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DEFINATIONS AND ABREVIATIONS 

 
Ac – Acetyl 
Ac2O – Acetic anhydride 
AcOH – Acetic acid 
Boc – Tert-Butyl oxy carbonyl 
Ms – Methanesulphonyl chloride 
Ts – Toluenesulphonyl chloride 
Bu – Butyl 
tBuOH – Tertiary butyl alcohol 
Cat. – Catalytic/catalyst 
DCM – Dichloromethane 
Conc. – Concentrated 
DMB – 2,4-Dimethoxybenzyl 
DMF – N,N-Dimethylformamide 
DMAP – N,N’-Dimethylaminopyridine 

DMSO – Dimethyl sulfoxide 
Et – Ethyl 
NMO – N-Methylmorpholine N-oxide 
HRMS – High Resolution Mass Spectroscopy 
IBX – 2-Iodobenzoic acid 
Liq. – Liquid 
Me – Methyl 
NMR – Nuclear Magnetic Resonance 
Py – Pyridine 
p-TSA – para-Toluenesulfonic acid 
Ph – Phenyl 
i-PrOH – iso-Propanol 
rt – Room Temperature 
Sat. – Saturated 
TBAF – Tetra-n-butylammonium fluoride 
THF – Tetrahydrofuran 

 

Abbreviations used for NMR spectral informations:  

br Broad  q Quartet 

d Doublet  s Singlet 

m Multiplet  t Triplet 



  

 

GENERAL REMARKS 

 
 
 1H NMR spectra were recorded on AV–200 MHz, AV–400 MHz, JEOL AL-400 

(400 MHz) and DRX–500 MHz spectrometer using tetramethylsilane (TMS) as 

an internal standard. Chemical shifts have been expressed in ppm units downfield 

from TMS. 

 13C NMR spectra were recorded on AV–50 MHz, AV–100 MHz, JEOL AL-100 

(100 MHz) and DRX–125 MHz spectrometer.  

 Mass spectroscopy was carried out on PI QStar Pulsar (Hybrid Quadrupole-TOF 

LC/MS/MS) and High-resolution mass spectra (HRMS) were recorded on a 

Thermo Scientific Q-Exactive, Accela 1250 pump and also EI Mass spectra were 

recorded on Finngan MAT–1020 spectrometer at 70 eV using a direct inlet 

system. 

 Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or 1310 

spectrometers with sodium chloride optics and are measured in cm–1. 

 Optical rotations were measured with a JASCO DIP 370 digital polarimeter. 

 All reactions are monitored by Thin Layer Chromatography (TLC) carried out on 

0.25 mm E-Merck silica gel plates (60F–254) with UV light, I2, and anisaldehyde 

in ethanol as developing agents. 

 All reactions were carried out under nitrogen or argon atmosphere with dry, 

freshly distilled solvents under anhydrous conditions unless otherwise specified. 

Yields refer to chromatographically and spectroscopically homogeneous materials 

unless otherwise stated. 

 All evaporations were carried out under reduced pressure on Buchi rotary 

evaporator below 50 °C unless otherwise specified. 

 Silica gel (60–120), (100–200), and (230–400) mesh were used for column 

chromatography.  
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Abstract 
 

i 
 

The thesis entitled “Towards the Total Synthesis of Pseudoindoxyl Natural 

Products” consists of two chapters.  The 1st chapter deals with the successful total 

synthesis of Trigonoliimine C. In the 2nd Chapter has been presented the total 

synthesis of Trigolute B and its spiro-epimer. Each chapter has been further divided 

into the Introduction, Results and Discussion, Experimental Section, References and 

NMR Spectra.   

 

 

 

Chapter 1: Total Synthesis of Trigonoliimine C 

Trigonoliimines A–C, three unprecedented indole alkaloids with a unique 

polycyclic system, were isolated from the leaves of Trigonostemon lii Y. T. Chang 

collected in the Yunnan Province of China. Preliminary examination of their 

biological activities revealed a promising anti-HIV-1 activity (EC50 = 0.95 µg/mL, TI 

= 7.9) for Trigonoliimine A. Trigonoliimines A–C belong to the bisindole class of 

alkaloids and are characterized by an unprecedented pentacyclic skeleton. 

Considering their promising biological activity and the appealing skeletal complexity, 

a program directed towards the development of flexible approaches for the synthesis 

of Trigonoliimine C has been initiated. 

 

Scheme 1: Retrosynthetic disconnections for the Trigonoliimine C. 
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As shown in Scheme 1, our intended strategy comprises of constructing the 

central pentacyclic core of the Trigonoliimine C with an effective use of three 

catalytic reactions in sequence – [Pd]-catalyzed Sonogashira coupling and nitroalkyne 

cycloisomerization, and the exploration of a catalytic process for the C2-indole 

addition to isatogens. In addition, the next reaction i.e reduction of the N–O bond, we 

presumed that it should be reduced with hydrazine that we would be employing for 

the deprotection of the phthalimide group. Following this, we intended to employ the 

established dehydrative intramolecular imination of the psuedoindoxyl carbonyl. 

Our journey in this context started with the developing of a catalytic method 

for the C2-indole addition to isatogens. Exploratory experiments employing various 

Lewis acids and metal complexes led is to identify AuClPPh3 in combination with 

AgSbF6 as effective catalytic systems for the addition of 3-methyl indole to isatogen 

3a leading to the 2,2-disubstituted-N-hydroxy-indolin-3-one (2aa). Coming to our 

next task - the reduction of the N–O bond, as expected, the treatment of 2aa with 

hydrazine·hydrate (10 eq.) in refluxing methanol proceeded smoothly and gave the 

corresponding 2,2-disubstituted 3-indolinone 7 in very good yield (Scheme 2).  

 

Scheme 2: [Au]-mediated C–C bond formation reaction and N–O bond reduction 

with hydrazine hydrate 

Scheme 3 exemplifies the scope of the addition of phthalimide protected 

tryptamine to isatogens 3a – 3f by using AuClPPh3 (10 mol %) in combination with 

AgSbF6 (25 mol%), as a catalyst at room temperature in dichloromethane. 
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Scheme 3: Scope of the [Au]-catalyzed addition of tryptamine to isatogens 

We next focused our attention on the compatibility of these reactions in the 

construction of the central pentacyclic core skeleton of Trigonoliimine C. This task 

began by conducting N–Phth deprotection/N–OH reduction of N-hydroxy indoxyls by 

employing excess hydrazine and the subsequent intramolecular imine formation to 

afford the Trigonoliimine C analogues (Scheme 4). 

 

Scheme 4: Trigonoliimine C analogues. 
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With a reliable route to the pentacyclic core of Trigonoliimine C, we next proceeded 

for the total synthesis of (±)–Trigonoliimine C. The synthesis commenced with the 

Sonogashira coupling of 5 with the commercially available phthalimido alkyne 6 

(Scheme 5) followed by the Pd-catalyzed cycloisomerization of the resulting 

nitroalkyne 8 to obtain the isatogen 3 in moderate yields. The [Au]-catalysed addition 

of N-phthalimido tryptamine 4 to 3 afforded the N- hydroxy indol-3-one 2 which was 

subjected to a sequence of three reactions – i. removal of both the N-phthalimido 

protecting groups with the concomitant N–OH reduction; ii. Ti(OiPr)4 mediated 

intramolecular imine formation and iii. the N-formylation with N-formyl 

benzotriazole to afford the (±)–trigonoliimine C in 31% overall yield over three steps. 

The 1H and 13C NMR spectral data (in a 1:3 solution of CDCl3:CD3OD) of 1 are in 

agreement with the data reported by the Hao and Tambar groups.  

 

Scheme 5: Total synthesis of (±)-Trigonoliimine C. 

Chapter 2: Total synthesis of Trigolute B 

In 2013, Dai and co-workers isolated six novel bisindole alkaloids, namely 

Trigolutesins A and B, and Trigolutes A–D from the EtOH extract of the twigs of 

Trigonostemon lutescens collected in the Guangxi Zhuang province. These natural 

products are characterized with a 3-spiro-2-oxindole core with an unprecedented 

spiroannulation of a gamma-lactone. This taken together with the promising 

acetylcholinesterase inhibitory activity documented for one of the family members, 
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led us to plan the total synthesis of Trigolute B keeping an objective of developing a 

catalytic approach for the central core of trigolutes B.  

As shown in Scheme 6, the central lactone core was planned from the 

diastereoselective dihydroxylation of a substituted 3-allylindole 10 which, in turn, was 

planned by the Tsuji-Trost allylation of 2-(2-oxoindolin-3-yl)acetate 11 with a 

suitably functionalized 3-(indol-3-yl)prop-2-en-1-ol derivative 12.  

 

Scheme 6: Key Retrosynthetic Disconnections Featuring Sequential Catalytic 

Allylation and Dihydroxylation 

In order to have preliminary information on the suitability of this proposal, we 

have selected oxindole 11a and allyl carbonate 12 as the model substrates for the key 

Tsuji-Trost allylation. Our preliminary catalyst screening revealed that the reaction 

with the Pd2(dba)3·CHCl3 complex was promising. Indeed, evaluation of several 

solvents and ligands revealed that CHCl3 and 15 mol% of the Pd2(dba)3·CHCl3 

complex employing 30 mol% of the phosphoramidite ligand L1 afforded the branched 

and linear products (10a’:13a) in 79% yield with improved regioselectivity (b:l = 3:2) 

towards the branched isomer 10a’ with dr = 18:1 and low enantioselectivity (24% ee). 

At the same time, since the yield and the regioselectivity for branched products were 

not satisfactory, we proceeded further in identifying better catalytic systems for 

improving the branched selectivity.  It has been previously noted that [Ir]-catalyzed 

allylic alkylation gives good regioselectivity with respect to the branched product. To 

this end, when the ligand L2 was employed along with[IrCl(COD)]2, the reaction 

proceeded smoothly and provided a 2:3 mixture of two branched diastereomers 10a 

and 10a’ with complete regioselectivity, with 63% yield and low enantioselectivity 
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(~2% ee) for 10a. The major diastereomer 10a’ was found to be the same as that 

obtained with Pd-catalyzed allylation (Scheme 7).  

 

Entry Solvent M/Ligand 10a:10a’:13a (Yield)  dr 
1 CHCl3 Pd2(dba)3∙CHCl3/L1 –:3:2 (79%) 18:1 

2 CHCl3 [IrCl(cod)]2/L2 2:3:– (63%)  2:3 

Scheme 7: Tsuji-Trost allylation of oxindole 11a with indolyallylcarbonate 12 

Next, the diastereomers 10a and 10a’ have been subjected for the 

dihydroxylation employing potassium osmate (4 mol%) as a catalyst and NMO (2 

equiv) as the co-oxidant in dichloromethane. The resulting diols were immediately 

subjected for the lactonization using p-TSA (1 equiv) to obtain lactones 9a and 9a’ in 

38% and 76% overall yield respectively (Scheme 8).  

 

Scheme 8: Construction of the -lactone core of trigolutes 

The relative stereochemistry of the spiro center in 9a’ and 9a with respect to 

its adjacent stereogenic center have been fixed respectively as trans and cis with the 

help of the 2D NMR analysis and by single crystal X-ray structural analysis. This 

indicated the undesired diastereoselectivity obtained during the key Pd-catalyzed 

Tsuji-Trost allylation.  
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Next, the scope of this two-stage protocol has been examined by employing a 

wide set of oxindole derivatives 11b–11i. Scheme 9 and 10 exemplifies the scope of 

the [Ir]/[Pd] mediated allylic alkylation of simple C5-substituted oxindoles and N-

substituted oxindoles 11b – 11i with Boc protected 3-(indol-3-yl)prop-2-en-1-ol 12. 

All the branched products were subjected for the dihydroxylation and the resulting 

diols were immediately used for the acid-catalyzed lactonization to obtain Trigolute B 

and 3-epi-Trigolute B analogues. 

Scheme 9: Scope of two-stage protocol for core of Trigolute B 

 

Scheme 10: Scope of two-stage protocol for the core of epi-trigolute B 



Abstract 
 

viii 
 

Having established a 2-stage catalytic approach for the central core of 

Trigolute B, we next proceeded for its total synthesis and identified the 2-(6-hydroxy-

2-oxoindolin-3-yl)acetate 11 as the starting point. In general, the derivatives of the 6-

hydroxy-2-oxindole have been rarely synthesized and the synthesis of 11 in particular 

has been documented only a couple of times. The reported procedure involves a 

multi-step approach. This warranted the devising of a practical approach for its 

preparation. Considering the favourable position of the hydroxyl group, we 

disconnected the C3-Ar bond by hypothesizing a phenoxide cyclization comprising an 

intramolecular Michael addition to a suitably juxtaposed conjugated olefin. 

To explore the feasibility of this proposed strategy, the model maleic anilide 

15a was subjected for benzannulative phenoxide cyclization. A successful realization 

of this reaction has required substantial optimization of base and solvents. The 

employed conditions involve the use of 2 equiv Cs2CO3 and acetonitrile as the solvent 

and the stirring of the reaction mixture at rt. Interestingly, this product was identified 

as the 6-methoxy-3-alkylidene derivative 16a which presumably results from the 

base-mediated aerobic oxidation of the initially formed Michael product. 

 

Scheme 11: Cs2CO3 mediated cyclization for synthesis of the 6-methoxy-3-alkylidene 

derivative  

To generalize this base mediated benzannulative phenoxide cyclization, 

anilides 15b–15q having different ester groups, N-protecing groups such as PMB, Bn, 

DMB, Me, Et and methyl substituent on benzene, were selected as the representative 

substrates and underwent cyclization to afford oxindoles in high yields. 
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Scheme 12: Substrate Scope 

Next, we examined the practicality of this reaction by conducting the 

cyclization of 15a–15c, 15h on a 10 g scale under similar conditions. The reaction 

proceeded smoothly under 2 equiv of Cs2CO3 in CH3CN at room temperature. 

Interestingly, in all the cases, along with the final methylene derivatives 16a–16c, 16h 

the intermediate Michael products 17a–17c, 17h were also obtained in good 

proportions (Scheme 13). However, continuing the reaction for addition 8 – 12 h led 

to the complete conversion of these intermediate alkylation products to the 

corresponding methylene derivatives. 
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Scheme 13: Substrate scope at 10 g scale 

The results of the above benzannulative phenoxide cyclization in large scale 

revealed that the formation of the apparent cross-dehydrogenative products is 

resulting from a step-wise intramolecular phenoxide Michael addition followed by the 

base-mediated aerobic oxidation. In order to check our hypothesis, we treated these 

intermediate products 17 with 1 equiv of Cs2CO3 under similar conditions and 

obtained the anticipated methylene derivatives 16 in excellent yields (Scheme 14).  

 

Scheme 14: Substrate Scope for dehydrogenation with Cs2CO3 

The total synthesis of Trigolute B (9) and 3-epi-Trigolute B (9’): 

As mentioned previously, having generalized two complementary methods for 

the allylic alkylation of Boc protected 3-(indol-3-yl)prop-2-en-1-ol 12 on 2-oxindole 

to achieve the regioselective C–C bond formation for the construction of the central 

two stereo isomeric trigolute skeleton, we next focused our attention on the 

compatibility of these reactions in the total synthesis of Trigolute B 9 and 3-epi-

Trigolute B 9’ using N-DMB protected ethyl 2-(6-hydroxy-2-oxoindolin-3-yl)acetate 

17b as starting material for the key allylation. Our initial experiments using 

indolinone 11 having a free phenolic hydroxyl group underwent O-alkylation of 

allylic carbonate. After experimenting with different protecting groups on the 

phenolic hydroxyl, it has been realized that the key Ir-/Pd-mediated Tsuji-Trost 

allylation could be successfully conducted with the corresponding p-nitrobenzoate 19 

and allylic electrophile 12. The Ir-catalyzed Tsuji-Trost allylation occurred with 

complete branched selectivity and gave the required product 10 and its diastereomer 

10’ (dr = 2:3) in moderate yields (Scheme 15). On the other hand, with the Pd-

complex, the allylation gave 10’ (dr18:1) along with the linear isomer 13 (b/l= 2:3) 
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(Scheme 16). The dihydroxylation of 10 and 10’ and subsequent lactonization of the 

intermediate diols using p-TSA (1 equiv) gave the tricyclic spirolactone 20 and 20’ 

respectively. Finally, the treatment of 20 and 20’ with 2M NaOH in methanol 

followed by Boc deprotection with TFA in dichloromethane gave (±)-trigolute B (9) 

and its spiroepimer 9’ respectively. The spectral data of 9 is in good agreement with 

the isolated Trigolute B.  

 

 Scheme 15: Total synthesis of 3-epi-trigolute B (9’) 
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N
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O
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N
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Scheme 16: Total synthesis of Trigolute B (9) 

 

Conclusion: 

In conclusion, we have established a modular total synthesis of Trigonoliimine C 

Trigolute B and 3-epi-Trigolute B with the development of new synthetic methods. 



  

 
 
 
 
 
 
 
 

CHAPTER I: 
 

Total synthesis of Trigonoliimine C  
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 “Total synthesis” has an undeniable association with progress of organic 

chemistry. In particular, the chemical synthesis of natural products – ignited with the 

synthesis of urea has had a profound influence on the progress of organic chemistry in 

general and on science reaching society, in particular. What is especially notable is, 

the association of “Natural Products” typically described as traditional medicine 

across the history of human civilizations [in the written record, the study of herbs 

dates back 5,000 years to the ancient Sumerians and has been depicted as early as 

from Mesopotamia (2600 B.C.)]. This has indeed led to chemistry and medicine as the 

early sciences that have been appreciated by the common man inter alia the “natural 

product extracts” as the early tools for experimenting for the treatment of diseases. 

The unravelling of the traditional medicinal practices at the molecular level that has 

started in the late 17th century had indeed laid the foundations to organic chemistry in 

general and to organic synthesis in particular. Of course, even now, natural products 

and related derivatives occupy a major share in the prescribed drugs and especially 

the anticancer drugs. Coming back to the association of the natural products with the 

progress of organic chemistry, as mentioned above, it started with the efforts of our 

early chemists to decipher the plant extracts that are used in the traditional medicine. 

The rudimentary combustion analysis that has been practiced at the maximum 

perfection has indeed let to the making of the composition of the single samples that 

were separated by these extremely skilled and highly dedicated chemists. Morphine 

and quinine are two classical examples - the two commercially important drugs, the 

isolation of which were respectively in 1803 and 1820. The synthesis of urea 

(discovered in 1799) in 1828 was discovered accidentally while ammonium cyanate 

preparation by Wöhler who was then famous as the discoverer of aluminium, and his 

affirmative statement on “synthesizing urea without thereby needing to have kidneys, 

or anyhow, an animal, be it human or dog” has been considered as one of many first 

such as the “total synthesis, multicomponent reaction, green reaction” to say a few 

and has laid the foundations for organic synthesis, in general and total synthesis, in 

particular. This has inspired our early peers to synthesize the molecules of nature in 

the chemical flasks even without knowing the structure and with a simple clues of 

molecular formula and physical properties that has laid a path for the unleashed 

structural and mechanistic amusement and astonishing organic transformations that 

continue to hold an everlasting attraction from the synthetic community.  Either it was 
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the Perkins attempted quinine synthesis that has laid the foundations for the synthetic 

dye industry, the whole indole chemistry that has been developed by Bayer to unravel 

the synthesis of “Blue Gold” indigo or the synthesis and structural elucidation of 

glucose along with its absolute configuration by Fischer are the astonishing scientific 

folk tales that every organic chemist would like to talk about.  

 Thus, it is indisputable that natural products have had a longstanding profound 

influence on the tools and mechanism of molecular synthesis. The advancements in 

the area of molecular characterization during the last century have led chemists to 

unravel skeletal diversity and complexity associated with nature’s molecules which 

continues even now. Especially, the important biological activities associated with the 

molecules, their inherent molecular complexity, their availability in insufficiently 

small quantities and as a proof of their proposed structure their synthesis has always 

been considered as an immensely creative exercise that provides an intellectual 

satisfaction and an highly skilled group of people who contribute in the art of organic 

synthesis. Apart from all these, one of the most important contributions in the area of 

total synthesis is the development of new synthetic methods and innovative strategic 

concepts that have emerged in the pursuit of the unprecedented molecular scaffolds 

that are often displayed by the newly isolated natural products. This has indeed made 

the foundations of the work that has been embodied in this thesis and that deals with 

the total synthesis of Trigonoliimine C {continued in this Chapter 1} and Trigolute B 

{Chapter 2}. Both these natural products belong to the class of dimeric indole 

alkaloids in which one of the rings is selectively oxidized – trivially called as 

indolinone alkaloids (Figure 1). In case the C2 of indole is oxidized, it will be trivially 

called as oxindole. On the other hand, a C3 oxidized indole is commonly known as 

pseudoindoxyl. Considering the main content of this chapter deals with the total 

synthesis of Trigonoliimine C that contains a masked pseudoindoxyl unit, the 

following introductory part will be restricted mainly to some of the important earlier 

developments in the synthesis of the pseudoindoxyl skeleton. 

 

Figure1. Structures of Trigonoliimine C and Trigolute B. 
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1.1. Introduction 

The “pseudoindoxyl” has had its own association with the father of indole 

chemistry “Adolf Bayer”.  The term indoxyl (3-hydroxyindole) that was isomeric with 

oxindole has been coined by Bayer in 1883 to an intermediate product of indigo 

degradation.1 The 2,2-disubstituted 1,2-dihydro-3H-indol-3-one (extrapolated from 

the originally coined indoxyl) is one of the important structural units that has been 

later identified in many natural products.2  

 

Pseudoindoxyl alkaloids featuring the 2,2-disubstituted indolin-3-one core 

structure constitute an important family of indole alkaloids. The pseudoindoxyl 

natural products are characterized by the presence of complex molecular architectures 

with the central 2,2-disubstituted or (2,2)-spiro-pseudoindoxyl skeletons having the 

carbogenic and heterogenic spiro-cycles with varying ring sizes from 5 to 8 these 

compounds also possess significant biological properties.3,4 The challenging structural 

features and prominent biological properties of these natural products have attracted 

the synthetic community towards engineering new methods for forging this skeleton. 

For example, Rupicoline, Montanine, (+)-Aristotelone, Brevianamide A, Brevinamide 

B, Austamide, Mitragynine pseudoundoxyl and Duocarmycin A are some of the 

representative natural isolates with diverse biological activities (Figure 2).2,5 Coming 

to the synthesis of these complex frameworks, one of the commonly employed 

methods for the construction of central 2,2-disubstituted or (2,2)-spiro-pseudoindoxyl 

skeletons is the oxidative rearrangement of the corresponding indole compounds. 

The addition of Grignard reagents to 2-arylindolone followed by the acid-

catalyzed pinacol rearrangement and carbon centered nucleophiles to a 

spiro[furan/pyran-2,2'-indolin]-3'-ones are some of the important methods that have 

been developed for constructing this indolin-3-one unit. Base-induced intramolecular 

cyclization of α-azidophenyl sec-alkyl ketones leading to 2,2-disubstituted indolin-3-

ones – trivially known as the Smalley cyclization is one of the important methods in 

this regard. Recently, the metal catalyzed intramolecular amination, the 

cycloisomerization of 2-alkynyl aryl azides as well as the interrupted Ugi reaction, the 
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Mannich–Henry reaction of 2-aryl-3H-indol-3-ones and the reaction of amino acids 

with arynes have been developed in the context of the synthesis of 2,2-disubstituted 

indolin-3-ones. The concise discussion of some selected methods for the synthesis of 

the spiroindolin-3-one derivatives is given below in chronological order. 

N

O
O

HO

HN

O
HO HO

N
H

N

O
NO

O

H

Isatisine A

Austamide

N
H

O

OCH3

NH

O

CO2CH3

Cephalinone

N
H

O

N

H

NH

O

O

Brevinamide

N
H

H
N

O H

H

Aristolarine

N
H

N

O

OH3CO2C

H
Me

Rauniticine
pseudoindoxyl

Hunteracine
pseudoindoxyl

HN
H

N

O

OCH3
H3CO2C

H

H

H

Mitragynine
pseudoindoxyl

N
N

O

HO

+

C-Fluorocurine

H
N

O

N

N
H

O

OMe

NH

O

N

O
O

OH

HN

O

O

Notoamide O

N
H

OMe

OMe

OMe
N

O
HN

O
MeO2C

Me

O

Duocarmycin A

N
H

N

O
MeO

CO2Me

Rupicoline (R=H)
Montanine (R=OH)

N

O

CO2Et

MeO

LipidGreen

H
N

O

N

(+)-Aristotelone

N
H

N

O

CO2Me

Coronaridine
Pseudoindoxyl

N OH

O

N

Mersicarpine

N
H

N

O

OH3CO2C

H
Me

H

H

MeO

MeO

Isoreserpiline
pseudoindoxyl

R

N
H

N

O
MeO

Iboluteine

OH

N

N

O

OMeO

HO HO

H

Diketopiperazine
alkaloid

 

Figure 2: Natural product and biological important molecule with pseudo-indoxyl core. 

1.2. Approaches for the synthesis of 2,2-disubstituted pseudoindoxyl skeletons:  

1.2.1. The Oxidative Rearrangement of 2,3-disubstituted indoles. 

In 1950, Witkop and co-workers documented the first examples of the 

synthesis of spiro-pseudoindoxyl skeletons involving the acid catalyzed 

rearrangement of 2,3-disubstituted-3H-indol-3-ol derivatives.6 Thus, the deacetylation 

of the 9-acetyl-10,11-dihydroxy carbazole  S1.A and subsequent acid- or base-

catalyzed rearrangement of the intermediate indol-3-ol S1.B led to the formation of 

the spiro-pseudoindoxyl skeleton S1.C (Scheme 1). 

 

Scheme 1: Rearrangement of dihydroxy carbazole derivative. 
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Later, in 1951, the same group documented the oxidative rearrangement of 

tetrahydrocarbazoles.7 The catalytic oxidation of tetrahydrocarbazole S2.A on the 

platinum catalyst in ethyl acetate, followed by the subsequent hydrogenation of the 

intermediate peroxide S2.B provided the 11-hydroxytetrahydrocarbazolenine S2.C, 

which, upon acid or base mediated rearrangement, gave the spiro-[cyclopentane-1,2'-

indolin]-3'-one S2.D (Scheme 2). 

 

Scheme 2: Oxidative rearrangement of tetrahydrocarbazole. 

In 1970, Dolby and co-workers reported the peroxidation of indole 

derivatives.8 The treatment of 2-methyl indole with NaIO4 in a 3:1 ratio of methanol 

and water delivered the indoxyl dimers S3.B, S3.C and S3.D in 39%, 33% and 4% 

yields respectively; whereas the oxidation of 2,3-diphenyl indole S3.E produced the 

2,2-diphenyl indoxyl S3.G and the o-benzamido benzophenone S3.H, with the 

intermediate 3-hydroxy-2,3-diphenyl indolenin S3.F in 8% and 42% yield 

respectively (Scheme 3). 

 

Scheme 3: Oxidation of the indole derivative with NaIO4. 

Kishi et al showed the synthesis of 2,2-disubstituted indol-3-one from the 2,3-

disubstituted indole using m-CPBA oxidation, followed by acid-catalyzed pinacol 

rearrangement during their total synthesis of tetrahydroaustamide (S4.D).9 

Interestingly, these key reactions proceeded with complete stereospecificity with the 

stereochemistry of the oxidation step governing the overall stereochemistry (Scheme 

4). 
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Scheme 4: Oxidative rearrangement approach for 2,2-disubstituted indol-3-one by 

Kishi et. al. 

In 1982, Greci and co-workers reported the chlorination of indole derivatives 

with N-chlorobenzotriazole (NCBT).10 The treatment of 2-phenyl indole S5.A with 

NCBT in methanol or aqueous acetonitrile gave the 3-chloro derivative S5.B and the 

dimeric indoxyl product S5.C in 64% and 22% yields respectively (Scheme 5). 

 

Scheme 5: Oxidation of indole derivative with N-chloro benzotriazole. 

In 1993, Foote and co-workers developed a method for the oxidation of the 

indole derivative with dimethyldioxiranes (DMDO).11 Treatment of the indole 

derivative S6.A with DMDO in acetone and CH2Cl2 at –78 °C produced the 

intermediate epoxide derivative S6.B. When warmed to room temperature, it 

delivered the three products S6.C–S6.E (Scheme 6). 

 

Scheme 6: Oxidation of indole derivative with DMDO. 

In 1996, Quing attempted a two-step protocol involving singlet oxygenation 

followed by acid-catalyzed nucleophilic substitution of the 2-arylindoles for the 

synthesis of 2,2-diaryl-1,2-dihydro-3H-indol-3-one.12 The reaction was performed by 
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the irradiation of 2-arylindole, methylene blue and pyridine in methanol with a 1000 

W tungsten halogen lamp operated at 180 V through a cutoff light filter under oxygen 

bubbling at 20 °C for 1.5–2 h. Subsequently, acetic acid and aryl nucleophiles were 

added to the mixture and refluxed for 1–2 h to synthesize the 2,2-diaryl-1,2-dihydro-

3H-indol-3-ones (Scheme 7). 

 

Scheme 7: Singlet oxygenation followed by the nucleophilic addition. 

In 2001, Greci and co-workers demonstrated the oxidation of indole 

derivatives with different oxidizing agents.13 When 2-methyl indole was subjected to 

the oxidation with either m-CPBA or H2O2, it delivered the mixture of dimeric indole 

derivatives, whereas the reaction of 1,2-dimethylindole on oxidation with either m-

CPBA or H2O2 produced dimers as the sole product (Scheme 8). 

 

Scheme 8: Oxidation of indole derivative with m-CPBA and H2O2. 

In 2008, Iacazio and co-workers synthesized the 2,2-bis(3’-indolyl)-indoxyl 

S9.A, which is a natural compound isolated from bacterial sources.14 Indole subjected 

to the Laccase enzyme under O2 with 2 bar pressure forms the trimerized indole 

compound. Later, the indole oxidative trimerization has been documented by 

employing simple oxidants such as TEMPO in air, NaNO2 in pyridine; and CuCl2 and 

TEMPO (Scheme 9).15
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Scheme 9: Trimerization of indole.  

In 2008, Movassaghi and co-workers have introduced Sc(OTf)3 as a catalyst 

for the rearrangement of indolin-3-ols to prepare either C3- or C2-oxindoles.16 The 2-

phenyltryptamine S10.A was subjected to oxidation by oxone and NaHCO3 in acetone 

followed by a stereoselective rearrangement with Sc(OTf)3 in toluene to provide the 

3-oxindole S10.C at 23 °C and 2-oxindole S10.D at 110 °C (Scheme 10). 

 

Scheme 10: Oxidative rearrangement of 2-aryl tryptamine with Sc(OTf)3. 

In 2010, Kawasaki and co-workers have developed a two-step protocol for the 

synthesis of pseudoindoxyls comprising of the oxidative rearrangement of 2-

substituted indoles followed by the Mannich reaction with the carbon nucleophiles 

(Scheme 11).  
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Scheme 11: Oxidation followed by the nucleophilic addition. 

Thus, the oxidation of 2-aryl indole S11.A with m-CPBA oxidation followed 

by the Mannich reaction of the resulting 2-hydroxy-1,2-dihydro-3H-indol-3-one 

S11.B with various carbon nucleophiles (such as allyl boronic ester, silylketene acetal, 

furan and N-Me indole) produced the 2,2-disubstituted indolin-3-one S11.D. This 

methodology has been successfully employed in the total synthesis of the marine 

bryozoan alkaloid Hinckdentine A.17 

In 2011, Baran and co-workers employed the oxidative coupling method for 

combining 3-oxindoles with indoles.18 The 3-oxindole-2-carboxylate S12.A was 

oxidized with CAN in the presence of an indole and NaHCO3 in acetonitrile at room 

temperature to obtain the pseudoindoxyl S12.B bearing a carboxy group at the C2-

position (Scheme 12). 

 

Scheme 12: Oxidative coupling with oxindoles. 

In 2013, Zhang and co-workers developed a cascade consisting of oxidative 

dearomatization and semipinacol rearrangement of indol-2-yl cyclobutanol for the 

synthesis of the (2,2)-spiro-pseudoindoxyl skeleton.19 The oxidation of indol-2-yl 

cyclobutanol S13.A with N-sulfonyl oxaziridine in acetonitrile at room temperature 
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gave the dearomatized intermediate, which underwent semipinacol rearrangement in 

the presence of p-TSA.H2O to provide the 2-spiro-cyclo-3-oxindole S13.B (Scheme 

13). 

 

Scheme 13: Oxidative dearomatization followed by the semipinacol rearrangement. 

In 2013, Rodríguez and co-workers re-examined the oxidation of indole 

derivatives with dimethyldioxirane.20 The treatment of 1,2-dimethyl indole with 

DMDO in acetone delivered the dimeric products S14.A, S14.B and S14.C in the 

ratio 34%, 26% and 22%, along with some minor compounds (Scheme 14). 

 

Scheme 14: Oxidation of indole derivative with DMDO. 

In 2014, Xiao and co-workers reported a sequential visible light-induced 

photocatalytic aerobic oxidation/semipinacol rearrangement of indoles into 2,2-

disubstituted indolin-3-ones.21 The treatment of 1,2-disubstituted indole S15.A with 

photocatalyst  Ru(bpy)3Cl2·6H2O, under molecular oxygen led to the successful 

oxidation to the S15.B, which underwent semipinacol rearrangement in the same pot 

to provide the S15.C (Scheme 15). 

 

Scheme 15: Photocatalytic aerobic oxidation/semipinacol rearrangement. 

McWhorter and co-workers have recently demonstrated a simple two-step 

method for the preparation of 2,2-disubstituted indol-3-one from 2-aryl-3H-indol-3-

ones employing the addition of Grignard reagent followed by acid catalyzed 
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rearrangement.22 When R = t-Bu was employed, the rearrangement was more facile 

compared to the other substrates and proceeded at room temperature with formic acid 

in chloroform (Scheme 16). 

 

Scheme 16: Synthesis of 2,2-disubstituted indol-3-one according to McWhorter et. al. 

1.2.2. Spiro-annualation 

In 1927, Plant and co-workers synthesized the spiro-pseudoindoxyl 

cyclohexane from the l-anilino-1-cyclohexane carboxylic acid S17.A.23 The mixture 

of carboxylic acid and KOH were heated at 340–350 °C for 30 min to obtain the 

spiro-pseudoindoxyl compound S17.B in 13 % yield (Scheme 17). 

 

Scheme 17: The synthesis of pseudoindoxyl derivatives. 

In 1979, Ardakani and Smalley reported the base-induced intramolecular 

cyclization of α-azidophenyl sec-alkyl ketones leading to 2,2-disubstituted indolin-3-

ones – trivially known as the Smalley cyclization.24 However, the reaction with the 

ester substituent (R = R’ = CO2Et or R = CO2Et, R’ = Ph) required higher 

temperature, in boiling xylene and o-chlorobenzene respectively to obtain the 

corresponding indoxylderivatives in moderate yields. Later, in 2004, Pearson’s group 

employed the Smalley cyclization as a key step in the total synthesis of the (±)-

Lapidilectine B alkaloid (Scheme 18).25 
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Scheme 18: Smalley cyclization and representative synthesis of (±)-Lapidilectine B. 

In 1981, Kawada and co-workers documented a three step protocol for the 

synthesis of spiro-cycloalkyl pseudoindoxyl skeleton from anthranilic acid.26 The 

condensation of anthranilic acid S19.A with -bromo-γ-butyrolactone in the presence 

of a base followed by the spiro-annulation with acetic anhydride and triethylamine 

provided the spiro-lactone derivative S19.C. The decarboxylation of lactone in the 

presence of NaCl in DMSO gave the spiro-cyclopropane pseudoindoxyl skeleton 

S19.E (Scheme 19). 

 

Scheme 19: Synthesis of the spiro-cyclopropane pseudoindoxyl skeleton. 

In 1999, Sulsky and co-workers have designed a radical cyclization of 

anilinonitrile S20.A to synthesize the spiro-indoxyl skeletons.27 The reaction involved 

the generation of the aryl radical, which underwent 5-exo-dig cyclization followed by 

reduction to form the spiro-pseudoindoxyl imine derivative S20.C. Subsequent 

hydrolysis of the imine provided the desired spiro-pseudoindoxyl skeleton S20.D in 

good yield (Scheme 20). 
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Scheme 20: Radical cyclization for the synthesis of spiro-indoxyl skeletons. 

In 2003, Fukuyama and co-workers indigenously developed the CuI catalyzed 

intramolecular amination, which was a key step in the total synthesis of the 

Duocarmycin A.28 The treatment of the amide derivative S21.A with CuI and excess 

CsOAc in DMSO at room temperature led to the 2,2-disubstituted indolin-3-one 

S21.B in quantitative yield (Scheme 21). 

 

Scheme 21: CuI-catalyzed 2,2-disubstituted indolin-3-one synthesis. 

In 2009, Sorensen and co-workers reported a novel method for the synthesis of 

pseudoindoxyl skeletons that comprises of an interrupted Ugi reaction and the 

Houben–Hoesch cyclization.29 The treatment of electron rich and sterically hindered 

imine S22.A with an isocyanide in the presence of a strong Bronsted acid gave 

directly the pseudoindoxyl imine which was subjected to base hydrolysis to provide 

the corresponding indoxyl S22.B in high yields. This methodology has been 

employed as a key step in the total synthesis of the 11-Methoxymitragynine 

pseudoindoxyl natural product (Scheme 22). 
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Scheme 22: Interrupted Ugi reaction on electron rich imines. 

In 2011, Tu and co-workers developed the N-protecting group dependent gold-

catalyzed regiodivergent annulation of alkynylindoles.30 The treatment of 3-phenoxy 

alkynylindole S23.A having an electron-donating group on the nitrogen with the Au(I) 

catalyst in CH2Cl2 at room temperature gave the tetrahydro-β-carboline S23.B, 

whereas 3-phenoxy alkynyl indole having an electron-withdrawing group produces 

the spiro-pseudoindoxyl derivative S23.C (Scheme 23). 

 

Scheme 23: Regiodivergent annulation of N-protected alkynylindoles. 

In 2011, Okamura and co-workers reported a novel methodology for the 

synthesis of pseudoindoxyls comprising of the cycloaddition of amino acid methyl 

esters with benzyne.31 For example, the treatment of 2-(trimethylsilyl)phenyl triflate 

S24.A with CsF in the presence of L-alanine methyl ester S24.B in acetonitrile at 

room temperature gave 2-methyl 2-phenylindolin-3-one S24.C in 65% yield (Scheme 

24). 

 

Scheme 24: Cycloaddition of benzyne and the substituted amino acids. 
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Sorensen et al reported the interrupted Ugi reaction approach to prepare the 

substituted indoxyls and aminoindoles.32 The reaction proceeds through the attack of 

the nitrile nucleophile on imine followed by an internal attack of the electron-rich 

aromatic ring on an electrophilic nitrilium ion and then, the hydrolysis of imines 

provides the indoxyl derivatives (Scheme 25). 

 

Scheme 25: The interrupted Ugi approach to indoxyls derivatives. 

In 2013, our group established a simple protocol composed of the sequential 

SNAr reaction followed by Smalley cyclization.33 This transformation utilized the 

catalytic Cu(I)-ascorbate redox system for the conversion of the -bromophenyl 

derivative S26.A to the -azidophenyl derivative by SNAr. Under the same 

conditions, the base induced enolate addition to azide takes place to afford the 2,2-

disubstituted or the (2,2)-spiro-pseudoindoxyl derivative S26.B (Scheme 26). 

 

Scheme 26: Sequential SNAr and Smalley cyclization  

of -bromophenyl derivatives. 

1.2.3. Nucleophillic Addition Reactions 

In 2011, You and co-workers have reported a method with the racemic spiro-

N,O-acetals using the chiral phosphoric acid.34 The Friedel–Crafts alkylation reaction 

of indoles, pyrrole and 3-(dimethylamino)phenol with racemic spiro-indolin-3-one 

S27.A was catalyzed by the chiral phosphoric acid to obtain the 2,2-disubstituted 
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indolin-3-ones S27.B having a quaternary stereocenter with upto 99% yield and 99% 

ee (Scheme 27). 

 

Scheme 27: The chiral phosphoric acid catalyzed addition of 

indole to spiro-indolin-3-one. 

In 2011, Xie and co-workers developed a proline-catalyzed enantioselective 

asymmetric Mannich reaction of ketimine with aldehyde for the creation of the chiral 

quaternary center.35 For example, the treatment of 2,3'-biindol-3-one S28.A with 

acetaldehyde in the presence of L-proline in DMF followed by NaBH4 reduction gave 

the 2,2-disubstituted indolin-3-one S28.B with excellent yield and enantioselectivity 

(Scheme 28). 

 

Scheme 28: The proline-catalyzed Mannich reaction of indolones. 

As a part of the total synthesis of Isatisine A, we have developed the InCl3 

catalyzed Friedel-Crafts type alkylation of isatogens with indole (Scheme 29).36 The 

treatment of isatogen with indole in acetonitrile solvent at room temperature and in 

the presence of catalytic amounts of InCl3 gave the N–OH pseudoindoxyl (S29.C). On 

the other hand, when the same reaction was conducted in toluene as a solvent at 80 °C 

employing stoichiometric amounts of InCl3, the reduced addition product (S29.B) was 

obtained exclusively. 
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Scheme 29: [In]-mediated indole addition to isatogen. 

In 2012, Alemán and co-workers have disclosed the enantioselective aza-

Henry reaction of cyclic -carbonyl ketimines under bifunctional catalysis.37 The 

reaction involved the addition of nitromethane to 2-phenyl-3H-indol-3-one S30.A in 

p-xylene by using the thiourea catalyst. The 2,2-disubstituted indol-3-one S30.B was 

obtained in 90% yield with excellent enantioselectivity (Scheme 30). 

 

Scheme 30: Enantioselective Aza-Henry reaction of indolones. 

In 2012, Lavilla and co-workers documented the Lewis acid catalyzed 

multicomponent Mannich-Ritter reaction on 3-indolone.38 The product diversity was 

shown to be dependent on the alkene partner employed in the reaction. The treatment 

of 2-phenyl indolone with dihydropyran and nitrile in the presence of 20 mol% 

Sc(OTf)3 at room temperature provided the MCR adduct S31.C, whereas in the case 

of vinylamine derivatives, the 2,2-disubstituted pseudoindoxyl skeleton S31.B was 

obtained (Scheme 31). 

 

Scheme 31: Multi-component Mannich-Ritter transformation of indolones. 
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In 2012, Xu and co-workers developed the organocatalytic version of the 

Michael addition of oxindoles to nitro olefin using a bi-functional thiourea-catalyst.39 

The treatment of methyl 1-acetyl-3-oxo indolin-2-carboxylate with β-nitrostyrene in 

the presence of 10 mol % of thiourea catalyst in CH2Cl2 at 0 °C afforded the 2,2-

disubstituted indolin-3-one derivatives with a chiral quaternary stereocenter in high 

yield and with excellent stereoselectivity (Scheme 32). 

 

Scheme 32: Organocatalytic Michael addition of oxindole on to nitro olefins. 

In 2007, Kobayashi and co-workers have disclosed the oxidation of 2-

substituted indole followed by Lewis acid catalyzed alkylation to access a variety of 

2,2-disubstituted indolin-3-ones.40 Stable masked indolone was synthesized by the 

multi-oxidation of 2-(hydroxylalkyl)indoles using m-CPBA (Scheme 33).  

 

Scheme 33: TiCl4 mediated alkylation of spiro-indolin-3-one. 

The obtained spiro-N,O-ketal S33.A was treated with different nucleophiles 

(allyltrimethylsilane S33.B, Fridel–Craft’s reaction with anisole S33.C, aza-prins 

reaction with alkene S33.D and petasis condensation with boronic acid S33.E) in the 

presence of a Lewis acid to obtain a variety of 2,2-disubstituted indolin-3-ones in 

good yields. 
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In 1999, Sakamoto and co-workers have developed a Michael addition 

strategy for the functionalization of indol-3-one with ,-unsaturated carbonyl 

compounds.41 Thus, the treatment of 1-acetyl-1,2-dihydro-3H-indol-3-one S34.A with 

diphenylbutene dione or dimethyl but-2-ynedioate in the presence of triethylamine in 

t-butanol at 0 °C for 24 h provided the indolinones S34.B and S34.C in good yields 

(Scheme 34). 

 

Scheme 34: Michael addition of oxindole to ethylenic and  

acetylenic carbonyl compounds. 

In 2015, Dong and co-workers reported the tandem multi-site cyclization 

triggered by Rh(III)-catalyzed C–H activation for the synthesis of pseudo-indoxyls 

through a tandem C–H activation/Grignard-like addition process involving 2-aryl-3H-

indol-3-ones and alkynes (C2-cyclization).42 The pseudo-indoxyl generated in this 

way then undergoes facile rearrangement into the corresponding benzo- [a]carbazole 

derivative through straightforward transformation of the residual carbonyl moiety 

(C3-cyclization) (Scheme 35).  

 

Scheme 35: Multi-site cyclization via initial C–H activation using a 

rhodium(III) catalyst. 

1.2.4. Cycloisomerization Reactions 

Gold catalyzed cyclization of 2-alkynyl arylazides has been reported for the 

synthesis of 2,2-disubstituted indol-3-one. Gagosz et al reported the one step 

synthesis of pseudoindoxyl (S36.B) via sequential gold catalyzed cyclization of 2-
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alkynyl arylazides, subsequently trapping the allylic nucleophile by the intermediate 

gold complex (S36.C) followed by the Claisen rearrangement.43 The reaction has a 

wide substrate scope for the allylic nucleophiles, as well as good functional groups 

tolerance present either on the aromatic ring, on the alkyne substituent, or on the 

nucleophile. The reaction with nucleophiles other than the allylic nucleophile (would 

not be suitable for the rearrangement) gave only 2,3-substituted indoles (Scheme 

S36). 

 

Scheme 36: Preparation of pseudoindoxyl through the amino-oxy-allylation principle 

of Gagosz et. al. 

In 2014, our group reported a simple domino process for the construction of 

the tricyclic core present in the spiro-pseudoindoxyl natural products via the Au-

catalyzed nitroalkyne redox leading to isatogen and its subsequent [3+2]-

cycloaddition with a suitably positioned olefin.44 The 5-exo nitroalkyne 

cycloisomerization of Boc-protected propargyl amine nitroalkyne having suitable 

olefin S37.A was carried out with AuCl(PPh3) and AgSbF6 in dichloromethane to 

afford isatogen S37.B followed by the subsequent  regioselective intramolecular 

[3+2]-cycloaddition to afford the tricyclic spiro-pseudoindoxyl skeleton S37.D 

 

Scheme 37: Au-Catalyzed synthesis of the spiro-pseudoindoxyl skeleton. 
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In 2015, Verniest and co-workers reported the synthesis of 

spiropseudoindoxyls via a fully regioselective Au(III)-catalyzed cycloisomerization of 

o-nitrophenylpropiolamides, followed by an intramolecular dipolar cycloaddition. 

Finally, the obtained strained polycyclic indolinones were transformed into new 2- 

spiropseudoindoxyls via hydrogenative cleavage of the N−O bond (Scheme 38).45 

 

Scheme 38: Synthesis of 2 spiropseudoindoxyls via an intramolecular nitroalkyne 

redox−dipolar cycloaddition cascade. 

In 2015, our group reported the synthesis of 2,2-disubstituted pseudoindoxyls 

employing a one-pot [3+2]-cycloaddition of isatogen and olefin and subsequent [Ru]-

catalyzed redox-neutral N−O bond cleavage of intermediate isoxazolidine.46 

 

Scheme 39: One-pot cycloaddition and Ru-catalyzed redox-neutral N−O cleavage. 

