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1. Introduction 

The difunctionalization of olefins is an important transformation 

for the synthesis of complex molecular skeletons.
[1]

 

Dioxygenation is one of such reactions that has attracted much 

attention due to the abundance of vicinal diol compounds and 

other derivatives in natural and pharmaceutical products.
[2]

 Great 

advances have occurred in this area using transition-metal-

catalysts, primarily Os and Pd.
[3]

 However, these methodologies 

suffer from high cost or high toxicity and the requirement of 

harsh reaction conditions. Recently, the use of hypervalent iodine 

(III) reagents has become popular due to their use in the 

functionalization of C-H bonds and C=C bonds.
 [4]

 Hypervalent 

reagent-mediated or catalyzed difunctionalizations of C=C bonds, 

including diacetoxylation,
[5]

 aminoacetoxylation
[6]

 and 

diamination
[7]

 have been reported by several groups. However, 

the difunctionalization of olefins, including alkoxylation, has not 

been widely reported, especially for the generation of 

tetrasubstituted carbons.
 [8]

 

Isoxazolines are commonly found in natural and 

pharmaceutical compounds.
 [9]

 This skeleton has also been used 

as chiral ligands in asymmetric catalysis.
 [10]

 Therefore, efficient 

syntheses of these types of heterocycle are greatly desired. The 

classic method for the preparation of such skeletons consists of a 

1,3-dipolar cycloaddition of nitrile oxides with alkenes.
 [11]

 

However, different methods are still required to compliment the 

limited substrate scope of the 1,3-dipolar cycloadditions. 

Recently, the cyclization of allylic oximes has been well-studied 

(with and without the aid of metal-catalysts) via the 

hydroxylation, oxyamination and dioxygenation of olefins.
[12]

 It 

should be mentioned that in 2010, the Loh group reported a Pd-

catalyzed dioxygenation of alkenes using oxime substrates with 1 

atm of air as the sole oxidant (Scheme 1, A).
[12b]

 In 2012, the Han 

group developed a radical cyclization of allylic oximes using 

astoichiometric amount of TEMPO, giving the corresponding 

dioxygenation products  

 
Scheme 1 Methodologies for dioxygenation of allyl oxime 
 

(Scheme 1, B).
[12c]

 The Xiao group has also described a 

PhI(OAc)2-mediated dioxygenation cyclization of allylic oximes, 

again using a stoichiometric amount of TEMPO (Scheme 1, 

C).
[12e]

 The generation of two contiguous tetrasubstituted carbons 
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is a challenging in organic synthesis due to the congested 

substitution. There is no example of generation of two contiguous 

tetrasubstituted carbons via the aforementioned methodologies, 

maybe due to steric hindrance of tetrasubstituted olefins. 

Furthermore, an alkoxyoxygenation cyclization for the 

preparation of isoxazolines is still desired. Previously, our group 

developed a series of methodologies for the synthesis of various 

heterocycles,
 [13]

 including aminooxygenation cyclizations.
 [14]

 In 

continuation of our efforts in this area, we herein report an 

PhI(OAc)2-mediated alkoxyoxygenation of alkenyl oximes for 

the preparation of isoxazolines bearing two contiguous 

tetrasubstituted carbon atoms (Scheme 1, D). 

 
Our initial goal was to develop an asymmetric Wacker-type 

reaction of allyl oximes (Eq. 1).
[15]

 During the screening of the 

reaction conditions, we found that the oxidant PhI(OAc)2 could 

give the dioxygenation product with a methyl ether bond being 

formed. Then we turned our attention to this interesting reaction. 

The reaction conditions were optimized to improve the yield of 

the dioxygenation product (Table 1). Control experiments 

showed that Pd(OAc)2 was not necessary for this reaction (entry 

2 vs 1). A better yield could be obtained by increasing the 

reaction temperature to 50 
o
C from 25 

o
C (entry 3). Shorter and 

longer reaction times led to nearly full conversion but lower 

yields (entries 4 and 5). It appeared reducing or increasing the 

amount of PhI(OAc)2 was not beneficial to the reaction yield 

(entries 6 and 7). Reaction using NaOAc or DABCO as a base 

considerably improved the yield (entries 8 and 9). However, use 

of base with a prolonged reaction still gave the dioxygenation 

product in lower yield (entry 10), possibly due to the 

decomposition of 2a into some unidentified byproducts. Reaction 

in diluted methanol solution gave the desired product in a similar 

yield (entry 11). When the reaction with base additive was 

carried out at lower temperature or shorter reaction time, lower 

yields was observed (entries 12 and 13). The optimized reaction 

conditions are operationally simple since there is no need of 

metal catalyst, inert atmosphere protection, and anhydrous 

solvent. 
Table 1 Optimization of reaction conditions

a 

 
Entry Additive Temp. (°C) Time (h) Yield (%) 

1b - 25 6 41 

2 - 25 6 44 

3 - 50 6 73 

4 - 50 2  56 

5 - 50 12 65 

6c - 50 6 35 

7d - 50 6 38 

8 NaOAc 50 6  90 

9 DABCO 50 6  88 

10 NaOAc 50 12 72 

11e NaOAc 50 6 87 

12 NaOAc 50 2 73 

13 NaOAc 25 2 51 

a Reaction conditions: substrate 1a (0.2 mmol, 1 equiv), PhI(OAc)2 (0.4 

mmol, 2 equiv), with or without NaOAc (0.2 mmol, 1 equiv), in MeOH (2 
mL), at a certain temperature for a certain time. 
b with Pd(OAc)2 (0.02 mmol). 
c PhI(OAc)2 (0.2 mmol, 1 equiv). 
d PhI(OAc)2 (0.6 mmol, 3 equiv). d PhI(OAc)2 (0.6 mmol, 3 equiv). 
e MeOH (4 mL). 

