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been examined

© ABSTRACT - .
,‘“',_ '_ A Lo . _‘\

3

The structures of f1ve square planar, cat10n10 carbene

complexes of Pt(II) have been def\rmlﬂed from 81ng1e crystal

T
X—ray dlffractlon studies The followlng comp0unds have‘

-

Trans—methyl(methyl N N—dimethylamlnocarbehe)bis-'
(dimethylphenylphosphlne)platinum(II) hexafluorophosphate,
[Pt{CHgC“‘N(CHs)z]CH;{P(CH3)2C5H5}2]‘PF5 - Full matrix
least -squares reflnement on’ Fﬁ of 162 var1ab1es u51ng 1865

51gn1flcant (I>30(I)) 1ntens1ty data obtained by dlffracto—

-

{

_ metric techn1ques gave agreement factors R, = Oﬂ041 and

R, =.0.062. The‘pladar,carbeqe ligandllieslperpendicular

te’the squafe plane of the metal, and the Pt—@(spz) distance

. .- ‘o [+] ‘
is 2.079(13) A. The C(sp?)-N bond is 1.266(15) A long.
. t : I . . : .

. . L e -
A Pt—C(methyl)-bond length of 2. 147(11) A is observed.
o Trans—methyl(z oxacyclopentilldqae)bls(dlmethyl—

%;§5§lphosph1ne)platinum(II) hexafluorophosphate

[pt(CH2C==OCH2CH2 )CH {P(CHg)zCGHs}JPFs Least squares

refinement of 160 variables based-on 1763 data converged

.

+

at R, = 0.044,and R, =‘~O.‘048. The carbene ligand is

present in the“fbrm of 'a fiveemembered‘ring with C(sp2)~Q s

of 1.26(2) A. 'The Pt«C(sp y dlstanCe is 2.00{2) A and

)

the C(methyl) atom lies 2. 08(2) A from.
T Trans chloro(3~hydroxypropy1-N N-dlmethylamino-

carbene)bls(d1methy1pheny1phosph1ne)platlnum(I() hexafluoro-

5
phosphate, [Pt{HO)(CHz );C‘-‘-‘;N(CH;):lCl{P(CH; )2CeHs }2 ]PF;, .
. £ % ‘ : .
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.72;59 to the square blane and the lsocyan_de llgand is -

Reflnemenn.of 187 varrables.uelng 3421 6bservatione gave

~:-.'

nl.= 0. 047 and.Rz‘ 0. 054 The Pt C(sp R} bond 1engfh is

1, 978(12) A and the C(sp )—N distance 1s-1 293(16) A ’

-

TheMPt c1 bOnd is’ 2 356(4) £ leng : ,  {‘f“"xif.;efjfi~w

Trans-p~tolYlisocyanlde(methyi-N N—dimethylaminocafbene)» L

bis(d1methy1phenyaphoeph1ne)platinum(II) hexafluorophosphate,

[Pt{CH3C‘-'=’-’N(CH3)2}(Ci'%N*—p-CsHuCHzl){p(CHB)zcsﬂs} ](PF6)2.~

185 varlables were refined employlng 4025 observ&tions : ‘ 

.

converglng at R1 wAO 042 -and Rz = 0: 048 The carbene llgand

et

1s dlsordered.suCh that ~two". ;ggsible orlentatlons occur

/ ‘

rone related to the other by approximate 180° rétatlon -ﬁ" 4

about the Pt C(sp ). bond A dlsorder model was successfully

‘ )

reflned 1n the formfof two rlgid groups superlmposed 6n one

another so that the méthyf C axoms occupy the same electron

13

den81ty peaks

yarameter gaVe a value of 0. 68(2) Ahe mean Pt C(sp )

bond length is 2. 08(1) A andathe thC(l Qcyanlde) bond 1s

1. 958(13) A long ' The carﬁene llgand Iigs’ at ‘an angle of

w0 f
\‘. . \‘

approx1mate1y llnear. X S N O ‘H° ' ‘

. \ '
. H :
- 8 N A . "“ ‘ . 4

¢

Trans—methyl-N N—dimethylaminocarbene(dimeth}lamino— o
l"'}<
p talylamlnocarbene)bis(dlmethyiphenylphosphlne)platinum(IIS
hexafluorophosphate [Pt{CH, C=¢N(CH;)2}{C(N(CH,)2)NH4p~ Iy

Csnucﬂg}{P(CH3)2C5H5}2](PFG)2 Refinement of 216 varlablés'

Q 064. ?ﬁ
.The. methyle N—Q&Tethylamlnocarbene llgand is disordered

based on 5336 observatlons gave R1 =0, 054 and Rz

as above.; The flnal ‘value for the multlplic1ty parameter'
\oe -,. '

. 4 .
v R -5

Pa e

Reflnemen; of a d1sorder muht1p1101ty . ?‘ ?./;J

"

v



. . LT . f\
- is 0@85(1,8) | The mean P‘t C(sp ) dlstance is 2 09(4) A

'j whlle the Pt C(sp ) bond length to the ordered carbene

o+ - v

,rtligand 1s 2 058(10) A. The C(sp )«N dlstances are 1. 337(11) A
gand 1. 306(12) A to the N atoms of the p-~- tolylamlno and
'dlmethylamlno substltuents respectively

| Dlsorder of tue PFe anlons was observed in all but

‘one of the structures )

”}s The structural results are dlscussed in terms of

'bondlng-about the'C(sp ) atom, Thenmtal—llgand bond lengths

. are examined for the effects of trans’' 1nf1uence :The

relatlve orientatlons of the. phosphlne llgands are compared

and a method for calculatmng phOSphlne cone angles from :

' :X-ray crystalLographic deta is yroposed ‘The, cone angles

B are deflned as a functlon of rotatlon qf tpe phosphlne

llgand about the M-P bond . - J',' " Lo

©

'_ ?4:‘ Some new complexes of the type trans [PtLXIP(CHa)zCG*

§s51,1° (PF5~)n have been prepared where Lis a secondary

. ; ,

“cerpene, tertlary carbene or formlmldayl llgand X 1s Cl ;
3isocyandde 'or terti;ry carbene and n =1 orwz Infrared,

’ ‘H NMR fanalytleal and phy51cal data for these complexes
‘Aare presented and d1scussed X- =ray structural determlnatlons

. i ! . A
pazeeﬂgEn performed on two of the didationle compounds

9‘ i . A A [ S
. N N .
. . C. P b

.ﬁ ! . '
wE L
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CHAPTER 1

INTRODUCTION ‘ h‘i
" i L

Coordlnation compounds of tran81tio;7petaT§ play-

1mportant catalytlc roles in homogenepﬁs .heterogeneous and

enzymatic processes.. The ability oT transition metals to
- ’_ 3 N

L

© provide vacant coordination sites, to activate molecules so

that they undergo reactions not normally observed for the’
uncoordinated compounds, and to stablllze entities whlch'
do not usually existein‘a.'free‘ s;ate, is to0 a large extent
}equnsible for this éa@al&tic activity - (1, 2). Moleculeé

such as H,,'0,; N2, Co, olefins and dcetylenes are .activated’

on coordination to metal complexes, whereas species such as

carbenes.and carbynes are Stabilized. It is, therefore, not

surprising that a great deal of reseéréh in organometallic

4 -

chemistry during the past several decades has been devoted

£

"to'the'preparation and study of transition metal compounds

of smail molecules and of complexes where reactive organio

J ‘ .

'Jntermediates-have been trapped by coordlnatlon to a metal

[
- e

atom (3) S o ’ .

For the past twelve years,. one area of organometalllc

chemistry has generated much enthus1asm and has seen a

.

remarkable growth na@e. The prepdration pf—tran51tion metal
carbene complexes Waslfirst reported in-1964 .(4). These

compounds were prepared by the reaction sequence shown.
’ ” . : .

L]
-

)

,'alkjl and aryl groups,'cyclobutadienes: eyclopentadienyls,

3 g CEENEERS .
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' ; ) L 4 MeJNCcI ; o
‘ W(CO)s + LiPh -Et205 (pg),weopnLi* MeNCL,

i
. ; .
{
!

.ot ; | . ~ JPH - - OMe
[Me,NJ*[(cOy WeoPh]™ Hs (coy w-C -~ CHaNz, (co),W-c

<
)

.Ph \Ph

.

S ' o " not. isolated ”" I
To date ning‘re‘,’vééwarticles on ”t;'a.nsliticl)n( metal g:é,_rbene .
. complexes have a;é)pea're'd i‘n-printj’ (5-13). 'In‘ ‘t;us‘ the§i‘s'
aAI:e‘ describé'd ,s_sorli:e studies on ‘sq‘uére“ planar c'a.tt‘ioni,c. ‘ ,:l.
- carbene .complexesjf of _di,valei_l‘l; platir'xu"rr'ﬁ." St : .
R L PO L

«
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i.l The Carbene~Ligand .

Organic carbeﬁes such as CH» are—highlyure;ctive’
species which usually ﬂéve short lifetimes. They undergo N
a variety of reactions including add;tions to aromatic

-systems, olefins, acetylenes, nitriles and insertions .into

C-H bonds (14).
) In transition metal complexes,.the divalent carbon.

species afe trapped as 1igands,(Fig: 1.1). These compoundé

. have approkimately sp? hyhridization at thé C atom and neither

C-X nor C-Y is a formal multiple ngd. Stahilization of
the electron deficient C(spz)‘atom can coﬁe from X, Y 6r
M, depending on the nature of éach in a given cq@ﬁouﬁd.
Coofdinated.carbépq ligands can conveniently be ‘divided .

into three majbr plassesf:-Me%hylené is by definition the

“only primary carbené;'ga{; X and Y are hydrogen atoms

(Fig. 1.1). 1f only oné of X or Y is a hydfogen atom, then
a seécondary-carbene is present, Wheréas_if’neither X ‘nor

'Y are hydrogen, then the carbene is tertia}y. X and/or’

*

' @
Y can be_H, alkyl, aryl, oxy-, amino-, thiq~/ or seleno-

substituenfs, but the majority.of complexes have the
€ . ' ‘
nucleophilic oxy-, amino-, or thio-groups.

Examples of all three ‘classes of carbene complexes

are known. Only fecently has a cofnplex containing a primary
. - A -

carbene ligand been prepared (15). The X-ray crystallo-
graphic structure determination of this compound,-

Ta(CH, )MeCp,, has, been completed (16). Secdhdary carbene

complexes can be divided into two groups-éé and Z2b.
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: Figure 1.1, B -
,‘Types of Ca}bgne Ligands“
a H .
/ !
M———C_ ) E
. \H
1°, Primary .
' v A
. " ' |
~ - €
~ X X ]
/‘ . / ’
M C M C
. 2a . 2b '
2°, .Secondary - 2
X . S ox- " . _R .o k
M C M c’ .. -+ .+« M——m0~c y i
y »
. \Y ' \R ' \R o 1
3a ! o 3b 3c ° v
] , i
3°,. Tertiary . 4
. . |
' * _ _;
X&JY = 0Xy-, amino-, thio-, seleno--
) , ] . T . ;
R = alkyl, aryl 1
- ) “\ i B}
- . i
. ~
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(Fig.llii); where 2a contains a nuoleophilic substituént.
X or Y, and 2b has an alkyl or aryl substituent, R.
Complexes containing ligands 2a are'quite common‘(17—20) -
and egructural.sfudies have been reported (?O, 21). A
complex of group 2b hag been:iSolaoed (2&). Tertiary
cafbene 1igands.can be classified in a similér manner into
three groups. Ligandgvof”gfoup 3a have strongly nucleo-
philic'subetituen}s X and Y, and'for those of 3b, ooe of
X or Y has been replaced by analkyl or aryl entity.f These
two g;oups encompass.approximately 80%‘of all carbene'
complexes, and they are the most thoroughly studied
(8-10). fhe first carbene complexes reported by Fischer -
afe in category 3b (5-7). Finally, if both X ano'Y are
alkyl or afyl eubstitﬁents, the carbene ligands belong to
group 3c.” Some complexes of this classification .are
nknown (23-29) and crystallograppic structural ta are
available for several oompounds (29—33). C plexes contain-‘
ing v1ny11dene llgands are 1ncluded in group 3¢ (25- 29 32).
Carbene complexes of a large number of the tnan51tlon

-

metals have ‘been isolated (8). All compounds are-either

- s

cationic or neutral; no aniozZ:acarbene complexes have yet
. \ .

been prepared. The'carbene 1’ pands are generally uniderntate,

but complexes containing bidentate carbene ligands have

v 4 - o

.

been isolated. ‘X-ray erystallographic studies have been
performed on several of ‘these (33- 37) The crystal

strycture of a complex containing a trldentate carbene.

. ligand and. several Qf compounds where the carbene is a
- ! -

P
- g
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‘bridging group between two metal atoms ha§e been reperted

as weli (29, 30, 39, 40). Complexes containing up to four’
'.‘ Carbeﬂe 1iéanas have been isolated (4i, 42) and\the X-ray
crystdl'szfucture of onevsuch compound has been .

completed (42). c ’ o _ .

-

-
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1.2 Bonding Trends in Transitioh~Meta1 Carbene Complexes
The sp2 hybridized C(carbene) atom of the coordinated

ligand is electron deficieﬂt.g@The electronic structure is:
" - p_ orbital N . -
‘ . v&cant ‘
‘ ) ‘ . o«

M oe— [

0 ' . >

M, C, X, and Y are all co- planar Stabilization of C~

(carbene) can come from fllled p orbltalsoon X and Y in

-

the form of pm-pm 1nteract10ns, or from filded metal:dr“
orbitals through dn-pﬁ bonding. In all cases eleetron
donation is directed towards the vacant P, orbital of the

carbéne C atom. '

E 4 o

The determlnatlon of the extent of ‘stabilization of

C(carbene) ﬁrom the metal atom and from the electron rich
| o

substltuentsﬂhas beén the impetus for the accumulatlon

of a large amount of spectroscoplc and structural data. , '( proties

E ’

| The neutral tertiary carbene complexes of Cr, MO, and W , ¢

have’ been stud;edomostAextens1ve1y, and a brief discussion

?

- f
!
{
P
i
R
z
4
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‘the experimental techniques employed: ,(Infrared.(43) and

metal—C(cérbene) T bonding occurs. !3C NMR chemlcal shift

“‘order amino > thio > seleno, > oxy (7). 1In general,

of metal 11gand anm- pn bondlng 1s dependent on the nucleo-

°?

1

of some of the results obtained serves as a good ifntroduction
E ' \

both to bonding trends in carbene systems and toz§QQe of

X-ray pﬁéto—electfon spectra (44) of entacarbonyl

(alkoxycarbene)Cr(0). omplexes show/that conslderable

data (45) as well as MO'.calculations (46) on these same

alkoxycarbene systems show the strongly electrophlllc
-

nature of C(carbene). A series of X—ray crystal structures

] -4 - FONp R

haé been performed on carbonyl garbene Cr(0) complexes

4

(31, 47-54). All structures show considerable double bond

¢ _ g )
character between C(carbene) and the nucelophiljc substituents. /

The bond order has been estimated to be approximately .1.7i o e

- .
.

(100.\\The Cr—é(cé}bene) bond lengths show a 13rge range . -
(2.00 to 2.16 3); fhe longest distances correspond to
complexeé with aminocarbene ligands, whereas shorter .
distances are observed for oxy— andfthlocarbene cdmpoq@ds
D1pole moment experlments and 1n£ra&ed spectral data on

carbonyl carbene camplexes of Cr(0) show that the C(carbene)
atomwis stablllzed by ﬁucleophlllc substituents in the ‘ B .

~

spectroscoplc and structural data 1nd1cate that the amount .

o WA . E

o ' C .
philfcity of the substltuents X and Y, and that carbenes

are better o] donors and poorer ™ acceptors than the CO ligand .

(5~ 10)

o
¢ PR}

" The research on.zerovalent Cr, W, and Mo carbene

a




systems is the subject ‘of three reviéw articles (5-7).

Structure, bonding.and reactivity of transition metal

PR « .

carbene‘complekes has been reviewed by Cotton and, Lukehart
(10) and by Lappert and co-workers (8, 9). , -

In view of the discussions on the<mode‘of‘bonding,

-
-

there is some question as to whether these ligands are
. . & -

true carbenes, and does the-'carbene' nomé&%lature apply.

-

. U
It has been suggested that the names carbenoid (10),

sgabilized carbonium ion (9), or for aminocarhenes,

-

met&iiéted amidinium ions (34) bettef describe the ligands..

‘But, becduse of its convenience, the 'carbene' terminology

©

remains in common use.

-

~




1.3 Carbene Complexes of Platinum(II)

i. Preparation
The first éarbene'pompqunds of Pt(II) were the.

" Chugaev salts (85) yeportedvin 1915. It was not until
recently (34, 56, 57) that these were rechnized as carbene . .
comﬁlexes. ‘ |

A large number of céﬁplexes preparéd by various
synthetic routes has now been isolated. These ddmplexes

are square planar and most commonly contain.tertiary .

carbenes of the types 3a and 3b,“but secondary. carbene

complexes have also been obtained. The modes of preparation
of these compounds can conveniently be divided into five
categories. Examples Qf the fundamental reactiohs,are

listed (8-10). C -
A ) i
-

I. Reaction of nucleophilic reagents with isocyanideé.
- . H

I :
"*-$s-c;N-R + HX — -Pt-C. -

. e

X = OR, SR, NR'R"

R = alkyl, aryl , "

R',R" = H, alkyl, aryl . a
2 - NHR

. CQN H H i \ ¢ r"\ e
. , S
\\\Pt::: + x| — | Pt////c N
SN, Coe cA g :

~ i :
R NHR - )




/ ' N v *
.IT. Carbenes from acetylenic intermediates.

B 'H"}

!
l ° C P | @C
-Pt-C1 + AgPFe + HCEZCR —> [-Pt~=||

R = H, alkyl, aryl

 II1. Carbenés from electrdn rich precursors.

S T
N N—
\c=c/;

PN

NN
+
X / \X/ '\ L

N—
|
R

.
)

N
1
R
= phosphine

= halogen

= H, alkyl, aryl

t

‘IV. Protonation or methylatioq of double bonds (58-61).

R
—Pt—c + HCl:A s '_‘-’
I \g (MeSO,F)

H

= H,
= H, alkyl, ar&i,

= élkyl, aryl ~
)




]
) .

V. Carbene:complexes from carbene precursors.

.- M + R" i
“ e Lo :
‘- N ' /é R '
I ,4ﬁ0 {/ - |- . . '
-pt-C”? y NHR'R" —» | -Pt-C B

r\\\CHzR - - ' 1_\\‘CH2§

)R, R', R". = H, alkyl, aryl

Reactions I, IT, fV and V are utilized as preparative o ‘

“routes. in this work, but carbene»complekes prepared by

“

reactioi? II and V are most, important with respeet to the

X-ray crystallographic experiments to be discussed.. o

P 14

ii. Interest in Platinum(Ii) Cérbene Complexes-

ngareAplanar Pt(II) carbqpe,complexes allow the
inQestigatibn of the bODdiﬁg of these ligands to a divalent
. ‘ i =
metal atom. Neutral, monocationic and dicationic compounds

can be prepared and étud}ed and-tﬁe PthI) species are

dften‘précursors to od{ahedrél P£(IV) carbene complexes,
Chisholm,and Clark first isolated cdrgene'complékeé‘ ' .

‘from reactionss@f type IT in 1970 (62, 63). & large

Aumber of thesé.c;rbene coﬁpodnds have been examined

speciroscopically. 'H NMR, '3C NMR and‘IR'(62—65) data

* have béen‘discussed. The results are in kéeping_with .

those expected for an electrophilic C(carbene) atom, and
tend to indicate that oxy-gubsfituents stabilize this atom
to a greater extent than amino groups. The'reaCtiyities"

of complexes containiggfthese ligands _confirm this -

. '.‘ ) . ! 4
- Qbservation in that oxycarbenes are more reactive'than the

amiqo ones, (64). ‘H NMR- data indicate that alkoxycarbene .o

L
. L . o~ -




! -~ ligands are better ¢ donors and poorer T acceptorg\bhan' .

* coordinated aéetylenes (65). ' . ’ v

: '" Because of the four coordinate and planar nature

€ .- < »
4

of the Pt(II) compounds, ﬁhey are idezlly suited for trans
influence studies.* - . E

[ .

- ° - . 7 -
IS Trans Influence

.

The trans influence of a ligand in a transition

e '

metal complex has been defined as the extent to which a

the bond trans to itself in the equilibrium

d »

Figand weakens
E stéte of that'pomplex (66). Obviously} this can,often‘

determine the {eéctivitf of a given compl éx. .
B PR i ~ : .

. , *  .A vardiety of’Spettfoscopic techniques have been
utilized in ‘the-investigation of the frans influence
., phenomenon including NMR, IR, NQR, and ESCA. X-ray :

crystallography is also an impertant tool for trans -

.
LS ‘« 2~

-

‘ influence studies (67). A syétematic examination 'of the
crystallographic-trans influence of various 'carbon donor'
ligands has recently been undertaken. The changes in Pt-Cl

.- - : N . , 2 .

bond lengths in neutral sédd;é—planar complexes of divalent

Pt are monitored as the ligands trans to Cl~ are varied

- (68)= T .

Thus, the X-ray crysfal sﬁructurejdeterhinatibns p?l[

Ll . ¢ -

carbene complexes Qf Pt(I1) can provide noﬁ,oniy bonding
information, but also valuable data on the trans influence'

"of the ligands present. . T




b. X-ray Crystal Structure Determiﬁations ‘ .
When this research was updertaken, the X—fay
crystgllographic‘}nvestigations 6f three square planar
carbene complexes of Pt(II) had beeﬁ reported (69, 70).'
Since that time, more. complete documentation of two of these
struétures has been published (71), and two new studies

have been completed (34, 72) in addition to the experiments -

performed in our laboratories.
This project was undertaken to examine the bonding

"of different carbene ligands in cationic squaye~pl@nar

! 3

“ -
i N

éomplexes of Pt(II), and'to determine howﬁthehtrans

-

influence of this ligand affects the-metal—ligand‘bond
at the opbositp Coordihation sité in the’solid state. ‘A
further question of importance'is to what extent is the

bonding. of fhe,carbene ligand affected by ligands of

varying trans influence?
The solid state structures of five carbene complexes

have been determined. All are of the form

n+
PMe,Ph | °

-

Li———Pt

»

L|  (PFEY, .

PMezPh

-4 P

where L is_a tergiary{alknxy- or alkylaminocarbede of

)

type 3b (Fig. 1.1) and L' is a methyl, chloro, isocyanide

or carbéhe Figand. Mutually. trans phosphine 1igands‘?re

- -
- «

présent in- all complexes so that L and L;ihaye‘similar
environments allowing intimate compafisbn'of bonding and
trans ‘influence trends. "’

' 4

-

-
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1.4 Structure Determination,by X—ray"grystallographic Methods

-The techniques_employeq in perfdrming the X-ray
‘qxferiment, frOm';he fime suitable crystals are selected
to éhé time final atomic positional parameters are obﬁaihed
are quite compiicated, yet relatively standard from

Y

experiment to experiment in a given laboratory., To avoid
. -

repetitibn,‘this pdrtion of a structure determination will

be described in detail in éhaptef 2 and will be summarized

in the other sections of this work.
] The genefﬁl techpiquéQ'and procedures involved in
obtaining a good set of inténsjty data have been well
.described in se;eral texts (73-75). In the past few

years there have been ﬁa}ér advances in the sophistication
.pf X-ray'equipment; SO much,éb that virtually all steps

in the procurement ofzulinfensity data‘seﬁ have been
automated. ’Levels of automation tend to vary from labératofy
tb iaboratory. Because of this, the e#perimental

technidues involved in oﬁfaining‘a data set ‘can Vary con-
sidefébly. %hus; it is felt by this author that a some@hat
~Aetailed deécription of the techniques used to collect -~
_the intensity data is warranted. Furthermore, é'good
knowledge of the experimeﬁtal’procedure followed and the
care takenﬂin implementing fhis procédur@ tends to iﬁs%ill

in the reader an added level of confidence'in the data,

anh'thu§2 in the results of the experiment.

e,



CHAPTER 2
THE CRYSTAL AND MOLECULAR STRUCTURE OF
TRANS-METHYL(METHYL-N,N-DIMETHYLAMINOCARBENE )BIS(DI-

METHYLPHENYLPHOSPHINE)PLATINUM(II) HEXAFLUOROPHOSPHATE

Trans-[Pt{CH,C==N(CH; ), }CH; {P(CH3),C¢Hs}, ]JPF,

2.1. Introduction
| Chisholm and Clark have prepared a series of square .
planar cationic Pt(II) ahinoc@rbene complexes. by the - A .
reaction of simple primary and second%ry amines such as
NHMez with the cérresponaing meihoxycarbehe specieés (64):
In\these comblexes, the carbene ligand occupies a coordina—
tion site trans to a methyl<ligand. Spegtroscopic data
indicate that both the methyl and carbene ligandsﬂexert
a sfrong trans influence (67). -There is ' also considerable
interest in the bondiné of the carbene ligand.

The X-ray crystal-struézure determination of the title
complex was undertaken to examine the geoﬁetr& of the carbene
ligand and its mode of bonding to the metal atom, and to

‘examine the extent to which each of the metal—éarboA bonds

is affected By the trans influence of the 1igand opposite.

a

~
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2.2 The X-ray Experiment

i. Photographic Examination
A sample of. the cpmplex was kindly‘SUpplied by
" Chisholm. Colourless blocks with brismatic faces were
obtained by recrystalfizatioq from E”dichloromethane/efher
- mixture. A single crystal with well deyeloped faces was
chosen and showed sharp extinctions under pglarized light.
The crystal was mounted on a glass fibre affixed to a
goniometer head; sucﬁ that a direction along which
extinction occurred &as approximately parallel to the léngth
of the fibre. Thé goniometen head Qas then transferred fo‘
a Weissenﬁerg cameré.‘ The crystal was first centered
optically so that it was in line with the collimator, and the .
center of gravity remained coincident with the camera
rotation axis as the crysfal was rotated.
Oscillation photographs werg.recorded to align the:
crystal. Mirror symmetry indicating the presence of a
mirror plane perpendicﬁlar to the axis of rotat}on was
observed on thege photographs. This observation rules out
tbg presence pf a triclinic lattice.
) A series of Weis;eﬁberg phofograbhs was.then recorded, .
each over a sixteen hour period.- No additional mirror
5ymmetry was observed on these phqtographs. Tﬁe cbnclusidd,x

-~

to be drawn frém this is that the compound crystallizes

F3

~in a monoclinic space group, and that the rotation axis is
the symmetry axis‘b. Zero, first and second level

. photographs were taken. These were projections of thé'QOZ,

< » .




hid{, and h2¢ ciasses of feflections“'- ,,' ﬁ;.c}
- ' The gonlometer head Was thén transferred to a
1' ; . ls

precessron camera, Slnce the b and b* axesarecoincldent

4 -

. _in the monocilnlc system and 51nce the rotatlon axis- for

4,.4

Welseenberg photograph\\hvvfortultousdy b thene was little

S
:. . Ve

problem in allgnlng a rec1procal lattlce ax1s w1th the‘

- - s

- ’ preceeelon camera rotatlon ax1s ' A.serles oi allgnment

R .
»
;,4 ‘s

s . photographs wexe taken to. flnd the zones correspondlng t@

' . ’

‘the" a*b*'and b*c* nets A eer;es of. precg§slon photographs

b .

L
‘1

"
. .

; ‘ “the ‘classes of reflections Oki’?lkz Zkﬂ and hkO hkl¢

. was then taken at, the two tanes g&v1ng prOJectlons of ' ‘:/

‘e

hk2, These photographs showed thedpresence of A mﬁrror ;;:{;

plane, perpendlcular to b*5 thus oonflrmlhg the &éttlee‘;“”

.o d i . , o s
to be monocllnlc Measurement ofﬂmhe precesslon ﬁ% tographs

‘N
. . Ny r;» “’*] {

o ‘ prov1ded data for 'é calculation qf the unxtweeLIQ

lyI
.v ]
'

These values agreed well thh those obtanned
s ) SRk 1FE

measurement of thevwenssenberg Ph0t0éréph5 ff:m

e

—ie

nhlc stu&y are as:
Do S A

BTN i
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Sie Al tthk pr,qmat1c Cryetal with qharp extlnctldns, uell

l.

“3,1ntané1ty data

”ﬂiil Auﬁomated Data Collectlom RN

- s - ) .
‘s - > . . - B ‘ . . . ) i
. . ) ' 19
carefully.for svstematlc extlnctlons- Observed-Were‘
hOK for E,odd and 0kO :for k odd The se absences are only °.
’ a . -
cons1stent&w1th the space group P2;/c, Cgh,_No. 14 (76).

The. den$1ty of'the crystals was measured bv the fiotation .
method (73) in a mlxture of carbontetrach]orlde'and

» '

1 §d1bromoethane ' The value determ1ned waq 1 77(1) g @

‘n

cm T The Calculated densntv~for ﬁwﬂx fonhula unlts in"
.. O . -

S

the unit- eell 1% 1.76 g m :~~W1th th;q cell mass no ‘ s

symmetr\ constralnts are. lmposed upon the 1ons..‘ R

- - .
X E )
oy ’

Eé“ﬁ a. The Data Crystal W

“ \

< CLE, ‘

developed Iaces and of slmrlar morphologv to that used for 5 3

R . h M .

the photographla tudy was eelected*for the collect1on of ”h

:. : 5' h . N . . . m:‘. , 4
ﬂ%“ﬁ, L : Lo
‘4“' ' . ‘i, ' ,‘ o B

‘)‘-v"

Tha data oﬁystal was mounted 1n a Tandom orlentation on,"

W .,
\..‘

a glas$'f1bre Wthh ﬂad been afflxed to a brass ﬁln w1th

o

ona
\ |

The ?rass :pinewas . locked into plage~

N&nlus eucentrlc gonlometer head Thls mountlng procedure

L




’“.step 1n the X ray experlmest

.
e

-

b 20

crystal ¥s shown in Fig. 2.1, and a sumﬁary of. the crystal

data.is presented in Table "2.1.
g . ‘ B . e

-
-

o .b. Crystal Alignment and Centering
RN oo ' ’ ' M .
Since the advent of the modern automatic diffracto-:

meter.-about a decade ago, the degree of automation has

1ncreased markedly to' the point where a large portion of the
q-"i

crystd] alignment and centering operatlon as well as all

intensity data collection, can be performed under computer

‘eon%roi' The extent of automation tends to vary somewhat

from leboratory to laboratory

The.gualimy of the data obtalned in this way is
,;1

hlghiy dependent om. how well the crystal has been allgned

-"4
; RS -—-

and centered ThlS 1s probably tﬁe 31ng1e most 1mportant

A detallea descrlption of the apparatus and of the
crystal alléhment and cent%rkng procedure empléyed is
' 0" P

therefore presented ; E RN

M “

e

‘el
.~
1

- R 7
The. gonlometer head: w1th the data crysta{ was transferred

< o e 5,
-

_to the Splndle axis o¥f a, Plcker four crréle cbmputer

v

controlJed dlffractometer. A photograph of the gonlostat

and a schematlc dlagram showing the four axes of rotatlon

. “
g L& Sy

28, w, Ki and $ are presented in Pla@e 1 and Fmg 2 2 Pty

respectlveln. The 29 and W circles are coax1a1 Wlth SUCh

-

an arrangement the crystal can be rotated to any or%entatlon
de31red e . S N e
G ‘&.'; : . . R . " .

* 'The X«ray‘sgurce was a Dunlée fine focus X-ray tube, with '




Fig. 2.1

A Drawing . of the Dgta Crystal‘i,

Faces with dotted edges are hidden from vigw.k

N
° @
" . ' )
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Crystal Data for Trans-[Pt(MeC=sNMe; )Me(PMeyPh), JPF,

3 -
LN

CoiHyuFehPsPt - =

Analysis found (calcutated)

Crystal description

Systematic abscnces

~°“Iﬁue synmetry .
(.,‘rysta] system
Sp:gpe group’
Equiva‘ient positions (4)

Cell constarits

-
‘

~

Cell volume

Wavelength used for cell deten;\ination

Tmperatunf at which cell u%s determiped

Method of dons.lty determination ,

Density (observed) |
(calculated)

VA

L)

_Symmetry constraints

5

N
'
-
'y

.
TABLE 2.1

w., = 704.5,

b3
C, 35.99 (35.90); H, 5.04 (4.88);
N, 1.88 (1.99) °

L)

© colourless blocks with prismtic fuces

hot¢, € # 2n; i)l«:o, kK # 2n

Z/h . ’ ) .
monoclinic

P2, /c, C;’h

N

t(x, ¥, z), #x, 2 +y, & -%)

a =8.515(2) A o = 90.0°

b= 10.934(2) A & = 93.93(1)° .
c = 28.519(7) A y=90.0°

2652 A?

1.5405€C A i

19°C

f]otation (Czﬂn.Brz /CC1y,)

1.77(1)g_cm *

1.76g cm™’®

4

none .o .

v
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The Picker FACS®1 Fqur(Circle Diffractometer

Employed iq}this'Study
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‘adpper. anode. Power to .the X-ray source was provided by

-

a stabilized power supply set at 40 kilovolts and 14 mill+-
amps., fhé X-ray beaT was directed to the crystal_vié’a
1.0mm collimator. _A~pulée height discriminator, set to
accept about 90% of the CuKa .peak, ~an& 4 nickel-foil
(0.018mm)'filtér placed betweendthe crystalgand*the ~'””““*;““W*%‘
scintiflétiop counter detecting device, gave approximately
monéchrométic CuKa iadiation. .

All automatic operation ofjthe diffractometer wag
carried out by PDP8-L computer (78, 79). Except when drive
motors are disengaged, all operatidns are controlled thfough

v
s

the computeﬁ from a teletype.

~

- By diSengéging the proper drive motors on'tﬁe goniostat,
thé crystal coUld be gqtated ﬁénually.aboﬁt the‘spindle ‘
axis and the x circle. The qrystal was, centered optically
with respect to gonioﬁeter head translations and height. such
thét qhe center of -mass was -at the point of intersection

of the four r@tatioh axes of the goniostat. . e

The next step was to determine the orientation of the

.crystal axes with respect to those -of the diffractometer.

.At least two intense reflections had to be found. Since

th; crystal had been studied by optical goniometry, and the" .
faces (001), (001) and (100) had been. 1dent1f1ed the c* and |

a* axes should'be read;ly fouind. With a w1de open . aperture

the detector was driven to the 26 angle for the strong

réflectlon 004 The crystal was rotated about the ¢ and x

axes to a point where the crystal faces (001) and (00I) were




-

&

perpendicular to the diffraction vécfor.':The'shutter was

opened. Sligﬁt adjustments werelmade to the x and ¢ settipgs
untii intense radiatioa aas detecied.u The}angular settings
were recorded. Similarly, the strang reflection 200 was -
. »
"“}ound’ The x and ¢- drlve motors were re- engaged the
| 44a?erture was closed to a narrow sﬁlt and accurate angular" - T
settings fqr 20, x and ¢ were-found"by maximizing the’
infensity of the particular reflection, first on each«
individual rotation axis, and then the centaring programs ;
of Busing and Levy (78,'795, written Jor ﬁha PDP8-L computer
‘were‘employed.v Using the angular sett}ngs for thevz
reflectlons and the cell constants obtalned from the
photographlc study, an brientation matrix was computed (79),
from which approximate angular settings for athér
reflections copld be obtained. .The reflection 020 was then
found duite readily at ihe.COmputeq angles.
20 scans up each axis were recorded on a chart
racorder, and the‘relaaive intehsities;of the-akial reflections
were coﬁpared successfully to those observed on tﬁe.photOQ
graphs. w scans were récorded oa the  three low angle axial
reflecti;ns to check thé ﬁdsaicify of the c;ystalL(BO).
These were performed with a wiaé open aperture and a take-off -
angle of 0.5° on‘the tube, a coﬁdifion‘WHich yielded a
‘nafrow’Source.' The .average scan- Wldth at half helght was
found to be O 079°, a satlsfactory Value (80)
The optical centerlng of the crystal was checked by

1centering a strong reflection at four different ,settings of

L )
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the goniostat. The reflection chosen for this was (104)

At g

(26 = 16.79, x = 27.44, ¢ ='334.78). This reflection was

oentered for the 'angular settings (rée; X, ¢) and
(120, 180.0 + x, ¢). Variations of the 26 and ¢ angles at
_the'four settinés gave an indication of the centering with _
‘respect to the ¢ axie, while the Variations ingx‘were used’
to decide‘if the crystol or x-ray tube had to be raised or
’ loéered. No eignificant'fluctuamion of the settihg angles
at the four orientations was,obServed; hence, the crystal,aod
tube p051t10ns were not changed. |
Io order, to obtaln a more accurate orientation matrix
and thus more. precise un1t cell constants 14 different
reflections w1pp high 26 values (23°<26<65°), and X
aod ¢ settings spanning the'ranges over which the dafa were
‘/;Lo.be collected, were centered. A'narroﬁ.counte; aperture
and low take-off angle‘on the y-rayitube were used. The

1.-

setting engles of theée refiecfions were used to fefine the
orientation matrix andvzhe_celi.pgrameters. The procedure
was repeated uofil good agreement:between observed and
calculated sefting angles was achieved. This refinement
was cerried out using the program PICKTT*.‘ The unit cély
parameters so obtained are presented in Table 2.1.. Also
obtained from the least squares reflnement was a x Zero

value Whlch allows for a systematic error in the programmed

X centerlng routines where X is maximized at a value

Anictomem.

Details of computer programs are given in “ippendix I.
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intermediafe between the CuKa; and Ka, peaks, father ?han at
the Ka,; peak. Estimated standard deviations on the refined
paraméfers were also obtained.

The unit cell ‘derived in-this mannér i§z1'diffracfometer
cell’ since~the values obtained may Be‘affected by systematic

errors in the crystal alignment and centering, and by

imperfections in the diffractometer itself (81).

C. Intensity Data Collection and Processing

In preparation for data collection, six intense

reflections representative of the régions of reciprocal space

over which the data were to be collected were chosen as

standﬁ{@ reflections. These were carefully examined with
yéspect to peak qu&lity and,intensify before and after

data collection. Also, the intensitigg"‘f these qeflgctiops
were measpred after every 100 reflections recorded‘throughoqt
data collection. 'This served és a good method to monitor

the electronic stability of the instfumept,-as_well as any
changes in the crystal itself. The ét;ndard refiections
cho;en were (QOO,2OQ,020,004,241 and 441).

The aperture diméhsionsselected'for data collection
were 0.4cm x 0.4cmﬂ The take—off angle on‘thedsource was
ghoseﬁ to be 1.5°; At thjS'anéle, tﬁe peak intensity of
a.strong reflection was abaut 80% of the maximum observed
'as a‘function of xake—off<ang1e. The data were collected
" by the 8 —28 scan tephﬁidue.‘ As the counter travels
fhrough thg peak performing a 26'scan.of X degreés, it is

-

28




aécompanied by a rotation of x/2 degrees about the w axfs.
A scan.rate of 1°[min‘Was selected. The~scah rénge was .
symmetric about the calculated 28 vaiue, being 0.5 degrees
on both the high and low angle sides: - ' .

