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Abstract  

The reactions of ECI 3 (E = P, As, Sb, Bi), RPC! 2 (R = Me, Ph, tBu, Cy2N) and Ph2PC1, respectively, with ambident lithium 
phosphinomethanides are described. The reaction with LiCHzPMe2, 1, by E-C bond formation, leads to the substitution products 
E(CH2PMe2) 3, 2a-d ,  (E = P, As, Sb, Bi) and R-P(CH2PMe2) 2 (R = Me, Ph, tBu, Cy2N) 5a-d.  In contrast, LiC(PMe2)(SiMe3) 2 • 
0.5TMEDA, 6, gives substitution products with ECI 3 (E = P, As, Sb), by E-P bond formation. Thus, the first element-tris(P-ylide)de- 
rivatives E(PMe 2 =C(SiMe3)2)3, 7a-c,  are obtained. 7b is characterized by X-ray structure determination. In these reactions, oxidative 
P-P coupling to give [(Me3Si)2C=PMe2] 2, 8, is also observed, and exclusively in the reaction of BiCI 3 with 6. The reaction of RPCI 2 
(R = Me, Ph, tBu, CY2N) with 6 strongly is dependent on the nature of R. For R = Me, only substitution is observed, yielding 
Me-P(PMe 2 =C(SiMe3)2) 2, 10, while for R = Ph, both substitution and Li/C1 exchange with subsequent formation of $ and the 
diphosphane [(Me3Si)2C=PMe2-PPh]2, 12, are found. The latter has been characterized structurally. In contrast, for R =tBu, only 
(tBuP)3, 13, and (tBuP)4, 14, are obtained. An analogous result is observed in the reaction of tBuPCl2 with LiC(PMe2)2(SiMe3), 17. The 
reaction of CyzNPCI 2 with two equivalents of LiC(PMe2)(SiMe3) 2 • 0.5TMEDA, 6, gives a phospha-alkene CyzN-P=C(SiMe3)2, 16, 
and the substitution product Cy2N-P(PMe 2 =C(SiMe3)2)2, 15. Likewise, LiC(PMe2)z(SiMe3), 17, reacts with PhPCI 2 to give the 
substitution product Ph-P(PMe 2 =C(PMe2XSiMe3)) 2, 18, which is characterized by X-ray structure determination, whereas with MePC12 
only the P-ylide Me2P-PMe 2 =C(PMe2XSiMe3), 20, and the coupling product [(MezP)(Me3Si)C=PMe2]2, 19, are formed. The latter is 
also obtained in the reactions of BiC13 or SbCI 3 with LiC(PMe2)2(SiMe3), 17. Analogous redox reactions with AsCI 3 and PCi 3, 
respectively, lead to the bis-pentacyclic {/z-[C(PMe2)2(SiMe3)]As2}2, 21, and the hexacycle P-PMez-C(SiMe3)-PMe2-C(SiMe3)- 
PMe 2, 22, which were structurally characterized by X-ray analyses. Depending on the reaction conditions, the reaction of PC13 with 
LiC(PMe2)2(SiMe3), 17, alternatively may lead to the triphosphete P-PMe2-C(SiMe3)-IbMe2, 24. By using P-phenyi-substituents 
instead of P-methyl-substituents, i.e. in the reaction of LiC(PPh2)z(SiMe3), 25, with PC13 or AsCI 3, the triphosphete P-PPh 2- 
C(SiMe3)-I~Ph2, 26a, or its arsenic analogue As-PPhz-C(SiMe3)-PPh2, 26b, are respectively formed, along with the chlorine 
substituted ylide (CI)(Ph)zP=C(PPh2)(SiMe3), 27. 26a,b are characterized by X-ray structure determinations. The synthesis of the first 
ten-electron phosphorus cation P[C(PPh2)z(SiMe3)]~, 30, with a homonuclear, spirocyclic PPa-framework was achieved by reacting the 
triphosphete 26a with the ylide 27 in the presence of NaBPh 4. The crystal structure of the cation of 30, which adopts a qt-tbp geometry, 
was determined. 
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1. I n t r o d u c t i o n  

O w i n g  to the a m b i d e n t  na ture  o f  p h o s p h i -  
nomethanides  I (Scheme 1), where  both carbon and 
phosphorus  are l inked together  di rect ly  and both exhibi t  
the same count  o f  valence  e lect rons  and number  of  
bonds,  these electron-r ich,  anionic  nucleophi les  are ex- 
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cel lent  l igands  both to hard and soft metal  centers  [1]. 
S imple  phosph inomethan ides  (X = Y = H) prefer  to 
b ind  to an e lec t rophi le  via  carbon or, in certain cases,  
v ia  carbon and phosphorus .  In contrast ,  with heteroele-  
ment  subst i tuents  at the carbanionic  carbon a tom (X,Y 
= PR 2, SiMe3),  phosphorus  coord ina t ion  is often pre- 
ferred, leading to an y l ide - type  o f  bonding.  In the case 
o f  d iphosph inomethan ide  (Y = PMe2),  a chela t ing  P, 
P-coordina t ion  leads to high phosphine  coord ina t ion  
numbers  [2-6] .  Fur thermore ,  he te roe lement  subst i tut ion 
at the carbanionic  C a tom may  lead  to rear rangement  
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f R\ /X- 1 
R/P--C\y;  

I 

® 

R = Me, Ph 
X --" H, PR2, SiMe 3 
Y = H, PR2, SiMe 3 

S c h e m e  1. 

reactions of the resulting coordination compounds, in- 
volving the whole skeleton of the complex. This is 
particularly true for silicon derivatives of phosphi- 
nomethanides [7]. A particularly useful feature of phos- 
phinomethanides is their stability toward reduction: thus, 
low valent species, including examples from main group 
elements, are stabilized by phosphinomethanide ligands 
[8]. In contrast, oxidative coupling is easily feasible and, 
again depending on the substitution pattern, may give 
C-C, P-C, or P-P  coupling products, for instance at 
titanocene metal centers [9]. 

This kind of chemistry could also be extended to 
main group element coordination centers, i.e. BiC13, but 
stable reduced bismuth species with ligands derived 
from the phosphinomethanides used could not be ob- 
tained [9,10]. A further extension to other Group 15 
element halides is described in this paper. Some prelim- 
inary accounts have been given previously [11-13]. 

2. Results and discussion 

2.1. Reaction of  ECl 3 (E = P, As, Sb, Bi) and RPCl 2 
(R = Me, Ph, tBu, Cy 2 N) with LiCH 2 PMe2, 1 

Reaction of EC13 (E = P, As, Sb, Bi) with three 
equivalents of the lithium phosphinomethanide 
LiCH2PMe 2, 1, leads to phosphinomethyl-substituted 
compounds 2a-d  via element-carbon bond formation 
in high yield (Eq. (1)). 

Et20 
EC13 + 3LiCH2PMe 2 ~ E(CH2PMe2) 3 + 3LiC1 

1 - 78 °C 2 a - d  

(1) 
E = P, As, Sb, Bi 

and eventually some hydrolysis: Me3P=CH-PMe 2, 3a 
[15], Me3P=CH 2, 31a [16], PMe 3, 3c [17], and 
M%PCH2CH2PMe2, 4 [10]. The reaction of 
dichlororganophosphanes RPC12 ( R = M e ,  Ph, tBu, 
Cy2N) with two equivalents of LiCH2PMe 2, 1, like- 
wise leads to phosphinomethyl derivatives (Eq. (2)): 

T H F  
RPC12 + 2LiCH2PMe 2 --, RP(CH2PMe2) 2 

I - 78 °C 5 a - d  

+ 2LiC1 (2) 

R = a: Me, b: Ph, c: tBu, d: Cy2N 

5a has been described previously [18]. 5a-d  are 
obtained as yellow oils in good yields. They are fully 
characterized spectroscopically (see Section 3). 

2.2. Reaction of  ECI 3 (E = P, As, Sb, Bi) and RPCl 2 
(R = Me, Ph, 'Bu, Cy 2 N) with LiC(PMe 2)(SiMe 3)2 " 
0.5TMEDA, 6 

Reaction of EC13 (E = P, As, Sb) with three equiva- 
lents of LiC(PMe 2)(SiMe3) 2 • 0.5TMEDA, 6, in all three 
cases leads to element-phosphorus bond formation and 
the ylides 7a-c  are obtained, along with some by-prod- 
ucts (Eq. (3)): 

E t 2 0 / T H F  

EC13 + 3LiC(PMe2)(SiMe3) 2 • 0.5TMEDA 
6 - 78 °C 

- LiC1 

M e 2 P ~  IPIMe2 
C PMe 2 C 

(MezSi)2 ~ (SiMe3)2 
(S iMe3)2  

7 a--e 

/ M%Si\Ne3:., Mel Mel /SiMe3 Me /SiMe3 ) 
+ C=P--P=C + Me2P--P=C.., 

~./ I I "SiMe 3 k4e SiMe3 I1\ Me Me 
/ 

8 9 

(3) 

Compounds 2 a - c  are stable liquids at room tempera- 
ture and represent a new type of tripod ligand which has 
been characterized spectroscopically (see Section 3). 2a 
has been described previously [14]. Their behavior to- 
wards transition metals is currently under investigation. 
2d decomposes slowly at room temperature. After a few 
weeks, formation of a black precipitate (Bi) is observed. 
A controlled thermolysis at 60°C gives a mixture of 
products due to oxidative coupling reactions (P-C, C-C) 

E = a:P, b:As, c:Sb 

Compounds 7a-c  are the first element-tris(P-ylide)de- 
rivatives (tris(alkylidenphosphoranyl)-phosphane and its 
homologues). For E =P,  the 31p{IH} NMR spectrum 
shows an A3B spin-system for 7a (15%) along with the 
signals for the by-products 8 [10] (see below) and 9 [7]. 
8 obviously is formed by an oxidative coupling reaction 
of the phosphinomethanide 6, whereby the correspond- 
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ing reduced species could not be detected. The way of 
formation of 9 is not yet clear but obviously due to a 
skeleton rearrangement involving a PM% transfer reac- 
tion. 

