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Abstract – In this report, the authors have clarified that the -oxo bridged 

heterocyclic hypervalent iodine compound 1 shows a more effective reactivity in 

the oxidative dearomatizing spirolactamization compared to conventional PIDA 

(phenyliodine(III) diacetate). Besides the high reactivity, a new selectivity during 

the oxidations based on the steric discrimination of the nitrogen groups of the 

pre-spirocyclic substrates is demonstrated for the heterocyclic hypervalent iodine 

compound 1.  

In Celebration of Professor Victor Snieckus on His 77th Birthday

INTRODUCTION  

Lactams are ubiquitous in nature and also familiar as artificial molecules in industry and pharmaceutical 

utilizations for our benefits. In organic chemistry, some lactam structures would endow unique 

characteristics to organic molecules in discovering unexpected reactivities and physical properties for 

new applications. Detachable lactam functionalities were frequently installed as a directing group and 

chiral auxiliary in many reactions. One such example is the radical translocations for controlling the 

reaction course and selectivity.
1
 Cyclic lactam parts were sometimes introduced into ring systems, for 

example, Tröger’s base,
2a,b

 for tailoring the molecular twist for the purpose of developing unusual 

properties.
2
 Consequently, the new design of lactam compounds has being elaborated even in recent years 

due to such abundant functional attributes expected from the structures. 
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Among the synthetic targets, a particular interest has recently been paid to the spirocyclic class of lactam 

compounds together with significant synthetic advances for accessing these structures. The presence of 

spirolactams in naturally-occurring systems and their unique three-dimensional structure including two 

planes make these compounds fascinating structural motifs for organic chemists. Thus, spirolactams are 

important targets in modern organic synthesis, and a variety of new and efficient systems have recently 

been reported in the literature.
3
  

Our research group has also been interested for a long time in spirocyclizations induced by hypervalent 

iodine reagents for constructing quaternary spiro centers based on the oxidative dearomatization strategies 

of phenols and their derivatives.
4-7

 Using phenyliodine(III) diacetate [PIDA, PhI(OAc)2] (Figure 1) and 

phenyliodine(III) bis(trifluoroacetate) [PIFA, PhI(OCOCF3)2], we demonstrated that the oxidations of 

phenols carrying a nucleophilic part at the appropriate position of the side chain would cause 

dearomatizations accompanied by spirocyclizations leading to spirodienone compounds including 

lactones and lactams under the suitable conditions of solvent and activation.
4
 The high efficiency of the 

spirocyclization processes typically allowed the catalytic use of hypervalent iodine reagents in 

combination with a suitable stoichiometric oxidant.
5 

Recyclable alternatives to PIDA and PIFA have also 

been developed for the spirocyclizations by fine reagent designs.
6
 During these studies, we have recently 

encountered the high reactivity of an oxygen-bridged hypervalent iodine dimer, i.e., [PhI(OCOCF3)]2O, 

for the spirocyclizations and other phenolic oxidations.
7
  

 

 

Figure 1. Conventional hypervalent iodine reagent and its -oxo bridged dimers 

 

Based on the background and original knowledge, combined interest in defining a catalytic alternative of 

the reactive hypervalent iodine dimer further occurred for the spirocyclizations and reagent design 

meeting green chemistry. As a consequence, we have discovered the new dinuclear iodoarene 1’ as a 

designer organocatalyst for in situ efficiently generating -oxo bridged hypervalent iodine species to 

perform the greener oxidative spirocylization of amides 2 (Eq. 1).
8
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In this study, we partially experienced the potent high reactivity of the isolated heterocyclic hypervalent 

iodine compound 1 as an oxidant (Eq. 2). It seems that our dinuclear compound 1 generally shows high 

reactivities in many types of hypervalent iodine mediated oxidations as well as the spirolactamizations as 

a potent replacement of the conventional mononuclear hypervalent iodine reagents, while a sufficient 

reactivity study has not yet been completed except for the one case involving the spirolactamization of the 

substrate 2a and other types of cyclizations.
9,10

 Based on this objective, we investigated the inherent 

reactivity of our heterocyclic dinuclear-type hypervalent iodine compound 1 regarding the oxidative 

spirolactamization of phenol amides 2 for more extensive substrates. The present study concludes that the 
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reactivity strongly depends on the steric situation of the nitrogen group of the pre-spirocyclic substrates 2 

during the interaction with compound 1. 

