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Abstract
The direct arylation polycondensation (DArP) has become one of the most important methods to
construct conjugated polymers (CPs). However, the homocoupling side-reactions of environmentally-
harmful aryl halides and the low regioseletive reactivities of unfunctionalized aryls hinder the
development of DArP. Here, we report an e�cient Pd and Cu co-catalysis DArP was presented via inert C-S
bond cleavage of electron rich aryl thioethers, of which robustness was exempli�ed by over twenty
conjugated polymers (CPs), including copolymers, homopolymers, and random polymers.The capture of
oxidative addition intermediate together with experimental and theoretic results suggested the important
role of palladium (Pd) and copper (Cu) co-catalysis with a bicyclic mechanism. The studies of NMR,
molecular weights, trap densities, X-ray diffraction, and the charge transport mobilities revealed this
method is an excellent choice for synthesizing CPs.

Introduction
The conjugated polymers (CPs), usually prepared by transition-metal catalyzed cross-coupling
polymerization, are indispensable functional materials for organic biomedical and optoelectronic devices,
such as biophotonics1, organic photovoltaics (OPVs)2–4, organic light-emitting diodes (OLEDs)5, and
organic �eld-effect transistors (OFETs)6–8. Unfortunately, the typical cross-coupling polycondensations,
such as Suzuki9,10, Stille11, and Negishi12, generally require the pre-functionalization of monomers, which
increased the synthetic complexity and the cost of the CPs. Therefore, the direct arylation
polycondensation (DArP) (Fig. 1a) has been developed as an atom-economical method to synthesize
CPs13–15, which usually employed aromatic halides as electrophiles and unfunctionalized aryls as
nucleophiles16–19. However, the halogenated aryls are environmentally harmful and restrained in
substrates scope20. More importantly, the homocoupling of halides electrophiles possibly result in
inseparable structural defects in the resultant CPs, detrimental to their properties21,22. Also, the low
regioselective reactivity of the unfunctionalized aryls usually led to branching reactions, affording CPs
with low molecular weights and yields23. Therefore, it is urgent to explore e�cient DArP methods to
precisely synthesize CPs with renewable and sustainable electrophiles24.

Among various C-heteroatom bonds cleavage based catalysis, the transition metal catalysis via C-S bond
cleavage is unique and critical25. First, the organosulfur compounds can be accessed due to the wide
existence in natural products26, pharmaceuticals27, and materials28. Second, the orthogonal reactivity
between the C-S and other C-heteroatom bonds provided opportunities for simplifying the synthetic
routes29,30. Nevertheless, most transition metals can be strongly bounded with sulfur-containing
compounds, causing catalyst poisoning or substrate decomposition31,32. Thus, transition-metal catalyzed
cross-coupling reactions via direct C-S bond cleavage is still at infancy stage25. Recently, the �rst carbon-
sulfur bond activation based polymerization (CASP) of the aryl thioethers and aryl stannanes were
reported for precise synthesis of CPs (Fig. 1b)33. However, the toxicity of the tin-reagents obviously
hindered the large-scale application. Also, the catalytic mechanism is still elusive.
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Here, a DArP method via C-S bond cleavage of aryl thioethers (Fig. 1c) was exploited to synthesize CPs
with high regioselectivity. The robustness and generality of this methodology were exempli�ed with over
twenty CPs including copolymers, homopolymers, and random polymers, synthesized by a broad array of
(hetero)aryls and electron rich aryl thioethers. Furthermore, comprehensively experimental and theoretical
studies revealed the important role of palladium (Pd) and copper (Cu) cocatalysis with a bicyclic
mechanism, supported by the isolation of oxidative addition intermediate, deuterium experiments, and
DFT calculations. Importantly, the direct comparison of NMR, molecular weights, trap densities, and
charge transport mobilities of the polymers revealed our method is e�cient in synthesizing CPs.