7b was isolated in pure form (yellow crystals, P ] )  
and characterized by 31p{IH} NMR and by a single 
crystal X-ray study. The molecular structure of 7b (Fig. 
1, Table 1) is characterized by an arsenic atom with a 
trigonal pyramidal geometry, surrounded by three ylidic 
phosphorus atoms (sum of P - A s - P  angles:o316.8°). The 
As-P  distances (As l -P I :  2.3830(7) A, As l -P2:  
2.3858(7) /k, Asl-P3:  2.3874(7),~,) are in the range 
expected for single bonds. The P1-C1, P2-C2 and 
P3-C3 bonds are typical for ylidic phosphorus-carbon 
bonds. Compound 7c shows a singlet resonance in the 
31p{IH} NMR spectrum, but, again, 8 is also formed as 
a by-product. 7b,e are unstable in solution; repeated 
NMR measurements of their sealed NMR samples indi- 
cate a decrease of the respective signals for 7b,e and an 
increase of the signals for 8 and for HC(PMe 2)(SiMe 3)2. 
In addition, a new AB spin system appears (6P  A = 
12.84, 6P B = -29.56,  2j(PAP B) = 84.4 Hz), which ten- 
tatively is assigned to Me3Si-PMe2=C(SiMe3)- 
(PMe 2 =C(SiMe3)2), 7'. The formation of the ylide 7' 
may be understood by an initial P-C coupling reaction 
and a subsequent silyl rearrangement. For E = Bi, only 
the bisylide [(Me3Si)zC=PM%]2, 8, besides elemental 

Table 1 
Bond lengths (A) and angles (deg) for 7b 

Asl-P1 2.3830(7) AsI-P2 2.3858(7) 
AsI-P3 2.3874(7) P1-C1 1.680(3) 
P2-C2 1.684(2) P3-C3 1.686(2) 
Sil I -CI  1.858(3) SiI2-CI 1.847(3) 
Si21-C2 1.849(2) Si22-C2 1.839(2) 
Si31-C3 1.860(3) Si32-C3 1.843(3) 

P I - A s I - P 2  104.82(2) P1-AsI-P3 106.06(2) 
P2-AsI-P3 105.88(2) C 1 - P I - A s l  116.9(1) 
C2-P2-Asl  116.96(9) C3-P3-Asl  117.71(9) 
P2-C2-Si21 116.4(1) P2-C2-Si22 126.8(1) 
Si22-C2-Si21 116.2(1) P I -C1-S i I2  126.0(2) 
P I - C I - S i l  I 116.3(2) Sil 2 - C I - S i l  I 117.1(1) 
P3-C3-Si32 126.3(2) P3-C3-Si31 116.4(1) 
Si32-C3-Si31 116.9(1) 

bismuth, is obtained [10]. No Bi-containing compound 
could be identified (Eq. (4)): 

Et20 
BiC13 + 3LiC(PM% ) (SiMe 3)2- 0.5TMEDA 

6 -78°C 
- LiCl 

Me3SI\ Me Me ,SIMe3 
Bi 0 + C-~--P--P~C., 

ue3s{ ~e ~e sTu~ 
(4) 

8 

YSL ! i h4 

C2 |]{ )5L21 

Fig. 1. Molecular structure of 7b (H atoms omitted). 

The reaction of dichlororganophosphanes RPC12 (R = 
Me, Ph, tBu, Cy2N) with LiC(PMez)(SiMe3) 2 • 
0.5TMEDA, 6, leads, at least in part, to some unex- 
pected results. As in the reaction of EC13 (Eq. (3)) with 
LiC(PMe2)(SiMe3) 2 • 0.5TMEDA, 6, P -P  bond forma- 
tion is also observed in the reaction of MePC12 with 
two equivalents of 6. The bisylide 10 is obtained in 
good yield, but traces of 8 are also formed (Eq. (5)): 

Et20 
MePCI 2 + 2LiC(PM%)(SiMe3) 2 • 0.5TMEDA -~ 

6 - 78 °C 
- LiC1 

P=c\ 
Me-P 

P-=C 

Me SIM% 

+8 (5) 

10 
If the steric demand of R in RPCI 2 is increased, i.e. by 
reacting PhPCI 2 with 6, in addition to 8 and 11 (main 
product), a new coupling product, the diphosphane- 
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bridged bisylide 12, possessing a backbone of four 
phosphorus atoms, is formed (Eq. (6)): 

THF 
PhPCI 2 + 2LiC(PMe2)(SiMe3) 2 • 0.5TMEDA --* 

6 - 100°C 
- LiCI 

Mel //SiM% 
P----C\ 

SiMo  

P=C 
# \ 
Me SiMe 3 

SiM% I 

Ph Me p~C--SiM% 

I / \  
+ M e / / P - - P  Me - 

.P Ph 
M%Si__C//" 'Me 

SiM% 

Me,Six~ Me/ Mel /SiMes 
C=P--P=C 

M% si /  Mte Kte \SiM% 

12 8 

(6) 

Table 2 
Bond lengths (A) and angles (deg) for 12 

Pl-C11 1.839(1) PI -PI '  2.2243(7) 
P1-P2 2.2516(5) P2-C9 1.684(1) 
P2-C2 1.810(2) P2-CI 1.813(2) 
S i l -C9 1.851(1) Si2-C9 1.844(1) 

CI I - P I - P I '  100.81(5) C I I -P1-P2 95.84(4) 
P I ' - P I - P 2  105.15(2) P2-C9-Si2 123.59(8) 
P2-C9-Si l  119.34(8) Si2-C9-Si I 116.49(7) 

distances P1-PI' (2.2243(7)A) and P1-P2 (2.2516(5) A) 
are in the typical range for P-P single bonds. The 
geometry at the P1 atom is trigonal pyramidal (sum of 
the angles 301.8 °) whereas the carbanionic C-atoms are 
planar. The P2-C9 distance with 1.684(1),~ is typical 
for ylidic phosphorus-carbon bonds. A Newman-pro- 
jection (Fig. 2(b)) shows the molecule to adopt the 
sterically most favorable trans-conformation. 

With further increase in the steric demand of R in 
RPC12, i.e. with tBuPC12, 13 and 14 [20] are obtained, 
but no substitution product (Eq. (8)): 

THF 
tBuPC12 + 2LiC( PMe 2 ) ( SiMe 3 ) 2  0.5TMEDA 

6 - 7 8  °C 

The formation of 8 and 12 may be easily understood by 
an initial Li/CI exchange and subsequent coupling 
reaction under LiC1 elimination (Eq. (7)): 

PhPC12 + LiC(PMe 2) (SiMe 3) 2" 0.5TMEDA 
6 

tBu 
I 

p/P\p ' (+(tBuP)4) 
'Bu / ~'Bu 14 

13 

(8) 

CI 
mh--P~ 

"Li 
+ tumP=C(SiMm)2  

CI 

t + 8  
PhPCl 2 

CI CI 
J 

Ph--P--m--Ph 
+ 2 6  

M%Six Mel Mel /SiMe3 
C=P--P=C\ 

Me3S[/ Me Me S;Me5 

8 

S i M %  
1 

Me ~ C-SiMe3 

--P Me 

.P Ph 
M%Si__C/// Me 

I 
SiMe s 

(7) 

In contrast to other cases, where diphosphanes with 
different substituents are formed (e.g. Ref. [19]), only 
one isomer of 12 is observed in solution by 31P{1H} 
NMR. The molecular structure of compound 12 (yellow 
crystals, P 2~/n) in the solid state has been established 
by a single crystal X-ray study (Fig. 2(a), Table 2). 
Only the meso isomer is present in the crystal. The 

Obviously, reduction of tBuPC12 occurs, but the nature 
of the oxidation product(s) is not clear, since several 
unidentified species are observed by 31p{IH} NMR 
spectroscopy. 

In the reaction of Cy 2 NPC12 with two equivalents of 
LiC(PMe2)(SiMe3) 2 . 0.5TMEDA, 6, besides the disub- 
stitution product 15, the phosphaalkene 16 and the ylide 
9 are formed (Eq. (9)): 

EtzO 

CY2NPCI 2 + 2LiC(PMez)(SiMe3) 2 - 0.5TMEDA 
6 -78°c 

- LiCI 

Me SiMe 3 
J / 
P=C ,/G \s~um /sium U e /SiUe~ 

Cy2N--P + Cy2N--15=C + Me2P--P-~-C \Me ,SlUm \ , \ 
/ SiMe 3 rvle SiMe 3 P=C\  

Me Siivle 3 

I..5 16 9 

(9) 

Obviously, besides a P-P bond formation, a P-C bond 
formation is also possible, leading to the highly crowded 
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(a) 

SL 1 

C1 

@ 

(b) 

P h \ ~ / Y I  
# .~L ! 

Y I ~ ' ~ P h  

YI = -PMe2=C(SiMe3) 2 

Fig. 2. (a) Molecular structure of 12 (H atoms omitted): (b) Newman projection of 12. 

derivative 15'. In a l : l  reaction, this intermediate 15' 
can be characterized spectroscopically in solution 
(3~p{In} NMR: $P A = 167.0, 8P R = - 5 9 . 3 2 ,  J(PAPB) 
= 178.9 Hz). Obviously under the concomitant attack of 
further 6, formally Me 2 PC1 is eliminated from 15' and 
the PMe 2 group transferred to the phosphinomethanide 
to give 9 under elimination of LiCI (Eq. (10)): 

CyzNPC12 + LiC(PMe2)(SiMe3) 2 - 0.STMEDA 
6 

Et20 

- 7 8  ° C  

~ (~olv.) 
,Li\ /SiMe3 [ 

CI"" ,PMe2--C\ ] 
/ ." SiMe3 I Y2N--P~ /PMe2 

L SiM% SiMe 3 

+6 

CY2N_PCI "~ 

I 
i - LiCI 

I SIM/:?SiM% 

15' 

- LiC 

/S;Me s Mel / SiMe3 
Cy2N--~5=C\,,,, + Me2P--P=C ~ 

SiMe 3 Me SiMe~ 
16 

The remaining phosphaalkene 16 is characterized by 
31p{IH} NMR and by mass spectroscopy. The reason 
for the initial P -C  bond formation in this specific case, 
which is at variance to all other reactions with the 
phosphinomethanide 6, probably lies in the specific role 
of the P-amino substituent: by coordination of this 
functionality to the lithium atom of the phosphi- 
nomethanide, this type of reaction may be facilitated. 

2.3. Reaction o f  RPCI 2 (R = Ph, tBu, Me) with 
L iC(PMe 2 )2(SiMe3 ), 17 

The reaction of PhPC12 with two equivalents of 
LiC(PMe2)2(SiMe3), 17, leads to the phenylphosphane 
18 and the bisylide 19 [10]. A reduced species derived 
from PhPC12, i.e. (PhP),, could not be detected, how- 
ever (Eq. (11)): 

THF 
PhPC12 + 2LiC(PMe 2) (SiMe 3)2 --* 

17 -78°C 
- LiCI 

,Me /PMe 2 
P=C,, 

/Me SIMe, 
Ph--P 

XMe PMe 2 
#=C" 
Me \S[M% 

Me3Si\ Mel Mel /PMe2 
C-----P--P----C / I I x, 

Me2P Me Me SiMe3 

18 

(lO) (11) 
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Fig. 3. Molecular structure of 18 (H atoms omitted). 

The reaction of MePC12 with two equivalents of 
LiC(PMe2)e(SiMe3), 17, gives 19 and 20 [7] (Eq. (13)): 

Et20 
MePC12 + 2LiC(PMe2)z(SiMe3) 

17 - 78 °C 

Me /PMe 2 
Me2P--P=C 

I Me \SiMe3 

20 

• Me Me \ Me3S~\ I I /PMe2 / 
~- /C=p~p=c\ ) 

Me2P lde Me SiMe3 / 
\ / 

19 

(13) 

No substitution product and no reduced phosphorus 
compound were detected. 

2.4. Reaction of ECl~ (E=P,  As, Sb, Bi) with 
LiC(PMe 2 )2(SiMe 3 ), 17 

18 represents a new type of phosphane/phosphorane 
combination. The two Atphosphorus atoms are con- 
nected via a A3-phosphorus bridge and their ylidic 
functionality is completed by terminal phosphane func- 
tionalities, thus establishing a new type of chelating 
li~and. The molecular structure of 18 (yellow crystals, 
P1) has been confirmed by a single crystal X-ray study. 
Very air-sensitive, yellow crystals are obtained from 
pentane solution. The structure of 18 is shown in Fig. 3. 
The central Pl-atom is pyramidal, the sum of angles 
(316.5 °) reflects the steric demand in the molecule. The 
P1-P2 (2.2456(6),~) and P1-P3 (2.2348(6)]k) bonds 
are in the usual range for P-P single bonds (Table 3). 
The P2-C2 (1.697(2)A) and P3-C3 (1.693(2),~) dis- 
tances reflect the ylidic character of these bonds. Again, 
as expected, the carbanionic C-atoms are planar. 