RESULTS AND DISCUSSION 

Our reported strategies in synthesizing spirocyclic compounds using hypervalent iodine reagents are 

based on the activation of phenols or side-chain functionalities for initiating the oxidations.
4
 As the first 

side-chain activation report, the spirocyclizations by the activation of the enamide part of the substituted 

phenols were developed in our laboratory, which were applied to the total synthesis of discorhabdin 

alkaloids.
4g-i

 Later, the effective spirolactamizations of phenol derivatives 2-X starting from the oxidation 

of the side-chain nitrogen atom have been independently established by Kikugawa
11

 and Wardrop
12

 by 

utilizing the suitable N-directing methoxy and phthalimide groups (Scheme 1, X = OMe, N-phthanimide). 

The generated nitrenium ions would undergo cyclization and hydrolysis by ambient water, giving rise to 

the spirolactam products 3. This chemistry was nicely applied to the diverse syntheses of natural products 

and biologically active compounds, but in terms of the reaction chemistry, the main disadvantage 

requiring excess amounts of PIDA and PIFA is still required to achieve the satisfactory generation of 

nitrenium ions and to obtain good product yields. The reaction possibly becomes improved by employing 

a more reactive hypervalent iodine alternative. 

 

  

Scheme 1. Spirolactamization using hypervalent iodine reagent via nitrenium ion 

 

The preparation of the heterocyclic dinuclear hypervalent iodine compound 1 in this study includes only 

two steps from a commercially available source, 1-iodo-3,5-dimethylbenzene (Scheme 2). It is a stable 

microcrystalline solid (mp 157 
o
C) compatible with storage in air at room temperature, if protected from 

light.
13

 The corresponding iodoarene precursor 1’ could be directly obtained by our oxidative biaryl 

coupling method.
14

 Subsequent treatment with Selectfluor
TM

 (1-chloromethyl-4-fluoro-1,4-diazonia 

bicyclo[2.2.2]octane bis(tetrafluoroborate)) in a mixed solvent system of dilute acetic acid and 

acetonitrile
15

 nearly quantitatively produced the cyclic hypervalent iodine compound 1 from the crude 
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precipitate of which after evaporation, the pure compound was obtained in 96% yield by trituration with 

hexane. Similarly, the heterocyclic compound 1 could be prepared from the precursor 1’ by the action of 

other typical oxidants for generation of hypervalent iodine species, i.e., peracetic acid (PAA) and 

m-chloroperbenzoic acid (mCPBA),
5,6

 in the presence of excess acetic acid. Selectfluor
TM

 is the most 

prominent regarding the purity of the obtained compound 1 during the preparation. For structural 

elucidation, a sample suitable for an X-ray crystallographic analysis was grown by further 

recrystallization.
16

 

 

 

Scheme 2. Preparation of -oxo bridged heterocyclic hypervalent iodine compound 1 

(PIFA = PhI(OCOCF3)2, Selectfluor
TM

 = 1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane 

bis(tetrafluoroborate)). 

 

For the obtained 1, we subsequently evaluated the reactivity toward representative substrates for the 

oxidative spirolactamization (Scheme 3 and Table 1). For a clear comparison, we selected the known 

phenol amides 2b-h already tested in the literature as authentic entries.
8,11,12

 Using the oxidant 1 at a 

slightly excess amount (1.1 x 1/2 equiv., which corresponds to 110 mol% iodine(III)), the reactions were 

performed in a mixture of trifluoroethanol (TFE)
17

 and dichloromethane (1/1 v/v) at room temperature in 

an open flask. Generally, the reactions could be completed within a few hours under mild conditions 

around the theoretical stoichiometry. Moreover, all the products 3b-h were more satisfactorily produced 

when compared to those using the conventional PIDA. Hence, the four- to six-membered spirocyclic 

lactams 3a-c were efficiently obtained by the treatment of the oxidant 1 (Eq. 2 and Scheme 3, Eq. 4). On 

the other hand, cyclization into seven-membered ring lactam was sluggish by this method. The protection 

of the phenolic oxygens is necessary in these reactions as the six- and four-membered products, 3b-OMe 

and 3c-OMe, were not obtained at all by treatment of the corresponding free phenol compounds.
18 

To 

better understand the higher reactivity of the dinuclear hypervalent iodine 1, it should be emphasized that 

lowering the reaction rate in the referenced cases of PIDA decreased yields by ~28% under the sam e   
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Scheme 3.  Spirocyclizations for four and six-membered lactams 3b and 3c 

c.f.
 3b-OMe: 50% using PIDA, 3c-OMe: 70% using PIDA, under the same conditions. 

