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Abstract o o

The reagent CPzU(NEtz)z' was formed from a reaction |
Qf‘U(NEt2)4 w1th cyclopentadfene._ The reactive nature

~ of the uranium-nitrogen bonds in-the starting tetrakls-v

amide complex was. retained‘bnysz(NEtz)z; This-compound

-

underwent both acid dlsplacement and 1nsertlon type
‘reactions to yleld a variety of pseudo-smx-coordlnate
i

‘ complexes of the formula, szn(chelate)2 where chelate =

OZCNEtz, OSCNEtz, S CNEtZ, OZCPh, 0 CMe, 02CCMe3, OSCPh,

2
: OSCMe, c15v(OCMe)(OCCHMez)Re(CO)4, c1s—(OCMe)2Re(CO)4.

| The compounds, Cp2U(OSCNEt2)2, CpZU(S CNEtz)z, and
) CPZU(OSCPh)2 were monomerlc, szU(O CCMe3)2, d;merlc and

szU(O CNEtz)z, polymerlc in solutlon, as determlned

from mclecular welght measurements. The»spectroscoplc
, .

data of the compounds are con51stent with the de51gnated

chelaté coordination of the llgands and a pentahapto

bondlng mode for the- cyclopentad1enyl rlngs.v The
) . . -

\ifilplexes are consxdered to have octahedral geometry W1th
3' 11gands and Cp rlngs in mutually cis pos:.tlons. The

varlable temperature lH NMR data of szU(OSCNEtz)z, ‘r\
. i

szu(?éCNEtz)z' szU(OSCPh)z, and CpZU[c1s (OCMe) Re-

(CO)4 1nd1cated that metal-centered rearrangement

ol
. /
- processes were averaglng non-equlvalent env1ronments of
the chelate llgands.‘ The carbamates were also assumed

to have restrlcted rotatlon about the carbon—nltrogen

bonds.r The AG* value forﬁthe rearrangement in:

I &
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CHAPTER ONE ' _ IR
L e )

" GENERAL INTRODUCTION TO BIS(CYCLOa

PENTADIENYL)URANIUM (IV) CHEMISTRY
Actinideﬂorganometallic chemistry dates back'to the

early 1940s with the Manhattan project‘in the ﬁnited>

.

4 ,AStates,,however interest in the field‘has been quite

minimal up until approximately 1968 when the reported

1

_asyntnesisvof.theicomplex "uranocene", U(COT)Z, stimulated

research'in qrganoactinide chemistry. Before 196&, thé
d work done, while not expanSive, was. certainly important
_-in that it laid the foundation for-a large amount of
;work that came later and still continues.

. The major area of study has been concerned with

?derivat1Ves of»tris(cyclopentadienyi)uranium(IV) and
,thorium(IV).’_ Wilkinson and Reynolds2 initiatedeork ‘
»on‘CpsUR componnds &ith‘their_report in'i9$6 on t;e‘
syntﬁesis of Cp3UCl and;preliminary'charaoterization of
Cp4Th Later E. O. Fischer's group reported their'

3

synthe51s of Cp4U and_an improved synthesis and character-

4

‘ization of Cp4Th.>_LThese compounds were studied by at

kleastvtwO'grOups interested in interpreting the NMR

: spectra of paramagnetic molecules with respect to contact
and pseudo contact mechanisms.s-6 7‘ A paper by-Anderson
-and Crisler”in’l969 characterized more:fulIy Cp4U,'
CpSﬁCldahdpép3UBH4 by infrared, electronic andfﬁaSS

spectroscopy.® '_j . o o~



~}descr1bed by Vasil'ev et aZ

|
At the start of the thesis work in 1973, there were
still only two ma1n areas of organouranlum chemlstry,
‘ derlvatlves of both trls(cyclopentadlehyl)uranlum(IV)

and uranocene. Stre1tw1eser et aZ reported the full

9

.preparatlon and propertles of uranocene” and shortly

afterwards alkyl and aryl derlvatlveé derlved from

.-Cp3UCl 10 1;vand studles on selected alkoxy derlvatlves

; of Cp3p(IV) were publlshed 12. ‘The early work 1; organo—-
actinide chemistry as well as reviews of the 11terature‘
up to. 1976 have been publlshed.13r A short summary of
work, done in this fleld 51nce that tlme follows;

| It 'is apparent: that organoactlnlde chemlstry 1s
expandlng through the use of more novel ligand systems;
Stre1tw1eser has prepared a number of substltuted d
,uranocenes _.containing alkyl alkoxy and amino groups.14
, One of these compounds, 1, l'—dl-n-butyluranocene, has
been lnvestlgated aS'a reagent for the redudflon of
. nltro compounds and related derlvatlves.;5 A uranium
. metallooarborane complex [U(c 11)2 2]2" was,isolated
16

by Raymond et aZ., in whlch the. dlcarbolllde dlanlon“

exhlblts bondlng propertles 1ntermed1ate between cyclo—
~octatetraene dlanlon and cyclopenta;,eplde m01et1es. ‘
' An 1nterest1ng reactlon between Cp3UR and AlR3 was-
17 This interaction produced
anew Cp3UR' compounds through a postulated exchange of

“alkyl radlcals.‘ Extendlng the 1ndenyl chemlstry of the



act:'mide‘elements.L Goffart et al. published two papers

descrlblng the preparatlon of (Ind) MR [M = Th or U,

R =Me or ‘and (Ind) MI [M = Th or U]."~ A

9]

‘recent publicat-lon20

on the reactivity of mono(Cp) uranium-
(IV) complexes descrlbes, among others, spec1es of the

type [CpUX3L2] X = Cl Br; L = Me CCONMez, PPh,O;

3 3

CpUCl3L2 L s MeCQItIMe2 and [CpUX3L]2 =Cl, Br; L = th—"

(O)PCHZCHZP(O)th. Spectroscopic and’molecular°weight

determlnatlons indicate that many of the compounds

o XA
exhlblt a83001ated behavxor.«' .

:

Compounds have been reported whlch do not contain
multlhapto ring bonding but do have uranlum to carbon - -
slgma bonds. Two,examples are the lithjum’ alkyl.anlons

Ph and
22 .

“of uranium(IV)?°LiZURG-BEtZO (R = Me, CH SiMe

o-MeéNCH - 4)2; and the complex,(c

2 3’

H,CH,) ,U-MgCL,.

“The preceding brlef summary of organouranlum

dchemlstry illustrates that one area: that has been almost'

,completely neglectedﬂhas been the studx af . derlvatlues_,-

._'r

of bls(cyclopentadlenyl)uranlum(IV)

Thls situation is

a ‘result of a lack~of an approprlatew

Y

precursor for the
‘Lpreparatlon of compounds contalnlng the szu m01ety.’ The

loglcal ch01ce, szUClz, has actually been reported in

the chemlcal llterature.za- However, it was later shown

.that the compound obtalned in thls reactlon is best ' L

_ represented as (CP3U)!PGIG 24,

and that Cp2UC12, 1f'formedi
' _at"all dﬁring”the‘synthesis, is unstable toward

v



T —

. . . / ' ‘
disproportionatuon to give the Cp3U+ complex. Indications
of another approach to szU type chemistry were provided L\

by-examples of work done with the early tran51tion metals.

25

ﬁ(Lappert et al. had demonstrated the synthetic utility

\

of transition‘metal amides through the reactivity of
'@the'M-N bonds towards molecules that contained either
'-dipolar multiple bonds'Or acidic hydrogens.- The reactions
of the tetrakls(amides) of Zr and HE w1th cyclopentadiene
proceeded very cleanly to give thé\bis(cyclopentadienyl)
‘substituted products. The starting poiht for our
research then becape_the synthesis of tetfakié(amide)-
derivatives of uranium(IV), in the hope that.szU
derivatives would -be forthcoming-
26

As early as 1956 Gilman et al. prepared urahium

(IV) amides, alkoxides and mercaptides, however the
l R . ; ‘ : .
further synthetic utility of these compounds was not

investigated. .The reaCtﬁﬁity 5? the few thoriumvcompounds

~that had been prepared Was\not studied further

eitherlz7 128 . The react1v1ty of one of Gilman s compounds,

;U(NEt2)4, toWardS'thefweakly acidic species cyclopenta-

dienelwas investigated by this research uroup.\29 ?he
:‘compound, szﬁ(NEtz)z,Qas produced fairly easily and

N

€hemistry, $ince it reacted quite rapidly with Cs, to

showed promise as a useful starting reagent for szU

form the inSertion‘product CpZU(52CNEtéb,29]hence-

demonstrating the reactivity of the uraniumfnitrogenibonds.



I ! / ) :
The systematic study of the reactivity of CpZU(NEtz)2

was then pursued in the expectatioﬁ that neW‘CpZU
derivatives could be prepared and their properties

investigated. 4 ‘ o

During the time the thesis work was in progress a
1

numberiof CpZU type compounds have been reported. . They

‘consist of. the ring-bridged halides [X(C H ) 21.U Cl L1 -

| - » 574727272775

_(THF)Z, where X = CHZ' Me281 and CH2CH2CH2,3° some bis- ‘
(pentamethylcyclopentadlenyl) derlvatlves, (Me 5)ZUR‘zbwhere—
R, = Cl,, Me2, C4Ph4,r(Me5C5)2U(Cl)Me, and ‘[ (MesCy) yUH, ],

synthesized by Marks,31 a tetrahydroborate complex szU(BH )

and an 1nterest1ng brldge-dlmer compound synthesized by
.Cramer, [u- (CH)(CH )P (C HS) UCp2]2 33 Other uranlum(IV);
compounds contalnlng ‘two peptahapto ligands are the’

indenyl complexes (Ind) ,UMe,, (Ind),U(C and

4Hg) 5

the dicarbollide\COntaining compound, [U(C 16

oHy1) 501,177
It has been common amohg researchers in this field
‘to make chemical comparisons between organoactlnlde
complexes and transition metal organometalllc compounds
Correlatlons are drawn w1th the d-orbital metals rather
than with the ionic organolanthanide compounds because the
organohrahium’species tend to possess bonding‘that can

e ' . .. 35 S
be considered more covalent than ionic. The increased

covalencphof uranium bonds has been ascribed‘to the

par mwipation of'f-orbitals of suitable symmetry and

energy on the uranium centre with ligand orbitals. A



—t?

A

number’ of photoelectron spectroscoplc studies

{

A

36,37,38

e )

have concluded that there is demonstrated f-orbital co-
valency for Th and U(/COT)2 compounds‘rnd it 1s suggested
that thlS lnteractlon may be present in other orga@é—
actinide species as well. - oy
 There are differencesxbetween erganouranium End,
specifically, early transition metal chemistry which
can be related to th;'laréer ionic radius of uranium in
the +4 oxidation state and the tendency of uranium towards
higher coordination numbers. As well there are 'similarities
with respect to éhemical'reactivity, structural configura-
tions and stereochemical'behavior} ‘ \ .f |

Thls work is a further attempt to increase the
knowledge of both organouranlum chemlstry and those
physical and.chemical phenomena_ which are also’observed

-

in transition metal chemistry.

RXi
[
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AMIDE DERIVATIVES OF BIS(CYCLOPENTADIENYL)URANIUM(IV)

Introductlon

The impetus to develop amldgﬁde;;vatlves of Cp,U(IV)

resulted from the inability to prepare CpZUC12. This

‘compound could have been the starting material for a wide

range of szu ¢ontaining compounds, as 1s the case with Cp2MCl
in tran51t10n metal chemistry. .A number Qf\reasons can

be postulated for the dlfflculty in obtalnlng pure Cp20C12.
Thls compound is nomlnally elght coordinate (assuming

group occuples three coprdination positions),

olatively low céordination number for/uranium. /

The presence the ten -coordinate species, Cp3UC1, in

of szUCl2 possibly reflects the greater

stability 6f the hlgher coordlnatlon number environment.-

The CézUCl2 system was studled quite exten51vely by:

Jamerson as part of his thesis work.39 The system was

quite complicated and was not completely fesolved however

s apparent that dlsproportlonatlon reactlons were .

La ing place involving szUClz, CpUClB, UC14,and (Cp3U)2-

16‘ Spectral analysis of the mlxtures waS'also'hindered
by the unfortunate chemlcal shift 51m11ar1ty of the Cp

1

protons of CpUCl3 (CpBU)zUCI6 andAszUCl2 in the 'H NMR

spectra. - ) : N

This apparent lability of the Cp moiety in. an organd-

metallic system has been observed for the cyclopentadienyl

2



tin(1Vv) halide system. Two groups studied this system

and found that disproportionation and redistribution

_reactions were quite éommon,émong the Cp,_SnHal

X n 4-n
40,41

(Hal = C1, Br, I) compounds. For bd;h,the tin

and uranium cases, the cHoice of solvent can be signifi-

[

chnt. The donor solvent,.THF, in both systems increases
‘the rate of the reactions. As well in many sysfems’where
group'tr%nﬁfer reactions are oage:ved,atﬁé Cp moiety

is Bne of those grdups. This is not sﬁrprising since the
Cp ligand is very fléxiblékwith respéct to change? in
its.co?rdinatiqn mode from monohapto tovpehtahapté and

vice versa. There are examples of compounds containing

both\nl andhns-cyclopentadienyl groups such as _ °

. 42,43 44
r

~ Cp,Ti where X-ray analyses indicated

4 an§ Cp4Hf,
that they possessed two pentahapt9 and»two monohapto

ligands. As well the 1

H NMR spectra of these. compounds
indicate that rapid intramoiecular exchaﬁge of thé g?oupsr
ig'gccurring; The c99rdination of bridgin§ five-membered
rings, such as is found in the compound [Th(CgHs)ZT'
(C5‘H4)]2,45 can also be envisaged és'a fransition-state

for a‘cyclopentadienyl‘transfer in the tin and uraniﬁm

systems. For this compound each thorium atom is’hs—bonded

- to three Cp groups and nl—bonded to one of the Cp rings

‘of the other tﬁo;ium. .

The evidence to date suggests that the tenuous

eXistence of Cp,UCl, may be due to either the availability

-
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of coordination sites resulting from tha low steric '
requirement of the Cp-group or the previously meﬁtioned
fiexibility of the Cp ligand. |

Other research groups have approached the problem
of stab11121ng thé30p20 type system by a number of
different ways. One solution is to link the two Cp
rings'together. ‘This approach was .pursued b§"Marks
using a ligandu[X(C5H4)2]2- where X = CH,, Me,Si and
'CH2CH2CH2. QHowevér, instead’ of the expected'compounds‘
‘of the type,\k(C5H4)zUC12, thc ten cqordinate.dimeric
"complexes [X(C5H4)2]2U2C1;Li+(THF)2 were formea, 30 again
illustrating the tendency towarda higher coordination.
These compounds react with the Lepis basesg'2,2'-bi-
pyridyl and l,lO{phenanthroline to form the adducts
X(C )ZUC12°B. It would seem that joining the Cp group
together stops ring transfer but does not hlnder the.
attalnment of ten coordlnatlon. |

The. elght—coordlnate compounds (Ind) UMez’and
(Ind) U(C4 9)2 were isolated from_an;tn situ preparation
of (;pd)ZUC12.34 The presence ofpthe bulky indenyl

ligand effecﬁively blocks coordination sites and in so

doing stabilizes the elght -coordinate complex.. The use

0
of a sterlcally demandlng grou@ was also the approach

taken“by'Raymond et al. for the synthesis of the anion

2- 16 ' . . . )
[(C 9 ll)ZUCIZ] . The. dicarbollide ligand could

also hinder disproportionation reactions because initial



- association of the charged Speéies and formation of the

-3 charged anion [(CyBgH, ), vcl]3” would not be favoured.

The reaction of this anion)with CgH 82— and CSH5 produced

uranocene and mixed ligand complexes of cyclopentadienyl

and dicarbollide dianions

Certainly one of the more promising compounds

complex (Me ) UCl2 31 «

synthe51zed to dat j C .
In solutlon the co o has been shown to be monomeric

which suggests again that a large group, in this case

<

the pentamethylcyclopentad1enyl ring, prevents assdcxa—

espectively.

tion and group transfer. The chlorine atoms in thls
compound are still reactlve and are easily replaced w1th
alkyl groups by using lithio reagents. |

Another way of stabilizing the. Cp,U fragment
would bé to eﬁploy ligands containing lone pairs of
electrons which‘could donate electron density to'the
methlqugtre through a m type interaction. A precedéiﬁ
forexh;s 515;;;:en has been known for the tran51t10
metal :gldes. The%chemlstry of these compounds is J

quite varied owiné to the stabilization of unusual

.coordination numbers and the reactivity of the metal-
46,47 '

nitrogen bonds. Of special interest was the reaction

of acidic hydrocarbons,  in particular the reagent cyclo-l
pentadiene, w1th the transition metal amides. The
szM‘ contalnlng amldes were obtalned for the early

‘transition metals- as shown‘be10w.25&

10.
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(II-1)

M(NMez) T+ excess CpH v——-b-szM(NMez)2 +-_2HNMe2

-

.M = Zr, Hf ﬂ

o The remalnlng metal—nltrogen bonds were qulte lablle
'under901ng ac1d dlsplacement reattlons.48
szM(NMez)2 + ZRH —-——-)-CpZM(R)2 + 2HNMe2 - (II-2)

‘RH = ROH, RSH. RNH, PhC=CH

Based on the obv1ous ‘success of the tran51t10n metal
dlalkyl amldes as versatlle reagents towards the formatlon

of organometalllc compounds, a similar reactlon procedure‘

d for uranlum and thorlum

- was con51

React1v1ty of Actlnlde Tetraklsamldes'

The 1n1t1al work on tetraklsamldes of thorlum and

”uranlum in this research group was done by J. D. Jamerson.,

' *The very air and m01sture sen51t1ve compounds M(NR )

3, h !
‘M =Th and U, R = Me, Et, 1Pr and Ph were syntheSLZed

accordlng to the follow1ng reactlon.

. fJ ' FE - _ _ L

MCl, + 4LiNR2 ——,~>M(NR2)4 + 4Licl R (I1-3)

Spectral studies'indicated that monomeric, four-coordinate
spec1es ‘were obtalned for all but the dlmethyl— and the
' dlethylamldo compounds. These results havevbeen partlally
»'confirmed by struCtural work done<by Edelsteln et al.
on a‘series of uranium tetrakisamides. THey determined

that‘U(NEt2)4'is,a five-coordinate dimeric complex49 and



| CHpwe) ¢

"cyclopentadlene. It was found that U(NEt2)4 and U(Nth)4

NMe)

'Y
[ 4

that U(Nth)4 is a four—coordlnate monomer.so U51ng the

-~

dlllthlo salt of N N'—dlmethylethylenedlamlne, they '71

1solated two complexes, the trlmerlc compounde3(MeNCH2-

Sl and the tetrameric compound U (MeNCHZCHz—

.52 & The assoclatlon of the uranlum amldes is in

contrast'to the behavrour found for transrtlon metal

-spec1es. The compound Mo(NMez)4 has been shown to have

.a tetrahedral monomeric structure in the SOlld state.53

4

The next step in the progect was to examlne the o

react1v:.ty of the tetraklsamldes towards the ’ak ac1d

formed ‘the correspondlng pure szU(NRz)2 compounds when

reacted h two equlvalents of cyclopentadlene. Nelther

‘ Th[N(JPr) or U[N(JPI)ZJ would react with cyclo—

pentadiene, probably due to the very bulky 1sopropy1
group whlch is effectlvely blocklng the approach of the

cyclopentadlene m01ety. The reactlon of U(NMez)4 with

‘cyclopentadlene produced mixtures of szU(NMeZ)2 and

Cp3U(NMe ), a result of decomp031tlon and rearrangement.

Given the success of preparlng pure Cp2U(NEt2)2,

it was hoped that a srmllar result would be\forthcoming

utlllzlng Th (NEt,) . This would -have been Very desirable
274" v N

since reactions to,form szThclz.were\as unsuccessful

as for Cp,UCL, . -For~instahce, a reaction_of ThCl4 with

:

two equivalents of NaCp produced mainly Cp;ThCl. The

synthesis of the intermediate Th(NEtz)4 required the user

12.

e
[
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of a donor solvent like THF. When a preparation was
artempted in pure hexane,kit seemed that ﬁotal‘conmersion
to Th(ﬁét2)4.had not occurrmdand‘that some intermediate
\chloro contalnlng specxes were SElll preserit. ‘A COmplica—
vtlon of ‘the utlllzatlon of THF was the solublllty of
LlCl in the‘solvent.hence it was‘negessary,tp elther
"remove the TH?‘solvent entirely or addfa 1ar§e amount
of a hydrocarbon (hexane or pentane) to. pre01p1tate out
‘the llthlum chlorlde. Cyclopentadlene was added as a e

'solutlon in THF at 0°C to the Th(NEt2)4 solutlon resultlng

in dark brown o¥ dark orange- red solutlons. Mass spectral

and NMR analyses of the products of these reactions always

showed mlxtures of szTh(NEtz)2 and Cp3Th(NEt ). As

well the mass spectral data in partlcular lndlcated that

bimetallic and other assoc;ated specles may‘also have

been present.' _
" The hlghest purlty obtalned for a szTh(NEtz)2
syntheSLS was a ratlo of 90:10 for szTh(NEtz)

C Th(NEt ). The preparatlon was done in THF and the

L1Cl was\pjhc1p1tated and removed only after the addltlon

5'of cyclopentadlene. The result may seem ‘a contradlctlon
bfkthe tendency ef_THF to prcmote_d;sproportlonatlon,
hewever rhe improvedryields gf szTh(NEtZ)2 indthis

case may simply reflect a iesser amount of deéomposition
Jresnlting from a reduction,in the‘reqnired'timeffor

-~handling the compoungs. Removing LiCl by.filtration

13.

N



//an be verJ slow and. the chances of decomp031t10n occurrlng
. at thls p01nt may be 31gn1f1cant. The eyclopentadlenyl “
substituted complexes are_more stable than the tetrakis—
amides and‘can Qithstand better;the neCessary manipula-
tlons with less apparent decomposition. ‘
The search for a‘Frecursor to szTh type chemlstry
‘was not pursu%d\leprder to concentrate on the react1v1ty
" of szU(NEtz)2 The very recent publication of the ) “

31 would seem to meet the

'synthe51s of (Me Cs)zThClz
requlrement of»a versatile reactive'compleX‘for‘szTh

type compounds.

Preparatlon of CQZU(NEt2 )y

) The synthes1s of szU(NEtz)2 ;s relatlvely stralght—
kforward 1nvolv1ng the in sittu: preparatlon of U(NEtz)4 N
as outllned below: | ’

4LiNEt2 + UCl, — U (NEt,), +G4ricl C (II-4)

2 (1129

U(NEt2)4‘+ 2cpH ,—4#¥>-Cqu(NEt2)2 + 2HNEt

Early preparatlons of szU(NEtz)2 suffered from the
presence of large amounts (>20%) of Cp3U(NEt2) There
are a number of sources from whlch thls compound may
’arlse, The most obvxous source would be the addition of

"greater than the required st01chlometr1c amount of'

' cyclopentadiene in the;seCOnd steo Since'it'has been
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found that this acid w1ll dlsplace an ‘amide group from

o o

CpZU(NEtz)2 to form the trls(cyclopentadlenyl) compound as

39 _ .
in equatlon (II 6). . /’// C .

Cp,U (NEt,), + CpH .—-—>Cp‘3U(NEt2.) +\HNEt"2 (11-6)

To ensure that excess cyclopentadlene 1s not present,'
the correc nount of U(NEt2)4 should be avallable. The
- Problem hen becomes one_ofvmax1mlzlngvthe purlty and
yield of U(NEtz')4 After'a‘reRorts4 appeared mentlonlng
the llght sen51t1v1ty of thorlum and uranium tetrakls—
»dlethylamldes, light was excluded from the reactlon
mixture by wrapplng the flasks in foil paper. As ment;éned
_ pre“’v'iously,‘U(NEt"4 is extemely air and.moiSture sensi—a
tive so manip litions were kept to a minimum. There aréh
twp synthetic procedures ‘used to form szU(NEtz)z ffom'aﬁhin
situ preparatlon of U(NEt2)4, dlCtated by . the ch01ce
of solvent used The first 1nvolved the 51mple addltlonj
.of a THF solution of. UC14-to a THF solutlon of LJ.NEt2
cooled t0~O°C.T After reacting for a perlod of tlme, thep
solvent is removed the resultlng U(NEt2)4 is extracted
, w1th hexane or pentane and then subsequent reaction w1th
- _.cyclopentadiene 4is affected,_ As well, the reaction k
"sequence'of Edelstein et aZ.4?,can be tollowed. f; this
‘ casey Ucl4 and LiNEt2 are placed in a flask and the
solvent Etzo is condensed ontolthe SOlldS. The‘LiCl.

