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[57] ABSTRACT 
A-21978C cyclic peptide derivatives of the formula 
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wherein R is hydrogen. a speci?ed nminoacyl or N 
alkanoylaminoacyl group. S-methyldecanoyl, 10 
methyldodecanoyl, 10-methylundecanoy1, the speci?c 
cm-alkanoyl group of A-21978C0 or the speci?c C1; 
alkanoyl groups of A-21978C factors Q and Q or an 
amino-protecting group; and RI is hydrogen, an amino 
protecting group, or a speci?ed aminoacyl or N 
alkanoylaminoacyl group; provided that. when R is 
other than eminoocyl or N-a1kanoylaminoacyl. Rl must 
be aminoacyl or N-alkanoylaminoacyl; and. when Rl is 
an amino-protecting group, R must be aminoacyl or 
N-alkanoylamiuoacyl; and the salts thereof, are useful as 
antibacterial agents or as intermediates to antibacterial 
agents. 
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DERIVATIVES 0F a-zmsc CYCLIC PEPTIDES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

SUMMARY OF THE INVENTION 

This invention relates to derivatives of A-2l978C 
cyclic peptides which have formula l: 

0 NH; ‘ 

wherein R is hydrogen, a speci?ed aminoacyl or N 
alkanoylaminoacyl group, S-methyldecanoyl, l0 
methylundecanoyl, lO-methyldodecanoyl, the speci?c 
Cm-alkanoyl group of A-2l978C factor Co or the spe 
ciftc Cn-alkanoyl groups of A-2l978C factors C‘ and 
C5 or an amino-protecting group; and R‘ is hydrogen, a 
speci?ed aminoacyl or N-alltanoylaminoacyl group or 
an amino-protecting group; provided that, when R is 
other than aminoacyl or N-alkancylaminoacyl, Rl must 
be aminoacyl or N-alkanoylaminoacyl; and, when R‘ is 
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2 
an amino-protecting group, R must be aminoacyl or 
N-alkanoylaminoacyl; and the salts of these peptides. 
The A-2l978C cyclic peptide derivatives and salts of 
this invention are useful semi-synthetic antibacterial 
agents or are useful as intermediates to such agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In this speci?cation the following abbreviations. most 
of which are commonly known in the art, are used: 

Ala: alanine 
Asp: aspartic acid 
Gly: glycine 
Kyn: kynurenine 
Orn: omithine 
Ser: serine 
Thr: threonine 
Trp: tryptophan 
t-BOC: tert-butoxycarbonyl 
Cbz: benzyloxycarbonyl 
DMF: dimethylformamide 
THF: tetrahydrofuran 
HPLC: high performance liquid chromatography 
NMR: 11-! nuclear magnetic resonance 
TLC: thin-layer chromatography 
UV: ultraviolet 

FIELD OF THE INVENTION 

Although there are many known antibacterial agents. 
the need for improved antibiotics continues. Antibiotics 
differ in their effectiveness against pathogenic organ 
isms. Organism strains which are resistant to known 
antibiotics continually develop. In addition, individual 
patients often suffer serious reactions to specific antibi 
otics, due to hypersensitivity and/or to toxic effects. 
There is, therefore, a continuing need for new and im 
proved antibiotics. 

TI-IE PRIOR ART 

The A-2l978C antibiotics are closely related. acidic 
peptide antibiotics. Members of this class of antibiotics 

_ which were previously known include crystallornycin, 
amphomycin. zaotnycin, aspartocin. and glumamycin 
[see T. Korzybski. Z. Kowszylt-Gindifer and W. Kury 
lowicz, "Antibiotics-Origin, Nature and Properties." 
Vol. 1, Pergamon Press, New York, N.Y., 1967, pp. 
397-401 and 443L408]; tsushimycin [J. Shoji, et al.. J. 
Antibiotics 21, 439-443 (1968)]; laspartomycin [l-l. 
Naganawa, et al., J. Antibiotics 21, 55-62 (1968); brevis 
tin [1. Shoji and T. Kato. J. Antibiotics 29, 380-389 
(1976)]; cerexin A [1. Shoji. et al.. J. Antibiotics 29. 
1268-1274 (1976)] and cerexin B [.l. Shoji and T. Kate. 
J. Antibiotics 29, l275-l280 (1976)]. Of these antibiot 
ics, brevistin, cerexin A and cerexin B appear to be most 
closely related to the A-2l978C antibiotics. 
The A-2l978C antibiotics are described by Robert L. 

Hamill and Marvin M. Hoehn in (.15. Pat. No. 
4,208,403, issued June 17, 1980, which is incorporated 
herein by reference. As described in US. Pat. No. 
4,208,403, the A-2l978 antibiotic complex contains a 
major component, factor C, which is itself a complex of 
closely related factors. A-2l978 factor C, which is 
called the A-2l978C complex. contains individual fac 
tors C0, C1, C2, C3, Ceand C5. Factors C1, C2 and C3 are 
major factors; and factors C0, C4 and C5 are minor fac 
tors. The structure of the A-2l978C factors is shown in 
formula 2: 
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D-Ala 

L-Asp 

L-Trp 
TH 
RN 1 

L-Alp 2 

Gly 

NH 

wherein 3M6 represents L-threr>3-methylglutamic 
acid, and RN represents a speci?c fatty acid moiety. The 
speci?c RN groups of the factors are as follows: 

A-2l978C Factor a" Moiety 

Ci 8-methyldecanoyl 
C1 l?-methylundecanoyl 
C3 IO-methyldodeanoyl 
C0 C|0—alkanoy1' 
C4 C|1—alhnoyl' 
C5 C1 g—-alkan0yl' 

‘Identity not yetdaarninad 

Kleinschmidt et al. in US. Pat. No. 3,150,059, issued 
in 1964. described an enzyme elaborated by the Actino 
planaceae which was capable of deacylating penicillin 
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4 
antibiotics. Abbott and Fukuda in US. Pat. No. 
4,293,482. issued in 1981, reported that an Actinoplana 
ceae enzyme was capable of deacylating the A-309l2 
type of cyclic peptide antibiotic. 

In 1967 Kimura and Tatsuki, in Japanese Patent No. 
4058/67 (Derwent Abstr. 26695). described the enzy 
matic deacylation of the peptide antibiotic glumamycin. 
The microorganism catalyzing the deacylation was 
identi?ed as closely related to Pseudomonas dacunhae. 
They stated that “deacylated derivatives of the com 
pounds are useful as the material for synthesis of the 
related compounds. as in the case of 6-aminopenicillamc 
acid for penicillin", but gave no examples of re-acyla 
tron. 

In 1965, Kimura and coworkers reported that a bacte 
rium isolated from soil catalyzed the deacylation of the 
peptide antibiotic colistin (polymyxin E) (see Kimura. 
et al., Abstracts of Papers, 21st Meeting of the Pharma 
ceutical Society of Japan. Tokushima, October, 1965, p. 
422). They reported that new derivatives of colistin 
were prepared by acylation of the deacylated nucleus, 
but did not discuss whether these derivatives had any 
activity. 
Kato and Shoji [J. Antibiotics 29 (12), 1339-1340 

(1976)] attempted to use the enzyme described by 
Kimura et al. to deacylate the cyclic peptide antibiotic 
octapeptin C|. The enzyme did not catalyze the desired 
reaction. It was subsequently found that deacylation 
could be accomplished chemically by oxidation of the 
B-hydroxyl group of the fatty acid followed by treat 
ment with hydroxylamine. 

In 1973 Chihara and coworkers reported their work 
with colistin. In this work two plant proteases, ?cin and 
papain, were used to hydrolyze colistin to a nonapep 
tide and a fatty acyl a,-y-diarninobutyric acid residue. 
The plant enzymes, however, in addition to removing 
the fatty acid acyl substituent also removed the terminal 
amino acid of the colistin molecule [See 5. Chihara et 
al., Agr. Biol. Chem. 37 (11), 2455-2463 (1973); ibid. 37 
(12), 2709-2717 (1973); ibid. 38 (3), 521-529 (1974); and 
ibid. 38 (10), 1767-1777 (1974)]. The colistin nonapep 
‘de was isolated and then reacylated with a variety of 
atty acid chlorides. Subsequently, Chihara‘s group 
produced N-fatty acyl monoacyl derivatives of colistin 
nonapeptide. These derivatives restored a tenth amino 
acid to the colistin nonapeptide and were used to study 
structure-activity relationships. 
The polymyxin antibiotics have been hydrolyzed 

with the enzyme subtilopeptidase A [See T. Suzuki et 
al., J. Biochem. 56 (4). 335-343 (1964)]. This enzyme 
deacylated the peptides, but in addition hydrolyzed 
some of the peptide bonds so that a variety of peptide 
products resulted. 

In 1978 Weber and Perlman reported that a Coryne 
bacterium isolated from soil inactivated the peptide 
antibiotic amphomycin by deacylation of the iso 
tridecanoic acid side chain [see J. Antibiotics 31 (4), 
373-374 (1978)]. 
Kuwana et al. in US. Pat. No. 4,050,989. issued in 

1977, described the deacylation of pepsin-inhibiting 
peptides (pepsidines) by an enzyme from Bacillus pumi 
lus and the use of these products to prepare N-acyl-pen 
tapeptide homologs. 

