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Isomerisation of Benzyl 6-PhenoxyacetoxypenicilIanates and their S- 
Oxides 
By Eugene Roets, Arnold Vlietinck, and Hubert Vanderhaeghe,' Rega Institute and Pharmaceutica I 

Institute, University of Leuven, B-3000 Leuven, Belgium 

The preparation of benzyl6cc- and 6p-phenoxyacetoxypenicillanate and their (S)- and (R)-S-oxides is  described. 
No epimerisation was observed when benzyl 6cc- or 6P-phenoxyacetoxypenicillanate or benzyl6cc- or 6P-trimethyl- 
silyloxypenicillanate was treated with 1,5-diazabicyclo[4.3.0] non-5-ene (DBN). Benzyl 6p-phenoxyacetoxy- 
penicillanate (S)-S-oxidewastransformed into the 6a-isomer with DBN as catalyst; the converse reaction was not 
observed. With both isomers in these experiments, the phenoxyacetoxy side chain was hydrolysed to a large 
extent. 

THE reaction of 6p-aminopenicillanic acid with nitrous 
acid yields 6a-hydroxypenicillanic acid, from which 
6a-phenoxyacetoxypenicillanic acid has been prepared.1 
In order to study the influence of the replacement of the 
amide side chain of penicillin by an ester group on 
chemical and biological properties, it was necessary to 
prepare also 6p-phenoxyacetoxypenicillanic acid. As 
treatment of some penicillin derivatives with base is 
reported to give a mixture of 6a- and 6p-i~omers,~* we 
thought that a similar conversion would be possible 
with penicillanic acid derivatives having an ester group 
on C-6. 

Treatment of benzyl 6a-phenoxyacetoxypenicillanate 
(IV) with lJ5-diazabicyclo[4.3.0]non-5-ene (DBN) a 
base which had given excellent results with penicillin 
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esters:,' left the starting material unchanged, perhaps 
because the isomerisation equilibrium did not favour the 
6 B-isomer . As 6~-phenoxyacetoxypenicillanic acid had 
been prepared in the meantime by another method,* we 
tried to repeat this preparation. Oxidation of benzyl 
6cc-h ydrox ypenicillanat e (I) with di-isopropylcarbodi- 
imide-dimethyl sulphoxide in the presence of ortho- 
phosphoric acid or pyridinium trifluoroacetate gave a 
mixture which contained about 50% of benzyl 6-0x0- 
penicillanate (V), the remainder being starting material 
along with several other products. The desired product 
(V) could not be purified by chromatography on silica 
gel, which caused partial decomposition. However 
when benzyl 6a-hydroxypenicillanate (I) was oxidized 
with dimethyl sulphoxide-acetic anhydride,1° benzyl 
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6-oxopenicillanate (V) was obtained as a crystalline 
product in excellent yield. Compound (V) has been 
described before as an oi1.8J1 Reduction of (V) with 
sodium borohydride gave benzyl6p-hydroxypenicillanate 
(VI), which was transformed into benzyl 6p-phenoxy- 
acetoxypenicillanate (VIIa) a s  described by Lo and 
Sheehan.s When the reaction mixture obtained after 
reduction with sodium borohydride was acidified with 

when benzyl6a- or 6pi-trimethylsilyloxypenicillanate was 
treated with DBN. 

In the penicillin series, it has been observed that 
epimerisation occurs more readily with s u l p h ~ x i d e s , ~ ~ ~ ~ ~  
probably owing to the increased acidity of the C-6 proton 
in these derivatives. Benzyl6a-phenoxyacetoxypenicil- 
lanate (S)-S-oxide (S)-(111) could be prepared by the 
reaction of (IV) with m-chloroperbenzoic acid, or by 

H H  u u  
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hydrochloric acid, some p-chloropenicillanate was ob- 
tained. This compound was identical with the product 
obtained by treatment of benzyl 6a-chloropenicillanate 
with DBN.12 

Treatment of both benzyl 6a- and 6p-phenoxy- 
acetoxypenicillanate [(IV) and (VIIa)] with DBN for 
various times and at various temperatures had no 
effect. After a long reaction time some benzyl 6a- or 
613-hydroxypenicillanate [(I) or (VI)] was obtained, 
owing to hydrolysis of the side chain.. Treatment of 
(VIIa) with lithium di-isopropylamide gave several 
decomposition products, but there was no indication of 
epimerisation. Similarly, no isomerisation was observed 

0 - - - 
/S\  

11) -sulphoxide 

phenoxyacetylation of benzyl 6ct-hydroxypenicillanate 
(S)-S-oxide (S)-(11), obtained from (I) by treatment 
with peroxy-acid. We were unable to prepare benzyl 
6p-phenoxyacetoxypenicillanate S-oxide (VIIIa) from 
(VIIa) with peroxy-acid, because a complex mixture 
containing the (R)- and the (S)-S-oxide and some 
SS-dioxide was formed. The desired (S)-S-oxide was 
prepared by phenoxyacetylation of benzyl 6p-hydroxy- 
penicillanate (S)-S-oxide (S)-(IX), obtained from (VI) 
with peroxy-acid. 

