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ABSTRACT

Some cationic compounds of the type E£§5§7[Pdné(L)-
(PEts)z]PFs have been prepared where L = ﬂE}tiary phoéph}ﬁé,
substituted pyridine, isocyanide, nitﬁile or carbon mono- U
xide., Various reacgions of these coordiﬁated ligands are
also reported. ' ‘

Some cationic compounds of the type [PdMe(ﬁ)diphos]PF;
have been prepared where‘i = tertiari phosphine or para
substituted pyridine.‘ ihg *lP nmr spectra have beeno
run for the;e compounds. Cofrelatiogs between J(P-P)
and §P and the electronic nature of L are discussed.

. The acetylenes CH;00CC=CCOOCH; aﬁd CF 3C=CCF 4 inse;t
into the methyl palladium bond ofvthe compiéxes PdXMe~
diphos (X=Cl,NO3 or (solvent)PFg) and PdMe(n5-CsHs)PPhy -
to give alkenyl complexes and in some cases butédienyl

" compounds. For insertion of CH300CC=CCOOCHj; into
PdXMediphos (X=Cl, NO; or (solvent)PFg) the rate of ’ c
insertion was anion dependent being in the ogher (solvent) -
PFg>NO3>Cl. The implicatiohs of this observation as to
the nature of the mechanism of ‘insertion is4discussed.

| Acetylenes substitqted with one electron-withdrawing
group, R', reacted with the hydrides trans-PdX(H) (PCy;),
(X = NO; or (solvent)PFg) to give alkenyl products of the

type trans—de(RC-Ci (H))(PCYg)z. ' 2 _ R

. ‘ iii




In’some cases the geometry of the resulting alkenyl
group could¥be determined. 1In these caseg the observation
thatr all alkenyl gioups have a cis geometry is consistent"
with a migratory insertion step involving a four-centred
transition state, in which the disposition of the - '
acetylene relative to .the Pd-H bond appears to be dependent
on the Pd-H bond polarity.

For the acetylene CF3C=(CF3, the occurrence of a side
:eacfion which competes with'insertion and.which leads
to a pa;ladiuﬁ(d) acetylene complex is demonstrated.

The carbon bonded imine EgggédeCI(CH3C=Ngftoly1)r
(PEt3), reacts with the acetylene CH3;00CC=CCOOCHj3; to foem
two new compounds, each containing a substituted pyrrole
derivative as a ligaﬂd. A single crystal'x—;ay.diffraétion'
study wae undertaken on one of the products. The ;tructure
was refined by full matrix least-squares methods on F to
an agreement factor of R;=0. 046 employlng 5043 observatlons.
The result of this study showed the compound to be
trans-chloro (l-para-tolyl-3~-oxo-2-E-carbomethoxymethylidene
- 2,3 dihydro-pyrrole) bis(triethylpho§phiﬂt)palladium(II).
Infrared, nmr and deuterium exgﬁange studies of the

starting material, intermediates and products indicatem

the starting imine exists as two tautomers, the enamine

and the ketimihe form. The N-H fragmeht of the enamine
form adds across the triple bond of the acetylene to give
an intermediate which then’ undergoes ring closure with

ellminatlon of methanol.

P
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CHAPTER 1I
- INTRODUCTION
N

The importance of organotransition metal chemistry has
N .recently been manifested by the‘award of the Nobel prize
in chemistry to two of the pioneers in the field, Sir
- Geoffrey Wilkinson and Ernst Otto Fischer.

L 4
This importange stems from the ability of transition

1,2 Firstly,

metal compounds to perform three tasks.
transition metal complexes can often have vacant coordination
sites, allowing substrates to bind to the metalf',Secondly,’
Fhese substrates when bonded to the metal are often
activated toward reaction with other molecules. Thirdly,
transition metals can stabilize entities which do not
normally exist in a "free state". The combination of these
three properties allows‘transition metal compounds to ;ct
as catalysts for many reactions. The catalytic reactions

: of primary importance that transition metal complexes
bring about are combination reactions of various un-
saturated molecules (such as plefins, acetylenes and carboﬂ
monoxide) with each other and other reagents to form,
often in a highly specific way, products containing new

carbon-carbon bondé.

A typical catalytic system is exemplified by the

o, Al
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hydroformylatﬁun of olefins using the transitI%n metal

. Y . »

compound hydridotetracarbonylcobalt(I) (equation. l).

’ A i
HCo (CO), + R,C=CR, + CO 4 H,, —+ R,HC-CR,-C-H (1)

«

The catalytic cycle of this reaction has been studied -
in some detail5 ana the various steps involved are pre-
sented in Figure I-1.

Step 1 fépresents dissociative loss of carbonbmonoxide
to give a coordinatively unsaturated species which can
add olefin to giye a Co(I) olefin aomplex (step 2).
Migratory inaertion (step 3) produées the coordinatively
unsaturated alkyl complex wh;éh can pick- up another mole
of carbon monoxide to form the 18-elettron complex
(alkyl)Co(CO), (step 4).¢/Migratory insertion of carbon
monoxide produces an acyl metal complex (step 5) which
being. coordinatively unsaturated can oxidatively add
molecular hydrogen to form a Co(III) dihydride (step 6)
Reductive elimination of th}s dihydride gives the aldehyde
and .regenerates the starting catalyst. ‘

The four key steps in this. cycle are dlssoc1atlon of

a llgand to fOrm an unsaturated metal centre, coordlnatlon

M 3

and activation of a substrate, oxidative addition and
reductive elimination and migratory insertion.
These same key steps are postulated to occur in the

transition metal catalyzed reactions of the hydrogenation,

ollgomerlzatlon, polymerization and 1somer1zat10n of

4

qpsaturéted organic molecules.6 ‘The understandlng therefore,




Figure I-1. Hydroformylation of an olefin by !-.ICo(CO)4 .




HCO(CO), === HCo(CO); + ‘cO, (L)

- ~

HCo(CO), '+ R,C=CR, == HCo (CO) 5 (R,C==CR,). (2)

[N

HCo (CO) ; (R,C=CR,) = CR,HCR

2

,Co(CO) 5 ¢ ('3:)

CR,HCR,Co(CO); + CO —™ ¢Rr

5 = HCR,Co (CO) , (4)

2

e
.,CR2HCR2C0(CO)4 — CRZHCRZ‘COCO(CO)3 (5)
4 ol
CR,HCR,COCO(CO) 3 + H, = CR,HCR,COCO(CO);(H,) -(6)

P

CR,HCR,COCo (CO) 4 (H,) —'->4 CR

HCR2CH0 + HCo(co)3 (7)

2 2




7

of the electroric and steric factoié‘whic? control these
" four key steps is necessdry to design the best catalyst
- for a paréicular process. |

Work in this laboratory has centred around the unde;—

standing of the nature of the coordinated substrate7'8 and

also the nature of the migratory insertion reagtioh.g’10
Complexeées of platinum{II) are 1aea1 for é?udying these
- facets of the catalytic cycle because the low lability'
and high thermal stability of Pt(II) compounds'' allow

the detéXtion and isolation.of many of the'intermediates

l proposef in the cataly';.ic cycle and dllow, the preparation (
of many complexes containing coordinated unsaturated

. ) ey
organic molecules. However, these very factors which

make Pt (II) compounds suitable for tHe inyéstigatibh of

2 TR BRSPS ot gw |

the steps of the catalytic cycle may aiso render them

a8t

inert to subsequent reactions.

S E

We hoped that by working on the analagous palladium(II) i
compounds, the greater lability of palladium(iI)‘cépblexeslz ;

would allow us tQ extend the range and types of reactions . ' ;

which occur for platinum complexes. '
The studies described in this thesis have attempted, -

to examine the nature and beh&vior of moleqgules coordinated

to palladium and the nature of the migratory insértion

step into palladium-carbon and palladium-hydrogen bonds , .

by unsaturated organic molecules.
’
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CHAPTER 11

PREPARATION OF AND REACTIONS OF’SOME

METHYLPALLADIUM(II) CATIONIC COMPLEXES -

a) Introduction )

It is generally accepted that in order for a transition
*
metal complex to be ca;alytiéally active, a vacant ..

coordination site must.be available for substrates to
1,2

bind. On coordination the substrate often rgadily

undergoes reactions towards which it would\otherwise be A

1’2

inactive. Creation of a vacant coordination site can

be achieved in a variety of ways. One method, which has

-~

been exploited by this research grodup, is to remove a
e 1 )

* coordinated chloride ligand with the silver salt of a

non-coordinating anion to create a solvated complex

(equation 1).

M-Cl1 + AgY —> ([M-solven ]+Y- + AgCl (1)
N

The solvent is then readily displaced by neutral ligands
to give a cationic species [M-L]Y.
The chloride ion in trans-PtClMelL, (where L =

tertiary phosphine or-arsine) is labile due to the high

trans-influence of the methyl group..3’4 Thus, in a polar ”

-

. ' 7




solventwsuch as methanol or acetone the chloride ion is
readily removed by AgPFg to give the solvated cétion ~
trans—[PtMe(S)Lz]PFe.5 The addition of a donor ligand L',
. such as PR;, AsRa, py, CO, CNR or RCN, to a solution
of the solvated -cation results in digplacement of the
solvent and formation of the cationic compound trans-
[PtMe (L')L, ]PFox " " T

In addition, the coordinated ligand often can undergo
reactions. For example, coordinated isocyanide is sﬁs-
ceptible to nucleophilic attack by alcohols and aminess’7
leading to the formation of a variety ¢of Pt(II) carbene

complexes (equation 2).8

./\.
; =N

' 4 - >
CL——%t—~CNR Y-H >

P

—~

J .7

]
Y = NRQ, OR
Reaction of the solvated cation with acetylenes leads
to various types of products depending on the nature of

the substituents on acetylene and the reaction conditions

employed.g'lo'll'.12 In some instances where the acetylene

.is a dialkyl or diaryl acetylene, the w-bonded acetylene

9,11

complex may be isolated. However these complexes are

oftenfsusceptible to attack by nucleophilic protic solvents

such _as methaRol to give methyl vinyl ether compounds.11

w
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When terminal acetylenes are reacted with the solvated

2,10,12 These and some

cation, carbene formation occurs.
other reactions of acetylenes with the solvated cation
are summarized in Fidure II-1.

Reaction of the solvated cation with nitriles-usually
leads to the product in which the nitrile is bonded to-
the.ﬁetal via the lone pair of the nitrogen. However in
some instances coordination occurs in a n fashion. If
the fluorinated nitriles C¢gFsCN or NCC¢(F,CN are used and
the reaction carried out in an alcoholic medium, imino

ethers are produced in some ;’.nst:ances.lB’;M

. .
‘ Thus the chemigtry of unsaturated organic moiecules
coordinated to P¢(II) is diverse.

It was‘éur intention to extend this ‘'work to Pd(II)
methyl compounds, partly to examine the dif%erences and
similarities bétween Pt and Pd, and partly to pave thé way
toward the study of iqsertion reactions of acetylenes
into Pd-carbon bonds. The system trans-PdClMe (PEt;), was
ysed as well as, somewhat later, the system PdClMediphos.
The latter‘system was also intéresting in that in a
series of complexes [PdMe (MR;)diphos]? (R = alkyl, aryl
M = P, As, Sb), relationships among the 31P chemical shifts,
the phosphorus coupling constants, and the electronic and

rd

steric nature of MR; could be established.

N
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Figure-II-1. Some reactions of acetylenes with methyl-

platinum cations. For the sake of clarity other ligands

on platinum are omitted.
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b) Results and Discéussion

(i) Preparation of the solvated cations trans-
[PdMe (S) (PEt ;) ; JPF¢ and [PdMe (S)diphos]PFg

The compound trans-PdClMe(PEtj), reacted smoothly,
in a coordinating solvent such as tetrahydrofuran or
acetone, with AgPFg to give a colourless solution and a
thick precipitate of AgCl. The solution which cpntained
the solvated cation was temperature sensitive and rapidly,
decomposéd above 5°C. Addition of a donor ligand L gave
a temperature stable solution and the product trans-
[PdMeL (PEt;) , JPF¢ could often be isolated as white air
,stable’crystals. Analytici% data for bistriethylphosphine

" compounds are presented in Table II-1, infrared data in

Table 1I-2 and 'H nmr data in Table II-3.

The compound PdClMediphos also reacted smoothly in
a coordinating solvent with AgPFs\to give on filtration,
solutions of the solvated cation. These solutions were
also temperature sensitive but not to the same extent
as the bistriethylphosphine cationic solutions. Addition
of a donor ligand gave stable solutions from wﬁich air
stable white crystals of the form [PdMeLdiphos]PFg could
be isolated. Analytical data for thése compounds are
presented in Table II-4.

(i1) Reaction of trans-[PdMe (S) (PEt;); JPF¢ and
deMe(S)diphos]PFs with para-tolylisocyanide.

From the addition of one equivalent of p-tolyliso-

cyanide to a solution of the solvated cation trans-

12
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[PdMe (S) (PEt ;) , JPF;, the isocyanide cation trans-
[PdMe (CNR) (PEt3) , JPFg could be isolated. It was character-
ized by its infrared and !H nmr spectrat¢ In the infrared

a sharp intense signal at 2171 cm ! is indicative of

U - ]
.

v(C=N). 1In addition a bang/ét 1503 cm ! due to the & (CHj)

of the tolyl methyl and a band at 839 cm ! due to v (P-F)

of the PF; anion are observed. The !H nmr spectrum has
peaks at 1.08 and 1.80 ppm indicative of trans triethyl-
phosphine ligands and a peak at 0.05 ppm due to the protons
of the methyl group bonded to the palladium atom. This latter
resonance is split into a triplet with relative intensities
of 1:2:1, due to coupling to the mutually trans phosphorus
atoms. The aromatic protons of the p-tolyl group appear

. as a singlet at about 7 ppm while the tolyl methyl protons
appear as a singlet at about 2.3 ppm.

Isocyanide readily inserts into the alkyl group of

square planar palladium compounds of the type trans-
PAXR(PR'3), (X = C1,Br,I) to give a carbon bonded imine

(equation 3).15'16'17

%—Pd—R + CNR' X—Pd—C_ - (3)

-P

7
3

R e L b
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Figure II-2. Proposed mechanism for isocyanide insertion

v
for square planar complexes of the type PtX(R)(PR3)2

R = alkyl, X = C1l, Br, I.
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‘However, the cationic isocyanide complex prepared here r

-
did not undergo insertion even upon refluxing in acetone

for 48 hours. Addition of a trace of a éood coordinating
ligand such as PEE3 of pyridine, however, caused insertion
to occur and the compound EEEEE—Pd[éH;C=NE-tolyl]Cl(PEt3)2
could be isélated on quenching with Licl.

18 have proposed the existence of

Treichel and Hess
a five coordinate intermediate in the mechanism of
insertion of. isocyanide into the platinum-carbon bond of

the ionic complexes [PtR(CNR') (PEtj3),]X [R = Me, X = I;

8

"R = Ph, X =Cl, Br or I] (Figure II 2). In this five

coordlnate 1ntermed1ate the 1socyan1de and the methyl
.

group would most likely be cis to each other a necessary
criterion for migratory insertion. Similar conclusions
were arrived at by Christian and Clark for the insertion
reaction of isocyénide into the platinum-hydrogen<pond of
trans-PtCl(H) (PEt;),.1°

It would appear that for the cationic coﬁpound
prepared here, the isocyanide and the methyl group cannot
form a five coordinate intermediate because the PFg; anion
cannot coordinate. However, addition of a donor ligand
allows the fqrmatibn of a cationic five coordinate species
in which the isocyanide and methyl‘groﬁp are gié to
one gnother. Thus, insertion can take blgce.

The reaction‘of p-tolylisocyanide with the cation

[PdMe(S)diphos]P?e resulted in the formation of gums

which subsequently decomposed. However, if a solution of
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this cation in acetone was made up in an nmr tube and one

equivalent of isocyanide added at -15°C, an H nmr

spectrum waé obtained which waé consistent with the

formation of the cation [bdMe(CNR)diphos]PFs. The signal -

for the methyl bonded to the palladium atom comes at

0.49 ppm and 1is a doublet of doublets due to coupling .
| o : i)

to the trans phosphorus atom and to the cis phosphofii;'-

atom. Because both couplings are present the isocyanide

must be coordinated since in the solvated cation only the

trans coupling is observed. On‘warming to 5°C this peak

shifted to 2.12 ppm, the redion where a methyl on an

17 Quenéhing of this solution with

imine is usuaily féund.
LiCl afforded the inserﬁi product PdCl[CchéfngZI}l] -
diéhos in good yield. This ready insertion is prpbably
due to the presence of the‘phosphine‘iigand diphos.
Because the phospﬁine occupies gignsites the isocyanide
coordinates cis to thg ﬁethyl grouﬁ. There is now no need
for formation of a five coordiﬁate interﬁediate to pro-

duce this cis arrangement and insertion can cccur spon-

taneously.

As mentioned in the introductilon coordinated isgcyanide
is often susceptiblé £o nubleophil c.étgéck by alcqQhols |
and primary and secondary amines fo give carbene
The amines NMe,H and NMeH, readily added across
bond of the isgcyanidé ligand in Egggg-[PdMeﬁthftdlgl)- .
(PEt3) , JPFg. For the amine NMe,H the carbene compi”x

trans-[PdMe[C (NMe,) (NHp-tolyl)](PEt3),]PF was isolated in ’

+

i
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observed in the ratio of 7:1. ‘FEach set has resonances

good yield. The infrared spectrum of this product has
bands at 3346 cm ! (v(N-H)J, at 1596 cm ! %6(N-H)), at
1542 cm;l(v(C:::N)), at 1506 cm ! due to the methyl rock
of thelg—tolyl meéhyl, and at 837 cm-i(v(P—F)).

In the !H nmr spectrum two sets of signals are.

between 1 and 3Aépm characteristic ofhtrans triéthylphos-
phine ligands. Ingadaition each set has t%o singlets at
around 3.6 ppm due to the methyl groﬁps on tﬁe nitrog
a sé‘&let at 2.3 ppm due to the E-t;}yl methyl protons,
and a peak at 8 ppm éue to the amino pfoton. The methyl
group on the palladiuﬁ appears, for both sets of signals,
at around 0.13 ppm upfiéld from TMS as a triplet of
relative intensities_of 1:2:1 due to coupling to, the
trans phosphorus ato&s. The aromatic protons of the Ef‘
tolyl g;oup.appeér as an AB quartet.

Two sets of signals are obserJ/ because of restricted

rotation abodt the carbene. carbon nitrogen bond to give

the two isomers I and II.