- =,

prec1p1tates out of SOluthn and can . be removed_by

/



filtration. The ether solventﬁmust still be removed
"because a further step 1nvolv1ng the crystalllzatlon of
tFCpZU(NEtz)z is not successful lf an ether/pentane solvent
| mixture is emplo&\d. In both of the schemes outlined
above heatlng the U(NEt2)4 reactlon mlxture or stlrrlng
it for longer than thlrty hours lead to 1ncreased amounts
of 1mpur1t1es‘and decomposltronb |

A compllcation 6f”these'reaction"schemes'is the | .
fact that the actual amount  of U(NEt2)4*formed cannot /v.'
be measured‘ The 1solat10n of pure U(NEtz)4 was then
-trled but the only time pure green crystals of U(NEt )
were 1solated was. from a preparatlon done in THF for a
uperlod of 24 hours., An attempted dlstlllatrQ§ at 90 C
on the resultant green—black solid produced brlght green‘
“crystal \an a connectlng tube:‘ Varlous attempts to. .
subllme the compound were hampered by severe splatterlngt .
of the re81due upon heatlng.' Successful subllmatlon
‘hzof U(NEtZ)4 has been'reportedfbutdthe marimumfyield_was
only 34.58.%° | B

P

\In splte of these d1ff1cult1es, the in situ prepara—

© tion of U(NEt2)4 is satlsfactory and produces falrly

pure szU(NEtz) if the ratlo of cyclopentadlene to the

amlde fs kept to approx1mately 1.5, Table I is a summary
~

,of the dlfferent pneparatlons of Can(NEtz)2 and outllnes

the effect of the varlous experlmental condltlons on{

'yleld and purity. A-few trends are apparent. The solvent - -
. . . > S : } o .
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Jamerson.

\ o S - 18,
Et20 appears to improve the yleld of the reactlon sllghtly.

The most 51gn1f1cant factor is the CpH NEtz)4 ratlo.

A comparlson of syntheses 3 and 4 shows an increase in

the amount of Cp3U(NEt ) detected when the ratio CpH/U(NEt )

is 1ncreased. The same effect is observed for syntheses

'j7 and 8./ The length of time taken for tﬁb formatlon of e

sz(NEtz 2 does not seem as 1mportant

o

The presence of Cp U(NEt ) in all of the syntheses
3

is in contrast to the pure Cp U(NEt ) reported by
2 22

|

29 39 leferent techn1ca1 ab111ty may account

for'the discrepancy. In any case, for samples of

~

CpZU(NEtz)2 contalnlng less than 4.0% Cp3U(NEt ) a. smmple
procedure of dissolving the SOlld\Ln hexane and filter—
lngﬂremoveshany impurities,.as monitored by lH NMR. This
situation,is,shown in Figure I for the solid fr syntheSis'
6 which contained 3% Cp3ﬁ(NEt ). An attempt toqzzﬁlfy

samples of szU(NEtz)2 by subllmatlon was not very

'successful. A small sample was’ heated to 105°C under

3t

mercury diffusion . pump vacuum using a dry-lce cold. flnger.'
Very - llttle subllmate was collected and upon raL51ng

the temperature sllghtly (108°C), the re51due started

1

to darken. The ~H NMR spectrum of the subllmate showed

'only the peaks of szU(NEtz)2 although there were other

1mpur1t1es present in the subllmate which did not dlssolve

kln the solvent (benzene) used The re51due showed peaks

due to both Cp2U(NEt )2and CP3U(NEt ). A subllmation

¢
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Figﬁre I: 1H NMR Spectrv/af the Cyclopentadienyl Resonance

Reglon of . szU(NEtz)2 and Cp3U(NEt ).

!
qInitial SOlld in benzene- d6' chemical shift 'in ppm’
‘ from 1nternal benzene.‘ Temp = 35°c.
b

\

Solld dlssolved in hexane solutlon.
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attehpt by Reynolds and Edelstein at temperatures of
. = P ‘ ‘

around 120° and pressures of less than 10"% mm produced
55

o

mainly Cp3U(NEt2). Clearly\sublimaiion is not a suitable

route tg a pure préduct.

‘. . ~

Reactivity of’CQ,U(NEtle Towards Other Amines

It has already been stated that the metalen}trogen

bond is reactive towards molecules containing acidic

’protoné. ?hiscriterhxmcan be extended to include other

'amines which are themselves weak. acids. The aminOIYSis

reaction is very common amon he transition metal ~
46 |

dialkyl-amides. In organourapium chemistry, the

. ) R A . S \ |
transamination reaction has been used before as a use-

ful syntvetic route} For example, tﬁe compound U(NPh2)4

was produced by the following reaction.”?

-
N~

iU(NEt2)4;+ 4HNPh

2————>U(Nth)_4 + 4HNEt, . =~ i‘II"T?\')

0

These syntheticbprocedures can be extended.to the compound

'CPZU(NEtz)z._~It has beep'fbund that selected amines,

v

- more acidié»th;;\ﬁiethylamine,undergo a transamination

-\ . : . « e
reaction as shown in equation (II-8). .

Cp,U(NEt,), + XHNR, —3 Cp,U(NEt,),__ (NR,) § |
_ o~ R ¥ ; (I1I-8)
R 2 xHNEt2
) HNR, = HNPh,; HNC434, HNC H,Me,, HNC,Meg (COOEt)

_— x=1,2 . ,



The driving forze‘of the reaction-is the difference in

acidity-indicated by the pKa values oleNRz and HNEtz.

Ly [V

a) Diphenylamine, HNPhé : -

The reaction of szU(NEtz)2 w1th two equlvalents
of diphenylamlne in a hexane solvent at room- temperature
did not glve the expected bls—substltuted roduct,

"1tated out

1nstead the mono—substltuted compound pre

of solution as a microcrystalline red solid.

21.

Another'reaction4

in benzene was stirred at roomn temperature‘for days and then

refluxed for 5 hrs. No prec@pitate was observed during

this time, however upon concentration.of the solution

t
I

and after addition of hexane a red precipitate was
¢

-obtained.b A mass spectra} analysis of this red solid

.

~

indicated that a 50/50 mixture of CQZU(NEtz)(NPhZ) and

lcPZU(NPhZ)Z was present. The bis-substituted product

was not obtained from a THF solution either. Using an
excess of diphenylamine in a THF solvent'produced a
mixture coﬁtaining Cp2U(NPh2)2' szU(NEt )(Néh ) d@nd
CpU(NPh2)3, but the main component was - 7p3U(NPh ). It
is llkely that some bls-substltuted compound was formed
but that rearrangement to CpU(Nth)3 and Cp3U(NPh ) |
occurred The tendency of the THF solvent to cause
rearrangements and’ further side products also occurs

in reactions of transition metal amides.56

The apparent decrease in the reactivity of the second

U-NEt, bbnd»is‘interesting and-may be due to the change

>
v Y Jé
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in the‘strength‘of the uranium-nitrogen bonds. Since
diphenylaminepis a stronger acid than.diethylamine, its

conjugate base is weaker than the corresponding diethylnmrﬁe‘
n‘moiety and would have a decreased tendency to donate the
electronidensity of its nitrogeﬂ'long pairs to uranium. As
a result :ne metal can accept a greater amount of electron
‘den31ty from the nltrogen df the NEt2 group formlng a
st:onget U-NEt, bond in szU(yEtz)(NPh2) than the.U-N boné |
~in CpZU(NEtz)z; Further substitution of the Nﬁt2 moiety is
then more difficuth It must be recognized tnat the steric
bulk’of the‘Nth group can aiso‘hinder further substitution?
In hydrocarbon solvents the bis-substituted product is °
difficult to osgain oecause precipitation of thelinitially
fogmed'mono—substituted derivative effectiuely eliminates
any further reaction. | |

a pute samplemof-ﬁsz(NEt ) (NPh, ) was- produced from

a reactlon employlng one equlvalent of dlphenylamlne’
in a hexane solutlon. The compound was cryétalllzed

1

from a toluene/hexane solvent mlxture. The H-NMR

spectrum is given in Figure II.

2)2
by reactlng\cyclopentadlene with

it lS noted however that the compound szU(NPh

has been syntheSJ.zed39

tetrakls(dlphenylamldo)uranlum(IV) ‘as outllned 1n

equation (II-9).

U(NPh,), + 2CpH —Cp,U(NPh,), + 2HNPh, (11-9)
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b) Pyrroles, HNC,H,, HNC H Me,,

Three reactions of szU(NEtz)2 with pyrrole'under

varying conditions were atté%pted, but no pure products

could be isolated. A reaction with two equivalents

 of pyxrole in the sdlvent THF produced mainly Cp3U(NC4H4)ry

as det&rmihed‘from mass spectral data. An 1y nMr spectrum

of the gold-brown solid obtained from this reaction
exhibited only one strong peak at 11.2 ppm above benzene.
The reaction using two’equivalents of pyrrole was then

repeated in°a hexane solvent which was stirred for 27

hours. The mass spectral data for the gold SOlld lsolated'

‘.1nd1cated a mixture of Cp2U(NC4H4)2 and Cp3U(NC 4) -

Another reaction of/bsz(NEt with one equivalent -

272

of pyrrole in hexane solvent for a Teaction time of

~

eleven hours produced a gold solid whose mass spectrum

agaln 1nd1cated the presence of both szU(NC 4)2
1 :

\
Cp3U(NC 4) A "H NMR spectrum contained three peaks

and

in the ratlo 2.5:1:1 correspondlng to the bis- s%hit}zﬁt\&
complex at 7.67 ppm,_14.9 ppm and 38.3 ppm above benzene,
as well as é peak at 11.0 ppm for the ébwprotogs of
Cp3U(NC4H4). The spectrum also had a few other-sm;ller

, peaks from_decomposition products. In como;ringlthe 7

two "hexane" reactions, the~latter reaCtion with one

)
_—~——
equlvalent of~pyrrole produced more szU(NC4H4)2 and
less of the undesired Cp3U€NC ) than the former reactlon

which employed two equivalents of pyrrole. The presence

24.
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- of Cp30(NC4H4)~may,be due tofthe ease with which pyrrole
can'chinge coordination mode from a o-bonding amido
',group to a n—bondlng ligand.  This fluxionality"has

~ been studled by Marks et al. 13f >7 for the compound

1

LU(NC HZMe2)4 whose varlable temperature 'H NMR pattern : f

‘has: been 1nterpreted 1n terms of among other processes,

a rapld 1nterconver51on of the monoﬂﬁpto and pentahapto

®

pyrrole rlngs. Such dynamlc behav10r coupled with a

group transfer mechanlsm couid produce the ten—coordlnate

v

"-CP3U(NC4H4) spec1es..’ '_ B ," ‘ ' v : T,

On the assumptlon that a more bulky llgand would

s

.result in the formatlon of only a 51ngle product 2 4
equlvalents of 2, 5 d1methy1 pyrrole were comblned w1th

,’szU(NEtz)2 in hexane solvent for a reactlon tlme of
34 hours. ~Red crystalllne materlal 1solated from the

'reactlon.gave a’ mass spectrum whlch contalned fragmentS‘
" from szU(NEt )(NC4H2Me2) and Cp3U(NEt ). The g nur

| spectrum, Flgure 111, corroborates thls a581gnment..

2I 3; 19¢85, H; 20-7'

s, Cp of Cp2U(NEt2)(NC 2Me ) and 8.3, t CH

e 16, 5, Me; .67, q, CH '5.96, t, CH

3,V19 1, s,
»p:Cp of Cp3U(NEt25 ) Hence the more bulky pyrrole, 11ke
4_d1pheny1am1ne, only replaces one dlethylamlde

group, however in’ the pyrrole case it would seem that ‘“
.sterlc factors are controlllng the course of the reactron.

That sterlc control does not always regulate this \

reactlon {s demonstrated 1n thezcase of an even bulkier

T

;i'"i: ’ . : : i
LA - N : - ‘
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. ‘-“z - : . 2
pyrrole, ethyi 3,4, 5-trimeth&lp§rroie%24carboxylate. A
\\
N,
,Areactlon of 1. 82 equlvalents Of{&fls pyrrole and szU(NEt )

in a hexane solvent for a reactlon tlme of 24 hours pro-

duced the bis- substltuted species. Ther was no ev1dence

R o
B,

‘ for the mono—substltuted compound in. the mass spectrum
h"Th 1H NMR spectrum of Cp20[NC Me (COOEt)]2 is shown in
Figure Iv. The ethyl resonances have been shlfted
considerably upfield whlch suggests that the carbonyl
oxygen is coordlnatlng to the uranium centre. ‘This Sxtra
1nteractlon would explaln the formatlon of the bis-sub-

stltuted complex,as for thls complex electronlc factors-

predomlnate over sterlc concerns.

' Discussion of‘lH.NMR Spectral Data

'Thé;chemicaI:shdftstobSerVedxin:the 1H NMRdspectrah
of the uranium‘amihes in deuterated benzene7solvent'are
: given in Table'II._ The resonanées are shifted conSLder—r
’ably from the p051tlons normally expected for organlc

~

m01et1es. Such.shlfts are not unexpected for compounds

¥

"contalnlng a paramagnetlc centre,,whlch in thlS case 1s

the uranlum(IV), 2, metal 1on.: Large paramagnetlc

L
. Wi -

chem1ca1 shifts are the result of both contact and

58

'pseudo—contact contrlbutlpns; The pseudo—contact or

[

dlpolar term contalns a geometrlcal expressxon
(3 cos @ - 1)/r ‘so- that in some cases, where the contact

~'con€ribution_to the’;sotroplcgshlfts remalns approximately

’
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30-
constant, it is possible to correlate lH;_NMR data and
10

gross structural features. ‘Marks et al. have suggested

that t?e constancy of the chemical Shlft of the Cp
protons in a series of Cp3UR compounds|;ay be a result
of 51milar molecular magnetrc anisotropy resultlng from

| comparable structures. The Similarity in the chemical
shifts of the Cp protons for all the bis(cyclopentadienyl)
derivatives, except the carboxylate substituted pyrrolevﬂ~w-fs
compound 1s perhaps an 1nd1cation that the tetrahedral-”k

type structure usually found for szML2 M = trapSition

metal L = monodentate ligand) type compounds is also

possessed by the prefent complexés. ‘The fact that the

peak pos1tion of the Cp resonance for the compound

_ szUINC Me (COOEt)]2 is con51derably different than the-
hh other derivativesvagaln'§uggests,that the>coordination-.
f\about the uraniumicentre may include interaction with

- the carbonyl'ongens; As mentioned before thlS assumed
1nteraction is further supported by the large shifts

| observed for the methylene and methyl mOieties of the. :

‘u carbOxylate group.

DiscuSSion of Mass Spectral Data

| The mass spectral data for sz (NEt )(NPh ) is
given in Table III, along w1th data for szU(NEtz)2 and
Cp2U(NPh2)2 which have'been 1ncluded for compaﬁative |

l)purposes.' The .mass Spectrum and major fragmentation

&
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Table III: Mass Spectra -of szU(NEt )2, Cp2U (NPh )
and szU(NEtz)(NPh ). |
! ~
Assignment » ‘CpZU(_NEtz)zb_’c B CpZU(Nth) d e Cp2U(NEt )(NPh )
: ' m/e  rel.abund m/e rel.abund - m/e rel.abund
SRR ¢ 5 R ¢ 5 @
Parent’ 512 40 704 8 608  60.5
N T v . = , R o :
—" Parent-cp® w1 639 .9 543 .5
. o . R T o
Cp U(NEE,)" r 440 o : 440 28.4
Cp, UL (NEE) (C,1,)1F 439 21 L 439 - 18.2
.CPZU[(NEt)(C2H3)]+ 438 100 . 43 . 100
T 1 CpyuIN(C,m )9 © 4% 10 436 31.8
Cp V(NP ) e 53 100 53 60.9
_CpU(Nth) S S 471 1.8 471 . 5.7
oulewn) (CHYT . 40 60- 470 10.1
CPUIN(C,H,) (C(H,)] 468 9.2 468 107
 Cpuem)T : C 459 19 459 1.4
Cp U (CgH,) | | e 3.0 4k 36
. cpuvpm)t SEERERNV 394 7.2 394 - 11.7 -
cp, Ut | 368 77 368 2.8 368  78.5
cput 303 19 303 2. 303 9.1
a by e 13 b L 1gse |
Not corrected for ~°C, Taken from Ref. 39 Temp-= 105°C.

‘ ' Bl
dTaken from p*‘ivate communication J Jamerson elfemp = 210°C. - ’
fTemp 115 C. -

0.
NI
0 l
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processes df CpZU[NC Me3(COoEt)] are summarlzed in Table
IvV. The mass spectral data for Cp2U(NEt )(NC H Mez) and
szU(NC4H4)2 have not been 1nc1uded since these products
were not obtalned pure, although some 1nformatlon was’
gathered The most apparent trend among the compounds
1s bhat for szU(Nth)z and szU(NC4H4)2, ‘the base peak
/1é Cp2U(NR )¥, while for Cp,U(NEt,) ) and szU(NEt )(NPh )
/; -the ion szU[NEt(C )] predomlnates  For the compound
szU(NEtz)(NC4 2Me ) the most’ intense peak is for the
‘fragment sz , but the next lntense peak is caused
L by szU[NEt(C )] - Clearly the uranlum-nltrogen bond
undergoes more faC1le cleavage than the uranlum-cyclo-
‘pentadlenyl bond. ThlS pattern is dlfferent than the
fragmentatlon behavxor -of the 1nserted compounds,"
” szU(XYCNEtZ)2 or the carboxylate compounds, Cp2U(XYCR)
dlscussed in later chapters., These‘latter complexes, like
pcpzu[ﬁc Me (COOEt)]Z, exhlblt}base peaks correspondlng |
.hto cleavage of the uranlum—Cp bonds.k It would seem that |
-uranlum-nltrogen‘bonds whlch are unsupported (no 1nter-.
actlon of the metal centre with a functlonal group on
‘_the-llgand) are more ea51ly broken . The»mass spectral
behav1or of the compound szU[NC Me. (COOEt)]2 is con51stent

with the suggestlon that there is 1nvolvement of the

ethyl carboxylate group w1th the uranium centre.

B "An analy51s of the fragmentatlon pattern of /

-CpZU(NEtz)(NPh ) 1nd1cates ‘that the uranlum-dlphenYIamide

wncy
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Table IV: Mass Spectrum of Cp,UINC,Me, (COOEE) ], and > .
Major Fragmentation Processes.
- Relative , .
. m/e Abundancedr Asslgnment
(%)
el
728 S e Cp,U [NC,Me (COOEL) ],
663 100 . CPUNC Me (COOEt) 1"
549 3.8 Cp,UINC, Me, (COOEt) JH*
528 ©  57.7  CPUINC,Me (COOEt)](OEt)+_
413y 5.2 szU(OEt)
393 - 23.1 //cpu(ozt)
8¢ - . 3.7_(”'1‘Cpéuo} /_ R
368 . 1o kapz |
364 ./ 11.5 CpU(OEt) (O)F - ‘
Metastable Peaks

Process _balcd. Obs.

szU[NC4Me3(g00Et)]2+Aé——————)-

CpUING

e ‘ + 0 ' : .. :
GgMeq (COOEL) 1,7 603.8 604

CPU[NC Me (COOEt)]2 IS

\ .‘

/ - CpU[NC4Me (COOEt)](OEt) : i20.5 42;

’CpU[Nc4Me (COOEt)](OEt)-——————q»

cpu(oet),t ~ 292.5 293

390°C.

Not corrected for ~“~C.
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bond is more easily cleaved than the uranium-

dlethylamlde bond. Since the-NPh2 ligand is less of

a m- donatlnq llgand than NEt2 is not unexpected that

.~ the uranium-NPh, interaction /is weaker than the uranium-

NEt, interacfion;

’Dlscusslon of Infrared Speftral Data

The characteristic infrared frequencles in the
' -1
1600—4q2 cm = region for szu(NEtz)z,.szU(Nth)2 and
Cp,U(NEt,) (NPh,) are listed in Table V. The infrared

spectra of Cp,U(NC h") and Cp,U(NEt,)(NC H Me, ) were
4 2=-'TM4q02 2 _ 42 :

not obtained because of the mixtures of compounds .present

in the preparatlons."Anllnfrared spectrum of szU[NC4
- Mej (COOEt)]2 was recorded however the sq'ple hydrolyzed
during mull preparatlon.‘ The dlscuss1on w1ll thce

.. centre on the flrst three compounds. .-

[

34.

The assignment- of the bands due to the cyclopentadlenyl

moiety is based on other organouranium compounds, malnly
¥

those of the type Cp3UR. A recent analy51s of the

vzbratxonal spectra of compounds contalnlng the ns—cyclo—

| pentadlepyl ligand has shown that the majority of the

Cp—llgand frequenc1es do not vary SLgnlflcantly.Go ft

‘has been tac1tly assumed that the cyclopentadlenyl rings

are bonded to the uranlum in"a symmetrlcal pentahapto

fashion. It is clear, based on the 51mple infrared

pattern of the Cp group,60 /61

that this assumptlonhls
. ' ,

[



Table V: Characteristic Infrared Absorptions for

/Cp2U(NRé)2ﬁcOmplexesa'b

<

35.

Cp,U(NEt,) ,°  €p,U(NPh,;),° CTp,U(NEE,) (NPh,)

Assignment

-

.15959

‘ 1583m
o | . 1564m
l43§m / “ | . \
11455 1146m 1180m
LU . n. 1147m
1096s,br .
1012s 1016s 1011m
. 994 s . ™ \ i
768vs " 802vs 783s
. 7583h 749s
747m 693s
725s .
561m | 494m
494m

Ve-c phenyl

v(C-C) of Cp

\

asym v(ch)

G(C—H) of‘Cp

sym v(NCz)

Y(C—H) of Cp

§ (C-H) phenyl

v (M=N)

a1n cm-l, in Nujol and Fluorolube mulls.
,b / ' .

'cFrém.fef. 39.

s-strong, ys¥very strong, m-medium, br-broad, sh-shoulder.

w
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correct. The sharp 31nglets observed for the Cp groups

in the 1H NMh spectra are of course also consxstent with

thlsrb The Cp bands in the fingerprint region that are

easily identifiable are the in-plane , &(C-H), and out-

of-plane, Y(C H), deformation modes of the Cp ring. A

lshort list of uranium Lompounds and the positions of

these bands are given in Table VI ‘
Unfortunately, for the Cp2U(NR2)2 compounds,

the amlde group also has 1mportant infrared

modes/whlch absorb in the same reglons as the Cp

grouprr The in-plane deformation mode and  the symmetric

stretch of the ch group appear in approximately the

same p051tlon, 990 to 1020 cm 1, although it seems from

a - comparisonvto other Cp-Metal derivatives tgat the

§ (C~H) mode of_the cyciopentadienyl-ligand comes at the

higher end of the region indicated. .The out-of—plipe

- deformation mode of the Cp group and ap unassigned NEt2

peak'also come in the same region.' For“the diphenyl‘. |

amide cOmpounds, a further compllcatlon are peaks result-

~ing from the phenyl rlng. The metal-nltrogen stretch

‘ assignments, v(M—N),~are in the region generally found

‘pfor pyrrole and indole derlvatlves of Cp2T1 and szzr type

B compounds.63 The positions and intensities of some of the

characteristic cyclopentadienfi bands have been:utilized pre-

\vioﬁSIy to éssess the nature of tﬁe M-Cp bond. The,bend that

is\normally‘monitored is the y (C-H) mode around 800 em 1,

: ‘

}
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Table VI: ‘Selected Bands® in the Infrared Spectra of

Cp—-containing Compounds.

37.

Compound' § (C-H)Cp Y(CFH)Cp

Ref.
Cp3U(CECH)l | 1012 vs .811,792,779vs,br 62
CP3U (CgH, ) Fe (CgH,) 1017 vs 816,797,778s,br 62
CP4U (C4Hy) 1016 s 807, 780vs 10
Cp,U (CH,CMe ) 1010.s . 780vs 10
Cp,U(NEt,) = 1014 s 808s 39

a.. .=
Given in cm 1.



as -the ionicity

~38.

3

which according to £>itz,6° shifts to lower‘frequencies

. <:;\the metalfpp bond increases. For the
present set of compoﬁnds this banad shifts fromd76§‘cmgl
for CpZU(NEtZ)z to 783 cm 1 for Cp,U (NEt,) (NPh,) and thén
to 802 Bm for CPZU‘Nth)Z indicating that replec1ngv
the diethylamide group ‘with the less ﬂ-donating diphenyl—

amlde llgand produces more covalent cyclopentadlenyl—

' uraplum bonds. This, would be expected, for as the

amount Sf electron density ‘transmitted by the amide
' e
groups to the metal centre decreases, there is an increased

interection between the metal'and"cyclopeht-

Renyl 1igand»to
. \

. l_

compensate for the reduced electrin densit-,-_» he metal.

/

Conclusions

The tetraklsamlde coﬂgounds "of uranium have bTen
shown to be useful precdrsors for the synthesxs of Cp2
U(NR ﬁz complexes. However the considerable

air and moisture sensitivity- of U(NR2)4 spec1es does limit

their further synthetic utility. The_relatlvely facile

[ . <

yprepafation'of CPZU(NEtZ)2 from the correspohdingve@idé

is significant since this compound possesses labile
uranium-nitrogen bonds . QThe'réaotions of Cp,U (NEt,),

with a variety of amines were shown to be controlled by

~

‘ mainlyvsteric factors. The.bulkier the amide group the

moxe likely the formation of the:mono;substituted deriva-

tive would occur. In one case, however, it was shown



-that when the amine contained a-functional.group whlch
could 1nteract W1th the metal,the propen51ty of uranlum
to achleve hlgh coordxnatlon dld outwelgh sterlc con51d- 

eratlons and the bls—substltuted derlvatlve was - obtalned



CHAPTER THREE

) CARBAMATE DERIVATIVES OF BIS (CYCLOPENT@ANYL) URANIUM (I_V-)‘
- ) ‘ . . :
Introductlon : - . .\_“ .