With the optimized reaction conditions in hand, the 

dioxygenation of different allyl oximes and alcohols was 

conducted (Table 2). An electron neutral phenyl-substituted 

substrate gave the desired product in higher yield than para-

substituted electron-rich and electron-deficient compounds 

(entries 1 vs 2-6). The dioxygenation of substrates bearing 

electron-donating groups on the benzene ring afforded the 

corresponding products with better yields than those bearing 

electron-withdrawing groups (entries 2-4 vs 5-6, 7 vs 8). The 

presence of methyl groups at the meta position led to an increase 

in yield, giving the dioxygenation product with the highest yield 

(entry 7). The dioxygenation of ortho-substituted substrates 

provided the corresponding products in lower yields (entries 9 

and 10). A substrate bearing a β-naphthyl group afforded the 

desired product in 71% yield (entry 11). To our delight, 2-

pyridinyl and 2-thineyl-substituted compounds were also 

amenable to the reaction conditions, giving their corresponding 

products in moderate to good yields (entries 12 and 13). Product 

2l may be used as a ligand in organometallic catalysis, as an 

analogue of the widely-used pyridine-oxazoline (Pyrox) 

ligand.
[16]

 We have also carried out a 1 mmol scale reaction for 

the producing of 2l, which was obtained in excellent yield.
 

Table 2 Substrate scope
a
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a Reaction conditions: substrate 1 (0.2 mmol, 1 equiv), PhI(OAc)2 (0.4 mmol, 

2 equiv),  NaOAc (0.2 mmol, 1 equiv), in alcohol (2 mL), at 50 oC for 6 h. 
b Reaction scale is 1.04 mmol (212 mg substrate 1l). 
c From (E)-olefin substrate. 
d 80 o C for 5 d. 

 
Substrates with different R

1
 groups at the olefin could also be 

dioxygenated under our system, giving the corresponding 

products with poor to moderate yields (entries 14-17). We have 

also prepared an endo-cyclic olefin substrate bearing a six-

membered ring. This substrate could react with PhI(OAc)2 and 

MeOH to afford product cis-2r in excellent yield (entry 18). 

Substrate bearing two ethyl groups as R
2
 and R

3
 could give the 

corresponding product 2s in excellent yield (entry 19). We have 

also tested the dioxygenation reaction of tri- and disubstituted 

olefin substrates (entries 20 and 21). The results indicate that less 

substituent on the olefin led to lower yield. Different alcohols 

were also tested under our dioxygenation conditions. Under the 

standard reaction conditions, linear alcohols successfully gave 

their corresponding products (entries 22 and 23). However, the 

sterically hindered alcohol, isopropanol, showed lower reactivity 

for the reaction. Therefore, a longer reaction time at higher 

temperature was needed in order to obtain 2x in acceptable 

yield. We have also attempted to prepare six-membered or even 

larger sized ring product using this methodology, however, those 

reaction failed to give any detectable products. 

 

 
Scheme 2 Proposed mechanism. 

 
We have proposed two possible mechanisms for this reaction, 

path a and b (Scheme 2). For path a, the reaction proceeds via a 

radical mechanism. The oxime is oxidized by PhI(OAc)2 to form 

an oxime radical 3,
[11c,e]

 which undergoes radical cyclization to 

generate isoxazoline 4 bearing a tertiary radical. The tertiary 

radical is further oxidized to tertiary cation 5. The first step for 

path b is the coordination of the olefin with the iodine atom of 

PhI(OAc)2.
[5b,5c,5d,6a]

 Subsequently, the oxygen of the oxime 

attacks the activated olefin to form intermediate 7. The C-I bond 

can undergo a heterolytic cleavage to generate tertiary cation 5. 

The desired product 2a is obtained via the nucleophilic attack of 

methanol on intermediate 5. Then we carried out an experiment 

using 1 equivalent of TEMPO as a radical trap, 2a was still 

obtained in 88% of yield (Scheme 3), without the formation of 

Han’s TEMPO-attacked dioxygenation product (Scheme 1, B). 

Since using TEMPO as an additive has only a slight effect on the 

yield but the use of the basic additive NaOAc is able to give the 

desired products in higher yield, path b appears to be the more 

plausible mechanism for this dioxygenation reaction. Besides, 

another possible explanation of the result using TEMPO as 

additive is that the TEMPO-captured intermediate 8 reacts with 

MeOH to yield the desired product 2a in high yield. Therefore, 

we prepared the TEMPO-tethered compound 8 and carried out 

the substitution reaction of 8 with MeOH in the presence of 

NaOAc. The result indicates that the TEMPO cannot be replaced 

by MeOH, further ruling out the possibility of the presence of 

intermediate 4.  
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Scheme 3 Reaction with TEMPO as additive. 

 
Finally, the isoxazoline product 2a could be transformed to 

acyclic β-hydroxyl-γ-methoxyl ketone 9 bearing two contiguous 

tetrasubstituted carbons (Eq. 2). 

 

 
Scheme 4 Transformation of 2a to acyclic compound. 

 

2. Conclusions 

In conclusion, we have developed a PhI(OAc)2-promoted 

dioxygenation of allyl oximes, including one alkoxylation. This 

reaction can give isoxazoline products bearing two contiguous 

tetrasubstituted carbons under mild and simple conditions. 

Various oximes bearing different aryl groups and olefins were 

compatible with our reaction conditions. Preliminary mechanistic 

studies suggest a two-electron oxidation pathway. 
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Highlights 

1. PhI(OAc)2-promoted dioxygenation of allyl oximes, 

including one alkoxylation. 

2. Giving isoxazoline products bearing two contiguous 

tetrasubstituted carbons. 

3. Mild conditions and operationally simple.  