 

 

Table 1.  Spirolactamization of the substrates 2d-h (Eq. 3) using heterocyclic hypervalent iodine 1
 a 

 

entry substrate product time  yield
 b 
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4 

 

5 

 

 
n = 0 (2g-OMe) 

 

n = 1 (2h-OMe) 
 

 
n = 0 (3g-OMe) 

 

n = 1 (3h-OMe) 
 

 
1 h 

 

2 h 

 

 
92% 

 

67% 

 

a 
Reactions were performed in a mixture of trifluoroethanol and dichloromethane (1/1 v/v) at room temperature.  

b 
Isolated yield after purification.  

 

conditions for the same substrates. The propanamides 2d-f bearing substituents at the aromatic ring and 

side chain smoothly reacted to afford the corresponding spirolactams 3d-f (Table 1, entries 1-3). Due to 

the mild reaction conditions, the biaryl-derived phenol amides 2g and 2h also converted exclusively to the 

spirolactams 3g and 3h (entries 4 and 5) without causing any rearrangement process (e.x., dienone-phenol 

rearrangement), respectively. Evidently, the dinuclear compound 1 served as an efficient oxidizing agent 

for the carbon-nitrogen bond-forming spirocyclization event. In addition, most of it was recovered as the 

reduced form 1’ after the reactions by column chromatography eluting with hexane utilizing the very low 

polarity of the monovalent iodine 1’. 

As the reaction involves the initial attack of the nitrogen atom of the substrates 2 on the hypervalent 

iodine,
19 

the observed reactivity differences between the dinuclear iodine 1 and conventional mononuclear 

reagent, i.e., PIDA, mostly depend on the rate of the ligand exchange step. Based on this consideration, 

the empirical bond lengths between the iodines and ligands of the two types of hypervalent iodine 

compounds in the crystallographic structures are summarized in Table 2.
16,20

 In the dinuclear compound 1, 

the hypervalent bonds are unequal and thus elongation of the I(III)-OAc bond occurs compared to those 

of PIDA (2.221 Å versus 2.165 Å). Thus, the-oxo 1 takes a more polarized structure and the iodine 

atoms are estimated to be rather cationic in a polar solvent, such as fluoroalcohols. Importantly, the strong 

secondary bonding between the iodine atom and carbonyl oxygen of the acetoxy group is present in the 

-oxo compound 1, also suggesting the enhanced positive character of the iodine atom.
21 

Therefore, we 

 

 

Table 2.  Hypervalent bond lengths in dinuclear compound 1 and conventional PIDA 
a 

 

compound type I-OAc length [Å] I-O* length [Å] 
 

dinuclear compound 1 
b 

 
2.221 

 
2.061 

 
 

PIDA [PhI(OAc)2] 
c 

 
2.165 

 
- 
 

 

a 
Averaged bond lengths.

  b 
Ref. 16.

  c 
Reported in ref. 20.  O*: bridged oxygen.  
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reasoned that the high reactivity of the dinuclear iodine 1 might be due to the enhanced electrophilicity of 

the iodine atom and facile elimination of the acetoxy group caused by the extended bond length 

facilitating the interaction of the amide group and sequential ligand exchange. 

Briefly, the dinuclear iodine 1 generally showed excellent reactivities for the oxidations of N-methoxy 

amides 2-OMe. We next turned our attention to the interactive nitrogen group of the substrates. Thus, the 

cyclization of the corresponding N-phthalimide of the phenol amide, 2a-Nphth (Eq. 3, Nphth = N- 

phthalimide), under the same reaction conditions was examined for the dinuclear iodine 1, and in this case, 

the formation of the expected product, 3a-Nphth, was, in turn, unexpectedly suppressed when compared 

to the reaction using PIDA (see ref. 11). After reacting for 3 hours, the product 3a-Nphth was thus 

obtained in only 61% yield. It appeared that the phthalimide group had an effect on the interaction with 

the iodine atom in compound 1 probably due to steric reasons. To clarify the characteristics, the reactivity 

and kinetics of the N-methoxy amide 2a-OMe and N-phthalimide 2a-Nphth toward our iodine compound 