The reaét1v1ty of the metal nltrogen bond in uranlum

and thorium tetraklsamldes towards amlnes 1n transamlna— '

.tlon reactlons was lnvestlgated in the precedlng chapter.

~ald

" The reactxons were 31m11ar to those exhlblted by the early

)

‘transltlon metal amides. These'transltion ‘metal amldes
s

valso undergo 1nsertlon reactlons wlth de\Cules contaln—f
- ing polar multlple bonds.\ The most common reagents have
hbeen COZ’ Csz, and COS whlch form varlous carbamato—type
'spec1es. These compounds “have been W1de1y studled because

of the1r ablllty to stablllze metal centres ;n unusual

oxldatlon etates*€4”

<

Insertlon of sz (X —‘0, S, Se) lnto the metal-

'nltrogen c—bonds of the tetrak;Samlde actlnlde (IV)

complexes has been descrlbed by Bagnall and Yan1r65 as
, S
'wa means -of- obtalnlng thorlum and uranlum carbamates.

‘ %Dlthlocarbamate complexes of thorlum and uranium have

been prepared befores but the synthetlc method 1nvolved |

A
66

. the use of the metal chlorldes and sodlum salt .It_

‘was expected that the reagent xggzu(NEtz)z would react

,,ln a simllar mﬁ ner as U(NEtz)4 with-<Cs, cos and co2

2’
’to glve Lnsertlon-type compounds of the formula

szU(XYCNEt )y, (X, Y =0or's and X = 0, Y= 8). A

prellmlnary study of the react1v1ty of szU(NEtz) with 1'

“N.} v



e m1nat1ons show that both Cp2U(SZCNEt2)2 and szU(OSCNEt

052 1nd1cated that a very facile 1nsertlon of the CS2
molecule 1nto the uranlum-nltrogen bond was occurrlng,,39

“ o . } oy

SXnthetlc Aspects and Physxcal Propertles

Hydrocarbon solutxons of szu(NEtz)2 react rapldly -
w1th COZ, CS2 and COS to give the correspondlng carbamates
accordlng to the reactlon (III-l) ST v Tﬂf fs‘F\

oy

c_pzu"(NE,tfi;)_z ¥ 20K¢ —> 'cpzu(chN'?tiz)z' el

| In cases where excess.reagent, CXY, is used the'ft
"lnsertlon occurs only 1nto the uranlum-nltrogen‘%onds.

The reactlons are qulte rapld and glve almost quantltatlve
'yleld of the ant1c1pated product. The cyclopentadlenyl o

'rlng in the formed carbamates retalns 1ts pentahapto bond-

41.

i'lng mode as determlned by the characterlstlc bands for a -

bnﬂpc rlng seen in the IR spectra of the complexes.s1

L r

The observatlon of a sxhgle sharp llne, assxgnable to, the

‘cyclopentadlenyl protons 1n the H Nﬁ; spectra 1s also

con51stent wlth thls formulatlon.“ Molecular welght deter-ifi

2)2

. are” monomerlc in. benzene, the varlable rasults obtalned for

/l]szu(OZCNEtz)z however indlcated pq}ymerlc behav10r whlch lSi ’

_both solvent and concentratlon dependent. Althougﬁ the

'apparent hlgh degree of polymerlzatlon (trlmerbtﬁﬁa dodecamer)

ol it ¥,
found for Cp20(02CNEf2 9 1n“be,"ene compared to the other
: %r%

'-drhsertedpfpducts:s éurprtflng, the'tendency for assocxatlon




o

- is REVertheless as expected based on, the varlatxons in

the llgands b1te slzes, carbamate < thlocarbamate < dlthlo—

-_carbamate. Of course, aggregate formatlon in carbamate

complexes has been seen before. Examples are prov1ded by
: the monothlocarbamates of . the late transitlon metals,68

:fM(OSCNR ) (M = Cu, Ag,. R = alkyl), and by the t1n carbamate

complex, Me Sn(OZCNMeZJ 69 70 "“ ’“f_. ?' l 75“‘1",f

The mass Spectra of the three c;o--n--‘--'"I

major fragmentatlon patterns are glv!fﬁ;fv ‘ﬁves VII and Co

N VIII. The results lndlcate that szU(SZCNEtz)z and

szU(OSCNEtz)2 are monomerlc in the gas phase as well,
;attempts to observé polymerlc fragments for CpZU(OZCNEtz)2
' by varylng the probe temperature met w1th fallure. The

,;mass spectral asslgnments are speculatlve s1nce they are o

_e chemlcally reasonable. The parent 1oﬁ lS

«

There appears to be a.- sllght amount of ther—ﬂ'
i

',ftmal dlsproportlonatlon occurrlng, 81nce very small amounts'_"

(less .tfnan 1%) of CpU(X CNEt2)3 and cP3b(x CNEt ) appear
1n the mass spectra. These, however, are not observed in
*the NMR spectra of the compounds. In. addltlon elemental
ianalyses 1nd1cate pure compounds.,1‘ |

h The major breakdown from the‘parent 1on 1nvolves :

loss of a cyclopentad1eny1 molety. The loss of a carbamate

llgand is a much less favorable process. An_ther major _

~

» /’m
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fragmentatlon mode is loss o§»H CXY‘ beingﬁmgst fac11e ‘in the
. ¥ LV

’ carbamate complex.n A comparlson of transitidn metal
trls(dlalkyldlthldcagBamate) complexes to’!hqﬁﬁranlum

compounds\lndicatesjthat loss of SZCNR2 is mpreislgnlflcant

71

in the former. This observatlon may suggest that a

-ligand wxll be lost to decrease sterlc cgngestion around
the transtion metal For the uranlum compounds the U—Cp

bond\js more easlly broken.

oy \
gpordinatlon Mode of the Carbamate Moxetles
l)

" The great lnterest in carqamate complexes is a result
)

~of some unique characterlstics of the R2NCX2 llgand._-Thls

moiety can bond in - a Varlety of fashions (1 2, 3, 4),

the most -common modes belng elther 1 (monodentate) or. 2 N
. . - ) 1 "
(termlnal bldentate)

o

R ':' flh ‘;\ ’ |
R | T . |

M—X—€—NR, / \c——an

) \J_ E R Co \Y/ ‘
S B

N S 2 I~ TN

X - X Yy |

e s |

Mo M M

[
i b

Crystal stfuctune determlnatlons of a number?, :

dlthlocarbamate and monothlocarbamate complexes have shown
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all fourkbonding'modes; The compound Sn(S CNEt2)472

.possesses two terminal bldentate and two monodentate

o

llgands. Another compound containing mlxed coordlnatlon~

bmodes is [Ru(NO)(S CNMe ] ; whlch has ‘one monodentate

2)3
. lethiocarbamate and two terminal bldentate m01et1es._

| The ligatlng mode 3 is observed in the iron dimer [Fe-\
(SZCNEtz)?_]2 ‘where each iron is bonded to a bridging v
_sulfur atom whlch 1tself is part of a term1nal bldentate:
o ligana' The hexamerlc structure -of [AgSOCN(lPr)2]6 also
involves bondlng of type 3.75‘ Simple bridging mode 4¢

has been establlshed .for 1nstance in Zn(SZCNEtZ)z76 and

77 v \
_In the absence of structural 1nformatlon the 1nfrared ’

spectra of these complexes proved to be valuable, although

, not 1nfa111ble, An> dlstlngulshlng between the monodentate

'n‘,and bldentate bondlng modes of the carbamg mo;etles.

't,cm?l respectlvely,

fIn the oase of a dlthlocarbamate llgand‘ %he crlterla for
(3

monodentate coordlnatlon has been the presence of two

<

.v(C***N) and two v(C***S) absorptlons around 1500 and 1000'

-
78'79 The- bldentate m01ety exhlbits'

b-slngle v(C'-""-N) and‘v(C'.' ) bands where the C—-—-N stretchlng
’,frequency is ln the range of 1480 1550 cm 1, A ratlonale
:.for the varlable p051tlon of this absorptlon 1s ea51ly
h'fobtalned by maklng refarence to the po551ble resonance

dstructures of the carbamate llgands,TSa-c.” Increased ' ’é%r

R E RS B
’~1mportance of form Sc is seen to cause a concomltant 1ncrease

“

'_n/’ d: ‘?l." ' -T"} | LI -,i_F/'b.
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R X R : X R X
TN\ '//” O\ v O\ +
- _N—C  4——» _N—C <~ N==C
oo R//: | \\\f- /nf// / §\§Y" Vn’// \\\Y-

in v(éééfN) The value of the C=44N stretching frequency

vhas been correlated with the nature of the substltutents

R on thelnltpogen ‘atom of.the carbamate ligand and‘thhta—/

that-ofithe ancillary'ligands on the central metal atom.
’The v(C"‘S) stretchlng frequency 1s not as sen81t1ve to
differing R groups.s-0 -Structural determlnatlons of

UOZ(SZCNEtZ) oL where L = Ph Aso and Ph PO show bldentate

_ ,3 73"

\ _d;thlocarbamate‘groups. The 1nfrared dataégave v(C***N)
_ , y A

“1 (en -1

Aso) and 1479 cm (Ph PO) and -

s |

pvalues bf 1480 cm o

v(C1;¢$) values of 995 cm ,and 992 cm l, respectlvely.

' x-ray analy51s of the compounds T1(S CNEt 2 ,nd

83

274

o TL(SZCNMe 3Cl have shown that both possess bldentate

2)

dlthlocarbamate groups. These complexes exhlblt a 51ng1e.

vic==N) band at 1493 ;‘and 1526 1,84 respectlvely,

"however the latter also has two v(C*éiS) bands at 990 and

-1 84 85

~ ’981 cm T T Fay et aZ have noted\that sometlmes two

81

47.

S

\x~eﬁvfcfﬁﬁﬁrwbihds are observed even though an X-ray analys1sl'

- has shown bldentate coordlnatlon. They suggest that” 1n

'most monodendate coord1natlon systems, the two. v(Cé—-V)

"'bands are separated by greater than 20 cm 1. The same .
B 4

.sargument could hold for the v(C——-S) stretch reglon also.

5

S/
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~ For monothioearbamate complexes, bidentate coordina~

tion has been associated with v(c——-O) values between

1500 1580 cm °
on”

‘thiocarbamate complex T1(OSCNEt2) has v(c#=40) and v{c==
bands at 1547 and 1530 cm ? tespectively

Fe(SOCNMe2)3 exhiblts bidentate coordlnatlon

1sand a strong v(C**éN) band around 1500-1550

1 as in‘the dithiocarbamate case. The bidentate mono-
-\ 5

86'and’sim:ll'arly
87 and has a

-1 88

\MC"'N)band at 1540 cm . Examples of monodentate

/ .-

coordinatuon are the compound Pd(PPh )(SSeCNMez)(SOCNMez)

which has a v(c—:g) band around 1600 cm
Sn(OSCNMez) w1th a band at 1621

-1 ?9 and Me3

-1 70

Chis\o}m and 'Extine have studled a serles of carbamato '

'compounds qulte exten31vely and have determlned, through

- an]

band invthe region of 1550-1600 cm

n L 'would be character-

67a,90 \

48.

N)

s.f‘

Jana1y51s of 1nfrared and structural data, that a strong

lSth of a v(ozcu% for a bldentate llgand : The compound

_ T1[0(1Pr)]3(02CNEt ) is also assumed to have a bldentate

llgand based on an 1nfrared spectrum that shows strong

1

=1-91

. bands at 1560-1475 cm L . A monodentate carbamate group

vhas a v(o CN) band above 1620 cm -1 as 1n.the spec1es

’ W(NMe2)3(O CNMeZ) whlch has a band at 1636 cm™ .

il

-1 90

"‘Characteristic 1nfrared frequenc1es for the new

5

' cyclopentadlenyl uranlum earbamates are llsted in Table

ix..

Based on the fore901ng literature survey the data

are flearly consistent with a bldentate bondlng mode of

’:the carbamate llgands in these molecules. Further

i



/ .

%able IX. Characﬁerist;c Infrared Absorptions of

o , : . - -
Cp,U(XYCNEt,), Complexes (em™1)2

- CP,U(S,CNEL,) 5 Cp,U(OSCNEt,), Cp,U(0,CNEt,)

2
v(ocN) S 1537 m 1549 m
) 1521m° 1512 s
v 1514 m 1503 s
v(C-N) 14848 . .. ] R
§(C-H)Cp 1017 m 1019 m 1030 m
S 102m
v (C-5) . 915m T %46 w .,
Y (C-H) Cp 805 sh 791 vs  ° ' 1796 sh
| /Y 792vs 783 vs . 785 vs

_ : Va
21n Nujol and Fluorolube mulls.

A .

v
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corroboration of this point comes from a comparison of

the present results with those of other carbamate com~

plexes of uranlum where bldentate behav or of the ligands
was also suggested or, as is the case w' h U(sS CNEt2)4,

~conclu31ve1y establlshed by x—ray structure determina-

92 -1

tion. The observed values are 1494 and 9§6 cm for

v (C*22N) and v(c=445) in U(S CNEt2)4,65°1515 1520 emt

65
2’4'_/

With the exception'of v(C*‘*S) these -

for v(OCN) in U(OSCNEt
65,93

-and 1510 cm ~1 for v(OCN) in
'U(ozcuzt2)4
frequencies are indeed rather similar to the values llsted

in Table IX. No special sxgnlflcance is to be attached

to the dlscrepancy 1n v(C———S) since due to dn absorptlon
from the Cp’ llgand system in the 1000 cm -1 reglon the
as51gnment of the v(C==5) is the least secure in the
present compounds. of course the bldenta bondlng mode -
of the carbamate llgand is also con51stent with the |
»known preference of uranlum for. h1gh coordination number.

The increase in formal coordlnatlon number on going from

the starting material to_final products could in fact

account in part for the observed enhanced-stability of'thep
CpZU(XYCNEtZ)2 complexes over szU(NEtz)z. The ab111ty of the
.metal to achieve high coordlnatlon number almost seems

to be a prerequisite for the formatlon of this type of
compound. Indeed whereas tranSLtlon}matals are known

to form a plethora of szML2 der1Vat1ves contalnlng,mono—'

, dentate llgands,94 complexes with two pentahapto cyclo-

pentadienyl ligands_in conjunction with two bidentate



ES

sl.

wt

ligands are conspicuous byltheir absence (MeCp) Hf(BH )295
appears,tq be the only tiansxtion metal example so far‘
1dent1f1ed‘

‘The other frequencies listed in Table IX are char-
,acterlstlc of the c§clopentad1enyl moiety. The appearance

:of only a few bands a381gnable to this group is c@ysistent '

61, 96

"with the presence of ns-c5 5 rings.‘ As mentioned  in

the previous chapter, the out—of-plane deformation mode,

-1

y (C-H) around 800 cm™! has been used to draw conclusions

'about the natur of the M-Cp bond. The Y(C-H) value for

-1 S

the carbamate omplexes decreases from 792 cm for.

~1

CPZU(52CNEt2)2' o 787~cm (average) for szU(OSCNEt

2)2
and 785 cm”~ for szU(O CNEtz)z. These values_are higher
| than the value of -~770 cm.l for szU(NEtz)2 Within the

series, it'seemspﬁhat complexes with oxygen-containing
ligands have more ionic uranium-cyclopentadienyl bonds.
This same trend 1s observed for the carboxylate complexes

dlscussed in the succeeding chapter.

Coordlnatlon Geometry o S

Clqsely connected to the bonding modes of the llgands dep

in these complexes is the coordlnatlon geometry about

the central uranlum atom. A commonly used practlce 1n

descrlblng the basic geometry of Cp ML type compounds 1s ;?j

to count the Cp llgands as occupying one,coordlnatlona

site. With this convention the compounds can be considered
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as pseudo—éix-coordinate molecules. The basic geometry
for''six-coordination is octahedral and withinsthis frame-
work there can be two geometrical forms, elther cis (6a)

or trans. (6b) as far as the Cp ligands are concerned, the

situation is of’ course more compllcated when X ¥ Y.

2

By

"~ As mentioned before, compounds of the type Cp,ML, .

g'~(where L, = monodentate) are quite numerous and have
T £

Vo g N211?§§own tetrahedral geometry, contalnlng the angular

Y
€

'ﬁfHowever compounds of the type szM(chelate)z

A very recent structure by Marks et aZ.,95

;. L /\



T e v . ?!
I : s

SO S ;g;',foI:;Wfi;; | ~'f.’f S s3.
s 1s also consistent with a c@s octahedral structure.

of'course there exzsts Aklarge number of compounds

' of the type M(chelate)ZXY both for maln group and transl-

" , :
; tlon metals.f Interestingly tor group IV metals the c1s

=conf1guratron about ‘the metal centre seems to be the

L preferred geometrlcal forﬁu\ Thls has been shown for pi co0

97,98

ﬁ Sn(acac)2 2 (x = Cl, Br, I),_ Sn(acac) RC199 and for a ;;

L veriety of Tx(chelate) XY cdmpounds (chelate = dlthlo-

;acarbamate,gf 100,19;

¢

acetylacetonate) : Based on these examples,p]

:;in partxcuiar by enalogy with the knownszn(chelate)2 i
ecomplexes, 1t would be reasonable to state that the

?ipresent compounds also possess the c1s octahedral geometry 6a.
: , An attempt to corroborate thls ass1gnment was made by
;uanaly21ng the NMR spectra of the bls(cyclopentadlenyl) ﬂr'
:”compounds.‘ The amblent temperature results are summarlzed

\ln Table x As expected for compounds contalnlng a parav\>
‘dmagnetlc metal Lon, U(IV)(5f2), the resonances exhlblt o

ﬁ,large sh1fts from the expected dlamagnetxc pOSItlonB.ss

“ The upfleld shifts observed for. the cp rings in CP2U(° CNEtz’z. :

t;amd CPZQ(OSCNEtz)2 are in lxne thh prev1ous observatlons

[

idon cyclopentad1enyl contalnlng uranium compounds, but the

13d.

Tidownfleld shlts seen 1n Cp20(82CNEtZ)2 18 unusual.-w ance

'1t 1s known that both dlpolar and contact terms are ’
*gimpbrtant kn determinlng the observed 1sotrop1c shlfts,:. S
;}variations in elther could aqpount for the trend observed :

ﬂ'1n the present serles. TE//é;nqle sharp lznes obtalned

.
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Table X. IH NMR Data for Tp,U(XYCNEt,), COWRLéxg§a  T
. L g o : R S ° P (& RN
2)2 CPU(OSCNEL,), CpU(0,CNEL,),

- Cp,U(S,CNE. _:,

_ L DR
cp - -.a4s 2.84 s

.

cH,  11.37q

-5.28q . 1°8,07 q

CHy: *  10.87 ¢t . - -.B4t

appm.fromginternaLVhénzene, + upfield shift, -downfield shift.
- Temp = 35°C. T



for the Cp groups indicate equivalence of the attached ;:
hydrogen atoms, consistent with the assiqne\if_pentahap-tﬂlr
bonding mode fOr these 1igands. Equivalence of the ethylN
groups may also be indicated by the observation of one Vu*ﬁ [,
ifset of quartet (cnz) and triplet (cn3) resonances in the ef
ié:sy-metric cs2 and co2 inserted compounds._ The monotgio-':>
' carbamate derivative exhibits two equal intensity ethyl
resonances, although there is still only one cyclopenta-{*‘h

1 Slm

dtenyl peak.{ The significance of a simple H NMR spectrum L

obtained for Cp20(02CNEt2) is obscured by the probably
fast intermolecular exchange between different polymeric
aggregates. In what follows, the discussion Will be i y e
vrestricted to the behaVior of the dithiol/;nd monothio-yhiy

carbamate complexes whose monomeric nature in benzene has -
been established. . j‘; v “,-“.._,‘ j:::y f{ °.'f'“

*f Clearly the ambient temperature 1H NMR spectra are ‘

" not consistent with the !tatic structure 6a.f For instance ;f
two ethyl resonances are expected for CpZU(S CNEti@Z. \
E nunber of’pQBSible reasons existffor these apparently

mﬂ,‘

‘f simplified spectra.; It is known thﬂt the chemical shifts

i‘ of paramagnetic compounds are temp’xature dependent so‘§'124
that accidental chemical shift equivalence of some ligand '
resonances may be nesponSible for the observed spectra l=;i§tf
at roog temperature. Another factor pertinent to these i )
conplexes is the fact that stereochemical nonrigidity is '":"

!

conmon among metal carbamates.: Indeed it is well known

fri';1;;'.“‘j"~1de_v;:‘_ fq ’,j_,‘ .l _,ﬂ‘yi;,_"j/j‘jg SR



':qfconsxderrng nonrlgldity 1n the present case. %"

':affected by two ma1n klnetlc processes.

Cp,Ulcis- (octe) jRe. (co)

'conbinations of metal—centered rearrangementland C

that the NMR l1ne shapes of metal carbamates ﬁre often
102 1) metal-:’

centered rearrangement, 11) c=44N bond rotatlon.' The »

"cfobservatlon of metal centered rearrangement 1n related

4]2103 lS farther support for ]‘f”

Four situatlons must be consldered involvmng v rious

bond rbtatlon that can- be thher fast or slow on the NMR

Qtzne scale._ The predlcted number of resonances for the

:pr and qggroups in CPZU(XYCNR2)2‘are 1nd1cated in Table

: '.;.‘,ment a.ndc"'N bond rotatlon are both slow on the NMR t:.me

*ng"'N bond rotatron is fast. (C)\metal—centered rearrange—’li

f% both processes are. fast.‘ A few bomments’must be made

'scale, (B) mgtal—centered rearrangement is slow, but
fment 18 fast, but C"‘N bond rotatlon 1s slow, and-(D)

f‘concernlng Table XI. A full permutatlonal ana1y31s of

'f"metal—centered rearrangement processes 51n cis-M(AA)2X2

1i"58}_

‘XI for the follow;ng cases.{~(A) metal-centered rearrange-~{'

B N

d’;and c:s M(AB)2x2 has been carrled out by Serpone and4 fgf_f‘

i Backley.__.

104 These authors have con51dered the effects

?;;of-the trigéhal-tw1st about each of the four 1mag1nary

.'iLC3 axes of 6a, as well as the possiblllty of metalrchelate

. mﬂv

o'vbond cleavage and subsequent rearrangements of theﬁeo

s

'v:gprod““ed flve-coordlnate 1ntermed1ate.:4_,d'

5bfjposs1b111t1es are numerous and the dellneatlon of probable

S e : 3 N . .

C
B LU . - .‘.“?‘, ) ] o .
TR S o

N ORISR



.

"and R-Groups Respectively in szU(XYCNRz)

L"for Varlous Rearrangemen; Posslbllities.‘

“&fTable XI. Predlcged Number of Resonances for the Cp- j,

'tg‘(C) f“'.

'»:°Pz°<°scnnz> E X VS O

L

2.

../ ) -

A

_iiz-
o

L
N | §§§ SRR
262 2,0
.

22

2,2

i*CPz"<xzcnnz’z L/ L2 1

R

~#sulfur or oxygen of monothiocarbamaté

ii§A117¢i€f¢9mé°nnd.‘”?"T.J*,v-?.4[ff77'f*;?f"_f't"

BRI

trans to each other.

B



physlcalpatﬂwaysfor rearrangement 1n thls class of
e

molecules,\as 1n others, requires’carefully deslgned

-

molecules undérgoxng specific llne collapses.‘ The ptesent

- molecules do not satxsfy these stringent requarements and -

i“ in conatructing the table only the chemzcally most reason—”‘f‘

: ‘able Jearrangement pathway has been taken lnto account.:, -
This pathway is that of a trigonal-twist motlon which | ‘

= converts the startlng octahedron to a prlsmatxc 1ntermed-"y~ft
iate,} Wlth the two cTelating llgands situated along «:v ‘j”
the rectangular edges, a Ballar—twiet type motion., :

| xeeleg the foregozng dxscussion of the rearrangement ;f

1n mind,the ¢

trles 1n Table XI for the symmetrac szu-‘= wif'

(x CNBt ges'become self-explanatory, however the

2)2 |
many possnw lltxes appearlng agalnst szb(OSCNEtz)2 may

;ifhls molecule can actually_f;?

st111 requlre some commentsr

exist as three d;stinct cxs ;Nometrical isomers once the ﬁﬁ,

3 \
,g; location of the 0 aﬁd\S&donor functlons are taken lnto

account, 7a—c Under statlc condxtlons 1somers 7a and 7b\'7




59..°
should each exhiblt one Cp-and two ethyl resonances.zaowever c
a rapid Bailar-twlst would interconvert the two isomers -

K 5 e
Jltguxe V), thus result1ng in the observation of an averaged

9.
1,resonances, entrles l,s SN

e

R ep

':7: pase (C) Of course ,wfﬁN bond rotatxon would

d‘two sets of averaged )

.‘.‘ N

cp;_nd one ethyl siqmal, entries 1 l. under case (D).s,,}-w;—-éx

In‘a similar maﬂner the entrles for isomer 7c, symmetry
cl,‘csn be obtalned.‘“ In prlnclple then, from szu-’"

(OSCNEt2)2 one could expect to see twelve sets of reson- ,“"

ances,lfour Cp and elght ethyl group signals, under statro f,;.'

