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Abstract 
A series of coumarin derivatives linked to amino acid ester side chains were synthesized and 

evaluated of their antibacterial and antifungal activity. The coumarin derivatives was alkylated by the 

ethyl bromoacetate and then using potassium carbonate to get alkylated hymecromone. Conventional 

solution method for amide bond formation was used as a coupling method between the carboxy-

protected amino acids with acetic acid side chain of coumarin derivatives. The DCC/ HOBt coupling 

reagents were used for peptide bond formation. The proposed analogues were successfully synthesized 

and their structural formulas were consistent with the proposed structures as they were proved and 

characterized by thin layer chromatography (TLC), melting point, infrared spectroscopy (IR), and 

elemental microanalysis (CHN). 
Key words: coumarin, amino acid, coumarin antimicrobialal activity. 

 

  للفعاليةللكومارين مزدوجة مع استرات الاحماض الامينية مع دراسة  مشتقات تحضير 

  مضاد للثكتريا ك الثايولوجية

 الدواف  رنا عوني
،*1

و   كوكة يعقوب ساعور   
**
  

 . ، انجايعت انًسخُصشٌت ، بغذاد ، انعشاق نتانصٍذ ت*فشع انكًٍٍاء انصٍذلاٍَت  ، كهٍ

 . ، جايعه بغذاد، بغذاد ، انعشاق تانصٍذن تٍت ، كهٍ*فشع انكًٍٍاء انصٍذلاَ
 

 الخلاصة 
بكخٍشٌت كًضاداث انحٍىٌت نها انفعانٍت ودساست لذ حى ححضٍشها يشحبطت باسخشاث الاحًاض الايٍٍُت انكىياسٌٍ يشخماث سهسهت يٍ    

باسخخذاو كاسبىَاث انبىحاسٍىو نهحصىل عهى و بىاسطت أثٍم بشويى حايط انخهٍك ايشخماث انكىياسٌٍ لذ حى أنكهخه .ويضاداث فطشٌت

وانخً ححخىي حايط انخهٍك  كىياسٌٍانًحهىل انخمهٍذٌت يا بٍٍ يشخماث ان إٌ حكىٌٍ اصشة الأيٍذ حى باحباع طشٌمتاسخش انهاًٌٍكشويىٌ.

لالخشاٌ انًباشش بىجىد حىايط ايٍٍُت راث يجًىعاث حايضٍت يحًٍت إر أٌ طشٌمت حخهٍك اصشة انببخٍذ باسخخذاو ا كزساع جاَبً يع

DCC/HOBt   وانخً حخًٍز بكىَها بسٍطت وفعانت وحؤدي انى ححمٍك عائذ جٍذ عُذ دسجت حشاسة انغشفت. إٌ انًشكباث انًمخشحت حى

شافٍا حخهٍمها بُجاح إر كاَج انصٍغ انهٍكهٍت يخسمت يع انًشكباث انًمخشحت بعذ حًٍٍزها وإثباحها باسخخذاو انخمٍُاث انخانٍت: كشوياحىك

 ت انشلٍمت, يمٍاس دسجت الاَصهاس , يطٍاف الاشعت ححج انحًشاء, وانخحهٍم انذلٍك نهعُاصش انًكىَت.مانطب
 .الكومارين كمضادات مايكروتية فعالية, الاحماض الامينية, : كومارينالمفتاحية  الكلمات

 

Introduction 
Coumarins are heterocyclic 

compounds containing a lactone group. They 

are also known as benzo-2-pyrones. These 

compounds and their derivatives represent a 

broad class of natural and pharmaceutical 

products 
(1)

.This group of compounds has been 

isolated from a variety of plant sources. 

Coumarin was first isolated in 1820 by Vogel 

from the seeds of Tonka beans (coumarouna 

adorata)  , while an umbelliferone (7-

hydroxycoumarins) derivative present in many 

plants such as mannaash, sweet woodruff 
(2)

.Coumarin derivatives possess a wide range 

of pharmacological activities such as, 

anticoagulant
 (3)

, antifungal
 (4)

, antibacteria 
(5)

, 

anti-inflammatory 
(6)

, anticancer 
(7)

, 

spasmolytic and hypotensive activities 
(8)

. 7-

hydroxycoumarin is known for its antibiotic 

and antifungal activities. 8-Substituted-4-

methyl-7-hydroxycoumarin 
(9,10) 

and 6-

substituted-4-methyl-7-hydroxycoumarin 
(11)

 

have been investigated for complexing ability. 

