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proved that electron withdrawing groups completely inhibited the insertion 
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ABSTRACT. 

The reaction of phenyiphosphine with alkynes has been 

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 phenyiphosphine, 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 phenyiphosphine with penta-1,4-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, phosDholenes. 

The properties of some phospholes were also investigated 

and a series of novel derivatives, phosDholirnines 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 



iv 

phosphorus fragment extruded during this step. The effect on these 

reactions of different substituents on the imine nitrogen as 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 DhosDhorus 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 

phlogiston 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 compound3 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, organophosDhorus compounds 

are of particular chemical interest because of the unusual 

properties phosphorus contributes. This is especially true of 

the phosphorus heterocyclic analogues of pyrrole and pyridne 

which have been reuorted within the last ten years. 

This thesis is concerned with some phosphorus hetero-

cycles, new synthetic routes from ohosphines and a1krnes and the 

properties of some phoshole derivatives. The introduction will 

therefore describe the reactions of phosohines with unsaturated 



3 

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. 
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I A) REACTION OF PHOSPRINES 'ITR UNSATURATED CONPOUNDS. 

I) Reaction of phosphines with alkenes. 

The addition reactions of phosnhines and substituted 

phosphines like phenyiphosphine with alkenes has been studied in 

some detail by several groups of workers. Mann and Millar '  

investigated the reaction of phenylphoshine with cyanoethyl-I-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-

yiphosphine (1) was formed at. 130°  in a yield that was not improved 

by the presence of acidic or basic catalysts. They concluded that 

there must be a different mechanism for the three classes of compounds, 

amines, phosphines and arsines.. 

This study contrasts with that of Rauhut et al. 2 

who described a similar 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)phen3rlphosphine (I) by this route from 

phenyiphosphine and suggested that an intermediate phenyiphosphino 

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

addition. 

PhPH 2 	- 
PhPH 

2 CNCCH2 
A 

	

PhPH 	PhIH 

	

CN&H 	CNCH2CH2 

PhP(CH2CH2  C N)2  
1 



This suggestion is supported by work of Aguir and Daig1e 3  

who have shown that li.hn7r1phosphinolithium 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 triarylphosDhines was observed as the initiation of the 

polymerisation of l,l,dicyanoethyl-l-ene by Homer et al. 4 1 which 

could be terminated by acid. If sufficient acid was nresent polymer-

isation was pompletly inhibited, as with the reaction of trihenyl-

phosphine and prop-2-enoic acid to give [P:n 3 Pc} 2 co2H]Br 

A similar reaction of phosphine itself with polypropenes and 

polybutenes in the presence of various acids was reported by Hoff 

and Hill 6 . 

Thus it hs been proved that phosphine and substituted 

phosphines can add to activated alkenes by several ionic mechanisms. 

Work by Stiles, Rust, and Vaughan 7  in 1952 demonstrated that this 

was not a limitation. These workers studied the addition of phosphine 

to alkenes, as a synthetic route to substituted phosnhines, by free 

radical initiation. They showed that under U.V. irradiation at room 

temperature or with c1i--irntylperoxide, 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 phosDhines 

were formed 

The synthetic use of this reaction was extended by 

Rauhut et al. 8  who prefered to use azo-s(isobutyl)-nitrile 

initiator. They investigated the variation caused by diffrent 

molar ratios and pressure of phosphine on the products and also 



M. 

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. 

. 
R P + C HC H R' ± IR P-C H-C H F

71 

2 	I 
2 	2 

CHCHR' / 	PH 
2 

R2PCHCH-CHCH R' 	R2 PCHCH2R' 
+ 

R 
2 

 P 

Pellon'0  specifically studied the chain transfer to a 

variety of phosphines during polymerisation of styrene and concluded 

that PhPH has unusual stability but that Ph 2 Pmore 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 phenyiphosphino radicals to cis-

but-2--ene. He observed the isomerisation to trans but-2-ene during 

the reaction with phenyl, dibutyl, and 2 cyanophosphine nd by 

comparison showed that PhPR  was the phosphorus radical most easily 

added reversibly. 

An uninitiated thermal addition of phosphine and 

phenyiphosphine to fluorinated alkenes was reDorted. by Parshall 

England and Lindsey 11  These workers added phosphine  to 

1,1,2,2-tetrafluoroethyl-l-ene and besides the expected 

1,1,2,2,-tetrafluoroethylphosphine (3) and 
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bis (1,1,2,2-tetrafluoroethyl)phosphine (4) adducts they also 

isolated a biphosphine (5) and fluortnated alkane (6). 

(CF2H-CF2 )PH2 	(CFH CF2) 2 PH 

3 	 4 

H2 p-CF-CF-PH2 	CHF,%-CHF2  

5 	 6 

A similar reaction was reported with phenylohosphine but only a 

5 accountancy was observed. 

Burch, Goldwhite and Haszeldine 12  reported a similar 

reaction, initiated by U.V. 1 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. 

PH 3  —*PH2+H 	 a 

+CCF2 -+ áF2- C H F 	CHF2-CHF2  b 

PH 2  

-CE 	 PH 3 - 	H2P-CF-Ci-PH 	C 2  + H  

They were doubtful about assigning the formation of a 

biphosphine to a radical coupling reaction and suggested a displac-

ement step c) could be involved. 

Further studies 
13 include the observation, during the 

reaction of bis(trifluoromethyl)phOSPhifle with a variety of alkenes, 

that fluoroalkylphosPhiflO radicals add reversibly to trns-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 reaction 

are possible. 

A 2) Reaction of Phosphines with Alkynes. 

The reaction of Dhosphines with alkynes has not been 

studied in the same detail as that with alkenes, except in one 

special 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 1-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 di addition 

(9). None of the secondary phosphine intermediate was observed,which 

implied that it was either more reactive or very susceptible to 

side reactions. 

(CNCHCH2) 2 pCH=CHR 	(CNCH2CH2)2 PCHOR 

7 	 8 

C NC H2C H2P(CHCHR)2  

9 

Diphenylphosphinolithium was shown to add to 2-phenyl-

eth-l-yne in tetrahydrofuran to give mostly diphenyl-(2-trans-phenyl--

eth-l-yne)ylphosphifle (lOa), but the cis isomer (lOb) when a prim.ry 

or secondary amine was added to the reaction mixture 
14 
 This 

observation was tentatively exDlained by the revcrs:Lble 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 reaction. They also clarified 

the stereochemistry of the product obtained by Hoffmarn and Diehr 15 

from the slow reaction of diphenylphosphine and l-phenyleth-l-yne 

at 1000,  but showed that the former was not an intermediate in their 

reaction, because the conditions were too mild. 

Ph 
2 

 P\ C=C 'P  

RNH H 	H 
Ph2PLj 2 
	

lOb 	
Ph2Pt 1Ph 

H-C-CH PhCHT 	
P 	H 	L'i 1 PPh 2  2 	

11 H' 	Ph 
lOa 

This reversible addition of dipher..ylphosph.inolithiuifl 

is a parallel to the reversible addition of phenyiphosphino radicals 

to alkenes. 

Nucleophilic reactions of phosphines with alkynes was 

also studied by Fujil, Dickestein and Miller 16 althougha special 

case, 1-halo-2-phenyleth--1-yfle (12) was used. This group concluded 

that with tria1ky1phosihineS and a bromo.-alkyne the only reaction 

path involved abstraction to form trialkylphosphoniuia bromide and 

a phenylethyne anion that could be trapped with methanol as 

2 phenyleth-l-yne (path (b) below). If however a chioro-alkyne was 

used nucleophilic attack by the phosphine gave the intermediate 

phosphoniuni salt (14). 



Y 	Y 

PfhPh 

160 

Y 	y 

Y  

P 
Ph 
16b 

10 

+ 

)M [PhPR3] 	
). [RCEC PR 3]X 

14 

	

PhCC 	
> PhCCH 

	

R/ -x 
	MeOH 

13 

PhCCX 
12 

R 3  P 

a)X:CI 

b)X:Br 

Hoffmann 15  reported a study of rroton catalysed react-

ions of secondary and tertiary phosphines 7rith a variety of alkynes, 

where phosphoniurn salts were isolated. These authors mcntioned 

the reaction of triphenyiphosphine 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). 

Ph 3 P +Y-CEC-Y 
Y, 

>1C=C1 r' 
H B j 	15 

Y= CO2Me 

Ph 3F, 

V 1 	\\ 	,y 

20 	
PPh3  

Ph2R -Y 
CC 

Y 'c=c 
ly 

Y; 	'Ph 

YY 

yç-Y 	18 
,FPh 

Ph Ph 

Ph 	Ph 
PhP P Ph 
Ph \- --/ ' Ph 

17 

19 



1] 

The reaction in ether at _500,  without an acid catalyst, 

was reported by Johnson and Tebby 17  in 1961  to give a 1:2 adduct. 

These authors preferred to assign the zaiLter ion (36b) structure, 

rather than the phosphole isomer (16a), to the product which they 

found readily rearranged to two stable compounds. Hendrickson, 

Spenger and Sims 
18 
 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 Tebby 17  investigated one of the rearranged products and proposed 

an open chain phosphine (17)  formed by phenyl migration. Later, 

Waite, Tebby, Ward and Williams ' 9retracted this onc1usion 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 claimed
' 7  , but in fact the 

diphosphorane (20) 20 

Tebby 24  has fol1oied up another report of a penta-coval-

ent phosphorus phosphole (23)  from the reaction of triphenylphosphine 

with dicyanoacetylene 2' . 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 

alkyrie to others proposed (21). 

- 	CN,CN 
* N=C=QMIoC"   
PPhC \ \3 c'. - PPh 

C ,FC=C=N 
C  

[Ph3 P 	,C N1 
c- c -.---> 	I 	c N 	C1 I 	, 	I 

I. 	CNJ 
2 

21 	 CN 	22 

C 	p CN 
ic I\ph 

Ph 	23 
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This type of phosphorane structure is one that recurs 

in the reactions of triphenyiphosphine with dimethyl acetylenedi-

carboxylate25  . However when ,the reaction of triphenylphosphine 

with a variety of alkynes occurs in the 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. Tebby 27  et al. 

had earlier reported a similar reaction with triaryiphosphines 

and 2-phenyleth-1-yne and later 28  proposed an extraordinary route 

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

a mechanism based on a phosphacyclopropene intermediate. 

Ph 3 P + R-CC-R 	
H20 

o 
Ph 2  P-fR -CH2  

Ph 	R' 
26 

Ph 3 P\ 	R 1  + 

OHr 
R 	H 

24 

DO 

D 
I  

 

/ 

Ph PO 
R 	D 

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 triphenyiphosphine and dimethyl 

acetylenedicarboxylat e. 
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I B) PHOSPHORUS HETEOCYCLES. 

Furari, thiophenes and pyrroles have been known for 

decades but the related phosohole system was not reoorted until 

the first derivative, 5-phenyl-5H-dibenzophosphole (26), also 

referred to as 9-phenyl-9-phosphafluorene, was isolated from the 

thermolysis of pentaphenylphosphorane (Ph 5P) by Wittig and Geissler 29 

in 1953. 

Q0ç) 
PA 

26 	27 

B 1) Preparation of Phosoholes. 

The parent phosohole (27) his not been synthesised 

and the first simple phosphole was only reported in 1959  and then 

independantly by two groups. Leavitt, Manuel, and Johnson 30 

prepared 1,4-dilithobuta-1,3-diene (28a) from the controlled 

dimerisation of FhCaCPh with lithium and then reacted it with 

phenyiphosphonous dichloride to obtain 1,2,3,4, 5-pentaphenyiphos-

phole (30a). They later extended the reaction, with Matternas and 

Lehmann 31 , to include the cyclopentadiene derivatives of arsenic, 

antimony, tin and germanium (30b). 

Ph 	 h 

(28) 
Y= Li 
Y= I 

PhMX 2  

+ (29) 	- 
a)M: P 

X:CI 

M: P 
X:Na 
M: Hetero-

atom 

(30) 

M:P 

M - I-Ietero-
atom 
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Braye and Hubel 32  simultaneously reported that the 

reaction of phenyiphosphonous dichloride with the iron penta-

carbonyl complex Fe 2(CO)6(PhcCPh) 2  also gave the phosphole (30a). 

Independently they used the reaction of 1,4-dilithobuta-1,3-diene 

to confirm the product. Braye, Hubel and Calpier 33 :Later prepared 

1 9 4-diiodobuta-1,3--diene (28b) by the action of iodine on the 

lithium compound (28a). They reacted it with penylphosDhinodisodium 

PhPNa 2 (29b)  and related compounds PhMX 2  (29c) to extend the 

synthesis to a wide range of heterocyclic pentadienes (30b). 

These two methods have now produced the heterocycles of phosnhorus 1  

arsenic, 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 Mrk1 and Potthast 34  andis closely related to those of 

pyrroles35  and thiophenes 6 . Phenyiphosphine (32a) in benzene, or 

a benzene tetra.hydrofuran mixture, containing catalytic quantities 

of butyl or phenyl lithium reacts readily with 1,4-dialkylbuta-

-1,3-diynes (31)  and 1,4-diarylbuta-1,3-diynes (31)  to give 

1-phenyl-2, 5-dialkyiphospholes (33) and 1-phenyl-2 ,5-diarylphosph- 

oles (33) in good yield. These authors also replaced phenyiphosphine 

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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RC=C-CEC—R + PhPY2 –R--'Z)'- 
tY:CHOH 	

Ph 

(31) 	(32) 
	

(33) 

However, the three routes mentioned so far all produce 

phosphole with ring substituents. The more involved approach of 

Quinn and Bryson 37  and Mrkl and Potthast 38  producedl-mehyl-

phosphole (37a)  and l-Dhenylphosphole ON respectively. Both 

groups of workers reacted the appropriate phosphonous dichloride 

with buta-1,3-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 trichiorosilane 37 or phenylsilane 38  

to the corresponding dibromophospholanes (36). Dehydrobromination 

with potassium-j-butoxide gave 1-methylphosphole37  (37a)  and 

l-phenylphosphole 
38

(37b). 

Br .4.4'Br 
+ RPC1 	 - 

R"O 	 F° 

(34) 	 (35) 

i-PBr B r44-.-Br
a)R:Me  

b) R:Ph 

	

RO 	 R 	 R 

	

(35) 	 (36) 	 (37) 
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l-Ethoxyphosphole-l--oxide was prepard by a similar 

route by Usher and Westheimer40  but could only be isolateJ as a 

dimer. A related synthesis, but reputedly more restricted, is that 

of 1,2,5-triphenylrhosDhole by Campbell, Cookson, Hocking and 

Hughes 42 . 1,4-Diphenylbuta-1,3-diene is heated to 2200  with 

phenyiphosphonous 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. 

Phfl Ph 

PhPCI2 

Ph 	Ph 

[ CLCl 

38 

Ph 1? Ph 
Ph 

39 

The only phoshole unsubstituted on phosohorus rep-

orted is due to Braye 43  . 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 pub.1ibed as an abstract in 1964 and later as a patent 44  

but has not been further documented or repeated. Hughes 41  suggested 

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

Ph 	Ph 

Ph nPh + Na 

Ph  

9 Phç)Ph 

ME 

H2Q >Phç)Ph 

41 

92 
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There have been several reports 
17,18,21,22 

 of simple 

phospholes containing pentacovalent phosphorus but only one 

remains unchallenged. Johnson and Tebby 17 claimed that 2,3,4,5- 

-tetramethyl 1,1,1-triphenylphosphole-2,3,4,5-tetracarboxylate  (42) 

was produced from the reaction of triphenylphosnhine in dimethyl 

	

acetylenedicarboxylate. Both Johnson 17  and H 	18endrickson found 

that the phosphole (42a) is unstable at room temperatures and 

rearranges to a yellow open chain isomer (43). More recent work by 

Tebby 21 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 27  claimed that the phosphole (42b) is 

formed, but Tebby 24  discounted this and in a more detailed study 

showed the adduct to be the phosDhorane (45). 
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Hues and Uaboonkul 22  claimed, to form the spirophosDhole (46) 

from the reaction of dimethyl acetylenedicarboxylate with 1,2,5-

-triphenylphosphole but this will be discussed in the section on 

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



The isolation of 5-Phenyl-5H-djbenzophosphole (47) 

from the thermolysis of pentaphenyiphosphine was mentioned earlier 

46 	 47 but this limited synthesis was superseded by Wittig and Millar. 

These workers prepared 2,2-dilithobiphenyl (47a)  from phenyl lith-

ium and 2,2-dibromophenyl and reacted it with phenyiphosphonous 

dichloride to yield the 5-phenyl-5H--dibenzophosrhole (47). A 

wide variety of other methods have been developed for the prepar-

ation of dibenzophosphole which include phosphorane systems contain-

ing dibenzophosphole units 45 

47 
	

470 

The other fused ring compound in the Thcsphole series 

is phosphindole (48) and the only derivative was reported by Chang 

and Tong 48 . 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 gives 1-phenyl-

phosphindole-l-oxide (52). 
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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, 

either by exposure to air, in the case of l-methylphosphole 37  , 

l-arylphosphole 38  and phospholes with alkyl ring substituents, or 

by the action of dilute hydrogen peroxide in the case of aryl 

phospholes such as 1,2,5-triphenylphosphole42 . Excent in the ease 

of the highly hindered 1 , 2 ,3,4,5-pentaphenylphosphole-l-oxide, 

phosphole oxides readily dimerise in a Diels-Alder type reaction. 

Thus 1-phenyl-1-oxide gave the multiple ring system (53). 1-Ethoxy-

phosphole-l---oxide could only be isolated as this type of dimer. 

This property demonstrates the increased diene character of the 

oxides. The sulphides and selenides of 1,2,5-triphenyiphosphole 

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 lithium metal 43 . The anion (54) is 

formed following cleavage of the P-Ar bond and reacts with alkyl 

halides to give the corresponding phosphole 44  . ,Then dibromoalkanes 

(55) were used 49 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.B1). 
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Polym ers 

Work by Bergesen50 has shown that 1,2,5-triphenyl-

phosphole is readily quaternised 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. 

Phç)Ph . j) P 

PCMC [P/OH 
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61 	 Me
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These reactions show that the lone pair on phosphorus 

is readily available, a property that Mann 45 
 considers is supported 

by the formation 
51 
 of a pentacarbonyl complex (63) that has similar 

spectral data to R 3 P-Fe(C0) 4 52  . 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 



21 

iron to give analogous complexes. 
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The liene reactivity of 1,2,5-triphenylphosphole 

42 has been studied in some detail, initially by Campbell et al. 

and then later by Hughes and Uaboonkul 22  . Campbell found that 

elevated temperatures of 1500  were needed to obtain a reaction 

of the phoshole with malaeic anhydride and dimethyl acetylene-

dicarboxylate. These reactions were followed by observing the 

[PhP] extrusion products 3,6-diphenylphthalic anhydride (65) and 

1,2-dimethyl 3,6-d.iphenylphthalate (66) respectively. A similar 

extrusion reaction was observed with 1,2,3,495-pentaphenylphosphole 

and Mann 45  assumes the phosphorus fragment has formed a polyphenyl-

-substituted cyclic polyphosphine. Phosphole oxides however react 

under normal conditions with malaic anhydride and acrylonitrile 

to yield the normal Diels-Alder adducts. With dimethyl acetylene-

dicarboxylate at 1500  ,however, the oxide rapidly gave the phthalate 

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

-trans-1,2-dicarboxylate (67) thus extruding the [PoPh] fragment. 

Ph 	p 	Ph 	 Ph 

0 	 Y Y 	LVH 

Ph 0 
	

Ph 	 Ph 67 
65 	 66 

Y: CO2Me 



Ph Y 
Y 	 69 

I'P  ~ )"', Y) 
Ph V 

70 	
Y:CO2Me 

PhPh  

68 

6"'m1h 

Ph 

go 

H 

22 

The reaction of 1 9 2,5-triphenylphosphole received 

more attention from Hughes  22 , 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 spro-hiphosphole (68) which readily 

rearranges to a bicyclophosphine (71). 

It was the original suggestions  17,18  of pentacovalent 

phosphorus phospholes that induced Hughes 22  to postulate the 

spirophosphole (68) as a product of this reaction. In a later 

study Tebby 23  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 
31  P 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). 
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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-triphenyiphos.- 

phole with methyl diazoacetate gave various products under differ-

42ent conditions 	The phosphole in boiling dioxan containing 

copper powder gave the dimethyl ester (67), presumably from inter-

mediate decomposition of the diazoacetate to dimethyl funierate 

followed by the extrusion reaction mentioned above. Without a copper 

catalyst present a colourless methyl ester C 25H21 03 P 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 pyrazo1inE (74) was 

obtained which decomposed to either of the products ( 7 2:73). 
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The reaction of diazomethane to give (72 R=H) was 

studied by Hughes and Srivanavit 54  specifically as a possible route 

to phosDhorins. The authors' detailed report of the thermolysis 

and photolysis of the cyclopropane (72) and pyrazoline (74) 

derivative concluded that 4,4 1 -diphosphabi(cyclohexa-1,5-dienyl) 

(75) and  4,41-diphosphabi(cyclohexa-2,5-dienylidene)  (76) systems 



24 

were produced. This was confirmed by reduction to the compound (77) 

prepared by Mrkl 34  . 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. 
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Quinn, Bryson and Moreland 37  have prepared the closest 

relative of phosphole (7) namely l-methylphosphole (79) by a 

route described erlier. These workers 5  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 1,1-dimethylphospholium iodide 

but some doubt exists concerning the monomeric nature of the 

product. 

