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ABSTRACT

Pre'vioUs work from this laboratory has shOWn that two structural isomers are
pgs‘sible, resulting from different orientations of the aryidiazenide ligand in the
~cationic compounds [(n5-CsMeg)ReLL'(p: “N2CeH,OMe)[BF,] and that these

""”"";",'_>":|somers interconvert on the NMR timescale. The isomerization process was

[Qterpreted as due to the change in the position that the aryl group occupies with
e j‘rf“r‘éfspec‘t to the plane that contains the ReNN unit and bisects the LReL' angle

~resulting from either inversion at the B nitrogen atom or by rotation about the

~_ReN bond.
~This thesis addresses the question as to whether or not this isomerization
‘y.y[&uprocesds' can be observed in related neutral compounds. The synthesis and
g ciha'ra'ctieri'zationl of some new neutral pentamethylcyclopentadienyl rhenium
L ; ';,an;'y»ldiazenido complexes of general formula [CpreXL(p-N206H4OMe)] [where
Cp* = (n-CsMes); L = CO and X = H, CHg; X = Cl and L = PMeg, P(OMe)s, PPhg]
| ‘are reported. The isomerization process was investigated by using variable
‘ ; y,"‘t_'efm'p‘e’ratureiH and 3P NMR spectroscopy. Both isomers were observed for (n
_ 5:CsMes)ReCO(H)(p-N.CgH,OMe) (1) and  (n5-CsMes)ReCO(CH3)(p-

,N206H4OMe) (3) in a ratio of approximately 1:1, as well as for (nS-
CsMes)RePMe3(CI)(p-N205H4OMe) (4) and (n5-CgMes)Re{P(OMe)s}(CI)(p-No-

o S CGH4OMe) (5) in ratios 4.3:1 and 4:1, respectively. Only one isomer was found
. fkrfdr' (mS- CsMes)Re(PPha)(CI)(p-N206H4OMe) (7). Line shape analyses were

performed on the 31p and H NMR spectra of each of the compounds that

,exhlblted |somenzat|on and the rate constants and actlvatlon parameters (AG*,

: AH* and ,AS,*) yyer,e;dektenmnedfor each isomerization process.
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“Chapter I: Introduction

g " |1General background

- »‘i"One of the fascmatlng problems in morgamc chemrstrg,l that has been the

of mtense research for some three decades |s how bacteria can fix

s fi;{,nrtrogen under ambrent condrtrons The mtrogenase enzymes are able to take

| or molecular nrtrogen at atmosphenc pressure and reduce it to ammonia at room

an {,temperature and moderate pH. It has been known for many years that the active

oy ,k'rgysrte in the nrtrogenases contain iron and molybdenum Thrs has been recently

. *jj}f;lconfrrmed by a crystal structure determmatron of the FeMo protein of

o n|t : 'genase [11

Over the last 25 years, inorganic chemrsts have elucrdated modes of

T bondrng of d|n|trogen and partially reduced dmrtrogen (Nsz) ||gands to transition

S “}ff'jmetals and have been accumulating evrdence to explain the mechanism by

o _,frwhrch drnutrogen can be reduced to ammonia.- Based on the |solat|on of metal

L complexes of these nrtrogen Irgands and therr reactron behavror in squtlon a

R ;cyclrc process (Scheme l) has been proposed as a model for the reduction of

: 'drmtrogen |nn|troge‘nase.[2 3]




Examples of MNNH and MNNH; structures have been known for some

time. Only recently, in 1987, has an example of the hydraiidium m‘Olety (NNHQ)

. bonded to a transition metal been isolated and characterized, in the compound

 [WCI(NNHg)(PMe3)4Clp. This was formed in the reaction of the hydrazido )
i ’:(MNNHz) complex [WCI(NNH;)(PMeg)]C! wnh anhydrous HCl in methanol l31

The reduction of hydrazine in complexes of Mo W and Re to ammonla in

B {,}}'jf_the presence or absence of acid has been- reported recently l4 51 The cleavage ot

:jf*the N-N bond was proposed to occur in-the hydrazme (M NHz'NHz) snscues via

- amigration of hydrogen on the No atom to the Na atom in the absence of a -

- proton source.

Few details are known about how the N N bond ol dunltrogen |s cleaveda/;k .

by nitrogenase enzymes to give ammonia. Synthetlc studles on the low oxadatlonﬁ» o

tH state complexes M(N2)2L4 (M= Mo, W and L— phosphnne) and thetr denvatlves .

'however suggest that a) dinitrogen can be stmchuometncally reduced to
. ammonla at a single metal center with an empty coordination -ystltea.avallab.le,., :

'b) the key intermediate seems to be a hydrazldo‘ '(2) (VNNHZ)"complexf' and. |

~ finally ¢) ammonia is produced by the cleavage ot the N- N bond in- elthert:f"“

o M..NNH3 or M—NHNH3 intermediates to glve ammoma and MN or M-NH | :

L ‘respectively. [6]

The challenge is to understand the inorganic chemistry at the metal

- centers in mtrogenases and hence to deslgn a nonblologlcal system tor the‘,

- reductlon of dlmtrogen to.ammonia. S , ,
' The flrst mtermedlate |n the cycle shown m Scheme I is that wnh theg

dlazenldo (MNNH)lmkage. O_nly a tew‘me_tal NN,H,rdlazenldo complexes are

~ known. Many more complexes with the arykiazenido ligand (NNAY) have been

2




: synthesuzed The reasons for this are the easier synthetic methods available and

e the higher stability of aryldiazenido compounds compared with the diazenido
L ;complexes The conjugated T system between the aryl group and the B nitrogen

e ‘|s belleved to stabilize the aryldiazenido compounds.
L Arylduazemdo compounds are usually obtamed in good yields, from the
& ~~»"‘f;;'r"réfa<:'uon of the corresponding diazonium salt‘([NaAr]+) with a metal complex

o ;fc'émaihing an easily displaced ligand. Diazenido compounds, on the other hand,

ﬂaf—if;}are usually obtained by either the protonatlon of a dinitrogen ligand or

f’r‘f?if‘deprotonatlon of hydrazine ligand (MNHj) ina metal complex.7]

2 s:ructuie of aryldiazenido ligand

21 ?Cghfbrm@tlonal modes of the terminal aryldiazenido ligand and its

‘protonated derivatives

A key ligand in the study of dinitrogen coordination chemistry is the

T ;r;»?jigdnazemdo Iugand (i. e., NNH) since as mentloned above, this is the product of

 "‘ ' 5 "},\|n|t|al protonatuon of coordmated Na. The Sutton group has made several
‘~7:jrrrk'\'kr,|mportant contributions to the synthesns and chemlstry of stabilized metal
,complexes contammg the diazenido Iugand analogue, aryldiazenido, and related
| - "Ilgands Thls thesns |s concerned with the preparatlon and dynamic properties of

. :;ksome new rhemum complexes wnth the aryldiazenido Ilgand (i.e., N2Ar).
| In aryldlazenldo Ilgands M-N-NAr the B8 mtrogen (mtrogen furthest from

e 'the metal) exhlblts spz hybndlzatlon Th|s makes posslble a number of structural

conformatlons for the aryldlazemdo Iugand and its protonated derivatives, as




shown in Figs 1.1(8] and 1.2.[9 In the singly bent structure () the aryldiazenido
unit is considered as a 2-electron donor (cationic) or as a 3-electron donor
(neutral) ligand. In the doubly bent structure (ll) it is thought to act as a 2-
electron donor (anionic) ligand or 1-e|ectrond0nor (’neutral). Protonation at the 8
nitrogen generates the arylhydrazido (2-) ligand-that can have a MNN skeleton
that is either linear (structure Ill) or bent (structure IV). Protonatidn at the o
" nitrogen forms the aryldiazene ligand (structure V). Protonation at both nitrogen
' 'atOms produces the arylhydrazido (1-) moiéty: which can alréo:adopt different
“conformations. Structural studies show multipiéab:ondféharactér between N-N (as
shown in VI) so that this may be considered a protonated form of the aryldiazene

mode (structure V).[9]
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Fig. 1.2: Examples of metal complexes exhibiting various modes of coordination

 of the diazenido ligand




1.2.2 Geometries adopted by the aryldiazenido ligand

| | In section 1.2.1 the singly bent and doubly bent geometries for the terminal
S f ary’ldiazenido ligand were described. Variations in these two bonding modes can

i f;:ﬁpo tentially occur, depending on the metal, ahoi!,léryf ligands at the metal center,

and the ,substituent at the outer nitrogen:: Frg 1.3 shows a number of these
'?‘possibilities, for monometallic (a-e) andpolynuclear (t-g) compounds.l10] The
L f“ﬁ'ksing‘llysbent‘ structure a is by far the most common banding mode observed for
~_the NpArligand. The M-N-N angle is typically in the range 170°-180° with the N-
N C angle usually between 118°- 125«»-«m¢-~ 5Nbond length is about  1.20 A.
:‘{”V"‘i‘rThere are numerous examples of structures wrth thls type of aryldiazenido ligand
zreported in the lrterature There are, however, no welI characterized examples of
”structure b. The complexes FluCla(NzAr)(PPha,z and [IrCI(N2Ar) (PPhg)o]+ were
jftffbelleved to be examples of structure b based on mtrared evidence. Subsequent
’ng-ray structure determinations on both. compounds revealed the N-N bond
o length to be 1.16 A for both, with the N- N- C angle 137°and 127° for the Ru and
:»p“;:lr complexes respectlvely In other words the complexes are intermediate in
"“‘—'"—flr"structure the geometry is closer toa than to b. The smgly bent geometry ¢ is

| also very rare and no good examples have yet been synthesized. The doubly

k ~7_'_"bent geometry d has been gaining rmportance lately.[11-14] In our laboratory
: f,‘,i ’several examples of mdlum complexes with. doubly bent diazenido ligands have
=i ['fbeen prepared wrth a general tormula of [Cp*IrLL'(p-NoCgH4OMe)]+ (where L =
%L PMea, P(OMe)a and L = PPh3 and L' = PMe3, P(OMe)3, CO).1'3l In such

e complexes the angle between the N N-C atoms is in the range 115-135°

7




consistent with sp2 hybridization at the B nitrogen. The M-N bond is lengthened
by 0.15 A -0.25 A over that found for compounds with the gaometry a. In the last
mononuclear geometry (e) the diazenido ligand is bound by both nitrogen atoms
to the metal, i.e., side on. This geometry is also rare; a well characterized
example is the titanium complex CpTiCly(NoPh).[10] |
The presence of lone pairs on both nitrogen atoms of the aryldiazenido
ligand allows it to act as a bridging ligand to two or more metal atoms as shown
in structures 1, g and h (Fig. 1.3). Just one structurally ¢h’aracteriZed‘example of
~structure f has been reported in the Iiteratur§¢~ namely “Mna(CQ)ia‘(NrgMe).ﬁ6]

Similarly, only two examples of structure g have been synthesized and their

structures determined by X-ray crysta’llogréphy.f These examplesf -are
CpW(CO)>(NNMe)Cr(CO)sl171  and CpMo(CO)g(p-NNCGH4M9)ReCp(cQ)‘2[1a].
Finally, structure h is more common and two examples are Mnx(CO)g(NaPh),l18]
and HOs3(CO)1o(p-N2CgH4Me).120] - -
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'1.2.3 Spectroscopic properties of the aryldla:eriide ligand

IR spectroscopy is extremely useful in the characterization of compOunds‘

i With"dinitrogen and related NN Iigands.'?T he NN .stretch (vyy) of the

kf:‘aryldiazenido ligand appears over a wide range of the infrared spectrum from

‘1400 to 2100 cm™! with a medium to strong mtensuty Sometrmes the V(NN) is

P obscured by absorptions from other vibrations ot the molecule, especually when

these are in the lower 1400-1600 cm-! region. The—posutron of the 'NN stretch can

 often be diagnostic of the mode of coordmatron of the aryldrazemdo Ilgand In

O general higher values of vy are identified with. the smgly bent and Iower valuesf* ‘

with the doubly bent or bridging geometries. The charge on the. complex and the l
“ancillary Ilgands also affect this absorption. | |

Another very useful technique is 15N NMR‘SpeCtLrOscOpy.' Nitrogen-15 . .

