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A B S T R A C T

An overview of bis(trialkylsilyl) polyynediyl adducts R3Si(C–––C)nSiR3 with n ≥ 5 is followed by syntheses of 
TESCxTES where x = 8, 12, 16, and 24 (TES = SiEt3; x = 2n). In a seminal 1972 study, the last three were 
presented as too unstable to isolate and thus only characterized by UV-visible spectroscopy. Although not a 
rational route, TESC24TES is consistently obtained from the reaction of trans-(C6F5)(p-tol3P)2Pt(C–––C)5SiEt3 and 
crude HC8TES under Hay oxidative cross coupling conditions. The latter contains some HC8H and TESC8TES. 
Hay oxidative homocouplings of HC4TES and crude HC8TES afford TESC8TES (83%) and TESC16TES (5%). A 
Cadiot-Chodkiewicz reaction of BrC4Br and HC4TES (2 equiv) yields TESC12TES (11%). All of these compounds 
are crystalline, and the crystal structures of TESC8TES and TESC16TES are determined. The 13C{1H} NMR and 
UV-visible properties are also compared.

1. Introduction

The synthesis of extended conjugated polyynes, defined for the 
purposes of this paper as consisting of five or more triple bonds (C≥10), 
has been of great interest in a variety of contexts [1]. Some of these 
involve modeling the polymeric sp carbon allotrope carbyne [2], in 
particular its electronic structure. Others relate to the many synthetic 
challenges associated with preparing monodisperse samples with very 
high sp chain lengths Cx (x = 40-52 and beyond) [3-5]. Polyynes also 
provide opportunities for syntheses of new carbon-based materials [6], a 
subject in its infancy from the standpoint of machine-generatable Cx 
precursors [7].

Much of the foundation of this field was laid some 52 years ago with 
the seminal work of Walton and his coworkers [8-9], although other 
earlier contributors merit note in passing [10]. Walton’s exploratory 
studies were carried out in an era where 13C NMR spectroscopy was not 
yet a routine tool, and his increasingly labile higher polyynes were 
characterized solely by UV-visible spectroscopy in situ. Walton sought a 
library of compounds with triethylsilyl endgroups, TESCxTES, as rep-
resented in Scheme 1. One key building block was HC4TES, which can 

be prepared on multigram scales and could be oxidatively homocoupled 
under Hay conditions [11] to give TESC8TES, or cross coupled with 
HC2TES to give TESC6TES. These are the last polyynes in this series that 
can be considered "fully characterized" apart from NMR data (mp, IR and 
UV-visible spectroscopy, mass spectrometry, microanalysis) [8].

When Walton attempted monoprotodesilylations of TESCxTES (x =
6, 8), mixtures of HCxH, HCxTES, and TESCxTES formed. Nonetheless, 
after column chromatography, solutions enriched in HCxTES could be 
obtained in unspecified yields. These were oxidatively homocoupled to 
TESC12TES and TESC16TES, which were reported to rapidly decompose 
at 20◦C and –20◦C, respectively, although the latter could be obtained as 
white crystals upon solvent removal at –30◦C. Subsequent desilylations 
afforded solutions of HC12TES and HC16TES, with a 36% yield assigned 
to the latter based upon an estimated extinction coefficient of a UV- 
visible band. These were oxidatively homocoupled to solutions of 
TESC24TES and TESC32TES, with some HC16TES persisting in the latter. 
Relevant to other topics below, a TESC20TES solution was prepared by 
the oxidative cross coupling of HC16TES and HC4TES. Related cross 
couplings afforded TESC10TES, TESC14TES, and TESC18TES, sometimes 
with trace impurities.
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Since Walton’s time, polyynes with trialkylsilyl endgroups have 
played a considerable role in the development of this field. Subsequently 
studied series are depicted in Scheme 1 [12-15]. The first and most 
extensive, with tri(isopropyl)silyl endgroups (TIPSCxTIPS), has been 
chiefly elaborated by Tykwinski [12], with supporting contributions 
from Anderson [13] and other researchers and their teams [14,16]. In 
sharp contrast to Walton’s polyyne portfolio, TIPSC20TIPS was easily 
isolated and stable to 105◦C. A DSC exotherm indicated decomposition 
near 123◦C. The greatly enhanced stability versus TESC20TES was 
attributed to the increased bulk of the TIPS endgroup. Aryl-substituted 
silicon endgroups (SiR2Ar, SiRAr2, SiAr3) would also seem to have 
promise, but to our knowledge none have yet been installed on pen-
taynes or higher homologs [17].