Shoji and coworkers deacylated the cyclic peptide 
antibiotics cerexin A. cerexin B. and brevistin in order 
to determine the structures of these antibiotics [see J . 
Shoji and T. Kate, J. Antibiotics 28. 764-769 (1975) and 
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ibid. 29 (4), 380-389 (1976); and J. Shoji et al.. ibid. 29 
(12). 1268-1274 (1976); and ibid. 29 (12), 1275-1280 
(1976)]. Deacylation was accomplished with an enzyme 
preparation prepared from Pseudomonas sp. lid-6.3 
(polymyxin acylase) and by chemical means. Chemical 
deacylation, however, resulted in extensive side reac 
tions. 

Despite the contributions of these groups, it is ex 
tremely difficult, when confronted with the problem of 
deacylating a peptide antibiotic having a different struc‘ 
ture, to know whether an enzyme exists which can be 
used for this purpose. Finding such an enzyme is even 
more difficult when the substrate antibiotic contains a 
cyclic peptide nucleus. Enzymes have a high degree of 
speci?city. Differences in the peptide moiety and in the 
side chain of the substrate antibiotic will affect the out 
come of the deacylation attempt. in addition, many 
microorganisms make a large number of peptidases 
which attack different portions of the peptide moiety. 
This frequently leads to intractable mixtures of prod 
ucts. 

Thus, it was most surprising that what may be the 
same enzyme which was used to deacylate penicillins 
and the A-309l2 antibiotics could also be used success 
fully to deacylate the A-2l978C antibiotics. In each of 25 

. 6 

the A-2l978C antibiotics (formula 2). the fatty acid side 
chain (RN) is attached at the a-ammo group of the tryp 
tophan residue. In the co-pending application, of Ber‘ 
nard 1. Abbott, Manuel Debono and David S. Fukuda 
entitled “A-2l978C CYCLIC PEP’I'IDES". Ser. No. 
380,497 ?led May 2l. [982, the full disclosure of which 
is incorporated herein by reference. is described the 
discovery that the fatty acid side chain can be cleaved 
by an enzyme without affecting the chemical integrity 
of the remainder of the A-21978C peptide. 
The enzyme used to effect the deacylation reaction is 

produced by a microorganism of the family Actinopla 
naceae, preferably the microorganism Actinoplanes 
utahensis NRRL 12052, or a variant thereof. To accom 
plish deacylation. an antibiotic selected from A-2l978C 
complex, A-2l978C factors C0, Cl. C2. C3, C4. and C5, 
blocked A-2l97BC complex, and blocked A-2l978C 
factors C0. C1, C1, C3, C4, and C5 is added to a culture 
of the microorganism. The culture is allowed to incu 
bate with the substrate until the deacylation is substan 
tially complete. The corresponding A-2l978C cyclic 
peptide thereby obtained is separated from the fermen 
tation broth by methods known in the art. 
The cyclic peptides obtained by these enzymatic 

deacylations are shown in formula 3. 

[ 0 NH!’ 3 

CH3 
I-IOzC 

1* 0 
N 0 C018 

0 H T u ° l ° 
H 0 ||.[ N NH: 

HO H3C 
H " c. l i‘ 

1 H 
0 ° 2... 
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N-H If 
0 o H 
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-continued 
0 NHR‘ 1 
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H0 H 0 I‘! N N NH; HJC 
”-~ ” C. 1'. i 

o 0 I 2 H 

NH c0111 
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30 continued 

/ L-Asp 4 
wherein R‘ and R‘ are, independently, hydrogen or an D‘A'‘ 6' 
amino-protecting group; and the salts thereof. 
Removal of the acyl moiety from the A-2l978C com- 35 D-Ser 

plex or A-2l978C individual factors C0. C1, C1, C3, C4, L-Av 
and C5 gives the compound of formula 3 wherein R‘ 3M6 
and R’ each represent hydrogen, which is the common 
cyclic peptide present in antibiotic A-2l978C factors. 1,0". 
For convenience herein, this compound will be called ‘0 \ L-Kyn 
A-21978C nucleus. This compound can also be repre- my 0 
sented by formula 4: 

D-Ala L A,I)\GI 

T .t 
LT” Jill/G 
.0... i 

\ GI OI’KW 
\m / 

A... 
A... 
i... 

45 

55 

65 

wherein 3M6 represents L-threo-J-methylglutatnic 
acid. 
The compounds of formula 3 wherein R’ or R’ are 

other than hydrogen are prepared by deacylation of 
appropriately blocked antibiotic A-2l978C factors C0. 
C1, C1, C3, C4 and C5. For convenience herein, these 
compounds will be called blocked A~2l978C nuclei. 
These blocked compounds are useful intermediates to 
certain peptides of formula 1, es. those compounds 
wherein R1 is an amino-protecting group. 
As will be apparent to those skilled in the art, A 

21978C nucleus and blocked A-2l978C nuclei can be 
obtained either in the form of free amines or of acid 
addition salts. Although any suitable acid addition salt 
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may be used, those which are non-toxic and pharmaceu 

tically acceptable are preferred. 
The method of preparing the A-2l978C nuclei of 

formula 3 from the corresponding A-2l978C antibiotic 

by means of fermentation using Actinoplanes utahensis 

NRRL 12052 is described in the co-pending application 

of Abbott et al., Ser. No. 380,497. A. utahensis NRRL 

12052 is available to the public from the Agricultural 

Research Culture Collection (NRRL) Northern Re 

gional Research Center. US. Department of Agricul 
ture. 1815 N. University St., Peoria. 111. 61604, U.S.A.. 

under the accession number NRRL 12052. Preparation 

1 herein illustrates the preparation of A-2l978C nucleus 

by fermentation using the A-21978C complex as the 

substrate and Actinoplanes utahensis NRRL 12052 as 

the microorganism. 
Other Actinoplanaceae cultures which can be used to 

prepare the A721978C nuclei of formula 3 are available 

to the public from the Northern Regional Research 

Laboratory under the following accession numbers: 

Aerinoplonas mLmmian-?'s NRRL H.053 

Actinoplanea sp. NRRL 8122 

Actinoplanea lp. NRRL 12065 

Srnpmrpnrungr'um maelun NRRL 12064 

var. hollandena's 

The effectiveness of any given strain of microorgan~ 

ism within the family Actinoplanaceae for carrying out 

the deacylation is determined by the following proce 

dure. A suitable growth medium is inoculated with the 

microorganism. The culture is incubated at about 28' C. 

for two or three days on a rotary shaker. One of the 

substrate antibiotics is then added to the culture. The 

pH of the fermentation medium is maintained at about 

pH 6.5. The culture is monitored for activity using a 

Micrococcus luteus assay. Loss of antibiotic activity is 

an indication that the microorgan'mm produces the req 

uisite enzyme for deacylation. This mint be veri?ed, 

however, using one of the following methods: (1) analy 

sis by HPLC for presence of the intact nucleus; or (2) 

re-acylation with an appropriate side chain (e.g. lauroyl, 

n-decanoyl or n-dodecanoyl) to restore activity. 

The present invention relates to novel compounds 

derived by acylating an A-21978C nucleus (compound 

of formula 3). The compounds of the present invention 

have the chemical structure depicted in formula 1: 

25 

30 

35 

45 

65 

wherein R is hydrogen. S-methyldecanoyl, lO-methyl 
dodecanoyl, IO-methylundecanoyl, the speci?c C10 
alkanoyl group of A-2l978C0 or the speci?c Cn-alkan 
oyl groups of A-21978C factors C4 and C5, an amino 
protecting group, an aminoacyl group of the formula 

wherein Q is ci-cm alkylene, or an N-alkanoylaminoa 
cyl group of the formula 

wherein: 
W is a divalent aminoacyl radical of the formula: 
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wherein A is C;—Ci alkylene or C5~C6 cycloalkylene; 

O R3 0)) 

wherein R3 is hydroxymethyl, hydroxyethyl, mercap 
tomethyl, mercaptoethyl, methylthioethyl, Z-thienyl. 
S-indole-methyl. phenyl. benzyl, or substituted phenyl 
or substituted benzyl in which the benzene ring thereof 
is substituted with chloro, bromo, iodo, nitro, C1-C3 
alkyl, hydroxy, C1-C3 alkoxy, Ci-C3 alkylthio. carba 
myl, or Ci-C3 alkylcarbamyl; 

(c) 

—c 

x 

wherein X is hydrogen chloro, bromo, iodo. amino. 
nitro, C1-C3 alkyl. hydroxy, Ci-C3 alkoxy, mercapto, 
C1-C3 alkylthio, carbamyl, or C1-C3 alkylcarbamyl; 

l l (d 
o x o x ) 

ll II 
—c NH- or —c 

N". 

xl x1 

wherein X‘ is chloro, bromo, iodo, amino, hydroxy, 
ci-Cg-alkyl or C|-C3-llkOKy; 

—NH 

O 0 
ll ll 

—C or —C ; or 

-—NH 

N N 

(e) 

