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ABSTRACT

The concepts of '"pseudorotation" and "turnstile rotation"
in phosphorane species are discussed in the light . of ‘the literature
evidence available. This leads to the concepts of "apicophilicity"

and "apicophobia" of various ligands in such species.

Results of various kinetic experiments are then discussed in
view of these concepts and the theory that ring strain plays a
major part in the rates of reactions involving phosphoranes as
intermediates or transition species is developed with emphasis on

the accelerations noted in rate when smaller rings are present.

This theory is then postulated as explanation of the observed
decompositions of various phospholimines by Cadogan and Scott 1, 2
and the zero reaction of various acyclié¢: phosphinimines. To test
this theory a variety of cyclic and acyclic phosphinimines were
synthesised and allowed to decompose at 160° in bromobenzene while

the reaction was followed by 1H N.m.r. spectroscopy. Various rates

of reaction were observed dependent on ring size and the apicophilicity

of the atoms bonded to phosphorus.

A notable result was the very slow rate of reaction, comparatively,
when the phosphorus was constrained in a dioxaphospholan type ring.
This result led to observations of the reaction by 31P N.m.r. and
an intermediate species was noted in this reaction. No such inter-
mediate was noted when the phosphorus was constrained. in a phosphole

or phospholan type ring.

A further major result was the observation of the formation of
4-substituted-3-nitroanilines in these reactions which was shown to
occur even during vacuum thermolysis so excluding hydrolysis as the
cause. These observations led to a revision of the reaction

mechanism as proposed by Cadogan and Scott.l’ 2
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"INTRODUCTION

‘Preamble

Cadogan, Gee and Scottl’2 have shown that 1-N-9-nitroarylimino-
1,2,5-triphenylphospholes undergo thermolysis at 150-160° to give
1,2,5-triphenylphosphole oxide and the corresponding substituted

benzofurazars (Scheme l)f

1 ph N
- + 0

Ph\\o SNF X

SCHEME 1

Evidence from competitive deoxygenation reactions® has indicated
this to be an intramolecular reaction proceeding via attack, of the

oxygen atom of the neighbouring nitro-group, on the phosphorus atom,



to give a bicyclic pen?acq-qrdinape intermediate or transition
species,

As the corresponding triethyl g:gfni§rophenylphosphorimidate
((EtO)3P=NAf) and triphenyl-N-o-nitrophenylphosphinimine (Ph3P=NAr)

do not undergo this decomposiﬁion, while y:gfnitrophénylphosphoramidic
trichloride (Cl3P=NAr) gavewthe benzofﬁrazan it was at first thought
that the phospholimine ylide function (Eﬁ-ﬁ—) was relatively more
polarised than in the P-triphenyl andfP-triethoxy deriva:l;ivés.l
However, attempts to extend this reaction to other phosphorus

moieties soon led to anomalous results, and it became clear that
polarisation differences could not entirely account for thé

variations in reactivity.

It is known3

that ring strain’ can be relieved on forming
a pentaco-ordinaste trigonal bipyremidal type of transition-
species (in SN2 reactions at carbon). This suggested that the
driving force for the decomposition of the 1-N-0 -nitrophenyl-
1,2,5-triphenylphospholes was relief of such strain in the
phosphole ring on formation of the five valent, pentaco-ordinate
phosphorane designated (P(V,V)) in Scheme 1.

It was therefore decided ?o synthesise a variety of cyclic
phosphorus imines in an attempt :o demonstrate that reactivity
differed with ring size. This thesis describes the result of
this study, and it will therefore be of value to conéider, in
the following discussion, the factors.involved in the stability
of pentacovalent, pentaco-ordinate phosphorus species, and the
effects this stability has on the reactivity of the molecules

involved with comparison between acyclic species and analogues

of various ring size.
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Ring Strain: (a) Five-membered Rings

Ugi et a.'l.h have shown, from molecular orbital calculations
of binding energies in phosphoranes, that the ring envelope can
accommodate an angle of 90° at phosphorus with almost no strain,
wvhile an angle of 120° created a good deal of strain. This
confirmed the experimental observations_of Muetterties'and

Schmutzler,5

who found that the ring in (1) could be placed
apical/equatorial with an angle of 960 at thsphorus; and by Ugi
himself,LL of the apical/equatorial ring in (2), even though this
contradicts the polarity rule (see "Apicophilicity'p.l7) which
would predict that the apical positions should be occﬁpied by

fluorine atoms with the ring diequatorial.

F .
| \’F | | ~SE

M 2)

WeStheimer6 has also shown that apical/equatorial placément is
energetically more favourable then the diequatorial, while Kenyon7
found that the kinetics of 18O exchange in a series of acyclic,
monoéyclic and bicyclic phosphine oxides indicated that there is no
great energy difference between a tetrahedral four co-ordinate
phosphorus species and phosphoranes with the ring diequatorial.

However it is known that under certain circumstances the ring



.can be placed diequetorially. Denney8 has found evidence for this
in the reaction of the phospholenes (3) and (4) with diethyl peroxide

giving isoprene and diethyl phenylphosphonite, which undoubtedly

| $E>P—Ph \CP—Ph

proceeds via phosphoranes of the type .(5) and (6) where (6) inter-
converts to (5) by ionisation and tautomeric hydrogen shift. The

phosphorane (5) then gives the products by a reverse cycloadditien.

(6)

5

Muetterties” observed a rapid exchange of equatorial and apical
fluorine atoms in (1), which was explained as a rapid equilibrium

‘of the type shown in Scheme 2, while De'Ath and Denney9 have
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observed that at low temperatures the diequatorial form is the
sole species in (1), as is the case in (T), though (8) has a
mixture of diequatorial and apical/equatorial in the ratio

T

1:2.3. Kenyon' found that the ring in (9) went diequatorial during

his 18O exchange studies,

F:

|

(] e
[
F:

e
.

| “Ph
=
(8)

(:>P\/:O ’ [>p—ph

(10)
(9)

(b) Three and Four-membered Rings

Literature on the thermally unstable three-membered cyclic
phosphorus compounds, or phosphirans is scanty. DenneylO has
shown, however, that l-phenylphosphiran (10) failed to give a
phosphorane with diethyl peroxide and trifluoromethyl hypofluorite.
This failure suggests that if the reaction were to proceed in

similar fashion to that mentioned previously for (3) and (L)

the phosphiran refuses to be placed diequatorially. Certainly,



-6 -

placing the ring in such a configuration would require a good deal
of energy input in comparison to a four-membered ring, which
equilibrates'apical/equatorial,'diequatorial rapidly on the

N.M.R. tlme scale at 300.ll ‘When (10) was reacted with the

dithietene (11) at —780,10 the trivalent compound (12) was
obtained. As De'Ath and Denney12 had previously shown that (11)
gave phosphoranes with trivalent phosphorus compounds, the formation

of (13) as an intermediate seems reasonsble.

l AS~CE Ph-. \

Fh—P
~sCg
C/\S 12) FC@/S (13)
(11) |

1,2,3-Triphenylphosphirene oxide (14) has been allowed to
react with sodium hydroxide, and was found to give the ring opered
product, 1,2-diphenylvinylphenylphosphinic acid (15), which, at

13

1200, itself collapses to 1l,2-diphenylethylene. It would

appear’reasonable to suppose attack of hydroxide on (14) should
Ph . Ph
Ph”  Ph 4O~ Ph -
(14) (15)

give only the cis ring opened product as collapse of the vinyl
carbanion formed should be rapid compared to rotation to give the

trans isomer, and indeed the product was found to be 3:1 cis:itrans
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isomer as éxpected; ?he'@xide‘Was alsq fqund tq décbmpqse, tq
l,2-diphenylacetylené,'dnly‘a.t.120o undér'low presSuré,'which tends
to confirm thé findings of Vilcéneaﬁlh‘that théré is a barriér'to

the spontaneous décyclisation of phqsphirans, not as a résUlt'of

the conservation of orbital symmétry but due to the high deformation
of bond angles, and hence the incréasé in strain; in thé'hypothétical
transition states.

These results seem to suggest, therefore, that while the’
formation of phosphoranes containing the phosphiran ring is
possible, they will tend to decqmpose rapidly; that the ring will
be placed exclusively apical/equatqrial, and that ring opéning
will tend to play a majqr part in any réaétion involving
nucleophilic-attack at phosphorus.

Four-membered ring phqsphetans on thé'@?her hand, form
phosphoranes with comparative ease, and pentavalent phosphorus
constrained in a four-membered ring has been'pqstulatéd'in several

applications of the Wittig reaction as shown in .Scheme 3.15516‘

RP=CR, + O=CRR"—> Raﬁ-—cré

RP=0

SCHEME 3




-8 -

This postulate is endorsed by the'cbservapions_of Aksnes
and Khalill7'§f appréciablé SOlvént éffécts on Wittig réactions.
In particular théy noted that thé transition staté in solvents of
low polarity was less pqlar than thé réactants, Suggéstivé of a
four-membéréd'transition species.

In a similar réacﬁiqn, Hudsgn18 has prgpqsed'a four-
membered transition state in thé réaction of phosphoramidates
with aldehydes and kétbnés; Further, inlagreément with the
expected acceleration dué to the fbrmation of a cyélic;
stabilising biecyeclic intermediate with relief of ring strain
the reaction of 2—N—dimethyl—l,3,2-dioxaphoSpholan‘ wiﬁh
benzaldehyde is about 1150 timés fastér'than thé acyclic
enslogues. Accelera@ion is also noted'in the reabtiqn with

isocyanates when the transition state would be (16)

1
Denney et al  have shown for carbocyclic phosphetan

rings that at low temperatures the ring remains apical/equatorial,
while above 30°,.as previously mentioned, the ring can be placed
diequatorially. However, the four-membered ring definitely displays
a preference for the apical/equatorial plecement as Trippettl9 has

shown that the adduct of l-phenyl-2,2,3,h,h—pentamethyl—phosphetan

and hexafluoroacetone, even at 1600, shows no tendency to place
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the ring diequafqrially. Ramirézeo has shown that the four-
memberéd'ring is less strainéd when' apical/equatorial than when
diequatorial, and indééd has notédh that pentavalént oxaphosphetans
aré lockéd in thé apical/equatorial position, with thé'ring oxygen’

atom apical.

(e) ‘Six-membered Rings

Ugih has shown that the six-membered ring containing
trifluorophosphorane (17) has non-equivalent fluorine atoms,
such that the ring must be locked in the diequatoriel position.

F
(17)

Ramirez20 has stated that, other element considerations
so allowing (see "Apicophilicity" p.l1lT), six-membered rings prefer
the diequatorial placement, as they are free of the strain constraints
to which smaller rings are subject, but that they can also be placed
apical /equatorial.

Further evidence for the diequatorial placement of the -
ring has come from the observation that displacement reactions at
phosphorus in six-membered rings normally occurs with inversion
of configuration, as inuacyclic systems, suggesting an intermediate
phosphorane of type (18), where displacement takes place along the
apical axis faster than any possible ligand isomerisation (see

"Pseudorotation” p.11).



X

P—Ph

OH
(18)

Marsi and Cla,rk,2l however, have noted an apparent exception,
where, in the hydrolysis of l-phenyl-l-benzyl-lU-methylphosphorinanium .
salts; while inversion was preférréd, somé réténtion of configuration
did occur. This has been interpretedzo in terms of an intermediate
species of type (18), with X = —CH2Ph; which has undergone ligand

reorganization to (19), before loss of benzyl anion, so giving
GHPh
Me 2
H” —OH

retention.

Ph
(19)

(a) Seven- ‘and Eight-membered Rings
22,23

Marsi has shown that seven-membered rings experienced
complete inversion of configuration during hydroxide cleavage of
their benzyl salts, and that the analogous eight-membered
phosphorane derivative reacted with preponderant, if not
complete, inversion. Following the arguments for six-membered
rings, sbove, this suggests that rings largervthan six-membered
are placed diequatorially in phosphorene species and, in the

absence of ring strain, behave analogously with their acyclic

analogues.
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Pseudo-rotation and Turnstile Rotation

While square pyramidal rather than trigonal bipyramidal
gecmetry has .occasionally been found for stable pho'sphoranes,z)4

25 the

or pentaco—ordinatéd‘intermediatés’or transition statés;
_ gréat bulk of X-ray structuré déterminations on cyclic phosphofanes
has indééd shown thé lattér géométry; with four- aﬁd five-membered

rings in thévapical/equatqrial position.zo

In trigonal bipy?amids it is known thet thé'apical bonds

are longer and weaker than thé‘eqﬁatorial bonds.6 Thé'l9Fvspéctrum
of PF5 would thereforé be éxpécted'tq givé two lines; bﬁt only one

27

line is actually‘obserVed;26' Berry~ ' proposed the concept of
"pseudo-rotation" to explain this ligand equivaléncé where using
one equatorial fluorine as a "pivot" and intérchanging the other
four in two pairs via, éffecﬁivély, a squaré pyramidal intermediate

as shown in Scheme U, the ligands become equivalent by using each

fluorine as "pivot" in turn.

(atom no. given at the equilibrium sign is that

of the atom used as pivot in the isomerisation).
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Wi?h rings, as menpiqned in.Fhe previqus secﬁiqn, able to
take up differént positions on the'triéonal bipyramidal skéléton
it has béén'notédh’5 that such ligand isomerisation can also occur
in cyclic phosphoranes, thé'isomérisation occurring éithér by a
"regular" typé of process only involving bond déformations or by
an "irregular" procéss involving bond cléavage and formetion,
proceeding via a tetra- or héxaco—ordiﬁate species.

Miuetter'bies28 has déséribéd sevéral types of possible

29

processes of the "regular" type. Whitesides and Mitchell™” have
observed, however, that the fluorine atoms in N-dimethyltetra-
fluorophosphorane (20) interchange by a process involving

"inseparable couples" of fluorine atoms.

(20)

This observation precludes all but one of the‘processes
considered by Muetterties, this being the "pseudo-rotation"
process described in Scheme k.

Ugi et a.lh have since shown, however, that there is a
process not considered by Muetterties which is also consistent
with the Whitesides-Mitchell experiment.

This process, which has been termed "turnstile rotation",
involves pairing an apical and an equatorial ligand, and coupling
the remaining threé as & trio. The pair and the trio, then

rotate, in-turnstile rotation, in opposite directions about a
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line which lies in the plane of the two apical ligands and one
equatorial ligand, and bisects the solid angle between the other
two equatorial ligands and an apical ligand, such as the line AB

in (21).

Rotation of the pair and trio in opposite directions leads
to (22), the pair having rotated through 180° and the trio through
120°. While ligand 2 is still equatorial, apical ligands’h and 5
are now equatorial and equatorial ligands 1 and 3 are now apical.
Continuation of the process about AB and similar axes will result
in ligand equivalence.

From the foregoing discussion it can be seen therefore that
both processes are regular rearrangements of trigonal bipyramidal
pentaco-ordinate species yielding equivalent products.’ Both
processes are energetically allowed and both exchange apical and
equatorial ligands pairwise in a concerted, synchronous menner.

In the ideal case both processes can proceed with conservation
of angular momehtum. The processes differ however in the
partitioning of the ligand set, pseudo-rotation being (1+k),
turnstile rotation (2+3), all ligands participating in a
turnstile‘rotation. It can be shownh that there are four
turnstile rotations producing the same net result as any

pseudo-rotation, when it would seem that turnstile rotation
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would have a higher probability than a pseudo-rotation process

30,31 have shown that

elthough quantum mechanical calculations
the turnstilé rotation process would be éxpéctéd to demand slightly
moré énergy than a pseﬁdo—rotation; Furthérmore the motions leading
to thé barriér'spéciés‘in each procéss aré differént;h multiple
turnstile -rotations béing possible without passing through a

trigonal bipyramidal inﬁermediaté, an.ability not shared by
pseudo—rgtation, and the ligand motiqns and enérgy barriers &ary
differently’as a function of thé‘ligand sét'and its distribﬁtion on
the trigonal bipyramidal skéléton.lUgi et'alh havé, indeed, concluded
that trigonal bipyramidal species with apical/equatorial rings must
rearrange by turnstilé rotation.

Finally, a méjor difference 1is the fact that turnstile
rotation is essentially an internal rotation while rotation is
entirely absent in the Berry proceés, this merely being a bond
réérganisation, and in fact, the"térm pséudo-rotation can be
misleading.

While the two processes described above are normelly
responsible for ligand isomerisation, irregular processes have
been observed. - An example of this type of,rearfangement is
the formation of 1,2-oxaphosphetans~ from 1,3-oxaphospholans

on pyrolysis, as shown in Scheme 5.32 )

33 has

Rmmirez20 has noted other exampleé while Asknes
suggested‘a mechanism for the alkoxide promoted decomposition of
3~hydroxypropyltriphenylphosphonium chloride involving ethoxide
ion attack on & pre-equilibrated pentacovelent intermediate to

give a hexaco-ordinate species which has sufficient energy to

split off a phenyl group, as in Scheme 6, facing page 15.



| EtO, P{h.,%? /
phgﬁ(CHZ JOH — P

D ?
Ph‘\; ~Ph Phﬂ\ ), -
P h

Phe” Phe” T P,
OEt OFt
lEtOH |

4 =)
th(E‘tO)P(CHZ)gOH — PhZP(OXCHZ)QOH

SCHEME 6
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"'N.B. In this thesis no attempt will be made to distinguish between
the Berry or Ugi concepts in any particular case and the term
pseudo-rotation will be applied to either.

34,35 developed & mechanism for SN2 displacements

Ingold et al
which involves apical attack of nucleophile and apical loss of
departing anion in a trigonel bipyramid. This concept was tsaken

15,16,36 in a series of papers. A

further by McEwen'ét al
mechanism was proposed for thé hydrolysis of phoéphonium iodides,
involving a pentacgvalént intermedia?é,‘and ionisaﬁion of this
intermediate was proposéd'to be raté detérmining, in contrast

to IngoldBS”who suggested the rate determining step was the

initial addition of hydroxide ion. .

- Methylethylphenylbenzylphosphonium iodidé was found to
undergo reaction with hydroxide ion with inversion of.configuration.
As the steric arrangement of the phosphonium iodide is a tetrahedfon
the hydroxide ion can attack either at a face or at an edge of this
tetrahedron. Observation of complete in?ersion implies that attack
occurs only via the face oppqsite the leaving benzyl group, i.e.
apical attack and apical departure.

Further reactions of methylethylphenylbenzylphosphonium
iodigde havé shown that the relative ease of elimination of various
groups parallels their stability as anions, hence preference for
loss of benzyl, and, again in contrast to Ingold, is influenced by
the nature of the other groups.

Decomposition of methylethylphenylphosphonium n-butoxide

- gave racemised products with only a slight favour to inversion.
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This was rationalised in.terms of apical entry and . departure

as in Scheme 7.

n-8u0
R Ph, Ft

Ph‘\. — "\'i ~
i 697& CH Ph v—n-BuO r CH,Ph

Me Me

. 5
Ph, /Et PhCH;
n-BuO— P——OBu=n «— .-Ph

n- BuO-—~l15

\Ln—BuO-

Bty | R

Ph.- aP_O + O=P-.. -Ph +n~'UOBu-n
/
Me \Me

SCHEME 7

Addition of styrene proceeded via a pentavalent oxaphospholan.
which was stable enough to allow liga/.nd isomerisation and hence apical
departure of a variety of ligands to give several oxides, some with
retention and some with inversion. Wittig addition of benzaldehyde
gave complete retention of configuration, the réaction proceeding

as in Scheme 8 via a pentacovalent oxaphosphetan: . Retention of



_17_

configuraﬁiqn.qccurs as.the‘ring cannot take up high énergy
diequatorial arrangéments,whiCH'woﬁld'be réqﬁiréd'to cause
inversion by apical déparﬁuré.
Ph
- P—CH Pn Me.
EtW/ 2 A
Ph — Et&”
L Ph
h
PhCHO P

SCHEME 8

Ramirezeo has noted that apical bonds are easier to form

'—[’H

and break being longer and weaker (having smaller force constants)
than equatorial bonds and further that equatorial entry would
require the nucleophile to enter at the edge of the tetrahedron,
as mentioned previously. This would result in severe steric
crowding between the entering nucleophile and the other ligands
so disfavouring such entry.

The concept of apical entry and departure has now been
widely accepted and has been useful in rationalising many reaction
schemes, However, Raznirez"20 has suggested that any set of conditions
- which allows departure of an apical ligand without charge separation
should facilitate the decomposition of phosphoranes, while there is
a fair amount of literature, which will be mentioned later, where,
because of restrictions caused by ring effects, phosphoranes have
decomposed via equatorial departure of a stable anioa.

Apicophilicity and Apicophobia

Atoms, groups or moiecules’which have a tendency to take
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up apical p051tlons on a- trlgonal bipyramidal skeleton are ssid to
be apicophilic, while those preferrlng the equatorial placement
are said to be apicophobic.'

5 37

first recognised the concept

lgF spectral data for a series

Muetterties and Schmntzler
When attempting to rationalise the
of mono—-, di-, and tri-substituted phosphoranes. It was observed
that the more electronegative fluorine atoms preferentially occupied
the apical positions while the more eleotropositive alkyl or aryl
groups entered'the equatorial positions. In the'mono—substituted
cases, for example, rapid ligend isomerisation was observed, the
alkyl or aryl group acting as the pivot group; While in the di-

and tri-substituted'cases; ligand exchange was inhibited, showing
the preference of alkyl or aryl groups for the'equatorial position,
as any isomerisation must lead to placengnt of such-a group in an
apical situation.

Similar observations with pentacovalent dioxaphospholans .

and oxaphospholans (23 and 24), have been made by Westheimer.6
CH | H
3 3
NCH \
OCH OCH,
(23) (24)

Compound (23) was found to give only a single methoxyl signal

in the N.M.R. spectrum, even at -100° » implying rapld pseudo—rotation,

38

whereas the spectrum of (2&) is temperature dependent. Westhelmer

proposed that this was due to restricted'pseudo—rotation in (24) as,
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using the alkyl group as pivq? would lead to a diequatorial ring with
concomitanf incréaSé in straiﬁBg’és mentioned'éarliér; whilé use of
an équatorial methoxyl éroﬁp as pivot would placé thé éndocyclic
alkyl group in tﬁé apical position.

Thé'bbserVations by Ramiréz;zo that oxaphosphétan pentacovalent
speciés are lockéd such that the ring oxygén'is apical, have already
been mentionéd, P.9 ; as havé thé results of Denneye, that the
phospholenes (3) end (4) react via phosphoranés with apical oxygens
in preferencé to an axial/équatorial ring placément.

Hudsonho has observed apical placemént of nitrogén although
nitrogen containing groups have beén'shown to préfer the equatorial
positions in trifluorophosphoranes. Muéttértiess and Schmutzler
have observed no'isomerisation, éither by régular or irregular

processes in (25) and (26) respectively.

E F

N |
Fop—nchy | (CHIN-

HC? | 32 (chINT |
F 32 F
(25) (26)

Ra.mirez20 has stated that in most cases the apicophilic
ligands afe the most electronegative, in agreement with Muetterties
polarity rule, but adds, however, that this is a fough guide if
this is the only ligand property considered. Indeed, Muetterties5
himself observed rapid exchange of the fluorine atoms in (1),
showing that the preféréncé of the fluorine atoms for apical
positions could be overcome by réliéf of ring strain in moving

from A to B as shown in Scheme 2, even though this places an
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alkyl group in Phé’unfavqurable'apical position.

Denneyhz;.in & neat démonstration of thé’compétitivé effect
of the‘"élémen " éfféct against "strain" éffécts; reacted a series
of 1;3;2-dioxaph03pholap$ with triméﬁﬁyl hypofluorite to give

phosphoranes of type (27) which decomposed to (28).

' (27) (28)

When R=R'=H and R"=Ph or OMe, the fluorines were found to
become equivaleﬁt and the oxygens interchanged, showing that the
fluorines could be diapical, diequatorial or apical/equatorial, the
"strain" effect competing with the "element" effect. However, when
R=R'=Ph and R"=OMe or, when R=Me, R'=H and R"=0Me the pseudo-
-rotation was restricted to those isomers where the ring is apical/
equatorial and the fluorines at best can be diequatorial or apical/

-
equatorial. Here then, the "element" effect of the fluorines is
not strong enough to overcome the combined "strain" effect of the
ring and the "element" effect of the ring oxygens, although as
has previously been mentioned, if the ring is carbocyclic, the
"element" effect overcomes the "strain" effect of the ring and
the ring can flip to the diequa@orial placémént, p;8 . Where

there is no "strain" effect as in the pentacovalent phosphorinan.



(7)), the "element" effect.is unopposed and no isqmerization takes
place, even.up ?9 100°.

.Déﬁrﬁin;h3’iﬁ thé'alkaliné hyérolysis of'é sériés‘of'éié-
and’ tra.ns-l—X—l—alkoxy—Z 2 3 L, h—pentamethylphosphetamum salts,
'observed an unusual order of aplcoph111c1t1es, the ability of
the ligands to switch from equatorial to apical positions being
in thé ordér'Mé2N§OMé=OEtﬁO-i—Pr<SMé<Cl; not thé ordér of
eléctronégativity;

Oram and Trippettlg in an attempt to quantify thé preference
of éléctronégativé groﬁps for apical posiﬁions foﬁnd that
apicophilicity is a balancé betWeén'eléctronégativity; incréaSé

of which léads to apical téndénéies; and ability to back bond

to phosphorus d-orbitals, léading to équatorial tendenciés, while
remembering that both electronegativity and p,~d, bonding are
dependent on other substituents and iﬁ is thereforé unreasonable

to expect one genéral scale of rélative apicophilicities to apply
in &ll cases. Steric éffécts, indeéd, mey also be involved.

Emsleyhh has suggested, in fact, that the concept of a
ligand being less apicophilic, the stronger the ability it has
to act as a T-donor, is a more powerful one than electronegativity

ks

es Hinze and Jaffe ~ shown that electronegativity can vary widely

with valence state, and in any case, atoms in a molecule tend to

the same electronegativity. The ability to form P4, bonding should
parallel the Lewis basicity,hh to which the apicophilicity is then
inversély proportional, which, adding the special case of the phosphonyl
group (P=0) where Pr—d, bqnding is paramount, gives the apicophilicity

scale P=O<<P—NME2<P—O<P—S<P—C1 as DeBruin observed.

ipicn) Kyl rows ve. Disqiskorisl mings
Whilé‘Séveral éxamplés'of ring cohtainingiphbéphoranés'havé ‘

alréady béén'méntionéd wheré ring strain overécmés'the téndéncy of

alkyl groups to be placed equatorially, no mention has yet been made

7



- 22 -

of any rela?ivé enérgy barriers to placing an alkyl group apical
against that of placing a ring diéqﬁatofialiy:

Oram and Trippettl9-havé préséntéd'evidéncé for thé
intérmédiaéy of a diéquatorial phosphétan ring in thé isomerisations

of phosphoranes of type (29) as shown in Scheme 9.

Ph

. : |
—p P—0
T | ~0 —
O\)(CF
(CE). 3

N

) 5
2 |
N 74
(29 o

SCHEME 9

The free energy of activation for this process was found to
be 82 kj. mol_l, which is the energy difference between the
diequatorial and apical/equatorial ring placements, plus the
difference in apicophilicity between phenyl and CMe,, and
possible steric effects.

Gorenstein38’hs

has observed restrictions to pseudo-
~rotation due to ring strain and the apicophobia of alkyl groups.
He has noted, also, that the barrier to apical alkyl groups cen

be overcome, though this involves a barrier of 40-TO kj. mol—l.,
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while placing the ring diequa@qrial requires about 8k xj. mql—lf
in_agréémént with Oram and'Irippétt.' Ring opening and
recombination réabtiqns were nqtéd‘at ﬁigher temperatures

and thése wére found to requiré similar énergy inpﬁt to

the diéquatorial ring, althqugh théy‘occur only slowly.

From thésé values it would séém likély; that phosphoranes
having apical alkyl groﬁps would bé easier to préparé than
phosphoranés with diéquatorial rings, and certainly, if
conditions in a phosphorané aré such that the ring can be
placed diequatorially then, apart from stéric considérations,
there seems littlé against an apical alkyl group in the same
phosphorané. The figures also confirm the observa:bion2o that
oxephospholane rings will place the endocyclic alkyl group
apical rather than pseudo-rotate to a diequatorial position.

Ring Retention vs. Ring Opening

Ramirezgo has observed that transformations of five-
ﬁembered cyclic oxyphosphoranes into tétraco-ordinate phosphates
generally proceed with ring retention during hydrolyses with
limited amounts of water, and notes that the tendency for
preservation of such rings may be obscured by rapid secondary
reactions among the initial products, a cyclic phosphate ester,
for example, having retained the ring during the original
hydrolysis being subsequently transformed into an acyclic
phosphate.

Westheimer,6 in his earlier review of the hydrolysis of
cyclic phosphate estérs, has noted that while ring reténtion
occurs in a series of esters such as (30), in the phosphonate

(31) hydrolysis yields almost exclusive ring opening, which
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R =H Me Ph,

(30) - (31)

is explained in terms of restricted pseudo-rotation forcing
the ring oxygén atom to be colinéar with the phosphorus atam
and the entering hydroxyl group, thus giving ring cleavage.
The diemidate (32) has been shown to retain the ring on
hydrolysis,hT as have the phosphinates (33-35), although, in
contrast to all thé éxamplés cited previously, they show no

acceleration compared to their acyclic analogues.

AN F
Y OPh OFt

(32) (33)
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?his.la@ﬁér résult'was explainéd6 as.béing.dué ﬁq.the inability
of thé'phoSphihatés”(33‘35) to form a low énérgy.phosphqrane; as
éithér'the ring must bé diéqua?qrial’or an alkyl group must be plaééd
apically for thé réaCtion to procéed; and in comparison to thé oxy-—
and»azarphosphoranés; thése will be of highér energy and héncé thé
lack of accélération in raté.'

