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METHODS OF MAKING INCRETIN ANALOGS 

 

The disclosure relates generally to biology, chemistry and medicine, and more 

particularly it relates to methods of synthesizing, via hybrid liquid solid phase synthesis 

(HLSPS), an incretin analog having activity at one or more of the glucose-dependent 5 

insulinotropic polypeptide (GIP), glucagon-like peptide-1 (GLP-1) and glucagon (GCG) 

receptors. 

Over the past several decades, the prevalence of diabetes has continued to rise.  

Type 2 diabetes (T2DM) is the most common form of diabetes, accounting for about 90% 

of all diabetes.  T2DM is characterized by high blood glucose levels caused by insulin 10 

resistance.  The current standard of care for T2DM includes dieting and exercising, as 

well as treating with oral glucose-lowering therapeutics and/or injectable glucose-

lowering therapeutics, including incretin-based therapies, such as GLP-1 receptor 

agonists, GIP/GLP-1 dual receptor agonists and even GIP/GLP-1/GCG (GGG) tri-

receptor agonists. 15 

Intl. Patent Application Publication Nos. WO 2019/125938 and 2019/125929 

generally describe incretin analogs that act as GGG tri-receptor agonists and a method of 

synthesizing the same via standard solid phase peptide synthesis.  See also, Intl. Patent 

Application Publication Nos. WO 2014/049610, 2015/067716, 2016/198624, 

2017/116204, 2017/153575 and 2018/100135.  Likewise, Intl. Patent Application 20 

Publication Nos. WO 2013/164483 and 2016/111971 describe compounds stated to have 

GLP-1 and GIP activity.  Moreover, Intl. Patent Application Publication No. WO 

2020/023386 describes peptides having GIP and GLP1 receptor agonist activity. 

There is a need, however, for alternative methods of making such incretin analogs 

and intermediates thereof to enable pharmaceutically elegant production with 25 

commercially desired purity.  Likewise, there is a need for efficient methods and stable 

intermediates to provide incretin analogs efficiently, with fewer purification steps. 

To address this need, the disclosure describes methods of making incretin analogs 

via HLSPS or native chemical ligation (NCL), where such methods use from two to four 

intermediate compounds to make the incretin analog. 30 

 

Summary 



1a 

In one aspect of the present disclosure, there is provided a method of making an 

incretin analog of SEQ ID NO:6, the method comprising the step of: 

coupling, via hybrid liquid solid phase synthesis, four intermediate compounds 

selected from the groups consisting of: 

a. SEQ ID NOS:7, 8, 9 and 10, 5 

b. SEQ ID NOS:7, 11, 12, and 10, and 

c. SEQ ID NOS:7, 13, 14 and 10. 

In another aspect of the present disclosure, there is provided a method of making 

an incretin analog of SEQ ID NO:6, the method comprising the step of: 

coupling, via hybrid liquid solid phase synthesis, three intermediate compounds 10 

selected from the groups consisting of: 

a. SEQ ID NOS:7, 13 and 15, 

b. SEQ ID NOS:16, 17 and 10, 

c. SEQ ID NOS:18, 12 and 10, and 

d. SEQ ID NOS:7, 45 and 10. 15 

In another aspect of the present disclosure, there is provided a method of making 

an incretin analog of SEQ ID NO:6, the method comprising the step of: 

coupling, via hybrid liquid solid phase synthesis, two intermediate compounds 

selected from the groups consisting of: 

a. SEQ ID NOS:15 and 19 and 20 

b. SEQ ID NOS:18 and 20. 



1b 

In another aspect of the present disclosure, there is provided a method of making 

an incretin analog of SEQ ID NO:29, the method comprising the step of: 

coupling, via hybrid liquid solid phase synthesis, intermediate compounds 

selected from the groups consisting of: 

 a. SEQ ID NOS:7, 62, 42 and 31, 5 

b. SEQ ID NOS:43, and 44.  

Description  

In a first embodiment, the incretin analog can include an amino acid sequence of: 
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decanting, the clear MTBE solution of the precipitated peptide is dried in vacuo at 40°C 

overnight. 

 

Hybrid Liquid Solid Phase Synthesis of the Incretin Analogs: 

Intermediate compounds prepared via SPPS as described above can be combined 5 

to obtain the incretin analog of SEQ ID NO:6 or 29.  Methods of HLSPS are well known 

in the art and need not be exhaustively described herein.  See generally, US Patent 

Application Publication No. 2011/0046349; Bray et al. (2003) Nature Rev. Drug 

Discovery 2:587-593, Dalcol et al. (1995) J. Org. Chem. 7575-60:7581, Gauthier et al. 

(1991) Tettrahedron Lett. 32: 577-580, Schneider et al. (2005) J. Peptide Sci.11:744-753, 10 

Smith, Organic Synthesis (Academic Press 4th ed. 2016), and Zhang et al. (2008) Org. 

Process Res. Dev. 12:101-110. 

Briefly, HLSPS involves independent intermediate compound synthesis and 

compound coupling.  Applied here, one method of making the incretin analog of SEQ ID 

NO:6 includes at least a step of coupling the following four intermediate compounds, 15 

where such compounds have a structure as recited in SEQ ID NOS:7, 8, 9 and 10. 

