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The Reactivity of Diphosphenes towards Electrophilic and Nucleophilic 
Reagents 

Alan H. Cowley,' Jan E. Kilduff, Nicholas C. Norman, and Marek Pakulski 
Department of Chemistry, University o f  Texas at Austin, Austin, TX 78712, U.S.A. 

The reaction of P,[C(SiMe,),], (2) with a stoicheiometric quantity of HCI leads to 
(Me,Si),CP( H)-P(CI)C(SiMe,), whilst an excess of this reagent causes P=P cleavage and results in 
the formation of PH(CI)[C(SiMe,),]. The corresponding reaction with RP=PR (R = 2,4,6- 
But,C,H,), ( I ) ,  results in PH(CI)R, even when 1 equivalent of HCI is used. Protonation of 
compound (2) with HBF,*Et,O at -78 "C results in the phosphonium salt [PH,{C(SiMe,),}] [BF,]. 
Protonation of (1 ) with H B F,mEt,O is more complex and leads ultimately to  P=P bond cleavage and 
insertion of a cationic phosphorus centre into a C-H bond of an ortho-But group. The dication 
[R(Ag)P=P(Ag)R],+ and the monocation [R(Ag)P=PR]+ and [RP=P(AuPEt,)R]+ are formed on 
treatment of (1) with Ag[SO,CF,] or [Au(PEt,)] [PF,]. The reaction of (1) with excess of sulphur 
in the presence of 1,5-diazabicyclo[5.4.0] undec-5-ene results in P=P bond cleavage and formation 
of a cyclic dithiophosphinic acid. The diphosphene, ( l ) ,  reacts with LiMe to  afford the anion 
[ RP-P( Me) R ]  -. Quenching with MeOH affords the diphosphine R( H) P-P( Me) R, whilst treatment 
of [ RP-P( Me) R]  - with OH - causes P-P bond cleavage and formation of the phosphine oxides 
PH,RO and PH(Me)RO. Treatment of [RP-P(Me)R]- with HBF,*Et,O produces PH,R and the 
phosphonium salt [ PH,( Me) R] [ BF,]. Treatment of (1 ) with LiBut also results in anion formation, 
viz. [RP-P( But) R ]  -, as the major product which on protonation with MeOH gives the diphosphine 
R( H)  P-P( But) R. The corresponding reaction with LiBu" gives the related anion and diphosphine. 
The reaction of (1 ) with K[BH Bus3] results only in the diphosphine R( H) P-P( H)R. 

In recent years the syntheses of compounds featuring double 
bonds between the heavier Group 4' and 5,  elements has been 
achieved by the use of bulky R groups. In the context of Group 4 
this has led to the isolation of disilenes' (R,Si=SiR,), 
digermenes (R ,Ge==GeR,), and a distannene (R,Sn=SnR,), 
whilst in Group 5 the synthesis of diphosphenes' (RP=PR), 
arsaphosphenes (RP=AsR), diarsenes ' (RAs=AsR), and it 

stibaphosphene (RPSbR)  has been accomplished. Prelim- 
inary reports of silaphosphenes (RP=SiR,) and germaphos- 
phenes (RP=GeR,) have also appeared. Initial studies on these 
novel compounds centred around synthetic methodology, 
structure elucidation, and spectroscopic characterisation. More 
recently, however, reactivity studies have begun to emerge, 
particularly on disilenes and diphosphenes.*-' ' 

The reactivity patterns of diphosphenes fall into three 
categories, namely co-ordination chemistry, attack by electro- 
philes, and attack by nucleophiles. The co-ordination chemistry 
of diphosphenes (and heavier congeners) has been studied in 
considerable detai1.2"2 Somewhat less is known, however, 
about the behaviour of diphosphenes towards electrophiles and 
nucleophiles, and it is these areas that are addressed in the 
present work. From a theoretical standpoint, we note that 
diphosphenes are anticipated to exhibit both electrophilic and 
nucleophilic reactivity. Thus, molecular orbital (m.0.) calcul- 
ations on the model diphosphene, trans-P,H,, indicate that the 
highest occupied levels are closely spaced and correspond to 
P=P n-bond and phosphorus lone-pair m.0.s.' The lowest 
unoccupied molecular orbital (1.u.m.o.) possesses considerable 
P=P n* character and is relatively low lying. 

