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The preparation of a series of acyloxymethyl esters of D-a-aminobenzylpenicillin (ampicillin) is described. 
In vitro these esters are hydrolyzed to ampicillin by nonspecific esterases present in serum and various tissues 
from rat, dog, and man. Experiments performed with the hydrochloride of the pivaloyloxymethyl ester in labora­
tory animals and healthy volunteers show that this compound, after oral administration, is absorbed far more 
efficiently than ampicillin. After the absorption the compound is rapidly hydrolyzed to ampicillin with the 
result that high blood and tissue levels of the latter are attained. 

Although D-a-aminobenzylpenicillin (ampicillin) (1) 
is relatively stable to acid it is absorbed rather ineffi­
ciently by the oral route as indicated, e.g., by the fact 
that much higher blood levels and urinary recovery are 
attained after parenteral than after oral administra­
tion.2 It is reasonable to assume that this is due to the 
dipolar character of the drug and that a transient mask­
ing of the carboxyl group could improve its oral ab­
sorption. Such a masking can be achieved by esterifi-
cation, but since simple alkyl or aryl esters of penicillins 
are hydrolyzed only slowly in the human organism a 
special type of ester was needed. 

A group of penicillin esters fulfilling the requirement 
of rapid hydrolysis in the organism, viz., acyloxymethyl 
esters, has recently been reported.3 Esters of this type 
have been prepared from a number of penicillins in­
cluding, among others, benzylpenicillin, phenoxy-
methylpenicillin, 2-ethoxynaphthylpenicillin, methi-
cillin, and cloxacillin.3-4 The best investigated 
member of the group is the acetoxymethyl ester of 
benzylpenicillin (2), which is used clinically as an orally 
active form of benzylpenicillin giving rise to low, but 
prolonged blood levels of the latter. It is assumed that 
this compound after the absorption is hydrolyzed en-
zymatically by nonspecific esterases to the hydroxy-
methyl ester 3, which subsequently decomposes spon­
taneously to benzylpenicillin (4) and formaldehyde.5 

With the exception of 2 esters of this type seem to be 
absorbed very poorly, probably due to their low solu­
bilities.4 

The presence of an amino group in the side chain of 
ampicillin will render acyloxymethyl esters of this peni­
cillin acid soluble, a fact which may be expected to 
influence the oral absorption deeply. Since such esters, 
to our knowledge, have not been prepared previously 
we decided to investigate this possibility of improving 
the oral absorption of ampicillin, and in the following 
the results of our investigations are presented. 

Chemistry.—Two general pathways were followed 
in the synthesis of acyloxymethyl esters of ampicillin. 
In one of these (Scheme I) the starting material was the 
K salt of D-a-azidobenzylpenicillin (5)6 which was 
treated in boiling acetone with an excess of a halomethyl 
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(5) H. P. K. Agersborg, A. Bachelor, G. W. Cambridge, and A. W. Rule, 
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ester 6 to form the corresponding acyloxymethyl ester 
7. The halomethyl esters, many of which are known 
compounds, were prepared by treating the correspond­
ing acid halide with paraformaldehyde.7 Although 
bromomethyl esters reacted more rapidly than chloro-
methyl esters the latter worked quite satisfactorily 
when a catalytic amount of Nal was added and were 
generally preferred because of their better stability and 
ease of preparation. The D-a-azidobenzylpenicillin 
esters thus obtained were mostly oils which were trans­
formed into salts of the corresponding acyloxymethyl 
D-a-aminobenzylpenicillinates (8a-8h) on catalytic hy-
drogenation over a Pd catalyst. The yields obtained 
by this method were good and the purity of the products 
satisfactory. 

