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Abstract

About ofie hund:ed diagonal and lateral isomers of mono- or di-substitut.ed.
cyclopentadienyl four-legged plano stool transition metal complexés o

CsHiRRIMLs (R: = R = H, Alkyl; M = Re, W, Mo} L = CO, isonitrle

phosphite, phosphme Br 1) were synthesmed and fully charactenzed by elemental |
analysis, IR and NMR spectroscop}'

Al coniplexes studied were found 2o undergo solld-state diag-laf isomerization -

reactions under :either thermal or sitica gel mediated photochemical_ oqn_md'_it"i_on#_.___ o

| This indicates‘ t!m.t solid-state isomeriﬁtion reactions are a comrhon reabtion type '
| for cyclopemadienyl tbur-legged plano stool trnnsiﬁon mietal camplaxes (M Re,
W, Mo) It was found that the dimetmn of the salid-stata :somernzatiun reaction_ o
| always proceeded from the low melting point {somer to the high melting point: L

isomer,
A teview of the literature was performed to place the solid-state reactions in
| perspective, This revealed that this was the first systemafic sofid-state study of
isomerization reactions of organometaliic cbmplexes ata metal cénfer._
The _éo’li_d-_state photochemicat diag-lal isomerization reactions of (n’-

- CsHR)Re(CO)(L)X, (R = H, alkyl; L = CQ, POR)y; X= Br, I on the surface of



silica gel were studied, A mechanism to ratmnal:ze the role at‘ the stlica surihce_._.

- . hydroxyl groups is descrrbed.

" The thecmal solid-state isomerization processes of (n’-CsHR)Re(CO)(E)Br; (R =

~ Me, By, SiMes; L = CO, NCC;HiMe;, P(OMe)s, P(OPH);) were studied by

Daﬂbxent:al Scanning Calorimetry (DSC), ihemmlﬁéroscbﬁy and X—ray powder

_'diﬂ:ractlon techniques The results mdmated that the sohd-state isomerization

"”reactions proceeded exothemucally and via a nuciear tbrmatlon and growth o

: "mechamsm

' ’I'he crystal and molecular structures of the diagonal and late:al 1somers qf (11 L

CHMRACOBr,  (n° -CsmMe)Re(COJ[P(OPh)a]Br; e
-'CsH4tBu)Re(CO}zBra were determined by X-ray smgle orystaldifiection

" techn{ques 1nter- and mtra-mlecular interactxons in these molecui;.u in tbe
| crystallme enmmnent wete amlyzed aud used to ratsonalxza the soild-state'
. isomerization results - |
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CHAPTER |

 INTRODUCTION

The solut:on chemnstry of arganometalhc compounds tias been studned for miore -~
than one hlmdred years The rapnd development of organomta]l:c chemistry was_

"smmlatedbyfhe discovery offertoceneianO’s, and again most of the 3

" significant developmentssmcetlﬂsdate haverelatedtoorgammtallio chemistey fn

 the solutionstane Inte:estmgly the study of‘m;mm‘-faﬂic °h°m15tﬂ' in the 3”'.' o

o .phase has been made nossible since the Tate 1980’3 by the devolopmnt of iew N
_ 'mass spochometers However, the dovelopnmxt of sol,id-smte organomemlﬂo :
. .olwnﬂstryhashmdlybeenexploitodduring thepast40 otsoyears. o

: iﬂthls Mﬂiﬂdmsonﬂlmd lﬁfar'al'i'somers ofsﬁb‘stitﬁtéd oyc[opentadienyl foui-‘ - |

B Legged pzano stool transitlon metal complexes m’ -CsH.;R)m (M :Re, W, Mo),._ o

. a class of oyc!ope:ﬁadlenyl orgmmmetalhc compounds, whmh have been httle -

o studied, weté chiosen for the mvesngntnon of solid state reactivlt)' This 31'033 ﬂom -

A sorendipitous disoow'y whloh wi]l be mentiomd in the thesxs These oomplexes -
have penmtted the investlgahon of solid—state isomerlmhon and halogon exchange'_ o
- reactlons under both thermai and photaotmﬂucal condxtions ' |

 As this is one of the first times that the solld-state reactions of organometallic



oomi)aunds have been systematlcally studied, eﬁberm survey was madertaken. on

this topic In particular the literature was evahuated with respect to the solid state

reachons of orgammetalhe (and where appmpnate non-orgamwetalhc)
'compounds asthe toplc pertains to (a) solid-state reactions in genera], (b) catalytic '_
: lsomedmtmn reacﬁons, and (c.) si]iea gel catalyzed reactzons (Chapter 2).

- To plece the speclﬂcreacuonsdescnbed mthethems mcontext,thechenﬂstryof |
L 'cyclopemadienyi four-legged piano stool rhenium eomplexes is also reviewed n

3

"The themmi sohd-state momemﬁon neacubns of the rhemum er.implexes (q-. L
- 'c,mn)ne(co),nr, with different ring—substitucnts R (R H, Et, CeHu. 'Pr, 1By,

SiMe;) were ﬁrst exmnlned The results ofthis studyand the eompar!son‘wlth'__ :

- solut:on reacnons are presented in C}mpter 3,

It was found that (n -c,mp.)ne(oo)zam (R = Me, *m) underwent & revers:ble_. )

: phase dependent isomdzation reactmn However, the sohd-state isomerlzation:

was fiot o‘beerved for the other mgsubsﬁtuted eomplem ®= H, Et, tBu,:
SM&;) A sumber of mouocarbonyl subsﬂtuted rhenium complexes diag- and lat- B

o -cm.R)Re(comxz ® = Me, By, SiMes; L = isonirl, phosphits,
' ."':-phoSphme X Br, I) were. then synthesized and their thermal sohd-siate"_ '
lsomenzatmn andhalogen—exehange reaeuons were mvestlgated (Chapter 6).



‘The solid-state isomeﬂzaﬁnn reactions of the cyclopentadienyl fO'ur-legged piano.
stool thenium complexes wete studied in depth by DSC and thenmnnctoscopy
This mﬁ:rmation prov:ded dam such that mechanistic features of *he reaction could |

beproposed The results are presented in Chapter 7.

- In order to undetstand the solad-state isomenmtlon reaction at the molecu]ar level,

the X-ray smgle-erystal structures of diag- and Iaf-(n -CjMB)RB(CO}zBL‘z and

'(n -Cs}LMe)Re(CO)[P(OPh);]Br;, which: underwent solid-state isomerization

 reactions, and diag- and lat-(r*-C3HBu)Re(CO)Brs, which did not isomerize

ﬂlermally in the solid state, were determmed The results ofthls stndy ae
'___'presentedmChnpters4ands |

e _Slllca gel has shown to be an eﬁ'ective catalyst in rnany orgamo reaetlons The

N sohd~state snllca gel -mediated photochemical 'l'somenzatlon and halogen-exchange 3

"_:motlons of (11 -Cst)Re(CO)(L)m were investigated. The results and a :_-
" proposed mechamsmfor the reaction are presented in Chapter 5.

__An analysis ef-t’lw'steric and &lectronic eﬁ‘ects 'a"ssociéted with the new rhénium'

: 'oomplexes weas stud:ed usmg NMR spectroscopy. The analysis was based on a

' ._sltm]ar analysxs carried out on. relates cyclopentadlenyl iron complexes (11 .
.'---CsI-LR)Fe(CO)(L)I (R= alkyl group, isomtrile, phosphme, phosphite) The -
' attempt to correlate the steric sizes of the substltuted ring CSHLR and the ligands L

. .of the diag- and lat-(n’*-CsHUR)Re(CO)L)Br; isomers wih the NMR parameters =~

3



" is presented in Chapter .

o -_'-Chapter 1t describesaﬁmle synumxsandsoud-m themmlandphotochemical e

' mmenmuon reacliom of the disubstituted cychpentadienyl rhetmnn complexes .

_diag-andlat-(ns-csl-lsRle)Re(CO)zBrz (R1==Me, tBu, sm; Rq= SiMe;}

"Finally,toexplorethe generahtyoftheabovesohd-smereacthns aninvesngation o
| . of the sohd-state lsomenmmm reactmns of the tungsten and molybdemnn o

. K eomplexes diag‘- sod fa:-(n’-CsPLR)M(CO)e(L)I ®= M% 1By L= Ph‘“phﬁe’ o

. .phosphme)wasmdertaken.f[‘heresuhsofﬁﬂs smdyarepresentedinClmpteno

s Fxgumsandschmnesammtegmtedthbmthetext Tablesmeonecsedatmeend_" )

e :_:.ofeach Expenmentai Sectlon for easy reﬁrence, followed by & detailed ]istmg Of

SR _thereferencestoeachclmptet Supplementarycrystallogmphmdataate savedona.-:.':'_:"".

o jdmkette, attached to e back cover of ths thesis.



CHAPTER?2

'LITERATURE SURVEY

2.1 Synthesns, Charﬁétetiiﬁﬁﬁﬂ .an'd Reactﬁi)hs Cof ..

Cyclopentadlenyl Four-Legged Plano Stool Rhemum' .

e Complexes E

L '2 1.1. Cyclopentadlenyl charhonyldnhalogen Rhemum Complexes .

L Cyclopentadienyltmarbonyl sherium, (n’-c,m)ne(m),, the stacting materlal for." P

e . pmpmﬂg cyc,lopentadwnyl four—legged piano stool rhemum complexes was ﬂrst :

unhnentlona]ly prepared by Wilkmson at at' m 1958 when they attempted to, : o S

 symiisize ('r]'-CsHs)(ﬂ -CsHs)Re(COJz, :eﬂmung dicycsopemdm mth"‘f SR

. .rhemum uarbonyl Reg(CO)m. Eleven years later Nesmeynnov et al mvesugated'. '

- theclmmcal properties of(n’«CsHs)Re(CO)g 'Iheyfaundthat brominauon of(n A B

. CsH's)Re(CO)g in trifluoroacetic acld or methylene chlonde anthe presence of A]C]a. -

3 -IedtothereplacemntofonemoleelﬂequOBytwobmmmeatoms Thlsreactlon o

o gave red erystals of (n -CsHs)Re(CO);Brg (Scheme 2, 1), e ﬁrst cyelopemadienyi o

four-legged piano staol rhennnh eomplex 2

T 1973 the same authors extanded \‘.he:r wmk to the bmndnation of the

| ..'monosubatltuted analogues, (n’—C,I-LR)Re(CO)g ® = Me, I 01-13000) and



reacnons of (n’-CsHs)Re(CO}s wi:th the Grignard reagents CH;MgI and
y CsHsMgBr A small number ~ of cyclopentadlenyl four-logged half sandwmh .
meniumcomplexeshavebeenprepared smcetheseearlydiscovenes (Table2 1)

- ’ 'Sci:eme 21

g | Althoush not. hﬁtially recogmmed bmeYanov, plano stool complwﬁes Ofthe |
type (“ -CsHs}l\Msz and (n .C,Hs)MA:BL emst as two mneqmvalent L

_;_..stemoisomsrsthatareoomnmnlyreﬁr‘sdtoascisandfnms ormmmimy!:;_.._.._,.

- ' | _Iatemi and di agonal 1somers (F!gure ZIJ

. Bigure2.0 (s Lateral and (b) dagonal isomers of (-CAHORE(COMBE,.

o In 19?5 a s{mple a‘:ld mprcducible chronmtogtapluc techmque for the separation S

S . of :at{n .cngm D}zBrz (Flgum 2.18) and diag- (n’-CsHs)Rﬂ(CO)szz (Flgure -: B :“




2.1b) was reported by ng ef al.* "This separatlon procedure made possible the

. study of'the d:ag—fal isomermatlon reacttons of cyclopemadlenyl four-lcggcd piano '

stool rhemum complexes For example the authors found that the latcral isomcr of
| _ '('n -CsHs)Re(CO)zBrz was readily converted to the corresponding diagonal momer :

: f_'upon mild heatmg in chch]oromethane and chloroform, and that thc substltutod '

- _ -dcnvatwes dlag-(n -CsHs)RE(CO)[P(OR);]B!‘g (R CH;. G, CsI-Is) isomerize

. __t_o the corre_spondio_g la_tcral isomers in boi_hng toluene,

.ng et a! mdcnuﬁcd thc diagonal aod lateral isomer stmcturcs of (t]-"'

i CsH;)Re(CO)‘Brg bymwumms of the rélative mtensiticc oftwo mi‘rarod o

o v(t,O) bands m thcso mecmrrements, the dngles bewveen the tWo M—C—O bonds -

B in (q -c,H,)Re(co},m, isomers were debcnnmed by the relationship tar’ = 1/ L

wheteszstheanglebetweenthetwoM-C-O bon.ds,I.mtheareaundertf

| _'asymmetmv(cowm and 1 wthearcaunderthe synnnetmv(CO)bandmth

; 'tho ratio I. / L ‘being extrapolated 10 infimte difution. ’ihus, for the dmgonal and' o

_.\. latcral isomers of (n° -CsHs)Re(CO)zsz the angles 20 were found to- be 120“ and o

‘?8" i ectmaly However, this method cannot be used to 1dentify the jsomeis of
(n’-CsHs)RB(CO)[P(OR);]Brg Other techniques such as s NMR spcctroscopy e
thenmeeded.

: It was not until 193’5 '- that the dichloride an’d the bentmﬂwbyclo'pemhdienyl

e '._analogues (¢ -CsMes)Re(CD}gX; (X cl, Br I) wete synthemzed by Sutton ef al

: from the reaction of the diritrogen corplex (ﬂs*CMEs)Rﬂ(CO):(NZ) with HX." '

T



| The .:ar-'to;d.-:eig solution momenzatmn of the dibalide complexes was observed
" under both thermal and photochelmcal condmons and the diagonal and lateral
:Jtructures of the p:ano stool oomplexes were conﬁrmed by X—ray structure ._
detemunatmns on diag-(n’-CsMes)Re(CO);Brz and faf-(ﬂs-C:;Mes}Re(CO)qu
. These were the ﬁrst crystal structm‘es reported on these types of momers (Table'_:

2, z) An lmproved synthetlc method to produce e -CMes)Re(co),x, (x 01, e

| _Br,nhaasubsequenﬂybeenreponedbymazemﬂ

o The mechanist of the pliotochemical dag-lat isomerist of (n-CsMe;)Re(CO): Xz -

B (x=Me ¢, Br, Din sohmonhas boen studied at low tempemture by Hilland co-

o -'__f_ _”n.. <ers using FTIR spe@trosot:py It was found that phntolysm ofdiag— or Im‘~_ S
o __(n’£sn4es)ae(co)gg at 13 K in methylcyclohexane ot (1 -Mpoxyethyl}berm:

resulted in the removal ofa caxbonvl ligand and production of a three-legged

o 'uusaturated photoproduct, (ns-Cshdeg)Re(CO)X; This mtermediate recombines
: “th the photoproduced co at 106 K to yield only d:ag-("} -CsMas)Re(CO)zXz B
.. A sinilar mechanism was proposed for the photochemical 1somensm of (11 -

B ) _CsMes)R.e(CO);Brz ona s;(m) surface by the same authors.”

o 2 1 2 Cyclopentadmnyl Dlallwldlcarbonyl Rhenium Complexes

" _ The ﬂrst synthes:s of a cyclopentadxenyldiakymmml rhemum complex, (11 _". .

S CsHs)RP-(CO)Q(Me)Zs Wﬂs reported by N'esmeyanov el a)‘ m 1973 ﬁ'om the dn'ect . .
" reaction- of (n -Csﬁs)Re(CO)gBrz with CH;MgIm The diagonal and loteral



stereoisomers of this complex were not noticed at the time. Later Rii_:hmond é_r al

repori:ed that they were unable to repeat .Nesmeya'nov‘s ﬂndmgs Reactions of (n’-
* CsMe)Re(CO);Br2 with dlﬂ’erent Grignard and organolit}dum reagents did not

result it the incorporation of the organo-ligand Instead, only the formation of the

monoanion [(n’ -CsHs)Re(CO)gBrJ‘ was observed.' |

An indirect preparation for the synthesis of (n’-C,H,)Re(CO)zxz was developéd
by Hoyano and Graham et al starting fom (1’ -CsHs)Re(CO);H; (Scheme 2 212

. This method was modified by Yang and Bergman e! al,® who also prepared a
related ziew metal—alkylated complex M -c,m)ne(m);(cm)(cocn,) (Scheme

_-23)sevemlyearslater

(S CsHaRe(COy  —BZSME, (s OSHR(COR(SELIH

(ns;'c_sﬂs)ge(CO)z(s'iEtzmH Silide scid (n5-CsHS)R&(CO)Hy

(15-CsHORe(CORHy = [-CSHRE(COR2

[nS-CSHRA(CONI- —ML e (ns-CoHSRE(CORMe2

Scheme 2.2

¢ e, AN NG

Scheme 2.3



‘The first synthesis of lat-(n*~CsMes)Re(CO),Me, and diag-(q’-CsMes)Re(CO)'thz
. were mntiy_ reported by Kiahn et al. These compounds were abtained _ﬁ‘am the
alkylation of the dichloride (ﬁ’-csMes)Re(CO);Clz ﬁsing the corrésponding
organocopper feagent. RCu (R = i\de, Ei:)."-The' aryl-iodo” and aryl-methyl
derivatives diag-(n’-C:MeqRe(CONAK (X = 1, Me) were also prepared by

using the corresponding organocopper reagent and methyl ithium.'

To date a total of seven alky! complexes, (n -CsHs)RB(CO)z(Br)(Me),” diag-(n*-

) CsHs)Re(CO)z(I-I)(CHzPh),“  @CMeRe(CH)® diag-(n’-
CHIRA(COMMENCOMe),  diag-(n*-CMoIRe(CONE,  diag-(r'-
 CMeRe(COR(PI and diag-(n’"-CsHRe(CON(n'PHCOYBE® have boen
studied by X-ray crystallography (Table 2.2). No lateral somer erystal structures
have been reported to date, -

© 2.13. Other Cyclopentadienyl Four-Legged Rhenium Complexes
The complexes diag- and /at-(n’~CsHs)Re(CO)L)Bra (L = CNC(CHs)s, P(OMe)s,
P(OEi)a, P(OPh)y) have been synthesﬁed- by the direct reactions of dfag-(n’—
'."C;H;)R:(CO);Bm wrth ligand L i boiling benzene or foluerie® ™

 CMesRe(CONPMenX; (X = ¢l By D and lah-{(n’-CsMeR(COY(LYa (L =

 P(OMe)s, (0P, PMe,, PMe:Ph) fave aso bocn propared, but by Indirect
o:ddation of [y -CsMes)Re(CO)(PMe;)Nz with Xa ¥ or by Me;NO induced

o decarbonylatlon of catiomc [(n*-CsMes)Re(CORLIT 2

10



Table 2.1. Cyclopentadlenyl l’om‘-legged plano stool rhemum

complexes
No Complex . ' year  ref
L (11 CsHs)Re(CO)zBrz - 199 2
2 (n ~CsHiR)Re(CO)Brz (R = Me, 1, CH;COO) 1973 3
3. (4’-CsH)Re(CO)MeX (X = Me, Br) 197319 3,131
: _ g 7
4.  (w -C;Hs)Re(CO);I(HgCl) _ 1973 3
5, '(n -CqHis)Re(CO);Br(HgBr) 1973 3
s, ('n ~CsHs)Re(COR(X)H (X = Br, I) 1973 3
1 -CsHs)RE(CO):(I)(R) R = CH;, COCH;s,_ 1975 10
© COCeH; | L
8, diag- andlnt('l}s-CsHs)Re(CO)zBﬁz oo C 19715 0 4
9. diag- and lat-(’-CsHs)Re(COY(LBr; 978 4
- (L= CNtBu, P{OMe)s, P(OEt);, P(OPh)a) Lo
10. lm{n‘—csﬂs)ke(co)z(ﬂ)(cmph) o 1978 18

Il dig(W"CHRCOMXH (X = SPl, GeCh, 1980 26

~ GeBry, SnCls)
B dlag-(n’-CsHs)Re(CO)Z@)z(L GeCl, StPhs)
o EEI;C#MRE(CO):(L)H & = SiPh, ‘SKCHPhY,

o <n -CiH)Re(COR(SACIDH .~ - - '19s'_1_.':-_:; T

L (n ~CsHs)Re(CO)y(SuMes) . _ T o
130 (n -CHsRe(CON(H); : 198,19 1226 -
14, (n G;Me:)Re(CO)a(H): _ _ 1982 33
15, (n*-CeHs)Re(COR(CH)H ' ' 1985 . 13
16, _d:ag-muliat-(*n’-Csl\iesJRe(CO)zxa(XﬂCl, Br,I) ~ 198 67

17, (CsMes)Re(CH ) 1987 - 19
18, - (*-CsMeg)Re[PPH(CH):](H), 1988 31
19. (n’csm)Ra(CO)z(CHa)(cocm) : 1989 14
20, diag- and lat-(n’ CsMes)Re(CO}(PMe;)Xz (X . 1989 21 -

By, D)

2l diag:{1 .CiMeRe(CO)I(COOR) (R=Me, Et, P5) 1989 29
22 Wt (n-CsMeRe(COR@NT (L = B(OMe), 1991 . 2227

- P(OPh), PMey, PMe;Ph) - o
23, diag-{n -C;Mes)Re(CO)z[PO(OCHa)zII 1991 30
24, lat-{n’s C;Me,)Re(CO)(L)Ig L= P(oMe)a, P(OPh);, 1994 2
S PMe;,PMezPh) ) . o
25, diag-(n™ C;M.s)ReX(CO);{PO(OR)z} (X=Cl, Br, 1994 28
-~ L R=Me,Ep _ o
26. diag (n’-C;Mes)Re(CO):Etz 1996 15

1



© ly*-CiMes)Re(CO:Me, | a
27, diag-(n -Cs_Mes)Re(CO}z(Ar)X (Ar = Ph, PhCHz; X 1996 16

_ =1, Me) . o _
128, diag- and lat-(n’ -CsMes)Re(CO)z(n PHCOX (X = 1996 20
- Br,1) '
29, d!ﬂg- and lat-[('n -CsMEs)RBH(Nz)(PMeQzT 1996 25
30 diag- ond lat-(7-CeMesRe(COXY (X =D, Me; ¥ 1997 - 23
. _ —D Me, cy o _
31 fertn -csmm{zcnmccm)gke(comr} Be 1997 %

Onl)r eomplexes 1-23 had been prepared prror to the commencement of the wotk’

reported mtlus thes:s
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Table 2.2. Cyclopentadienyl four-legged piano stool rhenium
complexes which str_uct_ni‘es- ‘have been determined by Xeray

diffraction
No . _Complex - year -~ tef.
L dieg-(n .CsH)Re(COR(Br)(Me) 1972 17
2. la{n’ -CL;HQRe(CO);(H)(CH;Ph) - 1978 18
3. dlﬂs-('rl ~CsMes)Re(CO);Br: L o198 6
4, lat-(-q -CsMegRe(CO)ls S 1985 0 6
5. (n -CsMeg)Re(CH;y - : 1987 19
6. dia, (n -CsMes)ReIPPh(CHs)zl(sz - 1989 . 3
7. diag-(n’-CsH;)Re(CO)(Me)(COMe) 1989 " 14
|8 dig(r-C;Me)Re(CORPOOCHNL -~ 1991 30
9, diag-(n* -CsHIR(CON{SnPh); S 1995 26
10, diag-(n’ -CsMes)Rﬁ(CO]gEtz - . 199 15 -
11, diag-(n -CMs)Re(CO)g(Ph)I R - 1996 - 16 -
12, disg-(n -c,H,)Re(CO)z(n -PhCO) . 1996 20
13

._dlag- Q) -C,Mes)Re(ca)ggﬂ), . . 1997 23

13




The synthesis and photochemical jsomerization reactions of diag- and lat-(n*-
' CsMe,)Re(CO);(H): have beefi reeently reportéd B The preparation method W_ :
sm'nla: to that used for preparmg (1] -CsHs)Rc(CO)z(H): ie, via Zn/HOAc

.'teducnon ofdicarbony! Hbrare . ¢ . younds

" The. preparatlm of (1 -CsHs)Re(CO)zXH (X = SiPhy, GeX;, SnCla),m.‘ (n*

CBM%)RQ(H}(N,)@M@ +3 diag-(n -CsHs)Re(CO)z(SnPha}z: '[(11 -
S C,Me,)ReX(CO)z{P(OR)a}]*” -diag-(n -c,Me,)ReX(CO)z{PO(OR)z},”_ dmg—_ '.

- (-CiMeARA(COHINCOOR)” diag-(1*CMa9Re(COMPOOCHNIL® diag-
o '(11 csmxe,)ns[PPh(cm)z] @ and [(n’: n‘-CsIﬁCHzCHzN(CHz}z)Re(CO)zBr] :
Br® have also been repurted (Table 2. 1)

| 214 Summary

o -Not moludmg the work reported 111 th:s thes:s, only seventy 001'"130“‘1"3 and

- 'thirteen crystal structures have been reported. for cyclopentadlenyl ﬁmr-legged
' pmm stool rhenmm complexes to date, The solution isomerization reactions and

:mechamsms of these oomplems have been extenswely stud:ed, but no sohd—state :

o .'lsomenzattonhasbeenreporbed Littlo detail of the synthesisand chemical

. ___reactmtxes of dmganal and . lateral monosubstltuted cyclopentadienyl rhenmm

_' | complexes have been reported

14



2.2. Sohd—State Reactions

2. 2 1 Snlld-State Isomerlmtlon Reacimns of Organometalllc_

B Conlplexes

: Studies on solid-state momcrizanon reactiotis of organometal]ic complexes have

‘been littl_e discussed. The only exceptmn_has reIated to the systematic study of
cobaloxime complexes in which isomerization of the ligand attached to the mstal

a 'was mted Smce the first disoovery of the X~my induced racemisation of the chzrai |

| -__cyanoethyl (cn) group ina oobaloxnne oomplex in 1977 ty. Ohash1 et al (Flgure' N

2 2 ), related compiexes have heen thoroughly studied It has also been foun.i -
" that -chiral woups bonded to the cobalt atom can alto. racemize undes visible -
B hght 3537 The above complexes entail lsomerimtmn of the hgand and do not entaxl_'

. xsomenzahon at the metal atum

| _Hsc%-_.fgc’-n o *’\! ’ms "
| }]H—,#.--O\.. o B H-- -0
STNe N /“\T’““’- Ry m““f"( Ao
N, s \..HJ s
| = .H,N.‘_._cfi o -
"H!:?."'CH'. - | " L-’Cu

o Figiire 2,2 Racenuzation ofthe cn group in a crystal ofa 'cdl:ntlt complex

18



2-.2.2."_ . Solid-State Isomeriinﬁon _R_'eaction"s: cof Coordin'aﬁd_ﬁ .
. Compounds

Sohd-state momenzatmn reactions of coordmatmn complexes were first

o _recognizedbyWemermtheearlymOO‘ 3“Smcetl:uenlnum.ercmss:tudmleshwebeen e

| o reported on these types ofreacnons but it is only smcc the 1960’3 that sigmﬁcant.

advances in the exp]ananon ofthe phenomena have been achleved Th:s has been
brought about by the aveilabiity of modern physical techmques, particlﬂarly |
"'_;.memwgravmtm analysns (TGA) and d;.ﬂ‘erantnal thermal calorimetey (DSC)' B

o LeMay rewewedthe area ofsohd state coordmatwn compnunds tenyem ago '_ R

o Solid-state c:ﬂrans isomenzation reactlons of ﬁ)ur-coonimate squa.re planar' . |

'plaﬂm“nmmmxza, neutraldonorligand X= hﬁhde),wererepoﬁed B

| -_"’oy Orcbm o aI in 19?0‘“ '1-“hey hiadvertently found that pure rrans- . o

. .Pt(CO)(NH;R)Clz (& R= CHMePh) directly rearrangs to the cis isomer undet

"thezmal condltiom. ‘The isomerizatlon processes were ‘studied by DTA/TGA

| metlmds Since that tune the solid-state momerlzation reactlons of platlnum'
B complexes have been thomughly investxgated by varymg the halide X) and ligand
'_(L), es- by e of phOSlees’“'“ annms, sulﬁoxxles,“”’”"" oximes,” |
' :'thlophanesss'” o o s '

.' o The sm-ooordmte trans:tion metal complexes [MX;(a-a);]X, where M Co(ﬂl),' - |

. .Cr(III) a-aﬂdJamme X hahde, e.g rrans-[CoCh(Pn)z](Hst)Clg ”"9 andtmm N .I

o [COBtz(Pn)z](HsoﬁJBl‘z (Pn = propylencdiamioe)* were eporid. i 1968 o

16



o um'letgo aeohd—state isomerization reaction. However, the presence of the H,0 i i
| these complexes resulted m tbe lsomermatton and meltmg processes bamg :

inseparable in many mstanoes. A so—ealled “aquanon-anauon” isomenmon

N __mecha:ﬂsm was propoated to explain the findings. *<" Later it was observedthat

tram-[CrBrg(Pn}z]Br H;O was found to isomerize i the anhydrous state, and ﬂlls o

L led to altermtive mechanistlo proposals s

; -Ruthemum s:x-ooordmate eomplexes have also been found to nndergo s1mi!ar_' '
. phase rearrangements fuss The cis-tmns solld-stete mon:erizatlon of ML X (

o I.. tnono or h:denmte donor llgand) can proceed either wa an mtramoleonlar bond' _.

L - 'rupture prooess ’“’W’? or via an mtramolecular twist met:hmnsm.“ll '

. "Topochemx:-al studtes have shown that most sohd-state reactions: whmh mvolve_ o

AN eoordlmtton oompounds proceed via a nuclear formatlon and growth meohmusm. L

.-'The topography and kmetics of these soiid-state lsomenmtlon processes ane_

determined by the crystal struotures of the jnitial metenal and the reaotlon produet

- . "audl:ijrtlleoontaotoondttu.msatthelntel'ﬁwe“""'i _

[ o Genera]ly the reaotants and products obtamed fmm the solld~state lsomenzatlon- :

reactions are determmed ﬁ'om ]R and N.MR spectrosoopto studies while the |

fsomrmetwn energy change 1s measu:ed in DSC or DTA expenments

:Thermomicrography has been used for wpochennoa! topography and kinetics
g studtes X—ray powder and single crystal ddﬁ'aotton teohmques are very ueeﬁ.ll toole

1



for mechanistic studies of solid-state isomerization reacﬁohé'of coordination .

o compaunds Inrecentyears, atomic. forcenﬁcroscopy(AFM)hasbeen shown*a e

be a pOWezﬁﬂ techmque for mvest:gatmg solid-state reactions Oforgamc gqasta]s w _':_g R .

Another type of schd—state moruenzaﬁon reactw‘ﬂ that has Been Fiudled is the

:’mtntc-mtl‘o hnkage lsomenzatlon of scme bo(lﬂ} amm complexes, GE-.

 [CoNH)ONOIXY ¢ LCQ(NHQsNOz]XY OY * Ch, Bm, T (O,

R '_'m(Noa)) Trammon metais othex than cobalt have also been studied and muth |

- eﬁ‘ort has. been mt!dé o clarlﬁ’ the mechamsm of this sobd-state 1somerizanon_.--f:'- o

e :__.-_reactmn

S Asearlyastheendoflastoenhn'y bothmtro O, mtrogen coordmanon) and =

mtnto (ONO oxygen cuordmation) cobait ispmers: were synthesized, by Jorgensm e
_ _ He fomd fhat ONO Jsomers could be- ?'mhesmed n sohltlon react:ons as we]l as- - |
S hy mdming the. correspondms s vin the sohd state ( Schenme-""_ e

| '2 3) A soﬁd—state xeversible lsome;.mtion reactmn was achleved by employmg '.

thermaland photochenmal react:on oondmons
. .[C‘f(N_I‘IB)Sf?N_QIXz_ _-—~—_. '_-"m'- : b;u‘fsa-———?"“ [CO(NﬂshNC’zlxz

.. Scheme2.3

SN structuml o udnes; initlated by Grent}w and Nordm in 1978 were used to probe ihe

S mnchamsm of tha abm 2 :somemanon reaction. The isomerimnon reaction was

18



shoWn to be mtmmclecular w:th 5o exchange efthe ligands between d:ﬂ‘:erent' |

'ccmplex cations. ™ They a]sc found tlmt the powder dnﬂi-actmn patteras of

' _[CO(NI{;)ONO]CII, obtained H*het aﬁer precipltation of the complcx ﬁ'am o
-'aqucous solutmns, or aftel: photcchenncal sgmthes:s, dl‘.ﬁ'eted Thls indicated t'hat '

o ':' the schd—state mtrc—mtnto 1someri'mtlon reactlon prcducedtwo pobmorphs of the

-chlonde complex

ﬁAn attempt o use single crystal techmques to study the structure cf"_

':'_"photochemma“}' synthesized {COWHa)ONO]Clz was not successﬁll because the -

: crystals ﬁ'ﬂsmﬂﬂted as a result of mechamcal strcss Beﬂefated d“ﬂﬂg the' :'.

-__"photochemical reaction.“ The stmctm'e of the phmochemany synthesized '

- 'ﬁ?'-_: [CO(NHa)ONO]Clz was ﬁnally solved, by usmg a tedwus and complex X-ray_ .

A pm-vderr.hﬂ‘mct:cutechmq:ue""s

" The kinetios of  the above solid-state lnkage iomerization, the effbot of the

- crystallme surzoundings (different anions, XY) and the application of .hyt.!.rosietic .. .'

o pressune on the intramolecula ﬁﬂkﬂge momnzaxmn of Cc(lﬂ}mne ccmplexes o

o f_haveaisnbcenreported”"“ :

.2.3 Surface-medlated Organcmetalhc Synthesns

 Alf-igh suface crgammetell.c chemistry is a,relatively new field cfetudy, it has

E _":_attractedsnmcmterestmthelastdecade Thebamcccnceptintheﬁeld 1stouse_

- ‘r.he Meracuon betwecn organcmetalhc compcunds and nmrgamc o:cdes ( sxlica
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o almin;,_ magnesia. and *zeolites) to " activate some -_chemicai bonds iﬁ an
nrganometall'i'c. coﬁﬁjlex- Iﬁ the 'prasemcé of 'dthe.f 'reactant's such as CC new
organometallic mmpounds or catalyst precutsors could be ﬁam:ed on the smface -

“of motganic oxides by thermal or m'adxatxon ;n‘ocedums

By uing this methodology, [(CONCTL, - [RH(CONCI, [Ru(CONCH,

-tos(co,,ch]-,,,' and he reW chusters [11-4(CO).-;1, (Ru(COY] aud REACON]

have been synthesized in high yields from the correspondmg metal mchlonde.' 3

supported On ‘the sllica surface by reducuve carbonylahon at atmosphem__'_'

. '_ 'Pressme. Axidmon of an alkah carbonate to sitica favors removal of chloro o

Lo ngands and allaws for the synthesm ofneutral and tven amomc metal carbonyl. '

. _.ulustets Therefore, [M;(CO)u], [I-LM(CO);;](M = Ru, Os)a.udvau.'lous anonic |

o rnthenium and osmium catbonyl clusters have ’oeen synthe..ized selectively and m

o : '._'htgh ylclds by reductlve carbonylatlon at atnmsphenc preszsure of MCla HzO or

- [M(CO):CI;]: supported on sillsa in the presame of allali carbonms”“ A

- .nnmber of other iransition metai carbonyl camplexer "nd clusters have been '

.sy_nt_hem_ze_d.- by the _same su-ategy 9 Mechamsms for the surface reaction
pmcesses haveb- ..)sed 93'9" Recently, these Ftructurally well-deﬁned

"'tmnsxtion metal comm. e O clusters have bem Uuseu as catalysts or catalyst

precursors for Ol‘ganic reactions such | as catalyhc toluene hydmgenatmn and

ethylene: hydroformylatmn sl
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2.2.4. Solid-Gas Organometallic Reactions
One of the earliest reported reactions between an ‘organometaliic’ complex and a
gas moleculs, in thé solid siats, s the report of a sqr{es of Vaska type comple#es'
with gaseous aikyl hatides”® During, the intensive _inve'st’ig‘hﬁm_ of organometallic
| heterogeneous reactlons, other organometallic solid-gas reactions have been
' -obsérVed and finally systematic Studiés have started to appear in recent 'yeérs.m.
Solld-gné reactions between transition mesal complexes such as Rh(PPh;);CI,“_'i
| ‘&ipoda_'_l polyphosphine’ N1 ' and It complexes,” and small molecules, such as
| II-CO, ethﬁien@.hﬂé been shown fo occur within the consteaining. e.nyirbnmnt of
| * the reactaat cry#ai Iattice, This environment conttols both the kinetic behavlorand -

the nature of the products."™ Because the paseous molecules peuetrate the crystals . -

of the sol! ] reactant, the soiid—gﬁs :e'action_i kineties and products depend on the '_ o

* physionl, and chemioal nature of both the organometallis compound v ‘he
gaseons molecles. It bas been forund that the diffusion of small organic molecrles |
into the crystals of‘a solid reactan .5 favoned when the Jatter contains an e:cbensive

| iw&r_ophobic. réglon provided by the earbon baukbonﬂs of tha ligands, ™Y |

V.ery few non solid-gas orpanometallic solid-state reactions have been mentioned .

in the fiterature, 9419
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2.2.5. Tll_eoreticai Approaches to the Study of Organometaltic
Solid-State Chemistry. -
Modern X-ray diffraction techniques 'allbws one to precisely and aceurately
~ determine the molecﬁlar structures h'org'anomatalllc crystals, However, the
 chemical and physical propertles of solid organomstallic compounds not oy
depernid on the individual molecular components and structures, but also, and more
: hnpbﬂm\tly, de'pénd on other factors such as izitenrblecular interaction, reaction
cavity; stena compression and téaction—iuduced'stress. Cleatly, we cannot .predicf
and explain tﬁe a@sraé or solld properiies by only éansiderhg- the molecidar
sthuctures. Therefore, much effort bas boen put fnto fiding the relationship
| be:ween isolated molecules and a éollecfion..of molecules, One .approéch is via
* statistical mefhods such 8 the examination of steustures stored in the Combridge
‘Structure Dambaéf:'(CSD 10 Another is ﬁia- theotet_icai calcula't:ioné. 'sucﬁ_a_sf
- extended-Hﬂckei caleulations and packing potential energy ca'lculétinns. Many
interesting vesults have been obtained by these procedtures and reviews in this field
have been published (Braga and Greploni ),!!4412 |

The developments in solid-state organic chemistry have been significant, ™ and |
since Jhe aress of organometallic and organic chemistry have much in common
much of the information should be transferable between the fields, However the
differences betw sen the fislds should also r&uit in ynique ﬁ_eatur&s being assoclated
with solid-state organometallic chemistry)®

22



2.2.6. Summiry

The soﬂd-state_isomerizﬁﬁon reactlons of four or six coordinate transition metal
complexes of the type ML,Xy (L = mono, or, bidentﬁfe donor Tigand) :im beem
studied for nearly one -hundred years, In recent years orgéﬁometallic solid-gas
teactions mediated or not mediated by inorganic 'oxides have been investig&ed
However, very few non -solid-gas solid-state reactions of organometalhc |

compounds have been reported to date.