Result And Discussion
Optimization of Small Molecule Reaction Conditions

A model reaction using 4-hexyl-2-(methylthio)thiophene (1a) and benzo[b]thiophene (2) as coupling
partners was performed (Table 1 and Supplementary Table 1, 2). The initial test using Herrmann’s
catalyst (5 mol%) and a bidentate phosphorus ligand (dcype, 10 mol%) under a basic condition in toluene
produced 2-(4-hexylthiophen-2-yl)benzo[b]thiophene (3a) in 45% yield (entry 1, Table 1). To further
enhance the e�ciency, various copper salts were screened (Supplementary Table 1)34-38. Gratifyingly, the
yield was improved to 78% in the presence of CuI (entry 2, Table 1), suggesting the important role of
copper salts. Next, various Pd catalysts were scrutinized (entries 3-5, Table 1). As a result, Pd2(dba)3

offered a high yield up to 91% in GC analysis (entry 3, Table 1), and an isolated yield of 85%. Importantly,
the low loading of Pd2(dba)3 (entries 6 and 7, Table 1) afforded 3a in excellent yields up to 98% and 93%,
respectively. The slightly low conversion in entry 3 for this arylation substitution may be due to the
homocoupling reaction from 1a (Supplementary Fig. 1). After replacing 1a with thioanisole (1b), the 1b is
barely homocoupling in comparison with 1a (Supplementary Fig. 2). Under the similar condition as entry
6, the cross-coupling reaction between 1b and 2 afforded 2-phenylbenzo[b]thiophene (3b) in 45% yield
(entry 8, Table 1). Thus, Pd catalysts were further screened. Interestingly, the reaction
with Pd(MeCN)2Cl2 or Pd(PtBu3)2 (entries 9 and 10, Table 1) as the catalyst produced 3b in good yields

(77% - 88%). However, reducing the loading of Pd(PtBu3)2 to 5 mol% dramatically lowered the yield of
3b to 37% (entry 11, Table 1). Additional screen on metal catalysts, ligands, and solvents was
summarized in Supplementary Table 1, which revealed that entry 10 (Table 1) is the optimal reaction
condition for 1b. Furthermore, the screen on the electron de�cient aryl thioethers (Supplementary Fig. 3),
such as 2-(methylthio)benzo[d]oxazole (1c), showed no reactivity under this optimal condition, indicating
the activation of C-S bond in this reaction may undergo a different mechanism from the previous copper-
coordination activation pathway39. To understand the selectivity of C-H activation of (hetero)aryls, a
detailed gas chromatography-mass spectrometry (GC-MS) analysis on the byproducts between the
coupling of 1b and 2 was conducted. Signi�cantly, no benzyl substitution at C3 position of 2 was
observed (Supplementary Fig. 4), suggesting that this methodology possesses little chance to form
branching defects in CPs.
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Mechanistic Studies

To elucidate the mechanism of this Pd/Cu dual-catalyzed C-H/C-S activation reaction, a series of
mechanistic studies were performed. Initially, an oxidative addition product A (Supplementary Fig. 5)
from the reaction of 1a with Pd2(dba)3/dcype was identi�ed by 31P NMR spectroscopy with two new
down�eld peaks (δ =56.7, 55.4 ppm), suffering from poor isolation. Pleasantly, a product B of the
oxidative addition of Pd(PtBu3)2/dcype to 1b in toluene at 110 oC was successfully isolated in 54% yield
(Fig. 2a). The structure of complex B was characterized by electrospray ionization-mass spectrometry
(ESI-MS) (Supplementary Fig. 6, [M+Na]+ mass-to-charge ratio (m/z) = 675.2523), 1H and 31P NMR
spectroscopy with two new down�eld peaks (δ = 61.3, 60.3 ppm). More importantly, the single crystal X-
ray structure analysis revealed that the Pd atom of B is in a square-planar geometry with the dcype ligand
coordinating in a cis-con�guration (Fig. 2a). Note that the oxidative intermediate can be adopted to
consolidate the following transmetalation process40-42. Thus, the stoichiometric reaction (Fig. 2b) of B
with an equimolar of 2 in the presence of CuI and base produced 3b in 89% yield, supporting B is the
oxidative intermediate of the catalysis. As expected, the catalytic amount of B can promote the reaction
effectively in a high yield of 89% (Fig. 2c). Moreover, the conversion of 3b dropped signi�cantly to 12-9%
yields in the absence of CuI, signifying the importance of CuI salt. 