A second pathway for the preparation of such ampi­
cillin esters is illustrated by the syntheses of the pi­
valoyloxymethyl ester 8f outlined in Scheme II. Here, 
the first step is the preparation of pivaloyloxymethyl 
6-aminopenicillanate (lOf) which subsequently is acy-
lated with phenylglycine. Compound lOf could be 
obtained directly in 80% yield by reacting the triethyl-
ammonium salt of 6-aminopenicillanic acid (9) with 
chloromethyl pivalate in DMF and was isolated as its 
crystalline HC1 salt or p-toluenesulfonate.8 In an 
alternative method for the preparation of lOf, K ben-
zylpenicillinate (4a) was first transformed into pivaloyl­
oxymethyl benzylpenicillinate (11). The side chain of 
11 was subsequently removed by a method analogous 
to the elegant procedures developed for the preparation 
of 7-aminocephalosporanic acid9 and 6-aminopenicil­
lanic acid:10 The benzylpenicillin ester (11) was 
treated with PC15 in CHC13 containing quinoline to form 
an iminochloride 12 which with n-PrOH afforded the 
imino-n-propyl ether 13. This was solvolyzed with 
HC1 to yield 10f HC1 in an overall yield of about 90%. 

Among the numerous potential methods for acylation 
of lOf with phenylglycine (for a discussion of these, cf. 
Ekstrom, et al.6) two were found particularly conve­
nient. In one of these D-a-phenylglycyl chloride • HC1,11 

was treated with lOf in CH2C12 at 0°. This method 
gave a 85% yield of 8f • HC1 in a substantially pure form. 

(7) L. H. Ulich and R. Adams, J. Amur. Chem. Soc, 43, 662 (1921). 
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SCHEME I 
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a, R, = CH3; b, R = CH2CH3; c, R = (CH2)2CH3; d, R = 
CH(CH3)2; e, R = (CH2)3CH3; f, R = C(CH3)3; g, R = 

CH(CH2CH3)2; h, R = C,H6 

Racemization, which could have been expected to be 
a problem, was negligible. 

/3-Dicarbonyl compounds have been used to protect 
amino functions during peptide synthesis and their 
application to ampicillin has been reported.12 In an 
analogous procedure the mixed anhydride 14 was 
treated with lOf with formation of the protected inter­
mediate 15. This was not isolated but hydrolyzed 
directly to 8f-HCl. The yield of this process, during 
which some racemization took place, was about 65%. 

Biological Properties.—Hydrolysis in vitro.—We 
have been able to show that the acyloxymethyl esters of 
ampicillin described in this paper are hydrolyzed with 
liberation of ampicillin under the influence of enzymes 
present in serum and tissue homogenates from rat, dog, 

(12) E. Dane and T. Dockner. Chem. Ber., 98, 789 (1965). 

and man. Although the exact mechanism of this reac­
tion has not been elucidated, it is reasonable to assume 
that it proceeds analogously to the conversion of 2 
into 4. 

The rate of hydrolysis of the ampicillin esters 8a-8h 
has been studied at pH 7.4 and 37° in the presence of 
10% human serum. The method is based on the fact 
that intact ester can be removed from the reaction mix­
ture by extraction with EtOAe whereas ampicillin re­
mains in the aq phase and can be determined microbio-
logically. To give a rough impression of the relative 
rates of hydrolysis the degree of hydrolysis after incu­
bation for 30 min is indicated in Table I, from which it 
will be seen that unbranched esters such as 8a, 8b, and 
8c are hydrolyzed more rapidly than the branched 
esters 8f and 8g. 

TABLE I 

HYDROLYSIS or ACYLOXYMKTHYL ESTERS OF AMPICILLIN AT pi I 

7.4 AND 37° IN THE PRESENCE OF 1 0 % HUMAN S E R U M " 

','c hydrolyzed 
E*UT alter 30 min 

Aeetoxymethyl (8a) 89 
Propionyloxymethyl (8b) SO 
n-Butyryloxymethyl (8c) sr, 
Isobutyryloxymethyl (8d) S!) 
Pivaloyloxymethyl (8f) -JL» 
a-Ethyl-n-butyryloxymethyl (8g) 2:5 
Benzoyloxymethyl (8h) (17 

a The starting concentration of the esters was ' / » n\mol 
~1U Mg ml of free ampicillin. b The figures do not indicate the 
exact degree of hydrolysis since—under the applied conditions— 
ampicillin as well as its esters undergo transformations (probably 
polymerization) resulting in loss at antibacterial activity. 

