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BACKGROUND QF THE INVENTION

1. Eield of the Invention | .

This J.nvent:l.on relates to novel analoqs of rebeccamyc:.n wh:.ch

posses antineoplastic propertxes.

2. Background Art.
U.S. Pat. Nos. 4,487,925 and 4,552',842 disclose the anti-tumor

‘agent designated rebeccamycin, and the S°-methyl and'S*,2',3'',6'"~-

tetraécetate derivatives the:eof and a process for producing the

same agent by cultivating .a rebeccamycz.n-produc:.ng strain of

Nocardia aerocolonigenes, preferably Nocardia aerccolonigenes aTcC

39243, or a rebect:alwc::l.rl—pr:m:lucmg mutant thereof in an aqueocus .

nutrient medium contaz.m.ng asszmzlable sources of carbon and:
nitrogen under submerged aerobic conditions until a2 substantial
amount of rebeccamycin is produced. Recently, Nocardia
aerocolonigenes, ATCC 39243 was reclassified as Saccharothrix

aerocolonigenes, ATCC 39243 (Bush et at, J. _Antibiotics, 40:663-

678, 1987).

SUMMARY OF THE INVENTION
The present invention provides new analags of the antitumer

agent designated rebeccamycin (Formula I).
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OH
OCH,

formula I

More specifically, there.ére provided rebeccamycin analogs of

the Formulas II and IIT below,

Formuia II
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OCH,

_ Formula III
wherein X; and X, are independently fluorine or hydrogen, proyided
that X; and X, are not simultaneously hydrogen; as Qell as
pharmaceutically acceptable acid addition salts of such analags.

The compounds -of the Formulas II and III are produced by

supplementing the cultures of a rebeccamycin producing strain of

Saccharothrix aerocolonigenes with the appropriate tryptophan

analog.
DESCRIPTION OF THE DRAWINGS

Figure 1 shows the IR spectruﬁ Eor the compound .of Formula v,

Figure 2 shows the lHjNMR-foé the compound of Formula IV..

Figure 3 shows the !3c-NMR for the compound of Formula IV.
Figure ¢ shows the IR spectrum for the compound of Formula v.

Figure 5 shows the lH-NMMR for the compound of Formula V.

- Figure 6 shows the 1?C~NMR for the compound of Formulajvj

Figure 7 shows the IR spectrum for the compound of Formula VIIT.

Figure 8 shows the lH-MMR for the compound of Formula VIIT.
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 the fementatxcn procedure disclosed in U S. Pat. ‘Nos. ¢,487,92

Figure 9 shows the Lec-wr fcrsthe c.c.u'xpound of Formula VIII.
Figure 10 shows the mass.spectrum_of the compound of Formula IV,
Figure 11 shows the UV spectrum oflthe compound of Formula IV.
Figure 12 shows the mass_specﬁrum of the compound of Formula V.
Figure 13 shows the UV spectrum of the cbmpound ."of Formula V .

Figqure 14 shows the mass spectrum of the ccmpound of Formula VIII.

_ Figure 15 shows the UV spectrum of the compound of Formula VIII._

DETAILED DESCRIRTION OF THE INVENTION
U.S. Pat. Nos. 4,487,925 and 4,552,842 disclose the
production am_:l isolation of the antitumor agent .designated

rebeccamycin (Formula I)

{ QH

Formula I
The above-mentioned rebeccamycin compound is the pr incipal
component of the fementation of the rebeccamycin producing strain

of Saccharothrix geroco;on;gengs

It has now been found acccrdan to t:he present mven..mn that

U

and 4,552,842 can Y%= carried out in the presence of ce

o

atl

oy

B
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tryptophan analogs to produce new ‘analogs of rebeccamycln havzng

valuahle ‘antitumor properties. The rebeccamycin analogs of the

present-inventxon have the Formulaé ITI and III below.

-

OH
OH

Formula IZI

oM
OCH;

'Formula III

wherexn xl and X, are fluorlne or hydrogen, provxded that xl and Xy

are not s1multaneously hydroqen, as well as pharmaceutlc;lly

acceptable acid addition saltsnthereof.

A preferred example of the compounds of the present invention
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is the compound having the structural formula IV below:

OH
OH

Formula IV
Another preferred example of the compounds of the presant

invention is the compound having the structural formula V below:

Formula Vv

Another preferred example of the compounds of the present

invention is the compound having the structural formula VI below:



_Formﬁla VI

Still ancther preferred . example of the compounds of

the
present invention is the compound having the structural formula VII"
below:

OH
OH

- Formula VII

Still another preferred example of the compounds of the

present invention is the compound haVinq the strdctural formula
VIII below:
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- OCH,

Formula VIII
Another preferred example of the compounds of the present

invention is the compound having the structural formula IX belcw:

OCH;

Formula IX
Another preferred example of the compounds of the presenc

invention is the compound having the structural formula X below:



OCH,
Formula X .
Yet another preferred example of the compounds of the present

invention is the compound having the structural formula XTI below:

OH
OCH;,

Formula XI
In the present process a tryptophan analog is added to the
~ Febeccamycin fermentation medium and 1is incorporated during
fermentation inteo the rebeccamycin structure creating a.
correspondmg rebeccamyczn analog. A more extensx.ve descrlptxon of

the process is glVen below and in the illustrative etamples which

_fcllow
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The compounds Formulas IV - XI -are prodtieed by cultivating. a
' rebeccamycin producing strain of sg cchg;gtg;. ix W,
with - DL—4'-f1uorotryptophan, _ DL-_S—fluorotryﬁtcphan, DL-6~
fluorotryptophan, or DL-7-f1uoretryptophan. The preferred

producing organism is a novel strain of Saccharothrix

aerocolonigenes, previeusly designated as Nocardia aerocolonigenes
strain C38,383-RK2 (ATCC 39.243) in United States Patent 4,487,925,
Recently, this strain .was reclassified as Saccharothrix
aerocolonigenes (Bush et al.,_J. Antibiotics 40:663-678, 1937) and
is desiénate& herein as Saccharothrix aerocolonigenes strain
c38,383-RK2 (ATCC 39243). This strain was isolated Ercm a soil
sample collected in Panama. A biologically pure cultur= of strain
cis, 383-RK2 has been deposited with the American Type Culture
Collection, Rockvxlle, Maryland, and added to t:he:._r permanent
 collection of microorganisms. as ATCC 39243. This culture,
edesiqnated as C38,383-RK2, is also mainrained as a dormant culture
in lyophile tubes and cryogenic vials in the Bristol-Myers Sgulibdb
Co. Pharmaceutical Research and Development DLVLS‘On Culturea
Collection, 5 Research Parkway, Wallingford, Connecticut 06392

The taxonomic studies oe.strain C38,383-RK2 (ATCC 392413) havea
been described in detail in United States Patent 4,487,925 and in
J. Antibiotics 40:668-678, 1987. The strain has been classifiad as
a novel strain of §accha;oth;ix ae;ocolonigenes..

It is to be understood that the present mventmn Ls not

llmlted to use of the partz.cular preferred strain ATCC 392 13 er to

ye—

W
v

organisms fully answering its description. It is espec:al

intended to include c'her rebeccamycin producmq strains or mucancs



19

‘of the described organism whichfcan be produced-by.conVengional

' means such as x-radiatiqn, ultraviiolet- radiation, treatment with

nitrogen mustard, pliaqe exposure and the like.

| In practicing the preseﬁt process, a rebeccamycin~-producing
strain of m:gt_m; aerocolonigenes, having the identifying

characterist_ics of strain C33,383-RK2 (ATCC 39243), or a mutant or

variant thereof, is cultivated in a conventional aqueous nutrient

medium supplemented with the'apprbpfiate tryptophan analeg. For

optimal_prcducticn of the compound of Fofmulés VI and X, the medium
should be supplemented with DL-4~-fluorotryptophan. For optimal

production of the cdmpéunds of Formulas IV and IX, the medium

should be supplemented with DL-S-fluorotryptophan. '~ For optimal

ptoduction of the compounds of Formula V and VIII, the medium

should be S“P?lemented with DL-6-fluorotryptophan. For optimal

production of the compounds of Pormulas VII'and.XI, thé medium

should be supplemented witﬁ DL-7-fluocrotryptophan. The organism is

grown in é'nutrient medium cﬁntéining known nutritioﬁal sources for

actinomycetes. Thus, the organism is grown in'a nutrient med:ium

containing an assimilable carbon source such as sucrose, lactose,

glucese, rhamncse, fructose; glycerol-cr soluble starch. The

med;um shoulﬂ also contain an éssimilable nitrogen source such as

fishmeal, peptone, peanut meai, cottonseed méal, corn steep liquor,

amino acids or ammonium saxfs._ Nutrient inorganic salts can also
be incorporated in the medium so as to providg sodiﬁm,ppotassium,

ammonium, calcium, phosph#te, sulfate, nitrate, carbonate and lige
ions. Trace elements such_aé coppér,'mahqanese,-iron zinc, etc.
are added to the medium ifﬂae;gred;-or ﬁhey may be present as

impurities of other constituent: of the media. 'Submerqed aerobic
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conditions are preferably employed for the producticn_o:llarge'
gquantities of antibioctic, although for production. of limited
amounts, surface cultures and bottles mey also be used. The
general procednres used for the culfivation of etner actinomycetes
are applicable to the present invention.