L - Me 1+ Te .
1 PEt; N\g\ | PEt, N
l /// , L' C/// \\\Me
e“Pd”—c\\n//—tolyl , Me“Td"" ///H
PEt; l ‘ PEt;
B H ’ p-tolyl
L - _
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This hindéred rotatiop about a heteroatom carbene carbon

" bond is very common for both secondary and primary

carbenes.7 The smaller set of signals is probably due

to I and the larger set due to II on account of the steric

interactions being greater for I between the p-tolyl group

and one of the amino mgthyl gkoups versus the interaction

between a hydrogen ‘and thelfmino methyl group in II.
Addition of NMeHé across the coordinated isocyanide

triple bond also occurred readily to give the carbene

cation trans-[PdMe (C(NMeH) (Np-tolyl H) (PEt3),;]PF¢. Now

-

four isomers are possible III, IV, V and VI, three of

which are detectible in the !H nmr. - Again on steric
arguments the most abundant isoﬁer is assigned structure
III, the next mosg abundant structure'IV and the least
abﬁhdant structure V. No attempt was made to study the

dependence of the isomer distribution on temperature or

on polarity of solvent.20 °
— ’ -9 <+ - -1 +
e
PEt, I Et, E
Me ——Pd— H Me——Pd—C H
bee. Ny : ' Ny
Et; N ‘ PEtrg
: é-tolyl gftolx}
L : : iy " .
III 1v . -

, e , ?
Me—Pd—C H : Me—ba—c Me

N p-tolyl . | AN p-tolyl v
Et; N7 PEt; N~

e

v

v . . VI v
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Despite refluxing in ethanol -or methanol for 48 h;urs
the isocyanide cation trans-[PdMe (CNp-tolyl) (PEtj),]PFg
failed to form carbene complexes.

As mentioned earlier isocyanidef insert into complexes
of the type trans-PdClMe (PR3),. The compound trans-
PdClMe (PEt;), was no exception and reaction with p-tolyl-
isocyanide at room temperature in dichloromethane afforded
the imine trans-PdCl[MeC=Np-tolyl](PEt;3),. Addition of
HCl to this imine produced the cationicicarbene compléx
trans-[P4dC1(C (Me) (Np-tolyl H)) (PEt3)2]C1. This carbene
formation is characterized in the infrared by the drép
in v(C-N) from 1599 cm ! to 1560 cm ! and the appearance
of v(N-H) at 3419 and 3499 cm !. Corresponding changes
occur in the !H nmr spectrum.

These reactions of isocyanide with palladium methyl
cations are summariied in Figure II-3.

(iii) Reaction of trans-[PdMe(S) (PEt;)a]PFg with
carbon monoxide.

: ~t : .

Passage of carbon monoxide through a methanol
solution of the solvated cation trans-[PdMe(S) (PEt3),]PFs
at -30°C caused a precipitation of_yhite crystals. These
crystals were stable at -5°C but at higher temperatures de-
composed in a matter of 2-3 hours preventing their |
elemental analysis. The infréred spectrum of these crystals
shows a strong absorbance at 2130 cm ! indicative of a

coordinated terminal CO group. The !H nmr spectrum of
. LI

these crystals in dichloromethane solution at -10°C has
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Figure II-3.

Some reactions of para-tolylisocyanide
with methylpalladium compounds.
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signals between 1-3 ppm indicative of trans triethylphos-
phine ligands. 1In add:tion there is a resonance at

0.43 ppm which is a triplet of relative intensities 1:2:1
due ,to a methyl group on a palladium atom coupled to

trans phosphorus atoms.

A reasonable structure for these crystals is VII.

Et,
H3C—P4d~—CO PFg
L Et,y
hd -
VII

On wafming to 0°C the !H nmr spectrum changes. The
1:2:1 triplet at 0.43 ppm slowly disappears and is re-
. Placed by a r:2:1 triplet at 2.32 ppm. 1In addition the
chemical shifts of the protons of‘the triethylphosphine
groups change slightly althouéh the basic pattern remains
the same indicating that the phosphorus atoms are still
mutually trans. Addition of LiCl to this solution

followed by workup afforded the known compound VIII.25

Et,

Cl—Pd—COCH 5
PEt3 \
VIII

Thus it appears that the compound VII undergoes spontaneous
_insertion at 5°C to give the acyl complex which may be

isolated by Quenching with LiCl.

27
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Addition of donor ligands to a solution of VII at "
-5°C resulted in displacement of carbon monoxide ré;her
than insertion, thwartin; attempts‘to follow the reaction
kinetics of insertion.

The change of v(Cz0) from the free ligand value is
only 14 cm ! indicating that there is little back donation
of electron density from the palladium 4 orbitals into

21 qpis

the n* orbitals of the carbon monoxide ligand.
cationic charge, may explain why only three other well
characterized Pd(II) carbon monoxide compounds have been

reported in the literature,22r23,24

4 _
Reaction of carbon monoxide with the solvated cation
[PaMe (S) diphos]PF led only to decomposition. Interestingly

Booth and Chatt25

found that although trans-PdClMe (PEtj3),
could readily be carbonylated to give the acyl compound VIII,
PdBrMediphos decomposed under similar conditions. In

light of the ready insertion of isocyanide into the Pd-
carbon bond of [PdMe(S)diphos]PFg it would appear that
multiple insertion of CO occurs to give unstable products.

iv) Reaction of trans-[PdMe (S) (PEt;) , ]JPF; with organo-

nitriles

Addition of aromatic nitriles substituted in the para
position to solutions of the cation 55335-[PdMe(S)(Pﬁt3)2]—
PFy gave only sticky oils which could not be identified.
However, the use of the'fluorinated nitrile NC-CgzF,-CN

gave a crystalline product, [PdMe (PEtg3);], (NC-C¢F,CN)(PFy),.

The v(C=N) of this compound in the infrared came at

2 A T oL W e
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2272 cm ! indicative of aobondednitrile.26 This product

failed to add the elements of ROH to form imino ethers

and also failed to form imino ethers even if it was

prepared in an alcoholic solvent. This failure to form

13,14

1 imino ethers is' in contrast to Pt(II) cations but

27 The

is consistent with work on some Rh(III) cations.
formation of an imino ether is thought to proceed through
an intermediate in which the nitrile is bonded in a =
fashion to the metal, followed by attack of the alcohol

on this n bonded nitrile (equation 4).

p
. N
+ .
MePtI-g RCN 3 Meitf!:] 3

(4)

P L
N .
Me1|>t J:+ R'OH 3 MePt—N=——CR
P&

If the nitrile is bonded in a ¢ fashion, rearrangement K
to the v bonded form cannot occur, rendering the complex
inert to imino ether formation. 1In the case of the Rh(III)
cationic work it was postulated that the lifetime of the

n bonded intermediate was short and that it quickly
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rearranged to form the o bonisdrcompound before imino)
ether formation cou%d occur. It Qoﬂid appeaf that this
.is also true for palladium(iI)«cationsl ‘This is supported
by the high v(Cz0) in trans-[PdMe(CO) (PEt;),]PF¢. The

ﬂ% + lack of back donation from the metal,causes the high

stretching frequency. It may be that this dame lack of

back donation renders the m complexed nitrile so unstable’
with respect to the ¢ bonded form that the lifetime
of the = bond;d form is too short for imino ether forﬁation
to occur.

v) Reaction ofﬁgggég-[PdMe(S)(PEt3)2]PF5 with
substituted acetylenes ‘

A large variety‘of substituted acetylenes were

allowed to react with solutions of the solvated catjion

S~

trans-[PdMe(S) (PEt3),]PF¢. 1In no instance could = acetylene,
carbene or vinyl et?er complexes be isolated. Even the
acetylene B-Eutyne-l—ol'failed to form the cyclic carbene
compound. As the formation of both the latter type of
compounds is thought to proceed through a = bqnded
acetylene intermediate it is reasonable té suggest that
as in the case of the fluorinatéd nitrile work such =

- bonded qomplexes are particularly shortlived for palladium(II)
compouﬁds because of the lack of » back donation from the
metal. Even if they are formed the écetylene may not be
activated enough to undergo nucleophilic attack as do

- the Pt (IXI) cations.




- A e TR

31

vi) -Discussion of the 31p nmr spectra of compounds
of the type [PdMe(L)diphos]PFg.

As méntioned\jgrlier, cationic complexes of the
type [PdMe (L)diphos]PFg could readily be prepared. The
31p nmr speptra for a large number of these cations were
run for L = tertiary phosphine, arsine or stibine and for
L = pyridines substituted in the para position. The
data obtained from these spectra are contained in
Table II-5.

The proton decoupled 3!P nmr spectrum when L =
substituted pyridine contains two resonances, a dgublet
at around -60 ppm and a doublet at around -40 ppm. The
low field signal is due to the phosphorus-atom trans to
the pyridine, P2, while the high field signal is due to
the_phosphorus atom cis to the methyl group Pl, a reflection
of the higher trans influence of methyl versus pyridine.4
The doublet appearance of gach signal is due to the coupling
between the two pﬁgsphorus atoms and is of the order of
24 Hz.

The changes in the values of the 3!P chemical shifts
and |J(P!-P?)| are small as the para substituent is varied,
however regular trends are observed. The 3!P chemical
shifts increase while |J(P!-P2?)| decreases as the donating
ability of the para substituent on the pyridine'increasés.
Plots of the chgmiqal shift of the trans phosphorus atom
PZ,Athe cis phosphorus atom P! and [J(P!-P2?)| versus the

Hammett substituent constant28 (p) of the para substituent

s
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Figure II-4. Plot of 6P vs. the Hammett substituent

constant, p, for compounds of the type [PdMe (py-X)diphos-

]PFG‘ X refers to a substituent in the Eérh position

of the pyridine.
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Figure II-5. Plot of 6P vs. the Hammett substituent. -

constant, o , for compounds of the type [PdMe(py-X)diphos—
. . ‘ 'Y .

]pF X refers to a substituent in the para position

6.
of the pyridiné.
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Figure II-6. Plot of |J(P!-P2)| vs. the Hammett
substitugent coénstant,p , for c0mpouhds of the’ type
[PdME(py-X)diphos]PFG. X refers to a fubstituent in

fhe para position of the pyridine.

~

‘o



J(P'-P?) Hz.

38

CNo

COMe o .
COOMg, o
..
-
22 - ,
-0.5. 0.0 0.5 |
P p——



39 .

’

of the pyridine yield straigpt lines (Figures I¥-4, II-S5

' andlII-G). Inter:;tingly the changes in chemical shift
for the cis phosphorus atom are gréager than for the
trans phosphorus atom. Usuallf the trans influence is
much greater than for the gié influence.f

On coordination the 3!P chemical shift of a tertiary
phosphine .generally decreases from the free ligand
value.29 The reason for this behaviour is not well
understood but it has been sﬁggested that it is mainl§ ®i
due to the stroné donor o bond from the phosphorus to

30,31

the metal. In this case it is reasonable to say

that the downfield shift of the 3P chemical shifts as

the para substituent on the pyridine beécomes more electron-
withdrawing, implies ihat the phosphorus atoms are able

‘to bind m&&@ tightly to the metal. 1In other words, the

phosphorus atoms do not have to compete so much with the

pyridine for the Pd orbitals and are thus able to donate

v
A

more strongly. . ,
Similarly |J(P!-P2)| increases as the substituent
on the pyridine becomes more electron-withdrawing
presumably because the phosphorus atoms ing more tightly
bonded to the palladium have more orbital overlap with
-each other resulting in a lar;er |J(151-P2)|.29
A typical pr;ton decoupled 31p nmf spectrum for
) complexes of the type [PaMe(L)diphos]PFy; L = PRj, is
shown in Fi;ure 11-7. The'phoéphorus atom trans to

L, B2, appears as a doublet of doublets at around: -58 ppm.

.




|
|

Figure II-7. Typical 3!P nmr spectrum for a compound
of the type [PdMe(PL)diphos]PFG. In this case PT is
Ppn-Bu;. Spectrum was run at a sweepwidth of 5000 Hz
in dichloromethane solution. The lowfield resonance
is due to P2 , the middle resonance to P! and the high--

field signal to PL.
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The large coupling constant (3370 Hz) is due to coupling
' to the phosphorus atom, PLY, of the trans 1igand32’33 L
while the small coupling constant (330 Hz) is due to the

32,33

coupling to the cis phosphorus nucleus pl, - ¢P! appears

at around -40 ppm and also con;ists of a doublet of
doublets due to coupling to the two non-equivalent cis
phosphorus atoms P2 and PL}aﬁThé chemical shift of P"
varies depending on the natu&g‘of the groups on the ligand
but always. is upfield from pl é;gﬂ§7. It consists of a
doublet of doublets with a large trans coupling constant
to P2 and a small cis coupling constant to P!.

Thus from each 31P‘nmr spectrum six parameters can
be obtained; 6P, P2, 6p", |J(P!-P2)|, |J(P!-P¥)| and
IJ(PZ—P%)I. The relationship between these parameﬁers‘
and the electronic and steric propeérties of L could theng’
be determined.

The change in 31P chemical shift, &, of pY on
coordination from its value for the free ligand wés

plotted against the free ligand value34

(Figure II-8).

A general trend was observed in that the g;eater the

31p chemical shift of the free phosphine, the greater the
-change in chemical shift on coordination. Such a trend
has been noticed previously for cooraination complexes

of transition metals by Shaw and co-workers, but no ex-

[

planation of why this trend should exist has been

proposed.35'36

The chemical shift of P2 was plotted against the




Figure II-8. Plot of the difference in 3!P nmr chemical
shift of PL from its free value on coordination (A),

vs. the chemical shift of PT on coordination, for

Pfree

compounds of the type [PdMe(PL)diphos]PF6 .
-
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basicity of the ligand L as determined by titration of

the free phosphine with acid.37

(Figure II-9) There
exists a fairly good linear correlation in that P2
decreases as the basicity of L decreases. This is con-
sistent with the results obtained on the®substituted
pyridine catiops. The greater the donor strength pf L the
greater the chemical shift of the other phosphorus atoms.
Alternatively the chemical shift of ?2 could be
plotted against the A; carbonyl stre;éﬁing frequency
in the compound Ni(CO)j (PRj). Tolman has
suggested‘ that changes in this stretching frequency
are solely dependent on the electronid nature of L.>° a
low value of v(C:z0) implies that the ligand L is a good
donor ‘while a high value of v (Cz0) is associated with
a poor electron donor. This plot was far from linear
but showed a general trend in that the greater the stretch-
ing frequency the greater the chemical shift of P2, a trend
similar to that observed for the substituted pyridines.
In addition &P? decreases for the series PPhj, AsPhg,

SbPh; reflecting the order of donor strength; PPh; >

AsPh; > SbPh;. The chemical shift of P!, the phosphorus

\
* atom cis to L, tended to deérease as the donor ability

of L decreaseg. Thus, for the series PPhj3, AsPhj, SbPhj

" the chemical shift of P! followed the order PPh; > AsPhj; >

SbPh3. Also the chemical shift of P! followed the order
PCyy > Pn-Bu; > PEty > PMe,Ph > PPhj,,the same order as

the donor ability of the phosphine,




. 2 .
Figure II-9. Plot of §P vs. the pKa of PY for compounds

of the type [PdMe(PL)diphos]PF6 .
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Figure II-10. Plot of §P vs. vCO for compounds of the

type [PdMe(PL)diphos]PFﬁ. vCO refers to the infrared

stretching frequency of the A; carbonyl mode in the compound

Ni (CO) 5P,

a




> P(o-tolyl)
\o PMezPh

- PMePhy




; : 3 - .50

< However there ig also a tendency ‘for the ghemicéi'-

‘ghift of P! to shift to higher\field if the Ster;c bulk

of B is large. For ekampie sPl for L é>PQy3 is Very’éigh w
compared ‘to 6P! for L = PEt; or Pn-Buj althq;gh the donor
strength of PCy; is only marginally bettef<than that of
PEt;. Similarly 6P! for L = P(thbiy1)3 is;also very

high compargd to PPh; evén thoughaﬁﬂe,ddhor ability of
?(g—tolyl)3 is not much better than ‘that of PPh;. 1In

fact éP! for L = Pﬂ2f£OlYi53 is greater than 6P! for ~
PCy; even though PCy; -is by fér,the tronger donor. Agaiﬂ,
.6P1 for P(CgFs); is gfe;Eer than 6?1‘;2> PPh; although
P(CgFs)3 is théAéoqrér_donor. The common factor linking e
PCys, P(C¢Fs)s and P(oatélyl); is that they are all

very bulky ligands with cone angles39

of 170°, 184° and
: . o e
192° respectively comparged to'%32 for PEt3 and 145quor
fPh3. It would seeﬁ ré,sonablé to say‘thay“ié LV; a
bulky phosphine, L competes'witk'tﬁe phogphing"ligand

cis to it, P!, prevénting‘Pl‘f:pm appréachiné'the metal
to equilibrium bonding distance, IS‘S‘P»“1 is being pre-
_vented from achieving pést over%ép with the metal, its

31p chemical shkift increas;sAas';:s observed in the case.
of increasing the dban ability of’; substituted pyfidine.

|J(P1;p21|lals6 tends to follow the trend observeds
for L f'subfgituted pyriéfne. As L hecomes a better donor
IéﬂPl;B?)| Q¢§£eases: However, |J(P!-P2)| will be a function
of the_bonéing strengths ofiboth Pl and P2, Therefore,

- ligands which because of their ste:'ic' bulk make 6P! high _

P




S1
will show abnormalities in [J(P!-P2)|. Thus IJ(Pl-pz)l
for L = P(o—tolyl)3 is abnormally 1ow and the order of
PMe,Ph and PHeth are reversed perhaps because of the
small cone angle of PMe,Ph. . o ' o .
Thus, ‘in conclusion, it is apparent that both 31p
chemgrical shifts and 31p-31p coupling constants are

* <

d pendent not only on_the donor ability of the ligands
“'dttaahed to the metal but also on their steric bulk."a
more thorough study is needed hovever. to‘conclusi&el}

eatabl;sh the trends obse:yed here. ‘ S

&

cr\pcxperinenﬁgl

| Reactiqpe were generally carried out under an inert
atmosphere but-.rigorous teéhniépe-;iere not‘observed.
KB\Spegtrq'gggde solvents were used iitpdﬁt‘further\
purifieation. ’ , S0 s ,f'

Infrared spectra were_recorded on:a Perkin Elmer 621

zséectro-éter as nujol mulls or in dicﬁlorb-ethade solution.
‘ '!H nuclear -aqnetic-fesonance';pectra were recotded
on a'Varian'Associatec'ﬁaeloo spectrometer or on a .
Vagiende~100‘tpectro-ntef'dqing either dichlotomethane .
| or tetramethylsilane as inumi lock. All chemical shifts-
are reported 1n parts gg_ million downtield £rou ™S8..
'9r nmr spectra were recordod on the na-loo -pectro-eter
at 94.1 Muz uaing "!'r:ot:m-llap (CPCl;3) as an intetaal
reference-leck signal i3p” che-ical -hifts are repottod -
An pa:tn ggg,-illion upfield ftu- crc13. ’17 nmx cpdctra-

uer. recozdod oa—th. xn~1oo spocttn-ter at 45.1 s using
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water and then dried over’ ngsou. The solution was filtered

52

1% phosphoric acid as an external reference signal.*

Microan&ylses were obtained from Chemalytics Inc., ©
-Tempe, Arizona or from épaﬁg Inc. Ann Arbor, Michigan. :

Tertiary phosphines were prepéred by stanéard methods‘o
and p-tolylisocyanide was prepared by the method of
Zighn.‘l

Substituted pyridineQ were purchased from Aldrich
Inc., P4dCl,; from Fisher Scientific Company, AgPFG from ‘
‘Cationics Inc., and methyi’zihlum, as an ether solution,
from Alpha Products Inc. “

(i) . Preparation of Esggngdclz(Pﬁt3)242

""To a suspension of PACl, (5.0 g) in 100 ml. of water

was added a solution of 6.62 g of PEt; in PO ml. of ethanol.

