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Abstract: Nitrones are utilized as the active site zinc coordinating functionality in the design of  inhibitors for 
thermolysin. This new type of thermolysin inhibitors are as potent as the existing inhibitors bearing a 
carboxylate or hydroxamate zinc ligating moiety. © 1998 Elsevier Sciencc Ltd. All rights reservcd. 

Thermolysin (EC 3.4.24.4) is an extracellular thermostable zinc-contaning endopeptidase isolated from 

Bacillus thermoproteolyticus. ~ Along with the mammalian digestive enzyme carboxypeptidase A, 

thermolysin is one of  prototypical zinc-containing proteases, and has played an important role as a model 

enzyme in the development of  inhibitor design strategies that can be translated to zinc proteases of  

physiological importance) 

Most of  thermolysin inhibitors are characterized as being analogs of  substrate having a moiety which is 

capable of coordinating to the active site zinc ion. Carboxylate, aldehyde and ketone, sulfhydryl, 

hydroxamate, and phosphorus oxy acid of various oxidation states have served as the zinc ligand in the design 

of  inhibitors for thermolysin. 3 In this communication we wish to report a new type of  thermolysin inhibitors 

which are designed by incorporating a nitrone moiety into the substrate structural frame as the zinc 

coordinating functionality. 

Nitrones (azomethine N-oxides) are highly valuable synthetic building blocks for the synthesis of  various 
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types of  nitrogen heterocycles, 4 and used as excellent 1,3-dipoles for cycloadditon reactions. 5 Reportedly, 

Lewis acid such as Mg 2+ and Zn 2+ brings about significant improvements of the rate as well as the regio- and 

stereo-specificity in the 1,3-dipolar cycloadditions, suggesting the negatively polarized oxygen atom of the 

nitrone to form a coordinative bond to the Lewis acid. 6 We have exploited this unique property of the 

nitrone to design a novel type of  competitive reversible inhibitors for thermolysin. As illustrated in Figure 1, 

the nitrone moiety in the inhibitors is expected to ligate to the active site zinc ion. 

S 1' subsite pocket 

$2' subsite 

, /  
Ph ~ 

Figure 1. Postulated binding mode of  a nitrone bearing inhibitor to the active site of  thermolysin. 

We have synthesized six representative potential inhibitors 7 by oxidation of  the corresponding secondary 

amines with hydrogen peroxide in the presence of a catalytic amount of sodium tungstate. 8 In the case of  N- 

benzyi-13-phenylalanine methyl ester, there was obtained a mixture of 3 and 4 (Table 1) in a nearly equal ratio, 

which was separated by column chromatography. Compound 6 was prepared by condensing N-13- 

phenyalanidenebenzylamine N-oxide with methyl glycinate by a standard method and subsequent treatment of 

the product with dilute NaOH solution. Aldonitrones such as those synthesized in this study are known to 

exist in the thermodynamically more stable Z-form. 9 

Inhibitory activities of the synthesized nitrone derivatives for thermolysin were estimated at pH 7.2 (Tris 

buffer) by the literature method 1° using 2-furylacryloyl-Gly-Leu-NH2 as substrate, and are summerized in 

Table 1. No significant thermolysin inhibitory activity was observed with the amine precursor of 5 at 

concentration up to 3.3 mM, suggesting strongly that the enzyme inhibitory activity of  these nitrone 

derivatives arises from the zinc coordinating propensity of the nitrone moiety. The most potent inhibitor in 

this study is shown to be 5 having the Ki value of 40 p.M. In general, amides are more potent than esters, 
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suggesting that the hydrogen atom on the amide nitrogen is possibly involved in the formation of hydrogen 

bond with backbone peptide carbonyl oxygen atom. Unexpectedly, the incorporation of  Gly into a most 

potent compound $ increased the Ki value. The inhibitory potencies of our nitrone bearing substrate analogs 

are comparable to those of  well known thermolysin inhibitors having a carboxylate or hydroxamate moiety 

such as 7 and 8 (Table 1). 

