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Abstract – The synthesis of spirooxindoles with a hypervalent iodine reagent 

depended on N-substituted benzanilide derivatives as starting materials. Reaction 

yields of benzanilides containing various N-substituents were discovered to relate 

to the cis and trans conformations of the amide bond by ab initio molecular 

orbital calculations at the B3LYP/6-31G(d,p) and MP2/6-31G(d,p) levels, 

including full geometry optimizations. The relationship between the reaction and 

conformation of the starting material by quantum chemical calculations was 

applied to the formal synthesis of SR121463.

In recent years, many new biologically active spirooxindoles have been discovered.1 The unique core 

structure and bioactive nature of these compounds have long been a focus of pharmaceutical development. 

One of these, named SR121463 1,2 is manufactured by Sanofi and is a V2 receptor antagonist (Figure 1). 

SR121463  1

S

N

O

EtO

O

OH
N

O

OMe

O

N
O

O

R1

synthetic intermediate 2

R1: protecting group

N O

EtO

 
 

Figure 1. Structures of SR121463 and synthetic intermediate 



 

The synthesis of a SR121463 intermediate 2 with N-methyl and benzyl protecting groups, has also been 

published using oxidative dearomatic reaction with hypervalent iodine reagent by Yu and co-workers in 

2011.3 This intermediate is useful in the synthesis of bioactive natural products such as phenanthridinone 

derivatives4 using the dienone-phenol rearrangement,5 and synthesis of a hydrocarbazole skeleton6 by ring 

opening reaction of a lactam followed by aza-Michael addition (Figure 2). However, commercial 

applications utilizing intermediate 2 are inherently difficult due to issues with scaling up of the synthesis. 

For example, deprotection of the nitrogen when R is benzyl requires severe conditions such as in the 

Birch reduction.7 Removal of protecting groups in total syntheses of bioactive natural products should 

proceed under mild conditions, otherwise the constructed structures will decompose. Therefore, the initial 

focus of this paper was to explore better protecting groups for intermediate 2. Also, in the course of the 

screening, we employed computational methods to optimize our synthesis. 

 
Figure 2. Syntheses of phenanthridinone and hydrocarbazole derivatives from spirooxindole derivative 

 

Scheme 1 shows the synthesis of spirooxindole derivatives 4 from benzanilide derivatives 3 with 

hypervalent iodine reagent. Cyclization reaction by phenol oxidation with hypervalent iodine reagent has 

been proposed via two synthetic pathways, path A and path B.8 However, neither route has been 

confirmed despite numerous studies.9 In path A, cyclization, dearomatization and elimination reactions 

take place in order. In path B, on the other hand, phenoxenium cation is generated prior to the 

electrophilic aromatic substitution reaction. Compound 3 is generated from 4-hydroxybenzoic acid and 

aniline derivatives. The synthesis is designed and performed as described below. 



 

 
Scheme 1. Synthetic pathways of cyclization reaction by phenol oxidation with hypervalent iodine 

reagent 

 

First, possible candidates for the starting material, 3a-3f (Table 1), with various N-substituents were 

selected. N-Methyl and benzyl compounds, 3a-3d, were prepared following published procedures.3 

Reported compounds 3a-3d were synthesized to identify correlations between yield of cyclization 

reaction and amide conformation. The remaining two starting materials, N-methoxybenzanilide derivative 

3e10 and N-phthaloylbenzanilide derivative 3f,10 were generated from 4-acetoxybenzoic acid11 in 3 steps 

including arylation via nitrenium ion12 with hypervalent iodine reagent. We also included two 

N-protecting groups reported in the literature: N-methoxy and N-phthaloyl groups. It was reported that 

N-methoxy group was easily deprotected under mild conditions such as hydrogenation,13 and N-phthaloyl 

group was removed in two steps, hydrolysis with hydrazine followed by reduction.14 

Second, the oxidative dearomatization reaction of the benzanilides was screened using 3a-3c, 3e and 3f in 

4 different solvents, (CF3)2CHOH, CF3CH2OH, MeOH, and CH2Cl2. Compound 3d was also investigated 

in MeCN as a solvent. The yield of products 4a-4d in Table 1 shows that phenol oxidation with 3a-3d 

afforded the desired spiro compounds 4a-4d with excellent yields (entries 1-16), whereas the yield of the 

cyclization reaction with N-methoxy compound 3e was much lower (entries 17-20). The amide 3f 

produced spirooxindole 4f10 in moderate yield (entries 21-24). PhI(OAc)2 (PIDA) was evaluated but it 

was found to be less effective than PhI(OCOCF3)2 (PIFA) (entry 15, 16). The result of the cyclization 

reactions showed that the differences between the yields of spirooxindole 4a-4f depended on the various 

N-substituents in the starting materials. N-Methyl and benzyl compounds (3a-3d) afforded the best yields. 

However, it was not possible to predict which N-substituent would work better for the cyclization 

reactions. 

