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ST j_':g } ABSTRACT " o
The react1v1ty of the anlon [(C7H7)Fe(CO) 17 has proven

it to be a versatlle precursor of flux1opal organometalllc

'cqmplexes.

!

- The dlfferenﬁ reactlon patterns observed 1n the inter-
actlon of [(C7H7)Fe(co) ]_ w1th main’ group IV electrophlles*
idemonstrates the synthetlc ut111ty~of thls anlon. The reac-

tlon of the anion with R3MX ‘R = CH3{ M = 81 fGe, and ’

R = CGHS’ M = Ge, and X = halide, ylelded the ring substltuted

ﬁ

compounds (exo J~ R3MC H. )Fe(CO)3 ' The synthe51s and .

characterlstlc propertles of the compounds are descrlbed

—Varlable temperature proton and carbon- 13 NMR spectra showed -

‘that these complexes are flux1onal. The mechanlsm of the

£ S
process respons;ble for the temperature dependent NMR spectra

/ was 1dent1f1ed as an 0501llatory motlon of Ehe Fe(CO) m01ety
Dw1th respect ‘to the C7H7 rlngy correspondlng to an apparent
l 3 1ron Shlft : A norcaradlenetrlcarbonyl1ron spec1es is

con51dered as a p0551ble 1ntermed1ate in’ the rearrangement
. !

1mply1ng the operatlon of two sequentlal l 2 ShlftS for the
1ron mlgratlon. The free energy of actlvatlon obtalned for

“the complex (7- (C6H5)3GeC7H7)Fe(CO) by the spin saturatlon

1’.

'“transfer (Forsen Hoffman) NMR technlque (77 kT mol ) agrees .
. well with that extracted by convenilonal llne shape analy51s

(73 kJ mol™t, = 120°cC) .
In contrast the reactlons of [ (C. H7)Fe(CO)3]— with

(C )3MCl, M= SQband Pb resulted in n3—coord1nated

cycloheptatr1enyltr1carbonyl1ron complexes. The observation

1Y



of a sharp Singlet for the C7H7 resonance in the lH and l3C

NMR spectra of these compounds at ambient temperature 4 C.

‘1nd1cated the,flux1onal nature of the complexes Variable
temperature NMR spectra established the n%—coordination of
B %4 1

‘the C7H7 ring while' the observed line shape changes clearly
: \

,indicated the 1, 2—shift as the operabive mechanism THe
3

”

react1v1ty of . (n —C H )Fe(CO) Sn(C H )3 1Srcommented upon.

The reactiVity of [( C H )Fe (CO) towards other main

3J
group and tran51tion metal electrophlles has also been

studied and .is discussed.

Q

Attempts to syntgesiie the‘compound transfuexléz—n:5é7¥
J"n—C7H7)Fe(CO) Fe (CO) Sn(CGHé)3 failed 1nstead a ClS dinuclear

complex was identified and (nS—C7H7)Fe(CO) Sn(C HS)j could-be

isolated. Two dlstinct temperature dependent processes are

operative in this compound The coalescence temperature for
u (IR .
the high energy process, which equilibrates aZZ hydrogen p051—

tiOns-of»the seven—membered ring, i's conSiderably higher than

the Tc for .the corresponding,process»in the case of (n 3-~C7H7

Fe (CO) Sn(C H5)3 (+3O C versus -60° C for (n —C H )Fe(CO)

Sn(C H5)3). The mechanisms of both the high- and the low—

temperature process’ observed for (n —C H )Fe(CO) Sn(C 5)3

¢

are delineated;

653 777

deprotonated this is in contraSt tO'the‘parent molecule

- The complex (7-(C_H.)_.GeC.H )Fe(CO)3‘could be endo-

where only exo- proton abstraction lS observed The resulting

'anion [((C H )3GeC7H6)Fe(CO)3]_'could be deuterated to yield

exclusively tvo isomers, (3~ (C )3GL 7~ DC7H6) 3

.-(6—(C6H5)3Ge 7- DC7H6)Fe(CO) - The isomers could be separated

e'(Co) . and

Vi

¥

e

)=
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o - . | . . ™~

P '\ <

by repeated fractlonal crystalllzatlon ;Deuteration'of

-~

these two complexes showed that electrqphlllc addltlon to

e

‘the seven- membered rihg- occurs stereo— and regloselectlvely,

-

i. ef, exo attack at the uncoordtnated double bond is observed.

: [ “«

: The regloselect1v1ty of" the electrophlllc deuteratlon

vof [((C6H5)3GeC7H )Fe(CO)B]T*ls dlscussed in view of the data
.avallable on 1ts , low temperature llmltlng lH NMR Spectrum

~and w1th respect to the recently formulated rules: concernlng
4 L 3

nucleophlllc addltlon to coordlnated unsaturated hydrocarbon"

l

llgands in catlonlc organometalllc complexes. The reactivity
of thlS "anion towards main-. group v electrophlles is .

’ '»_/ ) . T
commented upon. ' - :

TR

vii. . : “
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. CHAPTER QNE, L R ' 1_,£~
INTRODUCTION. TRANSITI@ﬁ METAL ORGANOMETALLIC
COMPLEXES or THE CYCLOHEPTATRIENE AND CYCLOHEPTA—

©

'TRIENYL LIGANDS. S

1. The coordJnatlon of unsaturated hydrocarbons to

'trans1tlon mctals ‘Bondlng in polyene metal complexes

The nature of the bOndlng in cycllc and acycllc "",u
: polyehe—metal complexes has been studled exten51vely and
b*several rev1ews have appeared 1 Whlle we w1ll cons1der a N

detalled molecular orbltal descrlptlon of thelbondlng in

_[( )Fe(CO) 1 below, 1t sufflces here to ‘recall a

»

‘ip51mpllf1ed qualltatlve plcture of the 1nteractlon between

’

the polvene and the metal center 2 Upon coordlnatlon of
the polyene, overlap of the hlghest occupled molecular
orbltal (HOMO) of the polyene w1th (an) empty metal
orbltal(s) of sultable symmetry (and malnly d-orbltal in
character) occurs, resultlng in a donatlon of electronﬂ
'densrty from the llgand to the metal Overlap of (a)

S ;
fllled metal orbltal(s) w1th the lowest unoccupled molecular

orbltal (LUMO) of the polyene (whlch ‘is oftgn antlbondlng
.‘ w1th respect to the polyene Cc=C double bonds) results 1n '
' the donatlon of electron den51ty to the organlc llgand
The two contrlbutlons to the bondlng are. synerglc in
character and are comparable to the effect on the polyere

q

of exc1t1ng an electron from the HOMO to the LUMO 2. An



equalization of the C-C bond iengths in the bound fragment
of the polyono is cxpected from clther bondlng contrlbutlon

In addition it is also anticipated that theg roact1v1ty

\ ~ b .
ﬁ .
of tho bound orgdnlc m01ety WJll bo rathcy differcnt than

that of the frce llgand For example, upon coordination
to the FQ(CO)3 m01cty the anti—aromatic ligahds'cyclo—

‘butadlene and cyclooctatetraene eXhlblt chemical and

gégaétrlc pr;pertles characteristic of an aromatic {
hydrocarbon: equalization of .the carbonlcarbon bond
lengths,3’8’9 a teﬁdency~to undergo électrépﬁilic subétitu—
ﬁion?’5'7 and a lack of reactivity towards (4w + 27). |

Diels-Alder feagents.6 The last two characteristics. are

-

: . ¢ E f
particularly apparent for the cyclobutadiene ligand in

‘(n—C4H4)Fo(CO)3.7 The crystal structure of a substltuted
deravatlve of the latter compound has. been reportcd 8 The

dlhedral geometry of (r4—C8H8)PC(CO)31s shown below;9 note

the equal C(l)-C(2), C(2)-C(3), and C(3)-C(4) bond distances.

C(6)

C(7) C(S)
C(8) \4) c(3)

C(1) C(2)

{0

Figure T. _Thc‘stfucture off(C8H8)Fe(CO) Bond distances

9
5
are C(1)-C(2) = C(3)-C(4) = 1 -2, C(2)-C(3) =
1.42, C(4)-C(5) = C(1)-C(8) = 1.45, C(5)-C(6) =

C(7)-C(8) = 1.34,and C(6)-C(7) = 1.49 (all +0.02 A).

5’-”:-( R n N
W,



The geometries.and rcactivities of non-cyclic polyenes

3

follow an identical pattern. For cxample, this is

illustrated by the solid state structure of (n4—butadiene)w\

o
FC(CO)3lO in which the observed C-C scparations, 1.46 A, .

in the diene moicty an% identical within experimental
~error. The above characteristics are also particularly

well exhibited by the tricarg%nyliron complex of 2-vinyl-

naphtalene,ll Figure.ll.“

bt

(CO)3Fe

c2)

N

(2)
C(3)

Cl

c(8)
(o com

C(10)
s 4

Figure II. The structure of the Fe(CO)3 complex of 2—vinyl—

_ naphtalene.ll Selected bond distances are:

C(l)-Cc(2) = Cc(2)-C(11)

Il

C¢l1)-C(12) = 1.41 A,

C(2)-C(3) = C(4)-C(10)

i

C(9)-C(1) = 1.46 A, and

el

o]

1.31 A. B .

o
w
T
O
~
I

Transition metal complexes find particular application
in the stabilization of otherwise highly reactive organic
sﬁbstfates. Examples are -found in the tricarbonyliron

‘ éomplexes df cyClébutddi@ner7fl%:tt;methylgncmcth?ne,l3

-. p§h£élénel4 and tricycld(4;4;O;Q%T5fdéca—7;9—dipneul5‘

o



Often the reactive organic species.can be generated 7in sttu
. by.removal of the transition metal fragment and subseduently

be used in the synthesis of new organic molecules,

édpation (lf;ls . , . t
Ced* R
/7 S (I
: RC=CR S

(OC)3Fe

Transition metalé can thus be used in the stabilization of
.otherwiéé ﬁnstable moiecules'and they‘find application as
perecting,l7 activatingl8-and airecting19 groups as well.
They can also act as catalysﬁs in-symmetry-forbidden <>
reactlons as is shown below for the,formally (27 + 6m)
cyclo addition reaction of (C7 8)Fe(CO)3 with diphenyl—‘

acetylene, equation (2).20

_ (00,

D SN
©(OC)fe i PhCE CPh B .P'h"

Arﬁ ,i...Arz)_‘

RT

A
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Further examples of the coordination.of unsaturated
hydrocarbons to trahsition metals and the effect this ’
exerts on the properties of the ligand will be encountered
in the following scctions.

.

2. Stereochemical Nonrigidity. Instrumentation, techniques,

and mechanistic aspects.

Another interesting aspect of polyene transitionwmetal
-complexes'iS'the occurtence ofistereochemicallyfnonrigid
molecules.zl AMolecules are designated stereochemically
nonrrgld if they undergo 1ntramolecular rearrangements

The rates of these rearrangements usually 1nfluence NMR
:llne shapes in the acce551ble temperature ranges. . If all
N

‘1nterconvert1ng species are chemically”and structurally

equivalent then .theé-molecules are:called fluxional. Stereo-"'

.chemlcally nonrlgld organometalllc compounds have been: o w0

e, L

23 ""25_ L

reviewed’ by Cotton 21 22 Vrleze Faller,zﬂ.and Mann

The study of these nonrlgld systems has been crltlcally
dependent on the avallable NMR 1nstrumentatlon In

- partlcular ‘the recent developments in pulsed Fourler'

'transform 13C NMR spectroscopy have allowed the detection

of'carbonyl re’arrangements26a and novel conformational

»interconversions.zsb The greater chemlcal Shlft dlfferences

~

‘wand the ellmlnatlon of C -K coupllng by broad —bang -

docoupllng make l;cyNMR‘speCtroscopy eminently suited for

. the measurement_of exchange"ratestg?j The .recent ‘advances



in hetero- and homonuclear double resonance techniques,
i.e., proton noise decoupling, off-resonance decoupling,

indor,and gated decoupling, have tremendously extended

the range of 13C NMR studies. Only the lower senSitivity“

)
‘of 13C as compared to lH NMR spectroscopy can sometimes
constitute a serious handicap.

Exchange rates (T—l), and therewith the acdtivation
parameters, can be determined.by the line shape analysis
of NMR‘spectra as a function of temperatu.re,z‘?—25 by’the
spin—echo technique,—z8 by the measurement of spin-lattice
relaxation times (Tlfvalue;)lzg by studying the pressure -
dependence of NMR spectr_a,30 and by the Forsén-Hoffman
sp1n saturation techn1que.3l' Experimental difticulties

however oftc“ com“rlcatc the latter methods ‘and variable

‘temperature 1H and . l3C NMR spectroscopy has been -the most

-yt

tm*'lmportant technlque for studylng the meChanlsth and

”energetlc aspects of nonrlgld organometalllc moiecules
The determlnatlon of “the - energetics for the rearrange—

'ménts.is often accompllshed by’ computer 51mulatlon of. the

NMR;data.> The usual 1nput into the avallable programs is
-~ “
T 1 -K, where T 1 is the reciprocal of the lifetime and

K the overall rate constant for the process A careful

Y

“distinction between T 3 and the rate of leav1ng each . site
Jmust be made 1n order to avord errors in the calculatlons

" of activation- tnerglcs For 1nstancc for a 51mpletwo site

exchange problem with equal populations the'rate of



127 is equal to 0.5 K, i.e., k12 + k2l': K

or k12 = k21‘= 0.5 K; Neglect of this relation produces

leaving, site 1, k

errors of factors of 2 in the "rate" constant. Similar
relations can be dedncéd for more complicated cases.
Sources of error and related complications in using computer
calculations:of’line shapes‘have been discussed by Allerhand
et’aZ.32 and by Faller.24

We should also note at this junction that the
rearrangement processes concidered here, and in many other
inetances, are intramchcuZer’in nature. Thus, the
experlmcntally obtained entropies of activation, AS*, are
rather small. An Unusually large value of AS’JF should
therefore be regarded with suspicion. Most probably it
-~ is 1nd1cat1ve of a poor experimental set of.data and»not
of some fundamental property of the rearrangement mechanlsm
Further discussion on the factors affecting the errors

£ +

in AH" and AS

Binsch.33a ’ ' .

can be found in a very lucid discussion by

To avoid the tedious computer simulation of the
experimental spectra at all temperatures it is sometimes
more practical to determine the rate constant as accurately

as possible at one temperature and to obtain the correspond-

ing valuc of AG*. In addition, for the simple'two—siteJ\x

exchange problem with egual popnlations, approximate

+

expressions to determine AG™ at the coalescence temperature

are also known.33 These are: sHown below



'i?f;Sf as. appllcablc for eXample to (n ~C,h: )CO(CO) Apnd{

) 8
kK = (—)Av two uncoupled sites 'y:fl"KS)“
V2 ' ,
=f\\;- . L _
' i 2 20 N A
-~ kt= (__f)(Av + 6J7) coupled AB spln, (4)
V2 ' system ' /
act = -RT _1n (hu6v/vZ kT_) o (5)
= 19.13 T  (9.97 + log(T_/6v)) J mo1”L. (6)
T ={coalescence-temgerature;_Av‘= chemical shift

difference at T,-

These expressions stem directly from the absolute rate
theory and are sufficiently accurate for most purposes. 32,33
Often the chemlcal shift difference between the two sites
1s temperature deoendent and Av has to be extrapolated
from the slow exchange limit 1nto the region of 1nterest
Larce errors in AG* can result,lf this is not taken into
account.33a’b

Dhring'the initialvstages of the line'hroadening the -
linewidths of those resonances from whzch nuclet leave
faster will be broader than the remalnlng resonances This
principle often makes 1t p0551ble to elucidate the rearrange—
ment mechanlsm. This is demonstrated in Scheme I. . This
scheme shows how the dlfferent env1ronments.aro 1nterchanged

by three N rearrangement pathways, the 1 2 ,01“3-' and

| the 1 4 Shlft mechanlsms,‘for an n‘—C7H7 ring,vn --1 /3 or R

P
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(n 1 C7H7)SnPh3.35 Only if an unambiguous ausagnmcnt of

all (or. most) of the resonances is obtalned can the

4

domlnant pathway be deduced For example, a 1,2- Shlft is

..1ndlcated by a slower collapse of the resonance 4 in

. Scheme I

Cotton22vand Faller24 have reviewed the ex1st1ng data

on the mlgratlon of metals- about cyclic conjugated

runsaturated hydrocarbons and found that the majorlty of

these rearrangements occur by the J 2- ahsz mechanlsm

j quowever, apparent exceptlons have been observed

. Cotton and co~workers, for example, observed that the

four 13C resonances of the cyclooctatetraene rlng in

(nG;CS 8)Mo(CO)3 broadened. equally on ralslng the tempera—

ture above that of the Slow exchange limit. 36 This

immediately eliminates the l,2~ and 1;4—shift asythe.
dominant-rearrangement‘pathWay. A random pathway via a

20—el§ctron, n8—C8H8, "piano-stool™" intermediate was

' proposed to explain these facts. This proposal has been

criticized and a l6—electron, n4—C8H8,species has been
suggested as an intermediate.37 This alternate pathway

leads to either a dominant'speCifiC'l 3*shift or to a

random shift. The latter 2 procésses are 1nd1st1ngulshable

'bey?the”experlments carried: out by Cotton et al. The

"inlux1onal behavrour of the compound‘(n%ac H‘)Sn(C H5)3 has

A FLs -.'

‘becn 1nvest1gatcd and a l 4~ Or l 5~sh1ft was deduced *

”'AL;;;_;;e;;r;, T ‘.-ug‘
The i 4-'and 1 S—Shlft mechanlsms producc ldentlcal 1nter—;t

,conver51ons Qf‘the ‘reséndhces bf the: Seven-< membered rlng

- and;agegtherefore 1ndlst1ngulshable for thls compound



The Ph Sn group occupies the pseudo- ax1al\p051tlon on the
methylene carbon (endo conformatlon) and is thus situated
the more favourable p031tlon for the obscrvod nonrlgldlty

(n ~5~ C7H9)SnPh3 also undergoes 1,5-shifts. 35b These'

: molecules and the related spec1es {n —5 -C_H, )SnMe 39 form

79 =3
the only. organomctalllc compounds which undergo clearly

Jﬁestabllshed 1,5-shifts of. theumetalllc m01ety around the

’organlc llgand
VHAThe observatlon of l 5= shlfts is 1ncon51stent w1th

o

the pr1nc1ple of least motlon, whlch was cited to account

'metal complexes, but. follows the predlctlon of the
Woodward Hoffman rules. The 1,2- and 1,5- pathways are
degeneratc (resulting in ldentical site exchanges) in

the well studied nl—cyclopentadlenyl derlvatlves of the
1 4 RV

, tran81tlon metals but the n’-C,H, or. nl 7 9 complexes;;ffﬂf

77,

in
38

" for the domlnance of the 1,2- shlft mechanlsm in tran51tlon

would allow a dlstlnctlon to be made between the two.l Lo

However the Prepagation of such a tran51tlon metal complex -

has been accomplished only recently and mechanistic
elucidation awaits further work . >1 Non—transition
elements may satisfy the requirements for a concerted-
s1gmatrop1c rearrangement and orbital symmetry rules may

apply The possible involvement of .transtion metal
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nonrlgld tran51tlon metal organometalllc spec1es As a

matter of fact, lnterest has long centered on ways to

~alter the course of thermal or photochemlcal rearrangements

t;by the presence of tran51tlon metals. 3

Apparent l 3 Shlft mechanisms are rather rare and

'have only been observed for” (a) “(n A H )Fe(CO) and y e

wlts substltuted derlvatlves, the study of whlch forms- a

ma]or concern of thlS the51s, (b) ( 6 )Cr(CO) 42
(e) (n 3. c, 9)Pd(acac) and 1ts neutral and catlonlc

derlvatlves and related cyclooctadlenyl complexes,4§ and
40 6

(d) Ruz(CO) (C16H16) (n C8H8)Cr(CO) was shown to
‘Eundergo a l 3- Shlft by the Forsén- Hoffman sSpin saturatlon
method 31 42 As mentioned above, the varlable temperature

lH and 13C NMR profiles dld' lnltlally,_not allow for a
dlstlnCthH to be made between the l 3= and random—shlft
'jpathways.3§.‘éelect1ve 1rrad1at10n of the resonances 1n ‘
! tHe 13C NMR spectra showed that ‘the transfer of saturatlon
.dls.not random. Ouantltatlve analy51s of the spectra lead
to a domlnant '1,3-shift as suggested by Whlte51des 37

A competlng but less pronounced 1,2-shift was alsov
establlshed whlle the new flndlngs were~confirmed by a
'"relnvestlgatlon of the V T' 13C NMR Spectra 42 The above
"spln saturatlon transfer or Forsén- Hoffman technlque has

;-been adequately descrlbed 25.31 ‘The method can bef-3«:."”

relevant for- the correct assrgnment of resonances



. . . - .o . . - co . i
L o . e ®

‘and allows forethermeaSUreménEvof7slow‘exchange rates;
.As such the Forsen Hoffman technlque constltutes a- useful -

7complementary method for . the determlnatlon of klnetlc

¢

f parameters (quantltatlve aspects of the Forsen Hoffman

. Eor a- w1de Varlety of bondlng modes (n tG n.! ) upon

'+echn1que will be” described in detall 1n Chapter I1).

-

*53iivThe @7&- and C7H7 lrgand’systémswwﬁA%reVieW'offn;:fr‘

{ S

through n7—bonding modes: ' o

In contrast to the allyl and cyclopentadlenyl llgand
systems cycloheptatrlenyl and cycloheptatrlene have
received relatlvely llttle attentlon as unsaturated coordln—
atlng m01et1es.%4” However, the cycloheptatrlenyl‘;roup
and Lts parent molecule l 3, 5 cycloheptatrlene form a:

x;partlcularly‘ln erestlng organlc substrate system. The -

“presence of three conjugated double bonds holds a- promlsevm

! Cﬂcoordlnatlon to dlfferent tran51tlon metal centers l Free

cycloheptatrlene adopts a boat conformatlon45 and 1ts

’formulatlon as a homobenzene has been dlscussed 46 ' '




H %

ks

) Photoelectron spectra47 and-NMR;studies48 appear_to indicatep

that overlap of the P, —orbltals on C(l) and C(6) occurs

~‘and - that these orbltals are slightly tllted towards each

other However, the low barrler to. rlng 1nver51on (~25
kJ mol ;)48 149 has been taPen to 1nd1cate that the extent.

of thlsulnteractlon 1s llmlted

We now turn~to a review;of the.different bonding modes
-.of this‘ligandfand dts cycloheptatrienyl~counterpart
towards transitionimetal'centers. ‘Seueral_of these bonding
modes were enCOuntered‘during the course of the present
work and all are dlscussed in the follow1ng chapters as
B flnal reactlon products or as: rearrangement\1ntermed1atesr»ﬁm

Thls rev1ew is by no .means 1ntended to- be exhaustlve'
{ and onlj the maln characterlstlcs of the dlfferent
| coordlnatlon patterns are. descrlbed Typlcal examples coo
and leadlng references to the llterature are glven.irx .

word of cautlon regardlng the n enclature is opportune

Throughout thlS the51s the hydrogen an gcarbon atoms of

the cycloheptatrlene and cycloheptatrlenyl llgands are

numbered as shown below for (n4— 7HB)E‘e(CO) -and

3
(n3fC7H7)Co(CO)3, in‘acooﬁdance‘with the directions and

14.
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‘;guldellnes of the Internatlonal Unlon of Pure an\\Rpplied.

: Chemlstry 5;_ The nl, n% ‘nS and n6 bondlng modes are

‘numbered 51mllarly with. the saturated carbon atom (n
n~—,'and n6—coord1natlon) always carrying number~seven

;and the central Coordlnated carbon atom .in the- nl;; n3%;

and ns—coordlnatlon modes carrylng number one. ‘The‘
conflguratlonal de51gnatlons exo— and endo-’are -defined
_w1th respect to the p031t10n of the ring- substltuent

o

relatlve to the transition metal m01ety as exempllfled

.for the (1-4-n-exo- 7 RC7H7) and (l 4-n- endo 7- RC H7)—

trlcarbonyllron complexes

R

“ ”l“c 78, v» R o N
No_monohapto cycloheptatrienyl derivatives of the
transition.metals'have been reported.* :
. . | ) . &\\
*It now appears that (nl—7 C7H7)Re(CO) forms, the first -

example of a monohapto cycloheptatrlenyl complex of the

tran51tlon metals 21



‘

The reaction of organometallic anions with su1table

precursors of the nl— ligand (C Br, H_C(0O)C1,

7 7 7 7 7
+

C7H7OCH C7H7 BF4_) conétitutes one possible route towards

the synthesis of representatives of this elusive class jof

i

compounds. This approach,‘however, suffers ffom\two“
noticeable drawbacks. Decarbonylation often occurs upon ﬂf
the interaction of the precursor with‘metalcarbonyl anions
resulting”in the formation of n3— or nS—C H., compounds,

77
equations [(7)-(9)].

[(C5H5)Fe(CO)2] 4—C7H7 BF4 —_—
3 52,61 (7)
(n —C7H7)Fe(CO)(C5H5) '

. - 3 , 34,60
‘I(OC)4CO] + C7H7Br —> (7 —C7H7)CO(CO)3 (8)
- 5 37
f(OC)SMn] + C7H7C(O)c1—+—(n c H )Mn(CO) (9)

T = —70°c

In other instances an apparent electron-transfer reaction

is frequently observed resultlng in the formation of the

i
/

thermodynamically very stable ditropyl (C_,H_-C_H.) dimer

777 77777
and the dimeric metalcafbonyl, equations (10) and (li).
T = +420°C /
2[(0C) Mn]  + 2C,H,C(0)Cl ——— 3 j
5 787 . | (10)
. Do 37
Mn, (CO) ;o + (CoH ), + 2cp.
+ -NaBr _
[(C Ce 5)Cr(CO)3] “Na @ + C7H7Br > (11)
. 53
[(C5H5)Cr(CO)3]2 + (CZH7)2

" Formally the dimeric products arise from an electron

'>transfer followed by the coupling of the radical fragments.
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For the above manganese compound a rapid homolytic cleavage

of the metal-carbon bond in a proposed (n -C.H )Mn(CO)

777 5
intermediate has been suggested.37 The hlgh carbon- carbon
bond strength in ditropyl (.160 kJ mol l)54 cetalnly

»

favors the irreversible formation of the dimeric products.
Similarly Deganello and co-workers®> have reported the
formation of ((C7H7)Fe(CO)3)2 from the meaction of
[(C7H7)Fe(CO)3]_ with allyl halides.55

One sset of monohapto cycloheptatrienyi derivatives
of the main group elements deserve to be mentloned here

the compounds (n -7- C7H7) 37 M = Si, Ge, Sn with R = Ph35

and M = Si, R = Me.57 . The 1nterest1ng flux1onal behav1our

&

of the tin derivative has been commented upon already
On the other hand, Ashog7 found that the 1, 5 hydrogen
shift is faster than the 1,5- trimethylsilyl shift in the

silicon derlvatlve, Scheme IT.

SlMe3 v SlMe
A

‘_»

Scheme II. The - 1,5-hydrogen shift in (nl—7—C7H7)Si(CH3)3.
Few nZ—C7H8 complexes are known. Pauson and coworkers

identifiéd~§n n2—1ntermed1ate in the synthe51s of "(n 6_,

58

(

C: ﬁ )Mn C H ?; gj‘frared spectroscoo»), equation (12).

PR



| C,Hg 2
(CSHSMQ(CO)3 Ty —co > (n —C7H8)Mn(CO)2(C5H5)
Voo 1965 (vs), 1908 (vs)
| , 7 S (12)

6
(n —C7H8)Mn(C5H )

5

When 7—substituted cycleheptatrienes_were employed (R =

Ph, Me, t-Bu) mixtures'of pxo‘and endo n6—isomers resulted.
This aspect of the chemistry will be detalled below The
above n2—complex, (n 2—C7H8)Mn(CO)2(C5H5), has recently been
1solated as a yellow crystalline solid. >9 The 13C NMR
spectrum 1nd1cates that the cycloheptatriene ligand is

coordinated through a double bond adjacent to the ring

”methylene carbon.

3 |
Several n3—C7H7 complexes of the transition metals
have been synthesized. a summary 6f_the relevant compounds,

with respect to the complexes described in the following
chapters, is given in Table I. 1In all cases the cyclo-
heptatrienyl ligand is bonded to the metal center viag an
allyl moiety. 'This is most clearly demonstrated by the
solid state structure of:(ﬁ3—C7H7)Mo(CO)2(n C5H5), Figure
III. Four carbonyl stretching frequencies are observed
in,the.infrared spectra (in cyelohexanel of the latter
combound 1nd1cat1ng the presence of two conformers, 8a

~J

and - 8b
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TABLE I

(n3—C7H7) complexes of the transition metals.

.Compound . ..« oo - Réference
3 ,
(n ~C,H;)Mo (CO), (C.H.), 8 60, 63, 64
' (n‘3—c H ).CO(CO) 3 “ 34, 60
777 3" &~ L
(n3=c_H,)Fe(cO) (C.H.), g 52, 61
: 77 505/ 2, _ ’
(n3-C_H. )Mo (CO) L. 1o ' 62
747 27 28

L = Hsz3, HZB(diméthyipyrazolyl)2

ﬁthz3, HB(dimethylpyrazolyl)3

sz4
trans-y-(1-4-n:5-7-n-C_H )Fe (CO) ;Mo (CO,)L, 11 62c, 64
: 777 3 2 ~ ’
L =vC5H5{ Hsz3 , .




8a . 8b

Moreover a sharp resonance is evident for the

cycloheptatrienyl pProtons in the lH NMR spectra of all the

compounds listed in Table I at or above ambient temperature

establishing the fluxional nature of the C7H7 m01ety in

these complexes.
The_uncoordinated'diene part of the seven-membered
ring is available for coordlnatlon to a second tran51tlon
metal, for cxample to the Fe(CO) moiety. A structurally
characterized, representativevexample of this ne@ clése

~

of compounds is depicted in Figure IV.64

n_=CoHg

The Fe (CO) 3 moiety demonstratés a pronounced tendency

ot

20.

to coordinate preferentially to conjugated dienes.l’65’66"67

The formation of (n4—C7H8)Fe(CO)3,in the thermal reaction
of C.Hg with Fe(CO); is therefore not surprising.f68 The

rather more elusive ruthenium'analogue (n4—C7H8)Ru(CO)3

Although the large number of (conjugated diene)iron tri-
carbonyl complexes characterized to date supports this

empirical Observation, it was not so well-defined in the
early days of organometallic chemistry. Indeed (n“-C7Hg )=
Fe (CO) 3 was 1n1t1ally formulated as a dicarbonyl complex,
(n®~CyHg)Fe (CO) ,.
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A

Figﬁre IV. Molecular structure of trans-u-(1-4-n:5-7-n-

64 .
C7H7)Fe(CO)3Mo(CQ)2(CSHS). The C5H5 ligand

1s omitted for clarity.

_Ag22.j
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was first prepared by Lew1s7o and has. recently been

'4 H. ) (n 6_
8 12 8 10

_”w1th C7H8 under an atmosphere of carbon monoxlde 7l 'Monc-

3\synthe51zed from the reactlon of Ru (n

)

'and polynuclear nq- and nﬁ—"cycloheptatrlene complexes of

L,

“_1ron,»ruthen1um .and osmgum have, been rev1ewed by Deganello

67 “rL ot " coy e : . PAYERLIESY
and coworkers :

Substituted (n 4 C7H7R) e(CO)3 complexes have also

been prepared by the reaction of the apprOprlate organlc

g or Fe (co)9,4lc 172, 73 by the

" addltlon of nucleophlles to [(C H7)Fe(CO)3]+,73 and by the

“electrophlllc attack on [(C7H7.)Fe(CO)3]—.4la’b’55’74 The

moiety, C7 7R, w1th Fe(CO)

crystal structure of.(exo—7—phenylcycloheptatriene)tri—

4

- carbonyliron exhibits~the characteristics of an n -

‘coordinated avcloheptatrlene ligand.75 A schematic

' representation of this leCule_is shown in Figure v. It

is notedthat(exo

#

' characterlzed 51mple cycloheptatr1enetr1carbonyl1ron

PhC7H7)Fe(CO)3 is the first structurally

complex. The s®ructural features of related diazulene,

tropone and. azepine derivatives of tricarbonyliron have

been corripared.75



.44 .39

1.38 136

Figure V. Schematic representation of (exo—7—PhC7H7)—
75

The phenyl substituent in the above complex 1s fouﬁd to
be p051tloned exo with respect to the Fe(CO)3 group. The
‘dev1atlon from the long-short-long pattern expected for
the bond lengths of the coordinated diene moiety has been
:attrlbuted to the presence of a thirgd uncoordinated double
bond in this molecule.75 Interestlngly, the correspondlng
reaction with Cr(CO)6 ylelded a mixture of endo ‘and exo
isomers,88 the bonding requirements of the metal carbonyl
moietyiappearently having an effect on the stereochemical
outcome of the reactibn.
Although‘né—coordinationeof_poly—unsaturated Qrganic

ligands is most frequently observed with Fe(CO)B*, other

*
For 'the complexation of, a non-conjugated diene to
Fe(CO)3 see reference- 65b. .



¥
,metal carbonyl m01et1es also show this bondlng modef The
coordlnatlon of two non- conjugated double bonds in C_H

778
. to a transition metal fragment has been observed 1n p

'( 4 C7H8)Rh(acac) 12 76 Slgnlflcantly the coordination

here 1s/fhrough the. non- conjugated 1,5-double bonds and

interaction with the metal atom is to be mentioned. ' The
41,3 (or l 5) addltlon of electrophiles to (C7H8)Fe(CO)3

- 78,79,80
results in’ the formatlon of a new type of species.

In these compounds the iron atom achieves an 18 electron
configuration by the coordlnatlon of the organic moiety

via an n3—allyl group and a o-bonded carbon atom in addltlon
to the coordlnatlon of the three carbonyl ligands.7§ The
product from-the reaction of (CLH )Fe(CO) with tetra-

78
. €yanoethene has been characterlzed by X-ray crystallography

and is shown in Figure VI.



Figure VI. Structure of the cycloheptatrieﬁetricarbonyl—
iron-tetracyanoethene adduct.’®

n =G4,

.Only three\neutral“organometallié complexes containing
the n5—C7H7"moie£y Havevbeen deséribéd.37’81’82- Whitesides:
and Buanik'have reportea the synthesis of an—C7H7)Mn(CO)3‘
frémithe low-temperature decarbonylation of (C H,C(0))Mn-

777
(CO)5'37 The 1,2-shift ‘was established, by variable -

13

'tempe;gtgre C NMR'spectfoscoéy{ as the mechanism
responsible for the interghanging of»the‘carbon atom
posiﬁions of thé:ring. o
The interesting species (l—Sen-cyCloheptatrienyl)—‘

(1—5—n—cycloheptadienyl)iron,l3,8‘l and.its ruﬁhenium82
analog; if;ﬁhave been synthesized. 1In addition to the
high temperature 1,2-shift appargnt for the n5—C7H7 ring

a second egchahge process was observed at lower tempera-
tures for”fhe iron compound.  This latter pfocess,'

identified as a rocking motion of the rings



) ('Ac’ﬁL = 40 '£"6 kI mol™ L versus 71+ 10 k3 mol -1 for “the

1,2- shlfhd 1mposes an?apparent plane of symmetry upon each-

of the two seven—membered rlngs 81 In agreement w1th the

X-ray structure, Flgure VII, the low temperature limiting
_ . _ O

6~ 50°

~Figure VII. Molecular structure of (n —C7H7)Fe(n C 9)

A schematlc representatlon of’one of the two

;1nterconvert1ng forms of l3 is shown on the

left.

13C NMR spectrum showed 14 inequivélent carbon signals.

In addition to the above neutral nS—C7H7 compounds only one

other mononuclear nS—C7H7~metal complex has beeh“reported,*

(n —C7H7) (CO)3I, M = Mo, W, has been proposed as an’
1ntermed1ate in the reactlon of- HC7H YM(CO) ] with I . The
final product of “this reaction is (n -C H )M(CO) I. 84

-]



| 28.
namely l(C7H7)Fe(CC)3]+, 15, by Pettit and coworkers in
196473 |

An elegant theoretlcal study by Whlte51des,?5 using
photoelectron spectroscopy and molecular Q;bltal ‘calcula- .

tlons, accounted for the observed dlfferences 1ﬁ the'

activation parameters for the l 2 -shift mechanlsm 1nA

[(n ~C,H,)Fe (CO) ]y and (n° ~C,H, )M (CO) 5 (T _ :‘—50°c,
E, Z 46 kJ mol 1, and T_ :’+2o "C, By 263 kg mol‘l,
respectively) These dlfferences were correlated w1th the

. extent of back bondlng to the rlng An increase in back—

-

'bondlng to the seven—membered rlng resultlng in an 1ncrease

in the barrler to migration. An 1ncrease in p051t1ve

charge on the’ metal thus leads to a faster mate of rearrange—
ment . ‘83,85 Lo | , o -

.6 , . ‘ ,
n —C7E8 | o , L4

Several tranS1tlon metal derlvatlves of the type'

[(n —C7H8)ML ] , L,é,CO PR3, diene, arene;’m =~O, l,

and n svl—3, have been reported. 'Two of the earliest:
. , | ay o
representatives of this'class of compounds are Yns— C, 8)

~_Cr(CO)3 and (n6—C )Mo(CO)3 prepared by the direct thermal
reaction of cycloheptatriene w1th the parent carbonyl 77
The crystal and molecular structure of the latter compound
has been reported 86 Several ' (n —C7H8)Mo(CO) L, L = - .
phosphlne, complexes have been synthesized by the boro-*
hydrlde reductlon of the correspondlng [(n —C7H79MO(CQ)2L]+
87 . . . : N
catlons 5 .



(R = C 6Hs } CNK_i -equation (13).

3

@

Substltuted cycloheptatrlene derivatives of the

metal m01et1es Mn(C 5) and Cr(CO)é‘have been studied‘by

“Pauson and cowogkers 88 Nucleophlllc attack .on HC H )Cr-

(CO)3] has 1nvar1ably resulted in €he formatlon of the

" exo isomer,_(nG—exo C7H_/.R)Cr(CO).3 “This is in contrast

to the dlrect thermal reactlon of substltuted l 3, 5- cyclo—
heptatrienes w1th Cr(CO) which produced either exclu51vely
the_endo 1somers (R = 3, CH2C02C2HS, CH(CO C2 5)2,
CH2C-E CH) or a mixture of the endo and exo isomers

Cr(CO), or

= ‘ —
‘ ‘CI’(CO)3’py3 +B F3

Cr(CO)

R- CH2C02C2H5

Since the free substltuted cycloheptatrlenes exist

-'preferentlally in. the equatorlal boat conformatlon45 89

'the formation of the endo 1somer can be understood if the

reactlon occurs w1thout rlng 1nver51on "In the two casess

where both exo and endo 1somers are observed the presence_

of a relatlvely large amount of ax1al 1somer or a metal

‘ 1nduced rlng 1nver51on 1s suggested 88 'The relevantv

bOnd lengths and angles for the seven—membered ring in

*

(exo 7~ phenylcycloheptatrlene)chromlum trlcaerPyl are
F o
schematlcally reproduced in Fiqure VIII. 20 The complexed

- . : \ j)-
. B . .

29.

~N
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Figure VIII. Sdhematic‘representation of the seven-membered

90
3°

ring in (exo—7—C7H7Ph)Cr(CO)

’

cycloheptatriene ligand retains the alternatidn of bond
lengths shown in the free molecﬁle89 but the conjugatec#
system is considerably flattened upon codrdination 89,90

Of these isomeric complexes only the exo 1somer,
contalnlng a pseudo-equatorial hydrogen rearranges when
heated. This reaction has been classified as a metal-
ass1sted 1,5 sigmatropic* Shlft although the mechanism of
this assiatance is still rather obscure. Previopsly Roth
and GrimmelOl found.a similar conformatinnal préference
fgr the migration of hyarogen in the 1h5ubstituted‘¢omplex,
Schéme ITI. Uncbmplexed cyclbheptatriene undergoes

migration of the pseudo-axial hydrogen Only.lo2

For a review of sigmatropic\rearrangements see reference
100.



|
Mo (CO)3‘

L
(0C);

H, |

Mo-Hb

fAAO(CK)XB

Scheme III. Stereochemistry of the hydrogen migration in
101 ’

KC7H8
u,

)Mo (CO)

3-

-

Similar results were observed in the photochemical reaction

of substituted cycloheptatrienes C

For R =

isomers were obtained.