23, Ca.t_alftic Isomerizaﬁon
L 230, Entroduction

Since the discovery of isomers of coordination compounds, many .catalytic'
isumerizaﬁqn reactions have been observed and studied. These inchide squate-

planar cis-trans, octahedral ois-trans, anage and fie-mer isomerization reactions,

‘Most involve metals such as platinum, chiromium, palladium, cobalt, ruthenfom,

molybd dam, copper and nickel, Two mechaniems, consecutive displacement and

_ imramolecular rem-rangement of five-coordinate intermedlates, have been proposed

for the catatyzed isomerization of squars-planar coraplexes,

Tn nearly all cases the complexes studled did not have a métal-carbon bond in the

complex and are hence strietly speaking not organometalic 'corﬁplexes.

“Two generalizations can bé tnade : (1) many of the isomerization reactions proceed

in the preserice of neutral o fonle free ilgands as catalysts,"® (2) isomerization

23



~ reactions which can be catalyzed offer a mild, high yfelding , sometimes unique, = -

route to isomer synthesis.

232, Cn'falyze'd' Tsomerization Reactions

R The cabatysis used for the isomertzation raactions of organometallic/cootdination

complexes can be placed into three categones hgands, metal ions and acid-buse,

| (1) hsands . : _ o
Free llgands oﬁen oatalyze the isomenmtmn reaotmns These lzgands oompnse -
. pattof the complex under study and numerous reactlons have been catalyzed usmg _ '.
- | tl'us procedure. Below some typ:cal oxamples are discussed,

Stoufer et al found that only c;s-[PtX;(PP}u);] (X = Cl, Br) and ot the frans
| lsomwasisolatEdfromareachonmixture Thiswasshownto anseﬁ-omthe'_.'- :
' presence of a {race of free tripheny]phosp!une in the- reaction maxture whiuh
eatalyzed the trans to cis isomen.zation of {Ptx;(PPh;);] It was poSsible to isolnte '
-the - trans isomer by “tymg up* the free llgzmd,"'“ Slmilar oatalyt!o offects using | |
= other tertiaryphosphhes tiave been reportod by other authors and the mechanism . .'
- has,been mves;tlgated for these isomerization reactions. ' |

Fi addition to testary phosphine ligands, Brickson ef af teported that both CT and
o MezSO oatalyzad the isomerization of complexes of the type [PN-O)(Me;SQ)C1]
* where N-0 is the anion.of an o-aminio acid,'? Latet, the kinetics and meéchanism of
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this reaction were studied by Cattalini ef al.'*® Water was also found to increase
"the rrans-c!s mamerwation rate of bis(oxalato) dlaquochromate complexes, in
which a. so-callad “reversed mlcelle catalysis” was reported s

- {2) metal fong

The common metat jons that have been used as lsomerization catalysts are jons of

- memury, Ianthanum, cobaltandmgnesaum

: Suim e al mpnrtad th.ét the Jinkage isomerization of tCO'(NI-Ia)sSCN]’* tothe

| _ _more stabie mtmgen—bonded 1somer [Co(1\1“&'.3)5}1(38]2+ was cata!yzed by mercury s
@ s Cross et al found that treatment of solutlons ofc:s—l}’t(CsCPh)z(PMePh;)z]
with a caiahmc amount of HgCl; steadily converted the cis 1s0mer lnto the frans

fsomer. ‘I‘hepmcesswasfasterm‘ITE‘ﬂmnmCHCl;wtohem o

_ Hﬁ;c’lﬂtat et al s;_a_;tematicélly inveSﬂgate_d the.. catalytlc oonvé_nfsion of tﬁns— _
| bistomto)dﬁqﬁochmm () and #rans-bis(malonato) diaquoéiﬁ-ome am) to
the iy isosmr in the presence of lanthanide lons, They suggested that the reaction
meckatism was related to the formation of monocarboxylte ‘complex
| intemmdmtes " This reaction was i so catalyzed by CoS0, 124 and MgSO4 e
_silm!ar mg—openingmohammnwascom;md

(3) acid-base | |
 Krause ef af reported that the hydro:ude jon catalyzed the conversion of trans~y-
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[RUAZPy):Ch} 1o the cio-p and cis-ct scmers. Hydroxide ion wes also found 1o
-cata!yze ‘the hnkage isomerization of cis- and tmns-[Co(en)g(ONO)g] The

' volumes ofactivatmn indicated an mh'amolecular isomenzation process

Other acid catalyzed isomerization reactions iﬁclude the linkage jsomerization of -

[Crle(CNI",™ fac-mer lsomermtion of [W(CO)a(dppm PP)L] (dppm =

. PhPCHsPPh, , L = PEt; or PEt;»Ph),m and ci.s‘-tmns Isomerlzauon of

- _tbr(oxalato);(ﬁao)zl i

. .__Some isomerization reactions have been found to be both an’:,l and base
'catalyzed,"‘" | |

32.3.3 Mecllamsm of the Catalyud Isomenmtmn Reaction
-For the trialkyl phosphma catalyw‘. isomerization of square-planar complexes
' [_m{zl.g]_', two mechanisms have been proposed. Basolo and Pearson _postula_ted_ a

consecutive displacernent mechanism (Scheme 2,6).°

Haake and co-workers, by contrast, postulated a pseudorotation mechanism |

* involving “a distorted penta-coordinate state in which L’ occuples a unique
i ﬁosition. This distortted state must be able to umdergo fluxional change whicke
 interconverts the posttions of L and X and, therefore enables isometization” to

ocour (Scheme 2,7).5%7
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It scems that both mechanisms are applicable; and depend on the 'éqmple#&ﬁ, |
ligéinds, and solvents used inthe appropriate study.

The mechanism of mtaklon catalyzed Isometization reactions have also been

o Metal jons. were thought to aftack coordmated hgands, alter the rate ofhgand -
_replacemsm, partmlpate i the removal of umdentate ﬁgands, and promote |
. i&omerizatton (Schemezs) s

i el wEE

a— M+ u om0

. LA
Cmans— M+ L

: '_Seﬁém 2.8, The consecutive displacement mechanism
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T Lanthannm:, cobalt and magnesmm ions are proposed to be involved in & s.:mlar |
; mechanismto that shown in Scheme 2.8,

: _ .2.3 4 Summary

--_":Metal ioos, acnds»bases and lignnds especmﬂy tnalkyl phosplunes, eatalyze'_ |

'_.Isomerizatlon reactions of metal containing compiexes a:nd have been thoroughly S

N irans Lsomenmtion of square-planar oomploxes

o -'-.-_j-cw—---._ /M\ ot B "'"‘_"_' L.Mfo- S

\/X

" Scheme 2.7. The pseudorotation mecherism

'-__:mvesﬂgated in the solutmn phase The kinetics. and mechaoisms of these C
R isomeﬁzatmnreaetions have alsobemrepor‘ed Most studles concentrated on cis— o R



et [PUCCPIRLA] + Hlly == ois— (UCKC=CPA] + PhO=CHGCI

o m&-[Pt(CECPh)aIa]+HgCh—'-—“——-""“ trans— [PICIC=CRRLY + PROSCHRCl -

e ;"*;f_fz 4 Slllca Gel Catalyzs'd Rmﬁ"“”

E .4.1 Introductmn

I -"'-'Itappeatstlntllttlemtheﬁeld oforganometalhc chermsttyhasbeendeseribedm

- .the litemtureinthlsueaofclmmstry 'I'o indicate the potentmlnfthe areasome

o . examlsles fromthe orgamc chenﬂstry Iltemture will thus be described T’he neascn S

) '-".._*f._'_'_torthis relatesto some worlcdesctibed mtmsthms (see Clmpter s;

_-_'S:!ica, gl as a catalyst has attracted much mterest owing to its smlicity,'._ |

| ::'Ieﬁicmh selectiV!tYs cheapness and commercxal avallabllity Many kmds of
"-(mainly)organmmotmsmcammdbysmca gelundermﬂdcunduions;mhigh |

o yield and usually i excellent punty Some Phﬂt“hm“'ﬂl reactmns and solid state

B .reachonsonmhcageisurfaueslmvebeenreportedanddzﬂ:'erenoesansmgﬁ'omthé

' diﬂbrent reaetlon media (sohmon or solid state ) have been notecl Two rewews .
g -1” e and one ﬂmsis repurr. oy mthss ﬂeld have alreadyappeared in the hteratln‘e.
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¥ __ | 2 4.2 Catalytlc orgamc reactmns -
| (1) Iaomenzation o ) o _ _
2 It was found tbat aldmdmes isonmzed mto the cones;:ondmg amids in h:gh YIE‘.HS: .'

o Whenreﬂuxed mxylena mthepresence of actwated snhca gel(Schemez 9). ol

R—-CH--——'NOH

; .sﬁwa gcl . R—'L NHz

Sehelm 3. 9

L, '__':'_:_Some walyuc mommtlon teacnons evven‘ occurred at rooin temperature For

le, contact of ca's-aldehydé ( 1 ) w:th a sdlca. gel commn i chlnrot‘orm at. : |

" :_-.: toom tempﬂﬂure pr0duced the tmm ~isomer Quantitatkfely - - _.

Bllis et al teported that zrradution at 514 5 nm wwelength of a cyclohexane s!urry '

of silica gel contanung aff— -letmal }'lelded a mncture offour 1somers. It was_ : o

suggeswd thatthe s:laml groups ofsi]ica gel serve as theprinmry bmding sxtes g ]
Retentnon of the lsomers byslllca gel was noted ‘.md this resulted i lncomphte

recovery of the products



"(2) O:udatlon

L _.'ﬁphomddatm of14-dlphen}’1-1 3 butadleds et 13mlohexdiem and some

- atyl-smbstitutad eﬂ-.yme, such astetraphenylethylene, 1, 1- dlphenylethylene trans-

o _stllbene on siica gel has been mpOtted s It Wﬂs also Obmed- ﬂm’ in the

LR 'presenoe of silica gel, ieitiane and cyclopemenones reacted dlrec'.ly with oxygen o

. o fomm fotmaldehyde and hydrbxyl denvatwes e

T | (3) Bmmmm

R The neaction ofalkoxybemnes wn}- N—bromommmmide catalyzed by s:lrcasel in-.f o

.-observed mr ths reactlon of estra,dio], ' I Iesttadwl of 24“:.. g

- dll luoemdﬁ)l withbromme in the preseme uf silica gel at room temperature mj o

S blhca gelaxso camzyzedthe chlormatmn of aromatic eompomds.”“” L

_,,(ﬂ@cloaddztmn .

L Tt was found that silica gel promted effoctive Diels Aldg Jaddition. of '3'.'

) .-'___-_..-.;meﬂn:qrcarbonyl-z-p;mnc w1ﬂ1 butyl vinyl eﬂm and w,ﬂ, benzyl vinyt ether at' - -

8 mom temperature to form only the endo bmychc dlastereomet, showri in Schem3 o

anem

0\1{1 P s"‘"""“"”"g.-: .

ST

Scheme 2.10
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o (5) Hydrohalogenatinn ' _ -
A Approprlately treated silica gel hag been found o mediate e addition of Hcg o

HBr and Hito alkems, such 4 cychhepteue, I-ovtene, and 3 S-dmwhyl- -hutene L

- -_f-( Scheme2 11 ) The authors: proposed amhﬂmn ﬁ“‘ ﬂﬂs m&mﬁ‘mdf L

: addmon/elimmatlon reactlon’” 156

(6) Knoevenagelcondermhon . |

| o Kuoevemgel mndensatmr: of pepudyl cyanomethyl *«:etones W‘lth aromatic-;_

. brmlght about withom sigmﬁcant epunenmﬁon( Scheme 2. 12) -

.(;du'%):-__ -

©  Schemezaz ..o 00

7'1n addrthn, slica el has  also been fund 1 cata.‘.yze cynlizai. LR

E -cyclodehydration w aloobol mthymmn,““ dehydrohalogepatlon, |
i ;'_'_"esteriﬁcation,‘“ emnuoselecuve hydantoumse :mmics,“" phnmlysis,“‘ md [he __ o



water gay shift reactions
Itis thius clear that the avea of sitica mediated arganio chemistry is well established,

| 2 4.3 Caulymed Reaclwns in Dry Medm | |

. Except for a few reactiins mltiated by heat and pulverizauon, most reacuom on
. dry silicn gel surfiice have been induced by ireadiation. Resuh_:s_have shown that o |

. hi‘ghzjriel.ds'_of.relativelypuieproddctsf :t.:;ﬁn.be.obtg_ined:bytlﬁs process, -

(i) Phntosubstitution

'. Irmdmt;on of solid 4‘\-{:1?.9--i}:mcl,(en);,,]+ complex am:l potassium carbona:e or \-

o hydroxamates Ygand RCQNHOK adsorbed ona silica gel thin !ayer ﬁ:rmed only

. one reaction product i high ield (Scheme 2. .13 ). Tt was sugsested that the
. nucleophl!ic character of the silica gel OoH groups very probahly plays an important o

- role inthe reaction
—-rcls--[0oClz(en)z] L- mc—-[c::coa(en)zj * tmm—[co(:{z(en)z]

Fcf-?—{CoCFz(ian)zl ___&CQN_HO_.. W-'ICORQONHO(”H g

 Scheme 2.13 _

() Oxidative cleavage



It was observed that substinited phenyiethylenes adsorbed on chromatographic
grade sica gel were oxidatively cleaved to ketones or aldehydes under iilumination
irt the presence of oxygen . Photoreactions of some electron-tich olefins led malnly

to dimerization, not oxidation.'

| (3) Photo-Fries rearrangement _

o Cnmpming the same renction in solutnon, ths amide Phota-Fnes rearrangement on .'
. dry sifica gel had a higher quantumyneld mﬁd agreater selecuv:ty towards the oﬂho o
-'.'_.'product(Scheme 214)‘“ - .

- }mcon B
L L Rl con R: az - R 7 Rz
N Sliica gel  250C

R | COR
' - (arfho)
| Scheme 2.14

(4) Isomerlzathn _. _ .'
- On irradiatiun on a dry sifloa gel surface, Z{dia]k}'lamlno)ethylé-bemylaorylates

_ underwent selective E-Z isomerl;zatlon. --Competmg processes, such as remote- - '
| | hydmgen abstraction via a charge-transfer stéte on pﬁotoisouierimtioh in solution
wiere completely suppressed on the solid surface, Thenml isomermﬁon of the Z to -

. the B isomer also oocumed on the sihca gel surface |

 Opoops - .
 'The photolyms of a—metho:qr acetophenones iia solution, generally - methaml,

-



_ whmhwasthoughttohave asmular polantytothatofs;hea gel, and onas:hcagel

have been reported A major deviation in the reaction pathway was feund
B owing o two fanctions of siica el on the reacting species: confonnatlr'ml control
| and festrioted movemem.m i

(6) Cychzahon _ _ _
S:]iea gel medmted a navel cyohzatmn of 1, 1 I,Z,Z-pentamlomalkan 3 4-{?1101'13-4--..

"_dlakyl hydrazones to afford S-tnﬂuoromethyM pyﬂdazmnes in hlgh )ueld ( | o

.-schemeZIS)Thiswasathennalreacuon,obtainedbyheaﬂngm& g-
o .__._."mtem]adsorbedonsdicagelgtm 90"(: in B

(7) Reaotion of k)dosobemene w:th unsatumted hydtncarbons .
.The sﬂica Selwas ﬁrSt tmated WI.th hydmgen halide HX then:nhced with © 'r
| _iodosobenzene and unsatl.mted hydmearbons, such as rrans-stiibene Pu*verﬁatton.
- ofthe solid nuxtureofthe startmg maiermlsgave halogenated or oyddbaedproducts' o
.'mgoodyuelds(Schemezw)”’ | ..

Me cocars -
. I/NN-;\R—M‘—?RII =< ______3_,__,

3,6 itidie

Scheme 215

38,



'ID(-silic.:a.gel;l.pmo-.;,.' l{=/Ph 'P“IWWI; XHP]"
o "op ; '.Soﬁﬂ.statﬁ. B4 X

- Scheme 2.16

2, 4.4, Catalytlc Mechamsm on Slhca Gel

- _'Iheprec:seanddetaﬂedcatalytmmechanismtoexplalnﬂleuseofsllicagelinthe -

abovereactlonhasnotas yetbeemeponed However,itlsclearthatthesﬂlcagel ._ o

} 'mrfaoe 1s composed ofsiloxane and silqhol ﬁ:mtional groups Thn sﬂanol groupsg_: - R

which roay be lsolated, vicinal of gemﬂnaj are not umﬁ)m:ly dlstnbuted (F:gure |

2._3')_.': :

" These groups consttuts the prinipal sites for the adsorpton of organio and

L inorganic nnlecmes on the snhca gel surfase Electrostatic mteractlons, disperslon- TR

' _"responsiblefortheadsorpt.h’m Whatisclearisthatthe-OH groups onthemhca
.geisurﬁwepluyanimportmtrolemthecatalyncreactmmandthetypeaud

- _amoum: ofOH groups should be related to the actmty

 Figure 2.3 Surface siloxane and silanol funotional groups of sifica gel.

%



o 24.5.Summary |

. Sdmagelhasbemmuessﬁ:ﬂyusedasacatﬁlystformorgamc reaetmns, eithsr _

om sohmon or in the sohd state Practnca], s:mp]e, mexpenswe and envuonmenw‘lly

bemgnarethe atn'a.ctlve characteristms assoc:ated with the matenal Howe:ver, -

o mhcagelcatalystshsve not beenusedin orgammemﬂic syntheses sndreaetions:

| Indeed, onlyoneprehmmaty rssultofasoﬁdstatephotosubstltutlonreactwnofa o

000rdmate complex adsorbed o sﬂma gelhas been reported,“‘ )

2 5 Conclusmn

B 3 _’.'._Symhetic sohd-s:aie organometallw chcm:stry has besn Iittle developed to dste

i s Ths many reports ofsohd-state reactiens of coordmtmn complexes and orgm:ic' )
T conlpoundsmdmateﬁmtsymheﬁca:ﬁmacﬁvstysmdiessmuldbepossﬂ& o
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CHAPTER3 B
.-PHASE—DEPEN])ENT - mAGONAL_

LATERAL ISOMERISM OF TI:[E RHENIUM R

It COMPLEXES I¢ -CsmMe)Re(CO)zBrz o

---:In the extenswe organometalﬁc chem:stry of ms-sub&ihned OYclopentadlenyl S
; _._l;;»..trmxsitmnmtalcomplexestherezsnmch evnienceto hd:catethmﬁngmbm on SRR

can cansndembly lnﬂuenee not onlythe physical properues but also, andmore. B

I -_'_'.'m:ponantl}', the catalytic selectiviues and activmes of such oomplexﬂ“’ T° R

_ﬁ:rther w:plore these bpe Of cmnplems: “we: have eommemed a thorough '

L imrest:ganon ofthe little studled snbstituted cyclnpentadmmd four-legged plauo o
o stool rhemum complexes of the type (1\ -C;IhR)Ra(CG)ng (R= rmg substituent, S

X = halogen) “The ‘unsubstifuted parent Gomplex CpRE(COJzBrz was ﬁrs:’
-.'-symhemzedbyNesmeyamv et ai ml969 Complexes ot‘thetypeCpMXzYz

' astwononeqmva!emstﬁwomomrsthatareoonmnwmdtoascrsandtrans o

' or more precisly, Iareraf and d:agonal womers. It was. not until 1975 that a - -

- shple and reproduc:blc chromatographic technique for the separatiun of lar- .

© CoRe(CONBr, (Figre .12 ax diag-CpRe(CONBr, (Fgare 3.11) vas repord

'_'by ng et al The only other report on related complexes involving ambst:tuents :
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o the cyclopentadlenyl rmg (n -CsI-LR)Re(OOJ;Brz (R Me, i, CDOMe). .
contahwd pmﬂmmy mformatxon, w:thout comnmm on the sepmhon, '.

characterizatmn,mdstereochemstryoﬂhe dlagonalandlaterallsoms, ofthe- o

new complexes Here we report the syntheses ofa range ofeomplexes, du;g and .
' : Iara(n QH.R)Re(CO)zBrz R = Me, Et, tBu, Sl(CHa);, CsHu) Of sugmﬁc‘.ame o

L o has beentheﬂnding ofunusualsohdand solutzon state tscmenzatlonreactxons for S

. these new complexes. Prcviously only n:nem{on has been made of the lutmn state

_isormrimtmn of the latetal to dwgonal isomets. of CpRe(CO)zBrz md-‘

T - Cp‘Re(CO)zBrz "6 A tantaliz!ng eomment on the solid state zsomenzation of (11 --";-'

SRV CsHs)Mo(CO)z(PBu;)I nppearedmthe hmratune someyears aga

e Neg
. Figare 3.1, (o) Latoral and (b) diagonal somers of (n-CHJRR(CONBr,

. A hteratu:e survey revealed that most mmerizam:: reactions of Ol’ii,'anfometﬂnﬂ3 s

S oompomds am umdlrecuonal. Reverslble momnmion reactmns have been' '

observedﬁ:rafeworgammetamccomplexes, anammhasbeenachievedbyf ;o

‘changing the reaction condstlons ﬁ'om that ot‘ a ﬂxerma.l reautwn to a-"
- photochemmalreacﬁon’ or bychangmgthereactmn medmm fromapo]ar solvent B
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toa nonpolar sulvent B A unique phase-depermem momerizatlon reactlon has been -

o ._reported fﬂl‘ l‘?"m"-"'-[Pt(l\’l'ezS)(P};')Cl;g], which. isomerizes into the crs isomer on :

S j heatmg mthe sohd stal:e Inthe presence ufexcesshgand (MezS), a Teverse cis to

e‘mns solutzon rsomenzatmn reacuon oocurs“ As far as we are aware, no'_

. organometallic complex has been reported to undergo a oompletely reversible_ '

phasef-dependent monwrimtion reactmn. Here we report an example °f this'_'

- .__-_';phenomemn, which is st by (n’-C:EMe)Re(CO):Brz, and alsa mpoxt a study_ L

o © ef the mﬂuence of the ring substituent on the dfag—lar momensm of related -
- com@,mg | S -

- .3 2. E*(penmental Secilon

-rhe ]zgands ethylcyclopentad!me and tert»bmylcyclopentadmne and the compiex_ "

o :.:CPRE(CO)J Wereprcliaredbytheﬁtemtﬂfe methods. - “Anmactiom wero carried

3 ﬁout under dry Nz in. erthe1 a Schlenlc apparatus or a ﬂask connected to a double. o
” '-mamt‘old provrdmg iow vacuum. or mtrogen Solvents were dned by convemanal-' '

| -methods, dssulled under nitrogen, and used mnned:ately Differonta scanmng o

o __ _; ca[onmatry was obtamd on 5—15 mg samples under ﬂowmg mtrogen at a_

o -_.constam heatmg rate of 10 °c,fmin ona Du Pont 910 Dsc instn.ment Meltmg’ o g

o _pomts Were recorded ot a Koﬂer hot-stage. meltmg pomt apparatus. [n:&md o

”spectra were. measured on a PerkIn-Elmer 580B IR spectmmeter, usua.lly in KBr-'

cells (solumls) NMRspectrawameasuredonaBmker AC200 spectmmeter _ 3

OPel‘ﬂtmg at 200 M[-Iz Microamlyses were camed out at the CSIR, Pretona,.

i South Afuca.
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3 2.1 Synthesm of (ns-CsH4R)Re(CO); (R = Me, Et, tBll)

A 1oo-m1 round bottom flask was charged \mth ﬁ-eshly chstlllad monosubstituted- :

cyclopentadlene @7 mL), Rex(CO)o (0.32-1.00 g, 0.049-1.53 e, and a

magnetlcstm'erbar and was ﬁtted wzthareﬂux cnndenser aIIda.Nz mletfod'_

: bubbler Thereactmnmu:tmewas stn'red, heated,ﬂndkeptal?*lOonWZh AI o

thispomt, gasevnlutlonhadceased Theﬂaskwasthennllowadto cooltoroom__ :

" temperature, R, spuctoseopy wnd sa gel TLC showed that 20 Rex(COW

mmamed 'Ihcreacnm mncture was thﬁn chmmatographed on a s:lma gel eolm:nn': [

preparedinhexane ForR MeandEt, eh:tionwﬂhhexane gaveﬁrstunreacted_:__: Lo

B momsubstttuted cyclopentadiene and thenthe pmducts asa coloriess crystllne SR

50155 FD!‘ R= tB“= elution wﬂh hexane gave unreacted ten‘-butylcyclope;mem R '

followed by a mvrture conwining (n’-csmmu)ne(ca)a am:l 8 small amount off o

tert-butylcyclopentadiene polymer Wllth could not easily be aeparated by column "

chro:mtogmphy Thssmnctutewasusedassuchmﬂmherreactions (11-'

C5H4Me)Re(C0)3 96% )ueld, ® (cm , CHCh) Vas 1922, 2026 'y NMR(ppm,

. cnch) 223 (s, SH), 521-5.25 (m, 4H) o -CsIﬁEt)Re(CO)s ?5% weld: ®R
(cm CH;Clz) Veo! 1920, 2022, ‘HNm(ppm, CDCls) 115 G SH), 248 (q,

m), 5. 25 (m, 41-1) rn’-Csl“LtBu)Re(CO)g ~90% yleld m {cm CHzClz) vm
1922 2013 1H}'\dl.(ppm, cncx,) 1 2 (s, 9H), s, 19 (t, 211), 5.34 (t,
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-3 z 2. Synthesns of{n -CsmSI(CHsk]Re(CO)3 e
To astin'od solutton of (v -C;Hsze(CO}g (0 60.g, 1 ‘?9 mmol) m45 L of'I'I-IF . .

' at—65 “Cwasaddedn—C.;HgLL(ZS mLofl&Msolunon,sssnml)mhm ;

: Aﬁerstmmgat—40to—so°c ﬁJrIZOmm,(CHs)JSICl (25mL, 19‘?nm101)was o

- 'added anﬂthereactionmh:ﬁmewasallowedtowannto?ﬁ“c Solventwasthen

removed under redwed pressure, and the product was punﬁed by oolumn_

- chromatography (hexanc eluent) [1] CSH481(CH;)3]R5(CO)3 was. obtamed as '. )

. wh:te noedlos o83 g, 37% yield) m(cm‘ CI‘IZCI;) Vet 1924, 2022 'H NMR'_- o

B (ppm, CDC];) o 24 (a, 9H), 5: 39-5 43 (m, 4H)

'_3 2 3, S!ﬂltheses of Dlagonal and Lateral (Tts'Csﬂ-iM“)Re(CO)zB"z o

o .Co-plexes

o _A solutmn ome (220 mg, 1 38 mmol) in 2 mL oftriﬂnoroaoohc aoid was added Sl

o dropwmse at 25 “Cto asolutmn of (nsﬂCsmMe)Re(CO): {434 mg, 1 3s mmol) in 3

o) mL of tnﬂuoroaoet:o acnd Aﬁer the reaction mixture was smed for an addﬁﬁonal__ L |

- wmmmmmmmpmme,memcﬁonmquemhedbypoumgittuo 100le o

e ._ ’j_ofwater at 25“0 Theresulting brownpreolpﬂ.ate, which wntamodunroacted (‘n s

o CsEMe)Ro(CO)g and both momers foﬂs-CSH.gMe)Rg(CO)zBm was ﬁlterod and : R o

7 dried at 25 °C (o 1 mimHg). This solid was dissolved in dwhloromethane and-__' S

_olmmatographedonaZxﬁnommhcagel coh:mnpreparedmhexaue Suooossme .

-elunon wnh hexaoe, hexaneldlchloromemane (1 1), and d:chloromothane Bﬂve |

i '_unreaoted (n -CsmMe)Re(CO)a (26-_1_ - mg, s4% reoovery), dmg-(n -
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- CiEMe)Re(FOEBrz (142 mg, 21% conversion, 46% yield) from a red band, and.

 lae -CsHMe)R.a(CO)zBrz (7L stg, 11% conversion, 23% yield) from a brown.

' band reepectxvely ’I'he complexes, dragonal and lateral (n’ "CSH‘IME)RB(CO);BTQ, L

- .w_ere charaptmd by elemenital analyisis and by IR and NMR Womy _cr.ab;e o
y _ '3.2 A Syntlleses of D:agonal and Lateral (ﬂs'CsHiEt)Re{CO)zBrz__ o

- C’omplexes

' .AsolutionofBr; (350mg,2 19 mmol) m3mLoftr1ﬂuomcetlc amd wﬂsadded R

_ :'.:..;:".'dropwise at’ 1x ’Cto asoluﬂon of(n -CH Et)Re(CO)g ( 730 wg, 2. 14 mmol) m 5

| .."mLafmﬂuoroaceﬁcamd Aﬁerthereacﬂonmu;turemsamedforanaddiuomls

N _- 1hatroomtemperatme,thereacnonwasquenchedbypammg;tm 100m1,of R

- _'csmEt)Re(CO}a and both isomers s of (1 -CﬂﬂEt)Re(CO)ZBm, vias ﬁltered m'

' dned at 25 o (01 rang) This sohd was dissolved i dlchlommethane am'l o

chromatographedona2><600msﬂicagelcohnnnpreparedmhexane. Successm

o elutmn thh hexane, hexnne!dmhloromethane (1 1), and dmhlarotnethane gave.

'_mreacted (Ti -CsHacEt)Re(CO)a (350 mg; 45% recovm), d:ag-{q-": - L

CsHsEt)Re(CO):Btz (180 g, 17% conversion, 31% yleld) ﬁ:om & red band and‘- o

h '; “-‘md, resw-'twel}' The onmplexes, dmgonal and Iateral (11 C@Etme(m)ﬁm, B

- WereoharactenzedbyelememManalyms andbyIRandNM{spﬂ*ﬂnscopy (Ta‘ole'
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3.1).

| 325 Syntheses .t.lf' Diagonal and Lateral (n*-CsHtBu)Re(CO),Br, B

Complexes -

_' A solunon ofBr; (170 mg, 1.06 mmol) in 2 mlL, of‘tnﬂuoroaeetw acid was added
dropw:se at 25 °C to a solution of the impure (n’ ~C,H4tBu)Re(CO)3 (prepnred

fiom 0.49 mmol Rex(COMa) In 3 mL of trifluoroacetic acid, After the reaction
.- _ mixmre was stitred for an additional 40 min &t room temperat'ure, the reacﬂon was | .

_. quenched by the addition of 100 mL of water, The resulting stlcky brown _ |
- precipitate, which contained unreacted (*-CHHUBURE(CO); and both isnmers of

_' .('n -CsmtBu)Re(CO);Brz, was washed with water (2 50 mL) and driedt at 25 °C '

.(01 mmHg), Tlns precipitate was dissolved in dmhlommeﬂmne ~and

chronmtograplwdonazxmmsﬂmgeleolmnnprepﬂredmhmam Suocessive- o

. elution with hexane, hexaneldichlommethane (1:1), and dichloromethane - gave ”
- unteacted jmpure (n*-CsH,tBu)Re(CO)s, diag-(n -G;I-I..tBu)Re(CO};Br_g [ g,
18% convefsion,'- 'bﬁsed on Rei(CO)o) flom a red band, and Iar-(n’-
C;H.gtBu)Re(CO):Br: 97 mg, 38% conversion, based on RBa(CQ)w) ﬁ'om 8 brown - |
band, respectively The complexes, diagonal and Interal (1} -CsmtBu)Re(CO)zBrz,
o were cha:agterizec_l by elemental analya. and by IR and NMR spectroscopy (Table -

3.0),
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3.2.6.  Syutheses of - Diagonal and ~ Lateral [’

CsH,Si(CH;);|Re(CO)Br; Complexes | |

A solution of Br (230 mg, 1.44 m_mol) in 5 mL, of CHCl; was added dfopwise at 0
°C to a solutlon of [n’-c-,ﬁaSi(cns);jRe(co), (530 mg, 1,30 mmol) in 15 mL ~f
CHcl,._ After the reaction mixture was stirred for an additional 60 min 80 °C, the

: raaction was stopped and the solvent was removed under reduced pream The |
resulting dark red sofid was dlssolved in dichloromethane and chramtogmphed on’

| & sqica gel eolumn prepared in lmxane Successwe elution w1th hexane

fﬁpefdmlﬂommethane (1 11), and dnchk)romethane gave unreatted [11 .

