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ation–dimerisation of benzylic
dithioacetals by the nickel-catalysed reaction with
methyl Grignard or zinc reagent†

Lei Yu,a Guo-Qiao Lai,‡*a Pinglu Zhang,*a Ze Li*a and Tien-Yau Luh ‡*b

Products of main group elements from cross-coupling reactions have been shown to serve as Lewis acids,

mediating further reactions of organic coupling products. Thus, the nickel-catalysed olefination of benzylic

dithioacetal with MeMgI in benzene in a sealed Schlenk tube at 130 �C generates magnesium mercaptide

which regioselectively converts 2-arylpropene into a dimer in good yield. Aryl iodide reacts with 2-

propenylmagnesium bromide in the presence of 1,2-ethanedithiol and NiCl2(PPh3)2 to yield the same

dimer. Replacement of the Grignard reagent by an organozinc reagent gives the dimers in a better yield.
Introduction

Transition metal-catalysed cross coupling reactions have
signicantly contributed to the formation of carbon–carbon
bonds.1–3 In general, these reactions require an organic elec-
trophile, a transition-metal catalyst, and a main group organo-
metallic compound as a nucleophile. Aer the reaction is
complete, the main group element is converted into the corre-
sponding inorganic salt or equivalent. To illustrate this, Mg(II)
and Zn(II) are produced from Kumada–Corriu–Tamao2 and
Negishi3 reactions, respectively. These in situ generated inor-
ganic salts can serve as a Lewis acid catalyst4 or a reagent to
mediate further reactions of the cross-coupling product. In
particular, these Lewis catalysed reactions can even take place
in strong basic conditions. For example, the regioselective ring-
opening of acetals of contiguous polyols, such as mono-
saccharides or inositols, by a Grignard regent is well docu-
mented (eqn (1)).5
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Dimerisation of a-methylstyrene 1 under various condi-
tions, leading to different kinds of products 2–4, has been
extensively studied (eqn (2)).6–8 Under strong acidic condi-
tions or longer reaction times, indane derivative 2 is obtained
predominantly, if not exclusively.6 Regioisomers 3 and 4 are
occasionally isolated as a mixture under acid-catalysed con-
ditions.6a–c,7 Notably, these pentene derivatives are industri-
ally important to serve as chain-transfer agents or molecular
weight regulators for styrene-based polymers or
copolymers.6–8

(2)

Compound 1 can readily be obtained by the nickel-
catalysed olenation9,10 of benzylic dithioacetals 5 with
excess MeMgI under conditions similar to those of the
Kumada–Corriu–Tamao reaction (eqn (3)).2 As previously
mentioned, Mg(II) salt will be generated from this reaction.
Compound 1 may be vulnerable to further transformation
under these reaction conditions. Since Mg(II) can be consid-
ered as a mild Lewis acid, it is envisaged that dimerisation
might take place to give 3 and/or 4, but not the Friedel–Cras
product 2. In this paper, we wish to report for the rst time the
direct conversion of 5 to 6 regioselectively under cross-
coupling reaction conditions.
RSC Adv., 2022, 12, 9653–9659 | 9653
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(3)
Results and discussion
NiCl2(PPh3)2MeMgI catalysed olenation–dimerisation
reactions with 5a

Treatment of 5a with MeMgI in the presence of 10 mol% of
NiCl2(PPh3)2 in reuxing benzene gave 67% of the corre-
sponding dimer 6a. The isolation of 6a from the reaction under
the conditions of the Kumada–Tamao reaction2a is striking. The
reaction mixture may contain a Grignard reagent or a Mg(II),
Ni(II) or Ni(0) catalyst, Ph3P, and

�SCH2CH2S
�. It seems likely

that some of these components might be responsible for
promoting the formation of 6 from 1. Our initial aim was to nd
suitable conditions to give 6 predominantly, if not exclusively.
Effect of halide X in MeMgX on the dimerisation step

The halogen atom in the Grignard reagent has been shown to
play an important role in the reactivity of the reaction (eqn (4)).
A sealed Schlenk tube was chosen for the reaction of 5a with the
Grignard reagent in benzene and the reaction tube was
immersed in an oil bath at 130 �C for 24 h. When MeMgCl was
employed, the ratio of 1a to 6a was 87/13. The ratio changed to
37/63 if MeMgBr was used. MeMgI, on the other hand, gave
excellent selectivity with 1a/6a ¼ 4/96. The magnesium ion
liberated during the course of the cross-coupling reaction would
interact with the negatively charged halide and/or sulde
moieties. Apparently, when these soer anions are associated
with magnesium ion, the reactivity of the magnesium ion would
be enhanced and dimer 6a would be formed preferentially.

