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Cuspter 1
Iatroduction

The direct use of alkames as starting saterials for the synthesis of a wide

: 1
E range of petrochemicals is a msjor gosl im Chemistry. Alkanes are by their very
’;' Bature unreactive and thus routes for the activation of alkanes are being actively i
2 i
: amht”‘. One promising route is the use of transition metal complexes to effect !

this activation. Bowever many of the complexes investigated have been insoluble .
: ;

in slkanes with the result that a suitable solvent medium has had to be used. 0Of

necessity the solvent used is potentially more susceptible to activation than the

desired alkane. Accordingly we have sdopted a rather differeat approsch in that
we have synibesised tvo series of lomg chaia tertiary phosphine and tertiary

phosphine oxide ligands :-

' -

RGP (r -@-},’

’ i

RgPO (n-@—r,ro

R groups are straight chain slkyl groups with chain lengthe in the range cm to c”; H

groups are also straight chain alkyl groups in the range c, te c'. As expected, ! )
these ligasds confer high alkane solubility to their tramsitiom metal complexes.

—— e e L

A range of platimum, pslladius and rhodium complexzes countaining these long
alkyl chain tertiary phosphines have been preparsd and characterised. Particular
, interest was focussed initially on the ability of these complexes to undergo
oxidative-addition since this is believed to be a key step in the activation of

slkanes. During the course of this work it was discovered that not only were the

rhodium(l) complexzes [ncuco) (P!s)’:l very effective at promoting the oxidative-

S addition of alksnes, but alsc that this might provide s valuable approach to the

degradation of mustard.

The unique extreme solubility of the transition metal complexes of long alkyl

; chain tertiary phosphines leads to some interesting possibilities in using these

E complexes to catalyse organic syntheses. This has been investigated Dy exeminiag
the hydroformylation of 1-hexene in the presencs of [RRC1(CO)(PRy),] where the
presence of para-alkyl substituents in the phenyl rings of tripheaylphosphine was

1.




found to enhance the ratioc of normal: bramched aldehyde formed. Asecond catalytic
system that has been studied in detail 1is the selective reduction of the di- and
tri-olefins methyl linoleate and methyl linolenate to the correspondiag sono-oletins
in the presence of tin(II) chloride and [MC1,(PR,),] where X = Pd and Pt. The
presence of para-alkyl substituents on the phenyl rings of triphenylphosphine
increases the activity of the platinum(II) complexes. The activity of the
platinum(Il) complexes is further eshanced by ocmitting the solveamt that is mormally
used, and relying instead on the solubility of the platinum(II) complex in the
poly-olefin substrate.

Chapters 2 -8 of this report are based on the papers previocusly published in
the open literature together with papers currently submitted, whilst chapters 8 and

7 report work carried out in the last three months of the grant. Chapter 8 provides

an overall sumsary.
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Chapter 3

The Preparation and Characterisatiom of Loug Alkyl Chain
Terti Phosphines

]
i
H

The preparation and characterisation of the two series of loug alkyl chain

tertiary phosphines, 1 and 3, are described in two pmnl". Since the

P(C.H, .) ;'
n 3n+1’3 l’(~<.;>-c“n’m_1)3 w
P S
+

a=10-19 as= 39

1 3 3
phosphines 1 and 2 are air semsitive lov melting waxy solids, it was comvenient

to oxidise them to the more stable, more corystalline tertiary phosphine oxides, ‘

nsro, whose preparations and charscterisations are also described. MWMass
spectrometry proved to be a very valuable techaique for characterising both
the tertiary phosphines and tertiary phosphine oxides. In the course of this it

was found that the aryl phosphines, 3, all gave [l]’ as the hase peak except for

S MR UL e 1
S—

PPh, itself which gives 3 as the base pesk. For the oxides [M-E]" gives the base

pesk for all but one phosphinme. This is described in reference 3. References

vt Mol

1, 2 and 3 are reproduced as the remaining pages of this chapter.
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8. 8. Franks and F.R. RBartley, J.Chem. Soc., Perkin Trams I, 1080, 3333,

3. G. Marshall, 8. Frasks and F.R. Eartley, Organic Mass Spectrometry, 1981,
18, 373
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The Preparstion snd Properties of ‘I'ortlury Phosphines and Tertiary
Phoephine Oxides with Long Alkyl Chains

Sy Ocvephen Franks, Frank R. Nertiey.® and David J.
mmmcmummlm

interest to prepare complexes of these li
straight-chain alkyl groups, P(n-C-Hs..x).
(n-CoHgn, 1)y, since such complexes would

be fmely soluble in hydroarbon solven

series of

EXPERIMENTAL

phosphines
bromides by reacting the Grignard reagent with phosphorus

numdydﬁonltbwﬂﬂmdmhth&wuymh
but the higher members were easier to handis and were
obtained in higher purity. Appearances, yields, and m.p.s
are recorded in Table 1. All the alkyl bromides were

mmlyobuin‘dhtmhwmdhm

(see Table 1). Accordingly, complete characterisation
Tamre }
Physical and analytical data fur the trialkylphosphines
SHN.m.r.* Asalysis Found (Calc.)
M+ — 2 -
Phosphine Colour  Appearancs  Yields  Mp () okt o emd(Cac) T C H
0-CoH)e Creamm  Soft wax 37404 0990 137 454 (489)
1-CysHagds Croam Solt wax 0—41 088 .27
n-CysHua)s Cream  Soft wax 87 “—45° o8s 197 538 (399)
0-CioHm)s White Hard wax (1] “—47 0.88 1.97 580 fm
l';}a-c,.ﬂ-). Whits  Hard wex % @w-82¢ 088 127 es
1-CogHo)e White  Hard waz “—43 0.8 137 04
P(n-CiHy)s White  Crystalline 7 w1 o8 127 108 7.9 (51.8) 170101
P(n-CyyHyg)e White Crystalline % w41 [2 ) 1.37 48 (748) 8.1 (81.7) 140 (14.1)
P(n-CyoHp)s White  Crystalline 2% [ 7 0.88 127 790 (190)  61.0 (81.9) 164 (14.0)
P(o-CyoHu)e Whits  Crystaliiee .Y, 0— o.n L. 32(039) 818(ss)) 141 (14.9)

* Yield based ou PCl,. * Recorded in CDCl, solution; 3 is p.p.m. from Silde,.

*Sesref. 1. “Senrel 4.

b,

.
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corresponding trialkylphosphine oxide.
The L.1. spectra {4 000—900 cm™), obtained without the
need for a mulling ageat, showed the absence of bands

Strong  absorption

stretching modes in CH,), 2 870—2 810 cm™* {C-H stretch-
ing modes in CH,), 1490—1 400 and 1 385—1 360 cm™
(C-H deformation modes), and 730—710 cm™ (Cﬂ.meklng

|
i
:
;

chain. The absence of any further proton signals
provided evidence of purity
The maes spectrs all showed the expected molecular

series. The i.r. spectra, recorded in Nujol and hexachloro-
butadiene mulls, showed a strong absorption band centred
at about 1 148 cm™ which was assigned to the P=0 stretch-
ing vibration; ** in other respects the spectra resembled
those of the trialkylphosphines. The 'H n.m.r. spectra
were essentially identical to those of the trialkyiphasphines
in showing a multiplet at 8 1.27 due to the methylene
protons and a triplet at 8 0.88 due to the terminal methy!
protons. The abeence of any further resonances, together
with the fact that the relative integrated intensities of the
two peaks were consistent with the anticipated formulae,
was taken ss an indication of purity. The phosphorus-$1
nm.r. apectra in CDCl, showed a single resonance in the
range 43—46 p.p.m. downfield from trimethy! phosphate,
which is consistent with the values previously for
other members of the series.% 1.3t In addition the single
phosphorus resonance provided further evidence of purity.
The mass spectra all showed the expected molscuiar ion
and the iragmentation patterns were characteristic of tri-
i peaks,

spectrometer using ¢ VG 2035 data system
at the Materials Quality Assurance Directarate, Woolwich,
London. Hydrogen-l n.m.r. spectra were recorded in
CDC), solution ing tetramethylsilane as an internal

containing
standard, asing a Perkin-Elmer R3S spectrometss. Phos-

5 e NP I AR B T v R F ST st e aer

Do

x
Dos g ’
3030 J.C.S. Petkin I B
Tams 3 ;
Physical and analytical data for the trialkyiphosphine oxides K
Phospline Yied M. - :;. —ap Fopa Fousd(Cak) g
Calowr Appearance %) ('& —emey (Cale.) C H ;
POR-CoHuls Whits Waxy solid s » 088 127 a4 !:’1& 1 :::) § ‘
PO{a-CyHyd, White Waxy solid » @41 088 127 -3 ‘:}z (1,;..) ‘{:ﬁ« g
PO(R-CyyHods White Crystlies 78 0824 o8 131 -l (u:’ ‘#.':’ (g.':) ‘
PORCy iy, White cq&nu 0 -0 083 137 M (E (,1:2? (= ::’
POM-CHy), White Crystalioe U] -8 088 137 oM (:.a’ (xiz (}::?,
POM-Coally)y White G‘p‘h‘h ] ®W—8 0M 137 -6 (::g (;.oﬁg) (::I:)
PO-CoHled White cq&n- ™ W6l 088 137 —w0 (-,',’3, s ‘3::
PO(-CroHy)y White Crystaltins " -7 088 I3 —&2M (;:‘q "éi:’ ( 311)
POR-CogHg)y White Cryvtalis (%) -7 088 127 —48.8 (a, ::IB :}:2
White " W71 088 127 4601 88 811 140 ‘-
FO-Culluds i v (49 (0.8 (139 1
«Yield besed on trislkylphosphine. * Recorded in CDCY, solution containing Sible, as intemnal standard. ¢ Recorded in CDCl,
solution weing T:l‘l’ ss axtornal standard. 4 See ref. 3. o s " ‘
; depended on a combination of physical techniques together Characterisation of the Trialkylphosphine Oxides.—Good ;
with the charecterisation, incleding microanalysis, of the microanalytical data were obtained for all members of the !
i
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standard polystyrems fbm.

Mmmmawl m.-uipu' em-'

matograph, squipped with a flame-photometric detector, &
phosphorus probe, and a Curie point pyrolyser, for rapid
injection of sample.

RESULTS

The were all low-meiting waxy solids
taat were soluble in hexane aad chiorinated
solvents such as chioroform, carbon tetra-

|
iom peak; (M) peaks dus to the lets of slefian frem the
jom [two olefins ase lest, C 34, theough seastion (1) and
CaHy oy through (8); the ion formed by seastion (1) &
PG o —o PH(CHgd + Gy L]

PH(GHp s o PRGN + Gdine B

tail off rapidly in intemeity.” as chesrved hese. Wb
branched-chain alkanes a very differeat patiern is chearved.
The mass spectra are thus consistent with ¢the pressnce of

Intensity (%)}

Intensity (%)

Ficone | Mass spectrem of P(C, H,,),

Accordingly perification is difficult and necositates multiple
fractional recrystallisation. The trialiiylphosphines are
very sensitive to air, which resuits in the formation of &
Inrge sumber of oxidation products. Thuws the ®P n.m.r.
spectrum of P(C after standing in chloroform
solution ia air for ssveral hours, showed wo absorption dee
to tris{tetradecyljphosphine (ow. .r';;.‘ upfield from
‘TMP), but bands dowafleld from at —45.08 (5),
—~42.99 (1.3), —20.98 (5), —27.48 (1), and ~97.00 p.p.m.
(3.5) where the figures in parenthesss are the relative
intensities. Thess bands are consistent with the formation
of a series of oxidation’ products, P{OR),_oR, (¥ = 1 or §)
and PIO}OR);_JRy (® = §, 1, 3, or 3} s chesrved previcusly
for the air oxidation of tri-s-butylplosphing. is s

the spectra of the higher memsbers of the serie do
mmmm--amﬂnmu—
a8 compated with PRe,, it s opportans %o report
the speotre in sowe detall. A typitel mam wpectrun is
shown in Pigure 1.  The spectra show: (i) & strong pureat-

1

——ap—




3032 J.CS. Perkin I
Pc ,
wah O P(Cy Mgl (CoeHpg-R)
8/ 522(95%) -
Q, o
N
~Cuting
PH{Cy My by R) 4—-3;— PHICuHn) PMe (CyHply +~ PMeiCyHyg)(CyHp-R)
A = 426 (00%) 2/0 2440 (20%)
®[-Coty ®-Cuyg
@ ey
PHMe(Cylyg-R) @ — PHMe(CuHa) PMey(Cy ) +. PMey(C Mg Cy Hpg-R)

B = 244 (35%)

PHMe,
»/0 = 62 (40°)

CuHyg —e ReR

CyppHyy —= R+ R

abund of the

Scuzmz  Fragmentation pattern of P(C,,H,),: the
paren

theses; R =—E.H.¢|. R’ = G Hu

phosphine oxides are very similar in appearance to those of
the corresponding phosphines, with the difference that al)
the ions comtaining phosphorus are sixteen mass units
heavier due to the presence of an oxygen atom. This is
consistent with the greater bond energy of the P=O than
P-C bond, ce. 523 k] mol™! (ref. 21) and ca. 276 k] mal?
(refs. 5 and 18) respectively. A typical mass spectrum is
shown in Figure 2.

iquely determined species are shown in

The trialkylphosphines (L) were found to displace readily
ligends such as cyclo-octadiene (COD) from complexes of
palladium(11) and platinum(ti) to give compounds of general
formula {ML,C,) corresponding to those formed by lower

IMI{COD)Cly} + 2L ~mm [MIIL,CL} 3

members of the series.®* The long-chain trialkylphosphine
oxides {L’} complex with first-row transition metal elements

Intensity (%)

. £ 0 ‘
{ 'S i
- :

P ] |

$ 4 ;
o £ '
boE 20
bl o

400 500 600

4 Fiouas 8 Mase spectrum of PO(C, Hy,),
| T.
i.

e —
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such as nickel(n) and copper(11), in a similar manner to
shorter-chain trislkylphosphine oxides.'!® The charactes-
istic colour of the nickel-phosphine oxide complexes may
be used for the detection of tertiary phosphine oxides. %

Ni{ClO,], + 41" —= [NiL’J[C1O], (4)
Red-rose

We thank Dr. W. P. Griffith and Dr. S. G. Murray for
valuable discussions, Lady Richards for help in recording
the MP n.m.r. spectra and Professor Sir Ewart Jones for
allowing us to use the P n.m.r. spectrometer at the Dyson
Perrins Laboratory in Oxford, Dr. B. McIntosh for help in
recording the mass spectra, and Dr. I. Dunstan of M.Q.A.D.,
Woolwich, for permission to use this facility.

(9/089 Received. 12h January, 1979]

KEFERENCES

' N. G. Feshchenko, T. 1. Aleksceva, and A. V. Kirsanov,
Zhur. obshches Khim., 1968, 38. 132.

s K. 1. Kuzmin, Z. U. Panfilovich, and L. A. Paviova, Trudy
Kazan Khim. Tekhnol. Inst., 1985, 84, 392.

* H. R. Hays, J. Ovg. Chem., 1066, §1, 3817.

¢ K. Baaz, Kolioid- 1070.“2!“

*G. M Koubpoﬁ 'and L. Maier, ‘ Organic Phosphorus
Compounds,’ vols. 1 and 3. Wiley-Interscience, New York, 1972.

$°A. 1. Vogel, ‘A Text Book of Practical Organic Chemistry,’
Longmans, London, 3rd edn , 1965

033

! L. ! Ballamy, ' The Infra-red of Mole-
l.ndel London, vol. 1, 1976, Complex

. Interpretation ot Infra-red of

Or!-.-o- s Compounds,’ Heydea, London, 10
m‘ Sunp::dSABucuerAudleM- 1963,

" B J Gudzinavicz and R. H. Campbell, Analyt. Chem., 1961,
88, 1510.

';']LBurdcttmdLLBum«CondeM- 1908. 64,

"llCmtchﬁeldCHDungm]HLe&.herVMuk
and J. R. Van Waser, in ' Topics in Phosphoros Chemistry,’ vol.
6 eds. M. Grayson and E. ]. Griffiths, Interscience, New York,

7.
ap Buckler, J. Amer. Chem Soc., 1962, 84, 3093.
Y.

.-

FloydudCEBoom]AmCthoc 1963. 88.

.=§==3

Wada and R. K. Wiser, . Phys. Chom., 1984, 88, 2290,
I. Granoth, in ‘ Topics in Phosphorus Chemistry,’ vol. 8
e(‘ls M. Grayson andE. J. Grifiths, Interscience, New York, 1976,
4

" w. 2l;:mp. Organic Spectroscopy,’ Macmillan. London,

““ L H. Long and J. F. Seickman, Trans. Feraday Soc, 1887,
1» L. Pauling, ' The Nature of the Chemical Bond,’ Cornell
University Press, Ithaca, New York, 3rd edn., 1960.
" F. R. Hartley and S. J. Porter, unpublilbd results.

: A. Kerr, Chem_Rev., 1968, 89, 405

R. Hartley, ' The Chemnstry of Platinum and Palladium.’
Ap.rhed Science, London, 1973.

K. Tsieib and B l(lbcheﬂmg Z. anorg. Chem., 1900, 304,

“ N. M. Karayannis, C. M. Mikulski, L. L. Pytlewsin, and
M. M. Labes. Inorg. Chem . 1970, 9. 582.




e

B R i Y O e T,

AT B Mg e 4T g !

1980 2233

Preparation and Properties of Tertiary p-Alkylaryiphosphines contain-
ing Straight-chain Alky! Groups

By Suphon Funknnd Funk R. Hartley.’ Department of Chemistry and Metasiiurgy, The Royal Military Coliege of
Shyi don, Wilts. SNG 8LA

A series of tris(p-stkylaryl)phoephines with straight chain aikyl groups, P(p-CyH,~C_H,,,,); where n = 2—-9, have
been prepered by reaction of phosphorus trichloride with the Grignard resgent desived from the corresponding
p-bromosikylbenzens. When n = 2 and 3 the phosphines are crystalline solids, but for n > 3 they are viscous oils

up to n = 9, which is a8 waxy solid. The uho-phmu have besn chisracterised by microsnslysis, and i.r., 'H snd

$1P n.m.r., and Mmass sp v. Thep d-sryiphosphines are more sensitive than mohonylphosphmo
to aiv; aerisl oxidation them exch ly into the sponding phosphine oxide, in to tristky

phosphines which are oxidised to a complex of products. The plexing ability of the new phosphines
(PAr,) is demonstrated by their resdy displacement of 1,s~cvclo-octadiono (cod) from [M(cod)Cl,) (M = Pd and

P1) 10 yield trans-[Pd(PAr,),Cly] and cis-[Pt(PAr,),Cl,). respectively.

TEeRTIARY phosphines are very good ligands for trans-
ition metals, and tertiary phosphine oxides for lanthanide
and actinide elements. In a previous paper! we re-
ported the preparation of such compounds with long
straight-chain alkyl groups from which it is possible to
prepare complexes that are freely soluble in hydrocarbon
solvents, a property that is desirable for many applic-
ations including the preparation of homogeneous catalysts
for the activation of alkanes and for the hydrogenation,
isomerisation, hydroformylation, and hydrosilylation of

sensitive to oxygen both in solution and in the solid state
The sensitivity depended upon the length of the alky! chain
attached to the phenyl rings. Therefore, all steps in their
preparation and characterisation were effected under a
nitrogen atmosphere.

The tris(p-alkylaryl)phosphines were prepared by treat-
ing the Grignard reagent of the corresponding p-bromo-
alkylbenzenes with phosphorus trichloride in tetrahydro-
furan solution. The lower members of the series were
found to be crystalline solids which were purified by re-
crystallisation. However, the higher members (x > 3} were

TasLy )
Physical, analytical, and spectroscopic data for the triarylphosphines P(p-C;H R),
Analysis (%)
. “Pamr Found (calc.)
Yield ¢ MG(?. B.p. h ]  Molecul A .
R Colour Appearance (%) (] (°c) ¢ shift ¢ on M* C H
C,H, White crystalline solid 83 ” 1104 346 82.5 (83.2) 7.9(1.9)
C,H, White crystalline solid T A48 +10.8 368 829 (835 85(86)
C,H, Yellow viscous oil [ 212 (0.005) +10.8 83.7 (83.7) 8.1(9.1)
CH,, Yellow viscous il ® 206 (0.35) +10.8 42 A32(839) 93(08)¢
CH,, Yeliow viscous ofl 6 Not distilled
C,H,, Yellow viscous oil 58 280 (0.008) * +108 8556
CGH,, Yellow viscous oil 63 Not distilled 4107
CyH,, Yellow-green viscous waxy solid 81 Not distilled +108 840
. Yseld buadon PCI. ¢ Boiling point under reduced pressare. shown in mmHg in * M d relative to trimethyl.

dard, which lies —4.242 p.p.

m._down-field from 85°

,PJ. (Lady Rlchll'dl personal commumcatmn)

All values rder to solutions in CDCI. 4 Phosphorus: 6.7 (found), 6.8 (calcul n so.ne d p of phoap

alkenes, as well as for the solvent-extraction of metals.
In & number of these applications there are known to be
significant differences between the properties of the com-
plexes of aliphatic and aromatic tertiary phosphines.
For example [Rh(PR,),Cl] complexes are much less
effective as catalysts for the hydrogenation of olefins
when R is an alkyl group than when it is an aryl group *§
Accordingly, in the present paper we describe the syn-
thesis of a series of tris(p-alkylaryl)phosphines and their
corresponding phosphine oxides, P(p-CoHgut(CoH,)y and
O=P(p-CoHgus CH,)g in which n = 2—0, all of which are
reported for the first time.

EXPERIMENTAL

Tris(p-alkyiaryl)phosphines, P(p-CoH,~CoHyns()g (9 =~2—
9).—The tris(p-alkylaryl)phosphines were found to be

found to be viscous liquids or waxy solids, and these, where
possible, were purified by distillation. Appearances, ytelds,
and analytical and spectroscopic data are recorded in Table
i

Tris(p-alkylaryl)phosphine Oxidas, O=P(p-CH, CoHpa, ),
{n = 2—9).—The tris(p-alkylaryl)phosphines were treated
under nitrogen with a slight excess of 8%, w/v hydrogen per-
oxide to yield the tris{p-alkylaryl)phosphine oxides, which
were either recrystallised from acetone or heated at 80 °C in
vacwo for 12 h to remove any excess of solvent. Appear-
ances, meiting points, and spectroscopic data are given
Tabile 3.

p-Bromoalrylbenzenes, p-BrCH CoHpnyy (8 = 4 —9) —
The p-bromoalkylbenzenes were not commercially available
and so were prepared by the action of the Grignard reagent
of an alkyl b ide on p-b b \dehyde to produce an
alcohol which was then dehydrated and hydrogenated to

B 28 s b

I




give the desired product.® p-Bromobenzaldehyde was
treated with an excess of the alkylmagnesium halide in
diethyl ether solution to yield the p-bromopheny! alcohol,
which was then heated over freshly pulverized, fused
potassium hydrogensaiphate at 188 °C for 8 h or until the de-
hydration was complete. The dehydrated product was dis-

J.C.S. Perkin 1

any solvent. Physical and microanalytical data are given
in Table 4.

Materials. —Complexes [Pt(cod)Cly] * and [Pd(cod)Cl]*
were prepared by standard procedures. The method of
Clark was preferred for the platinum complex because it is
easior and gives a whiter product. However the platinum(n)

Tanrx 2
Physical, analytical, and spectroscopic data for the triarylphosphine oxides O=P(p-C,H R),

%P N.m.r.

Mp. chemical

R Appearance { (ppm)*®
CH, White crystalline 140152 —-20.7
C.H, White crystalline 10-113 —23
CH,, Yallow il —5.3
C,H,, Yellow oil —253
CH,y  Yellow oil —-20.2

'WmmmﬁnbMﬁMn an external
personal commanication). All values refer to solutions in CDCl,.

tilled under reduced pressure to yield the p-bromoaltkenyl-
benzene, which was then dissolved in absolute ethanol (100
mi) and hydrogenated over Adam's catalyst (platinum oxide,
PtO,°2H,0). Distillation gave the p-bromoalkylbenzene in
good yield. Boiling points of all intermediates, together
with yields, are given in Table 3.
p-Bromopropyidenssne.—This may be prepared by the
above route, but it is more easily prepared by the reaction
of allyl bromide with the mono-Grignard reagent of 1,4-di-

Analysis (%)
- ) Found (calkc.) .
jon M + C “H P
30 9.0 (19.5) 8888 8.8(8.8)
04 79.6 (80.2) 8183 18017
“s 80.6 (81.1) 9.1(0.9 5.7(0.3)
87t
ess

standard, which lies —4.243 p.p.m. down-field from

complex prepared according to ref. 6 gives excellent micro-
analytical data.

Moaswremenis.—Microanalyses were determined in the
Chemistry Departments at University College London and
the University of Kent. Mass spectra were recorded on a
Hitachi-Perkin-Elmer RMU-7M mass spectrometer using a
VG 32035 data system at the Materials Quality Assurance
Directorate, Woolwich, London. 31 a.m.r.
apectra were recorded in CDC), solution using a Brucker WH-

Tamez 3
Physical data for p-bromoalkyibenzenes and precursors

P-Br _.kalphnyl lcohol p-Bromoalkenylbensene #-Bromoalkylbenzene
’ 0 ‘ Ovenll
Yield ¢ Yield » . yield ¢
Formula %) H‘Fotm-la (15:) B.p. ("C)* Formula (%) Bp. (C)* (%)
98 (0.1 BrC,H, 58 (0.5
p-n«c.n.cu, H)CH, 8 ;&-&n-cuﬂ'ﬁ L u(o.a)') fnc.ﬂ:g:nﬂ', u{o.o?o) ©
P CHCHOMCH, 18 B cHoch CI, 3 iehy PBCHCH: s s stoom o
SBCH.CHIOMCH, 8  hBCH GHCH iy 74 %0 ggi;)s) FBCHCH, 8 sl
BrCH,CH(OH)C,H,, 71 ~CH=CH-C,H,, 7 113 (0.35 BICHCGH,, 8  10¢ (0.16] .
*n.c.u.cn( HICIHy 74 ;’c'nc.&-cuxn_-g'm: Pt fo.x)) 5 & W 1 107 ig.a:

¢ Yield based on p-bromobenzaldehyde. ° Yield based

on alcohol. ¢ B.p. under bmmm‘hlbwninmnﬂcmpm

theses. ¢ Yield based on alkenylbensene. * Yield of p-bromoalkylbenzene based on p-

bromobensene, followed by hydrogenation of the resulting
alkene to yield the desired product.*
Compounds [M(PAr,),CL) whors M = Pd, Pt, Ar = p-

and decomposition of any intermediate complexes, Chloro-
form solutions of the phasphine PAr, (8 equiv.) and the
cyclo-octadiens (cod) complex (M(cod)Cly] (1 equiv.) were
mixed together and stirred jor 4 h to yleld [M(PAr,),Cl,]).
The solutions were taken to dryness and, where possible

recrystallised from ethanol-chloroform (6 : 4). ‘nuhi'ht
members of this series could only be obtained as viscous oils.
Thess were purified by pouring them onto a columa of

and the complex beated at 50 °C in vaswe for 13 h to remove

90 spectrometer (10-mm phosphorus probe, 36.¢ MHs). Al
MP chemical shifts were measured relative to trimethyl
phosphate as an external standard. 'H n.m.r. spectra were
recorded in CDCl, solution containing SiMe, as an internal
standard using a Perkin-Elmer R332 spectrometer.

Lr. spectra were recorded in the range ¢ 000—200 cm™t
using Perkin-Elmer , models 457 and 577.
Solids were run as mulls, using Nujol or hexachlorobutadiene
as the mulling agent, and liquids as thin films vsing potas-
sium bromide plates for the range ¢ 000400 cm™* and Csl
plates below 400 cm™. All spectra were calibrated with a
standard polystyrene film.

RESULTS AND DISCUSSION
The tris(p-alkylaryljphosphines were prepered by tre-
ating phosphorus trichloride with the Grignard reagent

10.
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derived from the corresponding p-bromoalkylbenzene.
The p-bromoalkylbenzenes are not commercially avail-
able and 30 it was necessary to develop a satisfactory
procedure for making the pure para-isomer in good yield.
We ! and others ? have noted previously that, when pre-
paring very soluble compounds of the present type, it is
esaential to use very pure starting materials to minimise
the amount of purification needed at the end. This is
because the products and their impurities have very
similar properties, making separation difficult.

#-Halogenoalkylbenaenes have been prepared either by
reaction of chlorobenscne with a terminal alkene in the
presence of concentrated swiphuric acid ® or chioroben-
sene with an bromide in the presence of aluminium
tribromide or finely divided aluminium.®* However, we

Physical properties, spectroscopic, and analytical data for [M{P(C{H R),}Cl]

"PNmr Fﬁm

R | appearance up.('q -(u-auem-u/ppn “Tnsls T C H <
C.H, Pd Yellow, 58(083) 64(03) 83(83) 18(T1)
solid d.eomp)
Pt Cream, ) ) 295,320 92 3695 50.8(00.1) B7(57 7.6(1.4
w-CH, n gylh&.m 108 30 —18.9 67.5 (67.9) 6.8 (1.0) 7.5 (7.4 8.0(1.5)
crystalline solid  (decomp.)
Pt Cream, o6 296,30 -93 3600 61.7(028) o03(6q) eO8(0.0) 3300
w-CH, P4 Yellow, ot 164 360 —18.7 0W.7(00.4) 78(7.60) 69(0.8) 3.8(59)
Pt Cream, 136—138 390, 330 —-90.2 3008 1.9 (63.9) 4.8 (7.0) 6.1(6.9) 8.3 (8.8)
#»CH, Pd Yoliow, ¢ 18 P} 300 —18.7 700(706) 79(81) 6.1(83)  €.1(58)
Pt Yellow, 206,320 93 3604 25634 72275 03(89 4N(BY)
bard wax
»-CH,y Pd Dark -~18.8 0.0 (7. [ X )] 8.4 (8.
»CH,, Pd Dark o % —18.0 744(741) o8 81} .1 &3 48(e9

® Chemical shifts measured relative to trimethyl phosphate as external standard. All spectra were recorded in CDCl,.

found that both routes give rise to mixtures of isomers
that are very difficult to separate on a preparative scale
for all but the lower alkyl groups. It is well known that
the halogenation of alkylbenzenes proceeds quite rapidly
under varying reaction conditions.#1! In the presence
of acid catalysts and at low temperatures halogenation of
the aromatic ring occurs, but again a mixture of ortho-
and pers-isomers is formed. It has been shown that
silver trifluoroacetate catalyses the reaction between
jodine and both benzene and toluene to form iodo-
benzene and p-iodotoluene respectivelyl? We have
extended this reaction to the iodination of heptylbenzene
and have formed the pars-substituted product ex-
clusively. However the yield is low and a large excess of
alkylbenzene must be present in the system, which
presents difficulties in the separation of the product from

Although sll the above procedures are simple one-step
processes they each have obvious disadvantages. The
difficulties in separating the parg-isomer, together with
the low yields which are often obtained, render these
processes unsuitable for large-scale procedures. Accord-
ingly, it was decided to use a three-stage synthesis to pre-
pare the p-halogencaikylbensenss which gave solely

lowed by a Wolfi-Kischner reduction of the acyl group to
an alkyl group using alkaline hydrasine. The product is
claimed to be solely the para-isomer with no ertho-con-
taminant. However, although the overall yield is not
given, the original discoverers M report that the

step yields only 309, of the desired product together with
28% of PhCOR. By contrast, overall yields in the
present synthesis of -bromoalkylbensencs are 46—80%,

including the phaephine oxides (Table 3) and the bis-
{pbosphine)dichloro-paliadiem(11) and platinem(n) com-
plexes (Table 4). The mass spectra showed the presence
of the expected malecular ions (Table 1).

The i.r. spectra (4 000—300 cm) showed the abssnce

11.
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of bands attributable to P=0 or P-O stretching modes,
indicating the absence of significant amounts of oxidation
products. The spectra were very similar to those of the
para-bromoalkylbenzenes from which they were pre-
pared. No bands assignable to P-C stretching modes
were observed, which is in agreement with their absence
in the spectra of trialkylphosphines characterised
previously.1.15.18

‘The relative intensities of the signals in the 'H n.m.r.
spectra (Table 5) were consistent with the propased
number of protons in each molecule. The %P n.m.r.
spectra in deuteriochloroform (Table 1) showed a single
resonance ca. +10.66 p.p.m. up-field from trimethyl-
phmphate (ca. 8.4 p.p.m. upfield from 85%, H,PO,) which
is consistent with the values reported previously for
other tertiary aromatic phosphines.}”-¥8 In addition the

TABLE §
1H N.m.r. chemical shifts ® for the triarylphosphines
CH, not CH, adjacent

adjacent to  to the . .

Phosp.in: Me ring ring protons
P(p-CoH,~CyHy)s 1.20 2.60 120
Plp-TqH—CaHy)s 0.95 1.85 2.60 7.20
£-CeH—C Hy)y 0.92 1.50 2.60 7.20
P(p-CH~CHy)y 088 1.28 2.60 7.20
C,H,CHy)y  0.88 1.27 260 7.20
P(p-CH~C,H,s)y  0.88 1.27 2.60 7.20
P(p-CHCH,), 088 1.27 2.60 7.20
(p-CeH—CyHyq)y 0.88 1.27 2.60 7.20

* All spectra recorded in CDCl, using SiMe, as internal
standard.

single phosphorus resonance provided further evidence

of purity. Upon oxidation to the phosphine oxide,

O=P(p-CgH, R),, the chemical shift moves down-field by
ca. 37 p.p.m. (Table 2), which is consistent with results
observed with other triaryl- and trialkyl-phosphines. 118

Properties of the Tris(p-alkylaryl)phosphines.—The
triarylphosphines were either crystalline solids or viscous
oils that were extremely soluble in hexane and chilorinated
solvents such as dichloromethane, chloroform, and carbon
tetrachloride, and moderately soluble in tetrahydro-
furan, diethyl ether, and aromatic solvents such as
benzene and toluene. The lower members of the series
were found to be soluble in ethanol but this ability de-
creased as the length of the alkyl group on the phenyl
nngsmctused The higher members of the series are
insoluble in cold ethanol, methanol, and other polar
solvents. The corresponding phosphine oxides were also
found to have similar physical properties and solubility
characteristics.

These new phosphines were found to be sensitive to
oxygen both as solids or oils, and in solution, whereas
triphenylphosphine has been shown to be stable towards
oxidation as a solid and in solution, and in fact has been
nsedumoxidationinhibitorinsohﬁomdothu
oxygen-sensitive M Unlike trialkylphos-
phines, which yield a mixture of products on oxidation in
air (suto-oxidation),-® these new triarylpbosphines
appear to give exclusively the phosphine oxide. The
oxidation properties were studied using ®P n.m.r.

