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ABSTRACT
{
The'reactiop of thelappropriate complex of the type
s C
aqueous hydrochloric acid yielded cyclic germoxy- and

M'M(CO)5 with methyllithium, followed by treatment with

stannoxy-carbene complexes of empirical formula

M'M(CO) ,COMe (R = Ph; M' = Ge; M = Mn, Re. R = Me; M' =

2
Ge, Sn; M = Re, R = Me; M' = Ge; M = Mn).» 130 NMR

"R

epectroscopy.has been importaﬁt.in_the formulation of theee
dérivatives as carbene complexes. - |
| , ThroUgh'the use of 1y MR spectroscopy, two of the -
cyclic germoxyCarbene complexes_(R = Me: M ﬁn, Re) have
been found to erist as equilibrium mixtures of“monomeric
‘and dimeric forms in solution. 'Thermodynamic‘parameters
for these equilibria have ‘been determined

In several reactions of germoxycarbene complexes Wlth
methyllithium ‘and methox1de 1on it appeared that nucleo— |
philic attack occurred at the germanium atom, cau81ng ring o
‘)opening to OCCur and prov1ding»a route to the‘formation of i
f‘non—cyclic carbene complexes. | o | |
| | The reaction of complexes of the . type R3M M(CO) withi.
Timethyl- or phenylelithium, followed by treatment W1th o
'aqueous Et OBF4, yielded a series of non—cyclic carbene

Ph; M' = Ge, Sn;

0

complexes, cis=RyM' M(CO) C(OEt)R' (R

M =Mn; R' = Me, Ph. R =Me; M' =Ge; M = Re; R' = Me) .

iv



The reactions of two such derivatives with ethylamine léd

- to the,aminbcarbené complexes, eis-R GeMYCO)AC(NHEt)Me

3
(R =Ph; M= Mn. R =‘--'Me,f,;M,= Re), both of which appeared

to be formed as a mixturé of twO‘isomerS)~re§ﬁlting frpm
-restricted rotation -about the carbemne carbon to nitrdgen

bond.

A»13C NMR studyfhas\béen carried bdtgqf a‘coﬁplex.
: containing a ketone'group'bound to rhenium th;ough its
oxygen atom. The‘éSéignment'of the ketonic carbon reso-

13C enriched_

- nancé waéféonfirméd through the use of a .
samplé.‘
13

_C'stﬁdieéihévé been eXtQhéedhﬁoEinclﬁde a series qf 
rheniumfpéntaéarbonyl défi&qﬁngs; Eé?liér éttempts‘to |
correlate_13c chemicai shifts of ¢5tbénYlk¢éern;atéms
;With.cabenyl stfétdhing,féfce‘chStants'havé beén_examined
‘ih ﬁhe ifgit_of\the'new‘dath;-ahd thefconciusion bas been -
freachéd_thaﬁ this type of'cérrélatiohﬂi;‘inadequate to

‘explain many Spectral‘features;
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CHAPTER I

Transition Metal Carbonyl -Complexes

Transition metal'carbonyls have been known since the
dlSCOVery of Nl(CO)4 by Mond in 1890, However, a Sys-
_tematlc study of the chemlstry of these organometalllc
derlvatlves dld not. begln untll recent. years. .and thlS has
rapldly become a very active area of research Many
yderlvatlves of metal carbonyls have been’ prepared and some-

'complexes have found use as catalysts in 1ndustr1al pro—

"'cesses. A useful gulde to the llterature in organo-

transition metal chemlstry COVerlng the years 1950-1970

2

has been publlshed Other useful general rev1ews 1nclude'

:“Spec1allst Perlodlcal Report" on "Organometalllc
Chemlstry,"Bf and the‘"MTP>Internatlonal Rev1ew of Sc1ence,
fSerles One,"4 covering 1norganlc chemlstry. |
Transition;metal carbonyl complexes'generallyhinvolve
‘a metal in a low formal OXidation.statel The,strong‘metalf
carbon»bonds'in theée derivatives‘have beenxattributed-to
the synerglc effect of o and ki J.nteractlons.s’6 An‘
51mp11f1ed molecular orbltal plcture ‘of thls type of bond—"

‘ing 1s shown in 1 and 2. A metal carbon o bond As. formed

- by overlap of a. fllled sp-hybrld orbltal of carbon and a .

"vacant hybrld orbltal of the metal 1n l In. addltlon a

L bond 1s formed by oVerlap of a fllled d orb1ta1 of the

7
"3“ LT '



=0 - @M\DC:O,

. : , .
 metal with an empty,-antibOnding ﬂ*.orbital of the cd~9rohp
in g. Charéertransfer in,the o} bond:is_in the opposire“
' direction to that in the & bond, andithe lattercis_crucial
in removing'encess negatlve_charge from“the:metal atom.

The inCrease~inAelectron densitj in the‘n* antibonding’

'210rb1tal of CO reduces the CO bond order. Thls effect 1s

.readlly observed in 1nfrared Spectroscopy, the stretchlng
' frequency of free co. 19[2155 cm l, but-ln metal carbonyl -J
hwcomplexes CO stretchlng bands are usually found below 2100
| cn-; Slmllar synerglc bondlng plctures can be constructed

for llgands whlqb are often found ar substltuents in carbonyl o

*v_derlvatlves and whlch can also contrlbute to the stablllzatlon

;‘of the metal in a’ low ox1dat10n state, for example, tertlary

‘phOSphines, nltrlc oxxde and. varlous oleflns.

~ .



Attempts have been made to estimate the relatiye con-

f:trlbutlons of the o~donor and m- acceptor propertles of a

glven llgand\fo the strength of the metal llgand bond, and

“this has been | a p01nt of some controversy In carbonyl

c0mplexes -the dlscu551on has. largely involved the use of

1nfrared spectroscopy,7 8 although other approaches havel
9 .

The 1nterdependence of the o and 7 contrlbu—'

¢

;been used
htlons expected from the synergic bondlng model suggests
that bondlng dlscu5510ns should acknowledge the 1mportance
of both | | S

Most tran51t10n metal carbonyls and thelr derlvatlves

'fare dlamagnetlc, and thelr stolchlometry can often be

predlcted by the very useful effectlve atomlc umber rule,
also known as the "noble gas. formallsm.“lg Thls requlres
that the. number of electrons possessed by the tran51tlon
metal plus the number of electrons contrlbuted to the metal
by the llgands equals the number of electrons in the suc-
ceedlng noble gas atom. ngands such as carbon monox1de
,and carbene groups are thought of as two electron donors.'
‘Maln group v llgands,‘such as the Me3Ge- group,,covalently |
bound to the metal act as one electron donors. As an

“1llustratlon of the noble gas formallsm con51der the carbene

complex cza-Me3GeRe(C0) C(OEt)Me descrlbed later in thls:'

o work ‘ A rhenlum atom requlres eleven electrons from the =

'gaillgands to. attain the electronlc configuratlon of radon.h»i



-

“-These'electrons ere ‘supplied as folloWs' eight from the

four carbonyl llgands, two from the carbene llgand and one
from the organogermanlum group. * |

A number of trans;tlon metal complexes, notably many
of rhodlum, 1r1d1um, palladlum and.platlnum do not conform
to the effectlve,atomlc number rule. However, the general .
usefulness of the rule in a vast majorlty of other cases N

cannot "be overempha51sed All of the novel complexes of

Vmanganese and rhenlum reported later ln this thes1s con-

'form to the effectlve atOmlc number rule.

 Transition Metal Carbene Complexes l

The term tran51tlon metal carbene complex w1ll be

‘used here to descrlbe compounds of the general type shown‘ o

~in 3.f The carbene"CXY is coordlnated to a metal atom, M,

\,@""‘

~ .

y

n \

W

Thls assumes that the rhenlum atom is formally in the,

'-zero ‘oxidation: ‘state.  Group IV llgands can also be thoughtu'

~“of ‘as anionic two electron donors to rhenium in' the +1 :
oxidation-state; ‘Re (+1) requires twelve electrons to: attain

- .the radon: conflguratlon and hence the effectlve atomlc ' '

_j\number rule is obeyed ’ : , o



with‘other ligands,"L‘n also‘present‘ Thelcarbéne ligandd
‘1s usually bound termlnally but can also act as a brldglng
'm01ety in wh1ch=case.the carbon ‘atom 1s no longer three
-.coordinate.' Examples of thls 1atter type w111 not be dls—‘
cussed here: The stablllty of traneltlon metal carbene
complexes of the type 3 1llustrates how coordlnatlon to’a
metal can stablllze groups whlch would normally not be

i

: 1solab1e in an uncomplexed state._

\

Slnce the ex1stence of tran51t10n metal carbene com-'

plexes was. establlshed w1th ‘the preparatlon of W(CO) C(OMe)Ph. _‘

lflnfl964 ‘this research area has re-

12~ 15

and W(co) C(OMe)Me
rcelved»much attentlonll Several useful rev1ews ex1st
' and no attempt will be made here to review the very large
amount of work publlshed to date. Some aspects of carbene '
chemlstry relevant to thlS the51s should however be

‘lescussed

M|

N .

Carbene llgands are usually found in complexes 1n
xh.whlch the metal 'is 1n a low ox1dat10n state. These comfl
l;plexes therefore often contaln such groups as carbon
;1omonOX1de and tertlary phosphlnes as accompanylng llgands.-

;5W1th few exceptlons stable carbene complexes have been;,f.._5

"5obt?1ned when X or. Y, or both, 1n 3 contaln an element other ';.TL~

1f. than carbon, usually oxygen, n1trogen or sulphur, bound

fdlrectly to the carbene carbon atom., The w interactlon

Y

}lbetween the carbene carbon and adjacent heteroatoms is very' yf]



'_7 ference to a partlcular example, namely, Cr(CO)SC(OMe)Ph

1mportant in the stablllzatlon of most carbene complexes.'

A recent, and very 1nterest1ng example of a carbene in whlch
such a heteroatom is not present is the compound W(CO) CPh2 16
a stable complex contalnlng a dlphenylcarbene group t |
Termlnal dlphenylcarbene complexes of rhodlum had earller o

17

been postulated but the complexes have 51nce been shown .

to contaln only brldglng dlphenylcarbene groups 18 The j

‘ carbene complexes synthesrsed in thls work all ‘involve- hetero-

. atom stablllzatlon of the carbene and the follow1ng brlef

boddlng dlscu351on applles to derlvatlves of thlS general

' type._

A ‘clear and con01se account of the bondlng in metal

carbene complexes\has appeared elsewhere,14 only a'short S

-summary of the more 1mportant feature w1ll therefore be '5

presented here. ThlS can. perhaps best be achleved by re-; o
1925

A"',OM_.e; |

o



In thistcomplex'the three atoms bound directly to the car-
bene ca;bon atom are coplanar and bond angles‘at the carbene
: carbon of 122°, 104°, and 134° establlsh the essentlally
sp2 charactér of this atOm.. The carbene carbon ‘to oxygen
'bond length of 1. 33 A is very much shortened compared with
a normal c-0 81ngle bond dlstance (~ 1. 13 A) reflectlng the 7
pw-pn overlap 1nvolv1ng lone palr electron den51ty on oxygen'
and the empty p orbltal of the carbene carbon atom. The |
°~}phenyl rlng 1s approx1mately perpendlcular to the plane
.,deflned by the carbene carbon and the three atoms dlrectly

bound to 1t, suggestlng that no = overlap occurs between

’svthe phenyl rlng and carbene carbon atom. '

The bondlng of .the. carbene o the metal atom can be

dlscussed in s1m11ar synerglcmbgndlng terms preV1ously used 'p'l

to descrlbe bondlng between a metal and a, carbonyl group

'i(see l and 2)‘ The carbene carbon atom can be thought to

=

ydonate a palr of electrons from -an - sp2 hybrldlsed orbltal

"«hlnto a vacant hybrldlsed orbltallof the metal and . to recelve_ o

1“metal d electrons 1nto 1ts empty P orb1tal Thus the car-
:’bene carbon atom is’ R bonded to both 1ts heteroatom and N
the tran51tlon metal, 1n thls case oxygen and chromlum. __jf{i
“-fThe observed chromium to carbene distance of 2 04 A 1n .
L‘:Cr(CO) C(OMe)Ph 1s appreciably shorter than that predlcted

,uffor Cr—C(sp ) of 2 21 A, u51ng an estlmated Cr(O) covélent

‘e



- o o .
radlus of 1.48 A, 20, ThuS‘some‘degree of'w bonding between -

the metal ‘and the carbene is lndlcated 'Itiappears~that

the n—acceptor/o—donor ratio is lower for a carbene than

‘for a carbonyl group from force constant analyses For
jexample, approxrmate f6fc§ constants for the carbonyl

groups cte and trans to the, carbene llgand in Cr(CO) C(OMe)Ph

21 .

are 15 93 and 15 76 mdyn/A respectlvely. The lower force

constant for the trans carbonyl fully supports the above
contentlon. -

| Desplte L bondlng from both the metal and heteroatom :
attached to a carbene carbon atom, the latter stlll behaves

_chemlcally as an electrOphlle. For example, phenylllthlum

attacks the carbene carbon in W(CO) C(OMe)Ph in the first

x-vhstage of the synthe51s of the dlphenylcarbene derlvatlvé

k'*‘gatoms are present 1n the carbene llgands.w.

V”mentloned earller.].‘6 This latter compound W(CO) Cth has

'1tse1f been reacted w1th the nucleophlle trlmethylphosphlne‘

22

to glve a complex formulated as- an yllde, 5.: Slmllar

- (OCW——C—

r{'derlvatlves have been prepared from carbene complexes Of G

';chromlum and tungsten 1n whlch oxygen or sulphur hetero-'

- 23, 24 he. frf
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. electron- def1c1ent nature-of coordlnated carbene carbon

atoms is further exempllfled by thelr very low field cheml—

cal Shlfts 1n 13C NMR spectra.' For example, the carbene

carbon resonance in Cr(CO) C(OMe)Ph occurs at -350,93 p. p m.

downfleld from tetramethy151lane.21 I  "? o R
Most~of the-general methods~of synthesis of‘oarbene |

_complexes, of which there are now qulte a few have been

. described elsewhere,14 and no attempt to deecrlbe all‘of

these methods will . be made here.' dnly two methods of Syn-l

th631s of new carbene complexes are employed in thls work

and these w1ll now be’ descrlbed

11

o -Flscher'and Maasbol found that organollthlum re-

agents attack coordlnated carbonyl groups to glve acylatev

~L

“OMe

o L CHN, /
LaM—C _'&.2, .
W N M

’

DI -'/Ou DRI St
RO“\, o
3! LnM-——-c/

1ntermed1ates of the type 6 SUCh 1ntermed1ates can be
ﬁ:converted to neutral carbene derlvatlves by treatment w1th *
'trlalkyloxonlum salts,?s or by protonatlon to glve a

o™
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-hydroxycarbenevcomplex followediby,treatment with diazo;
methanell as'shown ln l—l" In this work both protonation

‘and alkylatlon of acylate salts have been carrled out; the
former produc1ng some rather unexpected and 1nterestlng |
results (see Chapter I1). ‘f_ . _E"V R o k“ml\é\y
The second route to new carbene complexes employed

Rhereln 1nvolves the modlflcatlon of carbene llgands already

coordlnated to a metal Flscher and co-workers dlscovered

¢

;"'that alkoxy groups can be cleaved from carbene carbon atoms

_by treatment w1th reagents such as amlnes26 and thlols.,12 1

‘(OC)sci‘:c (OMe)Me + MeNHz- 2 (_oc_)scrc(NHMe)‘Me +
(oc) CrC (OMe)Ph + PhSH - (OC) CrC(SPh)Ph +

MeQH .’I—BYT

It seems approprlate here to present a. brlef descrlp—»

tlon of attempts to synthe51ze analogs of carbene complexes

Ko

contalnlng elements other than carbon frdx/the fourth malnjz’
A
group,,namely, 31lylene, germylene, stannylene and plumby—

lene complexes.' Such derlvatlves should be dlscussed sxnce d
complexes whlch have been clalmed to belong to thls class
‘are. relevant to structural arguments concernlng the cycllc’?d
compounds descrlbed ln Chapter II.},7. o A h
" In 1970 Schmid and Balk27 clalmed to have prepared a l_;
silylene complex of platlnum accordlng to the followxng o

scheme._;f_f’m
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(PhyP) Pt + Si,Cl. > eds- (Ph 4P) Pt(SlCl3)2 S
o R * 2PPhy  I-4
©ois=(PhyP) )Pt (SiCl;), + PPhy * | o
(PhBP) Pt (siCl,), + C1,PPh I-5

2 3

The analogous b15d1brom051ly ene complex was also clalmed

‘ Thls work has 51nce been contested28 ‘and the product of

. I-5 reported by Schmld and Balk reformulated as the 51loxane

; %
comreex, 7.

~

SiE S
(P hsl"’z"”f/ | .\0
9
Clz_

“Much of the subeequent'interest in this area has been
generated by the work of T. J. Marks and co-workers. It
| was found that the’ reactlons of dlalkylgermanlum- and

'dlalkyltln dlhalldes w1th NaZCrz(CO)10 in THF proceed as

: shoWn 1n I- 6 29
o M1 ‘
Bz,M X, + lNaz 2(C°)10 ——= R 2!: + Cr (CO)5 ’
| THF 8
J _ _ ,_NaCl +rNaCr(CO)5Cl , ~"'uI~6_'
‘ﬁ‘ o o o L - *‘-".

"'_'R“é‘-;;'M_e,'lM,",-_‘-=”Ge;v',R_'=;fMe,;.fM_"_'_=.'Sn','-b R = t-Bu, M' = Sn.

“
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LiqN

o &
The produotdis drawn here as represented in the”original~

publication-in'which dérivatives'of this type were referred

' to as germylene and stannylene complexes. It was found

that the THF could not be. removed from the product without .

1nducrng decomp051tlon and attempts»to carry out the re- — . -

~action in non-coordinating solvents_fAiled. “Thus the

germanium and tin atoms inptnese oomplexes'didvnot exist .
in a three coordinate . environment. Similar products have

»been prepared from the~reaction5'of LeWis"bases with

mo ecules of the general formula [R M! Fe(CO)4]2, 30 9.
\/A ) ' ~
¢ R L o\ “f |

“ ./ o SR : ' .

\F'[ /M>F /CO QE?___ 2 OC~——7Feé——M/R2 I1-7

€ vy e\\\CO . L o

0c"] TS | | L
C ‘ RZ éC ‘m : R - . C .
9 - 10 “

~ a

- M' =Ge, R =Me, Ph; M' = sn, R = Me, t-Bu, Ph; M' = Pb,

Rleln-Bu, Ph. B = THF, pyrldlne, acetoney acetonltrlle,_
dlethyl ether, dlmethylformamlde.

Subsequent work has suggested that compounds of the«‘

ZI type 8 and 10 are not true carbene analogs. A crystal

.structure of a complex of type 8, 1n whlch R'= -Bu,

M' _Sneandithe»Lew1s;base eoordlnated to the-tln-atom,‘ﬂ



N

\

‘was pyridine, clearly revealed a COordlnatlon number of

~ ~

four for the tin atom and a valence shell octet of elec-

119

{ﬂtlons“? On the baSlS of Sn Mossbauer and X- Ray

;ﬁ”’g\5 Photoelectron (FSCA) studles of. complexes of the types -

8 and lO 1t was concluded that these molecules are better

’ . / iB’ ; +
R f R_ R T -
\\MI ""M \l, - \ .
S AM=M M==M
R R ; R -
la | v.llb llc

e

structures‘lla—c. This 1s fully con51stent w1th solutlon

'llnfrared studles of derlvatlves of thlS type, ‘the carbonyl

RN e e

stretchlng bands normally occurrlng in reglons generally
assoc1ated with anlonlc metal carbonyl spe01es 23, 30 'It-
should be noted here that carbene complexes contalnlng

heteroatoms such as oxygen and nltrogen galn Stablllty by

13

descrlbed as yllde derlvatlves,32 with contrlbutlons from '

the donatlon of electron den31ty from the: Q@ﬁeroatom to the

carbene carbon atom. ThlS can be viewed in terms of the_;’

type of resonance structures shown in lla- 15'w:v.th the

fdlfference that thlS stablllzatﬁon is w1th1n the carbene

| llgand itself and does not require the coordlnatlon number 5

e

i , .
at carbon to increase from three to four. : s
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Yllde complexes related toathe compoﬁnds prepared by

29, 30
Marks | have been prepared by the dlrect 1nteractlon of a

nitrogen- germanlum yllde, 3 benzothlazole dlchlorogermylene,
w1th the hexacarbonyls of chromlum molybdenum and tungsten

funder ultrav1olet 1rrad1atlon, glVlng complexes of the type

c, 5NS GeCl M(CO) 33

Schmld and Boese34 discover%d that the reaction.of

,W(CO) w1th 81216 under ultri)iOIEt 1rrad1atlon in n-pentane

-ylelds dlmerlc_"pentacarbonyl(dllodos;lylene)tungsten(O),

v[(CO) WSlI " The dlmerlc nature of the complex -was clearly '

2]2
establlshed by mass spectrometry and a solutlon molecular

,welght determlnatlon 1n benzene. It was found that the

solvent THF- would cleave the brldges to glve monomerrp THF

4

addu;//nanalogous to Marks"compounds.29 30 The dlmerlc
5WSlI

[(co complex was postulated to contaln 1od1ne

2! |
‘ brldges leadlng to the structure 12 If. this- structure is -

. C) W /,slu-——wm 0)5

L
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'fcorrect the complex can be considered as_formallyeanalogous
to those of Markszg’30 with stabilization arising from
donatlon of lone palr electron density from the brldglng

1od1ne atoms
| Inconclu51ve results have appeared regardlng the’ re-
action of tln dlhalldes and the complex CsGeCl3 with hexaebp
carbonyls of chromlum, molybdenum and tungsten under |
35

untrav1olet 1rrad1at10n in THF. "The complexes were fOr-_ _ ’ﬁ?