Production of the antibiotics of the preseht invention can be
effected by any temperéture conducive to satisfactory grcﬁth of the
producing organism;.e.q. 18° to 39°'c and is conveniently carried
out at a ‘temperature of about 28° C. .‘rhe fermentation may be
carried out in flasks or in laboratory or industrial fermentors of
various capacxty. | |

When tank fermentation is to be used it is desirable to
produce a Veqetatxve inoculum in a nutrient broth by LnoculatLrg a
small volume of the culture medium with a slant, a cryopreservative '
culture or a lyophilized culture of the pfoducing organism. efter
obtaining a vwviable and active inoculum in _this manner, it 1is
transferred asepticallQ ‘to the fermentation tank. chargad Qith
production medium for lafge scale production of the antibiotic of
the present'invention. The medium in which the vegetative ilnoculum
is grown can be the same as, or different from, that utilized in
the tank as long as it is such that a good growth of the producing
.organism is -obtained and supplemented with the appropriate
fluorctryptophan. Further . aqltatxon may be prcVided by a
mechanical impeller. Antxfoam agents such as lard -oil or sxllccﬂe
0il may also be added if needed. Antibiotic production is
ﬁonitored by high performance liquid chromatography assay or by
conventional biological essay; In éeneral; optimum production ot

the antibiotics of the present invention is -achieved aftec
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incubation of about 6 days.

Isolation and purification of the so-obtained derivatives may
be carried out by conventional chromatographic procedures.

i ' c perties:

The compounds of Formulas IV, V and VIII have the following

Physical and Chemical Properties:

OmDO u v
escription: Bright yellow émorphous solid -
Molecular Formula: C,H,qF,N;0,
Molecular we-;'ght:. - 523.454

Mass Soectrum: Kratos MS 25 Mass Spectrometer. FABMS 524 (M +
H)", 361 (M-162, lo-ss of glucose). |

Ultraviolet Spectrum: | Hewlett Packard 845A Diode Array
Spectrophotometer. Concentration 1.0 mg/100 ml MeOH. Neutral kmax
nm (E 1%/lcm): 405, 322(457), 288, 277, 259, 230(348).

Infrared Spectrum: Perkin-Elmer 1800 FTIR Spectrometer. K3r
Pellet (cm'1): 3340,_2915,'1752,'1703, 1628, 1591, 148%, 1452,
1392, 13.3-1,. 1292, 1247, 1191, 1112, 1081_,.'1052,. 947, 904 795, 752,
752, 752, S11. | | | .

w: . Bruker Mddel AM-3000 Spectrometer. Duel
carbon-proton pr:o'be, Smm.. Solvent dg-DMSO. Observed _chemic'al
shifts (ppm): 11.76 (s,lH), 11.23(s,1H), 8.85(dd,1H), 8.77(dd, LH) ,
8.01(dd, 1H), 7.68(dd,1H), 7.46(m,2H), 6.29(d,1H), 6.12(%,1H),
5.45(d,1H), S.17(d,1H), - 4.95(d, 1H), 4.07(d;lﬂ), ' 3.9$(m,2ﬂ),
3.81(d,1H), 3.59(m,2H). - |

90 MH;"JC-N_EB' : Bruker Maodel PLM-BOOO Spectrometer. Pratan
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decoupled spectrum. Duel .c.:arb.on-piotcn probe, Smm. Solvent d.-
. DMSO.  Observed chemical shifts (ppm): 170.9, 170.5, 157.0(d),
_15?-°(d)..138.6, 137.2, 130.7, 129.2, 121.7(d), 121.4¢d), 121.3,
119.6, 116.6, 115.1, 115.0(d), 114.6(d), 113.3(d), '113.2(d),
109.1(d), 109.1(d), 84.8, 73;7,'76.5. 73.2, 67.6, 58.3.

Selubility:  Soluble in DMSO, DMF, THF, acetone, EtOAc,
MeOH. | | | | | |
MLQME_LBE Vgl:;'eél : Normal phase (silica

gel 60); EtoAc: 0.10. "EtoAc-MeOH (9:1 v/v): 0.41. Reversed

phase (Cyg); 0.1M NH,OAC~MeOH-CH,CN (2:4:4: v/v): 0.67

Compound of Formula V
Description: Bright yellow amorphous solid

Molecular Formula: CagH; 9F, N30,

 Molecular Weight: 523.454

Mass Spectrum: Kratos MS 25 Mass Spectrometer. FABMS

[¥]]
[N
ha

(M + H)", 361 (M-162, loss of qluco.se)'.

Ultraviolet Spectrum: -~ Hewlett Packard 8452A Diode Arrav
Spectrophotometer. Concentration 1.0 mé/loo ml MeOH. Neutral'lm'ax :
nm (E 1%/1lcm): 398(60), 316(640), . 280(259), 256(313),'225(5:5),

204 (497) .

2}

Infrared Spectrum: Perkin-Elmer 1800 FTIR Spectrometer. KB
Pellet (cm-'): 3324, 2927, 1745, 1701, 1623, 1580, 1491, 1471,
1452, 1412, 1384, 1330, 1233, 1172, 1116, 1075, 1048, 1016, 983,

916, 829, 764, 745, 646, 635, 617, 498, 490.

