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INTRODUCTION



CHAPTER ONE

31P F,T. NMR AND ITS USES IN STUDYING BOTH COORDINATED AND
NON-COORDINATED PHOSPHINES

31P, one of the few nuclei of 100% I = }, has recently acquired far
greater prominence in nuclear magnetic resonance spectroscopy as a
fesult of the development of Fourier T?anéform techniques as a

method of giving stronger spectra and enhancing resolution. Other
nuclei have genefited similarly, the most marked development being

in 13C natural abﬁndance nmr. However the field of multi-nuclear nmr
in general has develofed enormously, and has.recently been reviewed

: (1,3). Although the instruﬁental technique involved in F.T. nmr,

“and the generaiised applications to other nuclei have been reviewed,

(1) some more particular detail is appropriate here,

;The advantages in employing 31P nmr for the study of phosphines and
their complexes, lie in the wide chemical shift range, the direct
observation of the coordinating moiety iﬁ a complex, and the extreme
effects of one bond couplings brought about on changing the
coordination numser of the phosphorus. While this last is observable
fof proton coupling invthe 'H nmr spectrum also, its combination of
the wide chemical shift range, typically lying between +400 and'

: 7400 ppm (measured from H P04) allows for easy identification of
species, since many second ofder effects, which may complicate 1H.
épectra, are eliminated. Thus it is possible for instance to identify
clearly the components of a mixture of reaction products, as a result
of this lack of complication, together with the chemical shift charges
brought about by modification of the functional groups bound to the
phosphorus. This is possible even when the mixture may consist

of similar species, and thus not easily identificable in the ly nmr,

since they may be separated by several ppm in a 31P nmr spectrum,



from the offset value of the zero value of J. This system may also

be used to determine small couplings in the épectrum of the decoupled
nucleus, for example satellites, if the appropriate 31P couplings are
visible in the observed spectrum, since such couplings will collapse at
frequencies differing from that of the main resonance by an amount
equal to the coupling of the species under examination in the spectrum

of the decoupled nucleus,

. 31
These recent advances in nmr spectroscopy have made P nmr an extremely
powerful technique in phosphorus coordination chemistry. It has been
possible to follow and elucidate several complex reactions of Pt complexes

with PH,, primary and secondary phosphines (76); together with the

3’
reaction of ‘HPtCl(PEt3)2 and related compounds with various species.
195 . . . 31
. In these cases the Pt satellite, clearly discernable in the ~"P spectrum

contributed greatly to the eventual elucidation of the reaction.
Similarly some interesting reactions of Ru complexes with tertiary
phosphines have been studied (2), and considerable light thrown on the

mechanism of the reaction and subsequent rearrangements.

The use of high resolution 31P nmr facilitates the study of lJP—w’

particularly in phosphorus hydride complexes, in which 2JHw is non-

measureable. Some work has been carried out on lJPW in pentacarbonyl
tungsten complexes (4,5). It has been found that a good correlation
 exists between the magnitude of 1JPw, and the electrignlegativity of

the substituent atoms bound to phosphorus for a wide range of tertiary

phosphines. (5)

Several octahedral phosphine complexes of W(0) have been examined by

McFarlane and Rycroft (6) who found that the sign of lJP was positive,

W
as indicated by 1H— z 13C} 1H—{31P'} and lH— {‘183W }hetero—nuclear double

resonance experiments which gave the sign of lJPW in the octahedral



complex, dimethylphenylphosphine pentacarbonyl tungsten.

It has been inferred from the resglt that the s-overlap integral
between phosphorus and tungsten must be reasonably large. Ihus
changes of the substituents on the phosphorus affect the s character
.of the P-W bond, and correspondingly affect the coupling constant,

as will changes in the effective nuclear change of phosphorus brought

about by such changes in substituent.

"Thus it might be expected that observation of lJPw as measured from
aln decoupled high resolution 31P nmr spectrum would provide a
" useful probe into the nature of the bonding ~and the effect of substi-

‘tuents on the phosphorus, particularly in complex reactions involving

the synthesis of mixtures of products.

- Similarly, using direct observation high resolution 31P nmr, the
‘f-pbserVafion of ;JPH wiil présent»no problems, as it sometimes may in
IH nmr spectroscopy, and the measuremént of this parameter, which is ‘
.eﬁtremely sensitive to the coordination of the phosphorus, can
"therefore be used as a ‘diagnostic of the coordinated state of ‘the
 5phosphorus. Typical values for the varibus coordination numbers of
‘PH species, both coordinated and ﬁoﬁ*coordfﬁated,are quoted in the
‘table.

PHy (7) PH, (8) . Hy;PMo(CO)s5 (9,10) PH," (11)

Ly, o 13942 1822 327 549 3Hz

Thus the use of 31P FT nmr allowé the detailed examination of ‘such

complexes in a way not otherwise possible, and has produced information

of considerable interest.
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C1CH,CH,Cl1 + 2NaPH, —» CH>——CH, + PH_, + 2NaCl
2772 2 \%P// 2 3

H
H PCHZCHZPH2 + 2 NaCl

A tentative mechanism for this ring closure was also proposed:

CI1CH,CH,Cl + PH,. —— CICH,CH,PH, + C1~

2CH 2 2CH PH,
CICH,CH,PH, + PH,” —— CLCH,CH,PH™ + PH,
C1CH,,CH, PH —_— HZC?CHZ + C1”

- The reported efficiency of this reaction was reported to be of around

747, based on 1,2 dichloroethane.

The same authors also repbrted a second preparative route, making use
of tﬁé lithium aluminium hydride féductioﬁ of 2-bromoethylphosphenous
vdibfomideo The reaction proceeds smoothly in diethyleneglycoldiethyl
' eEher, to give a mixture 6f phosphirane, ethyl phosphine, ethylene,

' "and phosphine, product separation being possibie using gas liquid

_ chromatography. (13).

LiAlH
BrCH,CH,PBr, —b Hz‘i—/CHz " CH3CH2PH2+C2H4+PH3
P .
| H
' LiAlH |
cf ReucicHcac, — 3 BG4 rew cu,cn 22
2CHCLy \/ 2%ty

2
The first of ;hese two methods has proved of more general application,
.being capable of use in the synthesis of”substitutgd phosphiranes, while
no reports of substituted phosphiranes prepared using a lithium aluminium

"hydride reduction of species of the type BrCHchZPRBr have been published.

Several substituted phosphiranes Have been reported, (23,24). The general

preparative route employs both substituted phosphines, and dichloro-



Figure |

The structure of phosphirane, as determined by microwave spectroscopy.
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phosphirane (2), which gave a lower value, of 0.921D for the dipole
moment, if the d orbitals are ignored, and 0.647D if they are included,

than that observed.

A comprehensive set of orbital energies, with d orbitals allowed, were
calculated, but no experimental comparison was attempted.

ORBITAL ENERGIES FOR PHOSPHIRANE

ORBITAL ENERGY (eV)
la' P"1s" -2176.2
2a' C'"1s" -308.4
la" Cc"1s" ~308.4
3a' p"2s" -204 .6
4a' P"2p" -147.0
5a' P"2p" -146.9
2a" p"2p" -146.9
6a' -29,7
3a" ~22.4
7a' -20.7
8a' -17.3
9a’ -15.4
&am -13.7
10a’ -12.0
5a" 9.7
11a’' . -9.7

~

One further molecular orbital calculation has been produced (16), on a
more qualitative basis, but comparing phosphirane with other three-

membered ring systems.

The spectroscopic data has also been used as a basis for the calculation
of the thermodynamic functions of phosphirane by statistical mechanics,
These functions calculated were:

(HQ—Hg)/T, - (Go—Hg)/T, s° and cp°

for a series of temperatures (28).

The 1H nmr spectrum of phosphirane has provoked much interest. It is
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extremely complex, being an AA'BB'CX system. While some attempts have

been made at a computer solution, none has been fully successful (29).

Approximate values for coupling constants and chemical shifts have been
produced, and certain of these have also been determined for substituted
phosphiranes.

APPROXIMATE VALUES FOR NMR SPECTRUM OF PHOSPHIRANE

1rlA

Hy P-Hg

HA HB
GHA + 1,05 ppm (6P - 341 ppm)
GHB + 0,51 ppm
GHC - 0,58 ppm
JAA' 11.4Hz JBB' 9.3Hz
JAB -5.0Hz JAC 8.2Hz
JAB' 7.4Hz JBC 8.3Hz
JAP -2.2Hz JCP 157.7Hz
JBP 16 .5Hz

NMR SPECTRA OF PHOSPHIRANES RCHCHZPR' (23)

R R' 6P JPH
H C6H5 -234 ppm -
H CH3 -251 " -
C H* H  -271,-288 " 158,159 Hz

*cis—trans mixture

As might be expected the P substituted phosphiranes produce 1H nmr

spectra of the E\B] 2X type.

11.



CHEMISTRY

Only certain areas of the chemistry of phosphirane have been studied,

and to a large extent its chemistry is governed by its tendancy to
decompose by ring opening. It has been shown that the proton on the
phosphorus does not undergo rapid exchange with solvent OH groups (13).
This is in contrast to the behaviour of methyl phosphine, which undergoes
rapid exchange in methanol at room temperature (13), which suggests that
phosphirane is a weaker base than methyl phosphine. This is in accordance
with the observed basicity of aziridine (pKa=8.04), compared with non-

cyclic analogues (eg. (CHB)ZNH’ pKa = 10.77) (30).

Attempts have been made to deprotonate phosphirane, and thereby produce
an aﬁionic species which may be used in the synthesis of further
substituted phosphiranes (29).
ie. [>P-u+x DP— + XH
> +rv  [>Ser+Y

The three reagents studied in this reaction (29), all powerful deproton-
. ating agents, were, potassium phosphinide, potassium, and methyl lithium,

under varying experimental conditions.

Reaction between phosphirane and a solution of potassium metal in
anhydrous anhydrous ammonia produced a clear solution. After removal of
solvent this dried product was reacted with silyl bromide and gave an

unidentifiable series of products.

Potassium phosphinide was reacted with phosphirane both in dimethyl ether
and in anhydrous ammonia, the products of these reactions, on removal of
solvent and drying, were treated with methyl chloride and silyl bromide

respectively, using dimethyl ether as solvent.

In neither case was the expected substituted phosphirane observed, the

product mixtures suggesting the decomposition of the phosphirane

12,



molecule, on deprotonation. With methyl lithium, methane was identified
as a major product, together with a mixture of substituted phosphines.
The solid residue was treated with trimethylchlorosilanes, but there

was no apparent reaction.

An attempt has also been made to protonate phosphirane and produce the
(CH2)2PH2+ion (29). This reaction was attempted in a sealed nmr tube

in

under controlled low temperature conditions, using a solution of BF3

methanol.
CH,OH + BF,— CH_OHBF H'g—,DPH * cH,0BF,
3 3 3 3 2 3 3
The spectrum gave no sign of the expected product. When the reaction was

repeated in an evacuated reaction vessel, ethylene and phosphine were

found, while the solid produced in the reaction proved unidentifiable.

Here again the simple chemistry of phosphirane is dominated by ring
opening reactions. This tendancy has, however, proved of value -synthe-—
tically in organic synthesis where l-phenyl phosphirane has proved a
useful reagent (31). l-phényl phosphirane was treated with dithietene (D)

at 195"k to produce ethylene, and the phosphine (II).

3

S— S\
Ph-x<]+ | —-_-—»][ + Php” ﬁF3
5 \\\S_,—CF3

1 CF3 I
This has been postulated as reacting via the intermediate:

e

S

fF

.-

CF
3
CF3
This fragment, losing ethylene stereospecifically. The stereochemistry
of ethylene formation was determined using cis 2,3 dideutero-1-phenyl

Phosphirane, proving that fragmentation is stereospecific with retention

of configuration,

13.



Most phosphines are capable of being coordinated to a transition metal,
such as molybdenum. Such coordination is achieved for example by the
displacement of a coordinated liquid such as cycloheptatriene or
norbornadiene for tri and tetracarbonyls respectively, or a halogen

from a pentacarbonyl halometallate such as N-methyl pyridinium molybdenum

pentacarbonyl iodide..

The chemistry of these systems and the subsequent identification of the
products and their stereochemistry have been extensively reviewed (32),

the conditions for such reaction being well known.

In one respect phosphirane acts as a typical phosphine, forming complexes

with molybdenum carbonyls prepared by the standard methods: (29)

I [N-CHBN@][MO(CO)S IJ_EQ DPHMO(CO)S + NCHBI\GI

21p] '
II  C,HgMo(CO), -—_.,[(0}13);21@2»10(c0)4 + C.Hg

3HP |
IIT G, HgMo(CO), ——QECHZ)&P%}MO(CO):} + C Hy

These complexes have been characterised by their mass and infra-red
spectra, and by analyses. All are low-melting solids, crystalline at
sufficiently low temperatures, but viscous oily liquids at room

temperature.

The proton nmr spectra of all three complexes have been recorded and are
particularly complex, but show features common to coordinated primary and

. . .1 . .
secondary phosphines, such as an increase in JPH on coordination. An

attempt at the analysis of the spectrum of (CH PHMo(CO)5 has been made

2)2
(29), but did not prove totally successful, though some refinement was

possible.

14.



THE 1H-NMR SPECTRA OF PHOSPHIRANE-MOLYBDENUM COMPLEXES

(CH2)2PHM0(CO)5a [(CHZ)ZPHJ 2Mo(C0)4b [(CHZ)ZPH] 4o (CO) 3a
6A - 1.61 ppm 0.8 - 0.5 ppm 1.4 - 0.8 ppm
6B - 0.98 ppm 0.8 - 0.5 1.4 - 0.7

8C - 1.49 0.8 1.3

J\" 9.9 H, - -

J,g= 56 - -

J,gr 7-0 - -

Jgge 104 - -

Jo 6.9 - -

Jpe 5-9 - -

JAP -8.8 6 Hz 6 Hz

Jop 2.2 - -

Jpe 330.2 322 316

a. CH,CL, b. CcH

-The di- and tri-substituted complexes were identified on the basis of
their nmr spectra together with the infra-red and mass spectroscopic
evidence, Sufficient data has been presented to enable the idenpity
of these species to be accepted. Further, the infra-red evidence,

~obtained in solution, would appear to suggest that the di-substituted‘

species takes the cis isomeric form, the tri-substituted taking the

fac form.

All three complexes are stable at room temperature, but on exposure to
air decompose rapidly, depositing elementary molybdenum. They are
very soluble in benzene and chlorinated hydrocarbons, and moderately

soluble in hydrocarbons such as n-pentane and n-hexane.

Some preliminary work has been carried out on the deprotonation of these

complexes (29, 33), in which the monophosphirane molybdenum pentacarbonyl

15.



complex was treated with potassium phosphinide. Such reactions have
been successfully attempted with other phosphine complexes (34), and are
reviewed in Chapter 3.

4(CH3)20

KPH2 + HP(CHZ)zMo(CO)5 —";;EEEQ K[P(CHZ)ZMO(CO)5]+ PH

3

Phosphine was reported produced in a nearly stoichiometric yield, leaving

~a yellow solid moderately soluble in dimethyl ether. An attempt was made

‘to characterise the solid by infra-red and nmr spectroscopy, but the

evidence thus collected proved inconclusive. The 1H nmr evidence, however,
-does suggest the formation of a deprotonated species, with a shift to high
frequency, coupled with the loss of 1JPH. However, the nature of the species

thus produced is uncertain, and it was hoped in this further study of the

system to determine what was in fact produced in the reaction.

The yellow solid was reacted, in dimethyl ether, with silyl bromide, and
trimethylsilyl chloride, in the hope that -the products would aid

identification of the solid.

The products were tentatively identified from their mass spectra and

1H nmr spectra as l-substituted phosphirane complexes.

. . (CH,).0 .
Solid + 51H3Br 372, S}H3P(CH2)2M0(CO)5
. . (CH,)..0 o
Solid + (CH3)331C1 372 (CH3-)3SIP(CH2)2MO(CO)5

—_—t
This would suggest that the anticipated deprotonation had taken place.
However, the products were not fully characterised, and a considerable
amount of the unsubstituted phoéphirane complex was found in the product
mixture (in the case of the reaction with silyl bromide, as much as
10-207%). Thus while there is evidence for the species assigned, it was

not fully characterised, or studied in any depth.

It was hoped to use this type of reaction to prepare substituted phosphiranes

by displacement from the complex using a stronger base:

16.



[>PR Mo(CO)S + B —— BMo(CO)S + DP—R

The action of trifluorophosphine and triethyl phosphite on phosphirane
molybdenum pentacarbonyl was investigated (29) but in neither case was

any free phosphirane observed.

Similarly the action of triphenyl phosphite on the species identified as
1ftrimethy1 silyl phosphirane molybdenum pentacarbonyl failed to produce

any free substituted phosphirane.

The object of this current study was to investigate further the chemistry
of phosphirane, both free and coordinated. The preliminary results of
the reactions designed to deprotonate free or bound phosphirane were
sufficiently encouraging to suggest that further investigation in greater
depth, coupled with a continued effort in the attempted displacement of
the coordinated phosphirane could prove rewarding, together with the
extension of phosphirane's coordination chemistry to other transition

metals and acceptor systems,

It was also hoped to produce an improved computer fit to the proton

spectra of both phosphirane and phosphirane molybdenum pentacarbonyl.

17.



CHAPTER 3
PHOSPHINE COMPLEXES AND.THEIR DEPROTONATION
Phosphine, a colourless toxic gas, was first reported in 1783, prepared
by the alkaline hydrolysis of white phosphorus. Many alternative
preparative routes have since been described. 1In particular those giving
phosphine free of biphosphine, whose presence in quantities causes the

mixture to be spontaneously inflammable, have been sought.

The physical properties of phosphine have been the subject of much study

)

and have been reviewed (34). It is known to be a trigonal pyramid (C3V

with a dipole moment of 0.58D.

Much of the chemistry of phosphine has involved changes in the coordina-
tion number of the phosphorus, and hence the electron density around the
31P nucleus. It has been found that 1JPH is a particularly sensitive

measure of this, responding to such changes by altering 1JPH by +100 Hz,

as has been described earlier.

‘Both PH, T and PH,~ are known. The former is made by the reaction of PH

4 2 3

with species such-as HCl. These phosphonium salts are not thermally
- stable and dissociate to give pure phosphine at room temperature, unless,

as in the case of PH4C1, they are kept under pressure (35).

The reaction of phosphine with solutions of alkali metals, M = Li, Na, K,
in either liquid ammonia or HMPA produces a rapid discharge of the
colouration due to the metal solution and formation of a yellow solution
of the MPH2 salt. These compounds are white solids decomposing rapidly

with air or moisture.

Solutions of these MPH2 salts in dimethyl ether have been used in the
preparation of substituted phosphines. They are reacted with alkyl or
silyl halides (36,37), eg. in the preparation of (SiH3) P, (CH3) P,

(CH3)2PH, though other methods are generally used for the preparation of

18.



alkyl phosphines on a large scale (38).

Since the chemistry of phosphines has been extensively reviewed (34),
only their reactions with transition metals and boron compounds will

be described.

Diborane reacts with phosphine at low temperatures to produce a white
solid with the empirical formula B2H6(PH3)2(41). The originally pro-
posed structure (PH4)+(H3BPH2BH3)—, was suggested by comparison with

the reaction of B, H, with ammonia (42). A more detailed study, employing

276
1H and 11B nmr, IR and Raman spectroscopy has shown unequivocally that

the product is H BPH3(43,44).

3

A similar adduct has been prepared by reacting phosphine with boron
trifluoride. However, in this case not only is a 1:1 adduct, F3BPH3
produced, but also a 1:2 adduct is formed{ (F3B)2PH3(45). Other 1:1
adducts have been prepared from the reaction of PH3 with A1X3(X=Cl,Br,I)

(46) .

Other phosphines react similarly with diborane. Such phosphines as

PF3,(CH PH,(CH3)3P, and aryl phosphines produce adducts whose structures

3)2
correspond to that determined for the PH3 adduct (3,47).

Transition metal phosphine complexes were first prepared by the reaction

of PH, with TiX4(X = Cl, Br) (48), and the reaction of PH, and CuX,

3

(X=C1,_I)(49) at low temperatures. The compounds provéd to be 1:1

3

adducts (TiCl PH3,Cu01PH3) and unstable even at low temperatures.

4
The first stable transition metal complex produced by a reaction with
phosphine was that formed in its reaction with V(CO)6 (50). This
produced a species in which the phosphine acts as a bridging ligand,
there being no evidence for bridging carbonyls.

ie. [(CO)AV(PHZ)ZV(CO)A ]

19,



Many complexes have now been prepared containing PH3 itself as a
ligand, involving several of the transition elements (39,51,52,53,54,
55). Considerable work has been carried out, however, on the Group VI

metal carbonyl systems, since these have proved particularly amenable

to the-preparation of phosphine complexes (34,29,56).

Similarly a vast number of transition metal complexes of phosphine deriva-
tives, primary, secondary and especially tertiary phosphines has been
prepared. The use of tertiary phosphines in transition metal complexes
has provided one of the most fertile areas of organometallic chemistry;
such systems as the platinum metals being of particular interest. The

area has been extensively reviewed (56,57).

Two general methods of preparation have been employed for Group VI
metal carbonyl phosphine complexes: displacement of a coordinated
olefin, or photolytic displacement of carbon monoxide by means of UV

irradiation (58,51,52).

In the first, three standard compounds have been regularly employed as

precursers for phosphine complexes. These are C7H8M(CO)3, C7H8M(CO)4,

and CH3CSH5N(M(CO)5X) X =¢,Br,I. M = Cr,Mo,W.

The first two produce only the bis and tris phosphine complexes, but

the halopentacarbonyl metallate, while producing a prepbnderance of
the M(CO)SL species, may undergo further substitution to give M(C0)4L2

species in appreciable amounts.

The use of a Lewis acid to improve the specificity of this reaction,
and improve the yield of M(CO)SL has recently been described (59). By

adding a small amount of a Lewis acid, such as AlCl AgNO, of AgBF

3 4

the reaction time was reduced to a few seconds (from up to 1 hour) and

39

the yield of the pentacarbonyl species was increased to 807 from around

40-507 .

20,



UV photolysis of M(CO)6 in the present of the phosphine does produce
easy substitution. However, the product thus prepared is a mixture

of all substitution species, ie.'M(CO)nL6_n n=20,1,2,3,4,5 (58).

This is the most effective method of preparing the completely substituted
species, which is, however, normally only stable in the case of certain

fluorophosphines, in particular PF3 (60) .

While the existence of PHZ_ has been known for several years, the

extension of deprotonation to complexes, both these of transition
metals and boron, was not attempted till 1967 when the first such,

derived from H,PBH, was reported (40).

This. species identified as (NH4)+(H2P(BH ) was prepared by the

3>2

reaction of NH3 with HBPBHB' The formulation was suggested by

analogy with an early structure of the boron adduct of phosphine as:

(PH4)+(H2P(BH3)2). This structure later proved to be false.

The reaction was carried out under carefully controlled conditions,
by first preparing the borane-phosphine adduct; then an excess of

NH3 wasbadded, and allowed to react at 195°K for two hours, and

228°K for 22 hours. Careful control of the temperature of the product
made it possible to remove the phosphine produced, and the excess

ammonia, without decomposition (indicated by evolution of hydrogen).

The product was a white solid

H\ /.BH3
P.
/N

H BH3

2H,_P.BH PH

+
3 3(s) + NH3(g) + (N#a)

3(g)
The product was identified by both spectroscopic and chemical means.
It proved possible to prepare the dimethylamé?ﬁnsalt by simple
reaction of dimethylamine with the ammonium salt. This in turn could
be used to prepare the sodium salt, which proved to be impossible to

prepare by the reaction of NaPH2 with B2H6 possibly because of

21,



solubility problems.

The sodium salt was also prepared by the reaction of sodium metal in

ammonia with the ammonium salt.

77 to 2987k
[NHé][HZP(BH3)2] + (CH3)2NH _ -[(CH3)2NH2][H2P(BH2)2] +NH3

formamide
.[(CH3)2NH2][ HZP(BHZ)Z] + NaNH, ———"—s NH3+(CH3)2NH+N3[H2P(BH3)2]
NH3
1
[NHA][HZP(BH3)2] + Na mNa[ﬂzp(BH3)2] + NHy + }H,

Both the ammonium and sodium salts were examined by both nmr and infra-
. 1 11 31 ..
red spectroscopy. In particular the "H, B and ""P spectra indicated
conclusively that the structure of the anion was indeed:
H\\ /’ﬁHB
P

H/ \BHB

This was also found to be consistent with the infra-red spectrum, which

was also studied for the K[HZP(BD3)é]and K[hZP(BHB)%] species.

An alternative preparative method was described (102), using the
reaction of the phosphine borane adduct with sodium borohydride

H.PBH +BH'—-——>[H

37773 4

3BPHZBH3] + H2

Both this reaction, and the reaction of phosphine borane were postulated

to go via an intermediate [HZPBHJ'-.

