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" ABSTRACT = ° -

This thesis describes the synthesis,/;ha;}cterization and'
selected chemical reactions of the new pentamethylcyclopenta—-
dieny1 rhenium aryldiazenido complex cations of general formula
{Cp Re(CO\g(NzAr)]+(Cp —(ﬂ C5He5), Ar—aryl), and their derivatives

e

These cations are: important precursors of other aryldiazenido

ijand some dinitrogen complexes, as indicated by the following . ;

N
reactionS' i) in reactions-with some nucleophiles, a Co group is .
replaced or transformed leading to monocarbonyl aryldiazenido

complexes of the general type Cp* ReX(CO)(NzAr) ‘with X—Cl Br, I,

- NCO, COOR (R-alkyl). CONHZ, CONHMe, CONHeZ, COOH COO and H.

¢i1) in reaction with NaBH4 the NzAr group is transformed to give:
the new dinitrogen complex Cp Re(CO)gLNz) Tﬁis comple; ai;oilas
synthesized by direct reaction of Cp RE(QO)g(THF)_(THF=tetra—

hydrofuran) with Nj unger high pressure. iii) reaction with
“iodosobenzene (PhIO) in nitriles”fNCR; R=methyl, isopropyl and
}n—propyl)»rémoves‘a CO'group ‘5 give the cationic nitrile‘complexes'
[Cp*Re(CO)(NCR)(NzAr)]*. Further reactionbof the acetonitrile5

complex (R*methyl) with phosphines gives the phosphine substituted
derivatives [Cp Re(CO)(PR3)(N2Ar)]+ with R—methyl —butylu

phenyl, cyclohexyl and methoxy. These phosphine complexes reactil Y
with alkyl lithiums to produce {he corresponding phosphine— |

substituted dinitrogen comp1 xes Cp* Re(CO)(PR3)(N2)

{

R The dinitrogen complex s Cp* Re(CO)z(Nz) and Cp Re(CO)

(PHe3)(N2) are inert regarding ‘N2 ligand autoexchange but they

—



v .

substltute N2 under photochemlcal and non-photochemlcel condltions .lT;Ac
Both react with X9 (X=CI, Br and I) non-photochemically to produce
" sterecapecifically the cips—;ilhali‘d‘e complexes Cp*Re(COY(L)Xp (L=CO
and pué3). Uith'HX the dicarbon;l dinitrogeh complexryields only
the 01s—d1ha11de complexes. wh1ch are‘converted to the trans--
1somers by Uv. 1rrad1atlon, whereas the phosphlﬁﬁhdlnitrogen complex
:

gives the complexes trans-Cp Re(CO)(PHe3)(H)(X) "Under UV irradia-

tion the complex Cp Re(CO?(PHe3)(N2)“loses-the.nitrogen ligend_verj?\ﬁp

o easiiy, and the l6-electron intermediate then produéyd reacts with

C-H bonds: intra—molecularlyvin alkanes to give the cyclometallated
'complex Cp*Re(CO)(ﬂz—PMeZCHZ)(H); or intermolecularly in benzeneito
: - 5

give the phenylhydrido complex Cp Re(CO)(PHe3)(Ph)(H)

The synthe51s and characterlzatlon of the trloxo complex

Cp*Re03 is also described. ‘ o ' \\Y;*

. N . .
@ . . .
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'CHAPTER I - - o

Review of Diazenido and Dinitrogen Complexes 2

1.1. Introduction | C .
The main interest in the research be%ng carried out in our- -
labaratary over the last few years, has been the $tudy of di%
“nitrogen (Nj3), éryldigzenido (NoAr, AP=_ary1), ar&ldiazenqﬁ(NHNAf),l 
aéylhydkazidq (2-) (NN(R)Ar; R=H or alkyl) and arylhydrazido (1-)
~ (NHN(R)Ar) ligands-in trénsition metal coﬁplexeé. With regara to
¥nitr69en fixation, aﬁﬁlogues'of thé5¢ ligands, i.e., the.pe;—
hyd;ogen ones; are belieﬁed to be intermediates involved in the-
nitrogenase—medigted reduction of molecular nitrbgén to
ammonia.lf6 Within this context, Chatt and coworkers,l:2 using
molybdenum énd tungsten complexes, have suggested the following
Jﬁitrogeﬁase reaction mechanism as the most pladsiblé:one (Fig.l);
In the long term, it is believed that the chemistry‘displaygd
by dinitrogen and organodinitrgéen ligands af metai sites will
contribute not only to our understaﬁding ogkthe enzymatic trans for -
mation of molecular Nzlinto‘amﬁdﬁia. but alsorgo the developmentv
of new and more eéficient éaf@lysfs for:industriél broduction of
ammon;a and other organonitrogenigqmpoundé frqm'athospheric

dinitrogen.’7-8 - T
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e ‘H 0 R
Mo-NaN'~ ———— = Mo=N=NH —_— . Mo=N=NH "
L ' e _ , o : . ,N2t, - _ N
+
Np )
. - 7 ] ) o S
: 3H _ e : + S N
Mo + NH3 - Mo=N + NH3 - e M0=N“NH3 oL
- e . .

Fig.l. Suggested mechanism® for the nitrogenase reaction

The focusrof current work has been’ the syntnesis; structural
characterization andﬂsome chemical reactions of complexes contaian
ing the aryldlazenldo ligand (NjAr). The remarkable chemistry
‘"displayed by cationic complexes [CpM(CO)Z(NzAr)]+ 9.10 (Cp~

7-C5H4Me, M=Mn and Cp— ﬁ—C5H5, -Re), for example their reaction

with some nucleophlles “to ' yield d1n1trogen complexes CpM(CO)z(Nz),
stlmulated uSgto‘contlnue‘an 1nvestlgat10n of the chemlstry,of
aryldiazenido complexes to‘determine‘whether this transfor t;on \\%
could be duplicated in related complenes;_and to find out what ’
other reactions can be undergone by the NjAr group} We therefore
designed a programvto investigate the effect. of reolacing the - -
cyclopentadienyl group by the pentamethylcyclopentadienyl group in

the synthesis gnd prooerties of the rhenium cationic aryldiazenido
complexes and their derivatives. ‘

In this cﬁapter, to prov1de some background to the the51s, a
brief rev1ew is presented describing our present knowledge of thecw
structure and reactivity of dlazenldo and dinitrogen complexes,

- . -

°
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fécussing on the more reqent deyelopments. - o fyg,uf'

1.2. Diazenido COmple;es' : , ‘ .

1.2.1. Introduction

Current interest in diazenido complexes of transition 'metals

-:'in inorganic chemistry can be viewed ‘from three different aspectsdrgyf"l

TR

-

(i) They model one of the p0551b1e intermediates, formed in the
.reductlon of nltrogen catalyzed ‘by. the enzyme nltrogenase 1-6 (11)
They bear a close relatlonshlp to the 1soe1ectron1c nitrosyl ‘

llgand 11,12 and (iii) They display varled coordlnatlon geometrles
(see below), which make them chemlcally 10 13 structurally14 and

spectroscopically15 16 attractlve o .

In the following sectlons, a 11terature survey of tlhe struc—

ture and reactivity of mononuclear diazenido complexes will be

R aand ' 1

preéehted. )
Q 4 o SO .
1.2.2. Structure of Dlazenido ngandsi - ‘
Structural studles have demonstrated that the diazenijgo
ligand in mononuclear complexes can adopt several different

coordination geometfies. The particular one observed in a\given

ST £

compound presdmably depends, at least ih part, on, the electronic

requirements of the metal.ll Four different coordination modes

(A-D) have been distinguished thus far (Fig.2).

2




Fig;2 Coordxnatlon modes of d1azen1do ligand in mononuclear
© complexes.

In Flg 2 Nq is the n1trogen atom bonded to the metal M anda

?NB 1s the one bonded to the R group (R= alkyl or more commonly

-aryl). Tn; same&conventlon will be used throughout this thesis. *
:Onﬂ; one exampie;of'the totally linear structure A hasgbeen
repqrted. It is Present in the ruthenjum diazoborane complex
RuH, (PPhy)3(N2B)gHgSMey) 17 (RuNN= 175.9(6)0, NNB= 172.7(8)0).
In this gomplex the diazenido 1igandﬁgén be described as a o-
donor to the netal, with weak nfbaokbonding'from‘the metal. The
diazenido ligand in [RuCl(E&py)z(p~N2C6H4R)]+ has also been
tentatlvely assigned the 11near form A on the basis of ‘the very
high (NN) in the IR spectpum,18 but there has been no structurai\iiid
conflrmatlon. . o
The side-on configuration‘D is also;a‘rare examole of n—
coordination of the diazenido ligand. In faot, it has been ‘
observed only once, in the strncture determination ofithe pheny1—
diazenido complesi CpTic12m2—N2ph)19 (NTiN= 34.8.(‘2“)0, TiNgNp= =
70.4(3)9). Of the rema1n1ng two forms shown in Flg 2, the doubly-
bent  structure C can be related to the 51ngly~bent form B by

>

the transfer of two electrons from the metal to the ligand. In C,

the ligand can be viewed formally as a neutralrone—electron‘donor,
- a N M . N
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or alternativelyvcan—be formulated as a. two—electron donqr _ :
.anion N2Ar (analogous to NO ). From a valence—bond descrlotlon
(;: both n1trogen atoms are sp2 hybrldlzed, and the metel—dlazenldo
' ;structure has -a doubly-bent azobenzene—like geometry; Several_ - V,{
complexes which are believed to contain the diazeoido ligand with “
“'A'e doubly—bent geometry have been\prepared' nevertheless;\only |
a few have, been characterlzed by X—ray crgstallography These -
£ include IrClz(CO)(PPh')2(0-N2C6H4N02)20 (IrNN— 115(3)0, NNAr—
118(2)0), PtCl(PEt3) 3(p~NpCgHgF) 21 (PtNN= 118(230;'NN5r=118(2)°)
and—lﬂhCI(L)(NZPh)lfela (L= trldentate phosphine, RhNNé'1zé.1(s)°.
'NNPh= 118.9(8)0). ~ - - | | |
| The singly—bent form B is by far the most commoh coordine4l
tion mode of the diazenido ligano.fIt‘has been ooserved ln‘“
complexes with almost all the traneition metals. In the 51ngly—
bent conflguratlon, the diazenido ligand may beiv1ewed as a. -
three—electron donor ligand or, equivalently, as‘the;two—electroh
donor aryldiazoni%m_ionl(ﬁzAr+) coordinated'throughvthe o-lone |
u‘pair on the terminal nitrogen (Ng) together with siroog'm—baok
7 donation'from‘the metal.ll From a simple valence bond model; |
both the ﬂN*énd NN linkages may be oonsidered to be“double bonds“
with sp hybridization et No and sp2 at Ng; i.e., the’HNN and |
NNAr angles should be close to 180° and 1200 respectively L
In numerous cases, this type of geometry has been’ characterlzed
by X-ray structural studies. Some of these are: Ho(SZCNMe2)3(

(NPh)22 (MoNN= 171.5(4)0, NNPh= 120.5(5)0), OsH(CO)(PPh3)2(N2Ph)23

(OsNN= 171.1(6)0, NNPh= 118.5(7)9), RuCl3(PPh3);(p-NoCgHgMe)15 -
. \ = L



.diazenido'ligand, exhibit resonances relative to CH3N02 at o] ;ZBH

-Table II, Chagtef II). In contrast, the complex RhCl,(PPhj3)y

g
g
-

6

i

°

(RuNN= 171,9(5)°, NNA€=‘137.115)0),’CpU(CO)z(ezMe)24 CCWNN= |

173.3(3)0, NNMe="116.5(4)°), ReClz(PPhMe2)3(N29h)25 (ReNN= 173(2)0,
NNPh= 119(2)0) and [n-c5H4MeMn(c«0)2(o—N2c6H4CF3)]+ 9(HnNN~v—f»M -
171:8(8)°, NNAr= 125.6(9)0). ‘ o - - . ~7 ;'
In additibn‘to X-ray crystaliography‘;nd IR spectrpsqqpyjr
studies, 15N NMR spect;oscopy has recently beeﬂ applied,fnof dnly

to dis%inguish the singly ‘and doubly;bént~fofﬁs,’but also for

- the idehtification of the individuél nitrqgen nuclei‘within the

51ngly—bent geometry of the dlazenldo ligand. 16,26 1t promlses to
be of great utlllty since the nltrogen nuclei in 51ngly—bent
ligands exhlblt resonances,ln different regions of the spectrum

(6Na—6Np ~ 100 to 150). On the other hand, when singly and doubly¥

‘bent forms.are compared, a larger difference in the chenical

shifts of the 15N, 's is observed. The following examples illus- A

trate the above statements. The 15N NM? spegtra of the'l5N—'

~gnriched compiexes MX(dppE)2(15N15NR) (M= Mo or W, X= Cl or Br,

-~

R= Et or COMe), which contain the singly-bent form of the T :g_
to -60. for Na; and at much higher field, ¢ —123 to -165 for NB le
The complexes RuCl3(PPh3)2(15NNPh)16 ang {CpRe(CO)2
(Q-ISNNCGHARTJ+'27 (R= OMe, Me and NEtj;) also have the singly-bent
form_andlSNq resonances are in the region § -2.9 to -46.8 (See
(15NNPh) whichladopts the doubly-bent -form, exhibits resona@ce.at

327.1.16 It is therefore observed that there is a-.-shift of about .

L350 ppm downfield in the_Nq resonance when the geometry at N, is

\



‘changed from linear to bent. A
In this thesis we show, for the first time, thatulﬂﬂ NMR
?’v7 spectrosccpybcan equally.wetl be used to.distinguish tPe‘nitrogen-,x
| . nuclei in eingly-bent diazenido;ccmplexes of-rheniumi(gee" .

-

- - Chapter II). L
*1.2.3. Reactivity of Diazenido Complexes

The react1v1ty of diazenido complexes has recelved less

f

attentlon than their structural and synthetic aspects It is

important to mention that, in add;tion to the reactions to be -

. \ ‘ 7 . _
presented in this section, there are some other processes that

,' can also occur; for enample, counterlon metathe31s is observed
when [Fe(CO)z(PPh3)2(N2Ar)1[BF4] reacts with KI to give [Fe(CO)g
" (PPh3)9(N2Ar)I1II]. 28 Complete replacement of the ‘diazenido ligand
is also known; as‘an_example,,the reaction of [IrCl(PPh3)2(N2Ph)]+
with NaBHg to give IrH3(PPh3) 329 can be cited. . <ii‘ .

-

1.2. 3(a) Transformation or Replacement of‘a Co-ligand .

/ There are ;ery few examples in which reaction of the co-
ligand takes place in preference to transformation of the.dlaze—' ,
nido group. Usually quite the reverse occurs - For instance. the .
cationic complexes [(CGHeG)Cr(CO)z(N ,ar)1* 30 (ar= R-CgH4R, R= H,
HeO and Noz) react dIEh NaBH4 to give: the neutrail cyclohexadienyl
complexes (CGHeGH)Cr(CQ)g(NzAr)31, and no nucleophilic attack at
the CO or at the aryldfaéenido ligand is observed. Thelggmplexes

[M(das)(CO)3(NgAr)1* 29 (M= Mo, "Ar= p-CgH4F; M=W, Ar=p-CgHgqOMe:;



>

da%? grphenyleneﬁi§§iméthy}arsine) re?ct ﬁith‘halides X7 (X= gi;
Br and I) to givé fhgineufral sbecies H(dasi(CO)ZX(NZAr).gA
direct nucleophilic attack at the metal, yith,displacemenf of
one of.arsenic afgmsiof das giving M(das)(c0)3x(N2A£3, followed
by,CafbonyL elimiﬁation and rechelafion of das was suggested to
lbe lhe mechanism,31 Simpie ammonia replacehént has béen obse:ved
when'?eClz(NH )fPﬁeZPh)(NZPh) is treated with a phosphine or
qarbon monoxide to give ReClz(ﬁ)(PMéZth(NZPh) (L= CO and
PMeZPh).32 More ngcéhtfyvit has>5§é;‘found in 6dr léboratofy that
the carbonyl group in prRe(CO)z(NZAr)]+ complexes can be ré;
placed'of'yransformed by reéctions with some nucleophiles.27'33 *

These reactiens are summarized in Scheme I. kY

S

>

cpne(éO)(COOH)(NZAr)'

© CpRe(CO) (H) (N Ar)

+
[CpRé(CO)Z(NZAr)]

CpRe(CQJ(CONRz)(NZAr)

«

> 'cPRe(co)(coouéfiszr)

Scheme 1

8 . o
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" diazenido ligand on the basis of IR spectroscop

All the products shown.in Scheme I possess a singlyébent

-
=

Y‘ 27’ 33

1.2.3(b). angly—bent - Doubly-bent Isomerization

) Reactlons where the 1somerlzatlon of the dlazenldo ligand
takes place are scarce. One example of this is the reaction of
the;five—coordinate singly-bent diazenido complexes [(M(CO) o(PPh3)2
(NoPh) ]J* with anions Xf to pfoouce the neutral six;coordinate
doubly-bent\Epecies MX(CO)Q(pPhé)Z(NZPh)IB (M= O0s, X= Cl, Br, I,
NCO, N3, HCO; and CH4CO0; M= Ru, X= Cl, Br, I and NCO).
Interestingly, in the OsH(CO)Z(PPh3)2(N2Ph) complex the reverse
transformation has been observed This complex contalns a doubly—

bent dlazenido ligand and eliminates one CO groupfunder uv

irradiation to give the pentacoordinated 51ng1y—bent complex

OsH(CO)(PPh3)2(N2Ph) 13

o

a [

1.2.3(c). Reactions of Diazenido Complexes with Electrophiles»"
Thege types of reactions have been the most exten51ve1y*

studied, usually in connectlon w1th protonations or alkylatlons

" to give diazene (substitution at Ny) or hydrazido (2-)

(substitution at Ng) derivatives.
Simple protonatign or alkylation of diazenido ligandsfceo
occur at Ny or at Ng, depending on the type of configuration

of the ligend (eingly or doubly-bent). In all the examples 50

<

far known, a doubly=bent dlazenldo ‘ligand is always protonated at
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Ny, which gaemS\to be the mqte basic nitrogen atom. As eiaﬁhléé;r*;

the following aryldiazene complexes were obtained by d@reot

-

protonatién of doubly-bent diazenido comple qf: [PtCl(PEtg)z

\

(NHNCgHgR-p) 1* 34 (R= H and F), [IrCl,(CO)(PPhj),(NHNPh)1* and
~ " . .

[RuCl1(CO) 2 (PPhj3) (NHNPh)1*.35% Very recently, kinetic studies

have shown that the apparent "insertion" of diazonium cations

into a metal-hydride bond to give the diazene complexé

(PEt3),(NHNAr)1* 36 and RhC13(PEtPhy),(NHNAr)37 (Egs. 1 and

» | (_ I
PtH(C1) (PEt3)y + NpArt ——= [(Et3P),C1Pt(NHNAr) 1" . Eq.1.
RhHCl,(PEtPhy)3 + NgPh* + C1~ ———-» (PEtPhp) 2C13Rh(NHNAT) +
PEtPh, Eq.2.

Ar= p-CgH4R, R= NOj, Cl, H, Me—and MeO.
. _
do not procéed by a sgmble intramolecular hydrogen migration
from the metal to the ligand. Instead, proton loss from the
metal and then its recapture by the "inserting” ligand i.e.

doubly—ben{'dia;enido, has been suggested36'37 (see' Scheme II).

- L]
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Scheme I1I

Protonation (or alkylation) reactions‘involving singly-bent

. e 3 ° ) .
diazenido complexes have been more extensively studied. In.these

cases, protonation is expected to occur at Np, due to the presence

of a lone pair. The ligand so formed is commonly called "hydrazido

{2~)"38 {some authors have also referred to this ligand as "iso~l

w

diazene) . 39.40 rhe complexes. tnec12{uH3:zpnezphzgtnﬁfﬁ}ph)1* 3z,

¢

.

uxz<pNezpn>funcn)axneg)‘l. [HBr(diphos]z(NN(H)Ha)}+ and {Ho(szcu e

(CH2)5}3(HN(Et)Ph)1’ 32 are examples of the protonation or alkyl«

ation at Ny. In all these cases a linear geometry of the hydr321do»

;v2-) ligand {NN(R)R') ‘was confirmed by X-ray crystaliogrgphy._ﬂorak

recently, a bent geometry for this ligand has been da€§rﬁined by
X-ray crystal structure studies ;n'Reargtuuph){PPh3)2(NN(H)Ph).f3‘

In the absence of X-ray data. 154§ NMR spectroscopy has proved to
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be a useful technique for determining #hether a hydrefido (2-)

lzgand is present wzth a linear or a bent structure. For instance,'

4

7the molybdenum complexes of the type HoX(dppe)(NN(H)R) (R= H, "Me

or Et'-x=,€l ~ Br I or HSOq) with a linear hydrazido (2-) ligand
a

exhibit 15N resonances at 6 —68 (£10) for Ng and -226- (:12) for

i

Ng.~ a4, a5 On the other hand, _the complexes ReBr 5 (L) (PPh3)
(NN(H)Ph), uhiqh contain a bent ligand, exhibit resonances at &
238.7 (Ny) and -135.5 (Ng) for L= NO, and at 6 190.0 (Ny)-and

’ ~

-153.0 (Ng) for L= NNPh . 39 ‘Thus, bent hydrazido (2-) ligands are ~

&
characterized by a large downfield shift for N, and large upfield

-~

shift for Ng, Qhen_comgefed with their linear analogues.
l.é.3 (d ) Reactions of Diazenido ‘Ligands with Nucleophiles

Thxs research area has been developed in our laboratory over
‘the past few’years. 9.10.27 1t has been‘demonstrated that the
diazenido 1igand in the cationic complexes [CprCOSz(NzAr)]+
(H— Mn and Re) can be converted into the dinitrogen CpH(CO)z(Nz)gi
diazene CpRe(CO)z(NHNAr)1° and hydrazido (2-) CpRe(CO)z(NN(R)Ar)lo
(R=.Me, p-Bu and Ph) complexes by reaction with nucleophiles such -
as I-, @:ﬂand alkyl lithiums respectively. The hydra21do (1—)
compiex [CpRe(CO)ZENHN(Me)Ar)]; was obtedned by furthe;
protonation of the hydrazido (2-) complex.qG‘(Eq.3.)

. Ht - .
Cp(CO),Re(NN(Me)Ar) =————— TCp(CO)oRe(NHN(Me)Ar)1* Eq. 3.

The most remarkable features of these reactions involve the

)
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synthgsis ;f the diﬁitrogehVcompléxes’Cpﬁ(CO)z(Nz).?Thése wefe;fhe,
first examples of dinitrogen complex formatioh.fromfghétadtérj i
izable aryldﬁazenidoicomplexgs.‘The siﬁgly—beﬁt NoAr ligénaiin

f[CpH(CO)z(NzAr)j+J(established by a single-pfystal X—rayvstrucfuré
determination fors€p= m-CgHgMe and Ar= Q;C5H4éF3)9 is ektremely‘ié

susceptible to attack by nucleophiles such as iodide to give the

dinitrogen cbmplei (Eq.4.). -
[CpMn(CO)z/NzAr)]+ + I7—>CpMn(CO)(Np) + IAr

Cp= m-CgHgMe ,‘ ,

The products of this. reaction are those that would be

e

expected as a result of direct nucleophilic displacement at the

ipso carbon on the aromatic ring, aswsdeﬁLlnjscheme III.

Cp —] CP, o ]
) L, [®
Mn=N=N + 1 ——> MMM J
SERCe AMCa |
° co _ 7 o
\
Cp I

Scheme III
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However, the reaction pathway shown in Scheme III for the

manganésé complexes, is more complicated in the rhenium-anélogues
due to the formation of other products- such as CpReI(CO)(NZAr)
and CpRe(CO)pI,. A radical mechanism has been'proposed for these

reactions. 27
1.3. Dinitrogen,Complexes

l.é.i. Intfoduction -’
| The impdqtance of the dinitrbgen ligand in transition metal
complexes has beenvalready mentioned. Since the first metaly“‘
complexrcontgining dinitrogen as a ligand (M-Np) was reportedvin
1965,47 a large,nuhbef of reports, including sever‘allrevivews.llz'5
has béen publiﬁhed embhasizing préparativg methods,; theqreticalﬂ
asp'ects,‘w‘50 gpectroscopic chafacterizafion?o's2 and éhemical
reactions.?2-5 < ‘ |

The structure and reactivity of mononuclear dinitrogen

Y

complexes will be reviewed in the following sections.

1.3.2. Bonding and Characterization oﬁrDinitrogen Complexes
The mode of bonding of Nz to a transition metal in .
mononuclear complexes can be representeé by only two

-

coordination geometries shown in Fig.3. _
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M-N=N 'n"" R .

end-on o ~ side-on

<{ Fig.3. Coordlnation modes of a dinitrogen ligand 1n mononuclear
complexes

The side-on coordinétion mode has never been structurally
charactérized in monopucleér complexes: The compbund RhC1
(PP;31)2(N2) was claihéd‘by X-ray crystallography53 to possess
this type'of coordination. However, a redetermination of the X-
ray crystal stfneture indicated the éctual coordination of the ﬁzl B
in this complex to'bé énd—on. This evidence'was suppor ted by 15N

NMR spectroscopy.54 There is only one knéwn example where the
~ nitrogen molecule is probably bonded 51de—on to the metal The

zirconium complex—CppZr(CH{SiHe )77, 55W

is belleuedAto contain a side-on N2—llgand on the\basls qf its.
éjé.{. spectrﬁm ﬁhich shows coupling to two eqdivélent.pifrogens
(a quintuplet in the 14N2 complexjand‘a triplet in the‘lﬁﬂz
complex respectively), but its structure has not begn'bfoaed by
X-ray crystallography.

Monodinitrogen compléxes witﬁ an enq—dn cdnﬁiguratiqn have
been observed for mo;t of the trahsition eléments. Bis-, and
even«tris-Ny complexes are also known,tesﬁecial%y in Mo and W

complexes. By fiar the majority of NZ—COmﬁlexes are of transition

metals in their lower oxidation states. This arises because of

—)
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the nature of the M-N, bond, which in -the case of‘mohonuclear‘

species, resembles .the bonding of carbon monoxide ' to these

metals;56 i.e., donation of the o-lone pair to the metal and™

'back donation from the filled metal d orbitals to the empty n-

kY

éntibondihg (n#) orbifal,oé:the“dinitrogen..
| Hahy spectroscopic studies of dinLtrogen and related
complexeé»have'been eohéerned with the relative c—dénorrand LEa
acceptor'prépertjes of dinifrégen compared‘yith analogous
ligands such asAcanon monoxide; the conclusion of these studies (
indicate%&that No is b;th a weaker'o—donor and a weaker n¥>
'accepth than CO0.1

Structural studies(haVe shown that the»N—N bond lengthé‘in
mohoﬁﬁcléar complexes are only slighfly different from that,in the
free ligaﬁa:.ahd that the MNN angles are Qery close to 1800 as
exbécted for a linear étrﬁéture. Some recent~examp1es'among many
" others are: ReCl(CNMe)(P(OHe)éi3(N2{?7 (N—N='1.038(2)‘A; ReNN=
179.3(12)0), H(Rné3)5(N2)53 (N-N= 1.11(2) -A, WNN= 179.7(9)9)/
ReH(PEtZPh)4(N2)59 (N-N= 1.018(8) A, ReWNN=18090), and Mo(CO)(dppe)z
(N;)60 (N=N= 1.087(18) A, MoNN= 177.0(2)0). In summary, X-ray B
crystallography brings valuable information about the nature of
the MNN bondsf However, it is limited to Sysfems which giYe,' |
single crvstals of good’qualfty. Unfortunately, this occurs
rather rarely. Structural in{ormaﬁion for solutions ;; for
unstable c¢omplexes may be obtained only-ffom spectroscopy.

Within this context, IR spectroscopy has been one of the most

valuable routine techniques both for the identification of M-N,
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—structurés and for ébtaiﬁing‘information about the‘bending’
between the meﬁal‘and lhé li;;;ETgirsz In genéraif‘dinitrogén—
containing coﬁplexg;!exhibit in their IR spectra a_stfohg band-
in thé 2200—1760 cm1 region attributable to P(NN).. Chatt éndr" °
cbugfkers have used 2 (NN) tQ;Tfasure the basic strength of‘$ome ‘
‘No—complexes of Mo, W, Re and Os toward adduct formation'with
Lewis acids AlR3 (R= Me, Ph and Cl).rThey found that complexes
‘with v(NN)'>'£000 em~1l do no* form adducts under thelexPé;imeptal
cohditions used.63 More recen}ly, the same group have used
P (NN) and oxidétibn—potential (oni/z)‘as a critéfion of the &f
elgcfron—richness or poorness of“dinitrogen dompiekes.63'55 |
As in diazenido complexes, 15y NHR spectroscopy has glso
been successfullyrépplied iﬁ the characterization of the
nitrogen nuclei in the Nz;complékes;26'44'46 In general for
these complexes two resonances are SQen, the cne at higher field
between 6§ -40 and -130, relative to CH3NO,, is\assigned to 15N,
since'this shows the larger coupling to phosphorus 12Jprfi2—4
Hz) in complexes containing phosphine eo-ligands. There is an
additional coupling to the metal that is observed when this has
I= 1/2 as in 183w ('Jyy ~ 55 Hz) and 103pn (lJygyy ~ 30 Hz). On
fhe other hand, the resonance assigned to 15NB appears at 1§wer
field, between &6 -30 ahd —70, usually with unresolved coupling to

other nucle; like P (ZJPN > 3JPN ¢ 1 Hz). The 19N chemical

shifts of some specific examples are presented in Table VI

(Chapter V).
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;.3.3. Reactivity 6f‘Dinitrogen Coﬁplexes

As was mentioned before, the reactlhns of Nz—complexes have f
been the subJect of conSLderable 1nterest not only in mono- .
nuclear but alsoilh binuclear complexes. This review will be ‘
I;mited to the more impprtant:recent develepments in twe types

of reactions. S . ' . .

i.3.5(a). Displacement of the Njp-ligand

‘~ This Yeaction wae,the first to‘be obserbed in Nz—eomplexes,
-and in many ways it is the least 1nterest1ng, especially with
regard to attempts to pring about the chemical transformatlon“of
Np, at metal sites. How ver, since N2 'is ‘an excellent leaving #\
group, Np-complexes ve often heen used for thevsynthesis of new
metal-containing compounds. These reactions involue the replace-
ment of Ny by other ligands with, or without, a change invthe
oxidation state of the metal. In the'forherlcase, oxidation of
the central‘metal causes a weakening of the H—N-ihteraction
{because of the weakened capacity of the.meta} for back

donatioh) and the No is usually.evo;ved.‘Very eften this oécurs
as a side-reaction in the protonation or alkylatibn‘of‘an No
1igandﬂ Typical oxidizing agents are halogens, hydrogeh halides
and alkyl halides. Examples of such oxidative reactions,'amoné
many others, are: (i) Mo(Nz)z(Dmbte)é (Dmpte= (di-p—~-tolyl-
phosphlno)ethane) with Hjp to give M0H4(Dmpte)2,67 (ii) OaClz
(PEtZPh)3(N2) with Cl to produce OSC13(PEt2Ph)3,68 (iii) Mo

(N,)(dppe) g with thiols (RSH) to glve Mo(sn)ztdppe)2,59 (iv)

~
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Re (NHPh) (PMe3) 4 (Np) with I to produce [Re(NHPh) (I) (PMe3)411:59 .
and (v) cis—Ho(Nz)gzPHe3)4 with alkyl halides (RX) yielding

-

trans—Hon(PHe3)4.70 There are also cases where the dinitrogen
ligand is retained bound to theooxidised metal' e. g . ReCl
'(PHeZPh)4(N2) is oxidized by C12 to [ReCl(PHeZPh)4(N2)]C1 71. and
| W(Nz)z(ﬂthcu—Cprhz)z reacts with Tp to give [W(N2)y ’
"(PhyPCH=CHPPh) 115.72 |

Displacement reactions oi the Nj ligand wirheut changes %n>
the oxidation state of the metel are also very common. Some
recent examples are: (i) cis—Mo(Ng)32(PhaPCHPPh3) 2 reects with
CO to give eis—Ho(CO)z(PhZPCHZPPhZ)2;72 (ii) ReCl(dppe)j(Nz)
with terminal acetylenes (HC=CR) to produee vinylidene complexes
'ReC1(C=CHR) (dppe) ;73 (iii) cis—H(Nz)z(PMe3)4 with CaHq to
afferd trans—W(Cqu)z(PHe3)4,5 and (iv) Re(NHPh)(PHe3)4(N2) with
CO, yielding Re(NHPh)(PMe3)3(ﬂ2-C02) 58 In addition to these -
reactions, there_are some others in ?hlch only one Nz—llgand in
bis-dinitrogen complexes is displaced giving monodinitrogen
species; e.g., trans Ho(Nz)z(P P)o reacts with: C074 or nitriles
(RCN)65.75.76 to give trans-Ho(Nz)(L)(P P) where L= CO or RCN,
P-P= RZPCHZCHZPRZ, and R= alkyl or aryl

There is a relatlvely small number of reacticns where other
ligands are»displaced in preference to No. Some of ;hese are:”
(1) trans-W(Nz)z(PMePh2)4 gives trans—H(Ng)g(C5H5N)(PHePH2)3 on
treatment with pyridine,’7 and (il) cis-Mo(N3)2(PMePH3) 4 reacts
Nyith PhaPCH72CH9SMe to give trans—Mo(Nz)zePHePHg)g

(PhoPCHoCH,SMe).78 -

=
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'l.éZS(b). Reéctions of Ligating Dinitrog;n

*The reducfion>bf terﬁin@} Nz—ligands!invmbnoﬁuclear
'cbmpiexes has been extensiveljrstudied, but,fhesé reactions:haQe
‘Bégn limited almost exciusively tO'thosé of the cis~ and trans-
‘bis—dihitrdgenvqomplexes of the1formally abé }ransition'metalg Mo .
(0) and W (0), 'in which each méta1 atom is also coordinated by o

mono or bidentate phosphines (see Fig.4).

N2 , P
. P\ |/P P\l /Nz‘
M M\ ’
| Np . 7w,
/ - N, ¥ . P 7
SO \
. trans ‘ ~ cis
' ¥

Fig.4. Trans and cis isomers of Bis—dinitrOgen complexes (M= Mo
? or W) containing phosphine co-ligands. '
) .

-

PR
g
-

In numgrbus cases these types of ¢omp1exes fééct with
electréphiles to produce stable compounds contéining nitrogen-
hydrogen'or‘niErogenFcafbon bonds (N3R, NaR3; R= H or organic
group) . Ih other cases they réadiiy reacé with acids to prodﬁce \\
hydrazi;e or ammonié. The_nafure of the products depends oh'the
metal, type of phosphine and reaction conditions‘(éee.below).

,The early chemistry of the complexes shown in Fig.4, which

was developed by Chatt and hiS‘coworkers about ten years ago,
g N 4
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demonstréfed that the reaction of M(N2),P4 (M= ﬁo or w;fP=‘PMe2Ph -
of PMeth)iwith an excess of acid gives ammaonia or hydraiine in
;dditioﬁyto molecular dinitrogen, with the yield being - |
crifically'dependent upon the metai, the acid anidn,‘and the

‘ reaction 'solvent2-77,79,80 (gee Scheme IV).

. . (1) H2504
M(N.). (PMe Ph_ ) ‘ > NH, + N,
2°2 n 3-n'4 MeOH
(ii) | HEX - | o .
N, CH,C1,

4

é

\ INH_) (PMe_Ph 1%
MXZ(NNHZ)(PMenPh3_n)3 or  [MX(N 2)( e Ph,_ ),

NH, + N_H

Scheme,IV"

The reactions shown in Scheme IV aggéar to.be general when

the phosphine co-ligand is monodentate. A quite different reaction
- . . " '7 ’,
occurs Eetween acids and complexes containing a bidentate phosphine

such as M(Nj)a(dppe)a (M= Mo or-W). In these cases, the reaction



T 22 )
. v S :
follows route (ii) in Scheme IV, and stops at the hydrazido (2-)

[MX(NNHZ)(dppe)zlf with no further:productibn of either ammonia or .
hydraiine.79 More recently it has been'obseryed thaf‘fhe preséncef\

of at least‘one monodentate phosphin; in ﬁhe mblybdeﬁum bisf
dinitrogen compleges is necessary for amménia to géaé;oduced by
reaction with acids81 (Eqs.é and 6).

trans-Mo(Nj) 3 (dppe) (PPhoMe) 5 —HBL . NH Br + [HPPhyMelBr + N, +

+ MoBr.3(dppe) (PPhjMe) Eq.5.

trans-Ho(Np)p(triphos) (PPhy) —HEL. NﬂqBr,_ﬂ“)tHPPha‘mr. + Ny +

 MoBr3Mtriphos) Eq.6.

triphos= PhP(CH,CH,PPhj) 5

~

The above trend in reactivity as a function of the
& ) ’ ) )
phosphine ligand seems not to be true for monodinitrogen

species. In fact, George et ai. have demonﬁtrated‘that coéblekeé
of the type Mo(Nj;) (PPP)(PP) (where PPP and PP ére‘respectively
fridentate<and bidentate phosphines) also produce ammonia and
hyd?azinenby reactioﬁrwith acids.82 |

In all these protonation reactions, it has been established
that the hx@gq?ﬁdo (2-) complexesA(MNNHz) are intermediates‘in
the reduction process.so'83 Theée have beenpisolated and. a linear

MNN structure determined on the basis of spectrosgdpy44'45 and,

in some cases by X-ray crystal structure studies, e.g. (MoF(NNHj3)



(dppe) o)t 84 e

1
.

On the other hand, complexés*tontaining the diazenido

ligand (NﬂH),rwhicﬁ can be considered to represent the firstf
stép in the protonation and reduction of ligating diniFrdgen
havg never been isoiated directlxﬁf}om profdnation reactions of
-ﬁz—cemplexes. They have, however;”been*prepared by deprotonation

of hydrazido_(2—) complexes with weak bases, according to

ﬂEg.7.85

u tréns—[HX(NNHz)(dppe)gl+ + EtgN —trans-MX(NsH) (dppe), +
Et3NH? Eq.7.

e

M= Mo or W; X= F, Cl or Br

The sécond importan# aspect in the reactiv}ty of ligating
dinitrogen in hononucleaf cdmplexes involves the formation of
,nitrogen—ca?bcn bonds. These reactions are potentially of great
" industrial imﬁortangg in qpnngction with the production of |
organonitrogen compbﬁnds. They have been investigated in
parallel with N~H bond formation. Most studies in thié area have
5een limited to complexés of Mo, W, Re and Mn.

The first demonstiationxof N-C Bond formation from ligating -

A .
N, was the acylation of Mo and W dinitrogen complexes shown in

Eq.8.86

if\ ‘v - ‘
.
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trans-M(Ny),(dppe)y + HeCOCl;;;::ﬂEb/NZCOHe)(appe)z + N, Eq.8.

M= Mo or ﬁ
Simila; reactions also qccurred.with rhehium complexes ReCl
(PR3)3(L)(N2), L= pyridiq@"or PRj.86 Sgbsequently, it was shown
that alkyl halides (RX) react‘photochemicalLy with trans-M(Nj3))
(dppe), to give alkyldiazenido ccmpounds trans—MX(NzR)H
(dpbe)2.85‘88 A free radical mechanism has been probosed for
(these reactions.88,90 Thefpégﬁltibg diazenido comblekes (acyl or

alkyl) can be‘readily‘profonated to give the hydrazido (2-)

“

species (Eq.9).

Nan
A
3

trans-MX(N,R) (dppe)y + HX-———»[HX(NN(H)R)(dppe);]X "Eq.9.
M= Mo or W;RR= alkyl, acyl or aryl

The dimethylhydrazido (2-) complex [HBr(NNHeé)depé)ler
'could be p;epared directly from the bis-dinitrogen complex with
an excess of MeBr, but the molybdenum analogue could not be
obtained,86

"Attempts have been made to obtain simple organonitrééen
compounds from organodiazenido and organchydrazido (2-)
complexes. In generél, treatment with str&ﬂgiconcentratedﬂacids

, A .
such as H;504 leads to considerable N-C bond cleavage and

overall yields of amines are poor,91 but significant yields ot



prinarf andlsecandar? amines as uell‘aS'ammonié are ob£a1n9q f ~  
using aluminium or boron‘;ydrxdes in methanol.88. 91 |

"Finally, Sellmann and Weiss have demonstrated that the“ =
Ecrmation of N-C bonds alsu can be achieved by using a tctally
different synthetic approach. Thgy showed that the dinitrogen T
coagfers CpH(CO) 2(N) (M= Mn and Re} which are electron-poor
.relative to the phosphine , such as ReCl{PR3)4(Njp), react with
naékaophiles like phenyliithium to give, afte£ treatment with ‘
acid, a pnenyldiazene ligand The manganese complex reacts sxmilar—

1 ly with Meli, and subseqguent treatment with Me50* glves the

dimethyldiazene complex.3? (see Scheme V).