© (spin 1/2) occurs in low natural abundance (O’.37%j,)‘f witha low, he'_‘gifatvivef

gyromagnetic ratio all of which combine to make1'15N'ditfi60It to observe by NMR |
techniques. For this reason, 15N NMR studies are usually carried. out on

complexes that have been enriched in 15N, even theugh' nitrogen-15 cprhpounde

are expensive. It is relatively easy to enrich the aryldi'aie'nidyo"liga"rtd ‘at t’he o

- nitrogen smce the precursor aryldlazomum salt [NNAr]+ can be prepared fromf*
‘the appropriate amine RNH2 and the commercrally available Na15N02 15N NMR:‘:'
spectroscopy: can readily distinguish the singly and doubly bent structure’s’. The

15N resonance for Na appears between 290 to 220 ppm {i.e., vdo‘wnfield’)’ for the,

doubly b'ent\g»eometry, and from 0 to -90 ppm (i.e., upfield):’f‘or‘ t:hef s'ingslyﬁbent e

mode relative to nitromethane.[10.21]
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" 1.3 History and Proposal

e As mention'ed'in [.1.1, the diazenidomoiety (NoH) has been proposed to

f‘:be‘the ,fir'sti:stage‘o,f production of ammonia from dinitrogen. The diazenido ligand

i Héé:béé’nide’miﬁed in only a few compounas—‘sucn as trans-[W(NH)X(dppe)s]

(Xj F CI Br or l) by usrng 15N NMR spectroscopy [221 No crystal structure of

‘ _the N2H compounds has been obtained- and so the onentatron of the hydrogen
-, atom |s not known yet The study of the aryldlazenrdo compounds gives more
rmformatron about the orientation of the- phenyI group, but whether or not this is
thesame orrentatron for the hydrogen atom.in. the d|azen|do ligand-is unknown.
| Although the chemrstry of the aryldlazenldo compounds has been studied
‘,or" a number of years |t was only d|scovered quute recently by Sutton and
coworkersl231 that in some complexes of this type there is an isomerization
f»’kf"processtakrng, place as detected by NMR spectroscopy in solution at low
| Lf‘”’ﬁ:‘ift*,f,‘temperature - ln srngly bent catronrc ' complexes of the type
"l:f‘:i':;[(n5-CsMe5)ReLL'(p-N206H4OMe)]BF4 (where L=L'= CO, PMeg or L= CO and
L PMea) the aryl group of the aryldlazemdo I|gand occuples a position out of
: the plane that both contalns the ReNN vector and bisects the LReL' angle [24]
‘There is therefore the possibility of i |somers one isomer |n which the aryl group
|s CIS to the L Ilgand and the other one where it is cis to the L ligand. These

.f,f{ |somers are shown |n Flg 1 4 When the Irgands L and L' are identical, the two

i conformers are enantlomers and chemlcally equlvalent In the locked
"_?conformatlon the two L I|gands are in- dufferent envnronments and hence an

S , ‘,'NMR-actlve nucleus would grve nse to two dlfferent NMR signals (of equal

nter ty) The «i_,terconversnon of the enantlomers can, in pnncrple be detected



. by observing the behavior of these signals using vartable temperature NMR, and
the barrier to interconversion can be determined. The process cannot be
detected by changes in signals due to the aryl moiety since when L = L' it is in‘an
“ equivalent environment in either conformer. This”rprec":eseﬁis more correctly called

‘a‘ fluxional process when L = L', whereas when the L and L iigandS‘ are different

. the process is an isomerization.

MeO

Fig 1.4: The two different isomers believed to be present in [('q5-05Me5)ReLL'(p- - |
N206H40Me)1+

This discovery raised several questions. One is whether or not this

isomerization process is also present in similar neutral compounds. Another
important question is: does the barier to isomerization arise from restricted

rotation about the HeNN:audis or an inversion at N8?. It was aiso of interest to
study the effect of the ancillary ligands L and L' on both the barrier 1o
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:;;tsomenzatlon and on the isomer ratio. The work presented in this thesls attempts
tito address some of these questions. In order to answer the fi rst question, we
s ;fdescnbe here the synthesrs and charactenzatlon of some new neutrai rhenium
"kffaryldlazemdo compounds of general formula [Cp'ReXL(p-N2C5H4OMe)] [where
| ('q-CsMes) L=CO andX H, CH3, , L PM93, P(OMe)a, PPhzand X =
Cl] Furthermore vanable temperature NMR studles of some of these complexes
. T;;}have been camed out and isomerization has been detected in four cases.
| On the basns of the limited amount of data avallable some tentative

‘proposals are made regardmg the effect of the ancnllary hgands on the barrier to

_;_',lsomenzatlon aS well asthe i isomer ratio observed




st ‘Chapter lI: Synthesis and characterization of novel neutral compounds of .
 thetype (n5-CMeglRe(X)L)(P-NCsHiOMe)

11 introduction

(nS5-CsMeg) Re(CH3)(CO)(p-N;CeHsOMe) (3 3),

| In this chapter is reported the synthesrs and characfenzatlon of the neutralf' A
e rhenlum complexes (n5- CsMes)Re(H)(CO)(p-NZCGH4OMe) (1),;, B
ns- csMes)Re(cn(PMeaxp N

| NGO @), (“S'CSM"S’Re(C'){P(OMe)a}(pNzCsH40Me) e
s CsMe5)Re{PO(OMe)z}(CO)(p-NCeHsOMe) 7,(5) SR and
(ns'C5Me5)Re(Cl)(PPha)(P'NZCGH4OM9) @) The hydrldo carbonyl oomplex (1 )

'““"”was prevrously reported[25l but the remarnder are new compounds The; .

i ‘phosphonate complex (6) was first obtained as a byproduct of the synthe&s of?lff T

 7*f{’f'/'-,compound 5. The formation of compounds (n5 C5M95)Re(Br)(PM93)(p-‘":‘fi“
. '3N206H40Me) (8) and (n5-05M95)Re(l)(PMea)(p-NZCGH4OMe) (9) is also;_'

,“ reported

N The neutral compounds obtalned wnth dnfterent anclllary Ilgands were* A

selected for this research to allow the posslblhty of observrng the lsomenzatlon" o

_}process The presence of the hydndo or the methyl groups provrdes the R

= ppossrbrlrty of studymg these compounds by usmg 1H NMR Spe ctroscOpy On the?‘b"" s

o ,other hand the phosphme complexes can be studred by 31p NMR spectroscopy




on2 Results and Discussion

2.1 Preparation of the starting materlals

e ;o '}“Prevrous synthetic strategres developed in thrs Iaboratofy were used to
i prepare the' startlng materials [(115-C5M95)R9(C0)2(P- N2C6H4OMe)][BF4] (A)

e ,‘I251 and (n5-CsMe5)Re(CO)(L)(pNaCsH4OMe)][BF4] (L = PMez, P(OMe)s,

. tT“_PPh3) [26] The methods used are summanzed in ‘Scheme Il

| The aryldiazenide  derivative A Awas | Pfepafed from

,i‘:f(n5-C5Me5)Re(CO)a(THF) whrch m turn- was prepared by the uv |rrad|atron of
,ff‘f(n5-C5Me5)Re(CO)3 in- THF (Scheme i, equatron 1) Reactron of A with

,,f’7 5:‘(ff';:todosobenzene (PhIO) in acetonitrile gave [(n5-C5Me5)Re(CO)(NCMe)(p-
g :',}';”f;,i,:N2C5H40Me)][BF4] (B) The phosphine compounds (n5-C5Me5)Re(CO)(L)(p-
T l*f';,'-NacsH 4()|\/|e)][BF4] (L PMe3. P(OMe)3, Ph3) were prepared by addition of L

s to B m acetone (Scheme I equatrons 2) as prevrously reported 126]




h
Cp'Re(CO); ———» Cp'Re(CO)zTHF

THF,RT

[N2CeHaOMe](BF]
| H4OMel(BF
THF.RT

——=  [Cp*Re(CO)2(p-N2CeHaOMe)][BF 4] equation 1

(A)

_Phio

PMes
acetone

()

(CPRe(CO)PMes) p-NCaHeOMaBFd|

(A) Crncr [CP*Re(CONNCMe)(p-NZCsHsOMe)IBF ]
(B) T

PPh3
acetone

P(OMe)a
acetone

(CP"Re(COMPPh3)(p-N2CeHsOMe)[BF ]
(E)

[CP*Re(CONP(OMe)al(p-NCsHsOMelIIBF 4]

equations 2

~ Scheme Il: Route of preparation of the starting materials A, C, D and E




'Il 2. 2 Synthesis of complexes with general formula
o ;(n5-05Me5)Re(X)(L)(p-NchH4OMe) (X = H, CH3, PO(OMe), , L = CO; X = Cl,
L= PMe3, P(OMe)3, PPhy)

 (AS-CoMegRe(H)(CONPN,CHOMe) (1):

Thrs' compound was prepared accordmg to equatuon 3 as a yellow a|r

i stable solld in ylelds of 52 % (method 1) and 62 % (method 2)

S - acetone .
‘j;;[Cp'Re(CO)z(NgAr)r + 30N -‘—;T—b Cp'Re(H)(CO)(NzAr) + CO0s% + H20
o *equ‘atm,n, 3

A mechanlsm of formatlon of compound 1 has been proposed by Sutton,

T followed by nucleophlhc attack ot the Re center on the poIar OH ‘bond of a

o : moIeCu!e ot water release ot C02 and the tormatlon ot the hydnde (Scheme ):




NoAr - Near O ..i.7

i ;Sc':,hem‘e‘ 11: Nucleophilic attack mechanism  of ffkorm’atio’nﬁ oti'th'éf hydride” from

~ carbonyl in rhenium compounds

| When the reaction was carried out in thrs study. the chloro compound_”" ' J
B ,(n5-05M05)Re(CI)(CO)(p-NchH4OMe) 2) accompamed the tormatton ot1 and o

'was removed by chromatography on a neutral alumma column wnth‘

- ,dlchloromethane The presence -of 2 was conflrmed by comparison of the 1H

o : 'NMR and IR spectra with those reported in the llterature tor 2[271 it is’ be!oeved e

ithat 2 arose from an impurity in the sodnum hydroxlde used for the reactton The*f e

NaOH (Flsher Scientific, A.R. grade) is stated to contain 1% NaCI it has been

' suggested by Sutton et al [27], that the chloro compound |s obtamed from the

ireactlon between the compound A and chIorlde amon The formatton of

“/oompound 2 therefore mvolves nucleophulrc attack at the metal center by

lchlonde releasmg CO




The tormatlon of 2 was ongrnally thought to be due to reaction of the
ydnde complex 1 ‘with the CHZCIZ solvent through a radlcal substitution
mechamsm Compound 2 was, however also obtalned by using acetone as a
:L_isolvent so that the source of chlonde cannot be slmply the halogenated solvent,

g ithus lmpllcatlng the chlonde |mpunty in the NaOH that was used. When acetone

i’ was used as the solvent the yleld of the hydnde 1 was 10% hlgher than. when

‘_47:,group of the aryldlazemdo ||gand The pattern tor these last sngnals appeared as N
: san AB pattern although these protons are an AA'BB' System -

oty "ZCompound 2 obtalned |n these preparatlons was used for the startmg
,atenal |n the synthesns ot (n5-CsMes)He(CHa)(CO)(p-N206H4OMe) (3)

.‘however. just compound 1 |s requured |t would probably be preterable to use"
= [k‘elther pure NaOH or KOH The NaOH should also be dlssolved in ethanol since.

o ‘L};".ithe solublllty of the sodlum chlonde in ethanol is small




The reactron between compound 2. and CHaMgBr m ether was followed.

g bY infrared spectroscopy. There was d|sappearance of the v(co) stretch of 2 at

e ;1942 cm: 1in hexane concomlntant w|th the appearance of a new v(co) at 1915 :

emt unt|| there was complete converslon to product

| “ Af Iarge excess of the Gngnard reagent ,qurredf‘ |n thls reactlon whlch may"f' |

ether :

‘Thls |s presented ln Flg 2 1.

- ,},~Cp*Re<CI)<CO)<NaAr) + ChHMger “2om Cb'Re(CHa)(CO)(NzAr) . MgBrCl

Compound 3 was obtained as a Iow meltlng yellow SOlld by crystallrzatlon}, .