777

H,R with

(C.H )Mn(CO)3.

575

Ph, Me, and t-Bu mixtures of the exo and endo

The displacement of all three

58

carbonyl ligands in (C5H5)Mn(CO)3 by C7H8 via the inter-

mediate

the n2—C7H8 compounds.
6

'(CH3C5H4)Mn(n -exo-7-PhC

abstraction from (n5—endo—6—C7H8Ph)Mh(CO)3 results in a

mixtuge of 2 isomers of [(n6—C

equation

(n2—C7H8)Mn(CO)2(C5H5) was mentioned before under

58

(14).

<+
Ph3C

———_.ﬁ_»

-

The crystal structure of

787

) has been déscribed.

7

H7Ph)Mn(CO)

3

92

+ - 93
1" BF, ,

3

Hydride

ptr
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>

Exo hydride abstraction by Ph3C+_occurs and the endo isomer

1s obtained as the major component.

An n6—C7H8 derivative of iron tricarbonyl has also

been reported94 (n6-C7H8)Ru(n4—C8Hl2) can be synthesized from

Ru(n4—C8HlZ)(n6—C8HlO{ and cycloheptatriene under a hydrogen

71a

atmosphere, ‘while (n6—C7H8)Ru(CO)2 was isolated as a

byproduct in the reaction of the same starting material

778"

obtained vig the Grignara mathod by reacting [(C8H12)—

. : ) : 95
vRuC12]2 with 1—C3H7MgBr in the presence of C7H8'

with CO ang ¢_g (n-6—C7H8)Ru(n4—C8H12) can also be

h7—C H

1 95
.

Many n —C7H7 (or n—C7H7) derivatives of the transition.

metalé are known'.96’97 To demonstrate the planarity of

the seven-membereg ring in these complexes the molecular

structure of [(C7H7)Mo(CO)-3]+BF4 is shown in Figure 1x.27

Figure IX. Molecular Structure of [(C7H7)MO(CO)3]+BF4_.97
The average value of the C-C distances in this cation is

o

1.40 A and the average value of the internal C-C-C angles
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'

is 128.4°, the theoretical value for D,y ~symmetry being
128.6°. The C7—ring appears as a fully delocalized planar

system with the central metal being equidistant from all

97

seven ring carbon atoms. The decrease in the reactivity
) -

of C7H7+ towards nucleophiles upon coordination to the

Cr (CO), moiety has been discussed by Clark et dZ.gS
3

4. Molecular orbital description, structure, rand

stereochemical nonrigidity of the anion HC7H7)Fe(CO)£;;

The unique characteristics imparted to the adti—

. aromatic molecules C4H4 and>C8H8 by their coordination

to transition metal moietiés are also observed with the

anion C7H7_. The modificationvof the ligand properties
upon-coordination &s particularly well demonstrated’by

the difference in acidity between free and complexed

cycloheptatriene, equation (15).

C;Hg ——= c,u,” + ' (15)

1,3,5-cycloheptatriené is an extremely weak acid. The pKa-

for the above equilibrium has been estimated to be greater

than 38.103 The free anion C_H.  is not well character-

777
izedlo3 and no satisfactorj syntheses have been-reported.103'lo4

In contrast (n4—cycloheptatrfene)tricarbonyliron, 2, 1is
. [ ¥

quantitatively deprotonated to givé [(C_/.H7 —.105

Moreover, as first shown by Maltz and Kelly,lo5 specific

) Fe (CO)3]

exo—7-deuteration can be easily "accomplished for 2 by
~S
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treatment with Na(jCII3 in CH3OD for 1 h aE ambient temperature.

A similar‘reaction, carried out at elevated temperatures for
24 h, with cycloheptatriene did not result in detectible

deuterium incorporation.lo4 The suggested ezo-deuteration
has been confirmed recently by Brookhért.lo6 It will be

shown in Chapter IT that the PK, of (C7H8)Fe(CO)3 is
considerably lower than that of free cycloheptatriene.
In accordance with.the 18 electron rule two structural

alternatives can be proposed for the structure of the

| o |
' .\Fe(CO)3

16a | 16b

Structure l6a is characterized by an n4—coordinated
e

[(C;H7)Fe(CO) 417 anion.,

butadiene moiety which is part of the éeven—membered ring.
The uncoordinated allyl anion fragment formally carries
the negative charge. 1In %EP‘the.ring is bonded ﬁo the
iron center through the allyl group leaving an uncomplexed
butadiene unit within the ring whgle the negative charge
is formally localized on the (allyl)Fe(CO)3 moiety. The
assumption that the anion exists in solution as an
equilibrium mixture of these two isomeric forms has also
been made.55 The room temperature lH NMR spectrum of the

anion shows a single sharp -line indicative of a fluxional

molecule and/or of a facile interconveréion1between l6a
, ~

i
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'figure'X. Variable Temperature lH NMR Spectra. of
. . -
[PPN] [C7H7Fe(CO)3] in CHF2C1/CD2C12h(4/l).
(*Indicates residual CHDCl2 at 6 = 5.32).
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and 1l6b.
~ )
In view of these facts molecular orbital calculations
initiated in order to obtain fuq§her insight into the
struc¢tural preference and the rearrangement barrier for
anion 16 were well Warranted;83 During the course of the
N

* work described in this thesis the crystal structure of

107

16 . (as the (C_H_) ast salt) was reported. Because both
~ 651

the extended Hiickel calculations and the crystallographic

)

structure determination are highly relevant to the solid
state and solution structures of 16, to the chemical
reactivity and to theé activation parameters for the flux-
ionallprocesses of the compounds described here, the
saliéht feétures of the aboﬁe studies are discussed below.
The mo)ecglar nrbital calculatigns on [(C7H7)Fe(CO)3]—
were performéd using a.geometfically simplified model for
83 |

16. The cycloheptatrienyl ligand was considered to be

planar with D7h local symmetry, and the Fe(CO)é fragment

was constrained to a local C3v symmétry with all C-Fe-C
angles being 90°. The important molecular orbitals of

the Fe(CO), fragment and of the C,H - ion are shown in

Figure XI. A detailed derivation of the molecular orbitals

2b,83,108,109

has been givenlo8 and discussed. Figure XIIX

shows. the calculated énergy profiles which result upon
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Figure XI. Molecular orbltals of the Fe(CO) and C7H7—

’

moieties. 83
s
changing the coordination of the cycloheptatrienyf}ligand
from n2 via n4‘to‘n7 and from nl via n3 to.n7. The iron

center is positioﬁed in the mirror ‘plane of the iigand

[+}
at 1.8 A below the plane of the cycloheptatrienyl group
during these changes. 1In each case a well- deflned enerqgy

minimum is observed for the n4—d1ene or n3—allyl coordination
L~
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Figure XII. Calculated energy 9»rofiles for the [(C7H7)—

t Fe(CO)B]— anion 4s . function of the coordina-
ltion number.83 .

mode. Moreover the n3—coordinatlmn mode is found to bé

favoured by about 14.2 kJ mol™l. The vital differences

between the two minima are reovresented in the partial

38.



e

39.

molecular orbital diagram depicted in Figure'xIII.* The

dgﬁmgin‘cdhtribution to the férmation 0f these two minima

FolCO). 27
e(CO -
3 - .
J Y ,,
Figure XIIT. Partial molecular orbital diagram of

- 83
[(C7H7)Fe(50) .

3]

* N .
Throughout this discussion a staggered geometry- as in-lé6c

below is assumed. The eclipsed conformer 16d is energeE:J
ically less faVQured for related conjugated diene and

N AN

’ Fe~~\ - Fe\

N 7
16¢ 16d

L~ 2b,109b i

cyclopentadlenyl complexes. It is noted that both
the conformational Preference of l6c over 16d and the dgif-
ference in eénergy content between the two fEBmeric struc-
tures l6a and 16b arise to a large extent from the asymmetry
of the Fe(CO)3.fragment orbitals. This in turn is due to the
mixing of the le (mainly dyyv and dy2_-y2 in Character) and

2e (mainly dy, and dyz) levels of the Fe (CO); unit. 2b
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occur between the 2e and 37 orbitals upon changing the

1 7

A coerdination from n~ . (or n2) to n°'. These interactions

: e 4 ‘
are shownf/below for the §ﬂs and 2e_ (17 -and 18) and the

o

3n_ and 2e_ (19 and 20) pairs.
a a —~ —~

% ' v
Z 2 ,
.

13

1
19 - 20
The above interactions diminish rapidly if the Fe(CO)
fragment is moved towards the center of'the ring (n7—
coordination) indicating that a symmetrical intermediate
in which the 1ron atom is equidistant from all ring carbonb‘
atoms 1is unlikely as a rearrangement intermediate.

. : ’ . +
Depopulation of the 3a' and 2a", as in [(C-H

37,83

7 )Cr(CO) ]

however favours the n7—geometry.

It is interesting to observe that the molecular orbital
calculations indicate a higher negative charge on the C7 7
ligand for structure lé? as compared to %Ea. The substan;

tial localization of the 2a" orbital on the‘uncoordinated‘.

diene part of the ring, in 16b, is responsible for this and
o~
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predicts an alternation of the C-C bond length@\{m\’x the l

,diene?fragment One, final comment w1th respecu to the in
l7 through 20 indicated interactions must be made These
representations show the presence‘of antibonding, inter-
actions between the Fe(CO)3 fragment.and the uncoordinated
part of the ring. This points towards a non- planar structure
for the cycloheptatrlenyl ligand. .Indeed, if the initial '
requlrement of a planar C7 7 rlng is relaXed while main-
taining planar butadiene and allyl.unitswand fixing the
position of'the Fe(Cd)3 group at the above obtained
minima, a tilt angle of ~40° is derived from'additéonal
calculations.‘83

To .summarize the results of the extendedF-huckel
calculations on g (C e (COo)

7H7)F 3] one can note that&

(i).the ground state structural preference is‘fcr an
vn3—coordinated cycloheptatrienyl grouc, itructure léB,
and (ii) the free energy of activation for the réarrange—
ment process which exchanges all carbon atGms is very
small. This process, whichiliiely proceeds through the
intermediacy of lga, is probably best Hescribed as a

1,2 shift of the Fe (COy, fragment.

The determination of the crystal and molecular
structure of [(C7H7)Fe(CO)3]_AsPh.4+ by Behrins and
coworkerslQ7 allowed a compariSon to be made between the
theoretical predictions and thelexperimentaf facts. The
structure of the anion is depicted in Figure XIV While

i



Figure XIV. Mdle.k;ular structure of [(C7H

7

)Fe (CO).] .

3

107

42.;
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the relevant distances and anglee_ére summarized»in Table II.

¥

CAd B

[als

TABLE IT' . i
Selected.. 1ntramolecular dlstances (R) for ’
the anion [(C7 7)Fe(CO)3]—.107 &
C(l) . -Fe o L 2.113(12) - .
©X(2)  -Fe . 11.983(10)
2 C(3) j-Fe . S 2.137(11)
C(1co), ~-Fe | 1.766(12)
c(2c0) -Fe | 1.755(13) °
. C(3c0) -Fe | 1.780(13) @ 3
c(1)  -c(2) | T.432(21) -
C(2) =C(3) o 1.412(22) |
é(%)“ -C(4)" ] . 1.421(24) . i
Cc(4) -c(5) © . 1.344(23)
c(5) -c(6) 1.428(24) - -
c6) ~-c(7j . 1.305(25) J

L. C(7) —C(1) 1.429(22)

Lre-
T
C el

Figure XIV}Elearly shows the n3—coordination,1the bending

~

of the uncodrdinated diene fragment away from the iron
e

c%%terxbthe alternating carbon-carb®n bond lengths in this
:’)2 ‘:ﬁ !

un1t and the staggered conformatlon of the carbonyl llgands

w1th respect to the ¥ing. The angle between the c(l),

~C(?2)9 C(3) plane and the plane deflned by the C(l), C(3),
;’C(4), C(5), C(G), and C(7) carbon atoms is 3l°, in Eeason—

'-“able agreement w1th the predicted value of" 40°‘ lWefnoteg

that in a related highly fluxional‘molecule, (n4—C8Hé)—
Fe(CO)j, the dihedral angle between bound and free diene
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\
fragments is 41°.° “ | (/ ‘e
‘The low ectivarion energy predicted for the "riﬁg
whizzing" in‘[(C7H7)Fe(CO)é]_ hes also been indirectfy
verified by experimental oliservation. As shown in Figure X

?

theiprotons ocf the cycloheptatrienyl ring in ;E appeagr as

a single sharp lihe at § =°4.90 in the lH NMR spectra]

down to -110° C. Only at lower temperatures does the !

resonanoe broaden and disappears into the basellne at‘

~ —=140°C. The chemical shift differences of the protone

of the seven-membered ring .in the ;ratic structure are

Amost likely less than 5 ppm. Combining these shift

differences with the low coaf%scence temperature (TC<—140°C)
!

observed for 16 we estimate that. the free energy of
. ~s

activation for the rearrangement involved is less than

-9
25 kJ mol 1.
5. Scope of the present research.

In view of the 1nterest1ng'propert1es of [(C7H7)
Fe(CO)3]— it was considered desirable to extend the known
reactivityss’los’112 of this anion towards electrophilic
reagents. Two reaction products, 21 and 22 can be env151oned
from’ ‘the reaction of l6 with an electrophlle. It was

i

partlcularly 1nteresting to speculate whether’e;ectrophilic
reagents whlch lead exclusively to 21 or 22 could be found
and whether a discrimination towards the final product as a

function.of the electrophiles employed could be achieved.
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Few precedents for the formation of compounds of type 21
; . ~

and 22 were known. Tﬁe reaction of ;g_with H+ results
~J .

105
3

while the interaction of 16 with transition metal carbonyl
- ~~J . B

in the formation of the parent molecule (n4—C7H8)Fe(CO)

halides results in cis-heterodinuclear cycloheptatrienyl
chplexes.ll2 The compounds isolated in the latter
reactions contain a metal-metal bond ahd can be classified

as” belonging to the class of compounds of type 22 although
S

both metals are coordinated to the briding cycloheptatrienyl

-

7777

;Fe(CO)3]_ as a starting material for hovel organometallic

éroup. 'In order to extend the applicability of [(C,H.)-

molecules and to obtain further evidence for the above
{discriminaﬁion we starfed to investigate the reactivity of
:ag towards electrophilic speéies of the type LyMX in
"which LyM symbolizes the central transition meﬁal atom or
‘main group element with its ancillary ligands and X is

- a halogen atom.
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The properties of the reactionlproducts 21 and 22 are
L ~
also potentially interesting and would warrant further
studies. The (n 4. C7H7R) (CO)3 compounds, for éxample

could exhibit two different stereochemistries. Pauson and

coworkers established the exo Stereochemistry for the

lproducts of the interaction of a nucleophilic species with

+ 88

[(C7H7)Cr(CO)3] . In contrast Deganello suggests'an

7—-endo substltutlon in the reaction of l6 with [(C7 7)-
+

M(CO)3] r M = Cr, Mo, W.55 Our efforts therefore were

directed towards establishing the stereochemistry of the

anticipéted (n 4—7 C7H7MLy)Fe(CO)3 Complexes And to
determine the fea51blllty of inducing an 1ntramolecular
migration of the. MLy group from carbon to iron should endo
stereochemlstry,be found. An interesting aspect of" these
n3— and n4~compoundg is their poésible steredchemically
nonrigid behaviour. The fluxionality q//ﬁ— ~cyclohepta-
trienyl derivatives of the transition metals has been
mentioned already in a previous section. ‘Untii recently
however, unsubstituted (C7H8)Fe(CO)3 wés regarded‘as a
rigid molecule asAfar as the movement of tﬁ; Fe(CO)3 moiety
with respect td the ring is concerned. Only sincé the
advance of the spin saturation transfef technique has_it
been shown4lc’d that this compound too undergoes a
temperature dependent rearrangement. The synthesis of

substituted derivatives would not .only make-fhis process,

possibly more amenable to NMR studies but a better
Z
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mechanistic‘undérstanding of the rearrangement would
likely result as well.
During the course of this work other workers also

communicated their findings on the reactivity of this

55,107

anion, while others commented upon the rearrangement

. . . : . . 41c,d
mechanisms of its derivatives. !
Q’A

~ .

47.
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CHAPTER TWO

THE REACTIONS. OF THE ANION-[(C7H7)Fe(CO)3]— WITH
MAIN GROUP IV ELECTROPHILES. .

Introduction

_ P
"'As shown ir Chapter I [(C H7) e(CO)3]—'is an interesting

and useful starting material for the synthesis of a variety

i

of cycloheptatriene and cycloheptatrienyl based organo-
metallic complexes. This chapter examines the reactiVity

of 1lf corerls main group IV electrophiles. = °
~J .

A
>

~nofccorlance with the 18 electron rule, two structural

i

G}

cuiers, 21 and 22, can be envisioned as the final reaction
~o . ~ B

products . from the 1nteractlon between 16 %nd R_MX (M4 Si,

~ 3

J O =

(oc Fe—MLy

Ge, Sn and Pb, X = halogen, and R = alkyl or aryl). The
viability of both types of reaction products stems from

observations by other workers on the reactivity of 16.
. a4

8 .
The interaction of this anion with Dzo,lo5 with [(n-C7H7)—
+ ' ‘ )
MjCO)B] , M = Cr, Mo, and W;55 and with ROC(Q)Cl, R =M ,
Et,lo7 results in 7-substituted derivatives, 21, while

the interaction of 16 with transition metallcarbonyl halides
leads to heterodimetallic cycloheptatrienyl complexes

containing a metal-metal bond and are related to complexes
)

1
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112 Our search towards new synthetic routes

of type 23. .
to,organometéllic compouﬁds‘led'us to investigate the
Possibility of selectively pPreparing species of type 21
and zg,tthat is, complexes which might be considered to
be derived from forms ¥E§ and %ﬁ?, respectively. It is
important to point out here that compounds of type %} and
%3 could result from identical in%tial attack by the
electrophile. Addition to either a ring‘carbon atom or

»

to the iron atom followed by intramolecular

migration can give rise to both Z}'and %3. An interesting
’récent example of the transfer of a hucleophile f;qp the

metal center to the C7H7 ring_and’subsequently baék/to

the transition metal éenter is provided by the synthesis
" of M(C7H7)(CO)ZI from [MﬂQ§H7)(CO)3]+ (M = Mo, W).84 In

view of the decreésing M-C bond streﬁgth upon descending

a main group family* one might anticipate a greater

preference for éomplekes of type 23 in the order Pb > sn
Y'> Ge > si. o l'

Finally we nofe that electrophilic attack on %EE, the /

more stable bonding mode of &E,'could occur on either the f
iron atom or on the terminal allylic carbon atoms.** Theré—
fore the observation of both types of products,.zi and 22

N

does not necessitate the presence of both bonding forms,

* ) .
Although uncertainties remain it is apparent that the M;E\
- (M = main group IV element) bond dissociation energies b
either decrease or remain constant on moving from M = Si
to M = Sn. For a discussion seereferences 114 and 120.
**This aspect Will be discussed in greater detail in a later
chapter. See also reference 115.



\
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1

l6a and 16b, in solution. Such complexes could arise from
Cr T~ ) v

lé? alone.

50.
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Results and discussion

Part A. Silicon and germanium derivatives

a. Synthetic Aspects.

. 2

Cycloheptatrienetricarbonyliron.can be deproﬁonated
by n-BuLi 107 Na [N (SiMe,) 1,197 Naoet, 107 NaOMé,ll_p;,S £-BuoK. >>
We found that potassium hydride, if obtainéd ffém a freshly
opened bottle, acts as an,ideal deprotonating agent since the
other product of thé Yeaction, dihydrggen, evolves vigorously
1eaving behind only the'anion 16 in Solution.116 However,;
slight impufities in KH seem to be sufficient in-inhibiting
its aeprotonating acﬁion on (C7H8)Fé(CO)3 (induction periods”
"of up to hours have been observedbbeforelthe first appear-
.anée dﬁfthe characteristic red coloration of £§) and render-
ed this reagent unréliabie for the preparation oﬁ {E. The
ease of férmation and the relative stability of the
deep red air-sensitive anion [YC7H7)Fe(CO)3]- at ambient
temperature demonstrate the stabilizing effect of the
coordinated Fe(CO)3 unit upon the'organic moiety.

" As shown iﬁ Scheme IV the interaction of £§ with

Me3MX, M= S8i, X =Cl,and M = Ge, X = Cl or Br,* and with

Ph3GeBr in THF at ambient temperature yields substituted

cycloheptatrienetgicarbonyliron complexes,'i.e., compounds
of type Z} (SlMe3 = gig,-GeMeB = g&?, GePh3 = gig). The

compounds were obtained as yellow crystalline solids which

could be purified by sublimation, 21b,’Or crystallization

*
Work on these derivatives in this research group was started

by Mr. L.K.K. LiShingMan.



(C7H8)Fe (CO)3 > [(C7H7)‘Fe(CO)3J o

Q .
: N (co),

Fe(CO)3

‘(7,4-133MC7H7) Fo(CO)y (7 3cC ,H ) Fe(CO), MR,
M=Si R CH3,X=CI M=Sn, R=C, Hg , X=Cl
M=Ge, R+ CHa, X=CI,Br ~ M=Pb,R=CH, X=Cl
M=Ge,R= CéHS,X=Br '
i n=Buli/ THF /-60°C o )
KH / THF /1. 2

t-BuQOK / THF /r.t. o

- Scheme IV. The reactivity of [(C7H7)Fe(CO)3]_

group IV electrophiles.

towards main
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from hexane (gia, gih, and 2lc). small amounts of the.
dimeric Species [(C§H7)Fe(CO)3]2, 2},“were-observed ih:
every reaction. This dimer{ identified by lH NMR and' _ 2//
infrared spectroscopy,55 could be removed from the cruoe/\f
reaction mixture by chromatography on alumina, florlsri,
or slllca gel, with hexane as eluent. The synthesis/of
gic, however, proved to be more cumbersome. The presence
of an additional impurity was deduced from the lH NMR
Spectra of the material obtained after the flrst crystal—
"lization. ThlS Spectrum showed a value of ~2.4O for the
ratio” of the Phenyl resonances to the rlng proton
resonances, inconsistent with the expected value of 2.14

for Zlc. Chromatography on any of the above column

adsorhents with g variety of eluents with dlfferent

polarities e.g., + and dlchloromethane, did

not result in the se aration of the two Components. Only
repeated fractlonal crystallization led to analytlcally
pure gic x5 shown by the Proper experimental value of

2.14 for the phenyl to ring proton 1ntegratlon ratio and
'by elemental analysls The second component was identifiegd
as Ph GeOGePh by elemental analysis, lH NMR Spectroscopy
and mass Spectrometry. | |

The complexes 21 were characterlzed by infrareq, lH

nd l3C NMR spectroscopy,,by mass spectrometry, and by
elemental analysis. The structure of one’ of the compounds,

21b, was also conflrmcd by crystallographlc analysis. The
~~
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coﬁpounds reported here are stable to air in the solid -
state for several hours and can be stored for long periods

of time under an atmosphere of purified nitrogen. However,
o
solutlons of the complexes 2l decompose rapidly upon

exposure to air.
No reaction was observed upon the addition of 16 to

. B _ :
PhBSiCl and Me3SiCH2C1 indicating a moderate nucleophil-

icity for 16. Similar behav/gur was observed by Graham .

and co- workers in the reactions of Ph351Cl with [(

7870~
Mo (€0) 17 %% ana with [(n- C, )Fe(co)3]".l4° The .

reaction of Ph SiCl with [Mh(CO)S]_ also did not vield

the anticipated- product 141

The difficulties encountered in the reactions of Mn (CO)

110

5
with silicon halides have recent;y been described.

S

less recent but detailed account of the anomalous behaviour
of Ph351Cl towards transition metal anions is also -
‘available.il?! The rather.llmlted react1v1ty of chlorof .
triphenylsilene towards transitron metal carbonyl anions
is”prohebly due to the charge delocelizdtion possible.in
the polar Ph3SiCl molecule. garticularly if contrasted with
chlorotrimethylsilane the reectivity of chlorotriphenyl—
silahe towards metal carbonyl anions is therewith strongly |

reduced. [(C,H.,)Fe (CO).,] also did not react with

777 3]
Me3SiCH2Cl. The stepwise substitution of Me3Si for 'H in
CH3Cl reduces the electrophilicity of the resulting alkyl

chlorides (Me3Si) CH Cl. This together with the moderate

y "3-y

} | | Lb ¢
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C
nucleoph111c1ty of anlon 16 can explaln the lack of

reactlon between these two spec1es Or, using a different
approach we can conclude that the lack of reaction here

once again classifijes %ﬁ as a moderate nucleorhile. This

is particularly evident if we contrast the abcre results

\\ato the data obtalned from the reactions of sul “itutedqd

31lylmethyl chlorides withv[(ns—c HS)Fe(CO)z] ° equation

5
(16).162

[(n° C5H5)Fe(CO) ] TNa" + C1CH251R3 —_— v[k165
| (n°- CgHg)Fe (CO) ,CH,SiR, + NaCl ”

Ry = Mey, Me 5Ph, Me H. : |
The high nucleophilicity of fhe cyclopentadienyliron
dicarbonyl anion is well known163 and the above reactlons‘
' occuT’hnder mild conditions and.ln ‘good yields (e.g. 82%
for R3 = Me3).162 Other trlmethy151lylmethyl derivatives
vof the transition metals have been prepared by a similar
route.16 We note that often trlmethy151lylmethyl 1j7{de

is used as the precursor. 164

b. Mass spectral—data}

The mass spectral data and major fiagmentation patterns
for the complexes 2} are summarized in Table ITI. The
observed‘inteﬂsity ratios Within each c;uster agree well
Qith those calculated using a locally available computer

program.159 The fragmentation pattern of-ecach complex is
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TABLE III
Mass spectra of the compounds (R4MC,H,) Fe (CO) 5, and -
Major.Fragmentatidn Processes for 21c.?
. ~
£ 2180 21b° 214
. S~ L e P
Assignment m/ rel.” - n/e rel. .y rel.
abund. abund. abund.
(%) (%) (%)
parent’ - - 350 0.2 - 5369 <0.1
p-RV . - - 335 0.2 - -
p-cot - 276° 82.6 322 10.0 508  14.8
p-co-rt - - 307 0.3 . - -
P-2C0" 248  35.4 294 4.6 480  14.2
P-2CO-R" - - 279 0.2 - -
_p-3cot 220 100 266 19.4 ° 452 100
p-3co-r* - - 251 7.5 - -
- + ' . o ‘
P-3CO-C H, - - - - 374 3.6
+ . .

P-3C0-2C H, - - - - 296 2.5
c,HMR,Y 164 11.6 . 210 0.3 3¢6 0.3
c,H,Fe® 147 684 147 100 147 99.9

CH Fe 134% 45.2 - -
o+ : £ L _ ~
C H Fe 1210 152 - - .
cub? 91 100 91 62.6 91  83.9
R M 73 93.5 . 119 4.1 305 -52.6

continued...
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TABLE III, Continued

Metastable peaks

- . Process
Calcd. - Obs.
. N
(C,H,GePhy)Fe(CO)’ + co  453.5 . 452
’ (C7H7GePh3)Fe(CO)+ — -
| " (C,H,GePh.)Fe' + CO 425.6  425.5
I A 3 . e :
(C7H7Geph=3i-)";3e’f' —_— T
;C19H16GeFe + C6H6 ‘ 309.5 309.0

“Not corrected” for }3C} all ions with m/e > 91 are shown.
The nominal mass corresponding to the most abundant
m/e~value within each cluster is reported.

11o0°cC.

T:
CT‘= g5°C. ' <

o - S
dp = Na00c.

®Measured mass for this ion is 276.0254. The calculated
mass for C12H1602SiFe is 276.0269. ‘ ‘ _ -

fThesé ions areicharatteriétic.of the breakdown of the

C7H7Fe+:grqup‘118 For a most recent guide to the
L + .

decomp051t10n'of_C7H7 in the mass spectrometer see

reference 119.

Ipetermined by field ionization mass spectrometry.

L
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-
| 8

_dominated by the.successive loss of three ¢arbonyl groups
from the parent molecular‘ion‘and, particularly for 21lc,
by the charact@ristic breakdown pattern of the‘R3M
substituent. Both of these processes haVe been identified
‘before in organometallic'compﬁéxes,lzz'lz4 the loss of
carbonyl llgands being the most fundamental fragmentatlon
process in metal carbonyls and their derivatives. 1In

all cases the ions C7H7Fe 3 C7H7MR3 MR3+ and C7H7 are
observed and belong to the more intense peaks _ The facile
cleavage of the M—C(rlng) bond leading to the 6ﬂ—electron

tropylium ion and a radicdal species, e. g- *MR also is

37
not w1thout brecedent. 122 /123,124 Although the spectra
of the three compounds are Very‘similar (e.g. one of the
more intense peaks in each spectrum corQesponds to
(C7H§ﬁR3)Fe+ ) one relevant dlfference between the
complexes should be noted. Whlle the compounds 21a and

J

2lc show only fragmentatlon of the C7H7MR3 group after
the loss of q11 carbonyl llgaAdS, complex 21b shows
szmultaneous loss of carbonyl and methyl groups, although,
as expected the former process is much preferred over
the latter one. ThlS can be understood in terms of the
.decrease in the M- C(sp )} bond strength Wthh occurs'on
going from Sl\(Zla) to Ge (Zlb) Clearly the stronger
Ge C(sp ) bond in 21c offsets thls effect. The decrease

in the M- C(sp3) bond strength 1s also refﬂected in- the A

relatlve abundances of the C7H MR3 peaks f 11.6% in 21a,
. ~~
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the peak is only 0.3% in the complexes 21b and 21lc.
. L — N

Muller and co—workere have applied mass spectrometry
to the determination_of the position, exo or endo, of
the substituent in 7%Substituted cycloheptatrienetricarbonyl—
chrorriiurn122 and cyclopentadienylcycloheptatrienevanadium
complexes. 23 It was.found that in the exo lisomers two
competitive fragmentation processes were operating:
(i) successive carbonyl‘lOSses from the parent molecular
~ion, and (ii) radical elimination of the exo-substituent
to produce the etabfe [(C H )Cr(CO)3]+ where the positive
charge is carried by the 6m-electron tropylium catlon
On the other hand, in the endo- complexes fragmentation

of the C7 7R moiety occurs only after ‘the loss of all

lcarbony] ligands. Similar observations were made for
117
instance, when R = H and CN, only‘decarbonylatiop of the

(exo—6—R—cycloheptadienyl)Mn(CO) although in this

molecular ion is observed. Unfortunately, it is not knd n
whether the above correlation can be extended to the
complexes 33’ especially in view of the fact that the
special stabilizingainfluence of the 6n—e1ectron tropylium? ‘
cation is lost in‘these derivatives after the elimination

73'but it - is a flux-

. N + . .
of RoM-. [(C7H7)Fe(CO?3] 1s known
ional ﬁolecule‘in which only five carbon atoms of the
C7H7 ring are coordinated to theliron center, forming a
five~-electron pentadienyl radical donor moiety. ,Thus,

although' the complexes 21 do not show the simultaneous
. . L o V) .

- [ )
e ———



60.

loss of/carbonyl ligands and R3M- radical species, a
deduction of endo stereochemistry for these compounds
without supporting evidence would be premature at best.

No ions due to species”containing a direct Fe-M bond
(i.e.,-Fer) could be detected; this supports the formnla—

tion of these complexes as belonging to the general class

of compounds of type 21.
o

C.  Infrared spectral data
“All three compounds show three carbonyl stretching

frequencies in the range 2050 - 1950 cm-l. Table ,IV shows

N

a summary of these values together with the carbonyl
stretching maxima of other tricarbonyliron complexes
relevant to this study. The observed number of CO stretch—
ing maxima agrees with the low molecular symmetry determined
for these complexes (vide znfra . It is interesting to

note that in accordance with the well-known electron

138

donating ablllty of the MR substltuents and the

3 .

. expected decrease in the electron acceptlng ability of

the substltuted C7H7MR3 carbocycles, compared: to the,

cycC. oqeptatrlene moiety, the carbonyl absorption bands

-«

in the compounds 21 occur 7 - lO cm -1 to lower frequencies'
than in the unsubstltuted (C 7 8)Fe(CO)
The anomalously low C-H stretching frequency assoc1ated

w1th an exo hydrogen on C(6) in a series of cyclohexa-

dienyl complexes of the tran51tlon metals,l?5 in the regionv

‘.‘ [
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2850 - 2700 cm—l, is not obser&ed for an{y one of the
compounds 21, suggesting - possibly exo stereochemistry of
- .

the MR3 substituent at C(7). ™

d. NMR Spectral Data

The room temperature lH NMR spectral data of the
complexes 21 are summarized in Table V. The spectra of

e ,

21b and 2lc are also shown in Figure XV. The assignments
of the resonances  are indicated in the Figure and were
obtained by homonuclear selective decoupling experiments.

The spectra demonstrate the well-known upfield shift

of the outer prqQtons of the coordinated diene fragment

(protons H(l) and H(4)). The protons of the‘uncoordinated“"

’ﬁ B Y
oleflqéwﬁw@ffﬁhemarn relatlvely unshlfted compared to

:free cycloheptatriene.. The spectra of all three compounds
are very similar in appearance and also closely resemble
the spectrum of (n4—C )Fe(CO) 106 The presence of an
n4—coord1qated cycloheptatrlene rlng in the complexes 21-
is thus indicated. The approx1mately 1. 2 ppm downfield
shift of H(7) in the RhBGe—substltuted der;vative with
respect to the Me3M-a@alogues is surprising;/ Similarly,
H(6) andﬁH(l), the protons-closest to the snbstituent;
are shitted downfield by‘~0.3dppm. The cnemical‘shift
valdes of H(S)’and‘one component of the overlapping H(2)
and H(3) resonances remain constant whlle H(4). and the
other component of the H(2)- -H(3) resonance are slightly

K4
shifted upfield upon substituting MeBGe‘by Ph3Ge. Both

h Y
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5,6

2,3

4,7

R3M=Me3Ge
. ) ,

N\

-
)

.,

| T T
Figure XV. (lH) NMR Spectra of (7-R

- - S
3MeqHg Fe(COly

~ (in toluéhe—dg at ambient temperature) .t

i

A
>
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“Figure XVI.

65.
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acetone -d
[

.

lH'_NMR Spectra of (7—(C6H5)3GeC

‘Fe(CO)3 at ambient temperature.
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the different inductive effect‘of the Ph3Ge group and the
presence of the magnetically anisotropic phenyl groups
could POssibly contribute to the observed ShlftS
Partlcularly the protons H(7), H(l) and H(6) experience
the most pronounced effect‘dne,to their Proximity to the \
substituent; the observed downfleld shifts would indicate

that these protons are p051tloned towards the deshielding

reglon of the phenyl rings.

solvent. Tt was also observed that the chemical Shlft
values of alc are concentratlon dependent Changes in
’ the chemical Shlft values of Some resonances can be as
much as 0.7 ppm depending on the solvent and the concen—
tratlon of the complex It is clear that awcomparison
'between ‘the NMR spectra of these. and related compotinds

should be made on the basis of data obtalned in gimilar

(better yet identical) solvents and'compound concentrations.

The room temperature 13C NMR Spectra exhibit featur
similar to the proton nmr spectra The large upfleld
\Shlft of the C(l) and C(4) nuclei is ev1dent while the
'uncomplexed carbon C(6) shows a small shift to'lower
field relative tohfree cycloheptatriene. 12’ The 13C NMR
spectral data are summarized'in.Table VI. The a531gnments

&

were obtalned from heteronuclear selectlve decoupllng

experlments and by use of the spln saturatlon_transfer

]|
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. technique {vide tnfra): ‘The observation of sevén different:
'oarbon resonamces and‘the,similarity of the speotra to the
spectrum of (’4—C7H8) (Co) further corroborate the previous
conclu51on with regard to the bonding mode between the
ring and thevFe(CO)3 moiety. ‘

A fqrther potehtial utility of the NMR data is in the
assignment of the'stereochemistrylof the substituent at
the saturated carbon, C(7). The chemical shift values
of the exo-7 and the endo~7 protons and the size of the
vicinal coupling constants between Hk7)‘and H(l), H(6)
‘have been utilized most successfully in thlS regard. 88

\

In substituted (n —C7H7R) (CO)3 complexes the exo proton
resonates, in the eéndo isomer, at § -1.85 ppm while the
resonanoe of the endo proton in the exo isomer occurs at

. y :
about 1-1.5 ppm to lower field (8§ -.3.05) due to the lack

of increased shleldlng by the unsaturatedﬁhydrocarbon

1igand. Based on thisiempiricallrule we would conclude .
_ - o y .
that’ whereas 2la and 21b have the endc stereochemistry,

complex 2lc exists as the exo isomer. We think that it
~~
. .
is hlghly unllkely that such a reversal of stereochemistry
occurs in this serles Furthermore, the application of

the above correlatlon to the péféent complexes is hampered

by the effect of the substltuents on the chemlcal shlfts

of H(7) ; It is known that the .replacement. of a hydrogen
'atom by the SlMe3 >7 or-the;SnPhg 3Sb,bm01ety has a marked_r

effect on the chemicai shift value of the remaining hydrogen.

- i
)

RTIPP
N
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In (C H )SiMe3 the remalnlng hydrogen resonance is shifted

77
is shifted'downfield by 21.5 ppm. The inductive and

upfleld by -.0. 7 ppm wha\e in (C.H )SnPh3 this resonance
anisotropic effects of the Ph3Ge group on the proton 7
chemlcal shifts have been commented upon. before Thus an .
unambiguous decision about the stereochemlstry based on thé
chemical shift of H(7) cannot be made.

The values of the'vicinal coupling constants between
the 1,6- and 7—hydrogen atoms do not provide concfusiyev
evidence about the stereochemistry at C(7)-either-. If
the R3M group occuples the exo p051t10n relatlve to the‘~
Fe(CO) moiety the dihedral angle between H(l) or H(6)
and H(7) is rather small (<30°)Zand a large coupling
constant (>6 5 Hz) between these hydrogens is expected

128

according to the" emplr;cal Karplus curve. However, \

if the'substitue:; is positionedvendo with respect to the

metal a much larder dlhedral angle (>120°) and a correspond-

ingly smaller coupllng constant (<3 0 Hz) between H(1),
H(6) and the then pseudo—ax1al H(7) would result. A nice K

example of the appllcablllty of thlS crlterlon is prov1ded
35b, 38

“by (C7 7)SnPh3 Arguments based on these values

-

'have also been'utilized in (C H R)Cr(CO)3 compounds 88

The observed Jﬁyalues for the complexgg 21 are Me Sl,

3
5.2 Hz, Me 5Ge, 4.0 Hz, and again do

1 3Ge, 5.0 Hz, and Ph

Cay

I
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of the complexes 21.

“k\‘

not unamblguously indicate exo or endo stereochemlstry *

Also the dependence of the coupllng constants on factors

other than the dihedral angle, such as ring size and

‘hybridization, shOuld not be neglected 129 The stereo-

chemistry around C(7) was therefore established by'a

crystallographic structure determination.

e. Structural Data.
The molecular stnpcture of (exo-T7-Me GeC7H7)Fe(CO)

was determined by X- ray dlffractlon 143 A v1ew of the”
3

structure is shown.ln Figure XVII while relexant/ﬁoiecular

3

dimensions are glven in Table VII The n4—coord1natlon

)

trlcarbonyllron m01ety is ev1dent It is also clear that

of the substltuted cycloheptatrlené 11gand to the

the Me3Ge substltuent Qccupies the exo- 7 -position of the
ring and the stereochemlstry at C( ) is therewith . N

establlshed.' The geometry of this complex bears a generai
resemblance to the trlcarbonyllron complex of 7- ph/pyl—
cycloheptatrlene 75 We , presuns that all. cdhplexes 2l have
the same orlentatlon of\the substltuent ‘This conclusion

seems warranted in view of the apparent exo—-attack

on anion 16 and the similar spectroscopic characteristics

}

*

C(7) 'is -emphasized by the chemlcal 'shift and J-values of .
2lc: while the chemical shift data for H(7) (8 = 2.93 ppm)
support ero- stereochcmlstry for the MR; .group, the coupl-
ing constants rather indicate an endo- conflguration.