Treatment of (S)-(VIIIa) with DBN in dichloro- 
methane for 6 h at -20 "C gave a mixture containing 
(S)-(111) and (S)-(VIIIa) in the ratio 1 : 1 (nmr . ) .  

l1 T. Jen, J. Frazee, and J. R. E. Hoover, J .  Org. Chem., 1973, 

l2 E. Roets, J. Thomis, and H. Vanderhaeghe, unpublished 
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38, 2867. 
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After the solution had been kept overnight at -20 O C ,  

only (S)-(11) could be isolated. Apparently, the 6p- 
isomer (S)-(VIIIa) was transformed completely into the 
6a-isomer (S)-(111), which by hydrolysis of the ester 
side chain gave (S)-(11). When benzyl 6a-phenoxy- 
acetoxypenicillanate (S)-S-oxide (S)-(111) was treated 

The assignment of configuration to the sulphoxides 
was based on aromatic solvent-induced shifts (ASIS). 
This method has been used for various penicillin S- 
oxides.l69l7 The n.m.r. data for the (S)-S-oxide IS)- 
(VIIIa) were obtained from the pure product, whereas 
those of the (R)-isomer were deduced from the spectrum 

TABLE 1 
Solvent shifts and net ASIS * for benzyl 6a-phenoxyacetoxypenicillanate and its S-oxides 

3-H 5-H 6-H 2@-Me 2u-Me 
B(CDC1,) 4.58 5.70 5.33 1.57 1.39 

4.47 5.60 5.27 1.15 1.10 
Al(CDC13 - C6D6) +O.ll + O . l O  -f- 0.06 + 0.42 +0.29 

8 (CDC1,) 4.55 4.97 5.87 1.62 1.07 
4.67 4.46 6.12 1.35 0.62 

-0.12 +0.61 - 0.25 + 0.27 + 0.45 
A2 - A, -0.23 +0.41 - 0.31 -0.15 +0.16 

6 (CDC1,) 4.60 4.80 6.00 1.40 1.31 
4.37 4.84 5.76 0.86 1.10 

A,(CDC& - C6D6) +0.13 - 0.04 + 0.24 + 0.54 +0.21 
A3 - "1, + 0.02 -0.14 +0.18 +o.12 - 0.08 

( IV) 
s(C6D6) 

(S) - (11 1) 
6(C6D6) 
Az(CDC1, - C6D6) 

(R)  -(W 
6(C6D6) 

* Net ASIS = ASIS(su1phoxide) - ASIS(su1phide) in p.p.m. 

TABLE 2 
Solvent shifts and net ASIS * for benzyl 6~-phenoxyacetoxypenicillanate and its S-oxides 

3-H 5-H 6-H 213-Me 2u-Me 
(VIIa) 6 (CDCl,) 4.55 5.64 5.80 1.58 1.40 

4.48 6.35 5.35 1.30 1.15 + 0.07 + 0.29 -+ 0.45 $0.28 + 0.25 

(S)-(VIIIa) G(CDC1,) 4.71 5.02 5.79 1.69 1.03 
6(C6D6) 4.18 4.62 5.27 1.32 0.68 
A,(CDC13 - C6D6) + 0.63 + 0.50 + 0.52 + 0.27 +0.45 

6(C6D6) 
Ai(CDC1, - COD,) 

A2 - A1 +0.46 f0.21 + 0.07 - 0.01 + 0.20 

(R) - (VI IIa) 6 (CDCl,) 4.42 4.85 6.18 1.45 1.26 
6(C6D6) 4.32 4.67 5.69 1.32 1.05 
A,(CDCl3 - C,D6) +O.lO $0.18 + 0.59 +0.13 + 0.21 
A3 - A1 + 0.03 -0.11 + 0.14 -0.15 - 0.04 

* See Table 1. 

TABLE 3 
Solvent shifts and net ASIS * for benzyl 6~-phenoxyacetamidopenicillanate t and its S-oxides t 

3-H 5-H 6-H 2P-Me 2a-Me 
Phenoxymethyl- a(CDC1,) 4.49 5.56 6.70 1.66 1.40 

4.45 5.20 5.52 1.25 1.17 + 0.05 f0.36 +O.l8 +0.30 + 0.23 

(S)-S-Oxide (B) G(CDC1,) 4.69 6.00 6.07 1.64 1.05 
4.25 3.76 5.58 1.05 0.46 + 0.64 + 1.24 + 0.29 + 0.59 + 0.69 

A2 - A1 + 0.59 + 0.88 +0.09 +0.29 + 0.36 

(R)-S-Oxide (C) 6(CDC1,) 4.43 4.76 5.62 1.63 1.22 
4.43 4.46 4.84 1.24 1 .oo 
0.00 + 0.29 +0.68 + 0.39 + 0.22 

A3 - A1 - 0.05 - 0.07 + 0.50 + 0.09 -0.01 

penicillin 6(C6D6) 
benzyl ester (A) A,(CDCI3 - C,DJ 

6(C6D6) 
A2(CDC1, - C6D6) 

6(C6D6) 
AS(CDC13 - C6D6) 

* See Table 1. These compounds were prepared by previously described methods: (A), l.7 (B),1' (Ct.1, 

with DBN, no epimerisation took place. Prolonged 
treatment led only to hydrolysis of the ester side chain 
and formation of (S)-(11). These results prove that the 
C-6 proton of the sulphoxide is sufficiently acidic for 
base-catalysed epimerisation to occur, but that with a 
phenoxyacetoxy side chain, the equilibrium is shifted in 
favour of the 6a-isomer. 

l6 P. V. De Marco and R. Nagarjan, in E. H. Flynn, ' Cephalos- 
porins and Penicillins,' Academic Press, New York, 1972, p. 363. 

of the RS-mixture. Because the same reaction with 
(IV) yielded only the (S)-S-oxide, it was necessary to 
apply another method. Oxidation of (IV) with ozone 
gave a 1 : 1 mixture of (R)- and (S)-S-oxides (111), from 
which the n.m.r. data for the (R)-S-oxide could be 
obtained . 

In the (S)-S-oxides, H-5 and the 2a-methyl group are 
1' A. Vlietinck, E. Roets, H. Vanderhaeghe, and S .  Toppet, J .  