(0 

wherein B is a divalent radical of the formula: —(CH2_ 
),,— and n is an integer from 1 to 3; —~CH=CH—; 
-CH=CH—CHz-—; or 

ii’ 
-CH1NHC-; 

R2 is C|-Cn alkyl or CZ-Cn alkenyl; and 
R1 is hydrogen, amino-protecting group, an aminoa 

cyl group of the formula 
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as herein de?ned. or an N-alkanoylaminoacyl group of 
the formula 

0 

as herein de?ned; provided that, when R is other than 
aminoacyl or N-alkanoylaminoacyl, R‘ must be aminoa 
cyl or N-alkanoylaminoacyl; and, when Rl is an amino 
protecting group. R must be aminoacyl or N 
alkanoylaminoacyl; and the salts thereof. 
As used herein the terms “alkylene", "alkyl", “alk 

oxy". “alkylthio", and “alkenyl“ comprehend both 
straight and branched hydrocarbon chains. “Alkyl“ 
means a univalent saturated hydrocarbon radical. “Al 
kenyl" means a univalent unsaturated hydrocarbon 
radical containing one, two, or three double bonds. 
which may be oriented in the cis or trans con?guration. 
“Alkylene" means a divalent saturated hydrocarbon 
radical. ‘*Cycloalkylene" means a divalent cyclic satu 
rated hydrocarbon radical. 

lllustrative C1-Ci0 or C1-C5 alkylene radicals which 
are preferred for purposes of this invention are: 
—CH2—; 

in which R5 is Ci-Culkyl (i.e., methyl, ethyl, n-propyl. 
i-propyl, n-butyl, t-butyl, i-butyl, or l-methylpropyl); 
—(CH;),,.— in which in is an integer from 2 to lo; and 

in which p is an integer from l to 8 and q is an integer 
from 0 to 7, provided that p+q must be no greater than 
8. 

Illustrative C1-C|7 alkyl groups which are preferred 
for the purposes of this invention are: 

(8) CH3--; 
(b) —(CHz),,CH3 wherein n is an integer from 1 to 16; 

and 

wherein r and s are, independently. an integer from 0 to 
14 provided that r+s can be no greater than 14. 

Illustrative Cz-cn alkenyl radicals. which are pre 
ferred for the purpose of this invention. are 

(a) —(CHz)r—CH=Cl-I—(CH2)..-—CH3 wherein t 
and u are, independently, an integer from D to l4 pro 
vided that t+u can be no greater than 14. 

(b) —(CHZ)v-CH='CH—(CHI)y—-CHZ 
CH-(CI-hh-CH; wherein v and z are, independently, 
an integer from O to 11 and y is an integer from i to 12 
provided that v+ y +2 can be no greater than 1 1. 
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in particular. the following embodiments of the 
C1-Cn alkyl groups are preferred: 
CH3- - 

CH3(CH2)s—— 

In particular, the following embodiments of 
Cz-Civ alltenyl groups are preferred: 
cis—CH3(CH1)5CI-i=CH(CHz)7— 
trans-CH3(CH2)5CH=CH(CH1)7— 
Cis-CH3(CH2)|QCH=CH(CH1)a— 
tranS—CH3(CH2)|QCH=CH(CHz)s— 
cis—-CH3(CHz)7CH=CH(CHZ)-I— 
trans—CH3(CHZ)-yCI-I=CH(CHZ)7— 
cis-—Cl-l3(CHz)5CI-l=CI-l(CHz)9-— 
trans—Cl-I3(CH1)5CH=CH(CHz)9 
cis, cis-CH3(CH2)4CH=~CHCH;CH=CH(CH;)7— 
trans, trans—CH3(CHz)4CH=CI-ICHzCI-I=CH(CII2. 

When “\V" is a divalent radical of the formula 

the 

-C NH 

X 

it will be recognized by those skilled in the art that the 

function and the —NH— function may be oriented on 
the benzene ring in the ortho, meta, or para con?gura 
tion relative to each other. The substituent represented 
by X may be substituted at any available position of the 
benzene ring. Preferred embodiments are those in 
which X is hydrogen and the 

and —NH—- functions are oriented in the para con?gu 
ration. 
The terms “substituted phenyl" and "substituted ben 

zyl", as de?ned by R3 in formula 1, contemplate substi 
tution of a group at any of the available positions in the 
benzene ring-Le. the substitueut may be in the ortho, 
meta, or para con?guration. The term “Ci-C3 alkyl” as 
defined by R3 or X in formula I includes the methyl, 
ethyl, n-propyl, or i-propyl groups. 

Illustrative R and/or R‘ aminoacyl and N 
alkanoylaminoacyl groups are provided in the Exam 
ples, infra. Other such illustrative R and/or R1 groups 
are: 

4-[N-(n-octanoyl)amino}cyclohexan-l-carbonyl, 

20 

25 

a 

45 

65 

14 
a-hydroxymethyl-a-[N-(n-pentadecanoyllaminola 

cetyl; 
a-(m-methoxyphenyl)~a-{N-(n-heptanoyl)amino]acetyl. 
rn-chloro-p-[N-(n-nonanoyliaminolbenzoyl. 
2.4-dihydroxy-5-[N‘(n-decanoyl)amino]benzoyl. 
4-[N-(3-methylbutanoyl)aminolnicotinoyl. 
4-[N~(n‘heptadecanoyl)amino1phenylpropionyl and 
p-[N-(n-hexadecanoyDamino]hippuryl. 
The compounds of formula 1 are capable of forming 

salts. These salts are also part of this invention. Such 
salts are useful, for example, for separating and purify 
ing the compounds. Phannaceutically-acceptable alkali 
metal, alkaline-earth-metal, amine and acid-addition 
salts are particularly useful. 

For example, the compounds of formula 1 have live 
free carboxyl groups which can form salts. Partial, 
mixed and complete salts of these carboxyl groups are. 
therefore. contemplated as part of this invention. in 
preparing these salts, pH levels greater than l0 should 
be avoided due to the instability of the compounds at 
such levels. 

Representative and suitable alkali-metal and alkaline 
earth metal salts of the compounds of formula 1 include 
the sodium, potassium, lithium, cesium, rubidium, bar 
ium. calcium and magnesium salts. Suitable amine salts 
of the formula 1 compounds include the ammonium and 
the primary, secondary. and tertiary C1~C4-alkylam 
monium and hydroxy-Cz-Ci-alkylammonium salts. ll 
lustrative amine salts include those formed by reaction 
of a formula 1 compound with ammonium hydroxide. 
methylamine, sec-butylamine. isopropylamine, diethyl 
amine, di-isopropylamine, cyclohexylamine, ethanol 
amine, triethylamine, 3-amino-l-propanol and the like. 
The alkali-metal and alkaline-earth-metal cationic 

salts of the compounds of formula l are prepared ac‘ 
cording to procedures commonly used for the prepara 
tion of cationic salts. For example, the free acid form of 
a formula 1 compound is dissolved in a suitable solvent 
such as warm methanol or ethanol; a solution contain 
ing the stoichiometric quantity of the desired inorganic 
base is aqueous methanol is added to this solution. The 
salt thus formed can be isolated by routine methods. 
such as ?ltration or evaporation of the solvent. 
The salts formed with organic amines can be pre 

pared in a similar manner. For example. the gaseous or 
liquid amine can be added to a solution of a formula 1 
compound in a suitable solvent such as ethanol; the 
solvent and excess amine can be removed by evapora 
U011. 
The compounds of this invention also have free 

amino groups and can, therefore. form acid addition 
salts. Such salts are also part of this invention. Repre~ 
sentative and suitable acid-addition salts of the com 
pounds of formula 1 include those salts formed by stan 
dard reaction with both organic and inorganic acids 
such as, for example, hydrochloric, sulfuric. phos 
phoric, acetic, succinic, citric, lactic, maleic, furnaric. 
palmitic. cholic, pamoic, mucic, D-glutamic, d-cam 
phoric. glutaric, glycolic. phthalic. tartaric, lauric, stea 
ric. salicylic, methanesulfonic, benzenesulfonic. sorbic. 
picric, benzoic, cinnamic and like acids. 
The compounds of formula 1 are prepared by acylat 

ing a compound of formula 3 at the a-amino group of 
tryptophan with the appropriate N-alltanoylaminoacyl 
or Nmlkanoylaminoacyl side chain using methods con 
ventional in the art for forming an amide bond. The 
acylation is accomplished, in general, by reacting the 
formula 3 compound with an activated derivative of the 
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acid (formula 5) corresponding to the desired acyl side 
chain group. 

