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Regiodivergent Sulfonylation of Terminal Olefins via Dearomative 
Rearrangement
Ever A. Blé-González,a Stephen R. Isbel,a Olatunji S. Ojo,b Patrick C. Hillesheim,c Matthias Zeller,d 
and Alejandro Bugarin*a

Sulfones are fascinating and highly used functional groups, but current syntheses still have limitations. Here, a regiodivergent 
transition metal-free approach towards sulfones [(E)-allylic sulfones and -sulfonylmethyl styrenes] is reported. The method 
employs commercially available olefins, bases, additives, solvents, and sodium sulfinates (RSO2Na) and produces adducts in 
good yields. Considering that up to 4 reactions (bromination, dearomative rearrangement, E2, and SN2) are happening, this 
approach is very efficient. The structures of key adducts were confirmed by X-ray crystallography. 

Introduction
Sulfones are an important class of organosulfur compounds 
because of their vast applications in the synthetic, medical, and 
material fields.1,2 Among sulfones, allylsulfone derivatives3 are 
one of the most exploited intermediates in organic synthesis, as 
they are found in numerous bioactive molecules.4,5,6 For 
example, allylsulfones can be antibacterial agents,6a TSH 
receptor antagonist, 6b cysteine protease inhibitors,6c-d 
anticancer agents,6e etc.6f-k Currently, there are several 
synthetic approaches to prepare allylsulfones. The traditional 
approaches are to either use the Tsuji-Trost reaction (Pd7 or Ir8)9 
for allylsulfones10 or sulfonyl radical additions to prepare -
sulfonylmethyl styrenes.11,12,13 Alternatively, the stoichiometric 
oxidation14 of sulfides with strong oxidants has also provided 
allylsulfones.1 Other alternatives from alkenes include metal 
catalyzed (e.g., Pd7,15,16, Ni, & Cu17) and substitutions18,19,20 
reactions. Couplings of allylic alcohols with sulfinyl chlorides,21 
activated by NBS,22 or catalyzed by Pd3,23 have afforded 
allylsulfone . Similarly, allylic amines using Pd,24 allenes using 
Pd,25 activated alcohols using W26 or Ir,27 alkynes with Rh,28 
dienes with Pd,29 and allyl halides30 have been reported to 
produce allylsulfones; whereas, -sulfonylmethyl styrenes have 
been mainly prepared by radical reactions13,31,32,33,34,35 or using 
stoichiometric ZnI2.36 
Despite progress, we sought to develop a complementary and 
tunable synthetic approach (regiodivergent sulfonylation) that 

utilizes inexpensive and readily available starting materials and 
reagent under transition metal-free conditions.

Scheme 1 Evolution of our allylic C(sp3)-H bond functionalization.

In 2016, we developed a transition metal-free method towards 
allylic functionalization of terminal alkenes (Scheme 1, eq 1).37 
It was found that a variety of olefins could serve as starting 
materials, except allylaryl systems bearing strong electron 
donating groups (e.g., MeO). During the same study, it was 
found that the reaction tolerated an assortment of carbon, 
nitrogen, oxygen, and sulfur nucleophiles. However, two things 
were noted; first that only thioacids were effective for the sulfur 
nucleophiles and second that nitrogen adducts were obtained 
in modest yields. In 2018, we discovered that using NaI as an 
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additive increased the yields ca. 20% across the board (Scheme 
1, eq 2).38 Then, we turned our attention to electron rich 
allylaryl systems. In 2021, we reported a straightforward 
protocol for the synthesis of -alkyl styrenes (Scheme 1, eq 3).39 
It was observed that the bromination step plays a decisive role 
in determining the adduct regioselectivity and yield. 
Specifically, the bromination solvent and temperature. It was 
also observed that DBU was the most effective base for sulfur 
nucleophiles. 
With the above information on hand and in our continued effort 
to develop a facile protocol for the functionalization of terminal 
alkenes, we focused on the development of a regiodivergent 
method for the synthesis of allylsulfones [(E)-allylic and -
methyl styrenes] (Scheme 1, eq 4).

