
S1

Supporting Information

Palladium-Catalyzed C(sp3)−H Arylation And 

Alkynylation Of Peptides Directed By Aspartic Acid 

(Asp)

Zhuo Chen, Meijie Zhu, Mengwei Cai, Lulu Xu, and Yiyi Weng*

College of Pharmaceutical Sciences, Zhejiang University of Technology 

310014 Hangzhou (P.R. China.)

E-mail: wengyoyo@163.com



S2

Table of Contents

General Procedure for the Synthesis of Substrate 1a..................................................................................4

General Procedure for the Synthesis of Substrates 1b-1g ..........................................................................5

General Procedure for the Synthesis of Substrates 1h-1i ...........................................................................7

General Procedure for the Synthesis of Substrates 1j.................................................................................7

General Procedure for the Synthesis of Substrates Containing D-Ala 6a-6g .............................................8

Optimization of the C(sp3)–H Arylation of Dipeptide 1a.........................................................................10

Optimization of the C(sp3)–H Alkynylation of Dipeptide 1a ...................................................................11

General Procedure A.................................................................................................................................11

General Procedure B .................................................................................................................................12

General Procedure C .................................................................................................................................12

Control and Competition Experiments .....................................................................................................13

Characterization Data of Substrates 1a-1j ................................................................................................15

Characterization Data of Products 3aa-3id...............................................................................................20

Characterization Data of Products 5aa-5jj ...............................................................................................34

Characterization Data of Substrates 6a-6g ...............................................................................................50

Characterization Data of Products 7aa-7fc ...............................................................................................55

Characterization Data of Products 8aa-8gj...............................................................................................62

Characterization Data of Products 10a-10e ..............................................................................................67

Characterization Data of Products 11a-11e ..............................................................................................72

1H, 13C and 19F NMR Spectra ...................................................................................................................77

References...............................................................................................................................................169



S3

General Remarks

All commercial materials were used as received unless otherwise noted. Commercially 

available chemicals were obtained from Energy Chemical, Bidepharm and Aladdin. Except that 

Ala was divided into L-Ala and D-Ala, all other amino acids were L-type. The Phth-Ala-OH was 

prepared according to literature procedure.1 Iodo-BODIPYs were synthesized according to a 

literature procedure.2,3 TLC analysis was performed using precoated glass plates, 1H NMR was 

recorded on 400 MHz NMR spectrometer, 500 MHz NMR spectrometer or 600 MHz NMR 

spectrometer. Chemical shifts were reported in ppm referenced to the appropriate solvent peak or 

2.50 ppm for DMSO-d6, or 7.26 ppm for CDCl3. The following abbreviations were used to 

describe peak splitting patterns when appropriate: s = singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet, dd = doublet of doublet, br = broad. Coupling constants, J, were reported in Hertz 

unit (Hz). 13C NMR was recorded on 100 MHz NMR spectrometer, 125 MHz NMR 

spectrometer or 150 MHz NMR spectrometer, and fully decoupled by broad band proton 

decoupling. Chemical shifts were reported in ppm referenced to the central line of a multiplet at 

39.52 ppm of DMSO-d6, or that of a triplet at 77.16 ppm of CDCl3. Mass spectra were measured 

with a Thermo Finnigan LCQ-Advantage. High resolution mass spectral (HRMS) analysis was 

performed on a Bruker micr OTOF-Q II instrument using ESI techniques. Melting points (m. p.) 

were obtained on a digital melting point apparatus and are uncorrected.
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General Procedure for the Synthesis of Substrate 1a
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Fig. S1. Synthesis of Substrate 1a

Boc-Asp(OBn)-OH (4.82 g, 14.9 mmol) was dissolved in dry DMF (50 mL) in a 100 mL 

round bottom flask. Finely ground K2CO3 (3.04 g, 22.0 mmol) was added to the solution. The 

mixture was cooled to 0 ºC in an ice bath over five minutes. Methyl iodide (4.26 g, 30.0 mmol) 

was then added to the flask over 30 seconds. The resulting mixture was stirred at 0 ºC for 3 h. 

Then H2O (50 mL) was added and the mixture was extracted with EtOAc (3 × 50 mL). The 

organic layers were combined and washed with saturated NaHCO3 (50 mL) and saturated NaCl 

(2 × 50 mL), and concentrated in vacuo. The resulting residue was purified by flash 

chromatography yielding the N-Boc-Asp(OBn)-OMe as a white powder (4.93 g, 98%). Boc-

Asp(OBn)-OMe (3.34 g, 10.0 mmol) in CH2Cl2 (20 mL) was treated with trifluoroacetic acid (7 

mL) for 4 h and then concentrated in vacuo to afford (S)-4-benzyl 1-methyl 2-aminosuccinate 

trifluoroacetate. Without further purification, with Phth-Ala-OH (2.19 g, 10.0 mmol), HOBt 

(1.49 g, 11.0 mmol), and NMM (1.72 g, 17.0 mmol) in DMF (30 mL) was cooled in an ice bath 

and subsequently treated with EDCI (2.30 g, 12.0 mmol) at 0 ºC. The resulting mixture was 
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stirred at 0 ºC for 1 h, then warmed to room temperature and stirred for 2 h. Then H2O (30 mL) 

was added and the mixture was extracted with EtOAc (3 × 30 mL). The combined organic layers 

were washed with 1 M HCl (30 mL), saturated NaHCO3 (30 mL) and saturated NaCl (30 mL), 

dried over anhydrous Na2SO4 and concentrated in vacuo to afford Phth-Ala-Asp(OBn)-OMe as a 

white solid (4.20 g, 96%). The Phth-Ala-Asp(OBn)-OMe was suspended in a 1/1 mixture of 

MeOH/EtOAc (20 mL), and treated with Pd/C (10%) and the reaction mixture was stirred for 12 

h under hydrogen balloon at room temperature. The reaction mixture was then filtered through a 

pad of Celite, and the filtrate was concentrated in vacuo, the crude product was subjected to 

column chromatography to give a white solid substrate 1a (4.00 g, 96%). 

General Procedure for the Synthesis of Substrates 1b-1g

TFA/DCM = 1:3
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Fig. S2. Synthesis of Substrates 1b-1g

A solution of 4-benzyl 1-tert-butyl (2S)-2-aminobutanedioate hydrochloride (3.16 g, 10.0 

mmol), Phth-Ala-OH (2.19 g, 10.0 mmol), HOBt (1.50 g, 11.0 mmol), and NMM (1.72 g, 17.0 

mmol) in DMF (30 mL) was cooled in an ice bath and subsequently treated with EDCI (2.30 g, 

http://www.baidu.com/link?url=utPruLnyHzrltMHTmPNvambcV6pZS2WabXnMpV858hfxEbJ-bt0iDE8Bb3Xi_WlF3ztIqNtSBJ0XeB207sZ2Y-Y6xlmBfZjFS42pphtYAIW0rg1MD0UMV1NJ5FRx6frF&wd=&eqid=c0f731f60003160c000000065ef4688e
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12.0 mmol) at 0 ºC. The resulting mixture was stirred at 0 ºC for 1 h, then warmed to room 

temperature and stirred for 2 h. Then H2O (30 mL) was added and the mixture was extracted 

with EtOAc (3 × 30 mL). The combined organic layers were washed with 1 M HCl (30 mL), 

saturated NaHCO3 (30 mL) and saturated NaCl (30 mL), dried over anhydrous Na2SO4 and 

concentrated in vacuo to afford Phth-Ala-Asp(OBn)-OtBu (4.61 g, 96%). Without further 

purification, the Phth-Ala-Asp(OBn)-OtBu in CH2Cl2 (15 mL) was treated with trifluoroacetic 

acid (5 mL) for 4 h and then concentrated in vacuo to give Phth-Ala-Asp(OBn)-OH. Without 

further purification which was then mixed with L-amino acid methyl ester hydrochloride or tert-

butyl ester hydrochloride (9.6 mmol), HOBt (1.43 g, 10.6 mmol), and NMM (1.65 g, 16.3 mmol) 

in DMF (30 mL). The mixture was cooled in an ice bath and subsequently treated with EDCI 

(2.20 g, 11.5 mmol) at 0 ºC. The resulting mixture was stirred at 0 ºC for 1 h, then warmed to 

room temperature and stirred for 2 h. Then H2O (30 mL) was added and the mixture was 

extracted with EtOAc (3 × 30 mL). The combined organic layers were washed with 1 M HCl (30 

mL), saturated NaHCO3 (30 mL) and saturated NaCl (30 mL), dried over anhydrous Na2SO4 and 

concentrated in vacuo. The crude product was suspended in a 1/1 mixture of MeOH/EtOAc (20 

mL), and treated with Pd/C (10%) and the reaction mixture was stirred for 12 h under hydrogen 

balloon at room temperature. The reaction mixture was then filtered through a pad of Celite, and 

the filtrate was concentrated in vacuo, the crude product was subjected to column 

chromatography to yield the corresponding substrates 1b-1g. 

http://www.baidu.com/link?url=utPruLnyHzrltMHTmPNvambcV6pZS2WabXnMpV858hfxEbJ-bt0iDE8Bb3Xi_WlF3ztIqNtSBJ0XeB207sZ2Y-Y6xlmBfZjFS42pphtYAIW0rg1MD0UMV1NJ5FRx6frF&wd=&eqid=c0f731f60003160c000000065ef4688e
http://www.baidu.com/link?url=utPruLnyHzrltMHTmPNvambcV6pZS2WabXnMpV858hfxEbJ-bt0iDE8Bb3Xi_WlF3ztIqNtSBJ0XeB207sZ2Y-Y6xlmBfZjFS42pphtYAIW0rg1MD0UMV1NJ5FRx6frF&wd=&eqid=c0f731f60003160c000000065ef4688e
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General Procedure for the Synthesis of Substrates 1h-1i
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Fig. S3. Synthesis of substrates 1h-1i

A solution of Phth-Ala-Asp(OBn)-OH (5.0 mmol), L-amino acid tert-butyl ester hydrochloride 

(6.0 mmol), HOBt (5.5 mmol), and NMM (8.5 mmol) in DMF (15 mL) was cooled in an ice bath 

and subsequently treated with EDCI (6.0 mmol) at 0 ºC. The resulting mixture was stirred at 0 ºC 

for 1 h, then warmed to room temperature and stirred for 2 h. Then H2O (15 mL) was added and 

the mixture was extracted with EtOAc (3 × 15 mL). The organic phase was washed with 1 M 

HCl (15 mL), saturated NaHCO3 (15 mL) and saturated NaCl (15 mL), dried over anhydrous 

Na2SO4 and concentrated in vacuo to give the corresponding tripeptide. The tripeptide was 

treated with CH2Cl2 (9 mL) and trifluoroacetic acid (3 mL) for 4 h and then concentrated in 

vacuo to give the yellow oil. The yellow oil was mixed with L-amino acid methyl ester 

hydrochloride (1.0 equiv.), HOBt (1.1 equiv.), and NMM (1.7 equiv.) in DMF. The mixture was 

cooled in an ice bath and subsequently treated with EDCI (1.2 equiv.). The resulting mixture was 

stirred at 0 ºC for 1 h, then warmed to room temperature and stirred for 2 h. Then H2O was added 

and the mixture was extracted with EtOAc washed with 1 M HCl, saturated NaHCO3 and 
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saturated NaCl, dried over anhydrous Na2SO4 and concentrated in vacuo. The crude product was 

treated with Pd/C (10%) and the reaction mixture was stirred for 12 h under hydrogen balloon at 

room temperature. The reaction mixture was then filtered through a pad of Celite, and the filtrate 

was concentrated in vacuo, the crude product was subjected to column chromatography to yield 

the corresponding substrates 1h-1i. 

General Procedure for the Synthesis of Substrates 1j
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Fig. S4. Synthesis of substrates 1j

Acyl-protected dipeptide 1j was prepared via reported procedures.4

General Procedure for the Synthesis of Substrates Containing D-Ala 6a-6g 

The method for synthesis of substrates containing D-Ala 6a-6g could learn from the method 

for synthesis substrates containing L-Ala (1a-1i).

http://www.baidu.com/link?url=utPruLnyHzrltMHTmPNvambcV6pZS2WabXnMpV858hfxEbJ-bt0iDE8Bb3Xi_WlF3ztIqNtSBJ0XeB207sZ2Y-Y6xlmBfZjFS42pphtYAIW0rg1MD0UMV1NJ5FRx6frF&wd=&eqid=c0f731f60003160c000000065ef4688e
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Table S1 Substrates of 1a-1h and 6a-6g
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Optimization of the C(sp3)–H Arylation of Dipeptide 1a

Table S2. Optimization of the C(sp3)–H arylation of dipeptide 1aa

4-I-C6H4OH, [TM], oxidant

additive, solvent, 50 oC, 24 h

1a

O

N
H

PhthN

HO O

OMeO
O

N
H

PhthN

H HO O

OMeO

HO

3aa

Entry [TM] Oxidant Additive Solvent Yield%
1 Pd(OAc)2 AgOAc - HFIP 29
2 Pd(OAc)2 AgOAc - DMF 51
3 Pd(OAc)2 AgOAc - MeCN 31
4 Pd(OAc)2 AgOAc - DCE 25
5 Pd(OAc)2 AgOAc - tAmylOH 65
6 Pd(OAc)2 AgOAc - tBuOH 61
7 Pd(OAc)2 AgOAc NaOAc tAmylOH 74
8 Pd(OAc)2 AgOAc K2CO3 tAmylOH 46
9 Pd(OAc)2 AgOAc KF tAmylOH 38
10 Pd(OAc)2 AgOAc Na2CO3 tAmylOH 73
11 Pd(OAc)2 AgOAc Na2HPO4 tAmylOH 80
12 Pd(OAc)2 AgOAc NaHCO3 tAmylOH 82
13b Pd(OAc)2 AgOAc NaHCO3 tAmylOH 86
14b Pd(OAc)2 Cu(OAc)2 NaHCO3 tAmylOH trace
15b Pd(OAc)2 Ag2CO3 NaHCO3 tAmylOH 75
16b Pd(OAc)2 Ag2O NaHCO3 tAmylOH 43
17b Pd(OAc)2 AgOTf NaHCO3 tAmylOH 62
18b Pd(OAc)2 - NaHCO3 tAmylOH 11
19b - AgOAc NaHCO3 tAmylOH --
20b PdCl2 AgOAc NaHCO3 tAmylOH 74
21b Pd2(dba)3 AgOAc NaHCO3 tAmylOH 62
22b [RuCl2(p-cymene)]2 AgOAc NaHCO3 tAmylOH --
23c Pd(OAc)2 AgOAc NaHCO3 tAmylOH 70
24d Pd(OAc)2 AgOAc NaHCO3 tAmylOH 85

aReaction conditions: 1a (0.20 mmol), 4-I-C6H4OH, (0.50 mmol), Oxidant (1.5 equiv.), [TM] 
(10 mol %), Additive (1.0 equiv.), Solvent (2.0 mL), 50 °C, 24 h, yields of isolated products. 
bNaHCO3 (2.0 equiv.). cNaHCO3 (2.0 equiv.),40 °C. dNaHCO3 (2.0 equiv.), 80 °C.
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Optimization of the C(sp3)–H Alkynylation of Dipeptide 1a

Table S3. Optimization of the C(sp3)–H alkynylation of dipeptide 1aa

[TM], oxidant

additive, solvent, 50 oC, 24 h

1a

O

N
H

PhthN

HO O

OMeO
O

N
H

PhthN

H HO O

OMeO

10a
TIPS

+ TIPS

Br

Entry [TM] Oxidant Additive Solvent Yield%
1 Pd(OAc)2 AgOAc - tAmylOH 25
2 Pd(OAc)2 AgTFA - tAmylOH ND.
3 Pd(OAc)2 AgOTf - tAmylOH ND.
4 Pd(OAc)2 Ag2CO3 - tAmylOH 18
5 Pd(OAc)2 AgOAc - DCE 15
6 Pd(OAc)2 AgOAc - tBuOH 18
7 Pd(OAc)2 AgOAc - HFIP ND.
8 Pd(OAc)2 AgOAc NaHCO3 tAmylOH 39
9 Pd(OAc)2 AgOAc Na2CO3 tAmylOH 20
10 Pd(OAc)2 AgOAc (1-Ad)COONa tAmylOH 18
11 Pd(OAc)2 AgOAc NaOAc tAmylOH 19
12 Pd(OAc)2 AgOAc Na2HPO4 tAmylOH 57
13b Pd(OAc)2 AgOAc Na2HPO4 tAmylOH 71
14c Pd(OAc)2 AgOAc Na2HPO4 tAmylOH 65

aReaction conditions: 1a (0.10 mmol), 1-bromo-2-(triisopropylsi-lyl)acetylene (0.25 mmol), 
Oxidant (1.5 equiv.), [TM] (10 mol %), Additive (2.0 equiv.), Solvent (1.5 mL), 50 °C, 24 h, 
yields of isolated products. bNa2HPO4 (2.5 equiv.). cNa2HPO4 (3.0 equiv.).

General Procedure A: C(sp3)–H arylation of L- or D-Ala to access the L- or D-Tyr analogues in 

peptides

To a 10 mL Schlenk tube was added peptide 1 or 6 (0.20 mmol), iodoarene 2 (0.50 mmol), 

Pd(OAc)2 (4.5 mg, 10 mol %), AgOAc (50.1 mg, 0.30 mmol), NaHCO3 (33.6 mg, 0.40 mmol) 

and tAmylOH (2.0 mL). The mixture was stirred at 50 °C for 24 h. After cooling to room 

temperature, acetic acid (0.3 mL) was added to the mixture. Then the mixture was diluted with 

EtOAc (10 mL) and concentrated in vacuo. The resulting residue was purified by column 
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chromatography on silica gel using CH2Cl2/MeOH/AcOH mixture as an eluent to afford the 

desired products 3 or 7.

General Procedure B: C(sp3)–H arylation of L- or D-Ala to access the L- or D-Phe analogues in 

peptides

To a 10 mL Schlenk tube was added peptide 1 or 6 (0.20 mmol), iodoarene 4 (0.50 mmol), 

Pd(OAc)2 (4.5 mg, 10 mol %), AgOAc (50.1 mg, 0.30 mmol), NaHCO3 (33.6 mg, 0.40 mmol) 

and tAmylOH (2.0 mL). The mixture was stirred at 50 °C for 24 h. After cooling to room 

temperature, acetic acid (0.3 mL) was added to the mixture. Then the mixture was diluted with 

EtOAc (10 mL) and concentrated in vacuo. The resulting residue was purified by column 

chromatography on silica gel using CH2Cl2/MeOH/AcOH mixture as an eluent to afford the 

desired products 5 or 8.

