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A series of dipeptide acids and esters of benzylpenicillin, methicillin, oxacillin, and cloxarillin with 6-amino- 
penicillanic acid were prepared and their in v i f ro  activities were determined against nonpenicillinase- and peni- 
cillinase-producing staphylocwci. These studies indicated that none of the new iemirynthetic penicilliil deriva- 
tive\ w:t. more active thaii the parent penicillin. 

The successful acylation of 6-aminopenicillanic 
acid to give the firqt semisynthetic preparation of 
benzylpenicillin \vas described in a classical paper in 
1939.' This work led the way to the preparation of 
numerous new amide derivatives of penicillin. 112  In  
a modification of this work we report the preparation of 
peptide analogs of types 4 and 5 in which the amine 
function of G-aminopenicillanic acid is acylated by 
the carboxylic acid moiety of a penicillin. We antici- 
pated that the penicillin moiety would act as a sterically 
hindered side chain and, therefore, increase the stability 
of these new peuicilling to penicillinase inactivatio~i.~ 

The preparation of these new compounds was 
achieved by using knoivn synthetic methods in peptide 
c h e m i ~ t r y , ~  methods for the protection of carboxylic 
acid :ind amine functions, together with coupling and 
deblocking reactions. Our approach to the synthesis of 
the dipeptide of benzylpenicillin with 6-aminopeni- 
cillanic acid is summarized in Scheme I. 

The benzyl ester was chosen for the protection of the 
carboxyl group due to its facile cleavage under mild con- 
ditions. Protection of the amino moiety mas dic- 
tated by the penicillin analog desired. We were able to 
prepare good yields of pure dipeptides through a cou- 
pling by the mixed anhydride method.5 The synthesis 
of the dipeptide of the benzylpenicillin 4a was there- 
fore carried out by converting the triethylamnionium 
salt of potassium penicillin G to the mixed anhy- 
dride l a  and treating this in situ at 0" with the p -  
t oluenesulfonate salt of benzyl 6-aminopenicillanate 
(2). Acidic arid basic extraction of the dipeptide esters 
were carried out to remove any uncoupling materials. 
The resultant dipeptide (4aj was obtained analyti- 
cally pure as a noncrystalline solid in 9G% yield. The 
procedure was successfully employed to include other 
penicillin derivatives. Thus, the dipeptide benzyl 
esters of methicillin (4bj, oxacillin (4c), and cloxa- 
cillin (4dj were synthesized. The debenzylation of 
4a was carried out by hydrogenation (method A) a t  
atmospheric pressure in a glacial acetic acid-dioxane 
mixture using 25% Pd-C as the catalyst and afforded a 

(1) F. R .  Batchelor, F. P nol le ,  J. H. C S a r l o r .  and G. N. Rolinson, 

(2) (a) F. R.  Batchelor, D. Butterworth, J. Cameron-Wood, hl. Cole, 
Su ture ,  183, 257 (1959). 

good yield of the analytically pure dipeptide acid 5a as 
a noncrystalline solid. 

The dipeptide acid 5a was also obtained directly 
(method B) by coupling the triethylammonium salt of 
6-aminopenicillanic acid (3) with the mixed anhy- 
dride la. This dipeptide acid which was identical with 
the product obtained by method A was converted to the 
potassium salt 6 and the methyl ester 7 by standard 
methods. 

This direct procedure (method B) was successfully 
employed to include other penicillin derivatives. Thus, 
the dipeptide acids of methicillin (5bj, oxacillin (5cj, 
and cloxacillin (5dj were also synthesized by this 
method. Since the penicillin dipeptides resisted 
all attempts a t  crystallization partial purification was 
effected by lyophilization. Severtheless products of 
high purity were obtained (see Experimental Section). 

Table I summarizes the analytical data for all the 
penicillin dipeptides. 

Biological Results.-Four strains of Staphylococcus 
aweus were used in this work6 Two of these strains 
are penicillin resistant (25SyW and 147PW) and 
two strains are penicillin sensitive (258K and 1-17s) .  
The activities of the penicillins mere recorded as 
the minimal inhibitory concentration from an over- 
night growth of a culture in tryptone-yeast broth at  
3.5'. The activities of all the compounds mere observed 
in a final concentration of 10% DMSO7 in broth. 
The semisynthetic penicillins were tested for anti- 
staphylococcal activity by a serial threefold broth 
dilution test. 

