-1- [DESCRI'PTI ON] PYRROLO NDOLE DERI VATI VES BACKGROUND OF THE | NVENTI ON 1
Field of the Invention The present invention provides novel fitonycin

anal ogs containing a disulfide group (C ass 260, Subclass 326.24) a Qhﬂ (‘
processes for the preparation thereof. These compounds are mto dlg 38
anal ogs in which the 7-al koxy group bear® an organic substituent

I ncorporating a disulfide group. he Eresent hn- vention al so provides a
met hod of producing mtonycin A a : t hereof (Cd ass 260,

Subcl ass 326.24). Mtonycin AYRRCUD INDOLEODERIVATERESDI i shed utility, and
the 7-0-substituted nitosane anal ogs thereof have simlar utility. - 2-
Nonmencl ature - The systematic Chem cal Abstracts nane '

BACKGROUND OF THE INVENTION

1. Field of the Invention

_ The present invention provides novel mitomycin analogs'
containing a disulfide group (Class 260, Subclass 326.24) and
processes for the preparation thereof. These compounds are
mitomycin A analogs in which the 7-alkoxy group bears an organic
substituent incorporating a disulfide group. The present in- i

. vention also provides a method of producing mitomycin A and
-~  derivatives thereof (Class 260, Subclass 326.24). Mitomycin A is
an antibiotic of established utility, and the 7-O-substituted

mitosane analogs thereof have similar utility.




for mtonycin A based on the recent revision [Shirhata et al., J. Am Chem
Soc., 105, 7199 (1983)] is: [laS [err] ]1-8-[((am nocarbonyl)oxy)nethyl]-

6, Ba\di net hoxy-1,1a, 2,8,8a, 8b-hexahydro-5-nethyl -
arizino[2',3",3,4,]pyrrolo[l,2-a]indol e-4, 7;di one -3- according to which
t he azirinopyrrol oindole ring system:s ﬁDﬁ%éTed as follows: 7 Chem cal
Abstracts Atrivial system of nonenclature which has found wi de use in the
mtonycin literature identifies the foregoing ring systemincluding several
of the characteristic substituents of the mtonycins as mtosane. [ERR] Mt
osane ' : :

Nomenclature - The systematic Chemical Abstracts name
for mitomycin A based on the recent revision [Shirhata et al., I,
Am. Chem, Soc., 105, 7199 (1983)] is:

{las~-(1aB8,88,8aa,8bB) )-8~ ((aminocarbonyl)oxy)methyl]~
6,8a-dimethoxy-1,1a,2,8,8a,8b-hexahydro~5-methyl-
arizino(2',3',3,4,]lpyrrolo[l,2-alindole-4,7-dione



According to this system mtonmycin Ais 7,9a-di nmethoxym tosane and
mtonmycin Cis 7-am no-9a-nmethoxymtosane: As to the stereo-"chem ca
configuration of the products of this iagention, it is intended when :
identifying themby the root name "mitosane" or by structural fornula to o/
i dent | 4gcbhrd istgertsm cwisitbaltheorz ipisvppnrolotindods wming heyseem as t hat of
m t oRyGJ [ tomycin A R=[err] Mtonycin C R=[err], [err] 2.
Di scl o‘g{d{ragégt% egnsenf&ﬁ?%%ﬂci n Cis an antibiotic which is produced by
fermentation and is presently on sale under Food and Drug Admin- istration
approval in the therapy of di ssem nated adenocarci nona of the stomach or
pancreas in proven conbinationg with other approved chenot herapeutic agents
and as palliative treatnent ot he8 nodalities have failed (Mitanycin
Bristol Laboratories, 6 8a _ ‘

. 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 characteristic substituents of -
the mitomycins as mitosane.
10
N\

Mitosane

According to this system, mitomycin A is 7,9a-dimethoxymitosane
and mitomycin C is 7-amino-9a-methoxymitosane. As to the stereo-
chemical configuration of the products of this invention, it is
intended when identifying them by the root name "mitosane" or byi
structural formula to identify the stereochemical configuration



Syracuse, New York 13221, Physicians' Desk Reference 37th Edition, 1983,

pp. 747 and 748). Mtonycin C and its production by fernentation is the
sub%rpt of U S. Patent No. 3,660,578 patenged May 2, 1972 claimng priority
fronrearlier applications including an application filed in Japan on Apri

6, 1957.tHerestr ast whes sdmei asmphats of ol tdnyein Af ogoChiro- nycin wer e
first published by J. S VEbb et al. of Lederle Laboratories Division
Aneri can Cyanam d Conp¥ : Qﬁﬁgl Soc., 84, 3185-3187 (1962). One of
the chem cal trangformat sed in this S”UCtMIE%ﬁ&?EM 0 rﬁa@t_eocg
mtonycin A and mi ' Rg conversion of t

7, 9a- di met hoxymi t osi MaQn with annnnldM%EP@ﬁélnaCteﬁP ’ Rl-OCH3
7-anino-9a-net29xym‘ X of the 7-methoxy group OF
mtonmycin A ha of considerable interest in the
preparation of -antit ung [ : f'vatives of mtonycin C. Recently the
stereochemi cal configurations of positions 1, |la, 8a and 8b have been shown
to be as indicated above with respect to the Chem cal Abstracts

nomencl ature [Shirhata et al., J. Am Chem Soc., 105, 7199-7200 (1983)].
The earl2er | Pisclosure Statemgnthe enanti - '

Mitomycin C is an antibiotic which is produced by
fermentation and is presently on sale under Food and Drug Admin-
iStration_approval in the therapy of disseminated adenocarcinoma
6f the stomach or pancreas in pfoven combinations with other
approved chemotherapeutic agents and as palliative treatmqnt'when
{_ other modalities have failed (MutamyciéE>Bristol Laboratories,

Syracuse, New York 13221, Physicians' Desk Reference 37th Edition,
1983, pp. 747 and 748). Mitomycin C and its production by
fermentation is the subject of U.S. Patent No. 3,660,578 patented
May 2, 1972 claiming priority from earlier éppiications including
an application filed in Japan on April 6, 1957.

The structures of mitomycins A, B, C, and of porfiro-
mycin were first published by J. S. Webb et al. of Lederle
Laboratories Division American Cyanamid Company, J. Am. Chem.

N Soc., 84, 3185-3187 (1962). One of the chemical transformations
' used in this structure study to relate mitomycin A and mitomycin
C was the conversion of the former, 7,9a-dimethoxymitosane, by
reaction'with ammonia to the latter, 7—amino-9a-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. Recently the
stereochemical configurations of positions_l, la, 8a and 8b have
 been shown to be as indicated above with respect to the Chemical
Abstracts nomenclature [Shlrhata et al., J. Am. Chem. Soc., 105,
7199-7200 (1983)]. The earlier literature refers to the enanti-
omer.




oner . -5- The folloming articles and patents deal inter alia with the
conversion of mtonycin Ato a 7-substijgited amno mtonycin C derivative
having antitunor activity.  The object of this re- search was to prepare .
derivati.ves whi Clpperfo 1P éﬁzﬁﬁtufiléEEEFEH&'%HL@EE%‘d@é&ﬂ%%?%% Qk’
than mtomcin C. Mtsul bioti

Koni shé @ epnyersipn \gf mikeRycim A k- io@"ﬁibﬂf—)’-tultﬁgngfd?l@ !a1tomyc1n
Med. (Pegeridide i%e Mmﬁé9§ﬁkmthh@}9%ct§@ﬂ%¥h|?eﬂ‘ﬁbs obieH a@feEnis re-

Abstracts of Papers; 183rd Angual Meet i n e -Anerican Chenical Society,

Las Veij%%rcﬂeVééa tQREEPA 582 deRivAti e RWhiED Were Bong aFtiYeq andy s

Patent%mlauaaa-m%msueeréulms% £ OET th&hsulhtﬁny@hn ¢4 S. Patent No.
3,420, i ssued

Matsui et al., J. Antibiotics, XXI, 189-198 (1968);

Konishita et al., J. Med. Cliem., 14, 103-109 (1971):

;:yengar_et al., J. Med, Chem. , 24, 975-981 (1981);

_ _ Iyengar, Saml, Remers and Bradner, Abstracts of Papers,y
183rd Annual Meetlng of the Amerlcan Chemlcal Soc1ety, Las Vegaskyj
Nevada, March 1982 Abstract No. MEDI 72,

_ COsulzch et al., u. s. Patent No. 3,352,944, issuedf o/ -
July 25, 1967.- ' ' '

‘Matsui et al., U.S,'Patent'Ne; 3,420,846, issued
- January 7, 1969; '

|  Matsui et al., U.S. Patent No. 3,450,705, issued
June 17, 1969; - | -
Matsu; et al.,_ﬁis;}Patent No. 3,%14;452,'1ssuea .

May 26, 1970;

| Nakano et al., U;S;.Patent'Nq. 4,231,936, issued
November 4, 1980; o | | |
_Reme#s; U.S. Patept'Np; 4;268;676, iSsﬁedfMay 19, 1981.

_ The followlng patent applzcatlons deal wlth the prepa-
ratzon of 7-substltuted amzno mztomycln c der;vatzves ‘in whlch
the substltuent lncorporates a. dlsulflde lxnkage. '



January 7, 1969; Matsui et al., US Patent No. 3 ,45 0, 70 5, issued June
17, 1969; Matsui et al., U S Patent Nagd3, 514,452, issued May 26, 1970
Nangp et al., U S Patent No. 4,231,936, issued Novenber 4, 1980; Reners,
U S. "Patent No. %o#@s3 & 6a1lss ofed &8 - i i oW t
applications deal wt H‘Fh'é‘p?egg-é rat iné%'aof 7- sﬁ gfﬁ%gitggwammngaiﬁbzrrgf%i n C
derivat+#84)#n which the substituent I ncorporates a disulfide |inkage.

-6- Kono et al., European Patent Application No. 116,208 [err] Vyas et al.,

U. K. Pat ent lication No, 2,140,799 (1984).
_ App Vyas et al., U.K. Paéﬁnt Kpplication No. 2,140,799

(1984).