The mixture was stirred for 24 hours to give a yellow

o

"pnjfipitate. The precipitate was filtered and washed with

water to glve trans-PdClz(PEt3)2. Yield was 10 8l g. (93%).
‘ (11) Preparation of transg-PdClMe (PEt,),.
A solution of PdClz(PEta)z (5. 00 g) in 60 ml. of

diethyl ether was chilled to 0°C. The solutlon was stirred

. and 26 ml. of a 1.86 H solution of methyllithium in ether

was added dropvise. The solution turned orange and then

- White. After two hours the reaction mixture was hydrolyzed

, ®
with 30 ml. of water. The ether layer was décanted and
the aquecus layer ‘extracted with three Soﬁhl portions
oflethor. The conbined eth-r layers were washed with

LY

through Celite and the solvtnt rcnoved on a rotary ¢

* Downfield shifts from thi- reference are in negative p.p.m’;
upfield shifts in positive p.p.m. .

. .
¢ .o * f
N
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evaporator to givévwhite crystals of PdMe, (PEtj),.
Yield was 3.42 g. (762) . » Immediately 40 ml..of methanol
was added followed by 0.65 ml. of acetyl chloride. After
the effervescence ceased the solvent was removed under
vacuum to give trans PdClMe(PEt;), as yhite cry;tals.
Yield was 3.10 g. (86%).

(iii) Preparafﬁon of PdClMe (diphos). ‘ - '

Trans~PdClMe (PEt;3), (3.0 g) and 1,2,-bis(diphenyl-
phosphino)ethahe (3.03 g) were dissolved in 40 mi. of |
dichloromethane and the solution was stirred for two hours.
The solution, which smelt stfongly of triéthylphosphine,
was stripped to dryness on a rotdry evaporator to give -
a sticky white gum. This gum was’ pumped on ﬁnder high‘
vacuum while seing heated to 80°C for forty-eight hours,
to give a white solid. The solid was then dissolved ip?
dichlo;omethang and filtered. Addition of ether yielded
white crf;tals which were collected and washed with ether.
Yield was 3.21 g. (76%). 4

(iv) Preparation of trans-[PdMe (py) (PEt;) ; JPFg.

A solution’ of trans-Pd(JMe (PEt3), (0.300 g) in
20 ml. o% tetrahydrofuran was chilled @o -20°C. AgPFg
¢}0.192 g) in 16 ml. of tetrahydrofuran was added. A ’
- ‘flot‘:culent precipitate of sii\;;r chloride formed ﬂimediately.

The solution was stirred for 30 flinutes and then filtered '

through a cold fy&i into a chilled receiving vessel. To

.  the filtrate was added pyridine (0.061 ml.) and the clear.

colourless splution yﬁi-iarued~to‘room temperature.~ The




solvent was removed on a rotary evaporator and the residue

crystallized from dichloromethane/ether solution to give

"white needles. Yield was 0.351 g. (79%).

-

(v) Preparation of trans-[PdMe (CN p-tolyl) { PEt;) , JPFg.

The solvated cation [PdMé(THF)(PEt3)2]PF6 was made in
situ as above and one equivalent of p-tolylisocyanide
was added ét :20°C. After warming to room temperature the
solvent was removed under vacuum and thé‘white solid
crystallized from dichloromethane/ether. Yield was 85%.

(vi) ‘Preparation of Eggggr[PdMe(COf(PEt3)2]PF5.

The solvent cation trans-[PdMe(S) (PEt;),]PFg was made
as described previously except that methanol was used in
place of’tetrghydrofuraﬁ as the sol&ent. The solution
containing the cation was cooled to-30°C. and carbon monoxide
bubbled through. Agter'a few minutes white crystals began -
té precipiéate,and the reaction was complete after 20 mins.
The crystals were collected on é cold fri£5at =20°C and
dried in-a stream of'dry nitrogen. The crystals were
air stable but decomposed in -2 few hours if warmed tq ,
room temperature. Yield was 72%. |

(vii) Insertion of CO to give trans-PdCl(COCHj) (PEtj),.

> Trans-[PdMeCO(PEt3),]JPFg (0.300 g) was dissolved in.

dichloromethane at room temperature. Aftey 5 minutes

b

LiCl (0.50 g) in methanol was added. The solvents were
removed on a rotary evapqrator and the solid extracted with

hexane. On cooling this hexane solution, large white

. ’ - .
~ plates formed whose nmr and infrared spectra were identical

(‘{ ’ R 7

LA
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to those of an authentic sample of trans-PdCl(COCHj) {REtj),

trans f
25

i 55
prepared by the method of Chatt and Shhwz Yield was 678.

(viii) - Preparation of 55525-[Pd(ﬁ;)[é{yﬂ p-tolyl)- -
(NHMe) ] (PEt3) ; JPFg. - S

gggggf[Pd(Me)ﬁcy p-tolyl) (PEt;) 2 ]PFg (O:30dig) was
dissolved gn‘zo ml. o% dichloromethane and moh&hethngmine
bubbled through the solution for 10 mins. - The solvent:
was removed on ;'rbtary evaporator and the produét ¥e&
crystallized from dichloromethane/ether to give fluffy
white crystals.' Yield was 0.261 g (83%).

In a similar manher trans-[Pd(Me) (C(NH p-tolyl) (NMe,))-
P(Et;) ; ]PFg was prepared in 79% yield. . V '

(ix) ’Preparation of trans-PdCl[C(CHj)=N E—tolyl]—" _
(PEtj),.

To a solution of trans-Pd(Me)Cl(PEtj3), (0.500 g) in
dichlpromethéne'was added para-tolylisocyanide (0.149 gq).
The solution was.stirred for 12 hours during which‘timg
the colour changed from yellow to orange-brown. The solvent

was removed and the solid recrystallized'frém gfpeﬂtane
| at -15° tagive white plates of the imidoyl. Yield was
0.532 g (82%). ‘
(x) Prepag&tion of trans-[PdCl(C(CH;)NH E;tolyl)-‘
(PEt;), ]C1. |
A few drops of 6 M hydrochlorié acid were added to
an acetone solution conta?ning gggggrPdCI[C(CH3)=N Bf£0191]' -
- (PEt3), (0.200 g). The solvent was removed jin vacuo and

,the'soégé recrystallized from dichloromethane/diethyl ether




to give the carbene in 87% yield.

" tolylisocyanide. The .solution was. stirred for 24 hours and
then filtered. The filtrate was cdncentrated to about 5 ml.

and then diethyl ether added to.;Zveﬁcream boloured crystals

1598, 1592. 1§ *amr (GDCL3) 62.24 (CHj-tolyl), 82.14 (CHj)

“h

56

(x1) Preparation of [PdMePEtadiphos]PFG.

To a suspensxon of PdClMedlphos (0. Lyk g) in E
tetrahydrofuran (20 ml.) at -20°C was added AgPFg (0.046. 9g) '
in 3 ml. of THF. A thick white'precipitate‘of AgCl —'g
immediately formed. The solution was filtered through a 3
cold frit into a receiving vessel chilled to 0°C. _ PEt3 !
(0.021g) was added to the filtrate and the solution warmed
to room temberature. Removal of the solvent followed by
recrystallization from dichioromethane/diethyl ether
ydtelded white crystals of - the cation in 85% yield.

Other cationic species of the type [PdMe(L)diphos]PFsv
were made in a similar fashion.

(xii) Preparation of PACL[C(CH;)=Np-tolylldiphos.

To a solution of PdClMediphos (0.300 g) in ﬁ

t
dichloromethane (20 ml.) was‘added one equivalent of para-

of the imine. Yield was" 0 247 g (68%) m.p. 196-198
Analytical datay Found (calculat?d) $C: 61.98(62.45)

’ . . . “ . R
$H: 5.21(5.06) ®N: 2.11(2.08){ Infrared in-cm J: v (C=N)

J(p-B) = 4. 1 1.9 Hz.

4
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.CHAPTER I1II

- REACTIONS OF METHYLPALLADIUM COMPOUNDS WITH

SUBSTITUTED ACETYLENES

a)’ Introduction \

v, "

As mentioned in Chapter I the migratory insertion of
R .
unaatufated‘prganic molecules into metal-carbon or - , @
.metal-hydrogen bonds is thought to be one of the key steps

in manjltransitioﬁ_metal catalyzed reqctions.1 Attempts

to study the insertion step by starting with a stable

XA

.alkyi metal derivative are often hampéred by either a

,léck of;reactikity or‘by the complexity of the ensuing '

reaction. . _. B
For éxamplé, Booth and Hargreaves have studied the

2

reaction of acetylenes with MnMeizy)s. Rather than simple

insertion of the acetyfene int6 e Mn-CH; bond to give

*  the winylic product, CO iﬁsertion occurred first to éive
the‘acyl derfba;ive. This was followed by acetylene ;Af_ Y
sertion to give the'vihyl ketone derivative. Small amounts
of a produét reéulﬁing from a doyble insertiop were also
obtaingd‘in one instance (equation 1). A similar type of
reaction sequence has been used to explain the formation '
6f{lac£05§l»compqpn§s from the reaction of MeCo(CO), with .

&cetylenes.3 : \

60




R - - ' PhC=CH a
.oc\ /co‘ . oc COR
Mn + PhC=CH /Mn\ - —>
OC’//( \\\bo ' ocC Co
A, .
co CO =
Phc.lfa.cn
(CO) 4Mn COR + PhC=CH  (CO),Mn OR
fc ) = N ->
h \H ph H
\ B
(1)
Ph H
c—-c7

, /
(CO) ;Mn -
4 \c%c/ \COR P>C-TO/
<N\ | Mn(CO) 5

»

Ctark and'Puddephatt,have investigatedithe reactivity

of some fluorinated olefins and acetylenes toward methyl-
~platinum compounds of the tYpe PtClMe(PR3)2.4 oo 2 few
instances a produet derived by migratory inseréion was .

s

obtained. For example, trans-PtC1Me (PMe,Ph), was heated




6 70° for 24 hours with an 8-fold excess of CF3C=CCFj -
to give the vin§lic product I.

Cl PPhMe, | ' ‘

/
\/3

Me PhP C=C

\

H

-

Incorporation ‘a second mole of acetylene to glve a

o-butadienyl de vatlve did not occur. The authors
isolated the five oordinaten-bonded'écetylene complex II,

and thus concluded that formation of a”five coordinate

intermediate washefieﬁtial for the insertion reaction.”

CH CF
' 3 / 3
Me.P C
3 \\\ .
pd(—m
Me3P .C\ '
- Cl ,,CF3
\ ‘ ax B
- ' ‘\ by $:7/8 on insertions of

Subsequent work by Clark
acetﬂlenes into Pt-H bonds demonstrated that insertion
occurred from a four coordinate species. Thus for trans-
PtX(H) (PEt3), the rate of insertion was much greater for

X = Nds than X = C1 and greater still for X = PFg

(solvent). This implied that displacement of the anion by

-




XY

b g

- ,‘534

. the acetylene %t form.a four coordinate cationic species

I1I, was rate determining. ' - ) ~
. . |
. * B ’ »
N . . ° X — - -~
o " PEt; ) & ‘
" H Pt— .E._ 1 o¥x
W .
L3 Et3 : 5 -
. — - L |
7 ' III
. , R :
\
Rearrangement of thls four coord:.nate spec1es to:
place the acetylene cis to the hydride group followed by ' s
\ :
migratory insertion gives. the 'vinylic product IIIa. ;
. " q
PEt, ' i
R /,3
X pt— o= X *
. \H . .
PEt; ° X , .
.t IIla ) T ’ p
Subceqhently blark and Jablonesk.i'9 noticed a similar - .-

am.on dependence on rate 1.n the reaction of PtXMedlphos -

- ]

with substituted acetylenes. Only mono insertxgxs occ¥rred ~ . :

and then only with the acetylenes CF 3C=CCF, andAM.eopc‘CE ) .

CCOOMe (DMA)' ‘ ‘ S

P

We thought that since th/e PA-CH, bond’ is weaker tlxan




-

[

»r' !

‘ 1nate hallde to form the squtituted Qgﬁzege»defivative T

-

64

-

the Pt-CH3 bond10 and since organopalladlum compounds are

40’ »

generally more reactive than the/correspon ing organoplatlnum

compoundsll, 1nvestlgatlon 1nto the rbac /-*ons %f sub-
K c L ,
stituted acetylenes wlth palladium spe es contalnxng;

an alkyl g;oup would be;reqardlng. : o -“3

; Dy s 12 13 14

Work by Maitlis™“ and by Heck has 1ndldﬁted the

palladium carbon bond ;s 1nd§ed very susceptible to
insertions b&‘acetyienes aﬁd,olefips; I ~ ¢
Maitlis studied the reactioﬁ of Bis-benzonitrile

palladlum chlorlde w1th substltuted'acetylenes.' Rapid

&

reactions occtrged to giVe a variety ef products, the nature ‘of
which depende%ion the rea&tlon condltlons and st01ch10me;ry

In some instances a heXa—substltuted benzenexaerivatlve

formed by trlmerlzatlon of the acetylene was obtaznad. ThlS '

proc;e;ss was tho. to occur by 1nsert10n of an acetylene .

into ' a palladlum-chlorlne boud to glve a o-v1ny11c compiex,

followed by fast 1nsertlons of agptylene into the Pd-vxnyllc

bond to produce a-hex&trienyl complexes which could elim- ’

-

(Figure III- 1% P

Heck 1nvest1gated the reactlon of Rde(solvent)z,

.

preéered in sltu, w1th oleflns. The producta obta1ned Ve
were oleflns in which a-hydrogepyof the or1glnal olefin B
had been replaced py the alkyl group of the starting v .;-'
palladiumfcgmpound ‘The- mechanisn was postulatﬁd to -;5{
1nvp1ve insertion of the olefin intq the Pd—R bond to :

give*an a;kyl defivative .which theﬁ's-elininatad toﬁaivu the

‘s ,‘

the ﬂubntituted olefin andaa palladiun hydriﬂe funu&nion 2).
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d—(s) +-‘ R'R"C=CHR™ ; S—Jd-——ls ; (25

t

- — : t
]
o
x_-L___w

i

N

ﬁowever although these systems were reactive, they were

~-[rac1(®)s,] 1

‘-

difficult to characterize fully. In both cases the
intermediates were not always observed and in the case qf the

acetylene oligomerizations the first insertion steps could

®

not always be followed.
. y ‘ |
Therefore we considered that the system trans-PdXMe-

(PR3) , analogous to the platinum system studied'by Clark

and Puddephatt, would be 1 ' . .
o _-a) more reactive than the corresponding

*  platinum éyséem g

“5) not so rgactive,‘so,that,interqediate'spec{és_
could be isolated and éhaféc;erized. Lo
e Although clérk‘and PuddéphaftAhad oﬁhe:ved noffeactiOn

of tetrafluoroethylene with tréns-Pdélﬁd(PMezPh)z‘,.by .o

~
L

L]

changihg tir,énion trans to the methyl group to a ﬁore
. . R » ! ' v

,wéakl& coo diﬂating anion such.as ng' we hoped to indrease
. : . @

. P
. ~t »
"
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e 6

. the reactivity of the compound toward insertion of acetylenes

as had been found for both the platinum-hydrogen and

platinum-alkyl compounds . : .

Fd

This chapper deals with the results of theureactions

of acetylenes with systems cantajining a palladium-methyl
. .S R .

bond. : X
b) Results
Solutlons of the cation trans-[PdMe(S)(PEt3)2] pre-

pared from trans-PdClMe(PEt3)2 and AgPFs in a coordlnatlhg

Y

-solvent, were extremely temperature sensitive, quickly

deéompdsing at room temperatﬁre to give [PdMe(REt3);]PF5 .
as'thé oﬁly isolatable product. Reaction of solutions of -
this"catioﬁ at 0°C with acetylenes (either in excess of in
stgichiometric quantities) nge only the decomposition !
product [PdMe(ﬁngg)?]Prg. ‘

" In order to stabilize the system while gtill retaining
sufficient reactivity, the compouqd Egzgngdnoéne(PEta)z-
was made. The weakly coo}dinating N63- ion should prevent
the dis;ropoftionation reaction but should not be.so o
tiéhtly held as to prevent coordination of an acetylene.
Alt ugh_; variety of acetylenes were allowed to react -

/ A ° i

with the nitrate, in 6n{y one instance ‘could a product

of insertion be isolated. The acetylene MeOOCCiCCOOMe

(DMA} gave a mono inserted product IV.
. . ’ ‘ . ) - -




COOCH 4

, PEts | /coocn 3 -
~ -
: ' \ A N O 3N ——Pd—-cgc .
. . ‘ PEt, CHg
-‘ w4t Iv f
-

Agaxn to prevent the dlsproportlon reaction, a -
chelat1n§~phosph1ne, 1 2-bls(dlphenylphosphlno)ethane was

. used in place of the unldentate phosphine PEt;. The

"compound~PdﬁrMediphos had been m;de previously by the

| reaction 'of- PdBrzdlphos with the ergnard reagent ‘
MeMgBr.1§ Repetition of this preparatlon resulted in low
yields of impure product. A more .convenient preparatién
was achieved by the metathical feplacément of Z'molés of
PEt3 by . diphos in the compound trans-PdClMe(PEt3)2, to
give PdClMedlphos in 75% yield. ‘

At room temperature PdClMediphos failed to react with
substituﬁéd aceﬁylenes and 'the starting material was
recovered. Howvever at 80° in dichloromethane it reacted
witb one equivalent of DMA to give a mixture of'starting *
material, an alkenyl derivative (V) and a s-butadienyl
product (VI) (equ;tion 3). If two equlvalents of DMA

_.were used only the butadlenyl VI was obtalned 1n high

yieldsy : .
——— .




PdClMedlphos + DMA > dlphosPd// CH3' \'
N // .
[ / — \
<~ . ‘ COOCH,, \coocn3
- + (3)
COOCH COOCH . .
¥ 3 /
diphosPd\ / \ VI
| CH
. ’ * n 3
R : : cécn3 \coocn3

The acetylene hexafluoro-2-butyne also reacted with .
PdClMedlphos at hlgh temperatures but gave only the alkenyl
product\V{I and no butadxenyl product even if large ex-
cesses of acetylene and long reaction times were<ﬁmployed.
However, VII reacted siowly at high\temperetures’with DMA
to give signals in the !'H nmr’ Whlch 1nd1cated the formation
of a mixed o—butad1eny1 compound VIII (equation 4). Un-
fortunately at the temperatutes at which this reaction

. © took place extensive decomﬁb81tlon also occurred renderlng

~

isolation of ‘a pure sample of VIII impossible.
1
14

PAC1Mediphos + CF,CBCCF, —> “diphosp\ GH,

v . ~ ., . C: i ’ "
| » P . .ovix

4

’ . VII o+ cn3oocc=ccoocnj' -> diphosPd< _c\ VIII
P ., . . | ‘ - . / . ) : .‘ o )

s

e




In contrast, if PdNOgMediphos(IX) was used in place of the

chloro complex, insertions occurred much more readily;

At roomjtemperature, one equivalentrof-DMA reacted
smoothly'with IX to give only the alkenyl derivetive X,
analogous’ to V, the reactlon being complete in about 30 °
minutes. If two equivalents of DMA were used the buta-
dienyl complex XI, analogous to VI, was obtained at room
temperature after about 3 hours. ﬁexafluoro—z-butyne also
reected with IX ut room temperature and one atmosﬁhere ‘
pressure to give the alkenyl. product XII, aneaagous to
Vii. A second insertion did not occur, but if the alkenyl
derivative XII, was reacteé’w1th DMA at’room temperature &
a slow rnsertlon occurred to give the butadienyl proguct
XIII, analagous to VIII.

