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Anthony Hill joined Gordon Stone’s research group as a post-

doctoral research assistant from 1986-8 in the halcyon days of the

‘‘E317’’ lab at the University of Bristol. The supportive environment

of creative and imaginative synthetic design that Gordon fostered in

Bristol was unparalleled, quite without apology for the pursuit of

curiosity-driven science that bordered on molecular fine arts. In

1996 Gordon handed over the reins of Advances in Organometallic

Chemistry, the journal series, now running to some 60 volumes,

which Gordon inaugurated in 1964 with Bob West. During

Gordon’s mid-career phase, when he had a mere 400 publications

to his name, carbyne chemistry held special interest for him. The

work to follow reflects the enthusiasm those times engendered in

this intriguing class of compounds.

Keywords: alkylidyne, carbido, carbyne, metallacumulene, tricarbido

Abbreviations: Cp¼ g5-C5H5, Cp0 ¼ g5-C5HxCl5-x, Tp¼ hydrotris

(pyrazolyl)borate, Tp� ¼ hydrotris(dimethylpyrazolyl)borate, pz¼
pyrazol-1-yl, TBAF¼ [nBu4N]F (1.0M in THF)

Address correspondence to Anthony F. Hill, Research School of Chemistry, Institute

of Advanced Studies, Australian National University, Canberra, ACT 0200, Australia.

E-mail: a.hill@anu.edu.au

Comments on Inorganic Chemistry, 31: 121–129, 2010

Copyright # Taylor & Francis Group, LLC

ISSN: 0260-3594 print

DOI: 10.1080/02603594.2010.517474

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



METALS LINKED BY AN ODD NUMBER OF CARBON ATOMS

Through the work of inter alia, Bruce, Gladysz, Dixneuf, Templeton,

Akita and Lapinte, the study of bimetallic compounds in which two

metal centers are spanned by a single linear chain of carbon atoms,

‘‘dimetallapolycarbyls’’ has matured enormously.[1] The rapid advances

in this field owe much to the existence of robust methodologies for the

manipulation of organic alkynes and poly-ynes that could be readily

adapted to afford organometallic analogues. A corollary of this reliance

on alkyne chemistry, which effectively delivers carbon in units of two

(‘‘C�C’’), was that by the outset of our studies the overwhelming

majority of examples were based on bimetallics bridged by even-

numbered carbon chains with localised poly-yn-diyl bonding manifolds

(Figure 1).

A small number of monocarbido[2] and tricarbido[3] bimetallics had

been reported in addition to one somewhat unstable pentacarbido exam-

ple.[3c] This situation presented a challenge for the further development

of ‘‘dimetallapolycarbyl’’ chemistry in that one driving force had pre-

viously been the possibility of electronic communication between

metal centers. Such communication should certainly be enhanced by

the presence of metal-carbon multiple bonding that simple electronic

bookkeeping indicates is essential for odd-numbered carbon chains.

We therefore set about attempting to prepare bimetallic complexes

Figure 1. (a) Poly-yn-diyl, cumulenic and poly-yn-diylidyne (bis-carbyne) descriptions of

dimetallapolycarbyls. (b) Selected bimetallic monocarbido complexes. (c) Selected bimet-

allic tricarbido complexes.
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spanned by odd numbered carbon chains via routes that might promise a

degree of general applicability.

TRICARBIDO COMPLEXES

Given that expedient routes to propargylidynes [LnM�C-C�C-R] had

been previously developed by Stone,[4] these reagents appeared to be

ideal pre-fabricated ‘‘C3’’ building block. In particular, the possibility

of fluoride-mediated protodesilylation of silyl propargylidynes [LnM�
C-C�C-SiMe3]

[4b] appeared to offer the possibility of generating either

parent propargylidyne species [LnM�C-C�C-H] or their conjugate

bases [LnM�C-C�C]– (Scheme 1). In practice, both species are gener-

ated when moist TBAF is used to desilylate a variety of silylpropargyli-

dyne complexes. Whilst neither species could be isolated, they could

be trapped by suitable transition metal complexes.[5–8] When suitable

metal halide complexes were employed, simple halide metathesis

occurred. However, when electron-rich complexes devoid of labile halide

ligands were employed, e.g., [Ru(CO)2(PPh3)3] or [Ir(C�CPh)