.mulated asv&onomerlc M(CO) SnX (X = Cl, Br, I) and : .

2..’VSome of these'complexes\existed as THF adducts

- and others did not. 1In the,latter-case the'compleXes'Were _

[
M(CO) (GeCl

‘desCribed as having the GroUp IV atom With cOordination num-
" ber three. . Solutlon 1nfrared ‘spectra and solutlon molecular
welght determlnatlons were carrled out - 1n the powerfully

3
- which might'begsuspected_of‘breaking;up largerIPOlymeric

'coordlnatlng solvents CH,CN and THF:respect;vely, both of"

unlts. Furthermore’mass spectra~ofltheSe complexes could -

fenot be obtalned whlch could also be con51stent w1th poly—'”

l‘plmerlc unlts, presumably linked by halogen brldges..'

| :
Other 1nconclu51ve work poStulatlng 51lylene-, germylene

and stannylene tran51tlon metal derlvatlves as reactlon

36 37.

1ntermedlates has appeared The reactlons under dlS“v

fcu551on 1nvolve the replacement of chlorlne atoms on the

’;'coordznated Group Iv ligand W1th fluorine atoms, by

1nteract10n w;th reagents-such as_AgBF4 asrln_I-B.l There



) "~stannylene formulatlon,

16

4 f FthGeMn(CO)5 +

~ ClPh,GeMn (CO) g+ AgBF "
| | AgCl + BF

2

3 I-8

~is novmechanlstlc.eV1dence however to establlsh whether ‘the
_reactlon involves .a three— or. flve-coordlnate 1ntermed1ate.
.fElegant work by Lappert and co—workers has produced ’
the flrst fully-authentlcated tran51tlon metal stannylene
‘complexes. A stable divalent tln spec1es was synthe51sed

(I-9) and reacted Wlth chromlum and molybdenum hexacarbonyls

to_nge_stable stannylene complexes (I-lQ).38 The X—ray;
sncl, +_(Me3sii'ani;EE§$£.-sﬁ[cn(siMeB)zlé' 19
w n-hexane
_MlQO) + Sn[CH(SlMe3)2]2 _5577—53’ | |
5 [‘M§3$1)2CH]25nM(90)5 S ;_lqA

M = Cf, Mo _

B 4

r_crystal structure of the chromlum complex confirms the‘7'
39 and other stannylene complexes

"have been prepared u31ng the same tln(II) llgand (I ll 14)

2°
[(Et P)PtCl ] * stn -

o _(Ph RhCl + R Sn ¥ (Ph ) (Résn)RhCl_ I 111

(Et P)PtCl(SnR )(SnR 01)-;~;‘; C1-12 -

(norbornadxene)Mo(Co)4 +. 2R Sn -

trans—(R Sn)ZMo(CO)4'dyv T r”l-l3'a‘"

.....
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+RSn+‘ F/\/ 1-14

é———F¢

e \8/ @

‘The novel plumbylene complex [(Me Sl) CH] PbMo(CO) has

»also been prepared 39. It is thought that the stabllity ofu

I(n -Ce H )Fe(CO)2]2

“these trans1t10n metal complexes and of the parent tln(II)
and ‘lead (II) 11gands is probably kxnetlc in orlgln ‘and f
fderlves from the bulky R groups.39f |

| Recently Harrlson et aZ.vhave teported reactions

analogous to I-7 1nv01V1ng the reactlon of pyrldlne w1th L

‘IR M' Fe(CO)4]2 derlvatlves (where R =C1, Br, gH 5 MeC5 4

and several B dlketonate llgands) 40 Reactlons of the type‘

| ‘I 15 and I- 16 were also reported Both reactlonsﬂformally 1

:,F%F\C——-O\\'a,'f S

14

A A : b ~ .

t

‘ihvolve tin(II) speciea. The product of reactlon I-lS 14,;- '
: .clearly contalns flve coordlnate t1n and little data was

74[fjglven regardlng the product of I-16



(CgHg) ,5n + W(CO)6 ¥ (cgH,) ,SnH(CO) L I-16

-From the'above'description it_candbe seen that the
only‘fully'authenticated‘carbene.analogs prodnced'to date

38,39

are those of Lappert et al., in Wthh the Group IV

atom 1s three coordinate. Unfortunately, the terms

"stannylene" etc. have also been used to descrlbe the four'

\ coordlnate %ompounds prepared by Marks and others.29 30

\It mlght avold confu51on if - these latter derlvatlves were
descrlbed as analogs of yllde complexes- thlS has been s
'3'shown to be a rather approprlate descrlptlon of the bondlng.32

31
51°

' (pyrldlno-dl tert-butylstannyllde)pentacarbonylchromlum.

Thus the complex [C N(t C4H9)25nCr(CO) would be'renamed,

\,

b
o

\

' Complexes w1th Maln Group IV Metals'VFA

Over the past decade thls research.area has recelved
much attentlon and many tran81t10n metal complexes contaln;
ing sxllcon, germanlum; tln and lead m01et1es as. ligands
have been prepared One small areamof thls work, namely,v
' :fi approaches to the synthesis of metal.carbene analogs, has

.“ been descrlbed above.x Several general rev1ews have appeared
= of whlch two of the more recent and useful examples are ‘x,
those of Glockling and Stobart,é; and Brooks and cross.dg i;“l,:

Also there exists a rev1ew of transitlon metal—silicon

:ﬂ'compounds-fé ,:vp_,,
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‘The bondlng between tran31t10n metals and elements of
the fourth maln group other than carbon 1s usually thought
to con51st of a o and n<bond comblnatlon, the latter involvfg
'1ng donatlon of d electron den51ty from the metal into an . |
.empty d.orbltal on the llgand It appears from attempts to
'correlate CO stretchlng frequen01es or force constants w1thf-ﬁ
o and n bondlng w1th1n the tran51tlon metal—group IV metal
jbond that the o bondlng predomlnates.8;44 The T character
appears’to be'appreciable-whenvhalogen~substituents ares'
attached to the group IV atom, ‘thus - 1ncreasxng 1ts electro-
negat1v1ty w1th respect to the}tran51t10n metal - This has :p

V‘been shown by 119Sn Mossbauer4$_and 59Co NQR 16 experlments,ﬂ'

- as well as by molecular orbltal calculatlons.47

[

“‘l Of relevance to the formatlon of the cycllc derlvatlves '

:dlscussed 1n Chapter II 1s the react1v1ty of group IV llgands

| '_'attached to a transatlon metal, more spec1f1ca11y the con-”,ggﬁ

.}ditlons under whlch alkyl and aryl subst1tuents have been

*gcleaved from germanium and'tln atoms coordxnated to

‘,ﬁ_ﬁmanganese and rhenium | Of particular 1nterest are the

reactlons 1nvolv1ng hydrogen halldes, the reagents alsojrﬂ
;_temployed in thls work and some examples are. given below.;f,
, . : CClA :_<, el
PhBSnMn(CO)5 + excess HCl 5-31» | RIS
PhclzsnMn(CQ) + (trace)Cl SnMn (00)5 \ -'j.-48'1"-v1j7 ‘



o ‘ L un n—peﬁfane e
_ Me3SnMn(CQ)5 + HEl sealed tube, 110°,
' ’ 6 days E

Me 49

zclsnmp(é0)5f f

~ -S  . S ,'népentane‘ .
Me3.nMn(CO)5}+ excessbﬂcl-sealed Tube,
: T ' - .80°, 72 hours -
R ' 49

MeCIZSnMp(CQ)5 
Ph3SnRg(qo)5 + excess HClv'JS,to -lOﬁf'_
: ' ~0;5;hours '

o

50

3
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CHAPTER TI

'Cycllc Germoxy- and Stannoxy—carbene Complexes of Manganese

and Rhenlum

Introductionf'J

 As has been p01nted out in Chapter I, both tran51t10n |
“jmetal carbene complexes and transrtlon metal-group IV metal

: wcomplexes have been subJected to 1nten31ve study in recent A
N

years. However, prlor to commencement of work in thlS ,

. v o

'group, only one: report ex1sted of a metal carbene complex

'w1th a group IV llgand other than carbon also present 1n ".

.~the molecule.. The complex transwPh SnCo(CO) C(OEt)Ph and

. Ph3M Co(CO) + PhLi”; ]', : R
. | > Et3OBF4 |
trans-PhBM'Co(CO) C(OL1)Ph —

’f trans—Ph3M Co(CO)3C(OEt)Ph _ ,'IItigi7

l_flts lead analog were prepared by a conventional route
(11- 1).::Q.The work presented 1n this the515 began as an-
'fattempt to prepare related derlvatives of manganese and

"1rhenium.;-'

,\ .
T N

Work in thls 1aboratory by Dr. w K._Deansg has ylelded

- a large number of derivatlves notably of manganese,

'5;$molybdanum and tungsten, in Wthh both group IV and‘carbene

"JLﬂ’ligands are present, though none of tbese have been of the ‘Hﬁ'

G
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cyclic type described_here;~'Typioalfsyntheses are -shown
in I1I-2 and II-=3, ,A'orystal strncture;of iranse(nfCSHS)—x_'
_ , _ iy 5’

. ﬁo(CO)é(GePhj?C(OEt)Ph_has been completed.”” This complex e

(n~C5H5)M(GO) (M'Phy) + RLl +“ | *+
R!
tnans (n-c )M(CO) (M Ph )C(OLl)R —_.__.

tnans-(ﬂr?s 5)3(C0)2(M Ph3’°‘°3;’R , 7-;If2.

: o e
M = Mo, W; M' = Ge, Sn; R = Me, Ph, t-Bu; R' = Me, Et. ..

MeMn(GO) + [Et NIlGeClyl » o |
5 3 : R O+"'

cts~[Cl GeMn(CO) 4Cloime] [Et,N] -3

- czs—Cl3GeMn(CO)4C(OR)Me R s & )

“R,e‘mejﬂst.;

7shows structural features normally a55001ated w1th metal

ftcarbene complexes._ The molybdenum to carbene carbon dls-'

. 1tance of 2. 06 A ls appreCLably shorter than the Mo-C(Sp )

lestance of 2 26 A 1n (n-C )Mo(co) (pph )COMe,54 suggest-'7-"'

"flng some degree of g3 1nteraction between the metal and

”5carbene carbon atom. The carbene carbon to oxygen dlstance?}

'"f.f{at 1 38 A also suggests some degree of double bondlng.: The

fethoxy group was found to be disordered but the point mld

o 7;Aﬁway between the two dlsordered positlons of the oxygen atom‘,'r'

‘1185 on a plane defined by the carbene carbon and its otherfg!;fr

ﬁ”~’f7two substituent atoms. The plane of the phenyl ring 1s

approximately perpendicular to the plane f the carbene 'F;f;f,;ie

R
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,carbon'and its three'snbstituent atoms, _TheSe'bonding
features are similar to’those'described in Chapter I for
Cr(CO) C(OMe)Ph, é.lg The formation of'cyclic germoxy—’
~and stannoxy-carbene complexes of the type described below
"from the 1ntermed1ate acylate salts in II 2 is presumably

o precluded by the trans geometry 2 The reactlon of the '

acylate salt 1n II- 3 with' AgBF4, in .an attempt to generate

'Cl &eMn(CO) C(6)Me or 1ts dlmer, ylelded only C13GeMn(CO)5 52
|

In the followrng dlscus51on of the formatlon of cycllc

: carbene derlvatlves, hydroxycarbene‘complexes are postulated-.
fas p0531b1e lntermedlates. In_general such compounds are.
unstable and have been employed as intermediates tolmethoxy-_ .

~_carbene complexes Wthh are formed upon reactlon w1th dlazo—

'_:methane (I—l) However, some. stable hydroxycarbene

complexes have been 1solated. Wlth respect to the manganese
'sub-group, a stable hydroxycarbene complex of rhenlum has

55.

) been prepared, namely, (n -CH )Re(CO) C(OH)Me, - and stable"

o'manganese derlvatlves of the type ct&-XMn(CO) C(OH)Me have p;'
}been prepared (X Br, ) 5§ In the manganese complexes
'f:stablllzatlon occurs v1a hydrogen bondlng between the
ﬂfhydroxy groups and halogen atoms.kf@?tlb'“l P

B The cycllc derlvatlves prepared in this work constltute
riionly the second example of carbene complexes 1n whlch an N

i”f°element of group IV other than carbon 1s attached to the
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"carbene oxygen atom. The firet example was the rather un-

stable, hon—cycllc derlvatlve Cr (CO), C(OSlMe )Me prepared

" by Moser and Flscher.57'

- Synthesis and Characterisation’ of Complexes

The reactlon of methylllthlum-wlth Ph GeMn(CO) was
. found to proceed by attack at a carbonyl llgand cis to
the group Iv llgand to glve the llthlum acylate cze-

'fPh

3GeMn(CO) C(OLl)Me (II—4) ﬁ The acylate anion could be

PhBGeMn(CO)s + MelLi EEEEE.

czs—Ph3GeMn(CO) C(OLl)Meff L II-4

~,a.) C(OLl)Me + Et4NBr 33595»

! Mn(CO) C(O)Me][Et N] + Llar‘, ,?;f'II-sﬂ

'7,'isblatedii yure, Whlte tetraethylammonlum salt by :

:ﬁfeating_‘ﬁ ium acylate w1th tetraethylammonlum bromlde!f-“
]fTreatment of the same llthlum acylate

3 ,water yielded the neutral carbene complex }r"

“°da£g;phsgen‘” ‘c(OEt)Me (II-G) However, 1t was found
aig-P eMn(CO)4C (om)ue + Et3OBF4 "—’-"f‘-‘i‘ff» e
“z_;fsi;"fa ozs-Ph3GeMn(CO) C(OEt)Me ‘»;fixeﬁ?i*»liif-

'f;unexpectedly that reaction of the llthium aalt w1th exther

a ‘?ffMe3OPF6 or Meoso F produced only a low yield of the expected V,Kffff

r‘dFOta-Ph

3GeMn(CO) C(OMe)Me and predominantly a’ complex of




empirical formula Ph
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q .
2GeMn(co)"‘ICOMe (II-7). The latter

GeMn(CO) C(OLl)Me + Me3OPF6 or MeOSOzF EEEEE;

GeMn(CO) COMe o 11I-7

cig- Ph3

4czs-Ph GeMn(CO) C(OMe)Me + Ph

3 2

could be prepared in a pure state as the sole carbonyl—'

2

' contalnlng product from treatment of the élthlum salt with

aqueous hydrochlprlc'a01d'(II-8). ‘The non-cycllc-derlvatlves

cis- Ph3GeMn(C0) C (OLi) Me + HCl !EEEE;

" Ph

2GeMn(CO) COMe + Licl “II-8

] mentloned here w1ll be dlscussed more fully in’ Chapter V,

‘"and the dlscu351on 1n the present chapter will be conflned

-fstretchlng force constant "

largely to cycllc der1vat1vés of whlch thGeMn(CO) COMe was
found to ‘be an example. | |

‘Both cycllc and non-cycllc derlvatlves are prepared
from llthlum acylates of the type prepared in II- 4 The

geometry of these acylate salts is czs 1n all cases studled

'“Jso far. ThlS 1s fully con51stent w1th the- postulate of
| .Darensbourg and Darensbourg thch states that "when there

fls a ch01ce of carbonyl groups w1th1n a molecule, nucleo-,

ﬁphlllc attack always occurs at the co group w1th the greater:>"

51 A greater stretchlng force. .

: constant 1mp11es a lower electron densxty at carbon._“Inf'

»‘.mono-substltuted manganese- and rhenium-pentacarb°nyl o fﬁl_tt
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compleres the czs carbonyl groups always have a hlgher
| stretchlng force .constant than the trans8 (see Chapter
'VII), and thus methylllthlum attack would be expected to :
'occur at a carbornyl group ets to the group IV llgand, as
is . observed |

. By a route agalogous'to'lI-S products of empirical‘“
'formulae MezGeMn(CO) COMe, thGeRe(CO) COMe, MezGeRe(Co) COMe
’and MezsnRe(CO) COMe have been prepared, The‘structures'of

these complexes have been establlshed through'thé use of

analyses, mass spectrometry, 1nfrared spectroscopy, and

S

1H and. 13C NMR spectroscopy as descrlbed below. All com-

'pounds are whlte when pure and in the solld state the
rhenlum derlvatlves are qulte alr—stable. The dlphenyl-
germyl—manganese derlvatlve 1s m1ldly a1r-sensrtlvg, de—_
'comp051ng over aa. 24 hours,. and Me2 eMn(CO) COMe becomes
yellow after exposure toialr for 1 hour.

All flve complexes of thls type were found to have
four carbonyl stretchlng bands in- solutlon 1nfrared spectra,
vlndlcatlve of. cze-dlsubstltuted geometrles at the central
metal atom (see Flgures '1-5 and Table I)., The rhenlum |
;complexes are nelther very soluble nor very stable 1n
hydrocarbon solvents and the1r spectra were recorded in -

”dlchloromethane in whlch MezGeRe(CO) COMe—andNMe SnRe(CO) COMe

'{are quite stable. However, thGeRe(CO)1COMe 1s not at all

‘ff,stable ln solutlon and even 1n dlchloromethane 1ts 1nfrared

_fspectrum must be recorded qulckly before peaks due to

'vddecomp051tlon products begln to appear. Also, for this
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'reasOn, a'satisfaCtory'lH NMR speCtrum.of this complex has
not been obtained. Decomp051tlon occurs rapldly in the NMR
- sample tube whether the solutlon is made up in alr, or
‘under vacuum u51ng carefully degassed solvent ‘but lH NMR
‘spectra 1n»CD2Cl2 1nd1cate that the decompos1tlon products
.j@are dlfferent in the two cases. The two manganese complexes'}
are more stable in cchohexane solutlons than are . thelr
‘.rhenlum analogs but are observed to decompose if solutlons“
: are left in. the 1nfrared cells. Infrared sPectra 1nd1cate
that thGeMn(CO) COMe decomposes Ain: cyclohexane to g: |
,pMeCOMn(CO)S and hence to MeMn(CO)5 over the course of
fseveral days;l. ,»l B R ‘. | | {"
All flve complexes of thls type show parent 1ons in the
.. mass spectrometer correspondlng to monOmerlc units. Flgure .?‘
' 6 shows the computer 31mulated lsotope comblnatlon pattern‘
for the : parent 1on of MeZSnRe(CO) COMe to whlch the observed
‘.pattern was 1n very close agreement. However,.lH NMR stud—‘

'les have shown that dlmer-monomer equ111br1a ex1st in. '.‘,” :

“”{;solutlons of MezGeMn(CO) COMe and MezGeRe(CO) COMe whlle

'osmometrlc molecular welght determlnatlons 1nd1cate that 1n
'dilute solutlons Me GeMn(CO) COMe ex1sts largely as monomerlc

._units whlle MezsnRe(CO) COMe 1s predomlnantly dlmerlc (see -

3.:,Chapter III for detalls of the dlmer-monomer equlllbrla)

1

. 'The~ H NMR data fully support the suggested empirical for—

‘1Ymulae of the new cOMplexes and further conflrmatlon comes

from analytical data.isee Tables II and III).;
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On the. basrs of the above ev1dence several alternatlve

-'formulatlons could be con31dered for these compounds. If

o we con51der Just the monomerlc speCLes, and accept that

‘51m11ar structural alternatlves can exlst for the dlmerlc
jforms, structures»ls 16 and 17 may be dlscussed " ASs 1nfra-

red bands 1n solld state (KBr dlsc and Nujol) %pectra of ;A'

e T"-:W‘,‘*.O’ Mg

'>_.these complexes did not appear around 1600 cm l, as requlred

'iifor a free acetyl group, structure 15 whlch would constrtutef .