360 MHz _%.—-uug: Bruker  Model AM-3000 Spectrometer. Duel
carbon-proton probe, Smm. = Solvent d4-OMSO. Observed chemical

shifts (ppm): 11.77 (s,1H), 11.18(s,1H), 9.12(dd, LH), 9.05(dd, 1H),
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~ 7.85(dd,1H), 7,43(dd,13),':7.23(t,zn),_ 6.26(d,1H), 6.24(s,1H),
5.31(d,1H), 5.04(d,1%), 3.98(m,2H), 3.87(m 1H), 3.66(s,2H).
&M’M Bruker Model AM-3000 Spectrometer. Proton
decoupled spectrum. Duel éarbon-pr;'otan probe, Smm. Solvent d.-
DMSO. = Observed chemicai shifts (ppm): 170.8, 170.7, 161.8(d),
161.8(d), 143.2(d), -141.5(d), 130.1, 128.7, 126.0(d)," 125.9(d),
120.9, 119.3, 118.2, 118.1, 117.7, 116.5, 108.8(d), 108.6(d),
98.9(d), 98.3(d), 84.7, 78.6, 76.5, 73.1, 67.5, 58.3. o
Solubility: Soluble in DMSO, DMF, THF, MeOH, acetone, EtOAc.
M&Cﬁs&tmﬁm_@f va;ues):. Normal phase (silica
gel 60); EtoAc: 0.40. EtoAc-MeOH (9:1 v/v): 0.63. Reversed chasa

(Crg); O0.1M NH,OAC-MeOH-CH,CN (2:4:4: v/v): _0.60.

Compound og. Formula VIIT
| Description: Bright yellow .amdrpho'us solid
Molecular Formula: Cz.,HanNJO-,. | |
MoLecuL.a; Weight: $37.481

Mass Spectrum: Kratos MS 25 Mass Spectrometer. FASMS 533
(M + H)", 361 (M-176, loss of 4-0—methylglucose) .
| Ultraviolet Spectrum: Hewlétt Packard 8452A Diode array
Spéctrophétometer. Concentration 1.2 mg/100 ml ‘MeOH. Neutral ;max
nm (E 1%/lcm): 398(103), 316(1050), 280(387), 256(454), 228(750).

Infrared Spectrum: Perkin-Elmer 1800 FTIR Spectrometer. KSr
Pellet (cm-!): 3324, 2938, 1747, 1703, 1621, 1580, 1491, 1471,
1452, 1412,.1384, 1330, 1233, 1172, 11_40; 1116, 1087, 1054, 963,
918, ._,328,-'764, 649, 635, 618, 498. | _ | |

160 MHz 'H-NMR: Bfukér Model AM-3000 Spectromete':._: Duel

carbon-protbn probe, Smm. sb],venc ds-DMSO. _Obse'rved chem'.caL
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shifts (ppm): 11.77 (s,1H), 11.18(s, 18), 9.12(dd, 1H) , 9.05(dd, 18),
7.88(4d,1H), 7.41(dq,1H), 7.23(m,2H), 6.25(d,1H), 6.24(s,1H),
5.36(dd,1H), 5.31(d,1H), 5.04(d,18); 3.97(m,2H), 3.60-3.95(m,4H).
22.!3&.3&9:5&32 Bruker Model AM-3000 Spectrometer. Prgton'
decoupled spectrum. Duel carbon-proton ﬁrobe, Smm. Solvent dg-
DMSO. Observed chemical shifts (ppm): 170:8, 170.7, 161.8(d),
161.7(d), 143.1(d), ;41.s(d),_izo.1, 128.7, 1zs.ocd),.125-9(d).
- 120.9, 119.4, 1;8.2; 118.1, 117.7, 116.5, 108.8(d), 108.6(d),
- 98.7(d), 98.3(d), 84.4, 77.2, 77.2, 76.2, 73.2, 59.9, 53.5 gpﬁ.
Solubility: Soluble in DMSO, DMF, THF, acetone, EtOAc, MeOH.
Thin Laver Chromatography (R, values): Normal phase (silica
gel 60); EtoAc: Q.72. EtoAc-MeOH (9:1 v/v): 0.89. Reversed phase

(C1g) 7 0.1M NH,OAC-MeOH-CH,CN (2:4:4: v/v): _0.59.

B;olog;cai é;ogegtiés:

Representative,compouﬁds of the present invention were tested
aqaxnst the transplanted mouse leukemia P388 to determxne in vive
antxtumor activity (Tables 1-3). CDFI mice were 1implanted
intraperitioneally ("ip") with 10% P388”1eukémia cells obtained
from DBA/2 donor mice bearlnq this transplantable murine leukemia.
The CDF, leukemzc mice were treated ip wlth elther saline {control
mice) or doses of the compound of Formulas IV, V and VIII once at
Day 1 post-tumor idoculation. These animals were observed daily
gnd their deaths recorded. Avéfaqe body weight chanqes (from the
day of leukemia implant to the day of last treatment) were
determlned for all groups as a means of reflectlnq druq toxicity.
The anxdence of mlce alxve in each group -on Day S post tumor

implant was ‘recorde; as an addxtxonal means of assessmq druyg
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_toxicicy . Neo therapeut:.c result was considered as meanmgful if
more than 1 mouse per  treatment group had died by Day 5. Each
treatment group consisted of g to 6 mice; contrcl'grcups contained
10 mice. The number of mice, if any, surviving to Day 30 (the lst
day of the experment) was also recorded. o