To probe the role of copper salts, a series of deuteration experiments were performed (Fig. 2d).
Apparently, base is the obligatory composition to realize the deuteration, since no benzo[b]thiophene-2-d
(2-d) was obtained in the absence of the base (Supplementary Table 3). Without Pd2(dba)3, the 2-d
dropped slightly from 80% to 73% (entries 1-2, Fig. 2d), suggesting the Pd catalyst plays no key role in
this reaction. However, the yields signi�cantly dropped to ca 50% without either CuI or ligand (entries 3-4,
Fig. 2d), highlighting the importance of CuI and the ligand. In the absence of Pd2(dba)3, CuI, and the
ligand, the yield of 2-d further decreased to 47% (entry 5, Fig. 2d).

 According to the above results, a catalytic cycle was tentatively proposed (Fig. 3). The reaction
commences from the oxidation of aryl thioether 1b with the palladium (0) precursor Pd0(dcype), affording
the palladium (II) complex B. Meanwhile, the deprotonation of aryl 2 with copper (I) catalyst F, originated
from base, dcype, and CuI, possibly produces Cu (I) complex C35,36. Then the transmetalation between B
and C generates the metal intermediate complexes D and E. Finally, the D undergoes reductive elimination
to regenerate Pd0(dcype) and produce the target biaryl 3b. Meanwhile, copper (I) complex E proceeds via
ligands exchange to regenerate F.

Kinetic Studies

With 2-d in hand, a kinetic isotope experiments (KIE) of two parallel reactions showed no obvious kinetic
isotope effect (kH/kD = 1.13; k, rate constant) (Fig. 2e), indicating that C-H bond cleavage is not the

turnover-limiting step in the catalytic cycle43. Next, the kinetic studies via variable time normalization
analysis (VTNA)44,45 were performed to determine the order of the reaction components. As shown in Fig.
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4, the order of 0 was obtained for both reactants 1b (Fig. 4a) and 2 (Fig. 4b), indicating neither
deprotonation nor oxidative addition was the turnover-limiting step. Given that the CuI is fully soluble in
the solvent, the order of 0 at loadings between 10 and 20 mol% (Fig. 4c) implies that the above Cu-
catalytic cycle is not rate limiting, in accordance with the KIE results. Subsequently, the order of 0.5 kinetic
pro�les was observed for [Pd(PtBu3)2/dcype] (Fig. 4d), signifying the turnover-limiting step of Pd-

catalyzed cycle. Meanwhile, the order of 1.5 kinetic pro�les were observed for Pd(PtBu3)2 at loadings
between 5 and 10 mol% (Fig. 4e) and for dcype at loadings between 7.5 and 10 mol% (Fig. 4f), indicating
an additional resting state of Pd(PtBu3)2 existed due to the reversible coordination reaction from the

Pd0(dcype)46,47. After ruling out the oxidative addition and transmetalation, we can conclude that the
reduction elimination is the turnover-limiting step.