In developing this chemistry, reactions other than those applied by 
Walton were often employed, such as the Fritsch-Buttenberg-Wiechell 
rearrangement used to access certain lower homologs of TIPSC20TIPS. 
The route reported by Goroff and coworkers for the bis(trimethylsilyl) 
adduct TMSC10TMS, a three-component coupling of IC6I and 
TMSC2TMSn (2×, TMSn = SnMe3; cat. trans-Pd(PPh3)2Cl2/CuI, 60%) 
[15a], is relevant to a synthesis given below. Under similar conditions, 
the reaction of the digold complex Ph3PAuC6AuPPh3 and IC2TMS (2×) 
also gives TMSC10TMS (38%) [15b].

We recently detailed a series of cross coupling reactions using Wal-
ton’s eight carbon building block HC8TES, as exemplified in Scheme 2
[4,8]. These studies were directed at diplatinum polyynediyl complexes 
with sp carbon chains as long as C52. During certain procedures, minor 
polyyne byproducts consistently formed but were removed under 
workup conditions. These carried TES endgroups, were commonly 
crystalline, and challenged conventional dogma regarding Walton’s 
compounds. In this paper, we present a modernized description and 
characterization of polyynes of the formula TESCxTES (x = 24, 16, 12).

2. Results

2.1. Syntheses

For this section, a roughly chronological structure is employed. In 
the published conversion of PtC10TES to PtC18TES and PtC26TES in 
Scheme 2 (Pt = trans-(C6F5)(p-tol3P)2Pt), a large excess of the cross 
coupling partner HC8TES was used. The PtC26TES is most economically 
viewed as arising from an in situ protodesilylation of PtC18TES followed 
by a second coupling with HC8TES, but there are other possibilities. This 
was a key stockpiling step en route to PtC52Pt [4], and the yield ranges 

represent multiple runs.
As shown in Scheme 3, the HC8TES is generated from TESC8TES [4,

8,18] by our version of Walton’s protocol, which has been previously 
reported but is reproduced in the supporting information (SI) [4]. The 
samples contain HC8H and TESC8TES, and in exploratory work a sub-
sequent (partial) chromatographic purification was carried out, parallel 
to Walton [19]. However it was later found that comparable yields of the 
platinum products in Scheme 2 could be obtained using the 
HC8H/HC8TES/TESC8TES mixture (termed "crude HC8TES") directly.

In one such run, a chromatographic workup at <10◦C gave PtC18TES 
(16%) and PtC26TES (7%) as previously disclosed, and additionally 
TESC24TES. The molar quantity obtained was close to that of the two 
platinum products summed, but the formal yield was lower as it must be 
based upon HC8TES (4%, see experimental section). Although 
TESC24TES was easily isolated as a bright orange microcrystalline solid, 
it slowly turned brown and then black over the course of an hour at room 
temperature. Thus, it was stored at –35◦C and could be kept in CH2Cl2 
solutions at this temperature for at least 2 weeks.

The reproducible generation of TESC24TES in Scheme 2 presents an 
interesting mechanistic puzzle. Given the five triple bonds in the plat-
inum educt PtC10TES, and twelve in TESC24TES, it is highly unlikely 
that the former is involved. Perhaps HC8H can cross couple with two 
equivalents of HC8TES. But the homocoupling of HC8TES to give 
TESC16TES would seem nearly equally likely. Possibly the fluoride ion 
unique to this sequence plays a role.

Although Walton reported that TESC16TES decomposed at –20◦C, we 
were emboldened by the stability of TESC24TES and attempted a Hay 
oxidative homocoupling [11] of "crude HC8TES". As shown in Scheme 3
(bottom), workup at room temperature gave TESC16TES as air stable 
orange needles in 5% yield, as calculated in the experimental section. 
Interestingly, no TESC24TES was detected, including mass spectrometric 
assays. The sample was low melting (36◦C), but displayed no special 
thermal instability. If it had been produced in Scheme 2, it would have 
eluted close to PtC26TES.

In connection with another research project [20], an authentic 
sample and 13C{1H} NMR spectrum of TESC12TES was required. 
Consideration was given to repeating Walton’s route, with the idea that 
a stable product could be obtained from his solutions. However, the 
yield of the precursor TESC6TES was not specified, and the subsequent 
monodesilylation to HC6TES was noted as poorly selective above. 
Alternative preparative routes to HC6TES could not be found in the 
literature [21]. Thus, the assembly of TESC12TES from four readily 
available C4 precursors was attempted. As shown in Scheme 4, the 

Scheme 1. Classes of conjugated polyynes (C10 and higher) with trialkylsilyl endgroups.
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brominated diyne BrC4Br [22] was condensed with 2.2 equiv of HC4TES 
under Cadiot-Chodkiewicz conditions [23]. This can be viewed as a 
palladium and copper catalyzed HBr elimination, aided by stoichio-
metric quantities of an amine base. Although the yield of TESC12TES 
was modest (11%), in part due to the competing formation of TESC8TES 
(2% based upon HC4TES), the quantities sufficed for our purposes.