The proton n.m.r. spectra of 1-methyiphosphole shows 

a complex, t 2.5-3.5, 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-phenylphosphole 
36

. More significant 

evidence of donation of the phosphorus lone pair to the Trelectron 

system and decrease of diene character comes from the 31 P n.m.r. 56  

spectra of the neat liquid at +87p.p.m., relative to 85% phosph-

oric acid, when compared with that of 1-methyl -3-phospholene 

(+41'8), ethyldivinylphosDhine (+20.8) and trivinyiphosphine 

(+207). Further support comes from the U.V. spectra of 1-methyl-

phosnhole,?max 286 run, which resembles that of N-rnethylpyrrole, 

?max 280 nm, and not that of ethyldivinylphosnhine, Amax 236 nm. 

l-Methylphosphole is not extracted from solution by 

2N Hydrochloric acid like its precursor 1-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 and thus resembles simple pyrroleS ,which are notoriously 

sensitive to strong acids. It has been established that carbon 

protonation, not nitrogen, occurrs in pyrrole 57  but this point 

was not investigated in the phosphole. 

Some interesting work on the pyramidal inversion 

barrier of 1-isopropyl-2-methyl-5-phenylphosphole (80) was 

reported by Egan, Tang and Mislow 58  . They calculated the barrier 

with a compl+.er 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 that 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 crystallographic studies have been made on 

l-benzylphosphole by Coggan et al. 72  , who have shown the P-C bond 

to be 1.78A 0 , less than the sum of the radii 1.84A 
0
, and a similar 

contraction to that of other hetero-aromatics and these authors 

believe this indicates some d-orbital character in the bonds. 

These work'rs 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 1-methyl-

pI-iosphole, which shows that it cannot be considered as a cyclic 

divinylphosphine, but is more similar to N-methylpyrrole. 1,2,5-

-Triphenyiphosphole has, however, been shown to undergo a Diels-

-Alder reaction in mild conditions, a diene reaction, and that 

the phosnhorus 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 character 
56

. The relative ease 

of reaction with dienophiles of phosphole oxides when compared 

with the corresponding•phosphole, indicates decreased diene character 

in the phoshole. 
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The fierce asserion of Egan et al. 58  that "hospholes 

have increased delocalisation" following their studies on the 

pyramidal inversion barrier at phosphorus, conflicts with the 

comment of Hughes 54  thatphospholes have "little or no aromatic 

character". The most realistic atti tude 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 

Heliwinkel et al. 59  

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 pyridie, quinoline, 

acridine and their derivatives have proved even more elusive than 

their five-membered ring counterparts described earlier. None of 

* 
the parent compounds, phosphorin (81), phosphindoline (82), or 

diberizophosphorin (83) have been isolated although there is a 

recent report of dibenzophosshorin6°  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. 



P C 
	

I 160 
81 	 82 
	

83 

	

P 	cop ,-  
R' R R 	 R  

	

84 	 85 

61 
Markl 	treated 1, 5-dibromo-3-rnethoxypentane 

(CH 300H(CH2 CH2B'r) 2 ) with diphenylpotassiophosphine to obtain 

4-methoxy-1,5-dipheny1phosphorinaniui bromide (86) which was 

demethylated to the 4-hydroxy analogue. This secondary alcohol 

was dehydrated with potassium hydrogen sulphate to 1,2,3,6-

-tetrahydro-1,1-diphenylphosphoriniuin cation, isolated as the 

perchlorate (87). Addition of bromine followed by a two-stage 

dehydrobromination formed 1, 2-dihydro-1 , l-diphenylphosphoriniuiu 

perchiorate (88). Addition of dilute sodium hydroxide to the 

solution precipitated 1,1-diphenyiphosphorin (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 Tharkl calls hlphosphabenzenett, 

readily reacted with acids to reform the cation (88). This work 

showed the interrelationship of various substituted uhosphorins, 

dihydrophosphorins, tetrahydrophosphorins and phoshoranes involv-

ing five covalent phosphorus. 
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By a related synthesis rkl also obtained 1 1 1-diphenyl 

phosphirioline, sometimes referred to as phosphanaphthalene. An 

intramolecular quaternisation during cleavage of (0--(3-rnethoxy -

propyl)phenyl)diphmylphosphine (90) by hydrobromic acid gave 

1,2,,4-tetra.hydro-1,1-diphenylphosphifloliUm cation (91) from 

which the phosphinoline (92) was obtained. 
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The phosphinoline (92) is unexsectedly stable towards 

hydrolysis but autoxidises readily in methanolic solution to 

various coloured methylenephosphoraneS. 

if Mrkl 62 suggested that considering the properties of 

comparable phosphoraries, notably 3, 4-dihydro-1 , 1-diphenyiphosphin-

oline (93) prepared at the same time, the phosphinoline (92) is 
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relatively stable. The author considered that this is due to 

cyclic conjugation involving the piT-dir double bond of the ylene 

(92b)in accordance with the small participation of the ylide form 

(92a) the compound proved unreactive towards benzaldehyde or 

nitrobenzaldehyde in the Wittig reaction. 

Another approach to the synthesis of the phosphorin 

(83) system was that of Price et al. 
65 
 who isolated two isomers, 

of compoDition C29H2502 P, from the reaction of phenyiphosphine and 

24,6-triphenylpyriliuxn fluoroborate (94). A considerable amount 

of evidence indicated that one had the hydrogen bonded structure 

and the other the hydrated phosphorin form (95). 

Ph 

Ph L ,,iH 
0 

11R 
ph 	Ph ,p 	Ph 

%0 Ph 	 HO OH 2  
94 	 95 Ph 

64 Markl followed up this approach with the reaction of 

tris_.(hydroxymethyl)PhOsPhifle (97a) with 2,4,6-triphenylpyriliulfl 

fluoroborate (96) in boiling pyridi..ne and obtained the first 
65 

phosphorin unsubstituted on the uhosphorus atom (99). Dimroth et ai 

have extended this method to a wide range of phosphorins including 

2,4,6_tri_t_butylphOSphOrin, the first example with no aryl substit- 

uents. 

it 

Mrkl et al. 66  improved this synthesis by replacing the 

tris(hydroxymethyl)PhOsPhifle (97a) with trjs(trimethy1si1yl)PhO5Phifle 

(97b) in acetonitrile. The authors suggested that an intermediate 

phosphine (100) was formed, which reacted intramolecularly to give 
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hexamLhy1disi1oxane and the phosphorin (101), which was isolated 

by chromatography. This method had the advantage that no basic solvent 

was required and that it also g-..ve higher yields. 
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This synthesis of phosphorus from pyriliu.m salts and 

is(hydrox7methyl)ohosphine or tris(trimethylsilyl)phosphine has 

however, a fundamental steric limitation. Nucleophilic attack by 

(97a) or (97b), which could occur at 0-2 or 0-4  of the pyrilium 

salt, is rendered irreversible by the loss of formaldehyde or 

X-Si(CJH3 ) 3  to form the pyrans (98) or (99). LI R is smaller 

1 	2 
than R and R the phosphines (97a, 97b) react exclusively at 0-4; 

13 	2 
thus 2,6-diphenylpyriliuin perchlorate (R =R =Ph; R =11) is quanLitat- 

ively dimerised to 2,2',6,6'-tetraphenyldipyrylene, while 2,6-diphen-

yl-4-methylpyrilium perchlorate does not give a phosphorin or the 

ketone (100). If the substituent R on the tertiary phosphine (97) 

is larger than R
1 
 andR 3 , but these are both smaller than 

nucleophilic attack is preferential at C-2 or c-6. Thus 2,4,6-tn-

arylpyrilium salts, where R 1 and R 3 are 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 
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phosphorin (101) by ring closure. 2,6-Dimethyl-4-phenylpyriliuni 

fluoroborate, where R 1  and R 3  are smaller than R, does not,however, 

give the phosphorin oresu.mably because the ketone (100) is not 

formed. This limitation was partially overcome by Urkl et al. 
66 

when they applied to the intermediate (100) the principle, formul-

ated by Buckler and Epstein 68, that primary phosphines react 7!ith 

carbonyl groups under proton catalysis. Thus phosphine (97c, R=H), 

generated in situ. from phosphoniuin iodide, reacted smoothly with 

2-methyl-4,6-diphenylpyriliuni fluoroborate, where R is smaller than 

	

12 	3  =Ph and R 

	

R =R 	 =Me, to give the phosphorin (101) in reasonable 

yield. This extension of the basic reaction made phosphorins with 

alkyl substituents readily available. 

Therefore, although the two groups of workers under 

M'rkl and Dimroth could vary the substituent at will, a new approach 

is required to produce phosphorins without substituents in the 

chemically interesting ortho- and para- positions. 

B 4) Reactions of thosohorins. 

Phosphorin derivatives (101) are unreactive to electro-

philic reagents such as methyl iodide, but react readily with 

nucleophilic reagents such as phenyl lithium or phenyl magnesium 

bromide6  . Thus phenyl lithium adds directly to the phosphorus 

atom of 2,4,6-triDhenylphosphorin, 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-

-tetraDhenylphosphorin (105),  which is readily oxidised and methyl-

ated like a normal tertiary phosphine. 
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Addition of base to 1,2dihydro-1-methyl--1,2,4 1 6-

tetraphenylphosphorifliUfl1 iodide (107) solution yields 1-methyl-

_1,2,4,6-tetraphenylphoSPhorifl (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 attacked 70 . 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_tetrapheflylphOsPhorifl (106)70 

Mrkl has studied the controlled thermolysis7°  of the 

tertiary phosphines (105, R=CH5 ; PhQH2 ; pN(CH3 )2 C6 H4 ). In each 

case 2,4,6_tripheflylPhosPhorin was regenerated with loss of the 

appropriate hydrocarbon. Markl also postulated the rearrangement 

of the phosphorin (106; R=Ph, R2 =Ph) to the 1,1-phosphorin (108) 

and subsequent loss of biphenyl to yield 2,4,6-triphenylDhoSphorin (101). 



In the light of this reaction it is curious that 	rkl has not 

reported an attempt at the thermolysis of 1,1-diphenylrhosphorin, 

that he had prepared earlier, to phosphorin. 

The group of reactive phosphorin intermediates was 

extended, initially by Dimroth, Greif, Perst and 3teuber65  with the 

formation of unusually stable radical anions from the oxidation of 

a wide range of phosphorins by triaryl phenoxyl's and lead or 

mercury acetate. Dimroth and Stade 71 made further detailed studies 

of the E.S.R. spectra of the radical cations (109)  and have sho'n 

that interaction of phosphorus with the unpaired eleqtron gave a 

coupling constant of la=22-27  gauss and proved that the ring 

remained intact. 

Reaction of the radical cation (109), formed by the 

action of mercury acetate on 2,4,6-triaryiphosphorin with alcohols 

or phenols was also studied (110). The first 1,1-dialkoxy-2,4,6-

-triaryiphosphorins (111) were prepared by this reaction and a 

careful study made of their n.m.r; spectra 71  . In 1,1.-Dimethoxyl-

-2,4,6-trideuterophenylphosrhorin 0-3 and  0-5  protons resonated 

at ' 2•07, JPH 365 Hz, the region normally associated with aromatic 

compounds. The 	 n.in.r. signal of dialkoxylDhosDhorin was observed 

to be between -58 and L65 p.p.m. 73  , relative to 85% phosphoric 

acid, comnared with -178.2  p.p.m. for 2,4,6-triphenyiphosphorin 66 

No comment hs been made on these extremely low field resonances 

31 	 71 
of I' in phosphorins but it suggests high delocalisation. Dimroth 

does consider that the resonant position of the 0-3 and  0-5 protons 

implies an aromatic 'oqnding state with contributions from dlT-pTr 

bonds. 
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if 

Dimroth, Hettch, Stde , and Steuber 73 have prepared 

1,1-bJs(dipheny1amino)-2,4,6-tripheny1phosphorin (112) from di-

phenylamino radicals, formed on heating tetraDhenylhydrazine, 

where the radical cation intermediate was detected in solution by 

E.S.R. This phosphorin had a 31 P 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 74  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 (lal 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. Then 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 phoschorus atom. 
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Marki and Merz 6 9 
 proposed radical phosphorin intermed-

iates (113)  during the reaction of diphenyl mercury with 2,4,6-

-triphenyiphosphorin (101) which formed 1,1,2,4,6-pentaphenyiphos-

phorin (114). They showed that this intermediate (113)  was involved 

by forming it from 1,2-dihydro-1,2,4,6-tetraphenylphosphorin (115). 

Ph 	 Ph 	 Ph 

Hg Ph  

101 	113 Fh 	 Ph Ph 114 

P 	

`\ Ph 

9PP\Ph 
	

(Ph 
Ph P 

115 	 116 	Ph 

Although no radical intermediate was postulated, 

Markl 69 also obtained the interesting spirophosphorin (115) with 

diphenylene mercury. 

Marki and Leib 6  observed that phosphorin$ have only 

slight diene reactivity since 2,4,6-triphenylphosphorin (101) 

failed to react with diethyl acetylenedicarboxylate or maleic 

anhydride. Hoever, 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 Krespan 77  in the reaction of red phosphorus on 

hexafluorobutvne, came from the corresponding tetrakis(trifluoro-

methyl)-1,4-diphosphorin, hich has not been isolated. 
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Phosphabarrelefle derivatives have also been orepared 

from the reaction of trialkyl and triaryiphosphorins with 1-fluoro-

phenyl magnesium bromide and the reaction is believed to involve 

an anion intermediate (121) 
76 . These phosphabarrelenes (123) 

were also obtained from the reaction with benzenediazonium-O--

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

2,4,6-tri---butylphoSphorin (120b) gave 47% of phosphabarrelene 

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

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

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

was formed, not the pos3ible 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 observed 
79 

in the reaction of aryl and alkyl phosphorins with carbene or 

carbenoid generators. If potassium t-'outoxide and dihaLmethane 

were reacted with 2,4,6-triphenyiphosphorin (126a), 1-(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 

dichiorotoluene was also reported. With 2,4,6-tri-t-butylphosphorin 

(126b), a concerted electrophilic cycloaddition to the phosphorus- 

•carbon 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. 

R1 
 C H C12 >

'R 	 -C, RPR KOC(CH)I 	

/I 

127 	

RCCI2 126 
 

127 R,&'1R 128 

	133 

CI 	1 R= Ph 	I 	/ '.-'
R 129 

CO 	 R 	'N,R 
b) R: C(CH 3)3  

R  [ R1 	 1 F
Rc j 

130 	 131 	 132 

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 steno effect of the substituents. 

The reactions described above summarize the important 

observations made so far on the chemistry of the phosnhorin ring 

system. This is dominated by the aznphoteric 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 \ max=278 

run shows a bathochromic shift compared..  to 1,3,5-triphenylbenzene 

?..max=24 mu, and 2,4,6-triphenylpyridne N max=254 run, which 



suggests at least an equal, if not greater degree of delocalis-

ation. 

X-ray crystallographic studies on 2,6-dimethyl-4- 

80 
-phenyiphosphorin have been made by Bart and Daly 	. These workers 

have shown that the molecule has four equal C-C bonds of 1.388 A
0 
 

which agrees well with those in pyridine, 1•395  A0 , and benzene, 

1397 A° . There are two equal P-C bonds in the ring of 1743 A° r  

which are shorter than a single bond l•828 A ° , but longer than the 

P=C bond in Ph3 PC=C112  1661 A° . The constituent atoms of the 

phosphorin ring essentially lie in a plane although minor buckling 

was observed. These authors consider that overall the evidence 

implies considerable six Trelectron delocalisation and is good 

evidence for substantial aromatic character. 

The proton and 31 P 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 phosnhorins explained earlier has 

restricted the chemical study to the only reactive centre available, 

phosphorus, and therefore makes realistic correlations to other 

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

The Diels-Alder reaction of acetylenedicarboxylic 

81 
acid and esters with pyrroles is well known 	• In the reaction of 

methyl pyrrole-l-carboxylate (la) with dimethyl acetylenedicarboxy-

late extrusion of acetylene, presumed to be via the intermediate 

adduct (135a)  gave trimethyl pyrrole-1,3,4-tricarboxylate82  (3a). 

82 
This has been utilised by Acheson and Vernon as a route to 1,3,4- 

-trisubstituted pyrroles (136a). 

Q 
C 

+ C 	—> 

Y 	
N. 

	

R 	 R 136 
+ 

	

134 	 135 	 CHCH 

a)R=CO Me 
b)R=CHph Y:CO2Me 

The intermediate bridged-ring adduct has been isolated 

in the reaction of 1-benzylpyrrole and acetylenic acid by Mandell 

and Blanchard
83  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 1,4-cycloadditions85 , in this case, however, 
86 

the adduct (138)  is readily isolated. Alder and Rickert 	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 Johnson 87 to diagnose the substituents on the original 

furan ring. 
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The related reaction of isoindoles is of interest 

because the ret.ro Diels-Alder reaction would involve extrusion 

of either the bridgehead nitrogen, or a benzynoid species. Kricka 

and Vernon 84 have studied the reaction of dimethyl acetylenedicarb-

oxylate with polysubstituted isoindoles (140) and reported that 

the adduct (141) reacted further in an extrusion or deamina -tion 

reaction, and gave the corresponding naphthalene (142). The authors 

observed a parallel reaction of naphthalene-.1,4-irnjnes ( 143) with 

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

isolate a product containing the nitrogen fragment. 

Me 	Ph Ph 	 Me 	Ph 

-R 	 N R ---> CIP UO 
Me 	Ph 	 Me 	Ph 	 Me 	Ph 

140 	 x141 	 142 

YCO2 Me 

 X01:D— Me 

143 

A precedent for the conversion of naththalene-1,4-

-imines to naphthalene is the hitherto unexplained formation of 

small amounts of naphthalene from tie reaction of benzyne with 
88 	 84 

	

N-methylpyrrole 	. Kricka and Vernon believe that benzyne 

induces extrusion of the [NMe franent from the intermediate (144) 
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Be 
postulated by the original workers, Wittig and Behnisch 

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 

89 
carbon monoxide, considered by Kwart and King to be a stable 

carbene. The stable adduct (147)  of benzyne and the silicon hetero-

cycle (146) were heated at 300 °  to give l,2,3,4-tetraphenylnaph-

thalene and a dimethylpolysilane (Me 2Si), obtained by Gilman et al 
90 

When the decomposition was conducted in the presence of 1,2-diphenyl-

-1-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 dienohiles has interested several groups. 

McBèe, Smith and Ungade91  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, CET 2 , was not 

reported. 
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The fate of the ketal br:dgehead during analogous 

0 
decomposition at 150  of the adduct (150),  formed from the 

chlorinated ketal (149) and l-phenyleth-l-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 al 2  to be very dependent on the solvent, 

which Kwarl and King 89 considered implied a mechanism involving 

a zwitterion (151). 

The Bids-Alder reaction of pentaDhenylphosphole and 

dimethyl acetylenedicarboxylate at 1600  was reported by Braye et al. 33 . 

Neither the intermediate adduct , nor the extruded [PhP]fragrlent 

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-triphenyiphosphole 

and the oxide, but in neither case identified the fragment. 

Hughes and Uaboonkul22  used milder conditions but were more 

interested in the other adducts obtained, neither of which proved 

to be the normal Diels-Alder product. Schmidt et al.93  followed 

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

with dipropyldisulphide by atteripting to isolate the bridged 
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adduct from another route. These authors formed the normal 

Diels-Alder adduct of 1,2,5-triphenylphosphole  and oe..-chloromaleic 

anhydride (152) and hydrolysed and methylated it to the adduct (153). 

An attempt to reduce the(PQ)group by the standard chiorosilane 

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) 

gives greater encouragement, since Rautenstrauh et al. 
94  have 

isolated 7,7-dihalonorcarane (157), the carbene adduct with cyclo-

hexene, in over 95% yield. 
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Programme of Research. 

The introduction has outlined the preparation and 

properties of some Dhosphines, phospholes and phosphorins, and 

mentioned that the most general phosphole synthesis is from the 

reaction of phenylphosphine with alkynes, while that of phosphorins 

is very limited. Atkinson and Cad.ogan95  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 phenylphosphine with diynols, a study which was 

examined more closely by Lim 
96 

. Cadogan and Gripper-Grey 97  made 

a brief study of the reaction of phenylphosphine with conjugated 

diynes, but did not characterise the products obtained. 

One objective of the oresent study was, therefore, to 

collect these lines of research and examine the ross:Lbility of a 

synthesis of phosphorins unsubstituted in the para- -position. The 

route proposed involved the reaction of DhenylphosDhine with diynes, 

as an extension of M'rkl's phosphole synthesis. Since molecular 

rearrangaments in basic conditions make it impossible to simply 

apply Mkl's conditions, a study of the thorrrial reaction of phenyl-

phosphines with alkynes was necossary. 

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 reactin of dimethyl 

acetylenedicarboxylate, a highly reactive dienophile, with some 

phosohole derivatives, and the retro Diels-Alder reaction that occurs. 
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IL EXI'ERBENTAL 

INSTRUNENTATION AND GENERL PROCEDURES. 

PREPARATION OF STARTING MATERIALS 

1) Terminal Alkyns. 

Hex-l-rne. 

Hept-l-yne. 

l-Phenyleth-l-yne. 

2) Non-terminal Alkyn.es. 

a) Oct-4-yne. 

b)l-Phenylhex-l--yne. 

c) l-Phenylprop-l-yne. 

3) Aikyldiynes. 

Trideca-5 , 8-cliyne. 

Nona-1 ,4-diyne. 

1, 5-Diphenyl-1 , 4-.diyne. 

5-Phenylpenta-1,4-diyrie. 

Deca-4,6-diyne. 

Tetradeca-6 ,8-diyie. 

Hexadeca-7 , 9-diyne. 

1,4-Diphenylbuta-1 , 3-diyne. 

4.) Preparation of Azides. 

Phenyl azide. 

_Nitrophenyl azide. 