J.C.S. Perkin 1

spectroscopy.  Tri(p-ethyiphenyl)phosphine was allowed
to stand in air for several days, after which significant

amounts of the phosphine oxide could be detected cs. 38
p-p-m. downfield from the parent phosphine. Only two
peaks were observed in the spectra. Similar results were
found using tris(p-propylphenyl)phosphine. The sensi-
tivity of the pare-substituted triarylphosphines towards
oxidation appeared to increase as the alkyl chain on the
phenyl ring increased in length. This may be due to an
increase in the aliphatic character of the phosphine,
which resuits from changes in the stereochemistry of the
molecule due to the presence of the long alkyl chains.
Electronic factors may be ruled out because the ethyl and
nonyl groups shouid not differ appreciably in their
electron-donor properties at the phosphorus atom.

Palladium(11) and Platinum(11) Complexes.—The tris-
(p-alkylaryl)phosphines were found to readily displace
co-ordinated dienes and other weak donor-ligands from
complexes of palladium and platinum to yield bis(phos-
phine)dichloro-complexes. Lr. and 3P n.m.r. spectro-
scopy indicate that the palladium complexes have the
trans-configuration whereas the platinum(i1) complexes
are cis (Table 4). It is noteworthy that in each series
the melting or decomposition points decrease as the alkyl
group increases in length; this is immediately apparent
from the physical appearance of the complexes, those with
longer alkyl chains being waxy solids whereas those with
shorter alkyl chains are crystalline. Clearly as the alkyl
chain gets longer it becomes more difficult to pack th~
molecules into a crystal.

We thank Drs. W. P. Griffith, D. J. A. McCaffrey, and
S. G. Murray for valuable discussions, Lady Richards for
help in recording the P n.m.r. spectra, Professors Sir Ewart
Jones and J. E. Baldwin for allowing us to use the P n.m.r.

at the Dyson Perrins Laboratory in Oxford,
and Dr. G. Marshall at the Materials Quality Assurance
Directorate, Woolwich, for recording the mass spectra.
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The Mass Spectra of Some parg Substituted
Triarylphosphines and Triarylphosphine Oxides

Groeg Masshall

Mauterisls Quality Assurance Directorate, Woolwich, London, SE18 6TD, UK

Stephen Franks snd Frank R. Hartleyt

Department of Chemistry and Metallurgy, The Roya) Military College of Science, Shrivenham, Swindon,

Wiltshire SN6 8LA, UK

‘The mass spectra are reperted for a sevies of tris(p-alkylaryl)phosphines and the corresponding phosphine
oxides. The phesphinee all give [M]" 28 the base peak except when the phonyl groups are not pors
swhstiiuteod. For the oxides (M-H]" gives the base peak with one exception for which (M]*" s the mest

sbundant lou.

Triarylphosphines are good ligands for transition met-
als, and triarylphosphine oxides for lanthanide and
actinide clements. We have recently described the
preparation and complexes of a series of tris(p-
alkylaryl)phosphines which were synthesized in order
10 prepare metal complexes with rather different solu-
bility properties to triphenylphosphine complexes.'?
In the course of characterizing the new phosphines
theit mass spectra were found to show significant
differences from the mass spectrum of triphenyl-
phosphine. These differences are described in the pre-
sent paper. A detailed examination of the correspond-
ing phosphine oxides is also included because, with the
exception of triphenylphosphine oxide itself, these ox-
ides have not been investigated by mass spectrometry.

Extensive mass spectral studies of triphenyi-

phosphine and its oxide have been carried out previ-
ously.? Studies with deuterated analogues of triphenyl-
phosphine revealed that scrambling on the ring sites
does not occur. Cyclization can occur to give
heterocyclic ions through the loss of a hydrogen atom
ortho to the phosphorus atom. The effect of a methyt
substituent on the aromatic ring of triphenylphosphine
has been investigated.® The mass spectrum of the para
derivative shows many of the features of triphenyl-
phosphine itself in the formation of heterocyclic ions.
The mass spectrum of tris(p-chlorophenyl)phosphine
has been examined by other workers but no spectral
assignments are published.’

The compounds under investigation in this work can
be represented hy structures 1 and 2 for the phos-
phines and phosphine oxides respectively, where X =
H, Q, CH,. CgHs, n~C,H1, n'C-yH‘s, N'C’*‘|g and
OCH,. Initial studies at medium resolution for X =C}
and C,H, coupled with the results outlined above for

4 X«O—),P (X—O—I,P—O
1 3

+ Author 10 whom correspondence should be addressed.

X =H and CH, suggest that common fragmentation
pathways exist for both sets of compounds. The pres-
ence of the related ions can also be inferred from the
low resolution studies of the remaining compounds.
The general structures of ions obtained with the
phosphines are shown in Table 1. The normalized
intensities of each set of ions are also shown. The most
notable feature is that the base peak is the molecular
ion {M]* in all cases except when X=H. Both
electron-withdrawing  substituents (X=Cl) and
electron-donating substituents (X =alkyl or OCH;)
give [M]" as the base peak, suggesting that the elec-
tron densities on the phosphorus atoms are similar in
both cases. The *'P nuclear magnetic resonance
(NMR) chemical shifts of these compounds are all
similar in agreemenmt with this deduction.' The
anomalous behaviour observed in the phosphine series
when X=H is not observed with the phosphine ox-
ides. For the alkyl substituents X =C,H, to 5-C,H,,
the length of the substituent alkyl chain has little effect
on the distribution of the ions in Table 1.
A similar treatment for the phosphine oxides in
terms of general jon structures is shown in Table 2.
With the exception of n-CoH,, the base peak involves
the loss of a hydrogen radical from the molecular ion
[M~-H)". Care must be taken to acoount for the
isotopic contribution of [M-H]"* to (M]*". The loss of a
single substituent group from the molecular ion (M-
X]* is more favourable for the phosphine oxides than
for the corresponding phosphines. This suggests a weak-
ening of the X-ary! bond in the former. which may be
due to the lower resonance stabilization of the aromatic
ring coupled to phosphorus(V). However, 'P NMR
studies suggest that the X-substituent does not affect
the clectron density on the phosphorus atom to any
degree.! Some of the ions in Table 2 are also seen in
the phosphines themselves. Thus, the oxygen atom
may be undergoing new bond formation with the
aromatic rings to produce some of these ions.
The accurate masses of some of the ions in the
spectrum of tris(p-chlorophenyliphosphine oxide are
of interest. A strong peak at m/z 170 is observed

CCC-0030-493X/81/0016~0272301.50
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Table L. nmuu-mdma-O—u }5
on\X “ a -9 Gy ACdly  Alig nlghy OCH,
M- 33 100 100 100 100 100 100 100
M-X]* " 3 2 1 2 1 1 1
{ WP ] n 2 ] 2 3 13 2
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Triphenyiphosphine, triphenylphosphine oxide (Al-
drich Chemical Co Ltd), tri(p-tolyl)phosphine and tri-
(p-methoxyphenyl)phosphine (Kodak Ltd) were ex-
amined as supplied. A range of triarylphosphines (p-
XCeH, 1P, where X = Q1, C;H,, n-C3H,, n-C,H,; and
n-CoH,y, were synthesized by a Grignard method as

ORGAMIC MASS SPECTROMETRY, YOL. 6. NO. ¢, 1001 27
15.
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described previously. The oxides (p-XCH )P=O,
where X = CHs, n-CsH,, n-CoH;s and n-C i,y wers
pnpandbyoﬁdnﬁond&ecumm
in acetone using 6% w/v hydrogen peroxide.! The
oxides with X =Cl, OCH, and CH, were also prepared
in this fashion: their 3P NMR chemical shifts were
22.7, 24.9 and 25.9 ppm downfield from trimethyl-
phosphate respectively.

Low resolution mass spectra (M/AM = 1000) were
recorded using either a Perkin-Elmer-Hitachi RMU7
M mass spectrometer or a VG Micromass 305F mass
spectrometer, operating at 70 eV with an ion source
temperature of 250 °C. The accelerating voltages were

transitions were within +0.2 u of the caiculated values

throughout. .

Medium resolution mass spectra (M/AM = 7500)
were recorded using & Kratos MS 50 mass spectrome-
ter operating at 70 ¢V; the data were collected using a
Kratos DS S0 data system.

Mp NMR spectra were recorded in deutero-
chloroform solution using a JEOL FX 90Q NMR
spectrometer operating at 36.2 MHz.
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Chapter 3

The Preparation and Characterisation of Transition
Motal Complexes of Long Alkyl Chsin Tertiary Phosphines

The long alkyl chain tertiary phosphines have been used to prepare a series

of platinum, palladium and rhodium complexes, full details of which are given in

reference 1.

Laboratory Conference in November 1983,

soluble in non-polar solvents.
Preparative routes have therefore been developed that minimise by-product formation

A susmary given in reference 2, was reported at the Chemical Systems

All the complexes as expected are very

Accordingly their purification is not easy.

or give by-products that are readily separated from the complexes.

[lht (CO) (Pus)zl. where Ar = aryl. An attempt to prepare this from the well

As part of the work described in Chapter 5 it was desirable to use trans-

characterised, stable chlors-complex trans-[RRC1(CO) (PArs)’] by balide metathesis

quickly showed that tbe iodo-complex is less stable than its chloro-analogue.

A detailed investigstion of the preparation, characterisation and study of

the behaviour in solution of [lhl (co) (P“S)D] is described in reference 3.

)

References

1. 8. Franks and F.R. Hartley, Inorg.Chim. Acta, 1981, 47, 238. i

2. PF.R. Hartley, 8. Franks, D.H. Goldsworthy, §.G. Murray and D.M Potter, paper

presented at the Chemical Systems Laboratory Conference on Chemical Detfence
Research, November 1982.

3. F.R, Hartley, 8.G. Murray and D.M. Potter, J. Organowetal.Ches., 1983,254,119. , '
i
|

N
* {
1
14
% |
17.
B e e T . }




Inorganica Chimica Acta, 47 (1981) 235-248
© Lisevier Sequoia S.A., Lausanne - Printed in Switzerland

238

Complexes of Long Alkyl Chain Tertiary Phosphines.
Part 1. The Preparation and Characterisation of Platinum Metal Complexes of

Long-Chain Tertiary Phosphine Ligands

S. FRANKS and F. R. HARTLEY®

Department of Chemistry and Metallurgy, The Royel Military College of Science, Shrivenham, Swindon, Wilts,SN6 8LA, UK.
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The long chain tertiary phosphine ligands (K C,-
Hyporhand P CmMantdy  have been used to pre-
pare the following series of platinum, palladium and
rhodium complexes: cis-{PtL,Cl,], trans-(PdL,Cl, ],
wrans-[PtL,HCY) (L = triakylphosphine only),
[PtL,) and tians-[RhL,CYCO)). The complexes are
very soluble in chiorinated solvents and both aliphatic
and aromatic hydrocarbons as well as tetrahydro-
furan, but either insoluble or only slightly sokuble in
polar solvents such as alcohols, acetone and diethyk
ether. Many of the complexes are crystalline solids
whose purification merely requires care; however a
number are waxes or oils and both the preparative
routes used and the work up procedures for these
must be chosen with extreme cere. In addition to
the monomeric trans-[Pdl.,Cl;] complexes trialkyl-
phosphines  yield dark coloured palladium(ll)
products that are believed to be a mixture of several
isomers of the ortho-metallated chioride bridged
dimers [Pd{l’(C,.Hz...lhq,H,,,]Cl], which dwe’ in
the sizes of their Pd-P-C rings together with some
unmetallated chloride bridged dimer [Pd{PIC,-
My ey K Cha.

Introduction

We have recently deacribed the preparation of two
scrics of tertiary phosphines, trialkylphosphines,
K(Callzne1)s where n = 10--19 inclusive {1] and tris-
(p-alkylaryl)phosphines P(C¢ HeCaHam+1)s where m
= 2.9 inclusive [2]. Herein we describe the prepara-
tion of a2 number of complexes of those phosphines
with platinum, palladium and rhodium. These com-
plexes were prepared because it was anticipated that
they would have unusual solubilities, in particular
very high solubilities in hydrocarbon solvents, Com-
plexes with unusual solubilities are of interest for a
number of reasons:

*Author to whom cotrespond: hould be add d

18.

1. Solvents play an important part in the mecha-
nism of chemical reactions in solution. Hence it was
of interest to prepare complexes with very high solu-
bilities in non-polar solvents 10 see in what way the
catalytic sbility of these complexes differed from
their less soluble homologues.

2. There has been increasing interest in recent
years in the possibility of activating alkanes to chem-
ical reaction through coordination to transition
melals [3]. Since alkanes are extremely unreactive
and less reactive than virtually all other organic com-
pounds it seemed profitable to prepare potential
catalyst precursors that would be freely soluble in
alkanes without the need for the presence of a
further, more reactive organic compound.

3. Complexes with high solubilities in hydrocarbon
solvents may be of value in the solvent extraction of
metals, as stationary phases in gas chromatography,
as additives in organic materials such as plastics and
paints where, for example, they may prevent fouling
of ships’ bottoms by prevention of algae and
baracle growth.

Experimental

Materials

[PUCOD)CT,] [4] (PA(CODXL,] (5] and [Pr-
(COD);] (6, 7] werc prepared by standard proce-
dures. The method of Clark [4] was preferred for the
platinum(ll) complex because it is easicr and gives
a whiter product. However the platinum(ll) complex
prepared according to reference S gave excellent
microanalytical dsta. [Rh,;Cl,(CO),} was prepared
as follows': Rhodium trichloride tri-hydrate was
spread evenly along a narrow ceramic boat. The salt
was then moistened with a few drops of distilled

1'l'hium, ¥ I p dure was devised by Dr. D. J A,
McCaffrey in our laboratories. )t is 2 modification and
improvement of that in refercnce 8.
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water.(This preparation has been found not to pro-
ceed using the dry salt). The boat was then placed in
a heated glass tube which was surrounded by a mix-
ture of refluxing toluene and xylene such that the
temperature was kept st approximately 125 °C.
Carbon monoxide was passed over the heated moist
RhCly°3H,0 at such s rate as to cause sublimation
of the final product to the end of the glass tube. Care
must be taken to avoid ‘blowing’ the product out of
the end of the tube which is protected by an oil
bubbler. The whole apparatus was well lagged with
cotton wool, 1) to help the reflux of the solvent sys-
tem, and b) to cause condensation of the water
further along the glass tube than the product. After a
reaction time of 24 hours the apparatus was carefully
dismantled and any excess moisture was wiped from
the end of the tube. The product does not require
further purification. Yield 60%.

cis-{P1L, (5]

Solutions of two equivalents of tertiary phosphine
and one equivalent of [P(COD)Cl,] in chloroform
were reacted under nitrogen for two hours at room
temperature. In the case of the triarylphosphines
the solutions were evaporated to dryness and where
possible recrystallised from a mixture (60:40) of
ethanol and chloroform. The higher members of the
series coukd only be obtained as either waxes or
viscous ofls. These were purified chromatographicaily
on slumina (Brockman activity 1, neutral) eluting
with a 60:40 mixture of chloroform and methanol.
The solvent was removed and the product dried at
50 °C in vacuo overnight. In the case of the trialkyl-
phosphines the products, where possible, were preci-
pitated from solution by the addition of an equal
volume of methanol. The trioctylphosphine complex
was purified by column chromatography to yield a
yellow wax. Physical, spectroscopic and analytical
data are given in Tables ] and I1.

trans-{PdL , C,)

The palladium(il) complexes were synthesised by
an identical route to that used for the platinum(il)
complexes. In general the former were less crystalline
and therefore more difficult to purify. With the
longer chain trisikylphosphines column chromato-
graphy was used to separate a dark red waxy material
from the pale yellow to pale brown [PdL,Cl,].
The proportion of the dark red waxy material increas-
ed with increasing phosphine alky! chain length to
the extent that virtuslly no [PdL,Cly] was formed
with phosphines that have fifteen or more carbon
atoms in their chains. Physical spectroscopic and
analytical data for [PAL,C1,) are given in Tables 111
nnr;d V and for the dark red waxy materials in Table

S. Franksand +. R, Hartley

trans-[Pt(PR, J,H(T)

Trans-[P{PR,),HCl] R = alkyl weie prepared by
hydrazine hydrate reduction of the corresponding
cis-[Pt(PR3),C1,] in a solution of chloroform and
ethanol, the chloroform being necessary because of
insufficient solubility in ethanol alone [9]. Physical,
spectroscopic and analytical data are given in Table
V1.

Pl

A solution of the triaryl- or trialkyl-phosphine
(4 mmol) and [P(COD),] (1 mmol) was stirred in
dry hexanc under nitrogen for two hours before
evaporation to dryness [10}. The products were
further dried in vacuo for 24 hours at room tempera-
ture. Physical, spectroscopic and analytical data are
given in Table VII.

trans-[RAL, CYCO))

Trans-|RhL,;CI(CO)] complexes were prepared
from [Rh,Ci;(CO),] following the literature
preparation [11] but using the minimum volume of
chloroform possible. The complexes, where crystal-
line, were recrystallised from ethanol<hloroform
mixtures. Physical, spectroscopic and analytical data
are given in Tables VIII and IX.

Halide Metatheses

A number of bromide and iodide complexes are
reported in Tables I, II, V and 1X. These were
prepared by treating the chiloride complexes with
excess lithium bromide or sodium iodide in acetone.

Kinetics of the Dissociation of {PtL,,) in Solution

A 4 X 107 mol I"? solution of [PtL,] in benzene
was prepared under nitrogen. The absorbance at 358
nm was recorded as a function of time at 25.0 C.
When n = 4, plots of log (A; - AJ) against time,
where A, and A, are the absorbances at time t and
at equilibrium, showed two distinct regmns for which
apparent rate constants k°® and k™ can be
evaluated (Fig. 1). For [Pt(PPh,),;] only a single
straight line plot was obtsined. The two regiuns
observed for the tetrakis complexes were therefore
ascribed to sequential loss of a phosphine (reaction 1).

PIL, b pyp, okl M
L, ax,

The first stage involves a first order reaction opposed
by a second order reaction (2).

k

Pty =Pty + L &)
|

for which the integrated rate equation is |12]:

oS St

19.
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046 (a)

0 «© 0 © ]
Time Cminutes)

2.303 ingl Ay - Agy)

o 4 & 12 W 20
Yime tmiwtes)

Fig. 1. The dissociation of a 4 X 107* mol I™" solution of
1P{P+L-CHi 1] in benzene at 28 °C. (a) Mot of absorb-
ance against time. (b) Plot of 2,303 log(A; — A.) against
time.

where C,, C, and C are the concentrations of [Ptl]

initially, at equilibrium and at time t and (C, — C)is
the concentration of both PtL; and L at time t. Since

for L= PPy, ky/k_, > 10mol I? {13], then for C, =
4 X 10™ mot I"Y, C, is essentially zero. Equation 3
therefore reduces to

(Co/C) = k™ “)

which was used to evaluste k$™ by noting that C =
Alel and C, = A jel where ¢ is the molar absorbance
and | the cell length,

For the second stage of the reaction with the
tetrakis complexes, the starting solution effectively
contains one equivalent of [Ptl,] and one equivalent
of free L (reaction §)

| 3
nL,oL,.—-_-..L—*'_. Pl + 2L )
H
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for which the intcgrated rate equation (see Appendix)
is:

B
’ VAB'CS +6BC, + 1)

]
5;\/(1 +6BC, + B2C2) + C’ ~ (1 + 3BC.)/2B

n
1
iE‘/(' +6BC, + BIC3) — C + (1 +3BC,)/2B
= Bk3® + const. (6)
where
B = (C/(Co ~ CXN2C; - C7) m

in which C,, C, and C' are the concentrations of
[PtL,] initially, at equilibrium and at time t. kS
values were determined from equation 6, by noting
that C, = A,/€'l and C, = AJe’l and taking the value
of Ay for this second stage by extrapolation of the
second stage of the plot in Fi&.'l back to zero time
(point a). Values of k°™, k'™, k% and k™ are
summarised in Table X.

Mcasurements

Microanalytical data werc determined in the
Chemistry Department at University College,
London. 'H nmr spectra were recorded in CDCly
solution containing TMS as an internal standard using
a Perkin-Elmer R32 spectrometer. P nmr spectra
were recorded in CDCly solution using a Brucker
WH90 spectrometer; TMS was used as an internal
standard for the former, trimethylphosphate (TMP),
which lies 4.242 ppm downfield from 85% H,PO,

14], was used as an external standard for the latter.
3C nmr spectra were recorded by the Physical Chem-
istry Measurements Unit at Harwell in CDCl, using
TMS as an internal standard.

Infrared spectra were recorded as nujol and hexa-
chiorobutadiene mulls in the range 4000-200 cm™!
using a Perkin-Elmer model 577  spectrometer
calibrated with a standard polystyrene film. Ulv-
visible spectra were recorded on a Unicam SP 17008
Spectrophotometer in | cm cells mounted in a water-
jacketted cellhousing fed by a Techue C100
circulating bath coupled to a Techne 1000 refrigera-
tion vnit.

Results and Discussion

Al the complexes prepared in this work have very
similar solubility properties both to each other and
to the starting phusphines. Thus they sre very solubic
in chlorinated solvents, aliphatic hydrocarbons such
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TABLE . Physical, Spectroscapic and Analyticat Data for {Pt{P(CaHane1)3 1Xa).

AT P B

Analytical Data  Found (Calculated)

Ipi~p(HZ) C

3p ame
Chemical
shift (ppm)®

em™t)

Infrared®
0 »(P1-X) (

M.pt

X Configutation Appearance

Kcl“tno th

PO

6.4(6.3)

42.0(43.0) 7.8(8.1) 11.1(10.6)
55.7(51.2) 10.6(10.1) 1.3(1.2)

3518
3513

-4
+1.8

308, 283
305, 283

142
~30

White prisms
Yellow wax

cis
cis

Qa
a

MCeHy)s
MCeHy1)s

4.403.9)

4.7(4.9)
15.4(15.8)

10.0€10.1)

11.2(11.4)

64.5(65.2)
56.6(58.2)

2252
35

+10.9

305, 283

[

42
4244
31-33

46-48
50
62

Yellow crysaliine solid

Cream crystalline solid
Cream crystalline solid

cis
mang

4.3(4.7)

11.3(11.6)

66.1(66.7)
59.4(59.5)
66.9(68.6)
68.3(70.2)

+3.5
+10.8

305, 283

10.3(10.4)

2252

Yellow crystalline solid
Cream crystailine solid
Cream crystalline solid

4.2(4.3)
3.9(3.8)

11.711.9

+“.9 3514

3058, 283

11.9(12.1)

305, 283

e

4.1(3.1)

13.1012.5)

10.9(11.0)

61.7(63.9)

Yellow crystailine solid §0-62

i.g.‘&ig

a
1
Qa
1
a
a
1

MNCyuHxn)

P

P(CuHy)y

PCuHn)y
PCuHn)y

“W(M-X) for all iodide complexes ase assumed to be <200 e ™! .

*Recorded ss nujol mulls.  "Chemicat shifts in CDCls measared relative to TMP as external standard.
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Fig. 2. The effect of chain length on the melting point of
cis- PUCaHapas)s 119

0

as hexane, cyclohexane and petroleum ether.
benzene, toluene and tetrahydrofuran and slightly
soluble in acetone. The trialkylphosphine complexes
did not dissolve in polar solvents such as ethanol.
methanol and diethylether, but the triaryiphosphine
comiplexes were slightly soluble in these solvents
when the pora-slkyl group was small but decreased
in solubility as it increased in size. Al the complexes
were relatively low melting solids, waxes or oils. This
coupled with their extreme solubility properties made
purification difficult. Accordingly, since for each
scries of complexes a wide range of preparative routes
have been described in the literature, the methods
used were those involving the least amount of
purification (reactions 8-11). In reactions 8 and 9 the
only by-product is

M(COD +2PR
[M(COD)Ct,] 3 M-pa P,
R = alkyl or aryl)

[M(PR,),C1,) +COD (8)

PY(COD),] +4PR; ————
[PUCOD) ] + PR, s

(Pt(PR,)4] + 2COD 9

{Rh;C1,(CO),} +4PR, R aioreny®)

2trans-[RR(PR,),CHCON] +2CO (1O

PUPR,),C1,] 4 2N, 11 EtOH/CHC1,
———
f 1:0,] e TR T

trans-[PUPR;),1NCI}E + NH,CL+ IN, 4 NHy (1D

cyclooctadiene (COD)Y which is sufficiently volatile
to be removed by pumping in vacun. In reaction 11
the oxidation products of hydrazine ace nitrogen
which is obviously volatile. ammonia and ammonium
chioride which are extracted into aqueous hydro-
chloric acid.

ciae kg

PR S
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Cis:- |PH{PICutlynary s 1 Xa)

Cis-[PUP(CHzp41)3 }2Cl3 ] were prepared by reac-
tion 8. Microanalytical results (Table 1) were good
except for the waxy material which could not be
secrystallised but was purified by column chromato-
graphy. The melting-points initially decrease sharply
as n increases, reaching a minimum at about n = 8;
thereafter there is a slight increase in melting-point
with increase in chain length (Fig. 2). A cis-configura-
tion was suggested by the infrared spectra (Vpq =
305 and 283 cm™!, of. cis-[PY(PEt;3),Cl;) 303 and
281 c¢m™') [15). The complexes do not isomerise
on heating, instead they decompose. *'P nmr spectra
involve a triplet with "*Pt—*'P coupling constants
between 3513 and 3518 Hz (X = C1) which is typical
of a cis-configuration and should be compared to a
coupling constant of about 2400 Hz for trans-com-
plexes {16-18]. P chemical shifts for X = Cl were
in the range +2 to +5 ppm upfield from TMP which
was again consistent with values reported elsewhere
for cis-complexes [16].

The jodocomplexes, which were prepared by
heating the chloro-complexes with excess sodium
jodide in acetone, have a frans-configuration (**P—
3P coupling constants at 2252 Hz). Since the steri-
cally less demanding chloride ligands form cis-com-
plexes, this cis to frans-isomerisation on halide substi-
tution would appess to be a consequence of electro-
nic factors. Since cis to frans-isomerisation is some-
times promoted by excess nucleophile it was of
interest to see if refluxing the cisdichloro com-
plexes with excess lithium chloride in acetone would
promote isomerisation; it did not. The pure cis-
isomer was recovered after 24 hours of refluxing.

The bis(trialkylphosphine) complexes can also be
prepared by displacing acetonitrile from [Pt(MeCN),-
Cl,]) . however in this case 8 mixture of cis- and trans-
isomers was obtained. These are virtually impossible
to separate because of their very similar physical
properties.

Cis-|Pt {PICo HyCmHame1 )3 }2X 1]

Cis-[PHP(CoHyCHime1)3}1Xa]  were  prepared

by reaction 8. Microanalytical results (Table 11)-

were in good agreement with the proposed formulae.
IF'or m = 2 to 4 the chlorides were white crystalline
solids after dissolution in the minimum volume of hot
ethano! followed by crystallisation by storing in an
icebox for a week, For m = § 10 9, however, they
were yellow waxes or oils which were purified by
column chromatography. This decrease in melting-
point with increasing alky! chain length indicates
the increasing difficulty of packing the molecules into
a crystal. The infrared spectra of the chloro
complexes had two bands in the Pt~Cl stretching
region at 295 and 320 em™ (cf. cis-[Pt(PPh,),Cl, ],
280 and 303 ¢cm™) {19] indicating 8 cfs-configura-
ton, This was further confirmed by P nme data

22.

TABLE H. Physical, Spectroscopic and Analytical Data for g-g«[N{PfOR),] 2 x,}

Found (Calculated)

Analytical Data

o

Ipr-p (H2)

3p nm®
§ (ppm)

Infrared®
WPCl) (em ™)

Appearance

. 3695

5.%5.7 7.6(2.4)

59.8(60.1)

295,320

268 (dec)

2434

2024

White needles

(8]

-

16.7(15.3)
19.7(22.2)
6.8(6.9)

5.2(5.2)
4.9(4.8)
6.3(6.4)

54.0(55.0)

3641

-8.9

Yellow crystalline solid
Yellow crystalline solid

White crystalline solid

Br

47.4(50.5)
61.7(62.8)

3484

3696

-6.7

5.8(6.0)

9.3

295,320

86

Cl

CaH-
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295, 320

Yellow oil

a

CoHyo

to TMP as external standard.  Sv(M-X) for all bromide and iodide complexes are assumed to be <200

d in CDC1,

5 henical shifts

*Recorded 1s nujol mulls,

om™".
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where chemical shifts of between - 9.2 and 9.3 ppm

€s 3 i downfield from TMP with '?*Pt-¥P coupling
2% z constants between 3694 and 3698 iz were observed
e 7N for the chlorocomplexes consistent with previous
literature reports for similar complexes [16-1R].
'H nimr spectra merely served to confirm the presence
8§~ of the phosphine ligands and the absence of any
g § o2 significant amount of organic impurity.
FREE
~lx |2 RN
i Trans{ PA{P(GyHyn o1 Jy )2 Claf
2 When one equivalent of [PA(CODYCH,] wa
3 ~faa treated with two equivalents of trialkylphosphine in
E Pl chloroform under nitrogen an instantaneous reaction
3 A3 E= occurred which on evaporation to dryness yielded 4
Llg |z d dark solid. Repeated recrystallisation from hexane
- < and cther yielded a yellow or yellow-brown solid.
1 g shown helow to be trans-[PA{P(C Hl;, 41 1 }aCLy
% Sass & and a daik red or brown waxy product which became
% 2s2¢e !la more crystalline as the alkyl chain increased in
F] N¥zxs | E length. The reaction may be summarised as:
<luv |$S8% | %
k4 [PA(CODX1;] + P(CaHzaes)s =
=
DE ; trans-[Pd{P(Cyllz 442 },C1}
R~ H (yellow)
E % g - e . :‘: + dark red or brown complex (12)
=~ |8 G e Y 'T TY
o) 3 As the chain length of the trialkylphosphine increased
»3 in length so the proportion of the dark red product
= £ g increased, so that it became impossible to isolate thr
& E 8 yellow monomeric complex when the alky! chain ¢3:
:;-. - £ fifteen or more carbon atoms.
£ 52 3 _The yellow trans-[Pd{P(Callins1)s }aCla] were
PR L sean cither oils or crystalline solids whose microanalyses
< |~ m;meean were consistent with their proposed formulae (Table
3 ] 111). On heating they decomposed ratiser than melted.
< E In the palladium—hlorine stretching region of the
e TP infrared spectrum they showed a single band at 35S
g. g = em™! (¢f. trans-[PA(PnBus)sClal, ¥pg q = 355 em™)
3 ze ae § 2 | (20} indicative of a trans-geometry. This geomelsy
£ ¢ g was confirmed by their 3P nmr spectra where again
é‘ o a single band between —4.1 and —7.3 ppin downfield
< 3 , from TMP was observed in agreement with previous
2 |3 4 results with fower homologues {17, 18, 21]. 'H
< . 3 E nme nerely served to indicate the presence of
§ E < S 2 trialkylphosphine and the absence of another organic
8 E £E2 5% 5 ; material which might have been present as impurity.
'g i 4 E H § T The dark sulids obtained from reaction 12 were
a e 3 s :‘.: I purificd by column chromatography. Their infrared
g’ g spectra showed a number of bands in the paliadium-
4 e chlorine stretching region, particularly between 265
£ | = g and 310 cn™' together with a weak hand at 355
= F Py ,g .g & 357 cm™'. The latter passibly arises from a terminal
9 |2 s ='-;'- T x E Pd-C1 stretching vibration in the dimeric chloride
a ¢ J&33 bridged [PA{P(C,Hans()s}Cla)s 1, (cf PP Pry)
e | E Erex |8 O12); has vpa.y 2t 356 (terminal C1), 299 (bridging
23.
——
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TABLE IV. Physical, Spectroscopic and Analytical Dava for the Datk Products Obtained from Reaction §.

Calculated Analyses

Analytical Data Found

7P nme
s (ppm)®

Infrared (cm )*

Appeanance

Phosphine

(i) Monomeric | P8 {P(C;3H1)3}2Q15)

69.9

5.1

61.5 10.0

~-2.99

Dark red wax 265 sty

PCyHnls

5.3

12.2

275 str

(ii) Dimeric [Pd{P(Ci3H12)3}013 ),

61.8

289 su

9.3

10.8

297 str

(iii) o-Metallated dimer

308 str

(Pd {P(C 3 H1)2(C13H2 )} O} 2

357 str

4.9

11.2

64.9
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§ § &8
€ € =y
S A&
:'aﬂ.ﬁ b
eNggELg

4.8

.7

Dark brown solid 250-300 br str® 64.6 11.5

NCHn)s

€A broad band in

B Chemical shift in CDCl, solution measured relative to TMP as an external standard.

SBands in the region 250360 cm™" in spectra recorded as nujol muils.
which it was not postible to identify individual bands.
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(a)
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Fig. 3. C nmr spectra of (a) zrans{Pd{P(Cy¥19)3}2 (2
and (b) cis-{P{P(CaH17)3}2 (2] in CDA solution.

Q) trans to C1) and 253 cm™ (bridging C trans to
P°Pry)) [22). The dark colours are consistent with
structure J since [Pd(PPry)Cl,], is deep orange {23].
However / does not appear to be the sole dark
product formed by reaction 12

JREISREN
L4 CH
RV (cn?,) \N/O\N/ erp.
n / i
a” Ya” em W aT e

/
H, (CHYm
1 n

since there are too many bands in the infrared spectra
of the products (Table 1V) and the microanalyiical
data do not fit. In particular the chlorine analyses
indicate that the product has only half as much
chlorine as expected for /. We believe that a consider-
able amount of o-imetallstion may have taken place
to yield /1. Since the alkyl chain may metallate at
several points giving ditferent sized I’@:PLAI‘ tings each
with 3 different degree of strain, a number of Pd--C)
stretching vibrations in the region 250 1o 300 cm ™
would be expected [24, 25]. "H nr spectroscopy is
not very helpful in determining the structures of the
dark red compounds because the spuctra merely show
the bands expected if the phosphine ligands were pre-
sent. The P nnwr spectrum of the product contain-
ing P(Cy3113 ), shows a single absorption at --3 ppm
downfield from TMP which is significantly different
to the —7.4 ppm shift observed in trans-[PA{P(C,,-
1) 1aCl}. The presence of a single band argues

2k,
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TABLE V. Physical, Spectroscopic and Analytical Data for m-[r’d [P R% 1,5

Found (Calculsted)

Analytical Data

C

M. pt.

Appearance

Rp nme
& (ppm)

Infrared
w(PA-Q1) (cm ™' )*

H

7.907.1)
6.6(6.5)
6.3(5.9)
8.0(1.5)
5.8(59
5.6(5.5)
5.8(5.1)
6.1(5.5)
5.4(5.1)
5.04.7)
4.8(5.3)

8.3(8.2)
16.5(16.7)
24.1(4.1)
1.5(1.4)
6.9(6.8)
13.5(14.2)
22.720.8)
6.1(6.3)
13.6(13.2)
18.4(19.4)
5.4(5.9)
4.7(4.9)

6.4(6.3)
5.8(5.1
5.25.2)
6.8(7.0)
7.8(7.6)
7.2(1.0)
6.2(6.4)
1.9(8.1)
1.21.5)
6.9(7.0)
8.0(8.5)
9.5(9.5)

65.8(66.3)
56.7(60.1)
53.9(54.8)
67.5(67.9)
69.7(69.4)
64.2(63.9)
57.1(59.0)
70.0(70.6)
64.9(65.4)
58.5(60.1)
69.0(71.7)
74.4(74.1)

-18.6
-17.2

-19
-18.9
-18.7

360
360
360

c
c
c
¢
360

244(dec)
~180(dec)

166(dec)
164

102 -
158-160
118

104

~230(dec)

Yellow-orange crystalline solid

Orange crystalline solid
Yeflow-orange crystalline solid
Orange crystadine solid
Orange crystalline solid

Dark wax

Yellow crystalline solid
Yellow-orange crystalline solid

Yellow crystalline solid
Yellow crystalline solid

Yellow crystalline solid

Dark ofl

CE&.U0&R-.0&.U0

CyHg
CyHy

CeHy
CsHu
CoHyo

CeHp

©u(M-X) for all bromide anzi iodide complexes are assumed 10 be <200

d in CDCly relative 10 TMP as external standard.

ical shifts

bon

*Recorded as nujol mulls.

em™!.
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J}L_J\M“

A " - ta

-20 )
4 (vom)

Fig. 4. "C nmr spectrum of trans-| PA {P(C yH )3} 2155
in CDC1y solution.

for the presence of a single species with only mino
contamination. This would suggest /I with only
trace of /, since all the species /I with differcn
sized rings might well be expected to have ver
similar *'P nmr chemical shifts.