CHSICHMRACO, (00 mp 5% wovn)  dagi-

) ' CsI'LSi(CH;);]Re(CO)gBrz (ss mg, 7.8% conversion, 13% yield) from & red band, -
and za:-[n’-c,msa(cri;)a]ke(com (66 1nig, 9.4% conversion, 22% yield) ﬁam
a brown band, respectively “The complexes, dlagonal and lateral [r| - |
| C;I-hS:(C}Ia)alRe(CO)zBrz, were charactermed by elemental analysw and by IR and
_ NMR spectroseopy (Tab}e 3. l)

1327, Solution Ysomerization of lat-(n-CSHIR)Re(COYBr; (R =
Me, Et, tB, Si(CHa)s)

A solution of 20—200 mg ‘of Iaz—(n -C,IhR)Re(CO}zBm complex (R = Me, Et, -
tBu, Si(CHy)s) In 15 1L of toluene was refluxed under mitrogen for 2-5 h, Silica
gl TLC showed that :th_e're#gtiqn: yie_ld.. was ~95%, Removal of éolvent at 25 °C

(0.1 mmiHg) gave a red solid shown to be the corresponding dingonal isomer by its

s



Voo frequency in dichloromethane solution and *H NMR spectrum,

3.2.8. Solid State Isomerization of diag-(n*-CsHiMe)Re(CO)Br,
Solid diag-(n*-CsHME)Re(CO);Br, (20-100 mg) was heated in a 25-mL round-
bo'tto.m flask at 106-110 °C under sitrogen for 2-5 b, The color of the solid
. changed gradually ﬁom red-to brown No dedbmpo‘s‘ition- was obsérvéd' aﬁer the |
'heatmg process Silica gel TLC and IRandNMR spectroscopy omﬁrmed that the _:_ _
. browm sohd was Iat-(n -C,I-LMe)Re(CO)zm | o

| ”3.2.9. Molten Staiae Isomerlmhon of diag-{n -(‘5H4R)Re(C0)zBrz -

. | ®R= Et, tBn, Sl(CH;)g)

' Sohd drag—(n’»C,I—LEt)Re(CO):Bn or diag—(q -05H4tBu)Re(C0)thg (5—20 mg) o

.wassealedmtoaoapillarymheunderNgandheatedhmoﬂhathatwﬂ%foﬁh o

or at 120 °C tbr 10 h, respeotwely At these temperatmes, the complexes wete in
the homogeneous molten state, No deoompositlon was observpd a&er heating
: prooess- Silica gel TLC and IR and NMR _spectroscopy confirmed that the _:-
pr:oducts showed that 65% and 30% of the lateral isomers had formed for the ethyl
o and:m.bmyi substituted eomplem, respectively .
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o Table 3. l. S'pectmsenplc and Analyhc dafa :l'or (ns-Cg,E.R)Re(CO);Brg Complesxes :

Cpms

- _‘HNMR" (nqm)

o

diog G CEMARACOYBr,  116-118 2064, 1998

_dmg—(n’-CsILEt)Re(CO)zBrg 9365 2064, 1999 -
- -ﬁag-(n’-(lsmu)Re(CO)zBrz 95-97 . 2062, 1998
| diag {r CHS(CHRACOBr: 994 2062,2000
| dag-(n’-csmCan)Re(CO)zBrz : 125_—1_24_ | 2064 19:97_5
. Iat-(n’-cgmm)Re(CO),;Brz - .158'.—.1_60 dec -2050,119#3"
:a_r-(n -C_sHaEt)l.tE(C_~€?v}zl_3rz - o 94-—96 - .2052;"19"76 '_
'msmfaamcom : 11_5411;7’ 2048, 197
M—[rfcsﬂ.smcm);me(cowrz i'og;i;ll_ 205,197

Tt -C5H¢C6H11)R£(CO)£B& CEss _-?zo_sz, 1078

550(L2H),555(t,211)

546, 20, 5.68 (6 28)
521,200,576 (L 2H)
523, 20), 594 (, 2)
538,28, ST (2D
590 ZH) 591 €2
584,20, 591 2
595 & 28, 611 2H)
596 (4, 7F), 628 ¢, 28)
"s.s#-tt}mj, 539 (f,.-zH) :

232G3H)
126, 3H)
. 2.67(q, 2H)
131 (s? 9H)
034 @ 9H) -

121-2.60 (m, 1111)

-_;_.zsz(s,aﬂ)_ -
1BeE

- 263(q,2H)
140 (s, 9H).

'oss(s,gn);_

i 21248 (m, IIH)

l:alcd

. 1997
1994
21.83

2164
2525

- 25.13
227
221

1997,

19.90
21,83

- 2154
-2525.
25.18 .

2227
22.30

147
130
1.83
L7

250

238
2.43
232

1.47

136

1,83
1.63
2.50
236
2.43
231

o Recordedmcrlzch,"kecoraedmcnch,relmtonas s,smglet;z,mplet,q, qumtet m,multtplet



 About 10% of dfa_g-[n’-CgI-LSi(CH;);]Ro(CO);Brz' complex isomerized ‘into the
' l'ami isomer w'hen heated at 110 °C for 3 h in the molten state; but some

decomposition oocm_'red doring the process.

33 Rosult's a_nd'-'bisoilssion-'-

o 3.3;1. syi_:thésgs of--(ﬁ’.-csmk)m(coh'(k = Me, Et,‘ tBu, Si(CH:)s,

Csﬂu) Complexes _ -. | |

R .'Direct reaction of Reg(CO)m with' monoSubstituted cyolopemadwne gave ('n -
. _Gs}LR)Re(CO)a ®R= Me Et tBu) in good yleld (75%—96%, Scheme 3, 1) ‘This

=oonst:tuted a distinct tmprovmnont ovei the literature methods 116 Tho (n

CsI-I‘R)Re(CO)a complexes have good solubﬁity in organlo solvents, whnch makes C

'1t dlﬂ‘icult to separate them ﬁ‘ain the reactlon mixtuee of the n'lonosubstltuted - A

Rez(CO)m + CgHsR. 170-210 °c(n5-C5H4R)Ro(CO)3 (R Me,Et, tBu) |

SchemeEll

o cyolopentadieno and 1ts polymor " by traditional sublimation or reorysta]]izntion
. methods. We found that -(n‘-c-,mMe)Re(cm; and (ﬁ’.-c,mm)ke(co)a could be

. easﬂy separated b}' column chromatogmplw as a oolorless orystalline sohd (11 S

- :-'C,I-I.;tBu)Re(CO)a ooutd be separated ﬂ‘om most of the correspondmg rerf-_
: butylcyclop&otadlem polymer by the same method. The produot was, however,
- always contammatod with some iert—butylcyo]opnntadlom polymer whu:h had. the
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same solubllity as that of the product and was difﬁcult to remove by cqumn '
_ chronmtography Howe\rer, the small amount of diene polymer mthe product d1d _

not have any influence on the subsequent brotmnatxon reactiom

_-[Tl Cs'iﬂSI(CI'Ia)a]Re(C()); was synthesized in good-:ﬁeld by foﬂoWing the
' ptocedures used - to synthesize [n’-cgnﬁsl(cm),]ne(co), 18 Reactlon of

'.Rﬂz(CO)m Wdh cychhexybwbpenmdlene gave (n"-CsI'I.ngHn)Re(CO); in good'-'_. .

" E _'yield (momtored by IR spectmscopy) However, it was d;fﬁcult to separate the ._ '

o pmduct from the oyubhexykwlopema&ene polymer even by repented oohlmn_ B

.:. chromatography

.In gm;mnar}f our results show thaI direct reacnon of Rea(CO)m Wlth

- 'ms“bs‘md cyclopemadm provides a good route for the preparatmn of . -

monosubsututed cyclopemedienylmoarbony]rhemum comp}exes and that eolmun e .'

_ chromatography is an eﬂ‘ectwe separanon method for most of these complexes. '

3.3.2 Syntheses of Diagonal and Lateral (ns-Cst)Re(CO)gBrz -
E .(R-—Me, Et, tBu, SI(CH;):;, Csﬂu) Complexes

B The teaction of (11 -CsI-LR)Re(CO)a with- btomme in triﬂuoroacenc acld at room

" "-'te:rq:erature was camed out by the prooedum used for the swtheses ofthe .

" umsubstituted sualogue *  (Sotime 32) ad gave diageand. Tat-(n’-
f‘ 5H4R)RE(COJzBI'2 eomplexes which were sepacated by a chmmatograplﬁc i
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techmque Surprisingly, ['n -c,m':enl(cﬂa)s}!tse(00)3 lost the ring substituent -
SI(CHa)s and formed (n -CsHs)Re(CO); quanutatwely whﬂr dlssolved in

trifflucroacetic acld. Howevu, reactmn of [‘n -Cﬂ-L&(CH;};]Re(CO); w1tl1 '

'bromme in chlorotbnn gave diag-and lat-[n -CsESi(CHa)a]Rﬁ(CO)zsz iﬂ 800‘1 | o |

: yze_:ld (Seheme _362). Monitonng of the bronunatl_on-re_a_ctmn by TLC reve_aledthax 3 o

“new yellow product assumed o be {[n"-Cobi/SCFR)JRE(CONBr}Br * formed

rapidly and decomposed slowly to fnrm diag—[ns»CsILSi(CHg)J}Rc(CO)zBrg, Iar-a_':_': -
E-CHHSICHHRS(CONBE, -CsIﬂSl(CHs)a]Re(CO)s and & red produc N

-.whichhasasyet notbeenclmactemed

B 593———- diagmrm{nsmmne(aohm (R=Me, B tBu)

(ﬂs-C'#mR)Rﬂ(OO)r*- |

o -.'Scl.xmes'.z_.
Reafion of the mixtwe of o -Csm(.‘aHu)Rﬁ(CO); and the

cyclohe:wlcyclopemadiem polymer w:th bromme m tnﬂuoroacet:c acxd or m THF |
mdeed gave dcag— and !nr-(n’-C,’I-LCGHn)Re(CO);“r con:plexes, wh:ch were:

separated by column chmmatography, but the y1eld was low (~10%) The . 

-conmlemeswemchmctenzedbymand ‘HNMRspectmscopy, anddataare-.
gweanabla31 R - '



333. Characterization of Diagonal and Lateral (n'-
o _c@l{)Re(CO);Brz R= Me, Et, tBu, Si(CH;)_:,) Coﬁipiexes :

The new .compl.ex‘es were .characterized by R and NMR. spectroscopy . and by
elemntal analysis In every instarice, correct intensnty ratios as well as the reqmmte
numl:ler of adsorptior- bands were observed in the NMR spectmm The §
‘identification of the dlagonal and lateral isomers was based on the angles between

. their two carbonyl- groups (‘I‘able 3 2) wluch were estimated ﬁ'om the relationship
"-tau 39 =I..,/I., where 29 is the angle between the two carbonyl bonds, L is the___ -

| .helghtofthe asymmetuc v.,,band, andf.lsthehelghtofthe symmetriovwband” |

".3.3.4. Soluﬁon Isomerlzation of lat-(n’-CleR)Re(CO);Brz (R =
Me, Et, tBu, Sl(CHa)s) .

-_The m -Csl-hR)Re(CO)zBm comp}exes have solutlon 1somer1ﬂtmn behavior'

.sumllar to the unsubstltuted (R = H) analogue The lar-(n -Csl-IaR)Re(CO);Bm '

: momers wete' smble in sohmon at room temperature over a penoll of hours and

~5% of the reactants isomenzed to the correspondmg dmgonal isomers over a

o __ _. penod Ofdays They were read:ly converted into the cun'esponding dlagonal

‘1somers when refluxed in toluene. In reﬂmmg toluene, an eqdlibnum was . .

. estabhshed am:l our prel:mmary results showed that the equihbdum constant K =

.j'[‘”ﬂgll[faf] was larger than 20 and mdependem of the R group The »'ar-(n A

. 'C;I-&R)Re(CD}zIBm were slightly more difficult to isomerize than the unSubstitute_d
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'I'ahle 3.2 Bond Angle 20 between Two Cco Groups fol' ﬂle ™

C5H4R)Re(C0)zBrg Complexes

: complex

Tl

2

' -D:ag-(n’-CsHs)Re(CO);Brz
dmg-(n 'CM)RE(CO)?BI‘:.
- diag-(n’ -CsmEt)Re(CO)zBrz
L dmg—(n -CsHCeHy)Re(COYBr,
- a’iag-(n -CsFistBu)Re(COLBr,
; dmg-[q -CsH,Si(CH)s]JRe(CO);Br,
; !ar-(n “CsHs)Re(CO}Br: -
|l (- CHMERE(COYBr,
- lat-(n -CquEt)Re(CO)zBrz

. ety -Csl-hCaHu)Re(CO)zsz
* lat(n’-CsHytBu)Re(CO):Br; -

250
244
225
226
2,20
0.649
0686 .
0635 .
0706 . -
0713 0

T

115

BT« R

113

113
S 112
78(78)
7™
7
g6,

- _laby CHS(CH)R(COMBs



' analogue "For example unsubst:tuted .’at-('n -CsI-Ig)Re(CO)zBr; oompletely -

. changed into the dmgonal isomer - in bollmg chloroform after a few mmutes o

o wheneas only 17% of the lateral ('q -Csl-L;Me)Re(CO);Brz complex ;somermed to .

- the corresponding dlagonal isomer aﬁer 6hin reﬂuxmg chlsroform. The dlag—(ﬂ -

CﬂRIR.e(CO)zBrg complexes were stable to {somhe. aation in solution even at

o ._\ten]peram as high 8 130 "C The polanty ofthe solvent dld not ohange the

- lateral to dlagonal soluuon momuzatmn dn'mnon. d:ag-- and krr-(n -

__CsH.gl\/Ie)Re(CO)zBrz were heated mnder reﬂux in CHCla, -benzene tolnene and

o -_: ' CaHsCl fm- the Same penod oftime In al.l cases the laﬁeml oompiex mom.enzed._-;_.

o into. the d.lagonal lsomer, whﬂe the reverse isomeﬂzﬂhon reachon dnd not take S |

. _'_'_place(Tabxess)

e 3.3 5 Sohd State Isomenmtlon of diag—(n -C.r,E.Me)Re(CO);Br; '.

¥ Surprismgly, the dmg—(ﬂs-CsI-LMe)Re(CO);Brg isomerlzed into the correspondmg o
o iaterallsomerhalmostquanutaoveymldwhennwaslmted mthesolndstateat o

- 106—1 10 °C unde: mtrogen for 2-5 11. Thus, a eompletely reversfble isomerization

| takes plaoe o tha salne temperature (110 l’C), the du'eetlon of the isomeﬂzatlon
' beiﬂs del-"eadent on the phaSe of the uomplex. By conttast 1o isomerlzation"'- |

: _oocul:red when solid diag-tn —CsHs)Re(CO)zBm was heated at temperature ashigh

s 150 °c, A similar negative res-it for the isomerization of sofid diag-

e CP*RQ(CO):Brz under photochemical eon.htions was reported by Hlll et a2 A N
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ﬁ Table 3. 3 Dmg—Lat lsmuenmtlon of (ns-CsmMe)Re(C())zBr; in

' leferent Sotvents

comp!ex S solvent' Reaction prodict” (%)
o : Coo L time® (h) o digg
krt-('n bsmMe)RB(CO)zBrz CHCk .~ - 60 .17 8- . .-
bemne -4.5_ R SRR | S
- ftolueme 1O . 395 . <&
CCHLCI T 200 95 <5

N dfag-(q’ < 5H4Me)Re(CO}231'2 CHCL - 60 - 100 .0

- benzene: ._-'.4-.5' TR {1 IR | RUR
. toleme . LO . o R98% Uo<E o o
. -CeHsC! 20 >§5“_ G '<5_-. S

L ‘ The soh:txon was heated,mm reﬂux. b Calculated ﬁ'om the integratl.on ofpeeks

e -'j:__inthe ‘Hmnzspecm*mmmhcageznc
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| -Dsc j;xo't e? ﬁbwd'e'red diag-(n"-osmMe)Ré(CO)gBri '(Figu:e; 3, 35) 'Qshows- that .

one exothorrmc poak begummg at 118 "C and one endothormlc peak at 171 “C '

- | 'wero oboerved ThP oxotherm corresponded to the dlag to lat i momerizauon of the -
- oomplex Thlswas venﬂed bytho oolor ohange ﬁ'omred to brown (the lottor oolor :

--.'_corxesponcmg to that ot‘the lateral momer), and by the IR and ‘HNMRspectra-.' |

o _.'recorded onthe oooled samp}e after completxon ofthe exotherm. TheIRand 'y

. NMR Spectrn "licated complei;e conversmn to the lateral Lsomer Tlns DSC resu]t |

suggests that tha sohd state aﬁ'ag o Zat lsomenzaoon of the m- _

: CsIﬂMe)R.e(CO)zBrz proceeds uoder t.hermdynamxc control. The endothennm- '.

RN [ __'peakat m ""‘:'on'elated wnththe melting pomt oftha lateral isomer ohtamed aﬁer . o

T lsomenzatlon of t.bf 'hagonal lsomer For comparison, the DSC curve of'..'..:

- “"S“"*t““‘e" “"“g (’“S‘Cﬁ)ﬂem)zﬂrz is aso given in Figure 3.3, hore only ane D

RO : endothenmc peak oor‘espundlng to the mﬂlﬂﬂg peak Ofthe Stmmg mateﬂal was -

s -'_":'ol d L

o 33, s Molten l’:.ate Isomerlmtlon of fﬂag—(ns-C5H4R)Re(CO);Brz .

N (R Et, tBu, SI(CH:JS)

o :: wm dra&{ﬂ -CsH4R)Re(CD)zBrz (R, B, 1By, sqcﬁs),) was heated at 2 .
o tempemtme below its meltmg point (m the sohd state), no isomerlzauon was_ e

- "'j'_:.observed DSC curvrss teveal on]y one endothermc peak for these oomplexes :

R (Fzgure 330—e) whmh com’:sponds -to the meltmg point of startmg matenal.

E HOWever, dlagono] o lateral momonzatmn, a reversed d:rect:on to that of the

' _'solutlon isommzat:on, oocurred for these complexes in the molten state Fm:tller, if



 solution isomerization, occurred for these complexes in the molten state, Further, if
lat-(n’-CsHR)Re(CO):Bry was heated in the molien state, lateral to diagonal
_ e :

{somerization ocourred.

Thc ratio of lat to diag isomers for the R = Et complex in the molfen state was
 found to be independent of the direction of tﬁé isomerization reaction and mm& _
an equiliﬁﬁum value of 65/35 ag determined by NMR spectroscopy. Raising .the.
heating teinperature or Increasing reaction time did not .improw the reaction yieid
m:bstantiallf; Tt Is to be noted that in all cases the isometization reaction was
" carriod out at a temperature higher than the melting points of both the diagons! and
lateral isomers and that a homogenous melt was observed under a microscope.
For R = Si(CHy);, the d.-‘dg-[n5¥C;I-I4'Si(CH_s,)3]Re(C0);Brz complex deﬁonmosed
slowly in the molten state, Tt appears that. a diag-lat -equiﬂbrium is set up in the
ho:nogénous melt, whi:_'.h Iz dei}endent on the R group (R = Et_, K = [laf){riag} =
1.85, R = tBu, K= 042 and R = SCHy)s, K= 0,11), Molten state isomerization
thus provides an. alternative method to the preﬁarh_tloﬁ of lat(n’-
CsHR)Re(CO),Bry, and our data indicate that the reversible isomerization is a
general phenomenon for the monosubstituted (n’-C;IﬂR)Re(CO);Br; complexes._'
The mechanism of such bi-directional isomerization is not as yet clear. Solvation
 effects clearly play a role in the imniériéatitm reaction and overcome the
- therniodynamic constraints for the diag to lat somerization reaction observed in
the absence of solvents, The limited solvent study data suggest that tfue-reaction is

faster in nonpolar solvents, which means that a nondissociative mechanism s
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involved.

" Figure 3.2 @ Lateral and (b) diagonal 1somers df(n.’éCst)RﬁCO)gBrg. -
Solid state studtes to investigate the. latter momerlzanon are needed to establish the
expeeted mtraumlecular nature ofthe reactlon (umt cell volume changes, mode of

| B Br-CO mterconversion, etc ). Bath lateral a.nd diagonal confonnations of (1'| - i
CsI'hR)Re(CO)zBrg must be stetically and /or electromcally favored in the diﬂ'e.rent -
phases (Figure 3.2), o

| 3.4 Conclusmn .

The dlagonal ancl Interal nmnosubmituted cyclopentadtenyl four-legged piano stool. '
‘thenfuri complemes o’ -CsI-LR)RJe(CO)gBm (R = M, Et, By, Si(CH;);,- C«I-In)
were symhesiaed for the first time, and their structures were determined by
-elemental analysis and by IR and NMR spectroz;copy. Sunilar to the lmsubstituted
__ analogue-, the- lateral (11 *C:I'LsR)Re{CO)zBrz ‘comiplexes isonwﬂzcd to the
comesponding diagonal isomers upon refluxing in solution Quite difforent from the

. patent. complex (m -Csm)Re(CO):Bm, the reverse dmg to lar isomcnzaﬁon way

observed for the monosul_:_stlt_ute_d ring -cqmp_lexes_ ( -C_;HqR)R-B(CO)zBr: in-the
solid state, Our results showed that the different rhl'gasubﬁﬂtuted complexes had -
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o s we - s . w0
S " Tempeératute (oC} T

: lFlgum 3.3, DSC curves for dlag-(ﬂ ‘CquRJRB(CO)zBI’t nomplexes, (a) R H, _
 AH=+10 klfmnl ® R= Me, AH =044 Kl/mol, =42, 2kamol ©
| R=Et AHp= 0041 kamol AR = 422 oo, R = tBu, A =

| 2, ] kJ}moland(e}R SI(CHJ):,M'I:=+2DHIMO]

m



 différent dfag to lat isomerization behavior. The diagonal (n*-CsBiMe)Re(CO)Br, -
complex isomerized to the corresponding lateral iseme'r in alimost qua:ﬁitaﬁve yleld _
| when heated in the solid state and the isomerization proceeded exotherrmea]ly
Tius is the first mpie of an 'orgehoﬁﬁtaﬂic complex that undergoes o nearly
'_ quantitative phase-dependem reversible isomerization reaction under only theemal

 condiions. The' diagonal (n"CHR)Re(COMBr, (R = B, B, S(CHY)

complexes 1somerlzed mcompletely into the correspondmg lateral 1somers in the |

' molten state, and the results revealed that the larger the ting substituent, tlm more '
'-"-dlﬁleult the diag to Iat 1somer1zat10n reactmn. Solid state stud:es (smgle crystal -
) .- _and powder X—ray dnﬂi-actaon) to explore the masom for tlus unusual behawor w:ll
'_'ba presented in Chapter 4 andChnpter 8. ) |
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 CHAPTER4

o .INTERMOLECULAR INTERACTIONS N

o :CRYSTAL STRUCTURES X—RAY SINGLE- -
o CRYSTAL STRUCTURES O‘F DIAG- AND LAT-'

S - (n -CsEMe)Re(CO);Brz a

| _4.1. Introductmn o
.:Chapter 3 descnbed i umque phase—dependent mumenzatmn reactmn of (11 .

i .CsHasR)Re(CO}zBlh (R- Me) It was observed that. a reversihle lsonmnzm.ion

-'  '_.reactionoccurredatnearlythssmnetemperaturemdlﬁiaremphases(Scheme41)

: ©1059C, SolidSuis ' -
c// \'"'Br 155G, Soion c// \'"tc

B A hterature survey has shown that thc sohd state momenzatien reactions of _' '

o o enordmmn compounds have been studned for a.lmost oe hund:ed years (Chapter' o

o 2) Reactmns mclude cw—irans isomerxzatmﬂ reactwns of four or six coordmate o
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: metal complexes, nitro. .to nitrito linkage isomerization reactlons of sbme Co(II)- |

'. amine complexes and {somerization reactions ata ligand However, in 1o instance'

_ has a therma! revers:ble isomenzaﬁon reaction been reported ﬁ)r ahy of these

‘complexes,

-It 1s thus obkus ‘that the d:ag-far momenzat:on reactmn of (11 -

o CSI-LMe)Re(CO)zBrz prov;des an umque example vmh which to explore factors )

ot mﬂuence imer and. intramolesalar bnndmg interactions, We have ums-? o
. undertaken a smgle-crystﬂl, as well 68 8 puwder dlﬂ‘i'action study of the tltle R 0

B compe mds and report here are.our ﬁndmgs Obtalﬂﬂd i‘rom this Btudy -

"'4.2 Expenmental Sectlon

o The diagonal and lateral lsomers of (11 -Csl-LMe)Re(CO)zBrz camplexes were o

symhemd as descrzbed n Chapter 3, Single erystals ofthe two isomers: were E N

: Ol'ystaﬂlzed ﬁ'om a tnixture of dichlommetlmnefhexane under nitl'ogen at 1 room '_ o

'Chystalsot‘both momers were selected for smgle-crystal X-ray analysis by standa:d |

: _osexllatlon and Welssenberg teclmques Aocm-qte cell constants ancl mtensity data__' _

. were measured on an EmafNomus CAD4 diﬂi'aetometer, usmg standard
.' mstrumnsettmgsatmomtemmram Thestructuresweresolvedbystandard' : _.

Patieson proeedures and fefiied by least-squares methods based on ., The

SHELX suite of pmgramsmreused fqrallerystallographic comphtations: In the
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<. final stages of reﬁnement hydrogen atoms were placed in geometncﬂlly calculated '
posmonsandreﬁnedmndmgmodewnh dlsplacementparamehershnkedto those B |

of thmr connected oarbon atoms '

. _Powder d:ﬂ‘ractlon data were measured ona Phllips speotromeber eqmpped with a-
Cu K., sadiation source 0= 15418 A)and samples were prepared by spreading-' -
_ about 100 mg powder { the samples were not ground smce grmdmg could imtiam- |

'-the sohd—state 1somenzat10n) on4 slhoon orystal dlsc hakl in plaee by a thm |

o _::-:4 3 Resulls and Dlscussmn

The X-ray powdet d:ﬂi'action spectra of pure dmg--and Iar-(n-._.*_ T

- 'CngMe)Re(CO}zBrz, and the product of the mhd-staiae isomenzatzon of the

L .diagonal 1somer are glven in F1gure 41 It is clear that the powder dlﬂi'aotlon' -

* pattens. and iensltios of Tatn’ -CsHMe)Re(CO)gBrg, obtained ﬂom @ e

diagonai momer m the- soiid state and-(:i) from the hrommatmn of the L

: '.-_'correspondmgtricarbonyleomplexinsolunon,mrethesame 'I'lnsconﬂrmthat

o : the lmral strucmre is the thermal sohd-state momenzahon product ofthe dlagonal -

'-.._'.c,ysm data and structute reﬁnmnent dats for dfagh and - !at-(n-"

. .C,I-LMe)Re(COhBrz are givenm Table 4.1 Stereoscopxc va.ews ofboth of the | L
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_.three-d:m;ensmml molewlar structircs are  shown “in Figures 42—45

'_(hystallographlc data, ﬁ'acttonal atormc "ourdmates, bond lengths and angles,' e

o structm‘efactors are glven mAppendmA

o 4.3 1 Analysns of the structures

._-.A hterature reuew has ahown that only ten smgle crystal ; tures uf'_

o _'_cyelopentadlenyl ﬁ:ur-legged piano stool rhenium. oomplexes, mostly rolutmn' b

stable diagonallsomers,havebeenreported (Chapter2 Tah1e22) Tmsismeﬁ»'

= ._ _. time 1hat the erystal struetm'es of bofh dmgonal and lateral 1somers ofthe same o

rhemum eo:nplex have been estabhshed

-"-compmblemthlneratmevalues ofsrmilar cor "eRes. 'IheRe—C(CO) bond:."' R

L lengths dre. in the range 1.85-2 05 A that have been reported for d:ag-(q 5.

o c,Mes)Re(cohBrz,? tar-(n’-CsMes)Re(COJzIz, dfag—(n -C*MeﬂRe(CO)z(mb |

- '___-d:ag-(n -CSMes)Re(CO)zEt,z, diag-(q CSHS)Re(CO)g(n -PhCO)Br dlag-(n . L

e '_C,Mes)Re(CO)z(Ph)l : dmg-('q -CsHs)RE(CO)z(SIIPhs)Z, . | dmg‘(ﬂ - .: .:' '

.;';:'CsHs)Rﬂ(CO)z(CHa)(COCI-I;), : d:ag-('n -C,H:,)Rgs(c0),¢:Me)1;1—9 m Ia G’l R

':_-C,H,)Re(co)z(H)(CIhPh),’“ The interbond angle reIatmg tor the carbon)d gmups B

- _c(l) Re—C(2)of1040 ofthediﬂStmallsomerissmﬂlarto tlmtobservedforthe

_' _:".d:ag-(ns_c,Me,)Re(cohmz (1043 °), diag-('ﬂ csMe,)Re(CO)z(H}z (1001 W
| dlap(n’-CMeRe(COMEG (1031 '-’J, dfag—(n ~csHs)Re(00>z(n -PhCO)Bf |



T a0

C ..-:'Flgure 4 1. m pO‘WdeI dlffl‘acil()n datﬂ fQI (a) dfﬂg— (b) ’d’fﬁ a‘l’l,d. (c) ;a;_(-,-l L .

- C,IrIqu)Re(Cb):Brz aﬂer thermallsomenzatlon from the magonal isorer.
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@00 9 dig(CMeRe(CORPRL - (1023 )F  diagn-
- csHs)Re(cojz(Snrhah (1004 9, _dfa;ga'(h’-’csm)ne(comcrmocm) o1z
'°)’ and dmg'{'fl ~("sHs)Re(CO)z(Me)Br 0z %y aﬁd lndicates the diagonal

R "onentamn of the two CO hgands. The casbonyl group interbond angle C(1)-Re-

| -C(2)h1thelatemlisomeris'?86 comparablewithtlmtobservedforlat—(n-: h

- CiMeRe(COk (78.5° )‘andfar-(‘n -Csm)Re(CO)z(ED(C&Ph) (42°)0Ths

._'__Re-Brbondlengthsofbothlsomers of258 Aareahnostsameasthoserepoﬂed e

N ﬁn: d:ag-('rl -C:Mes)Re(CO)gBrz (2 58 A) The average Re-C(ring) bond _'

dlstames ofdmgonal aud Iaterallsomers are also oompatablevnththnse observed .

o '_m other rhenimn complexes oontammg the Cp group, w:th the average vah!es of_-" : s

'_'-2 280 Aand 2, 285 A,respecmly

Cme hitmstmg' sting asymmotry s iiitheRe-{: boud fon 'gths' tdthec?biopénﬁdi’ehyifhg.i_ o

L . .correspondmgto a“ultmg” ofthermgreported ﬁ)r Iar-(n -CsMes)RQ(CO)zI: was T

. _'al_sé_' observed far our Iat-(‘q -C51-:4Me)Re(OO}zBrz and Iat-{n -

_CqutBu)Re(CO);Brg (Chapter s), ie. the longest Re_c(mg) bonds, Re_cs _.
'-(2 3ss A) andRe-Cr (2 363 A), are on the samesule ofthe two bromide llgat

S 3.'whﬂethnshortestRe—C;(2 199A)isont]1esames1deofcarbonylgroups(hgure B T

o -45) Sutton has pmposed that the CO ligands of Iat-('r| -CsMes)RE(CO)zIz N

-wuhdraw nuelectl.‘on density and dnmmsh the n—contnbutlon to the Re-—C(rmg) o

'\_bonds rrans 10 them, thereby resultmg m lengtbemng Hofﬁnann has suggested .

. -:-'._.--that a degree of tilting of the Cp ring observable in some CpML; compouuds s
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Tﬁble 4.1, Crystal data and detsils of structure reﬁnenmnt for diag- and lat-(n’-

eolleetion

 CsHMe)Re(CO)BY;
Compiex ding-(n ~CLMARE(CONBE | Lat-G-CaryMe)Re(CONRBY
| *dentification code OM 69 T OM68
[ Empirica ormuis CRBrOme “CiBroRe
Formula weight 81,16 FTIRD]
Temperaie DK 3 K
“Wavaicngth 07109 A 071068 A
Crystal syt Trictinic monochnic
' Spw:gmup Pl /e .
: Un!tmﬂdlm::nsinns - a-svsn(z)A = 96.698(12)° | = 11.8196(11)A, a=00,000(13) |
' b 8.4366(13)A, B = 92.152)° | b= 7,1330(0)A, p = 98.278(8F |
| - ¢ = 9.7578(14)A, y= 10596(2)° | o= 12.0236(13)A, y= 9D.000(12)° |
'vmume Ay | $348Q) - 107820) -_
1z 2 4
Density {catculaied) 7988 glomt 2.964 gemw
[ Abeorpiion coeiticient 18.797 nm? 18,646 "
F oo B 864
{Ciysiaisize T 0.4%02 % 6.4 mm 0.3 %03 %02 mm
1% vange  tor dnta 211163495 1731034957

10skai0,-132k<13,-

[ndexranges .-19511518 nsksn Dsi<
_ _ 1551515, 20,

Refleet{ons cotlected 6936 5818
Tndependent reflections 3711, [Rint) = 0,0222] 4731, [R(mt)noosssl
Reﬂncmmt mathod F’ull-mmrlx less-squares mF‘ Fnll-mntrlx leas-squms Py
Data f restratns  / a7 !0!108 4731 /0/ 109

| paeameters _

: Goadness-ot‘ﬁtmll-“ L1800 - _ 1264

{ Final R tm!lucs [I>2¢] R1=00295, wR2='=0.0776. 1 Rl =0 0‘?17 WR2 = 0, lSSl
[ .
R indices (all data) “Ri=0 0295 WRZ =4, 0??6 Rl =4 0'144, WRZ =0, 1565

Largcat ql peak and
holc!eA :

1,539 and -2 000

2,381 ahg -2, /S
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accountuble by interactions involving ¢ orbitals of the métal and Cp ligand. In.
essence, it.apl.aears that (in projectlon) the -eclipsing of a M~C(Cp) bond .with aM— _

L bond msults ina shghtly long M~C(Cp) bond length, whereas when a M—C(Cp)
bord is staggered between the ML bonds, it is short,”

However, neither pﬁstlﬂate can account for our rasults and intra-steﬂc factors may
play an -i'mpbrtant role in the obSer_ved tilting, For exgmple,_tha longest Re-C(ring)
 bond ind;_ag.'(ﬁ=~csli4Me)Re(cb)fp(oPh),]B:z,' Re-Cs (2.365 A, Figure 8.2), is
els, nﬁt trans, to the CO gtouli‘ From our six sinfglg crystal structutes of diagonal
and el somers  of - (-CHUMORS(COMBr, . (-
 CiHMe)Ro(CO)P(OPh)]Br, and (n'-CiEL(BURE(CU)By, and orystal data of
Iar-(ﬂ’-63Me3)ile(C0);h,’ it appears that the sterlc repulsion betweeﬁ the |
ec]ipsmg 'Jigand atoms and the Cp ring atorrs is. the de.tém@hxg ﬁetor for the
degree o'f_'tilting ofthe Cp ting, The bigger the atoms eolipsed, the losiger the Re~
' C(ﬁng) bond, In these cotnplexes, the relative sizes ofatoms and gmﬁps are I > Br
> P> C and tBu > Me > §, therefore, the observed difforences bet_weﬁn the
average value of tw longest Re~Ciring) bonds and the shortest Re-Cring) bond,
which tepresents 4 degree of the tilting of the Cp ring, are 0.19 A, 0.176 A and
" 010 A for Iatq(n’-CsMes)Rc(CO)gh,’ lat-(n’-CsHMER(CO)Br, (Figure 4.5)
- and -:a:-.(n?;c;mtnu)ke(m)znrz (Figure 8.5), re_'spectivély. From the projection
views, the éciipsing or nearly eclipsing two groups in these complexes are I and C-
Me (ring), Br & o C-Me (ring) and Bt and C-H (zing). In other complexes the
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Flgure 4 2 Perspectm v:ew (SCHAKAL plot) of d:‘ag-(n -C;I-hMe)Re(CO);Bn
| . showing the stom lubelmg



- Tigure 4.3, View of diag-(n*CsHMe)Re(CO);Br; projectéd onto the plane of the

Cp ring,



Fleure 4.4, Percaccth - view (SCHAKAL p : - _
Figure 4.4, Perspective o
' ' showing the sfom Iabeling-_
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B S

' _ Figure 45V1eWof Ia_f'-(qsacsmMe)Re(CO)gBrz' projected onto the phne_of the

. Cpring.



' 'longest Re—C(rmg) bonds are also the ones miost nearly echpsed by the Br Iigand, _

the biggest atom among the four-leg l:gands

However, the sole of intermolecular interactions can not be ruled out, although no.

* dorminant interaction yet identified.

o 4 3.2 Analysu of mtermoleeular mteraetions

. '-There are two possible scenarme that can account tbr the observed eohd-state o

' '“‘..reaction.Theﬁrst mﬂmatﬂxeisomermﬂonreactmnoccuzsﬂm Aﬁertheche:mcal'_ |

. neactxon of one molecule is complehe there is now stress in the cm td the. o

Lo :-molecular structureofthe otherswﬂlnawrearrangetnrelievethis gtress, The

second possibilitv is that an increasmg the temperamre the crystal undergoes a

phasetrmtionﬁrst andmatthechemmalreacnonfolhwsthls traneitmn. It is o

_known that any tempetature—dependem phase transition s tnggered by some.