(4)
9654 | RSC Adv., 2022, 12, 9653–9659
Effect of �SCH2CH2S
� on the reactivity of dimerisation of 1a

Since �SCH2CH2S
� would be generated from the olenation of

dithiolanes, it seems likely that the sulde moiety might also
bind to the magnesium ion that might promote the formation of
dimer 6. Dimerisation of 1a to 6a has been carefully examined.
Notably, there is no sulfur atom in 1a. In the absence of 1,2-
ethanedithiol, no dimerisation took place. Interestingly,
a benzene solution of 1a, MeMgI, and HSCH2CH2SH (1 : 3 : 1) in
a sealed Schlenk tube was heated to 130 �C for 24 h. Only 23% of
conversion of 1a was observed and the ratio of dimer 6a versus
unreacted 1a was 22 to 78. When 10 mol% of NiCl2(PPh3)2 was
added to the reaction mixture, only 3% of the starting 1a was
recovered and the yield of 6a was improved to 67%. It is worth
mentioning that no dimer 6a was detected from the mixture
without MeMgI. In other words, NiCl2(PPh3)2-HSCH2CH2SH
alone does not catalyse the dimerisation of 1a at all. Presumably,
the direct displacement of the chloride by a mercaptan would
generate HCl that would not be a favored process.

(5)
Examples of sequential olenation–dimerisation reactions

Being successful in this transformation shown in eqn (5), we tested
the generality of this catalyst system for sequential olenation–
dimerisation. The reaction mixture consists of excess Grignard
reagent and the medium should, therefore, be basic. The Lewis
acidity of magnesium may not be active enough to promote the
dimerisation process. It is envisaged that zinc might be a stronger
Lewis acid. Accordingly, the reactivity of the organozinc reagent
obtained by the addition of ZnI2 to the above Grignard reagent was
also examined and the results are compared in Table 1.

Substrates with highly electron-donating substituents gave
the corresponding 6 in a much better yield than those with alkyl
substituents. The compound with an electron withdrawing
group, such as the CF3 group, gave the corresponding olena-
tion product 1h only. These results imply that the dimerisation
reaction may proceed via a carbocation-like mechanism.
Notably, organozinc reagent appears to be more potent than the
corresponding Grignard reagent in these sequential olena-
tion–dimerisation reactions.
Nickel-catalysed sequential cross coupling-dimerisation of
aryl iodide 7 with H2C]C(Me)MgBr/ZnI2

Dimer 6a could also be obtained from the reaction of 7a with 7
equiv. each of the 2-propenyl Grignard reagent and ZnI2 in the
presence of 10 mol% of NiCl2(PPh3)2, and 1 equiv. of 1,2-etha-
nedithiol at rt for 6 h. The temperature was then raised to 130 �C
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 A comparison of the yields of 6 from the NiCl2(PPh3)2-cata-
lysed reactions of 5with MeMgI in benzene in the absence or presence
of ZnI2

a

Ar in dithioacetal 5
% yield of
6 (without ZnI2)

% yield of
6 (With ZnI2)

4-Me2NC6H4 (5a) 88 76
4-HOC6H4 (5b) 82 89
4-MeOC6H4 (5c) 52b 81
4-tBuC6H4 (5d) 48b 67
4-iPrC6H4 (5e) 43b 78
4-MeC6H4 (5f) 21 74
C6H5 (5g) 10 64
4-CF3C6H4 (5h) — —

a Conditions: a sealed Schlenk tube containing 3, NiCl2(PPh3)2
(10 mol%) and MeMgI (4 equiv.), with or without ZnI2 (4 equiv.), was
heated at 130 �C for 24 h, unless otherwise specied. b Reaction for 48 h.
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for 42 h to give, aer workup, 6a in 72% yield (eqn (6)). When
1,2-ethanedithiol was replaced by 2 equiv. of propanethiol,
otherwise under the same conditions, dimer 6a and monomer
1a were obtained in 15 and 44% yield, respectively.

