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ABSTRACT.

The reaction of phenylphosphine with alkynes has beer
studied with.a view to establishing a new synthetic route to the
phosphorus heterocycles, phosphorin and phosphole. The study
included an investigation of a simple thermal reaction of alkynes
with phenylphosphine, which proved that with terminal alkynes
the phosphorus moiety added preferentially to the terminal carbon
atom, Unusual-reduction and fragmentation steps were observed
during this investigation and a radical mechanism for this and
other reactions involved has been proposed.‘The study was extended
to the reaction of phenylphosphine with penta-l,4-diynes and it
has been proved that this reaction cannot be used as a route to
phosphorins. The phosphorin precursors were prepared but could
only be obtained as one component of an inseparable mixture. It
has also been proved that although the thermal reaction of phenyl—
phosphine with buta-1,3-diynes is a route to phospholes, these
compounds are inseparable from their reduced analogues, phosvholenes.,

The properties of some phospholes were also investigated

and a series of novel derivatives, phospholimines were synthesised.

The structure of these derivatives has been examined and a mechanism
for their formation proposed. The diene character of these compounds
was investigated by their reaction with dimethyl acetylenedicarbox-
ylate..This alkyne was found to "insert" into the imine double bond
(-P=N-) in a reaction that competed with the Diels-Alder addition.
The normal Diels-Alder adducts of these phospholimines could not

be isolated because they were found to aromatise by a retro Diels-

-Alder reaction..An attempt was made to establish the nature of the
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phosphorus fragment extruded during this step. The effect on these
reactions of different substituents on the imine nitrogen was also

studied and it was proved that electron withdrawing groups complet-

ely inhibited the insertion reaction.
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I INTRODUCTION.,

Preamble.

The name phosphorus comes from the Greek and means
"light bearer" and it was the property of white phosphorus to
glow in the dark that earned the element its name. The material
was thought by early alchemists and "chemysts" to be a compound
of phlogiston and hydrochloric acid but this idea fell with the
phlogisﬁon theory after Lavoisiers "Traite Elementaire de Chemie"
in 1789.

The chemical and industrial interest in phosphorus
compounds has come in the last thirty years with the widespread
use of phosphate fertilisers and detergent additives. Organophos-
phorus compounds have been investigated industrially as antibiotics,
self extinguishing polymers, flameproofers and oil additives.
Complexes of phosphines and cyclic phosphines with transition
metals have been patented as catalysts in the production of alco-
hols from alkenes.

Besides the industrial uses, organophosphorus compounds
are of particular chemical interest because of the unusual
properties phosphorus contributes} This is especially true of
the phosvhorus heterocyclic analogues of pyrrole and pyridine,
which have been reported within the last ten years.

This thesis is concerned with some phospho?us heterp-
cycles, new éynthetic routes from phosphines and alkynes and the
properties of some phosvhole derivatives. The introduction will

therefore describe the reactions of phosphines with unsaturated



compounds that are relevant to the synthetic route described
later, the present syntheses and properties of known phospholes
and phosphorins, and finally the Diels-Alder reaction related

to that of some phosphole derivatives.



I A) REACTION OF PHOSPHINES WITH UNSATURATED COMPOUNDS,

I) Reaction of phos phlnes with alkenes.

The addition reactions of phosvhines and substituted
phosphines like phenylphosphine with alkenes has been studied in
some detail by several groups of workeré{ Mann and Millarl
invgstigated the reaction of phenylphosphine with cyanoe£hyl—l-ene,
after their observation that addition reactions of amines required
acidic and copper catalysts, while phenylarsine reacted more
vigorously with base present. They found that bis(2-cyanoethyl)phen-
ylphosphine (I) was formed at 1300 in a yield that was not improved
by the presence of acidic or basic catalysts; They corcluded that
there must bé a different mechanism for the three classes of compounds,
amines, phosphines and arsines;

This study contrasts with that of Rauhut et ai{a
who describe& a simiiar reaction; They found that phosphine reacted
with 2-cyanoethyl-I-ene at room temperature in acetonitrile in the
presence of strong base., Primary, secondary or tertiary phosphines
were made by choosing appropriate conditions, These workers also
prepared bis(2-cyanoethyl)phenylphosphine (I) by this route from
phenylphosphine and suggested that an intermediate phenylphosphino

anion (2) was formed ,which then attacked the alkene in a nucleophilic

addition,
PhPH PhPH
PhPH2 PhPH > CNC'CH:2 P CNCH2CH2
CNC}CHz
- H
Ph P(CH2C HyCN )2

1



This suggestion is supported by work of Aguir and Daigle3

who have shown that dimhenylphosphinolithium reacts with cis or trans
1,2,dichloroethyl-l-ene to give cis or trans 1,2,diphosphines
stereospecifically, which they believed ruled out an elimination
followed by an addition mechanism. A nucleophilic addition of trialk-
¥yl and triarylphosphines was observed as the initiation of the
polymerisation of 1,1,dicyanoethyl-l-ene by Horner et al.4,wﬁich
could be terminated by acid; If sufficient acid was vresent polymer-
isation was completly inhibitéd, as with the reaction of triphenyl-
phosphine énd prop-2-enoic acid to give [Ph3PCH2CH2002H]+Br— 2
A similar reaction of phosphine itself with polypropenes and
polybutenes in fhe presence of various acids wés reported by Hoff

and Hill6.

Thus it has been proved that phosphine and substituted
phosphines cén add to activated alkenes by several ionic mechanisms.
Work by Stiles, Rust, and Vaughan' in 1952 demonstrated that this
was not a limitation; These workers studied the addition of phosphine
to alkenes, as a synthetic route to substituted phosphines, by free
radical initigtion. They showed thét under U.V. irradiation at room
temperature or with di-t~butylperoxide, phosphine formed a mixture of
primary, secondary and tertiary phosphines with a wide variety of
alkenes including but-l-ene and cyclohexene. If however they used
a large excess of alkene quantitative yields of tertiary phosvhines
were formed

The synthetic use of this reaction was extended by
Rauhut et al..8 who prefered to use azo-bis(isobutyl)~nitrile
initiator. They investigated the variation caused by different

molar ratios and pressure of phosphine on the products and also



6
how other phosphines react. They found selective formation of
secondary phosphines could occur when sterically hindered alkenes,
like cyclohexene, were used. Only small amounts of telomer formation
were reported even with readily polymerisable alkenes like styrene
or ethyl acrylate, which implies an efficient chain transfer to

the PH bond. Thus step b) is prefered to step a) in the scheme below.

. - g = _. g
R,p + CHy=CHR = [R,P CH;CHR]

lca;cm% XZPH

e L ! o
R2 PCH2CH CH2CH R R2PCI:|§CH2R

RZP

Pellonlo specifically studied the chain transfer to a
variety of phosphines during polymerisation of styrene and concluded
that PhPH has unusual stability but that thﬁ more so. He suggested
that substantial delocalisation of the lone electron contributed to
this stability.

Pellon ? later confirmed this conclusion when studying
the reversibility of addition of phenylphosphino radicals to c¢is-
but-2-ene. He observed the isomerisation to trans but-2-ene during
the reaction with phenyl, dibutyl, and 2 cyanophosphine and by
comparison showed that PhPH was the phosphorus radical most easily
added reversibly.

An uninitiated thermal addition of phosphine and
phenylphosphine to fluorinated alkenes was reported by Parshall,
England and Lindsey ll. These workers added phosphine to
1,1,2,2—tetrafluoroetﬂyl—l—ene and besides the exﬁected

1,1,2,2,-tetrafluoroethylphosphine (3) and



bis (1,1,2,2-tetrafluoroethyl)phosphine (4) adducts they =lso

isoléted a biphosphine (5) and fluortnated alkane (6).
-CF,)PH
(CF2H 2 2 (CF:?H CF2)2PH

3 4
HoP-CF- CF>PH, CHF-CHF,
5 6

A similar reaction was reported with phenylvhosphine but only a
50% accountancy was observed.

Burch, Goldwhite and Haszeldinel2 reported a similar
reaction, initiated by U.V.,of fluorenated alkenes with phosphine.
They postulated a complex radical mechanism that included the
addition, abstraction steps below b) to account for the ethane

produced.
. - -
PH4 —> PHy, + H a
- . P, .
HoC%—CF2 CF2CH CHF. CH2 b
p
.
. .
-CE . —> -CE-CE;PH, + c
CE-CEPH, * PH3 HP-Clyr Clg P +

They were doubtful about assigning the formation of a
biphosphine to a radical coupling reaction =nd suggested a displac-
ement step ¢) could be involved.

Further studiesl3 jnclude the observation, during the
reaction of bis(trifluoromethyl)phosphine with a variety of alkenes,
that fluoroalkylphosphino radicals add reversibly to tr-ns-but-2-ene;

10
a parallel to Pellon's report mentioned earlier.

The important addition reaction of phosphines with alkenes



is therefore the radical process although other modes of re=ction
are possible.

A 2) Reaction of Phosphines with Alkymes.

The reaction of vhosphines with alkynes has not been
studied in the same detail as that with alkenes, except in one
svecial case that will be discussed later. Rauhut et al.8 ’
as an extension of their synthetic studies with alkenes, reported
the reaction of bis(2-cyanoethyl)phosphine with l-octyne initiated
by azo-bis(isobutyl)nitrile. They found that a 1:1 adduct (7) was
formed as well as substantial amounts of high boiling material,
which they proved were not due to a reaction of the unsaturated
phosphine (7) with the alkene,but probably a side reaction of a
radical intermediate (8). Hept-l-yne was reacted with 2-cyanoethyl-
phosphine to give a low yield of tertiary phosphine by diaddition
(9). None of the secondary phosphine intermediate was observed,which
implied that it was either more reactive or very suscepfible to

side reactions.

- = C :é—R
(CNCH2CH2)2PCH CHR (CNCH2CI—b)2P H
¥ 8
=CHR
CNC H2C H2P(CH )2
9

Diphenylphosphinolithium was shown to add to 2-phenyl-
eth-l-yne in-tetrahydrofuran to give mostly diphenyl-(2-trans-phenyl-
eth-1-yne)ylphosphine (10a), but the ¢is isomer (10b) when a prim=ry
or secondary amine was added to the reaction mixture14 . This
observation was tentafively explained by the reversible addition of a

second molecule of phosphinolithium (11) which, results in formation



of the most sterically favoured isomer; The authors suggested that
complex formation with the added amine accounts for the different
stereochemistry observed in that reactien; They also clarified

the stereochemistry of the product obtained by Hoffmam and Diehr15
from the slow reaction of diphenylphosphine and l-phenyleth-l=yne
at looo,vbut showed that the former was not an intermediate in their

reaction, because the conditions were too mild.

Ph2P\C=C,P
R_NH H, \H
Ph2PU %/7 10b W\
Sl " PhP, Ph
PhC=CH . 3\ H-C-C—H
TH
PhP. H ‘//4 Li PPhy
Cc=C,
H Ph 1
10a

This reversible addition of diphenylphosphinolithium
is a parallei to the reversible addition of phenylphosphino radicals
to alkenes;

Nucleophilic reactions of phosphines with alkynes was
also studied by Fujii, Dickestein and Miller16 although a special
case, l-halo-2-phenyleth-l-yne (12) was used; This group concluded
that with trialkylphosvhines and a bromo-alkyne the only reaction
path involved abstraction to form trialkylphosphonium bromide and
a phenylethyne anion that could be trapped with methanol as
2 phenyleth-l-yne (path (b) below). If however a chloro-alkyne was
used nucleophilic attack by the phosphine gave the intermediate

phosphonium salt (14);



PI?]CZZECX 0/7 !

R3P b\A
a) X=Cl
b)X=Br
Hoffmannl5

Ph PR, .
‘c=¢ | — [R c=C PR3] X
, X
14 /7
PhC=C
Phisc ——> PhCCH
R_P X =OH
3
13

reported a study of »roton éatalysed react-

ions of secondary and tertiary phosphines with a variety of alkynes,

where phosphonium salts were isolated. These authors mentioned

the reaction of triphenylphcsphine with dimethyl acetylenedicarb-

oxylate, one that has caused considerable trouble to several

workers., In Hoffmann's case proton catalysis led to formation

unambiguously of the phosphonium salt (15).

Y\ /Y Y'-'-' C02Me
y-csC-y —>| C=C_ |pr
Ph3P + Y-C Hgg B 15
p gr— Y thp\ X
__99 s =C -
YZP\BY Y/?'\Y ¥ :=c\Y 17
A NG
160 16b H
18
YA, A
Ph3P\\C C’Y JR” Ph
Y Tppn Ph/~\,Ph
20 Fg PRSP PZ Ph 19
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The reaction in ether at -500, without an acid catalyst,
was reported by Johnson and Tebby17 in 1961 to give a 1:2 adduct;'
These authors preferred to assign the zwitter‘ion (16b) structure,
rather than the phosphole isomer (16a), to the product which they
found readily rearranged to two stable compounds. Hendrickson,
Spenger and Simsls.also reported this reaction but resolutely
maintained that the phosphole (16a) form was the only acceptable
" one by comparison to the arsole analogue they also prepared; Johnson

and Tebby17

investigated one of the rearranged products and proposed
an open chain phosphine (17) formed by phenyl migration., Later,
Waite, Tebby, Ward and Williamsl9retracted this conclusion in favour
of a stable 2H-phosphole (18). A similarly confused account of the
reaction of triphenylphosphine with dimethyl acetylenedicarboxylate
in varying molar ratios concluded that. a 2:2 adduct isolated was

not a diphosphorin (19) as originally claimedl7, but in fact the
diphosphorane (20)20 .

Tebby24

has followed up another report of a penta-coval-
ent phosphorﬁs phosphole (23) from the reaction of triphenylphosphine
with dicyanoacetylenezl'; These authors claimed that an alkylidene-
-1,6-diphosphorane (22) was in fact formed and prefer the mechanism

of coupling two dipolar intermediates with another molecule of

alkyne to others proposed (21);

~ CN.CN
. N=Ce G/C/ | Ph3 P\\C_C/CN
PRI & Mbpn, —> i %o
Cs#C=C=N ’
CN . CN |,
21 CN CN 22
2/ \S
CN Yp7 CN
PhINPh
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This type of phosphorane structure is one that recurs
in the reactions of triphenylphosphine with dimethyl acetylenedi-

carboxylate25

. However when ,the reaction of triphenylphosphine
with a variety of alkynes occurs in %he presence of water a
phosphonium salt is formed as an intermediate (24), which is
hydrolysed to a trans-alkene, This reaction has been utilised to
form deuterated alkenes (25) in reasonable yield26. Tebby27 et al,
had earlier reported a similar reaction with triarylphosphines
and 2-phenyleth-l-yne and later28 proposed an extraordinary route

to the phosphine oxide they isolated (26), although they did exclude

a mechanism based on a phosphacyclopropene intermediate.

+
. Hy0 PhsR R'
Ph3P + R-C=C-R' —2—> o= | on
| R H
/ 24
Q l D,0
Ph2 P"?R_C\Hz D R'
Ph R : N

25

Thus the reactions of phosphines with alkenes and
alkynes can involve radical, cationic, anionic‘or zwitterionic
intermediates depending on the conditions chosen., This makes
elucidation of mechanisms and identification of products a complex
task, as has been shown by the variety of pathways and structures
put forward for the reaction of triphenylphosphine and dimethyl

acetylenedicarboxylate.,
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I B) PHOSPHORUS HETEROCYCLES.

Furan, thiophenes and pyrroles have been known for
decades but the related phosvhole system was not reported until
the first derivative, 5-phenyl-5H-dibenzophosphole (26), also
referred to as 9-phenyl-9-phosphafluorene, was isolated from the

thermolysis of pentaphenylphosphorane (Ph5P) by Wittig and Geissler29

\
Qs Q
Ph H

26 27

in 1953.

B. 1) Preparation of Phospholes.

The parent phosvhole (27) has not been synthesised
and the first simple phosphole was only reported in 1959 and then
independantly by two groups. Leavitt, Manuel, and Johnson30
prepared 1,4-dilithobuta-1l,3-diene (28a) from the controlled
dimerisation of PhC=CPh with lithium and then reacted it with
phenylphosphonous dichloride to obtain 1,2,3,4,5-pentaphenylphos-
phole (30a). They later extended the reaction, with Matternas and

Lehmann31 , to include the cyclopentadiene derivatives of arsenic,

antimony, tin and germanium (30b).

2 .
Ph & h + (29) - \
gl - a)MfE PR M7 Ph
Mep ¥
. 3
(28) X = Na ( O)
a)Y=Li €)M = Hetero- a M:=P
p)Y=T atoM 1) M=Hetero-

atom
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Braye and Hubel32

simultaneously reported that the
reaction of phenylphosphonous dichloride with the iron penta-
carbonyl complex Fe2(CO)6(PhCECPh)2 also gave the phosphole (BOa);
Independently they used the reaction of 1,4-dilithobuta-1,3-diene
to confirm the product. Braye, Hubel and Calpier'sslaier prepared
1,4-diiodobuta-1,3-diene (28b) by the action of iodine 6n the
lithium compound (28a);‘They reacted it with phenylphosphinodisodium
PhPNa2 (29@) and related compounds PhlIX,, (29¢) to extend the
synthesis to a wide range of heterocyclic pentadienes (30b).
Ehese two methods have now produced the heterocycles of phosphorus,
;rsenic, antimony, tin, germanium, mercury, gold, boron, silicon,
zirconium and tellurium but are however limited to the pentaphenyl
derivatives.

The most general phosphole synthesis reported is that
due to MgrklAand Potthast.BAand is closely related to those of

35

pyfroles and thiophene336. Phenylphosphine (32a) in benzene, or

a benzene tetrahydrofuran mixture, containing catalytic quantities
of butyl or phenyl lithium reacts readilj ﬁith 1l,4-dialkylbuta~-
-1,3-diynes (31) and 1,4-diarylbuta-1,3-diynes (31) to give
1-phenyl-2,5-dialkylphospholes (33) and 1-phenyl-2,5-diarylphosph-
oles (33) in good yield. These authors also replaced phenylphosphine
by bis(hydroxymethyl)phenylphosphine (32) in pyridine but found
lower yields in all cases. 2,5-dimethyl-l-phenylphosphole (33)

prepared by these methods was the first with alkyl groups on the

ring.
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R-C:=C-C:C—R -i-PhF’Y2 — I/ \s

a)Y-H R "P" R
B Y=CH OH Ph
(31) (32) (33)

However, the three routes mentioned so far all produce
phosphole with ring substituents. The more involved approach of
Quinn and Bryson37 and Markl and Potthast 38produced l-methyl-
phosphole (37a) and l—phenylphosphqle (37b) respectively. Both
groups of workers reacted the appropriate phosphonous dichloride
with buta-l,3-diene, in a Diels—Alder type of reaction, to produce

the phospholene oxides (34a:34b.) obtained by Mckormack39

. The
phospholene oxides were brominated to 3,4-dibromo-l-methylphosph-
olene-l-oxide (35a) and 3,4-dibromo-l-phenylphospholene-l-oxide
(35b) and then reduced with trichlorosilane37 or phenylsilane38
to the corresponding dibromophospholanes (36). Dehydrobromination

with potassium-f-butoxide gave l-methylphosphole37 (372) and

8 =
1-phenylphosphole3 (37v).

Ao G L
/ + RPCl, —> Q‘ 7 >
RO RO

(34) (35

Br Br _>Br _> @ a) R=Me
R

b) R=Ph
R7O R

(35) (36) (37)
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1-Ethoxyphosphole-l-oxide was prepar~d by a similar

40

route by Usher and Westheimer = but could only be isolated as a
dimer, A related synthesis, but reputedly more restricted, is that
of 1,2,5-triphenylvhosphole by Campbell, Cockson, Hocking and
Hughes42 . 1,4-Diphenylbuta-1,3-diene is heated to 220° with
phenylphosphonous dichloride. The initial reaction is almost
certainly a Diels-Alder type but the phospholene intermediate (38)

spontaneously dehydrochlorinates under the reaction conditions

to give the corresponding phosphole (39) in reasonable yield.

- .
Ph 2 |Ph Ph
Fi * T K Ph R” Ph
PhPCb CtphCl Ph
The only phospvhole unsubstituted on phoschorus rep-
43

orted is due to Braye’ . Reaction of 1,2,3,4,5-pentaphenylphos—
phole with alkali metals yields the anion (40) which reacts readily
with water to form 2,3,4,5-tetraphenylphosphole (41). The work

was publisbed as an abstract in 196443 and later as a patent44

but has not been further documented or repeated. Hughe541 suggested

that this reaction is a possible route to the parent phosphole (2).

Ph Ph
Phé/P &Ph+ Na 9Phé &Ph ‘2_>Ph
Ph
40 41

&,
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17,18,21,22

There have been several reports of simple

phospholes containing pentacovalent phosphorus but only one

L7

remains unchallenged. Johnson and Tebby " claimed that 2,3%,4,5-
~tetramethyl 1,1,1-triphenylphosphole-2,3,4,5~tetracarboxylate (42)
was produced from the reaction of triphenylphosphine in dimethyl
acetylenedicarboxylate. Both Johnson.l7and Hendrickson:uafound
that the phosphole (42a) is unstable at room temperatures and
rearranges to a yellow open chain isomer (43). More recent work by
Tebby £l has shown that another rearranged product is also present,
which is claimed to be the 2H-phosphole (44); A similar dispute
has occurred with the reaction of triphenylphosphine with dicyano-
acetylene, Reddy and Weiss 2! claimed that the phosphole (42b) is
formed, but Tebby24wiiscounted this and in a more detailed study

showed the adduct to be the phosphorane (45);

Y
Y, . Ph4P=C, N
Cel (=t
Y/ Y A’%c:c\’ ‘PPh, i \\
N h L s "
Ph gp P | 43 45 2
42
- | Y/ \Y
Y& XY Y Y
a) Y =COoMe R Ph e P—;:h
b) Y=CN Ph44Ph ﬂ\ /7 46

Hughes and Uaboonkul22 claimed to form the spirophosvhole (46)
from the reaction of dimethyl acetylenedicarboxylate with 1,2,5-
-triphenylphosphole bﬁt this will be discussed in the section on

reactions of phospholes (Ch I. Sect.B2.).



The isolation of 5-phenyl-SH-dibenzophosphole (47)
from the thermolysis of pentaphenylphosphine was mentioned earlier
but this limited synthesis was superseded by Wittig46 and Millarl}7
These workers prepared 2,2-dilithobiphenyl (47a) from phenyl lith-
ium and 2,2-dibromophenyl and reacted it with phenylphosphonous
dichloride to yield the 5-phenyl-SH-dibenzophosvhole (47). A
wide variety of other methods have been developed for the prepar-
ation of dibenzophosphole which include phosphorane systems contain-

ing dibenzophosphole unlts4 {

“

The other fused ring compound in the vhosphole series
is phosphindole (48) and the only derivative was reported by Chang
and Tong48 . 1-Phenylphosphol-2-ene-l-oxide (49) was reacted with
1,4-diacetylbuta-1,3-diene to give l-phenylphosphindoline-l-oxide
(50). This was then brominated with N bromosuccinamide to the
3-bromo derivative (51). Dehydrobromination then give; l-phenyl-

phosphindole-l-oxide (52).

\
Pr( 049 Ph o 50
B
> "o QT)
R R
P O Ph O
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B 2) Reactions of phospholes.

The chemistry of the simple phosphole ring naturally
varies with different substituents on phosphorus and the ring;

However all phospholes prepared to date readily form oxides,

37

either by exposure to air, in the case of l-methylphosphole”’

l-—a.rylphosphole38

and phospholes with alkyl ring substituents, or
by the action of dilute hydrogen peroxide in the case of aryl
phospholes such as l,2,5-triphenylphosphole42 ; Except in the case
of the highly hindered 1,2,3,4,5-pentaphenylphosphole~l-oxide,
phosphole oxides readily dimerise in a Diels-Alder type peaction.
Thus l-phenyl-l-oxide gave the multiple ring system (53). l-Ethoxy-
phosphole-l-oxide could only be isolated as this type of dimer.
This property demonstrates the increased diene character of the
6xides. The sulphides and selenides of 1,2,5-triphenylphosphole
were also readily prepared but do not show the green fluoresence
characteristic of the oxide.

An important synthetic reaction of aryl-phospholes
is that with potassium or lithiuﬁ metal43 « The anion (54) is
formed following cleavage of the P-Ar bond and reacts with alkyl
halides to give the corresponding phosphole44 . WThen dibromoalkanes

49

(55) were used ~ self-quaternisation gave the bicyclo systems
almost quantitatively (57, n=4), or (58, n=5),but then in low
yield with much polymeric material., This result implies the greater
preference of phosphorus for five membered rings. Larger rings

(55, n=6) are not formed and only polymeric material was observed.

The reaction of the anion (54) with water is claimed as a route

to 2,3,4,5-triphenylphosphole (56) as mentioned earlier (Ch.I Sect.Bl).



Work by Bergesen50 has shown that 1,2,5-triphenyl-
phosphole is readilyvquaternised with methyl iodide and he has
studied the reaction of the salt formed (59) with sodium hydroxide.
No cyclic products were formed and these workers attribute this
to conjugation between the phosphole ring system and the phenyl
groups giving a more stable anion on C-Ph than the alternative
on P—Ph; Thus the initially unstable phosphorane (60) gave the
zwitterion (61) and proton migration then produced the stable

phosphine oxide.