Results and Discussion 
Reactivity towards Electruphiles.-Initial studies on the 

reactivity of diphosphenes towards electrophiles were concerned 
with the reaction of HCl with P,(C,H,BU',-~,~,~), '~ (1) and 
P2[C(SiMe,),],'4b~' (2). Treatment of a solution of compound 
(2) in Et,O at -20°C with an equimolar quantity of dry, 

gaseous HC1 led to a fading of the yellow-orange colour and the 
formation of a white solid, (3). A 31P-('H) n.m.r. spectrum of 
this material comprised two AX spectra in approximate ratio 
2 : 1. The corresponding proton-coupled 'P spectrum indi- 
cated the presence of a single P-H group per diphosphorus 
unit. These data (Table), together with high-resolution mass 
spectral (h.r.m.s.) data (Experimental section) are consistent 
with the composition (Me, Si),CP,(H)-P,(Cl)C( Si Me 3)3, (3), 
which exists in two isomeric forms, (3a) and (3b).8" 

The production of two diastereomers of (3) stems from the 
presence of a chiral centre at each phosphorus atom. Note also 
that each diastereomer consists of a D,L enantiomeric pair. 
Model building indicates that, due to their substantial steric 
bulk, the (Me,Si),C groups will be constrained to mutually 
trans positions. The isomers (3a) and (3b) can therefore be 
represented by the following Newman projections. On the basis 
of the relative magnitudes of 'Jpp and assuming that the sign of 

R R 

(30 1 (3b) 

S, R; R, S S, S; R, R 
R = (Me3Si),C 
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Table. "P N.m.r. data 

Compound 6( P)/p. p.m.a,b Coupling constant/Hz 
PA -36.7 (-38.3), PB 173.5 (170.0) 
PA -29.4 (-24.9), PB 154.1 (148.7) 
70.5 (69.5) 
26.4 
- 56.3 
P A  -86.1, P B  10.6 

17.7 
P A  403, PB 358, Px 41.5 
P A  435, P B  378 

355 
75 
- 77 
P A  -94.0, P B  -43.0 
PA -60.4, P B  -45.0 

24 
- 28.5 
P A  -57.0, P B  72.5 
PA -116, P B  7 
P A  - 78.9, P B  42.4 
- 72.0 
P A  -87.2, P B  -8.2 
P A  -64.1, P B  -23.2 

'J(PAPB) = 224.7 (226.5), 'J(PAH) = 201.6 (203.0), 'J(PBH) = 26.7 (26.5) 
'J(PAPB) = 380.8 (379.5), 'J(PAH) = 213.9 (211.8), 'J(PBH) = 25.3 (26.5) 
' J p H  = 160.6 (169) 
' J p H  = 215.0 
' J p H  = 502.2 
'J(PAPB) = 290.0, 'J(PAHA) = 229.0, 'J(PAHB) = 6.6, 'J(PBHB) = 481.0, 'J(PBHA) 
= 9.8, 'J(PBHC-,) ca. 5 
'JpH = 528 
'J(PAPB) = 555, 'J(P,Px) = -320, 3J(PAPX) = 8 
'J(PAPB) = 549, ' J ( P B " ~ A ~ )  = -751, 'J(PB"'A~) = -750, 'J(P,'09Ag) = 12, 
2J(pA'07Ag) = 11.5 
'Jpp = 480, 'JPA~ = -760,' ' J ~ A ~  = 13, 3 J ~ g ~ B  = -35 

'J(PAPB) = 408 
'J(PAPB) = 201.0, 'J(PAH) = 207.0, 'J(P,Me) = 1.0, 'J(PBH) = 12.0, 'J(PBMe) = 
5.7 
'JpH = 575 
' J p H  = 521, ' J p M e  = 17 
'J(PAPB) = 325 
'J(PAPB) = 458 
'J(PAPB) = 325, 'J(PAH) = 209, *J(P,H) = 2, 3J(P~BU') CU. 3 
'.IpII = 218 