In 2015, Yi-Xia Jia and co-workers reported the enantioselective redox 

annulation of nitroalkynes with indoles by gold/chiral phosphoric acid dual 

catalysis.47 The N-hydroxy pseudoindoxyl afforded either via zwitterionic 

intermediate S40.F (path b: formed by the intermolecular interception of -oxo gold 

carbenoid S40.C with the indole) or via the chiral ion pair S40.D (path a; generated 

by intramolecular trapping of the nitroso group in S40.C followed by protonation. 

Subsequent cleavage of the N–O bond to liberate the free amine was conducted using 

N2H4·H2O as a reducing agent, without any reduction in enantio purity (Scheme 40). 
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Scheme 40: Dual catalysis for the redox annulation of nitroalkynes with 

indoles. 

Given the current interest of our group on pseudoindoxyl natural products, the 

total synthesis of Trigonoliimine C has been considered with the keen objective of 

expanding our isatogen approach for the central indolinone core. The construction of 

the key psuedoindoxyl has been planned, featuring one of the C–C bond formations 

through the [M]-catalyzed indole addition to isatogens 

1.3. Isolation and structural elucidation Trigonoliimine C: 

Trigonoliimines A–C, three unprecedented indole alkaloids with a unique 

polycyclic system, were isolated from the leaves of Trigonostemon lii Y. T. Chang 

collected in the Yunnan Province of China (Figure 3).48 In search of many biological 

activities like cytotoxic activities against human cancer cell lines, anti-HIV active 

compounds, the leaves of this plant have been analyzed. The structures of 

Trigonoliimines A–C were determined by spectroscopic, computational, and CD 

exciton chirality approaches. The anti-HIV-1 activity of Trigonoliimines A–C was 

tested by a microtiter syncytium formation infectivity assay, with AZT (EC50 = 0.02 

µg/mL, TI = 59924) as a positive control. Trigonoliimine A showed modest anti-HIV-

1 activity (EC50 = 0.95 µg/mL, TI = 7.9). 

 

 Figure 3. Structures of Trigonoliimines A–C. 
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The unique structures of trigonoliimines A–C, taken together with their 

promising biological activities like anti-HIV-1, have inspired several approaches 

reported either for their total synthesis or for the construction the central pentacyclic 

framework. Trigonoliimine C (1) was the first to be synthesized in this family, in 

racemic form, by Tambar and co-workers and immediately reported was its 

enantioselective total synthesis by Movvasaghi’s group with the revised absolute 

stereochemistry of (–)-Trigonoliimines A, B, and C. Below, is a short description 

about the total synthesis of Trigonoliimine C (1). 

1.4 Tambar approach: 

In 2011, Tambar and co-workers documented the first total synthesis of 

Trigonoliimine C in its racemic form in 10 steps based on the proposed biosynthetic 

pathway for this family of natural products.49 The established strategy relies on a 

selective mono-oxidation of 2,2’-bis-tryptamine 41.A, followed by a Wagner–

Meerwein [1,2]-shift to indoxyl 41.C. Finally, the phtahlimide group was deprotected, 

followed by the subsequent Ti(Oi-Pr)4 mediated cyclization, which efficiently 

converted intermediate 41.C into (±)-Trigonoliimine C (Scheme 41). 

 

Scheme 41: Tambar approach for (±)-Trigonoliimine C. 

1.5. Movassaghi  approach: 

Immediately after Tambar’s report, Movassaghi and co-workers also reported 

the total synthesis of (–)-Trigonoliimine C and revised its absolute stereochemistry of 

as ‘14S’ not ‘14R’.50 The central pentacyclic framework was constructed by following 

relatively the same procedure as followed by the Tambar group. Their unified strategy 

for the enantioselective total synthesis of Trigonoliimine C was based on the 
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chemoselective oxidation of bisindole 42.A followed by Wagner–Meerwein 

rearrangement of the hydroxyindolenines (+)-42.B. Unraveling the amino groups of 

indoxyls 42.C, followed by condensative cyclization promoted by titanium ethoxide 

as a one-pot, two-step procedure provided the cyclic imine 42.D. Treatment of 

pentacyclic amines 42.D with N-formyl imidazole provided (–)- Trigonoliimine C (1) 

(Scheme 42). 

 

Scheme 42: Mavassaghi approach for (–)-Trigonoliimine C. 

1.6. Hao approach: 

Hao and co-workers proposed the biomimetic oxidative rearrangement of the 

bistryptamine framework into the core ring system of Trigonoliimine C.51 It has been 

proposed that Trigonoliimine C may be derived from a unified precursor 43.B. The 

bistryptamine derivative 43.A may be oxidized to give 43.B, which in turn undergoes 

a combination of pinacol-like rearrangement and cyclization that can convert the 

intermediate 43.C into Trigonoliimine C (Scheme 43).  

 

Scheme 43: Plausible biogenesis of Trigonoliimine C. 
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With this biosynthetic view, Hao’s group began their synthesis with the N-

phthaloyl tryptamine 44.A (Scheme 44), which was dimerized conveniently by 

dissolving the substrate in TFA, followed by oxidation with DDQ to afford 2,2’-

biindolyl 44.B. Later, the direct conversion of this protected bistryptamine to the 

corresponding mono-hydroxybisindole was examined. After several attempts, 44.B 

was oxidized rapidly with in situ generated dimethyldioxirane to afford the desired 

44.C that was subsequently subjected for pinacol-like rearrangement with HCO2H-

saturated toluene mixture to afford 44.D in 50% yield. Finally, the phthalimide group 

was deprotected followed by the subsequent formylation with ethyl formate 

efficiently converted intermediate 44.D into the core ring system of Trigonoliimine C 

44.E. 

 

 Scheme 44: Synthetic route for the skeleton of Trigonoliimine C. 
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1.7. Results & Discussion  

Intrigued by the promising biological activities and the challenging structural 

features of Trigonoliimine C, a project aiming at its total synthesis has been taken up 

immediately after its isolation. As described in Scheme 45, the key retrosynthetic 

disconnections parallel our recent Isatisine A synthesis.52 Trigonoliimine C contains 

elements of great synthetic difficulty, possessing labile imine functionalities as well as 

the delicate pseudoindoxyl chromophore. Our intended strategy features the 

construction of the central pentacyclic core of the Trigonoliimine C with an effective 

use of three catalytic reactions in sequence – [Pd]-catalyzed Sonogashira and 

nitroalkyne cycloisomerization reactions, and the [M]-catalyzed C2 addition of 

protected tryptamine to isatogen. We employed an InCl3-mediated addition of indole 

C3 to an isatogen intermediate for the construction of the bis-indole core of isatisine 

A.36 However, in the present case, the C2 of a tryptramine derivative needs to be 

added to the isatogen. This is one of the key reactions in our strategy that warranted a 

detailed investigation. Considering the easy reduction of the N–O bond in N-hydroxy 

indoxyl derivatives that we have noticed, we reasoned that it may be affected during 

the N-phthalimide deprotection with hydrazine. 

 

Scheme 45: Retrosynthetic disconnections for Trigonoliimine C. 

1.7.1 C-C bond formation reaction: 

Our studies in this direction started with the addressing of the key issue of the 

addition of indole to isatogen. Although there is no report for the addition of C2 of 

indole to isatogen in the literature, there are two reports where the addition of indole 

to nitrone was documented using either Bronsted acid or microwave conditions. 
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1.7.2 Addition of indole to nitrone: 

In 1997, Valiée and co-workers have reported the Friedel-Crafts type reaction 

of nitrone S46.A on indole to synthesize either indolyl N-hydroxylamine or 

symmetrical diindolyl alkanes, depending on the reagent used.53 When the reaction 

was performed with methanolic HCl in CH2Cl2 at 0 °C, it formed the indolyl N-

hydroxyl amines S46.B in 82% yield. On the other hand, in the case of Me3SiCl in 

CH2Cl2, symmetrical diindolylalkane S46.C was obtained in 85% yield (Scheme 46). 

 

Scheme 46: Friedel-Crafts type addition of indole to the nitrone. 

In 2011, Li and co-workers documented an advanced method for the addition 

of pyrrole/indole to nitrones (Scheme 47). The reaction of furanose nitrone S47.A and 

indole was carried out under the microwave irradiation in toluene and in a sealed tube 

at 160 °C to obtain the 2`,3`-trans-isomer S47.B in predominant quantities over the 

2`,3`-cis-isomer S47.C.54 The dominance in product distribution is presumably 

because of the favorable exo-attack. 

 

Scheme 47: Microwave assisted indole addition to nitrone. 

 One of the bottlenecks that we have realized immediately after starting this 

program was the metal-catalyzed nitroalkyne cycloisomerization and C2 indole 

addition to isatogen. This problem has been solved by two of our group members, 

who developed a practical and general method for the synthesis of isatogens by 

employing Pd-complexes55 and [In]-catalyzed addition of C3 of indole to the C2 of 
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isatogen35 S48.A for the formation of 2,2-disubstituted indolin-3-one S48.B (Scheme 

48).  

 

Scheme 48: Key C-C bond formation for the synthesis of the central indolin-3-one. 

 Having had this early success in our group, the important objective of our 

current endeavor is to develop methods for the regioselective construction of a C2-

C2’ bond of the pseudoindoxyl core present in the Trigonoliimine C and explore its 

applicability in the total synthesis. As has been revealed earlier, the addition of 

nucleophiles to isatogens is non-regioselective and takes place at the C2 as well as the 

C3-positions and that there was no single report on the addition of the C2 indole to 

isatogens. 

The first concern in this program was finding the right catalyst for the addition 

of indole C2 to an isatogen. In this regard, the simple 2-alkyle isatogen 3a, prepared 

earlier, was subjected to the alkylation reaction, by treatment with 3-methyl indole 

(1.5 equiv) in the presence of InCl3 (5 mol%) in acetonitrile. This reaction, however, 

was found to be completely ineffective. Table 1 succinctly describes our exploratory 

experiments with different Lewis acids such as Sc(OTf)3, Ag(OTf), Zn(OTf)2 and 

Yb(OTf)3. In all the cases, intractable complex reaction mixtures were formed. In the 

case of the [Au]-complex in combination with AgSbF6, in dichloromethane the 

reaction was completed in 8 h and provided the N-hydroxy indolin-3-one 2aa in 75% 

yield. The optimized conditions involve the treatment of 2-pentyl isatogen 3a (1 

equiv) and 3-methyl indole (1.5 equiv) in dichloromethane with 10 mol% AuClPPh3 

and 25 mol% AgSbF6 under argon atmosphere at 0 °C – 25 °C to provide N-hydroxy 

indolin-3-one 2aa in 75% yield as a yellow liquid. 
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Table 1: Optimization of the reaction with different Lewis acids. 

 

S.No Catalyst Yield

1 1 eq. InCl3 No reaction 

2 0.5 eq. Yb(OTf)3 Complex mixture 

3 0.5 eq. Zn(OTf)2 Complex mixture 

4 10 mol% AuCl(PPh3)
25 mol% AgSbF6  

75%

5 0.5 eq.  Ag(OTf) No reaction 

 

The compound 2aa was characterized by analytical techniques such as NMR 

and Mass spectrometry. The NMR of compound 2aa was recorded in acetone-d6 

solvent because of the unstability of this compound in CDCl3. Two ortho protons 

(nitrone) in the 8.61–8.66 ppm region of compound 3a were absent in the 1H-NMR 

spectra of compound 2aa and shifted to upfield, which demonstrated that the reaction 

has taken place at the nitrone end. The appearance of a proton at  9.98 as a broad 

singlet confirms the formation of the N–OH group in the compound 2aa. The 

appearance of a quaternary carbon at 78.5 ppm in the 13C NMR spectrum of 2aa and a 

downfield shift of the carbonyl group from 186.7 to 199.2 ppm indicated the loss of 

conjugation which is present in the isatogen. The constitution of 2aa has been 

confirmed as for C23H27O3N2 by the HRMS ([M+H]+) found at 379.2014.  

Having developed one of the key projected reactions, our next task was the 

reduction of the N–O bond. As mentioned previously, considering our experience 

with isatogens and N-hydroxy pseudoindoxyls, a prior assumption of this N–O 

reduction with hydrazine while deprotecting the phthalide group was conceived. A 

few years after the isolation of hydrazine hydrate, it was tried as a reducing agent for 

nitro, nitroso, and isonitroso groups by Rothenburg.56 The reaction medium was 

refluxing alcohol, but only limited success was achieved with this reaction. Over a 

period of years, other attempts were made to reduce nitrobenzene by hydrazine also in 

the absence of a catalyst, and again moderate yields were obtained. Curtius reduced 
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2,4-dinitrobenzoic acid to 2-nitro- 4-aminobenzoic acid and also a nitrophenol to the 

corresponding aminophenol. 4-Aminophthalhydrazide was obtained from diethyl 4-

nitrophthalate.57 

O2N

CO2Et

CO2Et H2N
NH

NH

O

O

NH2NH2 H2O

MeOH,
85 °C, 89%

 

 Scheme 49: NO2 reduction with hydrazine hydrate. 

 To examine our next hypothesis that the reduction of N–O bond occurs in N-

hydroxy indoxyl with hydrazine, we treated 2aa with hydrazine·hydrate (10 eq.) in 

refluxing methanol (Scheme 50). Gratifyingly, the N–O reduction proceeded 

smoothly and gave the corresponding 2,2-disubstituted 3-indolinone 7 in very good 

yield. 

 

Scheme 50: N–O bond reduction with hydrazine hydrate. 

The structure of compound 7 was established with the help of NMR and Mass 

spectrometry. Unlike the N-hydroxylamine compound 2aa, compound 7 was stable in 

CDCl3 solvent. All the protons in  6.37–7.56 ppm region of compound 7 are the 

same as the compound 2aa. The appearance of broad singlet peak at ppm in the 
1H NMR spectrum of compound 7 and the disappearance of the peak at  9.98 which 

is present in the compound 2aa indicated the presence of the NH group. The upfield 

shift of quarternary carbon from  78.5 to ppm in the 13C NMR spectrum of 

compound 7 confirmed the reduction of N–OH to NH. However, there were not 

substantial differences in the chemical shifts of the remaining carbons of these two 

compounds. The constitution of 7 has been confirmed as C23H27O2N2, by the HRMS 

([M+H]+) found at 363.2056. 

To generalize these two complementary reactions, isatogens 3a–3g having 

various alkyl units at the C(2)-position and also different substituents such as Me, 

OMe on the phenyl ring at the para-position to the keto group were selected as the 
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representative substrates and synthesized by employing the indigenous [Pd]-catalyzed 

nitro-alkyne cycloisomerization (Scheme 51).55 

 

 Scheme 51: Nitroalkyne cycloisomerization for the synthesis of isatogens. 

Having established the feasibility of the two reactions with simple substrates, 

we next focussed on the synthesis of a suitably functionalized pentacyclic skeleton of 

trigonoliimine C by using the N-phthalimido tryptamine 4 as the addition partner. 

This task began by conducting the addition of 4 to isatogen 3a which proceeded 

smoothly to provide the corresponding N-OH indoxyl 2ab in 63% yield. The structure 

of compound 2ab was analyzed by spectroscopic techniques such as NMR and Mass 

spectrometry. All the alkyl protons appeared at the  0.78–2.36 ppm region. The 

appearance of broad singlet peak at  9.47 ppm in the 1H NMR spectrum of 

compound 2ab confirmed the presence of an N-OH group. The appearance of two sets 

of ‘dd’ at  7.77 and 7.90 established the presence of the phthalimide group. The 

appearance of the methoxy protons at  3.96 as singlet ascertained the isatogen moiety 

in the compound.  In the 13C NMR spectrum, a peak at  198.2 was indicative of a 

carbonyl group and also further confirmed that the nucleophilic addition happened at 

C2 position but not at the C3 of isatogen. The constitution of 2ab has been established 

as C32H32O5N3, by the HRMS ([M+H]+) found at 538.2336. 

Scheme 52 exemplifies the scope of the addition of phthalimide protected 

tryptamine to isatogens 3a – 3f by using AuClPPh3 (10 mol %) in combination with 

AgSbF6 (25 mol%), as a catalyst at room temperature in dichloromethane. The 

reactions of OMe substituted isatogens under the above conditions provided the 

corresponding indoxyl compounds in good yields, whereas the reaction with the 
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isatogens having groups like –Cl formed the corresponding indoxyl in slightly lesser 

yield (32%).  The groups like –OAc, –OBn and –Cl are intact during the [Au]-

catalyzed indole addition. 

 

Scheme 52: Scope of the [Au] mediated addition of tryptamine to isatogens. 

Having generalized complementary methods for the addition of protected 

tryptamine on isatogen to achieve the regioselective C–C bond formation for the 

construction of the key intermediate N-OH indoxyl skeleton, we next focused our 

attention on the compatibility of these reactions in the construction of the central 

pentacyclic core skeleton of Trigonoliimine C. 

1.7.3. Synthesis of Trigonoliimine C analogues: 

This task began by conducting the addition of protected tryptamine 4 to 

isatogen 3a which proceeded smoothly to provide 2ab in very good yield as 

previously discussed. The N–Phth deprotection/N–OH reduction of 2ab was carried 

out by employing excess hydrazine and the subsequent intramolecular imine 

formation was accomplished using the conditions [Ti(OiPr)4, THF] that have been 

employed by Tambar and Movassaghi groups in the total synthesis of trigonoliimine 

C to afford the desired pentacyclic derivative 1ab in 51% overall yield for the two 

steps (Scheme 53). The structure of compound 1ab was analyzed by spectroscopic 

techniques such as NMR and Mass spectrometry. All the alkyl protons remain in the  
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0.82–2.53 ppm region. The appearance of a broad singlet peak at  6.30 ppm in 1ab 

and the disappearance of the peak at  9.47 in the 1H NMR spectrum of compound 

2ab confirms the deprotection of the N-OH group. The disppearance of two sets of 

‘dd’ at  7.77 and 7.90 confirm the absence of the phthalimide group. In 1H NMR 

peaks at 4.23 (td, J = 11.9, 3.7 Hz, 1H), 4.43 (dt, J = 12.8, 3.7, 2.4 Hz, 1H) and in the 
13C NMR spectrum, the peak at  172.5 confirmed the presence of the cyclic imine in 

the compound 1ab. The constitution of 1ab has been confirmed as C24H28N3O, by the 

HRMS ([M+H]+) found at 374.2225. 

 

Scheme 53: Trigonoliimine C analogues. 

In the case of 1cb, 1db, and 1eb, it was observed that the acetyl group was 

deprotected during phthalimide deprotection with hydrazine hydrate to free alcohol. 

Interestingly, when we employed the isatogen 3g for tryptamine addition, the pendant 

–Cl group was displaced by the indolinone –N during the reaction with hydrazine 

resulting in the formation of the hexacyclic derivative 1gb (Scheme54).  

 

Scheme 54: The novel hexacyclic trigonoliimine C analogue. 
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1.7.4. Total Synthesis of Trigonoliimine C 

 With a reliable route to the pentacyclic core of 1 secured, we turned our 

attention to the total synthesis of (±)–trigonoliimine C. Our initial experiments to 

convert N-formyl nitro alkyne which was prepared by Sonogashira coupling from 

known N-formyl but-3-yne with 5 to the corresponding isatogen were not successful. 

This has prompted us to start with a suitably protected 2-(2-amioethyl)-isatogen as the 

key building block for the synthesis of trigonoliimine C. The synthesis commenced 

with the Sonogashira coupling of 5 with the commercially available phthalimido 

alkyne 6 (Scheme 55). The cycloisomerization of the resulting nitroalkyne 8 

proceeded smoothly with Pd[CH3CN]2Cl2 (5 mol%) in acetonitrile at rt to afford the 

isatogen 3 in moderate yields. The [Au]-catalysed addition of N-phthalimido 

tryptamine 4 to 3 afforded the N- hydroxy indol-3-one 2 in 71% yield. In the 1H NMR 

spectrum of 2, the N-OH group appeared at  9.69 ppm. In the 13C NMR spectrum, 

the carbonyl carbon peak resonated at  195.9 ppm confirming that the tryptamine 

addition was happened at the C2 of isatogen 3.  Next, the compound 2 was subjected 

to a sequence of three reactions – i. removal of the both the N-phthalimido protecting 

groups with the concomitant N–OH reduction; ii. Ti(OiPr)4 mediated intramolecular 

imine formation and iii. the N-formylation with N-formyl benzotriazole to afford the 

(±)–trigonoliimine C in 31% overall yield over three steps. The 1H and 13C NMR 

spectral data (in a 1:3 solution of CDCl3:CD3OD) of 1 are in agreement with the data 

reported by the Hao and Tambar groups. Table 2 shows the detailed comparisons of 

NMR data for the isolated and synthetic Trigonoliimine C. 

 
Scheme 55: Total Synthesis of (±)-Trigonoliimine C.  
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Table 2: Comparison of 13C NMR Spectra for Synthetic Trigonoliimine C and Natural 
Trigonoliimine C. 

 

 

 

 

 

1.8. Conclusion: 

In conclusion, we have developed a modular total synthesis of Trigonoliimine C 

starting from commercially available starting materials in 5 steps. The synthesis 

involved three consecutive metal catalyzed transformations addressing C–C bond 

formations. In the context of this total synthesis, we have developed a mild and 

general method for the synthesis of indoxyls. We also revealed an interesting 

reduction of an N–O bond with hydrazine·hydrate. The use of these catalytic tools, 

especially those that involve the coupling reactions (employing commercial 

Carbon 
δC Synthesized 
CD3OD:CDCl3(3:1) 

δC reported by  
UK Tambar 
CD3OD:CDCl3 

δC  reported by Hao 
CD3OD:CDCl3 

1 (NH) - - - 
2 131.03 131.7 131.4 
3 110.49 110.5 110.3 
4 118.77 118.8 118.5 
5 120.05 119.96 119.7 
6 123.07 122.93 122.7 
7 111.83 111.73 111.5 
8 136.72 136.85 136.3 
9 129.51 129.69 129.2 
10 24.68 24.59 24.3 
11 47.19 47.68 47.5 
13(NH) - - - 
14 68.87 68.62 68.1 
15 173.2 175.57 174.9 
16 115.61 116.62 116.5 
17 125.75 125.5 125.2 
18 109.65 108.93 108.4 
19 167.98 167.45 166.8 
20 95.28 95.57 95.3 
21 160.40 159.73 159.0 
22 40.38 40.53 40.2 
23 35.03 35.08 34.9 
24(NH) - - - 
25 163.76 163.78 163.4 
OMe 56.17 55.98 55.8 
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substrates) at two central stages, rendered a provision for functional group diversity 

on any of the aryl rings for synthesizing the related analogues. 
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General Remarks 

Reactions were carried out in anhydrous solvents under an atmosphere of 

argon in oven-dried glassware. Commercial reagents and solvents were used without 

purification. Column Chromatography was carried out by using spectrochem silica gel 

(60–120, 100–200, 230–400 mesh). 1H and 13C NMR spectroscopy measurements 

were carried out on Bruker AV 200 MHz  AV 400, AV 500 MHz and and JEOL 400 

spectrometers, and TMS was used as an internal standard. 1H and 13C NMR chemical 

shifts are reported in ppm downfield from Chloroform-d (δ = 7.25) or TMS and 

coupling constants (J) are reported in Hertz (Hz). The following abbreviations are 

used to designate signal multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m 

= multiplet, dt = doublet of triplet, td = triplet of doublet, bs = broad. The multiplicity 

of 13C NMR signals was assigned with the help of DEPT spectra and the 

abbreviations used: s = singlet, d = doublet, t = triplet, q = quartet, represent C 

(quaternary), CH, CH2 and CH3 respectively. Mass spectroscopy was carried out on a 

API QStar Pulsar (Hybrid Quadrupole-TOF LC/MS/MS) spectrometer or UPLC 

coupled Mass Spectrometer (Waters) and HRMS mass spectra were recorded on a 

Thermo Scientific Q-Exactive, Accela 1250 pump. 

General procedure A: Addition of 3-methyl indole to isatogen: To a solution of 

isatogen 3a (60 mg, 0.24 mmol) and 3-methyl indole 4a (38 mg, 0.29 mmol) in 

CH2Cl2 (2 mL) was added, Au[PPh3]Cl (12 mg, 0.6 mmol, 10 mol%), AgSbF6 (20 mg, 

0.6 mmol, 25 mol%) at 0 °C. The reaction mixture was stirred for overnight at room 

temperature. After completion of the reaction as indicated by TLC, the volatiles are 

removed under reduced pressure and the resulting crude was purified by column 

chromatography to afford compound 2aa (69 mg, 75%) as a brown red liquid.  

Spectral data of compound 2aa: Rf = 0.3 (10% ethyl acetate/pet. ether); IR (CHCl3) 

ν: 3392, 3255, 2953, 2927, 1670, 1620, 1579, 1458, 1290, 

1229, 1149, 1099, 823, 741 cm–1; 1H NMR (Acetone-D6, 

200 MHz): δ 0.84 (bs, 3H), 1.31 (bs, 6H), 2.18 (s, 3H), 

2.46–2.50 (m, 2H), 3.96 (s, 3H), 6.57 (d, J = 8.5, 1.5 Hz, 

1H), 6.67 (d, J = 1.6 Hz, 1H), 7.05 (m, 2H), 7.33 (d, J = 7.3 

Hz, 1H), 7.41 (d, J = 9.1 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 8.98 (s, 1H), 9.98 (bs, 

O

HO
N
H

O
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1H); 13C NMR (CD3OD, Jeol, 100 MHz): δ  9.7 (q), 14.4 (q), 23.6 (t), 24.9 (t), 33.3 

(t), 34.9 (t), 56.6 (q), 78.5 (s), 95.4 (d), 109.3 (s), 112.2 (d), 112.0 (d), 115.2 (s), 119.1 

(d), 119.7 (d), 122.4 (d), 126.1 (d), 130.9 (s), 132.5 (s), 136.9 (s), 166.9 (s), 170.2 (s), 

199.2 (s) ppm. ESI-MS (m/z): 401.08 (100%, [M+Na]+), 417.18 (5%, [M+K]+), 

HRMS (ESI+): calcd. for C23H27O3N2, [M+H]+: 379.2016, found 379.2014. 

General procedure B: N-hydroxy indoxyl reduction: A solution of indoxyl 2aa 

(60 mg, 0.16 mmol) and hydrazine monohydrate (79 mg, 1.6 mmol) in MeOH (6 ml) 

was heated to reflux for 2 h. After completion of the reaction, the volatiles are 

removed under reduced pressure and the crude purified by column chromatography to 

afford compound 7 (51 mg, 89%) as a brown liquid. 

Spectral data of compound 7: Rf = 0.3 (10% ethyl acetate/pet. ether); IR (CHCl3) ν: 

3368, 3056, 1738, 1649, 1371, 1252, 1116, 882, 723 cm–1; 1H 

NMR (CDCl3, 200 MHz): δ 0.81 (t, J = 6.3 Hz, 3H), 1.23 (bs, 

6H), 1.19–2.13 (m, 2H), 2.45 (s, 3H), 3.86 (s, 3H), 5.28 (s, 

1H), 6.37 ( d, J = 2.0 Hz, 1H), 6.67 (dd, J = 8.6, 2.0 Hz, 1H), 

7.06 (td, J = 7.1,1.3 Hz, 1H), 7.14 (td, J = 7.1,1.3, Hz, 1H), 7.28 (dd, J = 7.2 Hz, 1H), 

7.48 (d, J = 7.1 Hz, 1H), 7.53 (d, J = 8.6 Hz, 1H), 9.02 (s, 1H); 13C NMR (CD3OD,50 

MHz): 9.7 (q), 14.0 (q), 22.4 (t), 23.5 (t), 31.8 (t), 39.7 (t), 55.6 (q), 70.2 (s), 94.7 (d), 

107.4 (s), 109.5 (d), 110.8 (d), 113.5 (s), 118.1 (d), 119.0 (d), 121.8 (d), 126.6 (d), 

129.5 (s), 130.9 (s), 134.7 (s), 162.8 (s), 168.2 (s), 200.0 (s) ppm. ESI-MS (m/z): 

385.01 (100%, [M+Na]+), HRMS (ESI+): calcd. for C23H27O2N2, [M+H]+: 363.2067, 

found 363.2056.  

2-(2-(2-(1-Hydroxy-6-methoxy-3-oxo-2-pentylindolin-2-yl)-1H-indol-3-

yl)ethyl)isoindoline-1,3-dione (2ab): The addition of tryptamine 

4 (183 mg, 0.63 mmol) to isatogen 3a (130 mg, 0.52 mmol), was 

carried out following the general procedure A to obtain indoxyl 

derivative 2ab (194 mg, 68%) as a brown red liquid; Rf = 0.3 

(20% ethyl acetate/pet. ether); IR (CHCl3) ν: 3262, 3045, 2882, 

1765, 1648, 1329, 1268, 1123, 843, 768 cm–1;1H NMR (CDCl3, 

500 MHz): δ 0.78 (t, J = 6.4 Hz, 3H), 1.18 (bs, 4H), 1.24–1.32 (m, 2H), 2.24 (dt, J = 12.2, 

4.3, 3.7 Hz, 1H), 2.36 (dt, J = 12.2, 3.7, 2.7 Hz, 1H), 3.27 (t, J = 9.2 Hz, 2H), 3.86–3.92 (m, 

1H), 3.96 (s, 3H), 3.98–4.05 (m, 1H), 6.63 (dd, J = 8.5, 1.2 Hz, 1H), 6.89 (d, J = 1.2 Hz, 1H), 
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7.10 (t, J = 7.6 Hz, 1H), 7.16 (t, J = 7.3 Hz, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.58 (d, J = 8.5 Hz, 

1H), 7.64 (d, J = 7.6 Hz, 1H), 7.77 (dd, J = 5.2, 2.1 Hz, 2H), 7.90 (dd, J = 5.2, 2.1 Hz, 2H), 

8.97 (s, 1H), 9.47 (bs, 1H); 13C NMR (CDCl3, 125 MHz): 14.0 (q), 22.2 (t), 23.7 (t), 24.2 (t), 

31.8 (t), 38.5 (t), 39.0 (t), 55.9 (q), 76.2 (s), 96.9 (d), 107.8 (s),111.1 (d), 112.5 (d), 114.7 (s), 

117.9 (d), 119.5 (d), 122.0 (d), 123.6 (d, 2C), 125.2 (d), 128.3 (s), 132.0 (s), 133.4 (s), 134.3 

(d, 2C), 135.1 (s), 166.7 (s), 168.3 (s), 169.3 (s), 198.2 (s) ppm; ESI-MS (m/z): 560.17 (100%, 

[M+Na]+), HRMS (ESI+): calcd. for C32H32O5N3, [M+H]+: 538.2336, found 538.2336. 

General Procedure C: N-Phth deprotection and cyclization: A solution of indoxyl 

2ab (110 mg, 0.20 mmol) and  hydrazine monohydrate (102 mg, 2.1 mmol) in 

methanol (5 ml)  was heated to reflux for 2 h and then the reaction mixture was 

concentrated. The resulting crude mixture was dissolved in THF (7 mL) and 

transferred to a flame-dried flask. After the flask was degassed with purging argon gas 

and Ti(Oi-Pr)4 (116 mg, 0.12 ml, 0.41 mmol) was added drop wise at room 

temperature. The reaction mixture was stirred at 75 °C for 2 h. The reaction mixture 

was concentrated under reduced pressure and the resulting residue was subjected for 

purification by flash chromatography on neutral silica gel (treated with triethyl amine) 

to afford the compound 1ab (38 mg, 48%) as a pale yellow liquid. 

 Spectra data of compound 1ab: IR (CHCl3) ν: 3052, 2929, 2850, 1754, 1566, 1349, 

1243, 1182, 1017, 884, 763  cm–1; 1H NMR(500MHz, 

CDCl3): δ 0.82 (t, J = 6.7 Hz, 3H), 1.24 (bs, 4H), 1.30-

–1.46 (m, 2H), 2.12 (dt, J = 12.5, 2.7 Hz, 1H), 2.53 

(dt, J = 13.1, 4.6 Hz, 1H), 3.06 (dt, J = 16.5, 3.7 Hz, 

1H), 3.12 (td, J = 16.8, 3.0 Hz, 1H), 3.76 (s, 3H), 4.23 

(td, J = 11.9, 3.7 Hz, 1H), 4.43 (dt, J = 12.8, 3.7, 2.4 Hz, 1H), 6.30 (bs, 1H), 6.42 (d, J 

= 7.6 Hz, 1H), 7.07 (t, J = 7.3 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.30 (d, J = 8.2 Hz, 

1H), 7.46 (d, J = 7.6 Hz, 1H), 7.52 (d, J = 8.5 Hz, 1H), 8.27 (bs, 1H); 13C 

NMR(125MHz, CDCl3): 14.0 (q), 22.4 (t), 23.3 (t), 24.0 (t), 31.8 (t), 40.9 (t), 47.0 

(t), 55.4 (q), 68.4 (s),96.6 (d), 108.3 (d), 110.0 (s), 110.7 (d), 118.1 (d), 119.4 (d), 

122.0 (d), 124.2 (d), 129.3 (s), 132.5 (s), 132.6 (s), 135.1 (s), 157.0 (s), 164.7 (s), 

172.5 (s) ppm ppm. ESI-MS (m/z): 374.15 (60%, [M+H]+), HRMS (ESI+): calcd. for 

C24H28N3O, [M+H]+: 374.2227, found 374.2225. 
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2-(2-(2-(1-Hydroxy-3-oxo-2-pentylindolin-2-yl)-1H-indol-3-yl)ethyl)isoindoline-

1,3-dione (2bb): The addition of N-phthalimido tryptamine 4 

(290 mg, 1.0 mmol) to isatogen 3b (180 mg, 0.83 mmol) has 

been carried out according to the general procedure A to obtain 

the N-OH indoxyl derivative 2bb (268 mg, 63%) as a pale 

yellow solid. Rf = 0.2 (10% ethyl acetate/pet. ether); M.P =179 

°C; IR (CHCl3) ν: 3368, 2929, 1707, 1605, 1494, 1452, 1397, 

1290, 1289, 1102, 1024, 745, 718  cm–1;1H NMR (CDCl3, 200 MHz): δ 0.77 (t, J = 

3.5 Hz, 2H), 1.17–1.29 (m, 6H), 2.26–2.28 (m, 2H), 3.29 (t, J = 8.7 Hz, 3H), 3.88–

4.07 (m, 2H), 7.06–7.21 ( m, 3H), 7.33 (d, J = 7.7 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 

7.65–7.68 (app d, J = 6.7 Hz, 3H), 7.70 (dd, J = 5.2, 3.0 Hz, 2H), 7.91 (dd, J = 5.0, 

3.3 Hz 2H), 9.06 (s, 1H), 9.41 (s, 1H); 13C NMR (CDCl3, 50 MHz): δ  13.9 (q), 22.1 

(t), 23.7 (t), 24.3 (t), 31.8 (t), 38.5 (t), 39.0 (t), 76.6 (s), 108.1 (s), 111.0 (d), 115.0 (d), 

118.0 (d), 119.5 (d), 122.1 (d), 122.7 (d), 123.5 (d, 2C), 125.6 (d), 128.3 (s), 131.9 (s, 

2C), 132.9 (s), 134.3 (d, 2C), 135.1 (s), 135.9 (s), 137.8 (d), 164.2 (s), 169.2 (s, 2C), 

200.9 (s) ppm. ESI-MS (m/z): 530.24 (100%, [M+Na]+), 546.17 (25%, [M+K]+), 

HRMS (ESI+): calcd. for C31H30O4N3, [M+H]+: 508.2231, found 508.2229. 

12b-Pentyl-7,12,12b,13-tetrahydro-6H-azepino[3,2-b:4,5-b']diindole (1bb): 

According to the general procedure C, the treatment of 

indoxyl 2bb (140 mg, 0.28 mmol) with hydrazine 

monohydrate  (140 mg, 2.8 mmol) followed by Ti(Oi-Pr)4 

(160 mg, 0.55 mmol) gave the 1bb (38 mg, 48%) as a 

yellow liquid; Rf = 0.3 (10%/0.2% MeOH/Et3N/CH2Cl2); Rf 

= 0.3 (70% ethyl acetate/pet ether); IR (CHCl3) ν: 3273, 2955, 2925, 2854, 1739, 

1615, 1462, 1377, 1294, 1211, 1165, 1024, 824, 743 cm–1;  1H NMR (400MHz, 

CDCl3): δ 0.82 (t, J = 6.8 Hz, 3H), 1.24 (m, 6H), 1.40 (m, 2H), 2.15 (qd, J = 4.5 Hz, 

1H), 2.55 (qd, J = 5.0, 4.8 Hz, 1H), 3.09 (td, J = 13.1, 3.8 Hz, 1H), 3.15 (dt, J = 13.1, 

3.8 Hz, 1H), 4.23 (dt, J = 11.8, 3.5 Hz, 1H), 4.43 (td, J = 12.5, 4.0, 3.5 Hz, 1H), 6.79 

(d, J = 8.0 Hz, 1H), 6.84 (td, J = 7.5, 0.5 Hz, 1H), 7.08 (td, J = 6.8, 1.0 Hz,1H), 7.14 

(td, J = 7.0, 1.0 Hz, 1H), 7.25 (td, J = 1.2 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.48 (d, J 

= 7.8 Hz, 1H), 7.66 (d, J = 7.5 Hz 1H), 8.46 (s, 1H); 13C NMR (100 MHz, CDCl3): 

13.1 (q), 22.4 (t), 23.1 (t), 24.0 (t), 31.8 (t), 40.7 (t), 47.2 (t), 67.8 (s), 109.9 (s), 110.7 

(d), 112.2 (d), 118.1 (d), 119.4 (d), 120.6 (d), 122.0 (d), 123.0 (d), 125.9 (s), 129.2 (s), 
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132.4 (s), 133.3 (d), 135.1 (s), 155.1 (s), 173.7 (s) ppm. ESI-MS (m/z): 344.16 (60%, 

[M+H]+), HRMS (ESI+): calcd. for C23H26N3, [M+H]+: 344.2121, found 344.2120. 

2-(3'-(2-(1,3-Dioxoisoindolin-2-yl)ethyl)-6-methyl-3-oxo-2,2'-biindolin-2-yl)ethyl 

acetate (2cb): The addition of tryptamine 4 (295 mg, 

1.02 mmol) to isatogen 3c (210 mg, 0.85 mmol) was carried 

out following the general procedure A to obtain indoxyl 

derivative 2cb (324 mg, 71%) as a yellow solid; Rf = 0.3 

(30% ethyl acetate/pet. ether); M.P = 118–120 °C; IR 

(CHCl3) ν: 3399, 3225, 2952,1701, 1628, 1316, 1215, 1108, 821, 745 cm–1;1H NMR 

(CDCl3, 500 MHz): δ 1.88 (s, 3H), 2.51 (s, 3H), 2.69 (bs, 2H), 3.29 (app t, 2H), 3.90 

(m, 1H), 4.04–4.10 (m, 1H), 4.17 (m, 2H), 6.96 (d, J = 7.3 Hz, 1H), 7.12 (t, J = 6.4 

Hz, 1H), 7.19 (t, J = 6.7 Hz,1H), 7.35 (s, 1H), 7.39 (d, J = 7. 3 Hz, 1H), 7.59 (d, J = 

7.3 Hz, 1H), 7.66  (d, J = 7.3 Hz, 1H), 7.77 (bs,  2H), 7.92 (bs, 2H), 9.16  (s, 1H), 9.55 

(s, 1H); 13C NMR (CDCl3, 125 MHz): 20.6 (q), 22.5 (q), 23.5 (t), 36.6 (t), 38.8 (t), 

60.5 (t), 74.8 (s), 96.0 (d), 108.6 (s), 111.1 (d), 115.1 (d), 117.7 (d), 118.8 (s), 119.5 

(d), 122.2 (d), 123.4 (d, 2C), 124.8 (d), 128.2 (s), 131.7 (s), 131.8 (s, 2C), 134.2 (d, 

2C), 135.2 (s), 149.8 (s), 163.9 (s), 169.1 (s, 2C), 170.6 (s), 198.6 (s) ppm. ESI-MS 

(m/z): 560.17 (100%, [M+Na]+), 576.15 (50%, [M+K]+), HRMS (ESI+): calcd. for 

C31H27O6N3, [M+Na]+: 560.1792, found 560.1791. 

2-(2-Methyl-6,7,12,13-tetrahydro-12bH-azepino[3,2-

b:4,5-b']diindol-12b-yl)ethan-1-ol (1cb):According to 

the general procedure C, the treatment of indoxyl 2cb 

(135 mg, 0.25 mmol) with hydrazine monohydrate  

(125 mg, 2.51 mmol) followed by  Ti(Oi-Pr)4 (142 mg, 

0.5 mmol) gave the 1cb (36 mg, 43%) as a yellow liquid; Rf = 0.2 (10%/0.2% 

MeOH/Et3N/CH2Cl2); IR (CHCl3) ν: 3276, 2950, 2729, 1734, 1522, 1360, 1232, 

1192, 1021, 893, 723  cm–1; 1H NMR [500MHz, CD3OD : CDCl3 (3:1)]: δ  2.29 (s, 

3H), 2.48 (m, 2H), 3.03 (td, J = 16.5, 3.1 Hz, 1H), 3.16 (app dt, J = 12.5, Hz, 1H), 

3.69 (t, J = 5.8 Hz, 2H), 4.02 (d, J = 12.5, Hz, 1H), 4.35 (t, J = 12.5  Hz, 1H),  6.61 (d, 

J = 7.9 Hz, 1H),  6.63 (bs, 1H), 7.01 (t, J = 7.6 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.33 

(d, J = 7.9 Hz, 1H),  7.43 (d, J = 7.9 Hz, 1H), 7.50 (d, J = 7.9 Hz, 1H); 13C NMR 

[125MHz, CD3OD:CDCl3 (3:1)]: 22.4 (q), 24.3 (t), 42.0 (t), 47.3 (t), 59.1 (t), 68.7 
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(s), 110.6 (d), 111.5 (d), 112.8 (d), 118.5 (d), 119.7 (s), 120.7 (s), 121.8 (d), 122.7 (d), 

123.9 (d), 129.1 (s), 130.5  (s), 136.3  (s), 147.1 (s), 157.6 (s), 177.4 (s) ppm. ESI-MS 

(m/z): 332.10 (100%, [M+H]+), HRMS (ESI+): calcd. for C21H22N3O, [M+H]+: 

332.1757, found 332.1757. 

3-(2-(3-(2-(1,3-Dioxoisoindolin-2-yl)ethyl)-1H-indol-2-yl)-1-hydroxy-6-methyl-3-

oxoindolin-2-yl)propyl acetate (2db): The addition of 

tryptamine 4 (146 mg, 0.51 mmol) to isatogen 3d 

(110 mg, 0.42 mmol), was carried out following the 

general procedure A to obtain indoxyl derivative 2db 

(142 mg, 61%) as a yellow solid; Rf = 0.3 (30% ethyl 

acetate/pet. ether); M.P=130–133 °C; IR (CHCl3) ν: 

3392, 3245, 2968, 1721, 1638, 1331, 1256, 1123, 843, 768 cm–1;1H NMR (CDCl3, 

200 MHz): δ 1.66–1.78 (m, 2H), 2.00 (s, 3H), 2.39 (m, 2H), 2.51 (s, 3H), 3.28–3.35 

(m, 2H), 3.98–4.08 (m, 4H), 6.96 (d, J = 8.8 Hz, 1H), 7.17 (bs, 2H), 7.35 (bs, 2H), 

7.59 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 6.7 Hz, 1H), 7.79 (bs, 2H), 7.93 (bs, 2H), 9.11 

(s, 1H), 9.46 (bs, 1H); 13C NMR (CDCl3:CD3OD, 100 MHz): 20.2 (q), 22.0 (q), 23.5 

(t), 23.6 (t), 32.3 (t), 38.3 (t), 64.0 (t), 76.3 (s), 108.3 (s), 110.6 (d), 113.3 (d), 117.7 

(d), 118.1 (s), 118.8 (d), 121.4 (d), 122.8 (d, 2C), 123.1 (d), 123.6 (d), 128.4 (s), 131.5 

(s), 133.8 (d, 2C), 133.9 (s), 135.1 (s), 150.1 (s), 163.7 (s), 169.1 (s, 2C), 172.0 (s), 

198.8 (s); ESI-MS (m/z): 573.97 (100%, [M+Na]+), HRMS (ESI+): calcd. for 

C32H29O6N3, [M+Na]+: 574.1949, found 574.1943. 

3-(2-Methyl-6,7,12,13-tetrahydro-12bH-azepino[3,2-b:4,5-b']diindol-12b-

yl)propan-1-ol (1db): According to the general procedure C, the treatment of indoxyl 

2db (122 mg, 0.22 mmol), with hydrazine monohydrate  

(110 mg, 2.21 mmol) followed by Ti(Oi-Pr)4 (125 mg, 

2ml, 0.44 mmol) gave 1db (36 mg, 47%) as a yellow 

liquid; Rf = 0.2 (10%/0.2% MeOH/Et3N/CH2Cl2); IR 

(CHCl3) ν: 3356, 2829, 1721, 1648, 1478, 1423, 1397, 

1290, 1252, 1110, 1079, 868, 728  cm–1; 1H NMR(500MHz, CD3OD): δ 1.55–1.63 

(m, 2H), 2.29 (s, 3H), 2.25–2.31 (m, 1H), 2.52–2.59 (m, 1H), 3.09 (td, J = 13.4, 3.7 

Hz, 1H), 3.15 (dt, J = 16.8, 3.1 Hz, 1H), 3.51 (t, J = 6.4 Hz, 2H), 4.00 (dt, J = 12.2, 

3.3 Hz, 1H), 4.42 (td, J = 12.5, 2.7, 1.8 Hz, 1H),  6.58 (d, J = 7.9 Hz, 1H),  6.62 (s, 
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1H), 7.00 (td, J = 7.9, 0.6 Hz, 1H), 7.10 (td, J = 7.9, 0.9 Hz, 1H), 7.32 (d, J = 8.2 Hz, 

1H),  7.42 (d, J = 7.9 Hz, 1H), 7.48 (d, J = 8.2 Hz, 1H); 13C NMR [125MHz, 

CD3OD:CDCl3(3:1)]: 22.5 (q), 24.4  (t), 28.1 (t), 37.8 (t), 47.3 (t), 62.2 (t), 69.4 (s), 

110.1 (s), 111.6 (d), 112.3 (d), 118.6  (d), 119.8 (d), 120.7 (s), 121.6 (d), 122.8 (d), 

123.9 (d), 129.3 (s), 131.7 (s), 136.4 (s), 147.6  (s), 158.3 (s), 177.5 (s) ppm. ESI-MS 

(m/z): 346.11 (100%, [M+H]+), HRMS (ESI+): calcd. for C22H24N3O , [M+H]+: 

346.1914, found 346.1914. 