The reaction of tBuPC12 with two equivalents of 17 
yields the compounds 13 and 14 (Eq. (12)), in analogy 
to (Fro. (8)): 

THF 
tBuPC12 + 2LiC(PMez)2(SiMe3) 

17 - 78 °C 

As mentioned earlier, phosphinomethanides undergo 
oxidative coupling reactions at transition metals, and 
C-C, C-P  and P-P  bond formation is feasible. In some 
cases, reduced metal complexes with the oxidatively 
coupled phosphinomethanides as ligands are isolable. 
No such low valent antimony or bismuth species are 
obtained in the redox reaction of LiC(PMe/)z(SiMe3), 
17, with ECI 3 (E = Sb, Bi) (Eq. (14)): 

Et20 
ECI 3 + 3 LiC(PMe z)2(SiMe3) 

17 - 78 °C 

Me Me /PMe/ MesSi\ I I 
Sb0/Bi 0 + C=P- -P=C (14) 

/ I t \ Me2P Me Me SiMe~ 

19 

Besides either elemental Sb or Bi, the only product 
isolated as a yellow oil is the bisylide 19. In the 
analogous reaction with the less reducible AsC13, be- 
sides 19, a partially reduced, mixed valent intermediate 

~Bu 
t 

p/P~p 

\,Ro + (('BuP),,) 
14 

15 

(12) 

Again, the fate of the oxidation product(s) could not be 
established. 

Table 3 
Bond lengths (~,) and angles (deg) for 18 

P1-C11 1.832(2) P1-P3  2.2348(6) 
P 1 - P 2  2.2456(6) P 2 - C 2  1.697(2) 
P3 -C3  1.693(2) P 2 1 - C 2  1.793(2) 
P31-C3  1.797(2) S i21-C2 1.855(2) 
S i31-C3 1.846(2) 

C I I - P 1 - P 3  104.41(5) C I I - P 1 - P 2  104.18(5) 
P3-P1 - P 2  107.93(2) P 2 - C 2 - P 2 1  114.37(8) 
P2 -C2-S i21  118.84(8) P21-C2-S i21  125.88(8) 
P 3 - C 3 - P 3 1  112.7(1) P3 -C3-S i31  121.7(1) 
P31-C3-S i31  124.57(9) 
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21 is obtained with arsenic in an average oxidation state 
of 0.5 (Eq. (15)) [12]: 

Et20  

4AsC13 + 1217 ~ {/x-[(C(PMe2)2(SiMe3)]As2}2 
- 78 °C 

Zl 

+ 5 19 (15) 

The idealized stoichiometry of Eq. (15) is not fully 
obeyed, however. Elemental arsenic and some unidenti- 
fied products are formed as well. The 31P{]H} NMR 
spectrum of 21 shows an AKBB' spin system; the 
presence of two diphosphinomethanide ligands, con- 
nected via arsenic coordination centers, may be de- 
duced. The red crystals of 21 (P2]/c) can be easily 
separated from 19. 

The molecular structure of 21 was determined by a 
single crystal X-ray study and is shown in Fig. 4. Two 
diphosphinomethanide ligands each form a bridge be- 
tween two arsenic atoms of a puckered As 4 chain. Thus, 
two five-membered, envelope-shaped As2P:C rings are 
linked via the arsenic atoms in such a way, that a 
centrosymmetric, transoid arrangement along the 
As(1)o-As(1 a) bond results. The As(l) atom deviates by 
1.03A from a nearly planar As(2)-P(2)-C(01)-P(1) 
chain. Within these rings, As(2) is di-coordinate, 
whereas As(I) is tri-coordinate. The As(2)-P(2) bond 
(2.256(1) ,~) involving the di-coordinate arsenic atom, is 
significantly shorter than the As(I)-P(1)  bond 
(2.301(1)~,), though the latter is the shortest As-P 
single bond involving tri-coordinate arsenic [21,22]. The 
different As-As bond lengths (As(2)-As(1): 2.391(1), 
As(1)-As(la): 2.492(1)A) reflect the different coordi- 
nation numbers of As(I) and As(2). Both P -C  distances 
(P(1)-C(01): 1.718(4), P(2)-C(01): 1.733(4) A,) are rel- 
atively short and indicate the partial ylidic character of 
these bonds, in line with current observations on phos- 
phinomethanide structures. In line with this view, the 
carbanionic C-atoms are planar. The angle at As(2) is 
only 94.5(1) ° , whereas the sum of angles at As(l) 
amounts to 288.4 ° (Table 4). Particularly interesting is a 
comparison with other As-As structures, e.g. with 
tBu6As2P~ [21]: in the latter case, the As-As distance 
(2.441(2)A) roughly amounts to the average of the 

Fig. 4. Molecular structure of 21 (H atoms omitted). 

Table 4 
Bond lengths (A) and angles (deg) for 21 
AsI-As2 2.391(1) Asl-Asla 2.492(1) 
Asl-P1 2.301(1) As2-P2 2.256(1) 
PI-C01 1.718(4) P2-C01 1.733(4) 

P1-AsI-As2 90 .2(1)  Asla-Asl-As2 104.9(1) 
Asla-Asl-P1 93.3(1)  P2-As2-Asl 94.5(1) 
C01 -PI-Asl 112.0(2) C01-P2-As2 113.6(1) 
P2-C01-P1 112.4(2) 

respective ° bond lengths in 21. The As-P distances 
(2.350(3) A, 2.361(2),~) are significantly longer, how- 
ever, in the latter case. 

PCI3, which is even less reducible than AsCI 3, reacts 
with LiC(PMe2)2(SiMe3), 17, giving an access to re- 
duced phosphorus species in the oxidation state + 1. 
The reaction in THF at - 7 8  °C and slowly warming up 
the mixture to room temperature, leads to 20 and 22 
according to Eq. (16) [11]: 

T H F / -  100 °C 

3LiC(PMe2)2(SiMe3) + PC13 
- 3LiCI 

I Me2P~#k~PMe2  
I MezP I l 

Me3Si--CI I IC~-SiMe3 I 
Me2P / ?klr.,, PMe2" I 

- Me3b i [Me 2 | 
_J 

f~-.. 
Me2Pm 6 ~)PMe 2 

t,; el 
C ~.@~.~C 

Me~Si" P ~SiMe 3 
Me 2 

22 

Mel / "PMe2 
+ Me2P--P=C \ 

Me SiMe 3 

20 

I M,,=PJ~ ,P~e= 1 F Me2P i / 
Me3Si--CI I IC~-SiMe$ I 

M e 2t~ "....f?/.~ ....-PMe 2 q 
Me3Si PMe 2 J 

(16) 

No intermediate is detected, but the reaction se- 
quence seems understandable in the light of Eq. (3). A 
trisylidic intermediate might be formed and P - P  and 
P-C bond formation and cleavage might occur in a 
concerted manner, thus generating the ylide 20 and the 
novel six-membered heterocycle 22, the latter being 
obtained as colourless crystals (P  21/m). 

This tetraphosphinine derivative ('tetraphosphaben- 
zene'), formally may be regarded as a 'superposition' of 
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/ O 
Fig. 5. Molecular structure of 22 (H atoms omitted). 

a 1 A5,3 A5,5 As-triphosphinine [23] and a 1 A 3 phosphi- 
nine [24]. In contrast to this expectation, the heterocycle 
is not planar, as shown by the molecular structure as 
determined by a single crystal X-ray study (Fig. 5, 
Table 5): the molecule is folded along the P1-P3 axis, 
with the interplanar angle amounting to 127 °. This 
P1-P3 axis encloses a molecular mirror plane. A cyclic 
change of formal charges ('amphipolar') [11] donates an 
ylidic choaracter to the endoc~(clic P-C bonds (P2-C 1" 
1.725(1)A, P3-CI:  1.742(2)A) as well as to the P1-P2 
bond (2.134(1),~) and is responsible for this bond short- 
ening. As expected, the endocyclic carbon atoms are 
planar. The angle P2-P1-P2a amounts to 98.1(3) °, 
which compares with 102.9 ° in 2,6-dimethyl-4-phenyl- 
,~3-phosphinine [25], and 102.2(2) ° in Ph3P-P-PPh ~ 
[26]. The coupling product 19 is formed in thereaction 
of PC13 with three equivalents of 17 in THF at - 100 °C 
and quickly warming up the mixture to room tempera- 
ture. As the corresponding reduced species, the P(I) 

Table 5 
Bond lengths (A) and angles (deg) for 22 

P I - P 2  2.134(1) P2-C1 1.725(1) 
P3-C 1 1.742(2) Si-C 1 1.842(2) 

P2-P1-P2a  98.1(3) P1-P2-C1 116.4(1) 
P2-C 1-P3 114.7(1) C I - P 3 - C l a  117.0(1) 
P2-C1-Si  122.0(4) P3-C1-Si  122.0(1) 

derivative 24, a neutral four-membered ring molecule, 
was identified. This 'triphosphete' 24 is difficult to 
separate from 19 and some minor impurities, in particu- 
lar HC(PMez)z(SiMe3), as a consequence of some hy- 
drolysis. From the yellow oil obtained, 24 crystallizes 
slowly as faint yellow plates, which were, however, not 
suitable for a single crystal X-ray study; this impurity of 
24 originally led to some uncertainty about the nuclear- 
ity of 24. Since in a related system, an eight-membered 
analogue of 24 was formulated [27], a dimeric nature of 
24, i.e. an eight-membered ring structure could not be 
ruled out. An AB 2 spin system in the 3]P{1H} NMR 
spectrum with a characteristic high field shift for the 
central, dicoordinate P(I) atom with formal charge - 1  
is indicative for the first triphosphete; 1,3-diphosphetes 
have been described previously, see Ref. [28]. A possi- 
ble explanation for the formation of 24 is derived from 
the observation, that in the respective 1:2 reaction, an 
ionic intermediate 23 can be isolated. According to the 
3]p{IH} NMR spectrum, this intermediate contains a 
seven-membered ring, where the P -P  coupling of the 
two phosphinomethanides, necessary for the redox pro- 
cess and the formation of 19, already is preformed. 
Thus, a reaction pathway according to Eq. (17) seems 
reasonable: 

2LiC( PMe 2 )2 (SiMe3) + PC13 
T H F / -  100°C 

- 2LiCI 

E q 

Me21.-' t-'Me 2 J 

(17) 

Me2P~I~&'~PMe2 /G ®\ 
, ~ / . C t ®  ® 1 C ~  
Me33i /(~ -- / SiMe3 

24 

• Me Me Me3SI\ I I PMe2 
/ C = p I p = C  / 

MezP Me Me \SiMe3 

19 

+ 17 

- LICI 

Me2P(~ (~ GPMe2 
I G e l  I j C l  IC-.~ I 

M%Si l -  \(~) O /  ~SiMe3 ] 
Me2 t~ t~Me2 

23 

Cl @ 
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The same results are achieved using a non-polar sol- 
vent, i.e. toluene. If a solvent of medium polarity, i.e. 
diethyl ether, is used, a mixture of 19, 20, 22 and 24 is 
obtained. 

282.4 Hz, 2J(PBP c) = 64.0, 3J(PAP C) = 28.5 Hz). i.e, the 
six-membered ring of 28 (Eq. (19)): 

T H F  

PCI 3 + 2LiC(PPh2)2(SiMe3). TMEDA 
- 7 8 ° C  

25 

2.5. Reaction of  ECl s (E = P, As, Sb, Bi) and of  Ph2PCl 
with LiC( PPh 2 )2( SiMe 3 ) .  TMEDA, 25 

Ph2P~ e sPPh2 

Me,St ~ SIMe 3 
Ph 2 

(19) 

The key for the above-mentioned reactions obviously 
is the ease of oxidative P -P  coupling of the phosphi- 
nomethanide ligands. This type of reaction is facilitated 
by the low steric demand of the PMe2-moiety. It is well 
known, that the coupling of more demanding PPh 2 
groups in diphosphinomethanides is much less favorable 
[29]. Therefore, it seems challenging to replace the 
lithium diphosphinomethanide LiC(PMe2)2(SiMe3), 17, 
by its phenyl analogue, i.e. LiC(PPh2)2(SiMe3). 
TMEDA, 25. 