7-Alkoxy substituted mitosanes related structurally to
mitomycin A are described as useful antibiotics having activity
in experimental animal tumors in an article by Urakawa et al., J.
Antibiotics, 23, 804-809 (1980).

Mitomycin € is the principal mitomycin produced by
fermentation and is the commercially available form. Current
\, technology for the conversion of mitomycin C to mitomycin A
suffers from a number of deficiencies. Hydrolysis of mitomycin C
. to the corresponding 7-hydroxy-9a-methoxy-mitosane, and then
\”/methylation of that substance requires diazomethane, a very
haz ardous substance to'handle on a manufactﬁring scéle, and the
7-hydroxy intermediate is very unstable [Matsui et al., J.
Antibiotics, XXI, 189-198 (1968)]. One attempt to avoid these
difficulties involves the use of 7-acyloxymitosanes (Kyowa Hakko
Kogyo KK Japanese Patent No. J5 6073-085, Farmdoc No. 56227 '
D/31). Alcoholysis of mitomycin A as described by Urakawa et
al., J. Antibiotics, 23, 804-809 (1980) is limited to the produc-
tion of only specific 7-alk6xy structural types by the availabil-

ity and reactivity of the alcohol starting materials.

SUMMARY OF THE INVENTION

The present inventibn is concerned with a group of
mitomycin A analogs having a dithio organic- substituent



7- Al koxy substituted mtosanes related structurally to mtomycin A are

descrt bed as usef ul

tunors in an article by Urakawa et al.,=J= Antibiotics,
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and reactivity of the al cohol

is an organic group, viz. the“étfuctural component of
an organic thiol of the formula RZSH,_and Alk, and r!

have the

_ ‘These compounds are alternatively de-
scribed by Formulas II and III. S -

Ty

,SOCH3 | .II'
CH,OCNEH, »
o/
- ITI
-R

Alk1 is a straight or branched chain alkylene group
having 1 to 6 carbon atoms when R3 is joined
thereto through a carbon atom thereof, and 2 to 6

carbon atoms when R
sulfur, oxygen or nitrogen atom thereof, and R

3 is joined thereto through a

3



SUMVARY OF THE | NVENTI ON The present invention is concerned with a group of
m tonycin A anal ogs having a dithio orgarigs- substituent -7- incorporated
i.n the al koxy group at the 7-position. These conpounds nay be represented
by ?ﬁbhfollomﬁng anermaﬂdw4$$a BEBR] nvtdyai nihetahcies jaimmdate CEPEDEPent
viz. the structural -conmpg o] n_organic thiol of the fornmula [err] and
[err] and [err] have ?ﬁgﬂﬁggﬂiéﬁngVven bel ow. These conpounds gre ]
alternatively de- scribed by Fornulas Il and Il1l. [ERR] wherein: [err] is a

trai ght branch hai | ( ' ) Xe)
IO Do e TELSEO TS £ VRGN P ] Lat R e

having 2 to 6 carbon atcms optionally bearing an A

- substituent wherein the suifur and oxygen atoms
connected thereto and any opticnal A substituent
connected thereto thrcugh_dxygen, sulfur or
nitrogen are attached to different carbon atoms cf

_ Alkz,”wherein said A substituent is selected from
the group consisting of one or two C,_¢ alkyl,

alkanoyl, C alkoxy, halogen, CT-S alkoxy-

C1-6
carbonyl, cyarno,

1-6
| 23 Ci-6 _
(s o amino, Cl-s alkanoylamino anc Cl 6 alkexycarbonyl,

alkylamino, C1-6 dialkyl-

aAlk, and Alk, may contain a double bond,

1 2

1 is hydrogen, lower alkyl, lower alkanoyl, benzoyl -

R
" or substituted benzoyl wherein said substituent is
lower alkyl, lower alkoxy, halogen, amino or
nitro, |
R33 is selected from halogen, carboxy, alkanoyloxy
having 1 to 7 C atoms, 1,2-dihydroxyethyl,
hydroxy wherein the oxygen atom is connected to
L : Alk1 having 3 to 6 carbon atems, alkylamino or
dialkylamino having 1 to 12 carbon atoms,
N-alkcxy-alkylamino having 2-7 carbon atoms,
alkanoylamino having 1-7 carbon atoms,
benzoylamino or B-substituted benzoylamino,
naphthoylamino or B-substituted naphthoylamino,
phenylamino or B-substituted phenylamino,
cycloalkyl or B-substituted cycloalkyl each having
3 to 8 ring members, cycloalkenyl or B-substituted
cycloalkenyl each having 5 to 8 ring members,
.phenyl or B—substituted.phenyl; naphthyl or
B-substituted naphthyl, a heterocyclic group
selected from the group consisting of



car bon at ons when [err] is joined thereto through a sul fur, oxygen or
ni tyogen. atomthereof, and [err] -8- .,and -SS- are in that instance
joined to di ff erent carbon atons, [erPr is a straight or branched chai

SUbat Luent vher o n ¢ RS SSHAARORAEL D B8 RbRROA L EE SR BRERR hateiny
opti.onal A substituenfremriect@d2t hingsq tiromgh tayferinguimembexrs nifr ogen
el ected 1rom t he Shotl ARG afi FRoR 1067 2 NEESEBARRIS, Be R | 400G
al kanoyl, [err] al koxgelesttadnfromr okyglenoxniteogpenyandcgaidur err]
alkylamno, [err) di aboyvay¥iinol 66" kndldUIV AHIAB, “BbSY or
_ alkylthio each having 1 to 6 carbon atoms,
" alkoxycarbonyl or alkylémihécarbonyl each having 2
to 7 carbon atoms, aminocarbonyl, phenoxycarbonyl
‘or B-substituted phenoxycarbonyl, phenoxy or
B-substituted phenoxy, naphthoxy or B-substituted
naphthoxy, alkoxycarbonylamino having 2 to 6
carbon'atoms, ureido (QNﬁCQNHé); N-alkylureylene
(-NHCONHalkyl) having 2 to 7 carbon atoms, "
a-N3-haloalkylureylene.having 3 to 7 carbon atoms, \o/
N3-haloa1kyl—N3énitrosoureylene having 3 to 7
carbon atoms, dialkYIaminocarbonyl having 3 to 13

/.

-

carbon atoms, dialkylaminoalkoxy having 4 to 13
carbon atoms, alkanoylaminoalkoxy having 3 to 7
carbon atoms and hydroxyalkylamino or

' N,N-dihydroxyalkyl amino each having 2 to 8 carbon
atoms, wherein said B substituent is selected from
the group consisting of one or two lower alkyl,
lower alkanoyl, lower alkoxy, halogen, amino,
carboxy, hydroxy and nitro groups, and

4 js selected from the group comsisting of alkyl ;:

having 1 to 12 carbon atoms, alkenyl or alkynyl
each having 3 to 12 carbon atoms, cycloalkyl or

R

B-substituted cycloalkyl having 3 to 8 ring
members, cycloalkenyl.or B-substituted cyclo-
alkenyl each having 5 to 8 ring members, phenyl or
ﬁ-substituted'phenyl,vnaphthyl or B-substituted
naphthyl, a heterocyclic group selected from the
'group consisting of heteroaromatic and heteroali-
cyclic groups having from 1 to 2 rings, from 3 to
8 ring members in each ring, and from 1 to 2
heterocatoms in each ring selected from oxygen,
- nitrogen and sulfur, provided that the



{err] and [err] may contain a double bond, [err] is hydrogen, |ower alkyl,
| ower al kanoyl, benzoyl or substituted benzoyl wherein said substituent is
| ower al kyl, | ower al koxy, hal ogen, aml®o=-or nitro, [err] is selected from

hahegen, carboxy,

al kanoyl oxy having 1 to 7 C atons, 1, 2-di hydroxyethyl,

~hydroxy wherein the oxygen atomis connected to [err] having 3 to 6 carbon
atons, al kylam no or dialkylam no having 1 to 12 carbon atons,

N- al koxy- al kyl ami no havi.ng 2-7 carbon atons, al kanoyl am no having 1-7

carbon atons, benzoyhaterr®f cBigubgbickutiad dmtzeytadi i swgtht hoghabbro or

B—substltuted naphthoylanlqp Qhenylanln of B-substituted p hen%banlng

cycl oal kyl or B-subsfitqft 52l o8l l?y‘l*ae'arﬁf hevifg 38658 ¥

nb&F 8"

cycl oal kenyl .or B-sulgtirt utedecyckael lcemdaeaec-triaawragc&dm ﬁ: rtmg ABBBErs,

phenyl or B—substltuted phenyl aghg@yl‘baﬁn

nct itsel

ms), wherein said B substituent is

e T
'selecte: from the group ‘censisting of one or two

lkyl, lower alkanoyl, lower alkoxy,
halogen, amino, carboxy, hydroexy or nitro groups,
andé R4 nd the adjacent sulfur atom together
constitute S-cysteinyl wherein said S-cvsﬁe*nyl

group may be esterified, salified or joined wzthlr

a non-toxic and non-allergenic peptzde,




B- substituted naphthyl, a heterocyclic group selected fromthe group

cofisi sting of -9- heteroaromati c and heteroalicyclic groups having from
1to2rings, from3 to 8 ring nenbers in each ring and from1l to 2 <
het eroatons in each ring selected fromoxygen, nitrogen and sul fur,
pyridyl am no or thiazolylamno, al koexyiox alkylthio each having 1 to 6

-car bon at ons, al koxycarbonyl or al kyl am nocar bonyl each having 2 to 7
carbon atons, aninocarboqgl, phenoxxcarbonyl or B-substituted
phenoxycarmmwmdde®hﬁmmkyﬂoAlE&subsB|tmaydabhenbaye aaphotfioxieor

B-substit boryl api no. having 2 to 6 carbon atomns,
urei do [éﬁfﬁ%y %{g@%%&%ﬁﬁhﬁ%%‘%%‘? having 2 to 7 carbon atons,

-CH,CH NH-C_.H 'l(fCSHI being cyclohexyl),

1

-CH(-CHZNRlRZ)Z ‘where R' is methyl and R° is H or methyl,
-Cdz-CH(NHR_)—CH2NHR where R® is methyl,
'Cgéch<COQH)7CH2'Nﬂz £ peptides,f_
~CH,~CH(OH)~CH,OH, S o o
1.2 1,
-CH.,-CH(OCH,)-CH.NR"R where R™ is methyl and —,
2 3 2 2 .-

R™ is H or methyl,

-p-CH,-NHCOCH,  and

—CHZCHa—p—C6H4-NHCOCH3,

where p-C is para-phenylene;

64

or a nontoxic pharmaceutically “acceptable salt thereof.