3-(2-(3-(2-(1,3-Dioxoisoindolin-2-yl)ethyl)-1H-indol-2-yl)-1-hydroxy-6-methoxy-

3-oxoindolin-2-yl)propyl acetate (2eb): The addition of 

tryptamine 4 (251 mg, 0.86 mmol) to isatogen 3e 

(200 mg, 0.72 mmol), was carried out following the 

general procedure A to obtain N-OH indoxyl derivative 

2eb (305 mg, 74%) as a pale yellow solid M.P=193–195 

°C; Rf = 0.2 (30% ethyl acetate/pet. ether); IR (CHCl3) ν: 

3368, 2929, 1707, 1605, 1494, 1452, 1397, 1290, 1289, 1102, 1024, 745, 718 cm–1; 
1H NMR (CDCl3, 200 MHz): δ 1.47–1.75 (m, 2H), 1.99 (s, 3H), 2.39 (t, J = 5.9 Hz, 

2H), 3.28 (t, J = 8.7 Hz, 2H), 3.96 (s, 3H), 3.86–3.99  (m, 4H), 6.65 (d, J = 8.5 Hz, 

1H), 6.9 (s, 1H), 7.11 (app td, J = 7.0, 6.8 Hz, 1H),  7.18 (app td, J = 6.8, 6.4 Hz,1H), 

7.36 (d,  J = 7.4 Hz, 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.65 (d, J = 7.7 Hz, 1H), 7.75 (dd, 

J = 5.2, 3.0 Hz, 2H), 7.90 (dd, J = 5.5, 3.0 Hz, 2H), 9.08 (s, 1H), 9.48 (s, 1H); 13C 

NMR (CDCl3, 50 MHz): 20.8 (q), 23.6 (t), 24.0 (t), 34.8 (t), 38.9 (t), 55.8 (q), 64.0 

(t), 96.0 (s), 97.0 (d), 108.2 (s), 111.1 (d), 112.7 (d), 114.4 (s), 117.9 (d), 119.5 (d), 

122.8 (d), 123.5 (d, 2C), 125.3 (s), 128.2 (s), 131.9 (s, 2C), 132.6 (s), 134.2 (d, 2C), 

135.1 (s), 166.5 (s), 168.3 (s), 169.1 (s, 2C), 170.9 (s), 197.5 (s) ppm. ESI-MS (m/z): 

590.16 (100%, [M+Na]+), 606.12 (5%, [M+K]+), HRMS (ESI+): calcd. for 

C32H30O7N3, [M+H]+: 568.2078, found 568.2078. 

3-(2-Methoxy-6,7,12,13-tetrahydro-12bH-azepino[3,2-b:4,5-b']diindol-12b-

yl)propan-1-ol (1eb): According to the general 

procedure C, the treatment of indoxyl 2eb (210 mg, 

0.37 mmol), with hydrazine monohydrate  (185 mg, 

3.70 mmol)  followed by Ti(Oi-Pr)4 (210 mg, 0.74 
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mmol) gave 1eb (52 mg, 39%) as a yellow liquid; Rf = 0.2 (10%/0.2% 

MeOH/Et3N/CH2Cl2); IR (CHCl3) ν: 3272, 2925, 2854, 1734, 1621, 1457, 1338, 

1289, 1166, 1121, 825, 744  cm–1;  1H NMR [500MHz, CD3OD : CDCl3 (3:1)]: δ 

1.55–1.63 (m, 2H), 2.25–2.31 (m, 1H), 2.48–2.54 (m, 1H), 3.03 (td, J = 16.8, 3.1 Hz, 

1H), 3.14 (app dt, J = 16.5 Hz, 1H), 3.51 (t, J = 6.1 Hz, 2H), 3.79(s, 3H), 3.96 (d, J = 

12.5 Hz, 1H), 4.37 (t, J = 12.8 Hz, 1H),  6.27 (bs, 1H),  6.31 (dd, J = 8.8, 1.8 Hz, 1H), 

7.01 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 7.32 (d, J = 8.2 Hz, 1H),  7.42 (d, J = 

7.9 Hz, 1H), 7.49 (d, J = 8.8 Hz, 1H), 8.56 (bs, 1H); 13C NMR [125MHz, 

CD3OD:CDCl3, (3:1)]: 24.4 (t), 27.8 (t), 37.6 (t), 47.0 (t), 55.9 (q), 62.1 (t), 69.4 (s), 

94.9 (d), 108.6 (d), 109.9 (s), 111.4 (d), 116.0 (s), 118.4 (d), 119.6 (d), 122.5 (d), 

125.2 (d), 129.0 (s), 131.6 (s), 136.1 (s), 159.5 (s), 166.9 (s), 175.9 (s) ppm. ESI-MS 

(m/z): 362.15 (100%, [M+H]+), HRMS (ESI+): calcd. for C22H24N3O2 , [M+H]+: 

362.1863, found 362.1865. 

2-(2-(2-(2-(3-(Benzyloxy)propyl)-1-hydroxy-6-methyl-3-oxoindolin-2-yl)-1H-indol-3-

yl)ethyl)isoindoline-1,3-dione (2fb): The addition of 

tryptamine 4 (123 mg, 0.43 mmol) to isatogen 3f  (110 mg, 

0.35 mmol), was carried out following the general procedure 

A to obtain indoxyl derivative 2fb (127 mg, 60%) as a brown 

red liquid; Rf = 0.4 (20% ethyl acetate/pet. ether); IR (CHCl3) 

ν: 3243, 3051, 2863, 1728, 1654, 1369, 1243, 1021, 823, 754 

cm–1;1H NMR (CDCl3, 500 MHz): δ 1.51–1.56 (m, 1H), 

1.64–1.71 (m, 1H), 2.41 (t, J = 8.3 Hz,  2H), 2.47 (s, 3H), 3.22–3.28 (m, 2H), 3.36–3.42 (m, 

2H), 3.83–3.91 (m, 1H), 4.0–4.06 (m, 1H), 4.42 (s, 2H), 6.90 (d, J = 8.0  Hz, 1H), 7.07 (dt, J 

= 7.8 Hz, 1H), 7.13  (dt, J = 8.0, 1.0 Hz, 1H), 7.25–7.30  (m, 7H), 7.56  (d, J = 8.0 Hz, 1H), 

7.62 (d, J = 7.9 Hz, 1H), 7.74 (dd, J = 5.5, 3.0 Hz, 1H), 7.89 (dd, J = 5.2, 3.0 Hz, 2H), 8.97 

(bs, 1H), 9.48 (bs, 1H); 13C NMR (CDCl3, 100 MHz): 22.6 (q), 23.6 (t), 25.0 (t), 34.7 (t), 

38.9 (t), 69.9 (t), 72.8 (t), 76.5 (s), 108.4 (s), 111.1 (d), 114.9 (d), 117.9 (d), 119.1 (d), 119.5 

(s), 122.0 (d), 123.5 (d), 123.5 (d), 124.5 (d), 127.5 (d), 127.7 (d), 128.3 (d), 128.3 (s), 131.9 

(s), 132.7 (s), 134.3 (d), 135.1 (s), 138.3 (s), 149.8 (s), 164.2 (s), 169.2 (s), 199.5(s), ppm; 

ESI-MS (m/z): 560.17 (100%, [M+Na]+), HRMS (ESI+): calcd. for C37H33O5N3, [M+Na]+: 

622.2312, found 538.2308.  

12b-(3-(Benzyloxy)propyl)-2-methyl-7,12,12b,13-tetrahydro-6H-azepino[3,2-b:4,5-

b']diindole (1fb): According to the general procedure C, the treatment of indoxyl 2fb (52 mg, 

0.09 mmol) with hydrazine monohydrate  (43 mg, 0.9 mmol) followed by Ti(Oi-Pr)4 (49 mg, 
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0.17 mmol) gave the 1fb (19 mg, 52%) as a yellow liquid; Rf = 0.4 (80% ethyl acetate/pet. 

ether); IR (CHCl3) ν: 3063, 2832, 1654, 1552, 1321, 1289, 1093, 1045, 864, 735  cm–1; 1H 

NMR(500MHz, CDCl3): δ 1.67–1.84 (m, 2H), 1.28 (s, 3H), 

2.40–2.49 (m, 2H), 3.04–3.11 (m, 2H), 3.50 (t, J = 5.9 Hz, 

2H), 4.18 (app td, J = 11.7, 3.6 Hz, 1H), 4.37 (dt, J = 11.5, 

5.3 Hz, 1H), 4.52 (s, 2H), 6.46 (bs, 1H), 6.65 (dd, J = 7.8, 0.6 

Hz, 1H), 7.06 (dt, J = 7.3, 1.3 Hz, 1H), 7.14 (dt, J = 7.6, 1.3 

Hz, 1H), 7.22 (bs, 1H), 7.36 (bs, 5H), 7.44 (bs, 1H), 7.50 (d, J 

= 8.1 Hz, 1H), 8.36 (bs, 1H); 13C NMR(125MHz, CDCl3): 22.1 (q), 23.6 (t), 24.8 (t), 29.3 (t), 

31.9 (t), 37.2 (t), 69.7 (t), 71.3 (s), 73.3 (t), 105.1 (s), 109.4 (s), 109.7 (s), 110.3 (s), 110.9 (d), 

111.8 (d), 117.8 (d), 119.4 (d), 121.7 (d), 122.4 (d), 127.8 (2C, d), 127.9 (d), 128.3 (d), 128.5 

(2C, d), 135.1 (s), 137.7 (s), 140.9 (s), 161.6 (s), 172.7 (s) ppm. ESI-MS (m/z): 436.21 (100%, 

[M+H]+), HRMS (ESI+): calcd. for C24H28N3O2, [M+H]+: 436.2383, found 436.2384. 

Synthesis of Compound (1gb): Compound 11g (45 mg, 27%) was prepared by the 

addition of tryptamine 4 (175 mg, 0.61 mmol) to 

isatogen 3g  (120 mg, 0.51 mmol) followed by 

subjecting the resulting crude indoxyl derivative 2gb 

with hydrazine monohydrate  (134 mg, 2.7 mmol) and 

then with Ti(Oi-Pr)4(152 mg, 0.54 mmol). Pale yellow solid; Rf = 0.4 (10%/0.2% 

MeOH/Et3N/CH2Cl2); M.P=153–155 °C; IR (CHCl3) ν: 3273, 2925, 2851, 1658, 

1610, 1458, 1320, 1290, 1289, 1151, 1024, 744, 718  cm–1; 1H NMR (CDCl3, 400 

MHz): δ 2.13–2.18 (m, 1H), 2.23–2.32 (m, 2H), 2.35 (s, 3H), 2.62–2.66 (m, 1H), 3.0–

3.08 (m, 1H), 3.1–3.16 (dt, J = 16.9, 3.4 Hz, 1H), 3.28 (dt, J = 9.3, 9.1 Hz, 1H), 3.85–

3.9 (m, 1H), 4.22–4.26 (m, 2H), 6.68 (s, 1H), 6.76 (d, J = 7.8 Hz 1H), 7.07 (app td, J 

= 7.1, 7.8 Hz, 1H), 7.14 (td, J = 7.1, 7.8 Hz, 1H), 7.29 (d, J = 8.1 Hz, 1H), 7.46 (d, J = 

7.8 Hz, 1H), 7.51 (d, J = 7.8 Hz, 1H),  8.13 (s, 1H) ; 13C NMR (CDCl3, 100 MHz): 

22.1 (q).  23.0 (t),  28.0 (t),  37.1 (t),  48.5 (t),  53.6 (t),  74.6 (s),  109.5 (s),  110.7 (d),  

112.4 (s),  114.3 (d),  118.1 (d),  119.5 (d),  122.0 (d),  122.6 (d),  123.0 (d),  129.5 (s),  

133.4 (s),  134.9 (s),  144.4 (s),  159.8 (s),  175.1 (s) ppm. ESI-MS (m/z): 328.16 

(100%, [M+H]+),  HRMS (ESI+): calcd. for C22H22N3 [M+H]+ : 328.1808, found 

328.1808. 
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N-Phthalimido 4-(4-methoxy-2-nitrophenyl)but-3-yn-

1-amine (8): To a solution of the alkyne 6 (1.8 g, 9.05 

mmol) and an aryl iodide 5 (3.028 g, 10.85 mmol) in THF 

(8 mL) and Et3N (8 mL), were added triphenylphosphine 

(475 mg, 1.81 mmol) and Pd(PPh3)2Cl2 (315 mg, 0.45 mmol) and the mixture was 

degassed with argon for 10 min. To this CuI (345 mg, 1.81 mmol) was introduced and 

the mixture was degassed with argon for 10 min and stirred at room temperature for 6 

h under argon atmosphere. After completion of the reaction as indicated by TLC, the 

volatiles are removed under reduced pressure and residue was purified by column 

chromatography to yield 8 (2.6 g, 82%) as pale yellow solid. Rf = 0.10 (20% ethyl 

acetate/pet ether); M.P = 118–120 °C; IR (CHCl3) ν: 3399, 3225, 2952, 1701, 1628, 

1316, 1215, 1108, 821, 745 cm–1; 1H NMR (CDCl3, 200 MHz): δ 2.87 (t, J = 7.0 Hz, 

2H), 3.84 (s, 3H), 3.96 (t, J = 7.1 Hz, 2H), 7.05 (dd,  J = 8.7, 2.6 Hz, 1H), 7.43 (d, J = 

2.6 Hz, 1H), 7.45 (d, J = 8.6 Hz, 1H), 7.71 (dd, J = 5.6, 3.0 Hz, 2H), 7.85 (dd, J = 5.7, 

3.1 Hz, 2H); 13C NMR (CDCl3,50 MHz): 19.8 (t), 36.5 (t), 55.9 (q), 77.5 (s), 92.3 (s), 

109.0 (d), 110.8 (s), 119.7 (d), 123.4 (d), 132.0 (s), 134.1 (d), 135.8 (d), 150.7 (s), 

159.1 (s), 168.2 (s) ppm. ESI-MS (m/z): 372.92 (100%, [M+Na]+), HRMS (ESI+): 

calcd. for C19H14N2O5, [M+Na]+: 373.0795, found 373.0792. 

Synthesis of isatogen 3: PdCl2 (13 mg, 0.073 mmol, 5 mol%) was added to a solution 

of an alkyne 8 (300 mg, 1.5 mmol) in CH3CN (30 mL), 

and the mixture was stirred under argon at room temp. 

for 11 h. The reaction mixture was concentrated, and the 

residue obtained was purified by column 

chromatography (ethyl acetate in petroleum ether) to afford a compound 3 (159 mg, 

53% yield) as yellow solid. Rf (40% ethyl acetate/pet. ether) 0.50 ; IR (CHCl3) ν: 

3399, 3225, 2952, 1701, 1628, 1316, 1215, 1108, 821, 745 cm–1; 1H NMR (CDCl3, 

200 MHz): δ 2.87 (t, J = 6.1 Hz, 2H), 3.90 (s, 3H), 4.02 (t, J = 6.1 Hz, 2H), 6.90 (dd, 

J = 8.2, 2.1 Hz, 1H), 7.12 (d, J = 2.1 Hz, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.69 (dd, J = 

5.4, 3.1 Hz, 2H), 7.78 (dd, J = 5.7, 3.0 Hz, 2H); 13C NMR (CDCl3, 125 MHz): 21.3 

(t), 34.1 (t), 56.3 (q), 101.5 (d), 114.9 (d), 115.3 (d), 123.3 (d, 2C), 123.4 (d), 132.0 (s, 

2C), 133.9 (d, 2C), 137.1 (s), 150.1 (s), 165.3 (s), 168.2 (s, 2C), 185.3 (s) ppm. ESI-

MS (m/z): 373.07 (100%, [M+Na]+), 389.08 (5%, [M+K]+), HRMS (ESI+): calcd. for 

C19H14N2O5, [M+Na]+: 373.0795, found 373.0791. 
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Preparation of indoxyl (2): The addition of tryptamine 4 (140 mg, 0.48 mmol) to 

isatogen 3 (140 mg, 0.40 mmol) was carried out 

following the general procedure A to obtain indoxyl 2 as 

yellow solid (182 mg, 71%); Rf = 0.3 (40% ethyl 

acetate/pet. ether); M.P = 227–228 °C; IR (CHCl3) ν: 

3389, 3235, 2963, 1701, 1628, 1361, 1223, 1118, 825, 

725 cm–1; 1H NMR (CDCl3, 400 MHz): δ 2.61–2.68 (m, 1H), 2.70–2.78 (m, 1H), 

3.11 (m, 1H), 3.22–3.25 (m, 1H), 3.84–3.88 (m, 3H), 3.96 (s, 3H), 4.07 (m, 1H), 6.65 

(d, J = 8.3 Hz, 1H), 6.92 (s, 1H), 6.99 (app td, J = 7.3 Hz, 1H), 7.08 (app td, J = 7.3 

Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.53 (d, J = 9.0 Hz, 1H), 7.56 (d, J = 9.3 Hz, 1H), 

7.63 (dd,  J = 5.1, 3.0 Hz, 2H), 7.72 (dd, J = 5.1, 3.0 Hz, 2H), 7.74 (dd, J = 5.1, 3.1 

Hz, 2H), 7.84 (dd, J = 5.1, 3.4 Hz, 2H), 9.01 (s, 1H), 9.69 (s, 1H) ; 13C NMR 

(CDCl3,100 MHz): 23.6 (t), 34.4 (t), 34.7 (t), 38.7 (t), 55.9 (q), 75.4 (s), 97.2 (d), 

109.1 (s), 111.2 (d), 112.8 (d), 113.8 (s), 117.9 (d), 119.5 (d), 122.1 (d), 123.1 (d, 2C), 

123.4 (d, 2C), 125.7 (d), 128.4 (s), 131.0 (s), 131.9 (s, 4C), 133.8 (d, 2C), 134.2 (d, 

2C), 135.4 (s), 165.4 (s), 168.0 (s, 2C), 168.3 (s), 169.2 (s, 2C), 195.9 (s) ppm. ESI-

MS (m/z): 663.23 (100%, [M+Na]+), 679.19 (50%, [M+K]+), HRMS (ESI+): calcd. 

for C37H29N 4O7 [M+H]+: 641.2031, found 641.2030.  

Synthesis of (±)-Trigonoliimine C (1): The general procedure B has been followed 

for the phthalimide deprotection/N–O reduction of indoxyl 2 (100 mg, 0.15 mmol) 

with   hydrazine monohydrate (78 mg, 1.56 mmol) and 

then procedure D was followed for the cyclization of 

resulting amine using Ti(OiPr)4 (88 mg, 0.31 mmol) 

followed by usual workup and purification column 

chromatography (neutral silica gel, 10% MeOH and 

0.2% NH4OH in CH2Cl2 as eluent) gave the cyclized 

compound (20 mg) which was subjected for N-formylation50  immediately using 

freshly prepared N-formyl benzotriazole (8.5 mg, 0.06 mmol, 1eq) and THF (1ml) as 

a solvent to provide (±)-Trigonoliimine C (18 mg,  31% yield over 3 steps); IR 

(CHCl3) ν: 3272, 2925, 2854, 1734, 1621, 1457, 1338, 1289, 1166, 1121, 825, 744  

cm–1;  1H NMR [(500MHz, CD3OD:CDCl3 (3:1)]: δ 2.45–2.5 (m, 1H), 2.61–2.67 (m, 

1H), 3.03 (td, J = 16.8, 13.4, 3.4 Hz, 1H), 3.12 (app dt, J = 16.9 Hz, 1H), 3.20–3.29 

(m, 2H), 3.79 (s, 3H), 3.98 (app dt, J = 12.7, 3.4 Hz, 1H), 4.33 (app td, J = 12.7, 2.4 
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Hz, 1H), 6.29 (d, J = 2.0 Hz, 1H), 6.31 (dd, J = 8.6, 1.5 Hz, 1H),7.02 (t, J = 7.1 Hz, 

1H), 7.12 (app td, J = 7.1 Hz, 1H), 7.32 (d, J = 8.1 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 

7.49 (d, J = 8.8 Hz, 1H),7.92 (s, 1H); 13C NMR [(100MHz, CD3OD:CDCl3 (3:1)]: δ 

24.7 (t), 35.0 (t), 40.4 (t), 47.2 (t), 56.2 (q), 68.9 (s), 95.3 (d), 109.6 (s), 110.5 (d), 

111.8 (d), 115.6 (d), 118.8 (d), 120.0 (d), 123.1 (d), 125.7 (s), 129.5 (s), 131.0 (s), 

136.7 (s), 160.4 (s), 163.8 (d), 168.0 (s), 173.2 (s), ppm; ESI-MS (m/z): 375.02 

(100%, [M+H]+), HRMS (ESI+): calcd. for C22H23N4O2, [M+H]+: 375.1816, found 

375.1814.  
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1H NMR Spectrum of 2aa in Acetone-d6 

 

1H NMR Spectrum of 2aa in Acetone-d6 
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1H NMR Spectrum of 7 in CDCl3 

 

 

13C NMR Spectrum of 7 in CDCl3 

28 Jan 2013
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1H NMR Spectrum of 2ab in CDCl3 

 

 

13C NMR Spectrum of 2ab in CDCl3 

12 Aug 2013
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1H NMR Spectrum of 1ab in CDCl3 

 

 

13C NMR Spectrum of 1ab in CDCl3 

12 Aug 2013
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1H NMR Spectrum of 2bb in CDCl3 

 

 

13C NMR Spectrum of 2bb in CDCl3 

27 Dec 2012
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1H NMR Spectrum of 1bb in CDCl3 

 

13C NMR Spectrum of 1bb in CDCl3 
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1H NMR Spectrum of 2cb in CDCl3 

 

 

13C NMR Spectrum of 2cb in CDCl3 

27 Dec 2012
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1H NMR Spectrum of 2db in CDCl3 + MeOH-D4 

 

   

13C NMR Spectrum of 2db in CDCl3 + MeOD4 
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1H NMR Spectrum of 1db in CDCl3 + MeOD4  

 

 

13C NMR Spectrum of 1db in CDCl3 + MeOD4 
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1H NMR Spectrum of 2eb in CDCl3 

 

 

13C NMR Spectrum of 2eb in CDCl3 

27 Dec 2012
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1H NMR Spectrum of 1eb in CDCl3 + MeOD4 

 

 

13C NMR Spectrum of 1eb in CDCl3 + MeOD4 
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1H NMR Spectrum of 2fb in CDCl3 

 

 

13C NMR Spectrum of 2fb in CDCl3 
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1H NMR Spectrum of 1gb in CDCl3 

 

 

13C NMR Spectrum of 1gb in CDCl3 
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1H NMR Spectrum of 8 in CDCl3 

 

 

13C NMR Spectrum of 8 in CDCl3 
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1H NMR Spectrum of 3 in CDCl3 

 

13C NMR Spectrum of 3 in CDCl3 
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1H NMR Spectrum of 2 in CDCl3 

 

 

13C NMR Spectrum of 2 in CDCl3 
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CHAPTER II: 
 
Total synthesis of Trigolute B and 3-epi-Trigolute B 
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2.1. Introduction: 

Indolin-2-one, trivially called as “2-oxindole”, is isomeric to the indoxyl and 

is one of the common structural units present in a variety of natural products and 

drugs. Indeed, both these scaffolds are the competitive products formed during the 

oxidation of 2,3-disubstituted indole derivatives, with the 2-oxindole dominating in 

the majority of the cases. The 2-oxindole derivatives have demonstrated with a wide 

range of biological activities that include antibacterial, antifungal, anticonvulsant, 

antiviral, and antiproliferative activity.58 Also, 2-oxindoles are the endogenous 

compounds found in mammalian body fluids and tissues, ubiquitously distributed in 

the central nervous system. This has led to the exploration of the 2-oxindoles for 

diverse pharmacological applications such as anxiogenic and sedative agents, as 

antagonists of guanylate cyclase-coupled atrial natriuretic peptide receptors, and as 

potent inhibitors of monoamine oxidase.59 More recently, a series of novel oxindoles 

have been identified as potential HIV (human immunodeficiency virus) non-

nucleoside reverse transcriptase inhibitors.60  

Thus, the diverse biological activities that the oxindole natural products 

display has attracted the attention of both chemists and biologists with a simultaneous 

rapid progress in the development of a wide-range of methods for their synthesis and 

methods for their further functionalization as a part of the drug discovery programs. 

The exponential increase in the number of publications over the last 20 years reveals 

the oxindoles scaffold to be the ‘Legendary magic bullets in Bio-medicinal 

Chemistry’. There are dozens of reviews on the chemistry and/or biology of the 

oxindoles derivatives that have been published during the last 10 years.  

Published Items in Each Year 

  
The latest 20 years are displayed. 

View a graph with all years. 

Citations in Each Year 

  
The latest 20 years are displayed. 
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Amongst the various derivatives, the oxindole scaffolds bearing a quaternary 

stereocenter at the C3-position and C3-spirocyclic-2-oxindole derivatives deserves a 

special mention. This scaffold is at the core of several natural products with a wide 

spectrum of biological activities and has been utilized as building blocks for indole 

alkaloid synthesis.61 A few examples of natural products having spirooxindoles or 3,3-

disubstituted oxindoles with many interesting biological activities are given in Figure 

4.62 The key structural characteristic of these compounds is the quaternary and/or 

spiro ring fusion at the 3-position of the oxindole core, with varying degrees of 

substitution around the oxindole rings. There has been significant focus on the 

synthesis of 3,3-disubstituted oxindoles because their biological properties make them 

good targets for drug candidates and clinical pharmaceuticals. 

 

Figure 4: Natural products and biologically important molecules with the spiro-oxindole 

core. 
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In 2013, Dai and co-workers isolated six novel bisindole alkaloids, namely 

Trigolutesins A and B, and Trigolutes A–D from the EtOH extract of the twigs of 

Trigonostemon lutescens collected in the Guangxi Zhuang Autonomous region of 

China (Figures 5,6).63 The structural elucidation was done by extensive spectroscopic 

analysis [one-dimensional (1D) and two-dimensional (2D) NMR and X-ray 

crystallography]. The structures of trigolutesins are characterized by a 4-

spirotetrahydroquinolin-2-one and that of trigolutes by the presence of a tricyclic 3-

spirooxindole core and - or a -lactone respectively as the partners for the 

spiroannulation. Trigolute B, a yellow amorphous solid, was determined to have a 

molecular formula C21H18N2O5 on the basis of its 13C NMR (DEPT) spectrum and 

negative HRESIMS, which showed a quasimolecular ion peak at m/z 377.1129 [M–

H]– (calcd for C21H17N2O5 377.1143). The position of the nitrogen proton (δH10.18) 

was established by the HMBC spectra. The six-membered ring C and the five-

membered ring D of Trigolute A were elucidated by the X-ray diffraction and the 2D 

NMR data. The relative configuration of Trigolute B was deduced to be the same as 

Trigolute A by analysis of their homologous relationship and by comparison of the 

NMR data, especially the multiplicities of the proton signals to those of Trigolute A. 

All these suggested that Trigolute B should have the same skeleton as Trigolute A, 

which contained a six-membered lactone ring and a five-membered oxindole ring 

with three contiguous stereogenic centers, one at the spiro-junction. The 

acetylcholinesterase inhibitory activities for Trigolutesins A & B and Trigolute A–D 

were tested. Trigolutesin A showed weak inhibitory activity (percentage inhibition 

14.56%) at a concentration of 50 μg/mL, with more than 98% purity. Meanwhile, the 

other compounds were inactive with inhibition ratios less than 10%. The 

unprecedented skeletons of Trigolutes and Trigolutensins and their favourable 

biological activity has attracted our attention. Immediately after the isolation, we 

started a program towards the development of a modular approach for the total 

synthesis of Trigolute B and its derivatives and wished to employ metal-catalyzed 

transformations for constructing the central lactone core of Trigolutes.  

There are many approaches for the synthesis of this spirooxindole or 3,3-

disubstituted oxindole heterocyclic system. The main approaches are based on the 

intramolecular Mannich reactions, various methods involving the classical oxidative 

rearrangement of tetrahydro--carbolines, radical cyclizations, intramolecular Heck 
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reactions, a nitro olefination strategy, a novel rearrangement of 3-

[(aziridinyl)(methylthio)methylene]-2-oxindoles, and dipolar cycloadditions.64   

Given our intention of developing a catalytic approach for the central core of 

trigolutes B, we have looked at various possibilities of disconnecting the molecule. In 

this regard, considering the trans-relation between the pendant indole and the 

hydroxymethyl groups on the central lactone, we reasoned that a diastereoselective 

dihydroxylation of the olefin should be a viable proposition. Once the olefin had been 

identified as the diol surrogate, we immediately realized that this, along with the 

indole, could be introduced via metal-catalyzed allylic alkylation of 2-(2-oxoindolin-

3-yl)acetate (Figure 5). However, the important concerns are the regioselectivity of 

the alkylation and the diastereoselectivity between the two newly created adjacent 

stereocenters. Having this initial proposal in mind, we have looked at the literature for 

metal-catalyzed allylic alkylations, where the issues of diastereoselectivity have been 

involved. In the following section, a comprehensive compilation of all such available 

allylic alkylations will be discussed.  

Trigolute B (9)

O

HO

OH

O

O
N
H

NH

EtO2C

O
N
H

OBoc

lactonization

dihydroxylation
Tsuji-Trost
allylation

issue of regio- and
diastereoselectivity

EtO2C

RO O
N

N

R'
Boc

HO N
Boc

+

10

11 12
ethyl 2-(6-hydroxy-2-oxo-

indolin-3-yl)acetate  

Figure 5. Structure of Trigolute B & Key Retrosynthetic Disconnections Featuring 
Sequential Catalytic Allylation and Dihydroxylation.  

 
Tsuji-Trost Asymmetric Allylic Alkylation: 

“Alkylation of -allyl Pd-complexes by nucleophiles”- Discovered much 

earlier to the Heck coupling by Jiro Tsuji in 1965, it was seen as the next big 

breakthrough in 1973 when Barry Trost introduced phosphine ligands to modulate the 

reactivity, selectivity and also the enantioselectivity.65 Since then, the scope of this 

reaction has been expanded by employing a wide-range of C/N/O-nucleophiles, 
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different P/N/S-based ligands and different metals (Pd, Mo, Ru, Rh and Ir to 

mention). The availability of a wide range of chiral ligands and easy modulation of 

enantio- and diastereoselectivity greatly expanded the utility of this reaction to 

various asymmetric C–C, C–N and C–O bond formations and became one of the 

important tools in natural product synthesis.66    

The catalytic cycle involves complexation of the alkene to the metal, 

ionization of the leaving group to generate the -allyl complex, alkylation by the 

nucleophile, and finally decomplexation to regenerate the catalyst. The selectivity at 

the nucleophile is determined at the step where the nucleophile attacks the -allyl 

metal complex. Two types of mechanisms for this step are possible: an outer sphere 

mechanism involving direct attack of the nucleophile on the allyl moiety from the 

face opposite the metal and chiral ligand, or an inner sphere mechanism where the 

nucleophile pre-coordinates to the metal followed by reductive elimination. The inner 

sphere process positions the nucleophile and the chiral ligand in close proximity, and 

hence, should provide more opportunity for asymmetric induction. Pd-catalyzed 

allylic alkylation reactions generally follow the outer-sphere mechanism and because 

the alkylation step occurs outside the coordination sphere of the metal, achieving high 

enantioselectivity has proven difficult under standard reaction conditions. A brief 

account of the reported methods mainly dealing with high regio, enantio, 

diastereoselective transition metal catalyzed asymmetric allylic alkylation for the 

synthesis of compounds containing vicinal stereocentres has been described below.  

2.2. Diastereoselective allylic alkylations: 

 For the convenience of the readers all the schemes have been drawn with a uniform 

orientation of the substituents according to the size/priority and a red colour was 

given for the compounds resulting with a syn-diastereoselectivity and a blue colour 

for the compounds with an anti-diastereoselectivity. 

R X

R

X

[M]

R

[M]
or

R
R'Nu

R'
Nu * *

Syn/Anti  
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2.2.1 [Pd]-Catalyzed diastereoselective allylic alkylations:  

In 1997, B.M Trost and co-workers reported the diastereoselective allylic 

alkylation of 2-benzyloxycarbonylindanone 56.B using 3-(Methoxycarboxy)-2-

pentene allylating agent 56.A.67 As shown in the Scheme 56 excellent 

diastereoselectivity (dr: 94:6) and enantioselectivity (ee: 97) was achieved with the 

(R,R)-DACH-phenyl Trost ligand 56.C, [�3-C3H5PdCl]2 and a small but notable 

effect with N,N,N’,N’-tetramethylguanidinium (TMG) was observed in toluene. They 

utilized this effective asymmetric induction in the alkylations of -ketoesters in the 

total synthesis of the spiro-alkaloid nitramine (Scheme 56). 

 

Scheme 56: Enantio and diastereoselectivity of allylic alkylation of Tetralones. 

In 2000, B M Trost and co-workers reported diastereoselective and 

enantioselective allylic alkylation of higher nitro alkanes. The treatment of nitro 

ethane 57.B with the 3-(methoxycarboxy)-2-pentene allylating agent 57.A using the 

catalyst system derived from the chiral ligand 57.C, Pd2(dba)3·CHCl3 complex, and 

O,N-bis(trimethylsilyl)-acetamide (BSA) as base in the presence of tetra-n-

butylammonium chloride, led to the production of 57.D, in excellent dr (95:1) and ee 

(95%) with good yields after 24 h (Scheme 57).68 The authors studied the effect of 

base, catalyst loading and equivalents of substrates used in the reaction on the 

diatereoselectivity. Using cesium carbonate as base in DMSO gave 57.D as a 1:1 ratio 

of diastereomers of modest ee. Dropping the catalyst loading increased both the 

diastereo- and the enantioselectivity. Decreasing the amount of nitroethane from 4 

equiv to just 1.5 equiv had no significant effect on the ee but showed a slight decrease 

in the diastereomeric ratio. 
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Scheme 57: Enantio and diastereoselective allylic alkylation of nitro ethane. 

In 2001, Trost and co-workers reported the regioselective addition of carbon-

centered pronucleophiles to isoprene monoepoxide 58.A, which was reacted with 

58.A in the presence of 1 mol % Pd2(dba)3·CHCl3, 3 mol % of chiral ligand (S,S)-

58.C and 1 mol% of TBAT (tetra-n-butylammonium triphenyldifluorosilicate) to 

provide 1,2 addition products 58.D in 70% yield with dr=7:1 and b/l=5:1.69
 

Interestingly, using an enantiopure ligand (S,S)-58.C reduced the regioselectivity in 

comparison to the racemic ligand (±)-58.C. The reduced regioselectivity with the 

enantiopure ligand was attributed to a kinetic discrimination in the initial ionization 

with racemic epoxide and racemic ligand to favour formation of enantiomers of the 

same diastereomer 58.E of the intermediate -allylpalladium species which had an 

intrinsic higher preference for addition at the more substituted allyl terminus (Scheme 

58). 

 

Scheme 58: Regio- and enantioselective reactions of a Vinylepoxide with a Carbon 

Nucleophile. 

In the context of total synthesis of Sphingofungins E and F, in 2001, B.M 

Trost and co-workers studied the asymmetric allylic alkylation reaction of gem-

diacetate 59.A with azlactone 59.B.70 The reaction of gem-diacetate 59.A with sodium 

enolate of azlactone 59.B catalyzed by the complex of 0.2 mol % (�3-C3H5PdCl)2 and 
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0.6 mol % ligand (R,R)-59.C at -5 °C over 4 h gave two readily separable 

diastereomers in a 11.2:1 ratio with an ee of 89% for both isomers diastereomers 59.D 

and 59.E. In the [Pd]-catalyzed alkylation of azlactone nucleophiles, increasing the 

size of the alkyl chains of azlactones resulted in a dramatic increase in the 

diastereomeric ratio. The observed trend was explained by using a simplified 

transition-state model 59.F and 59.G in which the chiral pocket of the catalyst 

discriminated two prochiral faces of the azlactone enolate, as illustrated in Scheme 59. 

 

Scheme 59: Diastereoselective reaction of a gem-diacetatese with azlactone. 

In 2007, Hou and co-workers reported Pd-catalyzed AAA of monosubstituted 

allyl substrates with simple acyclic ketone enolates, and established two chiral centers 

with high regio-, diastereo-, and enantioselectivity using the chiral ferrocene ligand.71 

The reaction proceeded smoothly to afford allylation products in 83% yield with 

excellent regio- and enantioselectivities were realized for substrates 60.A and 60.B, 

with the ratio of (b/l = >98:2), while the ee=99% in DME was obtained using 

[Pd(C3H5)Cl]2, LiHMDS, ligand 60.C and LiCl as an additive at 0 °C. The reactions 

also occurred with good to excellent diastereoselectivity, with a ratio 21:1 of anti:syn 

for the product 60.D (Scheme 60). 



  Chapter 2  
 

81 
 

 

Scheme 60: [Pd]-catalyzed allylic alkylation of acyclic ketone enolates. 

In 2007, B. M. Trost and co-workers reported the enantioselective synthesis of 

-tertiary hydroxyaldehydes through [Pd]-catalyzed allylic alkylation of siloxy enol 

carbonates and demonstrated its synthetic utility in a formal synthesis of (S)-

oxybutynin.72 The reaction of the siloxy enol carbonates 61.A with Pd2(dba)3·CHCl3 

in 1,4-dioxane gave -tertiary hydroxyaldehydes 61.C 99% yield with dr = 11:1 and 

ee = 99%. The excellent selectivity toward aldehyde was achieved by using chiral the 

ligand 61.B (Scheme 61). 

 

Scheme 61: [Pd]-catalyzed allylic alkylation of siloxy enol carbonates. 

 In 2009, B. M. Trost and co-workers reported the [Pd]-catalyzed regio-, 

diastereo-, and enantioselective benzylic allylation of 2-substituted pyridines using 

cyclic allylic electrophiles.73 The 2- substituted pyridine was treated with BF3·Et2O to 

serve as a soft nucleophile in any type of alkylation reaction. When 2-

napthyllpyridine 62.B was treated with allylic carbonate 62.A under optimized 

conditions, BF3·Et2O, (�3-C3H5PdCl)2 and ligand 62.C with strong bases like nBuLi 

and LiHMDS in 1,4-dioxane provided the allylated product with 90% yield, dr =19:1 

and 98% ee as syn diastereomer (Scheme 62). In order to find out the regioselectivity, 

a deuterated cyclic allylic electrophile was used. 
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Scheme 62: [Pd]-AAA reactions with 2-substituted pyridyl nucleophiles. 

In 2010, B. M. Trost and co-workers reported the first decarboxylative allylic 

alkylation reaction of allyl enol carbonates 63.A catalyzed by Pd2(dba)3·CHCl3 and 

63.B.74 The synthetic utility of this methodology was demonstrated by the concise 

synthesis of Cetiedil. N-phenyl substituent on the imidazole portion of the enol 

carbonate gave better results under Pd2(dba)3·CHCl3 and ligand 63.B in 1,4-dioaxane 

at ambient temperatures (Scheme 63). 

 

Scheme 63: [Pd]-AAA reactions with imidazole enol carbonates. 

In 2011, B. M. Trost and co-workers reported the [Pd]-catalyzed asymmetric 

addition of carbon-based oxindole nucleophile to allenes in the presence of an acid 

co-catalyst (Pd-catalyzed hydrocarbonation of allenes).75
 By using the chiral standard 

Trost ligand 64.C and 3-aryloxindoles 64.A as nucleophiles, the hydrocarbonation 

reaction provided products with two vicinal stereocenters, with one being quaternary, 

in excellent chemo-, regio-, diastereo-, and enantioselectivities in high chemical 

yields. The stereochemical outcome in the hydrocarbonation reaction was simplified 

to arise from a matched attack of the nucleophile from its Si-face on to syn-64.F to 

furnish the major product (R,R)-64.D. Attack of the Si-face of the nucleophile would 

be expected to be preferred over attack from the Re-face to avoid a steric interaction 

between the oxindole and the “wall” of the chiral ligand (Scheme 64). 
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Scheme 64: [Pd]-catalyzed asymmetric addition of oxindoles to allenes. 

In 2011, B. M. Trost and co-workers studied the control of the regio and 

diastereselectivity with a π-geranyl palladium complex on oxindoles governed by the 

choice of ligand, solvent, and halide additive.76 Employing 65.A and linear carbonates 

65.B catalyzed by Pd2(dba)3·CHCl3 and ligand 65.C in CH2Cl2 at 60 °C afforded the 

linalylated product 65.D as a single diastereoisomer in 92% yield with 91% ee and 

13:1 selectivity, versus the neryl isomer (Scheme 65). 

 

 Scheme 65: [Pd]-catalyzed AAA using geranyl carbonates. 

In 2015, Venkitasamy Kesavan and co-workers reported the synthesis of 3-allyl-3-

hydroxyoxindoles in good enantio- and diastereoselectivities, with contiguous 

quaternary and tertiary stereogenic centers, by employing tartrate derived 

bi(oxazoline) in Pd-catalyzed allylation of 3-OBoc-oxindole.77 The reaction between 
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3-OBoc-oxindole 66.B and rac-1,3-diphenyl-2-propenyl acetate 66.A in 

dichloromethane using 2.5 mol % of [Pd(η3-C3H5)Cl]2 with 10 mol % of a chiral 

ligand 66.C, 10 mol % of KOAc as an additive, and 3 equiv of BSA in 

dichloromethane gave 92% yield, 6.6:1 dr, ee:90. O-Boc protection of the resultant 

alkylated product was deprotected by subsequent acidic treatment (Scheme 66).  

 

Scheme 66: [Pd]-catalyzed allylation of 3-OBoc-oxindole. 

2.2.2 [Ir]-Catalyzed diastereoselective allylic alkylations:  

Unlike with [Pd]-catalyzed AAA, in case of [Ir] the reactions are expected to proceed 

via an innersphere mechanism involving the intramolecular transfer of metal of metal 

bound nuclephile to the -allyl complex. Hence, very good diastereo and 

enantioselectivities are expected. 

In 2003, Takemoto and co-workers reported enantio and diastereoselective 

[Ir]-catalyzed allylic substitution for the asymmetric synthesis of amino acids.78 They 

reported enantioselective allylic substitutions of 67.B catalyzed by an iridium 

complex of chiral phosphite 67.D, and the diastereoselective synthesis of the products 

67.E and 67.F by simply switching the base employed (Scheme 67). The Ir-catalyzed 

reaction of 67.B and phosphate 67.A in the presence of the chiral PTC 67.C, 50% 

KOH, [IrCl(cod)]2 and ligand 67.D, in toluene at 0 °C provided the best result (82% 

yield, 67.E:67.F=82:18, 97% ee). On the other hand, with LiN(SiMe3)2 82% yield, 

67.E:67.F=12:88, 92% ee in THF was obtained. 
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Scheme 67: Effect of base in diastereoselectivity in [Ir]-catalyzed allylic substitution. 

In 2013, Brian M. Stoltz and co-workers reported the [Ir]-catalyzed regio-, diastereo-, 

and enantioselective allylic alkylation of cyclic and acyclic β-ketoesters to forge 

vicinal tertiary and quaternary centers.79 The cyclic/acyclic β-ketoester 68.B, 

cinnamyl carbonate 68.A, and [Ir(cod)Cl]2/phosphoramidite 68.C complexes were 

chosen as standard reaction components to provide the desired product 68.D in 98% 

ee, >20:1 dr, and 95:5 branched to linear ratio. Along with this catalytic system the 

combination of LiBr and THF, at 25 °C, gave better results in case of the cyclic β-

ketoester, whereas, in case of the acyclic β-ketoester, LiOt-Bu provided good results 

due to the decreased α-acidity of acyclic β- ketoesters relative to the cyclic substrates 

(Scheme 72). It was found that the use of a sterically hindered ester moiety gave an 

efficient and highly enantioselective reaction but with a concurrent loss in regio- and 

diastereoselectivity. 

 

Scheme 68: [Ir]- asymmetric allylic alkylation of Cyclic/acyclic β-ketoester. 

 In 2013, Hartwig and co-workers documented the high diastereo- and 

enantioselective allylation of azlactones catalyzed by the combination of a 

metallacyclic iridium complex by controlling the configuration at the nucleophilic 

carbon of a pronucleophile with a optically inactive phosphate counter anion. 

Reactions of indolyl carbonate 69.A with azlactone 69.B catalyzed by the 

combination of [Ir(cod)Cl]2 (cod = 1,5-cyclooctadiene), phosphoramidite 73.C, and 
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silver phosphate 69.D formed the branched allylation product 69.E in 81% yield with 

>15:1 dr and 95% ee (Scheme 69). To check the importance of phosphate salts, 

reactions with catalytic amounts of the preformed metallacyclic iridium 

phosphoramidite complex were conducted in the absence of phosphoric acid 69.D, the 

product being obtained with low dr 3:1. In the presence of 4 mol % 69.D, the product 

was obtained with a high dr (>20:1) and 98% ee. Further mechanistic data suggested 

that both the carbonate and phosphate contributed to the high diastereoselectivity.80 

 

Scheme 69: The effect of ligand and counterion on the [Ir]-catalyzed allylation. 

In 2014, the same group developed the [Ir]-catalyzed diastereo- and 

enantioselective allylation of substituted 5H-oxazol-4-ones and 5H-thiazol-4-ones.81 

In contrast to their prior studies, they reported that the diastereoselectivity can be 

controlled by cations rather than anions. The key to achieving high 

diastereoselectivity for the allylation of substituted 5H-oxazol-4-ones was the use of 

zinc enolates as the nucleophile whereas for substituted 5H-thiazol- 4-ones, the key 

was the use of magnesium enolates as the nucleophile. The reaction of acetate 

/carbonate of 70.A with 5H-oxazol-4-ones /5H-thiazol-4-ones 70.B was catalyzed by 

[Ir(COD)Cl]2, phosphoramidite 70.C with a 1:2 ratio of Et2Zn/Mg(NiPr)2 to the 

nucleophile delivering the allylation product 70.D and 70.E in 80% yield, 11:1 dr, 

ee:99 and 90% yield, 7:1 dr, ee:98 respectively (Scheme 70). The reactions were 

conducted with the neutral preformed catalyst instead of the in situ generated catalyst 

containing the phosphate as the counter anion, as in the earlier case. 
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Scheme 70: Effect of base on the [Ir]-catalyzed allylation of 5H-oxazol-4-ones and 
5H-thiazol-4-ones. 

2.2.3 [Mo]-Catalyzed diastereoselective allylic alkylations:  

In the direction of synthesis of quaternary amino acids, in 2002, Barry M. 

Trost reported the Mo-catalyzed assymetric allylic alkylation of azlactones with 

cinnamyl carbonates.82 The use of sodium or potassium hexamethyldisilamide gave 

some linear product as well as the desired branched product, but employment of the 

lithium base gave only the branched product. Switching to the diethyl phosphate 

leaving group, the product was formed as a single diastereomer with dr>98:2 in 80% 

yield. When phenyl- and methyl-substituted azlactones 71.B were treated with 

cinnamyl tert-butylcarbonate 71.A and MoCOC7H8, ligand 71.C in THF, only the 

branched regioisomer 71.D was formed in 92% yield and with dr = >97:3, ee = 99%. 

As a one pot protocol, directly adding basic methanol to the initial reaction mixture 

produced a 92% yield of 71.E having a 97:3 dr wherein the major diastereomer had a 

99% ee (Scheme 71).  

 

Scheme 71: [Mo]-Catalyzed asymmetric allylic alkylation to quaternary 
amino acids. 
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In 2004, B. M. Trost and co-workers reported the asymmetric synthesis of -

hydroxy carboxylic acid derivatives with the effective use of [Mo]-catalyzed 

diasterioselective asymmetric allylic alkylation of oxalactims.83 The reaction of the 

lithium enolate of methyl oxalactim 72.B with methyl cinnamyl carbonate 72.A gave 

82% yield of the desired adduct with a branched-to-linear ratio of 12:1. The 

diastereomeric ratio of the branched product was 18:1, and the major diastereomer 

had an enantiomeric excess greater than 99%. There is some steric effect on the 

regioselectivity, with some loss as the size of the aryl group of allyl carbonates 

increases. The absolute stereochemistry was explained with the help of Newman 

projections. As shown in Scheme 72, the Newman projection 72.F favoured the least 

sterically demanding transition state structure, hence resulting in the stereochemistry 

at the nucleophile as depicted. The product from the Mo-AAA reaction was opened to 

the corresponding -hydroxy amide 72.E by treatment with 1N NaOH in ethanol at 

60 °C. 

 

Scheme 72: [Mo]- Catalyzed asymmetric allylic alkylation of oxalactims. 