T H F  
ECl  + xLiC(Pr'b ) (SiMe ). TMEDA - - ,  

25 - 7 8 ° C  

Ph2P-~PPh2\~/ + Ph2P:C \ 
C SiMe 3 

I 
SiMe~ 

28a,b 27 

(18) 

E = a: P, b: As; x = 2 , 3  
Reaction of EC13 (E = P, As) with two or three 

equivalents of 25 leads to the triphosphete 26a and its 
arsenic analogue 26b, respectively, in good yields along 
with the chlorophosphorane 27 in both cases (Eq. (18)). 
Quite remarkably, 27 does not react with an excess of 
the lithium diphosphinomethanide 25: coupling in this 
way does not occur. Therefore, the formation of 26a,b 
has to be explained by a Li /CI  exchange reaction, 
either initially or after the first substitution step in the 
reaction course. This is the decisive difference for the 
reactions described above: P -P  coupling and formation 
of a bisylide is not feasible. Therefore, the reactions 
obviously proceed in a very different manner, though 
the reaction products, i.e. the formation of the 
triphosphetes, are comparable. Also comparable is the 
fact, that as a by-product in the 1:2 reaction (inverse 
reaction, see Section 3) the P-phenyl analogue to 22 
may be identified (ABzC spin system, 8(P A) = 
-122.81, 8(PB)=29.3,  8 ( P c ) = - 3 . 3 2 ,  IJ(PAPB)= 

28 

It is not clear, whether the formation of 28 follows the 
same scheme as in the case of 22, but 28 is only a 
minor species in the reaction: the main products are 26a 
and 27. Nevertheless, the possibility of a P - P  bond 
formation in a substitution reaction, which seems a 
prerequisite for the reaction pathway outlined in Eq. 
(16) for the formation of 22, can be demonstrated also 
for the P-phenyl case (Eq. (20)). 

T H F  

Ph 2 PC1 + LiC(PPh 2 ) 2(SiMe3). TMEDA 
25 - 78 °C 

Ph,, /.PPh 2 
+ PhzP-PPh 2 (20) Ph2P--P=C\ 

Ph SiMe 3 29a 

29 

The ylide 29 is obtained along with the diphosphane 
29a as a yellow solid. Quite interestingly, a Li/C1 
exchange pathway obviously competes with the substi- 
tution reaction and is responsible for the formation of 
Ph2P-PPh 2. 

Similar to 24, the triphosphete 26a shows an AB 2 
spin system in the 3~p{~H} NMR spectrum with again a 
high field shift for the di-coordinate P atom as a conse- 
quence of the formal negative charge on it. The coordi- 
nation shift of the diphosphinomethanide ligand bonded 
to the formal P+ and As + coordination center amounts 
to 8=20 .18  for 26a and 8 = - 0 . 5 1  for 26b. An 
alternative approach to 26a, which gives the triphosphete 
essentially free of the chlorophosphorane 27, though in 
modest yield (30%), is the reaction according to (Eq. 
(21)); similarly, the P-methyl-substituted triphosphete 
24 can be obtained by reaction of P4 and 
Li[C(PMe2)2(SiMe3)] in THF, though again only in 
modest yield [30]: 

T H F  ,Op 4 4 + 3 LiC(PPh 2) 2( SiMe3)" TMEDA 
- 78 °C 

25 

/ e \  
3 Ph~P.~ ~ ~,PPh~ +Li3P v (21) 

c 
I 

S[Me 3 

2 ~  
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A similar strategy for the isolation of P(I) derivatives 
has been described previously by Schmidpeter and Bur- 
get [31] (the formation of Li3P 7 has not been con- 
firmed; however, its formulation in Eq. (21) simply 
reflects the choice of stoichiometric ratio and the anal- 
ogy to the work of Schmidpeter and Burget). It is 
difficult and tedious to separate the chlorophosphorane 
27 from the four-membered rings 26a,b. Nevertheless, 
crystals of 26a,b which unexpectedly are not highly 
air-sensitive, can be grown from the oily mixture and 
separated mechanically for a single crystal X-ray study. 

Both compounds crystallize isotypic in space group 
P1 and possess two crystallographically independent 
molecules in the asymmetrical unit. These two 
molecules, a and b, show very similar geometry; there- 
fore, in the following description only molecule a is 
considered in either case (Figs. 6 and 7, Tables 6 and 
7). As usual in phosphinomethanide structures, the car- 
banionic C1 atom is strictly planar, but the four-mem- 
bered rings deviate significantly from planarity: P3a and 
As 1 a deviate from the plane C 1 a, P 1 a, P2a by 0.148(1) ,~ 
and 0.177(1) A respectively (interplanar angle: 4.9 ° and 
5.5 ° resopect ive ly)  ~ The  P l a / P 2 a - P 3 a  
(2.1489(5) A/2.1530(6) A) and the P la /P2a-As la  
(2.2710(7) ,~,/2.2692(7) A) distances are within the ex- 
pected range, as are the P la /P2a-Cla  distances (26a: 
1.729(1)A,/1.738(1)A; 26b: 1.741(2)A,/1.731(2),~). 
Very unusual, however, are the small angles at P3a 
(72.65(2) ° ) and Asia (69.90(2)°): they are by far the 
smallest angles for di-coordinate phosphorus and ar- 
senic respectively. For instance, in (ipr2N)2P~ the 

P3fl 

Fig. 6. Molecular structure of 26a (H atoms omitted). The asymmet- 
rical unit contains two molecules a and b; only one molecule is 
shown. 

Fig. 7. Molecular structure of 26b (H atoms omitted). The asymmet- 
rical unit contains two molecules a and b; only one molecule is 
shown. 

Table 6 
Bond lengths (A) and angles (deg) for 26a 
contains two molecules a and b) 

(the asymmetrical unit 

Molecule a Molecule b 

P 1 -P3 2.1489(5) 2.1526(5) 
P I -C1 1.729(1) 1.738(1) 
P2-P3 2.1530(6) 2.1488(5) 
P2-C1 1.738(1) 1.733(1) 
PI - - .  P2 2.5483(5) 2.5347(5) 

P 1 - C  1 -P2  94.64(7) 93.83(7) 
C 1 - P 2 - P 3  96.03(5) 97.07(5) 
C 1 - P  1 -P3 96.44(5) 96.77(5) 
P 1 -P3 -P2  72.65(2) 72.21 (2) 

Table 7 
Bond lengths (A) and angles (deg) for 26b (the asymmetrical unit 
contains two molecules a and b) 

Molecule a Molecule b 

P 1 - As 1 2.2710(7) 2.2729(7) 
P I - C  1 1.741(2) 1.740(2) 
P2-As  1 2.2692(7) 2.2681(7) 
P2-C  1 1.731(2) 1.730(2) 
PI . . - P 2  2.6008(9) 2.5868(9) 

P I - C I - P 2  97.0(1) 96.4(1) 
C 1 - P 2 - A s  1 96.59(8) 97.27(8) 
C 1 - P  1 - A s  1 96.21 (8) 96.78(8) 
P I - A s  I -P2  69.90(2) 69.45(2) 



H.H. Karsch, E. Witt / Journal of Organometallic Chemistry 529 (1997) 151 - 169 161 

angle N - P - N  is 114.8(2) ° [32]; in P h 3 P - P - P P h  ~ the 
P - P - P  angle amounts to 102.2(2) ° [26], ]-he C - P - C  
angle in 2,6-dimethyl-4-phenyl-A3-phosphinine has been 
determined as 102.9 ° [25], and in R - P = C = P - R  (R = 
2,4,6-tBu3C6H2 ) to 100.3(4) ° and 99.9(4) ° respectively 
[33]. In 21, the angle P 2 - A s 2 - A s l  is 94.5 ° (this work); 
in A s - P P h 2 - C H 2 - C ( = C H 2 ) - C H 2 - P P h  ~, the P - A s - P  
angle amounts to 93.0(1) ° [34]. 

26a + 27 + NaBPh 4 
THF 

_._) 

- 7 8  ° C  

/SiMes 
.~C 

i ....~ "/PPh2 
I 

Ph2!e C//PPh2 
\ 

M%Si 

- - - -7® i BPh4® 

(22) 

50 

One might expect an enhanced nucleophilicity as a 
consequence of these small angles within a rigid four- 
membered ring, but respective studies were hampered 
by the fact, that 26a,b could not be obtained free of  27 
in amounts large enough for reactivity studies. There- 
fore, the 1:1 mixture of  26a and 27 obtained according 
to Eq. (18) was used to generate a suitable electrophile 
'in situ': by addition of NaBPh 4 to the mixture, the 
chlorophosphorane obviously is transformed to the re- 
spective cation, which adds to the triphosphete to give a 
salt 30 containing a novel cationic spirocycle (Eq. (22)). 

Particularly indicative for the nature of the cation of 
30 is the 31p{IH} N M R  spectrum: a doublet at 6 = 37.73 
and a quintet at 6 = - 7 6 . 2 6  (J(PAPB) = 137.3 Hz), not 
only demonstrate the presence of four magnetically 
equivalent phosphorus nuclei around a phosphorus atom 
(the first PP4 arrangement) but also the hypervalent 
nature (comparable with phosphoranides [35]) with a 
free electron pair at the central P atom due to its high 
field shift. Obviously, the cation suffers dynamic non- 
rigidity in solution (pseudorotation): on cooling 
( -  107 °C), a ~-tbp ground state structure is revealed by 
the appearance of an AB2C 2 spin system. 

From these observations, a classification of this un- 
usual system as the first ten-electron phosphorus cation 
(p ro)  with a PP4 framework is derived and confirmed 
by a single crystal X-ray study. Yellow crystals of 30 
( P 2 J c )  are grown from THF. The distorted ~-tbp 
geometry of the cation (Fig. 8(a) and Fig. 8(b), Table 8) 
is reminiscent of similar structures of the neutral 

(b) c ~  

C2 

) 
Fig. 8. (a,b) Crystal structure of the cation of 30 (H atoms omitted). 