PhOPh > PhOP PhF\\Ph 99[\

W
P( Me Ph/ =
59 60 62

These reactions show that the lone pair on phosphorus
is readily available, a property that Mann45 considers is supported
by the formation51 of a pentacarbonyl complex (63) that has similar
spectral data to RBP-—Fe(CO)452 « The phosphole-tricarbonyl complex
(64) was also prepared and Mann considers this to be a parallel
to other non-aromatic conjugated dienes; However 1,2,3,4,5-penta~

phenylphosphole-l-oxide reacts even more readily with pentacarbonyl
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iron to give analogous complexes,

Ph / \Ph ire(CO),
!\ ~¥h
/. \I
Ph ﬂR“ Ph PhN\p~ Ph
" |
Fe(co)4 Ph
63 | 64

The liene reactivity of 1,2,5-triphenylphosphole
has been stu&ied in some detail, initially by Campbell et al.42
and then latep by Hughes and Uaboonku122 { Campbell found that
elevated temperatures of 150o were needed to obtain a reaction
of the phosphole with malaeic anhydride and dimethyl acetylene-
dicarboxylate. These reactions were followed by observing the
[PhE] extrusion products 3,6-diphenylphthalic anhydride (65) and
1,2-dimethyl 3,6-diphenylphthalate (66) respectively: A similar
extrusion reaction was observed with 1,2,3,4,5-pentaphenylphosphole

45

and Mann '~ assumes the phosphorus fragment has formed a polyphenyl-
-substituted cyclic polyphosphine; Phosphole oxides however react
under normal conditions ﬁith malzic anhydride and acrylonitrile

to yield the normal Diels-Alder adducts. With dimethyl acetylene-
dicarboxylate at 1500 yhowever, the oxide rapidly gave the phthalate

(66) and with dimethyl fumerate, 3,6-diphenyl 3,5-cyclohexadiene-

-trans-1,2-dicarboxylate (67) thus extruding the[?OPﬂ fragmenf;

Ph 5) Ph P v
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The reaction of 1,2,5-triphenylphosphole received
more attention from'Hugheszz,who confirmed the reaction with
dimethyl acetylenedicarboxylate,but also found that a reaction
in neat alkyne over several days gave several products{ One of
these was shown to be the phthalate (66) and another a 4:1 adduct
in low yield (2;5%), which was not investigated further. The main
product was a 2:1 adduct that received a detailed physical and
chemical investigation; The authors' involved argument concludes
that the product is a spiro-hiphosphole (68) which readily
rearranges to a bicyclophosphine (71).

It was the original suggestions17’18 of pentacovalent
phosphorus phospholes that induced Hughes22 to postulate the
spirophosphole (68) as a product of this reaction. In a later

study Tebby23

disputed this suggestion and claimed that phenyl
migration and rearrangement had.occurred to give a complicated
tricyclo-allylidene phosphorane (69). Tebby et al.'23 repeated
the rearrangement reported by Hughes and confirmed the proposed
structure (71) by 51P n.m.r. unavailable to the other workers.

They explained this rearrangement to (71) by a ring-chain taut-

omerism involving an intermediate nine-membered ring (70).

f Ph
Ph Ph Y
P
’ :/YPh Y
Y Y P .Y
68 Ph /
Ph Y Ph
Y 69
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The work by Hughes and Uaboonkul does however highlight
the diene and tertiary phosphine character of 1,2,5-triphenylphos-
phole and is evidence against the aromatic nature of aryl-phosph-
oles.

Since pyrrole is known to undergo ring expansion to
pyridines the potential formation of phosphorins from phospholes
is of considerable interest. The reaction of 1,2,5-triphenylphos-
phole with methyl diazoacetate gave various products under differ-
ent conditions 4?1%3 phosphole in boiling dioxan containing
copper powder gave the dimethyl ester (67), presumably from inter-
mediate decomposition of the diazoacetate to dimethyl fumerate
followed by the extrusion reaction mentioned above. Without a copper
catalyst present a colourless methyl ester 025H2103P was obtained;
The ester could have several structures but a combination of
physical and chemical evidence eliminated all but a bicyclophos-—
pholene oxide (72) or a 1,4-dihydrophosphorin oxide (73). By a

similar reaction under mild conditions the pyrazoline (74) was

obtained which decomposed to either of the products (72:73).

y Hy R R
N
o7 () WO
PhYR” Ph PhNp~ Ph Ph Pbh H
PhO Ph O Ph's
72 73 74

The reaction of diazomethane to give (72 R=H) was
studied by Hﬁghes and Srivanavit54 specifically as a possible route
to phosvhorins, The authors' detailed report of the thermolysis
and phofolysis of the cyclopropane (72) and pyrazoline (74)
derivative concluded that 4,4'-diphosphabi(cyclohexa~1,5-dienyl)

(75) and 4,4'-diphosphabi(cyclohexa-2,5-dienylidene) (76) systems
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were produced. This was confirmed by reduction to the compound (77)
prepared by Mgrkl34 « Thus although these particular ring expansion
reactions failed to form the simple phosphorin, these results are

encouraging and suggest that a possible route does exsist.

_CH
78 79 CHy CH4 80

Quinn, Bryson and Morelandsj have prepared the closest
relative of phosphole (78) namely l-methylphosphole (79) by a
route described exrlier. These Worker356 consider it the most
suitable example available to study the possible aromaticity of
the phosphole ring, since there is no distracting conjugative effect
of an aryl substituent. This phosphole is easily oxidised and
decomposes on distillation unless special precautions are taken{
Methyl iodide readily forms,the 1,l-dimethylphospholium iodide
but some doubt exists concerning the monomeric nature of the
product. |

The proton n.m.r. spectra of l-methylphosphole shows
a complex, U 2;5-5-5, which was reproduced theoretically by computer
to obtain coupling constants which were in the normal range expected
for this arrangement.‘The authors suggested that the deshielding

of the ring protons results from a ring current effect which also
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influences the methyl protons} This opinion was supported by
observations by Markl on l-phenylphosphole36 . More significant
evidence of donation of the phosphorus lone pair to the frelectron

31 56

system and decrease of diene character comes from the °7P n.m.r.
spectra of the neat liquid at +é-.7p.’p.'m.', relative to 85% phosph-
.oric acid, when compared with that of l-methyl—}-phosphoiene
(+41;8), ethyldivinylphosvhine (4+20+8) and trivinylphosphine
(+26;7). Further support comes from the U.V, spectra of l-methyl-
phosphole;)\max 286 nm, which resembles that of N-methylpyrrole,
Amax 280 nm, and not that of ethyldivinylphosphine,anx 236 nm.
1-Methylphosphole is not extracted from solution by
2N Hydrochloric acid like its precursor l-methyl-3-phospholene
and is therefore less basic, although the ease of oxidation and
quaternisation shows the lone pair of electrons to be fairly
available., With stronger acid, 6N Hydrochloric, the phosphole
decomposes énd thus resembles simple pyrroles ,which are notoriously
sensitive to strong acids. It has been established that carbon
protonation, not nitrogen, occurrs in pyrrolesz'but this point
was not investigated in fhe»phosphole;
Some interesting work on the pyramidal inversion
barrier of l-isopropyl-2-methyl-5-phenylphosphole (80) was
reported by Egan, Tang and Mislow58 . They calculated the barrier
with a computer from temperature dependant n.m.r. spectra of the
isopropyl region.The very low value of 16 Kcal/mole compared with
29-36 Kcal/mole for dialkylaryl, alkyldiaryl, and triarylphosphines
is more surprising since cyclisation normally increases the strain

of the transition state and thus increases the barrier height;
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These authors also pointed out tha£ the chemical evidence and

some of the spectroscopic evidence used in the argument against
aromatic character is not relevant to the ground state, which their
work considered.,

X-ray crystallogravhic studies have been made on
l-benzylphosphole by Coggan et al.72 s Who have shown the P-C bond
to be 1-78A°, less than the sum of the radii 1-84A°, and a similar
contraction to that of other hetero-aromatics and these authors
believe this indicates some d-orbital character in the bonds.
These workers also studied the micro-wave spectra and showed the
ring to be slightly puckered, unlike furan,pyrrole or thiophene,
and retention of the pyramidal configuration at phosphorus.

These results summarize the important properties of
simple phospholes and shows some conflicting evidence on the
possible aromaticity of the phosphole ring. The strong evidence
for aromatic character is the n.m.,r. and U.V, studies on l-methyl-
phosphole, which shows that it cannot be considered as a cyclic
divinylphosphine, but is more similar to N-methylpyrrole. 1,2,5-
~Triphenylphosphole has, however, been shown to undergo a Diels-
—Alder reaction in mild conditions, a diene reaction, and that
the phosvhorus lone pair of electrons is also attacked. The
availability of the lone pair is also demonstrated by the ease of
quaternisation and the formation of iron carbonyl complexes,
which implies reduced phosphine character56 . The relative ezse
of reaction with dienophiles of phosphole oxides when compared
with the corresponding: phosphole, indicates decreased diene character

in the phosvhole.
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The fierce asserion of Egan et al. that "phospholes
have increased delocalisation" following their studies on the
pyramidal inversion barrier at phosphorus, conflicts with the
comment of_Hughes 54that phospholes have "iittle or no aromatic
character"., The most realistic attitude is to consider that the
dominant chemistry of phosphorus is superimposed upon an undefinable
degree of aromatic character of the phosphole ring, which varies
with the substituents,

This summary has been deliberately limited to the
synthesis and reactions of simple phospholes and the closely
related phosphindole and dibenzophosphole systems., It has not
included a review of many saturated or partially unsaturated
phosphorus ring systems or the exotic compounds produced by
Hellwinkel et al.”” .

An attempt has been made to link the phosphorus five-
-membered rings with the six-membered ring analogues and to show

that the phosphole ring may have considerable aromatic character;

B 3) Preparation of Phosphorins.

| The phosphorus analogues of pyridine, quinoline,
acridine and their derivatives have proved even more elusive than
their five-membered ring counterparts described earlier. None of
the parent compounds, phosphorin??Sl), phosphindoline (82), or
dibenzophosphorin (83) h;ve been isolated although there is a

recent report of dibenzophosohorinso

in' solution. The first succ-
essful approach to a fully unsubstituted six-membered phosphorus
ring was made in 1963.(84) to the non-classical phosphabenzene
systems with 5-covalent phosphorus; |

* '
See Appendix I page 135.
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Markl . treated 1,5-dibromo-3-methoxypentane
(CH50CH (CH,CH,BY),) wiih Glgbenylpobmsslpbosmielns 55 whbabe
4-methoxy-1,5-diphenylphosphorinanium bromide (86) which was
demethylated to tﬁe 4-hydroxy analogue. This secondary alcohol
was dehydrated with potassium hydrogen sulphate to 1,2,3,6-
~tetrahydro-1,l-diphenylphosphorinium cation, isolated as the
perchlorate (87). Addition of bromine followed by a two-stage
dehydrobromination formed 1,2-dihydro-1,l-diphenylphosphorinium
perchlorate (88). Addition of dilute sodium hydroxide to the
solution precipitated 1,l1-divhenylphosphorin (89) as an amorphous
powder. This phosphorin was found to be stable in water but autox-
idised readily in organic solvents to coloured phosphoranes of

unknown structure.

The compound (89), which M&rkl calls "phosphabenzene",
readily reacted with acids to reform the cation (88)} This work
showed the interrelationship of various substituted phosphorins,

dihydrophosphorins, tetrahydrophosphorins and phosvhoranes involv-

ing five covalent phosphorus.
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By a related synthesis Markl62 also obtained 1,1~diphenyl
phosphinoliné, sometimes referred to—as phosphanaphthalene. An
intramolecular quaternisation during cleavage of (9~(3—methoxy-
propyl)phenyl)diphenylphosphine (90) by hydrobromic acid gave
1,2,3,4-tetrahydro-1,1-diphenylphosphinolium. cation (91) from

which the phosphinoline (92) was obtained,
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The phosphinoline (92) is unexvectedly stable towards
hydrolysis bﬁt sutoxidises readily in methanolic solution to
various coloured methylenephosphoraneé;

Markl 62 suggested that considering the properties of
comparable phosphorahes, notably 3,4-dihydro-1,1-diphenylphosphin-

oline (93) prepared at the same time, the phosphinoline (92) is



30

relatively stable. The author considered that this is due to
cyclic conjugation involving the pm-dm double bond of the ylene
(92b)in accordance with the small participation of the ylide form
(92a) the compound proved unreactive towards benzaldehyde or
nitrobenzaldehydé in the Wittig reaction.

Another approach to the synthesis of the phosphorin
(83) system was that of Price et al.63 who isolated two isomers,
6f éqmp05ition C29H2502P; from the reaction of phenylphosphine and
2,4,6—tripheny;pyrilium‘fluoroborate (94). A considerable amount
of evidence indicated that one had the hydrogen bonded structure

and the other the hydrated phosphorin form (95).

A Ph
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Markl 64followed up this approach with the reaction of
tris-(hydroxymethyl)pliosphine (97a) with 2,4,6-triphenylpyrilium
fluoroborate (96) in boiling pyridiéne and obtained the first
phosphorin unsubstituted on the vhosphorus atom (99)..Dimroth et a.l6.5
have extended this method to a wide range of phosphorins including
2,4,6-tri—§7butylphosphorin, the first example with no aryl substit-
uents.

Markl et al.66 improved this synthesis by replacing the
t;ig(hydroxyméthyl)phoéphine (972) with tris(trimethylsilyl)phosphine
(97b) in acetonitrile. The authors suggested that an intermédiate

phosphine (100) was formed, which reacted intramolecularly to give
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hexamethyldisiloxane and the phosphorin (10l1), which was isolated
by chromatography. This method had the advantage that no basic solvent

was required and that it also gave higher yields.
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This synthesis of phosphorus from pyrilium salts and
t£1§(hydroxyﬁethyl)ohosphine or tris(trimethylsilyl)phosphine has
however, a fundamental steric limitation. Nucleophilic attack by
(97a) or (97b), which could occur at C-2 or C-4 of the pyrilium
salt, is rendered irreversible by the loss'of formaldehyde or
eri(CB3)3Ato form the pyrans (98) or (99). If R is smaller
than Rl and R2 the phosphines (97&, 97b) reaét éxclusively at C-4;
thus 2,6-diphenylpyrilium perchlorate (R1=R3=Ph; R2=H) is quantiitat-
ively dimerised to 2,2%,6,6'-tetrarhenyldipyrylene, while 2,6-diphen-
y1l-4-methylpyrilium pe;chlo;éte does not give a phosphorin or the
ketone (100). If the substituent R on the tertiary phosphine (97)

: 1 ' 2
is larger than R ard R 3, but these are both smaller than R ,

nucleophilic attack is preferential at C-2 or C-6. Thus 2,4,6-tri-
. ' l ’ )
arylpyrilium salts, where R and R‘Sare larger than R, react with
(97a) and (97b) to give the pyran (98). Ring opening of this

intermediate yields the isomeric ketone (100), which forms the



phosphorin (101) by ring closure. 2,6-Dimethyl-4-phenylpyrilium

1

fluoroborate, where R~ and RS are smaller than R, does not,however,

give the phosphorin vresumably because the ketone (100) is not
formed. This limitation was partially overcome by M4arkl et al.66 '
when they applied to the intermediate (100) the principle, formul-

ated by Buckler and Epstein 68

, bthat primary phosphines react with
carbonyl groups under proton catalysis.'Thus phosphine (97c¢c, R=H),
generated in situ. from phosphonium iodide, reacted smoothly with
2-methyl-4,6-diphenylpyrilium fluoroborate, where R is smaller than
R =R?=Ph and R3=Me, to give the phosphorin (10l1) in reasonable
yield. This extension of the basic rgaction-madé phosphorins with
alkyl substituents readily available.

Therefore, although the two groups of_workers under
Markl and Dimroth could vary the substituent at will, a new approach
is required to produce phosphorins without substiﬁuents in the

chemically interesting ortho- and para- positions;

B 4) Reactions of phosvhorins.

Phosphorin derivatives (101) are unreactive to electro-
philic reaéents such as methyl iodide, but react readily with
nucleophilic reagents such as phenyl lithium or phenyl magnesium
bromide69 . Thus phenyl lithium adds directly to the phosphorus
atom of 2,4,6—triphenylphosphorin, expanding its electron shell to
ten, to form the canonical structures (102) and (103). Addition
of water to a solution of the anion yields 1,2-dihydro-1,2,4,6-
-tetraphenylphosphorin (105), which is readiiy oxidised and methyl-

ated like a normal tertiary phosphine.
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Addition of base to 1,2—dihydro-l—methyl-l,2,4,6—
—tetraphenylphosphorinium iodide (107) solution yields l-methyl-
-1,2,4,6-tetraphenylphosphorin (104){>The latter is also obtained
by the action of an alkyl halide, like methyl iodide that is norm-
ally susceptible to S.N.2. reactions, to the anion solution because
the canonical form (102) is attacked7o . If, however, a more
sterically hindered halide like benzylchloride, that usually
undergoes S.N.l. reactions, is used, the anion form (103) is
attacked to yield 2-benzyl-1,2,4,6-tetraphenylphosphorin (106)70 .

Markl has studied the controlled thermolysis'70 of the
tertiary phosﬁhines (105, R=CHS; PhCHz; BN(CH3)2CBH4). In each
case 2,4,6—triphenylbhosphorin was regenerated with loss of the
appropriate hydrocarbon. Markl also postulated the rearrangement

_ 5 ‘
of the phosphorin (106; R=Ph, R =Ph) to the 1,l-phosphorin (108)

and subsequent loss of biphenyi to yield 2,4,6-triphenylvhosphorin (101).



In the light of this reaction it is curious that Markl has not
reported an attempt at the thermolysis of 1,1-diphenylphosphorin,
that he had prepared earlier, to phosphorin.

The group of reactive phosphorin intermediates was
extended, initially by Dimroth, Greif, Perst and Steuber65 with the
formation of unusually stable radical anions from the oxidation of
a wide range of phosphorins by triaryl phenoxyl's and lead or

71

mercury acetate. Dimroth and Stgde made further detailed studies
of the E.S.R. spectra of the radical cations (109) and have shown
that interaction of phosvhorus with the unpaired elegtron gave a
coupling constant of |a|p=22—27 gauss and proved that. the ring
remained intact.

Reaction of the radical cation (109), formed by the
action of mercury acetate on 2,4,§-triarylphosphorin with alcohols
or phenols was also studied (110). The first 1,l-dialkoxy—2,4,é—
-triarylphosphorins (111) Wefe prepared by this reaction and a
careful study made of théir n.m.f; spectra7li. In 1,1-Dimethoxyl-
-2,4,6-trideuterophenylphosphorin C-3 and C-5 protons resonated
!at T 2;07, J?H 36;5 Hz, the region normally associated with arcmatic
31

compounds. The " P n.m.r. signal of dialkoxylphosvhorin was observed
_to be between -58 and -65 p.p.m.73 , relative to 85% phosphoric
acid, comvared with —178;2 p.p.ﬁ. for 2,4,6-triphenylphosphorin 66'
No comment hss been made on these extremely low field resonances

of 51P in phosphorins but it suggests high delocalisation. Dimroth71
does consider that the resonant position of the C-3 and C-5 protons

implies an aromatic bonding state with contributions from dm-pIr

bonds.
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Dimroth, Hettch, Stade , and Steuber'YBhave prepared
1,1-bis(diphenylamino)~2,4,6-triphenylphosphorin (112) from di-
phenylamino radicals, formed on heating tetraphenylhydrazine,
where the radical cation intermediate was detected in solution by
E.S.R. This phosphorin had a 31P n.,m,r. at —29;5 p;p.m. which
suggested that donation of the nitrogen lone pair nullifies the

deshielding effect of delocalisation.
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Dimroth and Steuber'™ also reported a three stage
reduction of.2,4,6-triphenylphosphorin (101) with potassium and
sodium metal. The first stage showed an E.S.R. spectra with a
doublet (|a|p 32}4 gauss) due to a radical anion. At the second
stage, further reduction caused the signal to disappear and form-
ation of a dianion species, while a third reduction gave a trianion
radical with a complex spectra. When an equimolar solution of the
phosphorus , oxidised by phenoxyl radicals, was mixed with the
reduced solution the phosphorin was regenerated, even after the
solution had been standing for several days.No mention was made

of the implication of these extra electrons, to give a total of

eleven, round the phosphorus atom.
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Markl and Merz “proposed radical phosphorin intermed-
iates (113) during the reaction of diphenyl mercury with 2,4,6-
-triphenylphosphorin (101) which formed 1,1,2,4,6-pentaphenylphos-
phorin (114). They showed that this intermediate (113) was involved

by forming it from l,2-dihydro-l,2,4,6—tetraphenylphosphorin (115).
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Although no radical intermediate was postulated,

115

Markl69 also obtained the interesting spirophosphorin (115) with
diphenylene mercury.
Markl and Leib76 observed that phosphorins have only
slight diene reactivity since 2,4,6-triphenylphosphorin (101)
failed to react with diethyl acetylenedicarboxylate or maleic
anhydride. However, the highly reactive dienophile hexafluoro-
2-butyne (117) reacted with the phosphorin (101) exclusively in
the 1,4-position, as with durene, to yield a phosphabarrelene (118).
The authors suggested that the 1,4-diphosphabarrelene

(119), observed by Krespan77

in the reaction of red phosphorus on
hexafluorobutyne, came from the corresponding tetrakis(trifluoro-

methyl)-1,4-diphosphorin, which has not been isolated.
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Phosphabarrelene derivatives have also been prepared

from the reaction of trialkyl and triarylphosphorins with l-fluoro-

phenyl magnesium bromide and the reaction is believed to involve

an anion intermediate (121576 . These phosphabarrelenes (123)

were also obtained from the reaction with benzenediazonium-0-

-carboxylate, an aryne generator. It is interesting to note that

2,4,6-tri-t-butylphosphorin (120b) gave 47% of phosphabarrelene
/

(123b) whereas 2,4,6-triphenylphosphorin (120a) gave only 15% of

phosphabarrelene (123a) and 10% of a 1:2 adduct. The authors

postulated from speciai data, that a bridge-head phosphorane (125)

was formed , not the possible alternative a spirophosphorin (124,

and claimed that this demonstrated that the reaction is not limited

to an aryne route. This point was supported by the fact that both

phosphorins failed to react with anthranilic acid and isopropyl-

nitrite, a well known aryne precursor78 « The variation in the

reaction products observed is an example of substituents affecting

the electrophilic character of the phosphorin ring;
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Another significant substituent effect was observed79
in the reaction of aryl and alkyl phosphorins with carbene or
carbenoidAgenerators. If potassium t-butoxide and dihafomethane
were reacted with 2,4,6-triphenylphosphorin (126z), l-(dichloro-
methyl)-1,2-dihydro-2,4,6-triphenylphosphorin (133a) was isolated.
When the reaction was chromatographed, however, 1,2,5-triphenyl-
benzene (132a) was obtained, the phosphorus fragment being "lost"
on the column. An analogous reaction involving chloroform and
dichlorotoluene was also reported. With 2,4,6—tri-§—buty1phosphorin
(126b), a concerted electrophilic cycloaddition to the phosphorus-
scarbon double bond occurred to form 1,2,5-tri-t-butylbenzene (132b).
The authors do not report an attempt to isolate the phosphorus

fragment extruded during the reaction. They do, however, propose a
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mechanism depicted in the scheme below, which they believe involves

a phosphine anion (130) and a bicyclic anion (131) as an intermedi-

ate step.
R
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They also suggested that the different electrophilic

character of the two phosphorins used was responsible for the

variations observed. They believe these variations are analogous

to those observed in the aryne reaction mentioned earlier, but do

not mention the different steric effect of the substituents}

The reactions described above summarize the important

observations.made so far on the chemistry of the phosphorin ring

system. This is dominated by the amphoteric nature of phosphorus,

which is able to form stable compounds with ten electrons on the

phosphorus atom and also to form anion, radical or cation inter-

mediates., The U.V. spectrum of 2,4,6-triphenylphosphorin A max=278

nm shows a bathochromﬁc shift compared to 1,3,5-triphenylbenzene

Amax=254 nm, and 2,4,6-triphenylpyridine A max=254 nm, which
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suggests at least an equal, if not greater degree of delocalis-
atioﬂ.

X-ray crystallographic studies on 2,6-dimethyl-4-
-phenylphosphorin have been made by Bart and Dalyao « These workers
have shown that the molecule has four equal C-C bonds of 1388 Ap,
which agrees well with those in pyridéne, 1-3%95 Ao, and benzene,
1397 Ao. There are two equal P-C bonds in the ring of 1¢743 Ap,
which are shorter than a single bond 1;828 A?, but-longer than the
P=C bond in PhyPC=CH, 1+661 2°. The constituent atoms of the
phosphorin ring esséntially lie in ; plane although minor buckling
was observed. These authors consider that overall the evidence
implies considerable six TTelectron delocalisation and is good
evidence for substanfial aromatic character.

The proton and 31P n.,m.r. data described earlier for
triarylphosphorins does suggest a considerable ring current effect
and substantial delocalisation of the phosphorus electrons. The
limitation of the synthesis of phosphorins explained earlier has
restricted the chemical study to the only reactive centre available,
phosphorus, and therefore makes realistic correlations to other

aromatic systems difficulﬂ:
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I. C) EXTRUSION REACTIONS OF DIELS-ALDER ADDUCTS AND RELATED COMPOUNDS.