[err] -hal oal kylureyl ene having 3 to 7 carbon atons,

[err]%hal oal kyl -[err]-nitrosoureyl ene having 3 to 7 carbon atons,

di akkyl am nocar bonyl having 3 to 13 carbogp2atons, dial kyl am noal koxy havi ng
4 to 13 carbon atons, al kanoyl am noal koxy having 3 to 7 carbon atons and
hydr oxyal kyl am no or N, N-di hydroxyal kyl am no each having 2 to 8 carbon
atons, wherein said B substituent is selected fromthe group consisting of
one or two |ower alkyl, |ower alkanoyl, |ower alkoxy, halogen, am no,
carboxy, hydroxy and nitro groups, and [err] is selected fromthe group.
consisting of alkyl having 1 to 12 carbon atons, al kenyl or al kynyl each
having 3 to 12 carbon atons, cycloal kyl or B-substituted cycl oal kyl havi ng
3 to 8 ring nenbers, cycloal kenyl or B-substituted cyclo- al kenyl each
having 5 to 8 ring nBRSerXOmPMBAGE BF Bl $2FBdIpHEMALOaphe hyrhéE TeT
B-substit§ edepapebthylk« 2 hoirsogychi ardmHPs sel et 8drkRePINE, the subs=an

iderntified herein as compounds of Example Nos. 17, 20 and zi-2
are novel substances. They are employed in a manner similar ¢

s
es

NS |

o

mitomycin C. The dosages employed are adiusted in proportion to

their toxicities relative tc the toxicity of mitomycin C. 1In

$o.
n

cases where :the new compcund is less tocxic, a higher dcse

empicyed.

In a further aspect of the present invention;-there is
U provideé a new process for the production cf mitcsanes of
Farmulas II ana III. This new process comprises reacting a mito~.
sane of Formula IV
o
0 CE, OCNE
- 20CNH,
H
N v
CH -R
N with a triazene of Formula V or Formula VI
Ar--::--N-NH-A:_kz-s’s-Alk -r3 Ar-N=N-NE-Alk,-ss-R®

1
v Vi

2



group consisting of heteroaromatic and heteroali- cyclic groups having from

1to 2rings, from3 to 8 ring nmenbers in each ring, and from1 to 2
heteroatons in each ring selected from gggen, nitrogen and sul fur,

provi ded that the -10- heterocyclic group is connected through a carbo
atomwhich is attached to at | east another carbon ator. (i.e., the carbon

atom attached to the -SS- may not itself be attached to two ot her
het er oat ons) , m@eregn sgid B substituent is selected fromthe group
consi s{hAGeQfr GOT, OR™LWR '|,0k al Ky, Al®vera e kasoydk fir@deraked -kexgnd Ar is
hal ogen, amquulcarbo§yF"hydrpx or_nitrd groups, _and R4 and the adjacent
sul f ur ®afof*t3get hief € EoMSE (At ¢ FeHEferdit whet 2PR®sdiTd S:vy/5t & 184
_ In a variation of the present inventicn, there is
provided an alternate prccess for the preoduction cf nitcsanes cf
Fecrmulas II and III. This process comprises reacting,
e.g. at 0-60°C, a thiol of Formula VII or VIII |
- RPAlk SH Risu
VIiI VIII
. . -
with a mitosane derivative of Formula Ib _ _

The disuifide mitosanes of Formula'Ib are prepared by the

triazene method described herein. More specifically, the

mitosane of Formula Ib wherein Alkz is ethylene and Rl is

hyérogen is described in Example 20 and in cc-pending applicati

€46,888, filed September 4, 1984,

Serial Nc.

i~

'."“‘-I
o/



g}oup may be esterified, salified or joined mﬁthin a non-toxic and

non- &l | er geni ¢ pepti de, provi ded t hat [i or [err] may also have any
of the following further pernitted val ues: err] ([err] bei ng
cycl ohexyl), [err] where [err] is nethyl and [err] is Hor nethyl,
[err] where [err] is nmethyl, [err] + peptides, [err] [err]
where [err] is nmethyl and [err] Is Hor nmethyl, [err] and [err],
where [err] i s para-phenyl ene; or a nontoxic pharmaceutically acceptable

salt thereof.

The terms "lower alkyl", "lower alkoxy" and "lcwer
alkancyi®™ as useé herein anéd in the claims (uniess the context
ates otherwise) mean straight or branched chaizn alkyl,

¥y ©r aikancyl grougs contalining frcm 1 tc 6 cazicn azoms
such as methyl, ethyl, propyl, isopropyl, butyl, is:bu:yl,
t-butyl, amyl, hexyl, etc. Preferably, these groups ccnta
1 to 4 carbon atoms and, most p*e‘e*ably, they contzin 1 or 2
carbon atcms. Unless ctherwise specified in the parzicular
instance, the term "halogen" as used herein ané in the él s
i intended t¢ include chlcrine, flucrine, bromine ané Icéirne. The
term "nontoxic pharmaceutically acceptable salt" is intended to
include salts of the compounds of Formulas I and II with any
nontoxic pharmaceutically acceptable acid or base. Such acids
are well-known and include hydrochloric, hydrobromic, sulfuric,
sulfamic, phosphoric, nitric, maleic, fumaric; succinic, oxalic,
benzoic, methanesulfonic, tartaric, citriec, camphorsulfonic,
levulinic and the like. Such bases are well-known and include,
e.g. nontoxic metallic salts such as sodium, potassium, calcium
and magnesium, the ammcnium salt and salts with nontoxic amines,

e.g. trialkylamines, procaine, dibenzylamine, pyridin



-12- The conpounds of the present invention are inhibitors of experinental
tunors in animals. In particular, the substances identified herein as
conpounds of Exanple Nos. 17, 20 and 21-4 are novel substances. They are
enployed in a manner simlar to mtonycin C. The dosages enpl oyed are o/
adjusted in proportion to their toxicities relative to the toxicity of

mtomycin C. In cases where the newcdfipound is | ess toxic, a hicher dose
is enployed. In a further aspect of the present invention, there is
provi ded a new process for the production of mtcsanes of Formulas |l and

[11. This new process conprlses reacting a mto- sane of Fornmula IV [ERR]
with a tricazene of Formula V or Fornmula VI Ar-N=N-NH-[err]-SS-[err]
Ar-N=N-NH[err]-SS-[err] . V. . ) _ L Y

N—methylmorpholine, N—methylpiperidine and the like. The salts
are made by methods known in the art. S
~ The above-mentioned aryltriazenes of Formula V or VI may
be- prepared by methods analogous to those available for the
preparation of certain aryltriazenes of the formula XI:
Ar-N=N-NH-R® . - o - R



-13- wherein [err] and [err] are as defined above and Ar is the organic
resi due of a diazotizable aromatic amne; e.g. at 0-60C. In a variation of .
the present invention, there is provide an alternate process for the
proa“étlon of mtosanes of Formulas Il and I1l1. This process conprises
reacting, e.g. at 0-60C, a thiol of Formnl @3& " or VIII [ERR] with a :
m t osane derivative of Fornmula Ib [ERR}] The disulfide mtosanes of Fornula
Ib are prepared by the triazene nmethod described herein. More
specifically, the mtosane of Formula Ib wherein Alk2 is ethylene and [err]
I's hydrogen is described in Exanple 20 and in cp-pendi ng applicantion
Serial No. 646,888, filed Septenber 4, 1984.

wherein R6 is 01;12 alkyl or substituted C
| alkyl, 03_12 ' ' -
cycloalkyl or substituted C3_12 cycloalkyl wherein
* -~ -the carbon atom thereof which is attached to the
' mitosane 7-oxygen atom bears from 1 to 2 hydrogen
‘atoms and said substituents are selected from the
group consisting of halogen, c1_6 alkoxy,-cl_6

1-12

U “alkanoyl, Cg.14 3roYl, cyano, trihalomethyl,
amino, c1-6 monocalkylamino, c2_12 dialkylamino,
Cg-12 2¥Y1l, Co_;, aryloxy, C;_ . alkanoyloxy, C,_;,
aroyloxy, heterocyclo having 1 or 2 rings and from
5 to 12 ring atoms ihcluding up to 4 hetercatoms
selected from nitrogen, oxygen, and sulfur, and
wherein each of said alkoxy, alkanoyl, aroyl,
aryl, aryloxy, alkanoyloxy, aroyloxy, and hetero-
cyclo substituents optionally contains from 1 to 2
substituents selected from halogen, C,_ . alkoxy,
C,-¢ 2lkanoyl, cyano, trihalomethyl, amino, C;_g
alkylamino, or C,. 12 dialkylamino groups,

and Ar is the organic residue of a dlazotizable
aromatic amine.