Org. Chem., 1974, 89, 441. 
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shielded [0.41 and 0.16 p.p.m. for (111) (Table 1) and 
0.21 and 0.20 p.p.m. for (VIIIa) (Table Z)]; similar 
observations have been made for the (S)-S-oxides of 
penicillanates with amide side chains.16,17 In the (R)-S- 
oxide (R)-(111) H-6 and the 2p-methyl group are shielded, 
and in the (R)-S-oxide (R)-(VIIIa) only H-6 is shielded 
(Table 2). With this compound and also with methyl 
6p-phenoxyacetamidopenicillanate S-oxides,l6Sl8 the ex- 
pected shielding of H-3 and the 2p-methyl group was 
not observed. This can be explained by the fact that 
the bulky 6p-acylamino side chain prevents benzene 
from association with the p-face. In the case of benzyl 
6a-phenoxyacetamidopenicillanate (R)-S-oxide, shielding 
of H-3 and the 213-methyl group was 0b~erved.l~ N.m.r. 
data for the benzyl 6p-phenoxyacetamidopenicillanate 
S-oxides, not published previously, and ASIS values, 
are given in Table 3. The ASIS values are similar to 
those for the methyl esters,l69l8 but shielding of H-3 in 
the (S)-S-oxide was observed as for (S)-(VIIIa) (Table 2). 

We observed earlier with different penicillin S-oxides 
that the difference in chemical shifts of the two methyl 
groups was greater for the (S)-S-oxides than for the 
sulphide, whereas (R)-S-oxides and sulphides had 
similar ~a1ues. l~ The same difference was noted 
between the (S) -  and (R)-S-oxides of 6-phenoxyacetoxy- 
penicillanates (Tables 1 and 2), supporting the assign- 
ment of configuration. 

During this study we tried to obtain 6p-phenoxy- 
acetoxypenicillanic acid (VIIb) by hydrogenolysis of 
(VIIa). The yield obtained by hydrogenation over 10% 
palladium-charcoal was very small. The same diffi- 
culties have been encountered before.8, l9 Hydrogeno- 
lysis of (IV) gave the acid in fair yield, confirming an 
earlier rep0rt.l In order to obtain (VIIb), we performed 
the hydrogenolysis of the S-oxide (VIIIa), because less 
catalyst poisoning occurs with sulphoxides. Deoxygen- 
ation of (VIIIb) with phosphorus tribromide in dimethyl- 
formamide gave (VIIb). Compound (VIIb) showed 
some antibacterial activity.20 The minimum inhibitory 
concentration for various gram-positive and -negative 
bacteria was 125-200 pg ml-l. Only Sarcina Zutea 
ATCC 9341 was inhibited at 62 vg ml-l. 

EXPERIMENTAL 

M.p.s were determined with a Biichi-Tottoli apparatus 
and are corrected. For t.1.c. we used Merck precoated 
silica gel F-254 plates, with benzene-acetone (8 : 2), unless 
otherwise stated. Spots were located by U.V. illumination 
and exposure to iodine vapour. Column chromatography 
was performed on silica gel (Merck; 0.05-0.2 mm). 1.r. 
spectra were determined on a Perkin-Elmer 257 spectro- 
meter for KBr discs. Mass spectra were recorded on a 
A.E.I. MS-12 apparatus. N.m.r. spectra were taken on a 
Varian A60 or a Perkin-Elmer R24 spectrometer with 
tetramethylsilane as internal standard. The first-order 
coupling constants quoted are the measured peak spacings. 

Benzyl 6a-Hydroxypenicillanate (I) .-This was prepared 

18 R. D. G. Cooper, P. V. De Marco, J .  C. Cheng, and N. D. 

In J.  C. Sheehan and Y .  S. Lo, J .  Org. Chem., 1973, 38, 3227. 
Jones, J .  Amer. Chem. SOC., 1969, 91, 1408. 

by esterification of 6a-hydroxypenicillanic acid, obtained 
from 6-aminopenicillanic acid,l or by treatment of benzyl 
6-diazopenicillanate, obtained from benzyl N-nitroso- 
phenylacetamidopenicillanate, with perchloric acid in 
water-acetone. 2O 

BenzyE 6a-Hydvoxypenicillanate (S)-S-Oxide (S)-(11) .- 
Benzyl 6a-hydroxypenicillanate (921 mg, 3 mmol) was 
oxidised in dichloromethane (6 ml) with m-chloroperbenzoic 
acid (637 mg, 3.12 mmol) in dichloromethane (5 ml) for 
60 min a t  0 "C. The suspension was diluted with dichloro- 
methane (50 ml), washed with potassium hydrogen carbonate 
( M ;  2 x 10 ml) and ice-water (2 x 10 ml), dried (Na,SO,), 
and evaporated to leave a yellow oil (1.3 g). Addition of 
benzene furnished crystalline benzyl 6a-hydroxypenicil- 
lanate (S)-S-oxide (843 mg, 87%), m.p. 146" (decomp.), 

+255 (c 0.5 in Me,CO), RF 0.28, vmY, 3 220, 1 785 
(p-lactam), 1 745, 1220, 1 175 (ester), 1500, 749, 699 
(phenyl), and 1 003 cm-1 (S=O), G[CDCl,-(CD,),SO, 3 : 11 

5-H), 5.00 (dd, J 1.5 and 9 Hz, 6-H), 5.22 (AB, CH,*C,H,), 
6.66 (d, J 9 Hz, 6-OH), and 7.37 (s, C,H,). On addition 
of D20 the double doublet a t  6 5.00 became a doublet, 
J 1.5 Hz, and the signal a t  6.66 disappeared. 

