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Abstract: By appropriate choice or design of ligands it is possible to place main 
group elements in low coordination number and/or low oxidation state environments. 
For example, reactive main group entities such as phosphinidenes and arsenidenes can 
be stabilized by coordination to carbenes; they can also serve as ligands in d- and f- 
block metal complexes. Main group fragments can also be incorporated into ring 
systems and clusters. 

Introduction 
The overarching theme of this lecture is the chemistry of low coordination number, low oxidation state 
fragments of the types RE and RM (E = group 15 element; M = group 13 element). Like the familirr 
carbenes and carbynes, such fragments are, m principle, capable of incorporation into the coordination 
spheres of d- and f-block metal complexes. Considerable progress has been made recently m the realm of 
terminal phosphinidene complexes,' which, like the lighter congeneric imido complexes, can exist in angular 
and linear forms. The first examples of an& and linear3 terminal phosphinidene complexes were 
reported in 1987 and 1990, respectively, Smce then, it has been demonstrated that the (dox)3Ta fragment 
(silox = f-Bu3SiO) will support terminal PPh and AsPh  group^,^ and the tetradentate triamidoamine ligand 
[(Me3 SiNCHZCHz)3IVJ' has been used' to stabilize a number of linear Ta=P-R moieties. Supplemental 
Lewis base coordination has also proved to be an effective strategy for the stabilization of terminal 
phosphinidenes, particularly those i n v o h g  early transition metals6 and f-block elements.' 

It has been known for several years' that Me3P is sufficiently nucleophilic to depolymerize the 
cyclopolyphosphines (CF9)4,5 and afford the phosphinephosphinidene complex, MeS+PCF3. Very 
recently, it has become clear that stabilized carbenes are also sufficiently nucleophilic to effect the 
depolymeization of cyclopolyphosphines and cyclopolyarsines and thus produce carbene-phosphinidene and 
carbenearsenidene complexes 1 - 5; the first examples of p-block pnictiuidenes. 

1, R =  R' =Me;E = P;R" = Ph; n = 5 

2, R =  Mes;R' = H; E = P; R" = Ph;n = 5 

3, R = Mes; R' = H; E = P; R" = CF3; n = 4 

4, R =  Mes; R' =H; E =As; R" = Ph;n = 6 
5, R =  Mes; R' = H;E = P; K' = CgFg; n =  4 

765 



766 A. H. COWLEY 

Should the foregoing compounds be regarded as phosphaalkenes and arsaalkenes (i. e. structure 6) or as 
carbene-pnictinidene complexes (i. e. structure 7)? 

R R 
I I$-i; 
I R 
R R 

6 7 

X-ray crystallographic studies on 1 - 5 revealed that the carbon-phosphorus or carbon-arsenic bond 
lengths are merely - 4% longer than those of typical single bonds. Moreover, in contrast to the planar 
phosphaalkenes and arsaalkenes there is a 26 - 46" angle of twist between the E-R moieties and the 
imidazole ring. Further support for the predominance of structure 6 stemmed from the upfield 31P chemical 
ShiRs of 1 - 3 and the low oxidation potential of 2." However, since the most conspicuous difFerence 
between structures 6 and 7 is the number of phosphorus lone pairs, it was decided to treat 2 with BH3-THF. 
The exclusive formation of the bigborane) adduct 8 is consistent with the carbene-phosphinidene model 6." 
The reactivity patterns of carbene-pnictinidenes are currently being studied; however, it has already been 

R R 
I I BH3 g$-$( 2 BH3.THF b " & 3 H 3  

N' k I 
R 

R' I 
R 

8 2 

established that 2 wiU react with (CF3P)d to afford 3 and with BPh3 to produce carbeneBPh3 and (PPh),, (n 
= 3,4,5), thus suggesting the potential utility of carbene-phosphinidenes as phosphinidene transfer reagents. 

Another way to stabilize ER and MR moieties is by incorporation into cyclic structures. The germylene, 
1,3-di-tert-butyl-1,3,2-diazagermol-2-ylidene (9)", is proving to be a particularly usehl reagent for the 
introduction of a variety of main group fiagments. For example, 9 reacts with group 15 trihalides to afford 
cyclic phosphenium and arsenium cations 10a,b. l2 Although the mechanism of this reaction has not been 

ISU tBU 

I I 

I I 
tBU tBU 

9 10a (E =P); 10b (E = As) 

elucidated, it is obvious that a redox process is involved because germanium is oxidized fiom the +2 to the 
+4 state. Since it was not clear whether the ionization of the E-Cl bonds was prompted by the presence of 
the Lewis acid GeCL or whether autoionization had taken place, it became important to seek an alternative 
synthetic approach to these systems. The following metathesis reactions proceed in good yields and an X- 
ray crystal structure analysis of [lOa][Cl] revealed that the P . . . C1 separation (2.715(2) A) is considerably 
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10a (E =P);lOb (E = As) 

shorter than that of typical P(III)-Cl bonds (-2.1 A), i.e. autoionization has taken place. The saturated 
analogues lla,b can also be prepared by the metathesis route and, interestingly, the P-C1 distance in l l a  
(2.425(5) A) is also longer than that of normal P(III)-Cl bonds, but shorter than that in 10a. There is thus 
an intriguing parallel with carbene chemistry in the sense that the unsaturated imidazol-2-ylidenes, 12 
(Arduengo type)13 are more stable as monomers than the C-C saturated analogues, 13 (Wanzlick type).14 

The electronic structures of stable carbenes 
R 
I 

(12) have attracted considerable recent R 
attention, the principal questions being I 

t" 
">c ">c 

whether and to what extent there is electron 
delocalization in these 6-7t electron 
 system^.'^ Since group 15 cations (14) and 
group 13 anions (16) are isoelectronic with 

l l a p = p ) ; l l b p = A s )  similar questions arise regarding the 

As pointed out in the case of cyclic 
nitrenium ions,16 the heavier group 15 
cations" are expected to exhiiit more R-N 

14 analogues (15) because of the 
existence of a formal positive change at 
the group 15 center. The C-C bond 
distancesin 10a (1.330(6) A) and 10b 
(1.36(2) A) are very similar to those in the isoelectronic dylene (1.347(2) A)" and germylene (1.36(1) A)" 
and correspond to localized double bonds. Moreover, the P-N bond distance in 10a (1.651(4) A) is longer 
than that in the acyclic phosphenium cation [(i-PrzNhp]* (av. 1.613(4) A)'* and, interestingly, the P-N and 
As-N bond distances in 10a,b are longer than those in the analogous saturated cations lla,b. Overall, 
therefore, the metrical parameters for the cations provide little support for extensive delocahtion. It wiu, 
of course, be interesting to prepare and structurally characterize a group 13 anionic species (16). So far, we 
have prepared a gallium-gallium bonded derivative (17) by the metathetical route shown be10w.I~ Efforts 
are underway to isolate the anion resulting from two-electron reduction of 17. 

N 
I 

tBU 

N 
I 
R 

possibility of circumannular delocahtion. 12 13 

N 
I 
R the carbenes and heavier congeners (15), 

R-N rn 
\G/N-R 

A m  \i/N-R R- "\ X /N-R extensive delocalization than the group 

15 16 14 

@=N6>P,As)  (X = U2, Si17, MI) (X = B, Al, Ga) 

17 
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