Therapeutzc efficacy was evaluated by determlnlng the medlan
survival time ("MST") of mice treated with the compound of Formula
IV, V and VIII and comparing it to the MST of parallel control
mice. This comparison was made by dividing the MST of the former
by the latter and multiplying by 100 to derive a parameter called
the percent T/C value. A percent T/C of 2125% was conszdered to
represent a meaningful increase Ln lifespan and hence an active
result. |

As shcwn in Table 1, the ccmpound of Formula IV is active
against P88 leukemie.at dose levels ranging from 10 to 90qu/kg;
The best effect was achieved at a dosage of 30 mg/kd and consisted
- of a percent T/C of 175%. Toxzcxty was not observed even at the
highest dose (90 mg/kg) tested.

As shown in Table 2, che ccmpound of Formula. V 1ls active
against P388 leukemia at dose levels ranqxng from 0. 8 to 102.4
mg/kg. The best: effect was achxeved at a dosage of 102.4 mg/kg and
consisted of a percent T/C of 178%. Toxicity was not observed evan
at the highest dose (102.4 mg]kq)_tested.

As shown in Table 3; the compound of_Formuia VIII is active
agaihst'PBSB leukemia_at dose levels renging froﬁ 0.8 to 102.4
' ng/kg. The best effect wes.achieved at a dosade of Slﬁz_mqlkq and
consisted.of a peccent T/C of 206%. Toxicity was not obse;ved QL

- the highest dose (102.4 rg/kg) tested.
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Table 1. Effect of Compound of E’ormula IV on P388 Leukenua"
(Day 1 Treatment) . .

Median - Average = No. of Mice

Dose, ip. Survival % ‘Weight -  Alive on
{ng/ka/inj) Times (Davs) T/C <cChange (g) Dav S - Day 30
90 . 16.5 165 -0.9 4/4 0/4.
30 - 17.5 175 0.6 4/4 0/4
- 10 : 14.5 145 0.7 . a/a 0/4
Control ' 10.0 100 i0/10 0/10

2 Mice were implanted with 10% P388 leukemia cells, and treatments
with the compound of Formula IV were begun 1 day later. Control
mice were given salxne injections. '

Table 2. Effect of CQmpound of Formula V on P383 Leukemla
' {Day 1 Treatment)

Median "Averaqe No. of Mice
Dose, ip. Survival 3 Weight Alive on
(mg/kg/inj) Times (Davs) T/C Change (g) Bav 35 Dav 30
102.4  16.0 178 - -0.1 6/6 0/6
51.2 15.0 167 -0.2 6/6 0/3
25.6 14.5 . 161 -0.2 6/6 0/s
12.8 . 15.0 . 167 0.8 6/6 - 0/6
6.4 . 15.0 . 187 -1.1 6/6 - 0/8
3.2 14.0 156 . 0.0 . 6/6 0/8
1.6 14.0 156 -0.7  8&/6 0/6 _
0.8 -~ 13.0 144, - 0.1 6/6 0/

Control 9.0 100 1.3 10/10-  0/10

2 Mice were implanted with 105 P1d8 leukemia cells and treatﬂ?ﬂts
with the compound of Formula V were begun 1 daY later. Control
mice were given saline injections.
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Table 3. Effect of Compound of Formula VIII on P388 Leukemlaa
(Day 1 Treatment)

Median : Average . No. ::f Mice
Dose, ip. Survival % Weight Alive on
{mg/kg/ini) Times (Davs) T/C ‘Change (g) 'Dav 3  Day 30
102.4 = 4.5 161 0.2 - 6/6 - 076
51.2  18.5 206 . 0.3 - 6/6 0/6
25.6 . 14.0 156 0.1 6/6 0/s
12.8 14.5 161 -0.1 6/6 0/8
6.4 16.0 178 0.1 - §/6 /6
3.2 16.5 183 -0.3 6/6  0/s
1.6 14.0 156 -0.1 6/6 0/8
0.8 14.0 156 . -0.4 6/6  0/6
Control .0 100 ‘1.3 10/10  0/10

'3 Mice were melanted with 10% P388 leukemia cells and treatments
with the compound of Formula VIII were begun 1 day later. Contral
mice were given saline J.n]ectlons.

The present inver.xtion.includes within its scope pharmaceutical. :
~ compositions which comprise an effective or tumor-inhibiting amount
of a rebeccamycin ar;a'loq-_ of the pi‘_esent invention, or a
pharmaceutically acceptable acid addition salt thersof, 'iﬂ_.
combination with an inert pharmaceutically acceptable carrier or

" diluent.

