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Abstract: The methanolysis of clavulanic acid (2) end subsequent base catalysed rearrangement 

to 3, 4-disubstituted pyrroles is described. 

Reports from these laboratoriesA have described the isolation and structural elucidation 

of olavulanic acid (2), a potent B-lactemase inhibitor produced by Streptomyces ClavuliRerus. 

Subsequently, a progremme was initiated to investigate the primary and secondary processes 

involved in the degradation of olavulenic acid (2). We now report the facile rearrangement 

of clavulenic acid $0 3, 4-disubstituted pyrroles which share structural similarities with 

Verrucerin E (7), an antimitotic agent isolated from Myrothecium verrucaria 3 . .--- 

Treatment of sodium clavulauate (1) with methanol (reflw, 15 min.) afforded, after 

chromatography, three products. The most polar product gave a positive(purple)coloration 

with Ehrlictis reagent and was identified as methyl 3-(2-hydroxyethyl)-pyrrole-4-carboxylate 

(3; 6%), m.p. 66-67' (ethyl acetate-cyclohexene); E’ 169.0740 (C8HllN03); v%x (CHc13) 

3460 and 1690 cm -l; X,. (EtOH) 230 (8400)nm ; 'H n.m.r. b (CDG13) 2.93 (2H; t, J6Hz, 

8-C5), 3.73(3R, s, 7-CHl), 3.77(2H, t, J6Hz, 9-cH2), 6.4(1H, m, 5'-(X), 7.28(1H, da, 54 and 

2Hz, 2-z), Y.l-Y.6(1H, m, 1-Q [disappears after addition of D,O]; 13C n.m.r. b (CDC13) 

29.32 (t, c-8), SO.79 (q, 7-C) 63.31 (t, Y-C), 113.29 (s, 3-C), 118.4/., (a, S-C), 121.61 

(s, 4-C), 125.39 (a, 2-C), 166.81 (8, 6-C). The second least polar product (pink coloration 

with Ehrlich's) was assigned structure (4; s), m.p. 38.5-40' (ethyl acetate); structure 

(5; 1%) was attributed to the least polar product. 

A sdution of the 3, &disubstituted mle (3) in benzene, containing a catalytic 

amount of ptoluene sulphonic acid, under Dean end Stark conditions afforded the b-lactone 

(6; Yo%), g+ 137.0481 (C7H7N02); "_ (CHC13) 3450 ana 1710 cxu -I; 6 (CDC13) 2.82 (2H, t, 

J~EIZ, ~-CR ), 4.42(2H, t, J6Hz, 
2 

9-cH ), 
2 

6.54(1~, m, S-H), 7.38(1~, m, 2-g), 8.8-9.4(1~, br, 

8, l-NH_). 
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1 R 1 = CH2CH20H 

4 R1 = CH2CH20CH 
5 R1 = 

3 
CH = CH2 

Whilst monitoring (t.1.c.) the methanolysis described above a more polar product 

than the pyrrole (3) was observed; none was apparent after completion of the reaction. 

Consequently, a solution of sodium clavulenate (1) in methanol was heated at reflex for 

2 mins. and the rapidly cooled solution diluted with water. The sole product isolated was 

shown to be methyl-4-aza-8-hydraxy-6-oxo-act-2-enoate * (8; 7096), m.p. 72-74" (ethyl acetate); 

x (EtOH) 268 n.m.; u_. (cHc13) 3600, 3410, 1720, 1685 and 1610 cm, 

(y't, J6Hz, 7-CH& 3.62(3~, a, 

-1; 8 (cDC13) 2.74 

-Co2CH1), 3.8-4.1(4H, m, 8&H and $CH&, 4.57(d, J8Hz, 2 

HA-c&, 4.62 (a, J14Rz, HA-a), 5.3-5.7 (br, a, N-H-trans), 6.47(&l, 58 end 14Hz, 

HB-a), 7.49(dd, J14 and 8~z, s-katr), 7.4-8.1 (br. a, NT-,&). 

