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1 Ritle: ANTITUMOR ANTI-BI OTI CS (LL-E33288 COWPLEX) SUMVARY OF TﬁEEPﬁOEN+Idﬁ
Thi,S ‘application is a continuation-in-part of co- pending applicatﬁ%%SSﬂNH
673, 081, field.Novenber 16, 1984. This invention relates to new

anty bacterial and antitunor agents designated LL- E33288[e@]1 §2 ﬂL5F23288
[erfr] [err]-1 LL-E33288[err]-Br, LL-E33288[err]-I, LL-E33288[err]-Br,
LL-jJE33288a3- |, LL-E33288[err]-Br, LL-E33288[err]-Br, LL-E33288[err]-1I,
LL-{E33288 S[err]-Br, LL-E33288B[err]-I, LL-E33288[err]-Br, LL-E33288[err]-I
and LL- E33288[err]-1, to their production by fernmentation, to nethods for
the5§,§@§overy and concentration from crude sol utions and
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SUMMARY OF THE INVENTION
This application is a continuation-in-part of co-
5 pending application S.N. 672,031, field November 16, 1984.
L ‘This invention relates to new antibacterial and
antitumor agents designated LL-E33288a7-Br, LL-E33288 a¢ ;-1
LL-E33288ap-Br, LL-E33288ay-1, LL-E3328803-Br, LL-E33288a3-
1, LL-E33288q4-Br, LL-E33288g;-Br, LL-E33288871-1, LL-E33288
' 10 2 -Br, LL-E3328882 1, LL-E332881-Br, LL-E33288y;-I and LL-
E3328831-1, to their production by fermentation, to methods
for their recovery and concentration from crude solutions and
to processes for their purification. The present invention
includes within its scope the antibacterial and antitumor
15 agents in dilute form, as crude concentrates, as a complex of
various or all components, in pure form as individual compo-
nents and novel strains of Micromonospora. _
The LL-E33288 antibiotics of this invention are
closely related compounds. The fourteen antibiotics are
20 recovered from fermentation and are initially obtained as a
mixture, hereinafter either the LL-E33888 complex, the the
LL-E33288 Iodo-complex or the LL-E33288 Bromo-complex. In
géneral, the iodine containing components of the LL-E33288
antibiotics (e.g., a1-I, ap-I,a3~I, 8;-1, Bo-I,Y1-I and §3-
25 1) are found only in fermentations using media containing
inorganic or organic iodide while the bromine containing
components (e.g., « 1-Br, ¢2-Br, a3-Br, a&-Br,B_l-Br,_BQ-Br
~and yj- Br) are found only in fermentations using media
containing inorganic or organic bromide. The ratio of
30 _components in the LL-E3388 complex will vary, depending upon
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to processes for their purification. The present invention includes within
Its scope the antibacterial and antitunor agents in diIute form as crude

concentrates, as a conplex of various or all conponents, wrﬁ&ﬁr&g
i ndi vi dual conpo- nents and novel strains of hAcronDnospora 238 :
antibioti-cs-of -t-his invention are closely rel ated conpounds. The fourteen :

antibiotics are recovered fromfernentation and are initially obtained as a '
”W&EQ&&J&hB&ERﬂ&*@Er ei ther the LL-E33288 conplex, the the LL-E33288

he -LL- E33288 Brono-conplex. In general, the iodine
Wm W‘)m ents of the LL-E33288 anti®2otics (e.g., [err]-1I, _
[er [err]-I, [err]-I,[err]-1 and [err]- I) are found only in
fermentations usi ng ﬁglmgnggpxtgrlx nolfn%o‘t:h the bromine and the iodine contain-
ing antibiotics, LL-E3328887; and LL-E33288y] are the
major components, together accounting for approximately
_ 90% of the complex. LL-E33288aj, LL-E33288a7, LL-
3 E33288a3, LL-E3328804-Br, LL-E332888) and LL-E3328851-1 are
minor components, to_get:hér accounting for approximately 10%
of the complex.
The LL-E33288 anti.bio_tics are active against gram-
positive and gram-negative bacteria. Each of the components
10 were also found to be active in a modification of the
Biochemical Induction Assay [Elespuru, R. and Yarmolimsky,
M., Environmental Mutagenesis, 1, 65-78 1979)]. a test which
specifically measures the ability of an agent to directly or
indirectly initiate DNA damage. In this assay, both LL-
15 E332888) ~-Br and LL-E33288y 1-Br were active.at concentrations
lower than 1X10-6 mcg/ml.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. I is the ultraviolet absorption spectra of LL-
E3328881-Br;
20 ' FIG. 1I is the infrared absorption spectrum of LL-
E33288g1-Br;
| FIG. III is the proton magnetic resonance spec-
trum of LL-E332888;-Br;
FIG. IV is the carbon 13 magnetic resonance spec-
25 trum of LL-E33288 B1-Br;
FIG. V is the ultraviolet absorption spectra of LL-
E33288y1-Br;
FIG. VI is the infrared absorption spectrum of
« LL-E33288y1-Br; '
' " FIG. VII is the proton magnetic resonance spectrum
of LL-E33288 y;-Br;
FIG. VIII is the carbon 13 magnetic resonance
spectrum of LL-E33288y-Br;

30

: FIG. IX is the proton magnetic resonance spectrum
35 of LL-E33288 as-1I;

FIG. X is the proton magnetic -resonance spectrum of
LL-E33288 a3-1I;
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iﬁaﬁganic:or organi c iodide while the brom ne contai ning conponenis (e.qg.,
[err] [err]-Br, [err] [err]-Br, [err]3-Br, [err]-Br,[err] [err]-Br,
[err}=Br and [err] Br) are f ound only in f er ment ati ons u5|ng nedla

contalnlng |nor nj c or organi c brom de. The-ratio ofgy n t he
LL- E3 vary, dependi ng upon -2- the f nentatlon of both
the br l odlne contain- ing antibiotics, LL-E33288[err] and

LL- E33 e maj or conponent s3-together accounting for
approxi mat el y 90@6of the conplex. LL-E33288[err], LL-E33288a2, LL-

FIG. X1 is the ultraviolet absorption spectra of
LL-E3328881-1;
. FIG. XII is the infrared absorption spectrumof LL-
E33288B81-1;
5 FIG. XIII is the protein magnetic resonance
spectrum of LL-E3328881-1;
FIG. XIV is the carbon 13 magnetic resonance
spectrum of LL-E3328881-I;
- FIG. XV is the ultraviolet absorption spectra of
10 LL-E33288v1-1; | .
FIG. XVI is the infrared absorption spectrum of LL-
E33288Y1-1;
FIG. XVII is the proton magnetic resonance
.spectrum of LL-E33288Y1-1; and
15 FIG. XVIII is the carbon 13 magnetlc resonance
spectrum of LL-E33288Yy-I.
DETAILED DESCRIPTION OF THE INVENTION
The physico-~chemical characteristics of LL- E33288
81-Br and LL-E33288Y1-Br are described below:
20 LL-E3328887 -Br
1) Approximate elemental analysis: C 48.6; H 5.6; N
2.9; S 9.1; and Br 5.5. (It has been determined
by electron spectroscopy for chemical analysis (ESCA)
that only the following elements are present: C,
25 H, N, O, S and Br);
2) Melting point: 146-1500C (dec.);
.3) Specific rotation: [a]%6 = -49%100(0.1% ethanol);
4) Ultraviolet absorption spectra: as shown in Figure

.« I (methanol; acidic methanol; basic methanol);
30 5)

Infrared absorption spectrum: as shown in Figure
11 (KBr disc);
6) Proton magnetic resonance spectrum: as shown in
Figure III (300 MHz, CDCl3);
7) Carbon-13 magnetic resonance spectrum: as shown
35 in Figure IV (75.43 MHz, CDCl3, ppm from TMS), signifi-
cant peaks as listed below:
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E33288[err],

m nor conponents, together accounting for approximtely 10% of the conplex.

LL-E33288[err]-Br, LL-E33288[err] and LL-E33288[err]-I are

The LL-E33288 antibiotics are active against gram pesitive

gram negative bacteria. Each ,of the conponents were also fodﬁdff5254,562|ve
in a nodification of the Biochem cal Induction Assay [El espuru, R and

Yar nol-i nsky,

M, Environnental Mitagenesis, 1, 65-78 1979)]. a test which

specifically neasures the ability of an agent4to directly or indirectly
initiate DNA damage. In this assay, both LL- E33288[err]-Br and

LL- E33288] er

r]-Br were active at concentrations |lower than 1X10[err]

ncg/ m . BRI EF DESCRI PTI ON OF THE DRAW NGS

10

15

20

25

17.60(q); 17.64(q); 18.9(q); 19.7(q);
22.4(q); 22.8(q); 23.5(q); 34.3(t):
36.9(c); 39.2 (e/d); 47.8(d); 51.7(q?;
52.7(q); 54.6 (t/d); 56.3(q); 57.2(q};
57.8(d); 61.0 (q/d); 61.7(d); 62.4 (t);
66.9(d); 68.4(d); 69.1(d); 69.7(d);
70.2(d); 71.1(d); 71.9(d); 72.1(s/t);
76.1(d); 81.0(d); 83.3(s); 88.2(s);
- 97.4(d); 99.7(d); 100.8(s); 102.5(d);
115.1(s); 123.4(d); 126 .4(d); 126.5(d);
130.2(s): 130.8(s); 144 .6(s): 149.3(s);

149.5(s): 191.7(s); 192.4(s)

8) Molecular weight: 1333/1335 respectively for 79pr /81
Br as determined by FAB-MS; and

9) Molecular formula: C54H34N3022S4Bt, exact masses
at 1258.3699 (79Br) and 1260.3726(81Br) was determined
by high resolution FAB-MS and calculated to be
C5oHg1N3021S3Br (M+H-C2H40S).

LL-E33288 vj-Br

1)

Ultraviolet absorption spectra: as shown in Figure
V (methanol; acidic methanol; basic methanol);

2) 1Infrared absorption spectrum: as shown in Figure
V1 (KBr disc): '

3) Proton magnetic resonance spectrum: as shown in
Figure VII (300 MHz, CDCl3);

4) Carbon 13 magnetic resonance spectrum: as shown
in Figure VIII (75.43 MHZ, CDClj3, ppm from TMS),
significant peaks as listed below:
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FIgsg | is the ultraviolet absorption spectra of LL- E33288[err] Br; FIG
I

i dfthe infrared absorption spectrum of LL- E33288[err]-Br; FIG |

prbton magnetic resonance spec- trum of LL-E33288[err]-Br; FIG 1V is _the
cat bon—13- nmagneti-c.resonance spec- trum of LL-E33288 [err]Q 8!24 5/2 S
the-ultraviol et absorption spectra of LL- E33288[err]-Br G VI 1s the

| nf r allgdShkad Hay Rkd Replasdaect rum of LL- E33288[erPl-Br; FIG VII is the proton

el |

14.4 17.6 17.9 19.0
19.7 - 22.8 -
- 34.0 37.6 39.5
42.1 - 51.6 52.7
54 .1 56.3 57.3 -
59.3 61.1 61.8 61.9

5 67.2 68.18 68.23 69.7

. 70.1 70.8 71.1 71.7

71.8 76.1 - 81.0
82.9 88.4 - 97.8
100.0 - 100.2 101.3 103.0
115.3 123.0 124.9 - 126.9
130.4 131.1 131.8 138.0

10 144 .7 - 149.5 149.6
155.6 '192.5 192.9

5) Molecular formula: Cs53HgoN3022S4Br by comparing
its UV, IR, 'H NBR, and 13C NMR data to those of
LL-E33288 8 1-BR and LL-E332887Y j-I; and
15 6) Molecular weight: 1319/1321 respectively for
798r /81 Br, calculated from its molecular formula.

| : The physico-chemical characteristics of LL-

! E33288q;-1, LL-E33288ap-I, LL-E33288a3-I,
! 20 and LL-E33288 B8 1-I1 and LL-E33288Y 1 -1 are described
below:
f LL-E33288¢a -1
3 1) Molecular weight: 1145, determined by FAB-MS.
25 LL-E33288ap-1

1) Contains and only contains the follow1ng elements

- by electron spectroscopy for chemical analysis (ESCA):
C, H, N, O, S, I;

2) Molecular weight: 1131, determined by FAB-MS; and

30 3) Proton magnetic resonance spectrum£ as shown in
T ' Figure IX (300 MHz, CDCl3).
RS .
| LL-E33288 a3-1 |
e 1) Molecular weight: 1066, determined by FAB-MS; and
. 35 2) Proton magnetic resonance spectrum: as shown in
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of LL- E33288 [err]-Br; FIG VIII is the carbon 13 nmagnetic resonance
I

spectrum of LL-E33288[err]-Br; FIG IX is the proton magnetic resonance
spectrum of LL-E33288 [err]-1; FIG X is the proton magnetic,.r nce
spectrum of LL-E33288 [err]-I; -3- FIG X is the.'@|trav.@§t§a§s‘b@

spectra of LL-E33288[err]-1I;

-6-
Figure X (300 MHz, CDCl3).

LL-E33288 8 1-1
1) Ultraviolet absorption spectra: as shown in Figure

5 X1 (methanol; acidic methanol; basic methanol);
2) Infrared absorption spectrum: as shown in Figure
XII (KBr disc);
3) Proton magnetic resonance spectrum: as shown in
. Figure XIII (300 MHz, CDCl3);
10 4) Carbon 13 magnetic resonance spectrum: as shown
in Figure XIV (75.43 MHz, CDCl3, ppm from TMS),
significant peaks as listed below: .

- 17.5 17.6 18.9
- _ 22.4 22.8 23.4

15 25.4 34.3 36.9 "39.2

.= 47.9 51.6 52.8

54.8 56.3 57.2 57.9
60.9 61.6 62.2
67.0 68.4 68.4 69.1
69.6 70.4 71.1 71.8
72.2 76.2 - 80.8
83.3 88.1 93.6 97.4

20 99.6 99.6 - 102.6
112.4 123 4 124.4 126.4
- 133.4 -
- 192.3 192.6

5) Molecular formula: Cg54Hg4N3092541 by comparlng
25 its UV, IR, lH MR and 13C NMR data to those of
LL-E33288 8 1 -Br and LL-E33288 Y-I; and

6) Molecular weight: 1381, calculated from molecular
formula.

30 LL-E33288 v -1
1) Contains and only contains the following elements
by electron spectroscopy for chemical analysis (ESCA):
C,H,N,0,S,I; '
2) Approximate elemental énalysis: C 48.8; H S5.46; N 2.8;
35 S 9.0; I 9.2;

This Sheet Has Been Replaced

AT




XI'l is the infrared absorption spectrumof LL- E33288[err]-1; FIG

i1l is the protein magnetic resonance spectrum of LL-E33288[err]-I; FIG.-
IV is the carbon 13 nagnetic resonance spectrum of LL--E33288[err FIG
B is the ultraviolet absorption spectra of LL- E33288[err ﬁ% d
@he infrared absorption spectrumof LL- E33288[err]-I:

ot on magnetic resonance spectrum of LL-E33288[err]-I and FI G i

#he carbon 13 nmagnetic resonance
: -7-

3) Molecular weight: 1367, determined by FAB-MS;

4) Molecular formula: Cg53HgoN30972541, exact mass for
M+H was determined by high resolution FAB-MS to be
1368. 3397 for Cs53Hg3N3022541;

5S) Ultraviolet absorption spectra: as shown in Figure

\n

XV (methanol; acidic methanol; basic methanol);

6) Infrared absorption spectrum: as shown in Figure
XVI (KBr disc);

.7) .Proton magnetic resonance spectrum: as shown in

10 Figure XVII (300 MHz, CDCl3); and

8) Carbon 13 magnetic resonance spectrum: as shown
in Figure XVIII (75.43 MHz, CDClj, ppm for TMS)
significant peaks as listed below:

14.5(q) 17.6(q) 17.6(q) 18.9(q)
15 s - 22.8(q) -
25.4(q) 34.1(t) 37.0(t) 39.1(t)
42.3(t/s) - 51.5(d) 52.8(q)
- 564.8(t) 56.3(q) 57.2(q) -
f 60.4(d) 60.9(q) 61.3(t) 61.7(q)
f 67.0(d) 68.4(d) 68.5(d) 69.2(d)
4 69.7(d) 70.5(d) 71.1(d) 71.8(d)
E 20 72.1(s) 75.7(d) 75.8(d) 80.9(d)
N 82.8Esg 88.1(s) 93.5(s) 97.3(d)
¢ 99.6(d 99.7(d) 100.8(s) 102.6(d)
X - 123.4(d) 124.4(4d) 126.2(d)
{ 130.2(s) 131.0(s) 133.4(s) 139.1(s)
| 143.0(s) 145.1 150.6(s) 151.5(s)
b 154.5 192.0(s) 192.5(s)
, 25
' The LL-E33288 components are most conveniently
: separated and identified by high-performance liquid chro-
! matography (HPLC) and by thin-layer chromatography (TLC).
; . It is difficult, although not impossible, to separate
- 30

the corresponding iodinated and brominated components
by HPLC; however, they cannot be distinquished by TLC.
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spectrum of LL-E33288[err]-1. DETAILED DESCRI PTI ON OF THE | NVENTI ON The
‘physi co-chem cal characteristics of LL- E33288 [err]-Br and

LL- E33288[err]-Br are described bel ow LL-E33288[err}-Br 1)()A?Q$€%PE§%§;
el enental analysis: C48.6; H5.6; N2.9; S 9.1; and Br 5.57 (I a n
determ ned by el ectron spectroscopy for chem cal analysis (ESCA) that only
the followng elenents are present: C. H N, 0, S and Br); 2) Mlting

poi nt: 146-150[err]C (dec.); 26 3) Specific_gg;ation: [[err]][err] =
-49[err]10[err] (0. 1@6ethano|)

The preferred analytical separation of the
LL- E33288 Br componerts by HPLC uses the following

cond1t1ons.
Column: “Separalyte C1g 5 m,” 4.6 mm x 25 cm
5 (Analytichem International);
Solvent: Acetonitrile: 0.2M aqueous ammonium
) acetate (60:40); ~
Flow rate: 1.5 ml/minute
Detector: Dual wavelength UV at 254 nm and 280 nm;
10 .
Sensitivity: 0-0.02 A.U.F.S.
_ Table'IA gives the approximate retention times
and volumes of LL-E33288B1-Br, LL-E332888 2-Br, and
15 LL-E33288 yv1-Br under these conditions.
TABLE IA
20 LL-E33288 [Retention Time|Retention
Components {minutes) Volume(ml)
8;-Br 5.7 8.6
82-Br 7.1 10.7
25
Y1-Br | - 4.3 6.5
30 -
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-U traviol et absorption spectra: as shown in Figure. | (nethanol; acidic
hanol ; basic nethanol); 5) Infrared absorption spectrum as shown in
ure Il (KBr disc); 6) Proton magnetic resonance spectrum _ as wn in
ure 111 (300 MHz, CDCl[err]); 7) Carbon-13 nagnetic ré}dr@@e’lgg}trum
@ shown in Fidgure IV (75.43 Mz, CDC [erg], ppmfrom TMS), signifi- cant
ks as |isted bel ow -4-

The preferred analytical HPLC separation of
the iodine containing LL-E33288 components uses the
following conditions: '

Column: NOVA-PAK Cig Radial-PAK cartridge with
RCM-100 Radial Compression Module
5 (Millipore, Waters Chromatography Division);
Solvent: Acetonitrile: 0.2M aqueous ammonium
acetate (50:50);
Flow Rate: 1.2 ml/minute;
10 Detector: Dual wavelength UV at 254 nm and 280 nm;

Sensitivity: 0-0.02 A.U.F.S.

Table IB gives the approximate retention times
15 and volumes of LL-E33288 o3-I, LL-E3328847-I, LL-E33288y3-I,
LL-E33288 B8;-I, LL-E33288 83-I, LL-E33288 v1-I and
LL-E332886;1-1 under these conditions.

TABLE 1B
20
LL-E33288 | Retention Time|Retention
Components (minutes) |Volume(ml)
25 ay-I 11.9 14.3
02-1 9.1 10.9
-ag-1I 1.5 1.8
B1-1I 4.4 5.3
Bo-1 5.0 6.0
10 y1-1 3.6 4.3
51-1 2.6 3.1
35
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17.60(Qq) ; 17. 64(Qq); 18.9(q); 19.7(q); 22.4(Qq); 22.8(Qq);
23.5(q); 34.3(c); 36.9(c); 39.2 (t/d); 47.8(d); 51.7(q);
52.7(q); 54.6 (t/d); 56.3(Q); 57.2(q); 57.8(d); 61 0f 1 :
61.7(d); 62.4(t); 66.9(d); 68. 4(d); 69. 1(d); 69. 7 )'f %7&) ﬁ(5)2
7%.1(d); 71.9(d); 72.1(s/t); 76.1(d); 81.0(d); 83. 3(s);
88.2(s); 97.4(d); 99. 7(d); 100. 8(s); 16205(d); 115.1(s); 123.4(d);
124. 4(d); 126.5(d); 130.2(s); 130. 8(s); 144.6(s): 149. 3(s);
149.5(s); 191. 7(s); 192.4(s); 8) Mbdlecular weight: 1333/1335

respectively for [err]Br/[errfhe LL-E33288 components are separated and
identified by the following TLC system:

Adsorbant: Silica gel 60 Fs54 pre-coated aluminum
' sheets, 0.2mm layer thickness, EM -

5 Reagents;

' Detection: Visualized by quenching effect under
short wavelength UV lamp (254 om) ,
and bioautography using Bacillus
subtilis or the modified bilochemical
induction assay;

10 Solvent Systems: 1, ethyl acetate saturated with
0.1M aqueous potassium dihydro-
gen phosphate;

11, 3% isopropyl alcohol in ethyl
acetate saturated with 0.1M
aqueous potassium dihydrogen

15 phosphate;

111, ethyl acetate:methanol (95.5).

Table II gives the approximate Rf values of
LL-E33288 components in these three systems:
20 TABLE 11
R ¢ Value

LL-E33288 Solvent Solvent | Solvent

25 Components System I|System II|{System III
ay-Br,aq-1 0.67 0.80 0.79
22-Br,az-1I 0.61 0.75 0.73
a3-Br.,e3-1 0.5S 0.69 0.61

30

: a4-Br 0.49 0.64 0.54

B2-Br,82-1 0.32 0.41 0.45
B1-Br,8y1 0.24 0.35 0.36

35 vy1-Br,v1-I 0.18 0.28 0.27
§1-1 0.11 0.19
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(7)) (nA'_|f—"H

>

S determined by FAB-MS; and 9) Ml ecul ar fornul a:
rrJH err] N[err]O[err] S[err]Br, exact nmasses at 1258.3699 ([err]Br) and

$0.3726([err] Br) was det‘ermi ned by high resol uti on FAB-M5S and cal cul at ed

be CJerr]Herr]Nerr]O[err]S[err]Br (MtHClerr]H err] .1&2¢5@
r]-Br 1) Utraviolet absorption spectra: as shown in Figure V

t hanol ; acidic nethanol; basic nethanolji-2) Infrared absorption
ctrum as shown in Figure VI (KBr disc): 3) Proton nagnetic resonance
ctrum as shown in Figure VIl (300 MHz, CDCl[err]); 4) Carbon 13
neti c resonance spect Thel neasashbbacterial and antitumor agents

designated LL-E33288a;-Br, LL-E3328805-Br, LL-E33288a3-Br,
LL-E33288a4-Br, LL-E33288 B1-Br, LL-E3328887-Br,
LL-E33288 Y;-Br, LL-E33288a;-1, LL-E33288a3-1, LL-E33288
5 a3-1, LL-EE28881-1, LL-E3328885-1, LL-E33288Y1-I and
LL-E3328881~1 are formed during'che cultivation under
controlled conditions of a new strain of Micromonospora

echinospora ssp. calichensis. This microorganism is

maintained in the culture collection of the Medical
10 Research Division, American Cyanamid Company, Pearl River,
New York as culture number LL-E33288. A viable culture
of this new microorganism has been deposited with the
Culture Collection Laboratory, Northern Regional Research
Center, U. S. Departmeﬁt of Agriculture, Peoria, Illinois
15 on August 9, 1984, and has been added to its permanent
collection. It has been assigned by such depository
the strain designation NRRL 15839. Access to such culture,
under strain designation NRRL 15839, during pendency of
the instant application shall be available to one deter-
20 mined by the Commissioner of Patents and Trademarks to
be entitled thereto under 37 C.F.R. §1.14 and 35 U.S.C.
§122, and all restrictions on availability to the public
of such culture will be irrevocably removed upon grant
of a patent on the instant application.
Culture LL-E33288 was isolated from a caliche
clay soil sample collected in Texas.

25
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in Figure VIIl (75.43 MHZ, CDCl [err], ppn1fron1TNB) significant peaks as
| Fst ed bel ow REPLACEMENT SHEET 5 14.4 17.6 17.9

19.0 19.7 - 22. 8 - - .
e sesany X se ﬁ 192152

56. 3 57.3 - -"59.3 61. 1 61 215y
Sheet Has Been Replaced .

\\ll\l\\\lll\\\\\lll\\ll\ o

he generic assignment of the strain NRRL 15839
to the genus Micromonospora was confirmed morphologically

and chemically. The strain produces monospores either
singly or in masses on the vegetative hyphae. No aerial

5 hyphae were observed. Electron microscopic examination
showed that the spores were warty. Whole cell analysis
showed that the strain contained the meso isomer of
diaminopimelic acid (DAP). The 3-OH derrivative of DAP
was present in large (major) amounts. Additionally the

10 strain showed the presence of xylose plus traces of
arabinose in its whole cell sugar hydrolysates (whole cell
sugar pattern of Type D).

From macromorphological and physiological

studies it was concluded that NRRL 15839 can be considered

15 subspecies of M. echinospora (it is closest to M.
echinospora ssp. pallida). Data on the morphology of NRRL
15839 are given in Tables A and B. Physiological data are
given in Tables C and D. :

20 Table A

Maéromorphology Of NRRL 15839
(Colors Are NBS-1SCC)

ISP
Agar Vegetative Soluble
25 Med ium Spores Mycelium Pigments
Yeast- - Dark orange- -
Malt yellow (72)
(ISP 2)
. Oatmeal - Colorless - pale -
30 (ISP 3) orange-yellow (73)

Inorganic Slight Dark orange- Lt.
Salts- border of yellow (72) to brownish
Starch ~ black "~ lt. yellow-brown (76)

(ISP 4) spores
35 Glycerol- - Pale orange-yellow -
Asparagine (73) + colorless

(ISP 5)




67.£ 68. 18 68. 23 - 69.7 70.1 70. 8
714 71.8° 76.1 - 81.0 82.9 88.4
- 97.8 100.0 | 100. 2 101. 3 . 103.0 115.3
123§0 124.9 126.9 130.4 131. 1
13480 144.7 - 149.5 149.6 155.6 G:‘}‘l§2132552
192§9 5) Mol ecular formla: C[err]FB[err]P{§¥j]CIerr]S[err]Br by
confparing its W, IR [err]HNBR and [err]C NMVR data to those of
LL--§33288 [err]-BR and LL-E33288 [err]-1; and 6) Mol ecul ar wei ght:
131p/ 1321 respectively for Table B
Macromorphology of NRRL-15839 on Various Agar
Media Used for Actinomycete Growth (28°C, 2 weeks)
5
Agar Medium NRRL-15839
]
Pablum | Beige veg.
| S1. black spores
| No sol. pig.
10 ‘
Yeast | Beige veg.
Czapeks | No spores
| No sol. pig.
I
Czapek's | Beige veg.
| S1. black spores
| No sol. pig.
15 l
Yeast | Tan veg.
Dextrose | Moderate black sp.
) | S1. dark pig.
5 |
: Nutrient | Colorless to tan veg.
. | S1. black spores
é 20 } No sol. pig.
% Nutrient- | Colorless to
: Glycerol | light beige veg.
| No black spores
| No sol. pig.
|
Bennett's | Colorless to beige veg.
25 Dextrin | S1. black spores
| S1. rosy-brown pig.
|
Glucose- | Colorless to lt.
Asparagine | orange-beige veg
| No spores
| No sol. pig.
30
veg. = vegetative hyphae; pig. = pigment.
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[err]Br/[err] Br, calculated fromits nolecular formula. The

physi co-chem cal characteristics of LL- E33288 [err]-I, LL-E33288[err]-3
LL- E33288[err]-1, and LL-E33288 [err]-I and LL-E33288[err] -l are descri
bel ow. LL-E33288[err] -1 1) Ml ecul ar weight: 1145, deter nEggéyqeﬁﬁg S
LL- E33288[err]-1 1) Confains and only contains the follow n b
el ectron spectroscopy for chemical analysis (ESCA): C, H N 0, S 1; 2)j
Mol ecul ar weight: 1131, determ ned by FAB-NS; and 3) Proton nmagnetic
resonance spectrum as shown in -14-

Table C

Carbohydrate Utilization of NRRL-15839

Arabinose +
Cellulose -
Fructose +
10 Glucose I
Inositol -
Mannitol -

Raffinose

1+

This Sheet Has Bee

W

+

15 Rhamnose
Sucrose

Xylose +

20

Table D
Physiological Reactions of NRRL-15839

25

Hydrolysis of
Caseln
Xanthine
. Hypoxanthine
Tyrosine
Adenine
30 Gelatin
Potato Starch
Esculin

A+t

Production of .
Nitrate
Reductase R
30 Phospatase W
Urease -




F'ggredlx (300 Mz, CDO [err]). LL-E33288 [err]-1 1) Molecular weight:
, determned by FAB-MS; and 2) Proton naegnetic resonance spectrum
own in -6- Figure X (300 MHz, CDCl[err]). LL- E33288

traviol et absorption Spectra: as shown in Fi
t hanol ; basic methanol); 2) gure X t{]g‘a J1 g)CZd' c

; I'nfrared absorption spectrun1 as shown in
gure -15-

Growth on,
Salicin -
5% NaCl -
Lysozyme Broth

Decarboxylation of

Acetate
5 Benzoate.
Citrate
Lactate
Malate
Mucate
Oxalate
Propionate
Pyruvate
Succinate
Tartrate

"I T T

10

TR N

Acid from

Adonitol

Arabinose

Cellobiose
19 ' Dextrin
Dulcitol
Erythritol
Fructose
Galactose
Glucose
Glycerol
Inositol
Lactose
Maltose
Mannitol
Mannose
a-methyl D

Glucoside

Melibiose
25 Raffinose
Rhamnose
Salicin
Sorbitol
Sucrose
Trehalose
Xylose
B-Methyl
D-xyloside

20

|+l+|ll+<+|l+++l

This Sheet Has Been Repl
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I

F4H 40+ +

30

Growth at

=100 -
420 +
450 +

positive; - = negative: V = variable;
weak.

+
non



Xl (KBr disc); 3) Proton magnetic resonance spectrum as shown in Fi gur ej
X171 (300 MHz, CDCl[err]); 4) Carbon 13 mmgnetic resonance spectrum as 5
shown in- Figure-Xl-V-(-75.43 MHz, CDCl[err], ppmfrom TI\/B) Si %14{ int §eaks i
as listed below 17. 5 . 17.6 18.9 - '
22. Gnis SheetHasﬁ&n’ﬁe 34.3 36.9 - 39.2 .9

<o [N

61.6

56. 3 57. 2 57.9 60.9
w 68. 4 684 69. 1

Derivation of Mutant LL-E33288-R66, NRRL-15975 1

In an effort to improve fermentation yields, the ¢
-orginal culture LL-E33288 (NRRL-15839) was plated and 50
single colonies were isolated. These were designated NS1 to

5 NS50 (NS = natural selection).

Fermentation of these isolates showed that those
with moderate sporulation were generally better producers of
LL-E33288 complex. Selected as representative of this group
was .isolate NS6.

10 Using isolate NS6 as the starting culture, spore
suspensions were prepared and expossed to various mutagens.
Single colonies were isolated from a nitroso-guanidine

 treatment, but none proved to be significantly improved
producers of the LL-E33288 complex. From a subsequent series

15 of exposures to ultraviolet irradiation, single colonies
were obtained from which isolate UV 610 was selected as a high
yielding mutant. Isolate UV 610 was then streaked and sub-
isb}ates 1'to_7 were obtained. Sub-iéo}ate Uv 610(3) was
selected for further work.

20 Because of the highly potent antibacterial and
antineoplastic nature of the LL-E33288 complex it is possi- %_
ble that once a limited concentration of the antibiotic is :
biosynthesized in the fermentation it may become toxic/in-
hibitory to the producing culture. Thus, an'effort was ﬁade

25 to obtain isolates which are resistant to the LL-E33288
antlblotlc complex.

ot et R B A BV B RN R A O ; et oo

Vegetative growth from isolate UV 610(3) was ¢
prepared as employed for fermentation and used to inoculate
a flask of medium consisting of peptone, dextrose, molasses
30 and water. The medium was supplemented with LL-E33288B, -pr
at a concentration of 8 pg/m. A number of platings were
done from this flask and a resistant population was
obtained on the seventh day. A total of 97 colonies
(R1 to R97) were isolated. 1Isolate R66 was selected
as a potentially improved producer of LL-E33288 B1-Br.
The history is represented schematically below.