'fa true germylene or stannylene complex can be ellmlnated,"'
"and we need consider only 16 and 17 in whlch the oxygen

‘jatom is 1nteract1ng with the group IV metal.; Structure‘16

"3ﬁ'contains a coordlnated acetyl oxygen atOm and a carbon atom L

/

'hﬂwhich would presumably retain appreciable acetyl character o

”riand 16 is thus related to the derivatlves preoared by Marks

29, 30

;et aZ._; described 1n Chapter I. In lﬁM: carbene carbon ,_7

13

, atom is present Through the use of spectroscopy

“fi}it has been posslble to show that the carbon atom in questlon

htjhas,essentially carbene character.;fff£3 5gk
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" The peak due to the carbene carbon atom of the mono->

| merlc form of MezGeMn(CO) COMe whlch we can’ now represent

as Me &eMn(CO) Cﬁa)Me, 1s observed at -338 0 pP.p. m. relatlvet
“to TMS in a CDCl3 solutlon at amblent temperature._ Thls is

in- good agreement w1th the hlghly deshrelded carbene chem1—”'

B

o cal Shlfts prev1ously obsenved For example, the flrst—row

o E ,
- complex Cr(CO) C(OEt)Me exhlblts a carbene Carbon resonance

:vat —357 3*p p m.z} Furthermore, the dlmerlc form of
"MeZGeRe(CO) COMe glves a 13C NMR peak at ~305 7 p p m.lln
odclose agreement w1th the carbene carbon resonance of the - , »
v'.novel complex czs—Me3GeRe(C0) C(OEt)Me (see Chapter V) whlch l;
.fvoccurs at -314 8 p. p m.. Thls reglon 1s well removed from ‘_ |
h',rtﬂht in whlch one flnds acyl carbon resonances of metal acyls.

"For example, in MeCORe(CO)5 and PhCORe(CO) acyl carbon

*?ﬂ{jjresonances occur at -244 Oq.nd -245 4 p p m. (see Chapter:;'d

e derivatives are dlscussed 1n Chapter VI.5~,5°’

"'FJVII) Fuller details of 130 NMR results for new carbendgfhl~f"’

X .

'if }f The dlfferentlation between structures 16 and 17 1s no

t .‘.“.,\‘ L *

DA b o :
- as clear-cut as might appear from the diagrams.. Complexes ';54{;‘

’?frrelated to 16 as prepared by Marks 9 have been shown to |

‘c’;dpossess the grOup IV atom in the +4 oxldation state,32 notjd': B

.fthe +2 state as a diagram of the type 16 might suggest. p‘,_
ft_Thusl 15 and 17 are quite closely related : Indeed they ay

. *A;ﬂbe viewed as potent1a1 canonical forms representlng the

' ’fhactual structure. However, the 13C NMR results show that

| vf*the molecules posséss carbon atoms with a high degree of




"Vh manlumsoxygen dxstance at. 1 96 A 18 signzflcantly 1onger

carbene‘character-and we:therefore referfto such derivael
tlves as cycllc germoxy— and stannoxy-carbene complexes of
manganese and rhenlum.'_ |

“ The cycllc nature of the complexes has been further
conflrmed by X-ray structural work carrled out by Drs.
L Y. V. Chan and M. J Bennett of thls Department.,iRe?
‘crystalllzatlon of a crude sample of MezGeRe(CO) COMe
ylelded excellent crystals whlch have been shown by X—ray )
crystallography to contaln the dlmerlc form- of the complex
(Flgure 7) ~-Bond 1engths and angles ‘for [Me GeRe(CO) COMe]Z_\L
are- glven in Table IV, A 115t of fractlonal atomlc coor-
rff dlnates can be fouhd in Appe dix. I., L o ‘d
- The molecule contalns aE unusual elght-membered hetero-r
cycllc r1ng of rhbnlum,germanlum, oxygen and carbon atoms.
ThlS structure is’ consistent w1th the cycllc germoxy—Carbene

l?C NMR, but

formulation we have suggested on the basis of
i does not unamblguously dlstlngulsh between a carbene of the"‘>

| type 17 and a complex containing a coordlnated acetyl group
akrn toflﬁ | Both carbene and acetyl ca&bon atoms would be‘pgfi[
expected to have planar envxroments as observed The ger-shhp ,;;}
than in an iron—digermoxane complex [(n -C HS)(CO) FeGeMe

where a value of l 785 lfwas t/abt;ained.-58

z]2
The signiflcant o

1engthening of the germanlum oxygen bond 1n [MezGeRe(CO)4 pg;}-"

‘5" COMe32 could clearly be consistent with a coordinated acetyl
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' TABLE v . N
INTRAHOLECULAR DISTANCES, AND ANGLES FOR [Me jGeRe (CO) ,Conel,

.Diltanvce ’ i . : 'Anql‘o ‘ Degrees

Rel-Gel 2.591 (3) Gel-Rel-cf 173.3 (7)
‘Rel-Ccl <. 190 (3 " Gel-Rel-cy | 90.7 (6).
Rel-C2 e () °  Gel-Ralec3 86.1 (9)
Rel-cy . 1.86 (3) . Gel-Rel-cd . 91.2 (9) ' L
RO-CL 197 () Gel-mel-cs ga.g 0 |
Bel=C5- 2.4 () - cl-mel-cz - s2.9 (9)

Gel-05' ._j!_a.s's @ . ‘Cl-Rel-c3 90,5 (1.1)
.Gel-c6 1.97 (3) ' Cl-Rel-c4 945 (1.3) '

Gel-c7 2,00 (3 Cl-Rel-C5 - 91,7 (1.3)
- Cl1-01 317 ) T c2-Rel-c3 '176.3 (1.0)
c2-02 Colaro@ C2-rel-ca 59.3, .4
23-03 1.20 (3)- C2-Rel-c5 87.1 (1.3)
C4-04 . 1.08 43) - ci-pel-cq 88,9 (1,4)
'¢5-os, S () c3-Rel-cs 94.3 (1.4)
C5-C8 156 () ca-Rel-GS  173.0 (8)
- IR f'c§7661'-§74 - 106.9 £1.6)
C6-Gel-Rel - 123.0 (5) ‘
C7-Gel-Rel RICIRCTIE o .
| - o O5'-Gel-Rel  107.6 (9) . |
5(:« o R | 05'-Gel-cs 1oz.h-(1,0)
05'-Gel-c? . 92,4 ().

v o Bal-cs-0s - 120.6 (1)

| Rel-cs-CB.  110.8 (1.8)

R .. o8-cS-c8 (2.0) _
LT ”:'é;.‘x-os'écs" . 13903 (1.4

| S melearean EXTRTR

Rel-c202 1762 (g

- BalC303 . 137.6 (2i4)

| Rel-c4-04 1749 (25)

, N '

LA
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structure akln to 16} but 1t could also be con31stent w1th
"a cycllc carbene structure 1f one accepts that a strong
1nteractlon between oxygen and an. electronegatlve carbene
carbon atom mlght well ‘reduce the normal degree of double R
lbondlng between oxygen and germanlum, thus lengthenlng the
latter bond. | . This 1s, of course, speculatlve and an o |
example of a sultable structure for comparlson purposes
'does not exlst 1n the llterature. ~In thls regard 1t may
' well be worthwhlle to carry out the crystal structure of a 1
- germanlum acetate complex to see 1f a 51m11ar germanlum-'_'
oxygen bond lengthenlng occurs, 51nce an acetyl group mlght
be expected to have a 81m11ar electron-wlthdraWLng effect
*on ‘the germanlum—oxygen bond | | N -
The carbon-oxygen bond length C5v05 at 1, 27(3) 2 also
does not dlstlngulsz unamblguously between carbene and o
Y

coordlnated acetyl pe structures. Thls-value'ls close,to
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o

‘that observed for the complex %g at 1.26(1) A. 'In a paper
(discussing the sttuctnre of 18 >3 it was clearly explalned
that such a bond length is lntermedlate between those ex-
pected fog,acetyl and carbene groups and that no distinction
could therefore be made on this basis. . Unfortunately X-ray
'crystal«structurestof other rhenium carbene complexes which
might be usefui for_comparison purposes'are’not‘available.
Thus, from the above discussionvit:can be seen that.Xfray
drystallogtaphy has confirmed the formnlation'of the new
v.complexes as heterocycles, but that the evidence suggesting
‘that they contain carbene carbon atoms has come prlmarlly
'from 13C NMR. | |
At present it is not known whether the cyclic deriﬁa-

tives exisq inhtheir monomeric or dimeric forms when*pse~
cipitated'from mater in their crude states, The.sharp
meltiné points.of‘compounds-of empiricalkformulae

thﬂeMn(CO) COMe, Me GeMn(CO) COMe and PhZGeRe(CO) COMe

2
_’ln their crude states imply that only one form is present
ffMass spectra of the cOmplexes are not helpful as peaks due
“to only the monomerlc species are observed in all cases,
even in the ‘case of a recrystalllzed sample of MezGeRe(CO)4
COMe whlch 1s known to be dlmerlc by X—ray crystallography.
To compLete the dlscu951on of the cycllc derivatlves-
prepared to date, a few other features of thelr sPectro-'

scopic propertles can_ be mentloned As noted earller all

five complexes show parent lons in the mass spectrometer B
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correspondlng to monomerlc unlts. The spectrum of
thGeMn(CO) COMe shows competlng losses of methyl and carbonyl
groups ‘from the parent.lon,and;alSO exhlblts“a very intense |
peak at m/e 243‘assigned»to'the l’héMe_Ge+ ion presunablY-
A.arlslng from methyl mlgratlon ) The spectrum of MezGeMn(CO)4¥
COMe shows srmllar features 1nclud1ng a peak due to MeBGe
at m/e 119- the spectrum in thls_case was recorded at ém»f
source temperature of only. 30° a temperatureaat which this
u.‘complex is known to be stable, and thls suggests that the
.observed peak arlses as a result of electron 1mpact rather
than thermal decomposxtlon of the complex. For the com-
iplexes thGeRe(CO) COMe, MezGeRe(CO) COMe and MeZSnRe(CO) COMe i
loss of a methyl group’ from the~parent ion appears to be |
favoured over carbonyl loss and the phenomenon of a methyln
: group mlgratlon onto the group v atom is much less
pronounced . |
1H NMR spectrum of Me

In the SnRe(CO) COMe (Flgure 8)‘

: 2"
the tln to. methyl hydrogen two-bond coupling constant was.

gfound&to be 3l~Hz., The sxgnlflcance of thlS 13 dlfflcult
éto interpret'at‘present.ﬁ For derlvatives of the type '

Me SnM(CO)5 (M = Mn,. Re) correspondlng values are ~ 45 50

3
~Hz,69 Grossly dlfferent values for two closely related

.derlvatlves prepared by Marks et aZ have been observed,
‘fnamely, 41 2 Hz for (py)Me SnEe(CO)4 '(py-= pyrldlne) and

29

- 23, 0 Hz for-(THF)MeZSnCr(CO)S.- At the preseht tlme 1n—’

;.fsuff1c1ent data exlsts for an® attempt to be made to
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: dlstlngulsh between structural p0551b111t1es such as 16 and
17 on the basis of the observed coupllng constant for |
[Me SnRe(CO) COMe] The four-bond coupllng of tln to the
carbene methyl hydrogens was observed at 6 Hz and could

‘.correSpond to coupllng across elther rhenlum or oxygen.',An‘

‘ value of 13 Hz was observed for the four—bond coupllng‘

across manganese in etg~ Ph

3SnMn(CO) C(OEt)Me (see Chapter V)

Possible Reaction Mechanisms

| ‘As described'above, it has been established that the
reactlon of llthlum salts of the type czs—RBM'M(CO) C(OLl)MeA
yw1th aqueous hydrochlorlc ac1d ylelds prec1p1tates of novel o
cycl;c carbene complexes (II-8) | The mechanlsm by whlch an
organlc group is cleaved from the group IV metal has not been
' ascertalned but llkely pOSSlbllltles can be postulated o

dlrectly, promoted, accompanled or followed by coordlnatlon '

. to the group IV atom of an oxygen atom, rather than a

-ob

chlorlde 1on as in’ I—17-20..;’."b ‘
| Another possxbility is that ‘a reactlve hydroxycarbene ‘1f~
1ntermed1ate,-l9, is formed and then cycllses 1n a four-v'ffé

'centre type of process (II~9) % This appears fea91b1e 51nce ho;;yjl
1t is known that lithlum acylates are readlly protonated to ;1;;t}f
give hydroxycarbene complexes.11 If the intermedlate 19 |

l» is involved it 1s of course quite possible that two suchtm<u

e
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N[ Nel Nl
.oc l ,/’d/'kﬁggé? OC\\;,'1' ' '
oc>£ o V‘e " OC/ T\CO |

)

. R = Ph,‘bMeé; M =Mn; M' = ;‘Ge.. . R _=  .llvl_e;_-.__ M= R.e‘;-M'f.»,=. :Gé, ‘Sn',‘.'b
l amolecules could comblne to ellmluate two molecules of RH

‘l-fg1v1ng elther one molecule of dlmer or two molecules of
vfmonomer.‘? l o l o | 1 - R

ni In cases wpere R‘) Me the protonatlon reactlon was.

: ffaccompanled by v1gorous gas evolutlon, presumably due to |

‘ ';cthe formatlon of methane.' The reaction of aza-Ph3GeMn(CO)4

“'flc(OLi)Me with Me DPF in water (11-7) results largely in

| . the formatio? of cyclic product._ A G. L C analysls of the
f'lorganic product of thxs reaction revealed 1t to be benzene

(no toluene was present), and thus the cycllc product must ;*f

"result from protonation»of the 1ith1um acylate 1n ‘this fo{-

O . .
et ‘, :

"”,reaction.ﬂ?f,.a S




~ Some Unsuccessful Reactions
e Attempts have been made to form related cyclic derlva— -
”-tlves in ‘an effort to extend the work descrlbed above. ;Some.
of these reactlons w1ll now be descrlbed The reactlon of-
Pan(CO) with MeLl 1n ether appeared to yleld a llthlum

1Ph3

A":acylate by 1nfrared spectroscopy rn a reactlon analogous to

"'II-A;: However, thlS rntermedlate appeared to be unstable
.1n water and the yellow aqueous solution rapldly turned |
' brOWn. No attempt was made do protonate the 1ntermed1ate,-.
‘but attempted ethylatlon w1th Et3OBF4 ylelded only a black
i_fpreclpltate.b An 1nfrared spectrum of thls materlal 1n a .

‘rlhydrocarbon solutlon showed the presence of a llttle

L Ph3Pan(CO)5 but no. other carbonyl“ccntalnlng SPeCles' lv‘

| L?;! Protonation of czs—Ph3SnMn(Co)4C(0Li)Me w1th aqueous:'f

p;hydrochloric a01d produced an orange tar whlch solidifledff;ﬂ:

il'flwhen drled under vacuum.a This material was very unstable;f

x‘in oyalohexane solution and has not been characterlsed

.‘fThe reaction of the analogous trimethyltln-salt yields a

'di'yellow-brown oil which solidifres upon stirring in the

e'f_aqueous

fflutiqn. After drying, an infrared spectrum in:-i'lff"‘

'-l{fmethylene chloride solution reveals a complex mixture of N

5 Infxared spectra have indicated that MeBSiMn(CO)5

‘1“jtrgactsuwith methylllthium to;*ive.the_expected 1ithium




47

acylate, analogous to II 4, but protonatlon with aqueous
_'hydrochlorlc ac1d 1nduces metal-metal bond cleavage,v
eylelding Mn (CO)lo as the carbonyl-contalnlng product

61 with MeLl in

The reactlon of trans Ph3GeW(C0) NO
ether appeared to give an anlonlc ccmplex by 1nfrared '
spectroscopy Attempts at ethylatlon and protonatlon
_resulted in much decomp051t10n and the small amounts of
-carbonyl—contalnlng products obtalned have not been |
characterlsed »‘4 . | ‘. | bk .

It has also Beeh fodhd»tﬁatt(hec )Fe(CO) 51Ph3 and
(n C )Fe(CO) SlMeZPh do not react w1th MeL1 1n ether,"
aand the latter complex simply decomposes slowly in the~\”
*presence of t BuLl w1thout apparent formatlon of a’ new

"W“carbonyl derl&atlve._"
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» EXPERIMEN'l‘AL- -

L3

| All reactlons were carrled out at amblent temperature‘
r-under a statlc nltrogen atmosphere and SOlld products were'
»Jhandled w1th mlnlmum ?xposure to alr.f Ether and tetra—
hydrofuran were drled by dlstlllatlon from calc1um hydrlde“
and solVents were saturated w1th nltrogen prlor to- use.
Publlshed procedures were used for the preparatlon o
.IVM;3GeMn‘Qst, ? Ph3GeMn(CO)5,63 Ph3GeRe(CO)5,64'and‘_‘ f
‘S'nRe('CO):-'60 employlng the general method as outllned

3"
"by Gor51ch ‘1n all cases.f We belleve that Me3GeRe(C0)5

‘Me

1s a. new compound and 1ts preparatlon by the same general
7;meth0d 1s descrlbed below. L v

S

Dlrhenium decacarbonyl was purchased from. the Pressure"y

"Chemlcal Cc., Plttsburgh and dlmanganese decacarbonyl from -

'i;strem Chemicals Inc., Danvers, Mass. Trimethyltln- and -

o triphenyltin-chlorxde were obtained from M & T Chemlcals

'”djiInc., Richmgnd, Ca.; triphenylgermanium chloride from

*ujrstrem Chemicals Inc., and trimethylgermanium brOmlde from ‘;f7f<f

”T-}’Alfa Inorganics Inc., Beverly, Mass. Solutions of methy15

"lithium rn ether were also obtained from Alfa Inorganics Inc.:'”'
| Melting points were determined u51ng a Kofler hot |

"”:nfrared sPectra were recorded
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vsuppliedfby:tne:spectrOSCOpy 1aboratory Of'thisﬁbepartmentd'
: and recorded uslng a Perkln—Elmer 421 spectrometer..
Mlcroanalyses were performed by the mlcroanalytlcal
| laboratory of th1s Department and by the Alfred Bernhardt
Mlkroanalytlsches Laboratorlum, 5251 Elbach uber.
-vEngelsklrchen, Frltz-Pregl—Strasse l4~16 'West Germany;__'

\ 43
13C NM# spectra were obtalned u51ng

Natural abundance

, the Fourler transform pulsed NMR technlque w1th proton
bpdecoupllng.~ Varlan HA 100 and Bruker HFX—90 spectrometers

. were used operatlng at 25 15 MHz and 22 6 MHz respec—b'. |

'tlvely. 1H NMR Spectra were recorded u51ng Varlan A60
';'A56/60 or HA 100 1nstruments.v-{; b};jf_..b{_.b' ,'4“i fazul

| Mass Spectra were obtalned by electron 1mpact (70eV),-c
l_employlng a dlrect probe, us1ng Assoclated Electronlcs |

Industrles MS-2 MS-9 or MS-12 1nstruments.-

The gas chromatographlc analys;s was carrxed out u51ng

','an Aerograph Manual Temperature Programmer Gas Chromatograph “z”

. . ”&: Lt "?'qﬁ ;.3X

-,;(Model A-90-P) using helium as carr;er gas.}ta

- Ppifn3s<co> 5 o

” S——— u
b foeo coh
<

h48 waa used Dlrhenium deca-? L.

The method of Gorsic

: "i&;carbonyl (5 0 g, i‘7 mmol) wa_freduced to (OC)SRe Na by




’eVaporator, followed‘by recryStallization from acetone/
E water yielded the whlte product (2. 53 g; 41%) [M P. 58~ 9°C
IaIR(cchohexane) v(co) 2111 (W), 2002 (vs), 19895 (m); Mass |
': spec. parent m/e 444-.1H NMR- (CDCl ) 51nglet T 9 41
'Analy51s,’calcd ( )i C, 21 64; H, 2 04 Found (%);_C,l '
21 56; #H, 1. 671, | |

;o

o Prepafation'ofgCycliC'Carbene'Complekes o

To Me, GeMn(CO)5 (5. 0 g, 16 0 mmol) dlssolved in ca.