The 20 value ié caLcﬁlatea on the CuKa,; peak, but the
Ko radiation also has a Ka, component. A typidal peak
profile is shown in Fig. 2;5‘ The a; and a, peaks are
separated by a dispersion angle Af This angle ‘can become

.significant at high 20 values so a dispersion correction.

: depéndent on thé value of 206 was applied to the scan width.

With such a correction the scan would begin 0.5% below the
Ko, peak and ehg'0.5° above the Ka, peak with an actual
scan range of;0.5°+A°*0-5°- n
¢ Stationary counter, stationary~crysta1 background

counts-of 10 seconds were taken at fhe start and end of
each scan. Cu foil attenuators were inserted aytomatically
whgn the infensity of the éiffrgcteq beam exceeded about
7000-cOunts/seconq during the scan. The thicknesses of
the Cu foil were chosen to give attenuanr factors of
:abouﬁ 2;2, and these have been measured accurétely.

‘The intensity data were coercted in fouf shells oqver
the 20 range 2‘5°<26<90°; All.data in the indeg'ranges
‘h =0 to'8, k = 0 to 10 and £ = -27 to 27 were collected.

: . , ’

Six days were required to obtain 3064 déta. Collecfion'

was terminatgd at this poiﬁt because the standard qefléctions'

. showed a sudden decrease in intensity and peak quality.

This oeccurred during the collection of those reflections for

-




background at
high 26

A

Fig. 2.3 Peak Profile of a Typical Reflection.

linear backgroand,.
approximatioh

background at lopw
26

-




“which 75 °<26<90°. A careful ehamlnatlon of the standard 0

-

reflectlons showed - the first 2860 observgtlons 10 be '49;

unaffected by the,observed decomp081tlon. Over the perlod

-

that thése intensities were recorded, 020 and 004 1ncreasedfn~

by 8% whereas the remaining standard reflections shawed. only

<

slight fluctuafions of less than 5% The-conditions for -

data collection are summarized in Aable'2,2 . , .
o

A1l 3064 data were processed us1ng the _program ‘WOFACA.

‘ ThlS procedure 1nvolved correctlng tHe recorded 1nten31t1es

¥,

for background radlatfon, Lorentz, and polarlzatlon effects

-

(55).' The background radxatlon'was accounted“for-by e

L
Vias

assuming a linear intensity relétionship;between the points ’

"at which stationary background counts were recorded "The .

T

v

because the t1me requlred for a re01procaﬁ lattlce p01nt

-, S

~to pass though the sphere’ of reflectlon 1s;not constant,.
f@ -
" but varies w1th 1ts pos1tlon ‘in reClprocal space The

a

polarlzatlon correctlon .also related ‘to 26 adcounts for‘

. -

the fact that the dlffractedﬁray.ls partlally polarazed..

Reflectlon eff1éiency is dependent on the Bragg angle

)

' ;Tne net 1g§egrated 1nten51ty was calculated usink the

N . . ’ ‘t‘ . ’ . . - -
expression o : . ros o

[
Al ’ ]

’ ¢

L T=CT-3(t /) (B +B)

»
(3

and standard devlatlons, o(I) Were a851gned to all dﬂta from

‘9 . -

. the formula . S 3 . “u .

'ng o(I) [cT+0. 25(t /tb) (B,*Bz)+(p1) ]é

-,

. where I 1s the 1ntegrated 1nten81ty, C$.1s the’
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Crystal dimensions -
Absorptlon correction B

'I‘ra.nsmssxon ooef'fxc:lmtc; Ta) minimm
- o . b) rrnxumm .

- Y mmk oz T P
0. e . o '. LR
« B " Experimental Conditions for Data Colleetion .
‘i?aid_iati.%’_/, Cu Ka . R ke
Wavelength 1.54056 A
Filter , . Ki foil' (0.018rm) .
Mean w scun width at half height 0.079° (203, 020, 064) .
{reflections) . .. - .
'Ref]o.vct1ons centered, in 26 runge. ) '14’; 23° < 28 < 65° | “‘,:’ .
Scan range @) low angle $1de of 2¢ ‘0.5 Y i '
; b) high anple s1de ‘ot 20 0.5H° .o .
Scan rate- L Lot mipT ' ’ .
Statiopary background count time 10 sec” /e
‘% awuilable Brayy 1ntensity obtarned " BO% e
Ior a*given reflec tion S ’ :
Také—off angle R S .
. Tube KV; mA ‘ - . 40;,14 .
Collimtor _SI;I:; . . 1.0m .
'Ch"ystal‘('nw)tvr'dlstancu ' . - 32cm :
Crystal -aperture distance. o ) I 30cm . .
Apertufe dimensions . :' S .t amm x 4m . .
20 Pange - L 2.5° < 28+ 90.0° o
Shells (“bf* high angle. Lxmt) . 4;-40°, 60°, 75, O0° ’
Index 1imits - ' 0gh<B 0ckecl0, -27< £ < 27
No: of dita collvcted o 064 . ‘
No. of-data used . 2860 R
p valuc SR © .7 0.03 o .
Noe of refleo.t.ums &&tml P’ Jo(I) " "1865 ' Pt
b (CU Ka) . 115.5cm™ ! - '
Crystal faces . B s {oo1T, (110}, {011},(010) (012) (100)

menx023rmx017hm
Agaussmn

‘e

“e0a47 . 0 st

0.239 s
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peek'EOugt obtained in.time t‘ and By angd Bz are the back-
et »

ground counts obta:ned in time tb 3 The value for p,. t

'fudge factor (81) was chosen to be O 03 2 {Q R

'i‘ All reflectlons with I>30(I) were corregted fo;

ﬂ absorptlon The absorptlon correctlon was performed using

%the Gauselan option of the program AGNOST (82}; The.

absorptlon coeff101ent for Cu radlatlon for the complex was
- . ) \‘( 2
calculated“to be-115. 5cm T Value§ for u/e. were taken from

Al

Cromer a"d leerman (83). - The maxfmum and m1n1mum B

transmlssion coefflclents were obeerxed,to be 0 239 and
0.147 respectlvely, representlng a, varlatlon of about 60%.

Of the 3064 - data collected Jénly 2860 reflections were

.‘; L4

used in the actual structure solutlon and refinement. Of

these, 1864 reflectlons had F >30(F ) and the sfinal refinement

Iy

L4

.

was carried out on thESe Qbser ions only. ‘ AR

f’”“\/ | v o \
: Tk
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2.3 Structure Solution and Refinement

i. Structure Solutlon

.

The structutre factor amplltudes are related -to the

observed intensities.- ) . . .

. ' : |FO]aV§. -
Thus, from the intensity data alon€ one cannot determine if ?
. : < 9 a
F, is positive or negative. A phase mist be assigned to
~ \‘. .~
. ' each,observat;gg before an electron density map can be

computed. To accompllsh~thls the program'FORDAP “was - “

utilize&'to compute a three dimensional Patterson funetion
: . ' o
using'the quantities FO2. FromQFhe Patterson maps the

. )
positions-of three heavy atoms were calculated (Pt and

[hs

.two phosphine P atoms). Thesé atoms account for 31% of

the electrons in the unit cell and thus 31% of the'scatterlng.'

€

These atom poSltlons were used to ‘phase,' the model. -

Qne cycle of least—squares refinement on the Pt and
2 Patoms was calculated using the program WOCLS. The
parameters varied_were an overall scale factor and the x,

y and z-coordinates of the atoms. The functions being

&

.

R v . ' L
minimized in the least-squares refinemént are the agreement
. ’ . o

\factors Rq and Rp., ° )

o PY
_LCE =R LD Iw(|F |- |F [)?)*
B TR T Re = |7 wr 2 o

whére$|F | ahd‘}F | are tHe observed and calculated structufe

factor plitudes and w is the welght glven by 4F 2/c (F 2)
The genepdl .expression for ,Fhkkl and the equations for the

isotropic and anlsot OplC thermal parameters are presented

. RO

.'q ) .

o K4

)
- | -

‘8

Ny
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in Appendix I1.™

The agreement factors R, and R, were calculated to be

0.357 and 0.480 respectively after theqfirst cycle of least-

squares refinement. . A series of difference Fourier

syntheses (calculated using the program FORDAP) and 1eést—

squares_cycles produced positional parameters for the

remaining non-hydrogen atoms in the formula unit.

The scattering factors f, describe:the x—ray'scattering
of;the various’atoms present in the molecule a$*a function
of A-lsiné. In all calculations the values for Pt, P,

F, N, and C were those obtafued by Cromer and Waber‘284).

H atom scatterlng factors were taken from Stewart, Davidsou,
and Slmpson (85). The effects of anomalous d1spersion for
Pt and Pvatomé\were 1noiuded in the calculations of F

(86). The values of Af' and Af" were those calculated by

Cromer and Liberman (83).

¢
¢

ii. Riéid Crouﬁ Refinement

For compounds which contaln a large number of atoms
the computlng expenses 1nvolved in calculating least-
squares cycles.can be immense, especially if all atoms are

refined with .anisotropic thermal parameters Thls large

-expense is in fact wasted if it is used to examlne entltles

whose structures are already we11 known. Furthermore, the,

amount of available computer ﬂcore'_often limits thé number

of parameters’ that can.be varied in least-squares calcula-

tions. Rigid&group refinement can be undertaken to reduce

o
p
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both computing costs and 'core’, requirements.
) r i
Least-squares refinement of a figid group of atoms
inQolves maintaining the internal geometry df"fhe group,
. and. changing only its*position and oriéntafion with respect

to the unit cell originvand axes. Each rigid'group has

its own origin and its own orthonormal coordinate- system.

The positions of the atoms in the rigid group ;re defined
.ip terms of this goqrdinate system. The group system is
rélated to the crystallographic one by‘the position of

the group 6rigin in crystallographi? coordinates txg,

&g, zg) and by three‘angles (8,e,n) (87) which relate the
group axial directions to those of'the‘crystallographic
axes. The§e~sixuparameters are.varied in the least-

- squares calculatidn%.' The temperature factors of the gfoup

«

. atbms can be combined as an overall group isotropic thermal
parameter (wﬁere a1l indi;idual group atom thermal psfameters;
are set eéuql to the caléulated overa}l value), or as
indi&iduai isotropic group atom xemp%rature factors. vavérali
values are refinéd in the early stages of a structure
tsblution and the individual iéotropic parameters in. the
' later stages of the experiment. : Rigid group éonétraints
pcan be readlly removed at any t1me durlng the structure
.solutlon in favour of 1nd1v1dua1 atom reflnement This is
oftenIQOne 1f‘s1gn1ficant distortions from ideal géometry ‘ s
are expected. | o o . L .
‘he c0mp1ex examlned in ‘this chapter the phosphine o w

"phenyl rings and the s1x F atoms of the PF¢: anion were

.
I
"




]
to be 1.58 A from that point. The six orientation parameters

" four in the case of individual atom anisotropic refinement.

1other non~hydrogen atoms agreement factors R, = 0.083 and
Only the Pt and two phosphine P atoms were allowed to
- were refined. - , o ]

1ii. Rigid Groﬁp Refifement and ‘the Disorder Problem’

refined as rigid groups. The two phenyl rings were assumed
to have D6h symmetry., and a C-C bond distance of 1.392 Z
(88). The center of gravity of the phenyl ring was selected
es the group origin. 1In order_to giye the PFq adion some
degree of fPeedom, and to allow for the anamalous dispersioﬁ
of the P atom, only tﬁe six F atoms were refined as a
rigid.group with Oh symmetry. The origin was chosen as

the center of the octahedron, and each F atom was calculated
as well as an overall isotropic temperature factor were )
refined for each group. Individual isotropic thermal
parameters were calcuiated for phenyl C atoms later in .

the experiment. Hence; the number of parameters-variedwfor

one rigid group can be seven or twelve compared with fifty-

When the three rigid groups were incorporated iﬂto

full matrix least-squares calculations, together with the

R, = O 141 were® obtained after two cycles of refinement.

»

vibrate anisotropically. Overall group thermal parameters.

|

- When the poeitions of a11 non—hydroéen etéﬁs had been

,determined, an&'refined to give a chemically reasonable,

<

geometry, a difference Foufier synthe51s was calculated

-
Pt s .
-

+* K




over the unique region of the unit. cell to make certain

that all major peaks of electron density had been'accounted
°—

for. Six peaks of density greater than 2.0 eA”’ were

&

observed in the region of the PF¢ anion. ‘As these form a

second octahedron about the P atom, disorder of the anion
is present. The_occurrence of di§order of ions such as
PF¢ , SbFs , C10, ‘etc. is not an uncommon feature of .
.solid state structures of ionic complexes paired with
these ions. The highly éymmetrical ions present a
. virtually spherical profile. Because of this the& can often
6ccur in ﬁore than one orientation in the crystai lattice.
In situations such as/this where a whole group of
atoms cah’occupy any one.of several closel{ related
orientationé\en the lattice, constraints often have to be.
applied in order‘td.aéhieve a'suécessful refinement. 'This‘
is especially true if the elec%rdnjdensitQ méps show that
thé-twé possible orientations overlap to some exteﬁt. To
‘appiy the desired constfaints, rigid group‘refinement Ean,
regdiiy be.adopted if the structure of the disordered
entity_is weil‘known. | o
‘To account for the disorder of the PF¢ ion, a éecond
rigidfgroup of‘éi{.F atgms was ‘refined, An .occupancy factor
"fdf*fﬁé*fWOfFG%E?éups“Qas iﬁtrbduced such-fhéf the total
muitiplicity of the two riéid groups eqﬁafied 1.0. The

individual atom occupany factors were constr#ined to equall
- l * .

the overall group value. The appropriate constraints to

*the derivatives were also applied. The ﬂofmal positional

A
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"pgrametgré were refined for each rigid grdup. Initially,
the overall thermal parameter of only one F6 group was

7rréfineé, to which that of the second was equated. On~

’

successful refinement of the diserder model this constraint <
was fémoved and overall tﬁérmal parameters were varied for
both F6 rigid groups. Inclusion of the final disotrder
model in'two cycles of 1ea§t—squares refinement where 162
.parameters were varied witﬁ resp?ct to 1865 observétions
produced agreement factors R, = 0.050 apd R, = 0.077. Thié
calculation was performed with 511 non-group.atoms except
the P atom of the anion allowed to vibrate anisotropically.
- Individual group afom thermal;parameter; were varied_for
the phenyl rigid groups.
iv. Hydrogen Atom Contributions .
The éation contains thirty—féur H atoms. Hence,tthe%
- scattering due to tﬁirty-four electrons pér cation had not
. yet béén included in the model. This éOmprises a significant
portion 6f the X-ray scattering, being‘roughly eqﬁivalent _
to the scatteriﬁg;of two P atoms. It was,'therefofe, felﬁ
that if evidence of H atoﬁs could be.ébserved in-electron
‘density méps,'then their ;§e§g2E¢ sQ%uld-be accounted for
in the final model. | |
Fourier Sectipns were calcylated'for each of the.éight
methyl groubg ia the cation.” These 91ectron;density'mapsA b
were calculated fdr the planes in which the methyl H atoms
were expected to lie. ”Eagh Fourier section contaihédlthree

.
3
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major peaks P051tlona1 parameters were calculated to
L]

correspond best to the peak p051t10ns, utilizing the known
geometry of a methyl group w1th a C-H distance 1.09 A and
a H-C-H angle of 109.47°. The program METHROT was used to

\ : - ,
‘accomplish this calculation. Contributions to Fc were

obtained for al 4 methyl H atoms. The contributions of
ii

«f""
the ten phenyl ms to Fc were calculated utilizing tpe

known geometry of a phenyl ring. A C-H distance of
1.049 Z was assumedj . Al11 hydrogen atoms were assigned
tempera!‘re factors of 4.0.32. | :

After iwb cycles of full matrix 1eastfsquares refine-
ment where.hyorogen parameters were included,.but not
refined, the C-H geometries were e%amined. Sohe substantidlt
shifts were .observed in some of the methyl C atom positions.
This is not surprising since a C atoﬁ has,only six electfons,
and a 4urther three'electrons due to nearby H atoms had
not previously been'inciuded. The H atbm positional pdrametergf
were recalculated on the basis of the new C atom positions.
Fufther refinement apd/sxéminétion showed negligible |

{

deviations from ideal geometry.

‘Final Refinement .
The conditions for the f1na1 cycles of full matrlx
'least-squares reflnement were as follows. A11 non group

non- hydrogen atoms except for. the P atom of the anion were .

refined with anisotropic thermai parameters The phenyl

-

rlpg group atoms were refined with 1nd1vidua1 isotropic




temperature factors. An overall thermal parameter was

refined for each F6 group. H agém contributions were

-

' calculated as described above and incorporated in the final

least-squares calculations.
5 .
For low angle reflections FO was observed to be

consisfently smaller tpan Fé? This was cbnsidened‘to be

a result of seéondafy extinction (85): An extinction

coefficient was, theref;;g{ refined in the final least-

squares calcﬁlations. he final'vélué obtained for this
.parameter was 3.8(4)'xA10*G. ‘The e;pressionffor secondary
ex%inction is given in Appendix II.

Two full éatrixlleast*squareé'gycles varying 162
parameters and -employing 1865 objiiifzzggs cOnQerged the”
,finaljmodel generating agreement '_cﬁors’Rl = 0.041 and .
‘Rz.= O.QBZlFNA summary of the conditions and results of the
final least-squares cycles is’presented in fabie 2.3. The
fihal individual atom positional and thermal éérameters
are shown in Table 2.4. Rigid group pafaﬁeters.are giveﬁ -;

"~ in Tablé 2.5. Refinement of the disorder multiplicit&
lparameter for the bFﬁ anion gave a vglﬁe of 0.50(2).

A'statistical examination of the structure faétors‘

in terms. of various combinations of Miller indices, magni es |

of'FO, A" lsing, and diffractometer setting~ang1e§

N . ~

calculated using the program RANGER. nbrmal trends -

A were observed.in the data, suggesting an adequate weighting

P
-

~scheme. " The largest peak on a final difference Foyrier

. - synthesis” calculated over the unique region of the unit cell
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! TABLE 2.3
. ) ‘
Conditions and Results of Final Full Matrix Least-Squares Calculations
i Cbservations , 1865 +
Variables - _ 162
. Ratio (observations/variables) ' 11.5
Rigid groups : 4
’ Disorder r.mdgls (No'.; entities) - 1; PF¢ anion
,»f ) W  Non-group atoms - ‘ 14
a) Anisotropic ‘ 13
~ b) Isotropic . : 1 )
H atoms included; No. (type) 34; 24(methyl), 10(phenyl) \
Extinction coefficient 3.8(4) x 107
. Maxcimum value of (;)arameter shift/ 0.185 ' .
’ standard deviation)
‘ Agreement factors R, , 4 \—/0.041 .
- L ‘ R, _ 0.062 ,
| Final error on an observation of':unit v - 3.51 ‘ ”
weight ' 7 //
F difference Fourier synthesis: . , | J
. a) Position‘of largest peak (-0.200, 0.150, 0.380) °
* ¥b) Electron density 0.76(4)

)! Associated with . ’ disordered PF; anion
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had an eleetron density of 0.76(4) eA” . This peak is e
located at (-0.200,0.150,0.380) and is associated with the

PF¢ anion. This- indicates that the disorder model'is not =

an exact répresentation of the d@sorder present. The

calculated model does, however, account for an overwhelming

. - .
. e
1 [N .~ O
- N ~

'portion of the electron density. . .

3

The derived pasifional parameters of the group atoms f'/

S »

are given'ih Table 2.6 and calculated Hatom positions are

shown in lible 2.7. A list of the.observéd and thculated
étrucfure amplitudes, obtained usiag the program-LIST, R
and given a's 10]F‘| ard IO[F | (electrons), is presented. in o

Appendix TII. The program PUBLISH was used to obtalq ' ,”:'“’ﬁj” ;

atom and gqoup thermal and p081t10na1 parameters and thelr. ;fﬁi R

standard deviations in tabular form.

. . . . . e ' ‘. ) o
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.~ TABLE2.6 i - .7
NN .»I)?ri\'e?_ Group Atom Pg_mme'ter_s. ) '
'Atpm- ‘,;\ X \:.;‘_Q R 2 ‘ .‘,:' z BA?)
Jcrn * 6. 0126(8) 0:3071(7) 0. 0696;3) 3.8(2)
1@{2) $ 0.1618(10) - "0.0871(7) - 0!0915(2) 5.0(3)
1€(3) - - 95:2913_(8) 0.14%4(8) ~ 0.0762(3) 6.2(3)
1c(4) " 0.2716() © 0.23BE). . 0.0W1(3) 6.0)3)
1C(5)- 0. 129.)(11) - 0.2518(7)"  0.0172(2) . 5.8(3)
- 1C(8) _-d 0070(8) _ 0.18‘95(7’) 10.0324(F), T 4.4(3)
el -a.2757(9) 0.425%(5)  0.2214(3) 3.6(2) .
“zcu) -0, 1597(9) 0.4436(6)  0.2576(2) 5.1(3)
20(3)-.; -o 0885(8) _r_0-5577(8)\"'0.2635(3) 5.9(3)
T actd) -011332(30) '0.6533(6)  0.23323). 6.0(4)
20(5)° ;.—o 2491(1&) - 5.6348¢6) 0.1970(3) 5.4(3) - . .7
ey -0, 3204(8.) S'0.5208(7) 01912 . . 3.9(3) , o
» 1?(1) -'0.'1657.(9) 0.1933012)" 0.4309(5). T e W -
1F(2)  -0.3216(15) - 0.0894(10) ©0.3785(4) © - ° i
1F(3) - | -0, 3606(18) . 0.0774(9) " 0.4539(4) B(group) = 8.8(4) .
1F(4) -0.3770(15)  0.2810(9F _o. ASBTUA) e T }
IF(5)  -0.3380(18) . - O 0.2936(9) . 0.3823(4) % -
1F(6)  -0.5329(9). - 0 1777(123 0.4}.963(;5), > ‘o
RES ‘ ‘ - "" J’ L “' e PR
2F(1)  -p: 2235(15) -"‘@"'2327’(14‘.)’ 0. 3836(4) LT .
- 2F(2y, _ua 2082(15)- £0.1369(13) 0. 4529¢4) - n
LG - ~.31097) 0. F12909)  0.4441(5). B(mup) -9 ,5(4)
‘2F(4) -0, 4360(1'4),.. 0.233(13) 0. pE33(a) - w
2F(5) 2 ‘f—o 3537(16) [0.0576(g) ~. .0: 3921(4) ! .
.‘BPfG)‘ —0.4707(15)1 031378(]3) "o. 95264) l»"f T
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TABLL 2.7

Derived: Hydrogen Atom Positional Parameters

¥

0.5064

Atom X 4
‘ N " Methyl Hydroyen Atogs
o C(l)fﬁl‘ T-0,618 00671 01526
. C(1)-H2  -Q.313%  -0.0200 0.2114
CC(D-H3 U -u.qen7 0.0207 0.1822
-7 can-h .03z 001085 0.0319
- c(li)-H2  -0.2189 -0.0312 0.0184 *
' ¢ c(11)-u3 ', -0.4027 -0.0309° 0.0575
. cam-m 401938 -0.1812 - 0,131}
. ciz)-mz | So.0924 | -0.1644 0.0789
. RXREINE 0/0083 . -Q#1092 _ 0.1315
A _C€21)-H1  -0.6303° 0.2160 0.1963
B _'C(?’)-"Zr‘.~b-kQ:0 0.3516 - 0.2289
© Tceeen-ngT p.stre 0.3552 0.1673
C(22)-Hl .~ -0.2242 0. 2084 ,0.2838
C(22)-H2 €0.4243  B.2456 0.2914
. €(22)-H3 .  -V.3765 0.1044° . 0:2648
) e C(3)-H 0.0668 0.2720 0.1748
c(3)-N2 0.1104 ° ©0,3538  0.1234
" ¢(3)-H3 0.0273  06.4317  '0.1705
L G-l 4, -0.4144 - 0.2993 '0.0910
L C(4)+H2 -0.4208 0.4552 . 0.0730°
o U eqa)-n3 -0.3423 _  0.3421 0.0364
Y C(5)-HI" 0.0064 0.5117 0.1015
" . o(5)-H2  -0)ow28 . 0.4942 .  0.0436
: . _ C(5)-H3  -0-1763  0.5848 - 0.0853
.. PhenM Hydrogen Atoms? -~
¢ o 1-R(2) 6.1765  0.0252 7 0.1197
a R TE I 0.4038 0.1337 0.0926
‘ 1-H(4) ' 0.3695.  0.2778,  0.0273
~ 1-H(5) 0.1077° . .0.3134 . -0.0109
‘© . 1-H(6y . -0.1196  0.2049  0.0162°
2-H(2) -0.1263 0.3718 0.2805
. 2-H(3) -0,0013  °0.5728 0.2908
- w2-H(4) -0.0794 0.7394 0.%375
2-H(5) -0.2823"° 07066+  0.1739
© 3-H(6) -0.4073

0.1636

Ring # atoms are numbered sequentially.

‘\'1-H(20 is bonded
- to If£(3), etc.’

to 1C(2), 1-H(Y is bonded’

IS

o
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2.4 escription of the Structure

— .
An ORTEP diagram showing the final structuré and atom

iaqfliiné'scheme of the cation is shown in Fig, 2.4. If
! , | I

Fig. 2.5 is a view of the inner‘coqrdination sphere of
the mergi‘atpm and qf the céépehe ligand. Figt 2.6”gives
a sfereoview ‘of the cationgjifhe'shapes and sizes of
the atoms in all diagrams'are determined py the final
}sotfogic and anisotroﬁic thermal‘pérameters drawn at the
Sﬂ%vprobaﬁility levei; )

A selectién of intramolecular bond. distances %nd'

angles, including sfandard deviations aé estimated frbm‘

the inverse matrix is presented in Table 2.8. These

A e,

"quantities were'caléulated“ugipg’ghg program 8ﬁFFE. The
shorfest cation-anion distagce is 3.18 Z between atoms

c(5) énd,lf(}). This dis€%nce is of the magnitude expected

. £0; the packing of\discreféaqionicand catioqic components..
The PFG gnién occuﬁiesgtwd.eQﬁﬁily probably orientations
in,{gzzlatticé. The P-F distances rangé from 1.56(1) to. -
1.60(1) Z; a slightiéisipgmion from the value of 1.58 ﬁ
'~‘;bserved fér ﬁaPFs (96,k91); F-P-F angles rangé from
88.7@6)°at6°91.3(6)f where a Vafue*of 90.0° is expected, "and
from 178.1(6)° to 179.0(7)° where 180.0° is th§ ideal Y
valug; 'Deviations resglt since the P atoh is not con- |
strained. to iie,af the center of,gravity of the F6

- 4

octahedron. : “ue
¥

©

The cation has.anZapproximately square planar geombtiy.

The Pthatom, two phosphine P.a$0m5;~C(methyl) atom and the -

’




oy (D
kg

,,\\' P(2)\

An ORTEP View 0f the Cation Showing the Atom Numberi%ng Scheme.

50% probability ellipsoids are drawn.

) { o
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TABLE 2.8 . !

~ Selected Intramolecular Bond Distances and Angles

DISTANCES(A) ANGLES (deg. )

Metal Atom Inner Coordinativn Sphere

Pt-P(1) ) 2.297(3) P(f)—Pt—P(Z) . 175.3(1)
Pt-P(2) 2.290(3) i C(1)-Pt-C(2) 178.3(5) Y
Pt-C(1) 2.147(11) " C(1)-Pt-P(1) 88.3(3)
Pt-C(2) 2.079(13) Ckl)—Pt—P(é) ‘ 87.2(3)
- ] , C(2)-Pt-P(1) .92.3(3)
> | c(2)-Pt-P(2) 92.3(3) - .
’ Phos;hine Lig;st, .
| ~ . Pt-P(1)-C(11) - 112.9(4)
P(1)-C(11) * '1.796(12) PL-P(1)-C(12) = 117.6(4)
P(1)-C(12)- 1.806(13) Pt-P(1)-1C(1) -~ 113.0(3) :
P(1)-1C(1)  1.819(8) PL-P(2):C(21)  © 113.2(5)
P(2)-C(21) 1.801(15) Pt-P(2)-C(22) 115.1(4)
P(2)-C(22) 1.834(13) Pt-P(2)-2C(1) 114.8(3)
P(2)-2¢(1) ° 1.821(8) C(11)-P(1)-C(12) . 101.9(6)
- . T CU1)-P(1)-1C(1) | 105.8(5)
~ ; »
) C(12)-P(1)-1C(1)  104.3(6) ’
. | C(21)-P(2)-C(22)  104.5(7)
" ’C(ZI)—;(z)—2C(1) 104.1(83
N C(22)-P(2)-2C(1)* 103.9(5)
o . . . .
."." - Carbene Ligand - ’
o2-N, ;.269(15)', C ey . 12401) N
C(2)-C(3)  1.526(18) Pt-C(2)3C(3) - 118.6(8)
NC(a) o s1ia1817) ‘F(z)-N-C(4)‘ a2z
N-C(5)  1.495(18) c{2)-8-¢(5) 125(1) -
* Jooe s c@)-NTe(s) - 113(1)
BRI &< O LI E P P
N RN




T e MR e ST

carbene C(sp?) dtom define an eQﬁatorial plane. A‘
weightéd‘least;squaresplanegiven in Table 2.9 has been
calculated thféugh these atoms. The C(methyl) atom is found

to lie 0.043(13) Z above this plané. Séme disportion also

occurs in the equatorial plane itself. The phosphiqe ligand§
are bent back away frbm the carbené ligand, for the P(1)- = = &
Pt-P(2)-angle is 175.3(1)° while the mean C(1)~Pt-P angle

is 87.8(5)°. The two Pt-P distances are eguivalent, as : .

<

- would be expected since both phosphine ligands are in

. (-]
_ similar environments. The mean bond length is 2.294(3) A.

The phosphine ligands are oriented similarly with . .

-,
a

' ¢ Lt
respect to an apzﬁijjiate mirror plane through the Pt, - \

C(methyl) and th® capbene ligand, and the two_bhenyl rings

occupy positions on the same side of the Pt atom as the

carbené.} The phosphorus to phenyl ring-bonds lie almost

in fhe equatorial‘plane of the metal atom, and the planesA
of the phenyl rings, Ph-1 ané Ph—2, ;fe oriented at aﬁgles
of 85° and 753 with respect to the equatorial plane. The
phenyl rings were cbnstrained as rigid groups éuriﬂg
refinement, and the~in£erna1 geoﬁetry is fixed as described.
Variation in the angles that the phenyl ring makes'With
the_P-C(phenyl) bond can Qccur,'ﬁowever. The oriéntation is

described in terms of the angles P(1)-1C(1)-1C(2),P(1)-1C(1)-

~—

1C(6),land §k1)-1C(1)-1C(4) for Ph-1, and the corresponding

, . , ¥
angles for Ph-2 as shown below. In an ideal situation.these

angles would be 120.0°, 120.0° and 180.0° respectively. . In .

the final structure the angles are:. 121.1(6)°, 119.2(6)°,




S/

\ TABLE 2.9 3
. Weighted Least-Squares Planes o,
. ! . . . . e
Atom Deviation from Plane(A) _
Atoms included: Pt, P(1), P(2), C}I), c(2)
Equation of Plane: 6.441x - 2.436y + 15.982 = 6:391
. \ . i * ~
, Pt R N 0.0007(5)
- P \ -0.019(3) ’
P(2) | - . : -0.018(%)
c(1) ' 0.043(13) :

\ : ' C(2) . . 0.019(16)

Atoms included: N, €(2), C(3), C(4), C(5)

. Equation of Plane: 3.88x - 6.067y . 20.74z ='5,126
. i ' » ’

—

N ' } ' 0.002(10)
L «C(2) ) . , . © -0.008(12)
c(3) ' '0.006(13)

RC(4) ) . 0.004(13) ’
C(5) - -0.004(14)




éqd 172.1(4)9,for Ph-1 and 120.6(5)°, 119.2(5)° and
'176.3(4)° for Ph-2. Some significant distortion occurs in

that the phenyl rings are bent in towards‘the'carbene

v

ligand 'by a small amount. The two methyl C atoms on
eéch phosphine ligand 1lie above and below the square plane

of the Pt. ' Both ligands exhibit a distorted tetrahedral

'. , - -
geometry. The six P-C distances are equivalent, having a

R [+
mean value of 1.812(6) A.. Distortion of the phosphine °

ligands from ideal tetrahedral geometry is exemplified by

the mean Pt-P-C angle of 114.4(7)° and by the mean C-P-C

angle of 104.1(5)°. 109.47° is the ideal tetrahedrai value.

[
(@]
~~
(2]
N~
oe

P(1) 1C(2)

P(1)-1C(1)-1C(2) P(1)-1C(1)-1C(8B)
' | P(1)-1C(1)-1C(4)

The carbene ligand is~p1anar,énd coordinated to the
metal atom via the trigonal C(sp?) atom: A weighted least-
squares plane has been»calculatea'through the atoms of the
carbene ligaﬁd és'Shown in Table 2.9,‘ Tbe Q(spz) atom
deviates most from the plane (0.008(12) A). An angle of |
87.3(4)° is:obéerveékﬁétween the plane of the carbené ligand
and the equatorial plahe of the metal atom. fhe Pt~C(sp?)
distarice is°2.079(13) A. N;C(methyl)'qistanées'of'1.478(17) A

. o -] \ .
and '1.495(15) A are found to atoms C(4) and C(5) respectively,

1
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and a C(sp®)-C(methyl) distance of 1.526(18) A is observed.
The C(sp?)-N disédhce is 1.266(15) Z, indﬁcatiVe of considérT
able multiple bobnd ?haracter: Bond angles about C(2)

exeppl%fy the sp2 character, the mean vélue,béing 120(2)°.
.Thé N atom,aléovdisplays sp? hybridization. The angles ‘
" about thi; atom are C(2)—N—é(4)5122(1)°, C(2)~N—C(5)=125(1)°,
and C(4)-N-C(5)=113(1)°.- Also, the N atom and the atoms

\

bondeﬁ to it are doplanar as indicated by the weighted
1east-§quaxesplanécalculated thrOugh the carbene li.gand
(Table 2.93." ‘ ‘ I

o) o o

.* " Trans to the carbene is the methyl ligand. The C

. , © .
atom is2,147(11) A away from the Pt atom.

’




2.5 Discussion

DimethylphénYlphosphine is-a very ihferesting ligand .

1
-

due to its symmetéy. .The:phenyl-ring.is a cbnsider%bly more
A, , .
bulky substituent than the two methyl groups. -Such a
diséymmetryﬂmight be expected to be a large factor’in
determining the orientation of the phosphine 1igaz9 in

the solid state, if steric factors afe to come into play.

In complexes of this type, the substituents cis to the
phosphines, which in this case are thg meéthyl and the
.carbene ligands, seem to exert little steric influence on

the phosphines. Thus,. the phenyl rings of the phbSphiné
ligand both lie én the carbene side of the catign as is

seen in Fig. 2.4. The comple;es trans—[PtkMeC==0Me)Me(P—
Mezph)z]PFs and trans-[Pt(MeCz CMe)Me(PMezPh)z]PFG have been
examined by X—ray crystallographlc methods (92, 93)

. These‘compounds also have mutually Egggg phosphines

occupying positions cis to a méthyl'ligand.' The. fourth’
coordlnatlon Site 1n the square plane 1s occupied by a methyl—
methoxycarbene llgand in the former and by a dlmethyl— ) -
acetylene llgand in the latter. In these complexes-the
carbene ané acetylene ligands lie perpendicular to the
square plane, but the phosphine orientations are quite
different from those in the éompléx uﬁdéf'study. . For these
compounds the phen§1 sﬁb§titueyts of the phosphine ligands
lie on the methyl side of the Pt atom. This corresbonds to S

approximately a 180° roxation about the metal phosphorus : .;

4 .

bond and is somewhat surprlslng since the two carbene

-'t'

-
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complexes are related to-one another by the®reaction: : \ ,
L 3 . .

. Me 1+ : - B Me . 7 + T '
: . ‘ . ' .
HsCs ' Me . o CN
~ M, \ "\n /// N o R
Me Pt — NHMe , ' Me——Pt————C’ ‘
TN T Ne |
: ,// I '
HsCq {\\~Me : ' © | Me (.\\\ -
! . , . B
) | ﬁe ) BE o ’ L vMe ‘J. .
f ~ . ot
I ) 11 .

Another interestilg observation is'that’in}oompiex 1
the carbene ligand is diSprdered in the solid state due.to
two possible orientntions of the carbene Iigand,'rélated to .
each other by ; 180° rotation about the Pt-C(sp?) bond. " No -

such disorder‘is observed in-the solid state for complex

I, under study in this chapter. ' P X
. Carbenes, and methyl are ligands which exert a strong
£ .. .-
,)/ trans infiuence (67). ' . ' -

~

The strong trans influence of the carbene liggnd seems
to cause a Yong Pt C(methyl) bond of ‘2. 147(11) A ’The sum
of the covalent rad11 is 2 08 A (94) In‘the complex trans-
Pt(CH2SiMe;)C1(PMesPh); (95) where C(sp®) is trans to C17,

the Pt-C bond length- is 2.079(14) A. * The bond distapce in

-

the title complex,is longer by 3.80.

)

The observed Pt-C(sp?) dlstance to the carbene is

2‘079(11) A and the sum of the covalent radii is 2. 04 A

(94). In the structural examination of the acylimino-Pt




. 0.’\' .1#3

by 2. 90 Hence ’a,s1gn1flcant‘leagthenihg af’the ?

‘,‘i‘
.

. (carbepe) bond due to the, trans‘lnfiugnaé ofk he ﬁéthyl ilgand

=

‘is not obsepved.

. .‘“-‘) ' ;.?-':“
eq@ﬁculwr 't the‘ﬁb*

AL AR R
Tmnm orliﬂtatlon for ¥

o

Py

is observed in the long Pt- C(sp ) dlstance

L Withig ‘the .carbene ligand ‘the mean N- C(methf?}
distance is 1.486(9) 3;. The NkC(sp ) bond Iength is
1.266(15) Z.. It is thus, ev1dent that cons1dérab1e electran

density is being contributed by the N atom.to stabilize the’

electron deficieﬁt szé. Further prQof of thls is observed

LR MR o T

%ng‘ln the planarlty of’ the Ilgand and Jn the 1ncrease in the

\ C(4) N C(S) angle from 109 47 in an 1dea1 tetrahedra

31tuat10n to 113(1) o ;f ‘j~ o
.‘An ac&bunt of this-work has bten: published-(97).-

%
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i ; | ,.?HE CRYSTAL AND M@LECULAR S%RUCTURE OF. | A

TRANS METHYL(Z OXACYCLOPENTILIﬁINE)BIS{DIMETHYLj

e PHENYLPHOSPHINE)PLATINUM(II)HEXAFLUGROPHOSPHATE

Transr[Pt(CH c=uocuzcu )CH {P(CHg)zCBHs z]PFs

ax . {Introduntlon - 39"‘ vrﬁéti R , e .
ST ,ﬁf’ Chlshqlm and Clark have studleq the reactlons of ;

methan@l;c solutlons of trans PtMeCl(PMeZPh)Z w1th termlnal

.