- .

o ‘

The dlfflculty in a551gn1ng the correct stereochemistry. at -




' Figufe XVII. Molecular structure'df (exo-7-Me

Fe’(CO)3.~1v43j

3

GeC,H.,)-

77

-~

71,
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'TABLE VII -

"y [
Selected Intramolecular distances (A)

72.

‘and-

_ t 4_ *
angles for the §ompoun§ (ﬁ C7H7Ge(CH3)3)Fe(CO)3.

‘Distances

Angles
c(1) - c(2) 1.489 CA - Fe - cB 102
C(2) - C(3) 1.463 CA - Fe - CC 101
C(3) - c(4) 1.489 CB - Fe - CC 88
C(4).- € (5) . 1.397 . C(l)- Fe - C(4) 80
C(5) - C(6) 1.394 C(2)- Fe - C(3) 41
C(6) - C(7) 1.512 Fe - CA - OA 166
C(l) - c(7) 1.542 Fe < CB - OB 177
. Fe - C(1) .| 2.159 . Fe - cC - oC 179
" Fe - c(2) S2.122 : . N
Fe - C(3) 2.078 C(1)-C(2)-C(3) 114
Fe - C(4) ‘2.16%/‘ ¢ (2)=C(3)-C(4) 119
Fe - CA '1.627 C(4)~C(5)-C(6) 131
.Fe - CB 1.845 TC(5)-C(6)~C(7) 121
Fe - cC 1.796 C(1)-C(7)-C(6) 118
Ge - c(7) 2.008 :
A
Plane Atoms
I c(1), c(2), . The four atems compris-
' C(3), and c(4). égglsggrpigniiiﬁn
- 0.004 A with the Fe atom
. '1.636 R below the plane
1T c(5), c(s), -
and C(7).
IIT C(l), c(4), The five atoms are o
C(5), C(6), ana - planar to within 0.04 A
C(7). : . .
Angles between planes I - IT . 148
I - IIT 144
IT - IBT 4

* R
Preliminary Data



%,
£. Stereochemlcal nonrlgldlty or the Performlng

Dogs in the Nighttime.

1. variable Temperature lH and 13C'NMR Spectra.
S

In contrast to (C H8Fe(CO)3, the proton NMR: spectra

of which show no line broadening-upon heating tO'lOO°C

complexes 21 show temperature dependent behav1our in thelr

'NMR spectra. As the temperature is ralsed the resonances

due to H(1l) through H(6) broaden, coalesce 'and reform
into three new broad peaks at around 120°C. This is

demonstrated in Figure XVIII which shows the lH NMR spectra

of (exo-7- ~C;H;GePhy)Fe (CO) y at 30° and 120°C. The
.corresponding spectra of the Me3Ge analogue, 21b are w\
41a

shown 1n Flgure XIX It 1s clear that the resonance

due to: H(7) remains sharp over the entlre temperature

range and does not partrc1pate in the flux1onal process.
¥

The positions of the three new peaks are’ 1n good agreement
\

.-W1th the calculated averages from the ‘low temperature

. chemical shift values of H(1l) and H(6), H(2) and H(5), and

H(3) and H(4), respegctively. The ‘observed line shape

changes thus demonstrate that the molecules undergo an

"oscillatory motion of the Fe(CO)3 unit such as to impart

a time averaged mlrror plane to the molecule Hydrogen
shlfts, and no Me351 ‘group mlgratlons, could be observed
for 21a and 2lb the process being more facile for gla 4la

The mechanisms and energetics of~these rearrangements

have” not been further investigated. We note that with

~
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T=30°C
I ST

3 ppm
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Toe

. : | 1 RS
Figure XVIII. Variable Temperature 100 MHz -~ H. NMR Spectra

4 ‘ L. :
of (n —7—Ph3QpC7H7)Fe(CO)3 in toluene—dg.

74.



~Figure XIX.\Yariable température 60 MHz lH NMR‘spectra of

(ﬁ4—7-Mé3GeC7H7)Fé(CO)3'in diphenyléther.4lé

75.



v occuré 1n preference to Me351 gréﬁp mlgratlon u,The_'

/

!

-exhlblt 51mllar temperature dependent behav1our.‘ It‘&s -

‘proton NMR spectra, the formatlon of the. dbw;averaged sets

ture limitlng spectrum of 21c cannot be obtalned (as‘

. SN . e . . . - .
A BN . . : . 0 . )
- LR . . . : . o Y

fo
1

_the metal free 1igénd (7-C, )SlMe3 hydroge? mlgratlon_ S

-V A

mlgratlon in this ,case is known to proceed exglu51vely
by a l 5- hydrogen Shlft, Scheme IT. : - é _ @'
¥ : - ' i
1/ The proton decoupled vailable temperature 13C NMR
. . & %

13

'spectra of 2lc are shown in Figure XX. The ~°C NMRvspectra;;

Lo o o

B ._;, . (p

"seen that the resonances due to C(l) through' C(4) would 7

”coalesce 1nto.the basellne at a temperature sllghtly

hlgher than 100°C : Due to the much larger chemlcal Shlft

y o

separatlons in the carbon 13 spectra, comparedmto the

W

. ,‘. / .
pf resonances 1s not observed That is, the hlgh tempera—

a

(3

'substantial'decomp051tlonﬁoccurs'atvtemperatures >l209C)f°

Again the sharpness of the resonance attributed to-:C(7) -

,Coalescence Temperatures.

over the entire temperature range is evident. = & ©
2.'Energetics’of'the rearrangement processi
5 e L ) B I

o
i

.’

Y

: complexes 21 are tabulated in Table VIII together w1th

the calculated AG#,Values. The values obtalned for T

-and AGJr for each of the complexes 21 from the-13C specﬁra

‘are also shown in Table VIII. In each case AG# was

32,33

‘calculated using equation {6). Av in these cases 1is

the chemical shift'differenCe in HZ.‘stween the two

,

The coaleSCence temperatures ( H (lOO MHz)” NMR) for (he
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@

T=100° C

]

—

. O

5O
o .

(@)

[ [
y '
F '
| '
1 '

1921

. Figure XX.

(

~of (7-Ph

13

714 650 454 382 158

8 ppm (downheld of C6D5CD3:)

C ' 15.08

23"

GeC HK)Fe(CO) ‘1n toluene -4,

bearlable Temperature NMR Spectra

73 8"

77.
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€1in kJ'mo;—l‘at T

i 78
] , L a y P .
'TABLE VIIT o c -
Chemical shift differehces,a coalescence tempera£ures,b‘ -
and AG% -values® for the cqmplexes (7- C H MRB)Fe(CO)
o I ' »
1 = 13 IS )
‘Compound‘ — H spectra - : . C;epectra —
T - Ay O T AGT . Av S AG
..‘;A ’ B 2 . . C . . R C ' .
- 2la 145 105 75 719 115 72
. ’-v . . . . ) . t. M
21b 150 ' 95 73 735
~s . . ) .
2lc 155 100 74 750 |
. c , : . ; \
, , 5
B . _ 5 ‘ = \“
The chemical Shlft dlfferences and temperatures. quoted oo
refer to the exchanglng H(3) H(4) and C(3) -C (4) palrs, _
respectively. T 1n °C, *5°C o

'or 13 kJ mol—l. - v _ S
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~79.
exchanglng 51tes in the sloW'exchange llmlt 'e g 100'x>A6

.

. between Hl and- H6 H2 and H5, and.H3 and H4, at amblent

, _ o . ' ,
} temperature IR o AT o S ,

uDetermrnatlon of AGﬁ:for (exo 7- C7 7GePh )Fe(CO)3 by the

g////*/spln Saturatlon transfer technlque

o

T The Forsen Hoffman methbd prov1des an useful technlque

v for determlnlng the actlvatlon parameters of thermally
>y Sabv e
" labile complexes The'l3C hlgh temperature llmltlng

' spectrum of 2lc could not be obtained as- substantial
g "

decomposltlon.occﬁrred atitemperatures above 120°C The
. e g -
Forsen Hc’ffman or spin saturatlon transfer technlque

; . \
however enables one to obtain the de51red actlvatlon
parameters at the onset of chemlcal exchange, i. e., at .
temperatures where only slow exchange is occurrlng ( 005
<k €5 sec'%) 25 31 136 As such the method forms an
1nvaluable addltlon to the. conventlonal llne shape technlque'
.. Furthermore, the method cons es a convenlent way of |
| @.labelling spec1f1C»nu::e:*~/izf§:l case this proved to be -;
T‘;effectlve in conflrmlng the 1n1t1al a551gnment of the .
carbon atoms C(2) and. C(3) by, selectlve proton decoup&;ng
- ,experlments. Due the the very 51m11ar chemlcal sh1f
oualues of theVprotonst(Z) and’H13) only a tentative-
a551gnment for C(2) ‘and C(3)'could’be maae The‘seiective\;\
‘vlrradlatlon of carbon atom C(4) of %io at SOIC results in

‘a drastic decrease in the 1ntens1ty of the, resonance

te\tatlvely a551gned to C(3), therew1th establlshlng C(3)

‘.V



" to C(A) at varlous.tempera

’of this'compound,at élevat d temperatures » By measurlhg

|
il
g

0 ) v ‘ } .
and C(4) as a pair'of excha*glng Carbon atoms and thus

8

conflrmlng the resonance at § =91.8 ppm to b/ due td~C(3).

actlvatlon parameters for e rearrangement 'H'Zlc could

-

be obtalned by selectlvely 'rradiating'the r sonanceldue.

ures nlthe rang 35—65°C-

!

- N /
Q?ereby'avoldlng'any compllcatlons due to- the decomp051tlon

"

C(3)
M,

the edullibrlum magnetlz ion of carbon atom 'C(3), M

EN . -

(o

»;n the presence of satura ion at C(4) the llfetlme at C(3)

can be calculated u51ng quatlon (l7) , 25, 136

=
.

» _3. M C(B)(m)' B o -_T C(3) . . _ (15)
37 TGy wCO L T
‘ N :
where M”‘”’(O) is the normal equlllbrlum magnetlzatlon of
carbon C(3) in the absence of 1rrad1at10n at C(4). TlC(?)

is the spin- latt;ce relaxatlon tlme q{\atom C(3) and 1s

-measured by the (180-1-90- (sample) - T) bulse sequence w1th

/

Experlmentally M, C(3) (0) /M C(:3)('=°)”J".s determined by‘comparing_

N

8o,

),

\ g

T 2 STl. TlC(B) and Tlc(4i are comparable at all tempera—
“ tures.25> The rate of leaving one 51te, e. g C(3), 1s_grven'
in equation (18).
| | - | o (18)
1 M€ (3) 0y - MZC(3)(m)}; Mzc(3)(0) ; Ja .
Tc(3) - [M c<3)(m)J TIC(3) | M;é<3)ké) F,' TlC(B)

- the 51gnal area of the C(3) peak withcut'and with'SaturatiOn
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ofycarbOn atom'C(4). In the present'case the heights of

the 13C 81gnals were taken as a measure of M C(3)(t) 136
LI Y
Wlth the exchange rate k belng equal to T -1 the free energy -
3 e
of actlvatlon can be extracted from a plot of 1n(k/T) vs.

o

l~/T- r
: ‘ £ S : " S _
_ AS \ _  AHT | _ : Yo
. = 23.7§9 +"—§— RT. . L _(1?)ﬁ »
. \ Aéi
intercept yields:.- 23.760 + =
- slope yields: - : 0 - B DT /

2N : : R

'\).
ﬁigure XXI_shows the determlnation.of:the spin lattlce
relaxatlon tlme of the carbon atoms C(l) through C(4) SN

‘and C(7) at 30° ' Ti—values were’determlned at dlfferent
‘temperatures and subsequently plotted as a functlon of the
‘temperature,'Figure XXII. A stralght llne resulted and-
'1ntermed1ate values of 'I‘l were obtalned from thlS graph.
The Forsen Hoffman experlment is demonstrated in Flgure'
XXTII whlle the. obtalned values at various temperatures
for m,C ) (w) / (u, c(3) () -u C03) (m)), Ir'bl‘cm, and k dre.
summarlzedilniTable IX; A plot of ln(k/T) vs. l/T 1s shown
ln Figure XXIV. Three'lndepehdent spin saturation transfer-
experlments were performed and 1dent1cal results were
.observed The values obtalned for - AH* 84 kJ mol

* l8 Jk -1 mol_l lead to a value of 77 kJ mol -1 for

l,'and
" AS

AGi' Wthh compares well w1th the parameters extracted

c -
from the approx1mate expre551ons whlch apply at the

4.

coalescence temperatures (74 kJ»mol
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 Eigure XXIT. Temperature dependence of the longltudlnal

relaxatlon tlme of carbon atom C -4 in

7  .~((C6H ) GeC )Fe(CO)
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TABLE IX , = ‘ - S =
Spin saturation transfer dapa[“rate constants and the
o . [ ’
free enkrgy of activation for the complex (cxof7—'
C7H7GePh3)Fe(CO)35W
T, °C T, of C Jﬁsec Mz (=) k, sec
' 1 37 M, (0) M, () '
' for carbon
g atom C3
40 ' 0.868 - ©2.69 0.428
45 0.994 1.44 . 0.699
55 _‘ 1.309 » 0.44 . 1.754
60 1.462 0.20 - 3.367
At T = 120°C, AHT = 84 xJ mol™ Y, as¥ = 18 3k mo17!,
£

and AGT = 77 kJ mol L.
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Figure XXIV. Plot of ln(rate/T) versus 10 /T for the .

Forsén- Hoffman experlment on ((C H ) GeC7H7)

Fe(CO)
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-ment process, permit the elimination of hydrogen and MR

considered here.

‘The remarkable lowering of the AG# - values in these

complexes compared to the unsubstltuted parent compound

F .

(c, )Fe(CO) 30 86T 2 96 kI mo17l should be noted.

3. Mechanism of the rearrangement . process.

: The observed temperature dependent lH and. l?c line

87.

shapes and especially the unchanging H(7) and C(7) resonances,

¢ -
i} -

3

e group mlgratlons as being respon51ble for the nonrlgld

behaviour of the complexes 21 Indeed both of these
processes would effect the line shapes of the H(7) and C(7)
signals and the latter process wouldvéVerage the environ-

ment of all hydrogen and carben atoms and would give rise

to a single peak in the NMR spectrum. - Selective endo

-

iindicating non-participation of these .atoms in the rearrange-

hydrogen migrations have however been observed in exo-7- ..~

(2H)—cyoloheptatrienetricarbonyliron,106'13l ;nd also for
21a and 21b. These hydrogen mlgratlons result in a mixture
of isomers, qu1te contradlctory to the process belng
‘J&t
We can thlnk of three other processes to explaln the
observed temperature dependence of the NMR spectra and
these are depicted in Scheme V..

Process A involves the reversible dissociation of

carbon monoxide with the simultaneous formation of a

- (n 6 C7H7R) (CO) intermediate. ThlS short- llved species

,A2 then recomblnes with CO to form A3. The repo ted

~

!
Ce B
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Scheme V. Possible mechanisms for the rearrangement process

in the compounds (n4—R3MC7H7)Fe(CO)3
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isolation of (n6—C7H8)Ru(CO)2 gives support for the-

.conSideration of this process.71 The second feasible

) process, path B, 1nvolves a dechelatlon step of the Fe(CO)

4

m01ety leading to the formation of the 16 electron 1nter—

3 N

medlate B2 whlch contalhs an n2—bound cycloheptatriene
ring and would constltute an apparent 1,3 shlft Process

) C, 1nvolv1ng two succe551ve 1,2 shifts and the 1ntermed1acy‘
of the blcyclo (4,1, 0) heptadlene 1,3 structure, C2 also

" has the effect of a net l 3 iron Shlft4 Of course, process

C co:}ﬂ constltute a dlrect l '3 Shlft w1thout the inter-

medi.c of th posézblyuhlgh energy norcaradiene structure

'es well; The hig energies'genereﬁly involved in the . _ g
dechelatlon of a double bond in (dlene)Fe(CO)3 COmpiexes

tend to di favor process B. Whltlock has found that the
energy of actlvatlon for a 1,3 shift in an acycllc system,

equation (20), 1s 138 kJ mol 1.132

(OC) Fe (20)

Mechd’WC <___MeC HAMCéHE

5 E 138 k Jmo!”]
(OC)3Fe

Although the rearrangemept must occur via an n2 intermedrate
in the acycllc derivatives it is uncertaln whether these
‘complexes constltute an acceptable model for the cycllc\J
'cycloheptatrlene derlvatlves . Nevertheless, the.very hlgh“ 
value of Ea observed for the‘dechelation_process seems -to

argue against avdechelation‘pathway for the compounds



considered here. -’Furthermore, this mechanlsm does not
present a comfortlng explanatlon for ‘the drastic dlfference
in the AG*-values of (C7118)Fe(CO)3 (-96 k3 ‘mol™h) and the’

-1

complexes 21 (~73 kJ .mol ).

To distinguish’ between the processes A and C we
13

attempted to enrlch each of the mpounds 2l w1th . :
Prolonged heatlng,ln refluxing:;z:lene under‘an atmosphere
‘of labeled carbon monoxide howeverydid.not result in 13Cd .
'incorporation as tounduby infrared spectroscopy and mass
spectrometry. This then®rules out‘process A as a dominant‘
pathwayl Process C thus appears to represent the most.
probable mechanlsm by whlch the nonrigidity of the complexes
21 manlfests ltself |

' The,lowerlng of.the activation parameterS-for thei
.present compounds could be taken as supportlng the . norcara—
diene mechanlsm The stablllty of the 1ntermed1ate C2 1s
.rather sen51t1ve to substltutlon on C(7).133 - The magnltude‘
of the;substltuent effects observed here ls quite surpris-
ing and demonstrates the substantlal influence a C(7)- group"

can exert on the free energy of activation for thlS

.rearrangemen& process. Electron ‘accepting groups are known

'to Shlft the cycloheptatrlene -norcaradiene equlllbrlum to

athe rlght equation- (21). 134, 135 137& It has been{shOWn

R R

BEEY

(21)




. . . , o . .
. . ' Tae . -
- . ' \{‘g&w } . . . ' .
‘ el e . :
T o . 91.
e ’ .
iy N

that the cyclopropane ring Ls stablIlzed by the depopulatlon
.of its hlghest occupled molecular orbltal 134 7 Thus when
'electron w1thdraw1ng substltuents are prtsent the entire

blCYCllC structure is stablllzed. None oﬁwthe present

: substituents fall in thié&bategory Moreéver the compound

\)(\\J

C 7= phenyl 7 carbomethoxycycloheptatrlenetr1carbonyl1ron

‘ 21d whlch contains two electron w1thdraw1ng groups on C(7)

has a AG+—value of 99.9 kJ mol lu4lc even though the free

llgand C7H6RR' R = Ph and R' = COOMé, exists as an o

equlllbrlum mixture of the cycloheptatrlene and %orcara— P
L33
diene’ forms at. ambient temperature in the’ratlo 1:2.0,

) }

’ Sterlc 1nteractlons between the C7—subst1tuents and the

cyclohexadlene m01ety of the norcaradlene 1ntermed1ate137

Fmy

were given as possible reasons for the unexpectedly hlgh

-actlvatlon energy 4lc' However,'some pertlnent results

were recently communlcated 1n regard to the effect of a
m—electron dono/ at C(7) on the cycloheptatrlene norcara—

diene equlllbrlum135 whlch could be relevant to the present

'v c0ntext These studles seem to 1nd1cate that the replace—

ment of a 7 hydrogen by an electron donatlng amine- ‘group
also causes a relatlve stablllzatlon of the norcaradlene
structure‘ The electronlc 1nteractlons between the- |
.cycloprOpyl rlng and the m-electron donor are belleved

to have a total stablllzlng influence upon the norcaradlene

L~

‘ﬁprm. The substltuents con51dered here fall 1nto this

category since the strong electron donatlng ablllty of
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" the SiMej,and GeMe; groups is well known 138 Thus it is

p0551ble that these substltuents could stablllze such an

" iNtermediate. Of course, whether such groups do 1ndeed

st blllze the nor aradlene 1ntermed1ate and thereby actlvate

'the stepw1se 1 % shifts as. the operatlve mechanlsm for

the flux1onal behav1our or promote greater electron '
delqcallzatlon in the cycloheptatrlene ring, thereby
promotlng a "true" l 3 shlft cannot be determlned at the”

present time. Although the detalled mechanism for the .

vFe(CO)3 group mlgration cannot be deduced, it is worth

noting that the COmplexest2l'represent rare examples of

flux1onal molecules rearranglng by a net 1, 3 shift. Other

examples are (r4 )Fe(CO)3,4lc .d (n6— 3,42

Ru2. 0) (C16 )49 and cycloheptadlenyl and cyclooctadlenyl
43

H8)Cr(CO)
complexes of palladlum ‘We would prefer to close this
sectlon.by relterating the experimental observation that

small substitutional changes'at the C(7) position are

'apparently sufficient to produce qulte v151ble changes

in fluxional behav1our Or to put it another way, it does
not take much‘to change whimperlng into performing dogs .
in the night—time.151

l@” S t‘y . '_;, v B

'
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B. Tin and lead'derivatiVes:

a. Synthetic Aspects ‘ v

As outlined in Scheme IV the‘compounds 22 (M = §nf?
22a, and Pb, 22b)‘were obtained from the reaction of.the
appropriate tripgenylmetal ‘chloride With potassium cyclo-
‘heptatrienyltricarbonylferratc(—l),‘ In contrast
to the 1nteraction of l6 with silicon and germanium halides
the resulting organometallic cOmpounds contain a metal-
metal‘singlelbond and‘an n3 bound cycloheptatrienyl ring
(vide infra' The reaction of 16 with (n—Bu)BSnCl however
resulted in the isolation of a;miXture of complexes of
type 21 and 227as.ev1denced,by infrared and,-particularly!
'r%H NMR spectra of the isolated material. Subtle effects
are.apparently controlling the reactivities of these
elements since the reaction’of l6 with Me3SnCl also results
in both rlng and iron substituted products 41? For both
trialkyltin reagents an approx1mately l 1 mixture of
the complexes 21 and 22 was obtained

The formation of the n3—bound complexes could conceiv—
.iably result from the direct Selective trapping of the
q3—allyl form'!%a by the’ electrophiles Our inability to
induce migration,,either thermally or photochemically,
of the'Ph Sn group from the iron center to a ring carbon
atom lends some support to the 1dea that compounds of type

.21 and 22 arise from direct initial attack. on carbon or

'riron,,respectively The reactiv1ties of two related anions

el

r



; ‘ ) |-
| ' ‘ |
deserve to ‘be mentloned 1n this context. The anion :

[{n-C,H )Mo(CO)

- l
714 2] reacts with Ph3GeCl and Ph SnCl to i
yield the products (n- C7H7) (CO)2MPh3! M= Ge,'Sn.96b
, However, the reaction of (n C )Mo(CO)

3
albeit in very low yields,

\
to (exo- 7= C7 7CMe )Mo(CO)3. The particular stereochemlstry

Clvwith Me _CBr \

in the presence of sodium,leads,

Vagaln 1nd1cates addltlon to a rlng égrbon atom,l42 even
although the reactlon is rather complicated'as'a

tracarbonylmolybdenum complex results

Ustynyuk and co-
145

workers have.” communlcated thelr results on the 1nter—

~action of'the [(1ndenyl)M(CO)3]—-anion, 24, M = Cr, Mo,

and W, with eleotrOphiles; equation (22).

__ M=Mo W

| RX=CH3I,AcOH
(QC)3M M=Cr,25 o'nl_‘y, R
24 |

(OC)éM-R

Dependlng upon the nature of the group VI metal and upon

the partlcular electrophlle, attack seems to occur either

at the metal center, product 26

or at the indenyl ligand
145

product 25 Simultaneous mlgratlon of the trlcarbonyl—

metal group to the adjacent rlng must also occur 1n the ¢

(225 .

94.



latter case*'.145 The p0551b111ty of 1nterconvert1ng the

N

complexes 25 and 26 has been con31dered for R 5 R3M M =

Si, Ge, Sn,145 but a detalled account has not been glven

yet. As the stereochemlstry in 25 is not known'the 51te

(or 51tes) of 1n1t1al attack remain rather obscure for thls

anionpas well.

| Us1ng the appearance potentlals of the Ph 3Sn .'on

the iron-tin bond dlSSOClatlon energy has been calculated
120

as ~249 kJ mol -1 in (C HS)Fe(CO)ZSnPh3 ~*‘Also the 4

' tran51tlon metal - group IVA metal bond dlssoc1atlon
benergles 1ncrease on descendlng group IVA, 1i. e. D(Fe Si) -

‘<,D(Fe—Sn). ThlS 1s not. contradlctory to our observation

that the reactlon of 16 w1th R3MC1 M = Sii.Ge, leadswto

-rlng substltuted compounds (1. e., the’fOrmation of a M-C

‘95.

bond) whlle the 1nteractlon of 16 w1th Ph MCl M = Sn;-fb,_f

produces Species contalnlng a Fe- M bond. 'Moreoverﬂ the-
M- C(sp ) bond energles decrease (or remaln constant) .on
descendlng group IVA (Sn -C: <192 kJ mol~ ) 120 In view

of these data, our 1nab111ty to 1nduce Ph3Sn mlgratlon from

the iron center to the rlng is therefore not surprlslng

The substantlal decrease in D(Fe SnR ) for R Me relat;ve

to R = Ph for the compounds (C )Ee(co)ZSnMe3(~D(Fefsn).=
222.0 k3 mo1”}, ana (CSHS)_Fe(CO»)zsnPhB, D(Fe-Sn) = 249.1
X T~

Oof course one could oY stulate the presence of two 1somer1c
forms of anion 24 in solution. Direct attack on the n?
1somer1c form would " then result in complex 25

.
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- kJ mol -1 120.is,also reflected in the observation that the

reaction of anion 16 w1th MeBSnCl resuﬂts in -a mlxture of

0

N the rlng bonded (21) and metal tln bonded (22) compounds »
v 'As will be shown later on: the complexes reported 1n-
thlS chapter were characterlzed by mass spectrometry,“
1nfrared spoctroscopy, elemental analys1s and by lH and
c varlable temperature nuclear magnetlc resonance studles,

Although the bonding, features of the compounds were clearly
llndlcated to unequlvocally establlsh the n3—coord1natlon
mode and to have prec1se structural parameters as guldes
- for the flux1onal character_(vade znfra of these molecules
compared to. other n3— 7 7 tran51tlon metal complexes, 1t
was attempted to determlne the molecular structure of the ft
o t1n derlvatlve by X ray crystallography.l43. However, it was
l;not p0851ble to- reflne the. structure to an acceptable_'v |
”R—Value ;?- ‘Several crystals were con51dered but to no
'avall., (n.—C7 7)Fe(CO)3SnPhC12,27 was then characterlzed
‘crystallographically,l43 in order to be able to relate

the structural and flux1onal parameters The complex 27
was obtalned from the reactlon of 22a w1th HCl in dlethyl—

'ether.56 Its structure 1s shown 1n Flgure XXV whlle -

selected molecular dlmens1ons are glven in Table X The
h molecular structure of 27 and\by analogy, that of 22a,,-
.;‘clearly supports the conclu51ons based upon the spectroscoplc

characterrzatlon ©of the’ complexes 22 The synthe81s,

‘:flux1onal behav1our and structure of 27 w1ll not be dlscussed

[}
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Selected 1ntramolecular dlstances

TABLELﬁ

N

98.

0 o
(A)'and éngles‘

(degrees) for the compound (n —C H7)Fe(CO)3SnPhCl

4

0
e 2NN

Distanfces " . ..
RS

Angles .

c(1)

c(2)-

sy

c(6)

Fe

Fe

Fe

. Ee_;

Fe

Fe

 Fe

NﬂShf

Vﬂdén

ca

- Cc(2)

c(7)

cB”

cc

'c(;r

C(7)"

1)
) _Ci(é):

c(e)

1 1.490 . CA - Fe

1.495 - CA - Fe

CB —_Fe

¥

oo Fe - sno

T . [
1.304 Fe'- sn

¥.449 . Fe -"8n

. 'Fe, - CA

- 2.526  Fe - cB

1.832 . Fe - cC

- ‘c(3)-c(4)-c(s)
jf2;072 L cy-c(s)

2.299 C(5)=C (6)

p—

{c(6)

- 53#

CcC

c1(1)

Cc(8) -

" OA

OB

ﬁeOC
;;1;735” , c(l)-C(z)-c(gy

CULLT07 0 C(2)=C(3)~C (4)

R

~e(7)

2.251ﬂ:v”_f¢(1)¥c(755é(6)

. 2.362°

2.137.°

o2.387 - C(2)=C(1)-C(7).

c1(2)

'fﬂfljSA

126

91 .

86

. 107
109
113

126

174

180
123 -

136

124
131
128
EETINS

“continued...
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TABLE X (Continued)

v

Plane Atoms ya
I
I c(l), C(2), and Iron-is displaced from
c(7). the p}ane of thgse three
ato by 1.886 A.
II C(3), C(4), C(5), Thg)foﬁr atoms comprising
: the plane arg planar to
and C(6)- within 0.03 A.
III c(2), C(3), C(6), Thevfour atoms comprising -
this plané are planar to
and C (7). within 0.04 R. Atom C(1)
is displaced from the
plane by 0.30 A, C(5) by
0.15 A, and C(4) by.
“ 0.10 A
Planes Angles between planes
I+ II 146 '
I.+ III 154

I1 + X171 173

* .
Preliminary Data.

a
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.. here as. they are outside the scope of the work descrlbed

in this thesis. o6

b. Mass Spectral Results

The mass.spectroscopic breakdown patterns of the
complexes 22 are shown in Table XI. The 1n1t1al fragmenta-
tion of complex Zéa typlcally involves the sequential loss
of three carbonyl llgands Loss of the ligands C7H7 and
MPh3 also occurs and ions due to the characteristic break—
down of these groups are observed.llg’120 'Important is
the observation of peaks corresponding to the ions:
FesnPh ¥, x = 3, 2, 1, and 0. The identification of these -
ions in the ﬁass,spectrum of Zza is a clear indication ofp_v
.the presence of a direct'lronvto tlh bond.ln this complex.
It also gives one of the first'clues for the change in
bonding mode from type 21 tOvtypepga. _Noteworthy is the
obseryed base peak at m/e = 224,'assigned to thevion
(C7H7)FePh+.' This peak might well arise fromathe»expulsion
of a diphenVlstannylene group from (C 7 7)FeSnPh a

metastable peak correspondlng to this fragmentatlon process

< e

.-

was observed at m/e = lOl 0, in good agreementmwlth the o
calculated value, m* = 100.8. The reverse reactlon,
insertion of the sterically demanding stannxlene’(Me3SiCH2)25
into a metal-alkyl bond has been observed. 144

Spaldlng has observed hlghly abundant ions of the
type (C5H5)Fe(co)(L).02%,ln the mass spectra of the-

élcomplegesw(CéHSlFegCQ)(L)yR3!Eh‘ CO PPh3,“ _ZtSl, Sn,and .

<



101.
*  TABLE XI
Mass spectroscopic data for the complexes
3 _
(n”~C,H;)Fe (CO) MPh,, M = Sn, Pb.
90,2 ’2\291)_,8
. ~—
Assignment m/e rel. abund. m/e rel. abund.
B N -k ) f .»C N i
C,H,Fe (CO) jMPh 582 0.1
+ £ »
C,H,Fe (CO) MPh™ 554 0.5
+ wopf
C,H,Fe (CO)MPh, 526 4.1
+ £
C,H, FeMPh o 498 33.1
+ .
(C,H,FeMPh,~H) 420 2.5
FeMph,* 407 0:7
(oC) ,Femph,* 386 0.2
MPh " 351 15.6 . 439 4.3
- ‘+ ) ’ N
CoHFenph” 344 1.4
FeMPh,” 330 12.6
- (0C) yFeMph? 309 2.4
C H FePh,t 301 2.0
o (MPhoINIT 2T T s ggad e
I L
SFempn-m 2529 g
- ‘ ) - ,. 238 e ‘.7.>_2,‘..>3‘
‘c,H, Fepht 224 100.0 224 28.2
mpht 197 42.2 285 1.5
FeM® | 176 6.5 264 . 0.3

continued.. .

C e e T
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TABLE XI (Continued)
C H Fe* 147 36.2 147 28.2
c H. Fe' 146 55.0 146 22.4
Mt 120 12.3 208 1.7
e '
C7H74 91 51.3 91 71.3
ap = 130°C; not corrected for 13C. .The most abundanf ion

in each cluster is tabulated, this corresponds for 22a to
the !'209gp isotope (relative abundance '32.97%) in tha tin

containing clusters.

.sz= 125°C; not corrected for 13C, For each cluster the ion

corresponding to thef?qﬁpb.isotope (51.7% relative.
abunddnce) is reported. S '

CConfirméaZBY"field¥desorptiOn-mass spéctfdﬁétfy.
dThe ions_SnPh2+ and FeSnPh are also observed.

eOther'intense peaks (rel,fabundance)uwith m/e~>vLSQ:~

280(5.1);'252(81§)L»¥82(lDQ,Q,J PbC(O)be)le§7(2820xp o
I54(64.4, ' - , T

PhoPRY) L e

fThe intensity ratios obsefvéd.within,these;clﬁéters agreeww T e

well with"the‘calpulated intensity raties: - . .
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R = Me, Ph or Cl, formed by the loss of a R' radical from

the parent ion.lzo ‘An explanation for the stability of

these ions was offered by the suggestion that the SnR,

group might blnd to the iron center as a stannylene ligand,

'%g. Another stable conflguratlon is depicted in 29. 1In
T+ o +
CpFef—"Sn_Me2 CpFe ——SnMe2
28 29
-~~~ . ~

" both cases the iron valence shell_cohtain5518 electrons.

We observed similar ions_in‘22a_although with. mucH lower
abuhdances. The complex 22b did not show any ions w1th

m/e- ~values hlgher than 439 PbPh3 , under Slmllar experi-

>mental condltlons Ions identified were a551gned to

g;C7H7FePh .at?224 FePb at 264 PhZCO 'at 182 Pb at 208,

*5nFeC7H7 at f47 PhCO at 105 (base peak), -and C H," at 91.

7 7
’Although thls compound ev1dently 1s far more lablle in
f;the massispectrometer than' 1t§ oongenery'gzg}‘the ionsgw

“ﬁtﬁé@:éﬁé observed 1nd1cate that the.general features

':loutlihed above for 22a are stiii valid‘for'22b, i.e. both:

o L=l ) B
complexes- cohtaln a direct Fée-M bond. . | -

| c. Infrared Spectral Data

ofhe»compleXésVZZ exhibit three strong.weli—separated
. cerbonyl stretchlng frequen01es in the 2100 1800 cm -1
' 1\

B reglon, see Table XII The occurrence(af only three bands

in thewrhfraredvspectrum excludes the p0551b111ty of the



TABLE XII
Carbonyl strétching-frequencies of the compounds

(n3—C'H7)Fe(CO)3MPh M = Sn, Pb in the region

104.

7 3! |
2100-1800 cm T. ,
S - /
compound g Veo in cm;l solvent
22a 2038.5 ° 1987.0 . 1957.5 n-pentane
22b 2034 1984 1958 ‘hexane
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presence of two conformers, 30 and 31, in solution unless ' : -

AN N\

30 - o I )
an accidental overlap of all three bands is Occurring. The
'symmetrlcal nature of each absorption band seems. to negate

~this argument however. The possigie preSence.of conforma~
tional isomers, and their detectlon by infrared spectroscopy
is- well- -~documented in the organometalllc llterature and
‘has been observed for another n3 C7H7 complex of the | 0
,tranSLtlon metals: (n —C H7)Mo(CO) Cp » (see Chapter I) As
_the 1somcr 30 has been found to represent the solid state"
structure of 27 1t would be reasonable also to assume 30 to{
be the solutlon spec1es for both 22a and 22b The low |
symmetry found in the crystallographrg structure determina-
tion of 27 rlgorously Cl and 1deallzed C , leads to a.
predlctlon of the number of VCO bands which is concurrent
fw1th the experlmental observatlon The oily and crystalllne
materials 1solated from the reaction o% 16 w1th (n Bu ) SncCl
‘and Me SnCl respectlvely, show Six vcé frequenc1es. ThlS

is indicative of the presence of geometrlcal 1somers and/or

e

Cen . LU

conformers in. solutlon (vzdc znfra) G .¢;}}
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:d; lH NMR Spcctroscoplc Data

“The" compounds ( 3 =C H )Fe(CO) MPh M =, _ Pb.

Flgure XXVI shows the varlable temperature lH NMR

iwspectra of (C H )Fe(CO)3SnPh in- the temperature range 0

to ~105% C The 51ngle peak observed for- the cyclohepta* a

trlenyl hydrogens at amblent temperature establlshes
_Vunequlvocally the fluxronal nature of thlS compound ‘w;qng:t';
"chemlcal Shlft value of thls resonance (6 2 5. 18) is
ﬁflndlcatlve of protons attached to an unsubstltuted cyclo;:f'.
heptatrlenyl ring in a non- rlgld organometalllc compound
This chemlcal Shlft value for the dynamic C_/.H7 llgand, >
at fastvexchange, is indeed typlcalr The single sharp
’resonances often. occur for both n3,‘n5; and n7 coordination
in the region 4.5 € 86 < 5.6 ppm in neutral molecules and
at ~6.0 ppm 1n catlonlc complexes (vide 1nfra) The
chemlcal shift data of the complexes 22 and several related

transition metal Ccomplexes, which contaln the n3—cyclo—

heptatrlenyl ligand,are presented 1n‘Table XIII, both

»llmltlng and fast exchange spectra are reported On
lowering the temperature the 81ngle resonance broadens,
collapses, and‘flnally four nNew resonances in the expecJed

2:2: 2 1 1ntens1ty ratlo appear The~l themperature S

Y ,'u‘.; T TP

o a

-;,llmltlng spectrum 1s clearly con51stent w1th the structure Qii;ﬁffpﬁ

t . 9

":“””jwffound 1n the SOlld state ' ThlS process 'is rever51ble, “i~

atl:f:,;ha3jsimilaf7spedtra~weregreCOrded:lnLtoluene—dg;’acetbnerds

e e, CEe e T el o L
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R B

‘ ((_)C)J 'Fg‘Sn(C.b H

sh
f T:-105°C

T=-95°C .

} Y o
- E !
. - > . .
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,’ \: » "
.
!
1
.
: \
=1
,
\ ! T=-30°C
* “
-
T
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Do

Varlable temperature lH NMR spectra of

(C7H7)Fe(CO)35n( . 5)3 _ 2L
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and CFHClZ/CD Cl2 (4/1) solvent mlxtures) The coalescence ?

T _temperature of the four 1nd1v1dual resonances is ~-60°C, .

7_1mportance 1f one 1s to determlne the governlng exchange
e mechanlsm d7W1th the a581gnment of the resonance of 1ntens1t§
l at § 3. 36 - ppm to the central allyllc proton a and
L alded by homonuciear experlments, ail resonances can be

as51gmed. ' Thus i radiation of proton a resulted in the

resonance, assignedito“the'outer allylic protons.b, resulted
-.1n a 51gn1f1cant change 1n the appearance of the resonance

“at 66 40 (protons c) but dld not affect the s1gnal at

_65 7l (protons d) Decoupllng of the latter ¢wo resonancesf.';f*7ﬂ

”‘Ti further supported the abOVe a551gnment The unlque;ﬁ
.r- - .‘, - : ’ .
f’ass1gnment thus obgalned and the deduced coupllng~constants

'

' jare shown: below and 1n Table XIII‘ As can be seen from the

'table the proposed ass1qnments are in: agreement with prev1ous\

'"3;36(1H,t),Q4Jé6§éﬁ,m)'6.4o(2ﬁ;m) 5.71(2H,dd) -

gl a ,'——~—-—————f———%—+—f77jj~44—~—————‘—ff—““+**““%'f
S Jab 5'913%' e '6'? Hz'.JCdJ’-lqu e
Jogr =T . = 2.4 He (A11°% 0.3 Hg) .
red ) . ’ -

X
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-results'and confirm that“ (i) ‘the protons c, the "outer-

diene"‘protons, resonate at lower fleld than the "inner-

"dlene" hydrogens d ~As seen in Table XIII thlS is generally

;.the case ln n3—cycloheptatr1enyl complexes,:although~l'“'Ld:”"‘u

1‘unamb1guous a551gnments could not always be’' obtained.