;Q” In order to dlstlngulsh between the p0551b111t1es llsted

o b

oonditions.- “;;’;ﬂ -l:a t;‘_t],ﬂ-gf}glft.:

éhcve, the varla?lemtemperaturejNMR data were collected for 7:
the compounds CpQU(OSCNEtz)z andleZU(SZCNEtZ)2 1n the sol-Q>-1;

vent toluene. For the monothlocarbamate complex, coollng the o

K

sample down to -90°d caused broadenlng of the ethyl resonances,'i,

'

however the Cp resonance remalned sharp._ Warmxng the L

“sample up to +92°C produced almost the same effgct, i;if}f

sharp Cp resonanceuand only slightly broadened ethyl Es

l

{-1s glven 1n:Flgur3;V g, The H NMR spectrum of ép2U(s

SaR ECL e Tt T



,céz" 1, Cp“feecnance" S ks cz;g 1 cp resonance .
7_ 2 Bthyl resonances e J~ 2 Ethyl resonances

waey e, DL

PO A B g L

_je;{i:{c'e“{_;r 'k‘..»ccz ¥ Cp resonance _ :
T T '}'{"., 2 Ethyl reson‘nceS""
ST T (1 4) (2, 3) |

Intramolecular Nonbend-Rupture Mechanlsm for ‘  :f ;.

N

Interconvertlng One Set of Isomers of szu(OSCNEtZ)2
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‘to the different temperature dependence of the

' 'temperature.

‘;shcws this Variation for szu(OSCNEtZ) The temperature

:more, as- can be seen in Figures VIIV VIII and Ix the b

;:chemucal shifts in paramagnetic compounds are temperature c

.o B S 2.

3 :
)

, ﬁmethylene and methyl chemical shifts can be seen in
B Figure VII or mﬂ&e clearly in’ Figure VIII which sho%s

the variation of the chemical shifts as a funcﬁgon of

39 The linear behavior found is commonly;5

'observed with organouranium(IV) compounds. Figure Ix g

\

‘“invariant nature of the line shapes yas disappointing,
_ however it is highly improbable that accidental chemical

_shift eguivalence would account for the pattern of Cp

and ethyl resonances observed. As mentioned previously,»5

the presence of the paramagnetic U(IV) ion has the effect

jof amplifying the chemical shift differences between
: 4
groups, this should diminish the chance of acc1dental

: equivalence compared to diamagnetic compounds.s Further-'

N

A

';dependent as well thus the accidentally overlapping
“resonances would also have to have identibal temperature

' dependenf chemical shifts in order to maintain the simple o
spectrum at all temperatures.' This Situation for the

thomplicated~spectrum eXpected for szU(OSCNEtz)2 seems

‘zindeed Virtually imposSible.gdj;f‘ E n, i

If it 1s assumed that rearrangement processes are’

'jresponsible for the observed NMR spectra, it is clear

3

‘kthat in the case of CpZU(SZCNEt )2 several pOSSibilities
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70°C

\.‘,\ ’9.,060-"; A o . » i. ‘ 3loc

40 40 50 60
- Figure VvII:  Var1ab1e Temperature 'H NMR Spectra of .eﬁ

R szn(szcnztz)z S »,:‘ RS FO Y
:;(:chemléal shxfts glven in ppm relatlve to -

ﬁ‘internal cyclohexane.?’;V
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Figure

_versus 1/T.

internal cyclohexane.

30 - 40 o

3.1
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Chem1ca1 Shlft of Pr&tons of szu(s CNEt )

'_Chemlcal,fhafts’givgn in ppm relative to
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Val. ‘ i“ ' o ‘-“ ) ‘l o : 66 ep"
¥ -~“ »t ‘ '
.coulﬁ.ac ount for the experimental spec‘ra. More .
v

discripin; pdon is“bffered however by the%nonothiocarh‘hate o

ﬁ
R VMN

complex. Indeed, any assumed mechanism must maintain

two ethyl groups distinct during qﬁe rearrengement process.
aReference to Table XI shows thg)t ‘an attractive poseibility "u
for this; as long as the ground state geometry is the |

symmetric structure Ja and/or 7b, is case’ (C) where rapid

Py J

metal-centered rearranqement but slow C=4=N bond rotation

o

- is occurrlng. Precedent for fast metal-centeréd rearrange-
ment down to the’ lowest accessible temperatures ( -90°QG)

~in similarx complexes, cis T1Q§QCNR2)2CL2, has been ‘o

90b

obtained Ry Fay et aZ ”hhereas Chisholm and Bagnall

have reported tha@ in Tl(OSCNMez)“ and Th(OSCNEstz)4 C==N

bond rotatlon is slow on the NMR tlme scaﬁe at 40 and

b )
e i ¢

- 50°C, respectlveiy. Comparlson of the C—=N_ stretchlng .

° &
. frequency of the thorlum oomplex, 1915 cm -1 with the
%

'almost identlcal values of szut.OSCNEtz)2 (Table Ix)
suggests that c=4=N?bond rdtatron should also he slow in

thls complext' By analogy lt 1s assumdﬂ that posS1b111ty
“w”e@\. E
ey 1s operatlonal 1nﬂthe dlthlocarbamate complem as well. °

‘1“\«; A g

.

‘ Although consistent w1th the NMR data obtalned the
combinatlon Ballar—twlst and hlndered C~==N bond rotatlon

"requlres the’ preSence of only symmetrlc throcarba#ate | -

complexes in solutlon. The presence of a sharp shngle

Cp S:sonance would suggest that not all three 1s mers,

7a, b, c, are present at the same tlme, since 1t/

p : P . .
o r : C



wouléxbe unlikely that the Cp resonances vould ai}\have
the same chen;cal shifts 0var the te-perature rangér‘;ﬂf'f"'

studxed.‘ Bowever, whether only 7a. fexists or only  c. |
- fﬁghg;§§§Fjgﬁr ,j@ompound underqoiqg more ccnplicated \\’;;'fybf

p \
avi : in solution, must awaxt the result of

".
S
LIS

L
¥

2 AQJ




,_f%he, ,s of the present uranium complexes ;Te»‘f;"
".Jgﬁe*hO€‘sig _ ntly different from those pf certalﬂ )

g ,trans;txon netal carbamates 1n that a bldentate coordlnatxon ‘
:f;jmode and non—r#gld behavxon%are obébrved : However |

vcomparlson w1th the exactly analogous transxtion metal

; complexes 1s not possible slnce transltlon yetal conpounds :
containlng two cyclopentadxenyl and two carbamate ligands
fg_have not been prepared as yet.‘ Indeed the interestlng '
 iquest1on to pose woﬁld be whether or not these transitlon».,“
.»:metal complgxes would retain the bxdentate coordxnatxon | ;?

’§Jmode of the carbamate moxety or exhiblt monodentate ﬂ_,..*'

e . s ) < o V ]

e,behav10r.v"~ e f; T



"‘CHAPTER roun e 'f‘:;,;._,v¢«-::v' o

vgif‘ CARBOXYLATE DERIVATIVES or
. . \ Q

‘5;; . SRl BIS(CYCLOPENTADIENYL)URANIUM(IV_;

S

'Introductxon ;_”ﬂ,_7 ]=p¢f,;ﬁV

Carboxylzqmgclds have been used quite exten81vely
";fas~llgands thh a wide varlety of metals_}os 1ns »

-y“»imode (monodentate, bidentate or bridglng). Carboxyiaﬁe;?jif“
5ﬁf3d%;1vatives of -_»‘. ' en

iest complexes pre-

} which were repof ed”

: have‘been” "



.Table 'XII. Tetrakiscarboxylates of Uranium(IV) .

Coa

 Compound . . .. . . Reference .
B I TN P S ST D AT A TR
RN | Lo T L8 . -

'fUlazczt14 57'f5f‘l{f.?f “i}‘¥fff'f f)'5{ﬂf1o9 110 f7}5{ 3;vjff

fo[02CCHM82]4 ‘ } ]{;-_f';;;i 1 }; v Li1o9 110* 1;k{ ; e
""Ulozccnzcnnezl4§€*:}Ij”f*ir”ﬁ;alJ;mqg_,ﬁ;,%{9§1*¥:;;5{5_:.""-
;U[O\C(Cﬁz) Me;4;  ?5fj'fT':‘ . .

ﬁfUlochh]4
fo[°2C(C32)5Me]4.
_{U [Ozccr31 NE

. _',U {ozccnzcn 4
‘U[ozccc13]4
;{UIozccs314

:{U{ozcheSI' i
j;UIOZC(cn )3M314

;Ju[ozccnc;zl

."‘,JiU[\o Cke] [02CSC 4113] 2
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nalyses and VlSible and 1n£rared spectr‘“w;;‘ £{~<f5

: httle m d&ta have been reported- e T e
o L : /,,_‘ o s
f-ff Among the few structural studies carried Out to Lk

'Jdate is the X-ray analys;s of U(o CMe)4 *The uranlum o
‘ocentre is ten coordinate 1n a polymeric array with both
f.bridgxng and bxdentate acetate gtoups.l}ﬁ Polymaric

}gbehgvior has also been postulated for'some of'i”**u










4

Results and Discusnion o  _ffw ,ifﬂ}._ Tt  .\\\-_ wf:
S}[nthetic _ECts ' ' L : : f

"4; The catboxylate and monothioc;rboxylate derivatives“,

solv = hexane Tf@f"

R= Ph' x = 0, . T=0°c. ‘solv ' f,"‘ff ‘1 er

n = Ph. x = s, s X o°c. sﬂlv = hexane
R = meylx = o- : 'l’j'r‘# 0°C- solv = l?xane g "

- g

f/s!fj

The comqounds‘were characterized by lnf:ared and, where sol~

IR

ﬁ uble, NMR spectroscopy and mass spectrometry._’ i” ,; /  
‘a) ‘ CMe) 2 . i .-«,;.‘,. i

" . : o » ‘ | o .‘:A e
*'fThe Pale green c0m Q¥f \15 i“°°1“ble in -t °IQP“1° 1;a' 




- solld indicated that\the most volatile component wap
| .now CpU(Osze)3. water in the pyridine may have caused
"ﬁhydrolusis and subsequent rearrangement to the mono- ; '{‘ O
: "y
".‘11
- 9".4n most orqanxc solvents.-”;l, -tempts were made to
,&,._;- * Rwd .

i crystallﬂge thls compounds f:w compound was also soluble
"”“s -

‘in pyrﬁdine, howeVer as seen befﬁfe for szU(O CMe)2 an

fﬁ*NHR sample in Pyrldlne-ds showed only CYClOpentadlene{»;‘f}
peaks 1n the reglon 0 20 ppm from’}ntqrnal pyrldlne.‘f5~';::
| o IR i

; ,&v_,

ey e U oscp"“‘ :
This red compound was solublerxb most organlc

-

”ffsolvents.' Several crystalllzatlon attempts weregfa"ei'

";jusing mxxtures of exther toluene/hexane or CH2C12/hexane S

m*_ﬁfat room temperature> ch and°-78°c, but elther a very : ;Yv”

ﬂ;‘;ffine preclpltate or a red oil formed. Attempts at cool-va--*»f:

‘Ving supersaturated eolutions of elther toluene or CH2012

. ~7

o : -9,



R

78,

\

f This pale green solid is sl\qhtly soluble in THF f‘- e
however attempts to crystallize the" oompound using a . S
: cOoled THF/hexane solVent mixture were met with fellure.;

The mass spectrum of thg greenmqplid conqained | f%

'thalmOSt exclusively d'bU(O dPh)z ﬁhérgis a mass spectrum -

“green solid exposed to air had

: obtained fro'”h*samplef‘
‘ :ragméntation'pattern ax‘ignable tq Cp3U(OZCPh) Excess ﬂ‘t'

>”e brown filtrate solutlon _i~

rnal prepara‘ion in °rdér to react with .

By v

any rema1ningﬁstart1ng materlal. Mass spectral analysls

of the brown prec}pitate which was formed 1nd1oated the :
. .

= presence of a mixture of mamly CPU (ochh)3. \501“6

Cp2U(02__CPh)2 and_a llttle U(OiCPh)4. Clearly maintalnlng R
the stoichxometry'of the reactron 1s 1mportant slnce the -
cyclopentad1eny1 group can undergo ready dlsplacement by

__excess ac1d._ The compound szU(OZCPh)z dissolved 1n co th.&:

. \

These'peaks could not be as51gned,\a1though Judglng from

the Spllttlng patternsvlt was apparent that they were




Lo .o ' i ! v . . .~ H “i | . ‘ . \ .
B “ ¢ A . S ' CL R
k “{ . | . ' .\ \ ‘/f \ - e | * , T&ﬂu.

v Il

‘hexang_solution reoultedﬂin tho‘foruation7éx§reen cryqtglu.'

R f’ 5'3’-2-4----f=NE 2)-—(—2“”‘3) R ,’/ Z;“M ey

.

:fll Molecular W‘ight Determlnatlon

An attempt tc produco cnly the mono~substituted

\

carhoxylate compound resulted in a’ ‘inixture of both the

mono—and bzs-subatltuted complexes acfording to equatlon

(IV"3) . ' '(> . j ) _ ‘ ‘. . A C } o e -
3Cp20(nzt2) 2 + 3ne3ccoon — e
, hexane. o (IV—3)

,M szu (ozcc:z4xe3)2 + szu(N?tz) (OCCMe3) + szumztzo

-2

'i"'%‘

It wqp thought that a p0351b1e equmlibxium may be occurxing,
however\cobltng ‘an NMR sample resulted in a shlfting of |

ard

peak p031tions but the“rehdtlve 1ntenslty of the peaks 4
AL . B . S
remained the same o ‘f;‘; SRR A 1

v;;aﬁ‘ Attempts to fractionally crystall;ze out tﬁt ‘mono-

e
v Q:"‘

A

substltuted Rroduct by concentratlng the solutxon and

coollng fa1led to produce any solld materlal
v\, . . .

oyt

' Molecular weight datL could be obtained for only two;

“f"fcéh‘]fl‘ | szv(oscph)z, was shown to- be’a monomer;

\

-; whereas 0920(02CCMe3)2 exhlblted dlmerlc behavror.-'

;'{}ﬂ’Determlnatlons_were not‘Be:formed -on., szu(OSCMe)2 or

\;ﬁhoithe solublllty prqpertle? of szu(ozgye) apd szU(OzCEh)t“

:foand 1nsolubillty of t:' latter.” It ch be- 1nferred frcmnﬁ;'“

. \
s

: thermal*decompos tion of the former




cengy

""that of c;:zu(ozcnstz) s

that these compounds are polymers, since the dimeric

‘CpZU(OZCCMe3)2 is soluble in hexane whereas the flrst

'patterns for the CPZU(IV) carboxylates are summarized\

.in Table XIII and Table XIV. The compounds are volatized

two compouhds are lnsoluble in Hydrocarbon solvents.-
Thls assessment of. the:structural conflguration
will be dxscussed later ‘in terms of the 1nfrared para-

meters of the compounds. o o /

]
Mass sPectral Data

The mass spectral data for maJor fragmentatxon ’

78,

at a relatmvely low temperature and 1n fact for Cp2U(OSCMe)2

and CpZU(O CCMe3)2 subllmatlon occurs at a temperature

» WY

of 100°C under a vacuum of 025\mm Hg. Thévstronq relatlve

abundance of the molecular 1on peak observed for all

the compounds attests to their robust nature.‘ It is |

strlklng that the monothlocarboxylate derlvatlves possess«'

‘larger parent lod peaks than the correspondlng carboxylate -

5complexes, for CpZU(OCSMe)2 the relatlve abundance is

fapproximately 1. 5 tlmes as much as for the compound

“CpZU(OZCMe)Z ?hxs same trend was notlced for the 1nser-

";'abuhdance of Cp2U(OSCNEt )2 is. sllghtly greater than

tlon compounds, Cp2U(XYCNEt )2, where the relatlve

The base peak for thlS serles of compounds, as for

- almost a11 other szu derlvatlves,;results from loss of

.'3

g s :

Lee

K4
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. Footnotes for Table XIII ~ - LSy
Lo E ' - ! . ‘ : ‘ ) B /’/f' " ’ - . .
‘%C' rel. abundance/given in tiri

)
e

/i®NGt corzected for,

Pr = 1300¢ R Yy W

e

T = 125°C

eT -~ ﬂo. c " ‘. . | ’ /’,/’ ' ‘ Il

]
]

120°C-150°C -/

e
0
"

100°c - e
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the- cyclopentad1enyl llgand from the parent ion. Loss

“of the cﬁrboxylate llgand is less llkely to occur although

l
2

(it ls one of the major fragmentatlon processes. A com- . -
& -

]

*“parlsonvof the relatlve abundance of the fraqment 1dns

°

~arising for thls process also shows that the carboxylate o
N pow ~ ‘ " »
rigand is more lablle than the moLothlocarboxylate , .
“}m01ety, 12.8% for Cp20(0 CPh)2 as opposed “to only 1. 4% i I
for szﬁ(OSCPh)2 o MR - }f

‘,.1‘ w0

Peaks above the molecular ion are observed for

E Y

Cp2U(02CMe)2, and Cp20(02CCMe3)2 ’ Although molecular

‘-;welght determlnatlon foé\the p1Valate derivatlve lndlcated/

dlmer formatlon, thrs lon was not observed. "In fact

‘the high mass peaks, for QSZU(OZCCMe3)2’ were only seen

at hlgher temperatures (> 150°C) and then only break—
downs anOlV1ng 1oss'of cyclopentadlenyl :hd plvalate
,1lgands were observed“_The ex1stence of hlgh mass peaks

in the spectrum of szU(O CMe)2 is not unex cted_since
based on 1ts 1nsolub11;ty 1t is assumed tha ‘the mdlecule..
lls assoc1ated in the solid statevand'that‘thistcould
‘per51st in the gasyphase as well.. The fact that the
tetraklsacetate complex is a polymer mlght also support
the above postulate.113 As in the case of the plwalate
compo1rd, no 1on correspondlng to a dlmer or trlmer was e
seen in the acetate spectrum, altho peaks correspond—'
ing to losses ‘of cyclopentadlenyl agz?icetatejfrom these

junlts were observed Other high fleldgpeaks did not seem



B . . 2 ‘ .
to Sorrespond to chemlcally reasonable clusters ahd it

Has been proposed that some hlgh mass anks ‘can result
from-recomblnatlons w1th1n the spectrometer caused by

AR
the dlrect insertion method and the hlgh 1on121ngdbnergy
106 121 o , ' . '!h,

—_ .~

' ) - : oy
' . ! . : ' : .

'Loss of the sz-mOiety'was very, minimal as op osed .

fused

" to the mass spectral behav10r of the 1nsert10n compounds

dlscussed in Chapter III. Rearrangement of molecular.”
fragments to uranlum-carbon bonded specles 1s apparently
'not favoured : ,\' '

- Infrared Spectral Data B T B .

”~ C-

The structural role assumed by polydentate 1lgands

can - usually be clarlfled by tpe use of 1nfrared spectra.

: \
The carboxylate 11gand system can coordlnate to the

_metal as a monodentate, bldentate7br brldglng m01ety.

'5More flex1b111ty results when a monothlocarboxylate gfoup

-is 1nvolved because -of the dlfferent coordlnatlng ablllty

-

of the sulphur and oxygen atoms towards a metal centre. >
A wide varlety of bonding mode options are avallable as
the follow1ng dlagrams ‘show: “
) R¥c’:ofM R-,'C\/\,O\/’MW“R—C/\,(,) R4C<O\M X=S or 0
X—M . X XM X o
8a . 8b 8c 8d

", It is apparent from the diagrams that as the coor-

' dihation;mode'changes from monodentate to bidentate
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4

(chelaglhé or bridging) there‘is a'decrease in the ‘ouble-”
bond character of the c-o or C=S bond. In ajdltion in
fthe case of the cafboxylate fgnctlgn, ‘the symmetry of

‘the ‘ligand also -increases from C- to 02 In pr1nc1p1e,.

1nfrared spectroscopy should be. able to monltor both of

thése effects. Correlatlons have been made between the

”band—p051tlon 'in thé\lnfrared and bondlng mode for car-

;'bOXylatelos

~

and monoth1ocarboxylate §roups. The carbox—

ylate Jon exhlblts two bands due to the symmetric and

: asymmetrlc c-o stretchlng modes.7 When the carboxyl
’J:%roup lS monodentate, one of the c-0 bonds w111 have
lncreased ‘double bond character and glve rise to a hlgh
'frequéncylband. This behavior can be observed among the

_main group metals. - For 1nstance ‘the compounds H,M[OC(O)-
. R R . ~ 3 ’

7Me], M = Si and Ge, are'considered_to have monodentate

-'acetate groups since they exhibit highvv(c=o)\stretches ~

1 122

at 1750 cm - and 1730 em ! respectively.”““ Certain

tran51tlon metal complexes like the szTl(O CR) compounds,123
whlch would be expected to have bldentate llgands exhlblt

_asymmetrlc and symmetrlc c-0 stretches at lower.. frequenc1es,

-1

1500-1550 cm * and 1425-1460 cm "1 respectively. The

‘asymmetr1c<stretch is normally eaSily aSsigned, however

tfthe symmetrlc stretch may be masked by other absorptlons

—
it G

nespe01ally 1n a complex contalnlng a cyclopentad1enyl o
n group slnmethe v (C-C) modé of the Cp llgand also absorbs

-1 13b . making prec1se a551gnments in

-

vbetween 1410—Lﬁ40 cm



\ . . \
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dwthls reglon dlfflcult.n~

As well as monltorlng the p051tions of the carbonyl

stretchlng frequencres,-the difference between the
-:asymmetqlc and symmetrlc stretchlng frequenc1es, Av,

can also be used as ‘a guide to the llgatlon of the car- :

105 106

'boxylate group. It was noted that this number

’ was approxlmately 100 cm -1 or less if there was a stLong

pos51b111ty of bldentate coordlnatlon, between 100 cru-l

:and 200 cm -1 then brldglng coordlnatlon was 11ke1y ?nd
-1

greater than 200 cm for monodentate coordlnatxon. It

is easY‘to see the ratfgnale behind these varlatlons,
"~ at least for the two extreme bondlng modes. For a’mono—

dentate carboxylate moiety the two C-O bonds become

/
nonequlva]ent. The asymmetrlc vibration takes-on more

. . : U oo ! . :
ketonic character and’increases in\ frequency whereas the
‘value for the symmetric mode decrefges. Thus a large

‘ . . 0y

J
spllttlng of the y(CO) frequenc1es 1 anticipated. For;v‘

bldentate bondlng mode the C—O bonds;are of similar

nature and a decrease in the splitting of the two stretch—

Lng frequenc1es should follow. This method for'lnstance,
’ has been utlllzed in a series of tltanlum complexesA
contalning both the cyclopentadlenyl and carboxylate

moieties to predlct the bondlng mode of the latter llgands.

© <.
' In the compounds Cp,Ti (0, CR) 123 4 chelatlng carboxylate
) 2

group -was a551gned based on Av values whlch were below

_ 115 cm l.‘ The correspondlng value for the complexes

3

85.
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© CpTi (O CR)2

: Catterlck and. Thornton

-

~ | o o ‘ , 86.

125 was. 168 * 3 em™t and suggested to the

authors the presence of brldglng carboxylate llgands.

—
ko
gt sy P

Thls assumptlon waSqurther supported by the dlmenlc ‘
nature of the complex, as shown by molecular weight
measurements, by the v1rtually dlamagnetlc behavior of
the complexes and prOVen conclu81vely by the x-ray

structural determlnatlon of the benzoate derivative,

125

CpTi(d CPh)zh Flnally for the complexes Cp2T1(0 CR)2

-1

the large value of Av 2 300 cm ~ was assumed to 1ndicate

monodentate carboxylate bondlng mode.118 o -

However there are‘some problems assoc1ated with
the Av crlterlon. Flrst there is some overlap in the

ranges assoc1ated w1th the dlfferent bondlng modes.

