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A b s t r a c t :  Polymer-bound N-hydroxysuccinimide esters of 1-pyrenebutyric acid, 6-carboxyfluorescein 
diacetate, and biotin were efficiently prepared. Column-free fluorescent- and biotin-labeling reactions of 
various amines using these resins were successfully demonstrated. © 1999 Elsevier Science Ltd. All rights reserved, 

Fluorescent-labeling is becoming one of the most important techniques in biological studies. 1 

Fluorescent-labeled compounds can be applied to fluorescence microscopy experiments, confocal laser 

scanning microscopy studies, collisional fluorescence quenching experiments, fluorescence-monitored 

equilibrium binding studies, flow cytometric studies, or enzyme assays. The reaction of N- 

hydroxysuccinimide (NHS) ester of fluorescent compounds is known to selectively react with amines, and 

has been widely used for the fluorescent-labeling of low molecular weight compounds, peptides, and 

proteins. 2 The reaction itself is, in many cases, very clean and quantitative, but purification of the product, 

such as column chromatography, HPLC, or dialysis, is necessary to remove the excess reagent and by- 

produced N-hydroxysuccinimide. To avoid this time-consuming purification step, we planned to develop 

novel polymer-bound NHS esters of fluorescent compounds. Some polymer-bound NHS esters had been 

developed for peptide synthesis, 3 but most of them have used copolymer of maleic anhydride or N- 

hydroxymaleimide derivatives. Since the polymerization step may affect the chemical and physical 

properties of the polymer, we believed that the use of a commercially available and well-characterized resin 

would be more efficient, and that the key NHS ester should be connected to the polymer with an appropriate 

spacer to achieve high reactivity. Based on these considerations, we selected the PS-Thiophenol resin 

(ARGONAUT TECHNOLOGIES) and planned to connect the NHS ester group by the Michael-type addition 

reaction of the thioi to maleimide esters. 

After examining various reaction conditions using N-benzoyloxymaleimide (prepared from benzoyl 

chloride and N-hydroxymaleimide) and thiophenoi as a soluble model, we found that the desired active ester 

resin was efficiently prepared according to the following procedure. Namely, PS-Thiophenol resin 1 (1.26 

mmol/g) was treated with N-benzoyloxymaleimide (2) (2 equiv) and N,N-diisopropylethylamine (DIPEA) 

(0.4 equiv) in THF at 23 °C for 2.5 h. After washing the resin with THF, 0.98 equiv of 2 was recovered 

indicating the almost complete conversion of 1 to the N-benzoyioxysuccinimide resin 3. 4 The active ester 

resin 3 was next treated with tetradecylamine (4) (0.5 equiv) in THF at 23 °C for 40 min, and washed with 

THF. Removal of THF from the combined filtrates afforded N-tetradecylbenzamide (5) in a good chemical 

yield (89% based on the amine). It is noteworthy that treatment of this "used" resin with another 4 (0.3 

equiv), again, gave 5 in an 80% yield. IH-NMR analysis revealed the purity of the product at >95%, and no 
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starting amine or hydrolyzed product, such as benzoic acid, was detected in the product. These facts 

indicate the high loading and high reactivity of the active ester resin. 

We also tested a second possible method for making the active ester resin. Namely, PS-Thiophenol 

resin was first treated with N-hydroxymaleimide (2.0 equiv) and DIPEA (0.4 equiv) in THF to give the N- 

hydroxysuccinimide resin 6 in quantitative yield. This NHS resin was then treated with DCC (l  equiv) and 

benzoic acid (l  equiv) in THF at 0 °C. In this case, however, undesired N-benzoyI-N,N'-dicyclohexylurea 

was formed in a 51% yield, and the treatment of the resin with tetradecylamine (1 equiv) afforded only a 

42% yield of the amide, indicating that the yield of the esterification was less than 50%. Even though 3 

equiv of benzoic acid and DCC were used for the esterification, the amide yield did not increase. Thus the 

loading level of the resin from the second method was not satisfactory, and we decided to choose the first 

method. 
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With these basic results in hand, we finally applied this methodology to the fluorescent compounds. 