13C nmr was used in an attempt to elucidate th
structures of the dark materials from reaction 2
However since the spectra were complex it was nece:
sary first to record and assign the spectsa of simplc
complexes. The 'C nmr spectra of [M(PR;)(),).
M = Pd, Pt, R = Et, Pr, “Bu and {M(P"Bu}Bu),(1;,
have been described previously [26, 27]. We recorde
the spectra of [M{P(C.H,-,),),(‘l,] (Flg 1) an.
tmns-[Pd(P(C.;H;q);};(],] (Fig 4). The peak
in these spectra were assigned (Table X1} by compari
son with those in the fiterature {26, 27] which shov
that as the carbon atoms become more remote fros
phosphorus there is an initial downfield shift, whic
then reverses to become an upfield shift. Assignmer:
is furthet aided by the observation that the P '™
coupling is much larger for odd than even numbere
carbon atoms. When the ¥ P-¥'P coupling is large ©
in the rmanscomplexes the early odd-numbere:
carbon atoms give rise 10 3 1:2:1 triplet due to virtus
coupling whereas in the ciscomplexes where M'P
3P coupling is much less only & doublet is obscrved
The '3C nmr spectra of the dark products of reactin!
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Long Chain Tertiary Phosphine Complexes

12 with P(C3H;4); and P(CyHyy); are shown in
Fig. § and summarised in Table X1. It is apparent
that the dark red product formed from P(C,3ily.),
has a very similar **C nmir spectrum to that of trans-
|PA{P(C,y34157)3}2Cl,5) except that the signals cotres-
ponding to the first, third and eleventh carbon atoms
ate broad. Whilst it is possible that the broadening of
the signals due 10 the first and third carbon atoms is
a cunsequence of one third of the alkyl chains being
v-metallated and giving rise to signals near but not
coincident with the unmetaliated chains, the *'C
s spectium does not prove the presence of o-metal-
lation. The spectrum obtained from the dark product
of reaction 12 with P(C,sH,;)s was unexpected (Fig.
5) in that the signals corresponding to the first, third
and fourteenth carbon atoms were of very low inten-
sity in relation to the other signals. As in the case of
MC,3Hy ), they were also broad.

In conclusion it is not possible to unambiguously
assign a structure to the dark red products of reaction
12. However, we believe that they are primarily a
mixture of o-metallated isomers of dJifferent ring
sizes, 11, together with a small amwunt of
unmctallated dimer, /. The separation of these
products will be extremely difficult, if not
impossible, due to their very similar physical
characteristics.

Trans{ P {PICHoConHrme 1 1) X2 ]

Trans-{PA{P(Ce1eCnMzme 1)1 }2Xa)  were  pre-
pared by reaction 8. Microanalytical results (Table
V) were in good agreement with the proposed
formulae. For m = 2-5 the products were crystal-
line, more crystalline and with higher melting
(decumposition) points than their platinum
analogues. This made recrystallisation of the palla-
dium complexes easier without the need to put the
ethanolic solutions in an ice-box at sll. For m = 6-9
the complexes were waxes and oils which were
purified by column chromatography. The physical
states of the higher members resembled those of their
alkyl analogues, for example trans-[Pd{P(C¢H 1)y ),-
Cly} and rrans-[Pd {XC 1y Cy iy )y },C13] were both
oils of similar viscosity. In the palladium-chlorine
stretching region of the infrared they showed a single
absorbance at 360-365 cm™ indicative of 2 trans-
configuration (cf. rmn:-[Pd(PPhg),a,] has 2 ¥4
at 357 cm™') {20]. In their P nmr spectra the
chlorocomplexes showed s single resonance between
-18.6 and - 18.9 ppm downfield from TMP, which is
again consistent with a frens-configuration [17, 18,
21]. This is a little over 9 ppm downfield from the
P chemical shift in the cis-platinunx(il) analogues.
The ¥'P chemical shifts move upfield on replacing C)
by Br and again on replacing Br by 1. *Hl nmr spectra
merely scrved to confirm the presence of the phos-
phine ligands and the absence of any significant
amount of organic impurity.

—re

26.

TABLE V1. Physical, Spectroscopic and Analytical Data for the Hydride Complexes frans<{ Pt {P(CqHagn+1)a}2 HCI.

Analytical Data Found (Cakulated)

a

H

¥p NMR®
& (ppm) JIpp(Hz} C

I NMRP
(ppm)  Jp_gy (Hr) Jpe.y (H2)

wWM—H) &
(em™)

Infrared®
wM-CT)

(em™)

M. p1.
(g o)

Appearance

ACoHznear)s

' 1270
1316

2.3(2.5)

11.3(11.7)
1L.2(11.9)

65.4(67.2)

2693

~-11.4

15
15

2170 ~16.5
-16.6

2170

283
278

Cream crystalline solid 40

P(CiyHn)
"C"H”)j

2.0(2.4)

66.7(68.3)

Cream crystalline solid  §2-54

(dec)

Cream crystalline solid  54(dec) 275

Not observea®
Not observed®

-16.5 15
1$

-16.6

2170

Cream crystalline soid  54(dec) 275-280 2170-

'((-““-h
MCisHy)y

2.2Q2.0)

11.8(12.4)

69.8(71.5)

2175

SChemical shifts measured in CDQly solution relative 1o TMP as an

3 solution relative to TMS as an internal standard.

9Due 1o insufficient sotubility.

®(hemical shifts measured in CDCY

external standard.

*Nujo! mulls.
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TABLF VIL. Physical, Spectroscopig and Analytical Data for {Ptiy, 1.

L n  Appearance 3p NMR Chemical Shift Analytical Data Found (Calcutated)
& (ppm)* T T T T T T T
[§ H ¢
SO RT 3 Bright yellow crystalline 65.0(66.1) 4.5(4.6) 9.7(9.5)
) 0 4 Pale yellow crystalline solid b 61.8(69.5)  4.949)  9.8(10.0)
P f(__)cn,), 4  Yellow crysialline solid -26.3 70.1(71.4) 6.4(6.00 8.24.8)
P4{ HCMd 4 Yellow crystalline solid ~26.4 501300 69690 R

9-«0 CMHgh 4  Red wax

P(Cyti19)a 4  Yeliow oit
P(Csi33)y 4  Cream crystaltine solid

67.0(68.7) 11801200 R.(1.4)
16.0(76.3) 12.8(13.2y

e e e —_—

“Chemical shifts in CqDg solution reltive to TMP as an external standard, Plnsoluble in CgDg at 25 °C.

Trans{ Pt (P(CyH1p 41 3} 2 HCY]

Trans- [Pt{P(CyHan+1)3}2HCl] were prepared by
reaction 4. Microanalytical results (Table VI) were in
good agreement with the proposed formulae, The
complexes all had low melting (decomposition)
points which were similar to those of the corres-
ponding cis-[Pt{P(C,13,41)3}2Cl3]. The inlrared
spectra showed single strong absorptions in the Pt-H
and Pt-Cl stretching regions at 2170 cm™* and
between 275 and 283 cm™' respectively (cf. trans-
[PUPEL);HOY], vpyt = 2183 cm ™, vprgy = 269
cm™') 19, 28]. "1 nmr showed a hydride resonance
that was a triplet of triplets at —16.5 to ~16.6 ppm
upfield from TMS, with Jusp, 1y = 12701316
iz and Jnp vy = 1S Hz (cf. trans-{Pt(PEt;),HCl],
'H chemical shift = — 6.9 ppm, Jwspy1y = 1276 Hz
and Jnp_iy = 14,5 Hz) [29). The P nmr spectrum
of trans-[Pt{P(C\3Hy9)3},EC1] showed a resonance
at —11.4 ppm downfield from TMP with a P1-P
coupling constant of 2693 Hz which was consistent
with a trans-configuration {16—18). The absence of
any other bands in the "I} and P nmr spectra was
taken as an indication of purity.

[Pily] where 1. = PGHinoi)s or PICHC-
Il’lm’l)’

The zerovalent complexes [Pily] wete prepared
from [Pt{COD),} according to reaction 9. Most of
the complexes obtained (Table VII) were yellow
crystalline sofids although [PL{(CyH;)y)4] was a
yellow viscous oil, and the attempted preparation of
PUP(CollyCally)y)a) yickded a red sticky gum
which was extremely difficult to handle. Satisfactory
microanalytical data (Table VII) were obtained for
all but the latter complex. All were air sensitive but
capable of storape under nitrogen. The infraced
spectra showed little other than the presence of

the phosphine and the absence of cyclooctadienc.
The 3'P nmr spectra of the P(CgHMe), and B(Cgll,-
Et)y complexes in benzenc solution showed broad
singlets at about --26.3 ppm downfield from TMP
consistent with the results of previous workers {13,
There was no '"SPt—'P coupling observable ai
ambient temperature due to rapid phosphine dissocia-
tion.

When the [Ptly] compiexes were dissolved in
benzene solution alf but that with L= IC H CoHy )y
gave yellow solutions with an absorbance peak at
about 330 nm and a shoulder at 360 nm. The absorb-
ance decreased with time; for [Pt(PPhy),] therc was
an initial induction period but for all the other com-
plexes the decrease in absorbance began as soon as
the solution was made up. When this decrcase was
monitored (see experimental section) it was apparent
that two steps were involved, an initial fairly rapid
step ascribed to the loss of one phosphine ligand,
followed by a slower step that was ascribed to loss of
a second phosphine ligand. In support of this [Pt
(PPh,),]1 gave only a single step when dissolved in
benzene solution. It was of interest 10 obtain
comparative rate data for the two steps for several
of the different phosphines since this provides s
measure ol the relative ability of the phosphines to
promote coordinative unsaturation. The results
in Table X indicate that for 4 X 107 mol I"' sohs-
tions, the valucs of k$* for luss of the first phosphine
(reaction 1) are in the order P(C\ Hes )y > P,y -
el ychand for loss of the sccond phosphine
k™ (reaction 1) are in the order w«;_} My,
> K(CyHyy )y 2 PPhy. Although no measures of the
steric bulk of P(CgHy); are available, we believe
from other trislkyl phosphines that it is unlikely
to have a greater steric bulk than PPhy |30]. Accord:
ingly we believe the signilicantly faster rate of los

27.
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TABLE VIIL Physical, Spectroscopic and Analytical Dats (ot rmens-{ RR{P(CaH1041)} 2CHCO)).

Analytical Daia Found (Calculated)

3p NMR®

Infrared®

M. pt.

Api

'(Clntno 1)

_~
S —~
pad &4
- - o
ce
l =<
-
o | = b
~ o
S50a5
@ MmN
g
SAERS
c e NN
PP
sA<Tas
L
ez C
A8 =8 =
™~ N~
zl®zxada
SBasa
—sﬂn'
peceC s
SH XN
o~ Ll
o w%::h
-
~
T
Z
2‘0 -4
2eR' =
- ~ ==
-
e~ e =
- o~ -,
o <¢C
- [ [ |
-
<z
'
o
&
=~
§ ng99eQ
¢|E58%%
bR b o
i
= oo o
S188232
gg
2
~N
.8 (‘§'

Cream-brown crystalline solid
Cream-brown crystalline solid  S6(dec)

Yellow-orange oil
Cream-brown crystailine solid

Orange ol

MCeHy)y
NCaHir)y
PCuln)
PCygHzy)y
PCaHsy)y

to TMP as an external standard.

solution

~hl

g im A,
in

5Chemical shifts were

*Infrared spectra recorded as nujol mulls.

(a)

28.
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e ——

(b)

A

" e A

-20 -
d(oom)

Fig. 5. 13C umr spectes in CDQYy solution of the dark

coloured psiladium(ll) products from reaction 12. (a) P(Cys-

Hp)z. (b) KCyytiy)s.

of the first phosphine ligand from [Pt {P(C;¢Hss )3 }o}
compared to the triarylphosphines is a consequence
of the greater o-donor sbility of the trislkylphosphine
which results in an undue excess of electron density
at the platinum so destabilising the [PtLy)} species in
accordance with Pauling’s clectroneutrality principle.
The rates of loss of the second phosphine ligand are
all very similar so that it would be unjustified to
attempt to rationalisc these.

Trans{ RhL,CYCO)f where L = KC Hypay )y and
PICH Cullyma s )y

Tvans-|RhL,CI(CO)] were prepared by displace-
ment of CO from [RhCI(CO)y), (reaction 10). The
lower members of the alky) series were oils which

DA e e =
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g - ! were purified by pumping in vacuo at 1oom temper-
£l . 2.2 % o ature for 24 hours. The high aryls with seven or
. more carbon atoms in the alkyl side chain were also
i e 2 rather tarry oils which were purified in the same way.
=1 - Good microanalytical results (Tables V11! and 1X)
Hr I . were obtained for all members of the series except
1l Tl Ty o the oily higher members of the aryl series. Of the
HE compounds rcported in Table I1X only the butyl and
YiAIYT9VTY Y. . octyl members have been described previously and
E . - - 2 the latter was not obtained in a pure state {31].
ez &, % The infrared spectra obtained here were consistent
- with those of the lower homojogues reported
b4 3 previously. Thus the C=O stretching frequencies in
B s the present complexes lay in the range 1940-1955
- p ) cm™' (trialkyl) and 19631980 cm™ (triaryl) and the
L2 T ~ Rh-Cl stretching frequencies in the range 300-310
s em™ (trialkyl) and 310-317 cm™ (triaryl) (cf.
o I R _E ; trans-[Rh(PMe,);CHCO)], vemo = 1954, vap - =
. . 25 %3 302 [32) and trans-|Rh{P(C4HaMe-p); }CHCO)),
| 3 Sl T3 § Voo = 1960, van-c1 = 308 cm™') {33]. The P nmr
! r - w spectra show a doublet with a chemical shift of about
i g o e 2 —13 ppm (trislkky!) and about —24 ppm (triaryl) and
| L L . YIRh-3P coupling constants of about 116 Hz
| —-T (trialkyl) and 126 Hz (triaryl) conmsistent with
: ; Sl , % ".‘g g previous literature reports {18, 34, 35].
‘ £
° : [ - - g
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; S E clpvYTT Tt " 5 For reaction §, the rate of consumption of ML,
2 3 R X is given by: ;
- neaee ~w :
=] -lada ] —-d{PtL L
i ﬁ ! [ R ": e g § E ——I-—L] =k’[PlL;] —L;lhlql [Ll (13) ' ’l
3 = = “4i § de |
g 2z 3 g §f | = Let C,, C, and C’be the concentrations of [PtLy) :
b '__g‘f-_-} i % § b initially, at equilibrium and st time t respectively. |
. 2l SR £3} i * 3 Since the concentrations of [PIL,] and Latt =0 are ‘
=13 ' & Y B M . . . . X X
=13 a2 g‘ k. g rIy g zero and C, respec.uvely (!. is formed in equivalent i |
=R 5_5;_2 L3 Sz 2 amount to [PtLs] in reaction 2), it (vilows that the '
al3 gg 3 = t 3 & § & - I 9 concentrations of [PtL,] and L at equilibrium
~13 fert X R ERE are (C, ~ Cl) and (2C, - CL) respectively. At
30.
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equilibrium, —d{PtL,] /dt = Q, whence from equation
13,,

kaCy =ko(C5 — CX2C; - C;) (14)
from which
k:C.
k.2 (15)

(G- -6

Rewriting equation 13 and substituting for k_; from
equation 15 gives

-dC' ClCo - CX2C, - €7)
ot i G_cxc-c § (9

For convenience, let B = C/{C; — CL}2C, - C)}
B will always have a positive value. .

d
-5 = —k,{C’ - BQ2C2? - 3C'C, +C'?)} an

dcl ]
.-.wa,{c" -C_B(n +3C5B) +2C1) (18)

aC

= Bk,t + constant

I
2 2
C —i(usc;n)ozc:, (19)

. ic - -
v ’c’ K +3BC,) ’H(l + 6BC,, + BC?)
2B 4B}
= Bk,t + constant 20)
Integration of equation 20 yields:

1
X

-:; /(B'Cg +6BC, + 1)

1 1
—_— 22 —— ()
. 2n\/(l +6BC, +BC2)+C 28(1 +3BCL)

1 ot .
28\/(1 +6BC, +B}CH-C EE(I +3BCy)
@n

= Bk,t + constant

Minor rearrangement of eqn, 21 yiclds eqn. 6.

§. Franksand F. R. Hartley
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PREPARATION AND PROPERTIES OF TERTIARY

PHOSPHINES WITH EXTREME SOLUBILITY IN

NON~POLAR SOLVENTS

Frank R Hartley, Stephen Franks, Duncan H Goldsworthy, Stephen G Murray and
David Potter
The Royal Military College of Science, Shrivenham, Swindon, Wiltshire,

England.

ABSTRACT

The preparation and propertles of two saries of new tertiary phosphines,

2n+l)3, vhere a=10-19, 1, and P(CGHA—CmH2m+1—2)3.where m3-9, 2, are

described. These phosphines have becn used to prepare a range of transitfon

metal complexes that are extremely soluble {n non-polar hydrocarbon solvents.

P(CnH

A nunber of examples are described In whkich these complexes act as more

active and selectfve catalysts than thelr more conveutfonal analogues.

.




INTRODUCTION

The present paper describes the preparation, characterisation and
transition metal complexes of a series of tertiary phosphines that are
extremely soluble in non-polar, especially hydrocarbon solvents. The reasons

for wishing to prepare such phosphines are many:

1. A major goal confronting all organomctallfic chemists concerncd with
catalysis 1s the activation of alkanes. If homogeneous catalysts are to be
used in this role they must be freely soluble Iin the alkane, since {f any
other solvent were added to promote miscibility between alkane and catalyst

that second solvent would inevitably be wmore active than the alkane.

2. Homogeneous catalysts are now widely used in industry. As energy
becomes ever more expensive, 1t is necessary to continually {fmprove the
catalystg available. Since solvent-catalyst interactions are very {mportant
in most homogeneously catalysed systems, {t seemed constructive to prepare
metal complex catalysts that would be extremely soluble in the hydrocarbon

feedstocks that provide the basis of the petrochemicals i{ndustry.

3. Metal complexes with high solubilities in non-polar nedia are of
value in the solvent extraction of metals, as sgtatfonary phases 1in gas
chromatography, as additives in organic materfals such as plastics and paints
for prevention of algae growth (eg on ships' hulls) or as catalysts to

promote the natural weathering of chemical agents.

4, Long chain phosphines could be used to prepare Langmuir-Blodgett
filmsl, microemulsfons?,3 and vesicles“, all of which could be used to

coordinate transition metals on their surfaces.

PREPARATION OF THE PHOSPHINES

We have prepared two series of tertiary phosphines, _}'5 and 26. Both

; .
P(cn“2n+l)3 P( <.._.>‘cn“2n+l)3

n=10-19 m=3-9
1 2

~ ~

33,

T




the fully aliphatic and the aromatic serfes were prepared because the two
series have significantly different electronic effects on coordinated metal
iong, so that for some situations l are more valuable than 3, vhercas In
other sftuations the reverse is true. The trfalkylphosphines, 1, vere

prepared by treating the Grignard reagent of the n-alkyl bromide with
phosphorus trichloride in tetrahydrofuran. . They were picified by very

careful recrystallisation from a mixture of chloroform and ethanol. They
were extremely soluble 1in hydrocarbon solvents such as dichloromethane,
chloroform, carbon tetrachloride and 1,2-dichloroethane and moderately
soluble in tetrahydrofuran, benzene and other aromatic solvents as well as in
hot alcohols such as methanol and ethanol and warm acetone. l were however
insoluble in cold alcohols and acetone. These solubility properties are, of
course, very similar to those of their precursors and of any side products of
their preparation, which leads to any iwportant general conclusion. VWhen
synthesising compounds with extreme solubility properties it {s essential to
achieve maximum purity at every stage ineluding the initial reactants. It is
vital not to delay purification because the problems do not increase

linearly, they increase exponentially. . -

On exposure to the air the tertiary phosphines, 1, were very readily
oxidised to a complex mixture of phosphorus(IIl) and phosphorus(V) products
of the type P(OR)3_nRn and OP(OR)3_nRn where n = 0-3. However treatment with

a slight excess of 62 hydrogen peroxide resulted in smooth oxidation to the
phosphine oxides OPR3, which were stable in air and rather more crystalline
than the corresponding phosphines, although their solubility properties were
essenftally the same as those of the phosphines. In direct contrast to
phosphine oxi{des OPR, with n-alkyl chains that contain 8 or less carbon
atoms, the present phosphine oxides with {0—19 carbon atoms in thefr alkyl
chains were not deliquescent at all. The mass spectra of both the tertiary
phosphines, 1, and their corresponding trialkylphospﬁine oxides all show
strong parent ion peakss.
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The second series of tertiary phosphines, 3, were prepared In a similar
manner to the first series by treating the Grignard reagent of the
corresponding p-alkylbromobenzene with phosphorus trichloride {n
tetrahydrofuran®. However in order to use this route it was essential to
devise a preparative route for the p-alkylbromobenzene; since purification
must be accomplished at all stages {t was essential to devise a route that
yields the para —isomer in as pure a form as possible since secparation of the
ortho~, meta- and para-isomers will not be easy. There are many literature
routes that yfeld a mixture of isomers, but only one was available that
yielded the pure para-isomer and ylelds were poor. Accordingly the three
stage synthesis of p-alkylbromobenzenes shown in Scheme 1 was developed. It
gave the pure para-isomer in 46-60 per cent overall yield.
p-Propylbromobenzene can be prepared following Scheme 1,

Scheme 1

+ RCHZHgBr g
ar—@—cuo —> Br—@— ~CH R
du

heat 185° over fused
KHSO,, 8 hours

H
2
Br-@—m ,CH,R - Br-@-CH-CHR
Adams Catalyst

but it is more easily prepared by the reaction of alkyl bromide with the

nono-Grignard reagent of p-dibromobenzene, followed by hydrogenation of the

resulting p-propenylbromobenzene.

All the tris(g—alkylaryl)ﬁhosphines were extremely soluble fin
hydrocarbon solvents such as hexane and chlorinated hydrocarbhons such as
dichloromethane, chloroform and carbon tetrachloride, and moderately soluble

in tetrahydrofuran, diethyl ether and aromatic solvents such as henzene and
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toluene. The lower members of the series were soluble in ethanol but this
decreased as the alkyl chain length increased. All 3 were sensitive to
oxygen both as solids or oils and in solution. This 18 1in contrast to
triphenylphosphine itself which is fairly resistant to oxidation both as a

solid and {n solution. Unlike l, which yield a complex mixture of products
on oxidation in air, 2 only give a single product, the phosphine oxide

OP(CcH, R-p) ;. The gensitivity to air oxidation increased as the alkyl chain
on the phenyl ring increased In length. Oxidation with 62 hydrogen peroxide
gave a coavenient preparative route to the phosphine oxides ot‘(csnhl{-_g)3
which had similar solubility characteristics to the parent phosphines, 2.

The mass spectra of 3 show a strong parent fon peak, whereas the mass
spectra of OP(CcH, R-p),; have M-H as the most Intense peak’/. There are many
examples of situations in which minor modifications to triphenylphosphine
cavses major changes in properties. Ease of oxidation has already been
mentioned. The mass spectra of 2 provide another example since the most

intense lons in the mass spectra of 2 are those of P(CGH“R—P_) 3+. By contrast
the most dintense ion in the mass spectrum of triphenylphosphine is }_

2 S
L
?

N &
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_PREPARATICON OF TERTIARY PHOSPHINE - TRANSITION

METAL COMPLEXES

A number of transition metal complexes of the two serfes of tertiary
phosphines, l and 3, have been prepared and characterised®. Since the
complexes displayed essentfally the same extreme solubility characteristics
as the parent phosphines, the preparative routes used were selected on the
basis of those which gave the cleanest reactions with efther volatile or

otherwise easily separated side products, and a minimum of fsomers:  The
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complexes prepared are shown in reactions 1-88, 9, The rhodium(l)-1odo
complex shown in reaction 8 can cnly be prepared in the presence of cxcess

phosphine; 1n the absence of excess phosphine it dimerises reversibly as in
reaction 9.
R=alkyl,aryl

[Pt(cod)Cl,| + 2PR, —  cis-|Pt(PR;y),C1,] + cod (1)
cod«l,5-cyclooctadiene

- 7

R=alkyl,aryl

, [Pd(cod)cl,] + 2PRj;~———————— trans-[Pd(PR,;),Cl,| + cod 2)
|
!
] , EtOH,CHC1
b [Pecrry), 1, | + 2v,1, A trans-[Pt(PR,) HC1| + NH CL + N, + NH (3)
R=alkyl
: MeOH ,H,0
« 2| Pt(cod)Cl, ] + 2NgOH ——=——— [PtC1(C,R,,0CH )|, + 2NaCl )
14PR3,R-alkyl
2 trans-{Pt(PR,),HCl] + 2C,H, ,0CR, (%) \
! hexane
[Pt(cod),) + 4PR, + [Pt(PR}), | + 2cod (5)
R=alkyl, aryl

CHC1 :
{rh,c1,(c0), | + 4PR —_3 42 tran.-[Rh(PR ),€1(€0)} + 4co (6)

3R=alky1, aryl

z
(1
3

‘i
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acetone
trans-[Rh(PR,),C1(CO)| + NaBr ———— trans-[Rh(PR;),Br(CO)| + NaCl (7)
R=alkyl, aryl

acetone + excess PRs
+ trans-{Rh(PR;),1(CO)] + NaC1 (8)

trans-[Rh(PR;),C1(CO)] + NaI
R=alkyl, aryl

-2PR, oc 1 PR,| +2PR;, -2C0O
N/ N7 T
2[Rh(PR3)ZI(c0)]-<—-——— Rh Rh — [Rh(PR3)21]2 9
+2PR, 7/ N\ / N\ | -2pr;, +2c0
RP I co

The very different solubility properties of these complexes prepared in
reactions 1-9 as compared to their triphenylphosphine or triethylphosphine
analogues gives ris; to differences in their chemical properties. These have
been investigated in some detail. Here we summarise the results referring

the 1interested reader to the appropriate Iliterature reference.

The complexes [H(Pks)zclzl' M = Pd, Pt, in association with tin(II)
chloride provide more selective, more active catalysts for the selective
hydfogenatlon of polyolefins to monoolefins when long alkyl chain aliphatic
and aromatic tertiary‘ phosphines are present than their PEts and PPh,

analogues. In particular the .platinum(II) complexes of 1 and Z are

particularly active in the absence of any added solvent, {e, when the'

hydrogenation is effected in pure polyolefin 10,11,

The {introduction of long alkyl chains into the para-positfon of tri-
rhenylphosphine reduces the ability of [Rh(PR,)ZCI(CO)] complexes to
isomerise olefins and enhances their ability to promote the formation of n-
aldehydes during hydroformylation; both effects are highly constructive from
the viewpoint. of the petrochemicals industry!2, This demonstrates an

enhanced selectivity that may have military advantages.
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The presince of the para-slkyl grdups in 2 alters the relative
concentrations of the rhodium(I) complexes formed when th(PRs)ZX(CO)],
PRy = 3, X = Cl, Br and I, undergoes oxidative-addition with alkyl haltdes.
This has enabled us to gain a greater irsight into the mechanism of the
rhodfum(l) ~ catalysed carbonylation of wethanol which is a commercially very
important teaction9,13- Oxidative-addition of alkyl halides is potentfally a

reaction that could be exploited in the degradation of mustard.

CONCLUSTONS

Two new series of tertiary phosphines, 1 and Z have been prepared and

characterised. These phosphines not only form strong complexes with

transition metals, but lead to complexes which are extremely soluble in non~

polar solvents. This extreme solubflity gives rise to enhanced activity

specificity and selectivity of these complexes when used as catalysts in a

number of reactions.
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Summary

Attempts to prepare [RhX(COXPAr;),} complexes have shown that when X = |
these complexes are far less stable than the well-known [RhCCOXPPh,),). The
bromo complexes [RhB(COXPAr,),} (Ar = CH,, p-EtC(H,) can be prepared by
simple halide exchange from their respective chloro complexes. However a similar
attempt to prepare the iodo complexes was frustrated by dissociative equilibria; in
the absence of oxygen dimers were formed, whereas in the presence of oxygen
polymeric oxygen complexes were formed. The ease of dissociation of phosphine can
be attributed to the greater steric crowding in the iodo complexes than in the chloro
and bromo complexes. The complex {[RhI(COXPPh,),] could only be obtained in
the presence of excess PPh,, which inhibits the dissociation. The identification of
this monomer was further complicated by the previously unnoticed presence of both
cis and trans isomers in the solid state.

Imtroduction

Investigation into the oxidative-addition of methyl iodide to trans-
[RhCYCOXPA,),] (I) where Ar = p-alkylaryl), has been found to be more complex
[1] than previously indicated in the literature [2]. Attempts to determine the
mechanism, which involves halide catalysis, were complicated by the possibility of
halide exchange with the rhodium complex 1 which may lead to the more reactive
species [RhX(COXPAr,),) (I, X = I). It was considered appropriate therefore, to
prepare and characterise complexes of type II where Ar=aryl and X =Bror I in
order to study their oxidative-addition with alkyl bromides or iodides respectively,
which would obviate any possibility of halide exchange.

Experimental

The trans{RRCYCOXPAr,);] (Ar = Ph, p-Et<C;H, and p-PrC,H,) and
[RRX(COXPPh,)], complexes were prepared by literature methods [3-5].

0022-328X/83/803.00  © 1983 Elsevier Sequoia S.A.
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Preparation of trans-[RhBr(COX P(p-ExC H,},},]

To trans-[RRCHCOKP( p-EXC H ), ),] (0.1 g, 1.2 x 10~ * mol) was added sodium
bromide (0.17 g, 1.7 X 10~ * mol) in acetone (100 ml). After stirring for 24 h at room
temperature, the excess sodium bromide together with the sodium chloride formed in
the reaction was filtered off. The solvent was evaporated under reduced pressure and
the yellow residue washed with ethanol. This was filtered and dried, yield 0.06 g.
56%, »(CO) 1967 cm~' (Nujol mull), TLC (acetone) gave one spot. R, 0.83 (cf.
trans{RhCYCOXP( p-EtC,H ), ), R, 0.68 under identical conditions). Recrystalti-
sation of the product from benzene/cethanol, gave the product, m.p. 164°C. Found:
C, 65.0; H, 6.0. C,oH, BrOP,Rh calcd.: C, 65.3; H, 5.9%.

Preparation of trans-{RhBr(CONPPh,),]

trans{RhBr(COXPPh,),] was prepared by the same method as trans-
{RhBr(COXP( p-EtC H, ), ), ] vield 65%, m.p. 173°C, »(CO) (Nujol mull) 1969 cm !
(as literature [12b]) TLC (acetone) gave one spot, R, 0.83.

Attempted preparation of (RRBr(CO) P(p-PrC,H,),},]

To trans-[RhCHCOXP( p-PrCyH,),),} (0.12 g. 1.27 X 10™* mol) in acetone (30
ml) was added sodium bromide (0.2 g, 1.9 X 16~ mol) and the solution stirred for 2}
h at room temperature. The excess sodium halides were filtered off under reduced
pressure leaving a yellow solid which was recrystallised from a benzene/ethanol
mixture and the orange precipitate filtered and dried, yield 0.06 g, 77%. m.p. 63°C.
IR (Nujol mull) indicated no »(CO) but absorbances typical of tris( p-
propylphenyl)phosphine were present. Found: C, 56.8; H, 6.1. {C,,H,,BrO,PRh],
caled.: C, 56.6; H, 5.8%. TLC (acetone) gave R, 0.58.

Reaction of trans-[RhCH{CO)PPh;),] with potassium iodide in the presence of triphen-
Yiphosphine and air 10 give trans-[RRI(COXPPh,},]

trans{RhCKCOXPPh,),} (0.12 g, 1.7x 10~ * mol), triphenylphosphine (0.3 g.
1.2 x 10~ mol) and potassium iodide (0.4 g, 2.4 X 10~ mol) were mixed together in
acetone (50 ml). The mixture was stirred at room temperature for 25 h and left at
room temperature for a further 3 days. A yellow solid was filtered off and dried. The
complex was recrystallised from ethanol /benzene in the presence of some triphenyl-
phosphine and washed with ethanol, yield 0.1 g, 75%; m.p. 153-155°C (dec.); »(CO)
(Nujol) 1985 cm™!; »(CO) (CHCl,) 1980 (vs) and 2025 cm~ '(w). Found C, 56.9; H,
3.8. C;,H,,IOP,Rh caled.: C, $6.9; H, 3.8%. *'P NMR in CDCl, gave § 27.3 ppm
(d), J(Rh--P) 123.05 Hz due to trans{RhI(COXPPh,),] and, if air is not rigorously
excluded 8 30.97 ppm (d), J(Rh-P) 83.98 Hz duc to trans-{RhRCOXO, XPPh;);)
together with a very weak signal at 8 29.04 ppm (d), J(Rh-P) 123.0 Hz,

To the filtrate was added water causing triphenylphosphine to precipitate (yield
0.28 g, 93%). The product was identified by IR spectroscopy and. melting point.