DFT Calculation Studies

To corroborate the experimentally derived catalytic mechanisms, density functional theory (DFT)
calculations were performed at B3LYP-D3(BJ)/BSI level to evaluate the energetic feasibility of the
reaction pathways using 1b and 2 as model compounds (see Supplementary Section IX for
computational details). The energy pro�le for the reaction of 2 and 1b is shown in Fig. 5. To begin with,
the reaction  system �rst undergoes initiation, resulting in a Pd(0) active species I and a Cu(I) active
species F, respectively, which starts the Pd/Cu dual catalysis. Supportively, the initiation processes are
energetically favorable (Supplementary Fig. 27). Subsequently, the Pd(0) species I undergoes oxidative
addition to break C-S bond of 1b via TS-1, while the Cu(I) species F activates the C-H bond of 2 via
metathesis described by TS-2. Both substrate activations are kinetically feasible with a barrier around
15.0 kcal/mol, but note that the activation of 1b is much more exergonic than that of 2 (-14.5 versus -1.8
kcal/mol). The activation energetics well explains why the oxidative addition species B of 1b was easily
isolated rather than the C-H activation species C of 2 (Fig. 5). Subsequent to the substrate activations, the
resultant two species (C and B) undergo transmetalation via TS-3, leading to the diarylpalladium
intermediate D. The transmetalation could be observed by the structural evolution from IV to TS-3,
which indicates that the migration of SMe group from Pd- to Cu-center, and that of the aryl group of 2
from Cu- to Pd-center. Finally, the reductive elimination proceeds via TS-4, delivering the coupling product
3b and regenerating the Pd(0) active species I. On the other hand, the thioether copper intermediate E
from transmetalation could favorably react with KOtBu to regenerate copper active species F
(Supplementary Fig. 29). Thus, both active catalysts could be regenerated for the Pd/Cu dual catalysis.
Overall, the reaction is exergonic by 27.6 kcal/mol with a rate-determining barrier (20.8 kcal/mol) for
reductive elimination step, energetically demonstrating the occurrence of the reaction. Notably, the higher
reductive elimination barrier than the C-H activation barrier of 2 (15.5 kcal/mol) also agreed with our
kinetic isotope effect experiment that measured a kH/kD =1.13 (Fig. 2e). In addition, our calculations
suggest that the C-H bond activation at the C2-position of 2 is more easily than that at the C3-position
(with a barrier of 15.5 versus 16.5 kcal/mol, Supplementary Fig. 30), explaining the regioselectivity of the
reaction.
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Optimization of Polycondensation Reaction Conditions

With the success of the small molecule reactions, a challenging C-S bond activation based DArP (CAS-
DArP) was initially investigated upon choosing 4,8-bis((2-hexyldecyl)oxy)benzo[1,2-b:4,5-b']dithiophene-
2,6-bis(methylthio) (E1) and 2,2'-bithiophene (N1) as coupling partners for the synthesis of polymer P1.
Table 2 summarized the optimizing reaction conditions. Under the condition of catalytic Pd2(dba)3, CuI,
base, and dcype in toluene, the polymer P1 with Mn of 16.5 kg/mol and � of 1.66 was obtained in 68%
yield (entry 1; Table 2). After simple screening of the Pd catalysts (entries 2-4), Pd(MeCN)2Cl2 in a high
loading of 20 mol% provided the best conversion (98%) of polymer P1 with Mn up to 51.6 kg/mol. After
reducing the loading of Pd(MeCN)2Cl2 (entries 5-6), the Mn of P1 dramatically decreased. Next, the high
boiling point solvents including o-xylene and chlorobenzene were scrutinized (entries 7-8), showing much
lower reactivity than the reaction in toluene. Finally, several control polymerizations by lowing
concentrations (entries 9-10) or shortening the reaction time (entry 11) resulted in the signi�cant decrease
of Mns and yields. Therefore, entry 4 is the optimal condition for the cross-coupling polymerization.