Benzyl 6a-Phenoxyacetoxy~enicillanate (S)-S-Oxide (Sj- 
(111) .-(a) By oxidation with peroxyacid. Benzyl 6a- 
phenoxyacetoxypenicillanate (882 mg, 2 mmol) , prepared 
by phenoxyacetylation of (1),1 was dissolved in dichloro- 
methane (16 ml) and cooled to  0 "C. A solution of m- 
chloroperbenzoic acid (425 mg, 2.09 mmol) in dichloro- 
methane (8 ml) was added dropwise to the stirred mixture 
over 30 min. The resulting suspension was stirred for a 
further 30 min at 0 "C, then diluted with dichloromethane 
(100 ml), washed with potassium hydrogen carbonate 
(M; 2 x 40 ml) and ice-water (2 x 40 ml), and dried 
(Na,SO,), and evaporated to leave a light yellow residue. 
Trituration with dry ether (20 ml) yielded benzyl 6a- 
phenoxyacetoxypenicillanate (S) -S-oxide (673 mg, 74%), 
m.p. 155-156.5" (decomp.), +213" (c 0.5 in Me,CO), 
RF 0.68, mle 457, v,, 1780 (p-lactam), 1767, 1205, 
1 168 (ester), 1 600, 1590, 1490, 1448, 692, 762 (phenyl), 
and 1042 cm-1 ( S O ) ,  G(CDC1,) 1.07 (s, CH,), 1.62 (s, CH,), 

1.08 (s, CH,), 1.57 (s,  CH,), 4.48 (s, 3-H), 4.94 (d, J 1.5 Hz, 

4.55 ( s ,  3-H), 4.73 (s, C,H,*O*CH,), 4.97 (d, J 1.5 Hz, 5-H), 
5.23 (AB, C6H5.CH2), 5.87 (d, J 1.5 Hz, 6-H), 6.79-7.60 
(In, C,H,*O*CH,), and 7.36 (s, C,H,*CH,). 

The filtrate, which showed three spots on t.l.c., was 
chromatographed over silica gel (30 g )  in a gradient of 
benzene to benzene-acetone (80 : 20). Fractions (5 ml) 
60-80 were evaporated to an oil which was crystallised 
from methanol-n-pentane to give benzyl 6a-phenoxy- 
acetoxypenicillanate SS-dioxide (24 mg, 3%), m.p. 72- 
72.5", [ci],,20 +106" (c 0.2 in Me2CO), B p  0.75, m/e 473, 
v,, 1803 (p-lactam), 1748, 1 165 (ester), 1600, 1592, 
1492, 1458, 750, 690 (phenyl), 1320, and 1180 cm-l 

4.76 (s, C,H,*O*CH,), 5.25 (AB, C,H,*CH,), 5.68 (d, J 1.5 

C,H,*O-CH,), and 7.40 (s, C,H,*CH,). Fractions 95-1 15 
were evaporated to give a light yellow oil. Trituration 
with ether-n-pentane afforded more benzyl 6a-phenoxy- 
acetoxypenicillanate (S)-S-oxide (37 mg, 4%), Fractions 
130-150 contained benzyl 6a-hydroxypenicillanate (S)-S- 
oxide (16 mg, 2%). 

(SO,), G(CDC1,) 1.26 ( s ,  CH,), 1.54 (s, CH,), 4.46 (s, 3-H), 

Hz, 6-H), 6.02 (d, J 1.5 Hz, 5-H), 6.80-7.50 (m, 

2o J. C. Sheehan, Y .  S .  Lo, J. Mliger, and C. C. Podewell, J .  
Org. Chem., 1974, 39, 1444. 
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@) From benzyl 6a-hydroxy$eniciZZanate (S) -S-oxide ( S )  - 

(11). To a solution of benzyl 6a-hydroxypenicillanate (S)- 
S-oxide (1.29 g, 4 mmol) in dichloromethane (40 ml) were 
added phenoxyacetyl chloride (1.03 g, 6 mmol) and, with 
cooling and stirring, triethylamine (0.56 ml, 4 mmol). 
The mixture was kept for 3 h at room temperature. After 
being washed twice with potassium hydrogen carbonate 
(M; 10 ml) and ice-water (2 x 20 ml), the organic layer was 
evaporated to leave a yellow glass. This crystallised after 
addition of dry ether (25 ml) to give benzyl 6,-phenoxy- 
acetoxypenicillanate (S)-S-oxide (1.48 g, Slyo), m.p. 
153-155" (decomp.). 

BenzyZ 6a-Phenoxyacetoxypenicillanate (R)- and (S)-S- 
Oxides (111) .-Benzyl 6,-phenoxyacetoxypenicillanate (100 
mg) was dissolved in a mixture of acetone (30 ml) and 
water (20 mi) at  0 "C. Ozone was bubbled through the 
solution at 0 "C for 1 h. Evaporation of the acetone and 
lyophilisation of the remaining aqueous phase gave a white 
powder (105 mg) which consisted of a mixture of the 
(R)- and (S)-S-oxides (1 : 1 by n,m.r.), RF values 0.68 (S) 
and 0.61 (R). The n.m.r. spectrum of the (R)-S-oxide (as 
deduced from the spectrum of the mixture) showed 6 (CDC1,) 