Without 1,2-ethanedithiol, the reaction stopped at the 1a stage
and no dimer 6a was detected. These results suggest that the
presence of bismercaptan is essential to facilitate the formation of
dimer 6a. Representative examples are tabulated in Table 2.

(6)
Table 2 A comparison of the yields of 6 from the NiCl2(PPh3)2-cata-
lysed reactions of 7 or 8 with H2C]C(Me)MgBr, ZnI2 and HSCH2-
CH2SH in benzenea

Aryl halide 6 (% yield) 1 (% yield)

7a 6a (72) 1a (7)
7c 6c (47) 1c (16)
7d 6d (37) 1d (30)
8a 6a (56) 1a (17)
8b 6e (55) 1e (34)

a Conditions: in a sealed Schlenk tube, a mixture of 7, NiCl2(PPh3)2
(10 mol%), H2C]C(Me)MgBr (7 equiv.), ZnI2 (7 equiv.) and
HSCH2CH2SH (1 equiv.) was stirred at rt for 6 h and then heated at
130 �C for 42 h.

© 2022 The Author(s). Published by the Royal Society of Chemistry
As can be seen from Table 2, the yield of 6 is no more than
moderate, a signicant amount of the intermediate product 1
being obtained. In addition, the reaction is much longer than
those starting with dithioacetals shown in Table 1. As shown
in eqn (4), the nature of the halide in the Grignard reagent
may exhibit different reactivity in the overall sequential
reaction.
Possible nature of the Lewis acid catalyst for the dimerisation
step

In the reaction mixture, there are two (Column 2 of Table 1 and
eqn (6)) or three (Column 3 of Table 1) kinds of divalent metallic
species that can serve as a Lewis acid catalyst for the dimer-
isation step. They are Mg(II), Ni(II) and/or Zn(II). As can be seen
from Table 1, the yields of reactions in the presence of ZnI2
(Column 3) are, in general, much higher than those without the
ZnI2 additive (Column 2). It seems likely that Zn(II) might be
a more active catalyst than Mg(II) for the dimerisation step.

As shown in eqn (5), the addition of NiCl2(PPh3)2 to the
MeMgI–HSCH2CH2SH mixture will signicantly accelerate the
dimerisation of 1a. Grignard reagent is known to reduce Ni(II) to
Ni(0). The role of the nickel species rendering the dimerisation
of 1a is not clear.

Another interesting feature in this sequential reaction is the
regioselectivity for the formation of the double bond in 6. In
other words, no double bondmigration (like 4) would take place
under the reaction conditions. Whether the nickel catalyst
would be involved in the regioselective formation of the double
bond in 6 remains to be claried.
Conclusions

In summary, we have demonstrated the rst example of using
the main-group by-product from the transition-metal cata-
lysed cross-coupling reaction as the second catalyst to mediate
further reaction of the main coupling product. Thus, under
Kumada–Corriu–Tamao reaction conditions,2 the cascade
olenation–dimerisation of benzylic dithioacetals derived
from acetophenones affords the corresponding dimers 6 via 2-
arylpropenes 1. Incorporation of ZnI2 has been shown to
signicantly improve the yield of the reaction. An extension of
this reaction to aryl iodide 7 by applying the catalytic system
NiCl2(PPh3)2-H2C]C(Me)MgBr–ZnI2–HSCH2CH2SH to
promote the cross-coupling and dimerisation leads to the
same dimeric products 6. The Lewis acid character of the
product of the main group element [Mg(II) or Zn(II)] from the
transition metal catalysed cross-coupling reaction may play
a critical role for the dimerisation process of the organic
coupling products. The presence of 1,2-ethanedithiol is also
crucial for the success of these sequential reactions. Presum-
ably, chelation of the sulfur moiety to Mg(II) or Zn(II) may tune
the catalytic activity for the dimerisation step. Indeed, the
involvement of this dithiol for the dimerisation of 2-arylpro-
penes can be understood within this framework. The appli-
cation of this strategy to other cross-coupling reactions is in
progress in our laboratories.
RSC Adv., 2022, 12, 9653–9659 | 9655
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Experimental section
General information