Table I. Inhibitory potencies of  nitrone beating inhibitors for thermolysin 

Compd Compd 
No. Structure Ki (P,M) a No. Structure K i (~,1) a 

+ 
1 PhCH=N--CHCO2CH3 1,910 

I J 
O- CH2Ph 

PhCH=N--CHCONH2 774 
2 I J 

O" CH2Ph 

3 PhCH=N--CH2 .CHCO2CH3 244 
I i 

O- CH2Ph 

+ 
4 PhCH21~=CHICHCO2CH3 82 

O" CH2Ph 

+ 
PhCH21~I=CH?HCONH2 

O" CH2Ph 
40 

+ 
6 PhCH2~ =CH ICHCONHCH2CO2H 54 

O CH2Ph 

7 HO2CCH2CHCONHCH2CO2H 340 b 
CH2Ph 

O 
II 

$ HCNCH2~HCONHCH2CO2H 34 b 

OH CH2Ph 

a The inhibitory constants were determined according to the method reported by Feder et al using 2-futylacryloyl-Gly-Leu-NH2 as 
the substrate at pH 7.2 (0.1 M Tris, 0.01 M CaCI2, 25 °C). b Yonghao Jin, Ph. D. Thesis, Department of Chemistry, Pohang 
University of Science and Technology, 1997. 

In conclusion, we have demonstrated in this study that the readily obtainable nitrone is a valuable moiety 

that can be useful as an active site zinc coordination functionality in designing inhibitors for thermolysin. The 

novel design protocol may potentially be employed in designing inhibitors effective against zinc proteases of  

medicinal interest. 

Acknowledgment: The Korea Science and Engineering Foundation is acknowledged for the financial support 

of  this work. 



326 K.J. Lee, D. H. Kim/Bioorg. Med. Chem. Lett. 8 (1998) 323-326 

References and Notes 

1. Matthews, B. W. Acc. Chem. Res. 1988, 21, 333 - 340. 

2. Walpole, C. S. J.; Wrigglesworth, R. Natural Prod. Rep. 1989, 311 - 346. 

3. Powers, J. C.; Harper, J. W. In Proteinase Inbihitors, Barrett, A. J.; Salvesan, G., Ed. Elsevier, 
Amsterdam, 1986, Chapter 6. 

4. (a) Goti, A.; Cicchi, S.; Fedi, V,~ Nannelli, L.; Brandi, A. J. Org. Chem. 1997, 62, 3119 - 3125. (b) 
Murahashi, S.-I.; Angew. Chem. Int. Ed. Engl. 1995, 34, 2443 - 2465. 

5. (a) Gothelf, K. V.; Thomsen, I.; J6rgensen, K. A. J. Am. Chem. Soc, 1996, 118, 59 - 64. (b) Hori, K.; 
Kodama, H.; Ohta, T.; Furukawa, I. Tetrahedron Lett. 1996, 37, 5947 - 5950. (c) Tamura, O.; Gotanda, 
K.; Terashima, R.; Kikuchi, M.; Miyawaki, T.; Sakamoto, M. J. Chem. Soc. Chem. Commun., 1996, 1861 
- 1862. (d) Ukaji, Y.; Shimizu, Y.; Kenmoku, Y.; Ahmed, A.; Inomata, K, Chem. Lett. 1997, 59 - 60. 

6. (a) Kanemasa, S.; Tsuruoka, T.; Yamamoyo, H. Tetrahedron Lett. 1995, 36, 5019 - 5022. (b) 
Kanemasa, S.; Tsuruoka, T.; Wada, E. Tetrahedron Lett. 1993, 34, 87 - 90. (c) Kanemasa, S.; Uemura, 
T.; Wada, E. Tetrahedron Lett. 1992, 33, 7889 - 7892. 