: "3
"100 ml dry ether was added from a syrlnge an ethereal solu~f
ltlon of/l 5 M MeLl (11 0 ml, 16, 5 mmol) A rapld colour

| "change from colourless to yellow was observed After a fewh'.j
&‘mlnutes the solutlon lnfrared spectrum taken 1n ether .

'.‘tlndlcated the total dlsappearance of startlng mater1a1 and

fl'formatlon of czs-Me3GeMn(CO) C(OLl)Me.1 The ether solvent

'_‘Was removed under vacuum to‘leave a yellow-brown, 01ly

h.:.re31due.f This Was extracted,with oﬁ 60 ml water, flltered

:"leand dllute hydrochlorlc acid was then added dropwlse to ‘}'

it'ithe clear, yellow solution.- Inltially some turbldity was

'7'.i_observed and v1gorous gas evolutmon accompanled the forma- ;I”;

'iiiwith 2 x 20 ml ua

';i;tlon of a yellow oil which floated to the top of thE aqueous "j7 o

fﬁsolutlon., This oil solldified when gas evolutlon ceased

- ':ﬁtovgive"efpale'xellth‘materlal. (The pH after completlon

df_ was approximately 2 as shown by

"-ijydrion papers) '\The product was filtered, washed

andydried under vacuum.ﬁ The above



"method was usedbto synthesize'MezsnRe(CO) COMe, MezGeAQZCO).—J<
'coue Ph GeMn(CO) COMe and thGeRe(CO) cone, though usually -
on: smaller scales.v In the latter two cases gas evolutlon

as not observed durlng addltlon of the a01d

Ylelds were goodvand the products were analytlcally
ihand spectroscoplcally pure except 1n the case of
MezsnRe(CO) COMe. . ThlS complex was purlfled by dlSSOlVlng
in dlchloromethane and addlng n-heptane, remov1ng dlchloro~)
'methane under reduced pressure to the p01nt of turbldlty, |
| and coollng the solutlon to —15°C The " same method was
used’ to obtaln crystals of MezGeRe(CO) COMe - (actually 1n
- its’ dlmerlc form) sultable for X-ray crystallography._"Eor
‘hthe complexes which were analytlcally pure w1thout recrystal-fﬂﬁ'
'lizatlon, the crﬁde SOlldS were elther white or pale yellow, |
Ar}’the yellow colour presumably arlslng from adsorbed traces
..of 1mpur1t1es whlch d1d not show up speqtroscoplcally.. Theff

’"data presented 1n Tables I-III applles to the crude sollds

.'except as. noted ._,d‘eh”j;f%f“"lf7f:"»_AfVH"'l R A;o

| "Gés‘Cthmatéq;apﬁicfwbrkJffff"
Treatment of cis-Ph3GeMn(C0)4C(OLi)Me with Me30PF6 as =

»j“descrlbed 1n Chapter V yields a 5011d mlxture of the iycllc

s;.;ifphZGeMn(CO) COMe and czs-Ph3GeMn(C0)4C(OMeDMe-- The solld

'.ftwith 2 x 5 ml ndpentane{'"

"5:wa8 removed by filtratxon and the aqueous frltrate extracted ffjj_7




and dried over anhydrous sodium sulphate. -The solutionl.-

;volume ‘was then reduced to a few drops by rotary evaporatlon;,

¢\
(W &

- Benzene and toluene as n- pentane solutlons wbre g“
1‘separately 1ntroduced 1nto the gas chromatograph to‘establlsh'
llthelr.retentlon tlmes. The n—pentane solutlon from above
'3iwas then 1ntroduced and w%s found to contaln benzene and
f;not toluene., To ensure that the n—pentane solvent employed
1d1d not.contaln benzene a 10 ml sample was reduCed in volume
'ﬁto a. few dr0ps and a portlon 1n]ected 1nto the gas chroma—v ‘
J,tograph no benzene was present Flnally the retentlon‘"v
:ﬁ'tgmes of the benzene and toluene standards were rechecked

N and were found to be unchanged durlng the. course of the

”iexperlment



CHAPTER III

‘Dimer-Monomer Equilibria'in Solutions of CYclic Germoxy-

~and Stannoxy carbene Complexes of Manganese and Rhenlum
g’l'\ . :
: ) . i.‘/(\)

" Introduction

- 'In Chapter IT a number,of'novel heterocyclic carbene

' derivatives:have'been deScribed The empirlcal formulae

'yvof the complexes were established by analytlcal data, and

' "v‘;ratom bonds..e_:ﬂif,G,ﬁ9§:n

.-mass and 1nfrared Spectra were cons1stent thh monomerlc“ &
formulations for the c0mplexes. H0wever, varlable tempera-
'ture and variable ¢oncentration lH NMR studies have since -
_establlshed that dimer-monomer equllibria exlst in solu-;
b,tions of Me2GeMn(CO) COMe and its rhenlum analog. In the

; former case 13C NMR- has been used to 1ndlcate that both

monomerlc and dimeric specxes contain carbene carbon atoms
‘l‘(see Chapter VI) The ex1stence of a dlmeric form for
-;i;MezGeRe(CO) COMe has also been established by X-ray crystal— .
ilography (see Chapter II) The type of dlmer—monomer | '
";requilibrium described here 13 w1thout precedent in the
'ffield of metal carbene chemistry, and earlier variable |
‘»'temperature B NMR studies have involved only 1ntramolecu1ar~v'
ii_phenomena, namely. restricted rotations about metal to |

ﬂcarbene carbon bond565

or about carbene carbon to hetero-
66 : A e

L
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Results and Discussion

The 'H NMR of Me,GeMn(CO),COMe at 31°¢ in'c02c12

2
',clearly shows the resonances expected for the methyl group
attached to the carbene carbon and the two methyl groups
attached to germanlum'at T 7.32 and»T 8.90’respect1vely
'(see Figuref9)._»A'rather_concentrated solutionawas~usedvto
obtain this spectrum1andthere_was,SOmefevidence’that'a ' |
peak.pf.low intensity'exists:to slightlydlower field'than.
’the C—CH3“resonance._ The solution was therefore COoled and;

1,Flgure 9 shows that at low temperatures two palrs of peakS’

1are clearlx v1s1ble. ThlS process was found to be completely

. <
, reversrble._ A low temperature 13C NMR spectrum in CDCl3
'exhlblts peaks at -337 6 and 335 1 p-. p m. 1ndlcat1ng that
both-spec1es present contaln carbene-carbon atoms., The 13C1

~NM _the dlmerlc form of ‘Me. GeRe(CO) COMe also favours a

PR 2!
' metal carbene formulatlon (see Chapter VI for a, further'

_ddlscu951on of 13c NMR speptra) On the ba51s of these

/results a quantltatlve 1H NMR study was undertaken to deter-“"

-:mlne the nature of the low €Emperature speC1es.p The two-r

‘*‘peaks due to the C-CH3 groups of - the monomer and dlmer ‘

0

',ﬂnear T 7 32 were reasonably well separated (17 5 Hz) and fﬁ*""

'""their relatxve 1ntensxtY COUId be determined through théd e

5’use of peak lntegrals. Both varlable temperature and
, R

rzvariable concentratlon studles have been carried out and tJ ~

,1the latter have proved crucial 1n establlshlng the nature W

._u;ﬂof this,phenomenon. €3h“«e4f; ";[95;-{hij“~:jdj,1“.4; e
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Figure 9. 'Variable tempexature y NMR study of .

MengMn(CO)4CQMe in sz?lz‘f

3



" dimer molecule has twice the mass

56

A t&pical variablelconcentration‘study'at,a fixed
temperature in CD,C1, is shown in’Fignre 10. It'can be
seen that the relatlve peak 1nten51ty is strongly concen-
ftratlon dependent, ellmlnatlng ‘the p0351b111ty of . Qn 1ntra—
,molecular process; Equlllbrlum constant values obtalned at_
this temperature from treatment of the results in terms" of
‘a dlmer-monomer equlllbrlum were satlsfactorlly constant
The assxgnment of peaks due to dimer and monomer'&s shown
1n Flgure 10 _with the peak due to the dlmer 1ncrea51ng in
1nten51ty as the solutlon concentratlon 1ncreases._'The
'_ equlllhrlum oonstant( Keq' can be deflned ‘as: . | |

K - = Imonomer]

for the rocess:dimer:#==2 monomer °
eq - [almer] j _p. R : . R

wheré-t' j ;eptesents'the‘concentnation in}mollfl,
Values of K eq can be easxly calculated when 1t 1s reallsed
that the 1ntegrals of the monoé@i and ‘dimer NMR peaks are,
‘aproportlonal to the masses of monomer and dlmer present 1n'“ :
solntlon.* Substltutlng into- the above equation for K eq
"ione can derlve the expre851on.' | o

. v Whereas the monomer peak 1ntegra1 is proportlonal tov
the number of monomer: molecules, the dimer peak integral = -
is proportional 'to half the number. of dimer molecules, -«
since each. dimer contains two C-CH, groups. However,.each
3f a monomer molecule =
 and hence peak’lntegrals are proportzonal to the masses of -

. each species present..
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| V_fcase does not provide unambiguous prOof for the existence

58 -

where Mm.

= mass of monomer in grams
| Md = mass of dimer in grams
Vo= volume of solutlon 1n litres
C "M,Wim %

molecular weight of monomer

_ Thus,-knowingithe total mass of material in . solutlon,.

‘the solution volume, ‘and monomer and dimer peak - 1ntegrals,,

/

Ked can be dalculated : Values of K eq for several variable'

‘concentration studies 1nvolv1ng the compounds Me GeMn(CO) -

o 2
COMe and MezGeRe(CO) COMe are shown in Table V.
‘ r

\ typical variable temperature study for MezGeMn(CO)4
COMe at a fixed concentration is shown 1n Figure ll : Using

. the 1ntegrated peak 1nten51ties values of K q could be
'~balculated at each temperature u91ng the expressmon for
~'Kéé shown above (see Tables VI and VII) f Thermodynamic
'i:parameters for the drmer-monomer equilibrium could then be
1mobta1ned by plottlng an eq vs.v%, where T is the absolute
‘temperature. The values for AH° and AS° quoted in Tables VI
.'and VII were in fact obtained usxng a leastwsguares computer
’prrogram rather than a graphical plot the error limits
Vdfquoted represent standard dev1ations.v It is important to

1,note that the linear plot of an eq. vs.'; observed in this o

e
R

s
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Figure 11 Variable temperature 1H NMR study of

MeZGeMn(C0)4CQMe in chch' showing an expansion of the

C-»(;H3 regj_on iny' L o . . «l R
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. TABLE VI

B

1H NMR SPECTRA OF Me GeMn(CO) COMe ‘

2

oy e ("i'K')'

VALUés OF K q,‘AH° AND AS°® FROM VARIABLE.TEMEERATURE"”

61

4 T IO

5.7 264

s s
"'ib;bés,. : :k'-oj'.}n*u”.n 203
T 020 215 |
g ;-7W° 14fff5311ef ;f_giglfrfﬁif2§97,ef¥
AH" (standard dev1at10n) -x+6 7 (tO 3) Kcal

_'VAS"*b (standard deviation) = +27 9 (;tl 4) e ﬁ i

Concentratmn 13 2 mg/o 25 ml CDZCZI,2 for both runs.-:'}._; e

| Solutions made up separately. Combined data from runs 1‘

and 2 used in calculation of AH“ and AS"
;» o

bDefined for pxocess dimerszz monomer.



TABLEVVII |

'VALUEs‘OF.K‘é AH“ AND AS°'FROM VARIABLE TEMPERATURE

ln NMR SPECTRA or MezGeRe(CO) COMe |

. Keq Lo a :Tl(olx.).
T Run 1 L
0.030 ° 304
S0z T ggg
S0.015 993
o010 - g3
00074 g
0.0052 o oap3
T e

B e 1Y
o026 g
o, 017 - 206
0013 . 291
o.0088 - 285
0.0089 g

0. 0070‘7'"",?7;f o f,-'gaziS-;;:

H°b (standard deviation) = +9 0 (+0 4)‘cal

(standfard deviation) = +22 6 (:tl 4) e u.: L

Concentration 9 4 mg/o 25 ml CD Cl for both

runs. SOIutions made up separately. Comb:.ned data

from runs 1 and 2 used in calculatzon of AH° Aand As° '

bpefined for process dimerw-_sz monOme:,u e

VT U S S :
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.of a dimer—monomer equilibrium A satisfactory'linear

graphical plot over the limited temperature range employed

( 70 to -25°C) can- also be obtained if K é values are cal-

) culated assum1ng an intramolecular (monomer.-_-t monomer) ‘

Tprocess. Thus the variable concentration studies at a

fixed temperature are essential in establishing that the

‘,process lS a dimer-monomer type of intermolecular process.

The above results could obViously equally well apply
'_to, say,va tetramer-dimer as to a dimer-monomer equilib~ _“
~rium., The fect that the latter process is" in fact involved
“has’been confirmed by a solution molecular weight deter—

| Tmination of MezceMn(CO) COMe under conditions where 1ittle

~1

0
. 37 CHzBr2

'l_solutlon) The osmometric molecular weight was found to-

of the assoc1ated form is present (11 4 mg ml

be 318 which 1s very close to the calculated value for the

v

"mymonomer of 313 SOIution infrared spectra which are

Vacarried out using even less concentrated solutions show

'f»yyonly one species present in solution and this must also

o f,be monomeric. ;’h51f7‘°[fifggiﬁ¢';¢ | "t;.vf T L R

IS

Reinforcement of the idea of a dimer-monomer equilih- ~~°

' ;rium in the case of MeZGeRe(CO) coue has come from x-%ay

m-jjifcrystallography.v Recrystallization of a. sample of the

'*7complex from a fairly concentrated solution at -15°C

:'V(conditions under which the associated form would predomi-

"fslfnate) yielded crystals suitable for an x-ray crystallographic

. *study.‘ This has revealed the dimeric form of the complex e

(see Chapter II).
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[

The d1mer1c form is more favoured for the rhenlum

‘ derivatlve than for 1ts manganese analog at a glven tem-

perature and solutlon concentratlon. Hence, whereas 1n the
manganese case. varlable concentratlon studles were carrled

out at ea. -30° 1n order for an apprec1able amount of dlmer

to be present the rhenlum system could be studied at Toom

tf.temperature (see Table V) - It can be seen (Tables VI and
j"VII) that both AH° and AS° terms favour a hlgher proportlon
_dof dlmer in the rhenlum case, compared w1th 1ts manganese

‘analog under the same condltlons. It 1s p0581b1e that 7”5

sterlc effects may be of 1mportance here as there may be

' ;greater rlng straln ln the four-membered heterocycle con—

'.talnxng rhenlum compared thh manganese, maklng dlmer

_formatlon more favourable 1n the former case.»

;:complex of emplrical formula MezsnRe(C0)4C0Me 1nd1cate

'.trations of 4. 863 and 6 519 mg ml in CH2C12 at amblent-'iv_t o
' 3temperature were 956 and 984 respectlvely) In a H NMR._,'

OSmometrlc molecular welght determlnatlons for the

et

"“>that it is essentlally completely dlmerie at ambient tem-
?iperature even 1n dllute solutlons., (The molecular welght

f calculated for the dlmer is 980- values found at concen-i o

-1

lf?“spectrum in C02012 at ambient temperature sxgnals due tO;iT'

p.“only one specles (presumably dimer) were observed

(Figure 8) and an‘attempt to obtain spectra at hlgher O

ifftemperatures in CDCl in the ggLe of observing some monomer

,Ae'was inconclusive, since at the low.concentratrqs gmgloyed

4 .

L
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v
lthe complek is‘not.veryvsoluble in-CDéCl2 orBCDCI') the
’51gna1 to n01se ratlo rapldly decreased above amblent tem—
,perature. o |

It has been obsegved‘ln studres of the dlmer—monomer
eQulllbrla that Peak coaleS%ence does not occur as the tem-d7'
d-perature ls 1ncreased ‘rather - the relatlve 1nten51ty of the
peaks’ due to monomer and’ dlmer change. As explalned aboye,:hkx
in ‘all but the most concentrated solutlons no dlmer 1s |
“h'VLSlble at amblent temperature in the case’ of MeZGeMn(CO) COMe._
It appears that as the temperature 1s ralsed to room |
temperature the peak due to the dlmer 31mp1y decreases in
“-intens;ty and d1$appears 1nto the base 11ne W1thout the‘

-occurrence of peak coalescence. If peak coalescence were

. occurrlng one would expect to see llne broadenlng as the

o temperatUre rlses, but in fact the lines become sharper

((see-Flgure ll) ' The llne broadenlng observed at lower
"temperatures arlses from v1scosxty effects 1n solutlon, as
‘shOWn by ‘the: fact that the peak due to the 1nternal tetra—v‘

Y

) - methylsilane reference also broadens at 1ower temperatures.

"5V1sc051ty broadenlng 1s not observed 1n the case of

N

} MezGeRe(CO) COMe, more dllute solutlons were employed at

7?,{temperatures between 0° and +35°C to study 1ts dlmer-monomer

'f_equillbrium, these condztions belng necessary for the

jfobservatxon of apprecrable amounts of monomer. The fact A

’“[ythat peak coalescence dqes not occur in either the manganese

: ;1% e jfd'fpf.ﬂﬁvﬂyg j¢7“
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rd
B

or rhenlum case establlshes that the 1nterconver31on of
monomer and dlmer 1s slow on the NMR tlme~sca1e at amblent

‘temperature.

Possible Mechanisms for Interconversion '

Two speculatlve schemes for the formatlon of a molecule
of dlmer from two molecules of monomer are shown in 20 and

21‘. These postulate nucleophlllc attack of the carbene

./

. .'54 |
Me; Ge (T/_\»Te T(CO)‘.
(OC)M —-—ﬂ—-c&;,:o)‘ ——GeMe,
Me
| 20

M »é!z S
~ MeC- _(/ e e———M(CO)

L
. " u M———e e o>———-c Me

"_.”Zlv;f
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oxygen atom upon germanlum or carbene carbon atons 1n
“another monomer molecule. P0531b111t1es 1nvolv1ng the

,breakage of metal to carbene carbon or. metal to germanlum
. e

‘o

bonds appear to be 1ess llkely

B It would be expected that the oxygen atom 1n the four-
‘membered monomerlc heterocycle mlght retaln some nucleo-
'phlllc character desplte the donatlon of ,sSome of its lone
"palr electron den31ty to the carbene carbon atom.y Indeed,l
it 1s thought that in the am1n01y51s reactlon of

,Cr(CO) C(OMe)Ph w1th prlmary amines to form . amlnocarbene
- j

complexes (a reactlon of the type 1-2) the 1n1t1al step of

the reactlon 1nvolves hydrogen bondlng between the oxygen

atom of the methoxycarbene group and a hydrogen atom of an.

67
amlne or solvent molecule. .

The electrophlllc character of carbene carbon atoms has
been clearly shown 1n several reactlons.* In Chapter I thelr

_.}react1v1ty towards such nucleophlles as phenylllthlum16

22 4

"and phosphlnes has been descrlbed. The electrophlllc

t

‘_character of the germanlum atom ln the new heterocycles

has been shown by reactlons w1th methylllthlum and methox1delvf-“\ﬂ

'fmlon descrlbed in Chapter IV.
As polnted out earller, no precedent ex1StS 1n the

> ey
e

_lm of metal carbene chemlstry for a dlmer—monomer processi‘

CoE this type. : Very recently however °r9an0'5111°°“' -

',—germanlum and -tin heterocycles of the type 22 have been’ '
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N .
v

vpostulated to ex1st in assoc1ated forms, based on 1nfrared ‘

&;aj) . .
ev1dence in the carbon~oxygen stretchlng reglon.68 The

3

\process is thought to be solvent and temperature dependent

and to occur v1a coordlnatlon of the oxygen ‘atom to the

atom, M, Qf'anothervmoiecuie, in.a.ma%her analogous to,

21 above. 7;’ ":""o . :t,.vhﬁ L

| Desplte the fact that p0551bll;i1es such as 2 20 and 3}.