_The solvated cation [PdMe (S)diphos]PFg XIV could
readlly be made in situ, in acetone or in tetrahydrofuran
by the reaction of PdClMediphos with AgPFg. Solutions of
this cation were fairly stable up lbfc but at hrgherf,
temperatures decomposed to en orange oil. DMA reacted C
rendily uith solutions ‘of this'cation\at p-10°C, to give
the alkenyl insertion product XV, if one equivalent of
acetylene were used, or the butadienyl product XVI with
two equiuuients of acetylene. The products were isolated

, L o , Y
as triphenylphesphine adducts. ’

\ —

A o

-




v - _ ' <:?\u
’ OOCH3; N\

. . Phs PPh, ~_coocHs
diphosPd diphosP C=C
P Hy PFg P gc \CH3 PFg
doocr, L0OCH; o cécu 3 COOCH;
- ‘ , . d47 L . ‘ .

XV XVI

Allene also reacted with the cation XIV, to give the

m-allyl cat}on XVII.

AN *
{
i

.

/

Ph h

Pd'\
Ph ) Ph
~ | PFg

Pt

XVII

4

Incorporation of a further molecule of DMR to form a .

trienyl derivative or a cyclized produet did not occur . ~... .. |

3

regardless of the nature of the anion. Substituted

acetylenes having one or no electronthhdrawing substltuents
.,

.failed to react with the diphos complex, again regq?dles;*“¥"

% ‘ of the nature of the anion. R ) i.

vThe compound Pdne(n5-ésug)PPh3 reacted smoothly thh

[/

- AR . DMA or CF3CzCCF,4 in dichloromethane solutlon to g1ve the ‘

alkenyl derivatives XVIII and XIX nespectively. "Further

P

reaction with excess acetylene to give butqgienyl complexas

. did not occur. Less reactive acetylenes failed k6 lnsert .
and starting materials yere ;ecovered.‘ ’;,. L. .
I . . : C

‘ v




-y

‘nethoxy yroup. ' A ';.

Hj ’

N AN
‘Ph3P d63§==C// PhyP _C=C

Hg \COOCH3 : C{, _\CF';.; . .

XVIII .- xr¥

‘ Analyt1ca1 results and physical propertles of the new -

compounds are preé!nted in Tabbe ITI-1

\}c)

The !H nmr ppeotré of the compounds;?dx(alkenYl)diphos
or [Pd(elkenyl)PPhadinhbs]Pﬁs are féirly straightforward
The dlphos llgand glves a resonance in the reglon 7-8 ppm

due to ;he phenyl protons and 3‘31gnaL at 2-3 ppm due to

4

"‘the methylene protons. This latter resonance appears .

a very droad signal_due to the inequivalence of the

>

protons and to the coupling to ‘the non—equlvalent phqsphorus

atoms. For the alkenyl products of DMA there are two

k4

dlstinct peaks 1n the region of 3—4 an due to the COOCHs IR

ngups, anq for the butadienyl pfbducts there are four

."such 51qnais. The alkenyl or butadlenyl methyl protonse

_appear as a slnglet in the region 0 7-@ ppm -1t 1; ngt "
possible to assign ‘the exact configuratzon of ths‘alkenyl
or bntadienyl groups, noriis it possible to assign ,' e

','unambiquously each particﬁlar methoxy signal to a particulpr

v

® ‘.

NMR and Infr&red Spectroscopic Data for the New Coﬁpounds

.
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The !H nmr spectra of tRg alkenyl derivatives obtained
. b

.from insertion of CF3C=CCF; into the methyl group have,

in addition to the signals of the. dlphos llgand, a peak

at about 1.5 ppm due to the alkenyl methyl protons. This
signal is a quartet because of ddﬁpllng to one of the\
vinylic CF; groups. The 1%F nmr spectra each have two -
resonances corresponéiﬁg to two chehically different CF4
groups, with a mutual coupling constant of about 14 Hz.
This large J(F-F) determines unambigupusly, tﬁat the two
CF3 groups are cis to each other about the alkenyl double

16 The high field CF3 resonance can be assigned to

4

bond.

the CF3; group on the 8 vinyl carbon atom.”  The low field

resonance can be assigned to the .CF3; group on the a vinyl

carbon étom.4 This low field resonance appears as a
quintet of quintets (Figure Iff-Z). The fluorine atoms *
a;é coupled not only to the other set of fiuorine atoms
bﬁt to the vinylic methyl hydrogen atoms, the trans
phosphorus atom and to the gig'phosphonus‘étom. 'The
coupling to the trans phosphorus atom is of the same
magnitu&e*aslthe.coupling to the g fluorine atoms giving
rise to a quintet of spac1ngs of about 14 Hz. Tbe coupllng
to the cis phosphorus atom is of the same magnltude as

the coupling to the alkenyl methyl hydrogens and thus

eqfh part of- the quintet is split into a futther qnintet
with spaclngs of. about 2 Hz. ’ ‘

’

’in the 1nsettion of‘nna into PdNOg[C73CrCC?g(C33)3dibhoa

e-'*‘ - a
. . . -t
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Ihe ateroocheulstry of this v1nylic group is retained
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Figure III-2. Partial !9F nmr spectrum of PANO;[CF;C=CCF;-

(CH3) ]Jdiphos. Spectrum of the signal at 50.32 pph run at
~ . ‘ . Ly
100 Hz sweepwidth.
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(XII). The.J(F-F) value is 13.4 Hz consistent with cis

’ CF,; groups. However, the J(P-F) values drop to 0 Hz for '
. both CF3 groups because of the lengtheny)hg distance between

. the coupled nuclei,

The alkéﬁyl\pro&udt (n5-C5Hs) PA[ CH3;00C=CCOOCH3 (CH3) ]~
PPh; exhibits resonances in the proton nmr at 7.0 ppm
due to the phosphine phenyybg;otougj\kt 5.39 ppm
(J(P;H) = 1.8 Hz) due to the n5-C4H? ring protonsl7 and at
3.04 and 3.28 ppm to the two carbomethoxy groups. The
vinylic methyl group appears as a singlet at 1.36 ppm.
The !H nmr spectrum of (n°-CsHs)Pd[CF3C=CCF;(CH3) ]JPPh; has
peaks at 7.0 ppm due to the phosphine phenyl protons and
a signal at 5.70 ppm (J(P-H) = 2.0 Hz) due to the n5-CsHs
ring protogs.\ The vinylic methyl hydrogens appear as A
quartet (J(F-H) = 2.2 Hz) at 1.88 ppm.

The 193¢ sﬁectrum consists of two eq;ally intense sets

of dignals corresponding to two CF; groups with a mutual

. coupling constant of 14.8 Hz. The large J(P-F) implies

that they are cis to each other about the alkenyl double
bbnd.16 On closer examination each peak of the quartet
at low field (50.04 ppm) is a quintet with spacings af
2.2 H2z. This is due to coupling to the alkenyl methyl
hydrogens ;nd to the phosphorus nucieus of the triphenyl
,phosphine. The coupling constants are of the l;i;
magnitude giving rise to a quintet rather than a doublet
of quartets. !H and !%P nmr data for the new compounds

are contained in Table III-2 .
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» The infrared spectra of thg insértion products of
DMA all contain a broad intense peak at about 1710 cm !
corresponding to the‘ketonic stretching vibration”ﬁf
the ester function The'CF3CECCF3 insertion products
all show strong Bonds‘between 1100-1400 cm ! due to

17 Both types of producfs

carbon-fluorine stretchingfmodes.

show a weak absorption at about 1610 cm ! attributable to

caébon-carbon double bond stretching vibrations. The

nitrato derivativés all have a strong band at 1270 cm !
18

indicating that the nitrate is coordinated™", whilé the

cationic derivatives have a strong band at 840 cm ! and

1

a sharp band at 555 cm = characteristic of the PFg anion.

Infrared data are presented in Table III-3 .

d) Discussion

Generally the systems studied were not as reactive
toward insertion of substituted‘agetylenes into the
palladium-carbon bond as had been hoped. Only the acetylenes
substituted with two electron-withdrawing groups, CFj3; or ’
COQCH 3, inserted and this insertion ceased after two
molecules of acetylene had been incorporated, The cis
complex denedibhos was much more reactive than the ggggg

19

complex PdXMe (PEt;),. Similarly Puddephatt ~ found that

P3ClMe (bipy) reacted with CF3;C=CCF; at room temperature
to give the alkenyl complex, while Hagihardzo found that
trans-PAI(R') (PR3);, R' = methyl or alkynyl, reacted with

DMA only in refluxing sloxane, to give only the alkenyl

compounds and not butadienyl ones. This difference in

& ]
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reaq}ivity may be due to the nature of the intermediate
in the insertion'step. The mechanism of insertion may \
very well be as follows.
. 1) displacement of the anion by the acetylene
to form a four csordinate cationic species
(equatién 5).
2) rearrangeméht of this four coordinate complex
to a Eomplex in which the acetylene is cis
to the alkyl gfoup (equation 6).
3) migratory insertion to give the alk€nyl
complex followed by recoordination of the

anion (equation 7).

'

P—id—P T+ R'CzCR’ ; P——%d——? X \(5)
=C
AR Y
L .
P " w—
_ - '
; . s
p—Pd—P | X —_— p-_-l»d——!! X (6)
} :C .
- ‘ - ~\ - -
R ' ' R
p—}rid— . —_— x-—-—Id——-cc/ (7)
L} ] [}

For the system PdXMediphos, once the acetylene has

diéplaced the anion, it occupies a site cis to the methyl

82
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and thus does not require any further rearrangement about

balladium in order to insert. However for the system
trans PdXMe(PR3), if the acetylene dlsplaces the anion
to form a four coordlnate intermediate, a- further reaction
must occur fof the acetylene to insert., It may be that
this trans-cis isomerism is the rate detefmining step
fér species of the tjpe PdxXMe (PR3),. This result is
substantiated by thé difference in reactivity of
,[PdMe(énkﬂ?Et3)2]+ and [Pdli,é(CNR)diéhosJ+ toward formation
of an imine. The diphos cation undergoes insertion to
give the imine at 10°b whereas the trigﬁhylphosphine cation,
" in the absence\of‘added ligand is stable toward insertion .
in refluxing“et;anol. -

The rate of insertion of DMA into the c¢omplexes
PAXRdiphos (R = CH; or)Alkenyl) was exgzemely'dependent on
tﬁe nature of the anion *. This rate dependence is '
summarized in Table I1I-4 and would seem to.suggest
that displacement-of X by acetylene playstgn important
role in the reaction. A reaction sequence for.the
insertions is presented in Fiqure III-3.

Presumably when X = NO3; or solvent, the displacement
#f X occurs readily so that the rate determining step is
likely to be' the actual insertion reaction. Thus the
formation of alkenyl versus butadienfl products depends

on the relative rates of steps B and D 1n Figure II1I-3.
The Pd-CH;, bbng is most 11kely weaker than the Pd-

alkenyl bond especially if the alkenyl ligand contains -

ne PR ad feelBloas .
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Figure III-3. Reaction scheme for the formation of
butadienyl complexes from PdXMediphos and the acetylene

DMA. R = COOCH3
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electroﬂ—withdrawing groups. For example the platinum-
carbon bond in trans-PtXMe(PR;3), is readily cleaved by
HC1l, while. the platinum-carbon bond in Pt (C1C=CCl;)X-

(PPh,Me) , remains intact.??

Simi;arly the compound
trans-PdNO;Me (PEt;) ; decdmposés over a period of a few

days if exposed to air at room temperatufes but trans-

PANO,; [ CH,00CC=CCOOCH; (CH3) ] (PEt;) , appears to be indefinitely
stable under these conditiéns. !

?hus step13pred;minates'resulting firstly in the
formatioﬁ of the alkenyl product. ~Subsequently in a slower
step the‘a—butadienyl is formed if two equivalents of
acetyléne are’used. When X = C1 .however, the rate of
the displacement of Cl_(A+C) becomes significant so that
there is less distinction between reactions B and D.
Consequently both aikenyl and butadienyl products are
formed.

This dependence of rate of insgrtion upon the nature ,
of the anion in Pd(II) and Pt (II) complexes has been .

23

observed elsewhere,- Maitlis™" found that the species

PACl (H) (PR3), failed to reéct with conjugafed'dienes;to
gi§;~the cofrespohding(n—allyl catio&s. How;vef if the
solvated cation [Pd(H)S(PR3)2]+ was used a quigk insertion
took place to give the n-allyl. clark®™? fhag that
the insertion of acetylenes into Pt-H bon;\i2:’:jszems of
the type PtX(H) (PR3), is dependent 6n the hature of X.

The rate being in the o;derksolvent)PFs 3 NO3 > Cl.

The nature of the, acetylene was also Iimportént in




determining the rate of reaction. Th?;acetylene CF3C=CCF,

inserted more slowly than DMA into thé Pd-CH3; bond and no
butadienyl product waé'formed. Aiso DMA inserted into
the Pd-alkenyl bond of gd[CF§C=CCF3(Me)] more slowly than
into the Pd-alkenyl bond of PA[CH;00CC=CCOOCH; (CHj)].

Thus DMA is the more reactive acetylene and alkenyls
produced. from insertion of DMA into a Pd-CH; bond are ”{
more reactive than vinyls produced from insertion of
CF3C=CCF3 into a Pd—CH3 bond.

~ The failure of either acetylene to produce a product
cont&ining 3 moles of acetylene per palladium atom was ;
disappointing but'can be rationglized in two ways. Possibly
the incorporation of a large Aumber pf electron-withdrawing
’gfoups on the butadienyl ligand incréases the stability
of the Pd-carbon bond resulting in a decrease in reactivity.
Algernately, once a c-butadienyl fragment has been formed
the double b%?d at‘the end of the chain competes with free
acetylene for the vacant coordination site produced by

displacement of the anion.(equation.S).

N e,

P T . \/
)\¥d//,x K R | _———Q§ |,
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However, we have no evidence for such coordination in this

system.

)

The magnitude gf the J(F-f)«of the alkenyl compounds
derived from insertion of CF3CEng3 into the Pd-CH; bond
ipdicated that the CF4 groups were mutually g%;r"éhis
implies that cis additioﬂ across the triple bohd has
occﬁrred. Cis addition of metal-hydrides and of metal
alkyls to unsazura£ed oréanic compounds is thought to
be the usual c.:-;.se.d.9 However there exists the possibility
that addition is actually trans and this trans product
isomerizes to pfoduce the gig‘product. Studies by
Schivartz24 on several vinylic Rh(III) complexes has shown
that in certain cases isomerization is possible. However
isomerization wa§ always from a cis compound to a Eiggg
compound. Moreover the form;tion of the insertion products
reported here could be conveniently followed in the H nmr.
In no.instance were signals observed which corrésponded
to the preéence of a.Egggg alkenyl or butadienyl product.

The compound PdMe(nsgfsﬂs)PPhg also reactéd with
CF3C=CCF; and DMA to give only the alkenylcompounés.

The stereochemistry of the alkenyl group, derived from
insertion of CF3C=CCF3, indicated, with the previou;ly

. mentioned reservations that the addition across the

triple bond was cis.

: _ »
As the starting compound is an 18-electron complex
it is coordinatively saturated.25 To allow the acetylene ’

to complex and insert, a vacant coordination site must

-




-

be created. 'There are two possible ways in which this
may be éﬁhiéved. The first way is displépement of the
phoséhiﬂe ligand by the acetyleng, goilowed by insertion
and recombingtion of the free phosphine'witﬁ the metal

centre (equation 9). . ' 4

Alternatively, and more likely, tﬁe coordinatioh of the
acetylene causes thenshcsHs ring to change its mode of -
bonding to a g-cyclopentadienyl type.. The Pd is now

in only a l4-electron configuration and coordinatiog of
the acetyleng is now possible to give.a l6-electron | ’ E

complex. Insertion leads to a l4-electron alkenyl coqplex

allowing the o-cyclopentadienyl ring to revert to a

n5—C535 tfpe reforming an 18-electron compound (equation

10).
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Pd + RC:CR —> Ph3P—-Pd‘——CH3

H3-C/ \PPh3 ) \R
‘ ‘1’ (10)

O

ok o o
\ / \Ppﬁ3 <« Kc.—c/ \PPh
/ N, SN\

* This interconversion of a n°-C#s ring to the

*

o-bonding type has been well documented fé6r square planar

d8® systems, by Cross and wardle?5, They found that

compounds of. the type PtX(n3-CsH5)PR; (X = alkyl, Cl or

aryl) would react with a donor ligand to form the seuare

7planar ‘o-bonded cyclopentadienyl complexes (eéuation 11).

| . | - ‘ o
Pt -+ L _— L—Pt—PR;  (11)

/ \ . (L=PRj,CO) |
X N PRy ' \ ' X

The corresponding Pd species were too unstable to isdlate)

‘however, but !H nmr evidence implied the existence of such
. - ]

.. T e / b
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'a-bondnd cyclopentadienyls.
e) ‘Bx?erimantal
i) Preparation of trans-PdNO;Me(PEt;), .
To a solution of trans-PAClMe{PEt3), (0.300 g) in
acetone (20 ml.), was added siive{’nitrate (0.129 g) in
3 ml. of water. The solhtigﬁ was stirged and then filtered

'to remove the thick précipitate of silver chloride. The

LY

- \.-,s('ggg e

filtrate was taken to dryness on a rotary eédborator and

the residue in dichloromethane passed through a column of

florisil. The eluate was collected and the solvent

B
- .
Wy G g,

removed to give the nitrate as a white solid. Yield was
0.304 g’(QS%). | : -

1i) Preparation of trans-PANO;[CH;00CC=CCOOCH; (CHj)]-
(PEt;), . - B

Trans-?dNOane(PEtg)g (0.200 g) and CH3400CC=CCOOCH;
-(0.058 ml) were stirred in dichloromethane for 12 hours |
'tb‘give a yellow solutiﬁn;. Removal of the solvent gave
a sticky oil which was chronatoqraphed'on silica -gel ®
) using dﬁethyl ethar as the eluent. -The title compound
was contained in the second band of ﬁhe thick layer
‘chromatogiaﬁhy plate. The'cqigsund‘wal separated from
the silica gel by extraction with acetone to give on
evaporation white crystals. ‘

Yield was 0.081 g (35%).

iii) Preparation of Pduogucdi;ho-:

To a suspension of PAClMediphos (0.300 g) in acetone
atloog was aﬁ@ed silver nitraée (0.091 g) in:3 ml of |




wa . A thick white precipitate of silver chloride was
'noticed. After 30 minutes, the solution was filtered
through cellte and the filtrate taken to dryness on a
rotary evaporator. The residue was dissolved in dichloro-
‘methane apd passed through a short column containing
florisil. Diethyl ether was added to the eluate causing
the formation of white crystals.

