2140799 DESCRI PTI ON PYRROLO NDOLE DERI VATI VES The present invention refers
to mtomycin anal ogs containing a disulfide group. These conpounds are
nycin C derivatives in which the 7-am no group bears an organic
Biituent incorporating a disulfide group. These conpounds are i nhi it or s

“experimental ani mal tunors. -2- Nonencl ature - The sy$t i.C
Chemi cal Abstracts name for mtonycin Cis: [ERR] 1-6-am no-8-£n%07c‘cl
((am nocar bonyl )- oxy)methyl]-1,la ,2,5,'8a,8b-hexahydro-8a-nethoxy-5- 5

met hyl -azirino[2',3 ,3,4,]pyrrolo[1,2-a] indole-4,7- dione according to
whi ch the azirinopyrrol oi ndol e ri nDESQRIRTION

PYRRCLOINDOLE DERIVATIVES

The present invention refers to mitomycin
analogs containing a disulfide group,

These compounds are mitomycin C
derivatives in which the 7-amino group bears an
organic substituent incorporating a disulfide group.
These compounds are inhibitors of experimental
animal tumors. '
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nunbered as follows: 7 6 10 2 | a Chem cal Abstracts A trivial system of

nonmencl ature which has found wide use in the mtonycin l[iterature U
i dentify_gs the foregoing ring systemincluding several of the 15 "

characteristic substituents of the mitonycins as mtosane. 10 W Have
chosen in the present specification to use 2tﬁis_systen1and torefer to
the azirino nitrogen atomf[err]and rings amno nitrogen atomas [err]As to
t he stereochem cal .eonfiguration of the products of this invention, it is
i nt ended when idetifying themby the root nane '"mtosane" or by
structural formula to identify the stereochem cal .configuration thereof
asthe sane as that of mtonmycin C _

Nomenclature - The systematic Chemical Abstracts name

for mitomycin C is:
{l1aR-(laa, 8B, 8ac,8ba) )-6-amino-8~[ ( (aminocarbonyl) -
oxy)methyl]-l,la.z,8,Sa,8b—hexahydro-Sa-methoxy-s-
5 methyl-azirino(2',3',3,4,])pyrrolo(l,2-2] indole-4,7-

diocne
according to which the azirinopyrroloindole ring system is

numbered as follows:

10

Chemical Abstracts

- A trivial system of nomenclature which has found
‘wide use in the mitomycin literature identifies the
- foregoing ring system including several of the
15 characteristic substituents of the mitomycins as
mitosare. '



Description of the Prior Art Mtonycin Cis an antibiotic which is produced
. fernentation and is presently on sale under Food and Drug
-@1 niistration approval for the therapy of disseninated 5
npcar ci noma, of the stanch or pancreas in proven conbinations w th~gk her
approved chenot her apeutic agents and as palliative. treatnent when ot Rer i
nodal i ties have failed (Mitanmycin Bristol Laboratories, Syracuse, New York :
13201, Physicians' Desk Reference~3%th Edition, 1981, .pp.i717 and 718). :
M tonycin 10 C and its production byfermsntatron i S-the subject of :
U.S. Patent No. 3,660,578 patented May 2, 1972 claining priority
fromearlier applications including an acgpl ication filed in Japan on April
6, 1957. The structures “mtonyci nstOA; 3B, C, - and of porfi romycin 15
were first published byl J. S:'Wehb efCHPEf - Lederl e Laboratories Division
Ameri can Cyanam d Conpa S Chem  Soc. 84, 3185-3187 (1962). One
of the chemical transf din thrs structure study torelate -
mtonycin A and nito

We have chosen in the present spec:.ﬁ.cat:.cn to use th:.s system and +o S

mf;rtoﬂueazmmtrcgenatmasti andthe*ingam.nomtrogen- s
5 atom as N7. As to the sterecchemical configuration of the products of:

this invention, it is intended when identifying them by the zoot name

"mitosane" or by structural formmla to identify the ste:eoch:mcal '

configuration thereof as the same as that of m...ce:yc:.n C.



C was t he conversion of the former, 7-9a -dinethoxynitosane, 20 )Y :
reaction with ammonia to the Iatter 7-ami no-[err]-nmet hoxynitosane. AN
Di spl.aeement of the 7-nethoxy group of mtomycin A has proven to be a .'
react™n ‘of considerable interest in the p garatlon of antitunor active
derivat i vés of mtonycin C The following articles and patents each deal

with the conversion; 25 Dg;c;_n PIYRI QfAtBQ rZo§u skitut ed am no ’
mtonycin C derivative havrn‘g'?'rrt‘%‘l-umr—a'm-vrg'y-—-‘l‘g'e—obj ect of this

research was to prepare derivatives which were nore active, and

particularly whlchﬁmﬂﬁ@yéﬁﬁsctﬁylsntaaelﬁibeﬂucwﬂleh is yhbaubea:sy "The
Journal of -Anti bi otics; noshita

- . K
Chem 14 Lo YRR ReAEian $54,ba, PEeoantly OhpaeLenatess 0935%%’@81)

Adn;aengﬂr:at&m appRevel sfoanth&r adaeepyAbst ﬂastsemmfaﬂ%er S
%3.?”1 el JEERLN Al E ULl G1°Ghika005! Blen'Gibindiifs No. VED
with other approved chemotherapeutic agents and as palliative
treatment when othex modalities have failed (Mutamycin' _ |
Bristol Laboratories, Syr‘ac"ts‘e-, Néw York 13201, Physicians®
‘Desk Reference 35+h Edition,1981. pp.717 erd 718). Mitomycin
> :10 € and-its production by fermentation.is the subject of U.S.
Patent No. 3,660,578 patented May 2, 1972 claiming pr:.o*:.ty'
o _;rom earlier appllca‘.z.ons :.nclud:.ng én appl:.cat*on filed J.n _
(O Japan on April &, 1957. - . - S .

The 's'trgctures' of ‘mite;ex_?c:_i._ns A, B, Cy and of 'porfiromycin
i5 . " were first published by J.S.Webb et al, of Lederle Laboratories
Division American Cyanamid Company, J. Amer. Chem. Soc. 84,
3185-3187.(1962). One of the chemical transformations used
in this structure study to relate mitomy.cin A and mitomycin
C'was the convérsion of the former, 7-9@-dimethoxymitosane,
20 by reaction with ammonia to the.latter, 7-amino-9%-methoxymitosane.
Displacement of the 7-methoxy group of mitomycin A has
proven to be a reaction of considerable interest in the
preparation of antitumor active derivatives of mitomycin C.
Tres following articles and patents each deal with the conversion:
25  of mitomycin A to a 7-substituted amino mitomycin C derivative
- having antitumor activity. The object of this research was
_ to prepare derivatives which were more active, and particulariy
which were less toxic than mitomycin C:



lyengar, et al. Abstracts of Papers, 185th 10 R Annual
Neeting of the Anerican Cheni cal Soci-ety, March 1983, No MEDI 82. The:

g ng patents deal- with the preparat|on of 7-.substituted am nom tosane
Atives by- the reaction of [err] mitomycin A mtonycin B, or an N$,
-substituted derivative 15 thereofEhrth a primary or secondary am ne:
Cosulich et al. U S. Patent No. 3,332,944 patented July 25, 1967 Matsui et
al.. U S Patent.No. 3,420,846 patented January 7, 1969 Matsui et al.

U. S. Pat ent NO. 3, 450, 705 patented June 17, 1969 Matsui et al. U. S. Patent
No. 3, 514, 452 patented May 26, 1970 20 Nakano et al. U. S Patent .
‘No. 4, 231, 936 patented Novenber 4;.1980 Peners, U.S.Patent No. 4, 268, 676
patented May .19, 1981 Re Bel 893,162, patented May 12, 1982. .
Mtonycin C ddfats#i et QEV|n§hS 385§PP@UP§6AQE%?}QE}CS + Bt T89ent in

the 7-positiomdaversgsp.been prepared: by drrected bi osynt hesis, that is by
Cartying out CHPERYER: Pbrdl it ohpRr CreRremat oty ACHET 4e"e a1
Abst. of the Annuagameetlag of. Aﬁed. Shem.fdm,MQMSﬂa&ﬁ(1%881). .
5 -. - . - Iyengar, Sami,. Remers, and Bradner, Abstracts.of Papers
' 183rd Annual Meeting of the American Chemical
) Society, March 1982, No. MEDI '72. . .
Iyengar, et al. J. Med. Chem. 1983, 26, 16 20....
1iyengar, et al. Abstracts of Papers, 185th
- °- . . Annual Meeting of the American Chemical Society, U
March .1983, No. MEDI 82.

10

.The foliowing patents deal. with the preparatiOn of 7-
substituted aminomitosane derxivatives by the react:on of
mitgmycin A, mitomycin B, or-an Nla-substztuted aeg;vatlve'
15 thereof with a primary or secondary amine:

Cosulich et al. U.S.Patent No.3,332,944 patented July 25, 1967
Matsui et al. U.S.Patent No.3,420,846 patented January 7, 1959
Matsui et al. U.S.Patent No.2,450,705 patented June 17, 1959
Matsui et al. U.S.Patent No.3,514,452 patented May 26, 1970
20 Nakano et al. U.S.Patent No.4,231,936 patented November 4, 1980
Pemers, U.S.Patent No.4,268,676 patented May 19, 1981
 Remers, Belg. 893,162, patented May 12, 1982,

Mitomycin C derivatives having a substituted amino
25 substituent in the 7-position have also been prepared by
directed biosynthesis, that is by supplementing fermentation
broths with a series of primary amines, and carrying out the
conventional mitonyc*n fermentation (C. A. Claridge et al.
Abst. of the Annual Metting of Amer. Scc. for Microbiology
30 - 1982, Abs. 028).

@ e o e . vms ey % e s mmis s ewebms i wte e b e e e s .