THIS

35
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69§ 6

80§8 83.3
10p. 6 112. 4

13B.-4

70. 4 71. 1 71.8 72.2 76. 2 -

88.1 93.6 97.4 99.6 " 99.6 . - . -
123. 4 . 124. 4 126. 4 - .

106182152 6

5)F Mlecular formula: derr]J]Herr]Nerr]Jerr]S[err]l by conparing its

IR, [err]H NVR and 13C NVR data to tho§f79f LL- E33288 [err]-Br and

LL§ E33288 [err]-1; and 6) Mol ecul ar weight: 1381, calculated from

10

15

20

30

35

nnrecular formul a.

£33288 (Wild type)

-

NS6 (Natural selection)

L—NTG [NG1-NG120](Nitrosoguanidinc)

—uv [UV1-UV200](Ultraviolet)

—Uv [U?ZOI-UV400](Ultraviolet)'

L_yv (Uv401-Uv702}(Ultraviolet) '
l This Sheet Has Been Rep

LT

Uv6l0{(3){(Sub-islate 3)

N

(RL to R97](Resistant colonies)

R66

The mutdnt R66 is maintained in the culture
collection of the Medical Research Division, American
Cyanamid Company, Pearl river, New York as culture number

LL-E33288 R66. A viable culture of this new microorganism

has been deposited with the Culture Collection Laboratory,
Northern Regional Research center, U. S. Department of
Agriculture, Peoria, Illinois on June 6, 1985, and has
been added to its permanent collection. . [t has been
assigned by such depository_thé strain designation NRRL
15975. Access to such culture, under strain designation
NRRL 15975, during pendency of the instant application




LL- E33288 [err] -1

1) Cont ai ns and only contains the foll ow ng eI errents by :

electron spectroscopy for chemical analysis (ESCA): C,H N OS,I;
Appr oxi mate el enental analysis: C 48.8; H5.4; N 2.8;-S°9.0; 9
d;r&zz b

3) Mol ecular wei

ght: 1367, .determ ned by FAB- M5 4) Mol ec

C[‘err]H[err]N[err]qerr]S[err]I exact mass for MtH was determi ned by high
resol ution FAB-MS to be

10

15

20

2

un

~-18-~

shall be available to one determined by the Commissioner of
Patents and Trademarks to be entitled thereto under C.F.R.
§1.14 and 35 U.S.C. §122, and all restrictions on avail-
ability to the public of such culture will be irrevocably
removed upon grant of a patent on the instant application.

Morphologically, NRRL-15975 forms f{ewer spores
than NRRL-15839. A comparison of NRRL-15975 with NRRL-15839
is given in Table DD.

Chemically, both NRRL-15839 and NRRL-15975 show
the same whole cell sugar patterns (Type D: xylose and traces
of arabinose). The whole cell diaminopimelic acid analysis
reveals that 15975 does not form the meso isomer but only the
3-hydroxy derivative (NRRL-15839 contains both compounds).
This does not change the chemo-taxonomic assignment.

Physi010gicai tests show that NRRL-15839 and NRRL-
15975 differ in only two physiological reaction (See Table
D). NRRL-15975 is negative for nitrate reductase and posi-
tive for utilization of lactate. NRRL-15839 was weakly
positive for both, but is now negative after having been
maintained on slants for a few months. Thus these characters
should be considered variable for this taxon.

This Sheet Has Been Replaced
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; . 3397 for err]Herr]Nerr]derr]Serr]l; 5 Utraviolet absorption
spectra: as shown in Figure XV (nethanol; acidic nethanol; basic '
thanol); 6) Infrared agbsorption spectrum as shown in Figure XVI (KBr
dlsc); 7) Proton magnetic resonance spectrum as shown i T 4 K\Pi (300

, CDCl[err]); and 8) Carbon 13 nagnetic resonance spettrdm as shown
Figure XVI11 (75.43 MHz, CDC13, ppn1f§{9JWED significant peaks as listed
| ow. 14.5(q) 17.6(Qq) 17.6(Qq) 18.9(q) 22.8(0Qq) - 25.4(0q)
J1(t) 37:0(t) 39. 1(t) _

TABLE DD

Morphological Comparison of NRRL 15839 and NRRL 15975

Agar Medium- NRRL 15839 NRRL 15975
Bennett's- vl Beige-tan Beige tan
Dextrin Sp Black, copious None
§S None ' None
Czapek's V Orange-tan Orange-tan
Sp Black, traces None
SS None None

Yeast Extract- V OQOrange tan, flat QOrange tan, convoluted

Czapek's Sp Black, traces None
SS None Slight yellowish
Potato- V' Very poor growth Very poor growth
Dextrose Sp None None
SS None None
Nutrient V Tan Tan
glycerol Sp Black, sparse Black, sparse
. SS None Slight brownish
Nutrient V Tan ' Tan
Sp Black, fair None
SS None None

1 =V = vegetative hyphae; Sp = spores; SS = soluble pigment.
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42.3(t/s) -

51. 5(d) 52.8(q) 54.8(t) 56. 3(q)
57. 2(q) - 60. 4(d) 60. 9( q) - 61.3(t) . 61.7(q) 67.0(d)
68. 4( d) 68.5(d) ~ 69.2(d) 69.7(d) 70.5(d) - :
71.8(d) 72.1(s) . 75.7(dYf 75. 8(d) 80.9(d) 82. 8dﬂ é2 $6Qs)
93 5(s) 97.3(d) 99. 6(d) 99. 7( d) 100. 8(s) 102. 6(d) - |
123. 4(d) 124. 4(d) 126. 2(d) 130. 2(s) 131.0(s)  133.4(s)
139. 1(s) 143.0(s) 145. 1

150. 6( s) -20r5], 5(s) 154.5 192. 0(' B
192.5(s) The LL-E33288 conponents are nost conveniently

It is to be understood that for the production
of these new antibacterial and antitumor agents the

present invention is not limited to this partucular organ-

isms or to organisms fully answering the above growth

5 microscropic characteristics which were given for illus-
trative purposes only. In fact, it is desired and intended
to include the use of mutants produced from these organisms
by various means such as exposure to X-radiation, ultra-
violet radiation, N'-methyl-N'-nitro-N-nitrosoguanidine,

10

actinophages and the like.

The in vitro antibacterial activity of LL-
E33288 components was determined against a spectrum of

gram-positive and gram-negative bacteria by a standard

-agar dilution method. Mueller-Hinton again containing
15

two-fold decreasing concentrations of the antibiotics

were poured into petri plates. the agar surfaces were

inoculated with 1 to 5 x 104 colong forming units of
bacteria by means of the steers replicating device.

The lowest concentration of LL-E33288 component that
20 inhibited growth of a bacterial strain after about 18

hours of incubation at approximately 359C was recorded

:
4
1
%
i1
.‘
= -
o
%
3
3
L&
F
2
&
i
k3
&
..5%
&

as the minimal inhibitory concentration (MIC) for that

strain. The results are summarized in Table III.

12 FYR RR A A

25
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. e~ T . 4.3 6 5

The preferred anal ytical HPLC separation of the iodine containing

33288 conponents uses the follow ng conditions: Column:

-PAK Cerr] Radial-PAK cartridge with RCM 100 Radi al Conpression Mdul e

| i pore, Waters Chromat ography Division); Solvent: [ | e:
agueous amroni um O 1A862011 5'2

-23-

Certain in vivo testing systems and protocols have
been a:veloped by the National Cancer Institute for testing
compounds to determine their suitability as anti-neoplastic
agents. These have been reported in "Cancer Chemotherapy

5 Reports”, Part III, Vol. 3, No. 2 (1972), Geran, et al. These
protocols have established standardized screening tests
which are generally followed in the field of testing for
antitumor agents. Of these systems, lymphocytic leukemia

10

This Sheet Has Been Replaced
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acetate (50:50); Flow Rate: 1.2 M/ mnute; Detector: Dua

wavel ength UV at 254 nmand 280 nm Sensitivity: 0-0.02 AU F. S Table

| B gives the approximate retention times and vol unes of -LL-E33288 [err]-1,

LL-E33288[err]-I, LL-E33288[err]-I1, LL-E33288 [err]-I,-LL-E33 8' gg ]1852

LL- E33288 [err]-l and LL-E33288[err]-1 under these conditions.”TA

LL- E33288 Retention Tine Retention Conponents (m nut es) Vol ume(m)

[err] -] 11.9 14.3 [err]-1 9.1 10.9
~24-

P388, melanotic melanoma Bl6, L1210 leukemia and colon 26
adenocarcinoma are particularly significant to the present
invention. These neoplasms are utilized for testing as
transplantable tumors in mice. Generally, significant anti-
tumor activity, shown in these protocols by a percentage
increase of mean survival times of the treated animals (T)
over the control animals (C), is indicative of similar
results in human leukemias and solid tumors.
Lymphocytic Leukemia P388 Test

The animals used were BDF; mice, all of one sex,
weighing a minimum of 17 g and all within a 3 g weight range.
There were 5 or 6 mice per test group. The tumor transplant
was by intraperitoneal injection of 0.5 ml of dilute ascitic
fluid containing 106 cells of lymphocytic leukemia P388.

LL-E33288 antibiotics were tested in the P388 system both as
the individual g3j-Br and 1-Br components and as a complex

10

15

of all components (Bromo-complex). The test compounds were

administered intrapertioneally at a volume of 0.5 ml in

0.2% Klucel in normal saline on days 1, 5 and 9 (relative to
20 tumor inoculation) at the indicated doses. The mice were

weighed and the survivors recorded on a regular basis for

30 days. The median survival time and the ratio of survival

time for treated (T)/control (C) animals were calculated.

The positive control compound was Cisplatin given as an

25 intraperitioneal injection in 0.5 ml of 0.2% Klucel on days
1, 5 and 9 at the indicated doses. The results appear in
Table IV.

If T/C X 100 (%) is 125 or over, the tested com-
pound is considered to have significant anti-tumor activity.
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1.5 1.8 [err] -1 4.4 5.3
5.0 6.0 [err]-I 3.6 4.3
2.6 . 3.1 -10- The LL-E33288 conponents are

se€parated and identified by the fol lowing TLC system Adsorbant
Si §ica gel 60 F254 pre-coated al um num sheets, 0.2mm | ayer th1 &@s"ssa\ﬂ

-25-
TABLE IV
Lymphocytic Leukemia P388 Test
Median

Dose Survival|{T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 3.2 16.5 156
; 1.6 17.5 1685
(Bromo~complex) 0.8 18.5 175
0.4 19 179
0.2 16.5 156
Control - 10.6 -
Positive Control]| 1.0 21.5 203
0.25 15 142
0.06 14.5 137
LL-E-3328881-3r 0.4 13 105
6.2 18 145
0.1 19 153
0.0S 17.5 141
0.025 i8 145
0.012 14 113
Control - 12.4 -
Positive Control{ 1.0 25.5 206
0.4 19 153
0.06 15 121
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Reagents; Detection: Vi sual i zed by quenching effect under short
wavel ength UV lanmp (254 nm, and bi oaut ography using Bacillus subtilis or
the nodified bi ochem cal induction assay; Solvent Systens: , et hyl .
acetate saturated with 0. 1M aqueous potassi um di hydro- gen %3 8? iig

3% i sopropyl alcohol in ethyl acetate saturated with 0. 1M aqueo t I um
di hydrogen phosphat e;

—

-26-

TABLE IV (continued)

Median
Dose Survival|T/C x 100
5 . Compound {mg/kg)}{ (Days) (%)
LL-E33288yI;3r 0.2 1] 113
0.1 21 169
0.05 19.9 157
0.025% 18 145
0.012 14.S 117
10
Control - 12.4 ~
Positive Control| 1.0 25.5 206
0.4 19 153
1S 0.06 LS 121

Melanotic Melanoma Blé6 _
The animals used were BDF] mice, 2ll of the same
sex, weighing a minimum of 17 g and all within a 3 g weight
20 range. There are normally 6 animals per test group. Al g
portion of melanotic melanoma Bjg tumor was homogenized in
10 ml of cold balanced salt solution and a 0.5 ml aliquot of
the homogenate was implanted intraperitoneally into each of
the test mice.. LL-E33288 antibiotics were tested in the Bjg
25 system both as the individual B}-Br and yj-Br components
and as a complex of all components (Bromo-complex). The test
compounds were administered intraperitioneally on days 1
through 9 (relative to tumor inoculation) at various doses.
The mice were weighed and survivors recorded on a regular
30 basis for 60 days. The median survival time and the ratio
of survival time for treated (T)/control (C) animals were
calculated. The positive control compounds were Cisplatin
or Adriamycin. The results of this test appear in Table V.
If T/C X 100 (%) is 125 or over, the tested compound is con-
35 sidered to have significant anti-tumor activity.
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lkl; ethyl acetate:nethanol (95.5). Table Il gives the approxi mate Rf
% Iues of LL-E33288 conponents in these three systens: TABLE Il R [err]
| ue LL-E33288 Sol vent Sol vent Sol vent Components ~"System | System

I} System|Ill [err]-Br,[€rr]-I 0. 67 0. 80 :
[Brr]-Br,[err]-I 0.61 0.75 0.73 [err]-Br, ei 21520.55
0§ 69 0.61 [err]-Br Olg% 0. 64 0. 54
[Brr]-Br,[err]-I 0. 32 0.41 0.45 [err]-Br,[err]-1I 0.24
0f 35 0. 36
TABLE Y
Melanotic Melanoma Bjg Test
Median
Dose Survival|T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 0.8 30 188
0.4 29.5 184
(Bromo-complex) 0.2 27 169
0.1 24 150
Control - 16 -
Cisplatin 0.4 25 156
0.2 25 156
0.1 23 144
0.05 | 21.5 134
LL-E332888] -Br 0.05 32 168
: 0.025 33.5 176
0.0125 32 168
Control - 19 -
Adriamycin 0.8 > 60 > 316
0.4 2 60 > 316
Sheet Has Been Replaced
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[err]-Br,[err]-I 0.18 0. 28 0.27 [err]-I 0.11
0.19 11 The new anti bacterial and antitunor agents designated- .
LL-E33288[err]-Br, LL-E33288[err]-Br, LL-E33288[err]-Br, LL-E33288[err]-
LL-E33288 [err]-Br, LL-E33288[err]-Br, LL-E33288 [err]-Br, Jgg% :] $2
LL-.E33288[err] -1, LL-E33288[err]-1, LL-E33288 [err]-I, LL-E332

LL- E33288[err] -1, LL-E33288[err]-I and LL- E3328861- | are formed during the
cultivation under controlled conditions gfg-a new strain of M crononospora

TABLE V {(continued)

Median l
5 Dose Survival|T/C x 100
Compound (mg/kg)| (Days) (%)

LL-E33288y 1-Br 0.05 33.5 | 176
: 0.025 30 159
0.0125l 37 195

10

15 Control . 19 .-

Adriamycin > 60 > 316

> 60 > 316

oY o)
£~

20

Lymphocytic Leukemia L1210 Test

The animals used were BDF} mice, all of one sex,
weighing a minimum of 17 g and all within a 3 g weight range.
There were 6 mice in each test group and 18 in control groups.
The tumor tramsplant was by intraperitoneal injection of
0.5 ml of lymphocytic leukemia L1210 at a concentration of 103
cells per mouse. LL-E33288 antibiotics were tested in the
L1210 system both as the individual gj-Br component and as
a complex of all components (Bromo-complex). The test compounds
were administered on days 1, 5 and 9 or days 1 through 9
(relative to tumor inoculation) at various doses. The mice were
weighed and survivors recorded onaregular basis for 30 days.
The median survival time and the ratio of survival time for
treated (T)/control (C) animals were calculated. The posi-
tive control compound was 1,4-dihydroxy-5,8-bis[[2-(2-hy-

T nerLigry

25

30

35




hi nosoora ssp. calichensis. This microorganismis maintained in the

| ture collection of the Medi cal Research Division, Anmerican Cyanam d
npany, Pearl River, New York as culture nunber LL-E33288. A viable

| ture of this new nicroorgani smhas been deposited with th% 52113
|l ection Laboratory, Northern Regional Research Center, ‘E nt
Agriculture, Peoria, Illinois on Augus39Q, 1984, and has been added to
s pernmanent collection. It has been assigned by such depository the

rain designation NRRL 15839. Access to such culture, under strain
si gnati on NRRbx$&689] amino hetpehlianiyo péntheaquintame apphydavebboshbdel be

ailable to gpecdelle ;1 PR DY ddla e TUGAY oY cha! RETc30d4TEEE TN ks
The results appear in Table VI. If T/C X 100 (%) is 125 or
over, the tested compound is considered to have significant

o @

(@]

T O Wm0

5 anti-tumor activity.
TABLE VI

Lymphocytic Leukemia L1210 Test

10 Median

Dose Survival|T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 1.5 29 174
(Bromo-complex)| 0.8 28.5 171
15 0.4 22.5 135
0.2 22.5 135
Control - 16.7 -
Anthraquinone 1.6 30 180
20 ' 0.8 30 180
0.4 30 - 180
LL-E33288g;-Br| 0.2 11.3 136
0.1 11.4 137
0.05 11 133
25 0.025 11.3 136
Control - 8.3 -
Cisplatin 5 7.5 90
2.5 12 145
30 1.25 11 133
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be entitled thereto under 37 CF. R [err]1.14 and 35 U.S.C. [err]122, and
all restrictions on availability to the public of such culture will be
i rrevocably renoved upon grant of a patent on the instant application.

Cul ture LL-E33288 was isolated froma caliche clay soir:sanpqg y N
Texas. 11A According to a first aspect of the invention thertcggBef Sdz

provi dedT12|iSII|I|| III ll Iilﬁlpllilﬁg3288[ err]-Br, having the

Colon 26 Adenocarcinoma Test

The animals used were CD9F] female mice weighing
a minimum of 17 g and all within a 3 g weight ctange.
There were 5 or 6 mice per test group with three groups of
5 or 6 animals used as untreated controls for each test.

-30-

> The tumor implant was by intraperitoneal (or subcutaneous)
injection of 0.5 ml of a 2% Colon 26 tumor brei in Eagle's
MEM medium containing antibiotics. LL-E33288 antibiotics
were tested in the Colon 26 system as a complex (Bromo-com-

10 plex) of all components. The test compounds were administered

intraperitoneally on days 1, 5 and 9 (relative to tumor
implant doses). The mice were weighed and deaths recorded
on a regular basis for 30 days. The median survival times
for treated (T)/control (C) animals were calculated. The
positive control compound was Cisplatin. The results

135 appear in Table VII. " If T/C X 100 (%) is 130 or over, the
tested compound is considered to have significant anti-
Cumor activity.

20 TABLE VIZ

Colon 26 Adenocarcinoma Test

Median
Dose Survival|T/C x 100
’s Compound (mg/kg)| (Days) (%)
LL-E33288 1.5 39.5 212
Bromo-complex 0.8 32.5 175
( plex)| o4 34 183
0.2 25.5 137
30 Control - 18.6 -
Positive 1 29 156
Control 0.5 38.5 207
0.25 37.5 202
35
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eets: a) ethyl acetate saturated with 0. 1M aqueous potassi um di hydrogen
osphate, Rerr]=0.67; b) 3% isopropanol in ethyl- acetate saturated with .
1M aqueous pot assi um di hydrogen phosphat e, R[err]:0.80;gfqgsgz‘5232%
etate: nethanol (95:5), R err]=0.79. The invention furth [

npound LL-E33288[err]-Br, having the followng Rf values in the indicated
| vent systens on TLC on silica gel sheetgj_a) ethyl acetate saturated

fikLomﬁng Rf values in the indicated solvent systens on TLC on silica ge

jth 0. 1M aqueous

M5076 Sarcoma
The M5076 reticular cell Sarcoma is propagated

as subcutaneous implants in C57B2/6 female mice. 1In the
assays for antitumor activity, BDF) mice of either sex

5  were inoculated intraperitoneally with 0.5 ml of a 10%
tumor brei. LL-E33288 antibiptics were tested in the
M5076 system as a complex (Bromo-complex) of all components. Test
compounds were administered intraperitoneally on days 1,
5, 9, 13 and 17 relative to tumor inoculation on day zero.

10 The median survival time in days was determined for each
drug dose used on day 60 and the ratio of survival time
for treated (T)/control (C) animals were calculated.

The results of this test appear in Table VIII
compared to the results obtained with Cisplatin. If T/C X
15 100 (%) is 125 or over, the tested compound is considered
to have significant anti~-tumor activity.
' TABILE VEII
20 -
M5076 Sarcoma
Median
Dose Survival [T/C x 100
. Compound (mg/kg}| (Days) (%)
25 :
LL-E33288 1.5 S0 175
- 1 0.8 50 175
(Bromo-~comp eﬁ! o 4 39 5 139
Control - 28.5 -
30
Cisplatin 1 30 105
0.5 44.5 156
0.25 45 158
35
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pot assi um di hydr ogen phosphat e,

Rlerr]=0

.61; b) 3% i sopropanol

i n ethyl

acetate saturated with 0. 1M aqueous potassi um di hydrogen phosphat e,

Rlerr]=0.75; and c) ethyl
i nvention further provides a conpound LL-E33288[err]:
follow ng -Rf -values in the indicated solvent systenms on TLC 0On

sheets

11B

acet at e: net hano

is Sheet Has Been Replaced

T

L

10
15

20

25
30

35

(95:5), Rierr]=0. 73 The

092,52

-32-

In the same manner, the following iodo-compo-

nents were tested for antineoplastic activity.

TABLE IX
Lymphocytic Leukemia P388 Test

Dose |shegidd1 |T/c x 100
Compound (mg/kg)| (Days) (%)
LL-E33288y1 -1 .005 >25.5 2196
(Test 1) .0025 22 169
.00125{ 18.5 142
.0006 18 138
.0003 15.5 119
.00015f 15 115
Control - 13 -
Positive Control
Novantrone?® * 1.6 22.5 173
LL-E33288 y1-1I .01 11 100
(Test 2) .005 18 164
.0025 22.5 205
.00125f 18.5 168
.0006 16 145
.0003 14 127
.00015] 14 127
Control - 11 -
Positive Control
Novantrone® 1.6 19 173
0.8 16 145

*1,4-dihydroxy-5,8-bis[[2-
am1no]anthraqu1none 2HC1

(2-hydroxyethy1amino)ethyl]

" v p——pre.

In,a a1hh: d\b BEEN
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cat e: met hano
ound LL-E33288[err]-
vent systens on TLC on S|I|ca gel
wigh 0.1M aqueous potassi um di hydrogen phos
~acetate saturated

I S propanol |n ethyl.

This Shee et Has B

I

(95: 5),

cen Replaced

[

Br,

err]=0.61. The invention furthe

havi ng the follomnng Rf val ues
a) ethyl
?Qgte, Rf =0.49; b) 3%

i n ethyl

acetate saturated with 0.1M aqueous potassi um di hydrogen
R err]=0.55; b) 3% i sopropanol
M aqueous pot assi um di hydr ogen phosphat e,

acetate saturated with

Rl err]=0.69; and c) ethyl

TABLE X

D ﬁ 8;2%52& ed

acetate saturated

Melano_t:fc Melanoma Bjg Test

Dose Sﬂge§3gl T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 v-1 .0025 26.5 156
.00125 27 159
.0006 42.5 250
.0003 35.5 209
.00015 33.5 197
.00007 30.5 179
Control - -
Adriamycin 0.8 48 282
0.4 40 0235
0.2 34.5 203




wi th 0.1M aqueous potassi um di hydrogen phosphate, R err]=0.64; and c) ethyl
acet ate: nethanol (95:5), R err]=0.54. The invention further provides a
conmpound LL-E33288[err] -Br, a) having an approxi nate el emental anal ysis:
48.6; H5.6;.N2.9; S9.1 and Br 5.5; b) having a netting pdjrt 2152
146- 150[err]C (dec.); c) haying a specific rotation::([err] Jerr
-49[err]10[err] (0.1% ethanol);

-34-

TABLE XI
Lymphoc&tic Leukemia L1210 Test

Dose |she9i201 fr/c x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 vi1-1 .01 8 89
.005 14 156
.0025 11 122
.0012 10.5 117
.0006 10 111
Control , - 9 -
Positive Control
Novantrone® 3.2 15 167
: 1.6 11.5 128
0.8 12 133
0.4 11 122

This Sheet Has Been Replaced




ultravi ol et absorption spectra as shown in Figure | of the
awl ngs; e) having an infrared absorption spectrumas shown in Figure |
the drawi ngs; f) having a proton nmagnetic resonance spectrun1as shown

ONRFRO T 0

Figure I'll of the drawi ngs; 8) having a carboh-13 magngti,CAr,
ectrumas shown in Figure IV of the drawings with signif 482eﬂ§2t
.60(Qq); 17. 64(Q); 18.9(q); 19.7(q); 22.4(q); 22. 8(
.5(Qq); 34.3(t); 36.9(t); 39.2(t/. d; 47.8(d); 51. 7(q) 52 7(9);
. 6(d) 56.3(Qq); 57.2(q); -3
TABLE XII

Colon 26 Adenocarcinoma Test

Dose 3533}321 T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 v3-1 .01 11 59
' .005 25.5 138
.0025 27 146
.00125 22.5 122
,0006 23.5 127
.0003 20 108
. .00015 17.5 95
.00007 17 92
Control - 18.5 -

Positive Control

stplatxn 2 15.5 84
1 27.5 149
0.5 23.5 127

This Sheet Has Been Replaced
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57.8(d);

61.0 (q/d); 61.7(d); 62.4(t); 66.9(d); 68. 4(d);
69. 7(d); 70.2(d); 71.1(d); 71.9(d); 72.1(s);
81.0(d); 83. 3(s); 88.2(s); 97.4(d); 99. 7(d);

102.5(d); 115.1 X 123. 4(d); 124. 4(d); ) ;
130. 8E sg ; 14‘21.823( S); 145(3. g’:( s); 149. (5()5) ; 3318(72)5;'52

and b) having the followng R err] values in the indicated

systens on TLC on silica gel shegg . i) ethyl acetate saturated

wi th 0.1M aqueous potassi um di hydrogen phosphate, R err]=0.24; ii) 3%

69. 1(d);
76.1(d);
100. 8(s);
130. 2(s);
192. 4(s);
sol - vent
| sopr opanol

5

10

15

20

25

30

35

in ethyl acetate saturated
General Fermentation Conditions

Cultivation of Micromonospora echinospora NRRL
15839 or NRRL 15975 may be carried out in a wide variety of
liquid culture media. Media which are useful for the pro-
duction of these novel antibacterial and antitumor agents
include an assimilable source of carbon, such as starch,
sugar, molasses, glycerol, etc.; an assimilable source of
nitrogen such as protein, protein hydrolysate, polypeptides,
amino acids, corn steep liquor, etc.; and inorganic anions
and cations, such as potassium, sodium, ammonium, calcium,
sulfate, carbonate, phosphate, chloride, etc. and sources of
either bromine (sodium bromide) or iodine (potassium io-
dide). Trace elements such as boron, molybdenum, copper,
etc., are supplied as impurities of other constituents of the
media. Aeration in tanks and bottles is supplied by forcing
sterile air through or onto the surface of the fermenting
medium. Further agitation in tanks is provided by a mechani-

‘cal impeller. An antifoam agent such as silicone may be added
‘as needed.

General. Procedure for the Isolation and Separation of the

Antibiotics -~ LL-E33288

The LL-E33288 antibiotics are recovered from the
fermentation broth by extracting the whole mash with an
organic solvent such as ethyl acetate or dichloromethane.
The antibiotic complex, contained in the organic extract, is
further purified by selective precipitation from lower hy-
drocarbons. The crude LL-E-33288 antibiotic complex thus
obtained is further purified and separated into the in-
dividual components by a series of column chromatographies
using silica gel, Sephadex® LH-20 (Pharmacia Fine Chemicals)
and Cjg bonded silica.

The invention will be described in greater detail
in conjunction with the following non-limiting specific
examples.

This Sheet Has Been Replaced

MR

D g

[T P T T L A

s BF < e

2 s

B e ORI &

Fir

P L et a Sl



et hyl

Wi aqueous potassi um di hydrogen phosphate, R err]=0.35; iii)
ac tate met hanol (95:5), R err]=0.36. 11D i) having a nol ecul ar wei ght:
13B3/ 1335, respectively for [err]Br/[err]Br; and j) having a nol ecul ar
fokmula: Clerr]Herr]Nerr]Jerr]S[err]Br. The invention furt Loy des a
o ound LL-E33288[err]-Br, having the follow ng Rf val uesuén?%é)i'ﬁg it ed
s vent systens on TLC bn sil -
- -37-
This Sheet Has Been Replaced
AT Exampte 1
Inoculum Preparation
A typical medium used to grow the primary inoculum
5 was prepared according to the following formula:
Beef extract......ccovveeuen about 0.3%
TrypPLON@. .t e nnacsnonncnns about 0.5%
Dextrose........... ceeeee... about 0.5%
10 101-3'3 3 3 § - J P about 2.4%
Calcium carbonate........ ... about 0.47
Yeast extract...ccieeseaccons about 0.5% .
Water.......qs £O.cveeennnns 100%
This medium was adjusted to pH 7.0 and then steri-
15 lized. A 100 ml portion of this sterile medium, in a flask,
was inoculated with frozen mycelia of the culture
NRRL 15839. The inoculated medium was
placed on a rotary shaker and agitated vigorously for 48 hours
at 329C. This incubated medium was then used to inoculate 10
20 liters of the above sterile medium in a 14 liter fermentor.
This medium was incubated, with agitation, at 32°C for 48
hours, providing secondary inoculum. This secondary inoc-
ulum was then used to inoculate 300 liters of the above
sterile medium in a tank and incubated for 48 hours at 300C
25 while agitated by an impeller driven at 180~200 rpm, pro-
viding the tertiary or seed inoculum.
Example 2
i Tank Fermentation
: A fermentation medium was prepared according to the
§ 30 following formulation:
j Dextrose.......... e, about 0.5%
i SUCTOSE. .ttt vtertotesnenrosecasosnanannas about 1.5%
Peptone, bacteriological grade.......... about 0.2%
35

Dibasic potassium phosphate.............

about 0.01%



ica gel sheets: a) ethyl acetate saturated with 0.1M aqueous potassi um
di hydrogen phosphate, R err]=0.32; b) 3% sopropanol in ethyl acetate
saturated with 0. 1M aqueous pota55|un1d|hydrogen phosphat e, 0.41;
and c) ethyl acetate:nethanol (95:5), R err]=0.45. The mve@S](ééu’}@
provides a conpound LL-E33288[err]-Br a) having ultraviol et absorptlon
spectra as shown in Figure V of the dramﬁngs b) having an infrared
absorption spectrumas shown in Figure Vi "t he drawi ngs;

MOLASSES e ervnnnsernnnennneeennnannnennnss. about 0.5%
Calcium carbonate.......coviieiunecnnnns about 0.5%
Source of bromine or iodine.............. trace amounts
Water...ooevnonannenns gS O+t ivunnnnnnns 100%

3 A 2800 liter portion of the above medium was steri-

lized and then inoculated with 300 liters of tertiary (seed)
inoculum prepared as described in Example 1. Aeration was
supplied at the rate of 0.53 liters of sterile air per liter
of mash per minute and agitation was supplied by an impeller
driven at 110 rpm. The temperature was maintained at about
289C and the fermentation was terminated after about 97 hours,

10

at which time the mash was harvested.

The fermentation was monitored for production of
the LL-E33288 antibiotics by antibacterial activity, bio-
chemical induction assay, TLC and HPLC analyses.

The whole harvest mash was adjusted to pH 6 and then
extracted with 1/2 mash volume ethyl acetate. The ethyl
acetate extract was concentrated to a syrup which was washed
twice with hexane and filtered through diatomaceous earth.
The diatomaceous earth cake was thoroughly mixed with ethyl
acetate and filtered. The filtrate was concentrated to 3
liters, dried over excess anhydrous sodium sulfate and then
precipitated by the addition of hexane giving about 26.7 g of
crude LL-E33288 complex.