-14- The terns "lower al kyl", "lower al koxy" and "l ower al kanoyl" as used
herein and in the clains (unless the context indicates otherw se) nean
straight or branched chain al kyl, al koxy or al kanoyl groups containing
from1l tc 6 carbon atons such as nethyl, ethyl, propyl, isopropyl, butyl,‘d’_‘
I sobutyl, t-butyl, anyl, hexyl, etc. Pregwrably, these groups contain from
1 to 4 carbon atons and, nost preferably, they contain 1 or 2 carbon
atonms. Unless otherw se specified in the particular nsta.nce, the term
"hal ogen" as used herein and in the clains is intended to include chlorine,
flucrine, brom ne and .iodine. The term"nontoxic pharmaceutically
acceptable salt”" is intended to include salts of the conpounds of Fornul as
| and Il with any nontoxi'c pharmaceutically acceptable acid or base. Such
acids are wel | - knopge apdshBelida twal 20 Rk Qlite i dDEHOD 81 Porhtdlld!tE and
sul fam c, phospharic, nitric, -maleic, fupgaric, succinic, oxalic,

more specifically l-alkyl-3-aryltriazenes make up a class of

reagents which are known to be useful for reacting with car-
boxylic aéids'to form the corresponding lower alkyl esters.
1-Methy1-3-(4-methy1phenyl)triazene'may be prepared according to
the general*procedures%described by E. H. White et al. in Org.
Syn., 48, 102-105 (1968) and as described herein in Procedure 1.
However, this procedure works well only with water-saluble B
amines, and a-secondfprbcedureuwhich is described by E. H. Whié?J
et al., Tetrahedron Letters, No. 21, 761a(1961) and also de-
scribed herein in Procedure~2 is more sui;ablé-for the prepara
tion of triazenes of water-insoluble amines.




benzoi c, nethanesulfonic, tartaric, citric, canphorsulfonic, levulinic and
the I'ike. Such bases are well-known and include, e.g. nontoxic metallic
sal s, such as sodium potassium calcium and magnesium the amtni um sal t
and salts with nontoxic am nes, e.g. tripdkylam nes, procaine,

di benzyl am ne, pyridine, - 15 - N-net hyl norphol i ne, N-net hyl pi peridine
and the |ike. The salts are nade by nethods known in the art. The
above-nentioned aryltriazenes of Formula ,/V or VI nmay be prepared by nethods
anal ogous to those available for the preparation of certain aryltriazenes
of the formula Xl: [ERR - 15a -

Cther l-(lcwer alkyl)-3~aryltriazenes of Formula XI me
be prepared similarly by reaction cf other lower alkyl amines
with aryldiazonium salts in similar fashion. Any arylamine
having 6 to 12 carbeon atoms which readily fcrms a diazconium salt
may be used as the scurce of the aryl porticn of the 1,3-disub-

. stituteé triazene.
N

g_/



mhereln [err] is [err] alkyl or substituted [err] alkyl, [err] cycloal kyl
orfsubstituted [err] cycloal kyl wherein the carbon aton1thereof which is
attached to the mitosane 7-oxygen atom bears from1l to 2 hydrogen atons and
sai d substituents are sel ected fronlthelgroup consi sting of hal ogen, [errrui
al koxy, [err] al kanoyl, [err] aroyl, cyano, trihalonmethyl, amno, [err]
nmonoal kyl am no, [err] dlalkylanlno [err] aryl, [err] aryloxy [err]

al kanoyl oxy, [err] aroyl oxy, heterocyglo having 1 or 2rings and from5 to
12 ring atons including up to 4 heteroatons sel ected from nitrogen, oxygen,
and sul fur, and wherein each of said al koxy, alkanoyl aroyl, aryl,

aryl oxy, al kanoyl gxy Loyl o and hetero- c cIo S i fuents tlonally
contains from1 t8521§§b§¥F ﬁP§V§e|§bR&?QQ%%n éhﬁﬁllﬁﬁ?% h?ﬁoxy, [err]
al kanoytityaing L+Ehakomtuykd- 3aringd tjiezdned ko pBapare®rcsR- 12 )
dlalkygggﬂg%gg?ugﬁe Fermula II or III ccmprises reaczting a
‘mitosane of Formula IV with a triazene c¢f Formula V or VI.

- This is shown in the following Scheme 1.

Scheme 1

Ar-N=N-NE-Alk.-SS-Alk,-Rr3 | ™

v - |

+ " > II or III

Oor Ar-N=N-NE-Alk,-SS-R .
vi '

wherein Rl, R3, R4, Alk1 and Alkz are as defined abcve, ané Ar is

the organic resicdue ¢of a diazotizable aromatic amine.

Arylt:iazehes of Formula V or VI may be prepared in a ..
similar fashicn as described above for the preparaticn of L



and .‘Ar is the organic residue of a diazotizable aromatic am ne. - 15b -
The 1-substituted-3-aryltriazenes of Fornmula Xl and nore specifically

1-al kyl -3-aryltriazenes nmake up a cl ass ofl8eagents which are known to be
useftdl for reacting with car- boxylic acids to formthe correspondi ng | ower
al kyl estE¥itriagenss -of (Bogmulg Xepugept athat the Bdkylemminesiceviliagd
to the .general nPaee dEPPadeachybashifods suls Vet Cot! Falmila @ Syn., 48
102- 105 (1968) and as described herein in Procedure 1. However, this
procedure works well only with water-soluble am nes, and a second procedure
which is described by E."H Wite etrialgs-Agt hgiedron Letters, No.x P, 761
(1961) and al so de- scribed herein in Procedufe 2 is nore suitable for the
prepara- tion of triazenes of water-insol uble am nes.

which are alternatively described by Formulas XIII and XIV:
R%-Alk ,-SS-ALk,NH, and R4-ss-A1k,NH
o XIII - S | XIV

2

Aminodisulfides of Formula'XIII'énd Formula XIV are
known compounds and may be prepared by various methods. For
instance, they may be made by reaction of the appropriate thiol

e R3A1klsH or R¥SH with a Bunte salt of the formula
&v/ | o NHzAlkZSSO3Na | ' XV
or with a'sulfenylthiocérbonate'of the formula
NHZAIKZSSﬁOCH3 XVl
Klayman et al., J. Org. Chem., 29, 3737-3738 (1964)
have prepared the following by the Bunte salt method: |
[ ' 2-aminocethyl n-butyl disulfide;

2-amincethyl n-hexyl disulfide;
2-aminoethyl n-octyl'disulfide;
2-aminoethyl n-decyl disulfide;
~ 2-amincethyl 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 this

'solvent. Higherztemperatures were necessary with other solvents.
The chief drawback of this method is the formation of symmetrical



Z 16 - Other 1-(I6mer al kyl)-3-aryltriazenes of Formula XI may be prepared

simlarly by reaction of other |ower MJ@g;anines with aryl diazonium salts
«in'simlar fashion. Any arylam ne havinc ® to 12 carbon atons which readi
forns g di ' I d ! cge0fy | o P04 ] i t
(173 iR eI RNy 4 BT LpoBataty, Srdlinaiy Bela Y 0P LLRRoBbELT

i nventtenatipnziofy the desiredemixed Wdisubfddes to prepare com pounds of

the Formula Il or 111 conprises reacting a mtosane of'Fornu[a |V
with a triazene of Forpula V, or VI. This is shown in the follow ng Schene
1. Schene 1 The mixed disulfide starting materials of Formulas XIII

and XIV are preferably:pfépared via reaction of the appropriate

thiol, with a sulfenylthiocarbonate.of Formula XVI.  This is the

method of S. J. Brois et al., J. Am. Chem. Soc., 92, 7629-7631

(1970) . Typically, this preparative procedure involves adding

the thiol to a methanol solution of the amino-alkylsulfenylthio-

carbonate of Formula XVI and allowing the reaction to proceed at

a temperature in the range of from 0° to 25°C. Reaction times

vary from #ittually-inétantaneous_ta_séveral hours'dgpending upon

the particular thiol employed.' The_progress.qf_the reaction can ...
be followed by mgasuring the presence of nnrea¢ted_thiol in the W

reaction vessel. If the reaction is sluggish, a catalytic amount
of triethylamine may be added as reaction accelerator. \;
The 1-(substituted disulfide)-3-aryltriazenes of
Formula V or VI are preéared by the teaction of aminodisulfides
of Formula XII with aryldiazonium salts in a similar fashion as
described herein for the preparatiqp of aryltriazenes of Formula
XI. Any arylamine having 6 to 12 carbon atoms which readily
forms a diazonium salt may be used as the source of the aryl
portion of the 1,3-disub$£i£ﬁted t:iazehe, Some examples of
disulfide triazenes produced in this fashion and used in the .
present invention are _ I _ LJ

1-[2-(2-acetamidoethyldithibl)gthyi]f3f(4—methyiphenyl)triazene;
1—[2-(3-nitro-2-pyridyldithio)ethy;j—3f(4ém§thylphenyl)triazene.

‘The following further exemplify suitable triazene
starting materia;s_of_rqrmula V or VI for use in_ghe present
invention.

1-{2- (3-ni tro-2-pyridyldithio) ethyl]-3= (4=chlorophenyl) triazene;

| 1-[2-(3-nitr042-pYridyldithio)propylj;B-(4fmethyiphenyl)ﬁriaiene;



[ERR] IV wherein [err] and [err] are as defined above, and Ar is the-
organi c residue of a diazotizable aromatigaam ne. Aryltriazenes of Formul a
Vv qpé VI may. be prepared in a simlar fashi‘on as described above for the

e

pr ratyl.ofh Of 2~ f- f f?fﬂi 08 _hFralgl ﬁ%ﬁip e al ky
an1ne5|ﬁ;1%zg% g%é %§£€§%im)ac g]bé g%1no§%?ﬁ? $?£E§%ﬁhpé Xl
[ERR] which are alternatively described by Formulas X1l and X V [ EERR]

Am nodi ul {3 desh &y T5 EWid ) Eedy Bd3 E h¥i1 PO a ounds and .may
be pr epgr e[Lz by var?ous rré't )o sy EdB ?%g]tﬂg%cgl \étrﬁéer?ir(ray beégrgge by reaction

of the appropriate thiol [err] or [err] with a Bunte salt of the formula
1-[2-(butyldithio)ethyl] -3-(4-methylphenyl)triazene;

1-[2-(4-methoxyphenyldithio)ethyl]-3-(4-methylphenyl)triazene;
1-[2-(4-nitropheny1dithio)ethyl]53-(4¥methy1pheny1)triazene;

1-{2-[(2—benzoy1aminoethyl)dithio]ethyl}+3-(4-methylphenyl)-
triazene;

\/ 1-[2-(4-chloro-2-naphthyldithio)ethyl]-3-(4-methylphenyl)-
triazene;

K“/_.1-[2-(cyclopropylmethyidithié)ethyl]-3-(4—methylphenyl)triazene}

- 1={2-( (2-phenoxyethyl)dithio]lethyl}-3-(4-methylphenyl)triazene.