General Procedure C: C(sp3)−H alkynylation of L- or D-Ala to access the alkynylated L- or D-

Ala analogues in peptides

To a 10 mL Schlenk tube was added peptide 1 or 6 (0.10 mmol), 1-bromo-2-(triisopropylsi-

lyl)acetylene 9 (0.25 mmol), Pd(OAc)2 (2.3 mg, 10 mol %), AgOAc (25.0 mg, 0.15 mmol), 

Na2HPO4 (35.5 mg, 0.25 mmol) and tAmylOH (1.5 mL). The mixture was stirred at 50 °C for 24 

h. After cooling to room temperature, acetic acid (0.3 mL) was added to the mixture. Then the 

mixture was diluted with EtOAc (10 mL) and concentrated in vacuo. The resulting residue was 

purified by column chromatography on silica gel using CH2Cl2/MeOH/AcOH mixture as an 

eluent to afford the desired products 10 or 11.
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Control and Competition Experiments
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Fig. S5. Synthesis of substrate 12

A solution of dipeptide 1a (696.6 mg, 2.0 mmol), K2CO3 (415.0 mg, 3.0 mmol) in dry DMF (5 

mL) was cooled in an ice bath and subsequently treated with methyl iodide (567.8 mg, 4.0 

mmol). The resulting mixture was stirred at 0 oC for 3 h. Then H2O (5 mL) was added and the 

mixture was extracted with EtOAc (3 × 5 mL). The organic layers were combined and washed 

with saturated NaHCO3 (5 mL) and saturated NaCl (2 × 5 mL), and concentrated in vacuo. The 

resulting residue was purified by flash chromatography on silica gel (petroleum ether: EtOAc = 

1:1) to yield the substrate 12 as a white powder (637.7 mg, 88%).
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Fig. S6. Synthesis of substrate 13

A solution of dipeptide 1b (922.9 mg, 2.0 mmol), K2CO3 (415.0 mg, 3.0 mmol) in dry DMF (5 

mL) was cooled in an ice bath and subsequently treated with methyl iodide (567.8 mg, 4.0 

mmol). The resulting mixture was stirred at 0 oC for 3 h. Then H2O (5 mL) was added and the 

mixture was extracted with EtOAc (3 × 5 mL). The organic layers were combined and washed 

with saturated NaHCO3 (5 mL) and saturated NaCl (2 × 5 mL), and concentrated in vacuo. The 
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resulting residue was purified by flash chromatography on silica gel (petroleum ether: EtOAc = 

1:1) to yield the substrate 13 as a white powder (808.4 mg, 85%).
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Fig. S7. Control and competition experiments. (A) Control experiment under standard 

condition. (B) Competition experiments under optimized condition.

Control experiment A: To a 10 mL Schlenk tube was added peptide 12 (72.4 mg, 0.20 

mmol), 4-iodophenol (110.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 10 mol %), AgOAc (50.1 mg, 

0.30 mmol), NaHCO3 (33.6 mg, 0.40 mmol) and tAmylOH (2.0 mL). The mixture was stirred at 

50 oC for 24 h and monitored by LC-MS.

Competition experiments B: To a 10 mL Schlenk tube was added substrates 1b (92.2 mg, 

0.20 mmol) and 13 (95.0 mg, 0.20 mmol), 4-iodophenol (110.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 

mg, 10 mol %), AgOAc (50.1 mg, 0.30 mmol), NaHCO3 (33.6 mg, 0.40 mmol), tAmylOH (2.0 

mL). The mixture was stirred at 50 oC for 24 h and monitored by TLC. Acetic acid (0.3 mL) was 

added to the mixture at room temperature. Then the mixture was diluted with EtOAc (10 mL) 

and concentrated in vacuo. The resulting residue was purified by column chromatography on 
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silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) to yield the product 3ba (86.4 mg, 75%) as a white 

solid, but the arylation product of substrate 13 was not obtained.

Characterization Data of Substrates 1a-1j

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-oxobutanoic acid (1a). 

O

N
H

PhthN

HO O

OMeO

Me

Following the general procedure for synthesis of substrate 1a as a white solid. M. p. = 133–

135 °C. 

1H NMR (400 MHz, CDCl3) δ 9.80 (br, 1H), 7.87–7.83 (m, 2H), 7.75–7.71 (m, 2H), 7.07 (d, J = 

8.0Hz, 1H), 4.95 (q, J = 7.2 Hz, 1H), 4.85–4.81 (m, 1H), 3.71 (s, 3H), 3.00–2.86 (m, 2H), 1.67 (d, 

J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 175.7, 170.9, 169.3, 167.8, 134.5, 131.8, 123.7, 

53.1, 48.9, 48.8, 35.5, 15.3. MS (ESI) m/z: 371 [M+Na]+. HR-MS (ESI): m/z calcd for 

C16H16N2NaO7 [M+Na]+ 371.0850, found 371.0852. 

 (S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-methoxy-4-methyl-1-

oxopentan-2-yl)amino)-4-oxobutanoic acid (1b). 

O

N
H

PhthN

HO O

O
H
N CO2Me

Me Me

Me

Following the general procedure for synthesis of substrate 1b as a white solid. M. p. = 65–67 °C. 

1H NMR (400 MHz, CDCl3) δ 7.83–7.81 (m, 2H), 7.73–7.71 (m, 2H), 7.58 (d, J = 7.6 Hz, 1H), 

7.28 (d, J = 7.6 Hz, 1H), 4.90 (q, J = 7.2 Hz, 1H), 4.74–4.72 (m, 1H), 4.51–4.46 (m, 1H), 3.67 (s, 

3H), 2.91 (dd, J = 16.8, 7.2 Hz, 1H), 2.72 (dd, J = 17.6, 6.0 Hz, 1H), 1.73–1.59 (m, 6H), 0.93–

0.87 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 174.9, 173.2, 170.6, 169.4, 167.8, 134.5, 131.9, 
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123.7, 52.5, 51.5, 49.8, 48.8, 40.6, 35.2, 24.9, 22.9, 21.8, 15.2. MS (ESI) m/z: 484 [M+Na]+. 

HR-MS (ESI): m/z calcd for C22H27N3NaO8 [M+Na]+ 484.1690, found 484.1699. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-methoxy-3-methyl-1-

oxobutan-2-yl)amino)-4-oxobutanoic acid (1c). 

O

N
H

PhthN

HO O

O
H
N

CO2Me

Me

Me

Me

Following the general procedure for synthesis of substrate 1c as a white solid. M. p. = 55–57 °C. 

1H NMR (600 MHz, CDCl3) δ 9.51 (br, 1H), 7.83–7.81 (m, 2H), 7.72–7.70 (m, 2H), 7.58 (d, J = 

10.8 Hz, 1H), 7.32 (d, J = 12.0 Hz, 1H), 4.92 (q, J = 10.8 Hz, 1H), 4.79–4.76 (m, 1H), 4.41–4.37 

(m, 1H), 3.68 (s, 3H), 2.88 (dd, J = 25.8, 7.2 Hz, 1H), 2.71 (dd, J = 25.8, 9.0 Hz, 1H), 2.21–2.16 

(m, 1H), 1.63 (d, J = 10.2 Hz, 3H), 0.92–0.86 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 174. 9, 

172.0, 170.7, 169.6, 167.8, 134.5, 131.9, 123.7, 58.1, 52.3, 49.9, 48.9, 35.4, 30.8, 19.0, 17.9, 15.2. 

MS (ESI) m/z: 470 [M+Na]+. HR-MS (ESI): m/z calcd for C21H25N3NaO8 [M+Na]+ 470.1534, 

found 470.1551. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((2S,3S)-1-methoxy-3-methyl-1-

oxopentan-2-yl)amino)-4-oxobutanoic acid (1d). 

O

N
H

PhthN

HO O

O
H
N

Me

CO2Me
Me

Me

Following the general procedure for synthesis of substrate 1d as a white solid. M. p. = 54–56 °C. 

1H NMR (600 MHz, CDCl3) δ 7.82–7.80 (m, 2H), 7.73–7.70 (m, 2H), 7.60 (d, J = 9.6 Hz, 1H), 

7.34 (d, J = 10.8 Hz, 1H), 4.91 (q, J = 8.4 Hz, 1H), 4.77–4.74 (m, 1H), 4.44–4.41 (m, 1H), 3.67 

(s, 3H), 2.86 (dd, J = 21.0, 6.0 Hz, 1H), 2.70 (dd, J = 21.0, 7.8 Hz, 1H), 1.94–1.91 (m, 1H), 1.62 
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(d, J = 9.0 Hz, 3H), 1.43–1.40 (m, 1H), 1.23–1.15 (m, 1H), 0.89–0.82 (m, 6H). 13C NMR (150 

MHz, CDCl3) δ 174.8, 172.1, 170.6, 169.6, 167.8, 134.4, 131.9, 123.7, 57.3, 52.3, 49.8, 48.9, 

37.3, 35.4, 25.2,15.5, 15.2, 11.6. MS (ESI) m/z: 484 [M+Na]+. HR-MS (ESI): m/z calcd for 

C22H27N3NaO8 [M+Na]+ 484.1690, found 484.1699. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-3-(4-hydroxyphenyl)-1-

methoxy-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (1e). 

O

N
H

PhthN

Me

H
NO

HO O

CO2Me

OH

Following the general procedure for synthesis of substrate 1e as a white solid. M. p. = 85–87 °C. 

1H NMR (400 MHz, CDCl3) δ 7.81–7.77 (m, 2H), 7.71–7.67 (m, 2H), 7.50 (d, J = 9.6 Hz, 1H), 

7.38 (d, J = 8.4 Hz, 1H), 6.93 (d, J = 7.7 Hz, 2H), 6.63 (d, J = 7.6 Hz, 2H), 4.91–4.88 (m, 2H), 

4.80–4.74 (m, 1H), 3.66 (s, 3H), 3.13–3.10 (m, 1H), 3.04–2.91 (m, 2H), 2.63–2.54 (m, 1H), 1.55 

(d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 176.2, 171.8, 170.5, 169.7, 167.9, 155.6, 

134.6, 131.7, 130.2, 127.1, 123.8, 115.6, 53.9, 52.7, 49.4, 48.7, 36.5, 35.2, 15.1. MS (ESI) m/z: 

534 [M+Na]+. HR-MS (ESI): m/z calcd for C25H25N3NaO9 [M+Na]+ 534.1483, found 534.1501. 

(S)-4-(((S)-6-((tert-butoxycarbonyl)amino)-1-methoxy-1-oxohexan-2-yl)amino)-3-((S)-2-

(1,3-dioxoisoindolin-2-yl)propanamido)-4-oxobutanoic acid (1f). 

O

N
H

PhthN

Me

H
NO

HO O

CO2Me

NHBoc

Following the general procedure for synthesis of substrate 1f as a white solid. M. p. = 81–83 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.39 (d, J = 8.0 Hz, 1H), 7.90–7.85 (m, 4H), 7.70 (d, J = 7.6 

Hz, 1H), 6.75 (t, J = 5.6 Hz, 1H), 4.77 (q, J = 7.2 Hz, 1H), 4.70–4.64 (m, 1H), 4.19–4.14 (m, 1H), 
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3.62 (s, 3H), 2.86 (q, J = 6.8 Hz, 2H), 2.71 (dd, J = 16.4, 5.6 Hz, 1H), 2.43 (dd, J = 16.4, 8.4 Hz, 

1H), 1.73–1.60 (m, 2H), 1.53 (d, J = 7.2 Hz, 3H), 1.36–1.32 (m, 11H), 1.27–1.21 (m, 2H). 13C 

NMR (100 MHz, DMSO-d6) δ 172.3, 171.7, 170.6, 168.8, 167.6, 155.6, 134.5, 131.8, 123.2, 

77.4, 52.2, 51.9, 49.7, 48.1, 36.0, 30.5, 29.1, 28.3, 22.6, 15.2. MS (ESI) m/z: 599 [M+Na]+. HR-

MS (ESI): m/z calcd for C27H36N4NaO10 [M+Na]+ 599.2324, found 599.2343. 

(S)-4-(((S)-3-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-1-methoxy-1-oxopropan-2-yl)amino)-

3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-oxobutanoic acid (1g).

O

N
H

PhthN

H
NO

HO O

CO2Me

Me N
Boc

Following the general procedure for synthesis of substrate 1g as a white solid. M. p. = 115–

117 °C. 

1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 8.0 Hz, 1H), 7.75–7.72 (m, 2H), 7.69–7.62 (m, 2H), 

7.52–7.49 (m, 2H), 7.43–7.38 (m, 2H), 7.29–7.27 (m, 1H), 7.22–7.18 (m, 1H), 4.86–4.78 (m, 

3H), 3.60 (s, 3H), 3.26 (d, J = 6.4 Hz, 2H), 2.96 (dd, J = 16.8, 4.8 Hz, 1H), 2.66 (dd, J = 16.8, 

6.0 Hz, 1H), 1.62 (s, 9H), 1.51 (d, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 174.6, 171.7, 

170.3, 169.3, 167.7, 150.0, 135.3, 134.4, 131.8, 130.6, 124.6, 124.5, 123.6, 122.7, 119.0, 115.4, 

115.3, 84.0, 53.0, 52.6, 49.7, 48.8, 35.2, 28.3, 27.2, 15.0. MS (ESI) m/z: 657 [M+Na]+. HR-MS 

(ESI): m/z calcd for C32H34N4NaO10 [M+Na]+ 657.2167, found 657.2179.

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-((S)-2-(((S)-1-methoxy-1-oxo-3-

phenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-4-oxobutanoic acid (1h). 

O

N
H

PhthN

NO

HO O

H
N

O

Me

CO2Me
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Following the general procedure for synthesis of substrate 1h as a white solid. M. p. = 104–

106 °C. 

1H NMR (600 MHz, CDCl3) δ 7.83–7.80 (m, 2H), 7.72–7.70 (m, 2H), 7.39–7.34 (m, 1H), 7.25–

7.21 (m, 2H), 7.19–7.17 (m, 1H), 7.15–7.13 (m, 2H), 7.03–6.98 (m, 1H), 5.10–5.07 (m, 1H), 

4.85 (dd, J = 14.4, 7.2 Hz, 1H), 4.77–4.72 (m, 1H), 4.44–4.42 (m, 1H), 3.75 (q, J = 8.4 Hz, 1H), 

3.67–3.61 (m, 4H), 3.14–3.10 (m, 1H), 2.99–2.94 (m, 1H), 2.83–2.79 (m, 1H), 2.59–2.54 (m, 

1H), 1.92–1.89 (m, 2H), 1.81–1.77 (m, 1H), 1.60–1.58 (m 3H), 1.49–1.48 (m, 1H). 13C NMR 

(150 MHz, CDCl3) δ 173.3, 172.4, 171.2, 170.5, 169.3, 167.8, 136.6, 134.4, 132.0, 129.3, 128.6, 

127.0, 123.6, 60.7, 53.3, 52.6, 48.8, 47.7, 47.7, 37.3, 36.8, 29.0, 24.0, 15.2. MS (ESI) m/z: 615 

[M+Na]+. HR-MS (ESI): m/z calcd for C30H32N4NaO9 [M+Na]+ 615.2061, found 615.2086. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-((S)-2-

(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid 

(1i). 

O

N
H

PhthN

Me

H
NO

OHO

O
N

Me
Me

MeO2C

Following the general procedure for synthesis of substrate 1i as a white solid. 

M. p. = 96–98 °C. 

1H NMR (600 MHz, CDCl3) δ 7.82–7.80 (m, 2H), 7.71–7.68 (m, 2H), 7.52 (d, J = 6.6 Hz, 1H), 

7.44 (d, J = 7.8 Hz, 1H), 4.88 (q, J = 7.2 Hz, 1H), 4.68–4.64 (m, 1H), 4.57 (q, J = 6.6 Hz, 1H), 

4.51 (dd, J = 9.0, 4.8 Hz, 1H), 3.84–3.80 (m, 1H), 3.69 (s, 3H), 3.61–3.57 (m, 1H), 2.76–2.68 (m, 

2H), 2.24–2.17 (m, 1H), 2.04–2.00 (m, 2H), 1.97–1.92 (m, 1H), 1.76–1.66 (m, 2H), 1.60 (d, J = 

7.2 Hz, 3H), 1.54–1.48 (m, 1H), 0.94–0.91 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 174.3, 172.4, 
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171.7, 170.7, 169.2, 167.8, 134.3, 132.0, 123.7, 59.1, 52.4, 50.1, 49.9, 48.9, 47.1, 40.5, 29.0, 25.0, 

24.7, 23.3, 21.9, 15.3. MS (ESI) m/z: 581 [M+Na]+. HR-MS (ESI): m/z calcd for C27H34N4NaO9 

[M+Na]+ 581.2218, found 581.2243. 

(S)-4-methoxy-3-((S)-2-(N-methylacetamido)propanamido)-4-oxobutanoic acid

O
N

Me
N
H

OMeO

HO O

Me

Ac

Following the general procedure for synthesis of substrate 1j as a white solid. 

M. p. = 55–57 °C. 

1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 1H), 5.23–5.17 (m, 1H), 4.76–4.72 (m, 1H), 

3.72 (s, 3H), 3.03–2.97 (m, 1H), 2.96 (d, J = 1.6 Hz, 3H), 2.83–2.77 (m, 1H), 2.10 (s, 3H), 1.33 

(d, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 173.2, 172.8, 171.1, 171.1, 52.8, 51.8, 48.8, 

35.9, 31.7, 21.9, 13.9. MS (ESI) m/z: 297 [M+Na]+. HR-MS (ESI): m/z calcd for C11H18N2NaO6 

[M+Na]+ 297.1057, found 297.1057.

Characterization Data of Products 3aa-3id

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxyphenyl)propanamido)-4-methoxy-4-

oxobutanoic acid (3aa). 

O

N
H

PhthN

HO O

OMeO

HO

The general procedure A was followed using 1a (69.7 mg, 0.20 mmol), 4-iodophenol (110.0 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 
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chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 3aa (75.7 mg, 86%) as 

a white solid. M. p. = 147–149 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.67 (d, J = 8.0 Hz, 1H), 7.82–7.80 (m, 4H), 6.88 (d, J = 8.4 

Hz, 2H), 6.49 (d, J = 8.4 Hz, 2H), 4.90 (dd, J = 12.0, 4.4 Hz, 1H), 4.71–4.65 (m, 1H), 3.62 (s, 

3H), 3.36 (dd, J = 14.0, 4.8 Hz, 1H), 3.23–3.17 (m, 1H), 2.65 (dd, J = 16.4, 6.8 Hz, 1H), 2.49–

2.45 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ 171.6, 171.4, 168.1, 167.5, 155.8, 134.7, 131.4, 

129.8, 127.4, 123.2, 115.2, 54.5, 52.3, 48.9, 35.8, 33.1. MS (ESI) m/z: 441 [M+H]+. HR-MS 

(ESI): m/z calcd for C22H21N2O8 [M+H]+ 441.1292, found 441.1290. 

(S)-3-((S)-3-(3-chloro-4-hydroxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-

methoxy-4-oxobutanoic acid (3ab). 

O

N
H

PhthN

HO O

OMeO

HO
Cl

The general procedure A was followed using 1a (69.7 mg, 0.20 mmol), 2-chloro-4-iodophenol 

(127.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 3ab (82.5 mg, 

83%) as a white solid. M. p. = 81–83 °C. 

