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. ABSTRACT

L

A numher of germanlum and t1n tranSLtlon metal
carbonyl dorlvatives have - been synthe51zed by thermal
ahd photOchemlcal -means from the main group v hydrldes:

The 1nfrar°d, nmr and mass spectral propertles were

|

mudled an

reve#led various structural and bohdlng

a

K \" The r,actlon\ of PhGe 3, RZGeHZ, and Ph3GeH,
R = C%H or C )-Wlth the three binary

iron ylelded metal—metal bonded compounds

‘such as (RGe} ,Fe (¢0)9, [R,GeFe (COY ]2,.(R Ge) Fe (c0)7,.

| -1

‘k2§é)Fézé¢°

2
(R Ge) Fe (CO)G[ and GeFe (CO)16 The

posxtﬁpn of . (Ph Ge) , Fe (CO)7 led to the

. carbonyl llga d, The novel germoxane compound contalns

heterocycle con51st1ng of the dlgermoxane-

] A\
. Lo
S

. 11nkage ‘and two iron ‘atoms. 7. e

‘a flve-membere

A varlety of derivatlves of CpM(CO/)3 (Cp = 'ﬁ.
-~ / :
: M = Mn, Re),hes been prepared fro&’the parent trlcarbonyls

‘or: from ‘the anlons, CpM(CO) M'x3 M'= Ge, Sn, ‘X = Cl,

‘Br);7 These complexes are of the type CpMGCO)z(M X. )Y,
(Y = H, cl, Br, I, 3, CH3, or C2 5),'where Y 1s bonded
to the tran51tlon metal trans ‘to the M! x3 group. Other

~

v



.
t . v

complexes of the form trans-CpM(CO) (M Ph3)2 and

' ~tranaanRe(CO)zlce(OR)Cl 1C1 (R = CH3, czns) were also ‘

prepared, "An unusual reactlon 1nvolv1ng CpM(CO) M! x3
and methyl fluorosulphonate led to the formation of the
sulphur ledee complexes CpM(CO) 802 L Q; | |
A number of - allyl complexes of the form
Cp(n-allyl)Re(CQ)x (x = H .c1, Br) were synthe91zed.
The. proton nmr spectra lndyCate hlghly lnequlvalent
enm;ronments for the ~syn and an¢z protons ‘on,the m- allyl
llgand Arguments based on chemlcal shlfts, COupllng
constants; and decoupllng experlments were used to
a551gn the resonances. ~The, prep&ratlon and proton nmx

spectrum of (n l—methylallyl)Fe(CO) GeCl3 are also’

descrlbed j l,_*'-.' e - N N ; ,?p
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.  CHAPTER 1

GENERAL ASPECTS OF TRANSITION METAL CARBONYL COMPLEXES

The' chemlstry of transatlon metal carhonyl complé;es

has become a very large field of study 51nce its. sudden

vgrowth beglnnlng 1n.the mld -1950"'s. Although transxtlon

\

metal carbonyls have been known sxnce the dlscovery of
1 t

-N1(CO)4 in 1897 , A systematlc lnvestxgatlon of. thelr

chemlstry dld not start until recent years“~indeeé\\:i:;
“synthe31s of a complete serﬂes of main group IV metal-

/

v

tranSLtlon metal carbonyl c0mpounds did not occur until

-

, after 1960 With t&e vast 1ncreése 1n<the number of

~pub11catlons in organo tran51t10n metal chemlstry, a

2

gulde Zo the llterature coverfng the years 1950 1970
d.in 1972. Thrs comprehensxve guide llStS text-

appear

books and c0nference,/gports, as well as Journals and'

_abstraéts coverlng organo—transxtlon metal chemistry.

A

f-_More recent publlcatlons 1nc1ude the second volume ofa

*the "$pecialist Perlodlcal Report“ &n "Organometalllc

LA
Chemlstry"3 and the M.TtP Internatlonal Revrew ‘of Science,

o

4
Serxes One, on 1norgan1c chemlstry. A number of review

i artlcles coverlng specxflcally maln group Iv- tran51tlon ‘

metal carbonyl compounds has’ appeared sxnce the beglnnlng

‘o

*Hereafter,aﬂgroup v metals" shall refer to the maln

group elements SLIicqn, germanlum, t1n, and lead, even

'though 51llcon is not usually classed as a metal.

]

K



o compounds as model systems for simple metallic behav1or,

D

. of 1970.5-7 Also of note are the annual surveys and

subject reviews appearing in such publications as the .
"Journal of . Organometalllc Chemlstry" and "advances in
Organometalllé Chemistry", among many others

The growth in tgan51tlon metal carbonyl chemzstry

" can probably be attrlbuted to a number of c‘uses- the use

Jof these compounds as homogeneous and heterogeneous

catalysﬁ? in industrlal processes, the study of these

s

» and the - increasrng avallabllity of tran81tlon metal

rcompounds as startlng materlals. A_secondary reason

,related to ‘the flrst two 1s the detalled study of metal

to llgand bondlng in metal complexes, in v1ew of the

'dlverse nature of such modes of bonding Cohvenlent

~—

sources of all ransxtlon metal carbonyls for use as

startlng materlals now GXlSt. There are also many 1mproved

o methods for obtalnlng 5111con, germanlum,_tln, and lead

'compounds for reactlons w1th transxtlon metal carbanyls, A

. ..as well as new methods of carrylng out: such reactlons.

The followlng sectlons of thls chapter will deal

[

.w1th, first, the nature of bondlng and structure in

N

tran51tlon metal carbonyl complexes, secondly, -a summary

lof“synthetlc methods-for the preparatlon of metal carbonyl

: Fderlvatlves, and lastly, a discu551on of the spectrometrlc

methods employed in the study of these compounds.



&

A SIMPLIFIED VIEW OF BONDING AND STRUCTUﬁE IN METAL

CARBONYL COMPLEXES

The existence of tran51tion metaljcarbonyl complexes o
lisvgenerally accepted as being related to the stabili-
zation of the metal in a low formal oxidation state. This‘
'stabilization is- accomplished by bonding to such 1igands
as tertiary phosphines,_nitric oxide, and ‘various cyclic
olefins, as well as carbon monox1de. The strong metal:\
ligand bonds in these complexes are generally attributed\'
’to the synergic effect of o and bl 1nteractiona.9 10 A
-Simplified molecular orbital picture of this effect for‘
a carbonyl liqand is" shown in l and 2. A metal-carbon o]

bond is formed by overlap of a filled sp-hybrid’orbital'of

@M@ .C 0 — M\_/C“O ‘_

@@@=9 @@ 9
@DQ—B @w @

'carbon and a vacant hybrid orbitaliof;the metal in 1.

| ack donation to form m bonds 18 accomplished bnyVerlap_
'_:of filled d: orbitals of the metal Wlth empty antibonding'
orbitals of co An 2.‘ The w bonding serves to remove

excess-negative charge built up on the metal atom by o

‘ ”donation;



A major consequence of this synerglc electron trans-
fer process ‘is.the reduction of the CO bond order by the
N increase  in electron den51ty ‘in the n antlbonding orbltal
of CO. A manifestatlon of thls change is evident frOm
,‘ - »1nfrared spectroscopy, where the stretchlng frequency of
free CO occurs about 2155 Cm 4 wgereas v(CO) is - lowered,

usually below 2100 cm 1, in transxtion metal carbonyl

' : o
complexes. R o S T

Numerous attempts Fave been made to estlmate the

: relatlve contrlbutlons of the»o—donor and n-acceptor ‘]
(

propertles of variOUS llgands to the tran51txon metal—
. 11gand bond. These studles have been carrled out malnly ‘1
o - through the use of lnfrared spectroscopy,ll r12 although

13

'.other approaches have been made. It now . seems that,

sxnce donor and acceptor propertles are mutually_sup—’,
: :»m portlve, predlctlons of the chemlcal and phy51cal pro-
pertles of theie low—valent metal complexes must takg

1nto account b th J, and ™ propertles of the llgand, and

the competlng llgands in the complex.

' posszbly also a

The*number and type of llgands 1n ‘a tran91t10n metal_ﬁj
carbonyl complex can usually be ratlonallseq by 1nvok1ng

'v; ) the etfectlve atomlc number rule, also known as the
‘fgéle gas formallsm .14 Thls formallsm requlres that
_the number of electrons possessed by the tranSLtlon metal;
plus the number of electrons contrlbuted by the ligands'
5 | equals the number of electrons in the succeedlng noble.‘

'“gas atom. The 1mp11cat10n is that the valence shell, and y_-

4



and @ertlary phosphines are consi ered to be two electron
donors Covalent single bonds to ather: meggls, hydrogen,

."halogens,-and alkyl groups are all

~ one electron donors. The n1trosy1 gr‘up, e walogen R

atoms bridgrng two metal atoms, donate‘three electrons

'.to the metal system. The n-bonded benzene,‘cyclopenta—"
I o

y‘dienyl, cyclobutadlenyl, allyl, and ethylenlc groups

supply.slx, flve, four, three, and two electrons respec-‘

"'Qtlvely

Although a. number of transxtlon metal complexes do
'.'not conform to the effectlve atomlc number rule, notably |
many of rhodlum, lr;dlum, palladlum, and platxnum \the A\'

vast ma)orlty of such complexes do conform, and the use- *y"

AL

.:;ﬁ‘fulness of thls rule for predlctlng st01chlometr1es and \.

poss;ble structures of compounds cannot be understated.
_ , As ‘an 1llustration of the noble gas éormallsm, the'
_compound CpRe(CO)(NO)H 5 contalns a rhenlum atom whlch \

-requlres eleVen electrons from the llgands,to attaln theab

o electronlc conflguratlon of the next noble gas,'radon..‘

“'J;These electrons are supplled as. follows., flve from the .

’.cyc10pentad1eny1 rlng, three from the n1trosyl llgand, twoy”; o
Throughout thls work the follOW1ng abbreV1at10ns w1ll be :

and ?HE7 tetrahydrofuran.An-.,v‘,__ N L IR



L 4 -

from the carbony}, and one from the hydrogen atom.,”'

 The compound, [Me SnFe(CO) ]2, whose empirical for-v\' -

‘mula suggests an improbable stanhyline-type structure,'a
'A'b . -

1would reQulre at least a dlmerzc fOrmulation when applying

‘-'the effectlve atomlc nugber rule to obtaln a IOgical struc-d_ .

Q;ture.A Indeed, an. X-ray Erystallographic study16 h ?:,Lf 1: “;fﬂ

shOWn structure 3 to be the case, in which each 1ron atom
ST e N - .
-"*C\Fe./sn->e/ » OC%Fe/ 0 -~
o TR T 0T N o
SR o . F e
-0 -

"-obtazns 1ts effectlve atomlc number of electrons, and each f"
'ftln atom remalns tetravalent.:’

A comparlson between 3 and 4 would reveal that for

“_'fthe effectlve atomlc number rule to hold, an 1ron-1ron

"_nbond 1s not requlred in- 3, but would be in 4, 81nce each

,"iron atom requlres ten electrons from the llgands TTheI*-“«

h?;tx-ray crysfal structures support thls contention.~;Thei‘:

. '° R
-irOnézrgh/distance 1n (MeZGe)3Fe2(CO)6 1s 2 750(11) A,;7
'while {hat in [MeZSnFe(CO)4]2 1s 4 1¢ A.16- As a second f7-t

}[comparison WIth 4, the correspondzng distance in .. T

ex, 51Fe(CO) ) 2,‘ arfalogous to 3, is 3. 75 A.“_‘

fgreported for 4 1s in good agreement w1th tw1ce the estl-

TN =

The distance‘d_h"



LIt should be noted here that bond distances es imated .

N ° N
mated single bond covalent radius for iron (l 34 ‘aY. 19

from covalent radii do vary depending on bridgi‘g groups

7across the metal-metal vector, but certainly can be used

“biguous existence of covalent bonds between transition_t;,

LN

"to ascertain the presence ‘or absence of a metal-metaEWbOnd.'

Although the existence of metal-metal bonds 1s now
generally accepted, 1t was not until 1957 that the unam-'
20

metals was first demonstrated.‘ Dahl, Ishishi, and Rundle,

3

-Afwith the structural determination of Mn (Co)lo, S, and

.;wilson and Shoemaker, ?: with that of [CpMo(co)3]2' §:'

showed that the compounds possess no bridging ligands,

"i‘and the two symmetric halves are held tOgether only by -

o )

metal-metal bonds._” .




T, .
.- SYNTHETIC METHODS .

e

There have been several publxcatlons that include‘~

summaries of the synthetlc methods used in the chemlstry
of transitxon metal carbonyls and their der1vatives.5 22 24
".A con‘orehensive survey of photochemmal reactlons of

25

‘metal carbonyl compounds appeared in 1969. ~oIn v1ew of e

the varlety of methods used successfully in the prepara—*.v -

'tion of»compounds in thls work, a full d15cussxon of .

o

) these methods w111 be glven here.
The reactlons employed in the synthe51s of metal

carbonyl complexes can usually be placed in one of several

' general categories.
'Al}w Dlsplacements of hallde ions by metal carbonyl

"anions.iil '
. 2. Oxldatlve addltlons and ox1dat1ve ellmlnatlons.
AU R ‘
S P Ellmlnatlons of neutral molecules.. '
] .

4. Insertlpn reactlo S.

.astslniscellaneous rﬁactlons;

Some reactlons can be placed under more than onell
h_category and 1n these cases the ch01ce has been arbip&ary
,:The classiflcatxon of the reactlohs has no mechanlst1c. s
Ixmplicatlons and ‘is based solely on the net results of |
’hthe reactlons._ Although most of these reactlons are ap- h
Jplicagie to main group metals in general, the examples -
A<g1ven will stress thezr usage for the formatlon of group L

Y

'IV metal-trahsltion metal compounds, sxnce these form the;*

g



.

-bulk of the complexes 1n this work. Exampl s of reactions
thh other main group elements will be given\only in. cases

where they are relevant to compounds in this hesis

1. Displagement qf hallde lons by metal cafﬁonyl anions

This method has been applleg extensively to compounds
.. .of the cmromlum, manganese, 1ron,Aand cobalt groups, since.

th preparation of carbonyl anxons of thele metals is

rela ively stralghtforWard.z4 126, 27 This is probably the

‘most w1de1y ‘used method for che preparatlon‘of group IV

¢ . , | \

metalbtran51tlon metal bonds: ¢ _

»'CpW(co)3 e Ph3GeBr + CpW(CO) JGePh "+ Br 28(1-1)
.Mh(cb)sf“'f Gec14 é.r Mn(c0)56e¢13 + Cl “29(1-2)‘
flC_pFe(CQ)z'. + Sngl * -[Cpre(c0)2]4'5n |

P acl” 30(1-3)
2Co'.(¢q.);:.}; phz-ppca.?_#}. »’[",c'o,(.c‘o-).;,lzri?phz | | \
2-Ir(c0)3(‘;>1;'3‘1‘>)" + MeySnCl, s [Ir~§CO)3(Ph3P)]éShMez‘-
_ | o ¢+ o201 ' 32(1—5)
©20s(C0),” + 2PnySnCl, + -[;phzsnos'(co)ulzl_"
| Voo o sacr” . B 33;- 6)
'CO(Cé)"d# + 33511 - Co(CO) sm3 +T 34(1 7)
l Appi;catlons of thlS method in thle work will be '

S

L seen maxnly 1n Chapter III.» -



Y

"of the central metal atoms in Mn(CO)5 ' Cr(CO) PPh3,'

‘donor llgands, usually from the same molecule, are added

AY
e

~2; Okidative addition and oxidative elimination reactions.

Essentlally both of these types of reactlon are
similar, since the coordlnatlon number and formal oxid-

ation state of the transxtlon metal are increased The

' formal oxidation state of a metal atom may'be obtained

by removing all llgands in thelr closed shell conflgu-
ratlons, i.e. with thelr bondlng orbltals electronically

fllled : Therefore saturated al}yl and main group IV

llgands, halogens, and hydrogen atoms ‘are removed as

' mono-anions. Carbonyl, n1trosyl, and phosphlne llgands

are removeq/as neutral molecules. The ox1datlon states

o -

C13GeCo(C0)4, and CpFe(CO) SlMe3, are'—I, 0, I, ‘and II,

respectlvely..'

In oxldatlve addltlon reactlons two one-electron

to an. electronlcally unsaturated (1. e., short of the

deffectlve atomlc number of electrOns) tran51t10n metal,

Q

and the coordlnatlon number is increased by two. In
1oxidat1ve ellmlnatlon reactlons a. two-electron donor

lllgand on. the metal is displaced by the addltlon of two

one-electron donor ligands, and thé coordlnatlon number

is 1ncreased by one. ‘This method is especially SUlt&ble

- in metal carbonyl chemlstry, sxnce the-ejected-co molecule .
'is easxly removed from the reactlon mlxture as a gas,

»ensurlng a non—equlllbrxum reactlon._ Some examples of ox- S”
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idatlve addltion and elimlnation reactions are:

R (Ph4P) Rh(CO)Cl + HSiCl n\* (Ph P) Rh(CO)Cl(SlCl yu33 T
L (1-8)
 (PhyP),TE(CO)T ~ HSnPhy > (eng®) Ir(CO)(I)(SnPh yn3®

S S B L
.(Ph3P)3Ir('CO)H" + .HSi(OEt)3 + ‘.(,Ph P) Ir(CO)H:'—
: ' ’ 37
[s;(ont) ] ~+ ‘Ph,p ~{I-10) -
: 3\) ,

“ (bipyridyl)Mo(CO), + Gec14 . (bipyr1dy1)Mo(C0)3

‘ © cl(GeCly) + €O 385 11)
‘Rez(CQ)lo +:'PhZSiH2‘_;»V nie(qp) Ph Sin.' ,
| | -« P4 20 39 (1-12)
Fe(CO), + SnI, ' f Fe (CO) I(SnI y + o Paamn
cpcb(c:O)2 + HSiC13 : CpCo(CO)H(Slcl ) o Al
‘ 4 _ o . ,’» o N
”g!“ 73, Ellmlnatlon of neutral molecules.‘f- -

\
Often slmilar to oxldatlve e1£h1natlon, especially
» when Co is the neutral molecule "elxmlnated" thiefmethod
“is also often 31mp11f1ed by the ease of remoVal of one of
‘the products. As can be'seen from the examples, the Ode—:
‘ -.ation state of the metal can ' be 1ncreased, or. can remain .
unohanged. B ' o o
. Fe (CO)12 R GHSiC13 vt+‘. 3Fe(CO)4(81C13)2 P -
. | " IR + 3u2 L ,42(If15y ;
_.Hg[Fe(CO)chlz'Af:.gnCIZ’;ifH {[CpEe(CQ):JZSnC12H- A —
o+ mg Paie



;‘dihalldes are not readlly availabler the formatlon of'fjgr,e~.ﬁ§'

.to germanlum, txn, or lead dlhalldes, if a group IV

metal-tran31t10n metal bond is- formed. Slnce 8111con\ff7f

12

»

4(‘"

N wo A
. 'l. . o o o * . )
Fe(CO)g + (Me351)239 R Fe(¢0)4(SiMe3)2. + 39>: |
| +c0 45 (1-19)
'CpW(CO) JH + MejSnNMe, .+ CpW(CO) SnMe3 '
A
;’C7H7MQ(SQ12¢1—1+;~§9§g11_f » c7u Mo(CO) Gec13 if . \~”o~
S - | .+ HCL . LS 25 1) R
ClMn(CO) g~ + HGeCly =+~ Mn (CO) Gec13- + HCL 48(1-21y \‘fﬁ
| Cteny . oa | 49
‘Ru3(CQ)12 + .3¢3H58r > 3H5Rn(C0) Br + 3CO (1= 22[
-oGHﬁcr(co)3 + 3SnCly” hd Cr(CO)3(SnC13) . N
S 5 o 50, S
f Cs“s s -23)

\

The appl1q§E}9n»of this method as a general synthetlc

'.route has ‘been explored very widely 1n~the last few years,' S

5and is the synthetlc method used most often in Chapter,114lv

i
i

4. fInsertion5Reectiohs. EE ;,l '.'f;“~u SR o

.. 2

Thxs method essentlally entalls oxxdatlve addition N

i :
sxlxcon-transxtlon metal bond§ by this method has not““'

f-'been lnvestigated.; The 1nsert10n may. occur between

- metal-metal or metal-halogen bonds.,»Illustratlons of;

V.o

’”fgsome insertlon reactxons ‘are glven below : *'u"}. ' R

. ! B 51
_Crz(CO)10 . + SnI2 f [Cr(CO)S} SnI2 R (1- 24)

[CpFe(CO 2 + GeI2 tf'frlcppe(c9’2y269;2 i 52(1—25)



5 Miscellaneous Reactionsr

CpFe (CO) ,C1 + . snCl, - * - CpPe (CO) Snc13 oL 5341 26)

\I | ‘ ' I ’ \ » '. 54
;COZ(CO)8 + Sn12 *> [CO(CO)4]2$nI2 ‘ : (I- 27)

In reactions I- 2D and 1-21, HGeCl is believed to be

I'a source of GeCl2 and HCI, and therefore the reactions

may be viewed as 1nsertions of Gecl2 Indeed, conséderable

'-nevidence now suggests that an equilibrium mixture of ‘ai-

iand tetra~valent germanium exists 1$ solution-‘
- HeeCly-E B *Gecl; 2. HCl '+ cem2 A 57(1 28):
Other types of insertion reactions, in vhi$h‘the ' 2
| "inserted" specmes is not a. group IV dihalide, are quitg
linumerous. The reactions most often involve metal-carbon ‘
.-‘or me 1—hydrogen o bonds and include insertions of such
mblee/P
-‘olefins, and acetylenes. A good overview of these reac-.
.1tions, inclﬁding references to recent review articles,'
is given in the M.T.P. International Revxew of Sc:.ence.s"8
| i One other type of 1nsertion reaction involves thei S
»formation of bonds to two one-electron donors by the
eaction with a main group v anion-‘ . , _
ppMo(CQ)3CH3/‘t; chi3, e CpMo(CO) (Gécl )[7(0)CH3]
G A | (1‘29)

R

) quand displacement reactions._'r-[

Complexes formed from these reactions arF actually ‘

o derivatives of compounds synthesized by prev#ous methods.?

However, this class of reactions should be mentioned

ince new compounds are prepared by this route/ Thé?%

B
. : ‘u"": s‘- Eﬁ_ﬂ_i .

les as carbon monoxide, sulphur dioxide, isocyanides,u

59

13



) - - o \\ ‘ . "R\ - ) . M "‘ ‘ .‘
. are’ two fofms of these reactlons, one\;h\whioh the oxid-
' : . a

‘ation state of. the metal. remalns the siss,"and one in -

;;whiqh it-is rqduCed:, ),‘_ i " .

'.Cpun(co)g + Ph3P '*.‘_CpMn(CO) Phsﬁ 4 COA i0(1430i,\t

Clighn(cO) ;% + CNT '+ CgHMn(CO) ,ON +oco. Shgeamy e
‘-'_P““‘C°’z<?h38.iw--;« Ph3If * CpMn(CO)-zPHSP . -
| | 'ifm . e i + HSiPhs o .62(1_32);

Tﬂe flrst example (I-30) ‘is ‘one of a very large.~~
class of dlsplacement reactions by Lewxs ‘bases, apd thelr

general nature has' been reviewed.?3 ,64

The last reactlon"
‘ie also bermed reductlve ellmination and ls,‘as the '

name. suggests, the op9951te of oxidatlve ellmination

b) Formatlon of metal-metal bonds by 1oss of llgands
. \.,./‘

This method id.t varlatlon og/mehhod 3, where the
'-neutral molecule ellminated ‘is 1n1t1a11y a dlscrete -
‘ligand on- the startlng mater l,ﬂand no other reactant
is 1nvolved. The thermal or photochemlcal 1oss of a

| aligand 18 accompan1ed by formatlon of a metal-metal bond

'-.and converszon of a termlnal llgand to a brldglng 9051t10n

"'cPre(cO);zppbzre_(CQ)4, »  cpre(CO) (PPhy)Fe (COV,

£+ cO o ®%-33)

Ph Ge[Co(C0)4]2 “ -Ph, GeCo (c0)7 + co 44068134

' A;;nezcec1nn(c0)5 *' (Me Ge)zan(CO)8 +, le'

'»’-P'ei(oo)knsnézw'(fCO)_jcp L I-‘e(‘CO) A?Me W(cmch |

T~

-

b

N X

.‘\ B 1‘



o« c) Reactlons of coordlnated llgands.

[ AN

v

| Thls preparatlve method is a member of a very lhrge
class of reactlons whlch 1ncludes, among others, syn-—
thesls of carbene COmplexes 69,70 ahd orthé-metallated
complexes.71 In thxs wor ¥, however, reactlons of coor;

dlnated llgands are restrlcted to substitutlons ‘of atoms

y, :
or groups of atoms in the ligand itself, Wlth no change
L
in the sﬂ?uctural afrangement‘of the metal complex as a
Jthole.b Examples of these reactlons usually ‘involve )
~ halogen atoms. o | | {
& [CpFe(CO),],GeCl, + ‘2NaOMe =+  [CpFe(CO),]Ge(OMe),
‘ % 2nac1 g Rx-3ny -
o CpWKCO)3Sn§e3 + 5HC1 S CpW(CO)3SpMe201. ' |
: L | .+ om, 3 (1-38)
: , C o 0 Te |
Mn(coyscephzél +'. AgBF, - 'Mn(dO)SGePh2F  + AgCl
o -+ BFy o My1-39)
N - ﬁq(C?)SSnMéj 2 H$1C13,n -+ Mn(CO) SnM32Cl | |
o - . N ‘ o S + MeSLCIZH 75 (1-40)
| CpNi(PPh;)GeCl, + Et Pb = Cle(PPh )GeCl,Et |

g 4 Ety pbcl - (0(I-4l)

3

15
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‘I'NSTRU,M‘ENTAL METHODS

a
»

The main spectrometrlc methods used 1n the- study of

, transltion metal carbonyl complexes are 1nfrared, nuclear

- |
v

magnetlc resonance, and mass spectrometry. In a' few ‘cases
Raman spectroscopy has beendused to(comp;eme t 1nformatlon
obtalned grom lnfrared spectroscopy : ‘F;;" .
| Absorptlon bands in the: carbonyl stretchlng reglon | :.Q

of the 1qfrared spectrum are most useful in monltorlng |
‘reactlons, determining number and purxty of products, and
assigning p0551b1e structures.?7 Usually solutlon spectra
”'ln relatlvely nonpolar ‘solvents such as saturated hydro—'7

'carbons or dlchloromethane are measured, although in a d
'afew cases BOlld state spectra are . useful.»
| The narrow 11ne wldths\and strong 1ntensrtles of
carbonyl stretchlng bands maLe them 1deal for the study
.of metal carbonyl complexes when usrng hlgh resolutlon

4spectrometers. Comparlson of band p051t10ns and relatlve

'rntensltles alds 1n postulatlng and ellmlnatlng possxble

- ireactlon products as well as 1nd1cat1ng phy51ca1 and

'*pOSsible chem1ca1 dlffererpes between 81m11ar compounds.
As mentloned before, stretchlng force constants obta1ned~_

from band pOBlthhS have been used as a probe of elec—p‘

L

. tronlc effects 1n bondlng11 b12, 78_and reactiv1ty‘79
: Attempts ‘have also been made to use 1nfrared 1ntensxties'

to: study electronlc effects80 +81 and even tO'calculate

‘bond angles in metal carbonyl derlvatxves.:.l1 182,83 _‘one .

revrew artlcle on“v1brat10na1 spectra of carbonyl com-'

a4 A ° . - . . ) ¢

<



" plexes has‘proved to be a

84
reference. *
Mass spectrometry is
ascertainlng the molecula

’v1ding 1t is suff1c1ently

comblnatlon patterns, 'exa

" publish

-wise fragmentatlon patter

'elemental compositlon tog

of the complex. For most

as hlgh as 1000 or more,

: obtained, as 1ong as llga

'and ar81nes, whlch make t

| present. It has been cle
: tran51tlon metal carbonyl
b.monoxlde in a stepwrse fa
‘This property often enabl
5number of carbonyl llgand
. Other modes of mass spect

. <

'I'are summarlzed in a recen

o Nuclear magnetlc res

of nuc1e1 has been used t

Ajplexes. In thls work all

g relevant to the study and

of interest was obtalned

“;A"number of reviews pert1

3-90

particularly useful'generaly

usually a deflnitrve method of .
r*wexght of a compound pro- \
volatlle. As well, isotopef
ct mass determlnatlon and step-‘<
ns allow one to deduce the |
ether wlth p0331b1e structures>
neutral compounds w1th masses
reasonable mass spectra can be
nds such as tertlary phosphlnes
he compound involatlle, are not :
arly demonstrated 85,86 that'
complexes ea51ly lose carbond‘
shlon in a mass spectrometer
es one to sxmply count the
s contalned in a, compound.v i
ral cleavage and rearrangement
t review art1c1e.87' |

onance spectroscopy of’a”variety

o stud tra ltlon metal com-
v trang

magnetic résonance 1n£ormat10n o

characterlzatlon of the compounds .
N

u31ng proton magnetlc resonance. E

nent to thls work has been -

A

17
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3 CHAPTER II.

SYNTHESIS AND PROPERTIES OF SOME GERMANIUM-IRON '

.

CARBONYL COMPOUNDS

:iNTRODUCTIONj

- Unt11 the early 1970 8 the number of reported
germanlum—lron carbonyl compounds was relatively small

uSeyferth and coworkers reported the synthesis of the fxrst

:_germanlum—lron complex, CpFe(CO) GePh3, from Na[CpFe(CO) 1

T 98 .
: (Ph Ge) 2Fe2(CO)7' - 7: (Me Ge)31’82 (CO)GI -

and Ph GeBr in 1962.91f Most of the other early iron-

¥
jgermanlum derlvatlves contalned the: CpFe(CO)2 group,"'

-

~ bonded to a 91ngle germanlum atom.v"

i o Kahn and- Blgorgne reported the synthe81s of the ;};? i{; L.‘
flrst 1ron complexes contalnlng only Co:. and germanlum | L

: .bonded to the iron atom [(RzGe)Fe(CO)4]2 (R = Me, Et)

- from Na Fe(CO)4 and R2GeC12 in’ 196692 and then

“t‘(Et Ge) Fe(CO)4 from Et3GeH and Fe (CO)12 1n 1967.93;f
A list of compounds contalnlng 1ron germanlum bonds,-'\
;complete up to September,_1974, ;s glven in Table I.t

In thrs department, Dr. E. H Brooks succeeded rn
"isolatlng a number of organogermanlum-lron c0mp1exes '

from the sealed tube reactions of tr11ron dodecacarbonyl

_and dllron enneacarbonyl w1th RZGeH2 (R = Me, Ph)u"’
17,97 5
8

-~

thGeFe (CO)B' 9. [Ph GeFe(CO)4]2, 10, (Me Ge)2 (CO)7’b‘;

‘ (MeGeH)(Me Ge)zFez(CO)G, and (PhGeH)(Ph Ge) ,Fe. (c0)6



TABLE I

v

| COMPOUNDS CONTAINING IRON-GERMANIUM

'Compbﬁnd
: GeFe4(CO)16

(RGe) Fe3(C0)9

[(Ph Ge) ,0)Fe, (co>8 .

[R GeFe(CO)4]2
[X GeFe(Co) ]2

R GeFe (CO)8

2 .l
it(RzGé)z?ezﬁgqab-i,j
 .(R2§¢)3§§2(C0)é.ﬁ

‘(Rcén){néce)'reé(CO)sf

Fe(CO) [GePh M(CO)5]2
Fe(CO)4(GeR )H

: Fe(CQ)4(GeI )I -
[Et4N][Fe(CO) GePh }
[Ph As][Fe(CO) GeCl ]
re(co) (GeR3)2

Pe(CO)4(GeX3)

Fe(CO)4(GeC12)2[CpCo(CO)]2

~ (n-c us)re(co) JGeRy
n(n-c3us)re(c0) GeR2C1
(n-C4Hg) Fe (CO) 5 GbRClz

'j:(n-c Hg) Fe (CO) Gex3

l'Abbreviationsf

I

w E ow w W oW
] .

.x'
]

_ x E }wvcw
Rty

. Et,

c1,

Me;
‘Me,

Mn,.

P

Me, Et,

Et; Ph
'Etf
Et,

Ph

H;ﬂPﬁ -

' "(l—B-n-l-MeC H4)Fe(CO) Gec13 S

Ph _n?