2.2. Physical characterization

The three newly isolated compounds, TESC12TES, TESC16TES, and 
TESC24TES, were characterized by NMR (1H, 13C{1H}) and UV-visible 
spectroscopy and mass spectrometry. NMR spectra that indicate high 
purities are provided in the SI. Key 13C{1H} NMR data are summarized 
in Table 1, together with literature data for lower homologs [24] to 
better illustrate monotonic chemical shift trends. These are in quite close 
agreement with those seen by Tykwinski with TIPSCxTIPS. The SiC–––C 
signals of the platinum complexes PtCxTES are also included in Table 1, 
and show the weakening influence of platinum as the sp chain elongates.

UV-visible spectra recorded in CH2Cl2 or hexane are summarized in 
Table 2. The λmax and ε values for TESC8TES, TESC12TES, TESC16TES 
are in very good agreement with Tykwinski’s analogs TIPSC8TIPS, 
TIPSC12TIPS, and TIPSC16TIPS [12]. Walton observed similar λmax 
values, as documented in the footnotes in Table 2, and molar extinction 
coefficients generally followed parallel trends. The most pronounced 
differences were with low intensity bands associated with TESC8TES. 
These have a special origin [1b,25,26] and were less evident in our 
initial spectra. However, when concentrations were increased ca. 
100-fold (Table 2), they became clearly visible. As a check, a comparable 
spectrum of TIPSC8TIPS was recorded, and a similar series of bands 
observed.

All of our compounds showed signs of crystallinity. Crystals of 
TESC16TES and TESC8TES suitable for X-ray diffraction could be grown. 
Despite much effort over many months, TESC24TES proved to be a "near 
miss", but powder X-ray diffraction verified the crystalline nature of the 
samples (Fig. s1). The structures of TESC8TES and TESC16TES could be 
solved as summarized in Table 3 and the experimental section. The latter 
exhibited two independent molecules in the unit cell. Thermal ellipsoid 
plots are provided in Fig. 1, and key metrical parameters are summa-
rized in Table 4.

3. Discussion

The above data provide a reset on the way Walton’s extensive studies 
of TESCxTES are viewed. With the likely exception of TESC32TES, all of 
his polyynes described in the introduction should now be regarded as 
isolable. There are many cases where over the course of time, advances 
in techniques, instrumentation, and experimental sophistication have 
led to breakthroughs in isolating compounds previously regarded as 
unstable or labile. Walton’s syntheses have an advantage in their sys-
tematic nature. In contrast, our routes to TESCxTES (Schemes 2-4) 
approach such molecules from three different directions, and the pre-
paratively impractical yields leave much to be desired.

There are now a fair number of crystal structures of extended poly-
ynes in the literature, with the longest being PtC24Pt for symmetrical 
substitution and PtC26TES for unsymmetrical [4,27]. The structures in 
Fig. 1 do not exhibit any new phenomena, but the raw data are of value, 
as they enable statistically sounder experimental conclusions regarding 
bond length alternation (BLA), a key question as the sp chains are 
extended. The most commonly used BLA parameters are included in 
Table 4. Tykwinski was able to obtain a number of crystal structures in 

Scheme 2. Cross coupling reactions that yield TESC24TES as byproduct.
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the TIPSCxTIPS series [12], the most relevant being the octayne 
TIPSC16TIPS and tetrayne TIPSC8TIPS, the counterparts of the two 
structures in Fig. 1. These exhibited packing motifs different from those 
of the TES analogs, as reflected by different space groups or values of Z. 
Tykwinski’s work also included a careful analysis of 13C{1H} NMR 
spectra, and the chemical shift trends in Table 1 are virtually superim-
posable upon his.

Bulky endgroups are widely viewed as contributing to the stability of 
extended polyynes [1,3-5,12,22]. The sp chains are generally regarded 
as the loci of decomposition, and gigantic substituents sterically enforce 
greater chain/chain separations. Tykwinski carefully assayed the sta-
bilities of TIPSCxTIPS (x = 6, 8, 10, 12, 16, 20) by DSC and capillary 
thermolyses. The octayne TIPSC16TIPS melted at 93-95◦C and decom-
posed near 132◦C (DSC), whereas TESC16TES melts at 36◦C and de-
composes at 106◦C (closed capillary). In any case, despite the upward 
revision of the stabilities of TESCxTES, we still believe in the operation 
of a steric effect that renders the TIPS adducts somewhat more stable.