Substrate Scope

To investigate the generality of this DArP method, a broad array of (hetero)aryls (N1-N10)
and (hetero)aryl thioethers (E1-E8, M1-M5) scope (Supplementary Fig. 14) were scrutinized to illustrate
this polycondensation protocol. Fig. 6 summarized all polymerization results under the optimal or �ne-
tuned reaction conditions. First, to probe the universality of the aryl thioether electrophiles, 4,8-
bis(octadecyloxy)benzo[1,2-b:4,5-b']dithiophene-2,6-bis(methylthio) (E2), 4,8-bis(4,5-didodecylthiophen-2-
yl)benzo[1,2-b:4,5-b’]dithiophene-2,6-bis(methylthio) (E3), and 5,5'''-bis(methylthio)-3,3'''-bis(2-
octyldodecyl)-2,2':5',2'':5'',2'''-quaterthiophene (E4) were cross-coupled with N1 to afford P2, P3, and P4,
respectively, with high molecular weights (Mn = 30.3-76.0 kg/mol) and yields (83-98%), suggesting
excellent generality of thioethers for polymerization. Not surprisingly, the side chains play important roles
on the molecular weights of the polymers due to the solubility limitation48. Thus, the molecular weight of
P3 (Mn = 76.0 kg/mol) with aryl alkyl chains is higher than that of P1 (Mn = 51.6 kg/mol) with branched
alkyl chains. When the side chains changed to linear alkyl chains, the molecular weight of P2 is further
reduced to 30.3 kg/mol. Impressively, the P3 was able to be synthesized in gram scale, revealing the
robustness of this methodology and potential for future large-scale commercialization. To further extend
the scope from thiophene thioethers and phenyl thioethers, using Pd(PtBu3)2 as the catalyst,  an
aryl 4,4,9,9-tetrahexadecyl-4,9-dihydro-s-indaceno[1,2-b:5,6-b']dithiophene (N2) was employed to cross-
couple with 2,5-bis(5-(methylthio)-3-tetradecylthiophen-2-yl)thieno[3,2-b]thiophene (E5), 1,4-
bis(methylthio)benzene (E6), 4,4'-bis(methylthio)-1,1'-biphenyl (E7) and 2,8-
bis(methylthio)dibenzo[b,d]thiophene (E8) to afford P5-P8, respectively, in excellent yields (93-96%) with
high Mns ranging from 16.7 to 50.9 kg/mol. Similarly, the side chains effects on the polymerization
signi�cantly in�uence the solubility and thus molecular weight of the resulting polymers. 
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Next, the attention was focused on the nucleophilic (hetero)aryls. The electrophile E1 was selected to
copolymerize with 2,2'-biselenophene (N3), electron rich 3,3'-bis(pentyloxy)-2,2'-bithiophene (N4), (E)-1,2-
di(thiophen-2-yl)ethene (N5), and slightly electron-poor 3,3'-di�uoro-2,2'-bithiophene (N6) to produce P9-
P12 in excellent yields (70-98%). Especially, two high molecular weight polymers P10 and P11 were
achieved with Mns of 110.9 and 61.7 kg/mol, indicating the contributions from the high C-H activation

reactivity of electron-rich (hetero)aryls and good solubility of the resulting polymers49,50. Since fused
rings are commonly utilized in the semiconducting materials51,52, the well-known building blocks
benzo[1,2-b:4,5-b']dithiophene (N7), 2,5-bis(3-tetradecylthiophen-2-yl)thieno[3,2-b]thiophene (N8), 2,2'-(9,9-
dioctyl-9H-�uorene-2,7-diyl)dithiophene (N9) are cross-coupling with E2, yielding P13-P15 with high Mns