'J(PAPB) = 224, 'J(PAH) = 208, 'J(PBH) = 10 
'J(PAPB) = 353 

Chemical shifts relative to external 85% H,PO,. Positive values to high frequency and vice versa. Values in parentheses are those reported in ref. 
l l a .  Average '09Ag/'07Ag couplings, see text. 

this coupling constant is negative,16 we propose that the 
phosphorus lone pairs in (3a) and (3b) adopt mutually trans and 
gauche orientations. The reason for the production of unequal 
amounts of isomers (3a) and (3b) is not clear. Similar 
observations have been reported by Escudie et ul.,ll" the only 
significant difference in our results being an even greater 
preponderance of the isomer (3a) [(3a):(3b) = 83: 171. It is 
therefore possible that the isomeric ratio is sensitive to small 
differences in reaction conditions. 

Treatment of compound (2) with an excess of HC1 causes 
cleavage of the P=P bond and results in the formation of 
PH(Cl)[C(SiMe,),] (4). This formulation is consistent with the 

/ H  

'c1 
(Me3Si ),CP 

h.r.m.s. and with the proton-coupled 31P n.m.r. spectrum 
(Table). Phosphines of the type PH(C1)R are interesting because 
they are normally unstable with respect to loss of HCl and 
consequent oligomerisation to cyclopolyphosphines, (RP),, the 
only previous exceptions being where R = CF317 or when the 
PH(C1)R unit is co-ordinated to a transition metal." 
Compound (4) has been reported independently by Escudie et 

The diphosphene (1) also reacts with HCl under similar 
conditions; however, in this case it was not possible to isolate a 
HCl addition product analogous to (3).* Even with a 
stoicheiometric quantity of HC1, P=P bond cleavage occurs 

* Such a compound can, however, be produced by another synthetic 
route (A. M. Arif, A. H. Cowley, M. Pakulski, and G. J. Thomas, 
unpublished work). 

( 5 )  

resulting in (5), a chlorophosphine analogous t o  (4). The 
isolation of (4) and (5) highlights an interesting problem relating 
to the decomposition of phosphines of the type PH(C1)R. There 
seems to be no obvious reason why such species should not 
undergo unimolecular HCI elimination and formation of 
diphosphenes in a fashion analogous to the production of 
cyclopolyphosphines from chlorophosphines bearing smaller R 
groups. We therefore suggest that the decomposition of 
phosphines PH(C1)R may be bimolecular and that with very 
bulky R groups formation of the transition state is precluded. 

Protonation in the presence of a non-co-ordinating anion was 
examined by treatment of compounds (1) and (2) with 
HBF4*Et,0.8" The characteristic yellow-orange colour of (2) 
faded rapidly upon mixing with an excess of HBF,-Et,O in 
CH,Cl, solution at - 78 "C. 31P-(1H} N.m.r. spectroscopic 
assay of the reaction mixture revealed the presence of many 
products. After cu. 2 h, however, the spectrum simplified greatly 
and comprised only a singlet at -56.3 p.p.m. The cor- 
responding proton-coupled spectrum consisted of a quartet 
(lJPH = 502.2 Hz) which is indicative of the phosphonium salt 
(6). The mechanism of formation of (6) remains obscure, as are 
the identities of the products produced in the initial stages of the 
reaction. 

BF4- 
+ /H 

'ti 
(Me3SiI3CP - H  

(6) 
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H 

%-H- 

(18) 

Jge H H  

(8 1 

Scheme 1. (i) HBF,-Et,O 

The corresponding reaction of compound (1) with an excess 
of HBF,-Et,O at -78 "C takes a different course. Even in the 
early stages of the reaction only one product, (7), is detectable 
by 'P-{ 'H) n.m.r. spectroscopy. The proton-coupled ,'P 
spectrum is basically an AX system with additional couplings 
which are indicative of one hydrogen attached to each 
phosphorus atom plus additional fine structure relating to P,. 
On the basis of these data we propose the structure for (7) 
shown in Scheme 1. Note that the additional coupling to P, is 
due to the diastereotopic methylene protons in the five- 
membered phosphacyclic ring, H, and Hc,. Presumably, 
protonation of (1) results initially in intermediate (A). The two- 
co-ordinate phosphenium centre thus generated then inserts 
into a C-H bond of an ortho-Bu' group of the aryl ring. The 
insertion of phosphenium centres into C-H bonds has been 
observed previously. 

