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Abstract: The super-electrophilic properties of arenediazonium salts have been exploited for achieving ultra-fast 

palladium-catalyzed coupling reactions with turnover frequencies up to 16 200 h
-1
. These ultra-fast coupling 

reactions have been exemplified with the synthesis of prone-to-polymerization styrenes within seconds through 

Suzuki cross-couplings with potassium vinyltrifluoroborate. Heterocycles and functional group such as halides 

were well tolerated. The ambivalent properties of potassium vinyltrifluoroborate also allowed the development of 

ultra-fast sequential Suzuki-Heck reactions for the preparation of symmetrical and unsymmetrical stilbenes within 

minutes. 

Introduction 

Arenediazonium salts are a class of powerful electrophiles 
allowing for a plethora of organic transformations.

1
 For 

instance, the use of arenediazonium salts as aryl halide 
surrogates in palladium-catalyzed reactions allowing C-C bond 
formation is certainly one of the most intriguing applications.

2
 

Indeed, the high polarization of the C-N2
+
 bond allows facile 

oxidative additions of Pd(0) complexes in mild conditions at 

moderate temperature, usually ranging from 25 to 60 °C, and 
most often under base-, ligand- and additive-free conditions.

3
 

The peculiar properties of these super-electrophiles are salient 
advantages for the development of palladium-catalyzed 
sustainable processes since they allow working under 
experimentally simple conditions, reducing both energy 
expenses and waste generation.

4
 

By contrast, exploiting the high reactivity of arenediazonium 
salts with Pd(0) complexes has been mostly overlooked for the 
development of ultra-fast reactions speeding up the 
productivity.

5
 With no doubt, the Heck and Suzuki coupling 

reactions are the most popular palladium-catalyzed 
transformations in the toolbox of synthetic chemists. Under 
traditional conditions, when using aryl halide as electrophiles, 
these reactions usually require extensive reaction times (>>1 
hour), mostly under heating, especially for the more 
demanding Heck reaction although few catalysts systems 
allowing high turnover frequencies (TOFs) have been 
reported.

6
 Developing ultra-fast palladium-catalyzed coupling 

reactions, completed within minutes or even seconds, would 
be of great interest to speed up processes, either in multi-step 
synthesis where reactions times contribute to a large extent to 
the global time required for the synthesis of complex 
architectures, or with unstable products not supporting 
extended stirring and heating. In this contribution, we report 
our findings on catalyst systems allowing ultra-fast palladium-
catalyzed coupling reactions by taking advantage of the high 
reactivity of arenediazonium salts. Our efforts have culminated 
with the synthesis of highly sensitive styrenes within seconds 
through the coupling of arenediazonium salts with vinyl 
potassium trifluoroborate. Further studies allowed the 
preparation of symmetrical and asymmetrical stilbenes within 
minutes through sequential Suzuki-Heck reactions under 
microwave heating. 
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Results and discussion 

The development of ultra-fast reactions is particularly relevant for 
the preparation of highly sensitive architectures which are prone to 
degradation upon exposure to external stimuli such as light, oxygen 
or high temperature. In this regard, we reasoned that the synthesis 
of styrenes, which are intermediates of utmost importance in 
medicinal and polymer chemistry, could serve as illustrative 
examples for showing the potential of ultra-fast reactions. Our 
approach for the synthesis of styrene consists in the coupling of 
arenediazonium salts with potassium vinyltrifluoroborate 1. While 
this process could be hastily considered as trivial, it required a fine 
tuning of experimental conditions since the ambivalent properties 
of vinyltrifluoroborate could lead to divergent reaction outcomes 
with either a Suzuki (pathway A) or Heck coupling (pathway B), 
eventually followed by a second coupling (pathway C and D) as 
depicted in Scheme 1. However, we anticipated that pathway A 
would be favored since Suzuki couplings are usually much less 
demanding processes than Heck reactions.  