of 15.1-25.9 kg/mol, of which P13 was polymerized by Pd(PtBu3)2 catalyst. Meanwhile, E3 were selected
to cross couple with electron de�cient 2,2'-bithiazole (N10), producing P16 with a Mn of 11.6 kg/mol,
suggesting the low reactivity for activating electron de�cient arenes. Additionally, one random polymer
P17 was synthesized with high Mn of 17.9 kg/mol in an excellent yield of 92%. In addition to the high
reactivity of cross-coupling copolymerization, this method also presents excellent e�ciency in
homopolymerization. A series of aryl monothioethers were selected as the monomers for homocoupling
polycondensations. Delightfully, 3,3'-dihexyl-5-(methylthio)-2,2'-bithiophene (M1), 5-(methylthio)-3,3'''-
bis(2-octyldodecyl)-2,2':5',2'':5'',2'''-quaterthiophene (M2), 2-(9,9-dioctyl-7-(thiophen-2-yl)-9H-�uoren-2-yl)-5-
(methylthio)thiophene (M3), and 4,8-bis((2-hexyldecyl)oxy)benzo[1,2-b:4,5-b']dithiophene-2-
(methylthio) (M4), as the monomers in a high concentration of 0.4 M produced high quality
homopolymers P18-P21, respectively, in excellent yields (>95%) with narrow polydispersity indexes (~1.5)
and high Mns (33.6-85.1 kg/mol). Also, (E)-5'-(2-(3',4-didodecyl-[2,2'-bithiophen]-5-yl)vinyl)-3,4'-didodecyl-5-

(methylthio)-2,2'-bithiophene (M5, 0.2 M) was polymerized with Pd(PtBu3)2 as the catalyst to afford P22
with 67.4 kg/mol and a slightly broad � of 1.80, 

which shows much higher polymerization e�ciency than the same polymer synthesized in Stille
polycondensation53,54. To understand the mechanism for the homocoupling reaction, the kinetic studies
on the correlation between the Mns and  values as a function of monomer conversion in the synthesis of
polymer P18 were performed as shown in Supplementary Fig. 15. It is of note that the Mn value increased
sharply at a high conversion of monomer, while the  values slowly approached 2.00, suggesting a typical
step-growth polycondensation55,56. Furthermore, the optical, electrochemical, and thermal properties of all
above polymers were discussed to signify the potential applications (Supplementary Fig. 16-18,
Supplementary Table 5).

Finally, a direct comparison among the classic Stille, DArP, and the present CAS-DArP were performed to
synthesize the P3 in parallel (Supplementary Table 6). Replacing the aryl sul�de substrate (E3) with 2,6-
dibromo-4,8-bis(4,5-didodecylthiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene as the electrophile, the classic
DArP afforded P3-DArP with a much lower Mn (15.8 kg/mol) and yield (~80%) (entry 2, Supplementary

Table 6), which may be ascribed to homocoupling reaction of aryl bromide (Supplementary Fig. 19)57-59.
Replacing the aryl with aryl distannanes, the classic Stille polymerization afforded P3-Stille with a



Page 9/20

relatively lower Mn of 66.6 kg/mol and a broader � (2.87) than that synthesized by CAS-DArP (entry
3, Supplementary Table 6). Furthermore, P22 was also chosen to be synthesized by coupling (E)-1,2-bis(3-
dodecyl-5-(trimethylstannyl)thiophen-2-yl)ethene and 5,5'-dibromo-4,4'-didodecyl-2,2'-
bithiophene in classic Stille reaction, which afforded P22-Stille with a good molecular weight (Mn of 49.0

kg/mol, � of 1.77) (Supplementary Table 7)53,54. The P22 based OFETs demonstrated an excellent
mobility of 1.35 cm2 V-1 s-1 (Supplementary Table 9), higher than the P22-Stille based ones (1.09 cm2 V-1

s-1). After examining the 1H NMR of P22-Stille and P22 in aromatic region, the extra peaks at 7.23-7.57
ppm for P22-Stille (Supplementary Fig. 21) were barely observed in that of P22, suggesting P22 contains
less structural defects than P22-Stille. Additionally, the energetic pro�le of trap density of states (tDOS) of
P22 and P22-Stille by thermal admittance spectroscopy (TAS) analysis quantify the reduction of trap
states. The tDOS was on the level of 1016 cm-3 eV-1 for P22 �lm, much smaller than that of P22-Stille
(1017 cm-3 eV-1) within the deep energy depth of around 0.35 eV in the �lms (Supplementary Fig.
24). Next, two-dimensional grazing-incidence wide-angle X-ray scattering (2D-GIWAXS) of P22 re�ected
more ordered crystallinity than P22-Stille (Supplementary Fig. 26), consistent with the charge transport
mobilities. These results revealed that the CAS-DArP is a good choice to the classic Stille and DArP in
synthesizing CPs. 