4.80 (d, J 1.5 Hz, 5-H), 5.15 (AB, CH,), and 6.00 (d, J 1.5 

Benzyl 6-Oxopenicillanate (V) .-(a) Oxidation with di- 
methyl sulphoxide-acetic anhydride. Benzyl 6u-hydroxy- 
penicillanate (3.07 g, 10 mmol) was dissolved in dimethyl 
sulphoxide (20 ml). Acetic anhydride (5 ml) was added. 
The solution was stored a t  room temperature for 48 h, 
then poured into a mixture of ice-water (50 ml) and 
potassium hydrogen carbonate (M ; 50 ml) . The suspension 
was extracted with benzene (3 x 50 ml) and the organic 
layer was washed with ice-water (5 x 50 ml), dried 
(Na,SO,), and evaporated. The yellow glass became 
crystalline; yield 2.82 g (92%), m.p. 52", [a]D20 +183O 
(c 0.5 in C,H,), RF 0.58, m/e 305, v,, 1 833 (GO) ,  1 779 
(p-lactam), 1 745, 1201 (ester), and 760 and 705 cm-l 
(phenyl), G(CDCl,), 1.45 (s ,  CH,), 1.50 (s, CH,), 4.80 (s, 
3-H), 5.22 (s, CH,), 5.76 (s, 5-H), and 7.37 (s, C,H,). The 
product contained a trace of benzyl 6a-acetoxypenicillanate 
(t.1.c. and mass spectrum). 

(b) Oxidation with dimethyl sulphoxide, carbodi-imide, and 
orthophosphoric acid. Benzyl 6a-hydroxypenicillanate (614 
mg, 2 mmol) was dissolved in dimethyl sulphoxide (6 ml). 
Anhydrous orthophosphoric acid (98 mg, 1 mmol) and di- 
isopropylcarbodi-imide (756 mg, 6 mmol) were added, and 
the solution was kept for 2 h a t  room temperature. After 
destruction of the excess of carbodi-imide with oxalic acid 
dihydrate (0.5 g) in dimethyl sulphoxide (5 ml), the mixture 
was poured into ice-water (100 ml). The precipitate of 
di-isopropylurea was removed, and the solution was 
extracted with ethyl acetate (3 x 50 rnl). The organic 
layer was washed with water, dried (Na2S04), and evapor- 
ated to leave a yellow oil (650 mg). The i.r. spectrum 
showed that i t  contained about 50% of benzyl 6-0x0- 
penicillanate. T.1.c. indicated the presence of some starting 
material and several less polar compounds. The product 
decomposed during chromatography on a column of silica 
gel. 

(c) Oxidation with dimethyl sulphoxide, carbodi-imide, and 
pyridinium tri$uoroacetate. Benzyl6a-hydroxypenicillanate 
(4.5 g,  14.6 mmol) was oxidised with dimethyl sulphoxide 
(60 ml) in the presence of pyridine (1.18 ml), trifluoroacetic 
acid (0.5 ml), and di-isopropylcarbodi-imide (3.49 ml, 43.9 

1.31 (s, CH,), 1.40 (s, CH,), 4.50 (s, 3-H), 4.67 (s, OCH,), 

Hz, 6-H). 

mmol). After 17 h the excess of carbodi-imide was de- 
composed and, by extraction with benzene, a yellow glass 
was obtained. The product had a purity of about 50% 
and could not be purified by column chromatography. 

Benzyl 6@-Hydroxypenicillanate (VI) .-(a) Reduction with 
borohydride. Benzyl 6-oxopenicillanate (2.8 g, 9.2 mmol) 
was dissolved in methanol-ethanol (280 ml; 1 : 1) and 
cooled to 0 "C. A solution of sodium borohydride (0.25 g) 
in ethanol-water (360 ml; 1 : 1) was added with stirring 
a t  0 "C. After 2 min the mixture was acidified with 
phosphoric acid (20% ; 90 ml) to pH 2.0. The suspension 
was extracted with dichloromethane (2 x 100 ml) and the 
extracts were washed with 5% potassium hydrogen 
carbonate (100 ml) then water (100 ml), dried (Na,S04), 
and evaporated to leave a yellow oil (2.51 g) .  Recrystallis- 
ation from benzene-pentane gave benzyl 6p-hydroxy- 
penkillanate (1.27 g, 45y0), m.p. 97", 4-220" (G 0.5 in 
MeOH), RF 0.70, m/e 307, v-. 3 460 (OH), 1770 (p- 
lactam), 1730, 1208, 1180 (ester), 760, and 702 cm-1 
(phenyl), G(CDCl,), 1.42 (s, CH,), 1.61 (s, CH,), 3.03br (OH), 

J 4 Hz, 5-H), and 7.37 (s, C,H,). By recrystallisation from 
carbon tetrachloride another crystalline form was obtained, 
m.p. 111-113", vmaz 3 320 (OH), 1 740 (p-lactam and ester), 
1 205, 1 180 (ester), 1 452, 747, and 692 cm-l (phenyl). 

When the reaction mixture after reduction was acidified 
with hydrochloric acid, a mixture of benzyl 6P-chloro- and 
6p-hydroxypenicillanate was obtained. The products were 
separated by chromatography on silica gel (20 g) in a 
gradient of dichloromethane to dichloromethane-ether 
(4 : 1). Fractions (5 ml) 12-17 yielded benzyl 6p-chloro- 
penicillanate (96 mg, 3%), as an oil, rn/e 325 and 327, 
RF 0.80, v,, 1789 (p-lactam), 1743, 1203, 1 181 (ester), 
746, and 695 cm-l (phenyl), G(CDC1,) 1.36 (s, CH,), 1.57 

5.50 (d, J 4 Hz, 6-H), and 7.28 (s, C,H,). Fractions 2 1 4 4  
yielded , after crystallisation from benzene-pentane, benzyl 
6p-hydroxypenicillanate (1.12 g, 40%), m.p. 97". On t.1.c. 
on silica gel with benzene-acetone (8 : 2) the RF value of 
the 6a-hydroxy-derivative (I) was 0.67. The R p  values 
with the system CH2C12-Et20 (50: 1) were 0.21 for (VI) 
and 0.10 for (I). 

