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oxyisochroman-1-one has been successfully applied to a crucial step in the asymmetric synthesis of 

4-oxyisochromanone natural products. In this review, the synthetic uses of chiral hypervalent iodine 

reagents are demonstrated through concise entries into heterocyclic cores found in bioactive natural 

products. 
 

2. ENANTIOSELECTIVE SPIROCYCLIZATION DURING OXIDATIVE 

DEAROMATIZATION WITH HYPERVALENT IODINE 

Kita et al.3 pioneered the area of enantioselective oxidation using chiral hypervalent iodine compounds 

and found that the oxidative dearomatization of 1-naphthol derivative 1 by using chiral spirobiindane 

λ3-iodane reagent 3 afforded spirolactone product 2 with high enantiomeric excess (ee) (Scheme 2). They 

also succeeded in catalytic oxidation by using iodoarene 4 in the presence of mCPBA co-oxidant. A 

catalytic amount of chiral iodoarene is oxidized in situ to a reactive hypervalent iodine reagent, which is 

used as a catalyst for the enantioselective oxidation of naphthol substrate 1. The highly stereocontrolled 

oxidation may be attributed to the μ-oxo bridged form of the hypervalent iodine compound. Kita3c also 

tested 8,8'-diiodo-1,1'-binaphthalene (5) as an asymmetric catalyst for the oxidative spirolactonization. 

Under stoichiometric conditions, a promising level of enantioselectivity (up to 76% ee) was 

demonstrated. 
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3 (0.55 equiv)

Ar* I(OAc)2
or

Ar* I +  mCPBA

I I

5 (0.55 equiv)
mCPBA (2 equiv)

up to 76% ee

1 2

 
Scheme 2. Enantioselective spirolactonization of 1-naphthol derivatives 
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Figure 2. Chiral hypervalent iodine reagents 

 

 

 
Scheme 7. Oxolane ring formation from acyloxybutene 

 

The same lactate-based chiral hypervalent iodine reagent 38a was subjected to the oxidation of 

ortho-alkenylbenzoates 44a–d (Scheme 8). The oxidation yielded 4-acetoxyisochroman-1-ones 45a–d in 

an enantiocontrolled manner (75 to 90% ee). The use of bislactate reagent 38c increased the 

enantioselectivity (90 to 97% ee).17 The endo selective lactonization is unique to hypervalent iodine 

reagents, and contrasts with the exo selectivity provided by conventional oxidants and electrophiles. 

Selectivity in these oxidative lactonizations of ortho-alkenylbenzoates is detailed in the next chapter. 
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Scheme 8. Endo-oxylactonization of alkenylbenzoate 

 

Endo selective cyclization was also achieved in the oxidation of alkenylbenzamide substrates 46 by using 

lactate-based chiral hypervalent iodine reagent 38a in the presence of boron trifluoride diethyl etherate 

(Table 2).18 Under these reaction conditions, O-attack cyclization preferentially occured over N-attack 

cyclization yielding lactam products. The enantioselectivity of these amide substrates 46 was similar to 

that of the corresponding ester substrates 44, and it was not significantly affected by the type of 

N-substituent. 

 

Table 2. Oxidation of alkenylbenzamide 

 
 

A dioxolane ring was formed during oxidative annulations of alkenes 48 and acetic acid (Scheme 9).19 

The electrophilic addition of lactate-based chiral hypervalent iodine reagent 38c to the olefins 48 is 

followed by the nucleophilic substitution of acetic acid. The attached acetate moiety participates 

R

CO2Me
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O

OAc

R = H 73% yield, 75% ee
R = CH2OMe 80% yield, 84% ee
R = i-Pr 64% yield, 87% ee

R = C5H11 63% yield, 90% ee

72% yield, 90% ee

60% yield, 97% ee
63% yield, 96% ee
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a:

b:
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d:

BF3·OEt2
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 80 to    40 oC44 45
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yield (%) ee (%)

66 81
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H 79 84OAc
H 70 83NHCOPh
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nucleophilically to generate the 1,3-dioxolan-2-yl cation intermediates, which are trapped at the 

2-position by ketene silyl acetal or silyl enol ether to yield 49. The enantioselective formation of the 

dioxolanyl cation intermediate was confirmed by the formation of enantiomerically enriched 49. 

Therefore, acetic acid acts as a bidentate nucleophile to promote the annulation. 

 

 
Scheme 9. Dioxolane formation by annulation between alkene and acetic acid 

 

Intramolecular bidentate nucleophiles led to the formation of bicyclic products. A urea group induced 

bicyclic product formation during the oxidation of an alkene with a hypervalent iodine reagent.20 Wirth et 

al.21 reported an enantioselective variant of the bicycle formation by using lactamide-based chiral 

hypervalent iodine reagent 39 (Scheme 10). Under the optimized reaction conditions, cyclic isourea 

product 51 was formed with a high level of enantioselectivity. 