 In 2007, B. M. Trost and co-workers reported the alkylation of the anions 

of 3-aryloxindoles with monosubstituted allyl carbonates in the presence of a chiral 

molybdenum catalyst.84 The authors correlate between the electronics and sterics of 

the nucleophile to get good regio- and diastereoselectivity of the reaction. For 

example, the treatment of oxindole (Ar = Ph) 73.B with the tert-buty cinnamyl 
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carbonate 73.A Mo(C7H8)(CO)3 (10 mol %), ligand 73.D (15mol %) in THF at 60 °C 

furnished the allylated product 73.E with b/l=5:1 ratio and dr=5:1 ratio, whereas with 

the bulkier oxindole like (R = 2,4-diphenyl-5-oxazoyl) 73.C, the regio and 

diastereoselectivity dramatically increased to b/l=16:1 and dr=19:1. Electron-donating 

groups on the aryl had little effect on the regioselectivity (Scheme 73). 

 

Scheme 73: Steric and electronic effects for the Mo-AAA reaction with 3-
aryloxindole. 

  In 2010, B. M. Trost and co-workers reported Mo-catalyzed regio-, 

diastereo- and enantioselective allylic alkylation reaction with 3-monoalkyl 

substituted oxindoles as nucleophiles, as extension of their previous work.85 3-

alkyloxindoles that contain a chelating N-carbamoyl group gave greatly improved 

regioselectivity favoring the branched product but the diastereoselectivity was found 

to correlate inversely with the steric size of the N-carbamoyl group. Increasing the 

size of the 3-alkyl group increased the diastereoselectivity significantly, while 

maintaining excellent levels of regio- and enantioselectivity. The use of O,N-

bis(trimethylsilyl)acetamide (BSA) as the stoichiometric base was compatible with 

the Moc group and afforded consistent conversion with only Mo(C7H8)(CO)3 (7.5 mol 

%), ligand 74.C (15 mol %) catalyst loading in THF at 60 °C. The N-Moc group was 

removed in situ with 1 equiv of NaOH in methanol upon completion of the alkylation 

reaction for the convenience of handling and purification (Scheme 74). 
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Scheme 74: [Mo]-AAA reactions with 3-alkyl oxindole nucleophile. 

 In the context of [Mo]-catalyzed asymmetric allylic alkylation of 

oxazolones, azlactones, and oxindoles, in 2011, B. M. Trost and co-workers reported 

the Mo-AAA of cyanoester nucleophiles, leading exclusively to the branched isomer 

in good to excellent yield, diastereoselectivity, and enantioselectivity.86 It was 

determined that the reaction between 2.2 equiv of the cyanoester 75.B and 1.0 equiv 

of 3-indoyl substituted carbonate 75.A occurred in the presence of (R,R)-75.C (15 mol 

%), 10 mol % of Mo(CO)6, 10 mol % NaH, and 2.0 equiv of bis(trimethylsilyl)- 

acetamide (BSA), giving rise to the desired branched cyanoester (b/l:>20:1) 75.D in 

99% yield with a 11:1 dr and 97% ee. The high branched and diastereoselectivity for 

the product in Mo-AAA was demonstrated by minimization of steric strain in 

diastereomeric transition state structures 75.E and 75.F (Scheme 75). 

 

Scheme 75: [Mo]- catalysed asymmetric allylic alkylation of cyanoester. 
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 Thus, from the available limited number of examples that we have provided 

above it was evident that the diastereoselectivity in these C-C bond forming 

allylations is anti in general and controlled mainly by the steric factors which is the 

desired one in the case of Trigolute B synthesis.  However, the syn-

diastereoselectivity of the branched-product is also not unexpected. There are couple 

of examples where the syn-diastereomer was favoured over the routinely expected 

diastereomer when employed either Ir- or Pd-complexes. This indicated that the 

exploration of various metals and ligands is warranted in the context of the projected 

allylic alkylation in the current total synthesis of Trigolute B. At the same time it also 

provides an opportunity to synthesize the other diastereomes of Trigolute B if 

required. 

2.3. Results and Discussions 

Trigolute A–D and Trigolutesins A and B belong to the class of novel 

bisindole alkaloids having a central C3-spiro-2-oxindole core. The structures of 

Trigolutesins are characterized by a 4-spirotetrahydroquinolin-2-one and that of 

Trigolutes by the presence of a tricyclic 3-spirooxindole core and a - or a -lactone 

respectively as the partners for the spiroannulation. Trigolutes are the first natural 

products to be isolated with this spiro(oxindole--lactone) core. Specifically, the 

substituents (indole and hydroxymethyl) present on the lactone ring indicate them to 

be bis-indole alkaloids with an unprecedented skeleton and possessing significant 

synthetic challenges. As has been detailed in the introduction, we intended to 

construct the central core of Trigolute by following a sequence of Tsjui-Trost 

allylation of 2-(2-oxindoloyl) acetate with a suitably functionalized indolylallyl 

derivative. One of the concerns in this regard was the regio- (linear vs branched) 

alkylation and diastereoselectivity (relative stereochemistry of the two vicinal 

stereogenic centres) created during the allylation. In order to have preliminary 

information on the suitability of this proposal, we have selected oxindoles 11a and 

allyl carbonate 12 as the model substrates for the key Tsuji-Trost allylation.  
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Figure 6. Structures of Trigolutesins (A & B), Trigolutes (A–D)  
and 3-epi-Trigolute B. 

 
 While this work was in progress, Gong and co-workers documented the 

synthesis of (+)-Trigolute B (9) employing enantioselective substitution of 3-(1-

tosylalkyl)indoles with oxindoles by using chiral bifunctional organocatalysts.87 

Oxindole 77.B was treated with 77.A in the presence of organo catalyst 77.C and 

K2CO3 in toluene at room temperature and provided the key intermediate 77.D, which 

on subsequent functional group manipulations, accomplished the (+)-Trigolute B (9) 

in seven steps. 

 

Scheme 77: Gong approach for (+)-Trigolute B. 

 The objective of this chapter is to develop the method for the asymmetric 

allylic alkylation of 2-oxindole, with 3-allylindole carbonates leading to the synthesis 

of 3,3’-disubstituted 2-oxindole, and explore its applicability in the total synthesis of 
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Trigolute B and its spiro-epimer analogues. As discussed earlier, the regio and 

diastereoselective allylic alkylation of 2-(2-oxoindolin-3-yl)acetate 11a using Boc 

protected 3-(indol-3-yl)prop-2-en-1-ol 12 allyl electrophile is highly challenging. 

However, none have dealt with the 3-(indol-3-yl)prop-2-en-1-ol 12 that we intended 

to employ. Interestingly, Hartwig’s group has documented a single example on the 

enantioselective allylation of azalactones employing a similar derivative of 3-(indol-

3-yl)prop-2-en-1-ol 12 and the diastereoselectivity noticed was similar to that 

observed with corresponding cinnamates.80,81 Initially, finding the difficulties in 

preparation of 6-hydroxy 2-(2-oxoindolin-3-yl)acetate, which is a suitable starting 

material for allylic alkylation in the total synthesis of Trigolute B, the synthesis of 

pentacyclic skeleton of Trigolute B has been planned as a model study in the pursuit 

of the total synthesis of Trigolute B (9). 

 Our studies in this direction started with the addressing of the key 

issue of branched selective asymmetric allylic alkylation of 2-oxindole 11a with Boc 

protected 3-(indol-3-yl)prop-2-en-1-ol 12. Our preliminary catalyst screening revealed 

that the reaction with the Pd2(dba)3·CHCl3 complex was promising. The results are 

summarized in Table 3. With a simple triphenyl phospine as a ligand, the formation of 

two products (in 3:2 ratio) has been noticed and the major product 13a was found to 

be resulting from the linear alkylation. The minor product 10a’ was found to be the 

desired branched alkylation product with excellent diastereoselectivity (18:1). 

Approximately the same proportion of linear and branched isomers was obtained in 

the case of the 1,3-bis(diphenylphospino)propane as a ligand. Previous work on Pd-

catalyzed allylation demonstrated that solvent and ligand can influence the regio- and 

stereoselectivity. Indeed, evaluation of several solvents and ligands revealed that 

CHCl3 and 15 mol% of the Pd2(dba)3·CHCl3 complex employing 30 mol% of the 

racemic phosphoramidite ligand L1 afforded the branched and linear products 

(10a’:13a) in 79% yield with improved regioselectivity (b:l = 3:2) towards the 

branched isomer 10a’ with dr = 18:1 and low enantioselectivity (24% ee). The effect 

of other leaving groups was studied with –OAc, but this was unfortunately, found 

unsuitable for this system. 

 The optimized conditions involve the treatment of ethyl 2-(2-oxoindolin-3-

yl)acetate (11a, 1 equiv.) and Boc-protected 3-(indol-3-yl)prop-2-en-1-ol 12 (1.5 

equiv.) in CHCl3 with Pd2(dba)3·CHCl3 (15 mol%) and phosphoramidite ligand L1 
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(30 mol%) under argon atmosphere at 25 °C for 4 h to provide the branched product 

10a’ and linear product 13a in 79% yields in a 3:2 ratio. The melting point of 

compound 10a’ is 128–131 °C and is characterized by the analytical techniques such 

as the NMR and Mass spectrometry. The NMR spectra of compound 10a’ were 

scanned in a CDCl3 solvent and identified as a single diastereomer by HPLC analysis. 

The presence of two merged terminal olefinic protons in the δ 5.23–5.25 (m, 2H) and 

δ 6.10 (J = 16.8, 10.4, 8.5 Hz, 1H) region of compound 10a’ in the 1H-NMR spectra 

demonstrated that nucleophilic substitution has taken place at the more substituted 

olefinic carbon of the electrophile. The appearance of a quaternary carbon at δ 53.0 

(s) in the 13C NMR spectrum of 10a’ indicated that the substitution took place at the 

C3 of 2-oxindole 11a rather than on nitrogen. The presence of indole and oxindole 

aromatic C-H carbon signals in the range of δ 109.4–135.5 and the C(2) carbon of 2-

oxindole at δ 179.3 have further confirmed the proposed structure of 10a’. The 

structure of 10a’ was further confirmed with X-ray crystal structure (Figure 7). The ee 

of 10a’ (24%) was determined by HPLC analysis with CHIRALCEL OD–RH (150 X 

4.6mm). The constitution of 10a’ has been confirmed as C28H30N2O5Na, by the 

HRMS ([M+Na]+) found to be 497.2049. The linear product 13a was isolated as a 

yellow liquid and also characterized by analytical techniques such as NMR and Mass 

spectrometry. The NMR spectra of compound 13a was scanned in CDCl3 solvent. The 

presence of two trans olefinic protons at 5.96 (td, J = 15.9, 7.6 Hz, 1H), 6.43 (d, J = 

16.2 Hz, 1H) and a multiplet in the δ 3.85–3.95 (2H) region confirmed that the 

nucleophilic substitution had taken place at the less substituted olefinic carbon of the 

electrophile and gave a linear product. The constitution of 13a has been confirmed 

same as 10a’, C28H30N2O5Na, by the HRMS ([M+Na]+) found to be 497.2050.  

At the same time, since the yield and the regioselectivity for branched products were 

not satisfactory, we proceeded further in identifying better catalytic systems for 

improving the branched selectivity. The current reaction was explored with the 

reported Ru- and Ir-complexes. The Ru-catalyzed allylation conditions reported by 

Pregosin and co-workers were found to be unsuitable for the current reacting 

partners.88 It has been previously noted that [Ir]-catalyzed allylic alkylation gives 

good regioselectivity with respect to the branched product.89 
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Table 3: The optimization of the Tsuji-Trost allylation of oxindole 11a with 
indolyallylcarbonate 12. 

 

M1 = Pd2(dba)3∙CHCl3; M
2 = [Ru(p‐cymene)Cl2]2; M

3 = [IrCl(cod)]2 

Entry Solvent M/Ligand 10a:10a’:13a (Yield)  dr 
1 CH2Cl2 M1/PPh3 –:2:3 (82%) 15:1 
2 CH2Cl2 M1/1,3-dppp –:2:3(79%) 16:1 
3 CH2Cl2 M1/ (p-toluyl)3P – – 
4 CH2Cl2 M1/tris(2-furyl)phosphine trace – 
5 CH2Cl2 M1/ (R)-BINAP – – 
6 CH2Cl2 M1/PCy3 – – 
7 CHCl3 M3/ (R)-BINAP – – 
8 THF M1/PPh3 trace – 
9 CH2Cl2 M1/L1 –:4:5 (76%) 18:1 
10 CH3CN M1/L1 trace – 
11 CHCl3 M1/L1 –:3:2 (79%) 18:1 

12 CHCl3 M1/L2 – – 

13 CHCl3 M2/L1 – – 
14 CHCl3 M2/PPh3 – – 

15 CHCl3 M3/L2 2:3:– (63%)  2:3 

16 CHCl3 M3/L3 – – 

 Initial experiments using [IrCl(COD)]2 complex and PPh3 or the 

phosphoramidite ligand L1 in various solvents such as THF, CH2Cl2 or CH3CN did 

not result in any product formation. Unfortunately, the reaction catalyzed by the 

phosphoramidite ligand L3 containing the BINOL backbone and [IrCl(COD)]2 was 

proved unsuitable for this system. To this end, when the ligand L2 was employed, the 

reaction proceeded smoothly and provided a 2:3 mixture of two branched 

diastereomers 10a and 10a’ with complete regioselectivity with 63% yield and low 

enantioselectivity for 10a. The major diastereomer 10a’ was found to be the same as 

that obtained with Pd-catalyzed allylation. The minor diastereomer 10a was isolated 

as a yellow liquid and characterized by the NMR and Mass spectrometry. The NMR 

spectra of compound 10a were scanned in a CDCl3 solvent and identified as a single 
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diastereomer by HPLC analysis. The ee of 10a (2%) was determined by HPLC 

analysis with CHIRALCEL OD–RH (150 X 4.6mm). The proton NMR of compounds 

10a and 10a’ were mainly differentiated at the C2 of the indole proton and terminal 

olefinic proton. In 10a’, the C2 of the indole proton appeared at δ 6.46 as a singlet 

whereas in the case of 10a, it shifted to the downfield region, and appeared at δ 7.35 

as singlet. The two terminal olefinic protons were well separated, appearing at δ 5.20 

(dd, J = 16.8, 1.5 Hz, 1H), 5.81 (dt, J = 16.8, 10.1, 9.8 Hz, 1H). 

 

 

Figure 7: Single crystal X-ray diffraction of compound 10a’. 

Table 4: 1H and 13C NMR chemical shifts of compounds 10a and 10a’ 

 Compound 10a Compound 10a’ 

 

 (500 MHz, CDCl3) (500 MHz, CDCl3)
H11 dJz

dJz
3.13 (d, J = 16.5 Hz, 1H),  
3.19 (d, J = 16.2 Hz, 1H) 

H8 4.05 (d, J = 10.1 Hz, 1H) 3.99 (d, J = 10.1 Hz, 1H) 
H12 5.00 (dd, J = 10.1, 1.5 Hz, 1H),  

5.20 (dd, J = 16.8, 1.5 Hz, 1H) 5.23–5.25 (m, 2H)
H9 5.81 (dt, J = 16.8, 10.1, 9.8 Hz, 1H) 6.10 (dt, J = 16.8, 10.4, 8.5 Hz, 1H) 
H2’ 7.35 (s, 1H) 6.46 (bs, 1H) 
C3  (s)   (s)
C2 179.9 (s)  179.3 (s)

Having both the diastereomers in hand, we proceeded next in the direction of 

constructing the key -lactone core of Trigolutes with the requisite functional groups 
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and fixed their relative stereochemistry. Accordingly, the branched compounds 10a 

and 10a’ have been subjected for the dihydroxylation employing potassium osmate (4 

mol%) as a catalyst and NMO (2 equiv) as co-oxidant in dichloromethane.90 The 

resulting diols were immediately subjected for the lactonization using p-TSA (1 

equiv) to obtain lactones 9a and 9a’ in 38% and 76% overall yield respectively 

(Scheme 78).  

 

Scheme 78: Construction of the -lactone core of trigolutes. 

 Both the compounds 9a and 9a’ were isolated as colourless solids (MP: 186–

189 °C for 9a’) and the structures of the compounds were established with the help of 

spectral and analytical data. The NMR spectra of compounds 9a and 9a’ were 

scanned in CDCl3 solvent and identified as a single diastereomer by HPLC analysis. 

For example, in the 1H NMR of compound 9a’, the disappearance of the double bond 

and ethyl group protons of 10a’ and the appearance of the H9 proton at  5.35 (d, J = 

11.6 Hz, 1H), confirmed the formation of the lactone ring. The presence of two peaks 

at  3.86 (dd, J = 12.5, 3.4 Hz, 1H), 4.19 (d, J = 12.5, 1H) indicated the presence of 

H12 protons. The ee of 9a (0%) and 9a’ (5%) was determined by HPLC analysis with 

CHIRALCEL OD–RH (150 X 4.6mm). The comparison of the spectral data of 9a and 

9a’ with the data reported for the Trigolute B revealed that 9a has the desired relative 

stereochemistry present in the Trigolute B. The relative stereochemistry of the spiro 

center in 9a’ with respect to its adjacent stereogenic center has been fixed as trans 

with the help of the observed through space interactions between H4, H9 and H2’ in 

the NOESY which suggested that the H9, indole moiety as well as H4, were in β-

orientation, while H8 and hydroxy methyl group were in -orientation. The relative 

stereochemistry of the spiro center in 9a and 9a’ with respect to their adjacent 

stereogenic center has been fixed as cis and trans respectively with the help of 2D 
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NMR analysis (Figure 8&9). This has been further confirmed with the help of the 

single crystal X-ray structural analysis of 9a’ (Figure 10). This indicated the undesired 

diastereoselectivity obtained during the key Pd-catalyzed Tsuji-Trost allylation.  

Table 5: 1H and 13C NMR chemical shifts of compounds 9a and 9a’. 

 Compound 9a Compound 9a’ 

 

  
 (500 MHz, CDCl3) (500 MHz, CDCl3)
H11 dJz

dJz
3.14 (d, J = 17.7 Hz, 1H)  
3.69 (d, J = 17.7 Hz, 1H) 

H8 4.02 (d, J = 11.3 Hz, 1H) 4.56 (d, J = 11.3 Hz, 1H) 
H12 3.39 (dd, J = 12.8, 3.0 Hz, 1H) 

3.84 (dd, J = 12.8, 2.4 Hz, 1H)
3.86 (dd, J = 12.5, 3.4 Hz, 1H) 
4.19 (d, J = 12.5, 1H)) 

H9 5.47 (d, J = 11.3 Hz, 1H) 5.35 (d, J = 11.6 Hz, 1H) 
H2’ 7.41 (s, 1H) 6.70 (bs, 1H) 
C3  (s)  (s)
C2 179.1 (s) 178.5 (s)

 

Figure 8: NOESY spectra of 9a’. 
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Figure 9: NOESY spectra of 9a. 

 

 

Figure 10: Single crystal X-ray diffraction of compound 9a’. 

 From the above discussion, it is clear that both the lactones were found to be 

racemic. At this stage, it became apparent that the current approach may not be 

efficient in terms of the enantioselectivity and the yield of the required diastereomer 

for the synthesis of naturally occurring Trigolute B. However, the realization of the 

complete bis-indole core of Trigolutes B and its spiroepimer in two simple steps from 

easily available building blocks and the promising biological activity displayed by the 

original natural products prompted us to generalize this approach towards the 

synthesis of a collection of (spiroepimeric) analogues of Trigolutes that can find some 

important applications for biomedical screening. 
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 To generalize these two [Pd]/[Ir]-catalyzed asymmetric allylic alkylation 

reactions, the oxindoles 11b–11i having substituents such as halide groups, methyl, 

and nitro groups at the C(5)-position and also two different N-substituted 2-oxindoles 

were selected as the representative substrates and synthesized by employing the 

known literature procedure such as the 2C-wittig homologation followed by reduction 

with NaBH4 in methanol (Scheme 79).91 

 

Scheme 79: Synthesis of 2-oxindoles. 

2.3.1. Scope for the [Ir]-catalyzed allylic alkylation: 

Next, we explored the possibility of [Ir]-catalyzed asymmetric allylation by 

employing [R,R]-L2. Scheme 80 exemplifies the scope of the allylic alkylation of 

simple C5-substituted oxindoles and N-substituted oxindoles 11b – 11i with Boc 

protected 3-(indol-3-yl)prop-2-en-1-ol 12 by using [IrCl(COD)]2 (13 mol %) as a 

catalyst and [R,R]-L2 (13 mol%) as a ligand at room temperature. The reaction in 

CHCl3 yielded the allylated product with complete branched selectivity. 

Unfortunately, for [Ir]-catalyzed allylation, the reactions are sluggish and complete 

conversions could be seen only with two oxindoles (11a and 11b) and the branched 

products were obtained with a moderate diastereoselectivity (dr = 2:3) in 63% and 

46% yield respectively. In the case of oxindoles 11c and 11f, the reaction was very 

sluggish and did not undergo complete conversion, forming the corresponding 

allylated product in slightly lesser yields (48% and 47% respectively based on 

recovered starting material) in 2:3 diastereomeric ratio. In all the cases, the two 
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diastereomers were easily separable by column chromatography and the minor 

diastereomer was found to have a cis geometry at the spiro center with respect to its 

adjacent stereogenic center, by comparing the NMR spectra with 10a. Coming to the 

oxindoles 11e and 11g, it was observed that only 10% conversion of reaction and 

unidentified products were obtained, while with oxindole 11h the reaction did not 

occur (Scheme 80). To check the feasibility of the reaction at a higher temperature, 

the reaction was conducted in sealed tube at 90 °C, but, unfortunately decomposition 

of allyl electrophile was observed. All the compounds were well characterized by 

NMR and analytical techniques. The spectra are in good accordance with the 

proposed structures.  
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[IrCl(cod)]2

(R,R)-L2, CHCl3
rt

 

Scheme 80: Scope of the [Ir]-catalyzed allylic alkylation of 2-oxindole. 

2.3.2. Synthesis of Trigolute B analogues: 

 Having required branched intermediates with desirable relative 

stereochemistry, we immediately focused on the synthesis of a pentacyclic skeleton of 

Trigolute B. All three branched products 10b, 10c and 10f were subjected for the 

dihydroxylation employing potassium osmate (4 mol%) as a catalyst and NMO (2 

equiv) as co-oxidant in dichloromethane. The resulting diols were immediately 

subjected for the lactonization using p-TSA (1 equiv) to obtain lactones 9b, 9c and 9f 

in 38%, 32% and 37% overall yield respectively (Scheme 81). All the three Trigolute 

B analogues were well characterized with NMR and analytical techniques and 

comparision of the NMR with 9a were found to have same relative stereochemistry as 

9a. For example in the 1H NMR of compound 9b, the disappearance of double bond 

and ethyl group protons of 10b and the appearance of the H9 proton at  5.46 (d, J = 

11.4 Hz, 1H), confirmed the formation of lactone ring. 
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Scheme 81: Synthesis of Trigolute B analogues. 

2.3.3. Scope for the [Pd] -catalyzed allylic alkylation: 

 With discouraging results obtained with [Ir]-catalyzed allylic alkylation in 

terms of yields and substrate scope, next we next turned our attention to the 

exploration of the possibility of [Pd]-catalyzed allylic alkylation. Scheme 82 

exemplifies the scope of the allylic alkylation of simple C5-substituted oxindoles and 

N-substituted oxindoles 11b–11i with Boc protected 3-(indol-3-yl)prop-2-en-1-ol 12 

by using Pd2(dba)3∙CHCl3 (15 mol %) as a catalyst and racemic L1 (30 mol%) as a 

ligand at room temperature in CHCl3 to yield the allylated product with moderate 

regioselectivity. The allylation of N-unsubstituted oxindoles with 12 proceeded 

smoothly and provided the corresponding branched and linear products in good yield 

with a 3:2 regioselectivity. The presence of an electron donating or withdrawing 

group on the oxindole had minimal influence on the selectivity and the yields. 

However, the reactions with N-methyl and N-MOM oxindoles 11h and 11i 

respectively resulted in a drop in regioselectivity and yields. In the case of 11i, 

branched and linear products were obtained as an inseparable mixture. All the 

compounds were well characterized by NMR and analytical techniques. For example, 

in the 1H NMR of compound 10b’ two terminal olefinic protons were seen to be 

merged, appearing at  5.24–5.27 (m, 2H), and the internal proton appeared at  6.07 

(td, J = 17.1, 9.8 Hz, 1H). All compounds were found to have a trans geometry at the 

spiro center with respect to its adjacent stereogenic center, by comparing the NMR 

spectra with 10a’ 
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Scheme 82: Scope of the [Pd]-catalyzed allylic alkylation of 2-oxindole. 

2.3.4. Synthesis of 3-epi-Trigolute B analogues: 

 We have next proceeded in the direction of the synthesis of Trigolute B 

epimeric analogues using the branched compounds having a trans geometry obtained 

in the [Pd]-catalyzed allylic alkylation. All the resulting branched allyl products 10b’–

10i’ were subjected for the dihydroxylation employing potassium osmate (4 mol%) as 

a catalyst and NMO (2 equiv) as co-oxidant in dichloromethane. The resulting diols 

were immediately subjected for the lactonization using p-TSA (1 equiv) to obtain 3-

epi-Trigolute B analogues 9b’–9i’ in moderate to good yields (Scheme 83). All the 

Trigolute B epimeric analogues were well characterized with NMR and analytical 

techniques and comparision of the NMR with 9a’ showed that the compounds had the 

same relative stereochemistry as 9a’. For example, in the 1H NMR of compound 9b’, 

disappearance of a double bond and ethyl group protons of 10b’ and the appearance 

of H9 proton at  4.85 (d, J = 11.6 Hz, 1H), confirmed the formation of the lactone 

ring. Furthermore the structure of 9c’ was confirmed with single crystal X-ray 

structural analysis (Figure 11). 
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 Scheme 83: Synthesis of 3-epi-Trigolute B analogues. 
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Figure 11: Single crystal X-ray diffraction of compound 9c’. 

 To conclude, a simple two-step approach for the synthesis of the central 

tricyclic core of Trigolutes natural products has been developed. What has been 

utilized for this synthesis is the Tsuji-Trost alkylation of the anions of 2-indolones 

with 3-allylindole carbonates followed by catalytic dihydroxylation/acid catalysed 

lactonization. With Pd, the key Tsuji-Trost alkylation resulted in moderate 

regioselectivity and undesired diastereoselectivity. On the other hand, with Ir, though 

the reaction seems to be substrate specific, the regioselectivity was excellent and the 

desired diastereomer (de = 2:3) was obtained as the minor isomer. The scope of this 

simple two-step catalytic sequence has been expanded employing various 2-indolones 
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to synthesize a good number of Trigolute like small molecules. This exercise thus 

completed the development of the key tools that effectively address the construction 

of the pentacyclic core of Trigolute B. Now a stage has been set for the execution of 

their applicability in the total synthesis of Trigolute B - a challenging proposition 

what is going to be realized in the total synthesis of trigolute B is the preparation of 

the starting material 6-hydroxy 2-oxindole and the acquisition of the 

enantioselectivity. In the following sections, a detailed study regarding method for 

synthesis of 2-(6-hydroxy-2-oxoindolin-3-ylidene)acetate derivatives has been 

discussed in detail, along with the realization of our ultimate target: Trigolute B. 
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2.4. Introduction for 3-alkylideneindolin-2-one 

After having established the validity of the intended two step-approach for the 

central core, we next moved towards the total synthesis of Trigolute B and its 

spiroepimer, 3-epi-Trigolute B. One of the important issues that has been realized 

immediately is the preparation of the starting 2-(6-hydroxy-2-oxoindolin-3-yl)acetate. 

Indeed, in the recent synthesis of Trigolute B, the corresponding O-methyl ether has 

been used and as expected, the final demethylation step employing BBr3 gave only 

34% yield.87 It was quite interesting to notice that so far there is no direct method for 

the preparation of 11 and its O-methyl ether has been prepared in a couple of 

instances by employing a classical multistep approach.  

 
Scheme 84: The key retrosynthetic disconnections and identified starting 

precursors 

The reported method involves the condensation of isatins with activated acyl 

derivatives or orthoesters. The 6-methoxy-isatin 85.B was not commercially available 

and it was necessary to prepare from m-anisidine 85.A by the Sandmeyer reaction 

(Scheme 85).92 Robert M. William reported the widely used method for the synthesis 

of a similar 6-methoxy-3-alkylidene derivative 85.C by following the classical Wittig 

2-carbon homologation of the 6-methoxyisatisine 85.B (Scheme 85) that was then 

subjected for the hydrogenation employing NaBH4. The methyl ether 11-Me has been 

earlier used in the total synthesis of spirotryprostatin A by William’s group93 and the 

same has been used in the synthesis of Trigolute B.87 Otherwise, the use of either 11-

Me or the corresponding alkylidene derivative 85.C has been mainly limited to the 

patent literature and has been rarely used,94 despite the fact that the parent alkylidene 
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derivatives have been extensively used in the methodology development papers.95  In 

this context, an examination of the various oxindole classes of natural products has 

revealed that there are a good number of members having either a 6-OH or 6-methoxy 

substitution on the oxindole core. A compilation of the corresponding natural products 

is provided in the Figure 12.96 Interestingly, the total synthesis of the majority of these 

natural products has not yet been documented. 

 
Scheme 85: Classical approach for 6-methoxy-3-alkylideneindolin-2-one 

Figure 12: Natural products and biological important molecules with 3-

methyleneindolin-2-one and 6-hydroxy oxindole. 
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This has prompted us to explore whether there is an opportunity to develop a 

simple method for the synthesis of the parent 6-hydroxy-3-C-methylene-2-oxindole 

derivatives that can find potential future applications and mainly, to prepare the 

starting 6-hydrox-3-[2-oxindolyl] acetate 11 that we need in multi-gram scales. 

Having this in mind, we have looked at the various approaches reported for the 3-

alkydene-2-oxindole derivatives considering the fact that their reduction with NaBH4 

will provide the requisite saturated analogues. Following are the compilation of 

various methods that have been documented so far for 3-C-methylene-2-oxindole 

derivatives that involve mainly the cross-coupling chemistry. 

 

Scheme 86. Intended approach for the synthesis of 11 

2.4.1. [M]-catalyzed approaches for 3-alkylideneindolin-2-one: 

The literature search has revealed that the corresponding 6-methoxy-3-

alkylidene derivative 87.B was first prepared in 1976 by Mori and Ban employing a 

Ni/-mediated intramolecular Heck-type coupling of 6-methoxy N-(2-

chloro)monoanilide of maleic esters in DMF at 60–70 °C (Scheme 87).97 In 1979, the 

same group reported Pd(OAc)2 catalyzed Heck-type coupling of simple N-(2-

chloro)monoanilide of maleic esters in the presence of triphenylphosphine and Et3N 

in DMF or acetonitrile, at 70 °C (Scheme 87).98 It was surprising to note that both 

these reports have not received their due credit (they are rarely cited) that they 

deserve. 
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Scheme 87: Mori and Ban approaches for 3-alkylideneindolin-2-one 

Since the chemistry involved is quite straightforward, we have compiled all 

the related reports in the following Table 6 and for the convenience of the readers, the 

respective citations only mentioning the name of the corresponding authors (these 

citations have not been included in the main references section) have been provided in 

the same. Many of these approaches for 3-methyleneoxindole core structures 

capitalize on carbonylation of 2-alkynylanilines or carbopalladation–Stille coupling 

reactions with carbamoyl chlorides derived from 2-alkynylanilines, Pd- or Rh-

catalyzed cyclization of 2-alkynylaryl isocyanates in the presence of an external 

nucleophile, and the copper catalyzed intramolecular cyclization of -keto amides. 

However, all the aforementioned methods require a specifically functionalized 

precursor which limits their applications in scope or the demand of stoichiometric 

metal salts.  

Table 6: Reported approaches for 3-alkylideneindolin-2-one. 

Substrate 1 Substrate 2 Conditions Product Reference 

 

– 
[In] 

Py HBr3, DMF 
 rt, 24h, 80% 

 

Org. Lett., 
2004, 6, 

2825–2828 

 

 [PdCl2(PPh3)2] 
CuI, NEt3, THF 

rt, 12h, 39% 

 

Angew. 
Chem., Int. 

Ed. 2005, 44, 
153 –158 
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[Pd(PPh3)4] 
CuTC, THF 
 rt, 15h, 91% 

 

J. Org. 
Chem., 2005, 

70, 3741–
3744 

 

RCH=CH2 

Pd(OAc)2,  
PPh3, K2CO3, 

DMF 
60 °C, 6h, 80-

90% 
 

J. Org. 
Chem., 

2005,70,6972
–6975 

RB(OH)2 

Pd(OAc)2,PPh3, 
CsF, THF 

60 °C, 6h, 70-
96%  

RB(OH)2 

Pd(OAc)2,  
CO ballon 
PPh3, CsF, 

THF 
60 °C, 3h, 70%  

 

ArI 

Pd(OAc)2, 
NaOAc, DMF 
110 °C, 24h, 

61-93% 
 

Org. Lett., 
2006, 8, 

4927–4930 

 

R2ZnCl 

[RhCl(C2H4)2]2, 
dppf, dioxane 

40 °C, 20h, 57-
94% 

 

Org. Lett., 
2006, 8, 

4799–4801 

 

Ar1I, Ar2I 

[Pd(PPh3)4], 
CuI, NaOAc, 

DMF 
110 °C, 24h, 

10-83%  

Angew. 
Chem., Int. 

Ed. 2007, 46, 
3291–3295 

 

– 

PdCl2, CO 
CuCl2,C6H6:TH

F 
rt, 3-48h, 9-

82% 
E:Z = >99:1  

Org. Lett., 
2007, 9, 

3413–3416 

 

R2B(OH)2 
[Rh(OH)(cod)]2 

THF 
rt, 12h, 18-85% 

 

Org. Lett., 
2007, 9, 

5075–5077 

X
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R
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H
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R1
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R3CO2H 

Pd(OAc)2,  
PhI(OAc)2, 

MeCN 
80 °C, 6h, 28-

91% 
 

Org. Lett., 
2008, 10, 

1875–1878 

 
 

Pd(OAc)2,  
PhI(OAc)2, 

DCE 
100 °C, 3-10h, 

5-83%  

Org. Lett., 
2008, 10, 

1179–1182 

 

B2pin2 
[Rh(cod)2]SbF6 
DCE, 80 °C, 3-

6h, 31-86% 
 

Org. Lett., 
2008, 10, 

1743–1746 

 

ArI(OAc)2 or 
Ph2IY 

Y = Cl, Br, I, 
OTf, BF4 

Pd(OAc)2, Et3N 
THF/MeCN, 

100 °C 
 

J. Org. 
Chem., 2008, 

73, 5476–
5480 

 

– 
Pd(OAc)2,dppf 
Toluene, 80 °C, 

12h 
 

J. Org. 
Chem., 2009, 

74, 8834–
8837 

 

 

CuI, K2CO3, 

  
DMF:MeCN  
100 °C, 12h 
Pd(OAc)2 

100 °C, 12h
 

Tetrahedron 
Lett. 2009, 
50, 3912–

3916 

 

– 

PdCl2MeCN2  
AgOCOCF3 

PhCl, 100 °C, 
3h 

28-80%  

Chem. 
Commun., 
2010, 46, 

2462–2464 

 

– 

AgOTf  
Dioxane, 100 

°C, 3h 
2h, 43-91% 

 

Chem. 
Commun., 
2011, 47, 

11336–11338 

 

– 
Pd(Q-Phos)2 

Toluene, 50 °C, 
15 min-26h 

 

Angew. 
Chem., Int. 
Ed. 2015, 

127, 256–259 

N
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O
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– 

Pd2(dba)3, PA-
Ph 

PhMe, 50 °C 
3-21h, 4-99% 

 

Angew. 
Chem., Int. 

Ed. 2015, 54, 
1–5 

 

Apart from the initial reports of Ban and co-workers, so far, the synthesis of 6-

hydroxy-3-alkylidiene-2-oxindoles derivatives has been not attempted in any of the 

cross-coupling/other methods documented, despite the fact that several natural 

products contain this 6-hydroxyoxindole core. Considering the optimal positioning of 

this 6-hydroxy group, we hypothesized the possibility of an intramolecular phenoxide 

Michael addition to make the key C–C bond. Following is some brief information 

about the intramolecular phenoxide cyclization with some relevant recent examples 

and subsequently presented is the original hypothesis for the synthesis of our starting 

compound 11. 

2.4.2. Base-mediated benzannulative phenoxide cyclization approaches  

The intramolecular alkylation of phenoxide ions undergoing geminal 

cyclization first reported by Winstein and Baird is one of the classical methods for the 

synthesis of 4,4’-spirocyclohexadienones with a widespread application in the natural 

products synthesis.99 However, the reports on the phenoxide intramolecular vicinal 

cyclization leading to the benzannulation are limited and so is the intramolecular 

Michael addition of the phenoxide anions. The reactions involving the intramolecular 

alkylation of phenoxide ions are conveniently classified according to transition Ar1
––n 

and Ar2
––n (Figure 13). Ar– denotes the participating (rate enhancing) phenoxide ion. 

The subscript, 1 or 2, refers to the position of ring closure, and ‘n’ to the size of the 

ring formed. Only one product is possible in the course of an Ar1
––n cyclization, 

whereas two regio-isomers are possible in the course of the Ar2
––n cyclization.100 

 

Figure 13: Intramolecular alkylation of phenoxide ions 
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In 1957, Winstein and Baird demonstrated that under basic conditions, 

suitably substituted phenols undergo intramolecular geminal cyclization via 

participation of the neighbouring phenoxide ion group to form dienones and this 

concept has been extended to the synthesis of fused products by Melker in 1961 

(Scheme 88).101 The use of this intramolecular cyclization has seen widespread 

applications in the natural products total synthesis and is the subject of several 

reviews. In the following account are provided some of the earlier reports that involve 

benzannulative phenoxide cyclization leading mainly to the heterocycles synthesis.  

 

Scheme 88: Winstein and Melker approach for alkylation of phenoxide ions 

 In 1963 Rees and co-workers reported the synthesis of 

hydroxyphenanthridinones via the intramolecular trapping of intermediate benzyne 

with a phenolate ion.102 Thus, 3-hydroxyanilide 89.A having a suitably disposed 2-

bromobenzoyl group upon treatment with potassium amide in liquid ammonia led to 

the in situ generation of the benzyne that was trapped by the phenolate anion, 

resulting in the regiomeric mixture of the phenanthridinones 89.C and 89.D.  
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Scheme 89: Synthesis of hydroxyphenanthridinones via benzyne intermediate 

 Schwartz and Scott have employed an Ar2
– – 6 phenoxide quinone methide 

coupling as a key step in their biomimetic synthesis of (±)-Cherryline, a unique 

Amaryllidaceae alkaloid.103 The key cyclization step was considered to involve the 

generation of the para-qunomethide from another natural product (±)-hydroxy-O,N-

dimethylnorbelladin 90.A in refluxing ammonia solution. This was intramolecularly 
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trapped by the pendant hydroxyphenyl unit and gave the (±)-cherryline as single 

regioisomer in 79% yield. 

 

Scheme 90: Synthesis of (±)-Cherryline via benzannulative cyclisation. 

The cyclization of phenoxyketones to benzofurans was first observed some 50 

years ago but results were unpredictable, and the reaction unsatisfactory. In 1972 

MacLeod and co-workers investigated this reaction in detail.104 The reaction of the 4-

methyl derivative of 7-(2-oxoethoxy)coumarin 91.A in 0.l N aqueous KOH at reflux 

for 6 h followed by acidification gave the respective -substituted furocoumarin 91.C. 

A reaction path proceeding through an intramolecular aldol type condensation has 

been proposed. The reaction was initiated by the base hydrolysis of the pyrone ring of 

91.A leading to the phenoxide ion 91.B followed by intramolecular nucleophilic 

addition of the resonance-stabilised carbanion generated at the position para to the 

phenoxide ion to the exocyclic carbonyl function and a subsequent 1,5-hydride shift 

that resulted in the rearomatization. On acidification, the pyrone ring is reformed and 

and dehydration of the benzylic alcohol occurred to form the furan ring. Control 

experiments revealed that, this intermediate aldol-type process is irreversible. 

 

Scheme 91: MacLeod approach for -substituted furocoumarins. 

 In some instances, the base mediated Pictet-Spengler reaction, especially of 

the -phenethyl amines having the suitably disposed hydroxyl group on the aromatic 

ring with aldehydes, have been also considered under the phenoxide cyclizations 
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category. For example, in 1971, Kametani and co-workers reported the total synthesis 

of Petaline by employing the Pictet-Spengler reaction of 2-bromo-5-hydroxy-4-

methoxyphenethyl- amine 92.A with anisaldehyde 92.B that proceeds either in basic 

or neutral media giving the 5-bromo-l,2,3,4-tetrahydroisoquinol 92.C from which the 

natural product Petaline was synthesized in three steps.105 

 

Scheme 92: MacLeod approach for -substituted furocoumarins. 

In 1981, Bates and co-workers reported the Pictet-Spengler reaction of 

Epinephrine (93.A) with various aldehydes that proceed at neutral pH resulting in a 

mixture of cyclization products 93.C and 93.D.106 

 

Scheme 93: Pictet-Spengler reaction via benzannulative phenoxide cyclisation 

Apart from the base-mediated phenoxide cyclization, the Friedel–Crafts type 

cyclizations leading to the benzannulation are also well explored. Since the current 

work is mainly founded on the base-mediated cyclization, we wish to not touch upon 

this aspect. However, there is an interesting article documented by Yamazaki and co-

workers that needs a special mention in the context of the current work. In this 2004 

article, this group reported the cyclization of diethyl 2-[(N-methyl-N-

phenylcarbamoyl) methylene]malonate 94.A in the presence of ZnCl2 at room 

temperature giving diethyl 2-(1-methyl-2- oxoindolin-3-yl)malonate 94.B in 98% 

yield (Scheme 88).107 A Friedel–Crafts type intramolecular Michael addition of the 

aryl ring to the activated olefin has been proposed as the reaction path. The reactions 

also proceeded with Lewis acids such as AlCl3, ZnBr2, Sc(OTf)3 and InBr3 as 

catalysts. Apart from this, some noteworthy recent reports that have dealt with the 

Friedel-Crafts reaction like Michael additions, are described below in brief. 
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Scheme 94: Lewis acid-promoted cyclization 

 2009, Rui Wang and co-workers reported an enantioselective Friedel-Crafts 

alkylation/cyclization cascade reaction of 1-naphthols and ,β-unsaturated aldehydes 

promoted by diphenylprolinol.108 The reaction of 1-naphthol 95.B with 

cinnamaldehyde 95.A in the presence of the catalyst 95.C (10 mol%) and benzoic 

acid (10 mol%) in THF for 60 h gave 95.D in good yield (Scheme 89). The activation 

of ,β-unsaturated aldehydes 95.A by the diphenylprolinol ether 95.C results in the 

intermediary iminium ion, which then reacts with the 1-naphthol in a 1,4-addition 

manner with subsequent hydrolysis and half acetalization to provides the desired 

chromanes 95.D. 

 

Scheme 95: Organocatalytic asymmetric Friedel-Crafts alkylation 

In 2016, Ken-ichi Takao and co-workers reported enantioselective 

organocatalytic construction of spiroindanes by intramolecular Friedel–Crafts-type 

1,4-addition catalyzed by a cinchonidine- based primary amine and accelerated by 

water and p-bromophenol.109 Treatment of 96.A with the catalyst 96.B (20 mol%) at 

65 °C in water and p-bromophenol lead to the formation of the spiro product 96.C. 

The activation of ,β-unsaturated ketone 96.A by the catalyst 96.B results in the 

intermediary iminium ion, and then intramolecular 1,4-addition, and subsequent 

hydrolysis provides the spiro product 96.C. 
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Scheme 96: Organocatalytic asymmetric Friedel–Crafts-type 1,4-addition. 

2.5. Results and Discussions: 

Our studies in this direction started with the addressing of the key issue of the 

formation of the C–C bond for the synthesis of 2-(6-hydroxy-2-oxoindolin-3-

yl)acetate derivatives that was required immediately as a part of the Trigolute B total 

synthesis. To explore the feasibility of this proposed strategy, the model maleic 

monoanilide 15a was prepared by treating N-PMB protected 3-hydroxy aniline 14a 

with maleic anhydride in DCM followed by esterification using SOCl2 in ethanol 

(Scheme 97). The constitution of anilide 15a was established with the help of spectral 

and analytical techniques. In the 1H NMR spectrum of compound 15a, the appearance 

of two olefinic hydrogens at  5.72 (d, J = 11.9 Hz, 1H), 6.24 (d, J = 11.9Hz, 1H), 

confirmed the presence of a cis double bond. The characteristic protons of the ethyl 

group of the ester appeared respectively at  1.21 (t, J = 7.2 Hz, 3H) and 4.14 (q, J = 

7.2 Hz, 2H). In addition to this, the two quaternary carbon signals appeared at  165.1 

(s), 166.1 (s) in the 13C NMR representing the carbonyl peaks of amide and ester 

groups. The constitution of 15a has been confirmed as C20H22NO5 by the [M+H]+ 

peak in the HRMS found at 356.1484. 

Next, we explored the possibility of base-mediated cyclization of compound 

15a comprising of the intramolecular Michael addition of the phenoxide across the 

suitably disposed conjugated olefin. Previous work on anionic phenolic cyclization 

demonstrated that the nature of the base can influence the outcome of the phenolate-

mediated intramolecular Michael addition.110 A successful realization of this reaction 

has required substantial optimization of base and solvents. The results are summarized 

in Table 7. Initially, bases like NaH and tBuOK that have been commonly used for 
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phenoxide cyclizations have been examined. In both the cases, the formation of a new 

product (as the minor component) could be observed.  

 

Scheme 97. Synthesis of 15a its NaH-mediated cyclization 

Interestingly, this product was identified as 6-methoxy-3-alkylidene derivative 

16a which presumably results from the base-mediated aerobic oxidation of the 

initially formed Michael product. The constitution of 16a was established with the 

help of spectral data. For example, in the 1H NMR spectrum of compound 16a there is 

only a single proton resonating at  6.59 (s, 1H) corresponding to the olefin, which 

indicates the presence of a tri-substituted double bond. The appearance of two 

doublets integrating each for one proton with a large coupling at 8.47 (d, J = 8.5 Hz, 

1H) suggested that the C–C bond formation had taken place para to the phenolic 

hydroxyl group (Ar2
––n cyclization). In addition to this, the presence of protons at  

1.33 (t, J = 7.1 Hz, 3H), and 4.29 (q, J = 7.1 Hz, 2H) in the 1H NMR spectrum and 

two quaternary carbons singlets 163.0 (s), 166.7 (s) in the 13C NMR spectrum 

revealed that both the ethyl ester and amide groups are intact. The constitution of 16a 

was confirmed as C20H19NO5Na by the observed [M+Na]+ peak in the HRMS at 

376.1148.  

A LCMS analysis of this NaH-mediated reaction has revealed that the amide 

hydrolysis was the major event. Although the yield of the product is poor, however, 

we were delighted to note that our proposal is workable. With this optimistic result in 

hand, we next explored various other bases to optimize the reaction. As shown in 

Table 7, when employed potassium tert-butoxide was employed the yield was 

improved to 48%. However, the amide hydrolysis was a competing reaction. To avoid 

this competing amide hydrolysis reaction, we next examined the compatibility of mild 
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carbonate bases such as Na2CO3, Li2CO3, K2CO3 and Cs2CO3. The employed 

conditions involve the use of 2 equiv base and acetonitrile as the solvent and the 

stirring of the reaction mixture at rt. As indicated in Table 8 (entries 2 – 5), out of the 

four bases employed, the results with the Cs2CO3 are extremely rewarding. Unlike 

with the other three bases where the starting anilide 15a was intact, with Cs2CO3, we 

could see 100% conversion within 4 h at room temperature and obtained pure 16a as 

single regio-isomer in 81% isolated yield. Next examined was the compatibility of 

other solvents with Cs2CO3 (entries 7–11) and also the possibility of the current 

cyclization under oxidative conditions. The use of Cs2CO3 in non-polar solvents like 

CH2Cl2 and toluene resulted in no reaction. However, in polar solvents like 

tetrahydrofuran, N,N-dimethylformamide and DMSO, the reaction proceeded with 

lower yields (entries 7, 8 and 9).  