Example 3
Separation of LL-E33288 aj -Br, ag-Br, oj-Br and a4-Br from

LL-E33288 B; -Br, B2 -Br and Y] -Br

The approximately 26.7 gof crude LL-E33288 complex
(Bromo-complex) from Example 2 was divided evenly into three por-
tions and chromatographed on three separate 2.4 x 110 cmsilica
gel columns (Silica Woelm®, 32-63 m, Woelm Pharma) packed and
equilibrated with ethyl acetate saturated with 0.1M aqueous
potaésium dihydrogen phosphate. . The columns were first
35 eluted with the same solvent at a flow rate of .3 ml/minute

15

20

25

30

heet Has Been Replaced

il e




netic resonance spectrumas shown in Figure VII of
drawi ngs; and d) having the follow ng Rf values in the indicated sol
v@nt systens on TLC on silica gel sheets: i) ethyl acetate saturated with

Ofl M aqueous pot assi um di hydrogen phosphate, R err]=0.18; §F2,I 1523%
opropanol in ethyl acetate saturated with 0.1M aqueous ;{dt'& n1

dighydr ogen phosphate, Rf=0.28;
-39-

for 18 hours, collecting 18 ml fractions. The eluent was
changed to ethyl acetate:methanol (95:5) and elution contin-
ued for 8 hours. Finally the columns were eluted with ethyl
acetate:methanol (90:10) for 10 hours. The fractions were
5 assayed by the modified biochemical induction assay (BIA).
The positive fractions were analysed by TLC using silica gel
60 precoated sheets and developed with the solvent system 3% -
isopropanol in ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate and detected by bioautography
10 using the modified BIA.

Fractions containing LL- E33288a1-8r,uz-3t, a3 =Bt
and a4-Br (LL-E33288Br complex) from the three columns were
pooled, concentrated to dryness and the residue was dissolved
in ethyl acetate and washed with a small amount of water. The

15 ethyl acetate solution was dried over anhydrous sodium sul-
fate and precipitated as before to yield about 4.2 g of crude
LL-E33288q-Br complex.

Fractions containing LL-E33288g2-Br, 31-51' and vy 1-

Br (LL-E33288 B -Br complex containingy -Br from the three
20 columns were pooled and worked up as above to yield about 2.0

g of crude LL-E33288 8 -Br complex containing y-Br.

Example 4 _

Isolation of LL-E33288 g8; -Br and LL-E33288 y, -Br
An approximately 1.9 g sample of the LL-E33Z88g-Br
25 complex containing y-Br from Example 3 was chromatographed on
a 25 x 10 cm Sephadex® LH-20 column equilibrated with metha-.
" nol:water (90:10) at a flow rate of 1.2 ml/minute, collec-
ting 15 ml fractions. The fractions were assayed in the
BIA and those active were analysed by TLC as before. Frac-
30 tions 21-26 containing most of the LL-E33288g -Br, g2-Br and
Y1 -Br’ were pooled and concentrated to remove methanol and the
resulting aqueous mixture was lyophilized to_yield about 435
mg of partially purified complex containing approximately
10% of LL-E33288 B1-Br, 1% of LL-E3328885-Br and 4% of LL-
35 " E33288 v;-Br. .

. This Sheet Has Been R,
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iii) ethyl acetate:nechanol (95:5), R err]=0.27. e) having a carbon-13

magneti ¢ resonance spectrumas shown in Figure VIII of the drawings with
significant peaks at: 14.4 17.6 17.9 . 19.0 19.7

- 22.8 - - 34.0 *37.6 .

42.1 - 51.6 52.7 54.1 : 5@3 82 f%QB
- 593 -~ 611 61.8 61.9 67.2 68. 18

68. 23 69.7 70.1 70. 8 71.1 71.7 71.8

76. 1This Sheet Has-Been Replaced 81.0 -40-

|

|

[l

The above partially purified LL-E332888-Br complex

containing ¥-Br was divided evenly and chromatographed on two

1.5 x 100 cm silica gel columns (Kiesel Gel 60, 40-63um, EM
Products for chromatography) packed and equilibrated with

5 ethyl acetate:methanol (98.2) at a flow rate of 1 ml/minute,
collecting 12 ml fractions. The fractions were assayed and
analysed by TLC as before and those containing primarily LL-
E33288p,-Br were pooled, concentrated and precipitated from

hexane to yield about 26 mg of 80% pure LL-E33288g)-Br. Those

10 fractions containing LL-E33288Y] -Br (chromatographing just
after LL-E33288 B; -Br) were pooled and worked up to yield

about 4.5 mg of 30% pure LL-E33288y 1-Br. A few fractions
containing LL-E33288g,-Br (chromatographing just before LL-

E33288 B 1-Br), were pooled and worked up to_yield a trace
15 amount of LL-E33288g -Br.
Example 35
Final Purification of LL-E332888,-Br
The approximately 26 mg of 80% pure LL-E3328881-
Br from Example 4 was combined with other LL-E33288 g -Br
samples of similar purity derived from other fermentations
conducted under identical conditions. A total of about 38 mg
of this combined g1-Br was further purified by reverse phase
preparative TLC using Whatman PLKCigF, 100 m precoated TLC
plates, developed with methanol:0.1M ammonium acetate buffer
25 at pH 4.0 (90:10). The band containing LL-E33288 g ;-Br,
chromatographing at Rg=0.66 and visualized by quenching
effect under short wavelength UV lamp (254 nm), was-excised
and the antibiotic was washed off the adsorbant with 10%
isopropyl alcohol in ethyl acetate saturated with 0.1M aque-

20

30 ous potassium dihydrogen phosphate. The solution was con-
centrated and the residue was dissolved in ethyl acetate and
washed with a small amount of water. The organic solution
containing LL-E33288 B1-Br was worked up as before to yield

35 about 24.5 mg of 90% pure LL-E332888 ;-Br. This sample was

further purified by preparative TLC on silica gel (Silica
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8 88.4 - 97.8 100.0 100. 2 101. 3
1@3.0 115.3 123.0 124.9 126.9 130.4 131.1

131. 138.0 144.7 - 149.5 . 149.6 155.6

192. 192.9 f) having a nolecular formula:

err]Herr]Nerr]Jerr] S[err]Br; and g) having a nol ecul Q 1\@8452

19/ 1321, respectively for [err]Br/[err]Br. The invention further provides

conpound LL-E33288 [err]-1 a) having the followi ng Rf values in the
di cated sol vent systenms on TLC on silica-#dr sheets:

Gel GF precoated plates, 1000 m, Analtech) developed wich 3%
isopropyl alcohol in ethyi acetate saturated with 0.1M aque-
ous potassium dihydrogen phosphate. The major quenching band
under short wavelength UV lamp (254 nm), chromatographing at
5 Rg=0.7, was excised and the antibiotic was washed off the
adsorbant with dichloromethane:methanol (80:20). The
organic solution containing LL-E332888 )-Br was worked up as
before to yield about 18.8 mg of substantially pure LL-E33288
Bl-Br.
10 Example 6
Final Purification of LL-E332888;- Br
The approximately 4.5 mg of 30% pure LL-E33288 Y-
Br from Example 4 was combined with other LL-E33288
Y1-Br samples of similar purity derived from other fermen-
15 tations conducted under identical conditions. A total of 18
mg of this combined sample was further purified by prepara-
tive TLC on silica gel (Silica Gel GF precoated tapered-
plates, Analtech) developed with 2% isopropyl alcohol in
ethyl acetate saturated with 0.IM aqueous potassium dihydro-
20 gen phosphate. The major quenching band under short wave-
length UV lamp (254 nm), chromatographing at Rg=0.5, was
excised and worked up as before to yield about 4.3 mg of
substantially pure LL-E33288 Yy-Br.
A preferred fermentation medium for production of

25 LL-E33288 Bromo-complex is as follows:
Ingredient Percent
Sucrose : 2.0
Ferrous Sulfate Heptahydrate 0.01
30 Magnesium Sulfate Heptahydrate 0.02
Calcium Carbonate 0.5
Peptone - 0.2
Molasses This Sheet Has Been Rep 0.5
w2
35 Water gqs to 100




_T)'ethyl acetate saturated with 0.1M aqueous potassi um di hydrogen
phosphate, Rl err]=0.67, 11F ii) 3% i sopropanol in ethyl acetate

saturated with 0. 1M aqueous potassi um di hydrogen phosphate, —3;322
and iii) ethyl acetate:nethanol (95:5), R err]=0.80; and b ﬁﬁéiiE
nol ecul ar wei ght: 1145. The invention further provides a conpound
LL- E33288[err] -1 )
~42-

However, the addition of iodine as potassium
iodide, to the fermentation medium provided substantial
improvements by:

1) markedly enhancing vegetative growth

5 in the fermentation;

2) 1increasing zones of inhibition in bioassays
vergus Escherichia coli #300 and Bacillus subtilis
#308;

3) providing substantial activity at the Rf
' of LL-E332888;-1 and v 1-1 on the bioautography
10 of TLC plates; and

4) enhancement of other components as detected
by TLC.

The following two media are preferred for the
production of LL-E33288 lodo-complex:

15
_ Percent _
Ingredient Media A Media B

Sucrose 2.0 2.0
Ferrous Sulfate Heptahydrate 0.01 0.01

20 Magnesium Sulfate Heptahydrate 0.02 0.02
Calcium Carbonate® 0.5 0.25
Peptone** 0.2 0.2
Molasses _ 0.5 0.5

. Potassium iodide 0.05 0.01

25 Water qs to 100 100
* Mississippi lime.
** Best results were obtained with MARCOR® bacteriological

peptone, but other peptones usable and also polypeptides
30 . from meat and casein hydrolyzates.
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following Rf values in the indicated solvent systens on TLC
silica gel sheets: i) ethyl acetate saturated with 0.1M aqueous
t assi um di hydrogen phosphate, R err]=0.61; ii). 3% i sopropanol in ethyl
etate saturated with 0.1M aqueous potaSS|un1d|hydrogen pho R
err]=0-75;--and iii) -ethyl . acecate: nethanol (95:5), R[err §§ 1)52

ntalnln only the follomﬁng elenments: C, H N 0, Sand I; c) havi ng a
ul ar ﬁ%ﬁk pacted d) having a proton magnetic resonance spectrum
shovvn i H"m " the drawings.  -43-
Example 7

A mycelial-spore suspension was prepared by
scraping the surface of a slant of culture NRRL-15839 to which
5 ml of sterile distilled water had been added. This sus-
3 pension was then used to inoculate 100 ml of sterile seed
medium of the following formula:

Yeast Extract 0.5%
Beef Extract 0.3%
10 Tryptose - 0.5%
Starch 2.4%
Dextrose 0.5%
Calcium Carbonate 0.4%
Water gs to 100.0%

15

in a 500 ml flask. This seed flask was incubated at
289C on a rotary shaker at 200 rpm for 3-4 days, producing
Stage I inoculum.
The Stage I inoculum was used to inoculate
20 a8 Stage II inoculum of the same sterile medium, which
was incubated under the same conditions for 2 days.
The Stage II inoculum was then used to inoculate
100 ml of sterile fermentation medium of the formula:

25 Sucrose . 2.0%
Ferrous Sulfate Heptahydrate 0.01%
Magnesium Sulfate Heptahydrate 0.02%
Calcium Carbonate 0.5%
Peptone (MARCOR®) 0.2%
30 Molasses 0.5%
Potassium Iodide 0.05%
Water gs to 100.0%
35 This medium was incubated at 28°C on a shaker

at 200 rpm for 5 days at which time the mash was harvested.




The invention further provides_a_conpound llalid3uE-Siutimjmmemmts
followng Rf values in the indicated solvent systens on TLC on S|I|ca ge‘
sheets: i) ethyl acetate saturated with 0.1M aqueous pota55|un1d|hydroga
phosphat'e,” "R err] =0. 55; . 11Gii) 3%isopropanol in ethyl acetate

Saé‘l{il’ at ed with044M agueous potassium di hydrogen phosphat €) 1RB<Pr1 0 P9;
an

T

A concentration of 4 to 20 ug/ml of potassium iodide
appears to be optimal, but concentrations of 2 mg/ml do not
appear to depress yields.

NRRL-15839 can be induced to produce LL-E33288 8 |-

5 1 when potassium iodide is present in the medium, but only at
very low levels (0.2-0.3ug/ml) as against 1.5-3.5 pg/ml for
the better producing NRRL-15975.

Yields of 8 1~I and Y1~I in an iodine medium are 2
to 8 times greater than yields of corresponding brominated

10 compounds B 1~Br andY 1~Br in a bromine medium using NRRL-15975.
Example 8

Separation of LL-E33288 ¢;-I, a3 -I, and @3 -I from
LL-E33288 By -I, By-I, Yj-I and §;-I
Approximately 41.3 g of crude LL-E33288 complex
derived from the processing 7500 liters of a fermentation
using NRRL-15975 and medium containing inorganic iodide was divi-
ded evenly into two portions and chromatographed on two separate
2.5 x 110 cm silica gel column (Silica Woelm, 32-63 um)
packed and equilibrated with ethyl acetate. The columns
were first eluted with ethyl acetate at a flow rate of
4 ml/minute for 4 hours, collecting 20 ml fractioms.
The eluent was changed to_a concave gradient from ethyl
acetate saturated with 0.1 M aqueous potassium dihydrogen
phosphate to 107% isopropyl alcohol in ethyl acetate satu-
rated with 0.1 M aqueous potassium dihydrogen phosphate
over 24 hours. The columns were finally eluted with
10% isopropyl alcohol in ethyl acetate saturated with
0.1 M aqueous potassium dihydrogen phosphate over night.
The fractions were assayed in the BIA and those active
were analysed by TLC as described in Example 3.

Fractions (86-107) containing LL-E33288a 3-1
from the two columns were pooled and worked up as before
to yield about 2.1 g of crude LL-E33288a4-1.

15

20

25
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30
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et hyl acetate: nethanol (95:5), R err]=0.61; b) having a nol ecul ar _
t:1066; and c) having a proton magnetic resonance spectrum as shown in
e X of the drawings. The invention further provides a conpound

3288[err]-1 a) having the following R err] values.in theg 328? ng

nt systems on TLC on silica gel sheets: i) ethyl acetat

0. 1M aqueous potassi um di hydrogen phosphate, R err]=0.24; ii) 3%
opanol in ethyl acetate saturated with 0.1M aqueous potassi um
rogen phosphate, R err]=0.35; and -45-

Fractions (182-253) containing LL-E33288a ;-1
and %-1 from the two columns were pooled and worked
up to yield about 4.2 g of a crude mixture of LL-E33288
al1-I and 42-1I.
5 Fractions ( 254-272) containing LL-E332888;-1
and g1-1 from the two_ columns were pooled and worked
up to yield about 1.2 g of a crude mixture of LL-E33288

By~ I and Bj-I.

Fractions (273 302) containing LL-E33288 yj-I
from the two columns were pooled and worked up to yield
about 1.9 g of 30% pure LL-E33288 v;-I.

Fractions (303-340) containing LL-E33288§;-1
from the two columns were pooled and worked up to yield
about 1.3 g of partially purified LL-E33288 §;-I.

Example 9
Purification of LL-E33288 Y1 1
Approx1mate1y 900 mg of the 30% pure LL-E33288
Y1-1 from Example 8 was chromatographed on a.2.5 x

120 cm sephadex LH-20 column equilibrated with ethyl
acetate:dichloromethane:ethanol (2:2:1) at a flow rate
of 1 ml/minute, collecting 12 ml fractions. The fractions
were assayed and analysed by TLC as before and those
containing LL-E33288yv;-I (fractions 24-33) were pooled
and worked up to yield 428 mg of 64% pure LL-E33288y;-I.

A 22 mg sample of the above was chromatographed
on a 0.8 x 24 cm Sepralyte Cjg (35-60 um, Analytichem)
column equilibrated with acetonitrile:0.2 M aqueous ammoni-
um acetate (55.45) at a flow rate of 2 ml/minute, collecting
12 ml fractions. The fractions were assayed and analysed
by TLC as before and those containing pure LL-E33288y1-I
were pooled and worked up to yield 7.7 mg of pure
LL-E33288 v3-I.

10

15

20

25

30

35
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iii) ethyl acetate:nmethanol (95:5), R err]=0.36; b) having an ultraviol et
absorption spectra as shown in Figure XI of the draw ngs; c) having. an
infrared absorption spectrumas shown in Figure Xl of the draw ngs;

having a proton magnetic resonance spectrumas shown in F

t he
drawi ngs; e) having a carbdon 13 magnetic resonance spectrSR;Egyngsg
Figure XIV of the drawings with significant peaks at

46~

Example 10
Purification of LL-E3328887-1 andBj-I

Approximately 600 mg of the crude mixture of

LL-E33288 &-I and 8 -1 from Example 8 was chromatographed
“on a 2.5 x 120 cm Sephadex LH-20 column equilibrated

with ethyl acetate:dichloromethane:ethanol (2:2:1) at
a flow rate of 1 ml/minute, collecting 12 ml fractionms.
The fractions were assayed and analysed by TLC as before
and those containing LL-E33288 8p-I and LL-E332888;-I
(fractions 23-31) were pooled and worked up to yield

81 mg of a partially purified mixture of LL-E332888)-1
and B1-1I.

10

15 The sample above was chromatographed on a 1.5

x 90 cm Sephadex LH-20 column equilibrated with hexane:
dichloromethane:ethanol (3:1:1) at a flow rate of 0.8

ml /minute, collecting 12 ml fractions. The fractions
were assayed and analysed by TLC as before and those
containing LL-E332888 9-1 (fractions 17-30) and LL-E33288
8 1-1 (fractions 31-38) were pooled separately and worked
up to yield 31 mg of partially purified LL-E332888 -1
and 20 mg of 80% pure LL-E332888 ;-I.

20

25
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17.5 17.6 18.9 22.4 22.8 23.4 25. 4
3 39.2 - 47.9 51.6 52.8
5488 : 57.2 57.9 60.9 61.6
6482 68. 4 68. 4 . 69.1 69.6 70,4
7H1 71.8 72.2 . 76.2 - 80@'@82152
849 1 93. 6 . 97.4 99.6 99. 6 102. 6
1iR. 4 123. 4 124. 4 126. 4 - 133 4
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WHAT 1S CLAIMED IS:

1. A compound LL-E33288a,-Br, having the
following R¢ values in the indicated solvent systems on
TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.67;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R§=0.80; and

c) ethyl acetate:methanol (95:5), Rg=0.79.

2. A compound LL-E33288a 3-Br, having the following
Rf values in the indicated solvent systems on TLC omn silica
gel sbeets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.61;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R§=0.75; and

c¢) ethyl acetate:methanol (95:5), Rf=0.73.

3. A compound LL-E33288a3-Br having the following
Rf values in the indicated solvent systems on TLC on
silica gel sheets:
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192. 3 192.6 f)

havi ng a nol ecul ar fornmnul a:

Cl-err]Herr]Nerr]Qerr]S[err]l; and g) having a nol ecul ar wei ght: 1381. The
i nvention further provides a conpound LL-E33288[err]-I having.the follow ng
Rf values in the indicated solvent systens on TLC on silica Fi{héeq Ep
ethyi acetate saturated with 0. 1M aqueous pot assi um di hydr ogen phosphate

| sopropanol in ethyl acetate saturated with 0. 1M
ﬂl hydrogen phosphate, Rf=0.41; and c) ethyl
ace R err] =0. 45. 48~

b)

c)

ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.55;

3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R¢=0.69; and

ethyl acetate:methanol (95:5), Rg=0.61.

4. A compound LL-E33288a4-Br, having the following

Rf values in the indicated solvent systems on TLC on silica

gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.49;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rg=0.64; and

¢) ethyl acetate:methanol (95:5), Rg=0.54.

5. A compound LL-E332888; -Br,

a) having an approximate elemental analysis:
C 48.6; H 5.6; N 2.9; 5 9.1 and Br 5.5;

b) having a melting point: 146-1509C (dec.);

c) havi ifi s am e 26 _ _,a+1n0

ing a specific rotation: [a ]§ 49710
(0.1%, ethanol);
This Sheet Has Been Rep
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vention further provides a conpound LL-E33288[err]-1 a) having
ollowing Rlerr] values in the indi- cated solvent systens on TLC on
ica gel sheets: i) ethyl acetate saturated with 0.1M aqueous potassi um
ydr ogen phos- phate, Rerr] = 0.18; ii) 3% i sopropanol | n ezt 1yl52

tate mﬂljmﬂm ”l[””ilr 1M aqueous pot assi um

This Sheet Has Been Replaced
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d) having ultraviolet absorption spectra as shown in
Figure I of the drawings;

e) having an infrared absorption spectrum as shown in
Figure I1 of the drawings;

f) having a proton magnetic resonance spectrum as shown
in Figure III of the drawings;

g) having a carbon-13 magnetic resonance spectrum as
shown in Figure IV of the drawings with significant

peaks at:
17.60(q); 17.64(q); 18.9(q);  19.7(q);
22.4(q); 22.8(q); 23.5(q), 34.3(t);
36.9(t); 39.2(t/d); 47.8(d); 51.7(qg;
52.7(q.); 54.6(d) 56.3(q); 57.2(q);
57.8(d); 61.0 (q/d); 61.7(d); 62.4(t);
66.9(d); 68.4(d); 69.1(d); 69.7(d);
70.2(d); 71.1(d); 71.9(d); 72.1(s);
76.1(d); 81.0(d); 83.3(s); 88.2(s);
97.4(d); 99.7(d); 100.8(s); 102.5(d);
115.1(s); 123.4(d); 124.4(d); 126.5(d);
130.2(s); 130.8(s); 144 .6(s); 149.3(s);

149.5(s); 191.7(s); 192.4(s); and

h) having the following Rf values in the indicated sol-
vent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.24;

ii) 3% isopropanol in ethyl acetate saturated
~with 0.1M aqueous potassium dihydrogen

phosphate, Rf=0.35;

iii) ethyl acetate:methanol (95:5), Rg=0.36.




di hydrogen phosphate, R err] 0.28; and iii) et hyl acetate: met hanol
(95:5), Rerr] 0.27; b) containing only the following elenents: C, H N, O
S and |I; c) having an approxi mate el enental analysis: C 48.8; H5.4; N 2.8;

S 9.0;. and-+ 9: 2 'd)”having a nol ecul ar weight: 1367; €) ha;]
mol ecul ar f C[err] Herr] Nerr] Qerr] S[err] l; Hg8a291a$2
uIt ﬂmﬁm on spectra as shown in Figure XV of the draw ngs;
absorptlon spectrun1as

i) having a molecular weight: 1333/1335, respectively
for 798r/81Br; and

j) having a molecular formula: Cs54Hg4N3092S4Br.

6. A compound LL-E3328889-Br, havingthe following
Rf values in the indicated solvent systems on TLC on sil-
ica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.32;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rg=0.41; and

¢) ethyl acetate:methanol (95:5), Rg=0.45.

7. A compound LL-E33288y]-Br
a) having ultraviolet absorption spectra as shown in
Figure V of the drawings;

b) bhaving an infrared absorption spéctrum as shown in
Figure VI of the drawings;

c) bhaving a proton magnetic resonance spectrum as shown
in Figure VII of the drawings; and

d) having the following Rf values in the indicated sol
vent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1lM aqueous
potassium dihydrogen phosphate, Rg=0.18;

LT e



igure XVI of the drawings; h) having a proton magnetic resonance
trumas shown in Figure XVII of the draw ngs; and i) having a carbon 13
etic resonance spec- trumas shown in Figure XVI1I of the draw ngs,

i ficant peaks as |listed below 14.5(q) 17.6(Qq) 7 .
! (q) 17.6(q9) 22.8(0q) - 25.4(0q) 34 l(t) Qill ?q)l 52
% (t) 42 3(t/s) - . 51.5(d) 8(q) 54.8(t) 56. 3(Qq)
4 ~60. 4(-d) - - 60.9(q) 61.3(t) 61.7(q) 67.0(d)

nmulmﬂuiilﬁim|||||| L

3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen

phosphate, R§=0.28;

ii)

iii) ethyl acetate:methanol (95:5), Rg=0.27.

e) having a carbon-13 magnetic resonance spectrum as
shown in Figure VIII of the drawings with significant

peaks at:
14.4 17.6 17.9 19.0
19.7 - 22.8 -
- 34.0 37.6 39.5
42.1 - 51.6 52.7
54.1 56.3 57.3 -
59.3 61.1 61.8 61.9
67.2 68.18 68.23 69.7
70.1 . 70.8 71.1 71.7
71.8 76.1 - 81.0
82.9 88.4 - 97.8
100.0 100.2 101.3 103.0
115.3 123.0 124.9 126.9
130.4 '131.1 131.8 138.0
144.7 C - 149.5 149.6
155.6 192.5 192.9

£) having a molecular formula: Cg53HgaN3022S4Br; and

g) having a molecular weight: 1319/1321, respectively
for 79Br/81Br.

8. A compound LL-E332880;-1
a) having the following Ry values in the indicated solvent
systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, R¢=0.67;

This Sheet Has Been
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69. 7(d) 70. 5(d) 71. 1(d) 71.8(d) 72.1(s) 75. 7(d)
75. 8(d) 80.9(d) 82.8(s) 88. 1(s) 93. 5(s) 97.3(d) 99.6(d)

56,y 130 %‘ﬁi‘;ﬁ;) L o0 a1 1099182 hh2

Ij,ﬁsegg M\“\B\l des . 192. 0(s) -52‘192 5(s) 11J The

ii) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
R¢=0.80; and

iii) ethyl acetate:methamol (95:5), Rg=0.80; and
b) having a molecular weight:1145.
9. A compound LL-E33288asj-1
a) bhaving the following R¢ values in the indicated solvent

systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.61;

ii) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Reg=0.75; and

iii) ethyl acetate:methanol (95:5), Rg=0.73;

b) containing only the following elements: C, H, N,
0, S and I; '

¢) having a molecular weight:1131; and

d) baving a proton magnetic resonance spectrum as shown
in Figure IX of the drawings.

10. A compound LL-E33288a3-1
a) having the following Rf values in the indicated solvent
systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous potassium
d1hydrogen phosphate, Rg=0.55;

Ny s



[ Yrees

ound LL-E33288[err]-I having the fol- lowmng Rerr] values in the
cated sol vent systens on TLC on silica gel sheets: a) ethyl acetate
rated with 0.1M aqueous potassium di hydrogen-phosphate, R err] = 0.11,
b) 3% isopropanol in ethyl acetate saturated w-t-h O. 1M@q?$2152
ssi um.di-hydr ogen phosphate, Rl err] 0.19. The inventi e

i des the use of a Eiound sel ected fromthe group consisting of

(AL i}

33288[ €rr -

8lerr]-1; LL E33288[err]-Br; LL- E33288[err]-1;
88[err]-| 3288[err]-Br; LL-E33288[err]-Br;
1t Lt E33288[err] Br; LL E 288[err]-1; LL-E33288[err]-

ii) 3% isopropanmol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.69; and

iii) ethyl acetate:methanol (95:5), Rp=0.61;

b) having a molecular weight:1066; and

¢) having a proton magnetic resonance spectrum as shown
in Figure X of the drawings.

11. A compound LL-E3328881-1I
a) having the following Rf values in the indicated
solvent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous potassium
dihydrogen phosphate, Rg=0.24;

ii) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.35; and

iii) ethyl acetate:methanol (95:5), Rg=0.36;

b) having an ultraviolet absorption spectra as shown
in Figure XI of the drawings;

¢) having an infrared absorption spectrum as shown in
Figure XII of the drawings;

d) bhaving a proton magnetic resonance spectrum as shown

in Figure XIII of the drawings;

e) bhaving a carbon 13 magnetic resonance spectrum as
shown in Figure XIV of the drawings with significant
peaks at

This Sheet Has Been Replaced
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Br; LL-E33288[err]-1; and LL-E33288[err]-1 for the manufacture of

medi canents for treating bacterial infections in warnbl ooded ani mals. The
invention further provides the use of a conpound selected fromthe group
con- sisting of LL-E33288[err]-Br; LL-E33288[err]-I; LL-E332 [E ZE’rS
LL- E33288[err]-1; LL-E33288[err]-Br; LL-E33288[err]-1; LL-E3 F; 52;
LL- E33288[err]-Br; LL-E33288[err]-1; LL-E33288[err]-Br; LL- E33288[err]-I;
LL- E33288[err]-Br; LL-E33288[err]-I1; and Jg4.E33288[err]- | for the

manuf acture of medi canents for inhibiting the growh of tunors in a mammal.
The invention further provides the use of a conmpound selected fromthe
group consi sting of

- 17.5 17.6 18.9
- 22.4 22.8 23.4
25.4 34.3 36.9 39.2
- 47.9 51.6 52.8
54.8 56.3 57.2 57.9
60.9 61.6 62.2
67.0 68.4 68.4 69.1
69.6 70.4 71.1 71.8
72.2 76.2 - 80.8
83.3 88.1 93.6 97.4
99.6 99.6 - 102.6
112.4 123 4 124 .4 126.4
- 133.4 -

- 192.3 192.6

AR

£) having a molecular formula: Cs54Hg4N3022541; and
g) having a molecular weight:1381.

12. A compound LL-E33288B2-I1 having the
following Rf values in the indicated solvent systems

on TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.32.

b) 3% isopropanol in ethyl acetate saturated with
" 0.1M aqueous potassium dihydrogen phosphate,

Rg=0.41; and

¢) ethyl acetate:methanol (95:5), Rg=0.45.

s Sheet Has Been Replaced
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LL- r; LL-E33288[err]-I; LL-E33288[err]-Br; LL-E33288[err]- |
LL- ge3288[err]-Br; LL-E33288[err]-1; LL-E33288[err]-Br; LL- E33288[err]-Br;
LL- B328881-1; LL-E33288[err]-Br; LL-E33288[err]-I; LL-E33288[err]-Br;
LL-gB3288[err]-1; and LL-E33288[err]-1 for the nanufacture o{)quégag??s?

forJegressing |leukenmia in a manmal . The invention further

pr oggess for producing antibiotics LL-E33288[err]-Br; LL-E33288[err] Br;
3288[err]-Br; LL- E33288[err]-Br; LL-E33288[err]-Br; LL-E33288[err]-Br
L- E33288[err]-Br which conprises-88robically fermenting the organi sm
nonospora echi nospora ssp. calichensis NRRL 15839 or nutants thereof
di NRRL 15975 i liquid [ I ni i m | abl f
n!ngitrogen, H%.a Algghpoggglﬂﬂlgggigégaqq assim | abl e sources o

a) having the following R¢ values in the indi-

cated solvent systems on TLC on silica gel sheets:
i) ethyl acetate saturated with 0.1M
aqueous potassium dihydrogen phos-
phate, Rf = 0.18;
I 2 3% isceropanal fn ethyl scerace sac-
x ¢ oL oM s wl urated with 0.1M aqueous potassium
dihydrogen phosphate, Rf = 0.28; and
iii) ethyl acetate: methanol (95:5), Rf =
0.27;
b) containing only the following elements: C,
H, N, O, S and I;
¢) having an approximate elemental analysis:
C 48.8; H 5.4; N 2.8; S 9.0; and 1 9.2;
d) having a molecular weight: 1367;
e) having a molecular formula: Cs53 Hgy N3 022
Sg I;
f) baving an ultraviolet absorption spectra as
shown in Figure XV of the drawings;
g) having an infrared absorption spectrum as
shown in Figure XVI of the drawings;
h) having a proton magnetic resonance spectrum
as shown in Figure XVII of the drawings; and
i) having a carbon 13 magnetic resonance spec-
trum as shown in Figure XVIII of the drawings, significant
peaks as listed below:

14.5(q) 17.6(q) 17.6(q) 18.9(q)
- - 22.8(q) -
25.4(q) 34.1(t) 37.0(¢) 39.1(t)
42.3(t7s) - 51.5¢d) 52.8(q)
54.8(t) 56.3(q) 57.2(q) :
60.4(d) §0.9(q) §1.3¢¢) 61.7(q)
) 67.0(d) 684 (d) 68.5(d) 63.2(d)
R 7013(d) 7111 gé.gégg
72.1(s) 75. . )
This Sheet Has Been R 82.8(s 88.1(s 93.5(s) 97.3(d)
Iu"" 356853 537833 2057852 105613
- 123.64¢d)  124.4(d)  126.2(d)
130.2¢s)  131.0¢s)y  133.4(s)  139.1(s)
143.0¢s)  145.1 150 6(s)  151.5(s)
'- 1545 192.0¢s)  192.5(s)
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11K bronine and inorganic salts, until substantial antibiotic activity is .
I nparted to said nmedium and then recovering the antibiotics therefrom The
“invention further. provi'des a process for producing antiblotlcs

LL- E33288[err]-Br; LL-E33288[err]-Br; LL-E33288[err]-Br; (%3??2 ﬂ 5;2
LL- E3328 e& -ﬂ&nkﬂ@%ﬂt3328882 Br; and LL- E33288[err]-Br mhl

aer obi aliquid nediunlcontaining assi m | abl e sources of
car bon, i

-56-

14.) A compound LL-33288681-1 having the fol-
lowing Rf values in the indicated solvent systems on TLC on
silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf = 0.11; and

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen phosphate, Rf = 0.19.

15. A method of treating bacterial infections in
warmblooded animals which comprises administering to said
animals an antibacterially effective amount of a compound
selected from the group counsisting of LL-E332880j-Br; ]
LL-E33288a1-1; LL-E33288a2-Br; LL-E33288ax9-1; LL-E33288aj3-
Br; LL-E33288a3-1; LL-E33288a4-Br; LL-E3328881-Br;
LL-E332888;-I; LL-E3328889-Br; LL-E3328882-1; LL-E33288yj-
Br; LL-E33288Y]-1; and LL-E332886;-I.