-Tolyl azide. 

Ethyl azidoformate. 

5) Preparation of Phosohines. 

a) Phenyiphosphine. 
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6) Preparation of Phosuholes, Phosphole Oxides and 1rrro1es. 

a) 1,2,5-Triphenyiphosphole. 59 

b) 1,2,5-Triphenyiphosphole oxide. 60 

c) 2, 5-Dipentyl-1-phenylphosphole. 60 

d) 2, 5-Di-t-butyl-1-phenylphosphole. 60 

e) 1,2,5-Triphenylpyrrole. 60 

7) Preparation of 1,8-bis(dimethylamino)naphthalefle. 61 

8) Preparation of Authentic Compounds. 

a) Dioctyiphenyiphosphifle oxide. 61 

b) Phenyl-(2-pheny1eth)y1phoSphine oxide. 62 

C. REACTION OF PHENYLPHOSPHINE WITH UNSATURATED COMPOUNDS. 

1) Reaction of Phenyirhosphine with Terminal Alkynes. 

a) 1-Pheny1eth-1-yie and chemical identification of 63 

the product. 

ii) Oct-1-yne and chemical identification of the 	64 

product. 

Hept-1-yne and chemical identification of the 	66 

product. 

Hex-1-yiie. 	 67 

2) Reaction of Pheny1thoshine with Disubstituted Aikynes. 

Oct-4-yne. 	
67 

1-Phenylhex-1-yne. 	 68 

3) Reduction Reactions with Phenylohoshine. 

Dioct-1-enylphenylphOSphine. 	 69 

Dioct-1-enylphenylphoSPhine oxide. 	 69 

Dec-l-ene. 	
69 
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D. REACTION OF PHENYLPHO3PHINE WITH ALKI LDIYNES. 

1) Conjugated Alkyldiynes. 

Butadeca-6,8-diyne. 	 71 

Deca-4,6-diyne. 	 72 

Hexadeca-7,9-diyne. 	 73 

2) Nonconjugated Alkyidlynes. 

a) Trideca-5,8-diyne. 

1) Thermal Reaction. 	 74 

Reaction of the first main distillate 	 76 

with methyl iodide and base. 

Thermolysis of the first main distillate. 77 

b) Nona-1,4-diyne. 77 

c) 1,5-Diphenylpenta-1,4-diyne. 79 

d) l-Phenylpenta-1,4-diyne. 80 

E. 	FORMATION OF PHOSPHOLIMINES. 

1) 	Reaction of Phospholes with Azides. 

a) N-Phenyl-1, 2, 5-triphenylphospholimine 81 

b) N-Phenyl-2, 5-di--buty1-l-phenylphospho1imine. 81 

c) N-p-Tolyl-1, 2, 5-triphenylphospholimine. 82 

d) N-p-Nitrophenyl--1 , 2, 5-triphenyiphospholimine. 82 

e) N(ethyl carboxylate)-1,2,5--triphenylphospholimine. 83 

f) Reaction of 1,2,5-triphenyiphosphole with 83 

diphenyiphosphinyl azide. 

2) 	Reaction of Phosnholes with Chioramine T. 

a) N-Tosyl-1 , 2, 5-triphenyiphospholiminc. 84 

b) Reaction of 2,5-dipentyl--1-phenylphosphole 84 

with chioramine T. 
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F. REACTION OF DIMETHYLCETYLENEDICREOXYIATE 'ITH 

PHOSPHOLE AND PYRROLE DERIVATIVES. 

1) Phospholimines. 

N-Phenyl-1, 2, 5-triDhenylphospholimine. 	 86 

N-Phenyl-2 , 5-di-i---butyl-1-phenylphospholimine. 	88 

N-p--Tolyl-1,2,5-triphenylphospholimine. 	 88 

N-p-Nitrophenyl-1, 2,5-triphenyiphospholimine. 	 89 

N(ethyl carboxylate)-1,2,5--triphenylphospho:Limine. 	90 

N-Tosyl-1,2,5-triphenylphospholimine. 	 91 

2) Phospholes and Phosohole Oxides. 

1,2, 5-Triphenyiphosphole. 
	 92 

1,2,5-TriphenylrhosDhole oxide. 
	 92 

3) Pyrroles. 

N-Phenylpyrrole. 
	 93 

1,2, 5-Triphenylpyrrole. 
	 UJI 

G. OTHER EXPERIMENTS. 

1) A synthetic approach to 1,1,1,2,5-pentaheny1pho3pho1e. 

Methylation of N-phenyl-1,2,5-triphenylphospholimine. 95 

Reaction of 1(methylphenylamino)-1,2,5- 	 95 

-triDhenylphospholiu.rn iodide with phenyl lithium. 

2) Reduction of N_p_Nitrooheny1-1,2,5.tripheny1phosDholimifle. 96 

3) Photolysis of N-Phenyl-1,2,5-triphenylphosPhOlimifle. 	96 
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Symbols and Abbreviations. 

i.r. 	infra-red. 

V wave number. 

s singlet. 

d doublet. 

C complex. 

J coupling constant. 

U.V. ultra-violet. 

wave length. 

m/e mass to charge ratio. 

P + mass of parent ion. 

e.s.r* electron spin resonance. 

b.p. boiling point. 

M.P. melting point. 

h. hour. 

g.1.c. gas liquid chromatography. 

t.1.c. thin layer chromatography. 

( IL1 

447 
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II EXPERIMENTAL 

A) INSTRWJENTATION A.ND GENERAL PROCEDURES. 

Infra-red Spectroscony: Perkin Elmer grating spectrometers 257 

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

A polystyrene film was used as reference at 1601 and 1029 cm -1  

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 0'1 mm. 

Nuclear Magnetic Resonance Srectroscory: 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 

0 
35.5 , or a Varian H.A. 100 nuclear magnetic resonance spectrometer, 

operating at a frequency of 100 MHz, a field of 23,490  gauss and 
0 

a probe temperature of 28 , were used for observing proton reson-

ances. Solutions of the samples in deuterochioroform or carbon-

tetrachloride were used with tetrainethylsilane as internal reference. 

The Varian H.A. 100 spectrometer was used for 31P 

phosphorus nuclear magnetic resonance spectra operating at. 405 MHz, 

23,490 gauss and a probe temperature of 28 
0 

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 sunples. 

Ultra-violet Scctroscop1: A Unicam S.P.800 ultra-violet spectr-

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

Gas Liquid Chromatograchy: A Pye 104 chrompatograph with a flame-

-ionisation detector and 1.5 m%4 mm packed columns or a Perkin 

Elmer F.11. chromatograph with a flame ionisation detector and 
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50m . 0•25mxn capillary column were used for analytical work. A Pye 

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 all flow rates and 

split ratios as recommended by the manufacturers. Stationary 

phases were supported on 100-120 mesh celite and thosc employed 

were: neopentylglycol succinate (N.P.G.S.), polyethyleneglycol 

adipate (p.E.G.A.) and apiazon L. grease (A.P.LS). 

Column Chromatography: Alumina used was Laporte Industries ltd. 

grade H 100-200 mesh, (Brockman activity 1-3), silica gel was 

Whatman Cromedia S.G.31. 

Liquid Liquid Chromatography: Chromatograms were obtained using a 

Pu Pont 820 liquid liquid chromatograph, with an O.D.S. permaphase 

column and methanol water mobile phase and an ultra-violet detector 

by Dr.J.Done. 

Thin Layer Chromatography: Chromatograms were obtained using 

0'25 mm layers of alumina (Merck Aluminium oxide G(type E) or 

silica gel (Merck Kieselgel G) on glass plates and developed under 

ultra-violet light or by the action of iodine vapour. 

Dry Column Chroma±ograohy: Alumina (aluminium oxide Woelm ltd.) 

was used following the method described by 	
98 

Lcev and Goodman 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. 

Vapour Prossure Osmometry: A Hewlitt Packhard 301A vapour pressure 

osmorceter with glass-coated thermistors was used for molecular 

weight measurements, aftcr calibration with a standard solution of 

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

b-p. 40600  ) 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 weeks before use. t-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. PEPRATION OF STARTING LJTERIUS. 

1 Terminal Aikynes. 

la) Hex-1-yne. 

Sodium acetylide (3 mci) was prepared as a suspension 

in liquid ammonia and reacted with 'oromohutane as described, in 

Vogel 99 p.899 to give hex-1-me (61g., 45%) h.p. 71 °  (lit. 100 

b.p.72•3 0) Care was taken to avoid frothing 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 reaction. 

lb) Hept_l_yne . 

Hept-1-yne was prepared following the method for la) 

h.p. 99-100 
o 
 (lit. 

101
h.p. 99.'80 ). 

lc) 1-Phenyieth-1-yre. 

Dibrornostyrefle (5109., 2 mol) was dehydrobrominated 

following the method. in Vge1 99  p.900 to give 1-phenyleth-1-yne 

(121g., 6) h.p. 68°  at 60 mm Hg. (lit 
99  h.p. 490 at 14 mm Hg.) 

2. Non-teriiinal Alkynes. 

Oct-4-y-e. 

Sodium acetylide (2-5  mol) was prepared in liquid 

ammonia and reacted with bromopropane (2509., 2 mci) to give 

pent-i-yne in solution. This was reacted with sodamide in liquid 

ammonia to give the acetylide, which was reacted with further 

bromopropane. Oct-4-yne  (579., 26%) was isolated by extraction 

o 	102 	o 
with ether and distillation b.p. 131 (lit. 	h.p. 131 ). 

1-Phenylhex-1-yne. 

Lithium 2pheny1ethyiide (05 mol) was prepared in 

liquid ammonia and allowed to dissolve in dioxan as the ammonia 
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was expelled, following the method of Schlubach and Repenning 103 . 

Reaction of 1-brornobutane with the ethylide solution gave 1-phenyl-

hex-1-yne (45g., 3) h.p. 137 o at, 35 mm Hg. (lit. 103  109-110°  

at 12 mm Hg.) 

2c) l-Phenylprop-1-yne. 

An attempt to prepare 1-phenylprop-1-yne from 1-phenyl-

eth-1-yne and iodomethane by the method for lb) gave a mixture of 

product and starting alkyne, in spite of prolonged reaction times, 

that was not easily separated. 

3 Alkyldiynes. 

3a) Trideca-5,8-diyne. 

The method used was based on that of Taniguchi et al. 104  

Hex-l-ynylmagnosium bromide was prepared from hex-l-yne (579.,  0.69 

mol) and ethylmagnesiuni bromide (0.71  mol) and reacted in other 

with gaseous formaldehyde. The formaldehyde was carried over into 

the reaction mixture by a stream of nitrogen after thermal depolym-

erisation of paraformaldehyde at 160-180 °  . Hept-2-yne-l-ol (40g., 

51%) h.p. 107
0 
 at 43 mm Hg. (lit.106 h.p. 112

0 
 at 50 mm Hg.) was 

extracted after work up with ammonium chloride solution. Bromina -bion 

by phosphorus tribromide in ether containing pyridene (6g.) by the 

method of Tchao Yin Lai gave 1-bromohept-2-yne (40g., 65%) h.p. 

o 	 106 	 o 
92 -94 at 22 mmHg. (lit. 	h.p. 105-106 at 56 mm Hg.).  Hex-i- 

-ynylmagnesium bromide (0.2 mol) was coupled with 1-bromohept-2-yne 

(309., 0.17 mol) in boiling anhydrous tetrahydrofurari in the 

presence of cuprous chloridp catalyst (0.39.). The reaction mixture 

was worked up with ammonium chloride soLion and extracted with 

ether to give trideca-5, 8-diyne (23.8g., 8) h.p. 86-880  at 0.8 

MM Hg (lit. 107 h.p. 63 0  at 0.06 mm Hg.). 
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Nona-1 ,4-diyne. 

Hex-l-ynylmagnesium bromide (0.7 mol) was coupled with 

3-bromoprop-l-yno (57.Og.,0.48 md) in a reaction similar to 

3a) to give nona-1,4-diyne (21.79., 25%) b-p. 72-74 0  at 24 mm Hg. 

(lit. 
107 

 b.p. 83-840  at 41 mm Hg.). 

l,5-DiDhenyl-1,4-diyne. 

1-Piicnylprop-l-yne-3-01, b.p. 840 °  at 	04 mm Hg., was 

prepared from l-phenyl-l-yne and paraformaldehyde, as for 3a), 

and brominated with phosphorus tribromide to give 3-bromo-l--phenyl-

prop-1-yne, b.p. 82-84°  at 0.05 mm Hg. (lit. 105 b.p. 107-1080  at 

6.0 mm Hg.). 

2-Phenyleth-1-ynylmagmesium bromide was then coupled 

with 3-bromo-l-phenylprop-J.-yne (8.79., 0.045 mol) to give 1,5-

-diphenylpenta-1,4-diyne (4.1g., 57%) b.p. 135-140°  at 0.03 mm Hg. 

(lit. 104  b.p. 151-153 0  at 0.2 mm Hg.) following the method for 3a). 

An attempt at the direct synthesis from 2-phenyleth-l-

-ynylmagnesium bromide and dibromomethane in ether gave mostly 

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

5-Phenylpenta--1 ,4-diyne. 

2-Phenyleth-1-ynylmagnesium bromide (0.31  mol) was 

coupled with 3-bromoprop-1-yne (15.59., 0.13 mol) following the 

method for 3a) to give 5-phenylpenta-1,4-diyne (6.3g., 35) b.p. 

60-650  at 0•25 mm Hg. (lit. 104  b.p. 66 °  at 0.25 mm Hg.). 

Deca-4,6--cliyne. 

Deca-4,6-diyne b. -p. 112-ll 	at 0 -  05 mm Hg. (lit .' 08  

0 
b.p. 60 at 0.001 mm Hg.)  was supplied by Dr.P.E.Atkinson. 

Tetradeca-6,8-diyne. 

Tetradeca-6,8-diyne b.p. 136-138°  at 6.0 mm Hg. 



107 	o 
(lit. 	b.p. 118 at 4'0 mm Hg.)  was supplied by Dr.R.E.Atkinson. 

39) Hexadeca-7,9-diyne. 

Hexadeca-7,9-diyne b.p. 92 °  at 005  mm Hg. (lit 

b.p. 117 °  at 06 mm Hg.)  was supplied by Dr.R.E.Atkinson. 

3h) 1,4-Dir•hnylbuta-1,3-diyne. 

1,4-Dipheny1buta-1,3-diye M.P. 84-85 °  (lit. 	M.P. 88
log  

was supplied by Dr.R.E.Atkinson. 

4. Preparation of Azides. 

Phenyl Azide. 

ill 
The method used was that of Lindsay and Allen 

Phenylhydrazine hyirochloride was reacted with sodium nitrite 

below 5 
0 	 0 
to give phenylazide,, b.p. 66-68 at 21 mm Hg. (lit. 111 

b-p. 
730 

 at 23 mm Hg.)  after steam distillation and extraction with 

ether. 

p-Nitrophenyl Azide. 

1-12 
The method used was based on that of Smith et al. 

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 

M.P. 69-70 0  (lit. 113 M.P. 71 o)  as transparent needles. 

p-Tolyl Azide, 

p-Tolyl azide b.p. 82-84 °  at 21 mm Hg. (lit. 
114

b.p. 80 

at 10 mm Hg.) was prepared by the method described for 4b). 

Ethyl Azido-Formate. 

115 
The method used was based on that of Forster 

Ethyl chloroformate (70  was stirred with an aqueous solution 

of sodium azide until the pungent smell was gone. Ethyl azido-

-formatc was distilled b. -o. 25 °  at 12 mm Hg. (lit. 115  b. p. 25 °  

at 12 mm Hg.). 
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Preparation of Phosphines. 

5a) Preparation of Pheny1phosihine. 

The method used was based on that of Michaelis and 

116 
Kohler 	using the optimum quantities prescribed by Mann and 

Millar 117 

Phenyiphosphonous dichloride (250 ml.) was added 

slowly to ethanol (600 ml.) under nitrogen. Excess ethanol was 

removed under vacuum and the system converted to highly efficient 

condensation into a cooled receiver under nitrogen; 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
0 
 . The product (25-30%) was redistilled,b.p.89

0 
 

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

preparation of Phospholes, Phosnhole Oxides and Pyrroles. 

6a) 1,2,5-TriDheny1Dhosphole. 

42 
The method used was based on that of Campbell et al. 

A mixture of 1,4-diphenylbuta-1,3-diene (26•59., 013  mol), 

118 
prepared following the method of Corson 	,. and phenylphosphonous 

dichloride (359.,  0.2 mol) was heated on an oil bath maintained 

0 	 0 
between 210 and 220 ,under 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-Triphenylohos-

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

o 	142 	 o 
m.p. 187-188 (lit. 	m.p. 187-189 ). 
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1,2, 5-Triphenylphosphole-l-oxide. 

A suspension of finely powdered 1,2,5-triphenylphosphole 

(59,.,16 mmol) 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 (4.59.,  85%) obtained after recrystal-

isaticn from ethanol had m.p. 236-237 °  (lit. 
142 

 m.p. 237-239°  ). 

I.r. (nujol) v max  1440 (pph), 1170 (P0) cm -1 

Lm.r. (ODd 3 ) t ; 2.0-2.3 (2F1, c, P-Ph ortho), 23-29 (13H,  c, 

aromatic) 2.58 and 2.94 (2H, d, J 11  36Hz. phosphole ring protons). 

2, 5-jipenty1-1-rhenylphosphole. 

The method used was based on that of Arkl
34 
 . Tetra-

deca-6,8-diyne (5.79.,  0.03 niol) was added to a solution of phenyl-

phosphine (3.39.,  0.03 mol) in a benzene/ether solution of phenyl-

lithium (6 ml.,1.5 molar) and the mixture stirred for 3 h. at room 

temperature. The solvents were removed and 2,5-dipentyl-1-rhenyl-

phosphole (2.8g., 28%) distilled, b.p. 120-122 at 005 mm Hg- 
-1 

I.r.\'max ; 1430 (pPh), 740 and 690 (ph) cm 

N.m.r. (ODd3) ' ; 2.6-2.8 (5H,c,aromatic), 361 (2H, s?- 	pH 13 Hz. 
phosphole ring), 7.4-9•3(22H, C, alkyl) 

m/e 300 calc. for C 2 -IP nile 300. 

2, 5-Di-t-butyl--1-phenylphosphole. 

2,5_Di_t_buty1_l_phenTlPhoSPhole m.p. 36 °  , b.p. 158 °  

at 10 mm Hg., was supplied by Dr.R.E.Atkinon. 

N.m.r. (CDC1 3) 	; 2.4-28 (5H,c, aromatic), 3 .44 (2H, d, J 11  14 Hz., 

phosphole ring), 8.95 (18H, C, t-butyl). Small impurity peaks of 

phosshole oxide aDpear T 3.50 	pH 
 39 Hz.). 

1,2, 5-TriDhenylpyrrole. 

The method used was that of Schultz et al. 
119  . Aniline 
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(3g., 0.035 mol), 1,4-diphenylbuta-1,3-diyne (6g., 0.03 mol) and 

cuprous chloride catalyst (1g.) were maintained at 180 °  for 3 h. 

1,2,5-triphenylpyrrole (1.709.9 23%) was obtained, by crystallisation 

from ethanol, as white needles m.p. 244
0 
 (lit.

119 
 m.p. 228-229

0 
 ). 

I-r. (nujol) max 	1600 (C=C),770, 745, 705 and 690 (Ph). 

N.m.r. (cDC13) r ;2.7-3.1 (15H, c, aromatic) 3.54 (2FL, 3, pyrrole 

ring). 

1,8-bis(dimethylarnino)naphthalene. 

121 

	

The method used was that of Alder 	. 1,8-Diamino- 

naphthalene was suspended in sodium hydroxide solution (2N; 12 mol 

per mol of diamine) and dimethyl sulphate (12 mol per mol of diamine) 

0 
added slowly and the mixture heated at 80 until t.1.c. (alumina/ 

ethyl acetate) showed one spot. Extraction with dichioromethane 

gave a crude rroduct that was purified by extraction at PH 8 from 

a solution in petrol. Pure 1,8-bis(dimethylamino)naphthalene was 

0 
obtained by making the abstracts alkaline and sublimation 90 

o 	121 	 a 
at 0.05 mm Hg. M.P. 46 (lit. 	m.p. 47-48 ). 

Preparation of Authentic Compounds. 

8a) Dioctylphenylphosphine oxide. 

octylmagnesium bromide (0.05 mol) was reacted with 

phenyiDhosphonous dichloride (4.59.,  0.025 mol). Dioctyiphenyiphos-

phine was extracted from the reaction mixture in ether and, without 

further purification, was oxidised in acetone solution by hydrogen 

Deroxide (5 ml., 100 vol.). The dioctyiphenyiphosphine oxide 

(7.09., 8) obtained had m.p. 36-37 and b.p. 180-182 °  at 0.05 

mm Hg. 
-1 

I.r. (nujol) 	;1435 (PPh), 1160 (P=o) cm 
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N.m.r. (cDc1 3 ) C  ;2 . 0- 3 . 0 (5H9 c, aromatic), 7.8-9.2 (34H, c, alkyl). 

m/e; 350 (100), 238 (40,-C 811 16 ), 237 (20,-08H17 ),C 22H39P0 requires 

m/e 350. 

8b) Phenyl.-bis(2-oheflyleth)ylPhOSPhifle oxide. 