This intermediate was isolated by the reaction of H3PBH3 with n-butyl
lithium in diethyl ether, the reaction taking place quéntitatively at

£
253K (61).
H3PBH3 + n—C4H9L1-————+ [HzPBH3]L1 + n-CAHIO

The product was a white crystalline solid, soluble in diethyl ether,
dimethoxyethane, and acetonitrile, and is extremely reactive toward

moisture.
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It was characterised by elemental analysis, and by 1H nmr, infra-red
and Raman spectroscopy, the evidence thus collected confirmed the

molecular structure of the species as Li+[H2PBHé]—.

The reaction of this species with diborane yields the expected
[HZP(BHZ)Z]_LJ'.+ species, further confirmation of the identity of the

lithium salt.

Although the metallation of primary and sedondary phosphines was well
known, it was not until 1969 that the first report of the deprotonation
of such a phosphine, coordinated to a transition metal, appeared(62).
It might have been expected that because of their stability, they would
have proved a fruitful field of enquiry, especially as routes for the

preparation of novel phosphine complexes.

The first reported species was prepared by the reaction of n-butyl

lithium, in tetrahydrofuran, with (06 PHM(CO)5 where M = Cr,Mo (62).

Fs)y
The product for both metals was [(C6F5)2PM(CO)é]Li.

The low yields led to the conclusion that such systems were of little

value in synthesis.

They were, however, employed in the production of a 157 yield of a new
" phosphine complex:
L1[(C6H5)2PCI(CO)5]+ (CEFy) ,PCL —— (C,F) ,P=Cr(CO)
(CeF5) P
However, this complex, and its molybdenum analogue could be prepared

be other routes.

Though not regarded as a valid synthetic route, the system does present
possibilities as a synthetic intermediate, and these have been followed

up by later workers, using basically similar methods.
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In particular Treichel et al hagé carried out work on phosphine

complexes of both iron and manga%ese_(63,64,65).

Deprotonation with n-butyl lithium has been used to prepare a species

containing a hydrogen bridge between two iron atoms (65).

ie. Fe(CO)4PR H + n-But.Li Li PRzFe(CO)4]+ ButH

lFeZ(CO)9
[(CO)AFePRzFe(CO)4]Li

+
l—ZCO + H

; Fe, (CO)6 (PR,)H

2

This final product was shown to have the structure:

P PR, may be a wide range
EbFe////, \\\\ - of secondary phosphines

Further work using n-butyl lithium has been carried out by the same
workers, on several secondary phosphine metal carbonyl complexes
(63,64), viz

CHyCsH Mn(COY,L, Cr(CO) L, W(CO).L ,

Mo(C0),L,,Fe(CO),L, L = P(C.H,),H and Fe(C0) P (C(H,) (CHy)H

The resulting lithium salts were examined by infra-red spectroscopy,
and reacted with methyl iodide, a clean reaction giving the appropriate

methyl phosphine metal complexes in good yield.

[M(CO)S[P(CE)HS)%] i _CH3l) M(CO)S[P(C6H5)2CH3]

M = Cr yield 677

Mo " 52%
W " 677
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[Mo(CO)A(P(C6H5)2)2J Li, CH3T Mo(CO)4[P(C6H5)2CH3]2 85%

[Fe(CO)A(P(C6H5)R)] Li CH T Fe(CO)a[P(C6H5)RCH3J

R = C6H5 557 yield

"
CH3 407

Further work has been carried out on these and related systems,
including the use of NaOMe as an alternative deprotonating agent (64),

indicating some of the possibilities of such reaction systems.

The synthetic aspects of this work have been emphasised in a recent
paper reporting the use of the lithium salt of bis dimethyl phosphine
molybdenum tetracarbonyl in the preparation of novel chelated

complexes (66).

n—but Li .
[(CH3)2PH]2M0(CO)4 —_— L12 [(CHB)ZP]ZMO(CO)4
i (CH3)2
L12 FCH3)2P]2MO(CO)4} —_— 2 L1X + c1s (CO) Mo\\\\ (CH )n
X- [CH ] -X
2]n
n=2-6 (CHy),
n=2, X=2¢C1 n = 3-6, X = Br
and also
(CH:,,)2
CH,4ECL, /P\Ii}-CH3
clis M°(C°)4_[(CH3)2P‘. Aty e COM k- cH,
E = P,As (CH3)2

This method may, therefore, be used synthetically with great success

to prepare unusual systems.

However, despite the amount of work carried out using n-butyl lithium,
it has been confined to pri{ mary and secondary phosphines only. It
might be expected, by analogy with the amount of synthetic work

reported using alkali metallates of phosphine itself, that the transition
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metal of complexes of phosphine would have undergone more study than

is in fact the case. There are two reports of work on deprotonation

of phosphine complexes. The work with Group VI transition metals

offers perhaps the most scope for further development. In particular

the complexes with molybdenum carbonyls (34,67,68) have been successfully

investigated.

Several variants of the alkali metal/liquid ammonia/phosphine system

have been studied.

The complexes used as starting materials were the biphosphine complexes
(PZHAMO(CO)A)X and [(P2H4)3M0(C0)3]X and the phosphine complexes

(PH3).nMo(C0)6_n

(n 1,2).

With potassium in liquid aﬁmonia, the complexes containing biphosphine
reacted cleanly, discharging the blue colouration, and leaving yellow-
brown‘solids, whose molecular formula was'éuggested to be (KPHZ)nMO(CO)6—n
This is concordgnt with the normal behaviour of biphosphine complexes in
liquid ammonia, in which they decompose to give the corresponding

phosphine complexes (PH3)nMd(CO)6—n (n = 2,3), among other products (34).
’

No non-condensible gas was observed in the majority of these reactions,
presumably because the P-P bond is cleaved by the alkali metal in

preference to an attack on a P-H bond.

By an extrapolation of this behaviour, the reaction of solutions of
alkali metals in ammonia with the complexes (PH3)nMo(CO)6_n (n¥1,2)
would lead to the same products as the reaction with the biphosphine
derivatives, in this case by employing attack on the P-H bonds, similar
to that in the preparation of KPH2 ffom such a potassium solution and

phosphine.

A stoichiometric amount of hydrogen would be expected to be evolved

in the reaction. However, this was not found, for although the colour
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of the solution was discharged, and a yellow solid produced, the
evolution of hydrogen for both n=1, and n=2 was far from quantitative.

It was suggested that the alkali metal was attacking both the PH3 and

CO groupings.

Since the protons in (PH3)nMo(C0)6_n (n=1,2) were known to exchange

rapidly in liquid ammonia (34), the reaction with KPH, in dimethyl

2

ether, in which KPH, behaves as a weak base, might produce successful

2

deprotonation. The reaction gave a stoichiometric evolution of PH3

and a yellow air—semsitive-solid.
The salt produced by this method has been characterised by infra-red

and 1H nmr spectroscopy and elemental analysis. - It has been formulated

.as KPHZMO(CO)5

PH3Mo(CO)5 + PH, —3 [‘PHZMO(CO)S] + PH

2 3
1 _ _ ) ,
JHP = 160.5H2 GHP = 0.36 ppm in (CH3)20
PH3M0(CO)5‘ + [PHZMO(CO)S] — [(CO)SMO.PHZMO(CO)S] +PH,
Yy s 249.3m,
HP 2M2

HP = 1.31 ppm in d6 acetone

An attempt at direct substitution by KPH2 by replacement of coordinated

norbornadiene was carried out but no reaction took place.

Several synthetic reactions of the species KPH Mo(CO)5 have been

2

described, involving CH3I/C1, (CH3)3SiC1 and CH,COC1l (34).

3
It was found that these reactions gave the expected substituted
phosphines when reacted with the anion in the absence of solvent or

in (CH However, no identifiable product could be isolated from

3)20.

the oils produced when such reactions were carried out in highly

polar solvents.

The yield in the case of CH PHZMo(CO)5 was 50%, the product being

3
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characterised spectroscopically by comparison with authentic samples

produced by other means.

In the case of both (CH3)3SiC1, and CH3COC1 the products identified
were of the form:

RnPH3_nMo(C0)5 (R=(CH3)331 or CH3CO)
The major product was reported to be RPH3M0(C0)5

The promising behaviour of these species has led to preliminary work
on other phosphines under similar conditions. Monomethyl phosphine
molybdenum pentacarbonyl has been reported to behave in an identical

fashion to PH3Mo(CO)5 when reacted with KPH2(67).

CH3PH2M0(CO)5 + PH2 —-—+[CH

3 3

PHMo(CO)S] "+ PH
It also gives a similar bridged anion to that reported for the reaction
of PH3MO(CO)5’(34) when excess CH3PH2M0(CO)5 is employed. Similarly

(PH Mo(CO)4 is deprotonated with KPH..

3)2 2
The pentacarbonyl molyb.de.num complexes of the nowel cyciic phosphine,

phosphirane (CHZ)ZPH have been studied in a like manner. The results

reported are described elsewhere.

With the advent of Fourier Transform 31P nmr it has become possible to
examine such complex systems more closely, and to obtain much more

satisfactory results in their spectroscopic analysis.

The systems themselves offer a promising area of investigation. Apart
from the exact nature of such anionic systems and their general
applicability to phosphine complexes there is a wide range of synthetic
possibilities including not only new routes to already synthesised
compounds, but also routes to compounds otherwise unobtainable, and

their spectroscopic study.
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The use of 31P nmr on the phosphine complexes of tungsten enables
the study of the trends of 1JPW’ and the amassing of information

not formerly obtainable, or obtainable with great difficulty.

For these reasons, the studies of both transition metal complexes
of phosphines, and their anions, both as to nature and reactions
have been carried out, together with a study of phosphirane and its

properties.
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RESULTS AND DISCUSSION




CHAPTER 4
PHOSPHIRANE

THE NMR SPECTRUM

Since the previous attempt to analyse the 1H nmr spectrum of phosphirane
" took place (29), improvemenfs have taken place in both computer technology

and nmr spectroscopy. Thus a better fit might be expected.

Using high resolution 1H spectra obtained at 60, 100, and 270 MHz,
together with accurate phosphorus data obtained, where possible, from
the high resoluﬁion 31P specﬁruﬁ,‘an attempt was made to analyse the
"spectrum completely. Thé analysis was carried out using computer
simulation of thé spectrum,‘based on-the predetermined coupling constants
and chemical shifts'(29)? and by itergtive correlation between the

observed and calculated spectra.

The programs emﬁio§ed were LAMSOB, a modification of LAOCOON, devisedA

| by R.K.Harris, and NIMROD/NIMBLE, devised by_D.W.H.Rankin. LAMSOB
operates by a theoretical spectrum derived from a spin Hamiltonian cai—
culated from a description of the spin system and approximate chemical
shifts and coupling constants. Thié initial spectfum is then combared
"line by line with the observed spectrum in an iterative mode. When no
further reduction in the standardvdeviatipn is possible the calculatién

is terminated.

An acceptable standard deviation (weighted rms) would be of. the order
-'of 0.2 for such a calculation. NIMROD operates in a similar fashion,
but produces data in a form in which it may be directly inserted into

NIMBLE. This last produces a graph plot of the calculated spectrum.

-

Calculations were carried out for all three sets of proton spectra, and
the resulting plots, together with the observed spectra are shown in

the figures.I-Iz
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Computer simulation of the 1I-I nmr spectrum of
phosphirane at 100 MHz
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H nmr spectrum of phosphirane
recorded at 270 MHz
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H spectrum of phosphiran
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Computer simulation of the 1H nmr spectrum
of phosphirane at 270 MHz - the high frequency region.
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E

Computer simulation of the 1H nmr spectrum of phosphirane
at 270 MHz - the low frequency section.
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The best fit resulting from the computation had a standard deviation of
0.35, which is considerably larger than the figure mentioned above.
There is, however, sufficient similarity between the observed and
calculated spectra to suggest that the parameters tabulated below are

close to the true data. See figure 4:1.

It should be possible to continue work to reduce this error further and
to approach a final solution. This would require detailed study of the
spectra at differing field strength, and possibly an improvement in the
computer progfams.

CALCULATED NMR PARAMETERS OE;PHOSPHIRANES

(a) Chemical Shifts

‘SHp - 0.42 ppm | 8P - 309.8 ppm determined
dHA 1.21 by direct observation of the 1H hoise
6HB - 0.67 decoupled spectrum

(b) Coupling Constants

1JCX 157.84 H_ 3JAA 11.60 Hz
3y 16.23 G 912
?'JAX ~2.12 ZJAB s 07
3., 845 G,y 7449
Gy 840

The most noticeable feature of the nmr shifts are the positions of both
1H and 31P nmr signals. There is a shift to low frequency, in comparison
with non-ring phosphines, most clearly observable in the 31P nmr spectrum.

This is particularly noticeable on comparing the shifts with those of the

methyl phosphines.

(CH3)2PH (104) CH_PH, (104) (CH2)2PH

32
SP =37.06 ppm -163.3 ppm -309.8 ppm
GHP 1.58 ppm 1.87 ppm ~0.42 ppm
GHCH 0.63 ppm 0.58 ppm 1.21 and 0.67 ppm
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‘Since this shift is most marked in the case of the phosphorus, and the
protén bound to the phosphofus, the desﬁielding effect may be due to
the strain imposed.at the phosphoru;. This strain would be brought
"about by the acute aﬁgle forming the apex of the ﬁeavy atom triangle.

31P chemical shift differs from that originally

It is noticeable that the
published (13); =341 ppm. The above value of -309.8 ppm correlates more -
closely with the measured values of substituted phosphiranes (2) compared

with other three-coordinated phosphine compounds.

THE ELECTRONIC STRUCTiJRE OF PHOSéHIRANE

The HeI UV photoelectron specfrum was run and calibrated usipg a known
argon line. This spectrum provides é means of ébserving directly certain
“of those energy levels whose energies were}detefmi;ed theoretically using

abinit@@lLCAO—MO—SCF methods (27).

The spectrum is shown in the figure X while the observed and calculated
“values for the energy levels, tbgether with their assigned symmetries are

shown in the table.

OBSERVED ENERGY (eV) _ CALCULATED ENERGY (eV)
11a’ * -10.0 + 0.3 eV . - -9.7
5a” -10:3 I -9.7
10a” , -11.8 - o -12.0
4a" C-13.2 - -13.7
9a’ -14.7 ' ' -15.4
8a’ -16.0 ‘ -17.3
74’ - (-18.3) - -20.7

*When given with greater accuracy the calculated value for the 5a
orbital of phosphirane is found to be higher in energy than the 1lla
© orbital.

The agreement is fairly close, the errors increasing gradually with

increasing ionization energy. The investigation of levels with a

higher ionization energy than 2leV, must however, rely on other methods,
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such as He II UV excitation.

THE CHEMISTRY OF PHOSPHIRANE

The éhemistry of phosphirane is shaped by the tendancy for ring opening

to take place, yielding polymers and both phosphine and ethylene. AThis
indicates that it is possible to break both P-C bonds, either simultane-
ously, via a concerte& mechanism, or, as the presence of varying amounts
of ethyl phosphine would suggest, with one bond breaking before the other,
‘the final stage possibly being accomplished during protonation of the

phosphorus atom.

The reaction with both iodine and sulphur produced essentially similar
results, under similar conditions. Both reactions yielded amounts of

PH3 and ethylene, ;ogether with polymeric material, which in the case of
iodine may have incorporated either iodine crystals, or iodine as part of
the bolymeric chain. ThisAwas evidenced by the brown colour of the
polymeric material, as compared with the ciear glassy polymer produced
by the reaction with sulphur. In both cases no trace of unreacted
phosphirane remained, or could be found by detailed examination of the

products.

It is obvious that in both these reactions the extra protons necessary

for the formation of phosphine must come from the polymerisation process.
This suggests an extremely complex structure for the polymers produced,

and also a complex mechanism to allow for thevdeprotonation. The
mechaniém for polymer pfoduction does not require any further reagent

to induce polymerisation, as it has been observed that phosphirane alone

is unstable as a liquid, tending to decompose to produce a polymeric
species with a mixture of ethyl phosphine from the products of the reaction
~ with iodine and sulphur syggesting some ‘differences exist in the protonation

mechanisms for the phosphorus in the absence of a further reagent.
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A similar reaction takes place with oxygen, though in thié case the
more rapid reaction produces polymer only, with no detectable amounts
of ethylene, alkyl phosphines, or phosphine. Some slight effervescence
is noticeable during the course of this reaction. The physical nature
of the polymer depends on the duration of reaction, varying from a

viscous liquid to a gelatinous solid.

Erom infra-red and mass spectra and 1H nmr spectroscopy studies of an
intermediate sample of polymeric material, it became clear that the
polymer was not a single species, but rather a mixture with varying

chain lengths.

The 1H nmr showed only broad unresolved humps in the region of 26;

this kind of spectrum might well be given by a phosphirane polymer.

The mass spectrum, run at a range of temperatures from 2985k to 383?k
gave distinct evidence of.a mixed species, since at lower temperatures
a fraction of moiecular weight of around 200-300 amu was observed. On
‘increasing the temperature high molecular weight fractions appeared, up

to and over 1000 amu.

'The infra-red spectrum, while difficult to obtain, yielded some
information as to the structure of the polymer. Several discrete bands
were observed, identifiable as yCH, yPH and YOH. It is impossible to be
sure that a single mechanism of polymerisation holds, but the observation
of a band due to VPH in the infra-red spectrum of the polymer is
consistent with a polymerisation process that does not involve the PH

I, or S.

bond. The PH bond might of course be oxidised by 02, 9

It would be desirable to obtain a controlled polymerisation yielding one
produce of desired molecular weight range. However, a fuller knowledge

of the nature of the polymeric products would be needed first.

A recent paper‘on the ion chemistry of phosphirane (69), making use of
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ion cyclotron resonance spectrometry, reports studies of ion molecule
reaction, which tend.to lead to complex cycfic and linear polymeric
species of molecular weight up to 126. The suggested mechanism of many
of the ion molecular reactions includes the elimination of ethylene,
which corresponds with the normal decoﬁposition route, which also leads
to polymers. If the proposed structures of some of the secondary,
tertiary and quaternary products of these reactions are correct, then
assuming that the reactions follow similar routes in the non-ionised
cases, then the nature of the polymers-could be much more complex than
might be imagined on the basis of simple ring opening and protonation.
The reaction schemes proposed include the formation of P-P bonds, giving
rise to both linear species, and four membered rings, all of which suggests
a high degree of complexity. -It is of interest to note that in many of

these reactions the PH bond is noted as being retained.

THE ATTEMPTED PREPARATION OF ARSIRANE

Arsine forms salts analogous to KPH2 with alkali metals in 1iqgid
;ammonia. .Therefore the same reaction with 1,2 dichloroethane as produces
phosphirane might be expected to produce arsirane when KAsH2 is used.
Arsirane is not likely to be particularly stable, being even more prone
to decomposition than phosphirane, the stability of these 3 membered
heterocycles decreasing down a periodic group. An approximation of the
molecular dimensions indicates that the C-As-C angle wogld be a little
more acute, than the C-P-C angle in phosphirane. This plus the increase
in CX distance would make the molecules prone to decomposition via ring

opening reactions (See table).

AZTIRIDINE (18) PHOSPHIRANE (20) ARSIRANE

Q o o

c-C 1.54A 1.502A 1.502A
c-X 1.47 1.867 . 1.95
<CXC 60.25° 47 .44° 45°
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The preparation of arsirane was attempted under the same reaction
conditions as those for phosphirane, namely reacting KAsH2 with
1,2 dichloroethane at 195K in liquid ammonia.

2KASH2 + CICHZCHZCI - HAS(CH2)+2KC1*ASH3

The reaction took place rapidly and in two stages; firstly producing
a white solid with effervescence; and secondly further effervescence with

precipitation of orange-red and black solids.

The sole gaseous products of this reaction were arsine and ethylene. It

is significant to note that the major decomposition products of phosphirane
are phosphine, ethylene, traces of ethyl and other alkyl phosphines
together with polymeric solids. By analogy thgrefore although no trace

of etﬁyl arsine was found, it may be assumed that the reaétion went

through an intermediate step corrésponding to arsirane, before decomposing
via essentially the same route as that taken by phosphirane, and giving

comparable products.

Apart from the effect due to increasing the ring strain, the compound
itself may be moré susceptible to attack by bases than is phosphirane.
This would accelerate the decomposition. Phosphirane itself tends to be
unstable at extremes of pH, though it isvmuch more easily decomposed'by

acids, the effect of bases being most marked on coordinated phosphirane.

THE COORDINATION CHEMISTRY OF PHOSPHIRANE

One of the few areas in which phosphirane may be reacted without inducing
decomposition or polymerisation is coordination, either with a transition
metal or boron. This contrasts with the attempted increase in coordination

number at phosphorus by protonation mentioned earlier.

The reaction between phosphirane and molybdenum compounds may be carried
out with relative ease (29). Similarly the reaction between diborane and
phosphirane, does give a P—B aduct when carried out at low temperature.

The reaction was carried out under varying conditions and was shown to
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The 'H nmr spectrum of H,B.PH(CHy), at 203°K
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at 278°K.

1
EE\ The "H nmr spectrum of H3B.PH(CH2)2
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P nmr spectrum of H3B.PH(CH2)2; 1y decoupled,

showing ‘lJPB
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3B.PH(CH2)2

P nmr spectrum, non-decoupled, of H
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have a ratio of phqsphirane to dibqrane qf 2:1. This indicates the

formation of an adduct of formula (CH2)2HP.BH3. Further evidence for

this formulation is given by the almost complete dissociation at room

temperature of the adduct, to give B2H6 and phosphirane, with little

or no decomposition.,

The resulting product was examined by nmr and infra-red spectroscopy, in

both cases the sample being prepared in situ; either in the nmr tube

or on an infra-red sample plate chilled and positioned in an evacuable
31

cell., Both 1H and ""P nmr gave excellent evidence for the existence of

the adduct. The spectra are reproduced in the figures X|—XY

The 2H decoupled 319 spectrum at 223Ck showed a broad line, as would be
expected in a boron adduct (70), as a result of both coupling and in
particular quadrupolar broadening. Fine splitting is, however,
discernable, giving a quartet structure, which indicates the presence

of only one boron atom. The hon—decoupledAspectrum showed a doublet,
indicating an R2P—H species, again fitting the expected product, but no
further splitting was resolved. It was noticeable that no further
phosphorus-containing products were observed, indicating a near 100% yield

of the adduct.

The M nmr also showed much broadening, but the pattern was identifiable
as that of a phosphirane-borane adduct, with much of the fine structure
of the ring and phosphorus proton signals resolved. This was closely

similar to the pattern observed for (CH2)2PHM0(CO)5.

NMR PARAMETERS OF (CH,) ,HEBH,,

1

sp ~-192 ppm JPH 387.5 Hz
1

GHr 1.4, 1.2 . JPB 25-30

§ 2.4 2 5.5

" Jupch

GHB not observable
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No other coupling constants.were.observed.

The magnitude of 1JPH‘and 4P clearly indicate the presence of four-—
coordinate phosphorus, since 1JPH i3 extremely sensitive to coordination
increases. The value of IJPH_is in gothagreement with what is expected
for such a system. It is comparable to the value measured for

H3P.BH3 of 372 Hz (71). The value of 1JBP is also in close agreement
with that observed for H3P.BH3(27 Hz). This latter parameter is
extremely sensitive to the groups bound to the phosphorus, varying from
27 Hz in H.P.BH, to 63 Hz in (CH3)3P.BH

3 3
(71, 70, 72).

3 and 100 Hz in (CH3O)3P.BH

3
It has been suggested that the size of this coupling reflects
differences in the P——B bonding, and also of the nominal charge
possessed by the phosphorus (72, 73, 74). If this view is accepted,
the bonding in the phosphirane adduct would seem to be very similar
to that of H3P.BH3. This must be explained by the effect on the
basicity of the phosphorus atom in phosphirane of the constraints
‘introduced by the formation of the ring. The ring too has a distinct
effect on the 31P chemical shifts of all phosphirane compounds, as
noted earlier. In the case of complexed phosphirénes the signal
moves to a higher frequency. 1In the case of the borane adduct the
chemical shift is comparable in magnitude and direction with that of

the molybdenum pentacarbonyl complex (6P = -233 ppm), differences

reflecting the nature of the P-X bond. (X = Mo,B).

The infra-red spectrum of the adduct was recorded by allowing the

reaction to take place on a caesium iodide plate suspended in an

evacuated cell. The reagents were condensed directly on to the plate
/

g .
at 77°K, and the plate was allowed to warm and the reaction to occur.

The spectrum of each reagent was recorded separately, and as a frozen
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mixture. The final spectrum differed from that of the two components.

The spectra are shown:in the table.

I zi; & ) .
The spectrum was recorded between 213K and 268-K without any major
changes being observed. At higher temperatures evidence of dissociation
was apparent. As before dissociation yielded a gaseous mixture of

B2H6 and HP (CH a recovery for phosphirane of around 657 was found

272}

on purification.