If solutions of compound (7) are allowed to warm to room 
temperature, P-P bond cleavage occurs resulting in (8) (Scheme 
1). The proton-coupled 31P n.m.r. spectrum of (8) comprises it 

triplet (Table) with a large '.IpH coupling characteristic of a 
secondary phosphonium cation. This structural assignment was 
confirmed by protonation of (18) with HBF,-Et,O which 
resulted in a product with an identical 31P n.m.r. spectrum. 

The foregoing results indicate that protonation of compounds 
(1) and (2) with HBF,-Et,O is not straightforward since P=P 
bond cleavage occurs in both cases. In an attempt to model 
this reaction, the reactivity of (1) towards the gold cation 
[Au(PEt,)] + was investigated since it has been demonstrated 
that this species is isolobal with H + ,  and in many cases behaves 
similarly to H + in its reactions with transition-metal clusters.20 

Treatment of compound (1) with [Au(PEt,)Cl] in the 
presence of TlPF, in tetrahydrofuran (thf) solution results in the 

q PA = 

-+ 

,p"E 
AU 

/ pBy& 
'3 I 

(7 )  

formation of (9). Whilst it was not possible to isolate (9) as a 
stable crystalline species, its identity and the clean nature of the 
reaction was demonstrated by 'P-{ 'H} n.m.r. spectroscopy 
which revealed an ABX spin system (Table). These data are in 
full accord with the above structure for (9) and preclude other 
possible structures in which the Au(PEt,) moiety symmetrically 
bridges the P=P bond or more than one such group is co- 
ordinated to the diphosphene. 

Similar reactions involving the silver cation, Ag ' (derived 
from Ag[SO,CF,]), result in compounds (10) and (1 1) which 

(10) 

\ 
R 

(12) 

(11) 
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(1) 

feature 1 and 2 equivalents of Ag+ respectively. In each case 
it is assumed that molecules of thf are loosely co-ordinated to 
the silver atoms in solution. Unlike the gold compound, (9), 
the silver complexes, (10) and (ll), are fluxional on the n.m.r. 
time-scale. Thus, while the low temperature 31P n.m.r. spectra 
(- 90 "C) are consistent with the structures drawn, the spectra 
recorded at 25 "C indicate equivalent phosphorus environments 
for (10) and show a broad singlet for (11). The original spectral 
patterns reappear upon cooling to -90 "C. The 31P n.m.r. 
spectrum of compound (10) is of the ABX type where X is lo9Ag 
and '07Ag. The phosphorus chemical shifts do not differ 
noticeably depending on whether X is lo9Ag or Io7Ag and 
separate couplings to both isotopes were observed. The 31P 
n.m.r. spectrum of (11) is of the AA'XX' type; however, only 
average 09Ag/' 07Ag couplings to phosphorus were observed in 
this case (Table). We note also that possible structures involving 
bridging Ag atoms, (12) and (13), can be eliminated as ground- 
state configurations since these would give rise to A2X and 
A2X2 spectra respectively. Nevertheless, they are possibly 
involved as intermediates in the room-temperature fluxional 
process. 

The reactivity of compound (1) towards elemental sulphur 
has also been examined. This reaction was first reported by 
Yoshifuji et al.9d,e who isolated the monosulphide compound, 
(14). Upon either heating or photolysis, (14) rearranges to the 
episulphide, (15). If (1) is treated with elemental sulphur in the 
presence of catalytic quantities of dbu (1,5-diazabicyclo[5.4.0]- 
undec-Sene) a different reaction course is followed resulting in 
P=P bond cleavage and formation of the dithiophosphinic acid, 
(16).8' Support for the indicated structure of (16) is provided 
by its independent synthesis from (17) and (18).8',21 The 
mechanism by which (1) is converted into (16) is unclear. 
However, a possible sequence of intermediates is outlined in 
Scheme 2. Compound (19) has, in fact, been isolated and 
structurally characterised.22 However, its rearrangement to (16) 
under the reaction conditions employed here has yet to be 
demonstrated. 