1-Brorno-2-pheflylethafle b.p. 90 °  at 10 mm Hg. (lit. 

b.p. 92 0  at 11 mm Hg.) was prepared from 2-phenylethan-1-ol and 

phosphorus tribromide and reacted with magnesium and rthenylphosphon-

ous dichloride following 8a). Phenyl-bis(2-pheflyleth)YlPhOSPhifle 

oxide bp. 160°  (block temp.) at 0.04 mm Hg. was obtained as a 

solid m.p. 85-87 °  (lit. '22 90_910) 

I.r. (nujol) 	;1435 (phP), 1160 (P=O) cm' .max 

N.m.r. (ODd 3 ) C ;2.1-2.35 (2H, c, o-protons to P=0),2.4-2.55 

(3H, c, PhP aromatic in and p), 26-29 (10H, C, aromatic), 6.8-7.9 

(8H, 	22) 

m/e 334 (100), 229 (200-PhCH 2CH2) 202 (100, -PhCU2OH21  -02H3) caic. 

for C22H23P0 m/e 334. 
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II C. REACTION OF PHENILPH031 3HINE 7,TTH UN$ATURATED CO- POUNDS. 

1. Reaction of Phenylhosphine with Terminal lkynes. 

la) 1,11henyleth-l-yne and Chemical Identification of the Product. 

1) Reaction: A mixture of l-phenyleth-l--yne (10.2g., 

0.1 mol) and phenyinhosphine (5.59.,  50inrnol) was stirred at 160 
0 

for 12 h. under nitrogen. The dark tar was distilled and redistilled, 

b-p. 180-185 0  at 0.03 mm Hg. to yield a 2:1 adduct (4g., 26%) to 

which the structure phenyl-is,1,1' (2-Phenyleth-1-ene)y1thosphine 

was assigned. 

I.r.V max;1590  (Pc=c), 1435 (Pph) cm ' . 

N.m.r. (CDC1 3 ) -r ; 2.4-2.8(15H, c, aromatic), 3.05 (2H, .:.' pH 

14 Hz, vinyl), 3.18 (2H, d, J 
PH 

 8Hz, vinyl). 

m/e 314 (100%), 288 (5 0 , -C2H2), 206 (150, -phP), a 2:1 adduct 

C22H19P requires m/e 314. 

Oxidation of Ph 
	

1-bis,1,1' (2-phenyleth-1-ene)yl- 

phosphine. 

The phosphine (0.319., 0.9 mmol) was dissolved in 

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

A white precipitate of Dhenyl-bis,1,1 1 (2-Deny1eth-1-ene)ylrhosDhine 

oxide was obtained (0.3g., 95%), m.p. 204-205 0  

(Found C, 74.9; H, 9.3; m/e 330, C 22H170P requires 0, 755; H, 97% , m/e 330 

I.r. (nujol) 	; 1595 (PC=C), 1435 (P-Ph), 1160 (r0) 

N.m.r. (ODd 3 ) T ; 2.06-2.16 (2H, C, o-protons to P=O), 24-2.8 

(13H, c, aromatic), 3.25 (1H, d, i 
PH 

 20 Hz, vinyl), 3.14 (1H, d, 

i PH 22 Hz, vinyl). 

Reduction of Phenyl-bis,1,1 1 (2-phenyleth-l-ene)yl-

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 H 2  ) at room temperature. Dist-

illation (block temp. 240 ) at 0.04 Inni Hg. gave phenyl-bis,1,1 1 -

(2-phenyleth)ylpho7;phine oxide (0•6g., 55%), in.p. 84-85
0
, mixed m.p. 

85°  

(Found: m/e 334 (10), 229 (200, -CH2 OH2Ph), 202 (100,-C 4H7 Ph), 

caic. for C22H23OP. m/e 334). 

I.r. (nujol)l 	; 1435 (pPh), 1160 (p=0) cm -1 max 

N.rn.r. (CDC1 3 ) 'C;  2.6-2.35 (2H, c, o-protons to P=O), 2.4-2.9 

(13 H, c ., aromatic), 6.8-7.4 (2 H, C, P-CR2 ), 74-79 (2 H, C, 

CH2Ph). 

All spectra were identical to those of an authentic compound. 

lb ) Oct-1---yne and Chemical Identification of the Product.. 

Reaction with Pheny1hoshine:A mixture of Oct-1-yne 

(23 . 2g., 02 mol) and phenylphoshine (110g.,0l mol) was boiled 

under nitrogen for 5 h. Distillation of the reaction mixture 

gave oct-l-yne  (39.)  and a 2:1 adduct (l3 .6 g., 45), b.p. 140-142°  

at 0.05 miii Hg. to which the structure dioct-l-enylphenylphosphine 

was assigned. 

I.r. V max;1595  (PC=C), 1435 (PPh) cm '  

N.m.r. (CDC1 3 ) T ; 2.4-2.9 (5 H, c, aromatic), 334-41 (4 H, c, 

vinyl), 7.5-9.2 (26 H, c, alkyl). 

m/e; 330 (100 11'o), 315 (10, -CH 3 ), 301 (20, -C 2H5 ), 273 (110, 

-C4H9 ). C 2 { 35P requires m/e; 330. 

Oxidation of Dioct-l-envlDhenylDhosohinel The 

phosphine (6.6g., 0•02 mol) was oxidised with hydrogen peroxide 

(5 ml., lOOvol.) by stirring vigorously for 12 h. The emulsion 

formed was extracted with dichloromethane, the extract washed, 



65 

dried and distilled, b.p. 175 °  at 0.03 mm Hg. to give dioct-1-

-eny1phenylphosphne oxide. (60g., 85%). 

I.r. 	max 1610 (pcc), 1180 (P=O) cm 

N.m.r. (ODd 3 ) T ; 20-26 (5 H, c, aromatic), 2.9-4.7 (4 H, c, 

vinyl), 70-9'2  (26H, C, alkyl) 

ni/e 346 (100), 317 (10, -C 211 5 ), 303  (25, -C 3Y1 289 (110, -d4H9 ) 

C22H350P 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. 

Reduction of Dioct1eny17heny1hOSphifle oxides 

Mpl  palladium on charcoal catalyst (0-259.) was added to the phosphine 

oxide (1739., 50 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. 180-182 °  at 0.05 mm Hg.  to give a white 

waxy solid m.p. 36-37
0  of dioctyiphenyiphosthifle oxide (1.6g.,92%). 

i.r.V max (nujol); 1440 (PhP), 1180F=0) cm '  

N.m.r. (ODd 3 ) -c ; 20-26 (5H, C, aromatic), 7.0 -9.2 (34 H, •, 

alkyl). 

m/e 350  022H39  0P requires m/e 350. All spectra were identical to 

those of the compound prepared by another route (Oh II. sect. B 8). 

Equimolar Oct-l--yne and Pheny1hosphinei A slight 

excess of phenyiphosphine (3g., 27 mmol) and oct-1--yne (2. 5g., 23 

minol) were heated at 135°  under nitrogen for 0.5 h. Starting 

materials were removed, b.-D. 600  at 22 mm Hg. and the residue 

distilled. One fraction, b.p. 1150 at 0.05 mm Hg. (0.6g., 12%) 

was collected and a second,b.p.1420  at 0.05 mm Hg. of 



dioct-l-enylphenylphosphine (1'6g., 16(;' o'), (snectra identical to 

an authentic sample). 

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

(Pc=C) cm '  . 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 

m/e 222 and 220 at70e.v.  was the same as that at 20e.v. This 

distillate was therefore assigned to a mixture of oct-1-enylphenyl-

phosphine and octylphenylphosphine. 

lc) 1-Iept-1--yne and chemical identification of the rrcduct. 

1.) Reaction with Phenylnhoshinei PhenylDhosphine 

(5'5g., 005 mol) and hept-l-yne (9.6g.,  0°1 mol) were boiled 

under nitrogen for 12 h. Distillation gave starting material (3' 6 g.) 

h.p. 90-100 0  and a 1:2 adduct (2.8g., 18017o) to which the structure 

dihept-l--enylphenylnhoshine was assigned. 

max 1595 (Pc=c), 1435 (PP) cm 1  

N.m.r. (CDC 1 3)'t ; 24-28 (5R, c, aromatic), 3.5-4.1 (4H, c, vinyl), 

7 . 4_9•4 (22H, C, alkyl). 

(Found: C, 792; H, 10'2; m/e 302, C20H31P requires; C, 79'5; 

H, 10' 2; m/e 302). 

ii) Oxidation of DiheDt-l-enylphenylphosrhine: The 

phosphine was oxidised as la) to give diheDt-l--enylphenylphosphine 

oxide. (Found: C, 749; H, 94; C231OP requires C,75•5; H, 9.7). 

I.r. 	max;1610 (Pc=c), 1180 (P=O) cm 1  

N.m.r. (CDC1 3) T ; 2.2-2.7 (5H, c, aromatic), 3.1-3.44 (4R, c, vinyl), 

7.5...9.4 (22H, C, alkyl). 

The structural assignment was made by analogy to lb) 

but does not distinguish between the possible geometric isomers. 
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id) Phenyirhosphine with Hex-]-rne. 

Thermal reaction: Pheny1hosphine (1.1g., 0.01 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. 

Ultra-violet Irradiation of Reactants 	Phenyiph- 

osphine (16g., 0015 mol), hex-1-yne (1.1g., 0.015 mol) and 

cyclohexane (0.2g.) as g.l.c. marker, were placed in a silica 

glass round bottomed flask and irradiated from below with a 

Hanovarian medium pressure U.V. lamp (350  watts). .l.c. (2% 

A.P.L. 900  ) of samples taken at 0, 0.5, and 6 h. showed the 

same relative peak area to the marker cyclohexane indicating that 

no reaction had occurred. 

II C 2. Reaction of Phenyiphosohine with DisubstitutedAlkynes. 

2a) Oct-4-yne. 

Phenylphosphine (5.59.,  0.05 mol) and oct-4-yne (11.0g., 

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

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

the structure phenyl-1(1-orooylPent-1-ene)ylDhosphine (4g., 35%) 

was assigned. 

I.r.V max  2280 (PH), 1595 (Pc=c), 1440 (PhP) cm 

N.m.r. (CDC13 Yt ; 2.4--3.o (5F1, c, aromatic), 4.0 (H, daft, 

21 Hz, J}ffl  8Hz, vinyl), 5.65 (1H, d. of t, PH 
 218  Hz,HH 

12 Hz,PH), 7.5_9.4  (14H, C, alkyl), 

m/e; 220 (100), 205 (35, -CH), 191, (90, -c2 R5 ), 014 H21 P requires 

m/e 220. 

In a similar reaction the reactants were boiled under 

nitrogen for 2 days but the same product was isolated. 



2b) 1-Phenylhex-1-yne. 

Phenyiphosphine (2.8g., 0.025 mol) and the alkyne 

(7.99., 0.05 mol) were maintained at 160°  for 12 h. under nitrogen. 

Distillation of the reaction mixture gave a 2:1 adduct (5.49. 9  5) 

b.p. 175-180 0  at 0.05 mm Hg. that was assigned the structure 

phenyl-bis,1,1' (1-n-buty}-2-pheny1eth-1-en)y1phoohine. 

I.r. " max 1590 (c=c), 1435 (PPh), 740 and 690 (aromatic). 

N.m.r. (CDC1 3
) -
T ; 2.2-3.1 (15ff. c, aromatic), 7.4-9.5 (18H, C, 

alkyl). The peaks are broad and poorly resolved and no assignment 

to the expected 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. 

m/e; 426 (100), 383 (90, -C 3H7 ), 370 (100, -C4 H8), 327 (120, -0 5H8P): 

requires, nn/e,  426). The unusually large peak at m/e 327 

is associated with the loss of the fragnient, PC-C
4R8

by substantial 

structural rearrangement under electron impact. 

In a similar exDeriment excess of equimolar phenyl-

phosphine (5.59.,0.05  mol) to alkyne (4.09., 0.024 mol) was used. 

The product (2.8g.) was distilled b.p. 145-150°  at 0.05 mm Hg. 

I.r. 	max;2280  (PH), 1435 (PhP) cm '  

N.m.r. (neat) 1' ; 2.4-3.0 (5H, C, aromatic), 5.76 (d. of d, PH 

210 Hz, J 4Hz) and 5.90  (d of d, Jpff  210 Hz, JHH  6 Hz) (total 

accountancy 111, PH), 7.0-7.4, 7.6-7.9 9  8.8-8.9 and 9.0-9.3 (1211, 

broad. complex alkyl). 

N.m.r. (cDc1 3 ) identical aromatic and alkyl region but no resonances 

appear for PH. 



I.r. of ODd 3  solution from n.rn.r. show a large peak at 1180 

(P=O) cm 	. m/e 270  018 1123 P required rn/c 270. No peak of any 

significance was recorded at rn/c 268 fbr the non-reduced 1:1 adduct. 

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

ylpheriylphosphine and the isomer (1-benzyl'n(,nt )ylphenylDhosphine. 

II C 3 Reduction reactions with Phenyluhos'nhine. 

Reaction of Dioct-l-enylhenylDhosPhine. 

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 

pheny1pho'thine h.p. 0 at 22 mm Hg., a little of the phosuhine 
reactant (0.2g.) and a main fraction h.p. 90-940 

 at 0.03 - mm Hg. 

which was assigned the structure octylphenylphosphine (6.8g. 9  

max 2280 (PH), 1435 1  (PhP) cm 1  . 

N.m.r. (neat.) t ; 2.4-3.0 (5H, c, aromatic), 5.90  (Li, d of t, 

Jpff 206 Hz, j 	6 Hz, PH). N.rn.r. (CDC] 3 ) C ; PR peak ,  lost. 

rn/c 222 (100), 207 (10, -OH3), 124 (200, -C 7H14) cab, for 

014H23P rn/c ; 222. 

Reaction of Dioct-l-enylDhenylPhOSPhine Oxide. 

Excess phenylphosDhine and the phosphine oxide were 

maintained at 	
0 

160 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 identical to those of authentic samples. 

Reaction of Dec-i-erie. 

Dec-l-ene (1.4g., 10 minol) and uhenylphosphine (2.2g., 

2.0 mol) were boiled for 12 h. under nitrogen. Distillation of 

the reaction mixture gave starting materials (1.8g.), h.p. 6 

at 20-25 mm Hg. of decylphenylphosphine (0.39., 12% based on decene). 
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l .r. 

 

max;2280 (PH), 1435 (PPh) cm '  

N..m.r. (CDC13) t ; 2.4-2.8 OH, c, aromatic), 8.0-9.4 (2111, C, 

alkyl), -0.75  (t, P1-I of oxidised product), 6.45 (t, PH). It is 

likely that the low field half of the PH resonance of the normal 

product lies under the aromatic region. This would require J J  

215 Hz a normal coupling for phosphorus bonded directly to hydrogen. 

The resonance at -0.75  is almost certainly due to the oxidised 

product. 

In a similar reaction, samples were taken and g.1.c. 

(P.E. Fli capillary column 800 , 9 lb..) showed decane (2 mm. 

45 sec.), decene (3 mm.) and phenylphosDhine (3 mm. low F.I.D. 

response). All retention times corresponded to authentic samples. 

Addition of decane to a sample enhanced the Deak height (2 mm. 

45 sec.), g.l.c. (10% 	980 ) gave phenylphosphine (5 mm. 

30 sec.), decene (11 mm.) and decane (11 mm. 50 sec.). Mass 

Spec./g.l.c. (2% A.P.L., 40 ° ) gave a first peak m/e 140 (decene) 

and a second peak m/e 140 (100): 142 (20) proving that decane was 

present. 
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II D. REACTION OF PHENYLPH03PHINE ITT1 LKYLDIYNES. 

1.) Conjugated Alky1dipes. 

la) Butadeca-6 , 8-diyne. 

Phenylphosphine (7.2g. 0  0.065 mol) and butadeca-6,8-

-diyne (lOg., 0.053 mol) were heated slowly, with stirring to 

1400 on an oil bath under nitrogen. A vigorous exothermic reaction 

was observed that lasted for five minutes. The mixture was maintained 

0 
at 150  for 8 h. The black tarry reaction mixture was distilled 

and collected over the range b.p. 120-140 at 0.05 inni Hg. (6.0g., 

29%). The combined distillates were adsorbed onto silica and chrom-

atographed. Elution with ether/light petrol (1:10) gave a yellow 

oil, which was distilled into two fractions. 

The first (2.16g., 13%) b.p. 118 0  at 0.05 mm Hg. had: 

I.r. 	max  1595 (C=c), 1430  (PhP), 740 and 690 (aromatic) cm 1 

N.m.r. (CDC1 3 ) (see Appendix II)t , 2.4-2.8 (5  units, c, aromatic), 

A, 2.95 (0.4 units, 	of d, Jp11  10 Hz, J1111  3 Hz, vinyl), B, 

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

D, 3.96 (0.4 units, d of complex, J 11  13 Hz phosphole ring protons), 

7.0-9.4 (2211, C, alkyl). 

m/e 302 and 300 C 20H 3 1P and C20i29P  require m/e 302 and 300 respect-

ively and were assigned to a mixture of 2,5-dipentyl-1-Dhenylphos-

phole and 2,5-direntyl-l-phenyl,hosDhol-2-ene. - 

The second distillate (1.6g., 9.5(/"j)  b.c. 1380  at 

0.05 miii Hg. had: 

-1 
I.r. I max 1595 (C=C), 1440 (PhP), 1190  (P=O) cm 

N.m.r. (CDC1 	 .853.65 l.5H,3 	 5  

C, vinyl), broad peaks at 'C ; 3.20 andt ; 3.60 possibly represent 

the phosohole oxide ring potons 1 	40 Hz, 7.0-9.3 (25H, C, alkyl). 
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m/e 318 and 316 020H71 0P and C20H29 0P requires m/e 318 and 316 

and was assigned to 2,5-dipentyl-1-phenylohosnhole oxide and 

2, 5-dipenty1-l-pheny1pho}io1-2-ene oxide. 

lb) Deca-4,6-diyne. 

Deca-4,6-diyne (2.686;., 0.02 mol) and phenyiphosphine 

(2.2g., 0.02 mol) were maintained at 1600  under nitrogen for 8 h. 

Distillation and redistillation of the tarry residue gave two 

fractions. 

The first (1.2g., 31%) h.p. 970  at 0.05 mm Hg. was 

analogous to la) and assigned to 2,5-diprcpyl-l-phenylphosphole 

and 2, 5-dipropy1-l-phenylhospho1-2-ene. 

I.r. 	max 1595 (C=C), 1435 (PPh) cm
-1 

 

N.m.r. (CDC1 3 )t ; 2.4-2.8(5H, C, aromatic), 2.8-3.98 (1.6H, 

c, vinyl and ring protons), 7.6-9.2 (17H, c, alkyl) 

m/e; 246 (50)  and 244 (100), 217 and 215 (-02H5), 204 and 202 

(-c3H7 ), 175 and  173 (-Q5  H1 1 ); c16H23P and c16H21P  require 

m/e; 248 and 246. 
0 

The second distillate (0.59., 12%) h.p. 158 at 0.05 

mm Hg. had an i.r. spectrum as inconclusive as the first. 
-1 

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

m/e; 382 (30)  and 380 (100) and 378 (80); C26H25P  and 026H23P 

and C 26H 21P require m/e;382, 380 and 378 respectively and represent 

addition of two molecules of diyne to one of phenylphosphine and 

two reduced stages. A small group of peaks at rn/c; 480, 488 and 

486 implies addition of two molecules of diyne to two molecules 

of phenyiphosphine. 

In a similar reaction an excess of phenyl'hosine 

(3.59., 0.031 mol) to diyne (2.68g., 0.02 mol) was used. A similar 
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first fraction (1.1., 2c) b. p, 90-94 0  at 0.05 mm Hg, was obtained 

but with m/e; 246 (100) and 244 (50), thus showing that increased. 

reduction had occurred. A second fraction (0.6g., 9%) b.p. 94-125°  

at 0.05 mm Hg. had m/e; 354,C 22 H28 P2  requires m/e; 354 thus indica-

ting that two molecules of phenyiphosphine have added to one of 

diyne. 

A third fraction (0.39., 4%) b.p. 158 0  at 0.05 mm Hg. 

was identical to the second, obtained in the previous experiment, 

and was diaddition of the diyne to phenyiphosphine. 

lc) Hexadeca-7,9-diyne. 

Excess phenyiphosphine (3.09.,  0.023 mol) and hexa-

deca-7,9-d.iyne (2.06g., 9.5 rnmol) were maintained at 150 °  for 12 h. 

under nitrogen. Distillation of the black tar formed gave two 

fractions. The first (1.8g., 18%) b.p. 135 °  at 0.04 mm Hg. had: 

I.r.V max 1435 (php), 740 and 690 (aromatic) cm '  . 

N.m.r. (CDC13 ) C ; 2.402.8 (5H, C, aromatic), 2.8-3.9 (0.5H, C, 

vinyl and phosphole ring), 7.0-9.2  (29H, C, alkyl and methylene 

protons). 

m/e; 330 (100) and 328 (20): C22E35P  and C22H33P  require m/e 330 

and 328 and the distillate was assigned to a mixture of 2,5-dihexyl-

-1-phenylDhosthole and phostholene. The excess of phoshine led to 

increased reduction. 

A second fraction (0.79.,  6) b.p. 140-145°  at 0.05 

mm Hg. had an inconclusive i.r. spectrum. 

N.ni.r. (cDC13 ) showed broad peaks at C ;2.2-2.8 (10H, c, aromatic), 

7.4- 9. 2  (2611, c, alkyl). 

m/e; 440 (20) and 438 (100),C28 H42 P2  and 028 H40 P2  requires We 

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: Phenylhosphine (3.2g., 0.029 mol) 

and trideca-5, 8-'diyne(5.19., 0.029 mol) were maintained at 160 
0 

for 411. under nitrogen with vigorous stirring. Distillation and 

redistillation of the red tar gave two main fractions. The first 

b.p. 106-115 0  at 0.04 mm Hg. was shown to be a mixture of 1:1 

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

-phenyiphosDhorin, 2-n-butyl--5-pentylidene-1-phenylphosphol-2_ene 

and  minor component of 2-n-butyl -- 5 --Dentyi- l -phenylphosphole. 