 



 

Table 1. Syntheses of spirooxindoles with various N-substituents 

 

entry 
starting 

material 
R1 R2 

hypervalent 

iodine reagent 

(eq.) 

solvent 
time 

(min.) 

temp. 

(°C) 

yield of 

4 (%) 

1 

3a -Me -H PIFA (1.1) 

(CF3)2CHOH 1 0 81 

2 CF3CH2OH 3 rt 99 

3 MeOH 10 rt 80 

4 CH2Cl2 15 rt 83 

5 

3b -CH2Ph -H PIFA (1.1) 

(CF3)2CHOH 1 

rt 

83 

6 CF3CH2OH 1 90 

7 MeOH 5 82 

8 CH2Cl2 20 85 

9 

3c -Me -OEt PIFA (1.1) 

(CF3)2CHOH 1 

rt 

91 

10 CF3CH2OH 5 91 

11 MeOH 5 85 

12 CH2Cl2 10 89 

13 

3d -CH2Ph -OEt 

PIFA (1.1) 
(CF3)2CHOH 1 

rt 

83 

14 CF3CH2OH 5 85 

15 PIDA (2.0) MeOH >120 31 

16 

PIFA (1.1) 

MeOH 15 91 

17 CH2Cl2 15 75 

18 MeCN 15 52 

19 

3e -OMe -OEt 

PIFA (1.1) (CF3)2CHOH 30 0 25 

20 PIFA (1.5) CF3CH2OH 60 rt 25 

21 PIFA (1.1) MeOH 60 rt 31 

22 PIFA (1.5) CH2Cl2 30 0 14 

23 

3f -NPhth -OEt PIFA (1.1) 

(CF3)2CHOH 5 

rt 

55 

24 CF3CH2OH 5 43 

25 MeOH 5 14 

26 CH2Cl2 5 40 

 

In order to build a better predictive model, the impact of amide conformations (Figure 3) in the 

cyclization reactions was investigated. It was reported that cis N-methylbenzanilide is the predominant 

conformer according to NMR analysis.15 

The cis-trans conformations of each candidate material (3a-3f) were determined by employing 

computational methods, specifically quantum chemical calculations. Both ab initio DFT molecular orbital 

calculations at the B3LYP/6-31G(d,p) level and ab initio molecular orbital calculations at the 

MP2/6-31G(d,p) level using the Gaussian09 program package16 can estimate the energetics of each 

conformation to determine the most stable form, and both tools were used to identify the cis-trans 



 

conformations of all starting materials (3a-3f). Note that the complete analysis for all conformations, 

including methoxy groups, were not performed at this time. One of the optimized structures of cis and 

trans conformers for each compound were calculated. The energetics would vary a little if complete 

calculations were performed on the most stable cis and trans conformers. Such calculations using 

Hamiltonian algorithm17 is in progress and will be published elsewhere. The trans-cis ratio was estimated 

by the Boltzmann distribution law at 300 K (kT product is 0.596 kcal/mol at 300 K). The calculated 

results were compared to the yields of synthetic products 4a-4f (Table 2).  

 

Figure 3. cis-trans Conformations of amide bond of benzanilide 3 

 

Table 2. Comparison of reaction yield and B3LYP/6-31G(d,p) and MP2/6-31G(d,p) total energies of cis 

and trans conformations of amide bonds of benzanilides 3 

R2

R1

O

N

trans-benzanilide  3

R2

R1

N O

cis-benzanilide  3

OH

OH

: reaction point

 
 

entry 
starting 

material 

energy [a.u.] ∆E 

(trans-cis) 

[kcal/mol] 

ratio at 300 K 

(cis : trans) 

yield 

of 4  

(%)* 
cis trans 

B3LYP/6-31G(d,p) 

1 3a -746.544453 -746.539481 3.12 1 : 0.00533 81 

2 3b -977.602999 -977.595583 4.65 1 : 0.000410 83 

3 3c -900.389066 -900.384022 3.17 1 : 0.00490 91 

4 3d -1131.447946 -1131.438950 5.65 1 : 0.0000765 83 

5 3e -975.544321 -975.547944 -2.27 0.0222 : 1 25 

6 3f -1372.939529 -1372.937754 1.11 1 : 0.155 55 

MP2/6-31G(d,p) 

1 3a -744.305375 -744.298414 4.36 1 : 0.000665 81 

2 3b -974.645940  -974.637055 5.57 1 : 0.0000873 83 

3 3c -897.695408 -897.688375 4.41 1 : 0.000612 91 

4 3d -1128.036452 -1128.027030  5.91 1 : 0.0000494 83 

5 3e -972.661310  -972.661707 -0.24 0.669 : 1 25 

6 3f -1368.695258 -1368.694586 0.42 1 : 0.494 55  

*: 1,1,1,3,3,3-hexafluoroisopropanol as a solvent 



 

The result of the calculations correlates very closely with the yields of the cyclization reaction. According 

to the data, amides 3a-d, which are predominantly cis compounds, gave high yields of the products 4a-d. 