All melting points were measured on an SGW X-4A apparatus
and were uncorrected. 1H and 13C NMR nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker Advance
400 MHz spectrometer at ambient temperature. Chemical shis
(d) and coupling constants (J) were expressed in units of ppm
and Hz, respectively. Samples for measurements were dissolved
in CDCl3. The residual peak of CHCl3 at d 7.26 was used as the
reference for 1H NMR chemical shis and the central peak at
d 77.16 of CDCl3 was used as the reference for 13C NMR
chemical shis. Infrared spectra were taken on a Nicolet 700 FT
infrared spectrophotometer using a KBr plate for solid samples
or forming a lm on an NaCl window.
Materials

Compounds 5b, 5e, 5f and 5g were prepared according to
a literature procedure.7
General procedure for the synthesis of dithioacetals

To a chloroform solution (50 mL) of acetophenone derivative
(20 mmol) and 1,2-ethanedithiol (density¼ 1.123 g cm�3, 22–44
mmol), boron triuoride etherate (density ¼ 1.15 g cm�3, 14–34
mmol) was added. The mixture was stirred at rt overnight. The
solution was washed twice with 10% aqueous sodium hydroxide
(30 mL) and the aqueous layer was extracted twice with DCM (20
mL). The combined organic layers were washed twice with water
(50mL), dried (Na2SO4) and ltered. The solvent was removed in
vacuo and the residue was chromatographed on silica gel using
petroleum ether and ethyl acetate as the eluent to give the
corresponding dithioacetals.

2-[4-(Dimethylamino)phenyl]-2-methyl-1,3-dithiolane (5a).
In a manner similar to that described in the general procedure,
a mixture of 4-(dimethylamino)acetophenone (3.26 g, 20 mmol),
1,2-ethanedithiol (density ¼ 1.123 g cm�3, 1.8 mL, 22 mmol),
and boron triuoride etherate (density ¼ 1.15 g cm�3, 4.2 mL,
34 mmol) was converted to 5a (4.20 g, 88%) as a yellow solid: mp
47–48 �C; 1H NMR (CDCl3, 400 MHz) d 7.63–7.60 (m, 2H), 6.68–
6.66 (m, 2H), 3.52–3.36 (m, 4H), 2.94 (s, 6H), 2.15 (s, 3H) ppm;
13C NMR (CDCl3, 101 MHz) d 149.6, 132.8, 127.7, 111.8, 68.4,
40.6, 40.4, 33.9 ppm; HRMS (ESI, m/z): [M + H]+ calculated for
C12H18S2: 240.0875, found 240.0869.

2-Methyl-2-(4-t-butylphenyl)-1,3-dithiolane (5d). In a manner
similar to that described in the general procedure, a mixture of
4-t-butylacetophenone (3.53 g, 20 mmol), 1,2-ethanedithiol
(density ¼ 1.123 g cm�3, 1.8 mL, 22 mmol), and boron tri-
uoride etherate (density ¼ 1.15 g cm�3, 1.7 mL, 14 mmol) was
converted to 5d (4.13 g, 81%) as a white solid: mp 73–74 �C; 1H
NMR (CDCl3, 400 MHz) d 7.74 (d, J ¼ 8.4 Hz, 2H), 7.40 (d, J ¼
8.4 Hz, 2H), 3.57–3.38 (m, 4H), 2.22 (s, 3H), 1.38 (s, 9H) ppm; 13C
NMR (CDCl3, 101 MHz) d 149.9, 142.8, 126.5, 125.0, 68.4, 40.5,
34.5, 34.1, 31.4 ppm; IR (KBr, cm�1): 2961, 1499, 1396, 1363,
1267, 1111, 1071, 1012, 829, 729; HRMS (ESI, m/z): [M + H]+

calculated for C14H21S2: 253.1079, found 253.1085.
9656 | RSC Adv., 2022, 12, 9653–9659
2-Methyl-2-(4-isopropylphenyl)-1,3-dithiolane (5e). In
a manner similar to that described in the general procedure,
a mixture of 4-propylacetophenone (3.25 g, 20 mmol), 1,2-
ethanedithiol (density ¼ 1.123 g cm�3, 1.8 mL, 22 mmol), and
boron triuoride etherate (density ¼ 1.15 g cm�3, 1.7 mL, 14
mmol) was converted to 5e (4.17 g, 87%) as a colourless oil: 1H
NMR (CDCl3, 400 MHz) d 7.58–7.56 (m, 2H), 7.08–7.06 (m, 2H),
3.41–3.17 (m, 4H), 2.80 (d, J ¼ 6.9 Hz, 1H), 2.06 (s, 3H), 1.15 (d, J
¼ 6.9 Hz, 6H) ppm; 13C NMR (CDCl3, 101 MHz) d 147.7, 143.2,
126.8, 126.1, 68.5, 40.4, 34.1, 33.7, 24.0 ppm; IR (KBr, cm�1):
2959, 1503, 1411, 1275, 1075, 1016, 833, 698; HRMS (APCI, m/z):
[M + H]+ calculated for C13H19S2: 239.0923, found 239.0917.
General procedure for the NiCl2(PPh3)2-catalysed reaction of
dithioacetal 5 with MeMgX