R -_MemctMnORnwreamngthemnpmatmemisomermyhemﬂmdmmhlemd
"_amecuonmwhieharean'angemenIoccurstoreleasethestressaantaleeplace .
._Thlsreacuon“ﬂﬂproeeedﬁ'omalesssynnneulcallowtmnpmfomto a mote

. symmetrical arrangement at the hlgher temperature 2.

 Tor this set of complexes the isomierization! reaction goes in opposite direotions in

selﬁtion and in the solid state, This suggests that on increasing the_ternpelfature an -

“interaction ogours in the solid state which drives the isomarization reaction,
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The diagonal isomer crystaﬂizes i the triclinic space group P-1 whﬂe the latetal
. isomer crystallmes in a more symmetncal monoclinic space group, P Zlfn Thus, Jt' h |
would be expecred on symmetry graunds that the direction of the phage transition o
B :'shouid beﬁ'omthe d:ag to the zatisomerinthe sohd state 2.

= I:mspectwe as towhwh is the correct proposal, the reactmn mvolves going ﬁ'oma o

- _Mghexmgyfountoalowenergyfbm Whatdmmthemacuon?

i The difference inthe iﬁteﬂmbcular h:teractions betwaenthe isomers uanbeclearly o

_seenﬁ-omthen'pankmgd:agrm(ﬁgure46and47)

In tbe d:agemal isomer (Figure 48), the molecules abgn themselves along the.

 ditecion of the two bromineatoms, wrthallthe cyclopentndlenylmlgs mangedm-' .

_ _the same layers Howwat they ﬁce in oppoz.:te dmecufms in ﬂeighbomg lﬂyers, R

" _"'mhthemetmvlgmupspomtmgto eac}iothet betweentwo ne:ghbomgarraya In Ny

' _'the lateral isomer (Flgm'e 47, the mnlecules tine up m ‘the directi(m of the n

:'cyclopentadienyl center and the methyl groug. Thetw“ b‘“kyb“’m “t"’m arein |
- the same plane a8 the mxghbormg rmg but far away fmm the methyl group aftha“: o

ring:

o 'The meltmg pomt of the lateral nsomer is s:gmﬁcantbr Iugtwr than that of the .

| \ d:agonal isomer (diag‘ 116-118 °C Iat' 158 160 °C) Tl'us could be a result ofthe". .



Figure 4.6, Packing diagram of diag-(n’*-CsHiMe)Re(CO);Br; projected on the

- [100] plane.
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) | arrangementoflaterai lsmners mtbe 1’21.3."(: structure, whit:hinvolves stronfg'di;;o:!'e-' |
= dipole intermolecular mteractmns. It is suggested that this obvious diﬂ‘ereme in
K ..'_..:'mtermolecuhr mtmachon :s the dnvmg fome for the dvagonal to lateral_._._.
B lsomerlzation reacﬂon in the cr}'staL Molecnles wﬂl always tend t arrange'
L ,"themselves t4 minimize tho latnce energy ’I‘he stetic repulsion between two big L
e bromme atoms ﬁom 'wo ne:ghbormg molecules could also favor dtag-to lat - B
R isome ﬁzation. _ -

e Unﬁ:rtunntelythe raolecular mechamcs calclﬂatlons carr!ed out on the two isomers L
did not reveal any non-bonded rterachons ofnote Further, the energzes ofﬂm s
two zsolated !snmer molecules ob. &om the calculauons were appm:umately'-. o

. __fThe l:nost important result obtained m th:s m:alysm has been the PfOPOSal that S
o o intermolewlar interacnor.s can mvert the normal stabﬂlty order oflsomers ﬁ:.mﬂ in S
K . '-'sohméfn. Thlshas an important bearing on the nouon that molecular stzucture is a.-'- I

o ﬂ:mtmn o_ftha envn’onment.

\'t
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CHAPTER 5
'SOLID-STATE PI-IOTOCI-IEMICAL DIAG—LAT
| ISOMERIZATION OF (o' -Cst)Re(CO)(L)Xz |

| ON TI-W1 SURFACE OF SI[..ICA GEL

_ 5 1 Introductmn

; Compared to the development of synthetto chemistry in the solut!on state, synthetic

3 _che:mstry empioymg solid state machvntyhsbem]essdmlomi Indoed,a' C

k survey of the organometallic ehemzstxy hteratum reveals that fittle exploration of |
" the use of the sohdphaSe mthesynthestsofneWntolecules has beenreported o
. | .Fromwhathasboenreported the reactions canbe diwded into threetypes.

Firstly, solld state reactions can océur’ within.a solid, For exainp!e.,_ a vonge of

isomerizat.on reactions have been carried out both thermally and photoohemica!ijt -

i the solid state, Reactions include nitrlto to nitto isomerlzatiort"’ and ¢is o0 trans

R montenzntton ofchronnmn, ruthemum, plattmum andrlmum oomplexes E

' Sooondly,'reactions can oceur between solid partioles. H'ere: the intimacy and

- method ofmteraction (henﬁng, shnkmg, gnndntg erc.) beoome ontu:al and pnrttcle L

' '-sizo typlca.lly plays a dominan. role in deteunming the reaction rate, This
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" methodology has been exploited in organic chernisiry’ and meterials science® but
. appears o be little .de?éicped in the synthesm of organometallic compounds,

~ Finally, 'the. surfades of solids can be used as reagents for .carryi.g out feactiorls-

reagentseanbeaddedto asurfaoeandthesurﬁwe-mgentmeractionused o

_tomducereachmysuchthatthereagentlsconvertedinmaproductwhichcanbe' a
ex!ractedﬂ'omthe surmoemalaterstep. Ini these reactmmthepmductlsfonmd
...masohd state reactionand ism bedifferenhated ﬁomtheuse ofthe__.:

o hetemgeneous oomplexes to btmg about 1eactmns in the sohition phase g Studies. o

~of surface-organometalhc eomplexes have been dnected at the product:pn of well' .

 controlled hetemgemeousnnterlals &8 Mo(tO),annmgeofsurﬁnem“forme" -

. mgasmdliquidphasecatalytwreachons."Thetweofthesurﬁceasamgentﬁar_:-_

the synthem of new. ormmtamo complexes has been 1ess extensively o
S explnited.” |

Inthis chapterwewmhto teport onanovelemmple of the thu‘dtype ofsohd state o

. resétion. - We (Clmptet 3) and ottwrs“ “have reported that :a:-(n

'CquR’)RG(CO):Xz isomerizes 10 diag-(u’-CsRm‘) Re(CO);Xz (R =H; Me R‘ | .
H, alkyl group, X = !mogen) in the solutton phase. Herem we mport thﬁt
supported (n’-CsI-LR)Re(CO)(L)Xg (L co, phosph:te) undergoes a solid state' |
.' .photoclwmical monwﬂzat!on reactlon m the reverse dnrection to f,hat observe& in .

- the sobile phase, areactlon which indicates the mﬂueme of the surface ss 8

. ﬁgand In the overa!! reaction. Ttns teaction pmvldef ia’m' a;t‘au.ie synthesis of lar-

95



(n*-CsHRIRe(CONL) X

52, Experimental Séction_ |

Tho diegonal and leteral (1-CsHRIRE(CO)(L)Brs (R = Me, B, 1By, SCH:Js, .
= co R = H, L = CO, P(OMe);, P(OPh);) compléxes were prepared by the B
methods desmﬁbed in Chapter 3 and ref. 14(z), Silica '-gér Kieselgel PFzs (Mexck)
for preparaiive thin layer chromatography was used 28 1he support for most of the |
reactions thlorodimethylsﬂaue (98%) was obtained from Merck. Soivents were |

| drmd by mnvennonal methods, distilled under nitrogen, and used: immedmtaly :
. ;Irradia‘tion was camed -out wﬁh two 200-W lncandescent ]amps 'I'he BET_

) surﬂce area measmments ofthe imrganic solids were perfomled usmg the N;- :

adsorptnonmethod w:thclassicalgas phase surfaceareaequspment constmctedm' =
: _:-ourdep.;tment"Meltmgpoiutsmrem:dadonaKnﬂerhotstagemekingpohn |

' apparaf 1, Inﬁ-mdspectrammnmured ohahﬁdmmspecﬂomef “S“auy -

' m KBr cetts (sohrtions) NMR spectra wene measvrad on a Bruker ACZOO_

spectrometer oparatmg ot 200 MHz, Mcroanalyses werz carried out at the CSl'R,' o

: Pretom, South Afnca.. :

5 2 1. Irradmtmn Expenments

Expenme:ﬁs wereperfomedasfollows Pyrexcylmders (22mm>< QOmm)were.;_ _

- used a3 reastors and were loaded with diag- or Iar-(n -C,H.R)Re(CO)(L)Xz =

- (o 038 mmole) d:ssolved inCH;Clg (3 mL), Silica gel (300 mg) was added to the .

926



'mactor,:the 'feagmts well mixed, aed th'e CH;Cl; removed under vacuum. The. x

cyhnders were sealed under nitrogen (atmosphmc pressure) and rotat..d with a -

| "-motor 8 rpm) wlthcylindermdsmahonzontalpositmn Two 200 Wmeandescem
'mnps(x>370mn) werelocatedmcmﬁomthecyﬂsderandthewimle-.
..expermntalappamtuswassetupmavemlatedﬁmhood this ensured
' 'nnnunumlocalheathlgﬁomthemp at the sample, “A thermomeber placed next _- |

© 1o the sampl eylinder mdicatedthatthetemperatmeofthe reaction vesssl never

s :.'exoeeded 25 °C. A control ecpmnent was perforimed in the dark by oompletely-. o

".'mapping cyhnder, contammg the sihea_ supported diﬂ'g‘(ﬂ -

s ___:csmMe)Re(co»Brz, with on a]mninum foil Aﬂaer aompletmn of the m‘adiatkm, _' R
. the PI'Oducts ‘were extmcted ﬁ'om the surfam ofthe silica gel w:th CH;C]:;,'- S

- '_andNMRspeotroscopy

= The photochemmal momenmtmn reaction ofthe pure mnorphous solid diag- or

_'-_'_fﬂf-(n -CsI-LMe)Re(OO)zBrz was camed out in the same mnner 88 described. e
 above. The. u'radmion of d:ag-(n -CsI-LMe)Re(CO)zBrz on other horsanic sofids

- 'Iwas also performed mthe same way a8 des:zﬁbed above except that two or more_

._'Pyrexcyﬁndersweresometlmesusedmerdertomdwtethe largeqummt:e, of o

- matenal required in the study
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- s.z_.z. _ Syntneses N of  Diag- and Lm—(ns-_
. CsmMe)Re(CO)[P(OPh),]Br; o -
| A solution of diag-(n’ nCsH4Me)Re(00)zBrz ( 100 mg, ozos mmole ) and
: P(OPh);(ZIZ mg,0683 mmole)mtoluene @5 mL)wasreﬂuxedunderNg for20
h. IR spectra mdncatedthatalltlm starting matenalhad reacted. After solvent
removalunderreduced pressure,thered res:duewasdlssolved mdlchhromethane.

. _- | and chromatogmphed on & silica gel column prepared in hexme Successwe elution - .

: --wnth dmhlommethawhem (: 1) and dtchloromethme gave dmg—(n -

B CMe)Re(CO){P(OPh);]Br; (48 mg, 30% yleld ) ﬁ‘om & red bmd, and iat-(n -
o ' C;IiMe)Re(CO)[P(OPh)ﬂBm ( 92 mg, 58% yleld ) frorn a brown band,. I. |

| :respectively

o *.j's.z.s Syntheses 0fDian- and m-(n’-cmeme(co)zlz

o To a solutmn of (n CsPLMe) m:(c‘:a)3 (130 mg, 209 mmole) in 50 mL of" o

B dumthyl su]foxnde a solution ofIz (530 mg, 2 09 mmole) }n20 mL of dmlethyl. |
'."_.su]foxxde was. added dropw:se Aﬁer the reactaonmbm,.re was stmd for an

addttmnal 1. Ohatroomtemperature, the reactionwasquenched by addmg 100 .

) mL of water at 25 °C. The reamlﬁng brown precipltate wlmh contained lmtea(:'.ted |

- (n‘-CsHaMe)Re(CO)a and both isomers of (n’ -CsEsMe)Re(CO)zI;, was ﬁltered o

| "anddnedatzs“C(OInuan) Thmsolidwasdisso[vedindnclﬂoromethaneand

o j:chromtogmphed ona s:hca gel column prepared in hexane Successive elutmn
" with hexane, hexanefdlchloromethane 1) and dicblommethane gave mreacted o
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(n’-'c,'mMe)Re(coy, (3’50 g, 48% recovery), diag-(n-CsF Me)Re(COYL (245
'mg, 20% convemon, 39% yleld) from & red band, aud ?m-(n -C&LMe)Re(CO)gIz

. '(106 mg 9% cunvermon, 17% yield) ﬁ:oma bromband, respectwely

e bynmeses of.Diag— and Lar-(n"’—(l'sﬂ.;‘Pr)Re(CO)zBr;. |
' -'A solutmn ofBrz (136 mg, 0.85 mmole) in2 L oftrlﬂuoroacem acui was added_- :

- dropwsse at 25 “c t0a solutum of(n’-c,m‘m)ma(c*,o),1 (304 mg, 0.81 mumole) it

© g mL of tr:ﬂuomaeet:c acld Aﬁe.r the reactlon mixture was stirred ﬁor ah -

S .addltmnaIIOnatmomtemperature, thereactlonWas qummhedbypourhgitmto_.__.

100 mL of water at 25 "C The resultmg brown preclpltate whmh contmed

-unreacwd o -Cqu.'Pt)RE(CQ]g md both isomers of (1 -c,mipx)ae(co),mz, was S

ﬁltered and dried at 25 % (01 mmHg) This solid was - dissolved .n--'?

I demomethaneandohromatographedOnasﬂwagelwmmmm. B

'_ Sumewve elutmn Wlth hexans, hemnefdmhlommeﬂmne (1 I), and

) .-diehlommhm gave mreacted (n5~C,Ih‘Pr)Re(CO)3 on mg, 56% recovvery),' S

o id:ag-(‘n -Csih‘Pr)Rn(CO)zBrz (66 mg, 16% convmmn, 37% weld) ﬁ'cm a red.' -
. band and Ia(-(n’-CsI“L'Pr) Re(CO):Br; (60 mg, 12% conversnn, 33% yxeld) ﬁ'om '_

- '_a hrown bmd, respectively

.5 2. 5 Syntheses of Dmg- and Laa-(n’-c,mMe)m(CO),BrL

(i) A solutxm of diag—(n’-csl‘LMe) Re(CO];Bm (57 mg, 0. 118 mm,o}e) and dmg- -

(n -Csthe)Re(CO)ﬂg (68 g, 0. 113 m:mle) in benzene (zs nil) was refluxed S
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- mder mtmgen ;Eo‘r 20 h After sblveht removal mth a fotatofy eVapﬁfﬁfof; the'ned. o
:- solid. was dissolved n dlch]oromethane and cb.romatogmphed on a szhca gel |
i ‘column (1 5 cm. X 60 cm) pnepﬂred in hexane Careﬁsl elut)on w1tl1--
"j":hexanef'dmhloromethm (4 1 and hexanefdmhloromethane (1 1) gaw: d&ao (-* :
CsI'LW)RCfCO)zIz (35 8 my, 53% recovery), diag (o’ mc,mme(cow o
' .-.. (48 5 mg, 39% conversmn, 67% yield), d:ag—(n’-CquMe)Re(CO)zBrg (18 0 mg, '

% m""e”')’ "““(“ 'CsmMe)RE(CO)zIa (24 mg, 13% comrersion, .30%_' S

-: ._'_.;..yleld), fﬂf-('n -CsILMEJRe(CO);BrI (71 mg, 5 7% conve:smn, 9 s% yield) md e

Iaf-(n’-CquMe)Re(CO‘zBrz (8 9 mg, 9. 8% conversmn, 13% yleld)

' " (iD Silica gel (900 mg) was added mto a solution ofNaI (1 7.1 mg, 0. 114 mmle)-"’f}

:'mwatercz mL) Theslunywasw&lls&umdanddrie&manoveuat 120°C Thm:'_ s

pre-ireated sihca gel was then added to ‘a solunon of diag(n -'-::__"_'3__-_;; -

.-:'..';IC@ME)RB(CU)JBrz (55 mg, O 114 mmole) in du.hlommethane (3 mL), the' o

L "e“ﬂm We“e well mﬂ‘ﬂd and the CHzCh removed under vacuum. The reaction .

mﬂewasplacedmtothreePyrmwynnders(zzmx Qﬁrmn)mdsealed At

. '_.:nradlationwuhtwo 200 Wmcandescentlampsatmomtempemtumfor%}“he e

:':-__"reactmn products were extracted :ﬁ'um snlica gel with dmhloromethane and

'chmmatogrﬂphed 011 a sihw sel cohlmn prepated m hexane Elutlon w:th'

e hexane/dlchioromethmw (1 1} gaVe ﬁrst a tm:tui'e of didgh(n -CquME)Re(CO)zlg,“ L

'dfag-(n ~csH4Me)Re(CO}zBrI and dmg—(n’-csmm)ne(com (14 7 g, 24% o

”f?leld), then fw-(n’csaneJRe(CO)ﬂz 35 mg, u% yxeld), Iat-(q -
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- CsI'LMe)Re(CC))zBrI (126 g, 20% yield} and !ar—(n"’~CsII4Me)Re(C0):Brz (12 0 -

- g, 22% ild), Iespecﬁvely

""Aunewmmplexesmchamctemedbyelemenmlmlymmwmmdm_' R

R spactroseupy (Table 5. 1)

o  _ 5.3. Results and Dlscussion

 if;_'D:ag-(n’-c,mMe)Re(coth wes_loaded onto slca s desobed n. ﬂm'_
| mmmmmdwﬂhm 200-Wlamps Asenesclf":‘ .
o . “were peffOrmed mwhxchthe neactnonwastenmmted aﬁerddﬁrentreacuon umes_ '

o (1-72 b, F:g 5. 1) The products were extractod fmm the s:lica (>35%), sepamedﬁf Lo

- on.a chromatographx: column, we:ghed, and analyzed by R e NMR R

Ispech'oscop}n The data iudlcated that after 24 ha pthOstamnaIy stale ofthe_ .. SR

o womm had ﬂ:rmed \mth [Iaf}l[d:ag] nmo ~7 Thus an isomenzation reactmnmkes .

o Place on u'mdlatlon ofsihca mthe sol:d state which ﬁwors the lateral isumer T!us'

.:_._'ratlomdiﬁérentﬁ'omthat achlevedmthethermalsohdstatelsomermtmnreacﬁong' |

L (Chapter 3) Futther I‘Iﬂlandca-workershaver@ortedthatphotnmommzanonof'-__:

- '_'_(n’-csMeg)Re(coknm on s:m Dt mc gave a reaction i whigh the chagonal SRR

momer was fomed ﬁ'om the }ateral mmer We have ﬁltther Dbsemd that . _:- e

| "‘""‘“‘i"“ of cier pure ammr1:"mls sofid diag— or fat-(n’-csmMe)Re(co)zBm m_ o

B ths absence of silica resulted mno photonsomerization actimty



 Table 5.1, Spectroscopic and Analytical Data for (-CH/R)Re(CONLIX; Complexes

v

. R

' C H

_d:as-m’-csmteme(oo)mm’h}s}arz
 diag(y’-CAPORACOMBE
ding:{n* CHMeROACONE,

} -_'diag-(rf#cmé)netdb}xﬁri
S lat{n’—csﬁmwommommarz
lat-("i’-QHa’Pt)Rﬁ(@Q}.sz
tabCHMORACONE:
M{ﬂsm)mmﬂ

. 127129

_' :--'_-'164;,_1_55 T
_ _"\112_'-;'1-_14"
R RS
_ 125127
183185

L 127-129

1354137

. 1_997;2.062' _
| 1989,2054
| 1959 |

1978, 2054
.1972,2040

197,043

- 453 (t,ZH),-MS(t,ZB)‘
3 38{&213)5.71 62
s 6,25, 571 ¢, _z_H) |

462 @, TH), 4720, 1), 477
@), 507(d 1B
__ 583{&,2H),591(d,2ﬂ)
.'5 78, 4.

.'576(m.,2H),5_81(m,1H),

L Lee Y
"'i'.zg'(d,cmg:ss' _

(m, 1H)

4@
236638

173 (s; iH°

12810 6H)238
B
: _zs_s._(s,_m)__-_ S

_ .239'(_5','311)'

688 - 756{1.1:,
L

-6 75 - 7.55 (m, '

15H)

" caled 39.33 2.90
. found 39.39 2.68
caled 23,59 2.18 -

found 23.35 '1.88

Ccaled 1671 123 -
. found 16.54 1.04
* caled 18.19 134
" found 18,08 1,15

caled 3933 2,90
found 39.38 2,69

- giled 23.59 218
found 23.36 1.92
" ealed 16.71 123

- found 16.54 1.04

© . caled 18.19 1.34

; -_583(111,11'1)

" * Recorded in CH;Ch.  Recotded in CDICls, rlative 10 TMS. s, mnglet.,d,doublert,mphrm,nnduplet *Recordedtin oD

_found 17.95 114



A - series - of expenmnts were perfonned using a varymg diag-(n- |
CsELMe)Re(CO);B:aISioz ratio achieved by changmg ihe smount of S0, BET_

- ‘surfaoaareasﬁon}moadedmﬁmbadedslozsmplesweredetermmdandapln.f'__;I |

| "'ofﬁ:e SlOzsu:ﬁoeareaagamstthepmeuMgeaflateralmmerfbnned(aﬂer48h

o : '_reactmn) is shown uﬁlg 5 2. Clearly aphotostanouarv state is eswbhshed when:-.

e 30, surihce aren s > 29 m2 for ooas nnnole of diag—(n--_’

o I bt 'p)ku\, N,Br;. 'I'hls corrwponds fo less than amonolaver covefage of the ' .

S .'.-;'23192 Wﬂl undergo th"-'- photmsomeﬂmmn reacuon. A plot of. SiOz surfaoe atea__-"

g __"agmnst the percentage of lateral lsomer formed ﬁor diag-(q -C,I-I,J;sze(CO)zBri o

RS -_Wcloyemadnenyl rmg hgand had htﬂe eﬁ'ect on the solid stm ]

L __'Jsomenmhon reacnon. 'I]ns result was - ﬁzrther conﬁrmed by the s:milar

s 'f-.;_--isomﬂmon yields obtamed ﬁm: (n quIhR)Re(CO);Brg (R H, Me Et ‘Pr mu,-?' .
o _' ::Si(CHa):) at a ﬁxed complex loadmg (Table 52) All above reacmns we!e.

o _."itemmtedaﬂer43hBywmmapwmmnomqmmbeenemusm s

IS _rewafed by stmiying the- isomeﬂmtmn teactlon ofbcth the lamral and: diﬂgonal

.. _';' :_-._.lsvmers The photnstatlonary ratio of [Iar)f[diqg} meased (‘l’l _' -
: CSHMG)Rﬁ(CO}(UBrz > (n’-CanaN[e)Re(CO)th; > (.ns C MC)RG(CO);Iz_-'-'__"_ ] _.
s . o i Tabk i ofthe it mmme.:_;_ ]

0 fom siea (generlly 9&95%) and suggests ot the wetbod Pfo‘m 2 fw‘*" o

B -':'.procedureﬁmsomenzatmnoftherlwmumcomplexes

am:l suggests that only ('q -CSI'LMG)RQ(CO}QB& in physmal uUI‘.ud.L-t wr:h the. L



Fignre 5.1 Solad-stata photochennsal ssomenzatwn reachon of dmga(q -
CsILMe)Re{CO);Brz aﬁerdlﬂ‘erent tnne.




0 20 40 60 8 100 120 '_i'40.__.

. The sm-face area of silica gel (mz)

B Figure 52 Sohd—state photoch?,lmcal lsomenzatlon reactmn of cirag-(n«

CsmMe)Rﬂ(CO)zBl'z asa ﬁmcmn of snhca gel area. o
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Table 5.2. Solid State Photochemical Diag-Lat Isomerization of (n .
Cst]Re(CO)(L)Xz on the Surface of Slllca Gel* :

No complex _ diag (%)" Lat  Total
: S (%}*‘_ recovery
L dlag-(n -CsHs)Re(CO)zBrg o - 234 766 865
2, “dmg-(n -CsHiMe)Re(COYBy; - 157 843 0 940
3. diag-(n’-CSHEDRe(CO)BL; : 122 878 - 872
4, d:ag-(n’-C,H;Pr)Re(CO);Bm o101 . 859 76.7¢
5 ._'diag-(‘n -CHABRe(CO}:Br, 103 89.7 879
6 diag-[n -Csﬂast(CIh)a]Re(CO)zBrz - 186 814 803 -
. diagtn’ -CquMe)Re(CO)aIz S 761 288 932
8 diag- (11 5.CiH)Re(CO)P(OMeR}Br: 00 1000 794
R dug*(n -CHORACONP(OPh,Br, 00 1000 842 . - -
10, " diag- (n “CHMe)Re(CO)P(OPh);JBr: -~ 00 ~ 1000 = 824
. 1L lat(n .(:,H,)l.w(c(3;)213pz o -~ 1.7 883 916 -
12 dat-(y -c,mMe)Re(co)zB:, 110 890 s
3 Jat(n -CngEt)Re(CO)zBrg ST 159 B4l 872
a4 .lat-(ns-csﬁ,Pr)Re(CO)zBr; 137 83 720
15, Jat-(n -CsmtBu)Re(CO);Br, I 133 - 867 - 985 -
-6, lat-[n’-CsHLSICH: i]Re(CO):Bra 115 - 885 893

. 1?._ lat(y -csmhie)ne(CO);P(OPh),]ar, .00 1000 90.3
| : (11 —C,I-hR)Re(CO)(L)Xa 0038 mmole sllma gei 300 mg, reaction tlme 48 h
- mom temperature "lsolated yields “Based on startmg nmteria]s used Sl.h b B

gel 200 m-
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‘By contrast, the solution 'isomeﬁzaﬁon_seadtion for (n’-CsHstRE(CO)zBrs ( R =
B, Me, Es, Pr, 1By, SCH:)s) has been reported (Chapter 3) and indicated that tue’
diagonal isomer was the dominant isotner formed in the equilibriam reaction. We . |
' ilave now also establisﬁed that diaé#(nsaCmme(CO)E(OPhthn isomerizes
completelyjmo the lateral isomer in CHCY aﬁot several days at room temperature :
: Thelsomerizatlon reactlonwas much slower (> 2 wecks) whenbenzenewas used' |

o as solvent. By contrast Iar-(n -CsH.gR)Re(CO]zIz R= rI Me) converted (> 90%)

.".'_"mtomemagomlmmaﬁerseveralhours atroomtemperaturemCHClz,the. R

o dxagto far 1somerizatlon did not oocur uuderthese oondmol-

o The d:ag—[at isonmmaﬁon reactxon of- (n’-Csl-hMe)Re(CO)an was also

o .-"perfomdhthedark(noreacﬂon)andbyinadmﬂonthhsunhghtandUVtht o

The Iatter reaotlons also yielded photoisomenzed pmducts with conversious llttle R

S dlﬁremﬁ-omthatobtamodwuhthezﬂ&whmp ngsuggestsﬂmthesohdstate

jsomerization reaonons on the surface of s:hca gel can be achleved bya range of .

| '_ZWavelengths

"_Other morgamc soﬁds were aIso tested as potential supports for the:
| plmmsomenzamn reaction of (n' -(:,Hsvle)lza(c:0)2131r2 and the data are shownin
. _ Tabie 5 3 In general only the sﬂma supports gave good conversions 1:o thr.. {ateral i
' isomsr, ZnO, MgO,__ ALO; and CaSO, were found'to be | poor supports, they either
_ caused eou@l'_ex_ dégomposiﬁoo '_dr_. resulted in"low conversions, Increasing the |
'pfc__:_duct by increas'iug' the .amouxlt.(sorfocc area) of the supports ‘which gave poor -

107



coLAR

Table 53, Solld State Photochemlcal Dmg—Lat [somenzatlon of (q’-CsmMe)Re(CO};Br; on Varmus Inorgamc
' Soluis

No. Inor@lcsohd Surﬁwearea( !g) Amount(n'g) B dmg(%) - lat.(‘_’@l-_ Totalreoovery(%)
1. Zn0 297 . U894 T 06 . 802
2. IO 297 . 2400 890 10 T 200
3. .~ CaSGs . - - 2% . 30 0 o %43 . 57T . 95§
4. CaSO; - - - . 281 - 2400 - 920 . . - 80 - 683
5. AbO; (neutral) e300 o 158 0 842 - . 104
6. =~ Mg - . .65 30 - .86 . . 164 - 333
7. - T . - . 108 S T30 - 669 - 331 . . 694
8 - TWO; . . 108 6 - 1000 o %00 - - 60
© 9  Zeolite” . 270 - 300 0563 - 437 - 951
10.- CmNE L — Ve . 18006 00 - 1000
11.  AmorphousSiQ; - 258 . . 300 -85 . 905 - 809
12, Sihcag_el 240 300 - 157 - - 843 b0

. drqg (‘q -CgHMe)Ra(CO)Brg. 0.038 uunule' reactlon tlme 48 h, room tempemture b HZSM-?:'
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 reult wes slso found to be unsuceessful, T shovid be pointed out that the quality

ofthe surface coaﬂng whmh depends on the preparatmn method used oould also

| perturb the eﬁiclemy nf the photochenncal isomerization reactson. :

- Reactlon Meclmnism o
| The solld state photoehemical momerizatmn reat ilOl‘lS oi (11 -CsI-LMe)Re(CO)gBrg '
B were carried out on a senes of sihca ge‘is mnta:mng dlﬁ'erent amounts of surface -
hydeon groups (obtmnedby pre-tmar r ey it different amounts a

B of dwhlomdumthylsﬂana) ’Iheresults snw ‘k:“ L oi‘“ }somnzed product:_ B )

mcreasedwﬂhthemnomnofstnﬁceh\,s JXYi&’-im.r . 53) Clearlythe__.-
.sm'ﬁtoe hydmxyl groups play & crucml role in’ the sn!zd state photochemmal' :

momermtionreaction.

 The sjp'liﬂ state photocheniical isomerization reactions of en equimolar mixture of
| _Ef&g-(n’-CsI{s)Re(COj[P(ONIe)a]Brz and dfag-(ﬁ’--cmm)aa(cm[p(oph),]ni; |

were carried out and no mtermo!ecular exchange between P(OMe):, and P(OPh);

- figinds wes found (Table 54). The intersmolecular exchange between CO w |

B L P(OPh)g ligands was also nnt observed for the sohd state monlerization reac.tion of |

- '-dfag-(n -CsmMe)Re(CO)zBrz in the preseme of exoess P(OPh); l:gand (Table o
"._5 4). Tfus suggests that the So]id state photochemical diagJar 1somerizatton .
E react;ons of (n -C;H;R)Rz(CO}(L)X; do not proceed via mtemmleeu]ar exclmnge
e 6£CO, L, orcyclOpentadlenylhgmds
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10 20 30 40 s0 6 7
The amount of dlchlorodlmethylsﬂane (w/w%) o

Fil’.lll'e 5.3._ Sohd-stnie photochemmal lsomenmhon reactmn of dfag-(n s
' N CSIhMe)Re(CO}gBrz on ‘sitica. gel contalmng d:ﬂ‘em:t amou:ﬁs of surfuce o
hydro:q«l group - '



Table 5. 4 ‘Solid State Photochemlcal Isomermtlon of Mlxed
Rhenmm Complexes _

'-No ._ react:on mixture dzag %) lat (“/) Total recovery :
L %)
L _dmg.(n’-csH.Me)Re(CO)zBm 386 (A)196 - 822

S deg(n"CHMOR(COM %‘3‘32‘ S
- A dmg—(n 5-CHMe)Re(CO):Br, (H)zwi- A)20° - 966 - . -
o -dmg(n-CsH.;Me)Re(CO);Iz @402 B)S5S S
mud ©re
3! djag-(n -CsmMe)Re{CO);Brz L @Y @A13 - e
o dg{(nCHMR(COME - 000 @14
gy Qe
4. diag( -CsmMe)Re(CO)zBmf” @643’ (§)357° 990
oo 20fold Nal . - e
5 ding-(n -csmMe)Re(COth: Sl BsE - BT
. 20fold NaCl - D B T
6 diag-(n’ -CsI-LMe)Re(CO)zlz ©o702'. 298" et

T o 20fold NaCl - R T R

B d:as~(n’—csH‘Me)Ré(00)zBrz._,:_-;._--"_ 150 e s

5 fold P(OPh)a

8 disg(n'- o a0 @asa T4 S

| -;_:-..c,Hs)Re(oonP(OMe)a]sz L @
_CM)Re(CO)[P(OPthrz i

E T‘W equumlat complexes WBi‘e mixed together and co»adsorbed on sﬂica n .

unpregnanon method Rseaction condltions were the same as reoor&ed in Tahle 2 b

The mixture ~consisted uf diag-(n -Csl-IMe)Re(CO);Brg, diag-(n .

' _.'CsI-hMe)Re(CO)thI and dmg-(n‘-C,mMe) Re(co)z]r_2 *_*_ A fﬂf—(ﬂ .
| - -CsHMe)Re(CO}zIa, =._ f‘ar-(n -CsmMe)Re(GO)zBrI - !ar-(n’-c,mm)' .
e _Re(CO};Br; ¢ diag-(n -C,H.;Me)Rﬁ(CO);Ig, E: :a:-(q’-cjmm)ne(comz

:Only ('n -Cgf-L;Me)Re(CO]zBl'z ‘was found in the product Only (™

e ,I-L,Me)Re(CO):Iz was ﬁaund in the product. _." B J“‘.‘(‘Tf o

B :_._-"c,H,)Re(co)[PcOMe);]Brz, o !ar-{n -CJ-I;Me)Re(CO)[P(OPh);]Brg % The '_
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| '-.l'complexes were reﬂuxed in the dark in benzene ﬁ:r 20 hours thhout sihca geI i _ o
- sitia gel was treated With 30 % dmhlorndunethylsllane j H diag-{n -C,mm}n.e
'(co);Iz.I dtag—(‘n -CsH4Me)Re (rom,x dmg{n’-csmMe) Re(co»Bu C




o -'Tha gohd state photoc.henncal mon;erizanon reactmn of an eqmmolar mixture of : _'

o diag -(115 .csmMe)Re(CO):sz aud diﬂg-(’l “CchMe)Re(CO);Ig was camed out |

mda xmxmre of dibromide and diodide: oomplexes s well as 4% -

® C;EﬁMe)Rc(CO);BrI (Toble 5.1) were fomd i the reactlon (Table 5 o Facne_f
o exchange of tha Br and 1 (10ns, free radwa]s) is possible on photolysm This was .

| alsu indmated by tha ﬁ)tmatlcn of. molecular lodme on mdlaﬁon of s:hca E
suppotted diag-(n -CsH4Me)Re(CO)ng “’ Irmdiatmn af a mlxture of diag-(n - S

e C,H;Me)Re(CD)zBrz and excess NaI on Sle gave eXchslvely I piwtostauonary_ :

S i ofd:ag- and far-(n’-cmae)ke(co)zlz (Table 54) N‘o hnhsen mhﬂﬂge_ B B

o __..between NaCl and diag-(n’-CquMe)Re(CO)zXz (x =By, took place inder. me e
L -'imdnatmn conditions. Thm may be related 10 the case offotmatmn afthe halogen Fy

Further expermlem were perﬂormed to correlate solld stata photochem:cat""'
” _ isomenzatlon reachons thh ahak:gen dlssocmtion-assoclatlon re&cilon The Eolid

- - state Phﬁtochﬂmlcﬁl mmenzation react:on of an equnnolar mixture of di’ag-(n .