The Diels-Alder reaction of acetylenedicarboxylic
acid and esters with pyrroles is well knomn?l . In the reaction of
methyl pyrrole-l-carboxylate (la) with dimethyl acetylenedicarboxy-
late extrusion of acetylene, ﬁreéumed to be via the intermediate
adduct (135a) gave trimethyl pyrrole—l,},4—tricarboxylate?2 (Ea);

This has been utilised by Acheson and Vernon as & route to 1;3,4—

~trisubstituted pyrroles (136a).

z. R .y

S I
R ¥ Y R 136

134 . 135 CH=CH

a) R=CO,Me
b)R=CHSpn ¥=COMe

The intermediate bridged-ring adduct has been isolated
in the reaction of l-benzylpyrrole and acetylenic acid by Mandell
and B’lanchard83 but then only in low yield contaminated by substit-
ution prodducts. There has been no report to date of this type
of retro Diels-Alder reaction involving loss of the nitrogen
bridgehead rather than the acetylene.

The analogous reaction of furans has been known from
the original study of l,4-—cycloaddition385 , in this case, however,
the adduct (138) is readily isolated. Alder and Rickert86 used
the extrusion of ethylene from the reduced adduct (138) to prepare
a wide range of 3,4-substituted furans (139) otherwise difficult
to obtain. Analysis of the extruded ethylenic fragment has been
used by Johnson87 to diagnose the substituents on the original

furan ring.
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The related reaction of isoindoles is of interest

because the 'retro Diels~Alder reaction would involve extrusion

of either the bridgehead nitrogen, or a benzynoid species. Kricka
and Vernon84 have studied the reaction of dimethyl acetylenedicarb-
oxylate with polysubstituted isoindoles (140) and reported that

the adduct (141) reacted further in an extrusion or deamination
reaction, and gave the corresponding naphthalene (142). The =uthors
ébserved a parallel reaction of naphthalene-l,4—imines (143) with

the acetylenic ester in mild conditions, but have not been able to

isolate a product containing the nitrogen fragment}

Me Ph y e Ph Me Ph
= c': Y
Rl — N | B
Y Y
Me Ph me Ph Me  Ph
140 X 141 142
Y=CO,Me X
Me
X
X 143

A precedent for the conversion of naphthalene-1,4-
~imines to néphthalene is the hitherto unexplained formation of
small amounts of naphthalene from the reaction of benzyne with
l_\l_—methylpyrrolef38 . Kricka and Vernon.84 believe that benzyne

induces extrusion of theﬁﬂkﬂfragment from the intermediate (144)
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postulated by the original workers, Wittig and Behnisch§8 .

Benzyne is known to be involved in extrusion reactions
following 1,4-additions to dienophiles like 2,3%,4,5~tetraphenyl-
cyclopentadienone (145). In this reaction the leaving group is
carbon monoxide, considered by Kwart and King§9 to be a stable
carbene. The stable adduct (147) of benzyne and the silicon hetero-
cycle (146) were heated at 300O to give 1,2,3,4-tetraphenylnaph-
thalene and a dimethylpolysilane (MeQSi)n, obtained by Gilman et al??
When the decomposition was conducted in the presence of 1,2-diphenyl-
-l-yne, the disilane (148) was isolated. In the analogous reaction,
in the presence of dimethyl acetylenedicarboxylate, although
1,2-dimethyl 3,4,5,6-tetraphenylphthalate was obtained, the corresp-
onding disilane was not isolated;

The possibility of carbene generation from cyclopenta-
diene adducts with dienophiles has interested several groups.

McBee, Smith and Ungnade9l reported the decomposition of a bridged
adduct of ( 149a ) at 4800, but although they obtained the

phthalate in good yield the fate of the bridge, CFp, was not

reported.
. h PR Ph
R /’ ‘\ Ph // \\ Ph
Ph C Ph /§h\
1]
Me Me
144 145 146
Me Me Me Cl
Ph_~Six Ph C=0
K () oS
P Ph 149 Cl
Me Me 149a"
8 . CIFé
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cl Cl )
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al Ph
Cl ‘c“ 151
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The fate of the ketal bridgehead during analogous
aecompositioh at 150o of the adduct (150), formed from the
chlorinated ketal (149) and l—phenyleth—i-yne, is also uncertain.
In the absence of air and water, tetramethyloxyethylene appeared
to be the only product accountable to a carbene; The reaction was

reported by Lemal et al9.2

which Kwart and King§9

to be very dependent on the solvent,
considered implied a mechanism involving
a zwitterion (151).

The Diels-Alder reaction of pentavhenylphosphole and
dimethyl acetylehedicarboxylate at 160° was reported by Braye et al;33.
Neither the intermediate adduct , nor the extruded[PhP]fragment
were isolated, although good yields of 1,2-dimethyl 3,4,5,6-tetra~
phenylphthalate were obtained;

Campbell et al.42 reported a similar reaction of
dimethyl acetylenedicarboxylate with 1,2,5-triphenylphosphole
and the oxide, but in neither case identified the f?agmenf;
Hughes and Uaboonkulz2 used milder conditions but were more
interested in the other adducts obtained, neither of %hich proved
to be the normal Diels-Alder product.-Schmidt et al.93 followed

up their work on the traovping of a phosphidene (PhP) intermediate,

with dipropyldisulphide by attempting to isolaté the bridged
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adduct from another route. These authors formed the normal
Diels-Alder adduct of 1,2,5-triphenylphosphole and &¢-chloromaleic
anhydride (152) and hydrolysed and methylated it to the adduct (153).
An attempt to reduce the(PO)group by the standard chlorosilane
method only gave the phthalate (154).

This summary demonstrates that this type of extrusion
or retro Diels-Alder reaction is a potential generator of reactive
species. The decomposition of the related bridged naphthalenes (155)

94

gives greater encouragement, since Rautenstrauh et al. have
isolated T,7-dihalonorcarane (157), the carbene adduct with cyclo-

hexene, in over 954 yield.

“ Ph
o co Me ©C02Me
\ —_—
Ph Ph CO Me coMe
,,c

152 153 g
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Programme of Research.

The introduction has outlined the preparation and
propefties of some phosphines, phospholes and phosphorins, and
mentioned that the most general vhosphole synthesis is from the
reaction of phenylphosphine with alkynes, while that of phosphorins

95

is very limited. Atkinson and Cadogan”” have shown that a thermal
reaction of phenylphosphine with conjugated diynes gave phospholes,
but the products were highly contaminated. They also investigated
the reaction of phenylphosphinevwith diynols, a study which was
examined more closely by Lim96 . Cadogan and Gripper—Grey97 made

a brief study of the reaction of phenylphosphine with conjugated
diynes, but did not characterise the products obtained.

One objective of the vresent study was, therefore, to
collect these lines of research and examine the vossibility of a
synthesis of phosphorins unsubstituted in the para- position. The
route proposed involved the reaction of phenylphosphine with diynes,
as an extension of Markl's phosphole synthesis. Since molecular
rearrangaments in baéic éonditions make it impossible to simply
apply Mirkl's conditions, a study of the thermel reaction of phenyl-
phosphines with alkynes was neccssary.

The properties that phosphorus contributes to hetero-
cyclic systems is of considerable interest, particularly with
reference to the degree of diene character of phosphole derivatives;
This work therefore, also investigates the reactisnAgf dimethy;
acetylenedicarboxylate, a highly reactive dienophile, with some

phosvhole derivatives and the retro Diels-Alder reaction that occurs.
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Symbols and Abbreviations.

infra-red.

wave number.

singletf

doublet.

complex.

coupling constant.
ultra—violet.

wave length.

mass to charge ratio.
mass of parent ion.
electron spin‘resonance{
boiling point.

melting point.

hour.

gas liquid chromatographyfA

thin layer chromatography.
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IT EXPERIMENTAL

A) INSTRUMENTATION AND GENERAL PROCEDURES.

Infra-red Spectroscovy: Perkin Elmer grating spectrometers 257

and 237 were most commonly employed for infra-red spectroscopy.

A polystyrene film was used as reference at léOl and 1029 cm .
Liquid samples were examined as thin films, solids as melts, nujol
mulls or occasionally KBr pellets formed in a "Wilks mini-press".
Solution spectra were obtained using a matched pair of sodium
chloride cells with a path length of Ofl mm,

Nuclear Magnetic Resonance Spectroscopy: A Perkin Elmer R-10

nuclear magnetic resonance spectrometer, operating at a frequency

of 60 MHz, a field of 14,100 gauss and a probe temperature of

35;50 , or a Varian H,A. 100 nuclear magnetic resonance spectrometer,

operating at a frequency of 100 MHz, a field of 23,490 gauss and

a probe temperature of 28O y Were used fo; observing proton reson-

ances. Solutions of the samples in deuterochloroform or carbon-

tetrachloride were used with tetramethylsilane as internal reference.
The Varian H,A., 100 spectrometer was used for 31P

phosphorus nﬁclear magnetic resonance spectra operating at-40l5 MHz,

23,490 gauss and a probe temperature of 28o ‘

Mass Spectroscopy: Mass spectra were obtained with an Associated

Electrical industries MS-902 mass spectrometer using a direct
insertion probe for all solid or involatile samples;

Ultra-violet Socctroscopy: A Unicam S.P.800 ultra-violet spectr-

ometer was used with a pair of matched 1 cm silica cells.

Gas Liquid Chromatogravhy: A Pye 104 chromatograph with a flame-

—ionisation detector and 1.5 mx4 mm packed columns or a Perkin

Elmer F.11l. chromatograph with a flame ionisation detector and
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105 chromatograph with a flame-ionisation detector, sealed and
cooled traps, and a heated outlet was used for preparative work.
In all cases the carrier gas was nitrogen with a11 flow rates and
split ratios as recommended by the mangfactureré; Stationary
phases were supported on 100-120 mesh celite and those employed
were: neopentylglycol succinate (N.P.G.S.), polygthylenegiycol

adipate (P.E.G.A.) and apiazon L‘grease (A.P.L.);

Column Chromatography: AluminaruSed was.Laporté Industries 1td;
grade H 100-200 mesh. (Brockman activity 1-3), silica gel was
Whatman Cromedia S.G.31.

Liquid Ligquid Chromatography: Chromatograms were obtained using a

bu Pont 820 liquid liquid chromatograph, with an 0,D.S. permaphase
column and methanol water mobile phase and an ultra-violet detector
by Dr.J.Done.

Thin Layér Chromatography: Chromatograms were obtained using

0¢25 mm layers of alumina (Merck Aluminium oxide G(type E) or
silica gel (Merck Kieselgei G) on glass plates and developed under
ultra-violet light or by the action of iodine vapour.

Dry Column Chromatogravhy: Alumina (aluminium oxide Woelm ltd})

) 8
was used following the method described by Leev and Goodman9 for
separation of small samples.

Elemental Analysis: Micro-analysis for carbon, nitrogen and

hydrogen were performed by Mr.B.Clark, University of Edinburgh
‘using a Perkin Elmer 240 Elemental Analyser.

Vavour Precsure Osmometry: A Hewlitt Packhard 301A vapour pressure

osmometer with giass—coated thermistors was used for molecular
weight measurements, after calibration with a standard solution of

dibenzil,
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Solvents and Reagents: Benzene and petrol (light petroleum ether

b.p. 40-60o ) were purified by distillation and stored over sodium,
Ether (diethyl ether anaesthetic grade) was dried'over sodium,
Tetrahydrofuran and dioxan were dried over anhydrous calcium
chloride, passed down an alumina column, distilled from lithium
aluminium hydride and stored over sodium in the dark for no longer
than two wecks before use}AE;Butylbenzene was dried over calcium
chloride, distilled from molten sodium and stored. All other

solvents and reagents were distilled or recrystalised and stored

over molecular sieves where appropriate.
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II B. PREPARATION OF STARTING MATERIALS.

1 Terminal Alkynes.

la) Hex-l-yne.

Sodium acetylide (3 mol) was prepared as a suspension
in liquid ammonia and reactedrwith bromqbutane as described. in
Vogel”” 3.899 4o give hex-l-yne (élg., 45%) b.p. T1° (114,45
b.ﬁ;72°30) Care was taken to avoid frothiﬁg of the acetylide susp-
ension during this exothermic reaction and to ensure complete
decomposition of excess acetylide with ammonium chloride at the
end of the reagtion.
1b) Hept-1-yme.

Hept—}—yne was prgpargd following the method for la)

b.p. 99-100 (lit. Ol_b.p. 99.8").

lc) 1-Phenyleth-l-yne.

| Dibromostyrene (SIOg;, 2 mol) was dehydrobrominated
following the method in Togel’ p.900 to give 1-phenyleth-1-yne
(121g., 62%) b.p. 65 at'éo m Hg. (1it.)? b.p. 45° et 14 mm He.)

2. Non-terminal Alkynes.

2a) OCt‘"‘A"‘Y-} .

Sodium acetylide (é;5 mol) was prepared in liquid
ammonia and reacted with bromopropane (250g., 2 mol) to give
pent-l-yne in solution. This was reacted with sodamide in liquid
ammonia to givc the acetylide, which was reacted With further
bromopropane. Oct-4-yne (57g., 26%) was isqlated_by extraction
with ether and distillation b.p. iBlo (lit.lo2 b.p{ 1310).

2b) l—Phenylhex-l—yné.

Lithium 2-phenylethylide (0*5 mol) was prepzred in

liquid ammonia and allowed to dissolve in dioxan as the ammonia



56

was expelled, following the method of Schlubach and Repenninglos}
Reaction of l—bromobutape with the ethylide solution gave l-phenyl-
hex-l-yne (45g., 30%) b.p. 137 %at 35 mm Hg. (1it.*9> 109-110°

at 12 mm Hg.) | |

2¢) l—Phenylbrop—l—yne;

An attempt to prepare l-phenylprop-l-yne from l-phenyl-
eth-l-yne and iodomethane by the method for 1b) gave a mixture pf
product and starting alkyne, in spite of prolonged reaction times,
that was not egsily separated,

3 Alkyldiynes.

3a) Trideca-5,8-diyne.

The method used was based on that of Taniguchi et al.lo4

Hex-l-ynylmagnesium bromide was prepared from hex;l—yne (5Tg., 0469
mol) and ethylmagnesium bromide (071 mol) and reacted in cther
with gaseous formaldehyde. The férmaldehydg was carried over into
the reaction mixture by a stream of nitroggn after thermal depolym-
erisation of paraformaldehyde at 160—180o : Hept—?—yne-l-ol (40g;,
51%) b.p. 107  at 43 mm Hg. (lit.106 b}p._112° at 50 mm Hg.) was
exffacted after work up with~ammonium chloride solution. Bromination
by phosphorus tribromide in ether containing pyridene (ég;) by the
method of Tchao Yin»Lai gave l-bromohept-2-yne (40g., 65%) bePe

02 -94° at 22 mn Hg. (13t > b.p. 105-106° at 56 mn He.). Hex-1-
-ynylmagnesium bromide (0+2 mol) was coupled with l-bromohept-2-yne
(30g., 0417 mol) in boiling anhydrous tetrahydrofuran in the
presence of cuprous chloride catalyst (0¢3g.). The reaction mixture
was worked up with ammonium chloride solution and extracted with
ether 1o give trideca-5,8-diyne (?S-Bg.? 80%) b.p. 86-88° at O;é

o7

m He (1it. 0! b.p. 63° at 0-06 mm He.).
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3b) Nona-1,4-diyne,

Hex-1l-ynylmagnesium bromide (0.7 mol) was coupled with
3-bromoprop-l-yne (57o0g.,d.48 mol) in a reaction similar to
3a) to. give nona-1,4-diyne (21.7g., 25%) b.p. T2-T4° at 24 mm Hg.
(11t b.p. 83-84° at 41 mn HE.).

3¢) 1,5-Divhenyl-1,4-diyme.

1-Phenylprop-l-yne-3-ol, b.p. 840o at 0 04 mm Hg:, was

prepared from l-phenyl-l-yne and paraformaldehyde, as for Ba){
and brominated with phosphorus tribromide tq give 3-bromo-l-phenyl-
* pransleams, B B3-B4" 5 0:05 m Hee (Lih, > Bups 1071087 uh
6.0 mm Hg.). 7

_ 2-Phenyleth-1l-ynylmagnesium bromide was then coupled
with 3-bromo-l-phenylprop-l-yne (8-7g.,.0-045 mol) to give 1,5-
~diphenylpenta-1,4-diyne (4-1g., 57%) b.p. 135-140° &t 0.03 mn HE.
(1it. 2% b.p. 151-153° &t 0.2 mm He.) following the method for 3a).
- An attempt af the direct>synthesis from 2-phenyleth-1-
-ynylmagnesium bromide and dibromomethane in ether gave mostly

starting materials and a2 little green oil that was not investigated.

3d) 5-Phenylpenta-1,4-diyne.

2-Phenyleth-1-ynylmagnesium bromide (0.3l mol) was
coupled with 3-bromoprop-l-yne (15+5g., 0+13 mol) following the
method for 3a) to give 5-phenylpenta-l,4-diyne (6+3g., 35%) b.p.

104

60-65o at O-é5 mm Hg. (lit. b.p. 66° at 0¢25 mm Hg.).

3e) Deca-4,6-diyne.

Deca~4,6-diyne b.p. 112-116° at 0-05 mm Hg. (1it.10°
.
b.p. 60 at 0:001 mm Hg.,) was supplied by Dr.P.E.Atkinson.

3f) Tetradeca-6,8-diyne.

5 = -
Tetradeca—6,8-diyne b.p. 136-138" at 6.0 mm Hg.
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.

0 : .
(1it, ' b.p. 118 at 4+0 mm Hg.,) was supplied by Dr.R.E.Atkinson,

3g) Hexadeca~T,9-diyne,

fiaxadeon=T, -diyns bup. 92" ub 005 mn Be. (1t 1

0 _ .
b.p. 117 at 0°6 mm Hg.) was supplied by Dr.R.E.Atkinson.

3h) 1,4-Divhenylbuta-1,3-diyne.

1,4-Diphenylbuta-1l,3-diyne m.p. 84-85 © 9 i e m,p. 88%
was supplied by Dr.R.E.Atkinson.

4. Preparation 6f Azides.

4a) Phenyl Azide.

9 » ll ..‘
The method used was that of Lindsay and Allen . .

Phenylhydrazine hydrochloride was reacted with sodium nitrite
0 N : 11
below 5 to give phenylazide,, b.p. 66-68° at 21 mm Hg. (lit.
o
b.p. 73 at 23 mm Hg.,) after steam distillation and extraction with

ether.

4%) p-Nitrophenyl Azide;

11
The method used was based on that of Smith et al. g

p-Nitroaniline was diazotised in excess conc. hydrochloric acid
and the salt reacted with sodium azide. Extraction with ether and
rapid recrystalisation from ethanol gave pure p-nitrophenyl azide

113

0 -0
m.p. 69-70 (1lit. m.p. 71 ) as transparent needles.

4c) p-Tolyl Azide.
. ) ) . 0 . 114 0
at 10 mm Hg.) was prepared by the method described for 4b).

4d) Ethyl Azido-Formate.

115 -

The method used was based on that of Forster .
Ethyl chloroformate (7g) was stirred with an aquedus solution
of sodium azide until the pungent smell was gone. Ethyl azido-
o)

_formate was distilled b.p. 25° at 12 mn Hg. (lit. 12 b.p. 25

at 12 mm Hg.).



5. Preparation of Phosphines.

5a) Preparation of Phenylphosphine;

The method used was based on that of Michaelis and
Kohler116 gsing the optimum quantities prescribed by Mann and
Millarl17 .

Phenylphosphonous dichloride (250 ml.) was added
slowly to ethanol (600 ml.) under nitrogeh. Excess ethanol was
removed under vacuum and the system converted to highly efficient
condensation into a cooled receiver under nitrogeﬁ; A hot spot
was created with a bunsen burner on the side of the flask until a
vigorously exothermic reaction started and phenylphosphine_distilled
over, b.p. 160° . The product (25-30%) was redistilled,b.p.89°

at 35 mm Hg. precautions being taken against the nauseating smell.

6. Preparation of Phospholes, Phosvhole Oxides and Pyrroles.

6a) 1,2,5-Triphenylvhosphole.

The method used was based on that of Campbell et al.42.
A mixture of 1,4-diphenylbuta-l,3-diene (26+5g., 0¢13 mol),
prepared following the method of Cor.son118 y and phenylphésphonous
dichloride (35g., 0;2 mol) was heated on an oil bath maintained
between 2100 and 220o sunder nitrogen, until evolution of hydrogen
chloride had finished 6h., The cooled mixture was triturated with
petrol to remove starting materials and the solid residue dissolved
in chloroform., This solution was filtered to remove a fine white
powder, washed with sodium bicarbonate solution and water, dried
over magnesium sulphate and then evaporated. 1,2,5-Triphenylphos-

phole was obtained from chloroform as yellow needles (8g., 19%)

0 142 o -
m.p. 187"‘188 (litu mcpo 187"189 )c



6b) 1,2,5-Triphenylphosphole-l-oxide.

\ | A suspension of finely powdered 1,2,5-triphenylphosphole
(5g.,16 muol) in ethanol (500 ml.) and ethyl acetate (100 ml.)
was stirred with a solution of hydrogen peroxide (30 ml. of 30 vol.)
for 36 h. The yellow prisms (4.58., 85%) obtained'after recryst;l—
isation from ethanol had m.p. 236-237°'(1it.142 m.p. 237-239° ).
I.r. (mjol) ¥ .. 1440 (PPh), 1170 (P0) s

N.m.r. (cuciB) X ; 2:0-2.3 (2H, c, P-Ph ortho), 2+3-2:9 (13H, c,

aromatic) 2.58 and 2.94 (2H, d, Iy 36Hz. phosphole ring protons);

6¢c) 2,S-Dinentyl~l-nhenyiphospholé. _

. The method used was based on that of M'érle4 . Tetra-
deca-6,8-diyne (5+7g., 003 mol) was added to a soiution of phenyl-
phosphine (B-Sg;, 0.03 mol) in a benzene/ether solution of phenyl-
lithium (C‘ml.,1-5 molar) and the mixture stirred for 3 h. at room

temperatﬁre. The solventé were removed and 2,5-dipentyl-l-phenyl-

- - o .
phosphole (2+8g., 28%) distilled b.p. 120-122 at 0.05 mm Hg.

- -1
Lr.V .. 5 1430 (PPh), 740 and 690 (Ph) cm .
N.m.r. (CDC13) T 2+6-2+8 (SH 0, aromatlc), 3461 (2H, d, JPH 13 Hz.
phosphole ring), 7:4-9+3(22H, c, alkyl)
m/e 300 calc., for 02&{2§’m/e 300,

6d) 2,5-Di-t-butyl-l-phenylphosphole.

2,5-Di-t-butyl-1-phenylphosphole m.p. 36°, b.p. 158°
at 10 mm Hg., was supplied by Dr.R E. Atklnson.
N.m.r. (CDClB) T3 2 4 248 (5H c, aromatic), 3+44 (2H, d, JPH 14 Hz.,
phosphole ring), 8+95 (18H,‘g, t-butyl). Small impurity peaks of
phospho}e oxide avpear YT 3¢50 (JPH 39 Hz.).

6e) 1,2,5-Triphenylpyrrole.

The method used was that of Sohultz et al. 7 . Aniline
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(3g., 0.035 mol), 1,4-diphenylbuta-l,3~diyne (6g., 0¢03 mol) and
cuprous chloride catalyst (1lg.) were maintained at 180o for 3 h.
1,2,5-triphenylpyrrole (1+70g., 23%) was obtained, by crystallisation

from ethanol, as white needles m.p. 2440 (1it.ll9

m.p. 228-229° ),
L.r. (nujol) Ypay 3 1600 (C=C),770, 745, 705 and 690 (Ph).
N.m.r. (CDClB) T ;2:7-3-1 (15H, ¢, aromatic) 3.54 (ZH; s, pyrrole
ring);

7. 1,8-bis(dimethylamino)naphthalene.

The method used was that of Alderlzl ; 1,8-Diamino-
naphthalene was suspended in sodium hydroxide solution (2Nj; 12 mol
per mol of diamine) and dimethyl sulphate (12 mol per mol of diamine)
added slowly and the mixture heated at 80o until t.l.c. (alumina/
ethyl acetate) showed one spot. Extraction with dichloromethane
gave a crude vroduct that was purified by extraction at PH 8 from
a solution in petrol. Pure 1,8-bis(dimethylamino)naphthalene was
obtained by making the abstracts alkgline and ;ublimation 90o
ik 0405 m Mg m.pe 46" (Li%. — waps 47-48° ).

8. Preparation of Authentic Compounds.

8a) Dioctylphenylphosphine oxide.

Octylmagnesium bromide_(O-QS mol) was reacted with
phenylvhosphonous dichloride (4;5g., 0;025 mol); Dioctylphenylphos-
phine was extracted from the reaction mixture in ether and, without
further purification, was oxidised in acetone solution by hydrogen

veroxide (5 ml., 100 vol.).'The dioctylphenylphosphine oxide

o (o] (o]
(7-0g., 80%) obtained had m.p. 36-37 and b.p. 180-182 at 0.05
mm Hg.

. o
I.r. (nujol)y pax 31435 (PPh), 1160 (P=0) cm .
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N.m.r. (CDClB)'f ;2+0-3+0 (5H, ¢, aromatic), 7-8-9-2 (34H, c, alkyl).

m/e; 350 (100), 238 (40’-CBH16)’ 237 (20,- 08 17) 022H39PO requires

n/e 350.