1 and conventional reagent were briefly checked by subjecting equimolar amounts of the two amides to 

the following competitive reaction conditions (Scheme 4, Eq. 5). For the dinuclear 1, it is interesting to 

observe that a clear preference for the N-methoxy amide 2a-OMe for providing the biased formation of 

the N-methoxy spirolactam 3a-OMe (3a-OMe/3a-Nphth = 11.4/1) was developed, while most of the 

other substrate 2a-Nphth remained unreacted. In contrast, when using the conventional PIDA instead, 

competitive reactions of the two substrates diminished the selectivity, and the spirolactams were produced  

 

 

Scheme 4.  Cross-over experiments using amides having small and bulky N-substituents  
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as a mixture in the relative ratios of 3.8/1 and 2.8/1 (average of two runs), respectively, under our 

standard and the reported conditions.
11

 Consequently, a new selectivity was confirmed for our dinuclear 

compound 1. 

To summarize, our dinuclear iodine 1 seems to be inherently very reactive due to the high polarity of the 

iodine atoms, increasing the reaction rate of the hypervalent iodine oxidations and giving the products in 

remarkable yields, especially for the small substrates and functionalities. On the other hand, for a bulky 

substrate, the steric requirement arising from the introduced biaryl structure sometimes overrides the 

reactivity, which resulted in a rather decreasing rate of the reactions while possibly allowing the 

enhancement of the selectivity and molecular recognition of the hypervalent iodine. 

CONCLUSION 

In this study, we have extensively studied the unknown reactivity of the heterocyclic dinuclear 

hypervalent iodine compound 1 for the oxidative dearomatizing spirolactamizations. The high reactivity 

based on the high electrophilicity of the -oxo bridged iodine atoms allows fast generation of nitrenium 

ions from the N-methoxy amides, giving the spirolactam products in more satisfactory yields with the 

theoretical amount of the oxidant loading. At the same time, a unique selectivity, not observed for the 

conventional reagent, toward the nitrogen groups has emerged for the oxidant 1 during the transformation 

probably because of the change in the steric environment, based on the results of which the designer 

compound 1 as a chemoselective reagent in applications to some specific substrate and transformation is 

possible in the future study.
22 

EXPERIMENTAL 

Melting point (mp) is uncorrected. All 
1
H- and 

13
C-NMR spectra of the products were measured in CDCl3 

by spectrometers operating at 400 or 300 MHz (100 or 67.8 MHz for 
13

C NMR) at 25 
o
C. Chemical shifts 

of 
1
H-NMR were recorded in parts per million (ppm, ) relative to tetramethylsilane ( = 0.00 ppm) as an 

internal standard. Data are reported as follows: chemical shift in ppm (), multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, brs = broad singlet, m = multiplet), coupling constant (J) in Hz, and 

integration. Chemical shifts of 
13

C-NMR were reported in ppm with the solvent as reference peak 

(CDCl3:  = 77.0 ppm). Absorptions of infrared spectra (IR) are reported in reciprocal centimeters (cm
-1

) 

for representative peaks. High resolution mass measurements and elemental analysis were performed by 

the Elemental Analysis Section of Osaka University. Flash column chromatography was performed with 

Merck Silica Gel 60 (230-400 mesh) eluting with hexane and ethyl acetate for isolation of the products. 

Analytical thin-layer chromatography (TLC) was carried out on Merk Silica Gel F254 plates (0.25 mm). 

The spots and bands were detected by UV light of irradiation (254, 365 nm) and/or by staining with 5% 
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phosphomolybdic acid followed by heating. Unless otherwise noted, all the experiments were carried out 

at room temperature in open flask. 

 

Materials 

A referred hypervalent iodine reagent, phenyliodine(III) diacetate (PIDA, PhI(OAc)2), is a commercial 

compound. Selectfluor
TM

 is also commercially available. The starting substrates 2a-h for the 

spirolactamizations were prepared from the corresponding acid chlorides by condensation with methoxy 

amine hydrochloride or N-aminophthalimide according to the literatures.
11 

All other chemicals and 

solvents for the experiments and chromatography were obtained from commercial suppliers and used as 

received without further purification.  