Yield was 0.245 g (78%).

iv) Preparat;on of PdCl[CHSOOCC=CCOOCHg(C(COOCHg)=
C (COOCH3) CH;) ]diphos '

PdClMediphos (0.300 gs and DMA (0.066 ml) were
dissolved in dichloromethane (10 ml1) and transferred to
a thick walled Carius tube. The tube was sealed and heated
to .85°C for 3 hours. The tube was cooled, opened and the
contents filtered. The solvent volume was.reduced and‘
efher was added to produce white crystals of the title

compound.

1

]
Yield was 0.210 g (56%).

v) Preparation of PACL[CF;C=CCF;(CH;) ]Jdiphos

Hexa-fluoro-2-butyne (0.175 g) was condensed onto
PdClMediphos (0.300 g) in dichloromethane (lb ml) in
a Carius tube. The tube was sealedy heated for 3 hours
at 85°C and then cooled. The tube was opened and the
contents filtered. Addition of eiter to the tiltrate
precipitated white crystals. |

Yield was 0.251 g (65%).
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vi). Preparation of PANO;[CH3;00CC=CCOOCH; (CH;) Jdiphos
To an acetone or dichloromethane solution. of PANOjMe-
diphos (0.250 g) was added DMA (0.053“m1). The solution
was stirred for 26 minutes and then seripped to dryness.
The residue was recrystallized from dichlo;opethane/diethyl
ether to give off-white crystals of the title compound;'
Yield was 0.233 g (75%). i
vii) Preparation of Pdnoa[cﬁaoocc=ccéocna(c<coocn;)=
C (COOCH ;) CH3) Jdiphos |
To an acetone or dichloromethane solution of
PANO3Mediphos (0.250 g) was added QMA (0.106 ml). The
solution was stirred for 3 hours and thén stripped to
dryness. The residue was recrystallized from dicploro-
methané/ether to givg off-white crystals of the title
compound.
Yield was 0.261 g (70%).
viii) Preparation of [PA[CH;00CC=CCOOCH;(CH3) ]JPPh ;-
'diphos]PFg ¢
- PdClMediphos (0.300 g) was suspended in 20 ml. of
tetrahydrofuran and the flask and its contents cooled to-
-15°C. Silver hexafluorophosphate. (0.136 g) dissolved in
10 ml. of tetrahydrofuran was added slowly. An immediate

precipitate of silver chloride appeared and the solution

94

was stirred for 15 minutes. The contents of the Flask were

then filtered through aacold frit containing a pad of
celite, into a flask chilled to 0°C, to give a clear

colourless solution. DMA (0.066 ml.) was added and the

b3
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solution was stirred for 15 minutes. Triphenylphosphine
(0.141 gq) in 10 ml. of tetrahydrofuran was added and then
the solvent was rémoved. The residue was recrystallized
from dichloromethaneédiethyl ether to give fluffy white
crystals. ' v :

Yield was 0.463 g (80%).

ix) Preparation of [Pd[CH3;00CC=CCOOCH; (C(COOCH;)=
ccoocn3(cn3))]Pph3diphos]Pf'8

The solvated cation [PdMe(S)diphos]PF¢ was made in ’
ELEE as above and DMA (0.133 g) was added. The -solution
was' stirred at 0°C for one hour and then triphenylphosphine
(0.141 g) was added. The solvent was then removed by a
rotary evaporator and the residue recrystallized from
dichloromethane/dieth§1 ether to give white crystals.

Yi®ld was 0.458 g (70%). '

x) Preparation of PANO3;[CH;00CC=CCOOCH;(C(CF3)= -
C(CF3)CH;) ]diphos®’ . '

PANO3[CF3C=C(CF3)CH; ]diphos (0.100 g) and DMA (0.017 ml.)
were dissolved in dichloromethane (3 mls.) and the solution
stirred for 48 pours. Addition of ether gave a white
precipitate of thé butadienyl compound.

Yield was 0.089 g (75%).

xi) Péeparationqof PdMe (n°-CgHg) PPh,

PAC1(n5-CgsHg)PPhy (1.0 g) was dissolved in 50 ml. of
toluene and the solution was cooled to ~78°C. 2.5 ml. of

a 1.84 M solution of methyllithium in ether was slowly

added. As the solution was warmed to 0°C its original




dark green colour changed to orange-red. After the solution
was stirred for an hour at 0°C the excess methyllithium
was hydrolyzed with ice~-cold water. The contents of’the
flask were transferred to a sepafatory funnel and the
organic layer put aside. The aqueous layer was extracted
with threé 50 ml. portions of diethyl ether and the

combined organic layers were washed with 50 ml. of water.

After drying over Mgsou the brganic layers were stripped
to dryness. The orange residue was récrystallized from
toluene/hexane to give orange-red crystals.
Yield was 0.69 g (72%). °
xii) Preparatioﬁ of PA[CH;00CC=CCOOCHj (CH3) ] (n>-CsHs)~
PPh, | )
A solution of PdMe(ns-Cﬁﬁs)PPha (0.300-g) and DMA
(0.082 ml) in dichloromethane was stirred qu£}2 hours.

The original orange-red solution darkened to brown-red

e ) S s e

.
e
B

colour. The solvent was removed and the 0ily residue was
chromatogréphed on a silica gel column. Elution with
pentane followed by benzene gave some brown material which
was not characterized. Elution with diethyl ether gave a
deep red eluent which was collected and stripped to dryness
to give a crystalline mass. Recrystallization from toluene/-
pentane gave needle-shaped maroon crystals.
Yield was 0.237 g (60%).
xiii) Preparation of’Pd[CF3C=CCF3(CH3)](ns-CSHS)PPha .

A one-necked round bottomed flask‘equipped with a

serum cap, was charged with a solution of PdMe(n3-CgHgs)PPh,
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(0.300 g) in 10 ml of dichloromethane. The flask was

evacuated via a syringe needle and hexafluoro-2-butyne
introduced to produce a pressure slightly greater than one

atmosphere. The solstion was stirred for 12 hours during

which time the colour of the solution changed ffop red
£o reddish brown. On removal of the solvent a reddish oil
remained, which wés chromatographed on silica gel, using
a 1:4 mixture of toluene/pentage as the eluent. A
pinkish-red band came off which was collected and ~ .
evaporated to dryness. Recrystéllization of the residue ﬁ_
from pentane/toluene gave burgundy red crystals.
Yield was 0.220 g (54%).
xiv) Prepa}ation of PdNO3[&F3C=CCF3(CH3)]diphos

A solution of PANO3Mediphos (0.300 g) in dichloro-

B LAV e

methane (10 ml.) was stirred for 4 hours under an atmosphere
of héxafluoro—2-butyne. The solution was then filtered
through celite and diethyl ether added to the filtrate to
give white crystals of tﬂe title compound. Yield was

0.240 g (62%).
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CHAPTER IV

THE REACTION OF 'g_l_}_AN__._‘.‘;_—PdNOa(H)o (PCy3), and
* TRANS-[Pd (H) (CH;CN) (PCy3), JPFg WITH SOME &
DISUBSTITﬁTED ACETYLENES
\ o ‘ o )
a) Introduction -
The insertion step in the catalyzed hydfogenation of
olefins and acetylenes has been studied %p some detail for

1,2,3

Pt(II) hydride coﬁbiexgs. Thus, Clark and Wong have

examined the reaetivity éf substituted acetylenes toward
insertion into the Pt-hydride bond of the systéh EEEéEf
PEX(H) (PEt3), [X = C1 , NO3  or (solvent) PFg J. Evidence,
- was presented for a mechanistic pathway which may involve
either four or five coordinate intermediates, depending on
the nature of the ligand trans to the hydridic hydrogen, and
on the coordinating ab;lity of the acetylene. Both of these |
pathways at one point, bring the hydridic hydrogen and the s
, substrate cis to one another on the metal, and from this

arrangement migratory insertion may take place. s

The reactions of Pt (II) hydrides'withzdisuSstituted

acetylenes are ideai for determining the.stereochemical course
of the insertion step. From the !H and !°F nmr spectra of
" the 51keny1 prdducts the cis or ézggg geometry q?out fhe oo

alkenyl bond can be determined. 1In addition for an

\
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unsymmetrical acetylene the disposition of the acetylene

o -

substituents with réspec£ to the a and'Bpgpsitions of
the alkenyl product can often be determineau The
determination of these factors provides considerable
information on the nature of the insertion step.

Similarly Clark and Attig have examined the reactions
of the solvated cation éggggf[btﬂ(s)(PCy3)2]PF5 with
disubstituted acetyienes.; ‘The bulky phospﬁine groﬁps
had a marked effect on the inser@ion reaction. Clearly,
then, the reaction will be affected by thé ligands on
metal and by the nature of the metal itself. We were
therefore interested in examining the reactions ofﬂai—
substituted acetylenés with palladium hydrides in order
to compare their behaﬁiour with that of tﬁe analégous
platiﬂum hydrides. However, the number of stable well
characterized: palladium hydrides are few.

Attempts to prepare palladium hydrides by using
conventional feducing reagents sﬁch,as hydrazine hydrate
or sodium Borohydride with compounds of the type trans-
PdClziPR3)2 have led oniy to decomposition. Glockling4'
has prepared trans-PdCl(H) (PEtj3),; by using grimethylgermane

as the reducing<agent,(equatioﬁ,l).

trans-PdCl, (PEt;), + GeMejH - trans-PACl(H) (PEt3), (1)
Repetition of this pgepa:ation'dia indeed lead to this
hydride but it was extremely unstable and difficult to

handle. Uchida5 has reported the preparation of trans-

> .
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PACL (H) (PPh3), by the oxidative addition of HCl to |
Pd (PPh;), (?quation 2) .

-50°C

2
- (2)

Pd (PPh;y), + HCL

trans-PdCl (H) (PPh3) »

This proceduré could not be repeated by either myself or

I

by otheér members of our research group.

6,7

Maitlis has prepared palladium hydrides o

in situ by 8 elimination processes. (equation3 ).

p

HPh ———CH

g

-

2

4

L

X : : + 2L —>  pdClHL,  (3)
oy -
PAC1 | .

+ \ R
 CgMe CPh=CH ¥

¢

8,9,10

Green has prepared a number of palladium

R is a ‘ )
7 .

bulky substituent such as cyclohexyl or~isopropyl,_by

hydrides of the type trans-PdCl(H) (PRj3),, where

using a nickel hydride as the reducing agent(equation 4).

)

trans—Nl(BH4)H(PR3)2 + trans—PdClz(PRé)z + PR, =—>

B

3

(4)

trans-PdC1l(H) (PR + A- i
(H) ( 3)2 trans l‘\ucl(H)(PRB)2 + 32H6

i

These hydrides af@ particularly stable, a property which
has been attributed to the steric bulk of the phosphine

) ligands.8
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11,12 reported the preparation of trans-

- Recently Saito
PANO; (H) (PCy3), by the reduction of Pd(NOj3), (PCy;), with
NaBH,. The high yield of this reaction is-probably due |
to the high sfability of the product End because the
starting material is quiteé soluble compared to the chloride
complex- allowing rapid reduction.

Our repetition of this procedure also resulted in
high yields. The hydride was air stable in the solid state
but rapidly d¥§pmposed in solutions' that were not:oxygen-
free. Because of its ease of preparation and handling we
decided to investigate the reastions of this hydride with
disubstituted ﬁbetylenes. In addition, the reactions‘
would pg directly comparable £o those of the analagous

platinum system.l

b) Results -

The palladium hydride trans—PdNb3(H)(de3)2, I,"

was prepared by the method of Saito and Morigama.12 The
brown product obtained from thjs procedure could be
purified by washing with small amounts of- ice-cold acetone,
to give a wﬁlte pbwder. )

The hydride I- reacted smoothly in dichloromethane

with disubstituted acetylenes bearing one electron-

withdrawing group, to give alkenyl compounds (equation 5).

I + RCaCR' —_—

.. A (5)

oot N R ma v



In each case reacd¢tion was complete after about four hours
andiihe products could be isolated as cream coloured
crystals. In all inétances,‘the presence of only one
product was detected both during and after the reaction.
The yields were always at least 65%s indicating that the
insertion reaction was by far the dominant one.

The acetylene CH3;C:=CPh failed to react with I, while
the acetylenes PhC=CH and PhC=CPh reacted to produce
mixtures which showed qlefinic hydrogen resonances in
their !H nmr spectra. However, worf up‘of these reaction
mixtures produced only red oils whose lH nmr spectra did not
display any~olefinic hydrogen resonances.

If I was allowed to react with acetylenes substituted
with two electron-withdrawing groups the reaction was
considerably more complicated. For the reaction of I
- with DMA, no products could be isolated. Affer one
equivalent of DMA had beé; adde? ;o da dichloromethane
solution o% thé hydride, the !H nmr spectrum showed the
pfesence of many methyl ester resonances, two alkenyl
hfdrogen resonances as well as the hydride signal of the
starting material I. Further addition of DMA resulted |
in the disappearance of the hydride signal, an incéease
in complexity of the methyl ester signals and the formation
of yet another alkenyl hydrogen reéonhnce. Further product
characterization could not be achieved. '

If hexafluoro-2-butyne was allowed to react with I

in dichloromethane at one atmosphere pressure the colour
'
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of the solution lightened. After two hours an infrared

spectrum of aportion of this solution displayed a band

at 2143 cm ! dQue to v(Pd-#él) of residual I, and a new band
‘at 1762 cm—l-due to the formation of the zero-valent sbecies
PA(CF3C=CCF3) (PCy3), (II). After 8 hours the hydride signal
.had completely disappeared l@aving the s;rong band at

1762 cm™! and a weaker band at 1616 cm ! due to some

alkenyl product. If the same reaction was carried out in

an nmr tube at 2-3 atmospheres pressure of CF3CECCF$ the

alkenyl product III was obtained, although in a poor yield.

3
\

pa—}| p H

yd C ) pd d\\ /
)

Cy,P ; PCy C=xC
3 g : 24N
3 Fq CF,
. . II . . - ILIX 0 ™~
\ .
/

The zero-valent acetylene compound II could be pre-

pared quantitatively in a pure form if proton sponge13 was

4

added to the reaction solution. When CF3C=CCF3; was bubbled °’
through a benzene solution of I in,théipresence of pfoton
sponge &n immediate precipitate of profon sponge * HNO3

was observed. From the solution white crystalé of II

-

could be obtained on addition of methancl. 1In a simiiar
manner the zero-valent acetylene complex Pd(CH300CC=CCOOCH3)~ ’
(PCxé)z (Ey) was prepared.

-~ The hydridocﬂﬁoride complex trans—PdCl(H)(PCy3)2-(V)8

could be prepared by treafingaihe‘hydridoﬁit;ate(l) with

Lo

a

- +
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a ten fold excess of Et,NCl in benzener Compound V failed
. to react wiih substituted acetylenes at room temperature
in dichloromethane solution. However, the solvated

cation [PAd(H)CH;CN(PCy3),;]PFg (VI) could .be prepared by
tregtmentuof.ﬁ with AgPFg in acetopitrile solution. The
- cation VI could be isolated as white air stable crystals
in 65-70% yields.

. Acetylénes containing one electron-withdrawing sub-
stituent reacted with this soclvated cation VI in a variety
of soléénts at room temperature to give alkenyl products,
isolated as the neutral chloride complexes by quenching
the reaction soluﬁions with LiCl.

The rate of reacgzoa_was Bolvené dependent, being in

¢
‘the order CH,Cl, > acetone > CH;3;CN.

Reaction of VI with the acetylene DMA br CF3C=CCF;
‘éroéuced complicated mixtures f{pm which no single compound‘-
could be isolated. .

The zero-valent compound II reécEEd with one equivalent
of HCl (generated by the action of methanol on acetyl

chlbride) to give the alkenyl P3d(II) compound VII (equation 6).

P

II + HC1 H ' (6)
\»
™ =N
3 CFy
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The zero-valent compound IV also reaéted with one
equivaient of HCl to give mixtures of products, some
of which appeared to be alkenyl'derivatives. No prodhct
could be isolated in a pufe state.

Anaiyfical results and physical propérties of the new

compounds are presented in Table IV-l.

c) Discussion of the !H, !°F and infrared spectroscopic
data for the new compounds.

The !H nmr spectra (Table 1IV-2) of the alkenyl pro-
ducts trans-PdX(alkenyl) (PCyj3), (¥ = Cl or NO3 ) all
contain an intense bro;d signal between 1.0 and 2;5 pgm,
due to the 66 hydrogens of théegyclohexyl rings of the

phosphine ligands. The resonance -for the alkenyl proton

for each product appears between 5.5 and 9.0 ppm. For

' the products derived from insertion of the acetylenes
RC=CCOOCH;3;, R = Me or Ph the sign;l for the vinylic proton
appears as a broad singlet, hence nothing further can be
said about the stereochemical arrangement of theralkenyl
substituents. For.R=H however, two vinylic hydrogen
resonances are observed (Figure IV-l). One signal is a
doublet of triplets centred at 8.69 ppm [J(P-H)=6.0 Hz
J(H-H)=16 Hz] and the other signal a doublet centred at
5.90 ppm [J(H-H)=16 Hz]. Irradiation of the signal at
8.69 ppm,causé; the signal at 5.90 ppm to collapse to a
singlet and irradiation of the signal at 5.901ppm causes
the signal at 8.69 to collapse to a triplet of relative

intensities 1:2:1. The large value of J(H-H) necessitates
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1
Figure IV-1. H nmr spectrum of trans-PdN03[HC=CCOOCH3-
(H) J(PCy,),

A. Spestrum run at 1000 Hz sweepwidth in CDC13.
Spectrum also. nta{ned broad resonances between 1 and
3 ppm due to the cyclohexyl protons.

B. Appearance of the signal at 8.69 ppm while

irradiating the signal at 5.90 ppm.
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4

the two vinylic hydrogens having a trans disposition about
the double bond.14 The triplet appearance of the low

field resonance is due to coupling to the mutually trans
phosphorus atéms and implies that it is due to the hydrogen
atom on the carbon atom a to the palladium atom. Such a
low chemical shift for a vinylit proton on the carbon in
the o position of a metal-bonded alkenyl derivative has
been observed previously.15 Thus the structure of this
alkenyl derivative is unambiguously determined as VIII in
which c¢is addition has occurred and the hydride atom has

added to the carbon containing the électron—withdrawind

group.

3 /PCY3
\ /"

PCy3 Cc=C

H// \\bOOCH

The vinylic hydrogen resonance of the product derived

VIII

3

from insertion of the acetylene CF,;C=CPh, appears as a
1:3:3:1 quartet due té coupling to the fluorine atoms of
the trifluoromethyl_group [3(F-H)=10 Hz]. The magnitude
of this coupling requires the hydrogen to be on the same
carbon as the trifluoromethyl group16 but the disposition
of the palladium atom or the phenyl gfbup about the double
bond with respect to the vinylfé hydrogen cannot be
determined.