, ;acetylenes 1n~the g?esence of AgPFs The products obtained .

are square plananIEatléﬁle complexes contaﬁﬂing methoxy-A

.'4'

L‘ o rfr‘ ‘} : )
I : pmeggh g S q?,k
= ' - ‘Me—=Pt L L - -.;JL: : . ,

! ‘]T;i ;?"“- if‘,:ﬂ . ﬁi .EL’, ;ﬁe?ph&e‘ 'CHzB:;;? . ;Wt; ": .'i;gﬁﬂ. |
i.i fo”ﬁné R = H,. a&kyl afyl* o .o _‘,;“; 5f-f ' ;%ﬁ : :lgf' . .
:ﬂlhu’ v The spe}&flc reactlon Wlth acetylene gas glves a complex ; ffq
‘ii{_;”:x'hkcontein1ng the methyimethoxyeafbene.llgand The structure; aA wfjfl

"ﬂ;ffsr~i T of tbls compound has been detenmlned~in the SOlld state by _
»l ve;L; x*rgy ery$tallggraphic meth s (q2)1 and the carbene llganﬁ' ;
;”-Z,:lﬁ~‘ ? has been £ound tm addpt a éizgg StereochemIStéy Wlth reSPeCf \.;@’
A - to. tbe C~wo boéﬁ .;;;;U;;'7*‘ -‘”;-ﬁ“ ;ﬁ,f-' ' .ff‘l . i . -ji:
: S The'same reacfidﬁ with 1- butyne~4—ol does ‘net. gzve,. S }5

.l o AP

R the expected analcgous metﬁoxycarbene complex Instead;lén J{‘-, -

R
* . . A A . B ‘ g G e
e - . . .- e
. . .
.
. s ” M d ‘ i - v -
‘. . : N - -
. Y . - 7 £
3 o ¢ ’:l \ ~y - P
. - ..
- c 0 I o s
o i ! ¥ v . L - -
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. ' intramolecular eyclization reaetion occurs preferrentially,
o . and the complex shown below can be isolated. -Due to its S
. .- ) , A" . . . . R
' ' PMe,Ph * Tl o -
c s -oqrer 0~—-CH
. - .v nﬂ, . ' . l / e :2 - o
coo o | Me—Pt—C", - | PFe
[ . , | N ——ﬁ—lcﬂy—wzﬂz“ o o,
. ) . pMGzph o
- | | e -
o e : Lo . . ", *.

cyclic nature, the 2¢oxaCyclopentjlidene ligand'isfboﬁsgrained
to have a cis configuration. ' =

An examination of the sb1id s&ateistrhcxure of~thié

-

complex was’ undertaken to determlne the geometry of the

carbene 11gana and to study 1ts coordlnatlon to the metal

" atem. Oxy-substituents are not expected to stablllze the
QI . "4 ) ¢ ° &‘:ﬂ. . ('l

electrobhilic C(carbeqe) as well as aminofgroups due to the

higher‘eiectrénegativity of'oxygen: Bécause of this, the
y

. bondlng 1n the oxycarbene cempounds may d1ffer cons1derab1y
o ‘

Trom that in corfeSpondlng aminocarbene systems (sUch as that

R

R

Y

. in Chapter 2}. 13C‘NMR spectra of complexes such as these
. 3 I -

; , a 'show/m;;§56 differendes in C(carbene) chémical shifts and
in 195Pt coupling cofstants to C(carbene) and C(methyl) (98)

. 0 "7 Alsb of interest in® the, structural study of ‘this’ complex

.

/I i€ the strong trans influenc7 of " ﬁhe methyl and ca?bene ligands

4

and its effect on the‘bond length‘lin the inner coordination"
., . 9-,»6

sphere of the- metal atom oL 'i. : PP

4
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‘Table 3.1.

“recorded.

- in 1ntens1ty of approx1mately 28% 020 and 020 showed only

‘closely examlned and no 81gq1f1cant deterloratlon in '

-than expecte%‘ﬁs observed for a given reflection, e, .0
‘F 2<F 2 (72).

‘ the standard reflections wa g applied tofthe data..

b

3. 2 Expenlmental _
A-sample bi the complex was klndly supplled by Manzer

After several attempts crystals con31dered su1tab1e for .

‘X -ray study were obta1ned by slow evaporatlon from methylene

chleride soluttonv The crystal data are prov1ded in’

Photographic analys1s of the classes of

.

reflections (0-2)k£ h(0-2)£,

systematlc extlnctlons' hkO, h#2n
- L

These absences are con31stent onIy with the centrlc space

and hk(O 2) showed the follow1ng

Ok£, E#Zn, hot, e#on.

group Pcca, Dé No: 54 (76). 'The'structure was solved and

2h’
Successfully reflned’ih this'space‘group.

Details of the data collection procedure are ‘summarized

B,

in Table 3.2. . The 1ntens1t1es of 5348 reflectlons were

Six standard reflectlons were monltored of .

4

thesé the intensities of the reflect1ons 400 and 400 -

1nCreased ‘an . averﬁge by 10% 002 and 002 showed an increase

sllght fluctuatlons In each case the peak quality Was ‘

structure was. pbserved~

»

Such 1ncreases may be. a re lt of

sllght\changes in mosalc1ty glvihg a decrease in extinctlon . L

effects Extinction iS most pronounced for very intense : . 3

”reflections and the” effeot is such that a lower intensitf‘ S e
* v

;o T i . i' e - * .‘ " , ’“"lnt' v‘r
a o L L afaf
No correction for the observed intensity chaﬂges,of

A S

All data
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Crystal Data for Trans-[Pt(CH,Cs=<0CH,CH; )Me(PMe,Ph), JPF; -

Cy 1 H;, FgOP,y Pt .
Analysis found (caleulatoedy
» ]

Crystal Q('si'ript on

Systemutic absences

Laue symmetry
Crystal system
.Space group

Equivalent positions (8)

Cell constants o

Cell volume .\

1

Wavelength used for ceil determination -
. Temperature at which’cell was determined 22°C

Method of density determination

Dens.1 Ly (observed)
(calcula ted)

-

B '.)'

Synmetrfconstmmts (cation)- -

_{anion)

C e e s -;A,:.\«W«ﬁ"*-%‘u:%\.“ﬂtwm"fjfﬁ‘*'ﬁ”’f#w'lwv

|
i
!
|
I

»

TABLE 3.1

f.w. = 703.4 ‘
€, 35.97 (35.94); H, 4.81 (4.41)

ocolourless tabular blocks

hkO, h # 2n; hOZ, £ # 2n; . o *
Ok¢, 2 £2n o
Y m"n )
ox:thorharbic
Pcca, Dgh
t(x, ¥, z), (% -x, ¥, 2),] . .
(3 +x,y, %+ 2), 1(x, y.é~z) oo ’
a = 15.503(7)& a = 90.0° o
b= 18.81(1)4 B8 = 90.0° ) .
.= 17.66(1)A v = 90.._0° ‘
\2652 A o \ .

070926A

flotatiq

o
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» TABLE 3.2

Experimental Conditions for Data Gollectfon

.
.

Radiation
Wavelength
Filter

Mean w scam .width at half height
(reflections)

Reflections centered, in 20 range

Scan range a) low angle side of 28
T b) high angle side of 20

Scan rate . B
St:ationary background count time

% available Brugr intensity obtained
for a given reflection

Take-off angle  °

Tubc KV; mA .

Collimtor size 5

Crystal~counter distance

érystal-aperture distance

Aperture dimensions )

20 range

Shells -(No:; high angle limit) o

Index 11m1ts

No. of data collected = ¢

p value

No. of reflections with I > 30(1)

u (Mo Ka),

Crystal faees -
Crystal dimensions ‘

+Absorption correction - .

Tranmssmn coefﬁcients a) minimum
- . b) maximm

-

'
.
- 3 .
wr
P - .
.
-s"'lr +
O A | ¢
. .
- e e

T 0.7°
- 1.0° min

M Ka

0.70926 A _ o
post-filtered, Nb foil (0.07mn)
0.062° (400, 020, 002) ‘

116; 15° < 28 < 30°

0.7° °

-1
- — —— 1

"10 sec
80%
1.4°
40; 16

T 1.0mm . ’

32cm
30em
4mm x 4mm

~

| 2.5° < 29 ¢ 50°

2; 45°, 50°

0«h<18 0<¢ke22, 0¢ <21

5348
0.03 .-
1763 4

54.68cm !,

{100}, {010} {001}, {012}
0.3%6m x O 28mn X 0 13m

amlytical ‘e
0.267s . )
0.535
&
. "
‘e ' N

6 4
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were processed. Only 1763 data héd.1>30(i). The Structu;e
£ C ‘ was sglved.usihg thése intenaity'data. ’

The crystal used for inténsity data ;ollection was
@éasured and the crystaljfa¢es were identified (Table 3.2)
with the aid.of o;tical gonioméf}ic measurementé. Absorp-
tionrcorrecfion gests on . a gepresentative group of |
reflections éhowéd large'variatibns in trdnémission
coefficienté} S0 éli data Wifh’f?zo(i)'weré correcqéd_fof

. ab%orption.usipé'the ahalyticai routines.of the program
AGNOST. iﬁ? iransmissioh'coefficientsﬁ:anged from 0;267 to-

0.535. A diagram 6f-fhe_crysta1 from which intensity data

were obtained is shown ip Fig. 3.1. -

1

re
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. . . - A Drawing of the Data Crystal -

Faces with dotted edhes,éfe‘hidden from(vipw, |
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3.3 Structure Solution and Refinement |
The Pt and two pﬁosphiqe'P atoms wére located from a
phree dimensionalipatterson synthesisn ‘TWO least—;quares
-~ cycles, in whigﬁ.an overall scale factor ahd’the positions
.of the three atoms were Qariedﬂigave agreement factors
"R, and Rz-of 0.183 énd 0.268 respectiQely; A series of

.difference Faurier syntheées and least-squares calculations :

3 Al
X M ' !
: o * 3

~

yielded poéﬁtional parameters fqr the remaining twenty-nine/

non-hydrogen atoms.

. The eight cations occupy the eight equivalent positions
. of site symmetry 1, wherehs‘the'anions lie'on'two,sets'of
speciéi'positions, each having site symmetry 2, and four-

L]

,fold multiplicity~in tpe'hnit cell. "%he'equivalepé positions
s, . - . .

o of the cation are given in Bable 3.1, and those ?f the
' *  anion are: .
Y 3,.2 0, y, % , ) .
’ -1, %, z 0, ¥, -3 | L [
| EBEEE RS A .
L 4, 4, 2-2 b, ¥, 4 |

- ‘ : : T

A two fold symmetry axis of the anion must coincide

N A

with a crystallograph1c two fold axls-‘ Thus, there are two

possible orlentations of the PFs aq}on with respect to ;

the crystallographic axis.-




i}

-+ A multiplicity parameter was refined for each disorder

As was. observed in the strueture discussed in Chapter

;2; the-PFevanionS"are disordered. The disorder is such

»

that bcth orientations, (I and I1I) of the enioh are pne@eht
" at each spec1a1 p081t10n Two‘disorder ﬁodels were formu-
‘lated, as described in Chapter 2 w1th two F6 rigid groups

describing thevdlsqrder at each set of special pos1t10ns.

Two-fold symmetry is required at each special position; end a .

the rigid group positional and orientetich parameters were

treate& atcordingly in the least—Squares calculations.

model such that the net multiplicity at each special position

) 2

equalled:0.5. ‘ ] !

The rigid ‘groups have Oh‘symmetry with the origie‘at
. the center of the octahedron. The distance of eech F‘atom
. o
from the origin jis 1.58 A.

» ‘
The P atoms of the anions were included as 1ﬂﬁ1vidua1

°

atoms with multip11c1ty 0.5, underg01ng 1sotrop1c thermal ) -
cmotlon.' In the least-squares~refinements these atoms\were
‘ constralned to lie on the crystallographlc symmetry axis o
The phosphlne phenyl rlngs of the cation Were treated

" as rigid.groups w1thDs‘h symmetry; A11 non-hydrogen atoms

A .

were subjected to full matrix least—squares refinement .

Non“group atoms of ‘the catlon were allowed to vibrate
7

anisotropically "~ Group thermal parameters were reflned

A} -

. for the four F6 groups and individual isotreplc group atom

’

temperature factors were varied for the phenyl ring rigid
( "~
groups. Two cycles of refinement.converged the model at /

R1*0047andRz=0054 e A
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The contributions to F of the methyl and phenyl H .
atoms were calculated as described ipn Chapter 2. Methyl
C-H dlstances of 1. 05 A and phenyl C-H bond lengths of 1.00
o

A were assumed. Positions for the methylene H atoms of the

carbene ligand were obtained from the program FINDH. A

. - ° - .
C~H distance of 1.05 A was utilized. Isotropic thermal

L4 o '
parameters of 4.0 A% were assigned to all H atoms.

. \

A statistical examination of the structure factors in
terme of various combinations of Millefllndices, mégnitudes
of F_, lflsiné, and di?ffactometer setting angles, showed
FO much greater thenAFc {or several very strong low angle_
re‘fleétionsk The i}ltensities"were considered unrel’iable for
the reflect1ons (002)”(020) (022), and (122), angd these .

,L,
reflectlons were omltted in the final 1east -squares : =

cdlculations ]

‘The final model converged at R* - 0.044 and R, = 0, 648.
No evidence for the presence of secoddary extinction was
observed. ”l

The largest peak ln a fidal differenee Fourier synthesis
is located at (—0.095, 0:075, —0:225) and bas an electron
density of 0.73(9) eA " This ‘geak is associated with a Y
disordered PFg anion. .

-

The conditlonsand results of the final least squares’

.

cycles are gresented in Table 3.3. The f1nal positional and

thermaL parameters‘of the nbn~group.atoms are giveh'ln Table -

1

3.4. 'Rigid group pé}ametérs are shown in Tablg 3.5, and _

the derived ﬁositidnal parameters of the group atoms gre shown

.
&
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R A ' . TABLE 3.3 . ‘
. . - - . : S
. - * Conditions and Results of Final Full Matrix Least-Squares Calculations
'} [ . . N N
« ’ "r '.- . - A ‘ ) t
’ Observations *, ' 1763 ' \
Variables, . 160 .
. Ratio (6bservations/variables) 11.0 * .
- 0T 2 : N ! ' . ; ) *
' Rigid. groups N . 6 : ,
Disorder mc:ielsf' (No.; entities) 2; both PF¢ anions-. -
. ' Non-groub atoms ' . 13 :
' 2) Anisotropic’ . 13 ‘
’ b) Isotropic. - .- 2 .
H atoms included; No. (type) - - 3F; 6(methylene), 15(methyly,
. ’ .7 - 10(phenyl) -~ - '
Extinction coefficient . . not refined ’
Maximm value of (parameter Shift/ 0.098° ‘ .
- standard deviation) . . .
) Agreement factors: Ry . ’ Ve 0.044
R, .. v L0.048
’ Final error on an observafioﬁ of tnit- * 1.7 electrons - !
‘ weight : . “ '
Final difference I-burier syntﬁ&sis - 7 . .
a) Position of largest peak. (-0.095, 0.075, ~0.225)
> ‘ -]
b) Electron density 0.73(9)e A™' .
: c) “Associated with disordered PF; anion '
. S
- 4
| i
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. in Table'3.6. "Galculated H atom positiéﬁs are présented in"

Taple 3.7. . ) - . '
A list of 'the observed and calculated structure* .
amplitudes, given ks 10|F_| and 10|F_| is presgnted .in

o

‘ . Appendix III. ) . S .
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a

: CF migSe L
AN Lo S g ’
. B D‘iw‘.’x‘f Group Atom Imu;l:teﬂl"& ’ -
o ! Atom x y . ) .zf .l B(;’)
‘ol ) o o »
- - 1I6(H® <0.2647(9) * 0.1271(8)  0.0153(7) . . 4.3(5)
CI0(2). . -0.3139(11),  0.1608(8) . #0.0058(7)  6:0(8)
.. 103)° . -ofian7y . 0.3%er(s)  -0.0637(10) 7.3(6) °
" 10@)  -0.386509) . 0.1237(8)  -0.1310(8) 7.4(6)
L1es) 07211y | 0.0900¢8)  -0.M0S(7) .. 7.2(8) )
L 16(6)  -0.#463(T) © 0.091K7) .-0.0826(9)° 5.3(5)
P2 7 ) - ’ .o
. 20(1) - 0.0111(8)  0.3720(7)  <0.0138(B) . 3.0(4y
S 20(2).  0.001%(89F  0.3417(7)  =0.0049(6) 6.0(9)
T 2C(3) 0.1510(6)© 0.3429(7)-  -0.0642(8) ' 5.5(5)
. @)  0.1202(7)  0.3752(7T) * -0.1325(7) 5.6(5)
0(5) 0.0484(9) 0.4064(6)  -0.1415(6) 3 7a) -,
- 2(8) ~0.0107(6) - 0.4052(6) , -0.0821(8) . 3.9(4)
- 1-F6 | . - » 5. , Q_
_ FQ) LAY, 0.5H0(7)  0.30756), 1
N IF(2)  -0.3%8(5)  0.4580(7) 0.%75(6) L
.. IF(3) - -0.2123(6) " 0.4494(3) . O.2M436) o . s84) |
1F(4) ° -0.2877(8)  0.5506(3)  0.3707(6) ;
.- 1F(5), -0.2877(6)  0,5506(3) ' 0.2443(6) s
IF(6)  -0.212X(6) ~ 0.4491(3) . 0.3707(6) .
) 2'_5 - N ' . C - .
5 o 2F(1) > -t i | 0.2085(26) )
W2 -t R . '0.3873(26) - .
) 2F(3).  0.1624(22)  Q.543(3L)  0.297W) gl s 6 oy
> 2P(A)  -0.3376(22)  1.4570(31)-] 0;2870(26) 7 7.
' 2F(5)  -0.1979(37) 0.4@78(18) , 07297%(26)
© v Z@®) - -0.3021(37) . 0.5722(18)  0.2979(26) )
3-76 . . , ' ‘
. ® Q) 0.0568(11) - 0.0547(8)  0.348(7) '
¢ -« T 3M@)  -0.0658(11) _- 0.0547(8)  -0.1752(7) -
R C @ -0.000(5)  -0.00i8(B) * -0.2846(T)  poiin - 9.5(7)
. 3E(4) - 0.0803(5) --0/0048(8)  ~0.2184(7). ) .
IF(S)  0.080X(5)  0.1141(8) . -0.2154(T) _
- . (@) - 0.0QUS)’ 014N / o) - . _ - .
-’ . C Q | . . T~
) " ap(1) .  f0.0020018)  0.0520¢10) -0.3394
aF2) o.oo'zo'(m)& 0.0520(10)  -0.1606 o
4F(3) o ' ,.0.0321(10) -i-. & Blgrowp) = 9.1(9)
@) ‘0 - 0.4%0(10) . e L
. 4R 0 d01h 0.0520(1Q) . -0»2482(16) 4* -
+ 4F(6) , 0.1017 | 0.0520(10) -Q.2518(16) )
. . . y ] j - ¢ .
ot Rﬁg C atomg are nunbered apqucfutuliy. 1C(1) is bonded to P(1)
s : , . . . 5 o
., s . > )

[T
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R Atom

2
By

C(1)-H(1) ;V -0.1277

C(1)~H(2)
C(1)-H(S)
C(11)-H(1

)

C(ll)‘B(Z)
"C(11)-H(3)

C(12)-H(1

)r

C(12)-H(2)
C(12)-H(3)

C(21)-H(1

).

C{21)-H(2)
C(21)-H¢D)

C(22)-H(]

)

Ct22)-H(2) .
C(22)-H(3)
’ ' Iethylene Hydrogen Atoms

C(A)-H(1)
C(3)-H(2)
C(4)-H(1)

TABLE 3.7°  _
X y
Methyl Hydrogon Atoms
0.1910
~-0.0392 0.2153
-0.1390 0.2813 -
-0.0573 ' 0.0707
-0.1378 0.0175.
-0.0802 0.0710
.-0.2765 0.1519
-0.2814 - 0.0670
-0.1954 °  0.0926
-0.1870  0.4385
-0.1179 0.4807
-0.1879 0.4173
0.0335 .0.3533 -
0.0199 . 0.4402
-0.0568 0.3991

TLec(a)-H(2)

C(5)-H(1)

)
. 1H(3) -
* . 1H(4)

: _ 1H(5)
\\ oo 1H(6)

e 2H(2)
2H(3)
2H(4)
2H{3)-
 2H(6)

‘\;\f C(5)-H(2) ~

-« Derived Hydrogen Atom Positional

Parameters
\-\\ z ‘
0.1932
0.1868
0.2029 .
0.0847
0.0499
-0.0102 .-
0.1641
0.1288
.0,1833
0.0934.
0.0323
'~0.0010 -
0.1623 :
. 0.1354
0.1900

-0.0771 . 0.1747  -0.1076
-0y182  0.2519  -0.1068
" -0.1248 0:.2084 -0.2267
-0.0855  0.2930  -0.2157
-0.2581 0.2410  -0.1834
-0.2242  0.3276  -0.1905
Phenyl Hydrogen Atoms®
' -0.3561  0.1870 - 0.0426
-0.4613  0.1837  =0.0563
..=0.4306 0.1224  -0.1718
-0:2946  0.0642  -0.1884
-0.1894 - _0.0675  -0.0894
£ 0.1080  0.3182 0.0443 )
b:zgea 0.3203 . -0.0578.
0.1716 - _0.3758 - -0.1751
0.0326  0.4202  -0.18¢
-0.0887- . 0.4270, - .-0.0882 "~

™~

'wPhenyl H atoms are numbered sequentiafl

1C(3),

etc.

1H(2) is bonded to 1C(2), 18(3) 18- bon;:;\te\\ .

g
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Ep‘ - '3.4 Description'of the Structure A ,.\<\; ‘
s '. ~.The nearest cation- anion approach is 3.08 A betWéen\\\;‘
. atoms C(4) and 4F(4). -This distance is consistent with F\\Q\\\
/ . B

;7 - that normally observed for the packing of-discrete‘anfonic
and cationic components 'fFig 3. 2 is an ORTEP diagram .

of the cation, showing the atom labelling scheme. . The

1nner coordination sphere of the metal atom and the carbene'
iigand'are“depicted in Fig, 3.3. A steréoview of the cation‘
‘is preSented~in'Fig. 3.4..~Se1ected intrdmolecular bond
distances and angles together with their standard
" deviations are given in Table 3.8.

The PFs anion ozcupies two sets of special positions

.with 2 51te symmetry There are two orientations of the

51x F atoms at each site due to disorder of .the anion Tﬁe
3 .. final reﬁaned multiplicity parameters for the disordered
'groups were 0 42(1) and 0‘28(1)\\ The more abundant ‘
hgaf' i- orientation of the anion at;eachisite is that in which no .

. This, orientation _

occurs 84% of . the time for the F.atoms related to. P(3) and -

56% of the time for those about P(4). | .
Since the P atoms were not constrained toziie at'the
‘center of gravitp:of the-FG octahedra .SOme distortionwof
the octahedral geometry of the anions is possible. The ‘

‘mean P-F distance is 1. 58(1). A ~where 1, 58 A 1s expected

(90, 91)." The mean F-P-F angle for _t_z;m__s_ F atoms, is 177(1)°

. v and that for cis F atoms is 89. §(4)° ‘Similar deviations

irom ideality were observed in Chapter 2,
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.the,least—sqqares plaﬂe althougﬁ-the‘éérbéne ligand (fﬁble'

'

- . - L% ‘ R
3.9). 'C(4) is the only atom in the carbene ligand not

bonded to C(2) or 0, and is the only one that. deviates

’ . e

significantly (3.30) from the least-squares piane. This

is ‘also the atom which shows the greatest thermal motion

as observed from the lafée\therma; elipsoids in Figs. SLQ_
3 e
3.4. , . L
;- The  C(methyl) atom trans qutﬂéxcarbeneiliggnd is

A

4 ] . L. . 4‘.'
©2.08(2) A from the Pt atom. This “distance differs from

i

that of 2.147(11) observed in Chapter 2 by 2.90.
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Fig. 3.4 )

A Stereoview of the C;tion.
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TABLE 3.
" - Selected Intramolecular Bol d,)Dis,tan-ces and Angles
Distances(A) K Angles(deg.)
. Metal Atom Inner Coordination Sphere '~ -

" Pt-P(1) 2.305(5) P(1)-Pt-P(2)  178.5(2)
Pt-P(2) 2.305(5) C(1)-Pt-C(2) 179.0(8)
Pt-C(1) 2,08(2) C(1)-Pt-P(1) 86.6(7)
Pt-C(2) 2.00(2) | " C(1)-Pt-P(2) 90.3(7)

) - : C(2)-Pt-P(1) ' . . 92.3(6) .. Py
C(2)-Pt-P(2) 88.9(6) - -
Phogphine Ligands ;
P(1)-C(11) 1.82(2) Pt-P(1)-C(11) 114.4(7)
P(1)-C(12) 1.81(2) . Pt-P(1)-C(12) - 118.6(8)"
P(1)-1C(1) 1.83(1) Pt-P(1)-1CE1) ,  111.9(5)
P(2)-C(21) 1.84(2) Pt-P(2)-C(21) 112.6(6)
' P(2)-C(22) 1.80(2) Pt-P(2)-C(22) . ' 118.8(7)
P(2)-2C(1), 1.82(1) Pt-P(2)-2C(1) . 1b9.6(7)
S C(11)-P(1)-C(12) . 102¢1) .. )
C(11)-P(1)-1C(1)  105.7(9) .
C(12)-P(1)-1C(1)  103(1) " .
C(21)-P(2)-C(22)" , 104(1) - = °
C(21)-P(2)-2C(1) ' 105.5(8)
. €(22)-P(2)-2C(1) 105(1) - . ' -
. . Carbene Ligand- . '
c(2)-0 1,26(2) " Pt-C(2)-0 122(2)
C(2)-C(3) 1.53(2) ' Pt-C(2)-C(3) .. 125(1)
C(3)-C(4) 1.57(3) C(2)-0-G(5) . 113(2)
C(4)-C(5) - 1.55(4) - C(2)-C(3)-C(4) 105(2)
. 0-G(5) 1.50(2) . C(3)-C(4)-C(5). . 102(2)
L i C(4)-C(5)-0 . 106(2)
A T LC(3)-C(2)=07 .~ 112(2)




" The cation hasudistorted square planar coordination

about the Pt atom. The equatorial plane E?ﬁ?ormed by the
'Pt, two phosphine P atoms,.the C(methyl) and C(carbene)
atoms. A weighted least-sqnares plane fTable'é 9) shows

(fhat the atoms P(1l) and P(2) deviate most' from the plane, _
being 0.021(6) and 0 015(5) A below the ‘plane respective-
ly. The P(1)-Pt-P(2) angle. is 178 5(2)° and the
C(1)-Pt=C(2) angle is 179.0(8)°. ~ The mean P-Pt-C angle
is 90;03(8)°; Thus, the distortiop oT.the square plane

\ is only slight. s )

The phosphine P, atoms lie 2. 305(5) A to either side

of the Pt atom. The orientation of the phosphine ligands

. is similar to .that 1n the corresponding aminocarbene

' complex (Chapter 2) where both phenyl rings occupy the
carbene side of the eguatorial plane in a 'lopsided" .
arrangeeent of the b;tion .One‘ring lieé well above the
sqque plane of the Pt atom, and one well below. Thiéﬁﬁ )
coﬂgtrains one. of the P-C(methyl) bonds in each phosphine '
to lie almost parallel to. the equatorial plane and the other
to lie nearly perpendicular to it Both phenyl rings are
oriented nearly perpendic&fﬁr to the sqnare plane; the

angles between the planes being 85° for Ph-1 and 93° for

. .Ph-2. As in the similar aminocarbene complex (Chapter 2)
bR whe phgll rings are ‘bent slig‘htly towards the carbe.
ligand ‘The angles. P(l) 1C{1)~ 10(4) and P(Z) 2C(l) 20(4)

are 175, 0(8) ‘and 174 9(75 respectively, No other significant .

distortion of ‘the* phenyl rings is observed The”angles

“
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-

Pt RS . 0.001(1)

.
- 2 -
-t

|

. R : L, . ' '»; A PR
- , TABLE 3.9 . - R
. ) - -'\ . . < y . bt .
‘ . Weighted Least—Sq.u‘ﬁ:res )'P;anes:—; i '

. ~ ’ . * . .‘ ‘. '. . o .- " '
Atom . . T, Deviation from Plane(A)
Atoms included: Pt, P(1), P(2), C(1), C(2)

Equation of Plane: 14.09x - 7.240y - 2.858z = -3.734 = .
. 0, : - . ° “. . - ,\% .

PA) -, . . T co0218)
p2) ‘ . p.os(s)- o
c(1) . | s 0.01(3), '
czy . " Ca 0.01(2) .

. . . o
Atoms included: C(2), 0; C(3), C(4), C(5)
Equation of Plane: 6.850x + 17.0ly - 9.00z = 3,527
c(2) . N 0.02(2)
o.. . ©0.00(1)
. bk 7] .

C(3) - . .t -0.04(2) . .
c4) - i . Z0.13¢4) - 7
(<733 M - L r0.03(2)

- ! .o;‘ . . .

. .
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P(1)-1€(1)-1C(2) and 9(15-19(1)710(6) are 118(1) and 122(1)° 3

respectively. Corresponding'angles'about atom 2C(1) Are: .

-118(1) and 121(1)°.

As observed previously (92, .93, 96), the organic
substltwents on the phOSphlne 11gands are bent back away

LS

"from the metal atom to.avcon51derab1e extent, resultrng\in

a distorted'tetrahedral geometry abont the P atoms: .The

Pt-P-C angles vary from 109.6(7)° to 118.8(7)°iand the
average'is 114(2)°. The C-P-C angles vary from 192(1)°
to‘16547(9)° with a mean value of 104.2(6)°. Correspondingh '
angles 1n the amlnocarbene complex (Chapter 2) have mean

values of 114 4(7)° and“103.4(5)°. All P-C distances are.
crystallographlcally equlvalent and the mean. value 1s

1.820(6) A compared to- 1 805(6) A in the amlnocarbene é
complex. The oxygarbene 11gand is present as an almost N
Planar five membered ring coordinated through the4C(sp2)
atom.; A weighted least;squares plane calculated through =’
the carbene ligag@:is‘shown,in Table 3.9. ‘b(4) is farthest
from the plane, being 0'13(4)'K ahove it. This plane is

at an angle of 87 3(6)° to- the square plane of the Pt atom.

- o

The large thermal ellip501ds representing atoms ch) N
and C(5) give evidence of considerable motion in that N o
region af the carbene 1igand Such motion may be the
result of a strained- five membered ring

The Pt- C(sp ) distance is 2. 00(2) A Significantly
shorter (3 30) than that of- 2. 079(13) A observed in ,
tr;ns [bt(né!—-nuez7ue(Puezph)2]st (Chapter 2).  The f-

f‘wﬁ- S
' u" 'Pf' s . add

?:\, . ' . o
o "3:4 . ' ! P’



‘d(sé{)—o bond length is 1.26(2) A, compared with 1.32(3) A
in  the complex glg-Pt{C(NHPh)(OEt)}Clszta‘(65). This
éhort 5ond distanée is similaf to the CQ-N"distance
observed in the am1nocerbene complex (Chapter 2) An 0—0(5)
bond length of 1. 50(2) A is observed. - This agrees well
with the mean value of 1. 51(4) A obtained for the cycllc
carbene ligand in the complex cis- Mn(EBEﬁ:EEZB)Cl(CO)u
(99). The C(2)-C(3) distance of 1.53(2) A is™ equlvalent
tosmthe value of 1.526(18) A observed in Chapter 5. The
‘,’meen Cﬁsp3):C(sp3) bond disténce in the carbene ring is
1.56(1) 'A. The value obtained for cis-Mn(EOCH,CH,;0)C1(CO),
(99) is 1.53(4) A} None of the C-C bond lengths around
the dérbene-ring ere signi}icantly different. S
Of the three angles around C(2), Pt—C(ZSjO and
Pt—C(Z);C(3) have telues'ef‘122(2) and 125(1)°'respective1y.
These éxceehdthe expected 120° angle for,sp? hybridization,
and the angle within the ring, C(3)-C(2)-0, is only 112(2)°.
The cyclic nature of the ring does impose some;strain.upon
the systeﬁ. This le furthepq@isplayed by the angles about
the C(sp?) atoms. which are all less than the ideal value of
109.47°. The ‘average valie of these three angles is
.164.3(9) The” angle C(2)—0 C(5) is 113(2) The corres—
pondlng angle about the o atom in’ Cr(PhCHHOMe)(CO) (47)
where a‘methoxyphenylcarbene ligand -with Egggg stereo-

chemlstry is present, is 121(2)°. Thus, the. cyclic nature

of the carbene lighnd ténds to constrict this angle as well.

. . !
,Thetspz hybridization at C(2) and 0 is best observed from '

/ ' ’ ¢

-
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'C(45 is the onry atom‘in'the‘carbéng ligand not

P

and iS'the only odé that. deviates

3.9).
bonded to C(2) or 0O,
31gn1flcant1y (3.30) from the least- squares plane. This

is also the atom whlch shows the greatest thermal motlon

e [

as observed from the large\thermal elipsoids in Figs. 3.2-
- L\I

3.4. , _ . L
- The: C(methyl) atom trans to the carbene llgand is
3 1 3,
- 2. 08(2) A from ‘the Pt atom.” This’ dlstance dlffers from
» R ] >, .
that of 2;147(11);obserwed in, Chapter 2 by 2.90.
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3.5 Discussion

The overall structure of~this.05mpound is yery’similar
to” that of the aminocafbene‘compiex in Chapter 2. ﬁoth ‘ '
‘cations are square pianar and the carbene ligands 1te
.very nearly perpendlcular to the equator1a1 plane of the
meta} atom. The orientation of the phosphine llgands is
also siﬁilar. : o - . !‘;
Tﬁe Pt-C(carbene) distance is significantiy shorter’ -
thén observéd'in tho previous,ohapter. The Pt-C(carbene)
bond of 2.00(2) A in the alkoxycarbene complex is shorter Y
than that of 2. 079(13) A 1n-the amlnocarbene catlon by
3.30. A factor which may be respo sible for thlS

difference'in Pt-C(spf) bond lengths is that oxygen'is more,

electronegatlve than nltrogen and hénce- a poorer nucleophile.
Thus, ~a1koxy-subst1tuents do not stabilize the electron

def1c1ent C(sp?) atom as well as alkylamino ones, and_n ) -

»

bondlng from the metal atom to the vacant pZ orbital of

C(carbene)'ﬁay'Be‘postulatea Such an effect would tend

~ AKX ]

_to ghorten the Pt- C(sp ) bond even though the strong trans
nfluehce of the methyl group is still present Thus

the Pt—C(sp ) distance is conparable to ‘that of 2. 029(11) A 1

observed for the purely 0 bond in trans-Pt(MeC= N—p—CngCI) .

I(PEta)z (96) where the weak trans influence ligand 1~

lies opposite C(sp?). .

v

There exists further data whioh.ténds‘to favour-

éignfficaht'metgl—ligand m interaction for alkoiycarbene

. ! . . es
Pt(1I9 coﬁplexes. A spectroscopic technique which is very
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‘observed in the chemical shifts of C(carbene) for the

(100). ‘The chemical shift for C(carbene) in the alkyl-

of these two complexes where the Cr-C(carbene? bond length

L0 . . b ‘ R
“to 2.16(1) A in 'the alkyI%minocarbene complex (50). The

%f - 87

)

'sensitive to differences in bondlng ‘about ¢ atoms 1s;ﬁ3C

\

NMR. Substantlal dlfferences are observed 1n the C(carbe

. 1
resonances, and in the th C(carbene) and JPt—C(methyl)

coupllng constants for complexes of the type trans-

[PtLMe(AsMeg)z]PFe, where L = alkoxycarbene or alkyl- E: .

‘aminocarbege(QS). Such changes_.have been attributed tp-

v . . »

drfferences in 7 bohding about the C(sp?) atom in alkoxy- - .

uand alkylaminocarbene systems. Similar fesults have beed :

ca}bene complexes Cr(PhC-uﬂMe)(CO)s and Cr(MeC==NEt, )(CO)s -

aminccarbeite complex is upfield from the alkoxycarbene

value by approximately 60 ppm. - This has been attributed_ sy fﬂ
i Lo . - ] )
to greater dm-pm interdction in the alkoxycarbene systems.

This arguhept is supported by the X-ray cr§sdai’structures T
, g , -
increases from 2.04(3) A in the alkoxycarbene system (47)

.

bond‘lengths differ by 3.80. ‘These results paralieizthe

spectral and crystallographic data, in the square planar r ot

Pt complexes. ' : _ :? SEERT

’ »

The carbene C(spz)-heteroatoh distances in the two

Pt complexes exam1ned thus far are con51stent1y shorter than

.

those in the two Cr complexes by approx1mate1y 2.50.

- a -

Although the distances are not signiflcantly dlfferent,lthé'
'trend 1mp11esvxhat more electron density is required-of the

heteroatoms in the form-of pm-pn interactions‘in'the Pt

' e
- -
~ . =, . .
. .
- -
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complexes. The Pt(II) atom is not capable of as much
dr-pm back donation as is the zero valent Cr atom. ‘This

will be further discussed in Chapter 7. Nonetheless,

lsignificant.metal—ligand bonding appéars to Be present : }

in the alkoxycarbene complex being discussed. :
< . . . X

Three resonance structures are generally drawn for
carbene ligands of this type. o, i ' .

X 2 X o X ‘

M——Q\\ —s M—cC*t «— ﬁ?géa
CH,R CH,R . \CHgR
I 11 111 - ’
‘e . N
X = alkylamino, alkoxy- - .
R = H, alkyl, aryl

Structural data tend to indicate that the aminocarbene

complex in Chapter 2 favours structure I, as does the

alkoxycarbene coﬁplex in this chapter, but with a signifi-

cant contribution from*III. Thus, the carbene ligand in

the cémpiex trans?[Pt(éﬁzb;AOCﬁ;sz)Me(PMeZPh)z]PFG may °
be.referred to as a metal stabjlized carbonium'iqni

‘The Pt-C(ép3) bond length of_2.08(2)’z to.tﬁe methyl
ligand trans to carbehe is not significantly different from
that of 2}147(11) X observed in Chapter 2. These bond
lengths differ by 2.90. ‘A summary of availaWBle Pt(II)—'

C(sp?) bond lengths for square planar complexes is presented

in Table 3.10. Clearly, é‘close comparison of‘bond length .
data with regard to trans influence is difficult because of

the large estimated standard deviations on the bond distances.

»
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Of the six structures shown in Table 3.10, the Pt—C(sp3)~
bond lengths for the first five are not significantly .

diffevent. But, for the complexes where lower standard

deviationsvare obtained, the‘expected_xrend is observed.’ f

" In the complex examined in Chabter 2, the bond length of - ‘

X R .
2.:147(11) A is longer by 3.80 and 5.10 than that in
trans-Pt(CH,SiMe;)C1(PMe,Ph), (95) and- trans-PtMeCl(PMe-

Ph,), (101) respectively. The complex with the longer

a

bond length has an aminocarbene ligand trans to the

C(sp?®) atom, whereas the short distances are observed when

C1” isXtrans to C(sp®). A comparison of Pt-C(sp?) bond

length data will be made in the final section of'this
thesis. ' ' - ‘ .