In a sealed Schlenk tube, a benzene solution of dithioacetal (0.5
mmol), NiCl2(PPh3)2 (0.05 mmol), and MeMgI (3 M in ether, 2–3
mmol) was immersed in an oil bath at 130 �C for 24 or 48 h. The
mixture was then poured into saturated Na2CO3 solution. The
organic layer was separated and the aqueous layer was extracted
twice (10 mL) with diethyl ether. The combined organic
portions were washed twice each (10 mL) with 10% NaOH and
brine (10 mL), and dried (Na2SO4). The solvent was removed in
vacuo and the residue was chromatographed on silica gel
(petroleum ether and EtOAc) to give the product.

2,4-Bis-(4-dimethylaminephenyl)-4-methylpent-1-ene (6a). In
a manner similar to that described in the general procedure,
a mixture of 5a (120 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05
mmol), and MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was
immersed in an oil bath at 130 �C for 24 h. Aer workup, the
product 6a (71 mg, 88%) was obtained as a colourless solid: mp
47–48 �C; 1H NMR (CDCl3, 400 MHz) d 7.15–7.11 (m, 4H), 6.61–
6.53 (m, 4H), 5.04–5.00 (br, 1H), 4.58 (br, 1H), 2.84 (s, 6H), 2.82 (s,
6H), 2.67 (s, 2H), 1.10 (s, 6H) ppm; 13C NMR (CDCl3, 101 MHz)
d 149.7, 148.6, 146.3, 138.6, 131.9, 127.3, 126.5, 113.9, 112.6,
112.2, 49.4, 40.9, 40.7, 37.9, 28.9 ppm; IR (KBr, cm�1): 3290, 1610,
1512, 1435, 1362, 1222, 1177, 895, 829; HRMS (ESI,m/z): [M + H]+

calculated for C22H31N2: 323.2482, found 323.2480.
2,4-Bis-(4-hydroxypheny)-4-methylpent-1-ene (6b). In

a manner similar to that described in the general procedure,
a mixture of 5b (104 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05
mmol), and MeMgI (1 mL, 3 M in ether, 3 mmol) was immersed
in an oil bath at 130 �C for 24 h. Aer workup, the product 6b
(61 mg, 82%) was obtained as a white solid: mp 130–131 �C (lit7b

127.8 �C); 1H NMR (CDCl3, 400 MHz) d 7.12–7.07 (m, 4H), 6.68–
6.66 (m, 4H), 5.07 (d, J ¼ 1.6 Hz, 1H), 4.97 (br, 1H), 4.85 (s, 1H),
4.72 (s, 1H), 2.74 (s, 2H), 1.20 (s, 6H) ppm; 13C NMR (CDCl3, 101
MHz) d 154.3, 153.0, 146.2, 141.6, 136.0, 127.8, 127.2, 115.4,
114.8, 114.5, 50.1, 37.9, 28.9.; IR (KBr, cm�1): 3291, 1611, 1513,
1435, 1367, 1222, 1179, 895, 829, HRMS (ESI, m/z): [M + Na]+

calculated for C18H20NaO2: 291.1356, found 291.1361. The
spectroscopic properties of 6b were identical to those reported
in the literature.7b