7'!,ff‘ii:;l,,f”fat 78°C from hexane The oily hexane supernatant solutlon was separated by/r‘i}l'i

fcompound melted below room temperatuf

:f:both carbon and hydrogen but lower in mtrogen Thls was probablY due to the

5:plpette and the sample was dried under vacuum It |s worth notlng that the;’f ; ‘E:;
| thh made it dlfflcult to lsolate freef'f“ffkl

SR from the solvent The elemental analysus ,,btalned for 3 was somewhat hlgh ln

| [presence of solvent. in the sample The slngle Cp resonance in the 1H NMFl i

- ;;spectrum of the compound showed the absence of any Cp -rhenlum lmpuntles
B The 1H NMR spectmm of 3 showed a broadi 'resonance at 8 1 16 ppm (CDCla)
‘ iqand (the broadness is discussed in h"':pter ). The NMR?‘i -

“(s). 6.89 ppm (d)‘i{? (s
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respectively. The mass spectrum of 3 (El) showed a parent ion at m/z 500 with a

pattern in agreement with that simulated by computer for ReC1gH2‘50§N2. The

mass spectrum also showed a peak at m/z 472 corresponding to [M-CO]* The |

_strong absorption in the infrared spectrum ot 3 in' hexane at 1915 cm-! was also

-, conslstent with the presence ot a carbonyl llgand

 (n5-CsMeglRe(CINLIP-N,CoH,OMe] (L = Pma (4), P(OMe)y (5). PPhg (7)» |

 and (Tls-csms)Re(CO){PO(OMO)zl(P-NzCGHAOMe)l (s)

- Compounds 4, 5 and 7 were prepared 7‘a"ccordin§ to :equ'ation 5' lnd‘lVldualf

preparations are given below. Compound 4 was obtalned as a brown sol|d in 78'

\

C wy yield. It is not particularly air stable and decomposed under nrtrogen after one

e ~ week at 0°C. Compound 5 was obtained pure’ by careful chromatography as .

brown solid in 43 % yield. Compound 7 was also obtalned as a brown SOlld in 83' o

' i% yield.

le'Re(L)(CO)(NzAr)l+ +CF 9_*_'9.'9.. Cp'Re(L)(Cll(NzAr) +co

NaOH / EtOH o
equatlon (5)

It is proposed that the mechamsm of tormatlon ol the chlonde oompounds,',ﬂ S

4 5 and 7 takes place by the nucleophrllc attack ot chloride to the metal center m; i

the startmg matenal C, D or E releasrng carbon monoxrde This mechanlsm was

| proposed earlrer |n the case ol the productlon ot hallde complexes‘




Cp*Re(X)(CO)(NAr) from reactions of the dicarbonyl cation A with X- in THF /
V'H‘20~l271 We observed no reaction in CHCl5 alone. It is possible that the

~ presence of the ethanolic solutron of NaOH is necessary to increase the

kfconcentratron of Cl"rn the SYSfem Further syntheses must be performed in

"*ﬁifaqueous solutron or HZOfl’ HF to conlrrm thls In all of the syntheses a large

W ;excess ol KC_:was necessary m order to obt‘f"r hrgh yrelds Lower yields were

"obtarned when ia small excess (20%) of KCl,was used Due to the low solubility

: ';g‘;'ot KCI N ’;;CHCla. these reactrons appeared very dependent on both the amount

> ffot chlonde added as well as the concentratron of NaOH used

o "~1‘,(nS-Csmsrne(cnrpmsxpNzcsmomt (4) -

The 1H NMR spectrum of compound 4:showed a doublet at 51 54 ppm

o “f:ff:_'f(CDCla) assigned to the protons of the tri ethylphosphme lrgand The ‘coupling

L 'f'_j:constant of thls resonance (3JPH =9.3 Hzr) rs somewhat lower than that for most
o : EPMea lrgands reported rn the Irterature but rs strll in the range lor coordrnated
ifx}'fol 4 wuth a 2Jpc = 34 Hz rs also typlcal tor a coordlnated PMe 33 Ilgand Other
: ?f“i':"_,‘good evidence tor the tormatron ot compound 4 was the posrtlon of the

f'phosphme resonance in the 31P NMR spectrum at 5 35 64 ppm (CDCl3)
i ﬁt~|ndlcat|ve of the coordinated PMea l261 The presence of the chlonde lrgand was

' ?f’*"?i??:“;?observed wrth a ,dlstlnctrve pattern due to the two rsotopes 350! and 37Cl and‘f'
those Re and- 37’Re The pattern observed matched that simulated by

 detected by mass spectroscopy: a. set of peaks centred at m/z 568 was



. 3was obtalned pure by careful chromatography as a brown sol n

 (nS-CsMesIRe(CI)(P(OMe)g}(p-N;CoHyOMe) (5):

~In the synthesis of compound 5, two’Cp“signals'together'with a multiplet '

o 'spectrum of the reaction products (CDCI3 solvent) whlch suggested the*

 the processes that were taking place. A carbonyl stretch at 1940 cm‘1 in CHZCIZV o

i -~ was observed after completron of the. reactron‘ k(the carbonyl stretch for the‘. e

f(NN) absorptions at 1641 cm-! and 1609 cm1 The observatlon of the two N N

— ’a P(OMe)a ligand. The coupling constant. of 11 5 Hz is typlcal for a coordlnated.?-"i]? G

,“!;,presence of two compounds IR spectroscopy was mvaluable |n understandlng; R

lstartrng material D (Scheme ) occurs at 1967777 cm1 m CHZCIZ) together wrth v_' £

,_;_‘;stretches indicated the presence of a- second c’mpound (whrch subsequently?;zj oy

was identified as compound 6, see below) As mentloned above ; compound 5 e

;»ﬂ, The'H NMR spectrum of pure 5 showed a doublet at 3. 62 P m’,corresponding tof TS

phosphrte hgand (26,28] The 13¢ NMR spectrum showed a smglet lor the methyl{i

',groups in the: phosphrte ligand. at & 52 54 ppm It lS not surpnsmg that no

f couplrng between carbon and phOSphoms atoms was observed as the ‘3C NMH: N | o ';

o ’iffspectra of compounds wrth phosphlte Ilgands have been reported wrth and;f{:*‘:’

pwrthout P-C couplmg for this ligand. [28) The 31P NMR spectrum showed a

resonance at X 119 75 ppm (acetone-de) due to the phosphlte Thls resonance lS -

e f ,‘;I'me the range for a coordmated phosphrte l26 28]




- *‘(n;’i—csﬂé:s)He(cn(PPhsanzcsmonne) o

The preparatlon of compound 7 was performed by using the same
5 ,::“j'ﬁlmethOd as that for compounds 4 and 5. Compound 7 was obtained as a brown
solrd |n 83 % yleld The lFl spectrum exhlblted a vNN absorptlon in CHoCl» at

i : ;1607 cm 1 The 1H NMFl spectrum of compound 7 showed resonances atd1.65

;ppm '(for the Cp Ilgand) 8 3 80 ppm (for the" iethoxy group) the charactenstlc

ngf, of the dlazenlde Ilgand and a
‘:multlplet at 8 7 30,7 58 ppm due to the;P h3 Irgand The 130 NMFl spactrum in

‘AB lpattern for the protons of the phi

'the 120-140 ppm reglon exhlblted resonances correspondlng to the ipso, ortho,

met carbon atoms of the PPh3 group together with some of the

| ',,i:'ffresonances of the phenyl nng of the dlazenlde Ilgand other resonances due to

n ;‘f}ﬁthe latter gand occurred at & 114 04 ppm and 8 167 71 ppm: Signals

the methyl groups of the Cp 5(at10 oo ppm) ‘the methoxy (at
nd the Cp ring -(at 100 92/_ ‘

= rggf‘;;correspondmg 1

| "‘4‘555 49 ppm)

m) were also observed in- this

o ';spectrum The 731p NMFl spectrum of 7 showed a srgnal at'§ 17.11 ppm
- fcharactenstlc for PPh3 coordmated to rhenlum l251 The mass spectrum showed a
zf :parent lon centered at m/z 754 and peaks centered at 492 correspondmg to the
o :ffloss of the PPh3 ligand. | j i AU

f | The synthesns of compound E (the startmg matenal for7) occurs at a very
slow rate and a Iarge excess of tnphenylphosphme was therefore employed At

- “757-5»,"1the end of the synthesls of 7, the product was washed several times wrth drethylf

| ;etherr,m_order to ‘remove free PPh3 The'?.__ emental analysns of compound 7




* (n5-CsMes)Re(CONPO(OMe),}(p-NoCeH OMe) (6):

The formation of phosphonates from phosphrtes in rhemum compounds— o

o = ‘has been proposed recently (28], The Arbuzov reaction was found to oocur in
e phosphite compounds such as [(n5-C5M95)He(x)(CO)z{P(GR)aﬂ" (where R =

| Me Et; X = Cl, Br, I) in the presence of nucleophrlessuch asCi‘ Br l‘ when‘ | |
fa f;i,,;f,_;the trihalide anions (eg. Iy’ )were present, {th, reactron took plaee faster and in a L

_ higher yield. In order to identify the second: producl formed in the synthesrs of5,

| compound D was placed together with Klin tetrahydroturan The presence ofthe

~ phosphonate compound & was rapidly detected and after 3- hat 40°C, the IR~ .
| - showed absence of D. The reaction with KC! takes longer and the yneld is about o

R ' 50%. The TH NMR of compound 6 (Fig.2.2) shows two doublets at3. 56 ppm and : : '7 i
3. 59 ppm in CDCl; comesponding to the: non-equwalent methoxy groups of thet o i
R PO(OMe,) ligand,with a coupling constant Jpy of 11 8 Hz The meqmvalence of’i;: ght

| the two dnastereotomc methoxy groups in 6 wn be vrsualrzed m Frg 2 3(a) ln the |
27 synthesrs of 5, the formation of the phosph

el reactlon occurs by the nucleophilic attack of erther chlonde or. the hydroxrdei

e amon on the phosphlte compound 5. This prooess is represented in Fi ig 2. 3(b)

nate compound 6 by the Arbuzove 1
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’attack for the formatron of compound 6. |
| The 13c NMH spectrum for compoun 6,
' 1 00 6 MHz shows two resonances at’ 50 33 ppm and 50 39 ppm These are; :

" ""asslgned to the two d|astereotop|c methoxy groups rn 6 wrth no sngnrflcant;j
o couplmg to the phosphorus (Another alternatrve assrgnment could be that thef
B ajresonance corresponds to two equrvalent methoxy groups appearlng as a;_ ‘;

i f‘fdoublet wrth Jpc = 6.5 Hz. One easy way to drstmgursh between these twof s

5fFrg 2 3:a- Dlastereotoplc methyl groups in compound 6 b- Arbuzov nucleophlllc

3 at the operatrng ffequenc y of

- »possmllmes would be to record the spectrum at a dlfferent frequency If the s

R second assrgnment is correct the coupllng constant W°U|d not change UPO"{"‘ A
o change |n the frequency ) The 31P NMH was also a helpful techmque to |dent|fy*3 -
e comp0und 6 The Slgnal at 68 7 ppm |s rn a pOsmon upfleld of the corresmnd'"@

i ‘fphosphrte complex m agreement wrth the phosphonates reported |n thel.rf
' ;erterature[28] : K e




‘ The compound 6is obtamed as a yetlow o|I in a 97 % yreld by direct
preparatron reported above and in 51 % yreld as a byproduct of the preparatton
of 5 Crystalhzatlon from hexane at. -78°C was tned rn order to obtain the

compound as a pure solrd but the sohd so obtarned melted as soon as the

Schlenk tube was removed fromthe dry rce bath

When’cmpound 6 was prepared by the nucleophrhc attack of the |od|de |

The proportlons of the phosphlte 5’and the phosphonate 6 produced |n

:the“reactron are very dependent on the concentratlon of KCI and the order of

7%4 5and 7 but tn thrs specrflc reactron because of the coIIateraI formatlon of the

i ";%;r,'phosphonate the excess also aftects the yreld of. C°mP°U”d 5. On the oter

;;addrtron of the reactants We aIready descrlbed that an excess of the potasslumr o

: _hlorrdef'_'asjnf'fcessary |n order to get hrgher ylelds of the chlonde compounds} fi

f,j;‘rhand it the order of addrtlon ‘of the NaOH and KCI is reversed more‘

yhosphonate compound 6 |s produced slnce the KCI can freely attack theff‘r

mpromrs' between these two factors |s necessary ln order



The three chlonde compounds 4, 5 and 7) are soluble m hexane and S

: :"'::they were recrystalllzed from cold hexane However the phosphonate 6 |s not;""f‘:v;ﬂ
P very solubIe in hexane wh|ch makes it easy to separate from the phosphnte on a"
' neutra| aIumrna cqumn by eIutron wrth hexane : L S
i A companson of the compounds (4 5 and 7) can be made by Iooklng atj‘j“;!":' i

“:,"TV’.’i'the v(NN) stretch in the IR spectra The V(NN) value does not vary sugnufrcantly forfi ﬁ

| e

~ The hydrlde derivative (n5 CsMes)Re(H)(PMea)(p-NzceH,;OMe) was ot
o -‘lobserved in. the reactnon between c and NaOH carned out m acetone rn the

Mol iff "absence of KCI Under these condmons the |od|de denvatrve (9) was obtamed““,;ff":f" i

sl _z’rnstead It is belreved that |od|de was present as the counterron"ljn" C, |n p|8°9 t




:CsMes)Re(CO)g(p-N206H4OMe)]BF4 (A) and - iodosobenzene (CgHslO) in

;MeCN (Subsequently. compound B was reacted with: the phosphrne to give C

by replacement of the NCMe I|gand by L) The |od|de present as a counterion
| "_::'could therefore attack the metal center ina mechanlsm srmrlar to that proposed

. ;,:‘:forthe formatlon of the chlorlde 2. .