(CO)(PPh3)2], C�H activation occurred to afford hydrido-tricarbido

complexes. In the case of Vaska’s complex, [IrCl(CO)(PPh3)2], both pro-

cesses occurred to afford bis(tricarbido)iridum species [IrH(C�C-C�
W(CO)2L)2(CO)(PPh3)2] (L¼Tp, Tp�).[6]

The uncertainty as to whether the silypropargylidyne=TBAF combi-

nation would perform as [LnM�C-C�C-H] or [LnM�C-C�C]– could be

overcome by the synthesis of crystalline gold[7] or mercury[8] tricarbido

derivatives, which serve as tricarbido transmetallating agents towards

rhodium,[9] ruthenium,[10] iridium[11] and platinum complexes

(Scheme 2).[12]

Scheme 1. Synthesis of bimetallic tricarbido complexes via fluoride mediated protodesilyla-

tion of propargylidynes (selected examples).
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DIMETALLAOCTATETRAYNES AND DIMETALLAHEXATRIYNES

Whilst exploring transmetallation reactions with the tricarbido mercur-

ials, we encountered an unusual reaction in which Vaska’s complex

afforded a bis(tricarbido)iridium(III) species, which included a chloro-

mercurio ligand (Scheme 3).[11] The corresponding reaction with the

rhodium analogue however took a different course: [RhCl(CO)(PPh3)2]

is known to catalytically demercurate bis(alkynyl)mercurials providing

Scheme 3. Catalytic demercuration of bis(tricarbido) mercurials.

Scheme 2. Synthesis of gold and mercury tricarbido transmetallating agents.
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1,3-diynes[13] and a similar sequence operates with bis(tricarbido)mercur-

ials to afford the first examples of dimetallaoctatetraynes (Scheme 3).[9]

The cis-reductive elimination of two tricarbido units from rhodium is

mechanistically implicit in the formation of these species and it is there-

fore remarkable to note that the reactions of these octatetraynes with

[Ru(CO)2(PPh3)3] results in insertion of the ruthenium center into the

central single bond of the poly-yne spine.[10]

The synthesis of dimetallaoctateraynes via [3þ 3] reductive elimin-

ation suggested a potential route to dimetallahexatriynes via a [3þ 1]

reductive coupling strategy. The reaction of Lalor’s halocarbyne complexes

[Mo(�CX)(CO)2Tp
�] (X¼Cl, Br)[14] with [Pt(C2H4)(PPh3)2] affords

either the bridging carbyne complex [MoPt(l-CCl)(CO)2(PPh3)2Tp
�] or

the bimetallic carbido complex [MoPt(l-C)Br(CO)2(PPh3)2Tp
�]. The

latter upon treatment with Hg{C3W(CO)2Tp
�}2 affords the unsymmetric

complex [WMo(l-C4)(CO)4TpTp
�] (Scheme 4).[15]

CARBIDO COMPLEXES AND LITHIATED CARBYNES

The typical reactions of Lalor’s halocarbyne complexes involve nucleo-

philic (‘‘Nu–’’) substitution of the halide substituent,[16] a process which

may be catalyzed in some cases by palladium(0).[17] An alternative

method for the C-functionalization of halocarbynes involves low tem-

perature lithium-halogen exchange with nBuLi, an approach that effects

a carbyne ‘‘umpolung’’ such that substituents may be introduced in elec-

trophilic (‘‘Eþ’’) form (Scheme 5).[18] This affords convenient, ‘‘one pot’’

access to a wide range of main group element substituted carbyne

Scheme 4. Synthesis of a dimetallahexatriyne.
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complexes from a single common intermediate, including examples

based on boron, carbon, silicon, germanium, tin, lead, sulfur, selenium

and tellurium.