Preparation of cis-f{RAI{COXPPh,),]

cis{RhI(COXPPh,),] was prepared in air by an identical method to that used to
prepare trans{RhI(COXPPh,), ). but here the preparation was carried out at 0°C.
The product cis-{RRI(COXPPh,),}, gave »(CO) 1969 cm ™' (Nujol mull) and »(CO)
1980 (3) and 2025 cm ™' (w) (CHCl,). When dissolved in CDCl, *'P NMR gave §
27.3 ppm (d), J(Rh-P) 123.05 Hz due to 1rans{RhI(COXPPh,),] and if air is not
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| vigorously excluded, & 30.97 ppm (d). J(Rh-P) 8398 Hz due to trans-
I‘. [RhI(COXO, XPPh,),). IR spectroscopy showed the cis isomer converted to the
‘ trans isomer when stored in the solid state at room temperature (25°C) for 1 month.

Reaction of trans-{RhCI{CONPPh ), ] with potassium iodide under carbon monoxide in
the absence of added triphenylphosphine

trans-{RhCACOXPPh,),]} (0.13 g, 1.9 X 10 * mol) was dissolved in acetone (40
mi). After 20 minutes at room temperature, under carbon monoxide, potassium
iodide was added (0.6 g, 3.6 X 10~ mol). The solution was stirred for 17 h at room
temperature. after which time yellow crystals had precipitated. These were filtered
under carbon monoxide. washed with water and dried in vacuo. yield 0.14 g. 94%.
IR spectroscopy and microanalysis confirmed that the product was trans-

[RhI(COXPPh, ), }.

Reaction of trans-[RhCI{CO)PPh,),| with potassium iodide in air in the absence of
! free triphenylphosphine
) ' To trans{RhC(COYPPh,),] (0.19 g 2.7 % 10°% mol) was added potassium

| iodide (0.6 g. 3.6 x 10~ mol) in acetone (100 ml). After 24 h the colour of the

] ‘ solution had changed 10 brown. The potassium iodide and potassium chloride were
‘ I' . filtered off. The reaction mixture was then evaporated to dryness. dissolved in

benzene and again filtered. On evaporation of the filtrate under reduced pressure a

brown oil remained. IR spectroscopy showed no absorbances assignable to »(CO) or
»(M-Cl) but gave absorbances corresponding to triphenylphosphine oxide and
water. The brown oil crystallized on cooling in liquid nitrogen under petroleum ether .
(b.p. 40-60°C). This was filtered off and dried, yield 0.09 g, 59.0%. Found: C. 37.2:
H, 3.57. C,yHI0,PRh-2H,0 caled.: C. 37.5; H, 3.3%. [RhCHO, XOPPh,),,,],
has previously been reported [6] as the product of photoinduced oxidation of
trans-{RhRCICOXPPh,),]. i

J

! Decarbonylation of trans-[RhI(CO)PPh,), ]

j trans-{RhI(COXPPh,),] (0.05 g 6.4 X 10™* mol) was partially dissolved in de-
J gassed acetone (12 ml), after stirring for 45 h under nitrogen the solution remained
|

yellow. On cvaporating the acetone under reduced pressure at 50°C, the solution
started to darken. After complete evaporation to dryness a brown solid remained.
The product was dissolved in degassed dichloromethane. and again evaporated to
) dryness. This was repeated several times to effect complete decarbonylation. The
product was isolated from degassed petroleum cther (b.p. 40-60°C). The product
f : was filtered off and dried, yield 0.04 g, 83%. It was identified as [Rh, [,(PPh,),] by
l ‘ mixed melting point and IR spectroscopy.
|
f
|
i
[}

; Reaction of trans-[RRCICOX P(p-E1C, H,),),] with potassium iodide

To trans{RhC{COXP( p-EtC.H,),),] (0.16 g, 1.9 x 10~ * mol) was added potas-
sium iodide (0.4 g, 2.4 X 10~ mol) in acetone (80 mi) and the mixture stirred for 3 ,
h. The potassium halides were filtered off and the acetone evaporated under reduced ;
pressure. The product was re-dissoived in chloroform, and the remaining halide salts
were removed by filtration. After a further evaporation to dryness and washing with
ethanol, the product was collected and dried, yield 0.1 g. 89%. TLC (20% chloro- .
form/80% cthanol) gave one spot R, 0.81, »(CO) (Nujol) 1976 (s) and 2020 :
cm™ '(w). Found: C, 49.05; H. 5.29. C,;H,,]IOPRh calcd.: C. 49.6; H, 4.5%. {
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Reaction of [Rh,Cl{ P(p-E1C,H,);),] with lithium iodide

[Rh,Cl(P( p-EtCH,),},} (0.4 g, 2.4 X 107 * mol) was stirred with lithium jodide
(20 g. 1.5% 1072 mol) in ethanol (30 ml) for 3 h at reflux under nitrogen. The
ethanol was evaporated off until only a brown solid was left. Water (50 ml) was
added and the brown solid extracted in petroleum ether (b.p. 60-80°C). Evaporation
of the petroleum ether left a brown solid which was filtered off under nitrogen. This
was washed with water and dried in a drying pistol, yield 0.41 g, 90.7%. The product
was washed with petroleum ether (b.p. 40-60°C) and dried. Found: C. 60.4; H. 5.7.
CH, JP,Rh - 2H,0 caled.: C, 59.8; H, 6.0%.

Reaction of [Rh,I,(PPh,},] with carbon monoxide (7]

{Rb,1,(PPh,),] (0.04 g, 2.7 X 10~ mol) was dissolved in acetone (50 ml) and
carbon monoxide was passed through the solution for 2 h. The solution tumed
yellow and on addition of water gave a yellow precipitate which was filtered off and
dried, yield 0.03 g, 72%, »(CO) (Nujol) 1985 cm ™ '. The IR spectrum was identical to
that of trans{RhI(COXPPh,),].

Attempted preparation of [RhI(CO) P(p-EtC,H,);),] from the reaction of carbon
monoxide with [Rh,1,{P(p-E1C,H,),),] - 2H,0

[Rh,1(P( p-EtC,H,),),]-2H,0 (0.16 g. 8.4 X 107° mol) was dissolved in de-
gassed acetone (80 ml), through which carbon monoxide was passed. After 4 h
degassed water was added causing a brown product to precipitate which was filtered
off and dried. IR spectroscopy confirmed the presence of some [Rh,1,(CO),(P( p-
EtCH,);};) but following dissolution in degassed ethanol and evaporation to
dryness, the brown product was shown by IR spectroscopy to have no »(CO) and be
identical to the starting material, yield 0.12 g, 75%.

Preparation of ([RRI(PPh;,),] [7]

To triphenylphosphine (6.0 g, 2.3 x 10™2 mol) in hot ethanol (200 mi) was added
RhCl,- 3H,0 (1.0 g, 3.8 X 10~ mol) in ethanol (60 ml) and the mixture brought to
the boil. When lightening of the colour occurred and orange crystals deposited (5~ 10
min), a solution of Lil (4.0 g, 2.9 X 10~2 mol) in hot ethanol (80 ml) was added and
the solution stirred under reflux for 3-4 h and brown crystals collected from the
warm solution. These were filtered off and dried, yield 3.85 g, 99.7%. The solid was
recrystallised from ethanol /benzene containing some triphenylphosphine. Found: C,
67.2; H, 4.9. C, HIP,Rh caled.: C, 62.8; H, 4.7%.

Preparation of [Rh,1,(PPh,),]

To (RhI(PPh,),] (1.0 g. 9.8 x 10~ mol) under nitrogen was added degassed
isobutyl methyl ketone and the mixture refluxed for 2 h; addition of lithium iodide
(1.0 g, 7.5 % 10~ mol) and stirring under reflux for another hour gave darkening of
the solution, The solution was cooled and then filtered under nitrogen. The red
precipitate was dried in vacuo and was recrystallised twice from dichloromethane/
petroleum ether (b.p. 40-60°C) under nitrogen, yield 0.7 g, 95%. Found: C, 57.3; H,
4.0. C,,H,,1P;Rh caled.: C, 57.3, H, 4.0%.

Spectroscopic and TLC measurements
Infrared spectra were recorded on a Perkin-Elmer 577 spectrophotometer. Solids
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were run as Nujol mulls using potassium bromide plates for the range 4000-400
cm ' and cesium iodide plates 400-200 cm . Solution infrared spectra were run in
potassium bromide ceils. 'P NMR spectra were recorded on a JEOL PS/PFT
Fourier-transform NMR spectrometer with phosphoric acid external reference. TLC
was performed using Merck plastic sheets precoated with Silica Gel 60 F,.,.

Results and discussion

The chloro complexes, rranss|RhCCOXPAr,),}. where Ar = Ph and p-EtC,H,
were prepared by the reaction of the phosphine with [Rh,C1,(CO),] [3] and by
carbonylation of [RhCi(PAr,);] by aqueous formaldehyde {4). Metathesis of these
complexes with sodium bromide in acetone solution in the presence of air gave the
bromo-derivatives trans-{RhBr(COKPAr, },]. where Ar = Ph and p-EiC, H,. in good
yield at room temperature. They were readily purified by recrystallisation from
benzene/ethanol mixtures.

Attempts to prepare trans-{RhI(COXPPh,),] by the same method yielded a
brown solid which did not show a carbonyl absorption in the infrared region.
trans-{RhI(COXPPh; ), ] could only be isolated without decomposition by metathesis
and recrystallisation in the presence of excess triphenylphosphine under an atmo-
sphere of either air or nitrogen. The lack of stability of trans{RhI(COXPPh,),] in
solution has previously been noted in the literature [8) and recently attempts to
prepare II (X = Br and 1) have failed to give any pure products [9]. We have now
established that the decomposition is the result of a series of dissociative equilibria
which are absent in the chloro complex and only present in the bromo complex
when more bulky arylphosphines are coordinated to the rhodium. If the absence of
air, decomposition is via the dissociative equilibria shown in Scheme 1. Thus. when

oc X Par,
-2man ANV . .
2[RAXCOIPAr Y] e R 20 2RA  [anx (PAry) ],

=
2CO, - 2PAr, V)

n Rn
ArgP/ \x/ \CO

¢t )

() «2 PAry

SCHEME 1|

11 is dissolved in acetone, phosphine is released to give an equilibrium amount of
{Rh,X,(CO),(PAr,),] (111). Decarbonylation by repeated evaporation of the solvent
to dryness under vacuum yields [Rh,X,(PAr;),] (IV. X = 1. Ar = Ph). The product
was identified by comparison with an authentic sample prepared from [Rh1(PPh,),]
{7). The reverse of the above reactions was also shown to occur, I being obtained
from [Rh,1,(PPh,),] (1V) and carbon monoxide. Treatment of IV (X =1, Ar = p-
EtC H,) with carbon monoxide yielded I1I (X = 1, Ar = p-EtC H,) and phosphine.
The positions of the equilibria shown in Scheme 1 are strongly dependent on both
the phosphine and the halide. Thus when Ar = p-EtC, H,. the equilibria lie in favour
of structure 1V s0 that attempts to prepare [RhI(COXP( p-EtC H,),),} by treatment
of 1 (Ar = p-EtC H,) with KI yielded 111 (X = I, Ar = p-EtC H,). only traces of 11
(X =], Ar = p-EtC H,) being obtained in solution at 0°C and in the presence of a
very large excess of the phosphine. When X =Cl and Br. and Ar=Ph and
p-EtC H,, the equilibria shown in Scheme 1 lic in favour of structure Il.
trans-{RhI(COXPPh,)], has »(CO) 1980 cm ' (CHCI, solution). This is the
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major isomer formed in solution by the dissociation of [RhI{(CONPPh,),), although
IR spectroscopy (Table 1) shows that cis-{RhI(COXPPh,)|, (»(CO) 2025 cm ™! in
CHCI, solution) is also present. IR spectroscopy show 111 (X = |, Ar = p-EtC H,} to
exist as both cis and trans isomers. cis{Rh(COXP( p-EtC,H,),}]; has »(CO) 2020
cm ™! (Nujol mull); trans-{RhI(COXP( p-EtCH,),)}, has »(CO) 1986 cm ™' (Nujol

mull).

3P NMR has shown the existence of [RhIO,(CO)PPh,),] in solution at 20°C,
when both cis- and trans-{[RhI(COXPPh,),] are dissolved in CDCl, under an
atmosphere of air. Although the presence of {Rh1O,(COXPPh;),) can only arise
from the dissociative equilibria shown in Scheme 2, the presence of Rh-P spin-spin
coupling indicates that phosphine ligand dissociation is slow on the **P NMR time
scale at 20°C,

Attempts to prepare (rans-{RRCOXPPh,).] by metathesis from trans-
{RRCI(COXPPh,),] in the absence of free phosphine, in air and light, yielded a
brown oil which crystallised on freezing in liquid nitrogen. Microanalysis and
infrared spectra were consistent with the formula [RhI(O, XOPPh,)- 2H,0},. The

TABLE |
INFRARED STRETCHING FREQUENCIES OF {RhX(CONPAT;), ] (11} AND [Rh, X ;(CO), (PAr, )}

f110)
Complex X Ar »(CO) (cm™") v(CO)(em ')
Nujol muft solution -
1 ci Ph 1965 1980
Br Ph 1969 1980
| Ph 1969 ¢
1985 1980(s) ,2025(w)/

(4] @-e« 1963 1976
Br @-u 1967 1980
i @E‘ 1985 1980 “.2032/

m o} Ph 1980(s) *,202%(w)”, 1980 -4, 2023 /-
2090(w) *
1 Ph 1974 ¢ 1980 ©

1 @-Et 1976 * 2020/

“trany lsomers except where stated. * Chioroform except where otherwise indicated. ‘ 1s lsomer.

e) dimer for

* Absorption due 10 both monomeric It and trams-dimeric 111 (f

AryP, % co Ary®, " ",
S N ! Amsorcton s to SNen”” Sen”

® Adsorpton de Yo
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photoproduct [RhCI(Q, XOPPh,),,], has previously been isolated {6] from UV
irradiation of trans{RhC(COXPPh,),]. In the presence of phosphine, trans-
{RhI(COXPPh,),] is not photo-oxidised, indicating that this reaction proceeds along
a dissociative mechanism (Scheme 2). The added phosphine was isolated at the end

_ &
(RRI(CO)PPH,), | %::.E solvated Rh+ 0, ~ oxidised products
e Pen,
SCHEME 2

of the reaction, and this also had not been oxidised. The sensitivity to oxygen of
trans-{RhX(COXPAr,),] is dependent on both phosphine and halide. The complexes
with X = Cl are more stable to oxidation than those with X = Br or I. When X = Br,
the ease of oxidation is dependent on the phosphine in the order: Ar = p-PrCiH, >
p-EiC,H, ~ Ph. Attempts to preparc II (X = Br, Ar=p-PrC;H,) by metathesis
from the chloride yielded an oil showing no carbonyl absorption in the infrared
spectrum. In this case the product was found to crystallise from benzene/ethanol
and gave microanalysis and IR spectra consistent with the formula {[RhBr(O, )P( p-
PrC,H,);)l.. The decarbonylation may occur via a photo-oxidation to carbon
dioxide [6) or via loss of carbon monoxide from an oxidised rhodium(IIl) species
such as V. Decarbonylations are known to occur easily from six-coordinate
rhodiunx(I1I) complexes [10].

Identification of [RhI(COXPPh,),] was complicated by the existence of two
isomers in the solid state. Similar isomerism of [RhCI(COXPPh,),] has previously
been reported in the literature [11]). Both the thermodynamically more stable
trans-isomer, Ia, and a less stable cis-isomer, Ib, can be obtained in pure form and
may be distinguished by their infrared absorptions in the carbonyl region, where the
trans-isomer absorbs at 1965 cm ™' and the cis-isomer at 1978 cm~' (both in Nujol

o
[
c PAr,
NI e
o 1 e | So oc” eeny mp” Sco
PAr 5 [
|
o
(v) (na) (4v)

mulls). The two isomers of [RhI(COXPPh;),) have been separately reported in the
literature previously but not recognised as isomers; Ila was reported as having
#(CO) at 1985 cm ™' (Nujol mull) [12] and iIb was reported {2] as having »(CO) at
1968 cm ™', in chloroform solution »(CO) has been reported as being at 1981 cm ™!
[13). Halide exchange of trans{RhCCOXPPh,),] at room temperature was found
to give isomer Ila, which has a carbonyl absorption at 1985 cm ™~} (Nujol mull),
whilst an otherwise identical reaction carried out at 0°C yielded 1Ib which has a
carbonyl absorption at 1969 cm ™' (Nujol mull). Over a period of one month at room
temperature in the solid state, the thermodynamically less stable cis isomer, 1lb,
converts to Ila; at room temperature in chloroform solution this occurs within the
time required for dissolution.
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The dissociative equilibria discussed in this paper complicate the study of the
oxidative addition of alkyl halides to II. where X =1 and Br, when bulky aryl
phosphines are coordinated to the rhodium.
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Chapter 4

The Influence of Extreme Solubility and Long Alkyl Chains
on the Catalysts Properties of Tertiary Phosphine Complexes

of Rbhodium(l), Palladium(II) and Platinum(II)

It was 0f considerable interest to determine whether the presence of the

long alkyl chains on the tertiary phosphines modified in any way the catalytic

properties of their transition metal cosmplexes. In particular it was hoped that

the steric buvlk of the resulting phosphines might enhance the selectivity of their

complexes. This was examined first by looking at the ratio of normal to branched

sldehyde formed when l-hexene was hydroformylated in the presence of [?hCl(OO)(PRs)zl.
This reaction (reaction 1) is of considersble interest since the normal aldehyde
C‘I'CI-CI2 + CO0 —— c‘uccnacn,cuo + c‘l9$l033 a
CHO
is valuable whereas the branched aldehyde is of little commercial value.

by P(CBH‘C489-2)3 enhanced

As

reference 1 shows we found that the replacement of PPh3

the ratio of norsal to branched aldehyde by a factor of 1.7 without significant

loss of yield.
A second catalytic system that has been investigated in some detail is the
selective hydrogenation of the di- and tri-olefins methyl linoleate and methyl

linolenate to the corresponding mono-olefins. Thiz reaction is of considerable

commercial interest since the resulting mono-olefins are important components of
margarine. It is commercially essential that the hydrogenation does not proceed
all the way to the alkane, since the latter is not digestible. Accordingly the
selective hydrogenation of poly-olefins to mono-olefins provided a commercially
useful situation in which to examine the influence of long alkyl chain tertiary
phosphines on the selectivity cf a reaction as well as investigating whether the

use of such phosphines would ensble the golvent to be dispensed with by allowing

the natural polyclefin to act as its own solvent. The results, described in

reforences 2 and 3 show that the palladium(lI) and platinum(II) complexes

[wc1 PR ], M = Pd,Pt, 1n assoctation with tin(lI) chloride are effective
49.
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catalysts for the selective hydrogenation of poly-olefins to mono-olefins. The

activity of the platinum(II) tertiary aryl phospbine catalysts is enhanced by
replacing the psra~hydrogen by an alkyl group, an enhancement which is greater
when that alkyl group is n-butyl than when it is sn ethyl group.

When the poly-olefin was used as its own solvent, the activity of the

platinum(II) complexes is greatly emhanced. Not only is this observation of

considerable commercial interest, when coupled with exactly the reverse observ-
ation in the case of the palladium(II) case, it provides a greater understanding
of the intimate mechanisms of these reactions, in particular the role of the

solvent, than has hitherto been available. This is discussed at the end of

reference 3.
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Short Communication

Complexes of Long Alkyl Chain Tertiary Phosphines
Part 2 [1]). Hydroformylation of 1-Hexene in the Presence of [RhCl(CO)L, ]

S. FRANKS and F. R. HARTLEY*

Department of Chemistry and Metallurgy, Royal Military College of Science, Shrivenh
Wilts., (Gt. Britain)

(Received November 4, 1980)

The hydroformylation of olefins to yield either aldehydes or alcohols is
a commercially important reaction [2 - 4] . Commercial interest focuses on
the ratio of linear to branched products formed, with the emphasis on maxi-
mising the proportion of linear product {5 - 6] . We have recently described
the synthesis of two series of tertiary phosphines, P(n-C,,H;,,. 1)s where m =
10 - 19 and (n-C;Hy,, ; <3-)sP where! = 3 - 9, together with some of their
complexes of rhodium(l) [7 - 9]. These phosphines have rather different
solubility properties from those previously available; in particular, they are
extremely soluble in hydrocarbon solvents.

It was of interest to examine the rhodium(l) complexes of these phos-
phines, [RhC}(CO)L,;] where L = phosphine, to determine the effect of
having long alky! chains on the ratio of linear to branched aldehydes pro-
duced by the hydroformylation of 1-hexene.

Trans-[RhCI(CO)L,] were prepared as described previously [1].
1-Hexene was redistilled before use. Hydrogenations were performed in a
250 mi glass-lined, stainless steel autoclave built by Baskerville and Lindsey.
A solution of 1-hexene (42 ml) and trans-[RhC1(CO)L,] (4.5 X 10™ *mol)
in benzene (50 ml) was heated to 80 °C and stirred under an initial atmo-
sphere of carbon monoxide, which was then replaced by a 1:1 atmosphere
of carbon monoxide and hydrogen at an initial pressure of either 80 or 100
atmospheres (see Table 1). Stirring at 80 °C was continued for 4 h before
the reaction mixture was analysed. Frequent control experiments without
catalyst were carried out to confirm that no residual active catalyst had been
deposited on the walls of the autoclave. In these control experiments no
hydroformylation, isomerisation or hydrogenation of 1-hexene took place.

The reaction mixtures were analysed using a Pye 104 gas chromatograph
fitted with a 3 mm bore glass capillary column containing OV17 as the sta-

* Author to whom correspondence should be addressed.
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tionary phase. The injection block and flame ionisation detector were held
at 100 °C and the oven temperature programmed for a six minute hold at

| 25 °C followed by an increase of 12 °C/min up to 100 °C. This programme
! enabled 1-hexene, cis-2-hexene, trans-2-hexene, hexane, benzene, 2-ethyl-
‘ pentanal, 2-methylhexanal and heptanal to be separated.

The object of the present work was to examine the influence of having a
long alkyl chain as part of the tertiary phosphine on the linear to branched
selectivity of [RhCl(CO)L,]-catalysed hydroformylations. In order to inves-
tigate this, hydroformylations were not taken to completion but were ana-
lysed after four hours, In this way it was possible to examine the propensity
of the catalyst for promoting 1-hexene isomerisation. This is an important
parameter in the hydroformylation since the hydroformylation of intemal
olefins inevitably leads to branched aldehydes. It is apparent from Table 1
that the trialkylphosphines tend to promote olefin isomerisation more than
do the triarylphosphines, and that within the trialkylphosphines the order
of increasing olefin isomerisation is (n-C;1eHy3)3P < (n-CgHy7)sP < (n-CyHy )5 P,
whilst within the triarylphosphines, (p-RC¢H( )P, the order of increasing
olefin isomerisation is R = n-C4H,; < n-C Hy < n-C,Hg < H. Both series .

| show a systematic decrease in olefin isomerisation with an increase in alkyl ‘
| ‘ group chain length. It is tempting to ascribe this to the increasing steric
. demands of the longer alkyl chains inhibiting coordination by the more

: sterically demanding 2-hexene. However, it is possible that other factors,
including both electronic and solvation effects, are equally important. In
all cases trans-2-hexene was found to be present in greater amount than cis-
2-hexene. This could be due to many factors including the fact that cis-2-
hexene is hydroformylated more rapidly than the trgns-isomer {9] and
: therefore is consumed faster. \
f Carbon monoxide was introduced into the catalyst solution before the
y addition of hydrogen to minimise hydrogenation as well as isomerisation of
' the olefin. A small amount of hexane was formed when tris(para-ethyiphenyl)-
phosphine was used, although none was formed in the presence of tripheny)- ]
phosphine. Trivial amounts of hexane were formed in the presence of other )
phosphines,

The yield of aldehyde (see Table 1) depends upon the phosphine present
in the order (n-C(Hy)sP > PPh, ~ P(C4H,Et-p); > P(C¢H Bu-p)y >>
P(CeH CyHy;-p)y, and (n-CyHyp)yP >> (n-CyHyp)aP >> (n-C,gHyg)sP. Since
the electron donor properties of phosphorus in P(CgH Bu-p); and
P(CgH,(CyH,;-p); are expected to be very similar (the phosphorus atoms j
‘ have identical 3P n.m.r. chemical shifts) [8], and the electron donor prop- co
' erties of the three trialkylphosphines are also expected to be similar to each !
' other, the dependence of the yields of aldehydes on the alkyl group chain A
\ ‘ length is sscribed to & combination of steric and solvation effects. The - E

greater yield of aldehydes obtained in the presence of trans-[ RhCI(CO)- :

(PBug);) as compared with trans-[ RhCI(CO)(PPh,), ] is noteworthy, since :

the addition of PBu, to [RhH(CO)PPh,)s] gives a catalyst of lower activity
! than the addition of PPh, [10].
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A decrease in aldehyde yield is paralleled by an increase in the propor-
tion of linear:branched aldehyde. Thus, under the present conditions, in
which we did not attempt to optimise the ratio of linear:branched aldehyde
by adding excess phosphine, for example, the proportion of linear:branched
aldehyde increases in the order PPhy < P(C4H, Et-p); < P(CgH Bu-p); <
P(CeH,CyH,,-p)y, and (n-C(Hy)yP < (n-CgH;7)sP. The optimum phosphine
from the present study is thus P(Cq4H Bu-p)s which gives a reasonable com-
promise between yield and ratio of linear:branched product. Decreasing the
pressure of hydrogen/carbon monoxide from 100 to 80 atm and decreasing the
stirring rate from 1000 to 500 rpm results in a decrease in the yield of
aldehyde, but an increase in the ratio of linear:branched product. This is
expected since, under these conditions, the hydroformylation is more diffi-
cult, and s0 the sterically less demanding 1-hexene is hydroformylated more
readily than the sterically more demanding 2-hexenes. The same effect has
been observed in the presence of {RhH(CO)(PPh,)s] and excess triphenyl-
phosphine [11]. It is noteworthy that under less vigorous hydroformylation
conditions olefin isomerisation still proceeds and 30 becomes the dominant
reaction (see Table 1 under L = (n-C(H,),P).

In conclusion, the present work demonstrates that the ratio of linear:
branched aldehydes formed by the hydroformylation of 1-hexene in the
presence of trens-[ RhCI(CO)L, ] is enhanced by the presence of parg-alkyl
substituents on the phenyl groups of triphenylphosphine. The optimum
compromise between the rate of hydroformylation and the ratio of linear:
branched aldehyde is obtained when n-butyl substituents are present.
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COMPLEXES OF LONG ALKYL CHAIN TERTIARY PHOSPHINES
PART 6. HOMOGENEOUS CATALYTIC HYDROGENATION OF
METHYL LINOLEATE AND METHYL LINOLENATE USING THE
COMPLEXES [MC1,(PR;);], M = Pd, Pt; R = n-ALKYL,
p-n-ALKYLPHENYL, IN THE PRESENCE OF TIN(II) CHLORIDE

DUNCAN H. GOLDSWORTHY, FRANK R, HARTLEY* and STEPHEN G. MURRAY?*,
Department of Chemistry and Metallurgy, The Royal Military College of Science, Shriven-
ham, Wilts, SN6 8LA (UK.)

{Received September 18, 1982)

Summary

The complexes of a number of trialkyl- and triarylphosphines bearing
long alkyl chains, [MCl,(PR,),], M =Pd, Pt; R = n-alkyl, p-n-alkylphenyl,
have been shown to catalyse selectively the reduction of methyl linoleate
and methy] linolenate in the presence of tin(II) chloride in benzene-
methanol solution. The activity of the resulting catalysts was found to be
dependent on both the nature of the metal and the phosphine ligand. Inclu-
sion of a p-n-alkyl substituent on the phenyl ring of the phosphine increased
the catalytic activity for the platinum(II) compounds but gave a corre-
sponding decrease for the palladium(Il) analogues. The complexes cis-
[PtC1;(PR;),], R = n-alkyl were poor catalysts in contrast to their active
palladium(ll) analogues. All palladium(ll) catalysts slowly decomposed to
form a catalytically inactive black precipitate.

Introduction

We have recently reported the preparation and properties of a series of
trialkyl- and triarylphosphines bearing long alkyl chains, PR, (R = n-alkyl,
p-n-alkylphenyl) {1, 2] and their Group VIII metal complexes [2 - 4), which
have unusual solubility properties and, in particular, are extremely soluble in
non-polar hydrocarbon solvents. As solvents play an important part in the
intimate mechanisms of many homogeneously catalysed reactions, it was of
interest to examine the catalytic ability of the transition metal complexes of
these new phosphines, and to observe how changes in phosphine structure
within a particular series of complexes modify the overall catalysis. Previ-
ously [5] we have shown that when 1-hexene is hydroformylated in the

*Authors to whom correspondence should be addressed.
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presence of trans-[ RhCI(CO)(PR,);], R = p-n-alkylphenyl, the linear to
branched aldehyde ratio increased as the p-n-alkyl group was varied in the
order H < C;H; < n-CHy < n-C,H,,, and when R = n-alkyl it again increased
as the n-alkyl chain increased in length. In the present paper we examine the
ability of piatinum(II) and palladium(1l) complexes to promote the selective
hydrogenation of polyenes to monoenes.

Complexes of the type [MCl,(PR;);}, M=Pd, Pt; R = aryl, in the
presence of tin(Il) chloride are known to be selective homogeneous catalysts
for the reduction of polyenes to monoenes (6, 7] and in particular for the
selective hydrogenation of the soybean methyl esters, methyl linoleate
(methyl cis-9cis-12-octadecadienocate) ([8-11] and methyl linolenate
(methyl cis-9,cis-12,cis-15-octadecatrienoate) {12]. These catalysts were
shown:

{a) to cause reduction of all but one double bond, except in short chain
alkenes where terminal double bonds may be hydrogenated;

{b) to isomerise cis-double bonds to the trans-configuration;

(c) to bring about migration of double bonds along the carbon chain until
conjugation occurs;

(d) under certain conditions not to effect hydrogenation but cause isomeri-
sation to a conjugated system.

A solvent consisting of a 3:2 mixture of benzene and methanol was generally
used, but recognition of the fact that not only could methanol compete with
alkene for coordination to the metal but could also act as the source of
hydrogen for reduction has led other workers to search for an alternative
solvent with limited success [7].

Our aim therefore was to study an extensive series of long alkyl chain
tertiary phosphine complexes of palladium(Il) and platinum(II) as homo-
geneous catalysts for the selective reduction of methyl linoleate and methyl
linolenate; first to observe, in the presence of a solvent, the effects on cata-
lytic activity of varying the phosphine ligands whose steric demands are
difficult to predict, and secondly {13] to determine the effect on catalytic
activity of these highly soluble compounds when they are dissolved directly
in the substrate without addition of extra solvent.

Experimental

Methy] linoleate and technical grade methy! linolenate were obtained
from Fluorochem Ltd. and before use. The compounds
IMCIPRy),], M=Pd, Pt; R =nalkyl, p-nalkylphenyl were prepared
a8 described previously [3]. The monomeric compound trans-[PdCl,
{P(n-C\el39)3}2) was prepared in 87% yield by the addition of two equiva-
lents of tertiary phosphine to one equivalent of [ PdCl,(COD)} in chloroform,
under nitrogen, and stirring for 1.5 h. After removal of solvent and drying
under vacuum, careful recrystallisstion of the crude product from a mixture
of ethano!l and chioroform (3:2) yielded a brown amorphous powder.

56

- —




259

(Found: C, 69.9;H, 12.3; P, 5.6; Cl, 4.4. Cg4H,+4P,Cl,Pd requires C, 70.9; H,
12.3;P, 4.4;C}, 5.0).

Hydrogenations

Each reduction was carried out identically using a 250 ml stainless steel
autoclave (Baskerville and Lindsay) fitted with a mechanical stirrer, electric
thermostatted heater and sampling tube. At the beginning of each run the
vessel was charged with substrate (14 mmol), metal complex (0.65 mmol)
and tin(II) chloride dihydrate (1.29 g, 5.7 mmol) dissolved in a mixture of
degassed benzene (30 ml) and methanol (20 ml). The autoclave was flushed
twice with hydrogen and pressurised to 4.05 MN m 2, which was maintained
throughout the course of the reaction. The heater, stirrer and a stopwatch
were then started simultaneously (¢ = 0). A constant stirring speed of 500
rpm was used, while the heater required 40 min to indicate a temperature of
90 °C within the vessel. Care was taken to ensure that the heating rate to
90 °C was the same for each run, and once this temperature was reached was
kept constant. After exactly 3 h the stirrer was switched off and a sample
withdrawn immediately for analysis by gas chromatography. The autoclave
vessel was cleaned thoroughly at regular intervals, by using a concentrated
solution of triphenylphosphine in toluene and heating at 90 °C under a pres-
sure of 4.05 MN m™? of hydrogen with stirring for 4 h. Control experiments
without catalyst were also carried out periodically and the distribution of
products after hydrogenation found to be identical with that of the starting
material.

Analysis by gas chromatography was carried out using a Pye-Unicam
204 Chromatograph equipped with a temperature programme controller and
a flame jonization detector. A glass column (9 ft X 1/4 in) packed with poly-
(diethylene glycol succinate) on diatomite (mesh size 60 - 80) was used for
the separation of all products at 195 °C. Peak areas were determined using a
planimeter. Typical separations of products for runs involving methyl lino-
leate and methyl linolenate are shown in Figs. 1 and 2 respectively. It is
apparent from Fig. 2 that the non-conjugated triene and the cis,trans-conju-
gated diene have similar retention times and cannot be resolved.

Results and discussion

The complexes [MCl,(PR,);], M = Pd, Pt; R = n-alkyl, p-n-alkylphenyl
were found to catalyse selectively the reduction of methyl linoleate and
methy! linolenate in the presence of tin(1I) chloride and a 3:2 mixture of
benzene and methanol under the described conditions. Hydrogenations
were carried out using a technique similar to that previously reported [6, 8,
9, 11); in order to investigate the effect of changing the phosphine ligands,
the conditions were chosen such that partially hydrogenated esters were
obtained.
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Hydrogenation of methyl linoleate

At the end of 3 h, the products of the hydrogenation of methyl
linoleate consisted of a mixture of components arising from the isomeriza-
tion and reduction of the original non-conjugated diene (Table 1). Each
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Fig. 3. Plot of the percentage composition as a function of time during the hydrogenation

of methyl linoleate in the p of c’n-[PtCl;{P(p-n-C,H,g-C,H.);},I (46 mmol per
mol substrate); O, monoene; + non-conjugated diene; O, trans-trans conjugsted diene; =
cis-trans conjugated diene.

catalytic precursor maintained the selectivity of the reaction and no fully
saturated material (methyl stearate) was obtained.