The insertion broduct derived from the acetyle€ne
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'CF3C=CCF3 shows in.its !H nmr spectrum one vinylic s
hydrogen resonance at 5;72 ppﬁ which is a 1:3:3:1 quértet e
due to coﬁpling to the fluorine a;oms,of one of the CFj;
groups [J(F-H)=10.0 HzJ. The 19F nmr spectrum of this
préduct displays two,equalli intense sets of signals. The
low field rqsonancg‘ceptred at 42,51 ppm is a 1:3:3:1
quartet dug to couplihg to the fluorine atoms of the other
CF3 groué [J(F-F)=12.g Hz]. The high' field resonance |
centred at,Si.bO ppm is a doﬁblet of quartets due to
coupling not only to'the-low field flﬁorine atoms but to .
the vinylic hydfogen atém.' Noise ‘decoupling of the préton
region causes this signal, to collapse to a quartet. The
large value of g(F-F) implies that the two CF3 groups are
cis to one another about the alkenyl carbon-carbon boqg.ls

Compound VII formed b; the reaction of the zero-valent
acetylene complex Pd(CF3CECCF3)(PCy3)2 with HC1 also has
this cis disposition of the CFj3; groups. .

The !'H nmr spectra of the zero-valent compounds
Pd (RC=CR) (PCy3) 2 (R=CFj -or Cdocng) show the broad resonance;
between 1.00 and 2.5 ppm, of the cyclohexyl protons and in
the case of R=C00CH3 a singlet at 3.69 ppm due to the methyl
.ester protons. The !°F nmr séectrum of Pd (CF3;C=CCF3) (PCy3) 2
exhibits a'Broad resonance at 51.2 ppm, similar in shape to
the analagous platinum compound. The appearance of fhisi *
signal is due to the spectrgh being an Aj;AYXX' type (X=P;A=F)f

-

. The infrared spectra of all the alkenyl products

(Table IV-3) show a band between 1550 and 1620 cm ! of
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weak to medium intensity, which may be assigned to v (C=C).
For those products containing an ester group a band at
around 1720 cm ! due to v(C=0) is observed and for those
products cpntaininélCthgroups strong bands between 1100-
1400 cm”! due to v(C-F) are observed.l’ The nitrato
derivatives all contain a strong band at around 1285 cm !

18 The two

‘indicative of a coordinated nitrate anion.

zero-valent acetylene compounds Pd(RC:zCR) (PCy3), both show

a sharp intense band, at 1813 cm ! for R=COOCH; and at

1762 cm ! for R=CF3. This band is due to v(C=C) which

is lowered in frequency upon coordination to the metal.19
Infrared and !°F and 'H nmr data f§r the two zero-

valent combounds are contained in Table IV-4.

d) Discussion .

In considering the nature of the insertion step,

(equation 7), two models may be proposed which repgsgent

H Pd
c===c —> ' \ _c/ (7)
Pl/ \R2 - R1/C-_ \Rz

“the extreme descriptions of the transition staée. In the

Pd

first model, the commonly held assumption is made that the
Pd-H bond remains intact while the appropriate geometry of
the transition state is attained. This suggests (but

does not necessarily require) a four centred transition

state, A.




In the alkenyl products obtained here the disposition of
the substituents on the double bond is such that it would
appear that cis addition of the PA-H fragment across the
triple bond of the acetylene has occurred. This is con-
firmed for R;=R,=CF3; by the large J(F-F) = 12.2 Hz and

for Ry=H, R,=COOCHj3; by the large J(H-H) = 16 Hzls. This
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is consistent with a four centred transition state, although

not proof of it.

For a disubstituted acetylene inserting into palladium

hydride bond via such & transition complex, the disposition

of the acetylenic substituents with respect to the o and
B positions of the alkenyl product would depend primarily
“ on the polarity of the Pd-H bond. For R;=Ph, R,=CF; and
Ry=H, R,=COOCHj3; the electron-withdrawing substituent is
‘unambiguoﬁsly determined to be on the g-carbon of the
alkenyl group. Thus thé polarization of the transition

state may be described as in B.

\
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Thié contrasts with results obtainedvon4acetyrene'
insertion into Pt (II) sfstems.“For the combounds trans-
PtX(H) (PEt3), X=C1,NO3 the resulting alkenyl product
always had the most electron-withdrawing,substituent on
the B—carbonl as is the case found here. However, for
the cationic complex trans-[Pt(H) (S) (PEt;),]PF; reversal
of the substituents sometimes occurred to give a mixture
of products.l In no case was this found for the products
of the reaction of disubst;tuted.acetylenes with the Pd
hydrido-nitrate or the Pd hydrido-solvated cation. Moreover
for the analagous platinum hydride cation trans-[Pt(H) (S)-
(PCy3) , JPFg the alkenyl group tended to have the stereo-
chemistry with the more electron-withdrawing acetylenic
substituent on the a-carbon. Thus, with CF3C=CC¢Hg only a
product with the CF3; on the a-carbon is obtainedl. To
explain the difference Between the two platinum hydrido-
cations an argument based on the relative basicities of
tricyclohexylphosphine and triethylphosphine was used.-

As tricyclohexylphosphine is more basic than triethyl-
phosphine it will increase the electron density on platinum
more so than triethylphosphine would.2? Thusufhe chdrge
difference between the platinum atom and the hydride could
reverse leading to a transition state in which the platinum
islmore pogitively charged than is the hydride (equation 8).
It aépears that this increase in electron densitx_dn the metal
when going from triethyl to tficyclohexylphosbhiné is not

great enough in the case of palladium to cause the

3

s




' 3 ’ . - palladium atom to be positive in nature with respect tp
' L]
the hydridic hydrogen.

—n .

‘ A second moiﬂ' for the insertion step invol;%s actual
B migration of the hydridic hydrogenAto the coordinated -

. acetylene. 1In its extreme form, it could be regarded as
é'stepwise.process‘involving prior cléavage of the Pd-H °
bond. Such cleavage might be heterolytic or homolytic.

That facile Pd-H cleavage may.occur in the course of
such reactions is readily‘demoﬁstrated in the reaction of

. trans-PANOj3 (H) (PCys), I with the {é}tylene CF3C=CCF3 or
DMA. '

If a dichloromethane solution of the I is stirred.
under a one atmosphere pressure/of CF3;C=CCF3 a reaction takes
place which may be conveniently fgllowed in the infrared
spectrum. Over-; éeriod of a few hours the hydride band
disappears and a new band due to the zero-valent cohplex
PA(CF;C=CCF;3) (PCy3) , appears. Further reaction produces a

band at 1616 cm ! due to an alkenyl product. -

These results could be explained if the insertion

process occurs by a sequence of steps involving (a) reductive

elimination of HPFy and formation of the zero-valent compound

-

A




CI_ ~PEtg

N

C/HS;:N@

Et3P

<
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sponge+HNO3 salt precipitated. From the solﬁtion the

zero-valent écetylene complex was~isolated in high yields.
Thus, it appears that only for acetylenes containing

two electron-withdrawing groups does an equilibrium between

the PA(II) hydride and the Pd(0) complex exist. The

insertion "step" would then appear not to inyolve hetero-

lytic cleavage of the Pd-H bond followed by protonation

of the coordin%ted acetylené: For the acetylenes RCECR

(R=CF4, CbOHa), the proton sponge drives the equilibrium

(C) completely to the right. It is not surprising that

only for the acetylenes RC:CR R=CF3 or COOCH3 do the

equilibria between the Pd-hydride and the Pd(0) exist.

The only Pd(0) acetylene complexes made so far, containelec-

tron-withdrawing groups. The presence of the electron-

withdrawing substituents assists in the stabilization of

the zero-valeﬁt complex; .attempts to prépare Pd(O)q

acetylene complexes usiﬁg otper acetylenes hav%dpesulted

only. in decomposition.

' The zero-valent acetylene compound Pé(RCsCR)(PCy3)2

reacted with HC1l to form the alkenyl compound. Presumably,

the addition of acid regenerates the palladium hydride -

which can then undergo insertion. Such prqtonation.reactions

to form alkenyl derivatives are quite common for the

platinum zero-valent acetylene complexes Pt(RCECR)(PR3)2.21
The v(C=C) of PA(CF3C=CCF3) (PCy3), comes at 1762 cm !

in the infrared spectrum, one of the lowést values for a

~PA(0) acetylene complex. For a series of related metal ;-




acetylene complexés the v(Cz=C) has an inverse relationship

to the bend back angle of the substituents on the acet.ylene.z2

This bend back angle is caused either by an electronic factor
or by a steric factor. ‘In this case the large bulky
phosphine ligands may steriéally forée the substituénts

on the acetylené aw;y-from 1ineérity causing the low value
.0f v(C=C). An X-ray study of this compound is ‘in progress

to determine such steric effects.23

e) Experimental

Palladium powder was obtained from Johnson Matthey
Malléry<Ltd. and NaBH, from Fisher Scientific. Tricyclo-
\ hexylphosphine was purchased as the carbon disulphide
adduct from Strem Chemicals Inc. and wag decompoéed to
the free phosphine by refluxing in ethanol. CH3CéCCOOCH3
was obtained by the methylation of’ietrolic acid with
methandl using sulphuric acid as a catalyst and was
purified by distillation under vacuum. CF;C=CPh was.
kindly provided by Dr. C.S. Wong.

All reactions involving palladium hydride complexes .

L4

were carried out under an inert atmogphere using standard

techniques.z4

Solvents were dried over molecular si&Ves

_ and degassed by the. freeze-thaw method.prior to use.
i) Preparation of Pd (NO;) ,2° ‘
Palladium powder (2.0 g) was disgolved in S ml. of

concentrated nitric acid. The resulting deep red-brown

solution was vef& carefully t&ken to dryn:ls on a hot

¢

plate to give a dark ‘brown crystalline mass. The crystals




were transferred to a dessicator and stored therein.

ii) Prepafation of Ezgéngd(NO3)2(PCy3)2lz

To a slurry of tricyclohexylphosphine (4.86 g) in
50 ml. of ethanol at -40°C was added solid PA(NO3),(2.00 g).
The solution was stirred at -40°C.for two hours and then
warmed to room temperature. The bright yellow precipitate
was filtered and- washed with ether to give Egggngd(NO3)2:
(PCy3),. Yield was 6.40 g (93%).

iii) Preparation of Ei;_l_s_-PdNO:.,(H) (PCy3) -2

Trans-Pd (NOj3) , (PCy3), (5.00 g) was dissolved in a
mixture of 150 ml. of benzene and 75 ml. of ethanol and
the solution cooled to 0°C. NaBH,(0.241 g) in ethanol
(20 ml,) was added dropwise. The solution became dark
brown and after the addé}ioq‘was complete the soution
wés stirred for 24 hours‘zé“%oom temperature.

The solution was then filtered and the solvents
removed under vacuum to give a dark brown solid. This
solid was placed on a frit and washed with 2 x 10 ml.
portions of ice-cold degassed acetone to give a grey-
white solid. . Yield was 3.86 g (84%).

iv) Preparation of trans-PdCl (H) (PCys);.

Trans-PdNOj (H) (PCy3)2 (3.00 g) and EtyNCl (3.4 g)
were dissolved in dichloromethane and stirred for an
hour. The solvent was removed and the residue extracted
with three 56 ml portions of benzene. The benzene extrécts
were reduced té a small volume and pentane added to induce

crystallization. Yield was 2.19 g (76%).
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v) Preparation of trans-[Pd(H)CH;CN(PCy;),]PFg

To a suspension of trans-PdCl(H) (PCy3), (1.00 g)
in acetonitrile (10 m;f’was added AgPFg(0.359 g) in
3 ml. of acetonitrile. The thick white precipitate of
silver chloride was removed by centrifugation to give
a clear solution. This solution was concentrated and
dichloromethane (4 ml) added. After filtration through
celite diethyl ether was added to the filtrate to
produce white crystals. Yield was 0:96 g (79%).

vi) Preparation of trans-PdNO3[RC=C(R!)H](PCy3),

 Trans-PANO; (H) (PCy3), (0.250 g) was dissolved in

dichlorgméthane (10 ml) and one equivalent of the
appropriate acetylene was added. After 4 hours the solvent
was removed gnd the residue taken up in benzene, and
passed through a column containing florisil. Methanol
was added to the filtrate to give white crystals of
the vinylic product. 1In this way were prepared
trans-PANO3[CH3C=C(COOCH3)H] (PCy3), (73% yield)
‘.Er;a&s_-PdN03[PhC=C(COOCH3)H] (PCy3) 2 (71% yield)
trans-PANO;[PhC=C( CF3)H](PCy3), (65% yield) ~
trans-PdNO3;[HC=C (COOCH3)H] (PCy3), (68% yield)

‘vii) Preparation of trans-PANO3[CF3;C=C(CF;)H](PCy3),

Trans-PdNO; (H) (PCy3), (0.250 g) was disso;ved in
0.5 ml. of CD,Cl, and the solution transferred to a -
thick-walled nmr tube. A large excess of the acetylene

CF3C=CCF3 was condensed into the tube and the tube sealed.

The }H nmr spectrum was monitored. The appearance of a




1:3:3:1 quartet in the region of 5-6 ppm indicated that
a vinylic product was being formed. After® 4 hours this
signal ceased to gain in intensity. At this point the -
tube was opened and the contents chromatographed on

a silica gel column. Elution with diethyl ether gave
two bands. The setond band contained the title compound
in 45% yield. The first band contained too little
material for identification.

viii) Preparation of Pd(CF;C=CCFj) (PCy3),

a) Trans-PdNO;(H) (PCy3), (0.250 g) in dicploro-
methane (10 ml.) was stirred under an atmosphere of
" CF3C=CCF;. After 8 hod,s the solvent was removed and
the residue recrystallized from benzene/methanol to give
white crystals of the acetylene complex in 45% yield.

b) A benzene solution (10 ml.) of trans-PdNOj (H)~-
(PCyi3)2 (0.300 g) and proton sponge (.088 g) was stirred
under one atmosé@ere pressure of hexafluoro-2-butyne.
After several minutes a white precipitate, identified as
the acid salt of the proton sponge, was apparent. This
precipitate was filtered off and the filtrate passed
through a column containing élorisil. The eluent was
taken to dryness and recrystallized from benzene/methanol
to give white crystals of the title compound..Yield was
0.211 g (62%).

ix) Preparation of PA[CH3;00CC=CCOOCH;] (PCy3),

To a benzene solution (10 ml.) of §§2257P6N03(H)-

(PCy3), (0.300 g) and proton sponge (.088 g) was added
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50 ul of CH300CC=CCOOCH;. After séveral minutes a
white precipitate, identified as the acid salt of the™
proton sponée, was Apparent. This precipitate was filtered
off and the filtrate passed through a column containing
florisil. The eluent was taken to erness and re;
crystallized from dichloromethane/methanol to give cream
crystals of the tiéle compound.Yield was 0.261 g (78%).
x) Preparation of trans-PAC1[RC=C(R!)H](PCy;),
To a solution of trans-[Pd(H) (CH3CN) (PCyj),]PF
(0.250 g) in 10 ml. of dichloromethane, acetonitrilg or
acetone was added one- equivalent of acetylene. After
3 hours an excess of LiCl dissolved in methanol was
‘added and the solvents then removed. The proddct was
extracted from the residue with benzene and precipi£ated
as white crystals upon the additiﬁn of methanol. 1In this
way were prepared
trans-PAC1[CH;C=C (COOCH3)H] (BCy3), (68% yield)
- trans-PdC1[PhC=C(COOCH3)H] (PCy3), (65% yield)
trans-PdC1[PhC=C(CF3;)H](PCy3), (61% yield)
_trans-PdC1[HC=C (COOCH;)H] (PCy3), (72% yield)
xi) Pr:paration of trans-PdC1l[CF;C=C(CF;)H] (PCy3),
To a dichloromethane solution (loiml) of PA(CF3C=
CCF3) (PCy3)2 (0.200 g) was &dded acetyl chloride (17.2 ul)
in methanol (5 ml.). The reaction mixture was stirred for
3 hours during which time the solution lightened in colour.
Removal of the solvents foilowed by recrystallization of

the residue afforded white crystals of the vinylic product.
Yield was 0.120 g (57%).
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CHAPTER V

. THE CHARACTERIZATION OF A PRODUCT DERIVED FROM THE
REACTION OF A CARBON-BONDED METAL IMINE WITH
DIMETHYLACETYLENEDICARBOXYLATE; EVIDENCE FOR KETIMINE-

ENAMINE TAUTOMERISM IN A CARBON-BONDED METAL IMINE

a) Introduction
The reaction of isocyanide with an alkyl transition

metal complex often results in migratory insertion of the

1l

isocyanide into the metal-carbon bond™ to produce an imine,

bonded to the metal via a carbon atom (equation 1).

M
M—R + CNR' & — \c=N/R : ()

4

Insertion into carbon-molybdenumz, —iron3, -cobalt4,

5,6 7,8,9 10

~platinum , —palladium and -nickel bonds has been

reported.
A great deal of chemistry is associated with the imine

1;'12 In particular, if at

function in organic chemistry.
least one of the substitutents on the a carbon of the imine
is a hydrogen atom, tautoﬁerigm occurs between an enamine

[y

form and a ketimine forﬁ (equatibn 2).
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R' H
/ |
N N
lc' - R \c CR.. (2)
" b S - 2 .
R// \\CHRZ W/
Ketimine Enamine

‘ .
For organic imines the imine usually exists mostly in the

ketiﬁine form but can undergo reactions which are char-

acteristic of an enamine or characteristic of a ketimine.
However, for transition metal carbon-bonded imine

species, which possess o hydrogen atoms, !H nmr and

L]

infrared studies show only the presence of the ketimine

form.>™2

Reactions of transition metal carbon-bonded
imine species are limited to two types, neither of which
* indicate the presence of an enamine tautomer.

Protonation or alkylation of the nitrogen atom of
l%,14

the imine results in formation of a carbene ligand.
(equation 3)

4

%\ /R' N //NHR'
=N + W —s  M—c (3)
R g

Addition of isocyanide sometimes results in further

'8,15

insertion to give a new imine species. (equation 4)

4
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C=N + CNR' —> /,c::n (4)

R (m‘" : ) /N=
" AN

Durind oqffwork on the migratory insertion reactions
of substituted acetylenes with palladium complexes
containing a metal-carbon bond, we triéd to react sub-
sti£uted acetylenes with the carbon-bonded imine, trans-
PAC1[CH;C=N p-tolyl](PEt3),. A rapid reaction occurred
with the acetylene CH3oocc;ccoocﬁg or with the acetylene

/ CF3;C=CCF3. However, the producté obtained from these
reactions were not those derived from insertion of the
acetylene into the palladium—carbén bond. Rather their
-formation appeared to be a result of direct reaction of
the acetylene with the imine function, the megal atom
playing no role in the process. 1In particular, the
nature of the products was such that their formation
was best explained by a reaction sequence which had

proceeded through the enamine tautomer of the imine.