. 7 Compound 9 exhlblted an IR absorptron at 1604 cm1 assugned to VNN-

S The NMR spectrum"
s to the protons of the PMe3 | Irgand wrth a coupllng constant of 10 0 Hz smglets at

2 05 (Cp') and 3 72 ppmf,(OMe)

acetone-ds showed a doublet at 1 59 ppm attrrbutable

nd doublets at 6 80 and 6 96 ppm (wrth a 3un

= 9 Hz) correspondrng to the protons m the phenyl group

| (1OCoMegREEPHOPNCHOM) B

: 8 was obta :uht when compound 4 waS‘,
;;';Ilplaced together wrth KBr in acetone The substltutron of the chlonde ligand in
,i"ytcompOund 4 by the bromlde to a vefy |'m't°d 9’“9'“ can be explalned as due to
e yifff_'_fthe hlgher crystal Iattlce energy for NaCI than NaBr dnvrng the reactron to
[ffa;produce Re-Br and NaCl. Although the presence of the bromide compound was
i{not detected by 1H NMR (probably due to the posrtlons of the srgnals belng'
e ﬁf‘,.rsumrlar to the ones for compound a), the presence of peaks in the mass
i f;}}spectrum attnbutable to the parent |on of 8 was deﬁmtrve due to the srmrlarlty of

e the peaks wrth the computer srmulated ones (Flg 2 4)
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Fig.. 2 4: Mass spectrum (EI) of the bromo compound 8 and the chloro

compound 4 and the sumulated peaks




~With “the purpose of prepanng (n5-05Me5)Re(CH3)(PMe3)(p-
N206H40Me) by methyl substrtutron of the chfonde ligand in compound 4, it was
reacted together with  CH3MgBr. Instead the brom|de compound 8 was
{;,‘Z'obtatned To explaln thrs the crystaI lattlce energy shouId be taken in account
agarn The Mg-CI ronlc rnteractlon is stronger than Mg Br dnvrng the reaction to
;:‘i’ithe formatron of the He Br product The Hard and Soft Acrds and Bases theory

. (»HSABT) can aIso be used to explarn th|s metathesls reactlon The bromide

5 iaamon |s softer than chIorrde therefore the bromldewould b|nd the rhenium metal

fpreferentrally to Mg due to the hardness of the Iatter one wrth respect to Re.

The 1H NMH for compound 8 exhlbuts adoublet resonance at 1.61 ppm

- ,assfgned to the PMe3 lfgand wrth a couplrng constant of 9 3 Hz a sfnglet at 1. 97

ppm due to the’fcp and the 3. 80 ppm srgnal correspondlng to the OMe, as well
o > ,as the typlcal AB pattern for the protons on the phenyl rrng at 6. 88 ppm and 7.28

ppm The mass spectrum aIso |nd|cated the formatron of compound 8 by the

o ~observat|on of the parent |on at m/z 612 together wrth a pattern at m/z 475

e ;assrgned to the Ioss of the fragment N206H40Me and 2H (137 umts)

(snxx»m

7 The formatron of compound 10 has been proposed to be by a nucleophilic
o ;'attack of OMe (usmg NaOMe) on the carbon atom of the carbonyl group in

s B Al271 The compound 10 reacted wrth NaOH to produce the hydnde denvatlve:

i f(1) Compound 1 was |dent|f|e ﬁasg a product rn thrs reactlon by the charactenst:c
' \ 'NMR af : 6 55 pm_assrgned to the hydnde hgand and the other

500 drscussron of compound 1) It |s ‘worth notmgv




that this reaction occurs with the formation jof Cp‘He(CO)g as a byproduct as
| evndenced ‘by the strong absorptions at 1910 cm'1 and 2006 cm! in acetone

kr_asslgned to the asymmetnc and symmetnc carbonyl stretches The mechannsm'

S g"proposed for this reaction is the attack of the hydroxlde lon on the carbonyl,

N ;carbon of the methoxycarbonyl group: to guve the hydroxycarbonyl complex which ,

. —;then reacts wnth further hydroxude as shown prevuously m Scheme 118 to glve the,‘ -

k%



e ExperlmentalSecuon R

;};E'AII reactrons were carrred out under dry N2 m Schlenk apparatus

,_ected to a swrtchable double mantfold provrdtng Iow vacuum or nrtrogen

Solve nts were dned by conv ronal methods*—dlsttlled under mtrogen and usedi
i;lmmedlately Reactlon yrelds are based on.r e rhemum reagent used k

Photochemrcal reactrons of Cp‘Re(CO)a were carned out at atmosphenc:_
ressure m a Pyrex vessel (400 mL) equrpped wrth a water-cooled quartz flnger

ed?to the vessel by a 60/50 standard taper jOInt A 200 Watt ultravnolet source"

Hanovra hlgh pressure mercuryjlamp)”*was placed lnsrde the quartz flnger |

ntfand the startlng materrals nd slow passage of nrtrogen was matntarned L

‘;“tntrared spectra were measured by usnng a Bomem Mlchelson 120 FTIR?"

nstrument callbrated agalnst polystyrene or carbon monoxlde CaF2 cells (0 1 |

spe,__‘ra were recorded by Mrs M. Tracey on a Bruker AMX-400 tnstrument at
::;7,,;{’{400 13 and 1 00 6 (referred to TMS) for 1H and 13C and at 1 61 92 MHz for 31P'

frtrogen was passed through the reactlon vessel pnor to the mtroductnon of thefy S

"’m)iwereused to measure the IFt spectra tn solutron usmg the solvent as an -

inte al;reference and substractmg thts trom the spectra of the sample NMR

7‘%7’-:;(relerredto 85 % phosphonc acld) A Bruker SY 1 00 mstrument was used to*_;j .



,"fTﬁeL;_,,”" p-methoxybenzenedrazomum tetraﬂuoroborate - sattt’fk

,,[P N206H4OMe][BF4] was prepared by duazottzatlon ot p-amsldine (Aldnch) wnth o

| ‘NaN02 ‘a ‘d : '1was recrystalhzed frcm acetone/dnethyl ether

L = Pentamethylcyclopentadtene (Cp*H) was prepared by the method 1 reported by' B
’:;’:WhateS|des [291 The decacarbonyldnrhemum (Strem Chemrcals) and sodlumhf-f;;f

,-‘i"fthGFOdee (Frsher Screntrfrc. ""!A‘R ff'chlonde < :1%) were used dnrectly as;f

7 i § :‘:,:,(1) into tetrahydrofuran (THF) and then hexane in two sequentlal steps to give a"‘ S
_reportedyleld of(1)of80 %. B RN '- s
ln our hands the IR spectrum of the THF extract showed two V(co)f,f'i'*;‘*"‘

e f ~ _absorptlons at 1911 and 1925 cm'1 m a ratlo 1/0 8 rather than the one expectedf f,
| vffnf only (1) were present After extractron |nto hexane a sohd remained whichj_
5 was |dent|f|ed as (m5- 05Me5)Re(CI)(CO)(p-N2C6H4OMe) (2) (see below) by

o comparnson wuth the spectroscopnc data reported in the I|terature 1271 The hexane,r S

o .,23":7‘j’fextract showed the presence of 1both comp0unds They were separated °" a




g?jeiuted wnh drchioromethane as a red solut:on (yleld 41 6%, 18 1 mg, 0.035
'ffm‘moi) S | e |
Data for compound1 IR (hexane cm 1) V(co) 1925 V(NN) 1613 (THF cm‘)

15H, C CsMes) 283 (s, W, OMe) 7.00 (d 2H, 1, CoHar 3JHH 9 Hz) 7270 2H‘ |
U f]:j‘stH4. 3JHH 9 Hz) THNMR (CDCla. 100 MHz) §2.03(s, 15H, CsMes) 3.82 (s,
i 1;3Hf

"',?JHH 9 Hz) MS

OMe) 691 (d 2H csH4, 3JHH = 9 Hz) 728 (d 2H CsH4- 3JHH 9 Hz)—_;_
‘H}jNMR‘ (100 MHsz cocr‘)* svzoo,(s, 15H CsMes) 381 (s 3H S



Method 2 o | s |

- This method avords the use of chlonnated solvents The drcarbonyl't
T ,Vcomplex A (50 mg 0 083 mmol) was drssolved m acetone (ca 4 mL) and 2 mL of
ik aQueous NaOH (6M) was added The solutron was strrred for about 1 h and theni‘.’f -
i aIIowed to separate |nto two Iayers The aqueous (bottom) Iayer was removed'j"ifa "l;?,:

"“:‘,‘,.jil_;and_dlscarded The acetone was removed un'der_vacuum from the remalnmg)t.-'57"7"%\

‘ fjiorgamc solvent Iayer The product ,warriext acted mto hexane and fl|t9l’6d"‘:7‘[

41ffr_}through Celrte to grve a yellow : olutron Thrs extract was check d’i:j by IR

spectroscopy and two V(CO) absorptrons were also observed correspondlng to’

mpounds (1) and (2) The soIvent "'iwas» removed under vacuum“‘and

| as | 7 ineutral alumma column as has been
e ~7reported above'--When the acetone was. used as a solvent it was found that the
of the_hydnde i reased by 10% (62‘7""3" 25 mg, 0'“0525'77mmol for 1 and .34 /o,’
'r‘:’ts,mg, o 028 mmol for 2) i E e

. Panlmuieees

, An excess of CHaMgBr (ca 3 mL of 3 0 M m Et20 Aldrrch) was added to_‘ i; |
. as strrred squtron of compound 2 (50 mg, 0. 010 mmol) in dlethyl ether (ca. 3 mL)f": -
CorEn ,}that had been freshly dlstrlled The reactlon was tollowed by IR spectroscopy and

'f;twas complete in 36 h (Frg 2 1) Two drops of water were:added to destroy thef?f"ﬂ; g




:The yellow solrd was washed w|th cold hexane and dned on the vacuum line:
iLYleId 38.9 mg (0.078 mmol), 81% IR (CH,Clp, cm): V(co) 1896, V) 1613 IR

f(hexane cm-1) v(co)1915 Vi) 1618 ; IR (sther. cm: v(co) 1910, V(un) 1618,
 THNMR (CDCI3, _400MHz) 51.16 (s.3H, CH3) 198 (s, 15H, Cp), 3.83 (s, 3H,
,_.K;;:‘OMe) 689 (d 2H CGH4, 3JHH 9 Hz) 719 (d 2H CGH4, 3JHH 9 Hz) MS
?(El) m/z 500 (M)+, 472 (M- (CON* Elemental Analysls Calculated C, 45.68; H,

" 561 Foun,,,C,'k46"0:,1H7523 N, 5'4 o

o <><><><»m |

A Iarge excess of KCI was added as a flnely ground solrd to a strrred‘

‘4:";f,_‘:jsolutlotn‘ of [(n5-05Me5)Re(PMe3)(CO)(p-N206H4OMe)][BF4] (C) (50 mg, 0.080
i f:‘f,’mmol) |n'CHCI3 (5 mL) Subsequently, NaOH%‘n ethanol (4M7_ 3 mL) was added

sIowa wrth stlrnng The squt|on was strrred overnlght and then the excess ‘KCI

‘"fulwas removed by frltratlon through Celrte The soIvent was removed on the

,"f“t;,’vacuum I|ne and the remarnlng soild extracted wrth hexane removal of the

: tff,ff{_hexane from the extract yrelded a yellow orly product Th|s was recrystallrzed |

k :’ o 'fifrom hexane 0 glve a brown soI|d in 78% yleld (38.2 mg, 0. 067 mmol). IR
e f'"(CH2CI2 or CHC|3. cm‘) - VINN) 1605. ‘H NMR (CDCly): 8 1 .54 (d, 9H, PMeg ,

o 8y = 93Hz) 193 (s 15H Cp*) 379 (s, 3H, OMe) 687 (d 2H CeHa, Wy =

'ff—9 Hz) 7.26 (d 2H C6H4, 3JHH 9Hz) 13C{1H}NMR (coc13, 1oo MHz) 510, 965 |

PMey). r'Ms (EI) m/z 568 (M)+ 492 (M- -PMeg)*.




t Elemental Analysis: Calculated : C, 42.28 ; H, 5.50 ;"N,' 4.93; Found: C, 42.44 ;

~ H,556;N,5.10. o | |
e | Together with compound 4 a small amount of (Tls-CsMes)Re(l)(PMes)(p-
| N206H40Me) was found to be produced Although its concentratrcn was not
enough for full characterization, its presence was detected by MS giving iseto
Sk fiﬁ‘ﬂ"_peaks 21660 (M)* and 584 (M-PMeg)*.