In order to observe how the components of the reaction medium
changed as a function of time, the reduction using one of the most active
precursors cis-[PtCl,{P(p-n-CoH;9—CsH,)3};] was monitored over an 8% h
period (Fig. 3). It is apparent that the non-conjugated diene is first iso-
merised to a mixture of cis ¢trans- and trans,trans-conjugated dienes, the
former being produced faster. These are then hydrogenated subsequently to
the monoene stage only, and again the cis,trans-conjugated diene is hydro-
genated more rapidly than the frans trans-isomer. This is in keeping with
previous proposals that conjugation preceeds hydrogenation [7]. The overall
mechanism is not fully known, but the initial steps are believed to arise
according to eqn. 1 {11]. The 8nCl,  ligand plays an important role in these
complexes. It is a good w-acceptor and only a modest g-donor (14] and

+ 8aCl,

[MC1y(PRy),]

+H
[MCI(SnCL)PR);] T3 MH(SnCIMPR,),] (1)

promotes five-coordination, allowing the olefin to enter the metal coordina-
tion sphere. In addition, it is also a good leaving group, which consequently
promotes coordinative unsaturation at the metal centre [15].
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Inspection of the data in Table 1 shows that variations in the nature of
both the metal and the phosphine ligand have a pronounced effect on the
catalytic activity. It has been noted previously [16) that palladium(Il)
complexes of this type are generally more active than their platinum(Il)
analogues. The same was found here (Table 1) when the phosphine was PPh,,
P(n-C4H;), or P(n-C,Hy),. However, in the platinum(ll) series, the activity
of the catalysts was enhanced when an n-alkyl group replaced a para-hydro-
gen atom in the phenyl ring of the tertiary phosphine ligand, whereas the
converse was true for palladium(II). As a result, when the phosphine was
P(p-R—C¢H,4j; with R = C,;H; or n-C/H, the platinum(ll) complexes were
more active than those of the corresponding palladium(II) species. From
Table 1, the order of decreasing activity for cis-[ PtC1,(PR,),] is:

R= p-n-CJl,—C,,H. > P'Csz-C6H4 > p-n-Cngg—CGH. > Ph» n'C‘Ht) >
“'Cuﬂzo (l)

In contrast, the palladium(Il) series showed a marked decrease in activity
on introducing a para-alkyl substituent, such that the order of decreasing
efficiency for trans-{PdCl,(PR,),] becomes:

R= n‘C‘lig >Ph> P-C;H;-C‘H‘ > p'n‘C‘Hg"CJl4 ~ n-C,J'l” (ii)

During each hydrogenation involving palladium(ll) compounds, varying
amounts of a black precipitate were formed from the decomposition of the
catalyst. Such decomposition is generally observed when palladium(1I) com-
plexes are used [9]. We tested the activity of this black precipitate and, as
reported previously {9], we found it to be catalytically inactive. Accordingly,
wherever a black precipitate was formed the observed hydrogenation and
isomerisation were assumed to arise prior to decomposition. The amount of
decomposition product increased as the p-n-alkyl chain lengthened, and it
seems likely, therefore, that the decreasing catalytic activity originates from
the diminishing stabilities of the complex and/or catalytic intermediates.

In the case of the platinum(Il) systems where increased ability to
hydrogenate accompanies phenyl ring substitution, a greater electron density
at phosphorus, and hence at the metal making the centre a good nucleophile,
might account for the observed trends. If this is the case then it would be
expected that the tri(n-alkyl)phosphines would increase activity still further
owing to their greater basicities {15]. As can be seen, this is not the case.
Cis-[PtCl,{P(n-CH,); } ;] yielded a poor catalyst, in agreement with previous
observations {7, 11, 16}, and cis-[PtCl,{P(n-C,H,4)3}1] was even less effec-
tive. The overall trend for the complexes cis-{ PtCl,L,] to enhance reduction
of methyl linoleate followed the order:

L = P(n-alkyl), < PPhy < P(p-n-alkyl—CH,), (iii)

This is very similar to the observation that substitution of a phenyl ring by a
methyl group in triphenylphosphine increased the activity of these com-
pounds according to the sequence [7]:
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L = P(n-C,H,), ~ PMe, < PPh; < PMePh, < PMe,Ph (iv)

These orders do not follow sequences of basicities relating to electronic
effects or cone angle size [17], and we would suggest that the observed
activities arise from a combination of both electronic and steric constraints
as previously proposed to explain the effects of hydroformylations using the
complexes cis-[PtCly(CO)(PR,)] (15]. However, solvation effects may be
important and indeed may be dominant in determining the steric require-
ments of the long alkyl chain phosphines. It has been suggested previously
[7] that sequence (iv) indicates that the phenyl ring plays some part in the
reaction. However, the complexes trans-{PdCl,{P(n-alkyl),},] yielded effi-
cient hydrogenation catalysts and furthermore, trans-[PdC),{P(n-C,Hg);},]
provided the greatest activity of all. It seems therefore contrary to previous
suggestions {7] that the presence of an aryl group attached to the phosphine
ligand is not necessary for catalytic activity.

Hydrogenation of methy linolenate
We extended our studies using a similar series of palladium(Il) and

platinum(Il) tertiary phosphine complexes to include the hydrogenation of
the non-conjugated triene methyl linolenate under identical conditions. The
technical grade substrate contained 77.7% non-conjugated triene, 20.9% non-
conjugated diene and 1.4% monoene. For each run, a complex mixture of
products was obtained after 3 h arising from the extensive isomerisation and
reduction of the substrate, and no methyl stearate formation was observed
(Table 2).

In order to observe the change in distribution of the products of the
hydrogenation with time, the reduction using two of the most active cata-
lytic precursors was sampled periodically over 8% h (Figs. 4 and 5). When
cis-[PLCl{P(p-C,Hs—CHy)}2] was used in the presence of tin(II) chloride
(Fig. 4) it is evident that the non-conjugated triene was first isomerised to a
mixture of a triene with two double bonds conjugated, and then to a fully
conjugated triene as previously found when other tertiary phosphines were
present {12]. When trans-{PdCl,{P(n-CH,),},] was used to catalyse the
same reaction at a slightly greater catalyst:alkene ratio, the isomerisation
was much slower; this was found to be the case for all palladium(1l) com-
plexes (Table 2). Furthermore, the palladium(II) species slowly decomposed
to a catalytically inactive black precipitate, total decomposition being com-
plete within 476 min. Although the rate of isomerisation of the triene was
slower with palladium(ll), the initial rate of formation of monoene was
faster than with the platinum(ll) compound. This would suggest that the
former is more efficient for catalysing the reduction of the diene to mono-
ene, which parallels the resuits obtained for the hydrogenation of methyl
linoleate in which {PdCl,{P(n-CH;)s},] yielded the most active catalyst.

The relative activities of the tertiary phosphine complexes with
changing ligand (Table 2) show trends similar to those found for the hydro-
genation of methy] linoleate such that the order of decreasing efficiency for
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cis-[PtC1(PR,),] is:
R= p-Csz—CQHQ > p-n—C,H,,—C;H‘ >Ph> n~C3H|7 (V)
and for trans-[PdCl,(PR,),] is:
R = n-CiHy > Ph > p—C;Hs—CeHy > n-CgHy; > p-n-CoH;5—CeHy (vi)

Thus, introduction of a p-n-alky! substituent on the phenyl rings of the
tertiary phosphine increased the activity for platinum(II) but decreased it for
palladium(Il). It is interesting to note that cis-{PtCl,{P(n-CgH,,),},] gave a
reasonably efficient catalyst, at least as active as the palladium(Il) analogue,
while trans-[PdCl;{P(n-C4H,);},} again yielded one of the most active com-
pounds.

In conclusion, it would appear that a relationship between catalyst
activity and ligand properties for both platinum(II) and palladium(II) is not
a simple one, and that there may be inherent differences in the mechanism
depending on the metal. The catalytic efficiency may well depend on a
numbez of contributing factors, not least of all the nature of the solvent.
Indeed the hydrogenation of methyl linoleate is known to proceed nearly six
times faster in the non-coordinating solvent dichloromethane than in a
methanol-benzene mixture {11]. Other factors inciude:

{a) the relative basicity of the ligands affecting the M—H bond strength;

(b) steric effects of the phosphine ligands which may be shown by the differ-
ence in activity using the complexes cis-[PtCl,{P(p-n-C,Hy—CgHs);};] and
cis-[PtCly{P(p-n-CoH5—CeHa)s}2] as well as trans-[PdCl,{P(n-CoHy)s);) and
trans-[PACl,{P(n-C 4H;0)3}2] in the methy! linoleate study. The decrease in
each case presumably originates from steric hindrance caused by the alkyl
chain about the metal centre. This, however, is not so great as to inhibit
completely interaction with the olefin substrate.

(c) The ability of the phosphine complex to coordinate reversibly to any
solvent present. These features may be of differing importance for pal-
ladium(1l) and platinum(ll), this point being highlighted by cis-[PtCl,{P-
(n-C{Hy);}2) and trans-[PdCl,{P(n-C,H,);};] which show the two extremes
of catalytic activity. Since solvent plays a profound part in these catalytic
systems [6, 7, 18] and may even furnish the source of hydrogen necessary
for reduction [9, 11], predicting the relative activity of such compounds wiil
prove difficult until the nature of the complex—solvent interaction can be
established.
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COMPLEXES OF LONG ALKYL CHAIN TERTIARY PHOSPHINES
PART 6¢. HOMOGENEOUS CATALYTIC HYDROGENATION OF
METHYL LINOLEATE IN THE ABSENCE OF SOLVENT USING THE
COMPLEXES [MC1,)PR,),], M = P4, Pt; R = n-ALKYL,
p-n-ALKYLPHENYL, IN THE PRESENCE OF TIN(1I) CHLORIDE
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Summary

The complexes {MCl,(PR,),}, M = Pd, Pt; R = n-alkyl, p-n-alkylphenyl,
in the presence of tin(II) chloride, have been used to catalyse selectively the
hydrogenation of methy!l linoleate in the absence of solvent. A precipitate
remained at the end of esch run, the nature of which depended on the
solubility of the catalyst. The activity of the platinum(ll) species was gresatly
increased in the absence of solvent; conversely, the palladium(il) compounds
required the presence of s solvent such ss methanol in order to function effi-
clently ss catalysts. in only two cases was sny decomposition of palladium(1l)
complexes obssrved mnd was found to be much less than in previous exper-
iments. In the light of the results obtained with and without added solvent,
the role of methamol snd the nature of the rate-limiting step, which was
found to be different for platimum(11) wnd peliadium(II), are discussed.

intvedustion

in the proseding paper {1] we reported the hydrogenation of methyl
(mothyt e-Ogo-)1%-cctadecadioncete) snd methyl linolenste

l

mothanel. The spully indicatod thet the vasistion in catalytic activity, not
only Wwiwesn dfhwnt metals but siso on changing the phosphine
lipnd, wa aet s smple function of electrenic and steric effects. The impor-
tmoe of e soivent in sslsctive hemegeneous catalytic hydrogenations was
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noted in the reduction of polyenes using { RhCl(PPh,),;], in which changing
the solvent altered not only the rate of hydrogenation but also the selectivity
[2). Furthermore, the presence of a solvent such as methanol is sometimes
necessary for reduction to occur [3]. The nature of the solvent was observed
to affect the rate of hydrogenation of 1,5-cyclooctadiene using cis-[ PtCl,-
(PPh,);] and tin(II) chloride such that the observed rate decreased according
to the following sequence {4 - 6]:

CH,CO;H ~ CH;CO:H-CH;CIQ > CH;CO:H—CQHG > CH,CI; >
CH,00,H-(CH,),00 > CH;OH-CH,

Methanol has been shown to coordinate to palladium(II) [7) and platinum(II)
[8) and indeed was used as the source of hydrogen for the selective reduction
of soybean methyl esters with [MCl,(PR,),], M = Pd {9, 10], Pt {11] in the
presence of tin(Il) chloride via formation of a metal hydride intermediate
(egn. 1).

| |
—hld—Cl'PCH,OH - —Lli—Hi-HCBO+HCl 1)

This reaction is to be expected since platinum(II)-chioro complexes are
known to form hydride complexes with alcohols [12].

The tertiary phosphine complexes containing long alkyl chains, {MCl,-
(PR;);}), M = Pd, Pt; R = n.alkyl, p-n-alkylphenyl, prepared in our laboratory
{13], were found to be appreciably soluble in the substrate, methyl linoleate.
Thus it was of interest to observe how effective these complexes were in
selectively catalysing the hydrogenation of methyl linoleate in the absence of
added solvent. Furthermore, their relative catalytic activities have already
been determined in a benzene—methanol solvent system [1], and therefore it
may be possible to learn more about the role of the methanol in these cata-
lytic reactions.

Experimental

The nature of the polyenes, preparation of the complexes and gas
chromatographic analyses were as previously described (1, 13].

Hydrogenations

The reductions were carried out as before {1] using a 260 ml stainless
steel sutoclave (Baskerville and Lindsay) fitted with a glass liner, mechanical
stirrer and electric thermostatted heater. At the beginning of each run the
liner was charged with methy! linoleate (10 g, 34 mmol), metal complex
(0.33 mmol) and tin(Il) chloride dihydrate (0.64 g, 2.8 mmol). The auto-
clave was flushed twice with hydrogen and pressurised to 4.06 MN m~2 A
constant pressure and stirring speed (500 rpm) was maintained for 3 h, while
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the heater required 40 min to attain a steady temperature of 90 °C. At the
end of each run a sample was withdrawn for analysis by gas chromatography.
The glass liner was cleaned thoroughly in chromic acid before each new
experiment, and control runs carried out as previously described {1].

Results and discussion

The hydrogenation of methyl linoleate in the presence of {MC1,(PR,),],
M = Pd, Pt; R = n-alkyl, p-n-alkylphenyl and tin(II) chloride without solvent
was carried out using a very low catalyst to polyene ratio (10 mmol per mo}
substrate) compared to the previous runs performed in the presence of added
solvent, where a ratio of 46 mmol per mol polyene was used [1]. This was
done in order to achieve conditions which gave partially hydrogenated esters.

For each catalytic run, a mixture was obtained resulting from the
isomerisation and reduction of methyl linoleate (Table 1). In only one
instance using the most active precursor, cis-[PtCl, {p-n-CeHy —CgHy)s }2] was
any saturated material observed; however, this constituted less than 1% of
the total products. At the end of each run a precipitate always remained.
Sometimes this contained only excess tin(Il) chloride, shown to be catalyt-
ically inactive for hydrogenation under these conditions [5]. When the phos-
phine was PPhy, P(p-C,H—C¢H,); or P(n-C,Hy); a metal(Il) complex was also
present in the precipitate. However, the observation of some hydrogenation
in the presence of both the plstinum(Il) and palladium(lI) complexes of
these phosphines suggests that during the reaction at 90 °C some of these
compounds dissolve, at least partially. Only in the cases of palladium(1l) with
P(p-n-CoH ;s—CeHy); and P(n-CgH,,), were any decompasition products ob-
served, and in both instances it was far less than in the presence of benzene-
methanol solvent [1]). The infrared spectra of the insoluble complexes
remaining after hydrogenation were similar to their spectra before; in
particular, no bands attributable to s(M—H) were detected.

The data obtained without added solvent in the presence of the
platinum(II) complexes and tin(II) chloride followed trends similar to the
reduction in benzene-methanol solvent, activity decreasing in the order of

phosphine ligands:

P(p-n-CeHg—Cglly)s > P(p-n-Col15—CeHy)s > P(p-CiHs—CeHy)y >
P(n-CgH,5); > PPhy > P(n-CeHy)y > P(n-CyHyy)y

The difference in the position of P(p-CaH;—CH,); in the presence of added
solvent was presumably due to its limited solubility in the pure substrate.
However, the most striking festure of the results was that although the
catalyst:polyene ratio was about one-fifth of that used previously in bensene-
methanol, the activity of the catalysts was grestly increased. Although this
applied to both trislkyl- and triarylphosphine complexes, it was particularly
noteworthy for the former which were almost totally inactive when solvent
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was present. In contrast, the palladium(Il) species were almost completely
inactive in the absence of benzene-methanol, although trans-[PdCl, {P(p-n-
CoH,9—CgH,);}2], which showed only modest activity, was an exception.
This may well have resulted from its greater solubility in the substrate com-
pared to the others. However, this complex was far less active than its
platinum(II) analogue and showed only a slight tendency to decompose. Par-
ticularly noticeable was the decreased catalytic efficiency of trans-[PdCl,-
{P(n-C4Ho);},], which gave the most active catalyst in benzene-methanol. It
might be argued that this was due to its lower solubility in the neat substrate;
‘however, neither cis-[PtCl(PPh;),] nor cis-[PtCl, {P(p-C;Hs—CeHy)y }5] dis-
solved completely but both were catalytically active. The activity of the

palladium(II) complexes decreased according to the order of phosphine
ligand:

P(p-n-CoH,5—CgHy); > P(p-C,Hs—CgHy)s ~ PPhy ~ P(n-C H,); ~
P(n-CaH,5);

i

The results obtained from the hydrogenations in the presence and '

absence of solvent suggest that there are differences in the detailed mecha- !
nisms for palladium(II) and platinum(II). Thus: (a) palladium(II) complexes
were generally inactive in the absence of benzene-methanol, whereas plati-

decomposition of palladium(II) complexes occurred in the absence of added
solvent. This supports the earlier suggestion [14] that an unstable inter-
mediate complex involving methanol is necessary for activity, since the
instability of the palladium(II) complexes, trans-[PdCl(PR,),], relative to
their platinum(II) analogues is not thermal.
The differences may be accounted for by consideration of the proposed o
mechanism (Scheme 1) [5, 6, 10, 11, 15, 16]. This involves three stages; for- b
mation of a metal hydride, production of a metal alkene and interaction of '
the hydride and alkene ligands. Generation of the metal hydride can either
involve hydrogen gas or methanol as the hydride source. Hydrogen gas can
react with [MCl,L,) to form [MHCIL,] either by oxidative addition (Scheme
2, steps 1 and 4) followed by reductive elimination of HCl (steps 2 and 5), or
, altematively by heterolytic fission of H, (steps 8 and 6) [17]. Oxidative addi-
Z tion is known to be much easier for platinum(II) than palladium(II) [18).
Heterolytic fission of H, is more likely in the case of palladium(II). This
would be promoted by the presence of a polar solvent such as methsnol. In ]
addition to hydrogen gas, methanol can act as the hydride source through
eqn. 1, and indeed both platinum(II) and palladium(II) complexes have been
found to be nearly as active in the reduction of soybean esters in methanol
under nitrogen as under hydrogen [6, 9, 11). The relative importance of
methanol and gaseous hydrogen as the source of hydride depends not only
; on the metal and the ligands but also on the reaction conditions. For example,
‘ when cis-[ PtCl;(AsPh,),;) was used for the isomerisation of 1,5-hexadiene in
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MH N
M = (M(8aCl KPR, )
Scheme 1.
{MCL,L,]
H; (1) e 8nCl,
Zna )
2
[MH,CLL,) ==  [MHOL,) [MCY(8nCly)L,]
1 —HQ H
+
+8aC), 6) (4)’
: o
[MH(SRCI)L;) ~=1=  [MH,C(SnCl,)L;)
Scheme 2.

methanol-benzene under one atmosphere of deuterium gas, then no deuterium
was incorporated in the product [19]. However when greater pressures of
hydrogen were used, it was suggested that the solvent was an insignificant
source of hydride [5). Cortainly, there was only one source of hydrogen in
our experiments without solvent, and the observation that some reduction
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and isomerisation occurred in the palladium(ll) systems without solvent
suggests that at least some palladium(Il) hydride complexes were formed
from hydrogen gss. :
! Metal alkene complex formation involves a substitution reaction. Sub-
stitution reactions at platinum(ll) are slow, whereas they occur more rapidly
at palladium(ll) {18]. A coordinating solvent such as methanol will compete
with the alkene for a coordination site on the metal [7, 8). This would
account for the reduced activity of platinum(Il) complexes in the presence
of coordinating solvents found in the present work as well as previously [4, |
5). The differences in the activities of the palladium(Il) and platinum(II) '
complexes in the presence and absence of added methanol observed in the
‘ present work are entirely consistent with the mechanism in Scheme 1 if
‘i metal hydride complex formation, which is known to be slower for palla-
‘ dium(ll) than platinum(il), is rate-limiting in the presence of palladium(Il) i
complexes. 1f on the other hand metal alkene complex formation, which !
! will be slower for platinum(iI) than paliadium(Il), is the rate-limiting step in |
{ the presence of platinum(ll) then the grester rates observed with the plati- S
num(Il) complexes in the absence of methanol, which competes with the . i
! alkene for coordination, are explained. Increasing the rate of the alkene sub- } ‘
l
|

stitution step by increasing the alkene concentration to neat substrate will
not affect the overall rate for palladium(I1), whereas in the case of platinum-
(I1), where alkene substitution is rate determining, increasing the concentra-
tion of alkene will significantly enhance the rate as observed. Further support ¢ '
for the conclusion that it is platinum(ll) alkene rather than platinum(II) i }
hydride complex formation that is rate-limiting, is provided by the observa- ! !
tion that cis-[PtCl(PPh,);) and trans-[PtHCI(PPh,),] are equally active g
polyene hydrogenation catalysts [5, 11]. The present conclusions are con- 5
sistent with, and extend, the previous conclusion that the rate-limiting step is
the formation of a metal-alkene-hydride intermediate [16].
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The Influence of Long Alkyl Chains on the ability
of Tertiary Phosphine Complexes of Platinum(0) and

Rhodium(1l) to Undergo Oxidation-Addition

As already mentioned in the Introduction (Chapter 1) a major goal for the
present work was the activation of alkanes. A key step in this is the oxidative-
addition of C-H bonds to transition metsal complexes (this ia discussed further in
Chapter 7). In the present chapter we describe studies on the influence of
long slkyl chain tertiary phosphines on the ability of firstly platinum(0)and secondly
rhodium (1) complexes to promote oxidative-addition. These two systems were
chosen because theyyield platinum(Il) and rhodium(I1I) alkyl complexes, both of
which are known to have an extensive cholutryl’z.

The ease of oxidstive-addition of methyl lodide to [Pt(PR)).] and [Pt(PR) ]
complexes was investigated in detail as described in reference 3. It was found,
as expected, that trialkylphosphines promote oxidative-addition more readily than
triarylphosphines; within both series an increase in alkyl chain length decreases
the rate of oxidative-addition probably due to very specific and aubtle solvation
effects. The ease of oxidative-addition of [Pt(PRy),] was greater than of
[Peeery ].

The ease of oxidative-addition at rhodium(I) has been investigated in
considerable detall as described in references 4-6. This was naot originally
intended. The original aim was to take a simple well characterised rhodium(I)
system and exasine the effect of long alkyl chains in the tertiary phoaphine ligands
to see whether their effect was the same as that observed in the case of platinum(0).

The system chosen for study was that shown in reaction 1 which had been reported

x
1.
(meryc1(00)] + cagr q——;—l_-: [@n(PRy) ;1 (CO) (CHy)T)
| o
[Encerg) 1 (COMT]
75.
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in the literature in 19697. This aystea appeared toc follow pseudo-first order

kinetics. It soon became apparent that the system was not as simple as it first

appeared to be. In particular only with tripheanylphosphine could be kinetics be

mistaken for pseudo first order in the presence of excess methyl iodide.

Accordingly a full non-linear kinetic analysis was carried out. 7This is described

in references 4 and 8. This suggested that the literature mechanisa was a

considerable oversimplification. However the reaction chosen (reaction 1) is

unnecessarily complicated in that two different halides, chloride and iodide, are
present. It would be much easier to interpret the reaults if only one halide were

present in the reaction. Since alkyl iodides undergo oxidative-addition wuch

more readily than alkyl chlorides or bromides the ideal system would be that between

methyl iodide and [En(PR;),I(CO)]. Investigation of this showed that [Ru(PR,),1(CO)]

is more difficult to prepare and less stable than its chloro-analogue. This system

and the corresponding bromo-systea Eh(PRa)zBr(coi] are described in more detail in

Chapter 3 reference 3.
A detailed study of the oxidative-addition of methyl iodide to [Rh(PR,) X(CO)]

and [En(PRy)X(C0)], where X = C1 and I, methyl bromide to [Rh(PEt,Ph),Br(CO)| and

n-propyl bromide to Eun{v(csn SR g} aBr(c&'ﬁ_‘] showed:

) The addition of alkyl bromides is very slow.

(ii) The ease of oxidative-addition to the iodo-complexes 18 dimer > monomer

(1.e. (BB(PRHI(OD)], > (Ru(PRy) 1(CO}]).
(111) The ease of oxidative-addition to the chloro-complexes appears to be very
similar for the monomeric and dimeric complexes.

(iv) Iodo-rhodium(I) complexes undergo oxidative-addition more readily than

the corresponding chloro-complexes.
(v) The introduction of alkyl substituents in the para-position of coordinated
triphenylphosphine enhances oxidative-addition at rhodium(l); n-butyl
substituents are more effective than ethyl substituents.
(vi) Trislkylphosphines are more effective than triarylphosphines at promoting
oxidative~addition at rhodium(X); alkyl chains longer than n-butyl are

76.
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marginally less effective than n-butyl itself.

The results of this work strongly suggested that it would be constructive
to examine the possibility of oxidative;addition of the C-~Cl bond of mustard
to rhodium(I) as a potential means of deactivating mustard. This is reported
in detail in Chapter 6.

(vi1) The oxidative-addition of methyl iodide to trans-|RhI (m)(ma);] in

air givel.l’as shown in equation 2. This rhodium(III) complex and

Me Me
P PO I I /ppns
- 0 N 1
2 trans-[RnI(CO) (PPhy) ] + 2ol —2 Rh ( Sen + 200 (2)
PhP OPPh
1 I
L

[Rh1(0,) (oppn3).2n26] reported earlier® demonstrates the ability of rhodium

complexes to coordinate phosphine oxides.
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Complexes of Long Alky! Chain Tertiary Phosphines.
Part 3. The Oxidative Addition of Methyl lodide to Platinum(0) Tertiary

Phosphine Complexes (1]

S. FRANKS and F. R. HARTLLY®*
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The oxidative addition of methyl iodide to aged
solutions of [PtL,] and [ PrLy] complexes in benzene
solution at 25 °C under pscudo first-order conditions
has been followed spectrophotometrically. For all
the tertiary phosphines studied except triphenyl-
phosphine the reaction occurs in two steps which
are due to rapid reaction of the [PiL,] present
initially followed by slower reaction of [PrLs]. Tvi-
alkylphosphines promote oxidative addition more
than triarylphosphines, the rate of oxidative addition
depending on L in the order P = PICsHEt-p)y <
P((‘QII‘A’G"P)J < P{ﬂ'c‘uﬂn}, < PIn-C.H");. Tvi-
phenylphosphine  complexes of platinumf0) are
anomalous in showing both an induction period and
only a single step.

Introduction

In previous papers we have described the syntheses
of two series of tertiary phosphines F(n-CpHapm 4 1)s
where m = 10 to 19 and

(n-CMy,., (} ), #

where 1 = 3 to 9 together with the preparation of
some of their compleaes with the platinum group
metals {1~4]. These tertiary phosphines and their
transition metal complexes have rather different
solubility properties to those previously available;
in particular they are extremely soluble in aliphatic
hydrocarbon and chlorinated aliphatic hydrocarbon
slvents. Testiary phosphine complexes have been
widely used as homogencous catalysts and the sol-
vent plays a very important role in many
homogencous catalytic cycles. Since a very impor-
tant step in many homogeneous catalytic cycles is
oxidative addition it was of interest to determine
how effective the new tertiary phosphines were at
promoting uxidative addition to platinum(0). Accord-

* Author to whom cortespondence should be addressed.
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ingly we investigated the oxidative addition of
methyl jodide to [PtL,] where L = tertiary
phosphine and n = 3 or 4 (reaction 1). We have

PtL, + CHyI = [PL(CH I +(n — 2, m

previously reported on the ability of the present
phosphines to promote oxidative addition at
rhodium(l) §5].

Experimental

The tertiary phosphines and their platinum(0)
complexes were prepared as described previously
[2-4]. Solutions of PtL, (4 X 10™* mol I"") and
methyl iodide (redistilled; 1 mol |™') in dry deoxy-
genated benzene were prepared and stored under an
stmosphere of nitrogen. The solutions of the plati-
num{0) complexes were allowed to age in the dark
until the equilibrium between Ptl,, PtL, and PiL,
had been fully established (see part 1) [4]. The PtL,
and methy! iodide solutions were then mixed under
a nitrogen atmosphere. CAUTION methyl iodide is
a depressant and should only be handled in well-
ventilated areas. The absorbance at 358 or 360 nm
(see Table 1) was measured as a function of time using
1 cm quartz cells mounted in a constant temperature
cell housing in a Unicam SP 1700B spectrophoto-
meter. The temperature was maintained at 250 *
0.1 °C using a Techne C100 circulating bath coupled
to a Techne 1000 refrigeration unit.

It was demonstrated that neither solutions of
methyl iodide in benzene nor the tertiary phosphines
in benzene show any change in absorbance during
the time of the present kinetic studjcs. Solutions of
methyl iodide and triphenylphosphine react to torm
methyltriphenylphosphonium iodide; the
second-order rate constant {or this reaction is of the
order of 1075 { mol™ 5! [6]. In the present work
the excess of methy! iodide present enabled the data
to be analysed by a pseudo first order approach.
Plots of 2.3031og(A." - A,) against time, wherc A
and A were the absorbances at infinite titme and time
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TABLE 1, Kinetic Data for the Oxidative Addition of Me:hyl lodide to [FtL,] at 25.62 0.1 °C.

{Ptlg] Wavelength ky [

studied (nm) <V % 10Y) s x 103)
[priec ( \> eHyn,)d 358 2.3 9.1
im {r <— > C;Hg);L] 158 0.4 9
{P{P(1-Cali19)3}4) 360 fas* rast*
{Pt{P(n-Cys Haa)3)e ] 358 4.7 20
{P1(PPhy)s ) 358 21°
{P{(PPhs)e] 358 1.9°
*Reaction was too fast to study by the p perimenta) technique; a slow residual ion of methyliodide with [Pt{P(n-

Cat17)3)2(CH )i} to form [PH{P(1-CaHy2)3)2(Clig)al,] with 2 pseudo first-order rate constant of 4 X 1075 5™7 was observed.
bOnly one rate constant was abserved, see text.

1, showed two linear regions linked by an inflection pond largely to the consumption of the [Pti;} mi-
point. tially present whilst the slower reaction would corres-
pond to the reaction of methyl iodide with [PtL,]
as well as with the [PtL,] being slowly formed from

Results . [PtLs}.
When the situation in which k; > k, > Kkj (sec
It has been shown previouslty [4, 6-8] that Scheme) arises, the reaction may be considered as
[PtLy] is very extensively dissociated in sotution and twao parallel first-order reactions producing a common

[P1L,) significantly so. Indeed a lower limit of >10  product (reactions 3 and 4). When, as in the present
mol I™! has been reported for Ky [8]. Accordingly work, the formation of C is monitc.;ed

in the aged solutions used in the present work the Kk,
Kp . A——C [®))]

{Pt(PPhy)s] === [Pt(PPh,);] + PPh, ¢} Kk,
B——C CY

concentration of [PtLe] will be effecfively zero so
that the reaction being studied is the oxidative addi- the calculation of k, and k; is not trivial. The rate
tion of methyl iodide to ([PtL,] and (PtL,] equations
{Scheme). 1t would be expected from previous work
~d[A]

{PtLs] + CH,l T=k,[A] (%)
ky (—L) _4{8]
Koaf[ks (—L) [PILy(CH,)I] -—d—,-—=k:lBl ©
k3 integrate to yield
(PtL,] + CH,l (A] = [AJe™t m
Scheme [B] = [Bje ™+ ™
that the oxidative addition of methyl jodide ‘Io the where [Ao] and {B,] are the initial concentrations of

14-¢clectron {PIL,V complex would be much faster A and B. But
than to the 16-<clectron [PtL;] complex {6, 9].1fin
addition the rate of dissociation of [PtL,], ks, is slow [Cl = [Aal - {A] + (B,] - [B] Q]

" relative to kj then a point of inflection in the plot

of 2.303log(A., — A,) against time would he expect. and if it is assumed that the large excess of methyl
ed. The initial rapid rate of reaction would corres- indide forces the reaction to go 10 compiction, then

79.
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Oxidative Addition to Pt{0} Complexes

(€ = [Ao] + (Bo] (10)
where |C.] is the final concentration of C, whence
(€1 = 1C2) - [AoJe™* ~ [Bgle™* (n
and

log([Ca] - [C])=log ([Ag]e™* + [BJe™ Y  (12)

If only one reactant, A or B, were present or if k;
and k, were of similar value, then a plot of log
(IC] - [C]) against time would be linear. However
if both reactants are present and if k,; # k, then such
a plot will, in general, be a curve [10] . If one species,
B, is more reactive than the other (A), then when the
more reactive species has disappeared,

Kyt
K = log([C: =log[A,] - —— (13
lA] =log(IC] - [C]) = 1og[A,] 3303 (13)

from which [A,] and k, may be evaluated from the
intercept and slope respectively of the plot of log
([C) - {C]) against time. Once k, is known k,

may be obtained from the early part of the plot .

obtained using equation 12. In this way the rate
constants kK, and k; in Table I were obtained. With
[Pt{P(n-Cyli19)s)a] the rate of the initial reaction
with methyl iodide was too fast for eithe: k; or k;
to be determined by the present technique. A slow
residual reaction due to oxidative addition of methyl
iodide to [Pt{P(n-C4H,9); },(CH3)1] was observed
wilth a pseudv first-order rate constant of 4 X 1075

When the tertiary phosphine was triphenylphos-
phine two significant differences were observed as
compared to the situations with the other phosphi-
nes. Firstly an induction period was observed and
secondly the plot of log({C.] — [C]) against time
showed no point of inflection. The induction period
is inferesting. Previously [4] we found that when
|Ptls] complexes were dissolved in benzene the
absorbances at 330 and 360 nm decreased steadily
with time as soon as the solutions had been made up
for all the phosphines except triphenylphosphine.
IFor triphenylphosphine an induction period preceded
the increase in absorbance with time that arose from
dissociation of triphenylphosphine ligands. The
t4ct that an induction period precedes both phos-
phine dissociation and oxidative addition of methyl
wdide 1o [P(PPh,),] suggests that some transi-
nonal species must be formed through which the
reaction takes place. If a similar species were formed
1rom both [Pt(PPh,),] and {Pt(PPhy),] then the k,
and k3 ratesin the scheme would be very similas giving
rise to the observed linear plot. Altematively it is
vonceivable that the reaction of methy! jodide with
tiiphenylphosphine platinum(0) complexes takes

80,
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place by an entirely different mechanism to that of

the other tertiary phosphine platinum(0) com-

plexes.

In deriving the results in Table 1 we have neglect-
ed the following puints:

(i) Reaction of the tertiary phosphine with methyl
iodide has been ignored because it takes place at a
rate two orders of magnitude slower than the present
reactions [6] .

(ii) The k, rate constant in Table I is a composite
rate constant involving both k; and k, in the Scheme.
However since ky values are two orders of magnitude
lox}/er than k, the contribution of k4 will be negligible
[4).