1H NMR (600 MHz, DMSO-d6) δ 12.48 (br, 1H), 9.89 (br, 1H), 8.64 (d, J = 7.8 Hz, 1H), 7.85–

7.80 (m, 4H), 7.12 (d, J = 1.8 Hz, 1H), 6.84 (dd, J = 8.4, 2.4 Hz, 1H), 6.70 (d, J =8.4Hz, 1H), 

4.94 (dd, J = 12.0, 4.8 Hz, 1H), 4.72–4.69 (m, 1H), 3.63 (s, 3H), 3.39 (dd, J = 14.4, 4.8 Hz, 1H), 

3.24–3.20 (m, 1H), 2.71 (dd, J = 16.2, 6.6 Hz, 1H), 2.54 (dd, J = 16.8, 6.6 Hz, 1H). 13C NMR 

(150 MHz, DMSO-d6) δ 171.4, 171.2, 167.7, 167.4, 151.5, 134.6, 131.2, 130.0, 129.1, 128.4, 
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123.2, 119.3, 116.4, 54.3, 52.2, 48.9, 35.8, 32.8. MS (ESI) m/z: 497 [M+Na]+. HR-MS (ESI): 

m/z calcd for C22H19ClN2NaO8 [M+Na]+ 497.0722, found 497.0725. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluoro-4-hydroxyphenyl)propanamido)-4-

methoxy-4-oxobutanoic acid (3ac). 

O

N
H

PhthN

HO O

OMeO

HO
F

The general procedure A was followed using 1a (69.7 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 3ac (75.1 mg, 

82%) as a white solid. M. p. = 79–81 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.68 (d, J = 8.0 Hz, 1H), 7.89–7.84 (m, 4H), 6.95 (d, J = 12.0 

Hz, 1H), 6.69–6.63 (m, 2H), 4.95 (dd, J = 11.6, 4.8 Hz, 1H), 4.68–4.66 (m, 1H), 3.62 (s, 3H), 

3.38 (dd, J = 14.0, 4.4 Hz, 1H), 3.22–7.84 (m, 1H), 2.67 (dd, J = 16.8, 6.8 Hz, 1H), 2.49–2.46 (m, 

1H). 13C NMR (100 MHz, DMSO-d6) δ 171.6, 171.4, 167.8, 167.4, 150.6 (d, JC-F = 239.0 Hz), 

143.3 (d, JC-F = 11.9 Hz), 134.7, 131.3, 128.7 (d, JC-F = 6.0 Hz), 124.9 (d, JC-F = 3.1 Hz), 123.2, 

117.5 (d, JC-F = 3.2 Hz), 116.4 (d, JC-F = 17.9 Hz), 54.2, 52.3, 49.0, 36.0, 33.0. 19F NMR (376 

MHz, DMSO-d6): δ -136.47 (s). MS (ESI) m/z: 481 [M+Na]+. HR-MS (ESI): m/z calcd for 

C22H19FN2NaO8 [M+Na]+ 481.1018, found 481.1026. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-

methoxy-4-oxobutanoic acid (3ad). 
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O

N
H

PhthN

HO O

OMeO

HO
Me

The general procedure A was followed using 1a (69.7 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 3ad (77.2 mg, 

85%) as a white solid. M. p. = 87–89 °C. 

1H NMR (400 MHz, DMSO-d6) δ 12.58 (br, 1H), 9.03 (br, 1H), 8.64 (d, J = 8.0 Hz, 1H), 7.88–

7.75 (m, 4H), 6.78 (s, 1H), 6.68 (d, J = 8.0 Hz, 1H), 6.50 (d, J = 8.0 Hz, 1H), 4.88 (dd, J = 12.0, 

4.4 Hz, 1H), 4.72–4.66 (m, 1H), 3.63 (s, 3H), 3.33 (dd, J = 14.0, 4.4 Hz, 1H), 3.12–3.16 (m, 1H), 

2.69 (dd, J = 16.4, 6.4 Hz, 1H), 2.54–2.52 (m, 1H), 1.89 (s, 3H). 13C NMR (100 MHz, DMSO-

d6) δ 171.4, 171.2, 167.9, 167.3, 153.7, 134.5, 131.3, 130.9, 127.2, 126.7, 123.5, 123.0, 114.4, 

54.6, 52.1, 48.9, 35.9, 32.9, 15.8. MS (ESI) m/z: 477 [M+Na]+. HR-MS (ESI): m/z calcd for 

C23H22N2NaO8 [M+Na]+ 477.1268, found 477.1279. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxyphenyl)propanamido)-4-(((S)-1-

methoxy-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (3ba). 

O
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The general procedure A was followed using 1b (92.3 mg, 0.20 mmol), 4-iodophenol (110.0 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 
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chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3ba (94.0 mg, 85%) 

as a white solid. M. p. = 197–199 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.54 (d, J = 8.0 Hz, 1H), 8.17 (d, J = 7.6 Hz, 1H), 7.84–7.77 

(m, 4H), 6.87 (d, J = 8.0 Hz, 2H), 6.51 (d, J = 8.0 Hz, 2H), 4.90 (dd, J = 12.0, 4.8 Hz, 1H), 4.64–

4.59 (m, 1H), 4.28–4.22 (m, 1H), 3.60 (s, 3H), 3.37 (dd, J = 14.0, 4.4 Hz, 1H), 3.24–3.17 (m, 

1H), 2.66 (dd, J = 16.4, 6.4 Hz, 1H), 2.41 (dd, J = 16.4, 6.8 Hz, 1H), 1.70–1.58 (m, 2H), 1.52–

1.46 (m, 1H), 0.89 (d, J = 6.4 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, DMSO-

d6) δ 172.8, 172.4, 170.8, 167.8, 167.5, 155.8, 134.5, 131.3, 129.6, 127.4, 123.1, 115.1, 54.6, 

51.9, 50.6, 49.7, 36.5, 33.1, 24.2, 22.8, 21.4.MS (ESI) m/z: 576 [M+Na]+. HR-MS (ESI): m/z 

calcd for C27H29N3NaO9 [M+Na]+ 576.1953, found 576.1968. 

(S)-3-((S)-3-(3-chloro-4-hydroxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-

1-methoxy-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (3bb). 

O
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N CO2Me
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Me

The general procedure A was followed using 1b (92.3 mg, 0.20 mmol), 2-chloro-4-iodophenol 

(127.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3bb (96.3 

mg, 82%) as a white solid. M. p. = 102–104 °C. 

1H NMR (400 MHz, DMSO-d6) δ 10.06 (br, 1H), 8.54 (d, J = 8.0 Hz, 1H), 8.17 (d, J = 7.6 Hz, 

1H), 7.87–7.78 (m, 4H), 7.08 (s, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 4.91 (dd, 

J = 11.6, 4.8 Hz, 1H), 4.64–4.59 (m, 1H), 4.27–4.22 (m, 1H), 3.60 (s, 3H), 3.37 (dd, J = 14.4, 4.8 
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Hz, 1H), 3.23–3.17 (m, 1H), 2.66 (dd, J = 16.4, 6.4 Hz, 1H), 2.41 (dd, J = 16.8, 7.2 Hz, 1H), 

1.68–1.57 (m, 2H), 1.52–1.45 (m, 1H), 0.89 (d, J = 6.0 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ 172.8, 172.1, 170.7, 167.5, 167.5, 151.5, 134.5, 131.2, 129.9, 

129.1, 128.3, 123.1, 119.3, 116.4, 54.4, 51.8, 50.6, 49.7, 36.3, 32.8, 24.1, 22.8, 21.4 MS (ESI) 

m/z: 610 [M+Na]+. HR-MS (ESI): m/z calcd for C28H30ClN3NaO9 [M+Na]+ 610.1563, found 

610.1580. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluoro-4-hydroxyphenyl)propanamido)-4-(((S)-

1-methoxy-3-methyl-1-oxobutan-2-yl)amino)-4-oxobutanoic acid (3cc). 

O
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Me

The general procedure A was followed using 1c (89.5 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3cc (92.5 mg, 

83%) as a white solid. M. p. = 177–179 °C. 

1H NMR (400 MHz, DMSO-d6) δ 12.32 (br, 1H), 9.63 (br, 1H), 8.55 (d, J = 7.6 Hz, 1H), 8.01 (d, 

J = 8.0 Hz, 1H), 7.84–7.77 (m, 4H), 6.91 (d, J = 13.2 Hz, 1H), 6.69–6.62 (m, 2H), 4.92 (dd, J = 

11.6, 4.4 Hz, 1H), 4.67–4.62 (m, 1H), 4.15–4.12 (m, 1H), 3.62 (s, 3H), 3.37 (dd, J = 14.0, 4.8 Hz, 

1H), 3.25–3.19 (m, 1H), 2.71 (dd, J = 16.4, 6.4 Hz, 1H), 2.44 (dd, J = 16.4, 7.6 Hz, 1H), 2.10–

1.98 (m, 1H), 0.88 (t, J = 7.6 Hz, 6H). 13C NMR (100 MHz, DMSO-d6) δ 172.0, 171.7, 170.8, 

167.8, 167.5, 150.6 (d, JC-F = 239.4 Hz),143.3 (d, JC-F = 12.1 Hz), 134.6, 131.3, 128.8 (d, JC-F = 

6.1 Hz), 124.9 (d, JC-F = 1.7 Hz), 123.2, 117.5 (d, JC-F = 2.2 Hz), 116.3 (d, JC-F = 18.2 Hz), 57.8, 
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54.4, 51.8, 49.7, 35.8, 33.1, 29.9, 19.0, 18.4. 19F NMR (376 MHz, DMSO-d6): δ -136.45 (s). MS 

(ESI) m/z: 580 [M+Na]+. HR-MS (ESI): m/z calcd for C27H28FN3NaO9 [M+Na]+ 580.1702, 

found 580.1729. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-

(((2S,3S)-1-methoxy-3-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (3dd). 

O
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H
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H
NO
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CO2Me
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Me
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The general procedure A was followed using 1d (92.3 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3dd (94.1 

mg, 83%) as a white solid. M. p. = 95–97 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.06 (br, 1H), 8.56 (d, J = 7.6 Hz, 1H), 8.05 (d, J = 7.6 Hz, 

1H), 7.83–7.79 (m, 4H), 6.77 (s, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 8.0 Hz, 1H), 4.87 (dd, 

J = 11.6, 4.8 Hz, 1H), 4.65–4.60 (m, 1H), 4.20–4.16 (m, 1H), 3.62 (s, 3H), 3.33 (dd, J = 14.0, 4.4 

Hz, 1H), 3.23–3.16 (m, 1H), 2.68 (dd, J = 16.8, 6.4 Hz, 1H), 2.43 (dd, J = 16.4, 6.8 Hz, 1H), 

1.89 (s, 3H), 1.83–1.78 (m, 1H), 1.45–1.39 (m, 1H), 1.23–1.14 (m, 1H), 0.87–0.83 (m, 6H). 13C 

NMR (100 MHz, DMSO-d6) δ 172.3, 171.8, 170.8, 167.9, 167.5, 153.8, 134.5, 131.3, 130.9, 

127.3, 126.7, 123.5, 123.1, 114.4, 56.7, 54.8, 51.7, 49.7, 36.3, 36.2, 33.1, 24.8, 15.9, 15.4, 11.2. 

MS (ESI) m/z: 590 [M+Na]+. HR-MS (ESI): m/z calcd for C29H33N3NaO9 [M+Na]+ 590.2109, 

found 590.2126. 
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(S)-3-((S)-3-(3-chloro-4-hydroxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-

3-(4-hydroxyphenyl)-1-methoxy-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (3eb). 

O

N
H

PhthN

H
NO

HO O
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The general procedure A was followed using 1e (102.3 mg, 0.20 mmol), 2-chloro-4-iodophenol 

(127.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 3eb (91.7 mg, 

72%) as a white solid. M. p. = 130–132 °C. 

1H NMR (600 MHz, CDCl3) δ 9.98 (br, 1H), 9.26 (br, 1H), 8.48 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 

7.2 Hz, 1H), 7.83–7.80 (m, 4H), 7.09 (d, J = 2.4 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 6.84 (dd, J = 

8.4, 1.8 Hz, 1H), 6.70 (dd, J = 25.2, 8.4 Hz, 3H), 4.92 (dd, J = 11.4, 4.2 Hz, 1H), 4.69–4.66 (m, 

1H), 4.35–4.32 (m, 1H), 3.57 (s, 3H), 3.37 (dd, J = 13.8, 4.2 Hz, 1H), 3.24–3.19 (m, 1H), 2.91–

2.84 (m, 2H), 2.62 (dd, J = 16.8, 6.6 Hz, 1H), 2.35 (dd, J = 16.8, 6.6 Hz, 1H). 13C NMR (150 

MHz, CDCl3) δ 171.8, 170.6, 167.6, 167.4, 156.1, 151.5, 134.5, 131.3, 130.1, 130.0, 130.0, 

129.2, 128.3, 127.0, 123.1, 119.3, 116.5, 115.2, 54.4, 54.3, 51.8, 49.5, 36.2, 35.8, 32.9. MS (ESI) 

m/z: 660 [M+Na]+. HR-MS (ESI): m/z calcd for C31H28ClN3NaO10 [M+Na]+ 660.1355, found 

660.1387. 
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(S)-4-(((S)-6-((tert-butoxycarbonyl)amino)-1-methoxy-1-oxohexan-2-yl)amino)-3-((S)-2-

(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-oxobutanoic acid 

(3fc). 
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F

The general procedure A was followed using 1f (115.3 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3fc (96.0 mg, 

70%) as a white solid. M. p. = 159–161 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.53 (d, J = 8.0 Hz, 1H), 8.18 (d, J = 7.2 Hz, 1H), 7.88–7.77 

(m, 4H), 6.90 (d, J = 12.0 Hz, 1H), 6.79–6.75 (m, 1H), 6.71–6.41 (m, 2H), 4.93 (dd, J = 11.6, 4.4 

Hz, 1H), 4.63–6.58 (m, 1H), 4.19–4.14 (m, 1H), 3.60 (s, 3H), 3.39 (dd, J = 14.4, 4.8 Hz, 1H), 

3.22–3.15 (m, 1H), 2.89 (q, J = 6.8, 2H), 2.65 (dd, J = 16.8, 6.4 Hz, 1H), 2.41 (dd, J = 16.4, 7.2 

Hz, 1H), 1.73–1.60 (m, 2H), 1.51–1.27 (m, 13H). 13C NMR (100 MHz, DMSO-d6) δ 172.5, 

171.9, 170.7, 167.6, 167.4, 155.6, 150.6 (d, JC-F = 239.4 Hz), 143.2 (d, JC-F = 12.0 Hz), 134.5, 

131.3, 128.7 (d, JC-F = 6.1 Hz), 124.8 (d, JC-F = 2.8 Hz), 123.1, 117.5 (d, JC-F = 2.7 Hz), 116.3 (d, 

JC-F = 17.9 Hz, 77.4, 54.3, 52.3, 51.8, 49.7, 36.2, 33.0, 30.5, 29.1, 28.3, 22.7. 19F NMR (376 

MHz, DMSO-d6): δ -136.49 (s). MS (ESI) m/z: 709 [M+Na]+. HR-MS (ESI): m/z calcd for 

C33H39FN4NaO11 [M+Na]+ 709.2492, found 709.2520. 
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(S)-4-(((S)-6-((tert-butoxycarbonyl)amino)-1-methoxy-1-oxohexan-2-yl)amino)-3-((S)-2-

(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-oxobutanoic acid 

(3fd). 
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The general procedure A was followed using 1f (115.3 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 3fd (87.3 mg, 

64%) as a white solid. M. p. = 123–125 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.04 (br, 1H), 8.52 (d, J = 7.6 Hz, 1H), 8.20 (d, J = 7.2 Hz, 

1H), 7.82–7.79 (m, 4H), 6.79–6.76 (m, 2H), 6.68–6.65 (m, 1H), 6.49 (d, J = 8.0 Hz, 1H), 4.87 

(dd, J = 11.6, 4.4 Hz, 1H), 4.64–6.59 (m, 1H), 4.20–4.14 (m, 1H), 3.60 (s, 3H), 3.33 (dd, J = 

14.4, 4.4 Hz, 1H), 3.20–3.14 (m, 1H), 2.90 (q, J = 6.8 Hz, 2H), 2.64 (dd, J = 16.4, 6.0 Hz, 1H), 

2.41 (dd, J = 16.8, 7.2 Hz, 1H), 1.89 (s, 3H), 1.71–1.61 (m, 2H), 1.36–1.27 (m, 13H). 13C NMR 

(100 MHz, DMSO-d6) δ 172.4, 172.2, 170.8, 167.8, 167.5, 155.5, 153.7, 134.4, 131.3, 130.9, 

127.3, 126.7, 123.5, 123.0, 114.4, 77.3, 54.7, 52.2, 51.8, 49.7, 36.4, 33.0, 30.5, 29.1, 28.3, 22.6, 

15.8. MS (ESI) m/z: 705 [M+Na]+. HR-MS (ESI): m/z calcd for C34H42N4NaO11 [M+Na]+ 

705.2742, found 705.2765. 
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(S)-4-(((S)-3-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-1-methoxy-1-oxopropan-2-yl)amino)-

3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-

oxobutanoic acid (3gd).
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The general procedure A was followed using 1g (126.9 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 3gd (90.4 mg, 

61%) as a white solid. M. p. = 138–140 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.04 (br, 1H), 8.47 (d, J = 7.6 Hz, 1H), 8.36 (d, J = 7.2 Hz, 

1H), 8.04 (d, J = 8.0 Hz, 1H), 7.84–7.56 (m, 4H), 7.59–7.57 (m, 2H), 7.35–7.25 (m, 2H), 6.74 (s, 

1H), 6.65 (d, J = 8.4 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 4.84 (dd, J = 12.0, 4.8 Hz, 1H), 4.68–4.63 

(m, 1H), 4.57–4.52 (m, 1H), 3.58 (s, 3H), 3.29 (dd, J = 14.0, 4.4 Hz, 1H), 3.19–4.52 (m, 3H), 

2.63 (dd, J = 16.4, 6.0 Hz, 1H), 2.40 (dd, J = 16.4, 7.2 Hz, 1H), 1.60 (s, 9H). 13C NMR (100 

MHz, DMSO-d6) δ 172.0, 171.8, 170.9, 167.9, 167.4, 153.8, 149.0, 134.7, 134.4, 131.4, 131.0, 

130.0, 127.3, 126.8, 124.4, 124.1, 123.5, 123.0, 122.6, 119.0, 115.8, 114.8, 114.4, 83.6, 59.8, 

54.6, 52.4, 52.0, 49.7, 33.0, 27.7, 26.3, 15.8. MS (ESI) m/z: 763 [M+Na]+. HR-MS (ESI): m/z 

calcd for C39H40N4NaO11 [M+Na]+ 763.2586, found 763.2607.
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(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-((S)-

2-(((S)-1-methoxy-1-oxo-3-phenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-4-oxobutanoic 

acid (3hd). 
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The general procedure A was followed using 1h (118.5 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 3hd (64.0 mg, 

46%) as a white solid. M. p. = 148–150 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.02 (br, 1H), 8.62 (d, J = 7.8 Hz, 1H), 7.94 (d, J = 7.8 Hz, 

1H), 7.84–7.78 (m, 4H), 7.29–7.24 (m, 4H), 7.21–7.19 (m, 1H), 6.76 (s, 1H), 6.67 (d, J = 7.8 Hz, 

1H), 6.50 (d, J = 8.4 Hz, 1H), 4.94–4.90 (m, 1H), 4.85 (dd, J = 12.0, 4.2 Hz, 1H), 4.47–4.44 (m, 

1H), 4.31 (dd, J = 8.4, 3.0 Hz, 1H), 3.68–3.61 (m, 2H), 3.55 (s, 3H), 3.34 (dd, J = 13.8, 4.2 Hz, 

1H), 3.16–3.12 (m, 1H), 3.02 (dd, J = 13.8, 5.4 Hz, 1H), 2.96 (dd, J = 13.2, 9.0 Hz, 1H), 2.76 (dd, 

