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Propargylidyne and Pentadiynylidyne Poly-functionalised 
Polycyclic Aromatic Hydrocarbons 
Benjamin J. Frogley and Anthony F. Hill* 
Abstract: The Pd0/AuI mediated [C1 + C2] cross-coupling reactions of 
[W(≡CBr)(CO)2(Tp*)]  (Tp* = hydrotris(dimethylpyrazolyl)borate) and 
trimethylsilylethynyl-substituted arenes afford new polycyclic aromatic 
hydrocarbon propargylidynes [W(≡CC≡CR)(CO)2(Tp*)] (R = 9-
anthracenyl, 1-pyrenyl). The strategy extends to the first 
bis(propargylidyne) and bis(pentadiynylidyne) complexes bridged by 
phenyl or anthracenyl spacers, and to a tetrakis(propargylidyne) 
connected through a pyrene core. 

Polynuclear frameworks bearing alkynylmetal linkages, 
LnM–C≡C–R, have been widely explored for their bountiful 
electronic, optical and photochemical/photophysical 
properties arising from the interaction between the metal 
centre and the moderately Lewis p-acidic ligand p-system.[1] 

Incorporation of polycyclic aromatic hydrocarbons as the 
alkynyl ‘R’ substituent offers a further means of introducing 
photoactive functionality, the judicious variation of which 
provides a powerful means of moderating or ‘tuning’ the 
desired properties.[2] 

Propargylidynes, LnM≡CC≡CR,[3] constitute a sub-class 
of carbyne complexes which feature conjugated M≡C and 
C≡C triple bonds. The vast majority of the known examples 
have been accessed via Fischer-type protocols that install 
the alkynyl group right at the outset,[4] and must endure 
aggressive subsequent reagents in both the carbyne 
formation step ([Me3O]BF4, BBr3, (CF3CO)2O etc.) and 
subsequent co-ligand elaboration of the resulting 
thermolabile intermediates. These synthetic design 
constraints have rather deterred the inclusion of one or more 
propargylidyne linkages in extended organometallic 
assemblies (cf. poly alkynyls). This is unfortunate in that 
frameworks bearing propargylidynyl linkages would connect 
extended ligand p-systems with a far more strongly p-acidic 
M≡C alkylidyne interaction. These enhanced metal-ligand p-
interactions should in turn significantly influence associated 
electro-optical properties (e.g., MLCT, IMCT, NLO etc.).  

Recently, it was shown that a single propargylidyne 
substituent could be installed late in a synthetic sequence via 
Pd0/CuI mediated cross-coupling of various terminal alkynes 
with the bromocarbyne complex [W(≡CBr)(CO)2(Tp*)] (1, Tp* 
= hydrotris(dimethylpyrazolyl)borate),[5] building on Bruce’s 
observation of the stoichiometric reaction of a pre-formed 
alkynylgold complex [Au(C≡CC6F5)(PPh3)] with 
[Mo(≡CBr)(CO)2(Tp*)] to afford [Mo(≡CC≡CC6F5)(CO)2-
(Tp*)].[6] We considered that such strategies might in 
principle open the synthetic log-jam retarding the inclusion of 
one or more propargylidyne units within extended 
organometallic p-systems. Herein we demonstrate that 

refinements of this strategy do indeed provide the first 
examples of bis- and poly(propargylidyne) complexes 
constructed about aromatic ‘cores.’ Furthermore, the 
methodology also affords access to novel pentadiynylidyne 
analogues.[7] 