30 - 1982. Abs. 028). Mtomycin € is the principal mtonmycin produced
by fernmentation and is the commercially available form Current technol ogy
f or &-he-conversion of nitonmycin Cto mtonmycin A for use in the product iy

of ™ee sem synthetic substituted 5 am no anal ogs of mtonycin C
referred to in.the foregoing patents and publications involves hydrolysis

of mtomycin Cto the corresponding 7-hydroxym tosane, a highly unstable
conmpound, of that substance with di azonet hane which is a very hazardous
substance to handle.- One attenpt 10 +C)€Moid t he use .of. di azonet hane

for methylation i.nvolves the use of 7-acyl oxym tosanes (Kyowa Hakko Kogyo

KK Jananese Patent No. J5 6073-085, Farndoc No. 56227 D/31) for. mitomycin C
anal og synthesis. ° Summary of the I nvention . ' ' )

Mztomycxn C is the pr1nc1pal mltomyc1n produced by
'fermentatlon and is the commerclally available form. Current
tecnnology for hﬁe -conversion of mltomycln C to mitomycin A
for use in the produqtlon,of the semisynthetic substituted

S . _ _emino analogs of mitdmycin c referred to in. the foregoing .
o 'ﬁatents and publications involves hydrolysis of mitomyc‘n c
to ﬁhe‘uorre§poﬂ&ing 7~ hYdroxymitbsané, a hiéh 1y unstable’

'-_ . . | compoun_d_, and then methylation ¢t that subs..ance with diazomethane
. which is a very hazardous substance to handle. - _One attempt’
10 to av01a the use of dlazomﬂthane for ne;hylatiou involves - -

the use of 7- acylox1m¢tosanes (Kyowa Hakko Kogyo KX Jananpese
Patent No. J5 6073-085, Farmdoc Ne. 56227 D/31) for mitomycin
C analog synthesis. '

-



The present invention is concerned with a group of mtonycin C anal ogs

Ay Nng a dithio organic substituent on the amno nitrogen atomin the
fppsition. These conpounds nmay be represented by the following fornmula
~ery]-wherein R is an organic group, viz the structural conponent 9 of <
organic thiol of the fornula [err] and f%rf] and R have the neani ngs. given -

A

bel ow. These conpounds i ncl ude conpounds 10 descri bed by Formul as |

and LI [err] [err] V\her%iug&n%% Ide ithe? Hivedtlldn Or branched chain _
~al kyl ene group having 1 to j oi ned thereto through

a carbon atomthereof, and 2 to 6 7 5 carbon atonms when R

_is joined theremhet Presgntainvention is concerned with a group of
mitomycin C analogs having a dithio organic substituent on
the amino nitrogen atom in the 7-position. These compounds

5 - may be represented by the following fOrmula_
'H\ o N
Rg—ss-Alkz- o

wherein R° is an organic group, viz. the structural component

"of an organic thiol of the formula RBSH, éhd'Alkz and R have

the meanings given below. These compounds include compounds
10 described by Formulas I and II |

and

1I




Sul fur, oxygen, or .nitrogen atomthereof, and [err] and -SS- are in that

I nstance joined to different carbon atonms [err] is a straight or branched.,-&

chai-n al kyl ene group 10 ' having 2 to 6 carbon atons opti on'
O .

“i

beamrng an 7 R substituent wherein the sulfur and nitrogen atons conned
thereto and any optional [err] substituentgconnected thereto through oxyde

sul fur or nitrogen are attached to differeni carbon 15 - atons
of [err] [err] and [err] nmay contain a double bond, R is hydrogen, |ower
al kyl, lower al kanoyl, benzoyl, or substituted benzoyl wherein said
substituent is |lower alkyl, |ower alkoxy, halo, amno, or nitro, 20

[err] is sel e¥he&eifdm the group consisting of hydroxy, hal o, anino,

al kyl ami no or dialkylanmino having up to 12 atons, al kanoyl am no, o
benzoyl am no or A- bst,i t ut ed _benzoyl am_no apht hoyl anm no.,or A-

Subst | ¢ ut ed napht ndiFanto® EFERBEPiopiAnchal chatn d1RI18he Bropp, o
cycl oal kyl each having 3awving di kg 6 carbon atoms when R' is joined.

thereto through a carbon atom thereof, and 2 to 6

5 carbon atoms when R7 is joined thereto through a
sulfur, oxygen, or nitrogen atom thereof, and
7

R’ and -SS- are in that instance joined to different
carbon atoms '
Alk., is a straight or branched chain alkylene group
- 10 having 2 to 6 carbdh atoms optionally bearing an
(N ' R7 substituent wherein the sulfur and nitrogen
atoms connected thereto and any optional R7
substituent connected thereto through oxygen sulfur
: or nitrogen are attached to different carbon -
15 atoms of Alk,,
Alk, and Alk, may contain a double bond,
R is hydrogen, lower alkyl, lower alkanoyl, benzoyl,
or substituted benzoyl wherein said substituent is

lower alkyl, lower alkoxy, halo, amino, or nitro,

20 R’ is selected from the group consisting of hydroxy,
halo, aminc, alkylamino or dialkylamino having up
‘to 12 atoms, alkanoylamino, benzoylamino or A-
substituted benzoylamino, naphthoylamino or A-

. substituted naphthoylamino, cycloalkyl or A-

25 substituted cycloalkyl each having 3 to 8 ring
members, cycloalkenyl or A-substituted cycloalkenyl
each having 5 to 8 ring members, phenyl or
A-substituted phenyl, naphthyl or A-substituted

_ naphthyl, a heterocyclic group selected from

30 the group consisting of heteroaromatic and

| 'heteroa;icyclic groups having from 1 to 2

rings, from 3 to 8 ring members in each ring,



menbers, cycloal kenyl or A-substituted cycl oal kenyl each having 5 to 8 ring
menbers, phenyl or A-substituted phenyl, naphthyl or A-substituted

‘.,'thyl a heterocyclic group selected from 30 t he group -

i sting of heteroaromatic and heteroalicyclic groups having from 1 t &9

“rings, from3 to 8 ring nenbers in -each rlngi and from1l to 4 hetero
atons sel ected from oxygen, nitrogen, and su fur, al koxy or al kythio each

h 1 to 6 carb , nyl _having.l.to 7 carb
RO, phenosycar bony S ErSR" DO¥Y: «CheQEXEARRBRL S03CeARe riknl SRR, |
phenoxy or A- substitnitxogernoapd aupflivkexplbexg- owbellkythde eaght hoxy,

al koxycar bonyl am no h o t u
“al kyl urei do -NECIE%%?Eni L gglﬁaébfﬂoﬁ Qgg?gg éQ&Qb&Q Hﬁﬁbﬁ?cEQBBkyw'

atons, [err]- hanaIkyIQﬁ¥&%% Fﬁv?nﬁaﬁbPB ;tegﬁboﬁhsnoxycarbonyl or
5 A-substituted phenoxycarbonyl, phenoxy or A-

substituted phenoxy, naphthoxy or A-substituted
naphthoxy, alkoxycarbonylamino having 2 to 6
carbon atoms, guanidino, ureldo (-NHCONH ), N-
alkylureido (-NHCONHalkyl) hav:.ng 2 to 7 carbon

10 ' atoms, N34ha1oalkylure1do having 3 to 7 carbon
atoms, N3-haloalkyl-N3-nitrosoLueido having 3 to
7 carbon atoms, and dialkylaminocarbonyl having 3
to 13 carbon atoms, wherein said A substituent is Q)

selected from the group 'conéisting of one or two lower

1s alkyl, lower alkmoyl, lower alkoxy, halo, amlno, hydroxy,
or nitro groups, and '
Ra is selected from the group consisting of alkyl
having 1 to 12 carbon atoms, alkenyl or alkynyl
each having 3 to 12 carbon atoms, cycloalkyl
20 : ' having 3 to 8 ring members, A-substituted cycloalkyl
' having 3 to 8 ring members, cycloalkenyl having 5
to 8 ring members,'phenyl; A-substituted phenyl,
naphthyl, A-substituted naphthyl, a heterocyclié'
group selected from the group éonsisting of hetercaromatic i
25 o and hetercalicyclic groups having from 1 to 2 \_)
rings, from 3 to 8 ring members in each ring, and
from 1 to 4 heterc atoms selected from oxygen,
nitrogen, and sulfur, wherein said A substituent
is selected from the group consisting of one or
30 two lower alkyl, lower alkanoyl, lower alkoxy,
" halo, amino, hydroxy or nitro grbupé, or:Rs'and
the adjacent sulfur atom together constitute S-
cysteinyl wherein saidls-cysteinyl group may be
_ esterified, salified, or joined within a peptide
35 bond.

The number of C atoms denoted by "lower" here is up to 6. -



at ons, [ err] hal oal kyl -N -nitrosourei do having 3 to 7 carbon atonms, and

di al kyl am nocar bonyl having 3 to 13 carbon atons, wherein said A
substi.tuent is selected fromthe group consisting of one or two |ower 1 @
[ err¥tower al kanoyl, |ower al koxy, halo, am no, hydroxy, or nitro groups)

and [ierr] is selected fromthe group consisting of alkyl having 1 to 12
carbon atons, al kenyl or al kynyl each haviagl & to 12 carbon atons,

cycl oal kyl 20 having 3 to 8 ring nmenbers, A-substituted
cycl oal kyl having 3 to .8 ring nmenbers, cycloal kenyl having 5 to 8 ring
menbers, phenyl, A, substituted phenyl, naphthyl, . A-substjtuted naphthyl, a
het erocyclic group esé’fhlfg:ﬁ‘r}cb% t‘?% ﬂ?ﬁjp"’b‘b%é?’s?‘? n%f%f“l’l%’t%%%%?gnﬂfi c 25

and het er oal i eyplerdmgrmais thandry in enimals 2 4 isggsies rdnc@mpouddsi Aiglling
members in eagh %}gmﬁ:dﬂqé}mﬂm& B ftg&@gﬁ@élmsﬁeﬂ{a@ﬁq\dg QM GROHGEN,

ni'trogen, and su ; erein sal substituent is selected fromthe group
consi sting of ®rfmlfidy of Formula IIT of /| ower alkyl, |ower al kanoyl,
| ower al koxy, 8 , - v

1k.-S5-Alk ‘ 8 _ss-
R'Alk,-SS-Alk NH, . III or R°-SS-Alk,NEH,

5 - with a mitosane derivative of Formula V

wherein Y is a group readily displacable by reaction with

a primary amine to yield an N7-substituted mitomyecin C

derivative. Such mitosane derivatives include mitomycin A
10 and its homologs of Formula V wherein Y is a lower alkoxy

group of 1 to 6 carbon atoms. Another is the derivative
having Formula V wherein Y is the amidino group of Formula
U VI. 35

RR&-en- | vI

15 wherein: | : :
RS is hydrogen (preferred), lower alkyl, phenyl, lower

alkylphenyl,: lower- alkoxyotienyl, -haloptenyl,--aminopheryl,
or nitrophenyl, and :



hal o, am n
her ¢
Hfled
~hunber
subst ances

animals. A series of conpounds falling w

by reactin
m t osane d
di spl acabl

10

15

20

25

30

0, hydroxy or nitro groups, or R and the adj acent sul fur atom

onstitute S- cysteinyl wherein said S-eysteinyl group may be
salified, or joined within a peptide 35 bond. .
of C atons denoted by "lower"” here is up to 6. -10- The Eﬁ?

of this invention are inhibitors of experimental tunors in

erivative of Fornula O [err] wherein Y is a group readily
e by reaction with 7 _ ,
R3 and R4 are independently lower alkyl, or together

with the nltrogen atom to which they are attached
constitute pyrrolidine, 2-, or 3-lower alkyl-
pyrrolidine, piperidihe. 2-,3-, or 4-lower alkyl-
piperidine, 2,6—dilower'alkylpiperidine, piperazine,
4-substituted-piperaziné (whérein said 4-substituent
is alkyl, or carbalkoxy each having 1 to 8 carbon

atoms, phenyl, methylphenyl, methoxyphenyl, halophenyl,

nitrophenyl, or benzyl), azepine 2-,3~-,4-, or 5-
lower alkylazepine, morpholine, thiomorpholine,
thiomorpholine-l-éxide, or thiomorpholine-~1l, 1-
dioxide, ' |

wherein .
each of the aforesaid lower alkyl, lower alkanoyl
and lower alkoxy groups contains 1 to 6 carbon
atoms.

The later are amidino derivatives of mitomycin C and are
described in copending application Serial No. 385,149 £filed
June 4, 1982.