5 
|| 

no-w-c-ttZ 

(W and R2 have the meaning described herein supra). 
By the term "activated derivative" is meant a derivative 
which renders the carboxyl function of the acylating 

5 

16 
three free amino groups in the A-2l978C nucleus. Thus. 
acylation at the R or R‘ position does not usually ll'l 
volve blocking this amino group‘ 
Scheme I outlines general procedures for the prepara 

tion of the compounds of formula ii In this Scheme the 
following symbols are used: 

[“ =remainder of A-2l978C 
NT=a-amino group of tryptophan 
N0=8-amino group of ornithine 

. . . . _ l0 NK=aromatic amino group of kynurenine 

agent reactive to coupling with the primary amino R R|=Subsmucm5as de?ned 
group to form the amide bond which links the acyl side R'N= acyl group of “mural factor 
chain to the nucleus. Suitable activated derivatives, B=amino_prmectmg group 
their methods of preparation, and their methods of use Acyl=an acymion step 
as acylating agents for a primary amine will be recog- l5 Deacyl=a deacylation step 
mzéd by those skilled m. the in’ prefengd acnvf'ted Block=acylation with an amino-protecting group 
derivatives are: (a)_ an acid halide (e.g. and chloride), Deb|ock=rcmoval or an aminoprotecnng group 
(b). an and anhydndcik‘gim alkoxyfomlc acid anhy.‘ in Scheme l the Nrrp-monoacyl derivatives of A 
dndc or aryloxyform'c ac“? anhydnde) or (c) an act" 21978C are represented by general formula 3 and the 
vated ester (‘13' a 7"4's'mchlomphenyl can’ an .N.' 20 N17. Nom-diacyl derivatives of A-21978C are repre 
hydroxybenztnazole ester, or an_ N-hydroxysucctru- scmed by general formula 4_ Those NT,» Nowdiacyl 
m'de.¢st°.r)' other melhods for amwmng. the .wb9xy1 derivatives wherein the Nrrp-acyl group is that of a 
function include reaction of the carboayhc acid with a “mural A4197“: new‘, are represented by general 
carbonyldiimide (e.g. N,N'-dicyclohexylcarbodiimide formula 8. 

Scheme 1: 
Pr ration of‘N —Monoac land N N *Diac l-A2197BC Derivatives 

N?iR/v 

l'l\—l‘iol'lR2 
"1"“ "it": 

['l<No?z Acyl a 
"K82 /N1§‘|1 /N1HR /N1‘HR 

, mat-Q1081 4919?]:"0": -‘—°¥i->t~1<~w111 
NKHZ Nxl'lz NK"! 

2 3 s 

5m" Deblnck 

5 

or N,N'-diisopropylcarbodiimide) to give a reactive 
intermediate which, because of instability, is not iso 
lated, the reaction with the primary amine being carried 
out in situ. 

It will be recognized by those skilled in the art that 
the compounds of formula 1 are prepared using selec 
tive acylation procedures and with the aaistance of 
amino-protecting groups. For example, when a com 
pound of formula 3 wherein R’ and R’ are hydrogen is 
the starting material, acylation can occur at both the 
a-amino group of tryptophan and the S-amino group of 
ornithine to give Nrrp, Nom-diacyl derivatives. To ob‘ 
tain derivatives monoacylated at the a-amino group of 
tryptophan, therefore, it is preferable to acylate a com 
pound of formula 3 wherein the S-amino group of orni 
thine (the R’ position) is blocked by an amino-protect 
ing group. Such starting materials are preferably ob 
tained by blocking the A-21978C factor at this position 
before it is deacylated. The aromatic antibiotic group of 
kynurenine (the R’ position) is the least reactive of the 

50 
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1H: NIHR 

A preferred method for preparing the compounds of 
formula I is by the active ester method, using the com 
pound of formula 3 wherein R'=I-l and R'=t-BOC, i.e. 
the A-2l978C Nona-DOC nucleus or “tBOC nucleus“. 
The use of the 2,4,5-trichlorophenyl ester of the desired 
N-alkanoylamino acid or N-alkeuoylamino acid (for~ 
mula 5) as the acylating agent is most preferred. In this 
method, an excess amount of the active ester is reacted 
with the t-BOC nucleus at room temperature in a non 
reactive organic solvent such as DMF, THF, diethyl 
ether or dichloromethane. The reaction time is not criti 
cal, although a time of about l5 to about it! hours is 
preferred. At the conclusion of the reaction. the solvent 
is removed, and the residue is puri?ed. A particularly 
useful puri?cation method is column chromatography. 
using silica gel as the stationary phase and ethyl aceta 
tezmethanol (3:2, v:v) as the solvent system. The t-BOC 
group is removed by treatment with tri?uoroacetic 
acid/anisole/triethylsilane or, preferably, trifluoroace 
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tic acid/LZ-ethanedithiol for from about three to about 
five minutes at room temperature. After the solvent is 
removed, the residue is puri?ed by reversed-phase 
HPLC. 
The 2,4.5-trichlorophenyl esters of the N 

alkanoylamino acids or N-alkenoylarnino acids can be 
prepared conveniently by treating the desired amino 
acid (formula 5) with 2,4.5-trichlorophenol in the pres 
ence of a coupling agent, such as N,N'-dicyclohexylcar 
bodiimide. Other methods suitable for preparing amino 
acid esters will be apparent to those skilled in the art. 
The N-alkanoylamino acids or N-alkenoylamino 

acids are either known compounds or they can be made 
by acylating the appropriate amino acid with the de 
sired alkanoyl or alkenoyl group using conventional 
methods, such as those described herein supra. A pre 
ferred way of preparing the N-alkanoylamino acids is 
by treating the appropriate amino acid with an alkanoic 
acid chloride in pyridine. The alkanoic acids or alkenoic 
acids, the activated derivatives thereof. and the amino 
acids used in the preparation of the products of this 
invention are either known compounds or they can .ie 
made by known methods or by modi?cation of known 
methods which will be apparent to those skilled in the 
an. 

If a particular amino acid contains an acylable func 
tional group other than the amino group, it will be 
understood by those skilled in the art that such a group 
must be protected prior to reaction of the amino acid 
with the reagent used to attach the alkanoyl or alkenoyl 
group. Suitable protecting groups can be any group 
known in the art to be useful for the protection of a side 
chain functional group in peptide synthesis. Such 
groups are well known, and the selection of a particular 
protecting group and its method of use will be readily 
known to one skilled in the art [see, for example. “Pro 
tective Groups In Organic Chemistry", M. McOmie, 
Editor, Plenum Press, N.Y., 1973]. 

It will be recognized that certain amino acids used in 
the synthesis of the products of this invention may exist 
in optically active forms. and both the natural con?gu 
ration (L-con?guration) and unnatural con?guration 
(D-con?guration) may be used as starting materials and 
will give products which are within the contemplation 
of this invention. 
When an A~2l978C cyclic peptide of this invention is 

used as an antibacterial agent, it may be administered 
either orally or parenterally. As will be appreciated by 
those skilled in the art, the A-2l978C compound is 
commonly administered together with a pharmaceuti 
cally acceptable carrier or diluent The dosage of A 
21978C compound will depend upon a variety of con 
siderations, such as, for example. the nature and severity 
of the particular infection to be treated. Those skilled in 
the art will recognize that appropriate dosage ranges 
and/or dosage units for administration may be deter 
mined by considering the MIC and EDw values and 
toxicity data herein provided together with factors such 
as pharmacokinetics. the patient or host and the infect 
ing microorganism. 
The methods of making and using the compounds of 

the present invention are illustrated in the following 
examples: 

PREPARATION 1 
Preparation of A-2l978C Nucleus 

A. Fermentation of Actinoplanes utahensis 
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A stock culture of Actinoplanes utahensis NRRL 

12052 is prepared and maintained on an agar slant. The 
medium used to prepare the slant lS selected from one of 
the following: 

MEDIUM A 

Ingredient Amount 

Pre-cooked oatmeal 60.0 g 
Yeast 2.5 g 

KzHPOa l 0 g 
Cupek‘s mineral stock‘ 5.0 ml 
Agar 25.0 g 
Deionized water qs to | liter 

pH before autoclaving is about 5.9. adjust to pH 7.2 by IddlhO? 
of NaOH; after auroclaving, pH is about 6.7. 
'Czapek‘s mineral stock has the following composition: 

Ingredient Amount 

FeSO‘JHzO (dissolved in 2 g 
2 ml conc l-iCl) 

Deionized water q.s. to 1 liter 

MEDIUM B 
Ingredient Amount 

Potato dextrin 5.0 g 
Yeast extract 0.5 3 
Enzymatic hydrolysate of 3.0 g 
casein‘ 
Beef extract 0.5 g 
Glucose l2.5 5 
Corn starch 5.0 g 
Meat peptone 5.0 g 
Blackmap molasses 2.5 g 
MgSOaJHzO 0.25 g 
Cam; 1.0 g 
Cupelt's mineral stock 2.0 ml 
Agar 20.0 g 
Deioniud water q.s. to 1 liter 

'N-Z-Amine A. "who Shet?eld Chemical. Lyndhurst. NJ. 

The slant is inoculated with Actinoplanes utahensis 
NRRL 12052, and the inoculated slant is incubated at 
30' C. for about 8 to 10 days. About i of the slant 
‘growth is used to inoculate 50 ml of a vegetative me 
diurn having the following composition: 

Ingredient Amount 

Pre-coolted oatmeal 20.0 g 
Sucrose 20.0 g 
Yeast 2.5 g 
Distiller’: Dried Grain‘ 5.0 g 
Kz?Poa 1.0 g 
Cupelt's mineral stock 5.0 ml 
Deionized water q.s. to 1 liter 

adjilt to pH 7.4 with NaOl'I: after auwclaving. pH is about 6.0. 
‘National Mien Products (20.. 99 Park Ave, New York. NY. 