 

Preparation of -oxo bridged heterocyclic hypervalent iodine precursor 1’  

To a stirred solution of 3,5-dimethyliodobenzene (1.62 g, 7.0 mmol) in CH2Cl2 (8.75 mL) was added 

dropwise a solution of phenyliodine(III) bis(trifluoroacetate) (PIFA, 1.51 g, 3.5 mmol) and BF3·Et2O 

(0.73 mL, 7.0 mmol) in CH2Cl2 (8.75 mL) under nitrogen atmosphere at -78 
o
C. The reaction mixture was 

stirred for 5 h at the same temperature. The reaction was quenched with saturated aqueous sodium 

hydrogen carbonate and the aqueous layer was extracted with CH2Cl2 several times. The combined 

organic layer was washed with brine and dried over anhydrous solid sodium sulfate. After filtration, 

removal of the solvent in vacuo followed by column chromatography of the residue on silica-gel (eluent: 

n-hexane) gave a pure biaryl compound 1’ (1.02 g, 2.2 mmol) in 63% yield. 

 

2,2’-Diiodo-4,4’,6,6’-tetramethylbiphenyl (1’)
14b 

Colorless crystals; mp 108-111 
o
C; IR (KBr): 3014, 1599, 1541, 1035 cm

-1
; 

1
H-NMR (300 MHz, CDCl3): 

1.95 (s, 6H), 2.31 (s, 6H), 7.06 (s, 2H), 7.62 (s, 2H) ppm; 
13

C-NMR (67.8 MHz, CDCl3): 20.4, 21.2, 

100.7, 130.7, 136.9, 137.0, 139.0, 144.3 ppm. 

 

Preparation of -oxo bridged heterocyclic hypervalent iodine compound 1 

To a stirred solution of Selectfluor
TM

 (2.69 g, 7.6 mmol) in MeCN (47.5 mL) was successively added 

acetic acid (17.1 mL) and the prepared 2,2’-diiodo-4,4’,6,6’-tetramethylbiphenyl 1’ (0.88 g, 1.9 mmol), 

and the mixture was stirred for overnight at room temperature. After removal of MeCN under reduced 

pressure, the residue was extracted with CH2Cl2 and then the organic solution was dried over anhydrous 

solid sodium sulfate. After evaporation of the solvent, the crude solid 1 was dissolved in minimal amount 

of CH2Cl2, which was added dropwise to hexane with stirring. The resulting suspension was filtered and 
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solid was collected as pure -oxo bridged heterocyclic hypervalent iodine compound 1 (1.07 g, 1.8 mmol) 

in 96% yield. 

 

The use of peracetic acid (PAA) instead of Selectfluor
TM

 as oxidant also afforded the compound 1 in 

similar yield.
8
 

 

 

5,7-Bis(acetyloxy)-5,7-dihydro-1,3,9,11-tetramethydibenzo[d,f][1,3,2]diiodoxepin (1) 

Colorless crystals; mp 157 
o
C; IR (KBr): 1649, 1559, 1018, 750 cm

-1
; 

1
H-NMR (400 MHz, CDCl3): 1.85 

(s, 6H), 2.16 (s, 6H), 2.46 (s, 6H), 7.38 (s, 2H), 7.86 (s, 2H) ppm; 
13

C-NMR (100 MHz, CDCl3): 21.2 (x 

2), 21.4, 127.0, 133.4, 135.2, 137.7, 139.2, 142.8, 177.6 ppm. 

 

Crystals of the heterocyclic hypervalent iodine compound 1 compatible for X-ray analysis was obtained 

by recrystallization from MeCN-hexane. For crystallographic data of 1 in CIF, see CCDC 779814.
16 

 

General procedure for the oxidative spirolactamization of phenol ether amides 2 using heterocyclic 

hypervalent iodine compound 1 

To a stirred solution of phenol amide 2a (41.2 mg, 0.20 mmol) in trifluoroethanol (2 mL) and CH2Cl2 (2 

mL) was added the prepared heterocyclic hypervalent iodine compound 1 (65.6 mg, 0.11 mmol) at once 

at room temperature in open flask. After 30 min, the solvents were removed under reduced pressure. To 

the residue CH2Cl2 was added and the extract was then washed with water, saturated aqueous sodium 

hydrogen carbonate, and dried over anhydrous solid sodium sulfate. After evaporation, a pure spirolactam 

product 3a (39.4 mg, 0.196 mmol, 98%) was obtained from the residue by column chromatography on 

silica-gel (hexane/EtOAc = 1/2). 

 

The physical and spectral data of all the products 3a-h well matched those previously reported. 

 

1-Methoxy-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (3a) 

Colorless crystals; mp 130-131 
o
C (lit.