- Preparation of mscsmtmmmlx@wmfj1 ﬁ"l(-'» f

A solution of f(ﬂﬁ-CsMes)Re{P@Me)a}(coxxmzcsﬂtomnrsm (n) (502'

‘"mg. 0.070 mmol) and"NaOH (4M in ethanol, 2 mL) in ca 5 mL of chloroform was o
o stlrred for about 2 mrn at room temperature followed by addmon of KCI (21 mg,, o 1

z LO 28 mmol) and the mrxture was stlrred for 60 mm The solutlon was fllteredf; o

fwthrough Cellte to remove the excess of the morgamc salt The solvent was "

L removed under vacuum and the residual yellow onl was dlssolved m hexane and

S ;chromatographed ona neutral alumlna column prepared m hexane Elutlon wrth’ g

o f‘hexane-dlethylether (21) eluted the desrred product in 43% yleld (19 mg, 0031

. L :mmol) A second Product (6) was eluted from the column by usrng chloroform as;kf : 1‘ :
" eluant and was ldenttfled as ('q5-C5Me5)Re(CO){PO(OMe)z}U*NzcsH@MG) by |

'companson with a sample prepmd by a dlfferent method (see below). lt was .

~ purified by chmmatography ona neutral alumma column prepared in hexane;
| 'and washed “"th hexane (3 ml.) and eﬂlef (3 mL) Acetone falled to remove the s

o compound from the column but chloroform dld so The solvent was removed to;f S

i glve 6 as a yellow orl m 51% yreld (i o., the major product of thrs reac'aon 22 mg, "
o 037 mmol) o




“ Note The amount of the phosphonate compound 6 produced in this
i f;(‘}»reactron was found to be dependent on the amount of KCI used and the order of
'addmon of the NaOH and KCI. It is, therefore recommended to add the NaOH
,,fbefore the KCl (see DlSCUSSlOﬂ) L - |

l Data for compound 5 IR (CHCl3 or CHZCIZ, cm 1) v(NN) 1609 1H NMR
i(CDCla) 5 1 93 (srt,SH_ Cp*) 362 (d 9H P(OMe)a ,?JpH_ 11 5 Hz) 3.79 (s

(acetone-ds) 511975 (s P(OMe)a) Ms S (B1) miz: 616 (M)+ 492 [M-P(OMe)3]+
Elemental anaIysrs : Calculated : C, 3899 Hf’:4’07 N 455 Found: C, 39.21 ;
H, 5,26;5 N, 4.45 s

;Préhar#iiénof | m%csmeslwb){Pmoue)z}m"zcsﬂaovéf'<°>"

- A solutlon of D (50 mg, 0 070 mmol) m tetrahydrofuran (5 mL) was heated
at 40 °c for 3 h wrth a 20% - 30% exce of Kl When almost all the KI had

, gdlssolved the lR spectrum of the reactron solutron showed the absence of-
k?if_ startmg matenal The solutron was ﬁltered through Cellte to remove the
7 : kundassolved KI and the solvent removed under vacuum “The oily product was
A ,extracted wrth drethyl ether and the solutron flltered through Celrte The solvent

g'f;',,ﬁwas agam remeved and the remammg compound drssolved in acetone and‘




 97%yield (41 mg, 0.070 mmol). IR (CHZClz, em™): V(go) 1940 i 1641 . H

f"f.-:chloroform was removed under vacuum, the yeIIow olly product was obtalned in |

| "tNMR (00013) 8215 (s, 15H, Cp*), 3.56 (d 3H PO(OMe)2 ,_3JpH— 11 e Hz) Caiil
3 59 (d, 3H PO(OMe)2,3JpH— 11.8 Ha), 382 (s 3H, OMe) 693 (d 2H CsH 4
’:kV»'f3JHH 9Hz) 7.36 (d, 2H, CeHy, My =9 Ha). 130{1H}NMR (CDCI3, 100 MHz):
8104 (s CsMeg), 50.33 (s, OMe from PO(OMe),), 5039 (s. OMe fom
o h'tuPO(OMe)z) 55.6 (s, OMe), 105.0 (s, CsMeg), 114, 7,;,,;122.3,»;1240 1603 (s
CGH4) 2036 (d (cOy), 2Jpc 19 Hz) “31P{1lH}NMR (coC|3) 5 687 (s

" '”“;f‘i'lf'PO(OMe)z) MS (El) miz: 594 M)+,

\Pf’éba’ratiionéf (nicsues)ne(cn(whs)(nﬂécsﬂaéué)f(r)l : el

k A Iarge excess of KCI was added as a flnely ground sohd to E (50 mg) m‘f’:* "
. ‘,'ichlf,;"fofo'rm (ca 5mL) followed by ethanohc solut:on of NaOH (4M 3mL) The::jf R

& mlxture was st|rred overnight. After the excess NaOH and KCI were separated" : :{f

fby ﬁltratlon through Celite, the solvent was removed under vacuum and the o

S f};resrdue extracted into hexane to givea yellow—orange solutlon Compound 7 was‘;f'f Sl

o jf_j,afr_;,obtalned by recrystallrzatlon from hexane as a brown sohd in 83% yleld (36 mg
~0.048 mmol). IR (CHoCl, cm™): Viwy) 1607 | 1H NMR (00013) 5165(s, 15H,

. 'Cp*) 3.80 (s, 3H ‘OMe), 6.84 (d, 2H, CGH4, 3JHH 9 Hz), 721 (d 2H CeHa,

L 3yy=9 Hz), 7.30-7.58 (m, 15H, PPhy) 13C{1H}NMR (CDCI3,‘100 MHz) SR

s PPh3) Ms (EI) miz: 754 (M)+ 492 (M-PPh3)+

42

",51000(s CsMe5) 5549 (s OMe) 10082 (s, CsMes), 114.04 (s, CgHy), 121 75-:'}‘:;'
= _‘13434 (csH4 and CsHs) 167 71 (s CGH4) 31P{1H}NMH (acetone-ds) 5 1711 e




, A squtron of 4 (10 mg, 0 018 mmoI) |n acetone was strrred for 12 hin the
prese’nce of an excess of KBr After th|s t|me the squt|on was frltered through' -

‘;,Cellte to separate the undrssolved KBr and the soIvent was removed under«_

Ivent:gave a yellow olly product The ,H NMR spectrul of'thrs product in

CDCIV3; was |dent|cal to that of the startlng matenal 4 The mass spectrum

however showed |n add|t|on to those for4 'peaks conslstent wrth the formatron'f

5 'mL) and methyl magneslum bromrde CH3MgBr (20 % excess 3M in ether)' |

6

;was added slowly wuth strrnng After 12 h 3 mL of hexane were added and after

va um Extractlon of the remannmg soI|d rn hexan“and subsequent removal of' S

i_f»"Compound 4 (10 mg, 0 018'mmol) was dlssolved |n freshly drstrlled ether e

S'if-that*f:a drop of water to destroy the excess CH3MgBr The hexane/ether g



7 ,srgnal as well as a new doublet attnbuted to the protons ot a PMea group Thlsf‘f '
product was |dent|f|ed as the bromo compound 8 as shown by lts mass s
~ spectrum. 1H NMR (cocr3)5 161 I8 9H PMe3.3JpH 93 Hz) 197 (s 15H
| Cp'). 380 (s, 3H, OMe), 6.88 (d, 2H; CeHa, W =9 Ha), 7.28 (d, 2H, 05H4,7
7‘3}‘3JHH 9Hz) MS (El) m/z 612(M)+ 475 (M N205H40Me , 2H)+ s

© Reactionof CwithNsOH

V";he complex C (ca 10 mg) was drssolvedm acetone (3‘:mL) and NaOH'inc

L ”:~;'_?~water (6M) (ca 1 mL) was added TThe mrxture was strrred tor 2 h at roo"

¥ emperature After that trme the aqueous squtlon was separated and the'

e {?jsoluent was removed under vacuum‘ The orly product was extracted mto hexane.;
T ';j;and filtered through Celrte The expected hydnde (n5-CsM95)Re(H)(PMea)(p-""f,,ﬂ"
"3 ;";?"'NZCGH.,OMe) was not obtarned The product obtalned was |dent|fred as
'TT:‘E(Tls'CsMes)Re(')(PMea)(P-NzceH4OMe) ©) and is presumed to be formedkf‘**;"f'

! Jf;through |od|de |mpunt|es from prevuous steps m the preparatlon of C (see5
e discussion). IR (acetone, cm-1) v(NN, 1604 1H NMR (CDCI3) 51, 59 (d 9H,
,;.“fPMe3,3JpH-10 Hz), 205 (s. 15H, Cp"), 3.72 (s H, OMe) 6.80 (d oH, 05H4,~_j- g
3JHH 9 Hz) 696 (d 2H CGH4, 3JHH 9 Hz) 13C{1H}NMR (acetone d6' 100’ |
S (if”"MHz) 5 1" 7(s CsMes) ,24.1 (d, PMeg, 2Jpc = 38.1 | Hz) 5.7 76 OMe) 1001‘;;‘}”,"‘:'_‘




“°°°"°" 5'~'(ﬁ5—'cs‘,M°5)lR°(c°°M°)(CO)(P-N205H4OM9) (10) with NaOH.

| Aqueous NaOH (6M ca 2 mL) was added to a st|rred solutnon off
k ""fpound 101271 (20 mg, 0. 037 mmol) lnacetone (ca 3 mL) After 30 min, the

_aqu"‘;" us Iayer was | eparated:by "pet and ‘the soIvent was removed from the o

tncarbonyl

compound‘ i

(e j’l’v(co)"zooe 1910 for the
'tncarbonyl compound 1H NMR (100 MHz acetone-ds) 8221 (s 15H CsMes) -
s, 3H70Me) 6.99 (d, | 2H, CaHy, ¢ =9 Hz): 729 (d, 2H, C6H4, 3JHH 9
5 (s, 1H! fff MS':“(EI) miz for (ﬂ5-CsMeg)Re(CO)3 4oe (M)+ 378 ™M

Lco»+" for1 485 (M H)+ ﬁ -




_ Chapter lll: Dynamic 31P and TH NMR spectroscopy

i ]fffffew years l311 A mal°' reason. f°‘r th'*

- E understandmg ofthe:‘ ‘irtrogen,, ‘xatlon process Thls research area however has1~3'for;,jf‘fj?5!

e B : ﬁduazemdo ||gands

Ehe ,,'r’r‘structure and dynamlcs of the drazenrdo c 'mpexes in solutron

;,that the’ aryI group occupres (as demonstrated by

T k‘lfr,,;frespectto the plane that contarns the He’NN mt and b|sects the LReL' angle"};'

L frdrazemdo compounds [1532 331 Based on thrs fact two conformatronal rsomers ke

9 .fcatronlc complexes of general formula [(r\5 CSMe5)ReLL'(p-N206H4OMe)][BF4]

_ﬁf‘,been dommated by ‘;:ynthesrs and charactenzatron of novel compounds wrth{’f’ |

was shown rn Frgf 2 Related structures have been observed rn drfferent

| are possrble Such rsomers were frrst detected at Iow temperature rn the rhemum

o in ‘this Iaboratory l231 These lsomers were observed to be |n dynamlc equrllbnum

R :7“|somenzat|on could be mterpreted as resultrng from erther i) restncted rotation‘

R ;’f“”about the ReNN axrs or ||) |nvers|on at the B nrtrogen or a comblnatron of themv B

| on the NMR tlme scale such that coalescence of the srgnals from each |somer is

;f,observed for the complexes m solutlon at ambrent temperature The barner to: = S

khet StUdy" f dlazemdo compounds has rncreased dramatrcally in the Iast e

!s that: hese studres may help in the:ﬁxr

, ffour knowledge there?t :have been no studres on thei"fj

ifi‘ln'complexes °f her type [("15 CSM95)RBLL’(D-N206H4OMe)]+ the posrtron ;f e

crystal structurel241) wtthf
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POSSIb|8 mechanism of -|somenzat|on" of aryldaazenldo fugand in Re ‘

for th" e :catlonlc 'ornpounds[261 showed no

The V(NN) stretch

_;correlatlon with the AG* obtauned for the barners l23l For rnstance when L CO

']y;phosphute cornplex and therefore a faster NN bond rotatlon rnrght be expected

'nd hence a Iower actrvatron barner; rf rotatlon about the NN bond rs the -

,e _Q‘The d|fferent populatlon in these |somers is another observatron to be
explalned The stenc effect that the L and L' Irgands produce couId glve rise to

'f:]jthe d|fferent popuIatrons The electronlc effect of these Ilgands donatrng or

j*bondlng of the Re atom"'to theNzAr Irgand could also mfluence the d|str|but|on of"

is ir terestrng |somenzat|on we have

me fthei;compounds reported |ni -

;ffwnhdrawrng electrontc densnty frorn the rnetal center and thus affectlng the back, SR



I namely  (nS- CSMes)Re(H)(CO)(pNacsH.gOMe) (1)

. "'Chapter

| (CsMegRECHICOIPNCHOME)  (3) CiMegRo(CI(PMes)p-

i - NLCeH,OMe)  (4), (Tls-CsMes)RG(CI){P(CMe)al(p-N206H4OMe) (5) and :
(S CsMes)Re(Cl)(PPha)(p-N206H4OMe) (). In all cases, except7 two isomers

P '/correlatron of AG-"t wnth v(NN) for these |somenzat|ons

S E”?;f"_ff‘varrable temperature NMR spectra form the basrs of thrs chapterﬂ_ :

o ‘f‘\.,}were detected at low temperature that were m rapld equrllbnum on the NMR tlme", e

o fscale at room temperature uEach of these complexes |s neutral compared wlth -

o the T'"atlomc rhenrum complexe descrrbed abQVG whrch are concurrently bemg’%{; i

R “fstudred |n our laboratory [231 They have srgmllcantly lower values of V(NN) S0 thatf}ff o

"_;.{"they provrde addltlonal cases |n which . to test whether or not there lS any

The results of th|s study mcludnng llne shape analyses of 'some of the';:;.