(ifi) Further reaction of [PtL,(CH,)t] with methyl
iodide to form [PtL,(CH,),l,] is very slow for all
tertiary phosphines except P(n-C3H,,); under the
present conditions; no significant absorbance change
occurs during the timescale of the present experi-
ments. Accordingly this reaction may be ignored
except when L = P(n-CqH,,); when lt has a pseudo
first-order rate constant of 5 X 1073 ¢!,

Discussion

The rate of oxidative addition of methy! iodide
to [PtL,] varied with the nature of L in the order

L _,(O-c)us), < P(O-CN:): < P(n-Cu"JJ »<

P(n-C4H,,);. The order triarylphosphine < trialkyl-
phosphine reflects an increase in the basicity of the
tertiary phosphine ligand which promotes nucleo-
philic attack by platinum on the carbon atom of
methyl iodide. Within the trialkyl- and triarylphos-
phine series an increase in alkyl chain length decreases
the rate of oxidative addition. This is possibly steric
in origin although the steric bulk of P(C4H Ftp),
would not be expected to be significantly greater
than that of P(Cgli Me-p)s; the observed result may
therefore arise from specific solvation effects. The
rate of oxidative addition of methyl iodide to |PtL;]
followed a similar trend to that observed for [PtL,].

Although the interpretation of the single rate
constant observed with triphenylphosphineplatinum-
(0) complexes is open to more than one explanation
(see above), it is significant that the rate constants
derived for [Pt(PPh,),! and (Pt(PPh,),} are similar
although smailer thun those observed with the other
triary] phosphines.
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The Preparation, Characterization,
and Properties of Highly Soluble
Transition-Metal Complexes of
Long-Chain Tertiary Phosphines

8. FRANKS and F. R. HARTLEY

Department of Chemistry and Metallurgy, The Royal Military College of
Science, Shrivenham, Eagland

j. R. CHIPPERFIELD
Department of Chewmistry, The University of [ull, Hull, England

Twa series of phosphines, 1 (PRyR = n-C,Hy, — n-C,,-
Hay) and 11 (Pt R')s R' = CeHg = n-CyH ), which

SJorm cery soluble complexes, have been prepared, char-
acterized, and used to prepare cis-fPtLyCly ), trans-{PdL, -
Cly), trans-{PtLy'HCI], [PtL,]. and trans-[RhL,ClCQ)]
where L =1 and 11 and L’ =1 only. The problems of
isolating and purifying the complexes are discussed. The
influence of the twwo series of phosphines on (1) selective
hydrogenation catalysts of the type [PtLyCly ] or [PdlL,-
Cly] in ussociation with SaCly for polyunsaturated
olefins and (2) the oxidative addition of methyl iodide
to trans-{RhL,CKCO)] is reported. The mechanism of
the latter reaction in the presence of triarylphosphines
is more complex than suggested previously.

hosphine complexes have been used widely as homogeneous

catalysts, and in many of their reactions the solvent plays a very
important part. Accordingly we decided to prepare phosphine com-
plexes with rather different solubility properties to those previously
available. In particular two series of tertiary phosphine complexes
were prepared that would confer extreme solubility in hydrocarbon
solvents such as alkanes. Part of the rationalization for doing this was

the view that if alkanes were ever going to be activated using homo- -

0065~ 2363/H2/01 96~ 1273305.00¥0
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gencous catalvsts. the activation wonld have to be effected in the
presence of solvents that were chemically more inert than the alkanes
themselves. No such solvents are, of course, available and if homo-
gencous catalysts are to be used then those catalysts must dissolve
freely in the alkanes themselves.
Two series of tertiary phosphine ligands that are very soluble in
: hydrocarhon solvents were prepared. The first series, P(n-CpHgm,()s.
! where m = 10 to 19, were prepared by treating the Grignurd reagent
of the n-alkyl bromide with phosphorus trichloride in tetvabydrofuran
(THF) (7). They were purified by recrystallization from a mixture of
i chloroform and ethanol. The lower members of the series were waxy
materials, Cy~Cyy being soft waxes and C;3~C,s being hard waxes,
while the higher members of the scries were crystalline. AU were
: fairly low melting—the melting points increasing steadily from 37°-
[ 40°C for P(n-CiHyy)s to 6(P-62°C for P(n-Cylig)y. They were ex-
‘ tremely soluble fn hydrocarbon solvents such as hexane aud chlori-
\ nated solvents such as dichloromethane, chloroform, ciarbon tet- |
5 rachloride, and 1,2-dichloroethane and moderately soluble in THF, !
l benzene, and other aromatic solvents, hot aleobols such as methanol |
and ethanol, and warm acetone. They were, however, insoluble in cold i
| methanol, ethanol, and acetone. On exposure to air they were oxidized
. readily to a complex mixture of products of the type P(OR),_,R,
‘ { (n =0, 1, or 2) and P(OXOR),_ R, (n = 0, 1, 2, or 3). However treat-
e ment with a slight excess of hydrogen peroxide (6% wi/v) resulted in a '
[
i
|

smooth oxidation to the trialkylphosphine oxides which were stable in
air and more crystalline than the corresponding tertiary phosphines.
These phosphine oxides had very similar solubility characteristics to
the parent trialkylphosphines. In contrast to trialkylphosphine oxides
below PO(n -C4H\y)y, the long-chain trialkylphosphine oxides were not

deliquescent.
The second series of phosphines prepared were a series of tris(p-
’ alkylaryl)phosphines with alkyl groups mnging from »-CsH, to
: n-CyH,,. They were prepared by treating the Grignard reagent of the
] corresponding p-alkylbromobenzene with phosphorus trichloride in
! THF (2). However in order to use these routes it was necessary to
w devise a preparative route for synthesizing p-alkylbromobenzenes.
| » Many of the methods for preparing alkylbromobenzenes yield a mix-
{i ’ ture of isomers. Since these are liquids with similar boiling points, their
|

-——— -

separation is difficult. A three-stage synthesis was adopted eventually ¢

(see Reactions 1, 2, and 3) which gave the pure para isomer in overall 3
: yields of 46 to 60%. The compound p-propylbromobenzene also can
I g be prepared in this way but it is prepared more easily by reactin«
g allylbromide with the mono-Grignard reagent of p-dibromobenzenc
£ followed by hydrogenating the resulting p -propenylbromobenzene to
x% yield the desired product.
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H

l
Br-{ /—(‘ “HO + RCH;MgBr ~ Br ' }-—CH,R (1)

ol

Br—\/—>—(‘—-CHzR drttenbom BrAQ—cr{aCHR @

()ll

nr-—/\:}—vna(,lm St r—O—-(:H,cu,R 3)

After completing this work our attention was drawn to the syn-
thetic procedure of Manassen and Dror (3) based on reacting
bromobenzene with an acyl chloride in the presence of aluminum
trichloride. This then is followed by a Wolff~Kischner reduction of the
acyl group to an alkyl group using alkaline hydrazine. Although these
authors do not give overall yields, the acylation step (¢) gives only 30%
of the desired product together with 25% of CsH,COR. Thus our pro-
cedure gives much higher overall yields with only minor quantities of
side products to be separated off in the final vacuum distillation.

The tris(p -alkylaryl)phosphine with a propy! group was a crystal-
line solid, whereas the n-butyl to n -octyl derivatives were viscous ails.
The n-nonyl derivative was a viscous, waxy solid. The solids were
purified by recrystallization from ethano! and the oils by vacuum dis-
tillation. All of the tris(p -alkylaryl)phosphines were extremely soluble
in hydrocarbon solvents such as hexane and chlorinated solvents such
as dichloromethane, chloroform, and carbon tetrachloride, and moder-

ately soluble in THF, diethyl ether, and aromatic solvents such as ben-
zene and toluene. The lower members of the series were soluble in
ethanol but this decreased as the alkyl chain length increased. The
higher members were insoluble in cold ethanol, methanol, and other
polar solvents. P-31 NMR chemical shifts were measured in CDCl,
solution relative to a trimethylphosphate external standard and were
found to be as follows: p-alkyl = CgH,, +10.6; C;H,, +10.5; CH,,
+10.6; CgH,,, +10.6; C,H,,, +10.8; C,H,, +10.7, and G,H,, +10.8
ppm. All of the tris(p-alkylaryl)phosphines were sensitive to oxygen
both as solids or oils and in solution. This contrasts with triphenyl-
phosphine which is fairly resistant to oxidation both as a solid and in
solution. Unlike the trialkylphosphines which yield a complex mixture
of products on oxidation in the air, the tris(p-alkylaryl)phosphines give
a single product, the phosphine oxide. The sensitivity to air oxidation
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increased as the alkyl chain on the phenyl ring increased in length,
Oxidation with hydrogen peroside (6% wiv) gave a convenient pre-
parative route to the tris(p-alkylary)phosphine oxides.

Five series of transition-metal complexes of the new tertiary phos.
phines have been prepared: cis-{PHPRyWCly1, trans-{PA{(PR,).Cl ],
trans- [P PRy );HCI], [P{PR,)), and trans-{Rh(PR)CHCO)] where
R = n-alkyl or p-alkylaryl and R’ = n-alkyl (3). All of the complexes
diplayed essentially the same solubility characteristics as the parent
phosphines. # ordingly the synthetic routes that were used were
chosen because they gave the cleanest reactions with largely volatile
side products and a minimum of isomers.

Cis'[ P’(PR;)’ Clg]

When [Pt{COD)Cl,] was treated with two equivalents of the ter-
tiary phosphine, cyclooctadiene was displaced and cis- [ P{{(PR,),Cls}
was formed. The displaced cyclooctadiene was removed easily in
vacuo. The lower triarylphosphine complexes were recrystallized from
a 60:40 mixture of ethanol and chloroform. The higher triarylphos-
phine complexes could he obtained only as either waxes or viscous
oils. These were purified chromatographically on alumina (Brockman
activity I, neutral) eluting with a 60:40 mixture of chloroform and
methanol. The triatkylphosphine complexes were recrystallized from
a mixture of chloroform and ethanol except for the triectylphosphine
complex which was purified chromatographically to yield a yellow
wax. The melting points of the trialkylphosphine complexes are in-
teresting (sec Figure 1) in that the long-chain alkyl groups clearly
disrupt the packing in the crystal structure so that the melting point
initially decreases sharply until the tri-n-octylphosphine is reached
after which a slight rise occurs, presumably due to increasing molecu-
lar weight. The initial sharp drop in Figure | has been observed previ-
ously for platinum(II) complexes with n in the 2~4 range as well as for
palladium(II) complexes with n in the 2-5 range (6, 7). On heating the
cis isomers decompose but they do not either isomerize or give any
metallation. When { Pt{MeCN),Cl,] is used as the starting platinum(il)
complex, a mixture of cis- and truns- [ P{PR,),Cl,] is formed. This mix-
ture is virtmally impossible to separate because of the very similar
physical characteristics nf the two isomers.

trans-{ PA(PR; % Cl,)

When [Pd(COD)Cly] was treated with two equivalents of the
tris(p-alkylaryl) phosphines, PAry, trans-{Pd(PAr,)sCly] complexes
were formed. Apart from their trans geometry they were very similar to
their platinum(I1) analogues, although less crystalline so that purific:-

8s5.
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Figure 1. Melting points of cis-[Pt{P(n-C pHym b 1:Clyf complexes

tion depended more on column chromatography. With the trialkyl-
phosphines, PRy, two products were obtained. The first was a yellow
material, trans-[Pd(PR,')Cl,), which was very similar to the trans-
{Pd(PAr,);Cly] complexes. However a second, darker product was also
present and in an increasing amount as the chain length increased.
H-1, C-13, and P-31 NMR analyses and IR spectroscopy combined to
suggest that this darker material is a mixture of chloride-bridged, di-
meric Species Land I, In spite of repeated attempts it was impossible
to sepurate these species by column chromatography. The metallated
species, Il, appear to be a complex mixture of praducts; the five-

R,'P cl al
N/ N/
Pd Pd
7 N _/ N\
Cl Cl PR,
0 R.,'P Cl CH—(CH,),Cll,
AN \
(CHaw Pd Pd (CHy),
cn” ~ by
/ Cl *
CH,(CHy),,
i
86.
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membered ring species (n =) = 2) would be expected to predomi-
nafe. It is surprising, in view of the work of Shaw (&, 9) which has
shown platinum(ll) to be more susceptible to metallation than pal-
fadium(ID), that in the present work the reverse is found. In spite of
repeated attempts we were unable to thermally induce metallation at
platinum(II).

trans-{ PAPRy' 3 HCI)

The cis-[P(PRy')sCls] compounds, where R’ = alkyl, were con-
verted smoothly to trans-[P{PRy);HCI] by treating them with hy-
drazine hydrate in a mixture of ethanol and chloroform. Chloroform
must be added since the complexes are insoluble in pure ethanol. The
hydride complexes are cream-colored, low-melting, crystalline solids
that closely resemble the physical properties of the parent
dichloro complexes.

[Ps(PR):)4

When [P{COD),] (10) is treated with 4 equiv of tertiary phos-
phine in a hexane solution under nitrogen, [Pt{(PR,),} is formed. These
platinum(0) complexes are yellow, air-sensitive, low-melting, crystal-
line solids with solubility properties that are very similar to the parent
phosphines. When dissolved in solution these complexes reversibly
dissociate (see Equation 4). Thus the P-31 NMR spectra in benzene

[PHPR.) Fo52 [PHPRY,) S [PPRO) )

solution at ambient temperatures show a broad singlet only with no
platinum-phosphorus coupling. A spectrophotometric study of the
kinetics of phosphine dissociation at 25°C in a 4 x 10~* mol L' ben-
zene solution showed that the rate of the first step decreased in
the following order: P(5n-Cy,Hg); (k,obs) too large to mea-
sure) D P(~ . \—=CHy)s (ki(obs) = 3.5 x 10~ sec™") > PPh, (k,(obs) =
1.5 x 1072 sec™"). The rates of the second step were moare similar, de-
creasing in the following order: P(- \: .\ —CHys)y (ke(obs) = 6.7 x 10

sec™’) > P(n-CiHgy)s (kslobs) = 3.7 x 1072 sec™') = PPh, (kg(obs) =
3.5 x 107 sec™). The significantly faster rate of dissociation of the
tetrakis(trialkylphosphine)platinum(0) complex than the triarviphos-
phine complexes is probably due ta the unfavorable build-up of elec-
tron density at platinum(0) effected by the more strongly electron-
donating trialkviphosphine.

87.
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16. FRANKS ET AL. Long-Chain Tertiary Phosphines 279
trans-[ Rb(PR; ), C/(CO)]

The trans-[Rh(PRy);CI(CO)] comnplexes were prepared by treat-
ing [RhCI(CO),]s under nitrogen in chloroeform solution with 2 equiv
of tertiary phosphine per rhodium atom. The only side product was
carbon monoxide so that purification by recrystallization from ethanol
or ethanol-chloroform was relatively simple. The lower-molecular-
weight trialkylphosphine and higher-molecular-weight triarylphos-
phine complexes were orange, viscous oils; the others were cream-
colored, low-melting crystalline solids.

Olefin Hydrogenation

Bailar and his co-workers have studied using mixtures of
[M(PRy)4Cl,] and stannous chloride as catalysts for selectively hydro-
genating the polyolefins present in vegetable oils to monoolefins that
subsequently may be used as components of margarine (11). Selectiv-
ity is very important in this hydrogenation because diolefins of the type
—CH==CH—~CHy—CH==CH~— are very susceptible to aerial oxida-
tion at the activated methylene group resulting in the fat becoming
rancid, while the fully saturated products, although stable to storage,
are very difficult to digest. From previous work it is likely that the
solvent plays a very important role in the selectivity of these hydro-
genations. Since the present tertiary phosphines convey unusual and
somewhat extreme solubility properties, it seemed desirable to exam-
ine them as possible catulysts. Accordingly their effectiveness in
promoting the selective hydrogenation of two of the common compo-
nents of vegetable oils, linoleic esters III and linolenic esters IV, was
examined using the methyl esters,

AN NNNANAANN 00R ANAANAAANAAA A 001
m v

When methyl linoleate was hydrogenated in a 3:2 mixture of
benzene and methanol at 80°C under 40 atm of hydrogen pressure in
the presence of 0.65 mmol [M(PRy)Cls] and 5.7 mmol stannous
chloride (see Table I), it was apparent that of the platinum(II) com-

plexes, that with P(—{:‘—C.H.). was the n.ost selective giving
87.2% monoolefin while P(— _-—CyH,); and P(CyHys)s were close
behind. (—  ~CsHo)y was the most selective (87.8% monoolefin)

with palladium(1I). All of these complexes were much more specific-
than the triphenylphosphine complex under comparable conditions. It
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16, FRANKS FT AL. Lemg-Chain Tertiary Phosphines 281

is very obvious from Table T that the selectivity is very dependent on
the phosphine used. Thus while P(C4H,,), gives high selectivity on
platinum(1l), P(CH,); and P(C,H,); give onlv 11.8 and 4.4% mono-
oletin, respectively. A similar result occurs with paltadium(il), with
monoolefin vields varying apparently randomly as the R’ group in

P(—  —R’), is varied systematically in the following order: R' = H

(29.0%), CsHy (50.2%), CH, (17.2%), and C,H,, (87.8%). Since it is
hard to see how variations in either steric or electronic factors or even
in both could account for this result on their own, we suggest that the
interaction of the solvent with the active catalyst has a profound and
subtle effect on the reaction.

When the same catalyst precursors and the same conditions were
wsed to hydrogenate the triolefin methyl linolenate we found (sce
Table 11} that platinum(II) complexes were more active under the
present conditions than palladium(lI) complexes, and that the ‘intro-
duction of a para-ethyl group into triphenylphosphine increased the
activity of the platinum(II) catalyst markedly and that of the pal-
Jadium(11) catalyst slightly. Introducing a para-nonyl group into the
palladium(l]) system markedly depressed both activity und selectiv-
ity, again suggesting that a complex set of factors probably including
interaction with the solvent are involved in determining catalytic ac-
tivity. The greater activity of the platinum(II) over the palladium{(II)
complexes under present conditions well may be a reflection of their
greater stability. No signs of decomposition were detected when
platinum(Il) complexes were used, whereas deposition of metal was
apparent when palladium(Il) complexes were used.

Since the nature of the solvent plays an important part in these
hydrogenations (11) and since methanol coordinates to palladium(II)
and platinum(1I) (12) and will therefore compete with the substrate, it
was interesting to examine the effectiveness of the present catalysts in
the absence of any solvent other than the substrate itself. When com-
paring the results obtained in the absence of solvent (see Table HI)
with those in Tables I and [I, we must emphasize that in the former
case the amount of substrate has been increased by a factor of 2.5, the
amount of catalyst has been halved, and the amount of hydrogen has
remained unaltered. Qualitative observation of the rate of fall of hy-
drogen pressure in the autoclave suggested that the initial reaction in
the absence of solvent was faster than in its presence. Further work is
currently in progress to confirm this observation and to modify the
autoclave, enabling hydrogenations to be carried out under constant
hydrogen pressure rather than merely constant hydrogen volume as is
being done presently. This will ensure that hydrogenations can be
totally completed.
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Experimental

Olchu hydrogenations were pertorined in w 250-mb stainless steel aato-
clave equipped with a glass liner using a stirring speed of 500 rpm. The auto-
clave was charged with reactants, assembled, and gas was introduced to the
desired initial pressure. All valves remained closed throughout the reaction. A
thermostat was provided to enable temperature control. Product analysis was
carried vut via gas chromatography using a 204 dicthylene glycol succinate
on Chromasorp P (60-80 mesh) stationary phase in a glass columin at 200°C.

The reaction of trans-[Rh{PRy);CHCO)] with methyi iodide was stadied
by monitoring the IR spectra of soliutious of the complex (2 x 10°% ol L7} in
methy] iodide (redistilled) in 2 (aermostatted solution IR cell provided with
sodinm chloride windows. A Perkin-Elmer model 577 spectrometer was used.
The data was analyzed using the FACSIMILE computer program (/4).

Oxidutive Addition tv trans-{ RbB(PR,), Cl(CO)]

Since one of the key steps in the activation of alkanes is believed
to be oxidative addition, and since this reaction is very important in the
mechanism of many homogeneous catalysts, it was interesting to de-
termine the influence of the present series of phosphines on this type
of reaction. Therefore we decided to study the vxidative addition of
methyl iodide to trans-[Rh(PR,);CH{CO)] because this reaction has
been studied previously (I13) with PRy = PPhy,, F ,HOMc-p),,
P(C¢H,F-p),, and AsPh;, and also because it is relatively easy to inde-
pendently monitor the loss of trans-{Rh(PR,),Cl(CO)}, the formation
and later decay of [Rh(PR,);CI(CO)XCHj,)1], and the subsequent forma-
tion of [ Rh(PR,),;Cl{COCH,)I] by recording the C==0 stretching region
of the IR spectrum as a function of time. The reaction is reported to
occur by the following mechanism:

1,
[Rh(PR,),CI(CO)] + CH;l = [Rh(PR;),CHCO)CH,)I}
veo = 1980 em™! veo = 2060 cm!

v Vi (5)

{
[RI(PR,),CHCOCH,)I]

veo = 1705 cm™!
Vil

which in the presence of excess methyl iodide can be examined in
terms of a model:

i, \
v v S ovin 6)

The FACSIMILE computer program (1) was used to analyze data
obtained when solutions of trans-[Rh(PR,),CHCO)] (2 x 1072 mal 1,71
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Table 11I.  The Homogeneous Hydrogenation of Methyl Linolenate

in the Presence of 0.:33 mmol [MEL,Cly) and 2.9 mimol

H Pressure  Methyl
M I tatm) Stearate

Methyl Linolenate

None* » 40 —_

Platinum P(n-CgH ) 40 —

Pailadium PPh, 40 —
Methyl Linolenate + Methyl Linoleate (Mixture 1)

None® - 40 —

Platinum P(— . —CHy) 40 -

Palladiom P(— ~.\>_" —C,Hy)y 40 _

Palladium P(— \._“ —C,Hy)s 20 -
Methyl Linolenate + Methyl Linoleate (Mixture 2)

None* -— 40 —

Platinum PPh, 40 -_

* Control hydrogenation carried out in the ahsence of catalyst.

in methyl indide were allowed to react at various temperatures. An
analysis of the data obtained with P(CeH Bu-p), according to Equa-
tion 6 gave a rather poor fit to the data (see Figure 2). In particular the
rate of formation of [Rh{P(C¢H Bu-p),}s( COCH,)CIH] at times very
close to the start is more rapid than expected from Equation 6. How-
ever, when a number of alternative models were tried, we found that
the following model in which VI is formed but is not an intermediate
in the formation of VI1 gave the best fit. The calculated

-

: vVl (7N
Ay

vl

-

absorhances obtained when the data is analyzed nccording to Equation
7 and the ohserved absorhances are shown in Figure 3. For comparison
the sum of the squares of errors (obhserved absorbance - calculated
absorbance) in Figure 2 is 210 whereas in Figure 3 it is 65.

A mechanism that is consistent with the scheme in Equation 7 is
given in Scheme 1. 1fky were small relative to k¢, kg, ko, and &y then the
reaction mechanistically would follow Equation 7. Halide ions
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{10 ) and Mixtures of Methyl Linolenate and Methyl Linoleate (10 g)
SnCly in the Absence of Solvent at 90°C for 3 h

Products Formed (%)

Non- Conjugated Diolefin Non- Con-
Mono-  conjugated conjugated  jugated
olefin Diolefin  cis-trans trans-trans Triolefin  Triolefin

— — -~ - 100
158 454 16.5 22.3 — —
88 45.0 16.3 29.9 - —
2.0 18.9 —_ -—_ 78.1 _—
36.9 32.4 7.7 23.0 — —
47.1 33.4 5.2 14.3 - —

35 20.5 11.5 18.5 30.0 16.0
1.2 12.0 -— —_ 86.8 -—
116 20.4 169 421 — —

catalyze the oxidative addition of alkyl halides to rhodium(l) (15) so
that k; undoubtedly will be quite large. However, is there any evi-
dence for the presence of any halide ions to effect the k step? There is,
although the mechanism by which they are formed is uncertain be-
cause both we and others (13) observe that there is an increase in the
conductance during the course of the reaction. In addition both we and
others (13) observe an initial induction period during which these
halide ions may be formed. Both k¢ and k; are believed to be even
larger thun k4 because previous work with anionic rhodiumn(l) com-
plexes has shown that the oxidative addition of methyl iodide rather
than the combination of methyl and carbouyl ligands is mte determin-
ing (16). Thus of the rate constants k,, kg, ke, and ky, &y is the simallest
and it is larger than k,. Although the mechanism in Scheme 1 (and in
Equation 7) gives a significantly better fit for the observed data in the
case of tris(p-butylphenyl)phosphine than that in Equation 5 (and in
Equation 6), the distinction in the case of triphenylphosphine is less
clear-cut (sce Table 1V). However we favor Scheme [ because it read-
fly accounts for both the observed induction petiod and the increase in
conductance during the reaction.

When truns- [R(PRY);CHCO)] complexes in which R was u-CH,
and n- CyHyy were dissolved in methyl iodide, rupid oxidative addition

94.
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Absorbaace

L TIMElmins ) —
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0 10 0 20 .8 82 182

Figure 2. Observed (—) and calculated (--+) ubsorbances for
IRh{P(— | "" ~—Bu)y };ClCO)] + Mel based on the model in Equation &
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Absorbance —o

TIME {ming} —

A P A
20 30 A8 82 182

Figure 3. Observed (—) and calculated (---) absorbances for
IRh{ P — —Bu)s }sCHCO)] + Mel based on the model in Equation ¢
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Table IV, Analysis of the Absorhance Data for the Reaction of
trans-[Rh(PR,),CICO)] with Methyl lodide According to
Equations 6 and 7

Sum of Squares of Errors

Phosphine Temperature (°C) Equation 6 Equation 7

P(— - —Bu) 16.5 840 72 ;

: 28.5 690 107 q
o 36.3 270 65 :
o PPh, 20.5 1510 780 .
P! , 26.5 1610 740 i
! 33.3 1480 620 |

: Ny

‘ of methyl iodide to yield trans- [Rh(PR,);CHCOXCH,)I} occurred, but
| subsequent combination of methyl and carbonyl ligands to form an
j acyl complex did not take place. These reactions accordingly followed
| simple first-order rate laws. :
The observed rate constants are given in Table V. In order to com-
pare rate constants, values at 18°C were determined from plots of In k ;
vs. T ! (see Table V). It is apparent that the rate of oxidative addition of i
. ’ methyl iodide to trans- [Rh(PR,),CI(CO)] as measured by the values of .
' k, at 18°C increases as the phosphine is altered in the following order: : l
'

Pph' < P(— . —Bu); < P(n-CuHa), < P(’I'C.Hg)g < P("'C.lln)g.

The order PPh, < P(— “ ~Bu), < P(n-alkyl), follows the expected .
order of electron-donating ability. The electron-donor abilities of all i
Table V. Rate Constants k, and ky Defined According to Equation 7 i

for the Reaction of 2 x 102 mol L-' trans-[Rh(PR,)CI(CO)] with o
. Methyl lodide i

Tem- : "
i perature
i PR, (°C) ky(sec™) ka(scc™') k" UsecN"

PPh, 205 72x10° 99x10° S5.0x 10
265 17x10* 13x 10
333 52x10* 28x 10

P— - ,—Bu); 165 40x10™" 14x10* 42x107*

285 9.0x10* 4.1x10°¢
363 24x10* 6.1x10

P TN

i . P(n-CyHy)s 105 56x10° -— 78 x 1073

; 190 7.9x10™ -~

! P(n-CeH,s)s 180 13 x 10 -— 1.3 x 102
P(n-C,H,)y 183 12x 10 — 1.2 x 1072

* The k, values at 18°C obtained from plots of In £y v

-
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three trialkylphosphines are expected to be very similar. The Jarger
steric bulk of P(n-CyeHy); may be responsible for its significantly
lower ability at promoting oxidative addition. However the relative
order of the triulkylphosphines suggests that subtle solvation effects
are very important. In the previous paragraph we suggested that the k4
values in Table V largely reflect the ky step of Scheme I which is itself
the oxidative addition of methyl jodide to an anionic rhodium(1) comn-
plex. Again the rate constants (k,) in Table V show that (—  —Bu),
is more effective than triphenylphosphine at promoting this oxidative
addition.

Scheme 1

[RhLs(CO)CHCHy)1}

(XN
k.

[RhL{(CO)CI]

ke + 1"~ L k.

[RhLCOYCH) [RhI{COCH,)CIi}

ks, + CH,1 k;, -1~

[RhL(CO)CHCHL, ) =2 [RhL.CHCOCH )L )

Conclusions

Tertiary phosphine groups with long alkyl chains bound directly
to phosphorus or substituted at the para position of triphenylphos-
phine give rise to a range of interesting and potentially useful com-
plexes. In particular these may be used to prepare polyolefin hydro-
genation catalysts based on platinum(1I) and palladium(lI) complexes
that are both more active and more selective towards reduction to
monoolefins than previous catalysts based on these systems. The
platinum(l1) complexes are better than the pulladium(11) complexes.
Additionally the new phosphines ure more effective than triphenyl-
phosphine in promoting the oxidutive addition of methyl iodide-to
trans- [Rh{PR,);C(CO].

98.
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The kinctics of the oxidativc addition of methy! iodide to trans-{RRCI(CO)L.,] have been determined. When L ix o
trialkylphosphine, the product of oxidative addition is trans- thCII(CH,)(C O)L,;} the influence of L on the ratc of this

reaction is P(n-CgHy0)y = P(n-CHy)y > P(a-C\qH ),

Whea L is a triarylphosphine, two pruducu are formed:

trans-[RhCH(CH)(CO)L,] and a rhodium(111)~acyl complex. The formation of two prod precludes a simple hncar
treatment of the kinetic data. A nonlinear treatment was effected with usc of the program FACSIMILE. This clearly shows,

contrary to earlicr reports, that trams-[RhCI(CH ) CO)L,] is not a significant intermediate in the formation of lhc ﬁml
acyl product, A mechanism is proposed whi dlnvdmanmnﬂxlllumspeaafotmedby ion of dissociated

ligands with methyl jodide to yickd the corresponding methylphosphonium salts and iodide ions which su!-equemlv coordinate
to rhodium(l). Analysis of the data obtained shows hat introduction of alkyl substituents in the para position of coordinated
triphenylphosphine enhances oxidative addition at rhodium(l). Trialkylphosphines are more cffective than triarylphosphines
at promoting oxidative addition at rhodium(1): alkyl chains longer than butyl are marginally less effective than buty! itself

Introduction

We have recently described the syntheses of two series of
phosphines P(n-C,Hj.4i); where m = 10-19 and P-
(CeHiCHpae1-p)y where # = 3-9.2 These phosphines have
rather different solubility properties to those previously
available; in particular they are extremely soluble in aliphatic
hydrocarbon and chlorinated aliphatic hydrocarbon solvents.
We have prepared a number of palladium(11), plalmum(ll).
platinum(0O), and rhodium(1) complexes of these phoshines.®
Our reasons for doing this were twofold.

First, phosphine complexes have been widely used as ho-
mogencous catalysts, and in many of their reactions the solvent
plays a very important role. Complexes with rather different
solvation prepertics might behave in a different and perhaps
more useful way to those almdy known.

Second, if alkanes are ever going to be activated with use
of homogencous catalysts that activation will have to b ef-
fected in solvents that are chemically more inert than the
alkancs themseives. No such solvents are, of course, available,
and if homogencous catalysts are to be used, then those gat-
alysts must dissolve freely in the alkanes themscives.

A very important step in many homogeneous catalytic
cles, including alkane activation,* is oxidative addition.””
Accordingly it was of interest to determine how effective the
new phosphines were at promoting oxidative addition to
transition metals. Since the oxidative addition of methyl iodide
to trans-[RhCI(COXPR;,),} appeared to be well understood ?
it was decided to study this system first. The present paper
reports this study and shows that the system is more complex
than prcvmsly suueued A preliminary account of this work
has been given.’

Experimental Sectien

trans-{RACHCO)(PR,),] was prepared as described 'prev
Solutions of trans-[RRCHCONPR;),] (2 X 102 mol L") in Mllyl
iodide (redistificd) were prepared and their infrared spectra betwoen

[{}) (l)TheleMiluavyCdI?dbcm () The Universuy of finll.
(2) (s) Framks, S.. Ha McCalfrey, D. J. A. J. Chem. Sor.,
g;k’la Trens. | 1979, 3029. (b) Franks, $.; Harticy, F. R. /ivd. 1900,

(3) Framks. S.; Nmky F. R. Inorg. Chim. Acte 1981, 47, 238,
(4) Webnter, D. . Chem, 19T, 13,147,
(E] : ). mlﬂ‘(ﬂ'hl Rev. Sci.. Inorg. (hem., Sev. Twn 1978,

() Sulle. ). K; u-.xsvm(munm:nm
(Y] MJA n‘&pmm ™, Ishii, Y., Tewtsui,
Plesum Prem: New York, 1975; p 63,
s:; m lsC":I“‘:l-?.g .IC(M Soc. j‘ 'R” 2604.
s, rticy, hinperficld, Symposinm on the
C#yue Aspects of Metal Phosphine Complexcs, Guelph, Cansda,

2100 and 1630 cm' monitored as a function of time with usc of a
Perkin-Elmer Model 577 spectrometer. Caution! Methy! iadide is
a depressant and should only be handled in well-ventsllated areas
Solution infrared cells provided with sudium chloride windows were
mounted in a methanol-jacketed cell housing whick was maintained
at constant temperature by a Techne C100 circulating bath coupled
to & Techne 1000 refrigeration unit.

Data Amalysis. (1) PR, = Trisrylphosphine. The kinctic data
obtained when PR, was a triarylphosphine was initiaily analysed as
described previously® In this analysis a serics of assumptions are made
in arder 10 enable & linear analytical method to be used. It sion became
apparent that the assumptions that must be made were invalid. and
accordingly a nonlincar analysis was undertaken with usc of the
computer program FACSIMILE.'® The program uses the initial con-
centrations, molar absorplivities, rate equations, and guessed values
of the rate cocfficients to calculate the expected variation with time
of the absorbances, A, of each component. It can vary uny chusen
parameters (such as molar absorptivities or rate cocfficicnts) and
calculates the values of these paramcters which make the sum of the
squares of the residuals, " w{ 4y ~ Acgiea)’. for all times and com-
ponents a minimum. An F test'! was used to determine whether the
fit given by modei a is better or worse (han that given by niodel b.
If S, and S, are the minimum sum of squares of residuals by the two
models, then, if [(S, - S\)/n,|/{Su/(n, - my)] is greater than F,

e Model b is a better fit tﬁan model a2 at the « level, where n‘, is
the number of obscrvations and n, is the number of parameters
determined from these.

The molar absorptivity, ¢, of the initial rhodium(1) complex (spevies
1) was known, but those, ¢); and ¢y of the second and third rhodium
complexes (specics 1] and 111, respectively) were not immediately
available because the reaction proceeds further, albeit slowly, making
it difficult to get reliable ¢y valucs. They were calculated as follows.
For each species the absorbance due 10 that species A, is given by eg
1, where ¢; is the concentration of specics i and / is the ccll length.