Furthermore, transition metal electrophiles may be employed,

thereby affording a direct route to bi and trimetallic carbido bridged

complexes (Scheme 6). Amongst these, the mercury derivative

Hg{C�Mo(CO)2Tp
�}2 is noteworthy in that in keeping with the catalytic

demercuration of bis(tricarbido)mercurials described above, treating

this species with [RhCl(CO)(PPh3)2] results in the mercury-free

ethane-diylidyne complex thereby completing the bis(carbyne) series

[M2(l-Cn)(CO)4L2] (n¼ 2,4,6; L¼Tp, Tp�; M¼Mo, W).

The reaction of the lithiated carbyne with elemental chalcogens

affords a convenient route to the chalcocarbonyl metallates

[Mo(CE)(CO)2Tp
�]– (E¼ S, Se, Te).[18] In keeping with the reactions

of alkynylselenolates with metal halides,[20] the anionic selenocarbonyl

complex reacts with a variety of transition metal halides to afford isose-

lenocarbonyl bridged bimetallics. In the case of Vaska’s complex, whilst

an isoselenocarbonyl might be a plausible intermediate, this undergoes

subsequent insertion of iridium into the C–Se bond to afford a novel

bis(carbido) complex based on an Ir2Se2 tetrahedrane core (Scheme 6).

Scheme 5. Electrophilic installation of carbyne substituents via umpolung.

Scheme 6. Selenocarbony, isoselenocarbonyl and carbido complexes.
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CONCLUSIONS

Synthetic routes have been developed allowing access to a wide range of

bi- and polymetallic species, which are bridged by carbido or tricarbido

units. A tangent to this program has involved the observation that

halogen-lithium exchange processes operate for halocarbyne ligands,

resulting in an umpolung of the conventional reactivity of these carbon

centers and allowing the introduction of diverse carbyne substituents

in electrophilic form, including further transition metals.

ACKNOWLEDGEMENTS

This work was supported by the Australian Research Council

(DP0556236 and DP0881692).

REFERENCES

1. Bruce, M. I. and P. J. Low. 2004. Transition metal complexes containing

all-carbon ligands. Adv. Organomet. Chem., 50: 179–444.

2. (a) Mansuy, D. 1980. New iron-porphyrin complexes with metal-carbon

bond. Biological implications. Pure Appl. Chem., 52: 681–690; (b) Hejl, A.,

T. M. Trnka, M. W. Day, and R. H. Grubbs. 2002. Terminal ruthenium car-

bido complexes as r-donor ligands. Chem. Commun., 2524–2525; (c)

Etienne, M., P. S. White, and J. L. Templeton. 1991. An agostic l-methyne

molybdenum-iron complex from protonation of a l-carbide precursor,

Tp0(CO)2Mo�CFe(CO)2Cp. J. Am. Chem. Soc., 113: 2324–2325; (d) Latesky,

S. L., J. P Selegue. 1987. Preparation and structure of [(Me3CO)3W�
C-Ru(CO)(Cp)], a heteronuclear, l2-carbide complex. J. Am. Chem. Soc.,

109: 4731–4733; (e) Miller, R. L., P. T. Wolczanski, and A. L. Rheingold.

1993. Carbide formation via carbon monoxide dissociation across a

tungsten-tungsten triple bond. J. Am. Chem. Soc., 115: 10422–10423.

3. (a) Weng, W., J. A. Ramsden, A. M. Arif, and J. A. Gladysz. 1993. A new

form of coordinated carbon: An unsupported linear C3 chain spanning two

different transition metals. J. Am. Chem. Soc., 115: 3824–3825; (b)

Woodworth, B. E. and J. L. Templeton. 1996. Dinuclear molybdenum and

tungsten C3-bridged complexes with metal-carbon multiple bonds. J. Am.