On thé‘bthér hand; ﬁhé‘@bsérved”ring cléavage in the'phosPhongﬁe'
(31) due to the locked position of the ring suggésté that phoSphétans,
in which the fourfmémbéréd ring shows markéd‘préférénée fér the apical/
equatorial position, as mentioned previqusly, will tend to ring opén‘.
In practice a mixture of ring retention reactions and ring opening
reactions have beén'obserVed; Hargéfha has obsérvéd'ring cléavage '
and ring expansion in the photolysis of l—azidophosphétan—oxidés'in
methanol, as shown in schemé 10 (facing page) while‘Trippetthg has

shown that reaction of phosphetans with chlorine or bromine yields

the acyclic but-3-enylhalogenophosphines (36), as shown in Scheme 11,

(36)
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which then.recyélise to phospholenes.on heating or treatment with
further halogen, and to phospholenes and/or phosphetan oxides with
aluminium chloride.

50

Trippetﬁ has also QbserVed'ring expansion in thé hyarQlysis
of 1-pheny1—1,2',‘2','3,‘h;h;hexaméthylphosphetanim salts as in Scheme 12
(facing pagé)'whéré the initially formed phosphorane undérgoés a
rearrangément.

The l-phényl—l—bénZyl derivaﬁive; thévér; undérwént_hydrolysis
and Wittig reactions with ring réténtiqn; to givé Fhé'phosPhétan oxidé.'
This was éxplainéd as dué to thé gréaﬁér'stability of thé'departing
benzyl anion in the lattér'case,'compared tQ phenyl aniqn in the
former, where réarrangemén§ is then'préferred;

Ezzell.s1 confirmed this suggésﬁion whenlhe'¢bsérvédlthat
l-benzyl-2,2,3,&,h—pentamethylphqsphétan qxide,'whénifused with '
sodium hydroxide gave only thé'cyclic and acyclic acids (37 and 38)

in the ratio of 1l:L4, showing preferential ring cleavage.

\ .
JP=0 C Hy

| Ph
OH

(37) (39)_

P h\ |
\C(Mez)CH(Me)C(Me H

(38)



The influence exerted by the ring on the mode of cleavage in
these reactions is in asgreement with that observed for unsaturated
52

five-membered rings”~ but in contrast to that of the saturated

five—memberéd‘rinés.6’53 That tﬁé'mode of cléavagé is difficﬁlt

to prédict is suggéstéd by comparison of thé'éléavage of l—phényl—
2,S-dicycloﬁexylphosPholan oxide (39; p.26) and thé l—phény1—2;2;3;h;hé
pentamethylpﬁosphetan oxide méntionéd‘éarlier; Both thesé molecﬁlés
have exocyclic phenyl groups and ring cléavage wbuld'give carbanions

of similar stability. Ring cleaVagé,‘hoWéver; is only observed for
the four—mémbéréd ring. On the’bthér'hand; thé‘Stability of the '
departing carbanion does have an éffect whén'considering thé”

cleavage of S—benzyldibenzophqsphqlé—s-oxidé (40) and ?hé'l—benZyl '
derivative of pentaméthylphqsphétan oxide. Heré,'both molécu1es havé
exocyclic benzyl groups, and though Strain in the phosphetan i; gréatér
this reacts by exclusive éxocyclic cleavage but thé dibenZoﬁhosphole

preferentially reacts by ring cleavage to give the resonance i

stabilised carbanion (41).

+
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40}~ (41)

MarsiSh

considered that, in cyclic saturated systems containing
phosphonium phosphorus as the sole hetero-atom, the reason that no
ring cleavage had been observed, except in the highly strained

phosphetan case, was due simply to the fact that in all cases the



leaving groups employed had been. benzyl, phenyl, or alkoxyl which are
all much more S?able-aniqns than woﬁldtbé‘forméd"from the aliphatic
ring. Hé thérefOré stﬁdiéd'a sériés‘of saturaﬁédfcyclic phosphonium
selts where tﬁé'léaving groﬁps were of écmparablé'leaVing ability to
the ring carbons attachéd to phqsphqrus; é.g. Mé or Et.
The'l','l',.2;2.,"3.,-h,h4héptamethylph05phétaniﬁm salt (L2) ga,vé almost

exclusive ring opening, whilé the 1,1-diethylphospholanium salt (L3)
~gave 96% ring cléavagé, and the l;l-diethylphosphorinanium analogue

(44) gave twice as much retention of the ring as ring cleavage.

oy

/\
Ve Ve Bt Et g h

(42) (43) (44)

The dimethyl analogues of (L3) and (LL) however gave 3:1 ring
retention for the phospholane ring and almost exclusive ring retention
in the phosphiranan case.

It is interesting to note here that while the four-membered
rings show ring opening and ring expansion capabilities, even in the
presence of favourable leasving groups, here with Me(_) as leaving
group a very little ring retention is still observed.

Ethyl was found to be cleaved in preference to methyl although
for alkyl groups larger than methyl no preference is shown. This
suggests, therefore, that in the case of molecules (43) and (Lk4)
equal smounts of ring opening and éxocyclic cléa#age should bé

observed. The six-membered ring, however, exhibits markedly less
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ring cpening while'nhe'five—membered’ring cleaves almost exclusively.
If formation of a phosphorane is postuleted'for the'reaCtion; addition
of hydroxyl to the phosphorus produces the phosphorane (b45). Ring
opening via the’ form A of thls phosphorane, in scheme 13 (facing page)'
is then‘preSUmably'favcured‘for nhe five-membered ring; rather'than
pseudo-rotation to B and loss of ethane with ring retention;

(-)

although placement of the 0" ' group equatorially does not

contravene_Muetterties’ polarity rule;'as O(—) is considerea to be
electropositive.

The predomlnance of ring retentlon is explalned by the preference '
of the six-membered ring for dlequatorlal placement, as mentloned
earlier, due to lack of strain effects, when loss of ethane from -
an apical position is much eesier; and as apical placement of methyl '
rather than ethyl may be expected'due to sneric effects this can
explain also the differences between the two derivatives.

The dimethylphospholanium salt analogue of (43) gave forty
times more ring cleavage than was expected from comparison with
datas from its acyclic analogue, the dimethyl diethylphosphinium
salt (46), while the dimethyl analogue of (4k4) resembled its

acyclic analogue in 100% cleavage of the P-Me bond, evidence which

would appear to back up the preceding suggestions.
.‘ .
(Et)P(Me)
2 -2

(46)

The influence of unsaturated five-membered rings on the mode

of cleavage observed by Ezzell52 has already been mentioned (p.27 ),

due to the resonance stability of carbanions of form (41). The
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alkaline.decqmpqsiyiqn_qf l,2;5—§ripheny1—'and l,2;3;h;5+penpaphenyl—
pthphqliuﬁ iqdidés'has.béén'stﬁdied'byiBéréésénfss Thé'réaCtion was
found to procééd'with ring cléavagé;'béing first ordér’kinetically in
phoSpholiﬁm salt and first order in hydroxyl ion. The‘méchanism

pr0poséd'involved'formation of the‘ﬁnstablé'hydrquphqsphorané which

ring opened with proton migration as shown in Scheme 1bL.

; P
/, Pr HQ _.-Me

- P
AN PNy

SCHEME 14

Mathey56

has described a ;earrangement, which also appears to
involvg a similar phosphorane, where treatment of certain phospholes’
with benzoyl chloride followed by an aqueous work-up gave 2-phenyl-2-
hydroxyphosphorin oxides (U4T) as shown in Scheme 15 (facing page).
The latter compound ring expands in the presence of catalytic
quantities of sodium hydride to give a (7-phenyl)—l-oxa—2—phos§hacyclo—
hepta—h,6—diene (18).

This reaction was no? qbsérved however  for Rl =teg-butyl, attack

of hydroxyl in this case being followed by a 1,2 shift of the benzoyl

~ group.
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Hughes. and Ua.boonkul57

Prqpqséd)?he'spiran structure (h9)‘fqr
phé'2:1.gddﬁc?quvtheﬂréabtion of'1,2;5¢triphén&lphosPholé‘with dimethyl -
acétylénédicérboxylaté.' Wanming théﬂaddﬁct was repbrtéd‘tq give (51)
“Xié thé’riﬁg opénéd’intermediaté (50) which thénlundérWént an internal

Diels—-Alder reaction as shown.

(51)

58

Tebby,” " however, refuted this in a more detailed study, arguing
that the intermediate is a zwitterionic species; the producf'found
after the rearrangement being shown to be the nine-membered cyclic

phosphine (52). : ’, )(
\'\X
) F)i..i
\_-P_X
Ph

(52)



- 32 -

Pthphqlés‘havé beéh'sthn.tqvﬁndérgq 9§hérlring cléavage
réaétions; buﬁ mqst of phése do not procééd”iig_phOSPhgrané
intermediatés: 3raye;‘ﬁabel'and Capliéf;sg for example;'found that
reabtiqn of 1;2,3;h;5-péntaphénylph05pholé with diméthylAacétylené—.
dicarboxylaté in a sealed'tubé at 150° résulted'in the‘formation of
dimethyl 3,&;5;6—tétraphénylphthalaté (53); préSUmably‘zii thé '

intermediacy of (54), with extrusion of the phosphorus moiety.

- Ph
Ph COMe ~Fh
~ Ph co Me Ph
Ph c M
(53) 9 ¢

(54)

Campbell et al.6o have reported similar reaction of 1,2,5-triphenyl-
phosphole and its oxide. )

Schmidt6l obsérved extrusion in the reaction between 1,2,5-
triphenylphospholes and ben;yne, obtaining 1,4-diphenylnaphthalene

Ph

(55) as product.

Ph
(55)

Cadogan et al.62 reported similar reactions in the decomposition
of the strained phosphole ylide (56) which suggests the phosphorane (57)
as an intermediate transition species, where there would be relief of

ring strain, which can then decompose directly"o; stepwise to
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Ts lO-diphenylfluoranthrene4(58) as shown.in,scheme 16 (facing page)f
Although the stepw1se process is. not supported by trapplng of the
aryne, alternatlve routes via 1ntramolecular rearrangement or
bimolecilar reaction of (56) onld'require the ascent of severe
steric barriers;

In a related’system'l;h4dipheny1naphthalene (55) was obtained
from the reaction of l,2;5—triphenylphosPhele with g*br@mophenbl;'Via
the betaine (59); & result which was in contrast to the failure of the -
acyclic analogue (60) to give benZyne;63 end which in comparison to

Schmidt's work and the previous result suggests decomposition of the

phosphorane (61) to the phosphole oxide and benzyne. On the other

hand, reaction of HBr with 1,2,5-triphenylphosphole oxide gave
l,h—diphenylnaphthaiene while no reaction was observed in the sabsence
of HBr or between the phosphole and HBr. As HBr is produced in the
formation of the betaine (59) this is a further ccmplication'in the
proposed scheme and no conclusions ae to the actual mode of reaction
have clearly been reached.
Conclusions

In this preliminary section it has been shown that pentavalent
pentaco-ordinate phosphorus species are, however fleetingly or long-
lived, intenhediary in a wide variety of reactions involving

nucleophilic attack at phosphorus. Further, it has been shown that
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three~, four-, and fivermemberédirings canAachiéve.réliéf,qf ring
strain,by’apical/équapqrial plaéemént onfphe“priéonél bipyramidal
skélétbn of‘Sﬁch'Species; Whilé'Six~mémbéred'rings; fréé'bf strain
A considérations are éénérally plaéédldiequatorially;

On thé'bther‘hana tﬁé*préférénbe'bf cérﬁain'éroups or atoms
for thé'apical position has béen‘sthn and the‘chpéﬁitivé naturé of
the'"elémént" against "strain" éffécts démbnstratéd; with the -
observation that ligand isomerisation on thé'trigonal bipyramidal -
skeleton can occur and by several typés’qf prqcess.

It has also beeh'dem@ns#ra@ed'@ha@ phquhQranéslarév'fqrméd
and dec@mposéd'by apical attack and départuré,‘énd that this cén
in some instances lead to ring cleavagé.‘

Finally, it has beép shown that while'ring-reténtion is
preferred in most cases, ring cleavage has beén'observed'in a
fair number of reactions. While ring cleavage is difficult to
predict it has been observed that the ring sizé:éan inflﬁénéé’thé"
mode of cleavage in some cases, but that in others the'major influence
- 1is the stebility of the departing aniqn.

In the following section, further reactions of nucleophiles
at phosphorus will be discussed in the'ligh? of ﬁhesé obsérva?ions;

and reasons for apperent anomalies will be discussed.
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" 'Nucleophilic ‘Reactions at Phosphorus . Involving Phosphoranes:

- The Effect of Such Species on the Kinetics; the 'Mechanism, and

" theSteréochémistyry of the Resactions.

(a) ~ Hydrolysis
| Phosphate esters have been shown. to behave differently in sacid

39 have shown that both -

and alkaliné SOlution; Hagke and Wéstheimér
phosphoryl oxygén éxchangé and ring c;eavagé.6ccur in acid solution
while only ring cléavage is observed in alkaliné solu#ioan Cadogan
has observed similar behaviour for O-methyl éphyléne phqsphape'(62);
acid hydrqusis giving a mixture of cyclic and opén;chain species;
while alkaline hydrolysis gavé exc1usivé ring ppening;

0

“OMe
(62)

The behaviour can be explainedzo in terms of trigonal
bipyramidal intermediates where, in acidic solution, the rate of
hydrolysis with ring opening is proportional to the proton
concentration, the reaction proceeding via the mechanism shown in‘
scheme 17 (facing page) while'ﬁhe‘raté of permutatiqnal isomerism
required for exocyclic hydrolysis‘zié tﬁé méchanism in.schémé l8 
(facing page 36) is independent of the acid concentratibn, At
high acidity therefore, the mechanism in scheme 17 is promotéd'
end that in scheme 18, being dependent on thé ra;é of permutational '
isomerism fails to keep pace with ring cléavagef' In alkaline -
solution, not only is the mechanism in,Schémé 17 disfavouréd, a
further reaCtion,depéndént on the square of thé hydroxidé ion

concentration takes place, possibly via a hexaco-ordinate
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(63) - (64) (65)

species.(6h)?29‘

The hydrolysis of ethylene phosphate (65) in acidic medium is
worth mentioning at this juncturef Here a slight téndéncy is obsérved
towards collapse, of the intermediate oxyphosphorane, with ring opéning,
in apparent contradiction to previous comment . Following'thé same
mechanism as given‘fqr the O—méthyl analogue in.schemés'17'and 18;
the leaving group for ring retention here is seen to be H,0 while
that for ring opening is methoxyl. In the O-methyl case thé'réverse
is true and even'at high acid concenﬁraﬁions a slighp preference for
ring retention is still observed. This suggestszo therefore that
methoxyl, being & better leaving group than water, controls the
product ratio observed. Similar effects of leaving groups have

65 and Hudson and Woodcock66,

been observed by Greenhalgh and Hudson
in the neutral and alkaline hydrolysis with n-butylemine of seversl
phosphorylating agents and in the behaviour of phosphorylated,
phosphinylated and phosphonylated benzamidoximes in alkaline
solution respectivelyf Hence in the latter case threé'différent
mechanisms are observed. In the phosphonylated case (66) a Tiemann

Rearrangement occurs, which is promoted as (RO)2P02(-) is a good

leaving group, as shown in scheme 19, (p.37).
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(66) PhN=C=NH

\:

PhNH—CZ=N
SCHEME 19

The phosphinylated benzamidoxime (67) undergoes a standard

displacement, while the phosphonylated analogue (68) is a stronger’

c> .
I ~ PnpOOH

O—N=
—C\NHz HONCIPhINH,
(67)

electrophile than the phosphinylated case and RO(Ph)P02(_) is a poor

leaving group and so intramolecular nucleophilic attack on phosphorus
is promoted to give a phosphorane intermedia@e as shown in.scheme 20
(facing page).

The classic review of the hydrolysis of phosphate esters by
Westhe1mer6 has been referred to on several occasions prev1ously,
as has the more recent survey by Ramirezf20 Kinetic results referred
to in these papers have indicated that five-membered cyclic phesphate
esters hydrolyse millions of times‘faster than their acyclic ana:l,oguesf
These results are neatly'explained'in terms of pentaoxyphosphorane
trigonal bipyramidal 'intermediates‘with apical/equatorial rings;

relief of ring strain causing the acceleration in rate and cleavage
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of the'apical-P—O bond giving ring cleavage.i

The’ phosphonzte(3l) hydrolyses rapldly, as would be expected’
while: the exclu51ve ring oPenlng observed has . been explalned in the '
previous section;

A sarprising resﬁl?‘was neted; hewever;_by Dennis and
Westheimer;hT ﬁho’have shown. that five—membered‘cyClic phesPhinates'
hydrolyse slowly, showing little'Or ne‘acceleration.ever'their acyclic.
analogues. This they exPlained in terms of the forma%ion of a trigonal -
bipyramidal 1ntermed1ate where the placement of an alkyl group in the '
aplcal pos1tlon as would follow frcm the results above, is energetlcally'
unfavourable, On the other hand, they observed that l-ethoxyphosphole—'
l-oxide was very reactive and this led'ﬁhem'to believe that rate
acceleration could be observed in such cases as the ring strain was
sufficient to overcome the barrier'to apical alkyl groupsf Indeed
they have since neatly demonstrated that this is the'Case67.by'shOWing
that the highly strained phosphinic ester'at the'bridgehead, in
compounds of type (69) and-(TO); hydreiyses'sqme.lq5 Fimes faster'
than the phosphinic ester in a phospholan or pheSpholene ring in

the same molecule.

o _OEt o\ _ORt
e

P_
OEt Q‘ ~—OFt

(69) (70)

Oxaphosphetans have been observedzq‘to hydrolyse rapidly'with
ring opening as would be predlcted from the known "locked" apical/ -
equatorlal position of the ring and rellef of ring straln. These '

same cons1derat10ns, on the other hand, wouldisuggest.that
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six—membered;phgsPha?e és@érs; fréeQQf s?rain,.shquld‘nq§}hydrqusé
appréciably'faster'than @ﬁéir,aCyélic ana;qgués; énd Khorana ét'al;68‘
have;'indéed; 5h9wni§his @q.be the'éasé;'Whilé Asknes and.Bergesén
have bbsérvéd'tﬁat the'alkaliné déédmposition of fiveememberéd'ring
phosphonium iqdidesloccﬁrs somé 1300 ?imés'as fast as that of thé '
corresponding six—mémbéréd‘ring analogﬁé although #héY'foﬁnd @his
to be due as much to a greater'"fréqﬁénby factbr" as ring strain;
possibly due to thé greatér planari@y of thé'Smallér ring; Thé"
six-mémbéréd'ring réac@s at the same raté as the acyclic analqéﬁe;'A

Cox and Ramsay havé found & lOT difféfenCe bétwéenﬂthé'fivé—'
and six—memberéd'rings in thé'hydrolysés'of 2-hydroxy—2—bxo—l;3;24f
dioxaphospholan (65) and the corresponding dioxapthphorinan.(Tl)§

0
~OH
()

& have found that the hydroxide

More recently, Cremer et al.
decomposition of a series of six-—, five-, and four-membered ring
phosphonium salts shows & marked increase in rate in going to the
smaller ring size, while six-membered ring compounds gave similar
rates to acyclic enalcgues. They found, moreover, ;hat the incréaSé '
in rate was due to changés‘in the activation énergy (since the'moré '
strained four-membered ring will be the least stable reactant;
on forma#ign,of a transitiqn state or inﬁermediate phosphorane it will

, such species, and will have the

~give as stable, if not more stable
lowest .activation energy) and changes in entropies, The change in

entropy may explain the "frequency factor" effect found by Aksnes;69
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Some discussiqn has, indeed,,gccurredvas to the nature of
thé‘"sprain" in qﬁéstibn; Compafisons qf'§he'héats of hyarqusis of
thé'varioﬁs spéciég'ipvolvéa'sﬁggést that ring strain of somé sort is
a majqr inflﬁénéé6’20’72 bﬁt theré aré anomaliése Cremér's résultSTl
suggést tﬁaﬁ thé'bhangé in activatiqn énérgy is due to thé‘ring strain;
Gorenstein et al;73 haVé Calculatéd the anglé‘and fqrsional strains in
acyclic‘and cyclic phosphatés and concludéd'that thé‘high héat of
hydrolysis of five—memberéd'rings is associaﬁéd to a significant
éxtent with thé réliéf' of torsional stra.in a.nd-,- wha'l?smgré,’ﬁhat
the préferred'torsional confonmations of,acyclié esters aré’
strongly coupléd'to thé'RO—P—OR bond anglés; Any attémpt thén'
to separaté thé'ring s@rain enérgy in ecyclic systems inﬁo bond
strain and torsional strain would bé'méaningless? Hudson,Tz:Qn
the other’hand has suggested’thap ?hé'entrqpy factor nqtédfby
T1

Cremer '™ causes part of the accéleration; dirécF évidenée for ring
strain being limi'bedf He proposed that there is an increase in

entropy in pentacovalent phosphorus transition spéciés'or intermediatés'
associated with a "loosening'of the pseudo—rotational motion of thé"
ring in such species, observing that the low nucléqphilicity of
trivalent phosphorus compounds may well be due to a décréasé in

entropy due to restrictions on such motion in the'tétravalént

& who suggests

speciesf Some support for ?his may ccame from Holmes
that a "loosening" of the ring occurs when in the apical/equatqrial ‘
position due to the'léngthehing of one of ?hé’ring bonds along the
apical axis.

anclusiqns based on these premises however, are difficult
to make as the rate of a reac?iqn which is.acﬁually observed can
" be subject to a widé variéty of constraints, and the'premisés abové

cen only hold in any case if the rate determining step in the -
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reaction in question is the fqrma?iqn of an in?ermedia?e phosphorane
spéciés;
Tebby;Tslfor éxémplé;‘haé noted'tha§ thé'alkaliné hydrolysis
of triphéhylbenZylphospﬁqniﬁm,ﬁydroxide may.bé incréaSéd by a factor
of moré than 10° by réducing thé'Watér'contént of the médiﬁm; an
accéleration rémarkably similar to that observed’by‘Wéstheiméré
Furthérmore;'while Débrﬁin76 has éxplainéd'his résﬁlts from
the hydrqusis of méﬁhylthioméﬁhoxyphénylmethyl phqsphonium salts
(72) in térms of apical éntry and départuré of anions fram a
trigonal bipyramid, ei;her béfbre or af@er'pséudq—rotation; McEwén'
et al havé shown that thé acid caﬁalysed hydrqusis of (73) can bé"
78

explained both in terms of the mechanism proposed by Aksnes

for

e Tem T T

MeS-_t—0OMe 7 é

| P---0 Me

Ph” P~ Me SNg—
(72) < (73)

the'h&drolysis of tripropyl phosphite as shown in scheme 21 (facing
page) or via a pentaco-ordinate species as shown in scheme 22
(facing page), as the phosphoryl oxygen was shown by labelling to
come from the water.

Westheimer79 has shown whatsmore, that pentaco-ordinate species
can themselves undergo further hydrolysis, the evidence favouring six
co-ordinate spécies as intermediates, thereby complicating further the
reactiqn mechanism, such six cq—qrdinaﬁe species being supported by

33

the work of Ramirezzo and Aksnés , while six co-ordinate species have

81

recently been isolated bty RamirezBO and by Munoz et al. ,'and

Westheimer'himself82 has established the formation of the anion (Tk)
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QPh
PhO-.._ 5 .-OPh
PhO*” | “YOPh

OPh

(74)

by 31P NeMeTe

Steric Hindrance as g Constraint to Hydrolysis

Bergesen83 has shown that the c¢is-isomer of l-oxo—l—éthoXy—
2,2,3,h,h-pentamethylphosphetan (75) hydrolyses in alkaline solution
seven tiﬁes faster than the'ﬁzggéfisomer; and suggestéd'that this
was due to the more favqurablé énﬁrqpy of.acﬁivatiqn Qf ?he“giér
isomer, which allowéd'reaétion'zié thé'léss sterically hinderéd‘

pathway.

g :
~ i\\o RPIOIOEY)  RPIOIOEY

(75) (76) (77)

Hawes and Tripett8h have confirmed this result and find
that the four-membered ring has a similar rate of hydrolysis to
acyclic analogues, which again, théy suggéstéd; was a.result of
campetition between acceleration due to ring strain and retardation
due to steric hindrance qf a@@ack a@ phquhqrus by the a-methyl
. groups. This suggéstion being suppqrﬁéd[by théif qbsérvaﬁions

that in the hydrolysis of molecules such as (76) and (77), where
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whérefR=@tBu:9riszPr, ¢nézalkyl'grqup,a?§achedltqvphqsphprus
producéS'little'hindrance'ﬁo é@taék'@h ph¢Sphprﬁs,by_hyarqxidé iqn;
vhile & sééona alkyl grbﬁp prodﬁcés‘a,substantial decréase in reaction
rate.’ Furthér evidéncé for such hindrancé was thé rapid raté of
hydrolysis of l—oxo-l—méthoky—2;2,34triméthylphosphetan‘(78) vhere
 attack of the hydroxyl anion from fché‘ side next to the ring ~CH,,

~ group is possiblé and no steric rétardétion is thén séén; thé"

- d@ifference in rate being some 4x10> in favour of the latter compound.

N 3
:;,40 (t-Bu).PlO)CL
7 ~OMe 2

(78) (79)

85

Trippett ~ has further shown that the pentamethylphosphetan

oxides are stable to alkaline hydrolysis in 10 N sodium hydroxide
at 100° while the 2,2,3~trimethyl- and 2,2,3,3-tetramethyl analogues
are readily hydrolysed in refluxing 2 N sodium hydroxide to give ring

86

opened acids. Agein in contrast to the oxide, Cremer and Chorvat
have observed that the phosphetanium salt rearrangement shown in

scheme 12 occurs rapidly in 1 N sodium hydroxide at 10°. (p.12)
87

Haake and Ossip ' have shown that while displacement reactions

can occur at phosphorus either by a dissociative or an associative
mechanism, phosphorus exhibits a great preference for the associative
mechanism, dissqciation Qccurring in reactions of the sterically
hindered di-tetbutylphosphinyl chloride (79) but not in the di-iso-

i 88,89 e

propyl analogue. Haake et al have shown, however, that steric

inhibition of the associative mechanism occurs in pentamethyl-

phosphetan oxides and have suggested inél.eed.90’9l that the observed
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inhibition in ra@é of thé'amiderandAacid.chlqride,@f.péntameghyl
pthphetan in acid ﬁydrquses'is.dﬁe to a cqmpleté chanéé in
mechanism; displacément occurring'zié a diréct SN2 procéss rather
than an associative/dissociativé pathvay.

92

Hudson and Kesy”’~ have also observed steric retardation by

93 has noted that the

bulkj substituénts at phoSphorus; and Hargér
reaction of a sériés‘of alkylphénylphoéphinic amides (80) gavé
libération of ammonia, as expecped; Whén R = cyclopropyl or éthyl ‘
but that stable; crystelline hydrqcthridés wére isqlable when

R =.l-méthylcyclopropyl;‘isoprépyl‘qrggkbutyl,‘ﬁhe'Stability of thé'
lattér materials béing attributéd'?o stéric inhibition of attack at
phosphorus by the rélaxivély bulky alkyl groups, the'ratés found for
hydrolysis béing in accord with this explanation.

ok

On the othér hand; Cadogan and Eastlick have shown from the -
alkaline hydrolysis of ethyl a—hydrquiminq-p—nitro—benZyl alkyl-
phosphonates (81) that attack on phosphorus from an inpérnal
nucleophile is not subject to such stéric constraints. ‘Fﬁrthérmoré;'

models have suggested that the nucleophile may not only attack

phosphorus from an apicel position.

 RO_
RPhPOINH, \p/Q
- 2 FQ/” ‘\()
(80) | |
| HO\N4CAY

(81)
Ar=p-NO-CH-
r=p N02 CSHz.
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Tha.t .a.cycllc phosphorus coinpounds unde,rgo nucleo'philic

displacement reactions with inversion of configuration36 has

alréé,a& beén' discusséd’, Whilé thé' résults obﬁainéd whén péntacovalént
phospho'rﬁs cyelic spéciés' are intérmédiate in thé ‘réaction betweén
phosphonim salts and styréné and benzg.ldehydé ha.vé also béen'
mentioned éarliér’.

95 tqdéqugena‘pé .acyclic phos_phiné '
96

oxides stereospecifically with inversion of configuration. Cremer

Hexachlorodisilane is known

has shown that pentamethylphosphetan oxides (75) are deoxygenated,
however, with completé retention of configuration, the likely pathway

being that shown in Scheme 23.

o Nt e
| &-Ph —5 ~—p h
\ \O | OSIC[

trans SlCl
I
\‘.!—L ' h !\ o~

) | .-S1C1
N

SCHEME 23
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HaWeS'and‘Tripettsq'haVe,shown“that.hydrolysis.and Wittig
reactions as well as a variety of other substitutions all proceed
with retention of configuration in the phosphetan oxide system, an

97

observation supported by further work of Tripett himself”' and by

98"

Cremer” ", who observed retention of configurastion in the attack of

méthoxidé ion on éither“éiéf or'ﬁggééfleméthoxy—2,2;3;h,h-péntamethyl—
phqsphetan-l-oxidé,'presumably'via a.schemé similar to schemé 23 whére
the électropositive phosphonyl oxygen anion producéd'in thé
intermédiaté (82) must rémain preférénﬁially'in thé'équatqrial

position and with thé'ring then‘limitiné ligend isomérisation
- p-~OMe ~ b€t
T h~o TF
- OMe (83)

(82)

to switching of the methoxyl\groups, retention of configuration

is assured.