In some instances, the fragments can be coupled in the following order:  SEQ ID 

NO:7 to SEQ ID NO:8 to SEQ ID NO:9 to SEQ ID NO:10 (i.e., from C-terminus to N-

terminus).  In other instances, and with an appropriate protecting group strategy, the 

fragments can be coupled in a different order. 20 

Another method of making the incretin analog of SEQ ID NO:6 includes at least a 

step of coupling the following four intermediate compounds, where such compounds have 

a structure as recited in SEQ ID NOS:7, 11, 12 and 10. 

In some instances, the fragments are coupled in the following order:  SEQ ID 

NO:7 to SEQ ID NO:11 to SEQ ID NO:12 to SEQ ID NO:10 (i.e., from C-terminus to N-25 

terminus).  In other instances, and with an appropriate protecting group strategy, the 

fragments can be coupled in a different order. 

Another method of making the incretin analog of SEQ ID NO:6 includes at least a 

step of coupling the following four intermediate compounds, where such compounds have 

a structure as recited in SEQ ID NOS:7, 13, 14 and 10. 30 
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Fragment Cleavage and Isolation:  Fragment on CTC resin is swelled once using 

DCM (5 V) for 45 min.  5 V of 1% TFA/DCM is charged to the reactor, and the resulting 

suspension of the resin is stirred for 10-15 min under nitrogen maintaining temperature at 

about 25°C.  The filtrate is removed and immediately neutralized by slow addition of a 

1.05 equivalent amount of pyridine.  Resin treatment with 1% with TFA/DCM followed 5 

by filtrate neutralization is repeated two more times.  The Resin is washed with 3 V of 

DCM and is stirred for 10-15 min.  All the filtrates and wash are combined, and the 

resulting mixture cooled to ≤ 20°C.  The fragment solution is concentrated under vacuum 

to 2-4 V maintaining temperature at ≤ 20°C.  5 V of ACN is added to the solution, and 

residual DCM is removed under vacuum (residual DCM concentration ≤X%) maintaining 10 

temperature at ≤ 20°C.  An ACN solution of the fragment is added to 5 V of ice-cold H2O 

over 2-6 hr (< 1 L/min), while maintaining temperature at 0°C.  The resulting slurry of 

precipitated fragment is stirred for 30-40 min at about 0°C and then is filtered at about 

0°C.  The resulting solid is suspended in 3-5 V of H2O at about 25°C, is stirred 10-15 

min, and then is filtered.  Washing is repeated one more time, and the resulting solid is 15 

dried at about 40°C. 

 

Example 17:  Solid Phase Peptide Synthesis of Intermediate Compound 17 

Intermediate Compound 17 (SEQ ID NO:23), or a pharmaceutically acceptable 

salt thereof, can be synthesized by standard SPPS.  Briefly, SPPS is conducted using 20 

Fmoc-Aib-2-CTC-hydrazine resin (loading factor 0.6-0.9 mmol/g) with the conditions set 

forth below in Table 17. 

Table 17:  SPPS Conditions for Example 17. 

Cycle Deprotection Amino Acid
SPPS Conditions 

Solvent for Couplings:DMF
1 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Gln(Trt)-

OH 
2.0 AA/2.2 DIC/2.0 Oxyma 

12-18 hr, rt 
capping procedure 

2 2 x 20-30 min 
20% Pip/DMF 

Fmoc-L-Ala-OH 2.0 AA/2.2 DIC/2.0 Oxyma 
4 h, rt 

3 2 x 20-30 min 
20% Pip/DMF 

Fmoc-L-Lys(t-
BuOOC-(CH2)18-

COO-γ-L-Glu-
AEEA) 

1.5 AA/1.65 DIC/1.5 Oxyma 
4 hr, rt 
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Cleavage and Deprotection:  The fragment on resin is swelled with DCM (3 x 10 

V) using filter reactor.  Deprotection cocktail is prepared by mixing 10 V of TFA, 0.4 V of 

TIPS, 0.4 V H2O and 0.3 Weight V of DTT and is stirred until homogeneous.  Cocktail is 

added to the resin, and the resulting slurry is stirred for 3 hr at rt.  The resin is filtered and 

is washed with DCM (2 x 3 V).  Then, the resulting filtrates are combined and cooled to 5 

about -10°C, and 75 V of MTBE is added slowly.  The resulting slurry is filtered and is 

washed with 2 x 10 V of MTBE.  The solid is dried in a vacuum dryer (40°C) to yield 

product as a white solid. 

 

Example 19:   Solid Phase Peptide Synthesis of Intermediate Compound 19 10 

Intermediate Compound 19 (SEQ ID NO:25), or a pharmaceutically acceptable 

salt thereof, can be synthesized by standard SPPS.  Briefly, SPPS is conducted using 

Fmoc-L-Lys(t-BuOOC-(CH2)18-COO-γ-L-Glu-AEEA)-Lys-2-CTC-hydrazine resin 

(loading factor 0.6-0.9 mmol/g) with the conditions set forth below in Table 19. 