J = 16.8, 7.8 Hz, 1H), 2.39 (dd, J = 16.8, 6.0 Hz, 1H), 1.96–1.93 (m, 1H), 1.89 (s, 3H), 1.82–1.77 

(m, 1H), 1.72–1.68 (m, 1H), 1.65–1.59 (m, 1H). 13C NMR (150 MHz, DMSO-d6) δ 172.3, 171.6, 

171.3, 169.2, 167.7, 167.4, 153.8, 137.2, 134.4, 131.5, 131.0, 129.1, 128.2, 127.3, 126.8, 126.5, 

123.5, 123.0, 114.4, 59.5, 54.5, 53.5, 51.7, 47.7, 46.6, 36.5, 36.4, 33.1, 29.0, 23.8, 15.8. MS 

(ESI) m/z: 721 [M+Na]+. HR-MS (ESI): m/z calcd for C37H38N4NaO10 [M+Na]+ 721.2480, 

found 721.2513. 
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(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluoro-4-hydroxyphenyl)propanamido)-4-(((S)-

1-((S)-2-(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-

oxobutanoic acid (3ic). 
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The general procedure A was followed using 1i (111.7 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 3ic (76.2 mg, 

57%) as a white solid. M. p. = 119–121 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.64 (br, 1H), 8.53 (d, J = 7.8 Hz, 1H), 7.83–7.81 (m, 4H), 

7.79 (d, J = 7.8 Hz, 1H), 6.90 (dd, J = 12.0, 1.8 Hz, 1H), 6.70–6.64 (m, 2H), 4.93 (dd, J = 12.0, 

4.8 Hz, 1H), 4.58–4.55 (m, 1H), 4.54–4.50 (m, 1H), 4.32–4.30(m, 1H), 3.73–3.68 (m, 1H), 3.61 

(s, 3H), 3.52–3.48 (m, 1H), 3.39 (dd, J = 14.4, 4.8 Hz, 1H), 3.23–3.18 (m, 1H), 2.72 (dd, J = 

16.8, 6.6 Hz, 1H), 2.41 (dd, J = 16.8, 7.2 Hz, 1H), 2.20–3.14 (m, 1H), 1.95–1.91 (m, 2H), 1.84–

1.79 (m, 1H), 1.69–1.65(m, 1H), 1.53–1.49 (m, 1H), 1.45–1.41(m, 1H), 0.92–0.89 (m, 6H). 13C 

NMR (150 MHz, DMSO-d6) δ 172.2, 171.8, 170.2, 170.1, 167.7, 167.4, 150.6 (d, JC-F = 239.4 

Hz), 143.2 (d, JC-F = 12 Hz), 134.5, 131.3, 128.8 (d, JC-F = 3.0 Hz), 124.8 (d, JC-F = 3.0 Hz), 

123.1, 117.5 (d, JC-F = 3.3 Hz), 116.2 (d, JC-F = 18.2 Hz), 58.5, 54.4, 51.8, 49.7, 48.9, 46.4, 35.7, 

33.0, 28.5, 24.7, 24.0, 23.1, 21.7. 19F NMR (564 MHz, DMSO-d6): δ -136.43 (t, J = 10.7 Hz). 
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MS (ESI) m/z: 669 [M+H]+. HR-MS (ESI): m/z calcd for C33H38FN4O10 [M+H]+ 669.2566, 

found 669.2563. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-(((S)-

1-((S)-2-(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-

oxobutanoic acid (3id). 

O

N
H

PhthN

H
NO

HO O

Me
HO

O
N

MeO2C

Me
Me

The general procedure A was followed using 1i (111.7 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 3id (79.7 mg, 

60%) as a white solid. M. p. = 107–109 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.02 (br, 1H), 8.52 (d, J = 7.8 Hz, 1H), 7.83–7.80 (m, 4H), 

7.78 (d, J = 7.8 Hz, 1H), 6.76 (s, 1H), 6.67 (d, J = 7.8 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 4.88 (dd, 

J = 11.4, 4.2 Hz, 1H), 4.58–4.54 (m, 1H), 4.54–4.51 (m, 1H), 4.31 (dd, J = 8.4, 4.8Hz, 1H), 

3.73–3.68 (m, 1H), 3.61 (s, 3H), 3.52–3.48 (m, 1H), 3.33 (dd, J = 14.4, 4.8 Hz, 1H), 3.21–3.16 

(m, 1H), 2.72 (dd, J = 16.2, 6.6 Hz, 1H), 2.41 (dd, J = 16.8, 7.2 Hz, 1H), 2.20–2.14 (m, 1H), 

1.95–1.92 (m, 2H), 1.90 (s, 3H), 1.84–1.79 (m, 1H), 1.70–1.65(m, 1H), 1.54–1.48 (m, 1H), 1.45–

1.41 (m, 1H), 0.92–0.88 (m, 6H). 13C NMR (150 MHz, DMSO-d6) δ 172.2, 171.9, 170.2, 170.1, 

168.0, 167.5, 153.8, 134.5, 131.3, 130.9, 127.3, 126.7, 123.5, 123.1, 114.4, 58.4, 54.8, 51.8, 49.7, 
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48.8, 46.4, 35.8, 33.0, 28.5, 24.7 24.0, 23.1, 21.7, 15.8. MS (ESI) m/z: 665 [M+H]+. HR-MS 

(ESI): m/z calcd for C34H41N4O10 [M+H]+ 665.2817, found 665.2811. 

Characterization Data of Products 5aa-5jj

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanamido)-4-methoxy-4-oxobutanoic 

acid (5aa). 

O
PhthN

N
H

OMeO

HO O

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), iodobenzene (102.0 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5aa (72.9 mg, 86%) as 

a white solid. M. p. = 116–118 °C. 

1H NMR (600 MHz, CDCl3) δ 7.76–7.75 (m, 2H), 77.67–7.66(m, 2H), 7.19 (d, J = 8.4 Hz, 1H), 

7.15–7.10 (m, 5H), 5.17 (dd, J = 10.8, 5.4 Hz, 1H), 4.87–4.84(m, 1H), 3.69 (s, 3H), 3.59–3.53(m, 

1H), 3.51–3.46 (m, 1H), 2.99–2.96 (m, 1H), 2.91–2.86 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 

175.4, 170.8, 168.6, 167.9, 136.5, 134.4, 131.4, 129.0, 128.7, 127.1, 123.7, 55.3, 53.1, 48.9, 35.7, 

34.8. MS (ESI) m/z: 447 [M+Na]+. HR-MS (ESI): m/z calcd for C22H20N2NaO7 [M+Na]+ 

447.1163 found 447.1173. 
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(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(naphthalen-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (5ab).

O
PhthN

N
H

OMeO

HO O

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 2-iodonaphthalene (127.0 

mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 

(33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5ab (67.3 mg, 71%) as 

a white solid. M.p. = 87–89 °C. 

1H NMR (400 MHz, CDCl3) δ 7.72–7.66(m, 4H), 7.61–7.59(m, 3H), 7.57 (d, J = 1.6 Hz, 1H), 

7.38–7.31 (m, 3H), 7.28 (d, J = 8.0 Hz, 1H), 5.33 (dd, J = 10.4, 6.4 Hz, 1H), 4.91–4.87 (m, 1H), 

3.78–3.71(m, 2H), 3.69 (s, 3H), 3.03 (dd, J = 17.6, 4.0 Hz, 1H), 2.93 (dd, J = 17.6, 4.4 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 175.6, 170.8, 168.6, 168.0, 134.4, 134.0, 133.4, 132.4, 131.3, 

128.5, 127.9, 127.7, 127.6, 126.8, 126.1, 125.7, 123.7, 55.1, 53.1, 48.8, 35.6, 35.0. MS (ESI) 

m/z: 497 [M+Na]+. HR-MS (ESI): m/z calcd for C26H22N2NaO7 [M+Na]+ 497.1319, found 

497.1329. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(p-tolyl)propanamido)-4-methoxy-4-oxobutanoic 

acid (5ac). 

O
PhthN

N
H

OMeO

HO O

Me
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The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 1-iodo-4-methylbenzene 

(109.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5ac (66.3 mg, 

75%) as a white solid. M. p. = 85–87 °C. 

1H NMR (600 MHz, CDCl3) δ 7.77–7.74 (m, 2H), 7.67–7.65 (m, 2H), 7.24 (d, J = 7.8 Hz, 1H), 

7.02 (d, J = 7.8 Hz, 2H), 6.94 (d, J = 7.8 Hz, 2H), 5.15 (dd, J = 10.8, 6.0 Hz, 1H), 4.87–4.84 (m, 

1H), 3.69 (s, 3H), 3.52 (dd, J = 14.4, 5.4 Hz, 1H), 3.48–3.44 (m, 1H), 2.97 (dd, J = 17.4, 4.2 Hz, 

1H), 2.88 (dd, J = 17.4, 4.8 Hz, 1H), 2.19 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 175.2, 170.9 

168.7, 168.0, 136.5, 134.4, 133.4, 131.4, 129.4, 128.8, 123.7, 55.4, 53.0, 48.9, 35.7, 34.4, 21.1. 

MS (ESI) m/z: 461 [M+Na]+. HR-MS (ESI): m/z calcd for C23H22N2NaO7 [M+Na]+ 461.1319, 

found 461.1332. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(m-tolyl)propanamido)-4-methoxy-4-oxobutanoic 

acid (5ad). 

O
PhthN

N
H

OMeO

HO O

Me

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 1-iodo-3-methylbenzene 

(109.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5ad (63.1 mg, 

72%) as a white solid. M. p. = 91–93 °C. 
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1H NMR (600 MHz, CDCl3) δ 7.80–7.77 (m, 2H), 7.70–7.67 (m, 2H), 7.12 (d, J = 7.8 Hz, 1H), 

7.05 (t, J = 7.8 Hz, 1H), 6.95–6.91 (m, 3H), 5.14 (dd, J = 10.8, 5.4 Hz, 1H), 4.87 (m, 1H), 3.71 (s, 

3H), 3.54 (dd, J = 13.8, 5.4 Hz, 1H), 3.46–3.42 (m, 1H), 3.00 (dd, J = 17.4, 4.8 Hz, 1H), 2.90 (dd, 

J = 17.4, 4.8 Hz, 1H), 2.16 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 175.4, 170.8, 168.6, 168.0, 

138.4, 136.5, 134.4, 131.5, 129.9, 128.6, 127.8, 126.0, 123.7, 55.5, 53.1, 48.8, 35.7, 34.8, 21.3. 

MS (ESI) m/z: 461 [M+Na]+. HR-MS (ESI): m/z calcd for C23H22N2NaO7 [M+Na]+ 461.1327, 

found 461.1320. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-methoxyphenyl)propanamido)-4-methoxy-4-

oxobutanoic acid (5ae).

O

N
H

PhthN

HO O

OMeO

MeO

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 1-iodo-4-

methoxybenzene (117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 

mmol) and NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, 

purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 

5ae (75.4 mg, 83%) as a white solid. M. p. = 85–87 °C. 

1H NMR (400 MHz, CDCl3) δ 7.79–7.77 (m, 2H), 7.69–7.67 (m, 2H), 7.16 (d, J = 8.0 Hz, 1H), 

7.06 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.0 Hz, 2H), 5.13 (dd, J = 10.8, 6.0 Hz, 1H), 4.88–4.84 (m, 

1H), 3.71 (s, 3H), 3.68 (s, 3H), 3.51 (dd, J = 14.0, 6.0 Hz, 1H), 3.47–3.41 (m, 1H), 3.00 (dd, J = 

17.6, 4.4 Hz, 1H), 2.90 (dd, J = 17.4, 4.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 175.6, 170.8, 

168.6, 168.0, 158.5, 134.5, 131.3, 130.0, 128.4, 123.7, 114.1, 55.4, 55.2, 53.2, 48.7, 35.6, 34.0. 

MS (ESI) m/z: 477 [M+Na]+. HR-MS (ESI): m/z calcd for C23H22N2NaO8 [M+Na]+ 477.1268, 

found 477.1280. 
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(S)-3-((S)-3-(3-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (5af). 

O
PhthN

N
H

OMeO

HO O

Cl

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 1-chloro-3-iodobenzene 

(119.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5af (71.4 mg, 

78%) as a white solid. M. p. = 99–101 °C. 

1H NMR (500 MHz, CDCl3) δ 7.81–7.77 (m, 2H), 7.77–7.68 (m, 2H), 7.16 (d, J = 8.0 Hz, 1H), 

7.13 (s, 1H), 7.10–7.04 (m, 3H), 5.14 (dd, J = 11.0, 5.5 Hz, 1H), 4.87–4.84 (m, 1H), 3.70 (s, 3H), 

3.56 (dd, J = 14.5, 5.5 Hz, 1H), 3.49–3.44 (m, 1H), 2.99 (dd, J = 17.5, 4.5 Hz, 1H), 2.89 (dd, J = 

17.5, 4.5 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.3, 170.8, 168.2, 167.9, 138.8, 134.6, 

134.4, 131.4, 130.0, 129.3, 127.4, 127.2, 123.8, 55.0, 53.2, 48.9, 35.6, 34.5. MS (ESI) m/z: 481 

[M+Na]+. HR-MS (ESI): m/z calcd for C22H19ClN2NaO7 [M+Na]+ 481.0773, found 481.0768. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-(trifluoromethyl)phenyl)propanamido)-4-

methoxy-4-oxobutanoic acid (5ag). 

O
PhthN

N
H

OMeO

HO O

F3C

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 1-iodo-4-

(trifluoromethyl)benzene (136.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 



S39

mg, 0.30 mmol) and NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, 

purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 

5ag (75.8 mg, 77%) as a white solid. M. p. = 115–117 °C. 

1H NMR (400 MHz, CDCl3) δ 7.78–7.74 (m, 2H), 7.70–7.67 (m, 2H), 7.41 (d, J = 8.0 Hz, 2H), 

7.28 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 5.22 (dd, J = 10.8, 6.0 Hz, 1H), 4.87–4.83 (m, 

1H), 3.68 (s, 3H), 3.63 (dd, J = 9.2, 3.2 Hz, 1H), 3.58–3.55 (m, 1H), 2.98 (dd, J = 17.6, 4.4 Hz, 

1H), 2.88 (dd, J = 17.6, 4.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 175.4, 170.8, 168.2, 167.9, 

140.9, 134.6, 131.2, 129.4, 129.3 (q, JC-F = 32.3 Hz), 125.6 (q, JC-F = 3.9 Hz), 124.1 (q, JC-F = 

270.1 Hz), 123.8, 54.8, 53.1, 48.9, 35.6, 34.6. 19F NMR (376 MHz, CDCl3) δ -62.56 (s). MS 

(ESI) m/z: 515 [M+Na]+. HR-MS (ESI): m/z calcd for C23H19F3N2NaO7 [M+Na]+ 515.1037, 

found 515.1040. 

(S)-3-((S)-3-(4-(5,5-difluoro-1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-

f][1,3,2]diazaborinin-10-yl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (5ah). 

O
PhthN

N
H

OMeO

HO O
N
B

NF

Me

Me

Me

Me
F

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 5,5-difluoro-10-(4-

iodophenyl)-1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (225.0 

mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 

(33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 
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chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5ah (71.0 mg, 53%) as 

a yellow solid. M. p. = 155–157 °C. 

1H NMR (400 MHz, CDCl3) δ 7.78–7.75 (m, 2H), 7.73–7.70 (m, 2H), 7.27 (d, J = 8.8 Hz, 2H), 

7.23 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 7.6 Hz, 2H), 5.88 (s, 2H), 5.27–5.23 (m, 1H), 4.91–4.86 (m, 

1H), 3.73 (s, 3H), 3.64 (d, J = 8.8 Hz, 2H), 3.02 (dd, J = 17.6, 4.4 Hz, 1H), 2.94 (dd, J = 17.6, 

4.4 Hz, 1H), 2.49 (s, 6H), 1.06 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 175.1, 170.8, 168.3, 

167.7, 155.5, 143.0, 141.3, 137.7, 134.6, 133.8, 131.5, 131.2, 130.0, 128.3, 123.8, 121.3, 55.1, 

53.2, 48.9, 35.6, 34.6, 14.7, 14.3. 19F NMR (376 MHz, CDCl3) δ -146.28 (dd, JB-F = 65.8, 31.6 

Hz). MS (ESI) m/z: 693 [M+Na]+. HR-MS (ESI): m/z calcd for C35H33BF2N4NaO7 [M+Na]+ 

693.2309, found 693.2322. 

(S)-3-((S)-3-(4-(5,5-difluoro-3,7-diphenyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-

f][1,3,2]diazaborinin-10-yl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (5ai). 

O
PhthN

N
H

OMeO

HO O
N
B

NF

F

The general procedure B was followed using 1a (69.7 mg, 0.20 mmol), 5,5-difluoro-10-(4-

iodophenyl)-3,7-diphenyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (273.1 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 5ai (54.9 mg, 41%) as 

a purple solid. M. p. = 131–133 °C. 
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1H NMR (400 MHz, CDCl3) δ 7.84–7.81 (m, 6H), 7.74–7.72 (m, 2H), 7.43–7.31 (m, 10H), 7.19 

(d, J = 7.6 Hz, 1H), 6.63 (d, J = 4.4 Hz, 2H), 6.55 (d, J = 4.4 Hz, 2H), 5.26 (dd, J = 10.4, 5.6 Hz, 

1H), 4.94–4.89 (m, 1H), 3.76–3.72 (m, 4H), 3.62–3.56 (m, 1H), 3.04 (dd, J = 17.6, 4.4 Hz, 1H), 

2.97 (dd, J = 17.6, 4.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 175.3, 170.8, 168.2, 167.9, 159.0, 

143.7, 139.2, 136.3, 134.7, 133.2, 132.6, 131.3, 130.9, 130.7, 129.6, 129.5, 129.2, 128.3, 123.8, 

121.0, 55.1, 53.2, 48.9, 35.6, 34.8. 19F NMR (376 MHz, CDCl3) δ -132.52 (dd, JB-F = 42.5, 21.4 

Hz). MS (ESI) m/z: 789 [M+Na]+. HR-MS (ESI): m/z calcd for C43H33BF2N4NaO7 [M+Na]+ 

789.2310, found 789.2336. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(m-tolyl)propanamido)-4-(((S)-1-methoxy-4-

methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (5bd). 

O

N
H

H
NO

HO O

CO2Me

Me

MePhthN

Me

The general procedure B was followed using 1b (92.3 mg, 0.20 mmol), 1-iodo-3-methylbenzene 

(109.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 5bd (83.8 

mg, 76 %) as a white solid. M. p. = 83–85 °C. 