.2 Resuits and Discussion
2.1 Dynamic 'H and 3'P NMR experiments

As mentloned m the Introductlon (lll 1) the |somenzat|on of the cations
“*'ff"[(n5-05M95)Re(CO)(PMe':)(p-N206H4OMe)]+T' hasr been |nterpreted[23] as the

'|nequ1valent phosphorus' Irgands |n the ground state conformer I ( and in its

’;lg"yuyfenantromer II) and then exchange results'from the‘rapud mterconversnon of the
'f‘:‘{f‘enantlomers The populatlon of the symmetncal conformer III must be small,
57:;consrstent wrth |t belng a hlgher energy state smce no addrtlonal resonancer
| orrespondrng to the equrvalent phosphorus atoms |n III |s observable in the Iow
:gtemperature spectrum SRR e B | :
" 7' When L and L' are drfferent Ilgands or as m thls case the ligands are L
'sl:and X, the conformers I and n may have srgnrfrcantly drfferent ground state

" V%‘é‘“fenergles In the rotatron model the observatron of (say) tWO phosphorusk, |

W*resonances at ’Iow t"' mperature that coalesce at hrgher temperature could again



| f;~|s Ob seWed

e ongmate in-1 and 1] and would again coalesce |f mterconversron of | and It by

. rrotatron is rapid.

“:'the complexes wnth L L', we are mclmed to thlnk;that,:lt\|s,rnot?“respons1ble when’

e L 2L or when L' X (as here). Therefore the NMR behavnour erI be mterpreted SR

L _as the mterconversnon of the conformers | and II in aII cases where coalescence" R

f';The vanable temperatl-"’e 1H

".'7_‘,“};'31P NMR spectra ~of

| '(Tls-CsMes)Re(H)(CO)(P'N206H4OMe) (‘),-; (n5-CsMes)Re(CH3)(CO)(p- wn

E N205H4OMG) (3), (ns-CsMes)Re(CI)(PMe3)(p-N206H4OMe) (4) and .

o .‘i(nS-CsMes)Re(CI){P(OMe)3}(p-N206H4OMe) (5) were consnstent wuth the,;‘r_,
e o presence of two |somers in squtlon that were |n dynamrc equlllbnum on the NMR‘

e ,tlme scale For example the sunglet resonance due to the OMe group in the 1H]i°f7i

‘,TNMR spectrum of 3 at “room temperature decoalesced such that at

s temperatures ofr~ -40 °C two sharp slnglets were ol

S rved For the methyl”{ff“‘,f,'




vatrve 3 and the hydnde 1 there was srmrlar decoalescence of the methyl and
hydnde smglet resonances respectlvely Thrs rs shown in Flg 3.3. leewlse the
‘ yf;islnglet resonance observed in the aip NMR spectra of 4 and 5 at room
temperature decoalesced to two unequal srgnals at ~ -50 °C ThIS is illustrated
'~imF@34 | e i
e The ratro f

4, entatlvely attrrbuted to steric’

;;factors ln compound 7 ster|c mteractrons between the phenyl substltuents and -

{and PPh3k are 107° 118° and 145° respectrvely) = 3
- In compounds 1 and 3 steric mteractrons between the hydrrde or methyl~

g up wrth the aryI substrtuent*on the aryldrazemdo Ilgand are probably sma!l‘ .

ndcdmparable to the mteractron between the aryl and the carbonyl Irgand For"‘ ‘
’, k.thls?:reason the populatrons of conformers I and II are approxrmately the same |
*{V,ln 4 and 5 the sterlc mteractlons between the L and aryI groups are probably o

S if;j{}mtermedlate such that conformer ll (F|g 3 2) IS populated but not to the samef



: error a senes of srmulated spectra at dlfterent rates were plotted untll the best

posslble fit between the calculated and the expenmental bandshape was -

jobtarned This method of evaluation of the rate constants is ‘called the complete |

'f'f'lf;jf.g”bandshape method- (CBS) or complete Imeshape method (CLS) The rate?"f','?”»'

S f';i;:;constants were evaIuated from. the hlghef t° the Iess popuIated |somer in aIL

e cases

There was a slgnmcant vanatlo_,

"temperature m the NMR spectraforaII the compounds reported here. This was

5 especrally the case for the 31 P{H} NMR sp

;fat Wthh coaIescence occurred

| (n5:CsMegRe(H)(CONPN,CeHeOMe) (1):

The expenmental and calculated 1H NMR spectra at severaI temperatures

of‘4 and 5 It was also assumed,~ A

o 'that the ratio of lsomers did not change srgnmcantly over the temperature range o

f' ;f:sare shown in. Frg 3 5 and 3.6. for compound '1;;;The two hydnde resonances ats

ey 6 60 and 5 6 68 at 220 K (|n an approxrmate 1 1 ratlo) broaden at- 256 K and at‘

S " room temperature coalesce to- grve a smgle peak at 8 -6 55 The rate constantsf, =

for 1 at the dlfferent temperatures are glven in Table 3 1.




,V,Taple 3.1 Rate conStants for conformer exchange in 1

if'%’T.embveriatyure, (K) , Rate constant (5'1)

235 AR 35+05
o mas
258 e s 70

¢ ScsMsm<°Ha><coxn~z<=sﬂows>

; ]T‘he 1H NMH spectrum of 3 at 231 K (Fug 3 8) showed two resonances at
R 6-_1;13*and 5 0’i93 ina ratro of about 1:1

| due to the methyl protons and two

£ 'f"smglets at 8 3. 81”and 53.78 assrgned to th_ fmethoxy QFOUPS These methoxy
: | = ,"resonances coalesced to a sharp srngiet at a Iower temperature (the srgnal is
i "’;'a|ready sharp at 261 K) than that for the meth)lI fes°"a"°es Th|s is due to the
: i'r'j;flarger chemlcal shlft dlfference between the two resonances for the methy!|
; :j;"ga"d At ~275 K the two methyl resonances coalesced and at ‘room
= k‘v'f;“,«'v}"-temperature (291 K) gave a single peak (F|g 3 e) S

The apparent tnplet (together wrth the two doublets) observed for the

: fi‘slgnal due to the aryI protons at Iow temperature |s mterpreted as two

.,. 7':A’,ﬁ'r‘:’i_::"ii'oveﬂapplng AB pattems ln the fast exchange ||m|t these AB patterns should

'Mroom%temperature'(F ig 39) at an 0peratlng frequency of 400 MHz It was,

however, seen m the:correspo dmg spectrum at an operatmg frequency of 100

MHz. The. srgnal corr_j pondmg te the Cp llgand d|d not splrt even at the lowest




Lo temperature studred (231 K). This is attnbuted to near degeneracy of the Cp*

resonanees of the two isomers because the S|te ef .somenzatron is too far |

o . removed from the Cp* ligand to affect the chemrcalshrft of the Cp* resonance

A preliminary calculation was carried out by usrng the equatron k= 2 22 -

TS ‘kt?AVAB where k is the rate constant at. the temperature at whrch coalescence

S oecurs and AVAB is the chemrcat shift dlfference between the two srgnals due to" :

Sy ,if{'fthe srtes undergomg exchange as obtamed from the tow temperature hmrt‘y“

Ee spectrum (Thrs equatton only apphes to a system where there are equalfy

populatron of the two sites undergomg exchange) The calculatrons were carned .

e out for the resonances of the methyl and the;methoxy groups at therr respectlve

i 'K from the methoxy resonances

) ¢ btalned were AG.=t = 55 kJmol-t

57{",;;‘coalescence temperatures. The AG* vatues
- at 275 K as calculated from the methy! resonances and AG* 56 kJmoI'1 at 261

e The detalled kmetrcs of |somenzat|on were:udred by usrng the methyl ,
e srgnal at 51.07 ('" acetone-dg) in the VT 1H NMR spectra of 3 Slnce not ‘enough -

L ,fsets of temperatures were available for the methoxy resonance (due to the lower o

L icoalescence temperature) this- resonance was not taken mto account for theﬂi o

(et lcalculatrons of the actrvahon parameters The rate constants obtamed by USl"Q"

R 'the Irne shape srmulatron analyses are reported in Table 3. 2




i Table 3.2: Rate constants for conformer eichangej in3

:~Temperature (K) | Rate constant '*'(VSfj')‘ Me " Rate constant (s'1) OMe
o 2 05 = 25:05
21 20 t25 25 + 2.5

1 00 10

200° 10 S

0 £10

o ‘3, ‘

T .

W

. l:,f'-~lm%swm‘-xww~=<=su4o;-é> @

i ‘The Ime shape analysns for compound 4 was carned out by comparing the

| exp enmental 31 p{1H} NMR spectra wrth the snmulated spectra at specific

B ftemperatures Fg 3 10 and 3.11 show the two resonances corresponding to the

‘*k‘k’»;,"phosphme Ilgand of the two |somers in the expenmental and calculated 3'P{'H}

E ;, }E'NMR spectra These srgnals appear at 6 25 8 ppm and 532. 0 ppm at 213 K. The

7' ;‘“”‘expenmental spectra mdlcated an isomer populatlon of 82 % and 18 % (~4. 5: 1)

P ‘ ,‘   ,of the two |somers The resonances broaden with an increase in temperature

s - K and at ~ 243 K jUSt one broad sngnal was detected. At 293K (i.e. room

o temperature) a sharp resonance at approxlmately the werghted average value of
ead ,""~5 29 o ppm was observed 1 |

i " : “ The vanatron of the rate constant with the temperature for 4 is presented
T TableSS |



: ‘Table 3.3 : Rate constants for conformer exchange in4

o ,‘;‘;”Temperature (K) Rate constant (5‘1)

223 80+ 75;{ 7
233 290+ 10
236 600+ 50
243 | 9001 50;}7,,'_;
273 15000 100 -

293 , gooooimp, |

« (n5-CsMeg)Re(CI){P(OMe)3Hp-N,CsHOMe) (5):

Compound 5 was also studied by variable temperature 3'P{1H} NMR
spectroscopy (Fig 3.12). At the lowest tampér‘amre:‘i*.svasﬁ'gateu ’('203'K)' the
, ,spectrum exhibited two sharp peaks correspondlng to the resonances of the two
' 'rsomers atd 1222 ppm and 3 121.2 ppm in a ratro of 78 % and 22 % (35 1) :

o " The srgnals began to broaden as soon as the temperature was mcreased above

'203 K and at ~ 233 K the' srgnals had coalesced into one broad slgnal centered |
at - 121.5 ppm. At 293 K a sharp srgnal at o 1197 ppm ‘was observed

~ indicative of rapid mterconversuon of the |somers at th|s temperature That the; .

S|gna| in the high temperature spectrum is slgnmmntly dlﬁerent from to the L

| werghted average of the two Iow temperature slgnals IS attnbuted to a marked
temperature dependence of the 31P NMR resonances ;

The rate constants derived from the line shape analysus are tabutated in 3.4,

56



: ;Ta;'ble ;“‘3‘.4‘: ,Ftate constants for conformer exchange in 5

e Temperature K Rate constant (s1)

283 30000£1000

Gk ’.,(‘,'ls.cgugg)né(crxppha)(pnzcsmor\re) @

The 31 P{‘H} NMR srgnal of compound 7 |n acetone-ds at 8 17.11 ppm

V'T“"V‘?"was used to check for rsomenzatron spectra were recorded from 293 K to

i 213 K but no change m the srgnal was observed Thrs may be rnterpreted in at

& g‘least three ways The ﬁrst is that rsomenzatron between conformer ! and Il (Fig.