A = el 1]
If ¢, is the total concentration of rhodium present. then
wmatont oy )

and substituling from cq 1 into eq 2 gives

A A A
DML 3l
ol ol
or
A Ay A
DedeEora0 4

q w an

(1M Chance, E. M.; Curtes. A, R Jones, L P Ruby, C R Repor X778
Atmnic Fnergy Research Fstablishment: United Kingdom, 19°7

(1) Hoel P. 6. ") duction te Mathemutical Statistres™, $th o | Waley
New York, 1971: Chapter 10,
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T T TS el

TIME | ming) —e

Figure 1. Observed absorbances for the reaction of [RhCHCO)(P-
(C.H.Bu-p),l] with methyl iodide at 36.3 *C: {a) 1980 cm™;-(b)
1; (c) 1705 cm™'. Note the nonlinearity of the time scale.

In order to obtain ¢y and ¢y from the known value of ¢ together with
the sets of values of Ay, Ay, and Ay, st different times, it is necessary
to find the “best fit" values of ¢; and ¢ such that

=i A A A
z(-—"-+ W cJ) = minimum ()
=0 L] L] “wm

Condition 5 will be met when eq 6 and 7 are fulfilled. These are two

] A, Ang  Amy
a(ll‘n){z( e _“I—I-CJ)‘ ©
4 Yof Av A, | Am, !
m{z(—*‘;*:“")}” @

simultancous equations which can be solved to give eq 8 and 9. A
simple computer program was used 10 evaluate og 8 and 9 from scts
of absorbance data oblained ss & function of time.

tn = [ZA8EAm - (T AnAm)) /1c T AT Ay -
LA Am) - 1/ HT AL An? - LAnAinl Adn)) (8)

tm = (AL Aw® - (ZAnAm)1 /(¢ AT A EAm -
EantnLAn) ~ (1 eHEAmAZ A - EAgARE A14y)) (9)
(2) PR, = Trialkkyiphosphine. First-order rate coefficients for

where PRy was a trialkyiphosphine were calculated from
the measured absorbance data with use of the usual cquation,'? fin

, ”' - N N
P N :'
/ N ’
| /NN
2 |
¢ / \
[ ] /
- b P \
H E 7 \
2 2 ' \
rY ] \
2 '
2 i A
< ! "
H A
[l [
I '
\
] !
¢ / .
1] \
!
' / '
[ ‘ v
/ ! \
1
I' ! !
L] / N
. /
/7
L]
] ,’
' /
] \Y 4
f \} N , ’
] N,
‘ J\
: ,I \\ \\
] /
i ’ =
y ’ .o
-, ~ ~.
’ \
.
P “s Tﬂﬂmmzl"“
< " . e “ - -
0 10 20 30 1] u laz
N Figere 2. Observed (—) and cakeulated (---) absorbances for the
F a— £ % TR T Yy r of [RhCI(COIL,], where L = P(C,HBu-p);. with methyi
jodide at 36.3 °C analyzed in terms of the model in eq 1.

[(Aa - Ag)/(A, - Ag)] = kyt}, and a least-squarcs computer program.

Results
(1) Triarylphosphines. When trans-[RRCI(CO)(PR,),}. in
which PR, is a triarylphosphine, is dissolved in methy! iodide.
the initial infrared spectrum shows an absorption band at 1980
cm™'. This band sfowly decays in intensity, and a new band
at 2060 cm™* due to [RhCH(CH;)(CO)(PR;),} develops: in
time this band also decays with the formation of a third band
at 1705 em™' due to [RECI(COCH,)(PR;),]. A typical re-
cord of absorbance against time for these threc bands is shown
in Figure 1. The reactions occurring have been suggested to
be initial formation of the rhodium({t1)—carbonyimethy!
compiex followed by combination of the carbony! and methyl
ligands to form the final rhodium(It1)-acyl complex (reaction
10).5 inthe prmdmahyl iodide this can be cxamined

(RhCl(CO)(PR,);] + CH,I =
o = I?SO em™?!

{RhCll(CH,)(CO)(PR )gl — [RRCH(COCH }PR,),)
rco = 2060 cm! sco = 1708 cm!
i Y]
(o

({}{] NH:YA A P:'ml G. “Kinetics and Mecheniom™, 2nd od.; Wikey:

[{})} llmlc; F R.; Burgem, C.; Alcock, R. M. “Solution Equilibria™. LI
is-1orwand:  Chichester, 1980,

(1L]] l-cum D J. Am. Chem. Soc. 1978, 97,981,
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iutermonhemoalmeqll When this was done with use
l'—'!l—-lll ()

of experimentally determined molar absorptivities, the fit
seemed poor. A between the observed absorbances
and those calculated when the data for [RhCl(CO)IP-
(C¢H Bu-p)y)] at 36.3 °C was analyzed is shown in Figure 2,
The poor fit in Figure 2 suggested that the model represented
by eq 2 was wrong. Accordingly an alternative, chemically
reasonable,'? model represented by eq 12 was investigated. The

I==n

[ ]

\" a2
LA

pRad

fit to the data for [RRCI{CONP(C¢H,Bu-p),l] at 36.3 °C was
much improved, particularly the fit to the data at 1705 cm™?
in the early stages of the reaction (Figure 3); the sum of the
squares of the differences in the observed and calculated ab-
sorbances fell from 802 when analyzed according to eq 11 to
341 when analyzed according to eq 12. The same improve-
ment of fit applics at all three ures investigated (Table
l),nuhonpplmbothwlmthemohnmhmuofm
11 and 111 are constrained at their experimentally determ

nhc(m“dmuu&wsam)md
when they are treated 2: variables and refined by FACSIMILE
as part of the minimization procedure. F tests (soc Experi-
mental Section and Table I) also indicated that the model in
eq 12 gave a very much better fit than that in eq 11 at the
0.5% level for all the different phosphine compiexes. A model
that fies intermediate between that of eq 11 and 12 is shown
in eq 13. When the dats was analyzed according to eq 13

\ l., . (13)

with k, + k, set equal to k,(obsd), the apparent first-order
rate constant for the decomposition of I, differences i the
observed and caiculated absorbances were higher than those
from eq 12 but lower than those from eq 11.
of the data for the other complexes
[RhCl(CO)(I’R:):l where R = CH,, P-C:HsC‘H« and p-
to0 6q [1-13 showed the same trend as
mul the data for [RRCI(CONP(C¢H Bu-p),]) with eq 12
givin;thebmﬁt(‘l‘nbhl)tdeqll;mnthemtﬁt
A mechanism that is consistent with the model in oq 12 is
dminSciml If k, were small relative to k,, ks, k¢, and
then mechanistically the reaction would follow eq 12. It
iskmnththhdemuulynthoxiﬁunuddmonof
alkyt halides to rhodium(I),' so that ks will undwbudly be
quite large. However is there any evidence for the presence
of any halide jons to effect the k, step? There is; both we and
previous workers® have observed that there is a slight increase
in the conductance during the course of the reaction. In
addition there is an induction period at the start of the reaction
during which these iodide ioms may be formed. We initially

Franks, Hartley, and Chipperfield

Absorbance —o-

-

-~ -

TIME (ming] —
T g—F) 182
(—) and calculated (---) absorbances for the

Figwre 3. Observed
reaction of {RACI(CO)L,}, where L = P{C H Bu-p),, with methyl
jodide at 36.3 °C analyzed in terms of the model in eq 12.
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experimentally to distinguish between the single step (k,) in
which methyl iodide and rhodium(l) are in direct competition
for the nucleophilic tertisry phosphine and the double step (ke
+ kq) mechanism in which dissociation {rom
rhodium(l) precedes reaction with methyl jodide. This is
because as soon as excess phosphine is added it reacts with
the methyl iodide prosent to form the jum iodide.
Both k¢ and &, are believed to be even larger than kg beczuse

both obetrvations to between methyl
iodide snd rhodium(l) for the tertiary resulting in previous work with anionic rhodium(l) complexes has shown
the formation of some (PR,N +)*[RRCII( MPR,)]". How- that oxidative addition of methyl iodide rather than the eom

ever a revic ¢ has point~ it that the single step that we

phosphonium iodide.
wm(l) to form [RECI(CONPR,)]), ko 1t is not possible

bination of methyl and carbonyl ligands is rate determining.'*
Thus of the rate constants ky, ks, kg, and ko, it is k; that is

! baveascribv. -’ isi  .a compusite step involving first Yy :

: the smallest and this is known 10 be larger than &,. We believe

i dissociation L4 mmm ko The free v 8
m:’: Mmmwhbmhy?ﬂidetor:rm that the final rhodium(H1)-acy! product is not a single spocies
the The iodide thon attacks the rhodi-

(15)_Forstar, D. J. Am. Chem. Soc. 19N, 19, 846,
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but a mixture of mainly [RhCH(COCH,}(PR,),] together
with a small amount of [RhCII,(COCH,)(PR,)]" cquivalent
to the small amount of (PR;Mec)* formed, since the observed
carbonyl absorption in the final product is rather broad.

The mechanism in Scheme | envisages the observed slight
increase in conductivity arising from the reaction of the dis-
sociated tertiary phosphine ligand with methyl iudide to form
the phosphonium iodide. Each iodide ion is thus formed in
1:1 ratio to the tertiary phosphine dissociated. Thus in the
present system excess iodide ions are never present. However
if excess iodide ions are intentionally added then they will
compcte with and displacc chloride ions from rhodium which
should promote oxidative addition at rhodium(i)."* That this
is so was confirmed by studying the reaction of [RhCl-
(CONP(C4H Et-p),l] in the presence and abscnce of added
tetra-n-propylammonium iodide. It is apparent (sec Table 1)
that addition of excess iodide has morc cffcct on the &, rate
constant than on k;. Again we believe that this is consistent
with the scheme put forward because in the absence of in-
tentionally added iodide there are no iodide ions free to take
partin the k, step. When iodide ions are added intentionally,
they will compete with chloride and so enhance the &, rate
constant. Since iodide ions are prescnt in the k, (effectively
ks) step whether or not tetra-n-propylammonium iodide is
added, the cffect of adding extra iodide ions on the &; step is
relatively small.

Activation parameters were calculated for the rate constants
in Table [ cvaluated according to the model in reaction 12.
These are given in Table I11.

(it) Trialkylphosphines. When trans-[RhCI(CG)(PR,),]
complexes in which R was n-C4H,, n-CyH,y, and n-CjyH;,
were dissolved in methyl iodide, rapid oxidative addition of
methy! iodide to yicld trans-[RhCII(CH;)(CO)(PR,),] oc-
curred, but subsequent combination of methyl and carbonyl
ligands to form an acyl complex did not take placc. These
reactions accordingly followed simple first-order rate laws. The
first-order rate constants are given in Table I]1.

Discussion

First-order ratc constants for the oxidative addition of
methyl iodide to trans-[RhCI(CO)L,], k,, can be seen from
Tables I and II1 to decrease as a function of L in the order
L = P(n-CgHp)y 2 P(n-CHo)y > P(n-CyyHj), > P-
(CeHCiHy-p)y 2 P(CHLCyHs-p)y > P(CHCH y5-p)y >
P(C4Hy);. The greater ease of oxidative addition at rhodi-
um(l) complexes containing trialkylphosphine ligands com-
pared to those containing triarylphosphine ligands is cxpected
on the basis of previous results and is ascribed to the greater
clectron density present at the rhodium atom when trialkyl-
phosphine ligands are present. We anticipate that the elec-
tron-donating abilities of P(n-C,H,,.,) as  is varied from 4
to 8 to 18 will not vary significantly. Accordingly we ascribe

(16) Shaw, B. L., personal communication.

Franks, Hartley, and Chipperfield

the decrease in first-order rate constants for the oxidative
addition of methyl iodide to bis(trialkylphosphinc)chloro-
carbonylrhodium(l) complcxes as the alkyl chain increases in
length beyond eight carbon atoms to steric effects, whereby
the phosphine with very long alkyl chains is slightly more
sterically demanding, so decreasing the case of oxidative ad-
dition.

The case of oxidative addition to rhodium(l) complexes
containing tris(para-substituted aryl)phosphines varicd with
the para substituent in the order n-C(Hy > C;H( > n-C Hy;
> H. The order n-alkyl > H is expected on clectronic grounds.
The order C,Hg > n-CgH,; could be duc (o the marginally
greater steric demands of P(C HC¢H,;-p); than P-
(C4H,C,Hy-p). However the position of the n-butyl substituted
phosphinc is anomalous, and we ascribe its position to subtle
and not yct understood solvation factors, In doing this, it
should be emphasized that the simplistic steric and clectronic
arguments we have advanced to explain the order of the re-
maining ligands may themsclves, in reality, be not more than
convenient conventional arguments. All the results may be
dominated by solvation effects.

The rate of reductive climination of methyl iodide from
trans-[RhCH(CH,)(CONP(CgH (R-p)sll. & |. decreases in the
order C;H > n-CHg > n-C¢H,; > H (Table I). The dif-
ferences between the three alkyl groups arc very small. The
greater casc of reductive climination from the complexes
containing alkyl substituted phosphincs compared to tri-
phenylphosphinc is probably a consequence of the greater steric
demands of the alkyl substituted phosphines.

Since ks of Scheme 1 is the least of k,, kq. k¢, and A-, the
ratc constants k; in Table 1 correspond 10 kg tempered by the
cquilibrium constant K, or the cquilibrium constants A, and
K, that is, they reflect the casc of oxidative addition at anionic
rhodium(!) complcaes containing tris(p-alkylaryl)phosphines.
k, incrcases as a function of the alkyl sustituent in the order
CHi > n-CHy > n-C,H |y > H. The order n-alkyl > H is
the same as found for oxidative addition to neutral rhodium(I)
species, k. The order within the alkyl groups could reflect
the marginally increasing steric demands of the ligands as the
alkyl group increases in size.

In conclusion the prescnt work has demonstrated that the
mechanism for the oxidative addition of methy! iodide to
trans-{RhC{CO)(PR,),] is more complex than previously
reported.® The introduction of alkyl substituents in the para
position of coordinated triphenylphosphine promotes oxidative
addition at rhodium(!). Trialkylphosphines are more cffective
than triarylphosphincs at promoting oxidative addition at
rhodium(I); alkyl chains longer than n-butyl are marginally
less effective than n-butyl itself.
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The oxidative addition of l-haloalkanes to trans-—-[RhX(CO)(PRs)zj (R = aryl)

b

18 2na J R Chipperfield®®.

FR Hartley'la, SG Hurray'la. D M Potter

The oxidative-addition of l-bromopropane to trans— [RhBr{(C0) { P(p-Et(H).},}
has been found to follow pseudo first-order kinetics and give only an acyl
rhodium(!!l) product. The reaction is not catalysed by added bromide ion
in chloroform solution, indicating that an anionic intermediate such as
[RnBrz(CO) {P(p—BtQ{Qa}]' does not play an important part in this reaction.

The oxidative-addition of iodomethane to trans-{RhI(CO)(PPh,),, has beeu

shown to be more complicated than previously indicated. A non-linear treu.
ment of iR absorbance data has clearly shown the importance of the dimer
Egggg—iﬂh(u-I)(C(»(PPha))2 in this reaction. The reaction is oxygen sensiu.ve,
the oxidation of phosphine to phosphine oxide having an accelerating effect.
The oxidative-addition of iodomethane tc 7. uus-[Rh(¥-X)(CO)(PPhy),,, X = C
and I, is pseudo first-order, the reactivity increasing by replacing

chloride by iodide.
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Introduction

The oxidative-addition of iodomethane to Egggg-[RhCI(COXPna)Z], l'
has recently been shown2 to be more complicated than previously indicateda.
A mechanism involving the anionic intermediate [RhClI(CO)(PRa)]- has been
proposedz. although the possibility of halide exchange between iodomethane
and I to give Eggggf[RhI(CO)(PRs)z] complicates this system. Thus it was
decided to study systems in which the same halogen was present in both the
l-haloalkane and the rhodium(l) complex Egggg—[RhX(CO)(PRa)Z]. II. The
systems chosen were l-bromopropane to ggggg-[RhBr(C(»{P(p-EuQQSSZJ as well
as iodomethane to Egggg—[RhI(Co)(PPha)z}. Unfortunately, during the prepara-
tion of ;}, X = I, R = para-substituted phenyl, the phosphine was found to
dissociate readily to give dimeric trans-[Rn(u-I)(CO)(PRj)],, Z}IA-
Although the oxidative-addition of iodomethane to trans-[RhI(CO)(PR,), ), aas

been reported previously3'5 the presence of the dimer III, R = Ph, was not

noted by these authors. The reactivity of trans-[Rh(u-Cl)(CO)(PPha)]2 to A

6.7 and reductive—elimination7 has been compared to

both oxidative-addition
that of monomeric rhodium{I}) species and has been found to be greater. It
would be expected, therefore, that the dimer would play an important part in
the mechanism of oxidative-addivion of iodomethane to EEEEE-LRhI(CO)(PPha)ZQ.
To further understand the role played by Egggg-iﬁh(u-l)(COJ(PPhs)]2 in the
latter system, the oxidative addition of iodomethane to trans-[Rh(u-X)(CO)-

(PPha)]z. III, X = C1 and I, was also investigated.

Experimental Section

Trans-[RhX(CO)(PR;),], I, X = Br and I, R = Ph anc y-:tCMH,were
prepared by the literature method4, The complexes trans-[Rh(u-x)(C(»(Pﬂa)]d,

;31, X =Cl and I, R = Ph, were prepared by a modified literature method8
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under an atmosphere of nitrogen and in the dark .

Solution of trans-[RhX(CO)(PPha)zj,

in iodomethane and trans-[RhBr(CO)(PRa)Z]. R = Ph and p-Et(M, in 1-bromopropane

III, X = C1 and I, trans-[RhI(CO)(PPhy)],

were prepared and their infrared spectra between 2200 and IGOOcm"1 monitored

as a function of time. The iodomethane and l-bromopropane were redistilled
under an atmosphere of nitrogen, freeze degassed twice and stored under nitrogen
prior to use. ggggg-[RhI(CO)(PPhs)zj was subjected to a high vacuum (0.08mm Hg)
to remove any oxygen absorbed onto the surface of the complex and then stored
under nitrogen, at 25°C, until addition of the iodomethane. The reaction
mixture was then transferred to the IR cell which had been flushed out by
nitrogen using a syringe. The rate of reaction between l-bromopropane and
tLa_nj_—{RhBr(CO){P(p-Ett‘Qa} 5] was also measured in chloroform solution in the

presence and absence of added tetra-n-propylammonium bromide.

The infrared spectra were monitored by use of a Perkin-Elmer Model 577
spectrometer. Solution infrared cells fitted with potassium bromide windows
were mounted in a methanol-jacketed cell housing which was maintained at
constant temperature by a Techne C100 circulating bath coupled to a Techne 1000

refrigeration unit.

Data _analysis

The kinetic data was analysed by a pseudo first-order method and this
proved satisfactory for all systemas except the oxidative-addition of iodomethane
to gggggr[nhl(ct»(PPhs)z} where a nonlinear analysis was necessary. This was
undertaken with the FACSIMILE computer progrnmg which uses the initial concentra-
tions, molar absorptivities, rate equations and estimated values of the rate

coefficients to calculate the expected variation with time of the absorbances

A1 of each component. It can vary any chosen parameters (such as molar
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absorptivities or rate coefficients) and calculates the values of these

parameters which make the sum of the squares of the residuals, z'(Aobs -

Acalc)" for all times and components a minimum. An F testlo was used to

detcrmine‘whether the fit given by model g is better or worse than that given

by model b. If Sa and Sb are the minimum sum of squares of the residuals

by the two models, then if [(sa-sb)/nP]/[sb/(no-np)] is greater than

Fﬂo,“p'no..' model b is a better fit than model g at the = level, where n,

is the number of observations and ng is the number of parameters determined

from these. The molar absorptivities for the carbonyl absorption of the
rhodium complexes shown in Scheme 3 could not be calculated by use of
simul taneous equations2 because decarbonylation occurs to give §;;. The

molar absorptivity due to co of II in iodomethane was initially obtained by

comparison with its molar absorptivity in chloroform. The molar absorptivity

of 2;5 in iodomethane and the value of kE had already been measured (see

Table 1). Thus by use of these values and an estimation of the molar absorp-

tivities due to the carbonyl absorptions of IX and z,bw comparison with earlier

work2 enabled computer fitting to be achieved.

Results

Reaction of trans-[RhBr(C0) (PRs)gh R = Ph and p-EtCM, with 1-bromopropane.

A pseudo first-order plot was obtained for the reaction of trans-

[RhBr(co)(PR3)2] with l-bromopropane by following the decrease in the IR

absorption at 1980cm * due to Voo in II. The IR spectrum showed the only

product to be a rhodium acyl complex, whose structure is assigned as

. N 2

[ RhBr, (coPr){P(p-BtGH).} ,] V by comparison vith earlier work”'3. IR
spectroscopy showed no Yco corresponding to IV. Thus the reaction is not

complicated by either halide exchange or dimerisation in spite of the fact
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Table 1: Observed rate constants for the reaction of l-haloalkanes with
[RhX(CO)(PRs)z] and [Rh(u-x)(co)(Pna)]2

Halo- |[Temp Rate -1 -1 _-1% '
Complex alkane |(°C) |constant k(s ") e(M "em )
. b 2
[RhI(CO) (PPhy), ] Mer | 20 K, 7.33 x 10 1022
-3
ky\b 8.1 x 10 €554
7
kb 6.7 x 10 1083
k_b 3.12 x 107 £p>%8
12
kpb 1.0 x 10 €554 |
k_pb 1.11 x 1078 |
- |
kgb 2.4 x 1073 '
K 1.53 x 1074 i
P |
[Rh(u-1)(CO) (PPRy) ], MeI |20 Kobe 2.4 x 1073 ¢ 554
-3
K, pe 2.2 x 10 \
-l
[Rn(u=C1) (CO)(PPhy)] , | MeI 20 Kope 4.9 x 10 ¢ 553 |
-4 +
Kope 5.7 x 10 |
|
[RKC1(CO) (PPh,),, ] MeI |20 Ko 1.17 x 1074 ¢ 1340 ‘
P
[RnBr(c0){P(Et)_PH} MeBr |25 k. 9 6.0 x 1077 1
2 Q obs ‘ i
[RuBr(cO){P(p-Bt) % ,] n-Prir|40 K b 4.25 x 10 ¢ 1200 ;

a. Extinction coefficients are for the rhodium(I) complexes except where
otherwise stated.

b. Obtained by analysis according to equations 1-5 using FACSINILE (ref 9).
c. An approximate first order value

d. From reference 15.
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that due to the lower reactivity of the l-bromoalkane the reaction was

followed at 40°C.

Two reaction routes are possible (Scheme 1), There could be either a
fast propyl transfer to give an acyl complex, V, from 1V, which is in
equilibrium with H as shown in route A, or simultaneous addition and
transfer as shown in route B. The rhodium(III) complex y'was observed to
slowly decarbonylate, the expected product being Y_£ Similar decarbonylations
have been reported previouslyl} The reaction was studied in the presence
and absence of added tetra-n-propylammonium bromide in chloroform, but two
otherwise identical reactions showed no significant difference in rate
(Table 2). This indicates that the anionic intermediate [RhBrg(Co){P(p-Eti!&);]-
does not play an important role in the oxidative-addition of 1-bromopropane
to II, X =Brand R = p-Eﬁl‘“‘. The oxidative-addition of 1-bromopropane to
trans- (RhBr(C0)(PPh,), ] occurs at a rate too slow to measure at this temper-

ature. Wilkinson found no reaction occurred between bromoethane and

trans- [RhC1(CO) (PPhy), | at 25°C.>

Reaction of trans—[Rh(y—X}(CO)(PPh,)], with iodomethane. The oxidative-

addition of iodomethane to trans—[Rh(u—I)(CO)(PPhs)]2 was found to follow a
pseudo first-order rate law with iodomethane always present in a large excess.

The observed rate constant (k obs) was obtained by measurement of the decrease

of carbonyl absorption in the IR due to trans-[ih(u-I )(CO)(PPha)}Z ("co 1980cm'1).

The reaction products are the rhodim(xtl) alkyl complex \!35 and the rhodium-
(III) acetyl complex VIII which are in equilibrium. [Rh( ¥=C1)X(CO) (Me) (PMe.,) iz'
X = Cl, Br and I, equilibrate in an identical manner to give the acyl complex
[Rh(u=C1)X(CONe) (PMe;) |,.12 1n Scheme 2 the assumption has been made that

11 is the initial product although this may not necessarily be the case.

Lo
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Scheme 1

[RhBr(cO){P(p-ELN N 5]

g—PrBr

21
route B | n-PrBr / Route A

[ RhBr, (coPr) {P(p-2t0) 3 ]

-1
I Vgol980em

P

..E-P

-1
‘y_ vC°1710cm
1 -CO
{RhBr,Pr{P(p-EtN) 3} 5
vI
Scheme 2
Ph,P X co
O 4
Z N /7 N\
oc X PPh,
ITT X = I 1980cm}
III X =1, Voo = cm
-1
X = Cl, Yoo = 1980cm
LI lznex
co 1
CH | X PPh
3 el |/ 3
)Rh m
~ ~
Ph P | X | CH,
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-1
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0
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Table 2: Observed rate constants for the reaction of l-bromopropane with
tms-[ﬁhBr(CO)[P(P-Eﬂﬁ)3) 2] in the peseice and absence of added

bromide ion in chloroform.

.
Complex Temp [PrAN Br ] [n-PrBr] kobs
°C (M) (M) (s-1)
trans-[RhBr(CO){P(g—Ew:;}e] 40 0.0185 2.53 3.44 x 1072
trans-(RhBr(co) {P(p-EN) 3 ,] 40 | 0.0 2.53 3.41 x 107°
112,




The molecular structures of VII, X = Cl and I, have been assigned by compari-
son with [Rh(,-C1)Br{CO)Me(PMe,Ph)),; the crystal structure of which has

been reportedlz. The oxidative-addition of iodomethane to
Egggg—[ﬂh(u-CI)(C<»(PPh3)]2 {Scheme 2) also gave pseudo first-order kinetics.
As shown in Table 1 the rate of oxidative-addition (kobs) of iodomethane to

the monomeric trans-{RhC1(CO)(PPh ] is only slightly slower than that

3)2
observed for the dimeric trans-[Rh(u-Cl)(CO)(PPha)]2 although a direct
comparison cannot be made due to the possibility of halide exchange in the

monomeric systema.

Reaction of trans-{RhI(C O (PPh,),} with todomethane. During the preparation

of this complex it was found to dissociate a phosphine ligand to give an
equilibrium amount of the dimer [Rh(u-I)(CO)(PPh,)i,, ;524. Also the

extreme oxygen sensitivity of Eggggr[RhI(CO)(PPha)ai was noted4 and so care

was taken to exclude oxygen from the reaction cell. As there was a possibil-
ity of a reversible oxygen absorption onto the surface of Egggg-[RhI(CO)(PPha)z],

samples were placed under high vacuum before use. A reversible oxygen absorp-

3

tion onto the surface of [RhC1(PPh ] has previously been reported1 . The

3)3
reaction of trans-[RhI(CO)(PPha)Z] with iodomethane was monitored by the

decrease of VCO at 1980cm"1 and was found to follow a second-order rate law

in the early stages of the reaction. This suggested the dimer trans-
[Rh(M-I)(CCDPPha)lz, E}I. plays an important part in the oxidative-addition.

The initial products heave 2060<:m-1 (assigned to the rhodium(III) acyl

Vco
product X). After a time a new carbonyl absorption due to a rhodium(III)
alkyl species with v, 2048cm~) was observed. The time taken for the
appearance of veo .'!ancm"1 increased when oxygen was rigorously excluded
from the cell, and coincided with the emergence of a phosphine oxide

1

absorption at 1130cm = in the IR spectrum. Thus, as shown in Scheme 3,
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Scheme 3

2[RhI(CO)(PPhy,), ]

II V. 1980cm*

~ CO

20PPh_ &2 2PPh

3 , + [RA(-I)(CO)(PPhy)],
-1 -1
v v
PO 1130cm I1 co 1980cm

k_D'-Z Mel, -2PPh

3

+2Mel
| Me
} HyC ~ CO cr©
i ’,Rh\\ Rh
T PrgP = | N1 17 Neen
: 1 3
. 1 x 2060 -1 X, v 1705cm™1
1; VII , V.. 2048m~ 22 Yco cm ~
S~~~ co \
; + 2 OPPh3
| - 2C0
1 B
' I I
) CH PPh
ah Rh + 2Mel
i PhaP 1 1 CH3 Reaction route A via IX and X.
' OPBh3 OPPh3 Reaction route B via VII.
\ L.
i
i XII
( P

* VI is in equilibrium with the

acyl isomer VIII shown in Scheme 2.
PN
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initially there is a rapid reaction of trans-{Rh{ u-I)(CO)(PPhs)]Z. with
iodomethane to give Q(_ and X, which is then followed by a slow reaction to

give the final products via the rhodium(III) alkyl complex having v

co
2048cm-1 {(assigned the structure \El). The change from reaction route A to
reaction route B in Scheme 3 occurs due to removal of the free dissociated
phoaphine by oxidation to phosphine oxide, which is too poor a donor to be
able to break the halide bridges of [Rh(u-I)I(CO)He(PPhB)]Zto give monomeric
products. In the presence of triphenylphosphine the halide bridges of both
[Rh(u-I)I(CO)(He)(PPhs)]2. E_E. and [Rh(u-I)I(COIe)(PPha)]Z. VIII, would be
expected to be rapidly broken to yield the monomers L)S and X. Complexes

ZZLI and !y_:-l, X = Cl1, are known to react rapidly with free triphenylphosphine
to yield monomeric speciesg. In a situation where the reaction occurs under

a nitrogen atmosphere, route B would not occur.

The reaction mechanism shown in Scheme 3 was tested by FACSIMILE and
found to give a good fit, with the sum of the squares of the residuals
= 4231. The rate constants for each step are shown in Table 1. This

reaction was analysed using the equations 1-5. The fit between

II + 1] vt III + 2P (1)
-~y ~~ aad

III + 2P + 2Mel emmd 21X (2)
LI'_:E + 2P + 2Mel wmmd 2X (3)
I ——> yu (4)
P+ XOZ ——>» PO(inactive) (5)

P = triphenylphosphine, PO = phosphine oxide.

The calculated and observed ahsorbances for the reaction of tum-[RhI(OO)(PPha) 2l
with iodomethane at 20°C, when analysed in terms of Scheme 3, Awm shown in

Figures la and 1b. Analysis of this reaction by a mechanism having IX in
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absorbance for Y1 at 2048cm ' (—) , experimental absorbance
at 2060 cm™*(---~) and experimental absorbance at 2048cm”
(---).
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Fig. 1(c).
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Computer fitting for model using equations 1,2,6,4 and 5.
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Fig. 1d).

Computer fitting for model using equations 1,2,6,4 and 5.
Predicted absorbance for [X at 2060cm™" (---), predicted
absorbance for YI at 2048 cm H(—) , experimental absorbance
at 2060cm™ (----) and experimental absorbance at 2048cm™"
(---).
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522 126
Time (sec)x 10~2
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equilibrium with X by use of equations 1, 2, 6, 4 and 5 gave a poorer fit

(Figures 1lc and 1d), with the sum of the squares of the residuals = 36,426.

IR spectroscopy shows that the final reaction product slowly loses carbon
monoxide. The final product has 1H NMR and IR spectra and microanalysis14

consistent with the structure XII in Scheme 3.

Discussion

The results presented here and in earlier workz’ssuggest a mechanism of
oxidative-addition of 1-halocalkanes to trans—[RhX(CO)(PRa)zj. II, X = Cl1 and
Br, R = phenyl or para-substituted aryl, where acyl ({!) and alkyl (x)
complexes are formed independently from ;} as shown in Scheme 4.

Scheme 4

This has been explained by use of a mechanism involving the anionic
intermediate [thz(C(ﬁ(PRa)]- formed on dissociation of phosphine and
formation of a quatermary phosphonium salt by reaction with the 1-haloa1kane2.
The addition of l-bromopropane to ;}. X =Br and R = g-EtQHv yields only the
rhodium(III) acyl product V, as shown in Scheme 1. This supports the
general mechanism shown in Scheme 4 although in this case the formation of
1V does not occur as the value K1 does not favour its formation. A mechanism
involving formation of the acyl complex V without a rhodium(III) alkyl -
complex as intermediate is unlikely. It is improbable that this intermediate
is the anionic acyl complex {RhBrs(CO)Pr{P(B—Et§n£$' formed by the oxidative-

addition of l-bromopropane to ;RhBra(CO){P(g-EE‘I");]a " as this reaction was
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found not to be catalysed by the addition of added bromide ion. An
alternative simpler explanation is that the intermediate is an isomer of
IV, in which carbonyl insertion into the rhodium(III) methyl bond is
sterically favoured (ie isomer v (b) in Scheme S) and rapidly occurs to

give the acyl complex )&

Ihe mechanism of oxidative-addition of iodomethane to trans-
[RhI(CO)(PPha)Z], although complicated by dimerisation, also proceeds via
an equilibrium between the rhodium{I) dimer, and rhodium(III) acyl and
alkyl complexes as shown in Scheme 6. This is more complicated because the

reaction also involves cleavage of the halide bridges of a dimeric rhodium{I1I)

Scheme 6

pees
2N
IX X
acyl or alkyl complex. The rise in conductivity reported to occur during

this reaction5 could be explained by reaction of iodomethane with dissociated
phosphine to give [Ph3PHe]+I-, and reaction with the phosphine oxide,

produced during the course ¢f this reaction, to give an equilibrium amount
of [?haPOHe *I". The rate of oxidation of phosphite to phosphine oxide is
faster than reported in the absence of rhodium complexesls. In the example
shown in Table 1 where oxygen was initially vigorously excluded from the
reaction cell, it was impossible to prevent slow ingress into the pumping

loop over the 6 hr run. Without the complex present free phosphine would

show little oxidation under these conditions.
The oxidative-~addition of iodomethane to trans-[Rh(u-X)(CO)(PPha)]2

was found to be dependent on the halide in the order, I >Cl. The addition
of 1-bromoalkanes to trans-[PhX(CO)(PRs)aj II, X = Br; PR3 = P(E-Etgﬁg3 and
PEtaPhls is slow (Table 1) due to the lower electrophilicity of the substrate.
The rate of oxidative-addition has been found to be dependent on the coora.n-

ated phosphine of trans-{RhX(CO)(PR When X = Br the order R = pEt({>Ph

3)2;.
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Scheme S

trans-[RhX(CO)(PR3)2] + R'X?

[] I 3
, N/
X , Rh
BP) - /l AN
Rh R' co
/' ~N
oc PR, PR,
X
1v(a) Iv(v) ;
!
k Fast ;
n°c"°
RyP RL/X' \
~
x=~ PR
3 t
X
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was found.