 

Table 7. Optimization of reaction conditions 

S.No Reagent Solvent Yield 
2 t-BuOK CH3CN 48% 
3 Li2CO3 CH3CN No reaction 
4 Na2CO3 CH3CN No reaction 
5 K2CO3 CH3CN No reaction 
6 Cs2CO3 CH3CN 81% 
7 Cs2CO3 THF 62% 
8 Cs2CO3 DMF 72% 
9 Cs2CO3 DMSO 76% 
10 Cs2CO3 CH2Cl2 No reaction 
11 Cs2CO3 Toluene No reaction 
13 CAN CH3CN No reaction 
14 DDQ DCM:H2O No reaction 
15 PIFA CH3CN No reaction 
16 I2 DCM  Complex mixture 
17 ZnCl2 CH3CN No reaction 

It thus become apparent that the project phenoxide cyclization could be 

realized easily, it was interesting to note that the product obtained was the 

corresponding 3-alkylidine oxindole that presumably resulted from the base-mediated 
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aerobic oxidation of the initially formed cyclization product. At the outset, if one 

looks at the overall transformation it is the direct coupling of Ar–H with the H–C=C 

with a net loss of hydrogen – an apparent cross dehydrogenative coupling. This 

apparent cross dehydrogenative coupling is quite interesting and complements the 

corresponding Ni-mediated (using stoichiometric amounts of Ni-salts) and also the 

Pd-catalyzed cross-coupling approaches. However, it also suggests the possibility of 

the metal impurities present in the carbonate catalyzing this transformation. To rule 

out such a possibility, we examined this reaction in the presence of QuadraPureTM 

DMA (1:1 w/w with respect to the amide 15a). QuadraPureTM is a known scavenger 

for metals such as Pd, Cu(I), Cu(II), Ni, Pt, etc. Interestingly, even in the presence of 

large amounts of this scavenger, the dehydrogenative cyclization of 15a proceeded as 

usual without any interference from the added metal scavenger.  

As a control, we have also examined the cyclization of maleimide  15a 

employing stoichiometric amounts of oxidizing agents such as DDQ, PIFA, CAN and 

Iodine under the reported conditions that have been used for a similar type of 

cyclizations albeit without any hydroxyl/methoxy group positioned para to the newly 

forming C–C bond.  With the three oxidants employed, there was no change in the 

starting compound even after prolonged stirring. However, in case of iodine, the 

reaction resulted in an intractable complex mixture. Along similar lines, we have also 

examined the compatibility of ZnCl2 for the current cyclization and found it to be 

unsuccessful.  

Having established this novel intramolecular phenolate Michael addition 

approach for the construction of the 6-hydroxy-3-alkylidene-2-oxindole core, we next 

proceeded to explore its scope and limitations. The anilides 15b–15q having different 

ester groups, N-protecing groups such as PMB, Bn, DMB, Me, Et and a methyl, 

methoxy substituents on benzene have been synthesized by following the established 

procedure comprising of the treatment of the N- protected 3-hydroxy aniline with 

malice anhydride in DCM followed by esterification using SOCl2 in the respective 

alcohol (Scheme 98).111 In the case of N-Ph, N-tolyl protected anilines, the formation 

of anilides 15l and 15m resulted in low yields. All the compounds were isolated as cis 

anilides and spectral data was in accordance with the proposed structure.  
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Scheme 98: Synthesis of anilides 

Next, the scope of the current cyclization reaction was examined with these 

available substrates on the 500 mg scale. As shown in scheme 99, all these substrates 

underwent cyclization to afford oxindoles in high yields. It was noted that a tertiary 

amide has to be used to ensure the smooth occurrence of the annulation reaction 

because the reaction with NH free anilide resulted in the hydrolysis of starting 

anilides. Interestingly, in all the successful cases, the reactions proceeded with 

complete para-selectivity. In case of N-Ph, N-tolyl protected anilines the cyclization 

resulted in low yields. The E-configuration of the trisubstituted double bond in 16f 

and 16j was established with the help of NMR spectral data analysis and confirmed 

unambiguously by the single crystal X-ray analysis (Figure 14). All the compounds 
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were isolated as yellow solids and spectral data was compatable with the proposed 

structure. For example, in all the compounds, the formation of a trisubstituted double 

bond was identified by the appearance of a singlet proton in the  6.00–7.00 region. 

 

Scheme 99: Substrate Scope 
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Figure 14. Molecular Structure of Compound 16f and 16j 

2.5.1. Unsuccessful substrates for benzannulative phenoxide cyclization: 

 Table 8 shows the  unsuccessful substrates for benzannulative 

phenoxide cyclization, some of which have been examined to look at the factors that 

govern the cyclization. For example, the lack of cyclization of 15r that does not 

contain a phenolic –OH or of 15s where the phenolic –OH was wrongly positioned 

reveals that the present reaction requires the presence of a free phenolic –OH situated 

para to the newly forming C–C bond. Similarly, the two substrate 15t and 15u, where 

one of the carbonyl is missing did not give any cyclization product, instead 

isomerization of the double bond was seen to occur. This revealed that the presence of 

a carbonyl group at both the ends is warranted for successful cyclization. Also, the 

incompatibility of substrate 15v having a methyl substituent on olefin indicated that 

the steric bulk on the olefin has a dramatic effect on the outcome of the cyclization. 

This phenolate-mediated intramolecular Michael addition was unsuccessful when we 

changed the heteroatom from nitrogen to oxygen 15y, where the hydrolysis was found 

to be the singular event.  The cyclization of the substrates 15w and 15x has been 

examined as a possible extension of the current approach involving either SNAr or 

nucleophilic addition to a carbonyl group in lieu of the current Michael addition. 

However, in both the instances, the reactions were unsuccessful.  
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Table 8: Unsuccessful substrates for phenoxide cyclizations 

2.5.2. Practicality of the current cylization reactions. 

Next, we examined the practicality of this reaction by conducting the 

cyclization of 15a on a 10 g scale employing 2 equiv of Cs2CO3 in CH3CN at room 

temperature. Within 4 h, the starting compound was seen to disappear completely, 

however, the formation of another product in equal amounts was noticed. A simple 

chromatographic purification of the crude reaction mixture provided 16a and the new 

product 17a in equal amounts. The structural analysis of this compound with the help 

of the spectral data revealed that it was the intermediate Michael product. For 

example, in the 1HNMR spectrum of compound 17a, the characteristic olefin single 

that usually appeared around 6 – 7 ppm was absent, revealing that there is no olefin in 

compound 17a. There are 3 protons that appeared separately in the upfield region – a 

multiplet at 3.68–3.73 (1H) and two doublet of doublets at 2.73 (1H) and 3.00 (1H) 

confirmed that the Michael addition product was formed. In addition to this, the Ar-

H4 was appeared in the up field 6.88 (d, J = 8.0 Hz, 1H; it was at  8.47 in case of 

16a) revealing that it was shielded away from the anisotropic deshielding effect of the 

carbonyl and also of the conjugated olefin.  In addition to this the appearance of two 

Ar-H protons as doublets with a large chemical shift of d, J = 8.0 Hz confirmed that 

the C–C bond formation was happened para to the phenolic hydroxyl group. The 

constitution of 17a was confirmed as C20H22NO5 by the [M+H]+ peak in the HRMS 

found as 356.1485.  
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Scheme 100: Substrate scope at 10 g scale 

 In parallel, the large scale reactions of the three other maleamides 15b, 15c 

and 15h have been executed.  One of the reasons for conducting the cyclization of 

15a-15c on large scales was in the context of the total synthesis that requires the 

preparation of the key 2-(6-hydroxy-2-oxoindolin-3-yl)acetate by following a 

sequence of hydrogenation of the initially formed alkylideneoxindoles and subsequent 

N-deprotection. Considering the possible difficulties during the N-deprotection, we 

opted for the 3 different protecting groups Bn, PMB and DMB. The fourth substrate 

15h was selected in order to see the generality of these observed products formation 

on large-scale reactions. The cyclization of all of these three substrates on large scales 

gave a ~1:1 mixture of both the unsaturated and saturated oxindole derivatives. The 

proposed general structure and the regioselectivity of one of these newly isolated 2-

(6-hydroxy-2-oxoindolin-3-yl)acetate has been proposed with a comparison of their 

spectral data with 17a and was further established with the help of the single crystal 

X-ray studies of 17c (Figure 15). 

 

 

Figure 15. Molecular Structure of Compound 17c 

 The isolation of the saturated derivatives 17 on large scales is interesting in the 

context of our hypothesis of intramolecular phenolate Michael addition. Also, it 

provided substrates to examine the validity of our base-mediated aerobic oxidation of 
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initially formed 2-(6-hydroxy-2-oxoindolin-3-yl)acetate derivatives. An examination 

of the literature revealed that there are reports for base mediated aerobic oxidation of 

alcohols to aldehydes, amides to -keto amides and oxidative cyclization of 

phenacylamides.112 However, to the best of our knowledge, none have dealt with 

oxidation of the C–C single bond to C=C double bond and definitely none with 3-

alkylindolin-2-one. To check, our hypothesis, we treated these intermediate products 

17a–17c, 17d, 17h with 1 equiv of Cs2CO3 under similar conditions and obtained the 

anticipated methylene derivatives 16a–16c, 16d, 16h in excellent yields. Further, 

when exposed the known 2-(2-oxoindolin-3-yl)acetates 17r–17t were exposed to the 

current conditions, the corresponding methylene derivatives 16r – 16t were obtained 

in 88 – 93% yields (Scheme 101). This suggested that the presence of para phenolic-

OH is not essential for the present base-mediated aerobic oxidation.  

 

Scheme 101: Substrate Scope for dehydrogenation with Cs2CO3 

The isolation of the saturated derivatives 17 along with 16 on large scale is all 

right in the context of the total synthesis as these saturated derivatives 17 are the 

original targets in the proposed route and avoided the NaBH4 reduction of the 16 to 

half the extent. However, as a viable methodology, we need to address the issue of 

selectivity towards either of these products on large scales. In this context, the 

cyclization of 15a has been examined under different conditions. As shown in 

Scheme 97, on a 5 g scale, the flushing with oxygen has no effect on the reaction 

under standard conditions. Next, when we conducted the reaction in THF at rt, the 

reaction was sluggish and the formation of saturated oxindole 17a was observed. 
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However, even after 24 h, the conversion was <20%. Considering this, we started 

heating the reaction at 50 °C. The starting anilide 15a disappeared completely within 

6 h. The alkylidene oxindole 16a was isolated as the sole product in 72% yield, which 

indicated that the initially formed 17a was also oxidized when heated. This initial 

experiment revealed that the solubility/availability of the base is an important issue 

for the oxidation event. With this clue, we examined the cyclization of 15a under 

standard conditions employing 2 equiv of base in acetonitrile (with additional 25% 

acetonitrile) and prolonged the reaction for additional time. This indeed worked well 

and gave exclusively the alkylidene oxindole in 79% isolated yield. We also 

examined the cyclization of 15b and 15c on a 5 g scale under the current conditions. 

In both the cases, as expected, the corresponding alkylidene oxindoles were isolated 

exclusively in very good yields. 

2.6. Conclusion: 

 In summary, a simple access for the synthesis of 6-hydroxy-3-

alkylideneoxindoles has been developed by employing a base-mediated 

intramolecular phenoxide cyclization of N-(3-hydroxy)mono anilide of maleate esters. 

The reaction proceeds smoothly at room temperature and is effective at large scale 

synthesis, although it needs additional dilution and prolonged stirring. These rare and 

highly functionalized cyclized products are suitable for further elaborations with 

potential implications in diversity oriented synthesis. The simplicity of the current 

reaction is an attractive aspect and has the potential to evolve as a reliable 

disconnection in the total synthesis of natural products having the 6-hydroxyoxindole 

core. 
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2.7.Total Synthesis of Trigolute B and 3-epi-Trigolute B 

 One of the important aspects of total synthesis is “Discovery & 

Understanding”, a simple quote from the legendary synthetic chemist Professor R. B. 

Woodward. This is a simple governing principle that we always observe while 

selecting our targets for the total synthesis program. The development of concise 

strategies and the discovery of new methods forms the foundation of our total 

synthesis exercise. From the beginning, we always look for the newly isolated natural 

products and importantly with the unusually joined simple (hetero)cyclic units inter 

alia with unprecedented structures.  One of the attractive features of these 

unprecedented scaffolds is that the forging of the central core forms the first objective, 

which always hints at the possibility of new reactions/methods.  

As was mentioned in the previous section, Trigolutes are the first natural 

products to be isolated with a spiro(oxindole--lactone) core. Specifically, the 

substituents (indole and hydroxymethyl) present on the lactone ring and the presence 

of a 6-hydroxy-2-oxindole unit posed significant synthetic challenges. To this end, 

having established complementary two-step strategies for the central pentacyclic core 

of Trigolutes and for the spiroepimeric-Trigolutes, practical methods for the synthesis 

of 6-hydroxy-3-alkylideneoxindoles, our next concern was extending their 

applicability in the total synthesis of 3-epi-Trigolute B and Trigolute B employing 

respective the Pd- and Ir-catalyzed allylation reactions. Following is the finalized 

retrosynthetic scheme in this context. 

 

 One of the immediate concerns that we examined was the allylation of 17a 

with Boc protected 3-(indol-3-yl)prop-2-en-1-ol 12. Initial substrate optimization 
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experiments were carried out by employing the Pd-complex as a catalyst considering 

the high cost of Ir-complex and the exclusive diastereoselectivity that we obtained 

with Pd. However, the attempted allylation of free –OH oxindole 17a with 12 in the 

presence of Pd2(dba)3·CHCl3 and ligand L1 in CHCl3  at room temperature (Scheme 

102) resulted in the exclusive  O-alkylation. This necessitated the protection of the 

phenolic –OH in the oxindole 17a. However, from our model experiments, it was 

clear that the allylation of N-substituted oxindoles was problematic. Our journey in 

this regard started with the preparation of the fully deprotected ethyl 2-(6-hydroxy-2-

oxoindolin-3-yl)acetate (11). This needed substantial experimentation. Initially, the 

hydrogenation of the N-benzyl protected derivative 17c was attempted employing 

10% Pd catalyst at various temperatures and also at elevated pressures. However, this 

was found to be a difficult task. Along similar lines, the attempted deprotection of the 

N-PMB derivative 17a under hydrogenation or oxidation (DDN and CAN) did not 

provide any fruitful results. However, N-DMB protected ethyl 2-(6-hydroxy-2-

oxoindolin-3-yl)acetate 17b deprotected successfully in the presence of TFA in 

anisole to produce 11 in moderate yields. The next concern is about the compatibility 

of the phenolic –OH in the Tsuji-Trost allylation. If there are unforeseen problems 

with the free –OH, we may need to explore various protecting groups.    

 

Scheme 102: O-alkylation with oxindole 11 in allylic alkylation 

Attempts at protecting the phenolic –OH as its MOM ether or Boc derivative 

resulted in the alkylation of the C3 position of oxindole along with the –OH 

protection. We could successfully and selectively protect the phenolic –OH in 11 as 

its OTBS ether 6-TBS. Discouragingly, this compound under optimized Pd-catalysts 

conditions was found to be completely intact. We reasoned that the presence of a 
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bulky TBS ether group might be the reason for the failures that we encountered during 

the allylic alkylation. After a couple of explorations, we found that the p-

nitrobenzoate 6-p-NBZ [prepared DCC mediated condensation of the oxindole 11 

with p-nitrobenzoic acid] is a suitably substrate for the alkylation with the Boc-

protected indolylallyl alcohol 12 under the previously optimized Pd-catalysis 

conditions and gave an easily separable mixture of branched and linear alkylated 

products in a ~2:3 ratio (78%) (Scheme 103). 

 

Scheme 103: Total synthesis of 3-epi-trigolute B (9’) 

Both the compounds were characterized with the help of NMR and Mass 

spectrometry. The NMR spectra of compound 10’ were scanned in a CDCl3 solvent 

and the compound was identified as a single diastereomer by HPLC analysis. In the 
1H NMR spectrum of compound 10’, the characteritics peaks of the terminal vinyl 

group appeared at δ 5.23–5.30 (m, 2H) ppm and at δ 5.86 (dt, J = 16.9, 9.7 Hz, 1H) 

corresponding to the terminal CH2 and the internal CH respectively. In addition, in the 
13C NMR spectrum of compound 10’, a peak corresponding to a quaternary carbon 

was seen to resonate at δ 52.9 (s) ppm which corresponds to the C3 of oxindole. The 

constitution of 10’ has been confirmed as C35H33N3O9Na, by the HRMS ([M+Na]+) 

found as 662.2110. Coming to the linear product 13, the two trans olefinic protons 

appeared separately at 6.01 (td, J = 15.4, 7.6 Hz, 1H), 6.47 (d, J = 15.9 Hz, 1H) and a 

multiplet in the δ 2.62–2.76 (2H) region confirmed that the nucleophilic substitution 

had taken place at the less substituted olefinic carbon of the electrophile and gave a 

linear product. The constitution of 13 has been confirmed to be the same as 27’, 

C35H33N3O9Na, by the HRMS ([M+Na]+) found at 662.2110.  
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 A simple comparison of the the spectra of the compound 10’ with the 

previously prepared corresponding oxindoles revealed the undesired 

diastereoselectivity during the alkylation. However, we proceeded next in the 

direction of constructing the key -lactone core with the requisite functional groups 

and fixing their relative stereochemistry. Accordingly, the branched compound 10’ 

has been subjected for the dihydroxylation employing potassium osmate (4 mol%) as 

a catalyst and NMO (2 equiv) as co-oxidant in dichloromethane. The resulting diols 

were immediately subjected for the lactonization using p-TSA (1 equiv) to obtain 

lactone 20’ in 69% overall yield. Lactone 20’ was isolated as a colorless solid and its 

structure was established with the help of spectral and analytical data. The NMR 

spectra of compound 20’ were scanned in a CDCl3 solvent and it was identified as a 

single diastereomer by HPLC analysis. In the 1H NMR of compound 20’, the 

disappearance of  the double bond and the ethyl group protons of 10’ and the 

appearance of the H9 proton at  5.35 (d, J = 11.6 Hz, 1H), confirmed the formation 

of the lactone ring. The presence of two peaks at  3.86 (dd, J = 12.5, 3.4 Hz, 1H), 

4.19 (d, J = 12.5, 1H) indicates the presence of H12 protons.  

 Finally, the treatment of 20’ with 2M NaOH in methanol followed by Boc 

deprotection with TFA in dichloromethane gave 9’ in 79% overall yield. The 

comparison of the spectral data of 9’ with the data reported for the natural trigolute B 

revealed that 9’ is the spiroepimer of Trigolute B. The ee of 13’ (10%) was 

determined by HPLC analysis with CHIRALCEL OD–RH (150 X 4.6mm). The 

comparison table of  NMR data is given below. 

Next, we looked at the [Ir]-catalyzed allylic alkylation of the oxindole 19 in 

anticipation of securing the total synthesis of Trigolute B. Accordingly, the oxindole 

19 was subjected for allylic alkylation with  Boc protected 3-(indol-3-yl)prop-2-en-1-

ol 12 employing [IrCl(COD)]2 (13 mol%), ligand L2 (13 mol%) and 

Tetrabutylammonium triphenyldifluorosilicate (TBAT) (30 mol%) in CHCl3  at room 

temperature to obtain the allylated products with complete branched selectivity in 

57% yield and  10:10’ = 2:3 ratio (Scheme 104). The major diastereomer 10’ was 

found to be the same as that obtained with Pd-catalyzed allylation. The minor 

diastereomer 10 was isolated as a yellow liquid and characterized by NMR and Mass 

spectrometry. The 1H NMR of compounds 10 and 10’ were mainly differentiated  at 
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the C2 of the indole proton and terminal olefinic proton as we observed earlier. In 10’, 

the C2 of the indole proton appeared at δ 6.73 as a singlet whereas in the case of 10, it 

was shifted to the downfield region, appeared at δ 7.38 as singlet and two terminal 

olefinic protons were well separated, appearing at δ 5.04 (d, J = 10.3 Hz, 1H), 5.22 (d, 

J = 16.4 Hz, 1H). 

  Following the same conditions that we used in the earlier case, the minor 

branched compound 10 was converted to the lactone 20 in 42% overall yield. The 

NMR spectra of compound 20 was scanned in CDCl3 solvent and identified as a 

single diastereomer by HPLC analysis. In the 1H NMR spectrum of compound 20, the 

disappearance of the double bond and ethyl group protons of 10 and the appearance of  

the H9 proton at  5.47 (d, J = 11.2 Hz, 1H), confirmed the formation of the lactone 

ring. The characteristic H12 protons appeared separately at  3.86 (d, J = 12.7 Hz, 

1H), 4.06 (d, J = 11.2 Hz, 1H). The resulting lactone was subjected for deprotection 

under similar conditions that we had used earlier, to provide Trigolute B (9). The ee 

of 13 (26%) was determined by HPLC analysis with CHIRALCEL OD–RH (150 X 

4.6mm). The spectral data of 9 is in good agreement with the isolated Trigolute B. On 

the other hand, the spectral data of 9’ deviated to some extent from the data for the 

natural product, mainly with regard to the peaks corresponding to the lactone core. 

The comparison table of  NMR data is given below.  

[IrCl(COD)]2

L2, TBAT, CHCl3 PNBO

N
H

O
CO2Et

N
Boc

K2OsO4 2H2O
NMO, CH2Cl2

p-TSA, THF

43% (2 steps)

i. NaOH, MeOH
ii. TFA:CH2Cl2 (1:2)
43% (2 steps)

10+10' (57%, dr:2:3)

RO N
H

O

CO2Et
+

19 (R = p-NO2Bz)

12

i.

ii.

O

OH

O

O
N
H

N
R'

RO

20 (R = p-NO2Bz, R' = Boc)

Trigolute B (9, R = R = H)  

 Scheme 104: Synthesis of trigolute B (9) 
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Table 9: Comparison of 1H NMR Spectra (in DMSO-D6) of 3-epi-Trigolute B and 
Trigolute B with natural Trigolute B 
 

No.  
3-epi-Trigolute B (9’) 

 
Trigolute B (9) 

 
(+)-Trigolute B 

Isolated 

 
2

3a

NH

4

5 6

7a

8

9

10

11
O

3a'

3

7a'

O

O

7

5'6'

7'

2'

3'
HN

HO

4'

12

OH

 

 1H 1H 1H 
1(NH)  10.03 (s, 1H) 10.28 (s, 1H) 10.18 (1H, s) 

2  – – – 
3  – – – 
3a – – – 
4  7.22 (d, J = 8.2 Hz, 1H) 7.24 (d, J = 8.2 Hz, 1H) 7.12 (1H,d, 8.2) 

5  
6.49 (dd, J = 8.2, 2.1 Hz, 
1H) 

6.14 (dd, J = 8.2, 2.4 Hz, 
1H) 

6.03 (1H,dd, 
1.8,8.1) 

6  – – – 
7  6.06 (d, J = 2.4 Hz, 1H) 5.95 (d, J = 2.1 Hz, 1H) 5.85 (1H,d, 1.6 ) 
7a – – – 
8  3.94 (d, J = 11.6 Hz, 1H) 3.98 (d, J = 11.4 Hz, 1H) 3.86 (d, 11.5) 

1'(NH)  10.78 (d, J = 2.1 Hz, 1H) 10.85 (d, J = 2.4 Hz, 1H) 10.74 (d, 2.0) 
2'  6.18 (d, J = 2.4 Hz, 1H) 6.92 (d, J = 2.6 Hz, 1H) 6.81 (d, 2.0) 
3' – – – 
3a' – – – 
4'  7.47 (d, J = 8.2 Hz, 1H) 7.49 (d, J = 8.0 Hz, 1H) 7.38 (d, 8.0) 
5'  6.92 (t, J = 7.9 Hz, 1H) 6.87 (t, J = 7.5 Hz, 1H) 6.76 (t, 7.8) 
6'  7.01 (t, J = 8.2, 7.9 Hz, 

1H) 
6.96 (t, J = 7.5 Hz, 1H) 6.85 (t, 7.7 ) 

7'  7.15 (d, J = 8.2 Hz, 1H) 7.19 (d, J = 8.2 Hz, 1H) 7.08 (d, 8.1) 
7a' – – – 
9  4.79 (d, J = 10.7 Hz, 1H) 5.19 (d, J = 10.5 Hz, 1H) 5.08 (d, 9.4) 
10  – – – 

11 
2.46 (d, J = 17.1 Hz, 1H 
), 2.95 (d, J = 17.1 Hz, 
1H) 

2.43 (d, J = 17.2 Hz, 1H ), 
3.09 (d, J = 17.2 Hz, 1H) 

2.98 (d, 17.2,Ha) 
2.32 (d, 17.2,Hb) 

12 (3.47, 2H, merged with 
water peak) 

3.15–3.19 (m, 1H), 3.29–
3.32 (m, 1H) 

3.26 (dd, 
5.1,11.9,Ha) 
3.06 (m,Hb) 

6-OH 9.64 (brs, 1H) 9.19 (s, 1H) 9.13 (s) 
12-OH  5.08 (t, J = 5.5 Hz, 1H) 4.86 (t, J = 5.4 Hz, 1H) 4.78 (t, 5.4) 
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Table 10: Comparison of 13C NMR Spectra (in DMSO-D6) of 3-epi-Trigolute B and 
Trigolute B with natural Trigolute B 
 

 
 

 

 

 

No.  

3-epi-
Trigolute B 

(9’) 
 

Trigolute B (9) 
synthesized 

(+)-Trigolute B 
Isolated 

(+)-Trigolute B 
Synthesized by 

Dai.et.al 

 2

3a

NH

4

5 6

7a

8

9

10

11
O

3a'

3

7a'

O

O

7

5'6'

7'

2'

3'
HN

HO

4'

12

OH

 
 

  

1(NH)      
2  178.05 180.53 180.7 180.66 
3  49.70 50.13 50.2 50.27 
3a 121.25 120.91 121.1 121.04 
4  124.74 123.94 124.0 124.05 
5  108.43 108.01 108.2 108.16 
6  161.66 157.20 157.3 157.34 
7  98.26 97.32  97.5 97.47 
7a 143.74 142.21 142.3 142.35 
8  36.21 37.94 36.7 36.79 

1'(NH)      
2'  121.93 121.49 121.6 121.63 
3' 108.71 109.41 109.5 109.55 
3a' 127.58 127.36 127.5 127.49 
4'  118.62 118.44 118.5 118.58 
5'  119.89 118.36 118.4 118.49 
6'  118.62 118.44 118.5 118.58 
7'  111.26 111.20 111.3 111.33 
7a' 135.20 135.27 135.4 135.42 
9  83.80 81.41 81.6 81.55 
10  169.27 169.29 169.5 169.41 
11 38.14 38.26 38.4 38.41 
12 61.38 61.69 61.8 61.84 

6-OH     
12-OH      
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2.8. Conclusion: 

In conclusion, we have developed a modular total synthesis of Trigolute B and 

3-epi-Trigolute B in 4 steps from easily accessible building blocks. In this context, we 

have developed a simple two-step approach for the synthesis of the central tricyclic 

core of trigolutes which include the Pd- or Ir-catalyzed Tsuji-Trost allylation and 

olefin dihydroxylation/acid catalyzed lactonization. In the context of this total 

synthesis, we have developed a mild and practical method for the synthesis of 6-

hydroxy-3-alkylideneoxindoles employing the intramolecular phenolate anion 

Michael addition.  
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Single Crystal X-ray diffraction studies: X-ray intensity data measurements of 

compounds 10a’ (CCDC 1437798), 9a’ (CCDC 1437797) and 9c’ (CCDC 1437799) 

were carried out on a Bruker SMART APEX II CCD diffractometer with graphite-

monochromatized (MoK= 0.71073Å) radiation. The X-ray generator was operated at 

50 kV and 30 mA. A preliminary set of cell constants and an orientation matrix were 

calculated from three sets of 36 frames. Data were collected with  scan width of 0.5° 

at different settings of  and 2 with a frame time of 20, 10 and 10 secs respectively 

keeping the sample-to-detector distance fixed at 5.00 cm. The X-ray data collection 

was monitored by APEX2 program (Bruker, 2006). All the data were corrected for 

Lorentzian, polarization and absorption effects using SAINT and SADABS programs 

(Bruker, 2006). SHELX-97 was used for structure solution and full matrix least-

squares refinement on F2.2 All the hydrogen atoms were placed in geometrically 

idealized position and constrained to ride on their parent atoms. An ORTEP view of 

compounds were drawn with 50% probability displacement ellipsoids and H atoms 

are shown as small spheres of arbitrary radii. 

General procedure A: Addition of 3-allylindole to oxindole: 

 A flame-dried round bottom flask containing 2-oxindole 11a (1 equiv) and 3-

allylindole 12 (1.5 equiv) was evacuated and purged three times with argon. The 

mixture was dissolved in anhydrous CHCl3, the reaction was stirred at room 

temperature for 2 min, and to the resulting solution was added Pd2dba3·CHCl3 (15 

mol%){in case of [IrCl(cod)]2 13 mol%}, phosphoramidite ligand (L1) (30 mol%) {in 

case of Ligand L2 13 mol%} at room temperature. The reaction was stirred at room 

temperature for 4–6 h. The crude reaction mixture was concentrated purified by thin 

layer chromatography (EtOAc and petroleum ether as eluent) to obtain the branched 

product 10a {in case of [IrCl(cod)]2/L2, 10a and 10a’} and linear product 13.  
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General procedure B: Hydroxylation followed by lactonization: 

To a solution of branched product (1 eq.) in CH2Cl2 were added N-methylmorpholine 

N-oxide (2 equiv), and solid K2OsO4·2H2O (0.04 equiv) and the reaction mixture was 

stirred for 2 h at room temperature. After completion, the reaction mixture portioned 

between water and CH2Cl2 (20 mL each). The organic layer was separated and the 

aqueous layer extracted with CH2Cl2 (2 x 20 mL). Combined organic layer was dried 

(Na2SO4) and concentrated under reduced pressure. The crude product was subjected 

for lactonization using p-TSA (1 equiv) in THF for 4 h. After completion of the 

reaction, reaction mixture portioned between water and EtOAc (20 mL each). The 

organic layer was separated and the aqueous layer extracted with EtOAc (2 x 20 mL). 

Combined organic layer was dried (Na2SO4) and concentrated under reduced 

pressure. The crude product was purified by silica gel column (EtOAc and petroleum 

ether as eluent) to afford the corresponding trigolute B analogues. 

tert-butyl (E)-3-(3-((tert-butoxycarbonyl)oxy)prop-1-en-1-yl)-

1H-indole-1-carboxylate (12): To the solution of N-Boc protected 

Indole-3-carboxaldehyde (1.00 euqiv) in THF was added vinyl 

magnesium chloride (1.2eq, 1.6M in toulene) at 0 °C. The solution 

was stirred for 2 h at room temperature. After the reaction was 

complete, quenched with sat NH4Cl solution then reaction mixture portioned between 

water and EtOAc. The organic layer was separated and the aqueous layer extracted 

with EtOAc. Combined organic layer was dried (Na2SO4) and concentrated under 

reduced pressure. To the solution of resulting alcohol product in acetonitrile, were 

added (Boc)2O (1eq) and DMAP (0.2eq) at –15 °C. The solution was stirred for 6 h at 

room temperature. After the reaction was complete, reaction mixture portioned 

between water and EtOAc. The organic layer was separated and the aqueous layer 

extracted with EtOAc. Combined organic layer was dried (Na2SO4) and concentrated 

under reduced pressure. The crude product was purified by silica gel column (EtOAc 

and petroleum ether as eluent) to afford the compound 12 (72% over two steps) as 

yellow liquid; IR (CHCl3) ν: 3099, 2984, 2850, 1754, 1569, 1349, 1222, 1182, 1017, 

884, 793 cm–1; 1H NMR (500 MHz, CDCl3): δ 1.50 (s, 9H), 1.66 (s, 9H), 4.73 (d, J = 

1.3 Hz, 1H), 4.76 (d, J = 1.3 Hz, 1H), 6.39 (td, J = 16.0, 6.4 Hz, 1H), 6.78 (dd, J = 

6.4, 0.8 Hz, 1H), 7.26 (dt, J = 7.2, 1.3 Hz, 1H), 7.34 (dt, J = 7.3, 1.5 Hz, 1H), 7.63 (s, 

N

BocO

Boc
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1H), 7.74–7.79 (m, 1H), 8.16 (d, J = 7.4 Hz, 1H); 13C NMR (125 MHz, CDCl3): 27.7 

(q, 3C), 27.8 (q, 3C), 68.00 (t), 82.2 (s), 83.9 (s), 115.3 (d), 117.7 (s), 119.9 (d), 

122.94 (d), 122.93 (d), 124.6 (d), 124.7 (d), 126.1 (d), 128.4 (s), 135.8 (s), 149.4 (s), 

153.3 (s) ppm; HRMS (ESI+): calcd. for C21H27NO5Na [M+Na]+: 396.1781, found 

396.1782. 

Allylation of 11a with 12. According to the general procedure A, the treatment of 

oxindole 11a (300 mg, 1.37 mmol) with indole allyl carbonate 12 (613 mg, 1.64 

mmol) Ligand L1 (180 mg, 0.41 mmol) and Pd2(dba)3·CHCl3 (212 mg, 0.20 mmol) 

gave the 10a’ (317 mg, 61%) and 13a (92 mg, 18%).  

10a’: colorless solid (M.P = 128–131 °C); Rf = 0.4 (30% EtOAc/petroleum ether); IR 

(CHCl3) ν: 3152, 3048, 2829, 2520, 1768, 1572, 1366, 1213, 1152, 1044, 894, 720 

cm–1; 1H NMR (500 MHz, CDCl3): δ 0.97 (t, J = 7.3 Hz, 3H 

), 1.54 (s, 9H), 3.13 (d, J = 16.5 Hz, 1H), 3.19 (d, J = 16.2 Hz, 

1H), 3.82–3.93 (m, 2H), 3.99 (d, J = 10.1 Hz, 1H), 5.23–5.25 

(m, 2H), 6.10 (td, J = 16.8, 10.4, 8.5 Hz, 1H), 6.46 (bs, 1H), 

6.68 (d, J = 7.0 Hz, 1H), 7.08 (m, 2H), 7.15 (t, J = 7.9 Hz, 1H), 7.22 (t, J = 7.9 Hz, 

1H), 7.34 (d, J = 7.0 Hz, 1H), 7.40 (d, J = 7.9 Hz, 1H), 8.02 (d, J = 8.2 Hz, 1H); 13C 

NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 3C), 40.1 (t), 47.6 (d), 53.0 (s), 60.5 (t), 

83.3 (s), 109.4 (d), 114.7 (d), 117.0 (s), 118.6 (t), 119.0 (d), 121.9 (d), 122.4 (d), 

123.1 (d), 124.1 (d), 124.3 (d), 128.7 (d), 129.8 (s), 130.0 (s), 134.6 (s), 135.5 (d), 

142.3 (s), 149.3 (s), 169.7 (s), 179.3 (s) ppm; HRMS (ESI+): calcd. for 

C28H30N2O5Na, [M+Na]+: 497.2047, found 497.2049. 

13a: yellow liquid; Rf = 0.4 (30% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3052, 2929, 2850, 1754, 1566, 1349, 

1243, 1182, 1017, 884, 763 cm–1; 1H NMR (500MHz, 

CDCl3): δ 1.00 (t, J = 7.0 Hz, 3H ), 1.64 (s, 9H), 2.64 (dd, 

J = 13.4, 7.9 Hz, 1H), 2.69 (dd, J = 13.4, 7.3 Hz, 1H), 2.94 (d, J = 16.5 Hz, 1H), 3.10 

(d, J = 16.2 Hz, 1H), 3.85–3.95 (m, 2H), 5.96 (td, J = 15.9, 7.6 Hz, 1H), 6.43 (d, J = 

16.2 Hz, 1H), 6.86 (d, J = 7.6 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 7.18–7.19 (m, 1H), 

7.20–7.22 (m, 2H), 7.28 (t, J = 7.6 Hz, 1H), 7.44 (s, 1H), 7.47 (d, J = 7.9 Hz, 1H), 

8.11 (d, J = 7.6 Hz, 1H); 13C NMR (125MHz, CDCl3): 13.8 (q), 28.2 (q, 3C), 40.2 
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(t), 42.0 (t), 50.5 (s), 60.6 (t), 83.8 (s), 109.7 (d), 115.3 (d), 118.4 (s), 119.8 (d), 122.3 

(d, 2C), 122.6 (s), 122.8 (d), 123.3 (d), 123.6 (d), 124.5 (d), 125.7 (d), 128.3 (d), 

131.3 (s), 135.8 (s), 141.1 (s), 149.5 (s), 169.8 (s), 180.7 (s). ppm; HRMS (ESI+): 

calcd. for C28H30N2O5Na [M+Na]+: 497.2047, found 497.2050. 

Preparation of 9a’. According to the general procedure B, the treatment of branched 

compound 10a’ (120 mg, 0.25 mmol) with K2OsO4·2H2O (4 mg, 0.01mmol) NMO 

(60 mg, 0.51 mmol) followed by p-TSA (48 mg, 0.25 mmol) 

gave the 9a’ (88 mg, 76%) as a colorless solid (M.P = 186–

189 °C); Rf = 0.5 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 

3052, 2929, 2850, 1754, 1566, 1349, 1243, 1182, 1017, 884, 

763 cm–1; 1H NMR (500 MHz, CDCl3): δ 1.91 (s, 9H), 3.14 

(d, J = 17.7 Hz, 1H), 3.69 (d, J = 17.7 Hz, 1H), 3.86 (dd, J = 12.5, 3.4 Hz, 1H), 4.19 

(d, J = 12.5, 1H), 4.56 (d, J = 11.3 Hz, 1H), 5.35 (d, J = 11.6 Hz, 1H), 6.70 (bs, 1H), 

7.31 (d, J = 7.9 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.70 (t, J = 

7.6 Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H), 8.06 (d, J = 7.6 Hz, 

1H), 8.46 (d, J = 7.9 Hz, 1H) ; 13C NMR (125 MHz, CDCl3): 28.3 (q, 3C), 36.6 (d), 

37.6 (t), 50.9 (s), 62.3 (t), 84.3 (d), 84.5 (s), 111.3 (d), 114.4 (s), 115.2 (d), 119.5 (d), 

123.3 (d), 123.4 (d, 2C), 124.6 (d), 125.4 (d), 129.8 (d), 130.3 (s), 130.70 (s), 135.1 

(s), 142.9 (s), 149.7 (s), 170.8 (s), 178.53 (s) ppm; HRMS (ESI+): calcd. for 

C26H26N2O6Na, [M+Na]+: 485.1683, found 485.1690. 

Allylation of 11a with 12. According to the general procedure A, the treatment of 

oxindole 11a (100 mg, 0.45 mmol) with indole allyl carbonate 12 (613 mg, 0.68 

mmol) (R,R)-DACH-phenyl Trost Ligand L2 (40 mg, 0.06 mmol) and [Ir(cod)Cl]2  

(39 mg, 0.06 mmol) gave the 10a’ and 10a with dr:3:2 (136 mg, 63%).  

 10a: colorless liquid; Rf = 0.3 (25% EtOAc/petroleum ether); IR (CHCl3) ν: 3152, 

3048, 2829, 2520, 1768, 1572, 1366, 1213, 1152, 1044, 894, 720 cm–1; 1H NMR (500 

MHz, CDCl3): δ 0.90 (t, J = 7.2 Hz, 3H ), 1.66 (s, 9H), 2.74 

(d, J = 16.2 Hz, 1H), 3.18 (d, J = 16.2 Hz, 1H), 3.74–3.83 (m, 

2H), 4.05 (d, J = 10.1 Hz, 1H), 5.00 (dd, J = 10.1, 1.5 Hz,  

1H), 5.20 (dd, J = 16.8, 1.5 Hz, 1H), 5.81 (dt, J = 16.8, 10.1, 

9.8 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.96 (td, J = 7.6, 0.9 Hz, 1H), 7.12 (d, J = 7.6 
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Hz, 1H), 7.18 (td, J = 8.8, 1.2 Hz, 1H), 7.22 (t, J = 7.9 Hz, 1H), 7.29 (t, J = 7.9 Hz, 

1H), 7.35 (s, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.81 (s, 1H), 8.02 (d, J = 6.1 Hz, 1H); 13C 

NMR (125 MHz, CDCl3): 13.7 (q), 28.2 (q, 3C), 40.2 (t), 47.9 (d), 54.2 (s), 60.5 (t), 

83.9 (s), 109.3 (d), 115.1 (d), 117.0 (s), 117.7 (t), 118.0 (s), 119.5 (d), 121.7 (d), 122.6 

(d), 124.3 (d), 124.4 (d), 124.5 (d), 128.5 (d), 129.4 (s), 130.4 (s), 134.6 (d), 141.6 (s), 

149.6 (s), 169.7 (s), 179.9 (s) ppm; HRMS (ESI+): calcd. for C28H30N2O5Na, 

[M+Na]+: 497.2047, found 497.2049. 

Preparation of 9a. According to the general procedure B, the treatment of branched 

compound 10a (40 mg, 0.08 mmol) with K2OsO4·2H2O (2 mg, 0.003mmol) NMO 

(60 mg, 0.17 mmol) followed by p-TSA (14 mg, 0.08 mmol) 

gave the 9a (15 mg, 38%) as a colorless solid (M.P = 186–189 

°C); Rf = 0.5 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 

3052, 2929, 2850, 1754, 1566, 1349, 1243, 1182, 1017, 884, 

763 cm–1; 1H NMR (500 MHz, CDCl3): δ 1.62 (s, 9H), 2.90 

(d, J = 17.4 Hz, 1H), 2.96 (d, J = 17.4 Hz, 1H), 3.39 (dd, J = 12.8, 3.0 Hz, 1H), 3.84 

(dd, J = 12.8, 2.4 Hz,  1H), 4.02 (d, J = 11.3 Hz, 1H), 5.47 (d, J = 11.3 Hz, 1H), 6.63 

(d, J = 7.6 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 7.03 (td, J = 7.6, 1.2 Hz, 1H), 7.11 (t, J = 

7.9  Hz, 1H), 7.20 (t, J = 8.2 Hz, 1H), 7.29 (d, J = 7.3 Hz, 1H), 7.41 (s, 1H), 7.42 (d, J 

= 7.9 Hz, 1H), 7.92 (d, J = 7.6 Hz, 1H); 13C NMR (125 MHz, CDCl3): 28.1 (q, 3C), 

38.0 (t), 50.4 (s), 62.2 (t), 80.1 (d), 84.3 (s), 110.0 (d), 114.0 (s), 115.0 (d), 118.6 (s), 

122.6 (d), 122.7 (d), 123.1 (d), 124.7 (d), 129.0 (d), 129.8 (s), 130.4 (s), 134.5 (s), 

139.8 (s), 149.4 (s), 168.8 (s), 179.1 (s) ppm; HRMS (ESI+): calcd. for 

C26H26N2O6Na, [M+Na]+: 485.1683, found 485.1690. 

Allylation of 11b with 12. According to the general procedure A, the treatment of 

oxindole 11b (200 mg, 0.84 mmol) with indole allyl carbonate 12 (377 mg, 1.01 

mmol) Ligand L1 (111 mg, 0.25 mmol) and Pd2(dba)3·CHCl3 (130 mg, 0.12 mmol) 

gave the 10b’ (200 mg, 48%) and 13b (95 mg, 23%). 

10b’: yellow solid (M.P = 135–138 °C); Rf = 0.6 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3143, 3000, 2699, 

2230, 1724, 1588, 1539, 1223, 1186, 1127, 857, 742 cm–1; 
1H NMR (500 MHz, CDCl3): δ 1.00 (t, J = 7.0 Hz, 3H ), 
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1.55 (s, 9H), 3.12 (s, 2H), 3.83–3.93 (m, 2H), 4.00 (d, J = 9.8 Hz, 1H), 5.24–5.27 (m, 

2H), 6.07 (td, J = 17.1, 9.8 Hz, 1H), 6.57–6.61 (m, 2H), 6.91–6.95 (m, 1H), 7.09 (dd, 

J = 7.9, 2.14 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.22 (t, J = 7.9 Hz, 1H), 7.42 (d, J = 

7.9 Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H); 13C NMR (125 MHz, CDCl3): 13.7 (q), 28.0 

(q, 3C), 40.0 (t), 47.4 (d), 53.6 (s), 60.7 (t), 83.4 (s), 110.0 (d, J = 7.6 Hz), 112.0 (d, J 

= 24.8), 114.8 (d), 114.8 (d, J = 22.9 Hz), 116.7 (s), 118.9 (d), 119.0 (t), 122.4 (d), 

123.1 (d), 124.3 (d), 129.7 (s), 131.7 (d, J = 7.6 Hz), 134.5 (s), 134.9 (d), 138.5 (s), 

149.2 (s), 158.6 (d, J = 240.3 Hz), 169.6 (s), 179.6 (s) ppm; HRMS (ESI+): calcd. for 

C28H29N2O5FNa [M+Na]+: 515.1953, found 515.1952. 

(13b): yellow liquid; Rf = 0.3 (30% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3052, 2929, 2850, 1754, 1566, 1349, 

1243, 1182, 1017, 884, 763 cm–1; 1H NMR (200MHz, 

CDCl3): δ 1.05 (t, J = 7.2 Hz, 3H ), 1.64 (s, 9H), 2.66 (d, 

J = 7.3 Hz, 2H), 2.91 (d, J = 16.7 Hz, 1H), 3.11 (d, J = 

16.5 Hz, 1H), 3.90–3.98 (m, 2H), 5.93 (dt, J = 16.0, 7.6 Hz, 1H), 6.44 (d, J = 16.0 Hz, 

1H), 6.78 (dd, J = 8.5, 4.3 Hz, 1H), 6.90 (dd, J = 9.1, 2.5 Hz, 1H), 6.99 (dd, J = 8.0, 

2.5 Hz, 2H), 7.48 (s, 1H), 7.49 (d, J = 7.4 Hz, 1H), 7.83 (s, 1H), 8.11 (d, J = 8.2 Hz, 

1H); 13C NMR (125MHz, CDCl3): 13.8 (q), 28.2 (q, 3C), 40.2 (t), 42.0 (t), 51.1 (s), 

60.8 (t), 83.9 (s), 110.2 (d, J = 7.6 Hz), 111.3 (d, J = 24.8 Hz), 114.6 (d, J = 23.8 Hz), 

115.3 (d), 118.2 (s), 119.8 (d), 122.6 (d), 122.9 (d), 123.8 (d), 124.6 (d), 126.1 (d), 

128.5 (s), 133.1 (s), 137.0 (s), 158.0 (s), 159.9 (s), 169.6 (s), 170.8 (s) ppm; HRMS 

(ESI+): calcd. for C28H30N2O5F [M+H]+: 493.2133, found 493.2139. 