Table 19:  SPPS Conditions for Example 19. 15 

Cycle Deprotection Amino Acid
SPPS Conditions 

Solvent for Couplings:DMF
1 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-

Lys(Boc)-OH
2.0 AA/2.2 DIC/2.0 Oxyma 

4 hr, rt 
2 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Asp(t-

Bu)-OH
2.0 AA/2.2 DIC/2.0 Oxyma 

4 hr, rt 
3 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Leu-OH 2.0 AA/2.2 DIC/2.0 Oxyma 

4 hr, rt 
4 3 x 20-30 min 

20% Pip/DMF 
Fmoc-L-2-Me-Ile-

OH 
2.0 AA/2.2 DIC/2.0 Oxyma 

12-18 hr, rt 
capping procedure 

5 3 x 20-30 min 
20% Pip/DMF 

Fmoc-L-Ile-OH 2.0 AA/2.2 DIC/2.0 Oxyma 
12-18 hr, rt 

capping procedure 
6 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Ser(t-

Bu)-OH
2.0 AA/2.2 DIC/2.0 Oxyma 

4-6 hr, rt 
7 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Tyr(t-

Bu)-OH
2.0 AA/2.2 DIC/2.0 Oxyma 

4-6 hr, rt 
8 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Asp(t-

Bu)-OH
2.0 AA/2.2 DIC/2.0 Oxyma 

4-6 hr, rt 
9 2 x 10 min 

5% Oxyma/20% 
Pip/DMF 

Fmoc-L-Ser(t-
Bu)-OH 

2.0 AA/2.2 DIC/2.0 Oxyma 
4-6 hr, rt 
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21 3 x 20-30 min 
20% Pip/DMF 

Fmoc-L-Gln(Trt)-
OH 

2.0 AA/2.2 DIC/2.0 Oxyma 
12-18 hr, rt 

capping procedure 
22 2 x 20-30 min 

20% Pip/DMF 
Fmoc-L-Cys(Trt)-

OH
AA/2.2 DIC/2.0 Oxyma 

4-8 hr, rt 
 

Cleavage and Deprotection:  The fragment on resin is swelled with DCM (3 x 10 

V) using filter reactor.  Deprotection cocktail is prepared by mixing 10 V of TFA, 0.4 V 

of TIPS, 0.4 V H2O and 0.3 Weight V of DTT and is stirred until homogeneous.  Cocktail 

is added to the resin, and the resulting slurry is stirred for 3 hr at rt.  The resin is filtered 5 

and is washed with DCM (2 x 3 V).  Then, the resulting filtrates are combined and cooled 

to about -10°C, and 75 V of MTBE is added slowly.  The resulting slurry is filtered and is 

washed with 2 x 10 V of MTBE.  The solid is dried in a vacuum dryer (40 °C) to yield 

product as a white solid. 

 10 

Example 21:  Solid Phase Peptide Synthesis of Intermediate Compound 21 

Intermediate Compound 21 (SEQ ID NO:27), or a pharmaceutically acceptable 

salt thereof, can be synthesized by standard SPPS.  Briefly, SPPS is conducted using 

Fmoc-Lys(Boc)-2-CTC-hydrazine resin (loading factor 0.6-0.9 mmol/g) with the 

conditions set forth below in Table 21. 15 
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min.  The resulting slurry is filtered, and the solid is washed with 3 x 10 V of water.  The 

solid is dried in a vacuum dryer (40°C) to yield product as a white solid. 

Global Deprotection:  Deprotection cocktail is prepared by mixing 10 V of TFA, 2 

V of DCM, 0.4 V of TIPS, 0.4 V H2O and 0.3 weight V of DTT and is stirred until 

homogeneous.  The cocktail is cooled to about 15°C, and then solid, coupled SEQ ID 5 

NOS:7+8+9+10 is added, and the resulting reaction mixture is warmed to rt and is stirred 

for 3 hr at rt.  The mixture is cooled to about -10°C, and 75 V of MTBE is added slowly.  

The resulting slurry is filtered and is washed with 2 x 10 V of MTBE.  The solid is dried 

in a vacuum dryer (40°C) to yield product SEQ ID NO:6 as a white solid. 

 10 

Example 27:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Four Intermediate Compounds Via Chemical Conjugation 

Here, the incretin analog of SEQ ID NO:6 is made by coupling SEQ ID NOS:7, 

11, 12 and 10 via hybrid liquid solid phase syntheses (HLSPS) essentially as described in 

Example 26 for coupling SEQ ID NOS:7, 8, 9 and 10. 15 

 

Example 28:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Four Intermediate Fragments Via Chemical Conjugation 

Here, the incretin analog of SEQ ID NO:6 is made by coupling SEQ ID NOS:7, 

13, 14 and 10 via HLSPS essentially as described in Example 26 for coupling SEQ ID 20 

NOS:7, 8, 9 and 10. 

 

Example 29:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Three Intermediate Fragments Via Chemical Conjugation 

The incretin analog of SEQ ID NO:6 can be made by coupling SEQ ID NOS:7, 13 25 

and 15 via HLSPS.  Briefly, a solution of SEQ ID NO:7 (1.05-1.30 mmol) and a solution 

of SEQ ID NO:13 (1.00 mmol) in 30-40 V of DMSO/ACN (70:30) are coupled using 

PyBOP, HATU or PyOXim reagent (1.30-2.00 mmol) and DIEA (4.00-5.00 mmol) at rt.  

The mixture is stirred at rt for 2-4 hr.  Then, 10 equivalents of DEA are added, and the 

mixture is stirred for 4 hr.  The mixture is quenched with 20 V of 15-20% brine solution, 30 

and then an additional 10 V of water is added and is stirred for 10 min.  The resulting  
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slurry is filtered, and the solid is washed with 3 x 10 V of water.  The solid is dried in a 

vacuum dryer (40°C) to yield product as a white solid. 