The activities of the semisynthetic penicillins as 
compared to their respective parent penicillins are 
summarized in Table 11. I n  the methicillin, oxa- 
cillin, and cloxacillin series, the dipeptide acids 5b, 
5c, and 5d, respectively, exhibited appreciably more 
activity than the respective dipeptide benzyl esters 
4b, 4c, and 4d to both resistant and sensitive organisms. 
In  the cases of 5b and 5c activity against three strains 
was comparable to that of methicillin and oxacillin, 
respectively. 

Xone of the compounds in the penicillin G series 
showed activity comparable to penicillin G against 
sensitive organisms. It should be noted that in - 

G. C .  Eustace, AI .  V. Mar t ,  AI. Richards, and E. B. Chain, ibid., 187, 236 
(1960); ( b )  F. R. Batchelor, E. B. Chain, and G. N. Rolinson, Proc. Roy.  
SOC. (London), B164, 478 (1961); ( c )  F. R.  Batchelor, E. B. Chain, T. L. 

(3) For a general review see (a) N. J. Harper and A .  B. Simmonds, Aduan. 
and (b) G. T. Stewart, "The Penicillin Group of 

the penicillin G series, t,he dipept,ide benzyl ester (4aj 
was more active than the dipeptide acid @a). 

Hardy, K.  R. L. Mansford, and  G .  N.  Rolinson, ib id . ,  B164, 498 (1961). 

Drugs," Elsevier Publishing Co., Amsterdam, 1965. Chauter 3. 

We have no explanation for this observed difference 
with the methicillin, oxacillin, and cloxacillin series 
where the dipeptide acids (5b, 5c, 5d) were more active 

Drug Res., 1, 1 (1964); 
. .  

(4) For a general review-see E. Schroder and K.  Lubke, "The Peptides," 
Arademic Press Inc., New Uork, N. Y., 1965. 

( 5 )  (a) T. \Vieland and H. Bernhard, A n n .  Chem..  673, 190 (1951); (b) 
R. A. Boissonnas, Helu. Chim. Acta, 34, 874 (1951); ( c )  J. R. Vaugh, Jr., 
.I. Am.  Chrm. Soc.,  7 5 ,  3517 (1951); ([I) R. L. Barnden, et al., .I. Chem. Soe. ,  
: i i 3B  (195:3; 

t,han the dipipiide berlzyl esters (4b, &, 4d). 
(6) (a) Samples were obtained from Dr. R .  P. Novirk; (h)  R. P. Novick 

(7) This concentrstiov < I (  rlimrtliyl sulfiixiiio linn no rffwt nn the growth 
and  AI. H. Richmond, J. Bnrte&Z., 90, 467 (1965). 

of tlipne orgnninmn. (P)  11. .\, Johnson, .I. .4m. Ck~nr .  S o r . ,  76, :Iti:iO ( l M 3 ) .  
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In  general, j t  c;iii bp \aid that jf the parent compound 
w:ih :Ictivc against re t:mt arid sensitive itraiiih of 
st:iphylococci, then the dipeptide acid derivative5 
showed the same relative activity (e.(/., 5c showed the 
-2ime ;ictivity as sodium oxacillin agaimt strains 14iflW 
:~nd  117s). If the parerit compound was less active 
:Lgnin+t resistatit stzains of staphylococci, then the di- 
p q h d c  derivatives also &nv\.cd the same relative actir- 
ity (e . ( / . ,  4a showed the same activity ab penicillin (; 
:Lg:iiii5t ytraiiis 2.58-yW :ind 147PW; lmth were inactive). 