Reactions with Nucleophilex-As mentioned in the Intro- 
duction, theoretical calculations on the model diphosphene, 
HP=PH, indicate a relatively low-lying 1.u.m.o. of P=P n* 
character.' In turn, this result suggested that diphosphenes 

S - 

Scheme 2. 
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should be reactive towards nucleophiles. Accordingly, the 
reaction of compound (1) with LiMe was investigated.8b 
Addition of an equimolar quantity of LiMe to a thf solution of 
(1) at - 78 ' C afforded a deep red solution. The observation of 
an AB pattern in the 31P-{1H} n.m.r. spectrum was consistent 
with the formation of the anion (20). This species proved too 
unstable to isolate and characterise more fully. However, 

( 2 0 )  (21) 

(21  1 

protonation of (20) with methanol produced the diphosphine 
(21). The latter was characterised unambiguously on the basis of 
the 'H-coupled 31P n.m.r. spectrum which consisted of an 
ABM,X spin system (Table). Attempted protonation of (20) 
with HBF,*Et,O failed to produce the diphosphine (21) but 
gave instead the known phosphine (24)23 and the phosphonium 
salt (25) (Scheme 3) which was characterised by the appearance 
of a triplet of quartets in its 'H-coupled 31P n.m.r. spectrum 
(Table). 

Quenching of a solution of (20) with aqueous LiOH resulted 
in the two phosphine oxides, (22) and (23), shown in Scheme 3, 
the latter of which is a known compound.24 It is suggested that 
both (22) and (23) result via Arbuzov rearrangements of the 
initially formed phosphinous acids, RP(R')OH (R = 2,4,6- 
But3C6H2, R' = H or Me). 

(20)  

( i i i )  

(22) 
+ 

.d-"" \H 

( 2 4 )  

+ 

-t@F<: BF4- 

(23) (25) 

Scheme 3. (i) LiMe; (ii) MeOH; (zii) LiOH (aq); (iu) HBF,.Et,O 

(27 1 

H H  

( 2 8 )  (29) 
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H 

(33) ( 3 4 )  

The reaction of compound (1) with LiBu' in thf solution 
proved to be more complex than the corresponding reaction 
with LiMe as evidenced by 31P n.m.r. spectroscopy. After 12 h at 
25 "C, an initially complex spectral pattern simplified into that 
anticipated for the anion (26) and signals due to a minor 
product which is assigned structure (27). Treatment of a 
solution of these anions with MeOH resulted in protonation of 
(26) to form the anticipated diphosphine, (28), together with 
some P-P cleavage resulting in a small amount of the phosphine 
(29).15' We suggest that in the reaction of (1) with LiBu' a 
competition exists between nucleophilic attack at phosphorus 
and deprotonation of an ortho-But group. The former process 
gives rise to (26) directly whilst the latter may be considered to 
give rise to an intermediate such as (30) from which (27) is 
formed via intramolecular nucleophilic attack. 

The reaction of compound (1) with LiBu" proceeded in a 
similar fashion to that with LiMe. Thus, initial treatment of (1) 
with LiBu" at - 78 "C resulted in the anion (31) from which the 
diphosphine (32) was formed by quenching with methanol. 31P 
N.m.r. spectroscopic data for (31) and (32) are presented in the 
Table. 

In view of the facile reactivity of (1) towards the anions Me-, 
But-, and Bun-, it was anticipated that this compound would 
react with a source of hydride such as K[BHBus3]. 
Unexpectedly, however, P n.m.r. spectroscopic investigation 

of mixtures of (1) and K[BHBus3] in thf solution revealed no 
evidence for the presence of anion (33). There was, however, 
evidence for the slow production of diphosphine (34) over 4 d. 
An attempted preparation of (33) via deprotonation of (34) with 
LiBu" afforded only the known monophosphide (35).14b 

The formation of (34) as the only observable product from the 
reaction of (1) with K[BHBuS3] is similar to the reaction 
reported by Escudit et a/.' lo between (2) and LiAlH,, giving the 
diphosphine (36). There is, however, an interesting difference 
between these two reactions. In both (34) and (36) the 
phosphorus centres are chiral giving rise to the possibility of 
diastereomers. As is the case with the isomers of (3), it is 
assumed that because of the large steric bulk of the R groups 
these must adopt mutually trans positions, giving rise to the 
isomers shown. In the case of compound (36) these are formed 
in the ratio 3:2  whilst in the case of (34) one isomer 
predominates. The cause of this stereoselectivity is at present 
unclear. 