Table 8 
Bond lengths (A) and angles (deg) for the cation of 30 

P-P1 2.2012(9) P-P2 2.4077(8) 
P-P4 2.4616(9) P-P3 2.2009(9) 
P1 -C 1 1.712(2) P2-C 1 1.737(2) 
P3-C2 1.718(2) P4-C2 1.733(2) 

P1-P-P2 71.15(3) P1-P-P3 125.12(4) 
P1-P-P4 107.81(3) P2-P-P3 107.22(3) 
P2-P-P4 1 7 6 . 4 1 ( 3 )  P3-P-P4 70.41(3) 
P -P I -CI  93.97(8) P-P2-CI 86.46(8) 
P-P3-C2 95.06(8) P-P4-C2 85.98(9) 
PI-C1-P2 1 0 2 . 3 ( 1 )  P3-C2-P4 102.8(1) 
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Table 9 
Comparison of the cation of 30 with the Group 14 element homologues 

E[C(XXPMe2 )2 ]2 

,X 
Ph2P - -  C 

@ • ~ P P h 2  

Ph2P - -  C 
X 

X = SiMe 3 

X X X 
Me2P - -  C" Me2? - -  C Me2P ~- C 

PMe2 ', ~ PMe2 I ~- PMe2 
:Si :Ge :Sn 

" /PMe 2 ~PMe  2 j ~PMe2 

Me2P - -  C Me2P C Me2P - -  C 
X X X 

X = SiMex X = PMe 2 X = PMe 2 

X 
Me2P - -  C 

~PMe2 
:Sn 

~"/PMe 2 

Me2P - -  C 
X 

X = SiMe 3 

E-Pax (,~) 2 .41 /2 .46  

E-Peq (~,) 2 .20 /2 .20  
Pax EP~x (°) 176 
Peq EPc,a(°) 125 
A E N  9 

2.51/2.61 2 .55/2 .93 2 .79 /2 .84  2 .80/2 .85 

2 .27 /2 .27  2 .36/2 .36  2 .60 /2 .60  2 .59/2 .62  
154 147 143 142 
112 108 106 97 
0.4 0.1 0.4 0.4 

molecules E[C(PMe2)2X]2 (E = Si [8], Ge [36], Sn [37], 
Pb 1 [39]; X = PMe 2, SiMe 3) - -  which might be ex- 
pected (isoelectronic exchange of Si for P+). However, 
there are also some unexpected differences: a compila- 
tion of relevant data is given in Table 9. 

In all cases, the axial element-phosphorus distances 
are longer than the equatorial ones; but, in the cation of 
30 both axial distances are not very different from each 
other. In the case of E = Ge, this difference is particu- 
larly drastic and has been explained by the non-polarity 
of the Ge-P bonds [36]. In the sense of this argument, 
the P-P bonds in 30 + should be quite polar; indeed, 
this most likely is the case, as it is also evidenced by a 
representation of 30 + with formal charges. There are 
some other differences between 30 + and its isoelec- 
tronic counterparts: the four-membered chelate rings are 
not planar, but to a much larger extent than in the case 
of 26a,b: C1/C2 deviates from the plane P1, P, P2 and 
P3, P, P4 by 0.480(2)A and 0.467(3)A (interplane 
angle: 26.3 ° and 25.7 ° ) respectively. Furthermore, the 
angles P2-P-P4 and PI -P-P3  are much closer to those 
expected for an ideal tbp-structure at the expense of the 
orthogonality of the equatorial plane to the axial bonds 
(the P1-P-P2 and P3-P-P4 bond angles within the 
four-membered rings amount only to 71.2(1) ° and 
70.4(1) ° respectively, which is close to the respective 
value in 26a). Quite remarkably, this folding of the two 
four-membered rings occurs in the opposite direction 
towards the 'empty' side of the central phosphorus, thus 
increasing the distance between the two C-silyl groups. 
Both the two carbanionic C atoms (CI and C2) are 
again planar, however. These observations, at least in 
part, may be ascribed to the steric demand of the 

I For Pb[C(PPh2)2(SiMe3)] 2 see Ref. [38]. 

P-phenyl and C-SiMe 3 groups. The classification of a 
novel compound in terms of known structures is highly 
desirable for the sake of understanding and clarity. 

Unfortunately, 30 cannot be classified in this way 
unambiguously. On the one hand, the cation of 30 may 
be regarded as a ten-electron double phosphane adduct 
to a phosphenium cation [32,40-42] (in short: ten-elec- 
tron phosphenium cation), which readily relates to the 
cationic charge and the similarity to the Group 14 
element analogues. Simple (eight-electron) base [40] 
and, in particular, phosphane adducts of phosphenium 
cations are known [43]. Less convincing would be a 
notation as a phosphane adduct to a trionium phosphane 
[41] - -  this would divide the P4 phosphonium set of 
substituents into a 3:1 ratio. Nevertheless, this formula- 
tion clarifies that the cation of 30 may be regarded as 
the first representative of a phosphane-phosphane 
adduct - -  admittedly involving very special phos- 
phanes. On the other hand, the cation of 30 electroni- 
cally (neglecting of charge) resembles phosphoranide 
anions. Therefore, it alternatively may be classified as 
tetraphosphonium phosphoranide, the charge in part be- 
ing balanced by two internal carbanion moieties. Nei- 
ther description really is satisfying, thus underlining the 
novelty and unprecedented nature of this species. 

Finally, it should be noted that the tendency for the 
formation of the cation 30 + is very high: also GeC12 is 
an efficient C1- acceptor in the system 26a/27, and 
30 + is formed. In contrast, without the presence of the 
triphosphete 26a, 27 does not react with NaBPh4 to 
give the respective cation. Therefore, the chlorine ab- 
straction of 27 has to be understood as an equilibrium 
reaction, which is shifted to the right by the action of 
26a to give 30+; with A1C13 as a chloride acceptor, 
however, a new species is observed by 31p{1H} NMR 
spectroscopy ( t P  = +67.26), which tentatively is as- 
s igned to the ' d i p h o s p h i n o  ca rboca t i on '  
(Ph2P)2(Me3Si)C e. The pure chlorophosphorane, free 
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of 26a or 26b, is available by the reaction according to 
Eq. (23), though the yield is modest. 

THF 
ECI 3 + xLi[C(PPh2)2(SiMe3) ] • TMEDA -~ 

25 - 78 °C 

C[I / PPh2 
Sb°/Bi  ° + Ph2P=C,N (23) 

Si~e3 
27 

E = S b ,  Bi; x = 2 , 3  

3. Experimental part 

All compounds were prepared and handled in dry 
nitrogen atmosphere. A two-armed glass flit, as de- 
scribed previously [44], was used together with conven- 
tional vacuum line techniques. Sodium-potassium al- 
loys were employed for drying and storage of the 
solvents, which were redistilled immediately prior to 
use. PC13, AsC13, PhPCI 2, MePC12, Ph2 PCI were dried 
over K2CO 3 and distilled prior to use. LiCH2PMe 2, 1, 
L i C  ( P M  e 2 ) ( S i M  e3 )  2 0 . 5 T M  E D A ,  6, 
LiC(PMe2)2(SiMe3),  17, LiC(PPh2)2(SiMe 3) • 
TMEDA, 25, were synthesized according to the litera- 
ture [45,46]. Instrumentation, spectroscopy and elemen- 
tal analysis were as described previously [47]. Not in 
every case was satisfactory elemental analysis data ob- 
tained. In many cases, 1H and 13C{IH} NMR data 
reflect the presence of complex spin systems, e.g. 
X,AP(X' n, X,A(A'X'n) ., AA'X, A(K)2X etc., where 
non-binominal multiplets and virtual coupling phenom- 
ena predominate. These multiplets are denoted as 'd', 
't ', 'm', etc. and N the distance of the two outermost 
lines (hertz) is given instead of J values. 

3.1. Preparation of compounds 

3.1.1. General procedure 
Very similar procedures were used throughout; three 

methods (a)-(c) were selected to describe the individual 
syntheses of compounds. 

3.1.1.1. Method (a). EC13/RPCI2/Ph2PC1 (E = P, As, 
Sb, Bi; R = Ph, CyzN, 'Bu, Me) was added to a solu- 
tion of LiC(PRz)(X)(Y)(R = Me, Ph; X = PMe 2 , PPh 2 , 
SiMe3; Y = H, SiMe 3) in 30-40ml of Et20 (THF) at 
- 7 8  °C ( -  100°C). After warming up to room tempera- 
ture, the suspension was stirred for 12 h. The solvent 
was replaced by pentane and, after filtration and evapo- 
ration of the pentane, the residue was characterized by 
spectroscopy. In cases of low solubility of the product(s) 
in pentane, further extraction of the remaining solid was 

performed with toluene and, subsequently, with THF (in 
rare cases). 

3.1.1.2. Method (b). A solution of EC13/RPC12 (E = P, 
As, Sb, Bi; R = M e ,  Ph, tBu, Cy2N) in 10-15ml of 
THF was added slowly to a solution of LiC(PRz)(X)(Y) 
(R = Me, Ph; X = PMe 2, PPh 2, SiMe3; Y = H, SiMe 3) 
in 30-40ml of THF at - 7 8 ° C  ( -  100°C). The further 
procedure follows method (a). 

3.1.1.3. Method (c). Solid EC13/RPCI 2 (E = Sb, Bi; 
R = C y 2 N )  and LiC(PR2)(X)(Y) ( R = M e ,  Ph; X =  
PMe2, PPh2, SiMe3; Y = H, SiMe 3) were combined at 
- 7 8 ° C  and 40ml Et20 (THF) was slowly condensed 
onto the solids in the reaction vessel through the vac- 
uum line. The further procedure follows method (a). 

3.1.2. Preparation of E(CH2PMe2) 3, E = P, As, Sb, Bi, 
2a - d  

3.1.2.1. P(CH2PMe2) 3, 2a. The preparation of 2a fol- 
lowed that described previously [14]. 

3.1.2.2. As(CH2PMe2) 3, 2b. Method (a), solvent: Et20, 
- 7 8  °C. 0.45 ml (5.35 mmol) AsC13; 1.40 g 
(17.07mmol) LiCH2PMe 2, 1. Yield: 1.36g (84.5%), 
orange oil. 

NMR (C6D 6, +25°C): 3Lp{1H}: 6(P) = -54.18 (s). 
13C{IH}: 6(C) = 29.50 (dt, IJ(PC) = 33.3, 3j(PC) = 
7.7Hz, CH2), 16.35 ( 'm',  N =  19.8Hz, PMe2). Ill: 
3(H) = 1.61, (s, 6H, CH2), 0.97 (d, 2J(PH)= 2.4Hz, 
18H, PMe2). MS (EI, 70eV): m / e  = 285 (M ÷ -  Me, 
100%), 209 ( M + - M e ,  - P M e  3, 44.58%), 75 
(CH2PMe~-, 93.41%). Anal. Found: C, 33.75; H, 7.36. 
CgH24AsP 3 (300.13). Calc.: C, 36.02; H, 8.06%. 

3.1.2.3. Sb(CH2PMe2) 3, 2c. Method (c), solvent: Et20, 
-78°C.  1.02g (4.47mmol) SbCI3; 1.17g (14.27mmol) 
LiCH,PMe 2, 1. Yield: 1.26g (81.3%), colorless oil. 

NMR (C6D 6, +25°C): 31p{IH}: 6(P) = -50 .46  (s). 
13C{IH}: 6(C) = 18.10 (dt, l j (PC)=28.6 ,  3 j (PC)= 
6.9Hz, CH2), 17.70 ( 'm',  N =  16.6Hz, PMe2). IH: 
6(H) = 1.50, (d, 2J(PH)= 1.0Hz, 6H, CH2), 0.97 (d, 
2j(PH) = 2.9Hz, 18H, PMe2). MS (EI, 70eV, 
121Sb/ 123Sb): m / e  = 3 3 1 / 3 3 3  (M + -  Me, 
28.87%/21.39%), 255/257 (M + -  Me, - P M e  3, 
11.90%/8.91%), 75 (CHzPMe +, 100%). Anal. Found: 
C, 29.40; H, 6.50. C9H24P3Sb (346.97). Calc.: C, 31.16; 
H, 6.97%. 

3.1.2.4. Bi(CH2PMe2) 3, 2d. Method (c), solvent: Et20, 
- 78 °C. 1.19 g (3.77 mmol) BiC13; 1.02 g (12.44 mmol) 
LiCH~PMe 2, 1. Yield: 1.54g (94.0%), yellow oil. 