Détailea Descriptiqn of the Invention

The reaction between the mitosane derivative of Formula
V and the aminodisulfide of Formula III or Formula IV takes

place in a reaction inert (preferably anhydrous) liquid organic reaction

medium at a
temperature in the range of from about ~15°C to +50°C. a

temperature in the range of from 0°C to 20°C is preferred.
Any anhydrous liquid organic reaction medium may be employed
so long as it is stable under the reaction conditions and
does not participate in the reaction in a deleterious way.
From 1 to 4 molar portions of the aminodisulfide of Formulas
III or IV are employed with the mitosane reactant of Formula
V. Preferably equimolar amounts of the two reactants are

in the invention are obtainable
g an ami no- disulfide of Formula IIl or IV IV [err] 5 with a

-



‘a primary amne to yield an N -substituted mtonycin C derivative. Such

m t )sane derivatives include mtonycin A 10 and its honol ogs of Fgritsla -
vV rein Yis a |lower al koxy group of 1 to 6 carbon atons. Another i"aga"'
defvative having Formula V wherein Y is the am dino group of Formula Vv

R5 [err] 15 wherein: [err] - is hydrogen (preferred) | ower al kyl ;

phenyl, [ ower alklphenyl, Iower al koxyphep 2] hal ophenyl , - aninophenyl,

or nitrophenyl, and [err] and [err] are™i ndependently |ower alkyl, or

together with the nitrogen atomto which they are attached constitute
oyrrol i di ne, SBPLopRds | BuERASERON. PEFA0S| PBi HRVEERDCRPRF heand pEatexably
4-1 owner al kyfrof about 8 to 50 hpuperidi ampldy&ddi mwmahdtylnay el rébicered
pi perazine, 4ySURSELLYLER:RAPEL %A IE (WOFT ShTe2BLY fasdPSl {¥Sirating

of the ligquid organic reaction medzum and chromatography of
5 the residue. :

Aminodisulfides of Formula III and Formula IV are known
- compounds and may be prepared by various methods. For
_znstance, they may be made by reaction of the appropriate
thiol R AlkISH or RssH with a Bunte salt of the formula

K;j 10 NHZAlk2$SO3Na | V;I

or with a sulfenylthiocarbonate of the formula

NHzAlkZSSgOCH3

VIII
Klayman et al. Journal of Organic Chemistry 29, 3737-
‘3738 (1964) have prepared the following by the Bunte salt
15 method. .

2—aminoethy1 n-butyl disulfide

2-aminoethyl n-hexyl disulfide

_ 2-aminoethyl n-octyl disulfide

N\ 2-aminoethyl n-decyl disulfide
20 | 2-aminoethyl phenyl disulfide
| 2-aminoethyl benzyl disulfide

Methanol was found to be the preferred reaction solvent
for the reaction of the Bunte salt with the thiol. Reaction
temperatures of 0° to -10°C were found to be preferred using

25 this solvent. Higher temperatures were necessary with other
solvents. The chief drawback of this method is the formation
of symmetrical disulfides as a by-product, presumably as a
result of disproportionatioh of the desired mixed disulfide.



S aIkyI or carbal koxy each having 1 to 8 carbon atons, phenyl,

met A7 *henyl, met hoxyphenyl, hal ophenyl, nitrophenyl, or benzyl), azepine
2-', , or 5- 10 | ower al kyl azepi ne, norpholine, (\{
'tth_J “phol i ne, thionorpholine-I-oxide, or thionorpholine-1, 1- dioxide, =%
wher ei'n each of the aforesaid | ower al kyl.,, |ower alkanoyl 15

and | ower al koxy groups contains 1 to 6 cdrﬁbn'atons. The later are amidino
derivatives of mtonycin C and are described in copending application
Serial No. 385,149.,filed J il -
Descri ption of thgmﬁlv’yfﬁ’tﬂl2 gﬁulﬁ:%g%tfé%- : ?ﬂ’éa]fﬁtog%t %'nga%/aﬁl%e'
of Fornmul a V amdl Réemaka nbvi 3xe fpreferarly nmr%pa:red orizcrengtion afikde

place in a reagtiope s ek PSEf e&ﬁ&kyaamyéé@yﬁhiéé&woﬁw%ﬁ f@ﬁ&&lé)“
medi um at a tequrature in the HNE§?$ ?%r§n1abo -15C to +50C. A 2

tenperature i¥the rBEnbe % FrePe OCTT IREY 5% RF - ﬁ?ﬁ/“@ﬁ'ﬂycﬂ%us
-~ i qui 8 or gani ghe emmnétrbeanethemicay Socbepy oyz2d 7269 -7270 (1970). Typically

this preparatlve procedure involves adding the thiol to a
methanol solution of the am;no—alkylsulfenylthlocarbonate of
Formula VIII and allowing the reaction to proceed at a
temperature in the range of from 0° to 25°C. Reaction times

10 vary-froﬁ virtually instantaneous to several hours depending
upon the particular thiol employed. The progress of the
reaction can be followed by measuring the presence of uﬁreactei;;
thiol in the reaction vessel. If the reaction is sluggish,
a catalytic amount of triethylamine may be added as-reaction

- 15 accelerator.

The following is an enumeration of representative thiols,
mostly of the formulas R7AlklsH or Rssa which may be converted
via reaction with the Bunte salt VII or sulfenylth;ocarbcnate
VIII to produce intermediates ' which in

20 - turn are converted to products of the present invention as
described. In the case of the amino containing thiols in
the following enumeration, it is generally desirable to
first convert them to a protected form, preferably the B-

(trimethylsilyl)ethoxycarbonyiamino derivative, prior to

RN,
25 conversion to intermediates which will be reacted with an approprlate

mitosane-derivative intermediate. The
B—(trzmethyls;lyl)ethoxycarbonylamlno'group'can then be
subsequently cleaved by treatment with tetraethylammonium
fluoride in acetonitrile (L.A. Carpino et al., J.C.S. Chem.

30 - Comm., 358 (1978)) to yield the desired free amino compound
of Formula I or II. | '



so long as it is stable under the reaction conditions and does not
“participate in the reaction in a deleterious way. From 1l to 4 nolar

portions of the am nodisul fide of Formulas 30 [1l or 1V are enpl oy
wi tH t-hie- nitosane reactant of Formula V, ,P eferably equi nol ar anmount s
the .two reactants are enpl oyed. A reaétlon period of several hours

preferably fromabout 8 to 50 hours is enployed. The product nay be
recovered chromatographically which may suitably invol ve evaporating of the
i quid organic reaction nmedi um and chromat ography of the residue.

"~ Aminodi sul fides of Formula IIl and Formula IV are known conpounds and nay
be prepared. hy varlgggquthods For instance, they may.be made by réaction’
of the appropriate 7 8 thiol RA.k SHor [err] with a Bunte sal t
of the fornmula 10 - [err] VI or with a
sulfenylthiocarbonaascﬁz¢$§'fornula 0 :

asca__r.cy.3) s

5 .-S(C'zz) C-t3
| o Hs-c'::;-;zzzc-:3_
N o _c:;3 S

'HS?LZCA(CH )2
10 BS— C— Oy

Hs~<:}

#s’

()
Uls : o HSO

s <Oy

- HS~-CH, -O

ES-CH,~CH=CH,
| as-cﬁz-c:-a=c (CH3) 5.
| as-cz'z-c=c-c. 3



[err] VIIl Klayman et al. Journal of Organic Chemistry 29, 3737- 3738

(1964). have prepared the following by the Bunte salt 15 nmet hod.
2--«n§bgthyl n-butyl disulfide 2-am noethyl n-hexyl disulfide 2-am noethyl .
n-&aiyafdisulfide 2-am noet hyl n-'decyl disulfide 20 2- ani noet hyl<

phenyT disul fide 2-am noethyl benzyl disulfide Methanol was found to be the
preferred reaction solvent for the reaction of the Bunte salt with the
thiol. -Reaction tenperatures of [err] to =10G ere found to be preferred
usi ng 25 this solvent. Higher tenperatures were necessary wth other
solvents. The chief drawback of this method is the formation of symmetri cal
di'sul fides as a by-product, presunmably as a result of dispr.oportionation of
t he desired m xed disulfide. The m xed disulfide starting materials of
Formul'as 111 '

_—
1

) oR n = 2-4, R* = 1, o=,

ES(CH. _ o
AL I a3 Sy

. S - LI .
CES(CH)) B n=2-3, xeo, wm, WAL a, mlad, oy

S 1 _ . ] . ,
- ES(CH)) jKEX  n=2md4, RRGly, GH,CHj, CH,CHjCH,; e

s ss(cay) NR1R?  a=2-4, RY/R%cm,, c
. CHB . . 3 2
} .
HS-CH-CHd,NH,

(HS (CH,) K

3-

- -

e

| ?:,!3
HS5-(-
!

C.".-IZNZ-ZZ
< '

3

HS-—C’.—ZZCE-IZS ;—Zs :

HS~-CH_CH NHc(c:-:3)3

2772
I oy el 8
15 HS-G—ZZ-?-CZ-IZ-'EER' R =H, CH3, c‘_:'-:l’a



and _Formula IV are preferably prepared via reaction of the appropriate
thiol, wth a sulfenylthiocarbonate of Formula VIII. This is the nethod of
S. *J. Brois et al. Journal of 5 t he American Chenical Society 9 N
728§ £270 (1970). Typically this preparatlve procedure invol ves addi
thlol to a methanol solution of the am no-a) kyl sul fenylthiocarbonate o
"Formula VIl and allowing the reaction fo froceed at a tenperature in the
range. of fromJ[err] to 25C. Reaction tinmes 10 vary fromvirtually
i nst ant aneous to several hours dependi ng upon the particul ar thiol

enpl oyed. The progress of the reaction can be followed by neasuring the

presence of unreacte thiol in the reaction vessel. If the reaction is
sl uggi sh, ‘a.catal ytic .amount of trlethylanlne may ‘be added as reaction 15
accel erator. The t Ilomnrg |s a umeration of representative thiols, '
nostly of the for e jETQT ) or,which may be converted via reaction-
with the Bunte salt VIl or sulfenylthlocarbonate VIl to produce :
internediates o which in 20 turn are converted to
products of the present |nvent|om3gs described. _n the case of the anino
nuneratlon ﬁ%’ﬁs generaliy de3|rable

cont ai ni ng thlolsas+a4§£§ ho T
to’ 2 \\(CH )

'cl:zé SNRIRZ |
- i..
| HS-CH szalu RRE, CHi 7 R% m E; =,
. - | . 1 1 |
g NhR’
},s .2 r-:7\6.-,
Ei
e ) C!'-“I N::z
had C:‘.'z C:".z.{.oz
HS-CE. ~C2 =Nt
s 1'-2 (‘:’ hr’z
COzh
i ’ ES-CH.-CH~CH. ~-N;
0 c 2 ?1 CHZ ‘.'\r!z_
COZH

-
| - ,C0,%
15 Hs-gz-:ﬂzfﬁ
- N,
3R 2
’ :-:stcz-zzj;;’_\i_-s_“l 2%1-3,R%=x, C3,, Rt=z, e,



first convert themto a protected form preferably the [err]

(trinethyLsiIy})ethoxycarbonylanino derivative,
rmedi ates which will

t 02}
m t
[err]-

e-derivative internediate. T

(trlnethyI5|IyI)ethoxycarbonyIan1no,gyeup can then be subsequently

be reacted with an approprlate

he

prior to 25

‘conver si on

=<

cl eaved by treatnment with tetraethyl ammonium fluoride in acetonitrile (L. A

Carpino et al.