The Sonogashira alkyne synthesis[8] has provided a rich 
library of alkynylsilanes en route to terminal alkynes via 
desilylation and this protocol has underpinned the synthesis 
of numerous building blocks employed in polymetallic 
poly(alkynyl) chemistry. Our recent propargylidyne 
installation protocol employed terminal alkynes[5] which for 
the targets to follow would have required the isolation of poly-
ynes many of which are prone to decomposition. We 
therefore considered whether the desired terminal alkyne or 
alkynylcopper reagent might be generated in situ directly 
from an alkynylsilane. A solution of 1, 9-(2-trimethylsilyl-
ethynyl)anthracene, [Pd(PPh3)4] (10 mol%) and CuI (10 
mol%) in a 1:1 mixture of triethylamine and tetrahydrofuran 
was treated with [NBu4]F (TBAF, hereafter ‘standard 
conditions’) resulting in the formation of [9-
{(Tp*)(CO)2W≡CC≡C}C14H9] (2, 52% post chromatography). 
This method therefore obviates the isolation of 9-
ethynylanthracene which is highly unstable and susceptible 
to polymerisation.[9] In a similar manner, the reaction of 1 with 
1-(2-trimethylsilylethynyl)pyrene furnishes the related 
propargylidyne with a terminal pyrene group, [9-{(Tp*)(CO)2-

W≡CC≡C}C16H9] (3) in comparable yield (Scheme 1). 
Selected characterisational data for 2, 3 and all other new 

compounds are presented in Table 1 (See also Supporting 
Information). Two intense nCO absorptions can be identified 
in the infrared spectra of 2 (1981, 1894) and 3 (1981 1893 
cm-1), respectively, although the expected nC≡C absorptions 
were too weak to reliably identify.[3] The 1H and 13C{1H} NMR 
spectra include signals relating to the Tp* ligand in the usual 
2:1 ratio (local Cs-symmetry). Five proton resonances and 
eight carbon resonances correspond to the anthracenyl 
terminus in 2, which contrasts with the restricted rotation of 
the anthracenyl group inferred for the shorter “C1” analogue 
[9-{(Tp*)(CO)2W≡C}C14H9].[10] Along the W≡CaCb≡Cg 
propargylidyne chain, the carbon nuclei resonate at dC = 
245.3(a), 118.6(b) and 67.5(g), respectively, in 2 and at dC = 
246.0, 113.1 and 69.9, respectively, in 3, well within the 
expected range for aryl-terminated propargylidynes.[3]  

The molecular structure of 2 (Figure 1) reveals localised, 
alternating single and triple bonds along the propargylidyne 
spine. The fairly short W1–C1 (1.856(6) Ȧ) 
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Scheme 1. Palladium mediated synthesis of mono-, bis- and tetrakis 
propargylidynes. Conditions: [Pd(PPh3)4], CuI, Et3N, THF, [nBu4N]F, R.T. 

Table 1. Selected spectroscopic and structural data for the complexes of the 
form [W(≡Ca–Cb≡Cg–R)(CO)2(Tp*)].  

 2 3 4 5 6 9 

dCa  a 245.3 246.0 245.8 244.7 245.4 
 

243.8 

dCb  a 118.6 113.1 106.9 117.6 118.4 103.6  
dCg a 67.5 69.9 70.2 68.3 68.6 56.3 

rW≡Ca b 1.856(6)  1.849(7) 1.842(5)   

rCa–Cb b 1.363(8)  1.377(10) 1.363(7)   

rCb–Cg b 1.220(9)  1.202(10) 1.220(8)   

ÐW≡C–C c 173.7(5)  171.0(6) 173.5(5)   

nCO d 1981 
1894 

1981 
1893 

1982 
1895 

1981  
1897 

1983 
1897 

1986 
1901 

a Measured in CDCl3 (ppm). b (Ȧ). c (°). d Measured in CH2Cl2 (cm–1). 

 
distance reflects the triple bond character, being similar to 
other poly(pyrazolyl)borate-ligated tungsten carbynes.[11] 
The C1–C4 (1.363(8) Ȧ) and C5–C6 (1.423(8) Ȧ) distances 
are indicative of localised single bond character, while the 
nestled in the cleft between two dimethylpyrazolyl groups of 
an adjacent molecule, precluding p-stacking interactions that 
might otherwise have been expected.short C4–C5 (1.220(9) 
Ȧ) distance is characteristic of a C≡C triple bond. The crystal 
packs with anthracene groups nestled in the cleft between 
two dimethylpyrazolyl groups of an adjacent molecule, 
precluding p-stacking interactions that might otherwise have 
been expected. 