@) Reduction with zinc borodeuteride. Reduction of 
benzyl 6-oxopenicillanate in ether with 4 mol. equiv. of 
zinc borohydride gave benzyl 6p-hydroxypenicillanate 
(45%). The reaction performed with zinc borodeuteride 
gave a product showing m/e 308, G(CDC1,) 1.42 (s, CH,), 
1.61 (s, CH,), 3.03br (OH), 4.50 (s, 3-H), 5.18 (s, CH,), 
5.57 (s, 5-H), and 7.37 (s, C,H,). 

Benzyl 6p-Phenoxyacetoxypenicillanate (VIIa) .-Benzyl 
6P-hydroxypenicillanate (250 mg, 0.8 1 mmol) was dissolved 
in dichloromethane (10 ml) and cooled to 0 "C. Solutions 
of phenoxyacetyl chloride (194 mg, 1.13 mmol) in dichloro- 
methane (10 ml) and triethylamine (0.15 ml, 1.07 mmol) in 
dichloromethane (5 ml) were slowly added with stirring. 
The mixture was kept a t  room temperature for 3 h, washed 
with potassium hydrogen carbonate (M;  20 ml) and water 
(2 x 20 ml), dried, and evaporated to leave an oil which 
was purified by chromatography on silica gel (12 g )  in a 
gradient of benzene to benzene-ether (94 : 6). Fractions 
(5 ml) 31-50 yielded benzyl 6p-phenoxyacetoxypenicil- 
lanate (247 mg, 70y0), an oil, [a],2O +210° (c 0.5 in CHCI,), 
m/e 441, RF 0.77, vmz 1 7 8 0  (p-lactam), 1745, 1205, 
1179 (ester), 1600, 1590, 1495, 750, and 690 cm-l 
(phenyl), G(CDC1,) 1.40 (s, CH,), 1.58 (s, CH,), 4.55 (s, 

4.50 (s, 3-H), 5.12 (d, J 4 Hz, 6-H), 5.18 (s, CH,), 5.57 (d, 

(2, CH,), 4.45 (s, 3-H), 5.19 (s, CH,), 5.22 (d, J 4 Hz, 5-H), 



1976 709 

3-H), 4.73 ( S ,  O*CH,*C&), 5.20 (S, CH,*C,H,), 5.64 (d, 
J 4 Hz, 5-H), 5.80 (d, J 4 Hz, 6-H), 6.70-7.50 (m, Ph), 
and 7.36 (s, Ph). The peak a t  6 5.80 was absent in the 
spectrum of the product prepared by phenoxyacetylation 
of benzyl 6p-hydroxypenicillanate deuteriated a t  C-6. 

Benzyl 6p-Hydroxypelzicillalzate (S) -S-Oxide (S) - (IX) .- 
Benzyl 6p-hydroxypenicillanate (307 mg, 1 mmol) was 
dissolved in dichloromethane (5  ml) and cooled to 0 OC. A 
solution of m-chloroperbenzoic acid (85% ; 203 mg, 1 mmol) 
in dichloromethane (5 ml) was added dropwise in 30 min to 
the stirred mixture. Stirring was continued for 30 min a t  
0 "C. The resulting suspension was then diluted with 
dichloromethane (50 ml), washed with potassium hydrogen 
carbonate ( M ;  2 x 10 ml) and water (2 x 10 ml), dried 
(Na,SO,), and evaporated to  leave an oil, which was 
dissolved in benzene (10 ml). The solution was freeze- 
dried yielding a glass (235 mg, 72%), Rp 0.47, m/e 323, 
vmX 3 420 (OH), 1788 (P-lactam), 1748, 1200, 1189 
(ester), 1 003 ( S O ) ,  751, and 695 cm-f (phenyl), G(CDCl,), 

5-H), 5.20 (AB, CH,), 5.36 (m, 6-H), 7.35 (s, C,H,). The 
multiplet a t  5.36 collapsed to a doublet on addition of D,O. 

Benzyl 6p-Phenoxyacetoxypenicillanate S-Oxide (VIIIa) .- 
(a) From benzyl 6P-hydroxypenicillanate (S)-S-oxide (IX) . 
Benzyl 6p-hydroxypenicillanate (S)-S-oxide (129 mg, 0.4 
mmol) was dissolved in acetone (10 ml). Phenoxyacetyl 
chloride (75 mg, 0.44 mmol) was added and the solution 
was cooled to 0 "C. Triethylamine (40 mg, 0.4 mmol) in 
acetone (4 ml) was added dropwise over 5 min. The 
suspension was stirred for 30 min a t  0 "C and concentrated 
in vacuo. A solution of the light yellow oil in dichloro- 
methane (50 ml) was washed with potassium hydrogen 
carbonate ( 0 . 5 ~ ;  10 ml) and ice-water (10 ml), dried 
(Na,SO,), and evaporated to leave a colourless oil (208 mg), 
which was purified by column chromatography on silica 
gel (10 g) in a gradient of dichloromethane to dichloro- 
methsne-ether (4 : 1). Fractions 23-29 afforded benzyl 
BP-phenoxyacetoxypenicillanate ( S )  -S-oxide as a glass 
(108 mg, 62%), [aID2* +208" (G 0.5 in Me,CO), m/e 457, 
Rp 0.70, vmas. 1801 (p-lactam), 1752, 1 167 (ester), 1069 
(S=O), 751, and 692 em-l (phenyl), G(CDCl,), 1.03 (s, CH,), 
1.59 (s, CH,), 4.71 (s, O*CH,*C6H5 and 3-H), 5.02 (d, J 4 Hz 

C,H,), and 6.70-7.50 (m, C6H5). 
(b) From benzyl 6~-phenoxyacetoxyPe.pzicillanate (VIIa). 