CP(CO) pMn-NeN + RLI ——— [CP(CO)Hn-N=N]~

R

Rt  4;

Y , SR
Cp(CO) pMn-N=NR' T

R

R= gg. R'= H; R=R'=Me

Scheme V

Lo

It has been proposed that the alk&l anion éttacks the «-

nitrogen atom, and subsequent electrophilic attack occurs at the '3;-

g-nitrogen to give the diazene products.92 | -
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..~ . .CHAPTER II e

’ Synthesis;and-Characterization oflPenéamethylcYclopentad1eny1

Dicarbbnylaryldiazenido gpmp1exes ofﬁggénium

w

2.1.;In£rdductién e ' : T

, Rgceﬁt work in this 1aboratory on the’charactgriZation a;d \&\
study of complexes containing the aryldiazenido 1155#@ (NoAL; -
»Ar='afy1) has been Céntered on the cationic dicafbonyicycfopenta-
'd@en&lrhenium{ﬁer}vét;ves[CpRe(CO)z(NZAr)]*.g'loﬁThe rich -
;;cheﬁiétry displayed byuthése catidps,‘which has beén diédusséd

‘in chapter I, stimulated us to inyestigatg}the effect of replacidg
vrthe Cyclopentadienyl (Cp) 1igand"by,benta;ethYICycIopentadieny}
'(Cb*) on the chemistry of these systems. o
In this chapter, the synthesis and characterization of

‘the new pentamethchyclopentadienyl'arylaiazenido complexes of

rhenium are described.

2.2.. Synthesis | , | ‘ -
The pentamethylcyclopentadienyldicarbonylrhgnium afyl-

| diazenido complexes of the general formula [Cp*Re(CO)z(QszcsﬁqR)]
(BF] (1: R= (a) OMe, (b) Me, (c) Br, (d) F and (e) H) were
prepared in an'analogou§ manner, to [CpRe(CO)z(NZAr)][%fqllo from

the reaction of the corresponding arenediazonium tetrafluoroborate
? “ "‘ﬂ'

& J
salt with the Cp'Re(CO)z(THF) complex generated "in situ" from ‘

irradiation of Cp*Re(CO)3 in THF. Attempts to isolate the THF
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B defidative‘wggslunsuccessfulvddgfto the 1low stability of this
COmplex;during ch;omqtography, and its reluctance to crystaflige
from THF soiutionrat low temperature (ca. -78°C); CpRe(CO)z(THF)
crystéilizgs at this }emperaturequité readily.'10 The synthesis
and characteriéation of 1la has been'rqported pfeviously;93 In ail
the cases the new aryldiézénido comple?es } were obtained as

—

orange, red or maroon microcrystalline solids in better than 60%

yields.

2.3. Characteriz&tién ~ o ;

All the new gationic aryldiazenido cbmplexes 1 are air-
stable, both in solution iq polar solvent; and as solids. Solid
samples have been exposed to normal laboratory atmospheré for
periqu in excess of oné year withcgt appreciable deterioration.
They have been fully character{Eggfpxﬁg;gmental énalysis, Iﬂ, 1y
NMR an&“in two cases, by nitrogen NMR (ié;ISNu and 1g;}5Nb by
15N NMR and'lg and le by 14N NMR), 13C NMR and by MS (FAB). -

'Ipiraréd and nitrogen NMR spectroscdpy show clearly that
these complexes;are structurally similar.to the cyclopgpfadienyl
analogues 6f manganese énd rhenium,ii.é. they contain the aéfl—
diaienid&xligand coordinated in ansingly—bent geometry (cf., X-fay
structure forl[(65H4He)Hn(CO)2(97N2C6H4CF3)][%Fq])g as shown

below.
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Re=N=N_
s
¢ |
c
. o R
1

Like the complexes ((CgH4R)M(CO)3(Ny Ar)1iBF4] (R= H or Me,

M= Mn and R= H, M= Re),2-10 the IR spectra of these cationié‘
complexes (1) show two very strong »(CO) bands at ca. 2050° and
2000. cm~! and one strong ¥nd broad v»(NN) band at ca. 1730 cm~1

(Table 1).

The two 2 (CO) absorptions in these complexes are not affect-

-

ed by the electronic nature of the para substituent in the

aromatic ring of the diazenido ligand. However, significagt

changes are observed in the »(NN) absorptions which,ére lowered

B

about 10 cm™}! (in CH7Cl, solution) when H, Me or OMe gfoups,

.7 * ‘ .
(i.e. le, lb and la) are replaced by the electron-withdrawing

ame

groups Br and F in lc and 1d.
' The assignment of 2?(NN) has been confirmed by 15N isotopic
substitution at the metal-bound nitrogen position Ng in"li-lqu,

and at the-ring-bound nitrogen position Ng in lg-l5NB. In both

complexegia shift‘of P(NN) by 24 cm~! to lower frequency‘was
- ™ ) . . .

observed. This shift is similar to those observed in’the

coﬁplexes [(C5H4R)M(CO)2(N2C6H4R')]+ (R= Me, -R'= p-F, M= Mn;? R=

H, R'= p-Me, p-OMe and p-NEt,, M= Rel0) upon 15N-substitution at
Re)10 when 15N-

Ne and for the(jamé complex (R= H, R'= H, M=
t

substituted at®the Nj; position, and is indicative of a singly-
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bent aryldiazenido ligand. . -
The lH NMR spectra of these complexes in CDCigﬁshow no
unusual features. In gegerél, a singlegreSonance for the‘C5Me5

ring is observed at 6 2.36-2.38; para-substitution in thé

" benzene ring of thg diazenido ligand shows a typical AA'BB'

spectrum in the region & 7\10—7{80. In additioﬂ,ksingieA
resonanées for the OMe grohp in 11 and the Me group in ig are
observed. Similarly, the 13c¢1H} NMR spectradof 1a and le show
rescnances expected for these t&pes of complexesﬂ The single
resonance at ca. & 190 is assignca uﬂequivbcally-té the
magnetically eéuivalent CO groups; the aromatic carbons show
their expected resonances in the region § 114-164, and single
resonancés for the methyl and ring carbons of the pentamethyl-
cyclopentadienyl ligand are observed at ca. 6 10.5 and 109.0,
respectively. |

Additional information about the structure of the diazenido
ligand has been obtained from nitrogen NMR spectroscopy. The 15y
NMR spectra of l§715Nq and lgflsNB }96% e?;icheé) show single
resonances at 6 -7.3 and 6 -118.5 relative to external MeNO,,
respectively. ﬁith the chemicalAshiftvpositions for the quand
Ng nitrogens thus determined we were inté;ésted in the
possibility of utilizing 14y NMR as an alternative. Despite the
low resoiutidn, as shown by the relatiﬁély broad lines, we have
found 14N NMR spectroscopy to”be quite adequate for the,

identification of the nitrogen nuclei in these rhenium aryl-

diazenido complexes. Two broad resonances, at 6 -6.7 and §
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-123.0 ere observed ;or lgr’The:fOfﬁef?isiin geod agreementfwith'
the 6 -7.3 resonance observed in the 15N NHR spectrum of lg—l5N
and the latter resonance is assigned to 14NB Analogously, the
14N NMR spectrum of le (Fig;S):shows ‘two broad resonances at d
-8.5 and 6 -118.0. In this'caee the high field resonance is in
/good agreement'with the,6_f118l5:va1ue'in the 15N NMR spectrum of
li_ISNgT*;;d thus is unémbigﬁbﬁély essigneé to 14NB.AThese chf%ical
- shifts are in the region ekpeetedvar Ny and Ng nitrogen nuclei.v
in singly-bent diazenido Iigandé'ffable 1I1).16,26,27

Additional cheractefizatioh of coiglexes 1l was obtained by
determining the mass spectra of lg and l_ and their 15N- 1sotopo-
mers li—lsN and ;g—lSNB u51ng the fast atom bombardment (FAB)
" technique, wtereas no worthwhlle nass spectra could be obtained
using the conventional electron impact (EI) techn;que. The FAB
mass spectrum of la is.shown in Fig.6. In all the caéesexthe‘un—
fragmented cations [Cp*Re(CO)Z(NéCGHqR)]+ were sterved as
molecular ions (M+).'Fragments coffeSpondidé to the loss of the
diazenido ligand (M*-diazo) and the simultaneous loss of 2 CO

and Np (M*-84) ((M*-85) when l15N-substituted), were also observed.
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2.4. Discussion - e

The pentamethylcyclopentadienylaryldiazenido complexes ofﬁ
rhenium (l) are similar in their spectroscopic parameters; color
and other physical’ properties to the Cp species, but are .
noticeably more soluble in polar organic solvents and in water
(in which thef are slightly soluble) .

The high values of p(CO). and P(NN) in the IR spectra (Table
I),may be partly accounted for by the positive charge on the |
complexes, resulting in decreased back—bonding from the metal to
the CO and N3R groups, compared with that of similar neutral
compouhds. This is well substantiated by the pair of complexes
[(C5H4Me)Mn(CO)2(N2C6H5)]*ﬁtv(CO) 2085, 2038; »(NN) 1790 cm=1)9
and (CpCr(CO)z}N2C6H5) (»(CO) 1996, 1930; »(NN) 1570 cm~1),94
and the present compoundsvmay be expected to exhibit a similar '

trend with the, as yet, unknown neutral analogue Cp*W(CO)z

(N, Ar). A comparison of »(CO) for complexes 1 w1th values for

(Cp Re(c0)2(N0)1+ (p(CO) 2092, 2036 cm=1)95:96 shows how similar
NO and N3R ligands are in their =-acceptor properties in these
ounds, with N3R being the poorer. 15,

The IR spectra of complexes ] are of special'interest'when

compared to the spectra of the cyclopentadienyl analogues (see
_Table I). In particular, it is noteworthy that the garbonyl
istretching frequencies p(CO) for the Cp* complexes are shifted by
ca. 20-27 cm~! to lower wavenumbers, relative to the values for

the corresponding Cp complexes. The same behaviour is observed

for »(NN), which is shifted by about 33 cm~! to lower

AN



Il

“ _ - 386

wavenuhber Comparable shifts have been obsefved in the p(CO)’
and pP(NO) absorptions in the -isoelectronic complexes [(CpRe(CO) 5

(NO)]* and [Cp*Re(C0)2(N0O)1*.95 These shifts are approximately
2

" those predlcted emp1r1ca11y97 for the introduction of five

methyl substituents into the cyclopentadienyl ring of compIexes‘
lé,They can be explained-by the increased n—back—bonding'to thq\
CO and the diazenido ligands that results from the ihcrease in
eledtrop,density on the mefal atom caused by the preeence of

the more electron—donating methyl groups. )

The nitrogen'NHR qhemical,shifts alSo'dhehge significant1y 
when the Cp* ligand replaces Cp in these‘rhenium aryldiazenido
complexes. In the 15§ NMR spectrum ef the p-OMe derivative la-
1-’:"l\lm, the 15Nrresonance occursiggﬁ ppm downfield relafive to the
unsﬁbstituted analogue (see Tab%g II). To make a more general
comparison, the 14N NMR spect;:m ef the complex [CpRe(CO),(p-
NoCgH4q0Me)it was measured (acetone/acetene+d6, relative to
MeNO,;, 6N, -16.1 ana 6Ng —-125.5). Id this case a downfield shift

<

of 9.4 and 2.5 ppm was observed for the N, and NB resonances;

"

respectively The first is in very good agreement with ‘the shift

observed in ther}SN NHR specfra (9.6 ppm): The same effect was
observed in the 15N NMR spectra of lgrlsNB and [CpRe(COJ3 ‘
(N15NCGHg) 1%, 27 where a downfield shift of 6.6 ppm in Ng occurred
oe replacing the Cp ligand by Cp*. The relafive deshielding of
both nitrogen nuclei in the diazenido ligand ean be associated
with an increase in back’bonding in the M=N=N moiety, caused by

the presence of the pentamethylcyclopentadienyl ligand. Thus,



* 37 7 7 7 T ’ &. i v - B “v' »
the 15N or 14N shifts provide useful supplementary data to thosei;“f fa

‘obtained by IR spectroscopy in the elucidation dfzthgféfrUCture3Fflk’:Q

of the diazehidoAligand in the rhenium éomplexes.
2.5. Experimental Sgction
(a) General ' ¢

All reactions ﬁére cér;ied out under dry Nz,ln Schlenk
apparatus cdnnected'to a switchable doublé manifold providing low
v§duum or'qitrogen*,Solvepts were dried by cqnventional methods,
distilled under nitrogen, and used immediately. Reaction yields
are basedvoh the rhenium reagent used. i

Photodhemical réaction§ of Cﬁ*Re(C053jwere‘carried out at
atmospheric pressufe in a Pyrex vessel (400 mL)'quippéd with a
water—cpoled quartz finger joined to the vessel bf 60/50 standard
taper 3oint.‘A 260 Watt ultraviolet source (Hanovia high%préSSﬁré
mercury laﬁp)’;as placed ihéide the quartz fingér; Nitrogen ﬁdfl
passed»through the reaction vessel prior to the introdudtion of
the solvent and starting materidls, and slow passagé of nitroéen‘
or argon was mainta:'ned during therréaction. Other "photochemical
reactions vere carried out in gquartz tubes (10, 26 or 100 mL)
placed besidé the quartz fingef.‘Duringﬁthe photolysis a slow flux
df N2 was maintained, unless otherwise specified.

Infrared spectra were ﬁeasured by using Perkin-Elmer models
599B or 983 instruments, calibrated agalnst polystyre%e or

carbon mdnoxide. CaFj cells (0.1 mm) were used to ﬁeasure the IR

spectra in solution, with the appropriate solvent in the reference

o
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cell. NMR‘spectra were recorded in the NMR Services of S.f.U{rby
Mrs. M. Tracey on a Bruker WM-400 instrument at 400, 100, 28.9.dnd
40.5 MHz. for lH, 13c, 14N and 15N, respectively. Chemical shifts
(6) are réported in ppm, downfield positive, 14 ang 13c relatlvé
qte internal tetramethylsilane (TMS) and. 14y and 15N relative to

. external MeNO,. A Vérian-XL—lOO Fourier Tfansform instrument was
used to record sbme of the‘proton spectra. Mass spectra were
6btained Sy Mr. G. Owen on a Hewlett-Packard Model 5985% spéctroF.
meter using“fast atom.bombarément (F.A.B., Phrasor’Scientlfic(

: Iﬁck; accessory). The m/z values are referred to 187Re. Micro-
analysés were performed by Mr. M.K. Yang of the microanélytital

- laboratory of S.F.U.

(b) Starting Mater%pls v

Diazonium tetrafluoroboratevsalts were preééfed_by
diazotization of substituted anilines (Aldrich) with NaNO,; these
were recrystallized from acetone/diethyl ether. The 15y isotopic
label was introduced at N, with N§15N02‘(96% 15N, MSD Isotopes)
or Ng with 15NH,CgHg (99% 15N, Stohler Isotopes). Pentamethyl-
cyclopentadiene and decacarbonyldirhenium (Strem Chemicals) were

used directly as purchased. Cp*Re(CO)3 was synthesized by the

method used by Graham. 28 v

Preparation of [Cp*Re}CO)Z(n-N2C5H4OHe)]{BFq‘] (la) and (la-
15Nu)o

Cp*Re(CC)3 (1.10 g, 2.71 mmol) was irradiated in freshly
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distillcd THF (400 mL) under nitrogen or argon ‘or 120 min, at
0°C. (This time is sufficient to provide a reasonable conversion

to the THF complex without too much ensuing decomposition) The

solution was concentrated to one-third uolume, then [anZCGHAOHe] .

[BF4] or [g~15NHC6H40Hel[BF41 (0.46 g7—%.07 mmol) in acetone (15

mL) was added d:opwise with continuous stirring at room tempera—k"

ture. The solution changed from yellow-brown to dark red, After 1
h stirting, the solution was concentrated to 50 mL by rotary
evaporotion, then diethyl ether was addéd‘slowly until no'more/ﬁ

solid precipitated (ca. 150'mL)f'Supgrnatant:so1Vep; was removed’

by pipet and the solid washed twice with 30 mL of diethyl ether.

Recrystallization from CHZClzjethér gave 1.23 Q (7§fﬁfof a maroon,o,j

microcrystalline solid M.p. 128-130°C. IR (CHpClp): 2051 vs, 1995
vs »(CO), 1736 s (1708 fn la-15¥,), v(un) and 1060 br, 'i“v(ésqi»

cm™1. 1H NMR (CDCl3): & 2.37 s (15H, Cp ), 3.92 5 (3H, OMe). 7 14

d (2H, CgHyq) and 7.38 d (2H, CGH4}, 13c{1Hy NMR (CDCl3): 6 10. 50 5

(CgMes) 56.07 s (OMg), 108.83 s (CgMeg), 114.80 s, 116.70 s,
125.25 s and 164.07 s (CgHg). 190.65 s (CO). 14N NMR (acetone/

acetone-dg): & -123.0 br, s (Ng), -6.7 br, s (Ng). 15N .NMR for"

Lﬁ—lsﬂu (acetonelacetone—dsézré ~7.30 5 (Ny). MS (FAB, sulfolane,

xenoni (Fig.6): m/z 513 (514 in la-15N,) (M* of cation), 429
(M*-2C0-N3). 378 (M*-diazo). Anal. Calcd:“.for la: C, 38.06; H,

3.67; N, 4.67. Found: C, 38.11; H, 3.45; N, 4.53.

Preparation of [Cp*Re(CO);(p-NyCgHgMe) 1{BFq] (1b)

This;complex'uas synthesizeo analogously to la, as dark-red

3
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microc}ystals (after recrystallization from—CH?CIZ/étEer) &s£hg> ‘ f]{€=
tg~u2c5H4Me1(éF4}, in 60% yield, m.p. 133—1356bf~1R (cuzc§é);' |
2053 vs, 1997 vs p(CO), 1736 s D(NN) cm~1. 14 NMR tcpc13):'q 2.38
s (15H, .CE*), 2.54 s (3H, Me), 7.27 4 (2H, CgHg). 7.43 @ (2H,
'Cceuqi. Anal. Calcd. for ib: C, 39.11; H, 3.77; N, 4.80. Found;_c;~
39.29; H, 3.70; N, 4.70.  °
, | 4,

Preparation of [Cp*Re(CO)éian2C6H4Brf}[BF45>(lg)
’ »This;éomplex was prepared similarlylin 67%1}ie1d, as prang; E
microcrystals, m.p.-183-1850C. IR (CH2C12): 2057 vs, 2002 vs

»(CO), 1726 's p»(NN) cm—l. lH NMR (CDCls): 6 2.38 s (15H,
C5He5).’7.32 d (2H, CgHq), 7.77 d (2H,‘C6H4).ﬂAna1. Calcd. for «‘
le: C, 33.33; H, 2.88; N, 4.31. Found: C, 33.36; H, 2.81; N, |
a.12. |

erparation of (Cp*Re(CO),(R-N,CgHqF)1[BFgq] (1d)

A similar probedure to that dsea for la-gave ld as briéht—
orange micrécrystals ;n 68% yield, m.p. 155-1570C. IR (CHéClz); 
2056 vs, 2001 vs p(CO), 1729 »(NN) cm~l. lH NMR (CDC13): 6 '
'2.38 s (15H, Cp*™), 7.38 d (2H, CgHg), 7.45 d (2H, CgHga) . Anal.
Calcd. for ld: C, 36.80; H, 3.23; N, 4;77;}Found: C, 36.40; H,

3.30; N, 4.65.

o«
L

Preparation of {Cp*Re(CO)2(NyCgHg) }H(BFq) (le and (1e-15Ng)

This complex was prepared following the procedure of la,

using (NoCgHg)[BF4] or [N15NC5H5}[BF4] in 61% yield, as orénge
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midrocrystals, m.p. i53~1550C. IR (CH2C12) 2055_vs,‘2000’vs-
2(CO), 1736 (1711~1n 1;715NB> s V(NN), cnm -1, 1H‘guR (CDC13):

& 2.3€ s (15H, Cp*). 7.39 d (2H, C6H5), 7.50 t (1H, CgHg), 7.62 t
(2H, CgHg). 13C{1H}'NHR‘(CDC13): 6 10.47 s (Csugsi.’109 15 s
(gsués)' 123.13 s, 125.42s, 131.08 s and 133.41 s (CgHs), 159;88 S
- (CO), 14N NMR (acetone/acetone—ds) (Fig. 4y: 6 -118.0 br,;é
(NB) 8.5 br, s (Ng). 19N NMR for le-15Ng (acetone/acetone-dg)
.6 -118.5 s (Nj). MS (FAB, xenon, sulfolane): m/z 483 (484 in
l1e-15n4) (Mt ofrcationi; 399'(M+;2CO—N2); 378 (H*—diézo). Anal.
Calcd. for le: C, 37.96; H, 3.51; N, 4.92. Found: C, 37.58; H,

3.47; N, 4.81. - , -



CHAPTER III

_Transformatiqn of tﬁe'CO Ligand in [Cp*Re(CO)z(anZCGHAOHe{+ by
Reaction with some Nucleophiies p .
3.1. General g o

Intermolecular nucleophilic attack at‘carbon inltransitionk{
metal carbbnyl complexes has been demonstrated in several
differéntiéhemical situations. A wide variety of sﬁch reactions
has been discovered, involving different,nucleophilpc téagents?'i
The most cpmmon and éxtensively ;tu&ied inélude reaétions‘gf A
Grignard'and organolithiums to pfoduce'acyl derivatives33.100
(MCOR), and of hydride éaﬁfaining reaéents’to give formyl
complexeslo1 (MCOH) . Mdre‘recently( the nucleophiliq attack of
hydroxide ion at coordinated carb;n;monoxide to produce metallo-
 cagpoxylic acids (MCOOH) and/or hydride (MH) complexeé has
received considerable attention.102 In ap analogous ‘manner,
carbamoyl (HCONRZ) and alkoxycarbonyl (MCOOR) cqmblexes have
been prepared using aminés (or amﬁonia) and alkoxides reépec- '
tively103 agrnucleophiles.

In—the following sections of this chapter, a brief review
of metallocarboxylic acids, carbamoylvand alkoxycarbonyl |
complexes will be considered. At the same time, our work on the
synthesis, characte;ization and chemical prcperties of these

types of complexes derived from the dicarbonylpentamethylcyclo-
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pentadienylrheniumaryldiazenido complex 1la, will be discussed.

9
[

3.2. Hydroxycarbonyl, Formate, Cafboxylate and Hydride

Derivatives of [Cp*Re(CO)3(p-NyCgHqOMe)]1[BF,4]

3.2.1. Introduct;on

Hydroxycarbonyl complexes (or metallocarboxylic_acids) have

N4

¥
been.prooosed as key intermedietes in several impoftahi'
reactions involying carbon'mononde. They include“homogeneous
catalys}s of thi water gas shift reactionl02,104,105 and'the
formation of hydride ligands by watef or hydroxide ion attack on
coordinated carbonylhgroups.}96'107 However, relatively few .
~ hydroxycarbonyl complexes have been isolatédlend characoefized
and little is known about their chemistry. Reasonabiy Steble
compounds of this class include IrCl;(CO)(PMeyPh)3(COOH), 108,
CpM(CO)(PPh3)(COOH), M= Fel09 ana Ru, 110 CpRe(CO)(Noa(cooH) 107
CpRe (PPh3) (NO) (COOH) , 111 Pt (CgHg) (P- p)(coomll2 (CgHg= L
_cyclohexenyl, P-P= varLous chelating phosphines), CpHo(CO)Q(PPha) )
(COOH), 113 ptCl(PEt3),(CO0H)114 and CpRe(CO)(NzAr;(COOH).éé
Particularly intefesting is the }atter compound, becauseqits
isolation, characterization and transformé&ion\to the hydride,oﬂ
complex CpReH(CO)(NzAr) stlmulated us to study‘the reactions of
the dicarbonyl pentamethylcyclopentadienyl catlonlc complex 1a
uith hydroxide ion in order to compare the effect of the Cp

"~ 1igand on the propérties of these compounds.

©

In this section {he synthesis and characterization of the
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stable hydroxycarbonyl complex of formula Cp* RE(CO)(QfN2C5H4OMe)

(COOH) 2 is discussed. The isomeric formate complex Cp RE(CO)(Q-

=

NoCgH40Me ) (OCHO) 3 has also been synthesized for comparisnn.
The chemistry of complex 2, particularly wi;hkreference to the
conditions for its cohversion to the‘hydride°comp1ex_Cp*ReH(CQ)

i ’ [y
(p-NoCgH4a0Me) 4 and the anionic carboxylate complex‘[Cp*Re(CO)(Qf
N2C6H40Me)(COO)]‘ 5 is also discussed. Some of this work was

carried out in parallel wlth the cyclopentadlenylrhenlum

»analogues. This study hqs already been publlshed.93

== =

%

3.2.2. Bynthesis and Characterization
- In analogous mannér to the cyclopentadienyi complexes
[CpRe(CO)z(NZAr)]+, therreactions of the penéamethylcyclopeﬁtg—»
dienyl complex la with alkali-metal hydroxides are exceedingly
dependent on the experimental conditions, the solvents, the,
alkali metal and whéther excess hydroxide is present. It is
therefore possible to obtain the hydroxycarbonyl complex 2., the
; hydride complex’i and the anionic carboxylate complex 5.

The hyd}oxfcarbonyl complex 2 was obtained analytically
pure as a goldeﬁ—yellow micrpcrystallihe precipitéte'by the slow

addition of a stoichiometric amount of 0.1 M aqueous NaOH to a

!
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suspension of l3 in wate?.“Cdmplex-& is air- apd“therﬁéi#gf«‘%
stable as a solid, but it decomposes"ﬁithodt me}ting abové;90°C}
It is insoluble in water, when pure and free from‘trécéﬁ 6f base,
but dissolves in organic solvents such as acetone, CH5Cljs, THF
and ether, in which solvents it is moderately stable; avsmall
amcunt df the dinitrogen,complex Cp*Re(CO)g(Ng) was detected by
IR when 2 was kept in a THF solution for 1-2 h. Total decomposi-
tion was observed after an overnight NMR experiment in CgDg at 7
-room temperature, and the IR and.capillary GC-MS of the solutién
then showed the presence of Cp*Re(CO)3, Cp*RefCO)z(NZ), CgHgOMe
. . -
and CgDgCgH4q4OMe among other unidentified minor products.
Compoundrz was fully characterized by elemental analysis, IR
and lH NMR spectroscopies. The IR spectrum in solution shows a
;very étrong terminal v(CO)'absorptidn at about 1930 cm~ ! and two
strong and broad bands at about.1620—1580 cm~1 which correspond
to P(NN) of the NpAr group and torv(CO) and 6 (COH) (bending
\\]mode) of the carboxylgc group. It was not possible to idehtify
unambiguously a particular band corresponding féﬁv(NN), since
several bands shifted under 15N—isotopic substitution at Ny in
the complex CPRE(CO)(Qf;ﬁNNC6H40ME)(COOH) compared with its
unsubstituted parent, indicating that »{(NN) is strongly coupled

to other vibrational modes in the same region.33'93

x

Additional confirmatory evidence of the formulation of 2 as
a hydroxycarbonyl complex was obtained from the 1H NMR spectrum.

It shows a broad resonance at & 9.41 (in acetone-dg) which N

\\\\/\’ integrates as 1 H and is assigned to the carboxylic proton. This

™
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vélue is in good agreemeht with those reported fqr other hydroxy—h
carbonyl complexes e.g. CpRe (CO) (NO) (COQH) 23 (9}5. CD2C12),ﬁCpRe
(CO) (p-N3CgHg0Me) (COOH) 33 (819, CDCl3) and Pt(CgHg) (P=P)(COOH)112 "
(9.2-9.8, (CD3)SO). | o
Electron-impact mass spectral analysis did not give the
molecular peak for compound 2, even when low electron voltage -
(12 eV) and lower té;perature (ion source= 400C) were uséd.
Instead, the molecular peak of the hydrido complex 4§ wasrobtained;
This thermal deéémpbsitionnof’the hydroxycarbonyi 2 tg%the»hydride
4 during the run was clearly observed by simultaneously recording
the liberation of CO3 (m/z= 44) and the:rgeneration of the ion with
m/z= 486 (which corresponds to the molecular peak of complex 4.,

based on 187Re). Using fast atom bombardment (FAB) the spectrum of

2 was dominated by the (M-OH)* peak which corresponds to the

- cation la. No formation of the hydride iiwas observed under these

conditions.

"The lithium salt of the carboxylate complex 5 [Cp*Re(CO)(Q—
N2C6H40Me)(COQ)]'Li+ was obtained as a-yellow so1id using two
alternative synthetié methods (see Experimcntal Section). ?he_
fastest and‘easiest is by direct reaction of the cationiq
dicarbonyl complex la dissolved in CHpClp with an excess of
saturated aqueous LiOH. Attempts to isolate the sodium or
potassium salt of 5 were unsuccesful; instead the hydride
complex 4 was obtained®(see below). Compound § as a Li sa}t is
stable as a solid under a‘dry atmosphere of Np. It is insoluble

in non—poﬁar solvents, but it dissolvgs in water to give a
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bright yellow solution that slowly generatés fheringoldble
hydroxycarbonyl 2. In CH2Cl; and THF the lithium sait is
reasonably otable, and only minor decomposition to give the
dinitrogen complex Cp*Re(CO)z(Nz) and 2 respectively was observed
{ty IR) after 1 h. The IR spectrum of the lithium salt of 5 shows
a strong p(CO) band at 1928 cm™! in cﬁzc12 (1907 cm™1 in THF) in
adoition to one at 1614 cm~! assigned to P(NN) and the carooxy—

late g;oupuwThe 14 NMR spectrum of this anion 5 could be obtained

~

A

guickly from the Li salt in D70. This shows a éofonahceat 6 2.03
(Cp*) and other resonances due to the p-NoCgHgqOMe protons.
The hydrido complex 4 can also be synthesized by two

methods (see Experimental Section). The more convehient involves

the rgaction of the cationic complex la, dissolvédwin CH,Cl,,
with 5 M aqueous NaOH or KOH} followed by removal of the solvent

and extraction with THF or acetone. After pﬁrificatfpn, compoqu
|

4 can be obtained analytically pure as a yellow soliq which

decomposes over 950C. As a\Peutral compqﬁﬁd, it is'soﬁuble in
- . ‘ |

. . |
the majority of organic solvents and insoluble in wat@r, but it
: |

rapidly reacts with CHCl3 'and CHBrg3 to give the chloro\aqd bromo
qompiexes Cp*ReX(CO) (p-NaCgHgOMe), X= Cl and Br respecé?yely (see
Chapter 1IV). _‘ ’ \

The IR spectrom of 4 in CHZCiz shows a very strong %erminal
»(CO) band at 1906 cm~l (1925 cm™l in hexane) and a strbﬂg band
at 1618 cm~l attributablé to (NN). The occurrence of v(NN) in
this region is evidence that this hydrido complox contains3tho

singly-bent three-electron donor aryldiazenido ligand. No p(ReH)

AT
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4 ~

coulé be observed in the region 2200-1980 cm~1 5¢ the spectrum
" even in very concentratea solutions. However, the présence of the
;hydride ligand is indicated by the upfield resohanceﬁat 6 —-5.88
(in CgDg) in the lH NMR spectrum. This resonance is réthér broéd
and the a;yl‘proton resonancé is nétvthe usualvAA'BB' normally
observed in compounds bearing this p-substituted aryldiazenido

group. The high—ffeld'arOmatic resonances (probablf "i.e., the

protons o to the CNN skeleton) appear as a broad doublet, and a
similar phenomenon was observed in the cyclopentadieny
analogues.33'93 The broadening of this and the Re-H redonances
may be rhenium quadrupolar in origin.95 The elegtron—iﬁb ct mass
épectrum of complex 4 shows thefﬁoléculaf ion’as the base péak;at
m/z= 486 (b;sed on 187Re).

The formate complex Cp*Re(CO)(g‘N2C6H4OMe)(OC@&Q 3 was
prepared by reaction of tﬁe cationic acetonitrile coﬁpleg [Cp*Re
(CO)(NCMe)(Q—N2C5H4OMé))]f (to be dgscribed in Chapter IV) and
sodium formate. This compound was isolated as a red-orange
solid melting without decomposition at §5-67°C and solublé-an f
organic solvents, in which it is very stable. In the fR spectfum
(CH2Cly solution) compound 3 shows a very strong v(coi at 1925 .
cm™l and two extra bands at 1642 (medium) and 1624 (strong), cm';
pfesumaﬁly due to p(CO) of the formate gréup and p(NN) respec-—
tively. No confirmatory evidence for this assignment was.attempt-
ed. The resonance of the formate proton, which appéars as a sharp

singlet, occurs slightly upfield compared with that of the

hydroxycarbonyl one 6 7.81 (in ace ne-dg) (cf. 6 9.41 for 2).
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Thls value agrees well with®those reported for other formate
complexes e.g. [M(CO)S(OCHO)]‘los s 8. 28, 8.23 and 7. 95 for M=

Cr, Mo and W respectively (in CD3CN) and CpRe(PPha)(NO)(OCHO),115

8.06 (CDC13). The.electron—lmpact‘mass spect:um of 1 exhibits (M%),

(M—C0)* and (M-COz)'* ions in ratio-1:5:3; the generation of COj

was euggent fromithe mass 44 ion-current.

3.2.3. Discussion S ’ ( . o

Ag wa;imentioned be fore, the chemistry of hydroxycarbonyl
conplexes has been'little exploited, presumably due ﬁo the usual
instabiiity of these coppounds. The most recent and comprehehsive._
studies of their intermediacy in the reactions”ofgﬂetal carbonyl
complexes with bases-tongive the cgriesponding metal-hydride
species are those-reported by Sweet and Graham95 for CpRe (CO) (NO)
(COOH)»and, for CpRe(CO)(NzAr)(COOH)33 from our laboratory. In

‘ . T
both cases it was suggested that the decarboxylation mechanism,

~to give the hydrido species ' 2eH(CO)(L) L= NO and N2Ar, invoives
first deprotonation of'the acid by OH™ to give the carboxylate
anion [CpRe(CO)(L)(COO)] from whiéh CO2 loss then readily occurs

(see Eq 10)

L]

OH - -CO
CpRe(CO)(L)(COOH)——————*deRe(CO)(L)TCOO)]-‘:rgl—*?CpReH(CO)(L)

. C 2
T ' o Eq.10.
L= NO and NjAr

In both cases the carboxylate anion could not be isolated
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but strong indirect evidence for its fdrmation'was"provided.95'33

In the‘pentamethylcycyépentadien§l~System the isolation of
the hydroxycarbonyl qomplex 2 by reaction of the cationic éomplex :
la with stoichiometric amount of OH™, has allowed it to be
identified and fully'éharacterized. In éenefal; this compound
exhibits chémical pfoperties similar to thoSerobserved in the
) hitrdsyl and aryldiaiénido cYélopentadiényl>analogues. For
ex@mﬁlé,‘ft displays amphoteric_behaﬁiour since. it dissqlves in
dilute mineral acids to genefa%e the pa?ent dicaréonyl cattbﬁ‘IE:_—h;—
énd dissolves in excess aqueouslhydroxidg to give a bright yellow
. féigfi?ﬁ_géﬁiigered to contain fhe anf%hic»garboxylate complex 5.
Thellattef, when treated with acid, ?qunerates first_thé hyd:oxy—

carbonyl and then the parent cationoaccording to Eg.1l.

[

OH

| : ' . ,
[CP*Re(CO) 2(NyAr) 1t s==——= Cp*Re(CO) (NyAr) (COOH)
gt A
la s &
| ( / 5t | |ow”
s L .
Cp*Re (CO) (NoAr)(C00) 1~
o) ‘ i o Eq. 11.

‘ . . ‘ - — - — —

il
- .
- <

In the IR spectrum, the presence of the more electron¥donating
Cp* ligand in the Re(CO)(NyAr)(COOH) fragment is reflected in

the 7(CO) of-the metal carbonyl group, which appears 21 em~1l at

lower wavenumber (in CH2C12)(compared with the,cYclopentadienyl
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analogue. This effect has already been discﬁssed’fbfithe catidnici
comﬁlexés deécribed‘in bhapterVII, and is génerally observed for
all the relgted Cp and_Cpf complexes inQolved in this thesis.

Despite the strong progability, on the basis of the fdre—v
going evidence {(and théﬂﬁéthod of synthesis), that compéund'z is-
indeed a hydroxycarbonyl complex, the formate complex Cp*Re(CO)
(R-NoCgH40Me ) (OCHO) 3 was prepared to demohstrate that we we?e
‘not in fact dealing with the isomeric species. Though if is

unlikely, the possibilLtyﬂaid exist that the hydroxide addition

. —=Step might be fol;oﬁed by a rearrangement of the COOH group to

N

OCHO (though it is difficult to believe that the OCHO ligand

would exhibit the observed amphoteric behaviour). In fact both

species are completely different in their physical (colof, m.p.)

L]

and chemical properties (formate complex 3 was recovered

unreacted when treated with dilute HCl or NaOH in CH,Cl,
4

solution). However, they are (as efpected) qu.te similar in their

- spectroscopic parameters. For example, in both groups the 14 NMR

resonance occurs at low field (6 9.41 for COOH and 5.81 f0rvOCHO,
in acetone-dg) but this resonance appears as a sharp sing;et ;n
the case of the:formate‘CO@plex; v(CO) of the metal carb;ﬁyl,in
both éompounds‘also occurs at similar ﬁavenumbers\(A;(CO)= 8 cm™1
in CH2Cl,), therefore IR cannot easily be usgd to differentiate
these complexes. V

- Much greater differences are observed in the electron-impact

‘mass spectra of zhesé isomeric complexes. Formate 3 exhibits (Mt

and the (M-CO)t fragment which wer: not observable above the
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background in the hydroxycarbonyl 2. However, both show a .peak at

'm/z 486 (being more intense in 1)-which corresponds to the cation .

°

of the hydrlde complex i The 11beratlon of COy was. clearly
observed from mon1tor1ng the mass 44 ion- current
, I
It has‘already been mentloned-ln this dxscussion that the

hydroxycarbonyl complex 2 is soluble in excess of aqueous

hydroxide'toﬁfqrn a brightayellow solution that: is considered to

_contain the carbokylate anion E;(Eq.llf. CorrespggdingAmetallo—

.
4 Al

Carboxylate;anioﬁs'have-beenlsuggested,to be formed in similar
reactions of the hydroxycarbonyls CpRe(CO)(NO)(COOH) 95 CpRe(CO) :
(NzAr)(COOH)33 and CpFe(PPh3)(CO)(COOH)109 with excess agueous

hydroxide. Only in the latter case was the anion 1sd1ated but no
B —f’_/ ©

details of 1ts~characterlzat1on or propertles were given.
$ R ' o :
The preSence of the(carboxylate anion % is suggeSted by two
, ] o
exper imental observations. (i) The formatlon of the yellow

aqueous solution obtained by reactlon of li w1th excess of OH™
is reversed by the addltlon of aqueous ac1d whlch regenerates
first the 1nsolub1e hydroxycarbonyl pA and’then the parent T .
dicarbonyl catlon ;1 in agreement w;th Eq 1. (ii) Reaction.of 2
with MeLi in hexane ylelds a yellow preolpltate which is soluble

4

in water. Furthermore, the IR spectrum of this prec1pitate (in

o

CH,C15) corresponds exactly w1th that observed when a CH2C12
solution of li is treated w1th excess of saturated aqueous LiOH

Subsequently by using the reaction of la with LiOH the -~

e

lithium salt of the carboxylate anion i_[Cpre(CO)(QfNQCGquﬁe)
(CO0)1Li was isolated and fully characteriged; The sodium and

:
B
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potasium salts of § could not'bef£591ated under these cogd;tiggsg
instead the»hydride»ccmplexfi was”obtained‘(see below). No calcium

sazt could be;obtalned using an analogous procedure, as the

_reaction proceeded only as far as the hydroxjcarbonyl 2. In con-

: T

trast, the calcium'§a1t of the cyc}opehtadienyl'an;on (CpRe (CO)

(NZArf(COO)iZCa could _be isoiated and fully characterized. 93 7

. The IR spectrum of the lxthlum salt of 5 has a strong P(CO) .
band at 1906 cm~l in CH2Cl, (compared with 1933 cm~l for 2 and
1906 cm™! for 1 in' the same’ solvent) whlch is some 16 cm” -1 1ower
than thaf of the corresponding cyclopentad1eny1 c0mpound

The pure lxthium salt of 5 is soluble in water but slowly

_ deprotonates water to generate the insoluble hydroxycarbonyl.a

1
(Eq.12}.

