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Scheme 1. Synthetic scheme for the synthesis of 1.  Specific reaction conditions are 

provided within the experimental methodology section. 
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Experimental Methodology 
 

General.  Reactions were run under an atmosphere of argon unless otherwise indicated.  

Anhydrous solvents were transferred by an oven-dried syringe.  Flasks were flame dried 

under a stream of argon.  Chemicals for synthesis were obtained from Acros Organics, 

Aldrich, and NovaBiochem and were used without further purification.  Methlyene 

chloride and triethylamine were distilled over calcium hydride.  Human and equine sera 

were purchased from Sigma-Aldrich and used without further purification.  Low 

molecular weight heparin was prepared via oxidative depolymerization, pursuant to 

pharmaceutical procedures.  The exact depolymerization method is proprietary property, 

and not available from Sigma-Aldrich.  UFH and LMWH were both employed as their 

sodium salts, as is common with pharmaceutical therapeutics.  A Varian Gemini 400 

MHz NMR was used to obtain 1H and 13C spectra.  A Finnigan TSQ70 and VG 

Analytical ZAB2-E mass spectrometers were used to obtain low and high resolution mass 

spectra respectively.  Melting points were measured on a Thomas Hoover capillary 

melting point apparatus and are uncorrected.  All products were dried for at least 6 hours 

prior to spectral analysis.  Fluorescent measurements were performed on a Photon 

Technology International Fluorimeter (LPS-220B, MB-5020, PMT-814). 

 

(4) 2-iodo-benzylazide. [1]  1,8-Diazabicyclo[5.4.0]undec-7-ene (5.55 mmol, 1.3 eq) was 

added to a solution of 2-iodobenzylalcohol (4.27 mmol, 1.0 eq) and diphenylphosphoryl 

azide (5.13 mmol, 1.2 eq) in 9 mL toluene under argon.  The reaction ran at room 

temperature for 1.25 h.  At this time 3 N HCl (9 mL) was added and stirred briefly.  The 



solution was extracted with ether, and the organic layer was washed successively with 

water (3 × 15 mL) and saturated NaCl (2 × 15 mL).  The organic layer was dried with 

sodium sulfate, filtered, and removed in vacuo.  Obtained a clear oil in 65% yield that 

was used without further purification.  1H NMR (400 MHz, CDCl3) δ 7.91 (d, 1H), 7.42 

(d, 1H), 7.41 (t, 1H), 7.06 (t, 1H), 4.48 (s, 2H).  13C NMR (100 MHz, CDC l3) δ 139.4, 

137.8, 129.7, 129.2, 128.4, 98.9, 58.7.  MS (CI+) m/z 232 ([M-N2]+).      

 

(5) 2-iodo-benzylamine. [1]  To a solution of 4 (2.75 mmol, 1 eq) in dry THF (5 mL) under 

argon was added triphenylphosphine (3.06 mmol, 1.11 eq) portionwise.  This reaction 

stirred 16 h, upon completion aqueous ammonia was added.  This stirred 3 h at which 3 N 

NaOH (20 mL) was added and stirred 1 h.  The solution was then neutralized with 2 N 

HCl (30 mL) and extracted with ether.  The organic layer was washed with water (2 × 25 

mL) and brine (2 × 25 mL).  The organic layer was dried with sodium sulfate, filtered, 

and removed in vacuo.  Obtained a yellow oil which was not purified and was 

immediately used in the subsequent step. 

 

(6) (2-iodo-benzyl)-carbamic acid tert-butyl ester.[1]  To crude 5 in THF (15 mL) was 

added di-tert-butyldicarbonate (3.66 mmol, 1.33 eq).  This solution was stirred 

vigorously for 6 h.  Upon completion ether was added (10 mL).  The organic layer was 

washed with water (2 × 25 mL) and brine (2 × 25 mL), dried with sodium sulfate, 

filtered, and removed in vacuo.  The product was further purified on a SiO2 column (2% 

ethyl acetate in hexanes).  Product collected as off-white powder (2.16 mmol) in 79% 

yield. 1H NMR (400 MHz, CDCl3) δ 7.79 (d, 1H), 7.34 (d, 1H), 7.31 (t, 1H), 6.94 (t, 1H), 



4.31 (d, 2H), 1.44 (s, 9H). 13C NMR (100 MHz, CDC l3) δ 155.6, 140.8, 139.2, 128.9, 

128.4, 98.6, 79.5, 49.2, 28.3.  MS (CI+) m/z 233.8 [M]+.  m.p. 54-56 °C.  