Using a similar technique it has been shown that the 
half-life of the pivaloyloxymethyl ester 8f in heparinized 
human whole blood at 37° is approx 5 min (average of 
8 persons) and in whole blood from the dog 2.5-4 min. 
It has also been demonstrated that homogenates of 
gastric mucosa, intestinal mucosa, and liver from the 
dog hydrolyze 8f rapidly. 

Absorption and Distribution in Rats and Dogs. 
Serum and tissue concentrations of ampicillin after oral 
administration of equivalent amounts of ampicillin 
and the hydrochloride of its pivaloyloxymethyl ester 
8f, respectively, to rats and dogs are shown in Tables 
II and III. The fact that the serum and tissue levels 
obtained after administration of the ester are much 
higher than those obtained after administration of 
ampicillin indicates a superior absorption of the former 
in these species. A detailed account of these experi­
ments will be published elsewhere.'3 

Absorption and Excretion in Man.—In Tables IV 
and V and in Figures 1 and 2 are shown the serum 
levels of ampicillin attained after oral administration 
of ampicillin and 8f-HCl, respectively, to healthy vol­
unteers in two cross-over studies. The higher and 
earlier peak serum levels and the overall greater area 
under the serum level-time curves attained after ad­
ministration of the ester clearly show that this com­
pound is more efficiently absorbed from the gastro­
intestinal tract than ampicillin. As will appear from 
Tables IV and V the superior absorption is also re-

US) (a) K. Roholt and B. N. Nielsen, in preparation; (b) K. Roholt, 
S. B. Wolfbon, and B. Skov, in preparation. 
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SCHEME I I 
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T \BLE II 

M E A N AMPIOILLIN CONCENTRATIONS IN 

2 HH FOLLOWING 

Organ 

Plasma 
Liver 
Kidneys 
Spleen 
Lungs 

ORAL ADMINISTRATION 

OF 5 RATS" 

PLASMA AND TISSUES 

OF A 

Concentration 
Mg/g 

A 

0.84 
9.0 
7.0 
0.34 
0.57 

of v •et 

AND B i o GROUPS 

n Mg/nal or 
weight . 

B 

4.9 
39 
34 

1.4 
3.1 

" A is 100 mg/kg of ampioillin; 
(~100 mg/kg of ampioillin). 

B is 143 mg/kg of 8f-HCl 

fleeted in the urinary recovery. Thus, the amount of 
ampioillin excreted in the urine in 0-6 hr averages 70% 
of the administered dose in the case of the ester, but 
only 27% after administration of ampicillin. It is 
interesting to note that the degree of absorption of 8f 
is practically the same whether the compound is given 
on an empty stomach or in connection with a meal. 
The fact that both the peak serum levels and the urinary 
excretion of ampicillin obtained after oral administra­
tion of the ester are very similar to the values reported 
after intramuscular injection of an equivalent amount 

TABLE II I 

M E A N AMPICILLIN CONCENTRATIONS IN BODY FLUIDS AND 

TISSUES 2 H R FOLLOWING ORAL ADMINISTRATION OF A AND B TO 

GROUPS OF 5 DOGS° 

Organ 

Blood 
Liver 
Bile 
Kidneys 
"Urine 
Spleen 
Lungs 

Concentration in 
Mg/g of 

A 

2.0 
5.5 

28 
18 

847 
1.1 
2 .1 

(jg/ml or 
wet weight > 

B 

5.7 
13 

147 
69 

2932 
2.3 
4 .1 

(' 
" A is 30 mg/kg of ampicillin; 
^30 mg/kg of ampicillin). 