16. A method of inhibiting the growth of tumors
in a mammal comprising administering to said mammal an ef-
fective amount of a compound selected from the group con-
sisting of LL-E33288aj-Br; LL-E33288aj-I; LL-E33288a2-Br;
LL-E33288a3-I1; LL-E33288a3-Br; LL-E33288a3-I; LL~E33288aq4-
Br; LL-E332888;-Br; LL-E3328881-I; LL-E3328889-Br; LL-
E3328887-1; LL-E33288Y;-Br; LL-E33288v3-1; and LL-E3328887-
I.

17. A method of regressing leukemia in-a mammal
comprising administering to said mammal an effective amount
of a compound selected from the group consisting of
LL-E33288 01 -Br; LL-E33288qa;~I; LL-E33288ap-Br; LL-E33288ap-~
I; LL-E33288a3-Br; LL-E33288a3-1; LL-E3328804-Br; LL-
E332888;-Br; LL-E332888;-1I; LL-E3328887-Br; LL-E3328883-1;
LL-E33288Y)-Br; LL-E33288Y]-I; and LL-E332886;-1I. |

18. A process for producing antibiotics
LL-E33288 ) ~Br; LL-E33288a-Br; LL-E33288a3-Br; LL-
E33288a4-Br; LL-E3328881-Br; LL-E33288B87-Br and LL-
E33288v) -Br which comprises aerobically fermenting the
organism Micfomonosggra echinospora ssp. calichensis NRRL
15839 or mutants thereof including NRRL 15975 in a liquid
medium containing assimilable sources of carbon, nitrogen,

4 1
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gani ¢ salts; which nedium has been inocula- ted with a
¢ culture of the organi sm M crononospora echi nospora ssp. calichensis
15839 or nutants thereof including NRRL 15975, nmmintaining said
entation culture at a tenperature of about 24-32[err]C for a period of
@ ox-"i mat&l'y 90-200 hours, harvesting the mash and ext r gt Zfﬂe

 Di %%¢%t I e i ven&ion further provides a process for producing

i bi of err]-1; LL-E33288[err]-I; LL-E33288a3-1;
BBQHIﬁﬂuiilﬂ ﬁiﬁEBBZ%[ err]-1; LL-E33288[err]-1; and LL-E3328861-1

x-h c obically fernenting7t-he organi sm M crononospor a

i ospora ssp. calichensis NRRL 15839 or nutants thereof

bromine and inorganic salts, until substantial antibiotic
activity is imparted to said medium and then recovering the
antibiotics therefrom.

| 19. A process for producing antibiotics
LL-E33288aj-Br; LL-E33288a2-Br; LL-E33288a3-Br; LL-
E33288a4-Br; LL-E332888;-Br; LL-E3328887-Br; and LL-
E33288Y1-Br which comprises aerobically fermenting a liquid
medium containing assimilable sources of carbon, nitrogen,
bromine ‘and inorganic salts; which medium has been inocula-
ted with a viable culture of the organism Micromonospora
echinospora ssp. calichensis NRRL 15839 or mutants thereof
including NRRL 15975, maintaining said fermentation culture
at a temperature of about 24-32°C for a period of approx-
imately 90-200 hours, harvesting the mash and extracting
the antibiotics. '

20. A process for producing antibiotics
LL-E33288aj-I; LL-E33288a2-1; LL-E33288a3-I; LL-E33288B1-I;
LL-E3328889-1; LL-E33288y1-1; and LL-E3328861-1 which com-
prises aerobically fermenting the organism Micromonospora

echniospora ssp. calichensis NRRL 15839 or mutants thereof

including NRRL 15975 in a liquid medium containing assimil-
able sources of carbon, nitrogen, iodine and inorganic
salts, until substantial antibiotic activity is imparted to
said medium and then recovering the antibiotics therefrom.

21. A process for producing antibiotics
LL-E33288a3-I; LL-E33288a5-1; LL-E33288a3-I; LL-E332888;-I1;
LL-E3328882-1; LL-E33288y;-I1; and LL-E3328841-1 which com-
prises aerobically fermenting a liquid medium containing
assimilable sources of carbon, nitrogen, iodine and inor-
ganic salts, which medium has been inoculated with a viable
culture of the microorganism Micromonospora echinospora
ssp. calichensis NRRL 15839 or mutants thereof including
NRRL 15975, maintaining said fermentation culture at a
temperature of about 24-320C for a period of approximately
90-200 hours, harvesting the mash and extracting the anti-
biotics.

22. A culture containing the microorganism

. VR A . - [ e s e
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i ncluding NRRL 15975 in a liquid nmedium containing assiml- able sources of
_carbon, nitrogen, iodine and inorganic salts, until substantial antibiotic i
activity is inparted to said nmedi umand then recovering the antibiotics '
t herefrom. .The .invention further provides a process for prod{?ing 1 52
anfibiotics LL-E33288[err]-I; LL-E33288[err]-I1; LL-E33288[err ;

LL- E33283!"ﬂlmﬂu“|ﬂﬂllfﬂm 8[err]-| LL- E33288[err]-1; and LL-E33288[err]-I
whi ch co al |y fernentln%éalqu|d nedlun1conta|n|ng
assim | abl'e Soufceb of carbon, nitrogen,”iodine and inor- ganic salts, :
whi ch nedi um has been |noculated with a V|able culture of the n1croorganisn§

M cr omonospor 88 0lR88R68a°3ln1 A8bbEPE 5SS, \ERE dRER: &1 MRHEMTSuddler eof
said culture being capable of producing the LL-E33288 com-
plex in recoverable quantity upon aerobic fermentation in

an aqueous medium containing assimilable sources of carbon
nitrogen, inorganic salts, and either iodine or bromine or
both.

23. A culture containing the microorganism Micro-
monospora echinospora ssp. calichensis NRRL 15975, said
culture being capable of producing the LL-E33288 complex in
recoverable quantity upon aerobic fermentationm in an aque-
ous medium containing assimilable sources of carbon, nitro-
gen, inorganic salts, and either iodine or bromine or both.
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NRRL 15975, maintaining said fernentation culture at a tenperature of about
24-32[err] C for a period of approxi mtely 90-200 hours, harvesting the mash
and extracting the anti- biotics. The invention further provides chb%&ge
cont-ai ni ng the m croorgani sm 11L M cromgnospora echi nospora ség -
calichensis, NRRL 15839, said culture beiﬁ§96apable of producing the
LL- E33288 com plex in recoverable quantity upon aerobic fernentation in an

aqueous nedi um cont ai ni ng assi m | abl e SRHEEE&;Qf car bon

ANTITUMOR ANTIBIOTI LL-E332 OMPLEX

Antibacterial and antitumor agents designated LL-E33288
complex and their production by new strains of
Micromonospora, Micromonospora echinospora ssp.
calichensis, NRRL-15839 and NRRL-15975, are disclosed.
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nitrogen, inorganic salts, and either iodine or brom ne or both. The
ention further provides a culture containing the m croorganism M cro-
ospora echi nospora ssp. calichensis NRRL 15975, said culture being

abl e of producing the LL-E33288 conplex in recoverablegp q? gﬁ
obic fernentation in an aque- ous nedi um containing as | e SGur ces
carbon, nitro- gen, inorganic salts, and either iodine or brom ne or

h. -12- The generic assignnent of the strain NRRL 15839
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15889 can be consi dg

INFRARED ABSORPTION SPECTRUM OF LL~E33288/5|

fe genus M crononospora was confirmed norphol ogically and chem cally.
strai n produces nonospores either singly or
ae. No aerial hyphae were observed. Electron mcroscopic exan nation
3ged that the spores were warty. Wol e cel
‘Bi n contained the neso isoner of diam nopinelic acid (
I vative of DAP was present
in showed the presence of xylose plus traces of arabinose in its whole
sugar hydrol ysates (whol e cel

onor phol ogi cal and physi ol ogi cal

d

I n masses on the vegetative

anal ysi s sh%ﬁg%t{g 5’:2_'

in large (major) anpunts. Additionally the

sugar pattern of Type D).
st2fliges it was concl uded tgat NRRL
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s of M echinospora (it is closest to M echinospora ssp.
. Data on the norphol ogy of NRRL 15839 are given in Tables A and B.
| ogical data are given in Tables C and D. Tabl e A Macronorphol ogy O

NRRL {5839 (Col ors Are NBS-1SCC) | SP Agar ehal,
Sol ubffe Medi um Spor es Mycel i um O—’ﬁé%e?t& ge?
- Dar k orange- Malt yel l ow (72)
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Cat rreal - Colorless - pale (ISP 3)

or ang ellow (73) Inorganic Sli ght Dar k orange- Lt.
Sal t s- bor der of yellow (72) to browni sh Starch
bl ack = lt. yellowbrown (76) (ISP 4) -~ . spores Gycerié- -
Pal e ogange-yel | ow Aspar agi ne i (73) colorle 185@ Sl)S 2
-13-
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Macr onor phol ogy of NRRL- 15839 on Various Agar Media Used for
I nonycete G owh (28[err]C, 2 weeks) Agar Medium NRRL-15839 Pabl um

ei ge veg. | S1. black spores | No sol. pig. Yeast ej ge veg.
peks | No spores | No sol. pig. Czapek's | Be@g’az 1 ggl
ck spores | No sol. pig.
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Ye | Tan veg. Dextrose | Moderate black sp. | S1. dark piag.
Nutkgi ent | Colorless to tan veg. | S1. black spores | No sol . pig.
Nu@gi ent - | Colorless to dycerol | light beige veg. No bl ack spores
| N®-sol. pig. Bennett's | Colorless to beige veg. Dextr 1
bl agk spores | Sl1. rosy-brown pig. Onl 8 2 11 g
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- | Colorless to |It. Asparagine | orange-beige veg. | No spores
ol. pig. veg. = vegetative hyphae; pig. = pignent. 14- Table C
ghydrate Utilization of NRRL-15839 Arabinose + Cel |

| ose

32152

-

- TI118

PROTON MAGNETIC RESONANCE SPECTRUM OF
LL-E 33288 )

FIGURE NIT
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Fruct gse + d ucose + I nositol - Mannit ol
se + Rhamose + Sucrose + Xyl ose
e D Physiol ogi cal Reactions of NRRL-15839 Hydrol ysis of Casen

+ xaffnine 0182152
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nt hi ne - Tyrosine + Adenine Gelatin + Potato
St + Esculin + Production of Nitrate Reductase +
Phgfpat ase W Ur ease

0182152

9118
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h on Salicin - 5% Nadl - Lysozyne Broth -
oxylation of Acetate + Benzoate - Ctrate

tate - Mal ate - Mucate -
- 0182152
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- Propionate + Pyruvate + Succi nate -
- Acid from Adoni tol - Arabi nose + Cel | obi ose
+ Dul citol - Erythritol - Fructose +

0182152
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ucose + G ycerol - I nositol -
Mal t ose + Manni t ol - Mannose +
D - J ucoside Mlibiose - Raffinose +

0182152
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i n + Sor bi t ol - Sucrose + Trehal ose
yl ose + [err]-Methyl D xyloside - Gowh at 10[err]
2[ err] + 45[ err] + + = positive; - = negative;

! i-abl e; W= weak. 0182152
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- 16- ation of Miutant LL-E33288-R66, NRRL-15975 In an effort to inprove
tation yields, the orginal culture LL-E33288 (NRRL-15839) was pl ated
C single colonies were isolated. These were designated NS1 to NS50 (NS
ral selection). Fernentation of these isolates showedth W th
nodéffat e sporul ati on were generally better producers of LL- @3’1&%@ 'Bg

Sel éfted as representative of this group was isolate NS6.
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nsions were prepared
vari ous nutagens. Single colonies were isolated froma
rosoguani di ne treatnment, but none proved to be significantly inproved
roducers of the LL-E33288 conplex. From a subsequent series of exposures
o ultraviolet irradiation, single colonies were obtai nﬂ Lg?evmscg
solate UV 610 was sel ected as a high yielding nutant. S 10 was
hen streaked and sub- isolates 1 to 7 were obtained. Sub-isolate UV 610(3)

s selected for further work. Because of the highly potent antibacteri al

nd antineopl astic nature of the LLjgf38288 conplex it is possi- ble that
nce alimted concentrati on of the anthIDlIC S
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cing culture.

centration of 8 [err]g/m

Thus,

istant to the LL-E33288 antibiotic conpl ex.
gl ate UV 610(3) was prepared as enployed for fernmentation and used to
culate a flask of medi um consisting of peptone, -dextro
er. The nedi um was suppl enented with LL-E33288[err]-Br
A nunber of platings were done fromthis

ation it may becone toxic/in- hibitory to the

an effort was nade to obtain isolates which are

sk and a resistant popul ati on was obtai ned on the seventh day.
97 colonies (RL to RO7) were isolated. |solate R66 was sel ected

entially inproved producer of LL-E3f288 [err]-Br.
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represented schematical ly bel ow. - 17 - E33288 (WId
S6 (Natural selection) NTG [ NGL- NGL20] (Ni trosoguani di no) WV
-UW200] (U traviolet) UV [UV201-Uv400] (U traviolet) W
01- UV702] (Ul traviolet) UV610(3) (Sub-i sl ate 3) [RL to R97] (Resi st ant

ni es) . . . 0182152
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tant R66 is maintained in the culture collection of the Medical
ch Division, Anerican Cyanam d Conpany, Pearl river, New York as
e nunber LL-E33288 R66. A viable culture of this new m croorgani sm
en deposited with the Culture Collection Laboratory, Northern
al Research center, U S. Departnent of -Agriculture,gqoai?,gglgnois
e 6, 1985, and has been added LO its pernmanent collecti‘of.
ssi gned by such depository the strain designation NRRL 15975. Access
h culture, under strain designation NRRL 15975, during pendency of
stant application
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' A\0 Yy A\— G
-18- shall be available to one determ ned by the Conm ssioner of Patents

and Trademarks to be entitled thereto under CF. R J[err]l1l.14 and 35 U S. C
[err]l"22 and all restrictions on availl- ability to the public of such

_culture W Il be irrevocably renmoved upon grant of a patent on the instant
‘application. Mrphologically, NRRL-15975 forns fewer spor~e~=~¢ han

NRRL- 15839. A conparison of NRRL-15975 with NRRL-15839 i Eﬂmw§
DD. Chemically, both NRRL-15839 and NRRL-15975 show thl \.—égf_

sugar patterns (Type D:. xylose and traces

Title: ANTITUMOR ANTIBIQTICS
(LL-E33288 COMPLEX)
SUMMARY OF THE INVENTION

This application is a continuation-in-part of co-

pending application S.N. 672,031, field November 16, 1984.

e ‘This invention relates to new antibacterial and
antitumor agents designated LL-E33288aj-Br, LL-E33288 ¢ ;-I
LL-E332880y-Br, LL-E33288%)-1, LL-E33288c3-Br, LL-E33288a3-
1, LL-E33288a4~Br, LL-E33288g;-Br, LL-E33288g;-I, LL-E33288
27 -Br, LL-E332888 71, LL-E33288 y1-Br, LL-E33288yj-I and LL-
E3328861-1, to their production by fermentationm, to methods
for their recovery and concentration ffo_m crude solutions and
to processes for their purification. The present invention
includes within its scope the antibacterial and antitumor
agents in dilute form, as crude concentrates, as a complex of
various or all components, in pure form as individual compo-
nents and novel strains of Micromonospora.

The LL-E33288 antibiotics of this invention are
closely related compounds. The fourteen antibiotics are
recovered from fermentation and are initially obtained as a
mixture, hereinafter either the LL-E33888 complex, the the
LL-E33288 lodo-complex or the LL-E33288 Bromo-complex. In
géneral, the iodine containing components of the LL-E33288
antibiotics (e.g., «31-I, @p-1,a3-1, 8;-1, B2-1,Y;-1 and §;-
1) are found only in fermentations using media containing
inorganic or organic iodide while the bromine containing
components (e.g., ¢ }-Br, @2-Br, @3-Br, ¢, _Br,8 ;-Br, By-Br
and y1- Br) are found only in fermentations using media
containing inorganic or organic bromide. The ratio of
components. in the LL-E3§3_88 complex will vary, depending upon

. THIS SHEET HAS BEEN
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: of arabinose). The whole cell diam nopinelic acid anal ysi
15975 does not formthe neso isoner but only the 3-hydroxy{d PhAGERNET o
(NRRL- 15839 contains both conpounds). This does not changejthe
cheno-taxonom ¢ assi gnnment. Physiol ogical tests show that RL
NRRL- 15975 differ in only two physiol ogical reaction (Se
NRRL- 15975 is negative for nitrate reductase and posi- ti
of "l act at e. NRRL- 15839 was weakly posijive for both, but
after having been nmaintained on slants Tor a few nonths.
characters should be considered variable for this taxon.

the fermentation of both the bromine and the iodine contain-
ing antibiotics, LL~E3328887 and LL-E33288y] are the

major components, together accounting for approximately

90% of the complex. LL-E33288¢], LL-E33288q7, LL-

£33288e3, LL-E33288a4-Br, LL-E332886) and LL-E33288,-1 are

minor components, togecther accounting for approximately 10%
of the complex.

Thus

The LL-E33288 antibioﬁics are active against gram-
positive and gram-negative bacteria. Each of the components
were also found to be active in a modification of the
Biochemical Induction Assay [Elespuru, R. and Yarmolinsky,
M., Environmental Mutagenesis, 1, 65-78 1979)]. a test which
specifically measures the ability of an agent to directly or
indirectly initiate DNA damage. In this assay, both LL-
E332888;-Br and LL-E33288y j-Br were active.at concentrations
lower than 1X10-6 meg/ml.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. I is the ultraviolet absorption spectraof LL-

E33288g1-Br;

FIG. II is the infrared absorption spectrum of LL-
E3328881-Br; -

FIG. III is the proton magnetic resonance spec-
trum of LL-E332888;-Br; '

FIG. 1V is the carbon 13 magnetic resonance spec-
trum of LL-E33288 B;-Br;

FIG. V is the ultraviclet absorption spectraof LL-
E33288Y1-Br;

FIG. VI is the infrared absorption spectrum of
3 LL-E33288Y1~31"; _ :
" FIG. VII is the proton magnetic resonance spectrum
of LL-E33288 yj-Br;

FIG. VIII is the carbon 13 magnetic resonance
spectrum of LL-E33288y,-Br;

FIG. IX is the proton magnetic resonance spectrum
of LL-E33288 ap-I; o | '

FIG. X is the proton magnetic resonance spectrum of
LL-E33288 a3-1;



-19- TABLE DD Mor phol ogi cal Conparison of NRRL 15839 and NRRL l'q%giﬁgalh

Medium 7,

NRRL 15839 NRRL 15975 Bennett's-

N
Bei ge-t an Bei ge tan Dextrin Sp Bl ack, copioyis
SS None None Czapek's V Oan e-tan
Orange-tan Sp Bl ack, traces None SS None

Yeast Extract-

Sp Black, traces None -3-

V Orange tan, flat Orange tan, convol uted

FIG. XI is the ultraviolet absorption spectra of

LL-E332888-1;

FIG. XII is the infrared absorption spectrumof LL-

E332888;-1;

FIG. XII1 is the protein magnetic resonance

spectrum of LL-E332888;-I;

FIG. X1V is the carbon 13 magnetic resonance

spectrum of LL-E332888;1-1;

FIG. XV is the ultraviolet absorption spectra of

LL-E33288v1-1;

FIG. XVI is the infrared absorption spectrum of LL-

E33288Y1-1;

FIG. XVII is the proton magnetic resonance

-spectrum of LL-E33288v;-I; and

FIG. XVIII is the carbon 13 magnetic resonance

spectrum of LL-E33288v1-I.

DETAILED DESCRIPTION OF THE INVENTION
The physico-chemical characteristics of LL- E33288

81-Br and LL-E33288Y}-Br are described below:
LL-E3328881-Br

1)

.2)
3)
4)

3)

7)

Approximate elemental analysis: C 48.6; H 5.6; N
2.9; S 9.1; and Br 5.5. (It has been determined

by electron spectroscopy for chemical analysis (ESCA)
that only the following elements are present: C,

H, N, O, S and Br);

Melting point: 146-1509C (dec.);

Specific rotation: [a]%6 = -49%109(0.1% ethanol);
Ultraviolet absorption spectra: as shown in Figure

I (methanol; acidic methanol; basic methanol);
Infrared absorption spectrum: as shown in Figure

IT1 (KBr disc);

Proton magnetic resonance spectrum: as shown in
Figure I1II (300 MHz, CDClj3);

Carbon-13 magnetic resonance spectrum: as shown

in Figure IV (75.43 MHz, CDClj, ppm from TMS), signifi-
cant peaks as listed below:




TSS  None

,growt h Very poor growt h Dextrose " Sp None

None | ) None Nutri ent V Tan

gl ycer ol Sp Bl ack, ,sparse Bl ack, sparse SS
Slight brownish Nutrient V Tan '
fai.r None SS None None 1 =V

Sp = spores;

SS = sol ubl e pi gnent. A

8)

9)

Slight yellow sh Potato-

17.60(q); 17.64(q); 18.9(q); 19.7(q);
22.4(q); 22.8(q); 23.5(q); 34.3(e):
36.9(c); 39.2 (e/d); 47.8 (4); Sl.7(q;;
52.7(q); 54.6 (t/d); 56.3(q); 57.2(q);
57.8(d); 61.0 (q/d); 61.7(d);  62.4(t);
66.9(d); 68.4(d); 69.1(d); 69.7(d);
70.2(d); 71.1(d); 71.9(d); 72.1(s/t);
76.1(d); 81.0(d); 83.3(s); 88.2(s);

. 97.4(4); 99.7(d); 100.8(s); 102.5(d)

115.1(s); 123.4(d); 124.4(d); 126.5(d)
130.2(s): 130.8(s); 144.6(s): 149.3(s)
149.5(s}: 191.7(s); 192.4(s) ;

Molecular weight: 1333/1335 respectively for /9Br/81
Br as determined by FAB-MS; and

Molecular formula: .C54H84N3022843r, exact masses

at 1258.3699 (79Br) and 1260.3726(81Br) was determined

by high resolution FAB-MS and calculated to be
C52Hg1N3021S3Br (M+H-C2H40S).

LL-E33288 Yi-Br

1)

2)

3)

4)

Ultraviolet absorption spectra: as shown in Figure
V (methanol; acidic methanol; basic methanol);

Infrared absorption spectrum: as shown in Figure
VI (KBr disc): '
Proton magnetic resonance spectrum: as shown in
Figure VII (300 MHz, CDCl3);

Carbon 13 magnetic resonance spectrum: as shown
in Figure VIII (75.43 MHZ, CDCl3, ppm from TMS),
significant peaks as listed below:




-20- It is to be understood that for the productlon of these new

anti bacterial and antitumer agents the present invention:is not’limted to
this partucular organ- isns or to organisns fully answering f L\“bnve\“\\\
growth m croscropic characteristics which were given for ill EA;

. purposes only. In fact, it is desired and i-3tended to inclugefthe U

X-radiation, ultra- violet radiation,

N -nmet hyl - N -nitro-N-ni trosoguani di ne, actinophages and th
vitro anti bacterial activity of LL-

14. 17.

4 17.6 9 19.0
19.7 - 22.8 -
- 35.0 37.6 39.5
42.1 - 51.6 52.7
o 54.1 56.3 57.3 -
T 59.3 61.1 61.8 61.9
67.2 68.18 68.23 69.7
is Sheet Has Been Replaced 70.1 70.8 71.1 71.7
71.8 76.1 - 81.0
82.9 88.4 - 97.8
100.0. 100.2 101.3 . 103.0
115.3 123.0 124.9 - 126.9
130.4 131.1 131.8 138.0
144.7 - 149.5 149.6
155.6 192.5 192.9

5) Molecular formula: Cg3HggN3022S54Br by comparing
its Uv, IR, 'H NBR, and 13¢ NMR data to those of
LL-E332888 ;-BR and LL-E33288Y ;-1; and

6) Molecular weight: 1319/1321 respectively for
798r /81 Br, calculated from its molecular formula.

The physico-chemical characteristics of LL-
E33288¢;-1, LL-E33288ap-1, LL-E33288a3-1I,

and LL-E33288 8 j-I and LL-E33288Y 1 -1 are descrlbed
below:

LL-E33288¢c 1-I
1) Molecular weight: 1145, determined by FAB-MS.

LL-E33288ap-1

.1) Contains and only contains the following elements
by electron spectroscopy for chemical analysis (ESCA):
C, H, N, O, S, I;

2) Molecular weight: 1131, determined by FAB-MS; and

3) Proton magnetic resonance spectrum: as shogn in
Figure IX (300 MHz, CDClj).

LL-E33288 a3-1

1) Molecular weight: 1066, determined by FAB-MS; and
2) Proton magnetic resonance spectrum: as shown in

THIS SHEET HAS BEEN
' REPLACED




e ———
E33288 conponents was determ ned against a spectrum of grampositive and
gram negative bacteria by a standard agar dilution method. Mieller-H nton
agai n containing two-fold decreasing concentrations of the nij+ CS were

- poured into petri plates. the agar surfaces were inocul ate &%%%ncg

- 10[err] colong formng units of bacteria by nmeans of the stgefs gﬁﬁﬁgr

devi ce. The | owest concentration of LL-E33288 conponent th 9 i.ted

growth of a bacterial strain after about 18¢hours of |ncubat|on OCT19

approximately 35[err] C was recorded as the mninmal inhibit entra

(MC) for that strain. The results are sunmmarized in Tabl III. -
Figure X (300 MHz, CDClj).

~—— !

— " :

LL-E33288 81-1I
1) Ultraviolet absorption spectra: as shown in Figure
XI (methanol; acidic methanol; basic methanol);
2) Infrared absorption spectrum: as shown in Figure
XIT (KBr disc);
3} Proton magnetic resonance spectrum: as shown in
.Figure XIII (300 MHz, CDClj3);
4) Carbon 13 magnetic resonance spectrum: as shown
in Figure XIV (75.43 MHz, CDCl3, ppm from TMS),
significant peaks as listed below:

- 17.5 17.6 18.9
- 22.4 22.8 23.4
25.4 34.3 36.9 "39.2
, - 47.9 51.6 52.8
54.8 56.3 57.2 57.9
60.9 61.6 62.2
67.0 68.4 68.4 69.1
69.6 70.4 71.1 71.8
72.2 76.2 - 80.8
83.3 88.1 93.6 97.4
99.6 99.6 - 102.6
112.4 123 4 124.4 126.4
- 133.4 -
- 192.3 192.6

5) Molecular formula: Cs54HgsN3022S41 by comparing
its Uv, IR, 1H MR and 13¢ MMR data to those of
LL-E33288 B ;-Br and LL-E33288 Y1-1; and

6) Molecular weight: 1381, calculated from molecular
formula.

LL-E33288 Y1-I
1) Contains and only contains the following elements

by electron spectroscopy for chemical analysis (ESCA):
C,H,N,0,S5,1;

2) Approximate elemental analysis: C 48.8; H 5.4; N 2.8;
§ 9.0; 1 9.2;




-21- - -22- -23- Certéin in vivo testihg systens and prp#acol s have
been devel oped by the National Cancer Institute for testing

3) Molecular weight: 1367, determined by FAB-MS;

4) Molecular formula: Cs53HgyN3029541, exact mass for
M+H was determined by high resolution FAB-MS to be
1368. 3397 for C53Hg3N3092S41;

5) Ultraviolet absorption spectra: as shown in Figure
XV (methanol; acidic methanol; basic methanol);

6) Infrared absorption spectrum: as shown in Figure
XVI (KBr disc);

7) .Proton magnetic resonance spectrum: as shown in
Figure XVII (300 MHz, CDCl3); and

8) Carbon 13 magnetic resonance spectrum: as shown
in Figure XVIII (75.43 MHz, CDCl3, ppm for TMS)
significant peaks as listed below:

14.5(q) 17.6(q) 17.6(q) 18.9(q)
- - 22.8(q) -
25.4(q) 34.1(t) 37.0(t) 39.1(¢)
£2.3(t/s) - 51.5(d) 52.8(q)
54.8(t) 56.3(q) 57.2(q) -
60.4(d) 60.9(q) 61.3(t) 61.7(q)
67.0(d) 68.4(d) 68.5(d) -  69.2(d)
69.7(d) = 70.5(d) 71.1(d) 71.8(d)
72.1(s) 75.7(d) 75.8(d) 80.9(d)
82.8 s; 88.1€s) 93.5(s) 97.3(d)
99.62d 99.7(d) 100.8¢s)  102.6(d)
- 123.4(d)  124.4(d)  126.2(d)
130.2¢s)  131.0(s)  133.4(s)  139.1(s)
143.0(s)  145.1 150.6(s)  151.5(s)
154.5 192.0(s)  192.5(s)

The LL-E33288 components are most conveniently
separated and identified by high-performance liquid chro-
matography (HPLC) and by thin-layer chromatography (TLC).

.1t is difficulc, although not impossible, to separate
the corresponding iodinated and brominated components
by HPLC; however, they cannot be distinquished by TLC.



coapounds

have been ! ,
2 (1972); Ceran, et al. These protocols have established sfampdardi Zee

~ screening tests which are generally followed in the field pfftes8im

- antitunor agents. O these systens, |ynphocytic |eukem 3
mel anoti ¢ nel anoma B16, L1210 | eukem a and col on 26 adenofar ci nOome—are
particularly significant to the present invgntion. These™meapl asns are
utilized for testing as o= :

reported in "Cancer Chenotherapy Reports", Part |

The preferted analytical separation of the
LL-E33288-Br components by HPLC uses the following
conditions:

Column: “Separalyte Cjg 5 m,"” 4.6 mm x 25 cm
(Analytichem International);

Solvent: Acetonitrile: 0.2M aqueous ammonium
' acetate (60:40); _
Flow rate: 1.5 ml/minute
Detector: Dual wavelength UV at 254 nm and 280 nm;

Sensitivity: 0-0.02 A.U.F.S.

Table IA gives the approximate retention times
and volumes of LL-E33288B3-Br, LL-E332888 3-Br, and
LL-E33288 Y1-Br under these conditions.

TABLE IA

LL-E33288 |Retention Time|Retention

Components (minutes) Volume(ml)
81-Br 5.7 8.6
82-Br _ 7.1 10.7

Yi-Br . 4.3 6.5




. Tndicative of simlar results in human | eukem as and sol idft

transplantable tunors in nice. Generally, significant anti-f tf
activity, .shown in these protocols by a percentage increasefof nean
survival tines of the treated animals (T) over the control ani mlé&

Lynmohocyti c Leukeni a P388 Test The ani mal sg used were BDF[
one sex, weighing a mninumof 17 g and all within a 3 g wert
There were 5 or 6 mce per test group. The tunor transplant was by
i ntraperitoneal injection.of 0.5 nl of diJute ascitic fluid containing 1
cells of I|ynphocycic IeuB@ﬁigrﬁ 55?eﬁLﬁ?ﬁ%ﬁéﬁf%inﬁ?@FoﬁF@?rﬁé?@“t8§ted in
t he P388 syst emhmtiwdine kenitadningubL-E¥3288 mompodenesr hsBs cbeponents and
as a conpl ex

following conditions:

Column: NOVA-PAK C1g Radial-PAK cartridge with
RCM-100 Radial Compression Module
(Millipore, Waters Chromatography Division);

Solvent: Acetonitrile: 0.2M aqueous ammonium
acetate (50:50);

Flow Rate: - 1.2 ml/minute;

Detector: Dual wavelength UV at 254 nm and 280 nm;

Sensitivity: 0-0.02 A.U.F.S.

Table IB gives the approximate retention times
and volumes of LL-E33288 a}-I, LL-E33288q3-1, LL-E33288;3-I,
LL-E33288 81-1I, LL-E33288 82-I, LL-E33288 vj-I and
LL-E3328861-1 under these conditions.