‘J.C.S. Chem 30

free am no conpound of Fornula | or

[err]

10

20

[err] [a&rr]
=S -_CI-’=C':’-2~T-€CC—13'
S

NEy

ES- &= '%<1' .

Comm ,

[err]

da'C?2°??-CFZOH
o..
S5-thin~D~ylucesa
. $33
hS-C?z CE-CHzﬁﬁz

!
ox .

BS-CR,CHy-N-C2

OCHj

: ,'35-"_‘:327?"'-'52" 2

Bt

..?ﬁ3 NH
BS=CEy=C — Cm 1y
C€3" - e -

Nﬁ
2

OCE-Z3

HS-C32°C3=CE-C32N22

BS-CH - C-CH N,
4o .

HS—C::zC.'..zu’H -@
-2 = ‘—(i:>

BS-CEy CHyR =

Bs- G, N""{J

[err]

358 (1978)) to yield the desired
[err] 10 - . '

B4



‘[err] [err]
[efij' [err]

-

[err] [erf] [err] [err] [err]

: (.:H,a

L3

N :'35_<<:j>_;. R
.:_ | ..S—@-N(C3)2 ]
| ES<:> o'@?s. |

gz’ °
T
s ()
NECH,
e
5S- NHCCH
85 {/ M-coz
WZ,,
. _<N‘N
HS ot
.GEB
z._

Terr] [err]

[err]

.

[errl [err]
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i
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3 - [err] [err] [err] ES [err] [err] [err] [err] [err] 2
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/ A . X=N,0 Y=g -
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0 [err] [err] [err] . ~ lerr] . 10 [err]
[eﬂ“r_\] 5 [err] [err] [err] : : : S

%) -

Es-(em,) X _ _  n=l,2



23 [err] 5 3

in

[err] [err]
contains the results of

with various doses of either a test conpound of Fornulas | or

mtomycin C

control . A 30 day protocol was-

'HS-(Cgé{n 3

ES-(c,), ~L 0

10

'H-S-_(C:i'zjln.—@{ | -

N
HS-(CEZ);TE;ﬁ

-.c- - ‘.’. \ ﬁ ..
BS- (G ) g C;v:"'-"z-

:“35“(‘:.‘:2";-7'{;"_{ '

R = o®.CH

. X=o0,5, 5

'X’oo sl Nz
X = 0, §, K=

L =0, sl}ra

) X : ’
. / \ -
#s-(ca )—(r N, X=0,5, ¥
_. a7 T2 |

:-zs-cz-:z—-@

¥{CH,) 4

Activity
| aboratory

Against P-388 Murine Leukenmia Table |
teiE%E%ﬁ;h CDOF female mce inplanted intraperitoneally with a tunor
mof 10 ascites cells of P-388 nurine | eukenmia and 5

treated<
or with

The conpounds were adninisteredépx i ntraperitoneal injection.
Groups of six mce were used for each dosage.
wi th asingle dose of the

anount and they were treated
und on the day of inoculation 10.

co
of ten- saline gzrsea{‘_e__g $0n o~ ce was included iin each series of
experinents. The mtomchn &, pated -groups were included as a positive

A group



enpl oyed with the nmean survival tine in days being determ ned for each
group of mceé and the nunber of survivors at.the. 15 end of the 30,
day~period being noted. - The mce. were wei ghed before treatnent and AT
" on y six. The change in weight was taken as a nmeasure of drug tox\(&
M ce wei ghing 20 grans each were enployed and a loss in weight of up to
approximately 2 grans was not consi dered ssive. The 20 results
were determined in terms of % T/ C which i%xr e ratio of the nean survival
time of the treated group to the nean survival tinme of the saline treated
control group times 100. The saline treated control animals usually died

wi thin nine days. The "maxigum.effect” in the follow.ng Table is expressed
25 as % T/ C and the dose& giying that -fffect is given. The values in .
parent hesis are t [iva# M"Ked__wi th R#dnyd, C as the positive

conttol in the sane experinmént: Thus.a nmeasure of the relative activity-.of
t he present substances to mitoemycin C can be estinmated. A mini num ef f.ect

in terns 30 of % T/ C was \dered to be 125. The m nimum effective:
dose reported in xsech g By~ X is thaX dofer #HrndF3% T/ C of
approxi mately 125. The“t-wo“val Nes/gi ven in each instance in the "average

wei ght - change" colum are respectively ~

:'-:s-c:-:z-—O S

ey R = H, Gy
5 KS-CZ, KR Rlez, CH;

)

Es- (CE,) 1.{3 _ ne1-3,  m=1l-3



nouse at the maxi num effective 35

z-:'=/'\/ O\ T\E Ec:',

t he ayerage wei ght change per

and he m ni mum effective dose. Table | Inhibition of P-388 Mirine
LeuR&f¥a M ni num Aver age effective weight Maxi num Ef f ect A
2 2 Gorrpound No. % T/ C dosel dose change 5
(BL-6787 >333(294) 3.2(3.2) 0.2 -1.2,-0.3 3 (BL-6796)
>375(250) 6.4(3.2) <0. 2 -2.5 0? 4 (BL-6832)

"6.4(3.2) 0.8 -2.8,-0.9 5 (BL- 679@?) . >333(294)

<0.2 . -2.4, 0 6 (BL-6789) 183(294) 12.8(3.2) :

- -0.6,+0.8 .10 7 (BL- 6788) . 200(294)- . 12.8(3.2) 0.2 -
-0.6, 028(BL ‘6795) 188(250) 6.4(3.2) - 0.8 -0.8,+0.1
( BWY- 25036) zé ég) 5.2(3.2) . . <0.2 g2up & 3 ‘el o
( BMY- 25066) - 1 3R12(1 6) 40. 2 -1 _-0 7

~h$'&‘.zl'\/_i.-_?» ) R"=E, . 3
. .' l --- : ) * .
HS~ c:z-i Z’i . rlsm, ca,
. Ch3
szffx\,—-s"“\~"32 as"\vﬁf"\*z;z
o |
5 35/\:('5\/\?:2 Es/\}‘-’\/\c:__: :
s
02
- P
5 e | :
75”7 N\~0 N(CH3), O,
ES _ B

172(194)
12. 8(3. 2)



-12-(BNV-25067) . 331(194) 12.8(1.6) <0. 2 -3.3,-1.1 ng/ kg of
body wei ght 2 grans per nouse, days 1-6, at nmaxi mum and m ni num ef fective -

dosés

_. Table Il contains results of antit r tests using the B16 @Y
meMahona grown in mice. [err] mice were en%”gyed and inocul ated-
subcut aneously with the tunor inplant. A 6Qday protocol was used.

Groups. of ten ni CRc¥bvELySRFainst eR€B3d Murine dDs@gembgoUNt tested and the
mean survival tinme ror each group was determ ned. Contirol animals

i noculated in the sane way as the test aninals and treated with the

i nj ection vehi clBakbel hocont@iashtie t eesul headl slaboxatory neests 2¥ishdays.
The survi VaéDlt’ilnFeﬁQi@tﬁt:Y@etﬂrﬁhQﬁt@& Iﬁerwi%ﬁeéﬁ. Ovith aTEdhodas.

used as a neastire of fegtivehess maxi mal eftective dpse and
i ni mal  ef fARIFYEBRE +6r a%%hﬁeﬁe%?l%%d%6u5d3%%émﬂe¥%$n%%%ﬁ°ml?h%“ﬁ1n|nal
ef fiecti ve dessat®s wWebthnedrbsus h@ésdssefee&btbeflmgt@s%aézﬁbd@ﬂweoﬁf 125.

For

10

15

20

25

30

Formulas I or II, or with m1tomyc1n C. The compounda were
admlnlstered by 1ntraper1toneal injection. Grouns of six

mice were used- for ‘each dosage amount- and they were treated
with 2 .single dose of the compound on the day of inoculation.

. A group of ten- saline treatoq control mice was ncluded_ln

each series of experiments. The mitomycin C‘treated groups

1 were included as a positive control. A 30 day protoccl was -

employed with the mean survival time .in -days be;ng determined

-for each group- of -mice and the number of survivors at. the.

end of the 30 day period being noted. The mice were welghed
before treatment and again on day six. The chang in we*ght
was taken as a measure of drug'toxicity. Mlce.welgn;ng 20
grams ea;h'Were employed and a_ldss_in'weightaof up to .

' approximately 2 grams was not considered excessive. The
' results werse determined in terms of % T/C which is the ratio

of the mean survival time of the treated group to the mean
urvival time of the saline treated control group times 100.
The saline treated control animals usually died within nine

-days. The "maximum effect" in the following Table is expressed

as % T/C and the dose giving that effect is given. The .

values in parenthesis are the values obtaimed with mluomYCLn C

as the positive tontrol in the same experiment. Thus a

measure of the relative activity of the prasent substances

to mitomycin C can be estimated. A minimum effect in terms

of $ T/C was considered to be 125. The minimum effective

dose reported in the following Table is that dose'giving a %

T/C of aéproximately 125. Tie two values given- in each

instance in the ”aVerage weight change“'column are respectively
the averages weight chang2 per mouse at the naximum effective
dose and at the minimum effectlve dose. '



each dosage level, the test aninmals were treated with the test conpound on

dayaxl, 5, and .9 by the intravenous route. Table Il Inhibition of B16
pame. Maxi mum Ef f ect M ni num Aver age Conpound No. %T/IE .
T . Effective Dose W . [err‘ibﬁi 1 (BL-6787) 122 et
3.0 3.0 -2.7 (BL 6789) 163 3.0
<3.0 -1.8,-1.8 36 (BLT'B%% 161 6.0 <3.0

-1.4,-1.3 ng/ kg of body weight 2 25

grams per

nouse, days 1-15,

at maxi mum and i nimbkefdient iofe PA@SEs Murimeg thigukiemdig days 5, 9, and 13

Compound No, 3 (BL-6796) was al so eval uated for

the B16 nel anoma grown in [err] mce. In

Maximum

. Compound No. .. % T/C
5 1 (BL-6787  >333(294)

3 (BL-6796)  >375(250)

-4_(§L;e§32)' -' lii(lgg)
-5-(BLf67Sd) B ?§;3(294)

6 TsL:678§ji ' 183(294)

10" 7 (BL-6783) zoo§294)
8 (BL-6795) 188 (250)

9 {BMY-25036)  219(319)
11 (BMY-25066)  194(194)

12 (EMY-25067)  331(194)

_ 1 '
15 . - mg/kg of body weight

2

- effective doses

"Effect
. dosel

3.2(3.2j_

6.4(3.2)

6.4(3.2)

12.8(3.2)

12.8(3.2) .