B is 43 mg/kg of 8 f H C l 

of ampicillin14 suggest an almost quantitative absorp­
tion of the ester. 

To study the hydrolysis of 8f in vivo, 10 healthy vol­
unteers were given 715 mg of its HC1 salt (~-500 mg 
of ampicillin) orally. Blood samples were drawn 15, 
60, and 120 min after administration, and the concen­
trations of ampicillin and intact 8f determined micro-
biologically. This investigation, details of which will 

(14) J. O. Klein and M. Finland, Amer. J. Med. Sci., 245, 544 (1983). 
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TABLF IV 
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F igure 1. - M e a n se rum levels of ampiei l l in in n o r m a l vo lun -
t eers following ora l a d m i n i s t r a t i o n of 250 m g of ampie i l l in ( • - • - • ) 
a n d 358 m g of 8 f - H C l ( = 250 m g of ampie i l l in) ( X - X - X ) on an 
e m p t y s t o m a c h . 

be published elsewhere,13 showed that the concentration 
of 8f in no case exceeded 2% of the corresponding 
ampieillin concentration and generally was considerably 
lower. These results as well as the fact that attempts 
to demonstrate 8f in the urine have failed indicate that 
the hydrolysis is practically complete and takes place 

rapidly after the absorption -in good agreement with 
the high enzymatic activity demonstrated in vitro in 
blood and various tissues. 

Clinical trials with 8f are in progress. 

Experimental Section 

All me l t ing po in t s are cor rec ted . Opt ica l r o t a t i o n s were 
d e t e r m i n e d at 20° w i th a P e r k i n - E l m e r 141 po la r imete r . T h e 
ir spec t r a were o b t a i n e d w i th a P e r k i n - E l m e r 21 s p e c t r o p h o t o m ­
eter wi th a N a C l pr i sm a n d t h e n m r spec t r a w i t h a Var ian 
Associa tes spec t rome te r , M o d e l A-60A. W h e r e ana lyses are 
i nd i ca t ed only b y symbo l s of t h e e l ement s , ana ly t i c a l resul t s 
ob t a ined for those e l emen t s were wi th in ± 0 . 4 , c

0 of t h e theore t i ca l 
va lues . 

Acetoxymethyl D-a-Azidobenzylpenicil l inate (7a). K n-
a -az idobenzy lpen ic i l l ina te (5)6 (8.26 g, 0.02 mol) , K H C 0 3 

( l . O g , 0.01 mol) , and b r o m o m e t h y l ace ta te" (4.0 ml, 0.04 mol) 
were refiuxed for 1 hr in a m i x t u r e of M e 2 C O (50 ml) a n d I L O 
(1 ml ) . After cooling, t h e suspens ion was filtered, t h e fi l trate 
e v a p o r a t e d in vacuo, a n d t h e res idue washed r e p e a t e d l y by 
d e c a n t a t i o n w i t h p e t r o l e u m e the r t o r e m o v e excess of b r o m o ­
m e t h y l a ce t a t e . T h e oily res idue t h u s o b t a i n e d was t a k e n up 
in E t O A c (50 m l ) : t h e resu l t ing so lu t ion was w a s h e d wi th aq 
X a H C 0 3 followed b y H 2 0 a n d dr ied . R e m o v a l of t h e solvent 
in vacuo g a v e 10.0 g of 7a us a g u m which did not crysta l l ize . 
I r a n d n m r s p e c t r a were as expec ted . 

Pivaloyloxymethyl D-a-Azidobenzylpenicil l inate (7 f ) .—To a 
suspens ion of K D-a-az idobenzylpenic i l l ina te (5)6 (206.8 g, 0.5 
mol ) in M e 2 C O (2 1.) and 1 0 % aq N a l (40 ml ) w a s a d d e d chloro-
m e t h y l p iva la t e 1 5 0148 ml , 1.0 mo l ) and t h e m i x t u r e was refiuxed 
for 3.5 hr . After cooling, the suspens ion was filtered and the 

(15) M . Kasmussi 
(11*67). 

unil X. J. I .eonanl . J. .1), 
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No. 