Preparation of 9b’: According to the general procedure B, the treatment of branched 

compound 10b’ (80 mg, 0.16 mmol) with K2OsO4·2H2O (12 

mg, 0.03 mmol) NMO (2 mg, 0.006 mmol) followed by p-

TSA (31 mg, 0.16 mmol) gave the 9b’ (58 mg, 75%) as a 

colorless solid (M.P = 168–171 °C), Rf = 0.6 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3052, 2890, 2750, 

1752, 1523, 1378, 1213, 1152, 1016, 864, 773 cm–1; 1H NMR (500 MHz, CDCl3): δ 

1.53 (s, 9H), 2.72 (d, J = 18.0 Hz, 1H), 3.24 (d, J = 18.0 Hz, 1H), 3.41 (d, J = 12.8 

Hz, 1H), 3.73 (d, J = 12.2 Hz, 1H), 4.07 (d, J = 11.3 Hz, 1H), 4.85 (d, J = 11.6 Hz, 

1H), 6.35 (bs, 1H), 6.77 (dd, J = 8.2, 3.7 Hz, 1H), 7.07 (t, J = 8.5 Hz, 1H), 7.19 (t, J = 
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7.0 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.62 (s, 1H), 8.03 (d, J 

= 7.6 Hz, 1H), ; 13C NMR (125 MHz, CDCl3): 28.0 (q, 3C), 36.2 (d), 36.9 (t), 50.8 

(s), 62.4 (t), 82.8 (d), 84.0 (s), 111.2 (d, J = 7.6 Hz, 1C),112.4 (d, J = 24.8 Hz), 113.2 

(s), 114.9 (d), 116.1 (d, J = 23.8 Hz), 118.8 (d), 122.6 (d), 123.1 (d), 125.1 (d), 129.8 

(s), 130.5 (d, J = 7.6 Hz), 134.5 (s), 137.2 (s), 148.9 (s), 159.2 (d, J = 244.1 Hz), 

168.3 (s), 176.9 (s), ppm; HRMS (ESI+): calcd. for C26H25N2O6FNa [M+Na]+: 

503.1589, found 503.1590. 

Allylation of 11b with 12. According to the general procedure A, the treatment of 

oxindole 11b (120 mg, 0.50 mmol) with indole allyl carbonate 12 (283 mg, 0.76 

mmol) (R,R)-DACH-phenyl Trost Ligand L2 (41 mg, 0.06 mmol) and [Ir(cod)Cl]2 

(43 mg, 0.06 mmol) gave the 10b’ and 10b with dr:3:2  (115 mg, 46%)  

 10b: yellow liquid; Rf = 0.5 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 3143, 

3000, 2699, 2230, 1724, 1588, 1539, 1223, 1186, 1127, 857, 742 cm–1; 1H NMR (500 

MHz, CDCl3): δ 0.96 (t, J = 7.2 Hz, 3H ), 1.66 (s, 9H), 

2.72 (d, J = 16.4 Hz,  1H), 3.18 (d, J = 16.8 Hz,  1H), 3.80–

3.89 (m, 2H), 4.05 (d, J = 9.9 Hz, 1H), 5.03 (dd, J = 9.9, 1.1 

Hz, 1H), 5.22 (d, J = 16.4 Hz, 1H), 5.83 (dt, J = 16.8, 9.9 

Hz, 1H), 6.70–6.72 (m, 1H), 6.86–6.90 (m, 2H), 7.23 (d, J = 7.2 Hz, 1H), 7.31 (t, J = 

7.2 Hz, 1H), 7.34 (s, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 8.12 (d, J = 8.4 Hz, 

1H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.2 (q, 3C), 40.0 (t), 47.7 (d), 54.7 (s), 

60.6 (d), 84.0 (s), 109.8 (d, J = 8.6 Hz), 112.4 (d, J = 24.8 Hz), 112.6 (s), 114.8 (d, J = 

22.9 Hz), 115.2 (d), 117.6 (s), 118.0 (t), 119.3 (s), 122.7 (d), 124.2 (d), 124.6 (d), 

130.1 (s), 131.2 (d, J = 7.6 Hz), 134.2 (s), 134.9 (s), 137.6 (s), 158.5 (d. J = 240.3 Hz), 

169.5 (s), 179.94 (s) ppm; HRMS (ESI+): calcd. for C28H29N2O5FNa [M+Na]+: 

515.1953, found 515.1952. 

Preparation of 9b: According to the general procedure B, 

the treatment of branched compound 10b (35 mg, 0.07 

mmol) with K2OsO4·2H2O (1 mg, 0.003 mmol) NMO 

(17 mg, 0.014 mmol) followed by p-TSA (12 mg, 0.07 

mmol) gave the 9b (13 mg, 38%) as a colorless solid (M.P = 

168–171 °C), Rf = 0.6 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 3052, 2890, 
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2750, 1752, 1523, 1378, 1213, 1152, 1016, 864, 773 cm–1; 1H NMR (Jeol 400 MHz, 

CDCl3): δ 1.62 (s, 9H), 2.92 (d, J = 5.5 Hz, 2H), 3.39 (dd, J = 12.4, 2.7 Hz, 1H), 3.85 

(dd, J = 12.8, 2.7 Hz, 1H), 4.01 (d, J = 11.4 Hz, 1H), 5.46 (d, J = 11.4 Hz, 1H), 6.58 

(dd, J = 8.7, 4.1 Hz, 1H), 6.73 (td, J = 8.2, 2.7 Hz, 1H), 7.05 (dd, J = 7.8, 2.7 Hz, 1H), 

7.15 (t, J = 7.3 Hz, 1H), 7.21 (d, J = 8.2 Hz, 1H), 7.42 (s, 1H), 7.45 (d, J = 7.8 Hz, 

1H), 7.93 (d, J = 8.2 Hz, 1H); 13C NMR (Jeol 100 MHz, CDCl3): 28.1 (q, 3C), 37.8 

(t), 51.0 (s), 62.1 (t), 80.2 (d), 84.5 (s), 110.8 (d, J = 24.9 Hz), 110.9 (d, J = 7.8  Hz),  

113.8 (s), 115.0 (d), 115.5 (d, J = 24.0 Hz), 118.5 (d), 122.8 (d), 124.9 (d), 131.9 (d, J 

= 7.6 Hz), 132.0 (s), 134.5 (s), 135.8 (s), 149.4 (s), 160.2 (s, J = 244.4 Hz), 165.5 (s), 

168.5 (s) 179.1 (s),  ppm; HRMS (ESI+): calcd. for C26H25N2O6FNa [M+Na]+: 

503.1589, found 503.1590. 

Allylation of 11c with 12. According to the general procedure A, the treatment of 

oxindole 11c (250 mg, 0.98 mmol) with indole allyl carbonate 12 (441 mg, 1.18 

mmol) Ligand L1 (129 mg, 0.29 mmol) and Pd2(dba)3·CHCl3 (152 mg, 0.14 mmol) 

gave the 10c’ (255 mg, 51%) and 13c (125mg, 25%) 

10c’: yellow solid (M.P = 125–128 °C); Rf = 0.6 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3126, 3088, 2829, 

2814, 1789, 1522, 1368, 1275, 1122, 1048, 840, 723 cm–1; 
1H NMR (500 MHz, CDCl3): δ 1.03 (t, J = 7.3 Hz, 3H ), 

1.56 (s, 9H), 3.14 (s, 2H), 3.85–3.95 (m, 2H), 3.99 (d, J = 9.8 Hz, 1H), 5.25–5.28 (m, 

2H), 6.09 (td, J = 17.1, 9.8 Hz, 1H), 6.55 (bs, 1H), 6.60 (dd, J = 8.2 Hz, 1H), 7.15 (t, J 

= 7.3 Hz, 1H), 7.20–7.24 (m, 2H), 7.31 (d, J = 1.8 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 

8.04 (d, J = 7.3 Hz, 1H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 3C), 39.9 

(t), 47.6 (d), 53.3 (s), 60.8 (t), 83.4 (s), 110.9 (d), 114.4 (s), 114.8 (d), 116.6 (s), 118.9 

(d), 119.2 (t), 122.5 (d), 123.2 (d), 124.4 (d), 126.9 (d), 129.6 (s), 131.4 (d), 132.5 (s), 

134.6 (s), 134.8 (d), 141.5 (s), 149.2 (s), 169.6 (s), 178.9 (s), ppm; HRMS (ESI+): 

calcd. for C28H29N2O5ClNa [M+Na]+: 531.1657, found 531.1660. 

13c: Yellow liquid; Rf = 0.4 (30% ethyl acetate/pet ether); 

IR (CHCl3) ν: 3082, 2989, 2850, 1754, 1576, 1349, 1243, 

1172, 1017, 884, 763  cm–1; 1H NMR(500MHz, CDCl3): δ 

1.04 (t, J = 7.1 Hz, 3H ), 1.64 (s, 9H), 2.62–2.64 (m, 2H), HN CO2Et
O

N
Boc

Cl
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2.92 (d, J = 16.4 Hz, 1H), 3.09 (d, J = 16.6 Hz, 1H), 3.88–3.96 (m, 2H), 5.95 (td, J = 

15.9, 7.6 Hz, 1H), 6.46 (d, J = 16.1 Hz, 1H), 6.81 (d, J = 8.1 Hz, 1H), 7.16–7.19 (m, 

2H), 7.21 (s, 1H), 7.28 (t, J = 7.3 Hz, 1H), 7.46 (s, J = 7.8 Hz, 1H), 8.10 (d, J = 8.1 

Hz, 1H); 13C NMR(125MHz, CDCl3): 13.8 (q), 28.1 (q, 3C), 40.0 (t), 41.8 (t), 50.8 

(s), 60. 8 (t), 83.8 (s), 110.8 (d), 115.3 (d), 118.2 (s), 119.7 (d), 122.6 (d), 122.9 (d), 

123.6 (d), 123.7 (d), 124.6 (d), 126.1 (d), 127.5 (s), 128.2 (d), 128.5 (s), 133.2 (s), 

135.7 (s), 139.9 (s), 149.5 (s), 169.6 (s), 180.6 (s). ppm. HRMS (ESI+): calcd. for 

C28H30N2O5Cl, [M+H]+: 509.1838, found 509.1846. 

Preparation of 9c’: According to the general procedure B, the treatment of branched 

compound 10c’ (85 mg, 0.17 mmol) with K2OsO4·2H2O (3 

mg, 0.006mmol) NMO (39 mg, 0.34 mmol) followed by p-

TSA (32 mg, 0.17 mmol) gave the 9c’ (70 mg, 84%) as a 

colorless solid (M.P = 150–153 °C) ; Rf = 0.4 (60% 

EtOAc/petroleum ether);; IR (CHCl3) ν: 3025, 2809, 2720, 

1654, 1466, 1312, 1223, 1152, 1071, 864, 723 cm–1; 1H NMR (500 MHz, CDCl3: 

CD3OD): δ 1.52 (s, 9H), 2.68 (d, J = 17.7 Hz, 1H), 3.21 (d, J = 17.7 Hz, 1H), 3.38 

(dd, J = 12.5, 3.4 Hz, 1H), 3.75 (dd, J = 12.5, 2.1 Hz, 1H), 4.10 (d, J = 11.6 Hz, 1H), 

4.87 (td, J = 11.6, 2.4 Hz, 1H), 6.34 (bs, 1H), 6.77 (d, J = 8.2 Hz, 1H), 7.17 (t, J = 7.9 

Hz, 1H), 7.24 (t, J = 7.9 Hz, 1H), 7.31 (dd, J = 8.2, 2.1 Hz, 1H), 7.42 (d, J = 1.8 Hz, 

1H), 7.58 (d, J = 7.6 Hz, 1H), 7.99 (d, J = 7.9 Hz, 1H); 13C NMR (125 MHz, CDCl3: 

CD3OD): 27.4 (q, 3C), 35.6 (d), 36.4 (t), 50.4 (s), 61.3 (t), 83.1 (d), 83.6 (s), 111.3 

(d), 113.3 (s), 114.3 (d), 118.5 (d), 122.3 (d), 122.5 (d), 124.0 (d), 124.6 (d), 127.7 (s), 

129.2 (d), 129.5 (s), 130.7 (s), 134.2 (s), 140.6 (s), 148.6 (s), 169.3 (s), 177.1 (s) ppm; 

HRMS (ESI+): calcd. for C26H25N2O6ClNa [M+Na]+: 519.1293, found 519.1302.  

Allylation of 11c with 12. According to the general procedure A, the treatment of 

oxindole 11c (120 mg, 0.47 mmol) with indole allyl carbonate 12 (264 mg, 0.71 

mmol) (R,R)-DACH-phenyl Trost Ligand L2 (41 mg, 0.06 mmol) and [Ir(cod)Cl]2 

(41 mg, 0.06 mmol) gave the 10c’ and 10c with dr:3:2 (116 mg, 48%)  

10c: yellow liquid; Rf = 0.6 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 3126, 3088, 

2829, 2814, 1789, 1522, 1368, 1275, 1122, 1048, 840, 723 cm–1; 1H NMR (500 MHz, 

CDCl3): δ 0.96 (t, J = 7.2 Hz, 3H ), 1.66 (s, 9H), 2.71 (d, J = 16.4 Hz, 1H), 3.18 (d, J 



Experimental Section 

 

145 
 

= 16.8 Hz, 1H), 3.81–3.86 (m, 2H), 4.04 (d, J = 9.9 Hz, 

1H), 5.02 (dd, J = 9.9, 1.5 Hz, 1H), 5.21 (d, J = 16.8 Hz, 

1H), 5.78 (dt, J = 16.4, 9.5 Hz, 1H), 6.74 (d, J = 8.4 Hz, 

1H), 7.09 (d, J = 2.3 Hz, 1H), 7.17 (dd, J = 8.4, 2.3 Hz, 1H), 

7.26 (d, J = 8.7 Hz, 1H), 7.30–7.33 (m, 2H), 7.57 (d, J = 8.0 Hz, 1H), 8.17 (d, J = 7.2 

Hz, 1H); 13C NMR (125 MHz, CDCl3): 13.7 (q), 28.2 (q, 3C), 39.9 (t), 47.7 (d), 54.6 

(s), 60.7 (t), 84.0 (s), 110.4 (d), 115.2 (d), 117.5 (s), 118.1 (t), 119.3 (d), 122.7 (d), 

124.2 (d), 124.7 (d), 124.8 (d), 127.0 (s), 128.4 (d), 130.1 (s), 131.2 (s), 134.1 (d), 

135.0 (s), 140.4 (s), 149.3 (s), 169.5 (s), 180.0 (s) ppm; HRMS (ESI+): calcd. for 

C28H29N2O5ClNa [M+Na]+: 531.1657, found 531.1660. 

 Preparation of 9c: According to the general procedure B, the treatment of branched 

compound 10c (35 mg, 0.07 mmol) with K2OsO4·2H2O (1 

mg, 0.002mmol) NMO (16 mg, 0.13 mmol) followed by p-

TSA (12 mg, 0.07 mmol) gave the 9c (11 mg, 32%) as a 

colorless liquid; Rf = 0.4 (60% EtOAc/petroleum ether); IR 

(CHCl3) ν: 3025, 2809, 2720, 1654, 1466, 1312, 1223, 

1152, 1071, 864, 723 cm–1; 1H NMR (Jeol 400 MHz, CDCl3): δ 1.62 (s, 9H), 2.92 

(m, 2H), 3.40 (d, J = 12.4 Hz, 1H), 3.86 (d, J = 12.8 Hz, 1H), 3.98 (d, J = 11.4 Hz, 

1H), 5.46 (d, J = 11.5 Hz, 1H), 6.55 (d, J = 8.7 Hz, 1H), 6.99 (dd, J = 8.2, 1.8 Hz, 

1H), 7.15–7.23 (m, 2H), 7.28 (d, J = 1.8 Hz, 1H), 7.39 (s, 1H), 7.43 (d, J = 8.2 Hz, 

1H), 7.61 (s, 1H), 7.94 (d, J = 8.2 Hz, 1H); 13C NMR (Jeol 100  MHz, CDCl3): 28.1 

(q, 3C), 37.6 (t), 50.9 (s), 62.1 (t), 80.4 (d), 84.5 (s), 106.8 (s), 111.1 (d), 115.0 (d), 

118.6 (d), 122.8 (d), 123.4 (d), 124.9 (d), 125.0 (s), 128.5 (s), 129.0 (d), 132.0 (s), 

134.5 (s), 138.4 (s), 149.3 (s), 168.4 (s), 178.8 (s) ppm; HRMS (ESI+): calcd. for 

C26H25N2O6ClNa [M+Na]+: 519.1293, found 519.1302. 

Allylation of 11d with 12. According to the general procedure A, the treatment of 

oxindole 11d (120 mg, 0.40 mmol) with indole allyl carbonate 12 (180 mg, 0.48 

mmol) Ligand L1 (53 mg, 0.12 mmol) and Pd2(dba)3·CHCl3 (62 mg, 0.06 mmol) gave 

the 10d’ (116 mg, 52%) and 13d (52 mg, 23%).  

10d’: yellow liquid; Rf = 0.6 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 3094, 

3086, 2982, 2843, 1723, 1546, 1359, 1299, 1154, 1024, 856, 799 cm–1; 1H NMR (500 



Experimental Section 

 

146 
 

MHz, CDCl3): δ 1.03 (t, J = 7.3 Hz, 3H ), 1.56 (s, 9H), 3.13 

(s, 2H), 3.88–3.96 (m, 2H), 3.98 (d, J = 9.8 Hz, 1H), 5.25–

5.28 (m, 2H), 6.09 (td, J = 17.1, 9.8 Hz, 1H), 6.55 (d, J = 

8.2 Hz, 2H), 7.15 (t, J = 7.3 Hz, 1H), 7.23 (d, J = 7.9 Hz, 

1H), 7.36 (d, J = 8.2 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 7.44 

(s, 1H), 8.04 (d, J = 7.3 Hz, 1H),; 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 

3C), 39.9 (t), 47.6 (d), 53.3 (s), 60.8 (t), 83.4 (s), 110.9 (d), 114.4 (s), 114.8 (d), 116.6 

(s), 118.9 (d), 119.2 (t), 122.5 (d), 123.2 (d), 124.4 (d), 126.9 (d), 129.6 (s), 131.4 (d), 

132.5 (s), 134.6 (s), 134.8 (d), 141.5 (s), 149.2 (s), 169.6 (s), 178.9 (s), ppm; HRMS 

(ESI+): calcd. for C28H29N2O5BrNa [M+Na]+: 575.1152, found 575.1155. 

Preparation of 9d’: According to the general procedure C, the treatment of branched 

compound 10d’ (70 mg, 0.12 mmol) with K2OsO4·2H2O (2 

mg, 0.005mmol) NMO (30 mg, 0.25 mmol) followed by p-

TSA (24 mg, 0.12 mmol) gave the 9d’ (56 mg, 81%) as a 

colorless solid (M.P = 190–193 °C); Rf = 0.4 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3052, 2929, 2850, 

1754, 1566, 1349, 1243, 1182, 1017, 884, 663 cm–1; 1H NMR (500 MHz, 

CDCl3:CD3OD): δ 1.91 (s, 9H), 3.14 (d, J = 17.7 Hz, 1H), 3.69 (d, J = 17.7 Hz, 1H), 

3.86 (dd, J = 12.5, 3.4 Hz, 1H), 4.19 (d, J = 12.5, 1H), 4.56 (d, J = 11.3 Hz, 1H), 5.35 

(d, J = 11.6 Hz, 1H), 6.70 (bs, 1H), 7.31 (d, J = 7.9 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 

7.66 (t, J = 7.6 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H), 7.81 (t, J = 7.6 Hz, 1H), 7.92 (d, J = 

7.6 Hz, 1H), 8.06 (d, J = 7.6 Hz, 1H), 8.46 (d, J = 7.9 Hz, 1H) ; 13C NMR (125 MHz, 

CDCl3:CD3OD): 28.4 (q, 3C), 36.6 (d), 37.3 (t), 51.3 (s), 62.2 (t), 84.0 (d), 84.6 (s), 

112.7 (d), 114.2 (s), 115.2 (d), 115.8 (s), 119.4 (d), 123.3 (d), 123.5 (d), 125.5 (d), 

127.6 (d), 130.5 (s), 132.1 (s), 133.1 (s), 135.2 (s), 142.1 (s), 149.6 (s), 170.3 (s), 

178.0 (s) ppm; HRMS (ESI+): calcd. for C26H25N2O6BrNa [M+Na]+: 563.0788, found 

563.0788. 

Allylation of 11e with 12. According to the general procedure A, the treatment of 

oxindole 11e (300 mg, 0.87 mmol) with indole allyl carbonate 12 (389 mg, 1.04 

mmol) Ligand L1 (114 mg, 0.26 mmol) and Pd2(dba)3·CHCl3 (135 mg, 0.13 mmol) 

gave the 10e’ (255 mg, 49%) and 13e (135 mg, 26%). 
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10e’: yellow liquid; Rf = 0.4 (30% EtOAc/petroleum ether); 

IR (CHCl3) ν: 3068, 3011, 2939, 2851, 1748, 1599, 1312, 

1218, 1189, 1071, 842, 718 cm–1; 1H NMR (500 MHz, 

CDCl3): δ 1.04 (t, J = 7.3 Hz, 3H ), 1.56 (s, 9H), 3.12 (s, 

2H), 3.85–3.94 (m, 2H), 3.97 (d, J = 9.8 Hz, 1H), 5.25–5.28 (m, 2H), 6.09 (td, J = 

17.1, 9.8 Hz, 1H), 6.46 (dd, J = 8.2, 2.1 Hz, 1H), 6.53 (bs, 1H), 7.15 (t, J = 7.0 Hz, 

1H), 7.23 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.61 

(s, 1H), 8.05 (d, J = 7.3 Hz, 1H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 3C 

), 39.9 (t), 47.6 (d), 53.1 (s), 60.8 (t), 83.4 (s), 84.0 (s), 111.5 (d), 114.8 (d), 116.6 (s), 

118.9 (d), 119.1 (t), 122.5 (d), 124.4 (d), 127.2 (s), 127.8 (d), 128.2 (d), 132.5 (d), 

132.9 (s), 134.8 (d), 137.4 (d), 142.1 (s), 149.2 (s), 169.6 (s), 178.7 (s) ppm; HRMS 

(ESI+): calcd. for C28H29N2O5INa, [M+Na]+: 623.1013, found 623.1014. 

(13e): yellow liquid; Rf = 0.3 (30% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3052, 2929, 2850, 1754, 1566, 1349, 

1243, 1182, 1017, 884, 763 cm–1; 1H NMR (200MHz, 

CDCl3): δ 1.05 (t, J = 7.2 Hz, 3H ), 1.64 (s, 9H), 2.62 (d, 

J = 7.8 Hz, 2H), 2.90 (d, J = 16.5 Hz, 1H), 3.10 (d, J = 

16.7 Hz, 1H), 3.88–3.98 (m, 2H), 5.94 (dt, J = 15.9, 7.6 

Hz, 1H), 6.45 (d, J = 15.9 Hz, 1H), 6.65 (d, J = 8.6 Hz, 1H), 7.21 (td, J = 7.3, 1.4 Hz, 

1H),  7.30 (td, J = 7.8, 1.4 Hz, 1H), 7.47 (s, 1H), 7.49–7.55 (m, 3H), 8.01 (s, 1H), 8.12 

(d, J = 8.1 Hz, 1H); 13C NMR (Jeol400MHz, CDCl3): 13.9 (q), 28.2 (q, 3C), 40.0 (t), 

41.9 (t), 50.5 (s), 60.8 (t), 83.9 (s), 84.6 (s), 111.8 (d), 115.3 (d), 118.2 (s), 119.8 (d), 

121.3 (s), 122.6 (d), 122.9 (d), 123.8 (d), 124.6 (d), 126.3 (d), 128.5 (s), 132.0 (d), 

134.0 (s), 137.1 (d), 140.9 (s), 149.5 (s), 169.6 (s), 179.8 (s) ppm; HRMS (ESI+): 

calcd. for C28H29N2O5INa [M+Na]+: 623.1013, found 623.1016 

Preparation of 9e’: According to the general procedure B, the treatment of branched 

compound 10e’ (120 mg, 0.20 mmol) with K2OsO4·2H2O (3 

mg, 0.008mmol) NMO (46 mg, 0.40 mmol) followed by p-

TSA (38 mg, 0.20 mmol) gave the 9e’ (85 mg, 72%) as a 

colorless solid (M.P = 130–133 °C); Rf = 0.6 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3052, 2922, 2869, 

1723, 1552, 1336, 1240, 1172, 1012, 836, 763 cm–1; 1H NMR (500 MHz, 
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CDCl3:CD3OD): δ 1.54 (s, 9H), 2.69 (d, J = 17.1 Hz, 1H), 3.22 (d, J = 17.6 Hz, 1H), 

3.40 (d, J = 10.5, 3.4 Hz, 1H), 3.76 (d, J = 10.0 Hz, 1H), 4.11 (d, J = 10.5 Hz, 1H), 

4.87 (d, J = 9.5 Hz, 1H), 6.34 (bs, 1H), 6.64 (bs, 1H), 7.19–7.24 (m, 2H), 7.59 (bs, 

1H), 7.66–7.74 (m, 2H), 8.02 (bs, 1H); 13C NMR (125 MHz, CDCl3: CD3OD): 27.1 

(q, 3C), 35.5 (d), 36.1 (t), 50.0 (s), 61.1 (t), 82.8 (d), 83.4 (s), 83.9 (s), 112.1 (d), 

113.2 (s), 114.1 (d), 118.3 (d), 122.2 (d), 122.3 (d), 124.3 (d), 129.4 (s), 131.5 (s), 

132.0 (d), 134.1 (s), 138.1 (d), 141.7 (s), 148.4 (s), 169.1 (s), 176.7 (s), ppm; HRMS 

(ESI+): calcd. for C26H25N2O6INa [M+Na]+: 611.0650, found 611.0651. 

Allylation of 11f with 12. According to the general procedure A, the treatment of 

oxindole 11f (240 mg, 0.91 mmol) with indole allyl carbonate 12 (407 mg, 1.09 

mmol) Ligand L1 (119 mg, 0.27 mmol) and Pd2(dba)3·CHCl3 (135 mg, 0.13 mmol) 

gave the 10f’ (241 mg, 51%) and 13f (108 mg, 23%). 

10f’: yellow liquid; Rf = 0.5 (30% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3045, 3012, 2930, 2849, 1768, 

1577, 1386, 1248, 1128, 1071, 843, 789 cm–1; 1H NMR 

(500 MHz, CDCl3): δ 1.07 (t, J = 7.0 Hz, 3H ), 1.54 (s, 

9H), 3.20 (d, J = 17.4 Hz, 1H), 3.27 (d, J = 17.4 Hz, 1H), 3.86–3.96 (m, 2H), 4.03 (d, 

J = 9.8 Hz, 1H), 5.30 (d, J = 17.1 Hz, 1H), 5.32 (d, J = 10.41 Hz, 1H), 6.12 (td, J = 

17.1, 10.1, 9.8 Hz, 1H), 6.58 (bs, 1H), 6.76 (d, J = 8.2 Hz, 1H), 7.14 (t, J = 7.3 Hz, 

1H), 7.23 (d, J = 7.9 Hz, 2H), 7.39 (d, J = 7.9 Hz, 1H), 7.66 (s, 1H), 8.03 (d, J = 7.9 

Hz, 1H) 8.20–8.22 (m, 2H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 3C), 

39.9 (t), 47.7 (d), 53.3 (s), 61.0 (t), 83.8 (s), 109.1 (d), 114.9 (d), 116.3 (s), 118.9 (d), 

119.4 (d), 119.8 (t), 122.6 (d), 123.2 (d), 124.6 (d), 125.8 (d), 129.4 (s), 131.5 (s), 

134.1 (d), 134.6 (s), 142.8 (s), 148.4 (s), 149.1 (s), 169.6 (s), 179.4 (s); ppm; HRMS 

(ESI+): calcd. for C28H29N3O7Na [M+Na]+: 542.1898, found 542.1906. 

13f: yellow liquid; Rf = 0.3 (30% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3052, 2929, 2850, 1754, 1566, 

1349, 1243, 1182, 1017, 884, 763 cm–1; 1H NMR 

(200MHz, CDCl3): δ 1.13 (t, J = 7.2 Hz, 3H ), 1.69 (s, 

9H), 2.74 (d, J = 7.4 Hz, 2H), 3.09 (d, J = 17.0 Hz, 

1H), 3.26 (d, J = 17.0 Hz, 1H), 3.91–4.05 (m, 2H), 5.98 (dt, J = 16.0, 7.4 Hz, 1H), 
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6.51 (d, J = 15.9 Hz, 1H), 7.00 (d, J = 8.5 Hz, 1H), 7.20–7.38 (m, 3H), 7.51–7.56 (m, 

2H), 8.14–8.25 (m, 3H), 8.97 (brs, 1H); 13C NMR (50MHz, CDCl3): 13.8 (q), 28.1 

(q, 3C), 34.0 (t), 41.8 (t), 50.6 (s), 61.0 (t), 84.0 (s), 109.6 (d), 115.3 (d), 117.9 (s), 

118.9 (d), 119.6 (d), 121.6 (d), 122.9 (d), 124.0 (d), 124.6 (d), 125.6 (d), 126.8 (d), 

128.3 (s), 132.6 (s), 135.7 (s), 143.2 (s), 147.5 (s), 149.4 (s), 169.7 (s), 181.0 (s) ppm; 

HRMS (ESI+): calcd. for C28H29N3O7Na [M+Na]+: 542.1898, found 542.1899. 

Preparation of 9f’: According to the general procedure B, the treatment of branched 

compound 10f’ (90 mg, 0.17 mmol) with K2OsO4·2H2O (3 

mg, 0.007 mmol) NMO (40 mg, 0.35 mmol) followed by 

p-TSA (33 mg, 0.17 mmol) gave the 9f’ (63 mg, 72%) as a 

yellow solid (M.P = 202–205 °C); Rf = 0.6 (60% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3077, 2859, 2710, 

1756, 1553, 1323, 1254, 1157, 1056, 888, 778 cm–1; 1H NMR (500 MHz, 

CDCl3:CD3OD): δ 1.50 (s, 9H), 2.77 (d, J = 17.6 Hz, 1H), 3.27 (d, J = 17.6 Hz, 1H), 

3.42 (dd, J = 12.5, 2.9 Hz, 1H), 3.81 (dd, J = 12.5, 2.2 Hz, 1H), 4.23 (d, J = 11.5 Hz, 

1H), 4.98 (td, J = 11.5, 2.4 Hz, 1H), 6.42 (bs, 1H), 6.94 (d, J = 9.0 Hz, 1H), 7.18 (t, J 

= 8.1 Hz, 1H), 7.25 (t, J = 8.3 Hz, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.98 (s, J = 8.1 Hz, 

1H), 8.29–8.32 (m, 2H), ; 13C NMR (125 MHz, CDCl3:CD3OD): 28.3 (q, 3C), 37.2 

(d), 37.3 (t), 51.6 (s), 62.3 (t), 83.9 (d), 85.0 (s), 111.1 (d), 114.5 (s), 115.5 (d), 119.8 

(d), 120.6 (d), 123.5 (d), 123.7 (d), 125.9 (d), 127.4 (d), 130.6 (s), 131.2 (s), 135.5 (s), 

144.1 (s), 149.7 (s), 149.8 (s), 170.2 (s), 178.9 (s), ppm; HRMS (ESI+): calcd. for 

C26H25N3O8Na [M+Na]+: 530.1534, found 530.1534. 

Allylation of 11a with 12. According to the general procedure A, the treatment of 

oxindole 11a (100 mg, 0.45 mmol) with indole allyl carbonate 12 (613 mg, 0.68 

mmol) (R,R)-DACH-phenyl Trost Ligand L2 (40 mg, 0.06 mmol) and [Ir(cod)Cl]2  

(39 mg, 0.06 mmol) gave the 10f’and 10f with dr:3:2 (32 mg, 47%).  

10f: yellow liquid; Rf = 0.4 (30% EtOAc/petroleum ether); 

IR (CHCl3) ν: 3143, 3000, 2699, 2230, 1724, 1588, 1539, 

1223, 1186, 1127, 857, 742 cm–1; 1H NMR (500 MHz, 

CDCl3): δ 1.00 (t, J = 7.2 Hz, 3H ), 1.64 (s, 9H), 2.82 (d, J 

= 17.2 Hz,  1H), 3.28 (d, J = 17.2 Hz,  1H), 3.80–3.89 (m, 2H), 4.09 (d, J = 10.3 Hz, 
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1H), 5.06 (d, J = 10.3 Hz, 1H), 5.24 (d, J = 16.4 Hz, 1H), 5.77 (dt, J = 16.8, 9.5 Hz, 

1H), 6.90 (d, J = 8.4 Hz, 1H), 7.24 (t, J = 7.6 Hz 1H), 7.30 (s, 1H), 7.32 (t, J = 7.6 Hz, 

1H), 7.55 (d, J = 7.6 Hz,  1H), 8.02 (d, J = 2.3 Hz, 1H), 8.16 (d, J = 2.3 Hz, 1H), 8.18 

(d, J = 2.3 Hz, 1H), 8.31 (s, 1H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.1 (q, 

3C), 39.9 (t), 47.7 (d), 54.3 (s), 60.9 (t), 84.3 (s), 109.2 (d), 115.4 (d), 117.0 (s), 118.7 

(t), 119.0 (d), 119.9 (d), 122.8 (d), 124.0 (d), 124.9 (d), 125.7 (d), 129.8 (s), 130.8 (s), 

133.5 (d), 135.0 (s), 142.7 (s), 147.9 (s), 149.3 (s), 169.5 (s), 180.2 (s) ppm; HRMS 

(ESI+): calcd. for C28H29N3O7Na [M+Na]+: 542.1898, found 542.1906. 

Preparation of 9f: According to the general procedure B, the treatment of branched 

compound 10f (16 mg, 0.07 mmol) with K2OsO4·2H2O (1 

mg, 0.003 mmol) NMO (17 mg, 0.014 mmol) followed by 

p-TSA (12 mg, 0.07 mmol) gave the 9f (6 mg, 38%) as a 

colorless liquid, Rf = 0.6 (60% EtOAc/petroleum ether); IR 

(CHCl3) ν: 3052, 2890, 2750, 1752, 1523, 1378, 1213, 

1152, 1016, 864, 773 cm–1; 1H NMR (500 MHz, CDCl3): δ 1.63 (s, 9H), 2.92 (d, J = 

17.4Hz, 1H), 3.04 (d, J = 17.4 Hz, 1H), 3.41 (d, J = 12.4 Hz, 1H), 3.88 (d, J = 12.4 

Hz, 1H), 4.12 (d, J = 11.2 Hz, 1H), 5.44 (d, J = 10.2 Hz, 1H), 6.74 (d, J = 8.5 Hz, 

1H), 7.13 (t, J = 7.5 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.41 (s, 1H), 7.43 (d, J = 8.1 

Hz, 1H), 7.76 (s, 1H), 7.90 (d, J = 8.5 Hz, 1H), 8.00 (dd, J = 8.7, 2.3 Hz, 1H), 8.24 (d,  

J = 2.3 Hz, 1H); 13C NMR (125 MHz, CDCl3): 28.1 (q, 3C), 37.5 (t), 50.8 (s), 62.0 

(t), 79.9 (d), 84.8 (s), 109.8 (d), 110.7 (s), 113.4 (s), 115.1 (d), 118.3 (s), 119.1 (d), 

123.0 (d), 125.2 (d), 126.1 (d), 144.9 (s), 145.2 (s), 167.5 (s), 173.5 (s), 177.9 (s),   

ppm; HRMS (ESI+): calcd. for C26H25N3O8Na [M+Na]+: 530.1534, found 530.1534. 

Allylation of 11g with 12. According to the general procedure A, the treatment of 

oxindole 11g (150 mg, 0.64 mmol) with indole allyl carbonate 12 (288 mg, 0.77 

mmol) Ligand L1 (84 mg, 0.19 mmol) and Pd2(dba)3·CHCl3 (100 mg, 0.10 mmol) 

gave the 10g’ (155 mg, 49%) and 13g (75 mg, 23%). 
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10g’: yellow liquid; Rf = 0.4 (30% EtOAc/petroleum ether); 

IR (CHCl3) ν: 3062, 2859, 2832, 1774, 1502, 1320, 1224, 

1186, 1072, 823, 788 cm–1; 1H NMR (500 MHz, CDCl3): δ 

1.01 (t, J = 7.0 Hz, 3H ), 1.58 (s, 9H), 2.41 (s, 3H), 3.14 (s, 

J = 16.2 Hz, 1H), 3.19 (d, J = 16.2 Hz, 1H), 3.86–3.97 (m, 2H), 4.02 (d, J = 10.1 Hz, 

1H), 5.27 (d, J = 9.8 Hz, 1H), 5.29 (d, J = 16.8 Hz, 1H), 6.14 (td, J = 16.8, 10.1, 9.8 

Hz, 1H), 6.50 (bs, 1H), 6.61 (dd, J = 7.9, 3.4 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 7.16–

7.19 (m, 2H), 7.23–7.27 (m, 2H), 7.47 (d, J = 7.9 Hz, 1H), 8.07 (d, J = 7.6 Hz, 1H); 
13C NMR (125 MHz, CDCl3): 13.7 (q), 21.2 (q), 28.0 (q, 3C), 40.0 (t), 47.5 (d), 53.0 

(s), 60.5 (t), 83.2 (s), 109.2 (d), 114.7 (d), 117.1 (s), 118.4 (t), 118.9 (d), 122.4 (d), 

123.1 (d), 124.2 (d), 124.7 (d), 129.0 (d), 129.8 (s), 130.0 (s), 131.2 (s), 134.6 (s), 

135.6 (d), 139.9 (s), 149.3 (s), 169.8 (s), 179.5 (s). ppm; HRMS (ESI+): calcd. for 

C29H32N2O5Na [M+Na]+: 511.2203, found 511.2202. 

Preparation of (9g’): According to the general procedure B, the treatment of 

branched compound 10g’ (100 mg, 0.20 mmol) with 

K2OsO4·2H2O (3 mg, 0.008mmol) NMO (48 mg, 0.41 

mmol) followed by p-TSA (39 mg, 0.20 mmol) gave the 

9g’ (69 mg, 71%) as a colorless solid (M.P = 156–159 °C); 

Rf = 0.5 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 

3052, 2977, 2846, 1724, 1547, 1336, 1225, 1144, 1012, 836, 765 cm–1; 1H NMR (500 

MHz, CDCl3: CD3OD): δ 1.50 (s, 9H), 2.40 (s, 3H), 2.66 (d, J = 17.4 Hz, 1H), 3.20 

(d, J = 17.7 Hz, 1H), 3.40 (dd, J = 12.5, 3.4 Hz, 1H), 3.73 (dd, J = 12.5, 2.1 Hz, 1H), 

4.07 (d, J = 11.6 Hz, 1H), 4.88 (td, J = 11.3, 2.7 Hz, 1H), 6.22 (bs, 1H), 6.74 (d, J = 

7.9 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 7.17 (d, J = 7.3 Hz, 1H), 7.22 (d, J = 7.3 Hz, 

1H), 7.25 (bs, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.99 (d, J = 7.9 Hz, 1H), ; 13C NMR (125 

MHz, CDCl3:CD3OD): 21.5 (q), 28.3 (q, 3C), 36.5 (d), 37.6 (t), 51.0 (s), 62.4 (t), 

84.3 (d), 84.4 (s), 111.1 (d), 114.5 (s), 115.2 (d), 119.5 (d), 123.4 (d), 123.4 (d), 125.2 

(d), 125.4 (d), 130.0 (s), 130.7 (d), 130.8 (s), 133.2 (s), 135.2 (s), 140.4 (s), 149.7 (s), 

170.9 (s), 178.6 (s) ppm; HRMS (ESI+): calcd. for C27H28N2O6Na [M+Na]+: 

499.1840, found 499.1843. 

Allylation of 11h with 12. According to the general procedure A, the treatment of 

oxindole 11h (200 mg, 0.85 mmol) with indole allyl carbonate 12 (384 mg, 1.03 
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mmol) Ligand L1 (113 mg, 0.26 mmol) and Pd2(dba)3·CHCl3 (131 mg, 0.12 mmol) 

gave the 10h’ (69 mg, 16%) and 13h (69 mg, 23%).  

10h’: yellow liquid; Rf = 0.5 (20% EtOAc/petroleum ether); IR (CHCl3) ν: 3098, 

2989, 2860, 1775, 1568, 1347, 1242, 1181, 1015, 882, 747 cm–

1; 1H NMR (500 MHz, CDCl3): δ 0.94 (t, J = 7.0 Hz, 3H ), 

1.54 (s, 9H), 2.72 (s, 3H), 3.15 (s, J = 16.5 Hz, 1H), 3.18 (d, J = 

16.5 Hz, 1H), 3.78–3.89 (m, 2H), 4.01 (d, J = 10.1 Hz, 1H), 

5.23 (d, J = 9.8 Hz, 1H), 5.25 (d, J = 15.6 Hz, 1H), 6.09 (td, J = 17.1, 10.1, 9.8 Hz, 

1H), 6.43 (bs, 1H), 6.62 (d, J = 7.6 Hz, 1H), 7.09 (t, J = 7.9 Hz, 1H), 7.15 (t, J = 8.2 

Hz, 1H), 7.21 (dt, J = 8.2, 0.9 Hz, 1H), 7.29 (dt, J = 7.9, 1.2 Hz, 1H), 7.33 (d, J = 7.6 

Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 8.02 (d, J = 8.5 Hz, 1H); 13C NMR (125 MHz, 

CDCl3): 13.8 (q), 25.8 (q), 28.1 (q, 3C), 39.8 (t), 47.7 (d), 52.6 (s), 60.4 (t), 83.2 (s), 

107.7 (d), 114.6 (d), 117.1 (s), 118.1 (s), 118.6 (t), 119.1 (d), 121.8 (d), 122.4 (d), 

123.0 (d), 123.5 (d), 124.2 (d), 128.7 (d), 129.6 (s), 135.5 (d), 145.4 (s), 146.9 (s), 

149.3 (s), 169.7 (s), 178.1 (s) ppm; HRMS (ESI+): calcd. for C29H32N2O5Na 

[M+Na]+: 511.2203, found 511.2207. 

Preparation of (9h’): According to the general procedure B, the treatment of 

branched compound 10h’ (85 mg, 0.17 mmol) with 

K2OsO4·2H2O (3 mg, 0.007 mmol) NMO (41 mg, 0.35 mmol) 

followed by p-TSA (33 mg, 0.17 mmol) gave the 9h’ (40 mg, 

48%) as a light yellow liquid; Rf = 0.6 (60% EtOAc/petroleum 

ether); IR (CHCl3) ν: 3056, 2829, 2750, 1724, 1545, 1354, 

1266, 1199, 1012, 886, 7443 cm–1; 1H NMR (400 MHz, 

CDCl3): δ 1.52 (s, 9H), 2.70 (d, J = 17.8 Hz, 1H), 2.77 (s, 3H), 3.30 (d, J = 17.8 Hz, 

1H), 3.47 (d, J = 12.0 Hz, 1H), 3.76 (d, J = 12.0, 1H), 4.06 (d, J = 11.7 Hz, 1H), 4.90 

(d, J = 10.5 Hz, 1H), 6.19 (bs, 1H), 6.75 (d, J = 7.9 Hz, 1H), 7.20–7.29 (m, 3H), 7.41 

(t, J = 7.6 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H), 8.01 (d, J = 8.3 

Hz, 1H); 13C NMR (100 MHz, CDCl3): 26.2 (q), 28.0 (q, 3C), 36.5 (d), 37.0 (t), 49.8 

(s), 62.8 (t), 82.8 (d), 83.8 (s), 108.7 (d), 113.3 (s), 114.7 (d), 118.9 (d), 122.5 (s), 

123.0 (d), 123.1 (d), 123.9 (d), 125.0 (d), 128.1 (s), 128.7 (s), 129.7 (d), 134.5 (s), 

144.3 (s), 152.2 (s), 168.6 (s), 175.6 (s) ppm; HRMS (ESI+): calcd. for 

C27H28N2O6Na [M+Na]+: 499.1840, found 499.1844. 
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 Preparation of 9i’: According to the general procedure B, the treatment of branched 

compound 10i’ (120mg) [Obtained according to the general procedure A, the 

treatment of oxindole 11i (110 mg, 0.417 mmol) with indole allyl carbonate 12 (234 

mg, 0.626 mmol) Ligand L1 (55 mg, 0.12 mmol) and 

Pd2(dba)3·CHCl3 (64 mg, 0.18 mmol) gave the 11i’ and 13i 

(30% yield) as inseperable mixture] with K2OsO4·2H2O (4 

mg, 0.009 mmol) NMO (54 mg, 0.46 mmol) followed by 

pTSA (44 mg, 0.23 mmol) gave the 9i’ (60 mg, 51%) as a 

yellow liquid; Rf = 0.6 (50% EtOAc/petroleum ether); IR (CHCl3) ν: 3085, 2939, 

2860, 1762, 1553, 1324, 1242, 1175, 1066, 838, 725 cm–1; 1H NMR (500 MHz, 

CDCl3): δ 1.51 (s, 9H), 2.33 (s, 3H), 2.72 (d, J = 18.0 Hz, 1H), 3.30 (d, J = 17.7 Hz, 

1H), 3.48 (dd, J = 12.5, 2.4 Hz, 1H), 3.80 (d, J = 12.2, 1H), 4.14 (d, J = 11.9 Hz, 1H), 

4.70 (d, J = 11.0 Hz, 1H), 4.80 (d, J = 11.3 Hz, 1H), 4.92 (d, J = 11.6 Hz, 1H), 6.23 

(bs, 1H), 7.00 (d, J = 7.9 Hz, 1H), 7.20–7.24 (m, 2H), 7.27 (d, J = 7.6 Hz, 1H), 7.42 

(t, J = 7.6 Hz, 1H), 7.51 (d, J = 7.3 Hz, 1H), 7.60 (d, J = 6.1 Hz, 1H), 7.99 (d, J = 7.9 

Hz, 1H); 13C NMR (125 MHz, CDCl3): 28.0 (q, 3C), 36.3 (d), 37.5 (t), 50.3 (s), 54.9 

(q), 62.6 (t), 71.4 (t), 82.9 (d), 83.9 (s), 110.4 (d), 113.34 (s), 114.7 (d), 118.8 (d), 

122.6 (d), 123.1 (d), 123.6 (d), 124.0 (d), 125.1 (d), 128.2 (s), 129.8 (d), 129.9 (s), 

134.5 (s), 142.6 (s), 148.8 (s), 168.4 (s), 176.2 (s) ppm; HRMS (ESI+): calcd. for 

C28H30N2O7Na [M+Na]+: 529.1945, found 529.1951. 
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Single Crystal X-ray diffraction studies: X-ray intensity data measurements of 

compounds 17c (CCDC 1483062), 16f (CCDC 1483061) and 16j (CCDC 1483060) 

were carried out on a Bruker SMART APEX II CCD diffractometer with graphite-

monochromatized (MoK= 0.71073Å) radiation. The X-ray generator was operated at 

50 kV and 30 mA. A preliminary set of cell constants and an orientation matrix were 

calculated from three sets of 36 frames. Data were collected with  scan width of 0.5° 

at different settings of  and 2 with a frame time of 20, 10 and 10 secs respectively 

keeping the sample-to-detector distance fixed at 5.00 cm. The X-ray data collection 

was monitored by APEX2 program (Bruker, 2006). All the data were corrected for 

Lorentzian, polarization and absorption effects using SAINT and SADABS programs 

(Bruker, 2006). SHELX-97 was used for structure solution and full matrix least-

squares refinement on F2.2 All the hydrogen atoms were placed in geometrically 

idealized position and constrained to ride on their parent atoms. The ORTEP figures 

were drawn with 50% probability displacement ellipsoids and H atoms are shown as 

small spheres of arbitrary radii. 

General procedure A for synthesis of anilides: To the solution of N-protected 3-

hydroxy aniline (1 equiv) in CH2Cl2 was added malice anhydride (1 equiv). The 

resulting solution was stirred at room temperature for 1 h. After completion, the 

volatiles are removed under reduced pressure. The crude reaction mixture was 

dissolved in the corresponding alcohol and added SOCl2 (1 equiv) at 0 °C. The 

resulting reaction mixture was stirred for 3h at room temperature. After completion, 

the reaction mixture partitioned between water and EtOAc. The organic layer was 

separated and the aqueous layer extracted with EtOAc. Combined organic layer was 

dried (Na2SO4) and concentrated under reduced pressure.The crude product was 

purified by silica gel column (EtOAc and petroleum ether as eluent) to afford the 

corresponding anilide. 