*o

'_(llf The resonance due to the outer allyllc protons’is at

cons1derably lower fleld than the resonance due to the

central proton a.' ThlS is lndlcatlve of a n3—cyclohepta—

trlenyl llgand* and contrast remarkably the 51tuatlon in |
140 |

_n3—allyl complexes ~*Y  The large change in. the chemlcal

uBoth trlalkyltln hallde spec1es, Me3SnCl152 and (n- Bu)

Shift Value Of the outer dlene Protons -om, changlng the - v 4

gfsolvent from dlchloromethane to toluene 'is to be' noted

)Mo(CO)ZCpk

7 The: readtion 6f ‘[ (C )Fe(co)3lf with trl(alkyl)tln ’

.x_'

' chlorldes lH NMR spectroscoplc datat;

B The reactlon of 16 w1th (n Bu)3SnCl has been mentloned.f” n

‘3SnCl

react with the anion 16 to yleld mlxtures of ‘the compounds i‘

‘21 and 22 | Here we like to dlscuss the ev1dence leadlng

:to the conclu51on that both isomers ‘are. present

l

o

In complexes«contalnlng a.n*>-C,H,. ligand- the single central .
-pProton resonates at much lower field and generally carries -
the lowest 6 value observed/for any of ‘the .ring protons in

the " 'H- NMR spectrum of a statlc n —C7H7 llgand (see Chapter
SVI) LT :

o -

B B T

|¢p
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A?The lH NMR spectrum of the crystalllne SOlld obtalned

T

Ln the reactlon of Me3SnCl Wlth 16 152 is. shown in Flgure
.XXVII whlle the varlable temperature spectra are presented
1p1anlgure XXVIII © Similar Spectra were obtalned for .

R,i n—Bu. The presence of two 51nglets 1n the methyl reglon ‘u
f;together w1th the six carbonyl stretchlng bands in’ the -
1nfrared spectrum clearly 1nd1cates the presence of two « |
_1somers or conformers Moreover there is one sharp 51nglet

}ataé-S 00  ppm,:in toluene d8, whlch broadens and" collapses

.1nto the basellne upon lowerlng the_temperature ThlS»f’

F R N

AT e

o behav1our is typlcal for a Spec1es of type 22 .The-

resonances of the cycloheptatrlenyl protons of the rlng—:

lv;fsubstltuted lsomer ‘are also observable even though _at

hi-famblent temnerafnre,.thelr 1nd1v1dual 1nten51ty 1s rather

. low compared to the collectlve lntens1ty of the cyclohepta-:;”vl:
;trlenyl protons of 22c (R3M = Me Sn) | Upon the collapse:
}of the latter 51ng1et at temperatures below —30°C these
resonances clearly beco@e more distinct although somewhat‘
dlfferent in appearance from the spectra of. 22a and 22b

It follows from the 1ntegratlon ratio of the Me3Sn s1nglets.
that the- two compounds are present in the approx1mate

ratlo 3:2, 220 belng the more abundant spec1es Completely

~;analogous observatlons have been made for the tr1(n butyl)—
tin derxvatlves In thls .case the sharp 51nglet for the.

protons of the cycloheptatrlenyl group in 22d (RBM =

(n— Bu) Sn) appears at § 5,20)_ ppm (in d1chloromethane4d2).

[
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L I 1 ] L | i i
6 55 - 5 45 Q
, S ppm

[l

Figure XXVIII. vVariable temperature lH NMR of the .

4com,-

- - i ‘5&. = . . .
e C,m&xturwfﬁhe iosmeric compllcfzixevgs (n< 7H-
v ) . 3 2 :

S’n.Me?))Fe (CO) 3 and (n \—C7H7)Fe (?O) 3SnMe3 .

A A



“ratio from the

11

The varlable temperature profile of the trlalkyltln derlva-v

thOS, 22c and 22d is 51m11ar and resembles that of the
Jtriphenyltln derlvatlve 22a " The compllcated nature of
the n—-Bu nglOH prevented “the” caIculatlon of the isomet’
1
it was concluded that the tmoﬁgeometrical_isomers are
present in approximately a 1:1 ratlo Finally it is noted
that the ex1stence of an equilibrium between the two
isomeric forms in addltlon to the fluxional behaviour of
the n3—bound cycloheptatrienyl isomer cannot be ruled out

for these trialkyltin derivatives. -

€. Fluxional Processes

Mechanism of the rearrangement involving the

seven-membered ring.

With an unambiguous assignment of the ring resonances

at our dlsposal we are able to eluc1date the predominant
- pathway for rearrangement. From Figure XXVI it is evident
that the resonance which 1s now assigned to the inner

diene protons d of the seven-membered ring coilapses at a

much slower rate than the other three remalnlng resonances.

Partlcularly the allyl resonances broaden with a very

51m11ar rate.
The slower line broadening of the inner- dlene proton
3

: resonances compared to the other 51gnals immediately rules

out the random shift of the Fe(CO)3SnPh3 fragment as a

H NMR spectrum but from the infrared spectra

[ =y

2.
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plausible mechanism since this would demand a symmetrical
coalescence of all resonances. A delineation between the
remaihing distinct/l,é—, 1,3-, and 1, 4—Fe(CO)3SnPh; shifts
“can be made. by. a careful examination of «the interchanges.
of the proton environments produced upon executing each
of these shifts. This can be seen in Scheme I (Chapter 1I).
It is clear from this Scheme that the 1,2 shift leaves
the environment of one of the inner-diene protons unchanged
whereas the 1,3 Shlft leaves one of the outer allylic
protons in anvidentréel pOSition, while the 1,4 Shift
does not change the enVironment of one of the outer diéne
orotohs Sinceé the resonances from which the. nuclei leave
faster will also broaden faster, the above results would
lead to the expectation of a sharper gfresonance_during
"the initial stages of line broadening in the’ case of a
1,2 shift only. It is evident that the experimental
observations are thus compatible with a 1,2 shift of the

e(CO)3SnPh3 moiety as the major rearrangement process in
these complexes. The similar linehbroadening observed
for the analogous lead complex mitigates for a 1,2 migra-

[

tion in this compound also. These results are not

since it is well recognized 22b,24 that the

L3
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Activation parameters for the 1,2-shift of the

Fe (CO) SnPh3 moiety. ‘

The lH NMR spectra of 22a in the temperature range

<

7 =70 to —10%°C were 'simulated by use of the compcter progrem'“"h
‘DNMR4.147 Not only could the 1,2-shift be confirmed as

the major pathway for the rearrangemeht by comparlng the
calculated‘spectra for the l,2r,vi,3—; and 1,4~ 8hift w1th
‘the experimental spectra but an approximate value of AG*
could be extracted as’well by:fitting the calculated spectra
to the observed epectra...At several temperatures an
hestimate of the specific rate constante for the rearrange-
ment process couid thus be chtained and this is shown in
Figure XXIX._ No expllc1t acc0unt was taken of spln spin
coubjjng.- Instead, the T2 relaxation times.of the exchang-
ing sites in the absence of exchange ‘were set equel andh
adjusted to give linewidths at slow exchange which
approximate to those in the observed spectré.;48’24’33a

in

The linewidth at half height, wl/2’ is related to T,

2
the abscence of exchange by T2"l = 1/2 In general
the effect of coupling upon the- exchange rate cannot be
readily est1mated.24‘»Nevertheless, the exchange rate for
coalescence is considered to be rather insensitive to
the presence of coupling particularly when the chemical
shift differences are much larcer than the coupling

24 ,33b

constants.” "' 77 After the rate constants had been obtained

a plot of'ln(rate/T) versus 1/Tyielded the dctiyetioh
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1parameters:uvAH-.# 40.5 k‘J‘mol—'l AS 0.2 Jk mol —,
\\and AG§73'= 40,5:kJ_mo1_;} The chemlcal Shlft values and
. the temperature proflle of the proton resonances for the _ .

RSP g.‘”,ow., NN EAEN ‘b"“"*? .‘)..

LAY

i complex 22b are very 51m11ar to those of 22a A sllghtly
lower Tu 1nd1cates that the 1,2-shift process is more

!facrle for 22b however : Wlthln .the error llmltS (estlmated

to the -6 kJ mol 7 the two AG#—values for*the compounds

%8 are’nevertheless con51dered to be equal

g : . "“’»7».;._“»»% N
| “ . ¥}

Cef l3C NMR*spectroscoplc data\

The C_H llgand co , .

7=7 ,
The varlable temperature 13C NMR spectra of the

»

wwcomplexes 22a and 22b are shown in Flgure XXX and XXXI
respectlvely, and the chemlcal shlft data‘are summarized

#in Table XIII . At amblent temperature a 51ngle resonance
'1s observed for the* rlng carbon atoms, as the temperature.p:

is lowered the resonance-collapses and dlsappears into .
N

'~

the baseline. In both cases separate ilgnals can be seen
for three of the four dlfferent carbon atoms below —80°C.

Unfortunately, the fourth resonance- 1s hldden among the .

!

resonances of the phenyl carbon atoms. Due to our 1nablllty
to observe thls remalnlng resonance no deflnlte a851gnment N

of the diene resonances could be made. The allyllc slgnals_
A . '
could be a551gned by double irradiation experlments (Table

XIII) Recently the 13C NMR spectrum of a related complex,

'f(n -cycloheptatrlenyl)(n —dlphenylmethylcyclopentadienyl)—

dlcarbonylchromlum (23)1 has been'reported.lBQ' Significantly
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A

~

B3¢ nur (C;H,)Fe(CO) ;8n (C H,) 4 in CD,Cl,/CHFC1

‘Figure XXX.

653 2

(3/1).
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3:2122 -

. 3:2132

3:2089

;*—;f‘“f‘/V —

T=+30°C - ,
f
AP (
- '}\uw _ |
8=‘1031~ T=4+15°C

3:122 2 T= -95°C

3:607

& (ppm, downlield from TMS)

Figure XXXI. 13

C Variable Temperature NMR Spectra'of

3L HF -
(n C7H7)Fe(co)33b(c He) 5 in CD,Cl,.

(*~207 Pb satellites)k
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the 13C ‘chemical Shlft values of the’ cycloheptatrlenyl rlng

' in'32, agree well with those reported here, and on this

v‘baSlS a tentatlve ass1gnment for the c and d carbon

resonances would be p0551ble - In the absence of supportlng
evidence thlS a551gnment 1s amblguous ‘however. A value

of 6140 5 ppm can be calculated for the chem%cal Shlft

,value of the hldden resonance from the hlgh temperature

kA

N

averaged chemical shift value of the cycloheptatrlenyl
carbons 1n 22a and the §-values of the three resonances

d1st1ngu1shable at -85°C. ' This value fltS the pattern

'set by the 13C resonances of 32 (Table XIII). A careful

examination of the Variable temperature profiles shows

that the two allyl resonances, both in 22a and in 22b
collapsé at the same rate therew1th rullng out the 1,3~
Shlft as an 1mportant rearrangement pathway. It 1s

unfortunate that one set of carbon atoms is hldden by

. the phenyl resonances since information about the free

energy of actlvatlon for the migration of the Fe(CO)3SnPh3

- fragment around the C_/.H7 ring is thus not avallable from

the carbon—13 NMR data,‘whereas the value from the lH

NMR data" 1s subjected to uncertalntles due to the neglect

of the’ coupllng constants

Carbonyl ligands.

. The scrambllng of the carbonyl llgands in the complexes

22 is most clearly seen in Figures XXX and XXXI. . The

‘51ngle sharp signal at ambient temperature represents all
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three carbonyl ligands- whlle ‘below -70°C separate resonances
forutne carbonyl llgands becaome- v151ble x The Presence of
two’ 51gnals in the intensity ratlo 2:1- ‘also shows the
effectlve C —symmetry of the molecule, again being consistent

w1th the structural 1nformatlon + In order to compare the.

energetlcs of the carbonyl scrambling and 1,2- shlft

.
[N

- Processes. we, determlned the AG*—values for the former
process. The most accurate procedure to. obtain these
activation parameters is’ by fitting calculateé spectra to
the observed/spebtra;andAtnus extracting the:¥ate cdnstants
at several dlfferent temperatures ‘A plot’ of Ln(k/T
-versus. 1/7T, and a subsequent least~ —-squdre analy51s to find
‘the slope .and 1ntercept of the: best-fit straight line
",through’thevdata points,'will lead to theedesired parameters('
To circumvent this tedious, time—Consuming, and expenSivee
proeedureVSeveral short-cuts have been used.l49’lso The
'simpie fermuia for a two-site equal—populatiOn exchanée'

probfem can be used, equation (6).+4°

BarfEli150 and co-workers determined the values of
AG# for a two-site unequal population problem by the use
of equation (23), where AP is the difference in population

T
o X c
AGT =.19.13 'TC (10.62'+‘log {mﬁ)} + log {?\)—}) (23)

. c
of the two sites under'no'eXchange conditions (0.334 in

the present case), X = 2n(Av)1, and 1 is the lifetime.
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The value of log\JX/ 2ﬂ(l + AP)) can be: evaluated from a

'graph 1n the paper whlch gives the values of thlS term

.as a functlon of AP.
In order to. compare the results of these three methods, -

e.g. line shape analysis and the formulae for'equal and
.dl}ferent populations, we_have calculated AG; -by each or‘
these procedures, the results are shown in Ta?le XIV together
w1th the 6 l3C—chemlcal shift data.- ‘ |

~

The.soramblinglof’carbonyl ligands within tricarbonylf'

metal moieties has been_reviewed recently'by Cotton o1 A

1Y

summary-ofhthe E_ and aG* values observed for these

processes has also been glven and - values of 35-50 kJ mol'-l

.for the free energy of actlvatlon are common. 91 The AG%*

values obtained for 22a and 22b fall into this range.
A reasonable agreement between the three methods for

calculatlng AG*

is observed w1th the value obtalned by

line shape analy51s belng slightly hlgher in 22b ‘Although

- the actlvatlon parameters for both "rlng wh1221ng" and ‘»
carbonyl scrambllng are rather 51mllar,.because of the
uncertalntles assoc1ated with the lH NMR data and the
relatlvely poor quallty of the carbonyl data it is” 1mp0551ble
to determlne th certalnty whether the two processes are

~

coupled together and proceed by the same mechanismh~‘
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TABLE XIV

L}

}3C NMR data in the carbonyl reglon for the.

complexes (C7H7)Fe(CO) MPh3 and a compaglson

 of thé‘AG#—values for carbonyl scrambllng as .

obtained by dlfferent methods (M = Snj; Pb) as b
N ' ‘Chemical i . + | -1
Compound Shift ) TC N Av  AG (at'Tc) (kJ mol {,
(2y (1) (°c) (Hz) 1 2 3
22a  213.6 208.6 -50 113 43.8 43;?- -c,
it Lo “ . . “ . ,‘ "~ ’ ‘ .‘ . » .
'22b . 213.2 208.9 =70 97~ 40.0_ 40.1  45.8

/

“In § (Ppm) at -85°C (M = Sn) or -95° (M = Pb)

i,.two 51te equal population formula. : -
A?,'two s1te unequal populatlon formula | v
e3;J11ne shape analy51s _ A :

For’ the methods 1 and 2 AG* is- glven for the exchange rate
k12’ i'e.; from the s1te of populatlon 0.33 to the 81te of

‘populatlon 0.67.

CNo reliable value could be obtalned due to poor resolutlon
at T = Tc. - . .
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g. Relatlonshlps between the structural and flux1onal .

-

‘ parameters of n3—cycloheptatr1enyl complexes of the

tran51tlon metals

w

- Due to the acc1dental overlap of one Q{\the resonances"

of the seven— membered ring. w1th the phenyl carbon atom

VSlgnals in the compounds 22 no addltlonal 1nformatlon "?Lv
"regardlng the 1,2- shlft could be .obtained although the 13C

_NMR spectra support the conclu51ons based upon the 1H NMR

-

fdata .However, it is ev1dent that, 1n general the larger
chemical Shlft dlfferences and the absence ofkﬁoupling

between the resonances 1n the carbon—13 spectra will. creage_

.a more convenlent route ‘towards the eluc1datlon .of the

a

'rearrangement processes and tze determlnatlon of: the

«

actlxutlo“'parameters than the proton NMR spectra Although

13C NMR studles have been elegantly applled to other

- ~

'flux1onal molecules,25 the present data form, together

with the’ recently reported data for 32, 139 the flrst»

characterlzatlon of n3‘ tran51tlon metal~complexes by'

13C NMR spectroscopy. The'activation parameters for the . :

P

- 1,2 FeKCO)3SnPh3 shifts are subjected to uncertalntles
rbut it is nevertheless con51dered 1nstruct1ve to compare A
the free energies of activation of related organometallic .

complexes containing an n3—bound cycloheptatrienyl ligand'f

w1th the present data in view of the structural and ?5

flux1éﬁal data avallable The"available data are reviewed

”1n Table XV.



TABLE XV

Structural and fluxional characteristics of some

n3—cyclohqptatrienyl complexes of the transition

RN

127.

metals.
Compound T AG% a  C(2)-C(3) Ref.
. C TC . o )
) (°C) (kJ ~l(deg-) (a)
" » mol ) .

' ‘ This
(C7H7)Fe(CO)BSnPh3 ;gg -60 40.5 - - wory
(C,H,)Fe(CO) ,PbPh. ~ 22b  -65 40 - - This

7177 3 3 —~ ' work
(C4H,)Fe(CO) ySnPhC1, 27 - -100 - - 1.490 56,143
a . .
A(C7H7)MO(CO)2(C5H5? 8 ~-60 (-38.9)% 14.7 1.45 64
f b
(C4H, )Mo (CO) ,L 10 --60 - b b 62
(OC)3Fe(C7H7)Rh(CO)2 33 <-164 <25 22.8 1.45 112
(OC)BFe(C7H7)Mo(CO)2— |
(CcHe) : 11 -3 52:5°  61.0 1.s0 64
[(CoH.)Fe (COY ]~ 16 <-140 <25 15.19 1.425 This
77 3 —~ work,

107
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FOOTNOTES FOR TABLL XV

.

aDifficulties have been encountered in determining the
activation paraméters for this compound, 36.8 ¢ AG' < 40.5
ahd E, =521 3 kJ mpl_; with log A = 16.0 ¢ 0.5:_ See
footnote 16 in referetice 63a. '

b

L =-H2B(3;5—pz)2; Although the X-ray structure determina- -

- " 62a L -
tion of this compound has been reported, no information

regardindg the values of o or C(2)-C(3) is availgble. In a
related compound, with L = pz BPh,C(2)-C(3) = 1.457.52d
CEa = 54 + 4 has been-reported-64'AH‘TL = E -RT, and tﬂe’
value of TAS* has beem,assumed to be zero for the above

calculatlon of: AG#

dPersonal communication ffom H. Behrens (a was determlned
as 14.5° and 15. 7° respectlvely, from whlch the averaged

value of 15.1° is obtalned), February 1979 (University of

Erlangen, West—Germany).
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Particularly we consider the angle a, defined as the
angle between the'ﬂ—orbitéls_of the outer carbon atoms of
the two sets of bonding frégments, the aliyl and diene
moietieé, in the cycloheptatrienyl ring. Each nm-orbital
1s assumed to be perpendicular to the plane of the carbon
atom }nvolved;’C(Z) or C(3), and its neighboring atoms.séa’112
Increasing overlap and therewith ipcreasing fluxioﬂality
would then be indicated by a smallér value of the angle
¢ and a shQrter'C(Z)—C(B) distance, if no other factors
are important.' It is immediately clear from the limited
‘examples in Table XV that the coordination of a second
£ransition metal to the cycloheptatrienyl ring has a.marked

effect upon tﬁe fluxionality. If the two metais‘are

cocrdinated to the ring in a cis-arrangement as in

(0C) jFe (C_H;)Rh(CO),, 33a, ' the angle a is small, 22.8°,
and an extremely fluxional molecule is observed. However,

if ajtrans—arrangement of the two metals to the ring
occurs the angle a opens, the distance C(2)-C(3) becomes
ldnger and the coaléséence temperature increases upon the
coordination of the seéond transition metal moiety to the
ring. This is observed most clearly by‘comparipg the

compounds (c7H;¥MBTCO)2Cp and trans= (0C) yFe (C,H,)Mo (CO) ,Cp,

3 77

but similar observations have been made for the complexes
. 7/

and‘tran's'—(OC)3Fe(C8H8)Fe(CO)3 9,64 and

62c

'(c8H8)Fe(c0)

(C5H, )Mo (CO)

3

L and (OC)3Fe(C7H7)MO(CO)3L,

L represents a variety of polypyrazolylborate ligands.

3 in which
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A correlation for the mononuclear components is less

obvious. The small value of a and the short C(2)-C(3) [
dlstange found for anion 16 107 account nicely for its

5
high . flux1onallty The neutral complexes, 8B, 22, and E]
~ f

no

do not‘reveal a dlstinct trend. " The small value of «o

Al

(14.7) in E{ls disturblng in view of the rather. high
coalescence temperature (~-60°C) for this compoumd,
partlcularly 1f contrasteéd to the valfies of o and T, in
anion 16 We also -note that the stepwise substitution of

Cl for Ph in gga (leading to derivatives of the type

-SnPh Cl; -SnPhCl., (27), and -SnCl 56) appears to lower
2 2 T, 3

the coalescence temperatﬁre.56 A general qualitative

relation is difficult to discern and thlS is aggravated
by a lack of structural data for most of the mononuclear
”n3—cycloheptatr1enyl complexes. It appears that other
factors, such as the effectlve charge of the fluxional

species, could be important as well in determlnlng the

extent of flux1onallty in these complexes. Steric consid-
erations also should not be neglected. . In 27, for example,
’ . a4

the cycloheptatrienyl ring is clearly pointing away from
the SnPhCl2 substituent and, if this is the result of
intramolecular non- bonding 1nteractlons, similar sterlc
effects w1ll play an even more lmportant role in the
compounds %3- To better understand.any relation that might
exist between the structural and fluxional parameters of
these compounds, additional information regarding the
molecular structures of n3—C H7 complexes of the trahsition;

7

metals is required.
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Conclusions | . ‘ . | /f’*' .
n4—cycloheptatrienetricarbonyliron'can be deprgtonateé
in a variety of ways to give the anion [(C7H7)Fe(CO)3]— -

o
The reactlon of this anion with main group IV eleg;;o* N

e

N

phlles results in the formatlon of two strueturally dlfferent
types of complexes which show an 1nterestrng Stereo-
chemlcally nonrigid behaviour on the NMR time scale.

J The metathesis reaction of 16 with the 5111con and
germanium electrophiles R3MC1, R = Me, M = Si or Ge, and

R =5Ph,'M = Ge results in the facile synthésis'of substituted
n4—bound cycloheptatrienetricarbonyliron-species.' In
contrast'lg reacts with triphenyltin chloride and with
‘triphenyllead chloride to vield the compoundSv(nB—C7H7)—
Fe(CO 3“P“3,‘M = Sn and Pb ih good yield. The cyclé—
heptatrienyl ring in the laﬁter coﬁpléxes is bound in an
n3r fashion while the compounds also contain a single
metal-metal bond. No reaction is observed between
[6C7H7{Fe(CO)3]— and Ph3SiCl and MeBSiCHZCl from which the‘
moderate‘nucleophilicity of the anion can be deduced.

With these results we have been able té arrive at a
discrimination in the reactiyity of 16-towards group IV
electrophiles. Although we do not imply the selectlve
trapplng of the two postulated{ﬁsomerlc forms of [(C7H7)—
Fe(CO)3]—; ng‘and 16b, in these reactions, the f;nal

reaction products are cleérly dependent upon the nature

of the main_group element : Ph3SiCl'does not react with
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lg, Ph3GeBr yields the ring substituted species’ (n4—
C7H7GePh )Fe(CO)3, and Ph SnCl and Ph3PbCl produce the
compounds (n -C H7)Fe(CO)3MPh The main objective of
‘:this particular Project has thereWith been realized.

2 The stereochemically nonrigid character of the
compounds 2} and 22 has been”studied by means of variable
temperature lH and 13C NMR spectroscopic studies. At
;elevated temperatures a nonrigid béhaviour of the complexes,
2l becomes detectible, which results in the pair- wise
averaging of the olefinic hydrogen and carbon atom resonances
while the signals due- to H(7) and C(7) remain unaffected
by the rearrangement process. A 1,3- shift of the Fe(CO)3
moiety nicely accounts for the observed spectral changes.
A direct 1,3-shift or two consecutive 1,2- shifts, w1th a
substituted norcaradiene species as an intermediate, are
both compatible with the observed data and arg regarded
as the most plausible mechanisms. The free energies of
activation for this rearrangement Process in the complexes
%l are in the order of 65-75 kJ mol-;, a substantial
-decrease from tBHe value for the unsubstituted parent
molecule. Of course the synthesis and study of a larger
number of substituted cycloheptatriene complexes of type
' 21 by, for example,dthe spin Saturation transfer technique
would enhance our - understanding of the precise nature of
the phys1cal pathway for: rearrangement The,effects of

both electron withdrawing, electron releasing, and sterically

demanding substituents on the energetics of the rearrangement
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deserve a thorough scrutiny in order for the authentic
operative shift to be revealed.

The fluxional behav1our of the commlexes 22.is hest
descrlbed by a domlnant 1, 2- Shlft of the Fe(CO)BSnPh3
morety with respect to the. n3—bound cycloheptatrienyl
ring. Most important to the delineation'of this shift
as the operatlve mechanism was our ablllty to assign eaéh
resonance in the low temperature lH NMR spectrum. The
free energy ot activation for this-prooess is 35-45 kJ
‘ mol—l'which is similar to the value of the AG# found for
the scrambling of the carbonyl ligands. The reactivity
of both types of compounds, %} and %3, isvbeing pursued.
In particnlar'tne‘compiexes %g,are potentially very
versati}c_prccursors for a large»variety of new organo-
metallic species. For example,'attempts to coordinate a

second transition metal to the free diene fragment in

22a'are described in‘Chapter VI. Moreover the substitution

of one or more carbonyl ligands and the selectiye cleavage
of the Sn—Ph bond in the complexes 22 are being investigated.
The synthesrs and study of the fluxional nature of
related n3—cycloheptatr1enyl complexeslls certainly of
importance in view of our attempts to unveil the relation-
ships . that mightvexist between the structural and fluxional

parameters of these interesting'oompounds,



CHAPTER THREE
——— o RbL

MISCELLANEOUS REACTIONS OF [(c7g7)Fe(CO)3]“
INTRODUCTION -

In this chapter some addltlonal reactions of anion
16 will be dlscussed These reactlons ‘were initiated in
order to extend ‘the known react1v1ty of the anion toward
main éroup and transition meta} electrophiles.

Many transition metal compolinds are potentlal can-
didates to- undergo a 51mple met hesis'reaction with the
1potass1um salt of anion 16. .In view of the moderate
nucleophlllclty and the reduc1ng propertles of 16 the
number of useful synthetic pathways is somewhat restrlcted
For example, the interactions of this anion with (OC)“

Mn (THT) bDi, {C 3Re (T IF)zBr, and [Rh(CO) Cl]2 resulted in
heterodlmetalllc derlvatlves of the type (OC) M(C7H7)
'Fe(CO) Y= 2, M " Rh (33a), and y = 3, M = Mn (33b), or
'Ref(33c), but very low ylelds were obtalned 112 Also the
reactlon of - (C H5)Fe(CO) Cl with 16 dld not lead to the ‘
product expected on the ba51s of the above results. 152 /7/
In most-cases the dlmerlc complex (OC) Fe(C H7 C7H7)Fe(CO)3
was observed in varying amounts 112 152

. In thls chapter our results'on the reactivity of 16

towards Ph PCl [ (0C). W(NO)(THF)Br]Z, and PhBPAuCl will

‘be reported.

'a. Reaction of. [(C,H,)Fe (Co) __with PPh 5Cl.
The reaction of 16 with PPh Cl was hoped to proceed

according to equation (24). The product of the reaction

134
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+ .
K" [(C4H,)Fe(CO);]™ + PPh,CL —_—

. | S (24)
(n --7—-thPC7H7)Fe(CO)3 ‘+ KC1

would be a potentially interesting new ligand system.

This novel moiety would be able to act as a two-electron

donor to a metal center via the lone pair of the phos-

phorous atom or possibly as a bidentate ligand by the

additional invoivement of the-free double bond. Robertson

et aZ.153 have described the lidand 2—vinylphenyl(d1phenyl)

phosphine which can act as a monodentate P- bonded or as-

a bidentate ligand in mononuclear carbépyl complexesLof

[

iron and ruthenium{ls3 Related compounds have been

reported recently by Rybinskaya and co—w%ﬁ*ers.; Such

a bidentate ligand could have a significant influence

upon the apparent 1,3-shift exhibited by the tricarbonyl- ~
iron moietyvin'substituted (n4—cycloheptatriene)tri—v

carbonyliron complekes( as discussed in the previous Chapter.

Results ard Discussion

From the reactlon of 16 with dlp nylchlorophosphlne
in THF at zero or amblent temperature a yellow powder
could be isolated upon extracplon of the crude reaction
product with pentage. In hydrocarbon solutions this SOlld
exhlblzed Six carbonyl stretchlng frequenCLes at 2047,

2028, 1986, 1974, 1964, and 1936 cm~l. ne 'y NMR spectrum

showed resonances at § (ppm) : 2.4(t), 3.1(m), 3.4(m),

4.2(t), 4;5(t),'4,8—5.6(m), and 6.1 (m). These complex
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: e chemlcaigbhlft Values and the 1nfrarcd data 1ndlcated the
'pPresence of a mlxture of compounds By compariso: with

the spectra of .an+ authentlc sample the resonances at § 3. 1

and 4.8- 5 6‘Wéﬁ@@readlly assigned t&’ the dlmertL}Q”H

) -
v
e T.\‘, }; % ,’~ “
Fe(CO)3]2 The re51dual 1nten51tles at theae d”v
-2 \1‘, ,‘ a . '..

and the other resonances in th%‘Spectrum constltuteaapv

i
pattern which is qu1te 51m11ar to that observed for the

rlng substituted compounds (n4—C7H7MR3LFe(CO)3 described

N A :?? - " . . LI
in Chapter II, and on this basis the second component of g
the mixture was tentatively identified as the ring

substituted complex (n ~C7H7PPh2)Fe(CO) This compound

and the dimepic coupling product 23 are present in approx—
1mately equal amounts, based on lH~NMR and 1nfrared

spectral resu]ts. The formation of 23~aS'a byproduct.in
(e

‘this reaction also explalns the large number of carbonyl

stretchlng frequenc1es observed in thealnfrared _sSpectrum. ”K~
The bahds at 2047, 198s, and.l974 cm ; can be assighed'
to this dimer,55 and the three remalnlng Veo values are

then due to the sSpecies (n ~C H.PPh 5)Fe (CO) The

777 3°

positions of the carbonyl Stretching frequencies in thlS

‘

novel complex at 2028, 1964, and 1936 cm—l, are 30-40 cm +
lower than in (C7H8)%e(co)3‘and this is ;ndicative of

the stronger’electron—releasing ability of the new ligand.
Mass spectral date also support the pPresence of (n4—
C7H7PPh )fe(CO)B. Peaks are observed at m/e values of

416 (P%), 388 (p-co*), 370, 360 (P-2c0™), 332 (p-3c0?, o

s . ., g



. Crystallization from hexane did not yield pure (n4—

P | i 137.
base peak), 278, 276, 183 r 147 (C7H7Fe ), 108 (PhP+), and
9Y (C7H%+). Again the 1n1t1aL,loss of three tarbonyl
groups from the parent ion forms the dominant breakdown
pathway The cluster centered at m/e 370 is tentatively
a551gned tq Ph P PPh

The formatlon of 23 was also observed in Chaptef IT
where 23 was a byproduct 1n the synthesis of: the ring i
substituteq Species 21, : Upon the work up of these reac-
tions the des1red product could be purified by fractlonal

crystalllzatlon, sublimation or chromatography: Fractional

C7 7PPh ) -

rFe(CO) ' Chromatography and subllmatlon*technlques also

falled to separate the two components of the present

mivture. The rmatlon of the dlmerlc spec1es indicates

- the partlal ox1datlon of anion 16 The reducing power of

[(C H )Fe(CO)B]_ and the complications whlch can arise
from the electron transfer reactlon 1n addltlon to the °
desired metathetical exchange reactlon are agaln exemplified

in this synthe51s. The observatlon of a m/e value

: attrlbutable to Ph P- PPh2 complements the electron trans-

fer reactlon, equation (25).

4
> (N ~CyH,PPh,) Fe (CO) ,

NSO ~*t.?

16 + prhyer’ (25)

[(n -C H )Fe(CO)] + thP—Pth
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' b. Reaction of m\?\)Fe (co 31 with [W(CO) (NO)_ (THF)B__l

A tran51tlon metal complex which seems well quallfled
to form a metal—metal bonded species upon 1nteractlon w1th
16 is [W(CO)2(NO)(THF)Br]2 This compound is readlly
prepared from W(CO)4(NO)Br by stirring the latter'oner—
night 1n tetrahydrofuran at ambient temperature 454a
vobserved on several occa51ons, transition metal carbonyl
complexes contalnlng one or more nltrosyl groups -bound
‘to the central metal atom exhlblt rather labile carbon
monoxide ligands. 154 Thls is in line with current bondlng
theories in which NO acts as a stronger 7~ acceptor than
CO and thus reduces the strength of the metal- carbonyl

154a,c

bond It was antkglpated that ‘the coordlnated THF

‘molecule could be replaced by stronger m- bondlng&llgands 134a

Interactlon of this complex w1th 16 could thus®lead to

the formation of a complex like 34. The starting tungsten

(ON)wW Fe(CO)3
C),

34 ’

NS s
comple: can bo considered to be ready to accept five
elect: ons from its iron counterpart upon the replacement

of ha halide ang the coordlnatcd solvent molecule, a

-eature already mentioned to be of great advantage in

-

N



formlng heterodlmetalllc complexes of whlch 34 would be

an example 112 " Both metal centers then obey the 18-

I «

" electron rule. Thc p0551ble amblvalent character of the

R J

nitrosyl llgand as a llnear three electron or a bent one
155

- electron donor, and the relevance of this feature to

lnduce potentlal catalytic activity in 34 added an extra

stlmulus tolinvest;gate thlS reaction. _
4 ‘ . N - -

Results and Discussion

%y The addltlon of a dlchloromethane* or THF solutlon of
Pfﬁ [(C H )Fe(CO)3] to a solutlon of [W(CO)2(NO)(THF)Br]
ithhe Same solven\\dld result in a reactlon, as ev1denced
by the dlsappearance of the orlglnal carbonyl and nltrosyl

stretchlng frequenc1es. New bands, both carbonyl>and

nltrosyl, were also seen in the infrared spectrum The

1solatlon of materlals from tHe res1due after.solvent
removal however proved very difficult. From chromatography
on alumina, a separation technique su;cessfully used |
before w1th other heterodlmetalllc complexes, a small
amount of red solid could be 1solated and was partly

characterlzed by 1nfrared and lH NMR spectroscopy and

mass spectrometry. However, ‘no deflnlte conclus1on about

its composrtlon could be reached
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.o w2

The 1nfrared spectrum of thlS materlal exhlblted
five termlnal carbonyl stretchlng frequencles at 2052(s),
.1988(8),‘1977(5), 1925(s), and 1301(s) cm l;4wh11e thergL
ils no 1nfrared evidence for the presence of nltrosyl

or brldglng carbonyl llgands The mass spectrum 1nd1cated

‘the Presence of. atlleast six carbonyl llgands, the C7H7
’v’unlt and W and Fe: atoms Table XVI shows a llstlng of v
the observed m/e-values.‘ The hlghest m/e value of 590u |
corresponds to an ion w1th the comp081tlon (C7 7)2WFe(C6)6.
_ The succes51ve loss of carbonyl llgands from thls ion |
:1s an 1mportant breakdown pathway Ions a551gnable to

the dltropyl 1on, and C

C14 14" - 147147 are also

.Observed. 'The lH NMR spectrum of this compound shows

?Lresonances at- g(ppm) 2.96 (m, ~3H), 5. ll(d), 5.38(m), ‘and
‘5 59(t or dqg) (the:last three resonanceS\correspond to

,1~4H). This pattern LS too comp11Cated for flux1onal

u cycloheptatg&enyl llgands, €ven if the limiting spectrum\

'Els belngﬁﬁbsgrved Deganello et aZ have reportedq the

lH NMR §§ectra of the mlxed metal carbonyl dltropyllum

' complexes (OC) Fe(C H )M(CO)3, M = Cr, Mo,.and 1 35

and we have also mentloned the per51stent presence of the

M Fe complex in many of the reactions of ‘anion 16.“7:

.The lH NMR - spectra of the mlxed complexes do not fit the -

present results €ven though the mass spectra appear to o |

'support such an a851gnment Although the NMR spectrum

closely resembles that of: .the Fe- -Fe complex, the present

f
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>

TABLE XVI

Mass spectral data of the red compound isolated from.

the reaction of [(C7H7)Fe(CO§3]_ with [W(CO)2(NO)(THF)Br]2;a’b

Assignment m/e o rel, abundance
(tentative) - o | ' (%)
o+ - | o I
(C7H7)2WFe(CO)6 | 590 A ' ‘ 1.1
+ _ .
(C7H7)2WFG(CO)5 562 - ; ‘ . 38.9
B .. .
(C;H,) jWFe (cO) , 534 B | - 5.9
. | N | , | :
(C7H7)2WFe(CO)3 506 . 32.2
' + . o] : L
(C7H7)2WFe‘(CO)Y2 ~ (480) 478~ (16.?) . 16.4
(C,H,) jWFe (CO) ™ or 2
L (452) -~ 450" (16.5) 16.1
(C7H7)2W(CO)3 . . '
. + .
(CoH.) .wke or - :
77772 \ . 422 28.5
+ ‘
(C,H,) ,W(CO).,
- 398 4.3
+ T
» (C7H7)2W(CO) 394 3.3
¥ + . 4 »
.(C7H7)2W 366 . _ 16.1
(CoH,)FeW(CcO)™ or
+ ' 359 lQ0.0
(C7H7)W(CO)3
(C,H ) wFe™ or A
' - 331\ 32.3
(C7H7)W(CO)2 v
(c H )W (coy* 303 .- | 7.
» + o
(C,H,) ,Fe (CO)., . 294 | | 29 76
_ N .
(C,H,) ,Fe (CO) E 266 17.4
+ o .
(C7H7)2Fe . 238 . . 40.3

- oo 203 ‘ ' 8.8

continued....
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TABLE XVI (Continued)

) +
(CH,) 182 6.8
- ' 160 20.5
(C, H,)Fe® - 147 | | 32.8
(C6H6)Fe+ 134 L 7.8
(C7H8)+ —— 92 - 24.5
(C7H7)+ 91 ' ' 56.6

aNo@: corrected for lI‘?’C'; all m/e-values correspond to the ions

184

containing the W-isotope; m/é¥vglues > 91 are reported.

P1g ev, 160°c.

CAlthough the intensities of these ions are very similar,
the W-isotope pattern is disturbed. within this cluster. )
The natural abundancy of the 186W{isotope is smaller than
that of the 184W-isotope..t: " :
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/

complex is red whereas the Fe-Fe compound is yellow. Tt

appeérs that a mixture of compounds is preéent with, on

1

basis of the "H NMR spectra, the Fe-Fe dimer as the majot

component. The mixed Fe-W carbonyl complex is possibly

present as a second species.