NMR (C6O 6, + 25 °C): 31 p{1H}: 6(P) = - 47.00 (s). 
(Thermolysis of 2d (NMR tube, 60°C, 8d): 31p{IH}: 
mixture of 2d (15%), Me3P A =CH-PRMe 2, 3a (43%): 



164  H.H. Karsch, E. Witt / Journal of Organometallic Chemistry 529 (1997) 151-169 

6(PA)=0.95, ~(PB) = --59.58 (AB spin system, 
2J(PAP B) = 142.6Hz), Me3P--CH2, 3b (9%): 6(P)= 
2.65, (s), PMe 3, 3c (31%),: 3 ( P ) = - 6 2 . 1 5 ,  
Me~PCHzCH2PMe2, 4 (2%): 6(P) = -49.00). 
13C{IH}: ~(C) = 21.00 ('m', N --- 28.2Hz, CH2), 19.35 
('m', N =  15.5Hz, PMe~). 'H: 6(H)-- 1.92 (d, 2j(PH) 
= 1.4Hz, 6H, CH2), 0.96 (d, 2J(PH)=2.5Hz, 18H, 
PMe~). MS (El, 70eV): role = 419 (M ÷ -  Me, 
22.53%), 209 (Bi ÷, 19.81%), 75 (CHePMe~-, 100). 

3.1.3. Preparation of R-P(CH2PMe2) 2, R = M e ,  Ph, 
'Bu, CY2 N, 5a-d  

3.1.3.1. 5a. The preparation of 5a was described previ- 
ously [18]. 

3.1.3.2. Ph-PA(CH2PsMe2) 2, 5b. Method (b), solvent: 
THF, -78°C. 1.05ml (7.75mmol) PhPC12; 1.40g 
(17.07mmol) LiCH2PMe 2, 1. Yield: 2.0g (100%), yel- 
low oil. 

NMR (C6D 6, +25°C): 31p{IH}: 6(PA) = --36.09, 
6(PB) =--54.04 (AB 2 spin system, 2J(pAP B) = 
95.6Hz). 13c{In}." t~(C)= 140.27 (dt, IJ(PC)= 10.5, 
3j(PC) = 5.5 Hz, ipso-C), 132.82 (d, 2J(PC) = 20.2 Hz, 
C2, C6), 129.1 (s, C4), 128.5 (d, 3j(PC)= 7.4Hz, C3, 
C5), 32.72 ('t'd, APgBX spin system, N=46.0Hz, 
1J(PC)=9.2Hz, CH2), 3=15.81 ('m', N=56.1Hz, 
PMe2). ~H: 6(H) = 7.6-7.1 (m, 5H, Ph), 1.66/1.83 (d, 
2j(HCH) = 13.6Hz, 4H, CH2), 0.88 (s, 12H, PMe2). 
MS (EI, 70eV): re~e=243 (M+-Me,  100%), 75 
(CH2PMe +, 62.4%). Anal. Found: C, 54.60; H, 7.96. 
CI2H21P3 (258.22). Calc.: C, 55.82; H, 8.20%. 

3.1.3.3. 'Bu-PA(CH 2 PBMe2)2, 5c. Method (b), solvent: 
THF, -78°C. 0,76g (4.78mmol) tBuPC12; 0.83g 
(10.12mmol) LiCH2PMe 2, 1. Yield: 1.01 g, yellow oil 
(3lp{IH} NMR: mixture of Me3P=CH-PMe 2, 3a 
(10%), 5e (70%), (tBuP)3, 13 (8%), (tBuP)4, 14 (2%) 
and unidentified impurities (10%)). 

5e: NMR (CrD6, +25°C): 31p{IH}: 6(PA)= 
--16.73, 6(PR)= --53.09 (AB 2 spin system, 2J(pAP B) 

102.4Hz).-a3C{IH}: ~(C)= 33.33 ('t'd, AXBX spin 
system, N = 18.1Hz, 1j(PC)= 5.0Hz, CH2!, 27.31 (d, 
2j(PC)= 13.8Hz, (CH3)3C-P), 16.03 (m ' ,  N =  
29.7 Hz, PMe2). 

3.1.3.4. CY2N-PA(CH2PBMe2)2, 5d. Method (c), sol- 
vent: THF, - 78 °C. 0.79 g (2.80 mmol) Cy2NPC12; 0.5 g 
(6.10mmol) LiCH2PMe 2, 1. Yield: 0.62 g, orange oil 
(31p{1H} NMR: mixture of 5d (75%) and unidentified 
impurities (25%)). 

o 31 l 5d: NMR (C6D 6, +25 C): P{ H}: 6(PA) = 20.12, 
t~(P B) = - 5 5 . 6 8  (AB 2 spin system, 2J(pAPB)= 
ll0.4Hz). 1H: 6(H) = 1.17-1.74 (m, 22H, Cy~N), 1.06 
('m', N =  6.8Hz, 4H, CH2), 0.16 (s, 12H, PMe2). 

3.1.4. Preparation of E(PMe z = C(SiMe3) e )3, E = P, As, 
Sb, 7a-c 

3.1.4.1. PB(PAMe2=C(SiMe3)2)3, 7a. Method (b), sol- 
vent: THF, -100°C. 0.22ml (2.52mmol)PC13; 2.41 g 
(8.47mmol) LiC(PMe2)(SiMe3) 2 • 0.5TMEDA, 6. 
Yield: 1.71 g, red oil and orange crystals (31p{IH} NMR: 
m i x t u r e  o f  7a  ( 1 5 % ) ,  8 ( 2 6 % ) ,  
( M e z P ) P M e  2 = C ( S i M e 3 )  2, 9 (18%),  and 
HC(PMe 2)(SiMe3) 2 (41%)). 

7a: NMR (C6D 6, +25°C): 31p{~H}: 6(PA ! = 15.08, 
6(PB) = --39.09 (AsB spin system, J(PAPB)- 
360.8Hz). 1H: (~(H)= 1.75 ('d', N =  10.8Hz, 18H, 
PMe2), 0.36 (s, 54H, SiMe3). 

3.1.4.2. As(PMe2=C(SiMe3)2) 3, 7b. Method (b), sol- 
vent: THF, - 100 °C. 0.20 ml (2.38 mmol) ASC13/2.25 g 
(7.91 mmol) LiC(PMe2)(SiMe3) 2 - 0.5TMEDA, 6. 
Yield: 1.23 g (70.28%), yellow crystals. 

NMR (C~D 6, +25°C): 31p{IH}: 6(P)= 13.51 (s) 
(repeated measurement of the sample after four weeks; 
31p{IH}: mixture of 7b (10%), [(Me3Si)2C=PMe2] 2, 8 
(70%), Me3Si-PBMe2=C(SiMe3)(PAMe z = C -  
(SiMe3)2), 7' (10%): 6(pA) = 12.84, 6(PB)= --29.56 
(AB spin system, 2J(PAP B) = 84.4 Hz) and 
HC(PMe2)(SiMe3) 2 (10%)). r3f{IH}: 6(C) = 6.2-7.0 
(br, unresolved signal, SiMe 3 and PMe2). IH: 6(H)= 
1.7 (br, 18H, PMe2), 0.28 (s, 54H, SiMe3). Anal. 
Found.: C, 41.54; H, 9.44. C27H72AsP3Si 6 (733.221). 
Calc.: C, 44.23; H, 9.89%. 

3.1.4.3. Sb(PMe2=C(SiMe3)2) 3, 7c. Method (a), sol- 
vent: Et20, -78°C. 0.51g (2.23mmol)SbC13; 2.07g 
(7.28mmol) LiC(PMe2)(SiMe3) 2 • 0.5TMEDA, 6. 
Yield: 1.33g, brown oil and brown crystals (31p{IH} 
NMR: mixture of 7c (50%), 8 (25%), and 
HC(PMe2)(SiMe3) 2 (25%)). 

7c: NMR (C6D 6, +25°C): 31p{IH}: 8(P) = - 1.11 
(s) (repeated measurement of the sample after four 
weeks; 31p{IH}: mixture of 7c (10%), [(Me3Si) 2- 
C=PMe2]2 ,  8 (40%), Me3S i -PBMe 2 = C -  
(SiMe3)(PAMe 2 =C(SiMe3)z), 7' (10%): 6(P A) = 12.84, 
6(PB) = -29.56 (AB spin system, 2J(PAP B) = 84.4Hz) 
and HC(PMez)(SiMe3) z (40%)). J H: 3(H)= 1.73 ('d', 
N =  10.3Hz, 18H, PMe2), 0.29 (s, 54H, SiMe3). MS 
(CI - VE, 121Sb/123Sb): m / e  = 556/558 (M + -  
HC(PMe2)(SiMe3) z, 10.84%/9.25%), 368/370 (M + -  
H C ( P M e 2 ) ( S i M  e3)2,  - M e z C ( S i M e 3 ) z ,  
100%/87.42%). Anal. Found: C, 41.55; H, 9.55. 
CzTHv2P3SbSi 6 (780.047). Calc.: C, 41.57; H, 9.30%. 

3.1.5. Preparation of Me-Pn( P a Me 2 = C( SiMe 3)2 )e , 10 
Method (a), solvent: Et20, -78°C.  0.31 ml 

(3.46 mmol)  MePC12; 2.06 g (7.24 mmol)  
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LiC(PMee)(SiMe3) 2 • 0.5 TMEDA, 6. Yield: 1.65 g, or- 
ange oil (S~P{~H} NMR: mixture of 10 (64%), 8 (3%), 
HC(PMe2)(SiMe3) 2 (19%) and unidentified impurities 
(14%)). 

NMR (C6D6, +25 °C): 3~p{~H}: 6(P A) = 8.18, 
6 ( P a ) = - 6 4 . 0 6  (A~B spin system, tJ(PAPa)= 
295.7Hz). ~H: 6(H)--2.09 (s, 3H, PMe), 1.38 ('d', 
N = 28.3 Hz, 12H, PMee), 0.17 (s, 36H, SiMe3). 

3.1.6. Preparation of Ph-P  B [PA Me2 = C(SiMe 3 )2 ]2, 11 
and [PhP 8-PA Me2 = C(SiMe3 )2 ]2, 12 

Method (b), solvent: THF, -100°C. 0.49 ml 
(3.62 mmol)  PhPC12; 2.26 g (7.94 mmol)  
LiC(PMeE)(SiMe3) e • 0.5TMEDA, 6. Yield: 2.25 g, yel- 
low oil and yellow crystals (31 p{l H} NMR: mixture of 8 
(8%), 11 (70%), 12 (8%) and HC(PMe2)(SiMe3) 2 
(14%)). 

11: NMR (C6D 6, +25°C): 31p{IH}: 6(P A) = +8.5, 
6(PB)=-26.57,  (A2B spin system, 1J(pAPa)= 
317.6Hz). IaC{IH}: 6(C)= 138.14 (dt, IJ(PC)= 19.3, 
3j(PC) = 6.1 Hz, ipso-C), 130-135 (m, C2-C6), 6.72 
(m, N= 10.SHz, PMe2), 2.04 (s, SiMe3). 1H: 6(H)= 
7.3 (m, 5H, Ph), 1.41 (br, 12H, PMe2), 0.29 (s, 36H, 
SiMe3). 

12: NMR (C6D6, +25 °C): 31p{IH}: 6(PAA,) = 12.84, 
8(PBB,) =- -41 .92  (AA'BB' spin system, calc.: 
IJ(PAP~,) = ___228.4, 3J(psP w) = __+ 15.7, ~J(P~Ps)= 
294.9,'~J(PAPw) = -T- 7.2 Hz).q3C{ ~ H}: t~(C) = 128-138 
(Ph), 6.51 (m, N= 3.9Hz, PMe2), 1.36 (s, SiMe3). ~H: 
6=7.0-7.7 (m, 10H, Ph), 0.83 ('d', J =  ll.7Hz, 12H, 
PMe2), 0.19 (s, 36H, SiMe3). MS (CI + VE): m / e  = 
654 (M +, 42%), 327 (M+/2, 17.94%). 