[ERR] or with a sulfenylthiocarbonate of the fornula [ERR] Kl aynman et al .,
J. Og. Chem, 29, 3737-3738 (1964) have prepared the follow ng by the
Bunte salt nethod: 2- an1noethy| n- butyl'aﬁsulfide 2- aninoethyl n- hexyl

di sul fide; 2-am ngethyl n-oct di sul fi de; 2- noet h n- decyl di sul fi de;\
2- ani noet hyl pheny® @i BaPfed e@z%m?ﬂﬁéﬁﬁﬁﬁ dgnﬁﬂeCQ &FENEe INVaHERN / was
found teeie tig f@éeaéedaheﬂﬂ@frsaévg@bcfe@s ther renst peagafrddasBunte
salt with the hlol Reaction tenperatures of 0 to -10C were found to be
preferFe&ﬁim%éftWH§° BRGENE th?ekﬁéﬂﬁ1ﬁe£§mere necessary with other

solvents. The chief drawback of this nmethod is the formation of symetri cal

o~

5 . .' o
R SS-CHZChZO‘
_ : - Ia

>

wherein R2 is an organic group viz. the structural ccmponent of

an organic thiol of the formula RZSH, which is a’ter*aulve¢y

described by R3Alk1 or R4 wherein R3; R4 and Alk. are as deflned

1
above.

For the preparation of the disulfide mitosanes of
Formula Ia, it is preferred to utilize the 9a-methoxy-7-[2-(3-
nitro-2-pyridyldithic)ethoxylmitosane of Formula XVII in a thiol
exchange process with an appropriate organic thiol of the formula
stH as shown in reaction Scheme 2. The driving force behind the
formation of the disulfides of Formula Ia is the stability of the.
by-product, namely 3-nitro-2-mercaptopyridine, which sclely o/
exists as the thione XVIII.



-19- disulfides as a by-product, presumably as a result of dispropor-
tionation of the desired mxed disulfide. %ﬁe m xed di sul fide starting
materials of Formulas X1l and XIV are preferably prepared via reaction of
thegﬁﬁnggmé@gezthlm Wth a sulfenylthlocarbonate of Fornula XVI. This is
t he net foo—of—s- J. Broi s et al., J. Am Chem Soc., 92, 7629-7631 (1970).
Typi cal |y, this preparative procedure i nvol ves adding the thiol . to a

met hanol sol ution of the am no-al kyl sul fenylthio- carbonate of Fornula XV
and allowing the reaction to proceed at a @enperature in the range of from
Oto[err]. action tinmes vagy fromyjrtiially instantaneous to several
hour s ing upon the partixular thg poyed. The progress of the

reacti ,igsiggl ri ngAhe presence of unreactgd thiol in
the re vessel ¢ i Y égﬁggish a cat akyt R€ sayount__of >
triethy 'ne may be added S -rator The 1-(substituted

disulfide)-3-aryltriazenes.
of aminodi sul fides of FeBgul 2
fashi on as

5 prepared by the reaction
ifg#oniumsalts in a simlar

XVII

\g‘ﬂ:
R2-SS-~CH.( i CHZO@NH _NO
-SS-CH.CE..0
“— 272 Y
+ |
cxE, N

XVIII

Ia

Alternatively, if it is desired to prepare mitosanes of

s Formula II or III wherein-Alkz

trimethylene or propylene, then the appropriate triazene of

is other than ethylene, such as



described herein for the preparation of aryltriazenes of Fornmula Xl . Any
arylam ne having 6 to 12 carbon atons whb h readily forns a di azonium salt
may be used as the source of the aryl portfion of the 1, 3-disubstituted <
triaze es <0 deat dyc
and usggrmus E géggrg%t iisn&é%t%%négr gnlrt?\%zﬁg-aceeétlgmgdggg’ﬁr&léﬁ u{ a§@ e T
)ethy|Fogp@mth¢w¢bﬁ@hypﬁﬁqmmﬁpﬁaues having the Formula Ib
1-[2-(3-nitro-2-pyridyldithio)ethyl]-3-(4-nethylphenyl) triazene. The
followi ng further exenplify suitable triazene starting materials of Fornula
V or VI for use in the present invention. 1- [2-.
(3-nitro-2-pyridyldithio)ethyl] -3- (4-chlorophenyl)triazene; o

-[2-(3-nitro-2-pyridyl dj o) propyl ] - 3- (4- net hyl phe I)trlazene . -20-

i elayl | - 3- (4- et hyl @enyl)téka gﬁ - :
z&n

t hyl ~§siiliptnylphe- | )trig

wherein Alk2 and Rl are as defined abhove. v’

There are two general synthetlc procedures described
herein for the preparatzon of llpophlllc as well as hydrophylmc'
mitosanes of the Formula Ia. General procedure A is employed for
preparing either lipophilic or ‘moderately soluble disulfides of .
Formula Ia, whereas general procedure B is employed for water-
soluble disulfides of Formula Ia which are.preferably isolated as’
sodium salts or as zwitterionic forms. Preferably, at least one
equivalent of the mercaptan RZSH per equivalent of mitosane of
Formula XVII is employed, and the reaction may be carried out in

the presence of about one equivalent of base per equivalent of

'mercaptan RZSH. Preferred bases are the tertiary amines, e.q. “
triethylamine, N-methylmorpholine,-'-methylpiperidine,-pyridine,
2,6-lutidine and the lnorganzc bases, e.g. sodium bicarbcnate,

P

potassium carbonate, potassium bicarbonate and the like. Suit-
able inert solvents for the reaction of starting materials of
Formula XVII and R2SH are the lower alkanols, lower alkanoic _
lower alkyl esters, lower aliphatic ketones, the cyclic aliphatic
ethers, the lower polyhalogenated aliphatic hydrocarbons and
water. The organic solvents contain up to 8 carbon atoms, but
those beciling at temperatures of less than 100°C are preferred.
Specific preferred solvents are methylene chloride, metlkanol,
acetone, water and mixtures thereof. The reaction may be carried

out at the reflux temperature of the reaction mixture cr up to



1-[ 2- (butyl di t hio)ethyl]-3-(4-nmethyl phenyl)triazene;
1-[2-(4- nethoxyphenyldlthio)ethyl]-3-(4-nethy|phenyl)triazene;

1-[2- (4- ni trophenyl di t hi o) et hyl ] - (4 mﬁﬁ%ﬂxmenyl)triazene

| - {E“T(Z benzog gni noet hyl di t hi_ol et h }-3-(4-nmeth henyl)- triazene;.

1-[ 2- ( 4-22pPBF 029" Fraphtlifyith tPT8f BFF;?I% ty(%m h??%hgﬁﬁl )"eatcrtﬂe&%nét room
1-[ 2- (cywd mpe opyh et by didIvw) eebyl ]J.n%da‘hd@t@ﬂil@bﬁn!hét HadGE 0 to 25°c.
1- {2- [ (2- phenoxyet hyl . ) di t hi ol et hyl }-3-(4- met hyl phenyl ) tri azene. -21-

a preferred enbodi ment of the present invention, there is provided an

El terlnat:a process fThe tﬁtﬁ'ﬁ@fﬁqakbﬁl&tﬁfwﬁl&ﬂdiﬁiﬁoﬂbt ﬁ?taﬂ%ﬁ:éwéﬁlﬂgcﬁbea*e
ormula |a n organi Iy ou e
conponmﬁeQ% %ﬁﬁ%r&EﬁS&QAﬁiﬁ &P Fﬁ@ ﬁﬁaﬂﬂﬁf %9?f°¥wﬁF§ﬁq f#%é?lvely

mitosanes of Formulas Ia and Ib accecréding to the general rrcce-

2-
2-
2-

dure depicted in Scheme 2,

The following is an enumeration of representativé'
thiols of the Formula R3Alk15H or R4SH which may be cornverted via
reaction with the Bunte salt XV or sulfenylthiocarbonate XVI to
produce intermediates Formulas XIII and XIV, which in turn are
converted to products of the present invention as described. 1In

N the case of the preferred embodiment, the representative thiols
may be employed in a reaction with mitosanes of Formula Ia or Ib
U to produce products of the present invention. Hcwever, the only

limitations to the methodology of the present invention is the
use of thiols containing terminal primary alkyl amines which may
lead to a mixture of products and the use of heteroaromatic
thiols which may not react with compounds of the Formula Ia or
Ib.



described by [err] or [err] wherein [err] and [err] are as defined above.
For the preparation of the disulfide mda2gsanes of Fornmula la, it is
preferred to utilize the 9a-met hoxy-7-[2-(3- _ U
ni troeaeyy i dyl di . hi o) et hoxy] m tosane of Formula XVII in a thiol exchange
process widh an appropriate organic thiol of the formula [err] as shown in
reaction Schene 2. The driving force behind the formation of the disulfides
of ForHBGR.CH.is the stability of the by-product, nanely
3-nitro-2-frercapt opyridine, which solely exists as the thione XVIII.
-22- Schene 2 [ERR] Alternatively, if it is-desired to prepare mtosanes of
For nulgsCH.,0H,CHL, wherein [err] is other than ethylene, such as
trimet hyI.'e‘Fle Br ropyl ene-, then the appropriate triazene of

HSCH(CH3)2

HS (CH,) 5CH,

3

HS-FH-CHZCH3”
CH,
HSCH,CH(CH,), . . o L 4
THs o . - - -
HS-C-CH . | NS -

L,

<

HS

“O

—



-23- Formula V or VI is utilized in the procedure depicted in Schene 1 to
produce di sul /e, nitosanes having the ForR6ta |b [ERR] wherein [err] and
[err] are ag/ defi\ded above. There are two general synthetic procedures
deser’i bedS dr the preparation of lipophilic as well as hydrophylic
m t osanes of\the Fornmula la. GCeneral procedure A is enployed for preparing
ei ther |ipophi or noderately soluble disulfides of Fornula |a, whereas
general procedure B is enployed for water- soluble di sul fides of Fornula |la
whi ch are preferab solated as sodiumsalts or as zwitterionic forns.
Preferabl§ at least oye equivalent of the mercaptan [err] per equi val ent
of m t osHRE ¥ 2 Normul a/XVI | is enployed, and the reaction nmay be carried
out in the preseNce of about one equival ent of base per equival ent of
mercaptan R SH. Preferred bases are the tertiary amnes, e.g..