12.8(3.2)

 6.4(3.2)

3.2(3.2)

3.2(1.6)

12.8(1.6)

_dose

Minimum -

its effectiveness against

Average

effective weight

_.L
0.2
<0.2

0.8

0.4
0.2
0.8

<0.2

- <0.2

<0.2

change 2

1-1.2,40.3'j
-2.§i40.§ _
_;2.8}-o:§”
;;2;4r 6' ;ui
-'r§46;}0-8_
. -0.6,-0.2
"~0.8,+0.1
fl.3,;0;6
~1.8,-0.7

- =3.3,-1l.1

grams per mouse, days 1-6, at maximum and minimum



"this experinent the animals were inoculated. with the tunor by the ,

I ntraperitoneal route and treatnment with the test 5 ~ conpound was
.al.sa by intraperitoneal injection. Treatpe occurred on days 1, 5, a
- as~pefore and nean survival tinmes were deder mi ned. Again the m ni ma
effective dose consj der ed to be t dose |eld| a %T/ C 125 At a
dose of 1 milli é’f‘%ﬁéﬁ k‘f?’gtg o‘feiﬁﬁ'ﬁo agtipunon fests nRind’x

survived t B éemsa dreonk Gyaun tlest‘nm-i odBl?(l“j TicCe ve:'&‘i% employdd FHiided an :
average weij hange QivdP-ah ‘ﬁﬁé, Am ., the
mean survi v]g.{gc‘f]i nme was 4"2 (% 1/ 1657 | ndj cat%nﬁ?ﬁthe m nldma )
effecti ve RFEEQRP] aas t‘-}ﬁ;ﬁtio BIRPIXPE 491 HeE 4RFe a8ed FanMash C
--exts bi ted %oFdge Ja%zﬁtt adansnl end e /ni@m e t&i&@mdialeﬁrt ective
dose of nmt this. experi t t hus evi.dent. that Conpound
o 31 s sce e sttt o dosteds ShsnieEEg o

m tonyci n Gang) way as the tREat ofrfigmls (ﬁnttdzmm VZIJ.t(!'BLt-“ﬁ78193@1ﬁ.c81 )
(BL-6796) a;(u\;\qB %1% &l ﬂ&tdﬁa@e%m% (e nd o Auial (iGPYS g 11 L €

bl ood- cel | counts of mce were determ ned npounds were found
to be nyel G&Yspr ediRRe SYRHL Sp i 5L haddve 2 H‘&?‘P‘?n"c%rﬁ‘ﬁ FRBEEHE rsul ts

aragiven imychablas. used as a measure Qf effect:.veness, and the maximal
effectlve dose and n*ﬂlﬂal effective dose for.sach test

,connon.nd was de..erma.ned. The ‘minimal effective dose: was
defined as that dose =.<"u.b1t1ng a 3 T/C value of 125. For-
each’ dosage level, the test animals were treated with the

_\,iS' .- test compound on.days.l, S, 4nd.9 by the_lntravenous :onue;'
. Table II
- Inhibition of Bl6 Melanoma
, Maximum Effect ‘Minimam = Average
Comoound No. 8 T/C Dosel Effective Dosel Wt. Chanaez
20 1 (BL-6787) 122 3.0 3.0 : -2.7,-2.17
6 (BL~6789) 163 3.0 3.0 ' -1.8,-1.8
. R |
6 (BL-6789)° 161 6.0 £3.0 . -1.4,-1.3
-/ 1 ,
' ing/kg of body weight
2 _ .
25 grams per mouse, days 1-15, at maximum and minimum

effective doses

treétment on days 5, 9, and 13



X PEr i
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experinent,

with the other two 30

* > )

15

20

25

30

0 .

|. The.data for Conpound 1 and m.tomycin C were obtained in the

ment, thus affording a direct conparison. Conmpound.1l was

| ess nyel osuppresive. The data for Conpound 3, froma separate

-

suggest still |ess nyel osuppression, but a direct conparison \V’

conpounds mas:9ob7avallable [err] *
[err] [err] ‘
' Compound No. 3 (BL-6796) was also evaluated for its
effectzveness aga:.ns.. the BlG melanoma grown in BDrl mice. In
this experiment . the an1ma1s were lnoculated w1th the tumor .
by the ;ntraperltoneal_route and treatment with the.test
compound was'aISO by'intraperitoneal injectiQnQ' zreat@ent-
occurred on days 1, 5, ‘and 9 as before and mean survival -
times were. determined. 'Again the minimal effective dose was
-con31dered to be that dose yleldlng a % T/C 125. At a dose

| -'of l m:.ll:.gram per ac:.logram of Compound No.3, 6 of 10 am.mals
" survived the en lre oO day test peP iod (% T/C 23:) and

exhibited an average welght change of +0.1 grams on day 5.?'

At a dose of 0.5 mg./kg. the. mean survival time was 42.0 (%

.T/C 165). lndlcatlng that the mlnlmal effective dose is less

than 0.5 mg. /kg. In the same test, mltomycln o] exhlblted i'
T/C 165- at a dose of 3 mg./kg. ‘This wa$ the maximal effective =
dose of mitomycin C in thls experiment. It is thus ev;dent
that Compound. No. 3 is several fold more potent against Bl6
.nelanoma in mice than mztomvc;n C.

The effects of Compounds 1 (BL-6787) and 3 (BL-6796)
administered intravenously on the total and differential
‘white blood cell (WBC) counts of mice were determined. Both

. compounds were found to be myelosuppresive, but apparently

T

less so. than mitomycin C. The results are given in Table
III. The data for Compound 1 and'mitomycin_c were obtained
in the same experiment,. thus affording'a direct comparison.
Compound .1 was somewhat less myelosuppresive. The data for
Compound 3, from a separate experiment, suggest still less
myelosuppression, but a direct comparison. with the other two
compounds was not available.. .7

) ,



In view of the antitunor activity observed in experinental animal tunmorsg. -
and the | ack of undue nyel osuppressive activity conpared 'to mtomycin L
use may be made of the substances of the present invention for inhibit'n@b
mahwddl i an tunors.  For this purpose they are administered systematical IN_to
a mammal bearing a tunor in substantially non-toxic antitunor effective
~dose. The conpounds of the present inventio agp intended primarily for
by injection in nuch the sane way and for 1 sonme of the sane purposes
as mtomycin C. Sonmewhat |arger or snaller doses may be enpl oyed dependi ng
.upon the particular turor sensitivity. They-are readily.distributed as dry
phar maceuti cal conpositions .containing diluents, -buffers, stabilizers,

sol ubi |l i zers, -and ingredients contributing to 15 phar maceut i cal

el egance. These conposi i ons are ghen constituted wit&h an injectable |iquid

use
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Dél on of Specific ‘Embodi ments Al tenperatures in the follow ng

experental procedures are expressed in degrees Centigrade. proton
magnet®c¢ resonance spectra, [err] NVR) were recorded on a Varian * XL 100.
or on-a 5 Jeol FX-90Q (90 MHz) spectroneter in pyridine [err]unl essv
otherwi se stated. Infra red (IR spectra were obtained with a Beckman Mdel
4240 spectrophotoneter and the IR figures arez X incm Thin [ ayer
chromat ography (TLC) was carried out on 0.25 mmE. Merck * precoated silica
gel plates 10 (60F-254) using ultra violet light and/or iodine .vapors
as visualizing agent. Flash chromatography (J. O'g. Chem 14, 2923, 1978)
was performed using Silica \Welm (32 63 um. Solvents were evaporat ed under
-reduced pressure and below [err]. Procedure 1 7- 2- (Benzyl di t hi 0)
et hyl am nol -9a- net hoxym tosan'e(Corrpoundml) Via Mtonycin A To a solution-
‘of 200 ny. (0.28 m\) dF] S- benzel di t hi o- ethyl amne, i'n 2 m.. of nethanol

cont ai ning 300 ng. of - $fiet hyI amype -t here was added. 99 ng (28.3
mv) of mtonmycin -. a ~- : & . , . , .
m: _
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Ain nethanol (10 m.) at[err]-4C. The resulting solution was stirred at
[err] fqQr 2.5 hr. The progress of the reaction was nmonitored by TLC using a.
10::90=v/ v met hanol - chl or of orm sol vent .system The reaction m xture was
concdtrated under 25 reduced pressure to a dry solid residue, whi

on flash chromatography (35 g sili-ca gel) using 7:93 v/v nethanol -

di chl oronet hane (800 m.) as eluant afforded the title conpound (87 ng.

5999 as a pure anorphous solid. * Registered Trade Marks [err] NWR (90
MHz, pyridine [err]): 2.08(s, 3H), 2.7 3H), 3.16(d, 1H, J=6Hz),
3.24(s, 3H), 3.40-4.20(m 6H), 4.04 (s, 2H), 4.56(d, 1H, J=14Hz), 5.08(t,
"1H, J=12Hz), 5.40 (dd, 1H, J=6, 12Hz), 7.44(bs, 5H). 5 | R(BKr),

max, c.m 3440, , 3350, 3290, 3060, 3020, 1720 Anal Calc'd for [err]
Found: C,.55.08;.H 5.31;N, 10.52, S, 12.10 Procedure 2 10 N [ 2-
(2-Anln0ethyld|th|%% %EQ%'%faiﬁkagh gth&ggngggggig% observed in experimental

animal tumors, and the lack of undue myelosuppressive

activity compared to mitomycin C, use may be made

of the substances of the present invention for inhibiting
'5 mammalian tumors. For this purpose they are administered

systematically to a mammal bearing a tumor in substantially

non-toxic antitumor effective_dose.

Y, ' The compounds of the present invention are intended

primarily for use by injection in much the same way and for

10 some of the same purposes as mitomycin C. Somewhat larger
or smaller doses may be employed depending upon the particular
tumor sensitivity. They are readily distributed as dry
pharmaéeutical compositions containing diluents, buffers,
stabilizers, solubilizers, and ingredients contributing to

15 pharmaceutical elegance. These compositions are then constituted
with an injeétable ligquid medium' extemporaneously just prior
to use. Suitable injectable liquids include water, isotonic
saline, etc.



a. Bunte Salt Method A solution of 695 ng. of 2-am noethanthiosulfuric

et (4.59 MM ) in 7 m. of nmethanol containing 318 ng. (7.95 mM\V) of sodium
Oki de was stirred for 10 mnutes at room 15 t enperature and then
gd to 0. N-Acetylcysteamne, 357 - ng. (3.43 nV), was added to this *&éﬁ
sol-ution and the solution was.stirred for an additional 10 minutes. The
resulting cloudy solution was diluted to about 60 m. w th nmethanol and
this solution was then acidified by the c.%,ﬂf addi ton 20 of acetyl
chloride (624 ng., 7.95 M. The clear tion was evaporated to a waxy
solid, which was dlrectly used for conversion to Conpound 3. b.

Sulfenylthlocarbonabgsygggﬁg ;h%ggggggqfqg §g%°ﬁ ﬁbﬁtgt al. (loc. cit.) was
enpl oyed. Met hyl ' ochloride in 25

met hanol solution was treated with acetylcysteanine at [err]. The reaction,
wi thout triethyl azineenpethatnges , inake FALhieR diperiidrABl a0k res
are expressed in degrees Centigrade. Proton magnetlc resonance
_ . spectra ( g NMR) were recorded on a Varian®*XL 100 or on a
5 Jeol FX-90Q (90 MHz) spectrometer in pyrzdzne ds unless
otherwise stated. Infra red (IR) spectra_were obtained with
a Bechman Model 4240 spectrophotometer and the IR figﬁres
are vmax in cm'l. Thin layer chromatography (TLC) was
carried out on 0.25 mm E. Merck*precoated silica gel plates
10 (602-254) uslnq ultra violet light and/or iodine vapors as \_/
visualizing agent. Flash chromatography (J. Org. _Chem. 14,
2923, 1978) was performed using Silica Woelm (32-63 um)
Solvents were evaporated under reduced pressure and below
50°C.

