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General Procedure 

RP-HPLC runs for compounds 4, 5 and their co-injection were carried out on a Kromasil 

C18 column (150 × 2.1 mm I.D.; 5-µm particle size; 100-Å pore size) where eluent A 

was 0.2% aqueous TFA and eluent B was 0.2% TFA in acetonitrile at a flow rate of 1 

mL/min and a gradient of 2% B/min, starting from 0% B.  

 

Synthetic Procedures: 

Compound 7. Pentaerythritol (136.2 g, 1.0 mol) was dissolved in water (1000 mL) with 

heating. After the hot solution was cooled to room temperature, stirring was started and 

concentrated hydrochloric acid (5 mL) was added, followed by p-anisaldehyde (13.5 mL, 

111.2 mmol). When the precipitate of mono-p-methoxylbenzilidene-pentaerythritol 

started forming, dropwise addition of p-anisaldehyde (115.0 mL, 947.1 mmol) was begun. 

After the addition of p-anisaldehyde was completed (2 h), the mixture was stirred for 

additional 2 h. The precipitate was collected and washed with diluted sodium carbonate 

aqueous solution and ethyl ether. The solid was dried over phosphorus pentoxide to give 

7 as a white solid (222.7 g, 87%). 1H NMR (400 MHz, acetone-d6) δ 3.46 (s, 2H), 3.79 (s, 

4H), 3.84 (s, 2H), 3.92 (s, 3H), 5.36 (s, 1H), 6.89-6.91 (m, 2H), 7.37-7.39 (m, 2H).   

 

Compound 9. To a stirred mixture of compound 8 (33.1 g, 48.0 mmol) and anisole (20.7 

g, 192.0 mmol) in dichloromethane (200 mL) at 0 oC was slowly added powdered 

aluminum chloride anhydrous (19.5 g, 144.0 mmol). After the addition, the reaction 

mixture was allowed to warm to room temperature and stirred for additional 30 min. The 

reaction mixture was quenched by slow addition of 1N HCl (100 mL) and the resulted 
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mixture was extracted with ether (100 mL, 3 times). The combined organic layer was 

concentrated in vacuo and the residue was purified by flash column chromatography on 

silica gel (n-hexane/ethyl acetate = 8/1) to give compound 9 as a clear oil (27.4 g, 99%). 

1H NMR (400 MHz, CD3OD) δ 3.63 (s, 4H), 4.14 (s, 4H); 19F NMR (376 MHz, CD3OD) 

δ -71.14 (s); 13C NMR (100.7 MHz, CD3OD) δ 47.8, 60.4, 69.1, 80.9 (m), 121.8 (q, J = 

292.6 Hz); MS (CI) m/z 573 (M++1, 100); HRMS (CI) Calcd for C13H11F18O4: 573.0374, 

Found: 573.0374. 

 

Compound 10. To a stirred solution of compound 9 (22.9 g, 40.0 mmol) and triethyl 

amine (16.2 g, 160.0 mmol) in dichloromethane (100 mL) and ethyl ether (100 mL) at 

room temperature was added dropwise a solution of thionyl chloride (9.52 g, 80.0 mmol, 

in 10 mL of dichloromethane). The resulting mixture was stirred for an additional 20 min 

and quenched with cold water (100 mL). The organic and aqueous phases were separated 

and the aqueous phase was extracted with ether (100 mL, three times). The combined 

organic phase was dried over magnesium sulfate and concentrated in vacuo. The residue 

was purified by column chromatography on silica gel to give the cyclic sulfite 

intermediate (24.7 g). The cyclic sulfite (24.7 g, 40 mmol) was then dissolved with 

stirring in acetonitrile (50 mL), carbon tetrachloride (50 mL) and water (75 mL) at 0 oC. 

Ruthenium trichloride (500 mg) was added to the mixture, followed by sodium periodate 

(17.1 g, 80.0 mmol). The reaction mixture was then stirred at room for 1 h. The reaction 

was quenched with ether (200 mL) and saturated sodium bicarbonate solution (100 mL). 

The organic and aqueous phases were separated and the aqueous phase was extracted 

with ether (100 mL, three times). The combined organic phase was dried over 
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magnesium sulfate and concentrated in vacuo. The residue was purified by flash column 

chromatography on silica gel (n-hexane/ethyl acetate = 10/1) to give the cyclic sulfate 10 

as a solid (21.2 g, 84%). mp. 90-91 oC; 1H NMR (400 MHz, CDCl3) δ 4.24 (s, 4H), 4.63 

(s, 4H); 19F NMR (376 MHz, CDCl3) δ -72.91 (s); 13C NMR (100.7 MHz, CDCl3) δ 39.8, 

64.9, 73.0, 80.1 (m), 120.2 (q, J = 292.6 Hz); MS (CI) m/z 635 (M++1, 100); HRMS (CI) 

Calcd for C13H9F18O6S: 634.9832, Found: 634.9843. 