According to another aspeét of the inQention, a method is
provided for ﬁherapeutically t?eating an animal (preferably
mammalian) host effected by a méliQnant tumor which coiﬂpfises_
administering ﬁo ‘such hosﬁ ah' effeétive tﬁinor:,—inhibiting dose of
the é.ntibiotic of the present invention or a pharmaceutically
'a_cceptab'le acid addition salt thereof._ ' |

. Examples of suitablg compositions include solid compasitions’
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. for oral administration. such.as tablets, capsules, pills, powders
and granules, liquid ccmpos:.tions for oral administration such ag -
- solutions, suspensions, sSyrups: and elixirs and- -preparations for
pa.regteral adminiétration such as sterile solutions, suspensions or
emulsions. They may- alsc be manufactured in the form of sterile
solid coﬁpésitions which can be'ldissolved_ in sterile water,
physiological saline or some other sterile injectable medium:
immediately before u;e; |

It will be appreciated that the actual preferred dosages of
the rebeccamfcin analogs of the present invention will vwary
according to the particular compound being'used the particular
composition formulated, the mode of application and the pa*tLCu-
sztus, host and disease bexng treated. Many factaers that mcdz-y
the action of the drug will be taken into account by those skillad
in the art, e.qg. age, body weight, sex, diet, time of
administration, rate of excretion, caondition of the host, drug
combinations, feaction sensitivities and severity of the diseass
Administration can. be carried out continuously or periodicaily
within the maximum tdleréted dose. Optimal application rates iac
a given set.of conditions can be readily ascertained by zhosa
skilled in the art using:conventional do#age determinatidn.tes:s.

The present invention is illustrated by the followan examplas
which are not intended to be construed as limiting the scope of the

invention.

Examalg;__L. Preparatxon of cryopreservative culture cf
Saccharoth aegocc;on;genes strain C38,383~-RK2 (ATCC 39243)-
~ Saccharothrix ‘aerocolonjgenes strain  C38,383-RK2  was



-mazntazned 2s a cryopreservative culture stored at -80°C in a.Revco

ultralow temperature :reezer. To prepare 2a  cryopreservative
culture, strain C38,383-RK2 was transferred in test tubes on slants
‘of yeast-malt extract agar supplemented with CaCO; which consisted
of '

dextrose _. 4.0q

yeast extract _ 4.0g

malt extract ' - 1l0g
'ICaCOj _'.. 1.5g

agar _ _ 15g

deionized wvater 'q.s. to 1 liter

The aéar' slant was incubated at 28°C for 7-10 days.
Vegetative culturé'was prepared by transferring tné surfate*qrowt.
from the slant culture to a 500 Ql Erlenmeyer flask containing 100
ml of a sterile vegetative medxum consisting of

Cerelose (Corn Products) ' 309

Pharmamedia-(Traders Oil Mill Ca.) 10g

Nutrisoy (Archer Daniels Midland Co.) 10g

caco, | | = 3g

deionized water g.s. to 1 liter

This vegetative culturg;waé_incubated at 28°C for 48 hogrs on
a rotary shaker set at 250 rev/min. The'vegetativé culture wa5
mixed with equal voiume.ot'crydpfctective solution consistinq_pf

Sucrose | . 100g

glycerol o ' 200qg

deionized water q.s. to 1 liter
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Four ml portions of this m;xture wera transferred to sterile

crycgenic tube (S ml capacity, Corning) and were frozen in a dry
ice-acetone bath. The frozen vegetative cultures were then stored .

at -80°C in a Reveco ultralow temperature freezer.

Example 2. . Preparation of vegetative culture of im—m
aerocolonigenes strain C38,383~-RK2 (ATCC 39243)

Vegetative culture was prepared by transferring 4 ml of the
cryopreservative culture to a 500 ml Erlenmeyer flask containing
100 ml of a.stériié”veqetative medium having the same composition
as the vegetative medium described in'Example 1. The veqetativn
culture was incubated at za°c for 48 hours on a rotary shaker se*

at 250 rev/min.

Example 3. Preparation of the compound of Formula IV
Three ml of the vegetétive culture of Example 2 was inoculated
into 500 ml Erlenmeyer flasks each containing 100 ol of producticn

medium consisting of

Staclipse J-UB starén (A.E. Stéley) . 109
KH,PO, | | s ;
Mgso, - | ' o . 1g
L-threonine | : ) Z;Sg
caco; : o 2g
deionized water: B q.s. to 1 liter

The production Culture was. incﬁbated at 28°C on a rct'ary'
shaker set'at 250 rev/min. After 48 hours of fermentatxon DL~5—

fluorotryptophan was added to the culture at a fxnal concentrac-on
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of 1 mg/ml. The culture was a1::ied to incubate at 28°¢ and ‘shaken
at 250 rev/min for additional 4 d;ys. Pfcdudtion of the compound
of Formula IV was monitored by HPLC. Optiﬁal produqtioﬁ of the
compound of Formula IV at a concéntration- ' cf. 23-32 mg/ml was -

generally obtained at 6 days of fermentation (i.e. 4 days after the

addition of DL-S—fluorotryptaphan).

