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A New Decarboxylation/Methylation Process of Cinnamic Acids
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Abstract Decarboxylation reactions have been widely explored in recent ten years, and decarboxylative cascade reaction of
cinnamic acids has also attracted much attention. Generally, this class of reaction includes two processes: radical addition and
decarboxylation. The result of reaction can introduce kinds of functional groups on the benzene ring, such as halogen atom,
nitro-group and trifluoromethyl. Following the continuous studies of our group on oxidative cascade reaction, especially the
oxidative reaction in the absence of metal, herein we disclosed a decarboxylative oxidative cascade reaction of cinnamic ac-
ids under metal-free conditions. We employed K,COj; as base, tert-butyl hydroperoxide (TBHP) as oxidant and DMSO/H,0O
as co-solvent, and cinnamic acids could be converted to propiophenone derivatives in moderate yield. To get an insight into
the mechanism of this process, several controlled experiments were conducted. First, DMSO-ds was employed under the
standard conditions and no d-methyl was detected in the 'H NMR spectrum of product. It demonstrated that the methyl of
product was derived from zert-butyl hydroperoxide. Subsequently, the reaction was carried out under nitrogen and oxygen
atmosphere, and it was found that higher reaction efficiency was obtained in N,. The result indicated that methyl radical was
easily quenched by oxygen. On the basis of experiment results, we proposed a plausible mechanism. First, fert-butyl hydrop-
eroxide yielded methyl radical, then the reaction underwent radical addition and decarboxylation to generate the desired
product. The reaction featured that ter#-butyl hydroperoxide was used as oxidant and methylation reagent in this process, and
the reaction proceeded under metal-free and aqueous phase condition. Therefore, it met the requirement of green chemistry.
Meanwhile, the operation of reaction was also simple, for example, to a DMSO/H,0 (0.5 mL/0.5 mL) solution of cinnamic
acids (0.2 mmol) were successively added K,COj; (0.3 mmol), TBHP (0.8 mmol). The reaction mixture was stirred at 100 °C.
Upon the completion, the desired product was purified by silica gel column chromatography.

Keywords decarboxylative cascade reaction; methylation; propiophenones; green chemistry
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Table 1 Optimization of reaction conditions

0] O
/@/\)J\OH Solvent /©)J\/
ol Oxidant cl
2a 100 °C 3a
Entry  Additive Oxidant Solvent Yield*/%
1 — TBHP DMSO 0
2 K,CO; TBHP DMSO 23
3 KOH TBHP DMSO 15
4 KOAc TBHP DMSO 13
5 KO'Bu TBHP DMSO 16
6 K,CO; ‘BuOO'Bu DMSO 0
7 K,CO; 0, DMSO 0
8 K,CO; — DMSO 0
9 K,CO; TBHP DMA 0
10 K,CO; TBHP 1,4-Dioxane 0
11° K,CO; TBHP DMSO/H,0 53
12¢ K,CO; TBHP DMSO/H,0 59
13 K,CO; TBHP H,O 0

¢ Reaction conditions: 2a (1.0 equiv., 0.2 mmol), K,CO;5 (1.5 equiv., 0.3
mmol), oxidant (4 equiv.) in solvent (I mL). ® Isolated yield. ¢ DMSO/H,O
(0.75 mL/0.25 mL).  DMSO/H,0 (0.5 mL/0.5 mL). The reaction was carried
out for 5hat 100 C.
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Table 2 Explanation of substrates . Entry Substrate Product Yield"/%
gy, Koo 0 3
R 2a~20 DMSO/H,0,100 °C A aa-30 I WOH /@)K/ -
Entry Substrate Product Yield"/% 2k 3k
0 o o o]
1 W OH /©)\/ 59 " /@/\)J\OH /@)J\/ o
Cl Cl
2a 3a (|) om (|3 a
0O (o}
2 i:jAvkw Jijj\/ 53 [ir%;i [iﬁi/
13 OH 23
F 2b F 3b
2n 3n
o} O
Br 2¢ Br 3c
14 o o 31
(6] o o< | 2N
A CI\@/\)‘\ OH Cl\©)‘\/ 5 20 30
2d 34 “ Reaction c01.1ditif)ns: 2 (1.0 equiv., 0.2 mmol), K2Cb03 (1.5 equ.iv., 0.3 mmol),
TBHP (4 equiv.) in DMSO/H,O (0.5 mL/0.5 mL). ” Isolated yield. The reac-
tion was carried out for 5 h at 100 C.
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Scheme 1 A possible reaction mechanism
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