Figure 1. Molecular structure of 2 (50% displacement ellipsoids, H-atoms 

omitted, pyrazolyl groups simplified). Selected distances [Ȧ] and angles 

[°]: W1–C1 1.856(6), C1–C4 1.363(8), C4–C5 1.220(9), C5–C6 1.423(8), 

W1–C1–C4 173.7(5), C1–C4–C5 175.6(7). 

 
The challenge of multiple propargylidyne installation was 

next addressed, given that there is only a single previous 
example of a bimetallic bis(propargylidyne), viz. 
[Ph2Si{C≡CC≡W(CO)2(Tp*)}2] based on a (non-conductive) 
SiPh2 bridge.[5] A mixture of 1 with half an equivalent of 1,4-
bis(2-trimethylsilylethynyl)benzene (standard conditions) 
provided the yellow-green 1,4-bis(propargylidynyl)benzene 
[1,4-{(Tp*)(CO)2W≡CC≡C}2C6H4] (4, 69%). The 1H NMR 
spectrum of 4 confirms that each end of the carbon-rich chain 
is chemically equivalent to the other, with the Tp* ligand 
giving rise to a single set of signals in the expected 2:1 ratio. 
A lone singlet in the aromatic region (dH = 7.36, 4 H), 
confirmed the symmetrical 1,4-disubstitution pattern. In the 
13C{1H} NMR spectrum, the resonances along the WCCC 
‘chain’ appear at 245.8(a), 106.9(b) and 70.2(g) ppm, 
respectively. The centrosymmetric molecular structure of 4 
(Figure 2) provides further evidence of the connectivity and 
the geometric features of the crystallographically identical 
‘WCCC’ propargylidyne chains, which conform to localised, 
alternating triple and single bonds. 

The reaction between 1 and half an equivalent of 9,10-bis(2-
trimethylsilylethynyl)anthracene[12] under the standard conditions 
similarly results in the formation of the intensely dark purple 
bis(propargylidynyl)anthracene complex [9,10-
{(Tp*)(CO)2W≡CC≡C}2C14H8] (5, 46%, Scheme 1, Figure 2b). As 
with 4, the two ends of the WC3(C14H8)C3W chain in 5 are 
magnetically (and crystallographically) equivalent. The carbyne 
carbon resonates at 244.7 ppm in the 13C{1H} NMR spectrum, with 
Cb and Cg being located further up-field at dC = 117.6 and 68.3, 
respectively, differing from those for 2 by, at most, 1 ppm. The 
molecular structure of 5 (Figure 2b) reveals that bond distances 
along the propargylidyne chains reflect alternating localised rather 
than anthraquinoidal bond character with the C1–C4 distance 
falling within the range typical of the ‘single’ bond of 1,3-diynes 
(ca 1.36-1.38 Å). 

This protocol could also be extended to the synthesis of 
poly(propargylidynes): The reaction of 1 with one-quarter an 
equivalent of 1,3,6,8-tetrakis[2-(trimethylsilyl)ethynyl]pyrene 
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 Figure 2. Centrosymmetric molecular structures of  (a) 4 in a crystal of 
4.(CHCl3)2 and (b) 5 in a crystal of 5.(C7H8)4 (50% displacement ellipsoids, 
crystallographic inversion centres (4: ½,½,0; 5: 0,0, ½)  in green, hydrogen 
atoms omitted and pyrazolyl groups simplified). Selected distances [Ȧ] and 
angles [°]: (a) For 4: W1–C1 1.849(7), C1–C4 1.377(10), C4–C5 1.202(10), C5–
C6 1.423(9), W1–C1–C4 171.0(6), C1–C4–C5 177.8(8), C4–C5–C6 176.7(7). 
(b) For 5: W1–C1 1.842(5), C1–C4 1.363(7), C4–C5 1.220(8), C5–C6 1.418(7), 
W1–C1–C4 173.5(5), C4–C5–C6 176.9(6), C1–C4–C5 177.3(6) 