1H NMR (600 MHz, CDCl3) δ 7.74–7.72 (m, 2H), 7.68–7.66 (m, 2H), 7.58 (d, J = 7.8 Hz, 1H), 

7.23 (d, J = 7.8 Hz, 1H), 7.03–7.00 (m, 1H), 6.90–6.88 (m, 3H), 5.09 (dd, J = 11.4, 5.4 Hz, 1H), 

4.73–4.70 (m 1H), 4.51–4.48 (m, 1H), 3.66 (s, 3H), 3.47 (dd, J = 14.4, 5.4 Hz, 1H), 3.56–3.32 

(m, 1H), 2.85 (dd, J = 16.8, 5.4 Hz,1H), 2.73 (dd, J = 17.4, 6.6 Hz, 1H), 2.12 (s, 3H), 1.70–1.62 

(m, 3H), 0.92 (d, J = 6.6 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 174.8, 
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173.2, 170.4, 168.8, 168.0, 138.2, 136.3, 134.4, 131.5, 129.8, 128.5, 127.8, 126.0, 123.6, 55.1, 

52.4, 51.4, 49.9, 40.7, 35.5, 34.6, 24.9, 22.9, 21.8, 21.2. MS (ESI) m/z: 574 [M+Na]+. HR-MS 

(ESI): m/z calcd for C29H33N3NaO8 [M+Na]+ 574.2160, found 574.2160. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-methoxyphenyl)propanamido)-4-(((S)-1-

methoxy-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (5be). 

O

N
H

PhthN

HO O

O
H
N CO2Me

MeO

Me

Me

The general procedure B was followed using 1b (92.3 mg, 0.20 mmol), 1-iodo-4-

methoxybenzene (117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 

mmol) and NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, 

purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 5be (93.0 mg, 82%) as a white solid. M. p. = 92–94 °C. 

1H NMR (400 MHz, CDCl3) δ 7.75–7.73 (m, 2H), 7.69–7.66 (m, 2H), 7.60–7.58 (m, 1H),7.23 (d, 

J = 8.8 Hz, 1H), 7.00 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 8.0 Hz, 2H), 5.07 (dd, J = 10.8, 5.2 Hz, 

1H), 4.74–4.71 (m, 1H), 4.52–4.46 (m, 1H), 3.67 (s, 6H), 3.45 (dd, J = 14.0, 5.6 Hz, 1H), 3.36–

3.29 (m, 1H), 2.89–2.84 (m, 1H), 2.73 (dd, J = 16.8, 6.4 Hz, 1H), 1.71–1.62 (m, 3H), 0.92 (d, J = 

5.2 Hz, 3H), 0.89 (d, J = 5.6 Hz, 3H).13C NMR (100 MHz, CDCl3) δ 175.0, 173.3, 170.4, 168.8, 

168.0, 158.5, 134.5, 131.4, 130.0, 128.2, 123.7, 114.1, 55.2, 55.1, 52.5, 51.4, 49.9, 40.7, 35.5, 

33.8, 24.9, 22.9, 21.8. MS (ESI) m/z: 590 [M+Na]+. HR-MS (ESI): m/z calcd for C29H33N3NaO9 

[M+Na]+ 590.2126, found 590.2109. 
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(S)-3-((S)-3-(3-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-methoxy-

3-methyl-1-oxobutan-2-yl)amino)-4-oxobutanoic acid (5cf). 
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HO O
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Me

Me
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The general procedure B was followed using 1c (89.5 mg, 0.20 mmol), 1-chloro-3-iodobenzene 

(119.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 5cf (90.2 mg, 

81%) as a white solid. M. p. = 122–124 °C. 

1H NMR (400 MHz, CDCl3) δ 7.79–7.56 (m, 2H), 7.72–7.69 (m, 2H), 7.53 (d, J = 7.6 Hz, 1H), 

7.20 (d, J = 8.4 Hz, 1H), 7.11–7.09 (m, 3H), 7.05–7.00 (m, 1H), 5.12 (dd, J = 10.8, 5.2 Hz, 1H), 

4.80–4.76 (m, 1H), 4.42–4.39 (m, 1H), 3.70 (s, 3H), 3.54 (dd, J = 14.0, 5.6 Hz, 1H), 3.45–3.39 

(m, 1H), 2.91 (dd, J = 17.2, 4.8 Hz, 1H), 2.74 (dd, J = 16.8, 6.8 Hz, 1H), 2.23–2.15 (m, 1H), 0.91 

(dd, J = 6.8, 3.2 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 174.7, 172.1, 170.3, 168.4, 167.9, 

138.6, 134.6, 134.5, 131.4, 129.3, 129.3, 127.4, 127.2, 123.9, 58.0, 54.9, 52.4., 49.9, 35.5, 34.4, 

30.9, 19.1, 17.9. MS (ESI) m/z: 580 [M+Na]+. HR-MS (ESI): m/z calcd for C27H28ClN3NaO8 

[M+Na]+ 580.1457, found 580.1464. 
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(S)-3-((S)-3-([1,1'-biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((2S,3S)-1-

methoxy-3-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (5dj). 
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The general procedure B was followed using 1d (92.3 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 5dj (104.2 

mg, 85%) as a white solid. M.p. = 87–89 °C. 

1H NMR (600 MHz, CDCl3) δ 7.75–7.64 (m, 5H), 7.45 (d, J = 7.2 Hz, 2H), 7.38–7.32 (m, 5H), 

7.28 (d, J = 7.8 Hz, 1H), 7.19 (d, J = 7.8 Hz, 2H), 5.22 (dd, J = 12.0, 6.6 Hz, 1H), 4.85–4.478 (m, 

1H), 4.47–4.43 (m, 1H), 3.67 (s, 3H), 3.60–3.50 (m, 2H), 2.86–2.76 (m, 2H), 1.94–1.90 (m, 1H), 

1.45–1.41 (m, 1H), 1.22–1.17 (m, 1H), 0.90–0.88 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 

175.0, 172.1, 170.6, 168.9, 168.0, 140.6, 139.7, 135.6, 134.4, 131.5, 129.4, 128.8, 127.3, 127.0, 

123.7, 57.3, 55.1, 52.3, 50.1, 37.4, 36.0, 34.3, 25.2, 15.6, 11.7. MS (ESI) m/z: 636 [M+Na]+. 

HR-MS (ESI): m/z calcd for C34H35N3NaO8 [M+Na]+ 636.2316, found 636.2317. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-methoxyphenyl)propanamido)-4-(((S)-3-(4-

hydroxyphenyl)-1-methoxy-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (5ee). 
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CO2Me

MeO

OH
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The general procedure B was followed using 1e (102.3 mg, 0.20 mmol), 1-iodo-4-

methoxybenzene (117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 

mmol) and NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, 

purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 

5ee (87.6 mg, 71%) as a white solid. M. p. = 113–115 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.33 (br, 1H), 8.52 (d, J = 8.1 Hz, 1H), 8.28 (d, J = 7.0 Hz, 

1H), 7.82–7.79 (m, 4H), 7.03–6.99 (m, 4H), 6.72–6.67 (m, 4H), 4.95 (dd, J = 11.8, 4.5 Hz, 1H), 

4.70–4.65 (m, 1H), 4.35–4.30 (m, 1H), 3.61 (s, 3H), 3.57 (s, 3H), 3.42 (dd, J = 14.1, 4.6 Hz, 1H), 

3.30–3.24(m, 1H), 2.87 (d, J = 7.1 Hz, 2H), 2.60 (dd, J = 16.5, 6.9 Hz, 1H), 2.33 (dd, J = 16.5, 

6.6 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 172.3, 171.8, 170.7, 167.7, 167.4, 157.7, 156.1, 

134.5, 131.3 130.0, 129.7, 129.3, 126.9, 123.1, 115.1, 113.7, 54.8, 54.4, 54.3, 51.7, 49.5, 36.7, 

35.9, 33.1. MS (ESI) m/z: 640 [M+Na]+. HR-MS (ESI): m/z calcd for C32H31N3NaO10 [M+Na]+ 

640.1902, found 640.1922. 

(S)-3-((S)-3-([1,1'-biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-6-((tert-

butoxycarbonyl)amino)-1-methoxy-1-oxohexan-2-yl)amino)-4-oxobutanoic acid (5fj). 
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The general procedure B was followed using 1f (115.3 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 5fj (116.6 

mg, 80%) as a white solid. M. p. = 98–100 °C. 
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1H NMR (400 MHz, CDCl3) δ 7.79–7.77 (m, 2H), 7.74–7.69 (m, 3H), 7.52–7.37 (m, 6H), 7.32–

7.28 (m, 3H), 7.13 (d, J = 8.8 Hz, 1H), 6.12 (s, 1H), 5.24 (dd, J = 10.0, 6.8 Hz, 1H), 4.91–4.87 

(m, 1H), 4.66–4.63 (m, 1H), 3.62 (s, 3H), 3.59–3.48 (m, 2H), 3.30 (dd, J = 17.6, 3.6 Hz, 1H), 

3.15–3.11 (m, 1H), 3.02–2.97 (m, 1H), 2.52 (dd, J = 17.6, 4.0 Hz, 1H), 2.01–2.00 (m, 1H), 1.71–

1.68 (m, 1H), 1.54–1.30 (m, 13H). 13C NMR (100 MHz, CDCl3) δ 177.4, 172.2, 170.2, 168.1, 

168.0, 158.9, 140.6, 140.1, 134.9, 134.5, 131.6, 129.4, 128.8, 127.5, 127.4, 127.1, 123.8, 81.2, 

55.1, 52.5, 51.6, 50.0, 41.1, 35.8, 34.5, 32.5, 28.5, 28.1, 22.0. MS (ESI) m/z: 751 [M+Na]+. HR-

MS (ESI): m/z calcd for C39H44N4NaO10 [M+Na]+ 751.2950, found 751.2950. 

(S)-3-((S)-3-(3-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-((S)-2-(((S)-1-

methoxy-1-oxo-3-phenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-4-oxobutanoic acid (5hf). 
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The general procedure B was followed using 1h (118.5 mg, 0.20 mmol), 1-chloro-3-iodobenzene 

(119.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 5hf (66.0 mg, 

47%) as a white solid. M. p. = 100–102 °C. 

1H NMR (500 MHz, CDCl3) δ 7.75–7.73 (m, 2H), 7.68–7.66 (m, 2H), 7.47 (d, J = 7.5 Hz, 1H), 

7.24–7.18 (m, 3H), 7.16–7.14 (m, 2H), 7.07–7.05 (m, 3H), 6.99–6.95 (m, 2H), 5.10–5.04 (m, 

2H), 4.78–4.73 (m, 1H), 4.34–4.32 (m, 1H), 3.79–3.73 (m, 1H), 3.68–3.66 (m, 1H), 3.64 (s, 3H), 

3.51 (dd, J = 14.0, 5.5 Hz, 1H), 3.45–3.39 (m, 1H), 3.12 (dd, J = 14.0, 5.0 Hz, 1H), 2.97 (dd, J = 

14.0, 9.0 Hz, 1H), 2.87–2.82 (m, 1H), 2.57 (dd, J = 17.0, 5.0 Hz, 1H), 1.91–1.87 (m, 2H), 1.81–
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1.76 (m, 1H), 1.52–1.47 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 173.3, 172.7, 171.2, 170.5, 

168.2, 167.8, 138.9, 136.5, 134.5, 134.3, 131.5, 129.9, 129.3, 129.3, 129.2, 128.6, 127.2, 127.1, 

123.7, 60.6, 54.7, 53.3, 52.7, 47.9, 47.7, 37.4, 37.0, 34.3, 29.1, 24.1. MS (ESI) m/z: 725 [M+Na]+. 

HR-MS (ESI): m/z calcd for C36H35ClN4NaO9 [M+Na]+ 725.2091, found 725.2093. 

(S)-3-((S)-3-([1,1'-biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-((S)-2-(((S)-1-

methoxy-1-oxo-3-phenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-4-oxobutanoic acid (5hj). 
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The general procedure B was followed using 1h (118.5 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 5hj (66.0 mg, 

63%) as a white solid. M. p. = 126–128 °C. 

1H NMR (500 MHz, CDCl3) δ 7.74–7.72 (m, 2H), 7.65–7.63 (m, 2H), 7.60 (d, J = 8.5 Hz, 1H), 

7.44 (d, J = 7.5 Hz, 2H), 7.36–7.33 (m, 4H), 7.28 (d, J = 7.0 Hz, 1H), 7.24 (d, J = 7.5 Hz, 2H), 

7.20–7.16 (m, 5H), 6.96 (d, J = 8.0 Hz, 1H), 5.17 (dd, J = 11.0, 5.5 Hz, 1H), 5.14–5.09 (m, 1H), 

4.79–4.74 (m, 1H), 4.38–4.36 (m, 1H), 3.79–3.74 (m, 1H), 3.69–3.67 (m, 1H), 3.64 (s, 3H), 

3.60–3.51 (m, 2H), 3.14 (dd, J = 14.0, 5.5 Hz, 1H), 3.01–2.96 (m, 1H), 2.88–2.83 (m, 1H), 2.60 

(dd, J = 17.0, 5.0 Hz, 1H), 1.92–1.87 (m, 2H), 1.80–1.76 (m, 1H), 1.54–1.48 (m, 1H). 13C NMR 

(125 MHz, CDCl3) δ 173.4, 172.5, 171.1, 170.4, 168.5, 168.0, 140.6, 139.7, 136.5, 135.8, 134.4, 

131.6, 129.5, 129.3, 128.8, 128.6, 127.3, 127.3, 127.1, 127.0, 123.6, 60.6, 55.0, 53.3, 52.6, 47.9, 
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47.6, 37.4, 37.1, 34.2, 29.0, 24.1. MS (ESI) m/z: 767 [M+Na]+. HR-MS (ESI): m/z calcd for 

C42H40N4NaO9 [M+Na]+ 767.2687, found 767.2687. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(m-tolyl)propanamido)-4-(((S)-1-((S)-2-

(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid 

(5id). 
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The general procedure B was followed using 1i (111.7 mg, 0.20 mmol), 1-iodo-3-methylbenzene 

(109.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 5id (67.5 mg, 

52%) as a white solid. M. p. = 84–86 °C. 

1H NMR (600 MHz, CDCl3) δ 7.72–7.71 (m, 2H), 7.65–7.63 (m, 2H), 7.55 (d, J = 6.0 Hz, 1H), 

7.44 (d, J = 6.0 Hz, 1H), 7.01 (t, J = 12.0 Hz, 1H), 6.90–6.88 (m, 3H), 5.09 (dd, J = 12.0, 6.0 Hz, 

1H), 4.71–4.67 (m, 1H), 4.62 (q, J = 6.0 Hz, 1H), 4.53–4.51 (m, 1H), 3.84–3.80 (m, 1H), 3.69 (s, 

3H), 3.62–3.58 (m, 1H), 3.48 (dd, J = 18.0, 6.0 Hz, 1H), 3.40–3.35 (m, 1H), 2.80–2.70 (m, 2H), 

2.24–2.18 (m, 1H), 2.12 (s, 3H), 2.06–2.00 (m, 2H), 1.97–1.92 (m,1H), 1.74–1.67 (m, 2H), 1.56–

1.51 (m, 1H), 0.95–0.91 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 174.0, 172.4, 171.7, 170.6, 

168.5, 168.0, 138.2, 136.7, 134.3, 131.6, 129.9, 128.5, 127.7, 126.1, 123.6, 59.1, 55.3, 52.4, 50.2, 

49.9, 47.2, 40.6, 36.0, 34.6, 29.0, 25.0, 24.7, 23.3, 22.1, 21.3. MS (ESI) m/z: 671 [M+Na]+. HR-

MS (ESI): m/z calcd for C34H40N4NaO9 [M+Na]+ 671.2687, found 671.2683. 
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(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-fluorophenyl)propanamido)-4-(((S)-1-((S)-2-

(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid 

(5ik). 
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The general procedure B was followed using 1i (111.7 mg, 0.20 mmol), 1-fluoro-4-iodobenzene 

(111.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 5ik (86.9 mg, 

65%) as a white solid. M. p. = 88–90 °C. 

1H NMR (600 MHz, CDCl3) δ 7.68–7.67 (m, 2H), 7.64 (d, J = 6.6 Hz, 1H), 7.62–7.61 (m, 2H), 

7.46 (d, J = 7.8 Hz, 1H), 7.06–7.04 (m, 2H), 6.79 (t, J = 8.4 Hz, 2H), 5.08 (dd, J = 11.4, 5.4 Hz, 

1H), 4.70–4.66 (m, 1H), 4.59–4.55 (m, 1H), 4.52–4.55 (m, 1H), 3.83–3.79 (m, 1H), 3.66 (s, 3H), 

3.61–3.57 (m, 1H), 3.50 (dd, J = 14.4, 4.8 Hz, 1H), 3.41–3.37 (m, 1H), 2.74–2.72 (m, 2H), 2.23–

2.17 (m, 1H), 2.03–2.00 (m, 2H), 1.96–1.92 (m, 1H), 1.75–1.66 (m, 2H), 1.54–1.50 (m, 1H), 

0.94–0.92 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 174.2, 172.4, 171.8, 170.5, 168.4, 168.0, 

161.8 (d, JC-F = 243.0 Hz) 134.4, 132.5 (d, JC-F = 3.0 Hz), 131.4, 130.6 (d, JC-F = 7.5 Hz), 123.6, 

115.5 (d, JC-F = 22.5 Hz), 115.5, 59.1, 55.1, 52.4, 50.3, 49.9, 47.1, 40.6, 35.9, 33.9, 29.0, 24.9, 

24.7, 23.3, 21.9. 19F NMR (564 MHz, CDCl3) δ -115.84 – -115.89 (m). MS (ESI) m/z: 675 

[M+Na]+. HR-MS (ESI): m/z calcd for C33H37FN4NaO9 [M+Na]+ 675.2437, found 675.2450. 
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(S)-3-((S)-3-([1,1'-biphenyl]-4-yl)-2-(N-methylacetamido)propanamido)-4-methoxy-4-

oxobutanoic acid (5jj).
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The general procedure B was followed using 1j (54.9 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 5jj (60.6 mg, 

65%) as a white solid. M. p. = 73–75 °C. 

1H NMR (400 MHz, CDCl3) δ 7.58–7.51 (m, 6H), 7.42 (t, J = 7.6 Hz, 2H), 7.34–7.30 (m, 1H), 

7.25–7.24 (m, 1H), 5.56 (dd, J = 10.0, 6.4 Hz, 1H), 4.84–4.80 (m, 1H), 3.68 (s, 3H), 3.31 (dd, J 

= 14.8, 6.4 Hz, 1H), 3.13–3.04 (m, 2H), 3.01 (s, 3H), 2.84 (dd, J = 17.2, 4.0 Hz, 1H), 2.01 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 173.3, 173.1, 170.9, 170.1, 140.7, 139.6, 135.8, 129.3, 

128.9, 127.3, 127.3, 127.0, 56.9, 52.8, 48.6, 35.9, 34.0, 32.4, 21.9. MS (ESI) m/z: 449 [M+Na]+. 

HR-MS (ESI): m/z calcd for C23H26N2NaO6 [M+Na]+ 449.1683, found 449.1705.

Characterization Data of Substrates 6a-6g

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-oxobutanoic acid (6a). 

O
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Following the general procedure for synthesis of substrate 6a as a white solid. M. p. = 130–

132 °C. 
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1H NMR (400 MHz, CDCl3) δ 9.91 (br, 1H),7.84–7.82 (m, 2H), 7.72–7.70 (m, 2H), 7.20 (d, J = 

4.0 Hz, 1H), 4.94 (q, J = 8.0 Hz, 1H), 4.81–4.79 (m, 1H), 3.70 (s, 3H), 3.06–2.99 (m, 1H), 2.91–

2.86 (m, 1H), 1.67 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 175.0, 170.9, 169.5, 

167.8, 134.4, 131.8, 123.6, 53.1, 49.0, 48.9, 35.7, 15.2. MS (ESI) m/z: 371 [M+Na]+. HR-MS 

(ESI): m/z calcd for C16H16N2NaO7 [M+Na]+ 371.0850, found 371.0853. 