32) rs strll raprd on the 31P NMR trme scale The second is that the 31p NMR

resonances for the two conformers are accrdentally degenerate The third

;,i,explanatron is that there is slowed |somenzatron but the populatron of one of the

i‘jrsomers is too small o detect Grven the srmrlantres in the size of the barriers in

5 7.'"’f11‘5compounds 4 and 5 and related catromc compounds the fi rst explanatron can

= probably be ruled out The second rs unhkely From a companson of the other

':“ b 3 }[phosphoms‘ denvatrves (! . 4 and 5) it is belreved that the last explanation is
O robably the most hkely one |

‘57,’



.22 Activation parameters

" II.2.2.1 Comparison of activation parameters

By using the modified Eynng equatlon and the Imear Ieast-square

.. preseﬂted in Table 3.5.

kJmol!

(115-CsMes)Re(H)(CO)(p-NZC6H4OMe) (1) 53+5
7r(ns-CsMes)Re(CH3)(C0)(p-N2C6H40Me) (3 5616
- (1'|5-CsMes)Re(Cl)(PMe:,)(p-NzC6H40Me) @ 44 4

i (115-C5Me5)Re(Cl){P(OMe)3}(p-N2C6H4OMe) & 473

 M222 The entropy of activation term

Compounds  AG*(298K)

s Table 3.5: Activation parameters for 1,3, 4and 5.~

58 +5
6216

52+4

 53%3

| . polynomnal program, the values of AH? and AS?'t were obtamed from the S'°P°
$ ‘:f‘i":and mtercept respectlvely of the plot of In '(kir} / '—T)“‘versus (1 / T) From these | |

"“'values the appropnate AG* at 298 K was calcu!ated These values are

AS*

~ Jmol 1K

20t2
2712

23 11

- As we can see from Table 3.5 the AS* values for the isomerization are in

 he same range for the comparable compounds 1 with 3 and 4 with 5. Entropy of



: ,‘actiVatio‘n (AS*)*paframeters for intramolecular exchange processes are usually

smaII and negative. Large negative or positive values for this term for an

'""7”f‘ﬁi“3_;‘intramolchIar process should therefore be regarded'with suspicion, especially

| as. AS*t vaIues are notorious for being subject to large errors. Nevertheless,

i several examples of positive values for AS;t have been reported in the literature

PR rfor lntramolecular processes in organlc and organometallrc compounds This has

i i’fbeen explamed as due to dlfferent mteractlons “

"|th the soIvent in the ground and

gni cantly more or less polar than

ates [351 If the transltlon state

Fh ~the ground state then mteractlons with polar solvent molecules will be different

]*and th|s quI in turn srgnrfrcantly affect the AS*t elther ina 1 positive sense (less

- Vassoclatlon of soIvent in the transition state) or negatlve sense (more association

o 'of solvent m the transltlon state)

" fFor example posrtlve values of AS=t (322 and 42.7 J mol1K-1 in

-d|chlorobenzene) are found in compounds I|ke those shown below in the

,:fpassage from a twrsted to a planar form in the transltlon state.[36]

CH2Ph o
iy
/ \

(H20)2 C—---C

%,
'-

N "c=0

CHPh ~ CH3

Other examples of posmve AS* values are the chair to twist inversion

| system in cyclohexane denvatlvesl37'39l cyclopentadlenyl B-diketonate Zr(IV)

59



and Hf(IV) complexes[4° 41] and in complexes with the M- Os core shown
below (42-44] |

' The variation of the chemical shift i in 1H and 31P NMR of complexes 1, 3,

e 5,4 and 5 with the temperature was mentloned before Marked temperature;

- ~9\]’""{;f‘fdependence of chemical shifts have been- prevrously explalned as due to

e ;:}'changes in fast rotamer equilibria and in solute- solute and/or squte-soIvent

- |nteract|ons 135] The positive values for AS* and the consrderable change in the

e “"ff“;ichemrcal shift of the resonances with the temperature are therefore consrstent

"f,wrth strong solvent (acetone-ds) interactions wrth these molecules and the

“positive AS* values observed are |nd|cat|ve, of ,fewer solvent—molecule

'ff':in:teraCtions in the transition state. Furtherstudies in th|s field -should be

- performed in order to fully understand these processes Frrst of all the slmrlar

;studres should be carried out usmg less polar soIvents and thls can be done

| \smce the solublllty of: these neutral compounds in non polar solvents is not a

problem unlike the cationic complexes previously |nvest|gated.[23l

1223 Theee snrgyof stvation

The free energy of activation for the 1somenzatnon determmed for

" ‘compounds1 3, 4and5wasfoundtobe$3:5 56:6 44 1 4, and4713k.l
60



'mol‘1 respectrvely at 298 K These values are essentrally the same order of
magmtude as in the cationic compounds ~ [(m5-CgMes)RelLL'(p-
*:7'?,'N2C6H4OMe)][BF4] (where L- co and L'= PMe3, P(OMe)3).123] That the AG*

'parameters are srmrlar suggests the barner o isomerization arises from
:"‘-f_'vf'»f:;;restncted rotatnon abgut the NN rather than the ReN bond. if barrier to
. f|somenzat|on was due to rotat|on about the ReN bond then it would be expected
“;:that the barner would show more vanatlon wrth a change in the ancillary ligands

;»ff{bonded to the rhemum atom

It mrght be expected that |f the barner to rsomenzatlon was due mainly to

:‘f;frestncted rotatlon about the NN bond then there mlght be a correlatron of the

| NN stretch (a m sure of double bond character) wrth the AG* to isomerization.

The NN stretch and AG*of actlvatron are presented in Table 3.6.

Céwot-fhd' fv(..,.‘,w ) aer
A e SR (kJmot-1)
'f"(n5,‘C5Me5)Re(H)(CO)(p-N2C6H4OMe) Mn :1613;‘ _(hexane) 53+5

(5 C5Me5)Re(CHa)(CO)(p'N206H40Me) @ 1618* (hexane) 566
 (nCsMegRe(CI)(PMe)(p-N,CeHeOMe) (8) 1605 (CHoCly) 444
| (15:CsMeg)Re(CH{P(OMelsl(p-N.CeHaOMe) (5) 1669 (CHClp) 473
B 1(?;?—*:(,‘5 csms)He(cr)(PPha)(:»NzcsH@Me) (M 1607 (CHCh) -

As we can see the dlfference in basrcrty of the phosphorus ligand does

not = tfect s.gnlﬁcanﬂy the NN stretch Thrs mlght be expected based on

"""'\Vsons The p orbltaI from the coordmated nitrogen involved in the

e . back bondmg to ;e metal IS orthogonat wrth respect to the p orbital involved in
f o . the double bond with the B mtrogen [153} A change m the electron densrty on the
) 61



‘metal resuftrng from a. change in the ancnllary Iugands should affect the Re- -N

| "|somenzat|on is due to rotation about ReN compound 4 would exhlblt a hlgher

‘ bond but not s|gn|f|cantly affect the N- N bond Therefore |f the barner to

G N barner than compound 5 srnce the PMe3 I|gand donates more eIectron densrty to S

T e metal, favoring back bonding to the a nitrogen and enhancmg the Re N

,f??“f“xl'f'f{;i';multuple bond The values obtained for AG* for compounds 4 and 5 are not‘

""T‘,::;iconslstent w|th this view, as they show' no s|gn|f|cant dlfference at the prec|s|on

fﬁ,‘f?of these expenments

The NN stretches for the cat|on|c ompounds[251 are howeverir

s|gn|f|cantly hugher than those: for the neutral compIexes and yet the barners to

v;tf:,fglsomenzatlon that are belng obtalned |n th|s paraIrlreI study[23l are not greatly
different from those of the neutral compIexes belng studled here. ThIS may |
i ‘j‘”'-mdlcate there is no reIatlonshlp between the barners and NN bond strength and
o | :u:’:f:'kthat the mechamsm of mterconverslon does not |nvolve rotat|on about the NN
e 7 bond Havmg sa|d this, it should be remembered that the NN and Re N bond‘f
“ "strengths are ground state properties, whereas AG* |s the dlfference in free 1

e ; yienergy between the ground state and the trans|t|on state The latter term need,‘

n not show any relatlonshlp to such ground state property

© W1.2.2.4 Proposal for future work

In order to more fufly undersfand the lsomenzatlon process occurrlng in
~these neutraf compounds vafues for AG“ of more compounds should be
obtalned to ,comparer'wﬂh ,va_lues ;f’,e_POﬂQﬂ 'Dt*th,'s ,‘“‘,‘3%'5,-_ COmPQU"dS SUCh as




‘ﬁ(ﬂéfcsMes)RG(C')(CO)(P-NzcsH40M9) () 1 ('fl5 CsMes)Re(Bf)(CO)(P-
N205H40Me) and (n5-CsMes)Re(l)(CO)(p-NZCSH4OMe)l271 could be studied by

vanable temperature 1H NMR by usmg the methoxy slgnal to see if they exhibit

_,_;lsomenzatlon and rt so, the|r AG* values should be determmed and compared

,,,,wlth those ot 1 and 3

'{7 A VT 31P NMR study could bei’kcarned out tor compounds like

values obtalned tor these compounds (|t |somenzat|on |s detected) wrth the AG*

nd 5zireported in thrs theS|s couldenllghten the understandmg

| O tor compounds 4

f",ot th|s |somenzat|on process A"°th°' study that, ShOUId be performed & the

| 'nvestrgatlon ot the barners to ReNNAr rearrangement m the analogous CsHs

__(Cp)‘ denvatlves Itis well known that Cpfﬁ:nd Cp__‘ have very dltferent steric and

\ }?jelectromc propertles and the companson ot th _:AG* values tor the Cp with the
}V'Q;‘f-f‘Cp analogues could help to ratlonallze the process | |
: - L|near mversron ot an sp2 hybndlzed nrtrogen atom has been proposed
;"j,ﬁprewously to account tor |somenzat|on |n some organrc systems [45-48] Such a
; process could also account tor the |somenzat|on ot the complexes studled here.
‘ :,iA possnble expenmental way to dnstrngunsh between rotatlon about the ReNN
o axrs or. mversnon at the B mtrogen atom |s to investigate aryldiazenido
~compounds wnth bulky groups at the ortho posmon The mversron process would
| wUf,not be srgmtlcantly attected by such a substrtutnon and thus the barner to

somenzatlon };sbould be approxrmately the same as m the unsubstututed

aryldlazemdo analogues_k lt the lsomenzatnon is due to rotation, the AG*



}‘parameters for the |somenzatlon should be much hlgher for stenc reasons than

il ,[jthose for the unsubstrtuted denvatlves

An alternatrve expenmental way to study th|s process may be to complex R

o the lone: palr of electrons at the B nrtrogen atom by protonatron or Lewls acld:f

i ',':"'}addltlon 1f the. |somenzat|on process is: due to mversuon th|s shouId block the

s ktr,;.,:lsomenzatlon but |t shouId st|II be allowed by a rotatlon mechanlsm

';AII of the protonatlon reactlons performed

3L f’:,Ej;fii.f‘unsuccessful due to the-preferential attack of .the:faymon from the acud to. thef;};

{‘our laboratory,,,have been';

' ""'"'f:,l‘rﬂmetal center formlng a relatlve stable compound w|th a general formula"}"‘yﬂ‘

(n5-C5M95)Re(X)(CO)(p-N206H4OMe) where x is the anlon of the aC|d used

ff_"reported very much in the. Ilterature The two better known compounds are the:

"bumetalhc tungsten-chromlum[171 and- manganese rhemumllal

.,.fk';\;‘"already mentloned in the mtroductlon of thls*thesu'

e ,’,ff“_'fj;CpRe(CO)zTHF compound reacts to coordlna e;

, The reactlon of aryldlazenldo compounds w|th Lew|s aclds has not beeni;?’?’: ::

compoundsl
“k"@the latter the

the B nlfkrogen releasmg the

‘fkﬁi}fuTHF hgand The reactlon of this THF compound wnth the neutral compounds‘ff!: s

o '.reported here and the study of them at vanable temperature should glve more*r"i

,'mformatlon about thls mechanism of rsomenzatlon AICl3 can also be used as a

r'c""iif'fLew1s acud in order to coordlnate to the B mtrogen The reactlon of AICI3 wuth' T

compounds 3. 4 and 5 was performed in thls study but the short tlme avarlable

- did not allow us to analyze the resultmg compounds However prehmmary

"""‘;,t}fresults showed the poss|b|I|ty that coordlnatlon of the Lewns acnd had beenf‘if%.:’?f:,;f‘r:}f f

L achleved For example in the case of the reactlon wnth 3 a change in the colorfk,f s

B ,from yeIIow to red-orange was. unmedlately observed after addlng the AICI3 The" 1

IR spectrum in CHZCIZ of the: product showed a carbonyl stretch at 1989 cm'11,‘f:
' _‘mdlcatwe of a shlft in 93 cm'1 from the stamng matenal (V(CO) 1896 cm1 in -




:CszCIZ)..The_increase in the wavelength of the carbonyl stretch upon
_,prot"onation has been reported for a series of hydraZido (2-) ruthenium
f_compounds.[“g]’ This can be explained as due to the decreased back bonding
| vd‘r':,donation ‘from the metal to the carbonyl Itga'ndr‘fb"'e”cause of the formation of a
::jtcatnomc specnes The same behavior has been seen in the Dbimetallic
;7"~(Cp)(CO)ZW(NNCH3)Cr(CO)5 and (Cp)(CO)zMo(p-NNCsH4CH3)Re(CO)z(Cp)

";compounds [18191 In_both: compounds the carbonyl stretches move up upon

vtron of the Lewrs acid. This mdrcates the effectlve removal of electron

~ coordi

o ‘fdensnty _bytthe Cr and Re atoms from W and Mo through the diazenido ligand.