2,4-Bis-(4-methoxyphenyl)-4-methylpent-1-ene (6c). In
a manner similar to that described in the general procedure,
a mixture of 5c (113 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05
© 2022 The Author(s). Published by the Royal Society of Chemistry
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mmol), and MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was
immersed in an oil bath at 130 �C for 48 h. Aer workup, the
product 6c (39 mg, 52%) was obtained as a brown oil: 1H NMR
(CDCl3, 400 MHz) d 7.21–7.14 (m, 4H), 6.79–6.73 (m, 4H), 5.08 (d,
J ¼ 2.0 Hz, 1H), 4.70 (br, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 2.76 (s,
2H), 1.19 (s, 6H); 13C NMR (CDCl3, 101MHz) d 158.6, 157.3, 146.1,
141.7, 136.0, 127.6, 126.9, 115.4, 113.4, 113.1, 55.2, 49.8, 38.1,
28.9, ppm; IR (KBr, cm�1): 2959, 1607, 1509, 1463, 1243, 1179,
1034, 892, 827; HRMS (ESI, m/z): [M + Na]+ calculated for
C20H24NaO2: 319.1669, found 319.1657. The spectroscopic prop-
erties of 6c were identical to those reported in the literature.7b

2,4-Bis-(4-t-butylphenyl)-4-methylpent-1-ene (6d). In
a manner similar to that described in the general procedure,
a mixture of 5d (126 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg,
10 mol%), and MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was
immersed in an oil bath at 130 �C for 48 h. Aer workup, the
product 6d (42 mg, 48%) was obtained as a yellow oil: 1H NMR
(CDCl3, 400 MHz) d 7.18–7.08 (m, 8H), 5.09 (br, 1H), 4.71 (br,
1H), 2.72 (s, 2H), 1.24–1.19 (m, 18H), 1.14 (s, 6H) ppm; 13C NMR
(CDCl3, 101 MHz) d 149.7, 148.0, 146.7, 146.4, 140.4, 126.1,
125.5, 124.8, 124.6, 116.2, 49.4, 38.2, 34.4, 34.2, 31.5, 31.4, 28.7;
IR (KBr, cm�1): 2959, 1736, 1459, 1173, 832; HRMS (APCI, m/z):
[M + H]+ calculated for C26H34N: 366.3155, found 366.3149. The
spectroscopic properties of 6d were identical to those reported
in the literature.7b

2,4-Bis-4-isopropylphenyl-4-methylpent-1-ene (6e). In
a manner similar to that described in the general procedure,
a mixture of 5e (119 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05
mmol), and MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was
immersed in an oil bath at 130 �C for 48 h. Aer workup, the
product 6e (34 mg, 43%) was obtained as a yellow oil: 1H NMR
(CDCl3, 400 MHz) d 7.35–7.26 (m, 4H), 7.22–7.15 (m, 4H), 5.27
(br, 1H), 4.91 (br, 1H), 3.07–2.87 (m, 4H), 1.46–1.28 (m,
18H) ppm; 13C NMR (CDCl3, 101 MHz) d 147.4, 146.6, 145.7,
140.8, 126.35, 125.9, 125.8, 125.7, 116.1, 49.6, 38.2, 33.8, 33.5,
28.7, 24.0, 24.0; IR (KBr, cm�1) 2959, 1510, 1460, 1362, 1053,
1016, 896, 828, 700; HRMS (APCI, m/z): [M + NH]+ calculated for
C24H36N: 338.2842, found 338.2838. The spectroscopic proper-
ties of 6e were identical to those reported in the literature.7b

2,4-Bis-(4-methylphenyL)-4-methylpent-1-ene (6f). In
a manner similar to that described in the general procedure,
a mixture of 5f (137 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05
mmol), and MeMgI (1 mL, 3 M in ether, 3 mmol) was immersed
in an oil bath at 130 �C for 24 h. Aer workup, the product 6f
(14 mg, 21%) was obtained as a yellow oil: 1H NMR (CDCl3, 400
MHz) d 7.21–7.17 (m, 4H), 7.07–7.05 (m, 4H), 5.14 (d, J ¼ 1.9 Hz,
1H), 4.75 (br, 1H), 2.80 (s, 2H), 2.33 (s, 3H), 2.31 (s, 3H), 1.20 (s,
6H) ppm; 13C NMR (CDCl3, 101 MHz) d 146.8, 146.5, 140.7,
136.5, 134.8, 128.7, 128.5, 126.4, 125.8, 116.1, 49.6, 38.4, 28.8,
21.1, 20.8.; IR (KBr, cm�1): 2922, 1512, 1019, 897, 815, 733;
HRMS (APCI, m/z): [M + NH]+ calculated for C20H28N: 282.2216,
found 282.2209. The spectroscopic properties of 6f were iden-
tical to those reported in the literature.7b