(S)-4-(((S)-1-(tert-butoxy)-4-methyl-1-oxopentan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-

2-yl)propanamido)-4-oxobutanoic acid (6b). 

O

N
H

PhthN

HO O

O
H
N CO2t-Bu

Me Me

Me

Following the general procedure for synthesis of substrate 6b as a white solid. M. p. = 131–

133 °C. 

1H NMR (600 MHz, CDCl3) δ 7.84–7.80 (m, 2H), 7.75–7.72 (m, 2H), 7.44 (d, J = 6.6 Hz, 1H), 

7.10 (d, J = 9.0 Hz, 1H), 4.91–4.81 (m, 2H), 4.38–4.36 (m, 1H), 2.96–2.88 (m, 1H), 2.68–2.64 

(m, 1H), 1.65–1.56 (m, 6H), 1.44–1.42 (m, 9H), 0.90–0.87 (m, 6H). 13C NMR (150 MHz, 

CDCl3) δ 174.8, 171.6, 170.2, 169.4, 167.9, 134.5, 131.9, 123.7, 82.1, 52.1, 49.6, 49.0, 41.1, 35.6, 

28.1, 24.9, 22.9, 22.0, 15.4. MS (ESI) m/z: 526 [M+Na]+. HR-MS (ESI): m/z calcd for 

C25H33N3NaO8 [M+Na]+ 526.2160, found 526.2179. 

(S)-4-(((S)-1,3-di-tert-butoxy-1-oxopropan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-2-

yl)propanamido)-4-oxobutanoic acid (6c). 

O

N
H

PhthN

H
NO

HO O

CO2t-Bu

Ot-Bu

Me

Following the general procedure for synthesis of substrate 6c as a white solid. M. p. = 79–81 °C. 
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1H NMR (600 MHz, CDCl3) δ 7.81–7.79 (m, 2H), 7.71–7.68 (m, 2H), 7.49 (d, J = 7.8 Hz, 1H), 

7.30 (d, J = 8.4 Hz, 1H), 4.89 (q, J = 7.2 Hz, 1H), 4.80–4.77 (m, 1H), 4.47–4.44 (m, 1H), 3.74 

(dd, J = 8.4, 3.0 Hz, 1H), 3.52 (dd, J = 9.0, 3.6 Hz, 1H), 2.85 (dd, J = 17.4, 5.4 Hz, 1H), 2.68 (dd, 

J = 16.8, 6.6 Hz, 1H), 1.64 (d, J = 7.2 Hz, 3H), 1.41 (s, 9H), 1.11 (s, 9H). 13C NMR (150MHz, 

CDCl3) δ 174.7, 170.2, 169.4, 169.0, 167.7, 134.3, 131.9, 123.6, 82.0, 73.3, 61.9, 53.8, 49.6, 49.0, 

35.7, 28.0, 27.3, 15.3. MS (ESI) m/z: 556 [M+Na]+. HR-MS (ESI): m/z calcd for C26H35N3NaO9 

[M+Na]+ 556.2266, found 556.2278. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-methoxy-1-oxo-3-

phenylpropan-2-yl)amino)-4-oxobutanoic acid (6d). 

O

N
H

PhthN

Me

H
NO

HO O

CO2Me

Following the general procedure for synthesis of substrate 6d as a white solid. M. p. = 174–

176 °C. 

1H NMR (600 MHz, DMSO-d6) δ 12.29 (br, 1H), 8.34 (d, J = 7.9 Hz, 1H), 7.90–7.85 (m, 5H), 

7.25–7.23 (m, 2H), 7.20–7.18 (m, 3H), 4.77 (q, J = 7.2 Hz, 1H), 4.64–4.60 (m, 1H), 4.45–4.41 

(m, 1H), 3.57 (s, 3H), 3.03 (dd, J = 13.9, 6.1 Hz, 1H), 2.97 (dd, J = 13.9, 8.3 Hz, 1H), 2.67 (dd, J 

= 16.5, 5.3 Hz, 1H), 2.40 (dd, J = 16.5, 8.5 Hz, 1H), 1.55 (d, J = 7.3 Hz, 3H). 13C NMR (150 

MHz, DMSO-d6) δ 171.6, 171.5, 170.4, 168.8, 167.6, 136.9, 134.5, 131.8, 129.0, 128.2, 126.6, 

123.1, 53.8, 51.8, 49.7, 48.1, 36.7, 35.8, 15.1. MS (ESI) m/z: 518 [M+Na]+. HR-MS (ESI): m/z 

calcd for C25H25N3NaO8 [M+Na]+ 518.1534, found 518.1544. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-(((2S,3S)-1-methoxy-3-

methyl-1-oxopentan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)amino)-4-oxobutanoic acid (6e). 
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MeO2C Me

Me

Following the general procedure for synthesis of substrate 6e as a white solid. M. p. = 178–

180 °C. 

1H NMR (400 MHz, CDCl3) δ 7.82–7.80 (m, 2H), 7.72–7.69 (m, 3H), 7.56 (d, J = 8.4 Hz, 1H), 

7.22 (d, J = 8.0 Hz, 1H), 4.94 (q, J = 7.2 Hz, 1H), 4.79–4.74 (m, 1H), 4.54–4.50 (m, 1H), 4.35–

4.32 (m, 1H), 3.68 (s, 3H), 2.82 (dd, J = 16.8, 5.2 Hz, 1H), 2.70 (dd, J = 16.8, 5.2 Hz, 1H), 2.20–

2.11 (m, 1H), 1.87–1.81 (m, 1H), 1.64 (d, J = 6.8 Hz, 3H), 1.38–1.31 (m, 1H), 1.16–1.08 (m, 1H), 

0.92 (t, J = 6.0 Hz, 6H), 0.86–0.80 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 174.0, 172.3, 171.7, 

170.9, 169.6, 167.9, 134.4, 131.9, 123.7, 59.5, 56.7, 52.2, 50.3, 49.0, 37.7, 35.6, 30.5, 25.2, 19.3, 

18.6, 15.4, 15.3, 11.6. MS (ESI) m/z: 583 [M+Na]+. HR-MS (ESI): m/z calcd for C27H36N4NaO9 

[M+Na]+ 583.2374, found 583.2392. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1-(((S)-1-methoxy-1-oxo-3-

phenylpropan-2-yl)amino)-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (6f). 

O

N
H

PhthN

Me

H
NO

HO O

N
H

Me

O CO2Me

Following the general procedure for synthesis of substrate 6f as a white solid. M. p. = 177–

179 °C. 

1H NMR (600 MHz, DMSO-d6) δ 8.41 (d, J = 7.8 Hz, 1H), 8.21 (d, J = 7.8 Hz, 1H), 7.88–7.84 

(m, 4H), 7.78 (d, J = 7.2 Hz, 1H), 7.29–7.26 (m, 2H), 7.21–7.19 (m, 3H), 4.76 (q, J = 7.2 Hz, 

1H), 4.55 (q, J = 7.2 Hz, 1H), 4.44–4.40 (m, 1H), 4.27–4.22 (m, 1H), 3.56 (s, 3H), 3.00 (dd, J = 

13.8, 6.0 Hz, 1H), 2.93 (dd, J = 13.8, 8.4 Hz, 1H), 2.66 (dd, J = 16.2, 6.6 Hz, 1H), 2.40 (dd, J = 
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16.8, 7.2 Hz, 1H), 1.51 (d, J = 7.2 Hz, 3H), 1.17 (d, J = 7.1 Hz, 3H). 13C NMR (150 MHz, 

DMSO-d6) δ 172.1,172.0, 171.7, 170.0, 168.8, 167.4, 137.0, 134.4, 131.8, 129.1, 128.2, 126.5, 

123.0, 53.6, 51.8, 49.7, 48.1, 48.0, 36.6, 35.9, 17.9, 15.0. MS (ESI) m/z: 589 [M+Na]+. HR-MS 

(ESI): m/z calcd for C28H30N4NaO9 [M+Na]+ 589.1905, found 589.1928. 

(S)-4-((2-(((S)-1,3-di-tert-butoxy-1-oxopropan-2-yl)amino)-2-oxoethyl)amino)-3-((R)-2-(1,3-

dioxoisoindolin-2-yl)propanamido)-4-oxobutanoic acid (6g). 

O

N
H

PhthN

Me

H
NO

HO O

O

N
H

CO2t-Bu

Ot-Bu

Following the general procedure for synthesis of substrate 6g as a white solid. M. p. = 115–

117 °C. 

1H NMR (400 MHz, CDCl3) δ 7.81–7.79 (m, 2H), 7.72 (d, J = 8.0 Hz, 1H), 7.70–7.68 (m, 2H), 

7.56 (t, J = 6.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 4.90 (q, J = 7.2 Hz, 1H), 4.82–4.78 (m, 1H), 

4.54–4.51 (m, 1H), 4.01 (dd, J = 17.2, 6.0 Hz, 1H), 3.88 (dd, J = 16.8, 5.6 Hz, 1H), 3.72 (dd, J = 

8.8, 3.2 Hz, 1H), 3.50 (dd, J = 8.8, 3.2 Hz, 1H), 2.82 (dd, J = 17.2, 6.0 Hz, 1H), 2.69 (dd, J = 

17.2, 5.6 Hz, 1H), 1.58 (d, J = 7.2 Hz, 3H), 1.41 (s, 9H), 1.10 (s, 9H). 13C NMR (100 MHz, 

CDCl3) δ 173.7, 171.3, 169.8, 169.6, 169.3, 168.1, 134.4, 131.9, 123.7, 82.4, 73.7, 62.2, 53.5, 

50.1, 48.8, 43.1, 35.6, 28.1, 27.3, 15.4. MS (ESI) m/z: 613 [M+Na]+. HR-MS (ESI): m/z calcd 

for C28H38N4NaO10 [M+Na]+ 613.2480, found 613.2488. 

(S)-4-((2-(tert-butoxy)-2-oxoethyl)amino)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-

4-oxobutanoic acid (6h). 

O

N
H

PhthN

Me

H
NO

HO O

CO2t-Bu
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Following the general procedure for synthesis of substrate 6h as a white solid. M. p. = 123–

125 °C. 

1H NMR (600 MHz, CDCl3) δ 7.76–7.75 (m, 2H), 7.66–7.65 (m, 2H), 7.60 (d, J = 8.2 Hz, 1H), 

7.30 (t, J = 6.0 Hz, 1H), 4.89–4.83 (m, 2H), 3.89 (dd, J = 18.0, 6.0 Hz, 1H), 3.80 (dd, J = 18.0, 

5.4 Hz, 1H), 2.77 (dd, J = 16.8, 5.4 Hz, 1H), 2.63 (dd, J = 17.4, 6.0 Hz, 1H), 1.54 (d, J = 7.2 Hz, 

3H), 1.38 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 174.0, 171.0, 169.7, 168.7, 167.9, 134.3, 131.8, 

123.5, 82.2, 49.6, 48.7, 42.2, 35.5, 28.0, 15.3. MS (ESI) m/z: 470 [M+Na]+. HR-MS (ESI): m/z 

calcd for C21H25N3NaO8 [M+Na]+ 470.1534, found 470.1545. 

Characterization Data of Products 7aa-7fc

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxyphenyl)propanamido)-4-methoxy-4-

oxobutanoic acid (7aa). 

O

N
H

PhthN

HO O

OMeO

HO

The general procedure A was followed using 6a (69.7 mg, 0.20 mmol), 4-iodophenol (110.0 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 7aa (74.8 mg, 85%) as 

a white solid. M. p. = 187–189 °C. 

1H NMR (400 MHz, DMSO-d6) δ 8.65 (d, J = 7.6 Hz, 1H), 7.86–7.75 (m, 4H), 6.90 (d, J = 8.0 

Hz, 2H), 6.51 (d, J = 8.0 Hz, 2H), 4.91 (dd, J = 12.0, 5.2 Hz, 1H), 4.63–4.60 (m, 1H), 3.60 (s, 

3H), 3.37–3.23 (m, 2H), 2.76 (dd, J = 16.8, 6.4 Hz, 1H), 2.58–2.54 (m, 1H). 13C NMR (100 

MHz, DMSO-d6) δ 171.8, 171.3, 168.0, 167.3, 155.8, 134.6, 131.2, 129.6, 127.4, 123.1, 115.1, 
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54.6, 52.1, 49.2, 36.0, 33.0. MS (ESI) m/z: 463 [M+Na]+. HR-MS (ESI): m/z calcd for 

C22H20N2NaO8 [M+Na]+ 463.1112, found 463.1125. 

(S)-3-((R)-3-(3-chloro-4-hydroxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-

methoxy-4-oxobutanoic acid (7ab). 

O

N
H

PhthN

HO O

OMeO

HO
Cl

The general procedure A was followed using 6a (69.7 mg, 0.20 mmol), 2-chloro-4-iodophenol 

(127.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 7ab (77.7 mg, 

82%) as a white solid. M. p. = 101–103 °C. 

1H NMR (600 MHz, DMSO-d6) δ 12.48 (br, 1H), 9.89 (br, 1H), 8.64 (d, J = 7.8 Hz, 1H), 7.84–

7.81 (m, 4H), 7.13 (d, J = 2.4 Hz, 1H), 6.84 (dd, J = 8.4, 1.8 Hz, 1H), 6.71 (d, J = 7.8Hz, 1H), 

4.93 (dd, J = 12.0, 4.8 Hz, 1H), 4.62–4.59 (m, 1H), 3.61 (s, 3H), 3.34 (dd, J = 13.8, 4.8 Hz, 1H), 

3.28–3.24 (m, 1H), 2.80 (dd, J = 16.8, 6.6 Hz, 1H), 2.58 (dd, J = 16.2, 6.6 Hz, 1H). 13C NMR 

(150 MHz, DMSO-d6) δ 171.4, 171.0, 167.8, 167.3, 151.5, 134.6, 131.2, 129.9, 129.1, 128.3, 

123.2, 119.3, 116.4, 54.3, 52.1, 49.0, 35.7, 32.7. MS (ESI) m/z: 497 [M+Na]+. HR-MS (ESI): 

m/z calcd for C22H19ClN2NaO8 [M+Na]+ 497.0722, found 497.0735. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-

methoxy-4-oxobutanoic acid (7ad). 
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The general procedure A was followed using 6a (69.7 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 7ad (72.6 mg, 

80%) as a white solid. M. p. = 85–87 °C. 

1H NMR (400 MHz, DMSO-d6) δ 12.61 (br, 1H), 9.01 (br, 1H), 8.65 (d, J = 7.6 Hz, 1H), 7.87–

7.76 (m, 4H), 6.80 (s, 1H), 6.69 (d, J = 8.4 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 4.88 (dd, J = 12.0, 

4.8 Hz, 1H), 4.63–4.58 (m, 1H), 3.61 (s, 3H), 3.33–3.23 (m, 2H), 2.80 (dd, J = 16.8, 6.4 Hz, 1H), 

2.57 (dd, J = 16.8, 7.2 Hz, 1H), 1.91 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 171.5, 171.1, 

168.0, 167.4, 153.8, 134.6, 131.3, 130.9, 127.3, 126.7, 123.5, 123.1, 114.4, 54.7, 52.1, 49.1, 35.7, 

33.0, 15.9. MS (ESI) m/z: 477 [M+Na]+. HR-MS (ESI): m/z calcd for C23H22N2NaO8 [M+Na]+ 

477.1268, found 477.1287. 

(S)-4-(((S)-1-(tert-butoxy)-4-methyl-1-oxopentan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-

2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-oxobutanoic acid (7bd). 

O

N
H

PhthN

HO O

O
H
N CO2t-Bu

HO
Me

Me

Me

The general procedure A was followed using 6b (100.7 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 
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column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 7bd (104.7 

mg, 86%) as a white solid. M. p. = 141–143 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.04 (br, 1H), 8.51 (d, J = 7.8 Hz, 1H), 7.83–7.79 (m, 4H), 

7.64 (d, J = 7.8 Hz, 1H), 6.76 (s, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 4.88 (dd, 

J = 12.0, 4.8 Hz, 1H), 4.72–4.69 (m, 1H), 4.13–4.09 (m, 1H) 3.34 (dd, J = 13.8, 4.2 Hz, 1H), 

3.21–3.17 (m, 1H), 2.70 (dd, J = 16.8, 5.4 Hz, 1H), 2.42 (dd, J = 16.8, 9.0 Hz, 1H), 1.89 (s, 3H), 

1.62–1.55 (m, 2H), 1.52–1.47 (m, 1H), 1.40 (s, 9H), 0.87 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 6.6 Hz, 

3H). 13C NMR (150 MHz, DMSO-d6) δ 172.4, 171.3, 170.6, 167.9, 167.7, 153.8, 134.6, 131.3, 

130.9, 127.2, 126.7, 123.5, 123.0, 114.4, 80.5, 54.8, 51.2, 49.9, 36.6, 33.3, 27.6, 24.1, 22.8, 21.4, 

15.8. MS (ESI) m/z: 632 [M+Na]+. HR-MS (ESI): m/z calcd for C32H39N3NaO9 [M+Na]+ 

632.2579, found 632.2603. 

(S)-4-(((S)-1,3-di-tert-butoxy-1-oxopropan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-

(3-fluoro-4-hydroxyphenyl)propanamido)-4-oxobutanoic acid (7cc). 
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The general procedure A was followed using 6c (106.7 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 7cc (102.9 

mg, 80%) as a white solid. M. p. = 128–130 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.69 (br, 1H), 8.55 (d, J = 8.0 Hz, 1H), 7.87–7.79 (m, 4H), 

7.66 (d, J = 8.0 Hz, 1H), 6.92 (d, J = 12.4 Hz, 1H), 6.71–6.65 (m, 2H), 4.95 (dd, J = 8.8, 2.4 Hz, 
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1H), 4.75–4.70 (m, 1H), 4.29–4.24 (m, 1H), 3.64–3.60 (m, 1H), 3.50–3.45 (m, 1H), 3.40–3.26 

(m, 2H), 2.76 (dd, J = 17.2, 5.4 Hz, 1H), 2.47–2.40 (m, 1H), 1.39 (s, 9H), 1.11 (s, 9H). 13C NMR 

(100 MHz, DMSO-d6) δ 172.3, 170.9, 169.5, 168.4, 167.9, 151.1 (d, JC-F = 239.4 Hz),143.7 (d, 

JC-F = 12.1 Hz), 135.1 131.7, 129.1 (d, JC-F = 6.0 Hz), 125.2 (d, JC-F = 2.8 Hz), 123.6, 118.0 (d, 

JC-F = 2.7 Hz), 116.6 (d, JC-F = 17.9 Hz), 81.1, 73.1, 62.0, 55.0, 53.8, 50.1, 36.3, 33.6, 28.1, 27.5. 

19F NMR (376 MHz, DMSO-d6): δ -136.38 (s). MS (ESI) m/z: 644 [M+H]+. HR-MS (ESI): m/z 

calcd for C32H39FN3O10 [M+H]+ 644.2614, found 644.2627. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-hydroxy-3-methylphenyl)propanamido)-4-(((S)-

1-methoxy-1-oxo-3-phenylpropan-2-yl)amino)-4-oxobutanoic acid (7dd). 
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The general procedure A was followed using 6c (99.1 mg, 0.20 mmol), 4-iodo-2-methylphenol 

(117.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2.5:1) yielded 7dd (74.5 

mg, 62%) as a white solid. M. p. = 103–105 °C. 