The inoculated vegetative medium is incubated in a 
250-ml wide-mouth Erlenmeyer flask at 30‘ C. for about 
72 hours on a shaker rotating through an are two inches 
in diameter at 250 RPM. 

This incubated vegetative medium may be used di 
rectly to inoculate a second-stage vegetative medium. 
Alternatively and preferably, it can be stored for later 
use by maintaining the culture in the vapor phase of 
liquid nitrogen. The culture is prepared for such storage 
in multiple small vials as follows: In each vial is placed 
2 ml of incubated vegetative medium and 2 ml of a 
glycerol-lactose solution [see Wv A. Dailey and C. E. 
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Higgens. "Preservation and Storage of Microorganisms 
in the Gas Phase of Liquid Nitrogen", Cryobiol i0, 
364-367 (i973) for details]. The prepared suspensions 
are stored in the vapor phase of liquid nitrogen. 
A stored suspension (1 ml) thus prepared is used to 

inoculate 50 ml of a ?rst-stage vegetative medium (haw 
ing the composition earlier described). The inoculated 
?rst-stage vegetative medium is incubated as abovede 
scribed. 

In order to provide a larger volume of inoculum. 10 
ml of the incubated first-stage vegetative medium is 
used to inoculate 400 ml of a second-stage vegetative 
medium having the same composition as the ?rst-stage 
vegetative medium. The second-stage medium is incu 
bated in a two-liter wide-mount Erlenmeyer ?ask at 30’ 
C. for about 48 hours on a shaker rotating through an 
are two inches in diameter at 250 RPM. 

incubated second-stage vegetative medium (80 ml), 
prepared as above-described, is used to inoculate l0 
liters of sterile production medium selected from one of 
the following: 

MEDIUM I 
Ingredient Amount (3/1.) 

Peanut meal |0.0 
Soluble meat peptone 5.0 
Sucrose 20.0 
KHzPOa 0.5 
Kzl-iPOa 1.2 
MgSChJl-lgO 0.25 
Tap water q.s. to l liter 

The pH of the medium is about 6.9 after sterilization 
by autoclaving at 121' C. for 45 minutes at about 16-18 
psi. 

MEDIUM [1 
Ingredient Amount (g/L) 

Sucrose 30.0 
Peptone 5.0 
KZHPO4 l.0 
KCl 0.5 
MgSOaJHzO 0.5 
FeSO?I-IzO OM32 
Deionized water q.a. to 1 liter 

Adjust to pH 7.0 with I-lCl; after autoclaving, pH is 
about 7.0. 

w 
Ingredient Amount (3/1.) 

Glucose 20.0 
NHaCl 3.0 
NazSOa 2.0 
ZnCl; 0.019 
MgChbI-IZO 0.30‘ 
FCClJ-6H2O 0.062 
MnclgAl-lzo 0.035 
CuClzll-lzO 0.1115 
CICOJ 6.0 
KHzPOa' 0.67 
Tap water q.s. to 1 liter 

‘Sterilizer! separately md added aseptically 
Final pH about 6.6. 

The inoculated production medium is allowed to 
ferment in a l4-liter fermentation vessel at a tempera 
ture of about 30‘ C. for about 66 hours. The fermenta 
tion medium is stirred with conventional agitators at 
about 600 RPM and aerated with sterile air to maintain 
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the dissolved oxygen level above 30% of air saturation 
at atmospheric pressure. 

B. Deacylation of A-2l978C 
A fermentation of A. utahensis is carried out as de 

scribed in Section A. using slant medium A and produc 
tion medium I and incubating the production medium 
for about 67 hours. Crude A-2l978C complex (I00 3), 
prepared as described in U.S. Pat. No. 4.208.403. is 
added to the fermentation medium. 

Deacylation of the A-2l978C complex is monitored 
by assay against Micrococcus luteus. The fermentation 
is allowed to continue until deacylation is complete as 
indicated by disappearance of activity vs. M. luteus. a 
period of about 24 hours. 

C. Isolation of A-2I97BC Nucleus 
Whole fermentation broth (20 liters), obtained as 

described in Section B, was ?ltered with a ?lter aid 
(Hyflo Super-Cel, Johns Manville Corp.) The mycelial 
cake was discarded. The ?ltrate thus obtained was 
passed through a column containing 1.5 liters of PIP-20 
resin (DIAION High Porous Polymer, l-IP-Series. Mit 
subishi Chemical Industries Limited. Tokyo. Japan). 
The effluent thus obtained was discarded. The column 
was then washed with deionized water (10 L.) to re 
move residual ?ltered broth. This wash water was dis 
carded. The column was then eluted with water— 
:acetonitrile mixtures (10 1.. each of 95:5. 9:1, and 4:1). 
collecting l-liter fractions. 

Elution was monitored by analytical I-IPLC. using 
silica gel/C13 and a solvent system of waterzmethanol 
(3:1) containing 0.1% ammonium acetate, detecting the 
nucleus with a UV monitor at 254 nm. Fractions con 
taining the nucletm were combined. concentrated under 
vacuum to remove the acetonitrile and freeze-dried to 
give 40.6 g of semi-puri?ed A-2l978C nucleus. 

D. Puri?cation of A-2l978C Nucleus 
Semi-puri?ed A-2l978C nucleus (15 g), obtained as 

described in Section C, was dissolved in 75 ml of water: 
methanolzacetonitrile (82:l0:8) containing 0.2% acetic 
acid and 0.8% pyridine. This solution was pumped onto 
a 4.7-X l92-cm column containing 3.33 L. of silica gel 
(Quantum LP-l)/C|g. The column was developed with 
the same solvent system. Fractions having a volume of 
350 ml were collected. Separation was monitored at 280 
nm with a UV monitor. Fractions containing the nu 
cleus were combined, concentrated under vacuum to 
remove solvents and freeze-dried to give 5.2 g of puri 
?ed A-2l978C nucleus. 

E. Characteristics of A-2l978C Nucleus 
A-2l978C nucleus has the following characteristics: 
(a) Form: white amorphous solid which ?uoresces 

under short-wave UV 
(b) Empirical [c62HB2Nl6O26] 

Cams-M1025 
(c) Molecular weight: [1466] 1465 
(d) Solubility: soluble in water 
(e) Infrared absorption spectrum (KBr disc) shows 

absorption maxima at the following frequencies (cm- I): 
3300 (broad), 3042 (weak). 2909 (weak), i655 (strong), 
1530 (strong), l45l (weak). 1399 (medium). 1222 (me 
dium), I165 (weak), i063 (weak) and 758 (medium to 
weak) 

(f) UV absorption spectrum in methanol shows rnaJt 
ima at 223 nm (e 41,482) and 260 nm (e 8,687) 

(g) Electrometric titration in 66% aqueous dimethyl 
formamide indicates the presence of four titratable 

formula: 
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groups with pK,z values of about 5.2. 6.7, 8.5 and 11.1 
(initial pH 6.12). 

PREPARATION 2 

Alternate Preparation of A-2l978C Nucleus 

A-2l978C nucleus was prepared according to the 
method of Preparation 1 except for certain changes in 
Section B. The A. utahensis culture was incubated ini 
tially for about 48 hours; the substrate was semipuri?ed 
A21978C complex (50 g); and incubation after addition 
of the substrate was about 16 hours. The broth ?ltrate 
was passed over a column containing 3.1 liters of PIP-20 
resin. The column was washed with 10 volumes of 
water and then was eluted with waterzacetonitrile 
(95:5). Elution was monitored as in Preparation 1. After 
collecting 24 liters. the eluting solvent was changed to 
weaterzacetonitrile (9:1). Fractions containing the nu 
cleus were eluted with this solvent. These fractions 
were combined. concentrated under vacuum to remove 
acetonitrile, and freeze-dried to give 24.3 g of semi-pr-i 
?ed A-2l978C nucleus. 

This semi-puri?ed A-21978C nucleus (24.3 g) wu 
dissolved in water (400 ml). The solution was pumped 
onto a 4.7-x 192-cm steel column containing 3.33 liters 
of silica gel (Quantum LP-l)/C13 prepared in water:me 
thanolzacetonitrile (8:1:1) containing 0.2% acetic acid 
and 0.8% pyridine. The column was developed with the 
same solvent at a pressure of about 2000 psi, collecting 
350 ml fractions. Elution was monitored by UV at 280 
nm. Fractions containing the nucleus were combined, 
concentrated under vacuum to remove solvents, and 
freeze—dried to give 14 g of highly puri?ed A-2l978C 
nucleus. 

PREPARATION 3 

Preparation of Nom-t-BOC-A-2l978C Factors C1 and 
C3 

A mixture of A-2l978C factors C1 and C3 (10 g), 
prepared as described in US. Pat. No. 4,208,403, was 
dissolved in water (50 ml) with sonication (200 mg/ml). 
The pH of the solution was adjusted from 4.05 to 9.5 
with 5N NaOl-I (3.6 ml). Di-tert-butyl dicarbonate (3.0 
ml) was added, and the reaction mixture was stirred at 
room temperature for 2 hours. The pH of the reaction 
was maintained at 9.5 by manual addition of 5N NaOH 
(6.5 ml added in 2 hours). 
The reaction was monitored periodically by TLC on 

silica gel, using CH3CNzH2O (7:3 and 8:2) solvent sys 
tems and detecting by UV. 