11b
 mp 129-131 

o
C); IR (KBr): 2358, 2341, 1743, 1672, 1278, 711 

cm
-1

; 
1
H-NMR (300 MHz, CDCl3): 2.18 (t, J = 7.8 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 3.80 (s, 3H), 6.39 (d, 

J = 10.2 Hz, 2H), 6.84 (d, J = 10.2 Hz, 2H) ppm; 
13

C-NMR (67.8 MHz, CDCl3): 25.9, 27.5, 61.9, 65.3, 

131.1, 147.2, 171.7, 184.4 ppm. 

 

1-Methoxy-1-azaspiro[5.5]undeca-7,10-diene-2,9-dione (3b) 

Colorless crystals; mp 112-113 
o
C; IR (KBr): 3506, 2939, 2358, 2341, 1668, 1392, 862 cm

-1
; 

1
H-NMR 

(300 MHz, CDCl3): 1.91-1.99 (m, 2H), 2.03-2.06 (m, 2H), 2.61 (d, J = 6.3 Hz, 2H), 3.74 (s, 3H), 6.34 (d, 
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J = 9.9 Hz, 2H), 6.94 (d, J = 9.9 Hz, 2H) ppm; 
13

C-NMR (67.8 MHz, CDCl3): 18.3, 33.2, 35.6, 63.6, 64.5, 

130.0, 148.7, 168.1, 184.4 ppm. 

 

1-Methoxy-1-azaspiro[3.5]nona-5,8-diene-2,7-dione (3c)  

Colorless crystals; mp 109-110 
o
C; IR (KBr): 3523, 2941, 1770, 1666, 1402 cm

-1
; 

1
H-NMR (300 MHz, 

CDCl3): 2.98 (s, 2H) 3.78 (s, 3H), 6.47 (d, J = 9.9 Hz, 2H), 6.93 (d, J = 9.9 Hz, 2H) ppm; 
13

C-NMR (67 

MHz, CDCl3): 43.5, 60.4, 65.4, 132.3, 145.6, 162.1, 184.2 ppm. 

 

1-Methoxy-4,6-dimethyl-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (3d) 

Colorless crystals; mp 92-93 
o
C; IR (KBr): 3500, 2972, 1714, 1666, 1286 cm

-1
; 

1
H-NMR (300 MHz, 

CDCl3): 0.97 (d, J = 6.9 Hz, 3H), 2.10 (s, 3H), 2.22 (dd, J = 16.5, 10.2 Hz, 1H), 2.55-2.63 (m, 1H), 2.72 

(dd, J = 16.5, 8.4 Hz, 1H), 3.80 (s, 3H), 6.34 (s, 1H), 6.44 (dd, J = 10.2, 2.1 Hz, 1H), 6.75 (d, J = 10.2 Hz, 

1H) ppm; 
13

C-NMR (67.8 MHz, CDCl3): 14.6, 18.5, 33.4, 34.8, 63.8, 68.6, 131.4, 131.9, 145.7, 155.7, 

171.9, 184.5 ppm. 

 

7-Acetyl-1-methoxy-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (3e)  

Colorless oil; IR (KBr): 2939, 1693, 1666, 1359, 1257 cm
-1

; 
1
H-NMR (300 MHz, CDCl3): 2.19-2.26 (m, 

2H) 2.57 (s, 3H), 2.59-2.63 (m, 2H), 3.78 (s, 3H), 6.41 (d, J = 10.2 Hz, 1H), 6.87 (dd, J = 10.2, 3.0 Hz, 

1H), 7.42 (d, J = 3.0 Hz, 1H) ppm; 
13

C-NMR (67 MHz, CDCl3): 25.6, 27.0, 30.5, 61.9, 65.0, 131.2, 139.2, 

146.2, 150.6, 171.1, 181.9, 196.6 ppm. 

 

1-Methoxy-3-methyl-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (3f)  

Colorless crystals; mp 105-107 
o
C; IR (KBr): 2938, 1719, 1672, 1250, 714 cm

-1
; 

1
H-NMR (400 MHz, 

CDCl3): 1.29 (d, J = 7.1 Hz, 3H), 1.82 (dd, J = 13.2, 9.5 Hz, 1H), 2.28 (dd, J = 13.2, 9.0 Hz, 1H), 

2.58-2.64 (m, 1H), 3.75 (s, 3H), 6.34 (d, J = 10.7 Hz, 2H), 6.78 (d, J = 10.8, 2H) ppm; 
13

C-NMR (100 

MHz, CDCl3): 17.2, 32.8, 37.1, 61.6, 65.8, 131.4, 131.9, 147.4, 149.1, 174.7, 185.0 ppm; HRMS (EI): 

calcd for C19H18S (M)
+
: 278.1129, found 278.1124. 