An account of this work has been published (102).
\ : )

%
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:carbene llgand is., formed (complex I1).
. carbené. We have found that limited information about _the

obtained from Pt~ C(methyl) bond lengths (Chapter 3) However,

&
CHAPTER 4
' .
. THE CRYSTAL AND MOLECULAR STRUCTURE OF TRANS-

CHLORO(3—HYDROXYPROPYL—N,N-DIMETHYLAMINOCARBENE)BI§
(DIMETHYLPHENYLPHOSPHINE)PLATINUM(II)ﬁEXAFLUOROPHOS-

PHATE, Trans-[Pt{HO(CHz )3C""‘N(CH3)2 }Cl {P(CH3 )2CGH5}2]PF6 .

’

4.1 Introduction

The éomplex containing the cyclic alkoxycarbene ligand,

trans- [Pt(CH,C===OCH, CH ,)Me (PMe, Ph),]PFs, whose X-ray crystal
structure -is discussed in Chapter 3, reacts_readiiy wi;h
dimethylamine in dichloromethané.solution to give an inter- i

esting product (64).

) T r ) -+
+ ¥e .
Me‘—Pt-—-c\ + e, 2oy lye p.c” ' .
PMe,Ph Q{Z—mz . , L PMe,Ph }Hg ) sai
. | o ‘ -
I II

As with non—cyolic alkoxycarbene ligands, dimethylamine

~ ~

displaces the alkoxy-subsfituent to form an aminocarbene. When
this reaction is performed onhI, fhe carbene ring is cleaved

at the C-0 bond, and a 3- hydroxypropyl-N N- dimethylamlno
The new product (I has a methyl ligand trans to the

trans influence of the carbene 1igands being studied can be

‘.\

91.




" Pt-C1 bond distancés have been utilized with reasonable
success as a probe for the determination of crystallographic
trans influence of various ligands, and more specifically
of"carbon donor' ligands (68). Since Cl is a much heavieo
ato@ than C, its position’can be defermined more‘accurétely_u
-by X-ray diffraction mefhods. Therefore, Pt-Cl bond lengths
are much moreosensitive-as indicators of trans influeﬁce than
the Pt-C distances. | . '

Clark et al. have observed that when carbeoe complexes
such as I and II are reacted with HC1, the carbene ligard
is left uﬁohangéd, but the‘methyl at the trans coordination
" site is displaced to give the correopohding chlo}& complex
(64). o - '

_trans- [PtMe(carbene)(PMeZPh)z]PFG + HGl-——7+

trans [PtCl(carbene)(PMeZPh)z]PFG +°'CH,

Thus, d(llgand of,veryﬂsérong trans influence 1s.rep1aced'
- by one of very weak trans influence. The full chémical
significance of thls will be realized in Chapter 5

When the above reactlon is performed w1th complex II
. trans- [Pt{HO(CHz)3CﬂhNMez}C1(PMézPh)z]PF is obtained., Ao
.X—ray crystal structure_determination of this compound was
undertaken. Since a‘chloro ligand lies trans to carbene
in this complex, a more accurate estimate of the trans .
influence of the tertiary carbeno ligandgshoold be oossible.
The trans influence of this ligand can be compared toAfhoée
of other types of tertiéry'carbene-ligands. Also, evaloation

&

of the Pt-C(carbene) bond, and of‘tho geomeiry of thngarbene"

.




" ligand with respect fo previously observed data, should

help clarify bording trends in complexes of this type.
. . :

-
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4.2. Experimental

The preparation of the complex is described in detail
in Chapter 5. Spectral and physical data are "also given‘since
they have not been reported elsewhere. -

A colourless sample of: the compound was prepared and

. recrystallized from a, dichloroﬁéthane/ether mixture to give

\ * -
irregplar octahedral blocks‘witn»well developed faces. The

crystal data are presented in Table 4.1.

A photographic study revealed'the cryﬁtals'to be ortho-

rhomﬁic, The observed systematic absences are Ok£ k + £ # 2n;

-
-

hOf, h # 2n. These extinctions are consistent w1th those

\\for the centrosymmetric space group Pnam, an alternate

settlng of Pnma (Dl?, No. 62), ~anq jor the acentric space
group pqaz, (c9 No. 33) (76). For Pnam there are 8.

equivalent ‘positions of site symmetry 1 in each unit cell, .-

‘\ el .

and 4 with site\symmetry m: while for Pnézlnthere are 4 wi'th

no imposed symmetr§:\‘The'density and unit cell volume indicate .

~ N -
1

. . N .
the presence of four formula units per cell.. The presence

‘'of the long alcoholic group bonded to C(carbene) minimizes

the possibility of the preseﬁce of a miryor plane through
C1l; Pt ano-thelcarbeneiliganq, so m site symmetry was consid-
ereo unlikel&. The structuye solution was ihitiated ande
successfully completed in Pnazf/\ !

The conditrons for intensity data collection are presented
in Table 4.2. Since the space group Pna2, is noncentroL
symmetric and atoms displaying large anbﬁﬁlous dispersion.

effects are- present (Pt P, Cl1l), Frtedelﬁslaw breaks down.
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TABLE 4.1

Analysis found ( caleulated)

.
a

" Crystal description
Syst:elmtic absences
Lave $3nr;;etry g

Crystal system

Smeegow -

Equivalent positions (4) ’

Ou

Cell co;fst:gnts

Cell volume .

Wavelength used for cell determimation

Tenperature at which cell was determined

Method of density determination

Density (observed) . Co-
(ea}culated)

Z
Symmetry constraints -

a = 14.4032(19)F « = 90.0° -
b = 12.6309(18)4 B = 90.3?
c = 16.1508(22)A. vy = 90.
. e - .
2938 A?
-]
1.54056 A .
23°C . : .

P . Crystal Data for Trans-[Pt{HO(CH; ) sC=-\NMe JC1(PMe;Ph), JPFs ..
C22H, sC1FeNCOP 3Pt Y f.w:. = 767.0

c, .64 (34.45); H, 4.53 (4.60); b
N, 1.74 (1.83) ‘

irregular octahedral blocksz;

 Okf, k + £ # 2n; hoZ, hfzn‘

+

mm ~;'

orthorhombic R \\\
R\a21 ’ ) N .1

23

X, ¥, 2; X, y,&+z,5—\x.§+y,

i+z §+x i

flotation (CszB_l'z/ml..)
1.75(1)g em™ ¥’ a T
1. cm?
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This requires that th and hﬁzudata be measured..vP01nt group

symmetry predlcts that F(EEZ) » F(hkz) | It ‘was ‘found to be .

Cr TS

“{"‘v.. ' more conven;ent in terms of orlentatlons of the gonlostat

R ‘ [

td obtaln the 1ntensxtles of the th déta rather than those. -

& . . .o

K}

: . S L
- \

K

¢ ‘
) 110 020 002 »and 0029, measured after every 150 " o ' :
. g ;
Qdata recorded, increased sllghtly in; 1ntens1ty. The mean

. ( 2’60"" 2

- [} e -

Eincrease“Was IO(L)% No correctlon Was applled to the data S .

R 73
ey ‘ ) o, MR

S e to aceount for this 1ncrease. A11 data were processed and

©

- 4 “Q . 4 ) . ) ~
3442, ere found to have I > 30(1) The structure solutlon.':: TN >
= . 3 N A Yo S '

uh"rgrwas based on these reflectlons only An optlcab gonlOmetrls

ey o “-',1‘-

A sxudy revealed that the crystal had’ fifteen faces (Table 4.1y, .

£

&

.. NN X .

“‘;” The crYStaI was measuréd andzulabsorptlon correctlonrwas

L performed on all data w1th I > O The mlnlmum and maxlmum g
K ’ ) <” B .
}_y;j,',gf abSbrptlon coeff1c1ents dlffered by 56% A:diggranyoffthe-;
Sre T data crystal is presented in Flg 4. 1.
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fE}fZ ﬂ: . pafamgters of ghe Pt dtom Were obtaldﬂh These“values,-yi :37 o .
| i“ fh'togetbertw1th agbévetallnégale factor were }arled %n two>€¥iif“
- '~,A’\ :j? cycles St leasthqﬁafes refihpmenx Agreement;%aétots 9£-"3 i .
R S S 232 and B + £%, 203, resulted: T L0 T L
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< Coe s e e . . ; R o
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,i{ ééléulatéé histrféit' n of E values @as cémpared to theoretical ‘ -
| ééif%}??*éﬁﬁ tqrﬂgéétrlc and acentrla cryétatﬁ Th1s .. o
.jﬁi eperation Was p;;formed emplqylng the prcgrém FAME. Thex 5 “?
mgéultﬁ Were;inconcluslve as ttutﬁé presence df a center of‘ ;"?«t :
] AT '"Ai'“’ .o fﬁ?-n: ;‘. .;;
pbeayl riﬁgs were refineq as rlgld groups' . ’

;éﬁ@;} rlgld greup“ef O symmetry was . S ’
-."\J“"‘ :

i -
’ -

gnares were calculated w1thalsotrop1c non group '23‘*
’ﬂatom_temﬁerature factors and ovérall group thezmal pérameters ””mtfﬁfgu

Qverall scale f&Ctor-;'ThQ iSOtrOPic ﬁempenature factor of "'};i" :

the F6 rigid}groupa;ncreased to ab@ut 26 A-m7 Disorder was ,%“;!‘ ﬁ‘:

o
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“suspeﬁtéd and ‘an: examlnatlon of electron den31ty maps over

fthe region of the anion confirmed these susp1c1ons A

 disorder model analogous to that in Chapter 2 was applied
5T?é%alrefineo\in subsequent least-squares cycles. .

h '\ As was mentloned abgVe tﬁe-space group Pna2: is non- -
~:ucentrosymmetr1c and atoms exhlbltlng 1arge anomalous

scatterlng effects are present Because of this, two enantio-

N ‘/,v“ ’,n . i

 Q§morphous orlentatlons of the.. structore are possible, one v
‘reiated to the other by reflectlon in [001] or by inversion
througﬁ the o;tgln Two cycles of full matrix least-squares .
fcalculatlons were performed on each orientation to determ1ne
wh;eh was.the correcv one. . The same parameters were varied

i e
-

Jin.ﬁach case. A11 ﬁon-gtoup‘atoms of the cation were allowed

to vibrate anisotropicélly “Individual 1sot}op1c thermal

parameters were. varled for phenyl ring r1g1d groups and . ,

' .

oyerall grogp temperature. factors were calculated for the F6
rigjid grohps. 'The P atom of the anion was refined as an
atbm;unﬁﬁhggipg isotropic thermal motion. The final agree-

ment- factors Wereﬁcons}derably different for the‘two calcula-
tionsﬁ,-The values of R, and R; for the original erientation
.jﬁiﬁthich the structure was solved were 0.051 and 0.060

respeatlvely The se€cond model,cqnverged'at R, = 0.060 and
“ﬂ Rz O 074 Aﬁblication of Hamilton's R factor signifioance

i'test (103) to the Rz values showed that the second orlentatlon

/
could be rejected at the Q.OOS»;&gnificance level. However,

no significant differences in geometries were observed for .

the two models, and only small differences in the*heavy_gtom
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thermal parameters were present.
As a further check as to which orientagion is .correct,

o

the‘relative maghitddes of the observed ahd calculated

structure factors of mhe reflections'hkﬁ‘and_hkl for-both
models were eompared using the program BIJVOET. For the
first model it was found_phat“the relafive’magnitudes df

L
- ™
and Fhkzuwere the same for the observed and calculated

Fake
structure factors 87% of the time for the 95 pairs of.
reflections where Fc(hkﬂ) and Fc(th) differed by more than
10%. Of the 80 Friedel pairs differing in FC by more than.
10% in the second model, only 18% shaowed the same relative
magnitudes for Fé and Fc

Both the R factor significance test and examination

¢ ' R )

of the'relafive magnitudes of the structure factors of the

Friedel pairs confirm that the first model is correct, so the

structure refinement was completed in thi

The contributions to F, of the thifty-four H atoms were

-

_included in the final least-squares cy”les The positional
parameters were calculated from the program HYDRA ‘and thermal
parameters were calculated to be 1.0 A2 larger than those of

the atom to whlch.each'H atom is bonded. Ten phenyl H a;om
. g\ @
position’s were obtained utilizing the' known geometry of the

’ *-.. a

ring ahd a C-H dfstanceﬁof 0.95 A. P051t10naffparameters for

the six methylehe H atoms of the carbene ligand were calcu-
s lated from ideal tetrahedral geometrY\w\A\p-H dlstance gf -

» °

1.00 A was assumed Positions for the six methyl grohps were
- ! ‘

obta1ned as descrlbed in Chapter 2. The methyl €C-H distance

{

-
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Q

is- 1.00 2.4 Definite evidence for the H atom bonded to O
was not obsefved in the electron density maps, SO structure
factors were not calculated for this atom. v

The final two cycles of full matrix least-squares
refinement ‘employed 3421 observations with 18% parameters
being varied. The conditions and results of the calculations
;re given -in Table 4.3. Final agreement factors of
R, = 0.047 and R, = 0.054 were obtained. A statistical
examination of the structure factors éhowed no unusual trends,
and no evidence for the presence of secondary extinction was

-

detected.

I3 -
-

Final positional and thermal parameters of the non-group
atoms are presénted in Table 4.4. 'Rféid”group positional

and orientation parameters are given in Table 4.5, and

derived positional and thermal parameters of rigid group

"atoms are given in Table 4.6. Calculated H atom positional

and thermal parameters are shown in Table 4.7, and a list
of 10{Fo$vjs IO[FCI in electrons is presented in Appendix

ITI. -




TARLE 4.3

Conditions and Results of Final Full Matrix Least-Squares Calculations

(bservations
Variables
Ratio Tobservations/variables)
Rigid Gi*oups
Disorder models (No.; ent—itiés)'
Non-group atoms

a) Anisotropic

b) Isotropic

" H atoms included; No. (type)

Extinction coeff icient

Mauxdmum value of (parameter.shift/

standard deviation)
Agreement Afactor§: R,

R,

Final error on an observation of unit

weight

Final difference Fourier synthesis®

a) Position of largest péak

. b) Electron density

¢) Associated with

o

321

187

18.3 s
4

1;‘PF5 anion

17

16

1

M. 18(me.thy1 ¥, 6(methylene),
10(phenyl) ' .

not refined

1.81

- 0.047

-1

0.0

’
1.7%5 -

(0.269, 0.229, -0.0358)
[-]
1.37(13)e A ?

disordered PF :anion

>

103
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Ph-2

_ 2F(5)

Derived

Atom -

1C(1)3
iC(2)
1C(3)

1C(4)
1C(5)

1C(6)

2C(1)
20(2)
2C(3)
2C(4)
2C(5)
2C(6)

1F(1)
1F(2)
1F(3)
1F(4),
1F(5)
1F(6)

2F(1)
2r(2) '
2F(3)
2F(4)

Zﬂ(ﬁ)

o
0
. 0.383(2)
o
0

‘TABLE. 4.6

<

Group Atom Positional and Thermal Parameters

. 2089(8)
.2451(8)
.2269(9)
.1726(9)
.1365(8)
.1516(8)

O O O O O ©

.1096(6)
.1790(8)
.2544(7)
. 2606(7)
.1913(8)
.1158(7)

0.5488(12)
0.3587(12)
0.432(2)
0.475(2)
0.403(2)
0.504(2)

.8253(14)
.3761(15)

.518(2)
.407(2)
0.494(2)

.1732(9)
.1558(8)
.2274(10)

.3339(8)
.2623(10)

.1640(8)
.0968(8)
.0721(¢8)
.1147(9)
.1820(9)
.206G(8)

O o0 o0 o o o

0.026(2)
0.091(2)
-0.0622(13)
0.1786(13)
0.048(2)
0.068(2)

.141(2)

.001(2) ;

0

0
0.169(2)
© -0.028(2)
"0,038(2)
0.103(2)

& Ring C atoms are nunbered sequentially.

LY

-3165(9)

.1665(6)
.0877(8)
.0243(5)
.0396(7)
.1184(8)
.1819(6)

Q0 Q0 O O O O

.2038(6)
.2329(5)
.1826(7)
.1033(7)
.0742(5)
.1245(5)

O 0 O O O O

.105¢2)
.0211(15)
.044(2)

.1484(11)
0.0237(11)

.023(2)
.116(2)
.074(2)
L066(2)
0.0162(12)
.1559(12)

-0812(13) -

B(Zz)
.6(4)

:2(5)
-3(5)
L7(5)
.9(4)

(4 B IS BN B

.9(4)
.6(4)
.9(4)
.9(4)
.6(4)

(9 BN BEE 4 BN >N &) BN -

B(group)

' B(group) =

1C(1) is bonded to P(1).

6(4)

.1(3)-

13.8(8)

13.8(R)
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»
. TABLE 4.7 .
Derived Hydrogeb Atom Positional and ‘Thermal Paramete'rs .
Atom x y z B(?\z )2
‘Methyl Hydrogen Atoms »
H1C(11) 0.1950. -0.1956 0.3478 7.13
H2C(11) 0. 3064 -0.1718 0.3416 7.13
H3C(11) 0.2380 -0.0876 0.3884 7.13
. H1C(12) 0.3750 -0.0541 0.1911 8.13 .
H2C(12) 0.3225 0.0606 0.1893 . 8.13 - :
H3C(12) 0.3640 0.0145 0.2763 8.13
HIC(21) ©  0.1050 0.3154 0.2604 6.94 !
H2C(21) 0.0417 0.3168 0.1764 6.94
H3C(21) - 0.0006 .0.9673 0.2621 6.94
H1C(22) 0.0070 "0.2085 0.4082 1.36 -
H2C(22) -0.0907 0.2580 0.3741 7.36 -
H3C(22) -0.0806  0.1303 0.3880 7.36 -
H1C(2) -0.1174  -D.1269 0.2625 7.10
- H2C(2) -0.0276 ° -0.2060 0.2603 7.10°
H3C(2) -0.0168 -0.0859 0.2967 7.10
T OHIC(3) -0.1084 - -0.0824 0.0706 6.43
H2C(3) -0.0330 ~0.1790 0.0659 6.43
H3C(3) -0.1240 -0.1894 0.1258 6.43
] Methylene Hydrogen Atoms - ’
H1C(4) 0.0768 -0.0469 0.0392 4.36 -
H2C(4) -0.0082 0.0381 0.0454 4.36
H1C(5) " 0.0962 0.1701 0.0841 ’5.98
H2C(5) 0.1814 0.0853 0.0793 °  5.98°"
H1C(6) 0.0712 0.1496  -0.0602 6.78
H2C(6) 0.1758 0.1928 -0.0410 - 6.75
Phenyl Hydrogen Atoms®
H1C(2) 0.2818 -0.0956 0.0778 6.71
H1C(3). 0.2509 -0.2157 -0.0292 - 8.18
HI1C(4) 0.1595  -0.3655  -0.0036 %, 8.01 S
H1C(5) 0.0990  -0.3954 0.1290 = 7.36 - .
H1C(6) 0.1299 ~-0.2753 0.2360 6.82
H2C(2) _ -0.1741 0.0877 0.2872 6.91
H2C(3)  -0.3009 0.0254 0.2027 7.48
H2C(4) -0.3115 0.0968 -  0.0691 6.91 ’ )
. H2C(5) -0.1954*®  0.7104 0.0202 7.00
H2C(6) -0.0686 0.2528 _ 0.1047 6.46
& The.isotropic‘tl?ermal pérameters for the H“atoms are
1.|0A2 greater than those of the atoms to which they
are bonded. - : = .
b Phenyl H- atoms are numbered sequentially. HI1C(2) is v

bonded #o R1C(2), H1C(3) is bonded- to R1C(3), etc.

O s i
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.4.4 Description of the Structure

-

Crystals of the complex result from the packing of ’

»

discrete. ions. The ne{?ést anion-cation dpproach is.2.93 A,

which is the distance between 0 and 1F(2).. This distance °

agrees quite well w1th those of. 3.18 A and 3.08 A observed

in Chapters 2 and 3. Once agaln dlsorder of the anion

is observed with each possible orientation being equally

populated. The disorder multiplicity parameter refined

to a vaiyg of 0.51(2). The octahedral anion has an almost
ideal geoﬁetry. . The mean P-F bond length is 1.58(2) Z

and the meanzF-P—FQanglgs are 89.9(6)b and 174.2(7)° for _
cis and ngggtF atoms respectively.

w»

An ORTEb diagfam.of the square planar cation with the

atom labelling‘scheme is presented in Fig. 4.2. A view

of the carbene ligand and inner coordination sphere of the
‘ . -
Pt atom is given in Fig. 4.3 and an overall stereoview Of

’

the cation is shown in Fig. 4.4. Intramolecular bond distances

and angles together with their estimated standard deviations

are listed in Table 4.8.

The square plane- of the metal atom is slightly distorted,

since the .P(1)-Pt-P(2) angle for the trans phosphines is

. only 174.3(2)°. The phosphine ligands are bent back away

from the carbene ligand. - The mean C(1)-Pt-P angle is'

92 9(2)° and the average Cl—Pt—P angle’is 87 2(3)°. A

weighted least- squares—plane calculated through Pt, C1,

v/

P(1), P(2) and C(1) is shown in Table 4.,9. Atom P(1) lies

0.020(6) A above this plane and is farthest from it. None

-~
o



P> Xe -2 I
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A

| _ _ ‘:' Pt _ (-

Fig. 4.2

An ORTEP View of the Cation SHowing the Atom Numbering Scheme -

o -
- Ellipsoids are drawn at thé 50% probability level.
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‘« 1.48(3) ‘
‘. @’ ‘ R "' . 1.978(15 ,\" “!\‘ c(3)
| / T\ !b 129316) \\
o EPETEY AR c@) 3 .52217)

' o ) C4)
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P(1) I~ ‘ l 1.512) -

RN o ‘ Cd
N : '/' 1.52(2)

'] . » o

Fig. 4.3 .

The Carbene Ligand and the Inner Coordination

,Sphere of the Metal Atom
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of the other atoms deviate significantly from the plane.
The C1-Pt-C(1) angle is 179. 4(4) J 5‘ »

The dlmethylphenylphosphlne llgand orientations and

geometries are 51m11ar te those observed 1n Chapters 2

and 3. Agaln the phenyl rings 11e Qn the carbene side of

the sgquare plane and v1rtua11y perpendlcular to 1t The

angles between the no}mals ¢o the planes are 94° and 92° for'

Ph-1 and ‘Ph-2 fespectively.llﬁs before, the rings are

significantly bent iﬁ towar%é fhe’carbgne'ligand. The

P(1)-1C(1)-1C(4) and P(2)-2C(1Siéb(4) angles aré 173.6(7)°

and 1%3 7(7)°. Bond angles about 1C(1) and 2C(1) are nearly

ideal, for P(1)-1C(1)- 1C@&) and P(ll)lC(l) 1C(6) have values

of 117.4(8)3 and 122.3(9)2 respectlvely,,and the correspond- N

ing ahgles about 2C(1) are 118.4(7)° and 121.2(7)°. The

. geometry about:the phosphorus atoms is approximately tetra-.

hedral. The mean Pt-P-C agglé is 11228(§)° and the average

C-P-C angle has a value of 106.5(7)°. An average P-C bond

length of 1.813(8) Z is observed. These Valués are'cohsistent

with those obtained in Chapters 2 and 3. The phosphiné P

atoms are'equidistant from the metal atom being 2.312(4) Z )

from it. ' . . ’ , ' y
The @eighted least-squates plane of the carbene ligand

(Table 4.9), defined as that containing-@(spz), N and the

aféms'C(4),'C(2) ;nd C(3) to which they dare bonded, 1iéh at

an angle of 90.2° to the coordination plane of the metal

atom. The N atom is farthest from this plane and lies ©

-] .
0.016(12) A above it.‘ The carbene ligand can be written as - -

\ v .
» . R L4




-’

-

~ * . . “ . 5
RN < . v, L, . B TS L B AR 3-;.-?“‘ R

-

RCHzC"“NMéz,‘Where R is an ethanolic ‘substituent. Of the
atoms making up this group, C(5) and C(6) lie. only slightly
- ° ,

- o R
below the éarbene plane, and O is 1.15 A above it.

[ 4

" The Pt -C(sp?) bond distahce is 1. 978(12) A and is

-

shorter bx_5 60 than that of 2 079(13) A observed for the

Q,;-\ 9"“"‘“

aminocarbene- complex in Chapter 2. Within the carbene

11gand the C(sp? )-N bond length is 1.293(16) A. This is

:not 51gn1flcant1y longer thafi that of 1. 266(15) A obserhfd
in Chapter 2 1n that the bond léengths dlffer by 1.20c. The

mean N- C(methyl) dlstance is 1 465(15) A and the C(sp?)-C(4)

bond length"is 1.505(20) A. . These values are crystallog-

-
L

raphieally equivalent to those obtaingd in Chaptér 2. The

%ngles ébout,the C(carbepe) atom have a mean value of 120(2)°.

The mean C(ljﬁN—C(methyl) angle is 122(1)? and ‘the C(2)-N-C(3)

angle is 116(1)°. Coplanarity of C(1), N, C(2); C(3) and

C(4) as well as the magnitude of the angles about C(1)

L3

and N are indicative of sp? hybridization. The smaller

C(2)-N-C(3) angle m%y be due to soﬁe sp? charactqr in the N
atom, This is not surprising®since C(1) and N are not
‘reiatédvby a formal double bond. The C(sp?®)-N-C(sp?)

: angle for the diméihylamino—substituent in Chapter 2 was

113g;) ' :' e

The mean C(sp ) C(sp ) bond 1ength in tpe alcoholitc

substltugnt is" 1.511(7) A: A,va%ue of-1.54 A is predicted

from the sum of the covalent radii (94). The. mean angle

t

about the C(sp?) atoms of this group is 114(3)° a val

than ‘that of 109;47° expected in an ideal tetrahedra

iarger
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. situatioﬁ. f;g ox&gen atom,of the hydroxyl group and C(6).
are sepa;atea by a bond of 1.409(19) Z. An accepted C-0
single.bond le:gth'is 1.43 Zl(88).
| " The C1~ ligand is locaYted trans to the carbene and é
Pt-C1 bon& of 2.356(4) Z is observed. This value is
crystallographically equivalent{fo those of'2.362(3) and - ’

2.361(5) A obtained” for cis-PtCl,{C(NPhCH,),}PEt, (71) and
cis-PtC1l: {C(OEt)NHPh}PEt, (69) respectively. In these

complexes carbene ligands also lie opposite C1 .
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4.5 Discussion

e LY

Pt-Cl1 bond lengqhs aro useful for detegmining tﬁe |
’ngggiinfluence of tho liéand in the opposits coordination ‘
site (68). ‘For example, the Pt-Cl bond length of 2.276(1) A
in glg-?tClz(CO)PPhg,(104) is shorter tpah Fhét'of 2.371(3)

in trans-PtMeCl(PPh,Me): (iOI) by 31.7o.~'iﬁ the former

complex the C1~ ligand lies opposite CO,.a ligand of very

‘ ‘ weak trans 1nf1uence where?ngg the latt;r Cl is opposite ‘.
‘ methyl a strong trans 1nf1uence ligand.

In this sfudf, the Pt-Cl bond lengyh is 2.356{4) Z.
This is 3.00 shorter than that where Cl~ is trans to a
methyl l?gand and 20.00c 1onger than that where Cl; is
trans to CO‘ The carbene ligand dlsplays a trans 1nf1uence

—
almost as large as that of the methyl llgand Equ1valent
Pt-Cl bond 1engths of 2. 362(3) and 2 361(5) A have been
obtained for the compléxes g;g—PtClz{C(NPhCHZ)2}ﬁEt3 (71) and
gis—Ptélé{C(OEt)NHPh}PEt3'(69) respectively where dﬁfferent , oo
- typesaof tertiar& carbene ligands lie opposite Ci_. Thus,
the trans influences of the different types of tertiary“
carbeno ligands are s?milarl suggostihé that Fhe nature of

the Pt-C{sp®) bonds is also similar. ‘ Ty

The Pt- C(carbene) dlstance of 1.978(12) A is equivalent - S

to those of 2. 009(13) and .1. 962(18) A obtained for cis-

-

-iPtC1,{C(NPhCH;),}PEt; (71) and gis-PtClz{C(OEt)NHPh}PEtg
(69) respectively, but is shorter by 5.65 ‘than that observed
for the similar aminocarbene complex in Chapter 2, where

" methyl lies opposite carbene. Thus replacing a strong trans %

« e
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influencerligand by a weaker one ‘results in a signifﬁcaﬁt

shortening of the metal-carbene Qond. A similar effect

can be induced by replacing‘tﬁe amino-substituent on

the carbéne ligand with an oxy- oﬁéﬁas ip Chapter 3.  This: *

results in the observation of significant-metal carbene
dn-pnm interactiaon owing to the greater electronegati?ity
of O over N. It has been shown in Chapter 2 that although

the éérbene ligand lies approximately perpendicular te the

-

-
square planeoof the metal atom, metal-ligand = bonding is R

Qirtgélly nonexistent in the aminocarbene systems. Tﬁis
has also.béen concluded frbﬁ X-ray photo-electron studies
on other Pt(II) aminocarbene compounds (105). Thus‘the
'shortened’ ﬂt—Cl(carbene) bond ié é'result of the weak

‘trans infPuence of Cl1 . o . !

v




'CHAPTER 5 -

PREPARATiON OF COMPLEXES FOR X-RAY
u CRYSTALLOGRAPHIC EXAMINZTIOQ
5.1 Intfoduction i -

An examination of current‘literaéure revealed that R\
X—ray crystallographig structure d€terminations Have been
performed in several square-plgnar carbene complexes of
PL(II) (35, 69, 71, 72). These are in addition to the
experiments performed in ouf laboratoriesu(92, Chapter 2,
Chapter 3, Chapter 4). Compariéon of the results obtained
in Chapters 2, 3, ;nd 4 with those from Fhe other structural
studies proved difficult since thé environments of the
carbene ligands in the othefécompleXes vgry consi rably;
moreover, the nature df the carbené ligand itse differé

greatly. Thus it became evident that a great deal of valuable

1nformatlon could be obtained about these systems if complexes

Ny

containing more than one type of carbene ligand in s1m11arl!n-‘

vironments could be prepared. Alsp, compounds coptaining
various carbene ligands togefher wit; other relatéd ligands of
varying C— N bond order wopld be extfemely‘useful for X-ray
‘strucpural studies.‘ Since w; had already performed four

experiments on square~planar Pt(II) complexes containing

mutually trans dlmethylphenylphosphlne ligands, it was

.o ?

regarded as . advantageous to retaln this bas1c environment in 4.

-
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the new compounds. Accordingly, complexes of the form
+
trans—[PtLL'(PMezPh)z]n were prepared. L and L' are com-
binations of the following types of ligands.
| |
' N—R N—R
- /7 /
—C=N—R ' -—C ' ——-q\
. \\H H
'isocyanide ' formimidoyl secondary carbene (2a)
N—R' N—R'
~ |
~ ” ’,
——-C\ —C
’ Me N-~—H
|
R
3b oo 3a
tertiary carbénes
- L4
R = p-tolyl -
R' = H, methyl
&
o @




o
Y
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5.2 Complexes Obtainéd from Isocyanide Insertion Reactdons

v Isocyanide insertion reactions are quite wall known for
square planar Pt(II) sygtemé (19, 61, 106-109). Among thesé,
the insertions of isocyanide molecules into Pt-R(R~=Me,Ph)
bonds resulting in the formation of '"imidoyl' ligands
(106=108) have been reported for systems containing trans
phosphine ligands. The reSultiné‘complexes are of the form
53525—[MRXL2] where X = haiide, LL = phosphine and R is an
'imidoyl' 1ligand. '

Christian and Clark have repgrted reactions @nvolyidg
the insertion of isocyanide into Pt-H bonas in square planar
Eggég—biS~triethy1phosphine compléxes of PtQiI) (19) to give
products containingﬂformimidoyl ligands. Pfotonation of
these ligands results in’the formation of secondary carbenes.
The reaction scheme is presented in Fig. 5.1. It seemed |
probable thgf this reaction sequence could be extended to the
bis—dimethyighenylphosphine system to give the corresponding-

formimidoyl qhd secondary carbene compounds. On the premise

{ that these complexes could be obtained, the followingéyeﬁction.

sequence- was proposed:

. .o +
(iQ N—R E /N—R
Cl—Pt—C C=RR | |R—NssC—Pt— ‘ c1- -NHRz ., .
LN\ . | \Q : :
Q H Q H
. . A .
-1+ ‘ Y2+
R'—N c‘z N—R R—N ? N—R
i : :‘c—-lft—c/ ¢~ HEl, r}c—-l‘)t—-c’/’ C1z
H—-ll‘f & u , H— Q g
R ‘ N
B t c
R = p-tolyl,Q = PMe.Ph, R' = H, alkyl, aryl




Fig. 5.1

Preparation of Secondary Carbene Complexes from

Isocyanide Insertion Products

L +

- stir/23°C

Rf—NEC—Pt'—,-H C1 CH;Cl1, /n-pentane >

L

N—R AR
4/ HC1

. acetone
L H ) !

Cl—Pt—C

formimidoyl secondary ‘carbene

R = p-tolyl, L = DPEt,




crystals of Pt(CH=N-p-tolyl)Cl(PMe.Ph), could be obtained
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The three cationic systems above would be interesting

L] .

cohplexes for crystallographic studies. " A. has a formimidoyl

I

ligand trans to isocyanide; or, if the formimidoyl is pfoto-

nated, segoﬁdary carbene trans to fsocyan}de. Complex B has

-

formimidoyf trans ta a tertiary.carbene, and #f protonated to

*
a

give compound C, n both a sé&ondary and tertiary carbene

ligand would be/present in the same complex.

i. Preparatién | . ) >
The syntheses of the desireq.complexes were not as
straiéht forward as expected. When a very dilute solution of
p-tolylisocyanide {O:OIM) was added dropwise to a suépension

of trans-PtHCI(PMe,Ph), at room temperature, the . solution

.immediately turned a deep red colour. The source of the

colouration was not identified, but this byproduct was

difficult(to sepdrate from'tﬁe des'ired Qomplexl The reaction
went with poor yield. 1If the reaction mixture was cooled to

—8050, the reaction proceeded cleanly.in good,yigld. Slight E

. red colouration occurred as the ,reaction mixture was warmed

to room temperature. The cationic product was found to be
very pygroscopic and so the insertion reaction to yield B
was performed as quickly as' possible. Some red discolouration

persisted throughout the insertion reaction, but pale yellow

after lengthy workup.

.

It was found that the formimidoyl complex B is readilyér

protonated with HC1 to give the‘secondafy carbene-species

, .
’ ' ‘ ”“
, ,
g . N L
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trans-[Pt¢CH==NH-p-tolyl)Cl(PMe,Ph),]C1. This compound could
easily be recryétailized to'give clean cdlourLess crystals.
The profonation could £héq be reversed with triethylamine to
give back the formimidoyl complex with no red discolouration.

Tﬁis proved useiul,in-obfaining a pure formimidoyl product.

' Either the secondary carbene or the formimidoyl complex could

be reacted with isocyanide. The strong trans effect of the

formimidoyl and carbene ligands.allows facile diplacement of

o ,
the chloride ligand by isocyanide. 1,2 addition of p-toluidine

across the isocyanide ligand produced the desired tertiary

. carbene complexes (B, C). Deprotonation of the secondary

carbene ligand ‘could be performed at any step of the synthesis.

Since the secondary carbene complexes proved to be easier to

haﬁdle, if a, formimidoyl product waé desired, the deprotonation

-

[

reaction was performed last,

In order to obtain the cationic complexes in pure

crystalline form, the Cl~ anions ‘were often exchanged for -

PFs using AgPFs. The hexafluorophospgate salts were some-

times easier to crystallize,

ii. Characterizatiog and Discussion
a. Infrared and Analyfical Data ‘ R
" The isocyanide, formimidoyl, and.carbene ligénds all
show strong charaéteristic bands in the infrared spgctruml
These bands are due to the C-—-N vibrations of the various:
ligands. A'sumﬁary of_the IR spéctral datévfor complexes I
- VI is presented iﬁ Table 5.1. ‘ |

¢

£
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'ﬁg-bFar the 1sacyan1de complexes I and IV,\xhe v(C zN) .

E

stretch occurs at agproxlmately 2200 cm ii a substantlal

Y

T 1ndrease from ﬂhe vagﬁe of 2125 cm for the Uncoordinated
\ ’

llgandf\\Sth a shift 1n V(C N) 1s characterlstlc fer catlonlc

system§ (110) When che~1nse¥t10n reactlon is per formed to

g1¢e thé formimidoyl 11gand, or when addltlon of amine across

the isocyanlde occurs tb form a tertlary carbene complex,

the v(C N) stretch 1s replaced by a weaker, broader band

due to v(C=N) or v(C=:=N)in the frEqueieX_range 1500-1600 cm™ 1.

Protonatlonﬂef the formimidoyl ligand toggive secondary

carbene results in only a slight shift 14 the v(C=N) band.

The secondary and tertiary carbene 11gands show N-H stretching

~1

and deformation bands at frequencies of approximately 3300 cm

and 1600 cm ! respectively. The complex Ezgggé[Pt(CH==NH-p- .

tolyl)(PMe,Ph),]Cl is anOmalous.In that v(N-H) occurs at

‘ 2745 cm !. For the corfespbnding triethylphosphine complex

a similar effect was.observee and the v(N;H) band was observed

at 2575 cm ! (él). The absence of a band at BSOd-cm—l,

and‘Dzo exchange stﬁdies on the triethylphosphine system

sﬁowjthat this low frequency band is indeed due to b(N-H).

An explanation of the low frequency at which this vibration
. T is observed-may be“that some'hydrogen'bonding occurs between
the carbene proton and the_ Cl~ anion. When the Cl” anion is
exchanged for C10." 1n the triethylphosphine complex feup'
v(N-H) bonds are obeerved in the freguency range 3100 - 3250 em !,

The presence of several v(N-H) bands is considered to be the

result of-perchlorate association with the carbene H atom (61).
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The solid s£ate‘spectra for the formimidoyl complexes
have a v(C-H) (formimidoyl) stréetch at about 2730 cm '.
Simi;ar behavior is observéd for the formimidoyl ligands
of the triethylphosphine complexes,(lOQ)las well as for the
electronically similar formyl ligand in [Fe(HCO)(CO)s]™ (111).