Next, a solution of the coupled SEQ ID NOS:7+13 (1.00 mmol) and a solution of 

SEQ ID NO:15 (1.20-1.30 mmol) in 30-40 V of DMSO/ACN (70:30) are coupled using 

PyBOP, HATU or PyOXim reagent (1.50-2.00 mmol) and DIEA (4.00-5.00 mmol) at rt.  5 

The mixture is stirred at rt for 2-4 hr.  Then, 10 equivalents of DEA are added, and the 

mixture is stirred for 2-4 hr.  The mixture is quenched with 20 V of 15-20% brine 

solution, and then an additional 10 V of water is added and stirred for 10 min.  The 

resulting slurry is filtered, and the solid is washed with 3 x 10 V of water.  The solid is 

dried in a vacuum dryer (40°C) to yield product as a white solid. 10 

Global Deprotection:  Deprotection cocktail is prepared by mixing 10 V of TFA, 2 

V of DCM, 0.4 V of TIPS, 0.4 V H2O and 0.3 weight V of DTT and is stirred until 

homogeneous.  The cocktail is cooled to about 15°C, and then solid, coupled SEQ ID 

NOS:7+13+15 is added, and the resulting reaction mixture is warmed to rt and is stirred 

for 3 hr at rt.  The mixture is cooled to about -10°C, and 75 V of MTBE added slowly.  15 

The resulting slurry is filtered and is washed with 2 x 10 V of MTBE.  The solid is dried 

in a vacuum dryer (40 °C) to yield product SEQ 6 as a white solid. 

 

Example 30:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Three Intermediate Fragments Via Chemical Conjugation 20 

The incretin analog of SEQ ID NO:6 can be made by coupling SEQ ID NOS:16, 9 

and 10 via HLSPS.  Briefly, a solution of SEQ ID NOS:16 (1.00 mmol) and a solution of 

SEQ ID NO:9 (1.05-1.30 mmol) in 30-40 V of DMSO/ACN (70:30) are coupled using 

PyBOP, HATU or PyOXim reagent (1.30-2.00 mmol) and DIEA (4.00-5.00 mmol) at rt.  

The mixture is stirred at rt for 3-4 hr.  The mixture is quenched with 20 V of 15-20% 25 

brine solution, and then an additional 10 V of water is added and is stirred for 10 min.  

The resulting slurry is filtered, and the solid is washed with 3 x 10 V of water.  The solid 

is dried in a vacuum dryer (40°C) to yield product as a white solid. 

Next, a solution of the coupled SEQ ID NOS:16+9 (1.00 mmol) and a solution of 

SEQ ID NO:10 (1.20-1.30 mmol) in 30-40 V of DMSO/ACN (70:30) are coupled using 30 

PyBOP, HATU or PyOXim reagent (1.50-2.00 mmol) and DIEA (4.00-5.00 mmol) at rt.  

The mixture is stirred at rt for 2-4 hr.  Then, 10 equivalents of DEA are added, and the 
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mixture is stirred for 2-4 hr.  The mixture is quenched with 20 V of 15-20% brine 

solution, and then an additional 10 V of water is added and is stirred for 10 min.  The 

resulting slurry is filtered, and the solid is washed with 3 x 10 V of water.  The solid is 

dried in a vacuum dryer (40°C) to yield product as a white solid. 

Global Deprotection:  Deprotection cocktail is prepared by mixing 10 V of TFA, 2 5 

V of DCM, 0.4 V of TIPS, 0.4 V H2O and 0.3 weight V of DTT and is stirred until 

homogeneous.  The cocktail is cooled to about 15°C, and then solid, coupled SEQ ID 

NOS:16+9+10 is added, and the resulting reaction mixture is warmed to rt and is stirred 

for 3 hr at rt.  The mixture is cooled to about -10°C, and 75 V of MTBE added slowly.  

The resulting slurry is filtered and is washed with 2 x 10 V of MTBE.  The solid is dried 10 

in a vacuum dryer (40°C) to yield product SEQ 6 as a white solid. 

 

Example 31:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Three Intermediate Fragments Via Chemical Conjugation 

Here, the incretin analog of SEQ ID NO:6 is made by coupling SEQ ID NOS:18, 15 

12 and 10 via HLSPS essentially as described in Example 30 for coupling SEQ ID 

NOS:16, 9 and 10. 

 

Example 32:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Two Intermediate Fragments Via Chemical Conjugation 20 

The incretin analog of SEQ ID NO:6 can be made by coupling SEQ ID NOS:19 

and 15 via HLSPS.  Briefly, a solution of SEQ ID NOS:19 (1.00 mmol) and a solution of 

SEQ ID NO:15 (1.20-1.30 mmol) in 30-40 V of DMSO/ACN (70:30) are coupled using 

PyBOP, HATU or PyOXim reagent (1.50-2.00 mmol) and DIEA (4.00-5.00 mmol) at rt.  

The mixture is stirred at rt for 2-4 hr.  The mixture is quenched with 20 V of 15-20% 25 

brine solution, and then an additional 10 V of water is added and is stirred for 10 min.  

The resulting slurry is filtered, and the solid is washed with 3 x 10 V of water.  The solid 

is dried in a vacuum dryer (40°C) to yield product as a white solid. 