 

 
Scheme 10. Bicycle formation induced by urea group 

 

Wirth et al.22 expanded the bidentate nucleophile to sulfodiamines 52; this was employed for 

enantioselective oxidation to yield diamination bicyclic product 53 (Scheme 11). When lactamide 
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hypervalent iodine reagent 39 was used for the oxidation of 52, the enantioselectivity was poor (10% ee). 

Novel chiral hypervalent iodine reagent 41 with a pyridine moiety was developed for use in a highly 

enantiocontrolled diamination cyclization. 

 

 
Scheme 11. Bicycle formation induced by sulfodiamine 

 

Nevado et al.23 reported the enantioselective aminofluorination of 54 using lactate-based chiral 

hypervalent iodine reagent 40 (Scheme 12). The aminocyclization proceeded with endo selectivity to 

yield fluorinated piperidine product 55 with 81% ee. The aminofluorination of 54 also proceeded under 

catalytic conditions, where 2,2'-diiodobinaphthyl was used as an enantiocontrolled precatalyst in the 

presence of mCPBA and hydrogen fluoride.24 Desired product 55 was obtained with 70% ee. 

 

 
Scheme 12. Aminofluorination 

 

The attachment of a sulfur nucleophile was also achieved during enantioselective aminocyclization 

(Scheme 13). Wirth et al.25 reported the thioamination of ortho-allylaniline 56 with lactamide-based 

hypervalent iodine reagent 39. 
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Scheme 13. Thioamination 

 

Recently, a cascade cyclization involving a carbon nucleophile was reported by Fujita et al.26 The 

oxidation of 6-phenylhex-3-en-1-oxy silyl ether 58 using lactate-based hypervalent iodine reagent 38b 

yielded oxolane-fused tetralin product 59 with high enantioselectivity.26a The silyl ether did not act as a 

protection group, but promotes the nucleophilic oxycyclization. As shown in Scheme 14, a wide range of 

both electron-rich and electron-deficient arenes were found to participate in the oxidative arylation. 

Aminoarylation also proceeded to yield hexahydrobenz[e]indoles 61 with a moderate ee (Scheme 15).26a 

The hexahydrobenz[e]indole framework is found in candidate agonists/antagonists for dopamine and 

serotonin receptors. 

 

 
Scheme 14. Oxyarylation 
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Scheme 15. Aminoarylation 

 

Oxidative cyclization of alkene substrates has been conducted under catalytic conditions, where a 

catalytic amount of chiral iodoarene 62 is oxidized in situ to hypervalent iodine and used for the 

enantioselective oxidation of alkene substrates (Table 3). The cascade cyclization of 

ortho-(4-hydroxybut-1-enyl)benzoate 63 occured under catalytic conditions using bislactate 62a 

precatalyst and mCPBA to yield oxolane-fused isochromanone product 64 with 91% ee (entry 1).27 The 

catalytic oxidation conditions were applied to the endo-selective oxylactonization of 

ortho-alkenylbenzoate 44d (entry 2).28 The oxidation of 44d using bislactate precatalyst 62a yielded 65 

with 68% ee. The use of sterically bulky ester 62c at low temperature increased enantioselectivity to 94% 

ee, whereas amide precatalyst 62e (= 6) resulted in low selectivity. In the presence of hydrogen 

fluoride/pyridine, alkenylbenzoate substrate 44e underwent fluorolactonization to give 

4-fluoroisochroman-1-one 66 (entry 3).29 High enantioselectivity was achieved with lactate-based 

iodoarenes 62a and 62d. 

Moran et al.30 used Selectfluor as a co-oxidant for the catalytic oxidation of N-(but-3-enyl)amide 67, 

yielding dihydrooxazine 68 (entry 4). Chiral iodoarene precatalyst 62f with dimethyl lactamide motifs 

gave higher enantioselectivity than ester 62b and mesityl amide 62e (= 6). Masson et al.31 reported 

sulfonyllactonization of pent-4-enoic acid (69) under the stereocontrol of lactate-based precatalyst 62 

(entry 5). In contrast to poor enantioselectivity using ester precatalyst 62a, amide precatalysts 62e (= 6) 

and 62g improved the chemical yield and enantioselectivity in the oxidative lactonization of 69. 
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Table 3. Oxidative heterocycle formation catalyzed by chiral iodoarene 
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isochromanone natural product and the phthalide product was conducted under basic conditions. The 

six-membered chrysoarticulin A (75) was readily converted to the five membered chrysoarticulin C (76) 

during hydrolysis in the presence of KOH (Scheme 19). By contrast, no isomerization of 76 to 75 was 

observed under the same basic conditions with a prolonged reaction time (22 h). These results indicate 

that the isochromanone structure is less stable than the phthalide. 

O

OH O

OH

1M KOH aq.

0 oC, 30 min
OH

O

O

HO

chrysoarticulin A (75) chrysoarticulin C (76)  
Scheme 19. Thermodynamic stability between phthalide and isochromanone natural products 

6. ASYMMETRIC TOTAL SYNTHESIS OF 4-OXYISOCHROMAN-1-ONE NATURAL

PRODUCTS 
The 4-oxyisochroman-1-one motif is present in many bioactive polyketide natural products isolated from 

several fungal sources. 