TABLE IB

LL-E33288 | Retention Time|Retention

Components (minutes) Volume(ml)
ay-I 11.9 14.3
a2-1 9.1 10.9
-a3-1 1.5 1.8
B1-1 . 5.3
Bp-1 5.0 6.0
-1 3.6 5.3
§;-1 2.6 3.1




of . aII conponents ( Brono- conplex) The test conpounds were a nﬁﬁﬂﬂtgne
untrapertloneally at a volune of 0.5 mM in 0.2%Klucet in r

days 1, 5 and 9 (relative to"tunor inoculation) at the indifcgte
m ce were wei ghed and the survivors recorded on a regul ar bagis
~days. The median survival time and the ratio gfgsurvival t
(T)/control (C) animals were calculated. The positive contyl
Cisplatin given as an intraperitioneal injection in 0.5 mM o

on days 1, 5 and 9 at the inth&ate<E3NzEs. cdﬁpbﬂé@t@lhseaﬁépafatadeﬁde

If T/C X 100 (99 is,12 ver the t pound is considered to
have signifi cant ahg?n?hﬁb?g f?%w1ng(¥nt System:

doses.

fdC BQ99

treated

Adsorbant: 5111ca gel 60 F754 pre-coated aluminum
sheets, 0.2mm layer thickness, EM -
Reagents;

Detection: Visualized by quenching effect under

short wavelength UV lamp (254 nm),
and’ bioautography using Bacillus
subtilis or the modified blochemical
induction assay;

Solvent Systems: I, ethyl acetate saturated with
0.1M aqueous potassium dihydro-
gen phosphate;

11, 3% isopropyl alcohol in ethyl
acetate saturated with 0.1M
aqueous potassium dihydrogen
phosphate;

111, ethyl acetate:methanol (95.5).

Table II gives the approximate Rf values of
LL-E33288 components in these three systems:

TABLE I1
Rg Value

LL-E33288 Solvent Solvent | Solvent
Components |[System I|System II|System III
@ -Br,a-1 0.67 0.80 Q.79
a2-Bt,a2-1 0.61 0.75 0.73
a3-Br,a3-1 8.55 0.69 0.61
a4-Br 0.49 0.64 0.54
82-Br.82-1 0.32 0.41 0.45
B1-Br,8y"1 0.24 .35 0.36
vy1-Br,Y3-1 0.18 0.28 0.27
61-1 S0.11 | 0.19




-25 - TABLE IV Lynphocytic Leukenia P388 Test Medi an Dose Suryjval T/ C x

100 Cenpound (nmg/ kg) (Days) (% LL-E33288
16.5 156 1.6 *17.5 165 ( Br onp- conpl ex)
175 0.4 19 179

-11-

The new antibacterial and antitumor agents
designated LL-E33288e¢)-Br, LL-E3328807-Br, LL-E33288a3- Br, e/
LL-E33288as4-Br, LL-E33288 Bj-Br, LL-E3328883-Br,

LL-E33288 Y;-Br, LL-E33288¢-1, LL-E33288a-1, LL-E33288
G4-1, LL-EE2888;-I, LL-E332888;-1, LL-E33288Y;-1 and
LL-E3328881-1 are formed during the cultivation under
controlled conditions of a new strain of Micromonospora

echinospora ssp. calichensis. This microorganism is
maintained in the culture collection of the Medical
Research Division, American Cyanamid Company, Pearl River,
New York as culture number LL-E33288. A viable culture
of this new microorganism has been deposited with the
Culture Collection Laboratory, Northern Regional Research
Center, U. S. Department of Agriculture, Peoria, Illinois
~on August 9, 1984, and has been added to its permanent
collection. It has been assigned by such depository

the strain designation NRRL 15839. Access to such culture,
under strain designation NRRL 15839, during pendency of
the instant application shall be available to one deter-
mined by the Commissioner of Patents and Trademartks to

be entitled thereto under 37 C.F.R. §1.14 and 35 U.S.C.
§122, and all resttictions on availability to the public

of such culture will be irrevocably removed upon grant
of a patent on the instant application.

Culture LL-E33288 was isolated from a caliche
clay soil .sample collected in Texas.

is Sheet Has Been Replaced
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0.2 16.5 156 Control : - 10.6

Pos[tive Cont r ol 1.0 21.5 203 0. 25 15
14. 5 © 137 LL-E-33288[err]-Br 0.4 13
145 0.1 19 153 0. 05 17.5 141 0. 025
.7145 0.012 14 113 Control -
Positi ve Contr ol 1.0 25.5 206
-12-

The generic assignment of the strain NRRL 15839
to the genus Micromonospora was confirmed morphologically

and chemically. 'The strain produces monospores either
singly or in masses on the vegetative hyphae. No aerial
hyphae were observed. Electron microscopic examination
showed that the spores were warty. Whole cell analysis
showed that the strain contained the meso isomer of
diaminopimelic acid (DAP). The 3-OH derrivative of DAP
was present in large (major) amounts. Additionally the
strain showed the presence of xylose plus traces of
arabinose in its whole cell sugar hydrolysates (whole cell
sugar pattern of Type D).

From macromorphological and physiological
studies it was concluded that NRRL 15839 can be counsidered
subspecies of M. echinospora (it is closest to M.
echinospora ssp. pallida). Data on the morphology of NRRL
15839 are given in Tables A and B. Physiological data are
given in Tables C and D. |

Table A

Macromorphology Of NRRL 15839
(Colors Are NBS-1ISCC)

TS

Agar Vegetative Soluble

Medium Spores Mycel ium PigmentCs

Yeast- - Dark orange- -
Malct yellow (72)

(ISP 2)

Oatmeal - Colorless - pale -
(ISP 3) orange-yellow (73)

Inorganic Slight Dark orange- Lc.
Salts- border of yellow (72) to brownish
Starch black le. yellow-brown (758)

(ISP &) spores
Glycero¥- - Pale orange-yellow -
Asparagine (73) - colorless

. .(1ses)



0.4 19 153 0.06 15 121 -26- TABL

(continued) Median Dose . Survival T/C x 100 Conpound . - (ng
(% LL-E3328[err]-Br 0.2 14 113 0.1 |
0.05 ©19.5 157 ' .
-13-
Table B

Macromorphology of NRRL-15839 on Various Agar
Media Used for Actinomycete Growth (289C, 2 weeks)

Agar Medium NRRL-15839

l
Pablum | Beige veg.
[ S1. black spores
| No sol. pig.
|
Yeast | Beige veg.
Czapeks | No spores
| No sol. pig.
I
Czapek's | Beige veg.
| S1. black spores
| No sol. pig.
{
Yeast | Tan veg.
Dextrose | Moderate black sp.
| S1. dark pig.
|
Nutrient | Colorless to tan veg.
| S1. black spores
| No sol. pig.
|
Nutrient- | Colorless to
Glycerol | light beige veg.
| No black spores
| No sol. pig.
l
Bennett's | Colorless to beige veg.
Dextrin | S1. black sportes
| S1. rosy-brown pig.
|
Glucose- | Colotless to lt.
Asparagine | orange-beige veg.
| No spores
| No sol. pig.

veg. = vegetative hyphae; pig. = pigment.



0.025 { 18 145 0. 012 14.5 117 Contr ol

12. 4. . - Positive Control 1.0 © 25.5 206 0.4
153 0. 06 15 121 Mel anotic Mel anoma B16 The ani mal's uge
-BDF[err] mce, all of the sanme sex, weighing a mninmmof 17 ¢
within a 3 g weight range. There are normally 6 aninmals per te
g portion of nelanotic nelanoma B[err] tunor was honopgeni zed
cold bal anced salt solution and a 0.5 mi aliqyﬁg_of t he honog
i npl anted intraperitoneally into each of

Table C

Carbohydrate Utilization of NRRL-15839

Arabinose +
Cellulose -
Fructose +
Glucose +
Inositol -
Mannitol -
Raffinose +
Rhaﬁnose +
Sucrose .+
Lylose +
Table D

Physiological Reactions of NRRL-15839

Hydrolysis of
Casein
Xanthine
Hypoxanthine
Tyrosine
Adenine
Gelatin
Potato Starch
Esculin

+++ 4+ 4

Production of
Nitrace
Reductase
Phospatase
Urease -

=+



LL-E33288 antibiotics were tested in the B[err] system both
as the individual [err]-Br and [err]-Br conponents and as a conplex of al
conponents (Bronp-conpl ex). The test conpounds were adninjstered

intraperitioneally on days. 1 through 9 (relative to tunor
vari ous doses. The mi ce were wei ghed and survivors recor
basis for 60 days. The nedi an survival tilpe
for treated (T)/control (C animals were cal cul at ed.
conpounds were Cisplatin or Adrianmycin. The results of [t
Table V. If T/C X 100,90 hSod25 or over, the tested c
sidered to have signi 1a8th-tunor activity.
5% NaCl -
Lysozyme Broth -

Decatboxylacxon<g£ .
Acetate i
Benzoate. -
Citrate -
factate i
Malate -
Mucate -
Oxalate "
Propionate :
Pytuvate v
Succinate §
Tartrate

jd from

= Adounitol
Arabinose
Cellobiose
Dextrin
Dulcitol
Erythritol
Fructose
Galactose
Glucose
Glycerol
lnositol
Lactose
Maltose
Maanitol
Mannose
o-methyl D

Glucoside

Melibiose
Raffinose
Rhamnose
Salicin
Sorbitol
Sucrose
Trehalose
Xylose
g-Methyl
pD-xyloside

l+l+|||+<+ll+++l

4+ 4+ D

Growth at
S s

420
459

+ +

' : - bles
+ = posicive; - < negative: V variab
W = weak.’



.-2?;‘TABLE V Mel anotic Mel anoma B[ err] fest Medi an Dose Sur vj
100 Conpound.

0.8 -
169 0.1
"Cisplatin

(mg/ kg) (Days) (9% -1L- E33288;
188 ( Br.onp- conpl ex) . 0.
150 Contr ol '
0.4 25 156

~-16-

Derivation of Mutant LL-E33288-R66, NRRL-15975
In an effort to improve fermentation yields, the

.orginal culture LL-E33288 (NRRL-15839) was plated and SC

single colonies were isolated. These were designated NS1 to
NS50 (NS = natural selection).

Fermentation of these isolates showed that those
with moderate sporulation were generally better producers of
LL-E33288 complei. Selected as representative of this group
was .isolate NS6.

Using isolate NS6 as the starting culture, spore
suspensions were prepared and expossed to various mutagens.
Single colonies were isolated from a nitroso-guanidine
treatment, but none proved to be significantly improyed
producers of the LL-E33288 complex. From a subsequent series
of exposures tq ultraviolet irradiation, single colonies
were obtained from which isolate UV 610 was selected as a high
yielding mutant. Isolate UV 610 was then streaked and sub-
isb}ates 1'to.7 were obtained. Sub—iéo}ate UV 610(3) was
selected for further work. |

Because of the highly potent antibacterial and
antineoplastic nature of the LL-E33288 complex it is possi-
ble that once a limited concentration of the antibiotic is
biosynthesized in the fermentation it may become toxic/in-
hibitory to the producing culture. Thus, an effort was made
to obtain isolates which are resistant to the LL-E33288

“antibiotic complex.

Vegetative growth from isolate UV 610(3) was
prepared as employed for fermentation and used to inoculate
a flask of medium consisting of peptone, dextrose, molasses
and water. The medium was supplemented with LL-E332888; -Br
at a concentration of 8 pyg/m. A number of platings were
dope from this flask and a resistant population was
obtained on the seventh day. A total of 97 colonies
(R1 to RY97) were isolated. Isolate R66 was selected
as a potentially improved producer of LL-E33288 B ;-Br.

The history is represented schematically below.



0.2 . 25 156 0.1 - 23 144 0. 05 21.5 134

LL- E33288ferr] -Br 0. 05 32 . - 168 0.025 33.5
176 0.0125 32 168 Contr ol ' :

Adri anmyci-n 0.8 > 60

> 316 - 28-

-17-
£33288 (Wild type)

J

NS6 (Natural selection)

—NTG [NGL-NGl20](Nitrosoguanidinc)

—QUv [UV1-UvV200](Ultraviolet)

—Uv [UV201-0UV400](Ultraviolet) ’

L—yv [UV401-Uv702](Ultraviolet)

4

UV6l0{(3)(Sub-islate 3)

A

[Rl to R97](Resistant colonies)

R66

The mutant R66 is maintained in the culture
collection of the Medical Research Division, American
Cyanamid Company, Pearl river, New York as culture number

;LL-E33288 R66. A viable culture of this new microorganism
has been deposited with the Culture Collection Laboratory,
Northern Regional Research center, U. S. Department of
Agriculture, Peoria, Illinois on June 6, 1985, and has
been added Lo its permanent collection. . It has been
assigned by such depository the strain designation NRRL
15975. Access to such culture, under strain designation
NRRL 15975, during pendency of the instant application



TABLE V (contlnued) Medi an Dose  Survival T/C X 100 Conpounfl REP; g~

c (gl kg). (Days) (% LL-E33288[err]- m:«eaﬂ:i{["’ff’m
" 176°0.025 30 . 159 0.0125 37 195 Control -

19 Adri amyci n 0.8 >60 . > 316/0/478 g
" > 316 Lynphocytic Leukemi a L1210 Test The animals used wer err] nﬁ%ﬁ

all of one sex, weighing a mnimumof 17 g and all within
range. -18-

3 g wei
shall be avuailable to one determined by the Commissioner of
Patents and Trademarks to be entitled thereto under C.F.R:
§1.14 and 35 U.S.C. §122, and all restrictions on avail-
ability to the public of such culture will be irrevocably
removed upon grant of a patent on the instant application.

Morphologically, NRRL-15975 forms fewer spores
than NRRL-15839. A comparison of NRRL-15975 with NRRL-15839
is given in Table DD. |

Chemically, both NRRL-15839 and NRRL-15975 show
the same whole cell sugar patterns (Type D: xylose and traces
of arabinose). The whole cell diaminopimelic acid analysis
reveals that 15975 does not form the meso isomer but only the
3-hydroxy derivative (NRRL-15839 contains both compounds).
This does not change the chemo-taxonomic assignment.

Physiologicai tests show that NRRL-15839 and NRRL-
15975 differ in only two physiological reaction (See Table
D). NRRL-13975 is negative for nitrate reductase and posi-
tive for utilization of lactate. NRRL-15839 was weakly
positive for both, but is now negative after having been
maintained on slants for a few months. Thus these characters
should be considered variable for this taxon.



There were 6 nmice in each test group and 18 in control, groups. The tunbr.
transpl ant was by intrapericoneal injection of 0.5 m of |ynphocytic

| eukermi a L1210 at a concentration of 10[err] cells per nouse._LL-E33288
antibiotics were tested in the L1210 system both as the indipgg
conponent and as a conplex of all conponents (Bronp-conpl ekx) .~
conpounds were adm ni stered on-days 1, s1%nd 9 or days 1 tfhrfough

(relative to tunor
and the ratio of surviva

cal cul ated. The posi- tive control
|, 4- di hydr oxy-5, 8-bi s[[2-(2-hy-

TABLE DD

i nocul ation) at various doses.
survivors recorded ona regul ar basis for 30 days.
time for treated (T)/contro
conpound was

Them cefvef e Mgl
The medi

Morphological Comparison of NRRL 15839 and NRRL 15975

Agatr Medium NRRL 15839 NRRL 15975
Bennett's- vl Beige-tan Beige tan
Dextrin Sp Black, copious None
SS None None
Czapek's V Orange-tan QOrange-tan

Sp Black, traces
SS None

Yeast Extract- V Orange tan, flat

Czapek's Sp Black, traces
" SS None
Potato- V Very poor growth
Dextrose Sp None "
SS None
Nutrient V Tan .
glycerol Sp Black, sparse
SS None
Nutrient V Tan
) Sp Black, fair
SS None

None
None

Orange tan, convoluted.
None
Slight yellowish

Very poor growth
None
None

Tan

Black, sparse
Slight brownish

Tan
None
None

1 = V = vegetative hyphae; Sp = spores; SS = soluble pigment.



- 29-..dr oxyet hyl am no) et hyl ] am no] ant hr aqui none di hydrochl ori
-Gisplatin given intraperitoneally at the indicated-dose. The
i'n Table VI. If T/C X 100 (% is 125 or over, the-tested co
consi dered to have significant anti-tunor activity.: TABLE VI
“Leukem a L1210 Test Medi an Dose Survival T/C x 100 Conpounpd
(Days) (% _20-

It is to be understood that for the production
of these new antibacterial and antitumor agents the
present invention is not limited to this partucular organ-
isms or to organisms fully answering the above growth
microscropic characteristics which were given for illus-
trative purposes only. In fact, it is desired and intended
to include the use of mutants produced from these organisms
by various means such as exposure to X-radiation, ultrta-
violet radiation, N'-methyl-N'-nitro-N-nitrosoguanidine,
actinophages and the like. '

The in vitro antibacterial activity of LL-
E33288 components was determined against a spectrum of
gram-positive and gram-negative bacteria by a standard
agar dilution method. Mueller-Hinton again containing
two-fold decreasing concentrations of the antibiotics
were poured into petri plates. the agar surfaces were
inoculated with 1 to 5 x 104 colong forming units of
bacteria by means of the steers replicating device.

The lowest concentration of LL-E33288 component that
inhibited growth of a bacterial strain after about 18
hours of incubation at approximately 350C was recorded
as the minimal inhibitory concentration (MIC) for that
strain. The results are summarized in Table III.
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injection of 0.5 nm of a 2% Colon 26 tunor brei in Eagle's N
containing antibiotics. LL-E33288 anti biotics were tested

system as a conpl ex (Bronmo-com plex) of all components. Thg
were administered intraperitoneally on days 1, 5 and 9 (rel fitjvel8qQgp
i npl ant doses). The m ce were wei ghed and deaths recorded oh p regul ar
basis for 30 days. The nedian survival tinmes for treated (T)/contT
animal s were cal cul ated. The positive con%rol conmpound was i .
results appear in Table VII. If T/C X 100 @W@ is 130 or over, the test -
conpound i s considered to have significant anti- tunor activity. TABLE VI I

%55.

Certain in vivo testing syscems and protocols have
been developed by the Nacional Cancer Institute for testing
compounds to decermine their suitability as anci-neoplastic
agents. These have been reported in "Cancer Chemotherapy
Reports", Parc III, Vol. 3, No. 2 (1972), Geran, et al. These
protocols have established standardized screening tests
which are generally followed in the field of testing for
antitumor agents. Of these systems, lymphocytic leukemia



Col-on 26 Adenocarci noma rest Median Dose  Survival T/C x 100 Conpound

. (fky/ kg) (Days) (% LL-E33288 1.5 39.5
* (Brono- conpl ex) 0.8 32.5 175 0. 4 34 REPW@?ET SHEE!‘
25.5 137 Contr ol - 18.6 - Pogitive
29 156 Control - 0.5° 38.5 207 0 2p 18 0@71@5
202
-24-~

P388, melanotic melanoma B1l6, L1210 leukemia and colon 26
adenocarcinoma are particularly significant to the presentc

 invention. These neoplasms are utilized for testing as

transplantable tumors in mice. Generally, significant anti-
tumor activity, shown in these protocols by a percentage
increase of mean survival times of the treated animals (T)
over the control animals (C), is indicative of similar
tesults in human leukemias and solid tumors.
Lymphocytic Leukemia P388 Test

The animals used were BDFj mice, all of one sex,
weighing 2 minimum of 17 g and all within a 3 g weight range.
There were 5 or 6 mice per test group. The tumor transplant
was by intraperitoneal injection of 0.5 ml of dilute ascitic
fluid containing 106 cells of lymphocytic leukemia P388.
LL-E33288 antibiotics were tested in the P388 system both as
the individual §3-Br and 1-Br components and as a complex
of all components (Bromo-complex). The test compounds were
administered intrapertioneally at a volume of 0.5 ml in
0.2% Klucel in normal saline on days 1, 5 and 9 (relative to
tumor inoculation) at the indicated doses. The mice were
weighed and the survivors recorded on a regular basis for
30 days. The median survival time and the.ratio of survival
time for treated (T)/control (C) animals were calculated.
The positive control compound was Cisplatin given as an
intraperitioneal injection in 0.5 ml of 0.2% Klucel on days

1, 5 and 9 at the indicated doses. The results appear in
Table IV.

If T/C X 100 (%) is 125 or over, the tested com-
pound is considered to have significant anti-tumor activity.

This Sheet Has Been R,

I

ll llll




-31- Mb076 Sarcoma The Mb076 reticular cell Sarcoma is propagated as
subcut aneous inplants in C57B2/6 female mice. In the assays for antitunor
activity, BDF[err] mce of either-sex were inoculated intraperitoneally

with 0.5 m of a 10%tunor brei. LL-E33288 antibiotics were t@gﬁﬁgEMEN1@ﬁ§ET
Mb076 system as a conpl ex (Brono-conplex) of all conponents| fFest—corpodhas
were adm nistered intraperitoneally on dayz 1, 5, 9, 13 and 171kgl?ﬁjve to
tunor inocul ation on day zero. The nedian” aFvivaI time in days OCT 1996
- determ ned for each

TABLE IV

Lymphocvtic Leukemia P388 Test

Median
Dose Survival |T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 3.2 16.5 156
: 1.6 17.5 165
(Bropo-copplex) 0.8 18.5 175
0.4 19 179
0.2 16.5 156
Control - 10.6 -
Positive Control| 1.0 21.5 203
0.25 15 142
0.06 14.5 137
LL-E-332888; -Br | 0.4 13 105
0.2 18 145
0.1 19 153
0.0S 17.5 141
0.025 18 145
0.012 14 113
Control - 12.4 -
Positive Control] 1.0 25.5 206
0.4 19 153
0.06 15 121




drug dose used on day 60 and the ratio of survival time fo

r treated_.

(T)/control (C) animals were calculated. The results of ¢ WSk |
Table VI1I conpared to the results obtained with C splat rlgl’:h??:‘lL 837’%%(%%8%7
(99 is 125 or over, the tested conpound is considered to} have significant
anti-tunor activity. TABLE VIII Ms076 Sarconma Medi an Dosg 48 GCTa199%/ ¢ X
100" Conpound (mg/ kg) * (Days) (9% LL-E33288 1.5 50
175 (Bronp- conpl ey) 0.4 39.5 1386 -

PABLE IV {continucd)

Median
Dose |Survival|T/C x 100
Compound (mg/kg)| {(Days) (%)
LL-EBJZBBYI;Br 0.2 14 ©113
0.1 21 189
0.0s 19.9 157
0.02% L8 1458
0.012 14.5 117
Control ' - 12.4 -
Positive Control} 1.0 25.5 206
0.4 19 153
0.06 15 121

Melanotic Melanoma Bl6

The animals used were BDF] mice, all of the same
sex, weighing a minimum of 17 g and all within a 3 g weight
range. There are normally 6 animals per test group. Al g
portion of melanotic melanoma Bjg tumor was homogenized in
10 ml of cold balanced salt solution and a 0.5 ml aliquot of
the homogenate was implanted intraperitoneally into each of
the test mice.. LL-E33288 antibiotics were tested in the Bjg
system both as the individual B1-Br and y}-Br components
and as a complex of all components (Bromo-complex). The test
compounds were administered intraperitioneally on days 1
through 9 (relative to tumor inoculation) at various doses.
The mice were weighed and survivors recorded on a regular
basis for 60 days. The median survival time and the ratio
of survival time for treated (T)/control (C) animals were
calculated. The positive control compounds were Cisplatin
or Adriamycin. The results of this test appear in Table V.

If T/C X 100 (%) is 125 or over, the tested compound is con-

sidered to have significant anti-tumor acrivity.

n..



Control ! . - . 28.5 - Cisplatin 1 30
105 0.5 - 44.5 156 0. 25 45 - 158 -32- 1'n the sane

manner, the follow ng i odo-conpo- nents were tested .for antlneoplastlc
act|V|ty TABLE | X Lynphocytlc Leukem a P388 Test Medi an

-27-

TABLE V

Melanotic Melanoma B¢ Test

Median
Dose Survival{T/C x 100

Compound (mg/kg)| (Days) (%)

LL-E33288 0.8 30 188
0.4 29.5 184

(Bromo-complex) 0.2 27 169
0.1 24 150

Control - le -
Cisplatin 0.4 25 156
0.2 25 158

0.1 23 144

0.05 | 21.5 134

LL-E332888) -Br 0.05 32 168
: 0.025 33.5 176

0.015 32 168

Control - 19 -
Adriamycin 0.8 | > 60 > 316
_ 0.4 2 60 > 316




Dose Survival T/C x 100 Conpound (my/ kg) (Days) . (%
5

. LL-E33288[err]-| . 005 >25.5 - >196 (Test 1)
0025 - 22 169 .00125 18.5 142 . 0006 (718~ e 138
. 0003 15.5 119 .00015 15 - 115 Control; ~-~LACEMENT Sucky

- - 13 - Positive Control Novantrone[err]* , | e
1.6 22.5 173 LL-E33288 [err]-| | 11
100 (Test 2) .005-28- 18 61 OCT 195

TABLE V (continued)

Median I

Dose Survival |T/C = 100
Compound (mg/kg)| (Days) (%)
LL-E3328871-31 Q.05 33.5 ; 176
0.025 30 159
0.01251 37 135
Control . - 19 .-
Adriamycin 0.8 > 60 > 316
0.4 >60 > 316

Lymphocytic Leukemia L1210 Test

The animals used were BDF] mice, all of one sex,
weighing a minimum of 17 g and all within a 3 g weight range.
There were 6 mice in each test group and 18 in control groups.
The tumor ctransplant was by intraperitoneal injection of
0.5 ml of lymphocycic leukemia L1210 at a concentration of 103
cells per mouse. LL-E33288 antibiotics were tested in the
L1210 system both as the individual g)-Br component and as
a complex of all components (Bromo-complex). The test compounds
were administered on days 1, 5 and 9 or days 1 through $
(relative to tumor inoculation) at various doses. The mice were
weighed and survivors recorded onaregulat basis for 30 days.
The median survival time and the ratio of survival time for
treated (T)/control (C) animals were calculated. The posi-
tive control compound was 1,4-dihydroxy-~5,8-bis{[2-(2-hy-




168 .0006 16
127 Contr ol

Novant rone[ err]

. 0025 - 22.5 205 .00125 18.5

. 0003 14 ' 127 . 00015 - 14

- 11 - Positiyve Contro

1.6 19 : 173 0.8 16

145

*1, 4-di hydr oxy-5, 8-bi s[[2-(2- hydroxyethylan1no)ethy|]

an1no]anthraqU|none 2HC

droxyethylamino)ethyl]amino]anthraquinone
or Cisplatin given intraperitoneally at the indicated dose.
The results appear in Table VI.
over, the tested compound is considered to have significantc

anti-tumor activity.

If T/C X 100 (%) is 125 or

TABLE VI

Lymphocytic Leukemia L1210 Test

Median

Dose - |Surviwval|T/C x 100
Compound {mg/kgl)| (Days) (%)
LL-E33288 1.5 29 174
(Bromo-complex)| 0.8 28.5 171
0.4 22.5 135
0.2 22.5 135
Control - 16.7 -
Anthraquinone 1.6 30 180
’ 0.8 30 180
0.4 30 180
LL-E33288g;-Br| 0.2 11.3 136
0.1 11.4 137
0.05 11 133
0.025 11.3 136
Control - 8.3 -
Cisplatin 5 7.5 90
2.5 12 145
1.25 11 133

i-_: _h_._-~____
LACEMENT L
ZLACEMENT ffeer

dihydrochloride




-33- TABLE X Mel anotic Mel anona Blerr] Test Medi an Dose Survival T/C x

+ 100 Conpound (mg/ kg) (Days) (9% LL-E33288-[«
- . 0025 26.5 156 .00125 27 159 . 0006
. 0003 35.5 209 .00015 33.5 197 . 00007
-30-

Colon 26 Adenocarcinoma Test
The animals used were CD2F] female mice weighing
a minimum of 17 g and all within a 3 g weight range.

There were 5 or 6 mice per test group with three groups of
5 or 6 animals used as untreated controls for each cest.
The tumor implant was by intraperitoneal (or subcutaneous)
injection of 0.5 ml of a 2% Colon 26 tumor brei in Eagle's
MEM medium containing antibiotics. LL-E33288 antibiotics
were tested in cthe Colon 26 system as a complex (Bromo-com
plex) of allcomponents. The test compounds were administered
intraperitoneally on days 1, 5 and 9 (relacive to tumor
implant doses). The mice were weighed and deaths recorded
on a regular basis for 30 days. The median survival times
for treated (T)/control (C) animals were calculated. The
positive control compound was Cisplatin. The resulcs
appear in Table VII. If T/C X 100 (%) is 130 or over, the
tested compound is considered to have significant anti-
tumor activity.

TALLE VII

Colon 26 Adenocarcinoma Test

Median

Dose Survival|T/C x 100
. Compound (mg/kg)| (Days) (%)
LL-E33288 1.5 39.5 212
Bromo-complex 0.8 32.5 175
( plex)| 54 34 183
0.2 25.5 137
Control - 18.6 -
Positive 1 29 156
Control 0.5 38.5 207
. 0.25 37.5 202




Control ° - - Adrianycin

0.8 - -. 48 282 0.4 40 235.0.2 34.5
. 203 -34- TABLE Xl Lynphocytic Leukem a L1210 Test. Medi an
T/ C x 100 Conpound (my/ kg) (Days) (%
-31-

M5076 Sacrcoma
The M5076 trecicular cell Sarcoma is propagated
as subcutaneous implants in C57B2/6 female mice. 1In the

assays for antitumor activity, BDF] mice of either sex
were inoculated intraperitoneally with 0.5 ml of a 10%
tumotr brei. LL-E33288 antibiotics were tested in the
M5076 system as a complex (Bromo-complex) of all components. Test
compounds were administered intraperitoneally on days 1,
5, 9, 13 and 17 relative to tumor inoculation on day zero.
The median survival time in days was determined for each
drug dose used on day 60 and the ratio of survival time
for treated (T)/control (C) animals were calculated.

The results of this test appear in Table VIII
compared to the results obtained with Cisplatin. If T/C X
100 (%) is 125 or over, the tested compound is considered
to have significant anti-tumor acciviey.

TABIE VII1

MS5Q76 Sarcoma

Median

Dose Survival|T/C x 100
Compound (mg/kg)| (Days) (%)
LL-E33288 L.S 50 175
-comple 0.8 30 175
(Bromo-complexf -7 39.5 139
Control - 2§8.5 -
Cisplatin 1§ 30 105
0.5 44.5 156
0.25 4 1s8




IR e

T ._-_—_________,,_.———————'"""' e M
LL- E33288 [err]-|I .01 8 89 HEH 4:“:§§%f—
156 .0025 - 11 122 . 0012 10.5 117 . 0006 éﬁﬂa&fﬂ?'ﬂ%
Control-_ 9 Positive Confr ¢l -
Novant r one[ err] | 3.2 15 167| 1f6 18 OCT jopg
11.5 128 0.8 12 133 0.4 11
-32-

In che same manner, the following iodo-compo-
nents were tested for antineoplastic activity.