2,4-Diphenyl-4-methylpent-1-ene (6g). In a manner similar to
that described in the general procedure, a mixture of 5g (98 mg,
0.5 mmol), NiCl2(PPh3)2 (33 mg, 10 mol%), and MeMgI (0.7
mL, 3 M in ether, 2.1 mmol) was immersed in an oil bath at
© 2022 The Author(s). Published by the Royal Society of Chemistry
130 �C for 24 h. Aer workup, the product 6g (6 mg, 10%) was
obtained as a colourless oil: 1H NMR (CDCl3, 400 MHz) d 7.25–
7.07 (m, 10H), 5.06 (d, J ¼ 1.9 Hz, 1H), 4.70 (d, J ¼ 1.9 Hz, 1H),
2.75 (s, 2H), 1.14 (s, 6H) ppm; 13C NMR (CDCl3, 101 MHz)
d 149.4, 146.7, 143.5, 128.0, 127.9, 126.9, 126.5, 126.0, 125.5,
116.9, 49.6, 38.7, 28.8; IR (KBr, cm�1): 2963, 1260, 1112, 1015,
795; HRMS (APCI, m/z): [M + H]+ calculated for C18H21:
237.1638, found 237.1632. The spectroscopic properties of 6g
were identical to those reported in the literature.7b

General procedure for the nickel-catalysed reaction of
dithioacetal with organozinc reagent

In a manner of the same procedure as described above except
ZnI2 (0–3 mmol) was added to the reaction mixture, which was
heated at 130 �C for 24 h.

Compound 6a. In a manner similar to that described in the
general procedure, a mixture of 5a (120 mg, 0.5 mmol),
NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2 (638 mg, 2 mmol), and
MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6a
(61 mg, 76%).

Compound 6b. In a manner similar to that described in the
general procedure, a mixture of 5b (104 mg, 0.5 mmol),
NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2 (957 mg, 3 mmol), and
MeMgI (1 mL, 3 M in ether, 3 mmol) was converted to 6b (66 mg,
89%).

Compound 6c. In a manner similar to that described in the
general procedure, a mixture of 5c (113 mg, 0.5 mmol), NiCl2(-
PPh3)2 (33 mg, 0.05 mmol), ZnI2 (638 mg, 2 mmol), and MeMgI
(0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6c (60 mg,
81%).

Compound 6d. In a manner similar to that described in the
general procedure, a mixture of 5d (126 mg, 0.5 mmol),
NiCl2(PPh3)2 (33 mg, 10 mol%), ZnI2 (638 mg, 2 mmol), and
MeMgI (0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6d
(58 mg, 67%).

Compound 6e. In a manner similar to that described in the
general procedure, a mixture of 5e (119 mg, 0.5 mmol), NiCl2(-
PPh3)2 (33 mg, 0.05 mmol), ZnI2 (638 mg, 2 mmol), and MeMgI
(0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6e (62 mg,
78%).

Compound 6f. In a manner similar to that described in the
general procedure, a mixture of 5f (137 mg, 0.5 mmol), NiCl2(-
PPh3)2 (33 mg, 0.05 mmol), ZnI2 (957 mg, 2 mmol), and MeMgI
(0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6f (49 mg,
74%).

Compound 6g. In a manner similar to that described in the
general procedure, a mixture of 5g (98 mg, 0.5 mmol), NiCl2(-
PPh3)2 (33 mg, 10 mol%), ZnI2 (638 mg, 2 mmol), and MeMgI
(0.7 mL, 3 M in ether, 2.1 mmol) was converted to 6g (38 mg,
64%).

General procedure for the reaction of aryl halides with 2-
propenylmagnesium bromide in the presence of NiCl2(PPh3)2,
ZnI2 and 1,2-ethanedithiol

THF was removed from the solution of 2-propenylmagnesium
bromide (3.5 mL, 1 M in THF, 3.5 mmol) and benzene (1 mL)
RSC Adv., 2022, 12, 9653–9659 | 9657
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was then added. To a Schlenk tube containing aryl halide (0.5
mmol), NiCl2(PPh3)2 (0.05 mmol), ZnI2 (3.5 mmol) and 1,2-
ethanedithiol (0.5 mmol) in benzene (1 mL), the benzene
solution of 2-propenyl Grignard reagent was added. Themixture
was then poured into saturated Na2CO3 solution. The organic
layer was separated and the aqueous layer was extracted twice
(10 mL) with diethyl ether. The combined organic portions were
washed twice each (10 mL) with 10% NaOH and brine (10 mL),
and dried (Na2SO4). The solvent was removed in vacuo and the
residue was chromatographed on silica gel (petroleum ether
and EtOAc) to give the product.