8a 

8b 

8c 
8d 
8e 
8f 

CH2CH3 

(CH2)2CH3 

CH(CH3)2 

(CH2)3CH3 

C(CH3)3 

TABLE VI 

ACYLOXYMETHYL D-a-AMINOBENZYLPENICILLINATES 

H H 

X 

CH3 CI 
p-CH3C6H4S02 
CI 
p-CH3C6H4S02 

CI 
CI 
CI 
CI 
JJ-CHsCeHiSO: 
p-CH3C6H4SOi 
CI 
p-CHsCcH^SO; 

8h C6H5 CI 
" Determined iodometrioally using ampici 

EtOH-?'-Pr20. d Recrystallized from EtOAo. " H 2 0 (c 1). / M e O H (c 1 

8g CH(CH2CH3)2 

CeH5CHCONH. 

NH2, HX , 
<f 

M p , 
°C dec 

Amorphous 
163-1646 

Amorphous 
159-1606 

Amorphous 
Amorphous 
Amorphous 

155-156= 
151-1526 

144-145'1 

Amorphous 
149-1506 

Amorphous 

lin trihydrate as 

:^s^/ 
1 h 

1 N L . ~COOCH2OCOR 

W D , ° 
+ 194« 
+ 153/ 
+ 191e 

+ 154/ 
+ 190 
+ 189" 
+ 186« 
+ 200= 
+ 151/ 
+ 150/ 
+ 176" 
+ 146/ 
+ 182« 

standard. b 

Purity, 

%a 

88 

90 

96 
96 
99 

86 

96 

Recrys 

Formula 

Ci9H24ClN306S 
C26H3iN3O8S2-0.5H2O 
C20H26CIN 3O6S 

C27H33N3O8S2-0.5H2O 
C2iH28ClN30eS 
C21H28C1N306S 
C22H30CIN3O6S 

C22H30ClN3O6S-0.5H2O 
C29H37N3O8S2 

C29H37N3O9S2 

C23H32C1NS06S 
Cy3D-H-39l^ 3O8O2 

C24H26C1N306S 

tallized from MeOH-H 2 0 . 

Analysis 

C, H, N, S 

C, H, N, S 

C, H, N, S, H 2 0 
C, H, N, S 
C, H, N, S 

C, H, N, S 

c Recrystallized fro 

filtrate was evaporated in vacuo. The oily residue thus obtained 
was dissolved in EtOAc (800 ml); the resulting solution was 
washed with aq N a H C 0 3 followed by H 2 0 , dried, and evaporated 
in vacuo to leave a yellowish gum, which crystallized from E t 2 0 
to afford 186 g (76%) of 7f as colorless needles, mp 113-114°. 
An analytical sample was prepared by recrystallization from 
EtOAc: "mp 114-115°; [ « ] D + 4 2 ° (c 1, CHClo); ir and nmr 
spectra were as expected. Anal. (C22H27N506S) C, H, N, S. 

In a similar way the acyloxymethyl D-a-azidobenzylpenicillin-
ates 7a-7e and 7g-7h were prepared from 5 and the corresponding 
chloromethyl esters.16 Apart from 7h [mp 127-128°; [ « ] D 
+ 46° (c 1, CHCla)] the compounds were obtained as gums, 
which did not crystallize. Their ir and nmr spectra were as 
expected and the compounds were hydrogenated to the corres­
ponding ampicillin esters without further purification. 

