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SYNTHETIC COMMUNICATIONS, 26(23), 450 1-4506 (1 996) 

A RACEMIC SYNTHESIS OF THE NOVEL ANTIBACTERIAL 
AGENT JUGLOMYCIN A 

George A. Kraus' and Peng Liu 

Department of Chemistry, Iowa State University, Ames, IA 50011 

Abstract: Juglomycin A has been synthesized in six steps from juglone. 

Juglomycin A (1) and juglomycin B (2) were isolated from 

Streptomyces sp. 190-2 by Ono and coworkers.1 Their structures were 

initially determined by proton NMR studies2 and later revised after an 

X-ray structure determinati~n.~ Syntheses of racemic 1 and 2 were 

reported by Giles and coworkers.4 Recently, Brimble and Ireland have 

reported a formal ~ynthesis .~ Both 1 and 2 exhibit antibacterial activity 

against both Gram-negative and Gram-positive 

OH 0 

1 

* To whom correspondence should be addressed. 
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Copyright 6 1996 by Marcel Dekker, Inc. 
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4502 KRAUS AND LIU 

bacteria.6 In the course of developing a general synthetic route to 

pyranoquinone antibiotics, we identified 1 as a key intermediate. We 

report herein a direct synthesis of racemic juglomycin A.7 

Our synthesis of 1 began with juglone (3) which was converted 

into naphthol 48 by reduction and acetonide formation. Compound 4 

was treated with methyl magnesium bromide to afford the 

4 OH 

magnesium alkoxide which reacted with the ethyl ester of 3-fomyl 

acrylic acid (519 using the method of Casiraghilo to form ester 6 in 70% 

yield. 

Michael addition of the phenol was effected using potassium 

carbonate in methanol. This produced the desired lactone 7 in 18% yield 

and the hydroxy ester 8 in 61% yield. We subsequently found that 8 

could be transformed into 7 by hydrolysis with aqueous lithium 

hydroxide followed by lactonization with PTSA. The acetonide protecting 

group was removed using 6N HCl. Oxidation with ceric ammonium 
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JUGLOMYCIN A 4503 

nitrate in aqueous acetonitrile afforded juglomycin A in 56% yield from 

lactone 7. 

\ /  

61% U 18% 

6N HC1 CAN 
7 -*- 

1. aq. LiOH 
2. PTSA 

Juglomycin A can be synthesized from juglone in six steps. Each 

step is operationally convenient and reproducible. Since studies using 

juglomycin A have been impeded by its low natural occurrence, our 

synthetic route will allow more extensive biological evaluation of this 

interesting antibacterial agent. 

Experimental 

Ethyl 2',6-dihydroxynaphtho[1,8-del-1,3-dioxin butenoic acid (6) 

To a solution of methylmagnesium bromide (3.71 mmole) in anhydrous 

diethyl ether (10 mL), a solution of naphthol 4 (0.8022 g, 3.71 mmole) in 

diethyl ether (10 ml) was added under stirring at  rt. After stirring for 20 

min, the ether was removed completely under vacuum and anhydrous 

dichloromethane (15 ml) was added, cooled to -78 "C, a solution of 5 (3.71 
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4504 KRAUS AND LIU 

mmole) in dichloromethane was added. After stirring for 3 h the reaction 

mixture was warmed to rt, quenched with saturated ammonium chloride 

solution, extracted with dichloromethane (3 x 30 mL), dried over 

Na2S04, and concentrated in vacuo. The residue was chromatographed 

on silica gel with hexandethyl acetate (4:l) to give 0.907 g (71% yield of 

6 as a yellow oil. 