Chem. Soc., 118: 7418–7419; (c) Bartik, T., W. Weng, J. A. Ramsden,

S. Szafert, S. B. Falloon, A. M. Arif, and J. A. Gladysz. 1998. New forms

of coordinated carbon: Wire-like cumulenic C3 and C5 sp carbon chains that

span two different transition metals and mediate charge transfer. J. Am.

Chem. Soc., 120: 11071–11081.

THE ODD BIT OF CARBON 127

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



4. (a) Hart, I. J., A. F. Hill, and F. G. A. Stone. 1989. Synthesis of alkynylmethy-

lidynemolybdenum and -tungsten complexes and their reactions with octa-

carbonyldicobalt and hexacarbonylbis(g-cyclopentadienyl)dimolybdenum.

J. Chem. Soc. Dalton Trans., 2261–2267; (b) Schwenzer, B., J. Schleu, N.

Burzlaff, C. Karl, and H. Fischer. 2002. Alkynylcarbyne complexes contain-

ing various tri- and bidentate ligands such as cyclopentadienide, tris(pyrazo-

lyl)borate, bis(pyrazolyl)acetate and tmeda: Synthesis and spectroscopic

properties. J. Organomet. Chem., 641: 134–141.

5. Dewhurst, R. D., A. F. Hill, and M. K. Smith. 2004. Heterobimetallic C3

complexes through silylpropargylidyne desilylation. Angew. Chem., Int. Ed.,

43: 476–478.

6. (a) Dewhurst, R. D., A. F. Hill, and A. C. Willis. 2004. A bis(tricarbido)

complex of iridium and tungsten: [IrH(C�CC�W(CO)2{HB(pz)3})2
(CO)(PPh3)2]. Organometallics, 23: 1646–1648; (b) Dewhurst, R. D., A. F.

Hill, and A. C. Willis. 2004. Bi- and tetranuclear tricarbido complexes:

l,r:r0 and l,r:r:p.?. coordination of bridging C3 ligands. Organometallics,

23: 5903–5906.

7. Dewhurst, R. D., A. F. Hill, and M. K. Smith. 2005. Neutral and anionic

tricarbido complexes of gold(I). Organometallics, 24: 5576–5580.

8. Dewhurst, R. D., A. F. Hill, and A. C. Willis. 2004. A mercury bis(tricarbido)

complex: [Hg{C�C-C�W(CO)2Tp}2(dmso)4](dmso)2 (Tp¼ hydrotrispyra-

otrispyrazolylborate). Chem. Commun., 2826–2827.

9. Dewhurst, R. D., A. F. Hill, and A. C. Willis. 2005. Stoichiometric and

catalytic demercuration of bis(tricarbido)mercurials: The first dimetallaocta-

tetraynes. Organometallics, 24: 3043–3046.

10. (a) Dewhurst, R. D., A. F. Hill, A. D. Rae, and A. C. Willis. 2005. Reactions of

bis(tricarbido)mercurials and dimetallaoctatetraynes with [Ru(CO)2-

(PPh3)3]: Scission of a Csp-Csp single bond. Organometallics, 24: 4703–4706;

(b) Dewhurst, R. D., A. F. Hill, and M. K. Smith. 2005. Regioselective dime-

tallapolycarbyl hydrometalation. Organometallics, 24: 6295–6297.

11. Dewhurst, R. D., A. F. Hill, and A. C. Willis. 2009. Iridium tricarbido

complexes via transmetallation with tricarbidomercurials. Dalton Trans.,

3384–3387.

12. Dewhurst, R. D., A. F. Hill, and A. C. Willis. 2009. The interplay of

bis(tricarbido) and dimetallaoctatetrayne complexes of platinum. Organome-

tallics, 28: 4735–4740.

13. (a) Bedford, R. B., A. F. Hill, A. R. Thompsett, A. J. P. White, and

D. J. Williams. 1996. Transalkynylation and catalytic demercuration of

bis(alkynyl)mercurials: two alternative mechanisms. Chem. Commun.,

1059–1060; (b) Hill, A. F., M. C. J. Harris, and R. P. Melling. 1992. On

the reactions of carbonylchlorohydridotris(triphenylphosphine)ruthenium

with bis(alkynyl) mercurials. Polyhedron, 11: 781–787.