'Brj.I»

Ph

Ph

Re - -

éowns

Reférénées
294,95, + y
L_ ¥l
92,964
96.97.%
96,98,
17,96,
.,.951;1‘H |
47,200 -
(IR U
 -] 93}1§0;;o;'f‘
'&‘ 15; ,.:"‘
103,104
s -
';=165}‘ :.'vi.n';

'T? {. -““
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. E-TABLE I,(gpntinued)'”

| Compound ] ~'f' . 'f, Abbreviatxons _f»’uxb'jReferencés

'Lre(co)zn«NO)Geph3 L co, P(OPh), 106

"Fe(CO) ; 3 (NO)Ge (C;H )Mec;a‘;{L;%;ﬁ,ﬂér~ﬁ ,‘wﬁ~eé"3l°7~3f;7;;f~f

‘Fe(CO) (NO)(Cl)Ge(C Hpel " 108

;fpe(co) (No)(x)GeMe2 {t_, xf#fcl Br '.,‘3_. _.Af  i°8-‘.
. CpFe(cO),GeRy . R = H;. Me, Et, Ph, OMe, 91,100,109, -
- e S e

vCpFe(CO)’GeMez o 2 3

.+ CpFe(C0) GeMex2 | c1, ar,ux,;'[ REETS 5

-CpFe(Co) GeRcl 3 7

s w '_
- i

E'CpFe(CO)zGex

e

,ﬁ”[CpFe(CO)zjzceRzi"; -é'H Me,‘Et, Ph' OMe, -52ﬁ72:. 

| - C,H 5' C4“9' C5“5'-
e .__ffpl '{ 5 ﬂSEt, NCS, Meco2 ,

'L}lcPFe(colzlzcex =F Cl ‘Br, I.xf_'iwff52172ﬁll3"_f ¥
-7[CpFe(CO)GeR2]2,~_ :
:[CpFe(CO)]z(CO)GeR *§‘-

2 - ,

f[CpFe(CO) GeR2]2 =Me, Bt .. . . .109

_x‘"x;“w,fw‘_x
ol

cpre(co) (Gex )Nl(CO)CP Y'ﬂC;5f§r 7;f s
Cp(c4H6)FeGec12Me '”Aif~l? f “ﬂ;' 15;“;u5jf };;:fL;1§
[CpFe(CO) GeMe2] O e e s AT

-'+ 5¢om§oﬁn§ érepé:edjiﬁ5£hi§ij:k;. o ;.;gif.:'.ff‘,N n”‘5 =

oo
\



RN

21

:;fThe frrst two of these compounds have been studled
' ycrystallographlcally, and structures for the other com-is-f
';<p1exes were postulated using mass and 1nfrared BPeCtral 7ff .

fiand analytgcal results.gﬁ However, detalls of the syn- ?jf'pf7»*

' f,thetlc routes to all of.. these compounds remaln unpublxshed

The structures of 7 8, and 9 all 1nvolve lron—lron

L~ff'bonds.: The structure of 10 rs presumed to’ be analogous_;_“

Jto that of [MezsnFe(CO) ]2 4and [EtzGeFe(C0)4]2

ma

he 1nfrared spectrum of thGeFe (CO)8 (Table II) lS

x7bfconsxstent w1th a C2 struoture such as 9, a type of

~structure now qulte commoﬂ in tran31tion metal chemlstry

4.1x—ray dszractlon studzes have confirmed thls type of ift'"



- v,
structure for (Ph P)(CO)PtFe (Colellg 120 and
‘ f(CO) 8 and also for. the closely related com-»
,SFe, (CO) g~ a21220 IR

2 .
It has been discovered that [Ph GeFe(CO)4]2, t;;ﬂ

nndergoes two 1nterqst1ng types of reactlon.m Marks and

_jNewman12 have found that 10, as well ‘as. other organo-
germanlum,}—tln, and -lead ana&ogues, undergoes a’ facile '
and - reversxble homolysxs of ‘the metal-metal bond by g&wxs o

;bases; according to the equillbrlum

o .0 P
E y "’O'c l\M / ‘\co -»(—-———*-‘28 — v R2 (‘I
o o Ry g S e .
- g Ry G S
N 6 - .0 , . 0
B = THF, pyrldlne,.acetone,'etc.‘ |
_'~In two cases where the base, B, 1s pyrldlne, lt was pos-
f'lsible to isolate the adducts (MRZB)Fe(CO)4 ;n the solld
. - - ‘.‘ * :
Tstate (MR2 GeMez, Sn(t C4ﬂg)2)
he compound. ph. GeFe(C0)4]2, also undergoes;
‘fthermal_loss of- one molecule of CO to form (Ph Ge) Fez(CO)7 :
- g lf- ,g} _ ‘ L . - -
3 G o. Q. - ‘
—_— o~ 1 Ge . (s DECURE N C Co : :
C>'__L/ ~ \F‘e/c . ..‘°_C§Fe;/ \ //’Co + o T
LA U . (hwane . PPt 11-2
i~ T N e a2
P 1\9 o 2

a4’
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* AS will be seen in the results and discussion, the loss

:‘of carbon monoxide to form 7 also occurs photochemically.

_ The fact that the molecular ion’ of lO was not observed .

"in the mass spectrum, with instead the ion of highest
‘:‘mass being that due to 7, is readily understandable in

" view of this conversion.r | |
) j,l. ,“ ‘Also of specxal interest, (Ph Ge)zreé(cb){ possesses :
. a close structural relationship with a number of other VA
.complexes which exhibit inequivalent groups on the ;

124

'bridging atom. In nmr spectra,,[F PFe(C0)3]2 7 and

| [MGZSFe(C0)3] 125-show two types of fluorine atoms or :
‘methyl groups, respectively.' Adams and Cotton126 have:
| j;studied the non-rigid behAVLOr of [MezGeCo(C0)3l2
*solution._ The nmr spectrum of this: compound shows one
‘v_methyl resouance at room temperature, splitting to two .

g'signals at -70°,'corresponding to the syn. and antt' :d‘.

f:-\x‘ methyl groups, shown in the Newman pro;ection, 11.

a .

The same'type'of fluxional behavior vas found for

(Nezsi) Fez(CO).,.l27 12 and would be expected for ._;d
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199

_(Me Ge) Fez(co)7, although the nmr spectrum was not re-..

96

ported in the original work., For . (Ph Ge) Fe (C0)7, RN

' the broadness of the phenyl resonances would probably ‘
fobscute the existence of two absorptions for the ayn and
f‘antz groups. . . o N

. The study of the reactlons of organogermanes, in
h'partlcular of thtuu ' thh Fe(CO)S, Fe (C0)9, and | ‘
| Fe (CO)12, was undertaxen. flrstly to further the knowledge
of the types of reactlons and\reactlon products to be
exp%cted from these compounds, and secondly to elucidate

some 1nconsxstenc1es (vzde tnfra) 1n the products of the'

thermal teact;on.of Fe3(¢°);2.“1th thGeH2



ﬂRESULTS AND DISCUSSION

“‘A. The. Reaction Between Ph GeH and Fe(CO)5

-

" .
The photog?emical reaction of thGeH2 and Fe(CO)5
in mole ratios v;rying from l: l to 3 l, over a period of

‘approximately 40 hours in.hydrocarbon solvents, yielded

five compounds containing 1ron-german1um bonds-‘ e

Fe (c0)7' 7, thGeFe (c0)8, 9, (Ph, Ge) JFe. (c0)"3

:(Ph Ge‘

(PhGe) ©3

The structure of 13 would be’ analogous to that -of g and

| (RGeH)(R Ge) Fe (CO) (R = Me, Ph) 44 A discu351on
2772 6 :

) of the structures of 14 and 15 Wlll be given later -All

lof the above compounds are unstable in solution at room :

temperature under nitrogen. Complete decompOSition

occurs w1thin 48 hours for all except 15, which takes

jmuch longer Because of the long reaction times, during K

hich much decompOSition takes place, the yields of‘most‘:"

Y

of the products are very low, 15 the most abundant pro~.-"

o duct, is always formed in less than ten percent yield

A reasonable first step 1n the formation of these
i“products would be the photochemically induced loss of
“carbon monoxide from 1ron pentacarbonyl ';f-'*"y gh

Q ’ . . \

“hv

: Fe(CO)5 h——-——» Fe(CO)4 ,‘:_co ..V:ﬂf;’f | - (il;j)f:

Infrared spectral ev1dence ex1sts for the formation of DR

. .
the electronically unsaturated Fe(CO)4 from Fe(Co)5
A N » \/ o ' . .‘ - . ‘. . . .

Y

0)9, 14, and [(Ph Ge) OlFe (CO)B' 15. o

- 25
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in solid matrices at 4 and 20 " Although the
ischemes proposed for the succeeding reactions are based

,solely on the structures of the products formed, Fe(CO)4 o
could be expected to react w1th molecules of. thGeH2

ki

and Fe(CO)s, concurrently or successively, with elim-

_ination of Hz and co to produce 9:

-gg(CO)‘ R Ph Gen2 + Fe(c0)5 fww;4;,js;"3;13.;msﬂjﬁ_iim;;iwr
| PhjGeFe,(CO)g 4 By + CO. (II-4)
9 . . . 2 .. . ce ]

‘-At some time before the iron- 1ron bond in 9 18 formed,3 .

*10 may be formed by reaction Wlth another molecule of

_thGeH2 ’ Alternatively, 9. may be photochemically
iactivated to allow insertion of thGeH2 with loss of ‘
. . R O . e
hydroge : f > _
* ,';f‘;(co% - B
Fe(CO),. o ' o L Fé | _.
, theo T,: 3 ‘b,ﬂ; f.Ph{G'"ij —_— ”“#n?se g //90Ph2 + My \53;;,.;7 o
deO) Lo B .' Lo S
- 100 :

9 The photochemically-induced loss of C from 10

n_ or 13,'on the addition of thGeH2 to the un aturated

species 16: T



. Lo .
. . ' BN . )
= . .

! : - Fo(COB

;j l’..”'g;gf; 'V ;* rﬁ' (wywﬁ;$?7

. ‘. . z? .
' “16“$WJVW;.L,,L-'4: ‘°°¥*///
, e EERRE ‘iizur”'

Bt S

.13 0 tco

. \

/é \

FO(CO)

3. -

Compound 15 follows dlrectly from 7 by decompOSLtlon

(vtde tnfra)

(II 8)

i

_oz:"ff‘ [(thce)ZO]Fez(CO)s, 1§VH,¢:f , ';;

@.

“ The fo:matlon of 14 could possibly arxse from loss‘:
of a bﬁ%nyl group from 10,.subsequent attack by Fe(CO)5
' .

“on the-unsaturated germanlum atom, formatlon of xron—

SN

(II-7)



.13 and-l4.‘-"

r

iron bogds with ‘loss of CO, and finally loss of ‘a phenyl
group from the second diphenylgermyl group It is un-‘
likely that ld is formed from an initial PhGeH3 impurity,
since use of RhGeH3 in a similar readtion gave no trace
of 14 _(vzd:qtnfra) » o .‘ e »

Although the reaction scheme presented 18 highly |
speculative, the ‘reaction intermedaates are based on the-
most rational and direct routes to the formatioﬁ of

the iron-germaniumlgroupings from the available species.

The formation of 14 requires the greatest de9ree of

rearrangement of reactive 1ntermediates as well as the_ ff'

N
breaking of relatiVely strong germanium-carbon bonds,

and is thus most ope$ “to qgestion.. The formations of

.0

/

: the products in reabtions Ii 6 and II- 8, which do not

ls

require addition of thGeH2 to a’ reactive speCies, have
been conﬁirmed by further studies. : | '

The next sections; B and c. wxll deal w1th the

characterization of 15 and its preparation from 7.

N

Section D will deal with the conversion of 10‘%9 7,.

| and section E will discuss the structures and spectra of

-

Codea, ’

<

-

5

;. B. The Characterization of [(Ph Ge) OlFe (CO)O. 15

Tbe solution infrared spectrum of [(Ph?Ge) O]Feztco)8

~dn the carbonyl stretching»regibn (Pig 1, Table 1I1)

shows six bands, indicativé of a fairly unsymmetrical‘
: oy

) ‘ .Q s .‘ -, v " . t/,. .

28
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Figure 1_“

structure. Thls is not 1ncon51stent with . ltS now known
8

C2 molecular symmetry, for whlch group theory would pre—

dlCt elght bands (4A + 48) The~absence of.the extra'?f.

PR

;two bands may be due to acc1dental degeneracy or to
‘,\2',‘

.naturally weak v1bratlonal lnten51ty

-
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'115 run. at a source temperature of l30°, exhlblts peaks

:15 fall cff rapldly, and those due to 7 and 9 1ncrease

30

The infrared spectrum of 15 as’ a KBr disc (Table IiI),

exhlbits a medlum strength band at 794 cm 1, which can

be a881gned to the germanium—oxygen stretchlng frequency

Usually Ge—O-Ge grouplngs show a range of stretchlng _

frequenc1es of 800 to 900 cm ;,129 although the frequency |

has been recorded as low as 680 cm' l,and'as high as 1040

: ’l 130 ¢or alkyldlgermoxanes.. The absorptlon for

(Ph Ge) 0 in the SOlld state occurs at 858 cm ;.1?0 . S /}.

"The nearest absorptron bands 1n the. spectrum of 15 to

L “the assrgned dlgermoxane stretchlng frequency are tWO:

bands at 693 and 729 cm. 1, both of whlch are character—

.istlc of carbon-hydrogen bendlng motlons ln monosub-‘lz

stltuted benzene r1ngs.13l- The dlagnostlc absqrptlons

»‘for phenylgermanlum groupsl29:are promlnent at 1077 and

o

1427 cm l,p

The mass Spectrum of an analytlcally pure sample of

4due to the molecular ion of 15, as well as those of 7

-and 9,_although all molecular 1ons are weak (See Table IV,

Flg. 2) f Obv1ously there must be facxle rearrangement '

Lto fOrm these other compounds, elther durlng thermal

[

decomp051tlon or ‘after molecular 1onlzat10n.* At source o

v temperatures lower than 130°, no 1ons are seen, on ,

*’increa81ng'the source temperature ‘to l45°,‘peaks due to N

[

) d;ast;¢ally.r At l30°- the consecutlve loss of caison ) ?‘:,:‘
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| monoxide'ligands'from all three parent ions is apparent;i
in the spectrum.- Also ev1dent are rearrangement or re—g:
-vcombanatxon peaks assxgned to: Ph4GeFe0 and Ph3Ge n‘fIn :
_fCQntrast, the mass- spectra of pure- samples of 7. and 9 |
show only the expected fragmentatlon patterns from the'”ﬁ
'i molecular 1ons,'and the ublqultous Ph3Ge »gu jﬁ‘ |
The formulatlon, structure, and even purlty of 15
f’were initially in doubt because of the ex15tence of these
nextra peaks 1n the mass spectrum, ‘and also because the h‘
‘l_analytlcal data for two of these“compounds are very ‘
551m11ar, vzz., for 7 and 15, calculated percentages for“

carbon are,'respectlvely, 47. 7 and. 48. 9, and for hydrogen,

v2 28 and 2 65. The molecular welght of 15 1s 805, and

'tfthat of 7 18 761, whlle the osmometrlc determ;natlon for

.

'Id15 in CHzBr2 was 788.. The ldentlty of lS ‘was not known
untll a smngle crystal‘x—ray structural determlnatlon..'
as carrled out by Dr. A. S Foust in thls department.q\
| The molecular structure 1s shown in Flgure 3, along Wlth
'.selected bond lengths and angles.132> 'pt’[;.:f.fr: *.J.ﬁ"

Each 1ron atom 15 approx1mately octahedrally coor- -

"Idlnated to four carbonyl 11gands, one germanlum atom,

| 'fand one 1ron atom. The two 1ron atoms j01n An such a

_u’f L

'way that the equator1a1 1lgands on each 1ron (perpen—f
”dicular to the 1ron-1ron bond) are - staggered w1th respect -
to the equatorlal llgands on the other 1ron.n Therefdre
*this structure may be flguratlvely derlved from>the non—

: bridged D4d structure of ynztco)lo, - 5, by the replace-

','5



o _Fe(2) -Ge_(_Z,)..

. 0 o

" G20

3

o R
-Bond Lengthsi(A)
'Fe(l)-Fe(Z)

".pe(l) ~Ge (1)

 Ge(1)=0

f i;.78§(8)~itfcecl)—o-ce(z);f“

5 o

2. 881(3115j Ge (1) Fe (1) -Fe (2).
:2 462(3{_‘iAGe(2)-Fe(2)-Fe(l)
z 474(3) QJ*Fe(l)-Ge(l)-Oj

: 1 780(8)v:'5Fe(2) Ge(2)-of;3f. |
125.605)

e
. Figure 3 . . -

" molecular Structure of _‘t.whzée) _d]Fé’ (co) ] |
"f_ Bond Angles ( )
92 7(1),{
89 5(1)
109.903)
107.6(3)

. .j33 .



: "'-Qbond lengths, e g. 2. 558 -2. 683 A 1n Fe (CO)lé 13$h The

. . . . I,v\ . B
- ment of an equatorlal carbonyl 11gand on each transitionz,*

A',metal thh the bidentate ligand thGeOGephz. The three-:“*

‘atom brxdging unlt (Ph GeOGePh ) seems flexible enough
‘dto allow the carbonyl llgands to adopt the staggered
b‘.configuratlon characterrstic~of dlmers Supported by a».
"{flone g bond. ‘g . _ . .
The 1ong 1ron 1ron bond distance of 2 881(3) A 1s

' characterxstlc of a non-brldged bond, and is even longer
“ﬂthan the dlstance of 2 787(2) A, reported for the un-'
i:gbrldged Fez(CO)8 anion 133 The unconstrained iron-lron:

s dlstance ln Fez(CO) Me4A52 4, 17,'18 2 88 A.1?4

K

Although 1ron—1ron bond lengths exhlblt 1arge

fvarlatlons, most brldged complexes have shorter 1ron~1ron -

\

v;‘compound, C6F Fe (CO)B' whlch has ecllpsed carbonyl

~‘11gands and a brldge made up of two carbon atoms, has an *hﬂ,;

.';1ron~1ron dlstance of 2 797(1) A.;36 The longest lron—v

R :;iron bond seems to be 3 05 A 1n [Fe(NO) I]z,‘37'whlch‘ f‘ o

”‘?has two brldglng lodlnd atoms._ Other reported 1ron—"”

bzt;iron'bond lengths for octacarbonyl complexes are 2 758(8) A



in (Ph P)(CO)PtFe (co)euIzo z 717(4) A in Fe, ‘CO) Se&xlzzd.

'(2 37(1) A in SnFe ‘C°)15'138 ana 2. 635(3)”

';”Ph CCFez(CO)a. 39 The last four compou:ds all have

fslngle atom brldges between the iron a oms.»as:ff f, i:fﬂy

| \ The 1roh-germanium bond lengths of 2 462(3) and |

_known f Other 1ron—german1um bond lengths for a germanlum;_

\’ghatom unconstralned by an. lron-iron bond are 2 357(4) A
in c1, Ge[Fe(CO) cP1,14° 2.377(2) and 2. 367(3) A in.

'jf'tcpre(CO) GeMe2120,117 2. 433(8) Ain [CpCO(CO)] (GeCI )

. 04 . - ‘ 18
nFe(CO)4,-_ 2. 3{3&2) A Ain n C3H FE(CO) GeCl3,, 2 23

'qlﬁrand 2. 29 A in. Cp(C )FeGeCIZMe (two crystal modifica-’“ﬂ i
“fftlons), 1:G.and 2,492 A in [Et GeFe(CO)*\2 113»a-~ o

| Three 1ron—german1um bond lengths across an xron— T‘ w

lvlron bOnd are 2 346(1) A (average) 1n szFez(CO) GeMezllf}}T{

;rﬂz 398(5) A in (Me Ge) Fe, (c0)6, ﬁ and 2. 425(3)

8

'g,(Ph Ge)zFez(CO)7 95 The extreme shortneSs of the bond

Tif.in Cp(C4H6)FeGeC12Me was attrlbuted to ”a strong dn(Fe)+

t;‘substltuents, chlorlne atoms, at the germanlum atom. j

";1081ng the opp081te argument, the long 1r"

474(3) A Ane 15 seem to be the second longest such bonds;“‘"“

_lgdu(Ge) back-dOnatlon, whlch 13 favoured both by the f?f e .

vrelatlvely weak ﬂ-acceptor ablllty of the 1ron atom '~,fﬂf“

Aillgands (CSHSand C4H6) and by the electronegatlve
| ”116

-germanlum '

4.,j:bonds 1n 15 and [Ef:zGeFe(CO)4]2 would be due to the strong

S -acceptor ablllty of the carﬁonyl llga ds; whlch decreases &

"”ﬂthe amount of dn(Fe)*dn(Ge) back*donatlon.. The 1ong
. . .

LY HE



,_gSFe (co)g

n_bonds,thWever, are still somewhat shorter than 2 56 A, o

the sum of the smngle-bonded covalent radii for iron

fA
‘(1 34 A) and germanlum (1 22 A) 42 This 1nd1cates at

Vleast some degree of n—bondlng between 1ron and germanium."

.»\,

The Conversxon of (Ph Ge) Fe (CO)7,-7, _ 7fib

to [(Ph Ge) O]Fe,(co)g,
. . ’ ;'7.5\ L

A feature of 7 whlch had not been satlsfactorllybzf'

‘explalned143 1n the orlginal synthes:Ls134 is the - fact-h'

' t3that a hydrocarbon solutiOn ShOWed more . termxnal car47'

S bonyl absorptlons (7) than would be expected for thlS

.‘f;type of molecule of sz symmetry (5) ; The molecular L

'*_structure, elu01dated by an X—ray crystal study by Dr._

"fl~M. Eldbr,98 1s shown ln Flgure 4, along w1th selected

‘~b0nd lengths and bond angles.. Thls molecule is formally

"‘tiobtalned by replacxng tWO bridglng Carbonyl llgands 1n‘f

44 by two thGe groups._ Group theory would

tpredict 2A1 +- 231>+ lB termlnal carbonyl stretchlng

NEEEEN R _
jvbands, as well as- one brxdgxng carbonyl band., It has-

;rnow been found that two of the seven termlnal carbonyl‘f5

'*tabsorptlons seen in thekorlglnal Lnfrared spectrum are7>'bdj
:5‘.due to a decomp051tlon product Whlch forms slowly at

-room temperature in solutlon.. If a crystalllne sample'7;;g

.0 f 7 ‘is: dlssolved in. hexane' at 0°,hand the 1nfrared

e s

Cw o 'j‘~ ,_fl ;'._. L R
jﬂereafter'heptane.and*hexane refernto neheptane and,ﬁ,:

‘n-hexane.

36
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‘-'fﬂﬁzu~‘ Molecular Structure of (Ph Ge)zFe’TC0)7'

}‘_'Bor‘l_d Le_ngths (A) . |
Ge (1) éFe (‘1) 2. 415(3). .
V':'Ge(l)—re(z) 1432(3)‘

. Ge(2)-Fe(1) 2. .402(3) 5
';fce(z)-pe(z) 244003

Fe(l)—Fe(Z)l z 666(3)

’:spectrum 1s run 1mmed1ately

“.,spectrum shown 1n Flgure 5.

'.ture the new bands of the 4a

fin 1nten51ty, and’ the bands

'A,glnsoluble decomposxtlon pro

8 hows only bands due to 15,

Flgure 4 fffpf“&'

'l Bond Angles ).
Fe(l)-Ge(l)-Fe(Z) 66 7(i)
Fe(l)-Ge(Z)-Fe(Z) 66.8(1)

;»ﬁ:

ar;,~h7_
'\‘: “ N ’

. one obtg*ps the 8ix band

ecomposxtlon product 1ncrease

of 7 dlsappear slowly, as:

':fshown ln Flgure 6.f After about 16 hours, along with an

duct, the yellow solutlon

[(Ph Ge) O]Fe (co>8 (Flg. 1) 'fl

On warmlng to room tempera-~’

.«

[} B
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W

“'illnkage would be a carbonyl llgand 1n the startlng

‘H?materlalr ;“ ‘"w,; T

00 * = )
- 80
R4
(Vo)
20
2 0[5 =
Z
g . _
m \
R ._.. N oL
2 4o 1
Y
o
w
20 |
2100 . 2000 . woO' ..~ 800"
. (Ph Ge)zl’\e (c0)7 D

Due to formatlon of [(Ph Ge) O]Fe (CO)8

‘~ Flgure 5

v

C1ear1y thls reactlon must 1nvolve consxderable

tdecompoeitlon of 7 to other products,'91nce 15 contalnsh}
one extra carbonyl ligand and one extra oxygen atom.
ihfslnce the hydrocarbon solvent ‘was prevxously dlstllled
Tfrom sodlum w1re, under dry nltrogen,»the solvent would
.?be free of dlssolved water and oxygen.l The only other

A-p0551b1e source of the oxygen atom in the dlgermoxane .

-

_—
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to establish conclu—'h
'sively the source of the extra o' gen atom, five solutions
"‘o! 7 were allowed to decompose t' 15 in Schlenk tubes under

‘_ different conditions. The samples were obtained from a stock

;solution ‘of 7, suitable fpr direct infraredﬁsampling (c. 1.3 |
x 107 m , and made up at 0° with.,heptane freshly distilled B

n

_.apia'

v\from sodium wire. Of the five solutions,'one each under an “f‘:i'~*

f}'atmosphere of co, 02, l 1 mixture of Co and 02, Nz,.and

- helium with a small amount of water added to the mixture, the‘]

rf;solution under Nz decomposed slowest, followed by the solu- o -

\f'tions under CO, He, CO + 02, and 02, in that order.‘ The sol-
ution under co eventually gave by far the largest amount of

elS. as shown by comparing the intensities of the infrared

t]bands in- spectra of thre
r‘that the solutions
"l§, since.a solu,ion of 7, after being exposed to air for 24

spectrum The so 'ions under helium and pure Co decom—

posed at about the same rate, but far less of 15 formed under}'

'A;helium._ Although there ‘was, much decomposition to insoluble_ﬂ'

products in all five cases, the eVidence indicates that

411¥most probably the oxygen atom in the digermoxane linkage

‘:originates from a. carbonyl ligand on 7 Whether the ger¢3'fb
}fmanium-oxygen bonds are formed while the oxygen atom is e
-gbomnd to a carbon atom in free or complexed carbon monoxide
'is still unknown, s is the fate of the extra carbonyl carbon
“¢F0!i< . T e o T

e

ive. solutionst It is not surprising~

. der O2 decomposed giving very little of':';

"tions in the CO region of the infrared ol



A

mhe decompositiqn/Zs certainly thermally controlled)fQ :

at rOOm temperature.. HoWever, the reaction took much

““longer to go to completion ;n the

would seem that fluoreBCent light

\ .

| '.mthe reactlon.H .;3_~

There are a number of precedents for the 1ncorporﬁﬁ~**—~

. - \ »
'Oxygen or recognlzed oxldizlng agents. These reactlons,,g

dark.v Therefore it

also plays a part ln

\_.‘.

LI O

. atlon of oxygen atoms lnto transxtlon metal complexes or

L decomp051tlon products from sources other than molecular

. .

"rmalnly 1nvolve the formatlon of 9111con—oxygen bonds.i

‘ Kaska and coworkers 145 have

‘bromlde_ln benzene at 40°-

o Ph3P—C=PPh3 .rfi B

' equlmolar quanthles, w;th both products belng 1dentif1ed

!

-'by infrared and mass spectra, and the tran51tlon metal
146 gn-,-;__g;_“'{__,.[

ricomplex by an’ x-ray crystal struc

The reactxon of Fe(CO) PMe2

>

found that a faclle

f‘phenylcarbodlphosphorane w1th manganese pentacarbonyl

R

‘o

r(CO) Mn=C‘C=PPh3

o+ Ph3P—O f'_f (11 9)

;}“The phosphlne oxlde and manganese complex were formed‘ln'

Hfor the reaction also took place in the absence of light 'fg

carbon monoxlde cleavage occurs in the reactlon of hexa—i-.fV

1 w1th NaM(CO)5 (M ‘tﬁnd,” |

147

’.vor Re) was reported'by Ehrl and Vahrenkamp ' to give as

H ’\gre of the products the unexpected [(CO) FePMe2] O.liThe

authors thlnk 1t unllkely that the oxygen atom in the L

R

'1\ diphosphorane brldge comes from a carbonyl lxgand because o

o

:‘fé;ﬂ,



\-

”’«there is. little decomposltionr The‘probable"source is thef

solvent,wTHF, s;nce nmx- spectra Lndicated ‘that long—“'

- -

: chained alkanes were formed in the conversion.

In spite of the presence of the solvent THF,

o ’ |
- Cu rtlsl48 14? attrlbutes the formatlon of hexaphenyl— ;,

R
dlSlloxane, in reactlons of tr1phenylchlorosxlane with

fnumerous tran51tlon metal carbonyl anlons, to oxygen'

"

"from the carbonyl groups. In every case whenfthe expected.

: neutral trlpheny151lyl ‘metal complex is not obtalned,

“(PhBSl) 0 1s formed, wh1le, when the expected product ls.ff |

llsolated, there as no ev1dence for a dlSlloxane.u Curtls
'*_cxtes as ev1dence work by Shrreke and West,lsp“where "f’
7n(Ph381) O 1s formed in the reactlon of Ph}’San(CO)S

with PPh3 1n benzene under. anhydrous and oxygen—free. o

g

cqhdltlons. Other<§esearchers have found that solld _
‘Me351Co(CO)4,;51 liguid H3§1C0(C0)4,152 and‘CpM(CO) SxMe
.”(M = Mo, W) in solutlon153 decompose to (MeBSL) 0 or
i(H Sl) O, among other products, at,room temperature. .'
However, when Me351Co(CO)4‘1s heated at 105 for 50 '

f;nhours, mlgratlon ‘of the trlmethylSLlyl group from cobalt

K

"1to oxygen takes place to give two compounds, reported a' -

| 154 o
to be Me3510CCo (CO)9 and (Me SlOC)4C02(CO)4

. O
-: When the decomp051t10n reactlon was. carrled out ln thlS

'~'1aboratory by Dr. A C Sarapu, no tracerof Me3510CCo (Co)9

,was found, and the other compound more probably is.

”(Me SiOC)4002GCO)5, wbose structure could be analogous to L

| nthat of (e, 510C) Fez(CO)G 55?:.f7'”_"- e

-

42
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‘Electrophillc attack at &arbqnyl oxygen ‘was also used

to rationalize the formatxon of compounds sgch as

MeClzsLOCCo (CO) from Co(CO)4 and MeSlCl3 156

]

. Another reactlon 1nvolv1ng attack of a trlmethyl—
silyl group at a carbonyl oxygen is ev1denced by the for-

=2 matlon and x i? structural characterlzatlon of.

155

'(Me3SLOC) Fe (CO)6 ;It was not determlned whethepr“

- the reactlon of Me3SLBr w1th Na Fe(CO)4 to glve , ;‘

(CO) 1nvolves 1n1t1a1 formatlon of an

LR

lron sillcon bond, w1th subsequent 3111con mlgratlon,

' (Me‘ SiOC) Fe

or whether a sxllcon—oxygen bond 1s formed dlrectly W o

. A very recent paper by Cotton and coworkers117

:r.

;reports the formatlon of [CpFe(CO) GeMe2]20 by thé air

iox1dat10n of (CpFeCO)Z(CO)GeMeZ" ThlS is the second
' o
rlnc1dence of the formatlon of a dlgermoxane brxdglng

"Tf‘groﬁp,'in this‘case‘between two non- bonded 1ron atoms. :
T However, decomp051t10n of (CpFeCO)z(CO)GeMe does not
‘;apparently occur 1n the absence of a1r. ) ‘ ' "

1?v /'t R The converSLOn of (Ph Gea Fe (CO)7 to [(Ph Ge): O]
Fe (CO)8 is unlque 1n that the dlgermoxane llnkage forms
from a carbonyl oxygen atom. Prev1ous reports 1nvolv1ng
sxllcon oxygen bonds 1nd1cated elther an uncoordlnated
o - d oxane,ﬁpr only.a monOSlloxyl moxety derlved from a -
o d L
o car ony oxy m verthe ess, rom e evi ence at-
P ' L %hg'ﬁo thel £ th d t
: hand, the 1nvolvement % %‘gtagbonyl oxygen ‘atom in the o
=8

(4

' wfﬁrmatxon of ether type.llnkéges is well estabilshed

ﬁ"
.4‘
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 The formatlph of 15 must involve breaklng of two f
,iron-germanlum bonds at some poxnt during the decom—’
"p051t1on of 7 No matter whether ‘the oxygen atom is

'from a hound CO 11gand or ‘a. free CO molecule in solutlon,
g

the startlng materlal requlres two, CO groups orlglnally

from 7 to form 15. Exten81ve decomposxtlon of 7 to‘

<

insoluble products therefore occurs concurrently as

. ‘ . . M.
. expected. . - o - » i
. 12 ! . : eb o

" D. The Conver51on of [PhZGeFe(CO) ]2L_10, o

"to (Ph Ge) Fez(CO).,, 7 0 NI

As mentloned in the 1ntroductlon, the formatlon of “
A 7 from 10 occurs thermally, when a solutlon of 10 is o

heated in an evacuated sealed tube at 80° - The photo-, .
"chemlcal conver51on to 7 was carried out in a separate L

g v

iesperlment, u51ng a solutlon of f;h GeFe(C0)4]2

toluene.' An lnfrared spectrum 1ndicated a conve351on of :~
'over 50 percent after ultrav1olet lrradlatlon over fourlj
..hours ‘at’ 78° ThlS suggests that the fofmatlon 01‘7 in .
, o

uthe reactlon of Ph GeH2 nd Fe(CO)5 under photolytlc

condltlons could occurothrough the decomp051tlon of

[Ph GeFe(CO)4]2 : However, 10 was not isolated from thls
3 reactlon, and no eiézence was found for lt 1n 1nfrared j(' ;»_*'.

.spe&tra of the rea on mlxtures durlng photolys1s..

On the other hand, the reverse reactlon at 0° and
I

a pressure of 1500 P- 8.d.. of carbon monoxlde,showed ?ﬁi

"trace of lO after stlrrlng for ‘seven’ daysv

L &



3

(Ph Ge)zFez(CO)7 + C?:.

:»[phécere,’('CO);‘]z.‘ (11;9:), : \ .

An infrared spectrum of the solution after seven days

showed only 7 and a small amount of Fe(CO)S; and after :

' warmlng to room temperature, the dlgermoxane compound,

b

15 i It lS p0351b1e that reconversion of 7 to 10 may

.*‘occur at hlgher temperaturezgand~pressures, hut certalnly |
- decomp051t10n to [(Ph Ge) O]Fe (CO)8 would occur concur: .’
‘lirently : B . |

‘.. L
par h

é‘b‘ v : ) &l

E. The. Complexes (Ph Ge) Fe (CO) and”(PhGe)égea(CO)é

The metal cluster compound (Ph'Ge) Fe (Co)6,~” ,:1'

probably has a- structure 51m11ar to that for 8, :

..-‘ .

'(Me Ge) Fe (CO)ﬁ‘ The ruthenlum and osmlum analogues of

'f78 have also been prepared.;s" The lnfrared spectrum 1n .

‘ ”5the carbonyl reglon éxhlblts ‘thxee bands for 13 (Flg.,?,

';nTable II) The expected D3h symme\

.:'j

Y for these compounds ' ;

-ﬂshould produce a spectrum showxng on two bands (A " +

';hQE ). However,.a Sllght dlstortlon of the mo eculq@would

J\II_not be unllkely, conSLderlng the. s1ze of the phenyl

| 'groups The reductzon in symmetry from dgh would allow o S
: . : ‘ St e
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 PERCENT  TRANSMI

.lower energy is broad.”

8

(Ph Ge) Fez(CQ)G

g(Me Ge)3Ru2

The,pa

;at 960

,pattern (Pig. 2):

Fxgure 7 ;j.

: .‘.'u,,".' :

3

" _PERCENT TRANSMISSION

N

'faﬂthe appearance of a. thlrd carbonyl band-

40

0l —
2050 . .2000°

.'“c:(PhGe) Fe (co)9

Figure 8 j

(CO)6 in cyclohexane, the carbonyl band of

157

"¢tvo near-degenerate absorptiona.kc’_i*

Pl

Even for

1950 L

This suggests that it comprlses

88 spectrum'of 13 exhiblta the molecular ion-““
s units with the expected isotope combination-}"“

as well aa thc consecutive loss of six




‘}_The most. probable molecular structure wOuld be one inV°1’5

A7
: : : . : .
E carbonyl groups from the pareﬂt 1on. _ A
The 1nfnared spectrum of (PhGe)2 (C0)9, 14, conslsts"'”
v'fof two bands 1n the carbonyl reglon, one of Wthh shows

a sllght dissymmetry on the hlgh energy slde (Flgt 8)

dfv1ng a‘trlangle of lron atoms capped.above and below_by_ -

.. ..-‘:

gfphenylgermyl group.. Dependlng on the orlentatron;of
“;the carbonyl llgands around the seven—coordlnate rron
A;'atoms, the molecule could have a symmetry as hrgh as D3h'"
f'but more probably C3h | In both these cases, and 1n 5"'

'_ﬂother structures lower rn symmetry than C3h, at least

?