Hymecromone, (7-hydroxy-4-methyl-

coumarin), is one of coumarin derivatives. It is 

used in liver therapy as a choleretic and 

spasmolytic with the special action on the gall 

ducts and gall bladder 
(12,13)

.Coumarins have 

attracted interest in recent years because of 

their diverse pharmacological properties 
(14) 

.During the last twenty years, the study of the 

biological activities of coumarin derivatives 

has been the aim of many researchers 
(15)

. 

Chemical Synthesis 
A. Esterification of amino acids 

Synthesis of L-Leucine methyl ester HCl 

(Leu-O-Me), Compound (A.1)
 (16)

 

A suspension of  Leucine (11 

.4mmol, 1.5g) dissolved in (10ml) of absolute 

methanol, was cooled down to -15C then 

thionyl chloride was added drop wise  

(11.4mmol, 0.86ml), (the temperature should
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be keep below –10C), the reaction mixture 

was left at 40C for 3hr, then refluxed for 3hr 

and left at room temperature overnight. The 

solvent was evaporated to dryness under 

vacuum, re-dissolved in methanol and 

evaporated, this process was repeated several 

times and re-crystallize the product from 

methanol-diethyl ether. Percent yield, physical 

appearance, m.p, Rf values were listed in table 

(1), and IR characteristics absorption bands 

were listed in table (2). 

 

Synthesis of methionine methyl ester HCl  

(Met -O-Me), Compound (A.2). 

A suspension of Methionine 

(10mmol, 1.5g) dissolved in (15ml) of absolute 

methanol and (10mmol, 0.75ml) of thionyl 

chloride, then complete the procedure as 

mentioned in the synthesis of A.1. Percent 

yield, physical appearance, m.p, Rf values were 

listed in table (1), and IR characteristics 

absorption bands were listed in table (2). 

 

B. Alkylationof 4-methyl-7-hydroxycoumarin 

Compound (B) 
(17) 

A suspension of 4-methyl-7-

hydroxy coumarin (39.7mmol, 7g) in acetone 

(70ml) was refluxed with ethyl bromoacetate 

(59.55mmol, 6.5ml) and anhydrous K2CO3 

(218.3mmol, 30g) for 16 hr. after cooling, the 

mixture was evaporated to dryness. The 

residue was recrystallized from acetone to give 

off-white powder of 4-methyl-7-(methoxy 

ethyl acetate) coumarin.Percent yield, physical 

appearance, m.p, Rf values were listed in table 

(1), and IR characteristics absorption bands 

were listed in table (2). 

 

C. Synthesis of 4-methyl-7-(carboxy methoxy) 

coumarin, Compound (C)
 (18)

 

Compound (B)  (26.7mmol, 7g) was 

dissolved in (100ml) of absolute ethanol and 

(42ml) of 5% NaOH solution was added, the 

reaction mixture was stirred overnight at room 

temperature, then the solvent evaporated, and 

the residual was dissolved in water and 

acidified with 6 N of HCl. The white 

precipitate was filtered and crystallized from 

ethanol. Percent yield, physical appearance, 

m.p, Rf values were listed in table (1), and IR 

characteristics absorption bands were listed in 

table (2). 

 

 

 

 

 

 

 

D. Coupling method and reagents 

Conventional solution method was 

used as a coupling method between the 

carboxy- protected amino acid and carboxylic 

acid of coumarin derivatives. DCC 

(Dicyclohexyl carbodiimide) was used as a 

coupling reagent, while HOBt (1-Hydroxy 

benzotriazole) was used to decrease 

racemization and to increase the yields.
(19) 

 

1) Synthesis of 4-methyl coumarin-7-O-acetyl 

- leucine methyl ester, Compound (D.1)
 (20) 