I.r.' max;1595 (c=c), 1430  (PhP), 740 and 690 (aromatic). 

N.m.r, (CDC1 3)t ; 2.4-2.8 (5H,  c, aromatic), 3.52 (0,2H, d, JPH 

13 Hz phosphole ring), 3.9-4.3 (1.4H, c, phospholene and dihydro-

phosphorin ring), 6.5-7.0 (1.4H, C, phosho1ene and dihydrophos-

phorin methylene) 7.2-8.1 (c, exocyclic methylene), 8 .4-9.0 (c, 

-C2H47 , butyl group ) 9.0-9.3 (t, terminal -OH ). Total integral 

of alkyl groups 20H. 

N.m.r. 
31 
 P (CDC13) external ref. 85 0% H3PO4:_4.68t0.02 p.p.m. and 

+7.22±0.02 p.p.m. and a small peak at -4.1  approx. ±0.1 p.p.m. 

.m.r. variable temperature spectra from +550  to _400  observing 

the region 6.5-7.0't,  which remained essentially unchanged except 

for broadening due to increased viscosity at low temperatures. 

N.m.r. spin decoupling studies were made on the region 3.9-4.3 't 

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

sect. 13). 
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U..V. (ethanol) A max;210,225 and a shoulder at 250  rmi. (found: 

C, 72.2; H, 9.2; C19H27 P requires; C, 79.0, H, 9.). 

m/e; 286 (100), 271(20, -cH 3 ), 257 (40 9 -C 2H5 ), 244 (80, -c3H6 ), 

230 (30, -C4H8 ), 215 (20, -0 5H11 ), 201 (10, -C6H13 ), 187 (10, 

-C7H15 ), 173  (20, -C8H17 ). This pattern is commensurate with loss 

of both butyl groups. 

G.l.c. (preparative) on a solution in CR01 7  of the first distillate 

(5%, N.P.G.3. at 1540)  with manual operation gave three fractions 

at 50 mm., 1 h. 15 mm., and (after a temperature increase to 

0 
201 ) 2 h. 10 mm. 

The first fraction had: 

I.r. ? max;2240 (PH, a shoulder), 2210 (Cc,  broad),  1430 (PhP) 
-1 

cm 

N.m.r. (fresh CDC '3 solution) t ; 2.2-2.8 (5H,  c, aromatic), 

3.8-4.2 (1.1H, c, vinyl), 6.5-7.7 0.5H, c, methylene), 7.6-9.4 

(18H, c, alkyl). 

nile; 286., with a cracking pattern commensurate with the loss of 

alkyl chains. 018H27 P requires m/e; 286. After standing the 0X13  

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

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

resonances at t , 3.2 and t ,3.6 and a single broad complex at 

t 6.6.(m/e; 302. 018 H27 0P requires m/e; 302.). 

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

I. r. (eDo13) 1max 2220 (0=0), 1440 (php) 1175  (P=0) cm' 

N.m.r. (cDC13 t ; 2.2-2.4 (2H, C, o-protons to P=O), 2.2-2.4 

(3H, c, aromatic), 3.2 and 3.52  (lii, c, vinyl protons), 6.6-6.8 

(1.5H, C, methylene), 7.6-9.2 (18H, c, alkyl). 

ni/e; 302. C18H270P requires nile; 302. 
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In view of these results the third and minor g.l.c_  

fractions were not investigated. (retention 2 h. 20 mm. at 201 °) 

The second main distillate (1.2g., 15%) b.p. 162 °  at. 

0.03 mm Hg. had: 

I.r. 	max 2280 (PH, broad), 1585 (C=C), 1435 (PhP) cm 

N..r.(CDCl 3),t ; 2.59 (lOH, c, aromatic), 3.3-4.2 (2.1H, C, 

vinyl), 6.4-6.9 (2H, c, methylene), 7.2-9.2 (18H, c, alkyl). Two 

small peaks resonating at T, 4.25 and t ,6.34 could be assigned 

to PH J215 Hz. 

N.m.r. 	P (CDC1 3 , external reference 85% H
3 
 POgave two peaks, 

+17.8±0. 2  p.p.m. and 22.9 ± 0.2 p.p.nl. and was assigned to a doublet 

PH 206 ± 10 Hz. 

nile; 394. C 22H 44P 2  requires m/e; 396. This would have implied 

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

ii) Reaction of the first main distillate with methyl 

iodide and bases The distillate (19., 5.4 mniol) 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 

iodide was removed, and sodium hydroxide solution (5 ml. 1 molar) 

was added and the mixture maintained at 50 0  for 2 h. The mixture 

was extracted twice with dichloromethane, the extracts washed, 

dried and evaporated. The oily residue was distilled b.p. 175 °  

(block temp.) at 0.03 mm Hg. and assigned to a mixture of methyl-

phenylalkenylphosphine oxides that will be discussed in Oh. III 

sect. B. 

I.r.V 	1620 (C=C), 1435  (PhP), 1170 (P0) cm ' . 

N.m.r. (CDC1 3Y 1  ; 2.2-2.5 (2H, c, o-protons to P=0), 2.5-2.8 

(311, c, aromatic), 3.2-4.9 (1.911, C, vinyl), 7.0-7.4 (2H, C, 
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methylone), 7.6-9.4 (22H, c, alkyl), 8.24 (d., i PH  12Hz, P-CH 3 ) 

overlying the alkyl groups. 

N.m.r. 31p  (cDc1 3) external ref. 5H 3PO 4, -32.4 t  0.02 p.p.m. 

m/e; 318. C 2 1 710P requires m/e; 318. 

In a similar exeriment triethylamine was used. as base. 

The residue after extraction was adsorbed onto alumina and chrom-

atogra-phed but no pure products were obtained. 

In another experiment a non-nucleoDhilic base 

1,8-bis(dimethylamino)naphthalene was used but distillation of the 

residue failed 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 occurred and the phosphonium salt remained.. 

iii) Therinolysis of the First. main-Distillate: The 

d.istillage ( 1 g. 3.5minol ) was heated to 200
0 
 on a Woods metal 

bath, while nitrogen 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 

70 
follow the thermolysis of 1,2-dihydrophosphorins reported by Markl 

2b) Nona-1,4-diyne. 

Phenylphosphine (5.59.,  0.05 mol) and the diyne (6.0g., 

0.05 mol) were heated slowly under nitrogen, to 1300  when a reaction 

occurred. The temperature of the reaction mixture was maintained at 

136 for  5 h. when excess phenylphosphine was removed (b.p. 600  at 

14 mm Hg. The residue was distilled to give two fractions. The 

first (1.8g., 15%) b.p. 90 O at 0.1 mm Hg. was a water white viscous 

liquid. 	 -. 

I.r. V max  3300 (C0H), 2280 (PH), 1590 (C=C), 1430 (PPh) cm1. 



M. 
IM 

N.m.r.1 ; 2.4-2.7(511, c, aromatic), 3.4-4.5 (211, c, vinyl), 

6.6 and 7.0 (211, c, methylene), 7.2-9.2 (1011, c, alkyl). The 

spectrum gave a poor integral and no obvious peak to assign to 

PH or C'---CH. 

m/e; 230. C15H17P requires rn/c; 230. The distillate was considered 

to be a mixture of ooen chain 1:1 adducts. 

° The second fraction b.p. 168 at 0.01 mm Hg. (1g., 

7%) was considered to be addition of two molecules of phenylphos-

phine to one molecule of diyne. 

-1 
I. r. V max;2300  (PH), 1445 (PPh) cm 

N.m.r.(CDC1 3)T ; 2.4-2.7 (1011, c, aromatic), 3.5-4.4 (2.5H, c, 

vinyl), 6.6 and 7.0 (1.511, c, methylene, 7.4-9.2  (10H, c, alkyl), 

m/e; 340. 	requires m/e 340. 

In a similar experiment the reagents were lowered 

0 
into an oil bath at 180 , a vigorous reaction ensued, and the 

residue was distilled to give two main fractions. The higher 

boiling fraction 140-146 
0
at 0.02 mm Hg. was essentially the 

same as the second of the previous experiment. The lower boiling 

fraction 78-80 °  0.03 mm Hg. (28%) gave: 
-1 

I. r. %) max  1595 (c=c), 1435 (php) cm 	. 

N.m.r. (CDC1 3 t ; 2.4-2.8 (511, c, aromatic), 3.4-3.8  (2H, c, 

vinyl), 6.5-6.7 (1.211, c, methylene), 7.6-9.3 (11H, a, alkyl). 

rn/c; 230 (100), 215 (10, -OH3), 201 (40, -C2H5), 188 (90, -03117), 

173 (33, -C 3H7, -OH3). 0 1 5H17P requires m/e; 230. 

U.V. (ethanol) ? max;2100 225 and 253,  nm. This distillate was 

assigned to a phospholene and dihydropho3rhorin mixture by analogy 

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

Phenyiphosphine (1.12g.,0.01 mol) and the diyne 

(2.2g., 0.01 mol) were heated at 160 0  under nitrogen for 3h. 

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-1,5-diphenylphosDhole  and 1,2-diphenyl-

-5( 1 ' -phenylmethylidene)ihosDhol -2-ene.( 0 .79., 21%). 

I.r. 	; 1595 (C=c), 1440 (Php), 760 and 700 (aromatic) cm '  
max 

N.m.r. (CDC1 3)T ; 2.4-2.9 (15H, c, aromatic) 3.02 (1H, d PH  11 Hz 

phosphole ring), 3.5-3.65 (0.5H, c, phospholene ring, possibly a 

doublet of triplets, i 	 7 Hz, J 	1.5 Hz), 6.8 and 6.84 (1H, d,
PH 

PH 5 Hz phosphole benzyl. protons). 

U.V. (ethanol) ;\ 	; 210 (adsorbance 1.4) 230 (1.52)  370 (ll) mn. max 

m/e; 326 (100), 249 (5, -Ph), 235 (50, -CH h). C 23H19 P requires 

m/e 326. 

In a similar experiment phenyiphosphine (1.2g., 0.Olmol) 

and the diyne (2.2g., 0.01 mol) in t-butylbenzene were boiled 

under nitrogen for 12 h. The solvent was removed and the tarry 

residue adsorbed onto alumina and chromatographed. Elution with 

light petrol gave a little t-butylbenzene. Elution with 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 (0.059., 1.5%)  that was recrystalised from 

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

ylphenylphosnhine. 

2250 (PH), 2230 (C=C),  1595  (C=C),  1410 (PhP), .max 	3 
-1 

CM 

N.m.r. (CDC1 3)t ; 2.4-2.9 (15H,  c, aromatic), 3.35 (lH, d of t, 
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PH 9 Hz, J 	2 Hz), 6.14 (2H, 
C, methylene)HH  

u.v. \ max ; (ethanol) 210 (adsorbance 1.36),  shoulder 225 (0.92), 

255 (1.05). 

nile; 326, 249 (60, -Ph). C23H19P requires rn/c 326. An impurity 

peak at m/e 342 was observed and assigned to the phosphine oxide. 

Elution with ethyl acetate and methanol gave some tars. 

2d) l-Phenylpenta-1 , 4-cilyne. 

PhenylphosDhine (2.49., 0.02 mol) and the dialkyne 

(3.0g., 0.02 mol) were heated to 1600  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. 



II E. F0RLATI0N OF PEJOSPIIOLIMINES. 

E 1 From Phospholes and Azides. 

la) N-Phenyl-1 , 2, 5-triphenylho3pholimine. 

Phenyl azide (49., 35 minol) was added during 1 h. 

to a solution of 1,2,5-triphenylphosDhole  (lOg., 31 nrnol) in 

deoxygenated dioxan (250 ml.) and boiled for 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-trirhenylphosrholimine 

(5.24g., 420/1o)m.r. 218-219 0cryStalliSed from the cooled solution. 

(Found: C, 83.45; H, 5.25; N, 3.30;_  m/e 403. C 2811 2 P requires 

C, 83.3; H, 5.46; N,3.47%.  m/e  403). 

I.r. V max 1580 (c=c), 1470  (PPh), 1280 (P=N) cm '  . 

N.m.r. (CDC13) t ; 1.8-2.1 (211, c, P-Ph ortho protons), 2.4-3.4 

(20H, c, aromatic), 2.4 and 2.73 (J 11  33 Hz, phospholimine ring 

protons). 

U.V. (ethanol) ? max;208  (37,000), 235 (29,500), 390 (17,500)  nm. 

lb ) N-phenyl-2, 5-di-t-butyl-l-DhenylphosDholimifle. 

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

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

for la) and gave yellow needles of the phosDholimine (1.79., 64%) 
0 

M.P. 174-175 from hot ether. 

(Found: C,79.2;  H, 8.32; N, 4.4%. m/e; 363. C 24H 3 T1 1  requires 

C, 79.3; H, 8.26; N, 3.86%. m/e; 363). 

I.r.max; 1585 (C=C), 1315 (N) cm '  

N.m.r. (CDC13) T ; 2.9-3.1 (211, c, ortho protons of P-Ph), 2.5-2.7 

(311, c, aromatic p-ph), 2.84, 2.94, 3.02 and 3.25, 3.3, 3.39 

(5H, in, NPh). Double irradiation at V, 3.28 caused the first set 
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to collapse to a broad singlet. T , 3.1 and 3.48 (211, J PH  36 Hz 

phospholimine ring protons), 8.1 (18H, s, t-butyl). 

U.V. (ethanol) 	max'  210 (22.400), 249 (14,700) 1 287 (9,000) nm. 

lc). N•-p--Lolyl-1,2,5-triphenylDho3nholimine. 

1 9 2,5-triphenylphosphole (3.12g. 9  10 nmol) and 2-tolyl 

azide (1.339.,  10 mniol) were reacted following the method for la) 

and gave burgundy plates of the phospholimine (3.879., 92% m.p. 

195-196 0  from hot ethanol; 

(Found: C,83.7; II, 5.62; N, 3.24. 

m/e; 417. C 20 24NP requires, C, 83.4; II, 5.25; N, 3.25%. m/e;  417); 

I.r. 	max  1600 (c=c), 1435 (p),. 1285 (PN) cm 

N.m.r. (CDC1 3 t ; 1.8-2.1 (2H, c, ortho protons P-Ph), 2.2-2.9 

(15H, c, aromatic and phospholimine ring protons, Jp11 33Hz), 3.16 

(411, s, tolyl ring protons), 7.86 (3H, s, CH 3)' (App. II). 

U.V. (ethanol)2' max 	208 (41,700),  242 (30,200), 370 (17,900) 

ld). N-p-nitrophenyl -1 , 2 ,5-triphenylphosDholimine; 

1,2,5-triphenyiphosphole (3.12g., 10 mmol) and 

-nitrophenyl azide (1.749., 10 mniol) were reacted following the 

method for la) and gave red prisms of the phospholiinine (3.009., 

67%) m.p. 212-214 0  , from a chloroform/ether mixture. (1:10). 

(Found: C, 74.7; H, 4.7; N, 6.3. m/e; 448. C221N S 2P requires 

C, 75.0, H, 4.68, N, 6.24%. m/e, 448). 

I.r. 	max 1580 (C=C), 1450, (pph), 1290 (P=N)cm 1 .. 

N.m.r. (CDC1 3 t ; 1.8-2.2 (411, C, ortho protons PPh, and nitro 

aromatic ring), 2.4-2.9 (1311, c, aromatic), 2.30  and 2.64 (2H, JPH 

34 Hz, phospholimine ring protons), 3.1-3.3 (2H, c, half of A2B2 

nitro ring system). (App. II). 

U.V. (ethanol) 2' max  206 (24,700), 225  (20,700) 394 (25,000). 
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le). N(ethyl carboxylate)-1,2,5-trirhenylphosDholimthe. 

Ethyl azidoforraate (1.4g., 1.3 mmol) and 1, 2 ,5-tn -

phenlyDhosphole (3.12g., 10 rnniol) were reacted following the 

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

82%) m,p. 221-2220  directly. 

(Found: C, 74.2; H, 5.61; N, 3.75.m/e; 399. 025H22NO2P requires 

C, 75.2; H, 5.5; N, 3.5%. m/e; 399). 
-1 

I. r. 	max  1620 (c0), 1450 (PhP), 1380 (P=N) Cm 

N.m.r. (CDC13)T ; 1.9-2.1 (2H, C, ortho protons PhP), 2.4-2.9 

(1311, c, aromatic), 2.38  and 2.74 (2H, .JPH 36 HZ, phospholimine 

ring protons), 6.1 (2H, q, OCH2), 8.88 OH, t, OH3), 

U.V. (ethanol) ? max;210 (42,500), 223 (41,000) 399 (21,200) mfl• 

if). Reaction of 1,2,5-TrinhenylDhosnhole with DiDhenylthosDhinyl 

Azide. 

Diphenyiphosphinyl azide (5.12g., 25 umol) and 1,2,5-

-triphenylphosphole (3.09., 9.5 mmol) were dissolved in dioxan and 

boiled under reflux for 12 h. The solvent was removed and the 

tarry residue recrystalised from ethanol to yield only starting 

materials. 

The reaction was repeated using t-butylhenzene as 

solvent and boiling for two days under nitrogen. Two apparently 

different solids were separated by crystalisation from ethanol. 
0 

The first, m.p. 185-186 
0 
 mixed m.p. 185 , was starting material. 

The second solid in low yield (0.159., 	) m.p. 165-170 was found 

to be mostly starting material contaminated by a substance that 
0 

showed m/e; 527 at 220 but this peak did not apnear at 120 . 

I.r. spectrum suggested 'J;  1445  (pph), 1170 (P=N), 1330 (P=O). 

The mass spectrum at 2200 was however the only evidence 



for the formation of N-(diphenylphosphiriyl)-1 , 2, 5-triphenyiphos-

pholimine. 

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

(CH 3 C6 H4SO 2NC1Na). 

ff-tosy1-1,2,5-triphenylrhosho1iinine. 

Anhydrous chioramine P (3.59.,  15 inniol) in absolute 

ethanol (20 ml.) was added slowly to 1 , 2 ,5-triphenylhosphole 

(3.12g., 10 niniol) in absolute ethanol (200 ml.) following the 

125 
method of Cadogan and Moulden for formation of triethyl N-tosyl-

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 layer separated and extracted with more ether, 

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

-tripheny1nhotholimine (2.59., 54%) m.p. 245 -247 0  was obtained 

as yellow needles from hot ethanol. 

(Found: C, 72.1; H, 4.73; N, 3.04; rn/c; 481. C2i24NO2PS requires 

C, 72.4; H, 5.0; N, 2.92%1  ni/e; 481). 

L.r. (nujol); Vmax; 1595 (c=c), 1440 (P-ph), 1260 (P=N), 1130 

(3=0) cm '  

N.m.r. (CDQ1 3) T; 1.98-2.2 (2H, doublet of double doublets, Jp1j 

12 Hz, J HoHni 8 Hz, J HoHp 
 2 Hz, o-protons Php), 2.4-2.9 (15 H, C, 

aromatic) 2.41 and 2.81 (2H, J PH 41 Hz, nhosho1imine ring nrotons), 

3.14 and 3.23 (2H, half of A2 B2  complex of tosyl ring protons), 

7.80 (3H, s, OH3 ). (App. II). 

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

Reaction of 2,5-DiDentyl-l-DhenylphosPhole with Chloramine T. 

The phosphole (1.8g., 6 nimol) and chloramine P (1.8g., 

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



was boiled under nitrogen for 12 h., when t.l.c. (alumina/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 extracts, 

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 were 

collected from the middle band and three gave identical i.r. max; 

-1 
1559 (C=C), 1440 (p-ph), 1260 (P=N), 1130 (S=0) cm 

N.m.r. (CDC1 3)'t ; 2.0-3.0 (9H, c, aromatic), 3.38 (2H, d, phosph-

olimine ring protons), 7.65 (s) overlying 7.6-9.5 (total 26H, C, 

alkyl). 

The poor n.m.r. integral and large impurity Deaks showed that the 

sample was impure. It was therefore distilled at 0.05 mm Hg and 

block temp. 200 °  to give (0.62g.) of a yellow oil. 

(Found: m/e; 362. C2113002P3  requires m/e; 469). 

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

P=N. 

N.ni.r. (cDc13) t ; 2.1-2.8 (5.9H, C, aromatic), 3.51 (1, d, Jp11 

40 Hz ring protons), 7.6-9.4 (22.6H, c alkyl pros. 

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

on distillation possibly with loss of nitrosobenzene. 



II F. REACTION OF DLTTHYL AC'ETYLENEDICA?EOXYLTE TITH 307.E 

EJU(1)UñT1? IT\T DVP2flT' TThRTTTT1TS 

F 1. Phospholimines 

la) 	N-Phenyl-1 , 2, 5-triiThenylphospholimine. 

The phospholimine (0.319.,  0.7 minol) and the alkyne 

(0.14g., 1 mci) in the minimum of t-butylbenzene were maintained 

at 105°  until t.l.c. (alumina/ether) demonstrated that reaction 

was complete (2 h.). The solvent was removed h.p. 600  at 20 mm 

Hg. to leave an oily solid. Fractional crystalisation from ethanol 

gave slightly impure dimethyl 3,6-diphenylDhthalate (l) M.P. 

and mixed m.p. 185
0 

 

I.r. (nujol) max 1730 and  1745  (0=0) cm 

N.m.r. (CDC1 3) T ; 2.52 and 2.64 (12H, aromatic), 6.42 (s, 611, 

Me). 

The second substance, m.p. 208_2100 , was a 1:1 adduct 

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

carboxylate_2 1 _N_phenylimifle)YlPhOsPho 1 ldene (lO). 