IR SPECTRUM OF H3B.PH(CH2)2 at 776%
ADDUCT B2H6 (CH2)2PH
2950 m 2560 m .3030 m
2920 w 2590 m 2970 s
2860 w 2290 s 2940 s
2365 s(br) 2260 s 2900 m
2240 m 1870 m 2848 m
1995-1930 m br 1835 m 2800 w
1450 m 1820 m 2245 vs
1410 m br 1580 m 1480 m
131o w 1160 m 1960 s
1280 m- 965 m 1905 m
1233 m 655 vs 1735 w
1130 s 650 vs 1580 w
1065 s 375 m 11500 w
1050 s 1475 m
1030 s " 1445 s
975 s 1425 s
900 s br 1400 vs
750 mbr 1370 s
700 s 1330 w
665 m 1310 s
645 w 1280 s
550 m br 1265 vs
500 w 1233 s
410 w , 1180 s
1080 s
1000 vvs
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960 vs
940 s
910 vs
890 s
880 vs
840 s
795 vs
580 vs
500 s
410 vs

Both the infra-red and nmr spectra clearly indicate the formation of
a phosphirane complex with borane, a complex which may be formulated

as H3B.PH(CH

dissociates cleanly at around 273“K. Note in particular the absence

of bridging v(BH) at around 1800 cm—l.

2)2, and which is stable at low temperatures but

This is simi}ar to the behaviour of H3P.BH3 which is stable at room
temperature only under pressure, liquifying at 306ﬁk and stable up to
3i3éi. When not under pressure, it dissociates into the parent hydrides
as does the phosphirane adduct (41). This similarity in behaviour

tends to support the conclusions concerning the P—B bond drawn from

. 1
the magnitude of JPB'

An attempt to prepare the comparable adduct with BF3 produced only
ol ..
decomposition. Even at temperatures of 153°K complete decomposition

was observed, with phosphine, ethylene and a small amount of ethyl

phosphine being detected.

-The 31P nmr evidence indicated that rapid destruction of the ring

took place even at low temperatures in solution. At room temperature
the products consisted of phosphine, and a broad hump showing several
peaks between -84.9 ppm and -85.4 ppm. These chemical shifts fit those
expected for adducts of ring opened mono-alkyl phosphines. These were,

however, not identifiable.
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THE REACTION OF PHOSPHIRANE WITH TRANSI'I.‘ION METAL COMPOUNDS

The reaction of phosphirane, nominally a.secondary phosphine, with
transition metal complexes'havé been little explored. The complexes
with molybdenum have been examined, and tﬁe mono, bis and tris

phosphirane complexes: of molybdenum carbonyls obtained (29).

Due to the sensitivity of phosphirane to acidity it is not possible to
use a Lewis Acid to accelerate the reaction of the pentacarbonyl
halometallate ion with phosphirane, as decomposition occurs. The
reaction yields not HP(CH2)2 W(CO)S, but only PH3 W(CO)5 Plus ethylene,

together with various unidentified products.

It has been suggested that the initial step in the substitution reaction
of a pentacarbonyl halometallate ion with a phosphine, involving a Lewis
Acid, or alternatively that the initial reaction with the Lewis Acid forms
an intermediate [(CO)SMé] as a transient species in a fast reaction.

This species is then captured by the ligand L to give L Mo(CO)S.(59,75).

It might, therefore, be expected that such changes in the nature of the
Lewis Acid, as are postulated in both of these reaction schemes, would
enable substitution by phosphirane to take place successfully. This is
however not the case, and ring opening occurs. This would argue in favour
of the mechanism involving an adduct rather than a scheme in which the

acid is destroyed initially. Such an adduct might well behave sufficiently

like the uncoordinated Lewis Acid to decompose phosphirane.

The monophosphirane molybdenum pentacarbonyl, and cis bis phosphirane
molybdenum tetracarbonyl species have been partly characterised (29).
In both cases the 1H nmr spectrum is extremely complex but the (CHZ)ZPH

Mp(CO)5 spectrum has been reasonably well reproduced.

In addition to the previous work on these complexes, the high resolution
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The 1H nmr spectrum of (CH2)2PHMo(CO)5
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Computer simulation of the 1H nmr spectrum of

(CHZ)ZPH Mo(CO)5 at 100 MHz (Figures refer to Hz from benzene)
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The P nmr spectrum of (CHZ)ZPHMO(CO)5
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1 .
E—i\ The "H nmr spectrum of ¢is [(CHZ)ZPH] zMo(CO)4
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The "P nmr spectrum, non-decoupled, of [(CHZ)ZPH] 2Mo(CO)4 Spectral width 1000Hz.
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31P nmr spectra have been obtained ~ see figuresXVI-XX Both are complex

and only &P and lJPH could he accurately determined.

. HP(CHZ)ZMO(CO)5 [ HP(CHZ)Z] Mo(CO)4
2
éP -233.6 ppm =229.4 ppm
1 331.9 H 328.1 H
PH . z - z -
1t1 1 2 ' 2 1] .
In addition, approximate values for JPH and JPH were determined

for HP(CH2)2M$(CO)5’ these being 7.5 Hz and 1.2 Hz respectively.

It is instructive to compare the values of §P and 1JPH obtained for
these complexes with those obtained for the borane adduct of phosphirane.
The magnitudes of both parameters have changed similarly in both cases,

but thdse of the borane adduct have a greater magnitude of change.

(CHZ)ZHP.BH3 (CHZ)ZHP.MO(CO)5 [(CHz)ZHPJZMo(CO)4
A(SP)  +117.8 +76.2 .  +80.4
A(lJPH) +229.7 +174.1 +170.3.
A(SP) = &P (coord.ligand) - §p (free ligand)
1. 1 o 1 .
A JPH = JPH (coord.ligand) JPH (free ligand)

These changes must reflect the differing nature of the P—3X bond due
to the differing acceptor propertieé due to d-d back bonding in
transition metal complexes and such effects have been observed in other

phosphine complexes (72,73,74).

No attempt has been made to analyse the 1H nmr spectrum of the Eii bis
[{HP(CHZ)Z]2 Mp(CO)4 complex, but a computer analysis of the spectrum
of HP(CHZ)ZMo(CO)5 has been attempted, using both the LAMSOB program
and NIMROD/NIMBLE. These have already been discussed in relation to

the attempted analysis of the spectrum of phosphirane.

In the analysis it proved impossible to obtain a weighted standard

deviation of less than 0.7. The computer plot and the experimental
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spectrum are compared in the figures. The fit is fairly close, but there
are some obvious deviations which require.further refinements. The
parameters obtained are shown in the table below.’

COMPUTED NMR PARAMETERS FOR HP(CH2)2M0(CO)5

SHp  1.49 ppm 1y 330.2 Hz 3 9.9
PH H.H
2 A'B
SH 1.61 J.. - 8.8 ‘
A PH 2
) A JH, B . 7.0
SH,  0.98 JPHB 2.2 |
3 HHy =5.6
&P -237 Iy 69 |
HpH,
2
3 5.9 J 10.4
JHAH . HH,

The major problem in attempting to analyse this spectrum lies in the
number of overlapping lines, leading to uncertainty in assignment, and
hence in solution. Greater success might be expected using a machine

operating at higher frequency, eg. at 220 or 270 MHz.

REACTION WITH trans (PEt PtHC1

3)2
The reaction of secondary phosphines with trans (PEt3)2PtHC1 has recently
- been studied and has produced some interesting exchanging systems (76).

In polar solvents a rapid exchange involving displacement of chlorine

takes place, and cationic complexes; [Pt(PEt3)2H%]+cl*; are formed.

The reaction between phosphirane and trans (PEt)thHCI'was carried out
in an nmr tube in a mixture of CHCl3 and CDZCL2 at low temperature
while under observation by 31P nmr. The spectra obtained are illustrated

in the figures All spectra are proton noise decoupled. FIQURES A=F

2. . .
At 195/K there are two peaks in the region assignable to PEt3, each
with 195Pt satellites. A broad peak in the low frequency region of the

spectrum, with a chemical shift comparable to coordinated phosphirane,
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3, 195, coupling, was also observed. One of the

but displaying no
. . . 195 31 . . ' . .
specles displaying Pt=""P coupling in the higher frequency region
also displayed a narrow doublet, presumably due to P-P coupling,
suggesting the presence of a third phosphorus coordinated to the

platinum. This can only he a phosphirane molecule, and correlates

with the broad peak at low frequency.

On raising the temperature to ZIng, the most obvious change is the
shift of the low frequency peak to lower frequency, possibly a sign of
a change in the equilibrium constant. A change in exchange rate is
suggested by the collapse of the JPP mentioned above. Still further
warming to 230ék, and then 249$k continue tHisAchange in the rate of
exchadée, and also show the merging of the two sets of signals at high
frequency, firstly to give a single triplet of broad lines, and later

a sharp 1:4:1 triplet.

»
At 290"K the broad peak has continued its shift to low frequency, but

the high frequency region now displays an assymetric triplet of partially
broadened lines, éuggesting the presence of a more complex exchange

involving the triethyl phosphines.

That the exchanges were almost completely reversible was illustrated by
cooling the system to 195@k once more and observing that the spectrum
was almost identical to that “initially observed, though a trace of
free triethyl phosphine was present. This is one point of variance
with examples of the reaction type previously examined, where a

permanent change was produced on warming (76).
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1 .
The ""P nmr spectrum of the products of the reaction betfween
(CH2)2PH and (PEt3)2PtH01 - The high frequency region at 195 K.
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(CH

2)2

The 31? nmr spectrum of the products of the reaction Eétﬁéen
PH and (PEt3)2PtHC1 - The high frequency region at 211 K"

+15.3 ppm
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31 .
The P nmr spectrum of the products of the reaction bgtween
(CH2)2PH and (PEt3)2PtH01 - The low frequency region at 2307K.
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The “"P nmr spectrum of the products of the reaction between,

i)
(CHZ)ZPH and (PEt3)2P_.t'HC1. - The high frequency region at 249K,
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NMR PARAMETERS FOR HP(CH3)2/(PEt3)2P§HCI EXCHANGE
) T . ‘ P
195K 211%% 2307K 249 'K 290
§P =-232.75 ppm —233}19 ppm  -234.02 ppm -236.8 ppm -275.5 ppm
GPPEt3A_ +17.5 ppm +17.4 ppm)  +17.7 ppm +17.69 ppm  +19.5 ppm
GPPEt3B +15.3ppm +15.3 ?pm
1 )
JPPtA 2364 .4 Hz 2364 .4 Hz
2381.0 Hz 2381.7 Hz 2486 Hz
1 4
'JPPtB 2374 .4 Hz 2374 .4 Hz
23.8 Hz
JPPA » - - - -

The observations may be explained as follows. At low temperatures an
initial reaction takes place, involving replacement of the chlorine
By phosphirane, a well-known reaction, due to the trans labilising
effect of the hydrogen, forming an ionic species. However, even at

‘) csy . ' . . .
195YK this is in equilibrium with the trans hydride chloride species.
+
P§t3 P§t3

ie. H- Pt-Cl+HP(CH),<= [H- Pt - PH(CH c1”

2)2
PEt3 PEt3

These are the species observed at 195£K. The exchange must be rapid

enough to collapse the 1JPPt of the phosphirane ligard, and produce

an averaged signal so that no free phosphirane is observed on the nmr

time scale, but not sufficiently rapid to collapse the ?JPP produced

by coupling between the triethyl phosphines, bound securely to the

platinum, and the coordinated phosphirane.

The spectrum of the triethyl phosphine region shows the presence of two
differing platinum species. The relative intensities of the two sets
of triethyl phosphine signals, together with the chemical shift of the
phosphirane ligand, wﬁicﬁ is closer to.that of a coordinated species,

suggest that the equilibrium lies to the right hand side of the above

equation.
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This equilibrium appears to shift slowly on warming to favour the
left hand side increasingly. This is indicated by the movement to
lower frequency of the phosphirane signal. However, the changes in
the triethyl phosphine signals, both in cﬁémical shift and 1JPPt

cannot be explained totally in terims of the above equilibrium.

It has been observed in other éxamples of this type of system that
not only is the chlorine able to take part in exchange, as in the
present case: at higher temperatures the triethyl phosphines become
involved (76). This phosphine exchange would explain the behaviour
of the triethyl phosphine signals, provided it were rapid, thus
preventing the resolution of the different species present, and
reversible since a majority of the original product is regenerated on

cooling.

An unexplained peak at -33 ppm appeared in the high temperature
spectrum. This product may be due to reaction outwith the exchange

generating an unidentified phosphorus compound unattached to platinum.

It seems in this particular reaction, as in the reaction with molybdenum
complexes and diborane, that when not subjected to reaction conditions
80 extreme that it decomposes, phosphirane will behave as a normal
phosphine. 1In view of this, and since several other transition metals
have been used in the study of phosphine coordination chemistry, the
reactions of bhosphirane with complexes of ‘such transition metals as

Mn, Fe, Rh, and Ru should be worth studying. The reactions of
phosphirane with such metals have not previously been examined and

with the use of 31anr, a coordinated phosphirane moiety should be

easy to identify.

The two most common methods of coordinating phosphines are displacement

of carbon monoxide, either thermally or by UV photolysis, and the
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displacement of other coordinated ligands, such as olefines or less

firmly hound phosphines.

In the first category neither Fe(CO)5 or Mh(CO)SBr, both of which are
well established as suitable precursors to phosphine complexes, were

successful.

The reaction with Fe(CO)5 was left for some four days at the end of
which some orange solid formed. The volatile products contained some
carbon monoxide, a highly promising result, though there was considerable

unreacted Fe(CO)5 and phosphirane remaining.

The involatile orange solid was examined by 31anr, but showed little of
interest, producing a broad intense peak at -21 ppm, corresponding to
unidentified ring-opened phosphine complexes, the result of phosphirane
decomposition. Also present were some weak peaks in the region of

-240 ppm, suggesting that some complexing had taken place, but in

extremely low yield.

The reaction with_Mn(CO)SBr, commenced immedigtely on allowing the
reagents to mix. A vigorous reaction with considerable effervescence
took place over three hours. The volatile products consisted largely
of carbon monoxide in what appeared to be a stoichiometric yield

with no trace of any other decomposition products.

However, the 31P noise decoupled nmr spectrum of the inyolatile sold
was very disappointing, showing only a broad peak at -30 ppm, again
suggesting the presence of either ring-opened products or polymer.
There were also some weak peaks at -111, -202 and -17 ppm, which may
also be explained in terms of the decomposition of either coordinated
or non-coordinated phosphiraﬁe to give free and bound ring-opened

species.
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A solution infra-red indicated the presence of Mn(CO)SBr, and also a
mixture of phosphine complexes. There was no sign of the ring
vibration typical of phosphiranes and their complexes.

IR SPECTRUM OF THE PRODUCT QF THE REACTION OF Mn(CO)SBr AND HP(CHZ)2

Mn(CO) (Br (a) propuct (@
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(a) CHCl3

In this latter case, the amount of carbon monoxide produced, together

with the absence of significant amounts of PH_, or ethylene suggests

3
that the decomposition of the phosphirane took place after coordina-
tion, that di- and tri- substitution also took place, and that only

one bond fractured to open the ring.
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In the reaction with Fe(CO)5 the main prqblem gould appear tq be the
length of time taken for reaction, since there was an appreciable
amount of free phosphirane present even after four days. It may be
possible to produce the desired product in this case by making use

of photolysis.

HoweQer, it seems possible that the case of iron is similar to that
of manganese, and that phosphirane is unstable as a ligand of these
metals. It is uncertain why this should be, for while phosphirane-
molybdenum complexes are air sensitive and have some tendancy to
polymerise slowly, they are sufficiently stable to be handled without

difficulty.

Many complexes of both rhodium and ruthenium with triphenyl phosphine
undergo phosphine exchange when reacted with more basic tertiary
phosphines, and also with some secondarylbhosphines (2,77). Several

reactions were attempted with phosphirane along these lines.

In the case of the attempted reaction with Rh [Cl(CO)(PhaP)J, not only
is there the possibility of phosphine exchange, but also of removal of
the carbonyl, thus providing two possible reaction paths to a
coordinated phosphirane. In fact a small amount of carbon monoxide
was given off during the reaction, along with some phosphine, the

later indicating decomposition.

The 31P nmr, proton noise decoupled, indicated the presence of free

triphenyl phosphine, together with some triphenyl phosphine oxide
suggesting that displacement of the triphenyl phosphine had also
taken place. Both these compounds were identified by their chemical

shifts.

There was one unidentifiable peak at +54.6 ppm, and some broad humps
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at +25,0 and -50 ppm, but there was no indication of any coordinated

phosphirane.

It seems likely, therefore, that ring opening, and polymerisation had

taken place, as in the case of Fe(CO)5 and Mn(CO)SBr.-

The reactions with RhCl(PPh3)3 and RuClz(Ph3P)3 are capable of giving
only phosphine exchange, and both have been used successfully for this
purpose, the ruthenium complex particularly, producing a range of

identifiable compounds (2).

In the reaction with RhCl(PPh3)3, free triphenyl phosphine was seen to
crystallise out of the hexane solution during the course of the

reaction, but there was also obvious polymer formation.

The product, an orange solid, was examined by 31anr, noise decoupled,
but was very insoluble. There proved to be a considerable amount of
free triphenyl phosphine present, and also.free phosphirane. A

singlé peak at =240 ppm, while in the region for coordinated phosphirane,
displayed neither Rh-P or P-P coupling, suggesting that rather than
being a coordinated phosphirane species, it was one of the decomposition
or polymeric products, The peaks in the triphenyl phosphine region

offered no further aid to identification,

The reaction of a 3:1 raggé of phosphirane to RuC12(PPh3)3 gave a green
solution, as well as some %hosphine. The 31P proton néise decoupled
nmr spectrum showed not only free triphen&l phosphine, but also a
complex pattern of peaks in the high frequency region near triphenyl
phosphine. There was, however, no sign of any coordinated phosphirane.
Thus suggests that substitution must be slow, if taking place at all,
and is probably competing with other possible reactions, particularly

rearrangements, to which this species is especially prone.
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It seems, therefore, that the coordinatiqn chemistry of phosphirane is
somewhat limited, though this might be due to unusual requirements for
reaction conditions., It would seem that once more the decomposition
of phosphirane into PH,_,. alkyl pﬁosphines; and ethylene is the
controlling factor; and only certain species; such as the platinum

. complex and themolybdenum species fell within tﬁe permitted reaction

pathways.,

It should, however, be possible to obtain still furthér successful
systems by investigating other transition metal complexes known to

give stable phosphine coordination.
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" "CHAPTER 5

'THE 'DEPROTONATION 'OF PHOSPHINE COMPLEXES OF MOLYBDENUM AND TUNGSTEN
" "CARBONYLS-
Coordination of phosphine itself, or a primary or secondary phosphine,

appears. to increase the Z{ability~of the protons so that they may be

removed in a straightforward fashion.

Preliminary experiments have suggested that it is possible to remove

one proton from the complex PH3M0(C0)5 by using KPH It might there-

2.
fore be expected that a similar reaction would take place with PH3W(CO)5
and KPH2 under identical condition. With the added information

. . . . 31 183 .
available via high resolution P nmr and the presence of W with

I = } in 14% natural abundance, further information of the nature of

the anion may be obtained.

The products, on examination after completion of the reaction, were a
stoichiometric amount of phosphine, suggesting complete deprotonation,
‘and a bright yellow solid soluble in dimethyl ether. This was examined
by nmr spectroscopy and its parameters are given in the table, together

with those of PH3, KPH2 and PH3W(CO)5.

PH3W(CO)Sa ANIONIC SPECIES? PH3b(8) KPH2°(7)
P ~180.5 ppm -268.2 ppm =247.4 ppm =274.4 ppm
§H 3.42 2.03 variable variable
1JPH 339.2 Hz 266.1 Hz 182.2 Hz 138~140 Hz
1y 215.0 146.6 | - -
Pw L] .
Solvents

(a) CH2C12 (b) (CH3)2O (c) NH

3
The spectrum of the ionic species is a simple triplet, each component
of the triplet exhibiting 183W satellites. Therefore the species

contains the grouping H,P-W; the parameters imply that it may be an

2
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anion. The typical value of 1JPH for a coordinated phosphine is
around 300-350 Hz, while for a three coordinated species a typical

1JPH is around 150-180 Hz.

Thus on this basis the ionic species produced almost certainly contains

a three coordinate phosphorus and thus suggests the formation of the

potassium salt of [PHZW(C0)5] . The only anomaly is that 1JPH is

higher than in PH3 whereas for an anion a lower value might have been

expected.

The infra-red mull spectrum indicates a multiple carbonyl species but
does not provide enough information for structural identification.

IR SPECTRUM OF IONIC SPECIES

NUJOL MULL - H.C.B. MULL

2330 w 2330 m

2295 m 2295 s } VEH

2060 m 2060 s

1987 vs vCO
1960-1850 sbr 2000-1820 vvs br

1080 w 1080 m § PH

995 m

750 w - 750 m

730 m 730 s

590 s 590 vs

550 w 550 msh

515 s 515 s

500 m 500 m

380 m 380 s

325 w 325 w

However, the 183W satellite observed in the 31an.r speétrum are somewhat
more intense than the 14% abundance of 183W would allow for; the
intensity representing a natural abundance of around 28%. Although no
further coupling to pﬁospﬁoruS‘appears in tﬁese satellites it is

Possible that the species contains more than one tungsten per phosphorus.

53.



P nmr spectrum of the products of the reaction of KPH2 with W(CO)g:
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In an attempt to determine the identity of the species an alternative

method of preparation was used.

It has long been known that the carbonyl ligands of group VI metals
are susceptible to direct displacement. It might therefore be possible

to prepare the ionic species by the reaction of KPH, directly with

2

W(CO)6. Such a reaction would also determine the degree to which

2 might be expected in a solution

further replacement of CO by PH
containing KPHZ.
The reaction took a considerable period before all crystalline

hexacarbonyl was removed, leaving a yellow solution. This yellow

product was examined by 31P nmr spectroscopy.

The proton noise decoupled spectrum indicated the presence of three
compounds, two of which were identifiable from the non-decoupled

spectrum by means of their chemical shifts and coupling constanfs as
PH, and the species produced in the reaction of KPH

3

The third species, at lower frequency than the ionic species identified,

2 and PH3W(CO)5.

posed a problem. Its non—decoupled spectrum showed that it was a

PH2 species, and both its chemical shift and coupling constant were

2 .

W satellites in the right intensity ratio.

very different from the values of PH More detailed examination

indicated the presence of 183
This would suggest that this species, anionic species II,might be

formulated as KPHZW(CO)S.

NMR PARAMETERS

PHSV ANTONIC SPECIES I- ANIONIC SPECIES II KPHZ(a)
SP -247.2 ppm -268.3 ppm -276.8 ppm -274.4 ppm
Yoy 180 Hz 265.3 Hz 165.9 Hz 138-140 Hz
1y - 146.5 Hz | 74.3 -
PW .

. 8
All figures refer to solution in (CH3)20 except (a) NH3 at 293-K.
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The observed'values of ¥JPHP 1JPw and 6P, when cqmpared with the other
sSpecies present, leave little doubt that species II must be KPHZW(CO)S.
It is interesting to note that 1JPw follqws 1JPH in magnitude
indicating that they are of the same relative signAand that both are

affected by the changing of the coordination number of the phosphorus,

The same comparison indicates that anionic species I, while definitely
a PH2~W - species must have a four-coordinate rather than a three-

coordinate phosphorus.

In the preliminary work on the corresponding molybdenum species, two
species of deprotonated phosphine complexes are detected in the 1H nmr
spectrum, having IJPH of 249.2 Hz and 160.5 Hz. (29) These were

formulated as being respectively:
Hy

P -+
k" | (coy mo”” \Mo(CO)S 5 | (o) MoPH, K

Analogous derivatives of tungsten could exist, and certainly there ia
considerable similarity in the magnitude of 1JPH; moreover the

intensities of the 183W satellites suggest the presence of more than

one tungsten per phosphorus.

The tungsten pentacarbonyl complexes of both monomethyl and dimethyl
phosphine are easily prepared by the reaction of the phosphine with
the pentacarbonyl halometallate in presence of a Lewis Acid. It
should be possible to prepare anionic systems from these species

analogous to those derived from PH3W(C0)5°

The two methyl phosphine complexes were checked, after purification,

by means of high resolution 1H.and 31P nmr spectroscopy.
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NMR PARAMETERS OF CHyPH,U(CO)s and (CH,),PHW(CO),

CH3PH2W(CO)5 (CH3)2PHW(CO)5
6HC 1.75 ppm 1.78 ppm
6HP 4,73 5.12
§P -120.8 =73.7
1

JPH 335.5 Hz 341.3 Hz
1

JPw 221.4 224 .6

2

JPH -8.8 -9.0

3

JHH v 7.0 6.5

These figures are important as they provide a basis of comparison for
both anions and any substituted methyl phosphine complex produced by

reaction of an anion with a halide.

In the case of the reactions of various deprotonating agents with the
tungsten pentacarbonyl complex of dimethyl phosphine, it was considered
that the single proton remaining én the phosphorus atom should be easily
femoveable, to give onerproduct. Those agents tried were: potassium
metal in liquid amﬁonia, a solution of KPH2 in liquid ammonia, and a
éolution of n-butyl lithium in hexane. The products in each case were

examined by 31P nmr.

It was found that the reaction of potassium itself produced effervescence
of hydrogen in stoichiometric amounts, and gave a yellow solid on solvent
removal. However, the 31P nmr of the dimethyl ether extfact showed only
the presence of phosphine itself in one case, and in another traces of

mono, di and trimethyl phosphine tungsten carbonyl complexes, suggesting

that this reaction is far from being a simple deprotonation.