To a stirred solution of leucine 

methyl ester HCl (compound A.1) (1.96mmol, 

0.357g) in (6ml) of DMF, (1.96mmol, 0.2ml) 

of N-methyl morpholine (NMM) was added 

with stirring for 10 min., then (1.96mmol, 0.45 

g) of (comp C) was also added, and the 

mixture was cooled down to (-10C) then 

(3.9mmol, 0.62g) of HOBt and (1.96mmol, 

0.4g) of DCC were added with stirring, which 

was continued for 2days at 0C and then at 

room temperature for 6 days. The crude 

product was evaporated to exclude DMF and 

redissolved in chloroform from which the 

N,N–Dicyclohexyl urea (DCU) was filtered off 

, and the clear filtrate washed twice with 5% 

sodium carbonate solution, 0.1N HCl, once 

with water, and with saturated sodium chloride 

solution.The chloroform layer was dried with 

anhydrous magnesium sulfate and evaporated 

under vacuum; the resulted product was 

collected, recrystallized from (methanol: 

chloroform) (5:1). Percent yield, physical 

appearance, m.p, Rf values were listed in table 

(1), IR characteristics absorption bands were 

listed in table (2) and elemental microanalysis 

data are listed in table(3). 

 

2) Synthesis of 4-methyl coumarin-7-O-acetyl 

- methionine methyl ester, Compound (D.2) 

To a stirred solution of methionine 

methyl ester HCl (compound A.2) (2.5mmol, 

0.5g) in (7.5ml) of DMF, (2.5mmol, 0.27ml) of 

N-methyl morpholine (NMM) was added with 

stirring for 10 min., then (2.5mmol, 0.58 g) of 

(comp C) was also added, and the mixture was 

cooled down to (-10C) then (5mmol, 0.8g) of 

HOBt and (2.5mmol, 0.5g) of DCC were 

added with stirring, which was continued for 

2days at 0C and then at room temperature for 

6 days. Then the procedure was completed as 

mentioned in the synthesis of D.1. Percent 

yield, physical appearance, m.p, Rf values were 

listed in table (1), IR characteristics absorption 

bands were listed in table (2) and elemental 

microanalysis data are listed in table(3). 
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 Table 1 : The physical appearance, percent yield, melting points and Rf values of the synthesized 

compounds and their intermediates. 

 

 

Table 2 : IR characteristic absorption bands. 

 

Comp. 

No. 
Compound Name IR Characteristic Absorption Bands (V cm-1)

 

A.1 Leu -O-Me 

(3032-2784 NH stretch of amine salt), (2958, 2924, 2872 assym. 

str.CH3,CH2, CH), (1739 C=O Ester),(1508 NH bend), (1451 CH3,CH2 

bend), (1394,1359 CH bend) , (1228 C-O Ester). 

A.2 Meth-O-Me 

(3136-2857 NH stretch of amine salt), (2956, 2914 assym. str. CH3 , 

CH2), (1747 C=O of Ester) , (1489 NH bend),  (1444 CH3 bend), (1232 

C-O of Ester). 

B 
4-methyl-7-(methoxy 

ethyl acetate)coumarin 

(3076 CH str. of aromatic C=CH), (2980, 2928 assym. str. CH3, CH2), 

(2872 sym. str. CH3), (1759 C=O Ester), (1606, 1508 str. aromatic 

C=C), (1423, 1386 CH3, CH2 bend), (1220 C-O Ester), (1197 C-O 

Lacton). 

C 
7-(carboxy methoxy)-

4-methyl coumarin 

(3200-2500 str.OH ), (3068 CH str. of aromatic C=CH), (2987, 2916 

assym. str. CH3, CH2), (1755 C=O Carboxylic acid), (1708 C=O 

Lacton), (1610, 1566, 1510 str. aromatic C=C), (1427, 1390 CH3, CH2 

bend), (1253 C-O carboxylic acid), (1147 C-O Lacton). 

D.1 
4-methyl-7-O-acetyl-

leucine methyl ester 

(3333 NH stretch, amide II), (2955,2928, 2852 assy. str. CH3,CH2, 

CH), (1739 C=O of Ester and Lacton), (1676 C=O str. amide), (1620 

C= C aromatic), (1527 NH bend, amide II ), (1390,1369 CH bend), 

(1298 C-O Ester), (1151 C-O Ether). 

D.2 

4-methyl-7-O-acetyl-

methionine methyl 

ester 

(3362 NH stretch, amide II), (2926, 2852 assy., sym str. CH3,CH2), 

(1741 C=O of Ester and Lacton), (1670 C=O str. amide), (1622 C= C 

aromatic), (1527 NH bend, amide II ), (1440,1390 CH3,CH2 bend), 

(1300 C-O Ester), (1155 C-O Ether). 