1720 (CO), 1660 (c=N), 1580 (Pc=C), 1435 (PPh), 1350 

(P=C) cm -1 

N.m.r. (ODd 3 ) T ; 2.2-3.2 (c), and 3.52, 3.62 (22H, aromatic and 

heterocyclic ring, 3.44 (s) and 3.64 (s) (6H, OMe). 

(Found; 0, 75.1; H, 5.2; N, 2.36. m/e; 545 (100), 486 (100, -0O21de), 

383 (15, -PhN=CCO 2Me). 034H28N04P requires: C, 75.0; H, 5.15; 

N, 2.57% m/e; 545). 

The products of a reaction of the alkyne (0.56g.,  4 mmol) 

and the phosnholimine (1.6g., 4 minol) under similar conditions 

were adsorbed onto alumina and chromatographed. Elution with ether 

gave the phthalate (0.0799., 5.6%) m.p. 189_1900 , mixed m.p. 189° 



and an i.r. (nujol) sr.ectrum  identical to that of an authentic 

sample. Further elution with ether gave the ethyiphospholidene 

(0.1319., 6.0) m.p. 215 0  . i.r. (nujol) identical to a sample 

from the previous exoeriment. Elution with ether: ethyl acetate 

4:1 gave slightly impure 1,2,5-triphenylphosphole oxide (0.09g., 

m.p. 2100  (lit. 	m.p. 237 0  ). i.r. (nujol) identical to 

an authentic sarnnle. T.1.c. on alumina/ether gave the same retention 

time as an authentic sample and the same green fluorescence under 

U.V. irradiation. Elution with ethyl acetate gave a brovm solid 

(1.2g.) m.p. 205 -215 0  

I.r. (nujol) broad characterless peaks. 

N.m.r. (cDc]3  )T ; 2.0-3.4 (30 units, aromatic), 6.0-7.0 (7 units, 

0cH3 ). 

m/e; 705 (5), 563 (100), 545 (4), 531 (30), 4t16. (200). The solid 

gave a positive phosphorus test. 	- 	- 

Elution with methanol gave a buff solid (0.580g.)  m.p. 

3000 (sticky). I.r. gave broad characterless peaks and the n.rn.r. 

0 
showed broad characterless peaks. The mass spectrum at 310 showed 

a continuous spectrum of peaks up to m/e 800 and above. Vapour 

pressure osmometry (ethanol) gave a mass of 140 ± 20. The solid 

gave a positive phosphorus test. 

A sample of the residue before chromatography was 

crystalised once from ethanol to give a solid that appeared under 

a microscope as a mixture of needles and red prisms. Liauid-liquid 

chromatography (700 : methanol/water: O.D.S. permarhase on ziase 

support) proved it to.contain phthalate and DhosDhoiidene 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 1 2,5-triphenylDhosphole oxide must also be 

considered possible under these high pressure conditions. 

lb). N_phenyl-2,5-di-t-buthenylphospholimine. 

The hosoholimine (0.21g., 0.6 mmol) and the alkyne 

0.1g., 0.6 mniol) in t-butylbenzene (5ml) were boiled under reflux 

for 12 h. under nitrogen. The entire reaction mixture was chromato-

graphed on alumina. Elution with light petrol gave t-butylbenzene. 

Elution with light petroJ:etheL (10:1) gave the phosho1imine 

(0.022g., 10%) m.p. 172-173 0  , mixed m.p. 1710 . Elution with ether 

gave a 1:1 adduct (0.0809., 30%) m.p. 130-1350  whose structural 

assignment will be examined in the discussion (Oh. III sect. C). 

I.r. (nujol) V 
max  1725 (C=0), 1460 (c=N), 1435 (P-Ph),  1350 

(P=C) cm 

N.m.r. (CDCl3 )t ; 2.0-3.7 (1211, c, arOmatic and phosphole ring), 

6.4-6.5 (6, 00H 3 ), 8.8-9.0 (18H, t -butyl). The methoxyl region 

consisted of 1 peak at 	, 6.42 and two others '1, 6.48 and 6.50. 

The t-butyl region consisted of 3 peaks at C ,8.86 and 8,92 

(same integral) and 8.98. 

m/e; 505 (100), 490 (75, -OH 3 ), 446 (150, -CO 2CH3 ), 416 (90). 

Accurate mass measurement of m+  gave a mass of 505.238182  (error 

4.5 p.p.m.) as required by C 30H 36N0 4P. 

lo) N-p-Tolya-1 ,2,5-triDhenylrhospholimine. 

The phospholimine (0.839., 2 mmol) and the alkyne 

(0.39., 0.22 mmol) in the minimum of t-butylhenzene were maintained 

at 105°  for 24 h. when t.1.c. (silica/ether) showed complete 

reaction. Dark orange .crystals of 1,2,5-triheny1-eLh(1' ,2'dimethr 

carboxylate-2' -N-to1y1imine)y1Dhosholidefle, 

(0.45g., 40.2%) m.p. 183-184 0  precipitated from the cooled solution. 



I.r. (nujol) Q 	; 1.730 (C=0), 1660 (C=N), 1435 (.PPh), 1 350 max 

(P=C) cm' 

N.ni.r. (CDC,) 't; 2.2-2.8 (1711, c, aromatic and phospholidene ring), 

3.14, 3.20 and 3.63, 3.70 (4H, A 2 1 9 , tolyl ring), 6.40 (311 9  s, 

0CH3 ), 6.63 (311,  s,  oc), 7.85  (311 9  sq . CH3 ). 

m/e; 559 (100), 530 (5, -d2 H5 ) 9 
 500 (90,  -0O2 C113 ), 49 (10, 

-C7 H6 ), 383 (10, -dH3 CO2 -d=NC6H4cH3 ). Accurate mass measurement 

of m gave 559.191234 (error 4.5 p.p.m.) as required by C 5 H30N04 P. 

The product mixture of a reaction of the phosho1imine 

(0.839., 2 mmol) and the alkyne (0.39.,  2rmmo].) under identical 

conditions was chromatographed on alumina. Elution with light petrol: 

ether (10:1) gave a yellow oil (0.008g.) that was not investigated. 

Elution with ether gave dimethyl 3,6-diphenylphthalate (0.03g. 9  

4.1%) m.p. 189 0  , mixed m.p. 189
0 
 . I.r. (nujol) identical to an 

authentic sample. Elution with ether:ethyl acetate (10:1) gave the 

phospholidene (0.60g., 53.9%) rn.p. 170-175 0  , mixed m.p. 173 -175°  

identical to a sample from the previous experiment. Elution with 

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

id). N-p-NitroDhenyl-] ,2,5-triDhenylDhosDholimine. 

The phosoholimine (0.89g., 2 mmcl) and the alkyno in 

the minimum of t-butylbenzene were maintained at 105°  for 24 h. 

Red crystals of starting material (0.44g., 49%) precipitated from 

the cooled solution. The solvent was removed on a Buchi evaporator 

at 60 mrs Hg. and the residue crystalised from ethanol to yield two 

solids. 

The first.was assigned the structure 1,2,5-triohenyl -

-eth(1' ,2'-dimethyl carboxylate-2 1 -N-p-nitroshenyiimifle)y]flhosPhOl-

idene. (0.043g.  8%) 



MOA 
FM 

I.r. (nujol) Vmax; 1730 (0=0), 1550 (C=N), 1430  (P-Ph),  1320 

-1 
(P=C) cm 	. 

N.m.r. (CDC13) T ;2.0-3.65 (2111, c, aromatic), 6.39 (311, s, 

00113), 6.60 (311, s, 00113). It is possible to clearly distinguish 

att2.9, 3.56 and 3.64 three of the expected four peaks of an 

A232 pattern for the nitro ring protons. Accurate mass measurement 

gave 590.160660 (error 3 p.p.rn.) as required by C 341127N206P. 

m/e; 590 (100), 575 (5, -CH), 56. (10, -C2R5), 531 (1001 0020H3) 

383 (10, -0O2CH3,-C=N06H4NO 2). 

In a similar reaction but at 160 , the phosphcliminc 

(0.71g., 1.6 mmcl) and the alkyne (0.3g.,  2 mmol) in t-butylbenzene 

were reacted for 24 h. The solvent was removed and the residue 

chromatographed on alumina. Elution with ether gave dimethyl 3,6-

-diphenylhtha]ate (0.459.f  70.8%) m.p. 190-191°  mixed m.p. 190°  

Elution with ether and ethyl acetate mixtures gave several fractions 

of less than 10 mg., which were not investigated. Elution with 

methanol gave a buff solid (0.3339)  that gave no clear melting 

point, vapour pressure osmometry (ethanol) gave a molecular weight 

of 68. - 

le) N(ethyi carboxy1ate)-1,2,5-•triohery1Dh0sDholimine. 

The pho2ho1imine (0.0g., 2 rnrnol) and tho alkyne (0.3g., 

2.1 mmcl) in the minimum of -butyibenzcnc were maintained at 1300 

for 12 h. when t.l.c. (silica/ether) had shown the reaction to be 

finished. Filtration of the solid precipitated, and crystallisation 

from ethanol of the residue after the solvent had been removed, 

gave dimethyl 3,6-dinhenylphthalate (0.419., 57%) M.P. 
190_1910 

0- 
mixed m. -p. 189 . I.r. identical to one of an authentic sample. 

rn/e; 346 caic. for 022111804  m/e; 346. 
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The mother liauors from the crystallisations 'iere collected and 

evaporated to give a tarry residue. 

if) N-oTosy1l,2,5triphenylphosphoflmine. 

0 	0 
Reaction at 1.05 and 80i The phospholimirie and 

alkyne failed to react when di3solved in t-butylbenzene and maint-

ained at 1050 , since only solid starting materials were recovered, 

M.P. 247-248
0 
 , i.r. identical to an authentic sample. Then dioxan 

was used as solvent no reaction was observed at 1010 

Reaction at 160 	: (0.18g., 0.4 mmoi) and the 

alkyne (0.5g., 3.5 rnrnol) in t-butylbenzene (25 ml.) were boiled 

under reflux under nitrogen for 12 h. The solvent was removed and 

a tarry residue crystalised from ethanol to give impure dimethyl 

3,6-di.phenylphthalate ( 0 .149., 10) M.P. 189 °  . I.r. and 

spectra were identical to an authentic sample. 

The mother liquors were collected and. evaporated, to dryness, the 

residue adsorbed onto alumina, and chromatographed. Elution with 

o • 	 0 
ether gave phthalate (0.01g.) M.P. 191 , mixed m.p. 191 

Elution with ether: ethyl acetate (10:1) gave the phospholimine 

(0.008g., 4.0%) m.p. 247
0 
 , mixed M.P. 246

0 
 . Elution with methanol 

0 
gave a buff solid (0.059.) M.P. above 300 when it was still a 

tacky solid. I.r. (nujol) gave broad characterless peaks. The solid 

gave a positive phosphorus test. 

Reaction in 1,4-Dimethoxybenzene3 The phospholim-

me (0.48g., 1 mmol) and the alkyne (0.14g., ]. mniol) in 1,4-dimeth- 

0 
oxybenzene were maintained at 170 for 12 h. The solvent was 

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 cocponents had been lost from 

the reaction mixture. The residue was adsorbed onto alumina and 
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chromatographed. Elution with light petrol:ether (10:1) gave a little 

solvent. Elution with ether cave the phthalate (0.1569., 32) 

M.P. 1890  . I.r. spectrum was identical to an authentic sample. 

Further elution with ether gave impure p-tolylsuinhonamide. 

(0.01g., 1) m.p. 1300  (lit.' 
24 
 138.5-139 anhydrous). I.r. 

(flUjol) V max 3250 and 3350 (NH ) cm and n.m.r. were identical 

to an authentic sample except for a few imnurity oeaks. (Found: 

m/e; 171 cab, for 06H6N023 m/e; 171). Elution with methanol gave 

a buff solid (0.260g) m.p. above 3000 , insoluble in all solvents 

except methanol. I.r. gave characterless smudges. 

A similar reaction using N,N-dimethylaniline as solvent 

failed because the alkyne reacted with This amine to give brown 

tars. 

II F 2. Phosrholes and Phosthole 0: ,-ides. 

2a) 1,2, 5-Triphenr1phos'- ho1e. 

Finely powdered 1,2,5-triphenylnhosrhole (0.04g., 0,1 

mmcl) was suspended in a solution of the alkyne (0.018g., 0.1 mmol) 

in cycbohexane (25 ml.) and the mixture boiled under reflux for 2 

days. The solvent was removed and crystalisation of the residue 

gave dimethyl 3,6-dipheny3rhthalate (0.03g., 7) M.P. 189l9l°  

mixed ro.p. 1890 . i.r. and n.m.r. identical to those of an authentic 

sample. 

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

The phosthole oxide (0.32g.,  1 miaol) and the alkyne 

(0.14g., 1 mmol) in t-bu±ylbenzene were maintained  at  105°  for 20 h. 

under nitrogen. The sQiution was cooled overnight at 0°  and gave 

white needles of dimethyl 3,6-dirhenylphthalate (0.3g., 87) 

M.D. 190-191 0  , mixed m.p. 191 0  . I.r. identical to an authentic 

sample, 
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In a similar experiment in cyclohexene the phosnhole 

oxide (0.659., 2 minol) and the alkyne (0.28g., 2 mmol) gave the 

phthalate (0.21g., 33%) m.p.. 190-191° , mixed m.p. 1910 , and a 

yellow oily distillate b.p. 120-130 °  , 12 mm Hg. The oil had a 

sweet ester like odour and failed to crystalise from various solvents. 

N.m.r. failed to show an aromatic resonance therefore the phosphorus 

fraent was not present. The oil was not investigated further. 

In a similar experiment the phosphole oxide (0.659., 

2 minol) and the alkyne (0.39.,  2.1minol) in 1,4-dimethoxybenzene 

were maintained at 110 °  for 3 days. The solvent was removed h.p. 

1000 12.0 mm Hg. and a sample was g.l.c. (P.E.G.A. 150 ° ) but did 

not show any volatile component. The black residue was dissolved 

in chloroform, adsorbed onto alumina, and chromatographed. Elution 

with light petrol gave some pure solvent. Elution with ether gave 

dimethyL 3,6-diDhenylDhthalate (0.459.,  76%) m.p. 190 0  . I.r. was 

identical to an authentic sample. Elution with ether:ethyl acetate 

(10:1) gave needles of phosohole oxide (0.1g., 15%).  m.p. 234-235 0  

mixed m.p. 234
0 
 . T.l.c. (alumina/ether) gave the name retention 

as an authentic sample. Elution with methanol gave a buff solid, 

the mass spectrum was unobtainable because of a low ion oressure 

even at 310 °  and the sample remained on the probe. Vapour pressure 

osmometry gave a molecular weight of 49 ± 10. The solid gave a 

positive but faint phosphorus test. 

II F. 3. Pyrrole Derivatives. 

3a) N-Phenylpyrrole. 

N-Phenylpyrrole (1.43g.,  0.01 mol) and the aikyne 

(1.42g., 0.01 mol) in t-butyihenzene (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 i  ivedark bron crystals m.p.116-1170  

that was assigned the structure 3,4-dimethyl N-phenylpyrroledi-

carboxylate. 

I.r.V max  (nujol), 1720 (0=0), 

N.m.r. (CDC1 3 )T ; 2.4-2.7 (7H, c, aromatic and pyrrole ring), 

6.15 (0-H, s ., Me). 

(Found: C, 64.71; H, 4.87; N, 5-59-.  m/e; 259, caic. for C 3 4H13N04; 

C, 64.9; If, 5.01; N, 5.4%. m/e 259). 

In a similar experiment the product 3,4-dimethyl N-

-phenylpyrroledicarboxylate was used as reactant but was retrieved 

unchanged at the end of the reaction period. 

3b') 1,2,5-Tripheriyipyrrole. 

1,2,5-Triphenylpyrrole (0.79.,  2 mmol) and excess 

alkyne (0.3g.,  2.2 mrnol) in t-butyrhenzene were boiled for 12 h. 

under nitrogen. The solid obtained from the cooled solution was 

1,2,5-triphenylpyrrole m. -p.m. -p. 239
0 
 , mixed m.p. 238 

0 
. I.r. identical 

to that of an authentic sample. 

In a similar experiment a large excess of alkyne was 

used and no solvent. The tar obtaind after 2 days at 160 
0
was 

adsorbed onto alumina and chromatographed. Elution with ethyl 

acetate gave some oils that had no aromatic resonance in the n.iu.r. 

spectra and were polymers of the alkyne. 
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II G. OTHER EXPERWENTS. 

la) 	ethy1ation of N-Ihenyl-1,2 1 5-iriphenylpllosphOlimine. 

N-Phenyl-1, 2 ,5 -triphenyiphospholimine (0.4g., 1 mniol) 

was dissolved in dioxan and iodomethane (0.59., 3.5 nimol) 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(methylphenylarnino)-3.,2,5-triphenylphosphoflum iodide 

m.p. 244-245°  . (0.439., 55%). 

I.r. (nujol) 	max  1595 (c=c), 1445 (PPh) cm 

N.m.r. (ODd 3 ) •C ; 1.66 and 2.32  (phosthoUnm ring protons, JPTI  

45 Hz), 1.6-3.0 (22H, c, aromatic), 6.48 (3H, d, 10 Hz Me).
PH  

lb) Reaction of 1.(methylphenylamino)-1,2,5-triDhenylphospholium 

iodide with phenyl lithium. 

Phenyl lithium solution (2.0 ml. of 1.65 molar) was  

added to a susoension of finely powdered 1(methylphenylamino)-

1,2,5-triphenylphospholiuin iodide (0.25g., 0.45  mmol) and stirred 

for two days. The solvent was removed and the tarry residue adsorbed 

onto alumina and chromatographed. Elution with light petrol gave 

biphenyl with a retention on g.1.c. (5% P.E.G.A. 130)  identical 

to an authentic sample. Elution with light petrol/ether (50:1) 

gave a fluorescent oil (0.02g.) 

I.r. (ODd 3  solution from n.m.r.)max;1435(PhP),  690 and 740 

(aromatic) cm '  

N.m.r. (dDO13 ) t ; 2.4-3.0 (c, aromatic), 

m/e; 388 (100), 309 (20), 233  (40), C 8  H21
re'iuires m/e; 388. 

Sublimation of the sample failed to give an analytically 

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

-phenylph03obole on n.m.r. and mass spectra data but with consider-

able reservation. 



Reduction of N-p-nitroPhenyi-] ,2,5-trinhenylrhosnho1iine. 

The phospholimine (3,2g., 7.0 rnmol) was added to a 

mixture of iron powder (2.39.), ethanol (10 ml.), water (10 ml.) 

and conc. hydrochloric acid (0.2 ml.) and boiled under reflux 

under nitrogen for 12 h. The reaction mixture was neutralised 

with sodium hydroxide, filtered through celite, washed with water 

and extracted with chloroform. The extracts were evarorated to 

give 1,2,5-triphenyiphosphole oxide (1.8g., 68%) in.p. 234-235 0  

mixed m.p. 2350 . T.l.c. alumina (ether) had the same retention 

time as an authentic sample and i.r. indistinguishable from an 

authentic sample. 

Photolysis of N-Phenyl-1,2,5-triphenylrhospholiniine in Diethyl-

amine. 

The phospholimine (0.39., 0.7 nmol) in deoxygenated 

diethylamine (120 ml.) was photolysed (350 watt, medium pressure) 

for 16 h. The orange suspension gave a pale yellow solution 

g.1.c. (2% A.P.L. 900  programed after 10 mm. to heat to 185 °  

failed to show any aniline or 2-diethylamino-3H-azaDine. The 

diethylamine was removed and the tarry residue adsorbed onto 

alumina and chromatograDhed. 

Elution with ether/ethanol (20:1) gave a little yellow 

oil that t.1.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: 

I.r.(nujo1) characterless broad peaks 1475  (PhP possibly) cm 1 

N.m.r. (ODd 3 ) T ; 2.4-3.0 (c, aromatic) 8.6-9.2 (c, alkyl). 

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

and half masses 351.5, 355.5 suggest doubly charged ions of mass 



730, 711 were present, implying polymeric material. 
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III A) TH. REACTION OF PHENYLPHOSPHIIIE 7rITR  ALKYNES. 

The reactions of a variety of nhosphines with alkenes 

have been reviewed in the Introduction. One significant point 

raised is that phenyiphosphine reacts under a variety of conditions. 
8 

Rauhut et al. 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 nucloophilic 
4 

initiation step in the polymerisation of l-cyanoeth-l-ene are 
1 

indisputable. Mann and Millar looked at the reactior of phenylphos- 

0 
phine at 130 and found no catalytic effect with base or acid 

present. This suggests that a different mechanism, possibly involv-

ing radicals, operates at this temperature. That Dhosohine itself 

undergoes radical reactions with alkenes was demonstrated conclusiv- 

7 	 8 
ely by Stiles et al. and Rauhut et al. . These workers observed 

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

The reactions of alkjnes with uhosohines have also been 

shown to involve a variety of mechanisms. Work by Aguir and Archib- 

14 
ald demonstrated that diphenylphosphinolithium added reversibly 

to l-phenyleth-1-yne (PhCH.) but that a different mechanism 
15 

occurred to that of the reaction obsrved by Hoffmann and Diehr 

o 	 8 
at 100 • Rauhut et al. found a free radical reaction of a secondary 

phosphine, j(2-cyanoethyl)phosphine ((CNcH2CH2)2PH) with oct-1-yne. 

These workers also obtained a reaction with a primary phosphine, 

2-cyanophosphine (CNCH2CH 2PH 2 ) with hept-l-yne, but the work was 

a coda to their more detailed work on alkenes. 