Global Deprotection:  Deprotection cocktail is prepared by mixing 10 V of TFA, 2 

V of DCM, 0.4 V of TIPS, 0.4 V H2O and 0.3 weight V of DTT and is stirred until 30 

homogeneous.  The cocktail is cooled to about 15°C, and then solid, coupled SEQ ID 

NOS:19+15 is added, and the resulting reaction mixture is warmed to rt and is stirred for 
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3 hr at rt.  The mixture is cooled to about -10°C, and 75 V of MTBE added slowly.  The 

resulting slurry is filtered and is washed with 2 x 10 V of MTBE.  The solid is dried in a 

vacuum dryer (40°C) to yield product SEQ ID NO:6 as a white solid. 

 

Example 33:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 5 

Two Intermediate Fragments Via Chemical Conjugation 

Here, the incretin analog of SEQ ID NO:6 is made by coupling SEQ ID NOS:18 

and 20 via HLSPS essentially as described in Example 32 for coupling of SEQ ID 

NOS:15 and 19. 

 10 

Example 34:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Two Intermediate Fragments Via Chemical Conjugation 

Here, the incretin analog of SEQ ID NO:6 is made by coupling SEQ ID NOS:21 

and 18 or SEQ ID NOS:22 and 19 via HLSPS essentially as described in Example 32 for 

coupling of SEQ ID NOS:15 and 19 with one exception that after the coupling of the two 15 

fragments, the protecting group on Lys17 is selectively removed via chemical 

transformation (conditions depend on the nature of the group) and then selectively 

acylated with the fatty acid side chain followed by global deprotection. 

 

Example 35:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 20 

Two Intermediate Fragments Via Native Chemical Ligation 

The incretin analog of SEQ ID NO:6 can be made by coupling SEQ ID NOS:23 

and 24 via native chemical ligation.  Briefly, a peptide thioester of SEQ ID NOS:23 is 

dissolved in 30-50 V of ligation buffer (6 M guanidine hydrochloride and 0.2 M sodium 

hydrogen phosphate monobasic buffer, pH 7.04).  N-terminal cysteine-containing peptide 25 

fragment SEQ ID NOS:24 (0.9-0.95 equiv) is added to the thioester solution.  40 equiv of 

2,2,2-trifluoroethanethiol (pH 7.16) and 20 equiv of tris(2-carboxyethyl)phosphine (pH 

7.0) are added to the reaction mixture, and the pH is adjusted to 7.0 with 5 N sodium 

hydroxide solution.  The reaction is allowed to stir at room temperature for 24 hours, and 

the resulting solution is used directly in reverse phase purification. 30 
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Example 36:  Hybrid Liquid Solid Phase Synthesis of Incretin Analog from 

Two Intermediate Fragments Via Native Chemical Ligation 

Here, the incretin analog of SEQ ID NO:6 can be made by coupling SEQ ID 

NOS:25 and 26 via native chemical ligation essentially as described in Example 35 for 

coupling SEQ ID NOS:23 and 24. 5 

 

Example 37A:  Synthesis of Compound 35 

 

Compound 35 

Dichloromethane (7.5 L, 15.0 vol.) is added to a 20 L four-necked flask at 15-10 

30oC, and 18-(tert-butoxy)-18-oxooctadecanoic acid (500.5 g, 1.0 eq. 1.35 mol) and N-

hydroxysuccinimide (185.6 g,1.2 eq., 1.61 mol) are added at 15-30oC to obtain a 

suspension.  The reaction mixture is cooled to 0-10oC and charged with N-ethyl-N′-

carbodiimide (338.4 g,1.3 eq., 1.77 mol) in one portion to obtain a solution.  The reaction 

mixture is washed three times with 8 volumes of semi-saturated brine.  Compound 35 is 15 

used directly in the next step to make Compound 36.   

Alternate method for Compound 35 

18-(tert-butoxy)-18-oxooctadecanoic acid (20 g, 53.431 mmol, 99 mass%), N,N'-

Disuccinimidyl carbonate (1.2 equiv., 64.117 mmol, 99.6 mass%) and 4-

dimethylaminopyridine (0.2 equiv., 1.31 g, 10.7 mmol, 100 mass%) are charged into a 20 

1000 mL baffled, jacketed-reactor equipped with an overhead agitator.  Ethyl acetate (800 

mL, 40 volumes) is added and the resultant slurry is stirred overnight (18-24 h) at ambient 

temperature (18°C–23°C).  1H-NMR of the crude sample after 24 h generally shows 97-

99% reaction completion.  The batch is extracted with de-ionized water (3 x 82 mL).  The 

organic layer is concentrated in vacuo to ~160 mL.  Ethyl acetate (200 mL) is added to 25 

the reaction and the crude reaction solution reduced to ~180 mL in vacuo at 50°C.  The 

solution is transferred to a jacketed filter and cooled slowly to 3°C, while being agitated.  

The reaction is then held at 3-5°C for 1 h.  The solids are filtered, washed with cold ethyl 
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acetate (18 mL) and dried under vacuum (7 in of Hg) to give Compound 35 as a solid 

(22.6 g, 90.5% yield, 99.17% HPLC-CAD). 