In the complexés containing a PFg  anion, a very strong
v(P;F) band at 835 cm ! is observed. . ) /;%

Analytical and physical data for. these comﬁléxes‘are

) . .
presented in Table 5.2:

b.© 'H NMR Spectra

' NMR data for the complexes II to VI are presented in
Table 5.3. |

The formimidoyl and secondary carbene 1igandé show
characteristic downfield resonances i; their 'H NMR spectra.
Signals at about 6 10.5 ére due to the proton bonded to the
C(sp?) atom. The spectrum of this atom is expected to be a_
tr;plet as a result of spin-spin cqupling with ¥P of the
two'phosphine'iigahds. Satellite-resonénceé with the same
-structure, but of about one-quarter 1nten51ty due to coupling
with 195Dt (I = %, natural abundance 33.8%) should also be
present. ?wo overlépping sets of such 'triplet of triplets'’
resonances are observed‘for the complexes trans-Pt(CH=N-p-
toly C}(PMeZPh)z and Ezggg-[gF(CH==NH;p—toly1)Cl(PMQZPh)z]Cl.
éimijj} spectra have been observgd for the énalogous triethyl-

. phosphine complexes, which have been studied extensively. In’

these compounds the two sets of downfield signals observed

¢

oy




TABILE 5.2

Analytical and Physical Data? 5 :
" Analysis: -fourd %) Meli‘ingn’oint L
(calculated) °° = 3(°Ch L
+ C H N . -

.

703, a0,

11 Pt(CH=NR)CIQ, 46.29 4.8 133-135 s
. (46.12) (4.84) RN

111 [Pt(CE==NHR)C1Q, ]PF, ' 37.34 3.98 2.02 © 198-199
. . . (87.39) (4.05) «1.82) v

IV [Pt{CH=2HR)(C=NR)Q,](PFs ), 38.52 3.87 2.82 1712172
. ?38.50) (3.84) (2.81)

-

V [Pt(CHe==NHR){C(NHR), }Q, ]C1, 52.76 4.66 184-186

-

5.29
. (52.88) (5.35) (4.74)

VI [Pt(GH=NR) {C(NHR), }Q, JPFs a8.27 473" 106197 -
. (48.85) (4.83) - *

(Pt(CH=NR) {C(NHR), }Q,JC1-CH,C1,  51.68 5.11  4.46 190-173
(51.43) (5.18) (4.50)
1

»
2 Ail compounds were coloutrless,

PR = ptolyl, Q = PMe,Ph.
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are due to syn/anti isoferism in the form'mido&l complex, '

and due to cis/trans isomerism of the secopndary carbene

¥

ligand (61, 109).

° -
R H R
l | |
. N— N l N—R I N—H
| 7 |/ / /
—Pt—C —Pt—C —Pt—C —-Pt—C .
l \ ' \ o I \ & I* h: \ « o
H H . H H
| : ' ‘g .
syn anti ‘ trans ?li'»,?cis '
formimidoyl . ) ) secondaf%‘earbene .
D ¢ \ B - o L

- o oq |

"The relative magnitudes of these downfﬂlld resonancés
‘ :

and thus the relatlve mu1t1p11c1t1es of each 1somer presept

-

were found to be solvent dependent for the c mplex trans—3
- t

Pt(CH:N—p—tolyl)Cl(PEtg)2 (61). This, in cofjunction withwk
the fact that the ortho protons of the p-tolyl 'phenyl riné

‘ show a large downfield Shlft (~1.2 ppm) with respect to

the free ligand in these and related complexes (69, 109 112),

_ was used to assign the resonance at lower fleld to the antl

.

2 A
isomer. The coupling constants JptCH and JpptCH

found to be smaller for the anti than for the) syn isoiner.

were

For the complex trans-Pt(CH—N-p-tolyl)Cl(PMeZPh)z (II)

the tyO‘isomers are present in equal amounts in. CDC1,

o . N

"solution; moreover, the p-tolyl phenyl'ring resonances are-
M s -

complicated by the présence of the phosphine phenyl'prbten
signals. The cpupiing constants to Pt and P for the formimij-

doyl proton resonances at lower field are smaller than those
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for the higher field signal, so bynanalogy with the tfl—
ethylphosphine compound the signal at lower field was
assigned to the anti isdmer.

The secondgry carbene 1igands of fhe complexes

trafds-[Pt(CH==NH-p-tolyl)C1L,]Cl; L = PMe,Ph, PEt; show

downfield signals similar to those of the foymimidoyl
Jligapnd, and asilgmment of fhe signals at lower field to

the cis isomer were made in the same mannér., The ratio

of carbene isomers cis:trans for the complex trans-
[Pt (CH===NH-p-tolyl)C1(PMe,Ph),]C1 (III) in CDCl, is about

4:7. An added feature,of-the downfield sSpegtrum of the

secondary carbene complexes is that strong coupling

-

S BJHCNH is observed. Such long range coupling is similar

to that obsénved in vinylic systems, where the coupling?3

.

constants for the trans isomers are genérally larger than

[

those for the cis ones (113).,:Thus, the magnitude of

3 , .
JHCNH can be useq as a chgcg og‘the assignment of the down-

field C(sp?)-H signals to the cis and trané isomers. ' The

trans isomer is. dominant for"the’'complex 111, and for
. . ° ‘ . e
complexes IV and V the cis isomers of the secondary carbene
4 N .

ligand are virtually non-existent.

The complex Ezggg—[Pt(CH=N—pftolyl){C(NH—p—tolyi)zl
(PMeZPh)z]ClA(VEQ shows,oniy one downfie{d resonance due
to C(épz)—H of the formimigpyl‘ligapd. This implies fhat
either'f?ee rotation occqfs ab%ut the C=N bdhd; or fhat only
the more stable isomer is present. -The carbene liéand

¥ ‘ trans to the formimidoyl ligang is a good o donor, as are -
q

P
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the phosphine ligands. An electron rich Pt atom could result

>

in a polarized transition state where the- barrier to rotation

about the C=N bond is lowered:

R R
L 'é‘» N—
| |, |y
—Pt—C = ‘-Pt=C = —Pt—C
| H 'I g ' l \h
‘anti N d ‘ . sin 3

’

Rapid rotation could result in an NMR signal averaged ovef
the syn and anti isomers. The complex trans-Pt{C(OMe)-
N—p—tolylj(GH=N—ﬁ—ton1)(PEt3)z also showed only ene.down»
fielg signal in its.inNMﬁ.spectruﬁ (109), evén on cooling
.to -80°C. This observation suggests the presence of only
the thermodynamically stable isomer of the formimidoyl ‘ -
'1igand in these complexes. -

fhe'N—H signals-of the secondary’ carbene 1igand'are
not observeé in the CDCl, solution epectra. Broad resonances -
~ ,due to the tert}ary carbene ligands are observed (§~12)°
in the sﬁectra of compounds V end Vi. These s%gnals,appear

as s1ng1ets w1th 195p¢ satellltes g ~46 Hz. -

PtCNH .
The’ stereochemlstry of the complexes may be determlned
'frem the resonances of the phqsph;ne methyl groups.‘ In
'gzgimﬁle si'tuation where trans-dimethylphenylﬁhosphine
11gands are present and all methyl groups are equivalent,

a trlplet signal resultlng from coupllng to *'P (114, 115).f :

w1th ‘95Pt satellltes is observed. In more complex

situafi:ns, where the methyl protons are non-equivalént,

¢

- -

.
. ' |
,
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several overlapping 'triplet of triplets” signals are
observed. Magnetic inequivalence of the methyl protons . v
may be a result of the absence of a mirror plane of symmetry
perpendicular to and bisectingnthe P-Pt-P axis, or due to~
restricted rotation about the Pt-C(sp?), C=N or.C===N

bonds, resulting in the presence of isomers (116).

i = -

An account of some of this work has been published

‘in conjunction with the results obtained from the analogous

triethylphosphine complexes (61, 109).
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5.3 Coﬁplexes Obtained from Acetylenic Intermediates

A second route to complexeé for X-ray crystallographic
studies emerged from work reported by Chisholm and Clark
(63, 64). Addition of AgPF¢ to a metﬁanolic solufion of
‘trans-PtMeCl(PMe,Ph), resulted in precipitation of AgCl to
give the solvated cationic species ﬁ£32§-[PtMeS(PMe2Ph)z}PFs,‘
S = solvent. Addition of terminal acetylenes to metﬁanolic .
solutions of the solvated cation produces oxy-carbene
species, with the carbene ligand trans to a methyl ligand
(63). ReacFion of the carbene complex with some primaryA
and éecondafy amines produced the correéponding aminocarbene
comp}exes; As discuésed in Chapter 4, further reaction
with ﬁCl resulted in replacement ?f the methyl 1ig;nd with
chloride: aIn thése-comﬁlexes the aminocarbene ligand
0ccupi§s'§ coordination site trans to chloride. Since the
carbene exerts a sfrongvzgggg influence, these chloro-

complexes seemed the logical precursors for new systems.

A reaction route was proposed: . .

r 14 J - 2+
R | g
N—R . .
Q N—R Y AR
| ' - AEPFQ _— - -
Cl—-?t—-C PF . , S ?t C 4(PF6)2 )
L Q CI’{zRL L Q CHZR_J . N
: 105}1—_-11"
B I'{" . \ }? N2+ o B ' ) " R - 2-_!— . 2‘
H—N _N—R| . ¢ " N-—R
N 1A — NHR} | Gl i ocs -
{. - —C\ (PF¢ ); &—= |R!—Nz=C—-Pt—C (PFg )2
R‘—'-I\/ Q  “CHR' - \CHzR'
. | . = 4
R' \ -~ | - -

»

[ 4

-
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Such a scheme would give complexes containing tertiary’
carbene ligands trans to isocyanide, as well ‘as bis-carbene

complexes containing different types of tertiary carbene

ligands. .

i. Preparation

Attempts to prepare the solvated dicationic species

at room temperature -proved futile. Addition of‘ AgPF¢ to
acetone or methanol solutions of Ezggg—[Pt(MeC=¥NMe2)Cl—
(PMezPh)z]PFg resulted in precipitiﬁioﬁ of AgCl, followed
b& rapid decomposition of the compound in solutiqn. This
occurred even if the isopyanide was addqd prior to AgPFg.

- The désired isocyanide complex could readily be
obtained by cooling an acetone solut?oq of starting maperial
to -80°C. Addition of isocyanidé.aﬂd then AgPF; gave no*
‘reaction, but on warming the soiutién slowly to room
temperature, a precipitaté of AgCl formed and the solution
turned é pale ye110w1colour. The stable dicationic comﬁlex
M-[Pf(C.EN—p-'tolyl)(MeC’—==NMe2)(PMe2Ph)2](PF6')2 was easily
isolated. Reabtioh‘qf this complex with.NHMez in dichloro-
methane solution gave fhe desired bis-carbene complex
Hﬂé—[Pt{C(NH-i}-to.lyl ) (NMez) }(MeC===NMe ; ) (PMe ,Ph) ] (PFg), .
These reactions cﬁuld readily be repeated with starfing

. . " ,
materials cqontaining the carbeng ligands MeC===NHMe and

L 4

. HO(CH: ) 3 C===NMe- .
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ii, Characterization and Discussion
a. Infrared and Analytical Data
Infrared data for fhe-series of isooyanide-carbeﬁe
and bis-carbene complexes are summarized'in Table 5.4. ~»
The preparation of compounds similar tblggggg—[Pt{HO(CHZ)aa
. ==NMe2}C1(PMezpﬁ)2]PFG (VII) has been described previously
(64), however no spectral results have been presented for
this particular complex. Theée are therefdre included
with the daté presehted here.
o5 As with the formiﬁidoyl and secghdary éérbene species
described earlier, .the infrared spectra of the present
g : complexes are very informative with respect to the isocyanide
’@nd carbene ligands. In all cases the startiﬁg materials
were monocarbene compounds similar to VII. Theseecomplexés
shéw‘a strong single band at about 1590 cm~! corresponding
to v{C===N) of fhé carbene 1igaﬁg. Upon reaction with

isocyanide, a strong v(C=N) band appears at about 2220 cm !,

4 This repreéents an increase in the isocyanide stretching A
frequency from that of the free ligand of 95 em™ !, Reaction
of NHMe, with the isOcyanidé‘complexeS'results in disappearance .
of the strong v(C=N) str;¢ch, and in the appearance of a

’ , second v (C===N) carbene BXRQ\E: abq:t 1550 em™ !. This band

- is at slightly lower frequency, and is broader than the one

due to the other carbene ligand.

Other‘ﬁew bands are also observed at 3150-3400 cm ?,

and at about 1620 cm '. These correspond to stretching -

and deformation vibr@tions of the N-H bond of the p—tol&lamino
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substituent of the new tertiary carbene ligand —C(NH-p-C¢H,Me)-
(NMe2). Three v(N-H) stretching frequendies have been observed
for complex IX, and tWo for VIII atthough only two N-H bon

should occur in the former, and one in the latter. Similar

. effects have been previously observed in solid state IR

spectra of Pt(II) carbehe complexes (61, 117). -Such observa-

!

tions are attributed to hydrogen bonding and solid state effects.
Compounds contgining the carben ligana ——C{(CH2)3OH}(NMe;)‘

show a characteristic v(O-H) stretch at about 3600 cm !. .
Anaiyticai and ?hysical data for these comﬁ}exes are

given in Tésle 5.5. | A

-

b. 1H‘NMI'R Spectra’ , . T

The 'H NMR spectra of these complexes are quite compli-
cated. A summary of the data obtained is presented in
Table 5.6. The assignments of the resonances duye to the carbene

ligands were-made mainly by comparison with similar systems

(118, 119, 120).
Clark and coworkers have performed extensive 'H and

13C NMR experiments on carbene complexes of the type

. X ' . .
trans-[Pt(MeC-==NMe, )MeL, JPF;, L = PMe,Ph, AsMe,(118), and

Moser and Fischer have examined Cr (MeC===NMe, ) (CO)s (120).

In both systems the expected three resonanCes,due to mefhy14

’

protons of the methyl-N,N-dimethylaminocarbene ligand were
observed. 1In the Pt complexes they occurred at 6 2.40, 3.23,

and 3.63. The same siénals for the Cr complex were observed

at 8 2.69, 3.23, and 3.30. Thesé resonances have been



TABRLY. 5.5
Analytical and Physical Data®

Analysis. found (%) Melting Point
*(calculated) (°C)

VII [P{HO(CH, ) Cr=Nle, JC10Q, IPE, . .5 . 195-196

VIIT [Pt(CiNR)(McC==NIDke)Q, ](PF¢ ), 3. . . 214-216

’

WX [Pt(CINR)(MeC2=NMe 5 )Q; J(PFg ), ) . . ) 204-206

. X [PL(CNR){HO(Q, ) ;G 1Q; D (PFg ), i ) ) 208-200

~

S~ x [PL{C(NHR) (e, ) } (MeC=2NIRR - )Q; 1(PF,. ), . . . 217-218
XIT [PL{C(NHR) (Wep )T (MeLnemie 202 1(PFg ), . . . 238-230

XIIT [PUC(NIR) (s ) HO(CH ), Caeate; }Qp J(PFe )y .03 ) ) 207-200

2 an conpounds we-re colourless

YR = pitolyl, Q = Pi¢Ph.
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/ B
assigned to the same protons in bot systems: i

Me{

l

N—Me .

Me,
The signal at highes§ field has been assigned‘fo the H atoms -
of Me; while that at lowest field to Me, which lies trans
to Me;. The third resonance is due to the cis amino-meth§1

protons, Me,. ' Long range coupling SJHCéNCH between carbene

protons is often observed with trans coupllng being greater

than cis. In the Pt complexes, coupling to 195pt is observed _

for all :three methyl resonances. -
The complex transv[Pt(MeC==NMe2)(CEN—p-tolyl)(PMeZPh)ZJ—

(PF¢ §, (IX) oontains'the same aminocarbene ligand, and the f;"ﬂ',’

same carbene methyl resonances ‘are observed at ¢ 2 31 3 21 .y ”

and 3.55. For complexes VII and X which also c ntaln a ’, /A_"tfw ly

v i

d1methy1am1no substltuent the methyl proton resonances were
assigned s1m11ar1y‘w1th the low fieild-— srgnal belng dde’to

Me,; and that,at higher fleld to Me,. Complex VIII contalns

the methyl-ﬁ;metn§laminocarbene ligand: A downfleid am1n0~

-

methyl s1gna1 is pbserved at. 6§ 3. 40 and a second rBSOnance ;,
of about one- quarter the 1ntens1ty of the flrst 1s obsErned
at 6 3.08. This implies “the presence of two Lsamens of" ‘

S - N oG

e

the carbene ligand. A sxmllar effeaffwag obServed fari”bé

"d' ( ,

compound trans- [Pt(MeC”HNHMe)Me(AsMea)gIPFG (118) On ﬁhe
basus of the above as31gnmeﬁts for the drmethylgm1no—r' |

... AP

»!

substltuents, the majpr resonaﬂce at lower ;ield 15 thought

. PR o
, A ), . - .
"4' @ . ‘)v . ' . [
ael L . :
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a

to be due to the trans isomer and the other to the cis:

Preliminary Xiray crystallographic results for the complex
trans-[Pt(MeC==NHMe )C1(PMe,Ph),]PF; (121) indicate that the

carbene ligand is present in the solid state as the trans

. isomer only. Thus the trans configuration does seem to be

the more stable one in-these complexes. The resonance due

-
-

t6 the Me3 protons overlaps with the p-tolyl methyl and

"")s

phosphlne methyl signals -and 1s~not cleaf&& observed. This
is trueufqr seyeral of the copplexesm1n~Tab1e.5.6.

A The spectrénof the:bis;cifbenencompounds iI XII, and =’

XIII are complex in the reglon of the carbene amlno -methyl

“ .

51gnals where resonances due to. as many as four such methyl

LI ~ -
- ,,:_.

groups ﬁCeUr.i FuTther’ccmpllcatlons arise from the presence

5w

: of 1somers The complexﬂtrans~[Pt{C(NH~p tolle(NMey)}—

(MeC”hNHMe)(PMeZPh)z](PFs)z (XI) can have _up to, four.

st o - i

isomers as a result of restricied rotatlon about the Cs—N

-

bonds g1v1ng the carbene llgand 1somers et T
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Evidence of such isomerism is. present in the 'H NMR spectrum.

The amino-methyl protons of carbene ligand A should be

coupled only to !°5Pt and pdssib&y to *'P of the phosphine
. a, . R 4 ~ M
ligands. The corresponding methyl H a'toms of ligand B can

couple to thg amino-protons;and also to the protonélof the

methyl bonded to C(sp?), as well as’to !'°°Pt and “'R.

Six-downfield methyl signals due to amino—méthyl“groups.are
observed. Three of the signals are approximafély twice
the magnitude of the other“three:f Clearlyu‘héne thén one

isomer is present. Of the six signalsg, two at & 3.88 and

3°.62 are sharp triplets showing-couplteg to '°°Pt only.

Two more resonances at 6.3.18 and 3.08iwere ‘triplet of

triplets’' signals showing coupling -to '7°Pt and ?!P. Since

. no H-H couplipg was observed for these four signals? they
' s LD [ .

S N N - =
were assigned to the. two isomers of A. The remaining two

resonances at 6‘§f29'gnd 2.96, also present in a 2 to 1 ratio,

-

" are broad anﬁ show evidence of long-rahge H-H coup™ing. -

These are believgq'to be the amino—méthyl proton.signals of
' ‘ ) - &

.
w :
-

-

[




carbene B. As with complex I1X, the low field signal?is‘ ~

. ©

thought to be due to the trans isomer. Broad signals at

A v

., 8 ~2.22 are due to the methyl bonded to C(sp?) in carbene B.
. - . . ' ¢
Four isomers of.this complex are possiblé.due to the
. ‘ . . = .
presence of cis and -trans isomersjof the two carbene, ligands.
. ~ e e —_— A

Only_twb isomers will occur however, if the stereochemistries

of garbenes A and B are sterically dependent on one.another.
- J a M . 4

For example“the cis form of B may’ be favoured to occur with

v

the EIEEi form of A. - The assignments of %he s1gnals Jor
‘complex XI1I were madew1n the same Manner as those of XI |

Two isomers of thrs cgmplex are present due to isomerization .
of oarbene A, since the cis and trans-isomers are not

.possible for the methyl—N,N—diﬁethylaminocarﬁéhe lfgahd.

Only one broad resonance is gbserved for each amino-

.

methyl group of this ligand.  Furthermore these methyl

groups seéh to be coupled to one another ~1 Hz,

vy .
, HCNCH
since no 1ong range coupllng to the methyl group bonded to

" C(sp?) is observed. This resonance.appears as a sharp
. : N

singlet with '°5Pt se.‘tellites at & 2.40 (3JPt g 17.8 Hz).

Such 1ong range coupling of the amino—methyl groups is not
usually observed in complexes containing this carbene ligand.
e Only one ‘isomer of the complex XIII seems to be present

e

One sharp singlet with 195Pt sate111tes is observed ‘for the

. downfleld carbene methyl resonance at 6 3. 80 . This complex\

contains two bulky carbene ligands, so ‘the presence of two.

. 4 . i . -
isomers—of carbene A may be sterically unfavourhble

T

Determlnation of the trans stereochémistry of all complexes
. . t'
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. :
came from examination of the phosphine methyl~-signals as

described for the complexes II-VI. As in those compounds™

v ) s , ’

overlapping 'triplet of triplets'' methyl signals due to v
§ .

magnetically inequivalent phosphine methyl groups

‘observed.

S

L

are often

-

" "Resonances due to the phenyl protons of

«

the phosphine. ,

‘ ligands and p-tolyl ‘phenyl protons were observed at § 7-8.

-y

For the ;socyanide complexes VIII, IX, and X the resonance
due to theé p-tolyl phenyl H atoms occurs at slightly higher

fiela than that of the phosphine phenyl protons. fq;thé

‘bis-carbene compounds the two phenyl signais collapse into .

v
a broad multiplet. R

. _ . . . . o '
Having prepared and characterized a series of complexes,

it was then necessary to ®btain cystalline samples of

PR

suitable quality for structural examination. . Thié proved

to be no simple matter! ’ e

. -



l

5.4 Crystals for X-ray Crystallographic Examinatibn

Ihe‘secéndary carbene and formimidoyl. complexes were

o

e Ty Y H i Werdory aanks T N eI

difficult to obtain in puré form, and the complex trans-
[PtiC(&H:p—tolyl52}gCH=N—p—toly1)(PMezPh)ZHCI (VI) persisted
in forming as a microcrystalline precipitate, evén when thg
anion Wwas exghanéed for PF5- or C10, . The protonated form
of this'complex (V) displayed similar behavior. Efforts to
obtain suitable crystals of tﬁﬁse complexes were unsuccessful,
thus precluding their studi'py‘single crystal'techn}ques.

The second series of complexes was more easily obtained
in crystalline form. The complexes trans-[Pt{C(NH-p-tolyl)-
(NM?Q)}(Me ==NMe23(PMe2Pﬁ)2](PF5)2 (XII) and Ezggg-[Pt(CsN~
p-tblyl)(Meé==NMe2)(éMezph)z](PFs)z (IX) were selected for"
examination. Both complexes gave the good single crystals

required.: From ‘H NMR data, complex XIII, which seems to

be present as only one.isomer, would be a more desirable

compound for the experiment. ~ However only thin; feathery
crystals could be obtained. The presence of'tWo isomers

in solution for compound XiI was caréfully considered, and

it was decided that even if cis and trans isomers of the éarbene
1iggnd ——p(NH—p—tolyl)(ﬁMez) were observed in tﬁe solid

state, the resultaﬁt'disogger could easily be fefined without s
.sariousiy affecting the remaind;r of the structure. 1In |
| such a Situation,'disofder‘would result in the presence of

\two non-overlapping p—tdlgk.auggfitpenté. ~Since the struq%ure

of a phenyl‘ring is well known apd rigid group, refinement of

this entity is common practice, such disorder coyld readily
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5.5 Exper1menta1 . . Vo

IR Ot All reactions were carried out under nlcqogen and -

. l.

4 spectro’ graie solvents were used w1thout further purlfr—
f'_,fam | catiomr -KasPtCl. was klndly supplled by. Dr. H C. Clark
S Infrered spectra were recorded on a Perkln Elmer 521
ﬁspectrophotometer as nujol suspens1onsh@tweenNa01 plabes\ . .
. . 'fri_ g 'H nuclear magnetic resonance speetra.were recorded "h s
AR TA L . .on a Varian Associates HA-100 spectrdmeter at 100 MHz
| P uslng tetramethy1511ane as 1nterna1 lock.
B ) The author is grateful to Heather Schroeder for
B :} et R recordlng the 'y NMR spectra,. S . ' T o8

Y Miproanalyses were obtained from Chemalytics lIasc.,

:;s_L‘ ' o Tempe Arizona. Values are tabulated in Tables 5.2 and

H -,”;; : '.' : L
L R
e 5.5. .
) ‘-
I ‘, T - ')';

Several of the compounds were prepared by the same K

- L PR

S ’generaL_method, so in these instances only an example

" . ;;ﬁ~preparaxidhfwill be described.
I A
. L . ) o 1 .
L ‘ "3. - o ‘
I i. ?reparatlon of Ligands . - .
v '?PMezPh (122) . ' -
P a - = ) ‘ '
ﬁtsolutlon of Grignard reagent was prepared by the ‘ .
.« T

dﬁapwise addrtlon of 54 ml of methyl 1od1de to 20g of
- A
byl e » .%!
ﬁVw;fﬁrﬁ34;tm magnﬂeium stnrred in 500 ml of anhydrous diethy] ether

//

The resultanf solution was left to stir for 30’min and

o oy was placed in an ice bath. 50 m]l of dlchlorophenylphosphlne

1

P . in 150 np of anhydrous ether was added carefully drop by

T /drop " The mixture was left to stir for 30 min. Excess

. -_;.“'; . - .’ .' " ‘ . ' \. .




Grignard reagent was hydrolized with ice cold saturated

ammonium chloride solution. The ether layer was rembyed

and the adueous layer was washed eith three 20 ml aliquots
of ether. The ether layer was wasped with three 20 ml
allquots of water. The diethyl ether was removed under
reduced pressure and the product was purified by fract10na1

distillation. Yield was 28g (55%). *% -

’

\ . b. p-CaN-C¢H,-Me (123)

27g of-p-tolylformamide, 65g of triphenyiphosphine, 3lg

of carbontetrachloride and 4g of triethylamine were
dissolved in 250 ml of methylene chloride. The mixture

was refluxed fqr 3 hr. Dichloromethane and carbontetra-

’ - . - -

“ .

chloride were recovered under reduced pressure.t The residue
. was extracted with.30~60 petroleum ether (250 ml). The
n-'; petroleum ether was then extracted with 100 ml of water. The

'* aqueous "layer was washed with 20 ml of petroleum ether and
[\ . :

*Zﬁhe organic layer was dried over CaCl, and filtered. Solvent

-

was removed under reduced pressure, and, the product was purified

by figctional digtiliation. ‘Yield was 15.6g-(67%):

[}
*
[}
(1

ii, Preparatlon«of Starting Materials

a. Cis—PtClz(PMeZPh)z S . \\‘

1.95¢ of Puezph was added to 3. Og of K,PtCl, dissolved
in 50 ml of* water. A beige precip1tate fOrmed immediately P
and the solution was left to stlr\for + hx.  The solid was \

filtered and washed first with QS ml ethanol and then with




25 ml diethyl ether. After air drying, the solid was placed

‘in- a flask and enough B-methoxyethanol wés added to just
cover it. The flask was swirled in a water bath (85°C) |
until the solid dissolved, and the solution was refrigeréted
at -15°C for 12 hrs. 'The product was filtered and washed

with diéthyl ether. Yield was 3.5g (89%). ’

b. _'I‘_r_a_n§_-P';HC1(PMe2Ph')2 |

Amodification of the method described by Howard (124)
was employed in the preparatign of this comblex.

To a solution of 0.514g of cis-PtCl,(PMe,Ph), in -
tetrahydrofuran was added dropwise 0.036g of NaBH, in
15 ml' of warm absolute ethanol. The reaction'mixture_beéame
yellow-brown as this reagent &as added. Solvent was removed
under reduced pressure. The residual solid was dissolved
in a minimum amount of benzene andlchromatographed,dh a
florisil column. 30-60 petroleuﬁ ether was added until the
solution became cloudy. The ﬁixture was chilled at -15°C
for 4 hr. Colourless plate shaped crystals were f11tered

washed with dlethyl ethér afid air dried. Yield was 0.39 g

(76%). "t i - ¥ -
7 ay & K B
. ": TR T :
- N o ’.. Q:‘ “."
9 - ':‘ ".‘E f ‘
T e -P:‘uez (Puezphn (12ﬁ 126>
R ,;‘ -y -

-

:ro% géruﬁou o,s é 5g Qf "19-PLC1, (PMe,Ph), in 50 ml
' »
of annyang;zs &i‘eihyl %‘ther -wu; added"lz ml of a 2.08 M
N N AR
golution of methylfiithium in diéthyl ether. The solution

.‘1‘,/

,Jnmwdiat@#y turnad.pﬁlepfgllow After stifr1ng for 1 hr

,;"ﬂ' &.' \_




the excess methyl lithium was hydrolized with ice cold

saturated ammonium chloride solution. The ether layer was .

removed and the aqueous layer was washed with 20 ml of egfpr.

After washing the organic layer with 20 ml of water, it was

dried over magnesium sulfaté and filtered. Ether was removed
under reduced pressure, and the product was dried under

vacuum. Yield was 3.0g (93%).

d. Trans-PtMeCl(PMe,Ph), (125)
—_— . i ‘
To a solution of 3.5g of cis-PtMe,(PMe,Ph); in 20 ml

of ethér was added 512 yl of acetyl chloride. A white

‘precipitate appeared after several minutes of vigourous

stirring. The solution was chilled at —15°C‘for 6 hr.

The'éther was then decanted, and the solid was refluxed in

Rl SR

methanol for 1 hr. This solution was refrigerated at -15°C

for 12 hr. The large crystaﬂs were filtered'and washed with -

diethyl ether. Yield was 3.16g (87%).

e. YTrans-[Pt(CH,C===0CH,CH, )Me (PMe,Ph), JPF, (18)

0.500g of trans-PtMeCl(PMe,Ph), was dissolved in 50 il
of methanol ;t 40°C under a nitrogen atmosphé:e. Addition
of 0.242g of AgPF, ‘in 10 ml of methanol resulted in immediate
formationvof,a Ang precipitate: The solutioh;wés stirred

for'IO min and AgCl was removed by centrifugation to give a -

colourless splution. On addition of 79 pul '@f CH=CCH,CH,O0H °

~¥he solution became pale yelloh: After,stirrfhg\for 15 min -

the solvent was removed under reduced pressure un%{i-a
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crystalline precipitate was observed. 20 ml of diethyl ether ,
;

was added and the .solution was chilled at -15°C for 6 hr.

The crystals were filtered, washed with ether and aif*dried.

Subsequent recrystallization from methanol-ether solution

gave colourless crystals of product. Yield was 0.47g (70%).

f. Trans-[Pt{HO(CH,)}C===NMé, }Me (PMe,Ph), ]JPF ' (19)

O.47Og<3ftrans—[Pt(éHzc==OCH;aH2)Me(PMeZPh)z]Pfs was
dissolved ih 10 ml of well stirred dichloromethane.
- Dimethylamine was bubbled into the solution for 2 min and

vigourous' stirring was continued for 15 min. The solveht

was removed under reduced pressure to give a pale yellow

oil. A fine white Qrecipitate formed upon thorough tritura-
tion with diethyl ether. The product was dried under

vacuum. Yiéldeas 0.48g (96%).

g. Trans-[Pt{HO(CH,) C===NMe, }C1(PMe,Ph),]PF (19)
. To a solution of 0.392g of trans-[Pt{HO(CH,);C===NMe, }-
Me(PMe,Ph);]RFs in a mixture of 10 ml of dichloromethane
apd 15 ml 6f methanol, was added 40 ul of acetyl chioride., '
The solution was stirred for 5 miﬁ%aﬁd the éolvent removed
uhde} reduced pressufe: The resultant white precipifaté .

was washed with diethyl ether and dried under vacuum.

. o
g

Yield was 0.38g (95%).°




'h&gréécopic, the product was used immediately after

i'ii. Preparation of New Complexesr'
a. Traps-[Pt(C=N-p-tolyl)H(PMe,Ph),]Cl -
A suspgnsion of 0.487g.of trans-PtHC1(PMe,Ph), in

40,.m1 of diethyl ether was chilled to -80°C. While the

‘. solution was being stirred vigourously, 0.15g of p-tolyliso-

v

cyéhide in 25 ml of diethyl ether was slowly added. The
result;nt mixéure was stirred for 20 min aﬁd slowiy warmed
td-foom\témperaﬂure. The éolveht was decanted from the pale
Yellow precipi£até, which was washed with 20 ml of diethyl

. N . ~
ether and dried under vacuum. Since it was found tp-be.very

a <
’ 3

ﬁreparétion“ ‘Approximate yield was 90%.
; S " ‘. 9
b Trans—Pt(CH=N—p-tol§1)Cl(PMegph)z
' f Approx1mate1y 0.45g 6T~trans [Pt(C=N-p- tolyl)H(PMezPh)z]Cl
was dissolved 1n 15 ml of d1chloromethane to give a brlght
red solution. quentpne (~5 ml) was added until the solution
wagisaturated with the compléx. This solution was left to

stir for 15 hr, during which time the colour became orange.

*
-

Removal of solvent under gedhced pressure gave a viscous

L]

‘oil. Thorough washing with diethyl ether and n-pentane

gave a yellow brown flocculent precipitate. Some pale yellaw

crystals were'obtwlned by récrystallization from dichloro—
methane—diethylether solution, .

-

» A better method of purification involved preparation

"of tbe secondary carbene complex trans Pt(CH—#NH—p tolyl)—

- ) -
)



C1(PMe,Ph);]Cl1.

c. Ezggg—[PthH“=NH-p—toly1)Cl(PMezPH)z]Cl s
%o an acetone éolution of 13525—Pt(CH=NTp—tolyl)—
(ﬁMezph)g waé added 0.2 ml of concentrated HC1 in 5 ml of
acetone. The solution was stirred for 5 min and the solvent
removed under reduced pressure. Hecrystéliizatf;h from
dichloromethane-ether solution gave colourlesé crystals.
Yield was 0[42g (~90%). This:carbene product wasvreadily
deprotoﬂated,by addition of about a 10 fold excess of
triethylamine to a dichloromethane solution of ‘the complex.
ﬁTh; solution was chromatographed on a florisil column and
the solvent of the resyltan} solution was removed under
re&uced pressure to give a pale yéllow oil. Washing with
diethyl efher éave pale yellow precipitate: Recr&stallizatién

-

from dichloromethane-diethyl ether solution gave colourless

-

crystals (0.37g).

The PF¢ salt of the secondary carbene .complex could be

prepared readily by anion exchange using AgPFs (1 equivalent)

in acetone solution.

d. ggggg}[Rt(cnuuhﬂ-p-to}yl)}csN—p-toly1)(puegph)z]012

To 0.345g of trans-[Pt(CHs=NH-p-tolyl)C1(PMe:Ph);]Cl '
in 20 ml of diéﬁlofo&gthane was slowly “added 0.0§1g of p;toly1~
Hisocyanide in 16 ml of the solvent7 Stirring was continued
hntil the smell of the isocyaﬁide diséipated. Dieth}f ethef
was édged (~15 ml) and the solution was chilledrét -15°C for

N . " : s




.0.34g (84%). ﬂ"“'“ ). a;fff i N >v3“5i; Wi H

;collected by centrlfugatlon'and tﬁe 801venz was removed

6 hr to give ¢olour1ese7need1e s@aped crystals -.Yiela Wase"
.-.Ii;'r /" ¢ .‘ :a v;.l'u

e. Trans [Pt{C(NH p—tolyl)z}(CH “NH p—tolyl)(PMeZPh)z]Clz

To a solutlon of transv[Pt(CrN =p- t01y1)(CH"“NH p- tolyl)—

4’
.

(PMeZPh)z]CLZ (0. 307g) 1n 30 ml of dachloromethane was added

apprexlmately a5 fold excess of p- toluidlne(o 2g). e
i/‘ 4,. B :”- ,“\‘.".'
solution was stlrred for 16 hr and the solvent removed under-
L * »

reduced pressure. The solid was waShed thoroughly w1th .{;

-

’diethyl ether .tq re'ove the excess p tolu1d1ne Mlcrocrystalllne

« Y ’Jl-w

product was obtalned on recrystallzzatlon from dlchloromethane—.

diethyl et?er solutionS Yleld was o 28g (81%) i o

'y

. .
2 - . . . - . E
a -

W . - T
Fy K ~ ., ;

f. Trans- [Pt{HO(5H2)3C““NMez}(C N-p toIYI)(PMezph)g](PFs)z .“}.

. A colourless: SOIutlon of o. 308& of tranSJ[Pt{HO(Cﬂz)s | ~
C"“NMez}Cl(ngzph)21p£§ in 30 m1’ of acetone Was chilled ‘to rv"
-80°C, O. 048g of*p-telyllsbcyanlde in, 10 Al of acetone

Was added, followed by 0.103g of AgPFS ln 10'@3 of ﬁcetone “u;

The solutlon was st1rred and slowly warmed to room,tbmperature

‘Durlng this time a thick prec1p1tate pf AgCl formed‘ and the f7

solution became pale yellow 1n colout. The pre01prtate was f“'

st -y \

v,

under reduced pressure. The resultant 011 was washed with ;
. l‘~.~ ~
d1ethy1 ether to give a pale yellpw solld Recrystalllzation )

.

from acetone- diethy] ether solution gave needle sbaped LA

crystals of the de81red product Yield was 0. Blg g76%)

L
L] ' - ; .7 " 1 L . ‘.'M} A ]

”
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“ .o e o | . LS ' KIS . n " . ., T* 1{ 6 .
. ,. g’ Trans [Pt{HO(CH'z)ngNMez}té(NH-p tonl}(NMez)}- . '

. ;,',’ (PMezﬁh a}.(st )\2 . "‘ ; - j-_‘; .

‘. 4,"' ol D1me_thy'la_m1ne was bubb]:ed ‘1nt0’ av Squt'lo.n o;‘ 0. 256g |

J o - of' m [pf{ﬁ@(cnz) Cu—'niu«ez}(c N-;; tolyl)(PMegPh)z}(PFg)‘z s :7;'7:

| .‘L ‘ ,‘ 1r;;1.5’ ml bf dcetone f(5~r 2 mln. The‘ slglijtlon changed fl"om S : ‘

: " ) o coloﬁrles’s to,,fpa'ieiyello(ﬁ' Stlrr;ng was c@ntinue‘d for'y By Ve

ﬂ v - znd the so}.utlo‘n be\carpe coloprless agaln. Sc;ivent wa,s ré.mved . .

‘ : \on a‘rotary evaﬁ;).;a.t;o; and the y;'-esldue ‘Was washéd \x;l':h dle‘thyi ..
‘ . .--e'th'err‘,., Recrystalflz‘atlQn from@éétone/d;e.thyl ether Serlut,‘aon—\ PR

L" | 'l";‘ . gave 'feafhéry ;;f‘y"s‘t‘als of product Yleld was 0 25g (95%) . S .

