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summary: Investigations into the chemistry of benzyl clavulanate under a variety of reaction 
conditions has led to acid catalysed one-step conversion to ether and thioether derivatives. 
Generation of nitrogen-containing displacement products proceeds via the reactive dichloroacetate 
(6). Several products arising from these reactions by rearrangemz or ring cleavage have been 
identified and characterised. 

Clavulanic acid (1; R = H) is a naturally occurring S-lactamase inhibitor which has 

undergone intensive study over recent years. Following its isolation' a programme of structural 

modification was undertaken with the aim of deriving new and more potent analogues. One of our 

targets was to develop simple one-step conversion of clavulanic acid esters to new derivatives 

that could be cleaved readily to provide biologically active salts. To this end an 

investigation of the chemistry of clavulanic acid esters under neutral, mild acid and basic 

conditions was carried out. 
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Observations on the esterification of clavulanic acid using ethereal diazomethane at O°C 

showed that the methyl ether (2a; R' = Me) could be isolated2. Treatment of benzyl clavulanate 

(1; R = CH2Ph) in dichloromethsne with a solution of ethereal diazomethene using a catalytic 

amount of BF3 etherate at O°C led to a 3oSa yield of methyl ether (2b; R' = Me) isolated as an oil 

after chromatography on silica gel [o"]D + 50' (MeOH)q _ (CHC13) 1800, 1745, 1695 cm-'; s(CDC13), 

inter alia, 3.10(1H, d, J ‘17Hz, 6!3-CH), 3.55 (3H, s, OCH3), 3.60 (IH, dd, J 17, 2.5 Hz, ~c+CH), 

4.12 (2H, d, J ~Hz, C&20C143), 4.94 (II-I, t, J BHz,=CH-), 5.24 (IH, br. s, 3-CH), 5.82 (IH, d, J 

2.5Hz, 5-CI). Similar reaction using diazotoluene led to the benzyl ether (2b; R' = CH2Ph) (1%). 

Using BF3 etherate and the appropriate thiol in methylene chloride at -3O'C a one-step 

conversion to thioethers (3) could also be demonstrated3. Treatment of benzyl clavulanate with 

benzyl mercaptan gave the benzyl thioether (3; R' = CH2Ph) (25%) exclusively in the 

Z-configuration [a]D + 29.7' (MeOH)> max (CHC13) 1800, 1745, 1690 cm-' 6(CDC13) inter alia, 3.00 

(IH, d, J 17 HZ, 6P-CH), 3.52 (AH, dd, J 17, 2.5 HZ, ~+CH), 3.20 (2~, d, J ~HZ,=CII-CH~), 3.77 

(21-I, 8, SCH2Ph) 4.77 (IH, t, J ~HZ,=CH-), 5.18 (IN, br.s, 3-CH), 5.72 (IH, d, J 2.5Hz, 5-CH). 

The generality of the reaction could also be shown since (1; R = CH2Ph) on treatment with thiophenol 

provided (3; R' = Ph) (2oOh) and with I-methyl-1,2,3,4 tetrazol-5-thiol, gave the thioether 

(3; R’ = Jf-j ) (W4. 

Ihe 

The reaction of benzyl clavulanate under BF3 etherate conditions using benzyl alcohol as the 

external nucleophile produced a complex mixture of products including the benzyl ether 

(2b; R' = CH2Ph) (PA) end rearranged ether (5; R' = CH2Ph)' (2.5%) [aID -8' (MeOH)g_ (CHC13) 
-1 

1795, 1745 cm . 6(CDC13), inter alia, 2.87 (IH, dd, J 17, IHz, 6S-CH), 3.35 (lH, dd, J 17, 

2.5Hz, ~CX-CH), 4.47 and 4.65 (2H, ABq, J 13 HZ, OCH2Ph), 4.89 (IH, s, 3-CH), for d-Is 
HFHb 

5.30 (IH, dd, JIO, 2.5 Hz, Hb), 5.61 (IH, dd, J 17, 2.5 Hz, Ha) 5.84 (113, dd, J 17, 10 Hz, Hc), 

5.76 (IH, m, 5-CH), presumably generated Q the carbonium ion (4). Other products included 

those formed by condensation of two molecules of benzyl clavulanate e.g. 

(2b and 5; R' = 
CH2- 

gkph 

). 