 

Example 37B:  Synthesis of t-BuO-C18-Glu-1-OtBu (Compound 36) 

 5 

Compound 36 

Compound 35 is added to a solution of (4S)-4-amino-5-tert-butoxy-5-oxo-

pentanoic acid (H-Glu-1-OtBu) (289 g, 1.14 eq., 1 mol) in dichloromethane (2.5 L, 5.0 

vol.) in a 20 L four-necked flask at 15-30°C.  The reactor is then charged with 

diisopropylethylamine (230 g,1.5 eq., 1.78 mol) at 15-30°C, to get a solution. Once 10 

Preparation 1<0.5%, the reaction is continued with the next step.  The organic phase is 

washed with 2% aqueous solution of KHSO4 (4 g/g x 3) and concentrated to 1-2 vol. 

under vacuum at T<50°C and <-0.08MPa.  Acetonitrile (8 vol.) is charged to the reactor 

and concentrated to 1-2 vol. at <60°C.  Acetonitrile (8 vol.) is charged to the reactor again 

and concentrated to 5-6 vol. at <60°C.  The concentrate is cooled to 40-50°C, stirred for 15 

0.5-1 h and then cooled to 15-30°C for 2-4 h. The slurry is filtered, washed with 

acetonitrile (3 vol.) and dried under N2 to give Compound 36 as a solid (659.5 g, 86.3% 

yield, 99.1% LCAP). 

Alternate method for Compound 36 

Compound 35 (50 g, 104.8 mmol, 98 mass%), (4S)-4-amino-5-tert-butoxy-5-oxo-20 

pentanoic acid H-Glu-1-OtBu (H-Glu-1-OtBu) (25.7 g, 126 mmol, 99.3 mass%) is 

charged into a 1L baffled, jacketed-reactor equipped with an overhead agitator and a 

thermocouple.  Acetonitrile (500 mL, 10 V) is used to wash the solids down the funnel 

into the reaction vessel.  Diisopropylethylamine (22 mL, 126 mmol, 99.75 mass%) is then 

added to the reaction.  The reaction is heated to 40°C and allowed to stir for 18 h.  After 25 

reaction completion is confirmed by 1H-NMR / HPLC-CAD, acetic acid (7.2 mL, 130 

mmol, 100 mass%) and water (215 mL, 11934.6 mmol, 100 mass%) is charged into the 

reaction and stirred at 30-35°C for 1 h.  The batch is transferred to a jacketed filter, 

equipped with an overhead agitator and cooled to -20°C.  Solids begin to crystallize out of 
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the cysteine analogue SEQ ID NO:53 [Expected (mass+3H+)/3 = 1587.8219, observed 

(mass+3H+)/3 = 1587.8198].  

Photodesulfurization: Aqueous buffer of 3 M guanidine hydrochloride and 0.1 M 

sodium hydrogen phosphate monobasic (pH about 7.0) is freshly made. 0.5 mL solution 

of 7.64 mM tris(2,2′-bipyridyl)dichlororuthenium(II) hexahydrate (2.86 mg, 0.004 mmol) 5 

is made in the buffer. Tris(2-carboxyethyl)phosphine (TCEP , 64.3 mg, 0.22 mmol) is 

suspended in the buffer and the pH is adjusted to about 7.0 with 5 N NaOH solution. This 

is diluted to 2 mL with the buffer.  SEQ ID NO:53 (10 mg, 0.0021 mmol) is dissolved in 

4 mL of the buffer in a 7 mL scintillation vial.  Triphenylphosphine-3,3',3''-trisulfonic 

acid trisodium salt (TPPTS, 231.2 mg, 0.41 mmol, 194 equiv) and 2-10 

mercaptoethanesulfonic acid sodium salt (MESNa, 32.6 mg, 0.20 mmol, 95 equiv) are 

added to the solution of SEQ ID NO:53.  28 µL of tris(2,2′-

bipyridyl)dichlororuthenium(II) hexahydrate (0.00021 mmol, 0.1 equiv) and 20 µL of 

TCEP solution (0.0022 mol, 1.0 equiv) are added to the reaction mixture.  The vial Is 

placed in a Penn Optical Coatings photoreactor m1 and stirred at 459 RPM with 91% 15 

LED intensity.  Fan is run at 3564 RPM to prevent heating of the reaction mixture.  After 

about 3.5 hours, TCEP (0.40 mg, 0.7 equiv) is further added and the reaction mixture is 

stirred in the photoreactor for 16 hours.  After 16 hours, the reaction is complete and more 

than 95% of the SEQ ID NO:53 is converted into SEQ ID NO:6.  

Metal-free desulfurization: Aqueous solution of 6 M guanidine hydrochloride and 20 

0.1 M sodium hydrogen phosphate monobasic (pH 7.0) is the buffer used for this 

reaction.  The buffer is thoroughly purged with nitrogen gas for more than an hour.  SEQ 

ID NO:53 (40.3 mg, 0.0085 mmol), 2,2'-azobis[2-(2-imidazolin-2-

yl)propane]dihydrochloride (27.7 mg, 0.0857 mmol, 10.1 equiv), L-glutathione reduced 

(L-GSH, 25.9 mg, 0.0843 mmol, 10 equiv) and tris(2-carboxyethyl)phosphine (TCEP , 25 

36.5 mg, 0.1273 mmol, 15.0 equiv) are dissolved in 4 mL of the buffer.  The reaction 

mixture is degassed again with nitrogen gas for about 2 min and the pH is adjusted to 

about 7.0 with 5 N NaOH.  The solution is stirred under nitrogen at 45°C for 12 hours and 

then at the room temperature for 8 hours.  After 20 hours, most of the SEQ ID NO:53 is 

converted to the SEQ ID NO:6. [Expected (mass+3H+)/3 = 1604.5153, observed 30 

(mass+3H+)/3 = 1577.1581].  
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hydroxybenzotriazole hydrate (353 mg, 2.31 mmol) in 10 ml of DMF.  To this solution is 

added N, N'-diisopropylcarbodiimide (0.52 mL, 3.30 mmol) and the corresponding 

solution is added to each reactor.  The reaction is mixed for 5 hours at ambient 

temperature, then the liquid is drained.  The resin is washed with 5 x 10 ml of DMF for 1 

minutes and then forward processed to step 3. 5 

Step 3 (Fmoc-L-Pro-OH coupling): 