(CD*Re (CO) (NoAr) (CO0) 1~ + HpO —— Cp*Re (CO) (NoAr) (COOH) + OH™
R 2 2 2
' Eq.12.

The reaction shown in Eq.12 does not occur in the cyclef
pentadienyl analogues [Cp Re(CO)(NzAr)(COO)]" (Li or Ca salte)
indicating that the more electron—releaSing Cp* grpupeSignifiek :
cantly increases the basicity'of theeanionAQ} Thus, the‘lithium
salt of § in soletion appears not to generate the hydriﬁe 4
under any of the mild conditions used. |

On the ather hand,ia gooé yield'pf the pentamethylcyclo—
pentadienyl hydride complex ﬁ:was obtained by the addition ef

excess 5 M aqueous KOH or NaOH to a CH;Clj; solution of'lg.

A}
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An alternative but less convenient method for the preparatidn 

oflﬁ is that from NaBH4q and thé acetonitrile complex [Cp*Re(CO)

(NCMe ) (p-N,CgHgqOMe) 1*. - Replacement of the labile. CH3CN ligand

7 hydride qgéurs largely in preferencg to hydride attack at the

by

aryl--

diazenido group. This is notably different from the parent di-

carbonyl cation la in which carbonyl substitution normally

does not occur, and borohydride reacts preferentially at the di-

azenido group to give the.dinitrogen complex Cp*Re(CO)z(Nz) (see

L

chapter V).

‘The foregoing discussion has demonstrated_that it is

possible to observe in solution and to isolate and characterize

the dicarbonyl cation la, the hydrdxycarbonyl 2 and the carboxy-

late anion 5. Although it is insoluble in water, thé'hydroxy~‘

carbonyl is very soluble in polar organic solvents, and we were

curious to find out what evidence there might be for dissociation

in these solvents. A purely organic carbokylic acid is wél}—known ’

to be capable of weak dissociation as shown in Eq.iB.

-

RCOOH «<——* RCOO~ + H? Eq.

. - " -',
In the case of the hydroxycarbonyl complex 2 this would

require dissociation to the carboxylate anion $ according to
Eqg.14.

Cp*Re (CO) (NyAr) (COOH) == [Cp*Re (CO) (NpAr)(C00)1~ + H* Eq.

2 : 2

13.

14,
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An alternative mode of dissociation of complex 2 is shown o
in Eq.15. : s ® » ) , ?,
Cp Re(CO)(NzAr)(COOH) [Cp Re(CO)z(NzAr)]+ + OH' o Eq.15.

2 - Cla

Eq.15- is simply the reverse.of the method of synthesis
from the dicarbonyl cation la. 7

In CHoClo solution, the~hyéroxycarbony1 2 shows the Samei'
‘amphoteric béhavibur observed in water (Eq.11). BubbliﬁngCI’ N
produdes the iR‘spectrumatypical of'cation lg,fﬁhéreas stirring
with solid LiOH slowly produces thevIR spectrum of theranipn 5.
Thus, dissociation of the hydroxycarbonyl group accordiné to -
either Egs.14 or:15 can be driven by adding H* or OH™ in CH,Cl,.

A close examination of the IR spectrum of a greshly prepared
solution 6f the pure hydroxycarbonyl complex 2 in CH;Cl, reveals
weak absorptions present<at’posiﬁioﬁs typicaITOf thé »(CO) and
P(NN) absorptions of the dicarbony1 cation lg, (see Fig.7). The'
presence of the cation was also observed in the IR spectrum of 2
in acetonitrile and nitromethane. Compound 2 is aléd soluble in
benzehe andwgﬁF, and in these solvents it appears to be un— |
dissociated. Interestingly, the IR spectrum of 2 in methanol
shows no evidence of ionizatlon (i.e. absorptlons for LQ);
insteéd a»singleicompound with 7,«‘(COY)‘at'1937.cm'l and p(NN) at

1632 cm~l (in MeOH) was observed. Evaporation of MeOH gave a

vellow residue which was soluble in hexane (note that the



Fig.7.

SSavj‘," S

IR spectrum of Cp*Re(CO)(QfNZCGHgOHe)(COOH{ 2 in CHaCl2

solution.
1736 cm~1

*
RS

Absorptions at 2051 and 1995 cm v(CO) and
V(NN) correspond to cationic complex 1a.

e



- 1736 R o
2051 4

- 1995

7 | . \ 1587

1623

1933

1 | T T L Bk LN

-1
. 2200 2000 1800 1600 cm

—



57

/hydroxycarbonyl 2 is insoléble“in‘hexane). Subsequently, tﬁé'
residuevwas identiﬁied'as the methoxycarbqnyl gompléx Cp*Re(CO)
(Q—N2C5H40Me)(COOMe), by comparison with an authentic sample.
Thus, réaction of 2 with methanol to form the methoxycarbonyl
complex probably proceeds by initial dissoc{:fion of OW; which
abstracts the alcoholic proton generéting "in situ" MeO"which
then attacks the cationic dicarbonyl and leads té the observed
product (see‘Eq.lﬁi.

Cp*Re (CO) (NpAr) (COOH)3==[Cp*Re (CO) 3 (NpAr) 1+ + OH™

2 1MeOH
Cp*Re (CO) (NoAr)(COOMe) + H30 EQ.16.

The observation above was confirmed by observing the
immediate formation of the me£hqucarbony1 upon dissolving la in
methanol in the presence of OH”. The reaction occurs equally well
using NEt3 as a base.

Finally, another important aspect involv}ng the hydroxy-
carbonyl complex 2 is its decarboxylation. It hés‘already been .
discussed that the solutions of'z do not decarboxylate and that
no hydride 4 is observed when base is excluded, but fhat 2 gives
the hydride complex 4 in good Yield when its CH,Cl, solution is
treated witp excess of aqueous NaOH or KOHS These results suggest
that the actual species undergoing facile aecarboxylation in
'organic solvents under the basic conditiohs employed is the

carboxylate aniéﬁ”iyas its sodium or potassium salt (note that



U 58

X

the lithium salt‘does ndt,g;yg the hydride 1).

Based on these results, and in agreement with Sweet and

Graham, 95 the schematic mechanism for the decarboxylation shown

in Eq.17 seems to be plausible.

Cp* CP* ¥-OH

Ille——-C¢o OH_ Le-——C/gj
oc”” | “on oc” | Yo

N2Ar NzAr

2

>
oC

N

*
Cp

|
/Te\

NzAr

4

H

+

CO. + OH >

Eq.17.

~The results using CHyCly; as a solvent for Cp and cp”*

éarboxylate anions indicate that the tendency of these species

to decarboxylate is-decreased with small or more highly charged

‘cations (Lit, Ca2+),‘presumably because these are more effective

°

at removing charge from the carboxylate grohp by close ion-pair’

association with it.



3.3. Carbamoyl, Alkoxycarbonyl andlIsocyanate Derivatives of

[Cp*Re(CO)z(p~NzCgHqOMe) 1 [BF4] -

3.3.1,,Intfodug;ion -

Carbamoyi and alkoxjcarbonyl complexes of?tra;;ition metals
have reqeivea considerable attentipn in recént years owing té
their recognition as interéediates in several importapt;
catalytic procédsses such as the cafbonylatiqn of amines or

alcohols.l1l6 These compounds have usually been synthesized by the.

.

- reaction of a Oériety of metal carbonyl complexes§ (esﬁécially
s .
catlionic complexes) with primary and secondary amines and

alkoxides.117

Angelicil03 apg Darensbourgll8 have suggested fhat the
tendency of a CO ligand to react with amines, or with other
nucleophiles, depends upon thegelectron density on the carbon
atom, which is related to the C-O bond‘force constant. In terms
of »(C0O), it has been.;bserved that the carbonyl complexes with
2(CO) below 2000 cm~l do not yield carbamoyl or alkoxycafbonyl 2
complexes. h |

A large number of tﬁese types of complexés has been
prepared. Some recent examples are: (1) trahs-[IfCl(COOMe)
(dppe)z1*,119 (ii) Pt(CgHg) (PhyPCH,CHCHoPPhy) (CONRp), 112 (1i1)
MCl(pnp)(COX)120 (M= Ni, Pt and Pd; ¥= OMe and .NRy; pnp= 2,6-bis
(diphenylphosphinomethyl)pyriaine), (iv) [IrH(cooMé)(pMe3)41+ 121
and (v) CpFe(CO) (PMe,Ph) (CONHMe) .122

In this section the synthesis and‘characterization'of the
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carbamoy!'yomplexes Cp*Re(CO)(gr&2c5H40Me)(CONRZ) i (Rp= Hz, 6a:
Ro= HMe, gb: and Rp= Megy, ec),’ tﬁe alkoxycarbonylrcomplexes'Cp*Re
(CO) (p-N2CgHgqOMe) (COOR) 7 (R= Me, 7a and R= Pri, 7b) and the
isqcyanate complex Cp*Re(CO)(NCO)(Q-N2C5H4OME) 8 are discussed.
Some gf this work was carried out in parallél wiEh thefr'cyclo—

" pentadienyl rhenium aryldiazenidd analogues and has already been:

published.123 . : . .

— Re=N=N Re=N=
. Re=N=N c,,l c”le N=N
O‘C' é_ @ : (o) /C.-O o N
’ RNZ . RO S
. 2 OMé OMe OMe
6 7 8

-

4

3.3.2. Synthesis and Characterization
(a) Carbamoyl Complexes Cp*Re(CO)(p-NjCgHgqOMe)(CONR2) 6 -
These complexes were prepared by reaction of the Qicarbonyl
cation la with liquid ammonia (&3, Rp= Hp) or wiFh neat amines
MeNH, (gb, Rp= HMe) and Me,NH (6c, Ry= Mey). No reaction
occurred with pure tertiary amines SQCh as Mg3N or Et3N. In all
the cases the products were"obtained as yellow solids in good
yields. They have the expected analytical, spectroscopic and
chemical propertieé and a}e analogous to the known nitrosyls
CpM(CO) (NO) (CONR2) M= Re and Mn.124 These cﬁmpounds are stable at |
room temperature under nitrogen bﬂt easily hydrate under normal |

atmosphere, especially 63 which is extremely hygroscopic. They
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AdiSsolve in the(majority,of organic solvents such as hexane,
benzene and THF but in”acetone solution they slowi_;oecompose to
produce the dinitrogen complex Cp Re(CO)z(Nz) The IRcspectra in-
THF show the expected single v(CO) absorption at ebout i925 cm'l
and p(NN)!at 1620, but replacing the THF by CHaCl, oroduces a
spectrum with weak additional p(CO) and viNN) absorptions in the
positions associated with‘the cation }l3. Thie sequence is
reversible. |

The p(NH) in 6a and gb appears as a weak broad absorption
in the 3400-3200 cm -1 region. In addition, one or two strong and
broad absorptions in the 1590-1560 cm;1 region are also
observed. They probably originate from a combination of »(C=0)
and 1(C=N) of the carbamoyl ligands. :

The 1H NMR spectrum of the N-methylcarbamoyl complex &b
shows the NH resonance at 6 5.35 in CDCl3, and the methyl
resonance remeins unchanged as a sharp doublet (JQNCH= 4.8 Hz)
over the temperature range -40 to +500C. These chemical shifts
and coupling constants agree well with prev10usly repor ted -
values for the N-methylcarbamoyls CpH(CO)3(CONHMe)125 (6 6.0, J=
5.0 Hz] and Re(CO)5(CONHMe)126 [ 5.45, J= 5.4 Hz]. Notably, the
room temperature 1H NMR spectrum in CDClj3 of the N,N—dimethyl—
carbamoyl B¢ shows a single broaorresonance for the methyl groups

o

but on cool?ng to 0°C this splits inte two equal intensity
singlets from magnetically nonequivalent methyls.
In the three species; electron—-impact mass spectra showed

neither molecular ions nor (M-CO)* or (M-CONR;)* fragments.

\
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Instead, the mass spectrum of the dinitrogen complex

Cp*Re(CO)z(Nz) was observed. Using FAB, the mass spectrum of 6a
. - 8 .
gave the typical spectrum of the dicarbonyl cation la, i.e., the

m&Iécular ion m/z= 513 (based on 187Re) which corresponds to the

fragment (M-NH)t.

(b) Alkoxycarbonyl complexes CQ*Re(C0)(QrNZCGHAOHe)(COOR) ya

The d&carbonyl catioQ 13 reacts yith one equivalent of
NhOMe in methanol to produce the neutral methoxycarbonyl cqmplex .
Zi as a yeilow solid, analytically and speétroscépically pure.

- The IR‘spgctrum in hexane exhibits the expected single terminal
2(CO) band at 1944 cm~l ana two more bands af 1643 and 1624 cm~!
which contain the »(NN) and »(C=0) vibrational modes. No attea%ts
were made to assign unambiguously these absorptions. The 14 NMR
data areAas expected , with the resonance from the COOMe group
appearing at 6 3.865 (CDClg).

The methoxycarbonyl complex 7a was also iéolated in near
unantitative yieidAfrom the réaction of cation la with tris(iso-
propoxy)borohyd;ide in methanol. This reaction was carried out
initially with the.intention of delivering a hydride. More
interestingly ihstead, in the reaction of la with this boro-
hydride in THF an isopropoxy group was de}ivered to produce the
isopropoxycarbdnyl complexlzp, This complex was characterized by
spec?roscopy. In general it shows similar spectroscopic |

parameters to those observed for the‘methoxycarbonyl 73, and its

. diasterectopic hethyl groups were easily recognized in the 1y
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vNMR spectrum.

Like'the carbémoyl complexes,ltheée aikokycarbonyi,
comppunds‘gave the electron—impacf masstspectrum of the
dinitrogen comp1ex Cp*Re(CO)z(Nz) eveh when a }ow voltager(lz
eV) was ﬁsed, whereas the (FAB) mass spectrum éf Zg—éhowéd the
molecular5peak-at m/z= 513 which corregponded to” (M-OMe)* (i.e.,

to the dicarbonyl 1la). = . - -

(c) Isocyanate Complex Cp Re(CO)(QrN2C6H40He)(NCO) g

Complex 8 was synthesized from the dicarbonyl ;:%lon li
using either KNCO, NaNj or NjHi. In either case, the isocyanate
complex 8 was obtained in excellent yield. This compound is a
red, low melting point sélid which is soluble ig hexa&e. Its IR
spectrum shows the typical P(NCO) at 2240 cm~) (in CH,Cl,), in
addition to p(CO) at 1926 and (NN) at 1626 cm™l. The 1H‘NMR.
spectrum shows the cxpected resonances for the Cp* and aryl
groups, ;nd the electron-impact mass spectrum exhibits M* at

m/z= 527 (based on 187Re), and (M-CO)' at m/z= 499 as the base

peak.

h3.3.3. Discussion

The production of the monocarbonyl cdrbam;;T € and
alkoxycarbonyl 7 complexes from the dicarbonyl cation
~[Cp*Re(CO)z(Q—NZCGquMe)]+ la evidently results from ‘
straightforward attack of thé nucleophile on the relatively

electrophilic carbonyl carbon atoms in this cation. These
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results are those expected écc;rding to;Angelici's
prediction91°3 thét’carbo;yl containing compounds with »(CO) >
2000 cm~! should yieid these typesvof complexes.: It is important
fo mention thaé possibie products which were not observed in
theée reactions include the monocarbonyl amides or alkoxides
Cp*ReX(CO) (p-NpCgH40Me) (where X= NRy 6r OR) resulting from CO
substitutién. These could have arisen either from dir;ct
displacement of a CO group in la by the alkoxide or amine

nucleophile or from a subsequent‘rearrangement of the carbamoyl

or alkoxycarbonyl ligands.

The carbamoyl and alkoxycarbonyl complexes react in the
expected manner with HCl or HBF4; to regenerate the parent

dicarbonyl cation according to Eq. 18.
Cp*Re (CO) (NoAr) (COR) + HY—>[Cp*Re(CO);(NAr) 1t + HR (or HaR')
Eq.18.

Ar= p-CgHgOMe; R= OMe or NR'>

7

‘In a similar manner to the hydroxycarbonyl 2, the IR
.spectra of the carbamoyl complexes § suggest that in CH;Cl3

solution they partly undergo autodissociation as shown in E&.

19.
Cp*Re (CO) (NaAr) (CONRy) S==[Cp*Re(CO)(nAr)]* + NRy™ Eq.19.

However, this phenomenon was not observed in the alkoxycarbonyl

I



complexes 7 in CHoCls or in even more polar‘solvents such as ¥ 7.?

methanol and acetonitrile. At this point it is worth noting that

Fhe alkoxycafboqyls'arg stable ih the abo&e solvents and that no
formation of the dinitrogen cdmplex Cp*Re(CO)z(Nz) was observed
in any case. |

The manner in which the carbamoyl complexes £ are able to

genefatgAtgg dinitrogen complex when they decompose is presently

-

unknown but appgfentlywthé/EGESGissociation of these species in
CH,Cl, (and also the h;(droxycarboxi}“f‘c\mnp\lex 2) can be related
to the production of the dinitrogen comple;\GQjRe(CO)z(Ng).
This can be understood by a nucléophilic attackléf\the amide ion
NR;™ (or OH™) at the ipso carbon of the aromatic ring in the
.aryldiazenido ligand. Obgiously more information is necessary to
confirm this assumption.

Finally, the isolation 6f the isocyan;tg compiex_& has’ ' ,f/-x\
allowed it to be fully cha;acterized. Any of the th?ée';éaééntSJ
(NCO™, N3_kand NyHg) can be used to synthesize this’éompodﬁa;;nc
excelleht yields by reaction with the diqafbonyl cation 135 It -
is presumeé‘ﬁhat the mechanig;;$bf these reactiéns are analogous
to thésé'reported127 for the Qeny similar reactions 6f (CpFe
(CO)3]+ wifh NCO~™, N3~ and N2H4 leading to CpFe(CO)z(NCO).‘In ‘\
particular for N3~ and NéH4, at leastl-they likely involve ' |
1n1£ia1 attack of the nucleophile ap the coordinatgd cérbbnyfﬁ

carbon atom. No intermediates were:observed. ih these reactions
. \

when they were followed by IR.
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4.1Ezperiaanta1 Section

General synthetic procedures, puritieat;on of solvents and
'ﬁspectroscopié measurements. as describéd in. Chnpter 11. 6 L
analysi& uere carried out. on an OV -1 capxl{;ry column using a
Heulett—Packdkd 5880A gas chromatograph« GC-MS were obtained by
~using-a Hewlett -Packard 5985 mass spectrometer Gasgous NH,. NHZHe'
and HHMe, (MathesonT, and K{HB(OCHMe)3) (Aldrich, 1 M in THF) i
were used as purchased. | . - 4 | o .

Prepaiziion of Cp Re(CO)(COOH)(QrH2\6H4OKe) \1)

A suspension of la (50 mg, 0. 08 ‘mmol) in water (15 mL), in
uﬁich it is slightly §oluble. wasg vigorously stir}ed whileAaqqgous
0.10 H NaOH (0.83 mL. 0.083 mmal;.uas added very slowly. Tne g
gélqen yellow solid which precipitated quantitatively waﬁvafhéd o
twi#e with cold water and then dried under vacuum. It @eCompc#éd N
at 90-950C without melting. IR (CHpCly): 1933 vs, P(CO), 1623 s,
1587 = br. cml p(NN) + B(CODH). 1H NMR (acetonb~d5} s 2. 11 s
(15H, Cp‘lt 3.82 5 (3H, OMe), 6.96 d (2H, CgHg), 7.49 d (2H,
65H4). 3.41 br s (1H, COOH}. MS (FAB, xenon, sulfolane): m/z 513
, fn-OH* . 485 v. weak' (M-COOH)* or (M-OH-CO)*. MS (E.I., 70 eV):
486 (N-COz)*. Anal. Calcd. for 2: C, 43.10; H, 4.34; N, 5.29.

Found: C, 43.00; H, 4.10; N, 5.09.

Anazfsis of Decomposition Products “of Complex 2 in CgDg
A'sgupla ef the hydroxycarbonyl coeplex (2} in Cghg

decomposed coapletely during an overnight NHR experiment at room

a
~

a
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termperature. The IR and capillary GC-MS (OV-1 column).ofrthe

E

solution showed the presence of Cp Re(C0)3, Cp Re(CO)z(Ng) (M*,
406'(49%)) anisole (M*, 108 (23%)), c605c5H4oue (M*, 189

(19%)), and an unassigned peak of M* 134 (10%).

oS

Preparation of'Cp'Re(90)<g-u2¢6H4oﬁe>(OCHoi'(1)

The cationic acetqnié;i}e Cémplex [Cp“Re (CO) (NCMe)
(Q‘Nngquﬂe)]+ (70’@9, 0.11 mmol) in acetone (25 mL) was stirred
with finely ground solid sodxum formate (ca. zdo"ﬁg, 2.94 mmol) '
then water (10 mL) was added and the reaction followed by IR All
of the acetonxtriie ccmplex had reacted in 1 h. Solvent was pumped
off and the residual water uas pipetted off tge red-orange product
which was then;dissolved in ether and f&ltered through celite.
AintiOﬁ of hexane precipitated a red —orange solid m.p. 65-670C
in BSi‘yield._IR kacetone): 1931 vs,'v(CO); 1645 m, 1620‘s_ch'1;
(ether) 1951‘Q§,‘1648 m, 1622 s cmfl;’(CHzclz) 1925 vs, 1642 m,
1624 s_cm'l.g§H~HMR (CDC14): & 2.04 s (15H, Cp*), 3.81 s (3H,
OMe), 6.92 d (2H;‘?6H4), 7.29 d (2H, CgHg), B.03 s (1H, OCHO):
(CgDg): 6 1.73 s; 3J.22 s, 6.74 d, 7.63 d, 8.37 s. M5 (E I. 1%
eV, 750C): m/z 530 ('), 502 (M-CO)* in 1:5:3 ratio. MS (FAB,
xenon, sulfolane): m/z 513 (M-OH)¥, 502 (M-CO)*, 485 (M-HCOp)*,
129 (H~N3—C0—9C02)+[ Anal. Calcd. for 3: C, 43.10; H, 4.34; N,
5.29. Found: C, 43.53; H4.40; N, 5.34. |

’ S
Praparation of Cp'"ReH(CO){p-NaCgHqOMe) (4)
Hethed 1. Compound la (50 mg, 0.083 mmol) was dissolved in

& o
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CH2Cl, (15 mL) and an excess (ca. 2 mL) of agueous G-H NaOH was
added while vigorously stirring.'ThekCH2C12,layer became yelloﬁ;
orange. Solvent was removed'by pumping at rbom temperatdre. The

residue was dissolved in THF'(it was;insoluble in hexane)'and,

'Vfiltered thfough celite to give an orange solutipn, having »(CO?Y

1910 vsea d »(NN) 1615 s cm—l. The THF was pumped off and the oiiy

residue wa ow easily extracted into hexane to give an orange

'asolution having »(CO) 1925 ﬁg_and V(NN) 1619 s cm™1, The hexane

' ‘solution was chromatographed on neutral alumina. Elution wlth:73

benzene gave a yellow sclution. Benzene was pumped offxind the
vellow residue was dissolved in pentane from whxch 1 V

precipitated as a yellow solid during & h at -78°C_in 80% yield
It decomposed at 95-980C. IR,(hexane): 1925 ys,~v(CO), 1619 s,
em-1 »(NN). 1H NMR (CgDg): 6 -5.88 s (1H, ReH), 1.90 s (15H,
Cp*), 3.27 s (3H, OMe), 6.78 d (2H, CgHg). 7.61 @ (2H; CgHq). MS
(EI, 16 eV): m/z 486 (M%), 458 (M-CO)*. | o
Method 2. The cationic acetonitrile complex- [Cp*Re(CO)

(NCMe ) (R-N,CgHqOMe) 1* (50 mg, 0.08 mmol) was dissolved in acetone

(10 mL) and stirred with an excess of solid NaBHg (ca. 5 mg, 0.135

mmol) ai\room temperature. The solution rapidly changed its color
from orange to yellow—dtange. Evepopation of acetone under vacuum
and subsequent ‘extraction with hex;he’gaue only 4 (by IR).

Repurification as above yielded 28 mg (70.5%) of the product}

Preparation of Li(Cp*Re(CO)(p-NoCgHqOMe)(CO32)] (Li-5)
Method 1. The hydroxycarbonyl 2 (100 mg, 0.18 mmol) was



69

o

.;suspéndéd in hexane (25 mL) and exéess (0.5 mL) ofiHeL1~(If6»ﬁ iﬁ;
diethyl ethér) was added under N, with_vigorouskstifring. Aftér
30‘m1h the 'solvent was remoyed by pipét‘and the.yelipw solid :
washed‘twice with 5 mL‘of“hexanee It was redissolved in CH2C12,“
filtered under N, and reprecipitafgd by'addinévhexane as a

vyellow solid in near quanﬁifative yield. IR (CHpCl,, cm 1y i928
vs, v(CO), 1614 s, V(NN); (THF) .1907 vs, 1512'5. 1y NMR (Do0):
6§ 2.03 (15H, Cp*), 3.81 s (3H, OMe), 7.02 d (2H, CgHq), 7.28 4
(2H, CgHg). Anal. Calcd: for Li-% (CH2C1254 C,'38¢77; H, 3.88;

N, 4;52. FoundgyC, 38.32; H, 4.18; N, 4.76. CHoCl, was observed

to be 6resent by MS. :

L ~Method 2. The dicafbonyl cation 11 Qas dissolved ih CHéClé
and stirred with an.excess‘of saturéted aqueous LI1OH. Uithin(a
feu Eihuteé}the.CHZCiz layer became orange-&éllow. It was
separated‘from the colorless“aqueous layer by pipet and the
soivent’remove§ to'give the product as a ygllou so0lid (soluble in

(o]

water and insoluble in hexane) in quantitative yiéld.
Tféatment of la with an excess NéOD in D20 produced a yellow
solution df the carboxylate anion with 1H NMR parametéfSVQ 2.09
(15H, Cp*), 3.79 (3H, OMe). 7.00 d (2H, CgHq), 7.26 d (2H, CgHy)
virtualiy identical with that of the litbium salt.
_ ’ T
Preparation Af Cp'Re(CO)(nrNZCGquna)(CONHz) (ga)
Solid 13 (50 mg, 0.083 mmol) was added to 5 mL of iiquid NH,
at -500C. A fast reaction ensued, and the yeliou solid that

precipitated was washed twice with liquid NH3 to remove NH4BF4.
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Yield: 43 mg (98%); m.p. 78-800C (with decomposition). The
comb§und is stéblé at room;témpepatafebunder nitrogen but is
extremely hygroscbbic; and it ﬁas diffjcult to entirely prevent
this when petforming microanalySi&JJThe best apalysis corrgspehdéd
to the'pfése;ce of app;oximateiy one H30 perumble. IR (CH2Cl,):
1929 s, »(CO);: 1624 5, V(NN); 1584‘mfuv(CONH2) cm~1, weak absorp-
tions for la at 2053, i996 and 1738 cm~! are also visible in this
solvent. lH NMR (CDC13): & 2.10 s (15H, Cp*), 3.82 s (3H, OMe),
6.93 d (2H, CgHg), 7.26 d (24, Ce&q); weak resonances from la
were alsouobsetved, o] (NH) was unobserved. MS (FAB, xenon, sulfo-
lane): m/z 513 (M-NHp)*. Anal. Calcd. for 6a-Hp0: C, 41.75; H,
4.76; N,-7.69; Fou;d: C. 41.634 H, 4.95; N, 7.47. Addition of HCl

trans formed thé IR and NMR entirely to that of the parent

dicarbonyl cation }l3. .

Preparation-of Cé'Re(ﬁO)(an2C5H40He)(CONHHe) (eb)

A solution of MeNHj ip;CHzélg was prepared by extracting
aqueous MeNH; with CHzCl; and dryiﬂé over Na256h. Addition of
solid }la (60 mg; 0.10,mm015 instantineougly resulted in reaction
to give, after filtering to remove insoluble [HeNH3][BF4i and

pumping off solvent, an orange oil which solidified on Eurther

‘pumping to yield the product as a yellow-orange solid. Yield: 50

mg (92%). M.p. 57-590C (with decomposition). IR (CHzClp): 1925 br,
s V(CO); 1621 s, p(NN); 1568 br, m »(CONHMe) cm™1; weak absorp-

- y
tions from 13 were visible. lH NMR (CDCl3): 6 2.09 s (15H, Cp™),

. 14
2.84 d (3H, NMe), 3.82 s (3H, OMe), 5.35 br, s (1H, NH), 6.93 d

A

N



71

(2H, CgHq), 7.30 d (2H, CgHq). Anal. Caled. for gh: C, 44.28; H,

4.80; N, 7.75. Found:. C, 44.01; H, 5.01; N, 7.99,

Preparation. of Cp*Re(CO)(Q—N2C6H40He)(CONHe2) (ec)

Liquid Me,;NH was condensedvat -500C (5 mL), and solid la.
(60 mg, 0.10 mmol) ;as~addéd. The reaction mixture was stirred
for 1 h and then the oranée solution filtefed under N, and pumaed
gntil an orange solid formed. The elemental analysig at this stage
was correct for 1:1 mixture of ¢ and [MejNH;][BF4]. Anal. Calcd.:
C, 39.94; H, 5.20; N, 8.10. Found: C, 39.68; H, 5.22; N, 8.00. |
The mixture was repeatedly extraéted with ether and precipitated
with pentane\to give a yellow-orange solia fhat gave the»egpected
IR and lH NMR spectra for g¢ but unaccountably low carbon

analysis. IR (CHyClg): 1925 vs, »(CO); 1621 s, »(NN) cm™l. 1H NMR

(CDCl3, 400°C): 6 2.05 s (15H, Cp*), 3.08 s, br (6H, NMey), 3.82

's (3H, OMe), 6.93 d (2H, CgHg), 7.35 d (2H, CgHq). At 0°C, the
> . .

9 : .
resonance was split into two peaks of similar intensity at ¢

3.00 and 3.16. ' . - ‘ \

7 e : -~
Preparation of Cp*Re(CO)(QrNZCGHfﬁue)(COOHe) (Za)

Method 1. To a solution of la (50 mg, 0.083 mmol) in

7 . , :
methanol (10 mL) (was added solid NagHe (6 mg, 0.114 mmol), and the

’ mixture was stirred at room temperature for 15 min. The color

A

ghgnbed from red to yellow, and %he IR spectrum of this solution
showed the presence of the néw methoxycarbonyl complex Za. The

solvent was remowed upder vacuum, CHaCl, was added, and the

[
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solution was filtered through Celite. Addition of hexane gave the

product as a golden-yellow solid (43 mg) in 95% yield. M.p.: slow

’\abqemposition above 1050C. IR (hexane): 1944 vs, p(CO); 1643 m,

1624 s, v(NN) and »(COOMe), cm~l; THF 1930 vs, 1638 s, 1620 s,
cm~l. 1H NMR (CDCl3): 6 2.08 s (15H, Cp*), 3.65 s (3H, COOMe),

3.81 s, (3H, OMe), 6.91 d (2H, CgHg), 7.44 4 (2H, CgHg). M5 (FAB,

xenon, sulfolane): m/z 513 (M-OMe)*t. Anal. Calcd. for 7a: C,

44.20; H; 4.60; N, 5.15. Found: C, 43.91; H, 4.64; N, 5.25.

Method 2. Complex la (50 mg, 0.083 mmol) in methanol (10

mL) at -780C was treated with K[HB(OCHMey)3] (0.10 mL, 0.10 mmol)

.

by syringe. IR monitoring showed the reaction to »e complete in
15 min.‘The solvent waz removed at room tepperaturé under vacuum.
The orange oily residue was extracted with hexane-THF (9:1) and
filtered through celite. Precipitafion of a golden-yellow solid
occurred when the solution waé concehtrated under vacuum and was
complefed by cooling to_;78°C. Yield: 44 mg (98%) of 7a _b[
characterized as above.

Metheod 3. To 'a solution of la (20 mg, 0.03 mmol) in’

‘methanol (5 mL), 0.5 vaof 0.1 M agqueous NaCH (0.05 mmol) was

added or NEt3 (0.1 mL). Within 10 min the color changed from red
to yellow. Evaporation of the solvent and extraction with hexane
gave the methoxycarbonyl éomplex 7a in quaptitative yield. It‘was

» .
characterized as above.

Preparation of Cp*Re(CO)(p-NCgliqOMe) (COOCHMe3) () B o -

An analogous synthesis to that described for the
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preparation of 73, mgingg_z conducted in THF yielded instead the
isopropoxycarbonyl complex 7b as a yellow solid. M.p. 107-1099°C
(with decomposition). IR (hexane): 1944 vs, »(C0):; 1640vm, 16i9
s, P(NN) + 1(COOCHMe3)., cm~l; (THF): 1930 vs, 161§ br 's, cm‘i.
. 1y NMR (CgDg): 6 1.29 4 (3H, CHMez); 1.36 d (3H, CHMej), 1.85 5.
(15H, Cp*), 3.24 s .(3H, OMe), 5.52 (app.septet, 1H, CHﬁez),,s.as
A (2H, CgHy). 7.92 d (2H, CgHy).
Preparation of Cp*Re(CO)(p-NCgHq0Me) (NCO) (8) *
gg;nég_l. The cationic complex la (40 mg, 0.06 mmol) was
stirred in acetone with excess of KNCO (10 mg, 0;12 mmo 1) fér 30
h. Acetone was pumped ofﬁ‘and the residue dissokved in CHZCLZ and
filtered through Celite. The filtered red ;olution was chrom§to—
graphéd on silica gel, and the product eluted with CHéC12¥hexane
'(1:1) as an orange fraction. Removal of solvent gave a red solid
(40 mg) in 90% yield. M.p.: 400C. IR (CH2C12): 2240 vs, »(CO);
1926 vs, v(Cb); 1626 s, V(NN), em~1l. 1y NMR (CDClj3): § 2;08 s
(15H, pp*), 3:83 s (3H, OMe), 6.94 d (2H, C6H4), 7.25 d (2H, C6H4);
MS (EI): 'm/z 527 (M*), 499 (M-CO)*. Anal. Calecd. for §: C, 43.34; 
H, 4.18; N, 7.98. Found: C, 43.27; H, 4.05; N, 7.80.
Method 2. The cationic complex la (50 mg, 0.083 mmol) in
. acetone (15‘mL) was stif;ed with excess solid NaNj (15 mg, 0.23
mﬁol) for 1 h. The colof changed quickly from maroon to brown.
‘Acetone Qas removed by pumping and the residue dissolved in CH3Cl,.
The fiiteréd solution- was chromatographed as above to yield the

product as a red solid in 90% yield (40 mg).
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" Method 3. Excess of NyHq (ca. 6.5 mL) was added to a solution
of la (50 mg, 0.083 mmol) in CHyClp (ca. 8 mL) at -780C. The color

" changed from maroon tO—yellow—orahge. The solution was slowly
2 |

warmed to room temperature and the product separated by chromato- -

graphy as above in 95% yield (a2 mg) .



CHAPTER IV

Substitution of CO in [Cp*Re(CO),(p-NyCgHqOMe) ]t by Two-electron

Donor Ligands v

4.1.,Introduction

In the preéeding chapter the transformation of the carbon
monoxide ligahd_in the cationic dicarbonyl complex la was
demonstrated. As an extension of the remarkable reactivity of
this cationic complex la toward nucleophiles,vreactions leading
to the substitution of.one of éhe CO ligands will be considered
in this chapter.

Traditionally, substitution reactions of metal carbonyl

{7 . .
complexes have been carried out under thermal and/or photochemical

conditions. In addition, a number of methods "have beén dev1sed
'that facilitate certain metal carbonyl suﬁétltutlon reactlons
These methods have been recently‘reviewed py Alberts and
Coville.l128

The pentamethylcyclopentadienyldicarbenylrhenium a{yldiaze-
nido\aﬁﬁ;lgx la., undergoes substitution of one carbonyl droup.by——4~‘_
other two-electron donor ligands In reéctions of ii with halide
ilons (X7), the neutral m%pocarbonylhalide complexes Cp *ReX(CO)
(Rp-N2CgH40Me) 9 (9a X= Cl,- 9b X= Br and 3¢ X= 1) were obtalned
In reactions with iodosobenzene (PhIO) in the presence of nitriles

(NCR) the monocarbonylnitrile complexes [Cp“Re (CO) (NCR)

(R-NaCgH40Me) 1" 11, (lla R= Me, llb R= p-Pr and llg R= i-Pr) were
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prAduced. The synthesis, character;zaticn and some mechanistic
aspects related to the above compounds will be diécussed. Also in
"this chapter are included reactions of the monocérbonylchloro .
complex 9a with aiylcopper reagents leading to the arylmonocar-
bonyl a;yldiazenido complexes Cp*Re(Ar)(CO)(QfN2C6H4OMe) 10 (l0a
Ar= phenyl and l10b Ar= tolyl),band rea&tions of the acetonitrile
copp}ggﬂllﬁ with some phosphorus—contgining L1igands leading to
the new cationic monocarbonyl phosphine complexes [Cp*Re(CQ)(PR3)
(R-NCgHqOMe) 1+ 12 (12a R= Me, 12b R= p-Bu, 12c R= Cy (Cy= cyclo-

hexyl), 124 R= Ph and l12e R= OMe).

4.2._Synthesisrand Chéracterization
(a) Honoéarbonylhalide Complexes 3
These compounds were first observed as products of a
remarkable solid-sfate reaction between the dicarbonyl cation
complex la ané finely ground KC1l, KBr or KI. These reactions
occur very slowly at room temperature, but they are aécelerated
at 950C. In each instance, the new monocarbonylhalide complex 3
was pfoduced. In the reaction with solid KBr and KI, Some'of the
dicarbonyldihalide complexes cis—Cp*Re(CO)zxz (X= Br and I) were
"also formed but, in spite of this, it is possible to isolate the
products using this synthetic route, although the overall yield is
poor (18—30%).‘Subsequent1y, we found the reaction in THF-water
to be a convenient solution procedure for the synthesis and
isolation of these complexes, i.e., using this method the yield

was considerably increased (over 80%). In the case of KI’ the

e

\
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dicarbonyldiiodide complex CiS‘CP*Re(CO)ZIz was 31;0 prad&c&d
but neither the dichloride nor the dibromide analogues were
observed using KCl or KBr. Interestingly, in the three cases a
small amount of the trioxo complex Cp*ReOa was fofme§'hﬁ€;no IR
;vidence for the formation of the dinitrogen compléx‘Cp*Re(CO)z
kNé) was observed. |

The dichlor ide (g_) and bromide (9b) compounds could also be_" |
prepared by reaction of the hydride complex i»with CHCl14 6r

a

CHBr3 respectively (see Chapter III, section 3.2.);_In addition,
c&mpound 9a was also obtainéd in good yield by reaction of the
acetonitrile complex lla with KCl in acetone. | |
_In all cases the monocarbdnylhaliae complexes 9 were

obtained as red solids and were fully_characterized by_analysis
and spectroscopy. They are air-stable as solids or in solution
in organic solvents. In the IR, v(co5 and P(NN) occur at ~ 1925
and 1630 cm~1 respectively. The electron-impact mass spectra
show them to be mononuclear in the vapor phase and to fragment

by the loss of a single CO group and the aryldiazenido ligand  at

an early stage.