We studied these different reaction outcomes on a benchmark 
reaction involving the coupling of bench-stable 4-
nitrobenzenediazonium tosylate 2 with a slight excess of potassium 
vinyltrifluoroborate 1 (1.5 eq.) using 1 mol% of Pd(OAc)2 as a 
catalyst. While most Pd-catalyzed coupling reactions have been 
described with diazonium salts having a tetrafluoroborate 
counterion, we recently highlighted the benefits of diazonium 
tosylates since they usually display a higher reactivity and stability 
and do not produce highly harmful HF as by-product. We initially 
carried out the reaction in water and at room temperature without 
any additive such as base or ligand (entry 1). Under these 
conditions styrene 3a was isolated as the major product, although 
significant amounts of stilbene 4a, resulting from a sequential 
Suzuki-Heck process (pathways A -> C), were also isolated. We 
reasoned that the increase of hydroxyl ion concentration with the 
use of NaOAc as a base, could favor the Suzuki coupling through the 
formation of palladium hydroxo intermediates

7
, but unfortunately, 

our hypothesis was invalidated since the distribution of products 
3a/4 was unchanged under these conditions (entry 2). Suspecting 
that the low selectivity for 3a could be due to solubility issues, we 
switched the reaction solvent from H2O to MeOH and CH3CN. While 
MeOH is usually an excellent solvent for Pd-catalyzed reactions 
involving arenediazonium salts,

3, 8
 it proved to be unsuitable for our 

methodology since 3a was isolated in only 23% (entry 3).  
Actually, nitrobenzene, resulting from the reduction of 2, was the 
main side-product formed with 63% yield. By contrast, when the 
reaction was carried out in CH3CN the selectivity and the reaction 
rate were notably improved since the expected styrene 3a was 
formed as the only isolable product with 95% yield after only 80 
seconds (entry 5). 

 
Scheme 1. Divergent pathways for the coupling of 
arenediazonium salts with vinyltrifluoroborate 

Table 1. Optimization studies 

 

Entry
a 

Solvent Base (eq.) 
Reaction time 

(seconds) 

Yield 3a/4a 

(%)b 

1 H2O - 900 54 / 20 

2 H2O NaOAc (1) 1920 52 / 18 

3 MeOH - 540 23 / 5c 

4 CH3CN - 80 95 / 0 

5 CH3CN NaOAc (1) 80 93 / 1 

6 CH3CN/H2O
 d

 - 25 97 / 0 

7
e 

CH3CN/H2O
 d

 - 2220 95 / 0 

8f CH3CN/H2O - 120 85 / 6 

a Reaction conditions: 4-nitrobenzenediazonium tosylate 2 (0.2 mmol), potassium 

vinyltrifluoroborate 1 (0.3 mmol) and Pd(OAc)2 (1 mol%) were stirred in the 

solvent (5 ml) at room temperature. The progress was monitored by TLC analysis. 
b Isolated yield. c Nitrobenzene was isolated with 63% yield. d A 1/1 ratio of 

starting materials was used. e Pd(PPh3)2Cl2 (1 mol%) was used as catalyst. f 4-

nitrobenzenediazonium tetrafluoroborate was used instead 4-

nitrobenzenediazonium tosylate. 

While these results were already impressive on their own, we 

discovered that the reaction time could be reduced to 25 seconds, 

allowing a remarkable turn over frequency (TOF) of 14 000 h
-1

, in a 

CH3CN/H2O (1/1) co-solvent media and still with a complete 

selectivity for 3a (entry 6). The process efficiency was highly 

dependent on the source of palladium since the switch of Pd(OAc)2 

for PdCl2(Ph3P)2 considerably slowed down the reaction rate (entry 

7). The very high reaction rates observed on this benchmark 

reaction significantly differ from literature precedents.
5b,c

 We 

attribute this impressive feature to the higher solubility of 

arenediazonium tosylates with respect to traditional 

arenediazonium tetrafluoroborates and the increased reactivity of 

potassium vinyltrifluoroborate 1 with respect to potassium 

arytrifluoroborates.
9
 As background reaction, we carried out the 

coupling between potassium vinyltrifluoroborate 1 and 4-

nitrobenzenediazonium tetrafluoroborate under optimized 

conditions. The results reveals that the cross-coupling requires 120 

seconds to reach completion, corresponding to a disappointing TOF 

of 2550 h
-1

 (entry 8). Moreover, the process is notably plagued by 

the formation of the undesired stilbene 4a with 6% yield.  
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With an optimized procedure in hands, we demonstrated the 
robustness of our methodology through the screening of variously 
decorated arenediazonium tosylates (Table 2). We were pleased to 
find that both para- and ortho-substituted arenediazonium salts 
were coupled with vinyltrifluoroborate 1 with very high rates 
corresponding to reaction times ranging from ca. 20 to 60 seconds. 
These ultra-fast reaction times correspond to remarkably high TOF 
from 4 800 h