’”lzthree 1nfrared-act1ve carbonyl stretch1ng bands are pre-5ﬁ al

‘7fxdicted. The dissymmetry of the low wavenumber band is"
l‘therefore prd&ably due to a near-degeneracy of two o

.‘\ “ N
“stretchlng frequencmes. A spectrum 1n a 1ess polar solvent

-~

t"than dlchloromethane would be expébted to separate or

»:at least‘make more apparent the overlapplng bands, but

p unfortnnately 14 1s 1nsolub1e in sadlrated hydrocarbon



'Vdﬂ}mlned.

'l‘:‘_

The~mass spectrum of 14 exh1b1

-'the successive loss of nxne carbony

ts the expected iso-

'-tope combination pattern for the parent 1on (Flg. 2) and

l groups.

The compound Aste3(CO)9, for whlch the X—rayw

B m;structural determlnatlon shows g!&e

exhiblts three bands in the carbony
158-

“in methleY°1°hexane 5°1““°“'

"symmetry is C3h' analogous to that

The closely related compound

160

:rlron-lron bonds,5 of average 1eng

;'trxply-brldglng carbonyl llgand. T
'_bands undoubtedly arlses from the xr
‘"a;:through the presence of d1s81m11ar
. structure is: descrlbed by a pseudo—
'*tftermlnal carbonyl llgands arranged

) that for As (CO)9 and 14.dw3,.“x

The phenylgermyl group has pre

e lron-lron bonds,

l stretchlng reglon

The 1dea112ed molecular flf

shown for 14

15_9’
Me SlNFe3(CO)lo, :

‘_1conta1ns trlply—brldglng CO and Me351N ligands and three
th 2. 535(2) A. -._The'l._"

”ﬁﬁllnfrared spectrum 1n thls case, however, exhlblts flve

i.termlnal carbonyl bands and One strong band due to the

he larger number of

eductlon ln symmetry fg;.t

C symmetry w1th the

1n a:way.slmilar to. ff‘:

VLously been proposed

,as a\brldge for a- trl-metalllc ring system 1n

"PhGeCo (CO)9,1§l whxch is. presumabl

' 11'MeCCo (CO)Q, whose molecul r struct

162

3'4 analogous to

ure has been deter-f‘f;?u”

3

brldging groups. .Thef,.u,,

48



f _glves the d1germoxane complex, 15.»

s~ '..‘.\

u”}].é;- The Reactions Between Et. GeH, and the Blnary

Carbonyls of Iron ’d,qh‘

The reactlons of EtzG.eH2 w1th Fe(co)s, Fe (C0)9, and

.Fe (CO)12 produced £1ve compounds hav1ng analogues

derxved from thGeH2 (Et Ge)zFez(CO)7, 18 Et GeFe (co)a';,:-

~ -~

"'-19, (e, GeFe(CO) ] v 20, (Et Ge) JFe, (CO) ¢ 21, and

(EtGe) Fe (CO) 22. The flrst three compounds were pro*

~ o~

‘pduced from the thermal reactlon w1th Fez(CO)g and the flrstiiwl7u”

vilfour from Fe (CO)lz, whlle only 20 was not 1solated frqm

:fthe photochemlcal reactlon us1ng Fe(CO)5 ’ Thus these s%j?~

lﬂltreactlons parallel those of ‘Ph, GeH2 closely, w1th the

"“j*trlply brldglng germanlum complexes 14 and 22 formlng ,!jf

o,

:*”only photochemldallxi and the analogues lO andygg belngj‘ S

'fjlsolated only from e thermal reactlons. f'f‘

Whereas lOldld not show the molecular lon"in'the.hfd}]'

"fg}mass spectrum, but 1nstead a spectrum ldentlcal to that -

':fof 7, 20 éhows the molecular 1on and the consecutlve

Jiloss of elght carbonyl ligands.- Nevertheless, when a 5" 8

i heptane solutlon of 20 was heated in‘an. evacuated sealedih'f'

fi:tube at 8°° for 20 hoursu there was about 30 percent

| ;conver51on to 18, as estlmated from an 1nfrared spectrum“_g

“h 7Thls parallels the conver31on of lO to 7.; However, 18

j"f;l.lnder: nltroqpn, unllke 1ts dlphenyl analogue, 7, Wthh

As can be seen from~Table II, the 1nfrared spectra ;,f5

P

d’-ildoes not decompose 1n solutlon at room temperature'.iﬁzﬁfv@-fﬁ~h»7



| tu'stronger than that at 2003 cm ;;f In. dlchloromethane,'ﬂ_;

of . most palrs of analogous phenyl and ethyl derlvatlves

Jfare simxlar,.wlth the bands of the ‘ethyl derivatlves
_Ausually several wavenumbers lower than thOSe of the

Zhg?correspondlng phenyl derlvatlves.: Although the shlfts .

\

3 ‘to the EtGe- and EtzGe- groups. The three band carbonyl

:thlrd band in the spectrum of (PhGe)zFe3(CO)9 (F;g 8)

Compound Zl exhrblts a- band pattern somewhat dlf-

: ferent ‘from 1ts analogous phenyl der1vat1ve,,l3..;1n'
LQheptane solutlon there are two very strong carbonyl S

'fbands AFig. 10) The band at 1965 cm’ -1 1s sllghtly
“however, the 1nten51ty pattern changes, so that the

-fthat at 1960 cm 1, whlch has also broadened con51derably

5;(F1g._11) Thls decrease 1n absorptlon 1ntens1ty,

) ' ’ R

B e

‘-fnearer degeneracy of a two—mode absorptlon at the 1ow

‘;energy band 1n heptane than in dlchloromethane.-;lhep

B ‘_\

yappearance of a thlrd band has been 1nferred befpre 1n

[} T
’"‘-9

“vthe case of (Me Ge)3Ru2(CO)6;A§7 where the. phenomenon o
‘ . 8.4

y

ifof relatrve 1nten51ty changes was also employedw—«hp;s e

The compounds 18, 19, and 22 were suff1c1ently

-are not great, the consxstent varlatxon probably reflects

sa greater o-donatlonhfrom and/or smaller n—back donatlon '

:-acoupled Wlth band broadenlng, s consxstent wlth a j]V““n'

S

i

S g -

50,

1spectrum of 22 (Flg. 9“ is a verlficatlon of the proposed _i""

8 .

"~dh£§h energy band at 2000 cm l is- much more 1ntense than gft_ﬂi

funstable in solution or produced rn such small ylelds ;‘b 3
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”f.not useful in thlS case, because all three compounds~
- -

'.that crystalllne materlals sultable for analysrs were

'never obtalned. Fractlonal subllmatlon, often a success-‘

ful method of purxflcatlon for analytlcal samples, was_"

"subllmed wrthln 51m11ar ranges of temperature and pres--l.

ilsure, acoompanled by - thermal decomp051tron.u The for- )
v \ ,

'f mulatlon of these compounds is n;} 1n doubt, however,_.
”sxnce mass spectra exhlblted molecular 1ons and expected.
' (‘

fragmentatron patterns and 1nfrared spectra were. reason-,,-

) "ably s;mllar to those of the analogous phenyl compounds.g'

.. G. Reactions Betﬁeen'PhGeH; and thenBinary CarbonylS*“
.of,Iran-. : o
In an attempt to synthe51ze (PhGe)zFe3(CO)9

v?greater yleld, PhGeH3 was reacted w1th Fe(GO)5 1n heptane

flunder the same photochemlcal condltlons as w1th thGeH2

'W.The only 1dentrf1ab1e product obtalned was GeFe4(CO)16,

”‘whose 1nfrared spectrum, but not syntheszs, has- already
nﬁfbeen reported.?é 95 The expected 1sotope pattern for

‘;the molecular 1on as well as thé‘consecutlve loss of 16"
l CO groups Was exhlblted by the mass spectrum An x-ray

"f structural study on the t1n analogue, SnFe4(CO)16, 23,
' 138

'~"has already been carrled out. _ The molecule contalnsr

'a tetrahedrally coordlnated central t1n atom, bonded to.

"ﬂptwo sets of Fez(CO)8 groups each contalnlng one ;ron-'

1ron bond..V,,




' “,.”‘:, . . . |

_.:(CO)Fe\ o ]
Fe(CO) T
(CO) Fe - o e T
- - l. o . : " .
A '22‘ | 2
From the sealed tube thermal reactlons of PhGeH3 't""*:j”fﬁ
with Fe (CO) and’ Fe3(CO)12, two products were obtalned. fdf:fj ;%

The major product, the analogue of 7,'was (PhGeH) pe (C0)7, f;f;bhﬁ
' /

-7
90

24_ whose rnfrared (Table II) and mass spectra would not Qf'.\.wju¢

dlfferentlate the three possmble lsomers.-"' ;”“77

\I

| (coBFq&Fem3 : (CO) Fc/-—--(\—-—gFe(CO):, 4c0)Fe/G——'-——--—-Fe(c0) .
IS N
R « B e -,*id R I
The mass spectrum exhiblted a molecular 1on and consec-“

”f‘utlve loss of seven carbony llgands and two hydrogen ‘
atoms to glve a peak at 412 mass unlts correspondlng tQ.;
(PhGeFe)2 Unfortunately, the thermal 1nstab111ty of ‘@

N 24 1n solutlon drd not allow lsolatlon of a. sample pure i:i\;”;

enough for an nmr spectrum or a m1croana1ysrs. However,zw :

the evidence from the mass spectrum and the 51m11ar1ty |

of 1ts 1nfrared spectrum Wlth the analogues 7 and 18 _¥=

are suffrclent to establlsh the cOmp051tlon of the | |

complex. ‘ | | :

The second compound 1solated from these reactlons

proved to be GeFe (CO)16 At no poxnt during the workup :“xli;{

'.‘? : . ! . Ly .



'of these reactxonfmixtures was there any evxdence, either
slnfrared or mass spectral, for the formatlon of the B
.ch¢e31red compound, (PhGe)zFe3(CQ)9 :

VR A o - -
.- H. The Reactions Between Ph GeH and E‘e(CO)5 and Fe (CO)12

The reactlon of Ph3GeH and Fe(CO)5 under ultravrolet

U .
e 3 . N .
[ : .
LN

1mght produced as the only 1dentrf1ab1e products, . ‘
(Ph Ge)zFez(CO).,, z, and [ (Ph, Ge): O]Fe (Col-c 15. »f“.'rn'e

oxldatlve ellmlnatlon product to be expected from thls
reactlon, PhBGeFe(CO) H, has heer“’own47 to be unstable
‘under the condltlons used 1n thms work. The synthe81$ v
of’ Ph3GeFe(CO) H 1s effected at 0° by the protonatzon of d{
hIIPh GeFe(Co)4] uslng HCl in THF solutlon., In solutlonﬂ_f?
l”under n1trogen, Ph3GeFe(CO) H‘decomposes to 1nsoluble '
',fproducts on' warmlng to room temperature. : Cot
In conéiast to th@-photochemlcal reactlon wlth
"nl;Fe(CO)s, Ph3GeH and Fe3(CO)12 in a sealed tube heated ff
“f-at 80° produced only one compound contalning germanxum
u“The complex thGeFez(CO)B, 9, lsolated after chromato-.;{;
'”graphy on Flor131l, was characterlzed by ‘its 1nfrared

"wfspectrum, rSOtope comblnatlon pattern (Flg._2), and

dtexact mass: of the parent ion. 1n the mass Spectrum.

'f: The synthesxs of - PhZGePe (CO)8 can also be effected ;,:j

"i<;by the . dlsplacement of chlorlde lons in . thGeCI2 w1th ”ff“fﬁt
Fe, (CO)8 163 In thls case also, the product ‘is }solatedff‘

‘fonly after column chromatography on‘Florlsil
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1. 'Summary ST

et .
v\.\ )

‘ From the reactions of the germanium hydrides

PhGeH3, BzGeH2 {R = Ph, Et, Me), and PhBGeH,"

' that there 'is a marked tendency, in both photochemical

and thermal reactions, for the cleavage of an alkyl or. RN

-

'”dﬁ aryl group from the germanium atom. The many types of

v

o
iron—germanium cluster compounds from mononuclear starting

.f-ﬂmaterials make 1t difficult to predict which compounds

'will be fOrmed under given reaction condltipns. For B

}

vexample, thGeFe (CO)8 forms from the reaction of

3GeH W1th Fe (CO)lz, but not w1th Fe(CO)5 It 1s

'*only an empirical fact that the dimeric compounds '

.f4[R GeFe(CO) ]2 (R = Et, Ph) form thermally, and are not
disolated from the photochemical reactions._ The facile
'vthermal and photochemical rearrangement reactions 1nves-}
f‘tigated seem to be unique to particular compounds. .Fo£ﬁ1jt;'
'fexample, a digermoxane compound forms from the decompo-’

'3{.sition -of. (Ph Ge)2 (CO)7, but not from the decom%951tlon

75fof (Etzce)zl’ez(co)7 Although no concrete mechanisms

..

'“‘can be proposed for the reactions, the profus1on of pro—‘-

-

.fducts obtained has increased the knowledge of the chemistry S

: _of germanium-iron carbonyl compounds. S

R
v tLow

S

.A - ;
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TABLE

SOLID [(Ph Ge) O]Fe (CO)8
. I . ’
,1 .

e U b,C -
Frequency, tm

‘ : ,b. .
. 3060(w)

Ve j *' v'304dlw)' |

;- 2100~ 1970(s~m) | "L.

'3;4630(w) 'g W;~~

Y1478 (W) |
1426 (m)

99§%wy”j'
; 794(m)
 ./#729(m) N
’ "7‘- R l _'

602 (m)
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i

:5 bAll strong andJmedlum bands,

assxgnment are 1isted.Af

cAbbreVLatlons as‘;p Table II.
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U”is'fi’V; o MASS SPECTRUM OF [(ph Ge) O]Fe (CO)e AR |

- a

m/e" Rélatlve
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: ‘TABLE"/IV (continued)

”.' value 1ooo ‘ |
Although the relaane 1ntensxt1es change Sllghtly w1th

‘,u‘l.

bThé»mo

-

Do .

d 3 oy : A ': :
‘l’.&ﬁm!y, '. ﬁ{m | ‘

For [(C6H ). Ge] pe (CO)aH o 52;_ fi lﬂ ;.*

fd!g scale. f |  # f:'. o o A }

Overlapplng peak

/ st infgg§¢ pgak_in7Fheﬂspecérhmﬁi§:a33igned the
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COLOURS AND ANALQTICAL DATA OF IRON—GERMANIUM COMPOUNDS
Compound i".ﬂg";Colourdid Calculated % Found %

V,[(ph Ge) o]Fez(co)e red 4707 2,580 - 477 2.28°
IR JPhGe) Fe;(CO) g .‘;*‘fpurple -ff455,1"1;46~{"55.1971.14'“
‘,_(ph-ce) Fez(CO)G. .i_-purple yf'zszis_;3 s 48,2 3.03"

(Et,Ge) Fe, (CO) g f 'fy91lowj--f 32.2 "4.50 - 31.9 «4-45A
GeFei(CO)IG ,.r_g:;%;_féaé .Aa.jgsga jo;bo 1.4é5}8l_o,55y

.’.' co < . AN R ",
' . . - . t B

For oxygen. Calculatgd, 17 9 found, 17»6 _ (Alfred

- Bernhardt MlCroanalytlsches Laboratorlum, West Germany )

2 OSmometrlc m%%ecular welght in CHZBrz 8 CGICUlated, 805' p

v.

"



j'ExptanENTAL-;T’*f}rj‘j e

/

GENERAL TECHNIQUES tfﬁwV”

e

: Durlng all reactlons and wOrkup procedures exposure :

. of compOunds to alr was mlnlmlzed by use of a nltrogen {

'35atm05phere, expec1ally when compounds were ln solutlon.

Vi~

Sealed tube reactxons were carrled out u51ng Carlus tu@bs
constructed of thlck-walled Pyrex tubing, w1th a volumevi#

?',of about 70 ml. SOlld and llquld reagents and solvents

- were placed dlrectly 1nto the tube, degassed, and frozen l%liél
5%';’ff in: lquld nltrogen before belng segled under vacuum 5»The.f¥“
%

rreactlons werg carrlEd out by Plac1ng:the sealed tube in - rnﬂkh'*
S e . P L
:Z'an ovenz‘whoseztemperature varled by i5° from the stated

\

reactlon temperature. After reactlon the tubes were cooled N

...

A

("ﬁ;to room temperature and then to llquld nltrogen temperature _t*
A"ibefore belng opened. The gases were allowed to escape |
‘;land the reactlon mlxture was transferred to’ another flaﬂh «{Qf;ff;
Jfor further workup.;{}ﬁggif Vt fk,_ '3.71f:fﬁf}-i7 o
| Reactlons employlng ultravrolet 1rrad1at10n were
.'carrled out W1th Hanovxa lamps (No. L679A, 450 watts, or k
L 30620, 140 watts) Wlth the 450 watt apparatus, the | A
."'3fslender bulb was place in51de a water cooled quarts.:{;~;{‘
A?fijacket.- The reactlon solutlon was placed 1nto the annular»f:"
F-;tpace between the quartz coollng 3acket and an outer Pyrex

fggicontalner.. Nltrogen gas was bubbled slowly through the . 7.5”

'l,solutxon v1a a glass frlt at the bottom of the vessel

,‘.~<.



- Fr

,‘..; '.’,'

L9

fwere carrled out u51ng Carius tubes.}'

‘*,as noted.:u_f,-,i'jygr" ~s'f:fb,3';.:'gr‘5;

- ’IN'.STRUMEN'I"ATION

T potentlal 70 ev) Some mass spectra were 1nterpreted

ffThe magnetlcally stlrred reactlon mlxtures were_képt'}.

T«‘below 25° at all tlmes.ry f',A; ',LP, -f\u,.r“.i o v; f's;

L Wlth the 140 Watx apparatus, the reactlon solutionwfjg],_-r?l-
= was placed 1nside a slender quart2°vessel conta1nr~g -

: long,_water—cooled Cold flnger. Whlle starrlng magnet-o-'
fflcally and bubbllng nltrogen gas slowly through the
5emthure, the solutlon was 1rrad1ated w1th the lamp-placed -
E.about six- 1nches from the. vessel h;.lehl‘” 3"‘-a ,:fi.

wp It should be noted here that ultravxolet 1rrad1a- j;fdgﬁi

tlon was employed only for reactlons 1nvolv1ng Fe(CO)S,

3 whlle those reactlons requlrlng Fe (CO)9 or Fe (CO)12

.

i; Meltlng pornts are not glven for compounds 1n thls"

‘ 'chapter because they decompose slowly ovéf‘a w1de temper~;hw3
‘ature range., (Measurements were taken usxng a mlcroscopé.;
.jequlpped Wlth a Kofler hot stage ) Melting points should‘

‘-therefore not be employed for 1dent1f1catlon or as a

t.

ivrﬂguxéarto purrty.' Mlcroanalyses were performed by the ;,f

'mlcroanalytlcal laboratory of thls department, except' o

4 .
o .

Mass ‘spectra were obtalned'on Associated Electricai

e

‘ Industrles MS 9 or MS 12 spectrometers. Samples were -

' 51ntroduced on a dlrect probe, employlng the lowest source

»

A’~temperature p0551b1e to produce‘th@“spectrum (1on121ng ,j;j,"

R

o P

'f;j.??’" '

S

7}5 4

<



with the axd of a computer program, wrltten 1n this de-“

B :partment by Drs.

‘Q;orzglnal work by

E. H Brooks and R S Gay and based on :

Carrlck and Glockllng" 164 wHich calcu—.”

.65

! lates 1sotope combrnatlon patterns and-exact peak masses;:‘~:“7

: An exact mats con51sts of the welghted avenage of all l?b

.’ﬁ1sotope combrnat

1ons ryvolved 1n the nomlnal mass.«-For

.{vldéa:iflcatlon purppSes, the sum of the exact lSOtOplc

tiwelghts of the most abundant 1sotope comblnatlon contanned

- fln the nomlnal mass’ was sufflciently sxmllar to. ‘the ..

[N

K average for elth
' S

'4cu1ated and obse

\ Proton nmr

"cMagnetlc Resonance's’ectrometers, Models A-GO or 56 5°A°.j“'

o)

er value to be used In ‘all cases cal-7“
rved patterns were v1rtually 1dentrcal.

spectra were récorded on . Varlan Nuclear
/

*I rared~épectra in ‘the carbonyl reglon wer obtalned

¢

'1u51ng a Perkln—E

lbequlpped w1th ‘an

‘-a Hewlett—Packard Model 7127A record ¥

c spectra were cal

165

:'31,:_ by 1ntrod

‘Tmonoxlde at the

lmer Model 337 gratlng spectrometer
expanded scale readout accessory and

xhe expanded

£ %~
1brated w1th respectﬂto CO band.number

uctlon of a gas cell contalnlng carbon
4&

approprlate tlme durlng a contlnupus fl“”

.'“;'run The band frequenc1es in wavenumbers were determlned

uslng ‘a chart prev1ously callbrated between 2200 and 1800

'tﬁcmfl w1th gaseou
'ﬁ; dupllcated spect

spectra were obt

b"‘fmethane as noted

KBr or NaCl cell

s CO, DCl, and DBr,F_DeVLatlons between

ra . dld not exceed 1 cm~;. Solut1on [[j*}

axned 1n heptane, hexane, or dichloro- R

in Table :, u51ng 0 5 mm'path length

S‘, o f t ."g‘?7V~"

_4{0‘\ ‘ el



‘<'reg10n are. noted in the Tables.

P v . .
. .

lnfrared spectra in the reglon 4000 to 600 cm l"‘ ”

nwere obtalned on the Perkln—Elmer Models 337 or 421
'”spectrophotometers. The sample medla forwcompounds w1th

-1nfrared bands reported 1n reglons other than the. carbonyl

‘FMATERIALSf. ~ -1,._d":.j;f' -

\.

Reegent grade heptane, hexane, petroleum etherhx'

(50 865),1a d dlchloromethane were dlstllled under ':

zfnltrogen from’ calc1nm ﬁydrlée (for hydrocarbons) or'
‘.Lphosphorous pentoxide (for CH Cl ), before use,- Thé\‘l

.'blnary 1ronﬂcarbonyls Fe(CO)s, Fe (c0)9, and Fe (CO).{2

7were'obta1ned from commerc1al sources, and’were used ‘as’

fisupplled._.f,_ ' fh _ :-JT 'V:.'lﬁ‘i o f"fpfi:'

Al

‘ The chlorogyrmanlum startlng materlals PhGeC13,

ihPh GeC12{ aﬁd EtzGeClzwere obtalned frqg Alfa Inorganlcs

E»Inc., Beverly, Mass Ph GeH was . obtalned from Strem '13'

3

‘Chemlcals Inc., Danvers, Mass. These and all other'ﬂh'

vcompounds obtalned from commerc1al sources were used as

| supplied. For chromatography columns,_Florlsll (Flsher-

'_heptane was used..

. The hydrldes PhGeH3, Ph Geﬂzf and Et2GeH2 were R

-synthesxzed by"}eductlon of PhGeCl3, and: thGeCl2

f.;dlethyl ether aﬁd Et. GeCl2 in dl-n—butyl ether,'u51ng e

LlAlH4, The preparatlon for thGeH2 follows the pro-:

[}

" 66.

\1100 =200 mesh) packed 1n petroleum ether (bp 50 80 ) or 57":'”




o / L
',1ca11y stlrred 1n 250 ml dlethyl ether was agded drop-

- ﬁhydrocarbon/ln three stages.7 After each stage 100 ml of

, Ph GeCl for Ph GeBr2 at the reductlon stage.- There are -

;,chlorldes, and physxcal data have been glven.
"p;RoC‘EDURES T

wiSynthe51s of Phenylgermane, PhGeH3
' W1se over one hour a solutlowkof EhGeCl ’(25 6 "G, 0 lO mol)
:; by petroleud ether (50 80 ) by addlng 300 ml of the

2 ;
'solvent was dlstllled off,.untll a- total of 300 ml of

/ .
A_solvent was removed The solutlon was flltered and the';~‘

vfexpected for the product.. j\:"

166

| cedure of Johnson and Harrls, ”but'with‘substitution:of '

~ B

3 2 -2

jfreference has been made to thelr synthesxs from the

167, 168

".

To a suspen51on of LJ.ALH4 (7 6 g,_O 20 mol) magnet—'

~‘1n 50 ml dlethyl ether. /Eia mlxture was refluxed for

' -1 S5 hours, nd then thetsolvent was gradually replaced

vy
X3

-

u*,remaxnlng¢Solvent was dlStllled off The(crude productlbn
"dwas dlstmlled at 40 mm pressure over a boillng range ofdﬁ;‘:

; 7o 72°." affordlng 7.2 g() 50% yleld of PhGeH3 ~ An nmr

i

S spectrum of the neat lquJd showed only the absorptlons;'

i

- Synthesxs of Dlethylgermane, EtyseH

e _ To a. suspen51on of LJ.AlH4 (3 0 g, 0 079 mol) magnet-':

’
N

;i‘iﬁg'eflcally stlrred 1n 30 ml dl-n-butyl ether was added drop-”

i&rlse over 45 mlnutes a solutlon of EtZGeCl2 (25 g, 0 12 mol)

1 .
Ry

e @ .

67

W

ﬂl”no publlshed preparatlons for PhGeHz and EtZGeHZ' although »f S



700 ‘Tm pressure. A total of 10 2.9, 62% yleld, of Et Geuz._" .

I I

jxn 50 ml d1—n-buty1 ether.u After stlrrlng for one more "

'.hour, the product\was fractlonally dlstllled at about

;owas collected OVer a boxling range of 70 79° : From an

— s Al

“fto be about 95% pure. L

;‘was 1rra.¢.

‘ mwas monltored by takl%g samples of the solutlon for,'“

. 'v’l‘ =
“,.and the SOlldS remalnlng on the fllter and in the reactlon

‘(solutlon B)

nmr spectrum of the neat 11qu1d,.the product was. estlmated‘f"

T L e L L
— Reactlon Between Dlphenylgermane and Iron Pentacarbonyl

A solutlon of 1ron pentacarbonyl (0 75 ml, S. 6 mmol)

p:and dlphenylgermane (1. 5 g, 6 6 mmol) 1n 200 ml heptane .

‘}'lth the 450 watt source fdf’about 40

«r 5 “ Y

hours. Dajlng the 1rrad1atlon the progress of the reactlon

e te )

rllngrared spectra. After 40 hourstlrradlatlon, llttle

:lron pentacarbonyl remalned.\ The dark brown heptane

solutlon was flltered through a glassﬁfrlt (solutlon A)

*

A ‘=vesse1“were dlssolved in dlchloromethane and also<illtered

’ RN .
AR N

Solutlon B wa? concentrated on a rotary evaporator

7to about 20 ml, and cooled ln a dry 1ce-acet0ne ufekg-

bath overnlght. About 75 mg of purple (Ph ée) Fe (CO)6

‘Acrystalllzed on coollng, and spectral and analytlcal

e

results were obtalned WlthOut further purlflcatlon._‘:

-

Solutlon A was concentrated to about 10 mi on; a"'m

rotary evaporator and then carefulxy chromatographed on

~

a cqumn of Florlsll packed zn heptane. Of the&seven m.fﬁw"

0.

coloured bands v151b1e on the column durlng the elutlon 7

«;4\

68



e

only the three principal bands yielded products which -

could be isolated and shown to contain iron-germanium

bonds.- The first two bands,‘orange and blue-green, eluted

w1th heptane, were 1dent1fied by . infrared spectra as
Fe(co)5 and Fe3(CO)12, %espectively.; The third band,
yellow,_eluted with a 2 1 mixture of heptane dichloro—

o methane, was shown by mass apd 1nfrared spectra to be

thGeFQZ(CO)a

ture of heptane dichloromethane, and the solution reduced7~

to dryness on a rotary eVaporator., The residue was

dissolved 1n a minimum amount of heptane, and-

1 tion was cooled to5—78° . The yield of purefﬂbd -"

oy

‘(PhGe) Fe (co) 93 was about 50, mg

[N

- sq&u-— :

The fourth band, purple, was eluted with a 1“2 mrxnfa

“ jﬂ;.f" Follow1ng the purple band was a broad, lighttéréen“u

.'_zone, and then a. very',arrow red-brown band of a highly

- air sensxti nid ntified compound., The solution of

the final yellow band, eluted w1th dichloromethane, wasg~ -

P

e evaporated to dryness and the re51due was dissolved 1n‘”:

ijij

a minimum amount of heptane to glve a very deep yellow ,n_lp,”.,

.L-,solution. Cooling in the refrigerator at —20°'yielded

bout 150 mg of [(Ph Gevm%

R

CO’ 8.
If, 1nstead of be s Iﬁtographed 1mmedi§tely

“2 on Frorisil, solution A 1o aflowed to stand in the

j,refrigerator at -5°'for at least two weeks, large red

a crystals of (Ph Ge) Fe (CO) sometimis form.' This com~
2 7

g2
'\pound~was identified~by mass and 1nfrared Spectra to be
) . ) .. K}‘ R e, R 5 s_"““"-—»—«:.a__“ P

«‘ ' """; . ..

e

™

-

'\ w o
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the same compound obtalned prev1ously from a- sealed tube

\J .

reactlon.lsv The condft;ons whlch promote crystal forma- “

“tion- in some cases, but not in others, are not understood.“
- : _ o ;Q
Reactlon Between Dlethylgermane and Iron Pen;acarbony_
v I . Lo
The same general procedure as with thGeHZ‘was used SN

Iron pentacarbonyl (0 40 ml, 3 0 mmol) and dlethylgermane oo ‘
(6 53 gu 4. p mmol) 1n 200 pl heptane werexlrradxated ' : :

wlth the 450 watt source for about 20 hours, at the end

> .

e of whlch 11tt1e 1ron pentacarbonyl remalned. The SOluthﬁ.
was concentrated under reduced pressure and then chroma— e
tographed on a, column of Flor151l pecked 1n heptane..“
Three 1ntensady coloured bands, yellow, purple, and -
yellow, wene eluted Wlth heptane.. All three coloured

-solutlons were reduced in volume and cooled 1n the. T
' i e A
refrlgerator at —20° j The flrst yellow band produced ' S

'f about 0 2° gs 40% based on germanlum, of . (Et Ge) Fez(db)G,

1dent1f1ed\by 1nfrared and TSy spectra and mlcroana&ySLS .1f_“

)

The purple solutzon gave a. very small amount of daxk ”‘:.

y

red 8011d, whose 1nfrared and’ mass spectra 1dent1f1ed }t 't -
as (EtGe) Fe (CO)9 lﬁﬂ}‘ fJﬂ'\’v:;w'_,_;;‘v h:.:'ﬂ SR \\\\

.\'f The second yellow band after concentratlon gave.no e
, \

"solmd on coollng to -7B° *and on removaP\of all 501vent,

| left an orange 011 mrxed w1th brown solld materlal

R B

K!tempted sublxmatlon at room temperature zn vacuo gave':“;‘

an orange oil and a brown fllm, the latter llkely due to

Yoy

deccd§031tlon, on the cold flnger._ Nevertheless, 1nfrared '

BN \

- | ) : 2" ° ,. . lb‘ . _' .. . . '
- "'(':-_'._" L K Lo ' . Lo i -



.Reactlon Between Dlethylgermangc:

o3 hours at f20° After openlng the tube&~*%e dark orange
| %',:5

breactlon mlxture -and hexane extracts of the re51dual

. germanlum),'ldentlfle spectroscoplcally and mlcro—"'

_ Kahn and Blgorgne.2; The mother llquor was concentrated

“Et. GeFe

))
Y

S
<

cx
W
ula

po

e

1pThe mass - spebtrum exhrglted a molecular

H oo . : B P > |
(Et Ge)erz (CO).7 o - HL"@:. v .‘:9»‘

S
N H

)
and Trllron Dodecacarbonyl

v 4 . S """a-‘" . W .
A Carlus tube contafglng dlethylgermane (0.53 g,'

4. 0 mmol) and trllron dodecacarUEnyl 72 0 g, 4.0 mmol) 1n

10° ml hexane was. heated for 16 hours at 90°vfand/then:

l. o

solld materlal*were_flltered and the flltrate was® con-':

hcentrated under“reduced pressure B Coollng to —78g

-afforded pale green [Et GeFe(CO) (0. 4 g, 35% based on:
4%2

J

r:analytlcalry as the compound orlglnaily synthes;zedﬁby

I
i
L,

further and chromatographed on Flor1s11 u81ngjheptane :
as eluent.l.The 1nfrared spectrum of the flrst broad

'yellow band showed a mlx&ure af two compounds i Coollng:'

of thlS solutlon after concentratlon ylelded about 0.2 g

,(20% based on germanlum),of (EtZG§%3Fe (CO)G\ Subllmatlon

7:of the re51due from thlS crystalllzatlon gave a yellow

)

afoxl, 1dent1f1ed by Lnfrared and mass spectra as "\ .

P

P 2(CO) : Repeated subllmatlops and attempts at-

crystalllzatlon were not SUCCessftl»ln remov;nq 1mpur1t*

> bands 1n thc 1nfraked soec'rur o f *hls co"noun».

./

"

‘ 1on and’ the expected fragw - atbdn pattern for. L i‘« N'

.

‘/'._ .
Joee

91
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. ’ - ) " . s W n;u ' ‘ “.“.".‘t.u"‘. ‘ : v e .
T i _ The last band from the Flor151} co%umn consxsﬂ#ﬁ of R 2

U A i sy
. ;ﬁi Ge) Fe (CO)7r and as w1th’Et2GeFe (CO)B, a sampleé’ d

sultable for mlcroanaly51s was not obtalned

Riar
- ey

Reactlon Between Dlethylgermane and Dliron EnneaCarbonyl s

. Q;‘ A Carlus tube contalnlng dmethylgermane (0 53 g,: L L

g
acarbonyl (1 45 g, 4. 0 mmolL 1n

for»lB hOurs. After ‘?ff \}‘f'

&*'& .‘ . .~ * an ‘ d s eetrum of the»reaction ..
v ﬁ; . “ ~ r&arbonyl kf’er remowlnclg.'.
LB heptane and Fe(COis in vdcuo;?‘ebrystall;zatlon of thg h hh'rvr

y?,i'; o;f from a small amount ‘£ heptane at’ =782 pronced a.~“ff,‘whf;“;
A -~ o SRt . e .