After about 10 minutes and reaction solution became 
rapidly turbid, and base consumption increased. After 
30 minutes, the rate of increase in turbidity and the rate 
of base consumption decreased, indicating that the reac 
tion was complete. Nevertheless, the reaction was con 
tinued for an additional 90 minutes to insure comple 
tion. At the end of the two-hour reaction, the reaction 
material was lyophilized immediately to give 12.7 g of 
NOm-t-BOC-A-ZIWSC factors C1 and C3. 
Using similar procedures, two lO-g reactions and a 

30-g reaction were run. In each of these the reaction 
time was only 40 minutes. The two 10-g experiments 
gave 11.9 and 12.1 g of product, respectively. The 30-g 
reaction gave 35.4 g of product. 
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PREPARATION 4 

Preparation of A-21978C NOM-t-BOC Nucleus 

A. Fermentation of A. utahensis 
A fermentation of A. utahensis was carried out as 

described in Preparation 1. Section A. using slant me‘ 
dium A and production medium 1 and incubating the 
production medium for about 66 hours. 

B. Deacylation of Nom-t-BOC Complex 
The A-2197BC N0m.,.50c “M1,, (1185 g of crude 

substrate which contained about 176 g of A-2l978C 
complex) was added to the fermentation medium. 
Deacylation was carried out as described in Preparation 
1. Section B. Deacylation was complete. as indicated by 
HPLC, after about 24 hours. 

C. Isolation of A-21978C Nom-t-BOC Nucleus 
Fermentation broth (100 L.). obtained as described 111 

Section B, was ?ltered with a ?lter aid (Hy?o Super 
cel). The ?ltrate was passed over a column containing 
7.5 L. of PIP-20 resin (DIAION); the column was 
washed with water (38 L.). Elution was monitored by 
silica gel/Ci; HPLC with UV detection at 254 nm. 
Some nucleus was eluted in the wash. Subsequent elu 
tion of nucleus was carried out with watenacetonitrile 
mixtures as follows: (95:5)40 L; (9:l)—40 L; and 
(85:1$)—l00 L. Fractions containing the nucleus were 
combined, concentrated under vacuum to remove sol 
vent, and freeze-dried to give 298.5 g of semi-purified 
A-2l978C NOnI-t-BOC Nucleus 

D. Puri?cation of A-21978C NOrn-t-BOC Nucleus 
Semi-puri?ed A-2l978C Nom-t-BOC nucleus (30 g). 

obtained as described in section C, was dissolved in 
watenacetonitrile (91l) containing 0.2% acetic acid and 
0.8% pyridine (75 ml). This solution was applied to a 
4.7x l92-cm steel column containing 3.33 L. of silica 
gel (Quantum LP-1)/C1g equilibrated in the same sol 
vent system. The column was developed under pressure 
with water:acetonitrile:methanol (80:l5:5) containing 
0.2% acetic acid and 0.8% pyridine, collecting 350-ml 
fractions and detecting product by UV at 280 nm. Frac 
_tions containing the product were combined, concen 
trated under vacuum to remove solvent and freeze 
dried to give 18.4 g of puri?ed A-2l978C N0m-t-BOC 
nucleus. 
A-2l978C t-BOC nucleus has the following charac 

teristics: 
(a) Form: white amorphous solid which fluoresces 

under short-wave UV 
(b) Empirical 

(c) Molecular weight: [1566] 1565 
(d) Solubility: soluble in water 
(e) Infrared absorption spectrum (KBr disc) shows 

absorption maxima at the following frequencies (cm * 1)1 
3345 (broad), 3065 (weak), 2975 (weak) 2936 (weak), 
~l7l0 (shoulder), 1660 (strong), 1530 (strong). 1452 
(weak), 1395 (medium, 1368 (weak). 1341 (weak). 1250 
(medium), 1228 (medium). 1166 (medium to weak) and 
1063 (weak) 
(0 UV absorption spectrum in 90% ethanol shows 

maxima at: 220 nm (62,000) and 260 nm (£10,600). 
(g) I-IPLC retention time=6 min on 4.6-X300-mm 

silica-gel Cu; column, using Hz0/CH3CN/CH3OI-l 
(80:15:5) solvent containing 0.2% NI-I4OAc at a flow 
rate of 2 ml/min with UV detection. 
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PREPARATION 5 

Alternative Puri?cation of A-21978C Nom-t-BOC 
Nucleus 

Semi-puri?ed A-21978C NOM-t-BOC nucleus (10.8 
g), obtained as described in Preparation 4. Section C. 
was dissolved in water and applied to a column contain 
ing 80 ml of Amberlite IRA-6B (acetate cycle). The 
column was washed with water and. at a ?ow rate of 5 
ml/min. was eluted sequentially with 0.05N acetic acid 
(1080 ml), 0.1N acetic acid (840 m1). and 0.2N acetic 
acid (3120 ml). collecting lZO-ml fractions. The column 
was monitored with analytical HPLC over silica 
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24 
are prepared according to the following general proce 
dure: 
The appropriate alkanoic acid chloride 15 added drop 

wise to the appropriate amino acid (1:1 mole ratio) 
dissolved in pyridine. The amount 01' pyridine used 
should be sufficient to make the concentration of reac 
tants between 0.1 to 0.2M. The solution is stirred at 
room temperature for about 3 to 6 hours. after which it 
is poured into a large volume of water. The product 
precipitates from solution and is collected by filtration 
and crystallized from methanol. 
Other N-alltanoylamino acids prepared by this proce 

dure are summarized in Table 1. 

TABLE I 
Prepgation of N-Alkanoyl Amino Acids 

Prep. Alkanoic acid chloride Ame Acid N—A1ltanoyl Amino Acid 
No. Formula wt. (3) Formula wt. (g) Formula wt (3) 

6 CH3(CHz)6COC1 3.25 L-phenylalartine 3.30 CH3(CH1)6CONHCH(CH1C6H5)COOH 4.85 
7 CH3(CH1)7COCI 2.0 " 1.82 CH3(CHZ)7CONHCH(CHZCQH5)COOH 2.8 
8 CH3(CH2)3COC1 3.9 3.30 CH3(CHz)!CONI-ICH(CHZC6H5)COOH 5.35 
9 CH3(CH7,)9COC1 4.0 3.23 CH3(CH;)9CONHCH(CH;C§H5)COOH 4.5 
10 CH3(CH1)|OCOCl 6.54 4.95 CH3(Cl-lg)wCONHCH(CHzC6Hs)COOl-i 5.2 
1 1 CH 3(CH1)| iCOCl 2.0 1.42 CH3(CH;)11CONHCH(CH1C6H5)COOH 1.7 
12 CH3(CH1)|2COCl 4.8 3.30 CH3(CH1)11CONHCH(CH1C6H5)COOH 6.6 

13 CH3(CH1)4COCI 6.2 L-tryptophan 10.2 CH3(CH;)4C0NH 6.82 

$HCOOH 
CH2 

N 
H 

14 CH3(CH1)10mCl 10.9 10.2 CH3(CH1)1QCONH 13.8 

(IIHCOOH 
CH1 

N 
H 

gel/C18, using a system of watenacetonitrilemethanol . PREPARATIONS 15-24 
(80:15zS) containing 0.2% ammonium acetate and de 
tecting product with UV at 254 nm. Fractions contain 
ing the product were combined; the pH of the solution 
was adjusted to 5.8 with pyridine; the resulting solution 
was concentrated under vacuum to a volume of about 
200 ml. Water was added to the concentrate. and the 
resulting solution was reconcentrated to remove pyri 
dine. This concentrate was freeze-dried to give 3.46 g of 
puri?ed A-2l978C Nom-t-BOC nucleus. 

PREPARATIONS 6-14 
The preparation of a number of useful N 

alkanoylamino acids is described in US. Pat. No. 
4,293,483 (see Table 1, columns 9-16). Such compounds 
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The 2,4,5-trichlorophenyl esters of the N-alltylamino 
acids described in U.S. Pat. No. 4,293,483 are also de 
scribed in that patent (see Table 2. columns 17-20). 
Such compounds are prepared according to the follow 
ing general procedure: 
The N-alkanoylamirto acid (1 mole), 2,4,5-trich1oro 

phenol (1.1 mole), and DCC (1 mole) are dissolved in 
dichloromethane, diethyl ether or THF. The solution is 
stirred at room temperature for about 16 to about 20 
hours after which it is ?ltered. The filtrate is taken to 
dryness. and the product is crystallized from either 
acetonitrile-water or diethyl ether-petroleum ether. 
The preparation of other 2,4,5-trichlorophenyl esters 

of N-alkanoylamino acids prepared by this method is 
summarized in Table 11. 