Acetoxymethyl D-a-Aminobenzylpenicillinate (8a).—To a solu­
tion of crude acetoxymethyl D-a-azidobenzylpenicillinate (7a) 
(10 g, ca. 0.02 mol) in EtOAc (150 ml), placed in a 4-necked 500 
ml-flask equipped with an efficient stirrer, gas inlet and outlet 
tubes, a glass-calomel combination electrode, and a buret 
controlled by an automatic titrator, were added H 2 0 (100 ml) 
and 10% Pd-C (5 g). The system was flushed with N2, and 
thereafter H2 was bubbled through the suspension with stirring, 
a pH value of 3.0 being maintained in the aq phase by addition 
of 1 N HC1 via the titrator. When the consumption of acid 
stopped, the flask was flushed with N2 and the catalyst filtered 
off. After separation of the phases the organic layer was ex­
tracted with H 2 0 . The combined aqueous phases were washed 
with E t 2 0 and freeze-dried to afford 6.5 g of 8a • HCl as a colorless 
amorphous powder, [a]v +194° (c 1, H 2 0) . The product had a 
purity of 88%. Ir and nmr spectra were as expected. A 
crystalline p-toluenesulfinate was obtained by adding 0.5 M 
aq sodium p-toluenesulfinate to a 20% aq solution of the amor­
phous hydrochloride. The analytical sample was prepared by 
recrystallization from MeOH-H 2 0 : mp 163-164° dec; [<X)D 
+ 153° (c 1, MeOH). Anal. (C26H3iN3O8S2-0.5 H 2 0) C, H, N, S. 

Analogously to the preparation of 8a the ampicillin esters listed 
in Table VI were obtained by hydrogenation of the corresponding 
acyloxymethyl D-a-azidobenzylpenicillinates. The yields were 
in the range of 60-80% and all ir and nmr spectra were as expected. 

Pivaloyloxymethyl 6-Aminopenicillanate (lOf). A. From 6-
APA.—To a suspension of 6-APA (54 g, 0.25 mol) in D M F 
(250 ml) was added Et3N (49 ml, 0.35 mol) and, after stirring 
for 0.5 hr, chloromethyl pivalate15 (74 ml, 0.5 mol). After 
stirring at 26-28° for 4 hr, the mixture was diluted with EtOAc 
(750 ml); the precipitated Et 3 N-HCl was filtered off, and the 
filtrate was washed with H 2 0 (4 X 250 ml) to remove the greater 

(16) The chloromethyl esters of propionic, n-butyric, valeric, and benzoic 
acid have previously been described.7 Chloromethyl isobutyrate (bp15 

44-46°) and chloromethyl a-ethyl-n-butyrate (bpJs 66-72°) were prepared 
analogously. 

! 
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Figure 2.—Mean serum levels of ampicillin in normal volun­
teers following oral administration of 250 mg of ampicillin ( • - • - • ) 
and 358 mg of 8 f • HCl ( = 250 mg of ampicillin) ( X - X - X ) immedi­
ately after breakfast. 

part of D M F and unreacted 6-APA. The organic layer was 
dried and concentrated to about half the volume under reduced 
pressure (bath temp 30-35°). Treatment of the stirred solution 
of the crude ester with 0.5 M TsOH in EtOAc (450 ml) at 25° 
precipitated the crystalline p-toluenesulfonate which was fil­
tered off, washed with EtOAc followed by E t 2 0 , and dried to 
afford 101.2 g (80.6%) of colorless needles, mp 148-149° dec. 
Recrystallization from MeOH-EtOAc furnished the analytical 
sample: mp 150-151° dec; [a]o +133° (c 1, MeOH); ir and 
nmr spectra were as expected. Anal. (C2iH3oN20gS2) C, H, N, S. 

A crystalline hydrochloride [mp 156-160° dec, [a]o +183° 
(c 1, 0.1 V HCl)] was obtained by adding 1 X HCl in j-PrOH 
to a stirred solution of crude 6-APA pivalovloxvmethvl ester in 
EtOAc. Anal. (CUH23C1N206S) C, H, CI, N,"s. 