The milder reagent, KPH2 in ammonia, successful in the case of PH3U(CO)5
Produced slightly more promising results. Again a yellow solution was

produced, and the appropriate amount of phosphine was evolved. However,
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the 31P proton noise—decoupled nmr spectrum showed that a range of
products of chemiéal shifts varying from -44.6 to -276.2 ppm had been

formed.

The range of products suggests an extremely complex reaction system.
Some of this behaviour may be explained by the basicity of KPH, which
ma§ displace dimetﬁyl phosphine from complexes, as well as reacting
with it. This displacement, and probable subsequent coordination of
KPH, would explain the presence of PH3W(C0)5 in reaction mixtures

2

deriving from this system in reaction with halides.

N-butyl lithium has been found by other workers (65,66) to be an
effective deprotonating agent for molybdenum complexes of metﬁyl

phosphines, and was therefore applied to this system.

The reaction went smoothly at room temperature with n-butane,
identified by its infra-red spectrum, being evolved. The dimethyl
_ether extract of the products was examined by 31P nmr and found to
consist of some six compounds, ome of which was identifiable as
unreacted starting material. One of the other five however, possessed
183 .

pronounced W satellites, the movement to low frequency, and the

. 1 o s : .
size of JPW fitting the expected change On deprotonation.

183w satellites are incorrect for

Once more the intensities of the
those expected for a simple salt, but are almost identical to those
observed for the bridged species derived from PH3W(C0)$. Thus it
would seem likely that this species too exists in a bridged form,
and this may explain some of the difficulty in preparing it with

KPH2 since it is probable that KPH2 would attack the P(CH3)2 bridge

leading to decomposifion.
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NMR PARAMETERS OF {P(CH3)2[W(CO_)5] 2}'

éP

1
Tpw

123 ppm

147.5 Hz

Note that the magnitude of 1JPw is very close to that observed for

the {PHZ[W(CO)é]é}— species, a further indication of the similarity.

The impurities present suggest that even in this case the reaction
is not straightforward, though probably the reaction conditions could

be modified to improve the percentage yield of thae anion.

The other four species present remain unidentified but their nmr
parameters are given below.

6P: -+ 9 ppm, +35 ppm, +44 ppm, +78 ppm

Certainly reactions using n~butyl lithium as the deprotonating agent
show a greater degree of promise for dimethyl phosphine complexes than
those using the other deprotonating agentg employed. In its properties
it may be reasonably expected that the lithium salt will show only
marginal differences in reactivity from its potassium analogue. An
alternative deprotonating agent, which offers possibilities of greater

success would be KP(CH3)2.

It seemed reasonable that the behaviour of CH3PH2W(CO)5 would be

similar to that of (CH2)2PH W(CO)5 and that similar problems with
over—active deprotonating agents would occur. Since the salt derived
from PH3 could be used successfully to deprotonate PH3W(C0)5, it

seemed likely that KPH(CH3) could be used to deprotonate CH HZW(CO)

3P
thus narrowing the difference in bascity. KPH(CHB) is produced by

5,

reacting potassium with monomethylphosphine in liquid ammonia. It

was also hoped to avoid any displacement of CH3PH2.

The 31P noise decoupled nmr spectrum of the dimethyl ether extract

of the yellow solid produced in this reaction showed that while some
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decomposition had taken place, leading to the production of some
five compounds, the largest single member of this group was the

bridged anion.

Several of the products were identifiable from the nmr spectrum, and
are consistent with decomposition. The highest frequency group is
possibly a doublet arising from a ¢is complex formed by substitution

by the KPH(CH3), or a species involving a P-P bond, though this is

unlikely.

31P NMR SPECTRUM
sP INTENSITY ASSIGNMENT
~96.4 86
~96.9 104 UNKNOWN
~163.3 76 H,PCH,
~188.2 117 UNKNOWN
-192.9 202 {PHCH3[W(CO)5]2}
-276.8 97 [uzpw(co)g

These identifications made on the basis of chemical shift are further

justified from the non-decoupled spectrum and coupling constants.

The first group produced a multiplet with 1J H of 320.3 Hz and may

P
therefore be confidently assigned as due to a 4-coordinate complexed

non-ionic phosphine. From the observed splitting the species is a

PR2H complex, probably a cis bis molecule.

HZPCH3 is easily identifiable from its non-decoupled spectrum which not

only gives its characteristic 8P, but also the 1J H of 189.0 Hz. Fine

P

.. . . . . 2
splitting is observed, producing a triplet of quartets, with JPCH

4 Hz. This is further confirmation of the assignment (104, 105).

The species at -188.2 ppm gives a doublet with unresolved fine splitting.

1JPH for this species is 177.6 Hz. From the size of this coupling this
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. . . . 183
must be a three coordinate species, uncoordinated since no W

satellites are visible. It is therefore a phosphine of the form PR H,

2

but no further data was available.

The peak assigned to PHCH3[W(CO)5]2— at -192.9 ppm has pronounced 183w

satellites their intensities fitting those already observed for other
bridged species. Its non-decoupled spectrum consists of a doublet each
member of which consists of a quartet. This is consistent with a

HPCH3-W species, and a bridged anion.

3lp NMR PARAMETERS OF IHPCH3 [W(CO) 5] 23'1(*
sp . =192.9 ppm

L, 260.5 Hz

by, 15445

2Ipy 8.0

The lowest frequency peak gives a triplet with no fine structure

(1JPH = 166.8 Hz)f This further fits the assignment as KPHZW(CO)S.

The presence of this species together with the PR2H species, suggest
that this reaction too is more complicated than simply a deprotonation.
The presence of a coordinated KPH2 species suggests a complicated
scheme involving removal of methyl groups, either while coordinated

or involving the deprotonating agent RPH(CH3).

In an attempt to produce a pure sample of the {HPCH3[W(CO)é]5— species
n-butyl lithium was used. The reaction gave a single product when
observed by 31P nmr spectroscopy, é product whose parameters agreed
closely with those observed in the case of the species deriving

from KPH(CH3).
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NMR PARAMETERS

SP -192.5 ppm
1JPH 260 Hz
Yo, 155.0
ZJPH, 8

The solubility of this anion in dimethyl ether was low, thus making
the obtaining of a spectrum difficult. However the comparison of

183

intensities of the W satellites, as well as the figures quoted

suggest the identity of the species.

Here again it would seem that n-butyl lithium is a better route to the

production of the anion and thus of more value synthetically.

It is of interest to note that the parameters for the anion in both Li
and K cases are essentially identical, showing_that changing the cation
does not noticeably affect the nature of the anion. It should be
relatively easy to prepare the ammonium salt of these ionic species

by the reaction of NH401 with either a lithium or potassium salt, a
well-known reaction in similar non-coordinated phosphine chemistry.
This might in some cases be a more useful reagent, possibly more

soluble, and thus more amenable to study.

THE DEPROTONATION OF PHOSPHIRANE COMPLEXES

Since preliminary work had suggested that phosphirane complexes of
molybdenum carbonyl species may behave in the same manner as the
complexes of other phosphines (29), the reactions of both (CHZ)ZPHMO(CO)5

were investigated.

and [(CHZ)ZPH]ZMO(CO)4 with KPH2

The reaction with (CH2)2PH Mo(CO)5 was carried out under similar
conditions to those employed for PH3W(CO)5ﬂand the yellow product,

extracted with dimethyl ether, was examined by 31P nmr spectroscopy.
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Unfortunately no definite evidence for the isolation of an anion

was obtained,

The cis bis [(CHZ)ZPHJZMO(CO)4 was. reacted with a 2:1 ratio. of KPH2

in liquid ammonia, The result was a single compound, suggesting an
efficient process. The yellow solid was extracted with dimethyl
ether and filtered into an nmr tube for study by 31P nmr spectroscopy.
This sample, a clear yellow solution gave a proton noise decoupled
Spectrum consisting of two lines, one of which could be identified,
from its chemical shift, and non-decoupled spectrum as pure

phosphirane,

On rerunning after a few hours at room temperature only phosphirane
was observed, the other species of chemical shift -280 ppm having

completely vanished.

It would seem, therefore, that the bis phosphirane anion has a short
lifetime in solution, and will decompose readily to give phosphirane
in low yield, together with a soluble yellow solid containing no

detectable phosphorus.

Since the yellow product of the deprotonation was thoroughly dried
before being extracted into the nmr tube, any phosphirane must arise

from the decomposition of that solid.

This behaviour might arise from the nature of the anion. If it
follows the pattern indicated for the anions produced ffom other
phosphine complexes, then a bridged nature is probable. 1In the
monophosphirane pentacarbonyl complex this would take the form

analogous to those already noted.

4
ie, (CO)5 Md/// \\\

By extrapolation the anion deriving from the ¢is bis phosphirane

Mo (CO) |~
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complex would have the bridged structure:

7

P 2
(CO)QMO Mo(_CO)4

| Ja)

o
In this latter case proton abstraction could take place from one coordinated

phosphirane by its partner in the complex; followed by release of an intact
phosphirane molecule., However, this should give rise to significant amounts
of other phosphine species, which are not observed. Alternative sources
for the protons required must include the solvent, though it is unlikely

to be a viable source of protons.

Both solvent proton loss, and intermolecular proton abstraction may play
their pért, however, since other attempts to prepare a pure sample of the
bis phosphirane complex anion yielded a mixture not only containing
phosphirane, but also HP(CH2)2M0(CO)5 as well as several unidentified
species, possibly partially deprotonated. The variation in the results
of this reaction suggest that the conditions are critical and the

"system must be extremely complex.

This evidence suggests that the phosphirane complex anions are not
particularly stable in solution and should therefore be reacted with

halides rapidly in order to prevent decomposition,

A possible alternative method of deprotonating phosphirane without
causing major decomposition would be to investigate the feaction of

the phosphirane-borane adduct with varieus deprotonating agents. The
reactions would have to be carried out at low temperatures to prevent
dissociation, but this should facilitate the preparation of uncoordinated
substituted phosphiranes; separation of the products of the dissociation,

diborane and the substituted phosphirane would present no problems.
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A less basic deprotonating agent than KPH, would almost certainly

2
be essential in order to:prevent the formation‘of.(BH3)nPH2[n = 1,4
adducts. The deprotonating agents employed for the‘methyl phosphine

complexes would be worth investigation, and may be worth employing

in further attempts to deprotonate the phosphirane-metal complexes.

BORANE ADDUCTS- OF COORDINATED PHOSPHINE ANIONS

Borane adducts of PHZ— species have been well established since 1967,

and have been the subject of some interest (40, 61, 78). Since these

2
the species [ H2P W(CO)S]— and.[HzP.W(CO)5]~ it might be expected that

systems, of the form [H P.BH3]— and [HZP.(BH3)2]_ are analogous to

a mixed bridged species of the form [HZP.BH3.W(CO)5]— should be
prepdrable by the reéction of the transition metal anion with BZH6'
in the case of the bridged tungsten complex this would require
displacement of one W(CO)5 moiety, which should not prove difficult

as one must be displaced in any reaction with a halide to produce

an LPHZW(CO)5 product.

An excess of diborane was added to a solution of_K[%Hz [W(CO)S];gin
dimethyl ether in an nmr tube, following which the tube was sealed and
the reagents allowed to react while being observed by 31P nmr

Spectroscopy.

The proton noise decoupled 31P spectrum showed a broad peak, with
1:1:1:1 quartet splitting barely resolved. This may be identified

as being due to J B’ with quadrupolar broadening (see figureI¥)

P
The non—-decoupled spectrum shows a triplet of broad peaks with no
further resolvable fine structure. This indicates the presence of

a H,P.B. complex, as expected. The size of lJP

2 suggests . that this

H
H,P.B species must contain 4—c06rdinated'phosphorus, and by reason

of the number of lines visible due solely to P-B coupling the
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additional group must still be W(CO)5 and not BH3. No satellites
due to 1JPw were observed. This is not surprising since the breadth .
of the main resonance is too 8reat to make such satellites easy to

detect,

Therefore, it is probable that this reaction has produced a species

which may be formulated as:

The comparative nmr parameters for the different species known

support this assignment.

K[HZP.BH3.W(CO)S] NH4[H2P(BH3)ZJ(4O) Li[H P.BH3](61) H,P.BH, (71)

2
&P | =174 ppm =117 + 10 ppm not observed not observed
IJPH 280 Hz 321 Hz 175 Hz 372 Hz
1JPB 67.3 Hz 60 Hz not observed 27 Hz

Also identifiable in the reaction mixture by reason of their chemical
shifts and coupling constants are:-
1

PH3W(CO)5 ' SP -187.1 ppm JPH 340 Hz

| 1
K PH2<,[W(CO)5J2 8P -268 ppm JPH 265 Hz

This suggests that no fast exchange is taking place and that some
protonation has taken place, which is not altogether unexpected.
The amount of K PHZ[W(CO)S]2 present suggests that the reaction

has reached equilibrium, since excess diborane was' added initially.

It is possible that this adduct, in contrast to the salts prepared
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with two borane groups coordinated, will dissociate on raising the
temperature, This would give rise to measureable amounts of

K PHZ.[W(CO)S]2 in solution. Temperature studies would serve to
confirm or refute this, The mechanism for this process must be

similar to that occurring in the substitution reaction with halides.

However, it must be complex and will require considerable study for

elucidation.

The nmr parameters for the boron adduct of the ionic species fit very
well with the known parameters of related species. The coupling
constant 1JPH gives added weight to the suggested structure when
compared with those of both ionic and non-ionic borane .adducts. If,

as has been suggested, 1JPB increases with increased strength of the

P-B bond, it would appear that the species K[HZPOBH3.W(CO)é]is of
very similar character to the ammonium salt.of[HzP(BH3)J_.

The 31P chemical shift is closer to that observed for PHBW(CO)5 than
that for_the[HzP(BH3)2]— species. The slight upfield shift is

concordant with the affect of coordinating a BH, moiety. A comparison

3

of 1JPH in-the'BH3 adduct with that observed for the bridged anion

(280 Hz versus 265 Hz) indicates a close similarity. This would imply

a sim@larity in structure, the coordination of a BH, group giving

3

rise to a slightly larger 1J This may further be seen by comparison

PH®

of the three species, one with two transition metal atoms, one with

one transition metal atom and one boron, and one with two boron atons:

1 -
K[PH2 [W(CO)S]Z] JPH = 265 Hz
1 -
K[PH2‘BH3'W(CO)4 JPH = 280 Hz
1 -
NHA[PHZ(BH3)J JPH = 321 Hz
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There is not a steady increasg in.lJPH_gn replacing tungsten atom with
boron, which indicates that a direct'comparison; on other than
qualitative grounds is unproductive. In considering the nature of
these anions it is important to take account of the products resulting
from their reaction with halides, (see later). It is noticeable that
in the case of the anions of coordinated phosphines, particularly those

derived from PH3W(CO)5, considerable amounts of (PH W(CO)4 have been

3)2
observed. Since the presence of this material in the samples of
PH3W(CO)5 used, or in the anions prepared from it, has never been

observed;g}Ehbis (PH3)2W(CO)4 must therefore be produced in the course

of the reaction itself,

Two possible explanations suggest themselves. One involves the
displacement of carbon monoxide by any KPH2 present in excess,
following which reprotonation takes place. The second involves a

different structure for the anion than has been suggested.

Since the reaction of KPH2 with W(CO)6 did not produce any detectable
amount of a bis species, but did produce both a bridged and non-bridged
ion, this may explain these results. The second explanation would
require a doubly bridged species to fit the observed nmr parameters,

of the form:

[
/PHZ ) .
(co) M \M(CO)n n o= 4,3

>

PH2

- A
This would require a small JPP to produce the observed spectrum, and

would result in a seven—coordinate transition metal if five carbonyls
were to be retained as is ohserved., This is more likely for tungsten
for which seven—coordinate species are well known (51), than for

molybdenum, whose phosphine anion complexes exhibit the same behaviour.
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The reaction would then take place by the cleaving of either two
adjacent or alternate M-P bonds, the former significant only in
reprotonation reactions when carbon monoxide would be lost, and the

latter giving substituted pentacarbonyl complexes.

These possibilities could best be investigated by direct observation
183 . .

of the W nmr spectrum. However, since there exists an analogous

borane adduct to a mono--PH2 bridge, it is probable that this structure

holds. This implies that the (PH W(CO)4 is produced by a combination

3)2
of displacement of CO from the anion, probably involving excess KPHZ,
which will be present, and its subsequent reprotonation. Excess PH2_

must exist in the sample in order to produce the bridged species from

PH3W(CO)5 .
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CHAPTER 6

THE REACTION OF ANIONIC SPECIES DERIVED FROM (CH ) PHMO(CO)
and ¢is [(CHZ) PH] Mo(CO)

Although it proved impossible to isolate the potassium salts derived
from the reaction of KPH2 with both the pentacarbonyl monophosphirane
and tetracarbonyl cis bis phosphirane complexes there is sufficient
evidence, partially as a result of earlier work described elsewhere,

to encourage a belief in their existence (29). Thus it seemed possible
that the preparation of substituted coordinated phosphirane complexes

would be worth further investigation.

The two reactions previously attempted, those between the deprotonated

species derived from (CH PHMo(CO)5 and both (CH.).SiCl and SiH3Br

3)3

were repeated in the course of the investigation in order to relate them

2)2

more completely to the chemistry of such species. The deprotonations
were carried out as described earlier, and the resulting solids allowed

to react with halides in diethyl ether at reduced temperature.

The reaction of the pentacarbonyl species with (CH3)3SiC1 yielded a white
solid, insoluble in organic solvents, and a red/brown solution. On
extraction of the products a dark red oily solid was isolated. This was

examined by 1H and 31P nmr, infra-red and mass spectroscopy.

The nmr spectra showed that a single phosphorus containing compound was
present, the 31P chemical shift being concordant with a coordinated
phosphirane species, while the 1H nmr signals, a strong doublet (due to
H-P coupling) at 0§ strongly indicated the pre%ence of a {Wtrimethyl
silyl phosphirane complex, the multiplet at 1.06 being assignable to the
ring protons.

NMR PARAMETERS

H (0] J 8 Hz
(CH3) 3 ppm Hp '
' 2
6Hring 1.0 ppm JsiH 4.5 Hz
&P -253.9 ppm
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The solution infra-red spectrum may also be assigned as due to a

trimethyl silyl phosphirane molybdenum pentacarbonyl species.

IR SPECTRUM [SOLUTIONvIN.CHZCIZJ
3020 m VCH ring 980 mbr (SCH2 (ring)
2990 s vCH (CH3)ZSi 835 sbr
2935 w vCH (CH3)3Si 640 m
2050 m vCO 595 m 8MCO
2000 w vCO 570 m SMCO
1920-1940 VVS VCO 520 m
1200 s 300 m VM-CO
1510 w ScH
1450 w §CH
1350 w

1250 w/m SCH
1210 m

1010 mbr (ring) 6CH2

Although a mass spectrum did not assist identification, possibly due
to decomposition on volatilization in the source, it is probable that
the species is indeed l1-trimethyl silyl phosphirane molybdenum
pentacarbonyl. 1In particular the 31P chemical shift indicates the
presence of a phosphirane ring, the phosphorus coordinated to a metal.
. The 31P chemical shifts of some trimethyl silyl phosphines and some of
their cémplexes are known, and in no case does coordination produce a

resonance in the region of =250 ppm (34, 79, 3, 80, 103).

The same reaction system failed to produce a silyl phosphirane complex
when silyl bromide was substituted for trimethyl silyl chloride. A
polymeric species was obtained together with amounts of phosphine,
silane and either unreacted or reconstituted starting material. Since
the preliminary investigation of this system suggested that 1-silyl

phosphirane molybdenum pentacarbonyl may be synthesised by this route (29),

.



The 1H nmr spectrum of

{(0113)3sip(cnz)2?s Mo (C0),




it may be that this reaction is especially susceptible to experimental
conditions, and decomposition may be minimised under the correct

conditions.

In continuation of the preliminary work, the reactions of similarly
_prepared ionic derivatives of the bis cis phosphirane molybdenum
tetracarbonyl were investigated, since similar behaviour might be

expected. Deprotonation with KPH, produced a dark yellow solid,

2

soluble in dimethyl ether. Such a solution was treated with excess
of trimethyl silyl chloride at 195K for several hours producing a

white solid and a red/brown solution. The extracted products were

examined by nmr and infra-red spectroscopy.

The 1H nmr spectrum consisted of a complex multiplet at 1.06 and a
triplet at 06; the triplet was shown by 31P decoupling to be
associated with H-P coupling. Such a spectrum is entirely consistent
with the formulation of the product as a cis bis trimethyl silyl
phosphirane complex, the triplet being due to P-P coupling in an [AXE]

system. (81, 82, 83).

The 31P, proton noise decoupled, spectrum showed that only one type
of phosphorus was present, and the chemical shift, as in the
pentacarbonyl complex strongly affirmed its assignment as a phosphirane

species.

NMR PARAMETERS

3
GH(CH ) 0 PpPm JHP 8 Hz
3’3
GHCH 1.0 pPpm
2
&P -248.5 ppm

The infra-red spectrum in solution may also be assigned in terms of

the vibrations expected of a trimethyl silyl phosphirane complex, the
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number and intensity of the carbonyl stretching bands suggesting a

cis tetracarbonyl complex (89,85,86,39,87).

SOLUTION INFRA-RED SPECTRUM

CH2C12 C6H6 ASSIGNMENT
3050 ' m vCH ring
3030 w VCH
300 s vCH
2880 vs vCH(CH3)3
2815 s VCH(CH3)3
2050 w vCO
2010 8 vCO
1910 s vCO
1460 s §CH
1435 m S§CH
1358 W
1240 , w
1020 | m CH2 ring
970-1100 m-br SCH riﬁg
820-840 m br
650 s
| 600 m §CO
580 m §CO
410 mrbr vM-CO
370 m-br wM~-CO

As for the monophosphirane complex the mass spectrum yielded little
information. However, the infra-red and nmr spectra suggest that this
complex too may be ideﬂtified as a l-trimethyl silyl phosphirane species,
and almost certainly the cis bis tetracarbonyl complex. Again the most

compelling evidence comes from the nmr spectrum, in particular the pseudo-
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triplet in the 1H nmr, together with.the 31? chemical shift.

As noted earlier, the anioms of phosphirane complexes are not particularly
stable in solution, decomposing readily to give a mixture of products,
among them free phosphirane. This decomposition of the bis anion could
explain the difficulty in obtaining satisfactory reaction with several

other halides, such as (CH GeCl and (CH3)3SnC1.

3)3
The reaction of the ion derived from the bis cis phosphirane molybdenum

tetracarbonyl complex with (CH,).B6e€l produced a mixture of products

3)3 ‘
whose 31P proton noise decoupled nmr spectrum gave little evidence to
assist assignment, apart from the presence of signals in the chemical
shift fegion associated with a phosphirane complex. However, there
were'at least five different species present. Possibly some of these
might have been due to cis/trans isomerisation, but this could not
explain the existence of so many products. The 1H nmr also showed the

signals of a mixture of products, which several peaks in the region of

068, suggesting that a mixture of trimethyl germyl compounds was present.

Similarly in the case of the reaction with (CH3)3SnC1 several products
were observed in the 1H noise—decoupled 31P nmr spectrum. In this case
it would seem that decomposition had proceeded still further since the
observed products consisted of purephosphirane, as well as phosphine
and two ~unidentified species at -163.3 ppm and -328.2 ppm. The first
of these is probably the result of ring-opening; the second, jwhich has
a chemical shift consistent with a phosphirane~tin-molybdenum complex
shows no sign of 119Sn or 117Sn satellites and thus cannot be such a

complex unless some process, eg. exchange, is causing collapse of P-Sn

coupling.

The mass spectrum indicates the presence of a tin/molybdenum (Snn/Mo)

carbonyl complex in the product mixture, but at a considerably higher
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value of m/e than would be expected for the desired phosphirane species.

It would seem, therefore, that while the anion deriving from cis bis
phosphirane molybdenum tetracarbonyl can be made, its instability makes
it difficult to handle and difficult to use synthetically in the
preparation of substituted phosphirane complexes. This difficulty might
be overcome by careful control of the experimental conditions.
Alternatively application of chromatographic separation techniques may
be able to yield a pure sample of the product. However, given the low
yields in the case of these reactions described above the value of this

synthetic method must be regarded as low.

It is probable that similar complications affect the reactions of the
anion derived from the monophosphirane molybdenum pentacarbonyl species.
This would explain the lack of clean reactions of this anion with

PFZBr~(CH3)3GeC1, and the failure to duplicate the reaction with SiH3Br.

The first of these reactions, with PFzBr, produced a range of compounds,
none of which was identifiable, suggesting that almost complete
decomposition had taken place, probably involving polymerisation, since

no phosphine or phosphirane was produced.

The reaction with (CH3)3GeC1, while not clean, was sufficiently
successful to enable an attempted identification of the two major
products. The 31P nmr parameters are shown below.

SP 3

JPH
-229.7 ppm 3.5 Hz
=245.8 ppm 7.0 Hz

The values of 3JPH were determined from the 1H nmr spectrum, using the
overlapping doublets at 0§. The observed 31P chemical shifts correlate

with the 31P chemical shifts determined from the spin decoupling,

suggesting that they may arise from two (CH3)3GeP compounds. By analogy

14,



with the (CH3)BSiP(CH2) complex the peak at -245.8 ppm could correspond
2
. . 3
G .
to (CH3)3 eP(CHZ)ZMO(CO)S’ both chemical shift and JPH are of the same
order.