128 A. F. HILL ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



14. Desmond, T., F. J. Lalor, G. Ferguson, and M. Parvez. 1983. A new carbyne

ligand: synthesis of novelmolybdenum(IV) and tungsten(IV) complexes contain-

ing terminal halomethylidyne ligands: X-ray crystallographic characterization

of g 1-chloromethylidyne(dicarbonyl)[tetrakis(1-pyrazolyl)borato]molybdenum

(IV). J. Chem. Soc. Chem. Commun., 52: 457–459.

15. Hill, A. F. and R. D. Dewhurst. unpublished results.

16. (a) Cordiner, R. L., A. F. Hill, and J. Wagler. 2008. Reactions of [Mo(�
CBr)(CO)2{HB(pzMe2)3}] (pz¼ pyrazol-1-yl) with amines: Synthesis of

amino, pyridinium and thiolato carbyne complexes. Organometallics, 27:

4532–4540 and refs therein; (b) Caldwell, L. M. 2008. Alkylidyne complexes

ligated by poly(pyrazole)borates. Adv. Organomet. Chem., 56: 1–94.

17. (a) Bruce, M. I., M. L. Cole, M. Gaudio, B. W. Skelton, and A. H. White.

2006. Some complexes containing carbon chains end-capped by M(CO)2Tp
0

[M¼Mo, W; Tp0 ¼HB(pz)3, HB(dmpz)3] groups. J. Organomet. Chem., 691:

4601–4614; (b) Cordiner, R. L., P. A. Gugger, A. F. Hill, and A. C. Willis.

2009. Phosphino and phosphonito carbyne complexes: [Mo(�
CX)(CO)2{HB(pzMe2)3}] (X¼PPh2, P(:O)(OEt)2; pz¼ pyrazol-1-yl).

Organometallics, 28: 6632–6635.

18. Cordiner, R. L., A. F. Hill, and J. Wagler. 2008. Facile generation of

lithiocarbyne complexes: [M(�CLi)(CO)2[HB(pzMe2)3]] (M¼Mo, W;

pz¼ pyrazol-1-yl). Organometallics, 27: 5177–5179.

19. Colebatch, A. L., R. L. Cordiner, A. F. Hill, K. T. H. D. Nguyen, R. Shang,

and A. C. Willis. 2009. A bis-carbyne (ethane-diylidyne) complex via the

catalytic demercuration of a mercury bis(carbido) complex. Organometallics,

28: 4394–4399.

20. Bedford, R. D., P. J. Dyson, A. F. Hill, A. G. Hulkes, and C. J. Yates. 1998.

Alkyneselenolate vs. selenoketenyl coordination: Synthesis and reactivity of

[Ir(SeC�CC6H4Me-4)(CO)(PPh3)2]. Organometallics, 17: 4117–4120.

21. (a) Caldwell, L. M., A. F. Hill, A. D. Rae, and A. C. Willis. 2008. Alkynylse-

lenolatoalkylidynes: [Mo(�CSeC�CR)(CO)2{HB(pzMe2)3}] (R¼CMe3,

SiMe3; pzMe2¼ 3,5-Dimethylpyrazol-1-yl). Organometallics, 27: 341–345;

(b) Caldwell, L. M., A. F. Hill, J. Wagler, and A. C. Willis. 2008. Isoseleno-

carbonyls via acetylenic C-Se activation. Dalton Trans., 3538–3541; (c) Cade,

I. A., A. F. Hill, and C. A. M. McQueen. 2009. Iridium-molybdenum carbido

complex via C-Se activation of a selenocarbonyl ligand: (l-Se2)
[Ir2{C�Mo(CO)2(Tp

�)}2(CO)2(PPh3)2] (Tp� ¼ hydrotris(dimethylpyrazolyl)

borate). Organometallics, 28: 6639–6641.

THE ODD BIT OF CARBON 129

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1


