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钯催化苯乙烯类分子胺氟化反应研究 
朱海涛    刘国生* 

(金属有机化学国家重点实验室  中国科学院上海有机化学研究所  上海 200032) 

摘要  报道了烯烃分子间的氧化双官能团化反应, 用金属钯作为金属催化剂, 三价碘为氧化剂, 氟化银为氟源, 磺酰

胺类为亲核试剂, 实现了苯乙烯的分子间胺氟化反应, 得到α-F代苯乙胺类化合物; 反应是经过烯烃的反马氏氮钯化得

到碳钯键, 再经过三价碘氧化成高价钯的中间体来形成 C—F 键, 在分子中的特定位置引入氟原子. 该反应的一个特点

是选择性地得到反马氏胺氟产物. 
关键词  钯; 胺氟化; 反马氏胺钯化; 苯乙烯; 烯烃双官能团化 

 

Palladium-Catalyzed Oxidative Aminofluorination of Styrenes 
Zhu, Haitao   Liu, Guosheng* 

(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 
Shanghai 200032) 

Abstract  A novel palladium-catalyzed intermolecular aminofluorination of styrenes has been developed, using silver fluo-
ride as the fluorine source, palladium diacetate as metal catalyst, and acetonitrile as solvent at room temperature. As regard to 
the mechanism, we proposed that the anti-Markovnikov aminopalladation was involved in the construction of C—N bond. 
This selectivity of nucleophilic palladation of styrenes is different from that reported before. In order to verify our proposed 
mechanism, we conducted the competition experiments using styrenes containing different functional groups. The results are 
consistent with our analysis. We belive that the C—F bond is formed after the Pd(II)-C is oxidized to Pd(IV)-C. Namely, the 
high oxidative state palladium is involved in catalytic cycle. In all, this transformation represents a novel strategy to synthe-
size a variety of vicinal fluoroamine derivatives. 
Keywords  palladium; aminofluorination; anti-Markovnikov; styrene 

   
1  Introduction 

Molecules bearing a fluorine moiety exhibit many sig-
nificantly improved properties, including solubility, bioac-
tivity and metabolic stability, therefore are of great impor-
tance in pharmaceuticals.[1] So new methods for the syn-
thesis of fluorinated molecules are in demand, but only few 
effective approaches are available for the direct construc-
tion of C—F bond.[2,3] 

Among the strategies of C—N bond formation, the syn-
thesis of amine derivatives via intermolecular amination is 
rather attractive.[4] Palladium-catalyzed methods for the 
synthesis of enamide derivatives through intermolecular 
oxidative amination of unactivated olefins have been re-
ported recently.[5,6] We are particularly interested in devel-
oping transition metal-catalyzed fluorination of olefins to 
achieve C—F bond formation under mild conditions.[7] 
Very recently, our group has reported the Pd(OAc)2/ 
BC(bathocuproine)-catalyzed intermolecular aminofluori-
nation of vinylarenes, where the fluoropalladation of sty-
renes was proposed as the key step in the C—F bond  
formation (Scheme 1a).[8] Herein, we describe a novel  

palladium-catalyzed intermolecular oxidative amino-  
fluorination of styrenes, which is initiated by anti-   
Markovnikov aminopalladation of styrenes, and followed 
by fluorination of Csp3—Pd bond by AgF/PhI(OPiv)2 to 
afford aminofluorination product (Scheme 1b). It is re-
markable that this reaction affords aminofluorination 
product with complementary regioselectivity of our previ-
ous catalytic system.  

2  Results and discussion 
We have reported a Pd(OAc)2-catalyzed intramolecular 

aminofluorination of unactivated alkenes, where the Csp3—
Pd bond generated via intramolecular aminopalladation 
was oxidatively cleaved by PhI(OPiv)2/AgF resulting in  
C—F bond formation.[9] We postulate that the intermo-
lecular reaction might provide an efficient strategy to syn-
thesize a variety of vicinal aminofluoride compounds from 
simple alkenes. Based on this hypothesis, our initial studies 
focused on the reaction of styrene 1a and N-methyl to-
sylamide 2a with Pd(OAc)2 as catalyst. We were delighted 
to find that a significant amount of aminofluorination  
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Scheme 1  Pd-catalyzed aminofluorination of styrenes. 

product 3a, as well as a small amount of aminoacetoxyl- 
ation product 5a, were observed when the reaction was 
treated in the presence of AgF and PhI(OPiv)2. A survey of 
divalent palladium salt revealed that PdCl2(CH3CN)2 af-
forded the best results, and no reaction occurred in the ab-
sence of Pd catalyst (Table 1, Entries 1—6). The following 
screening of inorganic fluoride salts showed that AgF was 
the only effective fluoride salt (Table 1, Entries 7—9).[10] 
Interestingly, the aminofluorination was also achieved in 
the presence of Et3N•3HF, albeit in lower yield (Table 1, 
Entry 10). Further investigation of oxidants indicated that 
hypervalent iodine was only effective type of oxidant for 
the reaction, among which PhI(OPiv)2 was the best (Table 
1, Entries 4, 10—14). The yield of aminofluorination 
product 3a was improved by increasing the amount of sty-
rene to 10 equivalents (Table 1, Entry 15). Finally, lower 
reaction temperature was found to be beneficial to the re-
action yield (Table 1, Entry 16). Unfortunately, the reaction 
yield was not improved any more by further optimization, 
either addition of bisdentate-nitrogen ligands or base. It is 
worth noting that the reaction exhibits an excellent re-
gioselectivity, which is complementary to the normal oxi-
dative amination of styrene.[6a,6c] 

Under the optimized reaction conditions, the scope of 
amine nucleophiles was investigated. As shown in Eq. 1, 
sulfonylamide was proved to be an efficient nucleophile, 
whereas other amides, such as acetamide, phathalimide or 
oxazolinone, were not compatible. Further studies revealed 
that electron-rich sulfonylamides (2a—2c) exhibited high-
er activity than electron-deficient sulfonylamides (2d, 2h). 
In addition, significant steric effect was observed in the 
reaction, as stereohindered nucleophiles (2e—2g) led to 
low yields. 