31
the synthesis of nitrosyl containing polynuclear complexes

The synthetic applicability of [(C7H7)Fe(CO) in

thus appears to be less straightforward than its use in'

the synthesis of dinuclear tra&sition metal carbonyl

compounds. Considerable experimental difficulties are

to be expected in the,synfhesis‘of such complexes vig
o

the anion 16 as the compounds employed so far failed:to

yield isolable nitrosyl containing dimetallic species.*

L)

C. Reactions of [(c7§7)3e(c0)3] with Au(PPh3)Cl."

The impetus for considering the intéraction of 16

with Au(PPh5)Cl originated from the analogous bekaviour
observed for Au(PPh3)Cl and PhBShCl towards transition

metal carbonyl anions. 1In particular, Ellis has shown

'thét both compounds are equally well suited .to char%cterize

highly reduced anion_s.156 In an isolated case, e.g. in
the characterization of Mn(CO)43_,156c Ph3PAuCl fulfills this
task ‘even better than Ph.SnCl due to the reduced crowding around

3

the gold atom. Our sdcceésful synthesis of metal-metal

* : .
Mo(NO)2C12 also did not yield an identifiable"hitrosyl

containing complex in its reaction'with\l6.l6o

~
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=

.bonded species with Ph3SnCl and Ph3PbCl prompted us to
attempt the synthesis of (C7H7)Fe(CO)3(AuPPh3), equation

(26) . The formation of an interesting complex containing

Tk o+ Ph,PAUCL ———>

(n3—C7H7)Fé(CO) AuPPh. + KC1

3 3
g“\\

an iron to gold metal-metal bond was expected. The“genewal

. [(C,H,)Fe (CO) 4]

(26)

*a

interest in, and the emphasis presently placed upon,

metal-metal bonded compounds with respect to e.g. homogeneous

catalysis has recently been reviewed.157

Results and Discussion

. Fa .
The first addition of a THF solution of £§ to a similar

solution of-AuP?h3C1 formed the‘beginniﬁg‘of a long series of .

T~

experiments. Based upon thc similarity between Ph3SnCl

156

and Ph3EAqu a "smooth" reaction was expected to give

(n3—C7H7)Fe(CO)3AuPPh3 in good yield. But, as the

experimental proceedings will show, this reaction proved

»

té be much less well behaved than the analogous reactions
withAtriphenyltin and triphenyllead chloride. Upon extrac-

tion of the crﬁde.reaction product with toluene and

{

cooling of the obtained solution at 4°C a red oil resultéa.

Infrared spectra showed six terminal carbonyl stretching

frequencies at 2047(s), 2034 (sh), 2006(s), 1973(s,br),

-1

l924(s{, and 1900 (m) cm Removal of the supernatant .

and addition of varying amounts of dichlorpmethane,

toluené and/or hexane with appropriate @ooling and/or

concentrating of the obtained mixtures failed to produce

»
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a crystalline material. Often a brown precipitate would
result while a thin layer ,of, presumably, metallic gold
would be deposited on the walls of the container. Onet

component of this precipitate cduld be 1dent1f1ed by
L

its infrared and mass spectra as (Ph3P)2F 3

One particular reactlon produced a small amount of a

e (CO)

red solid which analyzed well for (C7H7) (CO)3AuPPh3

The lH NMR spectrum in CD Cl of a 51m11ar but less pure

sample showed a sharp resonance for the cycloheptatrienyl

-

g

protons at & 5.16 ppm, as expected for 'a fluxional

n3—C7H7 group. Interestingly; this signalidid not broaden
significantly between +30 and -90°C. At lower te@pera— e
tures the resonance broadened and collapsed into the

baseline at ~—=130°C. This is a dramatic increase in
fluxionality when compared to the complexes 22a and 22b

N

where the coalescence tempecratures were observed at
~—60°C and -.-65°C, respectively. In light of these l.H NMR
data and the correct elemental anaiysis we believe that
the compound (C H7)Fe(CO)3AuPPh3 has been synthesized.
However the low coalesccnce temperature of the C7H7 ligand
observed in this complex is difficult to reconcile with
the,simple structural form 22 We have noted before that
the attachment of a second metal carbonyl moiety in a
cisoid fashion to the cycloheptatrienyl ring resultslin

greatly enhanced fluxional behaviour compared to the

mononuclear complexes. Based on this experimental

’
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observation we are tempted to propose the structure shown

+

below, 35, for the Fe-Au complex. In the proposed structu;e

o+

/
35 '

both metal .atoms achieve an 18-électron configuration.

—

. ,The compound would also be anJexample of the coordination

of gold{I) to an unsaturated organic moiety. Very éew éﬁ
~examples are known in which Au(I) is m-bonded to an |
organic-moiety.lél Morgove£,<the stability of m-complexes
Of Au(I) is rather.low and the reversibié addition of

unsaturated ligands is possible in some Cases_.161

Conclusions

The reactivity of anion 16 towards PPhZCl; [w(co) 5~
L . 7 i
(NO)(THF)Br]Z, and AuPPhéCl proved to be much more
complicated than the reactions of [(C7H7)Ee(COY3]— with
grohp,ivlelectrophiles} In each case a metathetical

exchange reaction was—envisaged which would lead to a

novel and interesting species worthwhile of further

investigation.
From the reactions of 16 with Ph2PCl and AuPPh3Cl
evidence was obtained that the complexes (n4—C7H7PPh2)—

Fe (CO) 5y and ("C7H7)Fe(c0)3AuPPh3 had indeed been formed.
}
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However difficulties were encountered in all attempts\to
isolate the pure eompounds. For example, lH‘NMR, infrared,
and mass speetpal data»indicated‘the presence of the
cqmplex (n4—C7H7PPh2)Fe(CO)3 but no,éure crystalline or
solid material could be obteined. It followed from the
identification of [kC7H7)?e(CO)3]2 as a\by—proddct that
partial oxidatibn of anion 16 had occurfed during the
course of the reaction A competlng electron transfer
reaction was therew1th inferred. Severe difficulties in
obtainingia;pgre sample were also encohntered in the
reaction df‘£§ with AuPPh Cl. Decomposition prevailed and
(Ph3P)2Fe(CO)3 was observed as one of the reaction products
A tiny amount of red SOlld was lsolated which analyzed
cornect1y\<nr (C7H7\Pe(CO\3AuPPh3. The;variable tempera-
ture lH NMR spectre of a similar sample showed thet the
fluxional proxess, which is responsible'fot the’equivalence
of the cycloheptatrienyl protons. gn the NMR time—scale,
is surprisingly facile. This is compatible with the
presence of a cis- heterodlnuclear\cycloheptatrlenyl complex
in which both metal atoms are coordinated to the bridging.
pycloheptatrlenyl ligand. Further efforts are contlnued
in order to Obtain a crystalllne sample of thlS compound
suitable for crystallographlc analy51s

We ;;uld not isolate a nitrosyl containing dinucleatb

compound from.the inkeraction of 16 with [W(CO0O) (NO)(THF)BrT}
; —~ 2 2

- Only a small amount of red crystalline material was obtained

{
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lH NMR Sbectroscopy and

-

and characterized by infrared and
and mass spéctrometry{, Mass spectral data tend to support

the formulation of this compouné‘as (C7H7)2WFe(CO)6;,howeverf

1

the “H NMR data show the presences o ‘mainly the Fe-Fe

'dimeric\complex-zg.
Although mény éxperimental dif icultiés were epcountéred
in:the above‘reactioﬁs some blear.ind;cations és ﬁo.the
‘course of theseireactions and the nafure of tﬁe‘products
formed couid be ‘extracted. Unfortunately, they'coﬁiinue
to pose an’infekesting chailenge to the synthetic.orqano_
metallic'chemisk. - |
The knéwn ﬁﬁhctivity of [(C7H7iFe(CO)31_ is'summarized

o i
in Scheme VI.
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CHAPTER FOUR

i
et o

ENDO-DEPROTONATION OF 7 —exXo-7- Ph GeC )Fe(CO) AND

7 3

REACTIVITY OF THE ANION [ (Ph GeC H )Fe(CO)B]

' INTROS®CTION

Proton abstractlon from an organlc ligand coordlnated
to a transition metal is beglnnlng to emerge as a useful
route towards the synthesis of anionic organometallic r
complexes and frequently forms the initial step in the
formation of hew neutral organometallic species.165
Furthermore, such.deprotonation and subsequent:electro—
philic attack can provide a convenient entry into a group
of Otherwise 1nacce551ble organic molecules upon removal
of the organic'substrate from the metal. Synthetic
procedures to accomplish this latter task under rather‘i
mild conditions have recently been developed.lsg_’166
However, in all instances reported to date the
abatraction of a proEon“from an organic ooiety coordinated
to a metal occurs ezo to the tran51tlon metal- center - The
_proton 1s removed from the face of the organic llgand
_ opposrte the face occupied by the transition metal.105’106'l65c
. Exo~deprotonation of cycloheptatrlenetrlcarbonyl1ron
occurs to give the anion [(C

e (CO) .1 . In the previous

7 7) 3
chapters we have described the reactivity of this anion
towards tran81tlon metal and main group electrophiles

and demonstrated 1ts versatility in the synthe51s of
novel, fluxlonal organometalllc compounds. One partlcular

type of complexes synthesized are represented by the genheral

formula (n4 ~R3MC_H )Fe(CO)3, compiexes 21 with M = si, Ge.

4
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These compounds, for which an exzo-configuration of the

RjM group was established by a crystailographic structure

'determination for 21b, are stereochemically non-rigid.
. i e~

The mechanism of the process responsible for the time-

~ dependent NMR spectra was identified as an oscillatory

\

motion of the Fe(CO)3 moiety with reSpect@%o the ring,
corresponding to an apparent 1,3—éhift.

In this Chapter we will discuss the synthesis of the
b3

anion [(C7H6GePh3)Fe(CO)3] , 36, from the action of t-BuOK
upon (§h3GeC7H7)Fe(CO)3, %ig, in tetiahfdrdfuran. Dﬁring
the course of our work Behrens and co-workers have
reported that (7—MeOOCC7H7)Fe(CO)3 also can be deprton—f
ated*.74 The formation‘of these anioﬁs constitutes the

first examples of the abstraction of an endo-proton from

a coordinated organic moiety in an organometallic compound.

Results and Discussion

a. Synthesis ' ~

Addition of éo’lution of (7—Ph3GeC'7H7)Fe(CO)3 in
tetrahydrofuran té a glurry of t-BuOK in tetrahydrofuran,
at ambient temperature, results in the férmation»of»a'_
very air-sensitive deep red sblution. The infrared.épectrum'

. w» : -
of this solution exhibits two carbonyl absorption bands

* :
The stereochemistry of this reaction has not been investi-
gated. Moreover the complex (7-&MeOOCC7H7)Fe'(CO)3 rearranges

rapidly, particularly in the presence of base, to the
(6—MeOOCC7H7)Fe(CO)3'isomer.74

3 ¥ .
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'

at 1938 and 1864 cm_l; indicating the conversion of the
starting material into an anionic_cafbonylate complex.

The values of these frequencies are similar to those of

the unsubstituted anion (1942 and 1868 cmfl). Upon

removal of the solvent from this solution in vacuo, a
red solid is obtainéd.'JIn order to improve. on the air

stability and solubility of the complex we have attempted

to prepare the bis(triphenylphosphine)iminium salt.l67‘«n/_

Addition of an equimolar amount' of PPNCl 167 to the red

THF solution resulted in the partial exchange of the
potassium ion by the bis(triphenylbhosphine)iminium ion.
Identical NMR spectra were obtained for each solid. The

PPNt stabilized anion [(C7H6GePh3)Fe(¢O)3]— is however
SN —

- . LNy
slightly less prone towards decomposition.’

b. NMR Spectral data.

lH (L00 MHz) NMR spectrum of 36 is shown

.

in. Figure XXXII (3.0 < § < 5?5),’also shown are the results

The C.W.

of ‘the selective.irradiation'of the‘resonanées at §4.03
(1,1'), 4.88(3,3'), and 6.17(2,2;),_re.spectii/ely. The
assighmen# of the threébrésonances follows from the
decoupling experiments; Figure XXXIII.shows both the
~experimental FT lH (100 MHz) NMRISpectruﬁ and the calculated
spectrum obtainea by computer simulation. TheVQalues

extracted for the coupling constants are also indicated

in Figure XXXIII. The spectrum at ambient temperature
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A

1ts dlene counterpart, for the anion but it more likely

constitutes a time average of 36a 36d The averaging J

I )
.——GePh .—‘GePh

F (CO
| 330 - 36b

.‘GePh @—GePh3

Fe(CO)g '@Fe(cob o
3gc ' | 3,é,d.

process beingvthe result of-rapid'ring—whizzing executed
by the-Fe(CO) moiety'in the,form.of fast- consecutlve
l,2—shifts; ‘accompanied by 51multaneous electronlc
redlstrlbutlons, with elther the predomlnance of ane most
stabbe bondlng mode at all. temperatures or the presence
of an equlllbrlum mlxture of forms 36a 36d whlch in
addltlon could be temperature dependent x ;)A

' In the 1H NMR spectra of the unsubstltuted parent

ion [(C7H )Fe(CO) - a sharp resonance is observed for

.‘\

. ‘
Similar structures can be written- for the coordlnated
diene counterparts, 36e 36h



"amenable for a study of its vaglable temperature lH and

) broadenlng which was observed mlght well besdue'to theh

15e6.

the cycloheptatrienyl hydrogens at temperatuﬁeslabove
-100~¢ at § 4.90 * ppm. Only upon further cooling does
.the resonance:hroaden and finally‘disappear'into the
baseline at T < -140°C (Chapter: I). The low temperature
limiking spectrum could notrbe obtained even at -165°C.

It was not unreasonable to- expect that the 1ntroductlon

of a sterlcally demandlng substituent llke (C ) Ge would

increase the free energy of actlvatlon of the rearrangé-

.ment process and thereby render this substltuted anion more .
13
68

_NMR profiles. The questlon whether the solution structure

- of: anlon 36 1s besx represented by an n3-allylor ann4—d1ene

coordlnatlon mode, forms 36a 36d and 36e 36h respectlvely,

c 73
GePhs (OC)B'F.e—— ]

. .\Fe@ |
(Q-C)g

| (38Ph3.

360 36d - 3oe 36h

mlght then be resolved Unfortunately, due to the decreased

~stab1l1ty of 36, relatlve to 16,_1n chlorlnated solvents

only THF—d8 could be applied as a l@w temperature solvent

As a result the temperature range aVallable Was further '//
|

restrlcted Very little’ change occurred in #he.lH NMR

spectra between amblent temperature and —90 C The slight
) SRR
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‘increased vigcosity of‘the soiution at -90°cC. The variable
temperaturefl3c NMR studies'however‘showed that the spectra
observed at‘ambient temperature are the result of;a
temperature:dependent process. The resonances broadened
and‘collapséd.into the baseline upon lowering the tempera-
ture, T. being abprbximately -60°C. The low tempefature

~limiting spectrum could still not be observed at -90°C.

The effect of the'triphenylgermyl substituent on the

N

ring-whizzing motiOn‘executed by the -Fe(CO)3 unit is thus

not large enough to 1ncf§§se the coalescence temperature

.to the p01nt that extraction of the actlvatlon parameters
/

'becomes possible. We w1ll return to the questlon of the
solution structure ofAié after discussing certain aséécts”
of ita reactions with electrophiles. ‘
C.Reactivity of the anlon [ (Ph GeC7H6) e (CO)
1. Reactions w1th Me381cl and Ph SnCl

3] :

The anion [(PhBGeC7H6)Fe(CO)3] dlsplays‘aﬁ interesting
chemistry to which we now‘direct our ‘attention. It was
-shown in previous Chapters‘thatfthé'anion lé can react:

with a Vatietv of_elettrophilés to give two different b
classes'ofvroactiontproductsm‘ It waé-then of interest to
tomparajthe.reactivityvof iﬁtto that_df'kg %n order to see-ta
whether the same@mbideﬁtnucleophilic‘character will be
'exhibited by anioh 36 also.‘ As will be seen, the

react1v1ty of 36 is related to that of 16 but dlfferent

1n some aspects.‘



Upon addition of the red substltuted anlon to a

solutlon of trimethylchlorosilane in THF rapid decoloura-

"tlon occurred. The resulting yellow reaction mixture

'could be isolated,* while (C_H

yielded, after work up, a small’amount of a yellow solid

which was identified by lH and l3C NMR spectroscopy and

mass spectrometry as the substltuted dlmerlc complex

[(C7H6GePh )Fe(CO)3]2,.37 - No ring- dlsubstltuted products

7 8)Fe(CO)3 was 1dent1fred‘

as'a'product by infrared spectroscopy The highest peak

observed in the mass spectrum was centered at 984 and 1is
assigned to P- 3CO¢ A good agreement between the observed
and calculated intensity ratios in the.cluster was ]
observed. The lH and 13C NMR sPectral data of the complex.
are collected inm Table XVII All the proton a551gnments
were conflrmed by selectlve decoupllng exXperiments. Slnce

we are deallng ‘with a substltuted dltropylcarbonyllronT

derlvatlve the p051tlon of the Ph Ge m01ety on the seven-

h'membered rlng must be determlned in addition to theﬁstereo—

-chemlstry at the C(7) carbon The observatlon of one set

of proton and carbon resonances 1nd1cates that the sub-

~st1tutlonal pattern of each ring is 1dent1cal and that
bthe two seven membered rings’ are related by some symmetry

_‘ operatlon Based on the chemlcal Shlft values alone,

= . . : . ‘,,

N

The only 1nd1catlon of the presence of a dlsubstltuted
complex came from the mass spectra. of the crude solid,
before crystallization, in which a cluster centered at

m/e = 524 was Observed, as51gnable to the ion [C7H6GePh3
(SlMe )]Fe : : .

158.
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which show the presence of both outer and inner protons
of a coordinated diene moiety, the 1,2,3, and 4 substituted
isomers can be eliminatedvfrom'further consideration. " A
choice between the 5 and 6 isomers can.be secured from thev
00upllng pattern exhlbrted by the molecule. The strong.
coupllng between H(4) and the proton of the free double
bond (9JHz), the small .coupling between thlS latter proton
) and H(7) (2 Hz), and the triplet appearance of H(4) due

to coupllng to H(3) and the proton at §6. 13 ppm all 1nd1cate
the presence of . the 6 Ph3Ge isomer. As mentloned before,

a dellneatlon of the stereochemistry at C(7) based on

NMR spectroscopy alone is hazardous at best. However,'
~the relatively large coupllng constant between H(l) -H(7)

(5 H?), tbe relatlvelv low chemical shift Value of the
_H(7) resonance and the deduced exo-ezxo. ste;eochemlstry

of (0C) Fe(C7H7 C )Fe(CO) >5 obtained by oxidative

A -
coupllng of [(C H7)Fe(CO)3] , > are more in line with
.exo-exo stereochemlstry in 37 too _The two possible

isomers fulfllllng these requlrements, C, and Cs

2 .

symmetries, are shown below.

Ph3 Ph3

P



'Fe(CO) SnPh

Since the C2

between the bulky Ph3Ge substituents this. lsomer is

isomer 1is free of steric 1nteractlons

POstulated as the most probable ground state structure

of the compl

ex. 13C NMR spectral data complement the

‘above assignment and are also listed in Table XVII-

: B o
The isolation of only [(C HgGePh )Fe(CO)3']2 is unlike

the reactlon of the unsubstltuted anion [ (C H7)Fe(CO) ]

-

with Me3ércl
complex 21a

substltuent

7
which resulted mainly in the rgﬂ% sub/tituted

The .Presence of an electron relea51ng

on the ring mlght fac111tate an elec¢tron'

161.

transfer reactlon, leadlng'to dlmerlzation. This is similar

to the formatlon ‘of [(C H. )Fe(CO) ]2 discussed 1n thev

3

prev1ous chapter. Thelseemingly more pronounced tendency

‘of 36 A comnared to 16 to undergo thlS reactlon is noted

The 1nteractlon of [(C H GePh )Fe(CO) ]_ with -

triphenyltin chloride led 6 the’ 1solat10n of a small

amount of a
1

by H NMR and maSSOpectraldata as a mlxture of (Ph GeC H6)—

3

red crystalllne materlal wh1ch was 1dent1f1ed

,~§§ and gga' Con51derable amounts of the

reactants, 2lc and.  Ph SnCl »could also be recovered The

'compound 38

spectrum of

m/e values,

.to the 1ons

was obtalned by crystalllzatlon from hexane,

'after 21c and Ph3SnCl had also been removed from the.

rggctlon mlxture by fractlonaltcr stalllzat%on The mass

thls red solid showed 'Qladdltlon to lower

clusters centengg around 828 an? 800 a551gned

P 2cot “and p- 3CO As shown 1n Flgure'XXXIV

.
v . L
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[

N

/

a good agreement between the observed and calculated

\//‘

S—a o

intensities for the peaks 1in the cluster at m/e 828 is //
found. The‘lH NMR spectrum (at lO@ MHz) showed peaks at
§4.38(1H,m), 4.69(1H, m), and 5. 90(1th) ppm. An addltlonal "
single peak is observed at §4.85 ppm ;nd is 5551gned to

the unsubstltuted analog 22a It follows from the 1ntegra—
tlon ratlo that an approx1mately 7: l mlxture of the

\.
substituted and unsubstituted compounds is-present. The

formation of 22a suggests that partial cleavage of the
— i
C(sp3)—Ge bond in 2lc occurs under the influence of t-BuOK.

. Behrens and co- workers have reported that the cleavage

of the carbon- gérmanlum bond is the only reaction observ—

.able in (7- EtBGeC7H )Fe(CO)3 upon the action of NaN(SiMe3)2.74
In view oFf tnc flq xional behaviour of the complexes 22

the: 51mple NMR spectrum of 38 most probably reflects ,
nonrlgld behav1our of this compoundé as well. The low _
field doublet at 65 90 ppm is attrlbuted to the 1 and l' ﬁ%

lghBSn(OC)éFe“

]

- protons which appear i? experience a strong deshielding

effect due to the triphenylgermyl substituentt 0f course
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its position must also reflect the limiting solution
structure of the compound. Selectiye'decouplindfexperi—
ments support the assighment of the proton resonahces as
shown. We will return to the precise.nature of the

instantaneous structure after discussing the réactions

)

N . : ,
of 36 with the more elementary electrophile D+.

2. Reactions with DC1.

The addition of an equimolar quahtity of deuterium_f
chloride,'dissolved_in a l:1 mixture of‘diethyl ether and
tetrahydrofuran,<to anion 36, dissolVed:in tetrahydrofuran,
results in a dlStlnCt colour change from red to yellowl
a sharp endp01nt belng observed in thlS tltratlon hAs

outlined ln Scheme VII onZJ two 1somer1c compounds could

€
subsequently be 1solated (3—?h3Ge,7—D7CH6)Fe(CO)3, 39%9a,
in -66%, and (6 Ph,Ge, 7~ DC7H6)Fe(CO)3; 39b, in -33%%
.relative yleld. The two 1somers gan be separated by repeated

. -
,fractional crystalllzatlon Upon crystalllzatlon from hexane

the less soluble 3- Ph3Ge 1somer is obtained first.
Subsequent concentratlon and coollng of the mother llquor
ylelds the less abundant 6- Ph3Ge isomer. ‘It is’ 1mportant
for crystalllzatlon to occur slowly (3- 4/d¥ys) Under
such condltlons two or three recrystalllzatlons proved‘
" to be suff1c1ent to obtaln a complete separatlon of the
vtwo isomers.. - . s |

The *H (100 MHZ)’NMR spectra of the complexes 39 are

depicted in Figure XXXV('ZLOps § (ppm)s-6.5;'.The'protoh
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DCI/Et,O-THF .

| .O “H Ph3Ge/./G R
FelCO)3  FelcO)s

7 Sehelite VII..synthesis'Of'(3<?h3ge,7—oc7H6)Ee(c0)3.and'

_(6-Ph;Ge, 7-DC,H ) Fe (CO) 5.
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- complex 37. A ‘comparison of the H NMR"spectra of (C

-seven—membered rlng preclude the use of J values 1n//

NMR spectra served as a convenient method to. identify

the two compounds as the 3- PhBGe and 6—- Ph3Ge 1somers, even.
though the 1nterpretatlon of the spectra of the 1n1t1al
mlxture requ1red con51derable scrutlny All assignments
are supported by selectlve decoupllng experlments and

were made in a manner analogous to that outlined for
. , 4 .
8)

Fe(CO)3 and the three 1somers of (C RGePh )Fe(CO)

776 3f

168.

R = H or D, in Taﬂle<XIX, reveals that the-triphenylgermyl'v

group-can‘have a rather substantial deshielding effect

upon the neighboring hydrogen atoms. For eXample, the

H(l), H(G), and endo H(7) protons in 21c, and the H(5)

_ proton in 39b are all shlfted to lower - fleld. However,

“the effect is not- observed for all protons whlch are bound

to a carbon atom ad]acent to the trlphenylgermyl bearlng

i
1

. |
It is empha51zed that in- the complexes the deuﬁerlum

carbon atom.

atom is con51dered to occupy the 7-exo pos1t10n. Zhe -

assumptlon of exo-attack on 36 sﬁbms from analogou

106

'obserhtlons made by Malt719? and Brookhart fo anlon

>

16. The 1ntr1cate coupllng patterns observed wi hln the
e

-

E ‘determlnlng the exo- or endo-position of H(7) - on the ba51s
%€ the- relatlonshlp between the size of the coupllng
constants and the’ dlhedral angle | Moreover it was found

in Chapter II that correlatlons based upon chemlcal Shlft
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%AéLE XIX . ‘ | R
lH NMR spectroscbpic‘?ata fgr the tompoundei(B;Phjce, -
7~ -DC, )Fe(CO)35 (6- Ph3Ge 7-DC.H )Fe(CO) and

(7- Ph3GeC H: )Fe(CO)3 and - (C7H8)Fe(CO)3 at-ambientﬂteﬁperature.a

¢

Compound o . Assignment

H(1) H(2) H(3) H(4) H(S5) 1 (6] w(d ®

. j x I

(C,Hg)Fe(CO),, 2 '~ 3.25 5.13-5.29 2.99 5.74 5.08 1 2.29 .2.29

778 3" 4 o S
7-Ph,Ge, 2lc 3.70 4.50-4.7¢ 3.07 5969 5.33 - 2.94
3-Ph,Ge, 39a 3.28 4.82 - 2.94 5.75 5.14 (2.40) 2.40

[ ) ' : ’ : - . -
6-Ph,Ge, 39b 3.28 5.15-5.30 3.01 6.10 - ~(2.42)  2.42
: 2k | _ -4
/ n
( N

aG(PPm) relative to interngl TMS, solvent CSZ'
The resonances due to the exo and endo protons on C(7) are
ovérlapplng and the, 1nd1v1dual chemlcal shift values of -
these protons have not been'determlned for (C 7 8)Fe(CO)

in CSz. The resonances ~are better resolved in benzene 106“



!
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’ |

data and‘coupling constants do not allow the unambiguous -

assignment of the stereochemical position of the triphenyl—
germyl substituent in ZIc. In addltlon the deutera@ﬁon

of 39a and 39b is only partial, 82 and 87% respectlvely,

1, -

as determined by NMR spectroscopy. Since all 21c was,

-consumed and the deuterlum chlorlde was 1sotop1cally pure

(> 99%), the reason for partial deuteratlon is not well

_ understood. It is p0551b1e that not all *t-BuOH, formed

"in the synthes}s of 36 was removed in Yacuo. %In that

case, after redlssolv1ng 36 in THF, exchange could occur

* <

between t- BuOH and DCl ‘resultlng in only partial deutera-

'wtlon of the 210 7- p051t10n Thls then would further

compllcate the stereochemlcal as51gnment on the ba51s of

105"

the’ NMR data. Maltz .‘and partlcularly

-~ o
—a

cctral
¥
Brookhartl 6 demonstrated that selectlve cmo deuteratlon

\
.;of 16 occurs.and a similar stereochemistry seems plausible

for 36.. In the folloW1ng Chapter the deuteratlon of the

4 complexes 39 will be dlscussed and reversing the argument

';by assuang that'exo—deuteration of 39 occurs,-these

experiments will show that the exo-T7-position is occupied

predominantly by deutérium atoms. Deuteratlon of (C H8)

Fe(CO)siis known to%beﬁstereoselective (2 95%) and exo.los

>

4. Solutlon structure of’ [(Ph GeC H )Fe CO)

" The selective ang exclu51ve formatlon of 39a and 39b
A

upon deuteratlon of 36 is 1nterest1ng - It also seems to

170.



- 36h. It is furthermore 1nterest1ng to note that by the

. : o _ 171.

Lo

L%

;,zappllcatlon of an assumptlon derlved from the recently

:~rather than thermodynamlcally cbntrolled - For the nT-

formulated rule5|concern1ng nucleophlllc addltlon to
¥

coordlnated unsaturated hydnéfarbon llgands in catlonlc

' organometalllc complexes115 a preponderant solutlon

-

structure can be deduced whlch could lead to the formatlon'

of the 3- Ph3Ge and . 6~ Ph3Ge isomers exclus1vely

‘:_C The ratlonale behlnd the above rules focuses upon

the relatlve amount of: p051t1ve charge carrled by the

.different carbon atoms of the coordlnated unsaturated -

organlc m01et1es Partlcularly in the case of small

\

_and hlthv charged nucleophlles the rates of addltlon )

are charge rather than orbltally controlled 169 Extending'
these observatlons to electrophlllc attack by D one - o
would expect th reglospe01f1c1ty to be governed by the
negatmve charge on the partlcular carbon atoms, assumlng

that the electrophlllc deuteratgon too is klnetlcally

3

coordlnated cycloheptatrlenyl llgand this means that
9
attack by p* should preferentlally occur at the termlnal

. ncarbon atoms of the’ n3~allyl part of the seven- membered

f

_rlng A Returnrng now to the products observed in the

reaction of. 36 with D , we conclude that the domlnant

1 3

'solutlon structure of 36 is best represented by 36c



Scheme VIIT.

| _p+/c/3i /2 ]\ 0¥/
R (GO N B

Scheme VIII. Deuteratlon of [(Ph GeC H )Fe(CO)3]

For 36c -attack of pt at c(1) will yield 39b, the .
mlnor c&mponent whlle attack at thé sterlcally less.
:crowded C(3) ylelds 39a, the major component A1l other
'n3— or n4—bond1ng modes lead to a predlctlon which is
different from the experlmental results . A p0551ble
:flaw .in the above deductlon could arlse from the unusual
dlstrlbutlon of the negatlve charge calculated to occur
‘1n the more symmetrlcal anlon 16 '3_ If- thlS dlstrlbutlon E
'holds 1n the present case it . could be argued that the
”rnner carbon-: atoms of the free dlene m01ety should be- x
attacked in preference However, w1th thls view none of
vthe possxble 1somers,,or comblnatlons thereof ,lead tot& aﬁg
'exclu51ve‘3 Ph3ée and 6 Ph Ge isomer formatlon Thus

- 36c and attack at: the tormﬂnal allyl carbon atoms are ‘-

'tentattgely preferred at the present tlme
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The postulated solutlon structure of 36 should be

« .
b

stu ported also by the relatlve chemlcal Shlft valuis of E Qd
: the protons 1 and 1!, 2 and 2', and 3 and ? ‘Where are

several factors whlch can 1nfluence ‘the chemlcal shlfts
£ the rlng protons 1% thlS anion. Flrst of al& there -
, A

i the/emplrlcal observatlon that the outer- ailyl protonsy

in neutral n3—C7H7 complexes resonate at lower fleld thanw

‘the central ‘allyl prbton, e. g for ( )Fe(CO) SnPh the”'
' values are 64 4 and 63 4 ppm,_respectlvely ’ Secondly, the
_outer dlene protons in the uncoordlnated die?e m01ety .

" appear at lower field 1n “the neutral n3—C7H7?complexes.

,,,,,

than the inner d}ene protons. The reverserls trué forg

,',a coordlnated dlene fragment in, for- example, the dlnuclear

,comoou%ds prenared by Potton’and co= workers 62c 64, The

dlene resonances in 22a occur at &85.7/ for H(4) and H(4 % .
" and at 66. 4 ppp for H(3) and H(3"). _Thlrdly,,the tri- L
' phenylgermyl substltuent appears to‘be able tov eké;t ;
deshleldlng effect. upon the nelghborlng protonsjf\A

,Q‘. f

fourth factor which can play a very 1mportant role in

-
W

decrdlng the chemjcal Shlft values of. the respectiVé ;fowjt
resonances 1n 36 is the presence of the negatlve charge.,‘
Regretably we know of no model compounds from wthh the . t;/
magnltude of - thlS effect could- be calculated Thus the |

' appllcatlon of the above crlterla to justlfy 36c, ‘or’ any
other isomer," would be 1nappropr1ate | Reallstlcally 1t

" c ot

must be admltted that although the selectlve 1somer
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'fiﬂformatlon upon deuteratlon bespeaks for the presence of
'*one domlnant lsomer of"36 (poss1bly 36c) in solutlon,;the

‘fgunamblguous a551gnment of the ground state structure of

l‘ .

*‘.36 must awglt an X ray structural determlnatlon or the._f"

e : 'v_"l" r_, AN

Jobservatlon of the lH low temperature llmltlng spectrum .

The above exerc1se 1s more justlflably appllcable

B g -

¥

schematlcally-shownubelow. P ' -"_;" - " §
e ) i | » | Lo N
e ‘Ph’3Ge ] | «
5"1 v,p

81 1'>32 2'> 83 3' '3%1;_1'7 28331891

27 T 3
| , L GePh
3 N 3 .
o 32 e
, | B , .. ‘ .A\ ) o " - N .
T ii l ‘37C. B >37dpv
o § S ~ o L~

fto cOmpound 37 31nce we do not have to deal w1th4the . f;“ .
.unknown effect of the negatlve charge The four structural'
: p0551b111t1es for thls neutral compound and the predlctlons_"

}1i for the relatlve order of the1r chemlcal sh;ftﬂvalues are- a

>8

' 174.

.4;/

R
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The observed order of the chemlcal shift values 1s °

61 107 62 2, 63 3, and structuren37a is therefore

assagned as the domlnant Spec1es present in solutron

'- v

It.is also noted that, on the basis of. the above argu-

ments, -the grpund state solutlon structures bf 36 and iz

are dlfferent Agaln lt is empha51zed that these a581gn—'
bhments are tentatlve, variable temperature lHﬂand 13C NMR
studles are. pursued in order to obtaln further ev1dence
~with respect to the solutlon structure of the spec1es

36 and 37.°
~ ~

Conclusions

The comples (exo- 7 Ph3GeC H. )Fe(CO)3 can’ be deprotonated

777

and 1t is concluded that endo deprotonatlon occurs¢ Iml
21b the Me3Ge substltuent occuples the exo.7 p051tlon‘
.as determlned by crystallographlc analy515._ The similar-
"1t1es of the phy51cal propertles, 1nfrared, lH and 13

NMR, and mass spectral characterlstlcs of the complexes *

21 1nd1cate an ideyptical stereochemrcal arrangement for

,21a and 21c. Abstractlon of the endo proton of 21c thus

‘occurs by the actlon of t- BuOK 1n tetrahydrofuran resultlng

in an air- sen51t1ve ‘red solutlon.

776

”by infrared and lH and 13C NMR spectro OplC studles,_and

~

by 1ts react1v1ty The reactions of 36 w1th Me381Cl

fPh3SnCl -and partlcularly D have been’ descrlbed . 36 can

A

©w. The anion KPh GeC H )Fe(CO)3] ha ~ =n characterized'



‘ture of the cowpound (n —Ph3GeC H )Fe(CO) SnPh

e
cu R

be t1trated w1th DCl to form a 2:1 mlxture of excluszvelj

"

3Ge exo- 7- DC7H6) e(CO)3

39a, and (6- Ph4Ge ,exo- 7= ~DC,, )Fe(CO)B, 329. The end point

o,

‘1.:',-

two geometrlcal 1somers, (3 “Ph
-4

of the titration is 1nd1cated by the dlStlnCt colour

'"change from red (36) to yellow (the complexes 39) The'

formatlon of only the 3 Ph Ge and 6 Ph3Ge 1somers of

QS7H6DGePh )Fe(CO)3 leads to the postulate that the.

domlnant speécies in solutlons of 36 is the 1somer 36c.

‘As for anion 16 the solutlon structure of 36 appears to.

be best represented by the n3—ally1 bondlng mode with an

uncoordlnated dlene m01ety also present in the seven—!

v

membered rlng. The relatlve order of the chemlcal shifts

Ty

could be used to a551gn, tentatlvely, the solutlon struc—

3°

— The 2: l mlxture of the isomeric complexes 3%a and

/

'39b could be separated into its constltuent components

by repeated fractlonal crystalllzatlon. ThlS not onlyv

.~allowed the spectral characterization of the compoundsf

' ﬁ39 but also offered a prOt in the seven—membered ring:

.

which can be applled to determlne the regioselect1v1ty

of the electrophilic Attack on the.coordlnated neutral

bk

'CYCloheptatriene-moiety. This will be discussed in

"Chapter‘V,



CHAPTER FIVE ~ S e

[

REGIO- ~ AND STEREOSELECTIVITY IN  THE ,DEUTERATION e
L Y : .
'OF THE 3-, 6-, AND. 7- Ph,Ge ISOMERS OF- (n —Ph3GeC7H6R)
o v 5 N <
o e(CO)3, R = H(7 Ph3Ge) or D{(3 and\G‘PhBQe)i
- INTRODUCTION o T ~

o

. The electrophilic addition tJ neutral o anpmetallic
‘f , - ‘ . NS
i ’complexes'containing'@n“unsaturated diene fragment has
N : ; o

_recered con51derable attentlon durlng the past ten years.

5

Partlcularly the protonatlon reactlons of dlene trlcarbonyl—

'1ron complexes have been 1nvestlgated 106 170 173 175 177

\ i

s

- The 51te of initial attack, the nature og’the flnal products *

and the stereochemlstry of the addltlon have all been
' \
studled and several explanatlons have been proposed to
>

. S
explain all the xperlmental observatlons. -It~now seems

L4 . Vi

that some general patterns do govern the protonatlon
‘reactlons after all

First, there is the nature of the»final productsvand
the site of attack In organometalllc compounds w1th a
bound dlene moiety, but w1th no uncomplexed double bonds

present in the organlc ligand, add;tlon of H occurs - °
endo with respect to the metal center nesulting in'(n3—'

allyl)iron species.l7q’l7lfl73' Depending\on the coordinating

ablllty of the\connterlon present,>a coordlnatlvely

)

saturated, neutral (n —allyl)Fe(CO)3 (x =-ha11de,for

instance) complex can‘result, or, in the case of weakly

coordinating anions like the trifluoroacetate (CF3

CO,.) or




e 178,

fluorosulf‘énate‘(FSO3 ) anlons, an. nl—nB—allylhydr1d01ron

-~ Species. can be. observed 173 'For example, (butadlene)trl—

’ carbonyllronl72.pr (1- phenyl 3= methylbu¢ad1ene)trlcarbonyl— ,.7

nl70,171

4

react w1th HCl or bCl to yleld the (n -allyl)-

> otrlcarbonyllron complexes 41 and 43 respectlvely,

equations (27) and((28)

/_[\ -V-_.___,HC'? N

(od)3Fe - / )
o T N
h—//_l_< S e . (28)

(OC)BFe o 0 (OC)3Fe D H

R cn

T Ty

On the other hand the protonatlon of (butadlene)tricarbOnyl—"
iron in HSOBF 802 or. CF3COOH HBF4 leads to the formatlon

_of the catlonlc (nl—n3—allyl)hydrldotrlcarbonyllron spec1es

{3; equatlon (29).