3.1.7. Preparation of  ('BuP) 3, 13, and ('BuP) 4, 14 
Method (b), solvent: THF, - 7 8  °C. 0.92 g 

(5.78 mmol) ~BuPCI2; 3.62 g (12.72 mmol) 
LiC(PMez)(SiMe3) 2 • 0.5TMEDA, 6. Yield: 2.05g, or- 
ange oil (31p{1H} NMR: mixture of 13 (55%), 14 (5%) 
and HC(PMe2)(SiMe3) 2 (40%)). 

13: NMR (C6D6, +25°C): 31p{1H}: 6(PA) = -71.0, 
6(P B) = - 1 0 9 . 6  (AeB spin system, "~J(PAPB)= 
201.1Hz). 14: NMR (C6D 6, +25°C): 31p{1H}: 8(P)= 
- 58.1 (s); (cf. Ref.[20]). 

3.1.8. Preparation of Cy 2 N-PA( P ~ Me 2 = C( SiMe s )2 )2, 
15, and Cy2N-P = C(SiMe3) 2, 16 

Method (c), solvent: Et20, - 7 8  °C. 0.57 g 
(2.02 mmol) Cy2NPCI2; 1.15 g (4 .04mmol)  
LiC(PMee)(SiMe3) 2 • 0.5TMEDA, 6. Yield: 1.16 g, yel- 
low oil (31p{1H} NMR: mixture of MezP- 
PMe e =C(SiMe3) e, 9 (40%), 15 (20%), 16 (40%)). 

15: NMR (C606, +25°C): 31p{tH}: 6(PA)=43.45 , 
6(P B) = 13.29 (AB e spin system, ~J(PAPB) = 389.4 Hz). 
16: NMR (C606, +25°C): 31p{1H}: t$(P) = 315.60 (s). 
MS (CI + VE): m / e  = 369.1 (M +, 10.01%). 

3.1.9. Preparation of  Ph-PA(PBMe 2 = C(PcMe2)- 
(SiMes)) 2 , 18, and [(Me 2 P)(Me3Si)C = PMe 2 ]2, 19 

Method (b), solvent: THF, -78°C.  0.30ml 
(2.29 mmol)  PhPCl2; 1.05 g (4.90 mmol)  
LiC(PMe2)2(SiMe3), 17. Yield: 1.05g, yellow oil 
(31p{1H} NMR: mixture of 18 (40%), 19 (25%), 
HC(PMez)2(SiMe 3) (25%) and unidentified impurities 
(10%)). 

18: NMR (C6D6, +25°C): 31p{1H}: t$(PA)= 
--27.59, 6(PB)=16.28, 6(Pc)=-38.76 (ABB'CC' 
spin system; calc.: 1J(PAP B) = 307.4, 3J(PAP c) = 15.0, 
2J(pBPc)---176.6, 2J(pBPB,)=9.0 , 4J(pBPc,) 10.0, 
6J(pcPc,) = 13.0Hz). Anal. Found: C, 49.20, H, 8.78. 
C22H47PsSi e (522.65). Calc.: C, 50.56; H, 9.06%. 

3.1.10. Preparation of Me 2 Pc-PA Me 2 = C(P R Me 2)- 
(SiMe 3 ), 20 

Method (a), solvent: EteO, -78°C.  0.34ml 
(3.79 mmol)  MePC12; 1.72 g (8.03 mmol)  
LiC(PMee)2(SiMe3), 17. Yield: 1.61g, orange oil 
(31p{1H} NMR: mixture of 19 (20%), 2 0  (40%) and 
HC(PMe 2)2(SiMe3) (40%)). 

20: NMR (C6D 6, +25°C): 31p{1H}: 6(PA)= 12.65, 
6(PB) = --39.01, 6(pc)= -58.10 (ABC spin system, 
2J(pAP B) ---- 156.8, IJ(pAP c) = 210.6, 3J(pBP c) = 
23.6Hz). MS (CI + VE): m / e  = 269 (M++ 1, 20.57%). 

3.1.11. Preparation of [ Ix-[C(PMe 2 )2(SiMe 3 )]As2 }2, 21 
Method (a), solvent: Et20, -78°C.  0.22ml 

(2.62 mmol )  AsC13; 1.82 g (8.50 mmol )  
LiC(PMez)2(SiMe 3) 17. Yield: 0.65 g (35%). 

31p{IH} NMR (C6D6, RT): 6(PAA,) = 42.20, 6(PBw) 
=41.80 (A~BB' spin system, not fully resolved), 
31p{1H} NMR (C6DsCD 3, -90°C): fully resolved 
ANBB' spin system, calc.: 6(PAA,)= 43.29, 6(PaB')= 
40.13, 3J(PAPA,)= +51.3, 5J(PBP w) = z~0.8, 2J(PAP B) 
= J(PA, Ps,) = + 110.8, 4J(PxP B) = J(PAPB,) = 
+2.3Hz. 13C{1H}: 6(C)=21.4 (br, PMe2), 1.40 (s, 
SiMes). 

3.1.12. Preparation of PA-PBMe2-C(SiMe3)-PcMe2- 
C(SiMe3)P ~ Me 2 , 22 

Method (b), solvent: THF, -100°C. 0.168ml 
(1.93 m m o l )  PCI3; 1.24 g (5.79 m m o l )  
LiC(PMez)2(SiMe3), 17. Yield: 1.05 g, yellow oil and 
colorless crystals. (31 p{i H} NMR: mixture of 2 0  (30%), 
22  (30%) and HC(PMe 2)2(SiMe 3) (40%)). 

22: NMR (C6D 6, +25°C): 31p{IH}: 6(PA)= 
--  140.36, 6(PB) = 5.48, 6(Pc)-- 13.50 (AB~C spin 
system IJ(pAP B) = 348.3, 3J(pAP c) = 12.7, 2J(PBP c) = 
24.3 Hz). 

3.1.13. Preparation of [PA-Pn Me2-C(SiMes )-Pc Me2- 
PcMee-C(SiMe3)-PBMe21+ Cl-,  23 

Method (a), solvent: THF, - 100°C. 0.24 ml 
(2.75 m m o l )  PC13; 1.17 g (5.46 m m o l )  
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LiC(PMe2)2(SiMe3), 17. Yield: 0.61 g (46.0%), yellow 
solid. 

NMR (C606, +25°C): 31p{1H}: 6(P A) = - 119.26, 
~(PB) = 19.45, 6(pc)=23.24 (AB~C, spin system, 
IJ(PAP B) = 366.5, 2J(P~P c) = 8.6, 3J(P~P c) = 0Hz. 

3.1.14. Preparation of PA-P8 Me2-C(SiMe~)-PB Me2, 
24 

Method (a), solvent: THF, - 100°C. 0.24 ml 
(2.75 m m o l )  PCI3;  1.92 g (8 .96 m m o l )  
LiC(PMe2)2(SiMe3), 17. Yield: 1.67g, orange oil and 
orange crystals (31 p{l H} NMR: mixture of 19 (40%), 24 
(40%) and HC(PMe 2)2(SiMe3) (20%)). 

24: NMR (C6D6, +25°C): 31p{IH}: ~(PA )=  
-109.53 ,  6(P B) = 7.86 (AB e spin system, IJ(PAP B) = 
250.7 Hz). 

3.1.15. Preparation of  PA-PB Ph2-C(SiMe 3)-P8 Ph2, 
26a and (Cl)(Ph) e PA = C(PB Ph2 )(SiMe3 ), 27 

Method (a), solvent: THF, - 7 8  °C. 0.18 ml 
(2.1 m m o l )  PC13; 2 .66 g (4 .60  m m o l )  
LiC(PPh2)2(SiMe3). TMEDA, 25. Yield: 2.1 g, orange 
oil and orange crystals (31 p{iH} NMR: mixture of 26a 
(30%), 27 (30%), HC(PPh2)2(SiMe 3) (20%) and 
unidentified impurities (20%)). 

26a: NMR (C6D6, +25°C): 31p{1H}: 6(PA)= 
--86.31, 3(PB) = 20.18 (AB~ spin system, IJ(PAP B) = 
261.0Hz). 13C{IH}: 6(C)= 128.0-140.0 (m, Ph), 2.61 
(t, 3J(PC) = 3.3Hz, SiMe3). IH: 6(H) = 6.9-8.0 (m, 
20H, Ph), -0 .03 (s, 9H, SiMe3). MS (CI + VE): m / e  
=487 (M++ 1, 100%). 

27: NMR (C6D6, +25°C): 31p{tH}: ~(PA) = 70.15, 
3(PB) = 0.15 (AB spin system, :J(PAPB)= 164.0Hz). 
IH: 6(H)= 6.60-7.90 (m, 20H, Ph), -0 .22 (s, 9H, 
SiMe3). MS (CI + VE): m / e  = 490 (M ÷, 8.17%). 

with toluene leads also to an orange oil and orange 
crystals. Yield: 1.23g (3tp{IH} NMR: mixture of 26a 
(20%), 27 (30%), 28 (10%), HC(PPh2)e(SiMe 3) (20%) 
and unidentified impurities (20%)). 

28: NMR (C6D 6, +25°C): 31p{IH}: ~(PA ) =  
-- 122.81, 6(P B) = 29.3, 6(P c) = -3.32,  (AB2C spin 

1J(PAP B) = 282.4 Hz, eJ(pBP c) = 64.0, system, 
3J(PAP c) = 28.5 Hz). 

3.1.18. Preparation of Ph2Pc-PAPh2=C(PsPh2 )- 
(SiMe 3 ), 29 

Method (a), solvent: THF, - 7 8  °C. 0.369ml 
(2.06 m m o l )  Ph2PCI ;  1.19 g (2.06 m m o l )  
LiC(PPh2)2(SiMe3).TMEDA, 25. Yield: 1.14g, or- 
ange solid (31p{tH} NMR: mixture of 29 (85%), 29a 
(7.5%) and HC(PPh2)2(SiMe 3) (7.5%)). 

29: NMR (C606, +25 °C): 31P{IH}: 6(P A) = 30.98, 
~(PB) =9.73, 6 ( P c ) = - 1 1 . 9 2  (ABC spin system, 
2J(PAP B) = 242.4, 1J(PAP c) = 235.3, "J(PbPc) = 
155.4Hz). 1H NMR (C6D 6, RT): 8(H)= 6.5-7.9 (m, 
30H, Ph), -0 .23 (s, 9H, SiMe3). MS (CI + VE): m / e  
=640.1 (M +, 2.17%), 563 ( M + - P h ,  2.96%), 455 
(M + -  PPh 2, 60.15%). 

29a: NMR (C6O 6, + 25 °C): 31 p{l H}: 6(P) = - 14.55 
(s). MS (CI + VE): 370 (M +, 68.77%). 

3.1.19. Preparation of P-PPh2-C(SiMe 3 )-PPh 2 , 26a 
2.35 g (4.06 mmol) of LiC(PPh 2)2(SiMe3) • TMEDA, 

25, in 25 ml of THF was added to 0.42 g (3.39 mmol) of 
P~ in 20ml of THF at - 7 8  °C. After warming up to 
room temperature, the suspension was stirred for 12 h. 
The solvent was replaced by pentane and, after filtration 
and evaporation of the pentane, an orange solid re- 
mained. Yield: 1.2g (31p{1H} NMR: mixture of 26a 
(50%) and HC(PPh~)2(SiMe 3) (50%)). 