On the other hand, Tripett >

has found that phosphetans
themselves undergo hydrolysis and related reactions either to
give an equilibration of geometrical iscmers, a general lack of
stereospecificity or s mixture of both. 1-Chloro-pentamethyl-
phosphetan (83) undergoes nucleophilic substitution with
predominant inversion of configuratiqn.and since the ring will
occupy the apical/equatqrial pqsitiqn in the intermediate
phqsphorané and thé lone pair thé'@ther'apical siﬁe,équatorial

attack and departure has been suggested in this case.’
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SmitthQ has noted that in .the alkaline hydrolysis of
phosphetans, that if X and Y (84) are of comparable electronegativity
a loss of stereospecificity can occur through the pseudo-rotations

shown.

AN

Cremerlol has confirmed this experimentally by observing an

interconversion in solution between the isomers of a series of phos-—
phetanium chlorides (85). Two possible pathways can be considered for
this transformation. Firstly, the ring remaiﬁs apical/equatorial
throughout, and secondly the ring becomes diequatorial, as shown
in scheme 24 (facing page).

| The reaction wés found to proceed via path 2, involving a
diequatorial ring, by addition of aluminium trichloride which froze
out the different isqmers.-

Excéptions ?q phé'abqve premisés'have been nqtéd; hqwevér;

T2

Hudson and Brown ~ have observed retention of configuration in the
hydrolysis of tesbbutylmethylphenylbenzylphosphonium salts, presumably

as the initial adduct formed will Trom steric considerations have
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thetgtbutyl- group apical (iueflatpack of hydroxyl from point
gppqsité ﬁhé'mqs§ bulky érqﬁé). .Réaétiqn as inlséﬁemé'25f(facing
page)‘woﬁld'then'leaa to,reténtiqn; bénZyl béing thé’better'leaving
~ group.

2 have observed phosphetans that react in

Tripett et allo
alkaline hydrolyses with_reténtion of configuration} <is-1-
phenyl-1-iodomethyl-2,2,3,4,4-pentamethylphosphetanium salts

gave only the ¢is-l-phenyl-2,2,3,4 L-pentamethylphospholan l-oxides

while the trans—iscmer gave only”trans—prodﬁct. This was
rationalised in terms of reaction via the phosphoranes (86) and

(87) in the respective cases.

Fg,._.-CHZI ;——-p'”Ph
\Ph \ | \CH
OH OH

(86) (87)

21

Departure (with ring cleavage) of the -CMe2 groups must be

accompanied by attack of the incipient carbanion on the iodamethyl
group, with expulsion of the good leaving group I(') and ring
expansion. Furthermore, for stereochemistry to be retained this
attack must be more rapid than any pseudo-rétation wifhin the

molecule.

Finally, Emsley et alhh have nqted thaﬁ'zzgggfl-chloro—
penﬁaméthylphoSphe?an Qxidé gave a mixturé of ¢is and'ziggé esters
with aliphatic alcohols and phén@l Whilé‘§ther aryl alcohols gavé

only trans esters. This was shown to be a definite inversion

process rather than an alkyl migrastion or any other mechanism.
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For inversion to.occur the reaction pathway outlined in scheme 26
(facing page) must be followed.
This does not occur more frequently as Cl is more apicophilic

(‘__.\
than 0' /

and pséudo—rotation théréfOré usually procéeds as to
placé thé'Cl atom apical directly; and this léads to reténtion
of configﬁration. Héré theré must theréfore bé some factor
incréasing thé apicophilicity of O(_)Végainst that of Cl.

Thé samé'géneral premisés'hqld for othérfcyclic systéms
although each casé has to bé examined in the'light'of @hé'bthér‘
- groups presént. Mislowlo3 éonclﬁdés'thaﬁ when’thé displaced
4 groﬁp is a poor leaving group and not markedly électronegative
then reténtion will bé bbsérVéd for rings smallé; than six-
membéred and invérsion for larger rings. Whén thé'displacéd‘
. group is a good léaving group-wiyh électronegativity comparable
to that of the nucléophile thén‘inversion may bé notéd‘in five-
membered or larger rings, i.e. if both nucleophile and leaving
~ groups are both significently more electronegative than alkyl
or aryl, apical attack leads to a phosphorané in which éntéring
and leaving groups occupy the apical positions and rélief of
stereoelectronic strain more than compensates for the cqncomitant
‘ring strain in placing the ring diequaiorial. Furthermore, attack
by intrémolecular nucleophiles on phosphorus in acyclic systems also
tends to lead to predominant retention of configuration sincé the’
intermediate phosphorane is incqrpqrated in a small ring. Thé
classic example of this must be the Wittig réaCtion and, indééd,
>

McEwen et all have observed just this effect.

The premises outlined above are all based'on pentacovalent

intermediates or transition states having trigonal bipyramidal -



- geometry. Tripett et alzh have showm.the spirobicyclic .phosphorane
25

(88) to have square pyramidal geometry, while Hudson et al”” have

6H Br
~\ "),
(CF
(88)

shown squaré pyramidal geomeﬁry for thé'intermediatés'or transition
statés in thé'alkaliné hydrolysis of cyclie pthphonamidatés. Theré is
then thé possibility of différént stabilitiés"arising than those on
which the préceding discussion has béén'baséd;7u

Thé product control éxhibited'by the methbxyl and hydroxyl
~groups in the hydrolysis of éthylene phosphate (65) and its()-méthyl
anslogue (62) has already been discussed. Wadsworth Jr.lo)4 has shown
that methanolysis of 5-chloromethyl—S-methyl—2-oxo-2-phenylthio—l,3,2—;
dioxaphosphorinan (89) under normal conditions procéédé with retention
of configuration via a pseudo-~rotating trigonal bipyramidal intérmediate
while when a better leaving group is available, e.g. Cl(-); inversion

105 have

of configuration is noted. Similarly DeBruin and Johnson
shown that methoxide ion selectively displaces thiomethyl with
inversion at phosphorus in the methanolysis of O;S—dime?hylphenyl
phosphenothiolate (90).
OQP Me Ph\ O
Prs” Y CHCL RO™ “SMe

(89) | - (90)



: Grénqth éﬁ'allq6 have éx@endédiFhé“prémise,Qf produc? cqnﬁrql by
the'rélativé'apicophilicitiés’of'thé‘hﬁcléophilé end leaving group
as & chémiéél probé for déterminaﬁiqn,qf thé‘rélativé apicqphilicitiés'
of differént éroﬁps by considération of prodﬁct'ratios and structurés;
whilé Wilkiﬁson et'allo7 havé shown that whéreas most phosphono
dérivativés aré hydrolyséd'mgré rapidlygby(hydroxidé than thé
corrésponding phosphoro dérivaﬁivé;'thé réverSe situation holds
for thé S-alkyl analogués; Thé'differénéé has béén attribpted to
différéncés in thé'mechanism dué to ?he'labile P-S bqnd; S-
alkylphoSphonothioaﬁés'hydrolysing wiﬁh inversiqn of configﬁration
whilé S—alkylpﬁosphorotﬁibates'proceéd'with réténtion. |

Finally, Cadogan e'b'a.ll'o8

have bbsérvéd'a néighbouring group
participation during alkaline hydrolysis of phoSphonatés‘of typé (81), -
intramolécular participation.of the oximaté group giving a cyclic
pentaco—ordinaté intermediaté, assisting the_hydrolysis; while

109

Hudson and Green have similarly postulated formation, intra-
molecularly, of a cyclic five-membered phosphorane to explain
the rapid release of phenol, in alkaline solution, from (2-aminocethyl)-

diphenylphosphate.

(b) The Wittig Reaction
A vast smount of literature has appeared on the Wittig reaction.
Here, however, the only concern is the effect of cyclic phosphorus

moieties on the reaction. That the intermediate in the Wittig

15,16,17-

reaction is of a cyclic nature has already been mentioned

in the previous seétiqn on phosphetans, as has thé similar réaétion
beﬁweén phqsphqramidatés’with aldéhydes'and ketonés;le

Ma.rklOO has obsérVéd‘that héxameﬁhylphOSPhorus‘triamidé.reacts
with two equivelents of aldehyde to give a phosphorene which "‘:E?T‘\

|
QHENISTRY Lilau



_52_

decomposes to give an epoxide &s in scheme 27.

= +
(Me,N),P +CHRO —>(Me,N),P—CHR

\LRCHO
R

e T |

+ <——(M N/‘

RCA—HCR ie),N
SCHEME 27

HR

Similarly Hudsonlll has observed reaction of alkylphosphinous
amides with ketones and aldehydes in a mechanism, similar to the
Wittig reaction, proceeding via a four-membered cyclic transition
state, and further observed that primary amine derivatives were
more reactive than derivatives of secondary emines owing to the
mobility of the amine proton in the former casel12 giving & neutral
phosphorane, as shown below, while secondary amine derivatives gave

the less stable charge separated phosphoranes of type (16).

Rzp—&th R PH—NPh RyfpH—NPn

| 2]
"O—-ClZ‘HR = Co—dur . O—tH

Since the Wittig reaction thus proceeds via ,.cyt:lic‘tra.nsit_ion
states, in comparison to the arguments put forward for hydrolysis

reactions, an acceleration of the Wittig (and similar) reactions
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should be observed on using cyclic. phosphorus reagents. Allen‘et alll3
have observed such an acceleratlon, the betalne 1ntermed1ates derlved
from 5-phenyldiben20phosphole'COllapsing to products much more
rapidly than those from acyclic triarylpthphines; Hudson et alllh '
have similarly noted an,acceleration in the Wittig rédction of acyclic
ylides‘that are stabilised’by the'presence of a B-carbonyl group.
Hence reaction of the standard ylide methylenetriphenylphoSphorane '
(91) wi’qh ben‘zaldehydé 'yields a be’gaine -adduct which is spablé- and

0O

/4
PhP=CH —_
hP=C 2 Ph3P=CH CR

o1 (92)

115 ‘hile reaction of the stabilised ylide (92) gave a facile

isolable
reaction where benzaldehyde disappeared simultaneously with appearance '
of phosphine oxide. The ease of the second reaction was attributed to

the degree of conjugetion which could exist in the transition species,

viz. (93) which leads to easy formation of a stable a,B~unsaturated ketone.

sH
—P=C=
e
o=

~\\F2
..C\‘R
On the other hand the.adducp between triphenyl phosphine and
maleic anhydride (9k4) has been shown to resemble ylides with an o

carbonyl group and yet no Or poor yields of the expected olefins



0
PO U |

Pth——CH (j:H—O HOCPh

P h3P\C_Z (': i
O;(;QO R~ | §O‘
(94) - (95)

116 Furthermore, catalysis

weré obtainéd on réaction with aldehydes.

of thé réaction; by benzoic acid; of carbéthoxymethyléné—triphenyl—

phosphorané (92) and bénZaldéhyde has béen shown to bé reducéd in

. chloroform or at élevatéd'témpératﬁrés;llT This has beén'

postﬁlatéd’to sﬁggést specific hydrogen bonding in thé transition

state (95). _
Hudson ét'alll8 have observed a normal Wittig reaction between

(92) and phthalic anhydride, where, however, the stereochemistry

of the product depends on the nature of R in (92). When R = NR,

OMe or OEt, the cis product was formed exclusively while R=Ph led

to the trans iscmer preferentially, and R=Me led only to trans.. This

was seen as due to the cyclic Wittig transition state forcing the COR

group into a plane parallel to the phthalic anhydride fing as shown

in (96). 1In this configuration the pm electrons of R and C=0 can

interact strongly with the aromatic system and thus the observed

4
o

]
[} L}
.
" .l
-’



decrease in.the cis/trans ratio .with electron release capability to
the C=0 7 orbital is expectéd. However similar reaction betweén the

" same ylides and carboxylic acid anhydrides was not observed.

¢ A
~
Ra@ R //R:? ‘ R
BE~ O
4 PPh
3
(97) (98)

Ma.rk1119

has noted & neat method, involving the reaction of
ylides (91) on pyrylium salts (97) to givé thé'vinqugoﬁs phosphiné—
acyl-methylene (98), which can be made to undergo an intramolecular
Wittig reaction to give the substituted aromatic compound. Cyclic
compounds such as (99) underwent normal Wittig réactions120 to give

the bicyclic pentaco-ordinste intermediate (100) which decomposed

with ring opening as shown. However, although the phosphabenzene

QO e, Qv

|
Ph F’h
(99) (100)

-U——

h

Ph—]=0
Ph
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and phosphanaphthalene (lOl and . 102) haVe the structural characterlstlcs
of a cycllc methylenephosphorane Markll 0 has shown that they are stable

in water and do not undergo Wittig reactlons, even though the equlllbrlum

O@O

Ph Ph Ph Ph
(101) (102)

shown below has been observed even in weak bases and in w&ter.lel'

Lolde

|
PR OH PR o

Kise122 has reported a peculiar reaction between alkylidene-
vtriphenylphosphoranes with lactones, the reaction proceeding via
a triphenylphoéphoniocarboxylate betaine which thermally decomposed
to triphenylphosphine and lactones wifh the alkylidene groups of the

phosphoranes introduced into the ring, rather than via a normal

(c) ° Other Reactions

The reaction of various cyclic phosphines with diethyl
perqxide8 has already been mentiqned, p.4, the réaction proceeding
“via phosphoranés with diéquatqrial ring placémént. Dénnéy et 81123
havé extended this réaétiqn to sévéral othér species. With 1;2-

dioxane similar results to those with diethyl peroxide are obtained.



Here, however, diequatorial ring placement of the phospholene ring
(5 and 6) is not so assured as the 1,2-dioxane cannot span the two
-apical positions and the reverse cycloaddition could occur from

either of the three possibilities shown.

Ax T A
b0
\’%O l I ‘ I%O:,

O\) O

Reaction with trifluorome@hyl hypofluqrité or pérfluoro-
butadiéné gavé intermediatés which déccmposéd:to diflﬁqrophosphqranes.
Howevér, reaction withgggbﬁtyl pérbénZoaté,tgégor n—butyl'hypochlorité
or 3,h—bis(trifluoromethyl)—1,2,-dithieténe gavé thé phosphiné oxide
or sulphide.

Hudson et amllgh hé&e shown that the thermal réarrangement of
bis-(diphenylphosphinyl)peroxide (103) labelled with 18O in the
phosphoryl oxygen positions to the unsymmetrical anhydride (10L4)

proceeds with retention of l80 in these positions. The proposed

mechanism involves an intramolecular reaction and proceeds via (105),

X X ‘ x x

Il [ I I
Ph.zp'\. O— O,/ P th P hz P\O /P\C,; .1;:
(103)
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vhere thére is extra s?abili?y,duéutq the'fqrmaﬁiqnqu the_Cyclic
3-memberéd'phosphorané Without indﬁciné strain at thé'bthér phosphorus
atom as in previqﬁsly proposédlméchanisms:lzs' Similar thréé—mémbéréd
cyclic phoSphorus species haVé béén'postulated in sévéral reacticns.126

A novél démbnstrat;on of thé'possiblé'relief of strain in
making thé'transformation P(IV,v) =2 P(V,V) has been made by

Schmidpeter and Luber. 127

O-amlnophenole was found to react w1th
chlorophosphoranes of type X2P013 in a cyclocondensatlon to give dimeric
oxazaphospholines (106) containing two pentaco—ordina.te phosphorus
species, whéré thé normglly éxpéctéd‘prodﬁcts of this typé of reaction
would normally be iminophosphinés; A similar."diphosphorané" species
(107) has been postulatéd by Ramiréz et a1.128 in the reactions of

tertiary phosphines with monocarbonyl compounds, when rearrangements

- from P-C-0 adducts to P-0-C adducts are observed, as shown, although

X
- |
Q -\)q <0 RHC— PX
Xp PCH = o7 ] —>XPOCHR
x/ I R l O
/\I P
|
r*\\_,——'()

N\
R
0

(106)

this is only observed when the negative charge on carbon can be
accommodatéd'by @hé presénCé of a suitable électron withdrawing
substituént R; sﬁch as —CF3r
Phosphorane formation has béen repbrtéd‘also in trialkyl -

phosphite deoxygenations of various e¢-nitro-diaryl ethers and diaryl
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methanes;29'and have been isolated in some cases. In.support, . further,
of the stability of bicyeclic phosphoranes” aryl-2-nitrophenyl sulphides’
have been shown to give oxythiazaphosphoranes with tervelent phosphorus

130 These phosphoranes isomerised readily to phosphoramidates

reagents.
except in the more stable bicyeclic cases.

131 have used the small ring effect,

Finally; Hudson and Mancuso
where an increase in rate is expected.for cyclic phosphorus réagénts
in réaétions involving nucleophilic attack at phosphorus; whilé a
decrease in rgté is to bé éxpectéd'for réactions involving nucléoPhilic
attack by phosphofus, to a@tribu@e the raté detérmining step in the
méchanism of thé’réaction of various phoSphinés'with isocyanates.
Different products aré found in this reaction dépéndént on thé
structure of the reactants.l32‘ In genéral derivatives of
secondary amines give mainly isocyanate dimer or trimér and some
polymer, but derivatives of primary amines form no polymér and
moreover the same product (108) was isolated from the reaction of

phenylisocyanate with N-n-propyldiphenylphosphinous samide and of

n-propylisocyanate with N-phenyl-diphenylphosphinous amide.

Clearly the amine proton of the primary amines greatly
accelerates the reaction as in the reaction of alkylphosphinous
amides with aldehydes and ketones mentioned previously,lle'which

suggests a similar transition state. Phosphoramidates, however,

react differently producing a carbodiimide as shown in



| rearrangement
(E20) P—ph angeme E@gﬁﬁ)

2] — AP
0=C
NHpp T HA //7l NHPh

@}‘7 P(OE&
J

Ph
X (EiO) P—-C)\3

“NHPh
SCHEME 29
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Scheme 28.

(RO),PNHPh+ RNCO @KRO)ZP—KIAHPh
0—C=pNR

1M

(RO)ZF'SH——T Ph
O —C§N R

.(RO)zp(O)H
A &

PAN=C=NR |
SCHEME 28

Hudson and Mancuso131 have observed that cyclic N-dialkyl

species are much more reactive to isocyanatés than acyclic analogues,
in agreement with a mechanism leading to an intermediate of type (16).
In contrast the»cyclic N-alkyl derivatives decrease in rate suggesting
a rate-determining step involving quaternisation at phosphorus.
Whatsmore they have observed a species similar to (108) in the
reaction of aromatic isocyanates with N-arylphosphoramidites at
lower temperatures.l33 At 100° a reaction takes place in which
the species similar to (108) reacts as shown in Scheme 29, second
order kinetics being observed, (facing page).

The acceleration noted by Greenhalgh and Hudson18 for the
reaction of isocyanstes with cyclic phosphqramidites has already
been noted. Reactiqn with N—methyl;P—phenyl—l,3,2-oxazaphospholan
(109) is also accelerated. On thé othér'hand; réaction with thé ‘
- P-methoxy analogué is no fastér than in thé acyclic analogué, the

proposed transition state being (110), torsional strain increases



/C
RNT
%
Ph C ~Ph
PC ¢
SNR i‘st
+ 0 —¢
co, N
J}RNCO
=0 + RN=C=nR
~Ph

SCHEME 30
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at the ring nltrogen offsettlng ring strain. release at phosphorus.
The' P—phenyl analogue (109) is proposedl3h to be more strained than
the Pdmethoxy derlvatlve in any case due to p0851ble conJugatlon

between phosphorus and the’ phenyl ring (111).

[N PPh Eof/ph [O}* =)~
Me Me~” \Cﬂ—Ph {\\Age
(109) g )

(110)

In & similar reaction phosphine oxides are known to
catalyse the formation of carbodllmldes from 1socyana.tes,l3S
phosphetan ox1des having been shown to react remarkably smoothly,
at least three orders of magnltude faster than acyclic phosphines.
Phosphine imines have been shown to be intermediate in the
reaction. Hudson and BrownTg proposed the meehanism shown
in Scheme 30 (facing page). |

In support of this mechanism Aksnes and Froyen136 have
shown that there is an acceleration, compared to acyclic
analogues, of scme 103 in the rate for formation of the
phosphinimine, in contrast to an acceleration of only 10
for subsequent reactiqn of the imine, in cyclic cases. Further
137

they find an enhancement of 23 for the cyclic species in the

reaction of the N-acylphosphinimine to oxide and nitrile.



. .
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'Scott-ll“o‘ has reviewed thé 'c:hemistry of such compounds. As

phosphorus nltrogen ylldes they can undergo Wlttlg type reactlons

141 They are also subJect to

"v1a the charge separated form (112),
acid catalysed and alkallne hydrolysls and several rearrangements

have been'noted'.lho In general, however; all the reabtions of

|=P—N—]
(112)

these compounds are subject to, and can be explained by, the
premises and constraints laid out in the preceding discussion.

The Small Ring Effect = In Corislusion

The small ring effect mentioned' on p. 59, has i‘!;s origins
in Scheme 31 (facing page).

When phosphorus acts as a nucleophile the natural engle '
of phosphines and phosphites of ca 100° is increased to ca 109°
and hence in a cyclic compound the ring strain should be increaSed72
and the cyclic compound should be less reactive then its acyclic
analogue as observed by Hudson131 in the reaction of cyclic N-alkyl
derivatives with isocyanates (see p. 59).

On the other hend nucleophilic attack at phosphorus to give
a ten electron system should decrease 1_:he ring engle 'at phosphorus
end the ring should be less strained'and the cyelic sPecies should
be more reaCtive than acyclic analogﬁes;

Slmllarly, nucleophlllc attack’ at the p051t1ve phosphorus

centre of & phosphonlum salt to give a phosphorane w1ll also lead
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to. a decrease in the bond angle and so thls type of reactlon would
also be expected to show an increase in rate in cycllc spec1es.
The results obtalned'by‘Aksnes'(see'p. 39) 9’for the'alkaline '

decomposition of species of types (113, 114 and 115) bear this out.

hAQZ\‘\s-va”’hﬁca { *‘

FD
PN / /\
Me Ph e \PhMe Ph

m3) ) (118)

Further evidence comes from the observed acceleration of
the Wittig reaction in small ring cases by Allen (p. 53),ll3 the '
high reactivity of phosphetanium salts noted by Cremer and Chorvat

)86

(p. 43 and the rate differences in a series of phosphonium salts

by Cremer et al. (p. 39).Tl

It is obvious, therefore, that thé reactions déscribed in
the preceding discussion are indicative of thé'power'of the small
ring effect when the megnitude of the.accélerations and
decelera@ions{noted is considered.

The actual nature of the strain involvéd'has béen‘discussed
in the light of the evidence available (seé;p.g ) and thé'apparént
anomalies of "normal" rates of hydrolysis for scme phosphétans and
other species'éxplainéd‘in-terms of steric hindrance compéting with '
the small ring éfféct (p. h2—hh).

The'effect small rings cean havé on the Steréochemistry of
thé'prodﬁcps has beéﬁ‘discﬁSséd'(p: 4s5) iﬁ terms of thé'réliéf'

of strain in a cyclic phosphorane giving added stability to the
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~intermediate involved allowing ligand isomerisations to take
place, while noting that care should be taken in such consid-
erations to make allowances for possible product control due
to other groups. |

In a final demonstration of the power of the small ring

effect the work by Smith138

on the reaction of 1-phenyl-3-
methylphosphol-2-ene (4) and benzoyl chloride is of note.
It is known139 that hydrolyses of acyciic acylphosphonium
salts proceed via nucleophilic attack at the carbonyl carbon.
When, however, the phosphorus is constrained in a ring as
here the rate of attack at phosphorus is enhanced such that
the initial attack occurs at phosphorus. Here then, as
observed, hydrolysis of the intermediate acylphospholenium
salts proceeds to give a strain free phosphorane, with a
highly apicophilic acyl group, which then decompases by
apical loss to give the phospholene oxide and an aldehyde,
rather than giving a ring expanded product, and ring strain
has via the small ring effect, changed the mechanism and
products observed. This idea is supported by the
observation138 that acylphospholium and acylphosphetanium
'salts, where the rings are more highly strained than in the
phospholene, hydrolyse to phosphoranes where éome strain

is still present and that these phosphoranes collapse with

ring expansion.
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More Recent Developments in Phospvhorus Chenistry

Further support for the concept of phosphoranes as inter-
mediates or transition species has been found more recently,

and many more stable phosvhorane species have been identified.

Ranirez et al'87 have established a "one flask" reaction
in which aryl cyclic enediol phosphates are used to generate
two different alchols into a diakyl(1-methylacetonyl)phosphate
such as (R'0)(R%0)P(0)OCH(CH,)COCH, .

The differing product ratios were explained by infer-
mediacy of P(V) and P(VI) species with isomerisational
rotation and the relative stabilities of different ligands
and P(V) species themselves giving the observed variations.
The effective reaction being similar in mode to that proposed

1188

by Haake et a where a more reactive species is generated

by nucleophilic attack at phosphorus via:

Nu + P(0)Xy — NuP(0)Xy 5 P(O)NuX, + X
more reactive

The differing apicophilicity of wvarious ligands, ring
strain and steric factors were all investigated by Trippett189
in the substitution at phosphbrus in cyclic and spiro

5-coordinate phosphoranes.

Rotational energy barriers were calculated and indicated
that all three factors could be important and supported the
idea of apical attack at phosphorus to form trigonal bipyramids
which undergo permutational isomerisation if sufficiently

long-lived and then apical loss of leaving group.
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Permutational isomerisation was also noted in a large

variety of phosphoranes of the form (RO)SP.19O

Varying
stabilities of the phosphoranes were found dependent on R,

and in no case was any non-equivalency of any particular

1 130

group of atoms established by variable temperature H or
N.m.r., indicating rapid interchange positionally of the
ligands around phosphorus.

Further, Holmes and Dieters191

have performed variable
temperature N.m.r. observations on cyclic phosphoranes and
discovered that the mode governing ligand exchange in the
species discussed was that described by Berry (see p.11)

rather than the Turnstile Process (p.12 and 13).

Other Phosphorane. Reactions Observed

In a series of papers Cadogan et a1192’193 have generated
several stable phosphoranes and in a further paper194 demon-
strated that the hydrolysis of benzoxazaphospholes in aqueous
dioxan gave endocyclic cleavage of the P-0 bond, which by all
previous discussions would be preferentially apical, followed
by loss of methanol, while low yields of some P-N cleavage
products indicated some recyclisation and ring opening
sequence,

1195, also, have indicated the direct

Ramirez et a
observation of an hydroxyphosphorane in equilibrium with its
ester in solution, the 31P signal of both species being
observed at low temperatures in aprotic solvent.

k196

Finally, Hudson and Woodcoc have determined the

rates of reaction for a series of phosphylated amide oximes

-
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in alkaline solution and noted that the reaction paths

are strongly influenced by the substitution at phosphorus
and the strength of the acid released, and further noted

a rate differential of 107 in favour of cyclic analogues
with rapid ring opening. These observations are explained
by a complicated reaction mechanism involving phosphorane

transition species with permutational isomerisation.

Further Reading

Two reviews of interest in relation to the torics

discussed above are those by Trippett197 and Smith198.
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PROGRAMME OF RESEARCH

The following programme of research was followed in an

attempt to demonstrate the dependence of the rate of decom-

position of iminophosphorus compounds on the ring strain

present in the phosphorus moiety.

Pro

1.

amme

To synthesise a variety of iminophosphorus compounds
containing phosphorus moieties

(a) of different ring size,

(b) of open-chain fype,

(c¢) containing different activating groups/atoms.

To thermolyse these compounds under standard conditions
and to measure the rate of decomposition by monitoring
the increase in concentration of 5-substituted benzo-
furazan - one of the decomposition products - by 1H

N.m.r. spectroscopy.

To investigate the decomposition by 31P N.m.r. spectro-
scopy and to compare the results with those obtained

in 2.

To attempt to isolate any intermediate which may be

present in the reaction.
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SYMBOLS AND ABBREVIATIONS

m'p.
N.m.r.
t.l.c.

g-luc.

infrared
wavenumber
singlet

doublet

~complex

coupling constant

mass to charge ratio

.boiling point

melting point

nuclear magnetic resonance
thin layer chromatography
gas liquid chromatography
wavenumbér

ultraviolet

triplet

quartet
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‘Instrumentation and Gerieral Procedures

Infrared Spectroscopy: A Perkin-Elmer 157G spectrometer was used

for all spectra. Liquid samples were exemined as thin films, solids
as nujol mulls, chloroform solutions or as a mix with potassium
bromide pressed in a hydrasulic press. A polystyrene film was

1 .

used as reference at 1603 cm .

Nuclear Magnetic Resonance Spectroscopy: 1H spectra were obtained

from an A.E.I. EM360 spectrometer at a frequency of 60 MHz, and at
100 MHz from & Varian H.A.1l00 spectrometer. 31? spectra were
obtained from & Varian X.L.100 fourier transform spectrometer.
Samples were examined as solutions in deuterochloroform, carbon
tetrachloride or in one instance deuterium oxide. Tetramethyl—
silane was used as internal reference. Kinetic samples were
prepared somewhat differently, however, this technique being
explained in section D of the following discussion.

Mass Spectroscopy: Mass spectra were obtained with an A.E.I.

M5902 mass spectrometer.

Mass Spectroscopy/Gas Liquid Chromatography: These spectra were

obtained from a VG Micromass 12 spectrometer coupled to a Pye 104
chromatograph using nitrogen as carrier gas

Gas Liquid Chromatography: A Pye 104 chromatograph was used

with flame ionisation detector and 1.5m x Umm packed columns of
2 or 5 per cent neopentylglycol succinate (N.P.G.S.) supported on
100-120 mesh celite using nitrogen as carrier gas.

Column Chromgtography: Alumina used was Laporte Industries Ltd.,

grade H100-120 mesh. (Brockman activity 1-2).
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Thin Layer Chromatography: Chromatograms were obtained using

0.25mm layers of alumina (Merck Aluminium Oxide G (type E)) on
glass plates and developed under U.V, light or by the action of
iodine vapour.