A solution is prepared of (2R)-1-(9H-fluoren-9-ylmethoxycarbonyl)pyrrolidine-2-

carboxylic acid (1.012 g, 3.00 mmol), (2-(1H-benzotriazol-1-yl)-1,1,3,3-

tetramethyluronium hexafluorophosphate (HBTU) (1.25 g, 3.30 mmol), and N,N-

diisopropylethylamine (0.87 mL, 5.00 mmol) in 10 ml of DMF.  The solution is shaken 10 

for a few minutes, then transferred to the reaction vessel containing the resin.  The 

reaction is mixed for 16 hours at ambient temperature, then the liquid is drained.  The 

resin is washed with 5 x 10 ml of DMF for 1 minutes and 5 x 10 ml of dichloromethane 

for 2 minutes, then dried to constant weight to provide 1.719 g of the title compound on 

resin. 15 

A 50 mg sample of the peptide is cleaved from the resin with 2.0 mL of a solution 

consisting of 92.5% TFA, 2.5% triisopropylsilane, 2.5% water, and 2.5% dithiothreitol 

(v/v/v/w).  The mixture is agitated on a rotary mixer for 1.5 hours, diluted with 16 ml of 

80:20 DMSO/acetonitrile (v/v), and filtered to remove the resin.  The filtrate is analyzed 

by LC/MS and shown to contain 75.5 area% desired tripeptide and 16.8% of product 20 

containing multiple glycolic acid additions. 
 

Example 71: Alternate Synthesis of Fmoc-L-Pro-glycolic acid-L-Val-OH 

(Compound 58) 

Step 1 (Fmoc-L-Val-OH coupling): 25 

Prior to the first coupling, Rink amide AM resin (0.74 g/mmol, 1.35 g, 1.00 

mmol) is charged to the reactor vessel.  Each resin is swelled with 3 x 10 ml of DMF for 

20 minutes each, then deprotected with 3 x 10 ml of 20% piperidine/DMF (v/v) for 30 

minutes each and washed with 5 x 10 ml of DMF for 1 minute each.  A solution is 

prepared of (2S)-2-(9H-fluoren-9-ylmethoxycarbonylamino)-3-methyl-butanoic acid 30 

(1.018 g, 3.00 mmol) and 1-hydroxybenzotriazole hydrate (353 mg, 2.31 mmol) in 10 ml 

of DMF.  To this solution is added N, N'-diisopropylcarbodiimide (517 μL, 3.30 mmol) 

and the corresponding solution is added to the reaction vessel containing the swelled 
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Prior to the coupling reaction, Fmoc-L-Pro-glycolic acid-L-Val-OH on resin from 

example 73 above (1.719 g, 1.00 mmol) is swelled with 3 x 15 ml of DMF for 20 minutes 

each, then deprotected with 4 x 15 ml of 20% piperidine/DMF (v/v) for 30 minutes each 

and washed with 5 x 15 ml of DMF for 1 minute each.  A solution is made of (2R)-2-

[[(2S)-6-[[diphenyl(p-tolyl)methyl]amino]-2-(9H-fluoren-9-5 

ylmethoxycarbonylamino)hexanoyl]amino]-3-tritylsulfanyl-propanoic acid (2.28 g, 2.00 

mmol, 85.24 mass%), hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazine (HOOBt) (0.375 g, 

2.30 mmol, 95 mass%), and N,N'-diisopropylcarbodiimide (0.41 ml, 2.60 mmol) in 10 ml 

of DMF.  The corresponding solution is added to the reactor containing the resin.  The 

reaction is mixed for 12 hours at ambient temperature and the liquid is drained.  The resin 10 

is washed with 5 x 15 ml of DMF for 1 minute each and 5 x 15 ml of dichloromethane for 

1 minute, then dried to constant weight to provide 1.973 g of the title compound on resin. 

A 50 mg sample of the peptide is cleaved from the resin with 2.0 mL of a solution 

consisting of 92.5% TFA, 2.5% triisopropylsilane, 2.5% water, and 2.5% dithiothreitol 

(v/v/v/w).  The mixture is agitated on a rotary mixer for 1.5 hours, diluted with 16 ml of 15 

80:20 DMSO/acetonitrile (v/v), and filtered to remove the resin.  The filtrate is analyzed 

by LC/MS and shown to contain 81.93 area% desired pentapeptide along with 2.91 area% 

of des-Proline and 3.83% of des-Valine. 

 

Example 75A: Synthesis of Fmoc-Gly-Pro-Ser(tBu)-Ser(tBu)-Gly-Ala-Pro-Pro-Pro-20 

Ser(tBu)-OH (SEQ ID NO:55) 

The title compound is prepared using standard solid phase synthesis conditions 

(Fmoc-protected amino acids/ethyl cyanoglyoxylate-2-oxime (Oxyma)/N,N’-

diisopropylcarbodiimide (DIC) as described below. 