Experimental Section 
All melt iiig point were determined mic*romipically on a 1101 

slageaiid are correrted. Ir spectra were determined oriaBeckmaii 
Ilt-9 spectrophotonieter and nmr spect ra were det,ermined with 
:L I-ariari A-60 iristrument. In all cases where penicillin dipeptides 
were prepared ir spectra confirmed the structiire from an examina- 
l i o i t  of  the carbonyl regioii. The relative intensit,y of the ester 
\)arid at 1755 cm-' for the dipeptides (4a, 7, 4b, 4c, 4d) is con- 
riderahly less (about one-half) than the ititensit,y of both t,he 
amide hand at  1685 em-1 and the p-lactam band at) 1790 cm-l. 
I n  the rase of a model benzylpenicillanic acid benzyl ester the 
1 hree regioirs had hands of equal intensities. The same observa- 
tioris were made for the relative intensity of the acid band a1 
Ii4*-) mi-' for the dipeptides (5a, 5b, 5c, 5d) with respect t,o the 
:trnide band a t  1685 cIn-1 arid p-lactam band a t  1790 cm-I. 
These ohservatioris are in accord wit,h the expectation that the 
ratio of ester (acid):amide:lactam for the dipept,ides is 1:2 :2  
(mompared with 1 : 1 : 1 for noncoupling starting material. Nmr 

confirmed the ratio of 1: 1 for each siibstituted penicil- 
id nucleus i n  the dipeptide, and each penicillin dipeptide 
wn to he free of starting materials hy a visual eatimatioii 

of thiii layer c.hromatogranis (silica gel G 1. 

CH 

I 

COOH 
sa-d 

Triethylammonium penicillins werr prcparcd by :I modi1ir:tt i o i t  

of t h r  proredurr of Goldman.* A solution of 10.0 g (0.02i mol(.) 
of potassium pcnicillin U in 2 I. of H?C) w:te treated with 300 g of 

The resulting solution xtracted (cold C:HCI:j, thrw 250-nil 
port,ions). The organic layers were comhined, dried (.\lgSO, 1. 
filtered, and ronccntrated to a volume of 40 ml. EtOA(: (30 nil 1 
\vas added and t,he mixture W:LS again concentr:ttctl to rpniove 
C'HCI,. .L\cetorie (10 ml) n u  added and the rrtirtion niistiirt. 
was cooled overnight) a t  0". The product wis ohtained by fi1tr:i- 
tion and was washed (MerC0)  to afford i.45 y ( 6 4 c i )  of prodiirt,  
nip 145.5-14i.5° dec (lit.8 mp I15--11TD dec). 

The 1 riethylammoiiiiim salts of methicillin, oxacillin, aiid closa- 
(illin were prepared l)y nnalogy in yields of SO, 68, :tiid i:", . 
respectively. 

Benzyl 6-Aminopenicillinate p-Toluenesulfonate (2 1. --- Benzyl 
(i-aminopenicillinate p-toluenesulfonate (2) was preparrd hy t \vo 
mrthods. Method A involved the detritylation of heneyl (i- 
rrit,ylaminopcnicillinat~,.~' Alternatively, the benzyl O-xinino- 
penicillinate salt was prepared directly mort' ronvrnientl!~ from 
0-arninopenicillanic acid hy method B. 

Method A.-Detritylation was rarrird out by :i modificatioii 01' 
the procedure of Koe.'O .I solution of 2 . X  I$ (0.005 molt,) of' 
benzyl 6-tritylaminopenicillinate~ in 1 5  nil of acetoric w:ts 
treated with a solution of 0.95 g (0.005 mole) of p-tolueiiesnlforiic. 
:icid monohydrate in  15 ml of acetone and the resulting solrit,iori 
was stirred a t  25" for 2 hr. CH#32 (10 ml) nas added and th(a 
mixture was treated with excess acetone. Filtration affordd 
2.05 g (83v0) of t,he product, ILS white prisms, mp 153.5-154" drr. 

Method B ifi a modification of an earlier method." A solut,ioii 
of 3.3 g (0.015 mole) of 6-aminopenirillanic~ acid in 200 in1 01' 

( ? ; I - r 4 ) w 4 ,  9.2 111~ of H3PO4, arid 61.6 nil of (C?H:)nS. 

18) 1,. Goldman, U. S. Patent 2,547,640 (April 3 ,  1951). 
(9) .I. C .  Shrehan and I < ,  T i .  IIenrry-Logan. .I. Am. Chem. .Sot.. 84, 298:i. 