-1 
up to 16 200 h

-1
. The only exception to our survey 

was observed for styrene 3k, bearing a carboxylate group in ortho 
position, which required 7.5 minutes of reaction time (TOF = 600 h

-

1
). This behavior was likely associated to an internal chelation 

between the carboxylate group and the cationic palladium atom 
after the oxidative addition which slowed down the reactivity of 
palladium intermediates. The reaction also proved to be sensitive to 
steric hindrance when ortho-ortho’ positions were substituted by 
bromine atoms (compound 3m). However, while the reaction time 
increased to 3.5 hours, the steric hindrance was not prohibitive for 
producing 3m in a synthetically useful yield. It should be noted, that 
described methodology is fully compatible with heterocycle- and 
azo-containing diazonium salts (compounds 3g-i). For instance, we 
were able to prepare 4-vinyluracyl 3i with a good yield (62%) in only 
5.5 minutes (TOF = 660 h

-1
); 3i has unique electronic properties and 

can be used for the preparation of labeled nucleosides.
7,8b 

 

Table 2. Reaction scope for the preparation of styrenes and 
vinylheterocycles

a,b
 

 
a Reaction conditions: diazonium salt (0.2 mmol), potassium vinyltrifluoroborate 1 

(0.3 mmol) and Pd(OAc)2 (1 mol%) were mixed in CH3CN/H2O (1/1 : v/v, 5 ml) and 

stirred at room temperature. The reaction was stopped after full conversion of 

arenediazonium tosylate determined by probe with β-naphtol. b Isolated yield. c 

NaOAc (0.2 mmol) was added to the reaction mixture. 

As discussed above, the formation of symmetrical stilbene 4a as 
side-product was observed in some circumstances during our 
optimization studies due to the ambivalent properties of 
vinyltrifluoroborate 1 (table 1, entry 1-3, 5). Therefore, we 
wondered if the use of an excess of the diazonium salt with respect 
to vinyltrifluoroborate 1 could allow an ultra-fast preparation of 
symmetrical stilbenes through a sequential Suzuki/Heck process. 
While similarities in reaction conditions for conducting Suzuki and 
Heck couplings with diazonium salts would help us for succeeding in 
developing an ultra-fast sequential process, we reasoned that the 
demanding nature of the Heck reaction might require to fine tune 
experimental conditions. With this objective in mind, we explored 
the coupling of two equivalents of 4-nitrobenzenediazonium salt 2 

with one equivalent of vinyltrifluoroborate 1 in aqueous acetonitrile 
in the presence of 1 mol% of Pd(OAc)2 as a catalyst. The double 
coupling reached completion after being stirred for 56 minutes, 
giving the expected symmetrical stilbene 4a with 89% yield. Since 
the Suzuki cross-coupling occurred in a matter of seconds, we 
clearly identified the Heck coupling as the rate limiting reaction. In 
order to speed-up the sequential process and especially the Heck 
reaction, we stirred the reaction mixture under microwave heating 
at 70 °C. Under these conditions it was gratifying to record a striking 
decrease of the reaction time to only 1 minute for achieving 4a with 
an excellent yield (86%, TOF = 2 600 h

-1
). With these conditions in 

hand we prepared a collection of representative structures. The 
results depicted in Table 3 deserve few comments. 

As discussed above, the formation of symmetrical stilbene 4a as 
First, all symmetrical stilbenes prepared in this study required less 
than 9 minutes of reaction time corresponding to remarkable TOF 
ranging from 570 to 5 500 h

-1 
for both sequential chemical 

reactions,
 
in order to achieve completion with the exception of 

stilbene 4e which required 132 minutes. While steric considerations 
might explain, at least in part, this behavior, the preparation of 4f in 
only 1 minute (TOF = 930 h

-1
), suggests that electronic factors might 

also be involved. 

 
Table 3. Preparation of symmetrical stilbene through a sequential 
Suzuki-Heck process

a,b 

 
a Reaction conditions: diazonium salt (0.4  mmol), potassium vinyltrifluoroborate 

1 (0.2  mmol) and Pd(OAc)2 (1 mol%) were mixed in CH3CN/H2O (1/1 : v/v, 5 ml) 

and immediately placed in microwave reactor (70 °C, 30 bars). The reaction was 

stopped after full conversion of arenediazonium tosylate determined by probe 

with β-naphtol. b Isolated yield. c 2 mol % of Pd(OAc)2 were used. d 3 mol % of 

Pd(OAc)2 were used. 