In conclusion the oxidative-addition of iodomethane to trans-
[Rh(u-X)(C())(PPha)]2 involves nucleophilic attack of the metal complex on
the carbon of the iodomethane. The enhanced reactivity of trans-
[Rh(u-I)(CO)(PPhs)]2 to oxidative-addition has led to this being the
reactive species in the apparent reaction of iodomethane to trans-

{RhI(CO) (PPh3)2 I.
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Chapter 6

The Decomposition of Mustard and its Derivatives

Promoted by Rhodium(I) Tertiary Phosphine Complexes

1. Introduction.

Classically mustard can be degraded by one of two methods.

(1) By hydrolysis, which is pH independent since step A is rate determining
in reaction sequence (5)1. Two hydrolyses are required to yield the inactive

thiodiglycol:

cH
2, . HO

nscnzcaza —>R§—-—-Cﬂz c1T —> ISCH,G,M + HC1 (1)

i step A step B

R = ﬂzCﬂzCl. and cnzcnzon

(i1) By oxidation as shown in reaction sequemce 2 , although the -ultouo2

has some vesicant activity.
;) 0
! s(cnzcnzcn, > s(aizcn’cn, - !(Cll’(:l,cl)z (2)
sulfoxide

sulfone

Both of these degradatiom routes could be promoted by rhodium(I).

(111) Hydrolysis Promoted by Rhodium(I) Complexes. )
; Halide exchange reactioms of _tg_u__—ljlu(w) (Pls);] » described in A
Chapter 3, could be used to catalyse the bydrolysis of sustard. Exchanging J
iodo for chloro in bis(2-chloroethyl)sulpbide may make hydrolysis occur
faster as iodide 1is a better leaving group (Scheme 1). It has already been
shown that bromide is a better leaving group than chloride in reactions

involving a similar three-membered cyclic 1ntomdutoa.

(2348 Ol




Scheme 1

—_——

[Rar(PRy).] === ‘"RRI(PRy," + PR, C1CH,CH, SR’
[Rn(ca cu SR )C1I(PR) ]
"RC1(PR,)," + ICH,CH,SR'
-y v +
I” + HOCH,CHSR' + H
R =

phenyl, pars-substituted phenyl or alkyl.

cnzcn2c1 or CﬂzcﬂzOH.

(iv) Oxidation Promoted by Rhodium Complexes.

Rhodium-oxygen complexes have been used to oxidise a variety of organic

molecules including ulkono."s and pho-ph1n0l6'7 A catalytic process could

use this type of oxidatiom to produce the inactive sulfoxide as shown in

Scheme 2.
Scheme 2
PR,
_ R,P 0
I}hlxcrns);j + 0, — 3 >m.1"\ |
x| 0 ,
2C1cH,CH 88 & PR, + C1CH,CH, SR
'8 *c, - PR,
*2PR, v
CH_CH_C1 PR
,CH 0y 3
R.P
I Ny RPN ‘!hnxzi’
4 ” \
a” & os\"' x T o
CH,CH,C1 |
R SONCH, C1
"i’-“zmzm + C1CH,CH, SR
P~ I - PR,
x” 'F 0
RECH,CH, C1
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R cnzcnzc1.

R = phenyl, para-substituted phenyl or alkyl.

I + 1 oxidation state.

III1 = + 3 oxidation state.

2. The Application of Rhodium Catalysed Deactivation of Mustard.

The most cost effective use would be in self-decontaminating paints and
cloth. A series of rhodium complexes bound to polypropylene have been developed

in our laboratory as shown in equations 3 and 4, therefore any catalytic

pr s developed for mustard decontamination could be adapted for use in paints
fu, faa
~radiation
(-cnﬁcn-)n + ncnzcn—x '1——~——————1> (—cua-c-—)n (3)

X = { ;
O b .
or -4(;:>— PPhs x j

(::* = grafted polymer

@—ppnz + Eh(-e.c)(w)z] 2 [Rh(acac)(CO) @sz (4) A

and cloths, by binding the rhodium into the paint or cloth. Alternatively the very i
soluble tertiary phosphines developed in Chapter 3 could be used to ensure that the

rhodium complexes dissolved freely in paints and polymers.

3. Decontamination Studies.

Preparation of Mustard, Half-Mustard and Sesqui-Mustard.

lu.turd’, hnlf-lultltdlo and .o-qut-.untardll were prepared as described ; .

in the literature (reactions 5-7).

8 + HOCH,CH,Cl —_— ROCH ,CH ,8CH ,CH, 0 |
lzsom2 (%) § ‘
d |
i
a
t
C1CHCH,8CH,CR,C1 1 ,
127 f
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RS~ + C1CH CH, OH ————> RE8CH_CH_ON

2 22
80013 (6)
R = Cﬂs and Cﬂacﬂz HSC32CHzCI

SCH,CH,8  + 3CLCH,CH OH _—> HOCH ,CH,8CH,.CH,, SCH ,CH _OH

280012 7

c1cnzcn2scuzcnzscn2cnzc1

b. The Rate of Hydrolysis of Mustard by Water.

The rate of hydrolysis of mustard by water is dependent on stirring
rate, and so the rate of hydrolysis was measured in a series of uncatalysed
reactions as a control to compare with catalysis experiments. In all cases
the same experimental procedure was employed as described below. The

results are shown in Table 1.

Experimental Procedure: Bis(2-chloroethyl)sulphide (0.25am1, 0.32g,

2.0 x 1073 mole) was Dipetted into 25ml of water and stirred for 10 mins.

The mustard was extracted by dichloromethane (50ml) and the concentration

of mustard determined on a Pye-Unicam 204 Chromatograph equipped with a flame
ionisation detector using a 2.8a column containing 5% OV1 on dintonitelz'13.
Figure 1 shows the linear relationship between the concentration of mustard

and the area of the GC peak.

c. Attempted Catalysis of Mustsrd RHydrolysis by L-l_!hl (PPha)a-J .

An attempt was made to promote mustard hydrolysis by catalysing the
exchange of chloride for iodide as in Scheme 1 (R = Ph). Excess iodide was

added as NPr4’I-, which was soluble in mustard, to help initiate the reaction.

vt v ia s

The mixture was stirred for 10 mins in water. The mustard was then extracted,
as described in section b, and its concentration determined by GC. The

result is shown in Table 1.
128.




Fig.1. Standard curve for Sulfur Mustard.Peak
area response plotted against amount injected.
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Table 1

The Decontamination of Mustard in the Presence and

Absence of Promoters

Decontaminant Promoter Time (min) % Decontamination
Water None 10 1%

Water None 30 24%

Water None 60 44%

Water (Ruz (pPn,) 10 14%

Oxygen in [RhC1(0,) (PPR,) ] 48 nrs 42%

2 373
(:!Izcl2

d. Attempted Catalytic Oxidation of Mustard by |_Tu:01(ppn3);].

An attempt was made to promote the oxidation of mustard by the oxidation

shown in Scheme 2 (R = Ph). Oxygen complexes formed from [_Tthl(PPha);]

14

4,5

are known to catalyse the oxidation of organic compounds such as olefins

and therefore it was hoped that this and the oxygen complex described in

Chapter 3 (reference 3) might promote the oxidation of mustard.

E!hCl(PPhs);] underwent oxidative-addition on treatment with

bis(2-chloroethyl)sulphide.

The air stable product was isolated by

precipitation with benzene. IH-NIR and IR spectroscopy and elemental analysis

were consistent with the structure 1. The rhodium(IlI) complexes formed by

oxidative-addition of alkylhalides usually decompose either via reductive

eluin.tionl"’ or,in the presence of air via oxidation as described in

section 1.

The unusual stability of 1 to both oxidation and reductive

€limination probably is due to the chelating effect of the mustard

ligand.
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cicH

2

l ¢H PPh, o
c1 scfl_cu

N/ 2\’ /

Rh Rh
Cl/ | \szs/ \Cl

PPh, é“z

cuzéi
L

e. Catalytic Oxidation of Mustard by [RhC1(0,)(PPhy)].

To avoid the competing oxidative-addition of mustard to [FhCI(PPhs)é]
forming 1, the rhodium-oxygen complex, [RhC1(0,)(PPh,).| was used as the
catalyst instead of [ihCI(PPhs);] in Scheme 2. The reaction mixture was
stirred in air under dry conditions, the result; are shown in Table 1.

f. Summary of Decontamination Studies.

From these initial studies [?hCl(oz)(PPhs);] is a promising candidate
for further studies in the catalytic degradation of the mustard agents.
Further investigation into the stability of the complex I may also lead to a
catalytic process for mustard degradation.

This novel approach to the decontamination of mustard agents also lends
itself to a system where the metal complex may be strongly bound to polymer
materials. This is by the use of radiation grafted polymers which functionalise

inert polymers with ligand moieties. This is also a specialised research area

in which our laboratories have considerable expertise.
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CHAPTER 7

Carbon Hydrogen Bond Activation Using Platinum(0) Complexes

1. Introduction
A major objective of the original grant application was the activation of
C~-H bonds. Classically this has been achieved using platinum(II) complexes by

an oxidative-addition reaction (reaction 1)?'2 The product of reaction 1 is a

[ N }
— e — s —s ¢ —pt!V—n )
/ P

platinum(IV)-alkyl complex and these have a very llmited chemistry. By contrast
platinum(II)-alkyl complexes have a much wider choliatry? Accordingly we attempted
to prepare platinum(II)-alkyl complexes by the oxidative-addition of C-H boands to
platinum(0) complexes. In chapter 5 we have shown that tertiary phosphine
platinum(0) complexes readily undergo oxidative-addition with methyl 1odide? In
the present chapter we show firstly that tertiary phosphine platinum(0) complexes
readily undergo oxidative-addition with the relatively inert C-Cl bond of
dichloromethane and that, in the absence of more reactive bonds undergo oxidative-
addition with C-H bonds, for example in pentafluorobenzene.

The fundamental aim of the work described in the present chapter was to try
to generate coordinatively unssturated platinum(0) species in solution in the
presence of an organic substrate since it was envisaged that these species would be
highly reactive and possibly bring about oxidative-~addition of a C-H bond
according to reaction 2. Some compounds [le]. M = Pd, Pt; L = large bulky

phosphine have been prepared 4-7 and been shown to be highly reactive towards

pt® + R-H =—> R-Pt''-K (2)

-

oxidative-addition® 10,

Recently , it has been demonstrated that DBU (DBU = 1,8—d1:zab1cyclo|§l4,d?—
undec-7-ene) will remove HC1 from trnnl-[EtHCl(PPha)é] in the presence of a weak

ligand, L, according to equation 3.

c,n
trans-[BtHC1(PPh,) ] + DBU + L —2-85 [Per(ppny),] + +DBU.HCI 3
133.
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DBU.HC1 is a white solid, insoluble in benzene. Our original plan, therefore,

was to prepare a series of hydride complexes, trans- [ft!!Cl (PRa);_] and investigate

the reaction in equation '3 to see if it would be possible to generate, in situ, species
of the type EEt(PRs)éj when no other ligands are present.

2. Preparation of Hydride Complexes.

Although we have previously x'eported:l'z

the preparation of trms-@tﬂCl(PRs);] .
R = n-alkyl, by the hydrazine reduction of cis-[EtClz(Pns);], a more convenient
route for both plntzl.mnl(ll)]'3 and palladiun(u)l‘ hydride complexes is shown in

equations 4 and 5 (M = Pd, Pt).

- MeOH
2['jc12(cod)_ | + 2Na0B _—)nzo r_i01(csnmocu3)j g + 2NaCl 4
(Mc1cc g, och.7], + 4PR, —22%8; 3 (imc1 (PR ),) + 3CH, ,0CH 5

812" 342 3 3 8123 (5)

We have used this reaction to prepare the hydride complexes of platinum(II) with the

long alkyl chain phosphines. The reactions with 9(3-0439)3,

l»(_q-c1 4829)3 were carried out using a mixture of aqueous methanol and chloroform

P(n-CgH, ), and

to ensure homogeneity of the reaction mixture. However, the reaction does not
succeed using PPha and the corresponding hydride had to be prepared by the

literature procodurels. With P(E-C4ll9)3 and P(_x_n_-Csnl,,)a, the complexes were

isolated as waxes, while for P(n-C. H_ ) a low-melting off-white solid was obtained.

147°29°3

Each complex showed a strong v(M-H) band in the infrared spectrum. However, the

P(g_-cullzs)3 derivative proved to be a mixture of products from the microanalytical

data (Table 1).

Table 1: Microanalytical Data for EtRl(PRs)Q] (Found (Calculated))

c(%) B(%) P(%)
[Beac1{P(n-c B>, }.] 46.1(45.3) 8.6(8.7) 9.4(9.7)
(PtaCL{P(n-CgH, ) ,},] 60.1(59.3)  10.4(10.7) 6.5(6.4) :
[Peac1{P(a-c, H,0),1,] 66.3(68.3)  11.8(11.9) 5.4(4.2)
[PerC1(PPR,), ] 56.9(587.2) 4.3(4.1) 8.1(8.2)
134,
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3. Attempted D/H Exchange Experiments Using trans- EtllCl (PPhs); .

It was hoped that a reaction of the type shown in Scheme 1 might occur under

the conditions used. Any exchange that would take place may be detected by H nmr

spectroscopy.

trans- [PtHC1(PPh,),] + DBU ——> [Pt(PPhy,] + DBU.HCIY

PhP |
(PtpPn_ )| + CD, —=> \Pt
Ry 66 < N
Ph P D
"'_ 7
Ty
134
pnap\ _
Py ] + cpp =2 Pt
7\
Ph P H
3
Scheme 1

The reaction was carried out under nitrogen using dry, degassed solventas. To a

warm, stirred solution of trnu-EtﬂCl(PPhs);I (0.2g, 0.26 mmol) in ds-benune (3ml)

was added a solution of DBU (0.06g, 0.39 mmol) in d®-benzene (3m1). An immediate

colour change from colourless to yellow was noted (indicative of platinum(0) species
in solution). After stirring for 2h only a small amount of precipitate was tormed.
This was filtered off and glacial acetic acid (3ml) added. The mixture was stirred

at 80°C for 10h. Analysis of the products showed that no exchange had taken place

and most of the trans- EtHCI(PPhs);] could be recovered unchanged. It thus
sppeared that under the above conditions only a very small quantity of a platinum(0)
species was formed and that equilibrium 6 lies heavily on the left. In the presence

of further ligands, such as pl\onylu:otylouo”. [ft(?hC!Cll) 0"‘3’2‘ may be formed in

trans- (BtHC1(PPhg),] + DBU —> [Pt(PPny),] + DBU.KC1 )

almost quantitative yield. We decided to investigate the possibility of preparing

135.
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Et(czu4) (PPha); using this method with a view to removing the olefin by

hydrogenation.

An authentic samples of @t(czﬂ4) (PPh3);_] was prepared by a standard literature
16

procedure (equations 7-9) in 60% yield based on KZPtC14. r__l;t(czﬂ4) (PPhs);l could

NaBH
4
K,PtCl, + 4PPh, >  [Pt(PPhy) ] )
%%, =
(Preeeny J + 20, ——> [Pto,PPny,] + 2zPoPh, ®)
NaBH,
[Bro,cepn ] + B, > [Brecup pphy ] 9

also be prepared in 30% yield via the reaction shown in equation 10. Using a 5-fold

- MeOH = '
trans ECHCI(PPha); + DBU + 02!!4 ﬁ |2t(czﬂ4)(PPh3);J¢ + DBU.HC1 (10)

excess of DBU, the ethylene complex mav be nremared in almost quantitative ylald.

([Pt(czl4) (PPhs)J requires: C,61.4%; H,4.6%; P 8.3%: found: C,60.9%;H,4.6%; P,8.8%.)

4, Attempted D/H Exchange Experiments Using Igt(czll‘)(l’l’ha); .

It was believed that using Et(czll‘) (th); , a reaction, such as that shown

in Scheme 2, might occur. The reaction was carried out using dry, degassed solvents.

+ H
[Brec,B)@pn)] —=2> [Beerrny;] + g

i AN /q

[Becpeny),] + cppp == l Pt

Pt Pt
A I A T
(Beerny ] + co.m

Schene 3
136.
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A solution of [23(0334)(PPh3);] (0.25g, 0.33 mmol) in dc-benzene (5ml) was stirred
under an atmosphere of hydrogen. The solution turned a deep-red colour within a
few minutes. From this solution a brown solid could be isolated. Stirring the
reaction mixture for 8fh at room temperature did not bring about any deuterium-
hydrogen exhcnage in deutercbenzene.

The brown solid that could be isolated from the reaction mixture did not
appear to be a hydride, but the ir and ln nar spectra indicated that the only
ligand present was PPh,. Therefore it is likely that a reaction such as that

3
described in equation 11 had taken place. Cluster compounds of this type are known

n(Prern,),] —> [Bt, PPy, ] (11)

17
from attempts to isolate [?t(PPhs)z] .

S. The Oxidative-Addition Reactions of [Pt(czy)(ma)z]

During the characterisation of [Pt(ctl‘) (PPhy)_] 1t was moticed that solutions
of the complex in chlorotorm deposited a solid on standing at room temperature for
8 few days. On further examination it was found that a C-Cl bond of the solvent )
had oxidatively-added to the metal complex. Furthermore, a number of different
products could be isolated depending on reaction conditions. Although

oxidative-additions of halogenomethanes to [Pt(L) (ma)’] where 1

L = alkene or alkyne, have been roportcd?.-” reaction of the present complex with :
mc13mdor asbient conditions has mot. In particular close exsmimation of this } .
system has led to rather unexpected results in that product formation depends on a
number of factors such as the presence of oxygen, reactioa time, teapersture and
concentration.

All the solvents used were dried and purified by distillation. Ethamol was
removed from CIZIS before use. The following is a summary of the work carried out.

) 1t [Peccym) PPy ] 1s stirred 1a cac1, (0.18m02 @a™®) wader nitrogen

for 7 days, a white precipitste, b forms from a bright yellow solution. This
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solid, 1} was shown by IR spectroscopy and microanalysis to be

cis-[Ptc1, (PPhy), ] ([Ptc1,(PPn,),] requires: C,54.7%; H,3.8%; P,7.8%;

found: C,54.0%; H,3.9%; P,7.8%). This complex could also be prepared in the
presence of air but was only formed under these conditions when the concentration
exceeded 0.12-01.dl-3 either in air or under Nz.

(11) The addition of n-hexane or diethyl ether to the yellow solution obtained
in (i) caused the deposition of a yellow solid, 1II, which was shown by IR
spectroscopy and elemental analysis to be [}’t(CKClz)Cl(PPh3 )2].
([Pt(CﬂClz)Cl(PPh3)2] requires: C, 53,0%; H, 3.7%; P,7.4%; found: C,53.3%;
H,3.8%; P,7.6%). Further, in each experiment where chloroform was used, a
yellow solution was obtained from which this compound was isolated. The IR
spectrum of the product appeared to indicate that the cis-isomer is formed.

This complex is the only product if the reaction is carried out under nitrogen

at concentrations of less than O.04mol.dm -.

(111) If the reaction is carried out in air using a concentration of 0.04dmol dm_3

of [Pt(C284)(PPh3)2] in CBCls, a yellow solid, il, precipitates from a yellow

solution within 1h. This can be recrystallised-frou CHCla. Both the crude
and recrystallised material have identical IR spectra and in particular show
a strong C-H stretching band due to free 03013 at 29550n-1. Elemental
analysis shows that IJ is probably the solvate |Pt(CHC1,)C1(PPh,),|.xCHC1,,
([Pt(chlz)Cl(PPha)a]-CBC13 requires: C,47.6%; H,3.3%; P,6.5%; C1,32.2%;
found: C, 45.8%; H,3.2%; P,6.8%; C1,20.7%. The slight discrepancy in the
calculated and found figures is probably due to a non-integral number of
chloroform molecules associated with each molecule of complex). Prolonged
drying of this solvate removes the free chloroform, as indicated by the IR
spectrus and the sample analyses for [Pt(CHClz)Cl(PPha)zl.
([Pt(cncxzm(ms),] requires: C,83.0%; H,3.7%; P,7.4%; found: C,52.1%;
H,3.7%; P,7.6%). The IR spectrum also shows thnt;s is probably the

trans-isomer, this isomer being less soluble in the solvated form than
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the unsolvated cis~isomer. Work up of the yellow solution after the

precipitate 1] has been removed gives the complex I’U, cis- [Pt (CBCIz)CI(PPhs) 2] .

(iv) I1f oxygen is bubbled through the solution during the reaction of

21
[?t(czﬂ‘)(PPha)a] with CllCl3 then the known ~ compound [Ptoz(PPhs)z] may be
isolated, as shown by an intense band in the IR spectrum at 820c-~1 due to
v(0-0) and comparison with an authentic sample. Further, if a suspension of

[?t(czﬂ4)(PPh3)3] is stirred in acetonitrile in air for 23h then the sole

- -1
product is [Pt0,(PPh,) 2] "CB,CN (v(0-0) at 830cm 1 vc=N) at 2245cm

cf.V(C2N) in CBSCN at 224501-1; [}toz(PPhs)zl'CHacN requires: C,57.6%;

H,4.2%; N,1.8%; P,7.8%; found: C,57.6%; H, 4.2%, N, 1.4%; P, 8.4%). Attempts
to purify this compound by recrystallisation from CﬂCls yielded a yellow solid
which was identical to 35355-[?t(CﬂClz)CI(PPha)z]an013. Thus the presence
of oxygen affects the formation of products according to Scheme 3. The

formation of cis-|PtCl_(PPh,) appears to occur from either @I or I]but is
- a{Figlg PP ~

only generated at high concentrations. It also probably has its origins in a

Scheme 3 .
[pecc ) ey, ]
N )
2 2
cucl, CHCL,
Atr(idiimited °z)
ets-[Pr(cuC1,)C1(PPR,), ] (peo, cppn,) ]

both cis and
trans isomers 1cnc1

I
~r

3

trans- [Pt (CHC1,)C1(PPhy) , | xCHC1,
II
~r
photochemical process. Although the reactions were carried out in the dark,

owing to the removal of the ethanol stabiliser from the chlorofora prior to

the experiments, such reactions are known to occur very readily if even the

ssallest amount of light is allowed to ontor!"‘3 It has also been reported
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that photolysis of [Ptoz(PPhs)zl in cnc13 in the absence of air gave unidentified
23
side-products assumed to arise from oxidative addition of the solvent, although
direct photolysis of [Pt(C H ) (PPh,) ] in CHC1 ives trans- [PtllCl(PPh )2]24
274 3’2 38 == 3’2)
These results therefore indicate that the overall system is a very complex
one. The product distribution is governed by the presence of oxygen and light,
and also by the relative proportions of each. The concentration of the reactants
are also important. A further complication to the system is that all reactions
have to be carried out at room temperature owing to the ease of formation of the
unreactive cluster compounds [Ptn(PPhs)Zn] .25 It was therefore thought necessary
to look for a simpler system.

6. The Preparation of [Pt(PRa)a] and their reaction with cenrs.

It has been lhovxzaethat the complex [Pt{P(Czns)s}a] is extremely reactive and
readily reacts both with dihydrogen“lnd the C-H bond in pentafluorobenzene
8ince we have already published our work on the analogous, but less reactive
compounds [Pt(Pns)s]. R = alkyl, z-llkylphenyl?'lz it was thought that the
preparation and & study of the reactions of the complexes [Pt(PRs)a] would not only
provide systems capable of oxidatively adding activated C-H bonds, but would also
give further insight into how the long alkyl chain phosphine ligands would modify
their high reactivity. These species may also be handled at higher temperstures.
[Pt(PRa) 3] were prepared by treating [Pt (cod)z] 28v1th the appropriate tertiary
phosphine.

Due to the relative instability of [Pt(cod)z] when in solution the complex

is ususlly stirred in suspension in n-hexane to which the reactant is sdded. On

rescting [Pt(cod),] with P(a-C B, or P~{_D—CH, ), in the mole ratio 1:3 1n
b-hexane deep orange solutions formed from which red-oratnge oils were isolated by
evaporation of the solvent. These complexes showed extreme sensitivity to air
inasauch as attempts to obtain microanalyses and 81? nmr spectrs gave results
indicative of the formation of oxidation products. The 31l’ nar gave no signal
attributable to El’t(?ls),]. the intended product, but instead gave signals showing
the presence of [noz(na)a] R 0"3 and some minor phosphine oxidation products.
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The reaction with P(g-c4lo)3 was further studied, again in the mole ratio of
[Pt(eod)z] to ligand of 1: 3, in an sttempt to prepare the tri-coordinate complex
[Pt(P(g-C489)3}3~]- This species has been previously roportodc, the method of
preparation being removal of one ligand from the totr_nku complex at 1o°c in vacuo.
Also the complex [Pt{P(Czus)sls] has been reported to react with C‘B!"s to produce
trans- [l’tll((:el's){Pc’zns)a}z 24 Thus to gain evidence for the existence of
[Pe{P(n-c 4“9’3}2] after reaction of [Pt(cod)z] with P(a-C H,),, the bright yellow
0il which was isolated by solvent removal in vacuo was further reacted with
cs!!'5 at room temperature for 36 hrs. Removal of exceas Ccﬂ's in vacuo left
a yellow o1l which gave an IR spectrum very similar to that x-oport«!29 for trans-
[Pemccgry) (Pec,B,),),] with vau-B) at 2035 ca~l. It nas not been possible to
identify the hydride signal in the 18 nmr spectrum on our Perkin Elmer R32 90 MHz
spectrometer. This is not unexpected due to coupling of this single proton in a
large molecule to both 1955 and 31p which for trans- [Ptﬂ(cels){l’(g-c‘ﬂo)s}z]
would give a possible pseudo-triplet of triplets.

The complex ﬁ’t(cod)z] was reacted in a similar fashion in n-hexane suspension
with the ligand l’(le”)s which on work-up yielded a sandy-brown solid. As the
reactants were again used in a 1 : 3 mole ratio the expected product was
[Pt{P(cunas)a}a‘l, however, microanalysis did not support this formulation (Found
C,70.9%; H,12.3%; P,4.1%; C1‘4829793Pt requires C,74.7%; H,12.9%; P,4.0%) neither

did reaction (attempted) with c.ars. By analogy to the reaction of c.urs described

sbove it would be expected for oxidative addition to occur if the tri-coordinate
species was present. However, the sandy-brown product was recrystallised unchanged
from ccﬂs. It should be noted that it is pot inconceivable that the steric bulk
of the ligand might inhibit reactions at the metal centre. A possidble product

might be [i’toa(p(c“n”),},'] (C”B“‘on’rt requires C,70.2%; H,12.2%; P,3.8%)

and it is difficult to assess this possibility by IR spectroscopy. Work is

continuing to characterise these extremely sensitive complexes.
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7. Reaction of [Pt(cod),] with phosphites P(OR),

When three equivalents of P(OC 439)3 were reacted with one equivalent of
[Pt(cod)z] as a stirred suspension then the solution became homogensous within

30 min and assumned a deep yellow colour. Evaporation of the solvemt in vacuo
gave & mobile pale orange oil which partially solidified on extemsive drying.

This material graduslly darkened to a deep red wax on standing even when kept
under nitrogen at -20°C. The microanalysis suggests that only platinum and ligand
in the ratio 1:3 remain (Found C,46.3%; H,9.1%; P,10.3%; 036H81°9P3pt requires
C,45.7%; H,8.6%; P,9.8%), however, the 31? nmr of the wax indicates that the
product is not solely the expected [Pt(P(OC4H9)3}3]. Unlike the corresponding
Phosphine complexes, no ligand exchange proceases, vhich are fast on the nmr time-
scale, are occurring. At ambient temperature two sharp resonances are seen at
192.6 and 1327.7 ppm relative to HSPO‘ as external standard and showing couplings

of 6406 and $5395Hz respectively. The signal at 127.7 ppm can be attributed to
[Pt{P(OC 439)3} ‘] from literature vtluuso however, it is more difficult to assign
a structure for the species giving rise to the other signal. One consideration is
the species [Pt{P(OC‘no)a}al since the larger ‘th_l, would be expected for a
tri-coordinate Pt(0) species as compared to a tetrakis complex due to increase in
s-character of the Pt-P bond in the tri-coordinate co-ploxsl. However, since the
darkening of the wax may well be caused by the presence of colloidal platinum metal
then the unknown complex may have the formula [Pt{P(oc 439)3}11] where n = 1 -~ 3.
For n = 1 or 2 then cluster compounds may result.

When [Pt(cod),] was rescted with two equivalents of P(OC (Hg)3 again a deep
red-orange product was formed after work-up. Analysis of this oil was not consistent
with a stoichiometry of one platinum atom to two ligands (Found C,44.8%; H,8.4%;
c“u“oopzn requires C,41.4%; H,7.7%). This suggests the possibility of the ligand
(cod) remaining coordinated to the platinum. The 31? nmr spectrum of the oil

again indicates that a mixture of products is formed. Signals are seen at 102.6 ppa

('Jn-p = 6411Hs) and & very closely spaced set of two signals at 161.1 and 160.3 ppm
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with associated larger couplings of 5483 and 5454Hz respectively. Thus, reaction
in the mole ration 1: 2 gives the same unknown product (§(P) = 192.6 ppm) obtained
in the 1 ; 3 mole ratio reaction but also two other species very similar to each
other but having a coupling indicative of a Pt(0)-P bond. These species may well
contain (cod) as a ligand and account for the high C% value. Repeating this
reaction gave the same products but in s differing ratio (assumed from relative
intensities). It would seem that altering slightly rates of addition gives a
different product distribution. This may well be caused by the [Pt(cod)z] being
reacted in suspension and thus the ratio of [Pt(cod)z] to ligand in aolution is
not known.

To counter the sbove difficulties we have recently performed the 1 : 3 mole
ratio reaction using a toluene solution of [Pt(cod)zj ensuring that [Pt(cod)aj is
always in excess until reaction is complete. This method appears to yield a single
product from subsequent studies with ceurs.

8. Reactions of the complexes formed between platinum(0) and P(OC ‘ng)s.

In the work with phosphines described above, the reaction with Cem‘s was

utilised in an attempt to identify products. When the major product was

[I*t{P(OC 4!9)3} ‘] then no reaction was seen to occur with (Eem‘5 nor with methanol

- Oor benzonitrile. Reaction did occur with iodomethane, however, to give

[Pt(CBs)I{P(OC‘IID)a};l which is in the process of full characterisation.
1f, however,products which contained complexes other than the tetrakis compound

were reacted with C,Ilrs either at ambient temperature for 50 hrs or at 88°C for 4 hrs

then reaction did occur. The orange-red oil isolated by solvent removal can be

treated with methanol and cooled to precipitate any tetrakis complex present. The

infrared spectrum of the remaining oil shows a strong band at 2040 cl-1 attributable

to v(M-H) together with evidence for the (:cr5 mojety. The spectrum is similar to

that of trm-[?tl(c.rs){!’(c’ls)’}a]“ and is therefore probably the {P(oc‘lo)a}

analogue. PFurther characterisation is proceeding. Heating this material under

vacuus (10-2 am Hg) for 4 hrs results in the loss of hydride and c'rs as indicated

by infrared spectroscopy. However, reactiom of this residue with fresh C‘llr8
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reforas the hydrido-complex again. In the course of these reactions the signal

in the 31Pnnr attributable to the tetrakis complex increases in intensity relative

to other signals. It would thus seem that if the opportunity arises i.e. sufficient
ligand at a particular phase of the raction, then the tetrakis complex will form

and remain as an unreactive product.

. The explanation of the above reactions is unlikely to be simple. If the
tri-coordinate species is present it may react ss in reaction 12 and 1if the

—
E’t{P(oc4l9)3}3 + ColF, = [ptn(csrs){p(ocgg)a};] + P(OCHy) (12)

equilibrium shown in equation 13 lies to the right this would explain the increase

{
; in the amount of the tetrakis complex.
|
| [Pt{rcoc, B> 1] + PCOC B, == [Pt{P(OC,H.),} ] a3) |

o However we must still account for the resction of [Ptu(cers){p(oc4n9)3}2] under !

) heating and vacuum where Cors and H are lost. If the excess phosphite has been

| taken up to give the tetrakis complex then only "Pt{P(OC4n9)3}2" remains. A

possible answer is that a small cluster complex forms which can react with CGHF5 to A

!
; reverse the reaction.

Elucidation of the mechanisms of the reactions described above requires a

study of the 31P nmr of reactants and products many of which are currently with

our spectroscopist.

i
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Chapter 8
Summary

f___;§;A series of tertiary phosphines and tertiary phosphine oxides containing

long alkyl chains have been syntheaised. As expected they are very soluble in
non-polar solvents, particularly hydrocarbons. As & consequence it is difficult
to separate these compounds from intermediates and by-products formed during their
synthesis. Accordingly it is necessary to purify all the reactants and to use
reactions that give a minimum of side products. The same remarks apply to the
aynthesis of the transition metal complexes of these ligands.

The transition metal complexes of the tertiary phosphine ligands have been

prepared with rhodium(l), palladium(0), palladium(Il), platinum(0) and platinum(II).

All are very soluble in non-polar organic solvents. This extreme solubility
modifies the catalytic properties of these complexes in homogeneous solution, as
demonstrated by the enhanced ratio of normal:branched aldehyde formed im the
hydroformylation of l-hexene in the presence of [RhCl(CO)L;j when para-alkyl
; groups are present on the triarylphosphine L. The value of extreme solubility
on the catalytic properties of the resulting complexes is particularly well
demonstrated by the ability of the platinum(II) complexes ﬁPtL201£] together with
tin(I1) chloride to promote the partial hydrogenation of the polyolefins
methyl linoleate and methyl linolenate to the corresponding monoolefins with high
loloctivity.<fii:/;ong alkyl chains enable this reaction to be performed in the
absence of added solvent, and this results in the platinum(II) complexes being
particularly active and selective catalysts. Undoubtedly many more catalytic
reactions will be developed in which the unique and extreme solubility properties
of long alkyl chain tertiary phosphine complexes will be found to be very
advantageous.

The presence of long alkyl chains on the tertiary phosphines enable them to
promote the ability of their low valent transition metal complexes such as those
of rhodium(I) and platinum(0) to undergo oxidative-addition. A detailed
study of the reaction of alkyl halides with [_imx(co)x.a]. X = halide,

146,




o L e

CUTTRRATAT R oy miadk R

L = tertiary phosphine, has not only led to a fuller understanding of the reaction
mechanism, but in addition has suggested that this reaction may be exploited as a
moans of promoting the decontamination of mustard. The rhodium complexes can
either be dissolved in paints or polymers, using their extreme solubility im
non-polar solvents or may be linked to polymers and cloth-like materials by
y-radiation grafting the tertiary phosphine ligands on to the polymers or cloth.
¥We propose to extend our initial observations in this area.

Finally we have shown that zerovalent platinum complexes containing
tertiary phosphine ligands can readily react with C-H bonds as in C_HF_ to

6 8
cleave the C-H bond and coordinate the two fragments. We propose to investigate

this further as it provides a very exciting route for converting hydrocarbons
directly into platinum(II)-carbon complexes, which are known to undergo s wide
range of reactions.
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