Example 4. Preparation of the compound of Formula V and VIII.
Thrée ml of vegetative culture of Example 2 was inocculated
into 500 ml Erlenmeyer flasks each containing 100 ml of production
medium having the same composition as described in Example 3.
The.production culture waé incubated at 28°C on a-rotary shaker set
at 250 rev/min.’ Afﬁe:' 48 hours of  fermentation, DL-§-
.ﬁluorotryptophah was added to the culture at a final concentration
of 1 mg/ml. The culture was allowed to incubéte at 28°C and shaken
at 250 rev/min for additional 4 days. Production of the compounds
of Formula V énd VIII were monitored by HPLC. Optimal production
of the'compound of Formula V and VIII were generally obtained at &
days of fermentation (i.e. 4 days after the addition of DL-5-
flucrotryptophan) at a concentratiﬁn of 36-58 ug/ml and 31-342 eg/al

réspectively.

ggggg;g;i._ Isolation and purification of the qompounds.of'FQrmu;as
IV, V and VIII. |
a) General Methad

Solvents were not redistilled before use. Méthanol,.aceﬁone,
ethyl aqetaﬁe, isopropyl ether, chloroform,tetrahydrotfuran, écnY;

ether and hexanes were ACS reagent grade. Water for HPLéirefers s

¢
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in-house déionized watér_ .from a Barnstead Nanopﬁre' Ii‘ system.
Tetrahydrofuran, methanol and acet;:nitrile for H:'PLC. use. were B & J
Brand HPLC grade solvents. Ammoﬂium.acetate wés Fisher HPLCIgréde.

Normal phase thzn layer chromatcgraph (tlc) was carrled out on -
Silica gel 60, F-254 plates (EM Reagents, Cat. #5765, 5 x 10 cm,
by 0.25 m thick). Reversed phase tlc was accomplished with
Whatman MKCyg plates (Cat. #4803-110, 0.2 mm ‘thick).. Plates were |
developed in Whatmdn cylindrical jars w:.th caps and io ml of
eluant. Rebeccamycin analogs'were visible as yeliow zones in
normal lighting or as yellow fluorescing zones with 254 nm or 366
nm ultraviolet light.

To whole broths was added Dicalite (speed plus) filter aid.
'After brief stirring the broths were fiitéred on large Buchner
funnels or on a T&lhurst Centerslung Centrifugal Filter Unit (Model
1B15, Ametek, Inc.). Filtrates were discarded. Mycelial mats were
stirred in THF or THF-acetone mixtures‘for one hour, fiitered; and
the Diéalite_ further_ rinsed with aéetone until it no longer
fluorééced yelloﬁ under UV 1light. The combined filtrates were
concentrated under reduced pressure to yield crude extracts.

A vacuum liquid chromatography (VLC) apparatus consists of a
Buchner funnel: (Kontes, Art. #K-954160) containinq_a;sealed-in
sintered glass disc (M porosity), a side hose connection for vacuum
and a lower 24/40 joiht. for attachment of receiyinq,hflggks.
'Initially) the leaét polér elutihg solvents pulled through under
vacuum to form tightly packed 5-cﬁ adsorbent bed heights. Samoleb
were preadsorbed onto adsorbent and applied to Eunnels as slur*xes
or applied in a so;utxon-of the least polar eluting solvent.’ Step

gradients were carried out where predetermined volumes ot
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mcreasmgly polar eluant constituted the fractions. The _fﬁr_:nel
was sucked dry after each volume of eluant. Fractions were
concentrated and combined on the basis of tlc analysis.. _
| Apperatus for size exclusion chromatography -consisted of the
following: - A Glenco column (2.5 I.D. x 100 cm) equipped with
solvent resistant teflon and pletes; Fluid Mete:ing, Inc. FMI leb.
pump (Model RP-G150); Gledco QIass reservoir (500 ml); Isco Model
' 328 fraction collector. Columns were slurry packed with Sephadex.
LH-20 (Pharmacia) preswollen in the eluting solvent. Solvent was
delivered in a downward manner .through the columﬁ at a. rate
controlled by the lab pump. | |
The followi.‘nq components were used to construct a semi-
preparative HPLC system: Waters Associlates Model 590 Solvent
Delivery System pump; Knauer model 87 &ariable wWavelength Detec;or.
Waters Associates model SR-204 strip Chart .Reccrder: Whatman
- Partisil 10 005—3 column (10 mm x SO cm); 318 stainless steel

tubing (0.23 mm i.d.).

'b.) Isolation and purification of .the compound of Formula IV
Whole broth (S liters) was filtered with Dicalite and the
mycel:.al mat extracted by stirring in THF (2 liters) for 1 hour.
After further fx.lter:x.ng, and an addx_tlonal THF rinse (1 lJ.ter) , the
combined filtrates were concentrated under reduced pressure to.
yield 4.5 g crude extract. The extract was adsorbed onto 6.59
Lichroprep Si 60 Silica gel (EM Science, Art. 9336,' 15-25 microns)
- and applied to a 60 ml VLC funnel conta'ininq.ani additional 24.5 g
silica gel. A hexane-etnyl acetate step qradlent was carried cut

(200 ml volumes) K followed by a 200 m]. volume THF wash. The THF.