1H-NMR (CDC13): 6 1.27 (t, J = 6.9 Hz, 3H), 1.63 (s, 6H), 3.11-3.12 (br, 

lH, exchange w/D2O), 4.19 (9, J = 6.9 Hz, 2H), 5.59 (dd, J = 1.5, J = 5.4 

Hz, lH), 6.10 (dd, J = 1.5, J = 17.1 Hz, lH), 6.47 (s, lH), 7.10 (dd, J = 5.4, 

J =  15.6 Hz, lH), 7.40(t, J =  8.1, lH), 7.73 (d, J = 8.1 Hz, 1H). IR 
(CHC13): 3640, 2941, 1733, 1616. Ms ( d z ) :  343 (m-11, 342 (m-2) 269, 

242, 214, 199, 173, 146, 118, 100, 73. CMR: 14.13, 25.07, 25.16; 60.44; 

87.09, 101.56, 105.26, 109.58, 113.47, 114.90, 118.83, 120.22, 126.72; 

140.62, 145.59, 146.79, 147.74, 166.34, 170.56. 

Preparation of Lactone 7 Compound 6 (0.1047 g, 0.304 mmol) 

was added to a rapidly stirred solution of potassium carbonate (0.5 g) in 

methanol (10 mL) a t  rt. After stirring for 36 h, the reaction mixture was 

acidified with 2N HCl at  0 "C and extracted with dichloromethane (3 x 

20 mL). The solvent was removed in vacuo and the residue was purified 

by chromatograpy on silica gel with hexane/ethyl acetate (2:l) to give 

compound 8 (61%) and compound 7 (18 mg, 18%). Compound 8 was 

treated with LiOH in ethanol:H20 (2:l) for 24 h, acidified with 2N HC1 at 

0 "C, extracted with ether (3 x 15 mL), dried and concentrated in vacuo. 

The residue was treated with PTSA in dichloromethane for 24 h. The 

reaction mixture was diluted with 5 mL of H20, extracted with 

dichloromethane (3 x 15 mL), dried and concentrated in vacuo. The 

residue was purified by chromatography to give compound 7. 
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JUGLOMYCIN A 4505 

Compound 7: 1H-NMR (CDC13): 6 1.65 (s,6H), 2.86 (dd, J = 7.8, 17 Hz, 

lH), 3.16 (dd, J = 3.6,17 Hz, lH), 4.15-4.22 (m, lH), 5.07-5.10 (m, lH), 

6.92 (9, lH), 7.13 (d, J = 7.5, lH), 7.55 (t, J = 8.1, lH), 7.80 (d, J= 8.1 Hz, 

1H). IR (CHC13): 2964, 1781 cm-1. MS ( d z ) :  298, 255, 231, 70,43. 

Compound 8: 1H-NMR (CDC13): 6 1.23 (t, J = 6.9 Hz, 3H), 1.65 (s,3H), 

2.85 (q, J = 7.8 Hz, lH), 3.15 (dd, 3 = 3.6 Hz), 4.15-4.22 (m, 3H), 5.08 (dd, 

J = 3.6 Hz, lH), 6.92 (5, lH), 7.13 (d, J = 7.5, lH), 7.55 (t, J = 8.1 Hz, 

lH), 7.81 (d, J = 8.4 Hz, 1H). IR (CHC13): 3397, 2997, 1616 a-1. MS 

(dz) :  343 (m-l), 326, 297, 269, 253, 199, 173, 145, 127, 100, 74,55. 

Preparation of Juglomycin A To a solution of compound 7 (61 

mg) in CH3CN (5  mL) was added 0.5 mL of 6N HCl. The reaction was 

heated to reflux for 6 h, cooled and concentrated in vacuo. The residue 

was treated with ceric ammonium nitrate for 2 h. Water (5 mL) was 

added and the aqueous layer was extracted with ethyl acetate (3 x 15 

mL), dried.and concentrated in vacuo. The residue was purified by flash 

chromatography with hexanedethyl acetate (1:l) to give 45 mg (81% 

yield) of 1. 1H-NMR (CDC13): 6 2.70 (d, J = 18 Hz, lH), 2.90 (dd, J = 

5.4, 18 Hz, lH), 4.80 (m, lH), 5.70 (d, J = 3.6 Hz, lH), 6.81 (s, lH), 7.25 

(d, J = 7.6 Hz, lH), 7.57-7.03 (m, 2H). IR (CHC13): 3155, 2969, 1784, 

1630 cm-1. Anal. Calcd.for C14H1006: C 61.32, H 3.68. Found: C 60.96, 

H 3.78. 
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