The other species also has a chemical shift of the correct magnitude

to correspond to a phosphirane species, and may in fact be a bis
phosphirane molybdenum tetracarbonyl species prepared by a side reaction,
though the difference in &P between the two signals is much greater than
that observed in the trimethyl silyl case. It is, therefore, impossible
to identify the other species present in this reaction. Further the
evidence supporting the identification made is poor; more conclusive

evidence would be required to establish the existence of (CH GeP (CH

3)3 2)2

Mo(CO)S.

It is obvious that considerable work remains to be done on this rather
intractable system. Of the two approaches which suggest themselves

one involves the use of efficient separation techniques such as HPLC,

to separate the products and allow identification to take place. The
deprotonation reaction is obviously highly sensitive to exéerimental
conditions, and these may be adjusted to produce the most efficient
result. It may be worth investigating the use of n-butyl lithium as

a deprotonating agent, or employing the borane adduct as a starting
material. The system is, however, deserving of study since it provides
routes to substituted phosphiranes not easily obtained by the established
methods of preparing such species (23). It is at present non-viable, not
only because of the difficulty in preparing the complexes, but also.
because the last stage of the synthesis requires the removal of the
substituted phosphirane from the metal. This last stage, though
essential if the synthetic route is to be useful, has so far proved
impossible to achieve satisfactorily. Attempts to achieve it are

described in the following section.
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The attempted removal of phosphirane ligards from complexes

Since the compounds most clearly characterised were those containing
phosphirane itself, the initial experiments on displacement were
carried out on the mono and bis phosphirane pentacarbonyl and
tetracarbonyl complexes of molybdenum. The agents used for the
attempted removal were ligards of varying basicity, the products

being monitored by gas phase infrared spectroscopy.

A series of experiments using trifluorophosphine, triphenylphosphine,
thP.CH2.PPh2 and thP.CﬂchZ.Pth on a solution of the phosphirane
complexes, and using high pressure in the case of PF3, and elevated
temperature for the other three, produced no release of free phosphirane.

Ultraviolet irradiation of the sample reacted with PF,_ merely

3
removed a non—-stoichiometric amount of carbon monoxide without dis-

placing any phosphirane.

Further experiments were attempted withvéyridine. With (CHZE?H Mo(CO)5
a reaction was observed to take place fairly rapidly with evolution of
a compound containing a P-H bond. Further evolution took place over a
period of two days, at the end of which a measureable amount of the
phosphine had been given off, sufficient for its identification from
its infra-red spectrum as pure phosphirane. The yield was low, around

207%.

Cis bis phosphirane molybdenum tetracarbonyl was also reacted with
pyridine under the same conditions. - After three days phosphirane was
liberated in about 25% yield. The efficiency of pyridine in

displacing phosphirane was unchanged.

Many of the substituted phosphiranes should be less basic than phosphirane
itself and should therefore be easier to displace from a complex. 1In an

attempt to test this system pyridine was added to a sample of cis bis
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1-trime§hy1 silyl phosphirane mqubdenum tetracarbonyl, prepared as
described earlier, and spectroscopically examined to determine its
purity.

In this case some decomposition took place, a small amount of phosphine
being found in the sample after two days. However, there was also a
small amount of a compound whose infra-red spectrum suggested it might be

trimethyl silyl phosphirane.

INFRA-RED SPECTRUM (SATURATED VAPOUR PRESSURE AT -303#)

-1 ' assignment =
cm
3030 ‘ VCH of (CH3)3Si group
2950 vCH "
1260 6CH "
1070
849 pCH3 of (CH3) Si-group

The sample was too small to examine totally, and proved impossible to
separate completely from pyridine. Its identity is therefore not
establishéd, but it is clear that some reaction did take place, which
involved breaking the phosphorus-molybdenum bond, and that at some
stage, therefore, free l-trimethyl silyl phosfhirane may well have

been produced.

It may be concluded that the removal of a substituted phosphirane is
a reaction sensitive not only to the reagent ﬁsed, but also to the
substituent on the phosphorus. It is clear that while pyridine shows
some useful properties for this type of reaction system it is not
satisfactory as a general reagent. It may be worth investigating the
reactivity of substituted pyridines, tailored to give gradation in

basicity.

It may also be possible to use phosphirane itself on substituted
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complexes, since with many such it will be.mgre basic than the
complexed ligand and may tﬁerefore displace it cleanly with the
minimum of decomposition. It is probahle tﬁat methods based on
molecular excitation, for example UV,would be of little use, the
energies necessary making decomposition and polymerisation likely,
though such polymers may well be worth investigating on their own

account.
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" 'CHAPTER ' SEVEN

THE USE OF ANIONIC PHOSPHINE COMPLEXES IN THE SYNTHESIS OF
NEUTRAL PHOSPHINE COMPLEXES

Preliminary studies have shown that it is possible to form neutral
phosphine complexes from the reaction of the anionic complexes with
halides (34):

/ : /.
RX + K PR, (M(CO) —— KX + RPK, M(CO), +[M(CO)5]

5)2
Howevér, the evidence for these reactions has rarely been totally
convincing and has been limited to a few species involving molybdenum.
Recent German work has however given greater evidence for the usefulness
of these anions (66). By using tungsten complexes and observing the
products by 31P nmr spectroscopy, both proton decoupled and non-decoupled,

a greater degree of insight is possible into the behaviour of such

‘species.

With those anionsderiving from phosphineé with more than one hydrogen
bound to the phosphorus, further reaction is possible, producing both

a secondary and a tertiary phosphine complex.

ie. RX + [PHZM(CO)S] T ———— X+ RPH,M(CO)
RPH,M(CO) ¢ +[ PHZM(CO)S] —  PHM(CO)g + [ ren M(CO)S]
[RP}M(CO)S]" +RX  —— X + R,PHM(CO),
RZPHM(CO)5 + [PH2M(CO)4 S PH3M.(CO)5 + [PRZM(CO)4
[PRZM(CO)S] + RX ——— X + PRM(CO),
This simplified scheme, which does not take account of the probable
bridged nature of the anion, may be used to suggest that there is
increasing stability on increasing substitution at phosphorus. It also

implies that anions of the general type [PRZM(CO)S]_, where R may be

H or some other substituent may be of use as deprotonating agents.

It is probable that some form of this mechanism operates in the majority

of cases. The presence of considerable quantities of PH3W(C0)5 in the
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31, SiH, 3¢1s

(CH3)3SiC1 and (CH3)3GeC1 acts as evidence to support this conclusion.

reaction of the species K PHZ[W(CO)S]Z with CH,I, SiH_Br,GeH

Also present were amounts of RZPHW(CO)5 and in some cases traces of

R3PW(CO)50

Similarly, reactions with dihélides,'eg. CH2C1 CH2C1, also produced

amounts of PH3W(CO)5. Here, however, the results are less clear cut,

other systems, eg. CH3CHX2, giving no observable PHBW(CO)S'

A similar series of reactions might be expected for CH PHZW(CO)5 to

3

give tertiary phosphine complexes. The observed results, for both

PH,W(CO)_ and CH_PH3W(CO)_ are displayed in table I.
3 5 3 &* 5

"TABLE I
(1) 'PHBW(CO)5
REAGENT PRODUCTS
CH, I - PH3U(CO) 5, CHPH N(CO),
SiH,Br (PH,) )W(CO) ,PH,W(CO) ;, SiH,PH,W(CO)
GeH,,C1 PH,W(CO), GeH,PH,W(CO),
(GeH,) ,PHI(CO)
(CH3)3Si01 (PH3)ZW(C0)5, PHBW(CO)B
(CH,) JGeC1 PH,W(CO) ¢ (CH,),GePH,W(CO),
[(CH3)BGe ,PHH(CO)
(cu3)55nci PH,W(CO) (CH,) ,SnPH,W(CO)
} [(cu3)33n]2PHW(c0)5
[(CH3)ASn]3PW(CO)5
CH,CH,,Br CH,CH,PH,W (CO) .
(CH,CH,) ,PHW(CO) ,
(CH,CH,) ,PW(CO)
(CH,) ;SiCH,C1 (CH,) ,S1CH,PH,W(CO)
FCH3)3SiCH2J2PHW(CO)S
FCH3)3SiCH2]2Pw(CO)5
CH,C1.CH,,C1 ‘ PHW(CO), (CH,) ,PHW(CO)
S (CH,) ,PCH,CH ,C1.W(CO) .

3 2 PH_W(CO) CH CH PH W
3 5 2 2 (Co)s



(2)  CH,PH,W(CO)

REAGENTS. PRODUCTS
(CH,) ,GeCl CH3PH2w‘(C0:), 5 CHPH(CH,)Ge.W(CO),
éH3PFCH3)3Ge]ZWKCO)5
CH,C1.CH,C1 CH,P (CH,) ,JW(CO)
(CH) ;SnC1 CH3P[(CH3) 3Sn]zw.(co)5
Ci .CH, Br CH,PH.CH,CH, W (CO) ,
CH,P (CH,CH,)) W(CO)

. 31 1
The products were determined from the P nmr and "H nmr spectrum as
derived from the reaction. In most cases separation of the mixture

was not attempted.

It is obvious that the simple reaction scheme is by no means a complete
description of. tﬁe system. In several cases no reprotonated complex
could be observed, and in others considerable amounts of the bis species,
[PRR' Z]ZW(CO)4 [R = H, R' =H3CH3}, were present. This may be explained
by the displacement of carbon monoxide by the nucleophilic anion
followed by subsequent decomposition of the dimer produced, the
resulting bis complex taking part in the reaction and being reprotonated.
There was no apparent evidence for mixed species,'

[(CH3) BSiPHZ][((CH3)BSi)2PHJW(C0)4, which might have been expected.

In 3n attempt  to prepare a hiphosphine complex, Pﬁz[W(CO)S]Z_ was
reacted with PFZBEf and also with (CH3)2PC1. These reactions yielded only
a complex mixture of unidentifiable products, suggesting both the complex
nature of the reaction and the likely instability of the desired products.
An attempt to stabilise them by employing five-coordinate phosphorus
halides, (CH3)2P(S)CI and F2P (_S.)Cl prc_)duced’ nq.hetter results. Since

biphosphine bridging ligards are known (88,89,90,91) it may be possible
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to synthesis these products, but this is unlikely to succeed without

further knowledge of both reaction mechanism and conditions.

The reactions of the monohalides were the most successful synthetically
as a class, the products outlined in the table I being clearly
identifiable by means of both nmr and mass spectroscopy. The standard
reaction conditions for all these reactions involved an excess of the

halide reacting with a solution of anion in dimethyl ether.

The reaction with (CH,),SiCl produced only PH3W(C0)5 and (PH W(CO)A.

3)3 3)2
This is a surprising result, especially in view of the success of the

corresponding ‘reaction with (CH3)3GeC1 and (CH,).,SnCl. The trimethyl

3)3
silyl chloride was purified by fractional distillation before use to
remove traces of HCl and was distilled into the reaction vessel. The
reaction was repeated three times without any variation in result. It
is particularly surprising in view of the probable successful synthesis
of the molybdenum analogue by this same reaction route (34). Either

the tungsten complex of trimethyl silyl phosphine is unstable or there

is some condition for reaction yet unsatisfied.

THE 'NMR SPECTRA

The table II shows the nmr parameters derived from the 31P and 1H

spectra of the products of the various reactions with PHZ[W(CO)SJZ T

TABLE II

(a) CH,I— CH,PH,W(CO). in C.H./C.D,
§P -120.8 ppm 1JPH 335.5 Hz
SH,  4.73 ppm 1JPw 221.4 Hz
GHCHB 1.75 ppm 2JPCH -8.8 Hz

3J 7.0Hz

HPCH
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(b) SiH,Br —> SiH,PH W(CO)5 in .C6D6/CHC1

3 3 3
§p  -223,8 ppm lJPH 325,6 Hz
GHP 3.2 1JPW not observed
GHSi 4,5 2JHSi 14.6 Hz
3J ‘ not observed
HS1iPH ‘

(c) GeH,C1 —> 1) GeH,P W(CO) in C D /CHC1

3 3 3
sp  -219.23 ppm Y3, 324.8 Ha
1
5HP 3.45 JPW 210
2
GHGe. 4 .55 JHGeP 16.8
3J not observed
HGePH
11) (GeH3)2PHW(CO)5 (92)
1
sP 263.7 ppm JPH 306.5 Hz
1 .
not observed
GHP not observed JPW
9 )
SHGe 4.75 pm JHGeP 17.2 Hz
3J

HGePH not observed

(d) (CH3)3GeC1 — 1) (CH3)3GePH2W(CO)5 in C D /CHCl3 (92)

6P -192.7 ppm Yy, 307.2 Ha
SH, 2.3 IJPw 186,0
gy 08 3y 6.8

43 not observed

HH
11) [(CHB)BGe]ZPHW(CO)5 (92)

P -207.7 ppm 1JPH 280.7 Hz
GHP not observable 1JPw 170.0
GHCHS 0.8 3JPH 5.8

4JHH not observed
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=231.59 ppm
I

31P nmr spectrum of (CH3)3SnPH2W(CO)5

1H decoupled, showing 186W and both

117Sn and 1193n satellites.

l satellites

1193n satellites
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(e) (CH3)3SnC1 —_—
&P -231.6 ppm
GHP 2
§H 0.7
CH3
6P ~281.1 ppm
GHP not observable
SH 0.7
CH3

(£) CHBCHZBr —_— 1)

§P -29.4 ppm

)
CH3

GHCH

SHp

1.3

2,05
2
4.7

1) (cH

3)3

SnPHZW(CO)5 in C6D6/CH01
1 302.4 Hz
PH *
1
JPw 179.8
1
4J not observed
HH
2
'JHSn 33

ii) [(CHB) 3Sn] 2PHW(CO) 5

1

JPH 273.0
1
JPW 155.0
1
JPsn 244 .2 and 234.9
2
JHSn 55
3
JPH 4,1
4J not observable
‘HH
(CH3CH2)2PHW(CO)5 c6D6/CHc13
1
JPH 327.1
1
JPW 222.5
3
JHPH 5.6
2
JPH not observable
3
JPH net. ohservable
3J not observabl
PH observable
3
JHH 7.0
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(g)

&P 1.39 ppm
éH 1.3
CH3
6HCH 1.95
2
SP +22,5 ppm
SH 1.3
CH3
S§H 1.95
CH2
SHp not observable
(CH3)381CH201 —_—
SP =112.25 ppm
S§H 2.3
CH3
SH 3.5
CH2
GHP 4.0
P -70.38 ppm
SH 2,37
CH3
SH 3,52
CH2
SH,, 4,07

11) (CHBCH

1
Teu

2
Tpn

3
Tpn

3
Tan

111) [(CH3CH

1
Tpu
1

JPW

HPH
2
Teu

3
Tpn

3
Thn

1) (CH3)381CH2PH2W(CO)5 in C6D6/CHCI

1
Tpn
1

Jpw
2

JPCH
3

JHPCH

4
JHH

11)[(CH3)3Si

1
Ipn

1
Ipw

2)3PW(CO)5

230,.3 Hz
not observed

not observed

7.0

3)2PH]2W(CO)4
317.2

216.0

not observed

325.Hz
210

not observed

CHZ]ZPHW(CO)S

360.0 Hz

226.5

not observed



111) PCH3)381CH2]3PW(CO)5

8P -62,0 ppm

It was not possible to determine any further parameters for this

last species, since its concentation was too low.

Further evidence for the identity of these products was obtained

from the mass spectraof the samples, and in such cases as CH PHZW(CO)5

3
by direct comparison with samples prepared independantly by conventional

routes,

le. CH3PH2 + N—CH3 pyridinium [W(CO)SI]—$>CH3PH2W(CO)5+ CH30NC5HSI

This was only of limited applicability since few of the tungsten
complexes have been prepared previously.. Some of those produced havé
so far proved impossible to prepare by conventional means. In
particular SiH3PH2W(CO)5, here produced in yery low yield,has not been
prepared otherwise; those attempts made lead to disproportionation

and the formation of (SiH PW(CO)5 (79).

3)3

Those compounds not so verifiable exhibit the nmr parameters which
may be expected for such compounds. It is possible in using P-H
compounds to be certain of the degree of substitution on the phosphorus

drawing inference from the large 1JPH; and also that the phosphorus

is coordinated to the tungsten, which ensures the appearance of 1JPW'

Thus identification is possible using 3}P nmr, and the confirmation of
coupling by proton decoupling, In practice this presents no problem

for simple species.

The most obvious relationship between coupling constants that may

be observed is that between 1J and 1JP

PH The magnitude of each

w.

changes by comparable amounts and in the same direction when the
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substituents on the phosphorus are changed. . It has been
suggested that 1JPw increases with increasing electronegativity of the
substituent (93,46). Since both 1JPH and 1JPw change in the same

direction they must have the same sign, 1ie. positive, as has been

1
measured for JPH.(6)

The reaction with dihalides serve to confirm these trends by adding

further information consistent with them.
" TABLE II

(a) ClCHzoCH2C1 —> (1) (CHZ)ZPHW(CO)5 in C6D6/CHC1

§P  -254,7 ppm 1JPH 352.8 Hz

SHp 1y 254,2

PW
2
6Hring JPH not observed

3

3 ‘ll "

3 ’ " "

(ii) (cH PR.W(CO)5

22
§P  -195.4 ppm 1JPW 260 Hz
(b) CH3CHX2 [X = Br,Cl] —_— RPH‘,ZW'(CO)5 species
§P  —91.3 ppm 1JPH 335.8 Hz

1
JPW 217.4 Hz

These two reactions produced extremely interesting products, In the
former case one product was easily identifiable by analogy with the

31P and 1H nmr gpectra displaying both

molybdenum species. Its complex
the characteristic chemical shifts and couplings of a phosphirane species.

The other product of the reaction produced a complex multiplet in the
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non~decoupled 31P spectrum, with measureable separations between
components of 7.6 and 7.2 Hz. This suggests a superimposition of two

JPCH couplings. The species is almost certainly a phosphirane derivative,

since no tertiary alkyl phosphine has such a low chemical shift on
coordination. Further identification from the nmr spectrum proved

impossible, but the most probable product is C1CH CHZP(CHZ)ZW(CO)S'

2

The second reaction, that involving CH3CHX2,

though small amounts of other products were present, particularly in

produced one major product,

the reaction with CH3CH012,otherwise the products were identical. The

31P nmr spectrum of this major product could only be identified as a
species RPHZW(CO)S. Its chemical shift is not inconsistent withvwhat

is expected for a monoalkyl phosphine complex. However, the non-decoupled
spectrum produced a complex second order multiplet in each member of the

basic triplet arising from the PH, moiety. . This does not fit any of the

2

expected spectra for a simple monoalkyl phosphine.

Phosphorus chemical shifts depend on the imbalance of the o bonds caused
by electronegativity differences of substituent atoms, the extent of

occupation of the d orbitals and deviation fromgeometrical symmetry.(3)

In such a series of compounds as these under consideration, where the
PW(CO)5 moiety remains intact, and indeed most compounds are in fact of
the form RPHZW(CO)5 the effects must be due to the substituent, though
stereochemistry, due once more to the substituent, will play a part.

It might be expected that under these conditions the chemical shift
could provide information on the P-X bonding. However, any such
relationship appears relatively complex as there is little correlation

with other parameters affected by bonding, such as 1JPW'

There is a slight suggestion of correlation in some of the species where
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mono, and di-substituted species appear but it is not consistent. (see

Table III).

TABLE ‘11T
o 1
(CH,) ,SnPH,W(CO) §P = =-231.6 ppm 3y, 179.8 Hz
[gcn ) ] PHW(CO), 6P = -281.6 ppm 1JPW 155.0 Hz
1
(CH3)3GePH2W(CO)5 §P = -192.7 ppm JPw 186.0 Hz
[(cu ).G ] PHW(CO), 6P = -207.7 ppm lJPw 170.0 Hz
o 1
[(CH3)331CH.]2PHW(CO)5 &P = =-70.38 ppm Ty, 226.5 Ha
. . 1
(CH,) JSiCH,PH,W(CO)s 6P = =-112.5 ppm 3y 210 Hz

This would suggest a correspondence with the electronegativity of the
substituent, the substituents being compared with hydrogen. Those

less electronegative cause a drop in 1J on replacing H, and a shift

PW
of 8P to lower frequency, and those more electronegative causing a

rise in 1JPw and a shift in &P to-higher frequencies. While this appears
to fit, the system must be much more complex since there is little
correlation between the values of ISPl and IJPWJ when applied generally;
in particular, comparing the alkyl phosphines in which although lJPW
has changed as expected, the magnitude of the chamge in |6P| is far
greater than can thus be anticipated from the correlation. The apparent

behaviour of the (CH3)3SiCH - compounds may thus be fortuitous, since

2
this is closely related to the alkyl phoshpine,

The most that may therefore be concluded is that there exists some degree
of correlation, but that it is more complex than a simplistic viewpoint
would suggest. It is worth noting that in terms of direct comparison the
8P and 1JPw values of the species containing tin, in which both sets of
tin satellites are observable, tend towards those values observed for

the anion itself, possibly implying a degree of similarity in the bonding,

but further detailed work would be required to confirm this.
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MASS SPECTRA (94)

In nearly all cases the mass spectra of the products were obtained and

analysed as further proof of the identities of the species involved.

In the mass spectra of compound such as these the isotope pattern of the
transition metal is a major factor in identification, and is particularly
useful in carbonyl complexes in which carbonyl groups are lost consecutively,
leading to-a repetition of the isotope pattern at intervals of m/e 28, a
useful aid in determining the number of carbonyl groups present. Similarly
in most cases the pattern associated with the parent ion consists of the
isotope grouping of the transition element with the substituents isotope
pattern superimposed. This aids the analysis of the spectrum of the
compouﬁd'under consideration. Spectra were obtained of the product
mixtures from the reactions. These were directly inserted into the °
source, as a solid. In most cases PH3W(CO)5 was found to be present, as
might be expected both from the nmr spectra and the simple reaction

scheme already out-lined. In several cases compounds not appearing in

the 31P nmr spectrum were identified. These may be a result of reaction
‘within the mass spectrometer, or the result of decomposition on removing

solvent from the nmr sample. They may have been present in small amounts

and were undetectable by nmr.

The table shows the mass spectra of the compounds'whose nmr parameters are

noted in table II. Figures in brackets refer to uncertain identification.

(a) CH3PH2186W(CO)5 m/e = 374
M M-CO  M-2CO M-3C0 M-4CO M-5C0 SPECIES
374 346 318 (290) - - CH3PH2186W(CO)5+
372 - 316 288 260 - 1°cn3186w(00)5+
- - - - - 217 2oy,
- 298 270 242 214 186 186w(c0)5+
- 3H - - - 229 PC186W(C0)5+



Also PH 32 PH,CH, 48 PCH3+46

co*2s PHCH3+47 PH3+ 34

. 186
(b) 81H3PH2 W(CO)5

In this case the silyl phosphine product was produced in very low yield,
and thus the mass spectrum consisted largely of the other products
identified in the 31P nmr spectrum, namely PH3W(CO)5 and (PHB)ZW(CO)S'
However, a weak ion corresponding to SiH3PH2W(CO)5+ was identified at
m/e 388, together with a strong peak at m/e 62, corresponding to

. +
SlH3PH2 .

(¢c) A more complex cracking pattern was observed for the reaction with
germyl chloride, since two products were formed, and the combination of
the Ge isotope pattern with the W pattern made complete analysis
impossible. Three products were, however, identified, the Ge-W

isotope patterns being identifiable for all three. These were
(GeH3)3PW(CO)S, not indicated in the nmr, (GeHB)ZPHW(CO)5 and

GeH _PH W(CO)So

3 H)

M M~CO M-2C0  M-3CO M-4CO M-5C0 Species
432 404 376 348 - (292) GeH3PH2186W(CO)S+‘
506 478 450 422 394 - (GeH3)2PHW(c0)5+
580 552 524 496 (468) (446) (GeH3)3PW(CO)5+
Also GeHn+ n=1,2,3 .75 (GeH3)3P+ 256

GeH3PH2+ 108 PH2+ 33

(GeHz)zPH+ 182 co” 28

The existence of the superimposed Geﬁlw patterning, including loss of
protons, together with these peaks strongly supports the identification

drawn from the nmr spectrum.
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(d) In the reaction with (CH3)BGeCI a mixture of products resulted,

but here it was possible to analyse the results more completely.