Conclusions
In summary, a robust DArP method via C-S bond cleavage (CAS-DArP) was exploited using Pd/Cu
cocatalysts. The scope of aryl thioethers and aryls are versatile, exemplifying with over twenty CPs
including copolymers, homopolymers and random polymers. Impressively, a mechanism was proposed
based on deuterium experiments, kinetic studies, DFT calculations, and an oxidative addition
intermediate con�rmed with single crystal X-ray diffraction, which revealed that both Pd and Cu catalysts
played critical role in the bicyclic catalysis. More importantly, CPs synthesized in this method possessed
less trap densities, higher Mns and charge transport mobility than those by the classic methods,
signifying an e�cient method in synthesizing CPs.

Methods

General procedure for C-H/C-S activation reaction
In a Schlenk �ask under nitrogen atmosphere, a solvent (2.0 mL) of a mixture of compound 1a (42.9 mg,
0.2 mmol) or 1b (24.8 mg, 0.2 mmol), 2 (26.9 mg, 0.2 mmol), palladium source (if applicable), copper
source (if applicable), phosphine ligand (if applicable), base (if applicable) was stirred at 120°C for 24 h.
After quenching the reaction, anthracene (35.6 mg, 0.20 mmol) in toluene (20.0 mL) was added into the
reaction mixture. Then the solution was �ltered through celite, washed with DCM and petroleum ether (1:1
v/v), and analyzed via GC using anthracene as an internal standard.
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General procedure for C-H/C-S copolycondensation
reaction (P1-P16)
Under nitrogen atmosphere, a mixture of monomers E1-E8 (0.20 mmol, 1 equiv), N1-N10 (0.20 mmol, 1
equiv), Pd(MeCN)2Cl2 (10.38 mg, 0.04 mmol, 20 mol%) or Pd(PtBu3)2 (20.44 mg, 0.04 mmol, 20 mol%),

CuI (15.24 mg, 0.08 mmol, 40 mol%), dcype (16.90 mg, 0.04 mmol, 20 mol%), and KOtBu (67.33 mg, 0.60
mmol, 3.0 equiv) were dissolved in toluene (0.5-1.0 mL) in a Schlenk tube. The reaction was stirred at
room temperature for 5 min and then heated at 120°C for 48 h. After cooling to room temperature, the
mixture was poured into chilled methanol (100.0 mL) for precipitation. The crude polymer was collected
by �ltration and puri�ed by successive Soxhlet extraction with acetone, hexane, and chloroform. Next, the
chloroform fraction was �ltered through a short silica gel (chloroform), concentrated and precipitated in
methanol, dried over vacuum. Finally, the desired polymer was obtained.

General procedure for the synthesis of P17
Under nitrogen atmosphere, a mixture of E1 (53.43 mg, 0.07 mmol), E2 (57.36 mg, 0.07 mmol), N8 (97.61
mg, 0.14 mmol), Pd(MeCN)2Cl2 (7.26 mg, 0.028 mmol), CuI (10.67 mg, 0.056 mmol), dcype (11.83 mg,

0.028 mmol), and KOtBu (47.13 mg, 0.42 mmol) were dissolved in toluene (0.7 mL) in a Schlenk tube.
The reaction was stirred at room temperature for 5 min and heated at 120°C for 48 h. After cooling to
room temperature, the mixture was poured into chilled methanol (100.0 mL) for precipitation. Then, the
crude polymer was collected by �ltration and puri�ed by successive Soxhlet extraction with acetone,
hexane, and chloroform. Next, the chloroform fraction was �ltered through a short silica gel (chloroform),
concentrated and precipitated in methanol, dried over vacuum. Finally, the desired polymer was obtained.