Elemental Analysis:  Micro-analysis for carbon, nitrogen and

hydrogen were performed by Mr. J. Grunbaum, University of
Edinburgh using a Perkin-Elmer 240 elemental analyser.

Solvents and Resgents: Benzene and petrol (light petroleum ether

b.p. 40-60°) were purified by distillation and stored over sodium.
Ether (diethyl ether anaesthetic grade) was dried over sodium.
Methylene chloride was distilled and stored over molecular sieve.
Toluene was purified and dried by the method described in Vogellhz.
All other solvents and reagents were distilled or recrystallised
and stored over molecular sieve where appropriate, except

triethylamine which was distilled and dried over sodium

hydroxide.
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A, PREPARATION  OF "MISCELLANEOUS ' MATERIAILS
1. AZIDES
(a) L4-Azido+3-nitrotoluene

h-Azido-3-nitrotoluene was prepared by & modification of

the method described by Fitton and Smalleylh3

» by diazotising
L-amino-3-nitrotoluene in 5N hydrochloric acid and reacting the
diazonium salt solution with sodium szide. The reaction mixture
was extracted with ether, when column chromatography on alumina
with ether as eluent gave the product as pale yellow needles (64%),

4l

m.p. 36° (2itt s M.D. 36°).

I.r. v _, ¢ 2110 (-N,), 1500 and 1530 (-NO,)
meX( o l) 3 2
N.m.r. (lH, 60 MHz, CDClB) 8: 7T.9-T.1 (¢, aromatic protons, 3H),
2.4 (s, methyl protons, 3H).

M.s. Found: parent ion m/e; 178

Calculated for C7H6Nh02: m/e; 178.

(b) 4-Azido-3-nitroanisole

h-Azido-3-nitroanisole was prepared as in (a) esbove while the
temperature of the reaction mixture was kept between 0° and 5°. Column
chromatography on alumina in petrol/ether (50:50 v/v) gave the product

as yellow needles (53%), m.p. T4-76° (1itlh5: T4°).

I.r. vmax(cmfl): 2110 (—N3), 1500 and 1535 (-Noz), 1210 (c-o).

N.m.r. (lH, 60 Miz, CDCl3) 8§: 7T.5-6.5 (c, aromatic protons, 3H),

3.9 (s, methoxyl protons, 3H).

M.s. Found: parent ion m/e; 194

Calculated for C7H6Nh03: m/e; 194,
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(e) 2-Azido-pyridine-l-oxide

(1) 2-Amino-pyridine-l-oxide was isolated as its

hydrochloride by the reaction of 2-amino-pyridine with m-chloro-

perbenzoic acid as in the method of Pentimallilh6. The product
. ., 1k '
(80%) hed m.p. 158-159° (1it™ , 158-160°).
I.r. v 3300-3100 and 2&80'(—ﬁH3, broad); 1310 (N-oxide)

max( -1

cm ) '

N.m.r. (lH, 60 MHz, D,0) &: 8.1~T.5 (c,2H), T.2-6.6 (c,2H), 4.8 (s,
3H ’*ﬁH3)

M.s. Found: parent ion m/ej; 110

Calculated for 05H7N2001: m/e; 146,

(Parent ion found is 146, less HCl, to give the free amine).
(ii) The hydrochloride thus prepared was taken up in 10%
hydrochloric acid, diazotised, and reacted with sodium azide by the

lh7. Extraction with methylene chloride

method of Abramovitch and Cue
and recrystallisation from petrol/benzene (1:1 v/v) gave the required

azide (40%), m.p. 83-85° dec. (litlh7, 83° dec.).

I.r. KBr: 2150, 2110 (—N3), 1250 (N-oxide)

vma.x( -1
cm
N.m.r. ('H, 60 Miz, CDC1,) 6: 8.2 (d. of ., Hs, J. . = 1 Hz),
3 6* “5,6 _
7015 (C, 3H, H3, Hh’ Hs)o
M.s. Found: parent ion m/e; 136

Calculated for CSHSNhO: m/e; 136.

2. 1,4-Diphenylbuta-1,3-diene

1,4-Diphenylbuta~l,3-diene was prepared by the method of
Corson 48 using the condensation of phenylacetic acid with
cinnemaldehyde in the presence of litharge with acetic anhydride
as solvent. The product (21%) was obtained as white crystals, m.p.

48

.. 1
152-153° (1it™7°, 152-153°).
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vmax(cm-l): 1610, 1600, 1520 (unsaturated and aromatic C-H)
Nom.r. (%H, 60 Miz, CDCL,) 6: T.8-T.08 (¢, 11H), 7.0-6.76 (m, 3H).

M.s. Found: parent ion m/e; 206

Calculated for CigHqy* m/e; 206.

3. Benzofuroxans

(a) 5-Methoxybenzofuroxan

5-Methoxybenzofuroxen was prepared by the method of Green
and Rowelhg. UY-Amino-3-nitroanisole (10g) was suspended in 150 ml
of saturated alcoholic sodium hydroxide solutiqn. To this, was
added with cooling, commercial aqueous sodium hypochlorite until
the red colour disappeared. The fluffy yellow precipitate was
washed well with cold water and recrystallisea from ethanol (61%),

150

m.p. 115-118° (1it™ ", 118°).

I.r. v : 1640 and 1625 (-C=N-), 1600 and 1590 (C=C), 1210

(N-oxide), 1015 (C-0)

N.m.r. (IH, 60 MHz, CDCl3) §: T.5-6.5 (¢, 3H, conjugated olefinic

protons), 3.9 (s, 3H, methoxyl protons)

M.s. Found: parent ion m/e; 166

Calculated for C7H6N203: m/e; 166.

5=Methylbenzofuroxan

5-Methylbenzofuroxan was prepared from lL-amino-3-nitrotoluene

as in (a) above. The product (89%) was obtained as yellow needles, m.p.

96-97° (1it1°°, 98°).

I.r. v : 1620 and 1600 (C=N), 1280 (N-oxide)
*(em™1)

N.m.r. (H, 60 Miz, CDC1,) §: 7.5-6.9 (c, 3H, conjugated olefinic

protons), 2.4 (s, 3H, methyl protons)
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M.s. Found: parent ion m/e; 150

Calculated for C7H6N202: m/e; 150.

b, ‘Benzofurazans

(a) 5-Methoxybenzofurazan

5-Methoxybenzofurazan was prepared from the benzofuroxan,

. . 151
prepared in 3(a) above, by the method of Zincke and Schwarz > . The

product was obtained as a fluffy off-white solid (25%), m.p. 97-99°

(1it152, 99°) from light petrol (L0-60).
I.r. Voex,  -1.} 1650 (C=N), 1020 (C-0)
(em ™)

N.m.r. (lH, 60 MHz, CDCl3) §: 7.8-6.8 (c, 3H, conjugated olefinic
protons), 3.9 (s, 3H, methoxyl protons).
M.s. Found: parent ion m/e; 150

Calculated for C7H6N202: m/e; 150

Analysis Found: C,55.8; H,3.9; N,18.4%

Calculated for C-HN,0,: C,56.05; H,k.0; N, 18.7%.

(b) 5-Methylbenzofurazan

(i) 5-Methylbenzofurazan was prepared as in L4(a) above, from
5-methylbenzofuroxan. The product waé recrystallised from light petrol
(40-60). |

(ii) 5-Methylbenzofuroxan (0.45g, 0.003 mol) was refluxed in
benzene, under nitrogen, for 2 hours in the presence of triethyl
phosphite (0.5g, 0.003 mol). The reaction mixture was then
chromatographed on alumina in ether, and the product sublimed to

give & white crystalline solid, m.p. 36-37° (11422 , 379).

I.r. Voex, . 1640 (C=N)
(em )
N.m.r. (lH, 60 MHz, CDCl3)'6: 7.8f7.2 (¢, 3H, conjugated olefinic

protons), 2.5 (s, 3H, methyl protons).
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M.s. Found: parent ion m/e; 13k

Calculated for C_{H6N20: m/e; 134,

5. N,N'-Diphenylethylenediamine

N,N'-Diphenylethylenediamine was prepared by a modification
of the method deseribed in Vogellhz. A mixture of 1,2-dichloroethane
(20g, 0.2 mol) and an 8 molar excess of aniline (to repress formation
of tertiary emine) was heated under reflux for 12 hours. The reaction
mixture was then made alkaline, treated with hot water, extracted with
ether, the ether removed and excess aniline removed by distillation.
The residue was extractéd with ether, and on removal of solvent, the
product (60%) was recrystsllised from dilute alcohol to give pale brown

flakes, m.p. 64-66° (1it ">, 66°).

I.r. vmax(cm-l): 3400 (secondary NH), 1600 (aromatic C=C)
N.m.r. (lH, 60 MHz, CDC13) 8§: T.3-6.5 (c, 10H, aromatic protons),
3.35 (s, 4H, aliphatic protons), 3.3 (s, 2H, NH protons).

6. Diphenyl Disulphide

Thiophenol (13.5g, 0.12 mol) was placed, in ether, in a 500 ml,
3-necked, round bottomed flask fitted with condenser and dropping funnel.
Sodium hypochlorite was then run into the mixture with stirring, a
precipitate being immedisately evident. After stirring for 15 mn. zinc
dust wes edded tc the reaction, the solution turning from yeliow to
green/blue. The reaction mixture was then stirred for a further 15-
30 mn. and filtered, to give two layers, which were separated, and the
yellow ethereal layer evaporated giving a white solid, which was

recrystallised from ethanol, yielding diphenyl disulphide (78%) as

vhite needles, m.p. 60-61° (1lit 154 60-61°).

I.r. : 1580 (aromatic C=C), 685 (C-8)

v
max(cm 1)
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N.m.r. (lH, 60 MHz, CDCl3) §: T.T-T.2 (c, aromatic protons)

M.s. Found: parent ion m/e; 218

Calculated for Cl2H1082: m/e; 218.

Te " Cupric Stearate

Stearic acid (20g) was reacted with sodium hydroxide (M/2,
125 ml) on a steam bath for 12 hours. The resulting clear solution
was filtered through several layers of.gauze to remove unreacted acid.
The soap was then dissolved in about 1L. of warm water, this solution
then being poured into an excess of a 1% solution of cupric chloride,
with vigorous stirring. The precipitate was washed by decantation,
‘then dried in an air bath at 115-120° for a further 12 hours. The

3

salt (85%) was then powdered and stored, m.p. 118-123° (1it15 , 125°).

M.s. Found: parent ion m/e; 284

Calculated for Cu(C 02)2:,m/e; 630.

18735
(No Cu compound has ever been observed to give a parent ion on the

' . . 153
departmental spectrometer. Stearic acid, mass 28L4, melts at 70.1o

so appeasrance of peak at 284 shows product to be required stearate).
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B. PREPARATION OF TERTIARY PHOSPHORUS ‘COMPOUNDS

1. ©'1,2.5=Triphenylphosphiole

1,2;5—Triphenylphosphole was prepared by the modification

155 170
of the method of Campbell et &l used by R.dJ. Scott + The

product (22-30%) was obtained as yellow fluorescent needles, m.p. '

55

187-189° (1it1°°, 187-189°).

I.r. Voex, =) 1590, 1570 (aromatic C=C)
(em ™)

N.m.r. (lH, 60 MHz, CDCl3) §: 7.8-7.1 (¢, aromatic and phosphole

ring protons)

M.s. Found: parent ion m/e; 312
Calculated for 022H17P: m/e; 312.
2. 1-Methyl-2,5-=diphenylphosphole

The method used was that of Braye156, by the reaction of
potassium on 1,2,5~triphenylphosphole in refluxing dioxan, under
nitrogen, for TO hours, followed by addition of methyl iodide on
cooling. After stirring for 5 hours, the reaction mixture was
poured onto ice. Acetic acid and methylene chloride were then
added, the organic layer separated and dried over magnesium

sulphate. Elution with carbon tetrachloride down a silica gel

column gave & yellow powder, m.p. 107-110° (1it1°®, 110-111°)
which was not further purified..
I.r. v : 2250 ((P)-C-H); 1595 and 1575 (arcmatic C=C),
ma.x( cm-l ) ‘
900 (P-Me)

Nom.r. (YH, 60 Miz, CDC1,) §: 7.7-7.0 (m, 12H, eromstic and phosphole

ring protons), 1.4 (s, 3H, methyl protons)

M.s. Found: parent ion m/e; 250

Calculated for ClTHlSP: m/e; 250.
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3. 2-Chloro-1l,3,2-dioxaphospholan

A mixture of phosphorus trichloride (55 ml, 0.68 mol) in
dry methylene chloride was introduced into a round bottomed flask
fitted with stirrer, dropping funnel and condenser fitted with a
calcium chloride guard tube. Ethylene glycol (38.7 ml) was then
added dropwise so that the mixture boiled'gently; Whén'gas
evolution had ceased, the solvent was removed and the residue
distilled at the water pump, under nitrogen, to give 2-chloro-
1,3,2-dioxaphospholan (69%), b.p. 62-64° at 30 mm. Hg. (11@157;

65-66° at 42 mm. Hg.).

I.r. : 1210 (pP-0-C), 1000 (C-0), 930 (ring)

v

max -1
(em ™)

N.m.r. (lH, 60 Miz, CDC13) §: 5.0-3.8 (b, LH).

L, 2-Chloro—-1,3,2-dioxaphosphorinan

2-Chloro-1,3,2-dioxaphosphorinan was prepared from phosphorus
trichloride (55 ml) and propene-l,3-diol (54.bg, 0.72 mol) as in (3)
above, distillation giving the product as a clear oil, b.p. 63-66° at

158

12 mm. Hg. (46%) (1it~”", 54-55° at 9 mm.).

I.r. : 1060 (C-0); 935 (ring); 1240 (P-0-C)

AY)
meX (op L) '
Nom.r. ('8, 60 Mz, CDC1,) 6: 5.0-3.2 (c, 4, protons on C) and Cg),

2.9-1.4 (c, 2H, protons on CS)°

5e N-Dimethyl-1,3,2-dioxaphospholan

Dimethylamine gas was passed through & solution, under nitrogen,
of 2-chloro-1,3,2-dioxaphospholan in benzene until the reaction was
complete. The reaction mixture was then filtered and distilled, under
nitfogen, at the water pump.

Benzene distilled first, b.p. 18-20° at 27 mm. Hg. This was

followed by N-Dimethyl-1,3,2-dioxaphospholan (62.5%), b.p. 60-63° at
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15
17 m. Hg. (it , 62° st 11 mm. Hg.).

I.r. vmax(cmfl): 1010 (C-0); 925 (ring), 685 (P-N)

Nom.r. (YH, 60 MHz, CDC1,) 6: 4.3-3.7 (c, b, ring protons), 2.65
and 2.5 (d, 6H, N-methyl protons, Jpg = 9 Ha).

31 60

§°"P; +1hl(1itl , +140)

6. N-Dimethyl-1,3,2-dioxaphosphorinan

2-Chloro-1,3,2-dioxaphosphorinan (6.0g, 0.043 mol) was
reacted with dimethylamine as in (5) above. Distillation at the

vacuum pump gave & clear liquid (93%), b.p. 44-46° at 3 mm. Hg.

I.r. ”max(cm-l)f 1060 (C-0); 930 (ring); 690 (P-N)

N.m.r. (lH, 60 MHz, CDCl3) §: 4.3-3.9 (¢, 4H, protons on C), and C6),

2.7 and 2.55 (&, 6H, N-methyl protons, Jpy. = 9 Hz), 2.2-1.2

(¢, 2H, protons on CS)

Py +1bk (1367°0, +143.4).

7. 2-Phenyl-1,3,2~dioxaphospholan

. Dichlorophenylphosphine (9.0g, 0.05 mol) was addéd'dropwisé
to an ice-cooled solution of ethylene glycol (3flg, 0.05 mol) and
triethylamine (10.1lg, 0.1 mol) in benzene (100 ml) after the method
of Mukaiyama et all6l. After heating at reflux for 1 hr., the

reaction mixture was filtered, the benzene removed in vacuo and

the residue distilled from dry glass wool, under reduced pressure, to

give a clear oil (65%), b.p. 64-65° at 0.15 mm. Hg. (1itl6l, 80° at
0.8 mm).
I.r. vmax(cm—l): 1590 (aromatic C=C); 1435 (P-Ph); 915 (ring)

N.m.r. (lH, 60 MHz, CDCl3) §: T.4 (c, 5H, aromatic protons), 4.2-3.7

(e, 4H, ring protons).
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8. : '2—+Met-‘ho:qr-41 ,3,2~dioxaphospholan

2-Chloro-1 3 2—dloxaphospholan (lOg, 0. 08 mol) was placed
in benzene solutlon w1th trlethylamlne (8 lg, 0. 08 mol) Methanol
(3.8g, O. 08 mol) was then added dropw1se w1th stlrrlng, under
nltrogen. On completlon of the addltlon the reactlon mlxture ‘
was filtered; the'benZene rem0ved'and.§he'residue distilled to
give the‘product as a clear mobile oil (85%); b.p; 2Q° at 0.2 'mm
(litl62; hh;SO at 15 mm).

I.r; vmax(cmflj'; 1210‘(?—Q-Me);.lQhQ.((P)—Q—C); 925 (ring);

730 (P-0-(C))
N.m.r. (1 H 60 MHz, CDCl3) §: h 3—3 7 (c, UH, ring protons)

3.5 and 3.3.(d, 3H, P-methoxyl protons, J_.. = 11 Hz).

PH

9, 2-Phenyl-1.3,2-dioxaphosphorinan

A solution of dichlorophenylphosphine (17-9g, 0.1 mol) in
benzene (100 ml) was added dropwise to a stirred solution of carefully
dried propene-l,3-diol (7.6g, 0.1 mol) and freshly distilled
triethylamine (20.2g, 0.2 mol) in benzene (100 ml) as in (7) above.
After the addition the reaction mixture was heated at 45° for L5 m.,
filtered and cooled in the fridge. TFurther triethylemine hydrochloride
was then removed by filtration, the benzene removed in vacuo and the
residue distilled to give a clear, transparent oil (60%), b.p. 106-8°

163

at 0.8 mm. Hg (1it™ -, 96-98° at 0.3 mm.)

I.r. ”max(c _15_:»1h35‘and 1000 (P—Ph); 930 (ring), 1050 (P-O-alkyl)
N.m.r. (lH 60 MHx, CDCl3) § : T, 7—7 2 (s, SH, P-Ph protons) h.3—3.6

(m, hH, ’_CHQ') .9-1. 1 (m, 2H, -CH, )
631p; 153.17.
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A0, " 1-Phenylphospholan

l;fhehyléhesphelaa was prepared'by'thelmethod ef'Issleib '
and Hauslehl6h‘asing the'aetion,of’diethrdphenylphosphine on the
di—Grighard of l,hédihromohdtane:' The'di—Grignard was prepared'
in the‘dsaal way and ﬁheh'transferred‘to a 250 ml dropping funnel
attached to a 3—litre 3—necked'flask fitted'with & mechanical
stirrer'and a further'dropping.funnel- The flask was flushed with '
nltrogen and charged Wlth about l 51 of ether. Dichlbrophenyl-‘
phosphlne was then made up in ether, to the same volume as the
di-Grignard, in the second funnel and the two solutlons drlpped
lnto the flask at the same rate; whlle stlrrlng v1gorously. 'The"
solution meanwhlle was cooled to 0° in en ice/acetCne bath.‘ After
the addiﬁion the reaetion mixture was stirred'fer 1 hour at Qo and
then 1 hr at room tempera#ﬁre befOre being cqeled'innice'and'treahed‘
with diethylamine (2x100 ml). The reaction mixture was then'filtered’
rapidly at the water pump (in a vigoreus draugh@), the lower beiling
fractions removed and the residue distilled'under'nitrogen, at the -

vacuum pump giving & cleer mobile oil (25%), b.p. 88-90° &t 0.9 mm. Hg.
164

(2it™7, 97° at 3 mm.)
. I.r. vmax(cm-l) : 1435 and 1010 (P-Ph); 920 (ring)
N.m.r. (lH, 60 MHz, CDCl3) 8§ ¢+ 7.5-7.2 (¢, SH, aromatic pretens),

2.2-1.6 (c, 8H, ring protons).
§3p; -15.76.

11. Dlethylphenylphcsphlne

Dlethylphenylphosphlne was prepared as in. (lO) above using
ethyl bromide (69 33g, O 168 mol) and dlchlorophenylphosphlne (h5g,

0.25 mol) Dlstlllatlon (tw1ce) gave a clear 011, (35 77) b p. 58-62°



at 0.25 mm. Hg. (1i§;65,160—65 at 2 mm, )
i;fﬁ ‘ o 1h33‘and410251(P;Ph);'1235'(P—Et).ﬂ
max -1
. (em ™)
N.m.r. (lH 60 MHz, CDCl ). 6 : 7 7-7 l (c, SH arometic protons)

1.9- -1. 3 (d. of t., P- CH protons), 1. 3 0.6 (a. of q., ~CHy

protonS) Ipg = (P—C—CH3) = 8 Hz.
&3'p; -15.57.

12, l—PhenylphosphOrlnan

l—Phenylphosphorlnan was prepared from l S-dlbromopentane )
(53 3g, 0.23 mol) and dlchlorophenylphosphlne (L1, 53g, 0.23 mol) as in
10 above.’ Distillation (tw1ce) gave a clear oil. (317), b p. 85-88° at

166

0.3'mm. Hg. (11t , 75-85° at 0.5-1 mm.)

I.r. vmax(cmfl) : 1435 and 1010 (§f?h); 915 (ring).

N.m.r. (lH;-GO MHz , CDC13).6 :’8.3—7.3.(c,'5ﬁ, aromatic proténs),

3.7-2.9 (m, LH, P—CHQ), 1.5-1.0 (c; 6H; ring protqns).

13. ' ‘Phenylphosphiric ‘Acid

"Egig:' AlthQUgh fqrmally’réc¢gnised'heré as a térﬁiary
phosphorus compound, viz: PhP(OH)a,:phenylphOSPhinic.acidAéxists 99%
as PhP(0)(H)OH. |

Dichlorophenylphosphine (167.8g, Q.9h mgl)'was drippéd,
with stirring into water (dispilled; 250 ml). The'wa;ér was then
removed by distillation from a water bath.‘ Qn cqqling the greeny
yellow residue gave white leafs éf phenylphosphinic acid (hq%);

m.p. 83-6° (1ip153,‘83469);
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méx 15'; 2380 (P-H); lth.(P*Ph)‘A3OOQe2SQQ,-2hQQ-
2200, 1750-1600, énd 970° ( P:ng 167)

N:m;r} (lﬁ 60 Mﬁz,.éD01 )45 : 10.7 (s, OH)“ 7”9—7;0 (¢, P-Ph),

'12 2 and 2.9. (d P- H J = 564 Hz)

M.s. Found: parent ion m/e;'ih2
Ca.lculated'for-C6H7 oP: m/e, k2

631P: 19.45+0.6 ppm.

1k, Dibromophenylphosphine

Phosphorus tribromide (123;7g; 0.35 mol) was allowed to
react with phenylphosphinic acid after’thé'method of.Quin.et'all68;
No external cooling was required and afﬁer'2h,hr; with_ag%ta&iqn
two layers had forméd; Thé'lqwér'layér'was séparatéd and distilled
through an 8 mm. Vig¥eux column, under'nitrogén; at the'Water.pump.

Excess phosphorus tribromide was recovered first, b.p. 60°

at 15 mm. Hg. Dibromophenylphosphine (83%) then distilled, b.p. 136-

138° at 15 mm. Hg. (1it169, 121-123° at 11 mm.).
I.r, Voex, -1, ¢ 135 and 1000 (P-Ph), 690 (P-BR).
(em ™) '
N.m.r. (lH, 60 MHz, CDCl3) §: 8.1-7.7 (¢, 2H, ortho protons),

7.6=7.3 (c, 3H, meta and para protoms).

8§ 'P: +151.29.

15. " ‘Phenylphosphiine

Phenylphosphine was firstly prepared by the method of
170

Freedmenn and Doak . using the reaction of lithium aluminium
hydrlde on dlchlorophenylphosphlne. However, for'the'preparation

of 31zeable quantltles thls led to unw1eldy volumes of solutlon.
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In.orderito:ayoid.exposure to.such.volumes.the'method'of,Mann and

Millar SE

was used where dlchlorophenylphosphlne was allowed to
react w1th an excess of ethanol and the resultlng solutlon reduced
in volume at the’Vacuum pump befbre the'reaCtion mixture wes

4 dlsproportlonated by heatlng, when phenylphosphlne (35.2g) dlstllled
over, b.p. 80-82° at 30 mm. Hg s the water pump belng connected via

two charcoal towers.

I.r. vmax(cm’l) : 2280 (P-H), 1480 and 1035 (r—rh)

1 - y L ‘
N.m.r. ("H, 60 MHz,'CDCl3).6 : 7.7-7.5 (¢, 2H, o-hydrogens to P
on benzene ring), 7.5-7.2 (c, 3H, ring protons), 5.7 and

2.3 (4, 2H, P-H protons, J__. = 204 Hz)

PH

3p, 300.1

§
N.B. All operations were carried out in a vigorous draught. Phenyl-
phosphine ignites spontaneously in air at its boiling point. Storage

in benzene solution helps to prevent air oxidation.

16. ‘3-Hydroxypropylphenylphosphine

3-Hydroxypropylphenylphosphine was prepared by the method of

Korshsak et al.172

Allyl alcohol (16.8g, 0.29 ml) was dripped onto
phenylphosphine (35.2g, 0.32 mol), under nitrogen, at 40°. The

reaction mixture was then heated to 100° and kept there for 40 hr. The
mixture was then distilled to give 10g (217%) of & clear oil, b.p. 106-8°

172

at 1 mm. Hg. (1it™'“ 107-108° at 3 mm).

I.r. vmax(cm’l) : 33&9.(-QH), 2280 (p-H), 1k35 and 1020 (P-Ph)

N.m.r. (lﬁ;. 60 MHz, CDClB) § : 11.5 and 4.2 (4, 1H, P-H proton),

'~ 7.8-7.1 (e, 5H, ring protoms), 4.2 (s, 1H, hydroxyl proton),
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' 3.7—3.h.(c;‘2H;.4QCH2—pr9?§ns),'2.3—l.5v(c,.hH, -CH,~protons)

§31p; +4.83 ppm.

17. 1-Phenyl-2-oxaphospholan

3-Hydrox&propylphénylphoSPhiné (6!73; O;bh mol) was allowed
to react with diphenyl disﬁlphidé (8;73; 0.0k mol) in benzene at 22°
for 24 hr. as in thé'méthod of Grayson.and Farléle3.. On rémoval
of thé‘bénzéné the'résidué was distillea'ﬁndér'nitrogén‘tq givé a
clear oil (35%), b.p. 90-92° at 0.2 m. Hg. (1it°7, 122° &t 0.5 m. Hg.)

shown by 31P N.M.R. to be mainly the required product.

I.r. vmax(cm’l) : 1435, 1415 1010 (P-Ph), 96Q (P-o—g, ring)

Nomr. (YH, 60 MHz, CDC1;) & : 7.9-7.0 (e, SH, aromatic protonms),
4.3-3.3 (e, 2H, protons g to 0), 2.3-1.4 (e, 4H, ring protons)

§3%p: +110.4 (1it173, +110.2).

18. 1-Phenyl-3-methylphosphol-3-ene

Isoprene (13g, 0.19 mol), phenylphosphonous dibromide (50g,
0.19 mol) and cupric stearate (0.52g, 4% by wt. of isoprene) were
reacted after the method of Quin et a1168. The solid formed after
15 hr. was broken up end washed, in the dry box, with dry hexane
This adduct (67.2g, 0.185 mol) was then allqwédfﬁq.reaC§,with magnesium
(4.5g, 0.185 mol) in dry tetrahydrofuran, in a 250 ml round-bottoméd'
flask fitted wiﬁh COndenSér and nitrqgen line. Heat was applied to
commence reaction which thén cqntinuéd'without.further héating. The -
reacﬁion mixturé was thénlhéatéd'at reflux for 2&,hqtrs once this

reaction had subsided.
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- On cqqling; #hélréaéyiqnfmixturé wes tréaﬁed‘caréfully'with
an éxcéSS'qf'sapuraﬁéd'sqdiﬁﬁ biéafﬁoﬁ&té‘Solﬁ#ion'and then’ continuously
éxtractéd'ﬁith béﬁZéﬁé for'é furthér‘2h hoﬁrs: The benzene solution
was théﬁ'dfied; ﬁhé‘béﬁZéﬁé rém0ved'and thé residué distilléd to givé
a clear mobile 6il (h0.3%); ﬁ.p: 80° at 0.45 mm;'Hg; (litlse; 125°

at 14 mm).

vmax(cﬁ_l)_: 1650 (H-C=C), 1&39 and 1020 (?-?h)

N.m.r. (lH; 60 Mﬂz;‘éDCl3)»6 : 7;1—7.7 (c;'SH; arometic prqﬁons),
5.5 (a, 1H, Jpy = 8.0 Hz); 2;0—3;15:(c; HH; ring protons),
1.80 (s, 3H, méthylprotons).

631P: ~16.69.

19. "1+Pﬁéﬁ§1;3~ﬁétﬁ§1§ﬁ¢éﬁhéiééﬁéﬁé '
l-Phényl—B—methylpho5phol—2—éne was preparéd'from isoprene,
phenylphosphonous dichlqride and cupric stearaté'as in 18,ab9ve. After
reaction with magnesium thé'éoqled'reaction mixﬁuré waS'tréatéd‘carefully
with cold water once half thé tétrahydrofuran hed been removed. The '
solution was then made basic with 1QN sqdium hydroxide solu;iqn and
extracted several times‘with benzene. The benZeﬁe extracts were driéd,
the benzene removed and the residue distilled'under nitrqgen‘tq give
& clear mobile oil (13%), b.p. 84-6° at 0.6 mm. Hg. (11@158,A 9-80 at

0.05 mm).