8b) Phenyl-bis(2-vhenyleth)ylphosphine oxide.

1-Bromo-2-phenylethane b.p. 90° at 10 mm Hg. (lit.
D P 92o at 11 mm Hg.) was prepared from 2-phenylethan-l-ol and
phosphorus tribromide and reacted with magnesium and phenylphosphon-
ous dichloride following 8a). Phenyl—bis(2—phenyleth)ylphosphine
oxide b.p. 160o (block temp.) at 0;04 mm Hg. was obtained as a
solid m.ps 85=87 (1it. %% 90-91°)

;1435 (PhP), 1160 (P=0) en T

I.r. (nujol)V pay 3

N.m.r. (CDClB)'r $2¢1-2.35 (2H, G, O- protons to P—O) 244~ 2 55

(BH, L3 PhP aromatic m and p), 2:6-2:9 (10H, ¢, aromatic), 6+8=T7.9
wH,c,—QQ4m2) ‘ _

m/e 334 (100), 229 (ZOO—PhCHQCHz) 202 (100, ~PhCH,CHy —CzHB) calc.

for 022H23P0 n/e 334-
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II C. REACTION OF PHENYLPHOSPHINE WITH UNSATURATED COMPOUNDS.

1. Reaction of Phenylphosphine with Terminal Alkvnes,

la) 1,Prenyleth-l1-yne and Chemical Identification of the product.

i) Reaction: A mixture of l-phenyleth-l-yne (10:2g.,
0.1 mol) and phenylvhosphine (5:5g., 50mmol) was stirred at 160 4
for 12 h., under nitrogen. The>dark tar was distilled and redistilled,

b.p. 180-185° at 0.03 mm Hg. %o yield & 2:1 adduct (4g., 26%) to

which the structure phenyl-bis,l,1'(2-phenyleth-l-ene)ylphosphine
was assigned. N

IT.re ¥V et

1590 (PC=C), 1435 (PPh) om .

N.m.rT (CDClB? v i 2o4—?-8'(15H, g,.aromatiq), 3.05 (eH, 4, Jpy
14 Hz, vinyl), 318 (2H, 4, Jp; 8z, vinyl), |

n/e 314 (100%), 288 (50, ~C,H,), 206(150, ~PhP), a 2:1 adduct

022H19P requires m/e 314.

ii) Oxidation of Phenyl-bis,l,l'(2-phenyleth-l-ene)yl-
phosphine. A
The phosphine (0«31g., 0.9 mmol) was dissolved in

water (10 ml.) and oxidised with hydrogen peroxide (2 ml., 100 vol.).

A white precipitate of vhenyl-bis,l,1'(2-phenyleth-l-ene)ylvhosphine
oxide was obtained (0-3g., 95%), m.p. 204-205° .

(Found C, T4:9; H, 9:3; n/e 330? C22Hi7OP reguirgs €, 75+5; H,_9‘7%,m/e 330
I.r. (nujol) Vv 3 1595 (PC=C), 1435 (P-Ph), 1160 (P=0) et
N.m.r. (CDClS) T‘;.Z-Q6—2-16.(23, [ o-proﬁons to ?=O), 2-4-?08'

(13H, c, aromatic), 3.25 (1H, d, J,, 20 Hz, vinyl), 3.14 (1H, d,

PH

J... 22 Hz, vinyl),

PH

iii) Reduction of Phenyl-bis,l,l'(2-phenyleth-l-ene)yl-
) 1y ’ X J

phosphine oxide.

10% palladium on charcoal catalyst (0.3g.) was
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added to the phosphine oxide (1g., 3 mmol) in ethanol (20 ml.) and
the mixture hydrogenated (94 ml, of H2) at room temperature. Dist-
illation (block temp. 2400 ) at 0.04 mm Hg. gavevphenyl—bis,l,l'f ‘
(2-phenyleth)ylphosphine oxide (0+6g., 55%), m.p. 84—85? mixed m.p.
85° . |

(Found: m/e 334 (100%), 229 (200, ~CH,CH,Ph), 202 (100,-CH,Ph),
calc. for 022H230P. m/e 334). _

L.r. (nujol)‘\?max s 1435 (PPh), 1160 (P=0) cm =l ;

N.m.r, (CDCl ) T 2 6-2+35 (2H, c, o-protons to P—O), 2 4 2 9

(13 H,.g, aromatic), 6+8-7+4 (2 H, ¢, P-CH,), 7+4-7+9 (2 H, ¢,
CH,Ph).

All spectra were identical to those of an authentic compqund.

1b) Oct-l-yne and Chemical Identification of the product.

~ 1) Reaction with Phenylphosphine:A mixture of Oct-l-yne
(23+2g., 02 mol) and phenylphosvhine (11+0g.,0°+1 mol) was boiled
under nitrogen for 5 h., Distillation of the reactlon mlxture
gave oct-l-yne (3g.) and a 2:1 adduct (13+6g., 45%), b.p. 140-142°

at 0¢.05 mm Hg. to which the structure dioct-l-enylphenylphosphine

was assigned.

T.r.V 1595 (PC= C), 1435 (PPh) cm . .

max’ ;
N.m.r. (CDCla) T; 2 4 2 9 (5 H, ¢, aromatlc), 3+34-4°1 (4 H, c,
vinyl), 7°+5- 9 2 (26 Hy C» alkvl)

m/e; 330 (100%), 315 (10, -CHz), 301 (20 —02H5), 27% (110.
—C4H9). 022H35P requires m/e; 330.

ii) Oxidation of Dioct-l-envlvhenvlvhosvhines The

phosphine (6+6g., 002 mol) was oxidised with hydrogen peroxide
(5 ml., 100vol.) by stirring vigorously for 12 h. The emulsion

formed was extracted with dichloromethane, the extract washed,
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dried and distilled, b.p. 1750_at 0+03 mm Hg. to give dioct-1-
—enylphenylphosphine oxide. (6+0g., 85%).

I.r.V 1610 (PC=C), 1180 (P=0) g,

max’ , o
N.m.r. (CDCl3) ¥ ; 2:0-2:6 (5 H, ¢, aromatic), 2.9-4.7 (4 H, c,
vinyl), 7°0-9:2 (26H, c, alkyl) ' |
n/e 346 (100), 317 (10, 'CZH5)’ 303 (25, -03H7), 289 (110, —04H9)
CopHz50P requires m/e 346.

N.m.r. chemical spin decoupling experiments of dioct-
-l-enylphenylphosphine oxide using cobalt and europium complexes
failed to give any useful shifts in the observed resonances and

only caused broadening.

iii) Reduction of Dioct—l—enylphenylphOSphiné oxides

10% palladium on charcoal catalyst (0+25g.) was added to the phosphine
oxide (1°73g., 5°0 mmol) in ethanol (25 ml) and the mixture hydrrog-
enated (250 ml. H2) at room temperature; The reaction mixture was
filtered and distilled b.p. 180-182O at 005 mm Hg. to give a white

waxy solid m.p. 36—370 of dioctylphenylphosvhine oxide (1 6g. 492%) .

I.vr.V

na (nujol); 1440 (PhP), 1180P=0) om ™ .

N.m.r. (CDClB)'T ; 200-26 (5H, ¢, aromatic), T+ 0-9: 2 (34 H, ¢,
alkyl). |

n/e 350 CooHzq0P requires m/e 350, All spectra were identical to
those of the compound prepared by another route (Ch II. sect. B 8).

iv) Equimolar Qct-l-yne and Phenylphosphine: A slight

excess of phenylphosphine (3g., 27 mmol) and oct-l-yne (2 5g., 23
mmol) were heated at 135°.upder nitrogen for 0¢5 h. Starting
materials were removed, b.p. 60° at 22 mn Hg. and the residue
distilled. One fraction, b.p. 115 at 0-05 mm Hg. (0+6g., 12%)

was collected and a second,b.p.142 at 0:05 mm Hg. of
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dioct—i—enylphenylphosphine (1-6¢g., 16%), (spectra identical to
an authentic sample).

The first fraction had i.r. 2280 (PH), 1595

max’
(pc=C) cm—l . m/e 222 and 220 (ratio 100:80), 207 and 205 (ratio
20:15), 193% and 191 (ratio 20:15). The ratio of the peak heights
n/e 222 and 220 at‘?Oe.v{ was the same as that at 20e.v. This
distillate was therefore assigned to a mixture of oct-l-enylphenyl-

phosphine and octylphenylphosphine.

lc) Hept-l-yne and chemical identification of the product.

i) Reaction with Phenylphosphines Phenylphosphine
(5 5g., 005 mol) and hept-l-yne (9+6g., 0+1 mol) were boiled
ﬁnder nitrogen for 12 h, Distillation gave starting material (3+6g.)

b.p. 9O—lOOo and a 1:2 adduct (2-8g;, 18%) to which the structure

dihept-l-enylphenvlphosphine was assigned.

) . |
I.r,v 1595 (pC=C), 1435 (PPh) cm .

max’
N.m.r. (CDC13) T ; 2:4-2:8 (5H, ¢, aromatic), 3+5-4+1 (4H, c, vinyl),
7°4-9+4 (22H, c, alkyl). :

(Found: C, 79°2; H, 10*'2; m/e 302, CooH31P requires; C, 79+5;

H; 10°2; m/e 302).

ii) Oxidation of Dihept-l-enylphenylphosphine: The

phosphine was oxidised as la) to give dihept—l-enylphenylphosphing
oxide. (Found: C, T4+9; H, 9°+4; Cp H310P reguires C,75+55 H, 9+7).

I.r.V

-1
naxs 1610 (PC=C), 1180 (P=0) em .

N.m.r, (CDClB)'t ; 2.2-2+7 (5H, ¢, aromatic), 3-1-3.44 (4H, c, vinyl),
T+5-9+4 (224, ¢, alkyl).
 The structural assignment was made by analogy to 1D)

but does not distinguish between the possible geometric isomers.
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1d) Phenylvhosphine with Hex-1l-yne.

i) Thermal reaction: Phenylphosphine (1+1g., 001 mol)

and hex-l-yne (0+8g., 0.01 mol) were boiled under nitrogen for
5 days. Distillation of the reaction mixture gave only starting
materials.

_ii) Ultra-violet Irradiation of Reactantss Phenylph-

osphine (1+6g., 0:015 mol), hex-l-yne (1l:1g., 0.015 mol) and
cyclohexane (0+2g.) as g.l.c. marker, were placed in a silica
glass round bottomed flask and irradiated from bglow With a
Hanovarian medium pressure U.V. lamp (350 watts). G.l.c. (2%
A.P.L. 90° ) of samples taken at 0, 0-5, and 6 h, showed $ha
same relative peak area to the marker éyclohexane indicating that
no reaQtion had occurred.

II C 2. Reaction of Phenylphosphine with Disubstituted Alkynes.

2a) QOct-4-yne.
Phenylphosphine (5 5g., 0:05 mol) and oct-4-yne (11.0g.,

01 mol) were boiled for 12 h, under nitrogen. The reaction mixture

was distilled to give a l:1 adduct, b.p. 85° at 0.03 mm Hg. to which

the structure phenyl-1(1-propylpent-l-ene)ylvhosphine (4g., 35%)
was assigned. -

; 2280 (PH), 1595 (PC=C), 1440 (PhP) cu = .

Ifr'\7 max’

N.m.r. (CDCl3).f 3 2-4f3-0 (5H, ¢, aromatic), 4.03 (1H, d of %,
Ipy
12 Hz,PH), 7+5-9+4 (14H, c, alkyl),

2} Hz? I 8 Hz, vipyl?, 565 (lH, d of %, JPH 218 Hz, qﬁH

m/e; 220 (100), 205 (?5, —Cﬂz), 191, (90, —CZHS)' Cl4HélP requires
m/e 220,
In a similar reaction the reactants were boiled under

nitrogen for-2 days but the same product was isolated.
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2b) l-Phenylhex-l-yne,

Phenylphosphine (2.8g., 0,025 mol) and the alkyne
(7.92., 0.05 mol) were maintained at 160° for 12 h. under nitrogen.
Distillation of the reaction mixture gave a 2:1 adduct (5.4g., 50%)

b.p. 175-180° at 0.05 mm Hg. that was assigned the structure

phenyl-bis,1l,1' (1-n-butyl-2-phenyleth-~l-en)ylphosvhine.

I.re ¥ o0 1590 (C=C), 1435 (PPh), 740 and 690 (aromatic).
N.m.r..(CDCl3)T ; 2.2-3.1 (15H. ¢, aromatic), 7.4-9.5 (18H, c,
alkyl)'. The peaks are broad and poorly resolved and no assignment
to the eipected vinyl resonance can justifiably be made. It is
possible that these protons are coupled both to phosphorus and the
alkyl groups and the resulting resonances lie partially under the
aromatic region as a broad complex. v

m/e; 426 (100), 383 (90, 'CBH7)" 370 (100, "CA,HS)' 327 (120, —05H8P):
020H35P requires, m/e, 426). The unusually 1arge.peak at m/e 327

is associated with the loss of the fragmen?, PEC—CAHBby substantial
structural rearrangement under electron impact.

In a similar experiment excess.of equimolar phenyl- '
phosphine (5.5g.,0.05 mol) to alkyne (4.0g., 0.024 mol) was u_sed.
The product (2.8¢.) was distilled b.p. 145-150° at 0.05 mn He.

Iers V¥ pawd 2280 (_PH), 1435 (PhP) cm-1 .

N.m.r. (neat) ¥ 3 2.4-3.0 (5H, ¢, aromatic), 5.76 (d of 4, Jpy
210 Hz, Jgg 4Hz) and 5.90 (d of 4, Jpg 210 Hz, Jyy 6 Hz).(total.
accountancy 1H, PH), 7.0-7.4, 7.6-7.9, 8.8-8.9 and 9.0-9.3 (12H,
b?ogd'complex alkyl).

N.m.r. (CDClB) identical aromatic and alkyl region but no resonances

appear for PH.
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l.r. of CDCl5 solution from n.m.r., show a large peak at 1180

: -1

(P=0) em = . m/e 270 018H23P required m/e 270. No peak of any
significance was recorded at m/e 268 for the non-reduced 1l:1 adduct{

The product (2.8g., 42%) was assigned to a mixture of (1-phenylhex)-

ylphenylphosphine and the isomer (l—benzylpent)ylphenylphosphine;

II C 3 Reduction reactions with Phenylvhosphine.

3a) Reaction of Dioct-l-enylphenylphosphine,

Phenylphosphine (2g., 18 mmol) and dioctyl—l-enyl-.
phenylphosphine (2g., 6 mmol) were maintained at 160° for 12 h,
under nitrogen. Distillation of the reaction mixture gave some
phenylphosnhing bePs 6d> at 22 mm Hg., a little of the phosvhine
reactant (0.2g.) and a main fraction b.p. 90—949 at Q.OB.mm Hg.
Whiqh was assigned the st¥ucture octylphenylphosphine (6.8g., 58%),

Lr.V 2280 (PH), 1435 (PhP) cm * .

max’
N.m.r. (neat) T ; 2.4-3.0 (5H, ¢, aromatic), 5.90 (1H, d of %,
Jpg 206 Hz, JHH 6 Hz, PH). N.m.r. (CDCl3) T ; PH peak lost.
m/e 222 (100), 207 (10, -CHs), 124 (200, -C;Hy,) cele. for
C14Hp3P m/e 5 222. ‘

3b) Reaction of Dioct-l-enylphenylphosphine Oxide.

Excess phenylphosvhine and the phosphine oxide were
maintained at 166) for 2 days. Distillation of the reaction mixture
at 20-25 mm Hg. and at 0.05 mm Hg. gave only starting materials
whose spectra were identiqal to those of authentic samples{

3c) Reaction of Dec-l-ene.

Dec-l-ene (1.4g., 10 mmol) and vhenylphosphine (2.2g.,
2.0 mol) were boiled for 12 h, under nitrogen. Distillation of
the reaction mixture gave starting materials (1.8g.), b.p. 65’

at 20-25 mm Hg. of decylphenylphosphine (0.3g., 12% based on decene).
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I.r.‘? —

2280 (PH), 1435 (PPh) o
N.m.r., (CDC13) T ; 2.4-2.8 (5H, ¢, aromatic), 8.0-9.4 (21H, ¢,
alkyl), -0.75 (t, PH of oxidised product), 6.45 (%, PH). It is
likely that the low field half of the PH resonance of thevnormal
product lies under the aromatic region.'This would require Jpy .
215 Hz a normal coupling for phosphorus bonded directly to hydrogen.
The resonance at -0,75 is almost certainly due to the oxidised
broduct.

In a similar reaction, samples were taken and g.}.d.
(f.E. F11 caﬁillary column.80o , 9 1b.) showed decane (2 min,
45 sec.),»decene (3 min.) and phenylphosvhine (3 min. low F,I.D.
response)., All refention times corresponded to authentic samples.
Addition of decane to a sample enhanced the peak height (2 min.
45 secf), EoleCe (10% APoTis 980) gave phenylphosphine.(S min,
30 sec.), decene (11 min,) and decane (11 min, 50 sec.). Mass _
Spec./g.1.c. (2% A.P.L., 40°) gave a first peak m/e 140 (decene)
and a sgcond peék m/e 140 (100): 142 (20) proving that decane was

present{
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IT D. REACTION OF PHENYLPHOSPHINE WITH ALKYLDIYNES.

1) Conjugated Alkyldiynes.

la) Butadeca-6,8-diyne.

~ Phenylphosphine (7.22., 0,065 mol) and butadeca-6,8-
-diyne (10g., 0.053 mol) were heated slowly, with stirring to
140o on'an 0il bath under nitrogen. A vigorous exothermic reaction
was observed that lasted for five minutes. The mixture was maintained
at 1500 for 8 h. The black tarry reaction mixture was distilled_
and collected over the range b.p. 120—140O at 0,05 mm Hg. (6.0g.
29%). The qombined distillates were adsorbed onto silica and chrom-
atégraphed. Elution with ether/light petrol_(l:lO) gave a yellow
0oil, which was distilled into two fraqtions. '

The first (2.16g., 13%) b.p. 118O at 0.05 mm Hg. had:

. ' 1
maxs 1595 (C=C), 1430 (PhP), 740 and 690 (aromatic) cm .

L.V
N.m.r. (CDClB) (see Append?x IT)°C 2.4-2.8 (5.units, S aromatic),
A, 2.95 (074 units, 4 of 4, Jpy 10 Hz, Jyy 3 Hz,rvinyl), B,

3.2-3.3 (0.4 units, ¢, vinyl), C, 3.6 (0.2 units, ¢, vinyl),

D, 3;96 (0.4 units, d of complex, Jpy 13 Hz phosphole ring protons),
7.0-9.4 (22H, c, alkyl). '

m/e 302 and 300 Cpfiz)P and CpgipgP require m/e 302 and 300 respect-

ively and were assigned to a mixture of 2,5-dipentyl-l-vhenylphos-

phole and 2,5—dipentyl—l—phenylphosphol-Z—ene.

- (0]
The second distillate (l.6g., 9.5%) b.p. 138 at
0.05 mm Hg. had:

: . o
naxd 1595 (C=C), 1440 (PhP), 1190 (P=0) cm ~ .

I,r.'?
¢, vinyl), broad peaks at ¥ ; 3.20 and T ; 3.60 possibly represent

the phosphole oxide ring protons Jpy 40 Hz, 7.0-9.3 (25H, ¢, alkyl).
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n/e 518 and 316 Cyyf;) OP and CyoHlygOP requires m/e 318 and 316

and was assigned to 2,5-dipentyl-l-phenylphosphole oxide and

2,5-dipentyl-l-phenylphosphol-2-ene oxide.

1b) Deca-4,6-diyne.

o Deca—4,6-diyne (2.68g., 0.02 mol) and phenylphosphine
(2.2g., O.O2Amol) were maintained at 160° under nitrogen for 8 h,
bistillation and redistillation of the tarry residue gave two
fractions. ‘ _ ' '

The first (1.2g., 31%) b.p. 97  at 0.05 mm Hg. was

analogous tolla) and aésigned to 2,5—diprcpyl—l—phenylphosphole

and_2,5-dipropyl—l—phenylphosphol—2-ene.V
Ifr.“Q fagt 1992 (C=C), 1435 (?Ph? cm—l . .
me.r. (CDClB)'f ; 2.4—2.8'(5H, Cy aroma?io?, 2.8-%,98 (1.6H,
¢, vinyl and ring protons), 7.6-9.2 (17H, c, alkyl).
n/e; 246 (50) and 244 (100), 217 and 215 (~CpHs), 204 and 202
(-C3H7), 175 and 173 (-GgByy)s CygHpsP and CigHp) P require
m/e; 248 and 246, o

The second distillate (0.5g., 12%) b.p. 1580 at 0.05
mm Hg. had an i.r. spectrum as inconclusive as the first.

. |
I.r.V 1595 (c=C), 1435 (PhP) cm .

max’
m/e; 382 (30) and 380 (100) and 378 (80); CogHpsP and CogHp3zP

and C P require m/e;382, 380 and 378 respectively and represent

2621
addition of two molecules of diyne to one of phenylphosphine and
two reduced stages. A small group of peaks at m/e; 480, 488 and
486fimplies addition of two molecules of diyne to two molecules
of phenylphosphine.

In a similar reaction an excess of phenyl~hos-hine

(3.5g., 0.051 mol) to diyne (2.68g., 0.02 mol) was used. A similar
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first fraction (l.lg., 20%) DD 90-94O at 0,05 mm Hg., was obtained
but with m/e; 246 (100) and 244 (50), thus showing that ipcreased-
reduqtion had occurred. A second fraction (0.6g., 9%) b.p. 94--125O
at 0.05 mm Hg. had m/e; 354,ConHog Py requires m/e; 354 thus indica-
ting ﬁhat two molecules of phenylphosphine have added to one of
‘diyne.

A third fraction (0.3g., 4%) b.p. 158° at 0.05 mm Hg.
was identical to the second, obtained in the previous experiment,
and was diaddition of the diyne to phenylphosphine.

lc) Hexadeca-T7,9-diyne.

Excess phgnylphosphine (3.0g., 0.023 mol) and hexa-
deca~T,9-diyne (2.06g., 9.5 mmol) were maintained at 150° for 12 h.
under nitrogen. Distillgtion of the_black tar formed gave two
f;aqtions. The first (1.8g., 18%) b 1350 at 0.04 mm Hg. had:

Iire'V

, - -1
mooed 1439 (PhP), 740 ané 6?0 (aromatlg) cm .

Nom.r. (CDCL3) T ; 2.402.8 (5H, ¢, afomgtig), 2.8-3.9 (0.5H, c,
vinyl and phosphole ring), 7.0-9.2 (29H, ¢, alkyl and methylene
protons). | |

m/e; 330 (100) and 328 (20): GypHscP and c22H'33p require m/e 330
and 328 and the distillate was assigned to a mixture of 2,5-dihexyl-

- —l-phenylvhosphole and phosvholene. The excess of phosvhine led to

increased reduction. .
A second fraction (0.7g., 6%) b.p. 140-145 at 0.05
mm Hg. had an inconclusive i;r. spectruﬁ.
N.m.r. (CDCl5) ;hOWed broad peaks at ¥ ;2.2-2.8 (10H, ¢, aromatic),
7.4-9.2 (26H, c, alkyl). o
m/e; 4401(20) and 438 (lOO),028H42 P, and 028H46P2 requires m/e

440 and 438 respectively for diaddition of two further molecules
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of phenylphosphine to one of diyne. A further small group of peaks
appears at m/e; 552 (1) and 550 (2) showing diaddition of two
molecules of phosphine to two of diyne.

II D 2, Nonconjugated Alkyldiynes.

2a) Trideca~5,8-diyne.

i) Thermal reaction: Phenylphosphine (3.2g., 0.029 mol)

and trideca-5,8-diyne(5.1g., 0.029 mol) were maintained at 1600

for 4 h. under nitrogen with vigorous stirring, Disti}lation and
redistillation of.the red tar gave two main fractions. The first
bsps 106—115O at 0,04 mm Hg. was shown to be a mixture of 1:1

cyclic adducts (2.14g., 38.5%), 1,2-dihydro-2,6-di-n-butyl-1-

-phenylphosphorin, 2-n-butyl-5-pentylidene-1l-phenylphosphol~2-ene

and a minor component of 2-n-butyl-5-ventyl-l-phenylphosphole,

I.r?V 1595 (C=Q), 1430 (PhP), T40 and 690 (aromatic).

max’
me.r. (CDCl3)‘f ; 2.4—2.8 (5H, gg_a?ométic), 3.52 (0,2H, d, Jpy
13 Hz phosphole ring), 3.9-4.3 (1.4H, o, phospholene and dihydro-
phosphorin ring), 6f5—7f0 (1.4H; ¢, phospholene and dihydrophos-
phorin methylene) 7'2_8fl (c, exocyclic methyleng),_8.4—9.0 (c,
-CoHp-, butyl group ) 9.0-9.3 (t, terminal -CH ). Total integral
of alkyl groups 20H. ‘ A .

N.m,r, 31P (CDC13) external ref. 85% H%P0 4:~4.6650,02 p.p.m. and
+7.22#0.02 p.p.m. and a small peak ét -4.1 approx. 101 P.D.M,
N.m.f. variable temperature spectra from +55° to -—400 observing
the region 6.5-7.0 ¥ , which remained essentially unchanged except
pr broadening due to increased viscosity at low temperatures{
N.m.f. spin decoupling studies were made on the region 3.9-4.3

with respect to 6.5-7.0*C and the results are discussed in(Ch.III.