To sum, there is now a much clearer picture of the isolabilities and 
stabilities of bis(triethylsilyl) adducts of polyynes. However, there re-
mains much room for improvement in synthetic methodologies. To-
wards this end, we have recently developed new (C–––C)nSiR3 coupling 
reactions that proceed in high yields at room temperature and hold 
promise for the generation of still longer TESCxTES assemblies [20].

4. Experimental section

4.1. General data

Reactions were conducted under dry inert atmospheres using con-
ventional Schlenk techniques, but workups were carried out in air. 
Chemicals were treated as follows: THF, hexanes, diethyl ether, and 
CH2Cl2, passed through a Glass Contour solvent purification system; 
acetone, treated with CaH2; pentane, MeOH, EtOH (3 × ACS grade), 
CuCl (99%/Alfa Aesar or 98%/Acros), CuI (99%/Acros), TMEDA (Alfa 
Aesar), trans-Pd(PPh3)2Cl2 (98%/Sigma-Aldrich), HNiPr2 (99+%/Alfa 

Scheme 3. Syntheses of TESC8TES, HC8TES, and TESC16TES.

Scheme 4. Synthesis of TESC12TES.

Table 1 
13C{1H} NMR data (sp signals only, δ/ppm, 126 MHz/CDCl3) for TESCxTES and 
analogous monoplatinum compounds PtCxTES.

compound SiC–––C SiC–––C others
TESC2TESa 113.1 – –

TESC4TESb 83.3 89.4 –

TESC8TESc 86.5 89.0 62.3, 61.8
TESC12TESc 87.8 88.9 62.8, 62.7, 62.6, 61.7
TESC16TES 88.3 88.7 63.3, 63.1, 63.0, 62.7, 62.5, 61.6
TESC24TES 88.7 88.7 63.9, 63.8, 63.6, 63.5, 63.4, 63.1, 62.9, 62.5, 

62.4, 61.5
PtC8TESd 82.9 90.2 see reference [4]
PtC12TESd 86.2 89.4 see reference [4]
PtC16TESd 87.6 89.0 see reference [4]
PtC24TESd 88.5 88.8 see reference [4]
a Data in C6D6 from reference [24a].
b Data from reference [24b] and independently confirmed in this study.
c Data in CD2Cl2 (δ/ppm, sp signals only): TESC8TES 87.3, 88.9, 62.4, and 

61.6; TESC12TES 88.6, 88.7, 63.0, 62.9, 62.6, and 61.5.
d Data from reference [4].
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Aesar), Me3SiCl (Sigma-Aldrich), NaOH (98%/Sigma-Aldrich), HCl 
(97%/ Sigma-Aldrich), n-Bu4N+ F− (1.0 M in THF, 5 wt% water/Acros), 
CDCl3 (Cambridge Isotope Laboratories), MgSO4 (Fisher Chemical), and 
silica gel (Acros, Fluoroflash or 60M Macherey-Nagel), used as received.

NMR spectra were obtained on standard 500 MHz spectrometers and 
referenced as follows (δ/ppm): 1H, residual CHCl3 (7.24); 13C{1H}, in-
ternal CDCl3 (77.0). Mass spectra were recorded using a Thermo Sci-
entific Q Exactive Focus (APCI) instrument. Thin-layer chromatography 
(TLC) was carried out on EMD Silica Gel 60 F254 aluminum plates and 
visualized using 254 or 365 nm lamps.

5. Caution

Polyynes normally possess highly positive heats of formation and 
may be regarded as energy-rich materials that are intrinsically ther-
modynamically unstable. Many explosions or rapid exothermic de-
compositions of polyynes have been reported [28]. These most 
frequently involve species with (C–––C)nX linkages (X = H, halide, n > 2). 
Regardless, all polyynes should be treated as potentially explosive and 
appropriate safety precautions taken.