3.1.16. Preparation of  As-PPh2-C(SiMe~)-PPh 2 , 26b 
and (Cl)(Ph) 2 P = C(PPh 2 )(SiMe 3 ), 27 

Method (b), solvent: THF, - 7 8  °C. 0.11 ml 
(1.32 mmol) AsC13; 1.76g (3 .04mmol)  LiC 
(PPhz)z(SiMe3). TMEDA 25. Yield: 1.3g, orange oil 
and solid (31p{1H} NMR: mixture of 26b (40%), 27 
(40%), HC(PPh2)2(SiMe 3) (20%)). 

26b: NMR (C6D6, +25°C): 31p{1H}: 6(P)= -0.51 
(s). 1H: /5(H) = 6.60-7.80 (m, 20H, Ph), -0.51 (s, 9H, 
SiMe3). MS (CI + VE): m / e  = 530 (M +, 100%). 

3.1.17. Preparation of PA-PB Ph2-C(SiMe3 )-Pc Ph2- 
C(SiMe3 )-PB Ph2, 28 

1.47 g (2.54 mmol) of LiC(PPh 2)2(SiMe3) - TMEDA, 
25, in 20ml of THF was added slowly to a solution of 
0.11 ml (1.27 mmol) PC13 in 25 ml of THF at - 7 8  °C. 
After warming up to room temperature, the suspension 
was stirred for 6 h. The solvent was replaced by pentane 
and, after filtration and evaporation of the pentane, an 
orange oil and orange crystals were obtained. Extraction 

3.1.20. Preparation of PA I(PB Ph2 )2 C(SiMe3)]f BPh4, 
30 

To a mixture of 0.398g (0.82mmol) of 26a and 
0.403 g (0.82 mmol) of 27 in 35 ml of THF obtained 
according to Eq. (18) (E = P), 0.281 g (0.82mmol) of 
NaBPh 4 was added at - 7 8  °C. After wanning to room 
temperature and stirring for 10h, the solvent was re- 
placed by pentane. After filtration and evaporation of 
pentane, traces of 27 and HC(PPh2)2(SiMe 3) remained. 
Extraction with THF leads to an orange oil. Orange 
crystals were obtained after 1 week. 30, yield: 0.40g 
(39%). 

31P{IH} NMR (C6D6+THF, +20°C): 6(PA)= 
-76.26, ~(PB)= 37.73, (AB 4 spin system IJ(PAP B) = 
137.3Hz); (C6DsCD 3 + THF, - 107°C): AB2C 2 spin 
system: 6(iP~ x) = +44.39; 6(P~ q) = +26.25; 6(P A) = 
-83.71; IJ(PAP c) = 172.0, IJ(pAP B) = 86; 2J(PBP c) = 
172.0 Hz. (The coupling constants have to be regarded 
as 'apparent coupling constants'). I1B{JH} NMR(C6D6 
+ THF, + 20°C): 6(B) = - 6.47. 



Table 10 
Structural data of" 7b, 12, 18, 21, 22, 26a,b and of the cation of 30 

7b 12 18 21 22 26a 26b 30 

Molecular formula C27 H72 AsP3Si6 C30H58P4Si 4 C22H47PsSi 2 
Molecular mass (g tool - ~ ) 733.22 655.00 522.631 
Crystal system triclinic monoclinic triclinic 

Space group P I  P 21 / n P I  
d,.,l ,. (gcm i) l.112 1.156 1.106 

a (,~) 11.776( 1 ) 9.399(1) 8.556(1 ) 

b (~,) 13.405(1) 13.516(I) 13.633(1) 

c (~,) 14.369(1) 14.827(2) 14.137(1) 
ot (deg) 78.07( 1 ) 90 88.11 ( I )  
/3 (deg) 89.50( 1 ) 92.49(I ) 89.60(I ) 
3' (deg) 80.90( 1 ) 90 72.20( 1 ) 

V (~3) 2190.7(3) 1881.8(4) 1569.2(2) 
Z 2 2 2 
/z (mm i) 1.065 0.347 0.376 
Crystal dimensions (ram 3) 0.3 X 0 . 4 x 0 . 5  0.55 x 0 . 4 0 X 0 . 2 5  0 . 3 × 0 . 2 × 0 . 2  
Data collection CAD4 CAD4 CAD4 
diffractometer 
Radiation Mo K a Mo K a Mo K a 

graphite graphite graphite 
monochromator monochromator monochromator 

Reciprocal space 0 < h _ < 1 4  - 1 1  < h < l l  1 0 _ < h < 1 0  
- 1 6 _ < k _ < 1 6  0 < k < 1 7  - 1 6 < k < 1 6  
- 17-</_< 17 0_<l_< 18 0 - < 1 <  17 

Scan mode w -  (9 w O - (9 
Independent reflections 8529 4059 6682 
Observed reflections 7281 3558 5602 
Program SHEt.XL-93 SHELXL-93 SHELXL-93 
Parameter 358 200 276 
R = EIIFol I F,.II/EI F,, 0.033 0.0363 0.0306 
wR I = [Ew(IF~,I- lEvi)2/ 
Ew(Fo)2] I/2 
wR~ = [ E w ( F , )  - t:~ ~)2 / 
Ewf F,))2] '/2 

Largest residual (e ,~-  3) 

0.0857 0.1000 0.0784 

0.466 0.358 0.247 

C 16H42 A~4P4Si2 C 14H36P4Si2 C2xH29P3Si C28H29AsP2Si CsoH78BPsSi2 
714.27 384.5 486.55 530.461 1261.261 
monoclinic monoclinic triclinic triclinic monoclinic 

P 2 1 / c  P 2 1 / m  PI  P I  P 2 1 / c  
1.529 1.157 1.260 1.346 1.185 

14.091 ( 1 ) 6.551 (2) 9.606( 1 ) 9.687( I ) 14.817( 1 ) 

8.702(1) 20.221(2) 16.227(1) 16.317(1) 18.639(I) 

13.621 ( 1 ) 8.681 (2) 17.172( 1 ) 17.274( 1 ) 25.665(2) 
90 90 106.30(2) 106.35(1) 90 
111.77( 1 ) 106.30( 1 ) 90.13(2) 90.34( 1 ) 94.08( 1 ) 
90 90 93.12(2) 92.55(1) 90 

1551.1 1104 2564.9(9) 2616.9(3) 7070.0(8) 
2 2 4 4 4 
4.545 0.44 0.286 1.481 2.06 
0 . 4 X 0 . 3 X 0 . 2 5  0 .77×0.51 ×0.31 0 . 4 5 X 0 . 4 5 X 0 . 3 0 0 . 5 × 0 . 4 × 0 . 2  0 . 3 × 0 . 3 X 0 . 5  
CAD4 CAD4 CAD4 CAD4 CAD4 

M o K a  MoK~x M o K a  M o K a  M o K a  
graphite graphite graphite graphite graphite 
monochromator monocbromator monochromator monochromator monochromator 
- 1 7 _ < h _ < 1 7  0 _ < h _ < 9  0_<h_<12  - I I < h _ < l l  - - 1 7 _ < h K 1 7  
0 < k _ < l l  0 < k _ < 2 8  - 2 1 _ < k < 2 0  - 1 9 < k _ < 1 8  0 _ < k < 2 2  
0 _ < / < 1 7  - 1 2 < l < 1 2  - 2 1 < / < 2 0  0 < 1 _ < 2 0  0 < / < 3 0  
w to w - 2 0  w - O  to 
3040 3006 II 157 9108 12373 
2525 3006 8849 7116 8783 
SHEl.X-76 SDP MOLEN SHELXL-93 SHELXL-93 
I 18 171 577 583 799 
0.0353 0.037 0.0287 0.0311 0.0403 
0.0357 0.031 0.0480 

0.52 0.40 

0.0747 0.0950 

0.33 0.845 0.348 

7' 

I 
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3.1.21. Preparation of (CI)(Ph) 2 P = C(PPh 2)(SiMe s), 
27 

Method (c), solvent: THF, - 7 8  °C. 0.24 g 
(0 .76  m m o l )  BiC13; 1.31 g (2 .26  m m o l )  
LiC(PPh2)z(SiMe3).TMEDA 25. Yield: 0.63g, red 
solid (31p{1H} NMR: mixture of 27 (45%) and 
HC(PPh2)2(SiMe 3) (55%)). 

3.2. Crystal structure analysis of  7b, 12, 18, 21, 22, 
26a,b, 30 

Crystallographic measurements were made at 
293(2)K (7b), 217(2)K (12), 296(2)K (18), 293(2)K 
(21), 193(3)K (22), 153(2)K (26a), 205(2)K (26b), 
205(2) K (30) with graphite-monochromated Mo K a  ra- 
diation (A =0.71073A) on an Enraf-Nonius CAD4- 
Turbo diffractometer. The crystals used for measure- 
ment were solids of sizes 0.30mm × 0.40mm X 
0.50 nun (Tb), 0.55 mm × 0.40 mm × 0.25 mm (12), 
0.30 mm X 0.20mm × 0.20mm (18), 0.4mm × 0.3mm 
X 0.25 mm (21), 0.77mm × 0.51 mm X 0.31 mm (22), 
0.45 mm X 0.45 mm X 0.30 mm (26a), 0.50 mm X 
0.40 mm × 0.20 mm (26b), 0.30 mm × 0.30 mm X 
0.50 mm (30). For each compound, the unit-cell dimen- 
sions (Table 10) were determined by 100 reflections of 
high diffraction angles using values between 0 = 17-21 ° 
(7b, 18, 21), 10-13 ° (26b, 30), 20-25 ° (22), 0 = 9-13 ° 
(26a). The intensity data were measured by continuous 
w-O 7b, w 12, 0-0  (18), 0 (21, 22 and 30), to-20 
(26a) and to--0 (26b) scans. Measured data were cor- 
rected for Lorentz and polarization effects [48]. The 
structures were solved by direct methods [49]. Refine- 
ment was done by the full-matrix least squares method. 
The calculations were performed using SHELXL-93 (7b, 
12, 18, 26b, 30) [50], SHELX-76 (21), ~OLEN (26a) [51], 
SDP (22)[52]. Empirical absorption correction was ap- 
plied using DIFABS [53] for 7b, 12, 18 and @scan based 
corrections for 21. In the structural models, all non-hy- 
drogen atoms were assigned anisotropic displacement 
parameters. The coordinates of the hydrogen atoms 
were geometrically calculated and refined using a 'tid- 
ing model' for 7b, 12, 18, 26a,b, 30. For 21, all 
hydrogen atoms were calculated in idealized geometry 
and included with isotropic contributions (U~o(fix)= 
0.08 ~2). For 22, all hydrogen atoms were found in the 
difference map calculated from the model containing all 
non-hydrogen atoms. The hydrogen positions were re- 
fined with individual isotropic temperature parameters. 
Tables of H atom coordinates and thermal parameters 
and a complete list of bond lengths and angles have 
been deposited at the Fachinformationszentrum Karl- 
sruhe, Gesellschaft ftir wissenschaftlich-technische In- 
formationen m.b.H., D-76344 Eggenstein-Leopoldsha- 
fen, under the following numbers CSD-58646 (7b, 18, 
22), CSD 40436 (12), CSD 59325 (26a), CSD 59325 
(26b), CSD 59325 (30). For 21, atomic coordinates, 

bond lengths and angles, and thermal parameters have 
been deposited at the Cambridge Crystallographic Data 
Centre. 
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