. mixture oﬁocrystalllne and:amorph%gs solid;ﬁ,the &n&;aregi ;'kiﬁh

'? ’ . spectrum of whlch showed thnee prev1ously rsolaigg coms. .. o
.n-; | pounds, (Et Ge) Fe (CO)7, Et2GeFe (COVB, and [Et GeFe(CO)4]2 L

B ﬂ N K.
There were no CO absorpth' bands for (Et Ge) Fez(CO)6 ff ,.f
. : Slnce these compoubds were characterlzed in the prev1ous; N :f
: ‘ :reactlons, the mxxture o§ sollds was not . chromatographed
3for”purif1cat;on.‘a "JA ) e3;i.: :h“."\ - ':v' o ;_,_ {,ﬂ?rﬁf

| Reactlon Between Phegylgermane and Iron Pentacarbonyl p
U'A

v

‘ The same general procedure as w1th thGeH2 was used PR

“o

L Iron pentacarbonyl (0 81 ml,~6 6 mmol) and phenylgermane.‘v'
o (0 4 g, 2 6 mmol) in 200 ‘ml heptane were 1rrad1ated w1th ih;ﬁ”
e thg 450 watt ‘source for 11 hours. The solutfbn was. :i f}:ij_@
| roncentrated under reduced pressure and then chromato—.v.~'i '
‘ graph,d_‘n a column of Flor1511 ‘A broaﬁ yellow band

4 .
- ~ . Lo
' PR v EAN
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methane was coilected 1n sever«wl fracti}ons. There were

smAll reglons of red, green, adﬂ brown bands w1th1n the

©

yellow bahd, but all fractlons showed as the maln product
W -l‘*‘”' *Q . . v !

QeFe (CO)\\\eby lnfraredwgpectra. All fract;ohs Were '3

redhoedaln volume and cooled to —20° 1n'thé refrigeraxor,
> A

" o (co>16 Nqne of the frae:t,;,ons afford a s‘ollds

Gﬂue to the otherfoompoundi*v191ble on the chr matodraphy 6

S OSAETRE . SO d'
ﬁ‘oihmﬁ nn further attempts at crystalllzatxon, s 43
\ ‘_0‘1
.r 4‘ o R . 1 o . .~' S V =
' ’ ‘f”ﬁm

ReactichBetween Phenquermane and D11roh Enneaca p0nyl

v Phenfl rmane (0 30 g, 2. 0<mmol), d11roﬁ~enneacarbony1

/xp .73 g, 240 mmol) and heptane (8 ml) wére sealed 1n~a

ETY

ggrlus tube and heated at 70° for 40, hours Qﬁger opexwi‘...,!is”~

3

?&eﬁhlnlng sollds extracted w1th dlchloromethahe:-Solvent

i
and ﬁb(co) from the combrned solut;ons were removed zn
5

vacuo, and recrystallizatloq of the remalnlng 011.fron a';.
dlchloromethane-dEQtane nlxture gave 1mpure yellow cry%tafs
of (PhGeH) Fe (CO)7 Repeated attempts at reorystal—;
DZ:atlon or subllmation to obtaln ‘a. sample pure enough

for m1croana1y51s afforded 01ls or mlcrocrystalllnevﬁ

“materlal both VlSlbly contamlnated wlth 1mpur1t1es..

.vV

y . -
Reactldh Between Phenyﬁgg;pane and Trllron Dodecacarbonyl

A Carlus tube contalnlng phehylgermane (0 60 g,

'3 9 nmol) and trxlron dodecacarbpnyl (1 0 g, 2 0 mnol) 1n

, . *Ey .
e . ' . T T e
it :

I LR L 7 LA
. e | : N SR

P

1ng the tube the heptane solutlon was poured out and the ‘:5
\

,oA
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Kb

g A |
. dlch&o?omethane, and collevted 1n several fractlons‘:-_; e -

kl

e

AN e (phcem,l e,_(coh and"ﬁ‘-Fe»z (C°)16' »in

3

N

b

.,-

. s
-

o -

L ;. heptane was 1rradiated w1th ‘the 140 watt source for 20 Qbf"-

wo v
: I . <

o

6 ml h@%tane‘was heated for 36 hours at 65°' 'Aftef 8061-

an and openlng the tube, the contents were washed out -

the Fomblned washlngs were removed at reduceg pressure ,
L) L B

v .
A and excess Fe. (C0)1é was subllmed off The residue 1n~‘-

o3 .

‘ dichloromethane was chromatographed on“Florisrl, affordlng

\n

e ,
&ﬂ- ‘ broad, ycl’q;w band, eluted wrtl'b heptane and then - SRR

fInfrg@ed spectia ofvthese fradt;ons show' the presence

ta,

'atios\‘

b [

j\'“w §§¥%_ "y
B small and Teat compcunds had been 1solated from th@

A

prev:ous reactions, no further attempt was made at>

v

L N

-

separatlon of the~two products._ ~“_ :%.,.,';_ T
2 ' - Q~u*- %q-' o .
, Reactlon Between Triphenylgermane and*Iron Pentacarbony;

) A éolurlon of trlphenylgermane (0 80 g; 2 7 mmgi)

and iron pentacarbonyl (4 0. ml 3. 0 mmol) in- 100 ml-\

.

hours.' Aﬁier removal of. heptane and unréadfed\Pe(CO)s

_‘under reduced pressure, an - infrared spectrum of the _ ')q'

oy

[N

(thGe)zFez(CO)7 and [(thGe)zolFez(CO)B.. Crystalllzatlon

f the 011, after dlSSOlVlng 1nto heptane,'over a perlod

tf“‘f of about three weeks at —5° gave 0 12 g (10% based on g» o

germanlum) of the dlgermOXane compound

a with heptane and dlchloromethane.‘ The solvents frpm ..9»;

~'rema1n1ng 011 showed the presence of only two. compounds,;&s'”

74
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e

e ,Reactlon of Trlphenylgermane and Trxlron Dodecacarbonyl
. =

A Carlus tube was charged w1th trlphenylgermane -
v

16'80 g} 2. 7 mmol), trllron dodecacarbonyl (0. 5 g‘ 0. 9 mmol),

and heptane (lOﬁFl),.and heated for 36 hours at. 75° '?gﬁ?

~After coollng,and opeq;ng the tube, heptaneﬂgnd 1ron

4 - .
: pentacarbonyl were removed at reduced pressure."The
v o Hels - . N : .
;_.i resultlng 011 was chromatographed on a column of Florlsll
.@"Q,;u51ng heptgﬁq¥as eluent. Only ope colour_ :

ﬁgrom thg column, ‘al yellow solutlonvof Ph. GeFez;llyau-

act1on of. glsodlum Octadarbonyl leerrate(*II) W1th

R I %

. o 'Dlphenyldxchlorogermaﬁns - :3 .o '.: o / o

B, P

_ Dlsodlum octacarbOnyl dlferrate(,llf””Na [Fe (CO) 1,._ 
. ‘uas prepared by the method of Ruffsg u51ng Fe(CO)S j?
;k‘{7-ff(o 70 ml, 5. 2 mmol) and sodlum amalgam (25 g, l%) in,

- THF (50 ml), 1rrad1at1ng w1th the 140 watt sourgﬁﬁ? After

‘four hours, the THF solutlon‘contalnlng Na [Fe (06) ] . ).”“

N -

v'was decanted, and dlphenyldlchlorogermane (0. 71 g,-t

fﬁfl,‘fz 4 mmol) was added. After stlrrrng for one hour the

N Y

e M‘E~A lvent was removed :;dex duced pressure and the 01iy
:... ) : 4‘ '. } »&g
""‘“‘resxdue chromatogz phé 10r1srl., The tww'yelkﬁtg 2

jif olutlons eluted w1th heptane con51sted odee(CO)5 and

::Aa small’ amqpnt of thGeFe (CO)B, respectlvelyw as shown
-dlfby 1nfrared spectra.l-The amount of sdlld Ph, GeFe (CO)8
-ob -ned was 1nsufflclent to allow recrystalllzatlon fori:-

.{‘\- .' .

/‘an analyt1ca1 sample..f 7.

e . N "9. o ‘ ‘ . "“«'w’ .- o
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‘l(ct 0 l g), prepareﬂ from Na [Fe(CO) ] and Ph GeClz“ln -

4

S

Photochem1cal Decomp051tlon of BlS u-dlphenylgermanlumwl

[}

.

bls~(tetracar£ony11ron) _7«. L ‘:;‘
S '\" .
Toluene (SO ml) and a small amount of [Ph GeFe(CO)4]2

U"' .' '

&M

THF,64 were placed ;n a. small quartz vessel Whlch was ny“
, . X _ o
1mmersed in a dry ice- acetone bqth contalned 1n an -

>

un51IVered quartz dewag ~ The solutlon was 1rrad1ated U ft_fﬁki

'4Aw1th the 140 watt source for four hours, wlth the reactlou?_ :
‘temPerature kept about-—78°rl After lrradlatlon an, ;lil: .

. ge showe& greater tﬁan 50; ﬂnv[{f'g ,@f

.’ e)zFeQ(CO)7 (estlmated fnom fnfrared - {;.

,f lntensitles) | Warmlng to room temperature and removal of _(fﬁfrf

‘.“A”’z‘?";’zolFezKCO).a'-, T R

Lo .
toluene resulted in a‘gellow oxl, whose 1nfrared spectrum
x “ :

in heptane showed almost c0mplete conver51on to

Coe
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SYNTHESIS ANf) PROPERTIE@B or SOME GERMANIUM AND 'rm

IV}\’HVES OF miﬁ(tYCLOPENTADIENYL)TRICARBONYLS OF °

ffﬁ- Thé first qroup IV metal«derlvaaive contalnzng alﬁf’

¢ 1(:1 ) ' d&@

e

CpM(dO) - mo:Lety ‘wais *“'is-c:pnn(cmz

1969 170 51nce then the number of

oﬁ thxs type has been qulte llmltea, con51sv

Lt 1, [ . : o .
mmmmss AND RHENIUM“" T B g
: DA TP Do R
.‘ 3- .'5".: . "’u_"u 4 o .. 'g'x.»

gro
g .

g malnlyﬁf

o oﬁ sxltgoﬁ”complexes.~ As can be seen from the 115t of}

4 5111c0n, geryanlum,'and tln derlvatlves of CpM(CO)3

- B

Table VI, only one such germanlum compound was known up

£0. the tlme of the present'work

_Q,_ Inltlal 1nterest¢%h compdaﬁds

) S‘*In thls chapter, M refers to Mn a

from the extensidn of synthetlc me

\

.

' t1ve ellmlnatlon of carbon mODOXId

Y

Or én) : The versatlllty of trichl

.‘1

ellmlnatlon reactlons with tran51t

from chromlum td cobait was demons

E Interest 1n tran51t10n metal

t was - 1nten51f1ed when an x ray stru

Ge ‘and" Sn, unless o.he;wlse stated

\- ) . o . ( J"W"fbw
1. : :

W g
of tﬁns tyge grew

thods ﬁor group IV

: metal~tran51tlon metal carbonyl compounds by the ox1da~"-

e by R3EH (E = Sl, Gy,

or051lane in- oxldatlve

Lon metals varylng
trated in’ 1969 l70lﬁ"

Y

group IV metal hydrldes

ctural study'74 of V't'
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a

QﬁwwtmanSvsﬁﬂn(CO) (2013)2~"

"

1

: ’c%f—CPMn(CO) {3 Ph IR S “'."1'7'f-‘  . 171-'
'fﬁﬂJ,cts—Cpﬂn(CO) (SlPh )Hb  jf: "§ " - S aran

'“;cte—CpMn(CO) (GePh ) H _.7_,, ' R T S

'""3«~“'[Et N%{CpRe(CO) (SnCl )3 e u_v_;f'A'_ _5ilﬁ?f%_;‘

- TABLE Vi

: GROUP IV METAL DERIVATIVES O .GpM(CO)3

Compound "L; ?'V»u } 

'¥v cte—CpMn(CO) (SlCl )Ha o Lo '_'ngf;#. 41, 170

Cté CpMn(CO) (SlCl ph)n .' ',,i;f;f4 - jﬁ" /228

Ieggnallcpun§60)zslc1 O Rl fﬁlff$5  S .,;,;”9 172. |
[Et N) [CPMn (C0),SiC1,] S T 172
[Ph As][CpMn(CO) ECl ]»;]"15" ;‘v'fu;;-'*;,,';;73

trans-CpMn(CO)z(GePh3)2:  | ‘3 ¢ S 1§g,

" ‘ CoL T L
trans—CpMn(CO) (SlCl )(SnCl )“'2 R 172

. trans (MeC H4)Mn(co) (SIC1')(SnCl'Ph)”; v; o .-‘172, 

5

' QPans—(MeC )Mn(c0)2(slc131(5nc1ph v 172

: tpans§1(nec H~)Mn(CO) (SlCl )] Sn012 ,; ';‘;; ”"175

‘CpRe(CO) (SiRy )H ».' ;--«'!"'Rf

czs—CpRe(CO)z(slnph )H R 2\_21_ o ._.171

 che(co) (SlCl yeSed e (a7’ o

h

trano-cpre(c0), GeK K x=clmr Dot
:tra"S-CPRe(CO) (Snc1 )u -”--«; s

_[Et N][CpRe(CO) (SlPh ),

|
@]
-
S
o
—+

et N][CPRe(CO) (GeXy)] o x-

t
9}
H

T
s
| o)
T

trane-CpRe(CO)z(GeCl )X frgurz  ,A*'f~'

.8

TAHAbbreVLatlons' ReféréﬁiPSj7"

éh”»cﬁégh 'ji7iafgffﬁf.,
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TABLE VI (contlnued) o

Compound P

“

: trane-CﬁRe(CO)z(GeBr )Br;' 2

trans—CpRe(CO)z(SnCl )Cl

trans—CpRe(CO)z(GeClg)RQ

trans—CpRe(CO)zlGe(OmCl ]Cl :

trans—CpRe(co)z(Gec13)2 o

trans—CpRe(QO)z(GeCl Et)2

J;trans—CpRe(CO) (?nPh )2

E s -»Q

trans CpRGACO)Z(EPh )Me

trans CpRe(CO)z(SlEhB)(ShMe )¢

trans—CpRe(CO) (SlPh )I

S trana-CpRe(CO)2[81(Cﬂz )3]Me

Also the deuterlde
Also the (MeC5H4) analogue.

CtB and trans 1somers.

dCharacterlzed by 1nfrared ahd mass’ spectra only

b

*Compound prepared 1n thls work

B U
N y }
& J
o e
i
<
B )‘.
R 4 o
o . ,
S

R = :Mé ’

» -

. Abbreviations
. : s

R= Ae;'Etd

Et
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'«1mply some degree of . bOno&”J~1nteract10n (Flg 12) .

_ More recenu tructural studles on czs—CpMn(CO)2(§}Cl Ph)H 75.
‘and czs—CpRe(CO)z(SlPh ZH 176 lso lndlcated short 5111con-1‘.
hydrogen dxstances (1. 79 and <. 2 2 A, respectlveky) |

Furthermore, although the tran51tlon metal—f i
R ..Ir.
hydrogen stretchlng v1brat10ns are expected to be.”
© i
[
e |
‘" ,,(2'
.'$: ;.
, . g _‘\n-‘@, '
Molecular Structure of czs—CpMn(CO)z(SlPh )H
‘-:? Phenyl rlngs omltted for olarlty ":
Mn- 51 - 2. 424(2) A | e
~ ‘Mn-H =-1. 55(4) SRR
.;Ssien',é 1. 75(4)
. 3 -“,?Figu;ewrz ) ,

1l

W



' :tlvvely, were ass&xed tm \)(Mn-ﬂ) - The band at 1887 cm .

'T‘of 311a§?e from czs—CpM(CO)z(SlR )H (M '="Mn,. R = Ph c1

5ij = Re,_R‘ Ph) by trlphenylphosphqag'was con51stent*

1nvolv1ng dlssoc1at10n of a 51lane molecule'

’,fmuch lower for R = Ph than for R ‘Cl.. Whether thls ;nﬁ”u:

*was an unsettled questlon.

."'; In view of the, above phy51cal and chemlcal observa—f-“

O

lnfrared actlvovumﬁrbands assxgnableﬁko such v1bratlons

‘ were detected 1n lnfrared spectra of Ghe bran51t10n metal

)

511yl hydrlde complexes llsted in Table VI w1th the excep--h

'tlons of czs—CpMn(CO)2(31Cl )H41 and czs—CpMn(ep)

_(SlCl Ph)H,zzg where bands at 1887 pnd 1895 cm 1, e5pec—"‘

lf

A

 was. shlfted down to 1355 cm’ liln the Spectrum of the
l-deuterlde. In contrast, solld state Raman Spectra of
fthese %ompounds located stretchlng modes in the expected'

'3tran51trbn metal hydrlde stretchlng reglon, w1th the‘ﬁ_

: 7'1’,

- metal deuterlde frequenc1es at correspondlng lowgf energy

PR ) .
\ . [ 3

-;é's}udy of the klnetlcs and meohanlsm of dlsplacement
@w

=
w1th an 1n1t1al unlmolecular rate*determlnrng step o

iS¢

62 . -

-
v

. 77

Lt . y

e oo - PhaP oo
ICpM(co) 1 4+ HSiRy- —L—»

j/.'“;f}“.v\‘ CpMCO) Ph P + H’is (3)11 1)
/’ : 'M.: Qy A

The actlvatlon energy for 51lane dlssoc1atlon was 1'\‘ )
no R . B (‘ .t .

\ . T R

_dlfference‘an reactxvxtyﬂhad.any”relatgon to the H--—Sl

lnteractlon found 1n tpe SOlld state structures' oF any L .

h'connectlon w1th the lack of 1nffared M H. sttetchlng bands'

'.L \ —

e

.Q‘ .
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‘A

’ txons on CpM(CO)z(SlR O H complexes, 1t seemed desirabiei

“to synthesxze some correspondlng germanlum derlvatlves

Ve

'and to compare thelr propertles w1th the 5111con analogues.  fe‘ .

In the Results and DlSCUSSl0n§

the\attempted formatlon ‘of mangane

. u51ng germaﬁ@s of the form R3GeH

\', the synthe515 of anlons of the

” Br) and tNelr protonatlon and de ,eratlon.‘ Part C W111

o *T"dlscuss reactlons of these rhenxgm and manganese anlons

/ .

-.w1th~alkylhalosulphonates, andgiart D wxll then cover

-’l‘ B

L /

all oghgr derlvatlves of CpM(CO)j B Dlscu551ons of the

' prlate SeCthﬂB Wlthln each Part. ~“"%‘ e 'ff e

! -
: » ! N ‘. -
. .4.‘ ™ e v L -
o - ) -
«> v . SN N
N : L -
O -
b .
. i row , ; [
. - -~ .
) . \ L .
i . P ¢ A T
. g .

Part A w111 deal with
?and rhenlum hydrldes af'

_art B w111 lnclude S

ﬂﬁ} nmr, and mass spectra Wlll bg glven 1n appro;-.

[CpM(CO) EX 1 (x = c1,
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' RESULTS AND DISCUSSION '

Reactlons of R3GeH and Ph SnH w1th CpM(CO)3 : ‘ﬂu

A

Tipl

"3375 ph3,‘PhCl . cCIS;

"‘.°

OC

- a low y;eld ef traﬁa~CpMn(C0)2(GeCfﬁ"

g Un
me

11

CP

Reactlons wath '

= %*d ey s
TR ,J‘v"iﬁ. C

The phbtochemlcal reactlons oﬁ C1351H w1th~CpM(C0)3

| afforded the czsdtrlchlorosllyl metal hydrfﬁshx

N ,a--' : . v
L f . I

o gcemtcdy d clysin v M-CPM@)

“

j”‘_5 i.;{T'{?9:l‘ e CO..fhfﬁghp
N The cprrespondlng reactibns of Cgﬂ$co)3 w1th C13GeH ‘_;fi
;;'diéf'ot glve ctthrl hlorogermyl analogues{ (Isome Y 7!;'”\.
o ) {Qefea':fferentlated by jﬁfrared séeptroscopy, seels; fehf;ff:
PRI N W ) ek
b ) in Lhé case of CpMn(CO)B, very llttle reactlon ;f;fféfﬁ

curre@ w1thout ultrav?&let lrradlatlon, and even w1th ﬂhL’_

‘,u't( M

d nenhyarlde of the foﬁﬁthMn(CorzﬁQecq'

gand..
7.h$ -
o h
M}f(-co)3 2 ";».a

‘./

~ ) -

ated spec;es 1s belleved to

b P

3
der these photolytlc condltlons, the'flrst step in the

4-"' B \v.

chanlsm would probably‘be dlSSOCLatlon of a carbonyl
s : Lo ; : o

oy

' i ‘k\! N ;.,
reactlons where thls’photolysas takes place 1n coor—"e'

\K

) H2 %ps detected.

natlng solvents such as THB,‘the electronxcally unsat-.

@e stablllzed by coordlna-'i

Y
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3
L

‘ rated specxes could recomblne w1th CO in. thﬁ reVerse of

‘a

177

‘.t1on of a solvent molecule. - A”study'of the photdlySié"

3

the uhsaturated Spédkes [Cpﬂﬁ(cés ] 1n tﬁe lnfrared fﬁ

78

‘-spectrum ¥,‘ in the reaction w1th'C13GeH

.

t

: .

u'.~°f methylcyclohexane—nu301 glasssg contamnlng CpMn(CO)3

.at 80° K led to an assxgnment oiuﬁb stretchlng bands to

]

thls unsatu-

s

reactlon III -3, or c§uld combmne w1th germanlumospecies:-

k9

. e . . . .
 [cphn (co) 2_1 4 201 jGel o

o ' N - _,.‘ .. : L " ‘. .“ _' St ’ 1‘““
Y i L'” 5 -fﬁfig oo ; o

v »»"','

A

to 1ead to the proauct,'triggeCth(co)z(GeCl3)2

.. ‘. + H w

2

Q Although the only bands ln the‘lhfrared spectza o:

§

reactlon mxxtures“werﬁbthose oﬁ CpMn(CO)3 and tr ns~

CpMn (60) (GeC13)2, ‘the hydnde, CpMn(CO)Z(Gecl )H would

: be a. loglcal 1ntermed1ate.,,.mﬂ‘ o & ‘r’f~ 

'525, and trans~CpRe ¢

S

.o~

\;w = )
(GeCl3)2, the room temperéture[reactxon of

RN

' :§§f “Ih contrast to the preparﬁtlon of tranB“CPMn(CO}z

'\!

oy '.

Yoo

'

trans—Cpﬁn(CO)z(G3013)2 ‘ f'ﬂ't

(111—4) \@

w

bl GeH w1th ANy

CpRe(CO) 1n the d@rk occurred w1thin mlnudes, 1

exces% of the germahe was. used. . An 1nfrar d spectrum 3 o

s

Eronly hands due to 26 remalned in the épectrum

*f\percent of the trlcarbonyl (esqim_ted from 1nfra d

i

J\ v L. . .
%@ken immedlately aftei comblnlqg the rea_tants shOWed ,*,ﬂ G

O)Z(Ge¢13)2, 26. - fter 6ne h ur,t"

At 0
¥ 40

f an

o

!

"spectra) had re\b{ed after f5\r hours, and there was a

rmuch larger amount Of the bls(trrchlorogermyl) compound\ f;vw-

EE] { . :
B A
- Lo
A A [ NS
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Cl3ec.r/c/ _\H Co Cl3Ge-/C/ Co
R | . "0 (59013
) gé . . gé \

than the hydtide. vagg is aq intermediete in the £ormef
.tion of 2&,-then.eny.unreacted 1,GeH must éreferanly"'
comblne with 25 (III -5) than with the tricarbonyl (II1-6).
It would seem therefore that the actlvatlon energy for ..

~ the reactlon leadlng to 23 must be greater -than that

lead{ng to gg.

trans;nge(CO)z(GeCl3IH + CliGeﬁ e traha?CpRefCO)z—
| | | | (GeClj), + H, ) 'f (1II-5)
CpRe(CO), + CljGeH = t;ais-CpRe(éojz(cec13)ﬁ

| | - .+ co - (111-6)
In a. sepé;ete experiment, the hydrlde, 25, preparea by
‘another route.(see part B), reacted w1th C13GeH (under
the .same condltlons) to produce 26.
f‘ It should be noted that there was no ev1dence for

‘the formatxon of the cis isomer ofNZS in reactlon III -6

or cza-CpMn(CO) (GeCl )H in reaction III-4. Non-lsolatio
of the cts hydrldes, if indeed such species are formed,

-could be .due to a tendency for the dissociation of ge

L4
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from such‘species (III—?),'similar to thevfirst step in

V-

' ’ ]
cta-CpM(CO)z(GeCI )H 5 [CpM(CO)2 4+ C13GeH (a11-7)

' - N .

reaction (III l) However, the fact that the actlvatlon :
energy for silane dissociation in III= -1 was greater for
the trlchlor0511yl complex.than -for the trxphenylsxlyl
complex does not support th1s speculatlon (cze-CpMn(CO) -
(GePh3)H has been ‘found to bera stable compound; see
section 2.) ' o

For the manganese reaction, which is photochemically.l
,1n1t1ated thls non=- 1solat10n should be contrasted wlth |
the formatlon czs—CpMn(CO)z(GeCI YH uy a non—photolytxc
method (see Part(B, section 2) Moreover, the fac;le L
loss of HC1 from thls molecule ‘in the mass spectrometer
suggests another p0551b111ty for decomp051trdn ‘under B
photolytlc condltlons. However, there exi ts no d1rect

evxdence for txxs speculatlon, and other 1nC1ples may

be the determanlng factors in the non—lsolatlon and pos— _

sible non- formation of the czs—trlchlorogermyl hydrldes

.-

5_of man@anese and rhenlum R : o jvui
The extended ultraviolet 1rrad1at10n of a solutlon

of C, Cr(co)3 w1th an excess of C13GeH afforded as the

6 6
< " only product the . bls(trlchlorogermyl) compound in good

yieldg' q
. ,\\ .‘>~ _ . - o - S -
\ . o N . ’-I‘ . . o
CGHGCrKCO)3 f» 2C13GeH: J* trqns Csﬂspr(co)zlGeC;3)2 o

& ’ ' . : ae ' BN

+ .Cco + »Hz - (11I-8)
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"Here,, as in the‘CpMn'(CO)3 reaction to form trani:CpMn(CO)2

.

(GeCl ) ’ .one would expect the photolytxcally produced

' unsatur&ted complex (CgH Cr(CO) 1 to react in. some way

- with two molecules of C13GeH to form the product, ‘pos-

slbly havxng as an intermedlate the hydrlde which would
form through oxldgtxve ellmlnatlon.

The fact that. reactlon ITI-6 and that reactlon lead-

l

- ing to trans-CpRe(CO)z(GeCl3)2 ogeur in the dark, whereas\
'dthe manganese and chromlum der vatlves mUSt be photo-

.‘chemlcally produced, suggests t at unlmolecular loss of Rk

Co ‘from CpRe(CO)3'1s not a major tep in the mechanlsm.j

.eIt seems llkely that there may be some facxle 1nteract10n‘
between CpRe(CO)3 and C13GeH that induces the .xeactions

gto proceed. As. mentloned lglihapter I, thetre is ev1dence.

that dlvalent GeCl e#xsts in equlllbrlum with C13GeH

(1-28). It has been suggested that the equlllbrlum is

shlfted to the rlght in solvents such as diethyl ether;

‘however, the formatxon of 25 and 26 occurs ‘in. heptane,

o~ o~

‘-i in whlch the dlssoclatlon of Cl.,GeH 1s less llkely to

3"

,_;‘occursl Whether CpRe(CO)3 18 1nit1ally attacked by Geclz,
_or even\a+ -Or" GeCl3 . the fact remalns that the same mode

. " _ .
of attack does not occur to any v1sib1e extent in the

cases of CpMn(CO) or C6 6Cr(CO)3

An: ;nfrared study179 1?9 of the protonatlon of

'arene or cyclopentadlenyl metal complexes by elther

Y

‘vhydrogen chlorlde or trlfluoroacetlc acxd in- d1chloro-,

'”methane has shown that the basxclty of the metal atom

G
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increases in the serres

CpHn(CO) L < c6 6Cr(CO) L < CpRe(CO) L, L= COor

. ' e Eertiary phosphxnr_,M”,,r.i

'I'f'the"init.ial‘step in the formation of trans-CpRe COPLE

(GeCl JH were protonatron, then CpRe(CO)3 would be expected -

to react most readrly, as 1t does. By extendrng thlB

hypothesls, one mlght exp the reactlon of CpReLCO) o
3’ .

and SnCl in the presence of hydrogen chlorlde to produce

‘ the analogous t1n qomplex.} However, in dichloromethane
¢ . :
there was ‘ho’ evxdence of‘%ny carbonyl COntalnlng substance

.,

2. Reactlons w1th Ph GeH and Ph SnH

'_‘, : Whereas the photochemlcal reactzon betweenvphssiﬂﬁﬂ5ﬂ
and CpRe(CO)3 led directly to-cts—CpRe(CO) (SlPh )5'17}, .
no trace of any germanxum-contalnxng rhenlum carbonyl

derlvatlve could be found on reactlon of Ph3GeH w1th

Kl

CpRe(CO) under elther photochemlcal and/or thermal
3

condztlons. Indeed, no new carbonyl—contalnlng spec1es

', were shown by Lnfrared spectra of reactron mlﬂtures, and

nly slow decomposxtron of CpRe(CO)3 ccurred . '\pd*'f
R;olonged ultrav1olet irradlatlon of CpRe(CO)3 n

.the presence of excess Ph3SnH produced a very small

amount of trans-CpRe(CO) (SnPh3)2 as. ‘the only product.').

The photochem

_a1 reactlons of CpMn(CO)3 wzth Ph3GeH

yielded two pro, cts, czs-EpMn(CO) (GePh )H and trana-f; L

CpHn(CO) (GePh3)2 ’ The hydrrde was prepared by reactron

of equimolar amounts of the two startihg materlals under o

. oo . o .« cT
N . . . . . '.‘,. R .

e, .
. R

v o, S C . .

.- i M S . .
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'-APh

ultraviolet 11ght, durlng whxch an equimolar amount of

gas was evolved £from the solution.’ Attempted deproton-'

removal of the methanol The bxs(trlphenyigermyl) deriv-

‘atlve, trana-CpMn(CO) (GePh )2, was prpduced in very low

‘yield from a. reaction 1nvolv1ng a 2 1 mole ratio of

'1german1um to manganese startlng mater1als

Simllar reactlons bf. CpMn(CO) - with Ph3SnH d1d not '

afford any Lsolable products. Although a palr of. bands

;a591gnable to czs-CpMn(CO) (SnPh YH was observed 1n‘

infrared spectra of reactlon mlxtures,-unreactEd CpMn(CO)3

AY

vawas the predomrnant specxes throughout the . 1rradlatlon

P

';No solld materlal contalning the new bands was obtalned .

‘on workup of the reactxons.ﬁ

n ras o the reac ons wi iH, there
I ant t t th ti th Ph3S H h

seems to be no pattern Ln the reactlons of PhBGeH-and .f-"

SnH Wlth CpM(CO)3 Wlth gresent knowledge there do .

& )

3

'not seem to be any clear bonding or mechanistxc expla—'

natlons for these dlfferences 1n behaV;or

'33}"Reactions with other»monofunctlonal germanes"

Because of the dlsslmllarxty of the trichloro- and

*

trxphenyl-germane reactxons, PhClzGeH and EtClzceH were
o synthesxzed and reacted with CpRe(CO)3 ‘ Ultnavxolet fgi:ﬂ

'irrad1atxon with PhClzGeH gave essentially no reactlon,

89

‘atlon of efZ-CpMn(CO)z(GePh )H with triethylamxne “gave Sl et e

'n° reaction, and with m::;:zgl}c potassxum hydroxide
- no chrbonyl-containlng pound was detected after



v*_as forming a. "square pyramidal structure with the

V-

as indicated by infrared spectra-of'the'reactionhmixture.
- With EtClzGeH the same conditions produced a very small

- amount of Bily” soiid, characterized by infrared and mass

il

spectrometry as trane-CpRe(CO) (Geci Et)2 These two
eactions seem . to indiCate -that the facile reaction betweon
C13GeH and CpRe(CO) "is due to a peculiarity in C13GeH |
that is absent in its RClzGeH analogues..' '

..f The photochemical reaction between CpRe(CO)3
Ph3GeLi 1ed to the formation of a very. small amount of
Li[CpRe(CO) GePh ], as estimated from the very low yield

e of trans-CpRe(co) (GePh )Me on additiOn of MeI. This

|

: reaction was not, reproducible, and all attempts to make )

other derivatives from LiLCpRe(CO) GePh 1 were unsuc-'

cessful.»-- .