HS-CH .~CH=CH

2 2

HS-CH —CH=C(CH3)

2 2

HS-CHZ-CECH

HS-CH)=CSC-CHy . S

1 | l )
HS (CH,) OR n = 2-4; R = &, CCH,, CH

ol |
HS (CH,) ,CXR n=1-3; X = 0, Ni, NR'; 8/31'= 3. CH,

HS(CHz)nNHRl n = 2-4; R} = cn3, CH,CH,, CH,CH,CH, &cn

2 3

12 n = 2-4; RY/R? = CH,, CH,CH,

HS (CH,) | NR 2CH3

HS—CHZCHZSCH3

HS-CH,CH

2 ZNHC(CH

3)3

HS-CH -ing'NHnl R E
Hy

HS-CHZCHZNH



triethylam ne, N nethyl norpholine, N-nethylpiperidine, pyridine,
2,6-lLutidine and the inorgani c bases, e.g. sodi um bi carbonate, potassium
carbonat e, potassium bi carbonate and th&7+4ke. Suit- able inert solvents W,
for.the reaction of starting materials of Fornmula XVII and R2SH are the

| oner al kanol's, | oweCEy kanoic | ower al kyl esters, |lower aliphatic ketones,
t he rcy leaabhph c gthers, thepl awgy_gol yhal ogenated aliphatic

hydr ocar bon2 —ard Wqt erl. The organic solvents contain up to 8 carbon atons,
but those boiling aHQﬁgkﬁratures of less than [err] are preferred
Specific preferred solvents are nethyl ene chloride, nethanol, acetone,
water and m xtgres thereof. The reaction may be carried out at the refl ux

t enper at UPB,BR ®ne reaction mixture cr up to -24- about 60C. It is

pref ergg.dcﬁocgawp}gilt t he react hén,,atcgopnﬁegpgr,atnre or below, for
instance W thi ® the range of 0 to [err].3The foregoiné reaction conditions
and precautions are 1 '

HS- CH ,~CH-CH NHRY r! = cH,
| 1 2
NHR

HS-CH

2-?B-NH

Co,H

s * peptides

2

HS-CHZ-C‘.'H-CHZ-NH2 + peptides’

COZH _ | ”
HS-CHZ-CH-Cﬂz—Cozﬁ + peptides
5

‘CH,CO,H

.H54CH2CHZ?H + peptides

NH,

NH2'

|
?HCOCHZCHZCHCOZH.

HS-CH,CE 2 , - \od

2|
CONHCHZCOZH

il
HS-CH=CH—NHCCH3

HS~-CH,,-CH-CH,OH

2 |
OH

2

TH3
CH-CHZOH

HS-CH2



-general ly applicable to the preparation of other disulfide mtosanes of
Formulas la and I b according to the genejgl proce- dure depicted in Schene

2. The following is an enuneratigalof represgntative 3 4 thiols
of \the Eormul _%’f\l or R SH Gh ¢my; brcenygr mﬁ,v‘i a reaction with
t he Buﬁgedﬁéﬁh Z#Rﬁﬁ?fenylthiocarbon e XVI to produce internedi ates
Formul as Xl 1 IO XI'V, which in turn are converted to products of the

present invention as described. In the case of the preferred enbodi nent,

t he representatlve thiols may be enployed in a reaction with mtosanes of
For mul #S~£EyCHY-NoCBroduce products of the present invention. However, the
only Ilnltatlons che met hodol ogy of the present invention is the use of
thiols containing te Ami nal primary al kyl am nes which may lead to a m xture

of products and the use of heteroaromatic thiols which may not react with
conpounds of the For a or Ib.

CH,NH

wl

HS-CH

HS-CH,CH
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+ -32- [ERR] Useful ness of -conpounds of Fornula | ’ in

anti neopl asti c therapeutic nethods -31- is denonstrated by
the results AN ViVvo screening procedures wherein the conpounds are
adm et @f in ﬂ-yi ng dosage ﬁlmgngz g Mce in which a P-388 |eukenic v/
B16 el anodr ndition i s induced. Conpothds according to the present
invention are believed to possess anti-bacterial activity against

‘gram positive and negative microorganisnms in a manner sinilar to that
observed for_the V(g‘tLﬁ%lly occurring mtomycins and are thus potentially
usef BS4H 41 ap xtic Agent s i nXt Felri M bty aP i nfections in humans and
ani mal s. - 33- /ity Against P-388. Murine Leukem a

1 =
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Table I contains the-results of |aboratory tests with [err] mce inplanted
intraperitoneally with,a tunor inoculumof 106 ascites cells of P-388
muring | eukemia and treated with various=3@ses of either a test conpound of
Formila.l or II,-0 \Mfr1rntonyC|n .. The conpounds were admi nistered by

i ntraperid i nj 87 on. Goups Bf siH, were used for each dosage
anount and thew wereftreated with a single ddse of the conpound on the day
after inocul ati 8 group of ten saline treated control mce was included
in each series of. xperinents The mitonycin C treated groups were included
as a positive control. A 30 day protocol was enployed with the nean

survi val E%gang,daxg/bekpg determ ned for each group of mice and the
nunber &S-Surors at thavegwl, pf the 30 day’ period being noted. The nice
were wei'ghed before treatnent an®l again on day six. The change in wei ght-
was taken as a neasure of drug toxicity. Mce weighing 20 grans each were
enpl oyed and a Ioss in |ght of up to -apprOX|nater 2 grans was not
consi derl@J/é?'se( Keeei s were determned in terns of % T/ C which

is the ratio of the nean surulvé time of the treated group to the nean
survi val _

- L
HS/\/ \/\OH

o
\ N
O aTTINS

Usefulness of compounds of Formnla I ' in
antlneoplastrc therapeut;c methods ' ' is
~ demonstrated by the results of in gigg-screening'procedures
wherein the compounds are administered in vhrying dosage amounts
to mice in whlch a p-388 leukemzc or Bl6 melanomic condition is
© induced. ' '
o
' Compounds according to the present invention are
believed to possess anti-bacterial activity against gram-positive
and gram-negative m;croorgan;sms in a manner similar to that
observed for the naturally occurrlng m;tomyc1us and are thus
potentially useful as therapeutlc agents in treating bacterial
infections in humans and animals.



time of the saline treated control group tines 100. The saline treated
control animals usually died within nine days. The "nmaxi'mumeffect” in the
following Table is expressed as % T/C ant®The dose giving that effect is
given. The val ues i ya ues obtai ned with nltonyC|n\€?

as the positive cont e A8 A &k r e of the
relative activity of the present substances to n1tonyC|n C can be

o estimted. A m r S c nsi dered to be 125.
The mi ni num ef f e?:d[ Ve ?rf)segir“éhg' J’rﬁs% {%é“i-g?l B tOT¥ testsgwith
g|vLwﬁ&iﬁ@mleeoﬂmaiﬁmmiﬁaiatyanailtdﬁeall@ wafhea gﬁﬂ?rlinaeﬁmumnafﬁ?ce

in Y i g ctive e av e ig

change oy Snodtet SHHLE E0E- 0% MR HE 1ERHERIR" Bn 1 ed YRt uREbhr oot ve

dose. variQgus fpm@s of either a test compound of Formula I or II, or
with mitomycin C. The compounds were administered by

intraperitoneal injection. Groups of six mice were used for each
dosage amount and they were treated with a'single dose of the.
compound on the day after inoculation. A'group of ten saline
treated control mice was included in each series of experiments.
The mitomyéin C treated groups were included as a positive
control. A 30 day protocol was employed with the mean survival .
time in days being determined for each group of mice and the \J-
number of survivors at the end of the 30 day period being noted.
The mice were weighed before treatment and again on day six. Thr ™
change in weight was taken as a measure of drug tox1c1ty. Mlce':"h
weighing 20 grams each were employed and a loss in welght of up
to -approximately 2 grams was not considered excessive. The
results were determined in terms of % T/C which is the ratio of
the mean survival time of the treated group to the mean survival
time of the saline treated control group times 100 The sallne
-treated control anlmals usually died within nine days. The
maxzmum effect” in the follow;ng Table is expressed as % T/C and
the dose giving that effect is given. The values in parenthe51s.
are the values obtained with mitomycin C as the positive.eentrol i;
in the same experiment. Thus a measure of the relative activity
~of the present substances to mitomycin C can be estimated. A
minimum effect in terms of § T/C was cons;dered to be 125. The
minimum effective dose reported 1n the followzng Table is that
dose giving a & T/C of approxzmately 125. The two values glven
in each instance in the "average welght change column are
respectively the average weight change per mouse at the maximum
effective dose and at the minimum effective dose.