';_}; _asmMe)Re(COJzBrz and diag—(n -CsH-:Me)Re(CO):Iz was carrled out on S

.'completely dehydro:quated surface ofs:hca ge]. Nelther isommzaimn aetwity, nor__' o -:
_any Br and 1 emhange was detected (Table 541 The sohd state photnchemml

L llsomemzatmn reaction of an equm!ar mlxture of d:ag—(n’-csmMe)Re(CO)zBrz . |

and Nt mthe presence ofthe free radical scavenger, gaivmxyl, was alsq carried

SEE -'-outanditwasobservedthatthegalvmowlgreaﬂysuppressedbothBrmﬂIhgand::'..'_

Lo exchange and isomerization reacmn (Table sgs), Because the photoche:mcar” a



) reacﬁonswerecamed oﬁt in soﬁd state, not in sﬁlutibn-, the role of gahrinoxylhere _
_ "--_1s not complerely cleat It is posmble t]:at competrtwe hght absnrptmn by-_. -
i gabmoxyl or surface occupatlon of galvinoxyl molecules reduced the eﬁiclency of
the photochenusal resctions. However, the ﬁesults clearly suggest that a close

o -relationshlp mists between the halogen dxssoctatmn—asaoclatmn reactlon and the . -

RS solidstate photochenucal isomerlmnonreactton. o

i The Br and I hgand exchange was also cbqsrved when an equunolar mlxture of'_:_ o T

L dmg-(n‘-cme)ke(co)anrz and d;ag-('fl -CsH.Me)Re(CO)zIz was reﬂuxed m ' o

RO henzene mthe dark (Table 54), wmch mdnated that the halosen d:ssoclatlon- -

5 assocxatwn of e -Cst)Rﬁ(CO)(L)Xz can ocour under both photoclmmwal and
- :_:"thmwlcond:tionsandmboﬂlsolidandsolumnphaaer o

- Twa mechamsmsfnrthe solidsbate photochenncal momerimuonreactlons of('q -_\ I

S _."'-C5H4R)Re(CO)(L)Xz onthe W of sﬂlca gel canbe proposed (Scheme 5 s and o S

| .'--_.;az) Both the mechamsms inchude interaction ofthe halogen ligand X of -

" CSELR)Re(CO)(L)Xz with the stmface ofslca gel. ’I‘hese mechamsmsa:e dift‘erent o

:'-'ﬁ'to the original proposal made by qu"’ for similar compounds in- which co'_ R

| -:dim"‘““"“m*‘h""’m*""“ﬁﬂkﬁ?sﬁepﬁ!rphotoclwmcalmmizamnathwf L

tempemture Hor. w1, amorerecentrepoztbyﬂiﬂetc hasnnplicatedmﬁtnl .

halogen bond Gneavagﬂ m a dmg-i‘a: Jsomenzatron Teaction of related rhemmn |

B '-oomplexesn

4



Table s, 5 Solld Siate Photoehemncal Isomenzatmn in the Presence :
' of 2 Free Radmal Scavenger‘ ' _

- _.No. - Complaz dlag'_ _ lat("/} ' Totalrecovery
TR ) oy o
S Tdagor T A 23 & (B\ R
o C,mMe)Re(CO)zBrz" + 331" (C)381'=' ST I
RPN dogetn’- L R 83 '--:_'21!"?- cLoema
. _' .'-';=.._GsH4Me)Re{CO)zBrz+3 R Se T e T

S g (n A R it 2" j',(’A)'- LI @er 2
'-'__'-:}‘(:Me)Re(coth + @ s e e
B -_-_-____‘equm:olar Nal + 3 foId A e

S Reactwn eomdit:onswere same astecorded inTableZ "The m:xture ofd:ag-(ﬂ- - ::_'
oM Re(com, dias{n -CsHMe)Re(COhBﬂ nd g ‘Csmj" o
3 _:"Re(com A tar-(n’wnMe)Re (COJzIz, B: far-(n’—csmMeJRe(COJzBﬂ C'_ =

_'-__-:iar-(n -CsHMe) Re(CO)zBrz - Lo

Cus



-_Thesetwomeohamsmsareslmwnmcartoonfonnﬁismermﬂandsz In -

o Soheme 5.1, upon m‘ad:atmn, ‘the figand X dissociates to fortn ahalogen ion and a S

daagonal throo—legged oatlon mtermedlate whmh rearranges to the lateral : "
conﬁgurats.on.'I'helaterrowmbineswnhX(orX") lonto fonnthe lateralisomr .
".m Scheme sz n-tadmtum results in- Ro—-X bond homolyss,s to fbrm 2 halogen g
- .mdmal X and a d:agonalthree—legged l'adlcal mtermedmte, Whlch converts w a. . .

' "_'.‘_lateral radxoal mtermedlate and reoombines with X (or X’) to form a lateral; T

' 1somer Whﬂethedetaﬂsofthetwomechamsmsproposedpresenﬂylackdrect_'

SRS ._.B"Penmental support they pro\ride a ’oasls for ﬁzrther meohanmtlo studlos on this :__ o

o unusual sohd s :.e photoohemmal isomenzatm areactlon onsilloa geL

S '_-'.'.3.4. Com:lllamllls :

.-J!

L The sohd state thagonal to lateral isomematnon of monombstmlted -

| '-.cyolopentadlenyl ﬁmr-logged plauo s;ool rhemum . oozrq:le:ces (11 -_"_; '

B Cs}LR)Re(CO)(L)x;(R H a}kyl L= CO P(OR);,X Br, I) proceeds mgood j |
- yleld whmtlw oomploxes are adsorbed onthesu:ﬁoe of silica gel and ]l‘radlated |

W1th viSible Iight. Un]iloe the thermal solid state or molten state moniorxzatnon s

o reactlom’», the rmg subsnment has l:ttle effect on the Phot()chemloal sohd staté . S

ik mmn re,actmns of (n5~C;H4R)Ro(CO)(L)Xg The photostatlomry ratio of

- .._'[Iat]/[dthg]wasmainlydotennmedbythzligandsLandX ﬂwsoluﬂonandmatnx':'
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' Me) gﬁve results completely different fom those observed for the solid state
thermal and photochenucal xsomermat:on reactions discussed here, It was found
that only monoiayer adsorbed molectles on the silica surface underwent
: isometIZatmn and studles showed that the hydroxyl group of sthca gel plays a -
-ctucml rola in the isomertzation reactions, The isomerization reactlons could be _
' rationalized by a mechanism in which & haiogen -dissociat'iv&assomative process

 involving ions or radicals oceurs under irfadiation with visible light,
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 CHAPTERG
'SYNTHESIS, CHARACTERIZATION AND |

'. '6 1, Introdnctlon e

. The chennstry of oyclopentadienyl half sand\mh rhenium complexes has been

o 'developed over the past three decades.’ In th:s time many cyclopentadienyl Jour-— -
_ Ieggedpimo stoolrlmumcomplexeshavebeenprepared,andthesolutmn_'
A "isomer:mtwn behavior and the chertical reactmt}" ofthese eomphxes have been ;

- 'studied.” However, it i only sinoe 1976 that ng and Rem:ann suwessﬁllly T

" separated the diagonal and lateml isomers of (ﬂs-Csl-ls)Re(CO);Br;

" The carbony] substitution mactnons of cyclopentadienyl dmbonyldmaude rhenium

B --_.oomplexes havebeenhttle exploited. Indeedaaﬁraswe aware,ﬂ:el(mg et L)

_ -  _-descrtphonofthe reaction ofd!'ag-(n *CsHs)Re(CO) By with i tphospiutes,._ SOE

. 'P(OR); , id mocyamdes is the onbv exanmle of the CO replacement on these
:complexes neported fo_ date. . Thn method used to prepare Jar-(n L

. CsHs)RB(COJ(L)Brg by reﬂuxmg drag-(ﬂ -CsHs)Re(CO)gBl‘z wuh 3 0 equiv, of AR
; _I_’hpsphites i toluene was poor (ylelds w_m only 35-45%).% The reacuon_s ofthe. o
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- peﬁtao:ethylcyclopeniadiehyl rhenium _m'mpms cp‘_kg(cohx; (x = CI,.B_r,'I) o

" with P(OMe)s in refluxing toluene. were srudied' by Klahn ef af and it wa.o. fomd -

'that CpRe(CO)g[P(OMe)B], fot the oarbonyl substltutlon ptoducr., was the
| dommant product.! Cp'Ro(CO)(PMe;)Xg (X =CL B, 1) and cw-Cp Rc(CO}(L)Iz -
(L= P(OMe), P(OPh)a, PMe;, PMe;Ph} have rather been prepared mdirectly by '_
. oxidative-addition of X to the duutrogen complexes cp’ Rz(CO)(L)Nz, or by__" :
- N Me;NO induced decarbonylatlon of catmmc [::mL Cp'Re(CO}z(L)IT o |

- ._InChﬂDterf:' wehavereportedtheﬁrsttlmml sohd-state:somenmtmnreaonon_”_ o

_of (n‘amR)Re(cohBrz (R Me), but work on r,elated complexes ®~ By,

o SiMex etc)mdicate& thatthereactlonmaynotbe geneml To ﬁmher explore the

'generahty of thla unusual solid state reaction i the substt.tuted oomplexes (11 . :

- CsI:LR)Re(CO)(L)Xz have been considered for study 'I'mnethylanme N—oxide has

S been slmwn to be a valuable syntlmtlc reagent in the, Pl‘epﬁ!atlon of subshmted R

E 'metal ca!'bonyl con:ple:res.l3‘ imd its use ﬁ)r preparmg new thentim oomplexes_”_ _.' B

seemed ihaslble. Thus, we. declded to study the carbonyl subsutution reactions of

_(T]s-CsHiR)Ré(CO)zXz using Me;NO as o decarbonylatmg reagent. The veaults of

B this study are desonbed below. The sohd—state and soluﬁon dzag—?at 1somenzatton S

o - .reactions ofthe new complexes are also reported
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’ _6 2. Expenmental

- 'I‘he diagona] and lateral ('r[ -CsI-L,R)Re(CO);Brz ®= Me, tBn, SIMe;) complexes'
prepared by the methods described n. - Chapter _3._ 26—-_"

B __.drmethylphenyhsocyamde, phosphites and plmsphmes were used as supplied by_"

. Fluka or Memk 'I‘nmethylamme N—oxlde dibydrate (Aldmh) was used as reoerved. A

: -All reactions WB camed out using standard Schlenk techmques under mtrogen _

e Solvents were dned by conventianal methods dlstﬂIed under mtrogen, and used_'i- |

e nnmedmte}y Me}ﬁng pomts were recorded of C Koﬂer hot stage melting pomt___j

g apPﬂfat“s Inﬁ'aredspectravs'eremeasunedonaMldacFTIRspmm,mmi usua]ly:f_ U

.jm KBr ceIIs (solmons) NMR spectra were mcamrred on a B AC 200 RPN

spec.tmmeter operatmg at 200 NI[-}z. throanalysis Were camed out at the CSIR, o .' BT

..Pretona,SouthA:ﬁ'lca

e 621 Prepamﬂarr ofdiag-(ﬂ’-CsHﬂ)Re(CO)(L)Xz

” '-dmg- or Mf-('rl 'CSH4R)RP(C0)1X2 (100 mg, 0. 174 0.208 mmoie) {R Me tBu,

- SiMey; -x =B, T and 1.1 equiv. ofhgmdL(L—CNCsl-hMez, P(OMe)a, P(oipr),,- B

P(Oph)s, PPba) were dlsso}ved in 15 mL CH:Cly lmder niftogen. Me;NO - szo_ .

E .____'(2-5 equw) was added to the above magnetlcaiily stirred SOII.lthIL The react:ons

'""_"'Wemmomtoredby[l{spectmscapyandwerecompletewltthOmm Soh’ent%vﬂs. S

.'removed by vacwum rotatory evaporation to leave a red residue, _wluch was

. ._"-.dlssolved in CHCh and chronmtogl'aphed on a silica gel column (2450 om

S prepared mhexane Successwe elutronwrthl 1 CHzClthexane gave first diag»(n - -

128



o I.CjH.,R)Rc(CO)(L)}Q from & red band, then. 2 small amount (5%) of Iat-(11~ o

L ' .Cst)Re(CO}(L)Xz ﬁ-om a brown band The ylelds, as well as the spectroscopm

| and analytioa! data fr diag-(n'™CHLRIRE(COXLIX; are listed In Tobls 6.1 and

” . '_ S;mila:react:onswith trmhylphosphme, trlisopmpyl phospfune, tributyl phosphme. o
| '--".__.__:.-;mpyddineresultedmdmmpomnofthestnrthgmatenals S .

6.2.2 Therma! salid-state momeﬁzation Qf ;ﬁqga(n’ :_:;_.

s csm)xe(coxz)xz

i Sohd diag.(n’-CquR)Rﬁ(CO)(L)Xz (50 mg) in a ?.S mL round~betmm ﬂask was

AL hegted under nitrosen e ml bath at emperst

o mel{mg pomts ﬁ)r 0 5-6 h. No deoompos:tmn Was observed The solid nesndues '

Rt :".if were then dlssoh'ed in CH;Clz and chromatog(aphed ona sﬂlca gel colm'nn. The

- composition of ;he new lateral momers was conﬁmed by IR and NMR
.".'Z_-_'swctroscopy ﬁlewe!ds, asweliasthespectmscopwandmlymaldataforths

B The fot -c,M)Re(COJwPha, tzeomplex demposed on 3 s gl ol w

| andpunﬁeationoftheco!ﬂplexw ,aievedbymerystahzationﬁ-oma mixtureof

: '-dwhlo:omethane and l:mmne at -15 °C

26
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: 6.23 Thermal soltd-stare halogen exchange reacfion of diag-(n L
. C;H;Me)Re(CO)gBrg with excess Nal
| drag-(ﬂs-CsI-LMe)Rc(CO)zBrz (200 mg, 0.416 unmle) and NaI (125 g 831
: mmole) w*ere H'wolvedmacetone ina25 mL rousid- bottomﬂask The solvent Was' o
then removed by rotatory evaporatlon, and the realdue was dned under vacumn. |
o ©1 rom Hg) at 25 °C and heated under nitrogen in an ol bath a2.100-105 °C or
| " . 18 h. Aﬁer coluum separatmn (stlica gel, 1:1 CH;CIthemne), red rniarocrystalme _
5 : ..:d:ag—(ﬂ -CsIﬁMe)RB(CO}Jz (239 ‘mg, 100% yield) was obtamed R (vu, | .
s . CH;CI;) 1932 cm 2043 cm‘ 1H NMR (cnch) 244 ppm (s, 3H, ca;), 5 59
Ppm{t 2H,Cp),571 ppm(t ZH,GPJ R |

(IR 6.2.4 Thermal soltd-srate reaction of dlag-(n -CSHMe)Re(CO)_ -

[P(OPh)i[Brg with mess Nal'

- ':dmg-(n’ Cﬂm)Re(CO)[P(OPh)slBr; (80 mg, 0.105 mmole) and NaI (3 14 g, "

| 210 mmole) were dissolved m acetone in a 25 mL mund—bottum ﬂask The_. }
| sol r.-nt was then relmvecl by rotatory evaporatron, and the residue was dried
| "undervacuum(ﬂl n'“an) at 25 °C andhEatedundermtrogﬁﬂmm“ﬂbaﬂ‘at | |
125~130 'C fo: 16 h Aﬁer columu separation (slica sel, 1:1 CHzCI:Jhexane)s : N
. dagn -C:PLMG)RE(CO)J: @0 g, 0,052 mmole, 45:5% yiel) vas obtined as
the m,;y ca,bml product. TR (Ve CH,cb,) 1982 onr’, 2043 e, 'H NMR{

o _.-'_'__'__.(CDcxs) 244 gom s, 36, CE); 559 ppm (28, P 571 pom (28, Cp.
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Table 6. I IR and NMR spectroseoplc data for dwgv- and Iat-(q’-C@R)Re(CO)(L)Xz complexﬁ

conqﬂex ”%'_Q;';‘ B

| .Vw(c'm)

— ‘HNMIs_(n

Cp nng '

| _d'ﬂg'(ﬂs"csmMe)Re(CO)(CNCMez)sz e

- diagn -CsEMe)Re(CO)[P(O\rIeh]Brz
- digg(w -CsHMe)Re(CO)[P(O'Pr)a]Brg

| _-  | dfagv(‘rl CsHMe)Re(CO)[P(OPh)a]Brz

| diqg-(n’-CsmMe)Re(CO)[P(GPh)g]Ig B
- diag-(n -CsPLMe)Re(CO)(PPPq)L

: dcag{nsCsfhtBu)Rﬂ(CG){CNCsHsMe:)Brz_

1960 .

:ﬂag—(‘n csl':r.qﬂau)ma(c0)[}?(0Me)3]re.r2

‘. - di ag—(n CsHatBU)Re(CO)[P(O'Pr)aIBrz R

- __dfag-—(n -CHAB: ;)ne(coxrcophmmz

wag%n’@:HaBu)Re(CO)(PPha)Brz

' 1974

: '19:53f L
S 109
G ose

L 1976 . . 63 (f’ 2H), 4 73 @ 2H)

| L ASL S0 2H)' .
'-4,84_(_t,' 2‘51_)_,_;_5_-10 (QZH) -

456(,2H)528(,2H)
 AmemEnem

e

. 472(t,2H),490(t,2'i15 '
AT 2y A8 2H) ) -
AT (+ m) 4 93 @ 2H)
| " 53 (t, 2H),4 65 (t,zﬂ);'__' :

'444(t, 2HJ,492ct,zH)_'-x.;;ff,_t
475 (t, ?-H), 5. 31 (t, ZH) o

T 3}1)-"
j 180 (s, 31
184(s30) o
S (s,9ﬂ)4s4(m, e

164 (5, 35
-":t,:'.f':i-82 631
."'1'82(s,'3Hj' '
.ﬂizoo (s 31-1)_
1. 15 A 9H)
_,'_31.1_3 (s, 9H) .
) :'1‘19(%93)‘ o S
Y mave

'105(3, 91-1)__
120 (s 9H)

235 (s, FrerTe

L (m 38
. 3.48(d, 9H)
1.24 (s, 9H);1.27

688756(111,
C15H)

. 6954769 (m; .

675759 (m,

. 15H)

G6ATSA(M .

15H)

'."'246(s 61-1)668'-.

{m, 3H)

T 353(d, OH)

128 (d,

) I
6.76:7.58 (m, -
© 15H)

- 6.96-7.79 G,



diag—{ns-CsmSMes)Re(Cb)(CNCsHaMez)Brz

d“ag-(n’—CsESMEs)Re(C())[P(OMe)g]Bn
ﬁag{n’-csmswes)ne(cmm(ommrz
diag-{(n fC:HtSM)Re(GO)[P(OPh)sIB_rz |
(- CASMeRACONPPIB,

oG- CEMeRe(COCNCEMeBr,
lat-(r-CHMERe(COYPOME): IBr

It -CHMR(CONPOPTBr

M{f—me)ne(m)mor'h}slnrfﬁ
Jat(s{-CIHMER(CO)PPEIBr;
fﬂf-(n.s'-csme)Re(CO)[P(OPh)‘;]Iz
P -CHMORCOPPRIE
Jat-(n-CsHL4Bu)Re{COYCNCH:Me)Br

1976 :
971
1963
1993
1956
| 1959

1938

1932

195¢

1926
- 1950

1957

o _'&83-(&2&)_;5.2_‘1_@ zﬂ) a

467 (L 2H),538 (6 ) -
AT ZH) 547 (L 2H)

FETR T T

4.90 ( 260; 5.44 (5 280)

AT2(m, lﬂ),m(m,zﬁ),wo
*(m, 1H) _

452 (m, 2H)4.94 (m, 1H); 495
497(m,4H) :-

462(d, TB) 4724, THY,ATT &

1H); 5.07 (d, 1H)

4.51 (m, TH); 4.71 (m, 1H);;4.92

{eu, H); 4.99 (m, 1H)

- 443 (m, 28); 4 69 (m, 1H);5.05

{m, 1H)

4735 (m, TH), 4,68 (m, TH):4.91

(m, 1H); 5.00 (i, 1H)

- 498 (m, 2H), 5.1 (m, 1H)S.15

018 (s, 9H)

6-.27 (s, 9H)
0.28 (s, 9H)

- 0.16 (s, 9H)

_ | 0.26 (5#_.91'1) |

1.6 (s, 3H)
1.76 (5, 36)

1.82 (s, 3H)

T3 G,38)

1.90(s, 3H)

212(s,3H)

1.07 (s, SE)

158
2.41 (s, 6H);6.63

(m,39)
3.45 (4, SH) -
126,
18H):4.87 (m,
- 3H)
6.76-7.57 (m,

2.14 (s, 6H);6.63
(m, 3H)
3.47 (d, 9H)

112 (s, 9H);1.15
(s, 9H);4.81 (b,
3H)

6.75-7.55 (m,
- 15H)
© 6.75-7.55(m,
- 15H)
6.75-7.59 (ma,
15H)
6.64-7.64 (m,
2.16 {5, 6H1):6.62



TG CHBIRCOPOMIB, 193 ASS(mIERSOI(m IHRSE  LI7TGOH)  346(L5H)
2 o o S A, 1HE 535 (o, 1By _' : :
latGs, SHBUR(COMP(OP)IBr, 1930 S10(m HHR56(m 1HES25  122(,9H)  LI2(5SHRLIS

S o - {m. TH); 5.49 (m, 1Hy - (s, 9H)4.79 (br,
Tat-(r-CH B Re{CO)[P(OPh):]Br, 1953 494 (m, TH); 5.03 (m, 1H);5.11 111, 9H) - 6.76-7.55(m,
) ' ' - . : (m, TH; 5.57 (m, 1H) _ 15H)
lat-(r"-CsH#Bu)Re(CO)(PPhs)Bry | 1924 489 (o, 1H); 497 (m, 1H);5.04  L14(s,9H) . 6.96-7.79(m,
et e | | (m, THD; .52 (m, 1I]) — - ISH)
Tot-(-CsHiSMe:)Re(CONCNCH:Me)Br, 1958 507 (m, 2H); 521 (m, 1H);526  023(s,9H)  215(s6H)662
L L o mIEy N .- {m, 3H)
Iat-(n-CHL5iMes)Re(COYP(OMe):]Br; 1935 5.07 (m, 1H); 5.17 (m, 1H);532  0.28(s,9H) = 3.45(4,9H)
N o ' (m, TH); 539 (m, IH). : _
Tat-(n™C5ELSiMe;)Re{CO}P(OP):IBr 1931 . 525(m, 1H); 531 (m, THY535  032(s,9H)  L11(s, 9H);1.14
o : : {m, TH); 5.62 (m, 1H) - : R ¥ 9H)3;1~‘__'*1-)?? (br,
at-(-CsH,SiMes)Re(CO)P(OPH);[Br 1952 49B(m, YH)5I3 (u 1H)S521  021(s,9H)  6.82.7.40 (m,
S o | | * (m, 1ED; 5.64 (m, 1H) I
lat-{n-CHL SiMesJRe(CO)PPE)Br; 1924 4.86 (m. 2H); 5.07 (m, IH};5.67  0.28 (5, 9H) 7.35-7.80 (m,
- — '- ' o {m, THY _ | __1sH)

{0, lﬂ)-

 (m, 3H)

* Recorded in CH;Ch. * Recorded in Cl, relative to TMS: s, singlet; d, doublet; , triplet; m, nmltiplet; br, broad. © Ref. 12e.
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- M{n’-CsILtBU)RE(CO)(CNCsEaMez)Brz
' Wﬂ’-CsHttBu)RB(CQ)[P(OMG)ﬂBrz :
I CEBRACOP O

- fa:-(q‘-cmu)m(m)[r(oph)ﬂnrz .
Tar (e 'CMU)Re(CO)(PPhs)BYz

I’ &msm)ne(coxcncsmmmrg o
.Iaf-(’q’-CsHaSMeg)Re(CO)[P(DMe)s]Brz C

lat(n -CchSMes)Re(CO){P{O'Pr);]Brz -

R It sELSE-_Hes)R_e(CG)fP(Of_'h)ﬂB"? |

;fa:a(n‘msmre;)ke(co)m)sr; .

a6
) 154_156
Cowean
T s
o foud
19092 '
.'.'_:15*,9?13'1-]; :’
_.'.__"1'-43,-.-_1.45 B
-ls's'inia_f b
o | 13?-__1_'39-. .

o 187189

fnun’d :
: ."fom:d :

Csem
3631
- 2521
- 2501
3244
. 3250
4175 -
- 41,82
2 4440
- 4390
S 3365
3341 .
. 2268 7
2246
30.05
S3011
3947
39.16
4192 -

354

3.27

358

3.58

C o asT
- 450
- 350
- 346

. 362_'_
345
. 321
.":149' -
343
476
461 . -
. 3.44
343

3.65

224 :
219

o218
- =

* Duetofastmomenzaﬁonmmﬁ:ﬂons,thepumdmgona.ﬂsomersofthesemmplm nntobtamd.

4185

3.45



Table 62. Annlytlcal data...fdl_- diag-and lat-(n"’-Cst)Re(CO)(L)Xz complexos o 5

complex

- Yield (%)

_mp.(C)

_ Analysis (%)
Anglysis

H

N

g - c,HM)Re(co)(CNcsH;Me;)Brz |

dig o CHMORACONPOME B,
diag-(rP-CALMERE(COYP(OPIBr,
g -CHMORACOP(OPL)JBr,
dig " CHMORACONPPEBr
- tﬁag{n"-c,mme(CO)[p(ophhjlz' |
'cﬁag-cn’-csmMe)ne(commnz |

cﬁag{n’-CsHa‘Bu)Re(COJ{CNCsHal\‘Iez)Brz ”

diag-{r7-C;BLBOIR(CO)P(OMe)]Br,
diag-(r-CHLBWR=CONP(OP); B,
diog-(*-CsHAB)Re(COYP(OPR: e

92

75

-
29
0

. 60

75 -
5

Y

154-156

114-116 .
108110
164166
186-188

——

176-169
Cogae

123-125

126128

181

124126

- 3643

32.89
3282
20,81
20.69
29.06
2901

3933

3939
4397 7
42,06
35.02
3503
3710
36.96

3635
2521
2497
3244
3742

4175

331
3.58

276

2.64

279

2.68
427
383
2.90

2.68

3.10
2.38
15“

2?4
261
3.54

3.28
4,87
4.64

3.56

240

' 232

224
2.19



| g BRSO By,
dmg—(‘n CsH;SMes)Re(COJ(CNCsHaMez)Brz
diag{n* -QH4SM%)RE(CO)[P{OMe)3]Brz
| dfag{nﬁcsmsm@)ne(coxecmmrz )
ﬁ@%fxuﬁﬁmmmmxmnbmmma
d%wamiCJnﬁmkgRﬂxxnanmgBa
Jas G- CaMeRe{CONCNCHMe)Br
Iar-(n?-C;{qu)Re(Coj[P(qu)ﬂﬁrzﬁ -
Ja (- CBMERA(CONR(OR Br,
lzfé:-(f-c,mm)ke(cp)tp((f)rh:);]mf_ o
}m{ns-csﬁ‘,i\ie)xe(t:())@pﬁs)ﬂn
| Jat-(m W)Re(CO)[P(OPh)s]Iz
fat (F-CHMOREACONEREYs

.
g :
%

C

63

man

s
155:15;7'. |
- 1'92-_194--“. :

1164118

178180

Ciesass.
- 200202
S S I

o 227-229 -

12

144-146

. 4143
4440
4441
3365
. 3350
< 2268
70
- 3005

30.16

3920
4192

42.17

3280
. 3260
20381
20.51

29.06

2902
3933
. 3938

41.97
42.00

- 3502
. 3500

37.10
3701

326
© 373

3.69

345
o 330
349

3.57

476

4,64

344
340
© 365

3.69
2786
248
2.79
2.78
4.27

4,06

2.90

2.69.

310

- 287

2.59
246
294

263

218
212

2.40
234



| | 6. 3 Results and dlscussmn '

631 bbmthesis and chamcterizatwn of diag— and lat-( (7} -CgH;R)Re

(CO)(L))G

' 'I'he mltxal approach to the preparatmn of monocarbonyl substituhon products of s

o ) (n --C,H‘R)Re(CO)zXz was attempted usty the King metlmd i.e. refluxing (n’~

Cst)Re(COJz}(z andligands,L inbenzene or tolens [12e]. Indeed, the desued”

"_pmducts ™ -cm)ne(oo)a.)x, were obtsined. However, we found that the o

product selecti\nty, niot unexpectediy, was poor, The p roduct was Obtamed as B .I . -

: mixture of dlagonal and lateral lsomers (Flg 6.1), and the [diaglillar] ratio vaned N

. 'from reacnon to maetmn Fm-ther some unwanted s;de products, which were not

- clwracterimed were formed [9] Catalytic carbonyl substltutmn usmg a pdo |

e 'catalyst- was .attempted Thls catalyst has prewously been sueeessﬁ.llly used to 3 )
catalyze reactious between Re(CO)sXaudgroup 15 donor ligands [14] Numerous . N

reactions (varymg temperature, tire, etc. ) indicated that Pdo did not catalyze the

- carbonyl snbst:tutlon reactions of(n .CiHiRRe(COYXa:

~ Lateral ) '

- Wi, 6.1, The diagonal and lateral isomers of (n™-CsHRORe(CONLI X
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' 'Attémp_ts to use MesNO as a decarbonylatmg agent were then undertaken. In the

presence of excess Me;NO. réactions.of elther eﬁag- of Iat-(n’-Cél-I.sR)Re(CO):Xg ;
(X_= Br l) with xsuc)mmdes, phosph:tes and tnphenyl phnsplmm in. CHanz a

*xo0m, temperature zapily gave,dlog-(r"-CHRRE(CONLIX; i1 good yilds,

' Usually; a few percent of Iar—(n’aC@R)RQ(CO)(L)Xa was also found- in the

_'Mm-némﬂed- studies indicated that these lateral isomers were formed by |
N ,isornéﬁzaﬁbnofthe-diagonalpmdué:ts(seebelbw)_.ﬁo other prdducﬁsqchas(q’- o
I CSH;R)Re(CO);(I)or(n’Cst)Re(L)zxzwem found In the mactmnnuxtm'e o

Al the d:agoml isomers of - -c,}nn)ne(co)@m have a red cobr and the
B lateralisomm are b:ommcolon They all dissahre in:ofganic solvents auch as:_. "
Do diﬂﬂommeﬂ“"e: °h1°l‘°ﬁ3ﬂn, bemene and to’luene, htrt tha lateral momers have .
.. IIDWBISD]JSbﬂIty . o R : '

Retotion of (n"-CsHRIRe{CO);X, with L, = Py, PPrs, PBus o pyridine without

Me:NO raauited in extensive: decomposition. and 1o new mdmsubstituted nelitra'l.

. products were fbrmed. (No attempt was made to: analyze the reaction solut:on) o

This finding most certainly relates to the stronge: basic pmpertles of these o
| lusandS’l |

The identification of the diagonal and lateral isorees of (- CHR)RE(COLYK:
o washasedonIRandNME. spectroscopy md X-ray single crystal siructures, The -

~ proton patterns of the cyclopentadienyl ring tesonances of the diégt_mal' isomers
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~ ocour as m'_‘psgudp? triplet peaks while t'hnsé.:of. the Iateral isomers. usually ._
coﬁ;pﬁse of four multiplet peaks. The diﬁgonal"isom were also observ"edtd have |
highe: carbonyl stretching J'Icquencles than.the lateral isome:s The structuras of -
B diag~ - and Iar-(ns-CsIﬂMe)Re(CO)[P(OPll),g]Brg, the ﬁrst stmctures of
. | cyclopentadlenyi monoca:bnnyl substituted dil:lalogen. rhemum cumplexes, were' o
._"successﬁﬂly detemuned by X#ay smgle crystal d.tﬂi‘actlonnnd uuamblguously _ |

L cor.tﬁrmedthe asmgntmnts (Cha.pter s)

- 632 ol dw-;w;-mofrns;m;wcromx, R

n Was tbund that alt the diagonal isomnrs of (n’-c,H.R)Re(CO)(L)xz undenvent'

. thermal, so}id-state momeriz.atlon, :eactmm to gwe the correSpondmg lateral o

| _"zsomersmgooaymlasp?o%)wi:hmafewmmsmbleas) Tstoudberoted

e thaL the reactiontempemhmes wpo:ted here "Table 63) are not the mmimnm R

" 'temperatures needed for Bohd-state lsomenzation reachons The momeuzaﬁon I

umduectional, ie ﬁ'hmthe dmgonalto the lateral isomer; the laﬁetal isomers -

E remmd mmhanged under the same. reactnon comhtions Unlike the therma.i.
isomenzation reactmns of 0 -CsH4R)Re(CO)2Br; in wtnch the isomnrization'-
- _'praoess is stmngly influenced by the cyclopentadlenylnug substttuentk and the - _.

N "'.-..".solld-statelsomerizationisonlyobservedfor(n -CsH.,R)Re(CO)zBrz(R Me,il"'r‘ o o

Chapter 3, all (n’-C;,H;;R)Re(CO)(L)X; underwent thermal solid-state diag-to-far' R

o 1somenmuon Inthese reactions the difl’e:entcyclopentadienyl rmg substituent R,
| hgand L and Thalogen X hzwe no mﬂuence on the direcnon of the sohd-state_
X momema_tl_on..pmoess,.'More. importantly, our at_udy.indicat'es that therma_l solid-
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’l‘able 6.3 Thermal solid-state diag-!al‘ lsomenzatmn of dlqg-(n -

| CHRRE(CON)X;
. - Complex - _ Teaction reactton yléld.
_temp, (°C) time () (%) -

- L'ag(n -C,H..Me)Re(CQ}(CNC.;I-I;Me;)Br; 7140145 . 1.0 - 86 -
B),ig-(n -CHMeRe(CONP(OMe)s}Br 100105 20 96

S  Digs

B Diasn

B Diq\(n CHMORSCONP(OPY) B, 95100 60 ~ 81.
&“-CsIﬂMe)Re(CO)[P(OPh}g]Brg 145150 50 80
CHMoR(COXPPR)BY, - 145450 20

ag— Y-CsHMeRe{(COYPPhE:, -~ - M350 20 70

: SHitBu)Re(CO)P(OMe)jBr, - 105-110 2,0 82
o Diagn \CHBURACONPOPBr, 105110 . 20 - 70 -
_ Diag-{n} CsIﬂtBu)RE(CO)[P(OPh)slBrz c 108-110 - 20 -85
% sHitBu)Re(CO)(PPhs)Br. - 140445 20 85 ..
' _D:ag-'(n3 CstSMe:)Re(GB)(CNCsIhMBm”__ 130-135 - 10 - 76 T

- 'Dlag-(ﬁtigCJhtBu)Ee(GO)(CNcﬁH;Meg)Brz 130135 100 94

- Diag-(n

- Diag-(n] [sHSMe:Re(CO)P(OPR)3Br; 105110 - 20 . 71

_Diag LsILSMea)Rﬂ(CD)(PPhg)Brg o woms 05 75
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State dfag-i’dr {somerization i a common reaction for" a wide 'range of

- cyclopentadmwl four-legged plano stool rheninm complexes Reaction ot‘ d:ag— o

a ._(-q’-ecs}L.Me)m.((:ca);gar2 and exce'ss Nal in the so]xi state, - utider typlcal o

" .isomenmuon cond:ttons, gave quautltatwe _ formatlon of dmg-(n 5

C;IhMe)Re(CO)zIz This methodology also t\ﬁ‘ers a convenient  mithod for the

o o pteparaﬁon of cyclopentadlenyl dmarbonyidnod&de rhennml complexes Rearuon i |

o of a sulld m:xture of diag-(n -c,mMe)Re(CO)[P(OPh),JBm and excess Nel,

s surpnsmgb' gave dmg—(‘n‘-CsI-L,Me)Re(CO)zlz (so% y1e1d) instead ofthe expected"_,i_,

L _‘..-d,ag-(n C&BMB)RE(CG)IP(OPh)s]Iz The above mctmm“m“’“‘"’ﬂ

Br anﬂ Re-P(OPh)a bonds can be brokan duﬂngthe sohd—state hﬂhgeﬂ 1 i :

. '_procesﬂﬂ‘!