Benzyl 6~-phenoxyacetoxypenicillanate (167 mg, 0.37 
mmol) dissolved in dichloromethane (20 ml) was cooled to 
0 "C, and m-chloroperbenzoic acid (85%; 81 mg, 0.39 
mmol) in dichloromethane (10 ml) was added dropwise 
over 30 min. The mixture was stirred for 30 min a t  0 "C, 
diluted with dichloromethane (20 ml), washed with potas- 
sium hydrogen carbonate (M; 10 ml) and water, dried 
(Na,SO,), and evaporated. The colourless oil (127 mg, 
75%) was dissolved in benzene and chromatographed over 
silica gel (10 g)  in a gradient of benzene to benzene-acetone 
(4 : 1). Fractions (5 ml) 11-25 gave benzyl 6p-phenoxy- 
acetoxypenicillanate SS-dioxide as a glass (20 mg, 1 l%), 
Rp 0.73, m/e 473, vmitx. 1811 (p-lactam), 1755, 1 175 
(ester), 1330, 1 118 (SO,), 1600, 1591, 752, and 690 cm-1 
(phenyl), G(CDCl,), 1.25 (s, CH,), 1.53 (s, CH,), 4.60 (s, 

J 4 Hz, 5-H), 6.01 (d, J 4 Hz, 6-H), 6.70-7.50 (m, C,H,), 
and 7.40 (s, C,H,). 

Fractions 36-55 afforded a colourless gum (66 mg, 33%) 
after treatment with ether (10 ml). This was shown by 

1.04 ( s ,  CH,), 1.63 (s, CHJ, 4.69 (s, 3-H), 4.93 (d, J 4 HZ 

5-H), 5.21 (AB, CH,*C,H,), 5.79 (d, J 4 Hz, 6-H), 7.30 ( s ,  

3-H), 4.78 (s, O'CH,*C6H5), 5.25 (AB, CH2*C6Hs), 4.87 (d, 

n.m.r. to consist of benzyl 6~-phenoxyacetoxypenicillanate 
(S)- and (I?)-S-oxides in the ratio 2 : 1. The two isomers 
had the same R p  0.70 on t.1.c. in benzene-acetone (8 : 2), 
but in dichloromethane-ethyl acetate (9 : 1) the (S)- 
S-oxide had Rp 0.68 and the (R)-S-oxide 0.57; vmaz 
1800 (p-lactam), 1752, 1 180 (ester), 1600, 1592, 755, 
692 (phenyl), and 1068 cm-1 ( S O ) ;  for the (R)-S-oxide 
G(CDC1,) 1.26 (s, CH,), 1.45 (s, CH,), 4.42 (s, 3-H), 4.71 
(s,  O*CH,*C,HJ, 4.85 (d, J 4 Hz, 5-H), 5.20 (AB, CH,*C,H5), 
6.18 (d, J 4 Hz, 6-H), 7.30 (s, C,H,), and 6.70-7.40 (m, 

Attempted Isomerisation of BenzyE 6-Hydroxypenicillanate. 
-Benzyl 6P-hydroxypenicillanate (92 mg, 0.30 mmol) was 
dissolved in dichloromethane (1 0 ml) and NO-bistrimethyl- 
silylacetamide (0.2 ml, 0.96 mmol) was added. The 
solution was kept for 2 h at room temperature and then 
evaporated to leave an oil. A solution of this in hexane 
(10 ml) was washed with water (10 ml), filtered, and 
evaporated to leave 6~-trimethylsilyloxypenicillanate as 
a glass (103 mg, 91%), m/e 379, vmx. 1780 (p-lactam), 
1 750, 1 206 (ester), 1 256, 842 (Si-CH,), 1 070, 1 025 
(0-Si), and 699 cm-l (phenyl). A solution of benzyl 
6~-trimethylsilyloxypenicillanate ( 100 mg, 0.26 mmol) in 
dichloromethane (10 ml) was treated with DBN (0.48 
ml, 0.4 mmol). After 10 min a t  room temperature the 
solution, which had changed in colour from yellow to 
orange, was diluted with dichloromethane (20 ml), washed 
with hydrochloric acid ( 0 . 5 ~ ;  10 ml) and twice with 
ice-water (10 ml), dried (Na2S04), and evaporated to 
leave a light yellow oil (80 mg). T.1.c. and n.m.r. indicated 
that the product was benzyl 6p-hydroxypenicillanate and 
that no epimerisation had taken place. Benzyl 6,- 
hydroxypenicillanate was treated in the same way and the 
starting material was recovered. 
A ttemjbted Isomerisation of Benzyl 6-Phenoxyacetoxy- 

penicil1anate.-(a) With DBN.  Benzyl 6a- or 6P-phenoxy- 
acetoxypenicillanate (44 mg, 0.1 mmol) was dissolved in 
dichloromethane (1 ml). Both solutions were treated after 
cooling to 0, -20, or - 78 "C with DBN in dichloromethane 
(10%; 0.1 ml) a t  the same temperature. The reactions 
were monitored by t.1.c. The mobile phase was dichloro- 
methane [ R R ~  of 6a-isomer (IV) 0.55; 6P-isomer (VIIa) 
0.661. No epimerisation took place and only benzyl 6cc- 
and 6p-hydroxypenicillanate (RF of Gcc-isomer 0.05 ; 6p- 
isomer 0.13) were formed. 