(b) Arylmonocarbonyl Complexes ig

These complexes were synthesizeé in good yield following
the procedure used by Sweet and Graham in fhe synthesis of CpRe-
(Ar)(CO)(NO)leB'This involves the reaction of 9a with an excess
of arylcopper (prepareé from the Grignard reagent and CuBr) in

dry THF. In both cases (l(a and 10b) the compounds were obtained

E]
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as orange-red solids analytically énd spectroscopically pure.
They showed in the IR spectra a very ségong P{CO) absorpﬁion‘near :
1922 em~! in hexane and v(yN) occured at about 1620 cm™l. The
electron-impact mass spectra at 16 eV exhibiteé peaks fbr the
mélecular ion Mt and for the less of CO, i.e., (M-CO)*. As expec-
vted, the 1H NMR spectra showed clearly the presence of the coar-
dinated aryl groups. In the casg‘of the phen;l complex l0a. the
aromatic region at 400 MHz showed a typical AA'BB' pattern for

‘the protons contained in tﬁe Q—meﬁhoxyphenyldiazenido group,

1.e., two doublets at 6 6.88 and 7.24 with J= 8.9 Hz. Also in

this region a triplet was observed at & 6.99,- J= 7.27 Hz, which
integrated for 1H and is therefore assigned to the phenyl ligand
para proton, a triplet at & 7.09; J= 5.27 Hz (integral 2H), assig-
ned to phenyl meta protons, and a low field doublet at & 7.55, J=
6.90 Hz ({ﬁtegral 2H) assigneé to the grtho protons of the phenyl
ligand: On the other hand the tclyl complex 10b showed QA'BB'
resonances for two sets of p-substituted aryl groups. The two
doublets at & 6.88 and 7.24 with J= 8.8 Hz were assigned to thé
_protons of the aryl group of the diazenido Iigand (by comparison
with 10a), and the remainihg two doublets at § 6.93 and 7.43, J=
7.60 Hz are due to the protons of theutoljinigandi The high field
doublet was assigned to the protons ortho to the rhenium. The
vaSsignment of the lower field resonance to protons ortho to a
transition metal has been established §reviously in CpRe(CO)({NO)

(aryl) by Sweet and Graham129-130" 4ging KOE and decoupling

exper iments.
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(c) Honoéarbbnylnitrile Cé@plexes i1l v *

‘These complexes were synthesized in a similar manner to (Cp
Re(CO) (NCMe) (NO) 1t (Cp= Cp and Ep*) ;eported by Gla@ysz and
coworkers.gs'ill This 'procedure 1nvol§es the direct‘reactién ot
the dicarbonyl cation lg with iodosobenzene,(PhIO) using the
respective nitrile as a solvent; no substitution was obsérvéd in
a similar reaction using Me3NO instead oéVPhIO. In the three
cases, the nitrile complexes were obtained as red-arange solids
in good to excellent yield. As ionic species, they are insoluble
in non-polar organic solvents such as hexane., benzene and ether
but they dissolve completely in CH,Cl, and acétone. In the IR
spectra (CH;Cl,), »(CO) appeared as a broad and very strohg
absorption near 1960 cm~l, and a broad and strong absorption near
1660 cm~1 was observed for 1(NN). The latter assignment was con-
firmed by 15y isotopic substitution at Ny of the diazenido |
ligand in the acetcnitrile complex [Cp*Re(CO)(NCMe) ”
(Q—15NNC5H4OM§:)]+ (lli"}SNq). A shift to lower wavenumber by 20
cm~l was then observed. Notably, 1(C=z=N) for the nitrile ligand,
expected to occur strongly in the IR of ml-bonded nitrile-complexes
n?ar 2300 cm”l in no instance cguld be observed, ei;hgr in CH,Cl,
soglution or Nuﬁol emulsion.

In addition to the typical resonances for the' Cp* and
aryldiazenido groups, the presence of the nitrile ligands was
clearly observed in the 14 NMR spectra of these compounds. A

singlet at § 3.10 was observed for the acetonitrile in lla; a
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triplet, multipleb and tripletd;A é 1.11, 1.76 and 3.46 f;r the
n—butyronitriie in 1lb and a doublet and broad multiplet at ¢ 2;19‘
;and 3.60 respectlvely for the L—butyronitrile in llg In’all the

cases the FAB mass spectra showed the unfragmented cations as

] ~

moleculer ions M*, and fragments,correspondlng to the loss of the *:°

- .

T A

:nitrile'ligand (M~NCR)*. No fragments corresponding to the loss cf..
CO, (M-CO)*, or loss of CO and nitrile,f(M~QQf§CR)*, were observedn
above the background. | | k }\ ‘

:In addition to theﬁabove characterization, the acetpnitrile
‘complex ll§>was stud;ed by nitrogen—NHR spectrcscopj. First; the“
iSN NHR<specfrun cf lli’lqu exhibited a eingle resonance:for

15y, at 6 -6.09 (relative to CHyNO,). As in the case of the di-

~

pcarbonyl aryldiazenido complexes ]}, we were interested in utlliiiﬁg ’

~

11N NMR for the identification of ‘the nitrogen nuclei in lla.

PR

InterEStlngly, three broad resonances were observed at 6 }Sns;f\b\”

-135%.0 and ;256 q assignable to “the three distinct nitrogengetdne3{
’The one at 6 -6.9 was 1mmedi;tely assxgned to Ny, in good agree |
ment with [¢] -;\09 observed in the 15N NMR spectrum of. llif15N
Furthermore this resonance is in the" region expected for N in a
singly-bent dlazenido ligand (see‘Table,II,jChapter,II). The
resonance at 6§ -135.0 was aeeigned to‘NB.:Alttdugh thigﬁuas not
confirned using 155 NMR and lsﬂb enriched.Lliﬂoit appeers:exactly
in the region expected forSNB in this type-of diazenido ligand |
(see li end le in Table If). The third resonarnce -at much higher
field (6 -256.4) has no precedent in the literature for cationic

complexes and can be tentatively aseigned to the nitrogen nucleus’



of _the ;bordlnated acetonltrlle llgand The 13c NMR spectrum of *"f;f

'llaﬁ%lso showed the preseyce of the acetonltrlle llgand 1he two fﬂﬁﬂﬁ

singlets observed at & 142.77,and*5.00 in the proton decoupled ;QC

NMR spectrum were assigned to the carbons of the"cyanoéand methyl
.'groupsarespectively; . o , v : ) - ; ) q ~ S o
(d)ﬁﬁznocarbonylphosphine Complesesilz_
. .- ‘

:Gaéa yields of the cationic phosphine compiexes~[Qp:R;(C0)\
(PR3)(Q-NéCgH4OMe)]+ lZ were obtained by reaction of tne aceto—
nitrile complex llg_w1th the respectlve phosphlne _ga—d -or with
trlmethylphosphlte ‘l2e in acetane at room temperature In a11
the cases the compounds were 1solated as orange—red SOlldS and
were fully characterized by analysis and spectroscoplc
techniques. They are soluble 1n the majorlty of polar organic
solvents and inscluble in hexane and ether. All l12a-e exhlblted
in the IR spectrum in CH2C12'adveryvstrong terminal'v(CO) band in
the 1965-1940 em~ 1 region. and one strong and broad band at about

1680 cm?;gwhich corresponds to v(NN) (see Ta :e'III) The v(NN)

o
absorption showed the expected 1sotop1c shift

'r wavenumber

in going from 1_2_3_ to 1_2_3_—-15ua [Av(NN)— 35 cm~l] and from 12e to
126-15N, [ap(NN)= 39 ecm~1) in CH2C12 solution. The lH NMR

spectra of these complexes are exactly those expected by the
presence'of the phosphine/or phosphite ligands (seevExperimentalr .
Section). Similarly: the 3lp uﬁ? spectra showed a single resonance
(Table IiI) in the normalhregion for a coordihated‘phosphiné.131

”~

FAB mass spectra showed the unfragmented cation as the molecular
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7

*
-:;,‘1 . ;gal ,(»’} . : i

peak (Table IIE%ﬁexcept for the cyclohexylphosphlne complex 125 2ot

‘!\f-
-

for which the FAB MS could not be observed.,The fragments corres—

e y - , - - ‘ :
ponding to loss of CO and PR3 were hot otfservable above the back- = °
Ny N . . ‘ _

grouhd - ' ;
| Nitrogen NMR was also usea for the charact rlzatlon of
complexes lﬂi and lﬂi The 15N NMR spectra of 123—15N and lgg}'

15N showed a doublet_W1th small coupllng to phosphorus, at e"'.'
slightly higher field than CH3N02 (see. Table IV). The value'of the ’
coupling constants to phosphorus (23py) 3.5 and 3.0 for 1l2- 15N
.and 123:15Na respectlvely are ‘'in good agreement with those A
observed in other phosphlne complexes with dinitrogen contalnlng
ligands i.e., cis- Mo(PMeZPh)4(15N2)2 23pN= 5.2,51 trans—w(15N2)
(dppe)p 2Jpy= 2.0°1 and trans-[WBr (15N, (Et)H) (dppe)21Br 2Jpy=
S.Ol.45 On the other hand, the 14N NMR spectrﬁm ofjthe trimethyl—\

) B
phosphine complex 123 allowed us to observe also the resonance due

to the Ng at 6 -126. In additlon,‘ansecond resohence observed at,
much lower,tteld (6 -1.9) was as51gned to Ny This agrees well
with that observed in the 15N NMR spectrum of 12a-15N,. Both
resonances in l12a and the doublets observed in '2a—15Nq and lZlZe-
1$Na are within the range expeoted for-Na end Ngs éé aésingly:hent
diazenido ligand.435.51 4 |

A . . .y
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== Table IV. 13c ,0of carbonyl and 15N, of NpAr resonances in

{Cp’ Re(CO)(L)gp-NzcanoMe)1+ Complexes

;o | -

[Cp Re(CO) (L) (p-NpCgHqOMe) 1t 6 (13coya & (15N,)b

L= CO, la . 190.65 -7.32

L= P(OMe)3, 12e ) 199.01 ~1.97

L= PHe3, 12a | 201.24 ~0.64
a in}CDC13. b in acetone/acetone-dg. : S ‘,(/
4.3. Discussibn . . { Y

-

(a) Monécatbonylhalide Complexes

-

The reaction of the dicarbonyl cation la wlth pota551um

halide (solid state or THF-water soLutlon) has allowed the”

_ 1solat10n of the new monocarbonylhallde derivatives Cp ReX(CO)(Q-

k

N2C6H40Me) 2, 33 X=Cl, 39b X= Br and 2¢ X= 1. On thevba51s q§5

speétroscopy these complexes retain the aryldiazenido ‘ligand

bound to the metal in a singly-bent three-electron donor fashion,

as expected for a 18-electron configuratioh as shown below.

<
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, The formation‘of these derivatives contrasts with the —
reaction of l(csuquebuﬁ(CO)z(NzAr)j+ with halides X~ where an .
apparent nucleophilic attack at the ipso carbon occurs to produce

the dinitrogen complex (C5H4He)Hn(CO)2(N2)9 (see Eq.4 and Scheme

o
III) Also dlfferences are observed from the analogous reaction

of [CpRe(CO)z(NzAr)]+ with halldes 27 The products of these

E

‘reactions are shown in Scheme VI

-

CpRe (CO)Br (NAr) + CpRe(CO) ,Br, + CpRe(CO) ,(N,) +'.-

KCl, acetone or

[cpRe (cO) , (N Ar) 1 * > CpRe(CO)CL(N,Ar)

solid state

%

CpRe(CO)I(N,Ar) + CpRe(CO),I, + HAr

- CPRe(CO)z(N ) + CpRe(CO) I + IAr + HAr

1

Scheme VI

0
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'As can be ébserved in Scheme VI,
_ . »

x

resgtigns of [CpRe(COY; =

‘(N Ar)1t with potassium halides are complex andlwery'dépendent'ohn .
2 a . - - - R

the hature Gf the solvent and the halide.

USing the pentaméthylcyclopiptadienylrnenium analogue la,

reactions with KX in ‘'THF-water, or even in ﬁhe solid state, are

apparently much simpler, since thg’Lroduction ot thé dinitrogen

N o

.y complex was never observed (see Scheme VII).

~
. x . . . *x . - : )
JCp Re(CO)Br(NZQp)‘+ c15—Cp»Re(CO)2Br2.‘
> 7 9
* *
, THF-water Cp Re(CO)Br{N,Ar) + Cp Re0,

e e . | 9%
[Cp Re(CO).,(N_Ar)] : ,
- 202 .
la

X . *
A Cp Re(CO)Cl(NZAr) + Cp ReO

%a -

4 *

o <

* ’ R x
Cp Re(CO)I(NzAr) + ClS:Cp;Re(CO)2IZ +

L. 9¢ ' .
Ar = 27C6H40Me — o

was produced only‘in THF-water reactions

vf T Scheme VII

]

»
Cp ReO,

. .

3

&
Cp ReO

aa

- —

®

T3'::

—
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The small ameunt (less %han 5%) of thé trioxo complex Cp*pg, .

Og observed in THF-water reactions cguld result from oxidation of

the starting material la or the prodhcts by oxygen'containéd in

the'solyenf (sééiﬂppendix I). .

* .

L - Two possible
first step of the
dicarbonyl cation

for the formation

ngutral'intermgdiates that might be formed as a

nucleophilic attack of the-halide ion X~ to the

are shown in SCheme VIII. However, no evidence .

of these, or any other intermediate species, "has

SR been ob;ained. y
' i ]
Cp
. —— Re =N=N '
‘ OC/l \Ar \
Cp /
- X
|+ X A
;/Re: ==X —_—
oc” Ly Ar . )
Cp .
+ la I R 4
—— Re —N
oc// \ \\N__Ar
oC X ‘

Scheme VIII

The acyl halide intermediate A could result from nucleo-

- philic attack on a CO group. This type of intermediate has been

suggested in analogous reactions but never observed as a stable

¢ “

product. 132,133 the monocarbonylhalide complex 3 could be formed

by an internal displacement mechanism aqaloggus to that suggested
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fom the decarbonylatton of RCOHn(CQ)s 134

L

-

#&H, On the oth r hand nucleophlllc a&tack‘of the halide ion

. could occur at the metal center to prod&ce the neutral inter—

-

ed te Cp Re(COIZX(NzAr) B with a doubly~bent aryldiazenldo

g . &

%1gand ThlS type of 1somerlzatlon of a dlazenido ligand in

,reactlons w1th“ha11des has been\observed prev1ously13~and has

already been discussed in Chapter I, Section 1.2, 3(b)
'Intermediate B could lose a CO ligand w1th concomitant rearrange—

ment of the one—electron doubly bent llgand back to the three-

L

electron donor 51ngly:bent ligand to give the observed 18-

,gv\

electron spec1es 9 ;ﬁs k

Both Lntermedlates A and B can- explaln equally well the

N
# N Kl

formatlon of compound 9 However, the formatlon of the dlcarbonyl-
dlhallde complexes Cp Re(CO)2X2 in reactloﬁ’of la with KBr and KI-

is a matter of speculatlon ‘Here a radlcalA%echanlsm similar to

4

that proposed for the reactlon of [CpRe(CO)ZONzAr)]+ with halldes 27

may . océpr (see Scheme IX) '
In Scheme IX 1t 1s assumed that the" 1ntermed1ate B loses the

ﬁm

aryldlazenldo group to generate the NyAr- raéucal an the seven-
* t ‘-J - .

teen—'electron organometalllc radical (Cp Re(CO)ZX] The diazo

i

radlcal would decompose to g1ve N, the and aryl radical which can
abstract a hbdrogen atom from the ent to form anisole or an
1odine atom to form p*iodoanisole The exact mechanism of

formatlonﬁofwcusGC<Re(CO)2X2 is not known at the present time.




Scheme IX

it.is pgssible that both meéhanismS‘(associative and
radicali‘are involved in the reaction at the same tiﬁe but the
high»y;elds of the monocérboﬁylﬁalide 9 indicates that the.
associative one is pfeferrea. ThgﬂmajOr depéndenge’of the‘
pféd f on gye solvent and qgwﬁhe oxidizability of the halide

are important factors yet to be determined.

§

(b) Arylmonocarbonyl Comblexes 10 .
As was mentionéd before, the two_aryl;derivétives 10a and 14b

were synthesized using the chloro complex_9a and the respective

arylcopper reagent (RCu). The choice of:this ;oute to prepare

such compounds was stimulated by a recent report by Sweet and

Graham using the isoelectronic complex CbRe(CO)(NO)(Xf (X= Cl1, Br

SRS |
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and }) in reactions with Grignard, organoiithium ahd arylcooPEr,
'reagentsu129 They,foundfthat'tbe.latter is the most efficlent“
reagent t; obtain_the desired.substitution products. Using
Grignard or organolithium. they found that the corresponding
benzoylmetalate products [CpRe(NO)(COAr)I]" were almost
excluslvely formed Thls anionic compound would result from
carbanlon attack on the carbonyi groupﬁwlthout subsequent loss 5§f
kﬁhe hallde. They also found that the varlatlon of X in CpRe(CO).}J‘
‘(NO)X ipcreased the YEeldlof the aryl derivati&{ in theiorder
I < Br < Cl. - , o
In'the pentamethylcyclopentadienyl system a similar trend in
reactivity of the chloro derivative ig‘touard PhMgBr and aryl—
cpppe;—was observed. For instance, a siow‘reaction’took place.
when complex 92 in THF was treated with PhMgBr. However, the
benzoylmetalate complex [Cp’ReCl(NzAr)(COPh)]‘ could not be
detected by4IR and no aryl conﬁlex uas formed.:instead, only
decomposition of the rhenium comﬁiex was observed. No attempts
were made to identify the decomposition prodegts. Probably,
l carbanion attackvat the carbonyl‘grdﬁg occurred and the benzoyl-
metalate intermediate then formed readily decomposed. Another‘
pos51b1e reactlon could also occur. This involves nucieophiltc
attack of the PhHgBr at the aryldlazenldo llgand to produce the
hydrazido (2-) complex—[CptRe(CO)Cl(NN(Ph)Ar)l' and/or the
dinitrogen compiex [Cp*Re(EO)Cl(NZ)]' which .are probably

unstable. Neutral analogues of these complexes (benzoyl,

hydrazido 42-) and dinitrogen) have been/%solated‘from reaction




of [CpRe(CO)z(NzAr)]+ with PhLi 10

Reaction of 25,with arylcopper (RCu, R= phenyl or tolyl)
%ccurred cleanly to effect the desired substitution In generalif
&mth arylrheniumdiazenido compounds lgg;and lgn‘exhibit very
similar spectroscopic properties, comparable to those observed
in the arylrheniumnitrosyl species Substitutlon of hydrogen by;ﬁﬁif
methyl in the Qiggrposition .of the afyl ligand does not
significantly change p(CO) and\y(NN) in_the IR spectra of these
compounds or the‘resonances.of the Cp and me thoxy group of the

.

Cp*Re(CO)(NZAr) fnagmeut, in the lH NMR' spect;a.:'
(c) Honocarbonylnitfile Coup}exeepll

‘ The substitution of cafbonyl by uitrile ligands inqthen
dicarbopyl cationic complex la3 could be achieved by, two different -
‘routes. Firsi, photochemically, which‘inuolved the UV4irradiatiQn,‘
of a‘diiutewsolution of la in acetonitrile. Although it was
possible td obtain the nitrile complex lla by this route there
were severai problems assof;ated wiuh this reaction. for instance,
long irradiation perfods ca: 2-3 h fesulted in total disappearance
of 13 with formation of the acetonitriie complex lla. but only in o
low yield. This was probably due fo\;ubsequent decomposition of-s
the product»under continued irradiation. Using shorler
irradiation periods, ca. 30 min, only abouf»one—quartef conyerSioh -
of la to the acetonitrile product was evident by IR. Houeverﬁ the |

separation of these two cationic complexes could not befachieVed

by routine 1aboretory techniques. Since complex 113 could . be:

L2
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‘prepared in'excellent yie;Ls, analytically pure, by an alterpative =

method as descrihed below, no ‘attempts wefe maoe to find‘thev

optimum conditions for photoChemicalcréaction;

While we weiewstudyihg tRis r n, a milder feagenétfor ﬂii
the oxidative removal of coordinated CO Ja reported by-Glad}sz, |
and coworkers.lll They found that the reactlon of the d1oarbony1~
nltrqsyl cation - [CpRe(CO)z(NO)]+ in acefonitrlle with K
commerc1a11y available lodosobenzene (PhIO) resulted in the |
smooth formation of'[CpRe(CO)(NCMe)(Nosl+ in high yield.
Subsequehtly,*the‘synthesisbof [Cp*Re(CO)(NC;’lIe);NO)J+ was . \\\\\

reported by the same group usiné a similar pr‘ocedhre.‘-’6

Iodosobenzene; also called 1odosy1benzene96, works equally

well with the dlcarbonylaryldlazenldo complex la in dlfferent

“

nitriles NCR (R= Me, Q—Pr and L—Pné“asasolvents (Eq.20).

* : . * T x, i .
Cp g Cp —]+ j?)“~l' S )
N } o R
/}@:N:X + PhIO —» 3//%=m=§ MNCR__ //%zN:&.o
| | ~-Co " s
oc” b Ar oc =0 . Ar 2 oc” | Ar
N ~ Ph-I—0 ‘ C
g ’ . R R Eg. 20
la s : 11

It is believed that fhe reactiohzis initiated by
nucleophilic attack of PhIO at the carbbnyl Carbon ataom followed'
by liberatlon of CO, and coordination of a nitrile molecule’ £rum
the solvent. A s1m11ar reaction pathway has been proposed in |
reactions of Re2(C0O) with Me3NO in acetonitrile'toégive Re;

(CO)g(NCCH3).136
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The labile acetonitrile ligand in 1la can easily be

©

‘displaced frdm’the metal by otheritwc~electron‘donor ligands
giving complexes of the type (Cp Re(CO)(L)(Szhr)}"*l {n= 0 or lJrf‘»
which are normally inaccessible from the dicarbonyl catian 1;

b

fComplex llg 15 the second most xmpcrtant 5pec1es in the work

~involved in thxs thesis (the first being complex ia). since it is‘w

_the ‘precursor of almost aIl the chemzstry to be described in the

rest of this thesxs .7 1“ - , . .

| The methyl proton resonance. of the acetonitrile ligand in
111 {$ 3 10) is in good. agreement ‘with those reported for the -
isoelectronic nitrosyl analcgues {CpRe(CO)(NCHe)(NO)}* 5 2 82
(CB§C12}1°7 and 2.95 (acetone»d5>111 and & 3.0% (acetone-dg) for

—

ICp'Re€CO}t&CHe)(NO)]*.95 In the latter case thHe 13C NMR spectrum
was" also reéorted: Im-general, fhe’ljc‘HMR spectraiof 1la and |
.[Cp'Re(CO)iNCﬂe}{Nb))* are comparable, parficularly in the '

resonances attribut%ble'to”thetcafBOn nucléi ofjthe aceiéniﬁrilei

ligand 4 4.70 and 139;304{ac8t0he~d5) in the nitrosyl complex

versus 8 5.00 and 142.77 (CDClj) in‘ilg} for the methyl and cyano

carbons respeétiveli. .

-In"both the nitrosyl and aryldiazenido complexes the
resonance due to'fhe carbon oflghe cyano group of acetonitfkle
ligand (& ~ 140) was ;hifted“to low field by about 10 ppm by
coaparisaa with the éitionic‘comélexes’{Re(C0)5(NCHe13*137 and
(GpFe(CO) (NCHe)51*138¢139 uhich are believed (by IR, 1(CsN) ~
2200 c#~l) to contain the acetonitrile coordinated through the

nitrogen lone pair (Ti-fashion). Anothor anomalous result

Y —_—
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{assuming ﬂ1~coordination of NCMe in }1}a) was observed 1n the 1‘N

NMR spectrum of this complex The value 3 -25%6.4 observad for'the7"“'\

nitrogen nucIeus of coordinated NCMe is shifted by about lﬁaﬁgpm
upfield by comparison with free NCMe (6 -138.4) . 140 This large |
coordination shxft contrasts with those predicted theoretxcally
by Hason141 and. with that observed’ in Cr(CO)5(NCHe) (6
-146.0). 142 | -
In additioﬁ,’the_faildre to observe v(C=N) in complex lla .
and pfesumably fn-Cp and'Cp' rheniumoitrosyl analogues (béoapde.
:heée were not repoftédj in the region characteristic onNCMe
bound to a metal in d ﬁ1~fashion i.e. 2200-2300 cm;l, suggests

that this ligand mlght xnstead be =« bonded to the rhenium as shoun

below.

Coordinatioq of acetonitrile as a x-complex had been previous-

ly suspected in RdiPPthq(ﬂz—NCHe)ﬁ This assignment was made on
the basis of IR spectroscopy where p(C=N) appears as a strong
absorption at 1912 em~1.143 ye were unable to observe'ady other

absorption in the 2060-1900 em~1 region in addition to tho broad

and very strong band due to p(CO).



/(d) Honocarbonylphosphine Conplexes 11 » - .
These complexes vere easily prepared by thermal substitution
. of the acdetonitrile ligand ih 111 by phosphine (12a-d) o:rtri-‘
methylphosphite lzg.ligands Attempts vere also made to | prepare
'thgztriphenylphosphine complex lzgfhy direct reaction,of the di—,
carbonyl 11 with,an excess.of PPh3 in acetone.wdnfortunately the
~only organometallic product isolated was the dicarbonyltriphenyl- .
phosphine complex Cp Re(CO)z(PPh3) This compound.haddbeen
previously mentioned but without details of its synthesis and
characterization 144 ye identified it by IR (v(c0) 1922 and 1859
cm~1l in ether) and mass spectra (m/z 640 M*, -and 584 (H—ZCO)+
”basEdron 187Re). A 51m11ar reaction vas. prev1ously observed in
(CpRe (CO)3(N2Ar) 1% with PPh3. In this caseprRe(CO)z(PPh3) and
[Ph;P-NNAr ] (BF4) were positively identified 27

In the IR spectra of these complexes, the relatived;-donor
(or x-acceptor) abilities of‘the phosphine ligands are- revealed
more strongly by changes in 7{(CO) than in D(NN) (see Table IIT).

R : ,

This can be explained in terms of‘the'better't-aCCeptor properties
of CO compared with the aryldiazenido group.ll.'fhe greater the
vo—donor (or poorer t—acCeptor) ability of/the phosphorus ligand;
the higher will be the degree of delocalization into the carbonyl
antibonding orbitals and the loier will be the viCO). For example,
the order of decreasing v(CO) p(one)5 > PPhy > P(n-Bu)s ~ PMes >
PCy3 correlates uith increasing o-donor abilitf,of the phosphorus
ligand. 145 ‘ ' , -

In thé 13C NMR spectra of 12a, l2e and l3 some trends were
¢ _ N
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‘also obsefvedq For exahple;‘the.replacemeht'of one.eafbonyl in T
the parentldicarbonyl cation ;g,by a phosphorus ligahd leads tor a
deshielding (down field shift) of the carbonyl carbon fesonance
for the remaining«CO ligand (see Table 1IV). Hithin the phosphorus S
containing complex a low field shift of & (13C0) is observed when
the trlmethylphosphlne 12a is compared with the tr1methy1phosph1te “
12e complex (Table IV). A comparable shift has been observed in | -
several other systems contalnlng carbonyl and phosphorus ligands
e.g. Nl(C0)3L146 and CpMn(CO) 5L. 147

©  The above trend also occurs in theilSNu resonancerf the
diazenido ligand in the 15N NMR speotra (Table,iV). Indeed,. this

is the first example.where similar periodicities are observed in

the 13C resonance of CO, and 15Nu resonance of NoAr, within the

<
;

sahe.complex.
*  The downfield shift observed in 6 (13c0) and 6 (15Ny) of
thesesafyldiazenido complexes as a functio; of increasing
eiectron—donor ability of ligand L can be explained inrterms of

the greater metaI—acarbonQI and metal—4dia;enido u—backbonding due to
an increase pf electron density at‘the'ﬁetalfrit'has heen sugges-~
ted141 that this effect prodoces'a'decrease-in'thetmaghituoe ofi

the separation (4E) between the’ electronlc ground state and the
’1owest *lying excited state, which is related to the 1oca1 para—x
magnetic term (op) of the screenlngrconstant. In the case of. 13C'
and 15N nuclei, Op is the main contributorito;the chem}cal-

shift. 141,146
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4.4, Exper;nental Ssstldn

Synthetic procedures, solvent purificétion and spectfdséobié
measurements were doné as dgscribed in Chaptgr II. Trimethyl-,
tfi(n;butyl)—, ttiéyclohexyl— ana triphenyiphosphihgv(Strem‘ 5
Ehemical) and trfmethylphdéphite (Alfa) were used as purchased.
Acetonitrile (Fisher Scientific), p-butyronitrile and ji-butyro-
nitrile (Aldrich) were distfiled fromgpqolo prior to usé. PhgﬁYT~
magnesium chloride (Alfa, 1:95 M in THF) and p-tolylmagnesium
ﬂbromidé (A{&rich, 2 M in e'ther) were used-as recéived. Iodosé4
benzene was purchéSed from Pfaltz and Bauer, or prépared from
iodosobenzenediacetate (A}drich) by the method pf Saltz and
| Sharefkin.148 électron—impact mass spectfal data (m/z) are repor-
ted based on 187Re, 35C1 and 7%r. |

-~
Preparation of Cp*ReCl(CO)(p-N,CgHgaOMe) (3a)
(1) Reaction of 1a with KCl in THF-water

The cationic ;henium dicarbonyl’ll (50 mg, 0.083 mmol) wag
Sti;red wfth~excess KClbin THF-H,0 (1:1; 10 mL) for 36 h. THF was
‘remdved under vacuum, and the slightly yellow aqueous solution
ré;aining vés decanted from the inSolubleiged so&ia. The?latter

was dissolved in THF, anﬁ placed on a Florisil column (prepared

in hexahe). A red fraction eluted with THF-hexane (1:4) yielded 23
as a red solid (38 mg, 87%) after evaporat;oh of solvent. A‘yellow
frad;ion(eluted-with/THF-hexane (2:1) yielded, after precipitatibn

with hexane al low temperature, about 5 mg of Cp*ReO3. Compound'ﬂg’;‘

melted at L25f127?c without decomposition. IR'(CH2C12): 1924 vs




-

P(CO), 1624 s v(NN), cm-1, 1H NMR (€DC13): 6 2.00 s (15H, cb*),’—!a~—

3.81 s (3H, OMe), 6.92 d (2H%’EEH4) and 7.29 d (2H, C6H4). MS-

(EI): m/z 520, (M*), 492, (M-CO)*. Anal. Calcd. for 9a: C, 41.54;

H, 4.23; N, 5L§8. Found: C, 41.41:; H, 4.15; N, 5.19. -

(11) Solid State Reaction I

The rhenium complexrli (100 mg) wgs finely ground yith soiid

KCl and the mixture heated at 950C for 12 h,-by which time all

the starting material had reacted (by IR) and a strong ahsorption

ocburred at 1919 and 1627 cm™1. Extraéfion with CH2Cl, and then

.chromatography o; 311155 gel with CH2C12+hexaﬁe (7:3)'gave an

orahge—red fraction which COptainédrthe prdduct. Recfystallizatién
N

m CH2C12—hexane gave 16 mg (19%) of 33 which was Characteriied

as above.
iii) Rg:ctiqn of Acetonitrile Complex lla with KCl
The cationic acetqeitrile complex 113 (80 mg, 0.13 mmol) ﬁas<
stirred with finely ground KCl in acetone (8 mL). Aftef 1 h, all "

' 113 had reacted (by IR). Reﬁoval 6f the solvent and purification

N

as in (i) yielded 56 mg (82%) of 3a.

Preparation of Cp*ReBr(Coi(nrNZC5H4OHe) (2R)
(1) Reaction of li with KBr in THF—watgr

This was carried out.as desciibed for KCl (abo}e). From 50
mg of 13, 4& mg (80%) of the red solid 9p were obtained, About 7
mg of»Cnger were also prédﬁced. Cémpfé: 9b melted at 149-1510C.
IR (CHaClp): 1927 vs v(éb), 1628 s p(NN), cm~l. 1H ﬁun’<coc13):ro

2.06 s (15H, Cp*), 3.81 s (3H, OMe), 6.90 s (2H, CgHq) and 7.27 4
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(2H, CgHq). MS ' (EI): m/z 564, (M%), 536, (M-CO>*. Anal. Calcd.
for 9p: C, 38.29; H, 3.90; N, 4.96. Found: C, 38.44;-H, 3.89; N,
4.71. o | |

L

(11) Solid State.Reaction
This was carried out as described for KC1l, but the reaction‘ e

‘was much faster.)\It took 4 h at 95°C1for complete disgppeargnce :

of the starting dicarbonyl complex (by IR). From 100 mg Ofllg 21

mg (23%) of the bromo complex 9b were obtained after chromatogra-

phy on a silica gel column elutea with CH2C12—hexane»7:3.’Further

elution with CH5Cl, gave aired—orange fraction containing 9b and

Cp*ﬁe(CO)ZBrZ which was identified as the cis-isomer (see Chapter

4

viy. -

Preparation of Cp*ReI(CO)(p-NaCgHgaOMe) (3g)

Ei) Reaction with KI in THF-water

*

This reaction was carried out as described for KCl1l (above)

] »

using 50 mg ( 0.083 mmol) of la, to'yield the iodo complex 3¢ as
a red solid in 80% 9ie1d.’Elutionvwith'THE—héxane’(?:G) yieléed a
small amount (ca. 5 mg) of Cp*Re(CO)ZIZ (cié—isomera see ClLapter

.VI) as a yellow-orange band. A second yellow compound eluted with

" THF, was identified as Cp'g40; (about 5 mg). Compound gg'meited ~
at 1750C. IR (CHaCly): 1998 vs »(CO), 1630 s D(NN), cm—l. H NMR  §\\
(CDCl3): 6 2.13 s (15H, Cp*), 3.81 s (3H, OMe), 6.90 d (2H, CgHg)

and '7.28 @ (2H, CgHq). MS (EI): m/z 610 (M*), 582 (M—-CO)*. Anal.

_ Caled. for 9g: C, 35.35; H, 3.60; N, 4.58. Found: C, 35.37; H,

3.73; N, 4.64.
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(11) Solid State Reaction -~ =~ . - - ¥

This was éartied'put;as described for KC1 and'KBr;°5utrthe
reagtion wasVfastér énd7a11;$tar1ing material reacted with;n'QO
min at 9soct i§ showed ' the pfeséncéﬂof 9¢ (1925 vs, 1628 s cm™1)
as major product, and some c}s-Cpre(CO)Iz (v(CO)sym 2013 cm~1,

n(CO)ésym‘obscugéd'by gﬁ).;Chromatoggaphy on silica gel with

. CH2C1§¥hexane (7:3) first eluted cis-Cp"Re(CO)I, and then 9¢ which

was characterized\ s above. From 100 mg of la., 30 mg 631%) of

isolated 93¢ were obtained.

Preparation of Cp*Re(CO)(Ph)(p-NyCgHq0Me) (iii;»

A solution of=pheny1magn§sium chlofi?e (O;l‘mL, 0.195 m@ol)»
was added dropwise to a stirred susgénsion of CuBr'(Ssrmg, 0.385
mmol) in 10 mL of THF cooled at OQCQ Solid 9a (30 mg;.0.057 mmoi)

. Wwas addedicarefully under Nj;. The mixﬁhreiwég allowed té warm up

to room temperature as stirring contiﬁhed. After 90 miniall'the

starting complex (2a) reacted EpﬁilR).fTheAmixture was thenf

hydrolyzed with water (0.2 mL) and filtered through Celite under

N,;. Solvent ﬁas evaporated under vacuum ahd,after overnight,dry4
ing (under vacuum) the solid residue was extracted with hexanei(4
x 8 mL)..The combined extractsrwere filtered through a short

neutral alumina column and the solvent removed under vacuum. Re-

crystallization from hexane at -789C afforded the product as orange

microcrystals. M.p.: 123-1250C. IR (hexane): 1922 vs »(CO), 1624
m »(NN), cm~l. 14 NMR (CDC13): 6 1.90 s (15H, Cp*), 3.81 s (3H,"
OMe), 6.88 d (2H, J= 8.90 Hz, CgHg), 6.99. t (1H, J= 7.27 Hz,

SRR

' -

%

.
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RCgHg), 7.09 t (2H, J= 7.27 Hz, m—CgHg), 7-24\§ (2H, J= 8.90 Hz,.
CeHg), 7.55 d (2H, J= 6.90 Hz, o-CgHg). MS (EI, 16 &V): m/z’ 562 |
(M*), 534 (M-CO)*. Anal. Caled. for l0a: C, 51.33; H, 4. 81: N, .

4.99. Found: C, 51.17; H, 4.78; N, 4.87.

PrapaC;tion of Cp Re(CO)(nrtolyl)(nrNZCquoue) (lgh) ,V : -
This compound was prepared following the same procedure used

for the preparation of lga except that 0. 25 mmol of grtolylmagne~.

sium bromide and 0.5 mmol of CuBr in 10 mL of THF were used for .

rqiction with 0.056 mmol of 33. Stirringlwas continued for 4 h

before hydrolysis. 1Qg‘wasrobtained as an oranoe;yellow microcrys-

talline solid. M.p. 1564-1560C. IRh(hexane): 1921 vs kaO), 16l7 m

v(NN),,cm'i. 14 NMR.: (CDC13): & 1. 90 s (15H, Cp*), 3.81 s (3H,

OMe), 6.88 d (2H, J— 8.80 Hz,.aryldiazenldo), 6.93 d (2H J=7.60

Hz, tolyl), 7.24 4 (2H, J= 8.80 Hz, aryldiazenido), 7. 43 d (2H,

J= 7.60 Hz, tolyl). MS (EI, 16,eV)£ m/z 576 (M*), 548 (H-CO)+

Anal. Calcd. for l0b: C, 52.17; H, 5.04; Nr 4.87; Found C 51\98;

H, 5.15; N, 4.99. -~ : 4 _ T

Preparation of Cp Re(CO)(NCHe)(27N2C5H4OMe)][BFql (lLi) and
(11;:15N¢)_ “

An approximate 20% stoichlometrlc excess of iodosobenzene;

.or la-

R

(PhIO) was added as «a solid to a stirred solution .of

15N¢ (500 mg, 0.835 mmol) in MeCN (40 mL). After 1A, all of the

dicarbonyl cation had reacted (by IR) and no further change occur— ;A

red. Removal of solvent under vacuum gave a red oily solid which

n/\ a

>
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A'iﬂas,diSSOIVed in acetone and filtefed,thropgh Celite. Recrystal-
lization from acetone-ether gavevthe acétonitriie,cbmplex'as an

e

' orange microcrystalline solid in 91% yield (467 mg). ﬁ;p.‘ss—

670C. IR (CHpCly): 1962 vs »(CO}, 1659 s »(NN)(1638 in. 1la-15Ng)
cm“l. 1H NMR (CDCl3): 6 2.14 s (15H, Cp*), 3.10 s (3H, MeCN),
3.85 s (3H, OMe); 7.05 d (2H, CgHg) and 7.24 d (2H, CgHq). 13c(lH)

NMR (CDCl3): 6 5.00 (MeCN), 10.03 (CgMeg), 55.80 (OMe), 106.3T

[ S

(CgMeg), 115.68 , 121.95, 123.95, 161.79 (CgHg), 142.77 (MeQNY —  —
and 195.94 .(CO) (all resonances appearéd as singlets): 14y NMR |
(acetone/acetone-dg): 6«-256.4 br, s kgpﬂe); ~135.0 br, s (Ng)
and 6.9 br, s (No). 15N NMR for 1la-15N, (acetone/acetoﬁe-ds); s
—6.0? SATTEE:3. MS (FABf.xenon;,sulfoléne): m/z‘526 (527 in lla-
.15Ny) (M* of cation), 485 (486 in 112-15N,) (M-NCMe)*. Bnal.
Calcd. for lla: C, 39,2i§ H, 4.68;YN; 6}86.°Found: c, 38;77; H,

4.18; N, 6.63.

Photochemical Reaction of 13 in Acetonitrile

o

About“ﬁﬂ mg of la were‘dissolved in 20 mL éf freshly | ) v‘%4
distilled acetonitrilevand,frradiated through a quartzvtubé at i
room temperaturé for 30 min. During thé‘photblysis'a slow-fiux; )
of Np was maiﬁtained.‘Affér this time, the IR spectrum of fhe
solution showed'a 25% conversion of la into the acetonitrile

~ complex lla. The residuai brown solid was dissolved in CHZCId::Bfk
Siow‘additidn of ether precipitated a dérk red solid which showed =
in tﬁe IR spectrum (in CH,Cly) the same la-lla ratio observed in

acetonitrile. Crystalliiation,from acetone-sther (5:1) at -780C . o
: , «



or extraction with THF)showed kby IR) thevéame‘ratio of pfoducto.