[ERR] H. [ ERR] -37- Activity Against B16 Mel anoma Table Il contains
results of antitunor tests using the B 4mel anonma grown in mce. [err]

were enpl oyed and i nocul at ed subcut aneousl y with the tunor inplant. A
60 d‘éy protocol was used. Groups of ten mce were used for each dosage

anount -tested, and the nean “éqyrvi val tipge for egch group was de..t,erm ned.
Control ani mal s inocul at edgl rg‘t he gan'e gay as tge o o
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test.animals and treated with the injection vehicle and no drug exhibited a
mean survival tinme of 24 days. The su88tval tine relative to that of the
controls (% T/C) was used as a neasure of effectiveness, and the nmaxi nal
~effective dose and mninmal effective.dose for each test conpound was o/
det er.m.nedr.vw he m ni mal effectl ve dose was defined as that dose exhibiting
a % T/ C wal of 125. “For each: dosage‘TeveI fhe test "aninals were treated
"with thegeg compoun® on dayg'1l, 5 arg 9 by the mtrg/enous route. TABLE

Il B16 Ngx ma Conpound of - Maxi mum Effect _ M ni mum
Aver age anple No. o % TAE se o Effectigve [err] W. [err]
28 < Sle7[err] .6[errls o <0.4 -0 9; +1.4 >214(145)
2.4(3) = <1.6 ! -R.4; -149 20 1 1%¥0(112) 3. 2(3)
3.2 ° +0.5; +0.5 26 ~ 152(145) 1.6(3) : <1.
-0.6; - oi 1. ng/kg of body weight 2. average grams per day for each
maxi mal &bhd mni mal effective
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dose 3. .values in parentheses are for mtomcin Ctested in the sane run
-38- In view of the antitumor activity observed in experinental animal
tunmprs, we contenpl ate the use of the sub8tances of the present invention
for Tnhibiting mamual i an tunors. For this purpose, they are adm nistered
systemati calewyyto a manmal bearing a tunor in substantially nontoxic
antitunor gffgctive dos& The cofpounds of the present invention are

i'nt ended pgi ily for gse by injlection in nuch the sane way and for sone
of the samg pay poses as mtonycinp C. Sonmewhat |arger or snaller doses may
be enpl oye§ d®pendi ng ugdn the pgrticul ar tunor sensitivity. They are
readily distrjbuted as ¢fy pharmgceutical conpositions containing-diluents,

buffers, stal®lizers,
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-solabilizers and ingredients contributing to pharmaceutical el egance. These
conpositions are then constituted with ag7-njectable |iquid medium
ext enpor aneously just prior to use. Suitable injectable |iquids include

" water, isotonic saline and&dﬂwiﬁke}\g&i&g@ &1 65 1aont@e " Exanpl es
Sectlon" whi ch now foll ows incorporates both materia ich directly

illusttates the invention and material which is of interest in connection

with it. In the fBabdei 3§ monﬁnumesresdlesammeantztﬁmmenpesaeuugi eche

gi ven Bﬁsd%ffﬁoﬁ”gkaﬁd%? W' LBBE PRV o il eerggg8 gr Bt ot on

nucl ear nmagneti c resdnance eclra”were rec i an*
XL100, lﬁ&ﬂul3$%@CﬁﬁbcsﬁémaoumlB6@1§geGhEOmummr|xmpﬂamet p&rﬁ@Hﬁ&ﬂEHr]

SLrFSfE‘éﬁs&o‘ﬂ’;hﬁﬁ*Sﬁs 8P ey ot E5h] milch WL irdd 0GP RGN dorase

with [amounss testedy #9# @mmatassummmlem.a rédereack. gréapnivas |

P11 SR mmA s CankaoY WlARLENERUTEAR SNAY (gl UL G cne

: te animals and treated with the injection vehlcle and no drug
exhibited a mean survival time of 24 days. The survival time
relative to that of the controls (% T/C) was used as a measure of
effectiveness, and the maximal effective dose and minimal
effective dose for each test compound was determined. The
minimal effective dose was defined as that dose exhibiting a ;; :
$ T/C . value of 125. For each dosage level, the test animals were
treated with the test compound on days 1, 5 and 9 by the -

intravenous route. ) o/

TABLE II
Bl6 Melanoma

Compound of Maximum Effect Minimum 'AVerege

Example No. £ T/C Dose1 Effective Dosel Wt. Change2
| 3 . 3 ' |
28 167(112) > 1.6(3) . <0.4 -0.9; +1.4
>214(145)  2.4(3) <1.6 -2.4; =1.9 -
20 1110(112)  3.2(3) 3.2 +0.5; +0.5
26 152(145)  1.6(3) <1.6 -0.6; =0.6

1. mg/kg of body weight
2. average grams per day for each maxlmal and mznlmal effectlve
dose _
3. values in parentheses are for mitomycin C tested in the same
run



d, doublet; t, triplet; q, quartet; m nultiplet; bs, broad signal; dd,
doubl et of doublet; dt, doublet of triplete38+nfrared spectra were _
determ ned either on a Beckman Model 4240 spectrometer or a N colet 5DX
FT- spectronet er émjwﬁewreﬁotheddntrtum¢moaatlvemyluhsnzweeﬂinaviolet

o i 11 PEERSE B IS0 COLR brcCaD Taq e o0 et Aben i ARt T«

Regi st er a3 baincrsr k£ t‘lagpreleteectt onv ertion | fger okt iong azph.y_ éIt@)'

was carri ongQ..2 SI| &a,__
chromat ogra cﬁ;é wasFrgtfnimﬁrﬁuLﬁ H%%’ng%? gc;g%,ﬁ&%%e,(%%i ? a0 --cal Y
Wel m si %@ a2 gepmpad beasing an&ummr iindisshetagbiaddys norﬁmxa‘:'apotat‘mns
of sol verd szyes e, pegbygted under reduced pressure and bel ow [err]. The
1-a|ky|-3-ar§€fr}azenes make up a cl ass of reagents whi ch are known to be

useful for reacting with carboxylic acids
The compounds of the present an tion are intended

prlmarlly for use by lnjectlon in much the same way and for some
of the same purposes as mitomycin C. Somewhat larger or smal’e*
dcses may be employed dependzng upon the particular tumor
sensitivity. They are read;ly distributed as dry pharmaceutical
compositions containing diluente, buffers, stabilizers,
solubilizers and ingredients contributing to pharmaceutical
elegance. These compositions are then constituted with an
injectable liquid medium extemporaneously just prior to use.
— Suitable injectable liguids include water, isotonic saline and
the like. _
Examgles Section The "Examples Section" which now follows incorpérates
both material which directly illustrates the invention and material which is of
nnenﬁw:uloarnctuxlwdﬁllt. _
* In the following procedures and examples, all

temperatures are given in degrees Centigrade, and meltlna ‘peints
are uncorrected. Proton nuclear magnetzc resonance | g NMR) .
spectra were recorded on a Varian XL100, Joel FX-90Q or Bruker

WM 360 spectrometer in either pyridine-g_s or DZO as indicated.
When pyridinefgs is used as the solvent, the pyridine resonance
at §=8.57 is used as an internal reference, whereas with D, o as
solvent TSP is used as the internal reference. Chemical Shlaus
are reported in § units and coupling constants in Hertz.
Splitting patterns are designated as follows: s, singlet;

d, doublet; t, triplet; g, quartet; m, multiplet; bs, brcad
signal; dd, doublet of doublet; dt, doublet of triplet. Infrared
spectra were determined either on a Beckmaﬂchdel 4240
spectrometer or a Nicolet 5DX FT-IR spectrometer and are reported
in reciprocal centimeters. Ultraviolet (UV) é;e tra were
determined either cn a Cary Model 290 spectrcmeter cr a Eewlitt
Packard 8450A spectrometer equipped with a multidiode array

* Registered Trade Mark




to formthe corresponding | ower alkyl -esters. 1-Methyl-3-
(4- et hyl phenyl )triazene may be prepared_as follows: Procedure 1 E. H.
White et al., Og. . Syn., 48 102- 195 (Ig%%7 1-Met hyl - 3-p-tolyltriazene.

| uid dded t 2--1 f1ask d with

[28{)%;%%@'9%3 IS ?ﬁﬁe‘l‘ %ﬁﬁe cg%ﬂ“gﬁ*lecfiqg X e?'régx‘é&na’aﬁwé:aafs‘f%g Ig‘egnﬂgrsed
in an 4cesmml Analitech sﬁl;e&OgeLAGRﬂpnaﬁesog B&a&ﬁgdﬁhdﬂhﬁﬁéfﬁpni was g

t It t t
POttt Bt HodhmS hellioH, S1BIRECbBG B A BhF Pyos DAL pasdes
aci d lqehdded-wsuﬂké1nd0thedmndnnaﬁedssolvengs.Thalﬂobmzpdratdbnstef

| ut I 1- I
cout 1 §BLiaben ek d BEPethlac ORIl UL ER! BRoRUIL) s’ BEHGS RBRC. °
m xture is stirred for an additional hour to ensure the reaction of all the
t ol ui di Th I ' I S,
pa gl 8I 962 at eosﬁlﬁllf-?gygB%gengﬁfye %ﬁ%goﬁgkggggﬁd ?a%%na&foygggehgs
wher ewwbichhe reolknowm tecbeeusednl o angectmngomrunm:zbqamlicaaomds of

red mMaLgT Eglns ¥itd eéof’féspo;ﬁ?.nﬁo ower alkyl esters. 1-Methyl=-3~
(4-methylphenyl)tr1azene may be prepared as follows-"

Procedure 1 E. H. White et al., Org. s@., 48, 102-195 (1968).