SeCt. B) .
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max’ 210,225 and a shoulder at 250 nm. (found:

U.V. (ethanol) A
c, 72.2; H, 9.?; CygHprP requ;res; 2, 79.0, H, 9.0%). . '
n/e; 28§ (lOO),‘271(20, TCHB), 25? (40, —CZH5)’ 244'(80, -0336),
13), 187 (10,

—C7H15), 173 (20, -C8Hl7). This pattern'is commensurate with loss

230 (30, —C4H8), 215 (20’.-C5Hll)’ 201 (10, ~CgH

of both butyl groups.
G.l.c. (preparative) on a solution in CHCl3 of the first distillate

0
(5%, N.P.G.S. at 154 ) with manual operation gave three fractions
at 50 min,, 1 h, 15 min.,, and (after a temperature increase to

5 .
201 ) 2 h, 10 min,
The first fraction had:

I.r.‘? max’ 2240 (PH, a shoulder), 2210 (C=C, broad), 1430 (PhP)
- 2 : )
em
N.m.r. (fresh CDC13 solution) T ; 2.2-2.8 (5H, c, aromatic),
3-8_4.2 (l.lH, _C_, Vinyl), 6.5"'7.7 (105H, S’ me’hhylene), 7-6_904
(18H, c, alkyl).
ﬁ/e; 286, with a cracking pattern commensurate with the loss of
alkyl chains, CigHy7P requires m/e; 286. After standing the CDCl3

solution had an i.r. spectrum that included a strong'Vm 1170

ax
-1

(P=0) em . The n.m.r. spectrum had also changed with stronger

resonances at T, 3,2 and ¢ ,3.,6 and a single broad complex at

T, 6.6.(m/e; 302. CigBp7OP requires n/e; 302.).

The second g.l.c. (preparative) fraction had:

Ler. (CDC]S) V

-1 '
max 2220 (C=C), 1440 (PhP) 1175 (P=0) cu~ .

N.m.r. (CDCIS)‘T j 2.2-2.4 (2H, ¢, o-protons to P=0), 2.2-2.4
(3H, ¢, afomatic), 5.2 and 3.52 (1H, ¢, vinyl protons), 6.6-6.8
(1.5H, ¢, methylene), 7.6-9.2 (18H, c, alkyl).

n/e; 302.(&8HQ7OP requires m/é; 302,
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In view of these results the third end minoy g.liCe-
fractions were not investigated. (retention 2 h. 20 min. at 2010)

The second main distillate (1.2g., 15%) b.p. 162° at
O 03 mm Hg. had:
Lr.V __; 2260 (P, broad), 1585 (C=C), 1435 (PhP) ™.
N.m.r..(CDCla),'E ;’2.59 (10H, ¢, eromatie), 3.3747? (2.1H, c,
vinyl), 6.4-6.9 (2H, c, methylene), 7.2-9.2 (18H, ¢, alkyl). Two
small'peaks resohating et Ty 4.25 and C ,6.34 could be assigned
to PH J 215 Hz.

PH

N m.,r, 31? (CDCl 3 external reference 85% H PO4) gave two peaks,

-3

+17.8%0,2 PeDems and 22.9 - O 2 P.p.m. and was a331gned to a doublet
m/e; 394. 022'H44P2 requires m/e; 396. This would have implied

addition of two molecules of phenylphosphine to one of the diyne.

ii) Reaction of the first main distillate with methyl

iodide and bases The distillate (lgey 5.4 mmol) was mixed with

excess methyl iodide and stirred under nitrogen for 1 h. An exoth-
ermic reaction was observed that gave an orange oil, Excess methyl
jodide was removed and sodium hydroxide solution (5 ml. 1 molar)
was added and the mixture maintained at 500 for 2 h. The m?xture
was extracted twice with dichloromethane, the extractslwashed,
dried and evaporated. The oily residue was distilled b.p. 175o
‘(block temp.) at 0.03 mm Hg. and assigned to a mixture of methyl-
phenylalkenylphosphine oxides that will be discussed in Ch.‘III
sect. B.

I.r.V .5 1620 (C= c), 1435 (PhP), 1170 (PO) cm -

N.mfr.-(CDCl 3)1 , 2.2-2.5 (2H, c, o—protons to P—O), 2. 5 2 8

(31, c, aromatic), 3.2-4.9 (1.9H, c, vinyl), 7.0-7.4 (2H, c,
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methylene), 7.6-9.4 (22H, c, alkyl), 8.24 (d, J,, 12Hz, P—CHs)

PH
overlying the alkyl groups. _ _
Nom.r. o P (CDC1,) external ref. 55 HyP0,, -32.4 % 0.02 p.Dem.
m/e; 318, C2d{3 OP requires m/e; 518. |

In a similar exneriment triethylamine was used as base.
The residue after extraction was adsorbed ontg alumina and chrom-
étographed but no puré products were obtained.

In another experiment a non-nucleovhilic base
l,8—bis(dimefhylamino)naphthalene was used but distillation of the
residueifailed to separate any phosphorus containing products;

In another experiment pyridene was used as base, but

t.l.c. (alumina/ethyl acetate) of the reaction mixture showed

that no‘deprotonation had occﬁrred and the phosphonium salt remained.

iii)'Thermolysis of the Firstlmain-Distillatez The
distillage ( 1 g. 3.5mmol ) was heated to 200° on a Woods metal
bath, whilernitrogen was passed slowly over the surface into an
ethanol trap. U.V. of the resultant ethanol showed that no benzene had
been collected. Thus the 1,4-dihydrophosphorin component does not
follow the thermolysis of 1,2-dihydrophosphorins reported by Mark17o ’

2b) Nona-1,4-diyne.

Phenylphosphine (5.5g., 0.05 mol) and the diyne (6.0g.,
0.05 mol) were heated slowly under nitrogen, to 130<>when a reaction
occurred. Thg temperature of the reaction mixture was main#ained at
156) for 5 h. when excess phenylphosphine was removed (b.p; 60<>at
14 mm Hg. The residue was distilled to give two fractions. The
first (1.8g., 15%) b.p. 90()ai 0.1 mm Hg. was a water white viscous
liquid; | =
I.r.V . 5 3300 (C=CH), 2280 (PH), 1590 (C=C), 1430 (PPh) o T
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N.m.r,C 5 2.4-2.7 (5H, ¢, aromatic), 3.4-4.5 (2H, c, vinyl),
6.6 and 7.0 (2H, ¢, methylene), 7.2-9.2 (10H, ¢, alkyl). The
spectrum gave a poor integral and no obvious peak to assign to
PH or C=CH. _ v _
m/e; 230.-015H17P requires m/e; 230. The distillate was considered
to be a mixtufe of oven chaiﬁ l:l'addﬁcts. _ .

The second fraction b.p. 168o at 0.01 mn Hg. (lg.,
1%) was considered to be addit;on of two molecules of phenylphos-
pﬁine to one molecule of diyne.

LoreV pay

2300 (PH), 1445 (Pph)_cm-l . -

N.m.r. (CDClB)‘f ;‘2.472.7 (101, ¢, aromatic),73-5-4.4 (?.SH; [
vinyl), 6.6 and 7.0 (1.5H, ¢, methylene, 7.4-9.2 (10H, ¢, alkyl).
n/e; 340. 02§HZ6P2 requires m/e 340,

In a similar experimenf the reagents were lowered
into an oil bath at 180o , & vigorous reaction ensued, and the
residue was distilled to give ﬁwo main fractions. The higher
boiling fraction 140—146o at 0,02 mm Hg. was essenfially the
same as the seconq of the previous experiment. The lower boiling
fraction 78-80° 0.03 mm Hg. (28%) gave:

. —1.
L.z, ¥ 1595 (C=C), 1435 (PhP) cm .

max ’ A
N.m.r,. (CDClB)‘t ;.2.4—2.8 (5H, ¢, aromatic), 3.4-3.8 (2H, S
vinyl), 6.5-6.7 (1.2H, ¢, methylene), 7.6-9.3 (1lH, ¢, alkyl).
m/e; 230 (100), 215 (10, -CHz), 201 (40, -CzHg), 188 (90, -C3HT),
173 (30, -CsH7, -CH3). CysHi7P requires m/e; 230.

U.V. (ethanol) A

1ayi 210, 225 and 253, mm. This distillate was

assigﬁed to a phospholene and dihydrophosphofin mixture by analogy

to 2a).
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2c) 1,5-Diphenylpenta-1,4-diyne.

Phenylphosphine (1.12g.,-0.01 mol) and the diyne
(2.2g., 0.01 mol) were heated at 160° under nitrogen for 3 h.
The black glass formed was distilled b.p. 190° (block temp.) at

0.03 mm Hg. to give a vivid yellow oil that was assigned to a

50:50 mixture of 2-benzyl-l,5-diphenylphosvhole and 1,2-diphenyl-

-5(1‘-phenylmethylidene)phosphol-Z—ene.(O.7g., 21%);

- s l‘ —1- )
Lo ¥V ey 1595 (c=C), 1440 (PhP), 760 and 700 (aromatic) cm ~ .
N.m.r, (CDC1)T 5 2.4-2.9 (15H, g, aromatic) 3.02 (1H, & Jpy 11 Ha
phosphole-ring), 3.5-3.65 (0.5H, ¢, phospholene ring, possibly a

doublet of tri?lets, IPH T Hzy J . 1.5 Hz), 6.8 and 6.84 (1H, 4,

HH
J ___ 5 Hz phosphole beﬁzyl.protons).

PH : : , , :
U.Vf (etha.nol)?\max 3 210 (a@sorbance.l.A) 230_(1.52) 370 (l,l) nm,
m/e; 326 (100), 249 (5, ~Ph), 235 (50, ~CH Ph). CpsH)qP requires
m/e 326, _ '

In a'simila? experiment phenylphosphine (1.2g., 0.0lmol)
and the diyne (2.2g., OTOl mol) in t-butylbenzene were boiled
under nitrogen for 12 h. The sélvent was removed and the tarry
residue adsorbed onto alumina and chromatqgraphed. Elution with
light petrol gave a little t-butylbenzene. Elgtion Wiﬁh light
petrol/benzene (10:1) gave a white solid (8mg. approx.) that was
not investigated further. Elution with light petrol/benzene (5:1)

gave a yellow solid (0.05g., 1.5%) that was recrystalised from

ethanol and assigned-the structure, 1(1,5-diphenylpenta-l-ene-4-yne)-

y1lphenylphosphine.,

I.r.vmax; (cnc13), 2250 (PH), 2230 (C=C), 1595 (C=C), 1440 (PhP),
4 _ _
cm »

N.m.r. (CDC1

3)T ; 2.4-2.9 (15H, ¢, aromatic), 3.35 (1H, d of %,
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Ipn 9 Hz, I 2 Hz), 6.14 (2H, c, methylene) ‘

U.V. A —_ (ethanol) 210 (adsorbance 1.36), shoulder 225 (0.92),

255 (1.05). S

m/e; 326, 249 (60, -Ph). C23H19P requires m/e 326, An impurity )

peak at m/e 342 was observed and assigned to the pﬂﬁsphine oxide.
Elution with ethyl acetate and methanol gave some tars,

2d) 1-Phenylpenta-1,4-diyne.

- Phenylphosphine (2.4g., 0.02 mol) and the dialkyne
(3.0g., 0.02 mol) were heated to 160° at which point a violent react-
ion occurred; The intractable tar formed was dissolved in chloro-
form and adsorbed onto alumina., Elution with petrol, ether and
methanol'mixtures failed to isolate any significant amounts of

products.
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II E. FORMATION OF PHOSPHOLIMINES.

E 1 From Phospholes and Azides.

la) N-Phenyl-1,2,5-triphenylvhospholimine,

Phenyl azide (4g., 35.mmol) was added duripg 1 h,
to a solution of 1,2,5—triphenylphosnhole (10g., 51 mmol) in
deoxygenated dioxan (250 ml.) and boiled f@r 12 h. under nitrogen.
The solution darkened to a deep red colour. The dioxan was removed
and the red solid dissolved in a minimum of hot chloroform and

added to ether. Red prisms of N-phenyl-1,2,5-triphenylphospholimine

(5.24g., 42%) m.o. 218-219 crystallised from the cooled solution,
(Found: G, 83.457 H, 5.25; N, 3.30;.m/e 403, Cogo NP requires
C, 83.3; H, 5.46; N,3.47%. n/e 403).

T.r. V 1580 (C=C), 1470 (PPh), 1280 (P=N) .,

max’ _ .
N.m.r. (CDC13) T ; 1.8-2.1 (2H, ¢, P-Ph ortho protons), 2.4-3.4
(20H, 3; aromatic), 2.4 and'2:73 (JPH 33 Hz, phospholimine ring
protons).

ey 208 (37,000), 235 (29,500), 390 (17,500) nm.

U.V. (ethanol) A

1b) N-phenyl-2,5-di-t-butyl-l-phenylphospholimine.

Phenyl azide (1g., 9.2 mmol) and 2,5-di-t-butyl-1-

-phenylphosphole (2g., 7.4 mmol) were reacted following the method

for la) and gave yellow needles of the phosvholimine (1.7g., 64%)
m.p. 174-175  from hot ether.

(Found: C, 79.2; H, 8.32; N, 4.4%. m/e; 363. Coliz NP requires

¢, 79.3; H, 8.26; N, 3.864. n/e; 363).

Lr.V ey 1585 (0=C), 1}15 (P=N).cm—l . | |
Nom.r. (CDC13) T ; 2.9-3.1 (2H, ¢, ortho protons of P-Ph), 2.5-2.7
(SH; 3; aromatic P-Ph), 2.84, 2.94, 3.02 and 3.25, 3.3, 3.39

(5H, m, NPh). Double irradiation at T, 3.28 caused the first set
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to collapse to a broad singlet."f ! 3.1 and 3.48 (2H, Jpy 36 Hz
phospholimine ring protons), 8.1 (18H, 8, E»—butyl)

U.V. (ethanol) A 210 (22.400), 249 (14,700),287 (9,000) nm,

-max’

le). N-p-tolyl-1,2,5-triphenylphospholimine,
1,2,5-triphenylphosphole (3.12g., 10 mmol) and p-tolyl
azide (1.33g., 10 mmol) were reacted following the method for la)

and gave burgundy plates of the phosphollmlne (3 87g., 92% m., p.

195~ 196 from hot ethanol '
(Found: C,83.75 Hy 5. 62; Ns 3 24. o . .
m/e, 417 029H24NP requlres, g, 83, 4, H, 5 25, N, 3. 25p. m/e; 417):

1 .
I.r.V 1600 (C= C), 1435 (PhP), 1285 (P=N) cm .

max’ .
N.m.;. §CD013)‘t ; 1.8-2,1 (2H, c, ortho protons P-Ph), 2.2-2.9
(15H, g; aromatic and phospholimine ring protops, Jpy 33Hz), 3.16

_(4H, s, tolyl ring protons)? 7.86 (3H, s, CHs){ (App, II).

s 208 (41,700), 242 (30,200), 370 (17,900) nm.

V. (ethanol)A

1d). N-p-nitrophenyl-1,2,5-triphenylphosvholimine,

1,2,5-triphenylphosphole (3.12g., 10 mmol) and p-
-nitrophenyl azide (1.74g., 10 mmol) were reacted foliowing the

method for la) and gave red prisms of the phospholimine (3.00g.,

67%) m.p. 212-2140 , from a ch}oroform/ethgr mixture., (1:10).
(Féund- C, T4. 7, H, & 7, N, 6.3. m/e, 448, Czé‘{QlezP requires
c, 75.0; H, 4.68; N, 6. 24%. m/e; 448) -

I.r. Y ma#; 1580 (c=C), 1450, (PPh), 1290 (P—N) cm 1.,

N.m.r. (CDClB)’L % 1.8-2.2 (4H,'g, ortho p?otqns PPh, gpd nit?o
aromatic ring), 2.4-2.9 (lBH,.g, aromatic), 2.30 and 2.64 (2H, Jpy
_34 Hz, phospholimine ring protons), 3.1-3.3 (2H, ¢, half of AgBé
nitro ring system). (App. II)

U.V. (ethanol) A 3 206 (24 700), 225 (20 700) 394 (25 800).
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le). N(ethyl carboxylate)-1,2,5-triphenylphospholimine.
Ethyl azidoformate (1.4g., 1.3 mmol) and 1,2,5-tri-
phenlyphosphole (3.12g., 10 mmol) were reacted following the

method for la) and gave yellow cubes of the phospholimine (3.2g.,

82%) m.p. 221-222° directly, |

(Eéﬁnd: C? 74.2; ﬁ, 5.61; N, 3.75.'m/e; 399. CosHpoNOP requires
C, 75.2; Hy 5.5 N, 3.55 w/e; 399). |

Lro¥ paxi 1620 (C=0), 1450 (PhP), 1380 (P=N) P

N.m.r. (CDClB)Wf ; 1.9-2.1 (2H, ¢, ortho protons PhP), 2.4-2.9
(138, &, aromgtiq), 2.?8'§nd 2.74 (21, JPH_Bé Hz, phospholimine
ring protons), 6.1 (2H, g, OCHp), 8.88 (3, E,.CH5),

U.V. (sthanol) A pops 210 (42,500), 223 (41,000) 399 (21,200) m.

1f). Reaction of 1,2,5-Trivhenylphosphole with Diphenylvhosphinyl
Agigg. ; | .

i) Diphenylphosphiny}.azide (55128« 25 mmol) and 1,2,5-
—triphenylphdsphole (3.0g., 9;5 mmol)'were dissolved in dioxan and
boiled under reflux for 12 h. The solvent was removed and the
farry residue recrystalised from ethanol to yield only starting
materials.

ii) The reaction was repeated using i—butylbenzene as
solvent and boiling for two days under nitrogen. Two apparently
different solids were separated by_crystalisation from ethanol.
The first, m.p. 185—186()mixed m.Pe. }850 , was starting material.
The second solid in low yield (0.15g., &%) m.p. 165—17OC)was found
to be mostly starting material contaminafed by a substance thgt
showed m/e; 527 at 220 but this peak did not appear at 120o ;A _
I.r. spectrum suggestedvm;x; 1445 (Pph), 1170 (P=N), 1330 (P=0).

The mass spectrum at 220()was howevef the only evidence
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for the formation of N-(diphenylphosphinyl)-1,2,5~triphenylphos-
pholimine;

II E. 2. From the Reaction of Phosvholes with Chloramine T.

(CH3 CgH 4802N_01b{a).

2a). N-tosyl-1,2,5-triphenylphospholimine.

Anhydrous chlorgmine T (3.5g., 15 mmol) in absolute
etbanol (20 ml.) was added slowly to 1,2,5—tripheny1phospholé
(3.12g., 10 mmol) in absolute ethanol (200 ml.) following the
method of Cadoggn and Mouldégsfor formation of triethyl N—toéyl-
phosphorimidate. The mixture was boiled under reflux for 12 h,
Water (100 ml.) and ether (200 ml.) were added to the cooled
solution, the aqueous léyef séparated and extractgd with more ether,

the combined extracts dried and finally evaporated. N-tosyl-1,2,5-

)
-triphenylohosnholimine (2.58., 54%) m.p. 245-247 was obtained

as yellow needles from hét ethanol.
(Found: €, 72.13 H, 4.73; N, 3.04; m/e; 481. C 2g124NO2PS requires
C, T2.4; H, 5.0 N, 2.92%, m/e; 481).

T.T, (nujol); Vv i)

1595 (c=C), 1440 (P-Ph), 1260 (P=N), 1130
(S=Q)_cm-l . _ .‘ . 7 | 7
N.m.r. (CDO15) T3 1.98-2.2 (2H, doudlet of double doublets, Jpy

12 Hz, J 8 Hz, J 2 Hz, o-protons PhP), 2.4-2.9 (15 H, c,

HoHm HoHp .
aromatic) 2.41 and 2.81 (2H, J oy 41 Hz, vhosvholimine ring vrotons),
5.14 and 3.23 (2H, half of A>By complex of tosyl ring protons),
7-80 (BH, E, CH3)0 (Appo II)-

U.V. (ethanol) A 208 (25,000), 225 (30,000), 405 (9,900).

max’

2b). Reaction of 2,5—Dipenty1—l—nhenylph6sphole.with Chloramine T,
The phosphole (1.8g., 6 mmol) and chloramine T (1.8g.,

8.2 mmol) wefe reacted following the method for 2a). The mixture



85'

was boiled under nitrogen for 12 h., when t.l.c. (a;umina/ether)
showed‘that the reaction was complete. Water (20 ml.) and chloroform
(25 ml.) were added to the cooled solution, the aqueous layer
extracted with more chloroform, the combined organic extragts,
washed, dried over sodium sulphate and the solvent removed. An
attempt to crystalise the oily residue failed, so the sample was
dry chromatographed on alumina with.ether. Five fractions.w§re
collected from the middle band and three gave identicgl 1.2V paxs
1559 (c=C), 1440 (P-?h),'l260 (P=N), 1130 ('S=O)_cm-1 .

N.m.r. (CDCls)'f : 2.Q—33Q (9H, ¢, aromatic), 3.38 (2H, d, pbosph—
olimine ring protons), 7.65 (s) overlying 7.6-9.5 (totél,26H, [
alkyl).

The poor n.m,r. integral and large impurity Deaks.showed that the
éample was impure. It was therefore distilled at 0.05 mm Hg and
block temp. 200° to give (o.ézg.) of & yellow oil.

(Fm_md: m/e; 3627 C oH36N0PS requires m/e; 469).

I.r.V

naxs 1320,1150 (S=0).No peaks were observed for P-Ph or

PN. | .
N.m.r, (CDClB)~f ; 2.1-2.8 (5.9H, ¢, aromatic), 3.51 (1, 4, Jpm
40 Hz ring protons), 7.6-9.4 (22.6H, c alkyl protons).

N-Tosyl-2,5-dipentyl-l-phenylphospholimine decomposed

on distillation possibly with loss of nitrosobenzene.
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I1 F. REACTION OF DIVETHYL ACETYLENEDICAPBOXYLATE WITH SONME

PHOSPHOLE AND PYRPOLE DERIVATIVES.

F 1; Phosvholimines

la) N—Phenyl—l,2,S—triphenylphospholim.inev.‘

The phospholimine (O;Blg., 0.7 mmol) and the alkyne
(0.14g., 1 mbl) in the minimum of E-butylbenzene were maintained
at 105° until t.l.c. (alunina/ether) demonstrated that reaction
was complete (24 h.).AThe solvent was removed b.p. éOo at 2Q mm
Hg; to leave an oily sblid. Fractional crystalisation from ethanol
gave slightly impure dimethyi 3,6—diphenylphthalate_(10%) m.p.
apd mixed m.p. ].85o

I.r. (nujol) Vv 1730 and 1745 (C= o) cm — .

max } )
N.m.r. (CDClB) T 2.52 and 2.64 (121, aromaflc), 6.42 (s, 6H,
OMe);

The second substance, m.p. 208—210o , was a 1:1 adduct

and was assigned the structure, 1,2,5-triphenyl-eth(l',2'-dimethyl

- carboxylate—2' -N-phenylinine)ylphospholidene (10%).

L.r.¥ 3 1720 (C0), 1660 (C=N), 1580 (RC=C), 1435 (PPR), 1350

(p=c) en ™" -

Nom.r. (CDCLz) T 2.2-3.2 (g), and 5.52, 3.62 (22H, aromatic and

heterocycllc rlng) 3.44 (S) and 3.64 (s) (6H, OMe)

(Found; C, 75.13 H, 5.25 N, 24 36 m/e; 545 (100), 486 (lOO, -C02Me),

383 (1%, -PhN=CCOzMe). 034H28NO4P requires: C, 75.03 H, 5.153

N, 2. ;767 n/e; 545). | S
The products of a reaction of the alkyne (O 56g., 4 mmol)

and the phosvholimine (l.6g., 4 mmol) under s1mllar conditions

were adsorbed onto alumina and chromatographed; Elution with'ether

gave the phthalate (0.079g., 5.6%) m.pe. 189-—190o , mixed m.p. 1890



87

and an i.,r., (nujol) spectrum identical to that of an authentic

sample; Further elution with ether gave the ethylphospholidene
(0.131g., 6.0%) m.p. 215° , I.r. (nujol) identical to a sample
from the previous experiment..Elution with_ether: ethyl acetate
4:1 gave slightly-impgre l,2,5—triphenylphosphole oxide (0.09é{;
7.8%), m.p. 210° (l@t{i m.p. 2357° ). I.r. (nujol) identical to
an éuthentic samnle, T.l}b. oﬁ alumina/ether»gave the same retention
time as an autheptic éample gpd thg same green fluorescence under
U.V. irradiation. Elution with ethyl acetate gave a brown solid
(1.2g.) m.p. 205-215° ,

ifr. (nujol) broad characterless peaks; ' o
N.m.r. (CDCi3)'T ; 2.0-3.4 (30 units, aramatic), 6{0—7.0 (7 units,
OG- o | . R

m/e; 705 (5), 563 (100), 545 (4), 531 (30), 446 (200). The solid
gave a poéifive phésphbrus teét; o - _ _

Elution with methanol gave a buff solid (0.580g.) m.p.
300° (sticky). I.r. gave broad characterless peaks and the n.m.r.
showed broad characterless peaks. The mass spectrum at 310o showed
a continuous spectrum of peaks up to m/e 800 and above. Vapour
pressure osmometry (ethanol) gave a mass of 140 £ 201 The =olid
gave a positive nhosphorus test;

A sample of the residge before chromatography was
crystalised once from ethanol to give a sblid that gppeared undgr
a microscope as a mixture of needles and red prismsg Liquid—liquid
chromatography (70° : methanol/water: 0.D.S. permavhase on zipase
support) proved it to.contain phthalate and phosvholidene as
expected. A shoulder was present on the phospholidene peak that<was

assigned to syn- and anti- structural isomers of the phenylimine
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group, Hydrolysis to 1,2,5-triphenylvhosphole oxide must also be

considered possible under these high pressure conditions.