Secondly, bromine atoms of stilbene 4c remarkably survived to the 
microwave heating and no evidence for a competing coupling at the 
bromine atom was detected. The high chemoselectivity for the 
diazonium group allows to envisage further orthogonal 
functionalizations of stilbene 4c under standard organometallic 
chemistry. 
Thirdly, the methodology is remarkably efficient for synthetizing 
highly conjugated stilbenes that might find applications in material 
chemistry for the preparation of optoelectronic devices. 
From these studies, we learned that the temperature was the only 
experimental parameter that differed for carrying out Suzuki and 
Heck couplings. Therefore, we wondered if we could prepare 
unsymmetrical stilbenes following sequential Suzuki-Heck reactions 
using two different arenediazonium salts. From a practical point of 
view, we reasoned that after mixing an equimolar amount of an 
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arenediazonium salt with potassium vinyltrifluoroborate 1 for 
achieving ultra-fast Suzuki cross-couplings, the resulting styrene 
could be involved in a subsequent microwave-triggered Heck 
coupling upon addition of a second equivalent of another 
arenediazonium salt. We explored the synthetic usefulness of this 
promising strategy through the preparation of several 
representative examples depicted in Table 4. Pleasingly, 
unsymmetrical stilbenes could be prepared in high yields with 
reaction times ranging from 60 to 240 seconds corresponding to 
TOF ranging from 2 600 to 5 300 h

-1
. As already noticed for the 

preparation of symmetrical stilbenes, heterocycles and 
heteroatom-containing diazonium salts were tolerated for this 
process. As a relevant feature, we also noticed that switching the 
order of addition of arenediazonium salts did not affect the reaction 
outcome as exemplified by the preparation of compound 4h.    

Table 4. Preparation of unsymmetrical stilbene through a sequential 
Suzuki-Heck process.

a,b
 

 
a
 Reaction conditions: diazonium salt (0.2 mmol), potassium 

vinyltrifluoroborate 1 (0.2 mmol) and Pd(OAc)2 (1 mol%) were 
mixed in CH3CN/H2O (1/1 : v/v, 5 ml) and stirred at room 
temperature, then the second diazonium salt was added and the 
mixture was stirred at 70 °C under microwave irradiation. The 
reaction was stopped after full conversion of arenediazonium 
tosylate determined by probe with β-naphtol. 

b
 Isolated yield. 

 

Conclusions 
In summary, we exploited the super-electrophilic 

properties of arenediazonium salts for establishing ultra-fast 

Pd-catalyzed methodologies. Highly sensitive styrenes were 

prepared in seconds with TOF up to 16 200 h
-1

 through Suzuki 

cross-couplings while a collection of symmetrical and 

unsymmetrical stilbenes were synthetized through sequential 

Suzuki-Heck reactions requiring only a couple of minutes to 

reach completion for most examples. As highlights of this 

work, it can be argued that these methodologies (i) were 

conducted under extremely simple experimental conditions 

without any additives such as base and ligand, (ii) allowed 

remarkable high TOF for such simple conditions, (iii) provided 

styrenes and (un)symmetrical stilbenes in high yields. We 

believe that this contribution, highlighting the usefulness of 

arenediazonium salts, could inspire chemists involved in 

process intensification and should be of practical interest for 

synthetic chemists. 

Experimental 

General procedure for preparation of styrenes from 
potassium vinyltrifluoroborate 1 and ADT.  

 

To a mixture of ADT (2a-m) (0.2 mmol) and potassium 
vinyltrifluoroborate (0.3 mmol, 0.040 g) in 5 ml 
water/acetonitrile (1/1) was added 1 mol % Pd(OAc)2 
(0.002 mmol, 0.0005 g). The end of the nitrogen evolution and 
the formation of Pd(0) indicated the reaction completion. 
Brine (10 ml) was added to the reaction mixture and the 
organic layer was extracted with pentane (3×50 mL). The 
organic layers were dried over anhydrous MgSO4. The solvent 
was removed in vacuo to give the corresponding styrene 
without further purification (3a-m). 