Tho‘remaioing 10-mL of the ocetonitrile solution wefe
irradiated for an additional 2 h under the same cooditions.-After
this,timé a dark-brown solution was obtained which showed in the
IR spectrum oﬁly;woak absorptiono for lla. Evaporation of the

solvent gave a dérk-bfown solid from which ili could not be .

éeparated.

Préparation of [Cp*Re(CO)(NCPrn)(nrNQC5H4OHe)]fBF4] (11b)

This compodhd wasfsynthesized analogouoly to lli using'n—
buty{onitrile (NCPrn) as a solvent. From 100 mg (0 167 mmol) of
la (in 8 ;L of NCPrR) 73 mg of lih (68%) were obtained as a red—“
,orange'solid which decomposed above 98°C. IRﬂ(CH2C12): 1962 vs
D(CO), 1660 s »(NN), cm~l. 1H NMR (CDCl3): & 1.11 t (3H,

NC(CHp) 2Me), 1.7é/oex.,(2H, NCCH,CHoMe), 2;15 s (ISH; cp*), 3.46
t (2H, NCQﬂéCHzHe), 3.85 o (3H, OMe), ? 05 d (2H, C5H4); 7..27 d' 
(2H, CgHg). MS (FAB, xenon, sulfolane): m/z 554 (M* of cation),

485 (M-NCPr™)*. Anal. Calcd. for 1lb: C 41 75; H - 4.53; N; 6.56.

Found: C, 42.03; H, 4.88; N. 6.54.

Preparation of [Cp;Re(CO)(NCPfi)(n:N265H4CHef]fBE4] (1ag)

This complex was prepared in a 51milar manner to 11§_using
iﬁgrbutyronitrile {NCPri) as a solvent ‘From 100 mg (0.167 mmol)
of la, 65 mg (623) of llg were obtained as a dark—red solid H p.
slow decompoéition above 80°C. IR (CH2C12)' 1959 vs v(co>, 1658 5

V(NN), cm~l. 14 NMR (CDCl3): & 2.10 s (15H, Cp” ) 2.19 d (6H.

J
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CHMeg), 3.60 br mult. (1H, CHMez), 3.82 s (3H, OMe), 6.98 d (2H, =
CeHg), 7.22 @ (2H, C6H4).7HS (FAB, xenon, sulfolane): m/z 554 (H*r
of cation), 485 (H—NCPri)+.-Anal. Calcd. for llg: C, 41.25; H,

4.53; N, 6.56. Found: C, 41.48; H, 4.43. N, 6.64.

Preparation of [Cp*Re(CO)(pue3)(prnzcsuqoue)JIBF;] (12a-15N4)

The écetdniﬁrilercomplex;llg or 111;15N¢'(500 mg,:0.§16 mmoli\
in écetone (40 mL) dag stirred with ah excess gé Pge3 (0.1 mL).
The reacti;n was followed by IR spectroscopy until all the acetoz
nitrile complex reacted (da, 4:h)TiSdlveqt was pumped off, the
orange oily sdlfd then 6btained was washed'fhree times with ether
(30 mL) and dried under vacuum for 2 days. Yield: 475 mg (90%) of
Ehe prodﬂet 12a orflzi-lsNa as an orange solid. M.p. 169-171°C.
IR (CHpClg): 1949 vs (CO), 1677 s (1642 in 12a-15Ny) »(NN), cm™l.
1H NMR (CDCl3): 6 1.88 d (J= 10.69, 9H, PMe3), 2.19 a (J=0.52,
15H, Cp*), 3.86 s (3H, OMe), 7.02 d (2H, CgHg) and 7.16 d (2H,
C6H4)%§13C{1H} NMR (CDCl3): 6 10.72 s (CgMeg), 18.45 d (J= 39.14,
PMe3), 55.81 s (OMe), 106.24 s (CgMeg), 115.56 s, 119.50 s, 122.63
s, 162.10 s (CgHy) and 201.24 a (J= 12.16, CO). 14ﬁ NMR (acetone;
acetone-dg): & _126.0 br, s (Ng), and -1.9 br, s (Ng). 19N NMR for
12a-15N, (acetone/acetone-dg): & ~0.64 s (15N§i. 3lp NMR (CDCl3):
§ -30.39 s (PMe3). MS (FAB, xenon, sulfolane): m/z 561 (562 in

12a-15N,) ¢M* of cation). Anal. Calcd. for 12a: C, 38.95; H, 4.79;

N, 4.32. Found: C, 38.37; H, 4.82; N, 4.30,
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preparation'of'[Cp*Re(CO)(P(and)a)(gruzcsu4oné)1[§F41 (12b)
A procedure similar to that for the preparation of the PHe3

complex gave the neu tri(nfbutyl)phosphine complex 12Q in 81%

yleld as an orange solid which melted at 1250C.. IR (CH2c12): 1949}”¢]J”

vs D(CO) and 1679 s »(NN), cm~1l. lH NMR (CDC13): 6 0. 95 & (9H,
‘ P(CHZ(CH2)2H13), 1.46 m (12H, P(CHpCHCHpCH3)3), 1. 97 m (6H,
P(CHz(CHp) 2Me3)3), 2.17 5 (15H, Cp*), 3.88 s (3H,_one), 7.03d

(2H, CgHq) and 7.19 a (2H, CgHg). 31P NMR (CDC13): 6 -2 52 s’

(P(p-Bu)j3). MS (FAB, xenoc:, sulfolane). m/z 687 (M* of cation)qA LT

Anal. Calcd. for 12b: C, 46.57; H, 6. 34 N, 3.62; Found C,

46.35; H, 6.47; N, 3.63.

Preparation of (Cp Re(CO)(PCy3)(nrN2C5H4OHe)][BF4] (12¢)

This complex was synthesized analogously to 123_as an
orange-red solid in 83% yield. H.p.loz:l04°C IR (CH2C12) 194O
vs »(CO) and 1677 s D(NN), cm~1,. 1y NHRkiCDC13) 61.30 and 1.80
both multiplets (" 30H PCys3), 2.15 s (lSH, Cp ), 3 88 s (3H
OMe), 7.04 d (2H, CgHg) and 7.17 @ (2H, C6H4).u3lR”NHR (cnc13): 6
22.03 s (PCyy). Anal. Calcd. for 12g: C, 50.10; H, 6.45; N, 3.29.
Found: C, 49.70; H, 6.20; N, 3.60. B |
Preparation of [Cp*Re(CO)(PPha)(n782C5H40He)l[BF4] (121))7

This complex'was prepared similarly to those previously
described. After reorystallizationafrom CHaCly-ether 124 was
obtained in 70% yield as orange @icrocrystals which melteo at'e

2300C. IR (CHaClz): 1954 vs »(CO) and 1685 s »(NN), cm*l."luinukf




S 106 — i

(coc13¥$ é;2.12 s (15H, Cp*), 3.89 s (3H, OMe), 7.08 d,(zﬂ;’C5uqii’m;”"
and‘7.3017}51 m (17H, PPhj + CgHg). 31p NMR (CD¢13): § 13.1 s
-(PPh3): ﬂijFAB,xenoh, sulfolane): m/é 747 (M* of cation). BAnal. -
Caiéd.rfofflzg: C, 51.86; H, 4.44; N, 3.36. Found: C, 51.79; H,

4.74; N, 3.31.

Preparation of (Cp*Re(CO){b(ouéi3)(gruzcsuqoue)1L3F41 (128) and
(12e-15Ng) . | 7

This complex was prebé;éé‘ﬁdilowing the same procedure used
for 12a.and 12a-15Ny in 75% yield as an orange solid. M.p. 1080C.
IR (CHaClp): 1965 vs »(CO) and 1689 s (1650 in 12e-15Ng), cm-1.
1H NMR (CDCl3): 6 2.17 d (J= 0.69, 15H, Cp”), 3.78 @ (J= 12.18,
9H, P(OMe)3). 3.86 s (3H, OMe), 7.04 d (2H, C;H4) and 7.20 d (2H,
CgHg). 13C{lH) NMR (CDCl3): 6 10.32 s (CgMeg), 54.68 d (J= 6.76,
P(OMeY3), 55.90 s (OMg), 106.91 s (CgMeg), 115.85 s, 118.64 s,
123.31 s, 162.52 s (CgHg) and 199.01 A (J= 19.63, CO). 15N NMR
for 12e-15N, (acetone/acetone-dg): 6 -1.97 s (15Ng). 31p NMR
(CDCl3): 5 108.79 s (P(OMe)3). MS (FAB, xenon, sulfolane): m/z
609 (610 in 12e-15N,) (M* of cation). Anal. Calcd. for J2e: C,

36.26; H, 4.46; N, 4.03. Found: C, 36.39; H, 4.38; N, 4.26.




107

A ' S .-

CHAPTER V

Cw

Pnn:a-athylcyciopchtadxanylrhgnfuu Dinitrogen Complexes

5.1. Introduction )
Rbenlugfdinitrogan conpleke# have been known since 1963% when

Chatt, Diiégrtb and Leighld® ¢i1rat reported the synthesis of a

series of sichoordénated rheniur (I) dinitrogen ccmplQres of

general formula trans-ReCl{N2)(L)p(L*)4q.n (L= mono or bidéntate

" phosphine, L= L' or CO or PF3). These complexes vere prepared by _7  '

the degradation of a chelated benzoyldiazenido complex, ReCl,

{PPh3)2{N,COPh). Some of the reactions are shown in Scheme x

dppe , Recl(n,)(dppe), .
MeOH '
P?hj \
Cl } H— N : , .
it ) PR . ReCL(N) (PHe,Ph),
a | So—c_ oo |
Ph .
FPh
3
. \ o
PF , . X
3 . ReCl(Nz}(?Ph3)2(PF3)2
MeOH :
Scheme X

Since methylbenzoate was also a product, a nucleophilic
attack of methanol or methoxide fon on the carbonyl carbon was

suggestad to be one of the steps of these rcactions.7; However,

.
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the éomplete mechanism of the reictioq remains unclear.

A dlfferéni roﬁte :9 prepare agglogoug comélexeg involved
the reaction of the ammonium salt of enneahydridbrheﬁste(VII)'
{HH412}R¢H9) with two equivalents of dppc in 2-propanolﬂﬁnder‘
"dinitrogen to give the rhenjum (I) hydridodinitrogen conplex
f{ReH(Hz)(dppe)Z 150

The compaund CpRe(CO)z(Hz) has been prepared by controlled
okidation of CpRe(CO)g(Nqu) with Hp0, in the presence of copper
(II) saltslBl or by displacement of Ehe labile THF llgand in CpRe
u(CO)z(THF) by dinitrogen under high pres;ure 152

More recently the air-stable cationic complex [Re(Nj)
(P!'!e'3)5]+ has been synthesized by reaction of ReCl(PHe3)£ vith‘uz
in methanol.®3 It has been proposed that ReCl(PMejlg in methanol
dissoclates to give [Re(PHe3)5lC1 which further reacts with.
dinitrogen at 1 atm tO*producer[Re(Nz)(PHg3)5]*.59

ks mentioned Ln,Chapter_I,“CpRe(CO)z(Ng) has also beén
preparaé in our laboratory by the reaction of the cationic aryl-
diazenido complex [CpRe(CO)z‘(HzAr)l+ with éome nﬁcleophiles.q'lo

Using‘basically the last procedure we have prepared the
p;ntamethylcyclopentadienjl analogue Cp'Re(CO)z(Ng)'(lggi-ffom
the'gicarbonyldlazenido complex la by reaction with NaBHé or t-
Buﬁ;, Fu:£hermore. we have extended this method to the syﬁthesis
6£“;'ne§'series of carbonylphosphinedinitrogen complexes Cp'Ra
(CO)(PR3)(M3)., 13b R= Me, 1l3¢c R= p-Bu,  13d R= Cy, lle R= Ph and
13f R= OMe. The synthesis and Eull characterization of these

“

cn-piexes are discussed in this chapte:.



~

5. 2 Synthesis and Characterization,

' The dinitrogen complexes of general formula Cp Re(CO)(L)(Nz)

with L= CO 13a and L= PR3 l}p ~f (R— Me, anu. Cy. Ph and OMe) were ‘
synthesized by reaction of the respective cationic aryldiazenido
complex [Cp Re(CO)(L)(Q,-NZCGH.;OHe)]+ with an excess of reagents
such as NaBH4 and t-BulLi for L= CO and RL1 (R= He and t-Bu) - forv
1§§;f~(uethod 1). In all cases the dinitrogen complexes were
obtainedwas pale—yeilow solids analytigally and spegtrescopically R
pure. | o ‘ B

BHg™ could only be used in the formation of CpiRe(COig(N25‘

since, in reaction with the carbonylphosphine diazenido complexes

123 and 124 cleanly gave tne hydride complex Cp*ReH(COI(NéAr) <"w{

with no observable intermediates. In reaction with the dicarbonyl-
diazenido complex la an intense red color ﬁas:initiallx formed
that we believe to be the aryldiazene compTEr‘Cp*Re(CO)z 7
(R-NHNCgH40Me) fIR(ac;tone): 1914 and 1850 cm~1) whichethen
generates the dinitrogen complex l13a with some Cp*ReH(CO)(Q—>
No,CgHsOMe) (4). Reaction -of [Cp*Re(CO)(L)(NzAr)]+ with RLi
apparently nroduces no IR detectable intermediates. Howeyer, a
second p:oduct was‘formed in competition with the dinitrogen
complex Cp*Re(CO)(L)(Nz). We tentatively aSsign.this compound.ag"
the hydrazido (2-) complex Cp*Re(CO)(L)(NN(R)Ar).’In addition, a<?’
second method was used to prepare the diéarbonylrdinitrogen

cemplex 11;, This is similar to that used by Sellmannhto,prepare-
CpRe(CO)2(N2),152 and involves direct reaction of Cn*Re(CO)z(?HF)

(readily synthesized in situ by irradiation4of Cp*Re(CO)g in THF)
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and d1n1trogen under hlgh pressure One problem associated with
this method is the: dlfflculty in separating the dinitrogen complex
from the?resmdual trlcarbonyIHCOmplex, since both species have
‘closely simlﬁar molecular weight and properties. Hdweﬁer, this
method'is guick, and 1s~preferred for the preparatlon of l}a for
use in reactions where the Cp” Re(CO)3 present is 1nert and can be'
recovered (see Chapter VI) ..

The new d1n1trogen compIexes (l}a f) are very soluble in the
majorlty of organlc solvents. As sollds, they can be exposed to
air for short perlods of ‘time without appreclable deterioration
-and can be stored indeflnltely at 1ow.temperature f~150C) underr
Ng.'In‘solution they are more senSitive to air,:ESpecially, the
phosphine ones. However, sblutions dnderAﬁz can be handled for‘at
least one day. at room temperatureryithout vlsible decomposition.

In the IR spectra:df these dinitrogen complexes the v(NN) of
the N2 ligand is observed as a strong absorptlon in the 2125- 2030
" emTl region (Table V). This reglon is typ1ca1 for P(NN) of n

terminal dinitrogen complexes where the Njp ligand is coordinated

in an end-on (Ml) fashion as shown below.

The assignment of »(NN) has been confirmed by 154 isotopic
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substitution at Ny in 13b and lgivand at both Ny and “b positions
in lliy(see below)' In the three ‘cases a shift of v(NN) by 33

cm~! to lower wavenumber was observed This shift is similar to

__those observed in the complexes RhCl(PPr31)2(u2), Ap(NN)=~p(1ﬂul4N)}
 ~ »(15N24N)= 35 cm™! 54 and in CpRe(CO)3(N3), where ap(NN)= 33
em~1,27 | -

Curiously, the »(NN) absorption of the triphenylphosphineé ‘
(l13e) and trimethylphosphite (13f) dinitrogen complexesjocodrs'as

two closely spaced bands in non-polar organic solvents suoh as

hexane and cyclohexane. In the former case the strong band at 2058
cm~1 is accompanied by a medium absorptionrat lower‘wavenumber,

2045 cm~l. In the latter the strong band at 2066 cm~! has. the

)

medium intensity band occurring at higher wavenumber, 2078 cem~1
(Fig.8). Interestingly. exactly, the same'pattern is observed in |
13£-15Ny, but shifted by 34 cm™l (see Fig.8). Thus, both

absorptions are shifted to lower wavenumber and on_this basis .
both must be assigned to P(NN). Variable temperature IR stodies
using solutions of 12; in pentane show that the relative peak

heights of these components vary from O. 5 1 at —100°C to 0.73:1

at room temperature. The relative heights in cyclohexane at&room

temperature and +60°C show no 51gn1f1cant change in the ratio
The origin of the additional "P(NN) absorption in these complexes
will be considered in the Discussion section.

In the »(CO) region the carbonylphosphinedihitrogen
compleses show a single and very strong absorpition between l878

and 1856 cm~l (Table V). However, l3e and 13f show a second
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(15nM) (213£-15N,). .
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unresolved v(CO) band whlch appears as a shoulder This is
illustrated in Figq. 9 for lii The dicarbonyldinitrogen complex

- 13a, as expected, exhibits two very strong v(CO),absorptlons at

1953 and 1901 cm™1 in hexane solution.

The lH NMR spectra of these compouhds show no'unusual
features. In general,-a single resonance or doublet with very
small coupling to phosphorus (Jpy= 0.7) ls observed for the Cp*
groups (see Table V). The presence’of the phosphorus llgands.in
13b-f is clearly observed not only in the 1lH NMR spectra but
also in the 31p NMR spectra where a single resonance is observed
in all the cases (Table V). In the 13C({1H} NMR spectrum the |
carbonyl carbon resonance occurs at low field (& (13co): 200-
210); it is a single line in }13a apd a doubletlfor the phosphine
oomplexes as expected (Table V).

) Three of these compounds (l}g, 13b and l13f) were also
studied by 14N and 15N NMR. In the ;aN NMR spectra the dlcarbonyl
d43Ja, trimethylphosphine l3b and trlmethylphosphlte 13f exhibit in
each case twd broad resonances at about & -110 to -90 and & -30
to -28 assigned to Ny and Ng respectively. The former assignment
was confirmed by recording the 15y NM? spectra of 11Q715Nq and
;Qﬁ—lqu and in both cases a sharp line, with no couplinggto~
phosphorus was observedjin almost exactly the same position as
the 14N resonances observed for 14N, in the unehriched samples
i.e. 6 -110 toi—SGr(see Table VI). Furthermore, the position of
N, and ﬁB resonaudesﬁare in thevregion observed in other studies

of dinitrogen complexes by 15NnNHRu27'52'66'76 Some of these
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exampleé are included for comparisan in:T}ble VI.

Unexpectédly the présencé of tﬂorlsN tesonancesroffequal
intensity (corresponding unequivocally to 15N ana'15NB) was f
observed in the dLCarbonyldxnztrogen complex 13 -15y but not in
the two carbonylphosphine complexes (1§g715Nu and ;g;:l5uq)
'examined._Howéver; as was mentioned before, all these complexes
were prepared by the same précedure fréh*the cétiohfc dicarbonyl -
oy‘carbOnylphosphine-aryldiazenido complex labelled specifically‘
at Ng i.e. 1a-15N,, l__ 15N, and lggflqu, using t-BuLi. For la-
15Nq, NaBH4 was ais used with identical results. Evide#tly, in
the case of 1;515Nq?\¥he réaction‘ﬁrocgeds with scrambling of the
15§ label equally between the No and N, sites in the dinitrogen

ligand (Eq.21).

!

: * V ok *
Cp cp ‘ Cp
| F NaBH, or : | : - | v
Re-—N—N > Re + Re .
/| \_ t-BuLi I N\ 1N,
- : oC 8 NN oC 8 N® Eqg.21.
{..

Analogous reaction of the carbonylphosph1neary1d1§zen1do_
complexes (12a-15N, and 12e-15Ny) with t-BuLi gave only the
dinitrogen complex labelled at»Na position. ﬁ

Further characterization of thése dinitrogen complexes wa;
obtainéd by mass spectra. In all fhe cases the molecular ion was
observed as a weak peak and the base peak was the loss of the.

dinitrogen ligand (M-28)%:; this was confirmed by the loss of 1¥NN

i.e. (M-29)* from 13a-15N, 13b-15N, and 3ee15Nq
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~ The No-ligand in'the§e pentaméthylcyclopéntadienyl complexes

;bpears to be iher£ to ligand ekchange. Thus, ﬁexane soiutions.of

1}§fl5N and 11§—15Nq saturated with 14N2 at room temperaﬁﬁre show

- no observable v(14N15N) IR abéorptions for 13a and l13b » '

respectivély, even when pressurized to 2000 psi of 14N2 for 24 h;
similar behaviour is observed in the cyclopentadienyi:complex -

[:}

CpRe(CO)z(NZ); The dinitrogen ligand is not displaced by PPhj in

13a, 13b and l3f even after stirring for one day at room temperature .

in ether solution, whereas in CpRe(CO),(Nj;) the Ngo-ligand is

completely displaced in 6 h under similar conditions.

5.3. Discussion
The synthetic method used for the preparation of the cyclo-
pgn£adienylaicarbonylrhenium dinitrogen complex CpRe(CO)5(Nj) by
reaction of [CpRe(CO)g(NgAr)]+ with somé nucleophiles,9 hag
allowed us to synthesize not only the pentémethylcyclobentadienyl—
dicarbonyl analogue ilﬁi) but also the new carbonylphosphinédi-v
(nitrogen complexes Cp*Ré(CO)(PR3)(N2) {13b .R= Hé. l3c R=‘anu. 13d
&rhcl,}lgg R= Ph and 13f R= OMe) using the corrésponding aryldi-
azenido complex in reaction with alkyllithiums. The sxnthesis of
the phosphinedinitrogeﬁ complexes 13b-f by this method is remark-
able as wesdo no*t expect these types of dinitrogen complexes to be
‘ prepared by conventional carbonyl substitution +in Cp Re(CO)g(Ng)
undeq thermal or photochemical conditions, since the szligand

ought to be preferentially substituted.

The new dinitrogeh complexes }l3a—-f provide, in addition, a



very coﬁueniant starting point for the Synthesis of other

compounds containing the Cp"Re(CO)(L) fragment as will be see ih"

the following chapters.

In general., these complexes exhibit spectroscopic properties

‘o

(espaclakly IR and nitrogen-NMR paraaetersi ‘comparable to those

onaerved in a large number af mononuclear dinitrogen,complexes of

¥

ttansition metals.1 % For example, the IR spectrum of tha d;car~

bonyl dinitrogen complex. lija can be compared with the known cyclo- Vf."

pentadienyl fnalcéue CpRe(CO)5(M3). As gxpeétgd. the(u(&ﬂ) and - .
¥(C0O) values of jJa (see Table V) are cansiségﬁtlmxlower thaﬁj
those observed for the CpRe(CO)p(Ny) (2141 V(NN), 1970, 1915
2(C0), cm~}, in hexane)3-151 ang are indicative of the greater
eiectron releasing ability of the Cp ligand A similar trend has
been observed for the complexas { 1~aryl)Cr(CO)o(N3), ary1~ CgHg -
C5H3ﬁ£3 ahd CgMeg . 153 Unfortunately, there are not at present Cp
analogues ef the Cp carbonylphosph;ne ddnitrogen complexes (1ib-£)
to use for a.ﬁofe general cohparison Hauevér. the relative otder
of o-donor {or x-acceptor) abilities of the phosphorus ligands

are reveaied in the decrease in both. V(NH} and- v{CQI as tbe

phosphine is varied from P(OHng. PPhj, P(n—aulg. PHe3 to PCyg

{Table V). According to tbe electronwrichness and ~-pcn:u*mns:s

‘criterion used by Chatt et al. 53*55 the dicatbonyl complex Llﬁ‘k’bf:

is the most é}actgon poor 1vcun)w 2124 cm~l) whereas the gyc;d~f§ 7x“’

hexylphosphine 134 is the most electron-rich (p(NN)= 2030 cm™1).
It was pointed out in the characterization section that.

twn\resfivcd V(NN) absorptions occur in the IR spectra of the
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’trxphenylphosphine 111 and triphenylphosphite l;i (along with an

unresolved shoalder in v(CO)), whereas the spectra ‘0f the PHe3,

P(anu)3 and PCy3 complexes (ljh, lig and 134) show no such

complication These secondary v(NN) absorptions might be expected

to ocdur as - a result of (a) the presence of an impurity havlng

v(NN) in the region simllar to the phosphlne complex, perhaps

Cp Re(PR3)2(Nz) or Cp Re(PRg)LNzlz or (b) the presence of a

second isomer, or conformer. The presence of an impurity can be

’eliminated since repeated crystallization of both complexes does

not alter their .IR spectra. Furthermore, the lH, 13cC and 31p NMR

. spectra of these complexes show‘gnll the presence of a single

compound.

These results lead us‘fo postulate that isomers or conformers
areypresent in solution fog;th%se dinitrogen complexes..
" An examination of the literature on carbonylphosphlne and

carbonylphosphite metal complexes revealed numerous examples of

the occurrence of secondary v(CO) absorptions.ls“‘157 These have

"been attributed to the presence of two conformational isomers in

solutions. IE appears virtuallf definite that we are observing a:
slmilar effect in the p(NN) absorption in our complexes. The
complexes 1l3e and 12§<therefore appear to proQide the first
documented examples where conformafional effects are ooservedvin
v(NN) of dinitrogen complexes, thoogh it should be mentioned tnat
two V(ﬁN) absorptions were cited to occur for the complex trans-
[ReCl(Ng)(PHeZPh)4]+ (2040 and 2010 cm‘lf in CHCl&),'but without -

comment.”’1
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-The most closely comparable carbonyl complexes in thef

literature exHibiting this'effect (ie., examples contalnlng the

‘CpH(CO) fragment with P(OHe)3 or PPhj coligands) are (C5H4He)Fe

(CO) (P(OMe)3)I and (CgHqMe)Fe (CO) (PPh3)I.157 The former exhibits

v(CO) absorptions at 1978 and 1966 em~1l in n—heptane solution with

an intensity ratio of 0.49:1. On cooling to -800C a 0.29:1 ratio " :
was then observed.157 Slmilarly. in the (C5H4He)Ee(CO)(PPh3)I
complex the p(CO) absorption is split‘in n-heptane soldtion (1961,
1955 cm™l in a ratio 1:0.8.157 Furthermore,VCpFelCO)(CN)(PPh3)
shops an asymmetricvv(CO) atbl969 em~l in CﬂCl3 SOlutiom.lss
Another relatedrsystem where comparable effects have been obserVed
is (1,6+c7ﬁg)uo(c0)2(P(oph)3).158

Considering first the P(OMe)3 case, it has been commonly

found by crystallography that the P(OHe)3rligand‘can adopt a "two"

 down-one up"'arrangement of the methyl‘groups.154a The asymmetry

observed in the SOlld state for Ru(CO)4(P(OHe)3) is also malntalned

(on the IR time scale) in solutlon since, the equator1a1 CO groups.

give rise to two 2 (CO) absorptiorls.154a On the other hand, thei
. v ~ 7

reverse arrangement, e.g., "two up-one down", has also been obser-
ved, in the solid state, in crowded molecules such as Hi(P(OHe)3)4
Br. 154b In addition, in both arrangements the oxygen atoms are

x

commonly dlsordered (but usually not the methyl groups).

"In the case of the trimethylphoSphite complex ljj, considering

steric hindrance of the Cp* group with the methyl groups of the

P(OMe)3 a "two up-one down" arrangement seems the more»plausible;

Coupled with oxygen disorder, this would give the two conformers,

e



which are shown in Newman projection in Fig.10.

Fig.10. Conformational isomers of the tr1methy1phosphited1—

B nitrogen complex Cp Re(CO)(P(OHe)3)(N2) (13f). The posi-
tions of the Cp » Ny, CO, and methyls are identical but
the oxygen positions are disordered with respect to the
P-Me vectors. :

-If the two different conformationel isomers for complex
13f (Fig.10) are present in solution, two different v(NN) absorp-
tions would be generated as is observed. Therpresence of a secebe f
conformer is also revealed in the shoulder in the p(CO) band o%h
this complex (see Fig.9). Upon cooling to —llOOC in pentane

solution this shoulder disappeared and at the same time the inten-
N -

sities of the »(NN) absorption at 2066 em"l and »(CO) at_1878'cm’1'

were increased by about 25%, indicating the preferential population
of one conformer at low teﬁEeratﬁre.

Turning to the PPh3 ligand, as was anticipated conformational
effects have also been observed in other‘friphenylphosphine-

containing complexes.lss'157 In these cases restricted rotation

about the phosphorus-carbon bqnd (ring flip) has been proposed to ¢

’generate different conformers in sdlution.1§§'159‘The phenyl rings

L
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e

:, of the PPhj Iigahd,‘can adopt a "propellef—like" conformation o ;;\
| whichimay be th;£ of/é right- or a»leff—handed helix as shown in
. _Fig.ll for Cp*Re(CO)(PPh3Y(N2), These two conformers are believed

to ke responsible for Ehe obs;rved two P (NN) .absarptions and the .

vasymmetry.obsefveg in »(C0O).

Fig.11. Conformational‘isgmsrs of the'triphenylphosphineéi—
nitrogen complex Cp Re(CO)(PPhj3)N9o) (l3e). .

In the léé NMR spectra of these diniffogen coﬁplexeé k;gpr)4
the replacement of one'éarbonyl in ;;g by a phosphorus ligand
producgf a low—-field shift of the carbon*;esonancevof the remain-

«"ing CO group. (see Table V). This trend is similar to that
Qbserved in the aryldiazenido precursors which was discussed in
the preceding chapter. 'A similar effect is also observed in the
Ny (13N or 14N) resonance of the N;-ljgand in the 14y or 15N NMR
spectra (see Table VII). In contrast, the resonance for Ng

——Temains unchanged. Therefore, varying the electron density on fhe

i me£31 produces .smaller changes in & (Ng) than those observed in ¢
(Ng). This is consistent with previbué results covering a wide

range of dinitrogen complexes so far studied by 5N NMR
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'Table VII. Chemica} Shifts of the Carbonyl Carbon Resonancé and
' Ny Ng Nitrogen Resonances of the Dinitrogen Complexes.

Cp*Re(CQ)(L)(Nz)‘flé (13co)a 8 (NyP 8 (Nyb

— L=c¢C0 . 200.08 ~110.9 (-110.9)C  -28.1 (-26.0)
I. = P(OMe)j 204.90 -98.2 (-98.3) ‘ (-30.5)
L =

PMeg - . 207.16 * =90.7 (-90.2) (-29.4)

[
-

o

4 In CDC13~solution. b 1n acetone/acetone-dg solution. € Data
in parentheses is from 14N NMR.

sp'ectroscopy.52'76 Some of these complexes are listed in Table VI.

o

The mechanism of the reaction of the cationic aryldiazenido
complexes with BHgq™ or RLi to produce the dinitrogen complexes
(Eq.22) is npt yet understood, but some preliminary suggestions

<

can be made.

» »
Cp - Cp
| + BH4 or. |
i Re=N=—=N . > Re + Organic and/or
7 | \ KRB ’/I N\ Organomet. Products
oC L Ar ocC L N2 :

"Eq.22.

First, we will consider that.nucleophilic attack on the
& - .

cationic aryldiazenido complex occurs as a first step, which may

be” followed by some type of rearrangement to give the Nj-complex.

If that is the case, several sites of possible attack can be

considered (Scheme XI).
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In (i), attack at the Cd group to form the,acylv6r'formYl
complex, and in (ii)~attack at the metal, with substitution of
ligand L, produces’E\monocarbonyl'alkyl or hydride complex. Alter-
natively, if attack occurs at the aryldiazenido group, there ‘are
three potentiei sites for nucleophilic attaek: (iii) at Ny to give
the diazene complex; (iv) at Ng to form the hydrazido (2-) complex,
and (v) at the ipso carbon of the aromatic ring to give the Néé
complex and)the substituted anisole. ,

Obviously, reaction (v) is the simplest mechanism to .
consider for the formatlon of the dinitrogen complex Ihdeed
te\g/type of mechanlsm was suggested by Chatt et al. to occur in
the only other example that we know of, in which a diazenido
ligand is transformed into dinitrogen.71 This is the reaction of
the aryldiazenido complex ReC12(PPh3)2(N2COPh) with phesphihes in
methanol, previousl} illustrated in Scheme X. It was suggested
that this reaction is initiated by nucleophilic attack of methanol
or methoxide ion on the carbonyl carbon since methyibenzoate was
also produced. ﬁsing methyllithium as‘ﬁﬁbleophiie only a small
amount of the dinitrogen complex wés formed, together.with decom-
position products. The efficiency of the reaction is very dependent
on the nature of the nucleophile, and on the phosphine 1igand$.71

—How these fectors influence the production of the dinitrogen
coanplex is unclear and so is the mechanism of the reaction.

In our case, coﬁparable factors determine the capacity of
the aryldiazenido complexes to produce the dinitrogen complexes.

b

On the basis of IR data and isolated products, it is clearly



evident that the course of the reaction is very dependent upon-
the ligand L and on the nucleophile used. For a better unders-
tanding, the reactions with BHy~-and alkyllithiums will be -

N (
considered separately.

(a) Reactions nsing BH4a™

Reactions of BH4™ with catinnic aryldiezenido.complexes were
carried ont with the diéarbonyl 1a and with two of the“phosphine
complexes: PMe; complex ]l23a and the PPL, complex 124. Compiex 1la

shows a veryrdifferent course of reaction from that of the

phosphines \13a and 13d.
The phosphinearyldiazenido compleiee 123 and 124 reacf clean-
ly tn give yellow solutions. from which the hydridQ'conplex Cp*ReH
(CO)(NaAr) 4 is formed by displacement jg the phosphine ligard.
'These,reactions'therefore seem to proceed by route (ii) in Scheme
Xi. The dicarbonyl la, on the other hand, reacts with BH4~ in
acetone to give a red solution having IR bands at 1850 and 1914
cm~l that we assign to the aryldiazene complex Cp*Re(CO)Z(NHNAr)
by combarison with a simiiar red intermediate CpRe (CO) 2 (NHNAr)
formed in the reaction of [Cpﬁe(CO)z(NZAr)]+ with BHq~.10 The
reaction proceeds further, with loss of the red intermediate and
the formation of the dinitrogen complex 13a and the hydrido complex
4. The latter can be synthesized by alternative routes (see
Chapter III) and has been shown not to convert to the dinitrogen
complex l3a in tne presence or absence of BHy ; so it cannot be

precursor to the dinitrogen complex in tnis reaction. In agree-
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' ' A
-ment, IR evidence shows that both 111 and 4 are formed competit- ,

ively. It is possible that the diazane complex is formed by route

(iii). However, attempts to isolate this compound were unsuccess-

ful due to its low thermal stability. Likewise, we had no success
in characterizing this complex by 1H NMR. v
- What is perhaps surprising is-fhat the dicarbonyl and

phosphine aryldiazenido cations show no evidence of unQergoing
reactione analogous to those of the closely related/nitroéyl
eomplexes [CpRe(CO)g(Nd)]+ and [Cp*Re(CO)(PPh3)(N0)]+ with BH4™
The former has been shoﬁe to be cap&?le of stepwise reduction of
the CO group by BH4™ to HCO, CH20H and CHg ligands.95 The methyl
derivative of the latter compound was prepared in a similar

manner.95 We observe no unaccountable p(CO) or p(NN) IR‘abedrp—

_tions, and furthermore we have synthesized, by an alternative
: ™

procedure, the methyl complex Cp*Re(CO)(He)(Q—N2C6H40He) to demons-

trate that it is not a product of the BH4~ reaction with la. Path-

way (i) therefore. does not appear to be followed.

Assuming that the reaction of la is analogous to the reaction

of [CpRe(CO)z(‘NZAr)]+ with BH4™ to give the diazene complex then
pathway (iv) can be ruled out. Thie‘constrasfs with the reaction
with MeLi where the hydrazido (2-) complex Cp*Re(CO)z(NN(He)Ar);
could be isolated (see below).

Although the simplest nucleophilic mechanism for -the
formation of the dinitrogen complex witthHq“is route (v), the
above evidence does not subport such a mechanism. Rather, the

.decay of the IR of the diazene complex into that of l3a suggests

et
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that the diazene complex is an intermediate in this reaction. GC

analysis of ﬁhis'reaction mixture indicated that anisole is

formed among other unidentified organic products.

At present‘we_do not know whether the elimination of anisole

is intermolecular or intramolgbﬁlar.ﬁﬂhen.the lsﬂq labelled

Adiazenido complex, liflqunwas used thérlabel was scrambled in

the dinitrogen product equally between the « and 8 positions (l3a- -

15N). If the elimination ofwt?isolé from the diazene complei.is

intramolecular this suggests the possibility of elimination ffbm

R

an m2-coordinated diazene "ligand (see Eq.23).

p—

-

. H . . .
Cp* - Cp 'SN/ Cp Cp
[ + BH, |_/ -HAr | . [
Re = N=N » Re ) Re + " Re
. 7 ' \A ) OC// \N C/' \N15 C/l \N
© o * o N o g N - ¢ N
Ar N

Eq. 23.

o

An m2-coordination mode of the diazene ligand has never been

observed. All previously reported aryldiazene complexeslhave béenv
shown, or are béileved to be, ﬂl-bonded to the metal. In the ca#e
of CpRe(CO)g(NHNAr) a m2-coordination mode was suspected but it .
coﬁld not be confirmed from the.spectroscopic data.

The additional péssibility fhatvthe label is scrambled in—
the dinitrogen comp;ex itself by a dissociative mechanisy cén be
ruled out since there is no observable exchange éf the 15N14y

complex (ljgﬁ}sN) with 14N2.

15

S

~l{f ;



~ (b) Reactions with Alkyllithiums -

Tert—butYilithium was used/in reactions with all the,éétidﬁic"

aryldiazenido complexes (lg‘and 125*3)5 In addition, reaetiens
using methyllithium were carried out with the df%arbonyl cation
la and the trimethyl and triphenylghosphine‘cations iﬁgiand'lzg.v
Here there is a much closer correépondence betngB the dicarbonyl
and -the carbonylphosphine in the product; that are formed.

tAcyl derivatives of the type Cp*Re(L)(COR)(NéAr) L= CO and}v
phoephine, R= Me or t-Bu, were never observed in reactions of the
cationic. ifyldlazenldo complexes (1;, 12a-£f) w1th alkylllthiums,
under any of the conditions used (pathway (i) 1n}Scheme XI). This
contrasts with therreaction between [CpRe(CO)zf&gﬁr)]+ and RLi
(R= Me, p-Bu and Ph) where the eorreSponding acyl‘derivatives
were formed in competition’with the hydrazido (2-)$éomp1ex CpRe
(CO)Z(NN(R)Ar) and the dinitrogen complex CpRe(CO)g(Nz).10

Next, route (ii) in Scheme XI can bepdiscarded since no
evidence was found for the formation of alkylmonocarbonyl complexes
Cp*Re(CO)(R)(NzAr) in reactions with 1a., nqr‘for alkylmonocarbonyl
'Er'alkylbhosphine complexes Cp*Re(L)(R)(NzAr) (L= CO orvphosphine)
in reactions with the carbonylphosphine cations. Furthermore. as
mentioned prev1ously we know that the methyl complex Cp Re(CO)(He)
(NoAr) synéhe51zed separately, is stable.

From the reaction of the dicaEBonyl cation la with MeLi in
hexane at room temperature the hydrazido (2—) complex Cp*Re(CO)Z
[NN(He)(Q—C5H4dHe)] was isolated in low yield and characterized

by IR, 14 NMR and MS (see Experimental Section). IR evidence for
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a eimilar complex using t-BuLi wae obtained (1935( 1861 cm'l,“fn
hexane) using the‘same'conditions. Therefore, tne reaction under
these conditions seems.to proceed.according to route (iv)»in
* Scheme XI. In both cases a small amount of the dinitrogen complex
133 was also formed Hhen the reaction of la with t-BulLi was
carried out in THF at 609C only a small amount of the hydrazido
(2- ) complex ‘was observed (by IR). The major product was the 3‘“
dinitrogen complex 1l3a, which was isolated in 31% yield‘ To
demonstrate that the formation of 1}; does not occur throughlo
decomposition of the hydra;ido (2-) complex, the compleif |
Cp*Re(CO)z(NN(He)Ar) was boiled in THF in the presence and in tne‘
absence of L—BuLi, in neither case was the dinitrogen complex
"observed. This clearly indicates that the formation of the di-
nitrogen complex and the hydrazido (2-)—complexes from the
reaction of la with alkyllithiums occur independently, and the

13

ratio dinitrogen hydraztéo (2 ) formed depends on the solvent and

temperature.