 

2'-Methoxyspiro[2,5-cyclohexadiene-1,1'-[1H]isoindole]-3',4(2'H)-dione (3g)  

Colorless crystals; mp 204-206 
o
C; IR (KBr): 3039, 2941, 1719, 1671, 1605 cm

-1
; 

1
H-NMR (300 MHz, 

CDCl3): 3.96 (s, 3H), 6.55 (d, J = 9.5 Hz, 2H), 6.67 (d, J = 9.5 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 

7.59-7.65 (m, 2H), 7.95 (d, J = 7.6 Hz, 1H) ppm; 
13

C-NMR (67 MHz, CDCl3): 65.1, 66.1, 122.7, 124.9, 

129.3, 130.1, 131.6, 133.5, 139.3, 145.6, 165.4, 184.6 ppm. 
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2'-Methoxyspiro[2,5-cyclohexadiene-1,1'(2'H)-isoquinoline]-3',4(4'H)-dione (3h)  

Pale-yellow crystals; mp 209-210 
o
C; IR (KBr) : 2936, 1667, 1629, 1604, 1350, 1060, 683 cm

-1
; 

1
H-NMR 

(400 MHz, CDCl3): 3.79 (s, 3H), 3.87 (s, 2H), 6.34 (d, J = 9.9 Hz, 2H), 6.78 (d, J = 9.9 Hz, 2H), 

7.05-7.29 (m, 4H) ppm; 
13

C-NMR (100 MHz, CDCl3): 36.3, 64.8, 67.0, 126.3, 127.6, 128.5, 129.2, 129.3, 

130.2, 147.5, 166.1, 184.7 ppm. 

 

Cross-over experiments between N-methoxy amide 2a-OMe and N-phthalimide amide 2a-NPhth 

To a stirred solution including equimolar amount of N-methoxy amide 2a-OMe (20.9 mg, 0.10 mmol) 

and N-phthalimide amide 2a-NPhth (33.7 mg, 0.10 mmol) in trifluoroethanol (1 mL) and CH2Cl2 (1 mL) 

was added the heterocyclic hypervalent iodine compound 1 (29.8 mg, 0.05 mmol) or PIDA (32.2 mg, 

0.10 mmol) at once at room temperature in open flask. The reaction progress was checked by TLC. After 

the reaction, the solvents were evaporated to dryness and the residue was subjected to 
1
H NMR 

measurement to determine the ratio of 3a-OMe and 3a-NPhth. The above-mentioned standard 

purification procedure afforded the corresponding polar spirolactam product 3a-OMe (Rf = 0.14 

(hexane/EtOAc = 1/2)) and less polar 3a-NPhth (Rf = 0.47 (hexane/EtOAc = 1/2)), respectively, in pure 

forms with partial recovery of the starting materials 2a-OMe and 2a-NPhth. The selectivity of the 

products, 3a-OMe and 3a-NPhth, after the isolation was in good agreement with the calculated value 

determined by the 
1
H NMR measurement of the crude reaction mixture. 

 

1-(1,3-Dihydro-1,3-dioxo-2H-isoindol-2-yl)-1-azaspiro[4.5]deca-6,9-diene-2,8-dione (3a-NPhth)
11c

  

Colorless crystals; mp 255-258 
o
C (lit.

11c
 mp 255-258 

o
C); IR (KBr): 1805, 1750, 1730, 1675, 715 cm

-1
; 

1
H-NMR (300 MHz, CDCl3): 2.46 (t, J = 8.0 Hz, 2H), 2.80 (t, J = 8.0 Hz, 2H), 6.27 (dd, J = 10.1, 2.7 Hz, 

2H), 7.12 (dd, J = 10.1, 2.7 Hz, 2H), 7.78-7.84 (m, 2H), 7.85-7.91 (m, 2H) ppm; 
13

C-NMR (67 MHz, 

CDCl3): 21.6, 24.0, 57.5, 119.0, 124.5, 125.2, 129.9, 141.7, 159.4, 166.0, 179.1 ppm. 
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