Figure 3. Natural products containing 4-oxyisochroman-1-one motif 
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Among this class of natural products, successful examples of total synthesis remain limited to the 

compounds listed in Figure 3. The preparation of the oxyisochroman-1-one core is a key step in the total 

syntheses. In this chapter, we disclose the superiority of the isochromanone formation using hypervalent 

iodine reagents. 

The first total synthesis of monocerin (77) was reported by Mori and Takaishi44 in 1989 (Scheme 20). The 

seminal synthetic work was achieved using the mCPBA-induced oxidative cyclization of 

1-arylhept-1-en-4-ol 85 as a key step, which yielded 3-hydroxyoxolane compound 86 as a diastereomeric 

mixture. The hydroxy substituted oxolane ring was used as a scaffold for lactone formation via 

carbohydroxylation with carbon dioxide. The stereochemical configuration of lactone product 88 was 

adjusted by stereochemical inversion via the Mitsunobu reaction. Finally, monocerin (77) was obtained 

via selective demethylation of 86 using boron tribromide. 

 

 
Scheme 20. The first total synthesis of monocerin 

 

The total synthesis of monocerin has been reported by several research groups.45 A synthetic strategy 

using the 3-hydroxyoxolane ring scaffold was found in most of the reports. The oxolane scaffold was 

selectively prepared and then used for oxolane-fused isochroman-1-one formation in a stereoselective 

manner.45a–45c,45f–45h  

Simpson et al.45d achieved an elegant biomimetic synthesis of monocerin (Scheme 21). The biosynthetic 

route to monocerin is reasonably explained by the oxidative cyclization of the corresponding fusarentin 

via a quinonemethide intermediate. Simpson et al.45d used a radical benzylic bromination strategy, which 

initiates quinonemethide formation and cyclization. The starting fusarentin-type substrate 90 was 

prepared by anion condensation with aldehyde 89. The final ring closure was successfully conducted 
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To introduce synthetic accessibility into 4-oxyisochroman-1-one natural products, Fujita et al.18 

developed a late–stage 8-oxy group incorporation strategy. The 8-oxy group originates from a polyketide 

biosynthetic route; thus, it is found in several polyketide natural products. In the synthetic strategy, 

2-alkenylbenzamides underwent hypervalent iodine-induced oxylactamidation with 6-endo selectivity to 

afford isochroman-1-imine products (47 in Table 2), which served as a scaffold for palladium catalyzed 

C-H acetoxylation in a regiocontrolled manner.18 The imidate moiety acts as a removable directing group 

for regioselective oxygenation at the 8-position. 

The oxidative cyclization using hypervalent iodine reagent proceeded for amide substrates with tosyl, 

methoxy, acetoxy, benzamide, and phthalimide N-substitution to yield the corresponding 

isochroman-1-imine. The oxidation with lactate-based chiral hypervalent iodine reagent 38a afforded 

highly stereocontrolled products with 78%–90% ee. The following palladium catalyzed acetoxylation 

proceeded smoothly in the case of N-methoxy and N-acetoxy imidates. With these successful results 

using the model compounds, the imidate synthetic route was applied for concise synthesis of 

(3R,4R)-4-hydroxymellein (80) and (3R,4R)-4-hydroxy-6-methoxymellein (81) (Scheme 26). The 

enantioselective oxidation of N-methoxy-2-(prop-1-enyl)benzamide was followed by palladium catalyzed 

C-H acetoxylation. Targeted mellein derivatives 80 and 81 were finally obtained through deacetylation 

under basic conditions and subsequent acid hydrolysis of the imidate moiety. The synthetic pathway is 

characterized by the late-stage attachment of the 8-hydroxy group, which may affect bioactivity owing to 

hydrogen-bonding interactions with the 1-oxo group. The strategy using the hypervalent iodine reagent 

facilitates the asymmetric syntheses of isochromanone natural products and their mimics. 

 

 
Scheme 26. Asymmetric syntheses of 80 and 81 
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While total syntheses of lasionetrin (79)50 and ajudazol B (84)51 were recently achieved without using the 

hypervalent iodine-mediated strategy, the endo-selective oxylactonization using hypervalent iodine 

reagents have been one of attractive pathways for constructing 4-oxyisochromanone core in a 

stereoselective manner. 

7. CONCLUSION 
Hypervalent iodine compounds have served as efficient and powerful oxidizing reagents for the 

enantioselective formation of heterocyclic compounds. Optically active heterocycles have been prepared 

via the dearomatizing spirocyclization of phenols and naphthols, α-oxidation of carbonyl compounds, and 

vicinal functionalization of alkene substrates. Among these hypervalent iodine-mediated transformations, 

a unique selectivity was found in the oxidative lactonization of ortho-alkenylbenzoates; conventional 

electrophiles lead to 5-exo lactonization, thus giving a phthalide product, whereas hypervalent iodine 

reagents promote 6-endo lactonization to yield isochromanone products. The synthetic uses of the 

hypervalent iodine-mediated protocol have been demonstrated by its application to a crucial step of the 

asymmetric total synthesis of several isochromanone natural products. 
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