1H NMR (400 MHz, DMSO-d6) δ 9.11 (br, 1H), 8.52 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 7.2 Hz, 

1H), 7.86–7.80 (m, 4H), 7.26–7.18 (m, 5H), 6.78 (s, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.52 (d, J = 

8.0 Hz, 1H), 4.89 (dd, J = 12.0, 4.4 Hz, 1H), 4.67–4.62 (m, 1H), 4.46–4.41 (m, 1H), 3.57 (s, 3H), 

3.34 (dd, J = 14.0, 4.4 Hz, 1H), 3.25–3.17 (m, 1H), 3.07–2.95 (m, 2H), 2.61 (dd, J = 16.4, 5.2 Hz, 

1H), 2.37 (dd, J = 16.4, 8.4 Hz, 1H), 1.90 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 172.7, 

171.6, 170.9, 167.9, 167.7, 153.8, 137.0, 134.6, 131.3, 131.0, 129.1, 128.3, 127.3, 126.8, 126.6, 
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123.5 123.1, 114.4, 54.9, 53.9, 51.8, 50.1, 36.8, 36.7, 33.3, 15.8. MS (ESI) m/z: 624 [M+Na]+. 

HR-MS (ESI): m/z calcd for C32H31N3NaO9 [M+Na]+ 624.1953, found 624.1969. 

(S)-3-((R)-3-(3-chloro-4-hydroxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-

1-(((2S,3S)-1-methoxy-3-methyl-1-oxopentan-2-yl)amino)-3-methyl-1-oxobutan-2-

yl)amino)-4-oxobutanoic acid (7eb). 

O
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HO O
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MeO2C Me
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The general procedure A was followed using 6e (112.1 mg, 0.20 mmol), 2-chloro-4-iodophenol 

(127.3 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 7eb (86.4 mg, 

63%) as a white solid. M. p. = 124–126 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.97 (br, 1H), 8.58 (d, J = 8.4 Hz, 1H), 8.08 (d, J = 7.8 Hz, 

1H), 7.83–7.80 (m, 4H), 7.38 (d, J = 9.0 Hz, 1H), 7.11 (d, J = 1.8 Hz, 1H), 6.83 (dd, J = 8.4, 2.4 

Hz, 1H), 6.71 (d, J = 7.8 Hz, 1H), 4.93 (dd, J = 11.4, 4.8 Hz, 1H), 4.70–4.66 (m, 1H), 4.24–4.22 

(m, 1H), 4.19–4.17 (m, 1H), 3.61 (s, 3H), 3.37 (dd, J = 13.8, 4.8 Hz, 1H), 3.29–3.25 (m, 1H), 

2.74 (dd, J = 16.8, 6.0 Hz, 1H), 2.44 (dd, J = 16.2, 7.8 Hz, 1H), 2.03–1.97 (m, 1H), 1.80–1.76 (m, 

1H), 1.44–1.37 (m, 1H), 1.22–1.17 (m, 1H), 0.85–0.82 (m, 9H), 0.77 (d, J = 6.6 Hz, 3H). 13C 

NMR (150 MHz, DMSO-d6) δ 171.8, 171.7, 170.9, 170.0, 168.0, 167.5, 151.5, 134.6, 131.2, 

129.9, 129.1, 128.2, 123.2, 119.3, 116.4, 57.3, 56.5, 54.6, 51.5, 49.9, 36.0, 35.9, 33.0, 30.6, 24.8, 
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19.0, 17.8, 15.4, 11.1. MS (ESI) m/z: 687 [M+H]+. HR-MS (ESI): m/z calcd for 

C33H40ClN4O10[M+H]+ 687.2427, found 687.2425. 

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluoro-4-hydroxyphenyl)propanamido)-4-(((S)-

1-(((S)-1-methoxy-1-oxo-3-phenylpropan-2-yl)amino)-1-oxopropan-2-yl)amino)-4-

oxobutanoic acid (7fc). 
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O CO2Me
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F

The general procedure A was followed using 6f (113.3 mg, 0.20 mmol), 2-fluoro-4-iodophenol 

(119.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:3:1) yielded 7fc (87.9 mg, 

65%) as a white solid. M. p. = 115–117 °C. 

1H NMR (600 MHz, DMSO-d6) δ 9.60 (br, 1H), 8.53 (d, J = 7.8 Hz, 1H), 8.23 (d, J = 7.8 Hz, 

1H), 7.87 (d, J = 7.2 Hz, 1H), 7.81–7.79 (m, 4H), 7.29–7.27 (m, 2H), 7.21–7.19 (m, 3H), 6.91 (d, 

J = 12.0 Hz, 1H), 6.69–6.64 (m, 2H), 4.95 (dd, J = 12.0, 4.8 Hz, 1H), 4.62–4.58 (m, 1H), 4.46–

4.42 (m, 1H), 4.29–4.24 (m, 1H), 3.57 (s, 3H), 3.39 (dd, J = 14.4, 4.2 Hz, 1H), 3.21–7.17 (m, 

1H), 3.02 (dd, J = 13.8, 6.0 Hz, 1H), 2.95 (dd, J = 13.8, 9.0 Hz, 1H), 2.69 (dd, J = 16.8, 6.6 Hz, 

1H), 2.42 (dd, J = 16.8, 7.2 Hz, 1H), 1.20 (d, J = 7.2 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 

172.2, 171.9, 171.7, 170.0, 167.8, 167.4, 150.6 (d, JC-F = 239.6 Hz), 143.2 (d, JC-F = 12.0 Hz), 

137.1, 134.5, 131.3, 129.1, 128.7 (d, JC-F = 6.0 Hz), 128.3, 126.6, 124.9 (d, JC-F = 2.7 Hz), 123.1, 

117.5 (d, JC-F = 3.2 Hz), 116.3 (d, JC-F = 18.0 Hz), 54.3, 53.7, 51.8, 49.8, 48.2, 36.6, 36.0, 33.1, 
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18.0. 19F NMR (564 MHz, DMSO-d6): δ -136.49 (t, J = 11.3 Hz). MS (ESI) m/z: 699 [M+Na]+. 

HR-MS (ESI): m/z calcd for C34H33FN4NaO10 [M+Na]+ 699.2073, found 699.2072. 

Characterization Data of Products 8aa-8gj

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanamido)-4-methoxy-4-oxobutanoic 

acid (8aa). 

O
PhthN

N
H

OMeO

HO O

The general procedure B was followed using 6a (69.7 mg, 0.20 mmol), iodobenzene (102.0 mg, 

0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 (33.6 

mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 8aa (74.8 mg, 85%) as 

a white solid. M. p. = 127–129 °C. 

1H NMR (400 MHz, CDCl3) δ 9.87 (br, 1H),7.76–7.72 (m, 2H), 7.67–7.63 (m, 2H), 7.25 (d, J = 

9.0Hz, 1H), 7.17–7.07 (m, 5H), 5.16 (dd, J = 14.4, 11.4 Hz, 1H), 4.86–4.82 (m, 1H), 3.69 (s, 

3H), 3.56–3.54 (m, 1H), 3.54–3.49 (m, 1H), 3.02 (dd, J = 17.6, 4.8 Hz, 1H), 2.86 (dd, J = 17.6, 

4.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 175.2, 170.8, 168.8, 168.0, 136.4, 134.4, 131.4, 

129.0, 128.7, 127.1, 123.6, 55.4, 53.1, 48.9, 35.8, 34.7. MS (ESI) m/z: 447 [M+Na]+. HR-MS 

(ESI): m/z calcd for C22H20N2NaO7 [M+Na]+ 447.1163, found 447.1174. 

(S)-4-(tert-butoxy)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanamido)-4-oxobutanoic 

acid (8aj). 
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The general procedure B was followed using 6a (69.7 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 8aj (78.0 mg, 

78%) as a white solid. M. p. = 119–121 °C. 

1H NMR (600 MHz, CDCl3) δ 7.77–7.74 (m, 2H), 7.66–7.64 (m, 2H), 7.47–7.45 (m, 2H), 7.41–

7.39 (m, 2H), 7.37–7.34 (m, 2H), 7.31–7.27 (m, 2H), 7.24–7.23 (m, 2H), 5.24 (dd, J = 10.2, 6.6 

Hz, 1H), 4.87–4.84 (m, 1H), 3.69 (s, 3H), 3.62–3.58 (m, 2H), 3.04 (dd, J = 17.4, 4.2 Hz, 1H), 

2.89 (dd, J = 17.4, 4.8 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 175.1, 170.9, 168.8, 168.0, 

140.6, 139.8, 135.6, 134.4, 131.5, 129.5, 128.8, 127.4, 127.3, 127.0, 123.7, 55.3, 53.1, 49.0, 35.8, 

34.4. MS (ESI) m/z: 523 [M+Na]+. HR-MS (ESI): m/z calcd for C28H24N2NaO7 [M+Na]+ 

523.1476, found 523.1472. 

(S)-3-((R)-3-(4-bromophenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (8al). 
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The general procedure B was followed using 6a (69.7 mg, 0.20 mmol), 1-bromo-4-iodobenzene 

(141.5 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 
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column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 8al (75.3 mg, 

75%) as a white solid. M. p. = 85–87 °C. 

1H NMR (500 MHz, CDCl3) δ 7.78–7.74 (m, 2H), 7.70–7.67 (m, 2H), 7.29–7.27 (m, 2H), 7.25 

(d, J = 8.0 Hz, 1H), 7.03 (d, J = 8.5 Hz, 2H), 5.14 (dd, J = 10.5, 7.0 Hz, 1H), 4.84–4.81 (m, 1H), 

3.69 (s, 3H), 3.54–3.46 (m, 2H), 3.02 (dd, J = 17.5, 4.5 Hz, 1H), 2.87 (dd, J = 17.5, 4.5 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 174.8, 170.9, 168.5, 168.0, 135.6, 134.5, 131.8, 131.4, 130.8, 

123.8, 121.1, 55.1, 53.1, 48.9, 35.8, 34.1. MS (ESI) m/z: 525 [M+Na]+. HR-MS (ESI): m/z calcd 

for C22H19BrN2NaO7 [M+Na]+ 525.0268, found 525.0265. 

(S)-3-((R)-3-(4-(5,5-difluoro-3,7-bis(4-methoxyphenyl)-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-

f][1,3,2]diazaborinin-10-yl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-

oxobutanoic acid (8am). 
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The general procedure B was followed using 6a (69.7 mg, 0.20 mmol), 5,5-difluoro-10-(4-

iodophenyl)-3,7-bis(4-methoxyphenyl)-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine 

(303.1 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 8am (69.4 mg, 

42%) as a purple solid. M. p. = 197–199 °C. 

1H NMR (400 MHz, CDCl3) δ 7.85–7.78 (m, 6H), 7.72–7.70 (m, 2H), 7.35–7.28 (m, 4H), 7.24 

(d, J = 8.0 Hz, 1H), 6.93 (d, J = 8.4 Hz, 4H), 6.57–6.56 (m, 2H), 6.53–6.20 (m, 2H), 5.25 (dd, J 
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= 10.8, 6.4 Hz, 1H), 4.93–4.88 (m, 1H), 3.83 (s, 6H), 3.73 (s, 3H), 3.71–3.69 (m, 1H), 3.61–3.55 

(m, 1H), 3.05–2.92 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 170.9, 168.2, 167.9, 160.8, 158.3, 

141.9, 138.9, 136.2, 134.7, 133.3, 131.3, 131.2, 131.2, 130.9, 130.3, 129.1, 125.2, 123.8, 120.5, 

113.9, 55.4, 55.1, 53.2, 49.0, 35.6, 34.8. 19F NMR (376 MHz, CDCl3) δ -132.95 (dd, JB-F = 64.7, 

32.3 Hz). MS (ESI) m/z: 849 [M+Na]+. HR-MS (ESI): m/z calcd for C45H37BF2N4NaO9 

[M+Na]+ 849.2521, found 849.2553. 

(S)-4-(((S)-1-(tert-butoxy)-4-methyl-1-oxopentan-2-yl)amino)-3-((R)-3-(4-(5,5-difluoro-

1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinin-10-yl)phenyl)-2-

(1,3-dioxoisoindolin-2-yl)propanamido)-4-oxobutanoic acid (8bh). 
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The general procedure B was followed using 6b (100.7 mg, 0.20 mmol), 5,5-difluoro-10-(4-

iodophenyl)-1,3,7,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (225.0 

mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and NaHCO3 

(33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 8bh (95.7 mg, 58%) 

as a yellow solid. M. p. = 171–173 °C. 

1H NMR (400 MHz, CDCl3) δ 7.75–7.69 (m, 4H), 7.55 (d, J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 

2H), 7.14 (d, J = 8.0 Hz, 1H), 7.04 (d, J = 7.6 Hz, 2H), 5.88 (s, 2H), 5.21 (dd, J = 12.0, 5.6 Hz, 

1H), 4.90–4.86 (m, 1H), 4.41–4.36 (m, 1H), 3.68–3.56 (m, 2H), 2.93–2.88 (m, 1H), 2.70–2.65 

(m, 1H), 2.49 (s, 6H), 1.65–1.58 (m, 3H), 1.45 (s, 9H), 1.05 (s, 6H), 0.90 (dd, J = 14.0, 5.2 Hz, 
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6H). 13C NMR (100 MHz, CDCl3) δ 174.7, 171.7, 170.1, 168.5, 167.8, 155.5, 143.0, 141.3, 

137.7, 134.7, 133.8, 131.4, 131.2, 130.0, 128.3, 123.7, 121.3, 82.2, 55.0, 52.1, 49.7, 41.1, 34.6, 

28.1, 25.0, 23.0, 22.0, 14.7, 14.3. 19F NMR (376 MHz, CDCl3) δ -146.31 (dd, JB-F = 66.2, 31.2 

Hz). MS (ESI) m/z: 848 [M+Na]+. HR-MS (ESI): m/z calcd for C44H50BF2N5NaO8 [M+Na]+ 

848.3613 , found 848.3622. 

(S)-3-((R)-3-([1,1'-biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-(((S)-1,3-di-

tert-butoxy-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (8cj). 
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The general procedure B was followed using 6c (106.7 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 8cj (104.1 

mg, 76%) as a white solid. M.p. = 183–185 °C. 

1H NMR (400 MHz,CDCl3) δ 7.76–7.74 (m, 2H), 7.67–7.65 (m, 2H), 7.60 (d, J = 7.2 Hz, 1H), 

7.47–7.45 (m, 2H), 7.40–7.28 (m, 6H), 7.20 (d, J = 8.0 Hz, 2H), 5.22–5.17 (m, 1H), 4.88–4.86 

(m, 1H), 4.50–4.48 (m, 1H), 3.77 (dd, J = 9.2, 3.2 Hz, 1H), 3.59 (d, J = 8.4 Hz, 2H), 3.55 (dd, J 

= 9.2, 2.8 Hz, 1H), 2.90 (dd, J = 17.6, 4.0 Hz, 1H), 2.70 (dd, J = 17.2, 6.0 Hz, 1H), 1.44 (s, 9H), 

1.14 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 174.6, 170.1 169.0, 168.7, 168.0, 140.7, 139.7, 

135.7, 134.4, 131.5, 129.4, 128.8, 127.4, 127.3, 127.0, 123.7, 82.1, 73.4, 61.9, 55.4, 53.8, 49.6, 

35.9, 34.5, 28.1, 27.4. MS (ESI) m/z: 708 [M+Na]+. HR-MS (ESI): m/z calcd for C38H43N3NaO9 

[M+Na]+ 708.2901, found 708.2901. 
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(S)-3-((R)-3-([1,1'-biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-((2-(((S)-1,3-

di-tert-butoxy-1-oxopropan-2-yl)amino)-2-oxoethyl)amino)-4-oxobutanoic acid (8gj). 

O

N
H

PhthN

H
NO

HO O

O

N
H

CO2t-Bu

Ot-Bu

Ph

The general procedure B was followed using 6g (118.1 mg, 0.20 mmol), 4-iodo-1,1'-biphenyl 

(140.0 mg, 0.50 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), AgOAc (50.1 mg, 0.30 mmol) and 

NaHCO3 (33.6 mg, 0.40 mmol) in tAmylOH (2.0 mL) at 50 °C. After 24 h, purification by 

column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:2:1) yielded 8gj (86.1 mg, 

58%) as a white solid. M. p. = 103–105 °C. 

1H NMR (500 MHz, CDCl3) δ 7.76–7.73 (m, 1H), 7.71–7.70 (m, 2H), 7.62–7.60 (m, 2H), 7.53–

7.50 (m, 1H), 7.42 (d, J = 7.0 Hz, 2H), 7.34–7.31 (m, 4H), 7.25–7.23 (m, 1H), 7.15 (d, J = 8.0 

Hz, 2H), 7.04 (d, J = 8.5 Hz, 1H), 5.20 (dd, J = 11.0, 5.0 Hz, 1H), 4.84–4.80 (m, 1H), 4.55–4.52 

(m, 1H), 4.02 (dd, J = 16.5, 6.0 Hz, 1H), 3.87 (dd, J = 16.5, 5.0 Hz, 1H), 3.72 (dd, J = 9.0, 3.5 

Hz, 1H), 3.61 (dd, J = 14.5, 5.5 Hz, 1H), 3.50 (dd, J = 9.5, 3.5 Hz, 1H), 3.46–3.43 (m, 1H), 

2.86–2.80 (m, 1H), 2.63 (dd, J = 17.5, 5.5 Hz, 1H), 1.41 (s, 9H), 1.10 (s, 9H). 13C NMR (125 

MHz, CDCl3) δ 173.9, 171.2, 169.6, 169.2, 169.0, 168.3, 140.6, 139.6, 135.8, 134.3, 131.5, 

129.6, 129.5, 128.8, 127.2, 127.0, 123.7, 82.4, 73.7, 62.3, 55.1, 53.6, 43.1, 35.9, 34.6, 28.1, 27.4, 

27.4. MS (ESI) m/z: 765 [M+Na]+. HR-MS (ESI): m/z calcd for C40H46N4NaO10 [M+Na]+ 

765.3106, found 765.3125. 

Characterization Data of Products 10a-10e

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-methoxy-4-

oxobutanoic acid (10a). 
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The general procedure C was followed using 1a (34.8 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

24 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) 

yielded 10a (37.5 mg, 71%) as a white solid. M. p. = 183–185 °C. 