 

 

Table 3 : The elemental microanalysis % of final products 

 

 

Compound 
Physical 

Appearance 
%Yield 

Melting Point 

Observed (
o
C) 

Rf Value Solvent system 

A.1 
White needle 

shape crystals 
91 146-148 0.78

 Chloroform 7 

Methanol     3 

A.2 
White needle 

shape crystals 
90 148-150 0.8

 Chloroform 7 

Methanol     3 

B Off white powder 74 96-97 0.7
 Chloroform 4 

Methanol     6 

C Off white crystals 79 207-208 0.8
 

Chloroform 2.5 

Methanol    2.5 

Ether             5 

D.1 White crystals 92 103-105 0.74
D Chloroform  2 

Methanol     8 

D.2 
Off white to 

yellow crystals 
89 105-108 0.76

D Chloroform  2 

Methanol     8 

Mol.wt. S O N H C Value type Compound 

361.39  
26.56 

27.31 

3.88 

4.07 

6.41 

6.60 

63.15 

64.63 

calculated 

observed 
D1 

379.43 
8.45 

8.78 

25.30 

26.10 

3.69 

3.81 

5.58 

5.39 

56.98 

58.03 

calculated 

observed 
D2 
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Biological Activity 
A preliminary antibacterial and 

antifungal activity has been carried out 

according to Well Diffusion Method: 

The prepared compounds have been studyied 

for their antimicrobial activity in vitro against 

three tested bacteria (Staphylococcus aureus., 

Streptococcus spp. as gram positive bacteria 

and proteus spp. as gram negative bacteria) 

and two fungi (Aspergillus spp., and Candida 

spp.) were clinical activated and maintained on 

nutrient agar medium for testing antibacterial 

activity and sabaroud agar medium for 

antifungal activity.Ofloxacin was used as a 

standard drug for antibacterial activity and 

Ketoconazole was used as a standard drug for 

antifungal activity.The plates were incubated at 

30 °C for 72 hours (fungai spp.) or 37 °C for 

24 hours (bacteria)
 (21)

  and the antimicrobial 

activity was evaluated by measuring the 

diameter of the inhibition zone (IZ) around the 

disc in mm, as show in table (4) and (5) 

respectively . 

 

 

 

 

 

Result and Discussion 
Synthetic part 

The overall synthesis strategy based one four 

major lines: 

1. Amino acid derivatives 

    The amino acids were activated by thionyl 

chloride to get acyl chloride that attacks 

methanol to get methyl esters of the selected 

amino acids. 

2. Alkylation of hymecromone 

    Hymecromone was alkylated by the ethyl 

bromoacetate and then using potassium 

carbonate to get ester of hymecromone.  

 

3. Hymecromone acetic acid synthesis 

Removal of ethoxy group from the 

hymecromone ester can be done by sodium 

hydroxide to form the conjugated base, then 

acidified with hydrochloric acid to get 

hymecromone acetic acid, as show in scheme 

(1). 

4. Amide bond formation 

Conventional solution method for amide bond 

formation used as a coupling method between 

the carboxy-protected amino acids with acetic 

acid side chain of hymecromone. The DCC/ 

HOBt coupling reagents used for peptide bond 

formation, as show in scheme (2). 

 

 

 

 
                           4-methyl-7-(methoxy ethyl acetate) coumarin 
 

 

 

 
 

Scheme 1 : Pathway of synthesis of 4-methyl coumarin carboxylic acid. 
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D1:  R=   CH2 CH (CH3)2 

D2:  R=  (CH2)2 S CH3 

 

Scheme 2 : Pathway of synthesis of coumarin derivative coupled to amino acid esters. 
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nutrient agar medium for testing antibacterial 

activity and sabaroud agar medium for 

antifungal activity.Ofloxacin was used as a 

standard drug for antibacterial activity and 

Ketoconazole was used as a standard drug for 

antifungal activity.The plates were incubated at 

30 °C for 72 hours (fungai spp.) or 37 °C for 

24 hours (bacteria)
 (21)

  and the antimicrobial 

activity was evaluated by measuring the 

diameter of the inhibition zone (IZ) around the 

disc in mm, as show in table (4) and (5). 