The scope of alkenes was examined with a variety of 
styrenes under the optimized reaction conditions (Eq. 2). 
The reactions of p-tert-butyl and p-methylstyrene afforded 
4b, 4c at 49% and 36% yields, respectively. The possible 
reason for lower yield was that the electron-rich styrenes 
(1b and 1c) easily underwent polymerization and resulted  

Table 1  Screening resultsa 

[Pd]/MF
PhI(O2CR)2

F
NTs

O2CR
NTs

CH3CN, 35 oC

+

+  MeNHTs

1a 2a

3a 5a  

Yieldb/% 
Entry [Pd] MF [O] 

3a 5a 

1 Pd(OAc)2 AgF PhI(OPiv)2 38 14 

2 Pd(OTFA)2 AgF PhI(OPiv)2 37  9 

3 PdCl2 AgF PhI(OPiv)2 35  7 

4 PdCl2(CH3CN)2 AgF PhI(OPiv)2 45 14 

5 Na2PdCl4 AgF PhI(OPiv)2 14  8 

6 — AgF PhI(OPiv)2  0  0 

7 PdCl2(CH3CN)2 NaF PhI(OPiv)2  0 15 

8 PdCl2(CH3CN)2 KF PhI(OPiv)2  0 30 

9 PdCl2(CH3CN)2 CsF PhI(OPiv)2  0  5 

10 PdCl2(CH3CN)2 Et3N•3HF PhI(OPiv)2 22  4 

11 PdCl2(CH3CN)2 AgF PhI(OAc)2 42 15 

12 PdCl2(CH3CN)2 AgF PhI(OAdm)2 33  4 

13 PdCl2(CH3CN)2 AgF PhI(OBz)2 27  8 

14 PdCl2(CH3CN)2 AgF PhIO  0  0 

15c PdCl2(CH3CN)2 AgF PhI(OPiv)2 54  9 

16c,d PdCl2(CH3CN)2 AgF PhI(OPiv)2 60  5 
a Reaction condition: Pd salt (10 mol%), MF (2.5 equiv.), PhI(O2CR)2 (2 
equiv.), 2a (0.2 mmol), 1a (1 mmol), CH3CN (0.5 mL), 35 ℃, 24 h; b NMR 
yield with N,N-dimethyltrifluoroacetamide as internal standard, 19F NMR for 
3a and 1H NMR for 5a; c 1a (2 mmol), AgF (3 equiv.); d the reaction was 
carried out at 0 ℃ for 24 h then 35 ℃ for 8 h. 
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Reaction conditions: styrene (10 equiv.), nucleophile (0.2 mmol), 
AgF (3 equiv.), PhI(OPiv)2 (2 equiv.), PdCl2 (CH3CN)2 (10 mol%), 
CH3CN (0.5 mL), 0 ℃ for 24 h, and 35 ℃ for 8 h, isolated yield 
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Reaction conditions: styrene (10 equiv.), nucleophile (0.2 mmol), 
AgF (3 equiv.), PhI(OPiv)2 (2 equiv.), PdCl2(CH3CN)2 (10 mol%), 
CH3CN (0.5 mL), 0 ℃ for 24 h, and 35 ℃ for 8 h, isolated yield 

in viscous solution. Substrate 1d gave a moderate yield. 
Styrenes 1e—1g with halide substitution in benzene ring 
underwent intermolecular aminofluorination to afford the 
corresponding products 4e—4g in moderate yields, and 
there was no obvious difference in reactivity. Steric effect 
was observed in the case of o-bromostyrene (1h). The re-
action of substrates (1i—1j) with electron-withdrawing 
groups, such as ester and nitro, exhibited slightly lower 
reactivity. The 1,1-disubstituted styrene (1k) afforded no 
desired product, which was likely caused by steric effect. 
Above results showed that this transformation exhibits a 
significantly narrow substrate scope, which needs to im-
prove in future study. 

During our optimization, trace amount of enamide 6a 
(＜5%) was also observed in addition to the aminofluori-
nation product 3a and aminocarboxylation product 5a. 
This observation indicated that the reaction involved an 
anti-Markovnikov aminopalladation of styrene to afford 
Pd(II) intermediate I, which was then converted into prod-
uct 3 via subsequent oxidative fluorination of C—Pd bond 
(Scheme 2). One possible origin for the anti-Markovnikov 
aminopalladation is that the Pd(II) intermediate I may be 
stabilized by formation of a π-benzylic structure I'.[11]  

In order to address the observed regiochemistry, compe-
tition experiments were conducted with styrene substrates 
containing different functional groups. The observed value 
(－0.38) is consistent with the aforementioned analysis 
(Figure 1). 
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Scheme 2  Proposed mechanism for the palladium-catalyzed aminofluo-
rination  
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Figure 1  Hammett studies of styrenes with different substitution  

3  Conclusion 
We have developed a novel palladium-catalyzed inter- 

molecular aminofluorination of styrenes. Anti-Markov- 
nikov aminopalladation was involved to construct the C—
Pd bond, and the subsequent oxidative fluorination of the 
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Csp3—Pd bond afford the C—F bond. This transformation 
represents a novel strategy to synthesize a variety of vici-
nal fluoroamine derivatives. 
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