'I'heseare rennﬂcabieresultshﬁlat

-f.”.(i) Thadlagonaliodoisnmerhasfonned thesohdstaie Prewouslywehad o

B ':_notbeen,abieto mtercomrtthewdo diag—lar isomeminthe solldstate [iﬁ] asa R

) 'meit formed prior to isomaﬂzauon. However the prefenence for the diagonal c

o :_'_'1somens expected ﬁomaconsiderat:on ot‘the me]tmgpomts of the isomers

_ :_-___(ﬁ) They:eldtsnmquarﬁttaﬂVamthephosphlte-lodideexclmngereactionand_
o '__.'.'mmhmeOmbstwhentheligmdexchmgeoccurs | R

- -_(:ii) Thlsmtheﬁrstt!mewah}we ohservedtheraplacemem ofaneuﬂ'alhgand:_-_ )

"-byaﬂotherneutralhgﬂlﬂ@hosphﬂebyCO)mthesolnd sae,
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e

| | pt;:vious p.a'pérls we proposed that lsomenzatmn Was achieved by a ﬂe;ung bf the .
S ﬁmﬁgmdsm[ahvetothncyclopentmhmylmgﬁﬂbwsdbyahmtﬁepmness s -
) showanigGZ Forthlsmwsetofconqwundsltappearsthatboththermgand-
"-thaL hgand willprowAe the pwots fm:the 3-fold rotatian oftlmB:and co - B
'hgands Thlsisentirely consxstent with the onginalproposal. . o

':":'lug. 6.2. Cambmed Betry»ttmstﬂe momenzatmn mechanism fo: CpML{

complexes

- '“'_.”:__.;.PresumablyduﬂnatheﬂﬂxmgpmﬁessallmetalﬁgandbondsmWeakened(W:?. -

t_henng-RebDﬂdSm)andmthepreme ofappropnatahgands eg md:.def mdme_-__-_ o

' - '.;"atom,whsﬂmmncantakaplace Tiﬁswmldlmdto tlwunusual rem:ltsohmimd
- dbover Clearly firther studies will be needed to assess boththe generality ot e |
L -reactinnandthemechmlsmof\‘heﬁgand exchmse L |

633 Soluion pnm  dugla womeriaton of (f-
. "'_'.__.':'_csHJyxe(cn)(L)x | S R
- Both dug- s oGy *n Re(COXLIK; aro bl sinton n the dak,

| .'Wmtheprmeofmess tgand, L. Onlyaﬁawpemenc (d%)ofthe fatoral
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. jsomer forms when tho chloroform or benzene solutions of diag-(n’-

 CHHRIRe(COYLYXs, covered with aluminum foi, were ept at voom temperature
" for Bur weeks. No momerlmhon m_obsewed for 'fam,s.'cmmcd)@xz. B
B nder i fhe,é'e :c'onditibns. Howwer the "sonuﬁbn 'isomﬁmion of -
cst)Re(CO)(L}xz proueeds madily on mdianon with wsihle Iight The |
' solut&on isomerizatlon resu]ts .ﬁ}r the Study of three typical dmgonal and Iateral . - :

- pairs, -(n smW)RE(CO)(CNCeHaMﬁz)BPz, (n C:IﬁtBu)Re(CO)[P(OMe),]Bn_“

and (ni_cmmmco)(pphg)mz, m CJ Cle, and benzcne under nom:al N

- '_‘_'.-_-'l..labomoryﬂshta:e isted n Table 4. A diagoral lomees competely lsc"='-**’='ﬂz‘=d: L
RO ._mto the correapondmg laterallsomers in CI-ICl; or beuzene wn:hm 72 h, ﬁxcept the B
benzene solutmn of dmg—(n -CsH.,MG)Re(CO)(CNCsHZMBx)Bh (50% y:eld) ﬂﬂs . _ )

B mayb.. becausethaxtlw weak:epulsinn betweon spuller GNCEHMe, ligand and

"_Br atom slowad dosm the isomerizatmn prooess (see helow), dfid ms kmwnthat'. ¥ o

- '_._ﬁeemdlmhammmdiﬁcultmmwembenmethanmcm Ourmuits o

(not shown) mdimte tliat the mom&zailon reactwn procﬂeded faster n CHCh o -

|t inbanzene audtbatthediiodndeoomplexesare mheasmoisomeﬁzemm-'___

'the dihromsde compiexes Fm‘ e:mmgle, drag—(n CsttMe)Re(Co)[P(Ong]B«fz.

_;fmmbhmuenmmmofcﬂzchandhemmde:mrmalmoma

. sevetal hoIJIS, whlle more than 30% oflaterallsomet was formed Whem d‘ag.(ﬂ . |
| -..CsmMe)Re(CO)[P-(OBh)JJIZ was md:ated mthe same solvent mixture for S min,
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Table 6.4. Solution dfag—lar lsomerlmtmn of diag- and la!-(n -

cslsn.R)me((:())(L)B.«z

' Complex S _sol'fe'nt .- diag (% ".' lat (%Y

Diag-(n’-CsHMe)Re(CO)(CNCH;Mez)Br, CHBChL 0 - 100

Diag-(m’-CsHMe)Re(COYCNCeH;Me)Br:  benzene 50 50

Diag-(n°~CsH;tBu)Re(COYP(OMe){|Br, CHCly 0 160

Diag~(n’~05H4tBu)Re(C0)[P(0Me)3]Brg benzene. 0 100.

* Diag-(n’~CHSiMe;)Re(CO)(PPhy)Br; | CHClK, 0 - 100°

Diag-zy’~CsH,SMe;)Re(CO)PPhy)Br, benzene © 0 . 100°

Lat-(n -CsmMe)Re(CO)(CN'—sI‘hMez)sz . CHCh 0 100

Lar(n’-CHMe)Re(COYUNCH:Me)Br, = benzene 2 98
o La!-(n’-C;I-I.;tBu)Re(CO)[P(OMe);]Prz CHCl 0 100
. Lat-(n -CgI-LtBu)Re(CO)[P(OMe),;}Brz benzene 0 100
- Latn’ -CsmSMe;)Re(GO)(PPmmrg - CHCL 0 100°
- ;Lﬂf-(’n *-CJMMGQRG(CO]@P}%)BI‘: . benzene_ 9 .100° '

" The solntaons were kept at yoom temperature under normal laboratory !Igbt for: '
v Determmed by TLC and lI-I NMR. spectroscopy » Some decompos:tiou was
' obsenred '
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As with the thermal solid-state isomerization reaction, only the d:‘dg-tu-lﬁt
isomérization was observed for | §oluﬁons of (ns-Csth)Re(CO)(Lsz. .No .I
. isomerization was on for Jat-(n-CSHR)Re(COYL)X; under the same
* irradiation conditions. This diag-ts-lat isomierization divection, which s different
' ﬁ'ul:n '_ the solution homﬁon direction of thelr parent complexes (n’-.
CSHiR)Re(CO) X (Chapter 3), may be accounted. for by a figand steric. (and
| B elécttonic)eﬁhctinwhichiigandLandX-ﬁteradionsaﬁenﬁninﬁzbd. Amechanim '
- '_CI,_B:; T hax been reported and & pa:bquyl_dissaciattqn-:ﬂssqc;atmn piocess has
: been pmp&s_ed."f A similar mechanism may apply here _althoﬁﬁh a dissociative- -

assoclatlve process involving X groups seems more kely.

6.4, Con'dukiohs' |

" With the assistance of MegNO reaction of diag- or Iar-(n -C;H.;R)Re(CO)zXz ®

=M, th SiMes; X = Br, I) with isooyanides, phosphites and teipheny! phosphine
proceed_q_d rapidly at room temperature to give dlag-(n _-CsI-hR,_)Re(COJ(L)X; (L=
CNC;,I-I,Me;, P(OMe)a, P(O‘Pr);, P(dPh);, PPhy) in good yields; Sofid-state diag- - '
Jat womerization réactions were cbserved for all the monocarbonyl substituted

thenium complexes (n’ -CsHoR)Re(CO)(L)Xz prepared in this sludy, indlcating
that the solid-state fsomerization, reaction s a common phemcmenon for
cyoiupentadwlwl ﬁmr-legged piano stool thenfum complexes, The direction of the

| momerizat. +gaction was also found to be diffetent from thelr parent complexes
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' (ﬁ’wC;I'LR)_Re(CO)in it which lat-to~diag solution isomerization occﬁrred. diag-
 (n-CSHIRR(COYEL)Xe. completely isomerized fnto the comesponding lateral
isomees in chloroform o dichloromethene on irradiation with visible light ot room

femperatute,. -
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._ CHAPTER7 | -
T]E[ERMAL | SOLIDSTATE _' DIAGLAT
| lsonmmzaﬂoﬁ B S.TUDIIES..':._ oF -
]cH4R)Re(co)(L)Brz. - ._D'sé'. . aw

THERMOMICROSCOPY STUDIES

. 7.Intreduction

o : Tl:nermal. sohd—state reactlons uf com:d{natinn. compounds *a heen under _

. mvﬁstlgatmn since the ongmal syntheses of tl:ese types of complexes over 100

o yea:s ago Amb-class of these reactlons are the sohd-state isomeuzannn reactxms.- :
'. wlnch mclmie the mt‘tal ooordmated NO; ONO hnkage monwrizatmn reactlon, a |
-.-teactmn still - under mvestigatmn today.! Sahd—-state cis-!mns momenzﬁtnon |

_ | teactions ufclasawal coordmatian complaxes hava also been. extenswely studxed
' _mweﬂleeﬂ:lypartofthxscmtuty | ' '

'. By contrast, solid«state isonisrization. . re'actions inirolvihg Orgammetal]ic -
eemplﬁxes,"“ and even solid-state organometaﬂm r&achcns in geneml,” have been

litde studnedunblmoemly‘

In Chapter 3, we have teported that the complex (1*-CsHMeJRe(CO)Br,
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underwent; trans-cis (diag-lat) isomerization in the solid state (Fig 7.1). The solid-
isme isomerization reaction appeared fo be ]iinitéd to this speciﬂb complex, as
Sclhd-state lsomzation was not observed for the z:elul:e.d complnxes in whlch the

e “methyl nng substltuelrl: was replaced by ethyl, t-hutyl or trlmethyls:lyl groups,
' __aIthoughtlmydn mommze mmoken statmInChapter 6, we hava repo:zed the L

synthesm of a rauge of €0 substituted derivatwes of the type (11 -
'CsM)R:(CO)(L)X; ®R= Me B, S:Me;, L= lsocyamdes,, phnsphites, PPhg, X =

- : fBr I) Thenewcomplexesha\?ebeenpneparedwasolunonreactmnsandmevery..'_'-: U

. - instancethedmsonalmomer °f(‘l"CsH4R)Re(CO)(L)x,, h&'!been mhigh" . L
o yiEId.Mote nnportaﬂtly,thenesldjashnwedthat ﬂlﬂmcompman_ d:::__ g

: '_mtothe cormspondmg ]aterallsmners whenhemedmthe sohd-state Int!ns'

o chapter,wewlshto teportom- DSCandthmomicrascopyresultaonthesemw -
.._thermalsohdwtate organometallic isomenzaﬂonmactions o

Br E

Diagonal e La!‘era! -

" Fig. 7.1, Solid-state dlag-to-lat somerization of (- CHMe)Re(CO}BE,

48



7 2 Expenmental

The dmgonal andlatexal o -c,mmne(commg ®= Me, tBu, SlMeg, L=C0,
CNCsH:Mez B(OMe)s: P(ORE): ) cormplexes were. synthesized by the metbods

o :.demibedmChapterBandG PemnbNdataforﬂlemwcemnlexesareshownm L

o e Tab]e LDiﬁ’etentlal.scannmg calorimetrywas perﬂn:med on 5-10 mgmlcm-mystal.

- _samplesunderﬂowmg mtrogen onaDu Pont 510 DSC mstmment Datawere e

recorded ata heatmg mte of 2.0 "Cfmm (unless Dthelese Stm‘d) Mbmﬂ'aphs .

wete obtaimd mlsmgla crystalsamplea ﬂomastandard Zeisg, micmmpe ﬁttea"‘ e

| _“f:-ff: w:th o MC 63 photommrosmphh camera (64 x, magniﬁcatm) at mm

o temperaturs, Saples e o isomenmd by hnahns single crysal samples o

- .g_dfag'('fl ~csmn)ke(COi(L)Brz maﬂat—botmmﬂask manoil bathunder mtroaen' o
o ._',_fm: d:ﬁ‘emnt pEHOds oftnne The crystﬂls wete momto:ed mldez thn mos""f’e
- (aﬁer cooling tha mks m mm tempmm) dum]g the cou;se. ofthe. reanucn.. _. o

e and photographs were takena&er appropnate tlme mtmals until the lsomenzatmn s |

pmeesses was complete

73 Results andD:scusswn o

B :7.3 l.DSC

o DSC nmsurenmnts on dmg o -C,H.Me)ne(CO)zBu were carried out at dxﬁ‘erem

"'.-heaungrates(io 2.0, 50 loﬂmd?OO“C!m)andthedatamshommFig »

2. Nopeakswemobservedmthespemataﬂthe heatingrates. ’Ihemgher
- temperatme peak anendothenn (ca. 170 °C), em:r&kponds to- the meltmg pomt of"



VIR RACKTIAL IUILEIGE. PG AL UL Valh GHIG SRS and this was found to relate to the

.crystal]imtyofthemateﬂal(seebelow)

_ The 1ower temparatme peak’ correspended to both the melting point of the_
chagonal isomer and. the exothennic teac.tion assocmted wlththc dfag—lar reachon..
- This peskatca 115 °C showed vasabl nensity and shape s the bosting ate ws -
vaned At the-lowest heaﬁng rate shown (Fig 7.24) unly an. exotlwrm is mted.

o Thls corresponds to the dlagonal_to latel:ﬂl rsomermatmn m&cnon of. tha complex

(see bebw) Astheheatmg vate wasmeased(Flg 7.2h - Flg ?Ze)thmpeak".-' |

hecanw htget andrevealed exothermm behawm. Indeed, obse:vation of the '

- _.-ctysta]]me matmalmderamosoopeathxgh heatmg rates mdwated meltmgto? o

Y ._“giwe a ]iqmd phase followedby solidxﬂcatmn. Itlthis fnstance, the isomimhonf -

reacmnoccurredmthemaltenstate It:sthusapparmnthntwhmheatxssupp]ied_ .

B '____.'t° 0"5'3‘5]3 °f ("s‘CMe)Re(CO}zBl':, two eompetmg processes can take place :

. .Elthel‘, the heat caugn to. bteaking uxtennolecu]ar bonds (meltmgreaulm or the.. : |

' heatsupphed canbe usedto induce an mtramoleeular pmeess (the mo'nenzanon' o |

'reactlon) 'I‘hslowerenergypmess is the isomnzatianreacnon.

A DSC studywas also cartied out ond:ﬂ’gxent simmstats of (n-.'
8 CsHMe)Re(CO)sza to assesy the eﬁ’ectofth:s vauabia on the DSC spectrum (p;g o

7.3y 'Ihethreenampl&,largecrysmls(ca 3><?mm),smaucrystals (ca.lel- RS

mrm) ami five powder all gave snmi]at spectrm However some . slg:ﬁﬁcant-.
'dlﬂ‘erenceswereobserved _ _ _ | _
i) Mm:e eamplex ﬂaatw:es are observed for the lower temperature exotherm -
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ﬁ)i' the large crystals-- This suggésis that the isomerization teation is not. -

: _ occumng ina homogeneous manner but rather heterogeneously, e g at -

o deﬁ:cts andthenspreadsthmughtheerystalﬂamewurk Thlswouldnot'

e necessanlybedetectedmsmahercxystals
' ;i) . The hjgher temperature (endothermlc) peak also revea]s a ‘doublet’ peak |

| _. '::-whichls mpst clearly observed in Fig 7.3b. This relates to the crysta]]mxty :
. .._'ofthepmductandwdlbedlscussedﬁMherbelow '

o he DSCcms of 'f'o,;r "-typié'a'l-‘ | mmpm dmg_(n,;___:_...::_-.-_

B CsIﬂMe)Rﬂ(CO)(CNC&IaMez)Brz, - diagty -csmtBu>Re<coJrP<0MeJﬂBrz; B

dmg-m’-csmtBuJRe(Cc PcsHaMe;)Brz . '_ .f!ﬂd o diﬂg{n -

o .:CsHZ;S M)Re(co)(CNC&Me:)Brz, as. well as dmg-(n -C,H.,Me)Re(CO)zBrz,_ -

a:eshom mFig'M Alldataweremeasured ataheatmgmteZO“Clmm. Inall'_-\--'-.__'_ﬁ _

- :."cases,anexothermandalmndothemvvereobserved

Itlsapparentthatthesamephemmemareoceurmgforauthecomplexes. Thus o

- the k)w tempemture exothermfendothenn pea.c corresponds to the ptocesses of

melting and. momermﬁon whi!e the lngh temperature peak carresponds to the_- B

3 _meltimg pomt of the lateral :somer It is c;lear that the heatmg rate -hosen

."..:deternnnesthedegreetowhmhthetwo prooesssscanbe separated Heatmg ofthe. o

dsagonal momers at ﬂbout 20" C below the maeltiug pomt of the lsomer hus been
':found to be sufﬁclent t& mdtwe the isomeumuon mehonto oceur mthe solid - |

' state wuhout apparent hqmd formatlon ._
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'- 'In'a]l instances IR and NMR spectra wete recarded on the materal both before

andaﬁettheheahngpmaess Specuawerealaorecoxdedonsampleswhmhhad _ R

i onlybeenheatedto atemperature beyondtheﬁrstabsorptmnmthe DSCspectmm |
. Ge. pn.or to. reaching the second thennnl progess), Th:s data mnﬁ:msd the

o 'cgmpasmon of the materials. DSC spectrawerealserewrded onpmelateral .

1so ma:s-m' gqnﬂm_the posmwuf_thamgltmg\pomts assrgnedabove. _

o The above data suggest that the themiodynnm:c prodlwt in the mmi"" .

'_'f__mﬁnnmhmomwnhcheh:ghestmenmgpom Clearlythss‘themdynam:

- product’ s different to that foucd in the solution state (Chapter P Asmo g

phase daia ate avm}able unthﬂ :espective isomers. it is not - cleat what the '

. the:modynatmc pmduct will be m'the absence ofnaarest nelghbo:s (solvem:, melt, E S

o Ananempt wasmude to determine the teVermblhty ofthe isomc.lmhonreacuon n

“ the soiﬂ-state by heatins ( -CsmMe)Re(CO)zBrz slowly 10 125 °c and then .

o eoohng the sample to 70 °C No absorption peak was mted mthe cooling process,

- -I_ilgrmﬂnsubsequentteheatmgpmcesstbmughﬂuatempe:atumrange Iusthus o

: :clear that thatthe :someﬂmtlonreactmn is n‘revemhle mthe sohd state,

. DSC spectra were o also recorded on’samples (e.z (ﬂs-CsH4tBu)R.e(CO)zBrg and
” ':(n’-CSI-LSMe;)Re(CO)an) whlch ﬂxd not unden’go isomerization § fn the sohd- |
' S statc. In, .t_heae samples Dﬂl}r-endothe.nns. con‘espondmgto the_ respegnve mq_ltmg
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. HeatFlow [mw] -

=

RPN IS, SO SUR
40 T80 120 160
. Temperstwe (C) - -

 Figaro 7:2, DSC curves for diag-(n*-CAHMeRe(CONBr; at diffecent hesting
© rates: () 10, AH; = -10.9 Twol, () 20, () 50, (@) 100 and (200
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HeatFlow [mw]

a0 s 120 160
oo Tq@pmahré. €6

o Flgure 7.3, DSC ciirves for dfag—(q -CquMe)Rc(CO)gBrz, (g) large crystals A
= -169 meol. (b) mmtocryslals, A'E-Ii = -36 4 .T/mol (c) ﬁne powder, AH; =

L .13.5 meol
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| HeatFlow fmw]

Tw om0 i

Tém_p__eréhm_e '

"F‘g““* 74, DSC curves of (8) dwz{n’csmmmetcohnn, © dagert-

| CHMARS(CONCNCHMenit, A8 = -l Vol () dieg<nt-

 CAHABRMCONROMeIBr, ‘-f-(d)_ - diog (" CHABIRA(CO)
| (CNCcHzMez)Brzand(E) dixg‘ -’ CsmSMeJ)Re(COJfCNCJ{JMez)Br: o
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poits were dtected for both the lateral aud diagonal isomers .

' Lhe momerlzatmn enrhalpy change, AH;, meagured from the DSC spectra, (< 5
kJ!mnle) was muclL fawer thmth& values :epo:ted for c:s-rrans Bomenzaﬁon :

' reactions of square planar complexes whlch are usuaﬂy m the range of 5 to 50 .

kamole  Further, molecular mechanics calculatmnscamedout on (1) (R = M, o

L= CO) mdicate avery sma]l d&neme m.the crystal energlu betwean the.'

__.dlagonai and Jateral lsnmers It is. hence noted that the diag-fal‘ mmenmtmn SR

L "reactions of cyclopenmdienyl ﬁ)u—leggedpiam stool mnmn,metal camplexes R

L mvolvesmuchlessenergyclmngesthantlnseofcoordmtecompounds o |

| -.7 3.2 Thermomicroscopy studles

: 'i.'\.

e The thermal sohd-state, isomenzatmn reactlons of’ diag-(n -CsH4Me)Re((’0)zBrz, Lo - L

diag-(n -CsIﬁMe)Re(CO)(CNCstMez)Brz = B and S d:ag-(n A

- '_:_C@Me)na(co)[(p(oph)a]nm have been studied by themommmsnopy Pictures-
' ) _-mdicating the changes that occurred towardsthe end of the heating process are_ .'

| shownm.F:g, 7 S-f ¥

' dxag—(n’-CsIﬁMe)Re(CO)g,Brg (Fxg 7. 5) It can be saen that thn xsomerizatmn_ .

" reaction stm:ted atthe crystaledge andfor at. surﬁne impe:fecuom in. the smgle:' |

cwa,]mm:nmd isctropially through th ente crystl This prooess s casy

to momtor as the' two d;ﬁ‘enentmmers have dlﬂ‘erent oolors (duzg md,!at _
'hrom).mmerfaceadvmwasmmpaniedbycmkmg. At.the_end_ofthe
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“reaction. swall, microcrystals could be abserved at the edges of the dominant

'czystaLIndeedltlsthoughtthatthlsbehavmrlsresponm'ble for the complex |

_-.pattemmtedﬁ:ttheendothermsbcmmmgs72aand?2b.Becmxsethematerial" e

o _ oonsists of crystals of two (domm‘ant) d1ﬂ‘erem siz.es a broadened ‘doublet’ meltmg_' ._

pomt was ohserved

B 'Idiag-(n’-Csl-LMe)Re(CO)(ﬂNCsHaMe:)Brz (Fig 77) Smlar observatnons as'.

IR observed for d:qg-(n’-r,mMe)Re(cca),Bm (Fig 7. 5) were noted The brown S

BN | Eomgﬁmionp:gduct was first ﬁmned at the. edges and at mmfaca defects of the:_'_:.:_'-_-' |

_red stanmg crysﬁals When the reactnon ‘was complete the whole caystal had o

R changedin:a adatkbmwncxaekedcnrstal

diag-(n -CsmMe)Re(co)[P(OPh);]Brz (Flg 7~6) The mrstal ofthm isouer dnd L

oot disintegratson heating but fhe orystal dld,change color during the heating o
'_..process,Theoolorehangeowmedats:mllnucleanonpomtsonthesurfaceofthe_' |

' -orystalandtheee nncleaﬁonsneabecame latgerastheteacnon.pmgtessad. This is ;

R _'_.-a classical process well dESeribed in the hterature m,n

o .'7 33. Mechamsm

- '. ”A cons;deratmn ofthe spec:ﬁc oomplexes mvestlgated reveals the fo]lovung

- B N The electromc or saenc eﬁbcts assocmted wnth the cyclopentad:enyl hgand
: of mdmdual molecules do not correlate w:th the momenzaﬁon reactmm
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_ Thus, changmg the methyl substltuent ﬁor a t-butyl substituent in (1) ylelds
. _'comp]exes that mdergo lsomenzatlon (L = CNcsHaMez) and do mot

T.mdergo lsomenzatmn L= CO)in the solid state.

.'ii). - It appears that, 10 date, all complexes that contam a bulk\ ligand do
'. .l.lndergo the lsomerization reactlon. It may be that. these groups both :
- provxde more ‘Spac:e’1r in the crystal and posszbly a pwot (see below) for tl:ue

 isomerization macmn to occur. -

- ui) '_ ._'Ille exothermm reacrtlon always prooeeds from the isomer . of lowest

o meltmg point, suggesthgthatthereacﬂonls controlled bythe:modynanuc -

L faotors‘

As menttoned above, dunng the isonlenzatton reactlon, orystal dxsmtegratnon_'_ c

enerally ‘Was observed to ocout, Th:s m:lphes that volume or phase changes (or

s both) are oocumng in the process. Ifone aSsumes that the isomerization reaction _' -
oo i then Rollowesd by the phase chenge, Ewo current, competing, theoriss

_ are -available' to mterpret the restxlt's of the above study: -the topochemma]

. E prmolpleu’“ and the phase. rebulldmg prmolple 1S The possiblllty that a phase i |

- '“ohange dnves the momeﬁzatlon reaction can however not be ruled out and the -

- :ﬁlrther stuches onthls issue wi]lbe presented in Chapter 8.

In a prevmus publicatlon we suggested that the d:ag-lar momeﬂmtion reaction of

n (n’-CsI-LMe)Re(CO)zBr: occurred via a Berry-’I'umstile combmed lmohamsm
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F 7.5, lvhcrographs of isomenzatmn prooesses in a smgle crystal of dmg-(n-
' ngure g
' CsHaMe)Re(CO)zBrz at 100- 102 °c, (s) 30 i, (b) 10 h, (¢) 3.0 and (d) 3.0 h
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.-Fignre ’1.6. Mcrogmphs of momerlzatwn proc&sses in a smgle crystal of dmg—(n -
| CsPLMc)Re(CO)[P(OPh)slBrz at 145-147 . (a) 0 in, () 601, (9 70 hand (9
mh. |
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E _ .F.ig_ure_.’?..'f'. M&fbgraphs.of isbnieﬁzﬁti@n processes m a single crystal cif_ dfag-('q’-'. _
' CHMERe(COXCNCeH:Mer)Br at 135-137 °C, (&) 0 min, (6) 2.0 b, (5} 60 b
. ad(@17.0h | - |
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" This propnkal was.baSed' on a structure c(m'elétion analysis." 16 1 this process two '

e ofthehgandsac*asmvotshorthetumsﬂleprocess.Thestudms descnbedabovf_'

.are consistent wlth ‘the ptoposal and would suggest that bbth the . lar'

cyolopéntadtenyl llgand and- the L growp are the pwuts However mm.'e'

. mformatmn will be needed before further proposals can e made to determme_'_' .
. 'morespecjﬂcaﬂythemechamsmoftheabovereacr .

: -'Nomthssandmg the above, this study provldes the ﬁrst mvestlgahon of the
- .thennal sohd-state lsomenzatlon ‘ehavior of élassical organom.etallic °°mplexes

- 'I‘he synthetic strategws to produce complexes of the type described above are |

- 'ttiwalandthusaconvenient senes oforganometallicconmlexesarenowavaﬂable:__

; . _:.forﬂlrtherstuoy. :

L 7. '4;"'C0nclu'§io':is g

' The th;:rmal snlid—state dlag-fat lsomerimtlon reachons of cyclopentad:enyl four-'
' legged piano stool rhemum complexes dmg—(n -Cﬂ..R)Re(CO)(L)Brg {R Me

'____'tBu SlMe;,L co, CNCsH;Meg,, P(OMe);, P(OPh)a)havabeenstudledbyDSC

-and thennonncroscopy mvest:gahons In all the reactions mvestlgatcd the d:agonal‘_

: :lsorners convert to the Iateral lsomcrs via au exothemuc reactlon. The -

thermonncroscopy react:ons suggest that the monmnzatmm -v.az,wn oocurs. vig a
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- Table 7.1. Properties of diag- and lat-(n’-CsHR)Re(COYL)Brs.

 Color

RS

- (°CsHiMe)Re(COYBr;

{07-CR MOR(CONTNCHMeBs

OB MERUCOINOPE T
P CRBRCOPOM

e -mmamcd;(cuwmm .

B '_ ' _(nscmqo;(mcswwm

lat: brown

- diag: yellow-red

lat; birpwn. -
dingered .

.. letbrowm
Clsirhrown
- diag: wiuw-red.
-+ Tat: brown -

Diag: 116118

© Ja 158-160. .. .
Diag: 154-136
a1 192-194.
Tiag: 164-16%
lat: 183-185..- - |
" Dimg: 123-128
tat: 154-156 -
g 142140
fan: 194196
" Ding: 144-°46 )

DT

* * D DSC messurements, T: thermomiorossopi studies,

ilg;:‘bmn :
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nuc;ear fommtionandgromhmeclmnmn, snnﬂartowhathasben observed for
related compomds mntha areasof chermstry
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CHAPTER 8

X-RAY 'SINGLE-CRYS’I‘AL. STRUCTURES OF

""-.-'__-DMG; AN]) LAT-(n -Csﬁ.;Me)Re(CO)[P(oph)S] -

By AN]) DIAG— AND LAT-(n -csmtBu)Re(CO)z o

R Brz : PAIRS OF COMPLEXES WITH UNIQUE o

) SOLID-STATE BLWAVIOR PATTERNS

._ .' 8 1. Introdllctwn

" ____'It was shown in Chapter 3 that o mlld state isomenzatinn mact:ons were"__ S

observed or (n’-cm)ke(co);arz when R vas an ethyi, tet-butyl. or"-_ L

'. -_tnmethy]snlyl group However, the thenml solid state 1somer1zation reactions-_' |
| proceed readily for the monocarhonyl substxtuted complexes ('n -

R CHRRACONL)Br L - CNC‘;H;,Meg, F(OR):, PPh) with any ring-substituent

: : R (Chapter 6), 1t appeats that the electromcu and ste:m parameters assoclated thh‘_

o R have no obvious relationship with the isomerization process. Clearhr, inter- _

o ._ "nmlecular foroes are ovenvhelnﬁng any obvﬁ:uus mtra-moleCular eﬂ':'ects associnted o _. '

'_Wﬂhthesroilpsaroundthemetal. o .
. Themmomicroscoplo studies revealed" that the thermal solid-state. isomerization
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3 process of ('q -C;E;Me)Re(CO)[P(OPh)a]Br; was unusual in that no cxyslal -

- cracldng was observed m the pracess (Chapter 7) In addltmn, the structures of_

_monocarbonyl substituted four-legged piano stool rhemum complexes have niot ) - |

prevmusly been measuxed Indeed the ass:gnments 'af rhe diagonal and lateral' S

1somersarebasedoan\rIRandIRparametersmdthecrystaﬂographxcdatawnuld

oonﬁmtheseass:gnmnts b

: _Of ﬁmher mgmﬁcance was the obsenation that the (n -C.-;Hsﬁ.%u)RE(CO):zBl‘s -

..'Oomplex did not undergo thermal solid—state JsomerizanOn. “These. isomm thllsl._.: U

L provxde aset of complexes to assess why the lsomenzaticm reactmn did ot occur

We have thus camed ont the X—tay Smgle-crystal strucfme detemﬁnatlon of both -

o '-"_:d_fésr. and 1«:-(11 -cswe)Re(coxP(om)ﬂBrz, ond diag- and ’“"('l =

CsHstBu)Re(CO)szz The c:,."’ s.llographic analysls of diag- and Iaf-(n .

| . Csl'LMe)RE(CO)zBr: (Chapter & revealed that the mtermulecular interaetmn_'” B

. . Played an imPOrtam role in the sohd-state momenzatmn reaction. It was thus L

.expected that the ﬁn-ther struott.ral mmlyses would lead to a better understandmg:' '

- ofthe Eomerization reactwn

L ls 2 Expenmental Sectmn

.- The diagomﬂ and lateml momers of (n-CsmtBu)Re(COJzBrz and (Tl - |

Sl _CsELMe)Re(COJ[P(OPh):,]Brz wero synthesmed by the mettods. described in

--'Chapter?l and 6. Smgle crystals ofﬂlese complexeswerecrystallized ﬁ'oma
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mixture of dlchloromthanefhexane under nitrogen at =15 °C. .

"I'hecrystallographmamlysiswasca:mdumhythe samepmcedutesasdescribed' L
mChapter4 ' B

a '8 3.. Results aaad Dlscussmn

The stereos:am ¢ ﬁ;b»w:r ofthe thrae-dimensionai molecular structures ofdlag- _ B
o ...'.'-.’at-«(n -(};}f.'? Lo “‘;);]Brg,anddmg-andlar-(n —CsmtBu)Re(CO)zBrg._':: S
"_5(wuh atom i glven in Flgures s1~ss Tabhs sel-sz-';_

‘Summarize r‘.h(. vrystal Mul i e:nv'i eoﬂect:on conditions ia'or these complexes I
_ C!ystaﬂﬁgraphic data, ﬁ‘acnonal amm;c coOrdmates, bond lepgths mld bond angles, -. S
| - sttﬂbe&ctotSareg:wnthppemmA o

Al o complexes bave the expected smolecular geometres, Le. two bromine_ R
_ | atomsheone:therandofadiagonalmthediagom!momersandarecwtoeaoh':-.
ot}mrhﬁaelateralisumers ThRe—C(CO),Ru—C(ﬂng)gR&Brbondlengthsm |
a ..:the lnterbond a.ngles BI']""RB"‘Bl'g are. sim:lar to those reported for the_ '

comesponding  somers  of (1 "CsH«tMe)Rﬂ(CO)zBrz wd dagt
| CMeRe(CORBr. ERRE

ﬁ.The most nmea'esthxg crystaﬂographic features aré obtained from the crystnl
. paclung dlagoarss of dfag— i Iat—(n’-CsI“LMe)Re(CO)[P{OPh);]Br; (Figire 85
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" and 8-10) Botﬁ isumers havie. exactly- the same packing arr'angenmnté with the
o henyl groups smterlocked.” with those of the: neighbormg mo[ecules As aresult '

both isomers have the same monnchmc P21fc space group and the same unit cel,

o _' ie. they appear to be lsostructural Clem'ly, the imermolecufar interactmns in the

o .buﬂ:ofthematerialarenearlyﬂwsamemboth:somers

' This structural feature, ie. that bcth 1somers have alnost the same unit cell:'
voimm ,481 A? and 2467A’), also explains the observancmthat o crackmg of

| . .-.-theczystaloccurred inthepeagtbn (Chapter?) Alsdofmtwe thatthemo _ . |
o volmne of (n’-C:H4Me)Re(CO)[P(0Ph);]Brg (soz. &) mthe mﬂ i§ mote ﬂm -

" “-'_twomeslargerthmﬂm of ¢’ -CsI-LMe)Re(CO)zBr: (269 &%, Tm:stheefrect of .