I.r. : 1610 (C=C), 1430 eand .1025 (P-Ph)

vmax(cm—l)
N.m.r. (lH, 6Q MHz,'CDCl3)-6 : T.TfT.Q (¢, 5H, arometic prqtons);
6.1-5.1 (4, 1H, I, = 40 Hz), 2.8-1.7 (c, lfl, ring protons) ,
2;0 (s, 3ﬁ, ﬁéthyl-propons).'

631P: +3;95:
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.20. 2 —Phenyl'l'3 2—benzodloxaph05phole .
2-Pheny1—1,3,2—beh20d10xapho$phqle‘WES prép&red[byithe méthqd

of Bérliﬁ aﬁa NaéaﬁhuShaﬁémlsh ﬁsing thé'liﬁeratﬁre qﬁanﬁities'of'

catéchdl aﬁd dicthrOphéﬁylphoéphinée' Removel qf’solvént yvielded

154

white needles (32%), m.p. 140-147° (1it~”", 140-145°), which were -

washed with benzene.

I.r. Voax 1. ¢ 1595 end 1605 (eromatic.C=C0, 1L40.end 1010 (P-Ph),
(em™ ' A

1240-1200 ((P)-0-C), 865 and 850 (P—Q—(C)):

N.m.r. (lH; 60 MHz; CDCl3)A5 : 8.1—7:2 (c:'SH; phényl-aromatic.i
protons); 7.2—6;7 (c;'hH; érjl-arqma@iceprqténS)e

M.s. Found: parénﬁ ion m/e; 324

Calculated for 012H902P m/e; 216.

Appearance of parent ion at 324 mass units suggests dimerisation

in the spectrometer, as the m.p. is as given in the litersature.

21. 1-Phenyl-2,2,3=trimethylphosphetan

3,3-Dimethyl-l-butene (20g, 0.24 mol), aluminium trichloride
(0.2h mol) and dichlorophenylphosphine (0.24 mol) were allowed to react
in methylene chloride by the method of Cremer and Chorvatl7h.
— This reaction yielded 1-phenyl-2,2 3—trimethylphosphetan

l1-oxide as a white crystalline solid (20%), m.p. 82-3° (1i t , 81-3°)

I.r. Voax, -1, ° 1440 and 1030 (P-Ph), 1205 (P=0)
(cm )
N.m.r. (lH, GQ MHz, CDC1 ).6 : (maJor isomer) 8.1-7.3 (e, 5H, aromatic
protons) 3. 2 -1.9. (c, 3H, ring protons), 1.5 and 1.25 (4, 3H,
methyl trans to. P—O in a posn, Jo .20;Hz); 1.2 end 1.1 (4,

3H, B methyl J = 6 Hz).
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M.s. Found: parent ion m/e; 208 -
Calculated for CIZHITOP ,m/e;'2Q8
Analysis Found: C, 69.3; H, 8.3%

Calculated for 012H17OP c, 69.2; H, 8.2%

The‘bxide (5g, 0.0Zh mol) was then deoxygenated with.
trichlorosilane following the same literature method as above.’
Distillation gave a clear oil (52%), b.p. 68-71% at 2 mm (1it%7",
71° at 0.3 mm).

I.r. v t 1435 and 1030 (P-Ph)

max ( cm.—l)

N.m.r. ('H, 60 MHz, 0DC1,) 8 : 7.9-6.8 (c, SH, aromatic ring
protons), 3.1-1.6 (¢, 3H, phosphetan ring protons),
1.5 and 1.2 (4, 3H, methyl trans to P-lone pair,
J = 20 Hz), 0.9 and 0.8 (4, 3H, other a methyl

PH

group, JPH = 8 Hz), 0.8 and 0.7 (4, 3H, B-methyl

group, JPH = 6 Hz).

22. 1,3-Diphenylphosphetan

1,3-Diphenylphosphetan was prepared from G-methylstyrene,
aluminium trichloride and dichlorovhenylphosphine as in 21
above. The oxide was isolated as a viscous opaque oil

showing the following characteristics.

I.r. : 1435 and 1030 (P-Ph), 1600-1580

Vv -
max(cm 1)
(aromatic C=C).

N.m.r. (g, 60 MmHz, CDC1,) 6: 7.7-6.4 (c, 10H, aromatic ring

protons), 2.9-0.6 (c, 5H, small ring protons).

Deoxygenation of the oil with trichlorosilane as in 21

_gave a clear oil (12.6%), showing the following characteristics.
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v ¢ 1435 and 1030 (P-Ph), 1600-1580
max( cm_1 )

(aromatic C=C).
N.m.r. ('H, 60 MHz, CDC1,)8 : 7.4-6.8 (c, 10H, aromatic

ring protons), 2.9-0.3 (c, 5H, phosphetan ring protons)

Further characterisation was not attempted but the imino-
phosohetan prepared in an attempt to obtain a solid for more

careful analysis.

23. 2,2-Dimethylphosphetan

As in 22 above, 2-methyl-1-butene (11.75g, 0.17 mol)
dichlorophenylphosphine (25g, 0.14 mol) and aluminium tri-
chloride (18.6g, 0.14 mol) were allowed to react in methylene
chloride as solvent. After reaction the crude product (5g,
0.026 mol) was deoxygenated with trichlorosilene (3.52g,
0.026 mol) in the presence of tfiethylamine in benzene as
solvent. Fdllowing reaction, the mixture was washed 4 times
with saturated sodium chloride solution and dried over
magnesium sulphate. The mixture was then filtered and

solvent removed giving an opaque oil (0.25g, 5.4%).

As yield was so low, the product was not distilled but
taken directly to reaction with azide in an attempt to obtain
crystals for characterisation.

The crude vroduct showed the following characteristics

however,

I.r. vmax(cm'1) : 1440 (P-Ph), 930 (P-ring)

N.m.r. ('H, 60 MHz, CDC1;)&: 8.6-7.1 (c, 5H, aromatic
protons), 2.3-1.5 (¢, ring protons)

(Some impurity present).
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24. 2,3-Dimethylphosphetan

As in 22, 3-methyl-1-butene (16.66g, 0.24 mol),
dichlorophenylphosphine (42.54g, 0.24 mol) and aluminium
trichloride (31.61g, 0.24 mol) were allowed to react in
methylene chloride. Following reaction the material was
directly allowed to react with trichlorosilene (32.24g,

0.24 mol) in the presence of triéthylamine (24.04g, 0.24 mol)
in benzene as solvent. The reaction mixture was then worked
up as before and once again as in 23 a small yield (4.6%) was
achieved of a crude material which was reacted immediately
with azide to give the iminophosphetan in an attempt to

characterise it.

25. 1,2,3-Trivhenyl-1,3,2-diazaphospholidene

N,N'-Diphenylethylenediamine (0.02 mol) was dissolved in
xylene (50 ml) and triethylamine (0.04 mol) and allowed to
react with dichlorophenylphosphine after the method of

175. On removal of xylene after filtration,

Zickerman and Das
the solid residue was recrystallised from benzene, washed with
benzene/vetrol-ether (40-60) and dried to give white crystals
of 1,2,3-triphenyl-1,3,2-diazaphospholidene (39%),

m.p. 235-237° (1it17?, 236-238°).

N.m.r. (1H, 60 MHz, CDC13)6 : 8.0-6.7 (c, aromatic protons),

4.0, 3.9, and 3.5 (ring protons).
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26. 2-Methoxy-3-methyl-1,3,2-0oxazavhospholan

2-Methylamino-ethanol (20g, 0.27 mol) was allowed to
react in benzene with phosphorus trichloride (36.6g, 0.27 mol)
in the presence of triethylamine (0.54 mol) with cooling.
The residuai reaction mixture was then treated with methanol
(8.5 g) dropwise with stirring. The triethylamine hydro-
chloride formed was filtered bff; the benzene removed and the

residue distilled to give a clear oil (45%) b.p. 55° at 0.4 mnm

“max(cm_1) : 2820-2780 (N-Me), 1020 (P-O-Alkyl),

930 (ring).

N.m.r. (1H, 60 MHz, CDCl3)6 : 4.7-4.0 (c, 24, ring protons),
3.9-3.5 (¢, 1H, ring proton), 3.5 and 3.3 (4, 3H,
methoxyl protons, J POCH = 10 Hz), 3.2-2.9 (c, 1H,
ring proton), 2.85 and 2.6 (d, 3H, methyl protons,
JPNCH = 16 Hz).

27. 2-Phenyl-3-Methyl-1,3,2-0xazaphospholan

Z?Pheny1—3-Methyl-1,3,2-oxazaphospholan was prepared by
the reaction of 2—methylamino—ethahol (20g, 0.27 mol), with
dichlorophenylphosphine (47.7g, 0.27 mol) in the presence of
triethylamine as in the method of Hudson et al177.

Distillation gave the product (34%) as a yellowish oil,

b.p. 88® at 0.3 mm Hg.

N.m.r. ('H, 60 MHz, opCl,) &: 8.0-6.8 (c, 5H, aromatic
ring vprotons), 3.6~-2.7 and 2.7-2.0 (c, TH, ring

and N-Me protons, JPNCH = 8Hz ).
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28. Diethyl phenylphosphonite
I

The method used was that of Green and Hudson178

, by the
_reaction of sodium ethoxide (from Na (23g) in EtOH,RR (250 ml))
and dichlorophenylphosphine (44.7 g; 34 ml), added dropwise
with cooling. The mixture was stirred overnight at room
temperature, when the sodium chloride was filtered off, the

filtrate concentrated and distilled to give a clear oil (40%),

b.o. 76-80° at 2.5 mm Hg. (1it'7S, 76-8° at 0.5 mm).

I.r. Vmax -1y ¢ 1435 (P-Ph), 1050-1030 (P-O-alkyl).

N.m.r. (1H, 60 MHz, CDCl3)5 : 7.8-7.3 (¢, 5H, ring protons),
402"3.6 (C, 4H, "OCH2), 105‘1-3 (t, 6H, -CH3)-

M.s. Found: parent ion m/e; 198

Calculated for C1OH1502P: m/e; 198.

29. Ethyl(2'—bromomethylbenzyl)nhenylphosphinate

Diethyl phenylphosphonite (0.06 mol) was added to
a,a '-dibromo-o-xylene (0.06 mol) at 90O with stirring as
ethyl bromide was distilled from the reaction mixture as in
the method of Chan and Nwe1797 The reaction mixture was then
heated for a further 2 hours at this temperature and then
chromatographed on a silica gel column using ethyl acetate
as eluent. The product (28%) was obtained as white crystals
which were dissolved in chloroform to which n-~hexane was
added till a precivitate just re-apneared. After ccoling
the crystals, m.o. 97-99° (1it'7?, 93-95°) were filtered off

and dried.‘
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I.r. KBr : 1590 (aromatic C=C), 1440 (P-Ph),

"max( cm-1 )

1205 (P=0), 1025 (P-O-alkyl).

N.m.r. ('H, 60 MHz, 0DC1,) & : 7.9-7.4 (c, 5H, ring protons
P-Ph), 7.4-6.8 (c, 4H, ring protons), 4.6 (s, 2H,

CH,Br protons), 4.3-3.8 (q, 2H, -0CH,, J = 2 Hz),

2 2’ "POCH
3.7 and 3.4 (4, 2H, P-CH, protons, Jpoy = 17 Hz),

1.5-1.2 (t, 3H, ~OCH3 pfotons).

M.s. Found: parent ion m/e; 354(81Br) and 352(79B1

Calculated for C, H,50,PBr: m/e; 354(878r) and 352(7B:

1671872

30. 2-Phenyl-iso-—-phosphindolene

To a stirred solution of ethylene(2'-bromomethylbenzyl)
phenylphosphinate (5g) in dry benzene (70 ml) at room tempera-
ture, under nitrogen was added dropwise, trichlorosilane (5.9g)

179. The reaction

in dry benzene (30 ml) after Chan and Nwe
mixture was then heated at reflux for 48 hours, cooled and
hydrolysed with 30% sodium hydroxide solution, the hydroxide
being added till no further efforvescence was observed.

The silicate formed during the reaction was filtered off and
and filtrate washed twice with water. The organic layer was
then dried over MgSO4 and passed down a dry 10% deactiva
silica column using diethyl ether as eluent. The product in
the lower part of the column was collected but proved to be

of too low a yield for characterisation as 2-Phenyl-iso-phos-

phindolene-2-oxide.

Further reaction of this product with trichlorcsilane to

give the parent phosphine was not, therefore, attempted.



- 95 -

31. Methylphosphonous Dichloridite

Methanol (4.7g, 0.146 mol) was added dropwise with

vigorous stirring to phosphorus trichloride (20g, 0.146 mol)

at 0° and left stirring overnight at room temperature180’181.

The reaction mixture was then distilled twice past glass
helices to give a clear mobile oil (48-55%), b.p. 92—3o at

180,181

760 mm (1it , 92-3° at 760 mm).

v _ : 1220 and 1210 (P-0-alkyl).
max(cm 1)

N.m.r. ('H, 60 MHz, CDC1;) 8: 4.0 and 3.8 (4, 3H, methoxyl
protons, Jpy = 10 Hz).

32. 1,2,5-Trivhenylphosphol-2-—-ene

An attempt was made to prepare the named material from
" 1,4-diphenylbuta-1,3-diene and dichlorophenylphosphine in THF
in the presence of magnesium after the method of Quin and

185

Mathewes with slight variation.

A slurry of the diene (14.4g, 0.07 mol) in THF was placed
in a 500 ml round bottomed flask, flushed with nitrogen and
magnesium added. The flask was fitted with condenser,
nitrogen line and dropping funnel as well as magnetic stirrer.
The dichlorophenylphosphine (12.5g, 0.07 mol) was then added
dropwise with stirring while the flask was heated slightly to
initiate reaction. After apparent reaction had subsided the
reaction mixture was refluxed for 2 hours. On cooling white
hexagonal crystals formed of unreacted diene. The residual
mixture was then washed up with cold water and sodium hydroxide.

No material characterisable as the named product was obtainable.
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33. 1-Phenylphosvhiran

Attempts to prepare the named material by the method

1186

of Chan et a did not lead to characterisable quantities

of any product.

34, 2-lethyl—-1,3,2-dioxaphospholan

Attempts to prepare this material from 2-methoxy-1,3,2-
dioxaphospholan via an Arbusov Reaction with methyl iodide
followed by de-oxygenation of the oxide with trichlorosilane

met with no success.

35. 1-Phenyl-3,3-dimethylphosphol-2-ene

The preparation of this material was attempted using the
method of Trippett et a1184'by allowing 1-phenyl-2,2,3-tri-
methylphosphetan oxide (19.1g, 0.093 mol) to react with
trichlorosilane (12.6g, 0.093 mol) and triethylamine (9.4g,

0.093 mol) in methylene chloride as in B21.

Work-up of the reaction mixture as in B21 yielded the
trivalent 1-phenyl-2,2,3-trimethylphosphetan (4.26g) which was
then treated in methylene chloride at -20° with 1 equivalent
of bromine, left standing overnight under nitrogen and then
distilled to give 1g (16%) of a yellow liquid, b.p. 142-4°
at 10 mm Hg which is the ring opened bromide giving the

following characteristics:

I.r. : 1440 and 1020 cm™1 (p-Ph), 690 (P-Br),

AV]
max(cm-1)
1590 (C=C).
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N.m.r. (1H, 60 MHz, CDCl3)6 : 8.1-7.2 (¢, 6H, aromatic and
olefinic protons), 3.3-2.9 (c, 1H, other olefinic
proton), 2.2-0.7 (c, 9H, methyl and aliphatic

protons).

M.s. Found: parent ion m/e; 292(81Br) and 270(793r)
Calculated for C,,H, PBr parent ion n/e;
292(818r) ana 270(77Br)

This material was then treated with 1 equivalent of
alkali, this being sodium ethoxide in ethanol (O.1g Na in
10 ml super-dry ethanol added to 0.95 g of compound in dry
benzene). Solvent was then removed and the reaction mixture
distilled to give 0.85g ( 4.8%) of a colourléss liquid

b.p. 82-84° at 0.2 mm Hg.

36. 1-Phenyl-phosphol-2—-ene

An adduct of dichlorophenylphosphine and buta-1,3-diene

176,177 and made

was prepared after the method of Quin et al
up in THF. This adduct solution was then added portionwise
with vigorous stirring to magnesium turnings in THF.
(Reaction is exothermic so some control with én ice bath

Q¢ vrr \
may be necessary.)

The reaction mixture was then heated under reflux for
1 hour at least after the end of the reaction, treated slowly
with water (cold) to destroy any remaining phosphorus
chlorides and made strongly acidic with 8N HC1l to destroy
ahy remaining magnesium. THF was removed by distillation,
the reaction mixture made basic with concentrated sodium

hydroxide and steam distilled.
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The product was extracted from the distillate with
ether, dried with sodium sulphate and distilled at

atmospheric pressure.
A clear oil was collected at 130°, 0.2g (16.4%).
N.m.r. ('H, 60 MHz, CDC1,) 6: 7.2-6.8 (m, 6H, aromatic

ring protons and o« PCH ring proton (?)), 2.4-2.2

(5H, ring protons and g -PCH proton (?)).
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C. Preparation of 8-Nitroaryl-iminophosphines

1. N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole

1,2,5-Triphenylphosphole (2.02g, 0.007 mol) was placed in
dry toluene (75 ml) with 4-azido-3-nitroanisole (1.51g, 0.008
mol). The reaction mixture was then heated to 100°, under
nitrogen, until gas evolution ceased. The solvent was then
removed in vacuo and the product recrystallised from chloro -
form/ether to give blue/black cubes of N-(4-methoxy-2-nitro
phenyl)-imino-1,2,5-triphenylphosphole (72%), m.p. 172-173°
(11t%, 172-173°).

t 1510 (-NO,) 1435 and 990 (P-Ph),
1275-1250 (P=N), 1040 (C-0).

I.r. v
max(cm—1)

N.m.r. ('H, 60 MHz, CDC1,) 6 : 8.4-6.7 (c, 20H, aromatic and

phosphole ring protons, 3.65 (s, 3H, methoxyl protons).

M.s. Found parent ion : m/e; 478

Calculated for 029H23N203P : m/e; 478

Analysis Found : C, 73.0%; H, 4.9%; N, 5.7%
Calculated for 029H23N203P :
C, 73.0%; H, 4.85%; N, 5.9%

s37p ¢ 413414

2. N-(4-methyl-2-nitrophenyl)-imino-1,2,5-triphenylphosphole

4-pAzido-3-nitrotoluene (1.43g, 0.008 mol) was reacted
with 1,2,5-triphenylphosphole (2.02g, 0.007 mol) as in 1 above.
Removal of solvent and fractional recrystallisation from
chloroform/ether gave 1,2,5-triphenylph6sphole oxide (1.06g,
46%) and large red cubes of the iminophosphole (1.42g, 44%),
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m.p. 154-156° (1it°, 154-156°).

I.r. : 1615 (aromatic C=C), 1490 (NOZ)’ 1440

and 1000 (P-Ph), 1360-1330 (P=N).

v -1
max( cm )

N.m.r. ('H, 60 MHz, CDC1,) 6: 8.3-6.4 (c, 20H, aromatic and

phosphole ring protons), 2.1 (s, 3H, methyl protons).

M.s. Found parent ion : m/e; 462
Calculated for 029H23N202P : m/e; 462

Analysis Found : C, 75.0%; H, 5.1%; N, 5.8%
Calculated for 029H23N202P :

C, 75.4%; H, 5.0%; N, 6.0%

Slpo: 414028

3. N-(4-methoxy-2-nitrophenyl)-triphenylphosphinimine

Triphenylphosphine (2.0g, 0.008 mol) was allowed to react,
on warming, under dry ether, with 4~azido-3-nitroanisole
(1.48g, 0.008 mol). On scratching an immediate solid precip-
itate of pale yellow crystals (62%) of the phosphinimine was
formed, m.p. 160-162° (1it2, 160-162°).

: 1510 (NO,), 1440 and 1000 (P-Ph),
1280 (P=N), 1110 (C-0).

JT.r. v
max(cm-1)

N.m.r. ('H, 60 MHz, CDC1,) 6: 8.1-7.4 (c, 15H, P-Ph, aromatic
ring protons), 7.3 and 6.6 (c, 3H, N-Ph protons),
3.7 (s, 3H, methoxyl protons).

Analysis Found : C, 69.9%; H, 4.9%; N, 6.7%

Calculated for 025H21N203P :

C, 70.1%; H, 4.9%; N, 6.5%
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4. N-(4-methyl-2-nitrophenyl)-imino-2-phenyl-1,3,2-
dioxaphospholan '

2-Phenyl-1,3,2-dioxaphospholan (3.7g, 0.02 mol) was
placed under dry ether under nitrogen and 4-azido-3-nitro
toluene (3.5g, 0.02 mol) édded portionwise with stirring.
Gas evolution was immediately apparent and a yellow oil formed
under the ether. On soratching~yellow.crysfals of the imino-
phospholan (73%) were formed, m.p. 172-174°, which were dried

in a dessicator.

I.r. 1 1520 (-NO,), 1440 (P-Ph), 1255-1210

AYJ
max( cm—1
(P=N), 910 (ring)

N.m.r. (', 100 MHz, CDC1,) §: 8.0-6.6 (c, 8H, aromatic ring
protons), 4.7-4.1 (d of d, 4H, phospholan ring
protons, Jpgog = 40 Hz), 2.2 (s, 3H, methyl protons).

M.s. Found parent ion : m/e; 318

~C15H15N204P requires : m/e; 318

Analysis Tound : C, 56.9%; H, 4.2%; N, 8.6%
C,5H,5N,0,4P Tequires : G, 56.6%; H, 4.7%, N, 8.8%

S1p ¢ 4+23.46

5. N-(4-methoxy-2-nitrophenyl)-imino—2-phenyl-1,3,2-
dioxaphospholan

4-azido -3-nitroanisole (2.35g, 0.012 mol) was allowed to
react with 2-phenyl-1,3,2-dioxaphospholan (2.0g, 0.012 mol)
as in 4 above. Again a yellow solid was obtained on scratch- .
ing, the yellow crystals (75%), m.p. 184-186° being washed

with ether and dried in a dessicator.
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I.r. \)max( -1, : 1515 (NO,), 1440 (P-Ph), 1260 (P=N),
cm

915 (ring).
N.m.r. ('H, 60 MHz, CDC1,) §: 8.0-6.6 (c, 8H, aromatic ring
protons), 4.7-4.2 (4 of d, 4H, phospholan ring
protons, Jpoay = 40 Hz) 3.9 (s, 3H, methoxyl protons).

M.s. Found parent ion: m/e; 334

C,5H,gN,05P requires: m/e; - 334

Analysis Found : C, 53.7%; H, 4.4%; N, 8.2%
C,5H,5N,05P requires : C, 53.9%; H, 4.5%; N, 8.4%

S1P: 4214

Note: The following iminophoSphorus compounds were not
obtained completely pure as they could not be cryst-
allised under any conditions of temperature and solvent
attempted and most contained the aniline froﬁ the

azide considered.

6. N-—(4-methyl-2-nitrophenyl)-imino-1-phenylphospholan

1-Phenylphospholan (1.0g, 0.006 mol) was allowed to react
with 4-azido-3-nitrotoluene (1.1g, 0.006 mol) as in 4 above,
the flask being cooled inAa cardice/acetone bath. The
reaction mixture was then allowed to come slowly to room -
temperature. On removal of ether a dark red oil was obtained.
The o0il would not solidify and attempted distillation gave
5-methylbenzofurazan, as a solid which came out on the sides
of the condenser, indicating decomposition. This decompositior
was noted even under vacuum distillation conditions in a

'Kugglrghr. The following details were obtained from the

crude cil.



- 103 -

vmax(cm_1 : 1515 (NOZ), 1440 (P-Ph), 1275-1250 (P=N),

855 (phospholan ring).
N.m.r. ('H, 60 MHz, CDCL,) 6 & 7.9-7.3 (¢, 5H, P-Ph ring
protons), 7.0-6.3 (c, 3H, aromatic ring protons),
2.2-1.3 (c, 8H, ring prdtons), 1.8 (s, 3H, methyl

protons).

M.s. Found parent ion : m/e; 314

Cy7HygNx0,P requires : m/e; 314

Exact mass spectroscopy 017H19N202P requires 314. 118408
Found 314. 118260

Error less than 1 ppm.

T N-(4—methoxy—2—nitrophenyl)—imino—1—phenylphospholan

4-Azido-3-nitroanisole (1.1g, 0.006 mol) and 1-phenyl-
phospholan (1.0g, 0.006 mol) were allowed to react under dry

ether as in 6 above. The resultant red oil behaved in a

similar fashion. The crude oil showed the following

characteristics.

I.T. vmax( -1y : 1510 (NO,), 1440 and 1040 (P-Ph), 1275
cm

" (P=N), 1115 (C-0), 855 (phospholan ring).

N.m.r. ('H, 60 MHz, CDCl,) §: 8.0-7.5 (¢, 5H, P-Ph ring
protons), 7.1-6.7 (¢, 3H, aromatic ring protons),
3.8 (s, 3H, methoxyl protons), 2.5-1.8 (c, 8H,

phospholan ring protons).

On scratching for a good while a very few leaf-like crystals
did appear. Attempted analysis gave the following as a

result.
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Analysis Found : C, 59.7%; H, 5.9%; N, 8.5%
C17H19N203P requires : C, 61.8%; H, 5.8%; N, 8.5%

Attempted recrystallisations from ether with scratching.

gave no improvement.

8. N-(4-methyl-2-nitrophenyl)-imino-2-(N-dimethylamino)-
1,3,2-dioxaphosnhorinan

N-dimethyl-1,3,2-dioxaphosphorinan (4.9g, 0.033 mol) was
placed in toluene under nitrogen and 4-azido-3-nitrotoluene
(5.92, 0.033 mol) was added slowly with stirring. Gas
evolution was apparent. On removal of toluene on the high
vacuum rotary evaporator an orange oil was obtained which was

shown to be the iminophosphorinan by exact mass spectroscopny.

M.s. Found parent ion : m/e; 299

012H18N304P requires : m/e; 299

Exact Mass : Found parent ion : m/e; 299. 103203
012H18N3O4P requires : m/e; 299. 103486

Error less than 1 ppm.
The o0il also showed the following characteristics.

'%ax( _1) : 1520 (NOZ)’ 1280-1240 (P=N), 1000
cm
(P-0-alkyl), 930 (phosphorinan ring),

705 (P—Nme2).

N.m.r. ('H, 60 MHz, CDC1,) 6: 7.4-6.7 (c, 3H, aromatic ring
protons), 4.6-4.0 (c, 4H, phosphorinan ring protons
c to 0), 2.8 and 2.6 (4, 6H, Nme, protons, Jpyoy =
11 Hz), 2.8-1.5 (¢, 2H, ring protons), 2.2 (s, 3H,

methyl protons).
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9. N-(4-methyl-2-nitrophenyl)-imino-2-phenyl-1,3,2-
dioxaphosphorinan

4~-Azido-3-nitrotoluene was allowed to react in equimolar
quantity, with 2-phenyl-1,3,2-dioxaphosphorinan under ether
under nitrogen. Gas evolution was immediately apparent.
On removal of ether an orange oil was obtained which was
shown by exact mass spectroscopy to contain the required

iminophosphorinan.

M.s. Found parent ion : m/e; 332

016H17N204P requires : m/e; 332

Exact Mass : Found parent ion : m/e; 332. 093164
C16H17N204P requires : m/e; 332. 092587

Error less than 2 ppm.
The o0il also showed the following characteristics.

\Y

max(cm-‘l)
N.m.r. ('H, 60 MHz, CDC1,) §: 8.0-7.0 (c, 5H, P-Ph ring
protons), 4.7-3.7 (¢, 4H, phosphorinan ring protons
¢ to 0), 2.2 (s, 3H, methyl protons), 2.2-1.7

(c, 2H, ring protons).

10. N-(4-methyl-2-nitrophenyl)-imino-1,3-diphenylphosphetan

_ 1,3-Diphenylphosphetan was allowed to react with 4-azido-
3-nitrotoluene, in equimolar quantity, under dry ether under
nitrogen. Gas evolution was apparent after a few moments.
After the reaction had subsided a red oil was obtained which

showed the foliowing characteristics.

I.r. vmax( _1) : 1560 and 1520 (NOZ)’ 125001210 (P=N).
cm
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N.m.r. ('H, 60 Miz, CDC1,) §: 7.9-6.5 (c, 13H, aromatic ring
protons), 3.2-0.8 (c, S5H, phosphetan ring protons),
2.35 (s, 3H, methyl protons).

M.s. No parent ion observed at 376.

022H21N202P requires: parent ion m/e; 376.

A peak was observed however at 152 corresponding to
4-methyl—2-nitroéniline and another at 198 which is neither
the oxide (m/e 242) or the phosphetan itself (m/e 226) but
may be due to decomposition of the phosphetan ring in the
spectrometer via a migration of the phenyl group and loss of

+
ethylene to give PhCHPPh (m/e 198)

Analysis: This was not attempted as material contained an
amine (probably 4-methyl-2-nitroaniline) which could
not be separated by crystallisation, distillation oxr

chromatography.