TABLE IX
Lymphocytic Leukemia P388 Test

Dose |shedidl: r/c x 100
Compound (mg/kg)| (Days) (%)
LL-E33288y1-1 .005 ¥25.5 Y196 .
(Test 1) .0025 22 169
: .00125; 18.5 142
.0006 18 138
.0003 15.5 119
.00015| 15 115
Control | - 13 -
Positive Control
Novantrone®* ~ 1.6 22.5 173
LL-E33288 y3-~1 .01 11 100
(Test 2) .005 18 164
.0025 22.5 205
.00125} 18.5 168
.0006 16 145
.0003 14 127
.00015] 14 127
Control - 11 -
Positive Control
Novantrone® : 1.6 19 173
' 0.8 16 145

*1,4-dihydroxy-5,8-bis[[2-(2-bhydroxyethylamino)ethyl
aminoJanthraquinone-2HCl y yerthy no)ethyl]



-35- TABLE Xl | Colon 26 Adenocarci nona Test Medi an Dose Survival T/C x

100 -Conmpound : (nmg/ kg) (Days) (9% LL-E33288 [err]-I
.01 11 59 . 005 25.5 138 . 0025 w20 146
-. 00125 22.5 122 , 0006 23.5 127 .0003 LAD
-33-
TABLE X

Melanopié Melanoma Bjg Test

Dose |[sheviad1|r/c x 100
Compound . (ng/kg)| (Days) (%)
LL-E33288 v1-1 .0025 26.5 156
.00125 27 159
.0006 42.5 250
.0003 35.5 209
.00015 33.5 197
.00007 30.5 179
Control | - -
Adriamycin 0.8 48 282
0.4 40 235
0.2 34.5 203




.90015 17.5 95 . 00007 17 92 Control
18.5 - Positive Control Cisplatin 2
i 15 5 - 84 1 27.5 149 0.5 23.5 . 127 =

General Fernentation Conditions Cultivation of M cronnnosporakm@Emeggﬁgr
NRRL

 13.0CT 199

“34- i

TABLE XI L
Lymnhocycic Leukemia L1210 Test

Dose s§€3i321 T/C x 100
Compound (mg/kg)| (Days) (%)
LL~-E33288 v1-1 .01 8 89
: .005 14 156
.0025 11 122
.0012 10.5 117
.0006 10 111
Control - 9 -
Positive Control
Novantrone® 3.2 15 167
: 1.6 11.5 128
0.8 12 133
0.4 11 122




215839 or NRRL 15975 may be carried out in a wide variety of liquid culture
medi-a. Medi a which are useful for the pro- duction of these novel
antibacterial and antitunmor agents include an assinmlable saurce of carbon,

-such as starch, sugar, nolasses, glycerol etc.; an assiml ablig $g s —
nitrogen such as protein, protein hydrolysate, polypeptidesg, -amNQ-"&e
corn steep liquor, etc.; and inorganic anions and cations, ;sych as ‘
pot assi um sodi um anmmoni um cal ci um sulnﬁ te, ‘carbonate, |5h sph8t@eT 094
chloride, etc. and sources of either bron?he (sodi um brom gde}] or iodin€
(potassiumio- dide). Trace el ements 1y¢le &3 boron, nolybdenum
etc., are supplied as inpurities of ottrer—Tomnstituents of %he

Aeration in tanks and bottl eggolgnS@BPAiEdo®yrd DhsthdOrest

Dose |siedid%1 r/c x 100
* Compound (mg/kg)| (Days) (%)
LL-E33288 v;-I .01 11 59
) ' .005 25.5 138
.0025 27 146
.00125 22.5 122
,0006 23.5 127
.0003 20 108
.00015 17.5 95
.00007 17 92
Control - 18.5 -
Positive Control
Cisplatin ) 2 15.5 84
1 27.5 149
0.5 23.5 127




sterile air through or onto the surface of the fermenting nmedium Further .
agltatlon in tanks is provided by a mechani- cal inpeller. An &
“agent such as silicone may be added as needed. Gener al Procedu'
.Isolation and Separation of the Antibiotics - LL-E33288 The LY E3
antibiotics are recovered fromthe fernmentation broth by extr
whol e mash with an organi c solvent such as ethyl acetate or
di chl oronet hane. The anti biotic conpl ex, -36mt ai ned in the ofga
is further purified by selective precipitation fromlower
The crude LL-E-33288 antibiotic conplex thus obtained is further
" and separ at edGeneoal hBEermentation Conditions

Cultivation of Micromonospora echinospora NRRL
15839 or NRRL 15975 may be carried out in a wide variety of
liquid culture media. Media which are useful for the pro-
duction of these novel antibacterial and antitumor agents
include an assimilable source of carbom, such as starch,
sugar, molasses, glycerol, etec.; an assimilable source of
nitrogen such as protein, protein hydrolysate, polypeptides,
amino acids, corn steep liquor, etc.; and inorganic anions
and cations, such as potassium, sqgium,'ammopium, calcium,
sulfate, carbonate, phosphate, chloride, etc. and sources of
either bromine (sodium bromide) or iodine (potassium io-
dide). Trace elements such as boron, molybdenum, copper,
etc., are supplied as impurities of other constituents of the
media. Aeration in tanks and bottles is supplied by forcing
sterile air through og'dﬁto.the surface of the fermenting
medium. Further agitation in tanks is provided by a mechani-

‘cal impeller. An antifoam agent such as silicone may be added
‘as needed.

General. Procedure for the Isolation and Separation of the
Antibiotics - LL-E33288

The LL-E33288 antibiotics are recovered from the
fermentation broth by extracting the whole mash with an
organic solvent such as ethyl acetate or dichloromethane.
The antibiotic complex, contained in the organic extract, is
further purified by selective precipitation from lower hy-
drocarbons. The crude LL-E-33288 antibiotic complex thus
obtained is further purified and separated into the in-
dividual components by a series of column chromatographies
using silica gel, Sephadex® LH-20 (Pharmacia Fine Chemicals)
and C1g bonded silica.

The invention will be described in greater detail
in conjunction with the following non-limiting specific
examples.




di vi dual conponents by a series of columm chronmatographies using silica
gel , - Sephadex[err] LH 20 (Pharmaci a Fine Chem cals) and C18 bonded silica.

The invention will be described in greater detail in conjunction with the _
followi ng non-limting specific exanples. -37- Exanple 1; rﬁgCUF&ﬁmeu__w__
Preparation A typical mediumused to grow the primry i nocul; ufePLAGEMENT SHEET |
18 OCT w94
-37-
Example 1

Inoculum Prenatacion

A typical medium used to grow the primary inoculum
was prepared according to the following formula:

Beef e@Xtract...ceceecescenas about 0.3%
Tryptone...ceeeveenccnccennn about 0.5%
Dextrose.....coves eeresseacans about 0.5%
Dextrin.cciceececcecenaans .. about 2.4%
Calcium carbonate........... about 0.4%
Yeast eXtTaCl..ccevecccccaaas about 0.5%
Water....... QS O eveeennnnn 100%

This medium was adjusted to pH 7.0 and then steri-
lized. A 100 ml portion of this sterile medium, in a flask,
was inoculated with frozen mycelia of the culture

NRRL 15839. The inoculated medium was
placed on a rotary shaker and agitated vigorously for 48 hours
at 329C. This incubated medium was then used to inoculate 10
liters of the above sterile medium in a 14 liter fermentor.
This medium was incubated, with agitation, at 32°C for 48
hours, providing secondary inoculum. This secondary inoc-
ulum was then used to inoculate 300 liters of the above
sterile medium in a tank and incubated for 48 hours at 30°C
while agitated by an impeller driven at 180-200 rpm, pro-
viding the tertiary or seed inoculum.

Example 2
Tank Fermentation

A fermentation medium was prepared according to the

following formulation:

DeXEroSe: . .eeennss e, about 0.5%
SUCTOS@. « v e veensocaceseonacesnasacanees about 1.5%
Peptone, bacteriological grade.......... about 0.2%

Dibasic potassium phosphate............. about 0.01%



hag prepared according to the follow ng fornul a: Beef extract:

................ about 0.3% Trypt one ciriseisesaifi. ... abg

"DextTose 4 about 0.5% Dextrin_..:..........J.5L.

2. 4@6CaIC|un1carbonate ........... about 0.4% Yeast extract J.J.. 16 O
about 0.5% Water ....... gs to ........... 100% Thi s medi um

pH 7.0 and then steri- lized. A 100 ml pqggtion of this steri
flask, was inoculated with frozen nycelia of the culture NR
|noculated medi um was pl aced on a rotary shaker and agitated vigorously for

48 hours MOLlaSS@S.uuunennenenrnnenoeoeennennnnn. about 0.5%
Calcium carbonate.........ccivivireunnn. about 0.5%
Source of bromine or iodime.............. trace amounts
Water...ioeiineecennns gS CO.vvvvenannannn 1007

A 2800 liter portion of the above medium was steri-
lized and then inoculated with 300 liters of tertiary (seed)
inoculum prepared as described in Example 1. Aeracion was
supplied at the rate of 0.53 liters of sterile air per liter
of mash per minute and agitation was supplied by an impelle:
driven at 110 rpm. The temperature was maintained at about
289C and the fermentation was terminated after about 97 hours,
at which time the mash was harvested.

The fermentation was monitored for production of
the LL-E33288 antibiotics by antibacterial activity, bio-
chemical induction assay, TLC and HPLC analyses.

The whole harvest mash was adjusted to pH 6 and then
extracted with 1/2 mash volume ethyl acetate. The ethyl
acetate extract was concentrated to a syrup which was washed
twice with hexane and filtered through diatomaceous earth.
The diatomaceous earth cake was thoroughly mixed with ethyl
acetate and filtered. The filtrate was concentrated to 3
liters, dried over excess anhydrous sodium sulfate and then
precipitated by the addition of hexane giving about 26.7 g of
crude LL-E33288 complex.

_ Example 3
Separation of LL-E33288 aj -Br, ap-Br, oj-Br and a4-Br from

LL-E33288 8 -Br, By -Br and Yj-Br

The approximately 26.7 g ot crude LL-E33288 complex
(Bromo-complex) from Example 2 was divided evenly into three por-
tions and chromatographed on three separate 2.4 x 110 cmsilica
gel columns (Silica Woelm®, 32-63 m, Woelm Pharma) packed and
equilibrated with ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate. The columns were first
eluted with the same solvent at a flow rate of 3 ml/minute

[ —— . ma———
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at 32[err]C. This |ncubated nedlun1mas then used to.inoculate 10 liters of
the above sterile mediumin a 14 liter fermentor. This mediumy
i ncubated, with agitation, at 32[err]C for 48 hours, providin
i noculum This secondary inoc- ulumwas then used to inocul fit
of the above sterile nediumin a tank and-i ncubated for 48 no s e
30[err]C while agitated by an inpeller driven at 180-200 rgmj pro-
the tertiary or seed inoculum Exanple 2 nk FernmentationfA
medi um was prepared according to the fol IFdWing formnul ation

Dextrose.............. .. i, about 0. 5%
for 18 hours, collecting 18 ml fractions. The eluent was
changed to ethyl acecate:methanol (95:5) and elution contin-
ued for 8 hours. Finally the columns were eluted with ethyl
acetate:methanol (90:10) for 10 hours. The fractions were
assayed by the modified biochemical induction assay (BIA).
The positive fractions were analysed by TLC using silica gel
60 precoated sheets and developed with the solvent system 3% -
isopropancl in ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate and detected by biocautography
using the modified BIA.

Fractions coataining LL-E3328841-Bt,qy-Br, o3 -Br
and a;-Bt (LL-E33288¢Br complex) from the three columns were
pooled, concentrated to dryness and the residue was dissolved
in ethyl acetate and washed with a small amount of water. The
ethyl acetate solution was dried over anhydrous sodium sul-
fate and precipitated as before to yield about 4.2 g of crude
LL-E33288¢-Br complex.

Fractions containing LL-E33288g,-Br, sfarand‘rl-
Br (LL-E33288 B8 -Br complex containingy -Br from the three
columns were pooled and worked up as above to yield about 2.0
g of crude LL-E33288 g -Br complex containing y-Br.

Example 4 _
Isolation of LL-E33288 81 -Br and LL-E33288 v, -Br

An approximately 1. .9 g sample of the LL-E33288g-Er
complex containing y-Br from Example 3 was chromatographed on
a 25 x 10 cm Sephadex® LH-20 column equilibrated with .metha--

~nol:water (90:10) at a flow rate of 1.2 ml/minute, collec-
ting 15 ml fractions. The fractions were assayed in the
BIA and those active were analysed by TLC as before. Frac-
tions 21-26 containing most of the LL-E33288g;-Br, g9-Br and
Y18 were pooled and concentrated to remove methanol and the
resulting aqueous mixture was lyophilized to yield about 433
mg of partially purified complex containing approximately

10% of LL-£33288 §)-Br, 1% of LL-E332888-Br and 47 of LL-
E33288 y-Bc.




Sucrose ..... e about 1.5% Pept oney
. bhcteriological grade .......... about 0.2% Di basi c pot assifuﬁEBWWHeSHEET
T about 0.01% REPLACEVMENT SHEET 38 Mbl asses ———— X
.......................... : about 0.5% Cal ci um car bgn te..g
e about 0.5% Source of bromne or io i;e 15 OCT 1996
.............. trace anounts Water .. gs to .. 10000

A 2800 liter portion of the above nediumwas steri-
_ ~40-

The above partially purified LL-E33288B8-Br complex
containing Y-Br was divided evenly and chromatographed on two_
1.5 x 100 cm silica gel columns (Kiesel Gel 60, 40-63um, EM

" Products for chromatography) packed and equilibrated with'
ethyl acetate:methanol (98.2) at a flow rate of 1 ml/minute,
collecting 12 ml fractions. The fractions were assayed and
analysed by TLC as before and those containing primarily LL- -
E3328831-Br were pooled, concentrated and precipitated from
hexane to yield about 26 mg of 80% pure LL-E33288g)-Br. Those
fractions containing LL-E33288v] -Br (chromatographing just
after LL-E33288 B) -Br) were pocled and worked up to_yield
about 4.5 mg of 30% pure LL-E33288y 1-Br. A few fractioms
containing LL-E33288g)-Br (chromatographing just before LL-

E33288 B8 1-Br), were pooled and worked up to_yield a trace
amount of LL-ES328832-B‘:.

Example 5
Final Purification of LL-E332888,-Br
The approximately 26 mg of 807 pure LL-E33288g1-

Br from Example 4 was combined with other LL-E33288 g ;-Br

samples of similar purity derived from other fermentatioms
conducted under identical conditions. A total of about 38 mg
of this combined gj~Br was further purified by reverse phase
preparative TLC using Whatman PLKCjgF, 100 m precoated TLC
plates, developed with methanol:0.1M ammonium acetate buffer
ac pH 4.0 (90:10). The band containing LL-E33288 g 1-Br,
chromatographing at Rg=0.66 and visualized by quenching
effect under short wavelength UV lamp (254 nm), was-excised
and the antibiotic was washed off the adsorbant with 10%
isopropyl alcohol in ethyl acetate saturated with 0.1M aque-
ous potassium dihydrogen phosphate. The solution was con-
centrated and the residue was dissolved in ethyl acetate and
washed with a small amount of water. The organic solution
containing LL-E33288 8)-Br was worked up as before to yield
about 24.5 mg of 90% pure LL-E33288 8 1-Br. This sample was
further purified by preparative TLC on silica gel (Silica




lized and then inoculated with 300 liters of tertiary (seed) inocul um
prepared as described in Exanple 1. Aeration was supplied at t
0.53 liters of sterile air per liter of mash per mnute and ag ﬂﬁﬂﬁﬁg@%&;
supplied by an inpeller driven at 110 rpm The tenperature wa Y=t
at about 28[err]C and the fermentation was term nated after about zé é&urs,

or 6F 1993
O_

production of the LL-E33288 antibiotics by antibacterial- acti
chem cal induction assay, TLC and HPLCzr&%yses. The whol e haf v
adjusted to pH 6 and then extracted with 1/2 mash vol une ethyl &

The ethyl acetate extract was concentrated to a syrup which was washed
Gel GF precoated plates, 1000 m, Analtech) developed with 3%

isopropyl alcohol in ethyl acetate saturated with 0.1M aque-
ous potassium dihydrogen phosphate. The major quenching band
under short wavelength UV lamp (254 nm), chromatographing at
Rg=0.7, was excised and the antibiotic was washed off the
adsorbant with dichloromethane:methanol (80:20). The
organic solution containing LL-E332888 ;-Br was worked up as
before to yield about 18.8 mg of substantially pure LL-E33288
Bl-Br.

Example 6
Final Purification of LL-E3328881- Br

The approximately 4.5 mg of 30% pure LL-E33288 v1-
Br from Example 4 was combined with other LL-E33288
Y1-Br samples of similar purity derived from other fermen-
tations conducted under identical conditions. A total of 18
mg of this combined sample was further purified by prepara-
tive TLC on silica gel (Silica Gel GF precoated tapered-
plates, Analtech) developed with 2% isopropyl alcchol in
ethyl acetate saturated with 0.1M aqueous potassium dihydro-
gen phosphate. The major quenching band under short wave-
length UV lamp (254 om), chromatographing at Rg=0.5, was
excised and worked up as before to yield about 4.3 mg of
substantially pure LL-E33288 Y}-Br.

A preferred fermentation medium for production of
LL-E33288 Bromo-complex is as follows:

Ingredient Percent
Sucrose : 2.0
Ferrous Sulfate Heptahydrate 0.01
Magnesium Sulfate Heptahydrate 0.02
Calcium Carbonate 0.5
Peptone 0.2
Molasses 0.5
Sodium Bromide 0.05

Water gs to _ 100



——twi'ce Wi th hexane and filtered through di at omaceous earth
earth cake was thoroughly m xed with ethyl acetate and fil
\filtrate was concentrated to 3 liters, dried over excess

S

diat onaceQus .
SECUACENTING | SHEET

n lel otS o\Ju R

sul fate and then precipitated by the addition of hexane gi}viin %bﬁ % 26 7
of crude LL-E33288 conpl ex. Exanple 3 Separation of LL-E33288 #
[err]-Br, [err]-Br and a4-Br from LL-E33288 [err]-Br, 83 - and

qi

[err]-Br The approximately 26.7 g of crude _kb-E33288 conplex

(Brono- conpl ex) from Exanple 2 was divided evenly into three—per—iions—andl

|JU|
~chromat ographed on three separate 2.4 x 110 cmsilica gel colums (Silica

Veelnferr], 32-63 [err]”howgghglP@ﬂé”@%dfﬁ?&ﬁ“%f”%&ﬁine as potassium
iodide, to the fermentation medium provided substan’ ~ °
improvements by:

1) markedly enhancing vegetative growth
in the fermentation;

.2) increasing zones of inhibition in bio:

;gagus Escherichia coli #300 and Bacillus

3) providing substantial activity at the
of LL-E332888;-1 and Y 1~1 on the bioautog
of TLC plates; and

4) enhancement of other components as det
by TLC.

The following two media are preferred for !
production of LL-E33288 Ilodo-complex:

Percent

Ingredient Media A Media
Sucrose 2.0 2.0
Ferrous Sulfate Heptahydrate 0.01 0.01
Magnesium Sulfate Heptahydrate 0.02 0.02
Calcium Carbonate* 0.5 0.25
Peptone*=* 0.2 0.2
Molasses 0.5 0.5
Potassium fodide 0.05 0.01

Water qs to 100 100

* Mississippi lime.

** Best results were obtained with MARCOR® bacteriolog:

peptone, but other peptones usable and also polypept
from meat and casein hydrolyzates.



Tequilib}ated with ethyl acetate saturated with O.lNIaqueous pot assi um
~di hydrogen phosphate. The colums were first eluted wth the sane sol vent

at a flowrate of 3 mM/mnute -39- for 18 hours, collecti
“fractions. The eluent was changed to ethyl acetate: nmet hanol (Bﬁﬂﬂpfgg -

elution contin- ued for 8 hours. Finally the colums were el it 0 Q-8
acet at e: net hanol (90:10) for 10 hours. The fractions were asgaye t he
nodi fi ed bi ochem cal induction assay (BIA). The positive frgctfio Eég@s
anal ysed by TLC using silica gel -43-

Example 7

A mycelial-spore suspension was prepared by
scraping the surface of a slant of culture NRRL-15839 to which
5 ml of sterile distilled water had been added. This sus-
pension was then used to inoculate 100 ml of sterile sead
medium of the following formula:

Yeast Extract 0.5%
Beef Extract 0.3%
Tryptose 0.5%
Starch 2.4%
Dextrose 0.5%
Calcium Carbonate 0.4%
Water qs to 100.0%

in a2 500 ml flask. This seed flask was incubated at
289C on a rotary shaker at 200 vpm for 3-4 days, producing
Stage I inoculum.

The Stage I inoculum was used to_ inoculate
a Stage II inoculum of the same sterile medium, which
was incubated under the same conditions for 2 days.

The Stage II inoculum was then used to inoculate
100 ml of sterile fermentation medium of the formula:

Sucrose | 2.0%
Ferrous Sulfate Heptahydrate 0.01%
Magnesium Sulfate Heptahydrate 0.02%
Calcium Carbonate 0.5%
Peptone (MARCOR®) 0.2%
Molasses 0.5%
Potassium Iodide 0.05%
Water qs to 100.0%

This medium was incubated at 289C on a shaker
at 200 rpm for 5 days at which time the mash was harvested.



e

. 6Q. precoated sheets and devel oped with the sol vent system 3% i sopropanol ‘in
. dthyl "acetate saturated with 0.1M aqueous potassi um di hydr Qﬁﬁ@Raﬁﬁﬁﬁahgﬁff
" and detected by bi oautography using the nodified Bl A Fracki gns toniaini

LL-E33288[err]-Br,[err]-Br, [err]-Br and [err]-Br (LL-E332B8ferr - Br_

. conplex) fromthe three colums were pool ed, concentrated tof dfifh&&S %86
the residue was dissolved in ethyl acetate and washed wi th} af smal | anpunt
of water. The ethyl acetate solution waé4dried over anhydrpus sodi um sul -
fate and precipitated as before to yield about 4.2 g of crlUgdg e _
LL- E33288[err]-Br conplex. Fractions containing LL-E33288[err]-Br, [err]-Br
and [err]- Br (LL-E33R8bdaedrdraiionoapliero Ainiginl o§ypothrs sfivaniadizdd hr ee

appears to be optimal, but concentrations of 2 mg/ml do_noc
appear to depress yields.

NRRL-15839 can be induced to produce LL-E33288 8 ;-
I when potassium iodide is present in the medium, but only at
very low levels (0.2-0.3ug/ml) as against 1.5-3.5 pg/ml for
the better producing NRRL-15975.

Yields of81-I and Y1~-I in an iodine medium are 2
to 8 times greater than yields of corresponding brominated
compounds 8 1-Br andy 1-Br in a bromine medium using NRRLJ597:

Example 8- |
Separation of LL-E33288 ¢o;-I, @ -I, and o3 -I from

LL-E33288 By -I, P3-I, 7Yj~-I and ©;-I

Approximately 41.3 g of crude LL-E33288 complex
derived from the processing 7500 liters of a fermentatiom
using NRRL-15975 and medium containing inorganic iodide was divi-

ded evenly into two portions and chromatographed on two separate
2.5 x 110 cm silica gel column (Silica Woelm, 32-63 um)

packed and equilibrated with ethyl acetate. The columns
were first eluted with ethyl acetate at a flow rate of
4 ml/minute for 4 hours, collecting 20 ml fractioms.
The eluent was changed to_a concave gradient from ethyl
acetate saturated with 0.1 M aqueous potassium dihydrogen
phosphate to 10% isopropyl alcohol in ethyl acetate satu-
rated with 0.1 M aqueous potassium dihydrogen phosphate
over 24 hours. The columns were finally eluted with
10%2 isopropyl alcohol in ethyl acetate saturated with
0.1 M aqueous potassium dihydrogen phosphate over night.
The fractions were assayed in the BIA and those active
were analysed by TLC as described in Example 3.

Fractions (86-107) containing LL-E33288¢ 3-I
from the two columns were pooled and worked up as before
to yield about 2.1 g of crude LL-E33288¢3-1.



colums were pool ed and worked up as above to yiéld about 2.0 g of crude
"LL-E33288 [err] -Br conplex containing [err]-Br. Exanple 4 |solation of

" LL-E33288 [err] -Br and. LL-E33288 [err] -Br An approxi natel[yﬂg.p@\@mgm}gg
_of the LL-E33288[err]-Br conplex containing y-Br from Exanpl g

“chromat ographed on a 25 x 10 cm Sephadex[err] LH 20’ col um ECUI|éqéét

with metha- nol:water (90:10) at a flowrate of 1.2.m/m nytdg, %6 ng

15 m fractions. The fractions were assayed in the Bl A and|those active

were anal ysed by TLC as before. Frac- tions 21-26 containing nost of the

LL-E33288[err]-Br, [err]-Br and [err]-Br wgse pool ed and cdacentsat-ed-t-o6——-

renove net hanol and the resulting aqueous m xture was |yophilized to yield

about 435

Fractions (182-253) containing LL-E33288a j-I
and %-1 from the two columns were pooled and worked
up to yield about 4.2 g of a crude mixture of LL-E33288
a1-1 and o2-1I.

Fractions ( 254-272) containing LL-E3328885-1
and g1-I from the two_ columns were pooled and worked
up to yield about 1.2 g of a crude mixture of LL-E33288
32-1 and B3-1.

Fractions (273-302) containing LL-E33288 y1-1
from the two columns were pooled and worked up to yield
about 1.9 g of 30% pure LL~E33288 vy1-I.

Fractions (303-340) containing LL-E3328861-1
from the two columns were pooled and worked up to yield
about 1.3 g of partially purified LL-E33288 §3-I.

Example 9
Purification of LL-E33288 Y1
Approxlmacely 900 mg of the 30% pure LL-E33288
Y1-1 from Example 8 was chromatographed on a 2.5 x

120 cm sephadex LH-20 column equilibrated with ethyl
acetate:dichloromethane:ethancl (2:2:1) at a flow rate
of 1 ml/minute, collecting 12 ml fractions. The fractions
were assayed and analysed by TLC as before and those
containing LL-E33288y1-1 (fractions 24-33) were pooled
and worked up to_yield 428 mg of 64% pure LL-E33288y1-I.

A 22 mg sample of the above was chromatographed
on a 0.8 x 24 cm Sepralyte Cjg (35-60 um, Analytichem)
column equilibrated with acetonitrile:0.2 M aqueous ammoni-
um acetate (55.45) at a flow rate of 2 ml/minute, collecting
12 ml fractions. The fractions were assayed and analysed
by TLC as befoye and those containing pure LL-E33288y;-I
were pooled and worked up to yield 7.7 mg of pure
LL-E33288 v;-I.




ng of partially purified conplex containing approximtely 10% of LL-E33288
{ [err]-Br, 1%of LL-E33288[err]-Br and 4%of LL- E33288 [err]-Br. - 40-
The above partially purified LL-E33288[err]-Br coenpl ex contgibiretE
was divided evenly and chromat ographed on two 1.5 x 100 crj QepiAGE
- colums (Kiesel Gel 60, 40-63[err]m EM Products for chrongatgg
and equilibrated with ethyl acetate:nethanol (98.2) at a f} o
m/mnute, collecting 12 m fractions.;[%g fracti.ons were assayed and

Example 10
Purification of LL-E332888)-I andB8j-1I
Approximately 600 mg of the crude mixture oE
LL-E33288 -1 andB 1-I from Example 8 was chromatographed
on a 2.5 x 120 cm Sephadex LH-20 column equilibrated
with ethyl acetate:dichloromethane:ethanol (2:2:1) at
a flow rate of 1 ml/minute, collecting 12 ml fractionms.
The fractions were assayed and analysed by TLC as before
and those containing LL-E33288 8p-I and LL-E332888;-1
(fractions 23-31) were pooled and worked up to yield
81 mg of a partially purified mixture of LL-E332886-1
and 8;-1.
The sample above was chromatographed on a 1.5

% 90 cm Sephadex LH-20 column equilibrated with hexane:
dichloromethane:ethanol (3:1:1) at a flow rate of 0.8
ml/minute, collecting 12 ml fractions. The fractions
were assayed and analysed by TLC as before and those
containing LL-E332888 -1 (fractions 17-30) and LL-E332838
B 1-1 (fractions 31-38) were pooled separately and worked
up to yield 31 mg of partially purified LL-E332888 2-I
and 20 mg of 80% pure LL-E332888 ;-I.




~anal ysed by TLC as before and those containing primarily LL- E33288[err]-Br
‘were pool ed, concentrated and precipitated from hexane to yield about 26 ny
of* 80% pure LL-E33288[err]-Br. Those fractions containing L[~ épa%gll] Br-
_(chromat ographing just after LL-E33288 [err] -Br) were pool - %@gﬁﬁﬁf
to yield about 4.5 ng of 30% pure LL-E33288[err]-Br. A few fyactions
contai ning LL-E33288[err]-Br (chromatographing just before {LL E@Bg@ﬂ‘ggé
[err]-Br), were pooled and worked up to yield a trace anount jof
LL-E33288[err]-Br. Exanple 5 Final Pucgfication of LL-E33248[erTT=Br—Fre—
approximately 26 ng of 80% pure LL-E33288[err]- Br from Ex le 4 was

conbi ned with other LL-E33288 [err]-Br

WHAT IS CLAIMED IS:

1. A compound LL-E33288q,-Br, baving the
following Rf values in the indicated solvent systems on
TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, R¢=0.67;

b) 3% isopropanol in ethyl acetate saturated
wicth 0.1M aqueous potassium dihydrogen

UL

¢). ethyl acetate:methanol (95:5), Rg=0.79.

L ——

2. A compound LL-E33288a 2-Br, having the following
R¢ values in the indicated solvent systems on TLC on silica
gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.61;

b) 3% isopropamol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R¢g=0.75; and

c) ethyl acetate:methanol (95:5), Rg=0.73.
3. A compound LL-E33288c3-Br having the following

Rf values in the indicated solvent systems on TLC on
silica gel sheets:



,

{

sanples of simlar purity derived fromother fernentations conducted under

rdentical conditions. A total of about 38 ng of this conbined [fepFd-
further purified by reverse phase preparative TLC usi ng Wat ma
100 m precoated TLC pl,ates, devel oped with nethanol: 0. 1M anmopi
buffer at pH 4.0 (90:10). The band containing LL-E33288 [err]-
chromat ographing at R err]=0.66 and vi sualized by quenching ef
short wavel ength W lanmp (254 nm), was excised and the antib
washed of f the adsorbant with 10% i sopf8pyl al cohol in ethyl
saturated with 0.1M aque- ous potassi um di hydrogen phosphate. The solu

was con- centragkd evhlyl haceste upa tusatiéd sol tled i IM edqyéocaset at e and

washed wi th a snal | ,GEpu0fufld YR)EFoged EnSESRRLE, SOLLG | 94,

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rf=0.69; and

c¢) ethyl acetate:methanol (95:5), Rg=0.61.

4. A compound LL-E33288a4-Br, having the following
Rf values in the indicated solvent systems on TLC on silica
gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.49;

b) 3% isopropanol ian ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rg=0.64; and

c¢) ethyl acetate:methanol (95:5), Rg=0.54.

5. & compound LL-E332888] -Br, R O 0 0 1

a) bhaving an approximate elemental analysis:
C 48.6; H5.6; N 2.9; 5 9.1 and Br 5.5;

b) having a melting point: 146-1509C (dec.);

¢) bhaving a specific rotation: (e ]%6 = -49+100
(0.1%, ethanol);



_containing LL-E33288 [err]-Br was worked up as before to yge

ng of 90% pure LL-E33288 [err]-Br. This sanple was further tLﬁ%L_ R
preparative-TLC on silica gel (Silica -41- CGel GF precopced pl ates,

- m Analtech with 3% i sopropyl al cohol in ethyl hc td‘t&wtmt d
W th 0 Hﬂi‘ﬂ@ masm .um di hydr ogen phosphate. The guenchi ng

band u ngth U lanmp (254 nm, chronmatogra hlng a
was ex0|sed and the antibiotic was washed®ff the adsor berit
di chl or onet hane: net hanol (80:20). The

d) having ultraviolet absorption spectra as shown in
Figure 1 of the drawings;

e) having an infrared absorption spectrum as shown in
Figure Il of the drawings;

f) having a proton magnetic resonance spectrum as shaown

in Figure III of the drawings;

g) having a carbon-13 magnetic resonance spectrum as
shown in Figure IV of the drawings with significant

peaks at:
17.60(q); 17.64(q); 18.9(q); 19.7(q);
22.4(q); 22.8(q); 23.5(q); 34.3(¢t);
36.9(c); 39.2(t/d); 67.8(d); 51.7(q);
532.7(q.); 54.6(d) 56.3(q); 57.2(q);
57.8(d); 61.0 (q/d); 61.7(d); 62.4(t);
66.9(d); 68.4(d); 69.1(d); 69.7(d);
70.2(d); 71.1(d); 71.9(d); 72.1(s);
76.1(d); 81.0(d); 83.3(s); 88.2(s);
97.4(d); 99.7(d); 100.8(s); 102.5(d);
115.1(s); 123.4(4d); 124.4(d); 126.5(d);
130.2(s); 130.8(s); 1464.6(s); 149.3(s);
149.5(s); 191.7(s); 192.4(s); and

h) bhaviang the following Rgf values in the indicated sol-

vent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.24;
ii) 3% isopropanol in ethyl acetate saturated
~with 0.1M aqueous potassium dihydrogen
phosphate, R§=0.35;
1ii) ecthyl acetate:methanol (95:5), Rg=0.36.



- _organic solution containing LL-E33288[err]-Br was worked up_as before to
"yield about 18.8 ng of substantially pure LL-E33288 [err]-{Bag D
Final Purification of LL-E33288[err]- Br The approxi nat el
_pure LL-E33288 [err] .- Br from Exanple 4 was conbi ned wit
[err]-Br sanples of simlar purity derived fromother fer %ﬁ§
conducted under identical conditions. A total of 18 ng of[t ne
sanple was further purified by preparLgg.tive TLC on silicg gel |
GF precoated tapered plates, Analtech) devel oped with 2%% r.apyl. al cohol

in ethyl acetate saturated with 0.1M aqueQus potagsiun1dih d}o-
i) having a molecular weight: 1333/1335, respectively

for 798c/81Br; and

- 18807

Ni S conbi

£

j) having a molecular formula: Cs4Hg4N302254Br.

6. A compound LL-E3328887-Br, having the following
Rf values in the indicated solvent systems on TLC on sil-
ica gel sheets:

a) echyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.32;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R¢=0.41; and

c) ethyl acetate:methanol (95:5), Rg=0.45. ”!m!”"l”"!!“msl,”!"