15 'PrOCedure 1

-[2-(Benzyldithio)ethylamino]-9a-metho "'tosane(&mpomxil)
Via Mitomycin A :

To a solution of 200 mg. (0.28 mM) of S-benzyldithio-
ethylamine, in 2 ml. of methanol containing 300 mg. of .
20 triethylamine there was added 99 mg. (28.3 mM) of mitomycin v/
A in methanol (10 ml.) at 0°-4C. The resulting solution was
stirred at 20°C for 2.5 hr. The progress of the reaction
was monitored by TLC using a 10:90 v/v methanol-chloroform
solvent system. The reaction mixture was concentrated under
25 reduced pressure to a dry solid residue, which.on flash
chromatography (35 g silica gel) using 7:93 v/v methanol-
dichloromethane (800 ml.) as eluant afforded the title
compound (87 mg., 59%) as a pure aﬁorphous solid. |

"~ * Registered Trade Marks



Procedure 3 7 - [-(2-Acetyl ani noet hyl di t hi 0) et’hyl ami nol - 9a- met hoxyni t osane.
(Compound 3) To a solution of 100 ng. (0.29 mV) of mtonycin Ain 4 5 .- .
m /~of nethanol containing 200 ng. (198 m\VW) of triethylam ne, there was
addet -at about [err]- a solution of about 400 ng. of 2 in 2 m. nethanol
The. preci pitate whi ch appeared was renoved by filtration and the clear
filtrate was allowed to stand at roomtenperature for 4hrs, The solution
was - 10 evaporated to a dry residue and flash chronotagraphed on
silica gel (10 g) using the gradient elutjon technique (4% to 8% met hanol
i n methyl-ene chloride). The-desired proéﬁGﬁ was -t he faster noving blue.
zone conponent which was i solated.as an T phous: sol i d. wei ghing 45 no.
(31.5% .- An-anal ytical 15 . sanple was obtained by triturating the
solid with izbnethylene- chloride in hexane and drying the solid. [err]
(100 MHz, p¥i MHz 2 2 880 s,

(100 M 20(m %ﬁéwe(doer{d , ﬁﬁﬁanﬁﬂ% 53) z%'é)os,d §{|§|z)l¥74%@43f8(
5H), 4.54(c eri Hﬂ-ﬁﬂzﬁr 3. 24<§»o43(3c)r 1344074 -R0Am, $FHe &t 04H, J =4
“and 10Hz). (R ), ABE(A CIHY,  J=34Rf%) 33308 &2,90,3 1M2e&635,5.14&56

-{dd, lH, J=6, 12Hz), 7.44(bs, S5H).

. - . _l . . .- - , e . - . Lo
. IR(8Kr), Vmax, cm : 3440" 3350,_3290,, 3060, 3020, 1720,

1035, 156071325, 1060.

n

U Anal.Calc'd for 024Hééx S,: C, 55.‘80;"}1,:5.45;'&',, 10.84; S,12.41
. L Found: 'C, 55.08;. H; 5.31i N, 10.52; S, 12.10

Procedure 2

10 N-[2~ (Z—Pm1noebhv1dltblo)ehhyllacetamlde (Compound 2)

2. Bunte Salt Method

A solution of 695 mg. of 2-aminoethanthiosulfuric acid
(4.59 mM) in 7 ml. of methanol containing 318 mg. (7.95 mM)
of sodium hydroxide was stirred for 10 minutes at room
15 temperature and then coocled to C°. N-Acetylcysteamine, 357
mg. (3.43 mM), was added to this solution and the solutlon
\_/ was. stirred for an additional lO minutes. The resulting
cloudy solution was diluted to about 60 ml. with methanol
" and this solution was then acidified by the careful additon
20 of acetyl chloride (624 mg., 7.95 mM). The clear solution |
was evaporated to a waxy solid, which was directly used for
conversion to Compound 3. )

b. Suiféﬁvltﬁiccarbonate Method

The method of S.J.Brois et al. (loc. cit.) was employed.
. 'Methyl-2~-sminoethylsulfenylthiocarbonate hydrochloride in
25 methanol solution was treated with acetylcysteamine at 20°C.  The
reaction, without triethylamine accelerater, was practically
instantaneous.



1330, 1060 Anal . Calc'd for [err]: C 49.26; H b5.67; N 13.68; S, 12.51.
Foung ”, 49.33; H 6.04; N, .13.20; S, 11.48. Procedure.4

7- f t.yl di t hi o) et hyl am no] - 9a- nethoxyn1tosane (Conpound 4) Via

7- Sul tut ed Am di no-9a- net hoxym tosane To a solution of 60 ng. (0.15 nwﬁx{
7-(djnethy|anino- met hylene) am no- 9a- net hoxym t osane in nethanol (1:m.

cont ai ni ng triethylanine (0.2 mM.) was ad dg%39 ng. (0.54 mMV) of
2-(octyldith qgggdqg i ne hydrochl ori de. he>sol uti on was allowed to stand
at O-[err] r 48 Thin | ayer chromatography 10 using 10:90 v/v

met hanol - met hyl ene chlorlde t hen reveal ed that the green-col ored starting
conpound had-1ee( 2 -eriraiiiah ravect ey 10 113 d)l e ywiones -0 Gle 4IRSk Y5t &4 £he
The solutionwas CONRC trated under reduced pressure to a solid residue,

whi ch was fl'aSheChPShat’ ographed on silica gel (12 Q) u3|ng 15 20: | v/iv .
nethylene chl.ori de-net hanol as the elutlng sol vent

_ To a solutlon of 100 mg.’ {0.29- mM) of m1tomyc1n A in 4.

- .5 . ml. of methanol contalnlng 200 .mg.. (198 mM) of. trlethylamlne
there was ‘added at about 0° a solutlon of about 400 ng. of 2.
in 2 ml. methanol. The precipitate whlch appeared was

removad bv f'v.ltr_a*'-on, ‘and t:h= clear filerate was allowad ‘_o.
_ ‘stand at room tenperatu e for 4-hrs, The solution was- -
10 _ evaporated to a dry residue and flash chromotagraphed on
. silica gel (10 g) using the gradlent elutlon technzque (4%
to 8% methanol in methy ene chloride). The desired product
was’ the faster movzng blIue zone component whlch was isolated
as .an amorphous solid weighing 45 mg. (31.5%) .- An analytical

§-
wm

-sample was obtained by t*lturatlng the solid with 5% me*hylen=
chloride in hexane and. drylng the so;zd. '

' mur (100 mHz, pyridine dg, §): 2.06(s, 3E), 2.10(s, 38),

2.76(bs, 1H), 2.80-3.20(m, 5H), 3.24(s, 3H), 3.60(dd, 1H,
J=12 and 2Hz), 3.70-4.10(m, 5H), 4.54(d4, 1H, J=12EHz),
20 5.04(t, 1B, J=10Hz), 5.38(ad, 1lH, J=4 and 10Hz).

IR(REZ), Ymax, cm ': 3420, 3350, 3290, 1720, 1635, 1656, Y
S - 1330, 1060

Anal. qalc'd for Cp,HyoNgOgS, : C, 49.26; H, 5.67; N, 13.68; S, 12.51
Found: C, 49.33; H, 6.04; ; 8, 13. 20; s, 11.48



The title conmpound was -obt ai ned as an anorphous solid (27 ng., 34% whose
[err]. NVR spectrum (100 MHz) is given in Table IV. Procedures 5-22 .
ﬁApﬁ¥icat|on of Various Dithio Am nes The am nes identified in Table 2 VY
be™aused to react as described in either of Procedures 1, 3, or 4 t§
produce the products of Formulas | and Il which are identified in the
table. 25 Anal ytical and spectral data for. sonme of the foregoing
substances and sone identified in Table IV are,presented in Table V.

[err] V [err] ' [err] O %g 4-

frocedure 4

7-[2=-{0ctyldithio)ethylamino]-%9a-methoxymitosane

(Compound 4) . : :
Via 7-Substituted Am.d1no-9a-metnogymltosane

3 - -~ To a soluktion of 50 mg. {0.15 mM} 7- (diﬂe+hvlar1“o--'
- - methy]i.ene)amn.no—9au-me't:"ho‘cy:ru;'i.-.osan'a Ln me.hcnol (l ml. )
' contalnlng trlethylanlne (0.2 ml.) was added 139 mg. (0. 54
-mM) of 2- (octyldlthlo)ethylamlne hyorochlorlde. ‘The solutlon
was allowed to stand at 0-4°C for 48 hrs. Thin Iayer chromatography
10 using 10:90 v/v methanol—methylene chloride then revealnd
o ~ that the green-colored startlng compound had been consumad,
and 2 major blue zone (RF=0.5) was visible. The solution
"~ was concentrated under reduced pressure to a solid residue,
‘which was flash chromatographed on.silica gel (12 g) using
15 20:1 v/v methylene chloride-methanol as the elﬁting solvent.
' The title'compound was obtained as an amorphous solid (27
mg., 34%) whose 1 aMr spectrum (100 MEz) is given in
Table IV.

Procedures 5-22 '
20 Application of Various Dithio Amines

The amines identified in Table IV may be caused to
react as described in either of Procedures 1, 3, or 4 . to - |
produce the products of Formulas I and II which are identified
in the table. .
25 Analytical and spectrai data for some of the foregoing
- substances and some identified in Table IV are presented in
Table V. | |
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R substituent coennected thereto through oxygen,

| kyl ene group having 2 to 6 carbon atons optionally bearing g
hal o,

/

- suPeti.t uent wherein the sul fur

nitrogen arg att

—111111111111111111111111111111111111111 - 45 - clainms 1. A conpound having
contain a doub] e bo

the formula O [err] wherein:

chain a
“or substituted benzo

opti onal

or
- al koxy,

(penutauod) A o1qB]



-46 [err] is selected fromthe group consisting of hydroxy, halo, am no,

al no or dial kyl am no havingup to 12 atons, al kanoylam no,

berizeylaim no or A-substituted benzoyl ami no, napht hoyl ami no or A-substituted -«
S “hiapht hoyl am no, cycl oal kyl or A%}lijt ituted cycl oal kyl each having 3~

to 8 ring nenbers, cycloal kenyl or A- stituted cycl oal kenyl each having 5

to 8 ring nenbars, phepyl oreA‘substituted phenyl, naphthyl or

A-substi tut ed napht hyl a%fh% B cyclic 10 group sel ected fromthe group
consi sting of HReteroar amagi o-'ag het er oal ifcyclic groups having from1l to 2
rings, from3 tlo ring menbgrg in each rijng, and from1l to 4 hetero atoms

sel ected from cxy@n, i tﬁoqgng and sul fud, al koxy or al kythio each 15
having 1 to 6 darkpbn a alfboxy, al kojycarbonyl having 1 to 7 carbon
atoms, phenoxydar Bbnyl | or <A-Suffsti t ut ed plienoxycar bonyl, phenoxy or
A-substituted phe%pxy, nap.’nt NoPy or A-subgtituted

Fs
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2.04(s, 3H), 2.04(bs, 1H), 2.76(bs, 1H),
3,12(m, 3H), 3.22(s, 3H), 3.56(d, 1H,

14 Hz), 3.90(m, 3H), 4.48(d, 1H, 14 Hz),
5.00(t, 1H, 12.0 Hz), 5.36(dd, 1H, 4.3
Hz, 12.0 Hz), 7.92(d, 1H, 10.0 Hz), 8.52
(ad, 1H, 4 Hz, 10 Hz), 9.52(d, 1H, 4Hz)

4 em (pyridim-%. 8)

Prepared by acylation of Compound 5 with acetic anhydride and pyridine

T = Theory, F = Found
360 MHz NMR Spectrum

100 MHz NMR Spectrum
90 MHz NMR Spectrum

d..
€.