5.1. TESC12TES

A Schlenk flask was charged with BrC4Br (0.212 g, 1.03 mmol) [22], 
HC4TES (0.373 g, 2.27 mmol) [27], trans-Pd(PPh3)2Cl2 (0.0029 g, 
0.0041 mmol), CuI (0.0016 g, 0.0082 mmol), and THF (30 mL) with 
stirring, and cooled to −45◦C (dry ice/acetonitrile). After 0.5 h, HNiPr2 
(0.4 mL) was added. After 2 h (TLC showed no remaining educt), the 
mixture was warmed to rt and diethyl ether (15 mL) and saturated 

aqueous NH4Cl (15 mL) were added. The organic layer was separated, 
washed with H2O (2 × 15 mL) and brine (1 × 15 mL), and dried 
(MgSO4). The solvents were removed by rotary evaporation (0◦C) to 
give a brownish oil. The residue was dry-loaded on a silica gel column (2 
× 20 cm, packed in hexanes, ice-jacketed) and eluted with hexanes to 
give (following rotary evaporation at <10◦C) first TESC12TES as an 
orange-yellow oil (0.0269 g, 0.072 mmol, 7% based upon BrC4Br) and 
then TESC8TES as a yellow oil (0.035 g, 0.027 mmol, 2% based upon 
HC4TES). Additional TESC12TES was recovered from intermediate 
fractions by preparative TLC (silica gel, hexanes; 0.0154 g, 0.0412 
mmol, 4% following rotary evaporation at <10◦C). MeOH was added to 
the combined oily residues at 4◦C, which gave TESC12TES as a dark 
yellow powder, which was collected by vacuum filtration (11% total 
yield), mp 45◦C (open capillary).

NMR (δ/ppm, CDCl3): 1H (500 MHz) 0.99 (t, 3JHH = 7.8 Hz, 18H, 
CH3), 0.65 (q, 3JHH = 7.9 Hz, 12H, SiCH2); 13C{1H} (126 MHz, cryo-
probe) 88.9 (s, C–––CSi) [29], 87.8 (s, C–––CSi) [29], 62.8, 62.7, 62.6, 61.7 
(4 s, SiC–––C(C–––C)3), 7.4 (s, SiCH2CH3), 4.2 (s, 1JCSi = 56.6 Hz [30], 
SiCH2); NMR (δ/ppm, CD2Cl2): 1H (500 MHz) 1.00 (t, 3JHH = 7.8 Hz, 
18H, CH3), 0.66 (q, 3JHH = 7.9 Hz, 12H, SiCH2); 13C{1H} (126 MHz, 
cryoprobe) 88.7 (s, C–––CSi) [29], 88.6 (s, C–––CSi) [29], 63.0, 62.9, 62.6, 
61.5 (4 s, SiC–––C(C–––CCCC)2), 7.5 (s, SiCH2CH3), 4.4 (s, 1JCSi = 56.7 Hz 
[30], SiCH2).

IR (powder film, cm−1) 2147/2033 (m/m, νC–––C). MS (APCI−) [31]: 
374 ([TESC12TES]−, 100%).

5.2. TESC16TES

A three-neck round-bottom flask was fitted with a gas dispersion 
tube, charged with “crude HC8TES” (see SI; from 8.97 mmol of 
TESC8TES and in ca. 30 mL of pentane; ca. 3 mmol of HC8TES) and 
acetone (150 mL) and cooled to 0◦C. A Schlenk flask was charged with 

Table 2 
UV-visible data for TESCxTES and TIPSCxTIPS.

compound solvent conc. 
(mol/L)

wavelength (nm) [ε (M−1cm−1)]

TESC8TESa,b CH2Cl2 1.02 ×
10−5

258 [266000], 236 [166000], 224 
[77600]

TESC8TESb,c CH2Cl2 4.6 ×
10−3

390 [45], 377 [70], 366 [109], 351 [130], 
336 [490], 317 [600], 298 [790], 284 
[750], 281 [840], 270 [745], 261 [843]c

TESC12TESa,d CH2Cl2 1.12 ×
10−5

303 [314000], 287 [281000], 269 
[156000], 256 [60000], 244 [29100]

TESC16TESa,e CH2Cl2 2.15 ×
10−5

341 [513000], 322 [403000], 302 
[187000], 282 [78000], 267 [26500]

TESC24TESf,g CH2Cl2 1.08 ×
10−6

406 [521000], 373 [411000], 342 
[211000], 323 [77000], 306 [23400]

TIPSC8TIPSh hexanes – 260 [157000], 248 [130000], 239 
[84000]

TIPSC8TIPSc,h hexanes 1.82 ×
10−3

378 [187], 371 [163], 351 [278], 345 
[254], 327 [286], 320 [286], 303 [852], 
285 [824], 275 [1965]c

TIPSC12TIPSh hexanes – 304 [359000], 286 [262000], 271 
[112000], 258 [43100], 245 [24200]