Experimental 
General Considerations.-All experiments were performed 

under an atmosphere of dry dinitrogen with the use of standard 
Schlenk techniques. All solvents were distilled over CaH, or 
sodium or potassium diphenylketyl immediately prior to use. 

Spectroscopic Measurements.-Proton n.m.r. spectra were 
recorded on Varian EM390 and Nicolet NT200 instruments 
operating at 90.0 and 200.0 MHz respectively, 31P n.m.r. spectra 
on Varian FT80A and Nicolet NT200 instruments operating at 
32.384 and 81.03 MHz. The 'H spectra were referenced to 
SiMe, (0.0 p.p.m.) whilst 31P spectra were referenced to 85% 
H3PO4, positive values to high frequency in both cases. All 31P 
n.m.r. data are summarized in the Table. N.m.r. data were 
collected in CH,Cl, or CD,Cl, solution unless stated otherwise. 

Medium- and high-resolution mass spectra (h.r.m.s.) were 
measured on Du Pont-Consolidated model 21-491 and 21-100 
spectrometers respectively. Perfluorokerosene was used as the 
calibran t. 

R 

S,S; R,  R 

=*.: H R 

S, R; R ,  S 

( 3 4 )  R = 

(36) R = (Me,Si),C 
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Starting Materials.-The diphosphenes (1)14' and (2)14',' 
were prepared according to the literature methods. The 
compounds HCl(g), HBF,-Et,O, LiMe, LiBu', LiBu", Ag- 
[SO,CF,], [Au(PEt,)Cl], and S, were obtained commercially 
and used without further purification. 

Preparation qf (Me,Si),CP(H )-P(Cl)C(SiMe,),, (3).-A 
stoicheiometric quantity of dry gaseous HCl (4.6 cm3) was 
added via a gas-tight syringe to a solution of compound (2) (0.1 
g, 0.2 mmol) in Et,O (10 cm3) at 0 "C. The mixture was allowed 
to warm to room temperature and stirred for 24 h, during which 
time the characteristic orange colour of (2) disappeared and a 
small amount of a grey-white precipitate was formed. Filtration 
of the crude reaction mixture through Celite followed by 
removal of the solvent gave (3) as a white solid. H.r.m.s.: found 

The preparation of PH(CI)[C(SiMe,),] (4) was performed in 
an identical manner to that described for (3) except that an 
excess (20 cm3) of gaseous HCl was employed. H.r.m.s.: found 
298.0933; calc. for CloH2,C1PSi3 298.0924. 

560.2095; C d C .  for C~OH,,CIP,S~, 560.2081. 

Preparation of PH(CI)(C,H,Bu',-2,4,6), (5).-Gaseous HCl 
(0.036 g, 1 .O mmol) was condensed into a solution of compound 
(1) (0.55 g, 1.0 mmol) in CH,Cl, (10 cm3) at -90 "C. The 
mixture was allowed to warm to room temperature and the 
progress of the reaction was monitored by 31P n.m.r. 
spectroscopy which revealed resonances due to (1) (+494 
p.p.m.) and (5). Addition of a second equivalent of HCl at 
-78 "C resulted in the disappearance of the signal due to (1) 
leaving (5)  as the sole product. H.r.m.s.: found 3 1 1.169 1; calc. for 
CIsH2,ClP ( M  - 1)  311.1695. 

Preparation of' [PH,{C(SiMe,),)][BF,], (6).-Two equiva- 
lents of HBF,*Et,O (1.42 mmol) were added dropwise to a 
solution of compound (2) (0.37 g, 0.71 mmol) in Et,O (10 cm3) 
at 0 "C. The stirred solution was allowed to warm to room 
temperature. Initial 3 1  P n.m.r. monitoring of the reaction 
mixture revealed a large number of signals. However, after 2 h 
the spectrum simplified to a single resonance assigned to (6). 
Attempted isolation of (6) gave only decomposition products. 