:appear fea51ble, no p051t1ve ev1dence to support or dis;

.tanUlSh them ex1sts._ If. elther of these pathways is 1n fkr
_effect one mlght expect that the adgltlon of a Lewxs base

'"esuch as dlethyl ether mlght have a marhed effect on the -

< p051t10n of the equlllbrlum.' However, ?1 has been found?
that addltxon ofean approximately equlmolanlinount of

‘ether (equlmolar based on ‘the. complex MezceMn(CO) COMe belng

.s'entxrely monomerlc), 1ncreases the equlllbrlum constant ;"
",’eq only £rom 0.46 to 0.78 at -38. 5 (£2) and -37 (#2) °c .

‘t.respectlvely. Considerzng that K eq values are only re- -

produc{ble 1n 51ngle determlnatlons to ca; ilO% at ‘a glven
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temperature and the fact that £he slightly higher tempera-
ture af which the spectrum was recorded in ﬁhe preSence‘of
ether would cause a Sllght ralslng of the value of K Q' the
observed change is rather minor. Alsolln this regard, some
1nteract10n of chlorinated solvents with the earbene hetero-
‘cyelee c;hnotlbe e&iminated;} This mightjrationaliie the
small effect of the addition of diethyl°ethen'in_the‘préeence
'of,e large excess of CDZClé;'and might also be cohsistept |
with the earlier observation (Cha?terblf)'that the-cyclie‘

-carbenes are all much more stable in chlorlnated solvents

than in hydrocarbon SOluthnS.
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EXPERIMENTAL

’
The complexes of empirical formulaerMe%Gth(CO)4COMe;
‘MeZGeRe(CO)4COMe and Me£SnRe(CO)4COMenwere.prepared:as
described in’Chapter'II‘. Samples for 1y NMR work were
preparedlby carefully weighihg_the desired-amount of
‘mMaterial and addihg a known amount\of‘nitrogen-saturated
CD Cli from a syrlnge. ‘After dissolving the soiidvsample‘
‘the solution was transferred to an NMR tube using a dls—»'
‘posable plpette. The tube was quCkly filled with nltrogen o
sand capped after the addition of one drop of tetramethyl-
-‘silane. (The unknown volume of thls drop and small: evapo-
ration losses of the volatlle solvent ‘during the preparatlone'
of the sample are potential sources of small errors in |
:values of K ). |

eq
The varlable temperature and varlable concentratlon

g NMR spectra were recorded using ‘a Varlan HA 100 1nstru-:
”-ment. In the case of MezGeMn(CO) COMe the temperature was
regulated u31ng a Varlan V—4341/V—6057 temperature control
unit, and the temperature accurately measured before and
after runnlng each spectrum using a thermocouple. A

: Bruker B-ST 100/700 temperature control unit was employed ~
for spectra of Me GeRe(CO)4COMe. Th;s unrt\contalns:an '

"internal thermocouple and no external callbratlon was

4therefore requlred. Peak lntegrals were recorded*for a1171
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spectra and Ké values could béWCa}culated as;desdribed in
~thé text.' Two indepehdent variable tempefature runs at a
fixed'doncehtration‘weredcarried out for eachdcdmplex. The
Keq data-ffom the.twodindepeddent runs wefg combined and .
'.a'leastvsquéres pfogram'was;dsed to calculate AH® and AS°;vaé
udescribed in the text.. | | |

| "Osmoﬁéﬁric_moléculaf weights were determined in the
micrgéhalytical laboratory of:this Department‘and by
'd'Alfred'Bernhardt MicroaﬁalyﬁiSCheS;Ldboraforidm,_West

“Germany.



" CHAPTER IV

The Reactivity of.Cyclic'Qermoxycarbene'complexes‘of

 Manganese and Rhenium Towards Nucleophiles

IntrOdoction

.‘As desctibeo in Chapter I, traneition.ﬁetalloarbene
 comp1exes have been found to react w1tp nucleophlles such
as‘poosphlne522_4 and phenylllthluml6 with attack occur;}ng
tat thefcarbehe;cerbon atom.>,The3nove1_cYciic'gerﬁoxy;._.
carbeng-c¢mplekes.oesctibed in Chapter;II'might‘also be
expected to.Show'this tYpe~of7behaviour;‘AIn'the pfeliminery»f"
studies/descrlbed below it has been found howeve;,‘that
~,products from reactlons of methylllthlum or methox1de 1on

- with the cycllc complexes can be ratlonalised 1n terms of
,nucleOphlllc attack at the germanlum atom. On the basxs of

-these 1nterest1ng prellmlnary results it is hoped that

'.further reactlons of thls type w1ll be studled.
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¥

Synthesis and Characterisation of Products

*®

The Reactlontof»thGeRe(CQ)4COMe with MeLl‘ -

The cycllc complex of empirical: formula thGeRe(Co) COMe
reacts rapidly w1th a slight excess of methylllthlum in ether
Tto glve a llthlum acylate presumed to be cts—PhZMeGeRe(CO)
:.c(OLl)Me. Subsequent treatment W1th Et30BF4 in water ylelds -
the novel carbene complex formulated as cw-thMeGeRe(CO)4

f;C(OEt)Me (IV—l) The suggested formulatlon of the product .

.

thGeRe(co) COMe + MeLl ?ther o _
' Et OBF4

» ' 3
cza-thMeGeRe(CO) C(OLl)Me _Water*f R
ete- Ph MeGeRe(CO) C(OEt)Me i »1v-1f

is fully con81stent hlth 1ts mass and 1nfrared spectra, and ‘,.
f~WIth analytlcal data (see Tables VIII and IX and Figure 12)

The attachment of a methyl group to germanium 1n the final

| "ﬂ..product is further supported by a IH NMR spectrum, Wthh

o pt:reveals a methyl singlet at T 9 10 (see Table X). Thls cang'
'ff‘be compared with values of 1.8, 93 and T 9.41 reSPeCtlvely
: fqr methyl groups bound to germanlum in the complexes |

fMezqeRe(CQ)4COMe.and MeBGeReKCQ)Sﬂreported'1n'Chapter %I;,

o In reactions of this type it is not: known whether thehiw
dcyglic carbene complexes undergo nucleophilic- attack in
*”their monomeric or dimeric forms, or both.-;» L
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cts-thMeGeRe(CO)4C(OEt)Me ln cchohexane._é;;QQQ e

Figure 12.[ Infrared spectrum Iv(CO) region];off, o
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Thus, the product of IV-l appears to result from methyl- f
.-llthlum attack at germanlum, although there is no ev1dencev
""to establlsh that the germanlum atom 1s the site of 1n1t1al

o attack

'The'Reaction of‘PhZGeMn(CO)ﬁCOMeJWlth MeLi

The reactlon of thGeMn(CO) COMe w1th methylllthlum is
Vhrather ‘more complex and further work lS warranted on thls

~_psystem. The use of a 5.5: l mole ratlo of MeL1 to v
L . eﬁ’\\ . .
-_thGeMn(CO) COMe in ether, followed by treatment w1th

Et 3OBF 4

’*C(OEt)Me as a yellow orl, 1n a reaction analogous to IV—l,

in water, ylelds exolu81ve1y czs-—Ph2MeGeMn(CO)4

”.Repeated attempts have falled to prov1de a sample of the -
’hlghest analytxcal purlty (see Table IX), but 1nfrared andf
'pmass spectra, and partxcularly a lH NMR spectrum have g

\allowed an unamblguous structural assignment to»ﬁe made

| lj(see Tables VIII and x and Flgures 13 and 14) The H NMR?E?j,”h?

. h*fspectrum reveals a sxnglet at T 9 05 due to the methyl

";Lfethylammonium-salt, le

gzgroup attached to germanium. The aCYlate Precursor to theﬂ S

; G
joréggg in¢ff

”-Ph MeteMn(cp) C(O)Me][EtrN], which

‘-dfinal product has bee:ﬁ

S

.3rpfhas been analysed (Table Ix), and whose infrared spectrum

f;fresembles that of the complex [Bts-Ph GeMn(C094C(O)Me][Et Nl

. C(O)MeJ[Et N] with Et

7"f;Mdescribed in Chapter V. Treatment of [oziaph’zMeGeMn(co)4

3OBF4 in dichloromethané yields

’*°¥h7o?ata-Ph2MeGeMn(GO) C(OEt)Me. ,},;x;a,%;ﬁiﬁ;?>j;{;;x-f’[
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Figurg 13.a Infrared spectrum [v(CO) region] 6f

fozs-ehzueceMn(co) C(ost)ue in. cyclohexane.

g Y




80

.€

e

oL - 06- o8 . 0z

Huao ut mzﬁumovo Aouvczmwmz amlmﬂo mo ssuuommm mzz H.

pv*p R L
09 __ow. B ov 0T . QN

.
L .ﬂwwmhﬂmﬂm_

3

-mu-u-—--_qu-u—-—-—q--ﬂ--ﬂ—--—-—-—«-u-

--~—--—--—&u-q—-d‘-—-.H-—q-un—,-




add

81

If an equlmolar quantlty of methylllthlum is added to

PhZGeMn(CO) COMe in ether, 1nfrared bands due to two anlonlc

| species are observed .one of them belng czs—thMeGeMn(CO)4

C(OLl)Me.:‘ Addltlon of a 1ess-than—equ1molar quantlﬁ?‘of
methylllthlum to thGeMn(CO) COMe in ether appears to in- -
crea51ngly favour ‘the unldentlfled anlon as the proportlon
of methylllthlum 1s decreased whlle also 1eav1ng more_”

unreacted startlng materlal Upon'further addltlon of

'vmethylllthlum the unldentlfled anlon is conwerted 1nto

cts-thMeGeMn(CO) C(OLl)Me. Treatment of’ the unldentlfled
anlon w1th Et3OBF4 ylelds an lmpure yellow 011, whose 1nfra-
red and mass spectra closely resemble those of a,sample of :
Ph FGeMn(CO) C(OEt)Me, a novel. complex whose synthe31s by
another route is descrlbed below.. ; o

(’3.-

The Reactign’of-phéGeMn(cQ)4coMé'with NaOMte -

The reactlon of thGeMn(CO) COMe w1th excess sodlum

— :

" C(OLl)Me. Th, structure of the other spec

LI

L methoxlde 1n methanol proceeds cleanly, and 1nfrared

spectra recorded 1n dlchloromethane after removal of: the o

7 methanol solvent lndlcate formatlon of ‘an- anion. If an 'A g

'l equimolar Quantity of sodium methoxlde is employed, the L

' o %‘ : B -t, .' . o . -~

Most of the 1nfrared bands appear to overlap, but the
hlghest energy band. of each species is clearly ViBlble.,
These :peaks: are observed -at 2038 and 2026 cm-1 in diethyl
ether. and thelatter is- assigned to- czs-Ph MeGeMn(C0)4-**’ :

ies 1s not known.:

’*'t!r‘

e B
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same anlon is produced and some. startlng mater;al remains.w

'_Treatment of the anlon W1th tetraethylammonlum bromlde 1n

water does not yleld [czs Ph (MeO)GeMn(CO) C(O)Me][Et N],

" but a complex belleved to be the first hydroxygermanlum~

o transxtlon metal derlvatlve, [czs =Ph (HO)GeMn(CO) C(O)Me][Et N]

It seems fea51b1e that the reg%tlon of sodlum methox1de w?th

.Ph GeMn(CO) COMe mlght 1nit1ally result 1n a methoxygermyl

‘derlvatlve and that subsequent reactlon w1th water replaces

A

'a methoxy group hy a- hydroxy group, as shown in IV—2 Some -

'phy51cal propertles of the hydroxygermyl complex are glven

Et,NBr

" PhéGeMn(CO)4COMe +.MebNa1§EQE>' |
P 4 R

.rIczs—Ph (MeO)GeMn(CO) C(ONa)Me] water s o o2
[cts-Ph (H67GeMn(CO) C(O)Me][Et N] o Ive2

p'» ™
. ¥

v

-1n Tables VIII—X, and its solutlon 1nfrared spect;um 1n the

3
carbonyl reglon is: shown 1n Flgure 15 The presence of an .

.“‘Q

. 0-H group in the. molecule 1s conflrmed by a lH NMR spectrum
Coin acetone-d6 Wthh reveals a SLgnal at 1 5 74, 1ntegrat1ng
's'as one proton, whlch dlsappears upon treatment w1th Dzo (see R

“ ‘Flgures 16 and 1@) CAn infrared spectrum in Nujol shows

o The methoxygérmyl 1ntermediate postulateo IV 2,

'«tih'upongtreatment with Et OBF4 1n water, ylelds thexnovel carbene ;

3

~

The first hydroxy81ly1-tran31tion nmetal complex,«
(n—CSHS)Fe(Cg) SlMe (OH), was recently prepared 1n thls L
. o o A e e

'jt‘flaboratory.a

. S - - g o PR e [ 3 . . : AT Y
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Figure 15. Infrared spectrum [v{(CO) region] of

[cis-Phé(HO)GeMn(CO)4C‘O)Me][Et4N] in CH2C125;

b .
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Figure 16. YH NMR spectrum of [e48-Ph,, (HO) GeMn (CO) ,C (0) Me]

[Et N] in a etone—dg~(the peak indicated by the arroéw was

‘ preseht_in a épectrum.Of the solvent and is thought‘tb be due

8
¢

to water). | |
Figure 17. 1H_NMR spectfum of Iéiésth(HO)GeMn(CO)4C(O)Me]A

: [Et4N] in acetone-ds;'aftér tfeatment WitthZO.'
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complex cis-thFGeMn(CO) C(OEt)Me, as shown in Iv73. It ie of

course possible, based on reaction IV-2, “that the reactlve

, Et3OBF4
fets- Ph (MeO)GeMn(CO) C (ONa)Me] ~Ter " |
cie- thFGeMn(CO)4C(OEt)Me IV-3

species 1nvolved in IV=-3 could be a hydroxygermyl complex
1 _

generated by reactlon W1th water prior to addltlon of the

v ;
_ Et303r4.
fox cis—thFGth(CO)4C(OEt)Me are presented in Figures 18

Spectroscoplc properties and analytlcal results L

and 19. and Tables VIII-X. It'has been shown by Marks et al.

that the BF, ‘ion can act as a fluorlne source when AgBF4

4
36 37
19 used as a reagent in reactlons of the type I-8,

However, 1t is also possible- that 1mpur1t1es in the
\

EtBOBF4, e.9., HF, mlght also be . respon51b1e for fluorlnatlon
13 . B

of the germanlum atom.

AN

It is apparent from the above dlscu351on that Several
{
" features of the reactlons descrlbed requ1re further stgif.

It is hoped that these reactlons and reactions of the

]

cyclic é‘rbene complexes with @ther nucleophlles, both

‘anionic and neutral, w1ll yleld further lnterestlng ‘results.

[y

2
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EXPERIMENTAL

/Reactlons were carrled out. under a static nltrogen

88

atmosphere, u51ng solvents prev1ously saturated w1th n1tro~

~

gen. Dlethyl ether, dlchloromethane, and methanol were
drled by dlstlllatlon from ca1c1um hydrlde, phosphorus
pentox1de, and magnes1um, respectlvely |

Solutlons of methylllthlum in ether were obtalned -

: .from Alfa Inorganlcs Inc., Beverly, Mass., tetraethyl-

'Laboratory, Brooklyn, N Y. "' e

.red mass and

)

ammonlum bromlde and chlorlde were supplled by Eastman

Organlc Chemlcals, Rochester,,N Y., sodxum methox1de was
#

f_‘obtalned from Flscher SC%fntlflc Company, Falr Lawn, N“J

CEt OBF4 was purchased from Fluka AG Sw1tzerland sodlum

3

&

uwere obtalned from BDH Chemlca 8 Ltd., Poole, England and
‘BDH (Canada) Ltd., Toronto, respectlvely.- The compounds
rPh GeMn(CO) COMe and PhZGeRe(CO) COMe were prepared as

. descrrbed 1n Chapter II. o ' ,' L “,.

Mlcroanalyses were performed 1n the Microanalytlcal

,Laboratory of this Department. Meltlng polnts, and 1nfra-

lH NMR spectra were recorded as descrlbed :

nln Chapter I1, - SRS

\ e ’ .“ . :- _— " ;
Where approx1mate pH values .are mentloned an the
followrng reactlons, they were measured u81ng pHydrlon"

F

_1nd1cator papers, purchased from the Mlcro Essentlal

4

A

'vsulphate (anhydrous) and chro atographlc alumlna (ca1c1ned)

o
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Reaction of Ph,GeRe(CO),COMe with (1) MéLi\'. (2) Etf'jOBF;

v

theRe(CO) COMe (0 19 g, 0 33 mmol) in dlethyl
ether (

ml) was added from a syrlnge a solutlon of 1. 5 M -

MeLi in ether (0 23 ml 0 34 mmol) An 1mmed1ate colour

"change from colourless to pale yellow was observed .An

1nfrared spectrum taken after 5 mlnutes reactlon tlme
1nd1cated complete dlsappearance of the rhenlum starting £
materlal and generatlon of an anlon. After’ removal of the
solvent zn vacuo, the pale yellow, olly re31due was ex—'

tracted w1th water (10 ml) After. flltratlon, the yellow

solutlon was treated w1th excess aqueous EtBOB 4; whlch

~was added dropwise until. the pH decreased to. approx1mately

2. Addltlon of the ethylazlng agent was: accompanled by

.cloudlness in the solution and precrpltation of a pale :

:Yellow o0il, Extractlon from the aqueous solutlon w1th |

¢

n-pentane (75 ml), removal of the solvent by rotary evapo-.

U
3

_ratlon, and drylng of the product zn vaauo overnlght

Py .
resulted Ln the 1solat10n of a yellow oil Crystalllzatlon

‘:from n-heptane at -78° ylelded as a whlte SOlld cig- f]

‘_ _j‘ .

thMeGeRe(CO) C(OEt)Me (90 mg) o r"‘l
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' Reaction of PhéGeMn(CO)4COMezWith'(l)Aexcess MeLi,,(zt#.

: . Lo RIS}
ELj0BP, . .

\ -

The features of thls reaction are 51m11ar to those
above. The complex Ph2GeMn(CO) COMe -(0.65 g, 1.49 mmol)

in dlethyl ether (25 ml) was treated w1th excess 1. 5 M MeLl

lln ether (5 5 ml, 8 25 mmol) . The brown 01ly re51due,
[

after solvent removal “was extracted w1th water (50 ml)

;“and filtered to glve a clear, yellow—orange solutlon. B

' [Cautlon. water should be added to ‘the brown 011 slowly,
‘since a v1gorous reactlon occurs w1th the excess methyl-
llthlum] The dropw1se addltlon of excess aqueous Et3OBF4
4untll a pH of about 2 was reached pnoduced a yellow 011
whlch was - extracted wlth n—pentane (150 ml) - Removal of
the solvent by rotary evaporatlon and drylng in vacuo'
ylelded the crude product azs-PhggeGeMn(Co) C(OEt)Me as

a yellow 011 (0 20 g). Attempts at crystalllzatlon from
n-pentane and acetone-water ylelded only 01ls. Slow sub-
~ limation (SF /0.01. mm) on to. a water-cooled probe gave a
'_yellow 011 whose 1nfrared spectrum 1nd1cated partial: -
fdecomposxtlon of the czs-Ph MeGeMn(CO) C(OEt)Me product

to other carbonyl contalnlng compounds.
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Reaction of,thGeMn(CO)4COMe'with (1).excess MeLi, (2)
Et,NC1
N

‘T Ph GeMn(cb) 4COMe - (1 20 g, 2.74 mmol) in dlethyl

ether (40 ml) was added l 5 M MeLl (3 7 ml "5, 55 mmol),

'A'produc1ng a brown solutlon. “An 1nfrared spectrum,_ref

' corded in ether after a few mlnutes, 1nd1cated complete

- reactlon of the manganese startlng materlal and formatlon'
i

prlmarlly of czs-Ph2MeGeMn(CO) C(OLl)Me, plus a llttle of

+

‘the unldentlfled anion mentloned 1n the text (Larger

‘,excesses of MeLi lead to the observatlon -of only eig-

h'Ph MeGeMn(CO) C(OLl)Me, as in the precedlng reactlon)
Subsequent treatment 1n water (30 ml) w1th excess aqueous
'vEt4NC1 (0.66 g, 4.0 nmol) - produced a yellow-brown, oily
Aprec1p1tate. An attempt at crystalllzatlon from acetone-
‘fether was unsuccessful Extractlon of the oil w1th ether
"(300 ml), reductlon of the solutlon volume to 100 ml under
h.reduced pressure, and coollng in the refrlgerator ylelded
.pale yellow crystals of [cie- PhZMeGeMn(CO) C(O)Me][Et N]
| 3(35 mg). ' ,"; 'i ) 5,4 SR ‘ ; : | |

'

Reaction of [qiséphzmeGeMn(Co)4c(O)Mélet4Ni,wittht3oBF4

The ether extractlon from the crude product 1n the
_precedlng reactlon left a 1arge proportlon of the product in"

i T
i S L Lo

RN
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the brown, oily residue. This" re51due ‘was dlssolvedxln
dlchloromethane .(30'ml), and treated w1th Et3OBF4 The

' progress of the reactlon was monltored by 1nfrared Spec—b
troscopy as small portlons of the. ethylatlng agent were’
added Removal oﬁ\the solvent by.rotary evaporatlon, and’
extractlon of the re51due with n- pentane, gave a yellow
solutlon | Solvent removal by rotary evaporatlon ylelded
an 1mpure yellow 011 whose infrared and mass spectra |
1dent1f1ed 1t as ¢is-Ph MeGeMn(CO) C(OEt)Me.