.,‘ o . R - | ot ‘. . 't;""” 'ié'a"’ # Tt k > T v (PSRN
CEN . . w e T a7 et - i * . o, S AT




CHAPTER 6

b

THE CRXSTAL AND MOLECULAR‘STRUCTURE'OF TRANKS-

PARA—TOLYLISGCYANIDE(METHYL—N,N-DIMETHYLAMINOCARBENE)BIS—

e

"(biMETHYLPHENYLPHOSPHINE)PLATINUM(II)HEXAFLUOROPHOSPHATE.
Tranﬁ”[pt{CHSC“”N(CHa)b}(CEN'b'CeHuCHa){p(CH3)zcsﬂs}z](st)z

g : . Y
. S .
. 6.1 “Introduction

* ]

+

Cdmparison of thé bonding of isocyani&e ligands”and ogf

,,the oarﬁkne 11gands 1n this™work can be made quite readlly

-

?

<as 1s évident from the follow1ng resonance fbrms

LN ; \ ’+'.’ -:’.' + L - R
Vi MG © M—C=N—R CMECc=K"

I1I

fBoth ;1gands contaln an, apparently electron'def1c1ent C.
. & AN

"V:Qatom coordlnated to the metal.

-

Thls C oft: dfan be stablllzed
.f{ by electrOn donation from the nucleopp111c N atom and by

o m back denation from the metal atom In cationic systems
fﬂti such as ﬁ%q&é of divalent Pt, the metal atom 1tse1f is

) -

'“,f;elecgron,deficipnt’, hence as seems to be the case with




aminocarbene complexes:(Chapter 3), the second_resonadcew’ .l?‘ Lt
form (II1) is considerearto be the‘major contribhtor

Infrared spectral data are in xgreement with . thlS slnce‘ E
. Y - - .
-the C-N stretchlng frequency of the 1soeyan1de'11gand L.
[ - { T —— -l : s e
rncreaays on coordination to' metal atoms Qf hlgh formag -
s o . ‘Ll
oxidation state (Chapter 5). For the title cemplex, an
increase of 93 cm™! is observed. . BN . S
. - o - ‘ B ‘ b e
Spectgalrand chemical data give a’ godéd ipsight as to-

¢ i IS . ! . I
A -

the natdre of the M-C(isoeyanide) bond. It has ‘been e

IR

es%ab11shed that the 1sogyan1de llgand is a poorer i
) acceptor than carbon monox1de (127~130) and a better T ow
acceptor,than carbene (105). Chemical ev1dence also 1nd1cates S

5 \ & P 2
. . P .
. . P

:that.isocyanide ligands areﬂweaker'o QOnors than carbehes = . =
(127). - . o SO I
PRGN - ) o N ) » _
X-ray structural studies have been completed oh severdl , o0
) ¢ Y . ":’. T
square planar Pt(II) isgcyanide complexes (34, 72, L31 132); B X
b.. . TRe 4
N It has been determrned that 1sdcyan1de llgands have a weak , 5@3'
. X tr

trans 1nfluence, comparable to that of C1” or carbon .

et
. S

monoxide (131, -132). In.the complex trans-—[Pt(C N-—p -C H..'Me);

(MecduNMez)(PMezph)z](PF&)z the 1socyan1de lxgand ocCup1e§

o . - T-.:?'."
- ° a ¢oordination site trans to, th‘lcarbene ligand. The O .
* o3 : ‘. ‘
X—ray crystal structure determlnat1on of this complex WaS‘.“4A?" "
~ - ’ . A '
undertaken to further examine the bonding of the carbene : ' *,;m

llgand in a situatidn where 1t is opposite a Iigand of weak

‘ .

trans influence . This oomplex also offers a good opportunity

PR XY
-

to study the coordinatlon and geometry of the isocyanide.
L ’ ']

ligand whose mode ‘of bOnding té the metal atom is p;obably ORI
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% B -

\ ' .

« “ | quite similar to that of the carbene ligand. Since both
B ' ) ?

LAY .

‘;;\;u'"‘:‘f ligands are in gimilar environments, close comparison of .
. S 3 . . : . N
SRR ¢ t‘h_elr respective o donor and 7 acceptor capab_llltles should
R . be  possible.
I's i 4 : P
T, : « When dimethylamine is bubbled into a solution of this
e , C . o
o . & complex, 1,2 addition occurs across the CzN bond of the

\'."‘ A . y -

; Q 7_'j.$6-cyanid‘e ligand to give a bis-carbene compound. The -

. "-ci*'yst‘al structure-investigation of this complex is presentea

S ”

2 N
. -~ ’

A 3

Ay o
e PR - "
RSy in’ Chapter 7.

bk i . . “ &




6.2 Experimental

-

A sample of the complex was obtained by following
the preparative route-detailed in Chapter 5. Qolourless
prisms with well developed faces were obtained by recrystal-

lization from acetone/diethyl ether. Preliminary photo-

graphic .examination indicated an orthorhombicspace group
with systematic absences Ok{, 'k + £ # 2n; hko, h 4 2n.
These are consistent only with the sbace gronps

Phma (D B, No. 62) and Pn2,a, an alternate’settihg of

Pna2,; (C?:, No. 33) '(76) Since there are four formula

2v’

~units per unit cell, m s1U35ymmetry must be present if

I

Pnma is the correct space group, wh11e 1 s1te Symmetry is

1t1a11y chosen due to the acentric hablt of

.

required j{; Pnzla. ~The non- centrosymmetrlc space group

_Pn21a was

the crystals as determined from optical goniometr1c1neaSure—
i / '/‘-

Lol

" ments. The Crystal data are presented in- Table 6. 1
,”:?““The 1ntens1t1es of 5132 reflectlons were measured w1th
Cu Ka radiatlon,’ As was dlscussed 1n Chapter 4, Fhkl f Fhki

fo; tbe pqpar space group . Pnzla when anomalous scattering ,

effects are s1gn1f1cant Thus hkt'reflectlons were measured )

.
. -

out te a 29 angle of 120° and the Frledel palrs were

coll&dﬁ%ﬂ to a 26 of 105 The four standand reflections

[y l “A:"‘ -

(400 020 020, 004) were monitored throughout the period. of

10, ,.

ﬁ’data coIlectibn Thgir intensities showed/only random




¢

-

Crystal Data for Trans-[Pt(MeC=NMe, )(CzN-p-C¢H,Me)(PMe,Ph); 1(PFs),

CzeHasF12N2PPL “ .

Analysis found (calculated)

Crystal description
Systematic absences
Latie Symmetry
Grystal system
Space group

.o/
quivalent positions (4)
/

/ e -
céll obh7£axits : !
/

SN

3

used for cell determination

'1‘e!pe ture at wiut:h cel}l was detérmined

lettﬁd :of density determination

Density (obsened)
/ ( ca.lculated)

z, , o ’. B . o . »
Symmetry constraints

: TARLE 6.1

‘a = 17 071.(3)

ot

P

L]

f.w. = 949.6 '

C, 35.11 (35.42); H, 4.22 (4.03);
N, 2.87 (2.95) :

. colourlés_s prisms

g [
Okl, k+ £ # 2n; hkO, h # 2n

‘mmm
orthorhonbic

-
Pn2,a = .

xy.zx&+

'E i-x) §+YI
g+z;i+xr %"

-}

b = 16.503(2)
¢ = 12.573(2)21 "y

coo.
Q

(]

nn ll
888 !

3542 A -
1.54056 A .

21°C

ﬂotation(c,'n.. Br: /CCly ) ,

1.79(1)g_ cm

1.79g om

an

e S o )
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: e ’ ) ) o ' : 1 6 2
) ]
“ - a .
- . TAHE G.2
. g _mrmnml'agndmom for Data Collection
Radiation L CuKa -
Wavelcngth N 1.51006
. I"ilt,l:l'5 ' pre—_filtered, Ni foil (0.018mm)
Mean w scanewidth at half helght 0.13° (400, 020, 004)
(reflections) - .
HReflections centeredi in 26’ range 24; 20° < 20 < 65° .
Scan range a) low angle side of 20 —-0.75° - B -
* b) high angle side of 28 0.75° . . .
" Scan ratq ., 2.0° min™! o
Stationary background count time 10 séc
% available .Bragg intensity vobtained " 80% . : ¢
for a given reflection ‘
Take-off angle ' ’ 1,5°
Tube KV; m . 40; 14 - '
Collimutor size .. vom -
Crystal-counter ‘distance - 32am
Crystal-aperture disiiance' ~ 30cm . .
_Aperture dimensions : 5mm x Som
" 20 range , 2.5° < 28 ¢ 105"'
=~  Shells (No; hlgh angle 1imit) 4; 60°, 90°, 105°, 120° - .
 Index limits’ . 0chg19, -16 < k< 18; 0¢ £ ¢ 14
No.:of data collected 5132
T p value ' ‘ ) 0.02
. No. of reflections with 1> 30(1) 4035
; "4 (Cu Ka) i 0! 94.27cm !
. Crystal faces . ; (011), (01T), (FIT), (21D), (Eﬁ) (211)
. Crystal dimensions .’ "0.20mm x 0.21mm x 0.18mm
) Abaiorptior; cormctioh analytical’
| Trapesi ssion coefficients a) minimm ~  0.283
b) maximm 0.417 A

-




e

)

' )
oL : ¢

were used in the solution and refinement of the structure.

: ' An optical goniometric study was performed on the data

crysta} and the dihensions were measured (Table 6.1).' A

diagram of the'crysta} is shown in Fig. 6.1. Upoh success-

ful solution of the strqctuie,'all data with I > O were

corrected for absorption. The maximum and minimum trans-

mission'coefficients were found to differ’by 47%. ) '

s




o
ta Crygtal -

+ A Drawjag of.the Da

s - - 4. r .
Faces with-dotted edges are hidden from view. .
h -.:‘ * ' ' i :l’ * . ) ; L ‘ .
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6.3 Structure Solution and Refinement
A three dimensional Patterson synthesis yielded
h " poéitional parameters for the Pt and two phosphine P atoms.

The positions of these atoms, and an ovéralL scale factor

were varied in two cycles of least—squa;es calculations.

The agreement factors obtained weré R, = 0.255 and

R; = 0.321. The ﬁositions of the remaihing‘non—hydroéen

atomse were readily obtained from difference Fourief synthesesl
| At this point it became obvious that the acentric

space égoup was the correct one, Since the orientation of

.the 1ons in the unit cell is éuch that no m site symmetry,

as required by Pnma, is possible., As a fUrthér test of

> '. " -the presence or’ébsence of a center of symmetry, normalized

structure factdrs were calculated, and their distribuiions_

compared to theoretical ones gqr centric and égfntric

"

crystals. The calculations were performed using the
program FAME, and,'aé was the case in Chapter 4, the results

¢ i, ) .
were inconclusive. The structure was successfully refined

in Pn2,a. ,

The'phenyf rings were vqried as rigid groups with Dsh
symmetry in'ieaSt-squares cycles. The gix F ﬁtoms of each
anion were formulated into rigid groups of Oy, symmetry
- '(ChaPter 2). Least-sgﬁares réﬁinemenf Was_pefformed 6n

all non-hydrogen gtoms,‘ All non-group atéms except those
- of the carbene ligand and the P atoms of thé'anidhs were.

refined as anisotropic'atoms. Individual féotrépic group

-

atom thermal "parameters were varied. ‘Two_léast-squires~ .

-
-

»




cycles converged the refinement. Agreement factors

Ry = 0.051 and R, = 0.059 were obtained.

| The resulting least-squares parameters and geometry
were exgmined carefully. No evidence of the disorder of

the PF¢ anions was present. The geometry of the carbene

ligand revealed some interesting discrepancies. The C(sp?)-N"

. . o
separation in the. carbene ligand was found to be 1.19 A.

This distance was considerably shorter than those of

< L]

1.266(15) A and 1.293(16) A observed in cﬁapters‘z and 4°
olrespectivély'and was similar toifhe C-N separation of
1.18 K ih the isocyanide ligand. The isocyanide. C-N |
bond length was close to gthat o'f 1.16(1) 10\\(88‘), the accepted
) value for a C-N triéle boﬁdlin an isocyanide ligand. Thus,
. . the carbene C-N distance is anomalous, since the bond length
. \'indicates the presenee of appré#imate triplé bond character -
| - when a bond order of less thaﬁ 2 is expected; The infrared

data for thié complex do not predict unusuial bonding in .

fhg carbene ligand, in that characteristic v(C==sN) carbene

? L

"and v(CzZN) isocyanide stretches at 1623 cm ' and 2218 cm !
. respeétively are'observed: A large distéftion of”the ‘
equatorial plane of fhe metal atom was observedyat the carbene
. N ligand. "The C(iéocyaniﬁej-?t—C(carbene) angle Qés 167°. °

Isotropic theérmal parameters of the carbene ligand atoms
-were not 6Ver1y large (4-8'32), but atgghpts 10 fgfipe

. : thé atd&s-anisofropically Yailed and non—posipive dgfinite.
N : teﬁpératpre factogs‘reguited for two of the C(methyl)

atoms. A difference Fouriéx synthesis over the unique

*y - v

» ’ % ' ? . - -




., .. T 167

JCA ' . regjion of the unit cell revealed the presence'of 4 majoy
¢ e RN « ] s .

1

T o . -rgsidual peak near iheipoéition of the carbene nitrogen
’ . [ Y os + . e o .
atom's The electron density of this peak was about 1.7 eA™ ?, ’

-The above’obéervations are reminiscenf of those encountered

durldg,reﬁlnement of .the. structure of trans [Pt(MeCHMOMe)-
v o ‘Me(PMeQPh)z]PFs (92) where the carbene llgand was found to

LIRGEPIE

be dlsordered - -

¢ . - .
.. )

In o;der‘to investigate tde poss}bility,of_disorder;

°

L3

the‘coniriﬁutioné’of ‘the carbene ligand atoms were removed

D it o e S A

; . . ,from the 1east squarés calculatlons and an electron den81ty
| map was calculated through the plane of the carbene llgand
(Fig. 6.2) - Five maJor'peaks characte;tstlc of the methyl-
N,N-dimethylaminocarbedd‘are p?gseﬁt. Cloéer;sgrufiny of
i ‘ the isopleths in the diagigm reyeais the.presence of a
distinct shoulder close t6 the ﬁeaﬁidpe to the N‘atbm,

and a similar but less ob¥ious ‘shoulder is present at the

4

electron density~resu1ting fiom the'C(spz)'htom The .
shoulders have approximately ‘half the inten81ty ofaﬁhe major

peaks. It was found that a dlsorder model r6su1ting from

significant ~translation of the C atom out of the sqgape

i

plane could readily accommodate the ob.s'erved electron density.

The model requires that the C(methyl) atoms of the diéordered

ligand occupy the same three electron density,peég§. Sugh
rotational—trénslaxional ligdnd disorders arefndt unknown
id square planar complexes of-divalént Pt (Qg; 133). The’

_ disorder calculations were performed in’the same madner-as

-

E
180° rotation about the Pt- C(sp ) bond accompanied by a
i

~



hd - e
k)
. * oy
BT P g y 5 . AN LR A r e Ll s oo waiider . ool Gt
L4
. L

168

\ | . _ 'rig._e’.g ,

hat ¢

An Electron Density& Map Calculated Through the Plane of the Carbene Ligand
) ) . o .
Contours are drawn at intervals of 0.5 eA™ ?,

. e . Superimposed on the map are the .final positions for the
; . .

atoms of the disordered ligand.
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for. the PFg disorder in Chapfer 2. Two rigid groups were -

fofmulated: Rigid grbup orientationﬂparameters~anH aﬁ
isotropic témperature factor were varie& for- each gron. .
Also refined was a group mult}blicit§ parameter. ‘The
rigid group geométry of the methyl-N,N-dimethylaminocarbene
was the same as %hat obtained for the ordered ligand in
*the structural éxamination in Chapter 2, where the carbene
ligand is in éﬂsimilar‘environment. Thus‘the rigid groups
were calculated to be planar and to have the geometry R
shown in Fig. 6.3. The carbene disorder was refined
successfully. .
In space group Pn2;a two enantiomorphous orientations
of the‘complex are possible{lone related to the other by
réflection in’[OlO]’or by inversion through the origin.
Two cycles of least-squares fefinemeht were calculated on
~each orientation, and¢the same parametérs were varied in
each case. The C atoms of the»p-ﬁolyl phenyl ring, where
rigid group constraints had beén removed were refined as -
isotropic atoms. Reméiningrnon;group"atoms of the'cation
wereeréfined aniso£ropica11y. Individual isotropic group
atom phermal parameters were varied for'rigid groupé not
associéted‘@ith disorder. The agreement factors obgained
‘'were R, = 0.046 R, = 0.055 for one solution and
ﬁ; = 0.058 R, =‘0.0§2 for fhe éecond. Nq‘significant

differehces in the geometry of the¢/ complex were observed,

but some thermal parameters were found to be significantly

different in xhé two solutions. Application of Hamilton's

-

-




« . ) Fig. 6.3 <o

. . " ’ PN

' ‘Rigid Group Gebrretry for the Carbene Ligarfd - ¢ -




. [
v G , . .

mgnlficamce. test’(lo&) to th? weaghted agreement factors «
4" showed that the Seeond solution couid be reJected at a .

L. v
' probablllty IeVel of legs? than 0. 005 The relatlye magnltudes

ey T e AR £,
. o

' .h"v S f those F ghkﬂ) apd thhké) whzqh dlffered by more than

',f“ oy 10% were compared to’the relatlve magnitudes‘pf the observed

»

‘},» values for eaeb solutlon. -For’ the flrst model 89% of the

1/ < ~

R s ¥

. “A’ﬁ tt' : 178 Frledel palrs showed the same erends for F and F . For

. . « O
. . :
e

S the second solutlon oniy 8% of the Frledel pairs showed

K

the same relat10nsh1p for .the. observed and-calculated

. - '

T S structure amplltudeSt The f1rSt solutlon was therefore
S - - ’ . - S S
P , selected as the correct one. . R

. Hydrogen contrlbutlons to’ F owete cxlculdted as o

L -
‘e, .- - / ¥

descrlbed in' Chapter 2. A1l Heatoms Were located except, .

. ;_ c these of the carbene ligand. thtle ev1dence for_the methyl

n - ’

AU . H atoms of Qhas dieordered ligand was presenf so it was
N -=; L dec1ded.that thelr iﬁcla81on in- the. calculaklon of F "
wasruhm;rrahted The remala;ﬁé hsatom posrt;onswwere obtained
,“{ﬂ: u51ng thefprogram HYDRA - The methyltk H d;stance is 1 0 A

-

A and fhe phenyl C-H separatlon is 0.95 A H atom temperature

factors were set “to be l 0 A2 larger than those of the C

- L2

atoms.to which they are bopded. | .

The cond,i'gggns and ‘résults of the findl-cygles of
| - ’ . L ,
full matrix légst=8quares are given'in Table 6.3. P atonis
o} the anionk and C.atoms of the p-tolyl phenyl ring were
T

e " .-
<] N -« @ ¢ - A

allowed to'v1brate 1sotropica11y whereas the remalnlng .

‘
n?h group atoms were allowed to ergo anlsotropic thermal

/ g ,
motion, Indxvidual isotropic ErQup atom temperature factors . '
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TARLE 6.3

~

Conditions and Results of Final Full Matrix—.

Least-Squares Calculations

(bservations .

‘Variables : T -

F——

Ratio (c;bservations/variables)
Rigid groups - ‘ »
Disorder models (No; entities) - -
.Ndn-gnup‘atons

a) Anisotropic

b) Imtxppic |
H atoms included; No. (type)
Extinction coefficient

Maximum value of (parameter shift/
standard deviation) .

Agreement factors: R,

a

'Final error on an observation of unit
weight ' '

Final difference Fourier synthesis:
a) Position of largest peak
b) Electron density

c) Associated with

r F

4025 °
185

29 15(mgthyl), 14(phenyl)
not/refined
0.13

g

RN e

10.0421
0.0476

2.57 electrons

v

<5

(0.333, 0.216, -0.165)
1.35(8)e A
~disordered carbene




:'“TT{he structure facto;é in terms of the magnitudes of E

~ o 173
‘'were varied for ordered rigid groups. The final agreement.

factors“&ere R, = 0LQ42 and R, = 0.048. Ananalysisof
- : : 21

Co’

—-— ,/""’V . . .
;A ‘s_J':/n,,,ﬂi Miller indices, and diffractometer setting angles

- . e 3 , -
showed no abnormal trends. A final electron density map .
 no . : >;;;;,f:://(/f9t. -

-calculated over the unique regign of the unit cell showed

:that_thé largest:residual peak has .an ctron density of

"1.35(8) and is associated,w%fﬁ/;'methyl group of the -

disordered carbene ligand. The next‘largest

eléctron density of 1.13(8) eZ'a. This/peak"is in‘the‘vicinity

of a phosphine phenyl ring. . | N
| In Table.6.4 are presented the finallatomig positional.

and theréal'pafameters. In Tabie él5 afe listed the rigid.

group parameters and the defived groqg afom positionél‘

‘and thermal parameters are shown in Tabie-6;6."Derived

positional and thermal parameters for the H étoms.aré

. ’ N
A Xist of the structure factors given -

given in Table 6.7.

asVIO.IFOI and 10 [F | (électrons) appears in Appendix 3. -

L]
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, Atom

, Ring-1 a

. R1C(1)

. RIC(2)

. RIC(3)

RIC(4)

R1C(5)

_ RIC(6)
Ring-2 = -

JR2C(1)

R2C(2)

R2C(4)
R2C(5)
- - R2C(6)

1¥(1)
1F(2)
1F(3)
1F(4)

. ' 1F(5)
Co 1F(6)

" 2-F6 .
2F(1)

. 2F(2)
2F(3)
-2F(4)
2F(5)
2F(6)

= gheay

. ©INQL) -
: 1c(2)
16(3)

1C(4)

Car-2 -
2c(1)
M)
20(2)
20(3)
2c(4)

“RAC(3)

0.283(2)

a Ring C atoms are numbered sequentially. RIC(1) is bonded ' P(1)

LY

4

%
TABIT &.6
Derived Group Atom Parameters = ) ©
x Ty z . B(AY)

0.1302(5) 0.1577(5) -0.3791(6) 3.8(2)

0.1770(5) -  0.1195(4) ,-0.4546(7). a.9(3)

0.2077(5) " . 0.1636(6) © -0.5392(6) " 6.4(4)

0.1917(6) ©  0.2461(6)  -0.5482(7) 7.2(4)

0.1448(86) 0.2843(4) -0.4728(8) . 8.1(3)

0.1141(5) - 0.2402(5)  -0.3882(7) . 5.2(3)

0.3070(4).  0.1602(5)  0.0571(7) ° 3.8(2)

0.2992(4)  0.2437(5) é:gee7(7) 4.0(2)

0.3654(5) 0:2929(4) 0-0890(7) 5.1(3)

0.4395(4)  0.2585(5)  0.0577(8) 5.7(3) i
' 0.4472(4).  0.1750(5)  0.0461(8) 5.6(3)
" 0.3810(5) 0.1258(4)  0.0458(7) 4.9(3)

L - ) - - 7 —
-0.1433(2Y  -0.1606(3)  -0.2166(6) 9.9(3)
-0.1887(4) 0.0250(3)  -0.2158(6) .  11.0(3) ~
-0.0849(3) ' -0.0467(4)  -0.1625(6) 9.0(3) '
-0.2471(3)  -0.0889(5)  -0.2701(6). 11.5(3)
-0.2044(4)  -0.0781(5)  -0.1027(4) 10.6(3)
-0.127%(5)  -0.0575(5) - -0.3298(4) 12.2(4)
0.0586(4)  -0.1547(3) ~  0.3008(6) 9.0(3)
0.0207(4) *  0.0336(3) 0.3043(5) - 7.0(2)
0.1261(3)  -0.0438(4)  0:3326(6) 12.4(4)
"-0.0507(3)  -0.0773(4) 0.2725(6) 10.4(3)
0.0162(4)  -0.0660(4)  0.4246(45 10.1(3) \ .
0.0592(4)  -0.0551(4) 0.1805(4) 10.4(3) .. ?

N . . . ! )
0.2048(6) -  0.2114(5)  —-0.1457(9)
-0.1719(5) 0.2782(5)  -0.1242(7)
0.0954(7)  0.2818(9) ° §§.0693(13) g s o gin
0.2045(8) 0.3508(5)  -0.1503(13) -
0.2838(7) 0.2148(8)  -0.2026(12) )
0.1611(14)  0.2259(14) - -0.112(2)
0.2170(11) . 0.2676(11) -0.164(2)
0.272(2) 0.208(2) -0.228(3) B group} = 4.0(8) -
0.235(2)  0.3462(11) -0.167(3) , o
0.108(2) -0.029(3)

P
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§gpLL 6.7 =
‘ Derived Hydrogen Atom Pofitional and Thermal Parameters
Atom x = y ) oz .B(A )2
) Methyl Hydrogen Atoms
HIC(11)  0.0074  0.1956  -0:2329  6.08
. H2C(11) . -0.0369 , 0.1364  -0.3291 6.08
H3C(11) -0.0396 0.1046 ~-0.2060 6.08 i
H1C(12) © 0.0407  -0.0327 -0.2788 "6.73
H2C(12) 0.0503 0.0045 -0.3986 .. 6.73
' H3C(12)" 071274 . -0.0265 -0.3333 6.73
H1C(21) 0.1869--  0.1291 0.2284  6.88
H2C(21) 0.1431 0.1909 0.1459 6.88
‘H3C(21). ' o0.1096 © 0.0089  0%e26 - 6.88
- _H1C(22) '0.2056 - -0.0287 . . 0.1312 6.81
H2C(22) 0.2647 - -0.0341 0.0291 . 6.81°}
. H3C(22) 0.2961 ©  0.0027 0.1421 6.81 \
~ H1C(6) 0.0213 . -0.4395  -0.0691 7.90
’ H2C(6). 0.1099  -0.4450  -0.1178 . 7.90 \
"' H3C(6) 0.0967 -0.4422 0.0110 7.90
. o .  Phenyl Hydrogen Atoms : )
o H1C(2) - 0.1880 - 0.0628  -0.4486  5.83 -
H1C(3) 0.2400 . 0.1376 - -0.591:4 7.47
H1C(4) 0.2129  0,2769 -0.6063 _ 8.19
HIC(5) © 0.1339 0.3414 . -0.4786  7.08
H1C(6) ' 0.0819 0.2666  -0.3359 6.3l 3
H2C(2) 0.2481 - 0.2674  0.0766 5.01
" H20(3) 0.3602 0.3504 .-0.0772  -6.01
H2C(4) 0.4852 0.2922 0.0581 6.70
© v H2C(5) -0.4982  0.1511 0.0384 6.67
H2C(6) 0.3861 °  0.0681 0.0378 5.79
H3C(2) ~ .© 0.1332 _ -0.1756 0.0831 5.49
H3C(3) - 0.1262 -0.3180 0.0866  5.07
. H3C(S) 0.0431  -0.3178 ©  -0.2129 6.94
‘ H3C(6) 0.0468 -0.1769 -0.2176 °  6.25

The isotropic thermal parameters for the 'H atoms are
1. OAz greater than those of the atoms to which ‘they
are bonded. ’
. b Phenyl H atoms are numbered sequentially. H1C(2) is ‘
‘bonded to R1C(2), H1C(3) .is bonded to R1C(3), etc.

. .
s / L
Iy , s
' * s .

.




6.4 Description of the Structure. | . / oo
The unit cell ééh!ains Qistinctaﬁiqnicang caiionic
coﬁponepts present in a two to one ratio. The nearest
anion-cation separatiéns ére43.09 Z’bétween‘lF(4) and ’
C(Sj; and~2f99 Z betweén 2F(3) and*ZC(B)L These disténces -

aré of the magnitude expecteg if no_significant aﬁiopf

0catlon 1nteract10nsvoccur

*

L-

The two PFg anions show 11tt1e deviatlon from ideal.
-]

geometry (30,_91).‘ The mean P—F»dlstance is 1.580(7) A.
Mean;F-ﬁx{;angles’have vdlﬁes of 90. 6(2)° ‘for cis F atoms
and 178. 6(4)° for those in mutually trans pOS1t10ns

Lo

An ORTEP dlagram of the catlon show1ng the atom
labelling s;heme 1s,presented in Flg. 6.4. In Fig. 6.5 are
JShoﬁn the inner coordfnation sphere of the metal atom and .
the two ariéntations of the disordered carbene ligand. A
,steréqview ‘pf the cation.is\giQen in Fig. é.6,land seleéted

bond distances and angles are listed in Table 6.8.
The= doubly charged cation has'&istor:;d square ﬁlaﬁar'

geometfy about’the Pt atom.‘ The two phosphiﬁe ligands

occupy mutually EEEEE ébord;nation sites while the reméining

two positions ;n tﬁe_square piane are occupied by the

’isocyanide and carbene ligands. Distoq;ifn of the square

plane occurs- at the carbene ligand where

[

the C(sp ) atoms

s

of the carbene r1g1d groups lie io opposite 81des of the
equatorial pfane. Calculation o a weighted least-squares
‘piane’through the atoms Pt, P(1), P(2) and C(5) (Table 6.9),

shows that of these atoms C(5) lies farthest from the plane

N
~




P 1c3)

&S C®

5 . 'Fig: 6.4

"ORTEP View of the Cation_Showing the Atom Numﬁering'Scheme

50% probability ellipsoids are drawn .
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* TABLE G.8
Selected Intramolecular Bond Distances and Angles
’ ,"Distances(Z) ] . Angles(deg.)
) Metal Atom Inner Coordination Sphere ,
Pt-P(1) 2.335(2) P(1)-Pt-P(2) 178.7(2)
Pt-P(2) s 2.337(3) C(5)-Pt-1C(1) . 168.5(4)
Pt-1C(1)  2.089(10) " c(s)-Pt-2c(1)" 166.9(8)
Pt-2C(1) 2.08(2) © 1C(1)-Pt-P(1) 90.0(3)
Pt-C(5) 1.958(13) 2C(1)-Pt-P(1) 91.1(7)
« 1C(1)-Pt-P(2) 90.0(3)
2C(1)-Pt-P(2) 90.1(7)
C(5)-Pt-P(1) 89.4(4)
C(5)-Pt-P(2) 89.4(4)
. . PhOSphine Ligands l . ,
P(1)-C(11) - 1.785(14) Pt-P(1)-C(11). ©111.5(5)
R(1)-C(12) . 1.790(14) Pt-P(1)-C(1@) 113.3(5)
P(1)-R1C(1) 1.813(9) . Pt-P(1)~R1C(1) 116.8(3)
P(2)-C(21) . 1.818(16) - Pt-P(2)-C(21) 110.4(5)
P(2)-C(22) 1.789(14) © Pt-P(2)-C(22) ' - ; ,113.8(5)
P(2)-R2C(1) 1.805(9). Pt-P(2)-R2C(1), - 'ig114}7(3)
o C(11)-P(1)-C(12) 104.9(7)
C(11)-P(1)-RIC(1) ~* 104.8(5).
( ‘C(12)-P(1)—R1C(1%" -;,104:4(6).'
C(21)-P(2)-C(22) 104.7(7)
. - - €(21)-P(2)-R2C(1) 10% 0(6)
o . C(22)-P(2)~R2C(1) 106 .-4(6)
‘ Isocyanide Ligand ' :
C(5)-N(2) 1.150(15) : Pt-C(5)-N(2)" 177(1)
N(2)-R3C(1) 1.414(16) C(5)-N(2)-R3C(1) .170(1)
C(6)-R3C(4) 1.510(19) N(2)-R3C(1)-R3C(2) 121(1) .
R3C(1)-R3C(2) 1.376(16) _ N(2)-R3C(19-R3C(6) 118(1)
R3C(2)-R3C(3) 1.386(17) R3C(2)-R3C(1)-R3C(6) - 121(1) _
R3C(3)-R3C(4) 1.370(17) " R3C(1)-R3C(2)-R3C(3) . 119{1)
R3C(4)-R3C(5) 1.372(18) R3C(2)-R3C(3)-R3C(4)  121(1)
R3C(5)-R3C(6) 1.372(18) - R3C(3)-RAX4)-RIC(5) - 119(1)
R3C(6)-R3C(1) 1.379(17) 'R3C(3)-R3C(4)-C(6) 120(1)
' R3C(5)-R3C(4)-C(6) ®1(1)
R3C(4)-R3C(5)~B3C(6) 122(1)
s R3C(5)-R3C(6)-R3C(1)
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“e Weighted Least—Squaras Planes
Atom - ' Coe

Atoms included:  Pt,-P(1), B(2), C(5)
‘Equation of Plane g 14 27x - 4.74%y - 5.8]72 = 2.358

Pt I -0.0004(4)

P o Y I S V&P
P(2) S , - % L 7 0,015(4).

v e e 1 -0.003(13)
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) ' R,ac‘]')"W U"“‘u o :‘ “:} o (”.“ 3 3\“— S 0.01 3(12) '

: o hscxz: e s T 20.009(13)
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-0.40 A below and 0.48 A above thts plane respectively. . -

(:angle 1s 90.5(3)°. No large dlstortlons occur with respect

4

v

'.other signlflcant dev1ations occur at atoms RlC(l) and™

systems where ligand disorder of thls kind occurs (92, 133).

_in earlier chapters of‘ﬁhis work the phenyl. rings-of the

‘péndicular to the equatorial plane, with the’mean'angle

*n

ideal. For both phenyl rlngs the dlstortlon is such that

- 1
being 0.013(5)_§'abbve\it.' Atoms 16(1) and.zp(l)'lie
Such°distortion seems to be characteristic of, sduare planar
‘The mean: C-Pt-C angle is 167.7(8)° and the mean P Pt-C(sp? ).

to the other llgands The mean P Pt- C(5) angle is
89 445(5)° and the P-Pt- P angle is 178 7(2)°.

( An ecllpsed conflguratlon is observed for the two
phosphlne ligands. Both phosphine phenyl rlngs 11e on the >
same 81de of the Pt atom as the carbene ligand. The angles~
between the normals to the planes of the phenyl rings and
the equatorlal plane of the metal atom are 54° and 79°
for Rlng—l and Ring-2 respectlvely.- The former angle is
considerably smaller than observed in'previous structures.

[

phosphine'ligands have beé&n found to lieAapproximatély per-

’ J’c‘

being 83(3)°.

Only slight deviation from ideal phenyl-ring geometry ”
. . L
is observed with respect to the P-C(phenyl) bonds. ~ The ’
P(l);RlC(l)eRlC(4) and P(Z)-RﬁC(l)—RZC(4) angies are

178.0(5)° and 178. 2(4)°, where a value of 180° is, COhsiaered

they are bent slightly towards the carbene llgand No

1

R2C(}). The P(l)—RlC(l)—RlC(Z) and P(l)-RlC(l)—RlC(G)

P




angles are 119.9(6)° and 120.0(6)° respectively. The

correspondiné'angles about R2C(1) are 119,5(6)° and 129.5(6)°7
s The phosphine.P atoms are an average distance of
2.336(1) K,from the métal atom and have’apéggximately
tetrahedral geomekries, withithe organic su%gtitUents
bonded to g compressed toward one another to ; smaldt -
extent. TheEmeanhPt—P—C angle is 113.4(9)° apd phe ?verége
c-ij angle isl105.2(3)°. A mean P-C bond iehgth of
.1.800(6) 2 is observed. These angles andhdi§tances agréé
well withAthose observed in‘foregoing cﬁapters. .
The carbene liga;h disorder is defined in:terms of
two superimposed rigid groups rela;ed'to one énother by
%80° rdtation about the Pt-C(sp?) vector aﬁd byAt¥an§1ation
dut of'the‘squaré plane Sé that -the C(spZ) atoﬁs are
'approxim%t;%y equal distances above and beloﬁ this plane.
A~rigié group disorder parameter wds refined éo that the
sum of_fhe mulpiplicities of the carbene groups’always
éqpbiled 1.0. The final value obtained for this parameter
is 0.68(2). Thus one qr}entation of thehcarbené ligand
(thét of Car;l) is favoured“b&'about two to one. This is
in agreemént with fhe;magniéudeS'of fhe regions of electron
density corresponding to’C(SpZ) and N for Car-1 and Car-2,
as observed in Fig. 6;2. ‘ )
| The planes of Car-1 and Car-2 intersect the square
plane of the Pt #tém at angles.of 77f and 68? reépectiyely.
Thus the‘metﬁyl—N,N-dimethylaminocarbene ligand does not

lie perpendicular to the equatorial plane of the metal étom
N

.




~ o ' + .186
R , as it does for the complex in Chaptercz. The mean Pt—C(spz)‘

. Q . .
dietaﬁce is 2.086(3) A. This is crystallographically

equi§a}ént to the value of 2.079(13) obtained in Chapfe;‘?.
zaﬁAngles about the‘Qteerbene) atom are characteristic
of sbz\hybridiéation' the,meen values of the angles |
Pt~ 1C(1) IN(1) and Pt-2C(1)- 2N(1) is 120(2)° and that of
Pt- 1C(1) 1C(4) and Pt-2C(1)- 2C(4) is 122(2)
. » The 1socyan1de 11gand C atom occupies a coordination
- site trans’ to the carbene llgand'and is 1.958(13) A from
the Pt atom. This'eomphres well withithe Pt-C bond ‘length’
of 1.968(9) A in the dicationic complex trans[Pt(C=NMe).- -
{C(NHMe)(SEfj};](PFs)z (72). .The isocyanide ligand is
approximately planar; Weighte& least-squares planes are.
shown in Table'6.9. One ﬁlape is calculated through all
non hydrogen atoms ofgthe isoeyanide. The C(sp) atom and
- "the_p—t;Iyl C(metﬂ}l) atom are most distant _from the plane,
4 being 0.158(13) A and 0.134(19) A above it. A second . ’
) ieast—squares plane is calcul#ed through .the p—tolyi pheﬁ&l
ring C atoms.. No C atom is a"%ignificant aistance from the
plane. The phenyl riné plane interseexs that of the metal
atom at an angle of i4-5° The mean .C-C distance within
. the ring is 1.376(2) A and is slightly shorter than the
accepted value of 1.392 A (88) A mean C-C-C angle of

. ) L]
120.0(5)° is observed. The p-tolyl methyl group is 1.510(19) A

from?atom R3C(4) and the mean of angles C(6)-R3C(4)-
R3C(3) and C(6)-R3C(4)-R3C(5) is 120.5(2)°. On the opposite

side of the.phenyl ring, the R3C(1)-N(2) distance is




0

'a°a£~

~ N [a

o : - . 0 . .
1.414(16) A. An equivalent value of 1.37(2) A is observed

. for the N-C(phenyl) separation in the complex trans-

' PtC1,(C=NPh), (132).

The isocyanide C(5)-N(2) distance is 1.150(15) A. - C
This compares weli with ‘the mean value of 1.17(2) K |
observed in trans-PtCl, (C=NPh), (6). The ;socyanide ligand
is approximatelyolinear with respect‘to,theth atoﬁ, with |
the Pt-C(5)-N(2) angle‘beiﬁg 177(1)°, however the ligand -
_is bent slightly with respect tq;the p-tolyl group for B

the C(5)-N(2)-R3C(1) angle is 170(1)°.