11. N-(4-methoxy-2-nitrophenyl)-imino-1-phenyl-2,2,3~
trimethylphosphetan

1-Phenyl-2,2,3-trimethylphosphetan (1.2g, 0.006 mol) was
allowed to react with 4-azido-3-nitroanisole (1.1g, 0.006 mol)
as in 10 above. Gas evolution was immediate and after the
reaction had subsided the ether was removed to yield a red

0il showing the following characteristics.

v _, 1520 (NO,), 1250-1200 (P=N).
(em™ )
N.m.r. ('H, 60 Mhz, CDC1,) 6: 8.0-6.8 (c, H, aromatic ring
protons), 3.6 (s, 3H, methoxyl protons), 3.3-2.0
(¢, 3H, phosphetan ring protons), 1.6-0.8 (c, 9H,

methyl protons).
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M.s. Found parent ion : m/e; 360

CygHp3N505P requires : m/e; 358

Exact Mass: The peak at m/e 360 was found to give an
exact mass of 360. 163847.

The breakdown pattern gave no major peak at m/e 168
which would be indicative of 4-amino-3-nitroanisole.
However, a major peak was observed at m/e 150 corresponding
to S5-methoxybenzofurazan, a decomposition product of the
iminophosphetan. A further major peak was also observed at
178 which may be a decomposition product of the phosphetan

ring.

Attempts at purification of the o0il by distillation under

nitrogen also gave 5-methoxybenzofurazan as a product.

Note: All the following attempted preparations of imino-

phosphines gave mass spectra indicating fracture of
the phosphorus-nitrogen 1link to give the phosphine
oxide and the corresponding amine. All gave the

expected bengofurazan on distillation except 12, 19-21,
and 25-27.

12. N-(4-methyl-2-nitrophenyl)-imino-diethylphenylphosphine

Diethylphenylphosphine was allowed to react under dry
ether under nitrogen with an equimolar quantity of 4-azido-
3-nitrotoluene. Gas evolution was immediate and removal of

solvent gave a dark red oil showing the following characteristic:

I.r. v : 1250 (P=N), 1560, 1520 (NO,).
max(cm—1) ) 2
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N.m.r. ('H, 60 MHz, CDC1,) &: 7.8-7.3 (¢, 5H, P-Ph ring
protons), 7.3-6.3 (¢, 3H, aromatic ring protons),
2.4-2.2 (4, 4H, protons ato P), 1.400.8 (c, 9H,

protons B8 to P and methyl protons).
M.s. C17H21N202P requires parent ion m/e; 316

Two major peaks were observed at m/e 182 corresponding
to diethylphenylphosphine oxide and m/e 152 corresponding to
4-amino-3-nitrotoluene. Parent ion at m/e 316 was not

observed.

Analysis: Impurities in the o0il precluded any attempt at
analysis. Attempted purification by distillation

gave a black tar.

13. N-(4-methoxy-2-nitrophenyl)-imino-1-phenyl-3-
methylphosphol-2-ene

1-Phenyl-3-methylphosphol-2-ene (1.09g, 0.006 mol) was
allowed to react with 4-azido-3-nitroanisole (1.2 g, 0.006 mol)
as in 12. Gas evolution was immediately apparent. '~ Removal
of solvent yielded a red oil showing the following charac-

teristics.

max(cm 1)
)
N.m.r. (1H, 60 MHz, CDCl3) §: 9.9-6.6 (c, 8H, aromatic ring
protons), 5.8 and 5.2 (4, 1H, C=CH, Jpcoy = 32 Hz),
3.8 (s, 3H, methoxyl protons), 2.9-2.3 (c, 4H, ring
protons), 1.8 (s, 3H, methyl protons).

M.s. C 0P requires parent ion m/e; 342

18192
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Parent ion not observed. Ma jor peaks were observed
‘however at m/e 192 corresponding to the phosphine oxide and

m/e 168 corresponding to 4-amino-3-nitroanisole.

Analysis: This was precluded by evidence of amine impurity
evident in'the j.r. spectrum. Distillation gave

5-methoxybenzofurazan.

14. N-(4-pmethoxy-2-nitrovhenyl)-imino-1-phenyl-3-
methylphosphol-3-ene

Reaction of 1-phenyl-3-methylphosphol-3-ene and 4-azido-
3-nitroanisole in equimolar quantities as in 13 yielded a red

0il showing similar characteristics.

I.r. : 1610 (C=CH), 1510 (NOZ)’ 125001170 (P=N),

k: -1

max(cm )
1120 (C-0).

N.m.r. (1H, 60 MHz, CDClB) §: 7.9-6.7 (¢, H, aromatic ring

protons), 6.15 and 5.7 (4, C=CH, Jpyog = 25 Hz),

3.9 (s, 3H, methoxyl protons), 3.0-2.0 (c, 4H, ring

protons), 2.1 (s, 3H, methyl protons).

M.s. C18H19N203P requires: parent ion m/e; 342
Parent ion not observed. Major peaks were observed
at m/e 192 corresponding to the phosphine oxide and m/e 168

corresponding to the 4-amino-3-nitrotoluene.

Analysis: Again amine presence was indicated by i.r. spec-
troscopy. Distillation again gave 5-methoxybenzo-

furazan as a product.
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15. N-(4-methoxy-2-nitrophenyl)-imino-(2-N-dimethyl)-
1,3,2-dioxaphospholan

2-N-dimethyl-1,3,2-dioxaphospholan and 4-azido-3-nitro-
anisole were reacted as in 13. The resultant red oil gave
similar behaviour on distillation, and the following

characteristics were noted.

v .t 1270-1200 (P=N).

max(cm 1)
N.m.r. ('H, 60 MHz, CDC1) §: 7.7-6.9 (c, 3H, aromatic
ring protons), 4.6-3.6 (c, 4H, phospholan ring
protons) 3.8 (s, 3H, methoxyl protons), 2.9 (4, 6H,

-NMe, protons, Jpyay = 11Hz).
M.s. C11H16N305P requires parent -ion m/e; 301

Parent ion was not observed, however, peaks were
oﬁserved for m/e 168 corresponding to 4-amin6—3-nitroanisole,
m/e 150 corresponding to S-methoxybenzofurazan, m/e 151
cdrresponding to 2-N—dimethyl-1,3,2—dioxaphospholan oxide
~and m/e 135 corresponding to 2-N-dimethyl-1,3,2-dioxaphos-

pholan itself suggesting decomposition in the spectrometer.

16. N-(4-methoxy-2-nitrophenyl)-imino-1,2,3-triphenyl-
1,3,2-diazaphospholidene

4-pzido-3-nitroanisole (0.4g, 0.002 mol) and 1,2,3-
triphenyl-1,3,2-diazophospholidene (0.65g, 0.002 mol) were
allowed to react under toluene as in 1. Removal of toluene
under vacuum gave a pale grey flaky solid (31%). Attempted
recrystallisation from chloroform/ether gave a pale white

solid showing the following characteristics.
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vmax(cm-1) : 1620, 1600, 1590 (Aromatic C=CH),
1540 and 1500 (NOZ)’ 1270-1200 (P=N),

1120- (C-0).

N.m.r. ('H, 60 MHz, CDC1,) 6 : 8.0-6.8 (c, 18H, aromatic
ring protons), 4.0 and 3.85 (d, 4H, phospholidene
ring protons), 3.9 (s, 3H, methoxyl protons).

M.s. C,H,N,03P requires parent ion m/e; 484.

This was not observed. However, m/e 334 corresponding
to 1,2,3-triphenyl-1,3,2-diazaphospholidene-2-oxide was
observed as was m/e 166 corresponding to the nitrene fragment
from decomposition of the expected parent by cleavage of the
P-N bond, and m/e 150 corrésponding to 5-methoxybenzofurazan,
one of the decomposition products of the iminophosphines

under study.

17. N-(4-methyl-2-nitrophenyl)-imino-1-phenylphosphorinan

1—Pheny1phosphoriﬁan (5.0g, 0.028 mol) and 4-azido=-3-
nitrotoluene (5.0g, 0.028 mol) were allowed to react under
dry ether as in 4 above. Gas evolution was immediately
apparent and on removal of ether a viscous red oil was
obtained which yielded S5-methylbenzofurazan on attempting

distillation. The oil gave the following results.

\Y . 3 1 —
I.r. max(cm-1) : 1620, 1600 (aromatic ring C=CH),

1520 (NOZ), 1250 (P=N), 920 (phos-

phorinan ring).
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N.m.r. ('H, 60 MHz, CDC1,) ¢: 7.8-6.3 (c, 8H, aromatic
ring protons), 3.3-2.6 (c, 4H, phosphorinan ring
protons a to P), 1.3-0.5 (¢, 6H, ring protons P and
Y from P), 2.1 (s, 3H, methyl protons).

M.s. C18H21N202P requires parent ion m/e; 328.

This was not observed. Peaks at m/e 194 corresponding
to 1-phenylphosphorinan-1-oxide and m/e 152 corresponding to

4-amino-3-nitrotoluene were observed.

18. " N-(4-methyl-3-nitrophenyl)imino-1-methyl-2-methoxy—
1,3,2—-azoxaphospholan

1-Methyl-2-methoxy-1,3,2~azoxaphospholan and 4-azido-
3—nitrotoluene'in equimolar amounts were allowed to react
under ether as in 4 above. Gas evolution was immediately
apparent with removal of solvent yielding an orange oil

showing the following characteristics.

I.r. \)max(cm-1) : 1540 and 1500 (N02), 1280-1210 (P=N),

910 (ring).
N.m.r. (1H, 60 MHz, CDCl3)6 : 8,0-6.8 (c, 3H, aromatic ring
protons), 4.5-4.0 (phospholan ring proton), 3.8-3.1
(o
\\f

~n -~ R T -
SH o

a = o A U TR
15 and P-methoxyl protons

S’

.
e maradn
’ ’ "‘*“"“5 LU Ly ’

3.0-2.4 (c, 4H, ring proton and PN methyl protons),
2.2 (s, 3H, methyl protons).

M.s. C,4H,5N30,P requires parent ion m/e; 285.

Parent ion not observed. However, m/e 152 corresponding
to 4-amino-3-nitrotoluene and m/e 271 (which may correspond
to loss of methyl and gain of one proton on the azoxaphos-
pholan ring) were observed. 5-Methylbenzofurazan was

obtained on distillation.
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19. N-(4-methyl-2-nitrophenyl)-triethylphosphorimidate

Triethylphosphite (freshly distilled, 2.00g, 0.012 mol)
was allowed to react in light-petrol (40:60) with 4-azido-3-
nitrotoluene (2.14g, 0.012 mol). Gas evolution was
immediately apparept. Removal of solvent gave a viscous
yellow o0il which was rapidly eluted down a short alumina
column in a 50/50 ether/light-petrol mixture to give a

reddish orange oil (74%).

N.m.r. (1H, 60 MHz, CDCl3)5 s+ T7.5-6.7 (¢, 3H, aromatic
ring protons), 4.4-3.9 (d.of q., 6H, -CH,-0
protons, Jpgoy = 7 Hz), 2.3 (s, 3H, methyl protons),
1.5-1.2 (t, 9H, methyl protons of ethoxy groups). °

The i.r. spectrum shows a large absorption in the region
of 1250 cm™'. Material is similar in character to the
N-(2-nitrophenyl)-triethylphosphorimidate prepared by

R.J. Scott.>
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20. N-(4-methoxy-2-nitrophenyl)-imino-9-phenyl-9-phosphafluorene
9

9-phenyl-9-phosphafluorene prepared by R.J. Scott
was allowed to react in equimolar quantity with 4-azido-3-
nitroanisole under dry ether. Gas evolution was soon
apparent. A yellow solid (21%) precipitated from solution,

showing the following characteristics:

I.R. : 1560 and 1510 (NOZ)’ 1440 and 1000

v -
max(cm 1)

(P-Ph), 1280-1250 (P=N), 1045 (C-0).

N.mr. ('H, 60 MHz, CDC1,) ¢: 8.107.2 (c, 13H, aromatic
protons, P-Ph and phosphafluorene ring protons),
7.0-6.2 (¢, 3H, N-Aryl aromatic ring protons),

3.7 (s, 3H, methoxyl protons).

Analysis was unsatisfactory due to the presence of an
impurity, probably 4-amino-3-nitroanisole, which it was
found unable to remove even after 3 or 4 recrystallisations

from ether.

21. N—(4—methyl-2—nitrophenyl)-imiﬁo-9-pheny1—9~phosphafhxxene

This material was prepared in the same manner as in 20
by the reaction of 9-phenyl-9-phosphafluorene with 4-azido-3-

nitrotoluene in equimolar amounts under ether. Again a
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yellow/orange solid was formed (25%) which had similar N.m.r.

characteristics, vigz:

N.m.r. (‘H, 60 MHz, CDC1,) &: 8.1-7.2 (c, 13H, aromatic
ring protons), 6.8-6.0 (¢, 3H, aromatic ring protons),

2.2 (s, 3H, methyl protons).

Once more an impurity excluded satisfactory analysis despite

several attempts at recrystallisation.

Both the 4-methoxy- and 4-methyl-substituted materials
had similar characteristics to the unsubstituted material

prepared by R.J. Scott.

22, N-(methyl-2-nitrophenyl)-imino-trichlorophosphorane

4-Methyl-2-nitroaniline hydrochloride (4.52 g, 0.024 mol)
and phosphorus pentachloride (8.34 g, 0.04 mol) were placed in
dry toluene under nitrogen, under reflux until gas evolution
ceased. Dry petrol was then added as in the method of R.J.
Scottg, and precipitated material discarded. The filtered
solution was then placed in a tightly-sealed flask and stored
at 0°C for several days. No material crystallised as in
R.J. Scott's preparation of the unsubstituted N-aryl-trichloro-

phosphorane;

23. N-(4-methoxy-2-nitrophenyl)-imino-2-acyloxy-1,3,2~-
dioxaphospholan

2-Acyloxy-1,3,2-dioxaphospholan and 4-azido-3-nitroanisole
were allowed to react in equimolar quantities under dry ether
as in 6 above. Gas evolution was immediately apparent and a

- yellow flaky solid precipitated from solution. Before the



- 116 -

ether was removed however this rapidly turned orange and

then decomposed to a viscous red/orange o0il, shown by N.m.r.
to be a mixture of at least two components. On standing in
the dry-box overnight red crystals of 4-amino-3-nitroanisole

were formed.

24. N-(4-pethyl-2-nitrophenyl)-imino-2-phenyl-1,3,2-
benzodioxaphosphole

Attempts to prepare this material from 4-azido-3-nitro-
toluene and 2-phenyl-1,3,2-benzodioxaphosphole met with no
success and no gas evolution or reaction appeared to take |
place in toluene just below boiling point. When heated in
benzene at 80° a red solution was obtained but this was due

to decomposition of the azide only to the amine.

25. N-(2=-N-oxypyridyl)-imino-1-phenylphospholan

1-Phenylphospholan (0.8 g, 0.005 mol) was added in ether
solution to 2-azido-pyridine-1-oxide (0.4 g, 0.005 mol) in
ether, when nitrogen evolution was apparent. Removal of the
ether gave an 0il which solidified on addition of the minimum

of ether to give N-(-2-N-oxypyridyl)-imino-1-phenylphospholan

I.r. vmax(cm_1 : 1605 (aromatic C=C), 1440 (P-Ph),
1365 (P=N), 1185 (n-oxide).
N.m.r.  ('H, 60 MHz, CDC1,) 8: 7.8-6.2 (c, 9H, aromatic
protons), 3.0-1.5 (c, 8H, phospholan ring protons).
M.s. Found, parent ion : m/e; 272
C15H17N20P requi?es : m/e; 272.
8§31 . 42.18
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26. N-(2-N-oxypyridyl)-imino-triphenylphosphine

Triﬁhenylphosphine (1.45 g, 0.006 moi) and 2-azido-
pyridine-1-oxide (0.75 g, 0.006 mol) were reacted as in 25
above. Removal of ether ahd recrystallisation from chloro-
form/ether gave an off-white crystalline powder (78%) shown
to be N-(2-N-oxypyridyl)-imino-triphenylphosphine, m.p.
185-188°. |
I.r. v . 1605 (aromatic C=C), 1435 and 1000 (P-Ph),

max( cm- )
1375 (P=N), 1190 (N-oxide).

N.m.r. ('u, 60 MHzZ, cDCl,) 6: 8.0-6.2 (c, aromatic ring
protons), 631P = +13.24.

M.s. Found, parent ion m/e = 370
023H19N20P requires m/e = 370.
631P s +13.24
Analysis: Found C 74.4%, H 5.25%, N 7.6%

C23H19N20P requires C 74.6%, H 5.1%, N 7.6%.

27. N-(2-N-oxypyridyl)-imino-1,2,5-triphenylphosphole

1,2,5-Triphenylphosphole (2.29 g, 0.007 mol) was placed

itrogen flushed flask and Z-azido-pyridine-

f
=]
[

1-oxide (1 g, 0.007 mol) added. The reaction mixture was
then heated to 90—100O when gas evolution was apparent.

On cooling, the toluene was removed in vacuo and the residue
recrystallised from the minimum of toluene. Yellow crystals
of 1,2,5-triphenylphosphole (2.25 g) were recovered, showing
no reaction. Abramovitch and Cue have shown that the azide
thermolyses below 100°, so presumably the phosphole was not

-reactive enough as a nitrene trape.
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28. N-(4-methoxy-2-nitrophenyl)-imino- 2-methoxy-
,3,2-dioxanhospholan

2-Methoxy-1,3,2-dioxaphospholan (5.05g, 0.04 mol) was
allowed to react under dry ether with 4-azido-3-nitroanisole
(7.12g, 0.04 mol) when nitrogen evolution was immediately
apparent. On removal of solvent,Aa red oil was obtained
which from i.r. and N.m.r. data obviously contained 4-amino-
3-nitroanisole but also gave the following i.r.

characteristics, viz:

\Y]

max gty 1530 and 1490 (NO,), 1340 (P=N),
920-910 (ring and P-0- alkyl).

29. N-(4—metnyl—2-nitiophenyl)—imino—3—methyl-2-phenyl-
1l,3,2-oxazaphospholan

3-Methyl-2-phenyl-1,3,2-oxazaphospholan (1.8g, .01 mol)
was allowed to react under dry ether with 4-azido-3-nitrotoluenec
(1.75g, 0.01 mol) when nitrogen evolution was apparent.
On removal of solvent a viscous red oil was recovered showing

the following i.r. characteristics, viz:

vmax(cm_1) : 1440 (P-Ph), 1530 and 1500 (-NO,),

1350-1310 (P=N), 900-910 (P-NMe and ring).

30. N-(4-methyl-2-nitrophenyl)-imino-1-phenyl-2,2-
dimethylphosphetan

1-Phenyl-2,2~dimethylphosphetan (crude) was allowed to
react with 4-azido-3-nitrotoluene as in 11. Removal of
solvent gave a deep red o0il showing the following

characteristics by N.m.r.
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N.m.r. ('H, 60 Miz, CDC1,) §: 7.8-6.8 (m, 8H, aromatic
protons), 2.4-0.6 (s and m, 13H, methyl and ring

protons).

31. N-(4-methyl-2-nitrophenyl)-imino-1-phenyl-
2,3—-dimethylphosphetan

1-Phenyl-2,3-dimethylphosphetan (crude) was allowed to
react with 4-azido-3-nitrotoluene under dry ether. Nitrogen
evolution was immediately apparent. Removal of solvent gave
a deep red oil, which was too impure for any attempt at

identification.

32. N-(4-methyl-2-nitrophenyl)-1-phenylphosphol-2-ene

1-Phenylphosphol-2-ene (crude) was allowed to react with
4-azido~-3-nitrotoluene under dry ether as in 31. Niftrogen
evolution was apparent and a very small amount of imbure red

0il was obtained.

Note: Materials 28-32 were all allowed to undergo decomp-
osition at 160° in a sealed N.m.r. tube. In all cases a

peak corresponding to 5-methyl(or methoxy)} benzofurazan and

gave remarkably good straight line results for first order
reactions, which being independent of concentration are not
affected by impurity. The results obtained from each

solution were c¢onsistent with the general: patiern otherwise

observed.
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D. Thermal Decomposition Reactions and Kinetic Studies
by N.M.R. ~

The Imino-phosphorus compounds prepared were heated at.

16000, in bromobenzene solution, in sealed N.m.r. tubes,

1

and the kinetics of decomposition followed by 'H and/or

31? N.m.r., spectroscopy.

1H N.m.r. Kinetics

Approximately 80-100 mg. of iminophosphorus : material
was used per N.m.f. tube, using the appropriate amount of
dry toluene or dry anisole as internal standard. The N.m.r.
tubes were loaded in the dry box, after being dried in the
vacuum oven, and then de-gassed and sealed on a vacuum line.
The N.m.r. spectrum of .the material was then taken, at
appropriate intervals, at room temperature, as no reaction

occurs at this temperature.

31P N.m.r. Kinetics

N.m.r. tubes were made up in the same way as for the

1H N.m.r. kinetics, using t-butylbenzene as solvent, which

contained approximately 20 per cent of d6—benzene as a lock
signal. Triethyl phospnate was found to be a useful
internal standard.

Whereas for the 1H N.m.r. studies, one tube per run was

sufficient, it was found to be more efficient with regard to
machine time to run eight tubes each time for the 31p study,
removing them from the oil bath at appropriate intervals

and then running the spectra as a batch at room temperature.

- Iables and Graphs follow p.204
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H Nem.r. Studies

1

Various iminophosphorus materials were prepared for

H N.m.r. study as discussed on the preceding page. There

were three main series considered viz: aliphatic, the

dioxaphospholans and dioxaphosphorinans, and finally the

oxazacyclic species.

The various results are tabulated in tableé 1, 2 and

3 respectively. The main points of note are that

1.

the result obtained for the imino-1,2,5-triphenylphosphole
were remarkably close to those observed by Cadogan and

Scott’ using G.L.C. technigques.

N-(4-methoxy-2-nitrophenyl)-imino-2-phenyl-1,3, 2-
dioxaphospholan gave a remarkably low rate of reactioén.
This result was confirmed by 31? N.m.r. study and gives

31

rise to the observation by P N.m.r. of the presence of

a pentavalent phosphorus species in these decompositions.

In accordance with theory as outlined in the introduction
to this thesis, six-membered rings generally gave lower
rates of reaction than five-membered rings which in turm

gave equal or lower rates than four-membered rings.
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31P N.m.r. Studies — Thermolysis

A. N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole

Thermolysis of the title compound in N.m.r. tubes as
discussed at the beginning of this section yielded a rate
of formation of the 1,2,5-triphenylphosphole oxide of 7.58 x
1073 mn~!.  This result being some 2.5 times faster than
that observed by 1H N.m.r. for formation of the 5-methoxy
benzofurazan gave further evidence for a pentavalent

phosphorus species.

The title material has two charge separations possible
across the P-N bond and across the nitro group. On the
other hand the pentavalent species suggested for this
decomposition has only one - across the nitroxide area.

Any solvent system stabilising a less charge separated system
would then increase the rate of reaction by preferentially

solvating the less charge separated species.

tert-Butylbenzene as used in these observations as solvent
is non-polar compared to the bromobenzene used as solvent

1

in the 'H studies (as is d6—benzene), and so would be

expected to give such a result.

Only one product of reaction was observed and despite
observation of the 31P N.m.r. spectrum in the region where
pentavalent species would be expected, no such absorptions

were noted.
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B. N-(4-methoxy-2-nitrophenyl)-imino-2-phenyl-1,3,2-
dioxaphospholan

Thermolysis of the title compound was performed in a
bromobenzene/20% d6-benzene mixture. The result of 1.63 x

1073 mn~!, veing 1.5 times that in the |

H N.m.r. study
suggests, as in A above, an effect by the less polar
d6—benzene on the rate of reaction. The use of bromobenzene
as solvent however makes the result much more consistent and

1

comparable with that in the 'H study.

The first point of note is that se?eral products con-
taining 31P were noted and this indicates that the reaction
is presumably complicated by ring opening reactions. The
ring closed 2-phenyl-1,3,2-dioxaphospholan oxide was the
major product however.

The major result here, however, must be the obéervation

31? N.m.r. scale.

of an absorption at around -54 ppm on the
This is exactly where a pentavalent phosphorus species would
be expected to absorb and this result is the most direct
evidence yet found for the presence of such a species in

these decompositions.

What is more, separate studies in this decomposition
showed that this result was repeatable and even more import-
antly that on cooling to room temperature the intensity of
the absorption was quite considerable being 0.21 that of the
standard used, representing, on the assumption (not too valid)
that all intensities can be compared directly, a concentration
of around 14% maximum of the total concentration of products

and reactants and 2% maximum of the reactant concentration.
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The result suggests a remarkably stable pentavalent
species, a suggestion confirmed when the same absorption
was noted to appear when the reaction mixture was allowed
to stand at room temperature for 45 minutes, the intensity

being, within experimental error, unchanged.

This result is discussed in greater detail in the

final section of this thesis.

31P N.m.r. Studies — Hydrolysis

It was decided to follow the hydrolysis decompositions
of the iminophosphines by 31P N;m.r. after observation of
the thermolysis result in the case of N-(4—methoxy-é-nitro
phenyl)-imino-2-phenyl-1,3,2-dioxaphospholan. The

following results were obtained (see also Table 5).

A. N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole

The initial result of interest was that observed when
the iminophosphine in question was treated with a trace
quantity of 1N HC1l. Immediate disappearance of the parent
species absorption was noted and the appearance of a broad
absorption centred at about 26 ppm which moved gradually as
the reaction proceeded to 33 ppm. Product absorption was
noted at 40 ppm, constant. These figures compare with the

parent absorption at 13 ppm.

This result suggests the rapid production of a protonated,
charged species which is then solvated by the dioxan used as
solvent in these reactions. As reaction proceeds the ratio

of solvent to material changes so the solvation will change



- 125 -

and hence the apparent absorption frequency will also vary.

This is discussed further in the final section of this thesis.

The acfﬁél hydrolysis results were obtained in the
spectrometer using a computer programme to take readings at

get intervals.

The results of 6.24, 7.27 and 7.4 x 104 mo1 177 mn™?
are consistent with each other, and show the reaction as

being complete within 2 hours in both cases.

No pentavalent phosphorus species was noted at any time
even though the reaction was carried out in the spectrometer.
This indicates rapid collapse of any such species even on

the 3'P N.m.r. time scale.

No other hydrolysis products were observed.

B. N-(4-methyl-2-nitrophenyl)-imino-2-phenyl-1,3,2-
dioxaphospholan

Hydrolysis of this material under the same conditions

gave several points of note.

Firstly, the rate of reaction, in contrast to the
thermolysis case was as fast if not faster than for the
iminophosphole, as would be expected from all the intro-
ductory discussion to this thesis.

Secondly, several products of hydrolysis are noted,
and while the ring closed oxide is the predominant product,
three other products were observed, two of which moved
markedly across the spectrum as the reaction progressed.
Similarly to the protonated iminophosphole postulated above

it is surmised that these must be charged species such as
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ring opened protonated alcochols which are solvated by the

dioxan used as solvent.

Finally, under these hydrolysis conditions, no pent;:“
valent phosphorus species was observed at any time, again
indicating that cpllapse of such a species in this reaction
is a rapid affair compared to the 31P N.m.r. time scale in
marked contrast to the thermolysis observations already‘

discussed.

Further discussion on these points is made in the closing

gection of this thesis.

The results of the hydrolysis studies on formation of
the ring closed 2-phenyl-1,3,2-dioxaphospholan-2-oxide gave

rate constants in the range 6.8-9.7 x 107% mo1 17 m71.

C. N-(4-methyl-2-nitrophenyl)-imino-1-phenylphospholan

Hydrolysis of this material under the same conditions
gave rate constants for formation of the 1-phenylphospholan-1i-

oxide of 8.8 x 10~%4 and 1.18 x 1073 mo1 1~ 1 mn™t.

No hydrolysis products other than the expected oxide were
observed during the reaction although on standing one other

peak did appear.

Once again no pentavalent phosphorus species was observed.

Conclusions

The ring effect does not seem particularly marked in these
hydrolysis reactions and no concrete theory could be taken from
these results as unfortunately the way in which the 31? N.m.r.
spectrometer draws out peaks from a series of points the

absolute intensity of any peak is open to question.
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That no pentavalent species of any sort was observed

only serves to underline the remarkable nature of the

31

result obtained in the P thermolysis studies.

In-Vacuo Thermolyses of Iminophosphines

In comparison with the decompositions attempted in
solution, the decompositions described below were carried

out in vacuo in a Kugelrghr vacuum thermolysis apparatus.

The glass sections of the apparatus were dried in the
oven overnight and 0.6-1g of material loaded into the base
flask. After evacuation of the apparatus the reactant was
left in-vacuo for twé to three hours to ensure equilibrium
before insertion of the glass section into the thermostat-

ically controlled oven, pre-set at 160°.

Interest centered on whether or not any anilines would
be produced in the absence of any water and indeed on whether

in fact the reaction would proceed in the same fashion al all.

A. Decomposition of N-(4-methoxy-2-nitrophenyl)-imino-2-
phenyl-1,3,2-dioxaphospholan

The yellow reactant quickly turned into a reddish oil

which on continued heating went black and became solid.

In the distillation flask farthest from the reactant,
which in fact was kept at room temperature, a white cryst-
alline solid was deposited while in the middle flask a red

0il was collected.

The white crystals were quickly found by i.r. and N.m.r.
spectroscopy to be 5-methoxybenzofurazan, the expected '

volatile decomposition product of the reaction. Yield: 35%.
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The red oil, on cooling, gave red crystals (27%) of

4-agmino-3-nitroanisole.

This result definitely suggests that a reaction mechanism
other than that postulated by Cadogan and Scott1’2, is
responsible here for the production of amines in the decomp-

ogsitions under study.

In the original flask a black tar was noted, this further
supporting the theory put forward in the final section of
this thesis that a nitrenoid species can be generated in

these reactions.

The reaction was also noted to be very rapid in comparison
to the solvent reactions studied, presumably the pentavalent
species noted in these reactions decomposing rapidly in the .

absence of any stabilising influence due to solvation.