A¢7—]—\\\ fiSC)zF SC)Z

(OC)3Fe
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In the latter case no coordlnatlvely unsaturated Hn -

| allyl)Fe(CO 3] spec1es have been detected If a neutral
coordlnatlvely saturated spec1es would form 1n1t1a£ly,

. ox1dat1ve addltlon, i.e. 1nsertlon of ‘iron 1nto a C- H
bond’ mlght well occur 51multaneously w1th the departure.

of the anlonlc 1lgand from‘the 1ron center and lead to"

“~the S .tlon of 44 f That weakly coordlnatlng llgands,:"
| e.g;ﬁ,:3CQé*; can ~be covalently bound to the iron atom
has been demonstrated 73 .However,llt is worthwhlle to‘

observe that such a coordlnatlvely unsaturated 1ntermed1ate

-.can help to explaln the observed scrambllng of the

hydrogens,'H' b’ and H in 44 173 In thlS regard the

' 1solatlon and characterlzatlon of a dlstlnctly unsaturated

L16- elecgron spec1es, [Fe(n ?C H13)( (OMe)3)3] f ‘is- of

‘31gn1f1cance 174_ The formatlon of the latter spec1es

. -seems to occur via a hydrldo 1ntermed1ate resultlng 1n

the exclu51ve addltlon of H (or D ) endo to the metal

-

therew1th supportlng the earller contentlon of WhlteSldesl -

that protonatlon of (cyclohexadlene)trlcarbonyllron occurs'

dendo to the 1ron center 170 171 174

. The protonatlon of organOmetalllc complexes Whlch s
contaln one or more uncomplexed double bond(s) in conjuga—
tlon w1th a coordlnatcd dlene m01ety¢1s mechanlstlcally
dlfferent from the}51tuatlon dlscussed “above. Generally l

protonatlon 1s con51dered to occur at the outer carbon

atom of the uncoordlnated doﬁble bond 178 It;was howeverf;
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-

only very recently that McArdle and co—workers establlshed

[

1nd1rectly that protonatlon of (cycloheptatrlene)trldar*

~ o

bonyllron also follows thls pattern and obcurs selectlvely

at C(6)* 80 These‘workersvobtaaned from the reactions" ;‘*4 N
. = , _
ot the (cycloheptatrlene)trlcarbonyllron complex 45 Wlth
“Grlgnard reagents followed by dehydratlon of the resultlng
alcohols, a mlxture of the 2—'and 5 substltuted (cyclo—'

‘heptatrlene)trlcarbonyllron complexes 47 and 48 respectlvely,

w
N

w

Sy K "‘ )
~For the‘sake of cons1stency all- carbon atoms in. the above
structures are numbered:such as to'.give the outer carbon
atom of the bound diene fragment, 1. e. the ‘carbon ‘atom

"adjacent to .the methylene brldge in 2, the number 1. This '
‘_numberlng system is retained "in the protonated derlvatlves;

i



30“Frbm the l§%NMR‘Sp¢c£rum‘of gﬁe ﬁigpure_a

. HO R |
CiRMgX T XK

ML

. :,--cii_‘. H+

' Scheme TIX*.

R

OCLFs
L - ~ ( . )3 ° oo 48 B
- |cFcOoH ¢cF3co®H
T . S

OC)Fe T
focRe

R -

“‘Scheme IXJ Synthesi$ ana‘protonaﬁion‘of Substitutéd-

(éYCloheptatriéné)t?idarbdnYIiron'pompiekésgso L

- We believe 'that the assignment by McArdlé et ql.°° of the - _ o
"characteristic tén-line multiplet™ in the 'H NMR spectrum .
of 2, to H(6) is incorrect. Selective decoupling experiments
-, lead us and Brookhart!?® to assign this multiplet- to H(5).
'~ “Fortuitously this does not effect the final assignment of .
the structures above, even though the argumentation would -
be different." (The spectra of. (C;Hg)Fe(CO); in various
solvents are-shownfiQ.CHapter VII).. oo Lo

-
-
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1:1.6 ratio of 47 to 48 was deterhined The protonation
of this mixture of 47 and 48 w1th CF3COOH 1n CDCl3 resulted

in the formation of tHe complexes 49 and 50 in exactly
%
0.
*the same ratio. Attack at the uncoordinated. double bond
is therewithveétabfished,*'

One question remains however. As endo-protonation

occurs in dienetricarbonyliron complexes which do not

-1

contaln"éddltlonal free double bonds, will this also be

the casevln (n4—cycloheptatr1ene)tr;carbonyl;ron?‘ An
‘.elegant study by Brookhart and co—workefé cléérly_éhqws
~that in this complex exo~deu;erafion oc¢urs.lo§ Theée
 workers st&died”ﬁﬁé elqgt?bphilic attackv‘ofl,lD+ on (exo-

7—_DC-;H7)F8 (CO)3, equation (30). : :1 ;f p .

o DH
| o-H

-~ . Dt
endo

\
C?

eXxo

(OC)4fe

592 | 51 . - 53

~J

Compound 51 undergoeé’cxo—D—additionfas determinéd by

X1 .
B . L 4
AN . \ 'v . ~

. ,
If protonation would have occurred at C(1) of the coordinated

double bond the same complexes would ‘have resulted but’ in a
different ratio, namely 0.6:1. . , :



_ 183.

the absence of a shgnificant resonance at the cxo—protbn
. S
positions in the lH NMR spectrum of the dideuterated product.

- This fesult'ishin'line with the limited data. available on

other polyenetricarbonyliron deribatives,-e.g. for

178
3 3 _ g

The fractional crystallization of a mixture of the

(C8H8)Fe(CO)

complexes ;29 and %29 resulted in the'isolation of each’
of the two isomers as described in the Chapter Iv. Tﬁus
three sépérate‘geometriéal isomers of (PhBGeC7H6R)Fe(CO)
R = H or D, are available for further studyl‘ In'this‘

3l

Chapter We report the results 9f the deqtération of each
iéomef}:(These feactiohsvwere undertaken in o;der to

(i) establish the reactivity of the above complexes
towards Hf or D+, (ii} to ascértagn”the'régioselqctivity*

of the elecﬁrophilic_attack, and (iiif to determine the

-'Stereochemistry of the deuteration of these substituted
gEn N ' o " NG ST

cycloheptatriene derivatives. \\\\\g

x
u

At this point a note regarding the definitions of selec-
tivity and specificity seems warranted, If a reaction of

a single isomer results in the formation. of predominantly
one structural isomer, the reaction is said to be selective
as to structural‘isomer formation and. one can speak of the
degree of selectivity. If howeveér a mixture of isomers is

- present as the starting material and each isomer yields -

under identical reaction conditions - one particular, but -
diffdrent isomer as the product, ‘then the reaction is said.
to be specific. A reaction which is 100% selective can be
said to be specific as well.!7’® ’



o

v_~hydrogep-atom”would be expected. The reaction of 2lc

184.

Results and Discussion

Allfreactions described‘in‘tHiS‘Chapter were performed
by adding, via a syringec, degaSsed”detterated trifluoro-

acetic acid, TFA-d, (~.25 ml), to a co_o‘l'eg/;@? < -20°C) NMR

tube, which was equipped with a serum stopper~and contained

e R

2lc, 39%a, or 39b (.50-75 mg), dissolved in degassed di-

chloromethane—d (.3 ml) with"a trace of TMS as internal

. reference. Under these condltlons a large excess .of .
TFA—dl is present. Deuteration of the 3 Ph3Ge and 6— Ph3Ge
isomers of (Ph GeC7H6D)Fe(CO)3‘appears as a convenient

route towards determlningﬂthe regio— and stereoselectivity
of the electrophilie attaék. However, let_us censiderv“
firsr the non-deuterated 'isomer 21¢ Iq:yas'anticipared‘
that althcugh the reactlon of 21c wou;d not allow us to
elu01date the actual site of addltion, C(l) or C(6), ‘, ” R
1nforma£;on»regard1ng the stereochemlstry might well
become évailable} Particularly,'if deuteration occurs
géxo in 21c two endo—hydrogens would result whichlmight

exhlblt only a small chemical shift dlffetence and “more

significantly, should couple strongly &small dlhedral

“angle) to the ad]acent hydrogen atoms of the ring. The

reverse would be true for endo-deuteration, ‘i.e., a larger

chemical shift difference between the 6-exo end T-endo

‘ protons and a smaller coupling constant for the exo-

S~

o

with TFA—dldresulted in a‘pale;yellow solution which -
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exhibited signalg in the‘lH (100) NMR spectrum at §7.07

(1H); 5.93(2H); 4.90(2H), 2.66, and 1.86 (the last two
resonances<having a total intensity of 2H) ppm. These

- Chemical shift values are, within experimental error, .

identical to those of [(exo-6,7- C7H7D2)Fe(co) ]+ 106,177

The reported values for the latter species, 53 are

87.11,76.00, 4.98, and 2.69 ppm, but .with only a small o
residual peak at 61 87 ppm, the exo- hydrogen region in this"

type of complexes.106' The-intensity ratio of theseipeaks

was?also l:2:2:2. Moreover, the coupling patterns
observed in both 1nstances are very similar in appearance

Thus the catlonlc species resultlng from deuteration of

' 21c can readlly be 1dent1f1ed as [(C7H7D2)Fe(CO) ]f, 6.

It appecars that under the experlmental condltlons cleavage

of the germanlum carbon(sp ) bond occurs,. Inltlal attack,

.'of ot vcould occur either at C(l) (or C(6)) or at the

germamium—carbon bond (C(7)) However,.a decision

: regardlng thls aspect cannot be made on the ba51s of the

data presently available.' There jis onelotherﬁpuZzling ]
A ' /

fact whlch cannot easily be explained. If one assumes . /
oy

that the deuteratlon at C(l) (or C(6)) occurs exclu51vely
exo, as demonstrated by Brookhart et ql. for 51 106 then
the remalnlng deuterlum atom 1is dlstrlbuted over both

the exo- and ¢ndo-positions at carbon atom C(7), i.e. 30%'

exo-D and 70b cndo,D The total’ 1nten51ty of the exo-

(70%) and endo- (30%) hydrogen atoms at C(7) is 1. O and
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~exactly two deuterium atoms are thus present‘in this

catiorly

This somewhat surprising result, even though'the

germanlum carbon bond is generally con51dered to be weaker

than - ‘the carbon —-carbon- bond, 179 offsets any definite

—
conclus1on as to the. stereochemlstry of the electrophlllc
attack at C(6). The total intensity of the resonances

at 62.66 ppm, i.e; the endo hydrogen p051tlons, is larger'

than‘unitv (1.3), a result whlch is consistent with the

A

yproposed exo addltlon to the rlng and ‘the loss of stereo—

'chemlstry occurrlng durlng C -Ge bond cleavage

Although the above result was not very promlslng as

'“to the course of the reactlons of 39a and 39b with ~ J

TFA dl, we nevertheless examlned these reactlons as well

' The results are: schematlcally represented in Scheme X and

are#tabulated in Table XX All reactlons were- preformed

r
-

at T ¢ -20°C and the 1n1t1al lH NMR spectra were recorded'

at —25 C. Subsequent warmlng of the solutlons to amblent
Rt

temperature did not change the appearance of the spectra;

. As shown ‘in Scheme X the addltlon of TFA-d

i <

to 39a

1 =S

4 resulted in the synthe51s of a symmetrlcal catlon, 54a

Resonances for §3§ were observed at 65 73 4.85, and 2;74\

»

ppm whlle a residual resonance 1s seen: at 62 OO ppm.

Partlcularly noteworthy is. the absence of - any srgnal at

S 7.0 ppm, a551gnab1e to hydrogen H(3), 1nd1cat1ng the

'presence of the. trlphenylgermyl substltuent at carbon
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A . TABLE XX | 1""7 .
S == , : .
lH NMR data for the deuteration: reactlons .0of the
o trlphenylgermyl substituted ycloheptatrlenetrl—v
“carbonyllron derlvatlvcs asb _?ﬂu "
k . C b J‘\‘&
< ‘ - A A B . g X %/\\31
Reaction ! (product) Assignment e
: W . 1 C
o B2,20 3 35, Hyrg
. ' i ' exo endo
o e ) Y T -
21c + p* (56) » - 7.07 5.93 . 4.990 ‘41.86 2.66 -
39a + D' (54a) - 5.73  .4.85. @ 00) 2.74
39b. + pt (55) - - 7.09 5.97  4.93 - (l 92j 2.78

'N ,f\- e ‘ ‘. . ‘ v ’ : . "’

51 4+ 0t s3»d L 5 6.00  4.98 . (1.9) 2,69
In CF3COOD/CD f‘lz/TMS (. 25/ 30/ 0% m1). s
bChemlcal shift values in d pp 'rem_intefna%;TMS.

: Coe , (-
“The relative 1nten51t1es of endo and exo hydrogen atoms
are discussed in the text. v . . ,

<

2 ) LI

dFrOm reference 106.

5T ) . . - : Y
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atom C(3). This in turn establlshes the attack by D' at
C(6), i.e. addition at the, uncoordinated double bond
occurs. The exclusive formation of 54a demonstrates the

igh regioselectlz}ty‘of the'electrophilic.add;tionﬁ It
isvevldent tha thetgermanium—carbon (sp2) bond is more
resistant toygards electrophlllc cleavage by D than the
‘Ge C(sp ) bon in glc The 1ncreased stablllty of the-
germanlum—carbon(sp ) bond w1th respect to the germanlum— '
carbon(sp ) bond was n ted in Chapter II durlng the |
7dlscu551on of'the mass sp ctral data of the complexes

21. Not only does the deute ation of 89a establlsh the

<

fregloselect1v1ty of the attack, stereoselectivity is
vlndlcated as well Only an unresolved.residUal resonance,
,1s observed at 62;00 ppm. ThlS resonance posltlon 1s
typlcal for the exo- hydrogen atoms in thlS class of -
compounds 106 ‘It.ls recognlzed that the starting'comF
Plexes %29 and %2? bothdcontain deuterium in ‘the exo

position for more than 80%. The presence of the re51dual

51gnal is thus not unexpected even though its 1nten51ty

—

\
(. 7H) is surprlslng. The ratlo between the phenyl resonances
:and the resonances due to H(1, l ), H(2, 2 ), ‘and - endo-

B(4 4') (2.93) also 1nd1cates that cleavage of the C(spz)j

"Ge bond.mlght occur, as a 81de rcactlon to the deutera-i

. tlon of. 39a at C(6) : Howevcr, ‘no resonances attrlbutable'

foo

to.spquesnoﬁmtype 56 could be detccted “ﬁ;;ﬂ?,p

,,,,,

j.klnstab;llty of the Gc C bond in. 21c precludes the 1solatlon«

.(‘
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of the'anticlpated trlphenylgermyl contalnlng,alsomerlc
>cations, the deutcratlon of 39a ‘with CF3COOD 1nd1cates
that exo attack on the uncoordlnated double bond occurs.
| The result of the reactlon of 39b with TFA- dl was®
- 51mllar to the 1nteractlon of 21c with the ac1d,as cleavage
of the germanlum carbon bond was observed agaln This
was confirmed by the ‘chemical shift values obtalned for the
resonances present in the: lH NMR spectrum of the
reactlon product. The observatlon of the resonace at
87. 09 (lH) is 1nd1cat1ve of an (n —cycloheptadlenyl)tri—
carbonyliron catlon”' A res1dual resonance for the endo
. hydrogens was observed Ain this NMR spectrum as well
However, the ratlo between the phenyl resonances
' and the resonances due to H(l 1'), H(2, 2'), and H(Bl (3. 09)
;s,stlllrequal w1th1n the error llmlts of the 1nte§ratlon,
to the calculated value (3. OO) Thus 1t seems that the
lwhlgh 1nten51ty of the resonances at.dl.92 and:2.78
‘(total 2.5H) are’ due to an unknown 1mpur1ty In View
of the more pronounced re31stance of the germanium- C e
carbon (sp ) bond towards cleavage under these reaction
condltlons the pathway shown in Scheme XI is tentatlvely
proposed to account for the formation of the catlon 55

_ The pProposed cleavage of the germanlum carbon(sp ) bond

in Scheme XI is compatible with initial attack at C(6).

!

@,
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I o 7

| ’_P:>__(39Ph3 D*‘I
NP
P GeC(Sp) 7
Fe(CO)5 cleovcge_ Fe
39b |

b

Scheme XTI. The reactlon of (6- Ph Ge 7- DC7H6)Fe(CO)3

WLth CFr COOD

i S 3

A o L, |

Based upon the above.data and upon ‘the results obtalned
by}McArdle et aZ;8O electrophlllc addltlon of H' : r ot

occurs preferentlally at the outer carbon atom of the
uncomplexed double bond 1n‘ né -RC H7)Pe(CO)3 derlvatlves,.'
and by analogy the parent molecule 2 most probably under—

goes 51h11ar attack.

\
\.

AN
AN



Conclusions

The deutcration of.triphenylgermyl substituted
(cycloheptatrltne)trlcarbonyllron derlvatlves appears to
occur rcqzoselect1Ve at C(6),‘the outer carbon atom of

the uncoordlnated double bond. Together with analogous

‘results obtained by McArdle and co4workers80 these data

are readlly construed as to be 1ndlcat1ve of regloselectlve
attack of. B or DV at C¥6 ‘in the unsubstltuted parent'

molecule,_(C H8) (CO) 37 as well Thus a long standlng

192.

.controversy as to the actual site of electrophlllc attack .

t

in thls molecule seems to’ have been ‘resolved.

Although the stereoselect1v1ty of thlS addltlon ‘had
106

'already been 1nvest1gated “the. present data support'“

the earller observatlons that exo= addltlon at C(6) takes

place. The sen51t1v1ty of . the germanlum carbon(sp ) bond~¥

towards cleavage by trlfluoroacetlc a01d under the '

reaction condltlons employed unfortunately comprlcated

'the s1mple deuteratlon reactlons looked for It certalnly

.~'6 -Ph GeC )Fe(CO)

is worthwhile to search for mllder protonatlng agents 1n
order to achleve,»ln partlcular,the synthe51s of [(endo—

3]+ Subsequent exo—-T- deprotonatlon

.

3

of, thlS spec1es w1th for example, a hlndered base, could

flead to the clu51ve (endo 7- Ph GeC H )Fe(CO)3, the

3 77

stereochemlcal countcrpart of the complexes 2lc On the

~other- hand the ‘use of equlmolar amounts of D- could

d‘also prevent the cleavage of the Ge- C bond and thls is’

N

~J

~
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being ihvestigéted."we are presently isolating thé.
catien 54a as its.BF4_ salt in 6rder'to Complete'the'

._full characterlzatlon of thls 1on and to substantlate the
prellmlnary results reported here Deprotonatlon reactlons

'_of 54a w1th Lewis bases could lead to elther the 3- Ph3Ge h

or the 4 Ph3Ge'1somer‘of (PhBGeC7H7Der(CO)3.



- ~from all other known deprotonatlon reactlons _The ..-

CHAPTER SIX -
ifMlSCELLANEOUS REACTIONS ‘OF (cz0-7-PhyGeC,H,) Fe (CO)

AND (n° c H )Fe(CO) SnPh., .. '

_ 3 3773

4

4:_INTRODUCTION

- In Chapter If‘the synthe51s of the compounds Ql
o . /
4. - :

(n R3MC )Fi(CO)3, MR3 = SlMe3, GeMe3, and GePh3,

22,(n 7 7)Fe(CO) MPh3, M- 4 Sn, Pb, was reported These

and oy

complexes exhlblted characterlstlc ~stereochem1cally
'nonrlgld behaviour. In Chapter Iv. the reactlon of

(n4—Ph3GeC7H7)Pe(CO) w1th pota551um t butox1de was

- B

'presented 5 ThlS resulted in the endo deprotonatlon of o

"complex 2lc, a stereochemlcal outcome Wthh is dlfferent
. P

~react1v1+y of cnmplex 21c towards D was 1nvest1gated
'and descrlbed ‘in Chapter V In thls Chapter some addl—‘p
":tlonal reactlons of 2lc and 22a are descrlbed These

'jlreactlons were 1n1t1ated in order to explore the synthetlc
. v
rappllcablllty of the new compounds

The reactlons of (c 7 8) (CO)3 with several electro—

~sphlllc and dlenophlllc reagents, e. g. phenyllsocyanatc187 188

| )
d1methylmaleat0387 188 tetracyanocthylene78 179,80, 180

dlphenylacetylene,187 188, and dlmethylacetylenedicar—

boxylate, 87 have been studied. It appears that these
reactions. proceed elther vva the prellmlnary complexatlon‘

vsof the olcflnlc or acetylenlc dlenophlles to iron followed

‘ ]
bY endo addltlon¥87 or by dlrect exo;attack78 187,188

et
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, (e. g phenyllsocyanate LﬁCNE) onto the coordlnated organlc-

'.m01ety © TCNE is known to react with - (C H )Fe(CO)

yleld an addltlon product Wthh exhlblts an- 1nterest1ng

(n —l 2 73, 5) coordlnatlon mode 78,79 nThe structure of

.'thlS adduct is. shown in Flgure VI Related azeplne—
and troponetrlcarbonyllron derlvatlves\are known to

.undergo a srmllar l 3 1, 5—: or . l 6- addltlon 78, 180 182
_In contrast free cycloheptatrlene is. known to react w1th
TCNE by a’ l 4 addltlon.181 | | :

The reactlons of substltuted cycloheptatrlenetrled
carbonyllron derlvqtlves ‘with- these dlenophlles have only
frecelved llmlted attentlon IAn 1nterest1ng report has’
fbeen communlcated by McArdle.79a The - addltlon of TCNE
r.fto"(7¥cyclohepta 1enjlcycloheptatr1ene)trlcarbonyllron,d%
fra drtropyi derlwatlve, occurs flrst to" the uncomplexed

rfrlng uza a 1,4 addltlon and then to the n4-coord1nated

_VC7H7'm01ety vza an e*o l 3 addltlon, Scheme XII

195,



196.

~(0C);

Scheme XII. The addition'of TCNE to' (7-cycloheptatrienyl-

cycloheptatriene)tricarbonyliron.

R

The complexes %} appear as-convenient‘starting;materials

9

to investigate the reactions of substituted (cyclohepta-
triéne)tricarbonyliron»derivatives with TCNE. Here the

. reactivity of %if towards TCNE will be described.

The cbhpiexes %i can also be regarded as potential

precursors of the organic compounds C7H7MR_, MR3 = SiMeB,

GeMe In view of the low yields obtained in

3,‘and QePh3.

the.direct synthesis of these compounds by the treatment

X Co+ - -..:+ 35a -
of (C7H7 )BF4 with (Ph,M )L1 it seemed worthwhile

3

to study the possible removal of the tricarbonyliron unit

from the'C7H7MR3 moictyf‘ Although different ncthods : . °

&

have been reported to achiecve this, fér example by the
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sdbstitution of the organic moiety by a phosphine>iigand,
. o : -
the action of ethanolic cupric chloride191 or aquéous

ceric ion solutions, the action of MnOZ,Zlovor the use
' - 189,190 : '

of trlmethylamlne oxide, v only two methods

appear applicable due to ‘the sensitivity of the C7H7MR3

fragments towards agueous or ethanolic solutions.35a The

-~

reactions of 2lc with a Lewis base, Ph3P, and with tri-
~ N -

methylamine oxide will be described. Me3NO is a mild
decarbonylating agent, often employed both in Ehe synthesis

. . . ' 190 , .
of (diene)trlcarbonyllron complexes ™ and in their

degradation.l89’190

One type of reaction was immediately envisaged for

the complex (n 3—C7H7) e(CO)3SnPh3, namely the possibility

of coordinating a second-transition metal moiety to the
uncomplexed diene moiety of the seven-membered ring. Such

a synthesis has been realized by Cotton and Reich’ for

(n 3--C7H7) o (CO) (CSHS) 64 The synthesis of an analogous

complex would be relevant with respect to the relation-

ships.that might exist betwéen the structural and fluxional

parameters of stereochemically nonrigid‘cyc}oheptatriene,_,;r"
. | i ) v i e .
derivatives. The synthesis of (OC) Fe(C7H7)MoCCOJ (C H

11, was accomplished by the photochemlcal reactlon of

5)J ps

. . . 64
(C7H7)Mo(CO)2(C5H5) E, with Fe(CO)5 in dlethyl ether.

A vield of 40% was obtained in this reaction. In contrast

thc thermal rcactlon of 8 w1th Fc2( ) at 80°C, produced

9'

;_only Ss of the dlnuclcar complex ll It~%ééméd'ﬁdrthWhile"‘ —

2 R

T



. 2loneJFe(COL3 appears as a loglcalhaltennatlve 1n order

198.
to attempt the preparation of ‘an analogous derivative of
22a, i.e. (0OC).,Fe (C_H )Fe (CO) 2 SnPh. , by a similar photo-
— 3 77 3 3 ‘
chemical route. Other synthetic routes are also avail-
able.'~The‘utility of the (hctclodlene)trlcarbonyllron

complexes (benzylldeneacetone)trlcarbonyllron, (BDA)Fe(CO)B,

. and (3-penten-2- one)trlcarbonyllron as trlcarbonyllron.

transfer reagents is well documented 66,198,199 Espebially
(BDA)Fe(CO)3 has recelved wide appllcatlon in the selective
trapping of short-lived dlenes.198 The’mechanism of the
transfer of the Fe}CO) moiety from (BDA)Fe(CO)3 to

conjugated dlenes has been studled by Brookhart 66,199

and - Howell. 200 Initial cleavage of the R}—heterodiene,

C=0 bond ‘in (BDA)Fe(CO)3 occurs, which is‘followed by

the n2—coord1natlon of the incoming dlene The subseguent.
. - S
reversible dlssoc1atlon of BDA forms the flrst step

towards the n4—coord1natlon of the diene. The transfer’

of the Fe(CO)3 fragment is generally effected in reflﬁkrn

benzene at .60°C. 1In v1ew of the stablllty of 22a underv

a3 T

these conditions the use ‘of - (BDA)Fe(CO) """ (3 penten—'ﬁt:;i7j:

:to effect the transfer of the Fe(CO)3 m01ety’to,the n3é-

"1cycloheptatr1enyl rlng in 22a . In certaln cases preference -

N

is to be ‘given to (3 ptntcn -2~ one)Fe(CO) as,a‘transfer,;;

reagent because the liberated ligand 3-penten-2-one can

‘readily bBe removed from the crude reaction mixture <n

vacuo, 1in contrast, the use of (BDA)Fe(CO)3 often requires ..

.o
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-

the chromatographlc separatlon of benzylldcneacetone and

the des1red reactlon product 19% The reactions of gza_

with- each of the above reagents w1ll be described in this

Chapter v : v .
‘The .photochemical reactions of (n3 C7H7) (CO)3SnPh3
with 13CO and P(OMe)3 will also be discussed together |
1 "

with a "H NMR study of the stability of 22a under prolonged
thermal’and photochemical conditions.n The latter study
was 1n1t1ated 1n order to obtaln p0551ble ev1dence for

the conver51on of 22a into (7-Ph SnC H

3 . 7)Fe(CO)3

Results and Discussion«-.ﬁ_g‘kiﬂjl;' T

: 4‘_ ) o
1’-<n,;7gE§3GLC7H7)Fe(CO)3

a. Reaction with tetracyanoethylene

The dropwrse addltlon of a solutlon of TCNE in CH Cl

s

temperature resulted in a dark green, cloudy solutlon.hu.r;lf

. ..to a SLmllar solutlon of (7 Ph GeC H ) (CO)3 at amblent pw; s

JThe 1nfrared spectrum of. the solutlon showed besldes‘
'1ntense carbonyl stretchlng bands due to 21c, weaker vcd_
”ibands at’ 2070 “and 2010 cm lf“ Removal of the golvent and

subsequent workup,_ln hexane and ln dlchloromethane, led.

to the 1solatlon of:the‘starting materials only " 'The

above - reactlon condltlons are 51m11ar to those employed

in the treatment»of‘( )Fe(CO) wath TCNE Wthh resulted

78a, 79b

7 8

in the formation of a. novel adduct (see Chapter ).

gVarlous rcactlon trmes and dlfforent 1solat10n procedurgs



‘vproducts'obServedjduring'thefreactions of (C_H ).e(CO)

200.

did pot change this result.l In hexane weak terminal’

carbonyl stretching bands are observed at 2072 and 2014

cm ., in addition to the v of 2lc. These absorptions

could be taken as indicative ofitheAformation of a complex
containing the (n4~l,2;3,5)'coordination mode, as‘similar

) Fé (CO) .~TCNE adduct

718 3
: o -1 79b . N
(at 2073(s) and 2011l (s,br) cm in CHCl3) "~ Our .inability

bands have been reported for thé (C

to isolate any compound imn this reaction, together with

the surprising green colour of the resulting solution,

'contrasts'sharplprith the precipitatién of the pure yellow

79b
78 37

(N- methoxycarbonyl azeplne)— and trOponetrlcarbonyllron
180

fw1th TCNE S It appears that a different. explanatlonr ‘

.

1than adduct formatlon for the observatlons made in the

nfﬁreactlon of.21c w1th TCNE 1s more approprlate TCNE is

‘ft;known to form charge transfer complexes w1th organometalllc

83

7Lgsubstrates l For example, TCNE and ferrocene form a

';;green charge transfer complex and 1nfrared studles show.

‘~:fthat the observed spectrum 1s essentlally a superp081tlon

184,

“of the spectra of TCNE and ferrocene . It was shown

: “
by an X- ray diffraction studyl8§4that dnteractlon occurs

_ between the fllled = orbltals of one cyclopentadlenyl

ring in ferrocene and the empty n* orbltals of TCNE.

- The 1nteractlon of (toluene)Cr(CO) wrth TCNE results;

3.
in a gretn solutlon from whlch no . complex could be
186

“~1solated " 1f ‘this. reaction was performed in benzene

>
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R

no ESR signals could be detected, implying the absence

. ‘ - . _ " _ '
of an ionic product like [ (0OC) r{toluene) , TCNL ], in.

3¢
this solvent of low dielectric constant. 1In nitro-
benzene an 'ESR signal is obServed'forAthis species.186

The bbservations made for the interaction of 2lc with
SR . et .
TCNE fit the above pattérn. A-charge tranSfer complex

‘was probably formed, as indicated by the green colour

v

of the solution, but upon Crystallization only the
- starting materials were/recovsred,.showing.the reversibler~k
nature of the complex formation. ~The grsatly_decreased p
reacﬁivity of‘%lg compared to (C?Hé)Fe(CQ)3 is, at frrst,

" sight, surprising. The ‘electrophilic attack 'of TCNE on
A ' : : 79b,180
the latter complex has been shown to occur exo at C(6). '

Attack at this position in 2lc is however severely hindered
. ™~ : < .

by‘the presence of'the sterically demanding exo—7—tri-'
phenylgermyl group. 1,3-addition at C(6) thus becomes

Jimpeded_and, rnstead, a charge transfer compléx appears

1

to be formed. Electronlc factors may play an important

i

 .rQle aerell. That electronic factors can exert a
determiningiinfluence upon the site of attack is shown

in the reactions of TCNE with substituted (cyclobcta—

tetraene)trlcarbonyllron complexea 195

v

b. Reaction WithuMe3NO. Discussion of the sSynthesis

ané properties of oxobis(triphenquérmanium).

As mcntlonod in the 1ntroductlon to thls Chapterv;“

trimethylamine oxide is con51dcrcd to be a mlld L
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decarbonylating agent. . The treatment of Zic with'a LI

~15-fold excess* of»Me3NO first at ambient temperature

and later at ~60° C in tetrahydrofuran resulted 1n a brown.
reaction mlxture Infrared spectra showed the absence

of any carbonyl stretching frequencies‘indicating:that
complete decarbOnylation and, by inference, complete’
dlsengagement of the organlc m01ety from the iron center
had. occurred Extraction of the crgde reaction product
with hexane followed by crystallization‘gave oxobis(trij.
phenyigermanium), PhaGeOGePh3, identified by NMR and by

‘-mass spectrometry, ,The mass spectra data,of Ph GeOGePh3'

are summarized in Table XXT. This compound was also

encountered as a byproduct 1n the synthe51s of gig

(Chapter II). As noted, it waS<partlcularlyfdifficult

to separate Ph3GeOGePh3 from'210, repeated fractional

crystalllzatlon belng the only technlque by Wthh the

two compounds could be separated The absence of small
amounts of Ph3GeOGePh3 in 21c is best determlned by mass
spectrometry as lH NMR becomes less’ practlcal in 1nd1cat1ng
the presence of Ph3GeOGePh3 as the ratlo Ph GeOGePh3/21c

, decreases. The mass spectra of both compounds are shown

in Figure XXXVI."

kT T T A P

,*,4 ‘ s
LA large.excess of. MeSNO w1th respect to the (dlone)trl—lﬁl ;

carbonyllron/complex is requlred 1n order to. achleve

e 189 190

e complete tf,arbonylatlo
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" TABLE XXT

Mass’ spectral da ta '_"_c_),f -oxobis (triphenylgermanium) .

,,,,,,, oo - . . - D TR A

rel. abundance

(%)

[t Bssignment - Ll mje

3 .
Ph,Ge0GePh,” - 547 79.5

'?h”GeoGeﬁhsf;pi_“,;'  ‘ ; ”|.,. Lo 624 f‘f ‘:?“ié;i f._.h‘v.“,H,

CPngGejo(cgi) TG g g

3" 2 6 4

+ . SRR TR e
mgep T

~ Ph. Ge_ - - - 305 100.0

' . . . v N . . O . ::
| C7H5Ge .?, _ | ‘ 235 o 4.9
PhGe(C6H4) ’ » . S 227 ’ 21.3 :
“PhGet R ' 151 ~39.3
pht S o 71 20.6

ce* o S 74 1.7

a70 eV, 150°C. The most intense m/e—Value'within'each-~

cluster is given.
, : |
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"'known for 1ts anomalou behav1our towards transltlon ,}f>

metal anions (see Chapter II) and often the related

o

Ag" It thus appears'that the ~reaction of 2lc w1th Me3N6
?; not only results in dccomplcxatlon of the substltuted"
-b.cyclohcptatrlene llgand Rst cleavage\of ‘the. cyclohepta~:
'Qtrlenyl GePh3 bond occurs as well The\llmlted stablllty

of thls bond was also reflected 1n the mass spectral dataip

'w1th CF3COOD (Chapters ITand" V) f In the presence of -

"the”’ relatlvely strong nucleophlllc agent Me3NO ‘cleavage

"‘ltuof the Ge C(sp ) bond occurs, p0331bly l””;furé%e-€7ﬁ7*;

.Me3N and Ph3GeO ; 1n analogy to the actlon of Me3NO upon%lp

'coordlnated carbon monox1de llgands 189 The latter
‘spec1es could react with - @’ second (Ph. GeC H )Fe(CO) or

(Ph GeC H ) molecule to glve Ph GeOGePh The-nature.of4

not been 1nvest1gated . The electrophlle Ph381Cl is

111

species Ph SlQSlPh is observed No mechanism for‘its

formatlon has been proposedlﬂll vAlthough the Ooxygen

atom in the bPresent case coulg well arlse from the amine

ox1de * thlS 1s not true for the reactlons of: R3GeX with

metal carbonylates 193 For example, ‘the treatment of - N

NaZFe(CO)v wrth 2Mc3GeCl leads to trace amounts of

. . ‘ . B . . ' ' R T

The formatzon of Ph- GcOGe’h3 In the reaction of Ph3GeBr

B w1th l6 mlght be-due: to the presencevof re51dual t~ BuOH_Z
_g; formed 1n the deprotonatlon of (‘ )Pc(CO)

’

Ct205.
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Ps “

'quBGeOGeMe3, together w1th the de51red complex (Me

36e) 5
193 ‘
(CO)4 . The latter compound dbcomposes, -both in the
~vpresence of- oxygen and in’ vacuo,‘to glve/Me3GeOGeMe3 "~ The- ~

: oxygen atom ln oxobls(trlmethylgermanlum)‘thUs appears'

to arlse through degradatlon of the }ron carbonyl molety
in (Me Ge) Fe(CO)4;_ A related example 1s found in the
v.converSlon of (bh Ge) Fez(CO)7 to [(Ph,Ge) O]Fez(CO) 194: -

.The orlgln of the oxygen atom in Ph GeOGePhB* thus remalns

-3
obscure and could arlse through elther 1nter— or rntra—”j
4 molecular decomp051tlon As 21c and (Ph GeC7H7.)35a are

) stable at these reactlon temperatures in the absence of
Me3NO direct attack by the latter reagent on the Ge- C(sp3)
bond appears as the most probable explanatlon for the

formatlon of Ph3GeOGePh3

Reactlon w1th,tr1phenylphosph1ne--

Two equ1valents of trlphenylphosphlne and One.
\equlvalent of 21c were dlssolved in toluene at’amblent
‘temperature and allowed to reactv The reactlon could ber
followed convenlently by monltorlng the 1nfrared spectra

No substltutlon occurred. Heatlng at ~73° for 48 'h also

14

did. not lead to any’ changes in the ~infrared spectrum
-Only upon reflux1ng the solutlon at 115°C for more thani'

-Fe(CO);

hv72 h do the spectra 1ndlcate the formatlon of (Ph«P)z_ ) 3

The crystal and. molecular structure of Ph3GcOG(Ph3 ‘has
192 o = e

EJ

very recently been: reported.



.'although the carbonyl stretchlng frequenc1es of 21c are

. “stlll domlnant 'V(Ph P)ZI‘(,(CO)3 was 1dcnt1f1ed by ,mﬂru»u'“

3
comparlng {he p051tlon of the 1nfrared absorptlon with -
the reported value.¥?7"Subst1tutlon of (Ph3GeC7H7),byr

‘Ph3P thus occurs'only at temperatures where thermal

'523decompos1tlon of 21cfls known to “happen, “'ThlS 1llustrates

M

towards the substltutlon of the '7

04_

ethe stablllty of 21

M

4;organ1c fragment by Lew1s bases, and prevents a,srmple

R

route towards Ph GeC H_. - , R

36eCqHg - _ -
2. (n3-C.m Tre(co) smph.. )
R A 3703 SRR RN
a. Reactlon w1th Fe(CO)5 : ; f e \ffﬁtd: L

) _mvmhe 1rrad1atlon of ac mlxture of %Ea and - large excess

of pentacarbonyllron in dlethyl ether in. ‘a photolySls “”‘ffweﬂluvr

"f}vessel resulted 1n a deep red solutlon.p After flltratlon~ﬂ”

f}-to remove Fe (CO)9 and remqval of dlethyl ether and excess

'f;Fe(CO)S in vacuo; the re51due was extracted w1thxtoluene

® v

ECarbonyl stretchlng frequenc1es 1n toluene were observed

‘at 2087 0(w), 2071. S(S), 2045 O(vs), 20ll 5(s) 1990 O(m),

‘and 1978;O(m)1cm51; no bands due to 22a were: present at

} :
o thls stage 'Crystalllzatlon of thls solutlon was attempted

“thut no crystalllne or’ SOlld materlal would form Fur%her
attempts to 1nduce crystalllzatlon byme.g,'the‘addltlon
tof hydrocarbon solvents also met w1thlfailuregl'Because"‘wl
_the startlng compound 22a 1s unstab;e_under'mostﬂchromae:.

tographlc condltlons, partlcularly:Qn7alumihaKIi)'gﬁaf“
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e

-florlsll and as a 31mllar stablllty of the de51red product

_is Lo bc cxpcctcd only chromatographlc separatlons on -

”'Slllca gel” Were endcavoured .-Howcver, besrdes (C H

8)

(CO) no- other comoounds could be 1solatcd or 1dent1fled

' "after chrOmatography It was then dec1dcd to attempt the

‘synthesis of (0C).Fe (C H ) (CO) SnP} by Use of the
3 3 3

H

:«“1ng the decrease rn the 1ntensrty of the -V, of the

<9:;add1tlon of hexane to the crude product gave a red solu—‘ﬁf

77

trlcarbonyllron transfer reagents.

b. Reaction with (BDA)Fe (CO) 5
Compound 22a was treatedlwith (BDA)Fe(CO)3 in benaene

~60 >C for 90 h The reactlon was followed by mon1tor~

CG

H~astart1ng compounds and the appearance of new: carbonyl

‘, stretchlng bands. Removal of benzene followed by the L

-.'n o . *

ftlon from whlch “a- red solld slowly prec1p1tated ThlS

."SOluthD exhlblted CO stretchrng max1ma at 2046( )
"f'1992(m), 1983( )i 1954( ), and l944(w) cm jlfff For the..