General procedure B for synthesis of 2-oxindoles: To a solution of N-protected 3-

hydroxy anilide (1 equiv) in CH3CN in a flame-dried RB flask was added Cs2CO3 (2 

equiv). The resulting solution was stirred at room temperature for 4–6 h. After 

completion, the reaction mixture was portioned between water and EtOAc. The 

organic layer was separated and the aqueous layer was extracted with EtOAc. 

Combined organic layer was dried (Na2SO4) and concentrated under reduced 
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pressure. The crude product was purified by silica gel column (EtOAc and petroleum 

ether as eluent) to afford the corresponding indolinone. 

Ethyl (Z)-4-((3-hydroxyphenyl)(4-methoxybenzyl)amino)-4-oxobut-2-enoate 

(15a): According to the general procedure A, the 

treatment of 3-((4-methoxybenzyl)amino)phenol (10 g, 

43.6 mmol) maleic anhydride (4.3 g, 43.6 mmol) 

followed by SOCl2 (5.2 g,43.6 mmol) in ethanol gave 

the 15a (10.3 g, 66%) as a brown solid. M.P = 133–135 °C; Rf = 0.1 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 2952, 2869, 2250, 1784, 1577, 1369, 1233, 

1172, 1017, 882, 633 cm–1; 1H NMR (200 MHz, CDCl3): δ 1.21 (t, J = 7.2 Hz, 3H), 

3.70 (s, 3H), 4.14 (q, J = 7.2 Hz, 2H), 4.85 (s, 2H), 5.72 (d, J = 11.9 Hz, 1H), 6.24 (d, 

J = 11.9Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 6.58 (t, J = 2.3 Hz, 1H), 6.73 (d, J = 8.7 

Hz,2H),6.79–6.83 (m, 1H), 7.04 (t, J = 8.1 Hz, 1H), 7.15 (d, J = 8.7 Hz, 2H); 13C 

NMR (50 MHz, CDCl3): 14.0 (q), 51.7 (t), 55.1 (q), 60.8 (t), 113.6 (d, 2C), 124.4 (d), 

128.1 (d, 3C), 128.8 (s), 129.2 (d), 130.2 (d), 136.5 (d), 140.9 (s), 158.9 (s), 165.1 (s), 

166.1 (s) ppm. HRMS (ESI+): calcd. for C20H22NO5, [M+H]+: 356.1492, found 

356.1484. 

Ethyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-2-oxoindolin-

3-ylidene)acetate (16a): According to the general procedure 

B, the treatment of 15a (100 mg, 0.28 mmol) with Cs2CO3 

(183 mg, 0.56 mmol) in acetonitrile for 4 h gave 16a (81 mg, 

81%) as yellow solid. M.P = 180–183 °C; Rf = 0.5 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3490, 2356, 1752, 1523, 1447, 1319, 1218, 

770, 686 cm–1; 1H NMR (200 MHz, Acetone-d6): δ 1.33 (t, J = 7.1 Hz, 3H), 3.76 (s, 

3H), 4.29 (q, J = 7.1 Hz, 2H), 4.87 (s, 2H), 6.41 (d, J = 2.3 Hz, 1H), 6.50 (dd, J= 8.5, 

2.3 Hz, 1H), 6.59 (s, 1H), 6.89 (dd, J = 8.8, 2.1 Hz, 2H), 7.30 (dd, J = 8.8, 2.3 Hz, 

2H), 8.47 (d, J = 8.5 Hz, 1H); 13C NMR (50 MHz, Acetone-d6): 14.6 (q), 43.5 (t), 

55.6 (q), 61.5 (t), 98.8 (d), 109.8 (d), 112.6 (s), 115.0 (d, 2C), 118.0 (d), 129.1 (s), 

129.6 (d, 2C), 131.6 (d), 138.8 (s), 148.8 (s), 160.2 (s), 160.3 (s), 163.0 (s), 166.7 (s) 

ppm. HRMS (ESI+): calcd. for C20H19NO5Na, [M+Na]+: 376.1155, found 376.1148. 
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Cyclization of 15a on 10g Scale: According to the general procedure B, the treatment 

of 15a (10 g, 28 mmol) with Cs2CO3 (18 g, 56 mmol) in acetonitrile (270 mL) for 6 h 

gave the 16a (4.1g, 41%) and 17a (4.2 g 42%). 

 Characterization data of 17a: Yellow solid; M.P = 165–

166 °C; Rf = 0.5 (40% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3225, 3052, 2711, 2450, 1784, 1577, 1369, 

1233, 1172, 1017, 882, 733 cm–1; 1H NMR (200 MHz, 

CDCl3): δ 1.09 (t, J = 7.1 Hz, 3H), 2.73 (dd, J = 16.8, 7.8 

Hz, 1H), 3.00 (dd, J = 16.9, 4.8 Hz, 1H), 3.68 (s, 3H), 3.688–3.73 (m, 1H), 3.99–4.07 

(m, 2H), 4.73 (s, 2H), 6.24 (d, J = 2.1 Hz, 1H), 6.35 (dd, J = 8.0, 2.4 Hz, 1H), 6.75 (d, 

J = 8.2 Hz, 2H), 6.88 (d, J = 8.0 Hz, 1H), 7.16 (dd, J = 8.2, 2.3 Hz, 2H); 13C NMR 

(50 MHz, CDCl3): 14.0 (q), 35.2 (t), 41.4 (t), 43.4 (d), 55.2 (q), 61.0 (t), 98.0 (d), 

108.7 (d), 114.1 (d, 2C), 119.5 (s), 124.5 (d), 127.7 (s), 128.7 (d, 2C), 144.6 (s), 156.5 

(s), 159.0 (s), 171.2 (s), 177.8 (s) ppm. HRMS (ESI+): calcd. for C20H22NO5, [M+H]+: 

356.1492, found 356.1485. 

Ethyl (Z)-4-((2,4-dimethoxybenzyl)(3-hydroxyphenyl) amino)-4-oxobut-2-enoate 

(15b): According to the general procedure A, the treatment of 3-((2,4-

dimethoxybenzyl)amino)phenol (11 g, 42.4 mmol) 

with maleic anhydride (4.2 g, 42.4 mmol) followed by 

SOCl2 (5.1 g, 42.4 mmol) in ethanol gave the 15b (10.6 

g, 65%) as a pale yellow solid. M.P = 126–128 °C; Rf = 0.1 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3056, 3052, 2969, 2450, 1784, 1577, 1669, 

1233, 1172, 996, 882, 733 cm–1; 1H NMR (400 MHz, CDCl3): δ 1.24 (t, J = 7.1 Hz, 

3H), 3.54 (s, 3H), 3.71 (s, 3H), 4.16 (q, J = 7.1 Hz, 2H), 4.92 (s, 2H), 5.73 (d, J = 12.0 

Hz, 1H), 6.29 (d, J = 12.0 Hz, 1H), 6.29 (s, 1H), 6.37 (dd, J = 8.3, 2.4 Hz, 1H), 6.52 

(d, J = 8.1 Hz, 1H), 6.62 ( t, J = 2.4, Hz, 1H), 6.74 (dd, J = 8.3, 2.4 Hz, 1H), 7.01 (t, J 

= 8.1 Hz, 1H), 7.27 (d, J = 8.1 Hz, 1H); 13C NMR (100 MHz, CDCl3): 13.9 (q), 46.5 

(t), 54.9 (q), 55.1 (q), 60.8 (t), 98.0 (d), 103.9 (d), 114.9 (d), 115.2 (d), 116.9 (s), 

119.1 (d), 124.3 (d), 129.3 (d), 130.7 (d), 136.3 (d), 141.9 (s), 157.3 (s), 158.3 (s), 

160.1 (s), 165.3 (s), 166.4 (s), ppm. HRMS (ESI+): calcd. for C21H24NO6, [M+H]+: 

386.1598, found 386.1591. 
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Ethyl (E)-2-(1-(2,4-dimethoxybenzyl)-6-hydroxy-2-

oxoindolin-3-ylidene)acetate (16b): According to the 

general procedure B, the treatment of 15b (100 mg, 0.26 

mmol) with Cs2CO3 (170 mg, 0.52 mmol) in acetonitrile for 

4 h gave 16b (7.2 g, 79%) as a yellow solid. M.P = 199–201 

°C; Rf = 0.5 (40% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3265, 3052, 2870, 2560, 1684, 1577, 1469, 1236, 

1272, 1117, 882, 733 cm–1; 1H NMR (400 MHz, CDCl3): δ 1.35 (t, J = 7.1 Hz, 3H), 

3.75 (s, 3H), 3.84 (s, 3H), 4.29 (q, J = 7.1 Hz, 2H), 4.82 (s, 2H), 6.32 (d, J = 2.4 Hz, 

1H), 6.37 (dd, J = 8.6, 2.4 Hz, 1H), 6.40 (dd, J = 8.6, 2.4 Hz, 1H), 6.44 (d, J = 2.4 Hz, 

1H), 6.77 (s, 1H), 7.05 (d, J = 8.3 Hz, 1H), 8.47 (d, J = 8.3 Hz, 1H); 13C NMR (100 

MHz, CDCl3): 14.2 (q), 38.2 (t), 55.3 (q), 55.4 (q), 60.9 (t), 97.9 (d), 98.5 (d), 104.3 

(d), 108.9 (d), 113.0 (s), 115.8 (s), 119.0 (d), 129.3 (d), 130.6 (d), 137.7 (s), 147.8 (s), 

157.9 (s), 159.7 (s), 160.4 (s), 166.2 (s), 168.7 (s) ppm. HRMS (ESI+): calcd. for 

C21H21NO6Na, [M+Na]+: 406.1261, found 406.1255. 

Cyclization of 15b on 10g Scale: According to the general procedure B, the 

treatment of 15b (10 g, 26 mmol) with Cs2CO3 (17 g, 52 mmol) in acetonitrile (260 

mL) for 6 h gave the 16b (3.9 g, 39%) and 17b (4.5 g 45%). 

Characterization data of 17b: Yellow solid; M.P = 178–180 °C; Rf = 0.5 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3256, 2952, 

2869, 2250, 1784, 1577, 1369, 1233, 1172, 1017, 882, 

733 cm–1; 1H NMR (400 MHz, CDCl3): δ 1.17 (t, J = 7.1 

Hz, 3H), 2.75 (dd, J = 16.6, 8.1 Hz, 1H), 3.05 (dd, J = 

16.6, 4.6 Hz, 1H), 3.74 (s, 3H), 3.76–3.79 (m, 1H), 3.82 

(s, 3H), 4.06–4.16 (m, 2H), 4.80 (d, J = 2.2 Hz, 2H), 

6.35–6.42 (m, 4H), 7.03 (d, J = 8.1 Hz, 1H), 7.07 (d, J = 8.3 Hz, 1H); 13C NMR (100 

MHz, CDCl3): 14.1 (q), 35.4 (t), 38.2 (t), 41.5 (d), 55.3 (q, 2C), 60.9 (t), 98.2 (d), 

98.4 (d), 104.3 (d), 108.5 (d), 116.0 (s), 119.6 (s), 124.4 (d), 129.2 (d), 145.0 (s), 

156.3 (s), 157.9 (s), 160.3 (s), 171.3 (s), 177.8 (s) ppm. HRMS (ESI+): calcd. for 

C21H23NO6Na, [M+Na]+: 408.1418, found 408.1408. 
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Ethyl (Z)-4-(benzyl(3-hydroxyphenyl)amino)-4-oxobut-2-enoate (15c): According 

to the general procedure A, the treatment of 3-

(benzylamino)phenol (10 g, 50.2 mmol) with maleic 

anhydride (4.9 g, 50.2 mmol) followed by SOCl2 (6.0 g, 

50.2 mmol) in ethanol gave the 15c (10.4 g, 63%) as a brown solid. M.P = 129–131 

°C; Rf = 0.1 (40% ethyl acetate/petroleum ether) IR (CHCl3) ν: 3348, 3028, 2927, 

2402, 1595, 1526, 1216, 1115, 1028, 762, 671 cm–1; 1H NMR (200 MHz, CDCl3): δ 

1.29 (t, J = 7.2 Hz, 3H), 4.23 (q, J = 7.2 Hz, 2H), 4.98 (s, 2H), 5.80 (d, J = 11.9 Hz, 

1H), 6.32 (d, J = 11.9 Hz, 1H), 6.57–6.63 (m, 2H), 6.82 (dd, J = 8.2, 2.4 Hz, 1H), 7.13 

(t, J = 8.0 Hz, 1H),7.28 (s, 5H); 13C NMR (50 MHz, CDCl3): 14.0 (q), 52.5 (t), 61.1 

(t), 115.1 (d), 115.7 (d), 119.7 (d), 124.8 (d), 127.4 (d), 128.4 (d, 2C), 128.8 (d, 2C), 

130.0 (d), 136.1 (d), 136.6 (s), 141.9 (s), 157.1 (s), 165.5 (s), 166.4 (s) ppm. HRMS 

(ESI+): calcd. for C19H20NO4, [M+H]+: 326.1387, found 326.1380. 

Ethyl (E)-2-(1-benzyl-6-hydroxy-2-oxoindolin-3-ylidene)acetate (16c): According 

to the general procedure B, the treatment of 15c (100 mg, 0.31 

mmol) with Cs2CO3 (200 mg, 0.62 mmol) in acetonitrile for 4 

h gave the 16c (81 mg, 81%) as a yellow solid. M.P = 100–

103 °C; Rf = 0.5 (30% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3025, 2952, 2469, 2223, 1754, 1571, 1469, 1213, 

1162, 1047, 891, 633 cm–1; 1H NMR (200 MHz, CDCl3-CD3CN): δ 1.32 (t, J = 7.2 

Hz, 3H), 4.27 (q, J = 7.2 Hz, 2H), 4.83 (s, 2H), 6.15 (d, J = 2.3 Hz, 1H), 6.40 (dd, J = 

8.5, 2.3 Hz, 1H), 6.72 (s, 1H), 7.24 (s, 5H), 8.473 (d, J = 8.6 Hz, 1H); 13C NMR (50 

MHz, CDCl3-CD3CN): 13.8 (q), 43.4 (t), 60.5 (t), 97.4 (d), 108.9 (d), 111.9 (s), 118.1 

(d), 126.8 (d, 2C), 127.3 (s), 128.4 (d, 2C), 130.4 (d), 135.3 (s), 137.2 (s), 147.0 (s), 

160.7 (s), 165.7 (s), 168.3 (s) ppm. HRMS (ESI+): calcd. for C19H17NO4Na, 

[M+Na]+: 346.1050, found 346.1042. 

Cyclization of 15c on 10 g Scale: According to the general procedure B, the 

treatment of 15c (10 g, 31 mmol) with Cs2CO3 (20 g, 62 mmol) in acetonitrile (300 

mL) for 6h gave the 16c (4.2 g, 42%) and 17c (4.6 g, 46%). 

Characterization data of 17c: Yellow solid; M.P = 87–89 °C; Rf = 0.4 (30% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3318, 2994, 2358, 1698, 1469, 1379, 1275, 
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1168, 956, 769, 647 cm–1; 1H NMR (200 MHz, CDCl3): δ 

1.16 (t, J = 7.2 Hz, 3H), 2.85 (dd, J = 16.8, 7.6 Hz, 1H), 

3.07 (dd, J = 16.8, 4.6 Hz, 1H), 3.79 (dd, J = 7.6, 4.3 Hz, 

1H), 4.05–4.15 (m, 2H), 4.83 (d, J = 15.9 Hz, 1H), 4.88 (d, 

J = 15.9 Hz, 1H), 6.36 (brs, 1H), 6.48 (dd, J = 7.9, 2.1Hz, 1H), 7.05 (d, J = 7.9 Hz, 

1H), 7.21–7.29 (m, 5H); 13C NMR (50 MHz, CDCl3): 13.9 (q), 35.0 (t), 41.5 (d), 

43.9 (t), 61.0 (t), 98.1 (d), 109.0 (d), 118.9 (s), 124.4 (d), 127.2 (d, 2C), 127.5 (d), 

128.6 (d, 2C), 135.4 (s), 144.3 (s), 156.9 (s), 171.2 (s), 178.1 (s) ppm. HRMS (ESI+): 

calcd. for C19H19NO4Na, [M+Na]+: 348.1206, found 348.1198. 

 

Ethyl (Z)-4-((3-hydroxyphenyl) (methyl)amino)-4-oxobut-2-enoate (15d): 

According to the general procedure A, the treatment of 3-

(methylamino)phenol (1.4 g, 11.4 mmol) with maleic 

anhydride (1.1 g, 11.4 mmol) followed by SOCl2 (2.7 g, 

22.8 mmol) in ethanol gave the 15d (1.3 g, 47%) as a pale yellow liquid; IR (CHCl3) 

ν: 3052, 2769, 2450, 1784, 1577, 1449, 1236, 1272, 1117, 882, 733 cm–1; 1H NMR 

(200 MHz, CDCl3): δ 1.26 (t, J = 7.2 Hz, 3H), 3.32 (s, 3H), 4.23 (q, J = 7.1 Hz, 2H), 

5.78 (d, J = 12.0 Hz, 1H), 6.33 (d, J = 11.7 Hz, 1H), 6.69–6.72 (m, 2H), 6.82–6.84 

(m, 1H), 7.17 (t, J = 8.3 Hz, 1H); 13C NMR (50 MHz, CDCl3): 14.0 (q), 36.6 (q), 

61.0 (t), 114.0 (d), 115.5 (d), 118.2 (d), 124.9 (d), 130.2 (d), 136.1 (d), 143.5 (s), 

157.4 (s), 165.5 (s), 166.6 (s) ppm. HRMS (ESI+): calcd. for C13H15NO4Na, 

[M+Na]+: 272.0893, found 272.0893. 

Ethyl (E)-2-(6-hydroxy-1-methyl-2-oxoindolin-3-ylidene)acetate (16d): According 

to the general procedure B, the treatment of 15d (200 mg, 0.80 

mmol) with Cs2CO3 (522 mg, 1.6 mmol) in acetonitrile for 4 h 

gave the 16d (146 mg, 73%) as a yellow solid. M.P = 189–191 

°C; Rf = 0.6 (20% ethyl acetate/petroleum ether); IR (CHCl3) ν: 

3052, 2769, 2450, 1784, 1577, 1449, 1236, 1272, 1117, 882, 

733 cm–1; 1H NMR (200 MHz, CDCl3): δ 1.26 (t, J = 7.3 Hz, 3H), 3.08 (s, 3H),4.20 

(q, J = 7.3 Hz, 2H), 6.22 (d, J = 2.0 Hz, 1H), 6.38 (dd, J = 8.3, 2.0 Hz, 1H), 6.56 (s, 

1H), 8.32 (d, J = 8.3 Hz,1H); 13C NMR (50 MHz, CDCl3): 13.9 (q), 25.3 (q), 60.8 
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(t), 96.8 (d), 109.0 (d), 111.5 (s), 117.7 (d), 130.5 (d), 137.7 (s), 148.0 (s), 161.6 (s), 

166.3 (s), 168.8 (s) ppm. HRMS (ESI+): calcd. for C13H13NO4Na, [M+Na]+: 

270.0737, found 270.0737. 

Ethyl (Z)-4-(ethyl (3-hydroxyphenyl)amino)-4-oxobut-2-enoate (15e): According 

to the general procedure A, the treatment of 3- 

(ethylamino)phenol (1.6 g, 11.6 mmol) with maleic 

anhydride (1.2 g, 11.6 mmol) followed by SOCl2 (1.4 g, 

11.6 mmol) in ethanol gave the 15e (1.75 g , 57%) as a 

pale yellow liquid; Rf = 0.1 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3288, 

2021, 2869, 2404, 1720, 1596, 1432, 1217, 1128, 1030, 769, 670 cm–1; 1H NMR (200 

MHz, CDCl3): δ 1.15 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2, 3H), 3.81 (q, J = 7.2 Hz, 

2H), 4.19 (q, J = 7.2 Hz, 2H), 5.74 (d, J = 12.0 Hz, 1H), 6.27 (d, J = 12.0Hz, 1H), 

6.66–6.70 (m, 2H), 6.80–6.86 (m, 1H), 7.16 (t, J = 8.3 Hz, 1H); 13C NMR (50 MHz, 

CDCl3): 12.7 (q), 14.0 (q), 43.7 (t), 61.0 (t), 115.2 (d), 115.7 (d), 119.3 (d), 124.5 (d), 

130.1 (d), 136.4 (d), 141.7 (s), 157.6 (s), 165.5 (s), 166.1 (s) ppm. HRMS (ESI+): 

calcd. for C14H17NO4Na, [M+Na]+: 286.1050, found 286.1049. 

Ethyl (E)-2-(1-ethyl-6-hydroxy-2-oxoindolin-3-ylidene)acetate (16e): According to 

the general procedure B, the treatment of 15e (330 mg, 1.25 

mmol) with Cs2CO3 (816 mg, 2.51 mmol) in acetonitrile for 4 h 

gave the 16e (220 mg, 68%) as a yellow solid. M.P = 185–188 

°C; Rf = 0.6 (30% ethyl acetate/petroleum ether); IR (CHCl3) ν: 

3241, 3022, 2930, 2404, 1704, 1606, 1380, 1216, 1029, 929, 

769, 672 cm–1; 1H NMR (400 MHz, CDCl3: CD3OD): δ 1.16 (t, J = 7.1 Hz, 3H), 

1.27 (t, J = 7.1 Hz, 3H), 3.63 (q, J = 7.1 Hz, 2H), 4.20 (q, J = 7.1 Hz, 2H), 6.25 (d, J = 

2.4 Hz, 1H), 6.38 (dd, J = 8.6, 2.4 Hz, 1H), 6.57 (s, 1H), 8.34 (d, J = 8.6 Hz, 1H); 13C 

NMR (100 MHz, CDCl3: CD3OD): 12.4 (q), 13.9 (q), 34.6 (t), 60.8 (t), 96.9 (d), 

108.9 (d), 111.8 (s), 117.7 (d), 130.7 (d), 137.8 (s), 147.1 (s), 161.5 (s), 166.3 (s), 

168.4 (s) ppm. HRMS (ESI+): calcd. for C14H15NO4Na, [M+Na]+: 284.0893, found 

284.0893. 

Ethyl (Z)-4-(allyl(3-hydroxyphenyl)amino)-4-oxobut-2-enoate (15f): According to 

the general procedure A, the treatment of 3-(allylamino)phenol (800 mg, 5.4 mmol) 
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with maleic anhydride (525 mg, 5.4 mmol) followed by SOCl2 (638 mg, 5.4 mmol) in 

ethanol gave the 15f (390 mg, 26%) as a pale yellow 

liquid. Rf = 0.1 (40% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3345, 2021, 2357, 1720, 1596, 1425, 1217, 

1031, 760, 668 cm–1; 1H NMR (400 MHz, CDCl3): δ 

1.25 (t, J = 7.3 Hz, 3H), 4.17 (q, J = 7.3 Hz, 2H), 4.34 (t, J = 5.1 Hz, 2H), 5.09–5.17 

(m, 2H), 5.76 (d, J = 11.9 Hz, 1H), 5.82–5.89 (m, 1H), 6.27 (d, J = 12.0 Hz, 1H), 

6.66–6.70 (m, 2H), 6.78–6.82 (m, 1H), 7.16 (t, J = 8.2 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): 14.0 (q), 51.7 (t), 61.0 (t), 115.0 (d), 115.7 (d), 118.4 (t), 119.4 (d), 124.8 (d), 

130.1 (d), 132.3 (d), 136.2 (d), 142.0 (s), 157.2 (s), 165.4 (s), 166.2 (s) ppm. HRMS 

(ESI+): calcd. for C15H17NO4Na, [M+Na]+: 298.1050, found 298.1049. 

Ethyl (E)-2-(1-allyl-6-hydroxy-2-oxoindolin-3-ylidene)acetate (16f): According to 

the general procedure B, the treatment of 15f (160 mg, 0.58 

mmol) with Cs2CO3 (379 mg, 1.16 mmol) in acetonitrile for 4 

h gave the 16f (107 mg, 67%) as a yellow solid. M.P = 171–

174 °C; Rf = 0.6 (30% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3023, 2927, 2403, 1743, 1604, 1521, 1215, 928, 

768, 672 cm–1; 1H NMR (500 MHz, CDCl3: CD3OD): δ 1.32 (t, J = 7.3 Hz, 3H), 

4.27 (q, J = 7.3 Hz, 2H), 4.28 (d, J =5.2 Hz, 2H), 5.17–5.21 (m, 2H), 5.74–5.82 (m, 

1H), 6.28 (d, J = 2.4Hz, 1H), 6.44 (dd, J = 8.5, 2.1 Hz, 1H), 6.68 (s, 1H), 8.44 (d, J = 

8.5 Hz, 1H); 13C NMR (125 MHz, 500 MHz, CDCl3: CD3OD): 14.1 (q), 42.4 (t), 

60.9 (t), 97.6 (d), 109.1 (d), 112.1 (s), 117.6 (t), 118.3 (d), 130.8 (d), 131.0 (d), 137.6 

(s), 147.4 (s), 161.2 (s), 166.3 (s), 168.4 (s) ppm. HRMS (ESI+): calcd. for 

C15H15NO4Na, [M+Na]+: 296.0893, found 296.0893. 

Ethyl (Z)-4-((3-hydroxy-4-methylphenyl)(4-methoxybenzyl)amino)-4-oxobut-2-

enoate (15g): According to the general procedure A, 

the treatment of 5-((4-methoxybenzyl)amino)-2-

methylphenol (2 g, 8.2 mmol) with maleic anhydride 

(806 mg, 8.2 mmol) followed by SOCl2 (1 g, 8.2 mmol) in ethanol gave the 15g (1.85 

g, 61%) as a pale yellow solid. M.P = 137–139 °C; Rf = 0.5 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3592, 2020, 2869, 1720, 1606, 1515, 1425, 

1219, 1177, 1031, 930, 769, 671 cm–1; 1H NMR (200 MHz, CDCl3): δ 1.22 (t, J = 
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7.1 Hz, 3H), 2.16 (s, 3H), 3.70 (s, 3H), 4.14 (q, J = 7.2 Hz, 2H), 4.82 (s, 2H), 5.70 (d, 

J = 11.9 Hz, 1H), 6.22 (d, J = 11.9 Hz, 1H), 6.40 (dd, J = 8.0, 2.1 Hz, 1H), 6.54 (d, J 

= 2.0 Hz, 1H), 6.93 (d, J = 8.2 Hz, 2H),7.15 (d, J = 8.7 Hz, 2H), 7.49 (s, 1H); 13C 

NMR (50 MHz, CDCl3): 13.9 (q), 15.7 (q), 51.9 (t), 55.1 (q), 60.9 (t), 113.6 (d, 2C), 

114.2 (d), 119.3 (d), 124.6 (d), 125.0 (s), 128.8 (s), 130.1 (d, 2C), 131.0 (d), 136.1 (d), 

139.1 (s), 155.3 (s), 158.7 (s), 165.4 (s), 166.4 (s) ppm. HRMS (ESI+): calcd. for 

C21H24NO5, [M+H]+: 370.1649, found 370.1638. 

Ethyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-5-methyl-2-oxoindolin-3-

ylidene)acetate (16g): According to the general procedure B, the treatment of 15g 

(500 mg, 1.3 mmol) with Cs2CO3 (882 mg, 2.7 mmol) in 

acetonitrile for 4 h  gave the 16g (320 mg, 64%) as a yellow 

solid. M.P = 173–175 °C; Rf = 0.5 (30% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3352, 3023, 2403, 

1602, 1521, 1428, 1216, 1030, 771, 672 cm–1; 1H NMR (200 MHz, CDCl3-CD3OD): 

δ 1.28 (t, J = 7.1 Hz, 3H), 2.06 (s, 3H), 3.67 (s, 3H), 4.22 (q, J = 7.2 Hz, 2H), 4.69 (s, 

2H), 6.15 (bs, 1H), 6.60 (s, 1H), 6.73 (d, J = 8.6 Hz, 2H), 7.12 (d, J = 8.7 Hz, 2H), 

8.23 (s, 1H); 13C NMR (50 MHz, CDCl3-CD3OD): 13.9 (q), 15.4 (q), 43.0 (t), 55.0 

(q), 60.8 (t), 97.1 (d), 111.3 (s), 113.9 (d, 2C), 117.5 (d), 118.4 (s), 127.6 (s), 128.4 (d, 

2C), 131.4 (d), 137.8 (s), 145.2 (s), 158.8 (s), 159.3 (s), 166.3 (s), 168.8 (s) ppm. 

HRMS (ESI+): calcd. for C21H22NO5, [M+H]+: 368.1492, found 368.1489. 

Methyl (Z)-4-((3-hydroxy-4-methylphenyl)(4-methoxybenzyl)amino)-4-oxobut-2-

enoate (15h): According to the general procedure A, the treatment of  

5-((4-methoxybenzyl)amino)-2-methylphenol (4 g, 

16.4 mmol) with maleic anhydride (1.6 g, 16.4 mmol) 

followed by SOCl2 (2 g, 16.4 mmol) in methanol gave 

the 15h (3.2 g, 55%) as a pale yellow solid. M.P = 

99–101 °C; Rf = 0.1 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3348, 3023, 

2403, 1725, 1608, 1517, 1427, 1217, 1030, 775, 673 cm–1; 1H NMR (200 MHz, 

CDCl3): δ 2.21 (s, 3H), 3.70 (s, 3H), 3.74 (s, 3H), 4.88 (s, 2H), 5.76 (d, J = 11.9 Hz, 

1H), 6.31 (d, J = 11.9 Hz, 1H), 6.40 (dd, J = 8.0, 2.1 Hz, 1H), 6.62 (d, J = 2.1 Hz, 

1H), 6.79 (d, J = 8.7 Hz, 2H), 6.98 (d, J = 8.1 Hz, 1H), 7.21 (d, J = 8.7 Hz, 2H); 13C 

NMR (50 MHz, CDCl3): 15.6 (q), 51.8 (t), 51.9 (q), 55.0 (q), 113.6 (d, 2C), 114.2 
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(d), 119.2 (d), 124.1 (d), 125.1 (s), 128.7 (s), 130.1 (d, 2C), 131.0 (d), 136.4 (d), 138.9 

(s), 155.3 (s), 158.7 (s), 165.8 (s), 166.4 (s) ppm. HRMS (ESI+): calcd. for 

C20H21NO5Na, [M+Na]+: 378.1312, found 378.1311. 

Methyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-5-methyl-2-oxoindolin-3-

ylidene)acetate (16h): According to the general procedure 

B, the treatment of 15h (100 mg, 0.28 mmol) with Cs2CO3 

(183 mg, 56 mmol) in acetonitrile for 4 h gave the 16h (63 

mg, 63%) as yellow solid. M.P = 199–221 °C; Rf = 0.5 (30% 

ethyl acetate/petroleum ether); IR (CHCl3) ν: 3023, 2929, 

2869, 2404, 1679, 1599, 1435, 1216, 1025, 925, 771, 673 cm–1; 1H NMR (200 MHz, 

CDCl3: CD3OD): δ 1.87 (s, 3H), 3.47 (s, 3H), 3.57 (s, 3H), 4.49 (s, 2H), 5.95 (s, 1H), 

6.40 (s, 1H), 6.53 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 8.04 (s, 1H); 13C 

NMR (50 MHz, CDCl3: CD3OD): 15.4 (q), 43.0 (t), 51.7 (q), 55.0 (q), 97.1 (d), 

111.3 (d), 113.9 (d, 2C), 116.9 (s), 118.4 (s), 127.6 (s), 128.4 (d, 2C), 131.5 (d), 138.2 

(s), 145.3 (s), 158.8 (s), 159.4 (s), 166.7 (s), 168.7 (s) ppm. HRMS (ESI+): calcd. for 

C20H19NO5Na, [M+Na]+: 376.1155, found 376.1146. 

Cyclization of 15h on 10g Scale: According to the general procedure B, the 

treatment of 15h (10 g, 28 mmol) with Cs2CO3 (18 g, 0.56 mmol) in acetonitrile (270 

mL) for 6 h gave 16h (3.9 g, 39%) and 17h (4.3 g, 43%).  

Characterization data of 17h: Yellow solid; M.P = 164–167 °C; Rf = 0.5 (30% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3274, 2939, 2848, 

1730, 1615, 1507, 1377, 1212, 1032, 835, 757 cm–1; 1H 

NMR (200 MHz, CDCl3: CD3OD): δ 1.87 (s, 3H), 2.55 

(dd, J = 16.8, 7.6 Hz, 1H), 2.89 (dd, J = 16.7, 4.7 Hz, 1H), 

3.39 (s, 3H), 3.49 (s, 4H), 4.48 (d, J = 15.6 Hz, 1H), 4.58 (d, J = 15.4 Hz, 1H), 6.07 

(s, 1H), 6.57 (d, J = 8.7 Hz, 2H), 6.67 (s, 1H), 6.99 (d, J = 8.6 Hz, 2H); 13C NMR (50 

MHz, CDCl3-CD3OD): 15.1 (q), 34.4 (t), 41.3 (d), 42.8 (t), 51.4 (q), 54.7 (q), 97.3 

(d), 113.6 (d, 2C), 117.7 (s), 117.9 (s), 125.5 (d), 127.6 (s), 128.2 (d, 2C), 141.6 (s), 

154.6 (s), 158.6 (s), 171.5 (s), 177.7 (s) ppm. HRMS (ESI+): calcd. for C20H21NO5Na, 

[M+Na]+: 378.1312, found 378.1310. 
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Allyl (Z)-4-((3-hydroxyphenyl) (4-methoxybenzyl)amino)-4-oxobut-2-enoate 

(15i): According to the general procedure A, the treatment of  

3-((4-methoxybenzyl)amino)phenol (2 g , 8.7 

mmol) with maleic anhydride (855 mg, 8.7 mmol) 

followed by SOCl2 (1.04 g, 8.7 mmol) in ally 

alcohol gave the 15i (1.35 g , 42%) as a pale 

yellow liquid. Rf = 0.2 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3296, 

3017, 2846, 1723, 1595, 1448, 1218, 1173, 1032, 931, 757 cm–1; 1H NMR (200 

MHz, CDCl3): δ 3.70 (s, 3H), 4.58 (dt, J = 5.8, 1.4 Hz, 2H), 4.84 (s, 2H), 5.16–5.32 

(m, 2H), 5.74 (d, J = 11.9 Hz, 1H), 5.79–5.93 (m, 1H), 6.27 (d, J = 11.9 Hz, 1H), 6.47 

(d, J = 7.8 Hz,1H), 6.57 (t, J = 2.1 Hz, 1H), 6.73 (d, J = 8.7 Hz, 2H), 6.78 (dd, J = 7.4, 

2.5 Hz, 1H), 7.04 (t, J = 8.1 Hz, 1H), 7.14 (d, J = 8.7 Hz, 2H); 13C NMR (50 MHz, 

CDCl3): 51.9 (t), 55.0 (q), 65.6 (t), 113.7 (d, 2C), 115.0 (d), 115.8 (d), 118.6 (t), 119.4 

(d), 124.2 (d), 128.6 (s), 129.9 (d), 130.1 (d, 2C), 131.7 (d), 136.7 (d), 141.6 (s), 157.5 

(s), 158.8 (s), 164.9 (s), 166.4 (s) ppm. HRMS (ESI+): calcd. for C21H22NO5, [M+H]+: 

368.1492, found 368.1488. 

Allyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-2-oxoindolin-3-ylidene)acetate (16i): 

According to the general procedure B, the treatment of 15i 

(501 mg, 1.39 mmol) with Cs2CO3 (904 mg, 2.8 mmol) in 

acetonitrile for 4 h gave the 16i (342 mg, 69%) as a yellow 

solid. M.P = 161–164 °C; Rf = 0.6 (30% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3023, 2403, 1781, 

1523, 1430, 1216, 928, 770, 673 cm–1; 1H NMR (500 MHz, 

CDCl3-CD3OD): δ 3.71 (s, 3H), 4.67–4.69 (m, 2H), 4.75 (s, 2H), 5.22 (d, J = 10.4 

Hz, 1H), 5.33 (d, J = 17.1 Hz, 1H), 5.90–5.93 (m, 1H), 6.19 (d, J = 2.1 Hz, 1H), 6.37 

(dd, J = 8.5, 2.1 Hz, 1H), 6.70 (s, 1H), 6.77 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.5 Hz, 

2H), 8.38 (d, J = 8.5 Hz, 1H); 13C NMR (125 MHz, CDCl3-CD3OD): 43.2 (t), 55.2 

(q), 65.4 (t), 97.8 (d), 109.1 (d), 111.8 (s), 114.0 (d, 2C), 117.5 (d), 118.4 (t), 127.5 

(s), 128.6 (d, 2C), 130.8 (d), 131.7 (d), 138.1 (s), 147.4 (s), 158.9 (s), 165.9 (s), 168.7 

(s) ppm. HRMS (ESI+): calcd. for C21H19NO5Na, [M+Na]+: 388.1155, found 

388.1143. 
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Isopropyl (Z)-4-((3-hydroxyphenyl)(4-methoxybenzyl)amino)-4-oxobut-2-enoate 

(15j): According to the general procedure A, the 

treatment of  

3-((4-methoxybenzyl)amino)phenol (3g, 13.1 mmol) 

with maleic anhydride (1.3 g, 13.1 mmol) followed 

by SOCl2 (1.5 g, 13.1 mmol) in isopropanol gave the 15j (2.7 g, 57%) as a pale 

yellow solid. M.P = 132–134 °C; Rf = 0.1 (40% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3520, 3052, 2469, 1774, 1477, 1352, 1213, 1072, 967, 852, 763 cm–1; 1H 

NMR (200 MHz, CDCl3): δ 1.23 (d, J = 6.2 Hz, 6H), 3.73 (s, 3H), 4.86 (s, 2H), 5.06 

(qt, J = 12.4, 6.2, 1H), 5.72 (d, J = 11.9 Hz, 1H), 6.22 (d, J = 12.0 Hz, 1H), 6.48–6.56 

(m, 2H), 6.73–6.80 (m, 3H), 7.07 (t, J = 8.0 Hz, 1H),7.15 (d, J = 8.7 Hz, 2H); 13C 

NMR (50 MHz, CDCl3): 21.7 (q, 2C), 51.8 (t), 55.2 (q), 68.6 (d), 113.7 (d, 2C), 

115.2 (d), 115.6 (d), 119.7 (d), 125.1 (d), 128.8 (s), 130.0 (d), 130.2 (d, 2C), 135.8 

(d), 141.9 (s), 157.1 (s), 158.9 (s), 165.0 (s), 166.3 (s) ppm. HRMS (ESI+): calcd. for 

C21H24NO5, [M+H]+: 370.1649, found 370.1641. 

Isopropyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-2-oxoindolin-3-ylidene)acetate 

(16j): According to the general procedure B, the treatment of 

15j (2.8 g, 7.5 mmol) with Cs2CO3 (5.0 g, 15.2 mmol) in 

acetonitrile for 4 h gave the 16j (1.8 g, 64%) as a yellow solid. 

M.P = 199–201 °C; Rf = 0.5 (30% ethyl acetate/petroleum 

ether); IR (CHCl3) ν: 3275, 3022, 2927, 2403, 1703, 1611, 

1514, 1380, 1216, 1105, 775, 673 cm–1; 1H NMR (200 MHz, 

CDCl3-CD3OD): δ 1.33 (d, J = 6.3 Hz, 6H), 3.76 (s, 3H), 4.86 

(bs, 2H), 5.14 (qt, J = 12.5, 6.3 Hz, 1H), 6.22 (d, J = 2.3 Hz, 1H), 6.42 (d, J = 8.5, 2.4 

Hz, 1H), 6.77 (s, 1H), 6.82 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 8.7 Hz, 2H), 8.50 (d, J = 

8.6 Hz, 1H); 13C NMR (50 MHz, CDCl3-CD3OD): 21.6 (q, 2C), 43.1 (t), 55.1 (q), 

68.4 (d), 97.8 (d), 109.1 (d), 111.8 (s), 114.0 (d, 2C), 118.7 (d), 127.5 (s), 128.5 (d, 

2C), 130.6 (d), 137.4 (s), 147.1 (s), 158.9 (s), 161.3 (s), 165.8 (s), 168.9 (s) ppm. 

HRMS (ESI+): calcd. for C21H21NO5Na, [M+Na]+: 390.1312, found 390.1306. 

Benzyl (E)-2-(6-hydroxy-1-(4-methoxybenzyl)-2-oxoindolin-3-ylidene)acetate 

(16k): According to the general procedure B, the treatment of 15k (prepared 

according to general procedure A in benzyl alcohol) (1 g, 2.4mmol) with Cs2CO3 (1.6 
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g, 4.8 mmol) in acetonitrile for 4 h gave the 16k (678 mg, 68%) as a yellow solid. 

M.P = 175–177 °C; Rf = 0.6 (30% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3270, 

3023, 2869, 2350, 1684, 1477, 1269, 1133, 1072, 882, 733 

cm–1; 1H NMR (200 MHz, CDCl3): δ 3.74 (s, 3H), 4.79 (s, 

2H), 5.28 (s, 2H), 6.23 (d, J = 2.3 Hz, 1H), 6.40 (dd, J = 8.5, 

2.3 Hz, 1H), 6.81 (d, J = 8.5 Hz, 2H), 6.83 (s, 1H), 7.18 (d, J 

= 8.7 Hz, 2H), 7.34–7.40 (m, 5H), 8.47 (d, J = 8.5 Hz, 1H); 
13C NMR (50 MHz, CDCl3): 43.4 (t), 55.2 (q), 66.7 (t), 97.8 (d), 109.2 (d), 112.9 (s), 

114.2 (d, 2C), 118.7 (d), 127.3 (s), 128.2 (d), 128.4 (s), 128.6 (d, 3C), 129.3 (s), 131.0 

(d), 134.5 (s), 135.6 (s), 159.1 (s), 160.0 (s), 165.9 (s) ppm. HRMS (ESI+): calcd. for 

C25H21NO5Na, [M+Na]+: 438.1312, found 438.1302. 

Ethyl (E)-2-(6-hydroxy-2-oxo-1-phenylindolin-3-

ylidene)acetate (16l): According to the general procedure B, 

the treatment of 15l (prepared according to general procedure 

A) (120 mg, 0.38 mmol) with Cs2CO3 (251 mg, 0.77 mmol) in 

acetonitrile for 4 h gave the 16l (43 mg, 36%) as a yellow 

solid. M.P = 233–237 °C; Rf = 0.6 (30% ethyl acetate/petroleum ether); IR (CHCl3) ν: 

3056, 2952, 2469, 2250, 1684, 1554, 1469, 1233, 1172, 1011, 782, 633 cm–1; 1H 

NMR (500 MHz, CDCl3-Acetone-d6): δ 1.31 (t, J = 7.3 Hz, 3H), 4.28 (q, J = 7.3 Hz, 

2H), 6.19 (d, J = 2.1 Hz, 1H), 6.50 (dd, J = 8.5, 2.4 Hz, 1H), 6.57 (s, 1H), 7.42–7.46 

(m, 3H), 7.56 (t, J = 7.6 Hz, 2H), 8.51 (d, J = 8.5 Hz, 1H); 13C NMR (125 MHz, 

CDCl3-Acetone-d6): 14.5 (q), 61.8 (t), 98.5 (d), 110.6 (d), 112.5 (s), 118.4 (d), 127.9 

(d, 2C), 129.3 (d), 130.6 (d, 2C), 132.0 (d), 135.3 (s), 138.7 (s), 149.7 (s), 163.3 (s), 

166.9 (s), 168.7 (s) ppm. HRMS (ESI+): calcd. for C18H15NO4Na, [M+Na]+: 

332.0893, found 332.0894. 

Ethyl (E)-2-(6-hydroxy-2-oxo-1-(p-tolyl)indolin-3-

ylidene)acetate (16m): According to the general procedure 

B, the treatment of 15m (prepared according to general 

procedure A) (180 mg, 0.55 mmol) with Cs2CO3 (360 mg, 1.1 

mmol) in acetonitrile for 4 h gave the 16m (79 mg, 41%) as a 

yellow solid. M.P = 184–186 °C; Rf = 0.6 (30% ethyl acetate/petroleum ether); IR 

(CHCl3) ν: 3270, 3023, 2870, 2562, 2359, 1685, 1599, 1517, 1455, 1382, 1213, 1100, 
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770, 675 cm–1; 1H NMR (400 MHz, CDCl3-CD3OD): δ 1.31 (t, J = 7.1 Hz, 3H), 2.35 

(s, 3H),4.26 (q, J = 7.1 Hz, 2H), 6.18 (d, J = 2.2 Hz, 1H), 6.44 (dd, J = 8.6, 2.2 Hz, 

1H), 6.69 (s, 1H), 7.19 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 8.46 (d, J = 8.6 

Hz, 1H); 13C NMR (100 MHz, CDCl3-CD3OD): 14.1 (q), 21.0 (q), 60.9 (t), 97.9 (d), 

109.7 (d), 111.8 (s), 118.3 (d), 126.4 (d, 2C), 130.1 (d, 2C), 130.8 (d), 131.0 (s), 137.6 

(s), 138.2 (s), 148.3 (s), 161.4 (s), 166.3 (s), 168.2 (s) ppm. HRMS (ESI+): calcd. for 

C19H17NO4Na, [M+Na]+: 346.1050, found 346.1050. 

Undec-10-en-1-yl (E)-2-(1-benzyl-6-hydroxy-5-methyl-2-oxoindolin-3-

ylidene)acetate (16n): According to the general procedure B, 

the treatment of 15n (prepared according to general procedure 

A in 10-undecen-1-ol) (1.2 g, 2.6mmol) with Cs2CO3 (1.7 g, 

5.2 mmol) in acetonitrile for 4 h gave the 16n (730 mg, 61%) 

as a yellow liquid Rf = 0.6 (20% ethyl acetate/petroleum 

ether); IR (CHCl3) ν: 3351, 3022, 1600, 1423, 1217, 1120, 925, 767, 670 cm–1; 1H 

NMR (400 MHz, CDCl3): δ 1.25–1.39 (m, 12H), 1.68–1.75 (m, 2H), 2.00–2.06 (m, 

2H), 2.17 (s, 3H), 4.23 (t, J = 6.9 Hz, 2H), 4.84 (s, 2H), 4.92 (d, J = 10.1 Hz, 1H), 

4.98 (d, J = 17.4 Hz, 1H), 5.75–5.85 (m, 1H), 6.16 (s, 1H), 6.78 (s, 1H), 7.22–7.26 

(m, 5H), 8.40 (s, 1H); 13C NMR (100 MHz, CDCl3): 15.3 (q), 25.9 (t), 28.6 (t), 28.9 

(t), 29.1 (t), 29.2 (t), 29.4 (t), 29.4 (t), 33.8 (t), 43.8 (t), 65.2 (t), 97.4 (d), 112.8 (s), 

114.1 (t), 117.3 (s), 119.1 (d), 127.1 (d, 2C), 127.7 (d), 128.8 (d, 2C), 131.8 (d), 135.4 

(s), 137.6 (s), 139.2 (s), 145.5 (s), 157.8 (s), 166.3 (s), 168.6 (s) ppm. HRMS (ESI+): 

calcd. for C29H35NO4Na, [M+Na]+: 484.2458, found 484.2459. 

Methyl (Z)-4-((3-hydroxy-4-methoxyphenyl)(4-methoxybenzyl)amino)-4-oxobut-

2-enoate (15o): According to the general procedure 

A, the treatment of 2-methoxy-5-((4-

methoxybenzyl)amino)phenol (1.3 g, 5.0 mmol) 

maleic anhydride (491 mg, 5.0 mmol) followed by 

SOCl2 (596 mg, 5.0 mmol) in methanol gave the 15o (1.65 g, 88%) as a yellow liquid. 