7. A compound LL-E33288y}-Br
a) having ultraviolet absorption spectra as shown in
Figure V of the drawings;

b) having an infrared absorption spéccrum as shown in
Figure VI of the drawings;

¢) having a proton magnetic resonance spectrum as shown
in Figure VII of the drawings; and

d) having the following Rf values in the iandicated sol
vent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.18;



.gen phosphate. The mmjor quenching band under short wave- |ength W | anp
£254 nm), chromatographing at Rlerr]=0.5, was excised and worked up as
before to yield about 4.3 ng of substantially pure LL-E33288 [err]-Br. A
"preferred fernmentati on nmedi um for production of LL-E33288:Bress-conplex is

s follows: Ingredient . Percent SUtTHRAEEMENT SHEET
.0 Ferrous Sul fate Heptabydrate 0.01 NesTum-Sti--ate
t ahydrate 0. 02 Cal ci um Car bonat e
L Pou  hs & 0CT 195

b5 AT ) A s1- R i

ii) 3% isopropanol in ethyl acecace saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R§=0.28;

iii) ethyl acetate:methanol (95:5), Rf=0.27.

e) having a carbon-13 magnetic resonance spectrum as
shown in Figure VIII of the drawings with significant

peaks at:
14.4 17.6 17.9 19.0
19.7 - 22.8 -
- 34.0 37.6 39.5
42.1 - 51.6 52.7
54.1 56.3 57.3 -
59.3 6l.1 61.8 61.9
67.2 68.18 68.23 69.7
70.1 . 70.8 71.1 71.7
71.8 76.1 - 81.0
82.9 88.4 - 97.8
100.0 100.2 101.3 103.0
115.3 123.0 124.9 126.9
130.4 131.1 131.8 138.0
144.7 T - 149.5 149.6
155.6 192.5 192.9

f) having a molecular formula: Cg3HgoN307254Br; and

g) hbhaving a molecular weighc: 1319i1321, respectively
for 798r/81pc.

8. A compound LL-E33288¢;-1
a) having the following Rf values in the indicated solvent

systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.67;




Em TR T gy

Sodi um Br oni de : 0.05 Vater | ﬁthAC@%ng SHEET
100 -- - --42-- However, the addition of iodine as potassiumi d!ﬁe, to the ﬁ

, fernentation nmedi um provi ded substan inprovenents by: 1) rifedt § @O { N

veﬂ“j umtl Hmn the fernmentation; 2) increasing zonesjof inhibition i
bi o' it f¢hi a coli #300 and Ba%EIIus

ii) 3% isopropanol in ecthyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,

R¢=0.80; and

iii) ethyl acetate:methanol (95:5), Rg=0.80; and

b) having a moiecular weight:1145.

9. A compound LL-E33288a9-1
a) having the following R¢ values in the indicated solvent
systems on TLC on silica gel sheets: '

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.61;

ii) 3% isopropanol in ethyl acetate saturated with

0.1M aqueous potassium dihydrogen phosphate,
Reg=0.75; and

iii) éthyl acetate:methanol (95:5), Rg=0.73;

b) containing only the following elements: C, H, N,
0, S and I; '

¢} having a molecular weight:1131; and

d) baving a proton magnetic resonance spectrum as shown
in Figure IX of the drawings.

10. A compound LL-E33288c3-1
a) having the following Rf values in the indicated solvent
systems on TLC on silica gel sheets: '

i) ethyl acetate saturated with 0.1M aqueous potassium
dihydrogen phosphate, Rg=0.55;



#308; 3) providing substantial activity at the. of LL-E33288[err]-1 and
"[err]-1 on the bioautog of TLC plates; and 4) enhancenent of ot her

conponents as det by TLC. The follow ng two nedi a .-are prefégr
. production of LL-E33288 |odo-conplex: Percent |ngr.edient ﬁgﬂﬁk@ﬁEM{SHEEr

Media A.  Media Sucrose ) 2.0
Eggrous Sul f at e Hept agygrzate 0 o5 0.01 _ 0.01 Mag1§3‘5&rﬁﬂm9%te
SISO AN O ™ |

-53-

ii) 3% isopropancl in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.69; and

iii) ethyl acetate:methanol (95:5), Rf=0.61;

b) having a molecular weight:1066; and

¢) having a proton magnetic resonance spectrum as shown
in Figure X of the drawings.

11. A compound LL-E3328881-I
a) having the following R¢ values in the indicated
solvent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous potassium
dihydrogen phosphate, Rg=0.24;

ii) .32 isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.35; and

iii) ethyl acetate:methanol (95:5), Rg=0.36;

b) having an ultraviolet absorption spectra as shown
in Figure XI of the drawings;

¢) having an infrared absorption spectrum as shown in
Figure XII of the drawings;

d) having a proton magnetic resonance spectrum as shown
jn Figure XIII of the drawings;

e) having a carbon 13 magnetic resonance spectrum as
shown in Figure XIV of the drawings with significant
peaks at '



“Cal ci um Car bonat e* . 0.5 0. 25 Pept one**

0.2 0.2 Ml asses ' 0. b~ O- :
Pot assi-um i odi de 0.05 . 0.01 \A&tRéJPLACEMENt SHEET 1
100 100 * M ssissippi linme. ** Best results were pbtafmed-wth ]
MARCOR[ err] bacteriol og peptone, but other peptones usable ahd1Q;@%T.wﬁ6
pol ypept from neat and casein hydrolyzates._sa_-43- ‘ o
- 17.5 17.6 18.9
- 22.4 22.8 23.4
25.4 34.3 36.9 39.2
- 47.9 51.6 52.8
54.8 56.3 57.2 57.9
60.9 61.6 62.2
- 67.0 68.4 68.4 69.1
e R 69.6 70.4 71.1 71.8
; 72.2 76.2 - 80.8
(O sa%s 88’1 93.6 974
e L M s x 99.6 99.6 - 102.6
112.4 123.4 124 .4 126.4
- - 133.4 -
- 192.3 192.6

£) having a molecular formula: Cs54HgsN3022541; and
g) baving a molecular weight:1381.

12. A compound LL-E3328883-1 having the
following Rf values in the indicated solvent systems

on TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.32.

b) 3% isopropanol in ethyl acetate saturated with
" 0.1M aqueous potassium dihydrogen phosphate,

Rg=0.41; and

¢) ethyl acetate:methanol (95:5), Rg=0.45.



-

Exampl e 7 A nycelial -spore suspension was prepared by scrapin ﬁ*ﬁ?
of a slant of culture NRRL-15839 to which 5 m of sterile disfi dAChR
had been added. This sus- pension was then used to inoculate f10 0
sterile seed nediumof the follow ng forgula: Yeast Extract 18
;%? 1 | o SoPET g6 -
, r

ERT SHEET

0. 5% Beef Extract 0. 3% Triyptose
2. 4% Dextrose 0. 5% Cal ci um Car bonat e

gs  to 100.9% 4 compound LL-E3328871~I
a) having the following Rf values 1a cae 1aca-

cated solvent systems on TLC on silica gel sheets:
i) ethyl acetate saturated wich 0.1M
aqueous potassium dihydrogen phaos-
phate, Rg = 0.18;
o ii) 3% isopropanol in ethyl acetate sat-
AR TR O urated wich 0.14 aqueous pocassium
TR L M s dihydrogen phosphate, Rf = 0.28; and
iii) ethyl acetate: methanol (95:5), R =
0.27; ‘
'b) containing only the following elements: C,
H, N, O, S and I;
c) having an approximate elemental analysis:
C 48.8; H 5.4; N 2.8; $ 9.0; and I 9.2;

d) having a molecular weight: 1367;

e) having a molecular formula: Cs53 Hgz N3 022
S¢ I _

f) bhaving an ultraviolet absorption spectra as
shown in Figure XV of the drawings;

g) bhaving an infrared absorption spectrum as
shown in Figure XVI of the drawings;

h) baving a proton magnetic resonance spectrum
as shown in Figure XVII of the drawings; and

i) having a carbon 13 magnetic resonance spec-
trum as shown in Figure XVIII of the drawings, significant
peaks as listed below:

14.5(q) 17.6(q) 17.6(q) 18.9(q)
- - 22.8(q) - :
25.4(q) 34.1(c) 37.0(¢) 39.1(¢)
42.3¢c/s) - 51.5(d) 52.8(q)
S4.8(t) 56.3(q) 57.2(q) -

. 60.4(d) 60.9(q) 61.3(c) 61.7(q)
67.0(d) 68.4(d) 68.5(d) 69.2(d)
69.7(d) 70.5(d) 71.1(d) 71.8(d)
72.1(s) 75.7(d) 75.8(d) 80.9(<d)
82.8(s 88.1(33 93.5(s) 97.3(d)
99.6§d§ 99.7(d 100.8(s) 102.6(d)
- 123.4(d) 124.4(d) 126.2(d)
130.2(s)  131.0(s)}  133.4(s) 139.1(s)
143.0(s) 145.1 150.6(s) 151.5(s)
154.5 192.0¢(s) 192.5(s)



in a 500 m_.flask:~" This seed flask was incubated at'28[érr]. o

arotary

shaker at 200 rpm for. 3-4 days, producing Stage | inoculum THe St 48=0CT 1904
inoc;uhlée cABplcdlo i nocul ate a Stage Il inoculumof the sa terile
-rrea]i“ r‘mmrcubat ed under the sane conditions for 2 days.

I en used to inoculate 100 m of sterile fer tion
medi | a: Sucrose -56- : 2. 0% Ferrous
Sul f at e Hept ahydrate 0. 01% Magnesi um Sul f at e Hept ahydr at e

0.02%

0. 2%

Calciunlcarboqggg A compound LL-33288§Q*§%’Peﬂgg@ﬁg(gﬁgx¥xiﬁrr])

lowing Rf values in the indicated solvent systems on TLC on
silica gel sheets:
| a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg = 0.11; and

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen phosphate, R¢ = 0.19.

15. A method of treating bacterial infectioms in
warmblooded animals which comprises administering to said
animals an antibacterially effective amount of a compound
selected from the group consisting of LL-E33288¢j-Br; .
LL-E33288¢1~-I; LL-E33288a-Br; LL-E33288x2-1; LL-E33288a3-
Br; LL-E33288a3-I; LL-E33288a4-Br; LL-E3328881-Br;
LL-E332888;-I; LL-E3328889-Br; LL-E3328882-I; LL-E33288y;-
Br; LL-E33288vY;-I; and LL-E332888;-I.

16. A method of inhibiting the growth of tumors
in 2 mammal comprising administering to said mammal an ef-
fective amount of a compound selected from the group con-
sisting. of LL-E33288a)-Br; LL-E3328éa1-I; LL-E33288a7-Br;
LL-E33288¢cp-1; LL-E33288a3~Br; LL-E33288a3-I; LL-E33288¢4-
Br; LL-E3328881-Br; LL-E332888;-I; LL-E3328883~Br; LL-
E3328882-I; LL-E33288Y;-Br; LL-E33288Y3-I; and LL-E33288681-
I.

17. A method of regressing leukemia in a mammal
comprising administering to said mammal an effective amount
of a compound selected from the group consisting of
LL-E332880q;-Br; LL~E33288¢;-1; LL-E33288ap-Br; LL-E33288ap-
I; LL-E33288a3~Br; LL-E33288a3-1; LL-E33288c4-Br; LL-
E332888;1-Br; LL-E3328881-I; LL-E3328887-Br; LL-E33288B87-1;
LL-E33288Y;-Br; LL-E33288Y;-I; and LL-E332886;-1.

18. A process for producing antibiotics
LL-E33288&1fBr; LL-E33288a2~Br; LL-E33288a3~Br; LL-
E33288a4-Br; LL-E3328887-Br; LL-E332888,-Br and LL-
E33288Y;-Br which comprises aerobically fermenting the
organism Hicromonospgra echinospora ssp. calichensis NRRL
15839 or mutants thereof including NRRL 15975 in a liquid
‘medium containing assimilable sources of carbon, nitrogen,

e | - . — SHEE# HAS'BEéN
I TR . - | henm

o BRTLAGEME MY SHEET

T o camaneny

———



Mol asses - 0. 5% Pot assi um | odi de
0.05% Water gs to 100. 0% Thi $ medi um AlAcEvBN e
at 28[.err]C on a shaker at 200 rpmfor 5 days at which tine thefna
har vest ed. -44- A concentration of 4 to 20 [err]g/m of p
appears to be optimal, but concentrations of 2 ng/m do not

depress yields. NRRL-15839 can be induded to produce LL-E332

bromine and inorganic salts, until substancial antibioctic
activity is imparted to said medium and then recovering the
antibiotics therefrom.

19. A process for producing antibiotics
LL-E33288a}-Br; LL-E33288c2-Br; LL-E33288c3-Br; LL-
E33288a4-Br; LL-E3328883-Br; LL-E3328882-Br; and LL-
E33288Y]-Br which comprises aercbically fermenting a liquid
medium containing assimilable sources of carbon, nitrogen,
bromine and inorganic salts; which medium has been inocula-
ted with a viable culture of che.organism Micromonospora

echinospora ssp. calichensis NRRL 15839 or mutants thereof
including NRRL 15975, maintaining said fermentation culture
at a temperature of about 24-329C for a period of approx-

imately 90-200 hours, harvesting the mash and extracting
the antibiotics. ’

20. A process for producing antibiotics
LL-E33288a7-1; LL-E33288a3-I; LL-E33288a3-I; LL-E3328881-I;
LL-E3328889-I; LL~E33288y3-1; and LL-E33288§3-I which com-
prises aerobically fermenting the organism Micromonospora

echniospora ssp. calichensis NRRL 15839 or mutants thereof
including NRRL 15975 in a liquid medium containing assimil-

able sources of carbon, nitrogen, iodine and inorganic
salts, until substantial antibiotic activity is imparted to
said medium and then recovering the antibiotics therefrom.
21. A process for producing antibiotics
LL-E33288a7-I; LL-E33288a;-I; LL-E33288x3-I; LL-E33288B3-I;
LL-E3328885-1; LL-E33288y;-1; and LL-E332884)-1 which com-
prises aerobically fermenting a liquid medium containing
assimilable sourc¢es of carbon, nitrogen, iodine and inor-
ganic salts, which medium has been inoculated with a viable
culture of the microorganism Micromonospora echinospora
ssp. calichensis NRRL 15839 or mutants thereof including
NRRL 15975, maintaining said fermentation culture at a

temperature of about 246-329C for a period of approximately
90-200 hours, harvesting the mash and extracting the anti-
biotics.

22. A culture containing the microorganism

- * c L M H *



- I'evél's (0.2-0.3[err]g/mM) as against 1.5-3.5 [err]g/m fo

| when potassiumiodide is present in the nedium but only
produci ng NRRL-15975. Yields of [err]-1 and [err]-I in anji

" conpounds|err]-Br and[err] Br in a brom ne nedi um usi ng

8 Separation “ [err] - [err] -1, and [err
LL- E332 @ \ ] -1, [err]-I 1d [err]-I Approxi mately 41.
crude L ol exX derlved fromt processing 7500 liters of a

fernentatlon usi ng NRRL- 15975 and nedi um cont ai ni ng i norgani c i odi de was

divi- ded evemly ondhdshWRaP2Eh 88580 S0 OMBL PELRLOSHs ONANP Py At e
said culture being capable of producing the LL-E33288 com-
plex in recoverable quantity upon aerobic fermentation in

an aqueous medium containing assimilable sources of carbon
nitrogen, inorganic salts, and either iodine or bromine or
both.

23. A culture containing the microorganism Micro-
monospora echinospora ssp. calichensis NRRL 15975, said
culture being capable of producing the LL-E33288 complex in
recoverable quantity upon aerobic fermentation in an aque-
ous medium containing assimilable sources of carbon, nitro-
gen, inorganic salts, and either iodine ot bromine or both.




2.5 x 110 cmsilica gel colum (Silica Welm 32-63 um packed_and
equi l-ibrated with ethyl acetate. The colums were first elutgd
acetate at a flowrate of 4 mM/mnute for 4 hours, collectin
fractions. The eluent was changed to a concg¥e.gradient-fro

et hyl
saturated with 0.1 M aqueous potassium di hy 9o'gen phosphat e {oj 1008 OCT 195
i sopropyl alcohol in ethyl acetate satu- rated with 0.1 Ma
di hydrogen phosphate over 24 hours. The gg%ﬁgggayere final
10% i sopropyl al cohol in ethyl acetate s with 0.1 M S
pot assi um di hydr ogen phosphate over night. The fractions were assayed 1n

the Bl A and those activeaneteyaor! xRedebyTIES ap1.d88855Redolpr EXRMI € 3.

Antibacterial and antitumor agents designated LL-E33288
complex and their production by new strains of
Micromonospora, Micromonospora echinospora ssp. )
calichensis, NRRL-15839 and NRRL-15975, are disclosed.

FIGURE 1



_Fraetibns (86-107) containing LL-E33288[err]-I fromthe two colums were
pool-ed and worked up as before to yield about 2.1 g of crude o=

LL- E33288[err]-1. -45- Fractions (182-253) containing LL{E ﬁﬁéngEmrfumET
-and [err]-1 fromthe two col unms were pool ed and worked up fojyie

4.2 g of a crude m xture of LL-E33288 [err]-1 and [err]-I.
254-272) containing LL-E33288[err]-1 and [err]-1 fromthe t
pool ed and wor ked
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up to yield about 1.2 g of a crude m xture of LL-E33288 [err]4
[err]-1. Fractions (273-302) containing LL-E33288 [err]-I fro
col.ums were pool ed and worked up to yield about 1.9 g of 309
[L-E33288 [err]-1. Fractions (303-340) containing LL-E33288[

purified LL-E33288 61-1. Exanple 9 Purification of LL- E33288;[err'
Approxi mately 900 ng of the 30% pure LL-E33288 [err]-1 fromH" ,
chromat ographed on a 2.5 x 120 cn1sephadex LH 20 col um eqU|I|brated\M

et hyl o
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acet at e: di chl or onet hane: ethanol (2:2:1) at a flowrate of 1 m/mnute,
collecting 12 ml fractions. The fractions were assayed and anal;
as before and those containing LL-E33288[err]-1 (fractions 24433}
‘pool ed and worked up to yield 428 ng of 64% pure LL-E33288[er_]f|.
sanpl e of the above was chronmat ographed on a 0.8 x 24 cm Seprgl
(35-60 um Anal ytichem) colum equilibrated with acetonitril ¢:
anmoni - um acetate (55.45) at a flowrate of 2 nml/mnute, cofl
fractions. The fractions were assayed and anal ysed by TLC as
t hose containing pure LL-E33288[err]-I were pool ed and worked up
7.7 ng of pure LL-E33288 [err]-I. 3/18

g,

PROTON MAGNETIC RESONANCE SPECTRUM
OF LL°E33288/93

FIGURE TI




-46- Exanple 10 Purification of LL-E33288[err]-I and-[err]-lNAQQLgénglgly
600 ng of-the crude m xture of LL-E33288 [err]-1 and [err]-1I¢f qqmg ;w‘E§;§-—
was chromat ographed on a 2.5 x 120 cm Sephadex LH 20 col um qﬁf.f [ ﬁgdthEr
with ethyl acetate:dichloronethane: ethanol (2:2:1) at a flowrate of 1
m/mnute, collecting 12 m' fractions. The fracti.-ons were as ed &OLT 1996
anal ysed by TLC as before and those containing LL-E33288 [erjr]fl and

LL- E33288 [err]-I

7

—
4/18
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(fractions 23-31) were pooled and worked up to yield 81 ng of a pdEIEPL N
purified mxture of LL-E33288 [err]-1 and [err]-I. The sanple alpo
chromat ographed on a 1.5 x 90 cm Sephadex LH 20 colum equilibrpatged with
hexane: dichl oronetbane: ethanol (3:1:1) at a flow rate of- 0.8 i/ & ecT 99
collecting 12 'm fractions. The fractions were assayed and analfyded by TLC1 6
as before and those containing LL-E332888[err]-1 (fractions 17f30) an
LL-E33288 [err]-I (fractions 31-38) were pool ed separately and
yield 31 ng of partially purified LL-E33288[err]-1 and 20 ng of 80% puré
LL- E33288[err]-1. '
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~47- WHAT IS CLAIMED IS 1. A conmpound LL- E33288[err]-Br, haj "Ykp
foll'owng Rf values in the-indicated solvent. systens on TLC In

sheets: a) ethyl acetate saturated with 0. 1M aqueous pot assfiu diﬁ?’éfr"(ﬁ '
-phosphate, R err]=0.67; b) 3% isopropanol in ethyl acetate fa urh&@twﬁ&
0. 1M aqueous potassi um di hydrogen phosphate, Rf=0.80; and c) 6

| € hyl

acet at e: net hanol (95:5), R err]=0.79.

6/18
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2. A conmpound LL-E33288[err]-Br, having the following R err] vay/fu’g
i ndi cat ed- sol vent systens on TLC on silica gel sheets: a) ethylf ag
saturated with 0.1M aqueous potassi um di hydrogen phosphate, R
3% i sopropanol in ethyl acetate saturated with 0.1M aqueous p
di hydr ogen phosphate, Rl err]=0.75; and c) ethyl acetate: nethapo
Rl err]=0.73. 3. A conpound LL-E33288[err]-Br havingthefoll gw
in the indicated solvent systens on TLC on silica gel sheets:

7118

=

3

:-Q

-

-
:

@®

PROTON MAGNETIC RESONANCE SPECTRUM OF
LL-E33288 7Y

FIGURE NI




_-48- a) ethyl acetate saturated with 0.1M aqueous potassi um dihy C
phosphat-e, Rl err]=0.55; b) 3% isopropanol in ethyl acetate sayurdt ot
0. 1M aqueous pot assi um di hydrogen phosphate, R err]=0.69; ang ¢ R

- acet ate: met hanol (95:5), Rlerr]=0.61. 4. A conpound LL-E33288] erfé-Br
having the following Rf values in the indicated solvent sysfeds on %

8118
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pot assi um di hydrogen phosphate, R err]=0.49; b) 3% i sopropanol in ethyl
acetate saturated with 0.1M aqueous potassi um di hydrogen phosphat e,

Rlerr]=0.64; and c) ethyl aceeate:nmethanol (95:5), Rerr]=07 4;-‘5‘
conmpound LL-E33288[err] -Br, a) having an approxinate el enmentAl fa.Qéﬁ
48.6; H5.6; N2.9; S 9.l and Br 5.5; b) having a nelting poifnt/
146-150[err] C (dec.); c¢) having a speC|f|c rotation: [[err
-49[err]lO[err] (0.1% ethanol);

9118
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:49- d) having ultraviolet absorption spectra as shown in Figure | of the
drawt ngs;- e) having an infrared absorption spectrumas shown in Figure Il
“of the drawings; f) having a proton magneti c resonance spectffrm-s

tn Figure I'll of the draw ngs; g) having a carbon-13 magneti §
spectrum as shown in Figure IV of the drawings wth significg

17.60(q); 17.64(q); 18.9(q); 19.7(q); 22.4(q); 22.
23.5(Qq); 34.3(t); g
10/18
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' . . i GRy
36.9(t); 39.2(t/d); 47.8(d); . 51.7(q); 52.7(q): 54. 6(d] e
56.3(q); - 57.2(q); 57.8(d); 61.0 (q/d); 61.7(d); 62. 4(ft);
68. 4(d) ; 69. 1(d); 69.7(d); 70.2(d); 71.1(d); 71.9(q);
72.1(s); 76.1(d); 81.0(d); 83. 3(s); 88.2(s); 97.4(d);
100. 8(s); 102.5(d); 115.1(s); 123.4(d); 124.4(d); 126.
130. 2(s); 130. 8(s); 144.6(s); 149. 3(s); 149.5(s); 191. "8
192. 4(s); and h) having the follow ng Rf values in the indicated s?ﬂ""""‘
vent systens on TLC on silica gel sheellsfl8i) ethyl acetate saturated with

0. 1M aqueous ] { 4 1 1 1 § { 1 4 3 009
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pot assi um di hydrogen phosphate, Rerr]=0.24; ii) 3%i sopropano'l i n ethyl
acetate saturated with 0. 1M aqueous potassi um di hydrogen phosphate

Rlerr]=0.35; iii) ethyl acetate:nethanol (95:5), R err]=0.36; mpw\r‘smm |SH‘:ET
havi ng a nol ecul ar wei ght: 1333/1335, respectively for [err]B /[r MU Lo
j) having a nolecular formula: Clerr]Herr]Nerr]err]S[err]Br, a GACT 1996
conpound LL-E3328882-Br, having the follow ng | 1“

12718
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{ .
Rf values in the indicated solvent systems on TLC on sil- ica gel sheets:
a) ethyl -acetate saturated with 0. 1M aqueous potassium di hydro — '
phosphate, R err]=0.32; b) 3%isopropanol in ethyl acetate sa .u%ﬂé‘ﬂf.ﬂ'}[m
0. 1M aqueous pot assi um di hydrogen phosphate, R{err]=0.41; and §) ! ethyt
~acetate:nmethanol (95:5), Rerr]=0.45. 7. A conpound LL-E33288] efr ¢ Qﬁﬁ)
havi ng ul travi ol et absorption spectra as shown in Figure V of ra 99,96
b) having-an infrared absorption spectrumas shown in Figure jVi
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c) having a proton nagnetic resonance spectrumas shown in Figure VIl of
the drawi ngs; and d) having the followi ng Rf values in-the indicated sol

vent systens on TLC on silica gel sheets: i) ethyl acetate saturated with
3ot

0. 1M aqueous potassi um di hydrogen phosphate, R err]=0.18; 5 " ] ,
| sopropanol in ethyl acetate saturated with 0.1M aqueous pota L mAcHﬂém SHEET
di hydrogen phosphate, R err]=0. 28;

18 OCT 1993

14/18
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Fii) et hyI acet at e: met hanol (95:5), Rlerr]=0.27. e) having a car bon- 13 :
rragnetlc resonance spectrumas shown in Figure VIII -

significant peaks at: 14.4 - 17.6 17.9
- 22.8 ' - - 34.0
42. 1 - 51.6 52.7 54.1
- 59.3 61.1 61.8 61.9 67.2
68. 23 69.7 70.1 70.8 71.1
76. 1 - 81.0
15718
T T T Y T T T  § T Qo9
5 - 0SS
B -1 00%
~ -106Y
€
- s
ol & Joor =
© o
~ [ 2
m s
M -
y g
]
=T oss <
TR
o
> .
o
- 00¢
- 0s2 ﬁ
w
-___——‘_'—'_—. (1
s—_.—.——"""—-‘-——_.—_— - =
= - - < —_ o
t g 1 ) 1 y s 1 w
o2
2 & 8 & 8 8 ¢
o <] o o o o

3JINVEYOosaY



82.9: 88. 4 ; - 97.8 100.0 100. 2

101. 3
103.0- 115.3 123.0 ' 124.9 126.9 130.4 131.1
131.8 138.0 144.7 - 149.5 . 149. 55.6
192.5 192.9 f) having a nol ecul ar formul a: C53I—I82I\l3-‘0235{4§'((;5mql EET
having a nol ecul ar weight: 1319/1321, respectively for [err]r/ .
A compound LL-E33288[err]-I a) having the follow ng Rf val ygsii nké}he o
i ndi cat ed sol vent systenms on TLC on silica gel sheets: i) et] y, a t%ﬁ%%&

saturated with 0. 1M aqueous

16/18
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~ di hydrogén phosphate, Rlerr]=0.80; and iii) ethyl acetate: metPaiEbERSH!]

pot assi um di hydr ogen phosphate, R err]=0.67; L M S - 52-
i) 3%isopropanol in ethyl acetate saturated with 0.1M aqueous. pe{--assimm{ §

LL-E33288[err]-1 a) having the following Rf values in the jindi ﬁ@ﬁ%’('ﬁ‘}%

Rl err]=0.80; and b) having a nolecular weight:1145. 9. A cgnpoumnd
sol vent systens on TLC on silica gel sheets: ’E\

17/18
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1) ét-hyl acetate saturated with 0.1M aqueous potassi um di hydrogen
phosphate, Rlerr]=0.61;, ii) 3%isopropanol. in ethyl acetate saturated

“with 0.1M aqueous potassi um di hydrogen phosphate, Rl err]=0.75; ki

“ethyl acetate:nethanol (95:5), R err]=0.73; b) containing onl, MA’L ‘ﬂm{ SHEET
following elements: C, H N, 0, Sand I|; c) having a nol ecul a ht.1131;
and d) having a proton magnetic resonance spectrum as shown:{n F'@iﬂ&ﬁ'f ﬁ%
of the drawi ngs. 10. A conpound LL-E33288[err]-1 a) having th_ ol | owi ng
Rlerr] values in the indicated sol vent

18/18
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e i ALoRbT -4
systens on TLC &EPMWMHNEéFCEE ts: i) ethyl acetate saturated wth 0.1M

agueous potassjum di hydroygen h’sphate, R err] =0. 55 || 3%
i sopropanol infethy) 8&dB 45 spturated with 0. 1M aqu ( "
di hydrogen phosphate, R err]=0 60; -a8%Liii) ethyl aceta 95:5),

Rlerr]=0.61; b r wei ght:1066; and c) haV|ng a pro on
magneti c reson own

rum
14.) A compound LL-3328841-1 having the fol-
lowing Ri values in the indicated solvent systems om TLC on

silica gel sheets:

a) ethyl acetate saturated with 0.1 aqueous
potassium dihydrogen phosphate, R = 0. 11; and

b) 3% jsopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dxhydrogen phosphate, Rg = 0.19.

15. Use of a compound
selected from the group consisting of LL-E33288a}-Br;
LL-E33288x1-1; LL-E33288a2~Br; LL-E33288a3-1; LL-E33288x3-
Br; LL-E33288a3~I; LL-E33288a4-Br; LL-E332888)-Br;
LL-E332888y-1; LL-E3328883-Br; LL-E3328887-1; LL~-E33288y)-
Br; LL-E33288Y;-I; and LL-E3328881-1 for the manufacture
of medicaments for treating bacterial infections in
warmblooded animals.

16. Use of a compound selected from the group con-
sisting of LL-E33288¢}-Br; LL-E33288a3-I; LL-E33288a-Br;
LL-E332880-1; LL-E33288a3~Br; LL-E33288¢3-1; LL-E3328804-
Br; LL-E332888)-Br; LL~-E3328883-1; LL-E3328882-Br; LL-
E3328887-1; LL-E33288Y1-Br; LL-E33288v;-1; and LL-E3328841~
I for the manufacture of medicaments for inhibiting the
growth of tumors in a mammal.

17. Use of a compound selected from the group consisting of
LL-E33288¢)-Br; LL-E33288¢)-1; LL-E33288a3-Br; LL-E33288az-

I; LL-E33288e3-Br; LL-E33288a3-1; LL-E3328804-Br; LL-

E332888)-Br; LL-E332888;-1; LL-E3328889-Br; LL-E3328882-I;
LL-E33288Y}-8c; LL-E33288Y;-1; and LL-E3328863-1 for the

manufacture of medicaments for regressing leukemia in a

mammal. T T

18. A process for producing antibiotics This Sheet Has Been Replact
LL-233288¢)-3c; LL-E33288cp-Br; LL-E33288a3-Br; LL- \\“\‘“\“‘““\“‘\\“\
E33288a4-Br; LL-E33288B83-Br; LL-E3328887-3t and LL-
E33288Y)-8r which comprises aerobically fermenting the
organism Micromonospora echinospora ssp. calichensis NRRL
15839 or mutants thereof including NRRL 15975 in z liquid
medium conCalnlng 3551m113b1e sources of carbon, nitroge

THIS SHEET HAS BEEN
REPLACED .




_ Qocthx 1- 4
) Lngrigure X of the drawings. 11. A conpound LL-E33288[err]-I a) having the
Tollowng Rf values in the indicated solvent systens on TLC on silica ge
sheets: i) ethyl acetate saturated with 0. 1M aqueous potassi um di hydrogen
phosphate, Rlerr]=0.24; ii) 3% isopropanol in ethyl acetate saturated with
0. 1M aqueous potassi um di hydrogen phosphate, R err]==35=and-ili)_et hyl
acet at e: net hanol (95:5), Rlerr]=0.36; b) having an uItﬂBﬁMﬁE&ENﬁhﬁq&pt'on
spectra as shown in Figure X of the drawﬁngs; c) hayi fg-an-itnfrar-ed
absorption spectrumas shown in 18 AUG 1999

.

Title: ANTITUMOR ANTIBIOTICS
(LL-E33288 COMPLEX)
SUMMARY OF THE INVENTION

This application is a continuation-in-part of co-
pending application S.N. 672,031, field November 16, 1984.

This invention relates to new antibacterial and
antitumor agents designated LL-E33288aj)-Br, LL-E33288 ¢ ;-I
LL-E33288ay-Br, LL-E33288cp-1, LL-E33288c3-Br, LL-E33288a3-
I, LL~E33288q4~Br, LL-E33288p;~Br, LL-E33288g;-1, LL-E33288
2, -Br, LL-E332888 1, LL-E33288 y-Br, LL-E33288y;-I and LL-
E3328841-1I, to their production by fermentation, to methods
for their recovery and concentration from crude solutions and
to processes for their purification. The present invention
includes within its scope the antibacterial and antitumor
agents in dilute form, as crude concentrates, as a complex of

various or all components, in pure form as individual compo-
nents aund novel strains of Micromonospora.