6 1962). 
(10) 1%. ti. Koe, S u t u r e ,  196, 1200 (19621. 
(11)  A .  A. Patchett, E.  E'. Rogers. and JV. J .  Leanza, Belgian Patent U:ik,- 

3 7 4  (.Ian 2,  1964): Ckrm,  Ab&.. 61, 1869~ (1Y64). 
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TABLE I 
PENICILLIN DIPEPTIDES 

'OCH, 

,OCH, 

COOR' 
Coupling 

yield, [a125D, 
.hiialysesb Formula deg (e, CHClsIe R '  "?c 

CH?CsHj Y2 +232.7  (1.012) CsiH34N40682 C, €1, s 
H 82 +267.S (1.060) C24II?ST\'40& c, I1, H ;  Nd 

CH, . . .  +251.2 (0.740) C ~ , ~ H ~ O N ~ O ~ S ?  C, H 
K . . .  +198.7 (1.020)c C ~ ~ H ~ T K S ~ O & .  2HzO C, €1, S 

H +132.3 (1.225) C2iH2sS,OiS,.O,5H~O C, H 55 

5d d & C O  H 62 +190,5 (0.960) Cn7H,,ClNsOiS2. H2O C, H, s 
CHI 

a All optical rotations were taken on a Perkin-Elmer Model 141 polarimeter using a 10-rm path length. Satisfactory analyses were 
obtained for the elements indicated. c In XleOH. S :  calcd, 10.52; found, 9.89. C :  calcd, 55.01; forind, 55.49. N: calcd, 
9.44; foiind, 8.91. 

TABLE I1 
COMPAF~ATIVE ASTIR.ACTERI.XL ACTIVITY OF SEMISYNTHETIC PENICILLISS 

,--------~ act.  of deriv against S. aureus compared t o  parent compda-------- 
(resistant)* (sensitive)c (resistant)* (sensitive)c 

Test Compd 2 5 a y v  2 5 a ~  147/3\V 147N 

lOO(37) 100 (0.14) 100 (37) 100(<1.0)  Penicillin G, Ka Salt, 
7 33 <1 33 <3 
5a 11 4 100 <25 
4a 33 10 100 <2.5 

5b 33 100 100 100 
4b 4 4 4 4 

5C 33 100 100 100 
4c 3 3 3 3 

5d 11 33 33 33 
4d <1 <1 1 1 

Sodium met>hicilliri 100 (4) 100 (4)  100 (4 )  100 (4 )  

Sodiilm oxacillin 100 (1 .3)  100( 1 .3 )  100 ( 1 .3 )  100 (1 .3 )  

Sodium cloxacillin 100 (1.3) 100 (1 .3)  100 (1 .3 )  lOO(1.3) 

a The minimal inhibitory concentrat,ion in Fg/ml of the parent' compound is in parentheses. The organism is resistant to pelricillin 
G by the prodiwtion of penicillinase. c The organism is sensitjive to penicillin G. 

absolute MeOH was treated by the dropwise addition of an 
ethereal solution of excess phenyldiazomethane.'2 The resulting 
mixture was stirred for 2 hr at  25". Ether (150 ml) was added 
and the mixture was filtered to remove 2.2 g of unreacted 6- 
aminopenicillanic acid. The filtrate was evaporated to dryness. 

(12)  G .  F. Fasman a n d  P. s Sarin. ~ t o c h l m .  ~ z o p h y q .  Acta, 8a, 175 

The resultant oil was taken up in acetone-ether (1:1),  filtered, 
and then treated with a solution of 1.0 g of p-toluenesulfonic acid 
monohydrate in 10 ml of acetone. Filtration gave 1.8 g (74%) of 
2, mp 152-153", which was identical in all respects with the 
product obtained by method A. 
6-(6-Phenylacetamidopenicillamido)penicillanic Acid Benzyl 

Ester (4a).-A solution of 3.1 g (7.05 mmoles) of triethylammo- 
nium benzylpenicillin in 50 ml of dry CHIC12 was stirred under (1964). 