Benzyl 6P-phenoxy- 
acetoxypenicillanate (44 mg, 0.1 mmol) was dissolved in 
tetrahydrofuran (2 ml). The solution was cooled to -20 
or - 78 "C and a suspension of lithium di-isopropylamide in 
n-hexane (10%; 0.4 ml) was added. No change was 
observed during 6 h, in the reaction mixture a t  -78 "C, 
whereas in the reaction mixture a t  -20 "C several polar 
spots appeared on t.1.c. in dichloromethane, indicating the 
formation of degradation products. After addition of 
methanol (0.2 ml) no indication of epimerisation was 
obtained but rapid destruction of the p-lactam ring resulted. 

Epimerisation of Benzyl 6P-Phenoxyacetoxypenicillanate 
(S)-S-Oxide.-Benzyl 6~-phenoxyacetoxypenicillanate ( S ) -  
S-oxide (457 mg, 1 mmol) was dissolved in dichloromethane 
(10 ml). The solution was cooled to -78 "C and DBN 
(0.12 ml, 0.1 mmol) was added. The solution remained 
colourless and no change was observed during 20 min as 
indicated by t.1.c. in benzene-acetone (8 : 2). At -20 "C 
the mixture became light yellow. After 6 h the mixture 
consisted of benzyl6a- and 6~-phenoxyacetoxypenicillanate 

C6H5) * 

(b) With lithium di-isopropylamide. 
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(S)-S-oxides in the ratio of 1 : 1 (n.m.r.) as well as benzyl 
6,- and 6P-hydroxypenicillanate S-oxides. After reaction 
overnight a t  -20 "C the orange mixture was separated by 
column chromatography on silica gel (20 g) in a gradient 
of benzene to benzene-acetone 9 : 1. Only benzyl 6a- 
hydroxypenicillanate S-oxide (7 1 mg, 21 yo) was isolated. 
Benzyl 6~-phenoxyacetoxypenicillanate (S)-S-oxide in di- 
chloromethane at  0 "C was rapidly destroyed in the presence 
of DBN. 

Epimer isa t ion  of Benzy l  6a-Phenoxya~etoxypenicillanate 
( S )  -S-Oxide .-Benzyl 6cc-phenoxyacetoxypenicillanate (S) - 
S-oxide (150 mg, 0.328 mmol) was dissolved in dichloro- 
methane (5 ml). The solution was cooled to - 20 "C and 
DBN (0.04 ml, 0.33 mmol) was added. The solution 
became orange. The reaction was followed for 6 h by t.1.c. 
in benzene-acetone (8 : 2). No epimerisation took place 
but slow formation of benzyl 6a-hydroxypenicillanate (S)- 
S-oxide (RF 0.28) and of several less polar products occurred. 
After 6 h the mixture was chromatographed over silica gel 
and benzyl 6a-hydroxypenicillanate (S)-S-oxide (35 mg, 
35%) was isolated. 

6@-Phenoxyacetoxypenicillanic Ac id  ( S )  -S-Oxide (S)- 
(VI IIb) .-Benzyl 6~-phenoxyacetoxypenicillanate (S) -S- 
oxide (1 g) dissolved in ethyl acetate (50 ml) was hydrogen- 
ated over 10% palladium-charcoal (1 g) for 6 h a t  3 kg ern-,. 
The catalyst was filtered off and washed with ethyl acetate. 
The solution was hydrogenated again under the same 
conditions. The organic layer was evaporated to leave a 
colourless oil (0.328 g). Addition of ether (10 ml) afforded 
crystals of 6~-phenoxyacetoxypenicillanic acid ( S )  -S-oxide 
(0.266 g, 33y0), m.p. 140-142" (decomp.), [a]D18 +313" 

(c 0.5 in Me,CO), RP 0.56 in acetone-acetic acid (95: 5), 
vmX. 1 786 (p-lactam), 1 730 (CO,H), 1 600, 1 590, 752, 
691 (phenyl), and 996 cm-l ( S O ) ,  G(CD,CN), 1.23 (s, CH,), 

5-H), 5.92 (d, J 4 Hz, 6-H), and 6.70-7.50 (m, C,H,). 
6~-Phenoxyacetoxy~enicilEanic Acid  (VIIb) .-6P-Phenoxy- 

acetoxypenicillanic acid (S)-S-oxide (73.4 mg, 0.2 mmol) 
was dissolved in NN-dimethylformamide (2 ml) and cooled 
to - 18 "C. Phosphorus tribromide (0.095 ml, 1 mmol) was 
added with stirring. After 30 s a t  - 18 "C the yellow-green 
solution was poured into a cooled solution of sodium 
hydrogen carbonate (500 mg) in water (10 ml). The 
mixture was acidified with phosphoric acid (20%) to pH 
2.0 and extracted with ethyl acetate (2 x 20 ml). The 
organic layer was washed with ice-water (2 x 20 ml) and 
brine (20 ml), dried (Na,SO,), and evaporated to leave a 
colourless oil (50 mg, 71%), [a],15 + 146" (c 0.4 in Me,CO), 
R p  0.76 in acetone-acetic acid (95: 5), vIIIBX. 1 775 (@- 
lactam), 1740 (CO,H), 1600, 1592, 752, and 689 cm-l 
(phenyl), G(CDC1,) 1.56 (s, CH,), 1.61 (s ,  CH,), 4.49 (s, 

6-H), 6.70-7.00 (m, C,Hs), and 8.02br (C0,H). 

1.65 (s, CH,), 4.61 (s, 3-H), 4.79 ( s ,  CH,), 5.22 (d, J 4 Hz, 

3-H), 4.73 (s, OCH,), 5.63 (d, J 4 Hz, 5-H), 5.81 (d, J 4 Hz, 
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