B. From 11.—To a stirred solution of PC15 (33.6 g, 0.16 mol) 
in dry, EtOH-free CHC13 (320 ml) were added quinoline (36.2 
ml, 0.31 mol) and, after cooling to —10°, pivaloyloxymethyl 
benzylpenicillinate (11) (64 g, 0.14 mol). After stirring for 
15 min at —10°, w-PrOH (105 ml, 1.4 mol) was added over a 
period of 5 min. The mixture was kept at —10° for a further 
15 min, then a solution of NaCl (50 g) in H 2 0 (220 ml) was 
added with vigorous stirring. During this process the tempera-
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TABLE VI1 

ACYI.OXYMETHYL 0-AMINOI' i : . \ ' ICILl.ANATi;f 

HX. H,N 
H H 

M p . 

~C00CH,0C0R 

No. It 

10a CH, 
10b CH2CH3 

lOd CII(CH3)2 

10c (CH2)3CI13 

lOf C(CH3)3 

lOg CII(CH2CII3)2 

lOh C6II5 

" Recrystallized from MeOH-

X 

P-CH,,C6H4S03 

p-CHjCelLSOs 
p-CH3C8H4S03 

p-CH3C6H<S03 

p-CHsGeHiSO., 
CI 
p-CH3C6H4S08 

p-CH3C6H4SOs 

" ( • dec 

147-14S-
135-136" 
132-133" 
1 3 M 3 2 " 
150-151" 
156 -160* 
139-140" 
143-144" 

-EtOAc. b Recrystallized from MeOH-i 

MD, ° 
+ 133= 
+ 128= 
+ 133= 
+ 126= 
+ 133= 
+ 183* 
+ 123= 
+ 121 = 

i-PrOJI. = MeOH (c 

Formula 

C18H24N2O8S2 

CigH^e^aOsSi 
C20H28N2OSS2 

C21H30N2O8S2 

C21H30X2OsS2 

CuHaClNjOiS 
C22Hs2X208S2 

C23H26N2OsS2 

1). d 0 . 1 N HC1 (c 1). 

Analysis 

C, H, X, S 
C, II, N, S 
C, H, X, S 
C, H, X, S 
C, II, N, S 
C, H, CI, N, S 
C, H, X, S 
C, II, X, S 

ture in the mixture rose to 0°. Petroleum ether (450 ml) was 
added, and the mixture was seeded with crystals from an earlier 
preparation of 10f-HCl. After stirring for 10 min at 0°, another 
portion of petroleum ether (500 ml) was added over a period 
of 10 min. Stirring at the low temperature was continued for 
15 min, then the aq phase was separated and the precipitate in 
the organic phase collected. The filter cake was slurried in a 
mixture of saturated aq XaCl (200 ml) and H 2 0 (10 ml). The 
slurry was filtered and the solid was washed with saturated aq. 
XaCl followed by E t 2 0 to yield 52.4 g of a crystalline product: 
[ « ] D +161° (c 1, 0.1 N HC1); corresponding to a 89% yield of 
pure lOf. Apart from a content of XaCl the product was pure 
and could be used directly for the acylation step. 

Analogously to the preparation of lOf (method A) the acyloxy-
methyl 6-aminopenicillanates listed in Table VII were prepared 
from 6-APA and the corresponding chloromethyl esters. 

Pivaloyloxymethyl Benzylpenicillinate (11).—To a suspension 
of K benzylpenicillinate (95 g, 0.25 mol) in Me2CO (1 1.) was 
added chloromethyl pivalate15 (41.5 ml, 0.28 mol) followed by 
2 5 % aq X a l (25 ml). The mixture was refluxed for 5 hr with 
stirring. After cooling, water (1 1.) was added to precipitate 
103 g (92%) of pure 11: mp 114-115°; [ « ] D +144° (c 1, CHC13). 
Anal. (C22H2SX206S) C, H, X. 