TIPSC16TIPSh hexanes – 339 [603000], 319 [505000], 301 
[237000], 285 [89200], 271 [31700]

a The log[ε] values reported by Walton in Table 2 of reference [8] for 
TESCxTES (x = 8, 12, 16) have been converted to ε for comparison purposes.

b Data of Walton from reference [8] (λmax, [ε], hexane): 376 (109), 370 (89), 
361 (30), 349 (190), 345 (151), 336 (40), 326 (151), 322 (141), 314 (40), 257 
(270000), 244 (186000) 232 (66000) 222 (21000).

c Data for the more intense bands at longer wavelengths could not be accu-
rately determined at this elevated concentration; please refer to the more dilute 
(preceding) sample.

d Data of Walton from reference [8] (λmax, [ε], hexane): 299 (407000), 283 
(324000), 268 (129000), 254 (42700), 242 (41700).

e Data of Walton from reference [8] (λmax, [ε], hexane): 336 (447000), 316 
(398000), 299 (182000), 283 (56200), 270 (19900).

f Data of Walton from reference [8] (λmax, hexane): 390, 365, 343, 325, 309.
g Due to the quantity of sample available, the concentration and ε value is 

considered accurate to only two significant digits.
h Data from reference [12].

Table 3 
Summary of crystallographic data.

TESC8TES TESC16TES
empirical formula C20H30Si2 C28H30Si2
formula weight 326.62 422.70
temperature [K] 110.0 110.0
diffractometer Bruker Venture Bruker Venture
wavelength [Å] 1.54178 1.54178
crystal system orthorhombic triclinic
space group Pca21 P-1
unit cell dimensions
a [Å] 19.3910(9) 7.2835(3)
b [Å] 8.0666(4) 14.4399(7)
c [Å] 13.6638(7) 25.7214(11)
α [◦] 90 89.423(2)
β [◦] 90 88.525(2)
γ [◦] 90 75.824(2)
volume [Å3] 2137.28(18) 2621.9(2)
Z/Z’ 4/1 4/2
ρcalc [Mg/m3] 1.015 1.071
μ [nm−1] 1.452 1.293
F(000) 2064 904
crystal size [mm] 0.28 × 0.15 × 0.05 0.14 × 0.03 × 0.03
Θ range [◦] 4.560 to 70.108 1.718 to 70.625
index ranges −23 ≤ h ≤ 23 

−9 ≤ k ≤ 9 
−16 ≤ l ≤ 16

−8 ≤ h ≤ 8 
−17 ≤ k ≤ 17 
−31 ≤ l ≤ 31

reflections collected 23344 48209
independent reflections 4044 [R(int) = 0.0440] 9977 [R(int) = 0.0446]
data/restraints/ 

parameters
3880/1/205 8778/0/553

goodness-of-fit on F2 1.144 1.076
final R indices [I>2σ(I)] R1 = 0.0340, wR2 =

0.0843
R1 = 0.0561, wR2 =
0.1382

R indices (all data) R1 = 0.0366, wR2 =
0.0868

R1 = 0.0636, wR2 =
0.1441

largest diff. peak/hole 
[eÅ−3]

0.239 and −0.171 0.845 and −0.506
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CuCl (0.750 g, 7.58 mmol), acetone (20 ml), and TMEDA (0.375 mL, 
0.291 g, 2.05 mmol) with stirring (0.5 h), after which a green solid 
separated from a blue supernatant. Then oxygen was aspirated through 
the tube and the blue supernatant added with stirring. After 15 min, the 
cold bath was removed. After 90 min, the mixture was poured into 
aqueous HCl (2.0 M, 200 mL), which was extracted with diethyl ether (3 
× 150 mL). The combined extracts were dried (MgSO4). The solvents 
were removed by rotary evaporation to give a brownish oil. The residue 
was dissolved in a minimum of HCl/EtOH (1:100 v/v) and kept at 
−35◦C. Needles formed, which were collected by filtration, washed with 
cold EtOH, and air-dried to give TESC16TES as orange needles (0.286 g, 
0.068 mmol, 5% assuming a requirement for two equiv of HC8TES), mp 
36◦C (open or sealed capillary), with the melt turning brown at ca. 78◦C 
and then black at 106◦C (closed capillary).

NMR (δ/ppm, CDCl3): 1H (500 MHz) 0.98 (t, 3JHH = 7.9 Hz, 18H, 
CH3), 0.64 (q, 3JHH = 7.9 Hz, 12H, SiCH2); 13C{1H} (126 MHz, cryo-
probe) 88.7 (s, C–––CSi) [29], 88.3 (s, C–––CSi) [29], 63.3, 63.1, 63.0, 
62.7, 62.5, 61.6 (6 s, SiC–––C(C–––C)3), 7.4 (s, SiCH2CH3), 4.2 (s, 1JCSi =
56.6 Hz [30], SiCH2).