106 - in the1r review show % range of

80 to 250 cm 1

and Uttléy126

for the brldglng conflguratlonx\’ Rob:.nson

' studylng a series of Ru, Os, Rh, and Ir
derlvatlves contalnlng trlphenylphosphlne and carboxylate
m01et1es, found that both the asymmetrlc_and symmetrlc car-

boxylate band positions varied ektensively;. Meaningful

1nherpretatlon of their, data followed only if. bothythe p051—f

tion of the asymmetrlc stretch and the dlfferences in
T

. the carboxylate stretches were monltored' It thus appears

that although the monodentate bondlng mode is usually
[

1nd1cated by a c0mb1nat10n of high frequency of the

asymmetric C-0 stretch -and iarge spllttlng between the

two v (CO) modes,. the,predlctlon of bidentate or brldging

h

WD -
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-

“\chelatlon based on lnfrared consxderatlons alone is 'not

as*concluslve. W

\

A fdrther compllcatlon that ¢Q§?ﬁ!}se is change 1n

the. llgatlnd\mode of the ca¥fy

\

ap upon varying

the phase. The\compounds " e monomeric with

monodentate OCOR groups in" s9 tion- (Av;?“430 ém‘l,

406 cm~}, 330 em™!

i

are polymers with brldglng OCO groups 1n the SOlld phase
-1 127 - ‘

T

for R =. CF CEl\: Me) whereas they .
(Av = 140 cm fér R = Me)
Almost all of the uranium tetraklscarboxylate

compounds reported to date contain at least b1dentate

ligands, a re: ult whlch is not surprlslﬁg consrderlng

j that a tenden towards hlgher coordlnation numhers is
prevalent in u glum chemistry as—well as a predisposi-
tion towards oxygen;bOnding. The differences between

- the asymmetrlc and symmetrlc stretchlng modes are less
1 but tend to be greatér than 100*cm 1.

'

;The compound U(O CMe)4, known to be a polymer with

“h
1l3 has Av values of 160

than 200 cm

brlﬂglng and chelating m01et1es,

and 170 cm 1. A llSt ofnother uranium (IV)- carboxylates

are glven in Table XV. The Av 'values are lydicatiVe of

w’,bidentate coordination although as mentioned'preViously

~.

_the exact extent of aggregate formation and concurrent

occurrence of brid@ing ligands cannot be assessed from

this data alone.
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The infrared spectrosc0p1c data for the CpZU(IV)
carboxylates in the 1600-450 cm -1 region are listed in
Table XVI. 1In Figure X and Figureixi are shown the
infrared spectra of the eatbokylate and monothiocarboxyldte
cbmpounds. | ‘.\

The aSjignment of sone of the bands in the spectra
- of the szu(carboxy]:alte)2 complexes is dlfflcult because
of overlap between v1bratlons arising from the cyclo-
;pentadienyl ring, the alkyl ornaryl groups and the
carhoxylate functions. '

The infrared pattern of the cyclopentadienyl ring'in
the nresentcomplexes consist of strong bands at
around 1020h5nd 800 cm™ ! assigned to the in-plane and
' outeof-plane C bending modes. Another v1br;tton
associated w1th the C-C stretchlng of the cyclopenta— N
dienyl ring at 1410- 1450 cm ; is obscured
by the strong asymmetric ¢-0 stretch of the carboxylate
llgand also occurring in this area (vzde infra). The
simplicity of the pattern is 1nd1cat1ve of e‘pentahapto
bondlng mode for the cyclopengkglenyl moieties. 61 B
‘ The asymmetric and symmetric stretchlng modes. for
the alkyl carboxylates have been assigned to’'the strong
vbands whlch occur in the regions normally assoc1ated
w1th these V1bratlons. As mentloned before the symmetrlc Q
c- O stretchlng mode is in the same reglon as the v (c-qC)
of the Cp ring, and could have some contribution from the

/
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*
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L : | : 1 1 J
1600 1400 - 1200 1000 800 600

figufe,X: Infrared Spectra (of szU(OZCPh)2 and

-

Cp,U (0SCPh) ,,

f:*pqustyrene.-///,g

*Nujol.
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cp,U (0,CHe)

.

u szU(OSCMe)z

+

1 ‘1 1

| | . — L '
1600 1400 1200 1000 800 600

Figure XI: Infrared Spectra of Cp'ZU(OZCMe)2 and
szU(OSCMe)z o ' .
. *polystyrene o ' 7

+Nujol
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latter. In the case of the acetate, Cp,U(0,CMe),, and |
to a lesser extent the pivalate compound CpZU(OchMe3)2. '
the bands are qulte broad. The cause of this broadness
is’not apparent unless it is related to the associated
nature of the ocomplexes. \Unfortunately the ambiguity’
in assigning a definite band poaxtion tends to distract |
somewhat from the meaning of the Avs listed in the table.
The spectrum of the benzoate complex poses a'different
problem. The strong bands at 1494 and 1488 cm © are
probably due to the asymmetric c-0 stretch the low value
for this frequency is not totally unexpected 8ince the
'correspondlng vibration in szTi(Ozcn) is found at 1505

cm.l.123 Although, as pointed out before,\such a low.

' L & : a ) : )
frequency was taken as -indicating a chelating carboxylate

moiety; for szu(ochh)z‘this*Value may denote instEad
carboxylate bridges, a result more con31stent with the

insoluble nature of'the.uranlxy complex. The benzoate

complexqalso possesses tpo mediuym intensity bands at’

1602 and 1591 cm_l, whigh- have been a531gned to a phenyl

vibration§ Ih support of thlS assanment is the fact
that mono-substituted benzenes usually,_absorb128 in thls
o3

‘region. As well a similar medium intensity band in the .
'spectrum of Cp2U(OSCPh)2 }s observed at 1596 cm -1 and a

band .at 1602 cm -1 has also been a531gned té such a phenyl
vibration in the CpTl(OzCPh)2 124 complexw Although it

is possible that one of the two bandsﬁof CpZU(OZCPh)2



'-veStablish theiektent’o

~

1s due to a phe%yl v1brat10n and the other to a high
‘frequency asymmetric C-O stretch, the almost 1nvar1ab y
»hlgh 1nten51ty found fox-the latter v1hratlon seems t‘~
'vmrtigate agalnst such an as31gnment. Thus 1t 1s S_argued,
- that the Av values. given in the table are 1nd1cat1ve of
'chelatlng and/or brldglng coordlnatlon mode for the
carboxylate groups.* The presence of bridging- carboxylates(
would of course be con51stent w1th the low solublllty of
vvthe complexes Wthh also suggest polymerlc behav1or.
Unfortunately more p;&glse structural 1nférences based
._on the 1nfrared data ca?mot\be made and structural work
L

{on‘some of these\compl,res would be very worthwhlle tol

'aggregate formatlon and detalls

of the bondrng modes of the carboxylate m01et1es/”

A

The assxgnment of the bands for the monothlocar- D

bé;ylate complexes was based on work by Nyqulst et‘gl

129

on thlol esters and related compounds, by Patal et R

130

“al. on metal derlvatlves of thlobenzoate and by Coutts

o

i -
131 on szTl(OSCR) type compounds. The p091t10n

"and Walles _
of the v(C*ééo) stretch and the v(CLéés) stretch would -
1nd1cate that bldentate coordlnatlon has occurred.» The'
L 1ow carbonyl frequency as mentloned before is 1nd1cat1ve
’.of thls bondlng mode. °

- The variety of bonding modes available for the mono-
‘thaocarboxylate llgand haveabeen dlagramed before,

'figures 8a—d The p051tlon of the v(c&440) and v (Cx==s)
. Sy



bands have been used by Patal-et,al.l3° to determine

whichcof'these coordination'modes are‘p:esent in a series
of transitionemetal.thiobenzoatquomplexes. Variation-
in the carbonyl or th10carbony1 frequency p031t10ns as

c méared td sodium thiobenzoate was used to conclude
'pteferentlal coordination to sulphur,»e:zéi;EEn\g;\poth
'in the series of complexes.d_FoIIOWinglthis procedure-

for the'ptesent complexes, the v (C~—0) band at 1465‘§h_1

and 1487 cm T is Jower than the v (C==0) value of 1500 cm
for the salt. Theiv(cééis)‘bands at 963'cm l’and 974 cm -1

'are comparable to the value of 960 cm -1- “for the sodlum

sadt Such.results may 1nd1cate that although there is

bidentate coordination asslight'pfeference'towards oxygen
’ is exhibited.”‘In compounds where there.arebsebonded'_ .
monothiocarboxylate>groups the'v(é=0) frequency’is'aboue
,163Otcm-L..-For example the compound Me2Ga(Oscme)pr:

has a v(C O) stretch of 1652 cm -1 and v(C=4¢§) stretch

of 642 cm -1 132 and the compounds MeBSbX(SCOR) X = Cl,/7

"Br, R = Me, Ph ‘have strong v(C—O) bands in the reglon

”1626—l644 cm -1 133 'C1ear1y this is not the case 1n/the
ﬂé&es. o

present comp

NMR“Spectral Data

There is little NMR data on tran31t10n metal car-

-1

boxylates as most compounds are characterlzed by 1nfrared,‘

electronlc, mass spéctral, and magnetlc data as well as
. /
“structural studles. NMR data have been reported_for the

95.
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20

diamagnetic compound szNb(O CCMe and the

3) ,
134 phe

trimethyltantaium(V) acetate complex, Me3Ta(02CMe)2. ]

latter complex exhibits”infrared bands for bidentate ligands-

’

'(vav (Co) , 1520s, v‘ i(CO), 1400s) which results in the
-tantalum centre hav1ng a coordination number of seven.
‘lThe NMR spectrum at 35°C consists of a smnglet at 1. 55‘
1cfor the acetate ligand and a Singlet at §2. 38 for the
methyls‘bonded to Ta. Lowering the temperature, to —80°c;
~ caused the.methyl'resonance'to broaden, howevervthe
acétate resonance remained'sharp; In comparison to a
series of other Me3¢a(chelate)i compounds,_thié'NMR y
behavior’wasvconsidered indicative of flu*ional behavior
fkin the compound
The NMR results fdr“tHEﬁpresent compounds that gave,

reliable spectra are listedvin Table XVII. As mentioned‘
before shifts from the diamagnetic Values_are’expected
‘for these.paramagnetic uranium(IV) compiexest‘ There‘is
'.verj little that cdan be said about:the magnitude of the
shifts in the absence'of structural and magnetic studies.
It ianeuertheless.worth'pointing out that for the mixed-
amidé*éarboxylate‘complex,,Cp U(Nﬁt ) (0,CCMe) , the’
'shifts are much larger than usually found in the Cp,U

‘type complexes.‘v ‘ .

As described in the prev1ous chapter the monomeric *:

| szU(chelate)2 type comyvhnds posseSSing the pseudo—

octahedrai structure can in principle exist as the c1s.

Rl
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T

‘“and trans“geometrical iscmers.‘ It ‘was argued that based
‘on some analogous compounds where the structure ‘has been
Jestabllshed, the above mentloned type of uranium deriva-
t;ves most probably possess the cis octahedral geometry.

" This coordlnatlon geometry w1ll be assumed in the present -

1

context also, in order to dlscuss the "H NMR spectra_of

’the monomeric thiocarboxylate derivatives. - Although it must -

Py

| be noted agaln that ‘the trans form cafnot be excluded based

on’ the present set of data.'

~

For these complexes three isomers_are possible as

outlined in diagrams 9a; b, c. {nd}éated'innparentheses

0-¢” o-cm  s-cC

Cp><s_ |
e | Do
RN

a . s s
@2cp) (lep) . @cp
(2 R) | @R . QR

are the number of Cp and R group resonances expected §9r
‘each isomer. If all three 1somers were present 1n solur
tion,'then a compllcated NMR spectrum'should be:observed,‘
.The amblent temperature H NMﬁ\spectrum in CGDG of the

~ thioacetate complex exhlblted two singlets due to the Cp



99.

;rlng and methyl group, the thlobenzoate derivative gave

Qne 51nglet for the. pentahapto cﬁclopentadlenyl m01ety

-and showed only the para and meta proton peaks of the

D’*m. 4

phenyl ring. The s1mple spectra may be the resuit of

accidental chemical shift equlvalence or some non-rigid
'behavior akin to the processes detailed in the'previods

chapter: In order to dlstlngulsh between the two p0531b—

1

ilities the varlable temperature_ H NMR behav1or of

CpZU(O_SCPh)2 was studled in CD2C12‘ The room temperature

Cl

vr..\

spectrum in this solvent showed only two peaks attrlbuted
to the Cp and para phenyl protons, -although the 1ntegra--
.tion was 8 8 l 1nstead of 5 1, 1nd1cat1ng that some of
the resonances were overlapplng with that of ‘the Cp rlng.
As the temperature was lowered the ortho and meta proton
-resonances becane v131ble as they shifted away from,the‘*
strong;cp slgnal ~ In Figure XII is shown the spectrum
at'—605c. ‘The ass19nments of the peaks were conflrmed
by selectlve decoupllng experlments. A graph of the
chemlcal shift of the protons versus. l/T is given in’
Figure XIII.._Thls)graph,clearly illustrates the shlftiné
of the ortho, meta-and Cp proton resonancesvinto the same
area at amhient't mperatnre. 'The‘peak positions are
)\

}ected’sli tly by solvent as is lllustrated in

~.

_1gure XIV. The ‘NMR spectra of szU(OSCPh)2 in three

'fferent solvents show the varylng dlstance between the



100.

L <l

0 100H:

- =3.55 =-2.65 .34 1.49
Cp. - para\vf meta ortho N
1

Figure XII: ~H NMR Spectrum gf Cp,U(OSCPh), at -60°C.

~

*CH2C12,‘chémica1 shifts in -ppm from this peak.

"~ *impurity. : ; ' -
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-"7‘.0 -

® Cp
e para
2004 o R 4 meta

0ortho ‘ |

Figure XIII: Chemical Shift of Protons of Cp,U(0SCPh),
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~

Figure XIV: 1

H NMR Spectra of szU(OSCPh)z_in Various

-~

- Solvents.

Chemical Shift of para protons in ppm frém Cp

resonénce. KCSZ; CH2C12: Temp é 35°qi C6H6: Temp'= ~32°C,'
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beniene and 2,03 ppm CD,Cl1,).

These results are important’ for two reasons. " First,
they v1v1dly demonstr!&e the potentlal danger of obtain- o
ing the NMR spectrum of a paramagnetic compound only at
one temperature, since troublesome and unexpected overlap
of resonances can sometlmes occur. However they also

-«

clearly show that such acc1dental overlap can easily be '
determlned from a varlable temperature study since.the
temperature dependence of the chemlcal sh;fts for different
‘protons or isomerstare usually different. This last T
point seems to indicate that the observation Ofla-single

Cp resonance and one set of phenyl peaks for szU(OSCPh)z

at f66fc,is not due to accidental overlap of the resonances
from different isomers but to. some metal centered rearrange- ‘
ment'that appaféntly interconvertsbthe isomers even at \é:“
this low temperature.:\As with the thiocarbamate complex
\gdiscusSed before, it is not knoWn whether this is a

simple trigonal—twist type position which would intércon-~

vert isomers 9b and 9c only or a more c0mp11cated proeéss

which would cause exchange amongst all three 1somefs.
.Furthermore it is 1mportant to realize that a metal e i
centered rearrangement alone cannot produce the simple

. phenyl proton pattern observed at —60°C. Although inter-~ —_
odhverting'isomers and R groups, such _a motion does not
fexchange the two ortho and meta pProtons of the same phenyl

ring. To do this C-Ph bond rotation must &lso be occurring.



) ’ . V0

3 . o o T '
e | . | ~ 1oa.

\

SurprLSLngly 1n thls complex bond rotatlon appears to be
a higher energy process than metal -centered rearrange— k
ment.. Indeed as the temperature is lowered from -60°C
the peahs due to the-ortho and meta protons“broaden conr
siderably and by -110°C both have disappeared into the
baseline, whereas the Cp resonance remains a relatively
sharp singlet and the para proton peak maintainshits
triplet appearance. Unfortunately since the low tempera-
ture limiting spectrum’was not obtained, the energetics
of the process could not be determined,'nor can a defini-
tive answer as to the stereochemistry of the complex - be

4

given. -

-~

The only carboxylate complex that dlssolved sufficient-
ly in benzene or in other non-donor solvents for lH NMR
1nvestlgatlon was the plvalate derlvative.‘ The other
carboxylates'dissolved only in pyridine. Problems |
bassoc1ated with running the NMR spectra in thls solvent
were mentloned already and will be dlscussed later on.

A molecular weight determination in benzene for
CPZU(OZCCMe3)2 1nd1cated dlmerlc behav1or and 1nfrared
data were con51stent ‘with bidentate carboxylate groups.h
It was of 1nterest to see whether more 1nformat10n on. e
the coordination geometry arbundfthe uranium could be
gathered from the solution: NMR data of‘the.complex.

1

Surprisingly the “H NMR spectrum at room. temperature

showed only two 51nglets 1n asto?9 ratio due to the
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' pentahapto cyclépentadienyl rings.and;the t-butyl groups"
reséectively% The siﬁple spectrum can be rationalized
in ét least thre? ways: the moléculetpossesseg_a highlyﬁ
symmetrical carboxylhteﬂbfidged dimeric structure, some
‘of the resoﬂgnces are accidénfally chemicallshift ;qui—
valent at room témperature,‘or there is'ﬁ_rapid dimer
monomer equilibr jum wyich averages the different fesonances.
As ﬁoticed before the_chemical'shifts of éaramagnetic
complexes are teﬁperaturé dependent, thus it is Qighly
unlikely thaéipeaké that are overlapping at room tempera-
ture will remain so“as the témperatgre isjvaried,>an
gxcellent illustration has just been p;ovided by the
Cpéh(OSCPhkz cémp}ex, In addition, the variable tempera-
iure NMR study might‘also establish the piesence of the |
above indicated equilibrium. e | o

£

3)2 was recorded over

the temperature range.-QO to +90°cC. The‘spectrum remained

N

The NMR spectrum of CpZU(02CCMe
coﬁstant except for a siiéh; broadening -of the resonances
.and shifting of t1:1e'peak‘ as expected for a;parémagnetic
compoudd} The temperature invariant nature of the NMR
spect;a cleafly rﬁles'out accidental chemical shift equi-
- valence as being’responsibié.for the simple two line spectrum.
Although r;pid equilibrium at all temperatures with a small

B} -

concentration of monomeric szU(92CCMe3Té i§4poséible,

-

it is interesting to point out that in the case of \

CpTi(OZCPh)Z'a symmetric dimefic structure has been



‘be an unreasonable postulate for the structure of Cp

N - ' .
| : 106.

estaplished 125 Flgure XVa. Recognizing the larger size

of uranium and 1ts propen51ty for high coordlnatlon
number, a closely'related structure but with two cyclo-

pentadienyl groups on the uranlum, Figure XVb, might not

%

2"
U(O CCMe '

a

3 ) 2 L ] N a
The other carboxylate derlvatlves, Cp20(0 cPh)2 and
’ |2

' CpZU(O CMe)2 were lnsdluble in all non-donor solvents,

but they were soluble in pyridine. Howeyer the appearance
of the NMR spectra for these compounds aSZWell as Cp2-
U(QZCCMe3;2 and Cp,U(OSCMe), in pyridine—d5 has-not been
totally analyzed. It seems that small ahaunts of water

in the solvent have caused hydroly51s, 51nce peaks due

to cyclopentadlene were observed in all four cases.

An NMR spectrum of a sample contalnlng a 80: 20

o

~m1xture of Cp U(O CCMe.)., and Cp U(O CCMe ) exhibited -
2 372 3

peaks whose 1ntegratlon_agreed with a mlxture containing

szU(OZCCMe3)2\and-a molecule with formula "szU(O CCMeB)";

" An 1ntegratlon for Cp3U(0 CCMe3) was not obtalned. It

is postulated that hydroly51s of the Cp3U(O CCMe ) compound
occurred as in the follow1ng equation: ' '
/ HéO 0 } ‘
Cp3U(02CCMe3)—EEEf)-CpZU(OZCCMe3)(OH)-pyri+ CpH (IVv-4)

The hydrbxyl proton was not seen-in the NMR region scanned.

o

However an extremely large ‘shift would be eXpected for

this proton 51nce other urahlum(IV) ‘complexes_show large

E
‘>
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Figure XVa: Dimeric Structure of CpTi(OZCPh)z

~-

o (:p "u(:pA .<' -
R\&U<‘ L
U

0) -p -~

Figure XVb: 'Postuldted Dimeric Structure of.ACp:-Z'U(02CCMe3)2
- R = CMe3

@ .
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’shlfts for.a proton one atom away from the metal centre.‘
»The peak ﬁorresponding to the Cp protons of ”szU(O CCMe3)
was observed at approxlmately 58 ppm above pyrldlne.‘

In a study of the compound CpZU(O CPh) dlssolved
‘1n pyrldlne, a peak a3sumed to be due to«the Cp protons
ﬁWas observed/Lt 77(ppm below 1nterna1 pyrldlne. It is"~
:unllkeiy that 51mp£e coordlnatlon of pyrldlne to the
;»CPZU(OZCPh)2 molecule is. cau31ng thls large Shlft since
‘the NMR spectrum of the adduct of the compoundvU’(CF3
‘CQCHCOOEt)4‘w1th pyrldlne d;d not show such large dls—

135

'placements as 1nd1cated above., A more probable reason

I108.

10

for the chemlcal shlfts is that the donor solvent pyrldlne'

:;ls promotlng a rearrangement to other uranlum(IV) species.
:As'mentroned Ln a.prevlous_sectlon a mass spectral,ﬁv
,analysis1of the‘solid result;ng‘from a‘solutiOn of
szu(O.CMe)2 and pyrxdlne 1nd1cated the presence of

~'ma1nly CpU(O CMe)3. It is poss1b1e that a 51m11ar mono-

.cyclopentadlenyl compound 1s formed in the benzoate case."

;Further substantlatlon for thlS ratlonale 1s prov1ded |

'1n the next sectlonvwhere'the 1H 'NMR spectrum of CpU(O -

ot

,CCMe3)3‘exhib1ts a strodg peak at 23 ppm below 1nternal

‘vdlchloromethane.

In summary the 1nterpretat10n of the lH NMR data*in.

¢

fpyrldlne con51sts ‘of aﬁhydroly51s reactlon to. produce
fboth a cyclopentadlene and szu contalnlng spec1es and
a possible rearrangement of“the complexes to mono(cyclo—'
,jpentadlenyl) der1vat1ves~st1mulated by the propertles.of»
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the-donor solvent pyridine iteelf.‘ ’

_compounds known, CpUCl3 dme,

cpucl

;contrastéd to the seven-coordlnate zr (acac) Cl

| almost exelu51ve1y. Less than 2% of the compound

™

. s . . A

‘Mono(cyclopentadienyl)tris(carboxylato)uranium(IV).

There are only a few monO*cyclopentadlenyl uranlum

23 Cp0013-2rsr,135 CpUClze

137 and the oxygen-donor complexes of

[HB(N2c3H3)3] -
5 and CpUBr3 of the type Cpux 3L and [CPUX L]2 20 .

The synthesxs of another CpU type compound would be.

flnformatlve espec1ally of the type CpU(chel‘ate)3 since

it would be expected to have a seven-coordinate uranium
Wi

centre; A recent report of the sé‘zn—coordlnate zlrconlum “

chomplexes, Cer(SZCNR2)3, R =" Me, Et stated that stereo-

chemlcally rigid: NMR behav1or was observed for these

138 ’

compounds at amﬁlent temperature. This result is

which

Tl

undergoes flux1onalrptocesses,even at low temperatures.

iIn‘view‘of this difference,/the.study of’the-seven-

fcoordlnate uranlum spec1es would be lnterestlng.

The preparatlon of CPU(O CCMe followed the same

3’3

n‘general procedure as glven in equatlon (II 2) except

u

‘ana1y51s on the pale. green SOlld 1solated from the

',reactlon mlxture showed fragment peaks from CpU(O CCMe )

#

"szu(QZCCMe3)2 was observed.

The infrared spectrum of CpU(o CCMe3)3 1s comparable

-to‘that ofﬂppZU(OZQCMe372°as is shown in Figure XVI. The

139 ... .

+that three equlvalents of- ac1d were used. A mass: spectral

109.

g
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*

3)3

'CpU(OéCCMe

1%

Cp,U(0,CCHe. ),

| S 1 1 L _ L : ]l

1600 7400 1200 1000 800 600

‘Figuré XVI: Infrared Spectra of CpU(02CCMe3)3 and
szp(OZCCMe3)2.
*polystyrene.

+Nqiol;
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: agsignment‘of‘vasym(CO) atvl§82 cm~ ! and Vg .(CO) at |
1480 cmt would give a Av value of 102 cm—l'Indlcatlve
- of symmetric cOordination. In the absence of any molecular|
welght data 1t is not possxble to state whether the
coordlnatlon is bldentate or brldglng |
«\\\\“It seemed from the spectroscoplc data collected
above that the de31red compound had been obtalned. However
the NMR spectroscoplc results are less than satlsfactory.
An NMR spectrum of the solid exhlblted only broad peakS“
centered around 8 ppm above 1nternal CH ﬂlz as well as
'4two upfleld decomp031tlon peaks wh1ch have been observed

1 .
before in 1mpure samples of Cp20(0 CCMe3)2. Judglng fromi‘

NMR spectra of other CpZU(IV) co?plexis whlch have sho

broad peaPs at.loon temperature, the rather fe u'ele

rd : <

| appearance of thlS spectrum was not very surp 1sxng. »It

was assumed that 1n thls case some flux1onal ocess was

-

occurrlng whlch resultedLﬁn broadenlng of the 'esonances

vThe varlable temperature NMR. study was done, h wever the.