Results and discussion
Although there was strong evidence for the best bromination 
conditions, we conducted additional 1H NMR studies to further 
confirm the optimal bromination conditions (see ESI, Table S1)† 
and its effects on the second step (see ESI, Table S2).† It was 
confirmed that using chloroform (CHCl3) at 0 °C for 10 min were 
the optimal conditions for the synthesis of (E)-allylic sulfones 
(3), whereas using dichloromethane (CH2Cl2) at –78 °C for 30 
min were the best conditions for the synthesis of -
sulfonylmethyl styrenes (4).
After the optimal bromination conditions were set, allylbenzene 
(1e) and the sulfinate salt40 sodium benzenesulfinate (2a) were 
selected as model substrates to attempt the two-step protocol 
(Table 1). In order to establish the best reaction conditions for 
the second step, different bases and temperatures were 
studied. From these experiments, 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) was identified as the superior base over other 
bases such as: Li2CO3, Na2CO3, K2CO3, Cs2CO3, and KOtBu (Table 
1, entries 2-7). It is important to note that in the absence of base 
the reaction did not proceed (Table 1, entry 1) and adding more 
than 1.2 equivalents of base did not increase the yield (not 
shown). Further control experiments revealed that slightly 
higher temperatures can increase yield. For instance, by using 
DBU at room temperature (22 °C) a 49% yield was observed 
after 4 hours (entry 7). When the temperature was increased to 
35 °C, the yield increased to 55% (entry 8) and at 50 °C the 
reaction reached its maximum yield (65%) in only 2 hours (entry 
9). Although the reaction was completed faster at higher 
temperatures, the yields were diminished, perhaps due to the 
decomposition of the intermediates and products (entries 10 & 
11). Other solvents were also screened (e.g., DMA, DMF, THF, 
toluene, etc.) but none were as effective as DMSO.

Table 1 Optimization of reaction conditionsa

i) Br2, CHCl2,

ii) PhSO2Na (2a), Base,

Entry Temp (ºC) Time (h) Yield (%)bBase

1

2

3

4

none

Li2CO3

Na2CO3

K2CO3

5

6

7

8

Cs2CO3

KOtBu

DBU

DBU

9

10

11

DBU

DBU

DBU

22 = rt

22

22

22

22

22

22

35

50

80

100

4

4

4

4

4

4

4

4

2c

1c

0.5c

0

22

23

27

38

46

49

55

65

48

45

0 ºC, 10 min.

NaI, DMSO, Temp, Time.

SO2Ph

1e 3a

a Reactions were carried out with allylbenzene 1e (0.4 mmol, 1 equiv) Br2 (0.44 mmol, 1.1 
equiv), in 1.0 mL of CHCl3 at 0 °C for 10 min. Then, the volatiles were removed. To the 
crude reaction mixture was added 1.0 mL of DMSO, PhSO2Na 2a (0.60 mmol, 1.5 equiv), 
NaI (0.40 mmol, 1.0 equiv), and base (0.48 mmol, 1.2 equiv). Then, the reaction flask was 
capped and stirred. b Isolated yields by silica gel flash column chromatography. c The 
reaction mixture was monitored by TLC and stopped after the dibromide intermediate 
was deemed consumed. 

4d, 55%
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Scheme 2 Synthesis of -sulfonylmethyl styrenes. Reactions conditions: allylaryl 1 (0.4 
mmol, 1 equiv) Br2 (0.44 mmol, 1.1 equiv), in 1.0 mL of CH2Cl2 at –78 °C for 30 min. Then, 
the volatiles were removed. To the crude reaction mixture was added 1.0 mL of DMSO, 
sodium sulfinate 2 (0.60 mmol, 1.5 equiv), NaI (0.40 mmol, 1.0 equiv), and DBU (0.48 
mmol, 1.20 equiv). Then, the reaction was stirred at 50 °C for 2 h. All yields are from 
Isolated materials.
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Having identified the optimal conditions for the conversion of 
terminal olefins to allylsulfones, we then examined the scope of 
the two-step synthetic approach, as depicted in Scheme 2. The 
electron rich estragole 1a or safrole 1b were treated with 1.1 
equiv of bromine at −78 °C in DCM and stirred for 30 min. Then, 
the volatiles were removed under reduced pressure. To the 
crude dibrominated intermediates, DMSO, the respective 
sodium sulfinate (2), NaI, and DBU were added and the reaction 
mixture was stirred for 2 h, at 50 °C (Scheme 2). For comparative 
purposes, all reactions were quenched after 2 h. Estragole 1a 
was the first allylaryl starting material used for this scheme, in 
combination with miscellaneous sodium sulfinates (e.g., 
aromatic, heteroaromatic, and aliphatic sulfinates). To our 
delight, when sodium benzenesulfinate 2a was used as the 
nucleophile, the reaction afforded the expected -sulfonylmethyl 
styrenes 4a, in 61% yield. Similarly, sodium 4-
methylbenzenesulfinate 2b produced adduct 4b in 65% yield. The 
halogenated derivative, sodium 4-chlorobenzenesulfinate 2c was 
also effective and delivered product 4c in 63% yield. Single crystal X-
ray diffraction of 4c (CCDC 2259947) unambiguously confirmed its 
structure. In addition, the heterocycle derivative, sodium pyridine-
2-sulfinate 2d was tolerated to produce 4d in 55% yield. Besides 
aromatic sulfinates, we also investigated the aliphatic derivative 
sodium methanesulfinate 2e. To our satisfaction, the reaction 
produced its respective -sulfonylmethyl styrene 4e in 42% yield. 
Scheme 2 also includes the yields of the adducts when safrole 1b and 
different sodium sulfinates were used. For instance, when 
sodium benzenesulfinate 2a was used a 59% isolated yield of 4f 
was obtained, sodium 4-methylbenzenesulfinate 2b gave 4g in 63% 
yield, sodium 4-chlorobenzenesulfinate 2c delivered 4h in 65% yield, 
and sodium pyridine-2-sulfinate 2d produced 4i in 55% yield 
(Scheme 2).