 

Table 4 : The antibacterial activity of the tested compounds 

Compound no. 

Zone of Inhibition in mm 

Staphylococcus 

aureus 
Streptococcus spp. Proteus spp. 

 

D1 

 

2µg/ml 5 3 3 

20µg/ml 9 10 8 

50µg/ml 14 12 11 

D2 

2µg/ml 1 2 No activity 

20µg/ml 4 3 No activity 

50µg/ml 7 7 No activity 

Ofloxacin 

2µg/ml 5 6 5 

20µg/ml 10 12 10 

50µg/ml 16 17 16 

 

Table 5:  The antifungal activity of the tested compounds. 

Compound no. 
Zone of Inhibition in mm 

Aspergillus spp. Candidia spp. 

D1 

5µg/ml 6 7 

20µg/ml 13 12 

50µg/ml 14 18 

D2 

5µg/ml 3 7 

20µg/ml 6 10 

50µg/ml 12 14 

Ketoconazole 

5µg/ml 12 9 

20µg/ml 17 25 

50µg/ml 20 30 

   

 

The antimicrobial activities (antibacterial and 

antifungal activities) have been carried out 

according using Well Diffusion 

methodology.The prepared compounds have 

been studying for their antibacterial  activity in 

vitro against three tested bacteria 

(Staphylococcus aureus., Streptococcus spp. as 

gram positive bacteria and proteus spp. as 

gram negative bacteria) respectively using 

Ofloxacin as standard. Also, the fungal activity 

has been study against two types of fungi 

(Aspergillus spp., and Candida spp.) using  

Ketoconazole as standard.All results are fixed 

in tables (4) and (5), compound D1 show 

antibacterial activity, while both compounds 

D1&D2 have a good antifungal activity. 

Conclusion 
The proposed compounds were 

successfully synthesized by the conventional 

solution method as previously described and 

their structure formula were consistent with the 

proposed structures since conformity of their 

structures was achieved by using the following 

techniques: thin layer chromatography (TLC), 

melting point, infrared spectroscopy (IR) and 

elemental microanalysis (CHN).The best 

activity of the studied samples appeared in the 

compounds D1 (4-methyl coumarin-7-O-

acetyl-leucine methyl ester) as antibacterial 
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agent, and antifungal agent.The mechanism of 

their action is not yet fully understood and 

correlation of effects with chemical structures 

is not conclusive at the moment. 

 

References 
1. Amador. P. , Pineda. B., Lopez. A., Flores . 

H. : Standard  molar   enthalpies  of 

formation  in  the  crystalline  phase  of 7-

hydroxy-4-methylcoumarin , 7- ethoxy – 4 

–methylcoumarin , and 6-methoxy-4- 

methylcoumarin . J . Chem . Thermo- 

dynamics . 2011; 43: 1414-1416. 

2. Sethna. S.M., Shah. N.M.: The chemistry 

of coumarins. Chem.Rev.1945;36: pp. 1-

62.  

3. Lowenthal. J., Birnbaum. H.: Vitamin K 

and coumarin anticoagulants: dependence 

of anticoagulant effect on inhibition of 

vitamin K transport. Science. 1969; 164:  

181-183. 

4. Stein. A.C., Alvarez. S., Avancini. C., 

Zacchino. S., Poser. G.: Antifungal activity 

of some coumarins obtained from species 

of asteraceae. Journal of 

Ethnopharmacology. 2006; 107:  95-98. 

5. Kalluraya. B., Vishwanatha. P., Isloor. 

A.M., Rai.G., Kotian. M.: Synthesis and 

biological activity of 6-substituted-3-(2-(5-

substituted-2-furfurylidenehydrazino)-4-

thiazolyl)coumarins. Boll. Chim. Farm. 

2000; 139: pp. 263-266. 

6. Fylaktakidou. K.C., Hadjipavlou-Litina. 

D.J., Litinas. K.E., Nicolaides.D.N.: 

Natural and synthetic coumarin derivatives 

with anti-inflammatory/ antioxidant 

activities. Curr. Pharm. Des. 2004; 10: pp. 

3813-3833. 