Reactions of the cationic carbonylphosphinediazénido complexes
12 with alkyllithﬂume‘seem to follow the same behaviour. For :
-e;ample; with t-Buli at 600C in THF solutlon’the corresponding di-d
nitrogen complex Cp*Re(CO)(PR3)(N2l was always the major product.
However, the IR spectrum of the crudevshoms, in addition to P (NN).-
and v(CO) of the dinitrogen complex, a weak or medium absorption
at about 1800 cm~1 which we believe is due to »(CO) of the‘corres?
ponding hydrazido (2-) complexes Cp*ReCO(PR3) (NN(R)Ar). These

species could not be isolated since they decomposed in the process
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of purification of the dinitrogen complex by column chromatography.

Reactions of the triuethyl or triphenylphosphine diazenido
complexes (124 or lzg)'with MeLi in THF, but at room temperature,
produced a red solution which contained the "hydrazido (2-)"
species in about 80% conversion (by IR), with the rest bging the
dinitrogen complex. However, these products were too unstable to
isolate. A partially purified sample derived from 124 (by extrac-
tlon in hexane) gave no satisfactory MS or lH NMR. Deconposition
'v'of these hydrazido (2-) complexes in hexane or CDC13 solution did
-not increase the amount of dinitrogen complex initially present.
Thi= again indicates that the behaviour already observed in the
‘dicarbonyl systemr;ith alkyllithiums is independent of the CO or
phosphine ligand in the precursor'cationic aryldiazenido conpler.
and in no case is the hydrazido (2-) compler a precursor to the
dinitrogen complex. GC and GC-MS anaiyses of the reaction of the
trimethyiphosphine complex 123 with t£-BuLi in THF at 60°C,
indicated the presence of several—orgaoic products. iny anisofe
has been positively identified from the analyses. None of the
)remaining products correspond to para- trbutylanisole, which is the
expécted product 1if nucleophilic attack occurred at the ipso
/carbon of the aromatic ring. Therefore, pathvay (v) in Scheme\XI
- can be ruled out. v |
In summary, the limited evidence presently availabie seems
to suggest that when BH4™ is used, the reactioouvitﬁ [Cp'Re(CO%z*
"(Nzhr)]* (la) proceeds by route (iii) with the formation of the

diazene complex Cp*Re(CO)z(NHNAr) which subsequently decomposes
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to the dinitrogen complex lja and anisole. Remarkably, the

substitution of one Cﬁ by a phosphine ligand appears to block

wthls reaction, as none of aither‘the corresponding dia;ene,or

\f‘ T ) ’ - .
diaitrcgen conplax is obseruad and instead the reaction proceeds

- - -

cleanly by route (ii) to :orn~thefhydrldofcomplex,Cp'Re(GO)(H)";

(NoAr) (4) by displacement of the phosphine.

¥hen ;«32L1 is ‘used the evidence indicates that a'hydrazidoj

(2- ) ligand is capable of being £ormed presumably by route (iv)
but that this is not an intermediate in the formation of the |
dinitrogen complex. The mechanism of this reaction,is still,far
from being understood andbsince anisole is obée:ve& in the

reaction also, it seems. likely that a radical mechanism is

iavélved?' -

5.4. Experimental Section

Manipulations, sol#éh£ purification, and speCtroscobic 3
measurements were done as described in Chapter ii. Variable
temperature infrared experiments were performed on a Bruker "IFS-
h‘)>85 FT~IR instrument (internally‘callbrated with a He/Ne laser)

using a Specac variable temperature IR cell. Hethyllithium (2.4 M
in ether) and';-butylllthlum‘(l.Qs ¥ in pentane) were purchased

from Aldrich-and used as received. . ' ,

Preparation of Cp*Re(CO)3(Nj) (13a) and (113r15N)' | .
Mathod 1. An excess of solid NaBH, (15 mg. 0.395 mmol) was

m’adduﬂ to a solution of Jla or lgflsﬂu (100 mg. 0.167 mmol) in
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acetone, or acetonitrilep(ls mL). An immediate ihtehee‘red'color
formad (lR, acetone: 1914 s} 1850'sl'cm'1) which gradually
decreased in intensity during 1 h of stirring at room tenperature
Hexane (30 mL) was then added, stirrlng was continued until the
red(color disappeared;f;;d'theksupernitant was yellow LR showed
- that this was ﬁainly:thevdinitrogeh‘compleX'uith some Cp*ReH(CO)
(NZAE)G(Q)LVChromatography oh a silica geljcolumn‘prepared in
lhexane with. hexane elution moved the dinitrogen complex (111) and
) the nganlc side~products A GC-MS ana1y51s at this stage showed
the presence of l}g, anlsolefand other unidentified organic
products Recrystallization from. hexane—pentane (1l:1) at ~20°C
gave the product as pale~yellow crystals in 44% yield (45 mg)
M.p. IQG—IQBOC. IR (hexane): 2124 s (2091 in 1}gf15u) V(NN), 1953
vs, 1901 vs, »(CO) cm~l. 1H NMR (CDC13): 6 2.07 s, Cp". 13c{lH)
NMR (CDC1%): & 10.36 (csugs) 96.23 (CgMeg), 200.08 (CO). 14N NMR
(acetone/acetone-dg): 6 —110.9 br}~s'(Nul, ~-26.0 br,e (Ng). 15y
NMR for 13a-15N (acetOne/acetone—ds): 6 -110.9 s (15Ny), -28.1 s
“ (15Ng). MS (EI): m/z 405’(¢o7 in 13a-15N) M*, 378 (M-14N,)* in
13a or (M-15N14N)* in 13g-15N. Anal. Calcd, for 13a: C, -35.55; H,
370 N, 6.9L. Found: c \35 62; H, 3.79;‘N;'6.58.
- ug;hgg_z._ Cp Re(C0)3 (600 mg, 1. 48 mmol) was irradiated in
300" aL of fresh distilled THF for 120 min at 0°C under Nj purge.
(This time is ‘sufficient to provide a reasonable conversion to
‘the Cp Re(CO)z(THF) complex without too much ensughg decomposi-

tion.) The volume was reduced to one-third under vacuum {rotavap).,

andjthen the solution was pressurized to 1500 psi using U.S.P.



grade‘nitrogen (Linde—Union Carbide)'in a Parr bomb. at room
temperature for 24 h. An IR spectrum showed the disappearance'of
all the,Cp*Re(CO)g(THF) complex and v(CO) absorption from only

Cp*Re (CO) 2(Nj) and'residual Cp*Re(C0)3 The brown SOlution was

evaporated under vacuum and the residue redissolved in CHZCl% and

chromatographed on a silica gel column prepared 1n hexane Hexane °

eluted a pale—yellow band from which was recovered 320 mg (53.3%)

of a pale-yellow solid mlxture of 111 and Cp Re(CO)3 in about 3:2

ratio (by IRT{/;ext hexane-dlethylether (1:1) eluted a golden
yellew-band of Cp Re03ffformed as a result of 02 impurity in the
N7, see Appendix l) and then an orange band containing _ |
Cp*,Re,(C0O) 3 and Cp*Rez(c0)5.144 Finally, anpunidentified‘purple
band was eluted by using diethylethere The mixture of dinitrogen
and tricarbonyl complexes could not easily be separated hy column

chromatography and was used as such in further reactlons.

Preparation of Cp“Re(CO)(PMe3) (Nj) (lgg) and (1gnrl5u )

The trimethylphosphlne cationic complex 131 or 123:15Na (150
mg, 0.232 mmol) was dissolved in freshly distilled THF (Sp mL)
and heated at 600C, then an excess of,;4butyllithium (0.5 mL.

Q.975 mmol) was added by syringe. A fast reaction . took place and

-

the color of the solution changed from orange-red to light brown.

The IR spectrum of this mixture showed the total disappearance of

the cationic complex and the presence of absorptions due to the
dinitrggen complex. In addition~a third medium intensity absorp-

tion was observed at 1850 cm~l (in THF)’believed to be the p(CO)
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of the hydrazido (2~ ) complex Cp Re(CO)(PHe)(NN(LrBu)(nrN2C6H4OHe))
'After 15 min of stirring at room temperature- the volume was
'rpduced to one-tenth under vacuum. Then one droe/pf water was
‘added/to hydrolyse the unreacted ;fbntylllthium and the nixture ‘
'stifredbfo;_s min.,Diethyiether‘(SO mL) was-added, stirred for 30
min and the golution f;lfered thfough a short colunn pf Ce1ite— :
neutrai alumina. Evaporation of the solvent under reduced pres;.
sure gave a pale-brown oily solid which was chromatogranhed onea
neutral alumina column (prepared-in hexane). Hexane elutien moved
the dinitrogen'complex‘and tnevbrganic side-products. Recrystai;v
lization from pentane et —78°C gave the'produ&f(as pale—yeilow »
'mlcrocrystals in 51% yield (54 mg). M.p. 99-1010°C w1th *“
decomposition. IR (hexane): 2043 s (2010 in lﬁh—lqu) D(NN), 1864 |
vs, D(CO) cm~1. 1H NH? (CDC13): 6§ 1.56 d, (J=‘8.76,‘9H, PMej3)., \

1.99 d (J= 0.68, 15H, Cp*). 13(1H) NMR (CDCl3): & 10.74 s (CsMes), \

20.64 dr(J—'33 16, PMe3), 93.26 s (CgMeg) and 207.16 4 (J= 7.04, \

9 -
co). j*ﬂ NMR (acetone/acetone—dg) 8 -90.2 br,s (Ng )., —29.4‘br, s \~
(Ng). 158 NMR for 13b —15Nq (acetone/acetone-ds) S —90 7 s - S

¥ +

(15N,). 31p NMR (CDCl3): & -29.81 s (gye3).»us (EI): m/z 454 (455 \
_in 13b-15Ny) M*, 426 (M-14Ny)* in 13b or (M-15N14N)* in 132715Na
Preparation of Cp*Re(CO)(P(p-Bu)3)(Np) (13g)
A procedure similar to that described for the preparation of
13b was used for the synthesis of this dinitrogen éomplex.blt was el

obtained in 44.5% yield as a pale-yellow microdfystalline solid.

M.p. 739C. IR (hexane): 2040 s, v(ﬁN);'1863 vs »(CO) cm™l. IH,NHR ‘ :e



(coc13). 6 0.93 t (9H, P(CHz(CHz)z(Cﬂ3)3), 1.38 m (12H) and 1. 71,
m (6H, P(CHp)3CH3), 1.95 s (15H, Cp™). . 13(14) NMR (CDCl3): 6,,
10.60 s ((CsMes)s 13.86 s (P(CH2) 3CH3). 24. 33 4 (J= 13.1, PCH,CH,
'CHZCH3),‘25 97 s (pcnzcuzgﬂzcn3), 29.06 d (J= 29.9 -
PCHpCHaCHaCH3), 92.72 s (CsMes), 208.24 d (J= 7.7, co). 31p NMR
(CDC13): 6 -0.21. ustI):yﬁ7z 58o M*, 552 (M-N,)*. Anal. Calcd.
for l3c: C, 46.57; H, 6.34; N, 5,62. Found: C, 46.35; H, 6:47;lN.

3.63.

Preparation of Cp*Re(CO) (PCys) (Np) (lﬁi) |

This complex was synthesized anaiogously to 13b as a pale—'
'yellow solid in 38% yield. M.p. 129°C with decompositlon IR
(hexane): 2030 s »(NN), 1856 vs V(CO), cm~1, 1% NMR (CDCl3): ¢
1.25 m, 1.70 m (33H, P(C6H11)3)_1.93Hs (lSH,VCp*);<13C(lH} NMR
(CDCl3): 8 10.75 s (CgMeg), 26.67 s, 27.74 d (J= 7.05), 30.09 4
(J= 37.07), 38.74 4 (J= 24.40, P(CgH11)3), 92.63 sv(§5He5),
209.81 d (J= 8.47, €O). 31p NMR (CDCl3): 6 27.@875 (PCy3). MS
(EI): m/z 658 M*, 630 (M-Nj)*. Anal. Cald. for i;g: C, 53.00; H,"

7.31; N, 4.26. Found: C, 53.90; H, 7.77;,N,»4.15L -

* Preparation of Cp*Re(CC)(PPhj3)(Njp) (l3e)
This complex was sYnthesized analogously to 1l3b as a palé—
yek}ou microcrystalline solid in 39% yield. H;p.v133°C with

decomposition.” IR (hexane): 2058 s, 2045 m »(NN), 1866 unsym-

metricalvs »(CO), cm~l. lH MMR (CDC13): 6 1.73 s (15H, Cp™),

7.37 m (15H, PPh3). 13C{lH)} NMR (CDCl3): & 9.94 s (CgMes)., 93.22
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s (CgMeg), 127.84 d (= 9.79), 129.19 s, 133.53 @ (J= 11.83),
137.84 d (J= 47.20, PPh), 207.41 4 (J= 8.76, o). 3lp NMR (CDC13):
8 32.20 s (PPhj). MS (EI): w/z 640 M¥, 612 (M~Ny)*. Anal. Calcd.
for 13e: C, 54.45; H, 4.70; N, 4.38. Found: C, 54.63; H, 4.81; N,
4.60. | ,
Preparation of Cp*Re(CO){P(OMe)3}(N7) (13f) and (;j}rl5uq)

This cbmplex was prepared fdlloqiﬁé the same procedure used
for the synthesis of 13b and 11n—15ua’in 48% yield as 3 pale-
yellow micricrystalline sdlid. M.p. 54?0! IR (hexane):72678 m,
2066 s D(NN), 1887 unsymmetricalvs p(CO), cm~l. LN NMR (cDC13):

6 1.99 4 (J= 0.79, 15H, Cp*), 3.50 d (J=.12.10, 9H, P(OMe)j).
1314} -NMR (CDC13): 6 10.28 s (Cgﬂg5);“51.22 s (POMe)3, 94.12 d
(J= 1.50, CgMeg), 204.94 d (J= 12.40, CO). 14N NMR (aggtone/
acetone-dg): & -98.3 br,s (N;),>430.5 br, s.(Ng). 15N NMR
(acetone/acetone-dg): & -98.2 s (15Hy). 31p NMR (CDCl3): 6 139.0

s (R(OMe)3). MS (EI): m/z 502 (503 in 13f£-15N4) MY, 474 (M-14np*
in 13f or (M-15N14N)* in 13f-15N,. Anal. Calcd. for 13f: C, 33.46;

H, 4.78; N, 5.57. Found: C, 33.60; H, 4.83; N, 5.66. 0

°

£

jPreparationlof Cp*Re(CO)g(NN(He)(nfuzcsﬂqoﬂe))f' —
7 A suspension of the dicarbonyi'cation complex (la) (50 hg,
0.083 mmol) in hexane was stirred with an excess of MeLi (0.2 mL,
0.480 mmol) at room temperature. The solution slowly*turned red _—
anag afterAA h was separated from the red-brown solid by pipette.

Evaporation of solvent gave a dark red solid which was crystallized
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from ether-hexane (1:1) at -780C as a red microcrystalline solid
in 38% yield (18 mg). From the supernatant solution abou{'d mg of
Cp*Re (CO) , (NN(Me) (p-N,CgHqOMe). M.p. decomposed over 1600C. IR

(hexane): 1936 s, 1862 s »(CO), cm~l. lH NMR (CDCl3): 6 2.13 s

(15H, Cp*), 3.69 s (3H, Me), 3.80 s (3H, OMe), 6.82 d (2H, CgHg) _

‘and 7.34 d (2H, CgHg). MS (EI): m/z 528 M*, 500 (M-CO)*, 472 (M-

2c0)*t.
By using t-BulLi instead of MeLi under identical conditions,
the hydrazido (2-) complex Cp*Re(CQ)é(NN(;rBu)(Q—C6H40He) and the

dinitrdgen'complex lﬁi were formed in approxfﬁately'é:l ratio (by

~ IR). The hydrazido (2-) complex exhibited two éérong v(CO)

absorptions at 1935 and 1861 cm~! in hexane solution.

Reaction éf"[cp*Re(CO)(ngr(NznriL+ (R= Ke lzivapé Ph 12d, Ar=
R-CgHqOMe) with Methyllithium in THF '

(a) At rdbm-tghperature ) B

T 7Addifggnrof an excess of MeLi (0.1 mL, O.Z;O'mmol)'to a THF
solution 6f“121'(26 mg, 0.023 mmol) resulted in a dark-red -
solution'which“showéa-in the IR spectrum an intense absorbtion af
1805 cm~1 (in THF). This absérption occurred at 17957cm“1'in the
PMej coﬁplex. In both cases about>20% (by IR) of the :espeqtiVE.'
dinitrogeﬁ complex was also fbrmed. Attempts to isbiate théée
monocarbonyl_specieé,Awhicﬁ we believe are the hydtazidb (2-)
éomp;axes Cp*Re(CO)(PR3)(NN(He)Ar); wergvunsucceséful due to their
low s£ability to silica gel column. Partiéilf purified sample

derived from 124 (by extraction with hexane at 0-506) gave

&
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unsatisfactoryle NMR and MS. In CDClj or hexane ;olutibns these
hydrazido (2-) complexes decomposed after about 3 h at room téﬁpe—'
rature to givé'gréen solutions which showed no »(CO) absorption
for the hydrazido (2-) complexes. In both cases the intenslty'of
-pP(NN) and »(CO) absorptions of the dinitrogen complex initially
present were not increased.
(b) At 600C

These reactiops were carried out under identicél conditions
to that deséribed using t-BuLi. in both cases, the dinitrogen
| complexes were the major. products: 13b (39% isolafed yield) and
l3e (29% isolated yield). fhe respective hydrazido (2—; were also

present in small amounts (by IR).

Reaction of [Cp*Re(CO)p(NpAr)]lt (la) with t-BuLi

This reaction was carried out using 100 mg (0.167 mmél) of.
la dissolved in 20 mL of THF at 600C and treated with 0.1 mL
(0.195 mmol) of L?BuLi. Following the same purification procédure
to that used for the PMej complex, the dinitrogén complex
Cp*Re(CO)(Ny) (13a) was obtained in 31% yield (21 mg). A small
amount of the ﬂ}drazido (2-)'complexCp*Re(CO)g(NN(;:Bu)(Ar)) was

also formed. (IR (hexane): 1935, 1861 em~1 p(Cco)).

GC, GC-MS Analysis of the Reaction of 123 with t-BuLi
After the addition'of £-BuLi to the THF sdIution of 123 the
solvent was evaporated under vacuum and trapped at low \

temperature (liquid nitrogen) (solution A). The residues wvere
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extracted with ether and filtered through Celite (solution B). GC
and GC-MS analysis ofpsolution A showed only impurities contained
in the commercial LrBuLi (Aldrich), such as benzene, hexene and
2,2',3,3'-tetramethylbutane. This was confirmed by GC MS of the
" trapped solvent of L-BuLi. GC-MS of selution B showed the presence
of anisole (M*', 108) among other minor unidentified organlc

products. This was confirmed by coinjection with an authentic

sample of anisole. n
& C - .

Reaction of [(Cp Re(CO)(PRg)(Nzhr)]+ (R= Me (123), R= Ph (124))
with NaBH4

The phosphinearyldiazenldo complex (lli or 12d4) (5d mg) was

. dissolved in 5 mL of acetone at room temperature. An excess of

solid NaBH4 (ca. 5 mg) was added. After stirring for 1 h the
colo; changedrfrom orange-red to yellow. Evaporation of the
solvent under vacuum at room temperature gave an orange-red.solid '-'(?
which was extracted with hexane end characterized as the hydrido
complex Cp*Re(CO)(Hi(QrN2C6H4OHe) (4) by comparison with authentic

sample. In both cases over 70% yield‘of complex 4 were obtained.

Preparation of Cpre(CO)(He)(nrN2C6H4bHe)
The acetonitrile coap%ex 113 (50 hg, 0.081 mmol) was dissol-

ved in 15 mL.of THF at room temperature. To this solution MelLi

(0.1 mL, 0.240 mmol) was added by syringe and sfirred for 3 h.

Evaporation of the solvent under vacuum gave.e red oily solid

which was extracted with hexane-and column chromatographed on

At



neutrél alumina. Elutign with e{t;her_,/hexane 2:1 gave the 'pf;bduct
Cb*Re(CO)(He)(Q—N2C5H40He) (13 ‘?iﬁg:;'3'29s yield)&ars a red solid. M.p.
138-1400C. This complex was characteri'zec; by IR andv 14 NMR. ‘IR ]
(hexane): 1941 vs p(CO), 1629 s D(NN), cm~l. 1H NMR (CDC13): 6
0.06 s (3H, Re-Me), 2.06 s. (15H, VCp*), 3.81 s (3H, OMe),' 6.90 d

(2H, CgHa). 7.27 A (2H, CgHy).
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CHAPTER VI o

Non-photochemical Reactions of Rhenium Dinitrogen Complexes

6.1. Introduction
In this chapter we describe some reactions of Cp*Re(CO)z(Nz)

(13a) and Cp"Re(CO) (PMe3)(N3) (13b) that were carried out to
determine the chemistry of these molecules under non—phdtochemical
conditions. The reactions to be described are with halogens Xzf
and hydrogen halides HX (X= Cl, Br, I) and proceed with elim;na—
tion of N and the formatidm of the dihalide complexes Cp*Re(CO)
V(L)Xz (14, L= CO; 15, L= PMej) and the hydridohalide complexes
Cp*Re(CO) (L) (H)(X) (see Scheme XII). -

The first rhenium (III) compound containing cyclopentadienyi '\¥;3
dihalide ligands to be.synthesizéd was CpRe(CO)zBré. It was '
prepared from reaction of CpRe(CO)3 with Brp in trifluoroacetic

acid.160 Subsequently, the prgduct.of this reaction was shown to

k consist of cis or lateral (I) and .trans or diagonal-(iI) isomers

e

which could be separated.161

- .

e

R
OC’/ .\\ Br : OC’/ \\Br
. .CO Br Br CO

The iodide CpRe(C0)212 was not reported until 19-81,162'163

and was also prepared in cis and trans forms from the direct

1
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Scheme XII
. _
reaction of CpRe(CO)3 with I, in dimethylsulfoxide. The chloride
analogue CpRe(CO);Cl; was unknown. Attempts to prepare this

compound from CpRefCO)3 and Clj failed; instead the“uﬁstable salt
e



/ r4_5, 7 LT I,n,

(CPRe(CO)3C1l]1(Cl]" was proposed to be the prpduc;t,l62 while

reaction with SbClg gave the stable, well characterized salt

[CPRe(CO)3C1]1(8bClg].164 Of the pentamethylcyclopentadienyl
analogues, only.Cp*Re(CO)2I, had been mentioned (briefly) but

without details of its synthesis,'characterijation or stereo- 'zgp

chemistry;l44 the dibromides and dichlorides were unknown. In th

cyélopentadienyl‘monocarbonYIdihalides containing phohphgrus
ligands only the phosphite complexes CpRe(CO)(?(OR)3)Br2 (R= Mes
Et;and Ph) were alréady known. Thej-were synthesized in either
the cis or the tranS'forms by-reactioﬁ of CpRe(CO)2Br, wifz ?
P(OR) 3. The.particuiar isomer obtaihgd debended on the temperétu;e -

at which the reaction was carried out.l65 pentamethylcyclopenta-

__,i %
dienylrhenium dihalides containing a-phosphorus ligand were

completely unknown.

Paét of the work described in this chapter has already been

published.166

i
6.2. Synthesis and Characterization

P

(a) Cis-pentamethylcyclopentadienyldihalides (cis-14 and cis-15)

These compounds were easiiy prepared by reaction of the

PR —

respective dinitrogen complex in diethilegher with HX either as
aqueous solution (X= Cl, Br, I) or tpeihnpurified gas (X= Cl, Br),

or with X, according to Eqs.24 and 25.
i ?

e,

~
>

;f

"%/

=
;
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] Cp .
® I
. Re

OC/l \N
CO.

2

13a

cis-1l4a, X=

*

Cp

l
Re
OC‘/EI>Me3N2

13b

cis-153, X=

146 . . o

*

Cp

HX () OF X, - Ae
» _Re___

_ether oc / \ X Eq. 24.

ocC X

cis-14

Cl; cis-14b, X= Br; cis-l4c, X=1

- Cp
* S
oc— X
hexane | ¢ / \
PMe X .
3 Eq.25.
15

-
il
-t

Cl; cis-15b, X= Br; cis-15¢,

In both cases, cis—-14 and cis-]5 were obtained as a gjingle

compound injgobd to excellent yieldsl In the majority of the

reactions for the preparation of cis-14, the dinitrogen complex

133 was used in a mixture with Cp*Re(CO)3 (prepared by method 2,

see Chapter V). However, Cp*Re(CO)g do€s not interfere in the

reaction with HX and can be recovered (see Experimental Section).'’

This reaction (Eq.24)
faster reactions were
but these were not so

present. By contrast,

occurred slowly but in high yield. Much
observed using halogens (X3) instead of HX
clean, especially when Cp*Re(CO)3 was

the phosphinedinitrogen complex l3b reacted

with HX to produce trans—Cp*Re(CO)(PMejl(H)(Xof(li) (see below)
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in higﬁ yields, along with only smali‘gmounts (< 10%) of the -
correipoﬂalng dihalide cis~1§ (see below). However, reactibntof
13k uith halogens (Eq 25) occurred instantaneously to give only
' cls—Lﬁ in excellent yield ' '} |
All these dihalide compounds (013-11 and cis-li) Qerér

obtained as red or arange-red mlcroctystalline solids, which are

.

' lndefinitely stable under N; and can. be exposed to air for petiuds fa'

of duys without visible deterioration. They are_veryrsolqble in H«' 

jitheunajorlty of polar.solvents such as acetone, CHQClz’dnd CHCig_“

in which they are very stable with regard to thermal ispmerizatlon; 'W

. For example, no isomerizafion vas observed even in-bbiling»benzene"

or toluene, though the complexes did not survive for long at these '

temaperatures (especially the phosphine ones cis~l§). Acetone.  4

solutions of cis-}43, cis-lﬂg and cis-lﬁplggywed no isomerization
_over four days at room temperaturg. “ e
The spectral properties of thesa cis—dihalides‘areICOnsistenf

with thegﬁrpossessing a monometic'four-legged piaho stool struc-

ture, which in the case of cis-l4c ﬁas ¢onf1rmed by an'x-ray,crys—_"

tal structure determination, kindiy.dqne bvarof.'F.H.B._Einstein

and Dr K.G. Tyers. A perspective viéwvaf this complex is shown

in Fig.12. Thus their electron4impact mass spectra disbléY'peakg;-'
corresponding to the molecular ions Mt, plus (H—CO)+ (M-2C0)* or

'(H-co—pne3)+ and (H-X)* fragments respectively. In the 1H and 13c—r

NMR spectra they exhibit just the resonances expected for 2 singleffc:’“

isomer (see Table VIII). The IR spectra of the dicarbonyldihalide :

complexes (cis-l4) in each case consist of only two v(CO) ahsorp-
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Fig.12 Perspective View of the Complex cis-Cp*Re(C0)pI (cis-14¢).
The numbering scheme is that used in ref.166.
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-tions in tne region 2040-1950 cm—l (Teble VlII) with the highen
_wavenumber one much more intense (the IR spectrum of cis- l4¢ is
shown in Fig.13a), whereas for the carbonylphcsphinedihalide (cis—
li) the single D(CO) absorption is observed very close to 1900
em-1 (see Table VIII) ) ' o o o
The intensity patterns, as well as}thevcorrespondence
between the IR values of our dicarbonyldihalide comnlexes (cis—lil.
are in good agreement vlth those reported for cis—CpRe(CO)z
Brp 161,165 and cis—CpRe(€0)3I5.162 Furthermore, we have used the'
relative p(CO) IR intensities to calculate the OC-Re-CO angle (26)
using the relationshipl6l | L

tanZe = I 5 / Ig

where I, and Ig are the areas under the antisymmetric (lower .
wavenumber) and symmetric (higher wavenumber) bands respectively.

The angles determined by this method are 8790 (cis-14a), B49 (cis-

_

14b) and 80° (cis-l4¢) and accord with their postulated cis
structure. The X-ray crystal structure of cis-14¢ provided a

velue of 78(1)5 for this angle, in excellent'agreement. The assig-
nment of cis structure for the carbonylphosphinedihalides (cis-15)
is less straightforward than forrthe‘dicarbonyl ones in view of
the inapplicability.of Iﬁ P(CO) relative intensity neasu;ements to
the monocafbonyls. However, inrtherthree cases (cis—lﬁg.b.c) the
cis stereochemistry was assigned on the basis of éJcp obtained

from the 13C NMR spectra-of>these compounds. The value 2Jcp*_25 Hz
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Fig.13. IR Spectra of Dicarbonyldiiodide Qomplexes (2200-1780 cm-1
region, CH3Cl, solution). (a): cis-Cp Re(CO)3I, (cis-14g).
(b): trans-Cp Re(CO)3I5 (trans-l4g).
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(TableJVIII) is in.good agreement with those observed in other -
related compounds coritaining a phosphiné ligand ¢is to a carbon
monoxide e.g. trans-CpMo(CO)2(PPh3)Cl (27.2 Hz)167 and cis-CpMo

(CO),(PPh3)I (28.6 Hz).l168

(b) Trans—Pentamethquyclopentadienyldihalides (trans411 and

trans—Cp“Re(CO) (PMe3)Bry) Q : .
Trans-Cp“Re(CO) X, trans-14a, X= C1; trans-14b, X= Br and

trans—lig,,x= I were brepared‘by photochemical isomerization of

the respective cis-isomer (cis-14) according to Eq.26.

* *

Cp Cp ‘ .
| ; hv, in . | : s
Re - > /Re ——y
OC// \\X solution oc / \ X
oC X "X Co
cis-14 ) trans-14 Eq. 26.

e

The cis-digchloride or dibromide complexes (cis-143 or cris”-
'14b) wereAUV—irradiated in CHCl3 solution with formation of the
trans isomer (trans-l4a 6r trans-14b) in 60-70% yield after about
30-40 min. However, isomerization of cis diiodide (cis-l4g) could
not be carried out in CHCl,, bec?use ch%orine substitution'occur*
red. Bdth the trans dichloride (trans-}4a) and traces qf Cp*Ré
J(CO)ZClI were‘forméd instead. No separation of these derivatiQes
was attempted. The latter was identifiedvby MS (m/z 520 (M'*) based
on 187ge and 35C1). Irradiation of .a suspension of cis-]4c in

hexane for 90 min produced the trans-l4¢ in about 20% yield, plus
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decomposition. Alternatively, trans-}4c was obtained in 11% yield

by irradiation of a suspension of [Cp*Re(C0)3I1[Ij3] (see below)
in hexane. Also cis-l4cg was produced in this reaction. -
As expected, the trans‘aihalides (trans-14) show ;onsiderably
greater solubility, especially.-in hydrocarbon solvents, th;n do
the less symmetrical cis isomerél They also tend to bé thermally
“ less,stable, and dec;mpose ét considérabiy lower temperaturés. a

As solids or solution tﬁ;y are stable with regard to isomerization.
v»No isomerization of trans-14b énd trans-l4¢ was observed in
acetone solution after four days.

These compqunQﬁ are recognizable by having two IR p(CO)
abéorptiens in the region 2060-1960 cm’I:IT?ble VIII),'ﬁhere the
higher wavenumber one (7(CO) sym) is now fhé lesg intense of the
pair. The IR spectrum of the diiodide (trans-14c) is shown in Fig.
13b. The OC-Re-CO interbond angles, estimated from the (CO)
relatiye intensities were found to be ca. 1159, some 28-350 greater
than the angles in the cis compounds, and consistent w{th the
postulated trans stereochemistfy. Thevstereocheﬁistry of the di—l
bromide complex trans-14b was cohf}rmed by X-ray crystallography
also kindly carried out by ?fof. F.W.B. Einstein and Dr. K.G.
Tyers. A perspective view of this complex is shown in Fig.14. From
the structural study an OC-Re-CO angle of 104° was determined.

In the MS these compléxes exhibit the same fragmentation pat-
tern as observed in thelr cis analogues. Similarly, the 14 and
13c NMR spectra'are as expected for pure, single compounds and it

is'obatived that Cb* proton resonances and 13c carbonyl carbon

°
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Fig.14,. Perspective View of the Complex trans-Cp*Re(CO)%Brz -
(trans-14b). The numbering scheme is that used in ref.1l166.
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resonances are consistently shifted to highef field compared with
the same resonances in the cis analogues (see Table VIII)}

@

Turning to the carbonylphasphine complexes, only‘in.one case

could the Eranérisomer be obtained and this was the dibromide.

—Attgmptsrtoiobtain,any of tEg trans compounds using a simila
procedure to that used to prepare. the trans dicarbonyl compiexeé
was unsuccessfui since under the photochemidal condition; used
all of,the'cis~1§ complexes readily decomposed giving intractablé‘
pfoducts. Nevertheless, trans—Cp*Re(CO)(PMe3)Br2 could be prepafed
by reaction of trans(H.Br)—Cp*Re(CO!(PMng(H)(B?) with N-bromosuc-
cinimide (NBS) i; THF at 00C. By contrast, trans(H,Cl)- and frans_
(H,I)—Cp*Re(CO)(PHe3)(H)(X) were recovered unreacted when treated@h

with N-chloro and N-ibdosuccinimide, respectively, under similar

conditions. At room temperature, in both cases a slow reaction

took place and the cis-Cp*ke(CO)(Pue3)x2 (X=Cl, I) were
produced. Presumably, the trans-isomers were first formed and
then they rearrange to .the more stable cis isomers, as happened
with tréns—Cp*Re(CO)(PHe3)Br2 (see below). : S\\

The trans—Cp*Re(CO)(PHE3iBr2 complex was isolated as an
orange-red solid in almost quantitative yie;d. In the IR spectrum,
the 1 (CO) absorption appears 35 cmn~l to higher wavenumber than in
the cis isomer. rhe carbonyl carbon resonance is a doublet4with
2Jpc= 3.7 Hz (compare with 24.9 Hz ¥or the cis isomer) and is
shifted upfield by. 15.1 ppm with respect to ci#-Lﬁn. About 80%
isomerization of trans to Eis—lip_occurreg;;n,benzene in the dark

over five days, ‘at room temperature. _ ‘ ’ .
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(c) Cis and Trans Cyclopentad1enyldicarbony1dich1oride {

Cis—CpRe(CO)2C12 was prepared from the reaction of C12 with\\\-///

CpRe(CO)2(Ny) (which also reacts with Bry and I, to produce only L%
cis-CpRe(CO) 2X2 , X= Br and I), but the dinitrogen complex

appeared unreactive to gaseous or aqueous HCl. Its spectroscopic
properties are comparable to" those observed in the cis-]14 series
and are listed in Table VIII. Analogous with cis-lig,’cis;CpRe

(C0) 2Cl, does not isomerize thermally to the trans isomer in
acetone at room temperature within 24 h (whereas the diiodide cis-
:CpRe(CO)ZIé was isomerized to trans in this solventﬂin 3 h).A
However, like cisjleéf when UV-irradiated in acetone, it quickly
and oieanly isomerized toptrane—CpRe(CO)2C12 (compare Eq.26). In

general, this compound resembles, in its spectroscopic properties,

the trans-14 analogues with Cp* (see Table VIII).

(d) Trans;Pentamethilcyclopentadienylhydr1do Halides

" The preparation of some of these der1vat1ves was klndly
assisted by Mr. R. Singer, a summer undergraduate student in our
laboratory}

'In contrast to Cp*Re(CO)z(Nz), the trimethylphosphinedinitro-
gen complex })3b reacted with'andexcess of concentrated aqueous
hydrogen halides (HX) to produce primarily trans(H,X)-Cp*Re (CO)
(PMe3) (H)(X) 16, l6a, X= Cl; l6b, X= Br; l6¢c, X= I in over 80%
yleld, with only,lese than 10% of the corresponding cis—dihaiide

(cis-1%) being formed, Eq.27.
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TP Cp ' Cpﬂr
H n

Re\ x(aq) - OC/}le\ + OC/Rle\

X - X

o’ | Ny etner / N\ 2N
PMe3 2 : H PMe PMe X

. 3 3 i

13b n ‘ 16 ( >80%) 15 (<10%) o oy

In all the cases, the complexes trans—lﬁ were isolated as
yellow solids ﬁETbh are 1ndef1n1te1y stable under Nsy. They are
very soluble in the majority of organlc solvents including hexane
vand cyclohexane. They show in the IR spectra a single very strong
v(CO) absorption at about 1922 cmv‘1 in hexane (see Table IX). The
presence of the hydride ligand (which coqld not be observed in
the IR spectra) was clearly determined from the 14 NMR spectre in
which there appears a doublet of relative intensity 1H in the
high field region at ca. & —10.OA(Tab1e IX). In ﬁhe three cases
e value of ZJPH” 56.0 Hz was observed. This value is in good
agreement with those observed in other four-legged piano-stool
complexes containing a cis H-M-P moietf_,e.g. [CpMn(Cb)z(PHezPh)
(H)1*, 52 Hz;169 CpMo(cbié(phgiﬂ, 64-67 Hz170 and {CpRe (CO) 2(PPh3)
H1*, 39 Hz.171 In a trans H-M—P»arrangement, 2Jpy is expected,
from various precedents to be 2-3 times smaller than that observed
in‘the cis arrangement.169-171 In the proton coupled 13c NMR
spectrum the carbonyl carbon resonance is a doublet with ZJCH -
8-11 Hz and a singlet in the‘proton decoupled spectrum with no

observable couplin§ to 31p. These values of 2JCH are close to

that observed in trans-Cp*Re(CO),(H)(Br) (see below) and are
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avfu;ther indication ofrthé'correcfness'of the prdposed geometry
for ij, with a cis arrangemént of CO aqd hydridé.ligands.
aAlthough, as already étated, the reaction of Cp'Re(éO)z(Nz)
(13a) with aqueous HX in ether gave only the dihaiidgs, from the
reaction of 1§1~with redistilled gaseous HBr undér anhydrous

conditions, the complex trans—Cp'Re(CO)j(H)(Br) could be isqlated

" .in 42% yield and fully_éharécterized. It exhibits a typical v(cd)
~ pattern for a trans carbonyl stereochemistry in'its IR spectrum -

i.e. a medium absorption at 2030 cm~l and a sfrong band§&} 1964 _A

cmfl, in hexake solutioﬁ.‘The hydride resonance in the lH NMR-
spectrum occur; at 6 -9. as‘aﬁd is a'singlet, as expected. In the
13¢ proton~coup1ed NHR boectrum, é (13C0) is observed at 195, 75 .as
~a doublet with ZJCH~ 13.7 Hz and as a singlet in the 13c(ln). spec—
trum In the,reaétion Hith excess of aqueous HBr, thies complex
smoothly produced cis~Cp_Re(C0)zBr2 (cis?lﬁh). |
(a) Catioric Honoiodid- Co-plcxos {Cp Re(CO)z(L)I)+ L= CO and PMe;

These complexes were prepared by reaction of Cp Re(CO)g in
hexane or Cp” R&(CO)Z(PHe3) in ether with an excess of Lz at room
tempera;ure. In both cases they were obtained in quantitative 2
yieids ‘as dark-red solids. _ -‘ T |

' The presence of the cations t(Cp Re(CO)z(LJII* (L= CO° and
PH&3! in the solids is convincingly demonstrated by the FAB mass
spectra. which show af expected, stgong isotopic patterns for the,

unfragmented cations and successive losses of three €O for (Cp"Re

, . ‘ . , ==t
(CO)3I1* and two CO and PMe; for (Cp"Re(CO)z(PMe3)1}*.