: Compound
3P
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b.



'naphthoxy, al koxycar bonyl am no having 2 to 6 20 carbon at ons,

guani dino, ureido [err] N-al kyl ureido (- NECONal kyl) having 2 to 7 3. -,
«€arbon atons, N -hal oal kyl ureido having 3 to 7 carbon atons, "
[ €™ - hal oal kyl -[err]-nitrosoureido having 3 to .7 carbon atons, and

di al kyl am nocar bonyl 25 having 3 to 13 carbon atons, wherein said A
substituent is selected fromthe group consgsfiing of one or two | ower

al kyl, I ower al kanoyl, |ower al koxy, halo, &mno, hydroxy, or nitro groups,
and [err]is an organic group; the nunber of C atons denoted by "lower" in

t he foregoing definitions being up to 6. 2. A conpound sel ected from
the group having Formula | or Formula Il: [err] O

Table I Addendum

Inhibition of P-388 Murine Leukemia3

Average

Compound No. Maximum -Effect. Minimum weight

3 _T/C pose’ Effective Dosel change®
5 28 (BMY-25828)  220(270) - 6.4(4.8) <0.4 -1.1, +3.2
o/ 29 (BMY-25829) 170(270) 3.2(4.8) §0.2 +2.6, +2.7
30 (BMY-25827) 200(270) .“12.8(4.8) <0.4 -3.2, +1.0
31 (BMY-25830) 170(279) 3.2(4.8) <0.2 +1.3, +0.5

1 ﬁg/kg body weight
10 2 grams per mouse, days 1-7, at maximum and minimum

effective dose

'3 male CDFi mice

It will of course be understood that the present
invention has been described above purely by way of
example, and modifications of detail can be made
within the ambit" of the invention.



5 wherein: [err] is a straight or branched chain al kyl ene group having 1
G rbon mmumm oi ned thereto through a carbon atomthereof,

3 clmm“ [err] is joined thereto through a 10 a_
bxygeh %r “ni f'rofen* atom thereof, and 7 [err] and -SS- are in thabw’
i nstance joined to different carbon atoms Alk2 is a strai ght or branched
.chain al kyl ene group having 2 to' 6 cacbgqs atons .optionally bearing an 15
[err] substituent wherein the sulfur and nitrogen atons connected thereto
and any optional [err] sub stituent connected thereto through oxygen sul fur
or nitrogen are attached to different carbon atons of [err] 20
[err] and [err] may contain a double bond, R is hydrogen, -l ower alkyl,

| ower al kanoyl, benzoyl, or substituted benzoyl wherein said substituent is
lower alkyl ", lower alkoxy, halo, amino or nitro,

C\C\..l. ms '

1. a compound_ha#ing the formula

wherein:
5 ) ' Alk2 is a straight or branched chain a;leene group
having 2 to 6 carbon atoms optionally bearing an
R7 substituent wherein the sulfur and nitrogen
atoms connected thereto'and any optional R7
substituent connected thereto through oxygen, sulfur
10 : _ br nitrogen are attached to dlfferent carbon
atoms of Alk.,,
Alkarmnrcontahla<ixbletxmd,
R is hydrogen, lower alkyl, lower alkanoyl, benzoyl, -
or substituted benzoyl wherein said substituent is
“lower alkyl, lower alkoxy, halo, amino, or nitro,

L3
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selected fromthe group consisting of hydroxy l"um I am no or .

di akkyd armino having up to 12 atons, al kanoyl am ﬂﬂ 353
S

A-substituted benzoyl am no, naphthoylan1no or Avsuﬁbtﬁtuﬂed

naphthoylan1no cycloal kyl or A-substituted cycl oal kyl each haV|ng 3

ring menbers, cycloal kenyl or A-substitut4d cycl oal kenyl each having 5 to 8
ring menbers, phenyl or A-substituted phenyl, naphthyl or A-substituted
napht hyl , a heterocycllc 10 group selected fromthe group consisting of
het er oar omat i cRANTE selertedl frexctie goog pendiating of rigrardxy orAtej ngs, from 3
to 8 ring nenbers i.n eacmﬁirl and frgm 1l to 4 hetero atons sel ected from
oxygen, nitrogen3®HR@ s @ léﬁ&%ﬂx?‘o?léikyﬂﬁﬂénGa@ﬁVEFQLDP&RH%@ 1to6

carbon atons, cakkexs, dﬂungﬁy&imﬁwb, benzoylamino or A-substituted
benzoylam;no, naphthoylamino or A-substituted
S naphthoylamino, cycloalkyl or A-substituted cycloalkyl
each having 3 to 8 ring members, cycloalkenyl or
A-substituted cycloalkenyl each'having_s to 8
ring members, phenyl or A-substituted phenyl,
naphthyl or A-substituted haphthyl,'a heterocyclic
group selected from the group consisting of heteroaromatic
and hetercalicyclic groups having from 1 to 2
rings, from 3 to 8 ring members in each ring,
and from 1 to 4 hetero atoms selected from oxygen,
nitrogen, and sulfur, alkoxy or alkythio each
having 1 to 6 carbon atoms, carboxy, alkoxycarbonyl
having 1 to 7 carbon atoms, phenoxycarbonyvl or
A-substituted phenoxycarbonyl, phenexy or
A-substituted phenoxy, naphthoxy'or A-substituted
naphthoxy, alkoXycarbonylamino having 2 to 6
20 carbon atoms, guanidino, ureiao'(-NHCONEZ),
* N-alkylureido (-NBCONBalkyl) having 2 to 7
carbon atoms,‘NB-haloalkyhneido having 3 to ?
carbon atoms, N3—haloalkyl-NB—nitrosounﬁdo
— : having 3 to .7 carbon atoms, and diaikylamingcarbonyl
25 having 3 to 13 carbon atoms, wherein said A substituent
. is selected from the group consisting of one or
two lower alkyl, lower alkanoyl, lower alkoxy,
halo, amino, hydroxy, or nitreo groups, and

15

®% is an organic group;

the nurber of C atoms denoted by "lower" 1n the foregoing
definitions being up to 6.



g 1 to
p
A_
atons guan
7 - carbon at

di al kyl am n
substi t uent
al kyl, | owe
and - 49
-to 12 carbo
cycl oal kyl

5

1¢

15

20

phenoxycarbonyl or A-substituted
E“ or A- substituted phenoxy, naphthoxy or
[

|d|n0 ureido [err]. Nal kyl ureido (- NHCONHal kyl ) having 2 t@vl

xy* al koxycar bonylagyno having 2 to 6 20 carbon -

oms, PerrP KRB wediafsed fram gh® $OIP chavbngaFomspla I
[err]- haloabkytoiﬁﬁlh gizt.r osourei do having 3 to 7 carbon atons, and

ocar bonyl

25 having 3 to 13 carbon atons, wherein said A

is selected fromthe group consisting of one or gwo | ower

r al kanoyl ,
- [err] i

n atons, alkeﬁy
Having 3 to 8 ri.ng. nenbers "A-sy

I »

II

wherein:

' Alk,

21k

Alkl
R is

"l ower al koxy, h&# o, amdno, hydroxy, of nitro groups,
S sebgg ed fron1th gro n-conS|st|né:9 #=kyl having -1
fﬁy¥2e: %0 .12 carbon at ons,

kyl

is a straight or branched chain alkylené group
having 1 to 6 carbon atoms Wheh-R7 is joined

thereto through a carbon atom thereof, and 2 to 6
carbon atoms when R’ is joined thereto through a
aLlfur, oxygen, or nitrogen atom thereof, and

R’ and -ss- are in that instance joined to different
carbon atoms '

is a straight or branched“chain_alkylene group </

having 2 to 6 carbon atoms.optionally bearing ah
R7 substituent wherein the sulfur and n*trogen
atoms connacted thereto and any optional R7

'substltuent connected thereto through oxygen

sulfur or nitrogen are attached to different
carbon atoms of Alkz,

and Alkz may contain a double bond,

hydrogen, lower alkyl, lower alkanoyl, benzoyl,

or substituted benzoyl wherein said substituent is
lower alkyl, lower alkoxy, halo, amino, ot-nitro,

E ]
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5 having 3 to 8 ring menbers, cycloal kenyl having 5 to 8

ring nmenbers, phenyl, A-substituted phenyl ted

Rapht hyl, a heterocycl ic group sel ected fromtmlmmmﬂnllmul ;
heféroaronatlc and heteroalicyclic groups having*fromtl to (5;2)
rings, from3 to 8 ring menbers in each ring, and from1 to 4 hetero at

sel ected from oxygen, nitrogen, and sulfugs wherein said A substituent is
selected fromthe group consisting of one or two | ower alkyl, |ower

al kanoyl , | ower al koxy, 8 15 hal o, am no, hydroxy or nitro
groups, or R and the adjacent sulfur atomtogether constitute S-cysteinyl
wherein said S cysteinyl group may be esterified, salified, or joined

within a pept rleidheatsctehermunber g%uﬁcaﬁﬁ@lﬁg%@twwn h@!‘@r" in the
f oregoi ng definitions e conpound of Claim

2 havi ng For muRpin %&%&Yﬁ‘g@ﬂ%q §retqhﬂqéﬁ¥éa&?ﬂ’q?hasv¥%%§€n 12 4. The
conpound of C aitord Welkainoylanino, beridoylaxeinoe or A~-substituted

benzoylamino, naphthoylamino or A-substituted
5 naphthoylamino, cycloalkyl or A-substituted cycloalkyl
each having 3 to 8 ring members, cycloalkenyl or
A~substituted cycloalkenyl each having S to 8
ring members, phenyl or A-substituted phenyl,
.naphthyl or A-substituted naphthyl, a heterocyclic
10 .  growp selected from the group consisting of heteroaromatic
and heteroalicyclic groups having from 1 to 2
rings, from 3 to 8 ring members in each ring,
and from 1 to 4 heterc atoms selected from oxygen,
nitrogen, and sulfur, alkoxy or alkythio each
15 having 1 to 6 carbon atoms, carboxy, alkoxycarbonyvl
having 1 to 7 carbon atoms, phenoxycarbonyl or
A-substituted phenoxycarbonyl, phenoxy or
A-substituted phenoxy, naphthoxy or A-substituted
‘naphthoxy, alkoxycarbonylamino having 2 to 6
20 carbon atoms, guanidino, ureido (-NHCONHz),
N-alkyl ureido (-NHCONHalkyl) having 2 to 7
carbon atoms, N;-haloalkylxueido having 3 to 7
W, carbon atoms, N3-haloalkyl-N3-nitrosmxeim>
' having 3 £o 7 carbon atoms, and dialkylaminocarbonyl
25 having 3 to 13 carbon atoms, wherein said A substituent
is selected from the group consisting of one or
two lower alkyl, lower alkanoyl, lower alkoxy,
halo, amino, hydroxy, or nitro groups, and



5. The conpoetndof

7-12-(2-am noet hyl dit R hyl am no] - 9a- net hoxym.t osane. 25 6.
They AP0 |M‘lbﬂgmml ng the chem cal nane 7- b
[ 2- cet , i 0) et hyl am no] - 9a- et hoxym t osane. - 50 - 7.~
The conpound of Caim2 having Formula Il wherein [err] is ethylene and R

I s hydrogen. 8. The conmpound of Claim7 wherein R is alkyl. 9. The

Crarm 2 Known by the chem cal nane

conpound of O aim 2 having the chenicat A8ne 5

- 7-[2-(octyl dithio)ethylam no]
2 having the chem ca

nane

. 7-[2-(n-butyl dithio)ethyl am no] - 9a- net hoxym t osane. 11. The conpound of
Claim2 7-[2-(benzyl dithio)ethyl- am no]-9a-nethoxynitosane. 10

12. A compound of claim2 for use in a nmethod of

- mammal i an tunor which conprises system ¢ administration, to a mammal

bearing a tunor, ﬁp'§ss§é§ééﬁé&akk¥mnﬁﬁetQ%bﬁpa@éhéﬂgﬁingeéfeﬁlkYQ dose of
such conpound.