7. 1: mp 174 - 175 °C; IR (thin film) 1735, 1570 (C=N) cmX; 1H NMR (CDC13) ~ 3.55 (dd, J =  14.2, 4.4 
Hz, 1H), 3.66 (dd, J =  14.2, 10.3 Hz, 1H), 3.78 (s, 3H), 4.64 (dd, J =  10.3, 4.4 Hz), 7.06 (s, 1H, -CH=N), 
7.17 - 7.38 (m, 8H), 8.11 (m, 2H, ArH ortho to CH=N+-O); 13C NMR (CDCI3) 6 35.5, 53.6, 79.8, 127 - 
137, 167; Anal. Calcd for C17HITNO3: C, 72.07; H, 6.05; N, 4.94. Found: C, 71.72; H, 6.25; N, 5.14. 
2: mp 190 - 192 *C; ~H NMR (DMSO-d6) 5 2.48 - 3.12 (m, 2H), 4.61 (m, 1H, ~t-H), 7.08 - 7.53 (m, 
10H), 7.76 (d, J = 7.1 Hz, 2H), 8.45 (d, J = 8.5 Hz, 1H); ~3C NMR (DMSO-d6) 5 38.1, 55.6, 127.0 - 
138.4, 174.2. 3: IR (neat) 1720, 1570, 1555 cml; ~H NMR (CDCI3) 5 2.94 (m, 1H), 3.10 (m, 1H), 3.67 
(s, 3H), 3.72 (m, 1H), 4.0 (dd, J = 12.0, 4.8 Hz, 1H), 4.25 (dd, J = 12.0, 8.7 Hz, 1H), 7.19 - 7.49 (m, 
9H), 8.20 - 8.23 (m, 2H, ArH ortho to CH=N+-O); 13C NMR (CDCI3) 5 36.2, 44.8, 52.5, 66.9, 127 - 
137.0, 174.0. 4: IR (neat) 1740, 1590, 1570 cmt; ~HNMR (CDC13) 5 3.11 (m, 1H), 3.21 (m, 1H), 3.68 
(s, 3H), 4.21 (q, J = 6.9 Hz, 1H), 4.88 (s, 2H), 6.79 (d, J = 6.6 Hz, 1H, -CH=N), 7.04 - 7,07 (m, 2H), 
7.19 - 7.41 (m, 8H); ~3C NMR (CDC13) 6 35.1, 44.9, 52.6, 69.9, 126.3 - 137.8, 171.7. 5: mp 150 - 
152 °C; IHNMR (DMSO-d6) 5 2.08 - 2.94 (m, 2H), 3.4 (m, 1H), 4.31 (m, 2H), 7.16 - 7.35 (m, 10H), 
9.54 (t, J = 6.3 Hz, 1H); ~3C NMR (DMSO-d6) 5 36.7, 47.7, 53.3, 123.0 - 141.5, 177.5. 6: mp 186 - 
188 °C; ~H NMR (DMSO-d6) 5 2.96 - 3.15 (m, 2H), 3.49 (dd, J =  8.3, 6.2Hz, 1H), 3.76 (d, J =  5.7 Hz, 
2H), 4.13 (dd, J =  15.3, 5.4 Hz, 1H), 4.30 (dd, J =  15.3, 5.4 Hz, 1H), 7.0 - 7.26 (m, 10H), 8.12 (t, J =  
5.7 Hz, 1H), 8.32 (t, J =  6.1 Hz, 1H), 12.8 (br, IH, CO2H); 13C NMR (DMSO-d6) 5 36.1, 41.8, 43.0, 
55.4, 124.5 - 128.7, 139.8, 170.0, 172.0; Anal. Calcd for C19H20N204: C, 67.05; H, 5.92; N, 8.23. 
Found: C, 67.62; H, 5.89; N, 8.49. 

8. Murahashi, S.-I.; Mitsui, H.; Shiota, T.; Tsuda, T.; Watanabe, S. J. Org. Chem. 1990, 55, 1736 -1744. 

9. Hamer, J.; Macaluso, A. Chem. Rev. 1964, 64, 473 - 595. 

10. Feder, J.; Brougham, L. R.; Wildi, B. S. Biochemistry 1974, 13, 1186 - 1189. 