 

Compound 12. To a stirred solution of alcohol 11 (19.0 g, 31.8 mmol) at 0 oC was added 

dropwise a solution of Jones reagent (2.7 N, 31 mL). After addition, the reaction mixture 

was stirred at room temperature for 1 h and 2-propanol (10 mL) was slowly added. The 

solvent was removed under vacuo and the residue was dissolved in ether. The ether 

solution was washed with water, the organic and the aqueous phases were separated and 

the aqueous phase was extracted with ether. The combined organic phase was dried over 

magnesium sulfate and concentrated in vacuo. The residue was purified by flash column 

chromatography on silica gel (n-hexane/ethyl acetate = 1/1) to give the acid 12 as a solid 

(18.5 g, 95%). mp. 97-98 oC; 1H NMR (400 MHz, CD3OD) δ 3.62 (s, 2H), 4.25 (d, J = 

8.8 Hz, 2H), 4.33 (d, J = 8.4 Hz, 2H); 19F NMR (376 MHz, CD3OD) δ -71.16 (s); 13C 

NMR (100.7 MHz, CD3OD) δ 50.9, 53.6, 67.5, 81.2 (m), 121.6 (q, J = 292.6 Hz), 171.9; 

MS (CI) m/z 612 (M++1, 100), 584 (80); HRMS (CI) Calcd for C13H8F18N3O4: 612.0227, 

Found: 612.0204. 

 

Formyl-Gly-βFa-Gly-amide 4. The peptide was synthesized using standard Fmoc 

chemistryi on Rink Amide MBHA resin (which gives C-terminal amide). TBTU and 
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HOBt were employed as coupling reagents. Coupling time for each residue is 1 h with 5 

fold of Fmoc-amino acid except for βFa (which is 8 h with 2 fold of βFa). The tripeptide 

was cleaved off the resin using 90% trifluoroacetic acid with 2.5% each of tri-isopropyl 

silane, water, anisole and dichloromethane. The cleavage product was concentrated under 

vacuo and purified using normal-phase chromatography using a TSK-GEL Amide-80 

column (300 × 21.5 mm I.D.; 10-µm particle size) with methanol and acetonitrile as the 

eluents (2% MeOH/min, starting from 0% MeOH, at a flow rate of 5 mL/min, at 25 oC). 

1H NMR (400 MHz, CD3OD) δ 3.50 (s, 2H), 3.80 (s, 2H), 3.81 (s, 2H), 4.19 (d, J = 9.2 

Hz, 2H), 4.29 (d, J = 9.2 Hz, 2H), 8.03 (s, 1H); 19F NMR (376 MHz, CD3OD) δ -70.97 

(s); MS (MALDI-TOF) m/z 749 (M++Na). 

 

Formyl-Gly-Trp-Gly-amide 5. The peptide was synthesized and cleaved by the same 

method as for compound 4. The cleavage product was concentrated under vacuo, 

precipitated out with cold ether and the precipitate was purified by reversed-phase 

chromatography using a Zorbax 300SB-C18 column (250 × 21.2 mm I.D.; 7-µm particle 

size) with water and acetonitrile as the eluents at pH 2 (2% acetonitrile/min, starting from 

0% acetonitrile , at a flow rate of 5 mL/min, at 25 oC). 1H NMR (400 MHz, CD3OD) δ 

3.54-3.84 (m, 4H), 4.46-4.50 (m, 1H), 6.91-7.03 (m, 3H), 7.23 (d, J = 8.4 Hz, 1H), 7.48 

(d, J = 7.6 Hz, 1H), 7.99 (s, 1H); MS (MALDI-TOF) m/z 368 (M++Na). 

 

Determination of 1-octanol/water partition coefficients of tripeptides 4 and 5. To 20 

mg of tripeptide 4 or 5 were added 2 mL of water and 2mL of 1-octanol.  The resulting 

mixture was shaken with a mixer for 10 min.  After the organic and the aqueous phases 
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were fully separated, 50 µL of solution was taken out from each phase for HPLC analysis.  

Formyl-Gly-βFa-Gly-amide 4 can only be detected in the 1-octanol phase.  Formyl-Gly-

Trp-Gly-amide 5 can be detected in both the 1-octanol phase and the aqueous phase and 

the partition coefficient Poct is 1/9.5 (1-octanol/water), based on the ratio of the areas of 

HPLC peaks monitored at 280 nm.  Solutions of the tripeptide formyl-Gly-βFa-Gly- 

amide 4 were also taken for 19F NMR analysis and 19F NMR signal was detected only in 

the 1-octanol phase. 

Poct for 4 and 5 were also determined at a concentration 10 times lower than the 

above, using similar procedure.  Partition profiles of 4 and 5 at these two different 

concentrations are comparable, according to HPLC analysis. 
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RP-HPLC for compounds 4 

 
RP-HPLC for compounds 5 

 
RP-HPLC for compounds 4 and 5 co-injection 
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Poct (5) = 510/4819 = 1/9.5 
 
 
Reference 
                                                 
i Chan, W. C.; White, P. D. Fmoc Solid Phase Peptide Synthesis: A Practical Approach.; 

Oxford University Press: New York: 2000; pp 1-75.  