.anmleclﬂarreamngementillvolvmgBrandCOoouIdbemuchsmallermthe. o
S ."_.crystaloftheformerandlesshkelycausecrystalctaolchg | -

Aswaexpected diﬁ’erentmolecularstmcturesandpackingdlagrmﬂqm(n-"' o

o CsIﬁMe)Re(CO)zBrz were observed for (11 nCsl-I;tBu)Re(CO)zBrg

j _. '.-_For Iat-(n LsmMe)Re(CO)zBrz, one Br atom 1s echpsed wlth methyl rlng
3_substltuent(mgure45),whﬂeﬂ1etwoﬁratomsarestaggeredwithrespecttonng

: substltuent tBu for Iaf-(n’-CsIﬂtBu)Re(CO);Brz (Figure 8 s)

W ¢an, me ﬂ_'o":h the packing diagram of the diagonal isomer that all molecules

- alignin the head-tafl manner, but the.- direotion of each two molecular leyers is
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Tnble 8.1. Ctystal data and details of structure reﬁnement ﬁor d:ag- and Iar-(n -

hnlefeA" -

CsmMe)Re(CO){P(OPh);,]Brz
Complex ] _ _ diag-(n A Clat{n’-
S L CsELMn)Rﬂ(CO)[P(OPg);E;_ CHMeRACOHP(OPH
| Tentification cade T OM84 T OMS8s
‘Empirical formula “CuHyBr,0Pre - CosHuBr:OFRe -
[ Formula w:lght 763.42 T 76342
{ Temperawre T 296K 6K
L Wavelength _ _ 0.71073 A 071073 A
[ Gt siens “Monoclinle monoclmic
_ Space group: ' Y _ .fc s
[ Cnitceit dimenstons | 4= 1581 T7DA; w=900° | a= 15949&(7)A,acssoo°- R ER
U § T 5 ( llOQ(S)A,B=936320(1)° b=108893(5)ﬁ,p=945340(10)° R
e Le=1418533(6A, y= 900" c-14.2549mA.7=9oo° PR
| -Yolmn'e (A?;-.'; e ' 24s1 3(2) a . 2467.9(2) -
4 4 .
. Denslly(calcmaml) y 2.044 gfom® 2055gkm’ .
o Absorptlm melﬁmmt . 8212nm 8256 0m
- [0y e T 1A%
_ -(h'ystalsim : . 04x02x03mm - 02x0.I%062mm
[ Tramge For data T 1803826 ] '1'2sto"2825° '
chlleciion o '
Indexranges '_ -17511520,4451:513 7] -21511516 T3skz14, -lss
- i<y, 1518,
. Rcﬂecﬁons collected 14887 _ 14894 :
“Independent 5530, [R(n =0 0296] 5633, [Raint) ='=-o'mz1
| reflections :
R Reﬁnemmt method _Full-matrlx:less-squarﬁ P Full-matrix 1&&&»8(;1.1111':5cmF2
D 7 resteams 7] 5630707 386 ' 563310;332
Eamclers - .
_Goodness-ofﬂtonF’ 0904 T 0.944. B |
" {Final R indioes o>} 'R1=0.034'9 wuz=-0.'1054 ~ R1=0,0336,wR2=0.1105 _ - |
2@
O [Ridicss (alldata) Rl==0.0442, wR2-=01155 Ri < 5.,5428, WR3 = 01204
L 'Larg:stdifﬂpeakand 0064and 1,856 o ososand 1235

mn
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Table 8 2. Crystal d*ta and detaﬂs of structure reﬁnement for dxag— and Iar-('q -

CsI-LtBu)Re(CO)zBrz

dlﬂg-(fl “CsEtBu)Rﬁ(CO}Jsz

TRk CALBWRACONBE

OM 88

OM 87

"Empiricalﬁnmula B

CquaBl’zOzRC

CulaBrORe

Formula welght

52323

T

o Temperamre

TSR

“296@)K

- Wavelengﬂl

T OTOBA

0. 71073 A

Clystﬂlsystem

" Orthothombic

monuclimc

{ Space group

B P21!a

Unii cell d:mummns

: am 125359(6)A. o= o

b=14:259%(D4, p=90,0°

_le= 15,8258(8)A; y= 900”

Ta= 126873(8)&,u=900’ N I
b=8.0422(5)4, P = 95, 4540(1)".--- S
e=135376@A, =900}

N mm

BB

0B 1

_-j8

ra

N -Density(cnluﬂamd}

2457 gfcm’

T 257 gl

A]:sorpﬂm eoeﬁcimt _

e

' F(IJOD}

‘11x03x0.1mm

_ 1').'3_ x 0.23 x 0,075 mm-

| collection

..___.je Tnge lbr daiaf

T 250102829°

IS t028.14°

Indexranges

16<h<1l,-185k<17,- |

_'1951520. -

16<h=15,-10sk<10,-12 | °

<1217,

16047

8109

[ Indepmdcnt rcﬂecums.

3326 [R{lnt) = 0 13771

. 3094, R =0, 13:72]'

R _‘-Rcﬁnementmethod

Full-matrm less-squares on F*

Fulln:llsrtrixleess-m;mms(mF2 |

garamel:crs

ata!restramsf.

3326!0!148

: 3094!0!148

. _Goodness-ofﬁtoulﬁ

0914

-0919 -

]

Final R ind!ces [I > 20

Rl 00680 wR2“B 1435

R.l =0.0776 wR2 0 1743

R indices (all data)

='0 7, wR2 = 0 1503

R =0.1017, w3 =-o.1735 i

holefe.A

Targest aife. peak and

3 180 at'd -5 745

T 3.584 and -4.681
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- 'oppositetothawfﬂlﬂ nexghbonngtwo Iayers (Flgures 11) For the s mhsomsr,_:"-.‘.'-

g _:".the molecules are also layerei One polar and one non-Polﬂr lﬂtetfnce ﬂm&l&"”

-__.GXiSted between twu layers (Figure 812) It is d!:ﬂicuit te con;pme the

- nﬁemmleculax mteracuons between dmgonal and Ja:eral momrs ﬁmn these_. =

packmg dias!:ams But it is clear that the diﬁbmnce mmennoleclﬂar interacﬁoni' .;::'

o between two isomers }'ere is smalle: than that between two isomers ofthe methyl" S

'. mhgues (Figure 46 and 4?) Thls could he one reason Wh? W'(ﬂ"

-._-_'c,mtBu)Re((‘rO)zBrz dl.d not isomenzae m the sohd-state, whﬂe the methylf

s 'l"_-:caluuhnommneededmgetmmformatmnabomthispahofcompm
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o .:Flglme '.'_ﬁ_-l PetSpectwe vmw (SCHAKAL Plot) ot‘ ""'di'dg-'('f.l.s"" a

CsILMe)Re(CO)[P(OPh):]Brz showmg the atom lahelmg (hydroge rains . 'j. .

B are omltted for clanty)

A



e "Figure 8. 2. V:ew of dmg—(n CsI'hMe)Re(CO)[P(OPh):]Brz prcuected onto the ?
SR plam:oftheCpnng a RS R o
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mgm o SR

N o R

. CSH‘MC spectwe wew (SCHAK’AL p‘nt) ; Iat( L 8

- )Re(m)tP(Othsn showmgme atom Iabeling S
| *are amitted for clanl)r) | (hyd“’g"" soms

A6



Fi
| gure 8.4, View of lat-(n -Csl-LMe)Re(CO)[P(OPh);]Brz pro_lected onto the

- planeoftheCpnng

Vi



" Figure 8.5, Perspective view (SCHAKAL plot) of dlag-(n*-CsHitBu)Re(CO):Bry
. slmwingfhE-atom labeling, - -

178



. Phiare 8.6. View of diag-(n"-CsHLBu)Re(CO):Br; projected onio th plane of

- the Cpring.
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Figure 8'? Perspectwe wew (SCHAKAL plot) of la!-(n CsH‘;tBu,:)Re(Co)zlgr2 o o
. shqug the atom Iabelmg
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 Figure 8.8, View of lat(n*-CsHitBu)Re(CO);Br, projected onto the plane of the

: Cp' g,
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: gure 8.9, ;faek_mg dmgm of d:ag-(n’-c&mg)ag(cm[p(OPh)ﬂBrz projected

on the {010] plene.
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' S - diagram of lat-(n’ e
ontheOI0)plae. - CEHMERS(CO)P(OPL:Brs projcted
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Figare .11, Packing disgram of g (n™C;HBu)Re(COYBr, prj-sted on the
-[001] plane | o |
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csmmﬁ)keccommfw on the

s

ck_.'ng.diag'gém_of'!a;-

Pa
1010) plage,

e 'Figﬁ'ié_-s,l-ﬁ.
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- CHAP PT ER9 |

sTEmc (EFFECT = STODIES . ON ("

e ._ " 9.1 Introductlon

'EI'.' Lo

oy

Nuclear magnetw resoname specﬁ'osct)py prowdes onie measure of assessmg the_l' SR

. steric demands of ]Jgands grganometalhc chemistry Earher atudies On:_

ST | .mommed cyclpentad ‘e“y“hm'leggedhalfsandwwhcomplexes ofthe type_: SR o
S '-__;;-:(115-70:,I'I4R)Fe(C0)(L)I (R Me’ an L =p] pmsph&e mmﬂe) hm o

PR ﬂ‘mwn that A(Hz—Hs), the chemml sh:ﬂ: separamn ofthe cyclopentadnenyl proton R : =
| . _-r&sonances on cither s:de ofthe mlbsntuentR, not only Wﬁ*’dproportmmn} m | S
= 'ﬂ“‘”‘ °f“'”g?““~“ "“‘W also mﬂuencedbythesmeofthe substituentR_ o

'-'onthering Tlﬂsrelatlonsmpwasstudledmdepthushgawiderangeof

ﬁorganometallm mmﬂexes in wluch L was kept constam: and R wasvaned 4 Studies -

i 011 a series of complexes of the type (Tl -CsH«aMe)Fe(CO)(PAﬁ)I (Ar Ph’ >

_'CsH4Me,IJ CsHaF)mwhx;h the hgandsPArs differe i he elestronic offect but

. 3 mtstenceﬁv‘e(:tprowdedexamplesmwlﬂchthevamtmnm;&(}ﬁ-ﬂ,)mrelmvﬂy_ o

'ﬁwofelectromcmﬂuemw
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"Investxgatm were extended to the four—legged piano stoo1 mo]ybdenum S
© complees s 0P -CHIMOCOMDN ® = SV, B, Mo, L = o,
hosphme or phospl:ute) "7_ A reasonable cm:relatl.on was observed between o

| .'"3.._that’theresss’ '*QtterconelatlonbetweenA(H;~Hs)mthQ thanB

- Me, Et, ’Pr, tBu, snn.,, 1. co 1somtnle, phosph:te o phosphine)

o 9 2 Expenmental Sectmn

o dmg— aud:ar-(' :}csmn)ne(co)(L)Be (r= H Me, By, Pr, can,tBu, SlMes, Lo

s ._9 3 Re snlts and Dlsellssmn

o -9.3 l. NOE Analysls

:-'As expected uulytwn separated cyclopentadnenyl proton absorptlon emrslopes dre

seen in the NMR spectra ‘of diag-(n -CsHeR)Re(CO)(L)Br;, diagn(n S

- ___1'83 .

.= o, isonitetl, 1, IR, PPh) were synthesized by the methods desoribed 1

- "-:___'_spectrometer operatmg at 200 MHz NOE spectra were reeorded as descnbed .

'":A(I-I,—Hs)andooneangl&semdsohdanglesﬂofthﬁhgandL ItwasaJSGfOund'_ R

Thus 1t 1s of mturest to extend theae earher studles to monosubsntmd_‘:}'---. S

o .ychpemdlenyl rhemum complexes of me t}’pe (11 -CsﬂqR)Re(CO)(L)Brz {R -—_'-;.. .-;:5_5"-

EERTEE Y
o --__\‘\_

"'._Chaptera,sms NIVIRspectrawerereeordedonaBrukerAcgoon'_:-______ .-



C,I-LR)Re(OO)zBrz and lat-(n -(,sH.;R)Re(CO)QBrz The complexes all have a
mirfor plane whlch passes through the molecule (Figure 9.1a - 9.1¢). In the lat

(n’-CsHLR)Re(CO)(L)Br: (Figure 9.1d), four distinct ring proton resonance sets

. are expected and were generally obtained,

@ .

(a)

B Figum 9.1, Newman pro_jectidn of {a) éiqg{n’-CsPLR)ﬁe(COJ(L)Bra, .(b) diag-
(0 CHRRE(CONBr, (0) Jat-(n*-CHRR(COYBr: and (&) Jar(n’™-
CHIR)Re(CO)L)Br,

To .esi.tablish"a correlation between the ting hydrogen atoms and the proton
resonances, NOE experiments were carried out, Figure 9,2 shows the numbering
scheme . used in the aalysis. Four typlcal ‘complexes, diag-(n’.
: c;mm)ke(co)_[P(_oMé)aljBrz,- Jat-(n*-CsH/Me)Re(CONP(OMe);IBrs, Jat-(n'-
..-Csmthk)P,g(CO)[I.’(OMe)ﬂBrz ad lat-(nCoHEBRS(CONP(OPh) B, were

| .. 3 chbsen for tlmﬁOB mlalyslsand the .spéctra are given inFigures 9.3-9.6.

 For the diag-{n’-CsH{Me)Re(CO)P(OMe)s]Brs complex, it is observed that
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irradiation of the resonance at 1,80 ppm (ring methyl group) results in growth in
the resonance at 4 71 ppm only (Figure 9. 3d) Thus the resonance at 4,71 ppm can,
‘be assigned to the cyclopentadienyl ring proton 2 and 5, This is confirmed by
ircadiation of the resonance at 4.90 ppm which caused o growth of the resonance
at 1,80 ppm. This aliowed the assighmest of the ring protons 3 and 4 to the

- resonance at 4,90 ppm.

For Iat-(n’»«C;IﬂtBu)Re(CO)[P(OMe);]Brg, irradiation of the nesoname at 1,77 |

= ppm (tert-butyl ring substituent) caused growth in resonanues at 5.35. am:l 523 - |

.ppm, and hence pemitted the assignmmt of the cyciopentadienyl rmg protons 2

. md Sto these pos:tlons (Figure 9 St) The assignment of poslhon2 was verified by.' S

 irradiation of the regonance in position 4, which showed growth for position 5 and
-3, but not 2 (Pigure 9,5¢). The relative positions of the cyulopentadnenyl nng_
protOns are 2, 5, 3, 4, It should be noted that’ the mticlockwisa numbenng in
- Figure 9,2 is arbitrary, su the relative positions could also be 5, 2, 4, 3. However, it
does not affect the analysis on the cherical shift ssparation of proton 2 and 5,

~ The relative 6rders' of the ring proton resonmmes for' Iar-('n‘-

. _.CsmtBu)Re(CG)[P(OPh);]Brg and Jat-(n -CsHMe)Re(CO)[P(OMe)J]Brg are 2,

5, 4, 3and 2, 4,5,3, respectwely, which were asslgned by a sim:lar NOE analys:s

(Figure94an696)

9:3.2. Correlation of Cyclopentadienyl Ring Size with A(Hys—Hys)
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. of dmg-(n -CSH4R)Re(C0)zBr;
: ‘HNMRdata for dmg- and Iat-(n -CsIﬂR)Re(CO):Br; (R = H,Me, Bt; iPr, (Bu,
- SiMe;) are given in Tgble 9.1. It was found that different solvents greatly
inﬂuemed tﬁe chemical shift dlﬂ“erence A(Hz;s'-ﬁm) For thé- JIag—(ﬁﬁ .'
CsHiR)Re(CO):Bry complexes, J&(Hys—Hm) was much smaller in CgDs than in
 CDCh, nterestingly, only a small vanation in the values for A(HosHiu) were
observed for the differens nng-substltuted lateral isommers (R Me, tBu, S1Me3)

(Table 9, 1), This indicates that the steric size of cgmx was ot a dominant fictor B

o deteunming the proton NMR parameters under these condttions

| Figure 9_.2. Labeling system used in NOE analysis,

-A good contelatmn between A(H;,s-Hm) (not A(.Hg—Hs)) and the cone angles 9;1

- (ring centroid asapcx) ofthe substrtuted rings (Table 92)Wasobserved for the

diag{n ..c,mR)Re(cO)zm2 complexes in CDCE ® = 094, msf 0 0042,. |

F_:gure 9.7). An attempt was also made to corre!ate the data with solid angles Q.. -
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. (Téble 9.2). Here 2 p00rer rgrationship between A&LA—H;R) and £, ,(1_{2 = 0,79,
 maf o.ois) was ob#véd. The pdint oorrespondmgto C&LSMes is .outside the _
regr'ession line (Figure 9.8). Deleting th{s point glves a better correlation between
AHas—Hya) and Cr, (R = 094 msf. 0.0026). The data suggest that SiMez in_ :

: C;H48iMe3 should have a bigger size than the tBu group in CsI-LtBu

" 9.3 3 Attempted Correlahon between A(Hz—ﬂs) or A(H;—-H;) and

-Sterlc Sms of ngand L of (ns-ClehR)Re(CO)(L)Brz .f |

' Table93 and94gwethe'HNMRdataofthedlﬂSOnalandhteralcomplexesof- S

G %.CAHR)Re(COXL)Bes (R = Me, thi, SiMey L = CNCHMey, POMe)y,

PO'Pr)s, p(om)a, PPha), r:.spemvely As forthedicarbonyldibrom;de complexes,

B thechemmalslﬂﬁdiﬁ‘eremasweregreaﬂyaﬁ‘ectedbytheNMRsomm C¢D¢ _
o lnduced a bxgger prown separataon than CDCI; for the mnocarbonyl substltuted ._ 3

N complexes For example onlv one rmg proton adsorptmn envelope was generally 3

_observed for both diag- and Iat-(n -CsI-LMe)Re(CO)[P(OPh);}Br; compiexes in

DCls.

o Ai:tempts'were made to correlate ﬂie NMR ﬁatameters. with the stericfelédirouic

. '-eﬁéctsassociatedwth AllNMRparameters A{Hx—Hs)orA(H;-H;}cumlated. L

E '_poorly wuh corte anglesﬁ or solid angles O, (Table95) of the ligandL for both .

| dlagonal and lateral isomers of (n’-CsH.;R)Re(CO)(L)Brz Tl:us could be atttibuted | _
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 P(OMe); e
o 3

' thm 9. 3. Sem:ed NOE data for diag-{ns-CsI-Iqu)Re(CO)[P(OMe)ﬂBrz. (a)
" No ireadiation, (b) irvadiation of Hu, (6) u:radmtlon of Hu, (d) u'radlatmn T

' ofCH; protons ofthe Cp rmg
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P(oﬁ‘@_; "

'. Flgure 94, Selected NOE data for lar-(r] —CsI-I..Me)Re(CO)[P(OMe);]Brz (a) No
_ n'mdmtlon, ()] umdmhon of Hm, (c) irradiation of methyl protons of
" P(OMe);, (d) n‘radxatmn of Hm, (e) machatmn of CHs protons of the Cp
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o Figure 95. Selected NOE data for Iat-('n -CsI-htBu)Re(CO)[P(OMe);]Brg (a) Moo
| u‘radlatlon, (b) madmﬁon of I-I;, ©) m'admtwn of Hs, (d) m‘adlat:on of H:, - -
. _' (e) m‘ad:auon ofH4, t) madmtion of tBu protons.
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gure 9 $. Selected NOE data for :a:-(n’-csmmu)ne(ca)ﬂ’(oph),]m (a) No
“ madlatmn, (b) m'admtlon of Hj,. (c) m'admtlon af'm, (d) madlatmn ofH;, _

R (e) md:atnon of H, (f) u'rad:anon oftBu protons
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' 'Table9:2. Cone Angles 6, and Solid Angles O, for CHR*

R B Qe
COUBt T gsoe L D pse
By e 107 T T 156
c o BiMey st 138 8L e e




Table 9.3. 'H NMR Data for diag-(n*-CsHR)Re(CO)L)Br*

Me CNCHsMe, 4.72 4,90 0.18
S (5.66) BN e ) DR (1K [1)
Me - POMe)y 41 490 0.19
Me - POP): 473 4.93 . 020

Me POPh): 453 . 4,65 _ 0,12

- - (4.99) (5.02) (oo

‘hig . PPhy S 475 5.00 028

fBu ONCdLMe 484 510 026
. tBu POM:)s 456 528 - 072
* {Bu POP: . 462 335 073
tBu P(OPh); - 444 492 048

o tBu. . . PPy . . 475 53t 056
. SiMe; - CNCHMe,  4.83 ‘s21 7 - 038
. .SiMes - P(OMe) 467 - 538 0.71

SiMes . - P(O'Pr) AT 547 U Y
~ SiMes P(QPh); - 451 - 508 So0sT

‘8Mes  PPhy . 490 544 . 0S54

* ppim, recorded in CyDs, reliiye to TALS. * The data in parentheses were recorded
ooy, . - - o
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Table 94, "H NMR Data for lat-(-CsSHLRRe(COYL)Br;*

A o Hs_:.:.._-."m ' Hs

K . _
Me - CNCiHzhe, = 486 T 472 478 . - 478
' .- {566) SR~ M) B (3.75) - (3.66)
Me P(OMe)s. © 495 432 ) 4.94 482
Me POP)s. 497 497 . 497 . 497
Me P(OPH)s. 507 - 462 . 472 - AT
. {531) CO(31) 0 B3 (531)
Ms - PPhs 499 451 471 - 492
By ' CNCéH:Me, 5.15 . &98 511 498
tBu CPOMe)s - 535 . 503 - 48 5.23
Bu POP): - 549 . s 516 . 525
tBu POPR); = 557 _ 494 . - 503 - 511
Bu PPR: . . 552 - 507 - . 521 . 526

SiMes CNCsHzMe, 526 . 507 521 507
SiMes P(OMe)s . 540 . 507 S 517 532
SiMe; PO - 561 . 545 s3t1 - 535
SiMey P(OPh); - 564 _ 497 - 513 0 521

© SiMe; PPh; . . 567 . 48 - 48 . 507

" ppm, .Iworded.'in CDs relative to TMS. * The data in parentheses were recorded inCDCig. -



" Table 9.5. Cone Angles 6 and Solid Angles ), for Ligand L*

- QO n 95 _ e
. CNCgH3Me; 106 - : 0.0892

. POMe) . . W07 o025

PO - 1300 . 0319
POPh), © ... . 128 . 0307

O PPh s 0286

A
»



_' 1o the dominance of electronic effects gssoni'ateci with ligind L oni these

|   9 4 Conclusmns

The cyclupentadlen)'l rmg Protcn resonances. of -éfiag- and fﬂf-(ﬂj'-

o C;ER)R&(CO)(L)Bm have been assngned by NOE. analysm A good co-rexauon

B .,between the cone aﬂgles Bz or solid angles Qw of momsubst:tuted

o __cyclnpantadwqyl sing and A(Hzrr—Hw) (onho and teta rog pro* n resonﬂncesa of
N the diag»(n -C_f,H.;R)Re(CO)zBr: complexes was observed (CDCh) HOWOW!‘ 110" e |

o conelaﬁon was ihund ﬁor the correspondmg lateml lsomers under the same L

. conditions. The A(H,—m) ot Amz-m) of tatr -csrm)ae(coman @ c0)
did not correiate with etther eﬁme angles 9 or. solid angles Q. of l:gand L No
| ﬁ matter what size’ ofthe hgand L is, the moname posrttons osz and Hy are |
N ._._comdem for diag—(n’CsER)Re(CO)(L)Brz complms. These results o
o mdlcated that the elecironic eﬁ‘ects may be an important inﬂuence on theNMR - E

' parameters measured
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CHAP TER 10 -

| ".bOLID-STATE ISOMER]ZATION REACTIONS |

| "-OF (n"-CsE;R)M(CO)z(L)I (M W Mo)

o f"10 1. Introductmn

-. Cycbpentadienyl tuggten and_ clybdenura carbonyl belide cnmplexea o

L COMICONDIX, havebemextensivelymvesﬁgateds!rmﬂwirﬁrst preparatmn(l'. =
- .‘:_CO)mtheearly 1950’5. Smcethen:md:ﬂcatnn ofoomplmes of th:stypehas been. o
. :._'_":""acmavadbymphchgﬂmﬂngpmmnswiﬂloﬂmsubstﬂumS°rmd®mgﬂwhsa!ﬂ _
_"-.'?sa(co 1, X), and this bas rosuted i e sytesi ofmymmiredsofcmmlms ot
'. this tg,pe"’ Exlmsm studim of these oompimnes have lmhzded thermal,“ _
_ tocheznmf“andinduced"”mm:butmnmacm:m(ofco LX),matnxnsolatnn
| *."ml* iowecization studies™ ¢ eis, A sigaieant breakibeough in this i of
.'..dnnﬂmymsﬂmphysicdwnofﬁwpmdhgomlmﬂhtemlmgfm

A

:"mC!mpters Sandﬁ Welmwreponedﬂnesynﬂmofasmesofrelatedﬂmum L
- _piam stoolcomplem, (ﬂ’CﬁR)Re(COJ@})G (R Mo, Bt, P, By, SiMes; L= |
: __j._CNcsHaMez, P(OR);,PPh;,X Br,IJ Ofpamcular memmmmf
" ttme cbmplewesmdement xsomemation reactions in m solid siats, Ofler then &

shorc comument on the solid-sme momerimthn reaoﬁon of(n’-C,H,)Mo(CO)z{pBu,)I ._ - -



* 1o other solid-state isomerization reactions of these four-kgged piano stool tungsten
and molybdenum complexes have been teported in the Herature.'* Here we report -
3 m of the thermal solid state iomerzaion. esotions of monosubstituted

. _'cyclopentadlenyi tungsten and. mnlybdenmn oomplexes (‘n -CsH.tR)WCO)z(L)I to

o -ﬁuﬁﬂexploreﬁwgenmﬁlyofﬂmmcmn. -

'- 10 2, Expemnentnl Section .

. '(n -CsI-hMe)W(CO);I » (n’c,mae)Mo(co)ﬂ“ and (" csttBu)W(CON" R
p:epamd bY the standard procedmes used to synﬂwm other mg.mbsumted_

" analogues TrimethsdameN-Oxide dilwdrate (Aldmh) ws used asrecelvad. All"" R

' .reacuomwaecarriedoutumngstandardSchImktechnhv iern{irogen.Sokvents |

e ) _MehrgpothereoordedonaLoﬂerhotstagemhngpomapmeuﬁm&

- _. . spectra were-uWed onaMldac FI'.[R spectrometer, usually mKBr cells (Sﬂlutiom) o

'?'-'1~11\'3[R¢spectrawemam.eaammdcmlBruleel'z‘hCZG'l‘Slﬂecﬂ'ﬂﬂfmteif0!:"“'1‘*“‘“8“"‘2“‘”“[[“]z e .

. Mmroana]ysnswereearmdoutattheCSIR,Pretoria, SouthAﬁ-ica.

12, rﬁmﬁﬁmofdi&guaﬁa Jmns-csmM(éﬁh(L)l (M=w,
I -'.._--".R=Me,tBu,L P(O‘Pr);,PPh;, --Mo,n=Mé;L”=~=-1"Phg)-. | .

 Thie cou;plmmprepmd(ss%mﬁ%mtalg&embyadopmgmememod

o "_-developedbymme:af“ ﬁ:rﬂxemltheslsofﬂlemlawdumdmﬁtutedconmonuds

| '-Isomersepm”asmvedbydmmngmemdemmmcmcmnowedby



S chromato'gmphy on & silica gel column (2 % 60 cm) wﬂh]lCHszm The
. spectroscopic and analytical data of the complexes are given in Tablo 10.1.

| 1022 Solid-State Eﬂﬁleﬁ@ﬁﬂﬁ' of digg- and . lat-tn*-

CsH.aR)M(CO)z(L)I.

510 ing u? solid diag- or Iaf-(n -(lsﬂ.lt)l\d(*'iﬁO)xz(L)1 (M W, R= M“'= tB“’ L= “

’-..'-.__P(O'Pl‘)a,PPlh,M Mo, R="Me L= Pth)weresealedmacapﬂlarytubemder'.

| nnrogenan& heated(tutﬂlly mersed)man ofl bathibrl is hat atemperature at'___ ' |
:. Teast 15"Cbelowﬂ1elo\vanwlungpoint ofthetwo:son'lers ’I’heeolorandshape of-____ 2 .
the startmg smaterials showed no visthle change, and’ 10 decomposnion durmg *he . ..

"'3:“““"31“0"@‘3 “wﬁenﬂﬁmnofthedugonaxmwmdmmwasacmmdbyf
. means of TLG, TR and NMR spestroscopy. The: meling poluts of both omers,
percentage of both fsome.rs in. the prodnct, teactlon mndltmns and isometizatbn'_.j o
jdirectlonaregwenm'l‘able 10.2 | )

. f;- :

- 10.3 Results and Dlscussnon

10.3.1. Prepamtmn ofdmg- and :a:-(nS-c,Hm)M(CO),(L)I

"dxag and!at—(n ~C;I-LR)M(CO);(L)I(M w B=Me, tBu,L=P(GPr)3,PPh; M-".I N
. 'MO R= Me, L= PPlu}wereprepﬂred mgocd yleld (60-70 %) by reactmof(ﬂ = _ .
) CHRMCOM wnh a 510 fold excess of figend L and mﬁmm N—omde m .

| -.'dacmoromeﬁm at room wmperatune 144 The reaction proceeaetl slowly 0

"completiomfonly a stomhmmeuic amount ofl:gand or trlmethylamlne N—omde was - _. -
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s, The separtion of the diagonal and atcal isomes was ackieved by slica gl

. co}umn ch:omatngaphy Itwas found that the isoma'rs'_ofﬁm mpheﬂylphosphim - '

i e o s e o e e o

" phosphie compoul. Al comples were table oo femperere i the soid state.
e good sy in ogani soks, cidhg besane, < o

- '.'I‘he asslg:mmtsofdsagomlﬂndiatemllsnmrsof(n *CSER)M(COML)IWBIEM_. _ ._

'onmmesmbushedmﬁaredammmﬁmﬁ“ﬂ“mmﬂemmm; .

'-*._'5.1«.3.2. Soluuon Stau-. Isomerrmhon of m and Im'-(n S

L '_ 3 All dm;g- and Ial‘-(n -CsTLR)M(CO)z(L)I studled are smbh i sbmm (e.g CHCh, y o

.:..:_ bemme) atroomtetmemtm'eﬁ)rapedud ofhours. Howewr,w}mreﬂmtedm o

N bmmeﬂqumcklyisomerimdto aﬂmnodymm eqmﬁbmm For ellcample,when -

etthenﬁag— ot lat-(n -CsHMe)Mo(CO);(PPhg)Iwasreﬂumdmbmmﬁ:ﬂh, the-' . E

same [diag]/[laﬂ ratio, 30/70, was achieved. Equﬂitmnn {dmg]f[lat] mtios close o

“5oxsomobmmdﬁnheomercompm mms}mmmﬂnmlmmnM'_ S

” isomerization of (n’-CsIﬂRMCO)z(L)I is ot umd:rectional. Silar equibrium

| st"dieﬂ on (n’-CsHs)Mo(CO)z(L)X o= PPh:, PBua, X = Br 1)“E and’ - "

'_cst)Mo(coh(L)I(hMe 1By, SiMe; L = monmle phogpm Phnspm)mr o
..'Ireﬂmmgbemtﬂwdsobeenreported o '
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-_'.-10.3.3 Sohd-State Isomelmtmn of diag- and lat-(n*- o
. CHRMEONOL e
 .'I'hefoursetsofwomssynﬂwsizedmthissmwwmchosmtoeomamgeofl\&h

o "and R and to ..he eﬁ‘ect ofthwe vaﬁabhs on the lsomenzatlonreacﬁon. It was |

| '-"'_'fcundthatanfour pais of (1 CsILR)I\rI(CO)z(L)I(M W, Mo)lsomctsmderwent_

_- l'_-d‘agJMmomenmuonwactmnswhendieywmeheatedmﬂwsohdmmeﬂmt o
__aﬂammmﬂythehommhonmﬁonmEEedMnmammd-bommﬂash._ o .
.':.I'._-'-"._-_.'-'sinnlartoreactwnsuarnedoutmﬂlepremusstudﬂ@lmpter3and6) Howeverit o

- was observedthat the renctantsfproducis sub]:med out of the reactinnfhsk. 'I‘lusmade

o prodl.letanalysisemﬁc Thereactantwasthensealedmacapﬂmymbemdarmm | |

| "'mﬁmemﬁm;mwdmmonbmh.msubmnmwmmedmmﬂm

.-.]_Becausebothlsomhaammmdmbmﬂwmndmmm%ﬂmof;“

-__:then.lpgstenormolybdemnnconplexescouldmtbenmmtored vimallymd“megnly- o .
” '-mmtomdaﬂerappmprmemmpemdsbysﬂicagelm IRandNMRspectmsuopy L

' '_'Bothdiagomlm laimltsomers of(n’-C;H.,RMCO)z(L)I(M w Mo)weretested-:

for the solid-state mon'lenzaﬁon ehavior (Table 16:2). Tt was ﬁ:ma that the ther Ao

smte momrizatlon reantms of mnosubsbtuted cychpenmdmnyl tungsten and -

' 'molybdenmn complexes (n’-CquR)M(GO)z(L)I are umdirecnonat No mormnmtmn S

: inﬂterevemedmecﬂonﬁuthatslmwmn'lable lozocmrred,evenaﬂerlongreacnon

: t:mes(>24h)
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' 'Ihreeoftheﬂ)ursetsofcomplexesunderwentreacnonﬁnmthe dfagtothefarisomer,'- L

amﬂmmkeepmgwmhomsmd:esonawxderangeofRemmplems(ChapteISRHd B

- '\ _6\ Howwer a Iarm dia;g isomerimﬁon occurred fm‘ (n’—Cqul\/Ie)W(CO);[P(O‘Pr),]L: o

. Tlus suggests thatthe mtermolecular interactions cmnot snnply J:e]a’oe to dtagflar- o

5 mteamolecularpoiareﬂ'eotsmﬁ:e sohdstate.

'--__:'InChapterﬁ wehavempnr@dcn:hemmsmmbehaworofoverzoﬂmmnpim_-__._. o
e stmlmmpbxe&ThedmoeofﬁnmaMM,themg—subsMuemRmdtheﬁgmded R

S -"."Z;mtseemto beﬂnefnctorsthntdaemﬂnethedirecﬁonofﬁlereaction, norwheﬂwrthe:-

N -:_"'_-xenctlon will m-oceed or’ na;. This suggests that, in contrast to thr solmaon phase_' S

- ‘udxes, an ur""-'*"ndmgofthe mchanm st emtail an mderstandhg of ﬂx—. o

o . __--mmofecularfbms Btphy

‘I‘he on]y pmpei‘ly that uorrelates w1ﬂ1 the d:recaon of the soﬂd-state Bonnnzaﬁon'_ o

L ':reactinn of(n -QH&M(CO);(L)I (M w Mo) mthameltmg pomt ofthe dugom! TR

'_andlaterallsoms(Chapter:BandG) 'Ihereactlon ah‘,mpmceedﬁumthelow_-
me!mgpomtmmer oﬂmh@melhngpommmar,evend‘ﬁnsdlﬂhrmcelswy :

E small (see melﬂns POiﬂis Iisted), bt evm thls dlﬁ‘erenoe is no guarantee ﬂ:lat the

* seaction will roceed (Chapter 3). This suggests that the ‘sape™ of the molecule and“
| '_:thewathmhnstmcaliymteractswmhnsnemstneighborsaremmm -

\.-.--thBSohﬁonplmse,couldthusbebothstem(phaserebuﬂdmn topotam”)or_
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Table 10, 1 Spectroscoplc Illld Analytlcal Data for (11 -Csl{‘R)M(CO)g(L)I (M W Mo) Complexea L

mmpound

o

CH

" dlﬂg-(ﬂs-CsH&de)W(CO}s[P(O‘Pr)g]I._:- " _'

diag.-(n-’-C'sr_LMgi)W(co)z(pPhg_);_ -
diaﬁ?_fﬂi*cﬂfgﬁ)WCCO)sz(O’P;);]i B

| ﬁag{n’fcsmﬁé)ﬂé(compm}x |

| lat—.(n’-csmM:)‘??(oo);[p(dPr),jr_

e -CHMIWCOR PP

'M{nﬁﬁm)W(COW@ﬂﬂ? .

ht{nf"-cslwe)ud(m)mh;)t .

- _1955,_11870
. 1953, 1867
1956, 1871 -
- 1963, 1882

1952, 1864 .

503 (m, 30,
C50mZE)

236(3,3H)

497 (m 2y o L
5,10 (m, 2H),
5.19(m, 2H) -
466 (1, 2H),
5.20 (m, 1H), .

475 (m,ZH)L

5.29 (m, IH),

533, 1D,

" 1950, 1862

1950, 1864

- 1961’_,_ ’1'8’7_5'

536 (m, 1H)

504 (m, 1H),
- SI6(2H), .
CS64m I . -
123 (s 9H)-

4.76 (m, 1H),
521(m, 1H), :

Rt o
54 G TH)
491 (m, 1H),

- 5.02(t,2H),

5,49 fm; 1H)

32 EI
1969

224(5,38)

231 (5,38

2.26 (s, 3ED)
131 (m, 18H),
; 459—464 (m,-'

3H)

728—7?3 (m,'
: 15&)

131 (m, 18}1),' )
457466 (m,

S
222(s,3H)_7

132 (d, 188),
|+ 457463 (m,

3H) -

735—773 (m, ;
Camm)

1132 (d, IBH)
458464 (m,

IH)

133978 (m; -

-735*748 (m,._'

ST 15H) -

'._c_:ilksd-.
found.
caled
found -
- caled

found
caled

found

- calod
 found

found

3123
3096
4410
4380
3450

34.10

5035

50.12

3122
3100
4.0 .
- 4350
3450
3456

5035
5010

431
415

2,84

o492
357
368

431

4

313

201
s
456

3.57

350

' ‘RecordedmCHzCl;.”Reoarded;nCDClg,rdametoTMS 5 Aglet;d,tioublet;t,tﬂpht,m,multxplet,
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| Tabie 10.2. Sohd-State Isomenzatmn Reachons of dmg- and lar-(n -C,mn)m Complexes (M W Mo,‘ Re) .