-”solld_'mass spectrometry showed the presence of a cluste”'

Waw

|

centered at m/e 694 whlch underwent the consecutlve loss\g\\;\.

,thls powder, mecorded in toluene d

dlof at least five carbonyl llgands 'lH NMR spectra'of

8" indicated'the pres~nce

" of more. than one compound A 51ngle Sharp‘resonancejwas

'justftWo‘Compounds,”one<fluxlonal,species exhjbiting'a

- L N

'bserved at 6 3 17 ppm, consl tent with:thezpresence

of a fluxlonal C7H7 rlnq, whlch only started to broadcn
13;

‘lelOWf—go C.. C Nuh Spectra suggested the presence .of

.

B . . " R . el e

R
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,.sharp C7 rCSOnance at 6'6?. ppm, which broadened _ ¢

,A”vat lower'temperatures but/hps not complctcly co]lap ed

linto:the baseline‘at —l25°C and sccond complex con*

‘talnlng a statlc seven-— membered rlng at amblent temperature

.y

Be51des the resonances due to the phenyl groups,vl3C NMR

~

‘signals were observed at §32.9, 69 6, 75. 7 81 9 89'6*’
and‘103.7 ppm. The p051tlon of the latter resonances

is typlcal of the.l3C resonances of the complexes of the

btype (n 4 R3MC7H7) (CO)3 ‘

: Attempts to recrystalllze thls product ln toluene—r'

Epentane solvent mlxtures resulted only in: the 1solatlon,,-c

'fof a very small amount of. a.brOWn r@ipowder. Carbon and

muhydrogen elemental analyses of thls SOlld are in. excellent

Tagreement w1th the formulatlon of the obtalned product iyfif.-

e

T-fés (C7H7)FeZSnPh (CO) 5 or: 6 In the absence of e
::5osygen analy51s a’ dec1s1on between a penta or hexacarbonyl
:fspec1es canpot be reached ' Although no suff1c1ent amounts
1of each of the compounds present in the above mlxture
-?coulc be obtalned the avarlable data allow a tentatlve
1dent1f1catlon of one of the components.‘ As noted the.

P

Qelemental analyses are conslstent with the formulatlon : ,/‘;'

of one spec1es as. (_ )F (CO) or SnPh : The sharp

7 7 2 6 3
1ll'and 13C NMT slgnals ob served for the c"tlohc_ptatrlenyl

hydrogen and carbon atoms p01nt towards the presence of

a cis- dlnuclear c\cloheptatrlenyl complex containing a

‘metal- metal bond, ThlS'claSSvof compounds»is known to

e
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exhibit sharp recsonances for the hydrogen and carbon atoms

of the cyciohoptatrienyl ligand down to the lowest

. - ‘ ' 112 . C )
accessible temperatures. The position of the resonmances

for the hydrogen and carbon atoms of the ring is also

.typical for this type of complex and shows the familiar

upfield shift of thcese resonancos comparcd to the mono-

nuclear fluxional C_H complexes, due to the coordination

77
of a second transition metal. The present complex is thus
formulated as (0C) .Fe (C_1 )Fe (CO) ,SnPh., 57. There are

3 77 2 3"~

Vel

| 'h/l

Ph3Sn

57

~o

two other lines of evidence which support the above
assignment. The'mass-spectrum of the above mixture shows

the presence of clusters at m/e-values corresponding to

+

, x =0,1,2,3,4, and 5.
5-x .

the ions (C_H (SnPh

7H,) Fe

e, ) (cO)

3

- Moreover the observed ihtensity ratios within each of

these clusters agree well with:the calculated intensity
ratios. The extriaction of further information from the

mass spectra 1is precluded by the prescence of the secénd

o



complex.  Sccondly the anion [(C.H-)F c(CO).,] reacts

211.

77 3
with transitién_metal elcctrophiles, [Rh(CO)zcl]z,
[Rc(CO)BBr(THF)]2, and [Mn(CO)4Br]2, to yield c¢is-dinuclear
heterometallic complexes.l12 Evén if the second .transi-

tion metal complex is "prepared to accept just threc

electrons from the anion", as in the case of [Mn(CO)4Br]2,

which could lead to eithér a trans or alcis disposition
of the transition mctal moieties with respoct to- the

7 7 ring an altcrnatlvc reaction occurs 1nvolv1ng the

a

addltlonal elimination of a carbonyl ligand.112 A

»

similar reaction route can be envisaged for the formation

of (Op)3 (C7H7)Fe(CO)ZSnPh3. This is supported by the
ease of the dissociation of a:éabenyl ligand from 22a;
bl TN

"vide infra. Both iron atoms in 57 achieve the lBjéIectron

configuratiop by the formation ofva Fe-Fe metal—ﬁetal bénd.
The composition of the second compound present'in the
obtained mixture remains obscure even th;ugh one is

tempted to speculdte. Based upon the typical 13C NMR
patte%‘ observed at ambient tempérafure the ﬁresence of

(n 4-—Ph3SnC H )Fe(CO),3 would seem to be possible.

c.lReaction with (3—penten—2—one)Fe(CO)35

Realizing the inapplicability of chromatégraphic
scparation techniques for derivatives of 329, tﬁb”&bove
reaction was also carried out wiﬁh (3~ pentcn~¢ ﬂnc)Fe(CO)3

as thc Lrlcarbonyliron transfpr rcagent with the hopc of

.Q ,:v»‘ c!:, Q'; v 1 . .l.:.-‘."g ' N

COMMe g
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51mp11fy1ng the 1solatlon procedure The reactlon

v

condltJons werae 1dentlcal to thc treatment of 22a with

{

‘(BDA)'e(CO) Howevor upon the addition of hcxane to 3

3f
the red 61l obtalned upon the removal of bcnzone from

the crude reactlon m;xture, a yellow SOlld formed. After.v
extracting thJs solid w1th pentane the ambiecnt tompera—
ture lH NMR spectrum of the residue in carbon dlsulflde

showed  the presenqe.of a sharp resonance at &5.11, assignedb
) ) . . ‘ .

to 224 and another sharp resonance at §3.6¢ ppm, -in the
Lo 4 :

. .

intensity ratio 3:1. There also secemed to be a third,
fluxional, species hidden in the baseline at this ‘
temperature (vide infra). Upon recrystallization of this
yellow powder from dlchloromethane rod crystals were
obtalned which were subsequently identified by elemental
analy51s, 1nfrared and varlable temperature ;H NMR

spectroscop; and by mass spectrometry as (hS—C H.)Fe (CO)

777
SnPh3, §§. The physical properties and the stereochem-

-

ically nonrigid behaviour of this'nS—cycloheptatrienyl
compiex are discussed -in the following section. The
resonance at §3.66 ppm which was observed ih the crude
reaction mixture “is again assigned to the -dinuclear
species ;z. Realizing the different seivent systems
.employed, the differcnce in the ehemical shift values ‘of
' the C7H7 protons of J7 in the abOve two experlments
bécomes p]au81blel So-far the‘eeparatlon of %zf and EZ

proved to be impossible due to the very similar solubility



characteristics of these two compounds.

Evidently the synthcsis of trans- (0C) ) Fe (CO)

3 e (C 7 7
SnPh3 is ‘not as stralghthLWQrd as ant1c1pated from the
“analogous traneformatlon achleved by Cotton and Rolch64'
for complex 8. In'contrast at least two different flex—
ional and 1ndub1tably 1nteroet1ng complexes have becn

1solated 58,‘and anothcr complex which tentatlvely has

been-identified as éz.

d. Physical properties and stercochemical noﬁrigidity

of (n° =Cyli;)Te (CO) ,Sneh ;.

The synthe51s of (ﬁS C7H7) (CO)éSﬁPh3,

described in'the‘previous section (equation 31). The .

L

;g, has been

22a ———» 58 + CO C (31

%

compound was obtained as one of the products in the reaction

of 22a with (3-penten-2-one) e (CO) Here the_infrared,

3-

mass and Variable temperature lH NMR‘spectra'of‘ig will

be described and discussed. St
Infrared spectral data.

.‘In dichloromethane éé;exhibits two terminal carbonyl

‘stretching frequencies'a£,1994 and 1940 cm—l, indicating

the presence of two carbon monox1de llgands The shift

‘to lower frequency of the absorption maxima of 58 compared-

¥
to 22a (2038.5, 1987.0, and 1957.5 cm™Y) are indicative

of the increasecd i-=backbending to the remaining carbonyl

ligands. Both the removal of one carbonyl group and the
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increased coordination of the oycloheptatrlenyl rlng to
the iron center probably LOHLrlbULC to this effecct.

Mass spectral data. .

A A

" The ﬁsz“speetralﬂdata of )8 are summarlzed in Table

XXII. The decomp051tlon pathways observed are typical
for organometalllc complexes. The loss of carbonyl
llgands is a dominant process -The molecular ion, P+,

is not observed,. but clusters assignable to (P—CO)+ and
(Pf2C0)+ ere present. ' One of the major subsequent frag-

» meﬁkatlon pathways is formed by the cleavage of- the Fe -Sn .
bond resultlng in the spec1es C7H7Fe ,Im/e 147, and Ph3Sn ;‘
,m/e1351 The characterlstlc breakdown patterns of the
latter 1ons domlnate the mass spectrum at, lower m/e—

values. The observed 1nten51ty ratios w1th1n the tin

containing clusters agree well with those calculated.

+
6fg)
+ . .
and FeSnPh2 + which support the exXlstence of a direct

Important is the presence of the ions FeSn+, FeSn (C

iron-tin bond.

Variable temperature lH NMR spectral data.

The variable temperature 1H"NMR spectra of §§ in the
range +80 tO'—70°C are shown in Figures‘XXXVII and XXXVITIT.
At T 7 40°C one 51ngle broad peak ‘is observed for the
prOtohs of - the cycloheptatrlenyl rlng. ThlS resonance .
sharpens. at hlqher temperatures until at T > +80°C a shaer
peaP results at 84.51 ppm.  This behav1our is of course

typical of a fluxional cycloheptatrlenyl llgand 'The

/



215
TABLE XXII
- Mass spectral data of (HS-C7H7) (CO) onPh3 a,_‘ o
R e o e ’ ’ T e ‘- “ > (:'.‘; 4 ] ot J-'; 'lf: : Q Q"J’q’: ::‘
-~ st ks Eigriment o T TR T m/e re (Z})Dund
/(Cy115)Pe (co) snph, 526 4.0
’ ’ + o - A .t .
(C7H7)Fo§nIh3 -49?( 29.8
SnPh3 351 © 37.3
Fesnph,* 330 . 9.4
snph,* 274 16.0
Fesn(c.u,)t - 252 6.3
(CoHa) (CeHgIFe™ . 234 76.0
. . '+/d’,- . ~
SnPh 197 47.3
+ : : P
FeSn 176 8.0
(c.n) ¥ 154 34.6
652 :

C7H7Fe 14‘7-’ 43.8
C7H6Fc 146 64.5

sn* . 120 37.0

. + r {, - .

C7H.7 91 -100.0

A =, 165°C Not corrected fér l\BC:‘

bThc m/e-value of all tln contalnlng 1ons corresponﬁs to

the 205n isotope.
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limiting'spectrum; w1th rospoct to the mlgratlon of ‘the

' Fe(C‘O)?_Sn]’h3 fragmcnt about thc C r;ng, is obscrvodr

7 7

“at T - +15°C.  Four dlStlnCt resonances arc now apparcént’

!

at 63.39,‘4.15,v4,74, and 6. 15 ppm. It is 1nterost1ng

~

to note thc values of the coupllng constants,

- ’1,2‘47
6.0 Hz,, ,.2 3 = 7. 0 H?, ‘and I3 4 ‘3},\_4‘,_ = 3.0 }{1;.: ‘?Fh.er" .
coupling constants are < l 0 liz. ?'Thé smafi'Value‘of the

{ COupllng constant between H(3,3" ).and H(4 4') 'is emphas1zed
as thszp01nts towards a rather lﬁrgc dlhodral angle
betwecn these protons “ Thls in turm 1nd1cates that the
,uncomple,cd double bond in 58 is substantlally bent

v.away frOm the iron center. The lioewidths of the resonanoes
due“to the prOtoﬂs>3;3' are rather large andfaré ﬁot
resoived as weil'as‘the resonances due to the’temaihing
protons._ The possible'significanoe of this is_discussed
below. The above data are tabulated in-Table‘XXIII, and
'all assignmentsvwere confirmed by doublée irradiation
expériments. Similar obsorvations have beeh made for tﬁe

3% | )
! r

complex (n3-c )Mn(CO) 59. Moreover both the rela-

7 7
tive chemical shift values and the magnitudes of the
coupling constants_are'VGry similar to those observed for

the manganese complex 37 The lower chemical shift values

. . ) ’ + . .

observed for [ (n S—C H,)Fc (CO),] comparced to 58 and 59,
, 77 3 : Co~ —~ .

sec Table XXIII, are not surprising in view of the positive

charge carried by theflatter,species. It is noted that

this shift has bcen associated with the aromatic character

o

‘s
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of the Cc_u ring, in'these cOmplexes

217 37,85 According'to

'lthJs llne Qf tlought the aromatlelty of ‘the C7 7 llgand

“in 58 is loss pronounCLd than in the catlonJc iron and -

r—~—

neutral mangane _bcompltxes llsted in Table XXIII
_ Due to the Sanlflcant spin- coupllng cffects and

the dllforent llne w1dths Oobserved at -15°C the mechaanm

- .

of the‘Fe(CO) SnPh mrgratlon, i.e. a 1;2—, 1,3~ or'l,hfr

shift, cannot;be established'on the basis of the lH‘NMR

spectra. A 1,2-shift is most llkel/ tq occur in view

of the-results obtalned for the other known ”5_

7 7
37,81
complexes Our attcmpts to simulate the spectra by

'means of the DNMP4 program 147 were frustrated by the

strongly dlfferent llnew1dths of the fOur resonances

. Assuming -a l 2= Shlft mechanism and ldentlcal relaxatlon

tlmes (T ) for all:protons of the seven- membered ring,
collapse of the resonance due to H(4, 4') is expected to
occur at a slower rate than that of the other resonances

(Chapters I and ITI). ,However, in the llmltlng-spectrum

for the rlng—whlzzing process in §§, at -=15°¢C, the line-

width of the resonance due to H(4 4') is already much
smaller than those of the other hydrogen resonances
No unambiguous ass1gnment ofxthe operative mechanism for

this rearrangement can thus be made - Nevertheless, based

»on the 31mllar nature of the present complex and the

anganesc derlvatlvc 59 1t docs not seem unreasonable to

Ppostulate that the rearrangemcnt in 58 will also occur

4t

220.



221.
by 1,2-shifts E}'the Fe(CO) SnPh3 moietyQ Based”on the
similar chemical shiftmseparations between the resonances
in ég and 59 and the almost identical cOaleScence tempera-
: tures in the two comple>es ‘the value of the ‘activation

energy in 38 is eypected to be of comparable magnltude.

”ras wcll i.e. ~63. kJ mol 1 ' The correspondlng.values 1nd-
+ .. 37 L

[(C7H7) (CO)3] Lé, and (C7H7) C H ¢;3 are@;

46 kJ mol -1 and 71 kJ molfl, respectlvely The,barrier,to“j
‘rlng wh1221ng thus" 1ncreases in the- order {(ns 7H )=
: + 5_ 5_ oy r e
Fe(CO)3] < (n C7 7) (QO)3An ,C7H7)Fe(CO)2$nPh3‘ <

(n 5—C7H7)Fe( > C7H9)' The absence of'aApositive charge"

cln the last three compounds and the absence of electron
w1thdraWJng carbonyl llgands in 13 e&tabllshes thlS order . -

as the order of 1ncrea51ng backbondlng to the C H ring

777
as well The above data have been correlated w1th the -
dlfference in backbondlng to the C7 7 ring. 37,85 In

part;cular the presence of a vacant, low lylng acceptor

) -

orbltal 1n the 1soelectron1c spec1es of the type (C H

: B i 7
(CO) y+ M = Mn, y = 0, and M = Fe, y =1, is of
importance.85 Reduced backbondlng is con51dered to
result in an increase of the aromat1c1ty of‘the C7 ring
and the ‘barrier for nlgratlon is reduced This correla-

~.tlon accommodatea the. avallable experimental data - even
. though the number of n51C7H;“complexes is confined to
the five complexes listod‘in"Table XXITI.
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There is one addltlonal feature of. the varlable
tempelature lH NMR spectra whlch requirecs our attentlon
‘Upon coollng of the sample below —l °C “the resonances
,loose thelr fine structure and slowly cqllapse‘lnto the
: basellne This’ 1s partlcularly ev1dent for the resonances
due to H(2 2! ) and H(3,3" ) The llmltrng spectrum w1th
,respect to thrs second process could not be obtalned and
 owill only be observed at temperatures below —lOO°C at
.J‘magnetlc fleld strengths of 23,500 gauss (lOO MHz) or
.'less It is clear that a second exchahge process is still
operatlve at -15°¢C. A ratlonale for this process can be
found 1n the prcsence of a ‘non- symmetrlcal ground statc-

—r

'structure for the molecule (n —C7H7)Fe(COX28nPh3; e.g. 58a.

SnPh
C—

“580

Such an inStantaneousfstructure would lead to the

ineguivalénCe of the protonsr2 and 2', .3 and 3' and %

and 4'. Proton 1 will be effccted through the coupllng
w1th the protons 2 and 2' and mlght also exhlblt a

-
vtemperatvrc dependent chcmlcal Shlft p051tlon vRecalllng

vthe fact that the uncomplexed olefin is bent away from

. . - . : . i



.ThlS means that dlffercnt coalesccnce tempcratures are»:

of the: C7H7 llgand w1th respect to the Fe(CO) SnPh

. 223,

the metal.one would antchpate the chemlcal Shlft dlffcrcncc
of the protons 4. and 4' to bc smallcer than the chemlcal

Shlft dlfferenccs of the protons 2 and 2', and 3 and 3'

f_to be expccted for each of ‘the three two- 5lte exchange

processes i.e. the eychango of 2 wlth 2', 3 w1th 3, and
.4 'with 4'. " As the chemlcal Shlft dlfference of H(4) and
‘H(4') is- probably smaller, the correspondlng coalescence.

N

temperature w1ll be lower ang the resonance due to H(4,4" )

mw1ll remaln sharp at temperatures where. the other two

T

resonances are already collap51ng ATh&s 1s 1ndeed observed

O
As seen “in Flgure XAXVIII the resonance due to H(l) and.

H(4, 4') are only sllghtly broadened at —70°C whlle the

:resonances due to H(2 2 ") ang: H( 3 ) have almost dls—v

‘appealed 1nto .the basellne at: thlS tempelature This

exchange_propess seems best descrlbed as: a rocklng motlon

3

sy o o
| \CO o - »\SnPh3;

N
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moicty.* Such a motion wjli Lnduco a‘plané of syhmctry
in the seven-membored 1dhy whiéh,‘at higher rates, results
in the averaged. spectrum scen at -1I5°C. Of_course such
a process is not observable for the tricarbon?lmanganese
and tricarbényliron SPOPiCS discussed before. Similar

processcs have however been found for bis (cyclohexadienyl)-

iron complex03196’201ﬂand, more recently, for the compounds
81 82 I ) -1
13 and 14. A maximum value of 40 kJ mol can be

estimated for the encrgy of activation for this process

from the NMR spectra. |

* . .

Instead of this rocking motion one could consider a

temperature dependent equilibrium of two symmetrical

ground state structures, €.g9. 58b and 58c. We do not
. o — o

58b 58¢

favor such aﬁ cquilibrium in view of our inability to
“detect isomers in the infrared spectra of 58. Nonbonding
interactions between the PhBSn groups and the C7H7 liganad .
also do not appear ‘to favor structure 58c.

Ry,
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€. Reactions with P(QMQL3 and 13CO,*§D§ a_description

of the attempts made to induce the migration of

at N

. tho,ﬁﬂzﬁg growp to the C7E7;£129;_';
To test the lability of . the carbonyl ‘ligands in 22a

Lgue %)

the complex was irradiatéd for -6 h in a.pyrex well with

b

a Hanovia 450-W lamp. usider an atmosphere of labcled carbon

13

menoxide. The_ incorporation of CO was then‘established”

B} infrared spectroscopy. After recovery of crystalline

13CO incorporation was

1

22a in 32% yield the extent of
L ]

determined by mass spectroscopy as .25%. This experiment
shows that the dissociat%en of CO from'%gg is a rather
facile process and supports the arguments invoked before
with respect to the synthesis of 57 and 58. In a similar
experiment 22a was heated for more than seven days at

N~
~80°C, or irradiated for over three days with a 100-w

Mercufy lamp in a sealed lH NMR tube. The irradiation

or heating process was monitored by lH NMR s%ectroscopy.

¢
o

No decomposition or migration products could be detected.
‘Tbis lack of evidence for the migration of the Ph3Sn
moiety from ircn to the cycloheptatrienyl ring is, of
course, not surprising in view of the.relative strengths
_of the iron—tinvand tih—carbén.bénds, as discuésed in
Chapter II.

in

The photochemical reaction of 22a w,. P (OMe)
‘ , P 3
benzene for 48 h resulted, after removal the solvent

in a dark oil. ‘Attempts to crystallize the products at-



-

— tow tempefaturo failed but sﬁblimation-ﬁn vacuo  yielded
a small amount of a ieiiow solid which:was identified
by.infrarcdvspéctroscopy and mass spectrometry as Fe (CO) 5-
(P(OMQ)3)2. It ié\eyidcnt that the substitution of the
organic moiety in %gé byiP(OMe)3 1is more favorgd under
thesc conditions than the photéchomical substitution of

a carbonyl ligand. No other products could be identified.

Conclusions

The reactivity of the complexes (exo-7-Ph GeC7H

3 77~

Fe (CO) 5 and (n3—C7H7)Fe(CO)38nPh3 has been examined.

(n4—C'H GePh3)Fe(CO)3 is thermglly quite stable and

777
unrgactiﬁe towards triphenylphosphi (énd 13CO) at

tgmperatures below 100°C. It is akgued that steric

interactions between the bulky exo-7—triphenylge
substituent and the incoming electrophile«TCNE are, at
least in part, responsible fo% the lack of adduct forma-

tignﬁbetween 2lc and TCNE. ' The formation of a charge
e

""" transfer complex is inferred. Tt seems worthwhile to

investigaté‘the reactions of the same electrophile with

the less sterically hindered complexes 2la and 21b. !
. N— L 4

A convenigggmroute fowards the synthesis of the

molecule PhéGeC7H7 was envisioned via the disengagement

] , » ,
of the Fe(CO)3 group from this moiety. This was attempted
via the action of trimethylamine oxide or triphenylphbs—

phine upon 2lc but neither réaction lcad to the desired
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species. In contrast, PhBCeOGePh was isolated fromfthe
reactlon of 21c with trlmethylamJne oxide. IThe'syhthes{s-
of PhBGeC7H7 is probably be"t accompllghod by the direct

1nteractlon of C7H7 and Ph3Gov»at low-temperature} in

analogy to the recently reportcd improved synth051s of
[ 94
Ph SnC7 7+ 35b .The relatively simple’ preparatlon of this

latter molecule, in fairly-good yield, suggests an attrac-

tive route towards the syhthesis of t ring—s'ubstituted

isomer ofv22a, (n 4—7 Ph3SnC H )Fe(CO) ae well, Uee of

3!
the trlcarbonyllron transfer reagents seems profltable

here in view of the lamlted thermal and photochemical

stability of PhBSnC7H7 35 The reactions of Ph3MC7H7, M .=

Si, Ge, and Sn, with (BDA)Fe(CO) or Fe, (CO). could well

2 9
result in the formatlon of cndo substituted derlvatlves
of type 5 Reactions of substltuted cycloheptatrlenes
with group VI metal carbonyl complexes are known to

yleld endo substituted derlvatlves 88

The attempted-synthe51s of trans-(0OC) 3Fe(C, H, ) Fe (CO)

77 37
SnPh3 via the reaction of 2éa w1th pentacarbonyllron or '
with tricarbonyliron transfer reagents met with fallure
However these reactions were not completely in vain as
.€Wo novel fluxional compoﬁnds could be identified. infrared,

4) .
;i .
mQSs, and variable temperature lH and l3C NMR data lend

support to the prescnce of cig- (OC) FO(C7H7) (CO)2SnPh3. How=

ever this species could not be isolated pure in sufficient amounts.-
_ ~ .
Red crystals of (HJ—C7H7)Fe(CO)2SnPh3 were also obtained and

-
3
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s

this compound was characterized. Two.tompcrature dependent
reairdngtmont proccssos were observed for the lattcr
°pCClQ° by variable temporaturc 1H NMR spcctroseopy. ‘The

high‘tempcrature proc«ss,,involving the migration‘of the

e (CO) SnPh moicty about the C_H ring, was easily
S Y 777 ‘

estab]ished. In addition to this rearrangement a low

energy rocking motion of the n5—C7H7 moiety with respect4

tb the Fe(CO)zsnPh3 unit was 1dentified To confirm

these results 13,

C NMR and X-ray crystallographic studiesl43

are presently in progress. It is ant1c1pated that these |

studies will allow the eluc1dation of the precise. nature

of the mcchanism of the migratory shift of the Fe(CO)z.

‘SnPh moiety, the accurate determination of the activa-

tion parameters for both fluxional processge and Will

proxrde the much needed structural Jn{ermation reqUired

for a better understanding of the factors controlling

the stereochemically nonrigid behaViour of n5—C7H7 tranei—
.

tion metal derivatives. : . \
’ \

The limited nnmber of nS—cyctheptatrienyI complexes -
“known to aate iSISUfprising, while the” lack of strUCtu;ai
.parameters for these compounds‘is disturbing. The fluk— N\
ional'character of nS-—C7H7 complexes is certainly as A
intriguing as that of the HB*CqF7 compounds; Mereover,

the fdrmer,speciee appcar to perform their flux10na1

acts" at tcmporaturtq which ‘are morc amenable to NMR studies.

~

P
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B L H)Fe(CO)  SnPh  amd (15 ,

As (n Q7H7)TL(CO)2gnPh3_and {n C7H7)Mn(CO)3 are
both WCll—charactcrized molccules, (nS—C7H7)Mo(CO)BShPh3
could form the next addition to the still sémewhat clusive

. [ =%
- class of HJ-—C7H7 complexes.



CHAPTER SEVIN

EXPLERIMLNTAIL PROCEDURFES

‘Solvents and'Ceneral Techuiques R

All reactlons ~and oporatlonq were porformed using
SchlenP tecthqucs under a statlc atmosphere of rigor-
ously purificd nltrodzn 202 203 Commercial nitrogen of
99.99% stated purity was passed through a heated colﬁmn
(80~-100°C) contaiaing BASf Cu-based catalyst (R3-11) to

remove oxygen and a column of Mallinkrodt Aquasorb,

'Qwhlch is P,O_ on an inert base, to remove water

275

All glassware was heated in an oven to 95°C and
then 1mmed1ately evacuated and fllled with nltrogen
befOlC any Operatlon

Solvents were dried by both reflux1ng and distilling
from the approprlate drying agent under an atmosphere
of nltrogen (Table XXIV). Pentane and ether were also
freeZe—thaw degassed before use. A number of solvents
were preconditioned‘before being refluxed and distilled

under nitrogen. Pentane was washed ‘with cOncentrated

HZSO4, until no colour devcloped in the acid layver, and

water and dried over MgSO4. chhloromethane,was washed

with concentrated H SO4 and water and drled over CaSo

2 4

.Tetrahydro uran was placcd over molecular sicves for

24 hours, then refluxed and distilled from L1A1H4 prior

to tle treatment with Na-=x alloy/ben7ophenon

230
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TABLE XXIV -

Drying Agents Used for Solvents

Sclvent Drying Agent
Toluene Sodium metal
Pentane Calcium hydride

Diethylether
" Benzene
Hexane

Tetfahydrofuran

Dichloromethane

Calcium hydride
Potassium metal
Potéésium metal

Sodium-potassium alloy
benzophenone

Phosphorus pentoxide

oy
\
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Dcutcrated solvents were treaéod 51mllarly and- were

vacuum- dlctlllcd onto drlod molecular. olevcsland stored
under nltloggn

A silicon lubricant, Dow Corhing High Vacuum Greasc,

was uscd on all ground glass joints.

Phxslcal Measurcmontc

Infrarcd spectra were rccordgd in the region 4000--
1250 em” ! with a Pcrkin-Elmér 467 grating speétromete; or
‘in the 2100~1700 Cm_l regioh on‘'a Perkin-Elmer 337 gfat~
ing spectrométer. In the-laﬁter case Ehe spectra were .
recQ;ded in eXéanded form ofi a Hewlett-Packard 7127a
recorder. All:spectra were meashred'us HO.S or 1.0 mm
NaCl and KBr cells. and calibrated using a polyétyrene
film (PE 467)‘Or gﬁ;eous carbonvmonoxide_(PE 337).‘ The:
‘infrafed cells weré‘equipped with serum stoppers, they
were evacuated and'then filled with hitrogeh before use.
The frequencies Quotéd afe believéd to be accurate to
‘within 2(PE 467) and 0.5 cm_l\(PE 337), respectively. ) -

Proton magnetic resonance spectra were obtained -;
on the following spectrometers:_ Varian HA-100 (32°C),
Varian'HA—lOO Bigilabz(32°c)“and Perkin-Elmer R-32 (35°C).
Variakle temperature specgra were recorded on the Varlan
" HA-100 or the Varian HA-100 Digilab Spoctrometers, using,
sealed or serum-capped NMR tubes. Specially adapted NMR

sample tubes are comm_rCLally avullabl from Wilmad Glass
. )

Co., Inc. jcataloguc number 507-PP) and are supplied with
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‘ nge AN- accogﬁ?ny%ng serum cap. 5mm NMR;tubcs‘which had-
been attached to a 14/20 1nner glass joint by the
AGlassblow1ng.D1vr510n for this Department were-employed
in preparlngwsﬁﬁdcd NMR- samples. ‘Sealed NMR tubes for

N }‘rﬂ’ ) PR
hlgh—tempcrature spectra were tested at thCMapprgggyb

€ -
.

tcmperaturevrange beforeftheyﬁere sumltteA‘to the
leborqtery. For»both_the'high—temperature speetr; B
requiring tOluene—d8 as solvent énd-eﬂe lOw—temperaﬁu:el
spectra requiring, for example, a CHg~Cl/CD Cl solveht"
mixture, the sample was prepared on the vacuum llne and
the NMR tube sealed under high vacuum. bTemperature

callbratlon,Was achleved with a copper/Constantan thermo—

couple with one junction 1mmersed 1n 1ce water and the .
.J

other in the NMR probe below the sample tube. " The lH
T
" NMR chemical shlfts were measured relative to TMS or to
the 1nternal solvent resonance. The %ollow1ng conver-
209, . . - : .
s1ons‘were used: o ‘ :
Srms_ = ‘SCHDc‘lz - >-32 ppm
© Otus = Sc b cmp, ~ 2-0%ppm
.6 6 2 e
Srms = 6THP(H ) - 3.58 ppm ’ .
2. 5 . RS
- : - 7. . ol S o
Sous ‘SCHc13 ' 7-24 ppm _ P =
e 3 !5*
[T
2 ' g
Pc) . "_ﬁ_

M e
3 4
7 Lot

.



Carbon-13" NMR speetra were recorded on a

deuterium-

lock Bruker'HFX79O/Nicelet.1085 fT Or a Bruker WP-60 PT

.sngtrometer. The former operates at 22.628 MHz, the

ldttor at 15.086 MHz. For varlablo tompo ature work

‘

dcpendlng on the solvent anu the tomperaturo,

serum-capped

or sealed lO mm o. d tubes were employed, NMR sa?ples

13

were sealed.anvvacuo. In these cases the C NMR tubes

had been attached(to'a 14/20 inner glass joint which

allowed the convenient filling and sealing of

the NMR

tubes. Samples were tested at the approorlate tcmpera—

tures before being submlttod for high- temperature NMR

l

work. Temperature mcasulements and callbratlon were made

>I

/
w1th_g¢$?uker temﬁcrature contrﬁﬁ unit, Model

B—ST 100/700

and are believed to be aCCULdLL to *1°K. The 13C NMR
“ chemical shifts were measur: . r~lative to TMS or to the
ihternal solvent resonance. Iy the latter case ?he' /ﬁ
e p
following conversions were used:207’gq8 ‘/«
. S j
- & - , , |
Srms “cupcl, >3.63 ppm |
. . GTMS = 6THF(C 5 68.05 ppm
- , 2.5
8 = 4 - 70.4 ppm
TMS CeDgCD,
Forsén-Hoffmann expefihents were carried out as -
described in ngpter IT. CGoo’ reviews of the experimental.

U
o8,

procedures, the assumptionec wnvetveed, and the

. . , |
"error arc available.2)’31 terval of

sources of

at least

234 .
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STl between pulses was appliced. T, relaxation times were

. mb$suf¢d-by;tthuSuu1 (180—&%9O¥(samplo)45T ) pulse. sequence.

“1
Simula?ion’of the spectra was achicved by use of the
program,DNMR4ul47 ' The rates were detormined”by_visual
comparison of the obscrved and -calculated spectra. Activa-

éion:parametcrs werc'oxtracted by a'least—s;;are plOt of.
In(rate/T) versus 1/T. Usiﬁg;the Eyrihg equatio; bf

absolute réaction ratevthéory,AHf and Aéf-can:thus be
jextractédr 'A valug of l.b‘was aséumed fo;’the t?anémiséion

coefficient «. Temperatures, rates and activation parameters
are presented in tabular form in the appropfiate’sedtionédv
of this Chapter. Estimates of the error limits in the

. * ' ’ : : g
values of AG  are based on the root-mean-squarc errors

I §

~observed in the slope ( AH#/R) and.the intercept
(:23.7601 + AS?/R) of the straight line-obtained &)y the ~
above least-sqguare analysis: '

MaSs!spéctré were recdrde@ on an,Associated'Eiéctrical ,

Industries MS-12 mass spectroméﬁer}”usually operating at

70 eV. The samples weré introducéd into the ion source

using the direct inlet teéhniqde at a temperature.just

suffic ent to record the data. field ionization mass
ispectr‘ were recordéd on an AEI—MS—9>Sp¢Ctrometer. Tﬁe
:.natur . abundanccs’of thc isotopes of Ehe elements dis-
~cuss. 4 in the Chqptcfé 1T through VI, C, H, O, Fe,.ﬁif

Ge  Sn, Pby, Au, P, and W, are shown in Table ¥xv.>2%

5
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Melting points arce uncorrected and were determined
on a Thomas-Hoover apparatus on samplcs which were secaled
in a capillary. |
Analyses were performe by tho Microannlytical
quofatoryjof this\dcpartmont ©r at the Analytische

Laboratorien, Engelskirchen, West-Germany.

4

Reagents and Proparations, Cha pter I7.

Iron pentacarbonyl~was purchaéed from vVentron
Corporationenﬁlfiltc:ed before usec. Cycloheptatricne
(Aldrich), triphcnylgermanium bromide (Strem Chemicals),
triphcnylleadchloridc(%trcm Chcﬁicals), trimethylgerménium

bromide (Ventron Corporétion), trimcthy%chlorosilane

(Pierce), éhloromethyltrimethylsilano (PCR), tri(n-butyl)-

tin chloride (Alfa), and triphenyltin chlorjdé (Ventron
-Corporation) were uscd as received. _T:ipherylchlorosilane(

free of the hydroxide, was suppiied by Dr. J. Anglin.

Potassium hydridé,(Alfa) @as freed from the paraffin oil,
P .

in which it was received, by_wasﬁing with hexane. This

was repeated twice after which the residual hexane was

removed <n vacuo. |

Bis(tfiphcnylphosphiné)iminium chloride was prepared

according to the method.of Ruff and Schliontz,,/l6‘7 )

-

following an improvéd proc’edure.Q04 Florisil (60-100 7

o

mesh) was used as .received from Fischer Scientific,

alumina of activity II was prepared from "Alumina Catalyst"



(Harshaw Chemical)‘by treatment with ethyl acetare,
.methanol‘qnd water, followed by drying at 130°c. Carbon
monoxide, 90% enrichoed in l3CO, was pdrchased from Monsanto
Resecarch Corporarion. Potassium t—butogide was prepared
from t-butanol and potaseium, The compound was sublimed

and stored under nitrogen, and was resublimed just prior

to use.

Preparation of (C.Hn 1Fe (CO)

7—8 3=
This compound was prepared by the method of
Kruczynskizo5 as follows. Cycloheptatrienc (50 ml1, b.p.

115.5° C) and'irthentacarbunyl (50 ml, b. p . 102°C) were

dlssolved in 100 ml methylcyclohoxane (b.p. 100°C) ang

refluxed -with eff1c1ent st;rring, for 3 days. Aftcr
cooling to room temperature 1e solvent and excess
reactants were removed under vacuum. Cycloheptatriena-—

trlcarbonyllron was then distilled tw1ce (60—70°C,_.l m

)68 69,118 and stored under 7itrogen. vYield 60-65%.

Hg
Other éynthetic procedures ha. > been reported,68’69"106'118
but the above method, based o1 _he yields - obtalned in

these laboratorles or the simp.icity of the procedure,
seems superior. For comparlson and reference the lH NMR
sbectra of C7H8 206 and (C7H8)Fe(CO)3, the latter in

threc different solvents, are shehn‘in Figures XXXIX and

XXXX,'respectively.
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Figure XXXIX. lH NMR spectrum of cycloheptatriene (l).206r
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Preparation of potassium cyclohcptatrienyltricarbonyl

ferrate (-1). *

Extremely aig—seheitive-solutions of thie}compound
were preparcd by a meghogd similar to the preparation.of_
(Li[ (C. H7)TG(C6)]).105’112 A typicél precodure is as
follows: 3.60 g (15.52 mmol)-, (C H.)Fe(GO)3 diqsolved in
50 ml of THF was addcd dropW1se to a maqnetlcally stlrred
slurry of 1.71 g (15.27 mmol)t—BuOKin 50 ml Of THF the
'resultlng dark red solution was stlrred for 14 h ang o

subsequently used for further reactlons vThe formatlon

of the anion [(C7H7)Fe(CO)3]_ can be followed convenienthQ
. ' o
by infrared Spectroscopy. The absorption: band due to

(C_H )Fe(CO)

778 3

in inlensity whlle new intense bands at 1942 (vs) and

(2048(5), l974(s,br), in THF) rapidly decrease

1868 (vs, br) appear. Removal of all voiatile cemponents
under‘vacuum leaves [(C7H7)Fe(CO)3]—,K+ as.a red pyrophoric
solid material.. lH:NMR'spectra in'THF—a8 show the presence
of one molecule of THF per anion even after prolonged
evacuation at amblent temperature

The extreme air sensgtivity-ofvthis anion prevented
its characterlzatlon by elemental analysis. Howavcr,
the spectroscoplc moasurements conclu51vely brove its
foxmatlon and we belleve the absence of other peaks in
the IR and NMR spectra bcspeak for its purlty. ln sub—

SCHUCNt react 1ons it. e also assumed that anion 16 is.
Fa )

formed quantitatively with No other iron-containing

1
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r .
byproduct. Tho calculatlons of Lhc amounts of reagents

noedod to react w1Lh 16 are baséd on this assumption. o«

]

Deprotonation of (C7H8)FO(CO) by potassium hydride.

Upon the addition,of an equimolar amount of 2 to a

slurry of "pure" KH (.110 g, 2.7s mmol)} in SO'ml‘of THF a
red solution formod while dihydrogen ovolved - The
feactlon was followed by 1nfrarod spectroscopy and was
complete witHin minutes.  However, it was found that the
availablé KH was unreliablé as different samples from

new, freshly opened, bottles resulted in 1nductlon .
perlods of 0.2-4. O h, whlle the deprotonatlon of 2 was 'ﬁﬁ‘
1ncompletc w1th long induction times. Once opened, the
sample of KH would rapidly loose its deprotonating
functioﬁ and_no red coloration.woulaﬁgécur. Thus a si;ple

Preparation of 16 could not be relied upon and t-BuOK.

remained the most convenlent deprotonatlng agent.