Fluorescent-labeling resins 10 and 1 1 were similarly prepared from PS-Thiophenol resin, and the N- 

hydroxymaleimide esters 7 and 8 prepared from corresponding carboxylic acids. 5 As shown in Table l, the 

reaction of active ester resin of 1-pyrenebutyric acid (PB) 10 (~1.5 equiv) with various amines proceeded 

smoothly to give a variety of pyrene-labeled compounds 1 9 - 2 4  in good chemical yields without any 

column purification. 6 Furthermore, the active ester resin of 6-carboxyfluorescein diacetate (CFDA) 1 1 also 

gave satisfactory results. Fluorescein diacetate-labeled compounds are known to be useful cell membrane- 

permeable probes which are hydrolyzed by cell esterase after entering the cell and become highly 

fluorescent. Bisindolyimaleimide VIII (18) is known as a powerful protein kinase C (PKC) inhibitor, and 

the fluorescent-labeled compound 2 6 has been used for studies on PKC. 7 Biotin-labeling resin 12 was also 

prepared from 1 and 9, and efficiently used for the biotinylation of 14.8 

In conclusion, high-loading polymer-supported NHS esters of fluorescent compounds were efficiently 

prepared, and "column-free" fluorescent-labeling of various compounds using these novel resin reagents 

was achieved affording highly pure products. This novel methodology may not be limited to fluorescent- 

labeling and biotinylation, but could also be applied to various other modifications such as the introduction 

of photoreactive groups. 9 This polymer-supported NHS ester method would be applicable to peptide or 

protein labeling by using more hydrophilic resin. It is also noteworthy that this methodology may be of use 
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Table  1. Acylation using the active ester resins a 

entry resin amine amide yield (%) 

1 10 tetradecylamine CHa(CH2) 13NH2 19 85 
(4) 

2 10 1-adamantanamine ~ ,~_..~..~ N H2 20 92 
(13) 

3 10 tryptamine {~\ //X~r~"-,~ N H 2 21 91 
(14) 

H 

4 10 dehydroabietylamine ~ N H 2  22 93 
(15) 

).. 
5 10 H-L-Leu-L-Trp-OMe H : 23 95 

(16) ~ N ' ~ N H 2  

~ N  ~ &ooOMe 
H 

CI 
6 10 A3 (17) [ ~  24 92 

v ' , f - "  
O 2 S . N ~ N H 2  

H 7 11 A3 (17) 25 89 

8 11 bisindolylmaleimide Vlll 28 83 
(18) ~ . ~  NH 2 

OZl~ ~ OH3 

9 12 tryptamine 27 81 
(14) 

u The active ester resin (1.5 equiv) was treated with a THF solution of the amine at 23 °C for 1 h. 

in the creation of  a biased library of  small molecules. Combinatorial chemistry is now becoming an 

important technology for developing novel biologically active compounds, and recently the importance of a 

target-oriented library instead of  random library has been recognized as well. 10 In the process of lead 

optimization, a library whose compounds share a common key structure essential for the interaction with an 

active site, and that possess structural variation for achieving selectivity and higher affinity to the specific 

target is required. In such case, a library of  compounds easily preparable by the reaction of the key 

structure's NHS ester with various amines would be a good "biased" library for the specific target. 
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After completion of this work, reports describing the preparation of NHS resin from N- 

hydroxymaleimide and SH-derivatized Merrifield resin and ArgoPore ® resin and their use for active ester 

formation and coupling with amines appeared. I l The approach described in these reports is quite similar to 

our second method in that they used ethyl (3-dimethylaminopropyl) carbodiimide in DMF as a coupling 

reagent. Although these reports did not mention the yield of the coupling reaction, a large excess (6 equiv) 

of the resin reagent and long reaction period (20 h) was employed for the key amide formation reaction. 
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