The LL-E33288 antibiotics of this invention are
closely related compounds. The fourteen antibiotics are
recovered from fermentation and are initially obtained as a
mixture, hereinafter either the LL-E33288 complex, the the
LL-E33288 lodo-complex or the LL-E33288 Bromo-complex. In
general, the iodine containing components of the LL-E33288
antibiotics (e.g., «3-I, @2-I,23-I,8;-1, B9-I,Y1~I and §;-
1) are found only in fermentations using media containing
inotganic ot organic iodide while the bromine containing
components (e.g., a 1-Br, ay-Br, @3-Br, aa-Br,B 1-Br, B9-Br
and y;- Br) are found only in fermentations using media
containing inorganic or ovganic bromide. The rvatio of
components. in the LL-E33288complex will vary, depending upon




Figure X'l of the draw ngs; d) having a proton nagnetic resonance spectrum

as shown in Figure XIlIl of the drawings; e) having a carbon 13 nagnetic
resonance spectrum as shown in Figure XV of the drawﬁngf~m#+h~s+gnLLLcanL
peaks at 17.5 17.6 18.9 22.4 22| GREPLACEMENB. SHEES. b
34.3 36.9 39.2 47.9 551.6 5778 )
18 AUG 1999

14.4 17.6 ©17.9 19.0

19.7 - 22.8 -

- 34.0 37.6 39.5

42.1 - 51.6 52.7

54.1 56.3 57.3 -

59.3 61.1 61.8 61.9

67.2 68.18 68.23 69.7

70.1 70.8 71.1 71.7

71.8 76.1 - 81.0

82.9 88.4 - 97.8

100.0 100.2 101.3 103.0

115.3 123.0 - 124.9 126.9

130.4 131.1 131.8 138.0

144.7 - 149.5 149.6

155.6 192.5 192.9

5) Molecular formula: Cg3HgyN3022S4Br by comparing

6)

its UV, IR, H NBR, and 13Cc NMR data to those of
LL-E332888 j-BR and LL-E33288 Y j-I; and

Molecular weight: 1319/1321 respectively for
795:/81 Btr, calculated from its molecular formula.

The physico-chemical characteristics of LL-

E332880;-1, LL-E33288ap-1, LL-E33288c3-1,

and

LL-E33288 8 j-I and LL-E33288Y ; ~-I are described

below:
LL-E33288a j-I

1)

Molecular weight: 1145, determined by FAB-MS.

LL-E33288a-1

1

2)
3)

Contains and only contains the following elements

by electron spectroscopy for chemical analysis (ESCA):
C, H, N, 0, S, I;

Molecular weight: 1131, determined by FAB-MS; and
Proton magnetic resonance specttum: as shown in
Figure IX (300 MHz, CDClj).

LL-E33288 a3-1

1)
2)

Molecular weight: 1066, determined by FAB-MS; and
Proton magnetic resonance spectrum: as shown in



54.8
“62.2 67.0
71.1

88.1
112. 4
133. 4

56. 3 57.2 57.9 60.9 : 61. 6
68. 4 68. 4 69.1 69.6 0.4
71.8 72.2 76. 2 - 40 RBPEICEMENT SHEET
93.6 97.4 99.6 99. 6 - +07. §
123. 4 124. 4 126.4 - -
- 192.3 192.6 f) having a nol ecul ar fornu?g:AUG'wgg
Cerr]Herr]Nerr]derr]Serr]1; and g) having a nol ecul 4r tweight 1331, 12

A conpound LL-E33288[err]-I having the

The new antibacterial and antitumor agents
designated LL-E33288a;-B8r, LL-E33288ay-Br, LL-E33288a3-8T,
LL-E33288a4-Br, LL-E33288 Bj-Br, LL-E33288397-Br,
LL-E33288 Yj-Br, LL-E33288c;-I, LL-E33288c;-I, LL-E33288
@3-1, 1L-E3328881-1, LL-E3328889-1, LL-E33288Y;-1 and
LL-E332886;-1 are formed during the cultivation under
controlled conditions of a new strain of Micromonospora

echinospora ssp. calichensis. This microorganisa is
maintained in the culture collection of the Medical
Research Division, American Cyanamid Company, Pearl River,
New York as culture number LL-E33288. A viable culture
of this new microorganism has been deposited with the
Culture Collection Laboratory, Northern Regional Research
Center, U. S. Department of Agriculture, Peoria, Illinois
on August 9, 1984, and has been added to its permanent
collection. It has been assigned by such depository
the strain designation NRRL 15839. Access to such culture,
under strain designation NRRL 15839, during pendency of
the instant application shall be available to one deter-
mined by the Commissioner of Patents and Trademartrks to
be entitled thereto under 37 C.F.R. §1.14 and 35 U.S.C.
§122, and all restrictions on availabilicy to the public
of such culture will be irrevocably removed upon grant
of a patent on the instant application.

Culture LL-E33288 was isolated from a caliche
clay soil sample collected in Texas.




follpwi ng Rf values in the indicated sol vent systens on TLC on silica ge
ethyl acetate saturated with 0. 1M aqueous pot assidm di hydrogen

_ 0 . H |
Rierr]=0.32. b) 3% sopropanol in ethyl acetatq SEPUTHERETT

Sheets: a)

phosphat e,

0. 1M aqueous potassi um di hydrogen phosphate, R err]=0.41; 4gnd
acet at e: net hanol (95:5), R err]=0.45. - 55 - 13. A conpoy
LL- E33288[err] -1

d
"“18 AUG 1999

11A

According to a first aspect of the invention
there is provided a
compound LL-E33288a,-Br, having the

following Rf values in the indicated solvent systems on
TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, R§=0.67;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rg¢=0.80; and

c¢) ethyl acetate:methanol (95:5), Rg=0.79.
The invention further provides a
compound LL-E33288a 2-Br, having the following
Rf values in the indicated solvent systems on TLC on silica
gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.61;

b) 3% isopropamcl in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, Rf=0.75; and

¢) ethyl acetate:methanol (95:5), Rg=0.73.
The invention further provides a
compound LL-E33288a3-Br having the following
Rf values in the indicated solvent systems on TLC on
silica gel sheets:




a) having the followng Rf values in the inci- cated sol vent_systens on TLC
on silica gel sheets: i) ethyl acetate saturated with O. “ﬁﬁﬁ%
pot assi um di hydrogen phos- phate, R err] = 0.18; ii) 3% s

ethyl acetate sat- urated with 0.1M aqueous potassi um di hyidrjogen phosp
Rlerr] =0.28; and iii) ethyl acetate: nethanol (95:5), eﬁtﬂAQgZ@ggb)
containing only the following elenents: C, H N O S andfl; c) having an
approxi mat e el enental anal ysi s:
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a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, R§=0.55;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R¢=0.69; and

c) ethyl acetate:methanol (95:5), Rg=0.61.
The invention further provides a
. compound LL-E33288e4-Br, having the following
Rf values in the indicated solvent systems on TLC on silica
gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.49;

b) 3% isopropanol ia ethyl acetate saturaced
with 0.1M aqueous potassium dihydrogen
phosphate, Rg=0.64; and

c) ethyl acetate:methanol (95:5), Rg=0.54.
The invention further provides a

compound LL-E332888; -Br,

a) having an approximate elemental analysis:
C 48.6; H5.6; N 2.9; S 9.1 and Br 5.5;

b) having a melting point: 146-1509C (dec.);

c) having a specific rotation: [a ]%6 = -49*100
(0.1%, ethanol);



C48.8; H5.4; N2.8; S9.0; and | 9.2; d) having a nol ecul ar| v
1367; e) having a molecular fornmula: derr] Herr] Nerr]
having an ultravi ol et absorption spectra as shown in Figure
drawi ngs; g) having an infrared absorption spectrum as shown [if Fil §uABGXES9
of the drawi ngs; h) having a proton nagnetic resonance spectrumas _shown in
Figure XVIl of the drawings; and i) having a carbon 13 magnefli c resonance
spec- trumas shown in Figure XVI1I of the draw ngs, significCant—peaks._as
listed bel ow 11c
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d) having ultraviolet absorption spectra as shown in
Figure I of the drawings;

e) having an infrared absorption spectrum as shown in
Figure I1 of the drawings;

f) having a proton magnetic resonance spectrum as shown
in Figure II1 of the drawings;

g) having a carbon-13 magnetic resonance spectrum as
shown in Figure IV of the drawings with significant

peaks at:

17.60(q); 17.64(q); 18.9(q); 19.7(q);
22.4(q); 22.8(q); 23.5(q); 34.3(t);
36.9(t); 39.2(t/d); 47.8(d); 51.7(qg,
52.7(q.); 54.6(d) 56.3(q); 57.2(q);
57.8(d); 61.0 (q/d); 61.7(d); 62.4(¢t);
66.9(d); 68.4(55; 69.1(d); 69.7(d);
70.2(d); 71.1(d); 71.9(d); 72.1(s);
76.1(d); 81.0(d); 83.3(s); 88.2(s);
97.4(d); 99.7(d); 100.8(s); 102.5(d);
115.1(s); 123.4(4d); 124.4(d); 126.5(d);
130.2(s); 130.8(s); 144 .6(s); 149.3(s);
149.5(s); 191.7(s); 192.4(s); and

h) bhaving the following Rf values in the indicated sol
vent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.24;

ii) 3% isopropanol in ethyl acetate saturated
~with 0.1M aqueous potassium dihydrogen

phosphate, Rg=0.35;

iii) ethyl acetate:methanol (95:5), Rg=0.36.




17.6(q) 17.6(q) 18.9(q) 22.8(q) 25.4(q)f giese34..1(L.)

39.1(c) 42.3(t/s - 51. 5(d) Ezﬁﬁ(’l@ﬁcﬁﬁﬁ‘ém(s
G g, Rl e
A T 5 T L e
. 8(s Pt
124. 4( d) 126. 2(d) 130. 2(121)‘} 131. 0(s) 133} 4(s)

i) having a molecular weight: 1333/1335, respectively
for 798z/81Br; and

j) having a molecular formula: Cs4HggN3079S4Br.
The invention further provides a

compound LL-E3328887~Br, having the following
Rf¢ values in the indicated solvent systems on TLC on sil-
ica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphace, R§=0.32;

b) 3% isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen
phosphate, R¢=0.41; and

c) ethyl acetate:methanol (95:5), Rg=0.45.
The invention further provides a
compound LL-E33288yj-Br
a) having ultraviolet absorption spectra as shown in
Figure V of the drawings;

b) baving an infrared absorption spectrum as shown in
Figure VI of the drawings;

c¢) having a proton magnetic resonance spectrum as shown
in Figure VII of the drawings; and

d) having che following Rf values in the indicacted sol
vent systems on TLC on silica gel sheers:

i) ecthyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.18;




143; 0(s) 145.1 150. 6('s) 151.5(s) 154.5
*192. 5(s) 56 14.) A conpound LL-E33288[err]-I havi ng H
Rlerr] values in the indicated solvent systens on TLC on sijli
a) ethyl acetate saturated with 0.1M aqueous potassi um di hydrjogen AUR
phosphate, R err] = 0.11; and b) 3% i sopropanol in ethyl effate sarfir
with 0.1M aqueous potassi um di hydrogen phosphate, R err] .
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ii) 3% isopropanol in echyl acecace sacturaced
with 0.1M aqueous potassium dihydrogen

phosphate, Rf=0.28;

iii) ecthyl acetate:methanol (95:5)., Rg=0.27.

e) having a carbon-13 magnetic resonance spectrum as
shown in Figure VIII of the drawings with significant

peaks at:
146.4 17.6 17.9 19.0
19.7 - 22.8 -
- 34.0 : 37.6 39.5
42.1 - 51.6 52.7
54.1 56.3 57.3 -
59.3 61.1 61.8 61.9
67.2 68.18 68.23 69.7
70.1 . 70.8 71.1 71.7
71°.8 76.1 - 81.0
82.9 88.4 - 97.8
100.0 100.2 101.3 103.0
115.3 123.0 124.9 126.9
130.4 131.1 131.8 138.0
144 .7 - 149.5 149.6
155.6 192.5 192.9

f) baving a molecular formula: Cg3HgyN302254Bt; and

g) having a molecular weight: 1319/1321, respectively
for 798c/81Bc.
The invention further provides a
compound LL-E33288¢1~1
a) having the following Rf values in the indicated solvent
systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rf=0.67;



15.7Use of a conpound selected fromthe group consisting of
‘LL- E33288[err]-Br; LL-E33288[err]-1; LL-E33288[err]-Br; LL-E333 [ ﬁhfﬂﬁ .
LL- E33288[err]- Br; LL-E33288[err]-I; LL-E33288a4-Br; LL-E3338 nrr;t‘<i_SHEFFW
LL- E33288[err]-1; LL-E33288[err]-Br; LL-E33288[err]-1; LL-E332§88[err]-
LL- E33288[err]-1; and LL-E33288[err]-I for the manufacture of :
for treating bacterial infections in wafgbl ooded animals. 16
conmpound sel ected fromthe group con- sisting of LL-E33288[efr]-Br;

LL- E33288[ err 3 rd-J.; - - Br

LL- E33288%err}11 EL géé@%%ﬁﬂ IEE%%%E[E%rJr é%rgﬁ{%
LL- E33288[ err]-Br: OL1M EgEesses enqqassxma-@amsm]p®99h_a_te|533288[err]-|,

and LL-E33288[err]R.,0.8Q, and

iii) ethyl acetate:methanol (95:5), Ry=0.80; and

b) having a molecular weight:1145.
The invention further provides a
compound LL-E33288a;-~I
a) baving the following Rg values in the indicated solvent
systems on TLC on silica gel sheets: '

i) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.61;

ii) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.75; and

iii) ethyl acetate:methanol (95:5), Rg=0.73;

b) containing only the following elements: C, H, N,
0, S and I;

c) having a molecular weight:1131; and

d) bhaving a proton magnetic resonance spectrum as shown
in Figure IX of the drawings.
The invention further provides a
compound LL-E33288a3-1
a) having the following Rf values in the indicated solvent
systems on TLC on silica gel sheets:

1) ethyl acetate saturated with 0.1M aqueocus potassium
dihydrogen phosphate, Rg=0.55;



LI for the manufacture of medicanents for inhibiting the gro

"a mammal . 17. Use of a conpound selected fromthe group cdn j
LL-E33288[err]-Br; LL-E33288[err]-1; LL-E33288[err]-Br; LL4E 3288[err
LL- E33288[err]-Br; LL-E33288[err]-1; LL-E33288[err]-Br; LL;

LL- E33288[err]-1; LL-E3328882-Br; LL-E33288[err]-1I; LL- E33

LL-E33288[err]-1; and LL-E33288[err]-I for the nanufactur- of 1
for regressing |leukema in a mammal . 118. A process for prid
antibiotics LL E33288[err] Br; LL- E33288[err] Br; LL-E33288[err]-Br,

g G Atee 5 ARy o R OART aad ke aRERL T B

whi ch conprlses ernentin
1M aqueOus poca551um dihydrogen phosphate,

Rf=0.69; and
iii) ethyl acetate:methanol (95:5), Rp=0.61;

b) having a molecular weight:1066; and

c¢) having a proton magnetic resonance spectrum as shown
in Figure X of the drawings.
The invention further provides a
compound LL-E332888 ;-1
a) having the following Rf values in the indicated
solvent systems on TLC on silica gel sheets:

i) ethyl acetate saturated with 0.1M aqueous potassium
dihydrogen phosphate, Rg=0.24;

ii) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.35; and

iii) ethyl acetate:methanol (95:5), Rg=0.36;

b) having an ultraviolet absorption spectra as shown
in Figure XI of the drawings;

¢) having an infrared absorption spectrum as shown in
Figure XII of the drawings;

d) having a proton magnetic resonance spectrum as shown
in Figure XII1 of the drawings; .

e) having a carbon 13 magnetic resonance spectrum as
shown in Figure XIV of the drawings with significant
peaks arc



.organi sm M crononospora echi nospora SSD. calichensis NRRL 15839 or nutants
*thereof including NRRL 15975 in a liquid medium containing.assi mlable
sources of carbon, nitrogen, -57- brom ne and i norgani ﬁ@ih ]
substantial antibiotic activity is inparted to said nediu ﬁ@ENT SHEFT
recovering the antibiotics therefrom 19. A process for grqducing
antibiotics LL-E33288[err]-Br; LL-E33288[err]-Br; LL- E33A8.[e78LA§§;ﬁ%§:
E33288[ err]-Br; LL-E33288[err]-Br; LL- E33288[err] Br; ang -
11H

- 17.5 17.6 18.9
- 22.4 22.8 23.4
25.4 34.3 36.9 39.2
- 47.9 51.6 52.8
54.8 56.3 57.2 57.9
60.9 61.6 62.2
67.0 68.4 68.4 69.1
69.6 70.4 71.1 71.8
72.2 76.2 - 80.8
83.3 88.1 93.6 97.4
99.6 99.6 - 102.6
112.4 123.4 124.4 126.4
- - 133.4 -

- 192.3 192.6

£) baving a molecular formula: Cg4HgsN3022541I; and

g) having a molecular weight:1381.
The invention further provides a
compound LL-E3328885-1 having the
following Rg values in the indicated solvent systems
on TLC on silica gel sheets:

a) ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate, Rg=0.32.

~b) 3% isopropanol in ethyl acetate saturated with
0.1M aqueous potassium dihydrogen phosphate,
Rg=0.41; and

¢) ethyl acetate:methanol (95:5), Rg=0.45.



7containing assim | abl e sources of carbon, nitrogen, brom ne

salts; which nedium has been inocula- ted with a viable cul tjurg
or gani sm M cronpbnospor a echi nospora ssp. Ealichensis NRRL 13839 ﬁﬁegutants
t hereof including NRRL 15975, naintainin& $aid fernmentationfcilt Ug H9g
tenperature of about Thé 3Avent}iGnf durahper podvofieappr ox- i - 200

hours, harvesting the nash Qﬁ@ﬁ%ﬁ@@aitL g3§§g73nqibiotics. ;0. A process
[errg I; '

for producing antibiotics LL- LL-E33288[err]-1I;
LL- E33288a3-1; LL- E33288[ &vaviing the- £93299808 | Rf L YabB8388Reknd - 406 and
LL- E33288[ el fdled slivethC ¥Ps deindsS@% @eEobhCalilycdegapnshpgckbe organi sm
M cr onmonospor a ] .
i)  ethyl acetate saturated with 0.1Y
aqueous patassium dibydrogen phos-
phate, Rfg = 0.18;

ii) 3% isopropanol in ethyl acetate sat-
urated with 0.1M aqueous potassium
dihydrogen phosphate, Rf = 0.28; and

iii) ethyl acetate: methanol (95:5), Rf =
0.27;
b) containing only the following elements: C,
H, N, O, S and I; '
c) having an approximate elemencal analysis:
C 48.8; H 5.4; N 2.8; S 9.0; and I 9.2;
d) having a molecular weight: 1367;
e) haviag a molecular formula: Cs53 HKgy N3 022
Sg I;
£) having an ultraviolet absorption spectra as
shown in Figure XV of the drawings;
g) having an infrared absorption spectrum as
shown in Figuve XVI of the drawings;
h) having a proton magnetic resonance spectrum
as shown in Figure XVII of the drawings; and
i) having a carbon 13 magnetic resonance spec-
trum as shown in Figure XVIII of the drawings, significant
peaks as listed below:

14.5(q) 17.6(q) 17.6(q) 18.9(q)
- - 22.8(q) -
25.4(q) 34.1(c) 37.0(c) 39.1(c)
42.3(c/s) - 51.5(d) 52.8(q)
54.8(t) 56.3(q) 57.2(q) -
60.4(d) 60.9(q) 61.3(c) 61.7(q)
67.0(d) 68.4(d) 68.5(d) 69.2(d)
69.7(d) 70.5(d) 71.1(d) 71.8(d)
72.1(s) 75.7(d) 75.8(d) 80.9(¢)
82.8(s 88.1(53 93.5(s) 97.3(d
99.6§d3 99.7(d 100.8(s) 102.6(d)
- 123.4(d) 124 .4 (d) 126.2(d)
130.2(s) 131.0(s) 133.4(s) 139.1(s)
143 .0(s) 145.1 150.6(s) 151.5(s)
154.5 192.0(s) 192.5(s)



.echni ospora ssp. calichensis NRRL 15839 or nutants thereof:
+ 15975 in a liquid nmediumcontaining assim|- able sources ;
nitrogen, iodine and inorganic salts, until substantial a'
is inparted to said nedlunland then yecovering the anti bi

21. A process for rodu aﬂtIPIOtICS LL-E3 28§{err]-l :
LL- E33288[err]-1; eE§é Y é&?ﬁ&ﬁg LL- 33288[err]-y

LL- E33288[err] -1 which ContoﬁbbﬁﬁéL&@EabﬁﬁahinfeHMﬁW1ﬁ§
cont ai ni ng a53|g:lab e urceﬁ gar bon, iroS i odine and 1 nor- ganic
salts, whithiee fuﬁﬁaﬁ’a@s‘bégn RodBf Seaged fﬂ ¥eF oby 2L4RS (AP ot ldf The

m cr oor gagi sivaMgerlosbieesger a echi nospora ssp. calichensis NRRL 15839 or

nmut ants thereof includin
a e%hyl acetate saturacted wich 0.1H aqueous

potassiva dihydrogen phosphate, Rf = 0.11; and
b) 3% isopropanol in ethyl zcetate saturated

with 0.14 aqueous potassium dihydrogen phosphate, Rf = 0.19.
The invention further provides the use
of a compound

selected from the group consisting of LL-E33288¢1-Br;
LL-E33288a1~1; LL-E33288a3-Br; LL-E33288a2-1; LL-E33288x3-
Br; LL-E33288a3-I; LL-E33288a4-Bt; LL-E3328881-Br;
LL-£332888)-1I; LL-E3328885-3r; LL-E3328889-1; LL-E33288y]-
Br; LL-E33288Y;-1; and LL-E3328881-1 for the manufacture
of medicaments for treating bacterial infections in

warmblooded animals.
The invention further provides the use

of 2 compound selected from the group con-
sisting of LL-E33288e)-Br; LL~-E33288c}-I; LL-E33288ay-Br;
LL-E33288¢ep-1; LL-E3328803-Br; LL-E33288¢3-1; LL-E33288a4-
Br; LL-E3328883-Br; LL-E3328883;-1; LL-E3328889-Br; LL- )
E3328887-1; LL-E33288Y]-Br; LL-E33288Y;1-1; and LL-E332886]-
[ for the manufacture of medicaments for inhibiting the

growth of tumors in a mammal.
The invention further provides the use

of a compound selected from the group consisting of
LL-E33288¢)-Br; LL-E33288¢;-1; LL-E33288¢p-Br; LL-E33288ap-

1; LL-E33288c3-Br; LL-E33288a3-1; LL-E33288c4-~3r; LL-
E332888)-3v; LL-E3328881-1; LL-E3328887-Br; LL-E3328882-1;
LL-E33288v)-8r; LL-E33288Y)-1; and LL-E332886;-1 for the
manufacture of medicaments for regressing leukemia in a

mammal. _
The invention further provides a

process for producing antibiotics
LL-233288¢;~Br; LL-E33288ap-Br; LL-E33288c3-Br; LL-
E33288a4-3r; LL-E33288871-Br; LL-E3328837-Br and LL-
£33288Y}-3¢ which comprises aerobically fermenting the
orgenisn Micromonospora echinospora ssp. calicheasis NRRL'
15839 or mutants thereof including NRRL 15975 in = liquid
medica containing assimilable sources of carbon, nitrogen,




NRRL 15975, maintaining said fermentation culture at at ¥ T xhayt
24-32[err]C for a period of approxi mately 90-200 hours, &' BERTRgh
and extracting the anti- biotics. 22. A culture containi/n
m cr oor gani sm - 58 - M crononospora echi nospora ssp. {c Ii‘l:ﬂemg@sag?gﬁ\lR
15839, said culture being capable of producing the LL-EB3288 com plex -
recoverabl e quantity upon aerobic fernentation in an agueous '
cont ai ni ng assi m | abl e sources of carffg :

bromine and inorganic salts, until substantial antibiocic
activity is imparted to said medium and then recovering the
anCibiOCic%hghfégggﬁfgn further provides a
process for producing antibiotics
LL-E33288a1~Br; LL-E33288cp-Br; LL-E33288c3-Br; LL-
E33288a4-Br; LL-E332888;1-Br; LL-E3328889-Br; and LL-
E33288Y31-Br which comprises aerobically fermenting a liquid
" medium containing assimilable sources of carbon, nitrogen,
bromine and inorganic salts; which medium has been inocula-
ted with a viable culture of the organism Micromonospora
echinospora ssp. calichensis NRRL 15839 or mutants thereof
including NRRL 15975, maintaining said fermentation culture
at a temperature of about 24-32°C for a period of approx-
imately 90-200 hours, harvesting the mash and extracting
the antibiotics.

The inveﬁl % oicoens sf l'}:rotr:hep:;' Opd{l%‘{%l%e Gntibiotics
LL-E33288a3-I; LL~E33288a3-I; LL-E33288a3-I; LL-E3328831-I;
LL-E3328887-1; LL~E33288y3-1; and LL-E3328863-1 which com-
prises aerobically fermenting the organism Micromonospora
echniospora ssp. calichensis NRRL 15839 or mutants thereof
including NRRL 15975 in a liquid medium containing assimil-

able sources of carbon, nitrogen, iodine and inorganic
salts, until substantial antibiotic activity is imparted to
sald med i A0 ERtl ok FUThEE s, Al jlories cherefron.
process for producing antibiotics
LL-E33288e;-1; LL-E33288a5~-I; LL-E33288a3-I; LL-E332888;-1;
LL-E3328889-1; LL-E33288y;}-1; and LL-E3328841-1 which com-
prises aerobically fermenting a liquid medium containing
assimilable sources of carbon, nitrogen, iodine and inor-
ganic salts, which medium has been inoculated with a viable
culture of the microorganism Micromonospora echinospota

ssp. calichensis NRRL 15839 or mutants thereof including

NRRL 15975, maintaining said fermentation culture at a
temperature of about 24-329C for a period of approximately

90-200 hours, harvesting the mash and extracting the anti-

biotics. . .
s The invention further provides a

culture containing the microcorganism



ni trogen, inorganic salts, and either iodine or bromne

culture containing the n1croorgan|sn1N1cro- nonospora ec |ﬁﬁﬁtQCEME
calichensis NRRL 15975, said culture being capable of prjodu

r?q&ton in

G jeéng

LL- E33288 conplex in recoverable quantity upon aerobic fferfne
aque- ous nedium contai ning assim |l able sources of carbgn,
I norganic salts, and either iodine or brom ne or both.

11L

Micromonospora echinospora ssp. calichensis, NRRL 15839,
said culture being capable of producing the LL-E33288 com-
plex in recoverable quantity upon aerobic fermentation in

an aqueous medium containing assimilable sources of carbon
nitrogen, inorganic salts, and either iodine or bromine or
both. . The ainvention further provides a

culcture containing the microorganism Micro-
monospora echinospora ssp. calichensis NRRL 15975, said
culture being capable of producing the LL-E33288 complex in

recoverable quantity upon aerocbic fermentation in an aque-

ous medium containing assimilable sources of carbon, nitro-
gen, inorganic salts, and either iodine or bromine or both.
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p388, melanotic melanoma Bl6, L1210 leukemiaz and colon 26
adenocarcinoma are particularly significant to the present
invention. These neoplasms are utilized for ctesting as
transplantable tumors in mice. Generally, significant anci-
tumor activity, shown in these protocols by a percentage
increase of mean survival times of the treated animals (T)
over the control animals (C), is indicacive of similar
results in human leukemias and solid tumors.

Lymphocytic LeukemialP388 Test

The animals used were BDFj] mice, all of one sex,
weighing a minimum of 17 g and all within a 3 g weight range.
There were 5 or 6 mice per test group. The tumor transplant
was by intraperitoneal injection of 0.5 ml of dilute ascitic
fluid containing 106 cells of lymphocycric leukemia P388.
LL-E33288 antibiotics were tested in the P388 system both as
the individual g1-Br and y1-Br components and as a complex
of all components (Bromo-complex). The test compounds were
administered intrapertioneally at a volume of 0.5 ml in
0.2% Klucel in normal saline on days 1, 5 and 9 (relative to
tumor inoculation) at the indicated doses. The mice were
weighed and the sutvivors recorded on a regular basis for
30 days. The median survival time and the. ratio of survival
time for treated (T)/control (C) animals were calculated. -
The positive control compound was Cisplatin given as an
intraperitioneal injection in 0.5 ml of 0.2% Klucel on days
1, 5 and 9 at the indicated doses. The results appear in
Table 1IV.

If T/C X 100 (%) is 125 or over, the tested com-
pound is considered to have significant anti-tumor activity.
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MOLlaSSeS .ttt v ittt tancnsannsannnens about 0.5%
Calcium carbonate. .o ittt nnenrannn about 0.5%
Source of bromine or iodine.............. trace amounts
Water.....oeviivieennnn S CO.vvvvvevnnnnnn 100%

A 2800 liter portion of the above medium was steri-
lized and then inoculated with 300 licers of tertiary (seed)
inoculum prepared as described in Example 1. Aeration was
supplied at the rate of 0.53 liters of sterile air per liter
of mash per minuce and agitation was supplied by an impeller
driven at 110 rpm. The temperature was maintained at about
289C and the fermentation was terminated after about 97 hours,
at which time the mash was harvested.

The fermentation was monitored for production of
the LL-E33288 antibiotics by antibacterial activity, bio-
chemical induction assay, TLC and HPLC analyses.

The whole harvest mash was adjusted to pH 6 and then
extracted with 1/2 mash volume ethyl acetate. The ethyl
acetate extract was concentrated to a syrup which was washed
twice with hexane and filtered through diatomaceous earth.
The diatomaceous earth cake was thoroughly mixed with ethyl
acetate and filtered. The filctrate was concentrated to 3
liters, dried over excess anhydrous sodium sulfate and then
precipitated by the addition of hexane giving about 26.7 g of
crude LL-E33288 complex.

Example 3
Separation of LL-E33288 o] -Br, a-Br, a3 -Br and a4-Br from
LL-E33288 By -Br, B89 -Br and Yy; -Br

The approximately 26.7 gof crude LL-E33288 complex
(Bromo-complex) from Example 2 was divided evenly into three pot-
tions and chromatographed on three separate 2.4 x 110 cmsilica
gel columns (Silica Woelm®, 32-63 um, Woelm Pharma) packed and
equilibrated with ethyl acetate saturated with 0.1M aqueous
potassium dihydrogen phosphate. The columns were first
eluted with the same solvent at a flow rate of 3 ml/minute
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14.) A compound LL-E33288§]-1 having the fol-
lowing R¢ values in the indicated solvent syscems on TLC on
silica gel sheets:

a) echyl acetate saturated with 0.1 aqueous
potassiun dihydrogen phosphate, Rg = 0.11; and

b) 37 isopropanol in ethyl acetate saturated
with 0.1M aqueous potassium dihydrogen phosphate, R¢ = 0.19.

15. Use of a compound
selected from the group consisting of LL-E33288¢j-~Br;
LL-E33288a)1-I; LL-E33288ap-Br; LL-E33288a3-1; LL-E33288a3-
Br; LL-E33288a3~I; LL-E33288a4-Br; LL-E3328881-Br;
LL—E33288$1-I; LL-E3328889-Br; LL-E3328889-1; LL-E33288y)~
Br; LL-E33288Y1-I; and LL-E332888)1-1 for the manufacture
of medicaments for treating bacterial infections in
warmblooded animals.

16. Use of a compound selected from the group con-
sisting of LL~-E33288a3-Br; LL-E33288a3-1; LL-E33288ag-Br;
LL-E33288¢3-1; LL-E33288a3-Br; LL-E33288c¢3-I; LL—E33288&4-.
Br; LL-E332888;-Br; LL-E332888)-1; LL-E3328887-Br; LL- .
E3328885-1; LL-E33288Y)1-Br; LL-E33288Y;-I; and LL-E332886;-
I for the manufacture of medicaments for inhibiting the
growth of tumors in a mammal.

17. Use of a compound selected from the group consisting of
LL-E33288¢}-Br; LL-E33288¢)-1; LL-E33288¢y-Br; LL-E33288ap-
I; LL-E33288e3-Br; LL-E33288a3-1; LL-E33288¢4-Br; LL-
E332888)-Br; LL-E332888;-1; LL-E332888,-Br; LL-E3328883-1;
LL-£33288Y)1-8r; LL-E33288Y;-I; and LL-E3328863-1 for the
manufacture of medicaments for regressing leukemia in a
mammal.

18. A process for producing antibiotics
LL-E33288c1-Br; LL-E33288qay-Br; LL-E33288c3-Bt; LL-
E33288¢4-Br; LL-E332888)-Br; LL-E3328887-3r and LL-
E33288Y1-Br which comprises aercbically fermenting the
organism Micromonospora echinospora ssp. calichensis NRRL'

15839 or mutants thereof including NRRL 15975 in = liquid
medium containing assimilable sources of carbon, nitrogen,