Rf = 0.2 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 2932, 2869, 2150, 1784, 

1477, 1369, 1253, 1162, 1017, 892, 723 cm–1; 1H NMR (200 MHz, CDCl3): δ 3.72 

(s, 3H), 3.75 (s, 3H), 3.82 (s, 3H), 4.83 (s, 2H), 5.73 (d, J = 12.0 Hz, 1H), 6.28 (d, J = 

11.9 Hz, 1H), 6.44 (dd, J = 8.5, 2.5 Hz, 1H), 6.62 (d, J = 2.4 Hz, 1H), 6.66 (d, J = 8.4 
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Hz, 1H), 6.78 (J = 8.6 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H);13C NMR (50 MHz, CDCl3): 

51.6 (q, 2C), 54.9 (q), 55.7 (q), 110.4 (d), 113.5 (d, 2C), 114.3 (s), 119.8 (d), 123.5 

(d), 128.8 (s), 130.0 (d, 2C), 133.8 (s), 136.8 (d), 145.9 (s), 146.5 (s), 158.7 (s), 165.6 

(s), 166.0 (s)  ppm. HRMS (ESI+): calcd. for C20H22NO6, [M+H]+: 372.1442, found 

372.1431. 

Methyl (E)-2-(6-hydroxy-5-methoxy-1-(4-methoxybenzyl)-2-oxoindolin-3-

ylidene)acetate (16o): According to the general procedure B, the treatment of 15o 

(1.1 g, 3 mmol) with Cs2CO3 (1.93 g, 5.9 mmol) in 

acetonitrile gave the 16o (840 mg, 76%) as a brown solid. Rf 

= 0.6 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 

3152, 2469, 2210, 1684, 1587, 1389, 1263, 1162, 1117, 842, 

631 cm–1; 1H NMR (200 MHz, CDCl3): δ 3.77 (s, 3H), 3.86 

(s, 3H), 3.91 (s, 3H), 4.80 (s, 2H), 6.34 (s, 1H), 6.79 (s, 1H), 6.83 (d, J = 8.7 Hz, 2H), 

7.22 (d, J = 8.6 Hz, 2H), 8.36 (s, 1H);13C NMR (Jeol100 MHz, CDCl3): 43.3 (t), 

52.0 (q), 55.2 (q), 56.6 (q), 97.3 (d), 111.3 (s), 112.3 (d), 114.2 (d, 2C), 118.2 (d), 

127.5 (s), 128.6 (d, 2C), 138.7 (s), 141.4 (s), 142.0 (s), 150.1 (s), 159.1 (s), 166.7 (s), 

168.2 (s),  ppm. HRMS (ESI+): calcd. for C20H20NO6, [M+H]+: 370.1285, found 

370.1277. 

Ethyl (Z)-4-((3-hydroxy-4-methoxyphenyl)(4-methoxybenzyl)amino)-4-oxobut-2-

enoate (15p): According to the general procedure A, 

the treatment of 2-methoxy-5-((4-

methoxybenzyl)amino)phenol (800 mg, 3.0 mmol) 

maleic anhydride (302 mg, 3.0 mmol) followed by 

SOCl2 (366 mg, 3.0 mmol) in ethanol gave the 15p (824 mg, 69%) as a yellow liquid. 

Rf = 0.2 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3152, 2869, 2250, 1684, 

1517, 1469, 1223, 1072, 1017, 842, 633 cm–1; 1H NMR (200 MHz, CDCl3): δ 1.28 

(t, J = 7.1 Hz, 3H), 3.76 (s, 3H), 3.83 (s, 3H), 4.22 (q, J = 7.1 Hz, 2H), 4.86 (s, 2H), 

5.74 (d, J = 11.9 Hz, 1H), 6.29 (d, J = 11.9 Hz, 1H), 6.48 (dd, J = 8.5, 2.4 Hz, 1H), 

6.65 (d, J = 2.3 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.79 (J = 8.6 Hz, 2H), 7.18 (d, J = 

8.7 Hz, 2H); 13C NMR (50 MHz, CDCl3): 13.8 (q), 51.6 (t), 54.9 (q), 55.7 (q), 60.6 

(t), 110.3 (d), 113.4 (d, 2C), 114.3 (d), 119.8 (d), 123.8 (d), 128.8 (s), 130.0 (d, 2C), 
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133.8 (s), 136.6 (d), 145.9 (s), 146.5 (s), 158.6 (s), 165.1 (s), 166.1 (s)  ppm. HRMS 

(ESI+): calcd. for C21H24NO6, [M+H]+: 386.1598, found 386.1590. 

Ethyl (E)-2-(6-hydroxy-5-methoxy-1-(4-methoxybenzyl)-2-oxoindolin-3-

ylidene)acetate (16p): According to the general procedure 

B, the treatment of 15p (800 mg, 2.1 mmol) with Cs2CO3 

(1.35 g, 4.1 mmol) in acetonitrile gave the 16p (405 mg g, 

51%) as a brown solid. Rf = 0.6 (40% ethyl 

acetate/petroleum ether); IR (CHCl3) ν: 3152, 2469, 2210, 

1684, 1587, 1389, 1263, 1162, 1117, 842, 631 cm–1; 1H NMR (200 MHz, CDCl3): δ 

1.38 (t, J = 7.3 Hz, 1H), 3.82 (s, 3H), 3.93 (s, 3H), 4.32 (q, J = 7.3 Hz, 2H), 4.82 (s, 

2H), 6.36 (s, 1H), 6.80 (s, 1H), 6.85 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 8.38 

(s, 1H);13C NMR (50 MHz, CDCl3): 14.2 (q), 43.4 (t), 52.2 (q), 56.7 (q), 60.9 (t), 

63.0 (t), 97.3 (d), 111.4 (s), 112.4 (d), 114.2 (d, 2C), 118.9 (d), 127.6 (s), 128.6 (d, 

2C), 138.4 (s), 141.4 (s), 142.0 (s), 159.1 (s), 168.3 (s), 172.4 (s),  ppm. HRMS 

(ESI+): calcd. for C21H22NO6, [M+H]+: 384.1442, found 384.1444. 

Ethyl (Z)-4-((2,4-dimethoxybenzyl)(3-hydroxy-4-methoxyphenyl)amino)-4-

oxobut-2-enoate (15q): According to the general 

procedure A, the treatment of 2-methoxy-5-((4-

methoxybenzyl)amino)phenol (400 mg, 1.5 mmol) 

maleic anhydride (151 mg, 1.5 mmol) followed by 

SOCl2 (183 mg, 1.5 mmol) in ethanol gave the 15q (412 mg, 69%) as a yellow liquid. 

Rf = 0.2 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3052, 2819, 2250, 1774, 

1477, 1269, 1233, 1112, 1017, 892, 733 cm–1; 1H NMR (200 MHz, CDCl3): δ 1.30 

(t, J = 7.2 Hz, 3H), 3.61 (s, 3H), 3.77 (s, 3H), 3.84 (s, 3H), 4.24 (q, J = 7.2 Hz, 2H), 

4.91 (s, 2H), 5.74 (d, J = 12.0 Hz, 1H), 6.30 (d, J = 12.1 Hz, 1H), 6.33 (d, J = 3.0 Hz, 

1H), 6.43 (dd, J = 8.3, 2.4 Hz, 1H), 6.54 (dd, J = 8.5, 2.4 Hz, 1H), 6.66 (d, J = 8.4 Hz, 

1H), 6.69 (d, J = 2.4 Hz, 1H), 7.31 (J = 8.3 Hz, 1H); 13C NMR (50 MHz, CDCl3): 

14.1 (q), 46.4 (t), 55.1 (q), 55.2 (q), 55.9 (q), 60.7 (t), 98.2 (d), 104.0 (d), 110.1 (d), 

114.4 (d), 117.3 (s), 119.9 (d), 123.9 (d), 130.8 (d), 134.7 (s), 136.9 (d), 145.6 (s), 

146.1 (s), 158.4 (s), 160.1 (s), 165.3 (s), 166.2 (s) ppm. HRMS (ESI+): calcd. for 

C22H26NO7, [M+H]+: 416.1704, found 416.1692. 
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Ethyl (E)-2-(1-(2,4-dimethoxybenzyl)-6-hydroxy-5-

methoxy-2-oxoindolin-3-ylidene)acetate (16q): 

According to the general procedure B, the treatment of 

15q (800 mg, 1.9 mmol) with Cs2CO3 (1.25 g, 3.8 mmol) 

in acetonitrile gave the 16q (620 mg g, 78%) as a brown 

solid. Rf = 0.2 (40% ethyl acetate/petroleum ether); IR (CHCl3) ν: 3152, 2469, 2210, 

1684, 1587, 1389, 1263, 1162, 1117, 842, 631 cm–1; 1H NMR (500 MHz, 

CDCl3:Acetone-D6): δ 1.05 (t, J = 7.3 Hz, 3H), 3.45 (s, 3H), 3.57 (s, 6H), 4.00 (q, J = 

6.7 Hz, 2H), 4.49 (s, 2H), 6.09 (d, J = 7.9 Hz, 1H), 6.38 (s, 1H), 6.75 (d, J = 7.9 Hz, 

1H), 6.86 (d, J = 7.9 Hz, 1H), 6.95 (s, 1H), 8.03 (s, 1H);13C NMR (125 MHz, 

CDCl3:Acetone-D6): 13.3 (q), 37.3 (t), 54.5 (q), 54.7 (q), 56.0 (q), 60.1 (t), 97.4 (d), 

97.7 (d), 104.0 (d), 112.4 (s), 113.4 (s), 117.1 (s), 119.8 (d), 127.3 (d), 128.7 (d), 

136.5 (s), 148.4 (s), 150.6 (s), 157.4 (s), 159.9 (s), 161.0 (s), 165.6 (s)  ppm. HRMS 

(ESI+): calcd. for C22H24NO7, [M+H]+: 414.1547, found 414.1540. 

tert-Butyl (E)-3-(3-((3-(2-ethoxy-2-oxoethyl)-1-(4-methoxybenzyl)-2-oxoindolin-6-

yl)oxy)prop-1-en-1-yl)-1H-indole-1-carboxylate 

(18): According to the general procedure A, the 

treatment of oxindole 17a (250 mg, 0.7 mmol) with 

indole allyl carbonate 12  (394 mg, 1.1 mmol) Ligand 

L1  (119 mg, 0.2 mmol) and Pd2(dba)3 CHCl3 (122 

mg, 0.1 mmol) gave the 18 (350 mg, 81%) as a yellow liquid; Rf = 0.4 (30% ethyl 

acetate/pet ether); IR (CHCl3) ν: 3082, 2989, 2850, 1754, 1576, 1349, 1243, 1172, 

1017, 884, 763  cm–1; 1H NMR(500MHz, CDCl3): δ 1.19 (t, J = 7.2 Hz, 3H ), 1.69 (s, 

9H), 2.80 (dd, J = 16.7, 8.1 Hz, 1H), 3.11 (dd, J = 16.7, 4.4 Hz, 1H), 3.73 (s, 3H), 

3.76–3.85 (m, 1H), 4.08–4.19 (m, 2H), 4.66 (d, J = 5.7 Hz, 2H), 4.84 (s, 2H), 6.39–

6.50 (m, 2H), 6.57 (dd, J = 8.2, 2.1 Hz, 1H), 6.77–6.85 (m, 2H), 7.16 (d, J = 8.2 Hz, 

1H), 7.25–7.37 (m, 4H), 7.65 (s, 1H), 7.79 (d, J = 7.1 Hz, 1H), 8.19 (d, J = 7.8 Hz, 

1H); 13C NMR(125MHz, CDCl3): 14.03 (q), 28.08 (q, 3C), 35.19 (t), 41.31 (d), 43.30 

(t), 55.09 (q), 60.77 (t), 69.28 (t), 83.89 (s), 97.94 (d), 107.00 (d), 114.02 (d, 2C), 

115.31 (d), 117.71 (s), 119.81 (d), 120.24 (s), 122.90 (d), 124.13 (d), 124.39 (d), 

124.66 (d), 124.72 (d), 127.73 (s), 128.39 (s), 128.66 (d), 128.98 (s), 135.82 (s), 

144.63 (s), 149.37 (s), 158.94 (s), 159.06 (s), 170.97 (s), 177.31 (s) ppm. LC-MS 

(ESI+): calcd. for C36H38N2O7Na, [M+Na]+: 633.3. 
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3-(2-Ethoxy-2-oxoethyl)-2-oxoindolin-6-yl 4-

nitrobenzoate (19): To a solution of the oxindole 11 

(200 mg, 0.85 mmol) and p-nitrobenzoic acid (142 mg, 

0.85 mmol) in dichloromethane (8 mL) was added 

N,N'-dicyclohexylcarbodiimide (175 mg, 0.85 mmol) 

and stirred at room temperature for 6 h under argon atmosphere. After completion of 

the reaction as indicated by TLC, the volatiles are removed under reduced pressure 

and the residue was purified by column chromatography to yield 11 (240 mg, 73%) as 

pale yellow solid. Rf = 0.5 (40% EtOAc/petroleum ether) IR (CHCl3) ν: 2952, 2869, 

2250, 1784, 1577, 1369, 1233, 1172, 1017, 882, 733 cm–1; 1H NMR (200MHz, 

CDCl3): δ 1.21 (t, J = 7.1 Hz, 3H), 2.83 (dd, J = 17.0, 8.0 Hz, 1H), 3.09 (dd, J = 17.0, 

4.4 Hz, 1H), 3.73–3.84 (m, 1H), 4.15 (dq, J = 7.2, 1.0 Hz, 2H), 6.83 (s, 1H), 6.85 (dd, 

J = 7.6, 2.1 Hz, 1H), 7.29 (d, J = 8.6 Hz, 1H), 8.35 (s, 4H), 8.88 (s, 1H) ; 13C NMR 

(50 MHz, CDCl3): 14.0 (q), 34.7 (t), 42.0 (d), 61.1 (t), 104.1 (d), 115.0 (d), 123.7 (d, 

2C), 125.0 (d), 126.8 (s), 131.3 (d, 2C), 134.6 (s), 142.8 (s), 150.5 (s), 150.9 (s), 163.3 

(s), 170.9 (s), 179.3 (s) ppm; HRMS (ESI+): calcd. for C19H16N2O7, [M+Na]+: 

407.0850, found 407.0850. 

Allylation of 19 with 12: According to the general procedure A, the treatment of 

oxindole 19 (200 mg, 0.52 mmol) with indole allyl carbonate 12 (233 mg, 0.62 mmol) 

Ligand L1 (68 mg, 0.15 mmol) Pd2(dba)3·CHCl3 (80 mg, 0.07 mmol) and 

Tetrabutylammonium triphenyldifluorosilicate TBAT (84 mg, 0.15mmol) gave the 

10’ (107 mg, 32%) and the 13 (153 mg, 46%). 

 tert-Butyl 3-((R)-1-((S)-3-(2-ethoxy-2-oxoethyl)-6-((4-nitrobenzoyl)oxy)-2-

oxoindolin-3-yl)allyl)-1H-indole-1-carboxylate 

(10’):Yellow liquid; Rf = 0.4 (30% 

EtOAc/petroleum ether); IR (CHCl3) ν: 3082, 

2969, 2840, 1854, 1576, 1347, 1253, 1186, 1015, 

899, 753 cm–1; 1H NMR (500 MHz, CDCl3): δ 1.01 (t, J = 7.2 Hz, 3H ), 1.56 (s, 9H), 

3.17 (s, 2H), 3.86–3.94 (m, 2H), 4.01 (d, J = 10.2 Hz, 1H), 5.23–5.30 (m, 2H), 5.86 

(dt, J = 16.9, 9.7 Hz, 1H), 6.78 (d, J = 2.1 Hz, 1H), 6.73 (s, 1H),  6.97 (dd, J = 8.1, 2.1 

Hz, 1H), 7.11–7.23 (m, 2H), 7.38 (d, 2H), 8.04 (d, J = 7.8 Hz, 1H), 8.35 (brs, 4H); 13C 

NMR (125 MHz, CDCl3): 13.8 (q), 28.0 (q, 3C), 40.1 (t), 47.7 (d), 52.9 (s), 60.7 (t), 
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83.4 (s), 103.7 (d), 114.2 (d), 114.8 (d), 116.9 (s), 118.9 (t), 119.1 (d), 122.5 (d), 

123.3 (d), 123.7 (d, 2C), 124.3 (d), 124.6 (d), 128.0 (s), 129.6 (s), 131.2 (d, 2C), 134.6 

(s), 134.8 (s), 135.0 (d), 143.6 (s), 149.3 (s), 150.8 (s), 150.9 (s), 162.7 (s), 169.6 (s), 

179.6 (s) ppm; HRMS (ESI+): calcd. for C35H33N3O9Na, [M+Na]+: 662.2109, found 

662.2110. 

(E)-tert-Butyl 3-(3-(3-(2-ethoxy-2-oxoethyl)-6-((4-nitrobenzoyl)oxy)-2-oxoindolin-

3-yl)prop-1-en-1-yl)-1H-indole-1-

carboxylate (13): Yellow liquid; Rf = 0.4 

(30% EtOAc/petroleum ether); IR (CHCl3) ν: 

3082, 2969, 2842, 1834, 1596, 1309, 1253, 

1192, 1018, 824, 764 cm–1; 1H NMR (400 

MHz, CDCl3): δ 1.06 (t, J = 7.1 Hz, 3H ), 1.65 (s, 9H), 2.62–2.76 (m, 2H), 2.97 (d, J 

= 16.4 Hz, 1H), 3.12 (d, J = 16.6 Hz, 1H), 3.89–3.99 (m, 2H), 6.01 (td, J = 15.4, 7.6 

Hz, 1H), 6.47 (d, J = 15.9 Hz, 1H), 6.82 (d, J = 2.2 Hz, 1H), 6.90 (dd, J = 8.1, 2.2 Hz, 

1H), 7.22 (d, J = 7.d Hz, 1H), 7.29 (s, J = 8.1 Hz, 1H), 7.49 (s, 1H), 7.54 (d, J = 8.1 

Hz, 1H), 7.90 (s, 1H), 8.11 (d, J = 7.3 Hz, 1H), 8.35 (s, 4H); 13C NMR (100 MHz, 

CDCl3): 13.9 (q), 28.2 (q, 3C), 40.1 (t), 41.9 (t), 50.3 (s), 60.8 (t), 83.9 (s), 103.9 (d), 

114.8 (d), 115.3 (d), 118.2 (s), 119.9 (d), 122.7 (d), 123.0 (d), 123.8 (d, 2C), 123.8 

(d), 124.1 (d), 124.6 (d), 126.2 (d), 128.5 (s), 129.3 (s), 131.3 (d, 2C), 134.7 (s), 135.8 

(s), 142.1 (s), 150.5 (s), 150.9 (s), 151.6 (s), 163.0 (s), 169.7 (s), 180.5 (s) ppm; 

HRMS (ESI+): calcd. for C35H33N3O9Na [M+Na]+: 662.2109, found 662.2109. 

tert-Butyl 3-(2'-(hydroxymethyl)-6-((4-nitrobenzoyl)oxy)-2,6'-dioxo-2',3',5',6'-

tetrahydrospiro[indoline-3,4'-pyran]-3'-yl)-1H-indole-1-carboxylate (20’): 

According to the general procedure B, the 

treatment of branched compound 10’ (80 mg, 

0.12 mmol) with K2OsO4·2H2O (2 mg, 0.005 

mmol) NMO (29 mg, 0.25 mmol) followed by 

p-TSA (24 mg, 0.12 mmol) gave the 20’ (54 

mg, 69%) as a colorless solid; Rf = 0.6 (60% EtOAc/petroleum ether); IR (CHCl3) ν: 

3052, 2829, 2250, 1754, 1823, 1546, 1359, 1263, 1189, 1017, 864, 763 cm–1; 1H 

NMR (500 MHz, CDCl3): δ 1.56 (s, 9H) 2.72 (dd, J = 17.7, 10.7 Hz, 1H ), 3.23 (dd, 

J = 17.7, 12.8 Hz, 1H), 3.40 (dd, J = 12.8, 4.0 Hz, 1H), 3.68 (dd, J = 12.5, 2.4 Hz, 
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1H), 4.07 (d, J = 11.6 Hz, 1H), 4.85 (d, J = 11.6 Hz, 1H), 6.45 (s, 1H), 6.81 (d, J = 2.4 

Hz, 1H), 7.07 (td, J = 8.2, 2.44 Hz, 1H), 7.16–7.20 (m, 1H), 7.28 (d, J = 7.9 Hz, 1H), 

7.51 (d, J = 8.2, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.97 (s, 1H), 8.04 (d, J = 8.5 Hz, 1H), 

8.36 (m, 4H); 13C NMR (125 MHz, CDCl3): 28.0 (q, 3C), 36.4 (d), 37.1 (t), 50.1 (s), 

62.4 (t), 82.9 (d), 84.0 (s), 104.9 (d), 113.2 (s), 114.9 (d), 115.6 (d), 118.8 (d), 118.9 

(d), 122.7 (s), 123.1 (d), 123.8 (d, 2C), 125.1 (d), 125.1 (d), 126.8 (s), 129.8 (s), 131.3 

(d, 2C), 134.4 (s), 142.5 (s), 148.9 (s), 151.0 (s), 151.5 (s), 162.8 (s), 168.6 (s), 177.2 

(s) ppm; HRMS (ESI+): calcd. for C33H29N3O10Na [M+Na]+: 650.1745, found 

650.1750. 

Synthesis of 3-epi-Trigolutes B (9’): To a solution of lactone 20’ (30 mg, 0.16 

mmol) in CH3OH (4.0 mL) was added the NaOH 

aqueous solution (2M, 0.4 mL) at room temperature. The 

reaction mixture was further stirred for 12 h, and then 

acidified with 1N HCl aqueous solution, extracted with 

EtOAc (3 x 20 mL). The combined organic layers were washed successively with 

brine, dried over Na2SO4 and concentrated under reduced pressure. The crude product 

was treated with TFA : DCM (1:2) for 4h after reaction completion as indicated by 

TLC volatiles were removed under vacuum, purified by column chromatography on 

silica gel to give compound 9’ (14 mg, 79%) as colorless solid (M.P = 223–226 °C); 

Rf = 0.2 (80% EtOAc/petroleum ether); IR (CHCl3) ν: 3523, 3252, 2989, 2840, 1794, 

1585, 1369, 1253, 1192, 1057, 874, 663 cm–1; 

Spectral data of 9’ in  CD3OD:  1H NMR (500 MHz): δ 2.59 (d, J = 17.4 Hz, 1H ), 

3.19 (d, J = 17.4 Hz, 1H), 3.43 (dd, J = 12.5, 4.0 Hz, 1H), 3.67 (dd, J = 12.2, 2.1 Hz, 

1H), 4.08 (d, J = 11.9 Hz, 1H), 4.85 (merged, 1H), 6.14 (s, 1H), 6.28 (d, J = 2.4 Hz, 

1H), 6.61 (dd, J = 8.2, 2.4 Hz, 1H), 6.96 (t, J = 7.9 Hz, 1H), 7.04 (t, J = 7.9 Hz, 1H), 

7.22 (d, J = 7.9, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.53 (d, J = 7.9 Hz, 1H), 13C NMR 

(125 MHz): 38.4 (d), 39.0 (t), 51.9 (s), 63.2 (t), 85.7 (d), 100.0 (d), 109.4 (s), 110.1 

(d), 112.1 (d), 119.7 (d), 120.2 (d), 122.8 (d), 123.3 (d), 126.0 (d), 128.9 (s), 132.0 (s), 

137.2 (s), 138.7 (s), 160.2 (s), 172.3 (s), 178.7 (s) ppm. 

Spectral data of 9’ in  DMSO-D6: 
 1H NMR (500 MHz): δ 2.46 (d, J = 17.1 Hz, 1H ), 

2.95 (d, J = 17.1 Hz, 1H), (3.47, 2H, merged with water peak), 3.94 (d, J = 11.6 Hz, 
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1H), 4.79 (d, J = 10.7 Hz, 1H), 5.08 (t, J = 5.5 Hz, 1H), 6.06 (d, J = 2.4 Hz, 1H), 6.18 

(d, J = 2.4 Hz, 1H), 6.49 (dd, J = 8.2, 2.1 Hz, 1H), 6.92 (t, J = 7.9 Hz, 1H), 7.01 (t, J = 

8.2, 7.9 Hz, 1H), 7.15 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 8.2 Hz, 1H), 7.47 (s, J = 8.2 

Hz, 1H), 9.64 (brs, 1H), 10.03 (s, 1H), 10.78 (d, J = 2.1 Hz, 1H); 13C NMR (125 

MHz): 36.2 (d), 38.1 (t), 49.7 (s), 61.4 (t), 83.8 (d), 98.3 (d), 108.4 (d), 108.7 (s), 

111.3 (d), 118.6 (d, 2C), 119.9 (s), 121.2 (d), 121.9 (d), 124.7 (d), 127.6 (s), 135.2 (s), 

143.7 (s), 161.7 (s), 169.3 (s), 178.0 (s) ppm; HRMS (ESI+): calcd. for C21H18N2O5, 

[M+Na]+: 401.1108, found 401.1108. 

tert-Butyl 3-((S)-1-((S)-3-(2-ethoxy-2-oxoethyl)-6-((4-nitrobenzoyl)oxy)-2-

oxoindolin-3-yl)allyl)-1H-indole-1-

carboxylate (10): According to the general 

procedure A, the treatment of oxindole 19 (200 

mg, 0.52 mmol) with indole allyl carbonate 12 

(291 mg, 0.78 mmol) (R,R)-DACH-phenyl 

Trost Ligand L2 (41 mg, 0.06 mmol) and [Ir(cod)Cl]2 (45 mg, 0.06 mmol)  and 

Tetrabutylammonium triphenyldifluorosilicate TBAT (84 mg, 0.15mmol) gave the 

10’ and 10 with dr:3:2 (142 mg, 57% based on recovered starting material) as a 

yellow liquid; Rf = 0.4 (30% EtOAc/petroleum ether); IR (CHCl3) ν: 3082, 2969, 

2840, 1854, 1576, 1347, 1253, 1186, 1015, 899, 753 cm–1; 1H NMR (500 MHz, 

CDCl3): δ 0.97 (t, J = 7.2 Hz, 3H ), 1.67 (s, 9H), 2.77 (d, J = 16.4 Hz, 1H), 3.20 (d, J 

= 16.4 Hz, 1H), 3.77–3.90 (m, 2H), 4.08 (d, J = 9.9 Hz, 1H), 5.04 (d, J = 10.3 Hz, 

1H), 5.22 (d, J = 16.4 Hz, 1H), 5.86 (dt, J = 16.8, 9.9 Hz, 1H), 6.78 (d, J = 2.3 Hz, 

1H), 6.85 (dd, J = 8.4, 2.3 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 

7.31 (t, J = 7.6 Hz, 1H), 7.38 (s, 1H), 7.57 (d, J = 7.6 Hz, 1H), 8.09 (d, J = 6.9 Hz, 

1H), 8.32–8.36 (m, 4H); 13C NMR (125 MHz, CDCl3): 13.8 (q), 28.2 (q, 3C), 40.1 

(t), 47.7 (d), 54.1 (s), 60.7 (t), 84.1 (s), 103.7 (d), 114.2 (d), 115.2 (d), 117.8 (s), 118.1 

(t), 119.5 (d), 122.7 (d), 123.8 (d, 2C), 124.3 (d), 124.6 (d), 125.1 (d), 127.3 (s), 131.2 

(d, 2C), 134.2 (s), 134.3 (d), 134.7 (s), 142.8 (s), 145.3 (s), 149.6 (s), 150.7 (s), 150.9 

(s), 162.9 (s), 169.6 (s), 180.2 (s) ppm; HRMS (ESI+): calcd. for C35H33N3O9, 

[M+Na]+: 662.2109, found 662.2110. 

tert-Butyl 3-(2'-(hydroxymethyl)-6-((4-nitrobenzoyl)oxy)-2,6'-dioxo-2',3',5',6'-

tetrahydrospiro[indoline-3,4'-pyran]-3'-yl)-1H-indole-1-carboxylate (20): 
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According to the general procedure B, the treatment of branched compound 10 (62 

mg, 0.10 mmol) with K2OsO4·2H2O (2 mg, 

0.004 mmol) NMO (23 mg, 0.19 mmol) 

followed by p-TSA (17 mg, 0.10 mmol) gave 

the 20 (26 mg, 43%) as a colorless solid; Rf = 

0.4 (60% EtOAc/petroleum ether); IR 

(CHCl3) ν: 3052, 2829, 2250, 1754, 1823, 1546, 1359, 1263, 1189, 1017, 864, 763 

cm–1; 1H NMR (500 MHz, CDCl3): δ 1.64 (s, 9H) 2.96 (d, J = 2.4 Hz, 2H ), 3.40 (d, J 

= 12.2 Hz, 1H), 3.86 (d, J = 12.7 Hz, 1H), 4.06 (d, J = 11.2 Hz, 1H), 5.47 (d, J = 11.2 

Hz, 1H), 6.61 (s, 1H), 6.82 (d, J = 8.3 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H), 7.36 (d, J = 

8.3 Hz, 1H), 7.43–7.45 (m, 2H), 7.67 (s, 1H), 7.96 (d, J = 8.8 Hz, 1H), 8.25–8.32 (m, 

4H); 13C NMR (125 MHz, CDCl3): 28.2 (q, 3C), 37.1 (d), 38.0 (t), 50.3 (s), 62.1 (t), 

80.1 (d), 84.5 (s), 104.3 (d), 113.9 (s), 115.1 (d), 115.7 (d), 118.5 (d), 122.8 (d), 123.7 

(d), 123.8 (d, 2C), 124.9 (d), 125.0 (s), 128.3 (s), 129.8 (s), 131.2 (d, 2C), 134.4 (s), 

134.5 (s), 140.9 (s), 149.4 (s), 150.8 (s), 151.0 (s), 162.9 (s), 168.5 (s), 179.0 (s) ppm; 

HRMS (ESI+): calcd. for C33H29N3O10Na [M+Na]+: 650.1745, found 650.1750. 

Synthesis of Trigolutes B (9): To a solution of lactone 20 

(30 mg, 0.16 mmol) in CH3OH (4.0 mL) was added the 

NaOH aqueous solution (2M, 0.4 mL) at room 

temperature. The reaction mixture was further stirred for 

12 h, and then acidified with 1N HCl aqueous solution, 

extracted with EtOAc (3 x 20 mL). The combined organic layers were washed 

successively with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The crude product was treated with TFA:DCM (1:2) for 4h after reaction completion 

as indicated by TLC volatiles were removed under vacuum, purified by column 

chromatography on silica gel to give compound 9 (2 mg, 43%) as colorless solid; Rf = 

0.2 (10% MeOH/CH2Cl2); IR (CHCl3) ν: 3523, 3252, 2989, 2840, 1794, 1585, 1369, 

1253, 1192, 1057, 874, 663 cm–1; 

Spectral data of 9 in  DMSO-D6: 
 1H NMR (500 MHz): δ 2.43 (d, J = 17.2 Hz, 1H ), 

3.09 (d, J = 17.2 Hz, 1H), 3.15–3.19 (m, 1H), 3.29–3.32 (m, 1H), 3.98 (d, J = 11.4 

Hz, 1H), 4.86 (t, J = 5.4 Hz, 1H), 5.19 (t, J = 11.4 Hz, 1H), 5.95 (d, J = 2.1 Hz, 1H), 

6.14 (dd, J = 8.2, 2.4 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 2.6 Hz, 1H), 6.96 
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(t, J = 7.5 Hz, 1H), 7.19 (d, J = 8.2 Hz, 1H), 7.24 (d, J = 8.2 Hz, 1H), 7.49 (d, J = 8.0 

Hz, 1H), 9.19 (s, 1H), 10.28 (s, 1H), 10.85 (d, J = 2.4 Hz, 1H); 13C NMR (125 MHz): 

38.3 (t), 50.1 (s), 61.7 (t), 81.4 (d), 97.3 (d), 108.0 (d), 109.4 (s), 111.2 (d), 118.36 (d), 

118.45 (d), 120.9 (d), 121.5 (s), 123.9 (d), 127.4 (s), 135.3(s), 142.21 (s), 157.2 (s), 

169.3 (s), 180.5 (s)  ppm; HRMS (ESI+): calcd. for C21H18N2O5, [M+Na]+: 401.1108, 

found 401.1108. 
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1H NMR Spectrum of 10f’ in CDCl3 
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Acquisition Time (sec) 2.0447 Comment narendra 1H Date 28 Dec 2014 16:27:52
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Acquisition Time (sec) 3.9584 Comment Narendra Date 20 Dec 2014 10:48:40
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Acquisition Time (sec) 3.9584 Comment narendra Date 22 Dec 2014 23:13:12
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Acquisition Time (sec) 3.9584 Comment Venkatesh Date 01 Feb 2016 20:09:44
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Acquisition Time (sec) 2.0447 Comment Narendra 1H Date 25 Feb 2016 12:22:32
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Acquisition Time (sec) 3.9584 Comment Narendra Date 12 Dec 2015 13:18:00

Date Stamp 12 Dec 2015 13:18:00

File Name \\agni\nmr_data\AV200\DEC_15#AV200\data\Administrator\nmr\Sat2av2#024\1\PDATA\1\1r Frequency (MHz) 200.13
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1H NMR Spectrum of 15e in CDCl3 

 

Acquisition Time (sec) 0.6832 Comment Narendra Date 03 Jan 2016 16:59:52

Date Stamp 03 Jan 2016 16:59:52
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Acquisition Time (sec) 2.0447 Comment Reddy 1H Date 08 Jan 2016 16:53:28

Date Stamp 08 Jan 2016 16:53:28 File Name \\agni\nmr_data\AV400\JAN_16_400\Fri2av400#009\1\PDATA\1\1r

Frequency (MHz) 400.13 Nucleus 1H Number of Transients 64 Origin spect

1HFri2av400#009.001.001.1r.esp

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

3.562.902.092.031.001.010.931.00

1
.1

4
1

.1
6

1
.2

7
1

.2
8

3
.4

2
3

.6
0

3
.6

2
3

.6
4

3
.6

6

4
.1

8
4

.1
9

4
.2

1
4

.2
3

6
.2

5
6

.2
5

6
.3

9
6

.3
9

6
.5

6
6

.5
7

7
.2

5

8
.3

3
8

.3
5

 

1H NMR Spectrum of 16e in CDCl3 

 

Acquisition Time (sec) 0.6488 Comment 13C Date 08 Jan 2016 15:49:28

Date Stamp 08 Jan 2016 15:49:28 File Name \\agni\nmr_data\AV400\JAN_16_400\Fri2av400#009\3\PDATA\1\1r

Frequency (MHz) 100.61 Nucleus 13C Number of Transients 1360 Origin spect
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Acquisition Time (sec) 2.1838 Comment Venketesh Date 13 Jan 2016 02:53:42

Date Stamp 12 Jan 2016 10:58:23 File Name \\172.16.2.4\nmr_data\Jeol_400_new\Liquid Jan 16\Mon3ECX400#008_PROTON-3.jdf

Frequency (MHz) 399.78 Nucleus 1H Number of Transients 64 Origin ECX 400
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Date Stamp 12 Jan 2016 12:00:32 File Name \\172.16.2.4\nmr_data\Jeol_400_new\Liquid Jan 16\Mon3ECX400#008_CARBON-3.jdf
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Acquisition Time (sec) 1.6000 Comment Narendra 1H Date 07 Jan 2016 14:07:12

Date Stamp 07 Jan 2016 14:07:12 File Name \\agni\nmr_data\AV_500\Jan_16_500\Thu2av500#015\1\PDATA\1\1r

Frequency (MHz) 500.13 Nucleus 1H Number of Transients 50 Origin spect
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1H NMR Spectrum of 16f in CDCl3 

 

Acquisition Time (sec) 0.6554 Comment 13C Date 07 Jan 2016 14:37:04

Date Stamp 07 Jan 2016 14:37:04 File Name \\agni\nmr_data\AV_500\Jan_16_500\Thu2av500#015\3\PDATA\1\1r

Frequency (MHz) 125.76 Nucleus 13C Number of Transients 400 Origin spect

13CThu2av500#015.003.001.1r.esp
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Acquisition Time (sec) 3.9584 Comment Reddy Date 25 Mar 2015 01:42:32

Date Stamp 25 Mar 2015 01:42:32

File Name \\agni\nmr_data\AV200\MAR_15#AV200\data\Administrator\nmr\Tue4av2#176\1\PDATA\1\1r Frequency (MHz) 200.13

1HTue4av2#176.001.001.1r.esp
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Acquisition Time (sec) 0.6832 Comment Narendraprasad Date 29 Mar 2015 04:24:40

Date Stamp 29 Mar 2015 04:24:40

File Name \\agni\nmr_data\AV200\MAR_15#AV200\data\Administrator\nmr\Sat4av2#112\2\PDATA\1\1r Frequency (MHz) 50.32

13CSat4av2#112.002.001.1r.esp
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Acquisition Time (sec) 3.9584 Comment reddy Date 30 Mar 2015 18:55:04

Date Stamp 30 Mar 2015 18:55:04

File Name \\agni\nmr_data\AV200\MAR_15#AV200\data\Administrator\nmr\Mon5av2#105\1\PDATA\1\1r Frequency (MHz) 200.13

1HMon5av2#105.001.001.1r.esp
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Chemical Shift (ppm)
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1H NMR Spectrum of 16g in CDCl3 

 

Acquisition Time (sec) 0.6832 Comment Narendraprasad Date 05 Apr 2015 13:00:56

Date Stamp 05 Apr 2015 13:00:56

File Name \\agni\nmr_data\AV200\APR_15#AV200\data\Administrator\nmr\Sat1av2#119\2\PDATA\1\1r Frequency (MHz) 50.32

13CSat1av2#119.002.001.1r.esp
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Acquisition Time (sec) 3.9584 Comment narendra Date 26 Mar 2015 22:22:00

Date Stamp 26 Mar 2015 22:22:00
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Acquisition Time (sec) 3.9584 Comment Narendraprasad Date 04 Apr 2015 02:10:16

Date Stamp 04 Apr 2015 02:10:16
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Acquisition Time (sec) 3.9584 Comment Venkatish Date 16 Nov 2015 22:34:48
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Acquisition Time (sec) 0.6832 Comment Venkatish Date 18 Nov 2015 02:29:28
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1/30/2016 5:25:04 PM

Acquisition Time (sec) 1.6000 Comment Narendra 1H Date 31 Dec 2015 12:41:52
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Acquisition Time (sec) 3.9584 Comment Narendraprasad Date 17 Aug 2015 15:34:32

Date Stamp 17 Aug 2015 15:34:32
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Acquisition Time (sec) 3.9584 Comment narendra Date 26 Nov 2015 12:50:16

Date Stamp 26 Nov 2015 12:50:16
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Acquisition Time (sec) 0.6832 Comment Reddy Date 05 Sep 2015 23:06:48

Date Stamp 05 Sep 2015 23:06:48

File Name \\agni\nmr_data\AV200\SEPT_15#AV200\data\Administrator\nmr\Sat1av2#112\2\PDATA\1\1r Frequency (MHz) 50.32

13CSat1av2#112.002.001.1r.esp
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Acquisition Time (sec) 3.9584 Comment Venkatesh Date 21 Aug 2015 19:42:00

Date Stamp 21 Aug 2015 19:42:00
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Acquisition Time (sec) 1.0434 Comment Reddy Date 13 Jan 2016 08:04:13

Date Stamp 12 Jan 2016 15:37:37 File Name \\172.16.2.4\nmr_data\Jeol_400_new\Liquid Jan 16\Mon3ECX400#010_CARBON-3.jdf

Frequency (MHz) 100.53 Nucleus 13C Number of Transients 1600 Origin ECX 400

13CMon3ECX400#010_CARBON-3.esp

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

1
5

.3
2

2
5

.9
2

2
8

.6
1

2
8

.9
0

2
9

.0
9

2
9

.3
8

2
9

.4
5

3
3

.7
8

4
3

.8
5

6
5

.1
9

7
7

.0
0

9
7

.4
0

1
1

2
.7

7
1

1
4

.1
1

1
1

7
.2

61
1

9
.0

7

1
2

7
.0

9
1

2
8

.8
1

1
3

1
.8

2

1
3

5
.4

2
1

3
7

.6
31

3
9

.2
1

1
4

5
.5

5

1
5

7
.8

0

1
6

6
.3

4
1

6
8

.6
1

13CMon3ECX400#010_CARBON-3.esp

29.50 29.25 29.00 28.75
Chemical Shift (ppm)

2
9

.4
5

2
9

.3
8

2
9

.2
1

2
9

.0
9

2
8

.9
0

2
8

.6
1

 

13C NMR Spectrum of 16n in CDCl3 



NMR Spectra

 

247 
 

Acquisition Time (sec) 3.9584 Comment Narendra Date 18 Jul 2016 11:37:44

Date Stamp 18 Jul 2016 11:37:44

File Name \\172.16.2.4\nmr_data\AV200\2016#AV200\July_16#AV200\data\Administrator\nmr\Mon4av2#012\1\PDATA\1\1r

1HMon4av2#012.001.001.1r.esp

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
Chemical Shift (ppm)

2.963.033.132.001.001.180.960.981.002.132.03

3
.7

2
3

.7
5

3
.8

2

4
.8

3

5
.7

05
.7

66
.2

5
6

.3
1

6
.4

26
.4

5
6

.4
7

6
.6

1
6

.6
2

6
.6

3
6

.6
8

6
.7

66
.8

0

7
.1

5
7

.2
0

7
.2

7

1HMon4av2#012.001.001.1r.esp

7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3
Chemical Shift (ppm)

1.180.960.981.002.132.03

7
.2

0 7
.1

5

6
.8

0

6
.7

6

6
.6

8 6
.6

3
6

.6
2

6
.6

1

6
.4

7
6

.4
5

6
.4

2
6

.4
1

6
.3

1 6
.2

5

 

1H NMR Spectrum of 15o in CDCl3 
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Acquisition Time (sec) 3.9584 Comment Narendra Date 21 Jul 2016 23:45:12
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1H NMR Spectrum of 16o in CDCl3 
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Acquisition Time (sec) 3.9584 Comment Narendra Date 18 Jul 2016 11:46:16

Date Stamp 18 Jul 2016 11:46:16
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1H NMR Spectrum of 15p in CDCl3 
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Acquisition Time (sec) 1.6384 Comment Narendra 1H Date 03 Aug 2016 09:42:32
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1H NMR Spectrum of 16p in CDCl3 
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13C NMR Spectrum of 16p in CDCl3 
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Acquisition Time (sec) 3.9584 Comment Reddy Date 22 Jul 2016 11:35:36
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Acquisition Time (sec) 1.6384 Comment Narendra 1H Date 10 Aug 2016 12:50:16
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1H NMR Spectrum of 16q in CDCl3+Acetone-d6 

 

Acquisition Time (sec) 0.6488 Comment 13C Date 10 Aug 2016 14:07:04
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Acquisition Time (sec) 3.9584 Comment Narendra Date 18 Sep 2015 20:03:20

Date Stamp 18 Sep 2015 20:03:20
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Acquisition Time (sec) 3.9584 Comment Reddy Date 01 Jun 2015 18:08:08

Date Stamp 01 Jun 2015 18:08:08
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Acquisition Time (sec) 3.9584 Comment narendra Date 16 Oct 2015 18:29:28

Date Stamp 16 Oct 2015 18:29:28
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1H NMR Spectrum of 15w in CDCl3 

 

Acquisition Time (sec) 3.9584 Comment Narendra Date 02 Feb 2016 03:31:20

Date Stamp 02 Feb 2016 03:31:20
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8/4/2016 4:30:47 PM

Acquisition Time (sec) 3.9584 Comment Narendraprasad Date 26 Dec 2014 13:18:00

Date Stamp 26 Dec 2014 13:18:00
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1H NMR Spectrum of 18 in CDCl3 

 

Acquisition Time (sec) 0.6832 Comment Reddy Date 05 Jan 2015 02:59:20

Date Stamp 05 Jan 2015 02:59:20

File Name \\agni\nmr_data\AV200\JAN_15#AV200\data\Administrator\nmr\Sat1av2#145\2\PDATA\1\1r Frequency (MHz) 50.32
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184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

1
4

.0
3

2
8

.0
8

3
5

.1
94
1

.3
1

4
3

.3
0

5
5

.0
9

6
0

.7
7

6
9

.2
8

7
7

.0
0

8
3

.8
9

9
7

.9
4

1
0

7
.0

0

1
1

4
.0

2
1

1
5

.3
1

1
1

9
.8

11
2

2
.9

0
1

2
4

.1
3

1
2

4
.3

9
1

2
4

.6
6

1
2

7
.7

3
1

2
8

.6
6

1
2

8
.9

8

1
3

5
.8

2

1
4

4
.6

3

1
4

9
.3

7

1
5

8
.9

4
1

5
9

.0
6

1
7

0
.9

7

1
7

7
.3

1

13CSat1av2#145.002.001.1r.esp

129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114
Chemical Shift (ppm)

1
2

8
.9

8
1

2
8

.6
6

1
2

8
.3

9

1
2

7
.7

3

1
2

4
.7

2
1

2
4

.6
6

1
2

4
.3

9
1

2
4

.1
3

1
2

2
.9

0

1
2

0
.2

4

1
1

9
.8

1

1
1

7
.7

1

1
1

5
.3

1

1
1

4
.0

2

 

13C NMR Spectrum of 18 in CDCl3 

 



NMR Spectra

 

256 
 

Acquisition Time (sec) 3.9584 Comment Reddy Date 22 Jun 2015 18:50:48

Date Stamp 22 Jun 2015 18:50:48

File Name \\agni\nmr_data\AV200\JUNE_15#AV200\data\Administrator\nmr\Mon4av2#119\1\PDATA\1\1r Frequency (MHz) 200.13

1HMon4av2#119.001.001.1r.esp
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1H NMR Spectrum of 19 in CDCl3 

 

Acquisition Time (sec) 0.6832 Comment narendra Date 28 Jun 2015 23:49:28

Date Stamp 28 Jun 2015 23:49:28

File Name \\agni\nmr_data\AV200\JUNE_15#AV200\data\Administrator\nmr\Sat4av2#165\2\PDATA\1\1r Frequency (MHz) 50.32

13CSat4av2#165.002.001.1r.esp
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Acquisition Time (sec) 3.9584 Comment Narendra Date 26 Jan 2016 00:49:12

Date Stamp 26 Jan 2016 00:49:12

File Name \\172.16.2.4\nmr_data\AV200\2016#AV200\JAN_16#AV200\data\Administrator\nmr\Mon5av2#167\1\PDATA\1\1r
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1H NMR Spectrum of 10’ in CDCl3 

 

Acquisition Time (sec) 1.0434 Comment REDDY Date 11 Feb 2016 18:02:38

Date Stamp 11 Feb 2016 16:20:29

File Name \\172.16.2.4\nmr_data\Jeol_400\2016_JEOL_400\FEB_LIQUID_2016\Thu2ECX400#003_CARBON-3.jdf Frequency (MHz) 100.53
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Acquisition Time (sec) 2.0447 Comment Narendra 1H Date 19 Jun 2015 12:26:48

Date Stamp 19 Jun 2015 12:26:48 File Name \\agni\nmr_data\AV400\June_2015\Fri3av400#016\1\PDATA\1\1r

Frequency (MHz) 400.13 Nucleus 1H Number of Transients 64 Origin spect

1HFri3av400#016.001.001.1r.esp
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1H NMR Spectrum of 3-epi-Trigolute B 9’ in MeOD4 
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1H NMR Spectrum of 3-epi-Trigolute B 9’ in DMSO-d6 
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