
rsc.li/chemcomm

 ChemComm
Chemical Communications

rsc.li/chemcomm

ISSN 1359-7345

COMMUNICATION
S. J. Connon, M. O. Senge et al. 
Conformational control of nonplanar free base porphyrins: 
towards bifunctional catalysts of tunable basicity

Volume 54
Number 1
4 January 2018
Pages 1-112

 ChemComm
Chemical Communications

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  A. Ongaro, M.

Benetazzo, G. Tecchio, S. Silvestrini, F. Rastrelli, L. Vaghi, A. Papagni, T. Carofiglio and M. Maggini, Chem.

Commun., 2026, DOI: 10.1039/D6CC00341A.

http://rsc.li/chemcomm
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d6cc00341a
https://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/D6CC00341A&domain=pdf&date_stamp=2026-02-19


ChemComm

COMMUNICATION

Please do not adjust margins

Please do not adjust margins

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

Optimizing the Chloroallene Pathway Toward the One-Pot 
Synthesis of Rubrene
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Luca Vaghi,b Antonio Papagni,b Tommaso Carofiglio,a Michele Maggini*ac

 

Rubrene, a benchmark organic semiconductor, is commonly 
synthesised from 1,1,3-triphenylpropargyl alcohol (TPPA) via the 
key chloroallene intermediate (TPCA) through a one-pot protocol 
whose efficiency is highly sensitive to the TPPA-TPCA conversion 
conditions. We show that treatment of TPPA with PCl₅ in the 
presence of base affords up to 85% TPCA formation (HPLC), but 
optimization of the subsequent high-temperature step is hampered 
by competing pathways leading to cyclobutene by-products, which 
complicate purification and limit the robustness of a truly one-pot 
process. Guided by these observations and by reports on 
trimethylsilyl chloride (TMSCl)-mediated propargyl–allenyl 
rearrangements, we developed an alternative TMSCl-based 
protocol. The combination of TMSCl with a sterically hindered base 
enables a markedly cleaner one-pot synthesis, delivering rubrene 
in 68% yield by UV-Vis analysis and 61% yield of isolated product, 
with complete suppression of cyclobutene formation and a greatly 
simplified workup. This study provides a rational framework for 
controlling the chloroallene reaction manifold and establishes a 
more practical and reproducible one-pot route to rubrene.

Rubrene 1 (5,6,11,12-tetraphenyl tetracene, Chart 1) first 
reported in the early twentieth century,1 has attracted wide 
attention for its potential use in OLED technology2,3 and for its 
remarkable charge-carrier mobility of up to 40 cm2 V-1 s-1.4 In 
addition, its ease of crystal growth and resistance to oxidation 
have further strengthened its value as organic semiconductor 
compared to other acenes.1g,5

Despite its importance in materials science, only a limited 
number of methods are available for synthesizing the rubrene 
skeleton.6 The parent rubrene is typically obtained from 1,1,3-
triphenylpropargyl alcohol 5 (TPPA, Scheme 1), using a well-
established, though dated, one-pot protocol,1 whose 
mechanism has long been debated.

Triphenylchloroallene 2 (1,3,3-triphenyl-1-chloropropadiene, 
TPCA), formed by reacting TPPA 5 with a chloride-based 
activating reagent, was proposed as the key intermediate in the 
process.7 The first reliable mechanism of rubrene formation was 
proposed by Rigaudy and Capdevielle in 1977.8 In line with the 
known reactivity of allenes, TPCA 2 undergoes thermal 
dimerization to give the bis-allene diradical 3 (Scheme 1). 
Studies by Roberts and Sharts,9 further supported by Gajewski 
and Shi,10 demonstrated that the formation of 3 is non 
reversible. The diradical subsequently collapses into a mixture 
of bismethylidene-cyclobutane isomers, which ultimately 
rearrange to give rubrene. The room-temperature solvolysis of 
TPCA 2 has been reported to afford 1,3,3-triphenyl-2-propen-1-
one (TPE) 4, providing an alternative reaction pathways 
available to the chloroallene intermediate.11 Previous studies 
have also shown that diradical 3, besides evolving into rubrene, 
can also undergo chlorine elimination to form cyclobutene 
derivative 6, which becomes the predominant product when 
electron-donating substituents are present on the phenyl rings 
of the parent propargyl alcohol.12 These findings highlight the 
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Chart 1 Molecular structure of rubrene