7. Riveiro. M. E., Vazquez. R., Moglioni. A., 

Gomez. N., Facorro. G., Piehl. L., de Celis. 

E.R., Shayo. C., Davio. C.: Structural 

insights into hydroxycoumarin-induced 

apoptosis in U-937 cells. Biochem. 

Pharmacol. 2008; 16: pp. 2665. 

8. Kostova. I. P., Manolov. I.I., Nicolova. I. 

N., Danchev. N.D.: New metal complexes 

of 4-methyl-7-hydroxycoumarin sodium 

salt and their pharmacological activity.  II 

Farmaco. 2001; 56: pp. 707-713. 

9. Issa. Y.M., Omar. M.M., Sabrah. B.A., 

Mohamed. S.K.: Complexes of cerium 

(III), thorium (IV) and dioxouranium (II) 

with 8-(arylazo)-7-hydroxy-4-methyl 

coumarin dyes.J.Indian Chem. Soc. 1992; 

69: pp. 186-189. 

10. El-Ansary. A.L., Omar. M.M.:  Formation 

constants and molecular structure of 

vanadium (IV), cobalt(II), nickel(II), 

copper(II) and zinc(II) chelates with 8-

(arylazo)-7-hydroxy-4-methylcoumarin 

dyes. Egypt. J. Chem. 1988; 31: 511-520. 

11. Tyagi. J.S., Paruthi. H.K., Taneja. A.D., 

Prasad. C.R.G.: Metal complexes of some 

hydroxycoumarin derivatives. Chem.Era 

.1975; 11: pp. 22-27. 

12. 12)Wang.Z., Chunya. L.:Electrochemical 

Investigation of Hymecromone at a multi-

wall Carbon Nano-Tube/Cetyl Pyridine 

Bromine Composite Film Electrode. 

Russian Journal of Electrochemistry. 2007; 

43: 1364-1368. 

13. Pearlman. B.L.: Hepatitis C treatment 

update. Am J Med. 2004; 5: 344-352. 

14. Kostova. I., Raleva. S., Genova. P., 

Argirova. R.: Structure-Activity 

Relationships of Synthetic Coumarins as 

HIV-1 Inhibitors. Bioinorganic Chemistry 

and Applications. 2006; Article ID 68274: 

pp. 1-9. 

15. El-Farargy. A.F.: Synthesis and some 

reactions of 8-teri-butyl-6-hydroxy-4-

methyl coumarin. Egypt. J. Pharm. Sci. 

1991; 32:  625. 

16. AL-Ameri. M. F.: Synthesis of new 

analgesic peptides analogues with expected 

biological activity; M. sc. Thesis, College 

of Pharmacy, Baghdad University, 

Baghdad; 2000. 

17. Danoawade. D. S., Raghu. A.V., 

Muddapur. U. M. , Gadaginamath G.: 

Chemoselective reaction of benz-indol 

based bisheterocycle dicarboxylate towards 

hydrazine hydrate. Indian Journal of 

Chemistry. 2005; 44: 1470-1475. 

18. Katzenellenbogen. J.A., Myers. H.N., 

Johnson. H.J.: Reagents for photoaffinity 

labeling of estrogen binding proteins. J Org 

chem. 1973; 38: 3525-3533. 

19. Henklein. P.,  Rapp. W.: Comparison of 

Microwave Mediated Peptide Synthesis in 

Comparison to Conventional Peptide 

Synthesis. J. Peptide Chemistry. 2008; 14: 

10401-10421. 

20. Yajima. H., Ogawa. H., Ueda. H., Takagi. 

H.: Synthesis and activity of  Kyotorphin 

and its analogue. Chem Pharm Bull. 1980; 

28: pp. 1935-1938. 

21. Kuete. V., Tangmouo. J.G., Penlap. V., 

Mofo. F., Lontsi. D.: Antimicrobial activity 

of Tridesmostemon omphalocarpoides. 

Journal of Ethnopharmacology. 2006;104: 

5-11. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Celis%20ER%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Celis%20ER%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shayo%20C%22%5BAuthor%5D
http://www.sciencedirect.com/science/journal/0014827X
http://www.sciencedirect.com/science/journal/0014827X
http://en.wikipedia.org/w/index.php?title=P._Henklein&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=W._Rapp&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=J._Peptide_Chemistry&action=edit&redlink=1