4. 'Infrared'andfmaSSTSPectra andistereochemistrx

. The.ass;gnment of eig Or trans configuration ﬁor
complexes of ‘the. type CpM(CO) XY is based mainly on rel- :
tive intensities of carbonyl stretching v1brations in

: the 1nfrared spectra.@?The arrangement of the five

| ligands about the central metal can be 1oose1y vrewed
S

cyclopentadienylgiing forming the apex and x, Y, and

the two CO 1igands forming the four-cornered base-*t»“e‘
i\ : "ﬁgf.
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- ‘Early work181 =183 on cyclopentad1eny1 tungsten and
molybdenum compouhds suggested that complexes W1th a ‘more ;
V‘1ntense hlgh energy, symmetrlc, co stretchlng band have |
’ ;the eis arrangement 27a, whlle those w1th a more 1ntense
low energy, antlsymmetrlc, co - stretchlng band have a
.trane conflguration, 27b Further ‘studies have conflrmed ’i
fthe dlstlnctlon between eis and trans 1somers by the use -

0 £ IH, 13C, and 31? nmx on compounds -such as CpMo(CO)2
(PMe ph)x184 ana- CpW(CO) L(SnMe3)187 (x = c1, Br,iI;‘
' L = tertlary phosphlne or phosphlte) ' L

: Flnal confxrm@tlon camé from x-ray structural o

"._studxes of tranq-CpMo(CO) I(PPh ) and czs-CpMn(Co)2

1(S;Ph )H, 7 bgth of” whlch showed the expected relatlve_ -
,1nten51t1es of CO stre§§h1ng bands in the solutlon
l-infrared spectra. Infrared Lntenslty measurements have

']valso been used@forﬂcalculatlon of the angles between CObv'

‘:?,‘v1brators 1n metal dlcarbonyl compounds such as

’J‘cpw(CO) S dunégr%7 and B(l—pyrazolyl) Mnlc0) PPh, 83

B
It has been found that a11 manganese hydrldes of the



[ 4
. :
form CpMn(CO) (SlR )JH (R = H, Ph, Cl) exist only as cis8

isomers.l7l 174 188 In the present work CpMn(CO)z(GePh )H

) also exlsts only. as the cts lsomer, as shown by the infra-f

| red spectrum (Fig. 13) T The rhenlum hydrldes, CpRe (CO) 5~
(SlR )H (R = Ph, CHZCGHS)' have been found to formkboth
ci8 and trans 1somers, but under dlfferent condltlons.171
For the hydride with R = CH 2CeHgr .both 1somers formed in
. Jthe ox1dat1Ve e11m1nat10n reaction involving CpRe(CO)3 |

and (C_H_CH SlH. For R = 'Ph, the cis lsomer and only a

6''s 23

. trace amount of trana formed in the correspondlng reactlon.-

-

The trans. 1somer was formed exclusxvely from ‘the proton-\
aqgon of [Et N][CpRe(CO) 81C1 ;) by phosphorlc a01d " In

_thls work, as. has been noted for CpRe(CO)z(GeCI )H (and

0 for CpRe(CO)Z(GeBr3)H and CpRe(CO) (SnCl )H,” (vtde
tnfra), only the ‘trans lsomers are formed - These varla—

lt;ons 1n stereochemlstry seem to reflect a 91tuatxon where

»(ithe major determining: factors for stereochemlstry are

_:the size o£ the grgﬁp IV llgand and perhaps the bond
length to the tran51t10n metal. A cis structure will be
‘formed only 1f ébe stereochemlcai reqlrements of the
ngoup Iv llgand are ‘nQt too large. Certalnly in the .
-ncompounds contalnlng two GeCl or GePh3 groups a cts
structure w0uld be sterlcally prohlblted x—ray crystal
. structures of sxmllar eis’ and trans complexes would be
fhelpful in clarlfylng thls sxtuatlon. | .

»

' Infrared bands of b15(tr1halo~group IV). derlvatlves

. .o®
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czs-CpMn(CO) (GePh )H

. Flgure 13

are uniformly at higher energy thanithose of bis (tri-

: phenyl—group IV) derlvatlves (Table VII); thie obeerva-

’_tlon reflects electronlc effects, and p0551b1y sterlc‘

veffects as well.

' The manganese-hydrOgen stretchlng frequency for

cza-CpMn(CO) (GePh )H 'was not observed 1n golutlon

-Lnfrared spectra, but a solld state Raman spectrum exhxb- '

-
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ited three bands in the region between 2200 cm © and .

1800 cm l. "Conclusive assignment of one of these bands
to v(Mn-H) cannot be made until a spectrum of the cor-
"“responding deuter;de, presently unsynthe31zed is re- .
corded.v Solution Raman spectra were not obtained because
" of the formation of bubbles, probably due’ to CO evolutlon,

'when the sample was placed in the laser beam A discus-

sion of rhenium-hydrogen stretching vxbrations w1ll be

-

given in Part B. A
The mass spectra of- all the rhenium derivatives as
7well as cza-CpMn(CO)z(GePh )H and trane—CpMn(CO) (GeC13)2
~exh1bit the expected~1sotope patterns for the.molecular
ions (e g. Flg. 14) In each case the parent 1on suc-'-'
cessxvely loses two carbonyl ligqmds before any other (
_ fragmentation occp s. ’ ‘
)
mass with the souﬁce temperature varying frém room
temperature to42309 as C5 5SnCl (m/e 290, recorded |
B at, 10°). Other strong peaks uld be aSSigned to the
ions: CSHSSnCI2 R SQCl ; CSHSSn ' SnCl (C 2 ¢ and :

: C| 5Cl .‘ No manganese- or carbonyl-containing spec1es

"were seen w1th source temperatures of 100° or 170°*

Since the closely related compounds trans-CpRe(CO) (SnC13)2

'_and trane-CpMn(CO) (GeCl3)2 exhibit the expected patterns o

iln the mass Spectrometer, this behav1or is certainly

anomalous. Other properties of this compound offer no.

e

hint for an explanation -of this behavior.
-\; R - : )

- For trans-CpMn(CO) (SnCl )2 the 1on ‘of highest nominalf

9%
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B recorded,at 170°) was Ge,Ph, ,(m/e 608). The manganese-

l containing ions of highest assignable mass were CpMnGePh3

P ST S S

'B. Preparation, Protonation, andvDeute"
1. FPormation of rhenium-germanium;and rhenium-tin anions .

. hydrides from tri

96

The - heaviest assignable ion for the compound

—

trana-GpMn(CO)\icePh3)2 (sourde temperature 90—220°

.

and CpMn(CO) GePh2 (m/e 424 and 404, respectively)

Al

. Above‘the ion at m/e 608, a continuous spectrum of weak ' ~|';ﬂ

peaks at every mass up to approximately 900 suggests the T
formation of high molébular weight SpeClll durlng pyro-i |
lysis of this compound ; This observatlon seems to have‘ o

no ratioqvle when one takbs into account spectra of

»clo analogues.' In this case, ‘ope would compare the' -

' mass spectrum of trana-CpRe(CO)z(SnPhB)z, measured atf

‘Eource temperature of 230q in which all major peaks-:'

A
can be assxgned from expected fragmentation of the

molecular ion.: ‘

..\‘b

' Derived from Et,NBX, (X ='Cl, Br)

Sinceithe p?i:aration of rhenium and manganese |
lorogermane was no!'possible. uiing / ,,
ths oxidative elimination method a different synthetic \’ :
101, 173 Lo,

route was attempted. In a series of papers, Ruff

described the use of GeCl3 and SnCl3 as nucleophiles

-

in reactions with transition metal carbonyl compounds to

- form metal-metal bonds. Recent .} G Cl3 and SnCl Br3 n-"

\
-.'u



: ‘Cs“s’zc’y*fiAGS“B?3LA'13 -

) group IV trihalides

o Cpne(co)3 . Et4NEx3 '_1‘

%
(n = 05 1, 2, 3) hawe been -us
tris— and hexakis—(group IV t

ohromium, molybdenum, and tun

Cshcw(CQ)3 + . BSnCl3 S
Since the protonagion of .

often -a good method for obtai

tivps,lgo ome group IV halid

> [Cr(SnBr3 nCl )6]

- N
. . -

ed for the synthesis of mono- ,

rihalide) derivatives of

gsten.l e. g.,-

+ 2C

189 '
éHe (111 9)

'[W(éo)3(5nci3)3l

80 ie ey
+ Cglg 0 (I11-10)

© e

metal anion;c complexes 18

ning metal hydride deriva-.z

e anions were synthesized

'and reacted with CpM(CO)3 The anions ICpMn(CO)zzGl3

were, prepared by S8 variatlonﬁbf Ruff's method.173 The

GCRe(CO)a derivatives of GeCl

were prepared by irradiation

of ‘a refluxing THF solution

u~of CpRe(CO) w1th the tetra' hylammonium salts of the ”_r
3 v

-

B

Et, N][CpRe(CO) EX ] . co.

(E = .Ge, X = c1, ‘Br; E'2 Sn, X'= - c1) i,a.;.*; ff1 (1I1- 1)

°

. Although Ruff states that’the

e not sdable in THF, yields

.~of the rhenium—group IV anion

f31ng “THF - following reactions t

e}

Gécl3: and SnCl3 anions
varying from 45 65 percent
8 were obtained An reflux-.

imes of 16 24 hours. 1The y'

.[ngionic products could best be recrfstallized from dichloro-

-8

methane-methanol solutions at

stretching_bands 1n the’ 1nfrared Spectra of the anions

-

—20° 3 The two carbonyl

5

'iTableiVILi),are shifted to 1ow energx, compared to- the-‘

ce

-

& "
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correspondlng hydrides (vtde tnfra) Th1s 1s typxcal of

v

negatively- charged spec1es, and reflects the delocaliza—

[y

" tion of the negative charge into the antlbond;ng orbltals

of the parbonyl ligands (cf. Fig.,lS.and‘IG).

.) : .'
. . Y

2. Formatlon of hydrides and deuterldes
Protonatlon 4f the three rhenium group Iv anlons in
a rapldly stirred mlxture of phosp oric acxd and dlchlo-

romethane (whlch are immisc¢ible) afforded gOod yie a5

© L]

of the correspondlnq hydrides.
ICQRe(c0)23x3]’ + HyPO, . trane~CpRe(co)2(Ex ) H

. L , ¢ ‘Hzpo4 - (III ~12)

7o C ’j

o

:Crystalllzatlon of the hydrldee sometlmes proved dlf-

-

-

‘flcult, especxally when solvent removal was required from;

'dzlute solutlons. The best procedure con91sted of. start-“ 

A -

1ng with a’ very concentrated solutlon of the rhenium '

':anlon in dlchloromethane After protonatlon and sub—

i sequent cooling to —78“» removal of the dlchloromethane‘f
solutlon from the sol;d phosphormc ac1d and slow addltlon

"of heptane at —78° usually resulted 1n crystal formatlon

| '.after a feW‘hours.d The deuterldes, trane-CpRe(CO)z(GeX )D,

were formed in the same way from D3PO4 . The solids are
reasonably stable 1n.a1r, but solutlons decompOse in air

o

w1th1n an hour.'
: (’

The protonatlon of [CpMn(CO) ECl ) led.to formation

of;the_ota hydrldes, as.ldentlfled,by their bands_in‘
v.," ) . .
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infrared spectra of the reactlon mxxtures, but solld
produéts wdre not obtalned on attempted crystalllzatlons.-

oils, obtalned on: removal of solvent, and subllmates, s

4" T~

iobtalned from these oils, both showe 1mpur1ties of
CpMn(CO)3 and other unknown products in thelr 1n£rared
~spectra.. Mass spectra of the crude products showed no
molecular 1on, but, ln the case of the germanlum derlva-‘
tlve, malnly CpMn(CO) GeCl2 and CpMn(CO)3 . The forme;

ﬁ»1on wopld be formed from the presumed molecular lon by

A :

-~ loss of HC1, whose presence was apparent from a. large

35

‘peak at m/e 36 for H Cl.‘ The lack of. crystalllzable

,products thus COuld be ratxonalized by the thermal insta-

[y .
v
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bility of cis-CpMn(CO),(ECL;)H due to facile elimination .

of HCl. There was no ev1dence for dimerization after.
the loss of HCL from two molecules of hydrlde. Because
of the proximlty of the’ hydrogen and chlorine atoms in a

structure such as 25a (where X =H and Y = GeCl ) the

| loss of HCl can probably occur with 11ttle rearrangement.'

‘ For the rhenlum hydrldes, trana—CpRe(CO)zlExl)H,.
‘peaks in the mass spectra due to loss of hydrogen hallde
‘from the molecular 1on are very 1ntense«\e «g. Table Ix)
For - all three cases the molecular ion is much weaker

|
than the most 1ntense peak, and source temperatures

a equal to (for CpRe(CO)z(GeCl3)H) or . greater than (for

. CpRe(CO)z(SnCl )H and CpRe(CO)z(GeBr )H) the meltlng or -
.decomposxtlon poxnts were requlred to record spectra
'_Jexhlbltlng molecular 1ons. Consecutlve loss of two

'carbonyl llgands from the parent mlnus HX peak occurred

before further fragmentatlon of the group v llgand. 7ln-\

all three spectra very weak peaks occur at masses hlgher
| than the molecular ion (especially for trans-CpRe(CO)2
(SnCl3)H,_reoorded at a source temperature 35° above

the decomp051tlon p01nt) ‘ Although 1n some lnstances ;

“such peaks might lead one to suspect an 1ncorrect assxgn-

r'ment of the molecular lon, the molecular formulatlons are e

;-belleved to be’ correct in these cases, both because of

the.possible.thermal rearrangements 1nlthe mass spectro-"

e meter-at.these temperaturesf,and»because of the other

£ 100
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. supporting Spectroscopic ‘and analytical data.
' The new rhenium hydrides react 1n a similar fashlon

to. the analoqous szlyl manganese and rhenium hydrldes

under subﬁtltut1on wlth trlphenylphosphinelz; (as 1n III l)
Aband deprotonatlon w1th Et N (III 13) 171 188 The latter

;reaction proceeds smoothly w1th excess base, whlle with

‘trana-CpRe(CO)z(Ex )H + Et3N »z‘ . |
'.\'g (Et NH][CpRe(CO) Ex ] (1§1f13)
an approxlmately equlmolar amount, an’ equllibrlum between
protonated and unprotonated metal complexes is establlshed,
- as’ 1nd1cated by bands for both spec1es In infrared spectra
‘.iThls type of eqﬁ/llbrlum was also exhlblted by the ﬂ-:

'hc;s-CpMn(CO)Z(SlCl )H/Et N system.188s_,

3. Infrared, Raman,;and-nmr‘spectra of the hjdridesh

lfand~denterides?

R S o e
.The infrared spectra of the three rheﬂiumfanionsﬁ;nd. f///
:thelr correspondxng hYﬂrldes and deuterldes in the PR 2/ .

"carbonyl reglon show llttle varlatlon 1n thelr band ‘h~7

frequencles (Table VIII), with the 1argest change bexng ‘/,

"Qfour wavenumbers. The three rhenlum hydrldee all show

-;very simllar proton nmr. spectra. xhe hlgh fxeld proton ‘
~appears at a characterlstlc chemlcal shxft of (<3 19 4 T.i’

| No bands asslgnable to rhenlum—hydrogen stretchlng

o modes could be seen in the solutlon 1nfrared spectra of |

'-the hydrldes (see €. g. Flg. 16) Thrs parallels the :

'ﬁabsence of such bands 1n 1nfrared spectra of cze—CpM(CO)2
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-(SiR3)H compoun s (R = Ph,.CﬂzPh, Cl) 1 A metal- ﬂ:
" hydride stretchin' band is observed in the 1ufrared ohly

-,égr cts-CpMn(CO)z( icl, 4t ang cis-CpMn(Co)z(SiPhClz)H..Q}‘\

rhenium-deuterlumastretch1ng mode (Table x) Therefore S
‘the rhenlum-hydrogen stretchlng frequencxes in the -
carbonyl regron ‘can be a951gned unamblguously. _The'
fivratlﬁs of frequenc1es v(Re—H)/v(Re-D) are 1. 40, 1dent1ca1 .
”Alto the theoretxcal value.*??A I 'fﬁa; N '.'._" SRR

-" . ) ~.". RN

»_{ Synthe51s of 05_6Mn(CO) GeClju'. }‘ih?rl‘v T '

“In’ order to extend the serles of compounds contalning \\1'
manganese-’and rhenlum-group v bonds, reactlons of |
.[Bt4N] [Gex ] (X = Cl Br) or Li. [GePh3]- Wlth [C6H6M(CO)3]- N

e

1T[PP ] w%re carrxed out. The group IV anlons havé’ a

"2;number of p0531b1e p081t10ns of attack on the transxtlonlg‘zuh

"~f.~been investlgated.p_

'E_Ametal catlon.; Attack on- the organlc r1ng would produce
a cyclohexadlenyl complex, attack at a carbonyl group
_would lead to. an acyl type\complex, and attack at the
:transitzon metal would produce a COmpound contalnlng a’
S -etal-metal bond.f Using various 1norgan1c and organic

o nucleophiles, all three modes of attack have recently _ii'
61, 193 R S



103

| .
y m.n wusm._...m e PR TR h._” 0uam.w.m -
nAMHumwv Aoovmmmuum:uau w‘..,“w;__m w _ mh Humwv Aouvwmmo-m:c&u

wd : L e Cwd

R R T &

oost. 006t - . 000Z - . . 8& " o8l . ;_.:;82,_._ ._ooow... S ooa

— 9 I oo_.

INDD¥

" NOISSIWSNVEL.

ot - - m - — .o«..._,




e 14

-In reaotionS‘of theﬂ{CGH‘Mn(Cdf3]*»c tion with 3

[GeCl ] [GeBr3] » and [GePh ]— infrared.agd mass»

1containing manganese—germanium bonda.' Only n the case
-.of CGHGMn(CO) GeC13, however, were reasonablé mxcroana-
'flytlcal results obtalnedf.wThls complex woulé be_expected rem;,g

‘-to have a. structure as in 28 Whlch is simllar to some

‘28 ¢

'5CpFe(CO) ER3 (E = Sl, Sn, R& halogen or organlc group)
‘:L”complexes, On whlch a great deal of 1nfrared spectro-'”-'

'-scoplc studles have recently been carrled out.%?l 194
N\

4;' ’ : .
\,‘Because of the s;mllarlty between %E’Eyd the 1ron analogues, S

..it was expected that further studles 1n these and other

' fiffgroup IV-manganese derlvatxves would be of 1nterest._'g?ﬂ:a73f
| }.Unfortunately, the reactlons of the group IV anxons g"
ffthh [CGHSRe(CO)3][PF ] dld not lead to. any readily Z'Ri i tﬂﬁ;'
identlflable products.gh”‘3i”?¥”‘f 1A:f1{.h ~#'f ’_"-.fhfé%{fwi
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. C. Reaction of Alkylhaloéulphonates with

[Et N][CpM(CO) EX ] (X = Cl, Br)

1. Reactions with methyl fluorosulphonate

-

Hethyl fluorosulphonate 48 known to be an effectlve

.;alkylating agent195 -197 (usually more reactlve than tri- L" f-..

| alkyloxonlum salts1 ) in transmtlon metal chemxstry.

-tsince st3osr~4 and Me3OPF6 failed to produce alkylated |

P-products of {tpxe(co) GeCl L in reasonable yleld or
‘sufflcxent purlty for full characterlzation, MeOSOzF N '
was used to obtain the de51red methyl der1vat1ve.~

ITZ‘Stirring the two reactants in toluene for elght hour's - S

'gave the expected product~i*‘

“_[CpRe(CO) GeCl ] L+ MeOSOZF .-ftoluene‘u s

trana—CpRe(CO) (GeCl )Me + oso F (1:1—14)-, .
: . . . o - L L

_ The 1nfrared spectrum of the methyl derlvatlwe_b
“exhlblted @ hlqh energy (symmetrlc) CO stretchlng band ’
"tweaker than the low energy (antlsymmetrlc) band, 1nd1ca-
T;tlng a trans structure. The mass spectrum showed the ‘
.'nolecular 1on and fragmentatlon pattern for the compound
”:as formulated.fh: '";d';t 7”"h*5ff;’r £ ‘ ' '
h. The reactlon between the rhenium anlon and Meoéozb‘
,1" dlchloromethane gave two compounds 1n about equal
:;;ounts. One. of the compounds was 1dent1f¢ed as the

_”expected methyl derzvatlve, and the other was obtaxned

".uas the predominant product when the reactlon was carrled

. O

e
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out in acetone. This second ompound'proved to be the

| unexpected derivative, CpRe(CO soz, obtained in widely

2
variable yields: . S ; :.' o ' : ':'Y"

MeOSO - _acetone

'[CpRe(CO)zGecl31 2 > CpRe(CO)2862

‘ ns—CpR%(CO) (GeCl Me' +...% '(111-15)-

4 t
‘ Although MeOSOjF is known ‘to undergo a Variety of -
l\\diyfarent types of reaction,”8 this is the first time a
product has been isolated that incorporates an SO2
.fragment from MeOSOZF. Indeed, transition metal sulphur
| dioxide complexes are invariably prepared from the
'reaction of 1iquid or gaseous sulphur dioxide with a )
; transition metal compound.. _ '. SR SR ,

The first tranSition metaJ?sulphur dioxide complexes

were the ruthenium-ammine derivatives-[Ru(NH3)4sozx]x ,
and [Ru(NH3)5302]x (x = Cl, Br), aynthesized in 1936:1??

iThe next sulphur dioxide complex, 29,-was not reported

200

until 1963. ‘ Later, other transition metal sulphur.f

‘dioxide complexes were isolated, including CpMn(CO)zsoz,zo;

'30a, M(CO)5802 (M = Cr, W), 0? a large variety of fﬁaai&m

. §0a':Mf-‘Mn*f'

-~ n "

N
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@

and iridium'compounds,zQB—?Os;and.a‘few derivatives of-

palladium,2°5 platinum,205 iron, 206 ruthenium,207

osmium 298' The complex isolated in this work,‘30b, is -

N

and

~ o~ o~

. the first sulphur dioxide complex of rhenium.. v
V Single crystal x-rag analysis of a number of cbmpleres
. have shown that bonding between the transition metal and.
'the sulphur ledee molecule can occur in two" ways xﬁ“~~¢-
[RuCl(NH3)4SO ]+ 209 _Pt{(so )(PPh3)3,_l~°' and CpMn(CO) soz,-z.u
the angles between the M-S bond and the normal to the SO2
| .plane are all about 90° _ On the other hand, in
e MCl(So )(PPh3)2CO, (M = Rh, Ir), the same angle is about ““
£30° 212 213 The metal- sulfur bond lengths in the former‘;
‘case are much shorter than those in the latter.~ It has‘
'”been proposed212 that the SO2 ligand exhibits an amphoteric f}:
}nature.‘ The 1r1dium and rhodium sulphur ledee complexes |
occur through a metal to: sulphur electron pair donatiOn _" ,’
”_with SO2 acting as a Lewrs acrd, in tbe other cases SO2 n
' uacts as a’Lew1s base, with metal back donation to an
-'1empty ligand orbital, resulting ‘in a shorter metal- f
'Asulphur bond and a planar M—SO2 arrangement.\v i
”" The rhenium complex, 30b, would presumably heve ab
structure analogous to that of CpMn(CO)ZSOZ, wrth sulphur 2
_dioxide acting as. an electron pair donor in both cases._ ""‘ e
.The infrared spectrum in solution exhibits two bands j;;_5f,
“reach in ‘the carbonyl region and in: the $=0 region, |
h‘corresponding to symmetric ‘and antisymmetriq,stretches

- of both types of functional group (Table VII) rThe f
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positions‘R\hthe bands compare wéll with those of the -
an

201 -

-anganese logue.

. The mass spectrum exhibits the
expected molepular ion isotope pattern (Fig. 14) and
fragmentation, With carbonyl loss after loss . of So2 from
the parent ion. . | | | . |

The mechanism of formation of CpRe(CO)2502 still

-~ . .
remains a mystery in spite of experiments to. clarify thewyﬂhmuwlx

;/
situation. In a separate experiment reaction III -15 was

‘ carried out in an evacuated sealed tube, and after tpree‘

hours all volatiles were distilled into a mass spectrometer

gas 1nkﬁ§ “tube. Analysis of the-gases showed mainly

Me2CO and SiF4 and SiF3 : The presence of SiF4 can be S
explained from a reaction sequence beginning with traces
vof water in the acetone reacting Wlth Meosozr.,. ‘ \k-”‘
HeOSOZE f Hzo;_.+,vJBSO3F| +:»MeOH. | o | i
| . o . B . g . k v b.bb' ‘#ﬂ’
l*n2° _ﬁ.if‘ Ce K :"“i
\rii, st°4“_* HF

'l Pyrex glass _;

SiF4 ‘(.111,—.'1'5.).

No trace of any germanium-containing compound volatile
at room temperature was seen.u The redelack Oily residue
after the volatiles ‘were removed was placed on a mass
spectrometer direct probe with the source heated to 150°
The resulting mass spectrum showed predominantly CpRe(CO)2

‘ soz, with some CpRe(Co) (GeC13)Me also eVident. Almost



all other peaks seen in the - spectrum coulﬂ be assigned

to species from a reasonable fragmentation pattern from

.‘:either CpRe(CO)2802 or CpRe(Co) (GeCla)Me., Since.no ,rg"§‘j

r_unassigned peaks contained a germanium isotope pattern,t

_the fate of the. GeCl3 group lost during the formation

of ggb is not known. . f& ] o -‘lV'\'

U The “fact that only the ‘methyl- derivative is.obtained LR

from the reactioh in toluene suggests that either the - |

1.potarity of dichloromethane and acetone, or. the fact that

‘these solvents contain electronegatﬁve chlorine or

I'oxygen atoms plays a part in the mechanism.; In fact,‘A”

‘:-MeOSOZF reacts With pure acetone, probably/to methylate

bi~the oxygen _tom initially, but decomposition to the red-‘;:
"black ozl 'oon sets in. o S ' '

I No reaction occurred with [Et4N]ICpRe(CO) GeCl3}

‘” when sulphur dioxide was bubbled through a dichloromethane}
-E or acetone solution of the aniOn. There was also no =
':reaction when sulphur dioxide was’ bubbled through

vdichloromethane solutions of CpRe(CO) (GeCl3}Me or ‘;b

}_CpRe(CO) (GeCl )H.. Since fluosulphonie acid is pos- ",;ib'hftﬁg
| sibly present in the reaction mixture vxa reaction b' ; ' N

:'ﬂ'III-lS, the reaction of HSO F and [Et4N][CpRe(CO) GeCl ]‘
b;was carried out in dichloromethane, no heptane soluble

 products, and therefOre no CpRe(CO) 580, were isolated -~

from the reaction mixture.[ Under the same conditions.fﬂ,fi,“

o as with [Et4N][CpRe(CO) GeCl l, [Et Nl[CpRe(CO) SnCl3]

was reacted w1th Meosozr, to afford only traces of the "_A§;



. were detected.

/
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complex, 30b. In the reaction ‘of He0802F with [Bt N]— ’

ICpMn(CO) GeCl ] in acetone, traces of 3oa, CpMn(CO)zsoz,, )

.- . ) .
e .
S .

2. he&ctionsfwith other.alkylhalosglphéhqtes

R

In order to shed some light on: the processes occurring
7

i

. in III-lS,_[Etzhllche(CO) 2GeC1 3] ‘was ‘reacted with the _qt,”"

' closely related halosulphonates, Etosozr,'ueoso Cl, snd -
"n—C‘HSOSO c1 _vg. : Co R .‘\\ B 'V*'l

In. toluene, little reaction OCCurred on stirring

the rhenium anion and EtosgéF together for 20 hours, -

) //7nreacted [Et N][CpRe(Co)26e01 1 was the only substance
i

solated. . In diChloromethane. the two starting materipls
reacted over a few hours to, give as the only carbonyl-

containing prodjct,‘trans-CpRe(CO)z(GeCI )Et in low ff’

1,,Yi°1¢~‘ In acetone, the same ethyl derivative was obtained,

Y

“In reactions of MeOSO c1 pnd n-c4 9osozc1 with o

[Et‘N][CpRe(CO) GeCl ] at room temperatur2> only one

. and there was,no evidence for the formation of CpRe(CO)2 '-rl

product was ﬁbtained 1n the qolvents acet ne, dichloro- .

- The chloride derivative, 3£,iobtcined;in‘noderatef;'

BT A S

‘~“,methane, or'benzene.' ?'“'_;;;f;
; N N o \l R R . g L
[CpRe(CO)zGeCl3] o+ Ros02c1 _f?j;ﬁv.3 '.~,V;g L '
. ‘ [ N I
PR ‘ trana-CpRe(CO)z(GeC13)Cl + Wees (IXI=17)
e T T e

J_lkhfr
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yield, lso formed from the rhenium anion by reaction :
with chlorine (vtde tnfra) The facile formation of 31

seems to‘favor a straightforward nucleophilic attack at the‘

chlorine atom With ei)her RDSOz'.or some fragment of Roso2

- as’ the anionic leavihg group. There seems to ‘be no pre- ‘

vious evidence for attack at the chlorine atom in alkyl-'
m,

__chlorosulphonates,n.4 and the only previous eVidence for

'CST, 503 , halide ions) in aqueous ethanol.

reactions, and Only bands due to the product, 31, were .

gucleophilic attack at. the chlorine ‘atom involved atyl- o

chlorosulphonates, with.inorganib nucleophiles (e. g 2 3 y
214,215 5y
though nucleophilic attack at the sulphur aton, Wlth chloré‘z
ide ion as a leaVing group, has been detected as a minor i'n'
conpeting reaction inssystems similar to those above,2l6";
uch a mechanism would not_ legd to rhenium—chlorine .
bond formation.' There was also no eVidence for theA -

formation of CpRe(CO) (Gecl )(802Cl), which could be -a

'~ product of nucleophilic attack at sulphur.' Extrusion of“:

502 from CpRe(CO) (GeCl )(SOZCl) would lead to the

observed product, but no gas was given off during the,”""

observed 1n infrared spectra of the reaction mixtures..:i
Concerning the formation of CpRe(C0)2502 (III 15),_?"*"':
itlwouId seem that the mechanism can only be surmised.,-'
Initial reaction might involve nucleophilic attack at -
the sulphur atcm, with some t e of interaction of a. te g
ueosozr fragment with the trichlorogermyl group to -f.

facilitate rhenium—germaniim bond cleavage. However,v_”
L Tes . e
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there is no experlmentgl evxdence to support thlB sup-'

v

position, and until detalled investida&ions of the fates

of the MeOSO F fragments and the trlchlorogermyl group .'

?
are carrled out, no mechanlsm for this reactlon can. be
_proposed.

React;nns of MeOSOZCl or n- C4 90502Cl wrth [Et N]-

[CpMn(CO) EC1 ] produced no isolable carbonyl contalnlng

com ouﬁﬁs in d1c lorom thane€; although bands asSLgnable
P & ’

[

to the expected chlorlde derlvatlves were seen in the

-1nfrared spectra. Under partlal vacuum, rapld evolutlon

‘df a gas, probably carbon monoxlde, occurred in each

' case.

"p. Othe'r -Derivatives.of cpm.(CO) ,

‘_[Et N][CpRe(CO) GeCl ] forms the already known

. The rhenlum anions formed in i7T-11 undergo'a

.-,varlety of metathetlcal reactlons expected for regular .

: 26

carbonylate anlons. a However, the anions seem‘to have

«

a rather low nucleoph111c1ty, since more reactlve

electrophxles are needed than 1s usual. For example,.‘

: there is no reactlon w1th methyl 1od1de, but the methyl o

derlvatlves can be obtalned by reactlon w1th Me3OPF6 or

MeOSOzF.; Also, no reactLOn occurs between the anlons

,and EtI, Me3SnCl MeGeC13, and CH3COC1 W1th NOPF6

217 -

' [CpRe(CO) NO}[PF6] by dlsplacement of the trlchlorogermyl

_'group S

o

‘112



- ‘8i-Fe,. Ge-Fe, Sn-Fe,

: , ' ¢ ‘ ‘ . ‘> .o
. . o
oY
. . -~ . . o, Q, B . ‘ . .
" Reactions with halogens in dichloromethane produced

| metal halide‘derivativesi'

o

[CpRe(CO) GeCl 1 T+ ‘x’z ; » trans-CpRe(CO) (cec1 )x |

.[CpRe(CO)zGeBrslf, f‘.Bré wﬁ_ trans-CpRe(CO) (GeBr )Br

113 .

- S ey .
x - Cl, Br, I - w g? i x o (III'IB)“,_’

| » . ”“1 - _', e 3: L (III 19)
'[CPR€(CO)anCl§I- + aiz f., trana-cpneiCQ)zlz | N

- The last reaction, in which a rheniuﬁetin bond is-cleaved,f

y-iodine, is- not surprising, eince iodine is. known to

“ullcleave ruthenium-germanium and ruthenium-tin bonds in-

',~compounds of the form Ru(CO) (EMe3)2 218 In ‘the- case of

(CO) (GeMe ) Y only trace amounts of Ru(CO) (GeMe )1
3 2 , 4

'-were found on refluxing the ruthenium complex with iodine."

'in hexane, whereas both Ru(CO) (SnMe ) I and ata-Ru(CO)412

'»uwete obtained at -5°‘”rom the reaction of the ruthenium-

- tin complex and iodi e._ Other cases of haloqen cleavage -

of group Iv-transiti'n metal bonds have more recently
u'been investigated. . jese involve the reactions of ,
V"e5chlorine and iodine, which result in the cleavage of
"n-Cr, Sn—Mo, Sh-w, and Sn—Mﬂ\
:‘bonds.?3 219 It?;;;ld seem from both the presént work |

| and the work cited above that transition metah-germanium

bonds are less prone to cleavage by iodine than transition

ﬂ'metal-tin bonds.5 No tracea of any dihalide derivatives g

”vuere obtained in reactions of halogens with the rhenium-:
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germanium anions.

The dibromide analogue of the product of III—20,»

“ .

CpRe(CO)zarz, was synthesized in 1969 by the direct

action of bromine on CpRe(CO)3 in the presence of tri-

2207

fluoroacetic acid. " The. authors stated that under the L

| electrophilic substitution conditions, the first step .
may be ssumed to involve bromonium ion attack on the
tricarbonyl with subsequent substitution of co by Br Ty

| CpRe (CO) 3—‘-’5———+—7 [CpRe (Br) (co) SR . RN

CpRe(CO) Br 4 ‘co : (ii1-21):
© o The stereochemistry of CpRe(CO) Br2 was not - indicated in.i,"
the 1969. publication.- Both carbonyl 1nfrared bands were i'ﬁ ;;ﬁ
designated as ”Very strong in cyclohexane solution.fulnsf |
the present work, CpRe(co)zBr2 was found as a minor pro-~ ;
duct from. the reaction of allyl bromide with CpRe(CO)3 ,\ S
(see Chapter IV) Identified by infrared and mass' o o
| spedtra, the compound obtained by this method exhibited‘-
a carbonyl stretching band intensity pattern indicative
of a. trans structure in cyclohexane.- The diiodide~ '
\analogue also has trana structure. as indicated by
the band intensities in dichloromethane (Fig. 19)

The infrared spectra of the group IV halide _
l complexes CpRe(CO) (Ex )x a11 exhibit a band’ pattern inl
‘the carbonyl stretching region expected for‘trans isomers.
in solution (Table VII).' The positions of the bands :

‘ show a general trend to lower wavenumbers as the rhenium




o 'atom and loss of a carbonyl ligand from the molecular'*ef

“._[Et NI[CpMn(CO) ECl ] in dichloromethane solutions- '

.; substituent varies down éhe group Cl to Br to I., This :
trend parallels that of M(CO) X complexes, observed from .ih
-force constant wbrk,12 and infrared band positions.221;
ft The mass spectra of the CpRe(CO) (Exa)x complexes
--exhibit molecular ions, expected isotope combination
'vpatterns, and consecutive loss of two carbonyl 1igands‘ :

from the parent ‘ion. Only for the tetrachloride deriva-

".tives, trans-CpRe(CO) (Ecl )Cl, did loss of a halogen. .

