§'ca]]ed the unueighted R factor‘and R, is caired the weighted R

-




- factor. The-we1ght1ng scheme used in this work 15 ca11ed 2 Cru1kshaﬁk
(33) we1ght1ng scheme It-glveﬁhfllghtly mere_wewght to medium 1nten51ty'
data which are.more likely.to contain accurate iﬁformatioe on the bosi-
‘tions of the 11ghter carbon and‘oxygen atoms very intense reflect1ons |
conta1n ma1n1y data on rhen1um pos1t10ns and very weak reflections may
have a high re]at1ve errer. The express1on‘¢br'CPUiCkShaﬂk WE19ht5 is

'
&

: ' | "wﬁ=(A+‘.'BF +-c1='2):1 o
i:‘ , l "o k. e

) where‘A is .approximately the. Towest Fo'which is ohser?ed, B is close to

“ . : ¢

-1 and C is about 1.z the highesf F_. (This gives only order of mag- ~ -
' n1tude approximations.)” ;4 ‘ | - - |
If F is expressed as a 11near funct1én of the parameters X3 | y
by u51ng a Taonr expans1on then the sum of the squares of the d1scre- ‘l o
pancies between the-real and- tr1a1 x 's can be m1n1m1zed us1ng Legendre's
princip1e (62) in a program such as FUDLS written by‘DI. J.S. Stephens:

i

for the CDC 6400.-
.2 )

- L - S L : . R . - - . ‘
* fhis weight, mﬁ]fipTied By .9, is also given to unobserved ref1ection§ :

“which have a higher F ¢ than the Fope-




<Ligands: 7
L - - monodentate ligand:

*

< . APPENDIX C )
e S

be . Abbreviations Used in the Text

S

dikH - neutral s-ketoenol

dik - B—diketonate anion

acac . pentane-Z 44d1onate anion . -

hfac - 1 ,1,1,5,5,5- hexaf]uorOpentane-Z 4-dionate an1on 2
~dbm - 1,3- daphenylpropane 1,3- d1onate.an10n )

‘tfac - 1,1,]-;rifluoropentane—z,4-d10nate an1on :

ttfa -‘1,1,1Jtrif1uoro-?gfhénoyiace%onate anion- *

tfba - 4,4 4-triflﬁoro-1-pheny141,3-butanedionate éﬁioﬁ .

bamﬁ‘; l-phﬁny1 1,3- butanedlone | |

thd -2, 2 6,6~ tetramethy]-3 5- heptaned1onate anmon |
py - pyr1d1ne : - o - - ?5
" Ph :-L pheny]'- A o

Infrared Spectroscopy: @ AU " T

vs - very strong

- stnong _ f—\{ R

ms - medium streng'

m - medium _ | _

™. - mediﬁm weak v - very weak s
W —'weaE¥  | R sh - shoulder '
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"Observed and Caflculated

.‘. -Ob‘.
.
APPENDIX'?\b -

Structure Factors for Rez(co)s(dsm)z.
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