.t | |

Reaction of Ph,GeMh(CO),CoMe with (1) deficit of Meli, |

(2) EtjoBF,

N | | e - 4?

-

A solutlon of the. unldentlfled anlon can be generated
by the reactlon of " thGeMn(CO) COMe w1th MeLl in ether 1n
an approx1mately 2: l mole ratlo._ For example, treatment

of thGeMn(CO) COMe (o 475 q, 0. 95 mmol) with 1.5 M MeLll

LY

,(o 30 ml, 0, 45 mmol) glves a pale yellow solutlon contaln;ng

v

f/*?an anlonlc 1ntefmed1ate which is not cis-Ph MeGeMn(CO)4

}{.C(OLl)Me. (Thls behav1our can be contrasted w1th a reactlon E

At

fln whlch MeLi is in excess vzde supra) Removal of solvent
and extractlon w1th water 1eaves a reszdue of unreacted

‘thGeMn(db) COMe. Treatment of an aqueous solutlon of the

- unknowa anlon w1th excess mquéous Et3OBF4, untll the pH 1s'

/}

’ 'abpr0x1mat91y 2 ylelds a yellow 011 Decantatlon of the d

. P
i



‘agueous SOlution;'WaShing with a small amount of water, and.
drying in vacuo yields avyellow oil, whose infrared»aﬁd
mass spectra,identify ‘it as. impure cis—thFGth(C0)4C(0Et)Me.

GeMn (CO) ,COMe with (1) NaOMe, (2) Et,OBF

Reactionvof Ph 3 '4j

2

).

"

To thGeMn(CO) COMe (0 30 g, 0 69 mmol) in methanol
(20 ml) was added sodlum methox1de (0. 038 g, 0 70 mmol)
. The solutlon was stlrred for 19 hours. Removal of the

4 solvent by rotary evaporatlon ylelded a yellow 011, whose

i 1nfrared spectrum in dlchloromethane<;ndlcated an anloglc

materlal [v(CO) 2040 (m) 1959 (s, sh), 1935 (vs)] as well

4

~_as a llttle re51dual startlng materlal | Extract1on w1th

S

water (15 ml), and.flltratlon were followed bu the drop¥

1vw1se addltlon of excess aqueous EthBF ’ untll the pH was-
approxxmately 2, A yellow oil was prec&pltated, and this
v”was extracted W1th nwpentane (2 X 60 ml). The n~pentene |
jextract was dried over anhydrous Na,SO, overnlqht in the |

2774
refrlgerator.';Flltratlon, and removal of ... soilvent by

rotary'e;ap6ra;i6h,lyfe1dedvalyéllowvoil Thislwas'ad—'
sorbed'oﬁetofalumiha/(ca.‘2‘gﬂ and chromatographed on a
coluxﬁni‘packed_w'ith'alumiha (50 g, 16 cm column helght) '
',usihélnéheptane'as élueht E A 31ﬁgle yellow fractlon

"(ca. 50 ml) was collected the volume reduced (to ca. lO ml)'

: and the solutlon cooled 1n the refrlgerator. Colourless

tcrystals of ais—thFGeMn(CO) C(OEt)Me (45 mg) were obtarned
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(2) Et NBr -

. o N\ | S
Reaction of Ph,GeMn(CO),COMe with (1) NaOMe, 4

¥
j

- The reactlon of thGeMn(Co) COMe w1th NaOMe 1n methanol

was repeated uslng excess NaOMe to avoid re51dual startlng

- . . . '
thGeMn(CO)4CDMe (0.30 g, 0.69 mmol) and NaOMe

material.
(0.076 g, 1.4 mmol) were stirredd n methanol (20 miL;for

24 hours. Subsequent treatment with, excess aqueous Et4NBr
1j’v

in water prec1p1tated a pale yellow 011 ~ The aqueous solu—

decanted and the residue washed with water (20 ml)

¢

Drying in vacuo ‘overnight, and crystalllzatlon from acetone-

P

'ether jlelded pale yellow crystals oﬁ ‘[eis-PH (HO)GeMn(CO)4—

C(O)Mé][Et N1 (0.20 gl).

e



| CHAPTER V

The Synthesis of Non-Cyclic_Carbene Complexesfof'Manganese
: : e —— : —— :
and Rhenium, Containing Organo-germanium and -tin/Ligands
| | 7 o '

. ’{

Ja

: RO N ¢
'Introductlon : [~

) B 4

As descrlbed 1n Chaptgr I tran51tlon metal carbene i\
complexes have been w1dely Etudled over the past decade.l-2 15
" Metal carbonyl derlvatlves contalnlng elements of the fourth
- main group, other than carbon, as ligands have also reg_lved
- muich attentlon; ; 3 Not untll 1970 however, were the flrst
complexes prepared'contalnlng both carbene and group IV
llgands, namely trans Ph3M Co(CO) C(OEt)Ph M' = Sn, PB% 51
Work by Dr. W K Dean in thls laboratory has ylelded carbene
derlvatlves, notably of manganese, molybdenum and tungsten,

52 53 and these have been~

é%ntalnlng group IV llgands,
referred to 1n the 1ntroductlon to Chapter 'II. The novel

: cycllc germoxy— .and stannoxy-carbene complexes, descr%bed in

Chapter II and their derlvatlves (see Chapter 1V) can also Lo

be addeghto thls class. Also, a number of manganese and
'rhenlum carbene complexes, of a non-cycllc type, contalnlng
_'organo-germanlum and -tln llgands have been prepared and ,

these new compounds are descrlbed below.
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Synthesis and Characterisation of Complexes

The Synthesis of cis~Ph3GeMn(CO)4C(OMe)Me

T

The reaction of‘Ph’GeMn(CO)S'with methyllithium, followed

3
by treatment of(the resulting-lithium acylate with Me JOPF -
~or Me0SO,F in water( has been described earlier (Chapter II)

‘as resulting in a mixture of.cis—Ph3

.GeMn (CO) 4C‘(0Me)Me\Fnd

"a complex of empirical formula thGeMn(CO)4COMe (II-7). The
former was the expected reeetiod product, and the latter has
been found to belong to a hovel class of heterocyclic carbene
complexes, as descrlbed in Chapter II. Tbe acylate inter-
mediate has been 1solated as 4 tetraethylammonlum salt (II 5)
and. is well characterlsed (vide Lnfra) 'In a reactlon employ—
ing Me3QbF6 in the‘second step, a GLC analy51s of the organlc e
reaction'producé\\whlch revealed it to be benzene (see Chapter
II), has indicated that the Me3
agent in the generation‘of PhiGeMn(CO) CdMe, and it is

OPFG-acts as a protonating

assumed that MeOSOzF behaves s1m11arly.

If either Me3OPF6 or MQOSO F is used the crude reactlon

product*always contélns predomlnantly thGeMn(CO) COMe. This

can be observed in solution 1nfrared spectra of the proddét.

1H NMR spectroscopy allows the relative amounts of the two

products to be determined usihg peak integrals. In one case
’ ] N Q

~ where MeOSOzF was used a ratio of PHZGth(Cd)4COMe to cis-

" Ph Gth(CO)AC(OMe)Me of 3:1 was observed. In two cases where.

3
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Me3OPF6 was employed, ratios;of G-Ihand l3-l‘were‘fonnd,
showing that the rcactlon is somewhat unpredlctable

In one case, crysta1117atlon of ‘a crude reactlon mlr—
ture from acetone water ylelded yellow, needle llke crystals
;of cts-Ph3GeMn(CO)4C(OMe)Me“1n 1owty1eld (4%)  This material
-was not-analytically pure‘hut gave satisfactory solution

infrared and mass s@ectra In COnjunction with the lH NMR

\
spectra of crude~reactlon mlxtures, the infrared and mass

]

spectral results establlshed the 1dent1ty of the complex‘(see
Tables XI and XII). The four- band 1nfrared spectrum (also
showing an extra shculder, presumablx due tothe presencerof
more than one isomer in,soiution—vide‘infra) establishes'the
cis-geometry cf‘the molecule. ‘The-maSS«spectrum'shows the
expected parent 1on (m/e 530) and the stepW1se loss of four

carbonyl groups, thus resembllng the spectra obtalned for

the ethoxycarbene-complexes described_below.

‘The Synthesis of Complexes of the Type cis-R3Mim(CO)4CKOEt)R-

As explained preV1ously, the reactlon of PhBGeMn(CO)
iw1th methylllthlum ylelds the llthlum acylate czs—
’Ph3GeMn(CO) C(OLl)Me. SUbsequent treatment w1th aqueous »-
Et4NBr yields the salt [czs-Ph GeMn(CO) C(O)Me][Et N] (II 5),
which has been well characterlsed by 1nfrared and 1H NMR |

spectroscopy, and~m1croanaly515 (see Tables X ~XIII).~ Although ;

attemptsfat'methylation of.the lithium~ac§1ate yielded only
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L

'small amounts of the-expected methoxycarbene complex, it

[
has been found that ethylatlon of the same acylate us1ng,.

EtBOBF4 proceeds cleanly to glve the expected product

czs-Ph GeMn(COj (OEt)Me, in hlgh yleld (11~ 6) n%n.

3 4
analogous reactlons a number of closely related derlvatlves

L

haVe been prepared -containing organo—germanlum and -tin

4

'llgands‘(v—l).- These products have been well characterlsed o

-

byrinfrared lH and 13C NMR.Spectroscopy, and mass spec-'

R3M M(CO)5 + R Li EEEEE.czs R3M M(CO) C(OLl)R';‘
B Et3OBF4 o o
S . - . T Nalk ] . __

R = Ph, M''= Ge, Sn; M= Mn;,R' = Me, Ph. R = Me;
M' = Ge; M = Re; R'_=[?e;'dg, ; |

L
gt

_ trometry, and by mlcroanaly51s (see- Tébles XI XIII) ‘ln

the case of et~ Ph GeMn(CO) C(OEt)R' (R' = Me, Ph), the

3

: products prec1p1tated from the aqueous_reactlon mlxtures .

fwere'pureisolids which had~sharp‘meltin§*points ahd gave

'_good;analytical'data. The complex cza Ph3SnMn(CO) C(OEt)Me

'Was sometlmes prec1p1tated as a: solld and sometlmes as an

]

0il, and oli formatlon was'also observed in the_case Qfa
':czs—Ph SnMﬂJCO) C(OEt)Ph 'In‘cases‘Where oils.were‘formed‘~

' :the product were purlfled by -chromat‘ography. ﬁ‘he complex

" I :
czs-Me3GeRe(CO) C(OEt)Me is a llquld at room temperature

o and could also be purlfled by chromatography.

The fact that the complexes all possess czs-geometrles\
) \

<

'h}at the central metal atom is clearly establlshed by thelr
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“four-band solutlon 1nfrared spectra in the carbonyl reglon

BN

(Table XI).. Thrs geometry supports the contentlon of
harensbourg and Darensbourg,51 who have suggested that, in
a glven molecule, the carbonyl group of hlghest force con-
stant is most susceptlble to attack by organollthlum reagents

Thls p01nt has been prev1ously dlscussed in Chapter II. The

ex1stence of extra shoulders in . the/solution 1nfrared spectra

¢ ¢

of czs-PhBSnMn(CO) C(OEt)Me and czs~Me3GeRe(CO) C(OEt)Me'

,lead to two 150mers

(see Table XI and Flgure 20) probably arlses from hlndered
rotatlon abbut the carbene carbon to oXygen bond whlch can
66 The ex1stence of two 1somers in the o

case: of czs—Me3GeRe(C0) C(OEt)Me has also been 1nd1cated

'-by a varlable temperature 1H 'NMR study (vzde znfra)

The suggested formulatlons of the complexes are fully
supported by mass spectral results (Table XI) 'In each

case a parent 1on w1th the expected 1sotope cbmblnatlon

pattern 1s observed For the complexes czs-RBM'M(CO) C(OEt)R'

(where R = Ph M' Ge, Sn' M = Mn~'R' Me, Ph), the step—

Vw1se loss of four carbonyl groups from the parent 1on is

observed 1n each case. For the trlmethylgermyl- complex,‘

N cza—Me3GeRe(CO) C(OEt)Me, however, competrng losses of

. methyl and carbonyl groups from the parent ion are observed

The formulatlons of the new compounds are further con—ﬂ
/. 1

flrmed by H NMR results. The data from spectra recorded

l-_' at amblent temperatures are reported 1n Table XII and the

spectrum of cze-Ph3GeMn(CD)4C(OEt)Me 1s shown in Frgure 21

L e

e
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3SnMn(CO) C(OEt)Me in. cyclohexane.
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A more detalled lH NMR study of the complex czs-—Me3GeRe(CO)4
%~/C(OEt)Me has also been carrled out The sharp 51gnals whlch;
are observed at amblent temperature in CD2C12 broaden as the
temperature 1s lowered and at -50°cC falrly sharp 51gnalsvdue
‘to two: dlStlnCt spec1es are observed. These changes are

v

completely reversible.. A'clo‘er examination of the C-CH3

- &
. resonance alone, u51ng scale expan51on, revealed that at '
'—60°C a llmltlng low temperature 51tuatlon was reached ’
show1nq two sharp 51nglets of approx1mately equal 1ntens1ty
stparated by 15.0 Hz. As the temperature is ralsed‘ peak |
broaden ng is observed, and the peaks coaleSCe (coalescence
temperature =33°C). The 51ngle, averaged 51gnal then con-
tlnues to sharpen up to +10°C when a llmltlng 51tuatlon 1s

B reached A detalled llne-shape analy51s has not been
carrled out. A varlable concentratlon study,.agaln of the
expanded C--'CH3 reglon, carrled out at 40°C, establlshed that
the process 1s concentratlon-lndependent, and thlS behav1our,'
can therefore be contrasted w1th the concentratlon—dependent

.

dlmer—monomer equlllbrlum d15cussed in Chapter III It seems

llkely that the 1somerlsm observed for czs—Me3GeRe(C0) C(OEt)Me
1nvolves hlndered rotatlon about the carbene carbon to oxygen
bond. A process of thls type has been studled by varlable ’
temperature 1H NMR 1n the case of Cr(CO) C(OMe)Mé, u31ng a
51m11ar temperature rgpgegs (the llmltlng low temperature

51tuatlon was., reached at -40°C). The_posslblllty that; in



. alkoxycarbene complexes with thlolS'(See for example 1—3

« 109

LN

‘the case of cts-Me3GeRe(CO) C(OEt)Me, hlndered rigatlon | o
"\
about the metal to carbene carbon bond causes the observed

Spectral changes cannot however, be ellmlnated on the ba51s

of ex1st1ng 1nformatlon.,

The fact that the novel compounds descrlbed here are

'in fact carbene_complexes has been conflrmed by a 13C NMR

3GeRe(CO)4C(OEt)Me; carried out.at,amb;ent
. . . . . L N

spectrum 6f cis-Me
temperatnre in CDC13, which revealed a signal etu—3l4.8_p.p.mg;

a chemical shift indicative of a carbene'carbon atom attached
to a third-row transition metal. For comparison purposes,
| 21

that in W(CO) C(OEt)Me occurs at —330 l pip.m. Further

details of this 13C NMR spectrum will be dlscussed in

Chapter VI.

[
»

. The Synthesis of Ethylaminocarbene Complexes -

S

The reactivity of alkoxycarbene compleXes'towsrds‘primary
or secondary amines to yield”ammin0carbene combiexes has been

“well-established One ‘'such example was referred to in I- 2 261

4

'Thlocarbene complexes can be 51mllarly generated by reactlng .

12,

It has been fOund that no reactlon occurs’ when czs-‘

Ph GeMn(CO) C(OEt)Me is. stlrred wrth excess, neat ethanethlol

3
in a pressure bottle for 24 hours. Treatment of thls complex

oL

'or cts-Me3GeRe(C0) C(OEt)Me with ethylamlne in - 51m11ar

L,manner, however, ylelds the expected ethylamlno der1vat1ves,7

” .
« .
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-y

GeMn (CO) C(NHEt)Me and cis-Me

. cis-Ph GeRe (CO) 4C (NHEt) Me..

3 3"

{gllﬂuzspectra suggest that both of these. complexes ex1st as a

mlxture of two isomers at room temperature (vide znfra)

kSolutlon 1nfrared spectra of the'twovnew amlnocarbene'
ki derivatives confirm their“cis—steredchemistry at the:central
‘;metal atom (Table XI). The suggested formulatlons are .
supported by mass spectra, whlch reveal ‘the expected parent
ion in each case (Table XI) In the case of cis-
Ph3GeMn(CO) C(NHEt)Me, the stepw1se loss of four carbonyl
groups from the parent ion is observed In the spectrum of
cts—Me3GeRe(CO) C(NHEt)Me, competlng losses of methyl and
i carbonyl groups are seen, mlth the former apparently favoured
.Analytlcal results for the new complekes are presented in
Table XIII. / |
lH NMR spectra, recorded at amblent temperatures, have
shown ‘that in CDCl3 solutlons of elther ets~ Ph3GeMn(CO)4
C(NHEt)Me or czs-Me3GeRe(CO) C(NHEt)Me two spe01es ex1st
Furthermore, a varlable temperature study of the rhenlum
‘complex, in toluene—ds,’revealed no specﬁﬁpfﬁthanges up to
'la temperature of 110°C., establlshlng that the two specxes
;present do,not 1nterconvert rapldly on the NMR tlme scale.
'The.lH NMR spectrum of -a sample- of the manganese der1Vat1ve
after crystalllzatlon from n~hexane revealed that one species

i had been almost entlrely removed, 1mply1ng that the two

-.spec1es do not. 1nterconvert under normal condltlons. It has

ERE
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" been ShOWn earlier that there is a high barr&er to rotation
about caxbene carbon to nltrogen bonds in . amlnocarbene com-
plexes.70 It has been found, for exampl! that Cr(CO)5

C (NHMe)Me was formed. as a CLSflsomer7I

(that is, the two
methyl grOUPS‘were éis;to.eaeh other wirh respect'to the

‘ earbene cerbon to nitrogeh boﬁa) Thls could not be conver~
ted to the trans- 1somer thermally, but only by base

.catalys1s 2 Therefore, it seems hlghly llkely'.