6.5.‘Diséussion

It has been observed that the carbene disorder is
the resul% 0of not only 18Q°'rotatian about the Pt—C(spz)
bond, but that translatién of th® ligand out of the sﬁuére
plane also occurs. When this effect was‘first observed

ﬁ . - .
in the structure determination of trans-[Pt(MeC===OMe)-

Me (PMe,Ph ), JPFg (92) it was thopght that the large,distqriion
of the equatorial blane might possibly be the result of

an inadequate disorder model:' A second occurence of such a
disorder together with thé‘presencerf a similar effect

in the solid state structure of trans-Pt(CH=CH; )C1(PEt,Ph);
(133), where the vinyl ligand is disordered, ténds

to indica%e'that,the distortion of the square plane is a

real phenomenon. Furfhermofe the small group thermal
-parameters oﬁserved'for Car—l and Car-2 (3.5(2) and 4.0(6))
.indicate that the model ié a good approximation of -the aétﬁai
disorder. Thé distortion of the equatorial plane can be’
explained in terms of packing'éffécts."lf.the two'isomers
ére gonsidered,separately, and if no distortién of the square
plane is postulated, then clearly in one isomer the carbene
ligand occupies a larger'region of space above thé eduatorial
plane phan‘below, and vice veréa for the secénd?isomer: '

Me

" N—Me Me

Equatorial plane-—--C-—Pt-—lC(Tff ------ C—Pt—2C(1)




~ Hence the spatial requirements .of the two isomers are
different, and they might be expected to form different
‘crystal lattices. If distortion of the equatorial plane
is implemented such that IC(l) of isomer A is moved to a
position below the equatorlal plane, 2C(1) of B is moved
to a p051t10n above the plane, and the remalnlng carbene
ligand atoms of both isomers are shifted correspondlngly,
then the isomers occupy the same regions or space as .shown
in Fig. 6:2. Thus through a distortien of the equatorial
plane of the metal atom, .the two isomers can occupy the
same lattice. |

As noted earlier, the planes of thefcarbene rigid’
groups do ﬁo} lie perpendicular to the square plane of the
metal atom.‘ The mean angle of intersection of the plapee
is 72.5°. A perpenaicular‘orientation is re&ﬁired if
signifiqanf in—plane ] ﬁonding betweep‘the C(sp%) épé and
t?e Pt 5dxy\orbitalsiis to ocpur._ In Chapter 5 it was
thcluded that metal-carbene 7 bonding is not an important
faepor in tﬁe.metal—carbene bond in trans-[Pt(Me =%ﬁMe;)—
Me(PMeQPh)Z]PFG. In the compound being examiped here, the
methyl ligand traps to the carbene has been replaced by:
tpe isocyanide ligand, which is not only a poorer ¢ dqn?r

than methyl, '‘but is also capable of m interaction with the

189

metal atdm. Even 1qé§7electron density shouid be available.

for w- back -bonding to the carbene 11gand than in the complex

in Chapter 2, so metal- carbene i 1nteract10ns should be

smaller The orlentatlon of the carbene llgand is such




’

that no significant 7.bonding intéractions can be present
in the.Pt—é(spz) bond.
The mean Pt-C(carbene) distance of 2.086(3)'X is
indicafive of a situation where little = bonding qccu;s,
. but does not reflect a weak trans influence for the
isbc&anide ligand. The Pt-C(sp?) bond ieggth in Chapter
4 where a chloridé ligand is. trans fo‘carbene(is 1.978(12) Z.
. Thé éhloridelgxerts a _weak trans influénce as is expected
fof the isocyanide ligand 67,‘131, 132), but the Pt—C(carbene)
bond lengths ffer by 9.0 o. The Pt-C(sp?) distance

) ) ™ )
Chapter 2 where methyl, a strong trans influence

observed
iigand, i/s opposite cgrbene iS-2n079(13) Z.‘ If a shiftiof
the car eﬁe iigqnd which-causes C(carbene) to move ~ 0.45 Z'
out of/thexsquare plaqe_df the Pt atom can be’atgributed to )
"packing forces as.discuésed'ébove, then a much smaller T
lengthening‘of the"Pt;C(spz) bond could also résult from’

these effeétsl Inaccuracies in.thé diéorder.mddel.could also
affect the Pt-C(sp?) bbhd,

There is only little evidence of the strong Egggg influence
of the carbeﬁé ligand in the Pt-C(isocyanide) bond length of
1.958(13) A. This distance is 3.1 o longer than that of
1.83(4) found in' ¢is-Pt(C=NEt)C1l,PEt,Ph (131) and is .3.0 o
longef.tqgn the mean distance of 1.896(16) Z observed.in
cis-Pt(C=NPh),Cl, (132). In both these complexes C1~ lies
opposite the isocyanide ligands. The Pt—C(isacyanide)
distance is équivélent to that. of 1.968(9) a observed in

trans-[Pt(CENMe)z{C(NHﬁe)SEt}z](ﬁFs)z (72) whewe thg

i

Py
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N

isocyanide ligands are trans to one another. An'intéresting

’ : . R / -
observation is that the Pt-C{(isocfanide) distances are
significantly longer in the dicationic comblexes than

those in the neutral compounds.’

.

A summary of avaiiable.isdcyanide’geometries in square
planar Pt(II) complexes is given in Table 6.10. Possible

resonan&f forms contributing to the structure of the
& \ ‘ .
coordinated isocyanide ligand are as follows:

L]

; ¥+ . o T + -
Pt—C=N ¢&——> Pt—C=N R & - Pt === (C==N

\\R | - I _ | \\R‘

1 | 11 U 5 ¥ {

The Pt-C(5)-N(2) angle of 177(1Y° at the isocyanide ligand
shows only small deviation from iinea;ity’and slight bending.
is observed from the C(sj-N(z)-RSC(i) angle‘df 170(1)°. |
This together with the C(5) N(2) bond .length. of’1 150(15) A

which is in good agreement with 1. 16(1) expected for a

4

" C-N bond order of.- three (88), indicate that the bonding in ;

the isocyanide ligand is best described by II. These

results are in good agreement with the infrared data where

g v(C—N) occurs at 2218 em”? ‘whereas that for the v(C-N) of

the formlmldoyl llgand where the bond order is two, occurs

at much lower'energy (~ 1550 cm !) (Chapter 5).

. g

The Pt- C(1socyan1de) dlstance of 1,958(13) A does not
show 31gn1f1cant multiple bond character in view aof the
Pt~ C(sp) bond length of 1. 98(2) A in the complex

trans Pt(C CPh)CICPEtzPh)z (133) where no Pt- C(Sp) multiple

. - '
«
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‘bonding can occur. The effects of thé skrong trans

with‘small ™

‘1nf1uence of. the carbene ligand .can compet

bondmng effects on the Pt-C(sp) bond length Thus

accurate deductlons as to the nature of the t-C(isocyanide)

‘bond in th1s complex are not poss1b1e.

°




CHAPTER. 7 ,

THE CRYSTAL AND MOLECULAR STRUCTURE OF TRANS- METHYL—
N, N—DIMETHYLAMiNOCARBENE(DIMETHYLAMINqu TOLYLAMINO—
: CARBENE)BIS(DIMETHYLPHENYLPHOSPHINE)PLATINUM(II)

\‘\

HEXAFLUOROPHOSPHATE Trans [Pt{CH C==N(CH,), }{C-

(N(Cﬂa)z)NH- -CsHuCH }{P(CH3)2C Hs},J(PFg),

-
3

7.1 Introduction ‘ - N
The most common forms of tertiary carbene ligands are

those belenging to groups 3a and 3b (Chapter 1).

‘ l’X : RN ~ ‘,X : ‘ ' )

o --r——-Q\‘ —_—C
o 3;? o 3b

X and/or.Y = oxy, amino, thio

R = alkyl, aryl

For group Sa,ftwoinucleeehilic substituehts are
”present.to stdbilize fhe C(spzi atom, whereas in group 3b
only one such subetituent is presenf The four ft(II)
complexes that have been examined in this work have carbene
.1léands charecterlstic of 3b. Other structural determlna—
tions on square planer PthI) complexes have carbene
ligands represeptative of 3a (34, 69-72).

In Chapter 5 is described the preparation of dlcatlonlc

s - -

194 -

- ) . . K} . .




‘4bis-carpene compleges.‘ In-these compouan.a 3a carbene
ligand lies trans to a 3b.carbene while diﬁethilphenyll
phosphine lﬁgands occupy the remaining two p081t10ns in
thé square planar coordlnatlon sphere. The X-ray crystallo—
graphic structupe analysis of one such complex(/zzggg—

[Pt (MeC===NMe, ) {C(NMe, )NH-p-C;HyMe} (PMe,Ph), ] (PFs),, was

undertaken. This complex offers an’ ideal opportunitybjor

a comparison of the bonding in twoafypes of carbehe ligands

. ' T . B
present in similar environments. ~A-better understanding

of the bonding trends and of any difféfeﬁéés in bonding would .
i

allow a more’detailed and knowledgeable comparlson of all

structurgﬁ results- avallable for Pt(IJ)—carbene complexes

va

-~ ¥




{12 Experimental

A sample of the complex-wés prepared by the synthétic
" route detaiigd in Chapter 5. golourlessAblocks suitablé
for-X-ray examination wefe readily obtained from an - .
aéetope/ether mixture. Crystal d;ta are summarized'%n
Table 7.1. A photographic study revealed the systematid'
extinctions hOZ,ih + z‘#'zh; 0kO, k # 2n. These ébsénces
are consiétéﬁt only with the space group P2,/n (alternate
setting of'P21/c,_ Cgh, (Np. 14 (76). I}g symmetry constraints
age'imposed on entities éx?ftallizipg in space.group
P2, /n wifh four formula_ﬁqits in the unit cell_’
The'cdnditiohs for ihtensity data collection arg‘shown
in Table 7.2. 7448 reflections were recorded.using.Cu ka
radiation out to a ép‘valué of 130°. . The inténSities of .
four strong reflections (2061'506, 060, 002) were monitored
after ever§ 150 data récor ed. No significant flﬁctuations
were observed for the standarﬁ reflecti9ns. All data were
processed. ‘5370 intensities‘had I'>130(I), ;:; 6ﬁiy‘these
were used in the solution and .I'efinement of the structure. |
The cryétal was measured and an absorption cdrrectioq wﬁsl
performed on all data with I > 0.” The maximum and minimum

-

&
absorption coefficients ‘differed by approximately 75%

(Table 7.2). A diagram of the crystal is shown in Fig. 7.1.

%
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8. -

, Crystal Data for Trans-[Pt(MeG=0Me,){C(NH-p-CsH.Me)(NMe, )} (PMe;Ph); J(PFe)2

CjyoHy sFy N3P PL

Analysis found (calculated)

Crystal déscription
Systematic absences
Lave symmetry
Crystal system ~
Space group, » - e
Equivelent positions (4)

Cell constants

Cell wolume

Wavelength used for cell determination
Temperature at which cell was detemﬁned
Method of density determination

Density (observed)-
(calculated)

Z

Symmetry constraints

1

*1.70g om
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TABLE 7.1

L

-~ R } ‘
fw. = 994.7
C,

36.04 (36.23); H, 4.51 (4.56);
N, 3.82 (4.22)

colourless blocks elongated along [001]
hoe, h + £ # 2n; OkO, k # 2n
2/m

mongclinic ‘

JP21/n

i(x) y, Z), t(i +‘xr } -y, } + Z)

12.792(2)4 «
27.382(4 B
11.839(2)A v

90.0°
99.47(1)°

a
b
c 90.0°

nu

'
4090 A?

1.54056 A

21 °.C
flotation (CzH.Br,/CCl.) -

MQa(1)g_am

4 .

none
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TARLE 7.2

Experimental Conditions for Data Collection

‘Radiation

Wavelength

Filter

Mean w scan width at half height
(reflections) Qy

Reflections centered; in 28 range

Bcan range a) low angle side of 26
b) high angle side of 2¢

Scan rate
Stationary background count time

% available Bragg intensity obtained
for a given reflection

Take—off a.ngle‘

Tube KV; mA

Collimator size
Crystal-counter distance
Cryst&l.—ap’e‘rture distance
Aperture dimensions

25 range

Shells (No. ; high angle limit)
Index limits

No. of data collected

p vahe .

No. of reflections with I > 3o0(1)
u (Cu Ka)

Crystal faces

Crystal diménsiohs
Absorptionscorrection

" Transmission coefficients a) minimum

b) maximum

+

Cu Ka .
1.54056 A

‘pre-filtered, Ni foil (0.018mm)

0.093° (200, 020, 002)

25; 14° < 20 < 65° oo
0.60° . '
0.75° ;

. 2,0° min™!?

10 sec

' 80% .

g

Smm x Som

2.5° < 28 < 130°

6; 60°, 90°, 100°, 110°,
-15 < h ¢ 15, OFR <
7448 P

0.02
5370
86:23cm ! .
{120} ,(021), (021), (001 )
0.33m x 0.19mm x 0.18mm

120°, 130°
0< 2«13

v

_ analytical

0.248 ,
0.490 -




‘

Fig. 7.1

A Drawing of the Data Crystal

Faces with dotted edges are hidden from viewt

k]
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7.3 Structure Solution and Refinement

The position of the Pt atom was obtained from a three
dimensional Patterson function. Two 1east—squares cycles
varying an overall scale factor and the positional
parameters of the Pt atom gave R; = 0.302 and R, = 01397.
Positional parameterS"for tne rehaining non- hydrogen atoms
were . obtalned from success1ve difference Fourier syntheses
and least -squares refinements.

The F atoms of the two PFg¢ anions, as Qell as the two
phosphlne phenyl rings and the p- tolyl phenyl rlng, were
described as rigid groups (Chapter 2). Two cycles of
least-squares refinement with Pt and two phosphine P
atoﬁs vionating anisotropically, and groupiisotropic thermal

parameters being varied for the rigid groups, gave agreement

" factors R1‘= 0.069 dhd R, = 0.090. Lafge group thermal

. ) < [o]
parameters were obtained for both F6 .rigid groups (-~15.0 A2%)

- . ©
and unusaally large temperature factors (~6.0 A?%) were

3 ’

observed for the P atoms of phe'anigns. Disorder of both

anions is present. A difference Fourier synthesis showed

»

the presence of a second set of six peaks around one of the

P atoms. These had electron densities of approximately
3 -

o ’ .
2 eA-a, Only two small residual peaks of electron density

were observed about ‘the second P atom - The residual peaks
I R
iqr both anions were close to F atom: pos1t10ns already
el

included in least-squares calculatlons. A r1g1d group

‘disorder'model (Chapter 2) was calculated for the F atoms

about P(4), whereas fhe disorder about P(3) was not

o
n . P
[

I e T R e



~

con31dered serious enough to be taken into account and
normal refinement procedures were followed

| A thorough examination of the geometry, and leaet4
4squeres parameters of the methy1~N,N—dimethYlaminocarbene'
ligand provioed reeults disturbingly similer to those
obteined during the’refinement of the isocyanide- . L
carbene complex in Chapter 6. The: isotropic thermal’
oaremeters for the C and N atoms were unusually large
(~11.0 Kz)fand.the C(sp?)-N distance was found to bg only
1.07 Z. By cdﬁparisoh,\the C(sp?)-N bond length observed
for this ligand in Chapter 2 was 1.266(15) A. Removal of

the contributions of fhe.qarbene ligand atoms to the least-

-

squares refinement, and calculation of an electron density
2 - . :

map‘through the plane of this ligand, confirmed the presence

of disoRder. A reproduction of this map #s presented in

L7

Fig. 7.2. A‘rigid group disorder model was formulated and

refined as described in Chapter 6.

- The contributions to Fc of fourteen ph%pyl H atoﬁs
. ‘ . 2

(C-H distance of 0.95 A) and of 30 methyl H atoms (C-H

. . o . -
distance of 1.0 A) were calculated as previously described

~

(Chapter 2). A difference Fourier synthesis over ;he

o

unique volume Jf ;he'unit cell was examined- for evidence

of H atoms belonging to methyl groups‘of the’ disordered

carbene ligand. Regions of positive electron density
et 0 o - . o

(0.3.-70.6 eA”?) were observed for all H atoms of Car-1,

the rigid group of higher multiplicity. The contributions

to- F_ of these methyl H atoms were calculated and the

>
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<]

Fig. 7.2

An Electron Density Map Calculated Through tﬁe Plane of the égrbehe Ligand
. . ' -] -
Contours are drawn at intervals of 0.5 eA”?.
Superimposed on the map are the final positions of the

—~—

. atoms of the disordered 1ligand.

S



mulpiplicities were set equal to that of the parent carbene
.rigid group. ~Similar evidence for all H‘atoms of Car-2
was nbf present, so these wefe omitted_ffom -further caicu—
lations. A peak @f about 0.5 eA”? was observed for the
amino 'H atom of the p—tolylamino subsﬁituent, so the
contributions of this atom were included in the calculations
of F_, (final N-H distance of Q.97 Z; C(sp?)-N-H angle of
116.8°). All H atoms were‘assigned thermal parametefs
1.0 A? 1a;;er than those of the atoms to which they are
bonded. ‘ '

A summary~of the conditions fdr; and the results of
" the final least—sduares cycles is presentéd in Table 7.3.
Individual group atom isotropic thermal parameters were
refined bnly‘}or those rigid groﬁps not associated with
disorder. The rigid group constraints for }he p—to}yl
phenyl ring were removed prior to the final least-squares
cycles. Thése/C-atoms and the P atoms of the anions were
allowed to yibraté isotropiéally@* Anisotropic thermal .
parameters weré varied for the remaining ndn—hydrogen atoms.

The final‘agreemeﬁt factors are R; = 0.054 and R, = 0.064.
The three léréest peaks in a final difference Fourier
syntheéis have electfén densities of 1.33(7), 1.06(7)
and 1.05(7) ez-3. They are all associated with the F afoﬁs
aﬁout P(3).for which disorder was not taken into accounf.
The next largest peak has an electron density of 1.04 (7)4ez-3.
Itvis related to the F‘étoms abogt P(4) for which a disorder

model was calculated.
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TABLE 7.3 '

Conditions and Reésults of Final Full Matrix

I;*ast—Squam Calculations

~

(l)ser\vationsv . - 5356
. Variables - ' 216 )
Ratio (observations/variables) . 24.8
Rigid groups t 7
Disorder models (N(a; ehtities) . 2'; M;,C“'N!ez, PF¢
- Non-group au;ns . | 21
a) Anisotropic ’ - 13
b) : Isotropic - 8 -
H Atoms included; No. (type) 45, 30(methyl), 14(phenyl), 1(amino)
Extinction coefficient o not refined . -
Maximum value of (parameter shift/ ‘ 0.13 o !
standard deviation) ' ' ) ] . )
Agreement factors: R, . ~ , 0.054 ' |
R, - 0.084
Final error on an observation of @it 2.91
vgeign

v

Final difference Fourier synthesis:

"a) Position of largest peak - (-0.232, 0.177, 0.203)
b) ‘Electron densit}; 1.33;(7) electrons '
c) Associated with PFs (undisordered)

-




A statistical examination of the structure factors -

(Chapter 2) showed no abnormal trends. In Table 7.4 afe

} ’ ‘ -listed the ;ndiﬁidual atom positional and thérmal parameters..

f ‘ :The rigid group param?yérs are shown in Table 7.5, .and
. derived group atom positional parameters are given in

. Table 7.6. Calculated H atom positional and thermal

parameters are presented in Table 7.7. A list of LFOI and

a

]Fclxlo electrons is shown in Appendix III.
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) Atam x y
Ring-1
] RIC(DY  0.3133(5) 0.2627(2)  o.
B . RIC(2) 0.3565(6) 0.2857(3) o
. RIC(3) 0.4683(6) 0. 3191(3) 0
‘ : RIC(4) 0.5069( 5) 0. 73301 (3) 0.
. RIC(5) 0,463 7) 0. 3070€3) 0.
RIC(6) 0.3818(7) 0.2731(3) o.
Ring-2 ‘ ° .
RC(1)" ° 0.2511(4) 0.0127(2) 0.
) R2C(2) 0.2162(6)  -0.0027(3) o.
. R2C(33) 0.1273(6)  ~0.0327(3) 0.
R2C(4) 1 0.0733(5) -0,0171(3) 0.
. . R2C(5) 0.1082(6)  -0.0316(3) 0.
. ROC(6) 0.1970(6)  -0.0017(3) O
ar-1 .
1C(1) 0.1553(9) - . 0.1163(8) O
. . IN(1) 0.1323(8) 0.1120¢4) 0
’ 1¢(2) . 0.2088(13)  0.1246(9) 0
1C(3) 0.0282(9) 0.093(7) 0
1C(4) 0.0703(15) 0.1023(10) ©
- : . Garz2 : ’
. ‘ 20(1) 0.1796(11)  0.1229(7) 0
MN(1) 0.0891(10)  0.1067(6) O
20(2) 0.061(2) 0.0981(13) O
. . ’ 20(3) 0.0021(12)  0.0943(10)  O.
- . 2C(4) 0.200(23 . 0.1302(13) 0
1-F6 ) )
7 . 1¥(1) -0.2582(5) 0.2373(3) o
‘ 1F(2) .-0.08%4(5) 0.2157(3) .0
1F(3) . -0.2424(8) 0.2566(3) o.
1F(4) -6.1051(6) 0.1963(3) 0
1F(5) -0.2359(6)  0.1785(2) @
' ) 1F(6)  -0.1116(5) | 0.2745(2)  ©
21-F6 . )
. 2aEgh 0.3266(7) 0.035(5) -0
2 0.1490(8)  -0.0006(4) ' -0
: 21F()) 0.159R(8) 0.0080(4) -0
21F(4) 0.3157(8) 0.0260(4) -0
21¥(5) 0.1961(8) . 0.0712(3) -0
. J21F(6) 0.2795(8)  -0.0372(3) -0
' " 22-F6 -
22F(1) 0.3017(10)  0.0695¢(5) -Q
22F(2) 0.1728(12) -0.0%11¢4) -0
22F(3) 0.288(10) * -0.0000(G) -0
22F(4) 0.1865(11)  0.057%(5) -0
22F(5) 0.1426(9) 0.0472(6) -0
22F(6) 0.3320(10) 0.0HM12(5) 0
- ® Ring C atoms arc mmgbured sequentially. RIC(1),

-

TAIRL 7.6

Derived Gioup Atews ,l'hsilinn.\l and Thermul Parum tets

z

2008(7)
3069(5).
3086(7)
2043(9)
0982(7)
0965(5)

2196(6)
1031(5)
07T35)
1679(R)
2R43(7)

.3102(5)

.2583(10)
. I61(9)
.4697(11)
.3882(12)
.1531(9)

.3289(15)
.2823(11)
.1526(12)

M9(2)

.464(2)

.2B0G(86)
.1140(6)

0937(6)

. 3009(6)
.1510(7)
.2A3K(7)

.3419(10)
.1987(10)
.3914(8)
.1492(8) .
L2673(12) .
.2734(12)

.3006(13)
.2291(13)
.3539(12)
.1761(12)
.%8‘](1])
.1619(11)

B(AT)

4.0(2)
5.9(3)
6.9(3)
7.9(4)
8.7(4)
6.5(3)

3.8(2)
5.4(3)
7.2(3)
6.8(3)
6.5(3)
5.0(2)

B(group) = 5.2(3)

B(group) = 4.8(4)

12.7(3)
14.0(3)
15.9(4)
15.4(4)
16.0(4)
13.3(3)

B(group) = 10.4(H*

B(growp) = 10.4(4)

is honded to P(1).

208
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TABIY. 7.7 _ : -
?vri\rd Hydrwgen Atom Positionsl and Therma'l Parameters
Atom Lo ox ' y z - B(R‘)a
HIC(11) 0.2018 0.2911 °  0.3887 B .BT - o
HZC(11) 0.1512 ©  0.2739 0 2964 6.81
HIC(11)  0.0936 0.2205 0.2935 6.81 ,
HIC(12) 0.1315 0.2602 0.0501 6.94
H2C(12) 0.1939 0.2153  -0.0067 6.94
H3C(12) 0.p912 . 0.2043 0.0574 6.94
H1C(21) 0.3839 0.0169 0.1531 7.17
H2C(21) 0.4171 0.0042 - 0.3Y12, 7.17
H3C(21) 0.49461 0.0594 0.4094 7.17
- HIC(22) 0.4680 0.0036 0.1598 7.13
H2C(22) 0.4149 0.0148 0.0642 7.13
H3C(22)  0.5154 0.0502 0.1670 7.13"
H1C(6) 0.3239° 0.1722  -0.0942 6.74
H2G(6) . 0.3752 0.1175 -0.0907 6.74
H3C(6) 0.2916 0.1314 -0.0019 6.74
H1C(7) 0.5714 0.1460 -6.0131 8.68
H2C(7) _  0.5080 0.1925 -0.0773 8.68
H3C(7) " 0.5753 0.1980 -0.0573 8.68
H1C(8) 0.5671 0.1031 0.7567 8.07
H2C(8) 0.6869 0.0890 0.7362 8.07
H3C(8) 0. 6608 ©.1443°  0.7770 8.07
HIN(2) 0.5849 0.1802 0.1993 5.39
mhc(z)  0.2271 < 0.0944 0.5184 6.29
H21C(2) 0.2745  Q.1385  0.4457  -6.29
- H31C(2% 0.176: 0.1492 0.5175 6.29
H11C(3) -0.0214 0.1226 0.3866 6.29
H21C(3)  -0.0020 0.0697 0.3272 6.29
H31C(3) 0.0393 0.0790 0.4692 6.29
H11C(4) . 0.0029 0.1196 0.1603 6.29
H21C(4) 0.0943 0:1119 0.0774 6.29
H31C(4) 0.0586 0.0661 0.1540 6.29
Phenyl Hydrogen Atoms?
RIH(2) 0.3600 0.2785 0.3781 6.95
R1H(3) 0.4978 °  0.3350 0.3811 7.97
R1H(4) 0.5628  0.3529  0.2056 - 8.84
RIH(S) 0.4901 ®.3142 0.0271 9.71
R1H(6) 0.3524 0.2576 0.0241 7.50
R2H(2) 0.2532 0.0072 0.0413 6.44
R2H(3) 0.1037 -0.0432  -0.0022 8.23 °
R2H(4) 0.0129 -0.0676 0.1502 7.74 )
R2H(S) 0.0715 -0.0416 0.3461 7.51
R2H(6) 0.2209 0.0088 0.3896 6.02 . .
R3H(2) 0.6952 0.1230 0.3496 5.97
R3H(3) 0.7376 0.1047  0.5503 6.88 ) .
RIH(5) . 0.4673 0.1643  ©0.6105 , 5.51
R3H(6) 0.4236 0.1855 0.4133 5.08
a

The 1sotrupic thermal paramolv;s for the H ¢loms'aro
1.0:’ greater than those of the atoms tg which they
are bonded.

Ring H atoms are numbered sequentially. RIH(2) is

. bonded to R1C(2), RIH(Y) is bonded to RIC(3I), cte. .

|




7.4 Description of the Strueture

The anion to cation ratio of this‘compound in the
unit'cell ie twoito one, as expected for a dicationic
complex with a singly charged enion The shortest anion-
cation separatlons are 3.12 A between 1F(4) and 2C(3),‘
and  3.08 A between 22F(1) and 1C(2). Both anions lie near
the disordered carbene 1igand, but far enough away that
discrete ionic units are maietained. One anion lies
well above the plane“of the methyl-N,N-dimethylaminocarbene
ligand and one lies well below. The carbene ligend and
the PF¢ anions.are all disordered; fﬁfthermore, the fefined
disordef oecupancy factor of the'carbene ligand (0.585(18)),‘
and that of the anion for which disorder was taken iqﬁe
account (0_556(14))?~are not significanfly different. One
can thefefore speculate that the disorder of the anions
is‘related to that of the carbene 1igané.

The*disoider of the F atoms about P(4) was refined.
Much of the F atom disorder about P(3) is taken up in the :
large thermal parameters of the F atoms (Table 7.6). A.
normal PFg geometry is observed about P(3) with the meen

. o » .
P-F distance being 1.58(1) A. The meafF”F-P-F angle is “
178.5(3)°‘f0r Egggg F atoms and 90.0(2)° for cis F
atoms., The gdeometry about P(4) is sllghtly more distorted.
This is indicative of a less than ideal disorder model.
The mean P-F separatlon is 1.58(2) A and the relevant |

Pl

mean F—P;F'angles are 175(2)° and 89(1)°.

An ORTEP diegram of the cation giving the 'atom

-




\labelling scheme is presented in Fig. 7.3. The inner_
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coordination sphere of the Pt atom and- the two orientations .

of the disorderéd carbene ligand are shown in Fig. 7.4.

" A stereoview of the cation is shown in Fig. 7.5.

Selected .bond distanceé and angleé togefher with their
estimated standard‘deviétipns are preseﬁted in Table 7.8:

The cation has approxima%ely’a équare plgnar
geohetry. As observed previously (Chap?ér 7), distortion
of_jhisiplahe occuré‘at the disordered ca?behe ligand.

A weighted léast—sqdares plane calculated throughythe
atoms Pt, P(1), P(2) and C(5) is shown in Table 7.9.
P(2) is furthest from the plané, being 0.045(3) A below
it. Atoms 1C(1) and 2C(1) lieﬁ0.366 Z below and 0.262 Z
above this plané respectively. ‘The P(1)-Pt-P(2) angle

is 177.8(1)°, whereas the C(5)-Pt-1C(1) and C(5)~-Pt-2C(1)
angles are 169.4(5)° and 167.6(5)°. The mean C(5)-Pt-P -
angle is 90.0(3)°. The correspénding mean angle té.the‘
disordered C(carbene) atom is 9010(5)°. ‘ «

In this complex the dimethylphenylphosphine 1igands
have a staggered conformatipn iﬁ the solid state, as*
qpposéd to the seeminély more favoured eciipsgd confor-
mation observed in precéding chapters. A Newmaﬁ projectiog~
down the P-Pt-P axis illustrates the different orientations -

of the phosphine ligands: A




An ORTﬁP View of the Cation Sﬁowing the Atom Numbqring Scheme

All Ellipsoids are drawn at the 50% probability level.
In this and other drawings thermal parametefs of the phenyl ring C atoms
: - T e . °
were set at 3.O.A2 and that of HIN(2) was set at 2.0 A? for clarity.

Only one orientation of the disordeféd carbene ligand is shown
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TABLE 7.8
N ' Scelected Intramnlecular Bond Distances and Angles
Distanccs(;) . Ang]es(’deg__)
Metal Atom Inner enordinntxo‘n Sph\ere
) Pt-P(1) 2.331(2) P(1)-Pt-P(2)’ 177.8(1)
"PE-P(2) . 2.324(2) 1C(1)-Pt-C(5) 169.4(5)
S Pt-1C(1) 2.05(2) _ © 2C(1)-Pt-C(5) . 167.6(5)
Pt-2C(1) 2.13(2) 1C(1)-Pt-P(1) 89°.3(4)
. Pt-C(5) 2.058(10) 2C(1)-Pt-P(1) ) 89.0(4) -
ot \ ' 1C(1)-Pt-P(2) 90.3(4)
) . 2C(1)-Pt-P(2) 91.4(4)
v . C(5)-Pt-P(1) ' 89.7(3)
) ) . C(5)-Pt-P(2) 90.3(3)
el N Phosphine Ligands i
o " P(1)~C(11) 1.803(12) Pt-P(})—C(ll)' o 114.8(4)
P(1)-C(12) 1.795(11) Pt-P(1):C(12) 112.3(4)
P(1)-RIC(1) ' 1.804(7) Pt-P(1)-R1C(1) ‘ 115.7(3)
P(2)-C(21)- 1.794(11) Pt-P(2)-C(21) 115.3(4)
, P(2)-C(22) 1.808(12) Pt-P(2)-C(22) 113.9(4)
. " P(2)-R2C(1) 1.806(7) . Pt-P(2)-R2C(1) 112.9(2)
C(11)-P(1)-C(12) 103.4(5)
C(11)-P(1)-RIC(}) 104.6(5)
C(12)-P(1)-R1C(1} 104.8(4)
C(21)-P(2)-C(22) 103.2(6)
. . C(21)-P(2)-R2C(1) =~ 104.7(4)
. C(22)-P(2)-R2C(1) 105.8(5)
Carbene Ligands-
., T Pt-1C(1)~1N(1) 123(1)
, ' P1-2C(1)-2N(1) 122(1)
. Pt-1C(])-1C(4) 119(1)
. Pt-2C(1)-2C(4) 120(1)
. ’ C(5)-N(2)’ 1.337(11) Pt-C(5)-N(2) 122.3(7)
. C(5)-N(3)} 1.306(12) Pt-C(5)-N¢3) 121.6(8)
N(2)-R3C(1) 1.444(12) . N(2)-C{5)-N(3) 116.0(9)
R3C(1)-R3C(2) 1.384(13} . C(5)=N(2)-R3AC(1) 126.5(8)
R3C(2)-R3C(3) 1.373(15) N(2)-R3IC(1)-R3C(2) 117.0(9)
R3C(3)-R3C(4) 1.369(15) N(2)-R3C(1)-R3IC(6} 123.1(9)
R3C(4)-R3C(5) 1.362¢13) R3C(2)-R3C(1)~-R3C(6) 120(1)
R3IC(5)-R3C(6) 1.383(13) ° R3C(3)-R3C(2)-R3C(1) 118(1)
R3C(6)-R3C(1) 1.380¢13) R3C(4)-RIC(H)-RIC(2)  122(1)
© ) by R3C(4)-C(8) 1.511(16) ‘ R3C(5)-R3C(4)-R3C(3) 118(1)
N(3)-C(6) 1.473(13) R3C(6)-R3IC(5)-R3C(1)  122(1)
- N(3)-C(7) 1.457(13) R3C(1)-R3C(6)-RIC(S)  119.3(9)
- " R3C(3)-R3IC(4)-C(A) 120(1)
R3C(5)-R3C(4)-C(B) 122(1)
C(5)-N(3)-C(h) 122.5(9)
. C(5)-N(3)-C(T) ) 123.8(10)

N Cl6)-N(3)-C(7) 113.2(9)

.
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TABLE 7.9
Weighted Least-Squares Planes
Atom ’ Deviation ffom Plane(s)
Atoms includled: Pt, P(1), P(2), C(5)
Equation of Plane: 3.80x + 5.77y + 9.89z = 4,18
Pt ' e 0.0022(4)
P(1) © ~0.042(3)
P(2) . ' ~0.045(3)
C(5) N -0.005(10)" N
1c(1) ‘ . ~0.366
) 2C(1) o n 0.462
Atoms included: C(5), N(2), N(3), C(6), C(7), R3C(1)
’ Equation of Plane: 4.42x - 25.60y - 1.56z = -2.20
C(5) - o -0.096(9)
TN ) -0.052(8)
N(3) : -0.033(9)
c(6) 0.128(11)
c(7) . - 0.066(15)
R3C(1) - ) _ 0.110(10)
Atoms included: R3C(1), R3C(2), R3C(3), R3C(4), R3C(5), R3IC(6)
Equation of Plane: 5.70x + 23.95y + 1.28z = 7.36
’ R3C(1) : A " -0.016(1
R3C(2) ' 0.003(X0)
R3C(3) 0.020(12)
R3C(4) ' i -0.021(10).
. . R3C(5) ' : 0.007(10)
R3C(6) - ‘ 0.011(9) , ;’
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eclipsed : ‘ staggered

Although the phosphine ligands of this complex occupy a
qifferent orientation with respect to the square plane of
the metalwatom,”the normals to the planes of the phosphine
phe@yl rings femain at similar angles to the normal to
this plane. These angles are 77° and 81° for Bing—l and
Ring-2 respéctively. Ring—é‘is bent towards the
disorderedAmethyliN,N-dimethylaminoéarbene ligand énd.the
f(Z)—RZC(l)-RZC(4) angle is 177.3(4)°. This effect is

similar to that observed in the previous structural

'determinations in this thesis. Ring-1 however is bent

away from‘thé dimethylamino(pftolylamino)carbene ligand,
and P(1)-R1C(1)-R1C(4) is 174.9(4)°. No further signifi-

cant distortions occur at the phosphine phenyl rings. The

Ll

mean P-C-C angle at Ring-1 and Ring-2 is 119.9(5)°.

Characteristic distorted tetrahedral geometry is observed
about the phosphine P atoms. The mean Pt-P-C angle is

114.2(6)° and the mean C-P-C angle is 104.4(4)°. The

X
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average P-C distance 15,12292(2) Zn\

The carbene rigid groups of the disorder model are -
coﬂgtrained to be planar. The normal vectors of Car-1 and
‘Cer—z are at angles of 87° ?nd 91° respectively to the normal -

~ » of the equatorial plane of the metal atom, The carbene
diserder correspoﬁds to a 180° rotation about‘the Pt-C(sp?)
bond, aceompanied by a significant shift of C(sp?).out of
the equetorial plane (Table 7.9). The Pt-C(sp?) disﬁances
toﬁlC(l) and 2C(1) ere 2.05(1) Z‘and 2.13(2) Z respectively,
"with.a mean value of 2.09(45 2. These values are crystallo—.
graphically equivalent to the value of 2.079(13) Z ebserVed
in Egiggj[Pt(MecueNMez)Me(PMeéPh)é]PFs (Chapter 2). The
mean Pt-C(sp?)-N(1) and Pt-C(sp®)-C(4) angles are 122.7(6)°
and 119.6(6)° respectively. ‘

,The‘dimethylamiho(p—tolylamino)carbene ligand also lies

» approximately(perpendicular to the equatorial plane.of the
complex. The angle of intersection of the nermals to the
two planes is 100°. A weigﬁted least—squafes plane calculated
through the.atoms\N(Z), N(3), C(Sj, Cc(6), C(7), and R3¢(1)
is shown in Table 7.9. Atom C(6) associafed with fhe dimethyl -

{

' [«]
amine substituent is farthest from the plane, being 0.128(11) A

above it. ‘A trans geometry of the p-tolyl group wi}h respect.

to the dimethylamino entity is observed:

L
M i M
' &
N—Me L —Me
—C ~—C
u, , .
T——H ?ﬂ—p—tolyl
p-tolyl ‘ H

trans - cis




Tﬁe Pt-C(sp?) distance is 2.058(10)‘2. This is
equivalent to the value 6f 2.06(1) Z obtained in the
structure aetermihatidn of the dicarbene complex
nggg-[ptEC(NHMeSSEt}z(céNMe)z](PFs)2 (72). The angles
about G(5).are indicative of sp2 Hybridization. The‘meap
Pt-C(5)~N\gng1e is 121.9(3)° énd the NEZ)—C(S)—N(S)
angle is 116. O(9)° N(2) and N(3) donate electron
density to stabilize the C(sp ) atom. The dlstances
C(5)-N(2) of 1.337(1{) A and C(5)-N(3) of 1.306(12)
exhibit a:bond order considerably greater than one, since
a C-N single bond is expected to be 1.47(1) Z long (88).
The C(sp?)-N distance in Eggg§—[Pt{C(NHMe)SEt}2(CENMeiQ]—
(PF¢)s is 1.300(10) A (72). The sp? character of the N
atoms~is indicated by the angles aboht N(?) and N(3).