1b). N phenyl-Z,5—di—t—butyl-l—nhenylphospholimine.

The phospholimine (0.21g., 0.6 mmol) and the alkyne
0.1g., 0.6 mmol) in t-butylbenzene (5ml) were boiled under reflux
for 12 h. under nitrogen. The entire reaction mixture was cthmato—
graphed on alumina. Elution with light petrol gave t-butylbenzene.
Elufion with light petrol:ether (10:1) gave the.phOSﬂholimine
(0.022g., 10%4) m.p.'l72-173o , mixed m.p. 171 . Elution with ether
éave a l:1 adduct (0.080¢., 30%) m.p. 130—135o whose strpctgral.
assignment will bejexamined in.the discussion (Ch. IIT sect. C).
I.r. (oujol) V__; 1725 (C=0), 1460 (C=N), 1435 (P-Ph), 1350
(P=C)'cm~l . . _

N_.m.rT (CDC¥3).t ; 2.0-3.7 (128, ¢, armatic and phosphole ring),
6.4-6.5 (6H, ocHB), 8.8—9701(18H, t -butyl). The methoxyl region
consisted of 1 peak at T, 6.42 and two others 7?, 6.48 and 6.50.
The t-butyl region consisted of 3 peaks at T ,8.86 and 8,92

(same 1ntegral) and 8. 98

m/e; 505 (100), 490 (75, -CH ), 446 (150 —COchS), 416 (90)
Accurate mass measurement of m' gave g mass of 505.238182 (error

4.5 p.p.m.) as required by C30H36NO4P.

lc) N-p-Tolyl-1,2,5-triphenylphospholimine.,
The phospholimine (0.83g., 2 mmol) and the alkyne
(0.3g.. 0.22 mmol) in the minimum of t-butylbenzene were maintained

at 105° for 24 h. when t.l.c. (silica/ether) showed complete

reaction. Dark orange.crystals of 1,2,5-trivhenyl-eth(1l',2'-dimethyl

carboxylate-2'-N-tolylimine)ylohosvholidene,

(0.45g., 40.2%) m.p. 183-184° precipitated from the cooled solution.
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I.r. (nujol) V5 1730 (C=0), 1660 (C=N), 1435 (PPh), 1350
Uﬁm_cdd.
N.m.r, (CDClB) T; 2.2-2.8 (17H, c, aromatic and phospholidene ring),
3.4, 3.20 and 5.63, 3.70 (4H, 4By, tolyl ring), 6.40 (3H, s,
OCH}), 6.63 (3H, s, OC‘-IB), 7.85 (34, s, 3).
m/e; 559 (100), 530 (5, -C HS)’ 500 (90, -COZCHg), 469 (10,

Hg), 383 (lQ —CHBCO ~C=NC, 4CH3)° Accurate_mass measurement
of m* gave 559.191234 (error 4.5 p.p.m;) as required by Q35H30N04P.

_ The product mixturg of a ?eaction of the phosphqlimine
(0.83g., 2 mmol) and the alkyne (O;Sg., 2mmol) under identical
éonditions was éhromatographed on_alum;na. Elution with light petrol:
ether (10:1) gave a yellow oil_(0.00Sg.) that was notiinvestigated.
Elution with ether gave dimgthyi 3?6—§iphenylphthalate_(0.03g.,

4.1%) m.p. 189° , mixed m.p. 189° . T.r. (nujol) identical to an
autﬁentic sample. Elution with ether:ethyl acetate (10:1) gave the
phosphclidene (O.éOg., 53.9%) mep. 170—175O s mixe@ m.p. 175-1750
identical to & sample from fhe previous expgriment; Elﬁtion with

methanol gave a range of buff solids (0.21g.).

1d). N—p-Nitrophenyl—l,2,5—triphenylphospholimine.

- The phospholimine (0.89g., 2 mmol) and the alkyne ?n
the minimum of t-butylbenzene were maintgined at 105o for 24 h,
Red crystals of starting material (O.44g;, 49%) precipitated from
the cooled solution. The solvent was removed on a Bgchi»evaporator
at 60 mm Hg. and the residue crystalised from ethanol fo yield two
solids.

The first, was assigned the structure 1,2,5-trivhenyl-

—eth(1',2'-dimethyl carboxylate-2'-N-p-nitrophenylimine)ylohosphol-

idene. (O;Ong. &%)
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I.r, (nujol) V maxi 1730 (C=0), 1550 (C=N), 1430 (P-Ph), 1320
(P=C) o | |
N.m.r. (CDCl3)'f ; 2.0-3.65 (21H, c, aromatic), é.39 (3H, sy
OCH;), 6.60 (3H, S, OCHB). It is possible to clearly distinguish
atv2.9, 3.56 and 3.64 three of the expected four peaks of an
Ao>Bo pattern for the nitro ring protoné{ Accurate mass measurement
gave 590.160669»(error.3 p.p.@.) as reguired by CB4H27N296P; '
m/e; 590 (100), 575 (5, ~CHs), 561 (10, ~C4fHs), 551 (100, ~CO,CHy),
383 (10, -CO,CHz-C=NCGH4NO ). ' |

| In a similar reaction but at 160° , the phosphclimine
(O;?lg., 1.6 mmol) and the alkyne (0.3g., 2 mmol) in t-butylbenzene
ﬁere reacted for 24 h. The‘solvent was removed and thg residue
chromatographed on algminé; Elution With ether gave Qimethyl 3,6—.
~diphenylphthalate (0.45g., 70.84) m.p. 190-191° mixed m.p, 190° .
Elution with ether and ethyl acefate mixtu?es gave several fractions
of less than 10 mg., which were not investigateq. Elution with
methanol gave a buff solid (0.333g) that gave no clear melting
point{ Vapour pressure osmometry {ethanol) gave a molecular weight
of 68. .

le) N(ethyl carboxylate)-1,2,5-trivhenylvhospholimine,

The phospholimine (0.8g., 2 mmol) and the alkyne (0.3g.,
2.1 mmol) in the minimum of t-butylbenzene were maintained at 136)
for 12 h, when t.l.c. (silica/ether) had shown the reaction to be
finished. Filtration of the sclid precipitated, and crystallisation
from ethanol of the residue after the solvent had been removed,
gave dimethyl 3,6-divhenylphthalate (0.41g., 57%) m.p. 190-19f_ ,

mixed m.p. 189 . I.r. identical to one of an authentic samplé;

m/e; 346 calc. for CopH1804 m/e; 346.
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The mother liquors from the crystallisations were collected and
evaporated to give a tarry residué;

1f) N-p-Tosyl-1,2,5-trivhenylphospholimine.

o) 0 »
i) Reaction at 105 and 80 3 The phospholimine and

alkyne failed.to react when dissolved in t-butylbenzene and maint-
ained at 105o , Since only solid starting materials were recovered,
m,p. 247—248o ’ i.r; identical to an authentic sample{ When dioxan
was used as solvent no reaction was observed at'lolO ;

0 & ® - 5 P v
ii) Reaction at 160 : (0.18g., 0.4 mmol) and the

alkyne (O.Sg.,—3.5 mmol) in jrbutylbgﬁzene (25 ml.) were boiled
under réflux under nitrogen for 12 h. The sélvent was removgd and
a tarry residue crystalised from ethanol to givg igpgre dimethyl
3,6-diphenylphthalate (0.14g., 1004) m.p. 189 . I.r. and n.m.r.
spectra were identicalrto an autheﬁticnsamplé;

The mother liquors were collected and evaporated tq dryness, the
residue adsorbed onto alumipa, and chromatographed. Elution with
ether gave phthalate (0.0lg.) m.p. 191o , mixedrm.p._l9lo .
Elution with ether:ethyl acetate (;O:l) gave the phospholimine
(0.008g., 40%) m.p. 247°., aSned Bpe B40T v Eien Wth uENmL
éave a buff §o}id (0.05g.) m.p. above BOOOWhen it was still a
tacky solid. I.r. (nujol) gave broad characterless peaks., The solid

gave a positive phosphorus tesf;

_ iii) Reaction in 1,4—Dimethoxybenzenes The phospholim-
ine (0.48g., 1 mmol) and the alkyne (0;14g., 1 mmol) in 1,4-dimeth-
oxybenzene were maintained at 1700 fgr 12 h._The solvent was A
distilled off (b.p. 100° at 20 mm Hg.) and g.l.c. (2% P.E.G.A. 150°)
of a sample proved that no volatile components had_béen lost from

the reaction mixture. The residue was adsorbed onto alumina and
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chromatqgraphed. Elution with light petrol:ether (lO:l) gave a little
solvent.AElution with ether gave the phthalate (0.156g., 32%)
m.p.‘1890 « I.r. spectrum was identical to an authentic sample.
'Furthgr elutjxu;with ether gave impu;g Eftolylsulphonamidg.>

(0.0lg., 104) m.p. 130° (1it. %4 138,5-139 anhydrous). I.r.

(nujol) v 3 3250 and 3350 (NH ) cm_land n.m.r, vere identical

max
fo an éuthentic sample except for a fgw impurity veaks. (Found:
m/e; 171 cale. for CgHeNO,5 m/e; 171). Elution with methanol gave

a buff solid (0.260g) m.v. above 300° , insoluble in all solvents
except methanol. I.r. gave characterless smudges;

A similar reaction using N,N—dimethylgniline as solvent

failed because the alkynereacted with this amine to give brown

tars.,

IT F 2. Phospholes and Phosphole Qxides.

2a) 1,2,5-Triphenylphosvhole,

Finely powdered 1,2,5-triphenylphosvhole (0,04gf, 0,1
mmol) was suspended in a solution of the alkyne (0.018g., 0.1 mmol)
in ojclohexane (25 ml.) and the mixture boiled under reflux fo? 2
days. The solveht was removed and crysﬁalisation of the residue
gave dimethyl 3,§—diphenylphth§late (0.032. 4 70%) m,p. 189—19107,
mixed m.p. 189° . I.r. and n.m.r. identical to those of an authentic
sample;

2b). 1,2,5-Trivhenylvohosphole Oxide.

The phosnhole oxide (0.32g., 1 mmol) and thg alkyne |
(0.14g:; 1 mmo}) in t-butylbenzene were maintained at 105° for 20 h.
ﬁnder nitrogen. The sqQlution was cooled overnightrgt Qo and gave
white needles of dimethyl 3,6-diphepy;phthala¢e (0.3g., 87%)
m,p. 190—1910 , Mixed m.p. 1919 , Loy identical~to an authéntio

sample.
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In a similar experiment in cyclobexene the phosvhole
oxide (0.65g., 24mmol) and the alkyne (0.28g.,, 2 mmol) gave the
phthalate (0.21g., 33%) m.p. 190-191° , mixed m.p. 191° , and a
yellow oily distillaté b.p; 120-—1300 s 12 mm Hg. The oil had a
sWeet_ester like odour and failed to crystalise from various solvents.
Nem.r, failed to show an aromatic resonance therefore the phosphorus
fragment was not present. The oil was not investigated furtherT

In a similar experiment the phosphole oxide (0.65g.,

2 mmol) and the alkyne (0.3g., 2.1 mmol) in 1,4-dimethoxybenzene
Were maintained.at llOo for 3 days; The solvent was removed b.ﬁg
100° 12.0 mm Hg. and a sample was g.i.c. (P.E.G.A, 1500) but did
not show any volatile component, The black residue was dissolved
in chloroform, adsorbed onto alumina, and chromatogrephed., Elution
with light petrol gave some pure §olv¢nt. Elution with gther_gave
dimethylx3,é—diphenylphthalate (0.45g., 76%) m.p. 190° . I.r, was
identical to an authentic sample. Elution.ﬁith ether:eﬁhyl acetate
(10:1) gave needles of phosphole oxide (0.1g., 15%). m.p. 234-235°
mixed meP. 2340 . T.1.c. (alumina/ether) gave the‘same retention
as an authentic sample..Elution with methanol gave a buff solid,
the mass spectrum was unobtainable because of a low ion pressure
even at.BlOO'and the sample remained on the probe. Vapoﬁr pressure
osmometry gave a molecular weight of 49 * 10. The solid gave a
positive but faint phosphorus test.

II F. 3. Pyrrole Derivatives.

35) N—Phenylpyrroie.

N-Phenylpyrrole (l.43g., 0,01 mol) and the alkyne
(1.42g., 0,01 mol) in t-butylbenzene (5 ml.) were boiled under

nitrogen for 24 h. The solvent was removed and the residual tar
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crystallised from ethanol to giye'dark'brown crystels m,p.116-117°
ﬁhat was asgigned the structure 3,4-dimethyl N-phenylpyrroledi-
carboxylate.
I:rT'Q max? (Aujol), 1720 (c=o),__
me.r.v(CDCl )T ; 2.4—2.7.(7H, c, aromatic and pyrrole ring),
6.15 (6H, s, le). o _ '
(Found: C, 64 T13 Hy 4.875 Ny 5.59. m/e; 259, calc. for Cl4Hl3No4s
C, 64.9; H, 5.01; N, 5. 4%. m/e 259).

In a similar experlmpnt the product 3,4- dlmethyl N-
-phenylpyrroledicarboxylate was used as reaqtant but was retrieved
unchanged at the end of thg reaction period.

3b) 1,2,5—Triphenylpyrrole;

. 1,2,5-Tripheny1pyrrole (O.?g.} 2 mmol) and excess
alkyne (0.3g., 2.2 mmol) ih Efbutylﬁenzene Were»boiled for 12 h.
under nitrogen. The solid obtained from the gooled golut;on was
1,2,5-triphenylpyrrole m.p. 239° , mixed m.p. 238° . I.r. ideutical
to that of an authentic samplé;

In a similar experiment a large excess of alkyne was
used and no solvent. The tar obtain=d aftgr 2 days at 160o was
adsorbed onto alumina and chromatographed. Elution with ethyl
acetate gave some oils that had no aromatic resonance in the n.m.r.

spectra and were polymers of tﬁe alkyne,
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IT G. OTHER EXPERIMENTS.

la) Methylation of N-phenyl-1,2,5-triphenylphospholimine,

N;Phenyl-l,Z,5-triphenylphosphqlimine (O.4g., 1 mmol)
was dissolved in dioxan and iodomethane (O.Sg.,.f.S mmol) added
and boiled under reflux under nitrogen for 12 h. An oil precipitated
from the cooled mixture,was recrystalised from ethanol and assigned

the structure 1(methylphenylamino)-1,2,5-triphenylphospholium iodide

m.p. 244-245 . (0.43g., 55%).

I.r. (nujol) v o 5 1595 (0=C), 1445 (PPh) om ™ .
N.m.r. (CDCi3)'t s 1.66 and 2;32 (phosnhoijum ring protons, -

45 Hz), 1.6-3.0 (22H, c, aromatic), 6.48 (3H, 4, Ty 10 Ha Ve).

1b) Reaction of l(methylphenylamino)-l,2,5-triphénylphospholium

iodide with phenyl lithium,

Phenyl lithium solution (2.0 ml. of 1.65 molar) was
added to a suspension of finely powdered.l(methylphenylamino)—
1,2,5—triphegylphospholium iodide (0.25g., 0.45 mmol) and stirred
for two dayé; The solvent was remo&ed and the tarry residue adsorbed
onto alumina and chroma‘tographgdf Elution with light petrol gave
biphenyl with a retention on g.l.c. (5% P.E.G.A. 1309 identical
to an authentic sample. Elution with 1ght pekrslfether (50:1)
gave a fluorescent oil (0.02g;)'

L.r, (CDClB solution from n.m.r.) V nax’ 1435 (PhP), 690 and 740
(grgmgtic) cm—l . .

N.m.r. (CPC13) T 5 2.4-3.0 (g, aromatic),

m/e; 388 (100), 309 (20), 233 (40), CgsﬂélP requires m/e; 388,

Sublimatign of the sample féiled to give an analyticglly

pure sample and the oil was assigned the structure 1,2,3,5-tetra-

-phenylphosphole on n.m.r. and mass spectra data but with consider-

able reservation,
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2) Reduction of N-p-nitrophenyl-1,2,5-triphenylphospholimine,

The phospholiming (3.2g., 7.0 mmol) was added ﬁo a
mixture of iron powder (2.3g.), ethanol (10 ml}), water (lOle})
and conc. hydrochloric acid (0.2 ml,) and boiled under reflux
pnder nitrogen for 12 h; The‘reactioﬁ mixture was neutralised
with sodium hydroxide, fiitered through celite, washed with water
and extracted with chloroform. The extracts were evaporated to
give 1,2,5-triphenylphosphole oxide (1.8g., 68%) m.p. 034-235°
mixed m.p. 2350 . T.l.c. alumina (ether) had the same retention
time as an autheptic sample and i.r. indistinguishshle from an

authentic sample,

3) Photolysis of N-Phenyl-1,2,5-triphenylphospholimine in Diethyl-

amine.

The phospholimine (0.3g., 0.7 mmol)_in deoxygenated_
diethylaminek(l20 ml;) was phoﬁolysed (350 watt. medium pressure)
fqr 16 h. The orange suspension gave a'pale yellow solution
g.l.c. (25 A.P.L. 90° programed after 10 min, to heat to 185° )
failed to'show any aniline or 2-diethylamino-3H-azapine. The
diethylamine was removed and the tarry residue adsorbed onto
alumina and chromatographed.

Elution with ether/ethanol (20:1) gave a little yellow
oil that t.l.c. (ether/alumina) showed consisted of several compon-
ents and it was not investigated further. Elution with ethanol
gave a buff solid. (chloroform/ether)‘that had: ‘ A _
Itr;V(nujol) characterle;s broad peaks 1475 (PbP possibly) cm'-l.
N.m.r. (cnciB)“C; 2.4-3.0 (¢, aromatic) 8'.6';9.2 (c, alkyl).

m/e (260 ); the sample remained on the probe and ﬁeaks above 400

and half masses 3%51.5, 355.5 suggest doubly charged ions of mass
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730, 711 were present, implying polymeric material.
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II1 A) THE REACTION OF PHENYLPHOSPHINE WITH ALKYNES.

The reactions of a variety of phosphines with alkenes
have been reviewed in the Introduction. One significant point
raised is thgt phenylphosphine reacts under a variety of conditions;
Rauhut et al.8 have shown that cis-2-cyanoethylphosphine was formed
from phenylphosphine in strongly basic conditions at room temperat-
ure. The ionic mechanism for this reaction and the nucleophilic

4

initiﬁtion step in the polymerisation of l-cyanoeth-l-ene are
indisputable. Mann and Millarl looked at the reaction of phenylphos-
phine at ]30o and found no catalytic effect with base or acid
present. This suggests that a different meqhanism, possibly involv-
ing radicals, operates at this temperatufe. That phosphine itself
undergoes radical reactions with alkengs was demonstrated conclusiv-
ely by Stiles et al.7 and Rauhut et al.8 . These workers observed

a reaction with radical initiators or U.V. irrediation.

The reactions of alkynes with phosphines have 2lso been
shown to involve a variety of mechanisms, Work by Aguir and Archib-
ald14 demonstrated that diphenylphosphinolithium added reversibly
to l-phenyleth-l-yne (PhC=CH) but that a different mechanism
15

occurred to that of the reaction observed by Hoffmann and Diehr
at 100(1 Rauhut et al.8 found a free radical reaction of a secondary
phosphine, big(2—cyanoethyl)phosphine ((CNCH2CH2 )oPH) with oct-1l-yme.
These workers élso obtained a reaction with a primary phosphine,
é-cyanophosphine (CNCHéCHZPHQ) with hept-l-yne, but the work was

a coda to their mére detailed work on alkenes.

The present study is concerned with the thermal reaction

of phenylphoéphine with a variety of alkynes. The aim was to establish
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the generality of the reaction, to prove the position of attack
by the phosphine and to decide if this can be directed by the
choice of substituents.

1-Phenyleth-1-yne with Phenylphosphine: When l-phenyleth-l-yne

(PhC=CH) and phenylvhosphine (PhPH2) were heated to 160°, a reaction
6ccurred that gave an adduct of two molecules of the alkyne with
~one of the phosphine. The yield of this thermal reaction was low
(26%) and much polymeric material was left after distillation.
Anaiysis of the spectral data taken presented several vroblems
and it was not possible to assign a structure from this data alone.
The mass and infra-red spectra were consistent with any one of the
éix forms shown below (158; a-f).

Ph HHY Ph g H_ Py Ph  gH_ PhRh H
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d b
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I
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d e f
158

The nuclear magnetic spectrum gave two doublets at
: 5.05 and‘3.18 with coupling constant JPH 14 and 8 Hz respectiv-
ely for the vinyl protons. Splittings of this order could be due

to the interaction of cis- or trans- protons or the interaction of

56

phosphorus . In thebry, if first order rules applied, the resona-

nce of each vinyl proton in the six isomers would involve a doublet
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of doublets, i.e. JHqu and Jﬁ(qorp)P°It is therefore'imbossible
to decide between any of the isomers on this evidence, although
(158, b),c) and e)) are less likely on steric grounds. The vinyl
region»in the n.m.r. spectrum was confused by peaks due to an
oxide impurity, the product was, therefore, oxidised.

Infra-red, mass spectra and elemental analysis agreed
well with a tertiary phosphine oxide (158 a-f, R2PhPO) but the
n.m.f; spectrum again produced unexpeéted problems. Two doublets
appeared at C ; 3.25 and 3.14 with splittings J 20 and 22 Hz.
Since oxidation of phosphorus is unlikely to change the coupling
of cis- and trans- protons with each other, the observed splitting
was considered to be due to an interaction with phosphorus. Thus
protons in two different environments were involved. The area of
these peaks, relative to that of the aromatic protons, indicated
that only two protons were involved. This suggested that the high
electron withdrawing power of P=0 had pulled the adjacent protors'
resonance into the aromatic region by further deshielding. A
similar deshielding effect was observed with the ortho- protons
of the 0=P-Ph group. These results suggested that isomers (158 a),
b) or c¢)) had been formed. Since two different vinyl protons were
oﬁserved the isomer (158 b)) is preferred to the other two.

The unexpected lack of an observed coupling between
(158 Hoeand Hp) can be exvlained by a different interpretation.
This requires the splitting of 20 and 22 Hz to be due to the
cis- and trans- coupling between two vrotons and a very large
splitting of 50-65 Hz that results in half of the pattern overlying
the aromatic region. Large JPH values are observed for systems

like phosvhole oxides130 (JPH§36 Hz) but the value required is
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nearly twice as large. This explanation does not distinguish
between any of the isomers (158 a-f), although the large coupling

6
Jo; required could imply a proton on an adjacent carbon5 .

PH
Confirmation of terminal addition was obtained by
hydrogenation of the double bonds in the compound and by comparing
spectral data with that of an authentic sample prepared by another
route. No fragmentation of m/e; P+—15 (for loss of a methyl radical)
was observed in the mass snectrum, which supported the conclusion
of terminal addition., Thus phenylphosphine reacts with l-vhenyleth-
-l-yne to give phenyl-bis 1,1'(2-phenyleth-l-ene)ylphosphine (158 b))
and probably does so with cis- and trans- addition, '

Oct-1-yne and Phenylphosphine: The reaction of oct-l-yne with

phenylphosphine at 125o also gave an adduct of two molecules of
alkyne with one of the phosphine. Infra—fed and mass_spectral data
support the assignment to dioct-l-enylphenylphosphine (159) or
bis 1,1'(1-methylhept-l-ene)ylphenylphosphine (160) but gave no
informafion as to the position of attack or cohfigﬁration of the
product.‘The n.m.r, spectra of the vinyl region was extremely
complex ahd although the peaks integrafed well for four protons,

as expected, the pattern was too complex for useful analysis.

R HH_ R H,_HH. H
.q/H G ¢

C o &
Hoc\?/ =N H R/ \FlD/ \R
159 Ph 160 Ph

In an attempt to avoid confusing impurities the materi=l
was oxidised-to the less reactive tertiary phosphine oxide. This
compound gave i.r. and mass spectra supporting the assignment to

(159 or 160), but it was still impossible to deduce the vosition
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of attack from n.m.r. spectral data. The vinyl proton region
appeared as a broad complex spreading from T ; 2.9-4.7. Eng13126
has reported that trialkyl phosphites can complex with paramag-
netic transition metals such as cobalt and nickel. The metal
causes a decrease in spin-lattice relaxation time of adjacent
nuclei. This results in a more rapid exchange between the spin
states of the nuclei, which are in effect, decoupled. An attempt
to decouple phosphorus in the vhosphine oxide (159, 160; RoPhPO)
was made using Co(ClO4)2 in deuteroacetone. The thosvhine oxide
solution gave a characteristic "cobalt blue" colour due to complex
formation but the n.m.r. spectra of the aromatic and vinyl region
were shifted downfield and broadened beyond recognition;

Since spectral studies had failed to elucidate the
position of éddition, the compound was hydrogenated and found to
be identical to a sample of dioctylphenylphosphine oxide ((C8Hl7)2
PhPO) prepared by another route. This proved terminal addition
had 6ccurred forming dioct—l—enylphenylphosphine (159) but the
geometry of the compound remains unknown.