General procedure for C-H/C-S homopolycondensation
reaction (P18-P22)
Under nitrogen atmosphere, a mixture of a M1-M5 (0.40 mmol, 1 equiv), Pd(MeCN)2Cl2 (20.76 mg, 0.08

mmol, 20 mol%) or Pd(PtBu3)2 (40.88 mg, 0.08 mmol, 20 mol%), CuI (30.47 mg, 0.16 mmol, 40 mol%),

dcype (33.81 mg, 0.08 mmol, 20 mol%), and KOtBu (134.66 mg, 1.20 mmol, 3.0 equiv) were dissolved in
toluene (1.0 or 2.0 mL) in a Schlenk tube. The reaction was stirred at room temperature for 5 min and
then heated to 120°C for 48 h. After cooling to room temperature, the mixture was poured into chilled
methanol (100.0 mL) for precipitation. Then, the crude polymer was collected by �ltration and puri�ed by
successive Soxhlet extraction with acetone, hexane and chloroform. Next, the chloroform fraction was
�ltered through a short silica gel (chloroform), concentrated and precipitated in methanol, dried over
vacuum. Finally, the desired polymer was obtained.
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Tables 1 to 2 are available in the Supplementary Files section

Figures

Figure 1

Motivation and development of cross-coupling reactions via C-S bond cleavage.(a) Classic direct
arylation polycondensation. (b) Stille cross-coupling polycondensation via C-S bond cleavage. (c) The
direct arylation polycondensation via C-S bond cleavage (this work).
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Figure 2

Mechanistic studies. (a) Oxidative addition of 1b at 110 ℃ generates an intermediate B. The isolated
yields. (b) Stoichiometric reaction of B with 2 at 120 ℃ generates a product 3b. Yields were determined
by GC using anthracene as an internal standard. (c) Catalytic reaction by B at 120 ℃ generates a product
3b. Yields were determined by GC using anthracene as an internal standard. (d) H/D exchange
experiments of 2. For detailed data, see Supplementary Table 3. Yields were determined by 1H NMR using
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1,4-dimethoxybenzene as an internal standard. (e) Kinetic isotope effect (KIE) experiment for two parallel
reactions. kH, rate constant of 2; kD, rate constant of 2-d. Yields were determined by GC using anthracene
as an internal standard.

Figure 3

Proposed mechanism for C-H/C-S activation reaction.
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Figure 4

Kinetic studies. K inetic pro�les in different concentrations of 1b (a) and 2 (b). Kinetic pro�les in different
loadings of CuI (c), [Pd(PtBu3)2/dcype] (d), Pd(PtBu3)2 (e), and dcype (f). For detailed data, see
Supplementary Section IV-7.

Figure 5

DFT calculation studies. Energy pro�le of Pd/Cu dual-catalyzed C-H/C-S activation reaction and the
optimized structures of the key stationary points. Bond lengths are given in angstroms. The calculated
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Gibbs energies (ΔG and ΔG‡, 298.15 K, 1 atm) are shown in kcal mol–1. For detailed pro�les, see
Supplementary Section IX.

Figure 6

Substrate scope of direct arylation polycondensation via C-S bond cleavage. Mn, Mw, and � were
determined with GPC at 150 ℃ in 1,2,4-trichlorobenzene against a polystyrene standard. The degree of
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polymerization was calculated using Mn. aThe Pd(PtBu3)2 (20 mol%) was used instead of Pd(MeCN)2Cl2
(20 mol%). bReaction concentration of 0.4 M. cReaction concentration of 0.3 M. For experimental details
of polymers, see Supplementary Section V.
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