‘spectra could not‘be a551gned as the 1ntegr ion of the

peaks observed did not correlate w1th any reasonable.v.

:'chemlcal formulatlon. The ‘spectrum at —75°C con51sted

iof threé main peaks at 31, 5'ppm and 23 7 ppm below CH Cl
and 21.9 ppm above CHZClé The - peaks at 23. 7 ppm and’ ‘
21. ; ppm grew in from the basellne as the temperatur:v>‘

: wd;/lowered. . The’ 1ntegratlon for these peaks ‘was 5 10 30

respectlvely._ Clearly some fast process has become slower |

&
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as the temperature is lowered. \It is p0551b1e that . the

11m1t1ng spectrum has not. been reached and th1s could

account for the poor fit of the 1ntegratlon data (for a |

Statlc pentagonal/bigyramldal structure a ratio. of 5 9 18

‘is expected) It would be worthwhlle to repeat the N
experlment on a: pure ‘sample of the compound

. ‘5' ‘ These very prellmlnary results do lnd;cate that‘for,

////f/;pu(ozcéMe3)3vthere-may exist stereochemical'lahilityi a

result that is'also observed-in'related'tranSitiOnfmetal

R analogues. For*e*ample, Ccp2zr (0 CMe)3, 114

exhibits ‘two
sharp peaks 1n the “H NMR at §6.26 for. the cyclopentadlenyl
‘rlng and §1.73 for the methyl protons. It seems that for

this type of compound there is- a close SLmllarlty in the

st ctural behav1or between the uranlum and\RTan51tlon
: v o o :

metal cases. - ,
‘..\’7 ‘
Conclusions -

The reactlon of the reagent Cp2U(NEt2)2 w1th carboxyllc -0
s .

' f.“arboxyllc a01ds has prva-ed a fac1le route to

CPZU(carboxylate)z derlvatlves. "The comp-¢1ds showed a
varlatlon of assoc1ated behav1or wh1ch was depen-if
‘ both on the organlc group of the ac1d and the sulphur and&

- OXYgen functlonalltles. The compound szU(OSCPh)2 is a
monomer whereas the compound szU(O CPh)2 is con31der$a
\polymer due tO‘ltS-lnSOlublllty in organlc solvents.

Changlng the organlc group from phenyl td'tertlary-butyl

resulted 1n formatlon of the soluble dlmerlc compound
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szU(O CCMe )2.

The lnfrared data showed that the cyclopentadlenyl "
groups werL bonded in a pentahapto fashion and that the
carbeylate and monothlocarboxylates were attached.;n a
symmetr1ca1 manner to the metal.. However it was. not
,p0531b1e to say. conclu51vely whether bfldglng llgands
were present based on.the infrared data alone. Certalnly
in the case of the plvalate complex where molecular
- welght data showed dlmerlc behav1or, brldglng carboxylate
groups could be assumed. |

1H NMR . study of szU(O CMe3)2 suggested that

The
all four. carboxylate groups were brldglng as only one-l
?Hpchemlcal env1ronment was 1nd1catéq The 1H NMR data for -
‘szu(OSCPh)z was. 1nterpreied as suggestlng a c1s octahedral\\\\-
"f.structure posse351ng non—rlgld behav1or. Stereochemlcal 'kl 'X
non-rlgldlty was: also postulated for CpU(O CCMe3)3
: account for the low temperature lH NMR spectrum.$>The
*large chemlcal shlfts observed for: the complexes in. the

‘solvent pyrldlne were suggested as arlslng from a mono-
"cyclopentadlenyl type complex formed from p0551ble

_rearrangement processes stlmulated by the pyrldlne solvent

The tendency of uranlum to achleve higher coordlnatlon
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transition metals. .

As also noted beforey thevspectnoscopic data do not

N .

:proviae an answer to the questioh~of-the exact stereo—
chemistry about the uranium centre. Obviously structural’

-studies Qquld have to provide this informgtidn.

\ .

I14.
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CHAPTER;FIVE

METALLA—ACETYLACETONATE DERIVATIVES

, OF BIS(CYCLOPENTADIENYL)UR%NIUM(IV)
i ) !
Introductlon '

! » .
One area of actinide chemlstry that has been 1nvest1— ,

. gated for a long time conderns derivatives of acetyl—

. ace(one, w1th one of the earliest reported compounds being

140 The acetylacetonate ligand, and its derlva-

. k4

tives, possess some of the same properties as the carboxylate
o .

group, which accounts for its widespread use.l“‘-1 These

.

'.l‘h(acac)4

1nclude the ability_to‘varypthe coordination'mode (mono-
. . }

_dentate, bidentate,-bridging). and to stabilize higher
142

\

oxidation states of metals. As well, the larger bite

of the acac ligand allows for less distortion in structures
~ while spanning different coording;e positions.

A considerabie'amount of>work on U(B—diketonate)4~
compounds'was’initiated as part of,thejManhattan
Project.andbpublished by Gilman in 1956.143 The great
1nterest 1n B- dlketonate compounds then ano to a ‘
lesser extent‘now, arlses from thelr volatlllty, a property
essentlal for certain separatlon technlques 144, 145 One of -
the derivatives has. _also been con51dered for use as an |

faNMR chemlcal shift reagent 146

The compound tetrakls-
(l l 1- trlfluoro- -phenylbutane—Z 4- dlonato)uranlum'
formed adducts w1th pyrldlne and n—butyl alcohol and as

a result the peak p051t10ns of the organlc substrates

g ~
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were shifted.. 3
While there are numerous organométallic derivatives
of_transition-metal elements, compounds containing two -
cyclopentad1eny1 and two B~ dlketonate ligands are unknown. The
compound CpZU(acac)2 has been synthesized but as. yet has.

' not been fully chatacterized. 147,148

A recent deve10pment in B-diketone chemistry has

" been the preparation of a metalla—B diketone molecule,

c1s-(OC) Re(MeCO)zﬂ,]A_9 a metalla-analogue of acetyl-[

acetone. The -acidity of:the rhenium. complex was stated
to be similar to that of acetylacetone.150 It was
concluded that reactions of the reagent szU(NEtz)2 with
' the metalla—acetylagetone molecule stated above as well

—as other substituted derivatives would ‘undergo substltu—

tion reactlons analogous to the carboxylates as shown

in equation (V-l) ' . o
Cp,U(NEt,), + 2{(CO) ,Re[(MeCO) (RCO)]H — 5
2 m272 ) 4 ! . (v-1)
Cp,U[cis- (OCMe) (OCR)Re (CO) 4l + 2HNEt,
Reactlons of these rhenium complexes with a variety

151 152

of main group have

rand tran51tlon—metal compounds
been 1nvestlgated and thelr products characterized by NMR
mand infrared spectroscopy. The comparison 0f_these
:parameters and others from acetylacetonate deriuathes

to the uranium complexes should prove to be interesting.

+
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-Reeults and Digcussion ' . ' . : “

Synthetlc Asgects

The rhenium metalla—acetylacetone and its substltuted

-

derlvatlves are considered analogues of the enol tautomer
of aéetYlecetone‘since the X-ray structure of cis—(CO)43

Re[MeCO] ﬁ\shOWed that the hydrogen &as bonded to the"

acyl—carbonYl oxygens and not to the rhenium atom.lsp N

[ The reaction chemlstry of the rhenlum-enol complexes would

be expected to‘show some of the same reactivity as do .
/ . ) 1

acetylacetoné:L, The acidic nature of these complexes was

confirmed by' e reactlon with thexreagent szu(NEtz)2

as shown below. -

szU(NEtz)é + 2(CO) ;Re [ (MeCO) (RCO) ] H ———p¢
, S ' ' (Vv-2)
. ' szU[cis—(OCMe)(OCR)Re(CO)4]2'+ 2HNEt,

R = Me, CHMe, L -
. . : - * v

. The reaction;of the symmetrical rhen;um—enol,(R = Me), -
~at 0°C_in hex5ﬁe;selvent produced the expected bis-

substituted. product in almost quantitative ‘yield. 'The

compound-could~be-crystallized from a toluene/hexane, ‘.

or CHZClz/hexane solvent mlxture. It“cah also be sobl{med'

aithough not. very eff1c1ently~ The mass spectral}analy51s

of the re51due showed only the presegce of Re (CO)lo

Analytlcally pure compound can be obtained from the initial

preCipitacion'in the hexane reaction mixture.

¢+
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/The unsymmetrical rhenium-enol, R = CHMez, also '
.underwent the same substitution reection‘at 0°C in hexane,
"butvthe formed product did not preciprta:e out of the
solution. The greater solubilit&\of this compound coupled
with its inabiliﬁy to undergo_sublimation ﬁithout decom-
position made isolation of a pure product difficult,,,wwﬂe
a goal which has still not been attalned at the present

‘time. Hence the discu381ons follow1ng will concern

‘mainly the symmetrical compound. - o

Infrared Spectral Data

The coordination about tlie uranium centre can be

determineéd from the infrared spectral data. 'The-character—
istic infrared frequencies of-szU[cie—(OCMe)zRe(CO)4]2
are given in Table XVIII. The four carbonyl’ resonances

at higher'wavenumbers are expected for a cis—Re(CO)4

unit.153 The a551gnment of lnterllgand acyl v (C===0)

-1 and 1499 cm "1 to-

-1

stretching frequencies at 1529 cm
gether w1th a clear reglon between 1600 cm and‘1750
cm—l of the acyl metal carbonyl functlonallty,lndlcate
that the acyl carbonyl groups are bonded to the uranium
metal resulting in a chelating metalla—acac moiety. The
frequen01es a531gned to the cyclopentadlenyl group are
| con51stent with pentahapto bondlng of the rlngs to the
uranium. | | .

In Table/XIx are llsted the carbonyl gbsorptlons for

the uranium compound and other metalla-g-diketone complexes.l

-



Table XVIII: Characteristic Infrared Apsorptions of

. a
Cp2U[cls‘(OCMe)zRe(CO)4]2:
Abso;banée " Assignment
’ 2081l m
. 2017 m : oot
i ’ v (CO) a
1975 vs
1938 vs
.1526 m .
Vacyl CO -
1496 s
1404 w . v (C-C)Cp
J© 1092 m v(c-c)cp
1018 w 8 (C-H)Cp
' 786 s " y(c-H)Cp

31600-450 cm™ ' region,

recorded in Nujol mull.
. \ )

119.
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There is little variation among the §ositions,of the
terminal carbgnyl absorptions and the acyl stretching,

"~ frequencies of the compounds, with the.exception of the
boron derivative. The boron complex exhibits an acyl.
stretchiﬂg frequency noticably lower than that of tpz/
other compounds. 1In a cqmparison to the uranium“comﬁouhd v
this shift is probably‘the result of stronger coordina-
tienﬂof the ﬁetalla—acac ligand to the'BCl2 group than

. the szu.moiety. - The greater electronegativity of the
boron centre compared to uranlum contrlbutes to an . \
increased 1ntegactlon of the acyl oxygen w1th boreﬁ’ A
comparlson of metal-oxygen bond energies 1nd1cates that
the bOrodCoxygen bond is?stronger,136 to 188«kca1/mole154

fq.compared;to:GG kcal;hqle for tﬁe eganiumjoxygen bond of

the acac llgand ln UO (acac)z.155 It is interesting to
note that the termlnal carbonyl stretchlng frequen01es
also reflect thls 1ncreased interaction. The greater gf
drain of electron density from-tPleﬁg;:\\ in the boron
complex renders the metal 1ess effective in back bondlng

to the terminal carbonyl groups.thus resultlng in the

qbse;ved increase in terminal earbonyl stretehlng gtequencies;

The ufenium COmplexvhee two acyl'ebsorptions}which )
could arise frOm%the symmettic-and’aeymmetrfb acylg
stretching’modes of the chelatihg metalla~acac ligands.

Both vibrationaI modes are expected to be infrared active

Ay

\ . .
in the low ‘symmetry structure,fcz, arising fromvcis
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:orientatiOh‘offthe Cp and metalla-acac ligands (vide infra).

A

N Mass 3pectral Data | .
| i The mass spectral data for Cp20[c1s (OCMe) Ré(co) 12
f”;and CP20[°13'(°CM3)(OCCHMez)RE(CO) ] ‘are llsted in Table

,gxx; The table only shows the uranlum contalnlng fragments

';and 1nd1cates the hlghest peak of a multl—lsotope frag- -—,'

| ment although the expected 1sotope patterns were observed
Ln all cases.“It should also ‘be noted that peaks cor- .

‘ - g
réspondlng to the stepw1se 1oss of up to nlne carbonyls -

;from the fragment (P—Cp) were observed, the 1lst1hg of

!only two of these peaks 1n the table lS for purely economlc

',ﬁreasons.. »
. The parent 1‘on VJ.S observed at the lower temperature
-[:(120°C) for both complexes 1nd1cat1ng that the molecularl:
gframework possess a fair. degree of Stablllty for such
';1arge carbonyl contalnlng specxes. The bulky metalla—
acactilgand does have an effect~compared to the purely »?
.torganlc acac 11gand as a mass spectrum of U(acac)d4 has '
ua relative abundance of approx1mate1y 30% for the parent
Lron.lsgr A well the mass spectrum of a mlxed chelate
‘complex, U(salen)(acac)z,[salen —.N N -ethylenebls-V"‘
(sallcylldenelmlnato)], also exhlblted a very 1ntense

LY

parent 1on (relatlve 1ntenS1ty 50% of uranlum-contalnlng’

fragments) : The presence of the molecular 1on for &

g the symmetrlcal compound ls qulte dependent upon the,A
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probe temperature. Afsignificant amount‘of'the Pt ion’

is seen at 120°C but none: 1S observed at 140°C. The

"temperature.

s

;fﬁMR*Spectral Data‘

‘:dof many of the compounds,;nvestlgated 158 Among the metal

sl

high temperature clearly causes breakup of the compound

as 1s ev1dent from the comp031tlon of the most abundantb
’peak wh1ch 1nvolves only the llgand. At the lower
temperature, the most abundant peak is from the complex‘

'ltself, a fragment that is not observed at the hlgher

!

The unsymmetrlcal compound, szU[c1s-(OCMe)(OCCHMez)—.

124.

\

Re(CO)4]2 hav1ng a bulkler metalla-B dlketonate 11gand, ex-

(called P-(Re-enol) ) 1s a major fragmentatlon patterne

for this" compound as compared to . the symmetrlcal case o

where losses of cycropentadlenyl rlng and carbonyl groups

arezprevalent. The mth abundant peak is agaln due to

- a fragment from the llgand.- _

S~

" The ln NMR spectra of metal complexes eentarnlng

B-dlketonate | llgands have been dlstlngulshed by thelr
E% ‘ : cﬁg' .

‘h‘51mple appearance, partly due to the flux1onal behav1or"‘

'systems whi&h have been studled ' e those of the type
M(acac)ZXY where M Zr, Hf T1, Sn; X, Y = monodentate .

: ligands.. An 1n1t1a1 study of . halogen derlvatlves,_”

/

Tl(acac)zx2 where X —»F, Cl,'Br’by,Fay andJLowryls?“ _

R perlences more breakdown from the parent lon. Loss of llgand ‘
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1nd1cated that the complexes»were 1n lhe cis octahedral»”

kisomerlc form and were undergOLng rapld conflguratlonal

‘rearrangements.l The cis 1somer assignment was based on“‘:‘v
the 1H varlable temperature study whlchcfor Tl(acac) Cl2
showed two methyl peaks at —50°C whlch coalesced into ar’

: slngle peak at 60°C The methine proton resonance

remalned a sharp slnglet at all temperatures. These-
fresults are only con51stent for a cis 1somér sxnce the
‘trans 1somer would have 1dentical env1ronments for all

; .methyl.groups. A srmllar study w1th tin complexes,’

160

_Sn(acac)zxé, - also concluded that they had a cis

. arrangement of llgands and underwent rearrangement pro—__
'.cemses, although the tln aDmpounds are more rlgld (hlgher f
;actlvat on energy) than the early tranS1tlon metal

complexes, For Sn(acac) C12, two methyl resonances were

1

N

'seen;at 44°C whlch coalesced to a 51ngle peak 49°C._f

th's work 1nclude the alkoxy derlvatlves‘_.f?l

R 100
of B dlketonate tltanlum(IV) 'complexES

99

fExtensions

and chloroalkyl

v t1n acetylacetonate derlvatlves. In almost all cases,‘f”

B the c1s 1somerlc form predominated 1n solutlon and the,.‘

compounds exhlblted 1ntramolecular rearrangements.

I3

A problem assoclated Wlth the fluxlonal behav1or is
-that the compounds may be so lablle that the llMltlng

’Spectrum.may not be reached This 51tuatlon occured for

' the’ compounds M(acac) where M = Zr, Hf and X - c1, B:‘l39n

2 2
.The 31mple spectra were Stlll malntalned at —130°C. Very h

’recently NMR results on the compounds Zr and U(acac)4 , M



| — . ‘ ,/ 126.

» gave‘coalescence temperatures.Of f45°c‘and -163°C respecef
"4tively;16;bso rather'labile systemsican be anticipated.‘-

‘The 1H NMR spectrum of Cp2U[Cls (OCMe) Re(CO)4]2 in
toluene at amblent temperature exhlbited one sharp peak '
| at ‘3.3 ppm above TMS . and a very broad hump, almo t 1n .

'tythe basellne, spread between the solvent peak ‘nd the

;ipat 3 3 ppm. However as the tem

‘two new peaks, at elther 51de of the slnglet observed R
e 2
at room temperature, emerge and sharpen up. This ls

,dlagramed in Flgure XVII The low temperature 11m1t1ng
%gpectrum ls reached by -50°C as no more llne shape changes
are observed below ‘that temperature.' The ratlo of the

' resonances at thlS temperature is 10 6:6 correspondlng
o the two uyclopeutaalenyl rlngs and the four methyl
’v;groups whlch are. in two, dlfferent env1ronments. " As the

A the temperature rs ralsed from room temperature a broad

“peak appears at the hlgh field 31de of the Cp resonance

e,

;»and sharpens sllghtly as the temperature reaches 100°C.,k?v:

.Unfortunately, at the same tlme peaks due to decompos1tlon ;

: *
._-also appear 1n the spectrum Decomp031tlon becomes so

B -exten51ve that recordlng the spectrum above 100°C was not

¥

*

This. decom9051t10n peak seen at 2. 41 ppm above TMS (9 51 ppm

- from aromatic toluene), has been observed in many. :

. NMR samples which have been lett for a period o tlme.

A mass spectral analysis of an NMR sample c¢ ‘aining a -

- large amount of this peak indicated that the decomposi-
“tion . may be due to the monocyclopentadienyl c¢ompound :
ﬁCpU[dls-(OCMe)zRe(CO)4] - The formation of this: derlva— L
~tive is not surprising based on the trends seen ‘in the
~last chapter on carboxylic acids, where structural changes
to the monocyclopentadlenyl complexes occured. = .

T & .




127.

\F b ‘_4goc B .. 35e¢

b T cieee o LT 260

gec - | || 10e°c

Lo SO PRE et e
0looMz . 0M0OHz .
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o | szU[01s (OCMe) ,Re(CO) 1.
. *t_oluen‘e; A *grease,/ decompos1t10n. R T
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:fea31ble. Even though the hlgh tempenature limiting " spect um

has obviously not been obtalned and the 1ntegratlon of

‘the two peaks at 100°C is not qulte the expected 10:12 ratlo,
|

it is felt that the hlgh fleld peak is due to the foui

methyl groups whlch are’ undergoxng environmental averaglng

.by some rearrangement processes The revers1ble nature of .

4.

the observed 11ne shape changes also supports non—rlgld
‘ behaV1or. It. should be noted that the Cp resonance ‘
| throughout the temperature range remalns a sharp s1ng1et
and. only undergoes changes in 1ts chemlcal shlfts as
\\“expected for a paramagnetic complex. Of?course th
| chem1ca1 sh1fts of the methyl groups are also tempera-
ture dependent ThlS is shown in. Flgure XVIII in two ,t 3
””.ﬁsolvents, Chzcl2 and toluene In the 11m1ted tempera-w .
rture range avallable, the pﬂots exhlblt llnear g
”fbehav1or. However it 1s also apparent from the(
‘graphs that the chemlcal shlfts are solvent dependent.
Srmllar effects have been?pbserved by Karraker et al. 6»
F;for tetrakls(B-dlketonate)uranlum(IV) complexes. The

i

_cause for the solvent dependence,bespe01ally the fact T

ithat only‘one of the peaks seems to change 51gn1f1cantly
Tln the present complexes is not known | Nevertheless, a

the chemlcal shifts at any temperature can be obtalne | b\g'
1by extrapolatlon of the chemlcal Shlft versus temperature
'fplots.- ThlS shows that in the absence of exchange at |

.__IQO‘C, two.peaks:at 11.3 ppm above and 2.7 ppm below

K . : . ) i . [
. ’ W
\
.
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"Figure XVIII: 'Cf_h_emi__c:a’l. -S‘h_i'f»t' B 'olﬁ_;,:;‘MethYI ,Pr_otori,s xdf- :
| ~ Cp,Ulcis-(OCMe) ,Re (CO) ], versus 1/T.

1.
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TMS should be observed.' The average of these two values A

is 4.3 ppm above TMS . This is reasonably close, especxa ly
conslderlng that the extrapolatlon is based on relatlvely
‘few p01nts, to the ‘chemical’ shift of the ‘peak at the hlgh
_ f%eld sxde of the Cp resonance whlch occurs at 3.5 ppm
"above .TMS. This rough calculatlon may be . Supportive of
vhthe postulate that the latter peak 1s due to the averag- ;
1ng methyl groups and’ that the rearrangement is’ 1ntra-
mol®cular. ‘ |

:Before COnsldering/the mechanismffOr the rearrangement
A the‘ground state'strUctire of the molécule must'be |

establlshed._ The two possible geometric forms for the

\

ypseudo—s1x coordlnate CpZU(chelate)2 compounds are the

:cis' and trans octahedral structPres. In the present

“

- context, w1th aisymmetrlcal chelate, the former has-

’

zwhlle the latter Dzh symmetry. Althonqh 1n pnev1ous

- chapters the eometrles of the molecules could4not be

) deduced une ulvocally, with the- molecule athhand the low
temperature.lH NMR spectrum 1s only con51stent w1th the’
'c1s octahedral form. The trans geometrlcal isomer having
‘only one methyl env1ronment is: clearly not 1n accord w1th

he NMR data. it is also noted that -a prellmlnary

'Ustructural result on Cp20(acac)2 also 1nd1cated a 01501d
162

I

This molecule thus joins the large class of cis-

”'arrangement of the cyclopentadlenyl 1lgands.

M(acac)2X2 type compounds which .exhibit fluxional behavieci—/

i

2
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A possible explanation for the temperaturﬁ dependent
line shapefchanges‘is a trigonal-twistﬂmetal-centered
rearrangemeht,a Bailar twist.;§3 This is shown in ‘
Figure XIX. - | | |

At low temperature, the’static structure would'bev
-the cils arrangement possessing'a C, axis which inter- !
converts the Cp groups and two sets of the methyl groups
to give the one Cp and two methyl resonances observed
at 650°C. At higher temperatures’the molecule’can undergo
a.triQQnal twist about a pseudo_—C3 axis}of‘the“octahedron
to give a trigonai'prismatic transition state where the
two mirror planes 1nterconvert the Cp groups and the
‘four methyl groups tg'§1ve one.Cp resonance and one
methyl resonance. Twisting through thls transition state
'back to the octahedral structure results in the inter—~
conversion of the'pOSLtlons of the methyl groups. Clearly
at room. temperature the convergence ‘to one methyl peak

has notoccurraibut is being approached at high tempera—

~tures.

_lhe energetics of the rearran em nt‘procéss can
easily be calculated since it is a'si le, uncoupled,

two-site exchange process and the approximate form of

_ the modlfled Bloch equatlon can be utlllzed}64 165 At the

coalescence poxnt the equation is;

Al

TAv o - (V-3)
/_2_ . - L
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C,: 1.Cp resonance - €p: 1 Cp resonance °
2 Methyl resonances L _ 2 Methyl resonances
L4) (2,3 S (2,3).(1,4)
. Cp
Cp :
Me~
3 .
. 2 mirror planes: ‘
1 Cp resonance
g 1 Me?hyl resonance (CO)4
Me ——~C C— Me — Me -{-—--C’,"Re\C——-'Me
P = | X \&
0. 0 o] ‘
‘Figure XIX:

Intramolecular Nonbond-thture Mechanism

for szu{qis-(OCMé)zRe(CO)4]2. | -
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where 1 is the mean preexchange lifetime and Av is the
\\ N y

difference in frequencies in the absence of exchange.

The preexchange lifetime can be related to- the free energy

of activation Ey the equation: | . ‘ e
T . h
P -

where k is'the Boltzmann constant, ﬁ is Planck's constant

» [

and the other symbols have their:usual meanings. Thus

'by combining'equation (v-3) and (V-4), an expression for Ab*

can be obtained. The coalesd®nce temperature, T_, in the

cl
present qas? was approximated to be around 35 * 10°C,

the values of Av were obtained from Figure XVII and are .
approximately 550 Hz in CHZCIf’and 780 Hz in to}uené.
Baséd on these numbers the AG* values are 13.7 * .4 kéal/moleinﬁ

CH,Cl, and 13.5_£ §5 kchl/mole‘in‘toluene. The AG%

values are jot very different even though the’chemical

" shift diff ‘ence,/gv, between the two solvents is signif-

<. P

et

jcant. The effect of errors in T and rate constants

on AGT have been discussed by Kost et al.16% and the

*

inseénsitivity of the AG" value is not surprising.