Prepa%ation of (7—tripheﬁylgermylcyclohcptatfiené)tri—

carbonyliron.

-3

A solutlon of 16 (15 04 mmol) in 50 ml of THF was
’addcd dropW1Pn over a period of 4 h to a magnctlcally
stlrred solutlon of 5.77 g (15.04 mmol) Ph3GeBr. After ~
the addition was complcted, the resultigg yellow-brown
solution was allowed to stir for an additional 2 h‘

Solvent was r. mO\Ld under vacnum and exXtraction of the 9

r951&ue w1th 300 ml of hexanc or pentane gave a‘yellow

}
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solution. This solution was filtered and slowly concen-
trated until yellow crystals started to form. Further

cooling (4°C) afforded (7- PhBGtC7H7) (CO)3

No attempts were made to optimize the YlOld Recrystal-
! T
lization from hexane 'yielded an anallytically pure sample

which“decomposed aboVe'l30°C. \

Anal. Calcd. for C28 29 3GeFe: c, 62792; H,.4.12. Found:
C, 62.98; H, 4.18.

bl
N 3CO enrichment was observed  on heatlng (7- Ph3G0C7H7)

‘FejCO)3 in toluene at 100° and for 24 h under an atmos-
phere of’ labelled carbon“monox1de}
Various amounts ef bis(triphenylgenmyl)ether,

Ph3GeOGePh3; Were:obtelned in this reaction. : All attempts
to serarate Ph3ceo ePhé and 2lc chromatographically
(al\%lna of activity II, florisil) failed, only fractional
crystallization from hexane proved successful to obtain
pure product (as evidenced by a correct integration ratio
in the 1H NMR spectra (phenfl/ting = 15/7)>and the absenee

of Ph3GeOGePh3 in the mass speytra)

Preparation of (Mo3GeC7H7) (CO)3 and (Me3v1C7H7) e (CO)

These compounds were synthesized and purified

according to the procedure outlined above for (Ph3GeC7H7)—

3 No traces of Me381OSJMe3 or Mo3GeQGeMe3vcould

be'detectedl " The vyellow (M03C0C7H7)FG(CO)3 can also be

purificd by suﬁlimbtion THVAcd (lO__4 mm lg) at 60°C.

. Fe (CO)

(4.72 g, 599).

244,
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Various amounts of the dimeric product [(C7II7)FC(CO)3]2

werce also obtained in these prophr@tions and were separated
from the complexes Z} by chromatography on.alumina of
activity II. Yiclds were cémparab}c to those in thé
synthesis of %lf (45-55%) . ‘

Anal. Caled. for C M. O,GeFp: C, 44.78; H, 4.63. Found:

C, 44.96; H, 4.65.

Anal. Calcd. for C 0 SlPe C, 51.33; H, 5.30. Found:

l3 16 3
C, 5>1.61; H, 5.40.

{

Preparation’ of (n=1-3~ cyclohcpratrlcnyl)trlphcnylstdnny]—

trlcarbonyllron

A solutlon of (K[ (C

,,,,, 2H7)Fe(C0) 1) (12.93 mmol) in

50 ml of TIF was added dropwisec .over a period of 2.5 h

to a magnetically stirred soldtion of 4.84 g (12.57 mmol)

of (C6H5)3Sncl in 100 ml of THF. After the addition was
completed the reaction mixture was allowed to stir over-
night. Solvent was removed from the resulting dark red

solutionkunder vacuum ahd 100 ml of hexane was.added to

the residue. The red solution was filtered and concen-

trated to approximately 40 ml.‘ Crystallization at dry

ice-acetone temperature gave red crystals of (C7H7)Fe(CO)3—

(Sn(C H. )3) ir about 602 yleld. Recrystallization from
pentane at 4°C gave an analytically pure sample melting

at 122-123°C
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Anal. Calcd. for Cpglly0,8nFe: €, 57.93; 11, 3.79; 0, & 28.
Found: C,U57.96;’H, 3.84; 0O, 8.20. |

various amounts‘of.Ph3SnOSnPh3 were obtained in this
reaction, The desired compound could easily be freed

from this impurity by fractional crysralliz;tion. (C?H.)—
Fe(CO)BSnPh3 dccomposed upon chromatography on florisil
(hexane) or alumina (acrivityII; hexane or benzene) but

could be Chromatographed on a short silica gel coélumn

with benzence as eluent.

-

Preparation of (n-l—§—cycloheptatrienyl)triphcnyllead—

tricarbonyliron.

The reaction was carried out as described for complex

3
of THF and 3.20 g (6.75 Mmol) of triphenyllead chloride

22a by utilizing 7.41 mmol of [(C,H,)Fe(cO) 17K' in 40 ml

in 80 ml of fHF. fhe‘residue was extracted with 50 ml |
of‘toluege and the red solﬁﬁion was filtered. After

réducing tﬁe'volume to .20 ml under vacuum, 50 ml of

hexane were added and the,sélution was'firtered over Celite:~w
Cooling (-15°C) gave (C7H7)Fe'(CO)3Pbe3 as dark red

_crystals in about 40%.yield which ;ould-be recrystallized
from a toluene/hexane (1/2) solvent mixture.

Anal.'Ca-lcd. f&l c281i2203'PbFe: C, 50.22; H, 3.29; 0, 7.1%.

:

Found: C, 49.94; H, 3.35; 0O, 7.40. *
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TABLE XXVI

‘Activation Paramcters obtained from the lH NMR. spectra of

JFe (CO) SnPh3 for the 1,2-Fe (CO).SnPh. shift.

&§7 b 3 3 3
T,°C k,\sec—l ' ' Activation Paramecters
-105 1.0 8G g0 = 40.5 kJ mol !

-95 4.0 o j

: £ -1

-80 39.0  AH = 40.5 kJ mol

=75 83.0

-70 100.0 rs? = 0.20 0 T mo1" %

correlation coeff. -0.9979
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TABLE XXVII °
"Activation Parameters from the lH NMR spectra of (n3—C7H7)—

Fe(CO)BPbPh3 for the l,2—Fe(CO)3PbPh3 shift.

1

T, °C k, sec ' Activation Parameters
| _
+ € -1

-85 0.1 , -AG—7O = 45.8 kJ mol

-80 1.0 |

-70 810 Y aEt = 46,9 k3 mo1

~60 30,0 o .

-30 600.0  AsT = 5.5 5 77l o]

correlation:coeff; 90;9973‘
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‘zhe\reacéion(of [(C I )Fe(éo) ]— with (n—Bu)‘SnCl.

. The reactlon of 16 with trl(n butyl) tin chlorlde was
cerrled out at ambient tomperature 13.5 mmo 1 of 16 in

60 ml of THF was slowly added to a stirred uolutlon of
(nfBu)éshCl"(.4.0 ml; 3. 64rml is required as a stoic’ '5—
metric amount) in 60 ml of THF. The proccedure follow: ﬁ"
and the work up of the reactlon mixture was 51m11ar to

—

that described for the reuctlon of 16 w1th Ph SnCL’ A

3
red oil resulted A yeIlow -Orange o0il could be dlStllled
from the 01ly residue (0 025 mm Hg,.T < 60 C) and was
'1dent1fled as a mlxture of (C7H8)Pe(CO)3 and (n—Bu)3SnCl -
by 1ts Anfrared~ and nmr spectra The solutlon 1nfrared
spectra of the resultlng red 011 in hexane showed several
‘calbonyl stre%thlng frequenc1es at 20585, 2050;'2038, 1990,
1983, 1978 1969 and 1947. The vco'bands at 2055> 1990,
and 1978 are a551gned to (C H8)I‘e(CO)3 while the remaln—b

llng 5 frequencies are assigned to the lsomers 2l and 22

with R3M = (n- Bu) An approx1mately»l:l mixture of

[r]4—(n——Bu)3SnC JIFe (c0)3, 2le, and (n 3—c7:H7)”Fé(c0)

Sn(n Bu) ’ 22C, is ev1dent on. the basis of the 1ntens1t1es
‘of the infrared absorptlons Both the p051tlons and the

intensities of the Veo frequenc1es are vory 51m11ar to

those of the Ltlortcd mizx tUIL of [n4—be3 nC P7] 3(C0)3;

5
41a
21f, and (C_11. )Fe (CO) ,SnMe ; 22d.

3 =<

The lH NMR spectra of thiu ojl have been discussed -

in Chapter II. At § 5.20 a sharp resonance is obscrved



~for the ring protonsrin 22c;'wh3ch broadens at- lower
,tempcraturcs.» The s:gnal has coalcsced at ca. -50°C while

new resonances are v151ble.below -80°cC. Unfortunately

these new peaks are partially obscured: by the resonances

dué to the ring-substituted isomer ((n—Bu)3SnC7H7) (CO)

' The presence of the n-butyl substituents on the #in atom
further complicates-the low temperature lH"\JMR spectra.
- These results are analogous to those obtalncd from the

reactlon of 16 w1th MeBSnCl 152

-

fiThe reaction'of [(c i)Fe(CO)3]_ with Me3SnCl

The reactlon of anion l6 w1th trlmethylchlorotln was

repcated after earllcr attempts tolpreparc (Me SnC_H,) -

3 777
Fe(CO) had only resulted in a mixture- of 2lf and 22d 4la 152

‘The reactlon mas carried out at amblent temperature in
BN ) '
THF employing 21.7 mmol of 16. “Work- -up proccdures were

as described for theé reactlon of l6 with (n—Bu)anCl A
red'oil resulted andinfrared spectra indicated the presence

\

.of the two 1somers Zlf and 22d Attempted column chroma-
tographlc separations at amblent temperature led only to-

cdecomp081tlon andﬁrecovcry of (C-H )Fe(CO)

7 3°

7

silane. . s

-3

The.intcraction of [(C )Fe(CQ)‘]—Vwith chlorotriphenyl-
= I ; )

P

417 7in 20 ml of THF was added

dropwisc to chilorotriphenylsilanc (L.55 g, 5.23 mmol) in

4.74vmmol'[(C7H7)Fe(CO)

20 ml of THF at ambient temperature. No decolouration was

-
b



observed and infrared spoctra showed Lhe contlnucd prescnce
“of [(C H7)FL(CO)

7 3]v'

The interaction of [(C,H,)Fe(CO) 1" with Me SiCH,C1.

7 3 . 3= 2
"‘14.28 mmol of [(C7H7) (c0)3%" in 60 ml of THF was
i~s;ley added over-a period of 3 h. to a’magnetically
stiryed soLutiou‘QfﬂMe3SiCH2Cl (2.1 ml, L.85 g, 207Q;mmpl)d,
in 60 ml of THE . No'decolouration of the red'aniOn'
"solution was.ebServedé After stirring the solutlon for

24 hrs at amblent temperatule 1nfrared spcctra 1nd1cated

the presence of l6 only.

Reagents and Preparations, Chapter "III.

TriphenylphOSphihe (Aldrich) and chloroaQE}L acid
'(HAuCl4, Alfa) were.used as received. (CO)4( Q) Br was

»klndly supplled by Professor P Legzdlns of the

~.Un1ver81ty of Brltlsh Columbla and used as recelved

'-'Dlphenylchlorophosphlne was purchased from Alfa and used

without furthor purlflcatlon

PreperatiOn'of (triphenylphospﬁine)gdld chloride.

(C H5)3PAuC1 was prepared according to the procedure
of - Dav1son and Ellis as follows. 156b,*
2532 g (9.61 nmol) triphenylphosphinc in 50 ml of cthanol
(95%) is heated to ca. 50°C until all the phosphine has

°

o , ' _ ‘ b

N . .

Some (typihg) errors are apparent in the relevant experi-
mental section of reference 256b.
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~dissolved. The warm solution is then poured into a Stirfgé

yellow solution of 2.0 g (5.08 mmol) chlorocauric acid

‘ o
(HAuC14;3H2O) in 75 ml of ethanol. After 60-90 scc a
white precipitate is formed. The mixturc is stirred for

anadditional 2-3 h and thercafter the solution is fiitered,
the whitc powder ¢ollected, washed twice with 15 .ml of
ethanol and dried under vacuum. Yielgi\ 2.0 g‘(80%) of

Ph3PAuCl.

Anal. Calcd. for C PAuClr C, 43.70; H, 3.06. Found:

1815
C, 43.89; H, 3.08.

The reaction of Ph3PAuc1 with [(C,H.)Fe(CO), ] .
. ' . ) N

_ A solution of 16 (6.34 mmol) in 60 mY of THF was

slowly (é h) added to a magnetically stirred solution of
Ph3PAﬁClA(3 14 g, 6 35 mmol) in 60 ml of THF at ambient
temperature. The mixture was-stirred for 48 h during
which tlme small shlny ‘particles appeared (presumably
metalllc gold, vnde 1nfr ‘ln addition to a large amount f
' of.apfluffy browncprecipita4e. Various reacfion times

did pot change the course or'tﬂe yield of the reaction.

An 1nfrared spectrum of the o] obtalned THF solution '
éhcyfd Voo bands at 1986 (s), 1964 (1), l944(s), 1923 (m),
1901 (m), 1870 (s, br), and 1846 (sh) cm™l. The somlwhat
‘bfoad'absorptlon at 187O.cm_1vis believed‘fo be due to
l6 which- would also estanlsh the origin of the band at

1944 cm 1.  The dbSCnCL of "any db%OrleODS dttrlbutable .

to (C7H8)FC(LO)3‘15 to be noted. In,an attempt.to consume
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all 'he.anion the mixture was stirredtfor another 48 h
(no change in thc infrarecd Spectra was .observed at this
point) and the solvent then removed Undcr_reduced pressure:
© 60 ml of toluene was added to the remaining red oil and
the solution stlrred overnlqht'and filtered. A red oil
separated from thlS flltratc at 4°cC. Infrarcd spcctra
of the flltrate in toluenevshowed .the absence“of any
carbonyl stretchlng bands assignhable to 16 (absorptions
at 2047 (s)y 2034 (sh h), 2066(s), l973(s,br), 1924 (s), and
1900 (m) cm_l). Removal of #he supernatant and addition
of varying amounts of dichloromethane) toluene and/or
hekane with app;gprlate cooling and/or concentratlng of
the obtalned mlxtures falled to produce a crystalllne
or SOlld material. In many cases a tluffy brown pre01pi—
tate would.result while the walls of several three -neck -
flasks became coated with a thin layer of ‘metallic gold.
Many 81m11ar attempts to induce crystalllzatlon prcduced
identical results. One component of the brown precipitate
- could be" 1dentlf1ed by its 1nfrared— -and mass spectra
(Ph P) Fe(CO)

One*partlcular reactlon produced a tlny amount‘of a

4

red solid. whlch analyzed well for (C7H7)Fe(CO)3AuPPh3.
Anal. CalCd fOr CZ8 2203PFGAU, C, 4870; H, 3719;\?, 4m49;
au, 28.55. Found: C, 48:55% H, 3.32; P, 4.47; Au, '28.46.

AN lH NMR spcctrum in CD. C12 of a S1mllar but less pure =

'1sample showed a sharp resonance at 85, 16 ppm for the



) /' : N . . 2
hydroge%s of the seven membered ring. Interestingly,
.- / " : . 4

this signal did not broaden significantly between +30°
. A\l

and ~9Q°C. Howcever, at’lower'temperatures the resonance
broadened and collapsed into the baseline at ~—-130°C.

7 7 3] with [W(CO)2(NO)(THF)Br}2L
A THF solution (60 ml) containing W(CO) (NO)Br (1.36 g,

The reaction of [(C.H,)Fe (CO)

3.35 mmoi) was stlrred at amblent temperature for 14 h.
:The initially yellow solution turned orange and 1nfrered
spectra showed the absence of carbonyl stretchlng v1bra—
tions due to tpe starting’ materlalT The solvent Was
\removed in vano to give a yellow—orange solid,‘Jhich

was redissolved in Sd ml of CH Cl . To this- magnetlcally
stirred solution a second solutlon'of PPN [(C H )Fe(CO)

77 3
(2.78 mmol, 2.14 g) in 50 ml of CH2C12 was added dropw1se,

o

at ambient tempereture:' The reaction. could convenlently

'be followed by 1nfrared spectroscopy, after stlrrlng the

reactlon mlxture for 60 h no absorptlons attrlbutable to
l6 could be observed . The solvent'wasxremoved.zn‘vacuo.

j

The residue was then_treated as follows.

(a) 35 ml ofetoluene”was added to the red-brown

N
residue. The resultlng orange solutlon was filtered,
concentrated and crystallization waslattempted Because

”l_:

ino crystalllzatlon could be 1nduced the solvent was again -
removed in vacuo angd the 011y<orange re31due was. chroma—

'togrdphed over florlsll w1th dlLthyl ethcr as eluent d

<
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- Only one'orangc band could be cluted. . Removal of the
diethyl ether resulted in the formation of a‘red,oil and?
some red crystals. Repeated crystallization from hexane

produced a small amount of red solid. Infrared spectra

in hexane showed v at 2052(3), 1988 (s), 1977 (s), 1925 (s),

CoO
and 1901 (s). The lH NMR spectrpm (100 MHz) exhibited

resOnahcea at-62.96(m,~3H), 5;ll(d), 5.38(m), and 5.59 (t
'Oor dd) (together .4H). |
| (b) After the extraction of'the-original‘reaction

mixture'with toluene, as described under (a), 30 ml of
tetrahydrofuran“has added .to the re51due and the solutlon.
was filtered to remove a very'small amount. of undlssolved
materlal Coollng and/or the addition of hexane did not
yield any prttrpltate Removal of the solvents in vacuoi
resulted in a dark red 0il. Chromatography on florisil
(eldeht\\ ether/THF or dlchlordMGthane) caused exten51ve
"decompos1tlon and resulted only in the isolation of a small
amoqnt of (C )Pe(CO)B. Attempts to subllme components
of the reactlon mlxture under hlgh vacuum (10 4 mm Hg,
T g 50° ) onto a water ‘(or dry lce/acetone) -cooled probe;

were also unsuccessful.

L4 . :

The reaction of \[0C7§7')Fe(CO)3.]_j with Ph,PC1.
&

A "I“HF solution 1(60 ml) Of | (C7H7)Fe(CO) 17 (8.55

\ .

mmol) was added dropw1se to a magnotlcally stlrred solutlon

4

'of Ph PCl (1.36 g, 6. 17 mmol) in 50 nl ‘of THF over a period

25



3

of l.S‘h at 0°C. The red enion solution immediately
turncdwycllow upon contact with the ch¥orodiphenylphosphine
solutioh. The rosolting orange;yellow mixture was stir—p
red 0vernight, COncentratcd to a finallvolume of 70 ml

and filtercd; 140 ml of pentane was added to the filtrate
and upon cooling at -10°C a small amount'of yellow
precipltate‘formed; Two diffcrent.work~up procedures

are outlined_below.

(a) The yellow solid was filtered off and characterized -

by infrared and NMR spectroscopy,-mass spectrometry,.and
‘elementol ahalysis. o
Anal.ACalcd;:f ”?ﬂﬁzéble XK%}}I Found:: C, -60.35; H, 4.29,
Voo (Pentane, cfY). "26?17,( )%, 2028(m), 1986(s), 1974 (s)*
l964(m),_and l936(m). Frequencies designated with an
‘asterisk arc assigned to 23

| (b) Solvents were removed from the flltrate in vacuo
All attempts to crystalllze the resultlng organlc red
011 falled to produce a SOlld materlal Chromatography
over alumlna (eluentf benzene or dlchloromethane) resulted
'1n the 1solatldn of ooly one yellow fraction whlch.was
identified by its- 1nfrared spectrum. The.p051tlons‘and
relatlve ir en51t1es of the vco.absorptidns.observed were
‘ identical to those described for thc yellow powdcr in la)
~and no separatlon had thus been achleVQd A different"

i

fraction of thf remalnlng 01l(was placed in a subllmttlon
= .

"apparatus, the" materlal decomposed at T -+ 130°C (10_4vmm Hg,



TABLE XXVITI

Calculated analytical composition of some possible products

from the reaction of [KC7H )Fe (CO) ,]  with Ph2PCl.

~J
.

7 3
Compound E;emental Composition
. 8C - $H . 20
_" T
2 51.77 3.48 20.. 69
23 51.99 3.05  20.78
(PhZPF7H7)Fe(CO)3>. . 63.49 - 4.12 11.53
(PhZPC7H7)Fe(CO)2‘ 64.98 4.41 8.24
| (Ph2PC7H7)Fe(CO)4 62.19 '3.86 14.41
[(thPC7H7)Fe(CO)2]2‘ - 64.98- - 4.41 8.2?
o . o _
<




probe at —78°C) whilo only a small amount of 0il sublimed

onto the Probe. Infrared spectra showed the prescnce of ~

the same 6 \EO bends es above but for the vCO bands

assigncd to 53 which were more intense.
~

Reagents and Preparations, Chapter 1V .
T e s arions, Chapter Iv

The compounds (Ph (CO) » PPNC1l, and t—BuOK

3Gcc7u7)

were qynth051zed as outlined above. Triphenyltin c lorlde
(Ventron®Corporatlon) and trlmethylchlor081lane (Plerce)

- Were used as received. Deuterium chloride: (Merck Sharp

& Dohme, 99.9% stateq purity) was_bubbled through an
Et20 solution for 0.25 h. A lO ml aliquot of this solu-

tlon (usually . 60 ml) was taken and added to a beaker

1

contalnlng 10 ml of HZO The resulting solutlon was

then titrated with a NaOH. solutlon of known molarlty
Identlcal procedures were followed with hydrogen chloride

gas (Matheson) .
_The IH NMR sp_etrum of [(PhBGeC7H6)Fe(CO) 17 was

s1mulated by use of the program ITRCAL avallable frem

Nicolet Instrument Corporation (Madlson, Wlscon51n; 1974y .
4 o T T
]

Preparation of [(Ph GeC H )Fe(CO)3]

.Addltlon of 2lc (1.12 g, 2. 1 mmol) d'is'solv'ed in 45 ml

\ o@ totrah}oro,furan to a- slurry* of ,t=BuOK (. ‘23 g; 2. 2 mmol)

\
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from this solution <n vucno a red solid was obtained.
’Aftor removing dll volatiles the solid was redissolved

in 50 ml of THF, an equimo]arjamount (or an cxcess)

of PPNC1 was added to the red solution. After stlrrlnd

the mixture magnetically -for 72 h, the solution was

4

filtered and the solvent removed in vacuo.

b

Preparation of (tripnenylgermylcvcloheotatrienyl)(tri—

phenyltin)tricarbonyliron,(}3-Ph3GeC7H6) (CO)3SnPh3;

T°2.04 mmol (1.09 g) of 2lc was dissolved in 30 ml of .
! .
tetrahydrofuran. This solution was added dropwise to

~as-suspension of 0.23 g'(2.05 mmol) of t-BuOK in 35 ml
of THF. The red solution was stirred overnight at ambient
temperature; THF was then removed in vacuo and the red

3011d was drled After redlssolv1ng the solrd the

>

solutlon was added dropwrse to a stirred solutlon of
0.89 g (2.31 mmol) of triphenyltin chloride in 20 ml of
THF. The resulting mixture was allowed‘to react for

.. 36 hy the solvent was removed in vacuo (a reddish oil

was olbﬁlned at this stage) and the re31due was extractgd
4

with 40 ml of hexane. After concentrating'the solution

P

to approx1mately half the orlglnal volume and ooollng

~ to ~-10°C the red supernatant was trangferred by cannulae

into another three- neck flask, leav1ng behlnd most of the

.unreacted triphenyltin chloride. JSubsequent crystalliée—
' .

, //)/*tion.oi.thc supcrnatant at -10°C yielded less than 100,

mg of 38, characterized by lH NMR spectroscopy and mass
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spectrometry.  These spectroscopic techniques indicatcd
the presence of 22a as well. TFrom the'NMR‘spcctrum a

7:1 ratio of 38 to 22a could bc dcduccd Mass spectral
‘ \
data: dominant m/e values are observcd at 828 (9.2%,
. ! /‘ / - ‘

MT-2C0), 800 (66.7%, M*-3c0), 528 “100.¢ 0%, Ph 3GeC i FePh™)
[a] ' a +
451 (69.lb, Ph3GcC7H6Fc ), 395 (24. 20,-Ph GcC7 6 ),‘[the
Q‘most 1ntcnse m/e-peak in cach cluster is reported; 70 ev,

185°C]. M

]~ with trimethylchloro-

3

The reaction of [(Ph GeC_H,)Fe (CO)
silene. | .

A solution of 36 in 40 ml of tctrhydrofuran, pPrepared
from 65 g (1.22 mmol) 2lc and .172 g (1.54 mmol) t- BuOK
‘was added dropw1se to a magnetically stirred solutlon of
;htrlmethylchlor051lane (1.5 ml, 1.28 g) in 20 ml of tetra-
hydrofuran. The red solutlon of the dlSSolved anion /
1mmed1ately turned vyellow upon contact w1th .the Me381cl %%
solutlon A pale yellow cloudy solutlon resulted upon
completlon of the addition. The mlxture was stirred
overnight, the solvent and excess trlmethylchlo¥os\lane
fb.p. S7°C at. 760 mm Hé) were removed i vacuo and. gbuml
of hexane was added. ‘ Upon flltratlon, the solutlon das

concentrated to about half the orlglnal volume. Cooling

Ato -78° C produced a yellow oily €0lid identified as mostly

‘ L
2. - The supcrnatant was transferred to another three neck

flqs} and left to crystalllvc at —lO° . The llmltcd

/«
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“(Ph GeC.H D) Te (CO)

amount of crystalline matecrial so obtained was identified

as the dimorlc specics ;z. 1H (100) NMR (31°cC, CDCl3, ’
§ (ppin). downficld from internal TMS), 6.13 (H(5), 1H:

J, « 9 Hz, J_ 2 Hz), 4?54 (H(2,3), 2H), 273 (H(1),
4,.)‘ -)]7 . : '

1H), 2.54 (H(4), 1H), 2.28 (H( 7)., 1H). The rosohances

were assigned on the basis of SOlCCthC decoupllng

experiments. 13C (22.6) NMR (30 C,<benzene—d6, $ (ppm)-

downfield from TMS), 34.4 (C(7)), 56.5 and. 61.6 (C(l,4));

88.2 and 93.4 (C(2,3)), 211. 7. (co>, addltlonal resonances

were observed 1n the phenyl reglon at 129.0- 140 5 (C(5,6)

and C(phenyl)). : §

,Preparttlon of the 3- PhBGe and 6-Ph Ge 1somers of

726 3 ‘ . ) | ,. g
2.66 mmol of 36 in 30 ml of‘THF was carefully titrated

w1th 8 3mlofag. 321 M solution of DCl in ether, to whlch

a
“

15 ml of THF was added At the equ1valence p01nt the /

colour of the solution changed abruptly from red to. yellow

o The solutlon was stlrred for another hour, THF removed

n vacio and 50 ml of hexane was added: The hexane solu-

tion was heated on a hot water bath (4b¥SO°C), filtered

vig the cannulae- techn1que203 and left tofcrystallize at

. 3
+4°C. The crystallization.process was repeated until a

-
!

.complete separation of the 3— and 6-isomers: was achleved

«Three recrystalllzatlono were suff1c1ent The composition
of the crystalg is best checked by lH FT NMRl:VA NMR ‘/
& .
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.spectrum of the initial crudé solid showed the presencc‘
of both the 3- and 6-Ph,Ge isomers in a 2 to'1 retio.
(3—C7H6DGePh3)Fe(CO)3 is the'less scluble isomer. |

Anal. Calcd. for Cpgly103DGere: C, 62.75; H, 4.32.
Found:' c, 62.77- H, 4.23 (3- 1somer).

- The reactions of 36 with HC1 follow a pattcrn ldentlcal

to that just descrlbed._ NOuattempts were made to optimize
lythe vields, which'generally are only fair (~4Q-45%) due

to the recrystallizations involved. It is noted however
that very little (C 7 8) ‘(CO)3, which would resuit from

. , .
"the cleavage of the Ge ~C bond could be detected. - ;

‘Reagents and Preparaticns, Chapter V.

Trlfluoroacetlc ac1d dl, 99b stated purlty, was
€
purchased from Merck Sharp & Dohme and purged with nltrogen
before use. ' - o SN

Deuteration. Reactions °
k3

., All reactions of the trlphenylgermyl substltuted

cycloheptatrlenetrlcarbonyl1ron specres with DT . were

performed in an 1dent1cal fashlon and the procedure is

descrlbed here for the 3- Ph3Ge 1somer///?egassed TFA dl

( .25 ml) was syrlngcd into a- cooled (=30°C) NMR whlch

-‘was OQUJppCd with a serum stoppcr and contalned 30 75 mg

of 39a dlssolved in CD2C1 /TMS - degassed ~ .3 ml/ 05 ml)
,Tho solvents were then mlxed by athatlon and’ the spectra.

recorded at —25° C apprOX1mately 3 min after m1x1ng

»

262,
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Warming to.ambient temperaturce did not affect the spectra.

N

Reagents and Preparations, Chapter VI. ‘ -

Triphenylpbosphinc (Aidrich) and trimethylphosphite .
(Eastman) werc used-as . rcceived. . 3- penten 2-one’ and_
trans- 4 phenyl 3-buten-2-one were purchased from Aldrlch
and uscd w1thout further purlflcatlon Dehydrated tri-

methylamine oxlde was kindly supplied by Dr. A. Nakanishi.

TCNE (Aldrlch) was subllmcd just prlor to use. Carbon
' 13

monoxide, 90% enriched: in CO, was purchased from.Monsanto
Research Corporatinn.
Preparation of (benzylldeneacetone)trlcarbonyl1ron %

ll 36 g (78.0 mmol) of. benzylldeneacetone,and

26.48 g (73.0 mmol) Fe (CO)9 were heated in benzene (100
\ . |
ml) under nitrogen wi magnetlc stlrrlng for 6 h at !

460‘C. " The subsequent wgrk-up procedure is identical to

that descrlbed by Lewis and co- workers 201 At least tWo
chromatographlc separatlons on alumlna(II) w1th benzene
-as eluent are requlred im order to obtain a pure, red

9 SOlld material. The absence of 1mpur1t1es was ascertalned

-

by 1nfrarod and lH NMR spectra An. . 1mproved method has

recently been descrlbed for the synthesls of%(BDA Fe(CO)3'
| ?/vba the photochemlcal reaction of BDA with Pe(CO)5 198,199

i

e yleld in the lattor roactlon is ~60% while the yleld
1n tho thcrmal reactlon 1s 1ess than 30¢%. va were
grebSGrvcd at 2063(s), 2003(5), and 1980(s), the reported

N
. ..’. N t

. S . : _ \

PR



by its lH NMR . ‘spectrum.

! 2'6 4v'.
C ) 201 ) ”
valucs are, 2065, 2005, and 1983. The chemlcal shlft ,

values observed in the lH NMR spectra of (BDA)Fe(CO)

were identical .to those reported by Lew1520l and

Brookhart 198,199 . - S

Preparation of‘(3—pedten—2—one)Fe(CO)

3__

The procedure folloved is 81mllar to that outllned

by Brookhart . 198 6.0 g (72 mmol) of 3-penten-2-one and

21 g (106 mmol) of Fe(CO)5 in 80 ml of benzene were
pho@olyzed for 19 h.with & 450-W Hanov1a lamp//// ’
solution was filtered to removeusome'brown prec1p1tate

and concentrated. 50 ml of hexane were added, reShlting

ln the forﬁation'of more brown.preclpitate. The'filtra—

tion was repeated at.least'two‘times and removal of

hekane'in vacuo then yielded the reddish brown (3-penten-

2= one)Fe(CO)3 as an oily residue, which was characterized

£

198

-

" The reaction of (n —7FPh GoC H7)Fe(CO) with TCNE.

To a-solution of ?CNE (84.1 mg, .66 mmol) in 12 ml

of CH Cl2 was added a solutlon of 339 6 mg (.64 mmol)

o

of 21c, also 1n 12 ml of CH2C12 - After stlrrlng tho o

solullon magnetlcally for 1.5 h a greenish, cloudy solu—
E

tlon resulted Thls eolutlon wus. fllttred and crystal— ~

llzatlon at low tomperature was attempted but failed. : - &

>

3Remova1 of‘the solvent and the addlt;pn of 30 ml of

hcyano rosulttd in a yellow solutlon from whlch only the IR
- 1

[}



Co ‘ . 265,

starting materials could be recovered.

wr

. The reaction.of (r4-7 Ph3GcC7H )Fe(CO)3_with triﬁetbfl—_

-amine oxide.-

The procedure folloyed‘here‘Was first.deyeloped by

Dr. A.‘Nakanishi and Prof. d. Hooz of this d&partment.
v-0.79 1.31 mmol)vof 2lc and l 54 g'anhydlousMe3NO (715
equiyalents) wcre placed.uua thrco neck flask coulppcdwdlth
‘a reflux condenser and nltrogen inlet. 50 ml of THF was
'added to the reactants and the mlxture was stlrled mag-
vnetlcally for 2.5 h at ambient temperature. A yellow—
brown pre01p1tate formed The mlxture was then refluxed
under nltrogen for 12hat 53- 55°C. After coollngtjuasolutlon'to’
vamblcnt temperature, an infrared ' spectrum showed the
absence of any carbonyl stretchrng frequenc1es and there—;?'
w1th 1ndrcates the completeness o& the reaction. The
-solvent was removed 1n vacuo, hexane (90 ml) was added ”“‘)f
‘and the pale yellow solutlon flltered and - concentrated

Coollng at 4° C produced pale vellow crystals (. 2g, 48%'

yleld) Wthh were 1dent1f1ed b;)NMR spectro copy and

v

"mass spectrometry as b1 (trlphenylgermyl)e h?r,_Ph3GTbGePH i

. 237
| , oy ) ! |
" The reactidn of (n4~7—Ph3GcC7§7)Fc(CO)3 wétnmtriphenyl;l,

; 5 - =
S -7 o J B *

phoSphine;

"-“, ' o ' .
(n 4-7 Ph GeCyll,)Fe(CO) " (419 g, 0.78 mmol) and

-’
‘Ph P’(.JOO S l 91 mmdl)’wcrc”dissolvcd in 40 ml of toluen.
and the reactign was monltorcd by 1nfrared spectroscopy o

[
I

»~

v_'
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No reactlon occurred ‘at amblont tompcxature (48 h) or at
- 73°C (for 48 h dlSO) After reflux1ng the mixture for/

6 days at 114° C the starﬁinq iron cémplex was still the
,
domlnant species in solutlon An 1ntonso absorption band

at 1885 1nd1catcs the progonce of (Ph3P)2Fo(CO)3.197 A
51nglo audltlonal unassigned band ig observed at 1919.

~

77
3
(. C7H7)FC(CO) SnPh.

The rcaction. of (r3—C 11 )FO(C053SnPh3-with Fe(ggls_

3
(. 193 mol) of iron pentacarbonyl in 110 ml of diethyl

(1.46 mmol, 0.847 g) and 26 ml

ether were irradiated for 7 h with a 450 -W Hanovia hlgh
pressurc mercury vapor lamp in an 1rrad1atlon vcssel
equlpped with a water- jacketed quartz 1mmcr51on Well

&he mixture was flltere from Fez(CO)9 and concentrated.
After removal of all Volatlle components n vacﬁo, a

" reddish black solid remained. Addlthn of 50 ml of toibene

resulted in a dark red solution (v 2087.0(w), 2071.5(s),

co’
2045\8(vs),_2011.5(§), 1990.0(m), and l978.0(m)'cm—1)
from which a. regd oil separated at -78°C. This oil Qés
chromatographed on silica gel w1th benzene as eluent. The
. SO, obtalncd reddish solution exhibited Veo bands character-
istic of~(C7H8)Fe(CO)3. No othg; products could be isolated

‘or identified. Attempts to crystallize the above red oil

were unsuccessful.



. R’ '
" The rcaction of (n3—,7 7)I‘e(CO) SnPh W%th'(BDA)FO(CO)

was removed in vacuo, leaving a red oil. Trituration of

of a red solid (~.2 g) which was shown by 1nfrared H.

267.

L

3

3~ 3

To a solution of 7]0 mg (1.22 mmol) of (r3—C7H7)

Fe(CO)BSnPh3 in® 50 ml of benzene was added a solution of
r . - ?‘r“ !
1.40 mmol of (BDA)FC(CO)3 in 30 ml of benzene. The pro—

gress of the reaction was fo]lowod by 1nfrared gpectro—

-

scopy It was found to bc nccossary to reflux the

solution for 90 h between 58°-64° c for the complete disap-

pearancc'of absorption bands due to 22a to occur. Absorptioh'

bands due to the starting materlals slowly. dlsappearcd

* and new Veo bands bocome apparent.‘ After 90 h the solvent

-~

this 0il with 100 ml of hexane resulted in the‘formatiom

1

and 13C NMR spectroscopy ‘and mass spectrometry to be a '

mixture of compounrrds. The solid was redissolved in 50

ml of toluene gnd to this solution was added 15 ml of

pentane. Only a small amount ogxa brownish powder resulted

and no crystalline sample couid be obteined. Spectral

characterization of the powder, showed it to be identicel
. :

in nature td the parent red solid above.

Anal. Calcd. for C31H22O6F025n: C, 51.67; H, 3.06.

Anal. Calcd. foer3OH22OSEOZSn: C, 52.02; H, 3.18.

Found; C, 51.93 a®@¢52.23; H, 3.24_aod 3.27.

All attempts to recrystallize thesc solids drd not lcad

to the scparation of the components shown to be present

in the mixture.
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[

.The reaction off(n3;cwg7)Fc(CO) SnPh3_yith (3-penten-2- -

3 .

> g

A solution of 2.36 mmol (0.53 g) of_thé"tricarbonyliron
transfer reagent in 50 ml of ben%enc was ﬁddcd<to a solution

of 1.27 g /(2219 mmol) of 22a in 10 ml of benzene. Again

-

the process of the rcaction was fol]owcd by infrared
'spectroscopy A;tcr 21 h at 70° the- vCO bdnds due to the
transfer rcagent had dlsappearod The:solution was

flltercd and the bcnzone rdmovcd lh vacuo, leav1ng a red

4

‘oil. Addltlon of 100 ml of hewano produccd a red solu—-

- A
cARe

tion and a yellow solid (~.150 g) 7' An 1nfrarod spectrum
of the red supornatant showed the presence of mainly the

starting material (n —C7H7) (CO) SnPh3. T e yellow

powder was characterized by 1H NMR spectroscopy, 'in C82

and the presence of two or.threce different species was

deduced;' The pcwder was recrystallized from CHéCl2 and

analytlcally pure crystals (.0.75 mg) of (n° —C 1 )Fc(CO)3

v

SnPh3 were obtained.

Anal. Calecd. for cC

27 220 FeSn: ¢, 58.64; H, 4f01' Found:

C, 58.48; H, 3.85.

The reaction of'(C7E7)Fe(CO)3SnPh3 with 13co.
A 13CO enriched sample of (C7H7)FO(CO)3SnPh3 was

- prepared by dissolving 150 mg of the compound in 25 ml of
hexane and 1rrad1at1ng the magnetlcally stirred solutlon

for 6 h under 1 atmosphore of ldbLllCd carbon monoxide.
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. The extent of therenrichment-Y a.-20%) was dete¥ bd by
_ : o Y
mass spectrometry, J4 mg of materlal were reCOVGer
The reaction of (n3 C7 7)Fe( )‘ShPh with terethylphosphlte

.-
To a'solution of 561 mg (. 97 mmol) of gzgvin_30 ml-

‘of benzene was added 164 mg (1. 32 mmo% of. P(OMe)é. vThe

fresultlng SOlUthﬂ was photolyzed for 48 h At th1§
,p01nt no further changes in the 1nfrared spoctra were .
'observed although VCO bands due to the startlng compleh‘

.were stlll present. Removal of the benzene zn vacuo,,

|

addjtion of hexané)and coollng at —78°C ylelded an 01ly

SOlld Subllmatlon at 50°C onto a water- cooled probe';~‘

3gave %usmall amount of Fe(CO)3(P(OMe)3)2, identified by

-1ts infrared spectrum. 137 , s

\ : . 4 ) ) ' o . ®
- . . .
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