Reaction qf' Compound (1) with HBF,*Et,O.-Diphosphene 
(1) (0.1 1 g, 0.2 mmol) was dissolved in CH,Cl, (2 cm3) and the 
solution placed in an 8-mm n.m.r. tube and cooled to -78 "C. 
To this cooled solution, was added HBF,-Et,O and the 
temperature allowed to rise to -20 "C. A colmr change from 
orange to yellow was noted. The n.m.r. tube was then re-cooled 
to -90 "C and placed in the probe of the spectrometer 
maintained at this temperature. The 31P n.m.r. spectrum 
indicated the presence of a single compound, (7). After 
recording the spectrum of (7) the probe temperature was 
allowed to rise to 0 "C and the spectrum was remeasured. This 
revealed a different set of signals which are assigned to (8). By 
means of 3 1 P  n.m.r. spectroscopy, it was established that 
protonation of compound (18) with HBF,*Et,O resulted in (8), 
thus confirming the proposed structural assignment. 

Preparation of [(~,~,~-BU',C,H~)P=P(AUPE~~)(~~H~BU',- 
2,4,6)][PF,], (9).-Diphosphene (1) (0.11 g, 0.2 mmol) and 
[Au(PEt,)Cl] (0.18 g, 0.5 mmol) were dissolved in CH,Cl, 
( 5  cm3) and the solution cooled to -78 "C. Thallium(1) 
hexafluorophosphate (0.175 g, 0.5 mmol) in thf (2 cm3) was 
added dropwise. The progress of the reaction was monitored by 
3 1 P  n.m.r. spectroscopy which revealed a single ABX spin 
system (see Results and Discussion section) together with a 
signal due to PF, ~- ( -  145 p.p.m.). Attempted isolation of (9) 
was precluded by its sensitivity to heat and light. 

Reaction of Compound (1) with Ag[SO,CF,]; Preparation of 
(10) and(ll).-Diphosphene (1) (0.1 1 g, 0.2 mmol) was dissolved 
in CH,Cl, (2 cm3) and the solution placed in an 8-mm n.m.r. 
tube and cooled to - 78 "C. A solution of Ag[SO,CF,] (0.05 g, 
0.2 mmol) in thf (1 cm3) was added dropwise. The 31P n.m.r. 
spectrum of the reaction mixture was recorded at various 
temperatures as described in the text and indicated the presence 
of 1 equivalent of Ag+ per diphosphene unit, i.e. structure (10). 
Compound (11) with two silver ions per diphosphene was 
prepared in an analogous manner but using 2 equivalents of 
Ag[SO,CF,] (0.1 g, 0.4 mmol). As in the case of (9), the 
isolation of both (10) and (11) was precluded by their sensitivity 
to light. 

Preparation of Compound (16).-Diphosphene (1) (0.55 g, 1 
mmol) was dissolved in toluene (60 cm3) followed by sulphur 
(0.16 g, 5 mmol) and dbu (0.6 g, 4 mmol). The resulting 
mixture was heated to 80°C for 3 h during which time the 
orange colour of (1) gradually disappeared. The reaction 
mixture was then treated with HCl(aq) and the toluene removed 
in uacuo. The resulting residue was redissolved in hexane and 
filtered through Celite. The resulting colourless filtrate was 
shaken with NH3(aq) and dried with MgSO,. Crystallisation 
from hexane gave (16) (0.3 g, 42%) as the ammonium salt 
(Found: C, 60.3; H, 9.1. C, ,H,,NPS, requires C, 60.45; H, 9.0%). 

Preparation of' [ (2,4,6-Bu', C,H ,)P-P( Me)( C,H But3- 
2,4,6)] - , (20), and (2,4,6-But ,C,H ,)P(H)-P( Me)(C6H , But ,- 
2,4,6), (21).-Diphosphene (1) (0.1 1 g, 0.2 mmol) was dissolved 
in thf (1 cm3) and placed in an 8-mm n.m.r. tube. After cooling 
the reaction mixture to - 78 "C, 1 equivalent of LiMe in diethyl 
ether was added, whereupon the colour changed from orange to 
deep red. The red anion, (20), was not isolated; however, 
quenching of the reaction mixture with excess of methanol re- 
sulted in the diphosphine (21) which was characterised by 31P 
n.m.r. (Table) and h.r.m.s. (found 568.9316: calc. for C,,H,,P, 
568.9326). 
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