On the other hand, benzamide 3e with the N-methoxy group provided a low yield of 4e. The dipole 

moments of the carbonyl and methoxy groups are one of the possible factors contributing to the 

trans-conformation of N-methoxyamide 3e (Figure 4). In addition, steric hindrance of the methoxy group 

is smaller than the methyl group allowing easier cis to trans conformational change. The calculated 

results for N-phthaloylamide 3f show that the trans-conformation is predominant, probably due to both 

dipole moments and steric hindrance. 

 
Figure 4. Dipole moments of carbonyl and methoxy groups 

 

These calculations provide a practical way to identify cis-trans conformations of compounds to find 

better starting materials to generate products with high yields, however no one has yet reported utilizing 

quantum chemical calculations for cis-trans conformations of amide bonds. Such calculations are useful, 

since the reaction points in the cis form of benzanilide derivatives are closer than those in the trans form, 

hence the higher yields.  

 

Table 3. Calculations of cis and trans conformations of N-methoxymethylbenzanilide derivatives 3g, h 

with B3LYP/6-31G(d,p) and MP2/6-31G(d,p) 

 
 

entry 
starting 

material 

energy [a.u.] ∆E 

(trans-cis) 

[kcal/mol] 

ratio at 300 K 

(cis : trans) cis trans 

B3LYP/6-31G(d,p) 

1 3g -861.068100 -861.064440 2.29  1 : 0.02135 

2 3h -1014.914950  -1014.911500 2.18  1 : 0.02553 

MP2/6-31G(d,p) 

1 3g -858.512474 -858.506150  3.96  1 : 0.00130 

2 3h -1011.904137  -1011.897700 4.05  1 : 0.00112 



 

Although the starting materials that showed high yields of the products so far were 3a-3d, they are not 

actually ideal compounds since it is known that the N-methyl group cannot be removed and deprotecting 

the N-benzyl group requires severe conditions. Therefore, more effective N-protecting groups were 

investigated as the next step. Synthesis of a spirooxindole with the N-methoxymethyl (MOM) group, 

which can be deprotected using acid hydrolysis, was evaluated. Initial screening was performed using ab 

initio DFT molecular orbital calculations on N-methoxymethylbenzanilide derivatives to find possible 

compounds with the cis form, and two candidates, 3g and 3h, were selected (Table 3). 

N-Methoxymethyl compounds (3g, 3h) were obtained from 4-benzyloxybenzanilide derivatives in 2 steps 

following literature procedures.18 After the oxidative dearomatization reaction of compounds 3g, 3h, 

spirooxindole derivatives 4g, 4h were obtained in excellent yields (Table 4). 

 

Table 4. Syntheses of spirooxindoles with N-methoxymethyl substituent 

 
 

entry 
starting 

material 
R 

PIFA 

(eq.) 
solvent 

time 

(min.) 

temp. 

(°C) 

yield of 4 

(%) 

1 

3g -H 

1.1 (CF3)2CHOH 10 

0 

46 

2 

1.2 

CF3CH2OH 20 64 

3 MeOH 60 85 

4 CH2Cl2 22 61 

5 

3h -OEt 1.2 

(CF3)2CHOH 3 0 97 

6 CF3CH2OH 5 0 94 

7 MeOH 30 rt 93 

8 CH2Cl2 60 rt 69 

 

The oxidative dearomatization reaction of N-methoxymethylbenzanilide 3h was applied to the synthesis 

of SR121463 intermediate 6 (Scheme 2). Catalytic hydrogenation of spirodienone 4h in ethyl acetate at 

room temperature produced spirocyclohexanone 5 in >99% yield. The deprotection of the methoxymethyl 

group was carried out by treating 5 with trimethylsilyl iodide in acetonitrile at ambient temperature and 

triethylamine in methanol at 55 °C to give intermediate 6.19 The structure of 620 was confirmed by 

spectroscopic data, which was identical to reported data by Curran and co-workers.21 Therefore, the 

synthesis afforded 6 under mild conditions. 



 

 
Scheme 2. Concise synthesis of SR121463 intermediate 6 

 

In summary, we presented a concise synthesis of a SR121463 intermediate under mild conditions by 

oxidative dearomatization cyclization with hypervalent iodine reagent as a key step. It is proposed that 

N-MOM will be a better protecting group, not only for synthesis of the intermediate 2, but perhaps also 

for other bioactive compounds since the deprotection can be performed under mild conditions. 

Hypervalent iodine reagent could also react with the nitrogen of the amide, however, we believe N-Me, 

Bn and MOM substituted amides were sufficiently protected, allowing the reaction to occur on the 

hydroxy group in the spirooxindole synthesis. In addition, we established a practical way to identify 

cis-trans conformations of amides to screen for better reactive compounds to give higher yields. We 

identified a correlation between experimental data and ab initio DFT molecular orbital calculations, and 

successfully identified better benzamide derivatives for the target compound. This correlation suggests 

more applicability of these calculations to screen compounds for improved reactivity. This is also the first 

report to demonstrate that the cis-trans conformations of amide bonds can have an effect on the yield of 

oxidative dearomatization cyclizations. 
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