‘ion occur to approximately the same extent. o

Reactions of halogens with the manganese anions

”afforded no carbonyl—containing compounds isolable from
| the reaction mixtures.l Although in most cases infrared
Espectra of reaction mixtures indicated probable formation
:vof the gxpected product, allisolids obtained from these
B eactions were unidentifiable from infrared and mass
?‘spectra (except for traces of CpMn(CO)3 and unreacted
'_:anion).»._i | ‘ ' _ : i | _ '. '
.' The only manganese-group IV compound isolated as. - ~ﬁ.;ﬁfi'
:fa derivative of the manganese anions was. trana-CpMn(CO)z |
.'(Snc1 ) from the reaction between LEt4N1[CpMn(c0) Sn013]
'";and SnCl‘ in dichloromethane.lw o ' - e
ttempted recrystallization of the haiide derivative
”ftrane-CpRe(CO) (Gecl )Cl at room. temperature from a »5g;_4
‘fdichloranethane-methanol solution led to the solation-.” !

'of a methoxide product-zv

R P
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o trana—CpRe(CO) (GeCl3)Cl + ueon ‘f*; ncl +
PR | trans-CpRe(CO) [Ge(OMe)Cl 1c1 ; (111 zz)
'*fFurther reactions with both.methanol and ethanol were

'carried out at the reflux temperature of the alcohol

'>:ij‘to ensure complete reaction.,lf”imjff”“7‘”“Mﬁ“%;ﬁ~v9ﬁf7¥*=5“{494‘

-"fjintensities for the chloride and alkoxide derivatives - ﬂ

Although infrared band positions and relative "f ;,-*f,?,"”

tfare very similar (Table VII), unambiguous characterizationaja’ff.
jof each compound Was obtained through nmr and exact

'vmass spectral measurements{ as well as microanalyses.,‘

‘*lmThe measured masses for the most abundant isotopes in S

sthe molecular ions o£ the chloride and methoxide deriv—e
. atives were within 2 and 0 8 parts per million, respectively, ;f

'fof the calculated masses (Table'VII) The nmr spectra of

-?'fthe methoxide and ethoxide complexes exhibited absorptions

" jfin the expected regions, and the correct integration

:”*;famplitudes, within experimental ﬁrror, for the presence

‘fiﬂ In the region between 1&00 and 700 cm :

'*ifiof only one alkoxide group in each complex (Table XI).:hruﬂf'ﬁr’
h ; The position of substitution of the methoxide e
ﬁggroup was determined by solid state infrared Spectroscopy..rh;»f

-1 the spectrum of

,_irjtrans-CpRe(CO) [Ge(OMe)Cl ]Cl exhibits two strong bands,itzﬁlﬁlﬂ

‘:;at 1020 and 848 cm ;, which can be assigned to the c-o

'“'hand Ge-o stretching moces. respectively (Table XII)-_,

"'JThese bands are absent in a similar spectrum of t ans-}5Q_ﬂfjfv§

| fiiCpRe(CO) (GeCl3)C1. Thereforb substitution of a chlorinealgﬁ ff

P



yﬁ_'chlorine bond remains intact

:ft;germanes from halogermanes gy direct alcoholyeis, employ-'7

"-{:amine to remove the hydrogen halide

e s o 1e
-}}atom occurs at the germanium atom and the rheniu@? —

The above reqctions employing excess alcohol can be

‘r'contrasted with the efficient preparatiOn of alkoxy-'io'tj}

; 1;ing a Btoichiometric amount °f a1°°h°1' and a tertiary :rfﬁm

Gxn‘ + hR'OH + nR"3 g 4r‘Ge((DR‘)
ni=1- 4y wh%g;.f.‘;ljrﬂg + ‘n[R" anx ; (:11 23)

Reactions of transition metal bonded chlorogermanee '

'%dﬂiare also fairly common' : j[ﬁ“f’; ;”.fff

A,fowcppg(cgiigec13 + 3MeOH + 3Na3

CpFe(CO) Ge(OMe)3 ~«53Nn4*11°9(xiiez4y;"

’;fnowever, in the reaction at hand, only one chloride ion f?-

-

.”Lffris substituted. even in the presence of excess alcohol

“tiﬂﬂwhen reaction III 22 was carried out inathe presence of

.Jigleitherrammonia or triethylamine. infrared BPBCtra °f the ﬂiﬂzéii

“'Jifffreaction mixtures indiqated a complex reaction, from

‘,o:;uhich no alkoxide derivatives could be identified-._:igszﬁiiv:;,,

In an attempt to synthesize CPRe(CO) [Sn(OMe)Cl ]Cl

Atpby reaction of CpRe(Co) (Snc1 )Cl with MeOH, the/sur—"t-s.tfl'fﬂ“

'ﬁifprising product was cia-CpRe(CO) Clz, qptained in low .

o ytelas :t,)~ﬁ;1?{ff,}xd.%k?f‘ o .,a:w'}"u*.*""fwgff S

R sealed tube

‘ ~.[N¢rana~Cpne(co) (SnC1 )c1 4 Mejﬂ 8




a®

Since the reaction was not lways reproducible, the
pathway for the formation of the dichloride is not knOWn

One possibility might be the“formation of the expected

L methoxide product with elimination of HCl, with sub-

*f: sequent cleavage of the rhenium—tin bond by the HCl.,_-

The infrared spectrum shows two carbonyl stretchinglw:;_“n.;,

o

frequencies with the characteristic relative intensities'

for a’ cts configuration (F&g.‘ZO), in . contrast to trana-,

CpRe(CO) I2 (Fig. 19) Both CpRe(CO)z-dihalides

ynthesized in this work exhibit molecular ions ‘in the‘f

119

mass spectra, as well as the expected isotope combinations Q o

(Pig, 14) and fragmentation patterns. This evidence,,u

tOgether with the analytical data, confirms their forma—’

\ .

tiggﬁby these unorthodox methods.:;
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v

E. Summary

"The transition metal-group v hydrides prepared in
~this work differ trom the transition metal-silicon' |

'-hydride analogues mainly dn their isomeric structures.-"

"”fThe bonding interaction between the hydrogen and silicon ‘

.gatoms ‘in the latter compounds, which are c}a Btructu , hiu’_n"

' would be Virtually impossible in the trans structures v

tivof the rhenium hydrides of germanium and tin. (An x-rqy '

',_crystallographic study of trans-CpRe(CO) (GeCl3)H cur-

' ;rently in progress should eventually support this conr-
~ tention. ) on the other hand, it would be of great inter- ;”
.est to determine the structure of cta-CpMn(CO) (GePh )n.
R and in particular to determine the position of the hydride ’
‘”:1igand with respect to the germanium atom.. A kinetic k
"dstudy of the reductive elimlnation of Ph3 GeH . from cts—‘t-_
prMn(CO)z(GePh3)H with triphenylphosphine would also beg -
.'{ of interest to compare with the reactions of the Sllyl a
'analogues. _" | o i |
The synthesis of the new manganese— and rhenium—‘”

,ﬂ;group IV derivatives in this work has significantly

".Lincreased the number of such known compounds, and con-if

'.currently increased the knowledge of their chemistry

‘.T_Certaln anomatous reactions, including those of Cl3

'T’_with CpRe(CO)3 and [Et4N][CpRe(C0) Ge013] w;th Meoso,r |

t_have opened areas for further research in order to eln-

1':cidate the mechanisms involved._ |



~:,CpRe(C0) (GeCl ) Br .

'Tmsnx‘vzx o

_ INFRARED CARBONYL STRETCHING FREQUENCIES FOR DERIVATIVESf

'1or CpMn(CO)3 AND CpRe(CO)3 AND' MISCELLANEOUS coupounns o

;iCompoundgl

tcﬁﬁn(CO)z(GeC13)2v
| Can(CO)Z(SnCi3)2_‘
CpRe (CO) , (GeCl,) 5
l~Cp§é(c0)2(Snc13)2¢
Cpttn (CO) ; (GePh3) ,
_.‘Céne(Csz(Sh§h3)é 
B CpRe(coyz(Gec12é£§é° |
': che(co)‘(¢eci-)c1d'*"
:\CpRe(CO) (GeCl )T
:CpRe(CO) (SnCl )c1 '
_' -CpRe(C0) (GeBr3)Br
 ~”che(co)2}Gec13)Mef 7
' CpRe(CO) (GeCl )Et o

. CpRe(CO), [Ge(ome) c1,1c1

CpRe(CO) [Ge(OEt)CIZICl

‘iCpRe(CO) (GePh 1 Me®

CPRe(CO) sozh

" ' "CpRe(CO) c12 |

e

Stretching Frequencies,b

2036(m)
2020(m)

2050 (m)

2038 (m)
1955 (m)

- 1954tm)
2078 (m)
2066 (m)
2061 (@)
2049 (m)
12064 (m)
- 2059(m)
2034t
 2042(m)

Ty ‘.‘

: In dichloramethane

1994(8)

_1981(5)‘
.1596(§)ﬁ

1991 (s)

1897(s)
2011 (s)

2006(§$

2004 (s) -
1993(s)
2009(8)

~ In heptane“ m"“M
| 2039(m)

2052 (m)
1900(s)

2066 (w)
2063 (w).

-~

1971(8)
we1e)
2069 (w)
 2066(§Yl

2021(s1

zoss(ﬁ)f,zoos(s)f
2066(9)'v2008(vs)
419é615):.1934(s)
iﬁ_202i(s).f1958(vs)
2060 (vs) 1984 (s)
?iogeun) '1987(8)_:‘»A

goSé(w)

_cm

2001(8)

2664(sr

2011 (m) ®

an

-1 _H_f"

2010 (m)€

2003 ()®

2016(m)

v2012(vs)

1965 (vs) -
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.A_TBBLB VII (continued)

. vcompO?nd“' S .j Stretchinq Frequencies,b.cmrlt
'_%gﬂﬁﬁ SR 'In‘d¥ch19rompthan9 . In heptane
csn,Mn(co) Gec13 ‘i ~ 2007 (vs) 195“‘?' o

saGCr(co) (Gec13)2 o 2006 (m) 1961(s).

All trane isomers except CpRe(CO) soz,: 6! 6Mn(co) Gec13, - |

andlzzz:apﬂﬂlgg) -T.Q. R _,' R ﬁ,
bAbbreviations as in’ Table Ir.. ,‘ o iﬁ ' -

Characterized by infrared and mass spectrometry only. L

dExact mass calculated, 523 7771; Observed, 523 7783.';ﬂ‘:
©1n saturated solutions .} a.A: B Ny & _

By fExact mass calculated, 501 8336, observed, 501, 8346.l.

gExact mass calculated, 517.8285{ observed, 517 8285.‘v”

' hIn C6 6' v(S-o) 1285(m), 1108(3)- as solxd in KBr dlsc, w..,*

. &

o v(S-O) 1279(m), 1100(3)

[
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| o TABLE Ix }
. s HASS SPECTRUM Og' trana-CpRe (CO) (Genra)ﬂ
*‘\ ) -m/e':"c Relative &obahle ion -
""szi;". jj;_ :z.z }lf_.;“s 5Re(CO) (Eenx3)n
565 . ”o;9f,‘_.g;.csusnecesr3\\

L B '. 'f15°-ﬂ >?-j_°5 5“‘“c°’GeBr2 _;v"7
84 49970 ‘-3°5“559§§Br2

Syl . a3 .csnsxe(co) Gepr”
© 433 . 6.9 csnsne(co)sesr f'

405 . 439 o cgH cs 5ReGeBr ‘Re(CO) ;BT  ””

o 388 . 34.6  © CgHgRe(CO)HBY ;7 -
ENRRETEE: | L AT ”Zégz,m;[‘;?gne(CO)Brz oo
- "Easdj_x" g P25;s‘_f';tn Re(CO)HBr
e . 200.0- ;.f-CSHSReBr S
NI 322 0 13 gne(c0)2ar jw;j4“
L308 C 38 . ;;csnsae(co)2 N
Co204 0 1449 0 f‘Re(CO)Br S fi IR
R P R
280 881 T € 5 SReCO o
o2 \*Q\ 18-1 Re(CO) ,3_ ,
| ' ’ 185+
a4 sas T mecE' e
. tagr v 15 Re! |

'
oy

B L

e



' gaABLE IX (continued) ™
h/é?-# ':;1Re1ativé Pffg?rabﬁbidliogé”:“
LR T R 65 Tt

>7Ta890rce temperature 150°tm’“x”

ltmabundances << 1. 0.'_.;;’

'.;-value 100.0. u;~, -

Assignments bjﬁed on’

BT
f

sy

" abunganced |

!

.]buogt intense peaks of isotbpe patterns. tﬁ

-

Too P ST _‘\_\:., . ‘

19733; 7}Ge;*798:,97?n;2;¢f*79

S

W N

'.[ Peaks qi.naminal mase higher than 622 had relative 1§."‘

dThe moet intense peak 1n the spectrum ih aeeigned the .

‘B;Br5

128
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o TABLE XI cL
~ pnomou NMR DATA FOR DERIVATIVES OF CpRe(c0)3°'bT ‘
Compound 7; .'r Chemical Shlfts, T 'd.'

- R ”cPf . Me - CH
| trans-CPRe(CO) (GeCl, )Me 446 885 |
trans—CpRe(CO) [Ge(OMe)Cl ]c1 4.16 . 6.28,
. N .
' trana CpRe(CO)zlGejOEt)Cl 1c1 - 4as 8.75 . 5.97 .
e o . 7(tfiplgt¥f(quaité£¥' o
Cpng(co_)zso2 Lo '4,36 : : o

*In c02c12

‘:blhtégratlons.of.alliabSOrption§_cbnfitmed tﬁeLmoiécnlér:‘

e .

f formd1aEions in all'cases;.'
Relatmve to TMS

!

dAll sxnglets except ‘as noted. A



. L

TABLE XII

INFRARED STRETCHING FREQUENCIES OF SOLID

f'trans-CpRe(CO) [Ge(OMe)Cl 1c1a BETWEEN 4000 AND. 600 ont

Frequency.b'cﬁfl*f.: Asaxgnment ta’f fhu,lhi;
' 3096(8) "7.‘-_ C-H atxetch

esomy o Lt

i 29400) - C-H P SR P PR

'2816(m)_ vﬂ” f'ifCQﬁ"._!  (.oijyért9ﬁe;V
- ST

zoso -1950(vs) ~ ~ C¥O "

1625(w) o 1..cecf”“f" i i'__tj . }
1435(w) =~ -C-H bend L )
R Je2rm ;’c—ni7A5‘,fZ  };; 'f'
| 1350(w) - -::.’-:fééhl_r"'v g :
 1020(ve).. SN c-0 sﬁ;efchf  
| f f84§(§)";7 -’:.~GeL6-s£rét¢h'fﬁ' {k
"QLS(ﬁf >.'f i>-c-u bend- -
T oelom ” 3: ERe-c-o bend,
'tKBr disc. - | |
:} bebreviat1ons as in . Table II.- g
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‘{§Gegera1 Techniques and Instrumeptation ‘nrjq5"’bﬁ:“
A nitrogen atmosphere was maintained during a11 bﬂi Af{jli'ffV

R reactions and workup procedures by the use of Schlenk

N S

O Japparatus._ Sealed tube reactions and irradiations employ-‘

"ifing the 450 watt Banovia lamp were carried out as des-ulfg'*"x:"

3fﬁcribed in Chapter II.‘,;

Some reactions employinq the 140 watt Hanovia

3

:1:were carried out without a cooling condenser.u In these |

tf.cases the reaction materials weﬁe placed in a 350 ml

'Ue”iquartz round-bottomed flask equipped with a stop-cocked

7“-;side-arm, and a water-cooled reflux condenser.."?heyfff[fﬁff:f*f”

”*psolutions were allowed to reflux genti} by utilizing the

'fﬂheat produced by the lamp during irradiation. Sometimes

‘7f{it was necessary to 'rap the flask partially with alumi-:'",:'“t':

zﬂdnum fOil to trap th heat given off during irradiation.,h‘ R

Small scale irradiations (< 100 ml solvent) were

'"-:carried out using the small scale apparatus described

'fjlﬂanOVia lamp, or a canadian General Electric 100 watt

”'“}BBB mercury lamp All reaction mixtures were stirred

\::fin the previous chapter, employing either the 140 wattaVT?f:“'”“'

gnetically, and“ except.for” hose that were refluxed,~_‘%yfg:ﬂf

'iirradiated solutions weréﬁke“. about room temperature.

It should be ﬁbted herdithat although some synthetic i

“Vﬁprocedures include much detail for the crystallization ‘fycl,”
' ) A

”f“,ﬁstepa,: rystallization'was often not a certainty,'and f*:7"“"'ﬁ




. \

7153’7°

i under the same conditions oils sometimes formed.,fln”"

other cases only 1mpure solids were obtained after removal‘.d, -

_ of some of the solvent oﬂ a vacuum line.- However, the

'; conditions stated were found to be the best, despite '
sometimes givihg erratic results.”tT“Mm“f.wiumj'iwmmwwiwiﬁhll”ﬁi'::

| Melting points, microanalyses, infrared, nmr, and S

| mass spectra were obtained as in Chapter II, excepf‘

zi that a Varian Model HA-lOO spectrometer was used for

some nmr spectra. For mass spectra, in cases where the

‘:i: molecular ion 1s not detected, and a’ source temperature"

range is given, the spectrum recorded at the stated

temperature was the most complete throughout the temper-bfddiﬁ

ature range,'and no sxgnificant ions of higher nominal

‘ ss were detected at other temperatures 1n the/range

_{ given.. Raman spectra were obtained on a Spex Laser -

Raman spectrometer, Ramalog, using argon or kryptOn Z*T

lasers (éxcitation frequenties, 6471 and 4880 A for solid';

3J? samples, 6471 and 5682 A for solution samples) _

Beptane, petroleum ether (50 80°), and dichloro-?;iﬁfgf5’ﬁ""

methane were distilled under nitrogen, as described

'T71 previously, prior to use.‘ Methanol and ethanol were

: distilled from magnesium under nitrogen before use.g;hllrvﬂsffu

" J'other solvents were of reagent grade and were saturated.'be

‘~,fﬂ} uith nitrogen prior to use., ’,

Chemicals were purchased as follows°v dirhenium,
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decacarbonyl from Pr&ssure Chemical Co., Pittsburgh, p<,; :.} -

'Lbenzene chromium tricarbonyl and triphenylgermane from

. Strem Chemicals Inc., Danvers, Msss : stannic chloride S

‘ifrom Pisher Scientific CO., Fair Lawn, N. J.3 triphenyltin |

| :'chloride from H&T Chemicals Inc., Richmondﬂ,Ca ; methyl

.'u.and ethyl fluorosulphonate from Aldrich chemical Co., .

LjMilwaukee, Wis., germanium dioxide from The Eagle—Picher
rCo., Quapaw, Okla.; and cyclopentadienylmanganesetri—
‘j;carbonyl and trichlorogermane from Alfa Inorganics, Inc.;“
‘7;Beverly, Mass.' Florisil (100-200 meéh) and sxliCic ac1d -
f5(1oo mesh) for chromatography were purchased from J T._
.pBaker Chemical Co., Phillipsburg,_n. J. and Mallinckrodt
Ai'Chemical wOrks, Montreal, respectively., All commerc1ally-n5f"

"ﬁobtained chemicals were used as supplied unless otherw1se

"”:fsﬁited.v

~
. & -

Ethyldichlorogermane was prepared from’trichloroifr

”3b“germane ‘and . tetraethylle 'd using the. procedure of Mironova-hfw
¢

'7”;and Kravchenko.zzzk Phenéldichlorogermane was prepared : ;‘
L P

| ”Vifrom phenylgermane and éhtﬂtomethyl methyl ether following

'ziithe method of Satqq;and RizLEre.1”7 Triphenylstannane

flf?chloride following the procedure of Allan.-‘

’df”and trichlorostannyl anions were prepared from the divalent

.-was prepared from trfpﬁ!nylstannyl lithium and amm:nium R
223 .

The tetraethylammonium salts of the trichlorogermyl

\i'metal thorides by a- method given by Parshall.;?’_ The

”.analogous tribromogermyl anion was prepared by an adapta— |

'~bc1:tion of Parshall 8 method.- ?or tha tn attu preparation f



" o R . < ‘
y

of the germanium dihalide, germanium dioxide was substi- -

‘tuted for qermanium tetrachloride.” By adding appropriate‘

amounts of hypophosphorous and hydrobromic acid, and f-

precipitating the desired compound by adding. tetraethyl-v

© 135

?jammonium bromide, [Et N][GeBr3] was prepared in 72% yield."‘;"hrq

Hethyl and n-butyl chlorosulphonate were prepared

by the method of Binkley and Degering 25 from the appro—'

E.priate alcohol and sulphuryl chloride.f The hexafluoro-,t-fe

'phosphate salts of the benzenemanganesetricarbonyl and
| :benzenerheniumtricarbonyl cations were prepared from

‘ the metal pentacarbonyl chlorides and benzene by the‘

~ method of winkhaus, Pratt, and Wllkinson.22§ ,/ .
-'Proceduresf.fvi:
'Z'Synthesis of CpRe(CO)3 _ }4?;'c'*:‘-.

. Samples of this compound were prepared by using a |

'“r”slight modification of: the procedure given by Green and

_Wilkinson.2?7 A mixture of. rhenium carbonyl (10 0 g,

.‘-15 3 mmol) and dicyclopentadiene (60 g, 0 45 mol) was

g‘vrefluxed at 210° for 20 hours in a 500 ml round—bottomed

\"fflask that permitted a reasonable amount of foaming of *f};{

;the reaction mixture. After cooling the mixture to: about

d5°, 150 ml petroleum ether was added, and the solution

,”jwas cooled to -20° , The resulting solid was recrystallized

;ifrom hot heptane and then sublimed at 50° (0. 02 mm) to

"”_afford white crystals of CpRe(CO)3 - Yields varied from

-

3 6 to s 7 g (35- 55"-'1“ L e

:__&_



: 8ynthesis of trane-CpMn(CO) (GePh3)2

‘A solution of CpMn(CO)3 (0. 50 g, 2.4 mmol) and PhsGeH |

‘._(1.5 13 5 0 mmol) in 50 ml heptane was irradiated with

the 140 watt source at room temperature for ten hours._

e Infrared spectra of the reaction mixture showed only
~about 30% of. the CpMn(CO)3 had reacted after five and o

ten hours." The heptane solution and dichloromethane ;‘-:‘,

"'waashings from the reaction vessel were combined, and the B

d,";mixture was evaporated to: dryness on ‘a rotary evaporator. -

'Unreacted PhaGeH and CpMn(CO)3 vere sublimed zn vaauo -
'from the residue, which was then dissolved in,a small'“'

| amount of dichloromethane...This oily 11quid was passe@

7-135:;*”

f.through 1°° 9 3111010 aCid by suction filtration. Elution' S

} ':w1th 150 ml petroleum ether removed more Ph3GeH, CpMn(CO)3,

and a small amount of product.. Further elution w1th a

1150 ml mixture of 1:1 dichloromethane petroleum ether R

'gave a. solution of the product._ Evaporation to dryness;
h»and recrystallization from dichloromethane-heptane at
_20° afforded about 30 mg (4%) of pure trana-CpMn(CO)z-' -

(GePh3)2

“%%ué?ntheSLS of czs-CpMn(CO) (GePh )H R

o N solution of CpMn(CO)3 (0 75 g, 3. 7 mmol) and
':".'___f"ph3cen (1.2 e 4. o mmol) in 1oo ml 'rnr vas irradiated
."with the 140 watt source at room temperature without
"bubbling nitrogen gas through the mixture. After S 5

b'ﬂ hours. by which time 100 ml gas had been evolved from the



f.the resldue from dich o

ﬁ~f]:s _thesis of tran"'"
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1'reaction mixture, 75 ml heptane was added to the solution, :

.-ffand the total volume was concentrated on a rotary evapo-':'

fdrator to about 60 ml. Cooling to -20‘ precipitated

ftpale_yellow crystals of cta-cpun(co) (GePh )u (0 31 g,  ;.;‘

'17\)._

) Synthesis of trana-CpRe (CD) (SnPh3)_2 i :‘

-A solution ‘of CpRe(CO)3 (l 0 g, 3 0 mmol) and PhBSnH
'*f‘Xz 1 g. 6 0 mmol) in 200 ml petroleum ether was irradiated

"_with the 450 watt source £or 23 hours.~ The solution ‘and .

solid residues washed out w1th dichloromethane were com-i%fﬁfmu

o bined and the mixture was reduced to dryness on a rotarYH o

' fevaporator., Unreacted CpRe(CO)3 was suhlimed off, and

7 the: residue in a small amount of l 1 petrolej ether.
3 .

f’dxchloromethane was’ adsorbed onto 100 g 8ili acid.

'-ipnlution by suction filtration WIth 300 ml petroleum ether j7!
‘?~,and 100 ml of a 1:1 mixture of petroleum ether: dichloro-‘f

‘methane removed most of the CpRe(CO)3 Fugther elution S

"[with 200 ml acetone led to a solution Fontaining the

‘f"product and a’ small amount of CpRe(CO)3 which was~sub11med

‘ﬁeféff after removal of the solvent Recrystallization of

“'uth” e—heptane gave pale brown -

dfcrystals of trans-Cp.e(CO) (SnPh )2 (50 mg. 1. 7%)..-

A THF solution of Ph3GeLi was: prep.red by combining r;u._ -”

;fn-c4 9Li 44 ml, ovszs M.in hexane, 2. 5 mmol). and Ph3GeH
"(0 762 g, 2 5 mmol) in 150 ml THF, and stirring for two

L “fhours. The solution was combined with CpRe(co)3 (0 84 g,

-

- ::_ .
.
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. - Syhthesis pf trana-QpRe(CO) (GeCl3)2

"9140 watt source at rocm temperature for seven hours..

,:round-bottomed flasktvatter which exqess CH3I was added.;;, o

;7 not sufficient for microanalysis.;/yl'

?_.,., /

22, 5 mmol) in 50 ml TBF, and irradiated with the 450 watt R

source for 31 hours. The THF solutﬁon was placed in a

.

.-Jrated to dryness and the residue recrystallized from '

g .
~

dichloromethane-heptane, affording a Very small_amount
of trans-CpRe(CO) (GePh3)Me, dentified by infrared and

mass spectra.' The amount of brown crystalline solid was .

-"'s

N o L .'
.\ Y?

K solution of CpRe(CO)3 (0. 335 g, 1 00 mmol) and

P ';,'c13cen (isd gi 10.0 mmol) in 10 il hexane was. stirred
.‘yfor one hour. Excess c1 Geﬁ was destroyed by reaction

"gﬂwith 20 ‘ml methanol and then solvents were removed in’

vacuo. Extraction oi the residue with 100 ml hot heptane |

;and cooling the extract to -20‘ afforded white crystals

{of trana-CpRe(Co) (Gecl3)é (0 2 g, 30%) 1w fﬁ_jj'

rSynthesis of trana-CpMn(Co) ((‘:‘veC13_)__2 . ‘
IR A solution of CpMn(CO)3 (1. 0 g,VS 0 mmol) and C13GeH

(9 2 g, 50 1) 1n 100 ml heptane was irradiated with the SR

- C-

rAfter irradiation, 20 ml methanol was added to destroy

: 'gexcese Cl3GeH,uand then solvents were removed tn vacuo.‘;?j‘
1-'?Extraction of the residue with 100 ml hot heptane and
~°°°1ing the extract to -20° afforded 0.46 g of crude pro-* )

{duct (17%). A second recrystallization from hot heptane j¢f;;f*

L gave an. analytical sample of pale yellow trana-CpMn(CO)z

.

‘fhfter stirrinq for three hours, the solution was. evapo-",‘ Li",ff

.



Synthesis of trana C =‘,’Cr((:0).,LGec:l.3).‘,

A solution of csn c:(c0)3 (o }1 g, 1. o mmol) and

Cl3

;irradiated with the 140 watt source at room temperaturey:

j;for 40 hours.. The solution ‘was filtered ahd evaporatedfj;e

to. dryness on a rotary evaporator Crystallizatzon of

‘léthe oily residue from dichloromethane-heptané at —20°“'

'VIafforded yellow-orange crystals of C6 6Cr(CO) (Ge013)2
(o 11’ 9. 2oa) o ',°»Q‘tv ;3' B
Synthesis of trana-ane(CO) {(GeERCL,), S

& . .\' N -
A solutlon of CpRe(CO)3 (0 43 g, 1. 3 mmol) and ‘

EtClzaeH (o ‘g 5. 8 mhol) in. 200 ml eptane was. 1rradl-'

-ated w1th the 450 watt source for ‘one hour.} The reaction

ﬂmiﬂghre was reduced to dryness ang\the reszdue was

Q.chromatographed on Flgrlsll Elution with dichloromethane

. gave a narrow red-brown band. Removal of solvent from

lfthe resulting solution gave a small amount of red-brown

’lfsolld. whose Lnfrared and mass spectra characterlzed 1t";-

’"fias trans-CpRe(CO) (GeEtClz)2 The emount obtalned was .'

T ';_-'f

‘*insufficient for microanalysis.;

'Ci;Synthesis of / [Bt NJ(CgRe(CO) GeCl 31 o 1];@7

“‘} A solution of CpRe(CO)3 (2. 45 g, 1. 35 mmol) ana

| *7ﬂ[st Nl[GeCl 1 (5:55 g, 18.0 mmol) in 3oo ml THF was

fyfor 26'hours._ After irradlation, the solutioh was rednced

'Emin volune to about 20 ml on a; rotary evaporator and 75 ml

-

.. .:' . . X -

S

.":,

GeH (0 90 gy 5 0 mmol) ‘in 60 ml petroleum ether was i~7

139

.'“*f;irradxated at reflux temperature<with the 140 watt source-.f_“



/.
methanol yras then added.% Coc:fung to -20° afforded 2.04 g
‘of yellow crystals after filtering, washing with cold

a9

' methanol, and drying in vacuo. Reducing the volume of

. fthe mother liquor to about 30 ml afforded a 3econd crop o

T'added.; The solution Was cooled, and then 100 ml cold

. adding a small amount of methanol, and then reducxng

i o

of 0. 44 g (total yield 55%) . Other prepar&tionﬂ of c

(Et N][CpRe(CO) GeCl ] gave yields varying from 39- 66%.I

;‘_gxgggggis of [Et N][CpRe(CO) GeBr3]

o
A solution of CpRe(CO)3 (3.0 g, 9 0 mmol) and

c;[Et N][GeBr3] (7 8 g, 18 mmol) in 250 ml THF was irradia—j“

,:tedigt reflux temperatnre with the’ 140 watt source for '

72 hours.- After irradiation, the solution was reduced

'{in volume to about 15 ml, anﬂ then lO ml metnﬂnol was

.Recrystallization was effected by dissolv1ng the product

”in dichloromethane, filtering off unreacted [Et4N][GeBr3],

n_.

“the volume of solvent to about 40° ml._ Cooling to -20°‘

./'4

[CpRe(CO) Gesr31

@

8ynthesis of [Et N][CpRe(COL,SnCl 1 f c .“”v )

. y
oot

R The same . method as for the preparation of [Et N]-

. 7[CpRe(CO) GeCl3J was used.r Irradiation of, a mixture of

~chnQ(q0)3 (2 5 g,'7 4 mmol) and [Et NI[SnCl ] (6.2 g,

1
lization, 3 Glg ﬁi) of yellow [Et N][CpRe(CO) Snc1 JJ.
‘ - : ". ) ;r"* '

.

.‘,‘ 1:.1{\ )

diethyl ether was added to precipitate the crude product.i?y 3

for 48 hours affotded 2 24 g (33%) of yellow [E N]—' :l. ;

140

8 ) ¢/l THF for 30 hours produced, after crystal- L
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A mixture of csn Cr(c0)3 (2 14'g, 1o 0 mmol) and '

L . ) . . te . = .
. [ A , Fw t ! AR
. . ' I A hs . T .
' ’ . . B e L
o . ; o ¢
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o Synthesis of [Et N][Ct Cr(CO) GeC13l

241

lf(zt‘N][GeCl ) (6.2 g, 20 mmol) in 200 ml THF - was irradlated i

- 10 ml. Addition of 150 ml methanol produced small red

with the 450 watt source for two hours.‘ After irradiation -

the solution was filtered and reduced in volume to about

\'\

g'crystals of product The crystals were filtered off and

"the mother liquor was concentrated and cooled to -20°

"-fff”to produce—a second crop of crystals. The total yield RN

-dicﬁloromethane-methanol,,;

of [Et4N11C6H6Cr(CO) GeCl3] wss 3 76 g. (76%) A micro-"

. analytical sample ‘was prepared by recrystallization from

N

. ‘:& -

Synthesis of [Et,N][C5_6Cr(Coz2 g 3] «A idhn__ »;&g]:~w

The same procedure as. for [Et4N][CGH Cr(CO) GeCl ]

was used., Irrad1at10n of 6 6Cr(co)3 (1. 3 g, 6 0 mmol)

_and - [Et N]Lsn013] (2 8 g, 8:0 mmol) in- 2oo ml THE for,:

f‘»:454minutes~produced aﬁter crystallizatlon, ‘2.5 g (77*)

. of red [Et‘N][CGHGCr(CO) SnClL3].

,'_FSynthesis of trans-CpRe(Cle(GeBr )H ; a

g Stirring was continued for 2 5 hours, after which the‘~

\

-

To a. rapidly stirred solution of [Et4N][CpRe(C0)2

'GeBr3] (1 1 g, 1. 5 mmol) in 10 ml dichloromethane ina. ™

;Schlenk tube was added dropwise 3 ml phosphoric acid.

K

’;f_e tube was cooled to about -78° As soon as.

o &he/écid‘had solidified, and suspended solids had settled

to the bottom, the dichloromethane solution was syringed



e R L
‘into another SChlenk tube.i Cooling of" this solution by
~slow immersion 1nto a dry ice-acetone bath 1nitiated

‘crystallization. Addition of small amounts of heptane to.5'~-f

o the cold solution completed crystallization and afforded

' ypale brown crystals of trana-CpRe(CO) (GeBr3)H (0. 49 gs

':53!)' Further purification for microanalysis or 8pectra;»v~'i

was not: necessary M? 2

T Synthesis of other hydrides and deuterides ' .
' The same method as for trans-CpRe(CO) (GeBr )n L

fwas used for the hydrides trans-CpRe(CO) (ECl )H and the_in

. deuterides’ trans—tpne(CO) (Gex,)D (X = c1, Br).