2 2 

In order to effect displacement with nitrogen-containing nucleophiles it was found 

preferable to proceed via the reactive dichloroacetate (6) which is readily prepared from benzyl 

clavulanate (1; R' = CFh) using dichloroacetic acid and DCCI/pyridine at O°C (6396) [aID + 23' 

(MeOH)$,_ (CHC13) 1805, 1750, 1700 cm-'. 6(CDC13) inter alia, 3.10 (1H, d, J 17 Hz, 6P-CH) 

3.60 (IH, dd, J 17, 2.5Hz,6+CH), 4.93 (313, m, CH20 and =CH-), 5.21 (lH, s, 3-CH), 5.82 

(IH, d, J 2.5Hz, 5-CH), 6.02 (IH, s, CHC12). 

Treatment of the dichloroacetate (6) with methanol over 48 hours led to the vinylic ether 

(5; R' = Me) (6%) [aID +32'(MeOH) and with non-nucleophilic base (DBU) to the diene (Y)5'6 

(6%). Reaction of the dichloroacetate (6) with dibenzylamine (2 equivs./R.T./5 mins) in DMF 

gave a 1:l mixture of displacement products (7) and (8) (3&)4,,, (CHC13) 1800, 1750, 1700 om-'. 
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dCDC13) t inter alia, 2.98 (IH, d, J 17Hz, 6P-CH), 3.07 and 3.22 (2H, 2xd, J 8Hz,=CH-CH2- for 

two isomers) 3.49 (IH, 2xbr. d, J 17, 2.5Hz, 6a-CH), 4.85 and 5.29 (IH, 2xbr. t, J 8 Hz,=CI+ for 

two isomers) 5.19 and 5.29 (3~1, 2xs, 3-W and C02CH2Ph for two isomers) 5.72 (II-I, d, J 2.5 Hz, 

s-CH). Also isolated from the reaction mixture was the diene (9) in 6% yield. 
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Alcoholysis of the diene (9) gave a different product to that derived from (6) in that 

ring cleavage occurred, e.g. treatment of (9) with methanol gave (10; R' = Me) (62q6)Smax (CHC13) 

3500, 1765, 1660 cm-' s(CDC13), inter alia, 2.76 (113, dd, J 17, 2Hz, 3p-CH) 3.09 (lH, dd, J 17, 

3.5 Hz, 3a-CH) 3.30 (315, s, 0CH3) 5.00 (IH, dd, J 3.5, 2Mz, 4-CH) for Hce 5.78 (lH, dd, J 11, 

2Hz, Hb) 6.28 (IH, dd, J 17, 2Hz, Ha) 6.81 (IH, dd, J 17, IlHz, Hc). 

Similar treatment of the diene (9) with glacial acetic acid in DIG gave the 4-acetoxy 

azetidinone (11) (6oq6)3_ (CHC13) 3500, 1780, 1760, 1660 cm-'. ~(CDC13), inter alia, 2.00 

(3H, s, 0 -Me) ! 2.91 (IH, dd, J 17, 2Hz, 3p-CH), 3.28 (lH, dd, J 17, &z, 3a-CH), 6.20 (lH, dd, 

54, 2Hz, 4-CH). For Hc-Hb 
Ja 5.79 (IH, dd, JIO, ~Hz, Hb), 6.29 (IH, dd, 517, 2Hz, Ma), 6.78 

(IH, dd, 317, IOHz, Hc). 
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Degradation of both the dichloroacetate (6) and the diene (9) in aqueous m led to a non- 

S-laotam containing product (12) as a mixture of diastereoisomers (6~$44_ (CHC13) 3300, 1730, 

1700, 1610 cm-'. b(CDC13) 2.33 (IH, d, J 17 HZ, 3 S-CH), 2.66 and 2.80 (IH, 2xdd, J 17, 6Hz, 

3a-CH), 5'.04 (1H, m, -CH-), 5.18 and 5.23 (2H, 8, C02CH2Ph for two isomers), 5.10 (IH, br. s, 

exchangeable, OH) for HC M; 5.72 and 5.78 (IH, 2 xdd, J 10, 2Hz, 1~) 6.31 and 6.36 (IH, 2xdd, 

J 17, 2H2, Ha) 6.54 and 6.68 (IH, 2 x dd, J 17, IO Hz, Hc) 7.28 (SH, s, C02CH2Ph) 7.88 and 7.98 

(IH, 2 x 8, exchangeable, NH). Separation of the diastereoisomers and assignment of absolute 

stereochemistry was not attempted but formation of similar products with defined stereochemistry 

is not unprecedented in the penicillin field7. The product (12) conceivably arises by formation 

of the diol (13). (13) May then lead to the ketoaldehyde (14) which could recyclise to the 

hydroxy y-lactam (12). 

13 14 12 - - - 
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