Hept-l-yne and Phenylphosphine: A similar reaction was observed

between phenylphosphine and hept-l-yne at 125o « The product of
the reaction was distilled under nitrogen several times to give
reasonable analyticzl, infra-red, n.m.r., and mass spectral data
in agreement with an assignment to dihept-l-enylphenylphosphine.
In neither the vhosphine nor its oxide were the vinyl proton
fesonances in the n.m.r. spectra any less complex than before
and the assignment wis made by analogy to the case for oct-1l-yne

discussed above.
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Hex-l-yne and Phenylphosvhine: An attempt to react hex-l-yne at

710 faiied. In a prolonged reaction with di-t-butyl veroxide, as
a radical reaction initiator, no addition products were observed.
This could, however, be due to a low decomposition rate of the
ﬁeroxide at the boiling point of the reaction mixture. An exveri-
ment with small scale apparatus and irradiation with a U,V. lzmp
onto neat reactants also failed to form addition products.

Oct-4-yne and Phenylphosphine: The reaction of oct-4-yne with

phenylphosphine was observed at 1319 . The product was shown to
consist exclusively of a 1l:1 adduct that was assigned to the
geometric isomers of l(l—propylpent-l-en)ylphenylphosphing (161 or
162). Spectral data agfeed with this assignment and the n.m;r.
spectrum, unlike those for products discussed previously, was

conclusive for either of the isomers shown below,

d
b
CHC 'c-:lfc H C2H5C\H2 /CH “CHs
F  “CH-CH S=C\ b
161 162

The alkyl proton resonances, including[.l6lor 162 a)
and cj] fbrméd a broad complex. The proton resonancé for b) was a
doublet of triplets JPHb 21 Hz, JHbHc 8 Hz which correlates with
values expected from ohservationé'on similar system323 « The
proton resonance for d) appeared to be a doublet of triplets
JPHd 218 Hz, JHdHa 12 Hz. The coupling constant JPHd is large but

A

similar to that observed for diphenylphosphinel‘2 . When the
reaction was reveated .with longer reaction times no 2:1 adducts
were observed. This suggested that a steric limitatién was present

for non-terminal alkynes at this temperature.
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Since such clear coupling constants had been observed
for this secondary vhosphine, an experiment to utilise this
knowledge with respect to the problems of isomer identification
Wwas made. If the analogous secondary phosvhine could be prevared
from oct—l;yne and phenylphosphine, the nature of the n.m.r.
adsorbtion and size of coupling constants could distinguish

between 163 and 164.

H M CeHz |
C=C Rt
/ \C H C‘.C\
PR 6713 phE H
H H
163 - 164

Therefore, oct-l-yne and vhenylphosphine (slight
excess) were.reacted and dioct-l-enylphenylphosphine was obtained
as before. This demonstrated that if the secondary phosphines 163
or 164 were intermediates then they were at least as reactive as
phenylphosphine. This is a parallel to the study by Pellon127 on
chain transfer to primary and secondary phosvhine and implies
that a radical reaction is involved. A lower boiling distillate
was also obtained and found to consist of a 1:1 2dduct and a 1:1
adduct where the double bond had been reduced. This comlication
ruled out the possibility of deciding between iéomers from coupling
constants since the n.m.r. spectra were too compnlex,

1-Phenylhex-1-yne with Phenylohosphine: In another experiment

l-phenylhex-l-yne (PhCEC-C4H9) was allowed to react with phenylphos-
phine and gave an adduct of two molecules of alkyne and one of the
phosphine. This assignment was based on i.r. and mass spectral data.
The n.nm.r. épectrum gave a reasonable peak integral for fifteen

aromatic protons relative to eighteen alkyl protons. No justifiable
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assignments could be made for the expected two vinyl protons.
It is possible that these resonances are coupled to adjacent alkyl
protons and to vhosphorus with the result that part of the sextet
of peaks expected lies under the aromatic region.

It is interesting to note that this alkyne has not
suffered the same limitation of the oqt—d-yne adduct, since diadd-
i%ion of phenylvhosphine has occurred. This difference is almost
cgrtainly due to the higher reaction temperature of l§0o , although
the greater stability of possible radical intermediates 165 over

166 following reversible additions could be involved.

Ph  SMg Gy SfY
ot ol C= ¢
H,  P-Ph . P-Ph
PRC . H Ll
49 Gy GH,
165 166
H
?41 4
[f’h'—i_"PPh [PhCHé-H » P Ph
H 2 2
167 ’ 168

In a reaction with excess phenylphosphine and l-phenyl-
hex-1-yne at.160o for 12 h. the only product isolated was shown
to be a mixture of reduced 1l:1 adducts. The assigned structures
1(1-phenylhexyl)phenylphosphine (167) and 1(1-benzylpentyl)phenyl-
pﬁosphine (168)7agreed with i.r. and mass spectral data. The
suggestion that two isomers were involved was based on the obser-
vation of two sets of double doublets with slightly different
resonance positions, both with JPH 210 Hz, but ore with Jun 6Hz

and the other with J

HH 8 Hz. The similarity of these peak integrals,



TABLE.

i ] /
RCG:CR + PHPH, —> R, R + R_ R
e o
-P-Ph HC— P-Ph
A) B) o) R~ R/’ D)
R R! Temp.a) Ratio of Product
Reactants
A:B
C4H9 H 71 - 2:1 no reaction
CSHll H 100 2:1 D
C6H13 H 125 2:1 D :
1:1 C&D&reduction
Ph H 140 2:1 D
CBH7 03H7 131 2:1 C
C4Hgy Ph 140 2:1 D&reduction
7 1:1 C&reduction

Note a) These temperatures are the boiling points of the alkynes

or the oil bath, whichever was the lower,



107

although close together, ruled out an imourity of oxide causing
a second set of peaks because there was no strong P=0 frequency
in the i.r. spectrum.

The results of these experiments are summarised in
table 1. When investigating the addition reaction of phenylphosphine
with these substituted alkynes a reduction of_some of the double
bondgin some of the products has been observed.Before discussing
the possible mechanism of these addition reactions it is necessary
to introduce the resu;ts of experiments designed to test the nature
of this reduction step.

Reduction Reactions of Phenylvhosphine: Dioctyl-l-enylphenylphos-

phine ((C6H130H=CH)2-PPh) was allowed to react with a molar excess
of phenylphosphine and gave a 58% yield of octylphenylphosphine
(08H17PHPh), a secondary phosphiﬁe. This product showed that an
unusual reaction had occurred, which included reduction and frag-
mentation steps. A reaction with the corresponding phosvhine oxide
((C6HlSCH=CH)2P(O)Ph) failed to give either a reduced or fragmented
ﬁroduct. This suggests that the reaction involves a similar revers-
ible step to that of phosphine radicals to alkenes, reported by
Pellon9 , but that this reversible addition does not occur with
phosphine oxides. The work by Pellon involved ob;ervations of the
characteristic trans- alkene adéorbtion in the i.r. spectrum but
the author did not analyse for products due to a reduction steb.

A reaction of phenylyhosvhine with dec-l-ene is
reported here and the vresence of reduced alkene, decane, was
observed besides the expected reduction product,decylphenylphosphine.
The choice of such a long chain alkene was made to ensure that the

temperature was sufficiently high to obtain a reaction without
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PR . . PR, H  abs PR _
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resorting to high pressure systems.

Observations by Burch et al.12 have shown that a
radical -chain mechanism occurs in the reaction of phosphine with
fluorenated alkenes and have reported reduced »roducts. These
authors expla’'n the reduced product by the addition and abstraction

steps below:
hy " .
PH3——-> PHy + H
: CE=CF. TH3 ..
+ PH2

The addition, reduction and fragmentation products of
the reactioné reported here suggest that a similar radical process
is involved and the scheme (opp.)is proposed. All the reactions in
the literature reported to proceed by radical chain mechanisms
have been initiated by the decomposition of peroxide or azonitrile
comnounds or irradiation by U.V, light. In the reactions reported
here no initiation was used and the process of the first step is
in some doubt, because thermal fragmentation must have occurred =s
low as lOOo . It is possible that some impurity of a biphosphine,
dissolved oxygeﬁ, or incident U.V. light starts chain reactions by
steps a) or e).

The steps a) to f) satisfactorily explain the addition
products obtéined with aryl and alkyl substituted alkynes. The
step d) or e) involves chain transfer to a secondary phosphino
radicel and competes favourably with steps a) andec ) 7hich involve
a primary phosphino radical. Thus even in the reaction of oct-l-yne,
with equimolar phenylphosphine, diaddition of alkyne to the phos-

ovhine does occur. This observation indicates that a stepwise
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mechanism does not operate. The observation of reduced products

in experiments with excess phenylphosphine is explaingd by step i)
and is a parallel to that proposed by Burch et al.l2 . The unexp-
ected saturated secondary phosphine isolated from the reaction of
phenylphosphine with dioct-l-enylphenylphosvhine is explained by
steps g) and h), which incorporate a reversible addition.-This ,
suggestion of é reversible addition is supported by observétions on
the isomerisation, during a reversible addition, of cis- to trans-
but-2-ene made by Pellon9 and was discussed earlier. That the
corresponding phosphine oxide did not undergo this unusual fragment-
ation reaction also supports the reversible step suggested.

The critical temperature for these addition and reduction
reactions appeared to lie between about 71o and lOOo , the boiling
point at atmospheric pressure of hex-l-yne, which did not react,
and hept-l-yne which did. Hoffmann15 reported a slow reaction
between diphenylphosvhine and l-phenyleth-l-yne (PhC=CH) at lOOo
and it is possible that this is the limiting temperature.

A1l the reactions from the literature used in evidence
for a radical process have in fact been induced chemically or
photochemically. The products reported here do suggest that a
radical mechanism qperates, but these temperatures are low for
homolytic cleavage. The possibility that sgveral different mechan-
isms operate cannot therefore be ruled out.

The main object of studying the reaction of phenylphos-
phine with aikynes was to identify the position of attack. It has
been proved that a general therm:l reaction occurs betweenrphenyl-
vhosphine and alkynes and that the phosphine reacts p;eferentially

in the terminal position with monosubstituted alkynes. With
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disubstitufed alkynes a similar general reaction occurs,but it was
not possible to distinguish between isomers and thus prove whether
the addition is on the alkyl or aryl sgbstituted carbons in examples
such as l-phenylhex-l-yne (PhCEC-C4H§). During this investigation
an unusual fragmentation and reduction reaction‘was observed and

a mechanism for this reaction has been proposed.
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ITI B. THE REACTION OF PHENYLPHOSPHINE "ITH ALKYLDIYNES.

Markl and Pottha.st34 have used a base catalysed reaction
of phenylphosphine with conjugated alkyldiynes (RC=C-C=C-R) to
form phospholes. The present study investigated the possible
extension of this type of reaction using the reaction of a noncon-
-jugatedpenta-1,4-diyne ("skipped" diyne) (169) with phenylphosphine,
MArkl's basic conditions could not, hgwevér, be used because the
diyne (169) would have iscnerised T . The Intentdon wes Hhet
thermal addition of the phosphine followed by 1,5-cyclisation
could form a 1,4-dihydrophosphorin (170), hydride transfer and

electrolytic cleavage of P-Ph would then lead to a phosphorin (171).

H H H
N
IC\ /
169//5: C\\ ‘ l — + m—— -
£ c R R RNp7R R p7R
R R B Bh

170 ' 171.

The work discussed previously (Ch.III. A) did not
indicate thaf alkyl or aryl substituents of the alkyldiyne (}69)
would promote addition specifically to the 1 and 5 positions.
Therefore it was decided to start the investigation with trideca-
;5,8-diyn¢ (169: R=C,Hg).

Trideca-5,8-diyne with Phenylphosphine: When phenylvhosphine and

trideca-5,8-diyne were heated to 160O a reaction was observed that
gave two main distillates. The first distillate was found to consist
of three components, which could not be separated by high vacuum
distillation and wereftoo readily oxidised for separation by

column chromatography. The components were distinguished by peaks
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Z

in the )lP n.m.r. spectrum at -4.1, -4.68 and +7.72 p.p.m.,

normal positions for phospholes56 and aryl and alkyl substituted
tertiary phosphines128 . This distillate was proved to be a mixture
of 1:1 adducts by good analytical data and a clear mass spectrum,
which showed a cracking pattern commensurate with the breakdown

of butyl chains. The mixture definitely contained cyclised prodgcts
because no alkyne (C=C), or (P-H) adsorbtions appeared in the i.r.
svectrum at 2190 Qf 2220 cm-'l . The (P-C=C) adsorbtion was weak

at 1595 cm_l 128 . This evidence suggests that addition had
occurred in the 1 of 2 positions and then cyclisation in the 4 or

5 positions to give (172), (173) and a proton or hydrogen migration

to form (174).

H
HH | ||172
169 ,C  C, 157 B2RR H
IC C\ 1 Ph
R R A i H 173
PhPH P e
2 1 :
Ph
\13'\ 4 \! R
R > CHR
| 2
Ph 174

N.m.r. studies support this suggestion showing a
doublet at T ; 3.52, which was assigned to the phosphole (174) .
Jpg 13 Hz, which is normal for phosphole ring$ of this typelso .
A complex resonance was observed at ¥ ; 3.9-4.3 and assigned to
the vinyl protons of the hydrophcosphorin (172) and the phosphol-
—-2-ene (173) structures. Another complex pattern at < ; 6.5-7.0
was due to the cyclic ﬁethylene groups of the hydrophosphorin (172)

and phospholene (173) rings. This methylene pattern consisted of
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two distinct, overlying complexes with fine structure apvarent

to the low field side, (App., II. fig. 1). These complexes did not
alter when spectra were taken at intervals from -40° to +55° .
This implied that the two complex patterns were due to different
compounds and not different conformations (175 or 176).

’ }{O
H
Pnh~ b Ph\
175 176 Hb H(J

Spin decoupling experiments were performed on the
region T; 3;9-4.3 with respect to T ; 6.5—7.0.'Irradiation corres-
ponding to € ; 6.63 caused the complex centred at¥C ; 3.98 to

collapse to two doublets, JPH 4 Hz and J_,. 2.5 Hz, and was assigned

PH
to the phospholene (173) vinyl protons.'A‘complex to the side =2t
T; 4.18 was also affected and gave a_broad sirglet that could
represent a geometric isomer of (173). Irradiation corresponding
to €; 6.68 caused the complex centred atT ; 4.08 to change, and
although it did not yield the exvected ;ymmetric vattern, it was
assigned to the dihydrophosphorin (172). The proximity of the
peaks makes execution of these spin decoupling experiments difficult
and analysis of the results’speculative.

Preparative g.l.c. was performed on this first distill-
ate and gave several fractions. The first of these had a parent ion

of m/e; 286 (calc. for C P, m/e; 286) in the mass spectrum

19%27

showing that decomposition had not occurred. This oil oxidised
rapidly in deuterochlaroform to give a compound, which now had a

parent ion m/e; 302 (calc. for 019H27OP, m/e; 302). Thin film i.r.

studies showed adsorﬁtion at 2240 cm — for (P-H) and 2210 cm — for
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Ph Ph Me Ph Me
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(C=C) and oxidation on exposure tg the atmosphere rapidly gave an
adsorbtiqn at 1170 cm—l for (P=0). Thus from material that origin-
ally contained only cyclised components straigh@ chain comnounds
were obtained that oxidised rapidly in solution. This conclusion
was supported by n.m.r. studies, where the fine structure originally
observed on the methylene region was soon lost.,

The second preparative g.l.c. fraction obtained, gave
a molecular ion of m/e; 302‘(calc. for C19H270P, m/e; 302) and
i.r. and n.m.r. spectira veryAsimilar to those observed for the
first fraction after oxidation. It is possible that the solution
used for chromatography was oxidising slowly and that the column
phase ring opened both these components., Oxidation of the uncyc}ised
first component subsequently gave identical products.'The ease of
ring opening is supported by observations on the reversibjlity
of addition of phosvhines to alkenes made by Pellon9 . The present
work proved that g.l.c. could not be used to separate the components
contained in the original distillate.

In an attempt to demonstrate the nature of the compon-
ents of the first distillate a set of sequential reactions were
designed. The intention was to form a phosphorin With.pentavalent
phosphorus-from the dihydrophosphorin component (172).

M4rkl and Potthast69 reported that a reaction between
l,2,4,6—tetra§henyl—l,2,—dihydrophosphorin (177) and methyl iodide
féllowed by base gave l-methyl—l,2,4,é—tetraphenylphos“horin (179).

The first distillate,from the reaction reported here
of phenylphosphine with trideca-S,S-diyne,was found to give an
exothermic reaction with methyl iodide. Reaction of the oily

product with sodium hydroxide solution gave nucleophilic attack at
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the phosphonium centres of (180, 181, 182) and ring opening of the
intermediates (18%,184,185) under the driving force of formation
of a P=0 bond. The mixture of straight chain phosphine oxides
thained gave adsorbtions at 1620 cﬁ_l for (P-C=C) and 1170 cm._l
for (P=Q) in the i.r. spectrum. Other spectral evidence, including
31P ﬁ.m.r. studies, support the assignment to a mixture of teftiary
pthphine oxides. It was however impossible to §eparate or disting-
uish between the isomers formed (186, 187, 188). The ring ovening
reaction observed is a varallel to the revort by Bergesen50 on

the reaction of l—methyl—l,2,5—triphenylphospholium iodide mentioned
in the Introduction. Other bases used were triethylamine, pyridine
and the sterically hindered l,87§i§ﬂdimethylamino)naphthalgne »

but no products containing a phosphorus ring were obtained.

Nona-1,4-diyne and Phenylphosvhine: Results of work discussed

previously has shown that phgnylphosphine readily'adds to the
terminal position of alkynes. Ideally then, penta-1l,4-diyne should
be reacted with two terminal positions available. Since this
substance would be gaseous, and require high pressures to'giveran
addition reaction, nona-l,4-diyne (189a), R=04H9; R'=H) was used
and was found to require a temverature of 160o to obtain cyclised
1:1 adducts. A higher boiling fraction was obtained and shown to
be the adduct formed by addition of two molecules of phenylvhosvhine
to one of diyne. This compound probably has the structure (190a))
although the integral of the n.m.r. resonances was not good.

The lowgr'boiling fraction containing 1l:1 cyclised
adducts gave an n.m.,r. spectrum very similar to that obtained for
the trideca-5,8-diyne products, particularly in the —ethylene

region. This complex had a well defined fine structure on the low
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field s'de of the spectrum but less so to the high field side.

The vinyl complex was also quite similar with two broad complex
fesonances. No doublet due to a phosphole component was observed
glthough the U.V. svectrum had a comparable envelope to the previous
case. The mixture is concluded to be a mixture of the dihydrophos-.

phorin (191) and the phosphol-2-ene (192).

C
, L
R R PhPH RRypph
PHPH,
190 191 192
a)R= C4H9: R=H o
1
b)R=R= Ph /Z/ \S\ PhP H-C‘-’-CHCHéGC’Ph
R P (:H R
Pr\
193 194

1,5-Diphenyl-1l,4-diyne and Phenylphosvhine: Similar experiments

to tﬁose discussed above were performed using diynes with aryl
substituents (189b)). In these cases more vigorous reactions were
observed giviﬁg mixtures containing the phosphole (193 b) R=R'=Ph)
and the phosphol—2-en; (192,b)), but did not apneaf to contaiﬁ a
dihydrophosvhorin component (191,b)). The n.m.r. spectrum of the
mixture showed a doublet at © 3 6. 82 J = 5 Hz assigned to the
benzyl protons of the phosphole (193,b)). This resonance could
not be due to the dihydrophosphofin (191,b)) methylene protons
because these would give a triplet arising from coupling with

two adjacent vinyl protons. The observed doublet ate3,02 J= 11 Hz
for the phosphole riﬁg protons is normal for these compoundslSo :

The other vinyl proton rescnance observed was due to the phosphol-2-

—ene (192) comvonent and is a doublet of triplets.
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A similar reaction with i-butylbenzene as solvent
was carried out and the reaction mixture was chromatographed.
Anomalous results were obtzined and the only identifiable product
was a straight chain secondary phosphine (194); This suggests
that the conditions were too mild to overcome a steric limitation
to cyclisation, No realistic conclusions can, however, be made from
a single product in low yield.

1-Phenyl-1,4-diyne (PhCEC—CHZ—CECH) gave an extremely
vigorous reaction and only polymeric tars were obtzined.

These results indicate that the thermal reaction of
phenylvhosvhine and alkyl-l,4-diynes is not a simrle route to
1,4-dihydrophosphorin, precursors of phosphorins unsubstituted
in the o- or p- position. Experiments with phenylphosvhine and

alkyl-l,4-diyne-3-0l (R-C2C-CHOH-C=C-R) were made by Lim o1

s Who
found similarly complex product mixtures. This worker did, however,
observe a variation of products that anpeared to devend on the

steric influence of the substituents chosen;

Conjugated Diynes and Phenylphosvhine: The simple thermal reaction

of 1,3-diynes (195) with phenylvhosvhine as a route to phospholes
was also considered. A very vigorous reacfion was observed that
gave severzl products that could not be sevarated by distillation
‘or chromatography. The product from bﬁtadeca—6,8-diyne (195; R=R'=
'(BHil) was shown to be 2 mixture of phosphole (197) and pho’pholéne
(198 and 199) components, indicating that a similar reduction
process to that observed with simple alkynes had occurredf

The presence of both isomeric phospholenes (198 and 199)
is inferred from the complexity of the vinyl region in the n.m.r.

spectrum (Apo. II. fig. 2). A doublet atT ; 2.95 was observed for
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the phosphol-3-ene and a complex at T ; 3.2-3,3 for the phosphol-
-2-ene, A broad doublet was observed atT ; 3.96 -nd assigned to
the phosphole (197) o the basis that a similar position and coup-
ling was observed with pure 2,5-di-i-butyl-l-phenylphosphole and

values reported by M'e'trkl34 . The sample had oxidised during column

chromaﬁograohy and impurities confused the picture further:

| / =CR / \197
R-C=C- C=C-R " R R
195 + - io R-H P
PhPH, YRR g e y
' / H=CHR _H[ LR
11
. a0\ Ph 00
S, R*Np 7R
200ph Ph 198

Other experiments using diynes with shorter alkyl
chains were also performed and gave exactly comparable results.
High boiling fractions were observed and were associated with
diadditions of phenylphosphine tothe diynes and addition of two
molecules of the diyne to two of the phosphine. These fractions
were obtained even when the relative molar proportions of the
reactants were changed. Thus the low yields observed in the original
experiments (29%) are orobebly due to polymerisation and reduction
side reactiohs.‘

Thus an increase in phenylvhosphine molar ratio led
to increased-reduction, while an increase in diyne molar ratio led
to double adlition to the phosphine. These results indicated that
the simple thermal reaction could not be used to prepare pure

phospholes from diynes and phenylphosphine.



119

I1I C THE FORMATION AND REACTIONS OF PHOSPHOLIMINES.

The reactions and properties of phosphole derivatives
have been reviewed in the Introduction., This has shown that doubt
exsists concerning the degree of aromatic character of phosvholes
and phosphole derivatives., One interesting type of reaction repor-
ted by Campbell et'al.42 s Which demonstrated the diene character
of 1,2,5-trivhenylphosphole (201), was that involving dimethyl
acetylenedicarboxylate. In this feaction a phosphorus containing
fragment , so far unidentified, was extruded in a retro Diels-Alder
step, probably via intermediate (202), to form dimethyl 3,6—diphenyl-

phthalate (203).

Ph
v | Ph Ph
& Y
/ \ g Jf—w i i .[PhP:]
PhiNp” Ph Ph Y
201 Jp Y Y Ph
 Y=-coMe 202 203 204

It was therefore decided that the present study should
attempt to extend the range of phosphole derivatives to include
larger substituents on phosnhorus}

The Reaction of Phosvtholes with Azides: The reaction used to

éxtend the available phosphole derivatives was that between a
variety of substituted azides and some phospholes. This reaction
also indicates the availability of the phosphorus lbne pair of
electrons. It is a parallel to that reported by Staudinger R
between triphenylphosphine (Ph3P) and some azides, for the formation
of phosphinimines (205:206). A later study by Leffler et al.l33

isolated a triaza- intermediate from the reaction of triphenyl-

phosphine with triphenylmethyl azide. These Workers postulated
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a straight chain form (208). In a similar reaction Horner and

134

Gross assumed that an intermediate of the form (207) had been
involved following their kinetic studies. This work suggested that
nucleophilic attack by the phosphine on the azide had occurred;
-
205 206 by N, 207

. o
h). —> Ph,P-N-N=N C(Ph)
Ph,P + N3C(P)3 3 208 3

3 195

Franz and Osuc isolated an intermediate with tosyl-
azide that tﬁey.believed was in the straight chain form because

no adsorbance at 2100 cm-'1 for an azide frequency was observed.
They did report that different products were obtained in diff-
érent solvents. Johnson136 has reviewed these reactions and conclu-
ded that the strﬁctures of the products and mechanism of the
reaction require a detailed study for clarification.