The preseit study is concerned with the thermal reaction 

of phenylphosphine with a variety of alkynes. The aim was to establish 
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the generality of the reaction, to prove the 'nosition of attack 

by the phoshine and to decide if this can be directed by the 

choice of substituents. 

1-Phenyleth-1-yne with Pheny1phoshine: when l-.-phenyleth-l-yne 

(Phcc:) and phenylithosphine (PhPH 2 ) were heated to 1600,  a reaction 

occurred that gave an ad.uct 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. 

Analysis of the spectral data taken presented several problems 

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 

six forms shown below (158; a-f). 

Ph H H 0 Ph 
'C- 

u 	II 

Ph 

H 	P 

Ph' \ / 'H 

Ph  

H j?h}- ,Ph 
C C 

11 	11 

Ph 

H,HF2 /H 

p;C\/C\ H 

Ph 
e 

158  

HhP,H 

11 	It 

H,C ,CH 

Ph 

C 

A HH H 
'C,  

II 	II 

PKCN 

Ph 
f 

The nuclear magnetic spectrum gave two doublets at 

; 3.05 and 3.18 with coupling constant J pH 
 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 

phosphorus 6  . In theory, 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. JHHp  and JH(orP.It  is therefore irosible 

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 neaks 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.in.r. spectrum again produced unexpected problems. Two doublets 

appeared at t ; 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 t -.-,-,o protons were involved. This suggested that the hi: 

electron withdrawing power of P=O had pulled the adjacent protorE' 

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 

observed the isomer (158 b)) is preferred to the other two. 

The unexpected lack of an observed coupling between 

(158 Hand Hp) can be exDlainecl by a different interpretation. 

This requires the splitting of 20 and 22 Hz to be due to the 

cis- and trans- coupling between two orotons and a very large 

splitting of 50-65 Hz that results in half of the pattern overiflE 

the aromatic region. Large j PH values are observed for systems 

like phosuhole oxides 130(1 pH=6 
 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 

PH required could imply a proton on an adjacent carbon 
56 

Confirmation of terminal addition was obtained by 

hydrogenation of the double bonds in the comnounci and by comparing 

spectral data with that of an authentic sample prepared by another 

route. No fragmentation of m/e; P-l5 (for loss of a methyl radical) 

was observed in the mass snectrum, which supported the conclusion 

of terminal addition. Thus phenyiphosphine reacts with 1-henyleth- 

-1-yne to give phenyl-bis 1,1 1 (2-phenyleth-l-ene)ylphosphine (158 b)) 

and probably does so with cis- and trans- addition. 

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

n 
phenylphosphine at 125 also gave an adduct of two molecules of 

alkyne with one of the phosphine. Infra-red and mass spectral data 

suDport the assignment to dioct-1-enylphenylphosDhine (159) or 

bis 1,1'(1-methylhept-l-ene)ylphenylphosphine (160) but gave no 

information as to the position of attack or configuration of the 

product. The n.m.r. snectra of the vinyl region was extremely 

complex and although the peaks integrated well for four protons, 

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

R 
' / H 	R 	

11 	11 

H 
	

R'''p''R 

159 	Ph 
	

160 	Ph 

In an attempt to avoid confusing impurities the material 

was oxidised to the 1s3 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 position 
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of attack from n.m.r. spectral data. The vinyl proton region 
126 

appeared as a broad complex spreading fromr ; 2.9 -4.7. Engis 

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 Dhosphine oxide (159, 160; R2 PhPO) 

was made using Co(C104 ) 2  in deuteroacetone. The phoshine oxide 

solution gave a characteristic "cobalt blu" 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 addition, the compound was hydrogenated and found to 

be identical to a sample of dioctylphenylphosphifle oxide ((C8H17)2 

PhPO) prepared by another route. This proved terminal addition 

had occurred forming dioct-1-enylphenylphosPhine (159) but the 

geometry of the conicound remains unknown. 

Hept---yne and PhenylDhosrhine: A similar reaction was observed 

between phenylphosphine and hept-l-yne at 125° . The product of 

the reaction was distilled under nitrogen several times to give 

reasonable analytical, infra-red, n.m.r., and mass spectral data 

in agreement with an assignment to dihept-l-enylpheflylphOSPhifle. 

In neither the ehosphine nor its oxide were the vinyl proton 

resonances in the n.m.r. spectra any less complex than before 

and the assignment ws made by analogy to the case for oct-l--yne 

discussed above. 
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Hex-l-yne and Phenylnhsshine: An attempt to react hex_1_:rne at 

710  failed. In a prolonged reaction with di-t-butyl reroxide, as 

a radical reaction initiator, no addition products were observed. 

This could, however, be due to a low decomposition rate of the 

peroxide at the boiling point of the reaction mixture. An exseri-

ment with small scale apparatus and irradiation with a U.V. lamp 

onto neat reactants also failed to form addition products. 

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

phenyiphosphine was observed at 1310 . The product was shown to 

consist exclusively of a 1:1 adduct that was assigned to the 

geometric isomers of 1(1-propylpent-l-en)ylphenylphosphine (161 or 

162). Spectral data agreed with this assignment and the n.in.r. 

spectrum, unlike those for products discussed previously, was 

conclusive for either of the isomers shown below. 

C2HCH2 ,H 

C 
Ph P, 	CHC2}-15  

161 

a 
CH-CH CH-CH 25\2 	22 5  

C=C b 
PhP\'d H 

H 
162 

The alkyl proton resonances, including [l6lor 162 a) 

and c)1 formed a broad complex. The proton resonance for b) was a 

doublet of triplets J PHb  21 Hz, J Hc  8 Hz which correlates with 

values expected from observations on similar systems 23 . The 

proton resonance for d) appeared to be a doublet of triplets 

PHd 218 Hz, JHdHa  12 Hz. The coupling constant J pffd  is large but 

1A 2  
similar to that observed for diphenylphosrhine 	. When the 

reaction was rer)eated.with longer reaction times no 2:1 adducts 

were observed. This suggested that a steric limitation was present 

for non-terminal alkynes at this temperature. 
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Since such clear coupling constants had been observed 

for this secondary nhosphine, an experiment to utilise this 

knowledge with respect to the problems of isomer identification 

wa3 made. If the analogous secondary phoswhine could be preiared 

from oct-l-pe and phenylDhosphine, the nature of the n.m.r. 

adsorbtion and size of coupling constants could distinguish 

between 163 and 164. 

	

H 	H 	 C6H13 
\ ,H '0-- 

 \f . 	 CC 

	

PhF 	6"13 	PhP' 	H 
H 	 H 
163 	 164 

Therefore, oct-l-yne and Dhenylphsphine (slight 

excess) were reacted and dioct-l-enylphenylphosphine was obtained 

as before. This demonstrated that if the secondary phosDhines 163 

or 164 were intermediates then they were at least as reactive as 

phenylphosphine. This is a parallel to the study by Pellon '27  on 

chain transfer to primary and secondary phosDhine and implies 

that a radical reaction is involved. A lower boiling distillate 

was also obtained and found to consist of a 1:1 adduct and a 1:1 

adduct where the double bond had been reduced. This coralication 

ruled out the po33ibility of deciding between isomers from coupling 

constants since the n.m.r. spectra were too complex. 

l-Phenylhex-l-yne with Phenyloiosrhine: In another experiment 

l-phenylhex-l--yne (PhCac-C 4119 ) 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.rn.r. spectrum gave a rea3onable peak integral for fifteen 

aromatic protons relative to eighteen alkyl protons. No justifiable 



106 

assignments could be made for the expected two vinyl protons. 

It is possible that these resonances are coupled to adjacent alkyl 

protons and to Dhosphorus with the result that part of the sextet 

of peaks expected lies under the aromatic region. 

It is interesting to note that this aikyne has not 

suffered the same limitation of the oct-4-yne adduct, since diadd-

ition of phenylohosphine has occurred. This difference is almost 

certainly due to the higher reaction temperature of 160 °  , although 

the greater stability of possible radical intermediates 165 over 

166 fcllowing reversible additions could be involved. 

P$4H9 	 C3 H7  C3H7  
(>C 

H' 	,P-Ph 	 "P- Ph 
/C=C'... 
 'CH9 	C3H7  'C3 H7  

165 	 166 

4" PPhPhCH. H 9] ;Ph  

L 
167 	 •168 

In a reaction with excess ohenylrhos:hine and 1-ohenyl-

hex-1-yne at 160 °  for 12 h. the only product isolated was shown 

to be a mixture of reduced 1:1 adducts. The assigned structures 

1(1-phenylhexyl)phenylphosphine (167) and 1(1-benzylentyl)pheny1-

phosphine (168) agreed 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 J 210 Hz, but one with J HH  6HzPH 

and the other with J 	8 Hz. The similarity of these peak integrals,HH 



TAB LEI. 

RCCR' + PIIPH2  
RI% + R 

,CC 
H H OP-Ph 

H 
A) B) C) R 	 D) 

R a) 
Temp. Ratio of Product 

- Reactants 
A:B 

C 
4  H 

 9 H 71 2:1 no reaction 

H 100 2:1 D 

H 125 2:1 D 
1:1 C&D&reduction 

Ph H 140 2:1 D 

C 
3  H 

 7 0 3H7  131 2:1 C 

C 4H 9  Ph 140 2:1 D&reduction 
1:1 C&reduction 

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

or the oil bath, whichever was the lower. 
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although close together, ruled out an im3urity 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 

bondin some of the products has been observed-Before discussing 

the possible me±anism of these addition reactions it is necessary 

to introduce the results of experiments designed to test the nature 

of this reduction step. 

Reduction Reactions of PhenylDho3uhine: Dioctyl-1-enylphenylphos-

phine ((C6H13 CH=CH)2 -PPh) was allowed to react with a molar excess 

of phenyiphosphine and gave a 585"0 yield of octyiphenyiphosphine 

(C8H17 PHPh), a secondary phosphine. This product showed that an 

unusual reaction had occurred, which included reduction and frag-

mentation steps. A reaction with the corresponding phosphine oxide 

((C6H13 CH=CH) 2 P(0)Ph) failed to give either a reduced or fragmented 

product. This suggests that the reaction involves a similar revers-

ible step to that of Dhosphine radicals to alkenes, reported by 

Pellon , but that this reversible addition doe3 not occur with 

phosphine oxides. The work by Pellon involved observations of the 

characteristic trans- alkene adsorbtion in the i.r. spectrum but 

the author did not analyse for products due to a reduction step. 

A reaction of phenylDhosDhne with dec-l-ene is 

reported here and the presence 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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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 products. These 

authors expla.n the reduced oroduct by the addition and abstraction 

steps below: 

PH 3---> PH 2 + H 

Cc--CF 	> HCFCF2 !- 	>HCF-CHF i+CF  

4-PH 2  

The addition, reduction and fragmentation products of 

the reactions 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 is 

low as 1000 . It is possible that some impurity of a biphosphine, 

dissolved oxygen, or incident U.V. light starts chain reactions by 

steps a) or e). 

The steps a) to f) satisfactorily explain the addition 

products obtained with aryl and alkyl substituted alkynes. The 

step d) or e) involves chain transfer to a secondary phosphino 

radical and competes favourably with steps a) and c )which involve 

a primary phosphino radical. Thus even in the reaction of oct-l--yne, 

with equimolar phenylphosphine, diaddition of alkyne to the phos-

phine does occur. This observation indicate that a stepwise 
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mechanism does not operate. The observation of reduced products 

in experiments with excess phenylphosphine is explained by step i) 

12 
and is a parallel to that proposed by Burch et al. 	. The unexp- 

ected saturated secondary phosphine isolated from the reaction of 

phenyiphosphine with dioct-l-enylphenylphosrthine is explained by 

steps g) and h), which incorporate a reversible addition. This 

suggestion of a reversible addition is supported by observations on 

the isomerisation, during a reversible addition, of cis- to trans-

but-2-ene made by Pellon 9  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 

0 
reactions appeared to lie between about 71 and 

point at atmospheric pressure of hex-1-yne, whi 

and hept-l-yne which did. Hoffmann 
15

reported a 

between diphenylphosohine and l-phenyleth-l-yne 

0 
100 , the boiling 

h did not react, 

slow reaction 
0 

(PhCCH) at 100 

and it is possible that this is the limiting temperature. 

All 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 operates, but these temperatures are low for 

homolytic cleavage. The nOS3ibility that several different mechan-

isms operate cannot therefore be ruled out. 

The main object of studying the reaction of phenylphos-

phine with alkynes was to identify the position of attack. It has 

been proved that a general therm1 reaction occurs between phenyl-

phosphine and alkynes and that the phosphine reacts preferentially 

in the terminal position with monosubstituted. alkynes. With 
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disubstituted 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 substituted carbons in examples 

such as l-phenylhex--l-yne (PhCC-C4H9 ). During this investigation 

an unusual fragmentation and reduction reaction was observed and 

a mechanism for this reaction has been proposed. 
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III B. THE REACTION OF PHENYLPHOSPHINE :ITR ALKYLDIYNES. 

M'rkl and Potthast have used a base catalysed reaction 

of pheriylphosphine with conjugated alkyldiynes (RCC-CC-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 phenyiphosphine, 

M'rk1's basic conditions could not, however, be used because the 

diyne (169) would have isomerised 
104

• The intention was that 

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  

169 	C 
R 

170 

R ' J 2 R 	Rp9 R 
Ph 

171 

The work discussed previously (Ch.Ill. A) did not 

indicate that alkyl or aryl substituents of the alkyldiyne (169) 

would promote addition specifically to the 1 and 5 positions. 

Therefore it was decided to start the investigation with trideca-

-5,8-diyne (169: R=C 4H9 ). 

Trideca-5, 8-divne with Phenylohoorhine: Then phenyl7hosphine and 

trideca-5,8-diyne were heated to 160 
0
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 were too readily oxidised for separation by 

column chromatography. The components were distinguished by peaks 
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p 	 - 
in the ) P n.m.r. spectrum at -4.1, -4.o8 and +7.7k p.p.m., 

normal positions for phospholes 
56

and aryl and alkyl substituted 

128 
tertiary phosphines 	. 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 products 

because no alkyne (CC), or (P-H) adsorbtions appeared in the i.r. 

spectrum at 2190  or 2220 cm 	. The (P-C=C) adsorbtion was weak 

-1 129 
at 1595  cm 	. This evidence suggests that addition had 

occurred in the 1 or 2 positions and then cyclisation in the 4 or 

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

to form (174). 

61
H 

H,H 	 172 

	

169 	C., RR 	H H 

	

If 

	 1 ph 

	

R 	 __________,4 	
> Rç*H 173 PhP 2 	

Ph R 

R p C H R 

	

p' h 	21 74 

N.m.r. studies support this suggestion showing a 

doublet at 'r ; 3.52, which was assigned to the phosphole (174) 
130 

PH 13 Hz, which is normal for phosuhole rings of this type 

A complex resonance was observed atr ; 3.9-4.3 and assigned to 

the vinyl protons of the hydrophsphorin (172) and the phosphol-

-2-erie (173)  structures. Another complex pattern at i ; 6.5-7.0 

was due to the cyclic methylene 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 apparent 

to the low field side, (App. II. fig. 1). These complexes did not 

alter when spectra were taken at intervals from _400  to +550 

This implied that the two complex patterns were due to different 

compounds and not different conformations (175  or 176). 

I Ha 

Ph"' 	H  

175 
	

176 HH Q  

Spin decoupling experiments were performed on the 

region r; 3.9-4.3 with respect tor ; 6.5-7.0. Irradiation corres-

ponding to r ; 6.63 caused the complex centred at 'r ; 3.98 to 

collapse to two doublets, J PH 4 Hz and-J 
pH  2.5 Hz, and was assigned 

to the phospholene (173)  vinyl protons. A complex to the side at 

T;  4.18 was also affected and gave a broad sirgiet that could 

represent a geometric isomer of (173).  Irradiation corresponding 

to r; 6.68 caused the complex centred atV ; 4.08 to change, and 

although it did not yield the exrected symmetric pattern, 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 sneculative. 

Preparative g.1.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 C19H27P, m/e; 286) in the mass spectrum 

showing that decomposition had not occurred. This oil oxidised 

rapidly in deuterochioroform to give a compound, which now had a 

parent ion m/e; 302 (calc. for C 19H 27OP, rn/e; 02). Thin film i.r. 

studies showed adsorbtion at 2240 cm for (P-H) and 2210 cm -1  for 
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(CC) and oxidation on exposure to the atmosphere rapidly gave an 

-1 
adsorbtion at 1170 cm for (P=O). Thus from material that origin- 

ally contained only cyclised components straight 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 C19H27OP,  m/e; 302) and 

i.r. and n.rn.r. spectra very similar to those observed for the 

first fraction after oxidation. It is possible that the solution 

used for chromatograDhy was oxidising slowly and that the column 

phase ring opened both these components. Oxidation of the uncyclised 

first component subsequently gave identical products. The ease of 

ring opening is supported by observations on the reversibility 

of addition of phosDhines to alkenes made by Pellon 9  • 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 clihydrorhosphorin component (172). 

M'ârkl and Potthast 6  reported that a reaction between 

1,2,4,6-tetraphenyl-1,2,-dihydrophosphorin (177) and methyl iodide 

followed by base gave 1-rnethyl-1,2,4,6-tetraphenylphos'torin (179). 

The first distillate, from the reaction reported here 

of Dhenylphosphine wito trideca-5,8-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 phosohonium centres of (180, 181. 182) and ring o -pening of the 

intermediates (183,184,185) under the driving force of formation 

of a P=0 bond. The mixture of straight chain phosphine oxides 

obtained, gave adsorbtions at 1620 cm for (P-CC) and 1170 cm -

for (P=O) in the i.r. spectrum. Other spectral evidence, including 

31 n.ni.r. studies, suDport the assignment to a mixture of tertiary 

phosphine oxides. It was however impossible to separate or disting-

uish between the isomers formed (186, 187,  188). The ring o-pening 

reaction observed is a parallel to the report by Bergesen 5°  on 

the reaction of 1-methyl-1,2,5--trinhenylphosDholium iodide mentioned 

in the Introduction. Other bases used were triethylamine, pyridine 

and the sterically hindered 1,8-bis(dimethylamino)naphthalene , 

but no products containing a phosphorus ring were obtained. 

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

previously has shown that phenyiphosphine readily adds to the 

terminal position of alkynes. Ideally then, penta-1,4-diyne should 

be reacted with two terminal positions available. Since this 

substance would be gaseous, and require high pressures to' give an 

addition reaction, nona-1,4-diyne (189a), R=C 4H9 ; R'=H) was used 

and was found to require a temnerature of 1600  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 phenylohosDhine 

to one of diyne. This compound probably has the structure (190a)) 

although the integral of the n.ni.r. resonances was not good. 

The lower boiling fraction containing 1:1 cyclised 

adducts gave an n.m.r. spectrum very similar to that obtained for 

the trideca-5,8-d.iyne products, particularly in the -,-.ethylene 

regions 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 

resonances. No doublet due to a phosDhole component was observed 

although the U.V. s -oectrum had a comparable envelope to the previous 

case. The mixture is concluded to be a mixture of the dihydrophos-

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

H 	 H 1 	 H  
HH 

KCKH  189 	 _ 	
R1CH ,S % 	

> 	II 

R 	PhPHRj'Pph 	
R p R 

R Ph 	Ph R 
PhPH 2  

	

190 	 191 	 192 

a)R: C4H9 : RH 

b)R=R= Ph 
d  R F o  CH2R 

Ph 
193 

PhPH-CCHCHCOPh 

194 

1,5-Diphenyl-1,4-diyne and Pheny1Dhoshine: Similar exerimonts 

to those discussed above were performed using diynes with aryl 

substituents (189b)). In these cases more vigorous reactions were 

observed giving mixtures containing the phosphole (193 b) R=R'=Ph) 

and the phosphol-2-ene (192,b)), but did not aDear to contain a 

dihydrophosohorin component (191,b)). The n.rn.r. spectrum of the 

mixture showed a doublet at L ; 6.82 J. = 5 Hz assigned to the 

benzyi protons of the phosphole (1939b)). This resonance could 

not be due to the dihydrophosphorin (191,b)) methylene protons 

because these would give a triplet arising from coupling with 

two adjacent vinyl protons. The observed doublet atC3.02 J= 11 Hz 

for the phosphole ring protons is normal for these comDounds
130  

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

-ene (192) comoonent and is a doublet of triplets. 
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A similar reaction with t-butylbenzene as solvent 

was carried out and the reaction mixture was chromatographed. 

Anomalous results were obtained 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 (PhCC-CH2 -CCH) gave an extremely 

vigorous reaction and only polymeric tars were obtained. 

These results indicate that the thermal reaction of 

phenylDho'hine and alkyl-1,4-diyrtes is not a simtie route to 

1,4-dihydrophosphorin, precursors of phosphorins unsubstituted 

in the o- or - position. Experiments with phenylDhosnhine and 

alkyl-1,4-diyne-3-01 (R-CC-CHOH-CC-R) were made by Lim 131,  who 

found similarly complex product mixtures. This worker did, however, 

observe a variation of products that a'peared to depend on the 

steno influence of the substituents chosen. 

Conjugated Diynes and PhenylrhosDhine: The simple thermal reaction 

of 1,3-diynes (195) with phenylDhosuhine as a route to phospholes 

was also considered. A very vigorous reaction was observed that 

gave several products that could not be seuarated by distillation 

or chromatography. The product from butadeca-6,8-diyne (195; R=R'= 

C5  H11 ) was shown to be a mixture of rhosphole (197) and phonholene 

(198 and 199) components, indicating that a similar reduction 

process to that observed with simple alkynes had occurred. 