105—.110“0,2.0-11 e

complex : m.p C'C) reacuontemperature andhme_ .d_tag__ (%) iat (/6) 1somenzanon direction

lat-(n -CM)W(CO);[P(O‘&);]I Ti28a30 13115 °C, in '8_0 T Tat ~>diag
diag-(-CHMOW(CORPOPRE  14-146  113-115°C, 18h M0 -0 |

" diag-(n-CsHMe)W(CO)(PPRIT 17T 150-155°C,1x S0 - . 50 diag <> lat
tot- 7 -CsEHMEYW(CO)(EPh:)T 179-18t . . 150-155°C,20H. - - - O 100 o
diag-(T-C-HABWCORPOPHIL  127-129 100~105 °C, 15h a2 s  diag->lat
 lat(~CHBuYW(CO) PO )T 135137 - 100-105°C,20h 2 98 _ '
 diag-(n’-CsHMeMo(CO)(PPhs)I 165% 145-150°C, 30 min a8 T B2 disg->lat
. Tat-(r~CsHMMo(CO)(PP:)E 180-182°  145-150°C,15h 0 . 100 -
d:ag—(ns-CSHMe)Re(CO)[P(OMe)slBrz 1144116 100-105°C,20h . 14 86 diag —> Jat
tat-(n"-CsHMe)Re(CO)P(OMe)]Br; 116-118 1m~105"c 200 O 100 - S

- diag-(n*-CsHMR{(CO)P(OP:)[Br - 108-110 95-100°C,60h - - 19 81~ diag — lat*
m{n’—csmm)ke(cc)p(on),]nrz 173180 - 95-100°C,60h - . 0 100 _

 disg-(n"-CHABUR(CO)P(OMe)[Br;  123-125 105-110°C,20h - .~ 18 . 82 diag—>lat®
lat-(n’-Cs?:I&tBu)Re(CD)[P(OMe)a]Brz 154-156 =~ 105-110°C,20h O . 100 : -
dmg—(ﬂ -CHBUR(CONP(OPr:Ibr:  126-128 © 105-116°C, 2.0k 30 70 - diag ~>1at*®
Tat-(o7 Cs}LIBu)Re(CO){P(O'Pr);]Btz 170-172 100 :

‘Detemunedby‘HMspecmscopy "Darkenei Ref 20.
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electronic in nature. Thus mmderstnnding of the reactidn'wilzl.only bepo@'ble:-ﬁom '
solid state packing information™ The crystal structure studies on three pais of
cydopmmdienylrhénthlmmshave'beenpméemwMChapter.4and.s, .

The unexpet.ted solid-state tsomnmtmn teaction of (n’-csHM)wccom(o*pr),y 3
‘which proceeds fiom the lat to the drag isomer was investigated bythennommrosoopy
and DSC, Under 2 miccoscope the red Jar-(n’-CsHMe)W(COMIB{OPHIT crystals
*fist melted at 1284130-°C then quickly resolidiﬂed, and remelted at 141.142 °c, thé o
) " 'Iattar temperature being ciose to tnat oftbe melmxg point of the diagonal isomer (m.p. |
| '144~14o°c) SﬂlcagelTLCandmandMspectmsoopyconﬁmedthatﬂwlateml
 isomer bad converied to the diagonat product efte the melting point process. ThS
shows the isomerization reactiont also proceeds in the mek. Tndeed, when lar-(rr

GHiME)WICOMP(OP s ested o192 (i ot i) or 15 i, 70% 0+
the diegone! Isotner Was produced, Tn e DSC spectrum, the endothemmic meltin
pesk of lat-(nf-CHMIWCOLPOPRI (mp. 126130 C) was mot observed

(neating rate: 1,0 "C/onin), An endothermic peak at 143 °C corresponding to the
 meling point of the diagoral isomer was noted. Siea pel TLC and IR and NVR
Msoopy t.onﬁnned that the g.’ﬁr-(q’;csmMe)W(CO)zIP(.OiPrh]I. complex
| mmmdmwcomlﬁmsdmmmlhoma&erﬂwmc:nmumm o

* 10.4. Conclusions

The puce diagorial and lateral somers of tungsten and molybdenurm complexes (n'-
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T ':mmnionmctalcomple:ces

B ._c;'ER)E«CO),(LjI M= W, R=Me, fBll,L=I5(0‘Pr)3; PPhy; M =Mo-R#=Me, .
. 'L PPha) have been synthesized and fu]ly characterized by elemental enalysis and L
e mandNMR spectrascopy Likethe rhenium complexes m -c,mR)Re(CO)(L)x,, EE
E | tha tungsten and moiybdemnn conmlexes (n’CM)M(CO)z(L)I undergo a:_"'. '
| ' umd:recuonal themal so]id—state mmenzamn reactmn wh:ch 18 always ﬁ:t)m tbe - '_ -
. _.; k:w melﬁng pomt isotner to the h:gh meltmg pomt isonmer Thus, sohd—state diag~ o

. -Iai momerizat:on reactions in whnch mtermniecular forces oumrelgh intramolecular a

| "_.ﬁoroes are a common phenormmn for cyclapentadlenyl fm-r-lessed Piaﬁo ﬂml. o

ous
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-'CHAPTER 11

BE THE SYNTHESIS AND SOLID-STATE STUDY_

OF THE DISUBSTITUTED---

CYCLOP&NTADIENYL RHENIUM S

o COMPLEXE.S (n -CsHamRz)Re(LO)zBrz (Rn Rz - '. e

o Me, SlMes, tBu)

UL lodecton

‘ ._"__"’ﬁmorgammetalhcchenustxyufmmsubsnmtedcyclopentadlenyltmnsmnmetal "'_:: )
ST complexes hns been comprehensively mvemtigated‘ I-Iawever, other than the
e .pentasubst:ttued (e,g* CsMes“) and’ the mdenyl hgands, mulﬁ substltuted :

| - cyclopentadmnyl rmg systems, attached to ‘metal oomplexes, have been less'_

L __extens;vely smdmd"‘ Not only wﬂl two (or more) rmg suhstltucnts pmvide tbae. o

T _possibihty of inducing asymmetxy in:o 3 metal cyolopentadienyl complex but they

canalso prowde moreoontroloverstemmdewcuomceﬂ:‘ectsassociatedwithﬂief-___ o

”metaloemr” mmpmpemescmmmmﬁnambommephysmm--"

R :':' catalyhopmpertiesassociated\\nththetmnsﬂionmalcomplexes. R

© Disubstiruted cyclopentadienyl thenium complexes have litle been studied. To our

a8



knowledse [n -Csﬁz(SlMes)z]Re(CO}Saw [ﬂ -1,2- csmctBu)ﬂRe(CO)a,“ [ S

- CsHa(Me)z]Re(CO);" and [n’® -1 s-csHa(Me)ﬂRemoxPPhaxcn" are the only
| f fowoompoundsofﬂustypethathavebeenreported mthehteratmetodate Here

we. report a oonvement preparatﬁon of some. dlsubstituted cyclopentadlc o

'dicarbonyldibromlde rhemum complexes f-q -C,I-IE,R]Rg)Re(CO)zB:s (Rl - Me, o |

) tBu, SlMes, RQ; = SiMeg) The so]xd-state and solntion drag-fat lsamenzation .

reactlons t,‘uf mese complexes have been studied and the results k . been - .

- ) -'I'ct:mpared !vtth thmr momsubshtuted analogues '

| 11 2 Expenmental

The (n -c,mR)Re(cop (R H, Me, tBu) comple:ces were prepa:ed by the-_._;- e
| '.methods desm’bed in Chaptar 3 and ref14 All the reactmns Were camed outf'__:'_ -

| under mtrbge:m Solvents were dried by convennonal methods, di_st:lled undet:i.i'

nm'ogens and used mmed:ately Meltmg points were recorded on a Koﬂer hot_"-' G

.'__\Stagemeltmgpoha' maratus,lnﬂ'aredspectrawmrecordedonawdeTIR; S

spectrometer,usuallymKBreells(soluﬂons) 1HNMRspectrawezemeasmedon o

o _ 'out at the CSIR, Pretoria, South Aﬁ'nca,

-:-:'11.2 l. Sylltllesm of ('I -CsﬂsRnR;z)Re(CO)s (Rl = Mw, tBll” Rz - e

- _SuMes)-

-'To a st:rred solutlon nf (11 Csl’f.gRl}Re(CO)a (R1 Me, 738 mg; R; tBu, ,.70' o

zlb



I _to 20 °C, and the solvent tvag removed under vacuum. The remdue was-" o

| mg) in 30-miL, dfTHF 8t 65 ?‘c was a'ddéd two equivalents of 1.6 M solution i
- C4H9L1 in he}:ane After stirring at 40 °C 10 -50 °C for 2 ]:, ten equlvalents of -

: S (CI-1;);S1CI was added to the solution. The reactiOn mn:ture was a]lowed to warm

" '-_."chmmammphedonamag.mium 0 x.ud*“\wlthhexane 'I‘heprodnct(n |
| CsHaleco)s . Obtaimd a8 whrte nwdles I 302)-
CsHs(Me)(SMes)]Re(CO)s 638 mg, '?2% yleld lR o CH:CI:) Ve 1922 -
2019 " NMR (ppm, cncn;) 0. 2 (s, o, _223(2 25) (s, SH), 5 23-5 31 (m,_
:3H) {n -1,3-csHa(tBu)(SMm)}Re(CO)a 198 mg, 62% rleld, IR (cm CHzClz)
-vm 1922 zms‘ ‘Hmcppm, cma) 022(5, 91-1), 123 (s, 9H), 521 (t, 1}1) e |

RO "11.2 2. Synthesm of [n 11 S-Cgﬂa(Sﬂ\Ieah]Re(CQ)-’» :
- :_Tcr astlmed solution of (ﬂ -CsHs}Re(CO)a (2 g, 6 0 mmr‘f) in 100 mL ofTHF at'- .:. e
s °C was sdded 7.7 . of 2.5 M solution ofn-C4H9L1 @92 mof) in besaze, o
. After stlmng a-40°Cto s0°C Brah 83 mL of(CHa)aSlC.ol (55 4 mmol) was I
7 addedto the cold solution. The resldue wias plaoed ona silea gel ool (2 60
. .f..cm), and careﬁll elutmn w1th hexaue nesulted in the separation of ['1 "1 3“.'::
i CsH:.(SMea]g]Re(CO); (400 g, 14% yleld) from (n’-LsIrLSMez)Re(CO)s (1400-'-:" e
- mg’ S?% yield) Both ma:enals were obtamed as whjte sohds. [1] -1 3_ - R
' _Csl-Ig(SMes)z]Re(CO)a IR (om CHaClz) Vm 1922, 2018 ’H NMR (PP"L -

OO0z G 13}1), 536 5,11, 543 (a 28),

220




. 11.2 3 eynthes;us of d‘iag— and Iat-(n “CSH;RJ{ z)Re(C O)zBl‘z (R1 _. S

o Me, tBn, SiMes; R; = SiMes).

AsohmanofllequlvaLmtsofBrzmSmLofCHChwasaddeddmpwiseto 2
: ) sohtmn of (n 'CSHSRIRQ)RE(CO)s (200—500 mg) in’ 15 rnL af CHCI; ato "C

'._’-Aﬁertheremtian-mbdurewasstxrrrifaranaddmonalGOminat-O9C the-reachon._

was stopped and the solvemt Voo ;emoved lmder reduced pressure. The msgltmg . Pl

) '_.:_':c‘arkred sohdwasdissolvedmdwhlommeﬂmncmd chromatographedonasxlma. _ o
gel column pl'epﬂl'ed m hzexane Successlve elunon thh hexane and oo

}'_hmlefdmhloromethane (1 1y gave wn-eacted I -CsHsR:Rz)Rﬂ(CO)z ca. 60%

i __.-_.movery), dmg- andiqt.(-n 'CSH3R1R2)RB(CO) zBl'z ‘(Rl =Me tBu, SiNIes, _Rz _ Lo
. : SIMe;, ca. overall 25 % yie[d} ﬁ-om a red m a brown bml mp@ﬂml}' The;_.___.. .
_ ' dmg[n 13-05143@{9)(5%3)]%((,0)23& and d!‘qg-[n -1,2~C5H3Ma)(SMe3)]"“_
¥ IWCO};B:: comphm ‘e sutes ssﬁ)lly sepm by e eolumn';__{'-_'_'f :.__

]chmmtograpbf @ x: ¢ cm, hexane) 'I'he separatlon ofth.e 13 and 1 2 ateral - |

" iormers. was lso actieved by the same method amnezdmmommthme 20

--._._Boththe13dmgomsand1atemlisome1ute ﬁomthecolumnbeﬁ:retlwl2

. momers Theratloofl 3t0121somerswasabout70!30 Allnewcomplexeswere'

o '.':charactenzed by elenxemd amlysm and bs' IR and NMR spech‘oswp}' (Tab’e '

BEETEI 11 1)

e s,,..mm of diog-[n13-CHSMeLIRA(CO,POPEY]

.._:.: Brz : o

22t



o .d:ag-' or lat-[n | 3—CSH3(SMe3)2]Re((..O)zBr2 (60 mg; 0098 mmol) and 1 1' _

: equwa.lents- of P(OPh); were d:ssolved |15 mL CHzClg under mtrogen

| 'MeaNO 28,0 (2-5 equw) was added 0 the above mﬂrmetwaﬂy stm'ed solution, .

:The reachonwasmomlnredbymspectrosoopyandwas mundtobecomplete |

e wrﬁnn 15 mm. Solvent was remo red by vactum rotatory evaporaﬁon to leavea

o md ms:due, which was ﬁmao”""" in CHzCIa anr‘ chmmtographed on, a sitica S‘ﬂ

:_. _cohmmprepared mhexane Elutlon; with (1 1) cﬂzm gave d:ag.[ﬂ i 3._ .. o
- : CsHs(SlMes)leﬂ(CO){P(OPh)slBrz as ‘a red solid (55 mg, 63% y.eld) The .

- spectroscopicandanab‘trcdataoftlns oomplexaregweanable 11 1 P

i 11.25 Soluhon Isomermtlon Studles | Iat-[n -1,3- )

i Csﬂs(SiMes};]Re{CO);Brg.

A so]utmn oontammg 20 mg of lar—[q -1 3‘031{3(SMCSMRE(CO)23 ~ 15 mL of T

i benmne was reﬂuxed under mtrogen for 6 h, Rmnoval of solvent at 25. °C (O 1 B

- ..-'.mmHE)SBVBamdsolld, shownbyIRSPwtmsoopy(Vm)mdwhloromethanetobe:'

: '._"_'-”(predommamly) the correspondmg dlagonal isomer ‘H NMR Spectroscopy -

SRR 'csHaR,Rz)Re(COhBrz @

L .'showed thatthe product cons:sted of a 93!7 [drag]![fat] mu:ture

."_11.2 6 Solid-State Isommmtmn Studle; ot diag—(n -1,3..___'; o

';\;Mgs, R = SlMGa)

| ‘nm diag-(r -lgacsmamz)ke(co)znr- (Fu = Me, Ra SiMea mp. 31.33 °c .
Rl Rg SiMe; mp. 105.107 °c) (10 - *:o mg) was heated in a .S-mI.. round-- |

| '._:i_z.:{




o bottoniﬂaskin'an oil bath for 16- or .nors hours &t a.-'tei:np'erat'm'e at Ieést .1'0 c
- .' Be!ow the meltmg pomt of tne maimﬂi 'I’ha reactmn was momtored by a |
o combmanonofTLCandmandMspectroscopyandthestudymdicatedthat '
o omo Iatetat isomerwasﬂ)rmedmther&action . . R
- .:11 2 7 Solld Siate Photochemjcal Isomenzatron of dfag—[n -1,3- K
o CSH;(SMes)z] Re{CO};Bl'z
LA .\ ; Bmface of s:hca gel (300 mg); was madlated w:thtwo 200W incandesoent Iamps at. AR
: '._."-'_'room temperature for 48 b, A detallaci descnptmn of tha 1_. :'.

I. gmpn m Chapter 5 Sepmation of the products on a sﬂlca gel co]nmn S
(Gfﬁcwhﬂaﬂe 1 1), save -'af-In -1 3- CsI'Is(SMes)z]RB(CO}zBrz (15 9 mg, ss%_-'-'___-_ B

o 3'-_\'.'j.y;eld) and dlag-[n -1 3 Cng(SMe;)z]Re(CO)gBrg (4 7 mg, 20% reeovery)

| 11 3. Results and Discusslon | .
i '._-_11 3.1 Synthes:s of (n’-(:,15[,111I?L;-.)Re(co)3 (Rl Me, tBu, s,Me,,if._ o j
| Rz SlMe:,) i o | .
:"stubstituted - cyclopentadxenyl ticwbonyl  theniom  complexes. (1
£ -"_-C,HmIRZ)Re(OOJa (R Me, tBu; R = smde;)wereeasﬂyoﬁmmmgoad ded
i by depmtonatlon of (n’-C&Iq&)Re(CO); in TI-IF and subsequent treatment w1th )
.tnmethylchiomsm The reactlon was selective to the disubstmned pmduet, | E
o -m- or multlsubstituted product was detected Further experimexrts mdmed*

'Eltalprocedure 18.-. |



com;;bund _. _;; mp ("C)

C

digg-[n’-1 5-CsHa(SMes)z]Re(C0)ﬂ3rz |
. dfqg n’ -Iﬁ-CsIIa(tBu)(SMes)]Re(CO)gBrz 3 -

- diggfr-1 scsm(smmne(co)[rtommmz“_

lat-fn -1,3-csHa(s:Me3)z;|ae(co)2m,
- Ia_t-_[n —1,3=CsH3lBu)(SMea)]R_§(C0hBrz o

e'at-—['r] —1 3 CsHa(Me)(SMes)]Re(CO)zBrg

:m.m -1,zcsmcnfexsmaesjlke(comz

105—1 B’?

. 75—77

145147
. 134136

131133

o ’2'12'1—12_;?;' |

) =

8’-1453 - 2059, :'-1995-

2089, 1995

2046, 1972

20,107

2058, 1995

2058 1995

1987

2045, 1972

1499 (1H),
5324, 1H),.

4.39 (¢, 1H),
C sILE ),
521 1),
S 380G 1H)
468 TH),
o s16@z)
'5.74 (1, 1H),
" 6.05(d, 2H) -
571G,
o 590(1;,1];{),
L 6uS(E I
5551,
CsmEm,
593 (1, 1H)

5‘91 (‘-r 111)9
5,96 (1, THD -

_oi?s?ts_;_iém- -

036 (s, 9H), . -
. 140(s,98)
CUS3EAH)y  Tr
036¢,0H), - . -
2413

' 2;1'4 @, 3H) :

0. 37 (s, ISH)

0 36 (s._, 19}1)__ -_

: 035(s,9H)
-.134(5,9]’:1);-_'

2_.?'}_(5' ;’-,H_)_ R

L edied-
. found

 found

- found

o found

7.13-7.26

{m, 15H)

cmeom

-'_'229(5,3H)'. Ce

calod -
found
- caled
" found

caled

e found
eled
co found "

- l‘c'aléd' _

55,53
2546

28.24

28.30

2388

2388
-23.60.
4032
4037

346
3.26

23,53

2575
2824
28.43

23.88

24.15

2388
23.70

3.36

321
355

3.50-"

260

273

270 -

406

4.04"

3.55
344

273

.2.52

273
2.64

| ’RecordedmCHzCIz "Rect:rdedmCDCl; relaﬂvetoTMS s,smglet;d,dmlblet t,tnplet,m,mutlplet.




: that the amount of n-butylhthnnnused in the reactxon detemnned the degree of_
ring subst:tutmn For example, reaction of ('q ~CsHs)Re(CO}3 wrth two equivalents
' :_of 1.6 M n—hutyllithimnihexaue solution ﬁ)llnwed by the additmn of.
'__trimethylchlomsﬂam only pgavé the nmmaubstmrﬁed product (-
CsH;SiMe;)Re(CO)s, while the addition _of_ t_hree equ.wal_ents_-of 2.5 M n-
| butylhthmnﬁhexane .solution resuited' in the ﬁonmﬁbn-cfﬁ;e dis‘ﬁbstimted comple’x,
[-1,3-CoHy(SIMes) JRe(CO)s The dilitdocyclopentadienyl complex [n’ 13
o ) _' .CsHaLi;]Re(CO)a is c[early szmed under {nese depmtonanon cc)ndxtions _ '

':-Theposmonofaddnmnofthe seeond subsmuentwasmﬂuemedbythesimof:_' o .

.'1'1!18 Substltuentakeadyattachedto thermg, Forthelarger subatituems eg reri-‘_-"

byl and tmethysilyl, Only the. 13-disubstituted product was- ibnned for the

o vinaller methyl group, _hoth the 13- and l,z-dmubstmned complexes weire B

: produced although even here the 1,3 lsomwas the dommant prodlmt

A small amount of (n'-CsHLSIMesRe(CO); (ca. 20% yield) was also formed

; duriug the prepacation. of cn’.c;H:(MestemRe(C'f“»- The source of this o

| ..mterialis not o’ "Csl'Is)RE(CO); as this matenal ‘was not observed in the siarung

| -_mateml. Thlswmxpectedreactmhasmtbeenpursmdﬁmlmr

a2 Synthesm of diag- and :a:-(nﬁ.c,nm,ng)ne(co),nr, ® = |

Me, tBu, SlMea, Rz Sme&)
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The bromination of (n’-CsHaklkg)Re(CO)g ®s =Me, Bu, SiMes; R = SiMes) in

CHCl; gave diag- and Iaf-('n -CsﬂleRz)Re(CO}gBrg n25% yteld (60 % hased

o onmveﬂmhngmﬁeml) Ne attempt wasmadeto opnnﬂzethlsyle.ld The

- diagonal isomers of (n’-CsH3R1R;)Re(CGJg_Brg bave  red color and the laieral
ismmrsam brown. Both diagonal and l..'::era'l. isomers are soiubla in _ﬂmuét all

" organio solvents, Including hevane. Simila to the unsubstitted or moposubstited
- ana],ogues, the diagonal i_gnmers_héve better solubility mp'eﬁiés thanthe lateral

- complexes,

: _".Itwasfound Pﬂssw}etosepatateme 12 and 13 momets ofd:ag- M"ﬂf‘[ﬂ' o |

. CHMNSMe)RCORB,  This vas actioved by careil  cobumn.

- chronmtography The prooedure thug provndes for the facite synthests of mrxed ],2. R
. disubstituted cyo]opentadlenyl hgands. Generally d:substltuted cyelopentadlenyl )

- __ .' transihon metal compiexes contammg twn mn—connecl’ed substltuents are

N prepared with 1he two suhmments in the 1 3 posihons Other than ring systems'. _

'oontaunng two. ‘methy! Substituents, indhect pracedures are usually needed to
= synthesaze the 12 substituted ring systems such & (n’1, 2-C5H;(tBu)z]Rc(CO)3 _
- and Zt[1,2-Csl-Ia(tBu)g]3Cl“16'“ This arises ﬁ'om mpulsive forces that exist

- betwemthe 12062 posnions ontharmg

| 'Identlﬁcat:on ofthe 1, 3 and 1,2 substttuted complexes was based on then- proton
. NMR spectra Both spectra coumst of three separated triplets corresponding ta the

three rmg resonances C 8 to 6. 1 ppm)
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Three diffrences are to be niated Firstly, the ceﬂtral peak for the 1,3 dingonal
isomer occu:s at a higher field thanthe 12 momer (5.55 \arsus 511 ppm) :

~ Secondly, the coupling ‘constant: .TH.H of the most down ﬁeld cychpentadienyl -

- proton resonarnce of dmg~[11 1 ,2- Csl-Ig(Me)(SMeg)]Re(CO);Br:, is 261 I-Iz, -

- whlchls charactenstw of 1, v) isomers Th:rdly, the 1,3 comp!ex has Juyp couplmg :

' :conatams of ca. 2 Hz for all three cyclopentad:enyl tesonmces.

' The carbowl substltution reactlon of a representaﬁve exampk-, of the new: N

complexes, [n 13-CSI-I;(SMe3);1Re(CO B, was undertaken. Rcactlon of

dmsonal or laterﬂl Uk %1,3- CsHs(SiMes)z]Re(Lu;zBu WithP(OPh);, in thc presence. -

of mmet};ylamine N-oxl.de gave_ } 0111}’ | dfﬂg'["l 1,3~ . __

S "CsI'Ia(SiMes)leﬂ(CO)[P(OPh);]Brn whlch was readily. ctmactemed by IR and

X "':-.'NLRspectroscopy(seeTahle 1) Theproduct (lsomer)lsthusthesameasthat--_ o

. found for mnnosubstmted ring systems (Chapter 6)

| 11.3 3 Solutlon and Solul-State Isomermtmn Reactmns of In 13-

B :CsHs(SlMes)z]Rﬂ(CO)zBrz

| A representauVe disubstrtmed complex, [n -1,3 Csl-I;(SMes)z]Rz(CO);Brg, was '

- chosan to assess the eﬁ'ect ofthe mﬂuence of two rmg subst:tuenta onthe solution, '

" .solid stats and photolyuclsohd state react:vny patbem of the new complexes Tha .
| ﬁ:Ilowmg results were obtmued '
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. -The abow: results conﬁrm our pxevmus pl‘or

o (i) C sa:'m‘:on studies: Iar-[n -1 S—CSII;(SMe;)z]Re(CO):Brg mornenzed to the |

g .correspondmg dmgonal isomerin 9‘?% yleld whenreﬂw:ed in benzene for 6

h This s 8 shonilar result to ' that found prev:ously for (n-"
. C;I-I.;R)RE(CO)zBrg ® = H, alkyl) (Chapter 3 '

" (ri) ~ solid state reqctions: No isomenzatlon reactnn was obserVed on heatmg '_ :

eiher the dlagonal ot Jateral isomers of {n -1'3-CsHs'R1Ra)Re(CO)zBr2 ®
: \.""Me, SiMea,Rz SiMea)mthe solid state fornmrethan 16hata

temperature 10 I’C below the meltmg pomt of the dmg isomer

Cne (m') _photobasi&/SiO; The photol;rzed sohd-smte dmg—to-fat isomerization of [11 AT

o '_ 1 3-CsHa(SME3)z]Rﬂ(CO)zBIz on silica gel prmeded iﬂ 8°‘°d Yleld (36%) _. o

at room temperature under the lrradlatlon of wsible l:ght

-'_nsal tlmtthenng-substimenthashtﬂe_ e

' | eﬂbct on tha du'ectmn ofthe solutmn far-tt:e ﬂiag isomerlzauonreactlon and ofthe o

- _. _ml:ca gel-mediated solld-state photochemical d:ag—tu-lat isomenmﬁon reaction of _' )

'eyclopemadlenyl ﬁ:ur-legged plano stool- theritum complexes (Chaptar 3and ).

g -'.'Agmn,th]swnuld suggest thatmthese instances stemhmdrancebymarest

_. nelghbor malecules does nOt take place and this leads to a predlcmble pmduet L

' :.' _outcmm based on the electromc and steuc propertles ufthr. mdmdual molecules. '

..:(Note Mplmmbzedsdmagelmdxatedwomenmmmctmnotﬂyoccutsjﬂthe. -

' '_ fifst surl‘me momlayer, see Ghapter S).

| ' By oontra_sf, an ﬁﬁderstandiﬁg_'c‘if the fhermal golid state isomerization tgﬁcﬁoh {or -'
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. Iack thereot) cannot be obtained purely from a knowledge of the molecule
_ independent of mter—molecular mteraetlons Indeed, even the one p:edlctwe rule
- dlscovered to date .. that the monlerlzatlon reactmn proeeeds ﬁ‘om the complex .'
'.wuh the Tow meltmg pomt to the kugh me]tmg pomt, is a rle based on
mterrnoleeulur forces (Chapter 4). 1t is thus clear that an understanding of solid )

B ) state organometallic chermstry is st:ll undeveloped and much work is sl requn'ed

- fo permit prednctmn of reacthty patterns,'®

2o '_'11.4.'Con¢1ns§%ﬁ.-fr

T 'Aoonve:ﬁentmethowu_ S “ﬂic}%lﬂpﬂﬂﬂdﬁm’l"hem“mwmple"“a a

(n’-c,HaRme)Re(coh:{ R sam,, = SiMe) bas been

.developed The sjmthes:s and sep,;'mmm ef the first 1,2-disubstit11ted.

'uyelopentadlenyl tran.utlon rnetal complexes with diﬁ’ereut rlng subsﬁtuents diag— _ o

o and fat-[n ¥ ZCsHaM)(SMe;)]Re(CO)zBrz have boen reported. It was found{ .

that the soh.rtlon momenzatmn and silica gel medlated sohd—state photochetmcal o

| lsomnzauon reactions of n -CngR;Rz)RE(CO);B]‘; are snnilar to those of the o

. unsubstititued and momsubstituted analogues, ie, the react:on proceeds from the .
- Iat to the diag isomer in solution and in. the reverse du-ection in the solld-state-' :
- (Sioz) I‘he ﬂnding that the dlsubstrtuted cyclopentadienyl complexes studied here e
- 'dzd not u.udergo thermal solld~state isomerization reuctions, is strongly suggestive '
: of the Jmporta!lee of interlmlecular forces bemg central to an mterpretatlon ofthe
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 CHAPTERIZ

 CONCLUSION

.' ':"'_'Inthxsthasis, thesynthesnsandsohd—statechennstryofmne WandMo :

) _-_'.'organometa]hc compounds have been nweshgated The sohd-state stud:es have_ . S
_'...'-.:emphasmdtlwthermalmdphomchemmalsohd-atal momenmuonaudlmiogen-':_ _: .
_ exchmge react:ons of Silbstltuted cychpemﬂenﬁ four-legged piano stool '-: :

. "-'u'ansntmnmetaloomplexes

The thermal - solld~state and -solution isomizaﬂon reactions . of o

| "."'i:.!:._E__-'."Cs}LR)Re(CO)zBrz (R~ M, By, , Cafl, 1B, M) e fst sudied. AL~
o Iateml complexes _were-eonverted to the comaspondmg diagonal lsmners upon_-'

 eluing "”"‘“e"" wle .I."g:’("ls’csﬂR)Rﬂ(CO)zBrz (R - Me, =1>f) rsmnemed REEUA

e - to the com-,spgnding iateral momers i alfost. qualmtatwe yteldupon mthe o

solid state ThlS, the ﬁrst cyclopentadienyl rhenuml oomplexes to momnm in the . |
S _golid state nnd the first examples of an organcmetamn cgmpom that undergo .

o :"’"phase-dependent reversible momenmtlon reacuon under only thermal cond;uons -

T '.havebeenﬁamm

o | 'N"t °V°fy Mmmmﬂw wmplex readil}' mdergoes sulid-state reactions, In order ’

B '._.todetermhetherangeofoomphxescanlsomenzeintheschdstate,anumberaf'_
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' .monocarbonyl subst:tuted rhemum complexes were synthemed and their thermal

hd state lsomeﬁzation and halogen-exchange reactmns were a'tudied It was

ﬁnmd that a]l dmgunal isomers of carbonyl subshtuted rhemum complexes (n s

'CsH4R)Re(C0)(L)Xz R= Me, tBu, SlMea, L 180mtnle phosphite, phosphme X

L = Br I} mommzed into- the correspondmg !ateral isomers in- good ynelds upon

- f'-heatmginthesol:dstate

The mecha:ﬁsm of the thermal sohd-state momenzanon reaction of (11-' _
CsH4R)Re(CO)(L)Br: (R Me, B, SiMe;, L= co CNC.;H;M&;, P(OMe);, e
L ____'P(oph),) wete mvesngated by psc and the:monncmmpic etfods. The results.. |

. . :".revenledthatthesohd-st&temomeﬂmﬂonreachonpmwededexothmnm]iynndh'

n was proposed that 1he reacnon occurred via 2 nnclear fommion and growth-_

The molecular strnemres and packmg diasrams ofthe dmgunaland lateral isomers e
e CHMRACORBR, (r-CHMRACONPOPBr and (o S

_ CsmtBu)Re(CO)an were - deternﬂned by x-ray smgla crystal and powder 3

- diffraction techniques The study showed tbat both intermolecular and R

. :_.‘mtramolecular mteractmn could I:e responsible fbr the mlid-state rearrangerrmta o

'I'he dmg—toa?a! thermal solid-stabe lsomemation of (n -C,E&Me)Re(CO)thz 1s a

- "umque example m that the mtennolecular interactmn can mduce a molecular' :

mrmgement in the ‘solfd. state. For the (n -c,mMe)Ra(CO)[P(oph},]Brz-_' )

- complex, mmlecular mteractiom eould prov:de the “driwng force” of solid-
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':"j'state mommlon. The mechamsm of the =ohd-state :someﬂzaﬁon of the_ )

| _'"-cyclopentadlenyl transmon meta] complexes CpMLt (CP substltuted 01'.' o

- pnsubstltuted rmg) may fonow a combined Bezry-mmstlle rotanon process. -

. Imfgm oxides cam medme. or catalyze solid-smte reacﬁons of organometalhc e
'.: | .':_.:c.ompolmds This has been shown by stlldles on the smhd—state lsomenzamn and .
. halogen-exchange reactlons of (' -cst)Re(co)(L)Xz It was founid tat even =
o }complemes that did not isomenze under thermal condhmm, wouid readily

_had been adsorbed on the mu'face of slhca gel The silaca gel hydroxyl groups Were; o

_ An attempt was made to con'elate the sterm slzes of cyelopemadlmwl rmg C:,H4R
and ligaud L thh the NMR pmmeters assoclated w:th a senes “of (11 «
L 'csH.R)Re(oo)(L)m; complexss, The results mdwate that emmie rather than o
:_fﬂwsmnceﬁctsmﬂuemetlmearmnetets |

T e '-A s:mple msthod was developed tu synthesme dmubsmuted cyclopentadlenyl'.'_.. 5
o dhesiom eonmms ofthe type [’ A CERRIREACONBr, ®R=Me
SiMea Rz SlM@z) 'I‘he new materlals showed smnlar soh& state and soluuon_; P
Ly uwnmmnbehavior asfoundforthe simllarmonosubsntuted anaiogues |
Thethermal solid-state momerizatmn reacnons of monosuhsmmd

mon:enze upon inadmtmwtth wsible nght atroom temperamre a:&er the comple'x: -



o ____fcynlbpemad{enyl ﬁm-te'gged p:ano ét‘o'ol complexes bfmngste:i and molybdepum

h o -Cst)NI(OO)zCL)I(M WR - Me, By, L= P(QPr):,PPm,M MosR""_

g Me,L Ple)werea’lsostudled L:kerhemumoonmounds alltungstenand.

pro

'molybdenum complemes studwd also tmdergo solid—staﬁe Jsomerizatlon react:ons,

- .':;_ whmh mdicatcd that ﬂ:m sohd-state mrnenmuon reacuon is a comu:non .
" ".'__--:Phengmemn ﬁ’nr cyclopentadmnyl fom-legged pmm stool trans:tnon metal
commexes It ‘was ﬁmher found that - the solidstate isomenzamn reac*ﬁons_'".

beedabnaysﬁ'omthelow meltmgpnmt isomertothehighme!tmgpointf”. \



s ._ - .See atlnched diskettes, wl'nch ccmtams crystallographlc data, non-hydmgen a"cnnc"-.' B
o _ -:._-:.-iWOleﬂﬂtes and equivalent motromc dlSPlacement parameters, bond 1 and e

L bs, amsotroplc dJSpfaoement parameters observed and caiculated strm.ture' - ) j

7 Tidemioationcode Complex

: 0M63 o : B lat-(n"‘-CsH4Me)R.e(CO)zBrz -
_ D d;ag(q CJhMe)Re(CO);Brg =
L e CHMARG(CO)POPRT
"_":_:'omss BT .:-':.':-.;.lat-(ﬂs-CstMe)Rg(CO)P(OPhh]Brz"-;; o
: .- -:M'(nsﬁsmtBu)Re(Co)zBrz : L

OM 84 P

.:'.'Ij0M>87 .

236




Appendix B, List of Publications
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