5-vinyluracil (3i). According to the general procedure, the 
reaction of 5-uracildiazonium tosylate 2i (0.2 mmol, 0.062 g) 
with potassium vinyltrifluoroborate (0.3 mmol, 0.040 g) for 
340 sec afforded compound 3i (0.017 g, 62 % yield) as a white 
solid m.p. = 234-236 °C [lit. 230-270 °C

10
]. 

1
H NMR (400 MHz, 

DMSO-d6): δ 11.15-11.06 (m, 2H), 7.58 (s, 1H); 6.39-6.32 (dd, J 
= 17.6, 11.6 Hz, 1H), 5.94 (d, J = 17.6 Hz, 1H), 5.04 (d, J = 11.6 
Hz, 1H); 

13
C NMR (100 MHz, DMSO-d6):): δ 136.2; 150.6; 139.9; 

129.0; 113.4; 109.6. 

 

General Procedure for preparation of symmetric stilbenes 
from potassium vinyltrifluoroborate 1 and ADT.  

 

To a mixture of ADT (0.4 mmol) and potassium 
vinyltrifluoroborate (0.2 mmol, 0.027 g) in water/acetonitrile 
(5 mL, 1/1) was added Pd(OAc)2 (1 mol %). The reaction vessel 
was immediately placed into a microwave reactor (70 °C, 30 
bars). After completion, brine was added, the reaction mixture 
was extracted with CHCl3 (3×50 mL) and dried over anhydrous 
MgSO4. The solvent was removed in vacuo to give the 
corresponding stilbenes without further purification. 

(E)-1,2-bis(4-((E)-phenyldiazenyl)phenyl)ethene 4d. The 
reaction of (E)-4-(phenyldiazenyl)benzenediazonium tosylate 
2h (0.4 mmol, 0.124 g) and potassium vinyltrifluoroborate 
(0.2 mmol, 0.027 g) according to the general procedure during 
5 min afforded compound 4d (0.067 g, 86 % yield) as an red 
solid mp = 199-201 °C. 

1
H NMR (400 MHz, DMSO-d6 70 °C): δ 

7.94-7.86 (m, 5 H), 7.62-7.56 (m, 4H), 7.52 (s, 1H); HRMS (TOF 
MS ES+): calcd for C22H21N4 (M+H

+
) 389.1766; found 389.1764. 

 

General Procedure for preparation of unsymmetric stilbenes 
from potassium vinyltrifluoroborate 1 and ADT.  

 

To a solution of ADT (0.2 mmol) and potassium 
vinyltrifluoroborate (0.3 mmol, 0.040 g) water/acetonitrile (5 
mL, 1/1) was added Pd(OAc)2 (1 mol%). The reaction mixture 
was stirred until the cessation of the nitrogen evolution, then 
the second (0.2 mmol) was added to reaction mixture. The 
reaction vessel was placed into a microwave reactor (70 °C, 30 
bars). After completion, brine was added, the reaction mixture 
was extracted with CHCl3 (3×50 mL) and dried over anhydrous 
MgSO4. The organic extracts were filtered through short silica 
pad. The solvent was removed in vacuo to give the 
corresponding stilbenes without further purification. 
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(E)-1-(4-((E)-4-nitrostyryl)phenyl)-2-phenyldiazene 4i. The 
reaction of 4-nitrobenzenediazonium tosylate 2a (0.2 mmol, 
0.064 g), (E)-4-(phenyldiazenyl)benzenediazonium tosylate 2h 
(0.2 mmol, 0.076 g) and potassium vinyltrifluoroborate (0.2 
mmol, 0.0268 g) afforded compound 4i (0.057 g, 87 % yield) as 
a white solid mp 238 °C (decomp.). 

1
H NMR (400 MHz, CDCl3): 

δ 8.25 (d, J = 8.4 Hz, 2H), 7.98-7.93 (m, 4H), 7-72-7.67 (m, 4H), 
7.56-7.49 (m, 3H), 7.34 (d, J = 16.4 Hz, 1H), 7.25 (d, J = 16.0 Hz, 
1H); 

13
C NMR (100 MHz, CDCl3): δ 152.8; 152.6; 147.1; 143.6; 

138.9; 132.5; 131.4; 129.3; 127.9; 127.2; 124.4; 123.7; 123.1. 
HRMS (TOF MS ESI+): calcd for C20H16N3O2 (M+H+) 
330.1243; found 330.1246. 

 

All experimental details as well as NMR spectra for all 
compounds is provided in ESI.  
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