This chapter deals with the characterization of the

products of the reaction of the acetylenes CH300CC=CCOOCH 3
and CF3C:=CCF3 with the imine trans-PdCl(CH3C=N ptolyl)-
(PEt;), and with the elucidation of the reaction sequence

9|

of their formation. : o

7

b) Results and Discussion

The carbon-bonded imine complex trans-PdCl (CH;C=NR)-
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(PEt3) 2(I)*, reacts readily, in chioroform, with the
acetylene CH3;00CC:=CCOOCHj3; (DMA) to eliminate methanol .

and form two new compounds II and III. The formation

of II proceeds through an intermediate IIa, which is
. detectable by !H nmr and infrared spectroscopy and which

has not yet eliminated methanol (equation 5)..

)
I + CHj00CCEZCCOOCH, —3» Ila + II1 —> I + LII +
‘ ‘ CH30H
(5)
A set of !'H nmr spectra showing the. formation of and ) -

-

subsequent reaction of the intermediate IIa to give II is
shown in Figure v-1.
Compounds II and III could be isolated by chromato-

graphy of the reaction mixture on silica gel to give
orange and red crystals respectively. Both compounds
were exceedingly stable both in solution and in fhe solid
state.

N The spectroscopic properties of compounds II-gnd III1
are very similar. Each infrared spectrum (Table V-1) shows
bands at 3040 cm ! due to olefinic-type hydrogen stretching

~modes, a band at 1720 cm ! due to an ester carbonyl group

* R = p-tolyl




Figure V=1. An H nmr study of the reaction of trans-
P4 Cl[CH3C=NEftolyl](PEt3)2 with DMA.‘ All spectra also
contain peaks between 1 and 2 ppm due to the phosphine
ethyl hydrogens.

A. !H nmr spectrum of\EEQEE—PdC1[CH3C=NB-tolyl]—
(PEtg), (I - '
U s 5o spectrum of I, ten minutes after the
L

addition of DMA.

C. !H nmr spegtrum of I, 24 hours after the

<

addition of DMA.

D.. !B nmr spectrum of the product:obtained from

»

C after the removal of all volatile pwmoducts.
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and at 1660 and 1625 cm! due to ketonic and carbon-
cgfbon double bond stretching vibrations respectively.

In the !H nmr spectra (Table V-1), both compounds II
and III have signals betweéh 1-3 ppm due to muﬁually
trans-triethylphosphine ligands, at 3.14 and 3.82 ppm
resﬁeqtively due to a methoxy ester grgup, as well as the
charac;eristic peaks of a p-tolyl group. Two olefinic v
hydrogen resonances in the region of‘5.4-§.9 épm are )
observed for each product. - ) .

-

Possible structures for the compounds II and III
are developed in Pigure V-2. Structures IV-VI re;ult from
elimination of methanol at the nitrogen atom to form the
six- and five-membered cyclic lactams, while structures
VII-IX are formed by elimination of methanél at the
carbon g to the palladium atom.

To assist in the determination of the correct
structures the !3C pmr spectrum was run for each of.the
products (Table V-2). The two spectra:afe very similar. °

Signals at 7.5 and 14.5 ppm ch_a be assigned to the ethyl
-Acarbons of the triethylphoéphiné ligands at 20.7 ppm to

the methyl carbon of the.p-tolyl group, at 124, 130, 136

and 141 ppm to the 2—&61y1 aromatic carbons, at 52 ppm

to a methoxy ester carbon, at loq‘and 110 ppm to olefinic

carbons’ each of which are bonded to one hydrogen, at 142

pPpm to an olefinic carbon bearing no hfhrogenl and at

166 ppm to an ester carbonyl carbon.lsn Two resonances

at 182 and 205 ppm remain. If the resonance }t 205 ppm

- is assigned to the carbonyl carbo# in the ring and the

.w\
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Figure V-2. Possible structures for compounds II and III.
Other ligands on palladium have been omitted for the sake

of clarity. R = para-tolyl.
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14
13
12
1 2 11,
10 .
CH,CH,PEt, | A

Cl——-Pd

Numbering scheme for the 13C nmr spectrum of II and III.
For III the ester group is on the other side of the

double bond between carbons 6 and 7.




TABLE V-2

13¢ NMR Data’ for Compounds II and III?’

Carbon § (ITII)
L1 7.6 (q)
2 ' 14.49 (¢, t)
181.4
101.7 (4)
202.2°%
141.7%f
109.6 (d)
166.8
52.0 (q)
10 138.2F ~
11 124.2 (d)
12 129.7 (4)
13 136.5

14 20.6 (q)

b,c

5 (11)
7.8 (q)
14.69(¢,t)
184.4
98.5 (d)
205.1
141.8f

110.5 (4)

165.6

51.3 (q)
141.8f
123.7 (d)
129.5 (d)
135.9

20.8 (q)

aAll chemical shifts in positi(e ppm downfield from TMS.

Numbers in brackets refer to the appearance of the l3c

spectrum when not hydrogen decoupled; q = quartet, t =

' ~
triplet, 4 = doublet.

- *

Numbering scheme is given on the facin%page.
Also coupled to phosphorus J(P-C) = 14.5 Hz, -
Coupled to 1“N J(N-C) = 6.3 Hz. ,

These values may be reversed.

S~
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resonance at 182 ppm to the carbon bonded to the palladium,
structures IV-VI are very unlikely to beccorrect as the
carbonyl carbon of a lactam has a !3C chemical shift of
about 160 ppm. Of structures VII-IX, those of VIII and .
IX fit the given assignments quite well. For example,
éhe B?carbon of the a-8 unsaturated five-<membered é}clic
ketone l-methylcyclopentene-3-one has a !3C chemical shift
of 179.4 ppm and the carbonyl cafbon a shift of 208 ppm.l7
However, l-methylcyclohexene-3-one which is analogous to
stfucture VII has !3C chemical shifts of 162.2 and 197 ppm
for the 8 and carbonyl carbon atomsl7.

To confirm the identity of II an X-ray cfystallographic
study was undertaken (Chapter VI).

The result of this study showed the structure of II
contained a five-membéred ring in which MeOH had been
eliminated at the carbon B8 to the palladium atom (structure

VIII) and with the two carbonyl groups cis about the

exocyclic double bond. An ORTEP drawing of the molecule

is shown in Figure V-3.
A possible mechanism to account for the formation of

ITI is one which involves the enamine form of the carbon-

bonded metal imine(I). The N-H fragment of the enamine

can add across the triple bond of the acetyiene to give

the intermediate IIa.]'8 The original double bondibf the

enamine can now act as a nucleoph?le and attack one of.tﬁe
) carbonyl'carbdn atoms to eliminate methanol to gorm II

v




Figure V-3. ORTEP drawing of the molecular structure.of II.

]







(Figure V-4). Support for this mechanism is found in
fouf'experimental observations. Firstly, the protons of
the methyl group oﬁ the imine(I) exchange with D,0 to
give the deuterated species, PdCl(CD3C=N£rtolyl)(PEt3)2.
This stfongly implies éhe existence of the ketimine-,
enamine tautomerism. Secondly the !H nmr and infrared
data of the observed intermediate IIa (Table V-1) are
consistent with the proposed intermediate. The .}H nmr of
IIa has in adaition to resonances due to trans-triethyl-
phosphine ligands and a p~tolyl group, two signals.gy
3.43 ppm a;d 3.60 ppm assigned to two sets of methoxy
protons and three uﬁcoupled resonances at 4.03, 4.25 and
7.73 ppm due to olefinic protons. The absence of an N-H
stretch in the infrared precludes any of these being

due to amino hydrogens. Furthermore the two protons

at 4.03 and 4.25 ppm exchange with D,0. The proposed
intermediate also possesses two geminal protons which
should readily exéhange with D,0 through a mechanism

involving a quaternary nitrogen atom (equation 6).

-~

R

|
coocn + D,O Pd (6)
\/\ =
/g /H
i Na N\

CH/ D
H  COOCH, CoocH,  COOCH

Q=O

| \._
/\ 2>

3




Figure V-4. Reaction scheme for the formation of II.

Other ligands on palladium have omitted for the sake

a

of clarity. R = para-tolyl.

i‘
r
]
|
]
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Ia

CJ{BGX:CECCXXXII{3

+

Ia

IIa

II
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Thirdly, the starting imine(I) reacts with hexafluoro-2-

butyrte to,give a rather unstable product (X) which can- ,

bé characterized by its !H and !°%F nmr spectra (Table V-1).
The !H nmr spectrum of this product has peaks between 1-3
ppm dde‘to mutually Egggé triethylphosphine liqhndg, at

2.3 and 7.0 ppm due to a p-tolyl group as well as‘£ﬁree
signals at 4.15,‘4.42 and 6.32 ppm due to olefinic protons. ,
The latter re§$nance is a 1:3:3:1 guartet due tq coupling

to the fluorine atoms of a CF; group.- The two high field

¢lefinic protons exchange with Dzo.. The !°F nmr spectrum

N

consists of two sets of resonénces.in the ratio of 1:4.

*

The more intense set is comprised of two equally intense

signals, a singlet at 57.51 ppm and a dogplet at 58.35 ppm. o
P ;

The weaker set is®also cémprised of twof;qual;y”intense X T
. signals, a‘siﬁglet at 57.68 ppm and a déublet.at 58.45
ppm. The doublet appearance of one of the signéls in’
each sét is due to the coup;ing to the olefinic hydrogen
at 6.32 ppm. The lack of coupling between'the.FFaﬂgrbupé

» implies that the CF3 groups are trans to each qfher about
R - R Y

a double bond.19 Each of these sets of_signals is con-
. . ~s:Lstent with a structure 51mllar to that of* the 1nter—

mediate IIa except that the addltldﬁ of the enamlne has

been trans across the trlp;e:bond. )

LR oY
3

The presence of two sets of signals in the !3F nmr

L

spectrum can be explained if there is restricted rotation

I3 . }

i 4
about the v1ny1 carbon—nltrogen bond or about the nltrogen—

carbon bond of the carbon bpnded to the pal;adlum atom.

£ = [




T P'Y:
Either of these situations would create two geometrical
isoneré. The lH chc-ical shifts of the olefinic protons
are not sensitive onough to determine a difference between

these isongrs, although it appearl that thq}"? chemical

shifts are.

o pxt
\ . . . f
’ ‘It- .
, c -G
] ’ - / \ /\
“ H H CP,H .

‘ ' Pourthly, if a solution of thé’iatornﬁdiate IIa in_
CﬁCl; is irnatod Qith HBP, the !H ﬂiril#hétru- changes.
.The original tcso§¢nc.g of IIa are rcpiacod by two new
sets of s:l.;na}a XIa and Xib in thé-ratio of 4:l. The
- - - P ) ] . K
basic pattern is the same for cach of these new sets as

¢« for tho original set bclonqing to I1la, cxcopt that the- -
signals for the two high field olefinic protom are absent
(Table V-1). Instead, for each set a pesk eo:rapondinq T
to an 1ut-nsity of three protons at ‘around 2.8 PP®™ in ”;
observed which iq a 1:2:1 tripl.t due to~00¢plinQ”ta th‘

- -ntnally ‘trans phoaphoru: atoms (riqpro VUS). This result

| is mi-t-nt \d.th the p:upo.-d -trnctm of the :lnur-
-.diatn 11:.. A protbn of :h- acid adds to th. geminal
cmoftbnhmutmaum (equatiom 7). - °




7

»

4.
A. lH nmr spectrum of IIa. Signals for the phosphine

Figure V-5. Reaction of the intermediate IIa with HBF

. ethyl hydrogens and for III not- shown.

B. !H nmr spectrum of IIa on addition of'HBF‘ ‘

&

]
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- -
CK /PEt3
IIa + HBF, —> Pd R BF, (7)
4

Lo /N / 4
fv PEt, /c—-n\ /n
CH, /c=c\

COOCH, COOCH,

Two isomers are possible due to restricted rotation about

the C-N bond of the carbene ligand, a phenomenon common -

to many carbene complexes of transition metals.zo

Although addition of primary or secondary amines

across the triple boﬁds‘of acétylenes is common in organic

18

chemistry” ~, reactions involving amines associated with

21

transition metal complexes are few. Recently Dotz

observed the additlon of the N-H; fragment of a chromium

carbene complex across an acetylene (equatlon 8) to form.

¥

H3 CH3

(co) Cr—C

g,

N=C (C,H 5)NEt,

s

a new carbene substituted at the heterocatom of the carbene.
It thus dppears that the additioﬁ of N-H across unsaturated
organic molecules, may be useful in producinégnovol orqandL
netal;ié compounds. It is also intercqt{ng to note that
‘the similay platinum-carbon bonded imine trans-PtCl(CHC=
N(g—tolyl))(?l.zPh)z! icactl with DMA to give analogaus

‘products. The‘n‘thyl protons of this platinum imine also

o«

+ Cﬂamtz -> (CO) CI—K (8)

.

b
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exchange in D,0. However, the imine E£3§§fPtC1(CH3C= ;;‘
N(p-tolyl)) (PPhj), does not react with.DﬂA and the meth&i .
protons do not exchaﬁge in Dzd. This implies that a 'l A”{,
neceséary criterion for the reactién of metal-carbon
bonded imines with acetylenes to form heterocycles is the T
presence 6f exchangeable a-protons which allow the
preéence qf a ketimine-enamine tqgtomerisﬁ tgvform the
reactive enamine tautomer.

Tge identity of the minor species III is not certain,

'
Jbut in view of its very similar spectroscopic properties

to those of II and the observation tha£ if a solution of
h.pure III or II in CDCl; is left to stand for a few days,
small amounts of the other productiare formed, it seems
that it has ;tructure VII in which the carbonyl groups are
trans about the double bond. The same mechanism for the
formation of III as for II is possible, except that the
addition of the enamine across’the triple bond has occurred
.in a trans-fashion as was observed for the reaction of I

with hexafluoro-2-butyne.

c) Experimental |

13c spectra were recorded in CDCl; on an XL-100
spectrometer using TMS as an inéernal standard.
Trans-PdCl (CH;C=N ﬁrtolyl)(PBtg)z was prepared as in
Chapter II. | |

i) Reaction of trans-PACl(CH;C=N p-tolyl) (PEt;), with
dimethylacetylenedigarboxyiate (DMA) . '
Toea.s,oo g of the imine (I} in CDCl, was added one

EY

\

-
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Xy

equivalent of DMA and the reaction T7nitored by !H nmr.
An immediate- reaction occurred with"the disappearance

of the methyl resonahce of the imine and of the methxy
ester-redonance of the acetylene to give two distinct sets
of new signals IIa and III. The less intense set, III,
had signals at 2.34, 3.19, 3.30, 5.53 and 5.85 ppm in

the relative ratios of 3:3:3:1:1, as well as peaks %n

the region of 1-3 ppm and 7 ppm characteristic of‘tri-
ethylphosphlne 11gands and the aromatic protons of the
p—tolyl group. The more 1ntense set, IIa, had signals at
2,35, 3.43, 3.60, 4.03, 4.25 and 7.73 ppm in the ratios
of 3:3:3:1:1:1, along with peaks between 1-3 ppm and at

7 ppm due to trans triethylphosphine ligands and the
aromatic protons of the;p—toiyl group. Over a period ¢
of\?lhhours the intensities and pesitions of the weaker
set'of signals III remained constant, while those of set
I1la slowly vanished with the formation of é ‘new. set of
rescnances,sII, at 2.34, 3.82, 5.43 and 5”%5 ppm in the
ratio of 3 3:1:1, as well as the peaks of an aromatlc AB
quartet at 7.21, ppm and peaks between 1—3 ppm indicative
of trans phosphlne.llgangs. a peak_of intensity 3 aleo
appeared at exactly the e;me chbmical shift (3.36&ppmy
as that of one of the peaks of’ the ‘less intense set III.‘
Upon remoéal of the solvent and ‘redissolution in cpelsy,
the !H nmr spectrum was exactly the same except that the
signal at 3.30 ppm was absent for both - SPOCiel. Additipn

of methanol regenerated this peak and tHhs it was attributed

- e ". L Y.
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-to methanol which had been formed in the reaction. The
solvent was removed and the dark red-orange product
chromatographed on silica gei using diethyi ether as the
eluent. Two bands were observ;d in the ratio of 1:4.

* The first bahd which contained the smaller product gavé
dark, red-orange crystals. Their(IH nmr spectrum was Y
identical tq, that of set III, except that the peak at 3.30
ppm ascribed to methandi was absent. M.p. 165° Anal.
Caled. for C,eHyCINOsP,Pd: C, 50.33; H, 6.82; N, 2.26.
Found: C, 50.22; H, 6.68; N, 2.36. The second band which
contained the major product gave yellow-orange crystals;
Their !H nmr spectrum was identical to that of set II -
except that the peak at 3.30 ppm ascribed to méthanol
was missing. M.p. 176° Anal. Calcd. for C;¢H,,CINO3P4Pd:
C, 50.33; H, 6.82; N, 2.26; Found: C, 50.06; H, 6.76;

N: 2,31. [ 3 |

(ii) Reaction of the intermediate IIa with D,0.

, A mixture of the intermediate IIa and III in CDClj
solution was prepared as above. D,0 was added and the lH
nmrispectrum monitored. After 2 hours the sigﬁais at
4.03 and 4.23 ppm belonging t6 the intermediate IIa had
diqappearedaﬂd-a signal ét 4.62 ppm due to DOH was
observed. fqrthgr reaction occurred to'pIOQPcéIII with
deuterium incorporated only for the signal at 5.65 ppm.

(iii) Reaction of trans-PdCl (CH;C=N EftOlyl)(PEti)z.
) ] \

With DZO. -
’ . *

» . A solution of the imine in CDCl; together with a large -

excess of D,0 was éhakeq in an nmr tube and the !H nmr

spectrum monitored. Aftég two hours the methyl.péék of*
) .‘ | .

/




L)

the imine had vanished and a signal at 4.61 ppm due to
DOH was observed.

iv) Reaction of trans-PdCl (CH3;C=N Eftolyl)(PEt3)2
with hexafluoro-2~butyne.

Hexafluoro-2-butyne was bubbled through a c¢hloroform
solution of fkfor several minutes. The solution was
stirred for an additional 10 minutes and then stripped
to dryness. The rather unstable product was characterized

by its !H and !°F nmr spectra.

d
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CHAPTER VI

THE CRYSTAL AND NQLECULAR STRUCTURE‘OF
EgégngHLORO(l-gégéfTOLgL-3-OXO-2—E-CARBOMETHOXYMETHYLIDENE
2,3 DIHYDRO—PYRROLE)BIS(TRIETHYLPHOSPHINE;PAﬁLADIUM(II)'.
a) Introduction
~ The carbon-bonded imine Eggggfpd[CH3C=N—Efto}yl]tl-
(PEt;) , (I) reacted with the acetylene CH300CC=CCOOCH3, with
the elimination of methanol, to form t;o new crystalline

products (equation 1).

01\ /PE£3 ‘
p\ * +  CH;00CC==CCOOCH, ~—> II + III
PEt C=N

AN “ | g (1)

CH, p-tolyl

- Bnalysis of the !3C nmr, !H nmr and infrared spectra of
the compounds II and III failed'to conclusively identify
the structures. Theréfore an X-ray, crystallographic
study was undertaken on compound II tG establish its
molecular,strup#ure. Armed with this information, one
could then design experiments wﬁioh would elucidate the

mechanism of the reaction outlined in equation.l.