 

(8) 1,3,5-tris-trimethylsilanylethynyl-benzene.  To flame-dried, argon-purged flask with 

condenser was added 1,3,5-tribromobenzene (5.08 mmol, 1 eq), Pd(PPh)3Cl2 (0.051 

mmol, .01 eq), CuI (0.051 mmol, 0.01 eq), and triphenylphosphine (0.051 mmol, 0.01 eq) 

in distilled triethylamine (10 mL).  This solution mixed for 20 minutes at 85°C.  To the 

solution was added trimethylsilylacetylene (20.8 mmol, 4.1 eq).  The reaction stirred for 

4 h.  Upon completion the reaction was cooled to room temperature, diluted with 

hexanes, and filtered through Celite 545.  The organic layer was removed in vacuo. The 

product was further purified on a SiO2 column (petroleum ether).  Obtained an off-white 

solid (3.03 mmol) in 60% yield. 1H NMR (400 MHz, CDCl3) δ 7.54 (s, 3H), 0.29 (s, 

27H). 13C NMR (100 MHz, CDC l3) δ 135.1, 123.8, 103.3, 95.7, 0.0. MS (CI+) m/z 367 

[M]+.  m.p. 78-80 °C. 

 

(9) 1,3,5-trisethynyl-benzene.[2]  To a flame-dried flask under argon was added 8 (2.39 

mmol, 1 eq), cesium carbonate (4.78 mmol, 2 eq), and methanol (10 mL).  The reaction 

was stirred 16 h.  The solution went from opaque to translucent upon completion.  The 

methanol was removed in vacuo and the solid was partitioned between water and 

methylene chloride.  The water layer was extracted with methylene chloride (3 × 20 mL).  

The organic layer was washed with aqueous ammonium chloride (1.0 M, 2 × 20 mL), 

water (2 × 20 mL), and brine (2 × 20 mL).  The organic layer was dried with sodium 

sulfate, filtered, and removed in vacuo.  Product obtained as off-white soft crystals (2.09 



mmol) in 87% yield. 1H NMR (400 MHz, CDCl3) δ 7.57 (s, 3H), 3.12 (s, 3H). 13C NMR 

(100 MHz, CDC l3) δ 135.6, 122.8, 81.6, 78.7. MS (CI+) m/z 151 [M]+.  m.p. 101-103 

°C. 

 

(10) (2-{3,5-bis[2-(tert-butoxycarbonylamino-methyl)-phenylethynyl]-phenylethynyl}-

benzyl)-carbamic acid tert-butyl ester. To a flame-dried, argon-purged flask with 

condenser was added 6 (1.24 mmol, 4.0 eq), Pd(PPh)3Cl2 (0.006 mmol, 0.02 eq), CuI 

(0.006 mmol, 0.02 eq), and triphenylphosphine (0.006 mmol, 0.02 eq) in distilled 

triethylamine (5 mL) and methylene chloride (5 mL).  The reaction was set at 60 °C and 

the solution mixed 15 minutes.  At this point 9 (0.309 mmol, 1.0 eq) was added and the 

reaction ran 16 h with constant stirring.  Upon completio n the solvent was removed in 

vacuo, and the product was purified on a SiO2 column (22% ethyl acetate in hexanes).  

Product was recrystallized in hexanes with minimal amount of methylene chloride to give 

a white solid (0.251 mmol) in 81% yield. 1H NMR (400 MHz, CDCl3) δ 7.66 (s, 3H), 

7.52 (d, 3H), 7.38 (d, 3H), 7.32 (t, 3H), 7.25 (t, 3H), 5.08 (br, NH), 4.55 (d, 6H), 1.43 (s, 

9H). 13C NMR (100 MHz, CDC l3) δ 155.8, 140.7, 134.1, 132.4, 129.0, 127.8, 127.2, 

123.9, 121.5, 92.9, 88.3, 79.5, 43.3, 28.4. MS (CI+) m/z 766 [M]+.  m.p. 77-79 °C. 

 

(11) 2-[3,5-bis(2-aminomethyl-phenylethynyl)-phenylethynyl]-benzylamine. To a flame-

dried, argon-purged flask was added 10 (0.092 mmol, 1 eq) and methylene chloride (5 

mL).  The solution was cooled to 0 °C and trifluoroacetic acid (1.35 mmol, 14.7 eq) was 

dripped into the reaction.  The reaction was allowed to slowly warm to room temperature.  

After 10 h the solvents were removed in vacuo.  The residue was dissolved in water, 



basified with 1 N NaOH, and extracted with methylene chloride (2 × 10 mL).  The 

organic layer was washed with brine (10 mL), dried with sodium sulfate, filtered, and 

removed in vacuo.  Obtained light yellow solid (0.082 mmol) in 90% yield.  No further 

purification was necessary. 1H NMR (400 MHz, CD3OD) δ 7.79 (s, 3H), 7.60 (d, 3H), 

7.59-7.41 (m, 9H), 4.33 (s, 6H).  MS (CI+) m/z 466 [M]+.  Elemental composition, m/z 

465.2 (C33H27N3).  m.p. decomposed, 117-121 °C. 