Reaction of 7a. In a manner of the general procedure as
described above, to a mixture of 2-propenylmagnesium
bromide (3.5 mmol), 4-iodo-N,N-dimethylaminebenzene 7a
(124 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2
(1.11 g, 3.5 mmol) and 1,2-ethanedithiol (0.04 mL, 0.5 mmol) in
benzene (1 mL), the benzene solution of 2-propenyl Grignard
reagent was added. The mixture was stirred for 6 h at rt and the
temperature was raised to 130 �C and themixture was stirred for
42 h. Aer workup, the mixture compound was chromato-
graphed on silica gel (petroleum ether : EtOAc¼ 9 : 1) to give 1a
(6 mg, 7%) and 6a (58 mg, 72%).

Reaction of 7c. In a manner of the general procedure as
described above, a mixture of 2-propenylmagnesium bromide
(3.5 mmol), 4-iodoanisole 7c (117 mg, 0.5 mmol), NiCl2(PPh3)2
(33 mg, 0.05 mmol), ZnI2 (1.11 g, 3.5 mmol) and 1,2-ethanedi-
thiol (0.04 mL, 0.5 mmol) in benzene was stirred for 6 h at rt and
the temperature was raised to 130 �C and the mixture was
stirred for 42 h. Aer workup, the mixture compound was
chromatographed on silica gel (petroleum ether) to give 1c
(12 mg, 16%) and 6c (35 mg, 47%).

Reaction of 7d. In a manner of the general procedure as
described above, a mixture of 2-propenylmagnesium bromide
(3.5 mmol), 4-tert-butyliodobenzene 7d (130 mg, 0.5 mmol),
NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2 (1.11 g, 3.5 mmol) and
1,2-ethanedithiol (0.04 mL, 0.5 mmol) in benzene was stirred
for 6 h at rt and the temperature was raised to 130 �C and the
mixture was stirred for 42 h. Aer workup, the mixture
compound was chromatographed on silica gel (petroleum
ether) to give 1d (26 mg, 30%) and 6d (32 mg, 37%).

Reaction of 8a. In a manner of the general procedure as
described above, a mixture of 2-propenylmagnesium bromide
(3.5 mmol), 4-bromo-N,N-dimethylaminebenzene 8a (100 mg, 0.5
mmol), NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2 (1.11 g, 3.5 mmol)
and 1,2-ethanedithiol (0.04 mL, 0.5 mmol) in benzene was stirred
for 6 h at rt and the temperature was raised to 130 �C and the
mixture was stirred for 42 h. Aer workup, the mixture
compound was chromatographed on silica gel (petroleum
ether : EtOAc ¼ 9 : 1) to give 1a (14 mg, 17%) and 6a (45 mg,
56%).

Reaction of 8b. In a manner of the general procedure as
described above, a mixture of 2-propenylmagnesium bromide
(3.5 mmol), 4-isopropylbromobenzene 8b (100 mg, 0.5 mmol),
NiCl2(PPh3)2 (33 mg, 0.05 mmol), ZnI2 (1.11 g, 3.5 mmol) and
1,2-ethanedithiol (0.04 mL, 0.5 mmol) in benzene was stirred
for 6 h at rt and the temperature was raised to 130 �C and the
mixture was stirred for 42 h. Aer workup, the mixture
9658 | RSC Adv., 2022, 12, 9653–9659
compound was chromatographed on silica gel (petroleum
ether) to give 1e (44 mg, 55%) and 6e (27 mg, 34%).

Effect of the halide in MeMgX on the product distribution of
the reaction of 5a in the presence of NiCl2(PPh3)2. A mixture of
5a (120 mg, 0.5 mmol), NiCl2(PPh3)2 (33 mg, 0.05 mmol), and
MeMgCl (0.7 mL, 3.0 M in ether, 2.1 mmol) was immersed in an
oil bath at 130 �C for 24 h. Aer workup, the ratio of 1a to 6a was
87 to 13. The ratio was changed to 37 to 63 when the same
amount of MeMgBr was used. When MeMgI was employed, the
ratio of 1a to 6a changed to 4 to 96.
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