The mean C(5)-N(3)-C(sp?) angie is 123.1(6)° and the
C(5)-N(2)-R3C(1) angle is 126.5(8)°. The’C(6)—N(3);C(7)
angle is 1i3.2(9)° compared to 113(1)° observed in the
methyl-N,N-dimethylaminocarbene ligand of the complex

examined in Chapter 2. The mean N(3)-C(methyl) separation

is 1.465(8) A, and the N(2)-R3C(1) distance is 1.244(12) A.

No &ajor distortion from ideal phenyl ring geometry

. N o
is observed in‘Rihg-B.. The mean C-C distance is 1.372(4) A

and the mean C- C C angle is 119.8(7)°. None of the C atoms

dev1ate 51gniflcant1y from a least -squares plane calculated
through the phenyl ring (Table 7.9). The plane of the
phenyl ring 1ntersec1g that of the carbene llgand at

47.2°. The p—tolyl C(methyl) lies 1.511(16) A from R3C(4).

219




7.5 Discussion " , . .
As was observea in an earlier section (Cﬁaptgr 2),
large variations in phosphine 1igaﬁd orientgtions cén occur

between related complexes in the systems ﬁﬁdef study.
Addifion of diméthylamine'to the isocyanide complex
%can;ined in Chapter 6 to gi"ve the dicarber.xe‘ spécies causes -
changes in the orientation of the_dimethylpheqylphosphine
ligands in the solid state. The eclipsed conformation
gives way to a staggered one. This may result from the
stéric effects of thé\bulky dimethylamino(p-tolylamino)-
\carbene ligand. In the structures examihéd inhprevious
chaptefs,~the phosphine phenyl rings are bent slightly
inward (by approgimately.3° Qit@‘respect to the P-C(l)-C(4)b-
angle), bossibly as a result of packing forces. '

'

p
- ~177°
___1|>t.__'L- ) |

Ring-1l, nearest the bulky éarbene ligand, is bent slightly‘
outward-(~4°).  The steric effects of the cafbene‘ligahd : <\-\*
appear fo be larger than those caugiﬁg the phenyl rings to
bend inward.’ 3 - i

‘Disorder of the mgthyl-N,ﬁ-dimeth&laminqcarhené
ligand iiﬁits the 'extent of comparison of the two different
carbene ligands in this complex. |

The mean Pt—lC(l) and Pt-2C(1l) distance .to the methyl-

’ o .
N,N-dimethylaminocarbene ligand is 2:09(4) A. This distance

'. | N
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- ! ] .
o © . 1is equivalent to that of 2.079(13) A observed in Chapter 2

where the same carbene ligand lies trans to methyl. -But

the carbene Iigapd.is disordered, and as was described

in Chapter 6, a consequence of this may be an unreliable
Pt-C(sp?) hond length. Indeed, the Pt-1C(1) and Pt-2C(1)
distahées differ by 3.60. This implies that @he calculated
sténdard deviations on bond lengths and angles to the

-disordered carbene‘ligand are underestimated.

The C(sp?)-N disfénces of the dimethylamino(p-tolyl-
'aﬁino)carbene liganq differ by 1.90 and are ﬁot,signifiQ
cantly different, though the trend is that which might be
kexpected{ Dimethylémine (pKa = 10.73) ;s a fgr stronger
vbase than p-toluidine (pKa.= 5.08) (134). In the Lewis
sense.dimethylamine is a much better elect?on donor than
p-toluidine.. A Qiméthylamino-substituent should stabilize
the C(sp?) atom to a,greafef extent and thus a shorter |
C(sp?)-N diétance‘should be observed. The dimethylamino-
(p—tolylaminp)carbene ligaﬁd can réadily be compared to'

Ty the methyl—N,N—dimethylaminocarbené ligand in the complex
E_gggg—[pt(MeCmNue.g-me(pMezph)2]_pFG (Chapfer 2). The
CG(sp?)-N separation observed in Chapter 2 is 1.266(15) 2.' -t
Thié bond length is significantly éhorter than the C(sp?)

: ' . &z .
N(p-tolylamino) bond distance (3.90); %hereas it is shorter

than the C(spz)—N(diméthylamino).bond by only 2.10. -These
differences indicate that although the p—tolylamino group
does contribute considerable electron density. to the

C(carbene)-N bond, the contpibutién is significantly less

e




»

than that of thg dimethylamino-group in the éomplex

examined in Chapter 2. This is due partially to the lower
nucleophilicity of the p—tolylamino.subétituent and also due
to the presence of a second such group stabilizing the
C(sp?) atom, especiallykwhen that second spbstituént is ah
such better.electron donor. Similaf\conclusions have been
made with respect to the C(sp?)-0 and C(sz)—N bond lengths
of 1=346(5) X and 1.328(5) Z respectively in Cr{C(NMéé)—

OEt}(CO)s (53). The C(sp?)-N distance observed in Chapter‘

.2 is also signifibantly shorter (3.4d) than that of 1.35(2)

in the carbene ligand of the complex trans—tAu{C(NH—p-CGH“Me)2}2;

I,]C10, (135)?\wheré‘two p—tolylaminofgrOEPS‘stabilize the
C(sp?) atom. X - | A |

Although the use of valence bond %heory to describé_ :
the bonding in the carbene ligands impgges constraints
which may be avoided by'use-of MO theory, it is infofMative
to Ftudy,resonancé‘structures from which overall impfessions
of the bonding t%ends,can be reédily interpreted when

structural and spectral data are considered. Several

resonance forms can be drawn for this type of tertiary

carbene ligand:

Me Me Me Me

:L——Me | :%-—Me +1!1—-,-Me . ‘N—Me
Pt—ic//, e-»,pt£=c’/’ — Pt——cé/ — Pt—-C//\ '
" Nya '\m_aw s | IN—H
p-tolyl p;tllyl - p-tolyl  p-tolyl

- I : 11 ITI IV

-




R23.

As observed in Chabter 2, and present results bear this
out, metal n(bonding is‘small in the bresence of a carbene
ligand containing a dimethylamino-substituent. The
structural data iﬂdicateithat the.resonance forms III
and IV contribufe most to the observed structure. The
contribution of III is probab1§ greater than that of IQ\
Thus the results indicate that the carbene ligands
in groups 3a and 3b are similar with respect to their
mode of bonding to.thé metal atom.. In both typés of
1igands Fhe bulk of the sfabilization of C(carbene) comes
from the amino—;ubstituents with the éxtent of electroa
donation‘appearing to be dependent on both the nucleo-

philicity and the number of these groups present.

~




CHAPTER 8
GENERAL DISCUSSION AND CONCLUSIONS

Thus far, the discussions of the results have been
- limited in scope to individual structures. In this chapter ‘an
ove}view of the results is presented, and some trends and
data, nét.yet brought to light, are examined. ah

In Fig. 8.1 .is presented the reaction scheme for the
preparation of bis-carbene complgxes such as that discussed
in‘Chapter 7.' X-ray styuctural studies have been completed .
on‘examples of most of the complexeé in this reaction‘éequence.
The'séructufe of a Compleg similér to 11, ££§£§~[Pt(MeCECMe)-
Me (PMe,Ph), JPFs, has been determined (93). Although the
acet&lenic compoun&s are believed to be intermediates in
carbene syptheSis, carbene formation is inhibited when the.
acetylene is RC=CR(R#H), and complexes closely related
to II can be isolated. The compounds III-VII all contain carbéﬁe.
ligands, and étructure determinations_éf examples of ail-f
five typeS’éf complexes have been described in this.thgsis.:
The complexes are all cationic Qith squafé planar coordination
geometry and have mutually‘gggég dimethylphenylphosphine
ligands. |

Although some disorder problems were encountered,

the structufal data provide valuable bonding information.

22n
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8r1 The Carbene Ligands,

The most ioterestingrand widely discussed aspects of
bOndipg in carbene ligands are those related to bonding‘
about C(carbene).

Both pn—pw bondirg w1th the nucleophlllc substituents,
and dn-pm backbonding from the metal atom are poss1b1e Tof

what extent do each of these interactiaons occur? o
i.‘ The C(carbene)-Heteroatom Bdénd .« - - . i
* _Virtually'all crystdllograbhic‘dafa on‘caroene ligands
o belonginglto groups.Sa, 3b and 2a (Fig. 1.1) show tth a
. Jarge‘portion.of'the_stabilizetion of C(carbene) comes‘from
the heteroatoms (0, N, S etc.) as pn-pm bonding. A suémary
of C(sp ) heteroatom bond lengths for Pt(II) and Cr(O)
carbene” complexes is presented in Table 8 1 together with’
data recenfly accumulated for seqpndary\(zaz carbene ligands.
.The acoeoted value for a. C—N single'bb'nd is ”1‘47(1) A
and that for a trlple bond is 1. 16(1) A A C&Bv51ng1e bond .
~1is 1.43(1) A long while a double bond is 1. 23(1) A in length
i

~ . (88). “The C-X- (X 0, N) bond lengths in Table 8.1 range from

¢ 2 1.26¢2) to 1 3702) A, Thus it 1s readlly apparent that these

bonds have - a bond order greater than 1.

¢

\ Yo

Closer examlnatlon of . the data reVeals another 1nterest— -

1ng trend related to the different types of carbene ligands '
Those belonging to group 3a have two nucleophilic substltnegég}

Lo

"bonded to C(carbene) whereas %hose of groups 3b and 2a -

-

(Fig. 1.1) have only one such elgctron_rich subStituent.
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Assumlng }hat the net stablllzatlon of the C(carbene) atom

L

in all three types of carbene llgands is 'similar, the
nucleophilic substituent.in a carbene ligand of groupl3b

or,2a must contribdte more electron density to é(carbene)

than either subsfituent in a carbene 1iéand belonging to‘groﬁp‘
3a.. The structural gaté for cwrbene complexes of Pt(II)f\
[%are in- agreement w1th this suppos1t10n (Table 8. 1X. fhus

<@
the C-X bond lengths for 11gands of group 2a or 3b are

’ focon91s&ent1y shorger thanCI 30 A whereas those for carbene

‘ 11gands of group 34 are con51stent1y longer than 1.30 A o

a-)-‘, ¥

':: Large estlmated standardﬁdev1atrons on some.of the bond~1engths‘

b 1‘4‘

hre present, resuﬂtlng 1n Cc-X- bond lengths .that are not

e

always s1gn1flcant1y dlfferent from 1.30 A ‘but the

u

aforementloned trend 1sxclear1y present for the carbene

complexas of‘?L(II) ) "?” e &

Bl 2 N ~

Many oI/the Cr(O) complexes 1& Table 8 1 contain carbene

i u

11gands belonging to group 3b and these have C- X bond

distances unexpectedly gmezter ;han 1 30 A ThlS suggests

0\
(L

'-eﬁhat the gucleophlllc substltuent tgbllize C(carbene) to

hd -
11 %, - o

Q'} a smalfer ex{ent in,Cr(Oj complexes th&n in those of Pt(1I1),

”%and that the role of the metal atom 1n m "banding to C(carbene)
. M ,,, Y
is more 1mportant 1n complexes wheré*the metal atom has a lower.

RNt L,

i formal.oxidatibn state.: e
- Lo N X kY L] ' -, b = .
4\':“ . “ e . .

T T "z i . s YL n ) -3'
ii. The.Platinum—C(caiﬁéne) Bond . -
”Metal Ilgand bBond length data for square planar complexes

of Pt(II) oontalning carbonyl, isocyanlde and carbene ligands




229
are presented in Table 8.2. These liéands are all capable
of m bonding with the metal atom.. Some values for Pt-C(sp?)
bonds expected to be purely ¢ in chaéadte; are also givén.
The bond lengths can be examined for the extent of Pt-C m
bonding in complexes‘contaihing the different tfpes of ligands.
Since the hybridization‘of the E_atom is essentially sSp in
Carbonyl and isocyanide ligéndé, and sp? in carbene ligands,
comparison of the bond lengths is aifficult. An effective
cévalent radius of Pt(IL) canm be calculated by subtracting
the covalent radii of. C(sp?) (0.73 A% and C(sp) (0.71 A) |
(94) erm the bona lengths. These 'effective radii' should all
be"éppréximately equal if the‘Ptfclbonds are ginaffected by '
7 bonding or other effects such.as Egggg'influence. Mofeovei,
the values should approach that'of the covalent radius of

o ° . N €
Pt(II) (1.31 A),(94). _The calculated radii of Pt(II) are

presented in Ta;}e 8.2. For the carboﬁyl complexes these-

values VaryAfrom 1.07 to 1.156 Z, and those for the isocyanide
compounds range ffom 1.12 to 1.26 X. Whére carbene ligandé
".are present the!vaiﬁes are 1;22 Z to 1.36 Z. The mean valdes\
for fhé three types ofhligandé are in the ofder carbonyl <
isoc&anide < carbene. Thé average radii where carﬁonyl and
isocyanide ligands are present aré 1.12(2) X‘and 1.21(2) Z
respectively. These are considerably shalier than the accepted
cqvayent radius-of Pt(II). . The average”effectivedragius

for the carbene complexes is 1.30(2)QZ. .This is equivalent

. to the accepfed covaient‘radius and to the value of 1.293(7) 3

calculated for complexes containing purely o Pt-C(sp?) bonds.




230

/

1T XTpuaddy

© 'puEBT( SUSGMES PAIAPIOSTP 10 YIBUST puoq UeA D

up uanyd

uoyssaxdxa oy} WOIj PAIEMOTED aft SI[qE1 Ia10 UT PUB alay ‘SINTRA UBA UO SUOTIBTASD PIEpUEls PajwiTisy 'q

. : (L)eez 1

€e1 o) (L9

9% I (13081

ot D 821

3

(21

o 4 Jande) ar*HID-d-HN( P3N %1
9 1adep MU 0-dN=D (2 50 G

Z J3rden ’ E 1 - GE°1

L andap EAOEWOR €e° [

4 3ES(AHN)D €'l

© ‘ f13g 62°1

w . D 821

g 1a3dep .t ¢ Lel

p Iondey _D AR

69 _D £2'1

¥ ANED [« AR}

(D11

zL - WD 9z'1

9 Indey) A-OR G2

¥ AEHNO( 90 ) NNOHNW wm.ﬁ

&1 R% o

044 D AN

. ()t

Wt fudd sU'l

LET _ 1

%€l _ 01

UMY puedy] SUEL] oY) J0
. SRTPWY anT309FIy .

"YLL'0 ST (ds)3 J0F 3Bl PUE VEL'O ST paem (,ds)) jO snipwy
"y38ua] puoq PUEB}(-TEIaW By WAl D JO SNIPEI JUITBACO BUTIDWIIGNS 4Q PINBINOTE S} SNIPW MTINYJT °®

(L)£e0°C
o(2)€0'e
(10602

(Dw'z

e .
(¢)eo'z

(£)60°2 x.&ax&ﬁ&:ﬁid&:ﬁﬂ TN D} ( 2N DAL ) 3d ] -SURLY

owmvmmo.m
(€1)6L0°2

{L)8¢0°2
(91)020°2
{€e1)600°2

(2)00°2
(z1)gL6° 1
(81)296°1

(2)56°1

202
(e’ 1 -
(6)896°1
(E1)8sG' 1
€nes't.
(£)66°1
(@61
(81)088° 1
(»Es 1

202
(2)28°1
(L)8s8°1
(zs’1
8L°1

o

- ¢'8 THVL

SOnTe) Ny

3 $334) 10( *HO=ID) Y-SRI
3(£338) 1 10 H ¥ 0—d-N=0a1¢ ) IdSuwil

21(0- g D=0

YA ud-oNd

spuoq ( ,ds)o-1d o A1amd yitw suxadway
1IPRY juaterd) jo ung

saniey unyy

() [ B (ud®aind) (N "H20-d=-X2D) ( FaliNmmeDAL ) 31 | -SUBRLY

- 3d] F(udPend)an( Fae=0N) 1d | ~suBl)
(0802 () [ *(Ud®ad) ( ZardimmDaIN) (O "R 2O~ 2N)D) 3d J-Sural
:5:«391“8fﬁmﬁzéa -Sued)

f39dF 1o ¥(

HOUIN D) 3d-5URdd

ssaP e JW%M%SQEUE.EIU
2d[ 2 (ud®aasd)an( 7 =) H) )] ]-SUEA3 .
24d{ F(ud®and) 1 ﬂ,zlomm mE%:L-m:..mw
1334 IO {UdHN( 330)0} 34-STD

 *uda) [ 2 (A=) {AanX S8 INNOHNaIE | 3d ]

2UIGIR)

! - YIP®Y judtevo) Jo ung

sanfey ueapy

O34 [ FaTs (A} H(anED ) Id ) -suedl
2 0d) [ *( ud®and) ( LariNe=OH0) (38 1 *0~d-N2D) 1d J-SURd

(o) [ {3ap0( 3% )NNDHNAIN ) F( AWED)3d])

«8«

(UdN=2)1d-510

(4d334) 1 ¥INED)Ad-515

TRy u

PIULLI0ST
318AC) JO ung

9 UESHy
Fxcona-amd

[3d(c0) * 10)(N*(nq-u
N e

Xa1ucD

(I1)3d 30 SoX3TAUCD SUIGIR) PUB APTULAD0S] ‘TAUOGIR) 0] BIW] YIBUIT PUCH UOGIE)-TwIaN

Ny

TAuoqIwy



Although the radii may be affected by'structural trans

influence effects, the same>trends are observed if qn;y the

f . _- , .
qomplexé&\with Cl 1lying opposite the ligands in question are

conszdered. We therefore conclude $hat‘little dn-br back-
bonding from'Pt(;I) to pﬁe carbene ligands oc@urs in these
complexes. These crystallographic‘reéults are in agreement
with those obtained from ESCA experiments on Pt(II)'carbene
‘ and isocyanide cOmpléxes (105).

Ih contrast, structural and ESCA data for Cr(0) carbene
qomplexes indicate. a greater role for the metal atom in wm
bonding to C(carbene) (7, 44).

As noted above, a structural trans influence can
significantly afféct'metal—ligand bond lengths in square
planar complexes of Pt(II). The effects of trans influence

on Pt-C(sp?) bond lengths are now examinedx
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8.2 Structural Ezgég Influence and the'Pt—C(spi)‘Bond»

The trans influence of ligands has been discussed in
previous chapters. Relatively little has beén said about the
effect oﬁ the Pt-C(séz) bond of having ligandé.of varying |
trans influence occupying the 6pposi€e4coordination site.

From Table 8.2 it is apparent that Pt-C(sp?)" bond lengths

-] . [+ .
_range from 1.95(2) A to 2.09(4) A. In general when C(sp?)

is trans to a halide ligand, the shortest bond distances are
- J

observed (2.03 Z or less). These~va1ués'are iess than the'sum :
of the covalent radii (2.04 Z); Bond lengths greater than
2.04 K are generally observed when s%rong trans influence
ligands such as methyl or carbene are trans to C(sp?).

Three striking anoma}ieé to these trends are obsérvedAin

Table 8.2. Two of these arise from structural data obtained

in this study. The complex Egggg—[Pt(éHéC==OCHng2)Me—
(PMe;Ph), JPFs (Chapter 3} has a Pt-C(sp?) bond of only |
2.00(2) K when the carbene ligand lies trans to methyl. The
short distance'ié thdught to be a result of a slight incféase

- in 7 back donation from tbé metal atom in the presence of an

alkoxycarbene ligand (Chapter 3). Secondly, in the complex
Ezgggf[Pt(MeC¥=NMez)(CEN—p-tolyl)(PMeZPh)z](Pfs)2 (Chapter 6),
.the Pt-C(sp?) bond is 2.085(5) A in length; a value much
larger than might be expected with isocyanide in the trans
coordination site. ' The carbene ligand in th#s complex'is | .
disordered. A’ less than perféct disorder model gould £esplt'

in a longer Pt-C(sp?) bond than expedted. Also, as described

in Chapter 6, the disordered carbené iigand may be influenced
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by packing forces, resulting in a lafgé déviatiog in C(sp?).
from the squére'plane of the metal atom. Shch effects could
also cause a longer Pt-C(sp?) bond than would normally be '
observed.f A similar disérder occurs in Chap?er 7, wﬁere a

very logg Pt-C(sp?) bond length fs also observed, but here

the carbene .ligand lies trans to a second carbene ligand.

Since carbene exerts strong'ﬁzggg'influence, avlonger Pt-C(sp?)
bond is é;pected.

_The third complex which does not conform to the observed
trend is, trans-Pt{C(NPhCH;),}C1,PEt; (71) where the Pt-C(sp?)
bond<;; 2.020(16) ZL The phosﬁhine ligandiopposite is expected
to have a strong trans influence. No explandtion is given
by the aﬁthors for the short Pt-C(sp?) separation observed,

'nor is any apparent to us.

Crystdllographie_results do not permit formulation of
a detailea Eiggg influence series because bond length
differences~are often too small to be significant with respect
to the estimated standard deviations ‘obtained. This broblemA
6c¢urs even when heavier atoms such as Cl are involved, and
becomes more serious for smaller atoms such as C. Thus from
Table 8.2 one can only predict that le, I~, and possibly

C=NMe are ligands of very weak structural trans influence,

while methyl and carbene a}é\gych stronger trans influence
. :

—~e

ligands.




8.3 Tﬁe Dimethylphgnylphosphine Ligands

Discyssion of the dimethylphenylpﬁbsphine ligandé common
to all five structural studies of this work-has till now
been limited'to the rélatiQe configurafion of the 1f§ands in
the different comple#esi The geometry and coordination of
these ;iganas will-néw be examined more closely.

Three othér structural determinations have been performed

-~

&P square planar Pt(II) complexes where dimethylphenylphosphine

ligands occupy mutually trans coordination sites. A summary

‘~ of the mean bond length and bond angle data for this phosphine

ligand in the various complexes is presented in Table 8.3:

The internal geometry’of the ligands'is similaf for all
g&mplexeé: -‘The overall mean P-C bond length is 1.810(5) Z,
and the average bond angles are 114.2(2)°% and 104.6(3)° -for .
the Pt-P-C and C-P-C angles respeétively. As has begn
observed with other 'complexes containing phosphlne ligands,
as well as in tr1pheny1phosph1ne 1tse1f (138), ‘the geometry
is distorted tetrahedral. The three organic groups tend tp
bend towards each\other by 4.9(3)°. This. has been previouslfh
interpreted to mean that the P-C bonds have a p character
greater than sp?® (139).

The mean Pt-P bond lengfhs range from 2.293(3) Kyto
2.336(1) A. These distances are considerably shorter than
the value of 2.4i Z predicted froﬁ the sum of the.covalent

"radii (94). This may be a‘resﬁlgiof m backbonding from the
métal atom into the vacant 3d orbitals of the P atom. The

. * [-»
Pt-P distance in the neutral complex is 2.293(3) A, and the

v
b
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mean value for the mono—cationic complexes is not significantly
‘longer 2.299(5) Z. The ave?age bond length for the dicationié
compoundg is 2.332(4) Z, longer by 5;50 and 7.80°  than those
for the mono-cationic and neutral comﬁlexes respectively. |
This could mean that significantly less electron density is
available for m backbonding from the metal atoms iﬁ the
dicationic compiexes.' .

Phosphine ligands are desqribed as being capable of
exerting a strong trans influence (67). The shoftest ﬁ:—P
bond length for trans dimethylphenylphosphine ligands is -
2.283(3) A. This can be compared with a value of 2.244¢8) A
ébtain;d for the similar diethylphenylphosphine in'cis-
Pt(PEt,Ph)Cl, (C=NEt) (131) whe;e the phésphine ligand lies
opposite Cl;g The bond distance from Table 8.3 is_ldnger by
4.30. The difference may be due to the strong tranms
iﬁfluence of the phosphiné*ligands in the‘complexes of
\Table 3.3.

The steric propefties df phosphine ligands have becone
the foci of a large amount of research. There has begn
great interest in how the steric bulk of a ligand can afféét
the rate and final oufcome of a chemical ;eaction. ‘Since
a large number Qf phosphine, and other phosphofus ligands of
vérying size afe ?eadily available, much of the research

has been centered on these ligands. "

i. Phosphine Ligand Cone Angleé-

Tolman first used molecular models to measure cone angles
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‘for phosphorus ligahdé,vand thesg have been correlated with
equilibrium data for Ni complexes (140, 141); Thé cone anéle
of a phosphorus ligand has been defined .as thé angle at the
apexfof a cone just large enough to enclose the Van der Waals
radii of the outermosf atomsyof the 1igand.- Marzilli and
Trogler.fecently utilized NMR chemical shif; data from cobaloxime
complexes containing phosphorus ligands to calculate similar
cone angles (142). "

Present models assume that phosphorus ligands are

conically simmetric and encompass téeiégtal'volume;of thé cone.,
The values obtained give a good approximation of the relative
bulk of one phosphorus ligand compared to another. Unfortunafely
the cone angles are a poor.representation of the actual shape

~and size of the iﬁdividﬁal ligands. Many phosphine complexes

il
i

have been prebaréd and fqund to be stable where an examina-
tion of the, cone angles would lead oné éo predict that the
‘Qompouﬁd\shouid be very unstable or even impossible to syntheéize.
The most”oﬁtstanding examples of this are observe& with tri-
cyclohexylphosphine complexes of Pt(II). Complex' cations

of the form ,_t_gg{l_s_—[‘PtHL(PCy35'ZJ+ where L = PEts, PPh, and
even'PCya have been prepared (143, 144). These€e complexés

are expected to be'sqﬁare planar. Certainly the Tolm;n~Cone
Angles (TCA) of 132°, 145° and 179° for PEt,;, PPh; and PCy;
réspecti&ely do not predict the existence of these compounds.
Fgr*tWO‘PCya 1igénds,shou1d occupy 358° in the square piane.

of the Pt atom, leaving littie space for the coordination of

any other iigands.
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The main reason for the breakdown of the TCA concept
is that phosphine 1iéands do not behave as solid cones. In

fact various ligands can mesh with the phosphine ligands to

give a 'cogwheel' effect. This is best observed from the
X-ray crystal structure of the trigonal complex ,
Pt(CFacSCCF;)(PCya)ZV(145). The two phosphine ligands in
this complex are so oriented that the acetylene ligand which
lies approximately in the Pt, P; P plane, is wpdged between
two cyclohexyl groupé on eacﬂ phosphine ligand.
Observationstsuch as this prompted us to consider the
CQPert of variable cone angles, where the cone angle is
a function of rotation of the phoéphine ligand about the
-M-P bond. X-ray studies provideyén excellent seurce of déta
for 'such calculations, espeeially sihce modern intensity
.dafa collection techniques are good enough that ﬁ atom
positions can be defermiqéd.with.reasdnable precision. Also,
idealizedlﬁ atom positions can be calculated.forrsomé phosphine
. ligands such-as PPhgiand PCYg:L A method.was.devised‘fo;
calculating eone aﬁglfs %rom X—réy structural data and Shali
now be briefly déscribéd (1217,
_&he phosphine“ligand w;s rotated in increments of 10°

N

- about the metal-phosphorus bqqd;.such that the internal

» \

geometry rémained.constant (Fig. 8;2;1)} At each increment

- of rotation a coqe’éngle was calculated with respect to atomé
XI and X2 lying cis to the phosphine ligands. Obviously
square blanar, or octahedral structures are ideéllysuffed

for these calculations. Where trigonal or trigonal bypyramidal

. o,

A




- . Fig. 8.2

- b
Calculation of Cofe Angles
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structures were encountered, idealized cis atom positions

:weré first calculatedv;n the éﬁuatorial plane. Tefrahedra1~
structures were hgt considered. ihe 1engthshof the veétofs
from XI'and X2 to all non phosphorus atoms of the phospﬁine " .
iigands were calculated (Fig. . 8.2 i). All buf ghe‘éhortesf'\
vectors a and 5',wq;e réjected. These ygétors were then
rotéfed into. the M, P, XI, X2 p;ane and Iﬁé Van der Waal
radius of the atom to which-a and a' were subtended wefe
"taken into account,.giving new vectors b aﬁd b (Fig.'8.2 ii).
The Van der Waals radius for H was faken as 1;2 i; Hal f cone
angies.al and o, were tﬁeﬁ_ca}culated and summed to give
the total cone angle at that foentgtion of the phosphi
ligand (Fig. 8.2 iii)g-f;hié calculation was repégted at
each 10°:inc£eme;t of rof;tion,abéut.the M-P bondvdntil the
ligand had been rotated 360°.

The calculdtions were performed on-all ten di@ethyl;;qg
phenylphosphine iigands studied.in tﬁis thesis; and on i?
several o;her types of gommon phosphine’ ligands. m%he’cdhe

‘e

- angle values can be plotted as a function of increment of

%

rotation of the phosphine ligand. ‘A sample piot“for dimethyl-

‘phenylphosphine is presented in Fig.«8.3. The plot has an

. «. .
approximate periodicity of 180°, .as éxbe?%ed. The minimum

values occur at appraximatélyf0°lof rotation, the orientatibn
of the phosphine ligand observed in the solid state. This °
was the éase for allfphosphine I}gands in the trigonal anh

Y -~ .

square planar complexes examined.

. In Table_ 8.4 are preseqﬁed thé'minimum,'maximﬁm and mean

-
=
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P cone angles (aeeraged over 360° of roeation) for phe‘lo
dimethylphenylphesphine ligands detefmined in this study. It

is eneouraging to note that ;11 values show qnly small deviations
from théir means. A summary of the cone angles for several
‘common. phosphine ligands‘is presented in Table 8.5 and these

are compared to the TCA values. The caleculations were based

upon data obtained in our laboratories and from publiehed

results in the current litereture. No correctiens were made
in the present calculatioﬂé for any small differéhdes in M-P
bond lengths. L.

. » In Table 8.5 the more bulky phosphine ligends tend to
have the larger minimum and maximum values. Theé mean cone
angles represent the overall relative sizes of the ligands,
‘and follow a trend similar to that of the TCA values. Only
PEt; and PPh; are anomalous in that.PEt; has.a slightly larger
mean value tﬁah PPh;. The TCA values suggest that PPh; is
the more bulky ligand. ’

The hiﬁimum cone.anglee give .a more realistic representa-
tion of the spatial requirements of these ligands than do

.the TCA values. For example, the existence of the complex

_catiog,[PtHiPCy3)3]+_can be predicted using the minimum aegle

\for PCy3;  The phosphine ligands require 345° of a possiblei

360 degfees of arc about the Pt atom. This leaves some spgcé-
for the coordination of the hyﬂride ligand. @ "' } .-{

" These preliminary calculatlons indicate tha;,very 8eod ;:”: :

O .,
N .

‘ descriptions of the steric bulk’ of various 1igands cag be'}“~‘

r obtained from structural data. It is clear that the effective*

’

b .
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cone angle of a phosphine’ llgand is dependent on the
‘orientation of that 11gand, moreover, the phOSphlne llgand
orientation in the soiid state is such as to present a
minimum cone angle at the coordinatlon plane of the metal ,

atom presumably to accommodate the nelghborlng 11gands

- s "
.

which lie in the plane.




8.4 Summary.

<

'The bonding of the carbene ligand in the cationic
0 %‘ \ h

square planar complexes of Pt(II) is dominated by electron
. . : - A

donatidn from the nucleopﬁilic‘oxy— or aminorsubstituents.

ihe results indicate that cargene ligands are at best poor

accepters'of 7 electron density from the metal atom.

The moae of beﬁding to the’ Pt atom for the tertiary

carbene ligands 3a and 3b is similar.
: b

‘s

.4
i’
Ny

R
3b

=, alkylamino or alkoxy

X
Y = alkylamino
R

= alkyl

The trends in the C-X and C-Y bond lengths'indicate that the
egtent of multiple bquing'is'gregter for 3b than 3a carbene
‘ligands' The amount of M~-C metal = bondieg«apbears to.be
the same for aminocarbene llgands of type 3a and 3b. The
presence o? an-: alkqu substituent in a '3b carbene results
‘in a sli;ht 1ncnease in metalhcarbene m bonding 7

The carbene ligands exert a strong trans Lnfluence
and the Pt- C(carbene) bondalength is affected to a small
extent by the rqps:infiueqcelof the.;igand lying opposite.‘

. ]
N F R T .,




APPENDIX I

DESCRIPTION\OF COMPUTING- PROGRAMS

All compu{ing was,ﬁFrformed émpioying the facilities at
the University of Westerﬁ Ontario Académip Computing Center,
Whére a DEC PDP-10 and a CDC Cyber 73/14.ére availab}e.
“The p?ograms were médiiied‘(ﬁy N.C. Payne) versions of
programs from the programjﬁibrary of J.A: Ibérs at Norfhwestern
University. Other local brograms written by N.C. Payne,
-R.G. Ball and the author were also used. Details of specific
‘progréms follow:. |

| " 1. PICKT& was used for least-squares rqfinement of

the diffractometer setting angles to obtain unit cell para-

meters, their estimated standard deviations and the orienta-
"tion matrix. It is a modified version of J;A; Ibers PICK,

which utilized the logic of W.C. Hamilton's MODEL.

- 2. - WOFACA,\used‘fof.reduction of the raw diffrac?ometer
u.data was written at the University of Western Ontario3 »

‘3.‘ FORDAP is a combiﬁed Fourier summation, peak search'
and interpolation program, written by A.A. Zalkin. Patterson
and Fourier sydtheseS‘wére‘caiculated using this program. ‘

.
4. 'WOCLS was used for structure factor calculations and

least-squares fefinements. The program is a re&rite and

revision of NUGLS by R.J. Doedens and J.A. Ibers; which ip

!
turn is a highly modified version of ORFLS by W.R. Busing

and H.A. Levy. .

5. ANGLE was used toxcalculate interfacial angles from




»
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goniometric measurements on the crystals. This pérmitted

indexing of the.crystal faces. The program was written by

J.A. Ibers.

6. AGNOST is the absorption correction program.

Modified by C. Cahen and J.A. Ibers, it has both analytical
;nd,Gaussian options.

7. RBANG was used to calculate rigid group orienta%ion.‘
parameteré for uée in WOCLS when rigid group refinement was
performed. The prograﬁ is a modified vers@bn of that wriften
by S.F. Watkins.

8. SADIAN was used to calculate bond distances and
angles. Thisjis a fewrite of Bauf's program. In‘thé later

stages of this work,_NUDAP, based on .the routines from

C.K. Johnson's ORFFE was used for these calculatiens.

9. FAME by R.B, Dewar was used to calculate Wilson.

statistics, and to determine whether the data were best

. described by centric or acentric space groups.. ‘ '

- 10.. BIJVOET, writ%en by R.G. Bali, was used to pabulate
relative magnijudes of the'bbserved and cglculated structure
factérs of Friedel pairs‘when polar space groups were
encoun ter:\. | |

11. METHROT by D. Bright was used té qﬁtain idealized
H atom‘p;éitions for mgfhyl groups. K. Raymond's FINDH was
used‘to calculate idealized positions for methylene H atoms.

-

In the later stages of-this work all idealized H atom

positions were calculated using HYDRA, a rewrite of PHLA

by E.V.'Flgischer.
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S12. PLANE by J. Marsh and modified by N.C. Payne was
used to calculate angles betweeln .planes.
13. RANGER by P. ‘W.R. Corfleld and modlfled by N.C. Payne
was used.for statistical examination of observed and calculated
™ .

structure factors.

14, ORFFEC, a modificatidn of the Busing-Martin-Levy

-

function and error’prbgram was emplo&ed in bond angle and‘
-distance calculafions: Estima ed'sfandard deviations for
thesé values were also éalcula ed. Estimated standard -
deviations ih bond leﬁgths‘and‘ingles involving figid group
atoms were caiéulatea using N.C. Payne's ERROR.

15. ORTEP2 by C.K. Johns n, the non-ovérlap.veréidn of,
ORTEP was used for iliustratiq s of the molecules and for
crystal drawings. - ‘

16. LIST by D. Bright and modified by N.C. Payne was

[
5 -

used to sort data according tolindices and to print the
’data in a suitablé form for deposition and publication.
17. PUBLISH by N.C. Payne was used to obtain final

[ o .
positional and thermal parametérs in tabular form suitable

for publication. In the later stages TABLE, a rewrite of

PUBLISH was used.
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APPENDIX II

KEY FORMULAE

The general expression for the calculated structure ‘factor is:

1

- 2 2 3
IFrie! = (Apke * Bhke)
where -
= , + + —
Ahk£ ,§ fj co?zn(hxj kyj £zj)
. '\Bhkz ?gl fj 51n2p(hxj + ky‘j T £zj)
. , ) . ]
fj is the scattering factor for the jth atom. ' .,

%he.expression fér the phase angle is:

. B..,\
o -] °hke] .
ahk£ tan A
hk?

" The function minimized in leasbusqﬁares refinement is:.

sw( |F, |- | )

3

_where w is the ‘weight given by

. = 2 4.2 23
, w 4FO /o (FO )

»

.

-

A ]

» s
The agreement factors are:

TIIF I-]F, ||
1 =
~ Z|F,|
+ . ZW(IFOI_IECI)z %
Rz = 1 " -
- z F0
| 250
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The phermal parameters of the atoms are given by: 7

1} , 2
isotropic éxp _B st ehkz = gXp
' P : Az £

2oy s 2
-81“U sin ehk£

by 2
’ .
where B is the isotropic temperature factor in A? and U is
- * o .
the mean-square amplitude of wibration in\A2
anisotropic exp[—2n2(U41h2a*2 + Uy2k?b*2 + Uj; £82c*2 +
, . <

2U 2hka*b* + 2U, shla*c* + 2U; ;kfb*c*) ]

where the Uij arepthe thermal‘paramefers expressed in terms
of mean-square amplitudes of vibration in Z’.

The expressfon,utilized to account for Secondary
extinction is thét of W.H. Zachariasen:

' Fééri = FO[cBIg + {1.0,+ (ngo)z}%]* \

4

where F__ _  1is the corrected structure féqtor; c is the
extincp}on coefficient, B.is a function taking in@o account
the angular dependence 6f the extinction correctién and I,
is the observed integrated intensity.

The‘error on an observation of unit weight is calculated

from:

s(w(|F,|-|F, |)?}]?

(NO-NV)
Caléulation‘of“Erfors , . S : ‘,__f.
Errors on differencesiare calculated from:

//"
a2 (012 + 0,02

’




o

where ol‘gpd 02 are the estihated standard deviations on

two quantities. Errors on mean values are obtained from

the expression: ‘ . -
- n _ i T q
I (x;+x)?
i=1
o] , .
n(n-1) .
where x is the mean value of x in n observations. .
¢ [
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APPENDIX III

AND CALCULATED STBUCTURE‘FACTORS .”

Complex -

.

trans [Pt(MeC"—NMez)Me(PMezPh)ZTgFG

trans~[Pt(CH C#=0CH2CH2)Me(PMezph)z]PFe

~t

“
.
Y
‘«
A
>
w
.
-~
-
)
- R
T,
»

.
-
-
r
o
~
\~
.
k)
-
1y
B
-
»
-
.
e e o g

trans- [Pt{HO(CHz)3C==Nue2}Cl(PMezPh)z]PFG

~trans- [Pt(MeC’ NMez)(C N- -C5H~Me)(PMe2Ph)2](PF5)2

trans [Pt(MeC“‘NMez){C(NMez)NH—p CeH Me}(puezph)z]-
(PF5)2~,

:Phge
254
256.
258
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