S



wash (156 mg) was dissolvéd ;17; ml THF and applied to a colﬁmn
contéining 160 g Sephadex LH-20 equilibrated with THF (bed heiéht
90 cm, bed volume 430 ml). Flow réte 3.75 ml/ﬁin. As could be
determined viéually, a majbr yeilow'band (62 mg) eluted in the
fi;st oﬁe-fourth'of the second bed vblume.'_Final purification was
acccmplished.by reversed phase (Cyg) HPLd chrométography with a
-flpw rate of 4 ml]min (0.1 M NH,OAc~THF (60-40)). Detection was
at 320 nm. 'Elutinq at 39 minutes was the major analog (23 mg)

designatéd as the compound of the Formula IV.

c.) Isolation and purifjcation of the compounds of Formula ¥ and
Whole broth (2 liters) was filtered uéinq Dicalite filter aid. -
The mycelial mat, #fter stirring in THF fz.liters) fof 45 minutes, -
was filtered, and rinsed with an additional wvolume of THF (1.5
liters). The filtrate_was coﬁcentratea under reduced pressura to
yield 3.39 g crude extract. The crude extract was triturated with
fiQe 50 ml volumes of THF, which were_éombinéd and concentrated to
yield 0.74 g of THF sbluble reéidue. - This mass contained the bulk
- of the yellow fluorescing maﬁetials. The THF solpblé material was
adsorbed onﬁo 2 g Silica Gel H (Merck,‘10;40 m;crchs) and appliéd
to a 30 ml VLC funnel_contaihinq an.additionai i1 g Silica Gel H.
A hexane-ethyl acetate step éradient was carried out using 100 ml
volumes of eluant. The two major rebeccamycin analogs were
~ separated cleanly in this manner. The less polar yellow.zone (14l
mg) eluted with hexane-ethyl acetate (lzlf-and the more polar
analog (105 mg) with hexane-ethyl acetate (1;3).' | |

The more polar analog (105 mg) was dissolved in 2 ml_TﬁF_and
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applied to a column containing 160 g Sephadex LH-20 (béd hgiq;h 90
cm, bed volume 430 ml) pi:eswcl’len J.n THF. .Tne flow rate was 4
- ml/min. The main yellofv band eluted at 1.25 bed volumes as could
be determined visua1ly to yield the compound of Formula V (77 mg).
The less polar analog from VLC (141 mg) was dissolved in 2 ml
' MeOH- and ;p'plied to a 'c.olumn containing 110 g Sephadex LH-20
preswolleh in MeOH (béd heigth 80cm, bed volume'460-ml). The flow
rate 3.5 ml/min. The main yellow zone eluted at the end of the

fourth bed volume to yield the éompound of formula VIII (70 mg).
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.What is claimed is:

. g 1 i ' a:
1 A rebeccamycin analog having the formul

OH
- OH

r rovided
w e | | i hydrogen, provi
her.in X, and X, are independently.fluo;Lne or hy L
| l | en, as wel

X; and X, are not. Ssimultaneously hydrog
that X; _ ‘ .

i iti . ts thereof.
harmaceutically acceptable acid addition sal
P

. i ula:
2 A rebeccamycin analog having the form

OCH,
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pharmaceutically acceptable acid addition salts thereof.

3. The compounds of Claim 1 havihq,the formulae
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OoH -
OCH;,

5. A process for producing the rebeccamvcin analogs of claims 1 to 4,
| or a pharmaceutically acceptable acid addition salt thef;of
::::: cotfrxses cultivating a rgbeccamycin-producing. strain 6;
ehri . R ' ' |
r aro .;;x ge;gcolon;genes in an aqueous nutrient medium in the
presence of a tryptophan analog, until a substantial amount of'thé

i . ’ l : .
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Culture medium and recovering the desired rebeccanmycin derivatjve

from the culture medx.um in a ‘substantially pure form.

6.. ' The process of Claim 5. wherein the rebeccamycin-producing

strain is Saccharothrix -a28Xocolonigenes ATCC 39243.

7. The process of Claim 11 wherein the tryptonhan analag is DL-3-

fluorotryptophan

DL—S-Elurotryptdphan;
'DL—S-fluorotryptoghan: ar

DL-7-Efluorctryotoghan.

8. A pharmaceutical composi:ioh comprising an
effective tumor-inhibiting amount of ar least one compound
OF anyone o Claims | to 4, in asso ociation with a
pharmaceutical acceptabls subscan tially nontoxic carrier

or excipient.

‘9, A pfocess Eo:'prepa:iﬁq che'?hafmaCQUCical.qomposltlon
of Claim 8 which comprises incorporating at l=2ast one ‘
compound of anyone of Claims | to ¢ into a ;ha:mace?th§;Ly
acceptable substantially non-:bxic carrier or exciplent.

10.  The use of at least one compound of anyone of
_ n
Claims L to 4 for preparing a pharmaceutical compositio
d
for thecapeutically treating a mammaLLan ho:t at ecﬁf

by a tumor.

- - -