M M-CO M-2CO M-3CO M-4CO M-5CO Species
476 448 420 392 364 336 (CH3)3GePH2w(CO)5+
- 433 405 377 249 321 (cu3)2cepu2W(c0)5+
- - - 347 310 291 GePsz(CO)5+
- - 303 275 247 219 PHZW(C0)5+
186 +
(326) (298) 270 242 214 186 W(CO)
+
592 564 536 508 - - [(CH3)3Ge]2PHW(CO)5
- 549 529 493 465 437 [(cn y.] Ge.PHW(CO).*
375) €2 5
- - - - - - (CH3) 2PHW(CO)
- - - - (435) - (CH3)3Ge2PHW(CO)5
- ~  (476) (448) (420) (392) (CH,) ,Ge ,PHW(CO)  +
+ ’ + +
Also (CH;),Ge'117 . Pm,)" 33 GePH, " 105
+
(CH3)3GePH 150 (CH,) ,GePH, 135  (CH,)Ge, PH' 241
cet 72 CH.GePH_*120 | (CH.) .GePH' 226
3oeri, 3’2
+ +
(CH3)3Ge2PH 211 (CH )2Ge2PH 196 GezPH 166

-(e) The reaction with (CH3)3SnC1 again produced a compound detected in
the mass spectrum but not in the nmr spectrum, namely BCH3)BS%LPW(CO)5'
This may have been formed within the mass spectrometer but is a likely
product of the reaction and therefore may be accepted as such. It is

likely to be the least abundant product, and then it is quite possibie

that it would prove undetectable by 31P nmr spectroscopy.
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522

477

360

684

(614)
(599)
(584)
569
(554)
846
831
(816)
801
(786)
761
(756)

(741)

Also

M-CO  M-2CO
494 466
479 451
464 -
449 421
332 304
297 270
656 -
641 613
(586)  (558)
571 543
(556)  (528)
541 523
526 497
818 790
' 803 775
(788) 760
773 745
- 738
(743)  (715)
(728) 700
(713)  (683)
(cu3)33npuz+
(CHB)ZSnPH2+
CH,SnPH, " 151
Sn® 118
pr* 32
co® 28

M-3CO0 M-4CO M-5CO SPECIES M
438 440 (382)  {CH,),SnPHW(CO) "
423 (395)  (367) (cu3)2San2wcc0)5+
408 380 352 CHBSnPHZW(CO)5+
393 365 - SnPHZW(CO)S+

276 248 220 PHBW(CO)5+

242 314 186  w(co) *

5

- (512) - (CH,)  Sn, puw<co>
585 557 529 (CH,) g Sn,PHW(CO) "
(530) - - (cH,) S n,PHW(CO) ;"
515 - - (CH3) Sn PHW(CO)

- - - (CH3)2 PHW(CO)
485 - - (CH3)Sn2PHW(CO)5
470 - - . SnzPHW(CO)5+

762 734 706 (CH3)9$n3PW(C0)5+
747 719 691 (CH,)gSnPU(CO) "
732 704 - (CH,) ,Sn,PW(CO)
717 689 (661)  (CHy) Sn PH(CO)*
(702) (674) 644 (CH,) ;Sn4PW(CO) +
(687) (659) 631  (CH,),Sn PW(CO) "
(672) 644 616 (CH,) ,Sn,PW(CO) "
(657) (629) 611 (CH3)23n3PW(CO)5+

196 (CH,) (Sn,PH" 349
181

(CH )QSnzPH 334

(CH,) 45n, PH' 319

(CH3)ZSn 148

+
CHBSn 133

(CHy) 5
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As in the germanium cases the pattern resulting from the combination
of the Sn and W isotope patterns make identification of the parent ion
relatively easy. However peaks due to the intermediate species are
much intermingled and thus not easily analysed. Where an ion may be
present but has not been clearly identified, it has been bracketed.
Certainly peaks are present in the appropriate regions. It would

appear that in this group of compounds the fragmentation is orderly.

It provides useful confirmation of the identity of the species suggested
by the nmr spectrum, partigularly in view of the combination of the W

and Sn isotope patterns.

(f) The mass spectrum of the products of the reaction with ethyl

bromide provided some degree of confirmation of.the products observed

in the nmr spectrum. However, since the patterns were extremely

complex, identification was difficult and only the main sequence of the
two major products was identifiable. These overlap, giving the same
series of m/e values, only the intensity of the two parent ions indicating

that two compounds were present, the major one being (CH3CH2)2PHW(CO)5.

M M-CO M-2CO M-3CO M~-4CO M-5C0 Species
416 388 360 332 304 376 (CH3CH2)2PHW(CO)5+

+
Also (CH3CH2)3PW(CO)5 T 444

The only ion truly identifiable as being derived from
[(CH3CH2)2PH]ZW(CO)4 is the parent at m/e 478. 1Its pattern is very
much weaker than the other components and also largely coincident with
then.
Also co' 28 (CH.CH,).PH' 98  (CH,CH)).P' 118

80 37272 3727 3
This is one of the unusual cases referred to earlier in that neither the
31

P nmr nor the mass spectrum does any suggestion of the presence of

PH3W(C0)5 appear. This suggests that here is an example of an alternative
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mechanism of substitution, in this case more efficient in its action
than the scheme suggested earlier since no trace of the monosubstituted

phosphine appears. It may be possible that (CH3CH PHW(CO)5 is less

3)2
easily deprotonated, thus diminishing the yield of PH3W(CO)5. The
part played by the FCH 2)2PH] w(CO)4 is also unclear, serving only

to point the apparent complexity of the system.

(g) With (CH3)3SiCH Cl, clear evidence is obtained for the species

2

(cH ) SlCH W(CO)S and [(CH3)3SiCH ] PHW(CO)S, but only slight evidence

2 3]2

for the third species observed in the 31P nmr spectrum, FCH3)3SiCHzJ3PW(CO)
This may be due to instability or, more likely,; to the low

vapour pressure, It was possible to assign other peaks to ions other

than the parent in this species cracking pattern, Here too the

fragmentation pattern became exceedingly complex at lower m/e,-

preventing full assignment and analysis,‘buf sufficient was observed

to provide a degree of conformation of the identity of these species

observed in nmr spectra.

M M-CO M~2CO M-3CO M-4CO M-5CO Specias

532 504 476  (448)  (420) 392 (CH3)6Siz(CH2)2PHW(CO)5+
517 489 461 (433)  (405) 377 (CH3)SSi2(CH2)2PHw(CO) M
446 418 390  (362) 334 306 (CH,) ,SiCHPH,W(CO) "

373 345 (317) 289 - - CH,PHW(CO) *

359 331 (308)  (275) - - PH3W(c0)5+

- (298) (270) 242 - - w(co>5+

. +
Also (CH3)8313(CH PW(CO)4 575

2)3

. +
(CH3)8513(CH2)3PW(C0)3 545
+ .+
co’ 28 (CHy),8i" 73 (CH3)331CH 87
. + .
(CH,) 581 CH,PH,* 120 (CH3)6312(CH2)2PH 206

9.



Similar analysis was carried out on the spectra derived from the
products of the reactions with dihalides,

(a) The reaction of 1,2 dichloroethane with K HZP[W(CO)S]Z is of
particular. interest since the reaction of this dihalide with KPH2

produces a 75% yield of phosphirane, and thus the coordinated phosphirane

produce was an obvious possibility in this reaction.

As has been noted earlier the tungsten analogue of (CHZ.)ZPHMO(CO)5
proved difficult to prepare in other than trace quantiﬁies, with much
decomposition taking place. Thus if this complex was preparable by
this method, ie., deprotonation and ring closure of 1,2 dichloroethane
or to a coordinated phosphine anion, then this scheme would present an

alternative route to these compounds,

Of the three major products two were readily identifiable from the 31P

nmr spectrum as PHBW(CO)5 and (CH PHW(CO)S, the latter, as discussed

2)2
earlier, on the basis of its similarity to the molybdenum analogue.
The mass spectrum served to confirm the identity of these two products,
the main sectién of the fragmentation pattern, including the parent
ion, appearing.

M M-CO M-2CO M-3CO0 M-4CO0 M-5CO Species

386 (258) 330 302 274 246 (CH PHW(CO)5

2)2
The third product, apparently the most abundant could not be identified
by its nmr spectrum alone. It was almost certainly a ﬁhosphirane complex,
and substituted at phosphorus; a not improbable result of this reaction.
Its mass spectrum had a parent ion at m/e 448 with an isotope pattern
corresponding to that of a tungsten atom plus one chlorine atom. As
expected five carbonyl groups were present, and on the basis of this
evidence, plus what could be gleamed from the nmr spectra, the likely

identity of this species is:



H
ClCH2 C <

\CHZ\ L\C/HH
Ny

/

\

3
L
oc” |
c
0

The complexity of the low mass region of the spectra prevented full

analysis,
M M-CO M-2C0° M-3CO M-4CO M-5CO0 Species
448 420 392 364 336 308 C1CH2CH2P(CH2)ZW(CO)5+

Also present were (CH PH' 60 cot 28

2)2

HC1™ 36/38 PH3+ 34

(b) As stated earlier the reaction involving CH3CHX2 (X = Br,Cl)
producted a species identifiable only as an RPHZW(CO)5 molecule, the

spectrum precluding further analysis.

The mass spectrum in both cases (Br and Cl) presented a complex parent
ion at m/e 386/384 which was analysable as the superimposition of two
tungsten isotope patterns of similar intensity, one centred at 386 and

the other at 384 (based on 184

W). This may be explained as evidence

for the production of a species either capable of gaining or losing two
protons in the mass spectrometer, The likeliest products, given the m/e
value for the parent, and the initial reagents, are CH CHZPH W(CO)5

losing two protons or CHZ:CHPHZW(CO)S, whose double bond may be protonated
in the spectrometer, producing a monoethyl phosphine complex. However,
the first of these two possibilities may be ruled out on the basis of

the nmr. spectrum, in which mono ethyl phosphine tungsten pentacarbonyl

was not observed,

9.



M M-CO M-2C0 M-3CO M-4CO0 M-5CO Species

386 358 330 302 274 246 CHZOCHPHZW(CO)S+ *

326 (298) (270) 242 (214) 186 186W(C0)5+

+ + +
Al so CH3CI'121"‘H2 62 CHZ.CHPH2 60 Cco 28
*Each of these groupings also displays the superimposition of two

tungsten isotope patterns separated by two mass units.

The lower region of the fragmentation were too confused to permit
detailed analysis, but in both reactions, X = Br and Cl the patterns
were substantially identical, suggesting that this complexity may be

a result of the instability of monovinyl phosphine tungsten pentacarbonyl

in the mass spectrometer.

In the attempts to prepare biphosphine derivatives by reacting

Br, (CH3)2P(S)CI, FZP(S)CI and (CH,).PCl mass

3)2

K PH2 [W(C0)5] 9 with PF2

spectra of the products were obtained. However, they added very little
to such information already obtained by nmr, indicating merely the

presence of PH3W(CO)5 and (PH W(CO)4 and also large numbers of

3)2
unidentifiable species.

In general those cases in which no information could be derived from

the 31P nmr spectrum produced no clear indications of the products
identity in the mass spectrum. As might be expected, only when a single
product or at most three products were present was useful information
obtainable from the mass spectrum. Such spectra have been used largely
as a confirmation of identities suggested as a result of nmr studies.
Within these limitations the technique has proved invaluable and assisted
greatly in the identification of the various producté obtained in these

reactions,

The reaction system itself shows great promise. However, it has severe
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limitations, many of which hecame more obvious in the study of the
deprotonation of other phosphines. Such a system does, however, present
a route to otherwise little-known materials, and as such deserves

further study.

Some attempted ‘réaction using "K P(CH3)2[W{CO)5:}§

Althoﬁgh the attempts to prepare a pure sample of the anion of dimethyl

~ phosphine tungsten pentacarbonyl, derived from the reaction of KPH2 with
HP(CH352W(CO)S, were unsuccessful, it seemed possible that decomposition
only took place in the.absence of a éuitable reagent, and that therefore
if an alkyl or similar halide were to be added, this might react
preferentially producing the desired substituted dimethyl phosphine
complex. The successful synthesis of such a species would indicate

the existence, allbeit transient, of the anion, and the possibility

of trapping it chemically.

A few such reactions were therefore carried out with

(CH,) ,Sicl, (cCH SiCHéCl, (CH,) . P(S)C1, FZP(S)CI, the products being

3)3 3?3 3)2
examined by 31P nmr spectroscopy.
The reaction with (CH3)3SiC1, carried out in a sealed ampoule in

dimethyl ether, produced only HP(CHB)ZU(CO)S’ and a species identifiable

from its nmr, and confirmed by its mass spectrum as [HP(CH3)2]2W(CO)4.

These products are similar to those obtained in the reaétion with the
PH3W(C0_)5 derived species, especially in those reactions which failed

to produce a substituted phosphine product, It is possible to infer

a similarity in behaviour and therefore nature between the anionic species
thus prepared and that derived fromAPH3W(CO)5. This would suggest that
such an anion is preparable, and may be assumed to exist in a bridging
form as does the K PHZIW(CO)élz species, though the mechanism for the

production of the I:lﬂ?(CH3)é]2w(CO)4 remains unclear.
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Using (CH3)3SiCH2C1, employed. successfully in the K PHZ[W(CO)SJZ

case, and which may be regarded as an alkyl halide, two products were
observed in the proton decoupled 31P nmr spectrum, one being clearly
identifiable from its chemical .shift as HP(CHB)ZW(CO)S' The other
product was shown by the 31P spectrum,with its 1H coupling retained to
contain no protons directly honded to tﬁe phospﬁorus. The spectrum

consisted of a complex multiplet, assignable as seven overlapping

triplets.
NMR PARAMETERS FOR R.P(CH3)2W(CO)5
1
§P 32.45 ppm JPW 230.0 Hz
2
GHCH3Si 0.55 ppm JPH 7.5
2
GHCH 1.7 JPH- 4.0
2
GHCH3P 1.9 4JHH_ not obserwble

It is noticeable that lJpw is similar in magnitude to that observed for

other trialkyl phosphines, eg. (CH3CH2)3PW(CO)5, as might be expected.

This spectrum could fit that expected for the product of a simple

addition of (CH3)38iCH2 to the phosphorus, giving (CH SiCHzP(CH W(CO)S.

3>3 3)2
Further confirmation of this was obtained from the mass spectrum, which,

while complex and indicating the presence of HP{CH W(CO)S, m/e 388,

3)2

also displays a parent ion at m/e 474, the molecular ion corresponding

. +
to (CH3)381CH2P(CH3)2W(CO)5
M  M-CO M-2C0 M-3CO M-4CO0 M-5CO SPECIES
+
474 446 418 390 (362) 334 (CH3)3SICH2P(CH3)2W(CO)5
459 431 403 375 347 319 (CH3)ASiCH2PW(CO)5+

Also identifiable are ions corresponding to:

+ . +

W 186 (CH3)251CH2P 118 (CH3)3
o 28 (cH.).sit 73 (CH.).sicH.t 87
= 3/3°t /- 3/3°1%H,

. +
SlCHzP(CH3)2 148

. +
(CH3)481CH2P 133
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The evidence would thus suggest that.the product of this reaction is
indeed (CH3)3SiCH2P(CH3)2W(CO)5, the expected product of the reaction

between (CH3)3SLCH2C1 and the proposed anion.

This reaction serves to indicate that tﬁe anion does indeed exist,
although perhaps only as an unstahle species. It would seem therefore,
that sucﬁ reactions involving trapping of the species are possible. It
may indeed be possible to isolate a pure sample of this species under
the proper experimental conditions, and to prevent its.decomposition.
This would, however, require intensive work on both preparation and

isolation of this species to determine its stability.

The two reactions of this system with PV compounds produced extremely
complex .product mixtures, in which the desired product could not be
identified in either the 31P nmr -0 the mass spectrum. In both reactions
HP(CH3)2W(CO)5 and HP(CH3)2W(CQ)5 and [HP(CH3)2 ]ZW(CO)4 could be
identified, cleérly distinguishable in both ~ P and mass spectra. An
additional pair of products were identifiable in the reaction involving

(CH3)2P(S)CI. These were PHBW(CO)5 and (PH W(CO)4.

3)2
These last two products would suggest an@lextremely complex reaction
mechanism involving the loss of methyl groups and their replacement by

proton. It is probable that the suitability of the biphospbine

derivative produced in these reactions will contribute to the decompositon.

Certainly at present this system is almost totally ineffective from a
synthetic viewpoint, and requires much clarification, both in preparation
and stability of the initial anion. Further investigation of mechanism,

reaction condition and reagents is clearly necessary.

However, alternative routes to a [P(CH3)2 W(CO)S]Z]_ species and thus to

substituted dimethyl phosphines exist. In particular the lithium salt
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may provide a yseful starting point for synthetic studies. It is possible
that this ion may be as useful as [PH2 W(CO)S]Z] - synthetically, as is

suggested by the reaction with‘(CH3)3SiCH201.

-Some .attempted reactions with K PHCHj[W(CO)s] 2]

Sufficient evidence exists for the presence and stability of this species
to make its reactivity worth investigation. Accordingly its reaction

with two halides, (CHj)BGeCl and C1.CH2.CH2C1 was studied.

It might be expected that simple production of a substituted methyl

pPhosphine complex is the likeliest product. However, there is a strong
possibility that the sole remaining proton would be readily removeable,
thus producing tertiary phosphines. Such a result would be entirely in

slo - Both the halides

keeping with the behaviour of K PHz[ﬁ(CO) ]
used were known to give identifiable products with K PHZ[W(CO)SJZ ,

the reaction with ClCHz.CH2C1 giving some interesting species. Both
these halides would be suitable to test the similarity (or lack of it)

in the behaviour of this species.

The reactions were carried out in dimethyl ether, as in previous examples,
and examined by 31P nmr and mass spectroscopy. The reaction with
(CH3)3GeC1 gave a low yield of both the mono-substituted, and disubstituted
methyl phosphine complexes. This would indeed suggest that the remaining
proton bound to the phosphorus is sufficiently acidic, as in the case of
PH3W(CO)5 derivatives, to react with the original anion to produce a
further deprotonation:

K.[PHCH3[W(CO)5]2] + (CH3)3GePHCH3W(CQ)5 —_— H2P(CH3)W(CO)5

+ K [(cu3) JGePCH, [W(CO) 5] 2]
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However, the nature of the anion demands that the reaction must be
more complex than a simple deprotonation. If the new species, a
partly substituted anion, as indicated in the above equation, is a
bridged species, which would be in keeping with the observed spectral
parameters, then the simple picture, illustrated above cannot be an
accurate description and further steps must be interposed to deal with

the extra W(CO)5 moiety.

The identities of the products were further indicated by the mass
spectrum, which not only showed the presence of (CH3)3GePHCH3W(CO)5
and [(CH3)3Ge ]ZPCH3W(CO)5 but also a further expected product:

HiPCH3W(CO)5, .which must be produced.

"NMR PARAMETERS

1 (CH3)3GePH(CH3)W(CO)5 .
1
§P 138.2 ppm JPH 294 .5 Hz
SHp not observable 1JPw not observed
GHCH 1.85
3
§H 0.8
(€Hy) 4
(ii) [(CH3)3Ge ]ZPCH3W(CO)5
&P -163.8 ppm 1JPw not observed
S§Hp not observable
&H 1.85
| CH3
S§H
(CH3)3 0.8

All other couplings were not directly observable.
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MASS SPECTRUM

M  M-CO M-2C0 M-3C0 M-4CO M-5CO SPECIES
490 462 434 406 378 350 (CH,) 4GePH(CH,W(CO) 5*
475 447 419 399 363 335 (0113)3(;e1>m~r(c0)5+

i +
606 518 (550) 522 494 (466) [(CH3)3Ge]2PCH3W(CO)5

GePHCH. 164.

Also (CH3)3 3

In the mass spectrum the lower regions of the fragmentation pattern

became so complex as to preclude detailed analysis. However the parent

ions were readily identifiable together with parts of the fragmentation
pattern, partly as a result of the superimposition of the tungsten and
germanium patterns. The nmr spectrum fits that expected for such

Speciés. In particular 6P is in both cases in the expected range. This
result would suggest that in the reaction with RX species K [PHCH3[W(C0)5]2}

behaves in a manner analogous to K [PHZ[W(CO)S]ZJ .

It was hoped that the reaction with 1,2 dichloroethane would give either

C1CH2CH2PHCH3W(CO)S or a methyl phosphirane complex, (CH2)2

~the latter by analogy with the behaviour of 1,2 dichloroethane in reaction

PCH3W(CO)5,

with K [PHZ[W(CO)S]Z] . Methyl phosphirane has been produced in low
yield by the reaction of KPHCH3 with 1,2 dichloroethane in liquid ammonia
(23). Other products of this reaction include p-methyl vinyl phosphine,
methyl ethyl phosphine and other such species. It mi ght be hoped that by
making use of a coordinated phosphorus anion, the reaction would take
less diverse paths, and yield a{;]major product, the methyl phosphirane

complex. The product was very different.

The S'p nmr, proton noise decoupled, showed a single peak, indicating
that a single phosphorus containing product had been formed. Proton

coupling split this into a wide doublet, characteristic of PH in
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which the phosphorus nucleus isfourcoordinate. Additional and complex
fine structure was also present, making accurate measurements of

n . L.
JPH, (n>1) uncertain.

The 1H,nmr spectrum i's second order and the HH ctouplings were not

directly measureahle.

NMR 'PARAMETERS

1
6P 51.0 ppm JPH 320 Hz

1
<SHCH3 1.8 Ipu 250
SHp 4.4 “JPH (n 1) 7.5, 2, 10, 15. Hz

Accurate measurement of any other proton chemical shifts proved

impossible because of the solvent used, CH2C12.

The parent ion in the mass spectrum appeared at m/e 398, and from its
fragmentation pattern it appeared that the single product of this
_reaction contained five carbonyls. This would correspond to C2H3PCH3

H18

6W(CO)5, allowing for those functional groups already known. This
would correspond to p-methyl vinyl phosphine tungsten pentacarbonyl,

one of the possible products.

MASS SPECTRUM

M M-CO M-2CO M-3CO M-4CO M-5C0 SPECIES

186 +

400 372 (344) 316 288 260 C2H3PCH3 i HW(CO)5

373 345 317 289 261 " 233 CH3PH186W(CO)5+
186 +

(384) 356 328 300 272 246 C2H3PH w(co)5

+ + +
Also CO 28 CZHSPHCH3 76 CZH3PCH3 71
+ +
CHZPH, 47 . CHBPH2 48

Plus various deprotonated C-P species to m/e 48.
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Several douhly charged‘igna arg alsg present, appéaripg a; m/e
157,143,135,128 and 121. These chreqund to ions already noted as
i§+. This may be a result of a hydrogenation process taking place
within the spectrometer, in which the double bond is hydrogénated
to form ethyl methyl phosphine tungsten pentacarbonyl, ie peaks at

400 etc.
These figures to suggest that the species formed in this reaction is
Probably p-methyl vinyl phosphine tungsten pentacarbonyl. A similar

3772

which gave a product assignable as mono vinyl phosphine tungsten

species was formed in the reaction CH.CHX, with K [PHZ[W(CO)S]Z]

Apentacarbon&l. It is not an unexpected product, but does suggest
that under these conditions, the methyl phosphirane complex is either
unstable, the vinyl phosphirane complex being formed preferentially, or

is kinetically prevented from forming.

These two reactions Suggest that this anion may be usefully employed in
synthetic work, yielding some interesting and unusual products. However,
‘since the lithium salt may be prepared more readily, and with greater
purity, it deserves closer study, and should expedite the study of the

synthetic properties of this particular anion.

Therefore further studies of the synthetic possibilities of this species
were carried out using the lithium salt Prepared as described earlier
by the reaction of n-butyl 1lithium with methyl phosphine tungsten

pentacarbonyl.

.Some .reactions of Li [PHCH3[W(CO)5]2]

Since this 1ithium salt may be prepared in greater yield, and purity than
its potassiim analogue it was used for further reaction. The nature of

the anion appears to he identical to the potassium case, and therefore its
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behaviour is likely to.differ little, if at all.

An additional group of four halides were used in an attempt to
inyestigate the reactive possibilities further. Those used were
(CH3)3SnC1, CHBCHj&ySLH3Br and GeHBCI, all-of which gave reasonably

Clean reactions, and identifiahle products in reaction with
K [PHZ [W.(CO)S]ZJ .

The reaction with trimethyl stannyl chloride, carried out under similar
conditions to other reactions was rapid, and the products were examined

by 31P nmr and mass spectroscopy.

From the non-decoupled 31P nmr spectrum it was evident that complete
Proton replacement on the phosphorus had taken place, this being

confirmed by the mass spectrum, which showed a parent ion at m/e 700,
corresponding to [kCH3)3Sn ]ZP(CH3)W(CO)5 ‘further evidencegging the

presence of an isotope pattern corresponding to snzw.

Thexe are fwo possible explanations for this, namely the acidity of the
‘remaining proton increasing en addition of a trimethyl stannyl group to
the phosphorus, as discussed earlier, and alternatively, the Presence
of local excesses of trimethyl stgnnyl chloride in solution, leading to
further reaction with the anion. It is known that certain trialkyl
stannyl halides will react with phosphines to produce substituted

products (92).

In an attempt to distinguish between these two possibilities the reaction
was repeated, this time in a non-polar solvent, n-hexane,in which both
the anion and (CH3)3SnC1 would be only sparingly soluble. Here again

the only product detectable was the di-substituted methyl phosphine

complex, thus adding weight to the hypothesis that the acidity of the
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remaining proton is the governing factor in suhstitution, rather than

solubility.

NMR PARAMETERS

1
sP 221.9 ppm JPW 166 .7 Hz

1 -y
Jpg, 206.2 and198.2 Hz

These values, particularly those of 1JPW and 8P are consistent with
those observed for other trimethyl stannyl phosphine tungsten complexes
(seeearlier) and the magnitude of 1JP is consistent with the electro-

W

positive character of this species.