B. Decomposition of N-( 4-methoxy-2-nitrophenyl)-imino-
1,2,5-triphenylphosphole

£-Methoxybenzofurazan (15%) was recovered in a flask at
room temperature, while 4-amino-3-nitroanisole (20%) was also
recovered in this flask. A more interesting result however
was the reéovery of a red oil giving a 31P N.m.r. absorption
at -1.7 ppnm. No such species had been observed by 31P N.m.r.

in the solution decomposition.

Unfortunately, the oil appeared to contain some 4-amino-
3-nitroanisole but i.r. spectroscopy indicated an absorption
at 2260 cm-1, where P-H is normally noted. This however is

by no means conclusive.
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1H N.m.r. gave a mixed spectrum with multiplets centred

on 7.4 ppm, 4 ppm and 1.4 ppm. No positive identification

was possible from any of these spectra.

On one occasion a suggestion was noted that 1,2,5=
triphenylphosphole was a reaction product, as TLC gave a
spot showing similar Rf to authentic 1,2,5-triphenylphosphole,
and UV light caused fluorescence, a characteristic of the
1,2,5-triphenylphosphole. This evidence however was not

conclusive.

Yields were noted to be much lower than in solution
chemistry, and that of the amine higher than that of the
benzofurazan. Once again support for a different mechanism

and this is discussed in the final section.

C. N-(4-methyl-2-nitrophenyl)-imino-1-phenylphospholan

Thermolysis of this material in the Kugelrghr apparatus
yielded only 5-methylbenzofurazan (35%) and 4-amino-3-nitro
toluene (25%) as products. Once again the presence of an
amine as a.product indicates a different reaction mechanism

from that postulated by Cadogan and Scott1.

D. N-(4-methyl-2-nitrophenyl)-imino-diethylphenylphosphine

1H N.m.r. solvent

This material gave no reaction in the
study but on heating in a Kugelrghr for several hours a very
small amount of a crystalline red solid was extracted which

gave an i.r. suggestive of an amine.

These results are discussed further in the final section

of this thesis.
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"Trapping" Experiments

As discussed in the final section of the thesis
attempts were made to "trap out" any intermediate present

in the decomvosition of these materials.

A. N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole

The title material was allowed to react with maleic
anhydride in a 1:2 ratio in bromobenzene, under nitrogen,
under reflux for 3 hours. The reaction mixture was then
taken and solvent removed, when the 31P N.m.r. spectrum

was run.

Compared to a parent absorption of around 13 ppm, an
absorption was noted at 86 ppm. Whereas a pentavalent
species would have been expected to absorb at negative ppmn,
this large positive shift is taken as evidence either that
reaction proceeded via attack of phosphorus on the oxygen
of the maleic anhydride or else via a Diels-Alder type of
reaction across the phosphole ring. This matter was

therefore not pursued further.

B. N-(4-methoxy-2-nitrophenyl)-imino-2-phenyl-1,3,2-
dioxaphospholan

The title compound was similarly allowed to feact with
maleic anhydride and the 31P N.m.r. of the reaction mixture
gave a mixture of shifts between 36 and 17 ppm. The parent
material gives a shift of 21 ppm and the ring oxide one of
around 35 ppm, therefore the result suggests little reaction
with the anhydride as an intermediate has been noted in this

decomposition at =54 ppm.
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C. N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-
triphenylphosphole

As it was possible that the phosphorus had reacted
with the oxygen of maleic anhydride, it was decided to

attempt the same reaction with cyclohexene. 3

P N.m.r.
gave shifts of 17.5 ppm and 7.8 ppm, but as the product

was an impure mixture no identification was undertaken.

D. N-(4-methoxy-2-nitrophenyl)-imino-2-phenyl-
1,3,2-dioxaphospholan

No reaction was noted with cyclohexene and 31P N.m.r,

gave shifts at 36 ppm as would be expected.
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The crystal structure of the title compound was determined by
Dr. L. Jones and Dr. R.0. Gould of this department. The Z projection

is shown opposite.’

" 'Table of selected bond lengths eand argles

Bond Bond length (&) Bond angles(°)
PN, 1.557 (k) CyP,C; = 9k.0(3)
N;=Cpsy 1.375 (7)

Ny,~Cog - 1,448 (9) N,P,C, o = 107.0(3)
P.=Cy 1.803 (6) P1N1023 = 127.2(5)
P,~C), 1.807 (6)

C,=Cq 1.450 (8)

¢,~C, 1.345(10)

C5-Cy, 1.339 (9)

It is evident from the projection that the phosphorus atom is
tetrehedrally co-ordinated. The bond angle NlPlClT is indeed fairly
close to the expected value of 109.50. However the bond angle ChPlCl
of the phosphole ring, at 9h.O° is in fact much closer to the 90°
angle, which phosphorus accommodates easily in the penta—-co-ordinate
state, than the tetrahedral value required here. There must, therefore,
be a considerable emount of angle strain present in the phosphole ring
when the'phqsphqrus atqm is quadruply co—qrdinated.

Thé bond anglé P1N1023 suggésﬁs @haﬁ the hitrcgén atom is sp2
hy ridiséd; with SOme'distorﬁion of the'anglé occurring, possibly due

to some interference due to.the ortho-nitro-group on the aryl ring.
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However, .the length of the‘Pl—Nl,bond is .of some interest. The P-N
double bond length: calculated from covalent radii is'l.6hxg3h but
the bond length found here is significantly shorter.

35

It has been shown™’ that a phosphorus atom in a strained ring

has an énhancéd’positivé natﬁré;‘in analogy with élicyclic kétones,36’37
and this has bééh‘aﬁtribﬁﬁed to lowéred occupation of thé phosphorus

3d orbitals; Thé shorténed'P—N distanée obsérVéd mey thus be due to
d“—pTr overlap betweén‘thé phosPhorﬁs and the'nitrogén. The grea@est
such overlap woﬁld occﬁr if thé nitrogén'was sp hybridiséd and the
incréaSé in thé bond anglé P1N1023 mey bé dué to somé contribuﬁion

of this naturé;'althqugh thé reluctancé of phosphorus to enter into

T bonds is well established.
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DISCUSSION

The Ring Effect (1)

1H and 31P N.m.r. approach to

Having decided on the
measﬁring the kinetics of the reaction involved in the
decomposition of cyclic phosphinimines the method had to be
tested agéinst the resuits obtained by Cadogan and Scott1

as a check of its reliability.

As N—(4-methoxy~2—nitrophenyl)—imino-1,2.5ftriphenyl-
phosphole had been found to be a readily prepared and cryst-

alline material1 this was taken for comparative purposes.,

It was firstly demonstrated that the absorptions of the
methoxyl group of reactant and product appeared at sufficiently
separate shifts. The standard was then run twice and the
rate of reaction (first-order) measured. The result of
3 x 1073 mn_1, obtained by the N.m.r. method, was, considering
the errors inherent in this method and that of Cadogan and
Sgott, remarkably close to that previously reported. The

difference of 6.6% being well within experimental error.

It was therefore decided to proceed with this method and
the results obtained for the series of cyclic and acyclic

v

phosphinimines synthesised are shown in Table‘1@bUQan.p20k)

The Aliphatic Series

The results obtained for the alicyclic series were

as follows:
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(EtO), P =Et PPh =

| FhOPh< _i;h P :‘_FLPh<‘O
¢ "F Qs

‘—PPh —PPh

where D signifies a differencein rate.

While basically following the pattern one might expect
from such a series after all the preceding discussions on
ring strain effects, there are certain anomalies which require
explanation. The following discussion attempts to ration-
alise these anomalies;and evidence gained from studies on
cther species and theories derived from work discussed in the
introduction to this thesis will be used to show a logical,

consistent sequence of rate of reaction.

That diethylphenylphosphinimine should give a zero rate
is expected from all previous discussions as, having no
internal strain from annular considerations there is no, or
insufficient, driving force in terms of energy release for
decompoéition to occur. The two ethyl groups could take
either an apical or equatorial position in the five co-ordinate

intermediate species as shown as follows -
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As the preference of oxygen atoms for the apical sites

and the leaning of nitrogen- to occupation of equatorial sites,

due to the evailability of.gr-o%back-bonding, has already been

discussed (p.20 and 21 respectively) it would seem likely

that rotation to forﬁs such as 116 below would be energetically

less likely.

.(11_6)

Following similar arguments to those used to explain
the differences in the rates of substitution of substituted
benzenoid derivatives it could in fact be considered likely

that, apart from being just a reaction without sufficient

driving force, the position is that there are certain extra
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energy barriers to be overcome in setting up five co-ordinate
species with this particular kind of co-ordinated atom arrange-
ment due to the higher energy of certain of the canonical
forms. In that case, without some other influence,_such as
relief of annular strain, to overcome this barrier, such a

reaction would be disfavoured in comparison to some others.

Similar arguments can be put»forwérd for the case where
the phosphorus moiefy is triphenylphosphine or triethylphos-
phite, although in the latter a very stable penta co-ordinated
species could be generated and lack of reaction would appear
to indicate the power of ring strain relief in these

decompositions.

The relief of ring strain must be judged against the
relative stabilities of any possible intermediates or trans-

ition states that may be formed in the reaction, however.

In the series discussed above the relative effect of the
oxygen and nitrogen atoms on any of the transition states
should be the same and so rates of reaction differences can

be attributed to some effect of the :cyclic phosphole moiety.

We have seen that the open-chain moiety gives no reaction

A $=la ~
na viaa

0]

t the phosphole moiety gives decomposition at

3.0-3.3 x 3 =1 in a first-order reaction. The phosphole
moiety has the same number of carbon atoms in the ring as the
open-chain moiety has over the two ethyl groups. It would
appear therefore that the presence of a ring has a2 marked
effect, as any differences in inductive effects due to the
presence of the phenyl groups on the phosphole ring would seem

unlikely to generate a difference in rate as remarkable as this.
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The six-membered ring phosphorinan moiety gave slcwer
decomposition, as one would expect, than the phosphole moiety.

However, should one expect decomposition at all?

It has been shown in previous discussion (p.9) that
the six-membered ring can easily span either an apical/equa-
torial or diequatorial position.  The question lies more in
the source of the ring strain that overcomes the transition

energy.

It is widely known that the six-membered ring exists as
interchanging boat and chair forms with various intermediate

stages, viz:

\

While the chair form has inherently little strain, the
various other forms lead to some varying degrees of hydrogen/
hydrogen interaction and angle deformation strain. This
then is the source of ring strain in the phosphorinan ring.
However, the much greater rate of reaction due to the phosphole
moiety arises because of the angle constraint at the phosphorus
atom in the five-membered ring. This constraint has a much
more important effect than any hydrogen-hydrogen effects, as
is well known in carbon chemistry and hence the relative

rates of reaction. That the rate then found for the four-
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membered rings is greater requires little explanation other
than that as a 90° angle exists at phosphorus already,
little energy is required to move to the penta-co-ordinate

state with the ring apical/equatorial, viz:

A rapid rate would then be expected as the transition energy
to be overcome (i.e. oxygen attack at phosphorus giving angle

change at phosphorus) is low.

With these particular transition species or intermediates,
it is interesting to note that the fouf—membered phosphetan
ring is very unlikely to rotate to a diequatorial pecsition
so that in this instance the phosphetan ring is likely to act
as a pivot while the other three co-ordinated atoms rotate

around phosphorus, viz:
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Following similar arguments as put forward for the
diethylphenylphosphinimine case, there would appear to be
no inherent energy gain in the triphenylphosphinimine case
and so no surprise is engendered by the zero rate here.

On the other hand, the zero rate noted in the case of the”
9-phenyl-9-phosphafluorene case at first sight appears odd,
as one would expect something similar to the 1,2,5-triphenyl-
phosphinimine result. On further consideration however, it
can be seen that in the 9-phenyl-9-phosphafluorene case, on
attaining a penta-co-ordinate arrangement (117), an angle of
90° at phosphorus would place a great deal of strain at the
angle at the «-carbon atoms as the phosphafluorene structure
is held strictlj planar by the "side-structure" rings and so

an overall increase in annular strain may even occur.

} _;——?-N o
Ph™ g+ 4QEID;5A
N
o |l X
x() ' :

(118)

Some reduction in reactivity of such a species may also be
attributable to resonance forms such as 118 leading to
reduced incentive for nucleophilic attack by oxygen at

the phosphorus atom.
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While several similar structures such as

can be written in the 1,2,5-triphenylphosphole moiety case,
many more can be written for the 9-phenyl-9-phosphafluorene
example and so the '"charge" on phosphorus may be even more

diffuse than normal. Resonance such as this is also much

less likely into a straight phenyl group than the '"side-

structure" rings of the phosphafiuorene.

So far then we have a rationale for the following

general series:

PhP=EtPPh=

< Q <ph©r3h<“\.—.f\;f
Sh _P’h o

The results requiring further discussion therefore are
the relative rates of 1-phenylphospholanimine and the phosphole
case, the variations amongst the phosphetan series itself, and
finally the relative rates of the phosphetans to the 1-phenyl-

phospholanimine.
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1-Phenylphospholan relative to 1,2,5-triphenylphosphole

Firstly, compare the 1-phenylphospholanimine result
with that of the 1,2,5-triphenylphosphole moiety. Why a

difference of between 6 and 8 times the rate?

While some increase might be expected due to lack of
steric factors such as the phenyl groups on the phosphole
ring, X-ray crystallographic studies on the phosphole case
(p.132) have shown that the phenyl groups on the phosphole
ring are spatially orientated so as to show no apparent
hindrance to SN1 nucleophilic attack by oxygen at the phos-
phorus atom (see z-axis projection facing p.132). That the
1-phenylphospholan moiety gives such a faster reaction would
therefore seem to lie firmly in the lack of unsaturation in
the ring, as when the phosphole ring enters the penta
co-ordinate arrangement, the 90° angle at phosphorus must
place large angle strain on the other angles in the ring
which due to unsaturation are held spatially more planar while
the unsaturated ring can flex to accommodate the additional
strain. The phospholan ring could therefore be expected to
alleviate ring strain more effectively than the phosphole
ring and hence the difference in réte. This then is
consistent with_the zero rate of the 9—phenyl-9—phosphafluorene-
moiety 117 where the fing is held completely planar and also

the results of Haake et al.88

where a double bond conjugated
with phosphorus decreased the rate of reaction in the hydrolysis

of a series_of cyclic 5-membered phosphinic esters.
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The Phosphetan Series

Considering then the relative rates of decomposition of
the substituted phosphetan series. This can be seen to be

as follows:

> jph ‘—Pph> — :’Ph_.
% == X

Either the 2,3-dimethyl- case has a factor causing
stabilisation of the penta co-ordinate intermediate or the
others have some factor stabilising the ofiginal form of the
imine. |

Hawes and Trippett84 have commented on the retardation
of the hydrolysis reaction of e¢-substituted phosphetans to
give an apparently "normal" rate of reactiion. Whereas
steric hindrance in the phosphole case has been discounted
the smaller, much more spatially coﬁpact phosphetans appear
to give steric involvement of e«<-groups. However, the retard-
atiqn seen by Hawes' and Trippeft-on this occasion was much
more marked for tetra-s«-substitution by methyl groups rather
than the bisubstitution evident here, and they saw little to
suggest one ::C(Me)2 grouping would greatly affect the rate.

A complication in considering ring effects in phosphetan

48,49,50

reactions is the possibility of ring opening reactions

during SN2 reactions at phosphorus. Here we have the
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possibility of ring opening, then, leading to either an

open-chain species or a five-membered ring species, viz:

| 'l_@ | :\P“‘_"/

~ |""’“""r\1Q

2w CTNNF X

| ;fqr_,t_h er reaction

SCHEME 32

Such side reactions would then reduce the concentration
of penta co-ordinated species present in solution and as the
current series of reactions under discussion are first-order

Teactions and it is effectively being claimed that the rate
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determining step is the formation of such an intermediate

any reduction in its concentration would be to give an
apparent reduction in the rate of reaction seen by considering
the rate of formation of one decomposition product, i.e.
5-substituted-benzofurazan. Consideration of the series

of phosphetans used in these decompositions however suggests
that each is as likely as the other to undergo ring expansions
or ring opening reactions, particularly as each phosphetan has
one CMe2 or CH2 group capable of making such ring rearfange—

ments. While Fishwick and Flint'S2

have performed some
studies on the relative predominances of such migrations and
the more likely is migration of —EHZ compared to EMeZ,
presumably due to the relative stabilities of the respective
anions, both can occur, and in the series above there is
little to indicate that this would have much effect on the
relative rates of reaction.

This then tends to suggest that there is some steric

84 were concerned

factor here and while Hawes and Trippett
with a rate reduction of some 4 x 103, here the single CMe2
group £ - to phosphorus gives a rate reduction of 5 to 15 and
Hawes and Tripﬁett do suggest that one CMe2 group would only
have such an effect.

A further point here is that substitution in the 3-
position is known to stabilise 4-membered phosphetan rings.174
A rationale can therefore be made that with only one X-methyl
group the 2,3-dimethyl case should react most rapidly while
the 2,2—dimethylvcase should be more sterically inhibited and

the 2,2,3-trimethyl case should be sterically inhibited and
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stabilised by the 3-substitution, hence a relative rate

pattern as seen, viz:

o> Chaoth

_ b -—PPh —PPh

This series taking account of the theory that the steric
hindrance due tof{-methyl groups is likely to be more relevant
in this series than stabilisation at the 3-position by methyl
groups.

Finally, this leaves the relative rate of the 1,3-diphenyl
~ substituted phosphetan to be considered. As this particular
species has no & -methyl groupé, following the arguments above
this particular example would have been expected to give a
rate of reaction at least as fast as the 2,3-dimethyl analogue.
The phenyl group in the 3-position must, at first sight,
therefore have either a de-stabilising effect on the initial
phosphetan or a stabilising effect on the intermediate or
penta co-ordinate transition species,

No obvious stabilisation, of the intermediate or trans-

ition species. can be deduced from consideration of
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which would be due to the phenyl group in the 3-position

alone. Furthermore on consideration of the reactant in

the form '

'Ph__W
+! T
p =N N02

| Ph&/; o x;

5+

some stabilisation of P could be envisaged by induction
from methyl groups known to be electron pushers but as a
phenyl group is a known electron sink this would seem to
suggest this particular moiety should indeed give a high

rafe of reaction as the formation of a'penta co-ordinate
species will alleviate this de-stabilisation by removing the -

partial positive charge that can be envisaged on phosphorus,

vigz:

-~ Ph - Ph . .Ph "743 
P

[l — Lk _— o
N ' ‘ - : '
h N\ P{ f|\1 . Phyl \\

T A e

The relatively slow rate of reaction in this case there-
fore may well revolve around the result found for the 2-phenyl-
1,3,2-dioxaphospholan moiety (see p.152) where the penta
co-ordinate species involved in the reaction woﬁld appear to
have a definite life-time. Here there appears to be no

reason why the reaction rate found should be lower than that
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for the 2,3-dimethyl substituted case. There are no
apparent steric factors to inhibit the reaction, and there
are some electronic reasons why the penta co-ordinate species
should be favoured. It is therefore suggested that this
particular decomposition may to some extent be governed by
the stability of the penta co-ordinate species involved and
to some extent by ring expansion reactions as in this case
there are two CH2 groups e to the phosphorus atom which can
give preferential ring expansion compared to the CHMe and

CMe2 groups of the other phosphetans studied.

Imino-1-phenylphospholan compared to the Phosphetan Series

Initially it would have been assumed that all the four-
membered ring phosphetans studied should give a rate of
reaction higher than that observed for the imino-1-phenyl-
phospholan. That the phosphetans give a varied set of
results compared to the phospholan studied would seem to
confirm the relative influences of steric factors, stability
of the transition state or intermediate species and relief
of ring strain - all factors having to be considered beforé

rationalising the series.

Relative Rates of Reaction - Aliphatic Series

From these discussions it would now appear that when
written as follows the aliphatic series studied has given
a logical, consistent set of data based on the concept of

the involvement of a penta co-ordinated species, viz:
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EtPCr)nP OPhOPhHQ [:j\_(

| P’ n—PPh
(1\) EEt F)F) rt h . | rafz
\'/f O |
P v
| Ph
B¢ rate . | AL

(A)rate mC[eases due to relnef of stram

(B)[ate decreases clue to stability of rn mtermzdlate

S

'»o. .

~ The Dioxaphospholan/Dioxaphosphorinan Series

Considering initially the series within itself and not
in comparison to the aliphatic series we have relative rates

of reaction as follows:
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At first sight this series of reaction rates appears
to follow no obvious pattern. Consider the five-membered

ring sequence itself, however, viz:

POMe > [3 JPNMe, > Q/PPh

~ On forming the postulated penta co-ordinate transition -

gpecies or intermediates the following would be postulated

0O

~0
|

0—P—N
\
F)hF” l '$j/—_—\)

o/

(121)

In view of the apicophilicity of the various substituents
on phosphorus in the parent phosphines, the most stable species
expected would be that formed from the 2-methoxy-1,3,2-dioxa-

phospholan (119) as in this penta co-ordinate species any of
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the five co-ordinated atoms will take up apical positions
without any major restriction of any "rotation" within the

species.

In that penta co-ordinate species derived from the
imino-N-dimethyl-1,3,2~-dioxaphospholan (120) the presence
of two co-ordinated nitrogen'atoms would indicate a relative
restriction in energy terms to the favourability of certain
rotations- compared to the previous case as the nitrogen

atoms would "prefer" to remain equatorially co-ordinated.

Finally, the even lower apicophilicity of the phenyl
group in the last case would suggest that energetically
several rotations are disfavoured compared to both the

other species, so as not to place the phenyl group apically.

The relative stabilities of the relevant penta co-ordinate
species are therefore in line with the observed comparative

rates of reaction for these species.

Similarly, on consideration of the six-membered substituted

dioxaphosphorinans a logical sequence is observed, viz:

N W
Cd \ 2 e \—O/I Ph .

v

b

What is surprising however is the relative rates between

the six- and five-membered ring species.

That the six-membered ring species gave higher rates of
reaction than two of the five-membered species seems to be

contrary to the theories put forward so far.
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31

The result obtained in the P N.m.r. observations of
the decomposition of N-(4-methyl-2-nitrophenyl)-imino-2-

phenyl-1,3,2-dioxaphospholan must now be considered.

On running the reéction in a sealed tube under the usual
conditions, and observiné the 31? N.m.r. spectrum at various
intervals, an absorption was noted at =54 ppm - exactly in
the region where penta co-ordinate species are known to
absorb.1b7 This absorption achieved an intensity of around

20 per cent of the reactant absorption on occasions.

This direct evidence of a penta co-ordinate species
having a distinct life-time leads to a logical rationalisation

of the series shown above,

In the penta co-ordinate species formed the five-membered
ring moieties gain extensive release of ring strain.
Furthermore, following a host of examples in the chemical
literature, the penta co-ordinate species formed has a high
number of apicophilic ligands so forming a very stable species.

3p N.m.r. result and the

The evidence here from the
relevant rate data would appear to suggest that the five-
membered ring moieties form relatively stable penta co-ordinate

specieg and that while in t ns discussed
previously the rate determining step was taken to be the
formation of a penta co-ordinate species, these particular
reactions would therefore appear to have relatively much
more significant rates of decomposition of the penta co-

ordinate species, i.e. in the reaction
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- k2 is relatively more significant than in the éimilar

aliphatic series where k1 is completely dominant.

In the six-membered ring series, the relief of ring
strain is not nearly so marked and the relative stability
of the penta co-ordinate species therefore not so relevant,
and this factor is nét observed in the relative rates of
these molecules. The situation therefore is one of
competing stability of the penta co-ordinate species with

relief af ring strain giving the observed rates.
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Comparison of the Alicyclic Series with the Oxycyclic Series

The effect of the stability of the penta co-ordinate
species in the case of the five-membered . cyclic oxyphosphin-
imines is mors obviously noted on comparison with the alicyclic

gseries. In terms of five-membered rings the series Dbecomes:
> )DPh
)30M2>O° > O E
. ' NMe |

Following the idea thaf the formation of a stable penta
co-ordinated species from the imine, with relief of ring
strain, should give a rapid reéction, all the preceding
discussions would have suggested that the oxycyclic species
should have given much higher observed rates of reaction than
for thea}myﬂic cases., That this is not the case is apparent.
The 2-methoxy-1,3,2-dioxaphospholan material gave a rate only
1.5-2.0 times that of the 1-phenylphospholan case while the
others gave rates lower even than the 1,2,5-triphenylphosphole

moiety.

Given the arguments discussed in the section above with
regard to the Stability of the penta co-ordinate species
involved in the oxycyclic cases it can be seen that the rates
observed for the oxycyclic series have been considerably

reduced and that rather than
rate: LT | | ,
GRS el
- OMe NMe, Ph S Po. . Ph
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we have the observed

Jrate
\

{_(\3 F’hOPh O\ ,o cﬁpb

) OMZ Ph | Ph NMe2

It is of interest also to compare the six-membered ring -

results, viz:
‘OgP/O'
.NM22~

This series is consistent with all the arguments put

forward above,

i.e. (a) P-NMe, gives a higher rate of reaction than P-Ph

oy

(b) Oxycyclic species give a higher rate than alicyclic
species but that the increase in rate is not as

marked as might be expected.
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The Oxazacyclic and Diazacyclic Series

Only two materials have been studied in this series,

viz:

PhN. NPh > O, ;NMe
N ,

(122) e (123)

As on formation of the relevant penta co-ordinate species

the imine of 1,2,3-triphenyldiazaphosphole (122), should

have to form a species of the form

3 <+
with at least one nit

rogen apical, whereas the imine of
3-methyl-2-phenyl-1, 3, 2-oxazaphospholan (123) could form

a species such as
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with two oxygen atoms apical, it would have appeared that
these rates should have been reversed. Furthermore,
Greenhalgh, Newbery, Woodcock and Hudson183 have found that
3-methyl-2-phenyl-1,3,2-oxazaphospholan reacts much faster
than the 2-methoxy analogue in reaction with isocyanate due
to an ‘increase in the inherent ring strain in the former due

to contributions from such as

lyrmer
Ph e—> [: @ pOlymer
[ PP € )° —R

Following arguments similar to those for the imine of
1,3~diphenylphosphetan however, a case can be made out that
in the imine a de-stabilisation (or iﬁcrease in energy) of
the reactant allows for an easier (lower energy delta) trans-
ition to the penta co-ordinate species. That this species
has relieved the extfa-strain is obvious as no charge is
extant on the phosphorus in this species and as the penta
co-ordinate species is stabilised by having two oxygen atoms
apically located this extra stability may account for the
lower rate of reaction observed.

It is interesting to note here that 2-phenyl-1,3,2-

183

dioxaphospholan also polymerises at room temperature also

due to spe01es such as

E )DPh @_,E >p @ —)pOlymer
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That this imine, as well as the 1,3-diphenylphosphetan and
3-methyl-2-phenyl-1,3,2-oxazaphospholan species all give
lower rates of decomposition seens to lend consistency to

these arguments above.

Alicyclic Series compared to the Oxazacyclic and

Diazacyclic Series

The comparison in rates of decomposition is seen to be
hen> dwmenl)s o
Ph‘N\P,NPh->. "P,NMQ'Y' 5 > Ph /P\ Ph
"~ Ph . Ph Ph Ph

although none of the differences are extremely great, the
rates for the oxy and aza substituted rings presumably being
reduced due to the added stability of the oxazaphbspholan
ring in the penta co-ordinate species and of the decrease in
stability of the penta co-ordinate species in the diazaphos-

phole case due to the presence of apical nitrogens.

The Complete Series

On consideration of the above discussions a consistent
rate series can be put together for all the materials studied,
which follows all the pfeviously proposed themes and evidence
with regard to trigonal bipyramidal species in such reactions.
On one scale there are those materials showing increasing
rate with decreasing ring size (with allowances for steric
factors) while on the other there are those showing iower
than expected rate due to the very stability of the trigonal

bipyramidal species involved, vigz:
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That the stability of the penta co-ordinate species plays

an important role in reducing the rate of reaction in the‘
second series is shown by the 31? N.m.r, result already
mentioned for the N-(4-methyl -2-nitrophenyl)-imino-2-phenyl-
1,3,2-dioxaphospholan and that the first series proceeds via
a rate determining step of formation of such a trigonal
bipyramid is indicated as similar S'p N.m.r. studies on
N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole
gave no absorption in the five co-ordinated phosphorus region
at any time during the reaction study thereby.indicating that
the penta co-ordinated species in that particular reaction

31

had no finite lifetime on the P N.m.T. time-scale.

Further evidence for Penta-co-ordinate Species

That thé dioxaphospholan ring led to such a result in
the 31? N.m.r. is the most conclusive evidence presented to
date for the existence in this type of reaction of such penta
co-ordinate species. During wérk on the 1,2,5-triphenyl-

phosphole case in the 31 N.m.r. further evidence was obtained.

When N-(4-methoxy-2-nitrophenyl)-imino-1,2,5-triphenyl-
phosphole was reacted in bromobenzene a certain rate was
observed, viz.7.58;c10_%niq.This was different from that
observed for the same molecule in bromobenzene by 1H N;m.r.
presumably due to the addition of the deuterium labelled
materials used as a "lock". What was more releéént, however,

was the dramatic change in rate when tert-butylbenzene

was used as solvent (Graph 37).