Scheme 1 Selected evolution pathways of TPCA 2 (see ref. 12a for details)
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pivotal role of the chloroallene intermediate and the 
experimental conditions that direct its evolution toward 
rubrene, which under the reported one-pot protocol is obtained 
in moderate yields.12a In this work, we report a study aimed at 
improving rubrene yields through a truly one-pot protocol by 
enhancing the conversion of TPPA into the key TPCA 
intermediate and controlling its subsequent evolution into 
rubrene. Achieving this goal requires careful attention to three 
aspects: (i) precise control of the experimental conditions 
governing TPCA formation; (ii) efficient promotion of its 
dimerization, the crucial step leading to rubrene; and (iii) 
minimization of competing pathways, such as hydrolysis of 
TPCA back to TPPA or formation of TPE. The conversion of TPPA 
into TPCA can be achieved using different chloride-based reagents, 
each operating through a distinct substitution mechanism (Scheme 
2). With mesyl chloride (CH₃SO₂Cl, MsCl) in the presence of 
triethylamine (TEA), chloride is released and the highly electrophilic 
sulfene intermediate 7 is generated.¹³ This reacts with the hydroxyl 
group of TPPA to form the mesyl ester,¹⁴ which is then attacked by 
chloride at the β-alkynyl carbon, followed by elimination of the 
mesylate to give TPCA 2 (Scheme 2, mechanism A). In contrast, 
thionyl chloride (SOCl₂) forms a chlorosulfite intermediate that 
undergoes an internal nucleophilic substitution with extrusion of 
SO₂, directly affording TPCA 2 (Scheme 2, mechanism B). Although no 
kinetic data are available, mechanism A is generally viewed as a 
chloride-mediated displacement on an activated intermediate, 
whereas mechanism B follows an intramolecular SNi-type pathway. 
The essential distinction between these pathways lies in the 
role of chloride: mechanism A requires chloride in solution, 
whereas mechanism B does not. TPPA-to-TPCA conversion via 
pathways consistent with route B has been reported to proceed 
rapidly and in high yield under conditions that disfavor free 
chloride in solution, which would be incompatible with a purely 
intermolecular chloride addition mechanism.1f This has direct 
implications for the reaction conditions: in mechanism A, the 
amine hydrochloride salt must be soluble in the reaction 
solvent,12b while in principle this requirement does not apply to 
mechanism B. 

We first examined TPCA formation to identify the most effective 
reagent for converting TPPA into TPCA across both mechanistic 
pathways. For pathway A, we tested MsCl. For pathway B, we 
selected oxalyl chloride, the Vilsmeier reagent 
(chloromethylene dimethyliminium chloride), obtained from 

N,N-dimethylformamide and POCl3, PCl5, and 
dichlorotriphenylphosphorane (Ph3PCl2) that was generated in 
situ by reacting triphenylphosphine with triphosgene, using in 
all cases a solvent in which the hydrochloride salt of the base 
employed was soluble. SOCl2 was not investigated further, as it 
represents the standard reagent for rubrene synthesis.1 This 
systematic investigation not only broadened our understanding 
of the TPPA-TPCA transformation but also enabled us to identify 
the experimental conditions that most effectively enhance 
rubrene yield. Reactions were carried out in dichloromethane 
at 0 °C for 20 min, using a TPPA/chloride-based reagent/base 
ratio of 1:1.3:2.5 at a TPPA concentration of 0.14 M. Unreacted 
TPPA and the side product TPE were qualitatively identified by 
HPLC-MS with diode-array detection at 250 nm, while TPCA was 
quantified against coronene as internal standard at 300 nm. The 
presence of TPCA and/or TPE was further confirmed by UDEFT 