This present investigation revealed a reaction between
1,2,5-triphenyl-hosphole (209; R=R'=Ph) and a variety of azides.
Evolution of nitrogen just below the boiling point of the solvent
(dioxan) was observed and the novel phosphole derivatives, phosvnhol-
imines (212) (App. III. fig. 3,4,5.) isolated by crystalisation
The relatively low temperature indicated that a discrete nitrene
intermediate could be excluded and suggested that a dipolar or ylid
species was involved. If a straight chain ylid (210) is involved
then the triazaphosphetane intermediate (211) must also take part;
Phosphorus is known to readily undergo fbur éentre reactions and
in this case forms the phosvholimine (212) and nitrogen. The

alternative dipolar svecies (213) cannot be ruled out on the



Spectral Data on Phospholimines:

TABLE.2.

Ph
Ph
Ph
Ph
Ph
t-butyl

Ph

p~CH, CgH, -

Ph-
p-NO,CH, -

p-CH,CgH,S0,-

3

02H5CO2-

Ph-

1,2,5-triphenyl-
phosphole oxide

1285
1280
1290
1260
1380

1315

Ring Protons at

100MHZ, T :

2,46 & 2,79
2.40 2,73
2,30 2,64
2.41 2.81
2,38 2.74
3,10 3.48
2,58 2.96

33
33
34
41
36
36
36
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evidence obtained. The reaction of phospholes with chloramine T

was found to give a similar phospholimine (212; X=-SO2C6H40H3).

/\ .XN3-—>/\——>/\

R P R R ﬁ R . P. R

N=N
209 %’ =N X
210 l 211
N —— [\,
R /;:_, R R™\p”"R
Ph{NfX Ph “N—x
\ -
213 N=N | 212

The i.r} spectra of this series of compounds gave a
stretching frequency of 1260-1380 cm—l for (P=N-X) (Table 2).
137

These values are similar to those observeq by Corbridge for
delocalised P=N systems (1260-1385 cm_l ). This_implies that there
is some contribution of the ylid form (?—ﬁ—). N.m.r; studies
initially gave some problems because compounds such as (212; X=
B-NOZCGHA—) gave a deformed doublet at*C ; 5.1—3.33.(App. 11 fig. 4).
Expansion 6f this"doublet" showed further solitting, which eliminated
the possibility that this resonance was due to the phospholimine
ring protons. Two sharp resonanées at T ; 2.30 and C ; 2.64 overlie
the aromatic region and were assigned to the elusive ring proton
resonances. Similar veaks were observed in other phospholimines
by analogy to this examnle and are tabulated (Table 2).

An interesting feature of these pﬁosnholimines i;
that both (212; X=-802—C6H4CH5) and (212; X;BN02-06H4—) (App.II Fig.

4 and 5) gave A2B2 resonance patterns for the substituent ring protons.
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With the phospholimine (212; X?ECH3”C6H4) the ring protons gave
a broad singlet at relatively high field T ; 3.16 and not

an A232 system. This suggests that the electron donating effect
of the (_CH3) group is ba}anced equally by that of (P=N).

‘ In N-phenyl-2,5-di-t-butyl-l-phenylphospholimine
(212; R=—C(Cﬁ5)3) the imine ring protons (=N-Ph) were observed
és a multiplet and double irradiation was required to identify
which resonances were due to the phospholimine ring protons; In
all cases the o-protons of the phenyl group on phosphorus (Ph-P=N-X)
are further down fieid than the normal aromatic position. This is
especially clear with (212; X=—SOé3é{éH{9 whgre these protons
appear as an octet with ¥¥[=12 Hz,‘hon:S Hz, JﬁoHp=2 Hz. These
observations support the.suggesfionjof a cohtriﬁution ffom fhe
ylid form (?—ﬁ).
| The relative ease of formation of these phosvholimines

(212) is evidence of the availability of the phosvhorus lone pair.
it aiso highlights the dominance of the chemistry of phos-horus
over any heteroaromatic properties the system may have.

The crystalline vhospholimines all have intense
colouration varying from yellow ochre (212; X=-CO,Et) to burgundy
red (212; X;B—CHB-C6H4—). This variation is not as distinct in
the U.V. and visible spectra where a very similar envelope is obser-
ved. The peaks at 405-380 nm have a fairly high extinction coeffic-
ient (E.; 18,000 to 25,000), but is absent in (212; R=t-butyl, X=Ph).
The variation in position and intensity of this peak with substit-
uents implies that it is due to conjugation of the group (P=N-)
with the two phenyl rings, while the others at higher energy are

more likely due to the(P-Ph)or phosphole ring;
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Reaction of Phospholimines: An attempt to form the N-p-azidophenyl

derivatiye'from (212: X;BNOZ—C6H4-) by reduction to N-p-amino-
phenyl-1,2,5-triphenylphospholimine (212; X=p NH2~C6H4-) was
unsuccessful. The standard iron and hydrochloric acid reduction
of nitro groupé was used, but gave only 1,2,5-triphenylphosphole
_oxide. The phospholimine had Behaved as an ylid and hydrolysed in
acid conditions.

To date the only simple phospholes reported with
penta-valent phosphorus have undergone several structural reapprais-
als, some of which have been discussed in the Introduction. Wittig
and Kochendorfer138 have prevared a fused ring phosphole with
penta-valent phosphorus (216). The reaction involved N-phenyl-l-
-phenyldibenzophospholimine (214); This compound was methylated
and then reacted with phenyl lifhiﬁm to displace the methylphenyl-
amino group-.' The suggested structure for the intermediate salt
(215) curiousiy suggested that a +ve chargg was localised on nitro-
geﬁ, when it is much more likely to reside almost entirely on
phosphorus;

A similar methylation step was observed for N-phenyl-
-1,2,5-triphenylphosrholimine (212) and l(methylamino)-1,2,5-
-triphenylphospholium iodide (217) was isolated. The coupling
constant for phosphorus with phbspholimine ring protons has increa-
sed Jpy 45 Hz. This suggested that either the +ve charge causes
more efficient coupling or that there had been a change in dihedral
angle to apvroach closer to 180o , Where maximum coupling occurs.
The phospholium iodide (217) was allowed to react with phenyl
iithium but no clear prbducts were isolated. Column chromatography

gave a little oil that speculation on spectral data of an impure
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sample suggested that 1,2,3,5-tetraphenylphosphole (220) had been

formed, but no 1,1,2,3,5-pentaphenylphosphole (218) was detected.

o0 QO QO

PAN-Ph Ph “N-ph oh [ ph
214 215 Me 216 Fh
Ph'C >Ph__> Ph@Ph —)é>ph \

- o 7N
Ph N-Ph Ph rlq Ph Pn' Ph
212 217 Me Ph 218
o
] VH Ph | Ph
/ I\
R Ph™p~ Ph
P fl-Me Ph
Ph
219 - 220

Since 1,2,5-triphenylphosphole is a relatively stable
system an attempt was made to photolyse N-phenyl-1,2,5-triphenyl-
phospholimine (212), reform the phosvhole and produce a phenyl
nitrene. A similar reaction of N-i-butyltriphenylphosphinimine
(221) was reportei by Zimmer and Jugawant 14 . These workers
found a complex mixture of prodﬁcis ﬁhat included t-butylamine,

a product of double hydrogen abstraction by the nitrene. In &
photolysis reaction of the phospholimine in diethylamine a reaction
was indicated by the change in colour of the solution, but neither
aniline nor 2-diethyl-3H-azepine, products of nitrene formation,

were observed., This route to phenyl nitrene had therefore failed.
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IIT D. THE REACTION OF PHOSPHOLE AND PYRROLE DERIVATIVES WITH

DIMETHYL ACETYLENEDICARBOXYLATE.

The vpossible use of a retro Diels-Alder reaction as a
source of reactive intermediates has been briefly reviewed in the
Introduction. Braye et al.33 and Campbell et al.42 considered the
feaction of phosphole derivatives with dimethyl acetylenedicarbox-
ylate. Both groups of worke?s were unable to isolate a bridged
Diels-Alder adduct (222) and only found the corresponding phthalate
(224) following aromatisation and extrusion of a phosvhorus fragment.
Schmidt et al?3 considered this reaction when looking for another
route to the phosphorus reactive intermediate phenylphosphidene
(PhP) which they claimed to have formed previously ? .These
ﬁbrkers attemped to obtain the bridged adduct (222) by the standard
chlorosilane deoxygenation of the corresponding oxide (223)
prepared by a circuitous route. These workers only obtained the
phthalate (224) and did not repoft a search for the extruded
| phosphorus fragment.

Diels-Alder Reaction of Phosnholimines: The present study consid-

éred the Diels-Alder reaction of phospholimines and other related
derivatives, where the larger substituents on phosphorus could
stabilise a reactive intermediate and facilitate its identification.
Thus N—tolyl-l,2,5-£riphenylphosoholimine (2263 X=pCH3 -
—C6H4—) was reacted with dimethyl acetylenedicarboxylate at 105o
with t-butylbenzene as solvent. The product was shown by analysis
and mass spectral data to bé a 1:1 adduct, but the i.r. spectrum
included peaks at 1660 (C=N) and 1350 (P=C) cm—1 , besides those
exnected for the phosphéle ﬁoiety. The_n.m;r. spectrum showed two

distinct resonances for +the methoxyl protons, which could not be
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due to couvnling with phosphorus or another proton (App.II.fig. 6).
Moreover, the singlet originally observed for the phospholimine
ring protons now resonated as a distinct A232 system. This demons-
trated that the environment of this ring had changed considerably.
All the reasonable structures for the compound (X;ECHB-C6H4) are
represented in the scheme opposite., If the expected bridge-head
adducts (225) had been isolated, the observed data would require a
50:50 mikture of two conformations (225a and 225b). The different
methoxyl resonances would then be eiplained by an involvement of
the imine double bopd with those of the ring., If, however, the imine
bond altered the environment of the methoxyl protons, a similar
alteration would have been observed for the vinyl protons., This was
not observed and since the difference in resonance position for the
methoxyl protons would probably be too large, this explanation was
rejected. The phosphorane structure (231) would certainly satisfy
the differént methoxyl resonances. The observed doublet. overlying
the aromatic region in the n.m.r. s?ectra(App.II fig. 6.) could be
due to a single proton, but since no bridge-head proton resonance
was observed, this. isomer was also rejected.

The true explanation lies in the formation of isomer
(2}0) by two'consecutive four-centre reactions depicted in the
scheme opposite. Phosphorus derivatives are known to react readily
by this path because phosphorus to carbon bonds are longer than
normal carbon-carbon bonds and normal st-ric considerations are
not so important. It was therefore decided to investigate this
reaction and test if intermediate (228) was involved by altering
the substituents on nitrogen. |

A similar reaction has been reported of phosphinimines



TABLE.3.

P N'X co Me Ph; co Me
A) B) C) COQMG‘ co LMe D) Ph

R X Solvent Temp. Ratio Yield Analysis

% A:B ch Db

Ph -tolyl t-butyl 105 431 40,2 - cryst,
benzene
" . " 105 1:1 63.8 4.1 col.

Ph Ph t-butyl 105 « 131 10.0 10,0 cryst.
benzene
" " " 105 1:1 5.6 6,0 col,

Ph B—N09C6H4 t-butyl 105 1:1 8.0 3,0 cryst,
) benzene
N " " 160 1:1 - 70.8 col.
Ph —COQEt t-butyl 105 1:1 - 34,0 cryst.
benzene
¢ " " 130 1:1 - 57.0 col,
Ph -tosyl t-butyl 105 dzd - - -
benzene _
" " s 160 excess - 100,0 cryst.&
B eol.
" " p-dimethoxy 160 i B - 23,0 col.
benzene
K
t-butyl Ph t-butyl 105 1:1 30,0 = col,
- benzene
- 1,2,5-triphenyl- t-butyl 105 ¥sl - 87.0 cryst.
phosphole oxide benzene
u cyclo- 95 1:1 - 33.0 cryst.&
hexene distill,

* The structure of this 1:1 adduct is discussed in Ch.III sect.D.

cryst. fractional crystallisation,

col. column chromatography on alumina,
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(232) with dimethyl acetylenedicarboxylate by Brown et all40 These
workers found that an ethylphosvhinidene (233) had been formed

and suggested that a four-centre reaction had occurred. They

found that substituents with increased electron withdrawing power
reduced the yield of ethylphosphinidene (233). This implies that
nucleophilic attack Sy nitrogen on the relatively electron deffic-
ient acetylenic ester is the first step.

A series of phospholimines were therefore allowed to
react with the alkyne to test the mechanism of the first step. The
reactions were normally analysed by botb fractional crystallisation
and column chromatography and the results are summarised in Table 3
opposite.

It was found that with 1,2,5-trivhenylphospholimines

BC6H4) predominantly formed the

ethylphospholidene (230). It appeared that the N-phenyl substituent

(226) only the N-tolyl case (X=pCH

of the phospholimines (226; X=Ph) represented the turning point
because low yields of both possible products (224 and 230) were
observed, With substituents on nitrogen of high electron withdrawing
power (2263 X=tosyl; X=—COZEt)7no ethyl phospholidenes (230) were
observed. Bromn et al.}40 found that these substituents also

failed to give the corresponding phosphinidenes.(233), but that
N-p-nitrophenyltriphenylphosphinimine (232) did. They found that
two nitro groups were required on'the imine ring of their phosphin-
imines before the reaction failed. This suggests that, in the
compounds studied here, the phosphole ring reduces the nucleophil-
icity of the (-P=N-) group more than the three phenyl groups of the
phosphinimineé studied by Brown or, which is more likely, presents

an easier alternative reaction path. The low solubility of some of
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- the more polar phospholimines (226; X=tosyl) in the solvent
(t-butylbenzene) meant that higher temperatures had to be used for
a realistic concentration of reactant.

It has been conclusively shown that electron withdraw-
ing groups on nitrogen reduce the yields of phospholidenes (230)
ih the reactions studied. This indicated that the reaction of the
phospholimines (226) probably proceeds by nucleophilic attack by
the nitrogen grbup on the alkyne to form (228) rather than electro-
philic attack by an ylid form of the phosbholimine to give (227).
The intermediate is, however, ipvolved after both initiation steps

énd is almost certainly present.

R= C(CHy), p\hN=l;',h " .
Y= C02Me

o
T :
Ph\ &

N A
FN=pPh&
Y

G
Ph 7
234 - 238

The reaction of N-phenyl-di-t-butylphospholimine (234)
Wwith dimethyl acetylenedicarboxylate was not as straightfarward,
The product obtained was proved to be a 1l:1 adduct by m2ss spect-
roscopy but the n.m.r. spectrum contained some anomalies. The meth-
oxyl resonance appeared as a broad singlet with some fine structure
and a doublet., A similar complexity of three peaks was also
observed for the Efbufyl resonance. This implies that the phosphol-

idene isomer (235) can only be preseht if it is one component of a
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mixture. The alternative isomers (23%6) would also only give single
resonances for the t-butyl groups. Thus isomer (237) must be consid-
ered as a possibility. This requires that attack by the intermediate
has occurred (238) on the 3 position of the phosphorus ring rather
than on phosvhorus itself., The very different environment for the
t-butyl and methoxyl vrotons would certainly cause two sets of doub-
lets.

None of the proposed isomers however, explains the
observation of other resonances. This implies that a mixture of
compounds is present, which is unexpected because.the compound was
isolated from an alumina column by chromatography., It is unlikely
that dimethyl difi-butylphthalate (239) would have the same
retention time as the bigyclo- substance-(237) and is therefore
ruled out as a component. It is possible that the phthalate (239)
might be a product of a reaction on the alumina column, which is then
eluted by the solvent causing the reaction, but this is an unlikely
explanation., Thus the vrobable ex»lanation is that, either the
compound isolated was a mixture of isomer (237) and one other, or
none of these.

The investigation of the rcaction of phosvholimines
with dimethyl acetylenedicarboxylate was not limited to establishing
the mechanism for the formatioﬁ of phospholidenes. It had been
shown by the proportion of products that this reaction competes
with the Diels-Alder addition, which formed the intermediate (225).
This alternative path operated exclusively with strong electron
withdrawing substituents on nitrogen (226; X=SOZC6H4CH3). If the
bridge-head intermediate (225) could be isolated, controlled

experiments could then be designed to investigate the retro-
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Diels-Alder reaction observed by the formation of the phthalate
(224), and the nature of the phosphorus fragment extruded. Therefore,
the reaction of the N-tosylphospholimine derivative (226; X=tosyl)
was attempted at 105o in t-butylbenzene, at 100° in dioxan and at
80° in benzene. In all these experiments the phospholimine failed
to react. This showed that the syst-m was resistant to this diene
reaction. With excess alkyne at 160° in t-butylbenzene however, a
quantitative yield of dimethyl 3,6-diphenylphthalate (224) was
obtained.

Krika and Vernon84 have suggested that the alkyne
acted as a cétalyst for deamination in their reaction with isoind-
oles and propose formation of a pyrrole (240). If this had occurred
in the phospholimine reaction reported here, the phosphole tetraest-
er (241) would have been formed, but this phosphole might also
reaét with the alkyne. Moreover in other experiments equimolar
alkyne and phospholimine gave good yields of the phthalate. (Table3)

The nature of the phosphorus fragment is of course
critical, If it supposed that a species similar to a nitrene weas
generated,‘it could be considered as an electron deficient analogue.
An attempt was therefore made to trap such an intermediate with

p-dimethoxybenzene, which might form the bicyclo- intermediate.(242).

240 241 242 243
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G.l.c. and spectral studies during this reaction and of the solvent
after distillation failed to observe any species accountable to

the phosphorus fragment. Column chromatography gave solvent, the
phthalate and some very polar buff solids. These solids were
similar to those obtained in several other reactions of chospholim-
ines with this alkyne and were eluted from the column by methanol.
These solids gave a positive ammonium molybdate phosvhorus test

and the mass svectrum of one gave peaks revresenting 8 mass greater
than 800, This result conflicted with a molecular weight determin-
ation using vapour pressure osmometry., This latter technique is,
however, normally restricted to organic solvents without hydroxyl
groups, and it is possible that some technical difficulty caused
the low readings that were observed.

Several experiments were performed on 1,2,5-triphenyl-
phosvhole oxide, since there can be no competing reaction. The
results are included in Table 3. A normal Diels-Alder reaction was
observed, as reported by Campbell et al.42.in t-butylbenzene at
105o with an 8]% yield of dimethyl 3,6-diphenylohthalate. The
reaction in boiling cyclohexene gave only 2 low yield of the phtha-
late and no sign of the bicyclo-analogue (243), corresponding to a
carbene addition to cyclohexene. In p-dimethoxylbenzene at 110°
the phthalate was obtained and some buff solids, similar to those
observed for vhospholimines, which had similarly confusing mass data.

When Mann45 reviewed this tyne of retro Diels-Alder
reaction, reﬁorted earlierBB' 42 , he speculated thaf polyvhenyl-
phosphorus volymers had been formed by the extruded fragment.

This suggestion is supported by the analogous reaction bf a silicon

bridged adduct (245) obbtained by Gilman’® . These workers found



132

that silicon polymers were found and were able to trap the

silicon fragment by diphenylethyne to form (246). Further investig-
6

ation by Gilman et al.9 of the reaction of the silicon heterocycle

(244) with dimethyl acetylenedicarboxylate formed a 1:1 adduct (245).

:Sl Ph Me. Me
Ph_~>N_Ph
ol : ]
\ Ph Ph Ph Si Ph
Me hﬁ {
244 245 246 Me Me
Me Me Ph
'Si XN:-.P Ph
Y
Y
247 M& ‘Me Ph Y 548

When the adduct (245) was heated in diphenylethyne
none of the expected 1t4—disilacjclohexadiene (247) was isolated.
Moreover, the adduct (245) appeared to react with ethanol to give
a yellow compound. This substance denied attempts to characterise it
and decomposed to dimethyl tetraphenylphthalate. This observation
might be a clue to the retro Diels-Alder reaction of phospholimines
reported here. In all the reactions, analysed via crystallisation,
the solvent used was ethanol. It was observed that rapid formation
of white needles of phthalate from the black tarry reaction mixture
occurred, even in the cold. The mother liguors from these crystal-
lisations were very contaminated, gave no sensible t.l.c. chromat-
ograms, and were evaporated to brown tars. In experiments where
the reaction mixture was analysed by column chromatography the

phthalate was eluted by ether and not a mixture of ether and petrol
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(50:50). It is possible that the ether causes a bridged adduct

such as (248) to decompose on the adsorbant (élumina) but that this
adduct was-not eluted from the columns. In a control experiment
pure dimethyl 3,6-diphenylphthalate was eluted only by ether and
this decomposition theory is therefore unlikely. If a bridged
phosphole adduct is to be obtained,some other milder reaction
conditions and work up must be found or a different dienophile
employed.

These results have shown that‘polar phospholimines
reluctantly undergo a Diels-Alder addition. The adduct formed
however, readily aromatises by a retro Diels-Alder step. The extru-
ded phosphorus fragment possibly forms polyphenylphosphorus
polymers, analogous to the corresponding silicon case, but this
has not been conclusively‘proved.

Diene Reactions of some Pyrroles: Since the bridged phosphorus

intermediate (248) very readily aromatises to form the phthalate,
an attempt to form the analogous nitrogen system was made. None

of the reactions reported in the literature8l had utilised the
possible formation of highly delocalised products; Thus 1,2,5-
-triphenylpyrrole was allowed to react with dimethyl acetylenedi-
carboxylate but failed to give a product at 160 °in a solvent
(t-butylbenzene). With neat alkyne at 166 a reaction was observed
but found to consist mainly of polymers of the alkyne. N-methyl-
pyrrole was found to react by a similar path to that reported by
Acheson et al.82 ,and extruded acetylene.

Areas for further Research: During the investigation of the

reactions.of alkynes with phenylphosphine, several unsaturated

phosphorus derivatives were synthesised. The chemical reactivity
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of these compounds, which contain two double bonds and a phosphorus
atom as reactive centres, is worthy of further investigation.

The study of the chemistry of the phospholimineg
synthesised was fairly restricted and concentrated on the reaction
with a relatively electron deficient dienophile., The limitation
of this reagent was that the expected bridged Diels-Alder adduct
could ndt be isolated.‘This severely hampered the investigation of
the interesting reaction in which the phosphorus moiety was
extruded. Thus a study of the chemistry of phospholimines and their

reaction with other dienophiles could usefully be madé{
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APPENDIX I

A communication by Ashe143 s during the production of
this thesis, reported the synthesis of the parent phosphorin (249)
and its arsenic analogue (250). The route reported, vhich complies
with the concluding paragraph on the preparation of phosphorins
in the Introduction (Ch.I. page 32), utilises the reaction of
phosphorus tribromide with 1,4-dihydro-1l,l-dibutylstanabenzene
(251). The compound (249), which the author calls phosphabenzene,
was purified by g.l.c. (A.P.L. at 1100) and is reported to be a
colourless, 2ir sensitive liquid. The n.m.r. is interesting in that
protons 2 and 6 have Ipy 38 Hz and resonate at low fiéld. The
latter is suggested to be due to a ring current effect 2nd not
merely the electronic influence of phosvhorus. The U.V. spectra of
(249) and (250) were compared with pyridine and show some similarit-

ies. There has been no report of the chemistry; of these compounds.

7
a ] \ n\
NP As I 251
249 250 GHo G |
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APPENDIX II

H n.h.r. Spectra at 100 MHz.

Figure 1.

4.

50

The aromatic, vinyl and methylene region of the main
distillate from the reaction of phenylphosphine with
trideca-5,8-diyne,

The aromatic and vinyl region of the distillate from
fhe reaction of phenylphosphine with butadeca-6,8-diyne.
The aromatic region of )
N-tolyl-1,2,5-triphenylphospholimine.

The aromatic region of
N-pnitrophenyl-1,2,5-triphenylphospholimine,

The aromatic region of
N-tosyl-l,2,S-triphenylphospholimine{

The aromatic region of
l,2,5~triphenyl—eth(l',2'-d;methyl carboxylate-2'-N-

—tolylimine)ylphosphoiidéne.
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Figure 2.

CH:CaC~-C=C- C{__)H11

oM

PhPH,,



Ph :p: Ph
/
Fh QCH3




g 8
8 8 ¢




800

Figure 5.

200




142

Figure 6.
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APPENDIX ITI

Nomenclature of Phosphorus Compounds.,

The rules proposed in the J. Chem., soc. 1952, have
been uéed where appropriate for naming all phosphorus compounds
apd, whe;e no specific rule applies, common usage exemplified by
F.G.Mann, With compounds containing a phosphorus heterocyclic
ring the name was built round this system. Thus in the structures

"represented below, rule 4c was applied by replacing the -e of
phosphole.

"c. Bivalent Radicals.

1) By adding to the -yl ending the suffix -idene
(-imine).
2) By aropping the final'-o ending and adding the
suffix ~idene (-imine)."
Thus compound (252) becomes:

) .
N-phenyl-1,2,5-trialkylphenylphosvholimine.

/

!\ [ &R
R/ ,P\\R R SR~ /N-Ph
RN Ph R C-

252

Similarly the structure (253), where the sub group on phosphorus

e N

is considered to be a bivalent radical derived from an ethyl group,
is an ethylvhospholidene, but with the substituents showm in the
diagram (253),it becomes 1,2,5-trialkyleth(1l,2-dimethyl carboxylate

-2-N-phenylimine)ylphospholidene.
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