
Tetrahedron Letten, Vol.31, No.44 pp 6661-6662 1990 
Printed in Great Britain 

oo4o-4039/90 $3.00 + 00 
Pergamon Press plc 

DEFRWECl’IONOFCARBOXYLICESTERSASSlSTEDBY HYDROGENBONDING~ORK 

IN PHJZNOLIC MEDLA. ITS APPLICATION TO P_LACTAM ANTIBIOTIC SYNTHESES1 

Hide0 Tanaka,a h4asatoshi Taniguchi.a Yutaka KameyanWa Sigeru Torii,a* Michio Sasaoka, 

Takashi Shiroi,b Ryo Kikuchi,b Ichim Kawaharab, Akiiiro ShiiabayashJb and Sigemitsu Nagaob 

a Department of Applied Chemistry, Faculty of Engineering, Okayama University. 

Okayuna 700, Japan. 

~okushima Research Laboratories, Otsuka Chemical Co. Ltd., Tokushima 771-01, Japan 

SUmIMry: Deprotection of p-methoxybenzyl, diphenyhnethyl. and tert-butyl ester groups,. which is an essential 
step of p-lactam antibiotic synthesis, can be performed successmy by gentle heating in phenohc media. 

Protection and deprotection of carboxyl groups are essential steps in the multi-step syntheses of complex 

carboxylic acids. p-Methoxybenzyl (PMB), diphenyhnethyl (BH), and ret?-butyl (But) groups have been widely 

used for this purpose. Removal of the protecting groups has be performed by treatment with acidsz. e.g., 

trifluoroacetic acid (TFA),3 formic acid,4 and combination of Lewis acids with anisoles or thiol.6 In most cases, 

however, stoichiometric or excessive amounts of acids am required to complete the reaction and these facts cause the 

restriction of the use of the protecting groups for acid labile carboxylic acids. We report herein a new method of 

deprotection of PMB, BH, and But moieties of the esters 1 assisted by a hydrogen bonding network in phenolic 

media,7 which may reduce the amount of acids significantly, in a particular case, to zero so as to be successfully 

applied to the synthesis of acid labile plztam antibiotics. 

a : R = pCH3OC&CH2 
b: R=Pl$H 
c : R = r-Butyl 

Tz= -(“‘v 

N-N 

+ HOOR + HOa 

d: R-PhCH~ 3 4 
e : R = p-No2c6H4cH2 CH/ Scheme 1 

A typical reaction procedure is as follows (entry 1 in Table 1): A mixture of p-methoxybenzyl cephem-4- 

carboxylate la ( R = PMB; 3.5 mmol) and TFA (3.5 mmol) in phenol (7 g) was heated to 45 “C for 1 h. The 
mixture was diluted with ethyl acetate (60 ml) and extracted twice with aq. NaHC03. The aqueous extracts were 

combined and acidified (ca. pH 1) with aqueous 10% HCl under ice-cooling, affording the corresponding acid 2 

(91%) as colorless crystals. From the organic layer,p- and m-@-methoxybenzyl)phenol(3a and 4a) were isolated 

in 57% and 15% yields, respectively. The amount of TFA ti be reduced to 0.5-0.1 equiv.. if necessary, by a 
slight modification of the reaction conditions (entries l-3). g In place of TFA. various acids, such as HCl, H,SO.,, 

KHSO,, andp-toluene sulfonic acid (PTS), can be used effectively (entries 4-7). More astonishingly, the reaction 

proceeded even without adding any acid catalysts; thus, heating of a mixture of la and phenol at 60 “C for 3 h 
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afforded 29 in satisfactory yields (entries 8 and 9). The unusual character of phenol (vi& SI@@ can be explained 

by assuming a hydrogen bonding network surrounding the ester as illustmted in Figure 1, wherein the proton would 

be relayed smoothly to the ester moiety.7Q 

Table 1. Effects of Acid Catalysts on Deprotection of PMB Ester la in Phenola’. 

entry acid (equiv.) tern@@@ time& yiekl/% entry acid (equiv.) ttemp~V time/h yield/% 

1 TFA(l) 45 1 6 KHS04(L2)b 45 1 86 
2 TFA (0.5) 45 1 ;; 7 PTS (0.05) 45 1 92 

: 
TFA (0.1) none 
HCl(O.03) $ 

1.2 
l 

: 
E ; none 2 3 309?g)c 

5 H2SO4 (0.05) 45 89 

a) Carried out in the manner as described in the text. b) Scarcely soluble in phenol. 
c) Number in parenthesis: tecovered la. 

. 

Fig 1 

The present method was successfully applied to BH and But esters lb and lc, affording 2 in 92 and 64% 

yields, respectively (Scheme l), whereas benzyl and p-nitrobenzyl esters Id and le were recovered intact after 

heating at 45°C for 1 h in phenol containing TFA (1 equiv.) The advantage of the method was well demonstrated 

by the deprotection of BH ester 5 in m-cresol(4 L) at 50°C for 2 h, liberating “Tazobactam” 6, a new ~Uactamase 

inhibitor (90%). The conventional methods with either TFAAutisole, formic acid, or AlCl&ttisole resulted in the 

formation of a complex mixture due to the acid labihty of 6. 
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