: ‘ ,,‘ ;The crystal structure of the W-Cr compound showed shortenrng in the W-C (Cp)

- Tand C O (carbonyl) bonds and Iengthemng |n W-C (CO) bond. This was
"5},"k"‘f?explamed as a pamal rehybridization (Fig 3. 13) that makes the tungsten atom

fmore electroposltlve ‘and less able to back donate electron density to the

L carbonyl as before- conrdrnatlon

; l
) |

F g 3 13 Rehybndlzatlon process upon coordmatlon of a Lewis acid to the outer

” mtrogen rn dlazenldo compounds [18, 501
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231 K

25.6 Hz /cm 20.6 Hz

293K

(b)

Fig 3.3: TH NMR spectra of a) ('q5-C5Me5)Be(CH3)(CO)(p-N206H4OMe) (3)
(methyl signal) ‘
b) ('q5-05Me5)Re(H)'(CO)(p-N206H4OMe) (1) (hydride signal) at the low

and high'« limit temperatures observed.
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'(a) | (b)

745 Hz/cm
213K ﬁ

203K

 s7Hz/em

“‘ 293 K
291 K

" Fig34: 31P{"H} NMR spectra of |
a) (n>-CsMeg)Re(CI)(PMeg)(p-NoCgH4OMe) (4)
 b) (nS}CSMes)Re(CI){P(OMe)a}(pN206H40Me) (5) at the low and high

imit tomperature observed.




44 3 Hz /cm

Fig 3.5: VT TH NMR spectra of the hydride resonance of
(n3-CsMes)Re(H)(CO)(p-NoCgH4OMe) (1). The temperatures are the

same as given in the simulation (Fig. 3.6)
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. Fig3e: Calculated‘HNMR spectra for the spectra shown in Fig. 3.5
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291 K

231K

32.5Hz/cm

Fig 3.7: VT 1H NMR spectra of the methyl resonance of
(n5-CsMes)Re(CH3)(CO)(p-NaCgH4OMe) (3).
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o ,515iHrsz/cm

 mg 3.10: VT 31P NMR specira of (n5-CsMeg)Re(CI)(PMeg)(p-NaCgH4OMe) (4)

ay Thetemperamresare the same as given in the simulation (Fig. 3.11)
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Fig 3.11: Calculated 31P NMFI spectra for the spectra shown in Fig. 3.10
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233K

225K

.

Fig 3.12: VT 31P NMR spectra of (n®CeMegRe(ChP(OMe)a}(pNoCHgOMe) ()

203 K



.3 Experimental Section

~m3.1 General

The variable temperature NMR expenments were performed ona Bruker

o AMX—400 instrument at operating frequencnes 400 and 162 MHz for 1H and 31P

“respactively. The samples were prepared rmmedrately before carryrng out the'

- k?:yexpenments. The solvent used was acetqne-ds,_the _,,,samprlesrz were degassed

~ and then placed under nitrogen. The temperature of the spectrometer had

e }yflprevi0usly been calibrated with a thermooouprle and ftemp‘eratureskquoted‘ for

- the samples. are believed accurate to + 1 K Calculatlon of srmulated I|ne shapes -
was performed by use of a slightly modified verS|on of the- DNMRS program [34]

V'The rate constants at each temperature were obtamed-by vrsual companson of -

- ~ the spectra simulated by the program with the ‘:speCtrafot'Staihed from the NMR

instrument at a given temperatures. The temperatUrer was measured with a
precision of 0.1 K. The error in the temperature settle on theNMH;instrument
- and the temperature the solution actually'preseht inthe NMR tube‘Was obtained
by callbratlon The expenmental errors given for the rate constants (see tables in
Results and Dlscussron) were estimated from the ranges in rates over which it

- was rmpossrble to distinguish between the,expenmental and calculated spectra.
3.2 Calculation of activation parameters:

The values of AG*, AH* and AS* were calculated by using the Eyring
equation that relates the rate constant with the equilibrium constant at ‘the
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o trarisition state (equation 1), together with the other thermodynamic equations

o - applied to the transition state.

kg: Boltzmann's constant
h: Planck's constant
ke=(kg*T / h)K#eq (1) T:'temperature
K*eq: Equilibrium constant at the
transition state

Rearranging:

in(k,/ T)=(-AH#/ R)« (1/T) + {(AS*/R)+ In(kg/h)} (2)

" Once the rate constants were found by the line shapa analysis, activation

parameters and errors were calculated by the”Use of a linear least-squares

fffi;;}'program plottmg In (k./ T) versus (1/ T). It is worth noting that the errors in the

"“‘ri~r~,‘_yfrate constant were introduced in the program and taken in account for the

e o ;_calculatlon of the error in the slope and mtercept The slope {(- AH* / R)} and
:the mtercept {(AS*/ R) + In (kg / h)} were obtained and the AH* and AS*

- ",values were calculated as well as the AG* for any temperature can be obtained.

- The errors quoted for the AH* and AS* values are the standard deviations given

| ~bythe Ieast"smares plot. The errors in the AG* parameter was estimated from

 the ermors in AH¥ and AS*.



' 111.3.3 Analysis of errors

Tables 3.1-3.4 report the rate constants along with an estimation of their
errors. The errors were obtained by finding the slower and faster rates which
- gave a detectable difference in the simulated spectrum at the rate in question.
Another source of error is the error in the temperatUre of the determinations. As
'méntioned above, the instrument had béejnf ipre’,vidUsly calibrated with a
thermocouple inside an NMR sample tube and ‘te'mper'atuir'es are believed to be
correctto + 1 K {or bétter). The temperatUréfié,{theréfbfe’, not believed to be the
main source of error.

In order to obtain the best poSsibIe activation parameters, the
experimental errors should be minimized. An.ideal system would be one that
'g'iVes a wide range in the temperature and where therr‘spe'c'tra are sensitive to
changes in the rate constants. A relatively wide témperature' range of about 80 K
was employed in the complexes studied here and the spectra at the different
temperatures were also quite sensitive to changes in the rate constant. Two
sources of error that were not corrected for were the possible change in the
chemical shift difference between the two fsiteé‘ kand the population of the two
Site's' in the region of coalescence. These Chaknge's could have been estimated
from extrapolation of plots of chemical shift difference versus temperature, and
isomer ratio versus temperature from studies of the systems at temperatures
below coalescence. Time constraints did not allow for these studies.

The standard deviation in the slope and the intercept from the least-
square program are'qUOted as the errors in the AH* and AS* values and these
errors are used to calculate the error in the AG*. For reasons mentioned above
the errors maybe somewhat underestimated. |
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1) The synthesis and characterization of five new neutral aryldiazenido Re
;,:‘ckdmpounds ~of general formula [Cp*ReXL(p-N2CgHsOMe)] [where Cp* =
© (15CsMeg); L = COand X = CH (3), PO(OMe); (6); L = PMeg (4), P(OMels (),
~ PPhy (7) and X = C] have been caried out. The syntheses involved the
~ substitution of a CO ligand by chioride anion (compounds 4, 5 and 7),
: re plaéeme nt 6f the chloride by the rneth‘Yl:‘gr_OUp for compound 3; and by
~ nucleophilic attack of the chloride anion on the methoxy group in an Arbuzov
~ reaction (1o give 6). A diferent method of preparation for the known compound
(Cp*) Ré(H)(co)(p.NzcsH40Me) (1) has also been di'soovered
S 2) - Vanabl e temperature 31p and H NMR expenments for compounds 1, 3,

a4 and 5 showed the presence of two isomers. Compound 7, however, showed

i v,ff‘no,, evidence of isomerization. The difference in population of the isomers of
" _f compounds 4 and 5 was interpreted as mainly due to steric effects, although
s i'_::more ‘studies should be carried out in order to support this preliminary

- ooncluslon |
,‘ ; {;’3)5 Lme shape analyses of the VT NMR spectra were performed and the
i ~activation parameters AG#*, AH* and AS* calculated for the isomerizations. The
| | results d|d not favor elther the ReNN rotatlon or the P nitrogen inversion
7 : e mechamsm “That the AG* values for 1, 3, 4 and 5 were similar and similar to the
catlonlc compounds studled in a parallel research indicate the isomerization is
| ‘rns’ensmve to changes in the metal centre. Further studies of analogous

o cdmpounds,shouugwemom information about the mechanism of isomerization.
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Appendlx ,
“In this appendix are related the plotting of In (k. / T) versus (1/T) for each
;~of'the compounds that have been studied by vT NMR spectroscopy:

o (n5-C5M°s)Re(H)(CO)(P-NzCsH.sOMe) (1)
(n5-C5Mes)Re(CHz)(CO)(p-N,CeH;OMe) (3)
~ (n5-CsMe5)Re(CI)PMeg)(p-NCaH,OMe) (1)
: (115-C5M95)Re(CI){P(OMe)a}(p-N205H4OMe) (5)




POVER 0 1
COEFFICIENTS 25,820 -7002.2
STD DEVNS 122125 61.890

WEIGHTED STD DEVN OF FIT =3.471E-02

X Y EXP Y CALC DEVN ERR EST
4.2550E-03 -4.2070 -3.9738 .233 .601
3.9840E-03 -1.9700 -2.0762 -.106 .282
3.9370E-03 -1.8480 -1.7471 2101 .231
3.9060E-03 -1.5310 -1.5300 1.008E-03  ,139
3.8760E-03 -1.3050 -1.3199 -1.493E-02 9.320E-02
3.4130E-03  1.9210 1.9221 1.080E-03 4.800E-02
2.00
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POVER 0 1
COEFFICIENTS  26.142 -7461.6
STD DEVNS ~ .25635 73.611

VEIGHTED STD DEVN OF FIT =1.268E-02

X Y EXP Y CALC . DEVN... ERR EST
4.1500E-03 -4.7920. -4,7402 . SU17SE02  1.20
. 3.8300E-03- -2.5690.  -2.3589 - - .210 - .. .321
3.6900E-03 -1.3540 “1:3171 .-/3.688E-02 9.670E-02
3.6600E-03 - 1:1100 21,0938 -02'- 6.160E-02

- 3:6400E-03 -1.0120 -.94505 6.69! 102
;.. 3:5600E-03 -.34000 -.34972: .- -9.719E-03 1.700E-02
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=500 L Lo N L —J
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. (a-CsMeg)Re(CH3)(CO)p-NaCeHAOMe) (3)




POWER

COEFFICIENTS

STD DEVNS

0
27.045

.16423

1
-6253.4

43.123

WEIGHTED STD DEVN OF FIT =4.539E-02 -

" ERR EST

 (15.CsMos)Re(CIPMegPNCHgOMe) ()

X Y EXp Y CALC  DEWN ,
4.4800E-03 -1.0250 -.97016 - S.484E-02 6.410E-02
4.2900E-03  .21880 .21800 28.023E:04" 7.S00E-03
4.2400E-03  .93310 .53067 1,402 . 7.J70E-02° ‘ww
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POWER 0 1
COEFFICIENTS  26.505 -6412.1
STD DEVNS 112646 132.239

WEIGHTED STD DEVN OF FIT =1.602E-02

X Y EXP Y CALC DEVN ERR EST

4.6900E-03 -3.5700 -3,5680" 2.024E-03  .297
4.4400E-03 -2.0150  -1.9650 5.004E-02 .134
4.3500E-03 -1,3440 ~1:3879: “47387E-02 112
3.9500E-03 1.1760 1.1770° 9.532E-04 2.870E-02
3,6600E-03  3.0390 3.0365  -2.S48E:03 5.330E-02
3.4100E-03  4.6290 4.6395 1.047E-02  .154
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