furnishes the dark purple complex [1,3,6,8-
{(Tp*)(CO)2W≡CC≡C}4C16H6] (6, 39%, Scheme 1) featuring no 
less than four tungsten propargylidyne groups connected through 
a central pyrene core. Each of the four tungsten centres in 6 are 
equivalent by solution infrared (CH2Cl2: nCO = 1983, 1897 cm–1) 
and NMR spectroscopies. The proton NMR spectrum contains the 
usual Tp* signatures and two singlets in the aromatic region (dH = 
8.25 (2 H) and 8.52 (4 H)) corresponding to the two pyrene proton 
environments. In the 13C{1H} NMR spectrum, signals were 
observed at dC = 245.4(a), 118.4(b) and 68.6(g) although poor 
solubility of this compound in common organic solvents meant 
some other signals were assigned only tentatively. 

The electronic spectra of 2–6 (see ESI) are each more 
complex than the simple ‘parent’ [W(≡CC≡CPh)(CO)2(Tp*)] (lmax 
= 330 (pWC ®pWC*), 487 (dxy®pWC*) nm)[5], with multiple intense 
absorbances in the ultraviolet region and strong, broad 
absorbances generally below 550 nm in the visible region. 
Despite the typically intense fluorescence associated with 
(organic) anthracene and pyrene compounds, complexes 2, 4–6 
were found to be non-emissive (or too weakly emissive to be 
observed) upon excitation at l = 330 nm or their lmax values, 
presumably as a result of quenching by the tungsten metal 
centres. The exception is 3, which has a very weak and broad 
emission at 499 nm upon ultraviolet excitation. 

 We were curious as to whether positioning the tungsten more 
remotely, by inclusion of an additional C≡C spacer, might reduce 
this influence and enable some degree of fluorescence to be 
retained. Obtaining a complex containing the WC5–Ar–C5W motif 
was a rather non-trivial task given that the first and only known 
pentadiynylidyne complex was only very recently reported[7] and 
the ‘C4’ source required for the standard protocol was previously 
unknown. Only a small number of compounds containing 9,10-
bis(butadiynyl)anthracenes have been reported,[13] and 9,10-
bis(4-trimethylsilylbuta-1,3-diyn-1-yl)anthracene or its desilylated 
derivative are not amongst them. However, adapting the 

synthesis of 9,10-bis(2-trimethylsilylethynyl)anthracene,[12] 
treating 9,10-anthraquinone with LiC≡CC≡CSiMe3 followed by 
aqueous workup gives syn-9,10-bis(trimethylsilylbuta-1,3-diyn-1-
yl)-9,10-dihydroanthracene-9,10-diol (7, Scheme 2, Figure 3a). 
The anti isomer is presumably also formed but we have not yet 
succeeded in isolating this via chromatography. Subsequent 
reduction with tin(II) chloride in ethanolic acetic acid aromatises 
the central anthracene ring to provide the requisite 9,10-
bis(trimethylsilylbuta-1,3-diyn-1-yl)anthracene (8, Figure 3b). 

Scheme 2. Synthesis of a bis(pentadiynylidyne) functionalised polyaromatic 
hydrocarbon. 

Both 7 and 8 were isolated as orange solids although traces 
of other aromatic impurities remained even after repeated 
chromatography. As expected, both compounds absorb strongly 
in the ultraviolet region and more weakly in the visible; 7 has 
broad absorbances centered at 343 and 415 nm, whereas 8 
exhibits sharper absorbances at 411 and 468 nm. The disrupted 
conjugation in 7 results in only weak green emission (not visible 
to the naked eye) at 525 nm upon excitation at 330 or 340 nm, 
whereas the extensive conjugation in 8 gives rise to much 
stronger emissions at 473 (blue) and 503 (green) nm with 330 or 
410 nm excitation, which appears as a dark forest-green 
perceptible to the naked eye. The molecular structures of both 7 
and 8 have been determined (Figure 3) and while the structural 
features of 8 are largely unsurprising, the large angle between the 
diynyl units in 7 is perhaps a response to a rhomboidal four-fold 
hydrogen bonding assembly between two molecules in the unit 
cell, not unlike that found in calix[4]arenes.[14]  