Compared to bromobenzene (dipole moment = 1.5 D),

tert-butylbenzene is non-polar. In this reaction the postulated
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reaction mechanism can be written as follows:

Phi/P\>Ph - b_,jphl/ﬁ\kph (A.)..',;
Pr \\NOM@ PR OR & )OMe.
o oN o

Phl/ P\Sph | ~ B \j\

(N T e— e Py

~h O O,NQ , l * Q |
‘NZ~0Me Oz OMe |

Here then, in proceeding to the penta co-ordinate
species (B) from (A), the number of charge separations is
reduced from two to one. Hence, any solvent stabilising
the less charged species (B) should increase the rate of
reaction. That this is so is amply demonstrated by the
rapidity of the reaction intet-butylbenzene, the reaction
being complete after only one hour or so andtet-butylbenzene
being less polar would be expected to give greater stabil-

isation of the less polar intermediate or transition state.
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- The Ring Effect (2)

Further consideration of the energy (E) vs reaction

co-ordinate (R.C.) graph may now be useful.

It has been demonstrated that the open-chain species
gives no reaction. A graph of the above type would then
be expected to look as follows (where R = reactant,

P = product).

Energy"

- where, obviously, the transition energy AE is too great
to allow the reaction to proceed at 160°C. Indeed further
attempts to force this reaction to proceed at elevated

temperatures (~250°C) in vacuo failed as well.

In the case of the 9-phenyl-9-phosphafluorene moeity
the steric and electronic considerations discussed above must

then give a similar graph.

For each of the varying phosphorus groupings described
previously, AE must therefore be reduced by the ring strain
considerations so that the Energy/Reaction Co-ordinate graph

then appears slightly differently -
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P

L RC

- the relative energy of the reactant and products now being
much more widely separated due to the increase in energy of

the reactant owing to the internal strains present compared

to the open-chain analogue above and the energy gain in

forming a phosphorus-oxygen double bond in the product.

In the case of the 2-phenyl-1,3,2-dioxaphospholan (121)
case however, the presence of a relatively stable intermediate
that, when produced at 160° and then rapidly cooled to room
temperature, was still detectable after some 45 to 60 minutes,
means an Energy/Reacfion Co-ordinate relationship of the

following character -
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The transition species of the previous types of reaction
described in this fashion has now become an intermediate with
_a life-time dépendant on the "depth" of the "trough" in‘energy
terms. In the case in point, that such a species is still
detectable after 45-60 minutes at room temperature, while also
being detectable in the reaction, with therefore a finite

31

life-time on the P N.m.r. time—écale, even at 160O in situ,

suggests that the energy trough is relatively deep, i.e.

/]

E

The question now arises as to whether any of the other

species investigated give a similar result.

In fact, the 1,2,5-triphenylphosphole case was investi-
gated in some depth at this point. Even on cooling, the
reaction mixture displayed no trace of any such intermediate
species. This fact, taken with the phosphetan rate results
then suggested that in fact the explanation lay in the relative
energy stabilities of the phosphorus moieties and that the

series could now be written as a "cyclic" range, viz:
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What is now seen is a much more consistent pattern,
whereby from six-membered ring to five-membered unsaturated
to five-membered saturated there is the expected increase
in rate due to increasing ring strain while the four-membered
and five—membered dioxaphospholan cases are seen to préceed
from this basis in the reverse direction as the transition
gpecies becomes more stable. However, in the .case of the
four-membered ring moieties, there is some doubt whether
this result is due to factors such as those discussed on p.145

or more of this type or some combination of both as
unfortunately, none of these materials was clean enough

on a 31P basis for any detailed examination by this method.
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Hydrolysis of N-(4-Methoxy-2-nitrophenyl)-imino-1,2,5~
triphenylphosphole

Hydrolysis of the species (124) was found to be extremely
rapid at 160° under conditions similar to those used in the
other kinetic studies. In fact immersion for 30 seconds
appeared to give complete reaction.

An interesting result was noted, however, in the 31P

spectrum on hydrolysis at room temperature. This result was
the appearance of a broad "peak" in the spectrum between the
reactant at +13.0 ppm and the product at +39.0 ppm, the initial
reactant disappearing in the acid catalysis conditions used.
This, as the reaction progresseq, was seen to broaden further
and also "move" across the spectrum, starting at an "average"

ppm of about 25.9 and finishing at around 33.2 ppm.

Being an acid catalysed reaction, the initial step is

taken as being

a

( BPh | Ae—-»Ph< )Ph ——)Ph/ \
Ph/ \N—.OMZ Ph N~ Ph NH

© ON
0, N B

(124 o o
124 ','OMe- - OMe

This protonated species would then be attacked by the
water present as follows, leading to the subsequent reaction

shown.
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SCHEME 34 -

Which of these species then is that observed to have a
lifetime in the P N.m.r.? (125) would appear to be the
main candidate as this should be a relatively stable, non
charge separated five co-ordinate species. However, this
would be expected to appear upfield, at negative ppm, from
the four co—ordingte species already noted, as in the case of
the intermediate in the thermolysis of N-(4-methyl-2-nitro-

phenyl)—imino—Z—phenyl—1,3,2-dioxaphospholan.
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It is suggested, therefore, that what is seen is in fact
the charged species (126), stabilised by co-ordination with
the water of reaction. As the water of reaction is then
used in forming the product, the co-ordination spheré afound
the charged species would become weaker and the phosphorus
31? shift would Dbe affectéd, as seen here, This is also
supported by the rapid disappearaﬁce of the starting material
to this species, any arguments in favour of (125) being to
some extent discounted as the rate determining step in this
reaction should be the attack of water on the positively
charged phosphorus atom. That this species in question
appears rapidly and then decomposes slowly, therefore, suggests
that it is formed in the reaction sequence prior to the attack

of water and formation of a P-0 bond.

Hydrolysis of N-(4-Methyl-2-nitrophenyl)-imino-2-phenyl-
1,3,2—dioxaphospholan

Following the results obtained for hydrolysis above,
and in the thermolysis of this compound, great interest
centred on whether a species such as (127) could be observed

in the hydrolysis of this material.
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On acid hydrolysis, however,'there are so many possible
alternative sites for protonation, that the situation is
immediately confused, and indeed, several products were

observed by 31? N.m.r. The hoped for main reaction was

as follows:

/P; I l;’h/\ -~ . ON -
Ph SNX‘ o ~NH

.
ol Ph*o(\

/c‘> X H
(128) ',xgrg' ducts - |
_SCHEME 35

\"NH
X .

+

0
| .
P
1
0

for five co-ordinate species, so that, under the prevailing
conditions, the five co-ordinate species (128) has too short

a life-time to be observed by 31P N.m.r.

The other possible reactions here, obviously parallel

those already noted by Ramirez et al.20 these being:
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The species (129) can then decompose by various

methods also, amongst which are:
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uted aniline in the thermolysis

reactions

A result not previously noted by Cadogan and Scott in
their thermolysis work was the formation of 2-nitro-4-alkyl-
or 2-nitro-4-alkoxyaniline in the thermolysis of the phos-

phorus imines.

This was at first put down to hydrolysis by water in the
solvent or n.m.r. tube. After several months study, however,

the conclusion was reached that this was in fact a genuine
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gside-reaction. The evidence for this decision lying in

the facts that

(a)

(b)

(c)

despite careful drying of all solvents and reactants and
oven-drying of the N.m.r. tubes used, this product could
not be eradicated. Indeed, even vacuum sealing of the

N.m.r. tubes still resulted in the anilines being observed.

Notwithstanding the actions taken in (a) the quantity of

substituted aniline produced remained remarkably constant,

while not conclusive, a study of the same ilk as that for
the 5-substitpted benzofurazans seemed to indicate that
the formation of anilines was a FIRST ORDER reaction.
This evidence is not conclusive as the concentration of

any water must have been low.

(d) Much more conclusively, a series of thermolyses of the

same reactant, under vacuum in a Kﬁgelrghr apparatus,
where the solid itself is thermolyéed in the absence of

solvent, also yielded the same 2,4-disubstituted anilines.

Taking these points in turn, the evidence in (a) for a

long time cast doubts on the accuracy of the method involved.

It was only when a series of results on the same reactant

yielded such close results in terms of percentage yield of

the aniline in question that it was believed that this might

have been a genuine side-reaction. Why?

The reason for this doubt lay ih any conceivable

mechanism for generation of an aniline from the reactants in

question without the intermediacy of a water molecule.

Such a mechanism would almost certainly involve fracture of

-
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the phosphorus nitrogen double bond - this leading to the

formation of a nitrenoid species, viz:
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Nitrenoid species are well known to be highly reactive
and the hesitation in postulating such a species in the
reaction scheme was based on the relative energies of the
proposed intermediates or transition species. In nearly all

cases, as seen from Table 6, the aniline formation reaction is
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seen to be nearly exactly half as fast as that of the benzo

furazan formation. Consider the steps for each of these

reactions as follows: Tl
I\ PN
P Ph ( |
AR L p—n
-y Ph/

Ph N - Ph

B Ph(/ 'P\>Ph' o
. XN

In A, the formation of a P-0 bond and relief of ring
strain in formation of a five co-ordinate species leads to
the suggestion that this should be a likely pathway.

In B, fracture of the P-N double bond, and formation of a
highly energetic nitrenoid species would seem to disfavour
this pathway, and certainly B would not be expected to be

only half as slow as A.



- 175 -

Yet aniline production was noted, in what appeared to
be a first order reaction, at such a comparative rate, even

when every care had been taken to eradicate water.

Agéin, however, it must be said that an implied first
order reaction is not conclusive, as considering the rate
equation for a second order reaction, viz: k = [keactant][HZO],
if the concentration of water is iow, and approaches zero,
then the rate equation is reduced to k = [Reactant] and gives
the impression of a pseudo first order reaction. In this
case, at the concentrations in question, this could well

have been the case.

The results from the vacuum pyrolysis, however, ére
much more conclusive, as tﬂe glassware was firstly baked in
an oven, and the reactants dessicated before pyrolysis.

Yet éniline and benzofurazan were observed as products in

all three cases attempted.

Again, on this occasion the proportions of each were
different from that in the thermolysis cases. This
immediately suggested a rival mechanism to that proposed

initially for the thermolyses.
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- (130)

PR %

N NN~ X
PhH \_Q N
SCHEME 39

lead to several ra?id reactions, quite possibly with solvent,
to produce the required aniline by hydrogen abstraction.

This would tend to suggest the formation then of 1,2,5-tri-
phenylphosphole. No such species was observed however in
the 31? N.m.r. spectrum of this reaction, only the 1,2,5-tri-
phenylphosphole oxide. How then does the phosphole, if any,
oxidise? A more likely explanation of this observation lies

in the schene
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On the other hand the species (AA) is highly reactive,
and would oxidise rapidly to the required 2-nitroaniline,

and an intermediate of the form

' NX from PhUPh * 2 N. g

o=N" " 2y

could also be seen to produce the 5-substituted benzo-

furazan directly.
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A likely, full, competitive reaction system may

then be

SCHEME 41
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The Mode of Decomposition of Phosphorus Imines

From the preceding discussion, it can now be seen, that
a different reaction scheme has been developed to that
proposed originallylby Cadogan and Scotéf In the Scheme
above the five co-ordinate intermediate or transition species

has two alternative pathways open to it. The first is that

proposed by Cadogan and Scott, viz:

If this were to be the only reaction method, no anilines

would be observed.

Secondly, the present proposal, viz:

en / \.-;' R
:Fn/Ph. -, Phyp PhaN—\ /X

_This second proposal would seem to have certain logical
advantages apart from the formation possibilities’ for anilines.

Firstly we still form a five co-ordinate transition species
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or intermediate so that all the previous arguments concerning
ring strain still hold good. Secondly, the electron flow
necessary for decomposition would seem to be much more likely
and energetically more favourable than the massive convulsion
of the molecule required for decomposition in the original
proposal, as the energy required for such a "buckling" of the
atomic arrangement in space would seem to cancel all arguments
in favour of ring strain being the predominant factor. Also,
the electron flow in the second case is via a well-established
cyclic six member ring arrangement, with possible use of the

benzenoid ring structure, viz:

ST e oAy
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Indeed, that such electron flow should lead to fracture of
the phosphorus ring is perfectly feasible, particularly as
the spatial arrangement is unlikely to be planar, thereby
discounting any stabilising effect via any resonance form

due to p, 7™, or d-orbital overlap.

There is also the further, energetically favourable,
argument of the re-establishment of aromaticity in the ali-
cyclic ring. Finally, the nitroxide oxygen is a useful

"handle" from which to feed the electron cycle.

.

Effect of Electron Withdrawing Groups on the Benzenoid Rihg

More interestingly still, this may also explain why
substituents on the benzenoid ring‘were found by Cadogan and
Scotg’%o have an effect on the reaction. For example, the
phosphorus imine (131), did not undergo decomposition, while

(132) did, although slowly. e ‘

P

e ) o :,44\~g§f”;i,
Ph(: >Ph e Ph/ Ph " Noo

e P %
o ', ()qu o ; 'kf: ~i= -:‘ N
R L S ,oz

\
— .-

Compared to the methyl and metﬁéxyl éases observéd in this
study, the effect of electron "sinks" such as nitro-groups
in the benzenoid ring tends to lend weight to the second

proposal, as then in the decomposition step for (131), the

nitro-group in the 4-position of the alicyclic ring would
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disfavour such electron cycles, while a nitro-group in the
5-position would not have such an extreme effect, vigz:
N

-Thé second proposal then, appears to give logical
reasons for all effects so far observed and cannot therefore

be discounted.

The Cage Effect

The one argument against a nitrenoid transition species
is that there is no real reason why this should form the
observed benzofurazans via a nitroso-nitrene rather than
rapidly undergo hydrogen abstractions to form anilines.

This leads to the formulation of a "cage structure" theory,
in that when the five co-ordinate species decomposes, should
it form such a nitroso-nitrene there are three pathways épen

to the electron deficient nitrene, viz:

(a) re-combination with phosphorus,

(b) hydrogen abstraction,
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(c) formation of a benzofurazan by attack on the electron

rich nitroso group.

Pathway (a) merely means a reversible step in the

reaction pathway.

For (b) to occur, the nitrene must have a lifetime
sufficiently long enough for it to migrate away from the
phosphole oxide and reactlwith solvent, or perhaps via
reaction with the phosphole oxide itself, although in solution,
this latter is highly unlikely, as formation of species such

as "7ﬁ(which would be very reactive)

N

—t

would seem-unlikely in the presence of readily available
" hydrogen abstraction from such as tetramethylsilane, toluene

or anisole in the reaction mixtures used in this study.

Should (b) occur readily, then (c) would seem to be
unlikely and so it would appear that the migration of any such
nitroso-nitrene away from the phosphole oxide moiety formed at
the same time must be slow, and this then allows the nitroso-

nitrene to react within itself.

As indeed, the most logical reaction for any such species
to undergo is rapid re-combination with the phosphorus group,
this does in fzct seem likely and therefore the phosphorus
moiety could well be acting as a "cage" for the nitroso-nitrene,

if any such species is formed.
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Reaction Scheme for the Intramolecular Decomposition of

Phosphorus Imines

From the nreceding discussions then, the final reaction

schéme proposed for these reactions is as follows: -
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Comparative Rates of fhe Various Reaction Steps

The rate determining step has been clearly demonstrated
as being the formation of the five co-ordinate intermediate
or tranéition speciese. In comparison therefore steps (i)
and (ii) are rapid reactions. Also, within step (ii),
three possibilities have been discussed above. Recombination
of any nitroso-nitrene with the phosphorus would be expected
to be rapid, as would any reaction of 8uch a species. In
solution, formation of the anilines, however, by migration
and hydrogen abstraction is obviously half as fast as the
formation of benzofurazans from such nitrenoid species,
judging by the relative proportions of product, provided

pathway (i) does not occur.

Thermolysis in Solution vs Pyrolysis in Vacuo

It has already been stated that differing percentage
yields were observed for the formation of S-substituted
benzofurazans and 2,4-disubstituted anilines from decomposition

.in solution and in wvacuo.

While it can easily be that the reaction proceeds via
different mechanisms in éolution and in vacuo the most likely
answer, in view of the preceding discussions, is that, on
formation of a nitrenoid species, in solution, migration of
the nitrene can occur to give hydrogen abstraction from
solvent. On the other hand, in vacuo, the phosphorus imine
is the sole species, so that any hydrogen abstraction reaction
.must be with itself. In this case then, difficulty in

performing such hydrogen'abstraction would reduce the yield
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of anilinic material and in so doing tend to increase the

yield of benzofurazan material.

"In fact the yield of both materials was reduced signifi-
cantly in total, but as proposed, the ratio of benzofurazan

to aniline material was increased.

A point of interest, and confirmation here, is the in
vacuo decomposition of N-(4-methyl-2-nitrophenyl)-imino-1-

phenylohospholan (133)

Here, compared to similar reaction of the corresponding
1,2,5-triphenylphosphole species (124), hydrogen abstraction
is relatively easy from the phospholan ring, and in fact, is

likely to give relatively stable phospholene species, viz:
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= That such reactioné may well have occurred, is shown by
the large number of "peaks" in the 31? N.m.r. of the red oil
which distilled across in this reaction while in bo
1,2,5-triphenylphosphole and 2—phenyl-1,3,2—dioxapho$pholan

cases, a black tar was produced. Production of such tars is
a well known phenomenon in carbene and nitrene chemistry in

view of the highly energetic species involved and the multi-
tude of possible reactions which may occur, amongst which in

the 1,2;5—triphenylphosphole case could be:
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Attempts to "Trap-out" the Intermediate or Transition

~ Species Involved

On consideration of the reaction step
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it was felt that, following the preceding arguments in
favour of a cyclic electronic movement to give decomposition,
that with the arrangement of the "breakaway" atoms in space,

viz:

~.

SN Y
being planar (perforce the conjugated, unsaturated systems
involved) that part of this system might well be capable of

undergoing a Diels-Alder type reaction with such as cyclo-

hex-1-ene or maleic anhydride. Such a reaction would then

lead to species such as (134) and (135):
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Whereas (135) would still allow decomposition to occur

via electron movement around the cycle shown below

Pj | | . .

further rn

the species (134) would appear to block such movement:

- decomposition:
-~ TX due lack of

| suitable
conjugation

With maleic anhydride however, no points of interest

were noted and it was thought more than likely that any

reaction could well have been over-ridden by phosphorus'

reaction with the oxygen moieties of the anhydride.

Attention was therefore focused on reactions with cyclo-
hexéne. Reaction of the N-(4-methyl-2-nitrophenyl)-imino-1-
phenylphospholan (133) with cyclohexene in bromobenzene at

160°C was shown to give no different products from the usual
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decomposition. This could well have been due, in view of
the rapidity of the reaction, to the transition species having

an insufficient life-time for reaction with the cyclohexene.

The N-(4-methyl-2-nitrophenyl)-imino~2-phenyl-1,3,2-
dioxaphospholan gave nil reaction also. In this case,
reaction could well be disfavoured in view of the stability

of the intermediate involved in this particular decomposition.

Decomposition of N-(4-methoxy-2-nitrophenyl)-imino-1,2,5~
triphenylphosphole (124) on the other hand, yielded a red oil,

31? N.m.r. absorption at + 7ppm. As the parent

giving a
species absorbs at +13.0 ppmn, 1,2,5—triphenylphosphole at

+3.5 ppm, and 1,2,5~triphenylphosphole oxide at +39 ppm,

this was without doubt a different phosphoric species.
Attempts to identify this material however have failed as

no solvent system was found that would selectively crystallise

this material and'ﬂ@?molysis and column chromatography led to

decomposition.
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SUMMARY

Conclusions

(a) Reaction proceeds via trigonal bipyramidal transition

(b)

(c)

(d)

(e)

(£)

species or intermediates.

Rate of formation of this species was rate determining in
most cases except when stability of this species caused a
reduction in rate, the rate of reaction then being governed

by the rate of decomposition of this species.

Acid-catalysed hydrolysis proceeds via protonation of the
imine nitrogen followed by attack of water at phosphorus.
The rate determining step being formation of the trigonal

bipyramid by attack of water on the protonated imine.

Formation of 2,4-disubstituted anilines as a side reaction,
not apparently due to water, suggests but does not prove
the presence of a nitrenoid species possible "caged" by

phosphorus.

Postulation of a "caged" nitroso-nitrene can indicate

rationales for several previously unexplained observations.

No intermediates or transition species have been "trapped"
in this reaction due either to too rapid decomposition or

inability to identify.
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1

TABLE

1

H N.m.r. thermolysis results

PARENT PHOSPHINE RATE A RATE B % yIEID P
Ph
- -3 -1 -3 -1
PPh 3.0x10 “mn 3.13x10 “mn 60-70
~ .
Ph 1% 2
[::>?Ph 1.87x10"%mn " 1.88x10 %mn™" 60
3 4
< :PPh 2.25x10 4mn™ 3.29x10 " 4mn™" 30-35
' 5 6
Ph
| 1.57%x10 %m0~ | 1.19x1072m™? | 60-70
_ 1.11x10 ™" | 1.13x107'm™ | 60-65
~ PPh 5 10
2.03%10 %mn™" 2.06x10 3mn"" 60-68
PPh 11 12
\_i\
7.8x10 2mn"~" 9.6x10 3mn™~" 60-73
——FFh 13 14

(Continued)




TABLE 1 (Continued)

N ,

1H N.m.r. thermolysis results
| b
PARENT PHOSPHINE RATE A RATE B % YIELD
Q PPh/Ph3P zZero Zero zZero
‘/ PPh/(EtO) 3P Zero zero Zero
- o -3 - -3 -1
PPh  (?) 9.09x10 “mn 8.33x10 “mn 50-60

35

36

¥ Numbers in left hand corners correspond with

the graph number.

Tables 1-3

a:Rates of fermation of 5-sybstituted-benzofurazans,

in BrBz at 160°

b: %% Yield of 5-substituted-benzofurazans.




TABLE 2

H N.m.r. thermolysis results
b
PARENT PHOSPHINE RATE A RATE B % YIELD
o\ -3 -1 -3__-1
[: PPh 1.1x10 “mn 1.02x10 “mn 60-65
o/ *
- 15 16
< o\ -3 -1
0 17 :
—~0 ‘
E >PNMe2 2.36::10‘3mn‘1 - 58-70
0 18
o< -3 -1
C/PNMeg 4.62x103mn - 63-66
N0
19
N -2 -1 -2 -1
i [: ’,POMe 3.0x10 “mn 2.9x10 “mn 55-70
0 20 21

no reaction

with azide

no reaction

with azide

* Numbers in left hand corners correspond with

graph number.

ab:see Table |




1

"~ TABLE 3

H N.m.r. thermolysis results

b
PARENT PHOSPHINE RATE A RATE B % YIELD
' Ph
N -2 1. -2_ -1
[: _ PPh 3.6x10 “mn 3.27x10 “mn 70-100
N
Ph 22" 23
0~ -2 - -2 -1
[: P PPh 1.88x10 “mn 1.73x10 “mn 57-65
N
Me 24

25

¥ Numbers in left hand corners correspond

with the graph number.

a,b: see Table 1




31p N.m.r.

TABLE 4

a

thermolysis results

RATE

PARENT PHOSPHINE INTERMEDIATE

Ph

ﬁ; PPh 7.58x10 mn" NO

~
P 26"
o~ -3 -1

[j PPh 1.63x10 “mn YES
0~ 27

*¥ Numbers in left hand corners correspond

with the graph number.
a:Rates of formation of parent phosphine oxide
in BrBz at 160°




TABLE 5

P N.m.r. hydrolysis resultsa

PARENT RATE A  RATE B RATE C
Ph
@PPh 6.24 x 10™4 7.4 x 1074 7.27 x 1074
F 28" 29 ~ ]30
20
™ pph 6.8 x 10~ 4 9.7 x 10~%4 -
o~ '
31 32
CPPh 8.8 x 10~4 1.18 x 1073
33 34

* Numbers in left hand corners correspond

with the graph number.

a:Rates of formation of parent phosphine oxide
in dioxan at RT




TABLE 6

PHOSPHINE ANTLINE | ANTLONE | ANTLINE,
OXIDE
1,2" 30-40 | 35 54
3,4 40 40 .66
5,6 65-70 | 67 2.03
7,8 30-40 | 35 .54
9,10 35-40 | 37 .59
,12 |32-40 | 36 56
13,14 27 =40 | 34 .52
15,16 35-40 | 37 ,59
17 30-35 | 33 /50
18 30-42 | 36 56
19 34-37 | 36 56
20,21 30-45 | 37 59
22,23 30 - 0 15 18
24,25 35 -43 | 39 84
35,36 40 -50 | 45 .82

3
Refers tables 1-85,

Apart from 3 obvious deviations ratio of amine to oxide
remains remarkably similar in 0.5 - 0.6 range,
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Formation of 5-Methoxybenzofurazan from

N-( 4-Methoxy-2-nitrophenyl)-imino-1,2,5-triphenylphosphole
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GRAPH 3 Formation of 5-Methylbenzofurazan ®
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" GRAPH 4 Formation of S-methylbenzofurazan from

N-( 4~-methyl-2-nitrophenyl)-imino-1-phenylpho spho lan
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GRAPH 5 Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-1-phenylphosphorinan
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GRAPH 6

Formation of 5-methylbenzofurazan from

N-(4-methyl- g—ni tro phenyl )-imino-1-phenylphosphorinan

0.67
0.5 L
K = 3.29 x 10°% mn”’
0.41
in B”/\BM‘BT
003'
0.2-
®
0:.14 é
»
1/ L} L3 Y 4
500 1000 1500 2000

t(mn)



1.0

i

GRAPH 7 Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-1,3-diphenylphosphetan




GRAPH 8

Formation of 5-methylbenzofurazan from

R-(4-methyl-2-nitrophenyl)-imino-1-3,diphenylphosphetan
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GRAPH 9

Decomposition of N-(4-methyl-2-nitrophenyl=imino-1-phenyl-

2,3-dimethylphosphetan - formation of 5-methylbenzofurazan
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GRAPH 10 Formation of 5-Methylbenzofurazan
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GRAPH 11 ' Formation of 5-Methylbenzofurazan
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GRAPH 12

Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-1-phenyl-2,2-dimethylphosphetan
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Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-1-phenyl-
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GRAPH 14

Formation of 5-methoxybenzofurazan from

N~-(4-methoxy-2-nitrophenyl)-imino-1-phenyl-

2,2,3=trimethylphosphetan
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" GRAPH 15

Formation of 5-meﬁhy15enzofurazan from

N-( 4-methyl-2-nitrophenyl)-imino-1-phenyl-

-1.3.2-dioxaphospholan
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GRAPH 16

Formation of S5-methylbenzofurazan from

N-(4-methyl-2-nitrophenyl)-imino-1-phenyl-

"-1,3,2-dioxaphospholan
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GRAPH 17

Formation of 5-Methylbenzofurazan

N Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-2-phenyl-1,3,2-dioxaphosphorinan
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GRAPH 18 Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl~2-nitrqpheny1)—imino-Z—N«dimethyl-1,3,2~dioxaphospholan
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GRAPH 19

2.0 1 Formation of 5-Methylbenzofurazan from

N-(4-Methyl-2~nitrophenyl)-imino-2-N-dimethyl-

1,3,2-dioxaphosphorinan
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Formation of 5-Methylbenzofurazan from

N—(4-Methyl—2-nitrophenyl)—imino-é—methoxy—

1,3,2-dioxaphospholan
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' GRAPH 21

Formation of 5-methylbenzofurazan from

N-(4-methyl-2-nitrophenyl)-imino-2-me thoxy

1,3,2-dioxaphospholan
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GRAPH 22

Formation of 5-Methoxybenzofurazan from

N—(44Methoxy—2—nitr0phenyl)—imino-1,2,3—

triphenyl-1,3,2-diazaphosphole
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GRAPH 24 Formation of 5-Methylbenzofurazan

Décomposition of N-(4-Methyl-2-nitrophenyl)-imino-2-phenyl-3-methyl-1,3,2-oxazaphospholan
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QRAPH 25 Formation of 5-Methylbenzofurazan

Decomposition of N-(4-Methyl-2-nitrophenyl)-imino-2-phenyl-3-methyl-1,3,2-oxazaphospholan
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GRAPH 26

31P N.m.r. thermolysis.of N—(4-methyl—2—nitrophenyl)—imino—1,2,5-triphenylphosphole

Formation of 1,2,5-triphenylphosphole oxide
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GRAPH 27 3'p N.m.r. thermolysis study

Decomposition of Z|A#iamws%HlmldwﬁHomsmswwV|HBH501
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GRAPH 28 31p N.m.r. study

A~ Formation of 1,2,5-triphenylphosphole oxide coppeTied
(oxide)? 7 "
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GRAPH 29 31P N.m.r, hydrolysis study

2 Formation of 1,2,5-triphenylphosphole oxide
(oxide) ‘
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GRAPH 20 3'p N.m.r. hydrolysis study

Formation of 1,2,5-trivhenylohosphole oxide
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GRAPH 34 3'p N.m.r. hydrolysis study

Formation of 2-phenyl-1,3,2-dioxaphospholan-2-oxide

from N-\4-methyl-2-nitrophenyl)-imino-2-phenyl-

-1,3,2-dioxaphospholan
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GRAPH 32 31p nydrolysis study

Formation of the oxide from N-(4-methyl-2-nitrophenyl)-

-imino-2~phenyl-1,3,2-dioxaphospholan
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GRAPH 33 31P N.m.r. hydrolysis study

Formation of the oxide from N-(4-methyl-2-nitrophenyl)-

—-imino—1-phenylphospholan

(oxide)2
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GRAPH 34 3'p N.m.r. hydrolysis study

Formation of the oxide from N-(4-methyl-2-nitrophenyl)-

-imino-1-vhenylphospholan

(oxide)2
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GRAPH 35 Formation of S5-methylbenzofurazan

N-(4-methyl-2-nitrophenyl)-imino-1-phenyl-phosphol-2-ene
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GRAPH 36 Formation of 5-methylbenzofurazan from

N—(A-methyl-z-nitrophenyl)—iminoé1—phenylphosphol—Z—ene
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GRAPH 37

Decomposgition in t-butylbenzene of
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