The relative intensities of the W and Sn satellites indicate that there

are 2 Sn atoms per W, as would be expected.

MASS SPECTRUM

M  M-CO M-2C0 M-3C0 M~4CO M-5CO SPECIES
: +
700 672 - - - - &CH3)3Sn ]2P0u3w(c0)5
- - - - +
657 629 ECH3)3Sn ]zpw(co)5
- 508 480 (452) - 396 (CH3)4SnPW(CO)5+
- - 465 (437) 409 - (CH3)3SnPw(CO)5+
- 329 301 - - - PW(C0)5+
- 344 (316)  (288) - - CH3PW(C0)5+
Also (cu3)33n+ 164 W(CO)5+ — W 186
+ +
CH, 15 (CH,) ,5mP" 195

[(CH3)3Sn.]2P 359 (CHB)P+ 46 + less of 3 protons in sequence.

Since the compound appeared fairly pure its infrared spectrum in

solution was obtained as further confirmation of its identity.
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IR SPECTRUM. IN n~HEXANE
Frequency Assignment

2960 s
2935 s
2878 s
2820 s sh

vCH

2070 W
1972 vs
1925 s

vCO

N N N N

1960 mbr

1380 6CH

=]

N N

1197
1118
1065
1040
950
880
850
604
588 m

8 € =

€ & 8 g o

§CO

SN’ Nt Nt

545 mbr
520 wsh
378 w vM-CO

This again fits the expected spectrum. In particular the number of

carbonyl stretching bdnds is as expected for a C skeleton.

4V

The reaction with ethyl bromide, however, produced a low yield of a
mixture of products, suggesting that it is a much less effective
electrophile than (CH3)3SnC1, or that the intermediate species
containing one proton is preferentially formed. Due to the low yield,
only a proton decoupled 31P spectrum was ohtained, which gave the

chemical shifts of the products, hut provided no information on couplings.
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A smali amount_ofzﬂzPCHBWLCQ)s was_ identified from its chemical shift.
CH3CH3PHCH3W(QO)5v (CHBCHZ)ZPCH3W(CO)5

3 -49.1 ppm =11 ppm

. These values are not unreasonable for the designated compounds, but do
not by themselves serve as proof of identity. More convincing proof
was obtained from the mass spectrometer, which provided clear evidence
for the presence of these two species, and enabled a moderately detailed
anaiysis to be made éf their fragmentation pattern, suggesting that the

two species above are indeed present.

MASS 'SPECTRUM

M  M-CO M-2C0 M-3CO M-4CO M-5CO SPECIES
430 402 - 374 346 318 290 CH3P(CH3CH2)2W(CO)5+
415 . 317 359 331 308 275 P(CH,CH,),W(CO)*
(372) 314 316 288 260 232 cu3pw(co)5+
(357) 329 301 273 245 - PW(CO)5+
326 298 270 242 214 186 w(co)s+
402 374 346 318 300 262 cu3pucu3cu2wc0)5+
387  (359) 331 303 - 247 anCHZPHW(CO)S*

373 345 317 289 261 233 CH3PHW(C0)5+
358 330 302  (224) 246 = PHW(CO)5+
Also CH3CH2PHCH3+ 76 CH3CH2P+ 60 etc (loss of protons)
cu3(:1{2+ 29 (CH3CH2)2P+ 89
CH3+ 15 CH3P+ 46 etc (loss of protons)
co’ 28 PT 31

CHBPHQW(CO)5 was. also identifiahle as heing present in small amounts.

This evidence is much more convincing as to the identity of the products.

However, the reason for the low yields in this case remain unknown, and
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present something of a problem, since this.prevents use as a synthetic

route.

Further difficulties were fqund in ghe reaction of SiH3Br and GeH3C1,
-which produced'as‘the only identifiable products HZPCH3W,(CO)5 and
(H2PCH3)2W(CO)4. Iﬁ neitﬁer’mass nor 31P;ﬁﬁr spectra was there any
trace of a substituted methyl pﬁospﬁine complex. This would suggest

that the problem encountered with CH CHZBr as a reagent may be more

3
widespread, and tﬁat fn these two cases this block has prevented reaction,
and has enabled the decomposition route, observed for other anions, to

be followed. 1In particular this is similar to the reaction of

K [PHZ[W,(CO)S]2 ] with these halides. In those cases the major product
was PH3W(CO)5 with some (PH3)2W(C0)4 also present. However, measureable

amounts of the silyl and germyl phosphine complexes were produced.

The'result in this case may be a result of the greater instability of
the anion, commented on earlier, leading to a greater probability of
failure in atfemﬁting a substitution with an RX species. In particular
:.those species in which the end product is unlikely to be markedly stable

will not be synthesised.

3Br, and GeH3C1 not one of

the mixed methyl silyl or methyl germyl phosphine complexes has been

In the case of the two reagents used, SiH

reported with tungsten, and it is therefore possible that since some
silyl and germyl phosphine complexes of Group VI metals are difficult

to prepare, the easiest being complexes of (SiH (79) decomposition

3)3P’

has taken precedence.

These results present an unclear and incomplete picture of the reactivity

of the anionic species. The system does offer some possibilities in the
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synthesis gf,nqvel phpsphing Cqmplexés,.but little concrete informatian
has emgrgedvconcerhing the mechanism of such'reactiqns, or the likelihood
of success in any given case.’ The use of (CH3)3GeCI as a.reagent could
bé expected to bhe more hopeful, since it was successfully employed in

reaction with'[P /?[W_(CO) 5] 2] -

Considerable effort remains to be expended to determine the most
advantageous reaction condition in order to allow synthesis using
halides, other than those already employed successfully, to be widely

applied.

Separation techniques may prove an invaluable asset in the isolation
of pufe samples of the substituted species prepared. The technique

of most value is likely to be high pressure liquid chromatography.

.In conclusion, this work has shown that such deprotonation techniques
may not only be a valuable synthetic method, but the generation of such
ions, their structure and reactive behaviour is a field of some

interest, allowing the preparation of otherwise unattainable species.

Much work remains to be done on both the structure and reactivity of
these anions, and should prove valuable. TFor synthetic work other
coordination systems may be worth investigating, for é%ample, boron
adducts of the phosphines may provide an easy route to non-coordinated

substituted phosphines.

Such problems would present a challenging and rewarding, if experimentally
difficult field of work. Much information could be derived from high

resolution multi-nuclear nmr spectroscopy, providing a sensitive probe

for such studies.
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EXPERIMENTAL




CHAPTER 8 -

A. GENERAL EXPERIMENTAL'M?THODS

All volatile compounds were handled on a conventional Pyrex glass vacuum
system, equipped’witﬁ:greaSed‘taps. Qﬁantities of reagents were

measured in calibr&ted'volumes'ﬁy'the deflection of a glass spiral gauge
calibrated by a manometer. Involatile air-sensitive solids were handled

in greaseless tap ampoules, or under dry oxygen-free nitrogen in a glove
box. Volatile compounds were purified by trap to trap distillation, and
their purity was checked by nmr and infrared spectroscopy. Involatile
compounds were purified by recrystallization from a suitable solvent

and their purity was checked by melting point measurements, where applicable,

and both nmr and infra-red spectroscopy.

Infra-red spectra were recorded using a Perkin Elmer 457 grating
spectrometer (range 4000-250 cm_l). Vapoﬁ£ phase and solution spectra
lﬁere'recorded in the usual manner. Nujol mulls of air and moisture

' sensitive compounds were recorded using CsI plates held in a sealed
_container. The nujol was dried over molecular sieve. Nuclear magnetic
resonance spectra were recorded on a Varian Associates HA 100 spectro-
meter (IH) operating at 100 MHz, or on a Varian Associateg XL 100

spectrometer operating at 40.51 MHz for 31P.

B. Preparation of Starting Materials

Compound Method Reference
PH3 | heat H3PO3 95
HP (CH,), KPH,+CLCH,CH,C1 in NH, 195°k 29
CH,PH, CH,PO(OCH,) ,+ LiAlH, | 96
(CH,) ,PH CH,PH, + CH,I 96
SiH,Br PhSiCl +LiAlH, then HBr 97

3 3
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Compound \ Method Reference

‘BZH6 KBH, + 1,70,) 98
KPH, K + PHB in NH, at 195°K 7
KPHCH, . K + CH,PH, in NH, at 195°K -
[csnsnan] Mo (C0) (T Mo(CO)6+[C5H5Néﬁ3J I 99
[CSHSNCH3] W(CO) T W(CO), + [CSHSNCH3] I 99
nor (:7H8M<5(CO)4 Mo (CO)y+ nor C.H ' 100
Mn(CO) Br Mn, (C0), + Br, 101
NOTE :

Omtnn———

(1) Phosphirane (CH2)2PH » was purified by allowing the mixture

of phosphirane and ammonia to stand in a tapered cold finger at IQSQK
for several hours. During fhis time the denser phosphirane formed

a lower phase. The ammonia solvent was then distilled off and the
residual liquid, predominantly phosphirane, was fractionally distilled
‘to yield a pure product.

_(2) (CH3)2PC1, (CH3)2PSC1 and RhCl(PPh3)3 were supplied by W J Savage;
PFyBr was supplied by J Wright; RuClz(PPh313 and RhClCO(PH3P)2

by W J Carter and P W Armit; and trans (PEt3)2PtHC1 by J M Edward.

Solvents were purified as follows:
Benzene Analar grade, dried over sodium wire and distilled
d6-benzene distilled and found adequately pure

dz-methylene chloride as for d6-benzene

methylene chloride distilled from molecular sieve

dimethyl ether dried by passing through several traps at ISfCK
ammonia warmed to 1956K with sodium then distilled
hexane distilled from molecular sieve
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1) Erggara%ign‘qf,RH3W£QQ)5

PHj (0.52 é; 15.0‘mlmoles) was treated with a solution of N-methyl
pyridium tungsten pentacarbonyl (5.45 g; 10 m moles) in 20 mls of
dichloromethane, in the presence of A1C13 (0.6 g; 5 m moles) at room
temperature for two hours, yielding an orange solution and_a yellow
éolid. The volatile products were distilled through 1777k to 77;K-..
(PH3 0.07 g 2.5 m moles recovered). The involatile residue was
extracted with n-hexane, and after solvent and recrystallisation
removal yielded a wﬁite solid, whose identity and purity were checked
by nmr, infra—red and mass spectroscopy.

Yield 807 2.9 g; 8 m moles

(2) Preparation of CHBPHZW(CO)5

CH3PH2 (0.58 g; 12 m moles) treated with a solution of [CSHSNCH3]
[W(Co)gI] . (5.45 g; 10 m moles in 20 mls of dichloromethane in
the presence of A1013 (0.6 g35 m moles) at room temperature for two
days. A yellow solid and an orange solution formed. The volatile

~ products were removed, and found to contain CH2C12 and CH3PH2
(0.07vg; 1.5 m moles), identified by their infra-red spectra. The
residue was extracted with n-hexane and on solvent removal and
recrystallisation yielded a white solid melting at room temperature.
The identity and purity of this product was checked by nmr, infra-red

and mass spectroscopy.

Yield 707 2.6 g; 7 m moles

(3) Preparation of (CH PHW_(CO)5

3)2
(CH3)2PH (0.75 g;. 12 m moles) was treated with a solution of
[?SHSNCHB] [W(CO)SI] (5.45 g; 10m moles) in dichloromethane in the

presence of anh.ydrous;AgNO3 (0.3 g5 2 m moles) at room temperature

with the formation of a yellow solid, together with some effervescence
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The apparatus used in the deprotonation of phosphine

complexes and the subsequent reactions of the anions

sinter

Ll

sinter

e o - - - -

¢

constriction

nmr tube



of CO (identified. hy.its infrared. spectrum). The yolatile products
were removed, and found tO'éohtain.Cﬂi

1 m mole). The residue was extracted with n—hexane, and on solvent

912 and (CH3)2PH.(O.06 g

removal and recrystallisation yielded a clear viscous liquid product
at room temperature. The identity and purity of this product were
checked by nmr, mass and infrared spectroscopy.

Yield 75%Z 2.8 g; 7.5 m moles.

(4) Preparation of (CHZ)ZPHMO(CO)5 (29)

(CH3)2PH + [CSHSNCH3 ][Mo(CO)SI] Yield 50%

(5) Preparation of {(CHz) 2PH] 2Mo(CO)4 (29)
(CHz)éPH+ C7H8MO(CO)4
(C) Preparation of anions

The deprotonation and further reaction of the phosphine complexes were
carried out in the vessel shown in thelfigureIThe three sovirel greaseless
taps act as both regulators and a means by which the system may be
“handled apart from the vacuum system; the two grade 3 sinters allowed
filtration within the system and one of them enabled the filtering of
an extract into the attached nmr tube. The central ampoule, C, was
used for deprotonation and reaction of the subsequent anions.in all
cases. Arm A was used for the preparation of phosphirane complexes
which were then extracted and filtered into C for deprotonation, while
arm B was used for the preparation of solutions of KPﬁZ and other
deprotonating agents. It may also be used as a storage place for

deprotonating agents, such as n-butyl lithium, prior to use.

(1) Preparation of KPHZ[W(CO)5]2
A freshly made solution of KPH2 (0.1 g; 1.5 m moles) in liquid NH3
was added slowly at room temperature to solid PH3W(QO)5 (0.36 g;

1 m mole) in the sealgd ampoule. Immediate effervescence took place and
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the yellow solution darkened. to an orange/red over a period of one

' ‘ )
hour. The yolatile products were distilled through 177-K (which retained

%)

NH3) ‘o 773K,(_<:ohtained'PH3 0.03 g; 0.8 m moles) leaving an
involatile yellow solid, which was dried under vacuum. Its identity

was checked by 31P mmr and infra-¥ed spectroscopy.

(2) Preparation of KPHCH3 [W(CO)S]2
‘A freshly made solution of KPHCH3 (0.13 g; 1.5 m moles) in liquid NH3
was added slowly at room temperature to solid H’PCH3W(CO)5 (0.37 g;
1 m mole) in the sealed ampoule. The solution darkened immediately to
a dark red, with some effervescence, and was left at room temperature
for three hours to ensure complete reaction. The volatile products
were removed, and found to contain NH3 and CHBPHZ’ leaving an orange
- s0lid which was extracted into an nmr tube with dry (CH3)20. The

identity of the product was checked by 31P.nmr spectroscopy.

(3) Preparation of "KP(CHZ)z[Mo(CO)Slz"

A freshly prepared solution of KPH2 (0.1g; 1.5 m moles) in liquid
#mmonia was added slowly at 195g% to a dry sample of HP(CHZ)ZMQ(CO)5
(0.3 g; 1 m mole). Immediate effervescence took place, and the
colour of the solution darkened. After two hours the volatile

products (NH., and PH3) were removed leaving a yellow solid which

3
was extracted with dry (CH3)20.

(4) Preparation of "K2 [(P(CHZ)ZMO(CO)4]"

KPH2 (0.2 g; 3 m moles) in liquid NH3 was reacted at 1956% with

solid (HP(CHZ)-Z)ZMq(CO)4 (0.33 g; 1 m mole). Immediate effervescence
took place with synchronous darkening of the solution. The volatile

products (_PH3 and NH3)-were‘removed after two hours leaving a yellow

solid soluble in (¢H3)20.
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(5)  Preparation.of LiRHCH, [H\(QO25]2 ‘
n—But}l-lfthium:(QfO&_é;-_175,m,molesg in.n<vhexane was added to a
hexane golution of HZECHBW(CO)S (3.7 g5 1 m mole) at room temperature
in vacuo. Within a.few minutes efferyescence commenced, and a yellow
solid was precipitated, the reaction taking half an hour to reach
completion. The volatile products (consisting of hydrocarbons) were

removed, leaving a yellow/brown solid, soluble in an (CH3)20.

(6) The reaction of KPH. with HP (CH W(CO)5

2 3)2
Excess KPH2 (0.1 g; 1.5m moles)in liquid NH3 at room temperature,

was added slowly to pure (CH3)2PHW(C0)5 (0.19 g; 0.5 m moles).
Immediate effervescence took place and the solution darkened in

colour. After one hour the volatile products were removed, and found
to consist of PH3 (0.011 g; 0.3 m moles) and NH3. A yellow involatile
so0lid remained in the ampoule. This was éxtracted with dry dimethyl
ether and filtered into ;he nmr tube to which was added some C6D6

before the tube was sealed. The 31P nmr spectrum showed a mixture of

products, none of which could be conclusively identified as KP(CH3)2
,[W(CO)S] .

(7) The action of potassium metal with HP (CH W(CO)5

3)2
A solution of potassium (0.019 8 0.5 m moles) in liquid NH3 was
'added slowly at room temperature to pure (CH3)2PHW(C0)5 (0.19 g;

0.5 m mbles). Immediate effervescence took place, together with
the discharge of the blue colour, leaving a yellow solution. On
opening the ampoule the amount of hydrogen produced was found to

be of the order of 0.2 m moles. After standing at room temperature
for approximately one Hour the yolatiles were removed, and found to
contain only'NH3,}1eaVipg an involatile yellow solid in tﬂe ampoule.

This was dried by’ continuous pumping hefore extraction with dry
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(CH3)20 and £i1?§;§d4ipsg.§h§ nmr - Fuhef. 3lP nmr specttoscopy sboued

the presence of yarious species including HP(CH

J,H(C0)., ur(cu ]

W(Co), and (CH3)3PW(CO)5, plus some .phosphine.’

(8) The reaction of n-Butyl lithium with HP(CH.).W (_CO)5

3)2
N-Butyl lithium (0.04 g; 1.0 m moles) in n—hexane was added to a hexane

solution of HP(CH W(CO)5 (0.2 g; 0.5 m moles) at room temperature in

3)2
an evacuated greaseless tap ampoule. Within seconds effervescence took
place, and a dark yellow solid was precipitated. The reaction was

allowed to stand at room temperature for thirty minutes before the

ampoule was opened and the volatile products removed and examined by
infra-red spectroscopy. These were found to consist only of hydrocarbons.
The yellow brown involatile residue was pumped to dryness before extraction
with (CH3)20 and filtration into the attached nmr tube. The 31P nmr
spectrum indicated the presence of unreacted HP(CH3)2W(C0)5 together

with unidentified alkyl phosphine complexes, and also a species,

. . e -1 .
identifiable from JPw as probably L1P(CH3)2[W(CO)5]2.

(D) Reaction of anions

_The reaction'conditions in each of these reactions were similar. In
each case a solution of the halide in excess, in dimethyl ether,was
added slowly to a dimethyl ether solution of the anion at room
temperature, and was allowed to stand at room temperature for several
hours until no further precipitate formed. The volatile products were
then removed and examined by infrared spectroscopy. The solids
remaining-gere extracted in a suitable solvent into the nmr tube for
examination. The samples'were also examined by mass spectroscopy.

The parameters ohtained are given in the relevant section of the

discussion.
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(a) Reactions of KPH2 [W(CO)5]2

(1) ﬁith CH,I

Methyl iodide (0.7g; 5 m moles) was added as detailed above to
approx 1 m mole of KPHZ[W(CO)S]2 in dimethyl ether. The volatile
products were found to contain CH3I,(CH3Z9, and a small amount

(0.1 m moles) of CH The involatile solid was extracted with CDC13

40
containing a trace of CHCl3 and the nmr spectra obtained. Both 31P
and 1H nmr spectra indicated the presence of a mixture of HZPCH3W(CO)5,

H3PW(CO)5 and some HP(CH3)ZW(CO)5. This was confirmed by a mass

spectrum.

(2) With SiH3Br

Silyl bromide (0.78 g; 6 m moles) was added to approx 1 m mole of
KPHZ[W(CO)S]2 in dimethyl ether. The volatile products were found to
3)20, SiH3Br and a trace of H2° It proved impossible to

estimate the amount of SiH3Br recovered since an adduct was formed with

contain (CH

thé'dimethyl ether. The solid residue was extracted with CHC13,

containiﬁg C6D6 and filtered into the nmr tube. 31P and 1H nmr

spedtroscopy indicated the presence of PH3,PH3W(CO)5,(PH3)2W(CO)4 and

ASiH3PH2W(CO)5. These assignments were also confirmed by a mass spectrum.

(3) With GeH3CI
Germyl chloride (0.56 g; 5 m moles) was added to approx 1 m mole of

KFHz[W(CO)S]2 in dimethyl ether. The volatile products were found to

Cl and (CH3)20. The involatile residue was extracted with

3
CHCl3 containing a trace of C6D6 into the nmr tube. 31P and 1H nmr

contain GeH

spectroscopy indicated the presence of a mixture of PH,W(CO).,
3 5

3),PHW(CO) .  The

identity of these was confirmed by a mass spectra, which also suggested

(PH3)2W(CO)6 together with GeH3PH2W(CO)5 and (GeH

the presence of (GeH3)3PW§CO)So
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. with. ‘B
(4) w1Fh CH3CH2_r
Ethyl bromide (0.33 g; 3 m moles) was added to approx 1 m mole of
KPH}[W(CO)S]Z in dimethyl ether. The volatile products were found to

contain'only (CH3)20 and CH3CH2Br. The involatile residue was extracted
31

with CH1012 containing some C6D6 and filtered into the nmr tube. P
“and 1H nmr spectroscopy indicated the presence of (CH3CH2)3PW(CO)5
H]

(CH3CH2)2PHW(C0)5 and [(CH CH,) PH?]ZWCCO)4 together with a little

3272

PH3w(CO)5 and PH3. The sample was checked by mass spectroscopy and the

results obtained agreed with the nmr assignments.

2C1.CH2C1

1,2 dichloroethane (0.4 g; 4 m moles) was added to approx 1 m mole

(5) with cH

of KPHZ[W(CO)S]2 in dimethyl ether. The volatile products were

found to contain (CH3)20 and CHZCI.CH Cl. The involatile residue

2
was extracted with CH3C12 containing a trace of C6D6 and filtered into
the nmr tube. 31P and 1H nmr spectroscopy indicated the presence of

PH3W(CO)5, (CH PHW(CO)5 and C1CH CHZP(CH2)2W(CO)5 and these were

2)2- 2

.confirmed by the mass spectrum.

(6) with CH3CHBr2

1,1 dibromoethane (0.66 g; 3.5 m moles) was added to approx 1 m mole
of KPH}[W(CO)S]Z in dimethyl ether. The volatile products were found
to consist of (CH3)20 and CH3CHBrz only. The 31P and 1H nmr spectra
run in CH2C12 containing some C6D6 indicated a mixture of products

with one major component. This was identifiahle with the assistance

of the mass spectrum as probably monovinyl phosphine tungsten pentacarbonyl.

@)) w1th CH3CHC12

This was carried out as for (6) above, .but in this case the major

’.CHPHZW(CO)5 detectable

product was PH3W(CO)5 with perhaps a trace of CH2

only in the mass spectrometer.
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(8) w1§h (CH3)351C1

Trimethyl silyl .chloride, in excess, (0.54 g; 5 m moles) was added

to approx 1 m mole of KPHz[W(CO)S]Z. Tﬁé volatile products consisted
: . .31 1 .

of (_CH3)20 and (_CH3)3SIC1. The “"P and "H nmr spectra in cuf-.c13(c6n6)

indicated that the only major products were PH3W(CO)S and (PHj&V(CO)Q.

(9) with (CH3)3Ge01
Trimethyl germyl chloride (0.38 g; 2.5 m moles) was added to approx
1l m mole of KPH_Z[W(CO)S]2 in dimethyllether. The volatile products
consisted of only (CH3)20 and (CH3)3GeC1. The 31P and 1H nmr spectra
of the involatile products in CHC13/C6D6 indicated the presence of
PH3W(AC0)5, (CH3)_3GePH2W(CO)5 and [(CH3)3Ge JZPHW(CO)S. This was

confirmed by the mass spectrum.

(10) with (CH,),SnCl
Trimethyl stannyl chloride (0.99 g; 5 m moles) was added to approx
1 m mole of KPHZ[W(CO)S]Zin dimethyl ether. The volatile products
contained only solvent. The sample was pumped for 2 days to remove
. all excess (CH3)3SnC1. The 31P and 1H nmr spectra in CH&§13/06D6
together with the mass spectrum indicated the formation 6f PH3W(C0)5,

(CH3)3SnPH2W(CO)5 and [(CH3)3Sn] 2PHW(CO)5.

(11) with (CH3)ZS:JI~:C12

Dimethyl dichloro silane (0.5 g; 4 m moles) was added to approximately

1l m mole of KPH2IW(CO)§]2 in dimethyl ether. The volatile products

31

The “"P and 1H nmr spectra in

consisted of (CH Oand.(CH3)ZSiC1

3)2 2°
CHCl3/C6D6 indicated that the major products were PHBW(CO)5 and

(PH3)2W(CO)4. The mass spectra confirmed this.
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(12). w1§h (CH3)3SLCH2C1

Chloromethyl trimethyl silane (0.7 g; 6 m moles) was added to approx

1 m mole KPHQ[_W(_CO)S]2 in dimethyl ether. The volatile products

. _ . 31 1,

consisted of only (CHB)ZO and (CH3)3SLCH201. The “"P and "H nmr spectra
in CHC13/C6D6 together with the mass specttra indicated the formation

of (CH3)3SICH2PH.2W(C0)5, [(,CH3)3SICH.2] PI'IW(CO)5 and [(CH3)331CH2] 3

PW(CO)S.