The presence of both isomeric phosrholenes (198 and  199) 

is inferred from the complexity of the vinyl region in the n.m.r. 

spectrum (Ape. II. fig. 2). A ioublet att ; 2.95 was observed for 
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the phosphol-3-ene  and a complex atr ; 3.2-3.3 for the p}iosphol-

-2-ene. A broad doublet was observed att' ; 3.96 :nd assigned to 

the phosphole (197) cr1 the basis that a similar position and coup-

ling was observed with pure 2,5-di-t-butyl-l-phenylohosphole ani 

values reported by Mrkl34  . The sample had oxidised during column 

chromatograhy and impurities confused the picture further. 

/CE&R )197 

RCC- CC-R 	
> R Ft-H 	

Ph 
195 + 
	 196Phj, 	 kHr 

- H 	
\ P,  199 

PhPH2 	

[-C 	

H 	\ 	Ph R 
P-H 	J RZI )) 

20Oh 	
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 phenylphosDhine to -the diyries and addition of two 

molecules of the diyne to two of the phosDhine. 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 Drohably due to polymerisation and reduction 

side reactions. 

Thus an increase in phenylphosphine 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 

phosholes from diynes and phenyiphosphine. 
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III C THE FflRMAIION AND REACTIONS OF pHospHoLILwrEs. 

The reactions and properties of phosho1e derivatives 

have been reviewed in the Introduction. This has shown that doubt 

exsists concerning the degree of aromatic character of phosnholes 

and phosphole derivatives. One interesting type of reaction repor- 

42 
ted by Campbell et al. 	, which demonstrated the diene character 

of 1,2,5-trinhenyiphosphole (201), was that involving dimetliyl 

acetylenedicarboxylate. In this reaction a phosphorus containing 

fragment , so far unidentified, was extruded in a retro Diels-Alder 

step, orobably via intermediate (202), to fonT! dimethyl 3,6-d.iphenyl-

phthalate (203). 

P[ ) Ph 
201 

1 

Ph 
Y: -co 2Me 

Ph I 	Ph 

Ph 

202 

Ph 

F + IPhP1 
L 	I 

Ph 
203 	204 

It was therefore decided that the present study should 

attempt to extend the range of phosphole derivatives to include 

larger su'bstituents on phos'horus. 

The Reaction of PhosTholes with Azides The reaction used to 

extend the available phosphole derivatives was that between a 

variety of substituted azides and some phospholes. This reaction 

also indicates the availability of the phosphorus lone pair of 

electrons. It is a parallel to that reported by Staudinger 
132 

between triphenylphosphine (Ph3P) and some azides, for the formation 

of phosphinimines (205: 206 ). A later study by Leffler et al. 133  

isolated a triaza- intermediate from the reaction of triphenyl-

phosphine with triphenylmethyl azide. These workers Dotulated 
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a straight chain form (208). In a similar reaction Homer and 

Gross 134  assumed that an intermediate of the form (207)  had been 

involved following their kinetic studies. This work suggested that 

nucleo'nhilic attack by the phosohine on the azide had occurred. 

Ph3 P=N-R <_> Ph 3  P-N-R 

205 	 206 

Ph 3P + N3C(Ph) 3  --> 

Ph3P- 	207 

Ph P-N-N=N C(Ph)3 
208 

Franz and Osuch 135  isolated an intermediate with tosyl-

azide that they believed was in the straight chain form because 

no adsorbance at 2100 cm' for an azide frequency was observed. 

They did 	report that different products were obtained in diff- 

erent solvents. Johnson 13  has reviewed these reactions and conclu-

ded that the structures of the products and mechanism of the 

reaction require a detailed study for clarification. 

This present investigation revealed a reaction between 

1,2,5-triphenylhosphole (209; R=R'=P}i) and a variety of azides. 

Evolution of nitrogen just below the boiling point of the solvent 

(dioxan) was observed and the novel phosphole derivatives, phosho1-

imines (21) (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 four centre reactions and 

in this case forms the phospholimine (212) and nitrogen. The 

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



TABLE. 2. 

Spectral Data on Phospholimines; 

Ph 'N-X 

R 	 x 

Ph 2-CB3 C6H4- 

Ph Ph- 

Ph -NO2 C6H4- 

Ph E-CH3C6H4SO2- 

Ph C 2H5CO2 - 

t-butyl Ph- 

Ph 1,2,5-triphenyl- 
phosphole oxide 

-P=N- Ring Protons at PH 
cm 100MHz,t 

1285 2.46 	& 2.79 33 

1280 2.40 2.73 33 

1290 2 .30 2664 34 

1260 2.41 2.81 41 

1380 2.3 8  2.74 36 

1315 3.10 3.48 36 

- 2.58 2.96 36 
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evidence obtained. The reaction of pho:sho1es with chiorarnine T 

was found to give a similar phospholimine (212; X=-S0 2 06 H4 CH3 ). 

0 + X N3 > - 
> 

R 	 RNzR R1NR 

Ph 	 pc1c!1T 	Ph 

	

209 N=N 	
,N—N 

	

x/ 	x 

	

210 	 211 

n 	>+ 
R 2 R 	 ROP~PR

N2  

PhX N—X 
- 

213 	N?1J 	 212 

The i.r. spectra of this series of comounds gave a 

stretching frequency of 1260-1380  cm for (P=N-X) (Table 2). 

These values are similar to those observed by Corbridge '37  for 

delocalised P=N systems (1260-1385 cm_ i  ). This implies that there 

is some contribution of the ylid form (-i-). N.m.r. studies 

initially gave some problems because comoounds such as (212; X= 

-NO 2C 6H 4-) gave a deformed doublet att' ; 3.1-3.3 9  (App. II fig. 4). 

Expansion of this"doublet" showed further splitting, which eliminated 

the possibility that this resonance was due to the phosuholimine 

	

ring protons. Two sharp resonances at 	; 2 .30  and 	; 2.64 overlie 

the aromatic region. and were assigned to the elusive ring proton 

resonances. similar Deaks were observed in other phospholimines 

by analo gy to this exarnrle and are tabulated (Table 2). 

An interesting feature of these phosDholirnines is 

that both (212; X=-S02 -C6H4CH) and (212; X=NO2 -C6H4-) (Apo.lI Fig. 

4 and 5) gave A 
 2  B  2 

 resonance patterns for the substituent ring protons. 
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With the phospholirnine (212; X=CH 3 -C6H4 ) the ring protons gave 

a broad singlet at relatively high field 'V ; 3.16 and not 

an AB system. This suggests that the electron donating effect 

of the (-CH 3 ) group is balanced equally by that of (P=N). 

In N-phenyl-2 , 5-di-t--butyl-l-ohenylphospholimine 

(212; R=-C(CH 3 ) 3) the mine ring protons (=N-Ph) were observed 

as 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 field than the normal aromatic position. This is 

especially clear with (212; X=-SO 2C 6H 4CH 3) where these protons 

appear as an octet with 
H12 

 Hz, loHmzO  Hz, JHOHP:2 
 Hz. These 

observations supDort the suggestion of a contribution from the 

ylid form 

The relative ease of formation of these phosholimines 

(212) is evidence of the availability of the phosphorus lone pair. 

It also highlights the dominance of the chemistry of phoshorus 

over any heteroaromatic properties the system may have. 

The crystalline nhospholimines all have intense 

colouration varying from yellow ochre (212; X=-00Et) to burgundy 

red (212; X=-C! 3 -C6 H4 -). 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 (F,; 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 o Phosholiiines: An attempt to form the N-p-azidophenyl 

derivative from (212: X=NO 2 -C6H4 -) by reduction to N-i-amino-

phenyl-1 ,2,5-triphenylphospholimine (212; X=,p N11 2 -C6H4 --) was 

unsuccessful. The standard iron and hydrochloric acid reduction 

of nitro groups was used, but gave only 1 9 2,5-triphenylohosDhole 

oxide. The phospholimine had behaved as an ylid and hycirolysed 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 Kochendorfer'38  have preDared a fused ring phosphole with 

penta-valent phosphorus (216). The reaction involved N-phenyl-l-

-pheny1dibenzophosDholiine (214). This compound was methylated 

and then reacted with phenyl lithium to displace the methyiphenyl-

amino group. The suggested structure for the intermediate salt 

(215) curiously suggested that a +ve charge was localised on nitro-

gen, when it is much more likely to reside almost entirely on 

phosphorus. 

P similar methylation step was observed for N-phcnyl-

-1,2,5-triphenylphos'ho1imine (212) and 1(methylamino)-1,2 1 5-

-triphenylphospholiuni iodide (217)  was isolated. The coupling 

constant for phosphorus with phospholimine ring protons has increa-

sed JPH  45 Hz. This suggested that either the +ve charge causes 

more efficient coupling or that there had been a change in dihedral 

angle to approach closer to 1800 , where maximum coupling occurs. 

The phospholiu.rn iodide (217) was allowed to react with phenyl 

lithium but no clear products were isolated. Column chromatography 

gave a little oil that speculation on spectral data of an impure 
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sample suggested that 192,395-tetraphenyiphosphole  (220) had been 

formed, but no 1,1,2,3,5-pntapheny1phospho1e (218) via detected. 

CD  no ,F 
Ph N-Ph 

214  

Q—'O 
Ph N-Ph 
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r - 1W ~ 0100 4is WK 

Ph I ' Ph 
216 Ph 
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POPhX> PhPh Ph'i\ Ph 	0- \  
Ph "  N-Ph 	Ph "N-Ph 	 / Pht  Ph 
212 	 217 t1e 	 Ph 218 

Ph 
Ph 	 Ph_ 

\7  Ph 	Ph 1 Ph N, --Me 	 Ph 
Ph 

 

	

219 	 220 

Since 1,2,5-trithenylphosphole  is a relatively stable 

system an attempt was made to photolyse N-phenyl-1,2,5-triphenyl-. 

phospholimine (212), reform the phosphole and produce a phenyl 

nitrene. A similar reaction of N-t-butyltriphenylphosphinimine 

141 
(221) was reporte by Zimmer and Jugawant 	. These workers 

found a complex mixture of products that included t-butylamine, 

a Droduct of double hydrogen abstraction by the nitrene. In a 

photolysis reaction of the phosho1imine in diethylamine a reaction 

was indicated by The change in colour of the solution, but neither 

aniline nor 2-diethyl-3H--azaoine, products of nitrene formation, 

were observed. This route to phenyl nitrene had therefore failed. 



125 

III D. THE REACTION OF PHOSPHOIE AND PYPOLE DEIV&TIVE NITH 

D IMETHYL ACETYLENE DI CAFBOXYLATE. 

The possible use of a retro Diels-Alder reaction as a 

source of rea3tive intermediates has been briefly reviewed in the 

Introduction. Braye et al. 
33 and Campbell et al. 42 considered the 

reaction of phosphole derivatives with dimethyl acetylenedicarbox-

ylate. Both groups of workers were unable to isolate a bridged 

Diels-Alder adduct (222) and only found the corresponding phthalate 

(224) following aromatisation and extrusion of a phosphorus fragment. 

Schmidt et al? 3  considered this reaction when looking for another 

route to the phosph:rus reactive intermediate phenylphosphidene 

139 
(PhP:) which they claimed to have formed previously 	.These 

workers 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 report a search for the extruded 

phosphorus fragment. 

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

erei the Diels-Alder reaction of phosrholimines and other related 

derivatives, where the larger substituents on phosohorus could 

stabilise a reactive intermediate and facilitate its identification. 

Thus N-tolyl-1,2,5--triphenylphosholimifle (226; X=pCH3- 

° -C6H4-) was reacted with dimethyl acetylenedicarboxylate at 105 

with t-butylbenzene as solvent. The product was shown by analysis 

and mass spectral data to be a 1:1 adduct, but the i.r. spectrum 

included pes at i660 (C=N) and 1350 (P=C) cm 1 , besides those 

exected for the phosphole moiety. The n.m.r. spectrum showed two 

distinct resonances for the methoxyl protons, which could not be 
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due to coupling with phosphorus or another proton (App.II.fig. 6). 

Moreover, the singlet originally observed for the phospholimine 

ring protons now resonated as a distinct A
2  B 2 system. This demons 

trated that the environment of this ring had changed considerably. 

All the reasonable structures for the compound(X=pCI-1 3-C61-1 4) are 

represented in the scheme opposite. If the expected bridge-head 

adducts (225)  had been isolated, the observed data would require a 

50:50 mixture of two conformations (225a and 225b). The different 

methoxyl resonances would then be explained by an involvement of 

the imine double bond with those of the ring. If, however, the imirie 

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 different methoxyl resonances. The observed doublet. overlying 

the aromatic region in the n.m.r. spectra(ApD.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 

(230) 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 stric 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 
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B cal. 
1:1 - 23.0 cal. 

	

1:1 	30.0 	- 	cal. 

	

1:1 	- 	87.0 cryst. 

	

1:1 	- 	33.0 cryst.& 
distill. 

Ph 

II 

Ph 

to 

Ph 

it 

Ph 

'I 

Ph 

,t 

it 

t-butyl 	Ph 

1,2, 5-triphenyl 
phosphole oxide 
it 

t-butyl 105 
benzene 

it 130 

t-butyl 105 
benzene 

160 

-dimethoxy 160 
benzene 

t-butyl 105 
benzene 

t-butyl 105 
benzene 
cyclo- 95 
hexene 

* The structure of this 1:1 adduct is discussed in Ch.III sect.D. 

cryst. = fractional crystallisation. 

cal. 	= column chromatography on alumina. 
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(232) with dirnethyl acetylenedicarboxylate by Brown et al 40  These 

workers found that an ethylphosDhinidene (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 ethyiphosphinidene (233). This imnlies that 

nucleophilic attack by 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 we:e normally analysed by both fractional crystallisation 

and column chromatography and the results are summarised in Table 3 

opposite. 

It was found that with 1 , 2 ,5-triohenyiphospholimines 

(226) only the N-tolyl case (X=cH 3 C6H4 ) predominantly formed the 

ethyiphospholidene (230).  It appeared that the N- -phenyl substituent 

of the phosholimines (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 (226; X=tosyl; X=-0O2  Et) no ethyl phospholidenes (230)  were 

observed. Brown et al. 140  found that these substituents also 

failed to give the corresponding phosphinidenes (233),  but that 

N--nitrophenyltriohenylphosphinimine (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-) grout more than the three phenyl groups of the 

phosphinimines 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 hiiier 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 phosoholidenes (230) 

in the reactions studied. This indicated that the reaction of the 

phosholimines (226) probably proceeds by nucleophilic attack by 

the nitrogen group on the alkyne to form (228) rather than electro-

philic attack by an ylid form of the phospholimine to give (227). 

The intermediate is, however, involved after both initiation steps 

and is almost certainly present. 

R: C(CH3)3  

Y: CO2Me 

RT)'R  IRJC)R 1 
PhN-Phi 

C>p1F 
'T' 

___ 

L 	
_C,] 

234 238 

R 

(Y 
—9. I 	239 

R 	Ph 	Ph 

RRN Ph 
Ph 

 
or H 

235 	 237 

Ph Ph N .....p,<R n 
?- 

236 

The reaction of N-phenyl-di-t-butylphospholimine (234) 

with dimethyl acetylenedicarboxylate was not as straightforward. 

The product obtained was proved to be a 1:1 adduct by mass spect-

roscopy but the n.m.r. soectrum contained some anomalies. The meth-

oxyl resonance appeared as a broad singlet 7iith some fine structure 

and a doublet. A similar complexity of three peaks was also 

observed for the t-butyl resonance. This implies that the phosphol-

idene isomer (235) can only be present if it is one component of a 
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mixture. The alternative isomers (236)  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 phoshorus itself. The very different environment for the 

t-butyl and methoxyl protons 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 chromatograhy. It is unlikely 

that cUmethyl di-t-hutylPhthalate 	(239) would have the same 

retention time as the bicyclo- 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 probable exlanation is that, either the 

compound isolated was a mixture of isomer (237) and one other, or 

none of these. 

The investigation of the r:aotion of phosholimines 

with dimethyl acetylenedicarboxylate was not limited to establishing 

the mechanism for the formation 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 substituets on nitrogen (226; x=$0 2 C5H4 CH3 ). If the 

bridge-head intermediate (225) could be isolated, controlled 

experiments co'ild then be desied 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 1059 in t-butylbenzene, at 1000  in dioxan and at 

80°  in benzene. In all these exDerirnents the Dhospholimine failed 

to react. This showed that the syst - m was resistant to this diene 

reaction. With excess alkyrie at 160°  in t-butylbenzene however, a 

quantitative yield of dimethyl 3,6-diphenylphthalate (224) was 

obtained. 

Krika and Vernon 84 have suggested that the alkyrie 

acted as a catalyst 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 DhosDhole tetraest-

er (241) would have been formed, but this phosDhole might also 

react 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 was 

generated, it could be considered as an electron deficient analogue. 

An attempt was therefore made to trap such an intermediate with 

-dimethoxybenzene, which might form the bicyclo- intermediate.(242). 

OMe 

Y Y Y 	Y 1 03 -Y 	 P\ Ph 

X 	 Ph 

Y ON 

R 	 P'NX 	

P..;'0 

OMe 

240 	 241 	 242 	 243 



131 

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 hospho1im-

ines with this alkyne and were eluted from the column by methanol. 

These solids gave a positive ammonium molybdate phosnhorus test 

and the mass soectrum of one gave peaks reoresenting a  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-triohenyl-

phosohole oxide, since there can be no comoeting react'-on. 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 

1050  with an 8 yield of dimethyl 3,6-diohenylhthalate. The 

reaction in boiling cyclohexene gave only low yield of the Dhtha-

late and no sign of the bicyclo- analogue (24), corresponding to a 

carbene addition to cyclohexene. In -dimethoxylbenzene at 110 °  

the phth1ate was ohtaned and some buff solids, sinilar to those 

observed for nhospholimines, which had similarly confusing mass data 

When Mann45  - reviewed this tye of retro Diels-A1:ier 

reaction, reported earlier33' 42 , he speculated that polyohenyi-

phosphorus oolymers h.d been formed by the extruded. frag-ment. 

This suggesion is ;upported by the analogous reaction of a silicon 

bridged adduct (245) obtained by Gilman 6  . These workers found. 
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that silicon polymers were found and were able to trap the 

silicon fragment by diphenylethyne to form (246). Further investig-

ation by Gilman et al. 	of the reaction of the silicon heterocycle 

(244) with dirnethyl acetylenedicarboxylate formed a 1:1 adduct (245). 

Ph 	Ph 

Ph 	Ph Si 
M Me 

244 

Me 
M' Ph 

Ph 	

Y Ph Ph Y 

245 

Me Me 

Ph S I Ph 

Ph(5) Ph 

246 Me Me 

Me Me 
Ph 'Si'  Ph 

Ph 	Ph 

247 Me Me 

X Ph 
N=P Ph 

Ph Y 248 

When the adduct (245)  was heated in diphenylethyne 

none of the expected 1,4-disilacyclohexadiene (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 ohospholimines 

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 liquors 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 (alumina) 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 bhe 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 literature 
81 
 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). 'ith 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 phenyiphosphine, several unsaturated 

phosphorus derivatives were synthesised. The chernicl 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 phosnholimines 

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 not be isolated. This severely hampered the investigation of 

the interesting reaction in which the phosohorus moiety was 

extruded. Thus a study of the chemistry of phospholimines and their 

reaction with other dienophiles could usefully be made. 
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APPENDIX I 

A communication by Ashe '43  , during the production of 

this thesis, reported the synthesis of the parent phosphorin (249) 

and its arsenic analogue (250). The route reported, rhich 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-1,1-dibutylstanabenzene 

(251). The compound (249),  which the author calls phosphabenzene, 

was purified by g.1.c. (A.P.L. at 110 °) and is reported to be a 

colourless, air sensitive liquid. The n.m.r. is interesting in that 

protons 2 and 6 have JPH 38 Hz and resonate at low field. The 

latter is suggested to be due to a ring current effect and not 

merely the electronic influence of phosDhorus. The U.V. spectra of 

(249) and (250) were comoared with pyridine and show some similarit-

ies. There has been no report of the chemistry of these compounds. 

C) 

	

L) 	

H  

n251 

	

249 	 250 	 çH0C4H9 
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A flflfl7l fl, 'y ,r 

H n.rn.r. Spectra at 100 MHz. 

Figure 1. 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 

the reaction of phenylphosphine with 'outadeca-6,8-diyne. 

The aromatic region of 

N-tolyl-1 , 2, 5-triphenylphospholimine. 

The aromatic region of 

N-nitropheny1-1 , 2, 5-triphenylphospholimine. 

5, The aromatic region of 

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

6. The aromatic region of 

1,2,5--t.riphenyl-eth(1' , 2' -dimethyl carboxylate-2' -N-

-tolylimirie)ylphospholidene. 
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APPENDIX III 

Nomenclature of Phosphorus Compounds. 

The rules proposed in the J. Them. soc. 1952, have 

been used where appropriate for naming all phosphorus compounds 

and, where no specific rule applies, common usage exemplified by 

F.G.Ivlann. Vlith 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. 

'flc. Bivalent Radicals. 

By adding to the -yl ending the suffix -idene 

(-imine). 

By dropping the final -o ending and adding the 

suffix -idene (-imine) ." 

Thus compound (252) becomes: 
I 

N-phenyl-1, 2,5_trialky1pheny1phoshOlimifle. 

ROR 	
R  

,F 	,,N-Ph 
R'N Ph 	 R 

253 CO2Me CO Me 
252 

Similarly the structure (253), There the sub group on phosphorus 

is considered to be a bivalent radical derived from an ethyl group, 

is an ethyiphospholidene, but ith the substituents shorn in the 

diagram (253),it becomes 1,2,5-trialkyleth(1,2-dimethYl carboxylate 

_2_N-phenylimine)PhoSPholidefle. 
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