L n=C A oso

“:,%ually disappeared, the solvent w

.'5f~and the residue recrystallized from_wichloromethane-ﬁ*‘h'

) ;Phosphoric acid d3 was used for deuteration.; Concentra—f'
ltions of at least 0. % M [ﬁt4N][CpRe(CO)2(Bx3)] in - ’
‘:dichloromethane should be used to aid crystallization f.h»f‘:
(see Results and Discussion, Part B, section 2). Yields‘

- of the hydrides and deuteri es. varied from 20- 60%.‘291~'

V'A, Synthesis of trans-CpRe(CO) (GeCl )Cl .

Cmetnoah S - |
. : To a rapidly stirred mixture of [Et N][CpRe(CO)2 f:,\'”
TGeC13] (0.42 gs 0 68 mmol) in 10 ml benzene was added_v.;

' 1)I‘ After stirring for 15 -

4Hg 2Cl (0 52 91,3 D

iminutes, during which solid Ih 4N][CpRe(CO) GeCl ] grad-iﬁ-_
emoved under vacuum,Af'*

- heptane,‘affording yellow, crystallinel- an‘.-CpRe(CO)2 ”f”; Jd

' (GeC13)C1 (0. 18 q, 593)

o



- (0. 22 g, 60%) | - o o
:'f:'uethod c j-* 'f‘;ﬂ7 ~4*v'i" o

 of. [Et4N][CpRe(CO) GeCl 3l (0.20 q, 0.32 mmol) in 2o ml

e

fMethod B ‘5-‘

A mixture of [Et N][CpRe(CO) Gecl 1 (o 43 gr 0. 76 mmol)f;

”-and neosozc1 (o 459, 3.4 mmol) was stirred in 10 md rpfi
l.dichloromethane for: two hours, after whlch 5 ml petroleum
. vether was added and the solution cooled to -20° t'The‘Jd
‘ .white precipitate whlch formed was filtered off, and 5 ml

!‘ .;petroleum ether was added to the. filtrate. Cooling to

‘ . Ns DR 2

Chlorlne gas was bubbled rapidly through a solutlon

!t

'dichloromethane for two mlnutes‘ Removal of solvent on dfr

‘..a_rotary evaporator and subllmation with decomposxtion

'e‘at 80° (0 02 ﬁ?) yielded O 035 g (21%) of mibrocryetall;ne~“

RS

1trana-CpRe(CO) (GeCl )Cl.

K j._Synthesis of trans-CpRe(CO)z(Gecl )Br .

-‘methane was stlrred fo

A solutiqn of [Et N][CpRe(CO) GeCl ] (0 30 g, 0 49

“

. \ \ -« .
:ven minutes. CrystalllzatiOn

1was effected bY adding cold dietLyl ether (10 ml)r and ;t

R fthen cold petroleum ether.. Subsequent coollng to -20°

‘H-aAn analyt1ca1 sample was: prepared by sublimatlon*at 75° i -

P " _._.b_,:..:.
e ‘c;'.‘__.,". .
\

’gave 0 21 g (75%) of orange trana-CpRe(CO) (GeCl )Br.

Lo oz Jmm) '.;,“1f;j‘ng':g .l

L]

.

7'1?{20° afforded Yellow crystals of trans-CpRe(CO) (Gecl )Cl .‘dddd

‘Tmmol) ‘and’ bremlne 0. 030 ml,,o 55 mmol) in 10 ml dlchloro-lrfil‘

et



"w‘Synthesis of trans-CpRejCQ) (GeBr,)Br o

._methane was stirred for 30 minutes._ Heptane (20 ml) was*dlf

7~}reduced pressure.' Coolxng to -20° yielded, in two frac-rd“
'tlone, 0 196 g (98%) of orange trans—CpRe(Co) (Gecl )I |

.fQ.;ynthe51s of trans-CpMn(CO) (Sncl )2

~mmol) and Snc14 (1 3 g, 5. 0 mmolr 1n 10 ml dichloromethd‘eV;fy“
.was strrred for one hour.; The white\precipitate was J“;
”lffiltered off, and the fxltrate cooled to -20‘; affordxng

‘n:brown crystals of crude product. Recrystallization from

et ,v . ,':..; - -l‘,_ - -~ ' . .:» \ 1‘4

| f@_ A solution of [Et N][CpRe(CO) GeBr3] (o 62 g; 1,0
: mmol) and bromine (o 32 gr 2 0. mmol) in. 2o ml dichloro-:f’

3

“‘125Amethane was stirred for five minutes, and then the solventlfd;f:fw

ewas removed on a rotary evaporator.. Crystallrzatlon of -

'the resultlng oil from a. small amount of.methanol at —20°.'u

'-gyielded 0 27 g (39%) of yellow trans—CpRe(CO) (GeBrB)Br.f“ :l--~-"

o Synthesis of trans-ggne(co) (GeCl )I

A solution of [Et N}[CpRe(CO) GeC13] (0 20 g,!o 32 d }33

';ffmmol) and iodine (o 089 9., 0. 35 mmol)- in 10 ml dichloxo-f,'l

tﬂen added, and about 10 ml solvent.was removed at

: A solutron of [EttN][CpMn(CQ) SnCl ] (0 60 g, 1 1

’methanol at —20° yrelded°30 mg (4%) of'orange trans- ;a,y.;

'IHSynthesrs ogttrana—CpReLCO),anCl3)C1

\

To a aolution of [Et N][CpReiCO) SnC13] (1 0 g, 1 5"

L*'H;}mmol) in’ 15 ml dichloromethane was. adgﬁd Me0802C1 (2.0 g,f_i -

15 mmol). The aolutron was: stirred for two minutes and =



SN

then about 8 ml solvent was removed at reduced pressure.i;'

"-Addition of 8 ml methanol and cooling to -78° precipi- V.“

'Tﬁtated a white powder, which was filtered off.; Addition

‘ﬁinﬁof lo ml diethyl ether to the filtrate and cooling to

Z78° afforaea 0. 012 g (1. 4&) o analytically pure,'f['f;__;uﬁ'uw .

.{-yellow trana-CpRe(CO) (SnCl )Ql. l": pggtr,ﬂ

'-.:",Method B R

Chlorine gas was bubbled slowly through a’ solution ? o

\\‘Fof [Et4N][CpRe(CO) SnCl3] (i o L 1.5 mmol) in 40 ml

Q,-dichloromethane for 15 minutes. Stirring was continued

.';;for 30 minutes, after which the solution was filtered. ff

'vj;ethe removal of about 20 ml solvent by bubbling nitrogen

‘Hfﬂgas through the mixture afforded, on cooling to -20°‘}f‘

uQ?O 40 g (50&) of crude product, identified by infrared and

’Txmass spectra.

.Q?Synthesis of trans-CpRﬂ(CO),I2

n solution of [Et m [CpRe (CO) SnC13] (o 66 g, 1-’ [

<’;Tmmoi) and iodine (0.25 g. 1.0 mmol) in 15 nl dichloro-‘~

<

'f‘;methane was stirred for one hour.h Addition of 10 ml

'fg;fAddition of 20 ml petroleum ether to the filtrate, and ”_'b Lo

) '-ffpetroleum ether, removal of a small amount of solvent at fﬂ*“""

"1%reduced pressure, and cooling to -20° yielded red-brown ﬂﬂﬁ'7-ﬁ:i'

'{?crystals of t.rana-CpRe(CO)2 3 (0 17 g, 30%) ‘ An analy-:ff

b_tical sanple w:s prepared by sublimation at 80° (0 02 mm)

'1 . _,y



 Cpretco),  [Gé (oMe) 1, e

't:.5ynthesis of cts-CpRe(CO) Cl2 v , ;
A solution of trans*CpRe(CO) (SnC13)Cl (0 40 g, O 70

"f}tube at 80“ for 16 hours._ After 0pening the tube, the L

'solutlon was removed and cooled to -78° f Orange-brown_fﬁk“'“

' microcrystals of product preclpitated. The solld was

'33( recryetalllzed from dichloromethane-heptane, affordlng

‘ | ”0 020 g (8%) of orange cza—CpRe(CO)2012

'l8ynthesis of trana-CpRe(CO),[Ge(pMe)Cl,}Cl

A crude sample of trana-CpRe(CO) (GeCl )Cl. pre-..'

146

'Lﬁ~ztfmnol) in 20 ml methanol was heated in a sealed Carius lj” J':‘l

5~_pared by evapotating the solvent from a mixture of [Et N]— mf;llz"

.bd[CpRe(CO) GeCl 1 (0. 350 g, 0. 56 mmol) and ueosozc1 (. 59 g,’ﬂ;;f]ff

"4 6 mmol) in acetone, was refluxed 1n excess methanol

"iufor .one: hour._ ohcentrating the solution and then cool-"ﬂ-ﬁ o

”-_;1ng to. -7s° afforded 0. 14 g (54%) of yellow trane-”'ig,‘*"

‘7f;synthesis Of trans-CpRe(CO) [Ge(OEt)Cl ]c1
| L A solution of trane-che(CO) (GeCl )Cl (0 40 g. 0 77

”f‘solution was cooled to -78', affordlng O 21 9 (51%) of Fif};fff”:h

4n:;ye11°w't’“""CPne(CO) [GE(OEt)Cl JC1. - an analytical
" sample vas preparea by Bubllmation at 80° (o 02 ) for
24 hours. s o v SN

SRe c0) (Gecl3)Me e

7{?8'”thesis»of trane- 2.

’g’and‘yeoso F (0 30 g, 2 6: mmol) in 10 ml toluene was

. umol) was refluxed 1n 25 ml ethanol.: After two hours,vtheﬁfﬁv':lx

BN mixtqu of [Et N]leRe(CO) GeCl 1 (o 72 9. 1. z mmol)fr’;u..

:j_rapidly stirred for eight hours.u The £ine white precrpi— f?i.g':



.‘5“ftate was filtered off and heptane was added to’the filtr&te.
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: until turbidity occurred Cooling slowly to -78° afforded

'".580)

ifmmol) .and MeOSOzF (0 46 g, 4 0 mmol) was stirred 1n 30 ml y"i

\:tlfﬁSYnthesis Of che(CO) SO

5 A solution of [Et N][CpRe(CO) GeCl3] (1. 2 o 2 o

.]gpale brown crystals of trana—cpne(cg) (Gec1 )Me (0 41 g, tfmg._

K cetone for one hour._ Solvent was removed and the orange-":

. tion at 90° (0 02 mm) for five days afforded a yellow

f»_powder on the probe, conSisting of 0 44 g (60%) of

_Qcpne(co)zsoz An analytical sample was prepared/by

‘ recrystallization from dichlorOmethane—heptane at -20°:"1“"

8 ynthe31s of CEB Mn(CO) GeCl3

A solution of [CSHGMB(CO)3][PF6] (0 36 g, 1.0 mmol)

ﬁ?g-and [Et N][GeCl3] (3 4 g, l 1 mmol) in 10 ml acetone was

'1atirred at ropm temperature for three hours, after which

dvyfgas bubbles no longer formed in the solution. The-~

-vﬂﬂ}acetone was ﬂemoved and the yellow residue recrystallized

xﬂftwice from dichloromethane at -78°,'affording 0 36 g

'*ﬁf;(970) of slightly impure orange crystals.’ An analytical 5

,}-sample of C6H6Mn(C0) GeCl3 was prepared by sublimation )

(;of a small amount of impure product at 100° (0 02 mm) for\<.i“ o

.»seven days_ \ " o ,‘ : ke

: i
PR @ B -
- o RN -
.- RPN . " % -~ ~
. ‘ . -
. P R A

x.black residue was dried in. vacua for 24 hours.v Sublima-l .”i"

PRESEN
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| '»'fsm'rassxs AND PROPERTIES op som: RHENIUM AND IRON

".'L"ALLYL coupoum)s s

o .ri'IN'rRonuc'rmN SESERE

. ..,f_j'"- B 'rhe a11y‘1 ligand may. form both 1~n and 1—3~n-bonds
ﬁ:%;5(c and ﬂ, respectively, wlll be used for convenlence) |
A.aw1th transltion metals.j The formatlon of ﬂ—allyl com-flt
'wplexes is now known for all the transitlon metal trlads -
”ﬁ:fnom tltanzum to nickel, and a number of reviews have
.":discussed their synthesxs and properties.n.8 232 |
| Up to the present tlme there have been few n—allyl
sz;complexes of the manganese trlad, and they are generally

“of the form (v—allyl)M(CO)4 (M = Mn, Re). A recent ‘

.}paper descrxbed the Synthe31s of a nupber of‘Eﬁesg

.

:manganese,and rhenlum complexes, which had prevxously RS

:_-'; been Prepared in poor Ylelds.2?3 .' 5

Interest in allyl complexes stems from a. number of..
?sources. (i) homogeneous catalytxc activ1ty shown by .
" some ﬂ-allyl complexes in reactlons of unsaturated hydro--f
22
metal bond, (1ii) uhusual spectral features of the u-allyl
iigand, and (iv) stereochem1ca1 non-rigidlty 1€:Epallyl
complexes.f_"[v,,n _; 1 ' | N
The structural features of 1nterest 11e in the

variation of metal—carbon bond distanbes in the metal—.f-“

-

-- ."-"1-148;“_;.[«_'_ S

B

carbons, (11) unusual structural features of the allyl-.f?



lallyl bo d,234 235 and in the variation in the angle~.

hhetween the allyl plane and the plane defined by the two N
234

'outer carbon atoms and the metal atom.._ These features_l-'

»e

'};have been studied by x-ray crystallography in order to

"clarlfy the nature of the bonding between the metal and

@fthe allyl llgand.23§. Nmr spectroscopy has also prOvedlto’_

"ﬂbe a powerful tool forw:he 1nvestigatlon of those f4ints.f'

"{-°f 1nterest in (111) and (iv) above. DIn symmetrloaf y
1pbonded complexes such as (C HSPdCl)2 the»ayn protons
..(l and 4 Ln 31) are equlvalent, as are the antt protons'?’

1f(2 and 3), 1n the nmr spectrum.%37ﬂ on the other hand, ,..f“,;f_».

' separate slgnals for each methylene proton in the allyl
_lxgand were exhabzted by (2-C4H7)Pd (pph3)c1,2_38 32,
Other work employlng nmr s!Fctroscopy 1nvolved the

’fstudy of conformatlonal rearrangements of the allyl group h.

on coordinatlon of donor ligands to the complex,zg?“and

"‘nthe study of orxentations of the allyl llgand with respect

-fato other groups On the metal

240 Flnally, stereochemz&al

’In thls chapter, the following abbrevxatlons w111 be used..

' 3 5

= n-C3H5, n C4H7= 1—3-n-n-(CH )C3H4, n =1, 2 (posltlon g,h
"‘f"of methyl snbstitutlon). = - R IR
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non~rigid1ty of ﬂ-allyl complexes has recently recexved
ff.much attentzon.ss 90 232 Variable temperature proton nmr

‘lspectroscopy has provxded eVLdence for c»w proCesses,gglfp""J,_c'

' -'rotation about the allyl—metal axis, 41 1e£t-to-right

-wgerchange,ZQg and ayn~antz exchange.?‘zir-”"‘

" The present study was, undertaken to determlne/gnwf

".,whether allyl derlvatlves of CpM(CO)3 could be prepared‘*:

-
‘e

::and if~so, what physical and chemxcal properties tHEY?
would have. au_f -‘_ ) _"'“, Sl f”f‘fi:‘ ~';,;;g,f

| In the Results and Discusslon, the synthesls and |
fchemlcal prOpertles of the new compounds derlved from
'prRe(CO)3 will be dlscussed 1n Part A. The nmr spectra
of these derlvatives w111 be 1nterpreted in Part B. Part
5‘C Wlll deal w1th the preparatlon and propertles of the
“_.1ron complex, (l-C H )Fe(CO) GeCl3‘n Flnally, Parth w111
b .present ah outllne for further research 1hto n-allyl '

, derlvatlves of Cp§ (CO)’ . A o rn -
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RESULTS AND. DISCUSSION
”;A; Synthesis of the ﬂ-Allyl Rhenium Complexes |
o N v | R
N Chloride and Bromide Derivatives e

The photoohemical reactions between CpRe(CO)3 and

Cl, Br, and 2—Mec3ﬂ4cl proceed by the‘klimination

: f=_3 5 "3H 5
‘:”";_Zx,of two nolecules of carbon monoxide to produce the cor- R

ifresponding rhenium allyl derivatives. f -
v

e CpRe (c0) 3 (a11y1 zﬂ _...l‘.‘_’...__. Cp (n-allyl) Re (co) X
A U e 2co (IV—l)

-

| The oxidative eliminations occurred over periods of L
"'-one to eight hOurs in hydrocarbon solvents, affording |
d”yields varying from 10 to 40 percent._ The first step :3_'*'*3”:'H
“"Tin the reactions is probably photochemically-induced
. loss of cafbon monoxide £rom CpRe(CO)B. analogous to f}Q_iyl é:ﬂ?f
: izreaction III-3., Addition of an allyl halide molecule BN
'bto the unsaturated species WDuld lead to the formation
"rof a o-allyl complex:‘i'f‘}j;-fvfr J"-:ﬁ‘c_ép.llr"
53 CpRe(COAz e;+? (allyl)x ‘ Cp(b—allyl)Re(CO) x (inz)gbdb,;
31FSince infrared spectra of reaction mixtures of the two
,:tarting materials showed no: bands which could be assignedﬁip"i{ﬁ
"i to such a a-allyl complex, loss of another carbonyl P,
:fligand from the rhenium species nmst be concurrent with f::ﬁ;ﬂp

Tj}hpr follov immediately aiter additxon of a11y1 bﬂlides Thv_»vr._

o ,4Cp(o-any1)ae(co) X Cp(ﬂ-allyl)Re(CO))L +oc0 uv-3)



Cw Sagl o
'VpThis £aoile formation of a rhenium n—allyl complex should\\
’\be contrasted with the reaction betWee"allyl halide and
e the rhenium pentacerbonyl anion:f,,f ;,,. L

o The product is reported not to undergo conversion to

243

: g(w~c3 5)Re(CO)A, either by heat or irradiatxon.; ,_The-;

';l;manganese analogue, (o—C HS)Mn(CO)sr underqoes deoarbonyl-j R
.fatlon with ultraviolet light to give (u-c HS)Mn(C0)4 2{4‘

Irradiation of a hydrocerbon solution pf CPMn(CO)a ” ) .{;;

| }hand Z-MeCBH4C1 or C3H55r led only to a black decompositﬁ&n e
h:-,_.product, insoluble in hydrocarbons and dichloromethane..,.;: N
*;The fact*that littlevor no CpMn(CO)3 remained after the vli”
p;short 1rradiation times (30 minutes for C3HSBr) sugceets'}yﬁl
“'f£h4t interactxon of the allyl halldes w1th the unsaturated'
*timanganese complex [CpMn(C0)2] (see reactlon III 3) pro—i'Ivt73:7
. =duces a species unstable under the reactxon conditxons-{ﬂh*[i;.ﬂﬂ
hlfjemployed. “In contrast, other photochemical reactions ';3idﬁf;3””
- '~ﬁiinvolving.CpMn(CO)3 (e.g. those in Chapter III), when ?5 fh'ih
1‘litt1e or no. product ie obtained. leave significant B
fi-jamounte of unreacted CpMn(CO)3 el Vf *fv't‘**f .';ﬂ5"$*f'
_ The rhenlum derivatlves broduced in reactlon IVblap S
:}are reasonably solﬁbie in hydrocarbon solvents, and very‘*“'f

';Soluble in SOIVents such as diethyl ether, dichloromethane3h”":5

:f»kftfi}: f‘nd acetone. They are stable to air oxidation indefxnitelYl;‘h-
: ;in the solid atate, aﬁd ahow no trace of decdhposition 1n

'~-fsolution on exposure to air for a few houra.
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| .f?df L - D L L Voo
: the infrared spectra of the allyl halide derivativesu.4'7

. xhibit single band in the carbonyl region. The maas

.'-.gpectra exhibit a molecular iOn with the expected iaotOpe- °

:,combinatibn pattern. Tﬁe base peak in each spectrhm is ‘fl IF."w7
the peak for the parent ion minus CO. The molecular ion | -
has an intensity about 40 peffent of the base peak in :'*
each caee. Other major peaks ‘in the spectra can be :-d}.g e
assigned to the ions CPRex . CpReC3H2 (for caﬂs deriva-':--.f,rzm

tives), and C4 6ReCOCl (tor therC HT derivative}

- -

j)2.‘ Reactién with;Allyl Ipdidel~4 v

"o
. »

d i . o e .‘-.

e ¥ _
Under the same conditions ‘as for the synthesee og', . e

Cp(C3HS)Re(CO)x (x = Cl, Br) the reaction involving
C3HSI produced as the maior prbduct the diiodide, tranJL-‘-

CpRe(Coi 12 (see Chapter III, Part D), Wlth the desired
allyl derivative as a minor product. “*FL‘ -;i;ﬁJsfsﬁi.“ﬁ';{¢.-
T R - TR
L , < o S
T VGPRe(C0)3' + C3H51 ——E!__u—» trane-Cpnﬁ(CO) R
. .or“~g'x + Cp(Caﬂs)Re(CO)I plxvrslff:}'
cyclohexane ~ 3“_: E .“34~q,'“" S

vel In a similar reaction carried*out in’ gefluxing methanol
'"'.f rather than in cleohexane at room tGNPQ£ature, a similar -
: ratio of - products was obtained, hnt in 1ower overall -"?§;
yield.¢_-_‘} R y( ;a TN e
In the allyl chloride and bromide reactions the

dihalide derivatives CpRe(CO)Z«a we. ng;detected in: very:.ﬁ:""

:'ﬁ?i.f,ﬁi‘small amounte, but gaVe ‘no prohfens.'n'p\rification
R At STy S : NAgr ST

e Y
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procednres. on the other hand, with allyl iodide, thei

dliodxde complex was obtained in over 50 percent yield,
S .

and the ratio of dilodide to allyi complex in the reactlon

- mlxtures was estlmated to about 3 l by 1nfrared spectro—

copy : Since,the allyl derlvatlve could not be 1solated'

' free of the dliodﬁde»COmplex by crystall1zatlon, sublima~

~'tion, or chrdmétography, no.. analytrcal data were obtalned

i

for thls m onnd._ The carbonyl stretchlng frequency of d o

‘1975 cm 1 1n heptane is close.to those of the chlorlde.

~hand bromlde analogues, and mass spectra of mlxtures of

the two products show, be51des the spectrum for trane~

prRe(CO)zIZ, the molecular ion and fraqmentatlon pattern ~

. expected for Cp(C )Re(CO)I. “.;J. .V’;" '-fﬁv'..p'

cplc uﬁ),_,
'jsodiuﬁgboroﬁydrlde Ln bgnzene/iéd only to unreacted

jreactron residues after removal

In two attempts to prepare Cp(c3 )RegCO)I free of

with a 1arge excess of sodium lodide in both methanol and
acetone.~ In both cases 1nfrarep and ma§n~spectra of"

” o@"’f’@ o

:showed pre-"'

stqrting materlals. WAth the more powerfﬁh‘reagent,~
2 ' . '." :"" . -

154

_the dllodlde, Cp(c )Re(CO)Cl was refluxeg for two daysfzy_f

i



'fYJ be c. 45 ém behow thls band,84 appears as a very weak‘,‘

3

,ﬂ' for the ﬁormation of hydr-hc goméuexggfqvithib-route' 90:%d§

\ ; : .
"lithium zluminum hydride, and,unaer conditions favourable'

‘155

¥

R

L “the derivative Cp(2-c H7)Re( ;} .fduijitained from"df'tf;;fjf:pj%
cP(z—c A 7)Re (coyeL in moderatn A . e y»”‘“{“f
" The low-melting crystalllne :olid, soluh%e‘lnp:;“:~ ’?;?f?;
| carbonsaps well as in more’ pdiar pxganic eolvenffffﬁqﬁfa ;é;i
ot be arystallized fromvcold heptan? soluflons;:jfgsqg‘fiﬁ;?

. tion was hest carrled out by sublimation of the drudﬁ :
,oily reaction produet~onto’a wateﬁpcéoled cold finger tnrh,ﬁhf'h
’1cuo.. The pure 301id uay ‘be recovered from dlchlorp- P

) methane solutiohs by’ c mplete remdval of the solveht tnb
o . . 3

'i.ff two bands at 1984

Ve ’ '
sth‘relative intenslty aﬁp apparent 1n a-Raman spéctrum of
A E

S

' vacuo.‘ #,,‘ ‘}*' -

‘_ An infrared spec-rum of Cp(2—C H, )Re(CO)H in heptaner*‘ :

in the regxon betwee' 1700 and 2200 am 1 exhihfts three

0), and v(Re-—H) (Fig. 21) The

8 N

baﬁds,_v(12C¥0), v(_
"d 1924 cm ;, wlth roughly the same

, | S
A the hydride, alao Mecorded in heptane. The strong band N

at 1924 cm is p obably the carbehyl stretchlng band,

/

peak at 1877 cm-l.f The very weak band at 1984 cm 1

“«easily v1slble'1n more coucentrated solutlons, is more R

pince the l C caﬂbongl stretchlng frequency, expected to"-_“T

~_"'\ 3 "dn . o :
likely the rhenrumv-hydrogen sbretqhmq; Eandk Forma@ i "fﬁi i By
veriflcatlon of thls &ésignﬁént, of course, should be :w‘;é

" made by rebordlno the speptrum of the deuteride,%kg" ' S

"‘Cp(sz‘Bj)Re(Cor%%'as yet unsynthesized. " The shlft in B

o T e B _ o _ vk
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‘the co strétching frequency on substitution J‘ﬁn hydrOgen
_ ‘ (
»q{atom for a halogen atOm (Table XVI) clearly demonstrates

r.the ability of the halogens to withdraw electron density

K

from the metal.liwn"
The mass spectrum of Cp(2--C4 7)I(e(CO)H exhlbxts a E_'

A

N

| PERCENT  TRANSMISSON -

T0007 WSO 900 Ts0 .

Cp(2-C‘H7)Re(CO)H

| Figure 2 fm*3'~

R S BRI
. - e e, L. R i

ol et .
- _' < ,'H‘.' . > . N "Ih'Ia P




”5peak at m/e 280,.7‘

‘lreactién withfan~org nig. hallde results 1n cleavage of

.‘from the molecular 10n

g
‘the metar hydroggn bond and formatlon of a metal halldea

157

' \ding to ReC9H9 o Other stronq peaks can be;assigned to
.‘,Receﬂ7 (m/e 290) anq’ReC H (m/e 278) There was no

?Tng to loss of 2—methy1propene
o "‘ b . . ', . v S . L L ‘,.»!_ .

As zs common for transxtlon metal hydrldes,;soi,. e

: 7': '

t»u

-

. hwcp(z-Cvnv)Re(coih + C3¢13'- f Cp(2—C )Re(CO)Cl

ﬂ__‘(‘..4 B ;._‘W.‘ ‘*-‘C“2C12-u.1“\'7‘ (IV—6)

‘ Reactaon IV-G occurred slowly at room temperature, and | :-'“

}'Jcharge built up on the rhenlum atom via n-donatlon from -

'frequency (1924 cm ) 1ndlcates a: large amount of negatlve '

honly a small amount of the rhenium hallde product,.\.:
e KRR

’fiﬁentifled-by infrared and ng;—spectroscopY' was detected ‘

v,

after four hours. ." f_ w?;,n'::"_ P ;‘;;-- _ f,'_hgfj

The hydrogen atom bonded to rhenlum was not expected

k‘tb be very acxdic, since the rather low carbonyl stretchlng

,fthe hydrocarbon 1lgands. Indeed, there was no reactxon 5 ‘.7}f?¥

between Cp(2-C4ﬁ7)Re(CO)H and an excess of trlethylamlne

'fin dlchloromethane.; Both the C=O and Re—H stretchxng

.lbands were unaffected by the addltlon of the base.
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‘Arf"nfeemptsvtd Prepare;bther Alxyl'oerivativ%ga"
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: Phosphine substitutlon reactions of the carbonyl

Liligand in Cp(C3HS)Re(CO)Br (by triphenylphosphine) and in fh
Cp(2hC aap(cO)c1 (by trimethylphosphite) under‘photo-' :

fchemical conditions were unsuccessful. The carbonyl

“fgonly traces of the rhenlum startlng mater1a1 and unreacted

. phosphlne or phosphite were detected.l Aﬁr:j' N ?\'z*

The photoly81s ot CpRe(CO)3 1n the presence of .

-y

.excess allyl cyanlde both at room temperature in. heptane

:and at reflux temperature in THF did not lead to any

'flsolable-product._ The only compound recovered from these d“

| reactions was unreac&ed CpRe(CO)3 ’1”:j’fx;‘

f"“' L '\ .
An attempt to obtaln a. fluoride analogue, Cp(Z-C4H7)~ S

“w

7Re(CO)F, was made bY reaétrng Cp(2 C,H )Re(tb)ci wnth
‘ 4 7°

S20 hours at room temperature afforded no. proddb”‘whlch
‘h'could be ldentifred as the desired fluorlde-ﬁ

nmr Spectrum of an orange mater1a1 1solated from the

"AgPFS.. Stirring the reactants together in benzé‘b for

P e
'ng proton

o P ’j__\ S

.f;reaction exhzbited no resonances, and_aaunos spettrum of *

1 }

[

_;€§5;”*i-ﬂf7.*

" the material contd!ﬁzd no fragments expected for a fluorlde _f”

"“_‘.- .

detivathe.‘.:Vv;J'f_d,g,' f*df{--“:aw Iy

N e T e

AR ' Tl e
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?he reaction betWeen Cp(2-C H7)Re(CO)C1 and»HGeC13

~”cou1d possigly havg led to rhenium-germanium bond forma-f~<,

”tion either by initial prqtonation at. the allyl ligand

-ﬁto afford an ethylene derivative, or: by ihaertion of GeCl

l'between the rhenium-chlorine bond to form Cp(e-—c4 7)Re(CO)-

.d!methane, as ev1denced by the slow evolution of - a 9350 i’jf';

A

'lane013 | In fact, a reaction did take place 1n dichloro-”yf“

'but no- identifiahle product -as obtained.f Infrared

4 ‘

'~?spectra ang mass spectra of: re51dues isolated from reaction’

.-

.;-mixtures did not aid in identifying any products,vand "0'1. S

crystalline sbbstance was obtained. ,n,_:

Finally, another attempt to produce an allylrhenium-.

: .groug IV metal complex, Cp (C3 5)Re(co) SnMe3, was made hy .
) -fphotolyzing a mixture of CpRe(CO)3 and allyltrimethyltin, ."i
L, P S

}t:fhue SnC3 5, 1n cyclohexane.; In this case the only substancea

’gisolated from the reaction mixture Vas CpRe(CO)3

s | A o e t
oy Yoo LV . P
v . . .

; Ny
, S R .
ol K

,
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"7j;-75°’1n CD2C12 exhxblted.only one set of peaks for the

L 160

B i,frhe'p:rbtoh Nnk-'spectra‘ of the Allylrhénium Complexes . . -

'“wpiL Halide DerxVatxves 1'.pfi;'~'

As mentxoned 1n the Introduction, proton nmr spectro-

ﬁt;scopy has been used to study steric effects on the

']gorientations of the allyl llgand 1n metal complexes fof*"'
f . example, the two stable conformatlons of Cp(C!FS)Mo(CO)2

“”hwere those in; whlch the allyl;quup was orlented with

: diehyl r1ng.249 The nmr spectrum exhlblted one set %f;ﬁ

W

" che central proton towards or away from the cyclopengg-f“‘ft'-"'

'resonances for each type of allyl llgand. The 1nfrared,dif,*gn.

A spectra of these compOundg‘showed a doubllng of the

ikexpeéied ngmber of carbonyl stretching bands’due to thei*f‘:

Hftwo gonformatlons.?46 247

tls exhiblted by'the lnfrared spectra of the complexes,

*SCp(allyl)Re(CO)x, it 18 llkely that only one orxentatlon =
'A'tof the allyl llgand w1th reSpect tp the cyclopentadienyl
'5fgroup-occurs i solutlon.: In ccnflrmatxon of thls,.bi /;'.'

';,fproton nmr spe rum of Cp(C HS)Re(CO)Br recorded at ‘;p

fcyc10pentadienyl and allyl groups, and was v1rtually
ﬂu unchanged frOm that recorded at amb;ent tempqrature.f':h
| 81nCe the nmr spectrum of Cp(c HS)Re(CO)Br, 33b,~p
..nexh1b1ted partlcularly well-separated resonances and |

;"reasonably well-resolved coupllng constants, xt w111 be

'~;”discussed first, and other spectra w111 be dlscussed 1n

Slnce only one carbonyl bandf'lff

L



S~ : ,—.1~

'-:"are shown schematlcally above the spectrum.(in Flg. 22)

.,;3by all syn and antt protons.; Be51des hav;ng a comple#

~.sh1fts and coupllng constants are listed in Table XV-¢.
.The cyclopentadlenyl protons for,alk complexes absorbed X

"at about 4 6 1

The central proton, 5,_1n ‘an unsubstltuted allyl

@
o

"splxttlng pattern, it usually occurs at lowest magnetlc

hs_fleld %trength.??g' For 33D, the Spllttlng pattern of :?’

'fhtwelve 11nes for H (Flg. 23), centred at 5 63 r, could ,'

-fbe accounted for ln a stralghtforward manner by usxng the

, , ?%ﬁfxf 35.“_'
i) OV -
° W y/ S
S 33ax =L
33p X = Br o “

: ~ij rlngs omltted f0r clarlty o “1
- . N
s o relatlon to lta The resonances for the allyl protons of
3““ y ‘» .

o “w33b are shown in Flgures 22 and 23.» Coupllng constants

ltogether thh the asslgnments of the'resonances. Chem1ca1

v

. 161

pgroup 15 usually the easxest to assign, sxnce it lS Spllta if:ﬁ

'd’couplxng constants (1 e.; 15, st,‘ 35, 345) obtalned :; L

from the other four resonances..