i) Br2, CHCl3,

ii) RSO2Na, DBU, NaI
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DMSO, 50 ºC, 2 h1 3
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Scheme 3 Synthesis of (E)-allylic sulfones. Reactions conditions: allylaryl 1 (0.4 mmol, 1 
equiv) Br2 (0.44 mmol, 1.1 equiv), in 1.0 mL of CHCl3 at 0 °C for 10 min. Then, the volatiles 
were removed. To the crude reaction mixture was added 1.0 mL of DMSO, sodium 
sulfinate 2 (0.60 mmol, 1.5 equiv), NaI (0.40 mmol, 1.0 equiv), and DBU (0.48 mmol, 1.20 
equiv). Then, the reaction was stirred at 50 °C for 2 h. All yields are from Isolated 
materials.

In our search to expand our protocol to other allylaryls, we then 
utilized our complementary bromination conditions (CHCl3 at 0 
°C for 10 min), which favor the formation of (E)-allylic sulfones 
3. The synthetic utility and scope of the DBU-mediated 
regiodivergent sulfonylation of terminal olefins was evaluated 
as follows. Allylbenzene 1e was dibrominated and then reacted 
with sodium benzenesulfinate 2a in the presence of DBU and 
NaI, which delivered 3a in 65% isolated yield (Scheme 3). 
Likewise, sodium 4-methylbenzenesulfinate 2b gave 3b in 59% 
yield. Single crystal X-ray diffraction of 3b (CCDC 2259946) 
unambiguously confirmed its structure. Sodium 4-
chlorobenzenesulfinate 2c produced 3c in 63% yield, sodium 
pyridine-2-sulfinate 2d afforded 3d in 52% yield, and the 
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aliphatic sodium methanesulfinate 2e also delivered its 
respective (E)-allylic sulfones 3e in 45% yield (Scheme 3). Then, 
we focused our attention on exploring different allylic 
compounds with sodium 4-methylbenzenesulfinate 2b as the 
nucleophile. The para substituted 4-allyl toluene 1c was an 
effective substrate delivering adduct 3f in 66% isolated yield 
(Scheme 3). Fluorinated starting materials such as: 1-allyl-4-
fluorobenzene 1d, 1-allyl-4-(trifluoromethyl)benzene 1f, and 1-
allyl-2,3,4,5,6-pentafluorobenzene 1g, produced their 
corresponding sulfones in 57% (3g), 66% (3h), and 65% yield 
(3i), respectively. The ortho substituted 2-allylphenyl acetate 1h 
also reacted well and produced its corresponding allylsulfone 3j 
in 65% yield. Furthermore, the presence of an alkyl group in 
position 2 of the propene was investigated, this time using (2-
methyl-2-propenyl)benzene 1i as the starting material. To our 
satisfaction, the adduct 3k was obtained in yield 49%. In 
addition, the unactivated alkenes 4-methyl-1-pentene 1j was 
compatible with the reaction conditions. Vinyl sulfone 3l was 
obtained in 43% yield instead of the expected allylic sulfone, 
this to favor conjugation with the sulfonyl group.41 Nonetheless, 
this represents a breakthrough in that aliphatic substrates 
(unactivated alkenes) are also effective under our new method. 
Furthermore, when -methyl styrene 1k was used as starting 
material, it also produced vinyl sulfone 3m in 70% isolated yield 
after double bond isomerization driven by the formation of a 
conjugated system (Scheme 3).42

 
1. HBr, DMSO/CHCl3

2. tolSO2Na, DBU, NaI

65 ºC, 12 h

DMSO, 50 ºC, 2 h1 3
R

S
tol

O O
R

S
tol

O O

4b’, 50%

S
tol

O O

4g’, 49%

S
tol

O O

3o, 52%

R = EDG

MeO

O

O

MeO

O

O

estragole (1a)

safrole (1b)

1-allylnaphthalene (1m)