‘spec1es present in solutlons of hd%h of the novel amlno-'
carbene complexes, descrlbed hereln, arlse from 1somerlsm
about the'carbene carbon to nltrogen bonq. _The two 1somers
are shown in gg ahdﬁgé; }it'must be assumedlthat'the rwo |

U

A o : |
RB \\ R g ‘Rbi \\N//(""'
Ge ~ . 1 ge ./_ |
0(: | I Coo . . 0C—_ e
b hilE | oM Me
ocC ‘\co o | o
8' e c
| 23 o L . 24 -

~

R=Ph, M= Mn; R =Me, M = Re. .-
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iéomers‘haVe degenéfate éarboﬁyi étrétching bands in the

- case of thé4rh9nium'complex, which shOWs a simple fbur band‘ _ }
solution infrafed épégtrum. ~In the manganese casei'however,i

an extra shouldef‘kndicates.that ﬁéfé thah one,spécies is

. - . Y
present (see Table XI).
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EXPERIMENTAL

All‘reaétions were carried out at'ambient temperature

under a statlc nltrogen atmosphere and products were handled

with mlnlmum exposure to air, Dlethyl ether and hydrocarbon
solvents were drled by dlstlllatlon from calc1um hydrlde

and solvents were saturated w1th nltrogen prlor to uset

\

. The compounds Ph3 3SnMn(CO)5, and Me3

'were prepared as descrlbed in Chapter II. The methylatlng

GeMn(CO)>-'Ph GeRe.(Co)_5 .

agents Me3oPE6 and MeOSOzF were purchased from Aldrlch
.‘Chemical Company, Inc,, M;lwaukee, Wis.  Ethylamine and
»ethanethiollwere obtained frommBDH Chemicals.Limited, Poole,
England Other‘reagents'and materiais were ohtained from.
_sources c1ted 1n Chapters II and IV. | |

. Meltlng p01nts, and solutlon 1nfrared and mass spectra

’were obtalned aS~deSCr1bed in Chapter II . Mlcroanalyses

were performed 1n the Mlcroanalytlcai Laboratory of this

'Department. lH NMR spectra were recorded as descrlbed 1n

-Chapter II, except for the varlable temperature study of

37
Perkln—Elmer R—32 1nstrument operatlng at 90 MHz.

"czs-Me GeRe(CO) C(NHEt)Me wh1ch was carrled out u51ng ‘a



5.,’towards column chromatography on a

';‘Me
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fPreparation of cis-PhBGeMn(CO)4C(0Me)Me‘

- | - o _ ¢
The procedure is,very similar to that used in the syn-

thesis of the cyclic carbene complexes prepared in Chapter

AII.- Treatment of Ph3GeMn (CO) g (0.50 g, 1.0 mmol) w1th a

3
'sllght excess of methylllthlum in ether rapldly generates

the llthlum acylate,VCts Ph GeMn (CO) C(OLl)Me. Subsequent |

3
treatment of an aqueous solutlon of this acylate with elther
"yMe3OPF6 (eXCess aqueous SOlutlon added untll the pH ~ 2) or
Me0S0 F (0 l ml added from a syrlnge, whlch produces a flnal
B pH ~ 3) rapldly ylelds a ‘white or pale yellow powder, whlch
contalns a mlxture of czs-Ph3GeMn(CO)4C(OMe)Me and Vt-
fthGeMn(CO) COMe w1th the latter always predOmlnatlng. gIm"'
‘one 1nstance where MeOSOZF was used the preclpltate was .
'recrystalllzed from acetone~water, yleldlng yellow, needle-‘

:llke crystals of analytlcally 1mpure eis— Ph3GeMn(CO) C(OMe)Me
‘g (20 mg) It has more recently been establlshed that the~

'.complexes whose syntheses are descrlbed below are stabie :

| to be the preferred method of 1sol tlon of larger amounts of

Vcts—Ph3GeMn(C0) C(OMe)Me.:

B Preparationﬁof EthoxycarbenefComplex' -
| The method 1s essentlally the same as that descrlbed

above. Treatment of Ph3GeMn(CO)5, Ph3SnMn(CO)5, or ¢g'

3GeRe(CO) with a Sllght excess of methyllithlum ln ether f_'
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'giwes;a'rapid reaction, and is accompanied by;a'colour'
| .‘chanQe from colourlesslto yellow., After a few mlnutes, the
-1nfrared spectrum of the carbonyl reglon, recorded in dlethyl
ether, shows four bands due to the czs—dlsubstltuted llthlum
‘:acylate. Subsequent ethylatlon of the llthlum acylate in
water, u51ng excess hqueous Et3OBF4, which is added dropw1se
‘untll the pH 1s approx1mately 2 ylelds the product In some
cases the produ&t pre01p1tates as a pure SOlld, in others as_.
’ -am oil (see text) In the latter case the product can be "
purlfled by column/chromatography on’ alumina, u51ng n—heptane
'or n-hexane as eluent followed by crystalllzatlon of the |
product from a hydrocarbon solutlon. An attempt to crystal-
h'llze cts—Me3GeRe(CO) C(OEt)Me from n—pentane at -78°C Was o
successful but the pale yellow crystals melted below room
temperature.' In the case of C$8—Ph3SnMn(CO) C(OEt)Ph an
‘: attempt was made to crystalllze the materlal w1thout prlor
-chromatography. The splid obtalned ‘was rather 1mpure, and,

was then chromatbgraphed and recrystalllzed to - obtaln a pure

. sample of the product.' It 1s~thoughtvthat, 1f the:crude,

) - _ . .
oil were 1n1t1ally.chromAtographed andfthen‘crystallized

'fvonce, the yleld of pure product could be 1ncreased somewhat '

. over that reported in Table XIII.,;"
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Preparation of Ethylaminocarbene'Complexes

ctg—- Ph GeMn(CO) C(OEt)Me (0 40 g,-o 74 mmol) ‘was added

3

L to ethylamlne (qa, 20 ml) in'a pressure bottle. ,Aﬁter..

 capping the-bottle, the-solutlon:was magnet;cally stirred
.Afor 4.5 hours.b The bottle was'openEd' and tHe excess ethyl- :
vamlne was evaporated unﬁer a stream of nltrogen. The"yellow,

01ly re51due was extracted w1th n-pentane (150 ml), and: the

e solvent removed by rotary evaporatlon to glve czs—(

| Ph3GeMn(CO) C(NHEt)Me as a yellow 011 (0. 31 g) This com-

.pound was reluctant tp crystalllze from n—hexane and only

low ylelds (ca. 25 mg) of poor quallty crystals have been B

obtalned

The compound czs-Me GeRe(CO) C(NHEt)Me can be prepared

3,
in an analogous fashlon from cze—Me3GeRe(C0) C(OEt)Me. The
_amlnocarbene complex can be chromatographed on alumlna o
u51ng n—heptane as eluent and subllmes at 60°C/0 01 "
onto a}probe cooled,to r78° to_glve a,yellow solld. _ he. .
}'?'¢ompound melts, nowever;’asdthe proﬁe*varmSltofroom.‘ L

temperature.
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CHAPTER VI

Carbon-13 NMR.Spectra of Carbene-Complexes of Manganese and

Rhenlum, and of a Compound Contalnlng a Ketonlc Oxygen Atom.'

Coordlnated to RHenlum

Introduction

- Over the past,several Years the“quantity ofn;3C5NMR

'data.for transition met&l carbonyl complexes has' increased |
' s 73

rapldly A'comprehens ve’review by‘Todd and Wilklngon

‘he results publlshed to date and the

erefrom. The nucle1 FSMn, 185Re and
A ' -/

e, all with I = 5/2 possess quadrupole moments whlch

1s a. useful gulde to

",conclu51ons drawn
~187’

b
can potentlally broaden the 51gnals of carbon atoms bound

dlrectly to them, and 1t is clear that carbonyl derlvatlveS‘.

of manganese and rhenlum have 50 far recelved llttle

attentlon.73 *~-.-ﬂ U | oL T “n' .

In keeplng w1th the hlghly electrophlllc nature of.

_carbene carbon atoms bound to tranSLtlon metals, thelr

vresonances 1n 13C NMR spectra appear at very low fleld

<Spectra of many carbene complexes, a large number of them1

73

also contalnlng carbonyl grouPS, have been obtalned

l}Studles to date, however, have dealt malnly w1th carbene .

I 21 74 75

"'complexes of chromlum and tungsten, of whlch a }'

' large number.ex;st,, The data presented hereln fully

oare
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’ support the'formulation of the novel cyclic complexes

described in Chapter II as metal carbenes, andvrepreéent

the'first 1-3C--NI\*IR results‘for~carbene complexes of man-

"ganese and rhenium.-

In Chapter II the questlon of the most approprlate

representatlon of the structure of the new complexes was

in’ the llterature on whlch to base a predlctlon of

dlscussed in terms ‘of the potentlal canonlcal forms 16 and .

/

17, Whlle 17, the carbene formulatlon, appears approprlate

:'oh the ba51s of ex1st1ng ev1dencé there is no preTedent_'

the

»chemlcal shlft of the acyl carbon atom in a structure of

the type 16' Acyl carbon resonances 1n metal acyls appear
_ AN
at ca. -250 p. p m. (see Chapter VII) and the effect of

'coordlnatlon of the oxygen atom to germanlum or- tln, as in,

13

16, cannot be estlmated 'A C NMR study of adducts

1nvolv1ng ketonlc oxygen atoms and - maln group metals such

L —

‘*,,mentloned (vzde znfra), the

as 21nc and alumlnum, of Wthh a: number ex1st 76_may prove -

"1nformat1ve ;n this regard ' Further examlnatlon'of the
’Allterature 1nd1cated that a number of carbonyl complexes

‘contalnlng ketonlc oxygen atoms coordlnated to transrtlon -

metals have been prepared, and that none of these have been
: 13

,:examlned u51ng C NMR.~ In v1ew of the fact that in- some

cases, lnterestlng structural alternatlves have been

13C NMR spectrum of a complexf

ontalnlng a ketonic oxygen atom bound to rhenlum has been

L recorded, as’ the flrst step in a study of such complexes..j~i B
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- Results and Discussion

13C NMR Results for Carbene Complexes of Manganese

and Rhenium

w

" The 13C NMR results are summarlzed in Table %&V and

»several p01nts are worthy of dlSCuSSlon. The spectrum of
MezGeMn(CO) COMe at amblent temperature, under condltlons

where the monomeric. form of the complex predomlnates,
{

‘revealSAa.resonance at -338. 0 pP. p m.,‘a reglon generally’

~

_assoc1ated w1th carbene carbon resonances in metal carbene

- complexes., . By way of comparlson, the complex Cr(CO) C(OEt)Me'J

'exhlblts a carbene carbon resonance at —357 3 pP.P. m.zl

The low temperature spectrum of MezGeMn(CO)4COMe under

_condltlons where both monomerlc and dlmerlc forms are pre- '

'sent in substantlal amounts‘, reveals two peaks at =335, L0

: and —337 .6 p. p m., whlch scan be a591gned to thelr carbene.

A carbon atoms., f'}, f_. ‘ | .

| Further support for the carbenevformulatlons of the
.'molecules comes from a Spectrum of MezGeRe(CO) COMe (seergk
‘Flgure 22), recorded under condltlons where the dlmerlc

ffform predomlnates, whlch shows a peak at 305 7 p p m.
'“Thls value agrees closely w1th that of a carbene compler

£l

of a more conventlonal type, cts-MeBGeRe(CO) C(OEt)Me, for
&

whlch a value of ~314 8 p p m.;was obtalned ' The fairly

;"élarge Shlft to hlgher fleld (ca._30 P. p m. ) of the carbene _
- , ' , L N _ .
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TABLE XIV I .

13: NMR DATA FOR CARBENE COMPLEXES OF MANGANESE AND RIENIUM

Chemical Shift ®

‘Compound - 7 € (carbene) C-CHy Ge-CH, co
Me ,GeMn (CO} come® - -338.0 -49.2 . -9,5 . -216.5"
He ,GeMn (CO) COMe® . =337.6  -50.8 - 9.5 S
. e o _ . -216.4 . .
[Me ,GeMn (CO) COMe] €. _ -335.0 . =49.9 -13.4
[Me,GeRe(cO) (Comel 4~ © . -305.7 . -53.9 -13,8 - -191.89
' - : ' : -=190.5
-190.0 c
-188.8 .
oie-Ma GeRe(CO),C(0EEIMET’® -314.8  -50.0 s cnaaet
’ : C : C SR ‘ C =192.5
~190.2
'Chemical_ahifts»in_p.p.m. relaéivé to tetramethylsilane; CDCZL.i solvent.
bDétermiﬁed'at'35?C
cnetermined at -30°C., Mixture of ‘monomer and dimer present; Assighment~qf
peaks to ﬁonomgr'and dimef tentative {based in part on peak intensities). - o

dDéterﬁined at 4s°c, v )
f : . - )
O—CH ~CH —76 8; O—CHZCH -14.4. 0-CH,CH, signal overlaps with centre. of

2773
CDCl3 triplet. Therefore, 1owest field peak of C?Cl triplet used as internal

" . standard (-78.30 p.p.m. from TMS).

frine width od, Lso-nz.

qLine width ea. 12 Hz, . Penk 1ntensit1ea for CO resonances not equal (may be

lffccted by’ presence ot small amounts of monomer)..j

v ~.,\J."

hLine width ca. 25 Hz. _Relat;ve peak;intensitiqs for ¢o iesonances of 2:1:1

(1owest field peak of. intensity 2).-

N '
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’*vf.acc1dental degeneracy is; 1nvolved The a851gnment of the.v

122

|
carbon resonances on going from manganese to rhenlum 15‘

cons1stent w1th a Shlft of 81m11ar magnltude on going krom
21

JJ

carbene c0mplexes of chromium to thelr tungsten analog
The carbonyl carbon resonances of the manganese com-

plexes appear as broad unresolved peaks, cons1stent with -

earller results for manganese carbonyl complexes.73-'Inh

the rhenlum case quadrupole broadenlng 1s less severe and

~the carbonyl peaks are cleaxly resolved R The 1mproved

esolutlon of carbonyl carbon atoms ‘bound to rhenlum,
compared with manganese complexes, is supported by the

‘results 1n Chapter VII The observed Shlft of carbonyi

“resonances to hlgher fleld by ea. 25 P.p. m. on ‘going from
_manganese to rhenlum, parallels a change of 51m11ar mag-
: j

nmtude when comparing chromlum and tungsten carbonyl com— ' :

plexes, reSpectlvely. ‘ ', T P

| '13

C NMR Results for a Compound Contalnlng a Ketonlc -

Oxygen Atom Coordlnated to Rhenlum

jTh 13C NMR spectrum of the complex 25 flrSt prepared

' .by Kaesz et aZ 77*15 shown in Flgure 23, "The data are
summarlzed 1n Table XV The observatlon of three resonances,

Jff\of relatlve 1nten81t1es 2 1s l for the carbon monoxxde

- 11gands implles that the chelating group is planar, unless

'r'f,ketonic carbon resonance has been confirmed u31ng a sample

R
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‘Figﬁie 24
Figure'23; 13C NMR spectrum, in CDC13, of the complex
» Acontalnlng a ketonlc oxygen atom coordlnated to rhenlum.ﬁ

13 13

C. enrlched'

Flgure 24 C NMR spectrum, in CDCl3, of a

,sample of the complex contalnlng a ketonlc oxygen atom

/

[

“:mcgordlnated to’ rhen;um.- ;‘-}[N, _C_1= ,_ o



~Chemical Shift : Assignmegtg

TABLE XV

13: wMr DATA FOR THE COMPOUND CONTAINING A KETONIC

OXYGEN ‘ATOM COORDINATED TO R a

Bl

-215.8 c=0
-193.5
-192.0 =0

-188.1 - o

-185.9 1,76, or 7
-144.7 . 1, 6,-0r 7 \' 2
-142.9 . | '
'F}36.44
 -135.8
-133.0
C-120.8

 -128.7

-123.9 . 2,3, 4,5 or 10

Chemlcal shlfts in P. p m. relatlve to tetramethyl— -

OO

s1lane, CDCl solvent spectrum recorded at, 45°C

3.
bA551gnment of phe?yl resonances based on relatlve

| Apeaﬁ'1ntens1t1e?ﬂﬁn proton—decoupled spectrume

)

i

Relatlve peak inten51t1es of carbonyl resonances

2:1:1. (Peak at hlghest fleld of 1nten91ty 2). L

124
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v 25

~ o~

¢

,‘of the‘Complex ca. 10% enriched with 13C-at'the ketone
'pdsition (see‘Figure 24) The ketonic Carbon resonance“
appears at -215 8 p.p.m. and is shifted to 1ower field By
19.4 p.p.m, relatlve to the ketonlc .carbon resonance in-
hbenzophenone. All chem1ca1 shlft values were determlned
'in_CDClé solutions. B

Another noteworthy featute of the spectrum of 25.
‘1nvolves the phenyl carbon resonances. The 81gna1 due to
one of the phenyl carbon atoms 1s hlghly deshlelded com-
bpared with the other phenyl resonances, appearing 1n the
1 carbonyl ‘region at -185.9 p p.m. " This was dlscovered in a
‘proton-coupled experrment 1n whlch this resonance broadened
whlle the three carbonyl resonances remalned sharp. Thls

-experlment also 1nd1cated that the phenyl carbon atom 1n

question was not bound to a hydrogen atom, 31nce it merely

i
1
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‘broadened rather than spllttlng into a w1de1y spaced doublet
- This a551gnment agreed w1th that based on relatlve peak . (,
‘1nten31t1es of the phenyl carbons 1n proton—decoupled spectra:
The three weakest s1gnals of the phenyl resonances, should
be due to carbon atoms not‘bound to_hydrogen, and therefore
’unable to'benefit»from Qwerhauser'enhancement._ The peak at
-185.9 p.p.m. is one of these three. It is not known which'
~of the three possible phenyl carbon atoms in g§~gives‘the |
‘ 'resonance_at -:18509 p.p.m.,'and'no-clue‘can be-gained'from‘
_related_COmplexes._ The phenyl carbon'atom'bound”to rhenium
in PhRe(CO)S’appears in the normal phenyl reglon (see Chapter
vIiI), and the phenyl resonances in benzophenone are closely
sgrouped between ~137 6 ‘and 128 1 p p m.

A number of complexes related to 25 exist, in which
‘ketonlc oxygen atoms are coordlnated to manganese77 81 'ﬁd
| 1r1d1um,78 and suchtcomplexes.may.be'sources of.further
- data. Potentlal appllcatlons of thlS type of ‘study 1n—‘
clude structural eluc1dat10n 1n molecules formulated as ';
hav1ng several p0551ble resonance forms, one of them con-
talnlng a coordlnated ketonlc oxygen atom.82 83 Also
~ some controversy surrounds complexes of the type 18 brlefly
}dlscussed 1n Chapter II, 91nce X-ray structural data does
not dlStlﬂgUlSh p0551b111t1es 1nvolv1ng bridglng carbene .or

'ketonlc groups between two metal atoms.59: An attempt at

13

obtalnlng the C NMR spectrum of the dimethyl analog of
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:.18 was unsuccessful and this molecﬁle appears to be rather
. -unstable ‘in solutlon.l More.stable complexes in Wthh the
. Same structural p0551b111t1es exist have recently been |
prepared however.84 r85 A crystal structure of one of
these has been completed but fails to dlstrngulsh between
p0551b111t1es 1nvolv1ng brldglng carbene and ketonlc F'

‘groups.86
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.EXPERIMENTAL

, Tne.compounds_MezGeMn(co)4coMe'ana:MeéGeRe(CQ)4c0Me, |
‘were prepared as.described.inléhapterwII The complerﬁ.
czs—Me3GeRe(CO) C(OEt)Me ‘was. prepared as in Chapter V.

The rhenlum complex, 25 was prépared by the method of

Kaesz et aZ 77

from MeRe(CO)5 and benzophenone in toluene.
~ The. compound MeRe(CO)5 was - prepared by the method of Hleber
: et al. 8‘_ Benzophenone was purchased from Flscher Sc1ent1f1c .

'_Company, Falr }awn, N.J. Benzophenone, 90% l3C enrlched

St the ketone carbon atom, was purchased from Merck, Sharp

'“fa»level’of ea. 10%

jand Dohme, Canada, Ltd., Klrkland Que.,‘and was dlluted to
13C enrlchment before preparatlon of an
'enrlched sample of the rhenlum complex. Toluene was drred
"by dlStlllatlon from sod1um prlor to use."
13C NMR spectra were recorded us1ng the Fourler trans-
}form pulsed NMR technlque. Proton—decoupllng was employed
',except -as noted 1n the dlscus51on.' Varlan HA—lOO and |
:"Bruker HFX- 90 spectrometers were used operatlng at 25, 15
Z,MHz and 22 6 MHz, respectlvely. The number of scans was
'~typ1cally 10 000 to 20 000 for the carbene complexes, and
4 000 for the compound of Kaesz et aZ., the delay between

, scans was of the order of 0 4 to 0.8 seconds, the fllp,angle

jl_was approxlmately 45°' All spectra were recorded in CDCl
13

3

’_and no relaxatlon agent was used 1n any 1nstance.
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]
4

' chemical shifts'were measured'relatiVe to-the-centre of the

'CDCI ‘triplet (except as noted in Table XIV) and are .

B reported relat1Ve to TMS by use of the relation G(TMS)

}G(CDCI ) - 77 035 pP. p m. . The sxgn conventlon employed

gave carbon atoms deshlelded w1th respect to TMS negatlve s

values. In cases where several spectra of a partlcular

"<complex were obtalned, chemlcal shlfts were reproduc1ble

‘ Iv/'/—\_ .

to:_o 1 p.p. m. Solutlon concentratlons were ca. 1' M and

0 5 M for MezGeMn(CO) COMe at +35°. and 30°C respectlvely,

fca: 0.5 M for [Me GeRe(CO) COMe]z, ca. 1M for cis~

Me3GeRe(CO) C(OEt)Me, ca, 0. 5 M for the compound of Kaesz

'and 0 05 M for a 10% lBC enrlched sample-of'the‘same complex.