Pivaloyloxymethyl D-a-Aminobenzylpenicillinate (8f) by Acyla­
tion of lOf. A. From D-a-Phenylglycyl Chloride • HC1.—To a 
stirred suspension of D-a-phenylglveyl chlor ideHC1 U (49.6 g, 
0.25 mol) in CH2C12 (1 ].) was added at 0° NaHCOa (42 g, 0.50 
mol) followed by 10MIC1 (73.4 g, 0.2 mol). After vigorous 
stirring at 0° for 1.5 hr, the mixture was filtered through Celite; 
/-PrOH (300 ml) was added to the filtrate which then was con­
centrated in vacuo. After removal of the greater part of CH2C12 

crystallization of a colorless product began. To the mixture was 
added i-PrOH (300 ml) and E t 2 0 (700 ml), and, after cooling, 
the precipitate was filtered off to yield 85 g (85%) of 8f-HCl, 
mp 155-156° dec, identical in every respect with that obtained 
by the azidomethod described above. 

B. Via /3-Dicarbonyl Protecting Group.—To a solution of 1C 
A" - [ 1 - methyl - 2- carbethoxy vinyl] - D - a - amino - a - phenylacetate 
hemihydrate12 (155.2 g, 0.5 mol) in EtOAc (2 1.) was added Ar-
methylmorpholine (2.5 ml) and isobutyl chloroformate (70 ml) 
at —15° w-ith stirring. KCl separated immediately, and the 
mixture was kept at —15° for 6 min. To the solution of the 

mixed anhydride 14 thus obtained was added with stirring an 
ice-cold solution of lOf (liberated from 251.3 g (0.5 mol) of the 
p-toluenesulfonate of this compound) in EtOAc (1 1.). During 
the addition and then for a further 10 min, the temperature was 
kept between —14° and —12°. Thereafter, the cooling bath 
was removed, and stirring continued until the temperature had 
risen to 10° (about 40 min). The mixture was washed with 
H 2 0 (500 ml), 0.5 M aq NaHCO„ (500 ml), and H20 (2 X 250 
ml), dried, and evaporated in vacuo. The residual yellow oil 
was taken up in T H F (1 1.); H 2 0 (900 ml) was added, and the 
apparent pH value of the mixture was adjusted to 2.5 by addition 
of 4 N HC1 with stirring. During the hydrolysis this pH was 
maintained by addition of further IIC1 via an automatic titrator. 
The consumption of acid ceased when a total of 105 ml of 4 N 
HC1 (84% of the theoretical amount) had been added. T H F 
was removed from the mixture at reduced pressure (bath 
30-35°), and the remaining aqueous phase was extracted 
with EtOAc (4 X 150 ml). To the combined EtOAc extracts 
were added petroleum ether (600 ml) and H 2 0 (200 ml); the pH 
value of the aqueous phase was adjusted to 2.5 by addition of 
dil HC1 with stirring, and the aq extract was separated. To 
the combined aq phases (ca. 1.2 1.) thus obtained, was added 
XaCl (240 g); the mixture was shaken vigorously, and the result­
ing yellowish organic layer (ca. 400 ml) was separated. After 
extraction of the aq phase with EtOAc (200 ml) the combined 
organic phases were dried and i-PrOH (800 ml) was added. 
The mixture was concentrated to about half the volume at re­
duced pressure, and another portion of f-PrOH (800 ml) was 
added. Repeated concentration of the mixture to about 600-800 
ml in. vacuo furnished precipitation of a colorless crystalline 
product, which was kept at 4° overnight. The precipitate was 
filtered off, washed with ice-cold j'-PrOH (2 X 100 ml) followed 
by E t 2 0 (2 X 100 ml), and dried to yield 149.2 g (58.6%) of 
8f-HCl, mp 155-156° dec. On concentration of the mother 
liquor in vacuo another 17.0 g (6.6%) of the desired product, mp 
155-156° dec, was obtained. 
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