IR (powder film, cm−1) 2130/2026 (m/m, νC–––C). MS (APCI−) [31]: 
422 ([TESC16TES]−), 100%).

5.3. TESC24TES

A three-neck flask was fitted with a gas dispersion tube, charged with 
PtC10TES (0.203 g, 0.168 mmol) and THF (200 mL), and cooled to 
−78◦C. A Schlenk flask was charged with CuCl (0.240 g, 2.42 mmol), 
acetone (20 mL), and TMEDA (0.675 mL, 0.523 g, 4.48 mmol) with 
stirring (0.5 h), after which a green solid separated from a blue super-
natant. Then wet n-Bu4N+ F− (1.0 M in THF, 5 wt% water, 0.08 mL, 0.08 
mmol) was added to the three-neck flask with stirring. After 5 min (TLC 
showed no remaining educt), Me3SiCl (0.10 mL, 0.84 mmol) and a –35◦C 
pentane solution of “crude HC8TES” (see SI; from 8.97 mmol of 
TESC8TES and in ca. 30 mL of pentane; ca. 3 mmol of HC8TES) were 
added. Then oxygen was aspirated through the tube and the blue su-
pernatant slowly added with stirring. After 50 min, hexanes (150 mL) 
were added. The suspension was filtered through a pad of silica gel (5 ×
7 cm, packed in 1:1 v/v acetone/hexanes), which was rinsed (1:1 v/v 
acetone/hexanes) until the filtrate became colorless. The solvents were 

removed from the filtrate by rotary evaporation at <10◦C. The red- 
brown residue was chromatographed on a silica gel column (4.5 × 30 
cm, packed in hexanes), eluted with a 3:0 to 2:1 v/v hexanes/CH2Cl2 
gradient. The solvents were removed from the product-containing 
fractions by rotary evaporation at <10◦C to give (in order of elution) 
(1) TESC24TES that was further treated as described below, (2) 
PtC26TES as a brown-orange solid (0.015 g, 0.011 mmol, 7% based upon 
PtC10TES), and (3) PtC18TES as a dark orange solid (0.035 g, 0.027 
mmol, 16% based upon PtC10TES). The TESC24TES was recrystallized 
from acidified ethanol (EtOH/HCl, v/v, 100:1) to give a bright orange 
solid (0.020 g, 0.039 mmol, 4% assuming a requirement for three equiv 
of HC8TES) that gradually turned brown and eventually black in less 
than an hour if left at room temperature.

NMR (δ/ppm, CDCl3): 1H (500 MHz, cryoprobe): 1.01 (t, 3JHH = 7.9 
Hz, 18H, SiCH2CH3), 0.65 (q, 3JHH = 7.9 Hz, 12H, SiCH2CH3); 13C{1H} 
(125 MHz, cryoprobe): 88.73 (s, C–––CSi) [29], 88.70 (s, C–––CSi) [29], 
63.9, 63.8, 63.6, 63.5, 63.4, 63.1, 62.9, 62.5, 62.4, 61.5 (10 s, SiC–––C 
(C–––C)5), 7.4 (s, SiCH2CH3), 4.2 (s, SiCH2).

IR (powder film, cm−1) 2126/2012 (m/m, νC–––C). MS (APCI−) [31]: 
518 ([TESC24TES]−), 100%).

5.4. Crystallizations and X-ray diffraction

A. A CH2Cl2 solution of TESC8TES was layered with hexanes and kept at 
−35◦C. After 7 d, colorless blocks were collected and data obtained 
per Table 3. Cell parameters were determined from 45 data frames 
taken at widths of 1◦ and refined with 9705 reflections using APEX3 
[32]. Data were corrected for Lorentz and polarization factors, and 
(using SADABS) [33] crystal decay and absorption effects. The 
non-centrosymmetric space group (Pca21) was determined from 
systematic reflection conditions and statistical tests, and was 
confirmed by SHELXT [34]. Hydrogen atoms were placed in ideal-
ized positions and refined using a riding model. All non-hydrogen 
atoms were refined anisotropically. The Flack parameter was 
refined to 0.156(9) [35]. The absolute structure was determined 
using Bayesian statistics on Bijvoet differences, which using Olex2 
results in 0.171(9) [36]. The structure was refined (weighted least 
squares refinement on F2) to convergence [34,37].

Fig. 1. Thermal ellipsoid plots (50% probability level) for TESC8TES and TESC16TES with hydrogen atoms omitted. For TESC16TES, only one of the two independent 
molecules in the unit cell is shown.