-Q

ra
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- The tricerbonyI cation [Cp'Re(C0)311+ appears'tedbe quite ;Q

stable as a solid under N2 at room temperature. but repeated
4

attenpte to wash it with hexane (in which it: must be scarcely

fsoluble) alveys resulted in purple washings owing to the partial

reformation o0f I, and Cp Re(CO)g. An IR spectrum 1n KBr of the
freshly washed solid contains v(CO) absorptions of [Cp RE(CO)aI]+‘V
at 2078 2045 ‘and 2027 cn~l and very weak absorptions at 1994 and

1900 cm'l from the tricarbonyl complex The spectrum is unchanged

) '
~after 24 h. In CHCl3 or CH,Cl, solutions the equilibrium shown

»

in Eq.28 is established

Cp*Re(CO)3 + 2 I, s—=——* [Cp*Re(C0O)3I][I3) * -  Eq.28.
' c0) 3 2 - 3 3 o

and the bands for'[cp*ne(c0)311+,(v(c0) 2099 and 2043 cm™1) and
Cp*Re(CO)3 (p(CO) 2008 and 1914 cm~l) have roughlyesimilar inten-
eity. éven when the CHC1 3 soiution was satureted with 12,‘thev
abeorptions for the latter were only about half as intense.
Despite this, an I saturated solution‘ofr(Cp'Re(C0)31][I3] in

CDC13 exhibited at room temperature only a sharp single 1y NHF‘

resonance at 6 2.39 for Cp and a single set of 13C NMR resonan- .

ces, two einglets at § 11.4 and 103 2 for Cp” and a broed singlet
for CO at ] 191 0. This can be attributed to a faet.lnterconver~
sion averaging the resonances for [Cp'Re(CO)al)[I3] and Cp'Re(CO)3.
At -500C the proton resonance has broadened slightly and shifted
to & 2. 47

- . )
By contrast, cis-(Cp“Re(CO)3(PHMe;)I]1{I3) is indefinitely

v

_
¥
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stable as a solid or in solution under No. In the ig,spectrum{ it
f'showeduonly twoxv(CO) absorptions. Furthermore, the relative
intensity of these absorptions are typical for a cis arrangement

of the two CO groups i.e. the higher wavenumber absorption at
¥ k]

1"_,,:.

2039 cm"1 Being much more 1ntense'tfan that observed at 1973 cmdl.
The 1H NHR spectrum in" CDC13 of this complex showed‘no unusual -
;features, a‘doublet for PMe3 at 6 2.12 (J='10.3 Hz) and a doublét
for Cp* at s é.37‘(J=;0;§ Hz). In the 13C NMR spectrum, in addition
- to the'single resonences for the Cp* and‘doublet for the PMej (J=
4.17 Hz) two doublets for the carbonyl carbon resonances;were

A observed ‘The one at lower field (6 202.45) with J— 24.8 Hz is
tentatively assigned to the CO cis to the PHe3 by compar ison with
the J-values observed in cis-}15 (ca.” 25 Hz), and the one ‘at much
higher field & 187.72 with J= 15.3, to the carbonyl trans to the
PHej. Tbe\chp observed for the latter resonance bowever contrasts

with the values of 3.7Hz observed for the trans-Cp*Re(CO) (PMe3)Br,

and with 5.0 Hz for the cis-CpMo(CO),(PPh3)I.167

6.3. Discussion,

\ ’ ( . . " . ’ .
The formation of cis-Cp Re(CO)(L)X; and trans-Cp Re(CO)(PMejy)
/(H)(X)’from the reaction of the dinitrogen complexes l3a or 13b
with halogens or hydrogen halides are typical examples of oxida~-
tive addition reactions with loss of the dinitrogen ligand. These
types of reactions have been obSeryed in a variety of Nzécomple;es

and have been described in Chapter I, section 1.3.3(a). Some

examples involving halogens or HX are the reactions of (i) trans¥
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Mo(N3)a(dppe)y with Brjp to giye,trans?[HoBrz(dppelz)]Br3,69 (ii)

‘trans-ReCl(Nj) (py) (PMeaPh)3 (py= pyridine) with HCl to yield ReCljy .
&TPHeZPh)3172 and (i11) tran3-IrCl(N2)(PPh3)a with HCl to produce

’ IrHClz(PPh3)2 173 However, no examples of Nz—complexes possessing

a "piano—stool" type structﬂre have 6een previously known to give . A
oxidative‘addition products with halogen or hydrogen halides. T
The reactions of the dinitrogen complexes 13a or 13b oith -

halogens, give stereospecifically éis—Cp Re (CO) (L) X3 (51s—l_ and

-cis-15). A radical mechanism is therefore unlikely, and two non-

\

radical mechanisms can be considered.=

Mechanism I is a concer ted mechanism involving first the

o
//

dissociat\on of the N2 ligand followed by the formation of a

three-center transition state (Eq.29).

* » o . *
Cp - Ccp ‘] - Cp
| X, l X A ,
1 4 e’ ————e . e »
yd \N -N, oc// X R / \
2 : L | L X

Eg.29.
Mechanism II is a "pseudoionic" mechanism involving nucleo—
philic attack of he metal complex to the halogen, generating a

transition state of considerable polarity (Eq 30)

o roce | cp
Re .' X, - ' : llgt'x\‘ _ -N, . lLe
oc//l \\N oc1y, IR oc—, \:\x
L 2 L
N2 L X
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Mechanism I agrees with the ohserved cis—adoit;on orodncts.
However, it should be noted that the N> ligand in the starting
compIeXesqapoears,to be inert to dissociation (see preceding
chapter).Athus,/it does not seem likely that thelunsaturated.fra§¥

ment "dp*Re(CQ)(L)" is generated under thermal conditions. On this
)fpasis,‘we are not in favor of th;s concerted med¢hanism.
| Mechanism Ii seems.to be more plausible, even though we have
no direct evioence for the formation of either a "hiéhly'polar"'
or a_comptetely ionic intermediate ([CP*Re (CO) (L) (N2)X1{X1).
Nevertheless,.it has oeen demonstrated in several ;ays that the
rhenium atom in the isoelectronic dicarbonyl analogues,szRe(CO)g
(L) (L='CQ and PPhj), of these dinitrogen.oomplexes, possesses )
‘basic character. Eirst, these compiexes can be protonated by CFj
COOH to produce the cationic hydride derivatives [CpRe(EO)z(L)
(H)‘* 171 Alsos, Ginzburg et al. have suggested on the basis of IR
that CpRe(CO)z(PR3) (R= Ph, OMe and OPh) reacts with Lewis acids .

=

such as TiClg, SnClyg and SnBrg to form adducts of the type Cp(CO)j B

(PR3)ReMCl4.174 More recently, the reaction of CpRe (CO) 2 (PPh3)

with Cls, to produce the cationic complex _{CpRe(CO)z(PPh3)C1]+ has

been reported.l62 It is expected that the presence of-the Co* 1li-

gand in these types of rhenium complexes will ingzease the basici-'

ty of the metal center In agreement, as reported in this chapter,

the carbonyl complexes Cp*Re(CO)z(L) (L= CO and PHe3) react with

I, to give the corresponding cationic complexes (Cp Re(CO)z(L)I]+
On the basis of these observations it is expected that the

4

rhenium center in the dinitrogen complexes l3a and llh should : -
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have basic cha;acter at.;east as great as that observed 15 the Cp
 and Cp* dicarbonyl analogues. The rositive charge created on the
rhenium in the "polar” 1ntermedlate ‘can beqenvisaged'to labilize
the Nz ligand (by reducing the Re-Nj backoonding), facilitating
the oxidative addition. If the ionic complexes [Cp Re(CO)(L)(NZ)
X1(X) were to be formed instead, following loss of N; we would |
expect the addition of the halide (X~) counter ion to occur
°stereospecifically trans to the halogen already present, just
like the trans addition to the hydride ligand in the 1ntermediate
in the reaction og 111 and 13b with HX (see below)

In the reactions of the dlnitrogen complex 13a with HBr in

anhydrous conditions, and 13b witb aqueous’ HX, the»sxtuatxonels

different to that already discussed, since the stereochem¥stry of

the oxidetive,addition products (l&) in this case is tranz. Here,

4

an ionic mechanism involving attack of the proton to the NEtaiff

complex followed by nucleophilic attack of the halide~-with- loss

g s

of dinitrogen is more likely to occur (Eq.31).7

QU

*
cp cp ‘ , S
I . HX ' | _oNy s |
_Re —_— Re___ X —=—» - - _Re
OC//| \\N | oc/7 \ / o’/ \ ©°
L 2 | Ny L X L Eq.31.

A\Y
AN
)

2

The trans stereochemistry observed in 16 can be uﬁde;steod
in terms of the trans-effect of the hydride ligand. It 1§Na well
- documented phenomenon that a ligand strongly o-bonded to a metal

(l;ke hydride) has a stroqgilebilizing effect upon the ligand

g .

B¥
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opposite (trans) to it.175 Thjs effect has been observed in a
wide variety of metal complexes, especially in square-planar Pt
and Pd complexes.176

Although these rhenium systems may represent a rather large

departure from the model system based on Pt (II) complexes, com-

parable effects can be expected to control the stereochemistry of

‘the reaction. Within this context a trans,(H,Nz) stereochemistry

is assumed for the cationic intermediate [Cp*Re(CO)(L)(Ny)H]*.

Substitﬁtion of No by addition of the halide at the trans position,’

-

presumab@y via an associative mechanism, would give the observed
trans#fé.

/ .
e The formation of cistp*Re(CO)(p)Xé (cis-14 and cis-15), and
probably Hj, from the reaction of Cp*Re(CO)(L)(Ng) with HX is not
as stralghtforward as the reactions with halogens which give .

ideq}ical products. This reaction presumably occurs as shown in

Eq.32.
» ' * ' *
Cp Cp Cp
| HX | HX |
" Re > Re —_— Re —__
AN /N e\
- oc y 2 H L. : L X Eq.32.

__The first step has already been discussed. &he second steﬁ,
i.e., hyd;ide substitution from the trans(H?X)-Cp*RE(CO)(L)(H)(X)
by halide to give cis-Cp*Re(CO)(L)Xz, haé been confirmed by reac-
tion of trans(H,Br)-Cp*Re(CO),(H)(Br) with aqueous HBr, which gaveﬂ
only cis-Cp*RefCO)zBrz (cis—li).‘However, thg‘mechanism of this
reaction is not understood at ihe present timé: It appa;ently

v e
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depends ‘on the ligand L and whether the hydrogen halide is either
anhydrous or aqueous. For example, reaction of the dicarbony1di—

q

nitrogen complex 133 with aqueous HX (X= Cl1, Br, I)/gave only
cis—Cp*Re(CO)zxz in excellent yields. No intermediate sHEh as the
hydrido halide complex Cp*Re(CO)z(H)(X) was obserVed in either
"oase The same reaction with stoichiometric or excess of redistil—
led gaseous HBr did not go to completion and the only isolated
products under ann;;rous conditions were trans(H,Br)—Cp Re(CO)z
(H) (Br) and traces of cis-14h. The amount of the latter wasbvv
increased when the ether solution containing HBr during reaction
was exposed to normal atmosphere for short periods of time Quan—
titative transformation was observed after overnight exposure to
open atmosphere.
Reaction of the phosphinedinitrogen complex 13b with agueous
HX however, gave,the corresponding hydridohalide,derivative 16 ae
the major product and about 10% of cis-15. The role of water in
these reactions is an important factor'to be determined.
Photochemical ci;—trans isomerization was observed to occur
' in the dicarbonyldihalide complexes Cp Re(CO)ZXZ (X- Cl, Br, I)
and CpRe(CO)2Cl2, but not in the phosphine ones Cp Re(CO)(PHeg)Xz.
”Unfortunately, with the data available at the preeent time it is
not clear if the isomerization occurs via a dissociative, radical
or intramolecular mechanism. The former shorld involve tne dis-

sociation of one of the CO ligands from the cis-isomer folloyed

by reassociation into the more sterically favored trans-isomer

-~ (see Eq.33). /

~
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Cp
[ “hy Tp
Re - > : ;
AR AN
¢ X co Eq. 33.

The generafion of a rhenium (III) unsaturated complex "Cp”*Re
(CO)XZ" canibejanalogous to\;he intermediate proposed in the
photoéhemical reaction of CpRe(PPhj)aHy, where dissociation of one
of the PPhjy ligands'wés‘demdnstrated to occur with the generation |
of "CpRe(PPh3)Hp".177 The photolysis of cis-Cp*Re(CO)zX, in the
presence of 13CO could answer this question since incérporation
of 13c0 into the trans—-Cp”*Re(CO) X5 préduct would support this
mechanism. , _

A radical mechanism shbuld involve homolytic cléavagé‘of«a
Re-X bond with generation of X: and the 17~e1ectronicomblex‘Cp*Re

(CO) 32X followed by reassociation into the trans—isome€ (Eq. 34).

*

Cp u Cp - cp -
: | hv | . |
OC/?Fe‘\x Ee— g //Te\\ + X » “?/7Rif\x
oc \x € o X ¥  co
. : Eq. 34.

Radicals seem to be 1nvolved iﬁ‘the photolysis of cis—Cnge
(CO)2I5 conducted in CHClj since the products of this reaction
were‘transtp*Re(%O)ZCIZ and traces of Cp Re(CO)3ClI. When the .
photolysis was carried out in hexane only 20% cbnve;slon into the

trans isomer was observed; the rest was decomposition. No attempts
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were made to detect the presence of iodine whiéh’cogld‘be formed

in this reactions.

A third bossibility is an intramolecular mechanism invblving
a trigonal-bipyramidal 1ntermediaté or transition state with the

"Cp* ligand alwaﬁs occupying one axial position (Faller-Anderson

Model)170 (Eg.35). @

R * . l \
*
Cp: Cp Cp Ccp
| hv .X‘\l x_| |
oc— Re\\ X —_— X/Re —CO or OC/Re —CO | o> oc //Re\\X
OC/ | X ' I | X co
: - o : X .
- -
- : : Eg. 35.

This modei has- been posfulated for the thermal cis—trans
isomerizations of the square-pyram1da1 complexes CpHo(CO)Z(L)X (L—‘q-
phosphine or phosphite and X= Qplide). However, in the case of our
rhenium complexes, these are thermally stable towards isomeriza;
\tion.Nevertheless, these trigonal-bipyramidal speéies'could bér
expected to occur under photochemical conditions. |
The irradiation of the dibromide complex cis-lig in CHél3

apparently did not involve a radical mechanism since no £ormatioﬁ
of Cp*Re(CO)2C12 or Cp*Re(CO)zB Cl was observed. This result |
sﬁggests that CO dissoéiation or intramblecular rearréngement‘aré
' more likely to occur ingcomplexesrpossessing much strongér'u-x v

bonds, i.e. cis-Cp*Re(CO)zxz (X= Cl, Br) and CpRe(CO)zélz.

It is evident that more work needs to be done in ordér to

gain more insight into the mechanism of tﬁe reactions involved in

wgh
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this chapter. Nevertheless, the reactions‘of tne'dicarbonYLr ahdn
monocarbonyltrimethylphosphinedinitrogen compiexesfwithlnalodens
(X9) or hydrogen halides (HX) to produce dihalide and hydridohalide
derivatives are further illustrations of the synthetic potential
of dinitrogen complexes. They can be regarded as- a sourcevof
reactiveﬁlow—valept’metalfcenters by ready loss of the-dinitrern~\
ligand from the intermediatevproduced under non—photochemical-cons'
ditions. Do | o

!

6.4. Experimental Section

All manipuiations, solvent purification and spectroscopic |
measurements were performed as described in the preceding chapters.
The m/z values reported for the MS are referred t;N:;e more abun-

,‘dant isotopes;i.e., 187Re, 35C1 and 798r Photochemical reactions
were carried out using quartz tubes. Gaseous HC1 and HBr
(Hatheson) were used without purification, except for the anhyd-
rous reaction. Coupling constants (J) are reported in Hz.
Preparation of cis—Cp Re(CO)zClz (cis-14a)

The mixture of Cp* Re(CO)z(NZ) (133) and Cp'Re(CO)3.(Hethod 2;
80 ing) was dissolved in diethylether (10 mL) at room temperature
~and agueous conc. HCl (2 mL) was added,with stirring‘or HC1(g)’
wastouobled tnrough the solution Eor 3-4 min. After 10 min'the“
jellov c¢olor began td_change to red and the mixture ras stirred

iovernight. Solvent wasxpunped off and the residue washed with

«




170
hexane to remove the Cp*Re(CO)g (32 mg). The red-orange residue
was dissolved in CH3Cl, and chromatographed on a Florisil column

(prepared in hexane). Hexane was first used to elute any traces

of'Cp'Re(CO)3 then the product was eluted as an orange-red band

rusing acetone (42‘mg;'7?% yield) and recrystallized from CH2Clp -

AR

as;orange_microcryétals which decomposed above 1800C !ithout o

meltinga IR (CHyCl,): 2037 vs, 1958 s »(CO), cm~l. 1H NMR (CDClj3):

5 1.98 s (Cp™). 13C NMR (CDCl3): & 10.20 q (J= 129.6 Hz, CgMeg).

108.03 ({gMes), 203.94 (CO). MS (EI): m/z 448 (M%), 420 (M-CO)*, .
392 (M-2C0)*, 413 (M-C1)*. Anal. Calcd. for cis-l4a: C, 32.14; H,

;
&

3.34. Found: C, 31.90; H, 3.17.
. o
Ptebatation of trans-Cp'Re(CO)éClz (trans—iﬁg){

Cis—Cp'ReJCO)2C12 (19 mg) was dissolved'in\CHClg (15 mL) and
irradiated for 25 min in'a quartz‘tube. The color"éf the solution
changed irom orange to yellow. Chromatogr&phy on a Florisil
column (prepared in hexane) using 1:1 CH3Clp-hexane moved an
orange band from which the trans isonér was obtained as yeiiew}
orange needles flz mg, 64%) after recrystalllzationbfrom CHéClznb
hexane (4:1) at -zoEC. It decoméosed vithout meiting above 850C.

———

Acetone moved residual cis isomer: IR (CHpClp): 2059 s, 1986 vs . °

=

»(CO), cm~l, lH NMR (CDCl3): & 1.89 s (Cp™). 13c (lH) HMR (CDCl3):

5 9.48 s (C5u35).'106:1§:<\(Q5He5). 189.74 (CO). MS (EI): m/z 448

(M%), 420 (M-CO)*, 392 (M-2C0)*, 413 (M—-Cl)*. Anal. Calcd. for

trans-]14a: C, 32.14; H, 3.34. Found: 31.66; H, 3.44.
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Preparation of cis-Cp*Re(CO)oBrp (cis-14b)
JHydrqgen’bromide was bubbied through diethylether (15 mL)

for 5 min at room temperature, then the mixture of 13a and Cp“Re

(C0)3,(Hethoa 2; 110 mg) was added. Alternatively, 5 mL of 48%

aqueous HBr were used. The mixture was stirred overni;ht aﬁd

6hqued color slbwly from yellow to red. A red solid precipitated.

Solvent was removed and the solid was washed twice with 10 mL

po;tions of hexane to remove Cp*Re(CO)3 (47 mg) then.redissolved

. in CH,Cl, and éhromatogréphed on Florisil. Elution with‘CH2C12—

hexane (i:l) movéd a red band which gave 76 mg (81%) of the cis

isomer. Recgystallization from CH,Cly-hexane gave red microcrys-

tals which decqmposed‘abpve 1900C without melting. IR (CH2C12${“

© 2033 vs, 1958 s v(CO}, em~l. 1H NMR (CDCl3): 6 2.06 s (Cp™). l3c

NMR (CDCl3): & 10.42 q (J= 129.6, CgMes)., 106.88 s (CgMes),

' 201.52 s (CO). MS (EI): m/z 536 (M*), 508 (M-CO)*, 480 (M-2C0) ¥,

457 (M-Br)*t. An;l. Calcd. for é&s-ljh: c. 25.77: H, 2.78. Found:

' C, 26.83; H, 2.56.

.Preparaiibn.of:trans—Cp'Re(CO)znfz (trans-14b)

| Cis-Cp'Re(CO)zérf (24 mg) was dissolved .in GHCly (15 aL) ana
iﬁnigig%gg;fgﬁ*pﬁ nipaln a quartz tube. ?he:color,chanqedAfrOn
red to oranga-yalloQ} So};ént was pumpgd°o£} and thg orange solid
' was.dissolved in CH,Cl, and chfonatoqraphedvon a Florisil column .
prepared in Hefanel Elution wlfh CﬂéClz-héxinc (2:3) ?ovcd an
.orange band which yielded tga trans 1soner»aa»an otange-solld.-ﬂi-‘

v

r‘atéllization;iwice from CH,Clz-heptane davn'ornngc crystals



(15’mg, 63%) which deoomposed abooe IISOC“vithootlmEItiﬁgfffﬁfff
(CHzClp): 2050 s, 1981.vs »(CO), cm~l. 1H NMR (CDCl3): 6 2.00 5
cp®r.. 13C(1H] NHR (ch13). 6 10.33 5 (CsMes). 105.04 s (Q5Hes).
isﬁ.ca/s (co). MS (EI): m/z 536 (M%), 508 (M-CO)*, 480 (M- 2c0)+

457 (M-Br)*. Anal. Calcd. for tng\\ngp. C. 26.77; H, 2.78. .

~ Found: C, 26.73; H, 2.88.

| Preparation of cis—Cp Re(c0)212 (cis~11g) . _‘ e
The mixture of 13a and Cp Re(C0)3 (Hethod 2 "80 mg) was_

dissolved in diethylether (15 mL). Hydrogeo iodide (2 mL of a

T

freshly opened, colorless 47% aqueo s solution, Eastman Kodak was °

. p°

added anafthg two phase’oixture”was stirred u&gorously overnight.

Ethot was pumped off and the residaal aoueous HI was remooed!by
fsyringe to leave a red. solid vhich vas washed with water (2 x 2

mL) andfvacuum dried Hashing with pentane removed the Cp Re(CO)3

component (36 mg) and the reﬁaining red solid was dissolved in |

CH2C12 and chromatographed on a Florisil column elutfng\vith

CHZClz*ﬁexane (3:2) Rectystallizationlfrom CHZCIQ—hexane gave

- o

red needles (67 mg; 98%) which decomposed above 210°C without

ey

melting. IR_(CH2C12): 2022 vs, 1953 5 »(CO), cm-l. 1H NMR (coc13)'

P 3

2.23.s (Cp”™). 13C NMR (CDCl3): 6 11.13 q (J=129.9, CsMes). .

104.63 s (CgMes), 199.52 5 (CO). MS (EI): m/z 632 (M¥), 604 (M-
} _ ‘ ). 8

.

co)*, 576 (M-2C0)*, 505 (M-I)*. Anal. Calcd. for CISjiiQ: c.

22.82; H, 2.37. Found: C, 22.95; H, 2:46.  +

— . %

b



vPreparation of trans—Cp* Re(CO)zlg (tran8-112)~7

The cis isomer (25 mg) suspended in hexane (in which it is

-

slightly soluble) was irradiate&’in a quartz tube for 2 h. The

resulting brown-red solution was chromatographed on Florisil

column using 3.2 CH2C12ehexane as eluant and removed a red-orange

_ee__band_ghich contained the product (ca 20% conversion) ‘Then,

L]

T

3 -

'HS) were Eormed instead.

acetone removed a brown band ‘which did not show IR absorptions in
the 2200 -1800 cm™ Yt region The trans isomer was identified by
comparison with that formed from Cp Re(CO)3 and I, (see below)me

-Irradiation in CHC13 did not result in formation of dllOdO com-

pounds. trans -14a and a trace of Cp Re(C0)2C1I (1dent1£1ed by 1ts
rs

-

. . . . .
. L . 3

Reaction of Cp RB(CO)a with Iz

Cp Re(CO)3 (200 mg) was dissolved in hexane (100 mL) and an

" excess of I, in hexane was added to grve;an immediate dark red

precipitate of {Cp'Re(CO)3If[I3l (see below). The suspension was

rapldly stirred and irradiated for ‘1 h.in‘a Suarti tube. Solvent.

. was pumped off and the red solid residue which was a mixture of

~ — _—

cis-l4c and trans-l4c was chromatographed on a>F1orisi1 column

‘prepared in hexane. A hexane ‘wash first removed traces of

-

unreacted cp® Re(C0)3, then red-orange trans~l§g (35 mg: 11\. decom—
posed without nelting above 170°C) was recovered from an orange .

band which was eluted ‘using CH2C12~hexane (1: l)i IR (CHaCl3): 20287ww,
s, 1964 vs »(CO), cm~l. lH NMR (coc13);f:22 21's (Ccp™). 13c MMR

(CDCl3): 6 12.12 q (J= 129.3, Csleg). 102,94As (gsue5>,,133.oo 5



. (co). MS (EI). m/éfsszv(u+), 604 (u—CO)*, 5753§w;2c0)j. 505 (M-I)*.
Ana{; Calod. for trans-l4g: C., 22.82; H, 2.37. Found: C, 22594;;}¥
H, 2.34. " o

A red band was next eluted using cquléfhexane (4:1) which
 yielded cis-14c (160 mg; 51%) as a red solid. |
| Theﬁgsecipitate of [Cp Re(CO)3I][I3] was identified as
follows: IR (KBr) 2087 vs, 2045 m, 2027 vs 2(CO) cm”}. Ms (FAB):
m/z for cation [Cp Re(C0)3)Il* 553 (M*),.qos (M-CO)*, 447 (M-2CO)*,
405 (M-3CO)*, 406 (M-I)*. Anal. Calcd. for [Cp*Re(CO)aIi(Il: C,
17f60}’H; 1.69. Found: C, 17. 20"H} 1.70. When stirred with |
hexane, the suspended solid partly redissoc1ated to give a violet! |
solution containing 12 and Cp Re(CO)3 (IR) Freshly prepared
solutions in CHC13 exhlblted‘IR bands>of [Cp*Re(C0)3I][I3] (2099
s, 2043 s v(CO) cm'l) and Cp Re(CO)g (2007 s, 1914 s p(CO) cm~l)
’hav1ng comparable integsitles Addltion of Iz to saturation
- 1ncreased the'relative Lntensity of the ‘former but,those of Ch*Re
(CO)3 were still present (though about halé as 1nteﬂse).'1n NMR
(CDC13): 6 2.39 s (Cp™) (at -500C & 2.48 '5) . 13c(1h) NMR & 11.4 5
(C5ﬂ55i. 103;2’5 (CgMeg), 191 br (CO). Spectra aredéssigned to
fast exchange of [Cp*Re(C0)3I1(I3] and Cp*Be(CO)3. M.p. 1280C.

LY

Preparation of cis—CpRe(C0)3Cl, |
The dinitrogen complex CpRe(CO)z(Nz) (prepared by reaCting
[CpRe(CO)z(nruzegHQOHe)1[BF4] (100 mg) .4in acetone vith KI) vas

dissolved without further purification in hexane and a dilute ,//~

solution of Clz in hexane was added dropwise until all of the

Yo o o .
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dinitregen complex uaz.reacted (by IR) The brown precipitate
formed was removed, washed twice with bexaﬁe and with ether,?and
then recrystallized in goodAyield from acetone—ether (10:1) at |
-100C as red microcrystalsrwhieh decomposed‘slowlyvabove 170°C
vwithoutumelting. lR-(acetoneY§_2056 vs, 1976 s”v(CQ), em~1l. IR
(chig){ 2061 vs, 1988 s p(C0), cm™l. 1y NHR (acetone—da)' 56.50
sr((C5H5) 13C{1H} NMR (acetone—dg)"d 98.55 s (CgHg), 201.85 s -
(CO). MS (EI): m/z 378 (H*), 350 (M-CO)*, 322 (M- 2co>+ 343 (M-
c1)*. Anal. Calcd. for'cis—cpke(CO)zcizz C. 22.28; H, '1.32. Found:

C, 22.50; H, .1.40. -
Preparation of trens—CpRe(CO)ZClz
Cis—CpRe(CO)2C12 was dissolved in a large excess of CHC13
>(in which it is poorly soluble) and irradiated for 40 min in a
R quartz tube The IR spectrum now showed only the trans ieomer to
| . be present The red solid remaining after pumping off the solvent
was chromatographed on Florisil with CHa2Clp as eluant Recrystal—
‘lizatioglgrom CH2C12—ether (3:1) gave red_microcrystals in .
approximate 70% yield which deeompoaedkwithout meltiné above 1350C.
" IR (CHaClz): 2078 s, 2012 vs »(CO), em~l. IR (CHCl): 2081 5,
2017 vs »(CO), cm-l. 1HeNMR (CDCl3): ¢ é 69 s (C5H5) 13c(14} NMR
(CDCl3): & 95.32 s (CgHsg)., 185!72;e (CO). MS (EI): m/z 378 (H*),
350 (M-cO)*t, 343 (M-C1) %, Anal. Calcdzifor trans*CpRe(CO)ZCIZ: c;

22.28; H, 1.22. Found: C, 22.42; H, 1.19. B

N
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Preparation of cis—Cp Re(CO)(PHe3)C12 (cis—lﬁi)

This complex was prepared following the saﬁe procedure to

?

prepare cis-15b (see below) using dilute hexane solution of Cla

(prepared by bubbling Ci, gas into hexane for few m1nutes) Cis-

15a was obtained as a red SOlldPln 88% yield It melted at 185°C‘
uith'decomposition. IR (CHpClp): 1899 vs »(CO), cm~l. lH NMR
,(CDC13): 6 1.76 d-(J= 10.41, 9H, PMe3), 1.82 d (J= 0.4, 15H, Cp")..
13c{1H) NMR (CDC1j: 5'10.16 s (CgMes), 17.89 d (3= 41.2, PMe3),”
103.69 s (gsues)' 222.90 d (J= 24.6, CO). MS 1EI)1 m/z 496 (M%),
468 (M-CO)*, 433 (M-CO-CH*, 392 (M-co—Pue3)+. Anal. Calcd, for

. - ;
cis-15a: C, 33.87; H, 4.84. Found: C, 33.73; H, 4.77.

e

.

Prepaﬁation of~cis-Cp*Re(CO)(PHe3)Br2 (cis-15p)

-

To a stirred solution of the dinitrogen complex 13b f50\mg,

0.110 mmol) in hexane a dilute hexane‘soluSion of Brp was added
dropwise until all the starting material disappeared (by IR).

Upon . addition of the bromine solution, a red precipitate was .

{
formed. Hexane was pipetted off and the preclpitatemdried;under(/, ,
vacuum. The resulting red—brdmn:SQIid“was chromatographed on a

neutraljalumina coluﬁn:.The columq waS.washéd with hexanejand the

product\then eluted with acetone. Removal of the acetone under e

v

S
T

vacuum, resulted in a red brown solid. Recrystallization from

CHZCIZ/hexane at —15°C gave cis—lip_(G 2 mg) as dark red micro-
crystals 1n 97% yleld M.p. decomposed above 210°C ‘IR (CHZClz).
1992 vs »(CO) em-l. lH NMR (CDC13): & 1.84 4 (3= 10.2, 9H, PMej3),

1.89 4 (J= 0.4, 15H, Cp*). 13C{lH) NMR (CDCl3):'6 10.83 s (CgMes),

.



19.20 d (J= 41.5, PHey), 102.67 s (gsues) 220 28 d (J= 24.9, o).
MS (EI): m/z-584 (M%), 556 *(M-CO)*, 480 (H—CO PHe3)+ Anal. Calcd.‘

for cis-15b: C, 28.72; H, 4.10. Found: (o 28.88; H, 4.11.

Preparation of trans-Cp Re(CO)(PHea)Brz (trans—lﬁh)
Cp Re(CO)(PHe3)(H)(Br) (40 mg, 0 079 mmgl) was dissolved 1n£'
10 mL of freshly dist111ed THF. To this yellow solution at 0°C was
added 16 mg of solld'NBS The color changed immediately to orhnge~
red and the 1(CO) absorpt10n in the IR spectrum was replaced b"
one ~ QQ\cm -1 to higher wavenumber Evaporat1on of THfjrextractlon
with hexane and recrystallizatlon from hexane at —-7890C gave 42 5
mg (95% yield) of trans-1%b as.an orange-red solid. M.p. slow
decomposition’ above 1850C. IR (CHZCIé): 1937_vsrv(C0)‘cm'1. IR_af"
(THF): 1943 cm~l, lH NMR (CDC13): 6 1.63 @ (J= 9.6, 9H, PHe3),.
1.85 s (15H, :Cp™). 13c NMR (coc1;): 6 10.33 q (J=4128.1, CgMeg).
16.13 q of d (1JCH 130.3, lJcp= 36.0, PMe3), 101.25 s (gsues),
1205.20 4 (ZJCp——a 7. CO) Hd (EI): m/z.584 (MY), 556 (H—CO)+ 430
(H~C0fPHe3)+; Anal. Calcd( for trans-15b: C; 28.72; H, 4.10.

bl

Found: C, 28.99; H, 4.06.

Other Properties of trans-Cp Re(CO)(PHe3)Br2

Isomerization trans—acis is observed in CGHG (darﬁ) after 1 day

-

~ 10% (by IR); after 5 days ~ 80% (room temperature) After 1-day

Y

in CDClj/at room temperature in presence of dayiiéht ~ 25% (by IR).

]

=]
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Pfeparation of ciSvCp’Ré(CO)(PHe3112 (cis-}lhg) . : S,
A procedure:similar to that used in the synthesis of the

cis-15b complex, using hexane solution of Iy gave the product in

‘490% yield as brown-red microCrystels. M.p. 191°C with decomposi-

tion. IR (CHaClp): 1902 vs »(CO) -cm~l. 1H NMR (CDCl3):6 1.95 d

(J="9.8, 9H, PMeg), 2.04 d (J= 0.64, Cp*). 13C(lH) NMR (CDCi3): 6
11.77 s (CgMes), [21.82 d (licp= 41.7, PMe3), 100.80 s (CsMes).
217.25 d 2Jcp= 26.3, CO). MS (ED): m/z 680 (M*), 652 (Micor*, 576"
(M—co—Pue3)+ﬁ/Ah$}, Calcqd. for c1s—;gg, C. 24.71; H, 3.53. Found:

C, 25.01; H, 3.60.

Preparation of trans—Cp Re(CO)(PMe3)tH)(C1) (léa)
) In a simllar procedure to that described below for léb. using
-37% aqueous HCl solution, this hydridochlor,ide complex 16a was
-obtained in 85% yield as,a‘yellow folié. Also cis—liglwas

obtalned in about 10% from the aqueous layer M.p. 5°C iR'

* (hexane): 1920 vs »(CO) cm -1, 1H NMR (CgDg): -9.35 & (ZJPH—

56.10, 1H, Re-H), 1.58 d (J= 9.6, 9H, PMe3), 1.97 s (15H, Cp™) .
13c NMR (CgDg): 6 10.98 g (J= 127.5, CsMes). 19.33 g of d (lacy=

130.8, licp= 35.4, PMe3), 96.38 s (CgMeg)., 207. 80 4 (ZJCH

(singlet in 13c{lH) NMR), CO). MS (EI): m/z 462 (M%), 432<(H—C0)+

Anal. Calcd. for l6a: C, 36.36; H, 5.41. Found: C, 36.20; H,

5.38.

~

Preparation of trans—CpFRe(CO)(PHe3)(H)(Br) (léb)

The dinitrogen complex 13b (50 mg, 0. 110 mmol) .in. diethylether

¢



‘The reaction was followed by IR spectroscopy until al

through Celite,

CgMeg) .

- 524 (M-30)*t,

179 R

was stirred with an excess'of»aqueous'HBr sulut on (O;S:mL; 48%) .

the dini-

Vv

trogen complex reacted (ca. 10 min) giving a yellow organic layer',*

and brownish aqueous layer which contained cis—l&p_in less than

,10% The “yellow solution was separated, and thersolVent pumped off.

The vyellow product was . then dissolved 1n hexane and filtered
resulting in a yellow solid when dried under vacuum.

1922 vs, p{cO) cm-1. 1H

'Yield 50 mg .(90%). M.p. 1200C. IR (hexane):
NMR (CgDg): 6. -10. 33 a (ZJPH- 55.74, 1H, Re-H), 1.38 @ (J= 9.30, 9H,
PMe3), 1.84 s (15H, Cp*). 13C NMR (CgDg): 6 11.23 q (J= 127.5,

20.68 g of d (1JCH='§28 0, lycp=36.9, PMe3), 95,37 5

(CgMes), 206. 45 d (2Jcy= 8.71 (singlet in 13c(lW} NMR), CO). MS

;for_lﬁgg C, 32.20;

m/z 506 (M*), 476 (M-30)*. Anal.Calcd.

(EI):

H, 4.94. Found: C, 32.99; H, 4.95.

3

Preparation of trans4Cp*Re(C0)(PHeg)(H)(I) (lﬁg)ﬂ

A procedure similar‘to that used in the synthesis of the’

- previous hydridohalide complexes, using 47%-aqueous HI solution

gave the product in 82%jgiébd as a yellow solid. A small amount -«

(ca. 5%) of,cis—lﬁg_was'also'containgd;gﬁom the aqueous léyer?rgf

1400C. IR (hexdne): 1925 vs, »(CO) cm™l. 1H NMR (CgDg): 6. °

M.p.
1H, Re-H), 1.45 d (J= 9.1, 9H, PMes3), 1.89
CgMes), 23.05

q.0f d (licy= 130.6, licp= 36.5, PMe3), 95.11 5 (CgMeg), 204.32 4"

-11.46 d (2Jpy= 56.1,

6 11.85 q (J= 127.7,

s (15H, Cp*). 13c NMR (CgDg):

(2Jcy= 10.8 (singlet in 13c{1H} NMR), CO). MS (EI): m/z 554 (M*),

for J6¢g: C, Found: C,

30. 32, H, 4.51.

Anal. Calcd.



M,p. VVV Ir (CHyCljp):

(gsHES)I

. degassed'twice.

2 Te

30.12; H, 4.46- _ , : ~ Co

preparationfvf\gis [Cp*Re(CO) 2 (PMe3)I1(I3]

1100 mg (0.220 mmol) of Cp Re(CO)g(PMe3)19° (prepared from the

' reaction of cp” Re(CO)z(THF) with bidejy) were dissolved in SxmLiofv

'diethylether at room temperature and saturated ether solution of

12 was,added with stirring'until all the carbonylphosphine complex

reacted (by IR). The4red precipitate then formed was washed three

e

times withkether (5 mL} and dried under vacuum,'Yieid 209 mg 199t).

2039 vs, 1973 s, »(CO) cm~l. lH NMR (CDClj3):

6 2.12 d (J=10.3) and 2.37 d (3= 0.9, 15H, cp*). 13c(ln) NMR

(CDC13): 6 11.85 s (Cglies). 19.99 d (J=41.7, Pﬂgg), 107.02 s
187.72 d (J= 15.3, CO), 202.45 d (J= 24.8, CO). MS (FAB, ~ .

Zoaort. 805
525 (M-280)*, 505

xenon,  sulfolane): m/z 581 (M%), 553 (M-CO)*t,

(M-PMej3)*. . o ' <

Reaction of Cp*Re(CO)2(N3) (1l3a) with Anhydrous HBr
This reaction was carried out in a vacuum system equipped

w1th a Toepler pump Compound l3a (prepared'according to method
1) (118 mg, 0.291 mmol) was dissolved in 40 mL of ether and T

S : - . o '
To.this pale-yellow solution an stoichiometric,

‘.amount of redistilled gaseous HBr (8.0 mL, 0.291 mmol) was. added

and st1rred overnight at room temperature After this time the-
mixture became yellow, and contained a small amount of a bright
yellow solid. The amount of gas evolved at this stage was veryv
small, onlerz was detected by MS. An IR spectrum of'the yellow -
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:'“solution indicated that most of 121 remained unreacted, but_in
addition,\a new carbonyl absorption was present at\%?31 cm’ 1.
.More gaseous HBr was added (ca. 15 mL) and. the mixture stirred
forvfourfadditional‘days.;After this time, the color intensity
of the solutionlincreasedvand about 15 mgvof the'same bright
yellow solid were formed. The solution was taken off by syringe'
and w#s a11owed to react under uhdried N2 for an additional five
dajs. Simultaneously, 3me of the‘samefsoiution eere exoosed to-
air'and a red solid precipitated out. This broductwas anglyzed hy
.ié'zs the bromide complexlcis—ligilAfter five days, ether was
evaporated-under vacuum andlalyellow—brown residueuas;extracted,
.with hexane\(2 x 10 mL). Some insoluble“light—bromn material was
Widentifiedrby IR as cis—lin‘(ca; q mo); After successive recrys-
taiiization from hexane at -789C, additional’zs mg of>the golden
yellog”solid vere isolated and identified as the hydridobromidé
compléi trans(H,Br)-Cp*Re(CO),(H) (Br). 35 mg of. the unreactive
dinitrogen cﬂﬁolex lgilﬁere‘also obtained from the supernatant
solution. ’The total isolated yield of the hydridobromide complex
was 40 mg (42 6% based on the unreacted dinitrogen)-. The hydrido—
bromide complex decomposed above 75°C. It is stable in ether
solution under nitrogen, however when aqueous HBr was added a
slow‘reaction‘took place. Atter one day stirring at room tempera-—
ture, it Quantitative1§ converted‘to cis-14b. IR (hexane):32030
m, 1964 vs, 2(CO) cm~l. lH-NMR (CgDg): 6 -9.98 s (1H, Reéﬁ;.
1.64 s (15H, Cp*5. 13c NMR (CgDg): 6 10.49 q (J= 128.6, CsMes).