1H NMR (400 MHz, CDCl3) δ 7.90–7.86 (m, 2H), 7.77–7.73 (m, 2H), 7.04 (d, J = 8.0 Hz, 1H), 

5.08 (dd, J = 11.6, 5.6 Hz, 1H), 4.84–4.80 (m, 1H), 3.71 (s, 3H), 3.38–3.30 (m, 1H), 3.11 (dd, J 

= 17.6, 5.2 Hz, 1H), 2.95 (dd, J = 17.6, 4.4 Hz, 1H), 2.85 (dd, J = 17.6, 4.8 Hz, 1H), 0.89–0.75 

(m, 21H). 13C NMR (100 MHz, CDCl3) δ 175.4, 170.6, 167.7, 167.6, 134.6, 131.8, 123.9, 102.8, 

84.2, 53.1, 52.4, 48.8, 35.5, 20.7, 18.4, 11.2. MS (ESI) m/z:551 [M+Na]+. HR-MS (ESI): m/z 

calcd for C27H36N2NaO7Si [M+Na]+ 551.2184, found 551.2204. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-(((S)-1-

methoxy-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (10b). 
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The general procedure C was followed using 1b (46.1 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

24 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 10b (47.5 mg, 74%) as a white solid. M. p. = 163–165 °C. 
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1H NMR (400 MHz, CDCl3) δ 7.86–7.83 (m, 2H), 7.77–7.74 (m, 2H), 7.53 (d, J = 7.6 Hz, 1H), 

7.13 (d, J = 8.0 Hz, 1H), 5.00 (dd, J = 11.2, 5.2 Hz, 1H), 4.66–4.57 (m, 1H), 4.51–4.44 (m, 1H), 

3.68 (s, 3H), 3.29–3.19 (m, 1H), 3.06 (dd, J = 17.6, 5.6 Hz, 1H), 2.80 (dd, J = 16.8, 5.6 Hz, 1H), 

2.71 (dd, J = 16.8, 6.8 Hz, 1H), 1.66–1.61 (m, 3H), 0.91 (dd, J = 12.0, 5.2 Hz, 6H), 0.83–0.75 

(m, 21H). 13C NMR (100 MHz, CDCl3) δ 174.8, 173.2, 170.1, 168.0, 167.8, 134.6, 131.8, 123.9, 

102.6, 84.1, 52.5, 52.2, 51.4, 50.0, 40.8, 35.5, 24.9, 22.9, 21.9, 20.6, 18.4, 11.1. MS (ESI) m/z: 

664 [M+Na]+. HR-MS (ESI): m/z calcd for C33H47N3NaO8Si [M+Na]+ 664.3025, found 

664.3048. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-(((S)-1-

methoxy-3-methyl-1-oxobutan-2-yl)amino)-4-oxobutanoic acid (10c). 

O

N
H

PhthN

H
NO

HO O

CO2Me
Me

Me

TIPS

The general procedure C was followed using 1c (44.7 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

24 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 10c (52.1 mg, 83%) as a white solid. M. p. = 159–161 °C. 

1H NMR (400 MHz, CDCl3) δ 7.86–7.83 (m, 2H), 7.75–7.73 (m, 2H), 7.56 (d, J = 7.6 Hz, 1H), 

7.22 (d, J = 8.8 Hz, 1H), 5.01 (dd, J = 11.2, 4.8 Hz, 1H), 4.71–4.63 (m, 1H), 4.40–4.34 (m, 1H), 

3.69 (s, 3H), 3.34–3.23 (m, 1H), 3.07 (dd, J = 17.6, 5.2 Hz, 1H), 2.78 (dd, J = 16.8, 5.2 Hz, 1H), 

2.69 (dd, J = 17.2, 7.2 Hz, 1H), 2.21–2.13 (m, 1H), 0.90 (d, J = 6.0 Hz, 6H), 0.82–0.72 (m, 21H). 

13C NMR (100 MHz, CDCl3) δ 174.8, 172.1, 170.4, 168.0, 167.7, 134.6, 131.9, 123.9, 102.7, 
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84.1, 58.0, 52.4, 52.3, 50.0, 35.6, 30.9, 20.6, 19.1, 18.4, 17.9, 11.0. MS (ESI) m/z: 650 [M+Na]+. 

HR-MS (ESI): m/z calcd for C32H45N3NaO8Si [M+Na]+ 650.2868, found 650.2896. 

(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-(((2S,3S)-1-

methoxy-3-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid (10d). 

O

N
H

PhthN

H
NO

HO O

CO2Me
Me

Me

TIPS

The general procedure C was followed using 1d (46.1 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

24 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 10d (48.1 mg, 75%) as a white solid. M. p. = 159–161 °C. 

1H NMR (400 MHz, CDCl3) δ 7.88–7.84 (m, 2H), 7.77–7.73 (m, 2H), 7.48 (d, J = 7.6 Hz, 1H), 

7.17 (d, J = 8.4 Hz, 1H), 5.03 (dd, J = 11.6, 5.2 Hz, 1H), 4.72–4.67 (m, 1H), 4.47–4.41 (m, 1H), 

3.69 (s, 3H), 3.35–3.26 (m, 1H), 3.08 (dd, J = 17.6, 5.2 Hz, 1H), 2.83 (dd, J = 16.8, 4.8 Hz, 1H), 

2.70 (dd, J = 16.8, 7.2 Hz, 1H), 1.94–1.87 (m, 1H), 1.44–1.35 (m, 1H), 1.21–1.11 (m, 1H), 0.91–

0.87 (m, 6H), 0.83–0.78 (m, 21H).13C NMR (100 MHz, CDCl3) δ 174.9, 172.0, 170.1, 168.0, 

167.7, 134.6, 131.8, 123.9, 102.6, 84.2, 57.2, 52.4, 49.8, 37.5, 35.6, 25.2, 20.6, 18.4, 15.6, 11.7, 

11.1, 10.8. MS (ESI) m/z: 664 [M+Na]+. HR-MS (ESI): m/z calcd for C33H47N3NaO8Si [M+Na]+ 

664.3025, found 664.3057. 
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(S)-3-((S)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-(((S)-1-((S)-2-

(methoxycarbonyl)pyrrolidin-1-yl)-4-methyl-1-oxopentan-2-yl)amino)-4-oxobutanoic acid 

(10e). 

O

N
H

PhthN

H
NO

OHO

O
N

Me
Me

MeO2C

TIPS

The general procedure C was followed using 1e (55.7 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol). After 48 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 10e (38.4 mg, 52%) 

as a white solid. M. p. = 159–161 °C. 

1H NMR (400 MHz, CDCl3) δ 7.82–7.80 (m, 2H), 7.71–7.69 (m, 2H), 7.61 (d, J = 7.6 Hz, 1H), 

7.39 (d, J = 8.0 Hz, 1H), 4.97 (dd, J = 11.6, 5.2 Hz, 1H), 4.66–4.60 (m, 1H), 4.51–4.48 (m, 1H), 

4.41–4.37 (m, 1H), 3.83–3.77 (m, 1H), 3.68 (s, 3H), 3.60–3.54 (m, 1H), 3.25–3.17 (m, 1H), 3.03 

(dd, J = 17.6, 5.2 Hz, 1H), 2.64–2.61 (m, 2H), 2.25–2.17 (m, 1H), 2.05–1.91 (m, 3H), 1.70–1.61 

(m, 2H), 1.60–1.53 (m, 1H), 1.51–1.43 (m, 1H), 0.93–0.90 (m, 6H), 0.80–0.72 (m, 21H). 13C 

NMR (100 MHz, CDCl3) δ 173.9, 172.3, 171.7, 170.3, 167.7, 167.6, 134.4, 131.8, 123.7, 102.8, 

83.7, 59.0, 52.4, 52.0, 50.1, 49.8, 47.1, 40.4, 35.6, 29.0, 24.9, 24.6, 23.3, 21.9, 20.5, 18.4, 11.0. 

MS (ESI) m/z: 761 [M+Na]+. HR-MS (ESI): m/z calcd for C38H54N4NaO9Si [M+Na]+ 761.3552, 

found 761.3557. 
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Characterization Data of Products 11a-11e

(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-methoxy-4-

oxobutanoic acid (11a). 

O
PhthN

N
H

OMeO

HO O
TIPS

The general procedure C was followed using 6a (34.8 mg, 0.10 mmol) and 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol). After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1:1) yielded 11a (35.9 mg, 68%) as 

a white solid. M. p. = 186–188 °C.

1H NMR (400 MHz, CDCl3) δ 7.93–7.87 (m, 2H), 7.81–7.74 (m, 2H), 7.05 (d, J = 8.4 Hz, 1H), 

5.08 (dd, J = 11.2, 4.0 Hz, 1H), 4.83–4.79 (m, 1H), 3.70 (s, 3H), 3.38–3.29 (m, 1H), 3.11 (dd, J 

= 17.2, 5.2 Hz, 1H), 2.95 (dd, J = 17.6, 4.0 Hz, 1H), 2.85 (dd, J = 17.6, 4.4 Hz, 1H), 0.91–0.73 

(m, 21H). 13C NMR (100 MHz, CDCl3) δ 175.9, 170.6, 167.7, 167.6, 134.6, 131.7, 123.9, 102.7, 

84.1, 53.2, 52.2, 48.7, 35.4, 20.7, 18.4, 11.1. MS (ESI) m/z: 529 [M+H]+. HR-MS (ESI): m/z 

calcd for C27H37N2O7Si [M+H]+ 529.2365, found 529.2372. 

(S)-4-(((S)-1-(tert-butoxy)-4-methyl-1-oxopentan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-

2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-oxobutanoic acid (11b). 

O

N
H

PhthN

HO O

O
H
N CO2t-Bu

Me

Me

TIPS
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The general procedure C was followed using 6b (50.3 mg, 0.10 mmol) and 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol). After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 11b (44.5 mg, 65%) 

as a white solid. M. p. = 187–189 °C. 

1H NMR (600 MHz, CDCl3) δ 7.85–7.82 (m, 2H), 7.75–7.24 (m, 2H), 7.43 (d, J = 7.8 Hz, 1H), 

7.05 (d, J = 8.4 Hz, 1H), 4.95 (dd, J = 12.0, 5.4 Hz, 1H), 4.78–4.75 (m, 1H), 4.36–4.30 (m, 1H), 

3.34–3.26 (m, 1H), 3.06 (dd, J = 17.4, 4.8 Hz, 1H), 2.85 (dd, J = 17.4, 5.4 Hz, 1H), 2.60 (dd, J = 

16.8, 6.0 Hz, 1H), 1.59–1.57 (m, 3H), 1.46–1.39 (m, 9H), 0.89 (d, J = 5.4 Hz, 3H), 0.84 (d, J = 

4.8 Hz, 3H), 0.81–0.74 (m, 21H). 13C NMR (150 MHz, CDCl3) δ 174.7, 171.7, 170.0, 167.8, 

167.8, 134.6, 131.8, 123.8, 102.7, 84.0, 82.1, 52.3, 52.0, 49.6, 41.0, 35.4, 28.0, 24.9, 22.9, 21.9, 

20.7, 18.4, 11.1. MS (ESI) m/z: 706 [M+Na]+. HR-MS (ESI): m/z calcd for C36H53N3NaO8Si 

[M+ Na]+ 706.3494, found 706.3528. 

(S)-4-((2-(tert-butoxy)-2-oxoethyl)amino)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-5-

(triisopropylsilyl)pent-4-ynamido)-4-oxobutanoic acid (11c). 

O

N
H

PhthN

HO O

O
H
N CO2t-Bu

TIPS

The general procedure C was followed using 6h (44.7 mg, 0.10 mmol) and 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol). After 24 h, purification by column 

chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) yielded 11c (27.0 mg, 43%) 

as a white solid. M. p. = 164–166 °C. 

1H NMR (600 MHz, CDCl3) δ 7.85–7.81 (m, 2H), 7.75–7.71 (m, 2H), 7.53 (d, J = 8.4 Hz, 1H), 

7.15 (t, J = 5.4 Hz, 1H), 5.04 (dd, J = 11.4, 5.4 Hz, 1H), 4.84–4.81 (m,1H), 3.94 (dd, J = 18.0, 
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6.0 Hz, 1H), 3.82 (dd, J = 18.0, 5.4 Hz, 1H), 3.36–3.24 (m, 1H), 3.09 (dd, J = 17.4, 5.4 Hz, 1H), 

2.79 (dd, J = 16.8, 5.4 Hz, 1H), 2.60 (dd, J = 16.8, 6.0 Hz, 1H), 1.55–1.40 (m, 9H), 0.89–0.75 

(m, 21H). 13C NMR (150 MHz, CDCl3) δ 173.9, 170.6, 169.0, 168.1, 168.0, 134.5, 132.0, 123.8, 

102.8, 84.0, 82.6, 52.1, 49.5, 42.3, 35.4, 28.1, 20.7, 18.4, 11.1. MS (ESI) m/z: 650 [M+Na]+. 

HR-MS (ESI): m/z calcd for C32H45N3NaO8Si [M+ Na]+ 650.2868, found 650.2868. 

(S)-4-(((S)-1,3-di-tert-butoxy-1-oxopropan-2-yl)amino)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-5-

(triisopropylsilyl)pent-4-ynamido)-4-oxobutanoic acid (11d). 

O

N
H

PhthN

HO O

O
H
N

TIPS

CO2t-Bu

Ot-Bu

The general procedure C was followed using 6c (53.3 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

24 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 11d (37.8 mg, 53%) as a white solid. M. p. = 179–181 °C. 

1H NMR (600 MHz, CDCl3) δ 7.85–7.83 (m, 2H), 7.74–7.71 (m, 2H), 7.49 (d, J = 7.78 Hz, 1H), 

7.24 (d, J = 7.8 Hz, 1H), 5.00 (dd, J = 12.0, 5.4 Hz, 1H), 4.78–4.75 (m, 1H), 4.46–4.43 (m, 1H), 

3.80–3.74 (m, 1H), 3.54–3.52 (m, 1H), 3.35 (dd, J = 17.4, 12.0 Hz, 1H), 3.08 (dd, J = 17.4, 4.8 

Hz, 1H), 2.84 (dd, J = 16.8, 4.2 Hz, 1H), 2.64 (dd, J = 17.4, 6.6 Hz, 1H), 1.42 (s, 9H), 1.14 (s, 

9H), 0.82–0.73 (m, 21H). 13C NMR (150 MHz, CDCl3) δ 174.6, 169.9, 169.0, 167.8, 167.7, 

134.4, 131.9, 123.8, 102.8, 84.0, 82.1, 73.5, 61.9, 53.8, 52.6, 49.5, 35.6, 28.1, 27.4, 20.6, 18.4, 

11.1. MS (ESI) m/z: 736 [M+Na]+. HR-MS (ESI): m/z calcd for C37H55N3NaO9Si [M+Na]+ 

736.3600, found 736.3622. 
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(S)-3-((R)-2-(1,3-dioxoisoindolin-2-yl)-5-(triisopropylsilyl)pent-4-ynamido)-4-(((S)-1-

(((2S,3S)-1-methoxy-3-methyl-1-oxopentan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)amino)-

4-oxobutanoic acid (11e). 

O

N
H

PhthN

H
NO

Me
Me

OHO

O
NH

MeO2C

TIPS

Me

Me

The general procedure C was followed using 6e (55.9 mg, 0.10 mmol), 1-bromo-2-

(triisopropylsi-lyl)acetylene (65.3 mg, 0.25 mmol), Pd(OAc)2 (2.3 mg, 0.01 mmol), AgOAc 

(25.0 mg, 0.15 mmol) and Na2HPO4 (35.5 mg, 0.25 mmol) in tAmylOH (1.5 mL) at 50 °C. After 

48 h, purification by column chromatography on silica gel (CH2Cl2: MeOH: AcOH = 100:1.5:1) 

yielded 11e (34.8 mg, 47%) as a white solid. M. p. = 193–195 °C. 

1H NMR (400 MHz, CDCl3) δ 7.84–7.79 (m, 2H), 7.75–7.71 (m, 2H), 7.65 (d, J = 8.0 Hz, 1H), 

7.43 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 4.93 (dd, J = 11.6, 4.8 Hz, 1H), 4.82–4.74 (m, 

1H), 4.55–4.48 (m, 1H), 4.34–4.27 (m, 1H), 3.70 (s, 3H), 3.33–3.23 (m, 1H), 3.02 (dd, J = 17.2, 

5.2 Hz, 1H), 2.82 (dd, J = 16.8, 5.6 Hz, 1H), 2.66 (dd, J = 16.8, 5.6 Hz, 1H), 2.23–2.14 (m, 1H), 

1.91–1.81 (m, 1H), 1.44–1.34 (m, 1H), 1.21–1.09 (m, 1H), 0.93–0.87 (m, 6H), 0.84 (d, J = 6.8 

Hz, 6H), 0.81–0.75 (m, 21H).13C NMR (100MHz, CDCl3) δ 173.7, 172.3, 171.7, 170.8, 168.2, 

167.7, 134.6, 131.9, 123.8, 102.7, 84.0, 59.4, 56.8, 52.3, 52.1, 50.3, 37.7, 35.8, 30.3, 25.3, 20.8, 

19.2, 18.4, 15.5, 11.6, 11.1. MS (ESI) m/z: 763 [M+Na]+. HR-MS (ESI): m/z calcd for 

C38H56N4NaO9Si [M+Na]+ 763.3709, found 763.3716. 

dimethyl ((S)-2-(1,3-dioxoisoindolin-2-yl)propanoyl)-L-aspartate (12). 

O
PhthN

Me
N
H

OMeO

MeO O



S76

Following the general procedure for synthesis of substrate 12 as a white solid. M. p. = 83–85 °C. 

1H NMR (600 MHz, CDCl3) δ 7.79–7.76 (m, 2H), 7.69–7.66 (m, 2H), 6.97 (d, J = 7.8 Hz, 1H), 

4.89 (q, J = 7.2 Hz, 1H), 4.80–4.77 (m, 1H), 3.65 (s, 3H), 3.56 (s, 3H), 2.91 (dd, J = 16.8, 4.2 

Hz, 1H), 2.83 (dd, J = 17.4, 4.8 Hz, 1H), 1.62 (d, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) 

δ 171.4, 170.8, 168.8, 167.5, 134.2, 131.8, 123.4, 52.8, 51.9, 48.9, 48.8, 35.6, 15.1. MS (ESI) 

m/z: 385 [M+Na]+. HR-MS (ESI): m/z calcd for C17H18N2NaO7 [M+Na]+ 385.1006, found 

385.1013. 

methyl ((S)-2-((S)-2-(1,3-dioxoisoindolin-2-yl)propanamido)-4-methoxy-4-oxobutanoyl)-L-

leucinate (13). 

O

N
H

PhthN

MeO O

O
H
N CO2Me

MeMe

Me

Following the general procedure for synthesis of substrate 13 as a white solid. M. p. = 101–103 

°C. 

1H NMR (400 MHz, CDCl3) δ 7.83–7.81 (m, 2H), 7.73–7.71 (m, 2H), 7.47 (d, J = 8.0 Hz, 1H), 

7.11 (d, J = 8.0 Hz, 1H), 4.92 (q, J = 7.2Hz, 1H), 4.86–4.82 (m, 1H), 4.50–4.45 (m, 1H), 3.67–

3.65 (m, 6H), 3.12–4.06 (m, 1H), 2.62 (dd, J = 17.2, 6.0 Hz, 1H), 1.69–1.64 (m, 1H), 0.92 (d, J = 

4.4 Hz, 3H), 0.89 (d, J = 4.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 173.3, 172.9, 170.0, 168.9, 

167.7, 134.4, 131.9, 123.6, 52.3, 52.2, 51.4, 49.4, 48.8, 40.6, 35.0, 25.0, 22.9, 21.8, 15.1.MS 

(ESI) m/z: 498 [M+Na]+. HR-MS (ESI): m/z calcd for C23H29N3NaO8 [M+Na]+ 498.1847, found 

498.1853. 
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1H, 13C and 19F NMR Spectra
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13C-NMR spectrum of compound 1a
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13C-NMR spectrum of compound 1g
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13C-NMR spectrum of compound 3ac
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