¥

‘The AG’ values obtained are similar to those found

for the tin and transition metal analogues in cases

where the coalescence temperature is in approximately

the same region. For instance the\AGf value of Sn(acac)2F2
is 13.3 kéal/mble at Tc = 28°C160 and the AG*

4

value of

v !

\

C
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Ti(acac)z(OCHZCHMez)2 is 15.61 kcal/mole at T = 19x°«C.loo

since a great deal depends on the system chosen for study.

Bickley and Serpone have examined the rates and energetics
\

of the rearrangement process of a number. of Tl(s—dlketonate)-
i

xz compounds and have stated that these parameters are not

'significantly dependent on the substituents of’ the acetyl—*

acetonate r:.ng.167

It seemed from a study of Sn(acac)2 2
compounds that varying the X group however did lead to
differences in stereochemical'labilityl For example, the
AG* values of Sn (acac) Clz, Sn (acac) Phcl and Sn(acac) Ph2

are 15.3,160 1, 1 2% ana 7.6 99

‘kcal/mote respectryely.
On the other hand, the results of an 1nvest1gat10n o%
dlalkoxybls\B dlkctonate)tltanlum(IV) complexes of the
type Tl(Biélkefonate)z(OR)z were not so straightforward.100
 When the alkoxy group was'OCHZCHMeZ, then there was very
llttle difference between Tl(acac)z(OCHZCHMez)z, AG+—< | -
15.61 kcal/mole, and T1(dlplvaloylmethanate)2(OCH2CHMe2)é,
AG* 16. 01 kcal/mole. 'However when the alkoxy group was v
OCMezPh then there was a slgnlflcant variation between
‘xr(acac)z(OCMezPh)z, act= 17.99 kcal/mole, and-Ti(dipi—_
valoylmethanatefz(OCMe ,Ph) o AGT = 26:57 kcal/mole. The
size of the alkoxy group is seemlngly controlllng the.
energetlcs for rearrangement. S E o o
Changing the metal centre also affect; the rate of
rearrangement. wThe compoundstM(acac)zxz.where M= 2r,

£

\\
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e
|

VAN R nenl39
Hf and X = Cl, Br are still fluxional down to -130°C™ "~
N\ N T ‘ .
whereas the limiting spectra of 'the titanium analogues

could. be reached;ls9 .

It is not possible at the present time to determine

3
°

the effect of varlatlon in the llgands surrounding the-

1

uranium centre 0n the rate of rearrangement. The “H NMR

Pspectrum of the unsymmetr1ca1 compound szU[c13—(OCMe)-
(OCCHMe QRe(C0)4]2 at amblent temperature was rather ,;ﬁi
featureless show1ng only a few small peaks around TMS {”'

and 5 ppm above it. The vary

sle ‘temperature NMR experi-
ment was carrled“dtt and pr" 3 bly for a system contain--

1ng a paramagnetlc centre, ¥

.

llgand and a dlasterlotoplc 1sopropy1 group, a lar?e

number of peahs grew in-from the basellne. The" analysis
of these results was not attempted because of.their°“
complexityf‘ However should fﬁrther ligand changes result
in very fast fluxlonal processes, a study of the system

can be alded by the presencge of the uranlum ion.

° —

The paramagnetic uranium centre permlts the measurement

of rapid processes because it effectlvely 1ncreases the

4

chemical shift dlfference between exchanglng Séges thereby

=3 E

increasing the time resolutlon of the NMR experlment.

/

The fast exchange of brldge and terminal hydrogen'dtoms

%

_‘in.Cp3U(BH4) has been studied using the advantages ofgg;eé’/’//j/

, . : S, 168 ' '
* by the paramagnetic uranium. ? The AG* value .determined

was 5.0 + .6 kcal/mole. Similarly the very fast rearrangement

Fan
o



- of the pethyl groups of U(acac)4 between two dszerent
; env1ronments 1n the coordination polyhderon was T_;g'dff‘”
lnvestlgated and shown to proceed w1th a JAG![l value of 5. 43
;Qe,~.04 kcal/mole.;él lhjfﬂ“f\d,"]}__tlrp_._jiﬁ;j»- _ __.w
P 13 -
ErQ}ﬂ~Th c Nu; dataafor szUIC1s (OCMe) Re(CO) ]2 was

also consxstent w1 \\the c13 structural form of the

. acomplex. The decéup£EQvand off—resonance spectra at

' -50°C are shown 1n Fzgur?“xx.. They‘are in- agreement
NG 1
with a statlc structure cont"nlng two Cp glngs cis to

kgeach other and two chelatlng met_fla—acac ligands occupy-
'wrl‘-" i

: 1ng.the remalnlng positions of an odtahe r_vl"The_fgur

i carbonyls 1n one metallaracac llgand are equlvalent to

the four in’ the other llgand but 1n each set they are ow
o :

all 1nequrvarent& hence the appearance of four carbonyli ‘

reabnances at 196:7, 187 9,\,133 | -1*166 0 ppm from TMS.

There ls,Oneffesonance for the carbons of the cyclo-‘

.

) pentadlenyl\rzngs at 165 3 ppm and two acyl carbon and

methyl carbon peaks at 341 4 and 294 3 ppm and 86 7 and

83 0 ppm resPeCth31Y-_~,,g;u

The posltzons of the carbonyl resonances are very

sim;lar to other mbtalla-acetylacetonate complexes. Alﬂtﬁn_,f;

o

T short llst of metalla-acac compoundS)ls given 19 Table XXI.

The ﬂhemical shJ,fts for the methyl and one. of the acyl carmns ’

#

Tof the uranlum complex have been shifted dpwnfleld a

1

f srgnifiaaht amount.- It Ls expected that these carbons °,

v R

wou;d be affectgd by the paramagnetlc uranlum centfe,:




| Off-Resonsnce . .

L

G * SR DR T

Flgure XX s

’ -samnco,c:, ‘
'13

12943 ST 1967 W31 1653 85.7'83.0

.. 1879 1660
e 6 (ppm ffom TMS)

.

C NMR Spectra of CpZU[c:Ls—(OCMe) Re (CO)

-

at -50°C-7 " .

137.
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whereas the termlnal carbonyl carbons are less sensxtlve. .‘wt%
) . R

The‘laq NMﬁ>data of. the uranlum complexes can be
qulte useful 1n determlnlng the number of 1somer1c forms
present.ln solutlon.‘ For the unsymmetrical compo d

three c1s xsomers are p0381b1e as dlagrammed below.. mhe'lf‘e i

| "\\ o

S gy

?firnumber of Cp resonances enpected arekln'paranthesés. 1lt 3
fvishould be{yossxble to determlne the gresencf of these |

’;-isomers by monltorlng the number of Cp resonances.';ln,'fy'
f;addltlon the coalescence pattern of these resonances“. |
i“;could glve 1nsight into the detailed mechanlsm of the,‘f‘\

. rearrangement Ln the CpZU(chelate)2 type complexes.feff_h L

Such a study was done on szU[c1s-(OCMe)(OCCHMez)_

'?1_Re(CO) ]2 but unfortunately there was not. enough sample

'3vfpresent to conclusxvely asslgn the small peaks observed. o



L Nevertheless the

_ : ‘ .ﬂ“ ;;:_V"°" : f"»“ d - 146;
N . "‘ , . e,
" ’13C NMR spectrumyéabﬁld be easxer to

1

analyze than the H NMR spectrum mentioned prev;ously.

/

All ‘the spectroscoplc data collected suggest that “.’f'l

CPZU[c1s—(OCMe)2Re(CO)4]2 has 2 monomerlc c1s-octahedra1 e

:,pstructure whlch undergoes rearrangement processes._i”'

B However a molecular welght determlnatlon of the compound/
T W

™

pjin both dichloromethane and acetylacetone gave a- number of

exactly half of the expected value (588, acetone, 567, .

“CH2C12 compared to 1137 for monomer). Conduct1v1ty measure-'

'ﬁ ments 1n acetonltrlle and dlchloromethane suggest that" V«s

no 1on1c specles are present., Thls result is not sur-w

"q‘prislng'81nce 1ons of the form CpZU[c1s-(0CM§)2Re(CO) ]

r;[(OCMe) Re(CO) ] are probabl&ﬂnot favoured., No

"explanatlon can be offered at thls tlme for the dlscrepancy B

Cin the molecular welght daéé although 1t is. pOSSlble that

e %
'.~these klnds of compounds.-

“.;Concluslons

Ea

-

}the molecular welght method used was not sultable‘ﬂor ctlfl

. / :‘.

. : . LT Lo . Lo ' : YAl
./‘ N : . AR - N : L B Lo o

N

The reagent CpZU(NEt )2 underwent a very fac11e

.‘substltutlon reactlon w;th the bulky metalla-acetylacetonate
:compound, G&Sr(CO) Re(MeCO) H, to produce the bls(cyclo—vt

fpentadlenyl)uranlum(xv) derlvatlve._, The s1m11ar reactlon .

with”fhe unsymmetr1cal rhenlum-enol, c13-(C0) Re(MeCO)-'ﬁcwfj*e

-4j(Me2CHCO)H, dld not lead to’ a pure product.,-

The 1nfrared spectral data of szu[c1sﬁ(OCMe)2

-

"h5Re(C0)4]2 showed bldentate coordlnatlon of the rhenlum-acac

'»/.'.~ :
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ligands.‘ Thus, the. envxronment of the uranlum in the 2

,,.‘._

complex can’ be descrlbed as pseudo—s;x coordlnate. The~
varlable temperature 1H NMR data conclu31ve1y proved &hat
‘ the compound possessed an octahedral structure contalning
;etalla-acac llgands whlch ‘were cis to each other thGIEbY

plac1ng the cyclopentadlenyl groups 1n a cls-orlentation

\

L3S

as well. The AG* values calculated for the compound Were jffﬁ

similar to other metal acac compounds undergoxng fluxional

behavior.__ * B L SRR

of fast rearrangement proeesses that may result from

B ‘_._1.’

dlfferlng llgand env1ronments..:"

/..

P



oy ;ﬁ T
‘ ) ST i
. CHAPTER SIX W W \ .L:
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 urantuM@IV) COMPLEXES PRy G
"Introductlon - 'j_" ‘f‘.‘ '”;vﬂh S Q‘i’f”“ 3. RN
A ‘At the beglnnlng of the the81s work,. the pursult of

ﬁ{la synthetld route to the compound Cp2UCI2 waé Stlll strong.

The reason, as mentloned before,‘was th@t Cp2UC1 would

’.‘

have been a very versatlle reagent for the formatlon of

e -
4x4

derivatives ofsbls(CYCIopentggienyl)uranlum(IV) Problems

’ "1th its formatien may be due to the xnherent 1nst' 7it§‘

of 0920012‘or the synthetic method emploied. @he _ec t

31 17

reports of (Me CS)ZUCI and (Me4EtC UCI2 do 1nd1cate .‘

572
thaq the lnstabllity of CPZUCl -may be a result of the
f}ﬂ_small cyclopentad1eny1 group. However, possxbly another

route could be used to” the formatlon of Cp2UC12

‘. other than :rom the ucl,
o It was po”'ulated that 51nce the reagent szu(NEtz)2

‘ffhad lablle uranlum-r trogen bonds Wthh reacted with o

'gcyclopentadiene (see equav"n (II 6)), a starting materlal

'“l;}Of the tYPe cL U(NR ) could also react w1th cyclopenta-’
,;bdlene as in the‘fzilow1ng reactlon ﬁgd Yleld Perhaps'”‘V“

' i R . . .-1..
g*the de31red szUCl Qﬁéound.,y < "_<3f»\_ \\-_'

-cl*-,U-'(NRﬂ ') * 2CpH -———->c12UCp2 + 2HNR2 Sy .' . (VI,-.-lA)'

‘g"_v hs well as’ prov1d1ng a route to ; 0612, tompounds

“'of the type Cl U(NR2)2 would also be extremelyjuseful

] .

4 salt and cyclopentadlenyl anlons.,trzf'
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. ‘ N _ -
‘jsynthetlc molecules slnce they could undergo metathesis ;"ﬂ;

|
_reactlons 1nvolv1ng the chloro ligands and acid-base

or. lnsertion reactxons as descrxbed 1n preceding chapters B

‘:with the ammde m01eties.. A related compound, CI U[HB—

(N 3)3]2.137 has. been synthesized. The compound 1s

_expected to have reactlve chloro ligands, although the n

:ate_ligands are ‘not as good leaving

groups as the amlde g oups. The: synthe\;c utility of

N, ) ;
this compounﬂ has not bee‘ 'epvrted as yet.\\m\e prepara_

}”tive use of (Mescs)zuCl2 has already been deméns\ia\ed

‘l:with the metathetlcal syntheses of (Me and 4‘

’zz
':(Mescs) U(C4Ph4) 1 Clearly the Cl U(NRZ)Z complexes

-»could‘also provxde a route to novel uranlum(IV) compounds;.

= - o ‘4
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‘Results and Discussion

The preparatxon of a var;ety of c12U(NR2)2

species was attemp}ed follow1ng the reaction below.

| MNR, + UC1, —>C1,U(NR,), + 2MCl S (vI-2)
_M=1Li NR, ==‘"NEt2‘, N(CeHy ) 50 N(SiMe3‘)2
M=K NR, -‘N‘(sme 3)2 |
. e~
’Only the compound CIZU[N(CGHII)ZI2 was ‘obtained analytlcally
‘pure.. The products formed in the reactions with the
other alkall metal amides were: monltored by mass spectro~ .
‘metry. " "‘, L. - .
_ : : < u
The preparation: of pure C12U[N(C6H11)2]2 resulted . l-
from a synthesls in THF solvent _ Removal of . THF under
5'vacuum produced a gold SOlld thCh was extracted 1nto
benzene and flltered The gold- solld obtalned was
Ny .
,analytlcally pure.. The mass spectrum of thls solid 1s_
‘given in Table XXII. Attempts to produce crystalllne
J materlal were not successful It appeared that dlSSOlVlng
E f
the gold solld 1n~any solvent resulted 1n decomp051t10n '
or rearrangement ad the solld and solutlons became darker
: durlng manlpulat;ons It was postulated that the compound
Cle[N(Csﬂll)zlz'could be 1solated inltlally;however,
__ff‘attempts to redlssolve 1t caused breakdown to. pOSSlbly
ClU[N(C 11)2]3 ' Thls assumptlon was glven some support
by the observatlon that the hlgher the probe temperature

. of the mass spectrometer,.the more ClU[N(C 11)2]3 was
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Table XXII:

145.

Summary_ofnyass Spectrum of 612U{N(C6H11)212u

__Relative ‘ )
m/e ’Abundancea'b ‘Assignment
N (&) ~ |
633 } "f - 2.6 . | | .QIUI[N (Fﬁnll)zl-z
R, | . . +.
586 7.9 o ,ClZp[N(CGHll) ZNH(CGHII)]
. A | .. 5 -' . ‘ .+ g
487 } 100 - Cle N (CGHll) (CGHlo) ]A
. : " +
404 27.5 L CLUIN(CEH )T
! ,
" %Not qo#rected f6r l3Cr‘.v, . ’

.. b

remp = 210°C.

b
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observed. It can beireasoned that the low coordination
number of the uranium in'CIZU[N(CGH]_l)zl2 might be
responsiblehfdr the posSible disproportionation of the
'molecule thCh then leads to its breakdowh in solution.
An attempt was then made to stablllze the Clzu{N-
\((csull)zlz mobecule by forming the dioxane addnct. .The
;strong COordinatingaability of dioxane in this type of
compound was already noticed in the 1solat10n of the\ ‘
bls(dloxane) adduct C122r(PhNC2 4NPh) 2 dloxane.171 The
reaction (VI-2) was’ repeated in dioxane solvent w1th a
k'small amount of THF added to fac111tate the dlssolutlon

iof UCl4 and LlN(C Hll)Z‘ The solutlon»was concentrated

and filtered to remove LiCl. The supposed adduct was

ﬂ5precipitated out of soliition by the addition of pentane.

| Howecer the.exact nature of the adduct was difficult to.

: establish. - The'mass spectrumvexhibited,a peak for
kCIZU[N(C H11)2]2+4and‘also forhdioxane but not forﬂthe'
adduct. The NMR spectrum of thlS compound was not very .
1nformat1ve sxnce only very broad peaks centered around
TMS Qere observed. ft is possxble,that other'resonances
could have been detected 1f a larger sweep width had been
.used. Elemental - ana1y51s was not done on th;s compound.“
'The phy51ca1 propertles of the dLoxane adduct were sllghtly
| dlfferent than those of the dloxane free complex. For -
1nstance Cl U[N(C ll) ] dlssolved qulte readlly in

toluene, but the dloxane adduct was only moderately-solub%e.

‘.
‘
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The solution also darkened for’the‘adduct as observed

before for the dioxane frée form. Thus the problems

assocxated with redlssolv ng the material have apparently

‘not been ellmlnated b coordlnatlng dioxane to the
molecule. T | -
In the. hopes of producing a ‘more stable Cl U(NRZ)2

~'compound the amlne HN(SLMe was considered. "

3)2 _
" This bulky amine has been used. before in the isolation

~ of metals in low coordlnatlonfnumber env1ronments.46

«

|

'Unfortunately the reactlon thh the lithium salt of

~

blstrlmethyr511ylam1ne and UCl THF produced a solid

whlch had a mass spectrum contalnlng malnly fragments

-
_from ClU[N(SiMe.).]. . leflcultles w1th remov1ng
3°2 3
llthlum chlorlde from the THFﬁgblvents prompted the use

;of the potassmum salt of the above 511y1 amine. Using

thls salt resulted in mlxtures of the bis and trlsamlde

.

complexes. Subllmatlon.readlly occurﬁed.at 110°C~but
N .

‘both the bls- and tris- substltuted compounds were also

present in the mass spectral. analy51s of the sublxmate;

The difficulties in preparatlon and purlflcatlon -

N

of_these'c;}zu(NRz)2 compounds may indicate that their.
formation and structure are not as straighthrward‘as
first expected. The elucidation of this system awaits

_7furtherhstud§. .

, The main interest in these compounds was their
hoped\for reactivity with cyclopentadiene as outlined

a

A
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in equation (VI-3). The initial reaction of the compound
. . ¢ ! \ N ‘\‘\‘ ‘ . ' |
+ 2CpH-—‘->CpZUC12' + HNR, - (VI=3)

N(C6H11)2 o : %“q

Cl U(NRZ)Z

= NEt

Ry 2'

C12U(NEt2)2, prepared in situ from ﬁCl4‘and theﬂlithium
diethylamidey»with almost two equivdléﬂts'of cyclOpenta—

diene in THF produced.a brown solid whose mass spectrum |

showed the presence of.malnly Cp3UCl but also a small

amount of CpZUC12. Heating the brown ° solid in THF solvent
"resulted‘in the decomp051tlon of szUc12 since a mass

spectrum of the reésidue revealed only Cp3UCl Ssjthe c i

olatlle component./ fhese results were interpreted to
mean“that the 1n situ preparatlon of C1 U(NEt2)2 could

have produced malnly 'ClU(NEt. )3 which then reacted with

¥

the cyclopentadlene to form Cp3UCl. The réaction was
. : o
‘then repeated in benzene using Cl U[N(Cﬁnil)zlz in the

' base free form. The reactlon produced an orange SOlld ;
[} - lv,
B,

whlch had a mass spectrum containing a mixture of szugl

and Cl U[N(C6H11)2]2 AlthOugh no Cp3UC1»was obéerved,zﬁ

the base peak of the spectrum was for fragments Qﬁﬂq”l

¢l U[N(C ) 5] The same reaction was repeated ifr THF \
6112? ih THF .
but the main product was Cp3001 Usrng the dloxaneggﬁi‘i

- adduct form of Cl U[N(C6 11)2]2 d1d not meet wlth an_ws

~greater success. These reactions were done in a sb .{
mixture of toluene and a small amount of THF. &

. \ .

’ i - 5
was necessary because CIZU[N(C 11)2]2 -

_is only moderately soluble in toluene ‘and’ dloxane

~ ¢
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reactions produced yellpw solidsscontaining varying

amounts of Cp UCl,, Cp bCl and Cl U[N(C H The best
2 2 3

117 212-
result obtaxned was still less than satxsfactory' a solid
whose mass spectrum con\atne\\malnly Cp20012 and a fair
amount of CIZU[N(C 11)2]2 An NMR spectrum of this

solid in benz ne gave a peak at 6.71 ppm above intErnal\ .

benzene. Although thls p031tlon is where stopcock grease -

that very little grease was seen in the mass spectrum
‘ T »

. suggests that the peak is due to Cp2UC-l2

‘There were two'Bther unrelated experlments done
wlth the expectatlon of produ01ng CpZUCI2 _One experi-'
ment involved the reaction. of UC14_and_sodlumucyclopental

L]
dienide in a solvent mixture of dioxane and THF. A very

| ‘small amount of green- SOlld prec1p1tated out,pf solution.

The mass spectrum of this SOlld 1nd%eated almost pure

fﬁ»C92UC12. The mass spectral analys1s of the solutlon

1nd1cated almost pure Cp3UCl This route is obv1ously

*'. not very viable. Another reaction. with‘CpZU(NEtz)z and

Me381Cl also produced .a small amount of prec1p1tate. ’
quever the mass spectrum of this solid showed only a

Very Small amount of . CpZUCI2 . The attempts to produce

'4Cp20C12 were’ abandoned‘. . 2 "

The synthetlc ut111ty of Cl U(NR2)2 complexes to

- pé@duce CpZUCl2 was mlnlmal and one of the)reasons for

this- may be the ‘lowered react1v1ty of the uranlum-nxtrogen

- i . S

1
»



‘triﬁljffﬁtﬂeff“? -{5 {ggf;}ﬁff -;g;«fpr5?* '1” ‘ 150.‘
trfbond in C1 U[N(CGHII)ZIZ coupled with the bulky nature “7-

33'of the adlde groups._ The react1v1ty of CpZU(NEt

o 2)2 f,}
'fftowards carbon disulph;de has been diﬂcusseg in Chapter

1;fIII. Thls and other 1nsertion reactions were very fa¢1le;w;* :

tfﬁA szmilar reaction with Clzva(C 11)2] and carbon

;f?disulphide‘ggve only the starting material}back..;,gif

RS A study of the reactiv1ty of the u7 ';:e!;ff” ing
;ﬂb°“d’ “‘Q HPt VEry favourable exther.‘ Reactions o_:f-'d

o,

‘wrth sodlum acetete and potassium eyanldeo;t,}*

{ggclzulntcs 11)212

ﬁfﬁgave no identrf;able product in the former\case and ;le\dﬂf

l;?startlng material 1n the latter.ﬂiaireactron wlth sodlum

:fﬂeyclbpentadlene dld produce Cp2U[N(C6 ll)zlz_but also
ffother combrnatlons contalnlng the llgands c1, CP and

1;Qu(csnll)

S %

Qhe expected synthetlc utlllty of c1 U[N(C

'eﬁCOncluslons
| 11’212
;fanJ the other Cle(NR2 é‘oouplexes prepared may have
ffheen premature. However the fallures may be a result tr
f;of the amlde group or soiyent condltlons or experlmental mf
ﬁﬁmethod Nevertheless compounds of the type CIZU(NR2)2
;5cou1d be useful reagents and a study of thelr synthes;s

f;and reactxv&ty would be worthwhrle.uﬂ'
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:]fSchlenk technrques under a statzc atm

* CHAPTER SEVEN - .

A vaXPERIMENTALﬁﬂ‘b?

w,_Solvents andoGeneral Technlques

All reactlons and operatxons.were,_f s Jd’usingi

) of rlgorously'

'fpurlfxed nltrogen.v Commercxal nitrogen of 99 99% purlty

or better was passed through a heated column (90-100°C)

‘{contalnlng BASF Cu-based catalyst (R3 11) to remove oxygen[

T nand a{column of Malllnkrodt Aquasorb, whlch 1s on on o

an 1nert base, to rembve water.

!

5 .

miﬂAll glassware was heated in an oven to 95°C and then .

~f1mmediately evacuated and fllled w1th nltrogen before any

‘Qoperatlon.vg

Solvents were ered by both refluxlng and dlstllllng J(

'7=1f'from the approprlate drylng agent under an atmosphere

t,nof nltrogen (Table XXIII) Pentane and ether were also . h}*

freeze-thaw degassed before use. A number of solvents

.3were precondltloned before belng refluxed and dlstllled

: *jaunder nltrogen.v Pentane was washed with . conceﬁtrated

“fngH2804 and water and drled/ong MgSO4 chhloromethanefﬁiu

dwas washed w1th concentrated H2SO and water and dr1ed

7over CaSO4 Tetrahydrofuran was placed over molecular_

: 3i31eves for 24 hours, then refluxed and dlstllled from ;

. LJ.A]-H40 i a.' .. . | .“.‘_J v:‘

i

A sillcon lubrlcant, Dow Cornlng ngh Vacuum Grease,‘

.)v

”'was used on all ground glass 101nt3 QF‘fpfgf;v;.bfdff e

e . ;,.‘;,h._ ) e e S :.:. ¢',,.‘..