TABLE II 
Pmtion of 2,4.5-Triehlorophenyl Esters 

N-Alkanoyl Amino Acid 2.4.5-Tr1'chlorophenyl 
Preparation No. Formula wt (3) Ester Product wt (5) 

l5 CH3(CH;)(,CONHCH(CH zCsH5)COOH 2.9 4.1 
16 CH3(CH1)TCONHCH(CHZC6H5)C®H 2.8 3.86 
17 CH3(CH7_);CONHCH(CH;C¢H5)COOH 3.19 1.5 
18 CH3(CH¢)9CONHCH(CH;C¢H5)COOH 3.29 5.01 
19 CH;(Cl-l1)| |CONHCH(CHZC6HQ)COOH L7 2.0] 
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TABLE ll-continued 

Preparation of 2.4,5-Trichlorophe?yl Esters 

N-Alkanoyl Amino Acid 

26 

ZAJ-Tnchlorophenyl 

Preparation No. Formula wt (gt Ester Product wt (5] 

20 CH3(CH;)|;CONHCH(CH2C<,H5)COOH 3.75 4.l8 

Zl C00“ 2.1 l 6 

CH3(CH1)10CONH 0H 

22 CH3(CH2)|OCONHCH(CHZC6H5)COOH 3.47 3.98 

23 6.04 1.87 

CH3(CH2)4CONHCH(COOH)"CH1 

N 
H 

24 7.76 403 

CH3(CHZ)1QCONHCH(COOH)—CHZ 

N 
H 

EXAMPLES 1-33 

The N~alkanoylamino acid derivatives of A-2l978C 
of formula 1 are prepared according to the following 
general procedure which involves acylating the nucleus 
using the activated-ester method: 
A solution of N0m-t-B0C-blocked-A-2l978C nu 

cleus (t-BOC nucleus) in DMF was treated with the 
2.4,5-trichlorophenyl eater ("active ester") of the corre 
sponding N-allranoylamino acid. The reaction mixture 
was stirred at room temperature for about 18 to about 
24 hours under an atmosphere of nitrogen and then was 
evaporated to dryness under reduced pressure to give a 
residue. A small amount of methanol was added to the 
residue; a solid (N,N'-dicycloheaylurea) which did not 
dissolve in the methanol was removed by ?ltration and 
discarded. The ?ltrate was evaporated under vacuum to 
give a solid, the crude Nm-t-BOC-N rrp-acyl-A 
2l978C analog. This analog was puri?ed using 9. “Prep 
LC/ System 500" unit (Waters Associates, Inc. Milford, 
Mass.) equipped with a Prep Pak-500/Cig column (Wa 
ters Associates Inc.) as a stationary phase. The column 
was eluted isocratically, using a water:methanol 
:acetonitrile (221:2) solvent system containing 0.1% 
pyridinium acetate, and eluting one ZSO-ml fraction per 60 
minute for approximately 40 fractions. Amounts of 
sample applied varied from about 1 g to about 5 g. Early 
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fractions containing unreacted starting materials were 
discarded. The desired product was always the major 
peak (using a UV detector) following the early frac 
tions. Individual fractions were pooled on the basis of 
TLC [reversed-phase silica gel (cm), a water:methanol 
:acetonitrile (3:3:4) solvent system, and Von Urk spray 
for detection] and bioautographic analysis [silica-gel 
TLC plates (Merck), an acetonitrile:acetone:water 
(2:2:1) solvent system and Micrococcus luteus as the 
assay organism]. 
The NOm-t-BOC-Nn-P-acyI-A-ZIWSC analog, ob 

tained as a single component by this method. was lyoph 
ilized and treated with anhydrous tri?uoroacetic-acid 
(10 ml per 0.3-0.5 g of analog) containing 2% anisole at 
0' C. After about ?ve minutes the reaction mixture was 
evaporated to dryness under reduced pressure. The 
residue obtained was triturated with a small amount of 
ether. The solid precipitate was collected and air-dried. 
This material was dissolved in water; the pH of the 
solution was raised to about 6 to 7 by the addition of 
pyridine; and the solution wu then lyophilized. The 
resulting product was obtained as a single component 
and was characterized by its chromatographic proper 
ties and its amino-acid analysis. 
Table III summarizes a group of NT”, 

alkanoylaminoacyl A-2l978C derivatives prepared by 
this procedure. 

TABLE III 

Nm-Alkanoylaminc Acid Derivatives of A-2l978C Cyclic Peptides 
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TABLE III-continued 

20 (L)CH3(CHZ)QCONHCH(CHZC6H5)CO— B00 B004 171 257 053 
21 (L)CH3(CH1)\ lcouncmcmcmpco- 2100 B004 4|: 13s 
22 (L)CH1(CHz)|ZCONHCH(CHQCQH5)CO— s00 s00d 468 128 

Other N-alkanoylamino acid derivatives of formula 1 
. . . l . TABLE V] 

prepared m a su'mlar manner are summanzed m Table ‘ _ 
Iv. Ducxl Denvauves of A-2l97BC 

TABLE IV 

A-2l978C Czclic Pegtides of Formula 1 
Example 

23 H 

cis-CH3(CHZ)|OCONH HC-CH—CO— 

24 H 

CH3(CH1)10CONH CON'HCH1C0— 

25 H 

CH 3(CH 7,)mCO NH CO 

26 H 

Table v summarizes a group of A-21978C derivatives 5* 
prepared according to the general procedure, but using '5: 
A-2l978C factors as sur?ng materials. No. R in Fonnula 1 R' in Formula 1 

TABLE V 

Dilcxl Derivatives of A-2l97lC 
Example Sur?ng A-Z 197 8C Product 

No. a in formula l R1 in formula 1 ‘ Factor Em: (mg) Factor (mg) (mg) R,‘ 

27 CHJCHICI'KCHJXCHZW- (LKH,(CHZ)‘CONHCR_CQ_ C; 100 ‘8 43 0.81 

28 CH3CH(CH3)(CH1)3CO- " C1 ll!) 48 25 0.73 
29 CHJCHZCH(CHIXCHZ)QCO- " C3 4(1) 1!!!) 413 0.87 
so cmcmcmcr-nxcugm- mmcmm-co- c, mm 1000 712 0.65 

0TLC on silica gel (Merck) min; I wnerzCHgCNmno (1:212) iolml lynm 

6O 31 CH3(CH2)1QCONH CH3(CH1)10CONH 

Other N np-Nam-diacyl derivatives of A-2l978C pre- co co 
pared according to the general procedure are listed in 65 | | 
Table VI. 
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TABLE Vl-continued 
Diacyl Derivatives of A-2l978C 

Ex 
am 

ple 
‘No. R in Formula 1 R' In Formula 1 

31 CH;(CHz)\0CONHCHC0- “5°C 

N 
H 

33 CH3(CH¢)|OCONHCH(CH1CQH5)CO— t-BOC 

EXAMPLE 34 

Preparation of 
NTyp-[N-(n-DecanoylyL-phenylalanyl]-A-21978C 

Nucleus (Compound of Example 19) 
This example illustrates the large-scale preparation of 

compounds by the active-ester method. 

A. Preparation of 
N-(n-DecanoylyL-Phenylalanyl-2,4,5-Trichloropheno 

late 

A solution of N-(n-decanoyl)-L-phenylalanine (31.9 
g, 0.1 mole) and 2,4,5-trichlorophenol (19.7 g, 0.1 mole) 
in 1 liter of anhydrous ether was treated with N,N' 
dicyclohexylcarbodiimide (20.6 g, 0.1 mole). The reac 
tion was stirred overnight at room temperature. The 
precipitated N,N’-dicyclohexylurea was removed by 
?ltration and discarded. The ?ltrate was concentrated 
under vacuum to dryness. The residue obtained was 
triturated with ether, and the solids (residual cyclohea 
ylurea) were removed by ?ltration. The ?ltrate was 
evaporated to dryness under reduced pressure. The 
residue was crystallized from acetonitrile to give 36.9 g 
of crystalline N-(n-decanoyl)-L-phenylalanyl-2,4,5-tri 
chlorophenolate, m.p. 122'-124' C. 

B. Preparation of 
N7,,-[N.(N—Decanoy1)-L-phenylalanyll-Nom-t-?OC 

A-21978C Nucleus 

A solution of N-(n-decanoyl)L-pheny1alanyl-2,4,5 
trichlorophenolate (10 g, 0.02 mole), NOM-t-BOC-A 
21978C nucleus (10 g, 0.1!)6 mole) in anhydrous DMF 
(1 L) was stirred at room temperature for 96 hours 
under an atmosphere of nitrogen. The solvent was re 
moved by evaporation under reduced pressure. The 
residual material was stirred with a mixture of diethyl 
ether (800 ml) and chloroform (200 ml) for 2 hours. The 
product was separated by ?ltration to give a light 
brown powder (10.3 g). This material (9.9 g) was dis 
solved in methanol (200 ml) and puri?ed by preparative 
HPLC, using a “Prep LC/System 500" unit and a Pre 
Pak-SOO/Cia Column as the stationary phase. The col 
umn was eluted isocratically, using a water:methanol 
:acetonitrile (2:1:2) solvent system and collecting 250 
ml fractions at a rate of one fraction per minute. The 
desired compound was eluted in the 9th through the 
22nd fractions. 