99.85 s (CgMeg), 195.75 d (J= 13.6, singlet in }3{1H} NMR, CO).
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MS (EI): m/z 458 (M%), 430 (M-CO)*. Anal. Calcd. for.trans— .
(H,Br)-Cp*Re(CO)(H)(Br): C, 31.44; H, 3.49. Found: C, 31.42; H,
. N ; ) - - . . “w . . B ] i

- &

3.48, ).
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Photochenical Reactions of Cp Re(CO)(L)(Nz). L=CO and Pue3 with

fySaturated and Unsaturated Hydrocarbons

.

7.1. Introduction’

—_

The _photoextrusion of Ny from dinitrogeh cdmplexes has been

knqun since 1972 when Darensbourg first. reported that N2

‘subgtitution by CO in some Fe, Mo, Re and _Os complexes was greatly

¥
facilitated by uv 1rradiat10n 178 Slnce then, several reports

have been. published involving photochem1ca1 reactlons of dinzttogen' B

complexes'to fac111tate subst1tut19n179 or addition reactlonsgo at

~“the metal center. In most of these reactions, notably carried out

in aromatic solvents such as benzene, the unsaturated fragment

formed by photoextrusion of Nzrapﬁaréntly does not react with the

Rsolveﬁt.lso As far as we know, only one dinitrogen complex ReH(Njy)

[aN . -
(dppe)3 has been reported capable.of activating aromatie C-H bonds
both ‘intramolecularly and intprmolecularly°by photoelimination of
N2_181 The sequence of reacttons leading to tﬁéfincorbpration{of' e

deuterium from Csbsrinto both the metal and the dppe ligand, with

the corresponding hydrogen incbrporation[into the<deutgratedfsolé

‘intramolecular C-H activation products.

vent, is shown in Scheme XIII.

However, this;réaétion did not provide isolable inter- or

e L

181 -

‘QCHAPTER VIl . R R -
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i . . : 6°5
. T P 4 -
ReH(Nz) (dppe)2 - > ReH(dppe)2 » (dppeyzne<[) :
: . -N » ‘ . e
: 2 , B | H
-CGDSH
+N? ‘n : "
ReD(Nz) (dppe) 2 <———"—-r—— ReD(dppe} 4

10 o
(d%}ppe) Te—P\ ‘__:T—f_; : ((dppe) Tﬁe /\ - ' i ;7

‘Scheme XIII
3 \> ¢ v
Lntermo}egularft-ﬂ‘bondAactiyation in unsaturated, and

esﬁécially‘in saturated, hydrocarbons by soluble trénsition_metal ’
complekxes is today oneloﬁ the most. important topics in organo-

& v

| metaliicvchémistry. The main inter?st {nathése'reaétions is(tb
léa:nkthé chemical requirement for céusing}Such stable substanca§ . -
to react and to understandktheit‘mechénigmk. in recent yé§rs,'

several reports (including soﬁe réviéﬁs;32'183) have been pﬁbiished‘

emphasizing theVSYntﬁesis of‘metal'compiéxes (or their fragments)

which are able' to activate hydrocarbon C-H bondsa_The,most

comprehensive studies in this fielg/gngelving iridium and rhodium
complexes are currently being carried out by Berghan.184?185

o



Crabtree, 183,186 Granaml87.188 ang .Jones.189 1n 1985, Buwud 7_
covworkers denonsttctcd that tha rhenium comp‘exes CpRetP803)3.
Cp ReiC0}2(PGe3) and Cp” Re(Cﬂ)(PKa3}3 can also be used as phato~’
“chemical precursors for intra and intermalecular C-H activation

products. 190 Some of these reactions are shown in Scheme XIV., |

: ‘ S H o cHy
: v w “w cyclohex. - - // i
fpﬂa{FMaJ}J = —— CpRetPHe3}2 , et Cp(PMej}Re
‘-93ﬁ3 Pﬁez" ‘ﬁT

—— Cpnenww37inuiph>'

> CpRE(PHL ) (H)(Me)
_— - eyclohex.

N ' : . o o t;
) : c : o,

h‘-‘ ] ~CO " . ~ ) ] * ‘
op Refco) (Pﬁc )} = Cp Re(C0) (PME.) * Cp (CO)Re’ A
- ‘ eyclohex, ,\Pnea
* by . » Cp RE(CO) (PHe.) (H) (Ph)
-C0 +Pﬂe3 ) 3 o
'y
Ae " «a o oa 82 atm
Cp (Pﬂe ) ! B e Cp Re (PMe ), "-—--~ﬁ-—b-6p Re(?nc )(H)&Me)
. 32
cyclohex o -’ cyclohex .
) ' Scheme XIV

4o 2

it wvas found that the best resulfts were obtained in the photo-

S
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be isolated and characterized 130 For the Cp systems, particular-
ly those containing the Cp Re(CO)(PHe3) fragment, 1t was suggested

that, due to the 1nstability of the insertion products, these -

s

coﬁld not be 1solated and therefore they were only partially
”characterlzed by IR. and 4H NMR.-Very recently in further rhenium = .
‘work, trans~CpRe(PPh3)2H2 has been shown to catalyze H/D exchange'
between benzene and a variety cf alkanes lncluding methan&hﬁﬁder
jphotochemical conditions. 177 Photodissocxatxon of the phosphine
ligand to generate an unsaturated rhenium (III) fragment "CpRe

(PPh3)H2",_followed,by oxidative addition of the hydrocarbon to

produce a rhenium (V) intermediate,‘has been proposed to be the

~ 2
RS

mechanism. 177 7
In this chapter, the g;tential usé of dinitrbgeh cphpléiqs

in C- -H bond é ctivation is illustrated by the photochemicél reac-

tions of the trimethylphosphinedinitrogen complex Cp Re(CO)(PHej) ;f

(Nz) (112) in saturated and unsaturated hydrocarbons The

-

effectiveness of 13p by comparison with the Bergman precursor

Cp'Re(CO)Z(PHe3), in intra and intermoleéular C-H activation.will
be presented. Some preliminary photochenmical rgéctioné hsing the
dicarbonyl dinitrogen complex ]l3a are also included. A preliminary

report of this work has been accepted for publications191

B

- : \ .
7.2. Synthesis‘and Characterization

UV irradiation of the tr1n¢thylphosphinedinitrogen complex

llh in benzene solution (Fig. 153) at room tenperafure for only 10



Fig.15.

i

A comparison of the

% roduction of the phenylhydrido complex
' (17) (p(CO) 1872 cm

) from irradiation of C

(Np) (}13B) or Cp Re(CO)z(PHea) in benzene.

‘Re (CO) (PMej)
(a

I spectta of
13k, (b) 10 min irradiation of ljh, (e) Cp* Re(CO) 5

(Pﬂeg). (d) 10 min irradiation of Cp Re(CO)z)(PHe3)
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'min resulted in quantitative'conve:sion’tola single carbonyl
coﬁfgrning product TFlg.le); This éompouhd could be isolated
from hexane at —7é°C as a white solid and was characterized byi

spectroscopy and ahalysis as the benzene C-H activation producf

" trans(H,Ph)—Cp*Re (CO) (PMe3) (H) (Ph) (17).

By ﬁéy of comparisdh, we«observed (Figs.15c and 15d):that the
irradiatioﬁ of one of Bergmagé; phqtqprecursors‘Cp*Re(CO)g(PMe3)190‘
under identicai cénditiohs'gave a lod'yield of 11. Compound lz_is
air-sensitive bdt'stabie gg a sdlid and in hexane solution under -
N, at low temperature (-15 to -780C). Solid sémplés can beistored
at -150C under Nj g;mospﬂeré (freezef)rfor severgl months without
visible deterior;tion. It is very_soluble in ben;ene, hexape and.
cyclohexane. . It also dissolVeS in CHCl3 and CHBr3 but gives qrangé—
red solutions which have béen identified‘as thefgprréépondingybis—
dihalidevcomp1e¥es » €is-15a and cis-]5b. respectively. Whén“
dissolved in CgDgs" about 20% exchahge of bound C6H67with4buik ;
solvent was detefmihed bf 14 NMR and MS during six days at 8°Cf A 
cbmpléte regeneration of the parent dinitrogen complek 13b was -
observed §hen 17 in hexane solution was pressurized to 2og9.psi'
with N, for 12h. | -

The IR spectrum of ]7 shows a strong and quite brdédﬁv(CO)»\

Vg o

~

4



absorptlon at. 1372 Cm‘l in benzene (Flg 15b) and a sharp absorp—rr
tion at 1889 cm~1 in hexane.. The presence of the hydride and
phenyl ligands was clearly observed in the 1H NHR spectrum. The
resonance for the former appears as.a doublet at 6 -9. 18‘with
ZJPH— 66.7 Hz and integrates for lH For the latter a multiplet
at 6 7.16 with a relatlve 1ntensity of 3H is tentatively assigned
to mg;;_and Qggg protons, and a.second‘mult1plet, at much loverms
field (3 7.96) and with a relative intensity of ZH is assigned
to the g;;ng protons by analo§?*w1th the phenylcarbonyldiazenido’
complex 10a, dlS§USSEd in Chapter IV, The 13C NHR spectrum of
complex 17 also demonstrates the presence of the phenyl ligand.
The 13C resonances appeared in the‘123—1§7 ppm region and the ?
assignment of each resonance was done on the basis of'carbon h
couplings to phosphorus,and protons (see Experimental‘Section).
The carbonyl carbon 4esonance was~observedkat 6 209.02 as a doublet .
in the proton coupled spectrum and as a sxnglet in the decoupled |
spectrum

The electron—lmpact hé at 12 eV clearly conf1rms the formula—
tion of this compound. It showed the molecular‘lon'at m/z 504, '
and a base peak at m/z 426 resulting from the loss of beniene. At
much higher energy (70 eV) the molecular ion could not be observed.
Instead; the MS showed peaks at m/z 502, 474 and 426 which are

S j :
believed to result from Cp*Re(CO)(PMe3), formed by decomposition

of 17. ] i : _ : ]
The assignment of mutually trans hydride and phenyl groups k

) .
in complex 17 was based on the following results. The 2JpH value -




¥, ’ ‘ T
for the hydride resonance t66 7 Hz) indicates gigrhydride and

PMe 5 groups. This value is in good agreement with those observedf

in the hydridohalide derivatives (1€) which also possess a cis

~
—_—

- H-Re-PMe moiety (see Chapter VI), and in the complexes cis—CpHo
(c0)2(pR3)(H)17° (2Jpy= 64-67 Hz). For the CO group, a value of |
2JCH‘ 10.8 Hz was observéd in the 13C NMR spectrum and along with
no observable coup11ng to phosphorus, this indicates that the CO
is cis to the hydgide and trans to the PMe group. The value,of.
7”2JCH is in Qood agreement vith that’observed in‘trans(H,Br)F%p*Re
(CO)2(H) (Br) (2Jcy= 13.7 Hz) (see Chapter VI). Furthermore, a
strong NOE enh?hcement of the hydride and phenyl resonances t
resul ted froh irraciation of the PHegAproton si9351Q

UV—irradiation of the pure dicarbonyldinitrogen complex 13a
in benzene under similar conditions'to those used for 13b also
rresolth'in‘loss of dinitrogen (by IR) and the formation of a
clear yellow solution. This solution exhibited two strong v(Cb)
absorptionslof approximately,equal intensity at 1937 and 1872
em~l tin benzene). A lH NMR spectrum of the crude yellow soiution.
(in CSHS)/CSDS,'4E1) showkd no hydride resonance in the high field
region (-5 to -15 ppm). Instead, two resonances were observed in “
the Cp* region, at & 1.45 and 1.64 in a 2:3 ratio and a' third at
6 5.98. The »(CO) absorptions and the two resonances observed at
6 1.64 and 5.98 are.comparable to those recently;reportedfby
Pasman and coworkers £0F Cp“Re (CO) 5 (M2-CgHg) (IR (benzene): 1938,
1870 »(CO), cm~l; lH NMR (CgHg—CgDg ., 95:5): & 1.59 (cp*), 5.87

(CgHg)), and [{Cp*Re(CO)3}3(u-m2,m2'—CgHg)1 (IR (benzene): 1937,

‘)



191‘ s
187_1-"v(co)i, cm~1), 1H NHR (CgDg) 5 1.66 (Cp*), 2_.35,-51..;1‘4 and .
:6 41 (H‘CsHe)) The former complex was a primary product of the.
~7photochemical reactlon of Cp Re(CO)3 in benzene, and the latter
~ was formed in a dark reaction following the photolysis. 192 1n ourr
partlcular case, §he 1H NMR data was obtained 1mmediate1y aftetr
photolysis of 13a in benzene. On the basis of these results, we
suapect our spectroscopic analysis corresponds to'the,ﬂ2~benzene
complex.Cp*Re(CO)zfﬂz—CGHG): HoweVer, we have’not yet established
the origin of the resonance observed at & 1.45-in the lH NMR |
spectrum. ’ I : ‘ :

Irradiation of the_dinitrogen complex l}a_in saturatzg |
solvents such as hexane -or cyclohexane gave the Rnown'dimers
de 2Re,(CO)3 and Cp*,Re;(CO)g reported by Hoyano and Graham 144
-However, the photoly51s of the phosphlnedlnltrogen complex lgb in
hexane‘or cyclohexane for 10 min resultéd in the complete disap-
oearance of the dinitrogen complem and the formatlon of a single- "‘
carbonyl‘contain\hg product showing a° very strong and sharp v(coe
at 1878 cm‘l The efflclency of this transformatlon is shown in

- :

Fig.16. The carbonyl product was isolated at,—78°C»as a white
solidraﬁd\was characterized as the cyclometalated complex,Cp*Re
(CO) (M2-PMeCHp) (H) 18 resulting from the intramolecular C-H

actiVation'of'a'methyl group of the PMej3.ligand.
2\ :



<

Generation of the cyclometalafea complex 18 (»(CO) 1878
cm~l) from irradiation of _Cpre(CO)(PH‘e3)7(N2) (13b) in
cyclohexane. IR spectra of {a) 13b, (b) 8 min irradiation
of 13b. : ‘ '

"
L5
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Ccmpound'lg is very'air—sensitive. It isivery'soluble in

hexane and cyclohexane, and quite stable under No at 1dw

tenperature in those solvents. However, it reacted slowly with
: benzene in the dark to form the hydridophenyl complex (l_) Like—
wise, it reacted wlth No under 2000 psi of pressure to produce

quantitatlvely the parent dinitrogen comp}ex 139. However,‘it d1d

.

PR

not react with CHyg (500 psi) at room temperature. The lH NMR

$pectrum of compound 18 shows a doublet at 6 -9.92, 2Jpy= 38.2 Hz

.\

AN

with a relative intensity ofrlH,twhich is'assigned to the hydride'

rescnance.'Twoedoublets of doublets at & -0.57 and_0;57 (each

integrating for 1lH) are assigned to the two non-equivalent

T§iL,////methylene protons. Lik;ydfe, the tﬁc doublets at 6 1.37 (3H) and °

1.55 (3H) are assigned to/ the two non-equivalent methyl grOups.
,The resonance for the Cp}°protcns appears»atid 2.02fwith a
relative‘intenSity of 15H 'The instability of this'compbundrin
CgDg and cyclohexane-d12 over the t1me required for data collec~r
1tion has so far precluded accurate measurement of the 13C NHR |
spectrum. By analogy with 17, and on the basis of 1H NMR and NOE~

results, ve beL*eve that 18 possesses a trans stereochemistry,
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that isithe hydride\is trans to the methylene carbon and cis to Pti
NOE experiments have alléwedkus to-assign the non-equivalent s
methylagroupsrand methylene protons of the cyclometalated'fragment
in 8. The NOE results are summarized as follows: irradiation of
Mey, enhanced Hb more strongly than Ha;'irradiation of Mej enhancede
Hy ‘more strongly than Hb, irradiation of Cp enhanced Hp and Mep
much more strongly than it did Hgy: and Mea Irradiatlon of either
Hea or Meb gave enhancement of hydrlde (more strongly wlth Hea),“ 77,\7
did 1rrad1at10n of Hy, but not Hg. ThlS suggests that the |
\J
hydride ls cis to PMez and trans to CHZ.‘
Compound 18 could also be‘characteriZéd'Py electron-impact

‘MS at 12 eV, which exhibits the molecular ionvat m/z 426 as the
highest mass peak. As with thelhydridophenyl complex, the’spectrum
ét,ﬁo eV shows peaks at m/z 502, 474 and 426. '

——Irradiation of 13b in‘hexane; in the presence of methane or
molecular hydrogen did not give the expected hydridomethyl Cp Re
(CO) (PMe3) (H)(Me) or dihydride Cp'Re(CO)(PHeg)Hz complexes.
Instead, 18 was the only product*‘ThIs\result contrasts with the
formation of the known dlhydride complex trans-Cp Re(CO)232193
when the dlcarbonyldinitrogen complex 1}1 wag irradiated in hexane
-with Hp purge. Irradiation of 13a in hexane with CH4,purge gave a

mixture of Cp*;Re3(CO)3 and Cp*zRe,(CO)g.
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7.5. Diséussion

The most straightforward mechan
intermolecular oxidatiée addition reactions using_the‘phbsphing

dinitrogen complex 13gbas a photochemical precursor is shown ‘in
L ' . . : . 7

Scheme'XVf

Cp Re(CO) (PHe,) (N,) -

o ——

OC”’Re“(

/

'~ PMe

2

1

D

5

*

SchemeXV

ism for both intra and

-~

Re

'oci7 \\ H 7

PM§3 Ph

hy tﬁamml
or

~

*
. Cp

l

oc+—R8—y

/' \

Ph PMe*

A similar scheie has been proposed by Bergman using Cp*Re

(CO)g(PHeg) or Cp*Re(CO)(PMe3); as photoprecursors.

- We assume, based on extensive precedents,178‘181 that the

irradiation of 13b leads primarily to the loss of N3, forming the

i\
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- coordinatively unsaturated'compie;‘"Cp'Re(COi(ﬁioj)“ as a transient
fntermediatl The reactive l6-electron metal cent;r in this inter- k
mediate then undergoes oxidative addition to the C- H bond of a.
benzene molecule” (route (1)) presumably v1a a three-centered
trans1t1on state leading to the cis—phenylhydrido (cis—Ll) (kinetlc
product) which isomerizes to the more stable trans isomer. The o
second possiblllty (route (ii)), whlch takes’place in an inert |
solvent such as hexane or cyclohexane, is that the unsaturated
_fragment undergoes internal activation of the PMej ligand to give
the cyclometalated complex cis-18, which is converted to trans-]l8
thermally or by UV irradiation.

The generation of the unsaturated fragment Cp*Re(CO)(PHe3)
through the dinitrogen complex 13b and'its\?ubsequentAOxidative
addition to a C-H bond—BI—Eenzene (intermolecular insertion) or to
a C-H bond of the PMe; ligand (intramolecular insertion) is
clearly much more effective‘than by using the Bergman photoptecur-
sor Cp*Re(CO)z(PMe33, as can be observed in Fig.15. Furthermore,
we wererable to isolate the phenylhydrido complex l7 and the cyclo~;
metalated complex 1g and assign their stereochemistry. The trans
stereochemistry of these insertion products was surprislng but
unambiguousu It is analogous to that observed by Hoyano and
Graham in the hydrido complexes CpRe(CO),H,194 and Cp”Re (CO) 5

”*“‘*“jH27193 The latter wasﬁoroduced ohotochemically from Cp'Re(CO)3 in

dthe bresence of Hp. Hoyano and Graham proposed that the reaction B

proceeds vfé pnotodissociation of CO and oxidative addition of‘Hé.i

but offered no comment about the stereochemistry.l33 It is expec-



, )

ted that the production of thgfgihydrido éoﬁﬁléx‘tfans~C§‘§a(¢ojé

Mz occurs in an analogous mahner to our trans complexes 17 and

i, t.e.. the cis fhsartiqn product is primarily fora&d:(in'agree~ ‘

‘ment with a:coﬁcérted nechanisaivand is then transformed to the

more stable’itrans products. d

" There are other important features related to the phenyl-

hydrido 17 and the cyclometalated ]§ complexes which should

be emphasized. Firstly, the slow dark reaction of;gg_uith Cgﬂs to
form J7, suggests that reversibie formation of the unsaturated
fragment "Cp Rc(CO}(PHeji' tronxlg occurs and that. 11 resalts from

the thermal reaction of this intermedliate with benzene (Eq.36).

[ - ) 'R ’ ) T
Co cp ' —?p
! L B S
e B e scommat e :
B+ et o oCc—, L TH
, 2 VAN J : N\
H P cO e, ' . Ph ~ PHe
8 o 7
18 ] il Eq.36.

The stereocheaistry of the phenylhydride compléx ébtained by
this route was not confirmed by 1H NHR but the iR speﬁtrum in
CgHg or he:aue is identical to that obzerued for the same compound
prépared photochemigally. Therefore, ig we assume a concerted
sechanism for the insertion of the rhenium center 1nt6 thé benzene
C-H bond, the cis to trans isomerization of the'phenylhydride
complex must proceed thersally. 4 |

Consistent with Eq.36, when benzene-dg was employed the

hydride resonance was totally absent in the HEE spectrum, proving

that the product was exciusively Cp'Re(CO}(PMe3)(D){CgDs) and that
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" The reversible formation of ”Cp'Re(CO)(PHe3)" from }8 was further

) 198 . , ——

the hydride ofilﬁ vas reincorporated wholly into the Puea,grggéf o

of J7. The incorporation of Cghg was confirmed by the MS (12 eV)
of the perdeuterated phenylhydride complex’which shoved m/2 Sld

(based on 187Re), which corresponds to the molecular ion of 17-dg.

indicated by the quantitative regeneration'of the dinitrogen ‘ .

complex XQQ when )J8 is pressurized witthz-(Eq.37).

] ] 1 o

Cp o Cp Cp ' .
1 | N,, 2000 psi |
_—~Re _—— Re , - > Re .
>, H " - \
oc V2RN /C 2 CO/ \PMe 1 hex., 5 h . /! \N
H PMe i 3 P OC* Ny
2 . : d . PMe
: 3
18 13b
-Eq.37.

*

Even more surprising ‘is the observation that the phedyl*,'
hydrido complex 17 in hexané,is also transformed essentially
quantitatively (but more slowly) to the parent dinitrogen complex

-313b under N, pressure (Eq.38).

YL | . .

Cp P i : Cp
{ N,. 2000 psi |

- Re > Re

‘ AN hex., 12 h N BN
¢ Ph PMe oc” | N2
3 PMe
3 —_—
17 13b

Eqg.38.
This may indicate that, in solution, 17 is partly dissociated
into benzene and "Cp“Re(CO)(PMe;)" possibly via a benzene w-complex

intermediate as shown in Eq.39.
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o ) * : :
5 ) : Cp .fp

L —

¢ . : Eq. 39.

This suggestion iéysupported by Pasman and cpworkerslgz'and.
aiso'by our‘fesults on the photolysis of l3a .in benzene (see
below). Furthermore, the 1H NMR and MS of 17 indicgted about 20%
conversion to 17-dg in CgDg-at 8°C,6ver six days. |

Photochemical reactions of the less electron rich Cp*Re(CO)z

(N3) (l33) (compared with the pposphine_lgb) resulted in the

_

photoextrusion of N> and presumably the formation of tﬁe‘unSatura— )

ted fragment ZCp'Re(CO)z". These reactions are shown in Scheme

XVE.

E”Y : ‘hv. " * " (i) :

Cp Re(CO)z(yz)-————————>"Cp Re(CO)2 >-Cp Re (CO) +
13a '~§2 N2 or CH4 purge . i
I . Cp 2Re2(CO)5

L ' (ii) * .
oo _ » - trans-Cp Re(CO)2H2
" hex., H , . -
2 )
(iii) . .-
»- Cp Re(CO). (n“-C_H )
C6H6 - 2 66

Scheme XVI

/Re\‘——l—- N Re ‘ °
wm TRl
o PMe 4 :
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The products of reactlons (1) and (ii) are thetsane as”thdSe‘
obtalned by Graham and coworkers using Cp*Re(CO)3.as a pnote—
chemical precursor :144~193 Even though the same products are
| obtained frozythe tricarbonyl cemplex, 13a is a much better photo-

precursor. F r'example, trans—Cp*Re(CO)gHz was produced quantita—

tively (by IR) according to route (ii) in 5-10 min, whereas Hoyano

-
S

and Grahamxusing Cp*Re(CO)g as photoprecursor took more than‘17h‘

to produce the dihydride complex in only 50% IR yield.193

Y-

No reaction with the methane C-H bonds ocCurred whenllgi'was~

irradiated in hexane wlth CHyg purge (reactlon (i) in Scheme XVI)
~Instead the rhenium dimers Cp’zRez(CO)3 and Cp* 2Reg(CC)g were

obtalned This result 1s a further 1nd1cat10n that the unsaturated

fragment "Cp Re(CO)2 1s.unreaqt1ve towards satyrated hydrocarbon

&

C-H.bonds.
Irradiation o¥ l3a in benzene also produced efficiently a

dicarbonyl-containing compound (by IR) which we believe to be the
e R

m2-benzene complex'Cp*Re(CO)Z(ﬂZ—CGHS) by comparison of the IR

ang\i: NMR data with those reported by Pasman and coworkers for
his

t ompound. 192

The differenceg,}n reactivity of the unsaturated fragments
. ! h .

“Cp*Re(CO)z" and\"Cp*Re(CO)(PHeg)"4clearly indicate that the
presence of the more electron-donating PHe3‘1igand'p1a§s an
inportant role inrthe reactivity of the rhenium center touarda C?H'
bonds. It has been suggesteql82- 184 that at least one of the

factors which enhances the reactivity of the metal fragmenf toward_

C-H bonds is the presence of an electron-rich metal center,. This.

.
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suggestion is in agreement with our e;pgr;mental,nesults

The trimethylphosph1ned1n1trogen complex 13;_15 the f1rst
exahple of a dinitrogen complex capable of aivlng 1solab1e C-H
bond activation products when irradiated in saturated and : uﬁ‘

unsaturated hydrocarbons. The utilization of dinltrogen complexes

"as efficient photoprecursors for the activation of C-H bonds is

an area of great promise for future investigations and is com-

pletely undeveloped at the present time.

] -

\\

" 7.4 Experimental Section . o

i&l

Photochemical reactions were carried out as described in

.Chapter II. Benzene, hexane and cYclohexane were dried over sodium

and distilled directly into the reaction quartz tubes under oxygen-

free nitrogen {Linde-Union Carblde) High pressure reactions uerq
carried out in a Parr bomb, at room temperature using oxygen—free

s

nitrogen. Spectroscopic,measuremeﬁts were done as described in

7

Chapter‘II.

Preparation ofltrans—Cp*Re(CO)(PHe3)(H)(Ph) (12) » g
A solution of the phosphinedinitrogen‘comple; 13b (100 mg,
0.220 mmol) in about 15 mL of freshly distilled'beh}ene:wasf

degassed twice from liquid N, and then irradiated for 10 min at s

‘10°C. During thé photolysis a slow flux of Ny was maintained. The

IR spectrum of the slightly yellow solution indicated a quantita-
tive conversion of 13b into a monocarbonyf“containing compound

(Fig.15b). After removal of the solvent under vacuum at room tem-

~
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neratnre, Fnevresidual oily,solid was redissoived in abont 2 nL.of |
benzeﬁ;%and carefully'transferred to an’airffree neutrai aldmina‘A
column and elnted with e mixﬁure‘benZene/heXane‘2'1 Evaporation

of the solvent under vacuum gave ‘47 as a. whlte solld whlch was‘
recrystalllzed from freshly dlssilled hexane at -78°C M p. slow
decomp051t10n above 75°C. IR (CSHG). 1872 s, v(C0O), cm>1 (lazl cml
in hexane). lH NMR (CgDg): & 5.18 d (2Jpy= 66.7, 1, ReAH),;i;os

d (2Jpy= 8.9, 9H, PMej), 1.81 s (15H, Cp*),‘7.lé m-(én,‘m~Ph;and
g~Ph), 7.96 m (2H, o-Ph). 13c NMR\(cebg): 5.11.47 q (JQHa 127.0,
CgMes), 22.56 g of'd‘(iJCH= 128ﬁ9,’2JCp= 34.9, PMej), 85.97 s
(CsMes), 123.34 d (licy= 157.2, p-Ph), 126.94 4 (licy= 164.0, g~
Ph), 144.87 d (2Jcp= 23.3, i=Ph), 147.31 d of a4 (licy= 160.7, -
3Jcp= 5.41, 9-Ph), 209.02 d (2Jcy= 10.8 (singlet in 13c(}k) NMR]
CO). MS (EI, 12 eV): m/z 504 (M*), 426 (M—CgHg)* base peak. Anal.

—t

‘Calcd. for 17: C, 47.62; H, 5.95. Found: C, 47.88; H, 6.20.

i,?;egeratien'of Cp*Re (CO) (m2-PMe3CHp) (H) (18) |

) éb*Re(CO)(PMe3)(N2) kl}g) (20 mg, 0.64? mmol) was dissolved
in about 10 mL of freshly distilled hexane or c*clohexane and
degassed twice. This eolution was then irradiated for g min‘through
-a quartz .tube with Ny purge. The IR spectrum of the resulting
light-brown solution (Fig.16b) showed only the presence of 18.
Evaporation of the solvent under vacuum gave a brown salid which °
was redissolved in about 3 mL of hexane and filtered through a
short neutral alumina column and stored at i78°C,for two or three

w® é ) . .
days. After this period a white microcrystalline solid was ' =
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obtained, and iso ated by decanting the supernatant solution and

drying under vacuum at ~780C for 3 h. Estlmated yieid 60% based on :>'

,lgn. M.p. decomposed above 500C.. IR (cyclohexane) (Flg 2b) 1878

s, v(C0) cm~l. l1H NMR (cyclohexane-djz): & -9. 92 d(2Jcy= 38.2,

1H, Re-H), -0.57 @ of d (2Jyy= 7.3, 2Jpy= 3.0, 1H, Hp), 0.57 d of

d (2= 7.3,2JPH=?4.3, 1H, Hp), 1.37.4 (2Jpy= 11.8, 3H, Mep),

1.55 d (2Jpy= 12.9, '3H, Meg), 2.02 s (15H, Cp*). MS (EI, 12 &) :
m/z 426 (M*) (at 70 eV only a spectrum with prominent peaks at m/z

502, 474 and“426 was. observed).

C T
£22 .
-~

Photochemical Reactions of Cp*Re(CO)z(Nz) kl}i)
(a) In hexane or cyclohexane

The dicarbonyldinitrogen complex 13a (prepared- according to
method 1) (10 mg,=0.024 mmol) was dissolved in 5-10 mL of hexane
or cyclohexane (freshlygdistilied) and UV-irradiatedvfor about 5
to 10 min at room temperature with N, purge. After this time, the
IR spectrum of the orange-yellow solution 1nd1cated the complete
disappearance of 133 and the }ormation of a mixture of Cp 2Re2(CO)3
and Cp”* 2Re2(CO)5 in about 5:2 ratio. These compounds were separated
by column chromatography and identified by IR and MS tc be‘identical
with those réported by Hoyano and Graham.l44
(b) In hexane in presence of molecular Hp

This reaction was carried‘out simiiarly to that described {
above but Hy was used instead of N,>. From 10 mg of l13a, 9 mg i97$)
of the dihydrido complex Cp*Re(CO)sz was obtained as a pale

vellow solid. No further purification was attempted, and it was

-



characterized as the trans isoher on, the basis of the relative
intensity of the p(CO) absorptions in the,IR»spectrgﬁ. IR (hexane):
2008 m, 1938s, p(CO) cm~l. These'p(cog values-are identical;ﬁith
those reported by Hoyano and Graham:193
(c) In benzene

This reaction was carried out under similar condi%i&hs‘usedh
for the photoreaction of 13b in benzene. After 10-12 min of
iriadiation a clear yellow solution resulted. An IR spectrum of
this Solutionrshéwed éwo strong v(coi absorptions at 1937 and 1872
cm~l of approximately equal ihtensity. a 1lH NHR’spectrum of this
solution with 25% of CgDg added after the irradiation and recorded
with golvent null, showed rgsonances at 6§ 1.45 and 1.64 in a 2:3
ratio'and 6§ 5.98. The resonaﬁcesiat 6 1.64 and 5.98 are tentétive-

ly assigned to the mZ-benzene complex Cp*Re(CO)z(ﬂz—CGHG).

High Prgssu;e Reactions undéf;Nitrogen
(a) Cp*Re(CO)(m2-PMe,CHy) (H) (18) |
‘Compound 18 (about 10 mg, 0.619 mmol) was diséolved in‘freshly

distilled hexane (ca. 8 mL) at 0°C under nitrogen. This solution
was%carefully transferred to a Parr bomb under nitrogen and
pressurized_to 2000 psi with Obeeh-free»nitrogen,for 5 h at room
temperature. After thiS time, complete generation of the dinitrogen
/;omplex 13b was obierved by‘IR. b;aporaﬁion of the solvent gave 9mg
(™ 95% yield) of the dinitrogen complex 13b.

(b) Cp*Re(CO) (PHey) (H)(Ph) (12) I o

This reaction was carried out as described in (a). An IR

o
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spectrum after 5 h showed the presence of@gpmplex 17 and complex
13b in about 1:1 ratio. Additional 7 h uhder 2000 psi of N, gave’

almost quantitative conversion. From 10 mg of 17 , 7.8 mg (96%)‘

o

of 13b were isolated. -
R F
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APPENDIX I
 The Rhenium Trioxo Complex Cp*ReOj

(a) Int:odﬁction .

2

In'this"appendii we desdribe the feaction.of'the dicarbonyi;r
tetrahydrofuran complex Cp. Re(CO)g(THF) with 02 at 450 psi which
gave the air-stable Re(VII) complex Cp Re03 (12) At the time
that this work was submitted for publicatlon195 an analogous
synthesis for this compound was reported by Herrmann et al.196
Since then several reports inciuﬁing one reviewl?7 nave been
publ ished by Herrmann s group descrlblng chemlcal reactlons of
this complex and structural scudles’bf 1ts derlvatlves 198,199
Even so. metal/gbmplexes contalnlng carbon- rhenlum bonds with a
VII oxidation state for rhenium are still very rare amrd a’s far as
we know, only two othe: complexes of this type have been
previously described. These are HegReozzbo and HéReO3,£01‘
Conversely, cyelopentadienyl or pentamethylcyclopéntadienyl
rhenium compounds are numéroﬁs, but are typically found with low
oxidation states. It will be noted that this éomplex,combines the

maximum rhenium oxidation state VII with a typiCal 18-electrons

count for an organometallic compound.

I

i
-{b) Synthesis

Cp*ReO3 (19) was first observed by us serendipitously in an

attempt to replace the MeCN ligand in Cp*Re(CO)(HeCN)(QrN2C6H40HQ)+‘
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(liil'with dinitrogen and was identified readily from'its/elemen-
tal analysis, IR, ‘mass spectrumrand 1y ﬁHRespectrum. The MeCN
compler in THF was pressuriZed with 1500 psi of undeoxygenated‘
;nitrogen for 3 days IR spectroscopy then showeq the absence of
v>any carbonyl complexes a;é lg_was isolated after chromatography
on neutral alumina asithe,onlyirheniumvcompound‘which eluted. It
was similarly‘produced as a coproduct in thelsynthesis,of Cp*Ren
(CO)Q(NZ) (133) from Cp*Re(CO)5(THF) in‘THF‘ using undeosygenated '
~ nitrogen atflSOO psi pressure (method Z)Qaand in'thevreactions‘of
Vthe dicarbonylaryldiazenido cation la with halides (k‘) in THF- -
water under.unpurified nitrogen (see Chapter Iv).

Reaction of these carbonyl complexes;with dioxygen*impnrity
in the dinitrogen was implicated and was confirEEd,by the direct
‘synthesis of 19 in 55% yield from Cp”*Re(C0),(THF) in THF under
450 psi of dioxygen for 1 day. Chromatography on—silica gel first
e{uted organic products (see below) uSing hexane, "then g yellow
band of 19 using ether, which was recrystallized as yellow
needles that melt without decomposition at 1920C. -

In all of the reactions giying lﬂu(above) where THF was the
solvent organic oxidation products were obserVed,vexcept in the
reaction of la with halides where these products were not
detected by Ié because the presence of water in th’s reaction

obscared the region of the spectrum where some of these products

absorb (see below). These oxidation products*were not formed when
P4

pure THF was pressurized with 09 at 450 psi for 1 day alone or in

the presence of the trioxo complex 19.
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(e) Spectrosbobicicharacteriz

ation = -~

The spectroscopic propertiesNof 19 are simple indeed and in

e

"agreement with its formulation as . mononuclear complex as

illustrated.

The 70 eV eiectron—impacttmass spec?;um gave the parent ion:
isotopid cluster in close to theoretical abuhdancies‘as the only
promineﬁ%ﬂfeature, with m/z values (theoretical % in parentheSis);
368 [56% (58.5%) 187Re]. 369 (8% (%.7%)]. 370 [100% (100%)
187Re], 371 [12.5% (11.5%)]. The IR spectrum (KBr) had bands at
910 s cm'l (Vsym Redgi and 881 vs cm~l (ﬁasym Re03) aﬂd‘the 1y
NMR (CDCIE) had only a(single‘resonance for the Cp* group at &
2.16. It sublimes readily af 400C and 10~2 torr, is‘insdlubie in °
hexane but soluble iﬁ_common organic solvents (ether, TH?,;CgHs,
MeOH, CHéClz) and the solutions érg air-stable. Althdugh“optically 
excellent crystals can be grown readily from, e.g.,\CH2C12/heiane,-
all thus_faf examined have been twinned and no X;an structure is
yet available. - | |

The ofganicﬁside—products,were identified byrcharacteristic
IR absorptions at71776 vs and 1726 m, cmf1 in THF solutibn pl@s
associated shoulders. From the réactioﬂ of Cp*Re(CO),(THF) with

05, these products were separated from 19 by elution with hexane
f .
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..-and the GC;HS spectrum showed at least five components, not a11

yet identified The major one, and the only one identified so

far, was Y-butyrolactone (C4H502) ((CO) 1776 cm™1 in-THF, m/z
P V :
86).

Ao

(d) Experimental

Cp Re(CO)3 (400 mg. 0.988 mmol) was dissolved in about 300 mL
of THF and irradiated as described in Chapter II. The resulting
solution was concentrated to about 20 mL, placed inside a Parr
bomb and pres;urized under 450 psi of oxygen (Linde-Union Carbidel
for 1 day. After this time oxygen %35 released and a’bright—yellow.
solution remained. An IR spectrum of this showed only two ’
absorptions at‘1776 and 1726 cmfl, respectively. THF was
evaporated under vacuum and the yellow—oily'residues‘were redie—
solved in 5 mL.of THF and chromatograpﬁed on a'neutral alumina
column. Hexane eluted the compounds‘possessing tne IR absorptions
at 1776 and 172§ cm~1, Tne trioxo‘compler (lﬂ),was‘eluted with
etherT{Evaporation of the.-ether under vacuum gave a bright-yellow
solid which was recrystallized from CH,Clj/hexane (1:1); Yield
200 mg (55% based‘on Cp*Re(C0)3)). The trioxo complex was
characterized as'described in_section Sc). Anal. Calcd. for 19:
C, 32.43; H, 4.05. Found: C, 32.31; H, 3.95. GC separation was
obtained on a 0V-1 capillary column (25 m x 0.25 mm) using a
Hewlett—Packard Model 5880‘Gas Chromatograph, and GC-MS on a
Hewlett-Packard Model 5985 Mass Spectrometer. Analysis of the

ﬂata: peak at 202 min (m/z é6) Y-butyrolactone (major peak);. peak

Fane

]
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at 8.58 min (m/z 73); peak at 8.94 m;n'(m/z 99); peak at 12.37 iin

(m/z 85); peak at 15.50 min (m/z 124).
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