 

(13) Fmoc-protected heparin receptor.  To a solution of 11 (0.054 mmol, 1 eq), 12 (0.215 

mmol, 4 eq), and diisopropylethylamine (0.556 mmol, 10 eq) in N,N-dimethylformamide 

(DMF) (3 mL) was added benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium 

hexafluorophosphate (PyBOP) (0.215 mmol, 4 eq).  The reaction stirred at room 

temperature for 3.5 h.  Upon completion the product was precipitated with acetonitrile 

(15 mL).  The product was filtered, redissolved in DMF (3 mL), and precipitated again 

with acetonitrile (15 mL).  This process was repeated twice more.  A slightly yellow 

residue was obtained and used without further purification or characterization in the next 

step.   

 

(1) Heparin receptor.  Dissolved 13 in a solution of 20% piperidine in DMF (2 mL).  

Stirred the reaction at room temperature for 16 h.  The solvent was removed in vacuo 

with azeo tropic addition of toluene.  Product was dried thoroughly on the hi-vac.  The 

crude residue was dissolved in 0.2 M HCl (10 mL) and chloroform (6 mL).  This solution 

stirred for 25 min.  The precipitate was filtered and the aqueous layer collected.  The 

aqueous layer was washed with methylene chloride (2 × 10 mL).  The aqueous layer was 



removed in vacuo; the residue was redissolved in water (2 mL) and removed using a 

lyophilizer.  A slightly off-white solid (0.052 mmol) was collected in 96% yield.  No 

further purification was necessary, however product contained minimal (3.7%) piperidine 

impurity. 1H NMR (400 MHz, CD3OD) δ 8.23 (d, NH), 7.77 (d, 3H), 7.64 (s, 3H), 7.47-

7.21 (m, 18H), 4.31 (br, 12H), 3.31 (m, 3H), 3.02 (br, 6H), 2.94 (br, 6H), 2.79 (s, 18H).  

MS (ESI) m/z 1328 [M-3(OH), loss of one hydroxyl from each boronic acid induced by 

N-B bond formation].  MS (CI+) m/z 1328 [M-3(OH)]. m.p. decomposed, 144-148 °C. 

  

Fluorescence Measurements and Heparin Charts 

 

Binding Constants.  In a 2 mL volumetric flask was prepared a HEPES (pH = 7.4) 

buffered solution of 1 (2.24 × 10-6).  1.50 mL of this solution was placed into a quartz 

cuvette.  To the remaining 0.50 mL solution was added UFH or LMWH (6.66 × 10-5).  At 

this concentration, each 5 µL titration of the heparin solution represents 0.1 equivalents to 

1.  From the titration curves, emission data was extracted from only 357 nm and plotted 

against heparin concentration as shown in the paper.  Using Microcal Origin software 

binding constants were determined to be in the range of 1.0 × 108 M-1 to 2.0 × 108 M-1.  

 

Protamine Titrations.  As described in the determination of binding constants, a 1:1 

heparin:1 complex was formed prior to addition of protamine.  In the 0.5 mL solution 

was added protamine (3.33 × 10-5).  However, the exact molecular weight of protamine 

was not known, so this was an approximate concentration.  Titration of 10 µL aliquots of 

the protamine solution reversed the binding between heparin and 1.  Attempts to reverse 



heparin binding in serum did not work as addition of protamine elicited rapid 

precipitation of byproducts within the serum.  As shown below in Figure 1, there was 

virtually no change in the fluorescence emission spectrum when our receptor was titrated 

with protamine alone.  This control experiment illustrated that protamine does not simply 

bind to the receptor and restore the fluorescent emission. 

 

Figure 1. Fluorescent emission spectrum of our heparin receptor upon titration of ~0.4 

equivalent aliquots of protamine.  A total of 2.0 equivalents was added.  It should be 

noted that the emission of the heparin receptor jumps around, as the curve for the last 

aliquot is actually the middle aliquot.  There was no cumulative increase or decrease in 

the emission spectrum upon protamine titration. 
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UFH and LMWH Standard Addition Curves.  Human and equine serum samples were 

doped with UFH and LMWH.  A 32 µL aliquot of each was added to HEPES buffer (148 

uL, 10 mM) and water.  1 was added to the serum solution to obtain a concentration of 

2.24 × 10-6 M.  The total volume of the fluorimeter cuvette was 1.50 mL, and the UFH 

and LMWH concentrations varied to obtain therapeutic treatment concentrations (0.2 



U/mL – 9.0 U/mL (0.08 µM – 3.6 µM)(Heparin MW was determined as the common 

repeating disaccharide = 644.2 g/mol)).  Nine heparin doped serum solutions were 

prepared to span the therapeutic concentration range.   

When 1 was initially added to the buffered aqueous serum solution binding did not occur 

immediately.  It took approximately 18 minutes for the binding to equilibrate.  So the 

heparin charts illustrated in the paper show measurements taken after 18 minutes.  

However, measurements could have been taken as early as 9-12 minutes, as the emission 

equilibration was nearly complete for all trials at this point.  However, we chose to wait 

18 minutes to ensure full equilibrium.       
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