Fractions were combined on the basis of TLC [re 
versed phase silica gel/Cm; developed with waterzme 
thanohacetonitrile (3:3:4); detected with Van Urk 
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34 
spray]. Combined fractions were examined by bioautog 
raphy [silica gel TLC acetonitrilemcetone:water (2.2:1) 
solvent system and Micrococcus luteus as the detecting 
organism] and were shown to consist of a single bioac 
tive component. This procedure gave 602 g of N rw-[N 
(n-decanoyl)-L-phenylalanyl]-N0m-t-BOC-A-21978C 
nucleus [compound of formula 1: R=N-(n-decanoyl-L 
phenylalanyl); Rl = t-BOC]. 

C. Preparation of 
NTrP-[N-(n-Decanoyl)-L-phenylalanyl]-A-21978C 

Nucleus 

A ?ask (100 ml) was cooled to S‘ C. in an icebath. 
NT,p—[N-(n-decanoyl)-L-phenylalanyn-Nom-t-Boc-A 
21978C nucleus (6.02 g. 0.008 mole). prepared as de~ 
scribed in Section B. and then anhydrous trifluoroacetic 
acid containing 2% anisole (50 ml) were added to the 
?ask. The mixture, which went into solution in approxi 
mately two miniutes. was stirred under an atmosphere 
of nitrogen for ten minutes. The solution was evapo 
rated to dryness under reduced pressure at below 40' C. 
to give a gummy solid which was triturated twice with 
a diethyl etherzdichloromethane (4:1) solution (two 
IOO-ml volumes). The solids were collected by filtration 
and washed with diethyl ether to give the TFA salt. 
This was dissoled in water (50 ml), and the pH of the 
solution was adjusted to 5.4 with pyridine. The solution 
was then lyophilized to give 6.1 g of off-white lyophili 
zate. 

The lyophilizate. dissolved in methanol (35 ml), was 
puri?ed using a reverse-phase Ci; silica-gel column 
(Waters Associates, Prep 500), eluting in stepwise gradi 
ent with H1O:CH3QH:CH3CN containing 0.1% pyri 
dinium acetate at ratios of 3:1:2, 2:112 and 1:22 and 
collecting fractions having a volume of 250 ml. The 
desired product was eluted during the 2: 1:2 elution. The 
fractions containing the product were lyophilized to 
give 2.23 g of cream-colored Nrm-[N~(n-decanoyl)-L 
phenylalanyll-A-Z 1978C nucleus (compound of formula 
1: R=N-(n-decanoyl)-L-phenylalanyl; R1=H). 
_ The product was evaluated by analytical l-IPLC [rev 
ersed-phase C15 si1ica~gel column, MeOH:CH3CN: 
H2O:PyOAc (15:35:49z1) solvent and UV detection at 
230 nm], by TLC [reversed-phase C13 silica-gel plates 
(\Vhatman), HzO:CH3OH:CH3CN (3:3:4) solvent and 
Van Urk spray and short-wave UV for detection] and 
by bioautography [silica-gel TLC (Merck), an 
HgOzCHgCNmcetone (1:2:2) solvent, and Micrococcus 
luteus as the detecting organism]. Each of these meth 
ods demonstrated that the product was homogenous. 
Substitution at the tryptophan N-terminus position was 
con?rmed by 360 MHz PMR. Amino-acid analysis 
con?rmed the incorporation of one equivalent of L’ 
phenylalanine into the product. 

EXAMPLE 34 

The antibacterial activity of the compounds of for 
mula 1 can be demonstrated in vitro, using standard 
agar-dilution tests. The results of the antibacterial test 
ing of representative compounds of formula 1 are set 
forth in Table VII. In Table VII activity is measured by 
the minimal inhibitory concentration (MIC). i.e. the 
lowest concentration of compound at which growth of 
the microorganism is inhibited by the test compound. 
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TABLE Vll 

A1111b1o11c Actwity of A-21978C Cychc llgpLdes 
Tesl Organism MIC“ of Test Compound” 

1 2' 3 4f 5 6 1 a q/ 10/ 11 

Staphylococcus aureus X1.1 0.5 4 2 4.8 0.5 l 0.5 0.25 32.64 0.5.0.25 0.5 
Staphylococcus aureus V41‘ 05 4 2 4.16 0.5 2 1 0.25 64,128 05.05 0.25 
Staphylococcus aureus X4004 1 4 8 8.16 1 4 2 05 64.128 1.0.5 2 
Staphylococcus aureus SIZE 05 4 2 4.8 0.5 2 0.5 0.25 32.64 0.505 0.5 
Staphylococcus epldermtdu EPll 2 4 8 16.64 2 2 2 1 128. 2.1 0.5 

> 128 

Staphylococcus ept'dermldis EPlZ l 2 8 16.64 1 2 2 l 128. 1.0.5 0.5 
> 128 

Streptococcus pyogcrlcs C203 0.125 1 2 4.8 0.25 0.5 l 0.25 16.16 0.125. 0.125 
0.06 

Streptococcus pneumoniae Park 1 0.125 4 0.5 4.16 0.25 2 0.125 0.125 32.64 0.25. 0.06 
0.25 

Streptococcus Group D X66 1 32 8 32,>64 4 16 2 1 > 128. 4.4 2 
> 128 

Streptococcus Group D 9960 0.5 8 8 8.32 l 2 0.25 128. 2.1 4 
>128 

12 13 14 15 16 17 18 194 20 21 22 

Staphylococcus aurcus XL! 1 0.25 4 1 0.5 4 2 0.5 0.5 0.5 0.5 
Staphylococcus aureus V41‘ 2 0.25 4 2 0.5 8 2 0.5 0.5 0.5 1 
sum/m aureus x4004 4 0.5 a a 1 a 4 1 z 2 2 
Staphylococcus aureus 513B 2 0.25 4 2 0.5 8 2 05 0.5 0.5 1 
Staphylococcus epidermal: E?“ 4 0.5 8 4 1 B 4 1 2 Z 4 
Staphylococcus epidermal: EP12 4 0.25 8 4 1 B 2 0.5 2 2 4 
Streptococcus pyogcna C205 2 0.03 2 l 0.5 2 0.5 0.25 0 125 0.125 0.25 
Streptococcus pneumonia: Park I 1 0.03 8 0.25 0.125 — — 0.75 — - - 

Streptococcus Group D X66 l6 1 >128 4 1 128 32 8 4 1 1 
Streptococcus Group D 9960 4 0.25 64 4 0.5 32 B 2 2 0.25 0.5 

2: 24 2s 2s 21 2a 29/ 3o 31/ :2 as 

Staphylococcus cums Xl.1 0.5 1 8 8 0.5 0.5 0.5.1 1 16.2 1 0.5 
Staphylococcus aunus V41‘ 1 2 16 >128 2 2 4.4 1 32.4 1 2 
Staphylococcus aunus x4004 4 4 16 >12: 1 1 1.1 2 32.11 2 2 
Staphylococcus ounu: 5135 1 2 8 16 0.5 0.5 0.5.1 1 16.4 1 1 
Staphylococcur cpt'dcnnidlr E?" 2 4 16 >128 4 4 8.16 2 128.16 4 8 
Staphylococcus cpidcmidt's EH2 2 4 16 >12! 4 4 8.16 1 64.8 4 B 
Strcptococcus We: C20! 0.25 2 4 1 0.5 0.5 1.0.5 0.25 8.4 1 1 
Streptococcus pneumoniae Park 1 0.25 1 8 — 0.5 0.25 0.25.0.5 0. 8.4 0.5 0.5 
Streptococcus Group D X66 4 16 128 >128 8 4 8.16 64 >128. 8 16 

32 
Streptococcus Group D 9960 2 4 32 32 4 4 32.32 32 64.8 4 4 

‘me 111 meg/ml 
“comm 11mm - erampk 11m in ‘nu- m-vi 
q, . 1|. . I . 

‘Human-m1“ 
‘Malian of ?ve expel-imam 
?'wc experiment: 
l‘Median of three experiments 

The A-21978C cyclic peptides of formula 1 have 
shown in vivo antimicrobial activity against experimen 
tal bacterial infections. When two doses of test com 
pound were administered subcutaneously or orally to 
mice in illustrative infections. the activity observed was 

measured as an ED50 value [effective dose in nag/kg to 
protect ?fty percent of the test animals: See Warren 
Wick, et 111., J. Bacteriol. 81, 233-235 (1961)]. The EDSO 
values observed for A-21978C compounds are given in 
Tables VIII and IX. 

TABLE VIII 
1n Vivo Activity of A-21978C Cyclic Psgtides 

EDQQ Values‘, 
Staphylococcus Streptococcus 

Compound Formula 1 Compound‘ aurcus page: 
No. R Subcutaneou Subcutaneous Oral 

1 (D)CH 3(CH;)|1)CONHCH(CH;C6H5)CO— 1.4.2.05‘ <0.25.0.2l > 200 
2 CH3(CH¢)1oC0NH(CH;)4-'CO— 0.65.0.9} (0.25.0107 1 17 
5 CH3(CH1)|0CONH(CH1)|0—CO- > 18 6.2 > 200 

4 < 5 18.5 > 200 

CH3(CHz)10CONH 