) U4 ’
: A : =
B VQ ‘l -
< . »
. v

@);%lfff.
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. Table XXIII. Drying Agents Used for Solvents

' '{Sélvent} SR  :%f.,:' bfy¥@ng§§pt‘,_,i A R A

Toluene R S  “ ﬂiﬁ"Sodxum metal
| Pentane‘u"w'lfv-‘ ,{.‘  Calglum hYdrlde A
Diethylether O R Calciéh hydrxde 11   f’

_Benzene 7.1'f    ;j'f Potasslum metal
;Hexéﬁé ] 7i :  f “AA:: Potassihﬁ metalo
Tetrahydfbfﬁ;anﬁ-  ;”'ﬁ ) Sodium—pota331um alloy |
R : benzophenone '
1 D;éh1droﬁ§thaﬁé3"' : Phosphorus pentoxlde
eyridine ,ﬁiié‘é‘ilii“?ie;es




':1‘Phy510a1 Measurements

Infrared spectra were recorded ln the reglon 4000-250
‘“fém‘1 wlth a Perkin—Elmer 467 qratlng spectrometer.a The com—f»*
”itplexes were studied as NuJol and Fluorolube mulls between |
“'ﬁfpota551um bromxde plates.x The samples were prepared 1n a
fglove—bag fllled Wlth purlfxed n1trogen.lf713ff'7’ i
}“ Proton magnetlc resqnance,spectra were recorded on the
'3:follOW1ng spe%frometers.- Perkln-Elmer R—32 (35°C), Varlan
,HA-lOO (32°C), Varlan HA-lOO Dlgllab (32°C), Varlan A-GO
i (44°C) and Bruker WP-GO (30°C)..» arbon-13 NMR data were
‘Q ob’lned on a‘ Bruker WP-GO (35°C) spectrometer. Variable

temperaturerspectra were recorded on the Perkln-Elmer,.f;sx

Var;anv” _100 Dlgllab and Bruker WP 60 machlnes, using sealed

- 3NMR tubes Amblent temperature NMR spectra_w%feqobtalned

“'f u81ng serum—stoppered NMR tubes.@‘ & R

R Mass spectra were recorded dn an‘AEI-MSlz mass spectroegtil
mefer operatlng at 70 eV and at temperatures Just sufflclent

';iﬁ;h to record the data.w Each sample was sealed 1n a caplllary:tdli”

under nltrogen and admltted 1nto the spectrometer u81ng a.

T

4'“‘_"‘.,:

dlrect probe technlque.;"f:

;fﬁg ;formed by Analytlsche faboratorlen, Postfach 135. D-SZSg’
| Jj Engelsklrohen, West Germany on samples sent in glass tubes j'”
sealed under vacuum.‘L;ihhﬁf,fifzgkf;“r:{fh ‘ffffffa”iTde”wgii

» : SRR % i”“hsrm:a&aﬂ
Reagents and Preparatlons, Chapter II ‘

v-v_‘

;

- Uranlum tetrachlorlde was purchasedxérom ROC/RIC and
R 5
( 'fg used as rece1ved.+ Dlethylamlne (MC/B), pyrrole (Aldrlch)

e




| procedures w;ll be outllned below. :{%*'

' bnl=solvent was then removed and the resulting/whlte SOlld 'do;'

Mw1thj80 ml of pentane and flltered._ To thls solutlon,;‘f?

&epartment and used as received. N—Butyllxthlum, 15%
& 5

hexane solutlon (MC/B) was flltered prxor to use.ﬁ Cyclo-f

pentadiene'was freshly :1sti11ed~from dlcyclopentadiene
S K -:"‘. .

(Aldrlch, technlcal grade) at a temperature‘of,43°C,

freezedthaw degassed and stored at a-“l()"c before use.fﬁp,

Preparatlon of;;pzu(NEt,)

b

Awsummary gggﬁhe‘preparatlve procedures for the i
synthesls»of gﬁ&U(NEtz)z has ‘been given 1n Table I._ Two

’l't' .

N-BuLi (74 0 ml 115 mmol) was added dropwxse at
ko for

O’C to a
of hexanev- The solutlon was stlrred fpr 1 5 h, the

y o TR
was drxed under Vacuum“

UCl4 (9 03 g,'23,8,mmol) was. dlssolved 1n 60 ml of

Cell
.

THF lnltxally at 0°C then at approxlmately 50°c. ThlS'

green solutlon was added dnppwlse to a solutlon of LJ.NEt2

95 1 mmol) in 30 ml of THF at 0°c, W1th the

excluslon'of 1lght.¢ The dark-green solutlon was stlrred

for 30 h at room temperature..aThe solvent was removed

“”'_under vacuum and the resultant U(NEt2)4 was exéracted

Solutlon of HNEt2”(13 ml 126 mmpl) 1n 20 ml }?f"

BTN B . )‘-.;“ .

. ,hrkﬁgff i y - frsg;

and 2 S-dxmethylpyrrole (Aldrzch) were drlgﬁ bY\dlstllllnq QT;}

R D R P

from potasSLum metal. Dlphenylamlne (MC/B) was sublimed 'vj{

before each react;on.- Ethyl 3 4 5-tr1methylpyrrole d _

i S

2-carboxylate was supplied by krOfessor D Clive of thls R

- ..‘ i& » .
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1f,rn 25 ml of pentane. The dropping funnel was rinsed

‘:w1th another 10 ml of pentane. The reaction mixture“'

.""*at 0°c, was added a solutipn of CpH (2 so ml 33 8 mmol)

V’

's-giwas stirred for 2 h at 0°C.,f0110wed bY 1 h at room

7fgf.temperature;» After this point therefis no need to exclude

‘ jfflight from the reaction mixture.} The gold-brown solution ff

1‘pentane and then dried under vacuum to give a yield of

“;ffﬁotlsg .

';fjwas transferred to a jacketed filter, cooled to -78°C
rglfor .5 h and the resultant gold flakes were filtered from

”lthe solvent.d The SOlld was washed with 20 ml of cold ' V{'

T

TR Qs

tzo solvent e f(*} : :ab5'gpﬂff = ”‘ftf%v"

- N-BuLi (50 5 ml, 125 mmol) was added dropwxse at

'-Iﬂ0°c toa solution of HNEt (13 ml, 126 mmol) in 40 m1

"‘,iwof hexane. Theasolurion was stirredﬂforr3 h at room

digtemperaturé, filtered and the resultant white SOlld was

7-washed Wlth 5 ml of hexane and then dried under vacuum°.

UCl4 (10 484g, 27 6 mmol) and LlNEt2 (8 79 g, lll

. 5‘6}

7wmmol) were placed in a 300 ml flask, which was then
"lwrapped iﬁ*foil to exclude llght.‘ Into the flask was

Q'»f;transferred 100 ml of Etzo under vacuum at liquid N“ 51“

2.

‘ftemperature.' The reaction mixture was stirred at room

sztemperature for 30 h, filtered and the solvent removed

z

' 1n 60 ml of pentane., To this solution,. ooled to O°C

- 1ss.

X3

E Y

,;'-%sa

under vacuum The resultlng dark green 011 was dissolved"



fjwas then tran;?.:""”

v.of pentane and dried under vacuum to give a yield of

_,.‘78 5%.;.,_, e i

b-use. The purity may be ascertained by recording the

* QNMR spectrum.‘ u‘f~.f

dded a solution of CpH (3 3 ml, 39 8 mmol) in 20 ml

'lfof pentane.‘ The solution was stirred at room temperature n

"a Jacketed filter, cooled to

“ﬁfrom the solvent.v The solid was then washed with 15 ml

' The filtrate solutions in the above preparations

can be concentrated and cooled to" yield mcre préduct \<

N

T t

szu(NEt 2 w1ll form small amounts cf Cp3U(NEt

lupon handling and storage, so to reméve this 1mpur1ty,v

N

»a‘the sample 1s dissolved 1n hexane and filtered prior to -

[ I

Sy

‘{*preparatlon of Cp,U(NEt )(NPhZL fff5‘3~7a-,

156.

‘for 7 h in a fox,owfhpped flask.» The gold-brown solution v

1f~78°c for .5 h and'the'resulting gold flakes were filtered
| ’p

,\Whlch hOWever also contains more of the impurity Cp3U(NEt2)

HNPh2 ( 642 g, 3. 79 mmol) was dlssolveéiln 3o ml foj[*"‘

ffof hexane and added to a solution of szU(NEt )2 (1 94 s
7”3 78 mmol) 1n 50 ml of hexane at room temperature.‘ There

-was“an immediate colour change from goldﬂbrown to red,.




vacuum, resul&i}lg in an orange—:‘ solid to give ‘a yield

Yo of: 59 5%. Crystallization was affected from a toluene/
! ;“ . J !5 . Do . . .
’;hexane solvent mix.'» BRI
| Anal.‘ Calcd £o1 C26“30“2U' c, 51 32 'a 4. 97.
”,GN, 4 60; U, 39 ll. Found.' C, 51 13; H, 4 80, N, 4 47,‘

\Attempted Preparation of ngﬂﬁNC4_4)2 S

L
I

A,mixture of HNC4$4 %«60 ml, 8. 67 mmol) and 10 ml e i
:of hexane was added dropWise at 0°C to a solution of |
’ depzu(NEtz)é (éﬂls g, 4 24f_ ol) in 35 ml of hexane.;,:"-
*-,wThere wdsuan immﬁdiateanr;“ »

ﬂ’solid i The reacthn mixturé was stirred for 2 h at 0°C ‘\z“‘}ft

L

;ipitation of a gold-brown

‘VQLand a further 27 h at room temperature.| The SOlutlon ;tiu“
‘ i e

‘Vl?was filtered resulting in a gold-broWn solid and a clear
_ﬂfplnk filtrate., The gold—brown solid, obtained in almost
'gvﬁ~"rquantitat1ve yaeld, produced a mass spectrum indicative _*

' fof a‘50/50 mixture'of szU(NC H ) and eprﬁfﬂcﬂﬂ“ﬁ

L ‘\..'.

ttempted Preparation of Cp2U(NC HZMez)é- , o
| L NHC4H2Me2 ( 45 ml, 4 42 mmol) was syringed slowly
'*f into ‘a solution of CPZU(NEt )2 G 941 g . 34 mmoi) in. |
?@f-ﬂfr40 ml of hexane at room temperature. No heat evolution,
| .vQL colour Eﬁange or precipitation was observed. The solu- ?ff
;}:fff tion Was stirred for 34 h and then the solvent was,» '

"\x——q

| 1.removed under vacuum”resulting in the formation of a red
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resulting'in’a red solution} Upon cooling, red needle-
like crystals were obtalned whxch when dried under vacuum
‘ndeterlorated to a flaky red sblid., The NMR spectrum
’7and mass spectral ata 1nd1cated that the red solid was

‘(-.a mlxture of Cp3U(NEt ] and CpZU(NEt )(NC que )

2

Preparation of Cp,U[NC Me (COOEt)J2 | 'd‘ ﬂ . ‘- ;;hi . !
| A solution of HNC4Me3(COOEt) ( 239 9 l 32 mmol) in

-3 ml of THF and 10 ml of hexane was syrlnged sl&yly into
':fa solutlon of szU(NEt )2 ( 372 g, .73 mmol) 1n 20 ml

.of hexane at room temperature. The solutlon was stlrred ,ﬂ‘

':for 24 h at the end of whlch tlme the solutlon was red-'

i,‘,brown with'a greenlsh tlnge.‘ The solvent was removed

under vacuum and a yellow—brown solld was obtalned ‘To o
: = 2
'_this SOlld was~added 10 ml of pentane and thls solution j

5J,dwas then stlrred for 24 h. The solutlon was flltered

fand the green solrd obtalned was drled under vacuum to

}glve a yleld of 48 2% The greenmsolld could be subllmed 'Mﬁ ’
| T e
'jat 110°C, although the subllmatlon was not very eff1c1ent o
f-_Mass spectral data and an NMR spectrum conflrmed that N

Zthe green SOlld was CpZU[NC4Mé3(COOEt)]2

R gu R
J .

The compound CpZU(NEtZ)2 was synthesxzed and?ﬁgﬁﬁfled _

| ‘-Reagents and Preparatlons ‘thapter III =

”Ilfaccordlng to the procedure outllned above. Cargpngdlsulflde
: . . . , S v
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(reagent grade, Anachemia) was refluxed over on5 and |
diatilled. 'bissolved oxygen was dlsplaced by v1gorously |
bubbllng nltrogen throuqh the llquld.‘ Carbonyl sulf;de - '
(Matheson) was purified of st contamlnant by reactlon.

with lead acetate. Carbon ledee (glass flask assayed,

research purxty, Airco) was used ab recexved.

Preparatlon of cpzu(SZCNEtz)2
Carbon dlsulflde (2 6 ml, 43 1 mmol) was added to
10 ml of pentane and thls solutlon was added dropw1se at

, room temperature to a- solutlon of szU(NEtz)2 (1 84 g,

]

3. 6 mmol) in 30 ml of pentane. After the addltlon, the .
5' dropplng funnel was rlnsed w1th 10 ml of pentane and 30 - o
ml of benzene. After 3 hours the colour of the solutlon

was orange-red and there was a’“llght reddlsh prec1p1tate. .
The solutlon was-stlrred for.an addltlonal 18 h and then
I

flltered to glve a red solld, szg(s CNEt2)2
Anal Calcd for C20H30N254 ~.c, 36.14,» ;»4 55;

PR

=N, . 21; U, 35.81; mol. wt., 665. Found: q; 35. 91,
H, 4. 40” N, 4.11; U, 35. 49- mol wt., 682 (osmometry 1n

benzene)

e ‘ S i



e

S ST ~ 1e0.

A

B Prepar‘txon of szu(OSCNEt,)

f szU(NEt2 2 f 489 9 9 5# mmol) was dissolved in .

.12 ml of pentane, then placed Ln a 11quid N, bath.}
‘Carbo yl sulphide ( 218 g, 3 64 mmdl) was transferred

to t frbzen bulb by trap-to—trap diatxllation. The

‘bulb’was allowed to warm to room temperature durxng '

|

'whlch tlme a brown pre01p1tate fOrmed, the reactzon

solution was stlrred for a further two hours at room

L4

*‘temperature. The ‘excess COS .and’ pentane were removed

':kunder vacuum and the resultlng goldbbrown solid was

:collected | - | |
.. N . . N . a
o Ahal. Calcd for C20 30N2°2 2U. C, 37.97; H, 4.78;
N, 4.43; s, 10 14 U, 37 63; mol wt., 634. Found c,
___/——’~———’—“"‘/h'

$37.69; H, 466 N,,4 33; s, 10. 91 U,v37 44; mol. we., - y

664 (osmometry 1n benzene).,v_'/ o S o

\. v : . . . o . ".

'a Preparatlon of szU(O CNEtz)2

sz kNEtz)2 (1 &3 g, 3. 57 mmol) was dlssolved 1n

'lSO ml of pentane and cooled to -78°C.. Carbon ledee

'(8 4 mmol) was condensed onto thls solutlon. The flask

i'was;then allowed to warm to room temperature and the

3 solutlon was stlrred for an addltlonal 5 h. The dark

d-ugreen reactlon mmxture was flltered to glve a-dark green

.



el

product., The material was crystallized from a toluene/

w

hexdne mixture to give analytlcally pure Cp20(02CNEt2)2.

Anal. Calcd for C 0,N;U: €, 40.00; H, 5.04;

20 30
o, 10 66; N, 4.66; mol. wt., 600. Found: C, 39.74,
H, 4 91; O, 10.44; N, 4.70; mol. wt., 7200, 4900 (ogmometry

‘in benzene), 1790 (osmometry in CH2C1 ).

: Reagents and Preparations, Chapter IV

The compound szU(NEtZ)z\was prepared as déscrlbed

above.: Benzoic acid (Fisher), prevrously recrysta111zed,

5

vwas pumped to dryness under vacuum Trlmethylacetlc
acid (pivalic ac1d) (Aldrlch) was pumped to dryness under
‘vacuum, however, this was. only done for a short perxod .

of time as the compound subllmes at room. temperature.

>

_éoncentrated glaclal acetic acid (Flsher) was .uged as’
received. Thloben201c acid’ (Aldrach) was dried by addlng

-fMgSO to a solutlon of the acid dlssolved in hexane. \

hThe slurry was stlrred flltered and the solvent removed
. ‘,\ ‘L

*under vacuum The yellow llquld was then used w1thout
J/further purlflcatlon. Thloacetlc acld (Aldrlch) was
stlrred over MgSO4, flltered and. dlstllﬂed resultlng in

a yellow 11qu1d. B

; \;. gAeparatlon of szu(o CMe)2 . /; ‘ -f 4 A ]

szu(NEt )2 (2. 36 g, 4 42 mmol) was dlssolved 1n
70 ml of hexaney stlrred and flltered. To thls solutlon l

at 0°c was added a solutlon of MeCOOH ( 50 ml 8. 74 mmol)

l

in 30 ml £ hexane. There was an 1mmed1ate colour change
\ .

AN



from gold-brown to green—brown along with the obseﬂVa-
'tlon of a falnt cloudiness above the solutxon.‘ As the&
addition proceeded a green prec1p1tate was - formed After
' stlrrlng at room temperature for 18.5 h, " the 11me green

supernatant llquld was decanted and the remalnxng pale

!
green solld was drled under vacuum to give a yleld of

A

. 68. 4%. Thls solld is lnsoluble in benzene, acetone,-

-

dlchloromethane, tetrahydrofuran, acetonltrlle and nltro-
'methane, but very soluble in pyridine.

Anal. Caled for C“14 16040'
'0, 13.16; U, 48.95. Found: C, 33. 81  H, 3 38 o, 12. 75,

C, 34 58 H 3. 32'

u, 48.50. Because of low solublllty, molecular welght

q

~ data could not. be obtalned. ‘ L

Preparatzon of CQZU(OSCMe)2 ‘~a o ’ h“ ' w’vﬁ _ '“
CpZU(NEtz)z (1.90 g, 3.71 mmol) was dlssolved in
50 ml of hexane, stlrred and - flltered. To this solutlon
at 0°C was added through . a transfer tube a solutlon of
;MeCOSH (.510 9, 6.70 mmol) - in 15 ml of hexane The
E flask and transfer tube were washed w1th another 20 ml
of hﬁﬁane. There was an lmmedlate prec1p1tat10n of a

greqnusolid along w;th faint cloudlness above the sOlB-"

tlon.r'The slurry was stlrred for 10 h at room temperature.
The green supernatant solutlon was décanted and the
resultlng green prec1thate was drled under vacuum to

‘glve a y1e1d of 60. 1%[ The compound subllmed at 100°c

3

R
~




—

| .. ' i )
‘ o %
uﬁder a mercury diffusioft- pump vacuugs although the sub-
limation was not very efficient.

Anal. Calcd & c“H16 s,U:. C, 32043; H, 3.11;

0, 6.17; s, 12. 37; U, 45.91. Found: -C, 32.17; H, §.21;
0, 5.98; S, 12.14; U, .46.20. |

W . ‘ ' " '

Molecular weight-data .is not available since the
] "‘:} - g .« . \
compound decomposed at the temperature at which measure- .
N : o ’ . Y
ments were made. Coee . ] \

~

iPreparatlon of CpZU(OSCPh)2
y s

CpZU{NEtz)2 (2.20 g 4.29 mmol) was d1§sclved in

50 ml of hexane, gtlrred and.flltered. To thls solution

\~.1

5;at 0°C was ‘added through a transferotube a solutlon of

~ m '

;'Phcosﬁ (r 28 g, 9.24 mmol) in 10 ml of hexane. There

”wasoan 1mhed1ate prec1p1tat10n of’ red solld along with

P _\

'vthe fozmatlon of a whlte cloudlness above the solutlon.

1

,,The flasy and transfer tube were. rinsed with another

;“_150m1 of hexane after vhich the reactlon mlxture was

; ", L

'stlrre& for 10 h. at room temperature. The red supernatant

Yy ; \,

'solutroﬁ wés decanted and the red SOlld remalnlng in

4 .' - \.a

the ﬂlask was drled ‘in vacuo to glve a yleld of 58. 3%.
i

The red’solld is soluble in benzene, toluene, CS2

JK

and dichloromethane.

24 20 ZSZU" C, 44.86; H, 3.14;

0, 4. 9é s, 9. 98 u, 37.04; mol. wt., 643.‘ Found: c,

| Anal Calcd for C

. 44.65; H, 3.26; O, 515 s, 10. 03 u, 35 86; mol wt.,

'619 (osmometry in CH2 2)- S ) - ' , e



| a 80 1ueion of phcozn |
:Ln‘ 20 ml of toluene.‘ There' was RRSER




3’2

ii‘eakwon pf CpZU(OZCCMe BRI ‘ : : T
cngmgtz)z (2. 74 g9, .5, 35 mml) was’ dx\ssolved in e

05420 ml of hexane. strrred and flltered.- To thiB 801“ti°n
‘r ;at 0°c was added. thr%ugh ‘a droppiﬁg funnel. a BOIUtlon e
];eof Me3Cco B (. 983 9. 9 63 mmol) 1n 30 ml of hexane-x/The ’ﬂj

ffffunnel was rinsed wlth a further 10 ml of hexane: A

“v;solution was gécanted.‘ The remalning green Solld was B

!f}of this green SOlld lndicated pure CPZU(OQCCMe

ﬂvﬂcompound can»be crystallized from e§concentrated solutron

:{to a quarter of the orlglnal volume and the supernaﬁeﬂ% ;g}

.,7?very small amount of green pre:?pitate was observed.,-;{}‘"'V"

',The opaque dark green reactlo "m1xture was strrred at

el ﬁl

:idrled'in vacﬁo to glve a yleld of 68%.. The NMR spectrum o

w3

3)2 ! Thls

20 28 4"& C' 42 11vH' 4.95:

o\%ﬁd. c, 41 95,_

Anal Calcd”TQrwc
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at roon temperature was added through a transfer tube a

]

solutlon of ue3CCO H ( 813 g, 7 96 mmol) in 30 ml of

-

hexane., The flask and traﬂsfer_ugbe‘were rinaed with d;g gfé

another 20 ml of hexane., The reawtion mixtureﬁyd

,'red at room temperature for 22 h._ A 5 ml ali‘
r solut;on was transferred to a small flask where the ;tffﬁi""”"“

brcwn oily solxdm‘ NMR analysis of this oily solid

indicated that a mxture of szu (NEtz.)!(O ccne3) , szu-

(°z°°“e3’2 and CPz“ ‘“‘z’z vas, "rese“t'

Reggents and Preparatlons, CQApfer,v

The compouﬁds c18-(Cb)4RéTMeCO)2H and 015-(CO) Re»f;”'"'
o« .
(MeCO)(MeZKCCO)H Were/prqv1ded by PrOfesson c M. Lukehart

| 8 e
| of Vanderbllt Unlver51ty The 301d,cls-(C0) Re(MeCO)~1;1f e

(Me2HCC0)H,was used *shrecelved. The acid Cls-(CO)4Re-;¥T
(MeCO) H,was recrystalllzed from hexane., The compound ,f7?

Cp U(NEtz)z,was prepared as descrlbed above.

Prgparation of ngu[cls~,vl_ ) Re

of cls-(CO)4'fﬁ

j hémane. The brown ’olution"became'orange coloured and
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attehpt by Reynolds and Edelstein at temperatures of
. = P ‘ ‘

around 120° and pressures of less than 10"% mm produced
55

o

mainly Cp3U(NEt2). Clearly\sublimaiion is not a suitable

route tg a pure préduct.

‘. . ~

Reactivity of’CQ,U(NEtle Towards Other Amines

It has already been stated that the metalen}trogen

bond is reactive towards molecules containing acidic

’protoné. ?hiscriterhxmcan be extended to include other

'amines which are themselves weak. acids. The aminOIYSis

reaction is very common amon he transition metal ~
46 |

dialkyl-amides. In organourapium chemistry, the

. ) R A . S \ |
transamination reaction has been used before as a use-

ful syntvetic route} For example, tﬁe compound U(NPh2)4

was produced by the following reaction.”?

-
N~

iU(NEt2)4;+ 4HNPh

2————>U(Nth)_4 + 4HNEt, . =~ i‘II"T?\')

0

These syntheticbprocedures can be extended.to the compound

'CPZU(NEtz)z._~It has beep'fbund that selected amines,

v

- more acidié»th;;\ﬁiethylamine,undergo a transamination

-\ . : . « e
reaction as shown in equation (II-8). .

Cp,U(NEt,), + XHNR, —3 Cp,U(NEt,),__ (NR,) § |
_ o~ R ¥ ; (I1I-8)
R 2 xHNEt2
) HNR, = HNPh,; HNC434, HNC H,Me,, HNC,Meg (COOEt)

_— x=1,2 . ,