13C NMR spectroscopy in the 190-210 ppm region, with 
diagnostic resonances at 204 ppm for the sp-hybridised allenic 
carbon of TPCA and at 192 ppm for the carbonyl carbon of TPE. 
UDEFT (Uniform Driven Equilibrium Fourier Transform) 13C NMR 
is particularly useful for crude mixtures rich in aromatic carbons, 
where long T₁ relaxation times cause signal saturation in 
conventional 13C NMR. Originally employed in 29Si NMR 
spectroscopy, the DEFT experiment is designed to drive the 
magnetization of slowly relaxing nuclei back to the equilibrium, 
reducing T₁-dependent variations in signal intensity and 
enabling the use of short recycle delays. The use of adiabatic 
pulses further ensures accurate re-equilibration after each 
transient, minimizing cumulative errors in magnetization 
trajectories. Full experimental details, including 
chromatograms and spectra, are provided in the SI. UDEFT 13C 
NMR enabled detection and qualitative identification of an 
additional allenaminium chloride by-product, (TTPAC; see SI, 
Scheme S2), likely arising from nucleophilic attack of TEA on 
TPCA.15 To avoid this competitive substitution, 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) was therefore selected 
as a non-nucleophilic base to suppress this pathway and enable 
cleaner TPCA formation. Table 1 summarises reactivity of TPPA 
with selected chloride-based reagents.

Table 1 Reaction of TPPA 5 with different chloride-based reagents

Notes: [a]HPLC-MS; IS = internal standard. [b]UDEFT 13C NMR. [c]oxalyl chloride. 
[d]Vilsmeier Reagent

reagent Base TPPA[a]
ATPCA

/AIS[a] ATPE[a] TTPAC[b]

1 MsCl TEA Traces 0.29 No Yes

2 OxCl[c] TEA Yes 0.58 No No

3 VR[d] TEA Yes 0.20 No Yes

4 PCl5 TEA Traces 0.11 traces Yes

5 Ph3PCl2 TEA Yes 0.12 traces No

6 MsCl DBU Yes 0.41 No No

7 PCl5 DBU Traces 0.85 traces No

Scheme 2 Reaction of TPPA 5 with CH3SO2Cl (A) and SOCl2 (B)
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Under optimised conditions (PCl₅/DBU in CH₂Cl₂ at 0 °C for 20 
min), TPCA was formed in 85% yield, as determined by HPLC 
analysis. Since the thermal evolution of TPCA into rubrene 
requires temperatures above 100 °C, dichloromethane was 
replaced by 1,2-dichlorobenzene (ODCB) to enable both the 
TPPA-TPCA rearrangement and the subsequent high-
temperature steps using a single solvent. During optimization, 
partial decomposition of DBU was observed under prolonged 
heating, prompting its replacement with collidine, a more 
thermally robust base. In the optimised procedure, TPPA and 
PCl₅ in ODCB were first reacted at 0 °C for 30 min, after which 
collidine was added and the mixture heated at 140 °C. Rubrene 
formation was monitored by UV-Vis spectroscopy and showed 
a gradual increase over time, reaching a maximum yield of 56% 
after extended heating (24 h) at 140 °C. Analysis of the crude 
reaction mixture after solvent removal and MeOH trituration 
revealed the presence of rubrene together with rubrene 
endoperoxide and cyclobutene 6, consistent with the 
mechanistic framework outlined in Scheme 1, with 
endoperoxide formation likely arising from adventitious oxygen 
and light exposure. Importantly, the rubrene endoperoxide can 
be quantitatively reverted to rubrene upon heating at 160 °C,16 
indicating that this impurity is reversible and does not represent 
an intrinsic limitation of the process. In contrast, cyclobutene 6 
arises from an irreversible diversion of the chloroallene 
manifold, thereby directly impacting both yield and purification 
of rubrene. These observations highlight the intrinsic 
complexity of the TPCA reaction network, whose thermal 
evolution proceeds through diradical intermediates that can 
irreversibly collapse into both rubrene and cyclobutene 6, with 
a marked but not exclusive preference for rubrene. Alternative 
heating strategies were therefore explored. Continuous-flow 
experiments conducted at 140-160 °C for short residence times 
did not provide advantages over batch processing. In contrast, 
microwave irradiation efficiently accelerated the 
transformation. Screening at 140-180 °C identified 160 °C for 3 
h as optimal, affording rubrene in 59% yield by UV–Vis analysis, 
comparable to prolonged conventional heating but with a 
markedly reduced reaction time (see SI). Although these 
experiments confirmed the robustness of the TPCA-based 
pathway, they also underscored practical limitations of PCl₅-
based conditions when applied to the one-pot process, 
primarily due to the formation of cyclobutene by-products that 
complicate purification and reduce yields. This prompted us to 
consider alternative chloride-based promoters capable of 
maintaining efficient chloroallene formation while improving 
the downstream product profile. In this context, we were 
inspired by literature reports describing trimethylsilyl chloride 
(TMSCl)-mediated propargyl-allenyl rearrangements,17 where 
TMSCl acts as both an alcohol-activating promoter and a 
chloride source. Accordingly, TMSCl was evaluated under mild, 
non-interfering basic conditions, using the sterically hindered, 
non-nucleophilic base 2,6-di-tert-butylpyridine (DTBP). 
Addition of DTBP to TPPA in ODCB at room temperature, 
followed by 1.1 equivalents of TMSCl and heating at 140 °C for 
8 h, resulted in a remarkably clean one-pot conversion to 
rubrene. Under these conditions, rubrene was obtained in 66% 