10

20

25

3.

having 1 to 12 carbon atoms, alkenyl or alkynyl
each having 3 to 12 carbon atoms, cycloalkyl
Havifig 3 t3 8 ring members, A-substituted cycloalkyl
having 3 to 8 ring members, cycloalkenyl-having 5
to 8 ring members, phenyl, A-substituted phenyl,
naphthyl, A-substituted naphthyl, a heterocyclic

group selected from the group consisting of hetsroaromatic
and heterocalicyclic groups having from 1 to 2

rings, from 3 to 8 ring members in each ring, and

from 1 to 4 hetero atoms selected from oxygen,
nitrogen, and sulfur, wherein said A substituent
is selected from the group consisting of one or
two lower alkyl, lower alkanoyl, lower alkoxy,
haleo, amino, hydroxy or nitro groups, or R8 and
the adjacent sulfur atom together constitute
s-cystéinyl wherein said s-cystéinyl group may be
esterified, salified, or joined within a peptide
bond; the rumber of C atoms denoted by “lower" in the '
foregoing definitions being up to 6. : :

The compound of Claim 2 having Formula I wherein

'Alk2 is ethylene and R is hydrogen.

4.

5.

The compound of Claim 3 wherein Alkl is ethylene.

The compound of Claim 2 known by the chemical name

7-[2-(z-aminoethyldithio)ethylamino]—9a—methomeitosane.

6.

The compound of Claim 2 having the chemical name 7-
[2-(2-acetylaminocethyldithioc)ethylamino]-9a-methoxymitosane.

inhibiting growth of a

- 9a- et hoxym tosane. 10. The conpound of C aim

a



—
“13. The process for the preparation of a conpound of 15 Claim 2 which
conpri'ses contacting from1l to 4 nol ecul ar n“l“m am ne havi g
JFortrulkas 111 or 1V [err] 111 T““l 1 nol ecul

preportion of a mitosane of Formula V CH2OCNE2 20 [ err] - 51 - wheré

R, [err]and [err] are the sane as defined in Claim2 and Y is | ower al koxy
of 1 to 6 carbon atons or a group hawisQ kFormula VI [err] VI 5 [err] is
hydrogen, |ower al kyl, phenyl, |ower alkylphenyl, |ower al koxyphenyl,

hal ophenyl , am nophenyl, or.

7. The compound of Claim 2 having Formula II'wherein"
Alk2 is ethylene and R is hydrogen.

8. The compound of Claim 7 wherein R8 is alkyl.

o -9, The compound of Claim 2 having the chemical name
5 7-{2-(octyldithio)ethylamino]-Sa-methoxymitosane.

10. The compound of Claim 2 having the chemical name
7-{2-(n-butyldithio)ethylamino] -9a-methoxymitosane. -

\/
11. The compound of Claim 2 7-[2-(benzyldzthzo)ethyl-
amino]-%a-methoxymitosane.
10 | - 12, A compound of claim 2 for use in a method of inhibiting growth

of a mammalian tumor which comprises systemic administration, to a
mammal bearing a tumor, of a substantially non-toxic antitumor-
effective dose of such compound.

13. The process for the preparation of a compound of
15 Claim 2 which comprises contacting from 1 to 4 molecular
' proportions of an amine having Formulas III or IV
" _ 7 .. | 8 ..
R -A-lkl-ss-AlkzNH2 R -ss-Alk2NI-I2
_ I1I v
with 1 melecular propértidn of a mitosane of Formula V

o o)
S
CH,OCNE,
20 | ca, .
- 0 N-R



s mtrophenﬁﬂ M\ R T [err] are independently |ower alkyl, or

'@'{éﬂe{j “““‘“1‘““ with the nitrogen atomto which they are
e

i dine, 2-, or 3-lower alkyl- . pyrrolidine, g”‘? %
pi peridinex 2¢, 3%, or.. 4-1ower aIkyI pi peridine, 2,6-dilower o
alkylplperldlne plpera2|ne 4-substituted piperazine (wherein said :
4-substituent. 15 . IS algﬁ or carba)koxy each having 1 to
[err] carbon atons, phenyl, methyl ghényl", net hoxyphenyl, hal ophenyl,
ni trﬁplhenyl whﬁ&ebﬁngw |h7.aR@pihm aaal, A1k Okre- Ofl;hev\eavralhls)sl aé@&hl | ...nl |
mor phol i ne i, 0 i Q o |n | r.Lhionor phol i ne- 1-
20 P c1di nB 8% wh@V n é the¥af§r§§§P8nI3W§Fpafkyl 1 ower
al kanoyl and*bOQEhaahhexyogn@stVﬁontalns | .to 6 carbon atons 25 under -

reaction conditions in-a regétion inert organic liquid at a tenperature of
‘fromabout -15 to [err] for la period of sufficient duration to result in

formati on of an appre n&ale aﬂnunt of the product of Formula I|. or Fornula
St

_ VI
- R” is hydrogen, lower alkyl, phenyl, lower alkylphenyl,
lower alkaxyphenylLthalopbenyl,-am;“opnﬁnv1 or.
. "nitrcphenyi‘-w ' -
2% ana r? are independently lower alkyl, or together
10 ' with the nitrogen atom to which they are attached

'cbnstitute.pyrrolidine, 24,-or'3-ldwer alkyvl~-

- pyrrolidine, piperidine, 2-,3-, or. 4-lower alkyl-
piperidine, 2;6-dilower alkylpiperidine, '‘piperazine
4-substituted piperazine (wherein said 4-substituent

18 - o is alkyl, or carbalkoxy each hav1ng 1l to 8 carbon
' " atoms, phenyl, methylphenyl, nethoxyphenyl he...ooqenyl, .
nitrophenyl, or benzyl), azepine 2-,3-,4-, or 5-
lower alkylazepine, morpholine, thiomorpholine,
_  thiomorpholine-l-oxide, or thiomorpholine-1, 1-
29 | _ _ dioxide, |
wherein
each of the aforesald lower alkyl, lowesr alkanoy
and lower alkoxy groups contains l'to 6 carbon
_ _ -atoms
undar reaction COPd’thPS in a reaction .inert organic llng;
at a temperacu e of from about -15 to +50°C for a perlod of
suff;c*ent duration- to result in formation of an appreciable
amount of the product of Formula I or Formula II.
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11111111111111111111111111121111 - 52 - . 14 The conpound of “Ctai-m 2 havi ng

the chem cal nane 7-[2-(phenyl dithio)ethylam sane 15. R
The “conpound of C aim 2 havi ngthe cheni cal M "ﬂ mﬂmﬂn" lro-
7- 2 2- hydr oxyet hyl di t hi 0) et hyl ami no] - 9a- nethouyn1 osa €é%§>
The conpound of Claim2 having the chemgal nane 7-]
-(2-pyridyldithio)ethylam nol - 9a- net ho itosane. 17. The conpound of
Claim 2 having the chem cal nane
7-[ 2- (4- et hoxyphenyl di t hi 0) et hyl am .no] - 9a- nethoxyn1tosane 18. The
conmpound of C aim 2 having the chem cal nanme 10 ’

7-[2- (4-nitrophenyl dindicsgidud@re nadrSan "EUVONY O enk® al 1E{Ia<%1é>0rr1f)our1d

f-d th |
(7) [ 2- ((mzmnltrd‘p ¢ "&eltarﬁ frir tﬁﬁﬁ%‘]“% 9&%%"8@?@”%0 The corrpound

of Claim2 having the chen1ca| name-

(G nseo e o )7 YIRS U3 Hame

21. The conpoun alm avi ng e chenlc
3-nitro-2- pyr%-dﬁ-dmdmas)yawlahma mhoxymtosane.
'5 16. - The compound of Clalm 2 having the chemical name

7-{2~-{2~ p ayla;thvc)ethg;an;nol 9a-mzthoxym taaane
17. The compound of Claim 2 havxng the chem1cal name
7- {2 (4-nethoxyphenyldlthlo)ethylamzno] 9a—methox1m1tosane.

- 18. The compound of Claim 2 havvng the chemical name
L0 7-12- (4~nvtronhenylclthlo‘ethylamxno] 9a-methoxym1tosane.
, 19.° _he compcund of Clalm 2 having the chemical name
7=~ {4—(4—n1+rophenyld1thlo)ethylanlno] 9a-methoxyn1tosane.
20, The compound cf Claim 2 having the chemical nane
7-{2-(2,4-Cinitrophenyldithio)ethylamino}~-%9a-methoxymitosane.
15 21. The compound of Claim 2 having the chemical name
7-{2-{3-nitro-2-pyridyldithio)ethylamino}-9a-methoxymitosane.

22z. The compound of'Cléiﬁ 2 having the chemical name
7-[2*(5-nitro—2-pyridyldithio)gthylamino]-9a-methoxymitosane.



22. The cGﬁﬁUUﬁd—Uf—Crarwrz—having the cheni cal nane

2 (5 ni |o)ethylan1no] 9a- net hoxym t osane. * C
Ig!m !ﬂﬂ tl A process as clained in claim 13, substantialTy -+
as |nd4cat any of the foregoing exenplifying Procedures. “&

A pyrroI0|ndoIe derivative prepared by a 5 process as claimed in

clajn113 or 23. 25. A pharnaceutlcal‘@0ﬁp05|t|on conprising a -
compound as claimed in any of clainms 1-11, 14-22 - and 24, and a
phar maceut i cal 2B .accapipaidce ssarasi @ aimecehintlod dikenef,or .

subs*antlally as indicated 1n “espect of anj of the
foregoing exempl fjlng Procedures. o : -
24, A pyrr0101ndole derivative preo*red'by a
5 process as clai med in ' claim 13 or 23..

2s5. A pharmaceutlcal composition comprising a

- compound as claimed in any of cléims 1-11, ;4.22
“and 24, and a pharmaceutically acceptable carrlar or
vehicle therefor.
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