We anticipate that both 7 and 8 will prove to be useful and 
intriguing tectons for the construction of extended unsaturated 
organometallic poly-ynes and in the present context, this could be 
established for 8. Combination of 1 and 8 under the standard 
conditions provided the dark purple desired 
bis(pentadiynylidynyl)anthracene derivative [9,10-
{(Tp*)(CO)2W≡CC≡CC≡C}2C14H9] (9, 48%). Like its shorter 
analogue 5, the two ends of compound 9 are spectroscopically 
equivalent. Resonances for other carbon nuclei along the 
WCCCCC spine were located at dC = 243.8(a), 103.6(b), 89.7(g) 
and 56.3(d) (Ce obscured by CDCl3) in the 13C{1H} NMR spectrum. 
The low solubility prevented JCW coupling constants from being 
determined and the nuclei are too remote from any protons for 2D 
1H-13C correlations to be informative, rendering specific 
assignments somewhat equivocal though substantiated by 
comparison with those for the only other known pentadiynylidyne 
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complex [W(≡CC≡CC≡CSiMe3)-(CO)2(Tp*)] (dC = 244.9 Ca, 93.3 

Cb, 56.6 Cg, 89.5 Cd, 90.3 Ce).[7]  

Figure 1. Molecular structures of (a) 7 and (b) 8 (50% displacement ellipsoids). 
Selected distances [Ȧ] and angles [°]: (a) For 7: C18–C17 1.195(5), C17–C16 
1.390(4), C16–C15 1.187(4), C15–C9 1.469(4), C10–C22 1.480(4), C22–C23 
1.186(4), C23–C24 1.387(4), C24–C25 1.210(5), C9–O1 1.461(3), C10–O2 
1.454(3), C18–C17–C16 176.4(3), C17–C16–C15 177.3(3), C16–C15–C9 
175.6(3), (b) For 8: C18–C17 1.208(4), C17–C16 1.380(3), C16–C15 1.205(3), 
C15–C9 1.428(3), C10–C22 1.429(3), C22–C23 1.205(3), C23–C24 1.374(3), 
C24–C25 1.205(4), C18–C17–C16 177.0(3), C17–C16–C15 176.9(3). 

The additional ‘C≡C’ spacer does not, however, enable 9 to 
display any emissive character. Despite numerous strong 
absorbances in the ultraviolet and visible regions of the electronic 
spectrum, no emission could be detected upon excitation at 330 
nm or these lmax values. This does suggest, however, that the 
tungsten metal centre retains an appreciable influence on the 
anthracene p-system, even when it is rather far removed. 
Preliminary cyclic voltammetry results (see ESI) indicate that each 
of the new complexes 2–5 and 9 exhibit only a single tungsten-
centred (HOMO = dxy[5]) redox event at approximately E½ = 0.5–
0.8 V (the CV of 6 was broad and inconclusive). These early 
results indicate that there is little to no separation of oxidation 
potentials in the bimetallic complexes and imply that there is 
unlikely to be appreciable intermetallic electronic communication 
between tungsten metal centres, despite their apparent influence 
on the bridging ligands themselves.  

In conclusion, the synthesis of new propargylidyne complexes 
via the mild, one-pot [C1+C2] cross-coupling protocol has now 
been refined to include in situ desilylation of alkynylsilanes. This 
has allowed ready access to derivatives of polycyclic aromatic 
hydrocarbon functionalities, for which the unprotected parent 
alkynes can be highly sensitive and susceptible towards rapid 
polymerisation. The strategy has also been shown to be 
applicable towards the synthesis of polymetallic assemblies 
incorporating up to four propargylidyne subunits. Finally, the new 
bis(butadiyne) 8 afforded the first example of a 
bis(pentadiynylidyne), bridged by a 9,10-anthracenyl moiety. 
Together these results demonstrate the broad applicability of the 
coupling protocol for the late introduction of propargylidyne and 

pentadiynylidyne units onto a library of polyaromatic hydrocarbon 
spacers. This late-stage installation should make future 
systematic structure-function studies of such materials possible. 
Of particular interest would be aromatic spacers with a proven 
track record of supporting extended electronic communication, 
e.g., those based on 2,5-thienyl and pyrrolyl units. 
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