S. Dey Baksi et al.                                                                                                                                                                                                                              Journal of Organometallic Chemistry 1020 (2024) 123308 

6 



B. A CH2Cl2 solution of TESC12TES was layered with MeOH and kept at 
−35◦C. After 6 d, microcrystalline dark yellow needles were 
collected. However, crystals suitable for X-ray analyses could not be 
obtained.

C. A CH2Cl2 solution of TESC16TES was layered with hexanes and kept 
at −35◦C. After 12 d, orange needles were collected, and data ob-
tained per Table 3. Cell parameters were determined from 45 data 
frames taken at widths of 1◦ and refined with 9580 reflections using 
APEX3 [32]. Data were corrected for Lorentz and polarization fac-
tors, and (using SADABS) [33] crystal decay and absorption effects. 
The space group was determined from systematic reflection condi-
tions and statistical tests, and was confirmed by SHELXT [34]. 
Elongated thermal ellipsoids on atoms C23-C28 suggested disorder, 
but modeling efforts did not improve either the reliability factors or 
thermal ellipsoids. Hydrogen atom positions were placed in idealized 
positions and refined using a riding model. All non-hydrogen atoms 
were refined anisotropically. Two independent molecules were 
found in the unit cell. The structure was refined (weighted least 
squares refinement on F2) to convergence [34,37].

D. A CH2Cl2 solution of TESC24TES was layered with hexanes and kept 
at −35◦C. After 14 d, brown microcrystalline needles were collected, 
which were ground to fine particles of uniform size. The powder was 

loaded into a two-circle goniometer in a radiation safety enclosure. 
The X-ray source (1kW Cu tube; 1.54060 Å) was maintained at an 
operating current of 40 kV and 25 mA. A standard Bragg-Brentano 
para-focusing mode was used for the optics, with the X-ray diver-
ginssg from a DS slit (1 mm) at the tube to strike the sample and then 
converging at a position sensitive X-ray Detector (Lynx-Eye, Bruker- 
AXS). The two-circle 218 mm diameter θ-θ goniometer was computer 
controlled with independent stepper motors and optical encoders for 
the θ circle with the smallest angular step size of 0.0001◦ (2θ). Data 
collection (see Figure S1) used the automated COMMANDER pro-
gram and a DQL file. Data were analyzed by the program EVA.

Supplementary data
CCDC 2366801 (TESC8TES) and 2366802 (TESC16TES) contain the 

supplementary crystallographic data for this paper. These data can be 
obtained free of charge via www.ccdc.cam.ac.uk/ data_request/cif, or 
by emailing data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 
1EZ, UK; fax: +44 1223 336033.

Supplementary materials
The synthesis and isolation of TESC8TES, generation of pentane so-

lutions of HC8TES, and powder XRD, NMR, and mass spectrometric 
data.
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of the single molecule conductance of oligoyne-based molecular wires, J. Phys. 
Chem. C 120 (2016) 15666–15674, https://doi.org/10.1021/acs.jpcc.5b08877.

[16] Y. Tobe, R. Umeda, N. Iwasa, M. Sonoda, Expanded Radialenes with Bicyclo[4.3.1] 
decatriene Units: New Precursors to Cyclo[n]carbons, Chem. Eur. J. 9 (2003) 
5549–5559, https://doi.org/10.1002/chem.200305051.

[17] For efforts in this direction, see W.A. Chalifoux, M.J. Ferguson, R.R. Tykwinski, 
Tris(biphenyl-4-yl)silyl-Endcapped Polyynes, Eur. J. Org. Chem. (2007) 
1001–1006, https://doi.org/10.1002/ejoc.200600878.

[18] Additional literature: F. Yonehara, Y. Kido, M. Yamaguchi, Unusually high ortho- 
selectivity in electrophilic aromatic substitution promoted by GaCl3 Chem. 
Commun. (2000) 1189–1190, https://doi.org/10.1039/B003215H.

[19] See footnote s11 of reference [4]. The TESC8TES elutes first from silica gel, but 
quantitative separations from HC8TES are seldom achieved. The HC8H elutes last 
while partially decomposing (sometimes with a noticeable exotherm) on the 
column.

[20] B. K. Collins, J. A. Gladysz, submitted to Chem. Eur. J.
[21] Synthesis of a mixture containing TESC6TES: I. Curbet, S. Colombel-Rouen, 

R. Manguin, A. Clermont, A. Quelhas, D.S. Müller, T. Roisnel, O. Baslé, Y. Trolez, 
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