It wa.s apparent from the foregoing data that compound (8) existed as a mixture of & 

(9) isomers in chloroform solution in the ratio 40:60. After exchange with D20 

the isomer ratio approximated to sO:,!TO. H-N-C-H coupling constants in compounds of this 

type in which the amino and ester groups are @if to one another are generally higher and 1SSS 

variable (12-15Hz) than in compounds in which the groups axe In the* 

compound (10) intramolecular hydro&en bonding will force these protons into an g& 

configuration', whereas in the a compound (9) one might expect an equilibrium mixture 

e and & forms (9). The p.m.r. of the ensmine (8) in DMSO had resonances at 6 (CD3)* 

SO 2.54(2H, t, J6Hz, 7-CH2), 3.46(3H, a, -C02CR1), 3.68(2H, t, J6Hz, 8-CH2), 3.92 (2H, d, 

J~Hz, 4-CH ), 
2 

4.44(1H, a, J14Hz, HA m), 4.52~4.7(1H, m, -Og), 6.8-7.2rlH, m, N-g), 

of 
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7.36(lH, dd, Jl4 and 8Hz, HR trens). Such -- 

up a predominantly configuration (9) 

Tr8atm8nt of a solution of clavukxdc 

data implies that the 8nslUin8 (8) takes 

in DMSO solution. 

acid (1) in methanol with diethy~smine (3 

equivalents) at room temperature for 10 mins. gave the ensmine (8; 7%). The ensmine (8) 

was recovered uuchangxd after treatment with methanol at reflux for 1 hour; similarly 

clavulauic acid (2) was recovered intact after heating in methanol at refkx for 0.5 hours. 

However, a methanolic solution of (8) containing either 1 equivalent or a catalytic amount 

of sodium carbonate or sodium bicarbonate at reflux for 0.75 hours gave the pyrroles 

(3; 61+%),(4; 14%) and (5; 1%). !Chus the enamine (8) is implicated in the formation of the 

py~role (3) and the intramolecular condensation of (8) is base catdysed. 

Prolonged reaction (2 days at R.T.) of a methanolic solution of clavulanic acid (1) 

containing diethylsmine (3 equivalents) at room temperature gave three products. Th8 most 
polar product was shown to be the ensmine (8; 1%) and the pyrrole (3; 14%) was also 

isolated. The third and most mObi component (t.1.c.) was the acrylic ester '(11; 29&) 

isolated a8 a colourless oil, " (cycle) 2980, 1690 and 1610 cm -l; e (cDc13) 1.12 

(6H, t, J7Hz,-CH,CH,), 3.13 (!+HTq; J7Hz, -CR&H,), 3.58 (3H, s -c02CHli), 4.49(1% d, J1W, 
= CII_C~~CH~), 7.36(?~, d J13Hz, = CEJ). 

k 2 

12 3 45 67 8 
R3C02ECH=CILNHCH2COCH2CH20H 

NEt2 

0 

4 

0CH3 

11 - 

H3C02C H3C0 

*R 2 = CR2CCCH2CH20H 
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76 5 143 28 9 
H3C02C4H=C%NHCH2COCH2CH20H 

I! 

4 

7 ' 
H3C02C OH 

89 
CH2CH20H 

24 

* 

scm I -- 

76.5 4328 9 
H3C02CICH=C&NHCHCOCH2CH20H 

10 1 
C02Na 

Y 

7 89 
H3CO*C CH2CH20H 

The rationalisation of the formation of the ensmine (8) and the pyrrole (3) is 

illustrated in Scheme I. _- Methanolysis of the fi-la&am of (1) would provide (12) and 

eliminative frqmentation of the oxazolidine (12) would give the f34cefoaoid (13); loss of 

C-10+ by decsrbowlation of (13) would provide the enamine (8) which on base oatalysed 

intremolecular condensation affords the pyrrole (3). 

+ The numbering of the atoms in Scheme I refers to their position in the starting sodium 

clavulsnate (1). 

* Details concerning the formation of (11) will be presented in a future communication. 
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