(13) with IC1

Iodige monochloride (0.51 g; 3 m moles) was added to approx 1 m mole
of KPHZ[W(CO)S]2 in dimethyl ether. A large amount of a brown solid
was produced. The volatile products consisted of only (CH2)20 and
HCl.. I2 was also observed to be present. The involatile products
were examined in solution by infrared spectroscopy and found to

consist of only W(CO)6 and PH3W(C0)5.

- (14) with (CH3)2PCI

Dimethyl chlorophosphine (0.2 g5 1.8 m moles) was added to approx

1 m mole of KPHZ[W(CO)S]2 in dimethyl ether. A yellowish oily solid
was produced. The volatile products were fount to consist of (CH3)2PCI
and (CH3)20. The involatile solid was examined by 31P and 1H nmr in
CHC13/C6D6 and mass spectroscopy. These indicated the formation of

a wide range of products only two of which could be identified with

any certainty: PH3W(CO)5 and (PH3)2W(COH;.

(15) with PFZBr
Bromodifluorophosphine (0.3 g; 2 m moles) was added to approx 1 m mole
of KPHZ[W(CO)S]2 in dimethyl ether. A yellow brown solid was produced,

with considerable effervescence. .The volatile product consisted of

PFZBr, PF3, OPF3 and dimethyl ether. The 31P nmr spectrum of the

123.



involatile residue in.CHClB/C6D6-gogether with the mass spectrum,

indicated only the presence of PHBW§CQ)5 and (?H3)2W(C0)4.

(16) .wfth.(CH3)2PSC1

Dimethyl chlorophosphine sulphide (0.26 g; 2 m moles) was added to
approx 1 _.m mole of KPH2[W(CO)5]2. Some effervescence took place, and
a brown solid was produced. The volatile products consisted of (CHS)Z
PSC1, PH3 and (CH3)20. The 31P nmr and mass spectrum (the former in
CHC13/C6D6) indicates the presence of a mixture of produqts, two of

which were identifiable: PH3W(CO)5 and (PH3)2W(CO)¥.

(17) with SPF2C1

Chlorodifluorophosphine sulphide (0.27 g; 2 m moles) was added to
approx 1 m mole of KPHZ[W(CO)QIZ' Effervescence took place, and a dark
brown solid was produced. The volatile products consisted of

| 3)20,PF3 and SPF2C1. The 31P nmr spe;trum in OD2C12/TMS indicated
that the only products were PH3W(CO)5 and (PH3)2W(CO)4 together with an

(CH

unidenti fied fluorinated biphosphine derivative. The mass spectrum

added no further information.

(18) with B2H6
KPHZ[W(CO)S]z(approx 1 m mole) was dissolved in dry dimethyl ether and
filtered into an nmr tube. Excess diborane (0.032 g; 2 m moles) was
condensed into the same tube together with a trace of'C6D6, following
which the tube was sealed. The sample was allowed to warm to 2635%'
in the probe of the nmr machine and its 31P spectrum examined.
The sample contained a mixture of products identifiable as PH3W(CO)5,
KPH2 [W(CO)S] 2 and a peak exhibi?ing B-P coupling, identifiable as
belonging to a "K [BH3.PH2W(CO)5 ]f species, implying coordination of

the phosphorus to the boron, and the displacement of one W(CO)5 moiety.
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(b) Reactions of the species prodyced in the reaction of KPH2 with

HP (CH W(CO)S

3)2
(1) With (CH.3)331[C1
Trimethyl silyl chloride (0.45 g; 4 m moles) was added to approximately

1 m mole of the anion in dimethyl ether. The volatile products consisted

of (CH3)20 and (CH3)3SiC1 only. The involatile products were dissolved

in CHC13/C6D6 and examined by 1H'and 31P nmr. These, together with the

mass spectra showed the formation of only (CH3)2PH.W(CO)5 and
[ (CH3)2PH ] ZW(CO)4 .
(2) With (CH3)351CH2C1

Chloromethyl trimethyl silane (0.7 g; 6 m moles) was added to approx
1 m mole of the anion in dimethyl ether. The volatile products consisted

~of (CH,).0 and (CH3)38iCH Cl only. The involatile solid was dissolved in

3)2 2

CHC13/C6D6 and its 31P and lH nmr spectra obtained, together with its

mass spectrum. These showed that the products formed in this reaction

were (CH3)381CH2P(CH3)2W(CO)5 and HP(CH W(CO)S.

3)2

(3) with SP (CH3)2C1

Chlorodimethyl phosﬁaine sulphide (0.26 g; 2 m moles) was added to approx
w/

1 m mole of the anion in dimethyl ether. The volatile products

consisted of (CH3)20,(CH3)2PSC1 and a trace of PH The involatile

3.
residue was examined by mass spectroscopy and by 31P nmr spectroscopy

in CHC12/C A mixture of several products was present; the only ones

66
identifiable were HP(CH3)2W(CO)5 and [HP(CH3)2]2W(CQ)4

(4) With SPF,Cl
Chlorodifluorophosphine sulphide (0.27 g; 2 m moles) was added to
approx 1 m mole of the anion in dimethyl ether. The volatile products

were found to cantain SPF2C1, PF3,-(CH3)20 and a trace of PH3. The
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involatile residue was examined.by 3l

P nmr and mass spectroscopy. Of
the mixture of products present, the only identifiable ones were

PHSW(EO)S, HP(CH3)2WKCO)5 and [HP(CH3)2].2W£CO)4.

(c) Reactions of the anions produced from the deprotonation of

HZPCH3W(CO)5.

I. Reactions of KPH._CH3 [W(CQ)S} 2

(1) With (CH3)3GeC1

Trimethyl germyl chloride (0.6 g; 4 m moles) was added to approx
1 m mole of the anion in dimethyl ether. The volatile products

consisted of (CH3)3GeC1 and (CH O only. A solution of the

3)2

involatile residue in CH2C12/C6D6 was examined by 31P and 1H nmr
spectroscopy, and consisted of (CH3)3GePHCH3W(CO)5 and

[(CH3)3Ge.]2PCH3W(CO)5. This was confirmed by the mass spectrum

2Cl.CH2C1

1,2 dichloro&bthane (0.19 g; 2 m moles) was added to approx 1 m

(2) With CH

‘mole of the anion in dimethyl ether. The volatile products consisted
of (CH3)20 and C31C1.CH201 only. A solution of the involatile residue
in CH2C12/C6D6 was examined by 31P nmr spectroscopy. This indicated
that a single product was formed. The evidence coupled with that from

the mass spectrum suggested that its identity was CH3HP(CHCH2).W(CO)5.

II. Reactions of.LiPHCH3 [W(CO)S] 9

(1) With SiH,Br

Silyl bromide (0.78 g; 6 m moles) was added to approx 1 m mole of the
anion in dimethyl ether. The volatile products were found to consist

of SinBr, SiHA, (CH3)20 and some H A solution of the involatile

9
residue in CH2C12/C6D6 was examined'hy'3lP nmr spectroscopy. This
together with a mass spectrum indicated that tﬁe only product present

in any quantity was H2PCH3W(CO)5.
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(2) Wi?h Geﬂ301

Germyl chloride (0.56 g; 5 m moles) was added to approx 1 m mole of
the anion in dimethyl ether. The volatile products were found to
consist of GeHjCl and (CH3)20 9n1y3 while tﬁe involatile residue on

31

examination by ~ P nmr and mass spectroscopy proved to contain only

H2PCH3W_(CO) 5 and (H.ZPCH._;)ZW,(VCO) L

(3) With (CH3)3 SnCl

Trimethyl stannyl chloride (0.99 g; 5 m moles) was added to approx

1 m mole of the anion in dimethyl ether. The volatile products were

found to consist of solvent only, excess (CH3)3SnCI was removed by
31

prolonged pumping. Mass spectrosopic and ~ P and 1H nmr examination

of the involatile residue indicated that the sole product was

[(CH3)3Sn ]ZPCH3W(CO)5.

(4) With (CH,).SnCl in a non—polar solvent

3)3
. The reaction was carried out as in (3)above, except that the reaction
solvent used was n—hexane in place of dimethyl ether. The sole

product in this case was identified by 31P nmr and mass spectroscopy

as the same as that produced in the above reaction namely

ECH3)3Sn]2PCH3W(CO)5.

(5) With CH3CH2Br

Ethyl bromide (0.34 g; 3 m moles) was added to approx 1 m mole of the
anion in dimethyl ether. The volatile products consisted of CH3CHzBr
and (CH3)20. Mass spectroscopic and both 31P and 1H nmr examination
of the involatile residue showed that the products were:

CH3P(CH2CH W(CO)S, and CH3PH(CH3CH2)W(CO)5.

3)2
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(d) The reaction of KPH2

wiF§HW(CO)6 .

A solution qf KPH2 (Of072-g; lm mgig) in liquid ammpnia at room
temperature in a sealed greaseless tap ampoule was added slowly to

solid tungsten'ﬁexécarbonyi-(Q.lZ g; 0.5 m moles). Tﬁe reaction
mixture was allowed to stand at room.temperature for one day, during
which the colour of the solution darkened from yellow to red, and

some effervescence of CO was observed. Tﬁe volatile products consisting
of CO and NH3 were removed, leaving a yellow involatile solid in the
ampoule. This was extracted with dimetﬁyl ether and filtered into the
nmr tube. 31P nmr spectroscopy indicated the presence of three products

PH3 and two species possessing 183W satellites. These have been

ldentified as ionic species, KPHZW(CO)5 and KPH2[W(CO)é]2.

(e) The reaction of "KP(CH Mo(CO)S"

222
(i) With (CH,),SiCl.

Trimethyl silyl chloride (0.2 g; 2 m moles) was added to approx
1 m mole of the anion in dimethyl ether. The mixture was allowed
to react at 177-K for two hours. The volatile products consisted of

(CH 0 and (CH3)3SiC1. The involatile residue was extracted with

3)2
C6H6/C6D6 and filtered into - a nmr tube. 1H and 31P nmr spectroscopy
SiP(CH

indicated that the major product was (CH Mo(CO)S. This was

3)3 2)2

further confirmed by an infra-red spectrum.

(2) With (CH,),GeCl

Trimethyl germyl chloride (0.22 g; 1.5 m moles) was added to approx
1 m mole of anion in dimethyl ether, and the mixture was allowed to
react at 195/K for 20 hours.. The volatile products were found to

consist of (CH3)20, (CH3)BGeC1 and some .PH Tﬁe'involatile residue

3*

was extracted with C6H6/C6D6 and filtered into the nmr tube. 'H and
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31P nmr spectroscopy indicates that a mixture of products had been

found, none of which were.identifiable.

(3) With.SiH3Br

Silyl bromide (0.22 g; 2 m moles) was added to approx 1 m mole of
anion in dimethyl etﬁer, and tﬁe reaction mixture was allowed to stand
at 195°K for 40 minutes, with occasi. onal sﬁaking. During this time

a vwhite precipitate formed leaving a brown solution, and some efferves-—
cence took place. On opening the ampoule the volatile products were
.examined and were found to consist of (CH3)20, SiHBBr, SiH4 and H2
along with some PH3. The involatile residue was extracted with C6H8/

C6D6 and filtered into the nmr tube. 31P nmr spectroscopy indicated

the formation of a large number of unidentified products.

'(4) With PFZBr
Bromodifluorophosphine (0.45 g; 3 m moles) was added to approx 1 m mole
of anion in dimethyl ether. Immediate effervescence took place and a
brown and white precipitate formed. The reaction was left at IQS:Q for
'three.hours before the ampoule was opened and the volatile products
examined. These were found to consist of (CH3)20, PFzBr, some PF3 and
a trace of non-condensible gas. The involatile brown residue was

éxtracted with C6H.6/C6D6 and filtered into the nmr tube. 31P and lH nmr

spectroscopy showed no identifiable products of any kind.

(f) The reactions of "K.2 [P(CHZ)Z} 2Mo(CO)4

(1) with (CH,).SiCl

3)3
Trimethyl silyl chloride (0.55 g; - 5 m mole) was added to approx 1 m mole
of anion in dimethyl ether. The reaction was allowed to stand at room

temperature for 16 hours, wi th occasional shaking, before the ampoule

. was opened and the volatile products examined. They were found to

129.



con31st of (CH 0 and (CH ) SiCl.only.- The involatile solid residue

3)2
was extracted with C H /C6D6 ‘and f11tered 1nto the nmr tube.’ Both

31P and 1H.nmr spectroacopy‘showed the presence of only one product,

whlch,was identified’ wrth,the aid of infra—red spectroscopy as cis

[(CHB)-3SI.P (0112)2 ] Mo(CO)

- (2) Wi'th. (CH.,) .GeCl

. Trimethyl germyl chloride (0.6 g5 4 m moles) was added to approx
1 m mole of the anion in dimethyl ether; The reection mixture was
allowedvfo stand at room temperature with occasional shaking for

20 hours before the ampoule was opened and the volatile products

: examlned. These were found to consist of (CH GeCl, (CH 0 and

3)3 3)2
The 1nv01at11e re31due was extracted w1th C H /C and

 filtered into the nmr  tube. 1H and 31P nmr showed the presence of

PH3.
"a mixture of products, one of which might be the desired species,u

‘but conclusive identification proved impossible.

'(3) With (CH,)SnCl

3)3 .
Tr1methy1 stannyl chloride (0 8 g5 4 m moles) was'added to approx

-1 m mole of the anlon in dimethyl ether, and the reaction mixture was
allowed to stand at room temperature w1th occasional shaking for 20 hours,
‘after which the ampoule was opened and the volatlle products removed.

pThese were found to consist solely of (CH 0 and some MO(CO)6. The

: A 3)2
~samp1e was pumped continuously over 20 hours to remove‘egcess>(CH3)3SnCI
before the solid re31due was extracted with CH C12/C6 6 and filtered
‘into the‘nmr tube. ‘31P nmr spectroscopy indicated the presence of a
mlxture of products, two of which were identifiable as HP(CH ) and

PH3 The others however were not 1dentrfrab1e, w1th,no Sn satellites

 visible to 1ndrcate‘the presence of the desired product.
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cgndensed: ?he ampgulg was a119ugd Fg.warm ;o rogm temperature and

to stand for three'hgurs wi;h.nq apparent .reaction thequlatile
fractiqn cqnsisting mainly Qf unreacted'phqsphirane, ;qgether with

a trace of ethylene. After twp.days'at room temperature the volatile
products were found to consist qf PH3 and ethylene only, together with
traces of a glossy polymer in the bottom of the ampoule. This polymer

could not be identified.

(4) With BF3

Phosphirane (0.12 g; 2 m moles) was condensed into a 5 mm diameter
nmr tube, together. with BF3 (0.14 g; 2 m moles) and dissolved in

a mixture of CD.C DS/CH2C1 The sample was allowed to react in the

376

nmr tube at low temperature while under observation in the nmr spectro-

2.

meter. On warming to 2096% no detectable amount of adduct formed, but
a small amount of PH3 was formed. The saﬁple was warmed slowly to
room temperature with no sign of adduct formation, merely an increase
in the aﬁount of phosphine present. After being left at room

31P nmr

temperature for two days the sample was again examined by
. Spectroscopy and found to consist ef only PH3 and some ethyl phosphine.

On being opened the tube yielded PH3,BI"3,C2H4 and CZHSPHZ'

A repeat of this reaction was carried out in an evacuated bulb fitted
with a greaseless tap. Several reaction temperatures were used, the
volatile products being examined in each case. The temperatures

a ) oy
employed were 153K, 177K and 195K. 1In each case a 2:1 excess of
BF3 was used, and in each. case white polymeric solid formed almost

I

immediately on warming aboye 77’K. The volatile products were

PH3,C2H.4,C2H5PH2 wlth.BF3 and a trace Qf HZ Lnd1ca§ed tha; decomposition

of the phosphirane had taken place.
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(5) Wlth B2H6 -

Phosphirane (0.13 g; 2 m moles) was condensed into a 5 mm nmr tube,

together with diborane (0.06 g;--2 m moles), with- CD3C6D /CH2C12

as solvents. The sealed tube'was then warmed and allowed'to react

under observation in theAnmr Spectrometer. At 1953k two species were
detected, one being identified as unreacted phosphi rane, and the

other, at higher frequency, (~192 ppm) exhihiting quadrupolar broadening
Iand fine structure indicating the coordination of the phosphorus to a
boron atom. Thelpesks assignable to phosphiraue-diminished to 223ﬁk
when none remained. VThe nmr evidence suggested that this species was
an (CHZ)ZHP}B species. The ratio of BZH6 : HP(CH2)2 was determined by
. reacting known amounts of B2H6 and HP(CHZ)2 in a bulb f1tted with a
greaseless tap at 195 K over 1 hour. Excess d1borane was used to
ensure complete reactlon, and the amount .used wasAmeasured byrlts
removal fromvthe bulb after the reactlon was complete. : The ratio
Vwas found to be 1:2, B2H6 HP(CH2)2, 1nd1cat1ng that the adduct
2)2HP.BH3. On warming to room temperature the adduct

dlssoc1ated to form a mixture of B2H6 and HP(CH2)2 in the ratio 1:2,

formed was (CH

’

'w1th a trace of H, produced

. The infra—red spectrum of the adduct was determined by condensing
sto1ch1ometr1c amounts of HP(CH2 and B2H6 on to the cold plate of

the apparatus/t“rx;;FEsEEX et %Q/ oth reagents were examined
separately at 77QK to provide standards for comparlson. The

measured amounts of diborane and phosphlrane were then sprayed
separately on to the cold plate at 77‘K, the apparatus placed in

the infrared beam, and the spectrum recorded As~expected no

_ appreciable reactlon had occurred. The plate was then warmed to 1934k

by replacing the liquid uitrogeh'iu the cold finger with an acetone/

COé slush, and the spectrum was recorded again. It appeared that
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(8) wiFh Mn(CO)SBr

Manganese pentacarbonyl ermide (0.28 g5 1 m mole) was placed in

an ampoule fitted with a greaseless tap and a side arm consisting of
an nmr tube. Dry Cﬂfn2 was distilled in and to tﬁis solution (CHZ)ZPH
(0.06 g; 1 m mole) was added. fhe ampoule was sealed and the reagents
were allowed to warm to room temperature. Effervescence took place
immediately and continued over a period of three hours, leaving a
reddish-orange solution. The ampoule was opened and the volatile
products examined. These consisted of carbon monoxide (1 m mole) and
CH2012. The involatile residue was dissolved in CDC13/CHC13 and
decanted into the nmr tube. 1H and 31P nmr indicated the formation

of polymeric species, together with probable ring opened species,

with no detectable amounts of any phosphirane manganese species.

(9) With Fe(CO) s

Iron pentacarbonyl (0.2 g, 1 m mole) was placed in a greaseless tap
ampoule . equipped with nmr tube as a side arm, and 6 mls of dry n-
pentane were digtilled in.(CHz)ZPH (0.06 g, 1 m moles) was éondensed

. into the ampoule and the reaction mixture was allowed to warm to room
temperature. The solution was allowed to stand at room temperature
for four days with occasional shaking, during which some orange solid
formed. On opening the ampoule the volatile products were examined
and found to consist of CO, unreacted HP(CHZ)Z,Fe(CO)S'and n-pentane.
The involatile orange solid was extracted with C6D6/CHC13 and decanted
into the nmr tube. 1H and 31P nmr spectroscopy indicated the presence
of polymeric and ring-opened materials with no appreciable amounts of

any phosphirane-iron complex.

(10) With trans (PEt.)_PtHCl.

3)2
Trans (PEt3)2 PtHEl. (0.07 g; 0.2 m moles) was weighed into an nmr

135.



- RhC1(PPh

tube and to Fhis.was addgd"twp.mls_qf.cp2C12 ana (CH2)2PH
(0.012 g; 0.2 m moles). The tube was thenlsealed'Qnd the reaction
mixture altowed to react at low temperature in tﬁe probe of tﬁe nmr
épectrcmétér'ﬁrtle observing 31P. OﬁserVation was commenced at
An1952K_at which temperature reaction had taken'place;'the spectrum
_indicating tWo‘species, one the platinum starting material, and the
other a platinum éomflex with P-P coupling, together with a peak whose
chemical shift Q@-coﬁcordant'withAthe expected signal for a coordinated
phosbhinane. On warming to.ZIIéK broadening:took place, the P-P
coupling collapéing. At 24§;K one sharp. triplet was visible, indicating
the presencg.of one Pt-P species, with the .low frequency signal having
merd‘towards the value of the uncoordinated ligard. At.ZQO;k the rate
ZOf,exchange was such that assymmetry was introduced in the Pt-P triplets.
On re-cooliné to 195¢i the process was totally reversed yielding a
- 'gpectrum:identical with that initially obseryedf

(11) With RhC1 (PPh,) ,

3)3 (0.16 g; 0.2 m moles) was placed in a greaseless tap
.ampoule into which was condensed 5.mls of n-ﬁexane.. To the suspension
 of Rh61(PPh3)3 was added HP(CH,), (0.06 g; 1 m mole) and the ampoule,
wafmed tot313§k, was shekn for two hours, then allowed to stand at room
temperature for a further three days, during which orange crystals
:formed, together with a white precipitate of PPhBa The ampoule was
6peged and the volatile products removed, these being n-hexane, and
.unfeacted (CH2)2PH. The solid residue was extracted with CDCl3‘§nd
‘decanted into an nmr tube..:31P nmr spectroscopy indicated-a mixture

of free phosphirane, free triphenyl phosphine and some unidentifiable

material.
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compiex in n-hexane was placed in a greaseless tap ampoule of about
100 ml vqlume,'and PF, (0.35g; 2m moles) was condensed into this

in an attempt tO'displace'tﬁe'phDSPhirane.' Tﬁﬁ ampoule was allowed to
warm to room temperature and left to stand for several ﬁours. On
examining the volatile components by infra-red spectroscopy, only,PF3
an& solvent ueré bbserVable; and these were returned to the ampoule
which was then left for several days at room temperature. At the end
of this period on opgning the ampoule and fractionating the volatile
.contents through 2090K, 195°K and 1770K, nb trace of free phosphirane

was detected. UV irradiation of the sample in solution also failed

to produce any phosphirane release;

(2) (CH2)2PHM0(CO)5 reacted with PPh3
Ph3P'(O.1g; 3 m moles) was placed in a'greaselss tap ampoule and a
" solution in n-hexane of (CHZ)ZPHMO(CO)5 (approx 1 m mole) was added.
.Thé solution was degassed and allowed to stand at room temperature,

“with shéking, for several days, during which no detectable amounts of

~;free phosphirane was produced.

The sample was then irradiated with a UV lamp for two hours and the
volatile products examined once again. The only volatile component

~of the system was n-hexane with no -trace of free phosphirane.

‘(})  (CHZ)ZPHMO(CO)5 reacted with pyridine.

To a solution containing approx 1 m mole of (CH2)2PHM0(CO)5 in hexane
was added excess pure pyridine (1 ml). The solution whs degassed and
allowed to stand at room temperature fqr two days. Some effervescence-
_took.place dﬁring this time and observation of the vqlatile products
.yindicateaﬁg phosphine was béihg given off. After 2 days the reaction

appeared to be continuing, so the :system was left for a further three
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(6) [(CH3)381P(CH2)2] 2Mo(iCO)4 wi'th thPoCHZ.PPh2

Excess thPCH PPh2 was plaged in a greaseless tap ampoule, and a

2
_solutlon in n-pentane of [(CH3)381P(CH2)2 ]ZMo(CO)4 (lm pole)
" was added, the system allowed to warm to room temperature, and
to stand, with occasional shaking fqﬁ one week, after which the
volatile products were fractionated, and examined by infra-red

spectroscopy, vhich showed no sign of any compound other than

solvent.

e FCHB)SSiP(CHZ)Z] ,Mo(C0), with Ph,PCH,CH PPh,

‘Excéss Ph2PCH2CH2PPh2'was placéd in a greaseless tap ampoule, and
.’a'solution in n-pentane of [(CHB)SSiP(CHZ)Z] 2Mo(CO)4 (approx 1 m

: _mbie) was added; the system was allowed to warﬁ to room
jtempefature after degassing, and to stand, with occasional

shaking for-oﬁé week after which the vdiétile pfoducts were

.:i#emovéq, fractionﬁted, and é#amine& Ey'infra-red specfréscopy;

- thch ;howgd no sign of-any éompound cher than golvent;

2 2772772

(8) (6H3)3SiP(CH252] LMo (CO), with NH,.CH,CH,NH,

I; a solution of the phosphirane complex (approx 1 m mole)

was added pufe ethylene diamine iﬁ excess,‘and the mixture was
_warméa to room temperatu?e and alloged to étand, with occasional
" shaking for three days. At the end of this period the volatile
products were examined by infra-red spectroscopy.and found to

contain NHZCHZCHZNH and a further compound in such trace amounts

as to be insufficient for identification,
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failed to indicate that any (CH2)2AsH was present. The presence,

however, of C suggests that it may have been formed, but

2ty

decomposed by ring opening.
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