4
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This chapter deals with the solution and refinement
of the structure of II while Chapter -V describes the -~
.chemistry associated with II and IIf:

The author does not profess to be a crystéllographer
and does not intend to present a'criﬁ’.pe of the X-ray
method. The general techniques and procedurea involved
in performing the X-ray experiment are well described in

1,2’3

several texts. For a knowledge of the experimental

procedure followed here at Western- the reader is urged

vl

. ~ L 4 .
to consult the Ph.D. thesis of Stepaniak or of Dav1e55.

e

b) Collection and Reduction of X-r&y Data _

Well deve{eped orange crystals of Pdél(P(C2H5y3i2-
(C;4H; oNO3) with acicular habit were recrystallised. from
a mixture of toluene and hexane.

A preliminary photographic éxamination employing
'“,Weissenberg and precession techniques shéwed no gystematic
abéences indicating that the crystals were triclinic with
Laué\gymmetry fi. Cell constants‘derived from the films
were sﬁbjectéd to a cell reduction.® The densify of the
crystals was measured by flotation in an agueous solution
of zinc chloridé. fhe observed density, 1.35(1) g cm 3,
agrees wgll with the calculated density, 1.343 g‘cm'3,
assuming two molecules per cell. PI1, (Ci[ No.2)® was
chosen as'the space group, and later confifmed by a
successful analysis. No’symmetry constgaints are ipposed

upon the molecule. The cyystal data are presented in

.

Table VI-1.

Ay
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A érystal of approximate dimensions 0.45 mm x 0.13 mm
x 0 12 mm was chosen from which to record 1nten51$y data.
It was mounted with the long dlmen51on [001] offset from
- coincidence w1th the dlffractometer ¢ axis by some 7 degrees.7
Nine,faoes‘were identified bynoptical gonioﬁetry as (110),

(110), (001), (112), (112) and the forms {100} and {010].

After data collection the crystal dimensions were accirately e

measured on a microscope fitted with a filar eyepiece. A
drawing.of the data crystal is shown in Fig.VI-1l.

‘ intensity data were recorded on a Picker FACS-1
. o : .
automatic diffractometer. Cell constants and an orientation

. r
o . 4 -

matrix were"refined8 using 27 carefully ceéntered/reflections
with 32<8<65° covering the regions of reciprocal space from

which data.were to be collected. ‘check crystal quality

2 £

w scans of several intense, low angle reflections, were
recorded with a take-off angle of 2 0° and a wide open

. counter. These HKad an average w1dth at thf-helght of . .

0.1D8°:9 The conditions of data collectlon are summarized

-

. o ) o
in Table VI-2. During the ébllection of data, five:-
v standard reflectlons were examined for every 200 data

recorded. Two showed only random fluctuations, whlle the
[
. remaining three increased in intensity, an effect attributed
. \'A ! + ’ ’ A3 ) z
to an increqse in crystal mosaicity resulting from the X-ray

N ’

exposn}e. w scans were recorded at the concluslon of’ the

- c

"data collection run for these standards" but an average o

-

¢ _inorease in width at ‘half-height ofwon;y 0.01° was. observed.

No correction was made to the data for thisAeffect.

»

/!
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Coincidence logses in counting for strong reflections
were minimized by the use of copper foil attenuators.

A total of 5761 reflections was meooured. The recorded
intensities were corrected for Lorentz and polarizatiop

effects. A standard deviation o (I) was assignedatgjeach

@ - .

intensity(I), where
\ L4

(0(I))2 = C + %(tc/tb)z(bl + bh) + (pIP where I-=

C = %(bl + bh)tc/tb,

C = total count measured in time tc; apd bl and bh are

background counts each measured in time tb. 'The ignorance

10

factor, ﬁ, was chosen as 0.03. Of the total number of

‘reflections processed, 5043 with I > 30(I) were used in

‘

. the solution and refinement of the structure.
P . 4
.t ’ »

c) Solution and Refinement of the Structure
The structure was solved. by the heavy atom method, and‘
reflned by full-matrix least-squares technlques on F.

Scatterlng factors for neutral non-hydrogen atoms were

11 while those for H were from

'Stewart,-Davidson and Sim.pson.12 TQe read and imaginary

taken from Cromer and Waber,

13

. ] .
anomalous dispersion g:rreotions of Cromer and Libermann

were. included for the Pd, Cl and P atoms.

." A three diﬁensional Patterson synthesis yiélded
positional parameterk for the P4 atom.: A least—squares
cycle followed by a dlfference Fourier. provided position
parameters for the two phosphihe P atoms and the Cl atom.

+ The posltlons of these atoms and an overall scale facﬁor

/ -
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were varied in a least-squares calculation. The positiohq
of the ressining 30 non-hydrogen atoms were readily‘ob—
taimed from a‘diffegence Fourief synthesis. d

Two cycles of refinement véryiﬁg positional and ‘

isotropic thermal parameters for all 34 non-hydrogen atoms

gave agreement factors

’ 3 - ) b : .
R, = zllFol-chll/z{?°|‘= 0.11 and R; = (zw(léojdlrc|>2/-

. sz 2)% = 0.15.

o

The function minimized was ZW(IF |—jF |)2, and the wélght (
w was calculated as 4E02/02(Foz). ‘The data were then
corrected for absorption effects by the analytical method.8
Transmission coefficients vérie@‘from 0.187 to 0.342,

*

In further refinement cycles the phenyl ring was

14 211 other

included as a rigid group (DGh’ c-C i.392A).
atoms were assigned anisotropic~thermaljparameters. Two
_cyéles of refinement (5043 observations,,265 variabies)
converged the model at Ry = 0.049)§nd R, = 0.074. An
inspection of the molecular geometry at'this stage re-
. vealed only one unsptlsfactory feature.. Cne ethyi‘group
of a trlethylphosphlne llgand contalned a short C C bond
of 1.361(13)A, compared to the others, which averaged“ )
'1.537(8)A. ' '
Accordingly atom® C(22) and T(23) of this group
were omitted, structurelfactors were-computed after one
cycle of refinement, "and a differéhce Fourier synthe%?g
examined. 0 Atoms Cc(22) and C(23) wexe present as a poorly

resolved region of electron dqnsity. Also apparent on ,‘.~

’
»
a
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élso calculated for the 42 H atoms (C-H 1.00 A). There-

. showed no abnormal trends. A comparison of Fo and Fc N

4

'compuiéd from structure factors baseé'dpon the fihal

167

the synthesis were 41 of the 42 hydrogen atoms. With
this evidence ®o suppoft the choice‘of space group, and
the essential validity of the model, it was decided to
inclyde the C‘toms of the ethyl group in J.deal posit:.ons

19

(c-C 1.54A, P-C-C 109.8°). 1Idealized coordlnates were
e

after the contributions from the ethyl'group atoms and

th.ffatoms were included in cglculation of F but no

attempt was made to refine these atoms further.

After three cycles of refinement the fixed atom
parameters were recalculated. Two f;nal cf&li% (5043"
observations with F2 > 3¢ (Fo%) and 247 vériabies) con-
verged at agfgement values R; = 0.046 and R, % 6.06742
In the fiqal cycle the greatest fhift, l.és'e.s.d., was
associate@ with the x coérdinaté of C(15), one of the

ethyl group € atoms.. Of the data for 'which 0 <F? < 30(F02)

-

-

, - 3
no structure -factor was in error by greater than 6o.
A statistical analysis of R, over various ranges of -

IF [, 2" F sin 6 and diffractometer settlng angles x and ¢

R4

suggested extlnctlon effects were minimal, and ¢ould. be -

ignoré@. The error in an observation of unit weight is

’

2,98 electrons. A total difference Fourier synthesis"

4

modél showed no features of. chemlcaligiéhificance. The
highest gﬁ;k, of electron density I ﬂ/i e i 3 at fract10na1
coordinates ( ~-0.4518, 0. 2056, 0. 3}63) -ds of no qhamical

A - -
Y ald R S . . ! . :/ -
: .
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significance, and lies close to one of the phenyl ring C

atoms. S :

Final positional and thermal parameters for the non- |

-

groﬁp atoms are given in Table VI-3. Parameters associated

’withmthe“rigid group are presented in Table VI-4. Hydrogen‘ 5

atom parameters are given in Table VI-5.° Structure

'amplitudes are listed in Appendix 1, as 10|Fo| and 10|F_|

in electrons. : 4 -

e

d) Descrlptlon of the Structure

The crystal structure consists of discr te molecyles,
for the closest lntermolecular distance of approach is
2.38 A between hydrogen atothlC(BG) and the same atom in
the equivalent pOSLtlon 1-x, '1-y, l-z. The shortest Pd-Pd
distance of approach is 8.026(1)13.

A perspective drawing of‘the molecule showing the
atom npmbering‘soheMe‘ié presented in Figure VI-2, while
a stereoview of the molecule 'is given in Figure VI-3..
Detaiis of the cyclic ligand formed by reaotion of the
coordinated imine with the disubstituted acetylene are
given in Figurei&I-d and ‘selected bond distaﬁcee andjbond .
angles in Table VI-6. Some weighted least-squares plaaesa

.

are presented in Table VI-7.

- The coordinatlon geometry around the P4 atom is

approximately square planar. . -weighted least—squares plane

" - through the P4, the two P, the Cl and the C(30) atoms shows-

" that the laréest deviation. from the plane is that of P(2)

. by 6.;25(2)3. The two phosphine ligands occupy mutually

-

+
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TABLE VI-3, —-

»

POSITIONAL AND THERMAL PARAMETERS FOR NON-GROUP ATOMS

. y B J v u{2,2) v{3,3) u(1,2) u(1.3) u(z,3

$57.30) 2160.4(2) R RO 519(2) 489(2) 570(2) BE 1)) 201} sy |
B AL 1208.2(1) () 9ee(y) - sy 1o28(1) -215(8) n(s) 06(7)
- 89%.4001) 282.147) 1726(2) 4(8) 589(7) %5(7) -N6(8) 4(8) 124(8s)

1. 2(N) 1040.2(7) - 5512) msi8) 520(7) 2(9) <148 T ag 95(6)
- 61s) 22(3) Hs3(7) no(n) sos(a] 3(3) - 65(26) Wiz 1s(26)
- T8(8) 20(3) 3s0() 1g(23) ), enm) s e L0
-7zm(s) nes(e) s23(8) S 934(40) ) -1sata7) R

5516} 4526(3) a21(9) 201(39) 669(32) 1020{47) -miz9) 209(%) »(x)
=1773(7) 2908(8) AT10(9) N6(45) 1557(66) ’ 102(a2) - NS 262(%) 33(4)
“aazigy n2(e) -1028{10) $70(38) 2345(103) 83%(48) - 0(R) 26(8)  -207(88)

824(7) M8} -2018{10) \omm 822{40) 1260{60) -zis(:s) 485(43) «169(40)
3342(8) 43(5) -389(12) 1369(63) 1061(56) 1460(17) . -100(50} £39(62) -I“(S‘i
m e ) m 1393 ' . L.

i

ny s02 $/°3 m
s50(s) sm(4) -268(11) 1368(66) ns;'(u) T uate) S29(e8) ¢ aen(se)  -3r(ee)

- 16009} Vst -3621(4) () 19950105) 1813(52) Qos; msn) wlen
ag7{s) 2791{2) - 455(6) “HY) 24 s21(2e) - 83(18) 76(20) ns(n)

1048(4) n4) -I0TV{6) 495(23) 610{26) §78(27) . ~140{20) - () llq(ll)
Jeee) 1N(2). -4 (€) 549(24) 51 () 609(28) - 8019) 8n) 166(21) |
2034) My - a82(?y a58(2) s28(24) A 783(33) - 84(19) 130(22) w23}
957(8) n%03) . S’l(l)’ 525(15) 636(29) 1093(48) -159(22) ) ws(x)
N045) 4262(3) -1260{10) 502(28) 750;37) I 1520(¢6) -i75(2‘) $(38) s1a(4t)
) 0158¢5) -ns2{\4) 134Y(68) 1839(78) 2001(103) - 12(87) wn(re) - N8
€003(7) ) 1676(4) AS(10) 1n83(8) ’ 977(48) 1032(s2) v BN} AN} " 120(40)
W9{3) B24(2) ~3388(5) 87{10) 123(0)¢ ms{n) 17617} 1n(1s) 26(19)
IN() - A956(2) <1688(8) . “(am) wi(s) . |-'32($6) -23(23) - G4{M) ()
“n) 0776(3) N7842) 77%(25) s i) =) () - sw()

»2(3) wn(e) . A Msis) o #3(22) (23) -141{16) - 1197) 175(%0)
¢ - ‘ L . N

S Estimated stondard deviations ia tis and sther tables are gives In parentheses and correspond w0 the Teast significant digits. AN paraseters Mve
vees mitiphted by 10", _ ) :
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Figure VI-2. A view of the molecule, showing the atom-
numbering scheme. 50% probability thermal ellipsoids
are shown. For the sake of Clarity phosphine ethyl

carbons are not shown. , , N
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Figure VI-3. A stereoview ¢f the molecule. 50% -
-probability.thermal ellipsoi#s are shown and phosphine T,
ethyl carbons are not. included. l
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Figure VI-4.

ligand.

Interatomic

dimensions in the pyrrole
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TABLE VI-6 ,ﬁ ' ( 7-8

Selected Intramolecular Bond Distances

(i) and Angles (dggf S

~

Distances

-

Pd - 1.942(4) M -‘- Cc(1) 1.428(5)
pa - 2.408(1) C(31) - C(32) 1.427(6)
'Pa,- P(1) . 2.329(1) " c(32) - 0(32) 1.231(5)

P - P(2) - 2.318(1) c(32) - €(33) 1.500(7)

P(L) - C(10) 1.825(5) cf33) -8 1.392(6) .
P(l) - C(12)  1.816(6) . C(33) - C(34) 1.336(6)

P(1) - C(14) ~ 1.826(5) C(34) = C(35) 1.518(8;

P(2) - C(20) 1.809(7) C(35) - 0(35) 1.195(7)

P(2) -*C(24)  1.830(8) ©c(35) - 0(36) 1.343(8)

h C(30) - C(31) 1.384(6) ~ 0(36) - C(36) 1.418(8)

c(30) - N 1.409(5) ' |

’ } Aﬂéles

P(1) - Pd - P(2) 170.1(1) Pd - C(30) - C(31) 127.2(3)
C(30) - Pd - C1 177.9(1) €(30) - C(31) - C(32) 110.8(4)

C(30) - Pd - P(1)  91.7(1)  C(31) -C(32) -C(33) 104.3(4)
C(30) - P& - P(2)  90.5(1)  C(31) -C(32) -C(32) 131.2(5)

C1 - Pd - P(1) 87.6(1)  C(33) -C(32) -0(32) 124.4(4)
.7 c1-Pd- P2 89.8(1) C(32) - C(33) + N 106.9(3)
Pd - P(1) - C(10)  121.9(2) c(32)-—c<33)-é}34) 125.3(5)
Pd - P(1) - C(12) 114l7(2) N -C(33) -C(34). 127.5(5)
Pd - P(1) - C(14) 107.4(2) C(33) - N ~-C(30) 110.0(4)
JBd - P(2) - C(20) 11Z.9(2) C(33) -.N -l 125.1(4)

cont'd

¢ <

gl T M L 0

B




TABLE VI-6 cont'd

Pd - P(2) - C(24)

C(10) P (1) - c(12)

C(10) - P(1) - C(14)
C(12) - P(1) ~ C(14)

C(20) - P(2) - C(24)

L

'C(31) -cC(30) -
P - C(30) - N

108.5(2)

105.4(3)
102.9(3)
105.1(3)

105'.9(4)‘
108.0(4)

124.8(3)

C(36)‘-N -C(1)

C(33) - C(34) - C(35)

C(34) - C(35) - 0(35) .

C(34) - C(35) - 0(36)
9(35) - C(35) -0(36)

- . €C(35) -0(36) -C(36)

124.4(3)
120.5(5)
124.5(8)
109.7.(5)
125.8(7)

1 114.1(6)
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trans coordination sites while the remaining two positions

in the gquare plane are occupied by the chloride atom
and the organic derivative formed by reaction of(the
coordinated imine with the disubstituted aceytylene.

The mean Pd-P distance is 2.323(6)A. This‘is equi-
valent to the .values of 2.308(4)A obtained for trans-
PA(H)Cl(Et;P),, and 2.306 (5)R for Ea_ni;Pd(CgﬁJNNcsﬂs)Cl-

16

(Et3P), .~ The Pd-t(30) distance of l.942(4)& is compa;able

to other Pd-C distances found so far.l7'18

If the Pd-Cl
distance of 2.408(Ll)R is averaged-éver thermal motion,
using a model in’which the Cl atom is assumed to ride on
the Pd gtom, 'a valueof 2.42f(l)i is obtained. Both of
these distances are significantly longer than the sum of

the cdovalent radii which is 2.30 8.1° The normal 1ength

of a terminal PA-CL bond is between 2.30 - 2.33 £.20°21
This lengthening of the bond can ‘be attributed to the
strong trans 1nfluence of the sp2 hybrldlzed atom C(30)
A similar lengthenlng of the Pd-Cl bond trans to a sp2 carbol
atom has been observed by WEave:4}6 )
| The  five ethyl groups refined without qonsfraigtﬁ gave |
a mean P-C distance of 1.821(4)A. AComparable means of
1.84(2)A& in PA(H)C1(Et;P), > and 1.82(1)& in (C4H,NNCeHg)-
PdCl(Et3P)216 have been obtained. Thé mean Pd-P-C angle,
excluding that formed by the fixed carbon atom C(22), is
113.7(28)°, and the mean C-P-C angle is 104.8(7)®. A
similar distortion from tetrahedral geométrf'is observed

for triet?ylphosphine ligands in othsr Eomplexes.ls'16

.
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, Thesorgam.c ggoup trans to the Cl atom is best , ) ¢
formul@ted as a pyrrole derlvatlve. The short dlstances
between C(33) and C(34) of 1. 336(6)A‘ between C(32) and

0(33) of 1. 231(5)A and between 0(35) of 1. 195(7)A 1mp1y
 mu1tip1e bond character. Both the C(30) - C(31).bond

length of 1.384(6)& and the value fbr C(31) -.C(32) of
l.427(6)ﬁ are sﬁort; From chemical and spectroscopic
considerations, the C(30) - C(31) bond may be assigned .

as a gouble bond with an H atom bonded to €(31), and the

shortness of the C(31l) - C(32) bond can be attributed to

resonance structures of the type below (equation 2).




s -

A least squares plané through Ok32) and the fiye atoms

~ of the ring shows the gfeatest deviation from élanarity,to,‘

be that of C(32) by 0.015(5)&.‘-The geometry about the N B
atbm is essentially.trigongl'planar. The two)kgib groups are
gig about the exoéyclic double bond" imposing the E con-
figuration. These considepations lead to the organic group
being‘fbrmulatgd«as‘1-E-tolyl-5-oxo-2-E-carbomethoxymethyl—

" idene 2,3-dihydro-pyrrole. : (/‘ -

. w
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