Solvent and reagents preparations: 25 

Twenty L of DMF are charged to the solvent reservoir.  Five L of 20% 

Piperidine/DMF (v/v) solution are charged to the deprotection reservoir.  600 mL of 

0.660 M DIC solution is prepared using N,N'-diisopropylcarbodiimide (49.98 g, 396.0 

mmol) and DMF and charged to the DIC/solvent reservoir.  500 ml of 0.750 M Oxyma 

solution is prepared using ethyl cyanoglyoxylate-2-oxime (53.29 g, 371.2 mmol) and 30 

DMF and  is charged to the Oxyma/solvent reservoir.  Sieber resin (0.71 mmol/g, 14.09 g, 

10.00 mmol) is charged to the reactor.  Prior to beginning the synthetic steps shown 
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The Fmoc group is removed from a 251 mg sample of the peptide on resin by 

swelling the resin with 3 x 6 ml of DMF for 10 minutes, treating with 3 x 6 ml of 20% 

piperidine/DMF (v/v) for 30 minutes each, washing with 5 x 6 ml of DMF for 1 minute 

each, washing with 5 x 6 ml of dichloromethane for 1 minute each and drying to constant 

weight.    5 

The deprotected product sample is cleaved from the resin by mixing on a rotary 

mixer in a 20 ml scintillation vial for 2 hours with 5 mL of TFA/TIS/H2O/DTT 

([0.925v:0.025v:0.025v]:0.025w) solution.  The resin is filtered and the resin wet cake is 

washed with 2 mL of neat TFA. 

The resulting crude peptide is precipitated with 35 mL of cold MTBE, 10 

centrifuged, washed with 2 x 35 ml of MTBE, and dried in vacuo overnight at 33ºC to 

give 105.1 mg (94.9%) of the fully deprotected peptide.  Analysis by UPLC showed 

98.62 area% purity with no related substances over 0.30 area%. The loading of the 

peptide on resin is measured at 0.37 mmol/g vs theoretical loading of 0.37 mmol/g. 

 15 

Example 75B: Synthesis of H-Cys-Gln-Aib-Phe-Ile-Glu-Tyr-Leu-Leu-Glu-Gly-Gly-

Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NH2 SEQ ID NO:52 (Compound 62) 

The title compound is prepared using standard solid phase synthesis conditions 

(Fmoc-protected amino acids/ethyl cyanoglyoxylate-2-oxime (Oxyma)/N,N’-

diisopropylcarbodiimide (DIC) as described below.  20 

Solvent and reagents preparations: 

Forty L of DMF are charged to the solvent reservoir.  4 L of 20% Piperidine/DMF 

(v/v) solution are charged to the deprotection reservoir.  600 mL of 0.660 M DIC solution 

is prepared using N,N'-diisopropylcarbodiimide (49.98 g, 396.0 mmol) and DMF and 

charged to the DIC/solvent reservoir.  500 ml of 0.750 M Oxyma solution is prepared 25 

using ethyl cyanoglyoxylate-2-oxime (53.29 g, 371.2 mmol) and DMF and charged to the 

Oxyma/solvent reservoir.  9H-fluoren-9-ylmethyl N-[2-[(2S)-2-[[(1S)-2-[[(1S)-2-[[2-

[[(1S)-2-[(2S)-2-[(2S)-2-[(2S)-2-[[(1S)-2-amino-1-(tert-butoxymethyl)-2-oxo-

ethyl]carbamoyl]pyrrolidine-1-carbonyl]pyrrolidine-1-carbonyl]pyrrolidin-1-yl]-1-

methyl-2-oxo-ethyl]amino]-2-oxo-ethyl]amino]-1-(tert-butoxymethyl)-2-oxo-30 

ethyl]amino]-1-(tert-butoxymethyl)-2-oxo-ethyl]carbamoyl]pyrrolidin-1-yl]-2-oxo-

ethyl]carbamate on Sieber resin (0.41 mmol/g, 1.22 g, 0.500 mmol) is charged to each of 
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CLAIMS 

The invention claimed is: 

1. A method of making an incretin analog of SEQ ID NO:6, the method comprising 

the step of: 5 

coupling, via hybrid liquid solid phase synthesis, four intermediate compounds 

selected from the groups consisting of: 

a. SEQ ID NOS:7, 8, 9 and 10, 

b. SEQ ID NOS:7, 11, 12, and 10, and 

c. SEQ ID NOS:7, 13, 14 and 10. 10 

2. A method of making an incretin analog of SEQ ID NO:6, the method comprising 

the step of: 

coupling, via hybrid liquid solid phase synthesis, three intermediate compounds 

selected from the groups consisting of: 15 

a. SEQ ID NOS:7, 13 and 15, 

b. SEQ ID NOS:16, 17 and 10, 

c. SEQ ID NOS:18, 12 and 10, and 

d. SEQ ID NOS:7, 45 and 10. 

20 

3. A method of making an incretin analog of SEQ ID NO:6, the method comprising 

the step of: 

coupling, via hybrid liquid solid phase synthesis, two intermediate compounds 

selected from the groups consisting of: 

a. SEQ ID NOS:15 and 19 and 25 

b. SEQ ID NOS:18 and 20.

4. A method of making an incretin analog of SEQ ID NO:29, the method 

comprising the step of: 

coupling, via hybrid liquid solid phase synthesis, intermediate compounds 30 

selected from the groups consisting of: 

 a. SEQ ID NOS:7, 62, 42 and 31, 

b. SEQ ID NOS:43, and 44.  