S
tol

O O

3n, 53%

MeO

MeO

MeO

MeO

methyl eugenol (1l)

Br

Scheme 4 Synthesis of (E)-allylic sulfones from electron rich systems. Reactions 
conditions: allylaryl 1 (0.4 mmol, 1 equiv) HBr (48%aq, 5 equiv), in 0.5 mL of DMSO and 
0.5 mL of CHCl3 at 65 °C for 12 h. Then, the mixture was extracted and the volatiles 
removed. To the crude mixture was added 1.0 mL of DMSO, sodium sulfinate 2b (0.60 
mmol, 1.5 equiv), NaI (0.40 mmol, 1.0 equiv), and DBU (0.48 mmol, 1.20 equiv). Then, 
the reaction was stirred at 50 °C for 2 h. All yields are from Isolated materials. tol = 
toluene

After analyzing all the previous results and to further expand 
the scope of our protocol, we proceeded to search for a 
modification to our protocol aiming to eliminate one of the 
major limitations. Therefore, we focused our attention to the 
fact that electron rich systems produce almost exclusively -
sulfonylmethyl styrenes (Scheme 2). Nonetheless, (E)-allylic 
sulfones from electron rich systems are highly desirable building 
blocks as well. In order to access (E)-allylic sulfones from 
electron rich systems, we hypothesized that using Magolan’s 
dibromination of olefins protocol should work.43 The protocol 
utilizes HBr and DMSO to produce bromodimethylsulfonium 
bromide in situ, a well-known electrophilic bromination agent.44 
Although our bromination protocol and Magolan’s bromination 
gave access to dibromo adducts, the key difference is the 
presence of acid on Magolan’s method. Under acidic conditions, 
electron rich systems such as estragole 1a and safrole 1b, having 
electron donating groups (i.e., OMe, OCH2O) will be protonated. 
Thus, deactivating the aryl group to form now an electron-poor 
system and as established above, electron-poor systems gave 
almost exclusively (E)-allylic sulfones (Scheme 3). To test our 
hypothesis, we reacted estragole 1a under Magolan’s 
dibromination conditions followed by our standard second-step 
utilizing sodium 4-methylbenzenesulfinate 2b as the nucleophilic 
partner. To our gratification, the (E)-allylic sulfone 4b’ was 
obtained in 50% isolated yield and 40:1 ratio (Scheme 4). 
Treatment of safrole 1b under the same protocol was also 
effective and delivered allylsulfone 4g’ in 49% yield and >50:1 
ratio. Furthermore, methyl eugenol 1l was also tolerated 
presenting its corresponding allylsulfone 3n 53% yield and 
>50:1 ratio. It is important to note that bromo was also installed 
ortho to the allylic system. This due to the excess of HBr used 
during the bromination step, an observation previously 
documented.37 Finally, 1-allylnaphtalene 1m was also 
examined. Although this allylaryl compound doesn’t have EDGs 
bearing heteroatoms, its electron density caused a 4:1 ratio 
using our standard bromination conditions (CHCl3 at 0 °C) 
towards (E)-allylic sulfones. Favorably, using Magolan’s 
dibromination conditions, adduct 3o was successfully 
synthesized in 52% yield and >50:1 ratio. These excellent results 
allow the conversion of electron rich systems to (E)-allylic 
sulfones even with or without heteroatoms bearing electron 
donating groups (Scheme 4). 
It is worth noting that proposed mechanisms for the formation 
of (E)-allylic compounds and -alkyl styrenes have been 
reported previously. However, a unified mechanism that 
encompasses the three different protocols is depicted in the ESI 
(Scheme ESI-1).† In summary, terminal olefins undergo a 
bromination, followed by a dearomative rearrangement 
(mainly for styrene derivatives). Then, an E2 followed by an SN2 
will construct the expected adducts. 

Conclusions
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This manuscript documents a practical synthetic approach to 
(E)-allylic sulfones and -sulfonylmethyl styrenes from terminal 
olefins. The method is effective across the board, from electron 
rich to electron poor aryl systems, and aliphatic alkenes. The 
approach tolerates aryl, heteroaryl, and alkyl sulfinates. In 
addition, by simple bromination under acidic conditions the 
electron-rich systems can be tuned toward formation of (E)-
allylic sulfones. The reaction yields although modest to good, 
they are the sum-up of 3-4 consecutive chemical reactions. 
Overall, the data presented in this manuscript provides solid 
evidence for the generality of our regiodivergent approach 
towards (E)-allylic sulfones and -sulfonylmethyl styrenes. This 
methodology should be considered as an excellent option for 
the rapid generation of allylsulfones scaffolds, a significant 
building block in the synthesis of useful molecules.45
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