Thls spin systenucan be descrlbed as an AA MM x

; ’;iystem. as’ opposed to'an AZMZX pattern seen for. other '

[ e
) e v
- gl 2 . <
’ _:l',.i-_l .' ;
A“-. o B
o N ” : s
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ffv.Central Proton Resonance (H ), Céntrediat_SJGB'r;:7'rl :
L . for cp(C H5>Re(c0)Br B L

: Flgure 23 S a.rd
L P T :
'ﬁ more symmetrlcal tmanSLtlon metal w-allyl complexes. b
K

Central proton resbnances have been reported w1th more

: than the nxne 11nes predicted by an A2 2x treatment 1n f.1
(cyH )Co(c0)3 (1 1ines),?* 1(c sp)pdc112 a1 11nesy 4
and [(C Bs)Pdei_(ls lrnes) 249 In these cases, second

',7 order effects were lnvoked to explaxn the - extra 1£nes.=;

| In most n-allyl compounds known to date, both syn 't

f_.resonances occur at lower flefa than the antt resonances.'f-w’

Bowever. in the present case, 1t w111 be seen that the'5f

':ef order of one pa1r of ayn-antz resonances is reversed..

v

'%if; [The dlfferentlatlon between the syn and antt proton

- ;1resonances was made almost solely on the b&sxs of coupllng - =
constants to the central proton,'H5 In all n-allyl

. complexes known to date the order of values rImarns%tne

'-5"jsame 9§ that foundxfor oleflns.

3, 3 IR 232 249 250 '
Hu(ttans) ﬁ HR(cw) ->1-\qﬂﬂ(gem)

“~Therefore the absorptlons centred at 6 54 and 7 75 r (see



-‘fpig. 22) (coupling constants 9 6 and 8 0 Hz) must be

| due to the antz (trans) protons, H2 and H3, and those at f{l-»g-f

-'although ofteﬁ zero,z51 has been observed as large as

'hoften in. the range 1 0*1 5 82.232” Therefore the l 2 Hz. F‘ZQ

'“of,tudez S (vtde infra)

,f3carbony1 1n 33b, since they li% 1n the normal order (anttjf'
'-fproton at hlgher fleld) and usual positlons fOr n\}llyl

‘~htransition metal carbonyl compounds.v Fo: example, the ff:h;~'f

~ffayn and antz resonances in Cp(C335)H0(C0)2

"be due to the syn (cza) protons, Hl and,H4 3 The 8yn
.h.';proton at 6 99 T. is clearly coupled to three other protons' ;.1'5
"the central proton, the gem1na1 proton, and probably the‘p'.

"*other ayn proton.. The three coupling constants have the

- ’-

,'.values 5. 5, 3 4, and l 2 Hz._ From decouplinigexperiments,_ ;-i'f
"'the proton at 6 99 r was found to be Split by - the antt i
'proton at 7. 75 T, but not by that at 6. 54 T'. Therefore

Efthese two protons (ht 6 99 and 7 s t) were ﬂpntativeﬂ& _‘“§5:%7

assigned as One ayn-«antw palr.: Geminal proton COuPling, S

3 l Hz (for Cp(ﬂ—l l—Mezc3H3)Mo(C0)2 ) and is q%lte

.'f{coupling for the ayn proton at 6 99 T. has been aesigned
.h*to the gemlnal proton coupllng.~ The antz proton at 1 75 r
5lxs also coupled to- the ayn resonand& at 6 70 T with a
n?coupllng constant of only 0 6 Hz, 1t would be expected

_ithat HZ-H4 (&9 H. —H3) coupling would be of thls magnl-_"

s .

The hlgh fleld eyn-antt pair of protonc has been

,".asngned to “z and Hl, respectwely, i.e. cis o the

241 247 (hiﬂh




S protOn coupling,?ss 256 and alsb because of the longer

LA

'f with those of the two rotational Lsomers of C3HSFe(C0)

'f., esonances.‘.

'% .

and low temperature sﬁbctra) occur at 7 0~ 7 6 T, and 8 3-

9 l T, respectivaly, ana thoLe in C3H5Mn(co)4 gféﬁd o

CBHSV(CO)stz ccur in the regions 7. 3- 7.5 T, and 8. 2~ *t_ef‘ef3i'

8 3 T respectively.L These values should be contrasted

\N:

(in csz), the syn protons at 5 78 and 6 12 1, the anti
protons at 6 65 and 7 48 1, and C3H5W(C0) Br, ;he syn
protons at 6 16 -6 89 T, and the anti protons at 6 37dfthtf
7 83 1.?54 The presence of halogen llgands in many other.ifsf7s7

vulexes sxmllarly causes a. dg;hielding of- the allyl i-l;
0232 .f ' C ' : : " ‘

One ﬂlght also conslder systems where a w-a:zxyif ,'f‘f'je,
nd is bonded to a.%asymmetric transxtion met 01ety.' |

Q}; ..
7. In ]"C PdClL complexes (R =" H, Me. L = tertlary
phosphine). the ayn—antt p;oton palr ibsorblng at Weaker o
‘ISVHff*rx magnetlc flelds was asslgned to a posltlon trans to the |

phosphlne llgand, because of the exlstence of phosphorus-

palladium—carbon bond dastance trans to phosphorus257

58

(cf. the crystal‘structure of (2-C4§1)Pd(PPh )Cl .

4 N
If one assumes that changlng a phosphlne to a carBonyl

llgand, and changlng from a square planar to a pseudo i-f*ﬁf o

o square pyramidal structure dOES not reVerse deshleldlngtrggy
effects on the allyl llgand, then the a851gnments 1n |

- Table XV follow from the»above arguments,_fa‘:. f

The ayn-ayn proton coupllng congtants, 14, of 3 9‘7‘"j€1§:”f



“:_f[MeC(O)CHC(O)Me] and Cp(2~C H7)Pd exhibited ayn-eyn
: proton coupling constants of 2. 7 and 2 8 Hz, respectlvely:
i a?valueiof '

-'A largefn

'proton at 7 75 1,.H2, was coupled to

':fposslbly to H4 at 6. 70 <. Slnce thei
e

7#[MeC(O)CHC(O)qu /22-0.5 and. 0. 2 Hz, respect1Vely. and. - ffﬁi

'1'66::

“and 3.4 Hz for Cp(2—c4ﬂ7)Re(CO)Cl,‘34a, and’ ’

f.Cp(C3H5)Re(C0)Br. 33b, respectively, are probably the

‘ o :
largest such constants known for a transition metal

'fﬂﬂ-allyl complex.j The palladium complexes, (2—c1c H‘)Pd—'n‘

249

‘Hz was found for (2-C‘H7)Pd(PPh )c1,257l_':;

>
er of other constants between these protons .
242 . T

‘hhave values typlcally between 1 0 and 2 0 Hz. __‘

Further 'iboupllng experiments showed that the

”Wat 6. 54 v, and -

‘yi '.} . oo
“larger coupllngs o

’.

fi,at H4 are due to J45 and J14, and H4 Was not coupled to ;?f\“

3, the coupllng of 0 6 Hz must 1ndeed be bgtween Hz

1¥ﬁand H ..The three small coupllngs to H2 by the other

'-l

‘ lmethylene*protons account for the broad, unresolved

ep;pappearance for the doublet at 7 75 T (Flg. 22) The i"-.
1ong range coupllngs,'qz3 and J24, ane not usually

.fwobserved ln allyl metalacomplexes- 4he °°upllng constants

L

'¥'hcorre5ponding to J23 and J24 in (ﬂ-Z-ClC3H4)Pd~"”.1;;140”-f5 *

:7‘?4"

if;n (u-l-Pac H'*“tﬁ‘E‘O)CHC(O)Me] (Ph Ln 54 posltzon) the

249"

"constants weréjl # qnd “0. 4 Hz, respectxvely. he-ﬂiTIf
e o N A
‘ fjcoupllng constants found 1n thxs work for theaunsymmetrical-'“L

'{7§g¢ally1rhen1um halxdes.are of;fimxlar s;ze,, 1thin experl- ;:\tf“




“nmetrically split) 18 exhibited for these protons,‘centred
hx'at 7. 00 T.. The antt protons agaim have the large coupling

‘b_.constants to HS (7 3 and 10 l Hz)

tnfproton, ‘5, is Bpllt into twelve lines as for the bnomide

"Qianalogue.

— .wﬁh‘,-*} ‘

In the nmr. spectrum of Cp(C Hs)Re(CO)Cl 1t should

']first be noted that the chemical shifts of the two syn ”
‘protons, Hl and H4, are almost degenerate (Fig.. 4). Only 7w§

"b”one doublet (of intenéity two, and with each half unsym~

i

"-‘-\ [

The ayn proton coupling constants to the central

“‘proton, Jls and 645, are about 5 0 Hz, and their mutual '
‘"f;coupling oonstant, 314, was not measurable. The anti ;1:' fjgcyu
“.7‘proton eis to the halogen, H3 in 333! was assigned to the j’:. B

’flow-field resonance, at 6 43 T, as before, the central

.,‘- s"""\a/ B Aq B ';;yl )
ST e e
B ’ N

For Cp(2-C4H7)Re(CO)Cl, the four methyléne protons

‘iwere assigned Pn the same order of chemicalsphift as for ;”J-C.'

'Cp(C3H )Re(CO)Br.' The.methyl group appearediag a- singlet'

at 7. 32 Te' Only two coupling constantg were/ﬁeasurable,-‘g

the syn-eyn constant,; 14 (3 9 Hz), and the geminalx»:
constant, (l 2 Hz) s s ]'\_,&;f.p \,u?["_ﬁ R
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’7Tfof the cyclopentadlenyl andvmethyl protons.j The

L R _
g pone of ‘the ayn protons (vtde tnfra) _ The chemlcal ShlftS‘

‘iand coupllng cons&ants are glven Ln Table XV. t should

;“:(CO)Cl from CHCl3 and CP(Z C )Re(CO)H as in reactlon IV«G

- "Jﬂ. A { o ;'!g;;.\ R e
AN T g
o RS PRI “PAPL
2. The p o% NMR Spectrum of cP(z-c H.,)R ~ co)’., N
Woow s “ . - N
* 4,» r v -, . - .
‘ . : . t ,,. Y
RO i "@E b
The spectrum of the allylrhengum nyﬁr ¢43lb, S
S e \"--‘- _;;.-'»“-', a

»

o

'\roton on the allyl llg" n&f‘lg. 25) a) uell as slnglets

\.‘ n’ ¥

@

,hydrogen atom bonded to rhenlum absorbed’at 21 94 r;“; e e

v

7 i(Flg.-zl), and occurrdd as a doublet &be to goapllng to ;:fk’"

.f'be noted that peaks %re to° %he formatlon of—CP‘Z C4H7)Re

31

@

'are v1slble 1n Flgures 25 and 26._

The two allyl resonances occurrlng at lowest fleld j

L]

were asslgned tO'the ayn protons, in- keeplng w1th ‘the.

Vusual orderxof resonances for allyltcomplexes w1thout

unusual“ perturblng groups (e. g halogen atoms some~ ;tﬂ,,

'thmes reverse the order, vide aupra) The typlcal ayn—"

'x;ayn proton coupllng constant 1n 34b supﬁorts thls asslgn-

-~~~

’ ment of the two lowest fleld allyl resonances (314 = 3 4 ﬁ;)

l'“flay decoupllng the rhenlum bonded proton it wal seen’ that_i“V

e
e

S



Cp(2 C )Re(CO)H, in’ CD2(212 w1th CHCl 1ock.

e S peaks marked w1th arrows are due to CP(2 C )Re(CO)Cl
: : i o z ' - . B .
' Plgure 25 above, coupled spectrum '

.

Flgure 26, below{ Re H resonance decouoled
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[ K . e . - ey S ,b ] 2
s ~ . : -
! : &% O O . .
' oLl LW E ) A

+ e '&1. . -

. s " o 3

'. ‘ -— .

- .

B . .

ﬁe-H Resonance og Cp(2‘C )Re(COfH ":o¢5t -,

,& - { | Above, peak at 7.07 1 dechuple‘h Lo
- ii?f_so', Below, peak at 7. 07 t.coupled .;r';¥?;f3¥ ; ,bfé
3 7 Flgure 27 , o - ‘
hls hlgh fleld proton was coupled rather strongly to the
lower fleld syn proton (7“b7 T), as weIl as Weakly to the K

i/

h1gh fleld antz protons (7. 95 and 8 17 r) (cf Flg. 25 'i} o

:;”4» :pqnd_zs). Conversely, 1rrad1atxon at a frequency corres- ﬂr

. .
o
<



LA
v -

j&c’mc‘!fﬂg to 7 07 T collapsgd the rhenlum-bonded proton

@

. 'f“hydrlde and rlng protons) 2 and also in NlH(Me)lP(Cﬁﬂll) ]

(e

“gat 8 17 v sxgniflcantly decreased the llnew1dth of - the

PR i

S T T
P S
- [

resonance to a slnglet (Flg 27) and 51m11ar 1rréd1atlon

12

e -

high- f;,em doublet, 1rradiation at: 7 54 ‘and 7.95 w '*-‘7

EER)

\
produced.no VLsrble change 1n thls doublet Therﬁ‘?re it

Alﬁfis proposed that the allyl protqns proj;ping the lowest
.‘,';Ato the: same carbﬁ@watom."“;'f”

L trgna to HG 1n 34b Whéther Hl and Hzﬂ p;¢é¥ndeed, trans_ﬁ

"h“atom,; 16' was found to be 2. 8 Hz. ,It see

. (‘i»'. 6 nz";tifejtj

‘:,to H4 (J14 = 3 4 Hz) and H6 (J16 ?.? 8 Hz) Further -

RARN

C*‘aand hlghest flq;d resonances (7 07wand 8. 17 T) are bonded

,\ .
D . .A‘,‘ ) ,'..‘-

Do : _¢' . V’Rﬂ“ . e oo L "~j.~i'~
: g’rbconvenlence these ?rotons are

! ’:"

“'.(or cté) to Hﬁ_cahnot ke ascertalned w1th gfb8ent kpow

{

.“{of a, compound suph as;Cp(n-l 2-Me H )RetCO)H, currently
3

B gnsynthesxzed, would shed llght on the sxtuatlon.'

K ’ .
o The obbbrved coupllng constant through the rhehlum g
; .

B ,that" the; '

i

‘~;on1y other Leported H H coupllngs between transrtlon metal »ilf

-

hydrldes and protons 1n hydrocarbbn llgands occur ln f-h;l

—cyclopentadlenyl hydrlde complexes (1-3 Hz between the

7

] :irde and maﬁhylmprotons)

rr‘

The sllghtly

7. 07 ry 1s produced by two nearly equal coupllng const&hts

decoupllng experlments 1nd1cated sxgnlflcant coupllng

between H2 and H4, and H3 and H4.b ﬁowever, because other

'small couplangs among the protons broaden the resonances s

”,D

;3 Sut ‘
‘ oadened trlplét for Hl' c§§1£%3 ét };fﬁz.,,:

“uledge.- Perhaps an x—ggy crystallographlc and nmr study\ﬁ r"



(especially 'ﬁ’ and Hz) ,’ no accurate coupling constant .

' values could be obtained f'{_f;j;, j"d,1..§ jfrﬁ'

A spectrum of a sample in CDzCl2 recorded at -70°';.

\

'aff was unchanged from that recoqged at amblent temperature.u»\

. In prevxous work,'most other allyllron-group v l]“' ol
L “u
metal completes of the form (C3H5)Fe(C%33£§3 (E Ge, ﬁ%;';y.

‘." S

a droup IV hallde in’ reactlon w1th o

’ Agaln, it is llkely that only one orlentatlon of the allyl Vo

41 hgand occunh in solution. } . ., e :. e :

C. Synthesxs and Propertles of (l C H )Fe(cd) GeCl -@‘@? B

A s -

'Me, Ph) were obtayned b‘y hallde ﬂls- LN‘ @

[(C )Fe(CO) ] 05 Also,'lt has long been known tlmt“'--~
protonatlon of dlene—metal complexes can. sometxmeg lead
,'to:n—ellylrcompounds,;e.g..?sl N ‘”A;h:l R o EE
[ g .
R e P . - d o L
o ’c"""\CHCH
HCl 5 "‘2 | 3
| o o
Lo - Lo T R (IV-S)
» 35 ' e S S co R ;36’,3 .i »s/ A
In the present wor%, the correspondiﬁa reactlon ) R
bet@EEn butadlene 1ron trlcanbonyl and trlchlorogermane |
- 1n petroleum ethex also 1ed to an allyl compleX°7” z\v,t{j' ““;¢
) ' _ R '. Ix A . ) ‘.



t

l

o GeCl la“has aahown that the anyi ixga

Gecl 105’ A recent x-ray crystzl

"3

3 ccupies two '

coord1nat1on 91tes of an. apprOXLmateBy octahedrally-"v

L,

coordxnated 1ron atom (see Flg 28) The structures for'ﬂ'*;{uam;

| stereochemlstrles but only to show the change&mmnrst01-:_ g“

*.chlometry élearl;hand to*iac111tag§:1n asé&gnlng the' SRR

A

L0, Fe and C4H7Fe(CO)GeCl3

'ﬂ_ butadlene llgand vxth concurrent attack by GeCl3‘ ‘on the

complexes 36 tb 0 are not drawn to lndmcate the actual

U

v

B

proton nmr spectra. ifv‘*vg.f,‘ N » [,;,_o’; “44-»eﬁ§y\f.ui“
."°1 The mass,spectrum of (va 'wiFe(CO)“GeCls’eihibits;f'f L

a weak molecular 1on at a source temperature of 50°7~

Inltral fragmentatlon con81sted of 1oss of CO or Cl from

the moLecular ion Wlth about Eqpal frequency.” The“major{"‘

- oo .

peaks 1n the spectrum,'ln decrea51ng'1nten51ty,lwereo'

v

’fz\those due to the 1oﬁs c.H Fecl v C4H6Fe A C4H7FeGeCI3 r'if;:.:?

477
+ S o
The formatlon of 37 formally ap oxxdatlve addltlon

reactlon, possmbly occurs v1a protonatlon on the . :
- v FREST b

.

o



-T*. : }'.. i ot

"171 28) A study of the reegflon between 11qu1d 1, 3 buta—“

- edeOUnds;mv-»

i Molecular Structqre of (C3HS)Fe(CO) Gecl3'

The Fe—Ge bond 11es\d1rectly below the’ Fe— (2) Q?nd.. !@e
b‘?

Flgure 28 L ;t-fj~§f("

KEECRAAPEN

leene and trlchlorogermane led to the 1solat10n of two ff

- -

262

"ﬂltpn etom as a result of the formatzbn ef H GeCl3 (see eﬂe -

e

@



176

'éThe formatxon of the germacyclopentene complex WEs favoured v ff:
3,1 to 9 1 over that of the 1 trichlorogermyl 2—butene. e
” hlthough the preponderance of one product does not neces—Qan'”'

msarlly prove that there was a’ large concentration of -

J?.ﬁaivaient Gecg %n solutlon, at least 1n‘thls system the‘! B
"react;on ylelded pr1nc1pa11y the rnsertion-type product..:
i:{In”contrast, 1t does not seem - llkely thet the formatlon l

hnfof 3V\would occur through the extendpd reactlon mechan15m~’

ce ] .
':iﬂVOlVLn? lnltlal 1nsertlgn of GeC12 ac;oss the 1 4-- ‘K
. “w«%»:v‘ i RPN 4 s . .
~‘posmtions of the butadxene J:lgaqdh %Fbsequent cleavage o

of. the Ge—C bond on addltlon of ﬁCl, ‘s well as mlgratlonﬂ"

e TR N . 3 :
- “ T 4 ‘ . N . N : LI .

- flof an 1nc1pnent GeCl3 group. : ;_‘uw*jfmmrf

It 1s pgsssble that the formatlon may occur v1a 'l‘gjﬂaf;'ﬁ7

“,additlon of HGeCl3 cross one double bond, ar across'
_.the two ends of the butadiene 11g§hd, Wlth subsequent

"mlgratlon of a GeCl3 m01ety. However, nmr eV1dence for o

the formatlon of the antt l-methylallyl 1somer (vzde fff*,'_ﬁ

Jtnfra) argues agalnst addltlon across one double bond

lthough at the present tlme one cannot rule out
A. (-

_,;1nit1 attack of .a germanlum moiety at the ern atom,_‘*’

';w1th the formatlon bf a germanlum—lron bond prlor to
S N - ,
-_formatlon of the allyl llgand thls alternatlve‘ls not S e

-'fthought to be as llkely as 1n1t1a1 attack on the butadlenea

Asbllgand, in Llew of the more reactlve nature; of the organlc o
_ ‘ o

"group (from an electronlc as well as’ stereochemlcal
.A;viéwboint). .»“..-i .  ~_;v?n'f  _, (.1l . -A;:.‘.,

T



'«,1Lgand, ;t has b

fglves the antz i

e

*The catlon 38a 15 not 7he same lsomer obtalned from 35 ar

:by addltxon of HCl followed by halﬁgen abstractlon by

263‘

A R . 4 N . o . N 4

CoBR

e e

'AgBF4 (38b) It was suggested that geometrlcal 1nversxon ’;qa;ﬁi

mﬁst OCCur follow1ng cts addltlon of. HCl 1n reactlon IV 5

to form the 8yn 1somer, ég as ln IV—9.?§3

B E
\

¢

O L oy 4 (IVA9)




S

..\

~

'0, coo -. c.
. e "
" e L Y
. [ . . .."Q‘ . o 1. N
Slnce reactlon IV—G proceedg to afford the antz- o
. y"'¢” e

"l—methylallyl lron complex, 1 e w1!hout geometrlcal
‘:_‘lnver51on, one 1s left w1th two reactlon mechanLSms
thwhlch would preserve the conflguratlon i} the dlene llgand
,lh 35. elther (l) 1onlzatlon of HGeCl3 to H GeCl3 ;. o

Nallowxng ﬂSGtonathn of the butﬁdlene ligand'*followed by

>
attaok of GeCl3 on the 1ron atom, or (2) additxon of

HGeCl3 across tHe two enda of the butadlene llgand

K

Jh
followed by mlgratlon of a GeCl3 group to- the Lron atom.\.ﬁ

R 3
e /Tﬁﬁs 1atter possiblllty mlght»seem more llkely un v1ew

of the non-polar nature of“the solvent.. ﬁ&eo, th;s
.
micQanlsm would correspond\to’the formatlon of al'
: L

RN

Lrtrlohlorogermyl 2-butehe llgﬂhd, the spec1es formed as'f

PEEN

the mlnor product 1n reactlongﬁy- --”v5 f;*f‘¥v~ J%" o

It should be noted that €he mechanlsms above are

'.\-",'

4 178

only suggested as extreme pOS§lbllltleS for thls reaetlon,jj Tf :

and the actdhl mechanlsm mlght proceed via ‘a ﬂbre complex ‘Tpiv&

o 3 S
pathway or modlflcatlon of these extremes.ipT

e b " -

Thi‘a551gnment ofﬂna,antz conflguratlon fo the methyl

group as’ 1n 40 follows ffdm tﬁ@ nmr spectrum 1n CDCl

5 e .
" LF R . °
N - . Tuyy,
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AWt

A WhICh Will now be dlscussed. Tnetepectrum{islehownﬁin~a lf':.fft
Figure 29 and chemical shlfts and coupllﬁg constants are

glven 1n Table xv W1ﬁg an antz methyi group one would

expect two r' : nceQ&g¢ contaln typlgal atﬁ Prbton J.S‘f‘
| ) R
, "coupllnq‘con - Refeleng to«thq numberlng system 1n
'"\'-@" ' P
e 40, 1t was found from decoupllng experlments that the

‘}; proton at 5 43 r 19 coupled to that at 6 38 T and‘;ne_gl‘ff['-ft

-"& g

. PRI .
2 W

quxnt.t appearance of thlS resonunce quppe'"

IERETE lence of the H4-£ethy1 prgton coupllng constant. J34, ana D
*}{ifpf?f the ets. proton coupllng constant,,J45»,ffﬁeV ) ﬁﬁc
ﬁ{ f—\\paf az 1s typlcal offﬁhfae—bondicve coupllngs i{f }'i"f@‘: :f'

s R e R

_I \The oﬁher ayn proton was assigned to the-' ance,
;;.;";nj 6. Bé r; wlth a typlcal cts proton coupllng constant, Jls,;;:;ﬂitﬁ

u*;iﬁafr' of 6 Q Hz. The §§n~eyn coupllng co

~

f,??f?7 were easfly ass1gneg(to th
S i rd

.afhsff

._'.v"

.“JJQ§;tJ?,and 67 98 r, respec ’vely.l
. r (H ) has a typlcal antz proton coupllng constant of-fjfvﬁl
'}ﬁiwxj;:' 12 0 Hz (to H ), and ws also coupled to the gemlnalrproton;;i,;"
| (J12 =" 2 o Hz) & _\‘\“* ~ E,J‘ 2
lexgﬁf¥$f.*;pi Flnally, the centra%‘proton, ns at 5 02 T ls a- s
doublet of trlplets, due*to a large antz proton coupllng,

! \_. AR 15‘6

y» ,“LV\ g-ind;two almost equlvalent syn proton Coupllng constants.
,‘ ] »

‘f

'.
LN
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The work on allyl déﬁiiftives of CpRe(CO)3 presented ;

- R iy
D.. Suggestions fdr’Further Reseaxch

Wy

in this chapter provgﬁbsé¥he basis for a much broader '

dtudy i to thpse compounds
Cp(allyl)Re(CO)x, will lik
'~rials for a wide variety o
anion, [cP(allyl)Re(cé3& ;
thg halide with sodium ama

of [C Fe(CQ)3] &

anion 15 reasondbly stéble

f';;-tions W1th.organ1c and 1no

.}xf

'{fxw1£h alka11 metal compounda Such as Nnij‘e(CO) ¥l

I‘HJ_M almpst limltless. Be91des

Cpgallyl)Re(CO)R (R = hydr
IV metal Ilgand, trahsitlo
‘be posmbh to dxs;ﬁace th
to form,* fq., Cp(allyl)Re
RePR2)2 (from ClPR ), or p
f“allyl halldes) MR
| Hallde di;’;ﬁbementkr

uvflniEﬂaﬁ(R —“alkyl or aryl 9

;hf;produca compounds of the form dp(ally{)Re(CO)R., If dlrect Jﬂh

’:,hallde dasblacement reacti

miqht attempt the ex&racti

halide acceptor such as Al

- Sl

SN ) . : . . . .
PO e e

o

.- The halide derivatives,

ely be; vahpable starting mate¢'77~~

3
f rhenlum compounds if the L

can be formed by reductlon of o

l%?m, ﬁnalggous to the formal"
105

Fe,(‘to) et Binig Providing t@
v the number of possible re

- S

rganxc electrophilesowould be R

AL
*

compounds of the form

oci ',h} fluorocarbon,ﬁﬂroup

n:

compleng/lt may also

l

e car onyl groug in the anion\

(NO)

erhaﬁb even Cp(akyﬁl) Re (§rom }:p

n‘- : - SO A L I
w7 TR LU - oy
>

eacttnns of Cp(allyl)Re(CO)x

S

rohp, E = Sl," e, Sﬂ), 04 RLlf

31'55(3 = hydrocarbon or fluorocarbon groupyfmrght alBOr

ons aﬁé_n t producthe,

on Gf"the halogen atom_f

Cl f in the presence of 3 'y{f;ay

181

g from NOPF ), [Cp(allyi)-'fffjgg.;
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carhon‘monoxide;.to form, z.g., [Cb(allyl)Re(CO)}]+-(l\
s T ' ‘ )
[A1C14]-.'gwhctions‘of'this cation with nucleophilic

»reagente would probably a;sp1acé one carbonyl ligand to

form3other'Cp(allyl)Re(CO)R_compounds similar to those -

mentioned above. - ™

Although the reactJon éetween Cp(2- Cq )Re(CO)Cl

,and HGeCl3 did’ not lead to the isolatlon of an 1nsert10n.

product, this. does not preclude the- p0581bility of formlng ‘
other 1nsert1on prodUCtS/from reactants such as SnCl2
or Snr Allyl dlsplacement reactlons and insertlon ‘l .

.
reactions into the ally]—metal ‘ond would also'be lnfor-

n:tluqsabout the reactivity of the allyl-rhenlum bond
. s (oncerntng the hvdride, Cp(Z—C4H7)Re(C0)H, it
would be of 1nterest to .explore the react1v1ty of the . : R
irhenlum-hydrogen bond towards 1nsert10ns uslng such o o d\
reactants as fluoroa]kenes or dlazomethane Ellmlnatlon - |
of hydrogen by reactlons.ﬁlth group IV or V'hydrldes '
(e. g. HPRZ, HER3, R = alkyl or aryl group, E = Si, Ge, Sn)‘;
also affords a pOSSlble route to Cp(allyl)Re(CO)R com-' l
pounds. There{also exists a number of p0351b1e routes'
| to the 1od1de, Cp(CBHS)Re(CO)I free from other rhenlum
halide compounds, by react;ng Cp(C )Re(CO)H Wlth HI,v_

d& CH I. The pOBSlblllty of displac;ng the hydrogen '
atom and the allyl group as 2—nethylpropene should also
 be. explored. . | ‘ -

rinally, the u&a of other subst:.tuted allyl halide >

i ctarting_nateriala in reactions with CpRe (CO), would



-

provide fprther.informAtion about }he-spectroscopic and

chemical propetties of allylrhenium complexes.'l

From the present work, a limiting factor in the

Fxploration of the chemistry of these cyclopentadienyl-"

[}

‘allerhenium complexes would be the low yields of the
preparative reactions. If the reactaﬁts or reaction
conditions could be\changed to significantly 1ncrease
the yield of the Cp(allyl)Re(CO)x complexes, ‘there Lt

~should be~no :estriction to a full study of these '

t

compounds. S e T
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»sxpmnsn'rAL T T >
 GENERAL_TECHN IQUES AND MATERIALS IR . ‘

fm e e e g s e e e . ° ’ * k ' -

- -
-

As'desoribed in previous chapters}'alnitrogenaatmosé

phere was maintained during all reactions 'and workup

.

'procedures. Ultrav1olet irradiations were carried out
)

With the 450 watt Hanovia lamp at about room frxperature. R

Melting pointsu microanalyses,.inf red, and mass '

‘spectra were obtained as prev10usly described All nmr
—

spectra were obtained on a’ Varian Model HA-lOO spectro-

-

meter. .
. _ " .
Solvents were distilled from drying agents under

.l.

i
[

-nitrogen as before. The following cheﬂicals were obtained ’

]

from cOmmercial souroes as nq;edc allyl chloride and

fmethylallyl chloride from Easfman xodak Co., Rochester,

CN.Y.s allyl bromide from The‘British Drug Houses, Ltd.,

/ ' .
Poole, England,-allyl cyanide from Peninsular ChemResearch,

‘Inc., Gainesv11re, Flao butagiene iron tricarbonyl from

'”?Strem Chemicals, Inc., ﬁ&weri. Mﬁ%s.. and silver hexa--

J“
Cyclopentadienykrheniumtricarbonyl was prepared as

7fluorophosphate from QZark-Mahoning éompany, Tulsa, Okla.

preViously desCribed. Allyltnimethyltin (kindly supplied

by’ Dr. J..Jeffery) /as/prepared according to the. method

- of Abel and Moorhouseg.23»3_."

N

se
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PROCEDURES - - F

oo ®
~tion of the solution on a rotary evaporator 1nit1ated

lwith the 450 watt source for ten hours. The reaction

so}ution was concentrated to about 10 ml and chromato- o

\ 0

Synthesis of Cp(allyl)Re(CO)X . E ' , LB

The same general proceduré‘ﬁas used for the allyl _;
\

' chloride, allyl bromide, and methylallyl chloride deriva-

tives. A solution of CpRe(CO)3 (l 0 g, 3 0. mmol) and

the allyl halide (30. mmol) in 200 ml cyclohexane was . o

,irradiated with the 450 watt source until thQ}COncentrationx

of ‘the product relative to that of unreacted CpRe(CO)3

seemed to be. the greatest (for reaction times, see Table
| xVII) The reaction solution was, concentrated on a

Arotary evaporator to about 10 ml,-and chromatographed on

either Florisil or . silicic acid. Elution with a l: l

mixture of petroleum ether. dichloromethane removed all
unreacted starting materials, and subsequent elution
w1th dichloromethane gave a yellow solution of. the product.

Addition of 50 ‘ml heptane to this solution and concentra—

A}

;\

crystallization, affording large yellow crystals of

: produpt. 'Yields are given in Table XVII. -

. Reaction Between Allyl Iodide and nge(CQL3

A solution of CpRe(CO)3 (l 0 g, 3 D mmol) and C3 e

(2.7 ml, 30 mmol) in’ 200 ml cyclohexane was | irradiated

graphed on Florisil. A broad red band, eluted with

mixtures of petroleum ether dichloromethane varying from

,_——--—-—» -
St ’
PO
L}

189
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<
"l 1 to 1:5, was collected in. five fractions. All fractions,
contained predominantly trane-CpRF(CO) 12, as shown by 'p
infrared spectra, except the third fraction,—which showed
7'approx1mate1y twice as much of the all 74 dbmplex as of .
the diiodide. ‘The amount of material {i yhe third fraction'
did not warrant further-chromatoéraphy,,and.crystalliZation-
afforded a material containind the eame ratio of products.
.The amount of trans-CpRe(Co)zIz_obtained:from'theiother g
| fractions totalled 0.89 g'(53%), analytically pure after

\ recrystallization from dichloromethane-heptane

Synthe51s of Cp(ZéCAHY)Re(COLﬂ
. ' A yellow solution of Cp(2- C )Re(CO)Cl (0. 61 g,

1.7 mmol) and LiAlH4 (0.30 g, 8.0 mmol) in 100 ml THF,
prevxously distilled from sodium/benzophenone, was re-
fluxed for oﬁ% hour The so tion became very pale ye lqw-‘
'green, and after cooling, the THF ‘was removed on a vacuum
: line.' After addition of 150 ml warm. heptane, the solution
f»‘vas filtered through a small amountkof Celite and the
heptane was removed on_a vacuum 1152. From the pale
?green oily residue, hard white crystals formed on a water-.
“cooled cold- finger during ow rnight sublimation at 60’

;n vacuo., The ‘yield of Cp(z- 4H.,)Re(CO)H was 0. 22 g (40%).

.spegtroscopic and analytical,data werjfbbtained without :

LS
©

further purification.



B ) .' a
’.’}I

Synthesis of (1—c H. )Fe(CQL,GeCl

A solutlon of (l 3-butadlene)Fe(CO)3 (0.39 g, 2 0

~ mmol) and HGeCl, (0. 90 9 5 0 mmol) in: 80 ml petroleum

_ether was stirred magnetica11y for two hours. yellow S

- oil formed on the bottom of the reaction vessel. Dichloro-.;

l'methane was added to just dlssolve the oil, and the
solutlon was cooled’ to -20°,.affording 0. ZQ g of yellow
crystals. The mother liquor was concentrated and cooled
again, affordlng two more crops of crystals.. Total yield
bof (l~C4H7)Fe(CO) GeCl3 was 0.60 g° (80\) An analytical
- sample was prepared by recrystallizing from warm heptane.

o

L

N~
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