2



" CHAPTER VIT

N

A Carbonrr3-NMR Study of Some PentacarbOnylrhenium‘Complexes -

'Ihtroduction

The nuclei ~Mn, _1'85Ré'ahd'187ke; all'with 1=5/2,
possess quadrupole moments Wthh can’ potentlally broaden
the 51gnals of carbon atoms bound dlrectly to them. Car-
'bonyl carbon resonances 1n manganese carbonyl derlvatlvesf_

are typlcally broad73

(see Chapter VI) and, p0851bly
because of expectatlons of 51m11ar behav1our 1n the case |
"'of rhenium, only two rhenlum carbonyl complexes have beena
llnvestlgated prlor to thls work, namely Re, (CO)lo and
,'BrRe(CO)5 These compounds were recently reported by |

' Todd and Wllklnson88 to glVe "falrly well resolved" spectra:
‘ at amblent temperatures 1n THF These authors have also

| demonstrated that resonances broadened by coupllng to

'quadrupolar transltlon metal nucle1 can be srgnlflcantly

. ~sharpened by suff1c1ently coollng the samples.?sp,""

In earller work w1th carbene derlvatlves of manganese
~and rhenium,.13
SRR e .
a551gn1ng structures to these complexes (see hapters II

C NMR proved to be a. valuable tool 1n

,'_and VI) k In view of the hlgh quality of spectra obtalned

'f‘;}for the rhenlum complexes (descrlbed 1n Chdpter VI), we"

| ")Ehave studxed a wider range of rhenlum carbonyl derivatives »



e
In thlS Chapter are presented results for an exten51ve ,
series of neutral mono-substltuted rhenlum pentacarbonyl
evcomplexes, XRe(CO)S, plus one derlvatlve of the type

‘[LRe(CO) ][PF ] (L = CH CN) . Most of the neutral com-h

plexes gave sharply resolVed spectra at ambient: temperatures‘

1nACDC13, andvan;exceilent.spectrum of the salt was obtalned f_‘

- at ambient temperature in C53CNV In the case of two neutral.

'7.der1vat1ves studled at high temperatures in toluene—ds,

resonances due to 1nequ1valent carbonyl carbon atoms were

13

Stlll clearly resolvable at 100° . The “7C NMR chemlcal

.Shlfts are dlscussed in terms of thelr correlatlon w1th

,Cotton~Kra1hanzel(CK) carbonyl stretchlng force constantsv'

‘.

_'and the lrmltatlons of this often~used treatment are.

. p01nted out

g (.). B

p -

'In thlS dlscu391on of these rhenlum derlvatlves and

'irelated‘complexes, the symbol L w111 refer to neutral two- -

electron donor: llgands such as phosphlnes or acetonitrile

and X will refer to.ligands which may formally be described

.as neutral one-electron donors or anlonlc two—electron

~.'spdonors, e, g., (CH3)381, Br, CH3}
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~ Results and Discussion

".Neutral CompleXes>of:the Type XRe(CO)S

Recently 1t has been shown that l‘3C'1;1MR'spectra'o-f.

&

"carbonyl derlvatlves of trans1tlon metals w1th nuclear

e

ﬂquadrupole moments can. be obtalneﬁ by the method of

8@ In the studles of rhenlum

“temperature relaxatlon."

carbonyl derlvatlves, descrlbed hereln, 1t has been found

”'_that quadrupole broadenlng 1s not a problem in most cases.;

,Satlsfactory spectra can usually be .obtained at amblent

: temperatures in CDCl (see Table XVI) leflcultles have

3
been encountered only w1th Re (CO)lo, whlch gave . one broad
hSLgnal at ca. -191 2 p p.m. relatlve to TMS, presumably
‘Wdue to the elght equlvalent equatorial carbonyl carbon l
atoms, and (CH3)3PbRe(CO)5 for wh1ch a broad, unresolved
51gnal in the carbonyl reglon at ca.»-189 3 p P. m. was -
,observed In the case of ClRe(CO) there were severe
."solublllty llmltatlons 1n CDCl3 and after several thous;nd
upulses no carbonyl resonances were observed
r__Th 13C NMR results w1ll now be dlscussed under two ;;
Vh_headlngs',le, 1. . o : | | .
| '*tb(al» resonances due to carbon atoms other than oe'u
L carbonyl carbon atoms, and |
:'f(b) resonances due to carbonyl carbon atoms.d

._‘ .: / . . ) $»:_ N ; _

o
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- (a) Resonances due to. carbon atoms other than

A\

carbonyl carbon atoms

Fem exampleS-of 13C NMR chemlcal shlfts for acyl carbon

atOms bound to tranSLtlon metals have been reported The
=qvalues of 245 4 and -244 0 p.p.m. found for CGHSCORe(CO)5
p'and CHBCORe(CO) are shlfted up-fleld w1th respect to the
alron derlvatlve (n CSHS)Fe(CO) COCI\i3 for whlch the chemlcal
shift of the acyl carbon atom is —254 4 o p.m. 89’ It would
'therefore be of 1nterest to‘b\taln the spectra of ‘

[« H, COMn(CO) and CH COMn(CO) to compare closely related .

65 3
ucompounds thhln ‘one tran81tlon metal group.
The molecule C6H5Re(CO)5 represents one of the few n

: reports of phenyl ubrbon resonances due to a phenyl group

t.,ho-bonded to a tran81t10n metal other examples belng ({1

' .(n C )2T1Ph2, czs~[PtPh (PEt3)2},.trans~[PtPh (PEt3)2] and

Vu;reported,

"[PtPh (PEt3 2] 39 Carbonyl resonances for the complexes
f;(n C )Fe(CO) X (X = CG 5, p C6 4Cl, C6 s) have been - {'
L but the phenyl carbon resonances were omltted

'5-gPhenyl resonances for C6 5Re(co)5 could be ass&gned on- a

e »jrelat;ve 1nten51ty ba81s, the weakest sxgnal belng due to'd'i

':fthe clrbon'atom bound to rhenium (thls carbon atom has no :f"
fhhydrogen atem attached todft and does not beneflt from

‘ p}overhauser enhancement 1n a proton—decoupled spectrum) The;'
VR

2'frpara-carbon signal is of intermedlate intenslty and the two

| ”npairs of ortho- and mata carbon atoms give the strongest

TR



”".,»fact the hlghest fleld resonance of thls type yet reported

B _+28 9 p P. m-;
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signals. The'phe}_luresonances 1n CGHSCORe(CO)5 were ‘

similarly assignd e also listed in Table XVI. These

assignments were} } us1ng proton coupled spectra.

All of}the e ,fresonances showed,small long—range

coupiings aftoms on the phenyl rlng, but carbon -

atoms direc 'to hydrogen were 1n addltlon spllt 1nto

‘vﬁblets ( J(l 13 ) valueSjwere of - the order,
g C S

"widely separaw;
of 160 Hz)

' The resonﬁ of}thejmethyl carbon in GH3Re(COL5.1ies

to high field of ' at +38 .0 p.p.m. It is aiso more highly

shlelded than t]f 1n'CH Mn(CO)5 Whlch occurs at +212 2 p p- m.ﬁ'

'relatlve to- CS 9

2 19 4 p p m.vrelatlve to TM%}, and is in L

90

The most~high1y'sh“&fded example prev1ously observed was the

"'methvl carbonrre

.of.<Q-C5 S)W(CO?3CH3 wh;ch-occurs,atv
89. | B

In the complexes (CH3)3SnRe(CO)5 and (CH3)3PbRe(CO)5

B coupllngs from the Group IV atoms to the methyl carbon atomsl

"were observed ' In the former case, even though an excellent
1dspectrum of the carbonyl reqlon was obtalned t1n coupllng

dto carbonyl carbon atoms was not observed The coupllng :

ﬂﬁikconstants noted in Table XVI are rather s1m11ar to values;f_5

. found in thlS laboratory for the complexes cig~ Ru(CO) -

vf’tr‘[Sn(CHB)3]' and cta~Rﬂ(C0) [Pb(CH3) ]

AN

o
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N

,;(b):«Resonanoes'duelto7carbonvl'carbon atoms

Most of the comglexes studled gave satlsfactory spectra

o]

e in the carbonyl reglon at amblent temperatures (see Table

rXVI); ( ) PbRe(CO)5 was a notable exceptlon. Even at 20°

"1n toluene--d8 only a broad sxnglet (half-w;dth ea. 25 Hz) wasv’
lobserved and thls became even broader at temperatures up to .
'.70°C. ‘The large half-w1dth value over the w1de temperature'

'range employed suggests that quadrupole broadenlng and not

stereochemlcal nonrlgldlty produces the observed llne broaden—

1ng. It therefore appears that lower temperatures wxll have

to be employed to obtaln a satlsfactory spectrum of thls '

.complex. ThlS behav1our can be contrasted w1th«that of
‘(CH3)3GeRe(CO)5 and CH Re(CO)s, in whlch the carbqnyl peaks
eremaln clearly resolved at elevated temperatures.' Llne w1dths .

pvobﬁbrved for the carbonyls czs to the substituents in these o\

‘complexes are 14 Hz and 11 Hz respectlvely 1n toluene—d8 at

'lQO§C. Thus quadrupole broadenlng is not a serlous problem

[fbr these-complexes. The sharply resolved spectrum of o

‘7f’CH CORe(CO) 1s shown in Flgure 25 DR

B RL\
3

A great deal of the d15cussron of 13

C'ﬁMR chemiCal?

oshlft values for carbonyl carbon atoms has centered around

"ffthelr correlatlon Wlth CK carbonyl stretchlhg force con-.;

73

fstants._fj In attempt;ng a simllar treatment of our own f |

- ,«.’ lr

xliaﬁresults, several 1nterest1ng features have been noted.



137,

ooT

£

HUQUL G.w

AOUV mmou

m<<.~ Eo& _u_mccz,ov Eo_a m

..NION

R4 ¥

~

mo Jo esnuowmm mzz u

mm m.unm.n.m o




138

‘ln the following diScussion of. neutral'mono-substitutea
metal carbonyl derlvatlves of the types LM(CO) M = Cr, W),
'and XRe(CO)S, the four equ1valent carbonyl llgands ois to
-L or X and, the unlque carbonyl group trans to L or X will pe
de51gnated "az and "trans" respectlvely. The assignment -
bof ets and trans carbonyl resonances in these systems is
_stralghtforward on ‘the basis, of relatlve peak intensities.
_For the neutxal m%no—substltuted rhenlum carbonyl deri- - .
vatlves 1lste§\1n‘$able XVI 1t can be seen that the trans |
.carbonyl resonance is up-fleld from (1 e., more shlelded than)

the cis carbonyl~resonance. This. phenomenon has been con-

flrmed elsewhere for two rhenium derxvathes88 ;Eh has also |

o ,been observed for a related manganese compltx.88 In con—

94,21

and LCr(CO) 21,95

trast, complexes of the,type LW(CO)5
glve spectra in which the trans carbonyl resonance is. always
‘.down-fleld from (i. e., more deshlelded than) the cis carbonyl
» resonance. The 51gn1flcance of this reversal/of shleldlng
of cts and trans carbonyls is apparent ‘when 1t 1s con51dered

that the force constant of" the trans carbonyl is always

lower than that of the cts (Table XVII)._»Thns ltrfollows

In octahedral complexes of thls type k < kz'in all
4”known instances. Prevrous force constant value for ,“ '

Bo-

PhaseMn(CO)5 and Ph3SnMn(C0)5 are lncorrect due to a wrong

T assignment. Correct -energy factored values for Ph3GeMn(CO)5

are ky = 16. 40, ky = 16.71, while those for Ph4SnMn (CO)  are
\;16 34 and '16.66 mdyn/A 7 These compounds are thus not
exceptions to the’ generalization that k ' kz._-v '

—_— . ! S

v
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that in a givenfmolecule one can make no predictioh as to
whether the czs or trans carbonyl will be more shielded on
“the ba51s of CK carbonyl stretchlng force constants.

In complexes of the type czs~x2M(Co)4, where X is‘H98'

or a'Group IV ligand, 93

and M = Fe, Ru, Os, the resonances'

| of carbonyl carbon’ atoms trans.to X are also found to be

more shlelded than those of the ctg carbonyl carbons.' f
L1ttle work has been done ;; mono-substltuted derlva-

- tives, of manganese . pentacarbonyl However, it does appear

that the generally observed73 large 1ncrease 1n shleldlng‘

of carbonyl carbon resonances upon descendlng a tran51tlonbf

13

metal group 1s in evidence herew The C NMR spectrum of

- CH Mn(CO)5 in the carbonyl reglon exhibits a broad ‘un-=

jresolved 51nglet at =21 p p.m, relatlve to C5292 (- 214 p.p. m.
relatlve to TMS), and tbat of C6 SCHZMn(CQ)S at —87°C_shows
_two 51gnals at ‘gll 1 and -209.1 p.p.m, due to cts and |
'trana carbonyls respectlvely.aa_ These values can. be cohpared

: ‘wlth those of. —185 2 and -181. 3 P.p. m. for the cis and trans

| carbonyls of CH Re(CO) As has been mentloned prev1ously94 21

‘such a large up-field shift when descendlng a. group cannot
be: explalned in terms of carbonyl stretchlng fqrcé constants.,:

To apply the usual treatment of exﬁerlmental data to
| our own results a plot.of Cotton—Kralhanzel carbonyl stretch-a
13C chemlcal shifts is. shown 1n

P

'ﬁ'lng force constants vs..
| Figure 26, It can 1mmed1ately be seen that for the cts
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carbonyl carbon'atoms-an excellent,correlation exists,-with
more hignly,shielded'carbonyl Carbon atoms belonging'to
ligands of-higher forceﬂconStants. It should be. noted in

94, ‘for the cis carbonyls

'lthlS connectlon that p01nts reported
of complexes LW(CO)5 fall on a contlnuatlon of the same '
fstralghtvllnel However, the correlatlon for the trans
carbonyl groups is poor, a phenomenon whlch has prev1ously
been noted for a series of carbene derlvatlves of chromlum

21 Thus changlng chemlcal ShlftS of trans carbonyl

carbonyl
'tcarbon atoms are not always reflected by changes 1n carbonyl

lforce COnstants.

_The Ionic compiex.[kCHACN)Ré(CO)S][pFSIdIt

Aygood Spectrum'of'this'cbmpound was.obtaihed:at‘ambient
éCN'solvent‘(see'Table XVI). The data will
be discussed in terms of non-carbonyl and carbonyl carbon

temperature in CD

~ atoms as before.
- (a) Resonances due to carbon atoms other that carbonyl R
carbon atoms o "; - R ';/ - fi\s\\\&.A-"

Peaks due to cyanlde carbon atoms were observed at 128 l

't;p p m. and.-118 3 p p m., and these were assigned to co~

"'ordinated CH3CN and to CD3CN solvent, reSpectlvely.e The

.'f absence of solvent exchange at ambient temperature was con-af

i

‘“firmed by a further experiment in which a small amount of.

L o
Y I
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- CH,CN was added to the’Solution,v As well as the septet due

to the CD3 carbon of CD3CN, two CH3 51nglets were,obServed

'-att—4 3 and -l 6 p p m, The former resonance was that of

_the complexed CH3CN group, the latter that of the’ free

)

CH3CN in solutlon. The spectrum was essentlally unchanged

at-70°., Hence any exchange between the two is slow on the

NMR tlme-scale.,f.

- (b)  Resonances due to carbonyl carbon atoms. -

It 1sv1nterest1ng to note that the . trans carbonyl reso— o
'nance 1s down-fleld from the c¢is resonance in thlS case (see t
“Table XVI), in. contrast to all the neutral rhenlum derlva-‘
tives dlscussed earller.' In this sense the Spectrum '
resembles those of neutral complexes of the type LM(CO) 'v~ .
:(M = Cr, Mo, W) where,ln all cases reported so far, the B
i'ttrana resonance is down—fleld from the czs.??l The reason ‘
v‘why the [(CH CN)Re(CO) ], salt shows . such dlfferent behav1our
sfrom the neutral XRe(CO)5 spec1es is not. clearly understood |
iat present However, 1t 1s 1mportant to note that the
'reversal cannot be explalned in terms of force constants

'f_slnce the eis carbonyl force constants are hlgher that thoset'

o of the trans carbonyl 1n all cases (see Table XVII)

As can be readlly seen the data for the czs carbonyl

force constant and chemlcal shift w1ll not produce a p01nt
: 3 .

tion the straight 11ne 1n Flgure 26., The signlflcance of
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§-this is hard to 1nterpret at the moment since changes in

the solvents used for IR and NMR studles relatlve to the o

: neutral XRe(CO) der1vat1Ves may be at least partly respon—,;
"s1ble., It should also be noted here that the carbonyl L
esonances for [(CH3CN)Re(C0) ][PFGJ remaln well resolved
_1n CDBCN at 70°C. In v1ew of the 1nterest1ng features '

' observed for thls compound it is hoped that further catlonlc

4 ,rhenlum spe01es of the type [LRe(CO) ] wlll}be studled.



EXPERIMENTAL

1-‘Compounds.were preparediaccording to:the.methods in
o | S B S N S
the references indicated- "CH Re(CO)S, CH3CORe(C0)5; .
- - o Ly
CgH 5Re(CO)5 and C6H CORe(éO) were'prepared by‘the method of

87 -

Hieber et aZ The sodlum salt of Rez(CO)lo was used

Dlsplacement reactlons u51ng Na Re(CO) . were used in

60

hthe preparatlon of (CH )3GeRe(CO)5, (C 3)38nRe(CO)5, ~and

'(CH3)3PbRe(CO)5 Detalls of the synthe51s and characterl—_ f’
:isat;on of the germanrum‘compqund were,descrlbedjlneChaptervi

.« -

' II.t‘The preparation of the.lead‘compound has Very recently.
‘been reported99 and - the 1nfrared bands are in excellent

agreement the compound is colourless when pure, however.

SlRe(CO)5 0'and (CH

»Samples of Cl. SlRe(CO)5 prepared by

3)3

"3
Cythe reactlon of Reégco)lo wrth 01351H and (CH3)381H were |
'klndly supplled by Dr. W Jetz.. The method of Kaesz et aZ 10 l
vas used in the preparatlon of BrRe(CO)5 and ClRe(CO)S, a':
sample of the former was supplled by Dr. D. Dong. o
130 NMR spectra were recorded u51ng the Fourler d,: ;'f‘£

irtransform pulsed NMR technlque, as descrlbed 1n Chapter VI -
'Proton-decouplxng was employedeln complexes contalning ”
| hydrogen atoms, except as noted 1n the d15cussron. The
:‘uwnumber of scans was typically in the range 1 000 to 4 000
“;Spectra of neutral complexes were recorded 1n CDCl3 at

'ambient temperatures (45°C for the Varian HA 100: 35°C for ‘-v' |
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‘the Brdker HFX-QO), excéét as‘noted}in the text.-?The‘salt ' |
-“[(CH3CN)Re(CO) J[PF J,Was'prepared as described by Okamoto102

from Re, (CO);

an NOPF6 in CH CN solvent, and 1ts spectrum'
:was recorded in ols) CN. SOlutlon concentratlons were o
generallyhof the order of.0,5 M, although:somewhat h;gher
’¢in'a‘few:cases;"13d‘chemica1‘shifté\Were neasuredlrelativetr
 to the ipternal solvent resOnance and are reported relative' to
"fto TMS by use of the relatlons G(TMS) '6(CDCl3) 5.77,0354
p.p.m. and 6(TMS) - a(cn N+ 1. 187 p.p. e s |
Infrared spectra were recorded as descrlbed in. Chapter:f
-f‘dII and reported bands are . c0n51dered accurate to +l cm ;. B
Cyclohexane was employed as solvent for all neutral cpm-ti
plexes, and dlchloromethane was. used for [(CH CN)Re(CO) ][PF ] d"“
-_Approxlmate force constants were calculated u51ng the Cotton—5 i

103 In cases where 1nfrared band

~vKra1hanzel approx1matlon.
‘;p051t10ns not measured in thls work were employed in force'
.rconstant calculatlons,‘references are glven 1n the footnotes
iv"to Table XVII.: In su%h cases force constants were re- (i'.l
_,calculated from the publlshed data to ensure 1nternal ?\

,'con31stency
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