yield by UV-Vis analysis and 59% yield of isolated product after 
simple MeOH trituration of the reaction crude and filtration. 
Only trace amounts of rubrene endoperoxide were detected, 
and cyclobutene 6 was not observed. After filtration of rubrene, 
TPE was identified as the major component in the filtrate, likely 
formed via hydrolytic interception of TPCA by trace adventitious 
water (see SI). Previous studies have highlighted the delicate 
balance governing the TPCA reaction manifold, in which the 
competition between rubrene and cyclobutene formation 
depends on subtle changes in reaction conditions and 
substrate-dependent factors. To assess the robustness of the 
TMSCl-mediated one-pot protocol beyond the initial small-scale 
experiments, we performed additional reactions under 
modified conditions. Scale-up of the process starting from 1 g of 
TPPA afforded rubrene in 56% yield of isolated product (69% by 
UV-Vis analysis), confirming that the observed pathway 
selectivity is not a small-scale artefact. Moreover, doubling the 
initial TPPA concentration at 140 °C under otherwise identical 
scale-up conditions afforded a comparable yield (68% by UV-Vis 
analysis and 61% yield of isolated product) within the same 
reaction time, without evidence for increased cyclobutene 
formation (see SI). These results indicate that, under TMSCl-
mediated conditions, the evolution of the TPCA intermediate 
toward rubrene remains robust upon scale-up and under 
moderately increased concentration. Accordingly, comparisons 
with previously reported protocols are best interpreted in terms 
of operational robustness rather than absolute yield under 
matched conditions. In the presence of TMSCl, the propargyl 
alcohol is activated via silyl ether formation. Under the reaction 
conditions, C–O bond cleavage provides access to a delocalised 
cationic manifold (Scheme 3), with the positive charge 
distributed over the propargyl/allenyl framework. While the 
propargyl cationic form is expected to be the more stabilised 
contributor, the allenyl form is likely more reactive toward 
nucleophilic capture, leading to preferential chloride trapping 
and formation of TPCA.18 This qualitative picture is consistent 
with the predominant formation of TPCA and with the cleaner 
one-pot behaviour observed under TMSCl-based conditions.

In conclusion, this study examines and optimises the commonly 
employed TPPA–TPCA–rubrene sequence with the goal of 
establishing a truly one-pot process, where all steps proceed in 
a single operation without isolation of intermediates. The use 
of PCl₅ proved instrumental in enabling a systematic analysis of 
the TPCA reactivity landscape, revealing both the robustness of 
the pathway and the intrinsic competition between productive 
and unproductive reaction channels. Building on these insights, 

Scheme 3 Plausible pathway for the TMSCl-mediated conversion of TPPA into TPCA

Page 3 of 6 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 2

/2
5/

20
26

 4
:3

5:
35

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6CC00341A

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6cc00341a


COMMUNICATION ChemComm

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

the adoption of TMSCl provided a decisive improvement at the 
level of the one-pot process. Under TMSCl-mediated 
conditions, rubrene is obtained in 61% yield of isolated product 
after simple MeOH trituration of the crude reaction mixture and 
filtration, with effective suppression of cyclobutene by-
products and limitation of oxidation to reversible endoperoxide 
formation. By eliminating the low-temperature step and a key 
purification bottleneck, this single-solvent, one-pot approach 
enables a more practical and reproducible synthetic access to 
rubrene. More broadly, these results illustrate how subtle 
changes in chloride activation can bias the reactivity of the 
chloroallene manifold, providing a rational framework for 
controlling a complex cascade process in rubrene synthesis.
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