"1-Methy1-3-p-tolyltr1azene. ”ngoluidiné:ISO 2 g, 0.47
mole) is added to a 2-1 flask equlpped with a 200-ml. ‘dropping
funnel and an efflczent stirrer, apd the ‘flask is immersed in an™"
jce-salt bath at ca. -10°. A solution of 46.8 g (0.55 mole) of -
pota551um nitrite in 150 ml of water is placed in the dropplng
funnel, and a mixture of 250 g of crushed ice and 140 ml of
concentrated hydrochlorlc acid is added to the p-toluidine w1th
-stirring. The potass;um nitrite solution is slowly added with
continued stirring during 1-2 hours until a positive starch-

potassium iodide test is obtained (Note 1), and the mixture is
stirred for an addltlonal hour: to ensure the reactlon of all the
toluidine. o

The solution of p—tolﬁenediazonidmfchlor{de is then
brought to pH 6.8-7.2 at 0° with cold, concentrated, agueous
 -sodium carbonate, whereupon the solution becomes red to orange in
color and a small amount of red material settles cut. The cold,
neutral solution is transferred to a dropping funnel and added
slowly to a vigorously stirred mixture of 150 g of sodium .
carbonate, 300 ml of'30—35%'aquecus-methylamine'(Note 2), and.
100 g of crushed ice in a 3-1 flask. The reaction mixture is
' kept at ca. -10° during the addition, which requires about 45
minutes (Note 3). The solution is extracted with three 1-1
portions of ether. The ethereal extracts are dried with
anhydrous sodium sulfate and evaporated on a rotary evaporator at



neutral, sol ution is'transferred to a dropping funnel and added slowy to a

vi gorously stirred m xture of 150 g of sqQdjgun carbonate, 300 ml of 30-35%
L%e?us nmet hyl am ne (Note 2), and 100 g of crushed ice in a 3-1 flask. The
ea

i ONr gt Lem Me cgiveeks NAOLY
about 45 m nut ezpb& Ef'n‘es e é. s%l Etsl ggld{fsr%(‘%ﬁc?gqé%mh?m 3%%1 :[§§ene
portions{¥ptetAde. T e’c?ne? aredyifa @& yaher woetedi Fﬁbéﬁ-ﬁ‘%ﬂoﬁéo‘@?ﬂm
sul fate WﬂaﬁéﬁﬁO&%t ectm:ﬁedomrsoeva(gorxﬁ 97 343, 3 4@0 Q@Omdl%meéﬁi}”@f a
to give 65 g of cru&& b ﬁgtolyltrlazene é@? Thi s |s Iaced :
in a wat¥Fli8BreF-YFHA ﬁ‘d Limatea foRe |4/ rm'éﬁ fbtpdned ((Noke)5) .
43.3 ¢ ,(ff)hé%ubtt&ma&@/@cai beyeébeysmmﬁdlmmmbéxanbetomga e/ &R0, is
obtained_(Note 5) . ?Hég ﬁ$can be rgﬁféf it %ged from hexane tolgive
the tria ﬁ%zﬁgev\ﬁs[é" edl’é%"" 12 ton¥RRFefORY enien
d|ssolvedtlbstﬂésmotvadnrmmmme mindeM'ambuhﬁfmfsetmerpnand the solutlon'
is diluted with 2 volumes of hexane and cooled to 0° to give flat
plates with a sl;ghtly yellow cast, m.p. 79-81° The yield of

pure triazene is 33-37 g (47-53%) (Note 6).

NOTES |
1. The ind‘ividual tests with starch-potassium iodide
- paper should be made 1-2 m:.nutes after the addltlon of potass:.um

n1tr1te has been stopped.
-/ o 2. 40%.aqueous methylamine may_be'substituted.

3. The reaction is over when a drop of solution no
longer gives a red color with a solution of B-naphthol in agueous
sodium carbonate.

4. The chief impurity is 1, 5-d1-p-tolyl-3-methyl-

1, 4,-pentazad1ene (m.p. 148°) ~ This can be removed by fractional
crystalllzatlon, but it is easier to sublime the triazene from
Lo the reaction mixture.
St |

5. The sub]_.imate contains_ a trace of ]_._,3—di—p-toiyl-
triazene, as shown by thin-layer chromatography. - Recrystal-
lization yields the pure _]_.-methjrl-.‘_i-p—tolyltriazene.

6. This prooedute works well only' with watex;#sol_l.uble
amines. Procedure 2 given below is more suitable for the
preparation of triazenes of water-insoluble amines.



Is diluted with 2 volunes of hexane and cooled to [err] to give flat plates.

‘with a slightly yellow cast; mp. 79-[err]. The yield of pure triazene is
33-37 g (47-53% (Note 6). NOTES 1. Thedilrdi vidual tests with '
starch-.potassi um i odi de paper. should be nmade 1-2 mnutes after the addltldH’ )

of pot Rgsicedurer2t eEhadl.bdhite opbedl .2. Tet¥sheiencn n;atltzelr@nm nay, be
substituted. 8. The ?eagglowlg%fwer when a drop of solution no‘longer '
gives a red color w sol utTon. of [err]-naphthol .in aqueous sodium .
carbonate, 4. The chief |npur|ty i's 1 5-di-p-tolyl-3-nethyl -
1, 4, - pent azadi eney{A-But v, y fga

él'lgzen‘é % E&gﬁglrégctlon

crystalllzatlon
mi xt ur B=chl orﬂhﬁgﬁﬁﬂﬁﬁ&FGQﬂiﬂWuhﬁxéfiﬂég@gﬂbsphatb $recryks tailrliized efr om

shown atetcfade-lzaya& £619M52Q Q#% ReC iy ! mg?.] yre
1- net hy p to g/ I?I azgggt 48 |]s'°p?oce§3'?es)v\oii ?Fﬁgikgﬁ pde
wat er - & mlne-free) was added slowly to a stlrred maxture of

n-butylamane (0.73 g, 10.0 mmoles), powdered sodium carbonate

(15 g), and dlmethylformamlde (30 ml) stzrred and mazntalned at
-5° The diazonium salt solution may ‘be used at room
temperature; however, a purer product is usually obtained lf the
_d1azon1um salt solutzon is prepared in and delivered from a

. cooled separatory funnel maintained at ca. -50°. The mixture was-

warmed to 0° and stlrred until a negatlve test was obtained w1th~“’
2—naphthol (only a few minutes are usually required). Ether was
added, the mixture was filtered, and the filtrate was washed LJ
thoroughly with water, then. drled (The triazene may be isolated -
at this po;nt and recrystall;zed from pentane at low

temperatures. ' -

Procedure 3

7-Hydroxy-9a-methoxym1tosane.' Mltomycln C (2.2 g,

6 6 mmoles) was dlssolved in 140 ml O. lN methanollc NaOH (50%)
and the reaction mixture was ‘stirred at room temperature for 30
hours. The solution was then adjusted to ca. pPH 4.0 wlth 1N HC1 \d
~and extracted wzth ethyl acetate (4 x 500 ml). The combined
~ethyl acetate extracts were drled (Na2804) and evaporated under
reduced pressure at about 30 to 35°C to obtazn a SOlld res;due,
which upon dlssolv1ng in ether and treatlng w1th excess hexane
afforded a purple preczpltate. The precxpltate was collected and
air dried to afford the t1tle compound as a fine. purple powder
(1.4 g, 63%).

s mw (pyridine-d., 8): 2.05(s, 3H), 2.14(bs, 1H),

2.74 (bs, 1H), 3. 13(d, 1H), 3.24(s, 3H), 3. 56(d, 1H),
4.00(4a4d, IH), 4.37(d, 1H), 5. 05(t, IH), 5.40 (dd, 1H),
5.90(bs, ZH). ’



amnes. Procedure 2 given belowis nore suitable for the preparation of
triazenes of water-insoluble am nes. -442-Procedure 2 E. H Wite et

al ., Tetrahederon Letters No. 21, p. 761 (1961).

14n>But yPraceduderpphenyl triazene. A sol ution of

[err]- chlorobenzenediazoniun1hexaf|uorophosphate (recrystallized from
acetone-net hanol) (2.87.g, 10.1 mmol es) in di net hylformam de.
(dlnethylan1ne freeMLMamyeddeawshlinocm@.$0LBOemmubdnuqnaﬁtﬁtpubylan1ne

i et nyl 7oPYan TR fElne PRURERES SR MER POBTRE (1" @ miffel, quanriivsst
sol ut i onBWtMlﬁbtgatoly&nruamatVtasa dihsseleed dmplr enl pne)ﬂhlglene

ol Tver o§sIHe dnd (PoChZATURT duBEL L[ ARel SCARSAUET 4 £ 8 Y5epe1y

m xture waflusximgl for 06ahdugssi wasd smtnteda a'egapo,me ttea@temmt foneli8with
hours. TLC [methylene chloride:methanol (90:10)] revealed the
appearance of a deep purple spot at R£=p.36 with a trace amount
of impurity at Rf=0 .41. The reaction mixture was concentrated to
dryness and chromatographed on Woelm neutral alumina employing
methylene chloride and methylene chloride: methanol (30:1) as
eluting solvents._ Fractions containing the component at Rf—o .36
were pooled and concentrated to dryness. Precipitation of the dry
residue from methylene chloride and hexane afforded the title
compound as a fine amorphous purple powder (25 mg, 24%), mp 161°.

Anal. Calc'd for chHISNBOG C, 54.96; H, 5.44; N, 12.02

Found: C, 53.96; H, 5.37; N, 11.99
IR(KBr) ,Vmax, am~1: 3400, 3300, 2950, 1700, 1630, 1575, 1200,
1060.

g NMR (pyridine-d., §): 1.82(s, 3H), 2.74(dd, 1¥), 3.12(d, 1H),
3.24(s, 3H), 3.54(ad, 1H), 3.96(dd, 1H), 4.02(s, 3H), 4.22(d,
1H), 4.84(bs, 2H), 5.02(t, 1H), 5.38(dd, 1H).

The yield in procedure 4 is raised to 63% by employing
methylene chloride as reaction solvent and room temperature for a

24 hour period.

Procedure 5

_ In a 250 ml one neck round bottom flask was placed
solid Naz
Procedure 1) and ice, and the suspension was stirred at -5°C
(ice-salt bath). To this suspension was added dropwise, a cold
suspension of p-chlorobenzenediazonium hexafluorophosphate

C03, 35% aqueous solution of amine (amount as in



. 2-naphthol (only a few mnutes are usually required). Ether was added, the
m xture was filtered, and the filtrate was washed thoroughly with water,
then dried. (The triazene may be isol at®r- af this poi nt and

recr e om pe t low tenperatures. Procedure 3, ... o
P b as el CRERAL 085" s it A€ot o BagCOy daRINCgn waBout
dlt ssolﬁ;%) n 1M:dr @gﬁ magauwnoaﬁ\h%xﬁ %@eﬁni&hbh&éﬁ@i?xﬁﬁnﬂkgﬁi‘é?w
stirre £og r or our, e _sol utiqn was. then adjuste
to ca & g 5& ﬁ‘%\l &i}ﬂ Si'?’reé'c:‘t ecﬁ'\'ﬁt?‘l ombi pe Vi‘elay ¥ e%hepoestract
Thg c oves nbalckwhghest ot otte eatltea:qt drissd wa$90éwaaﬁﬁ4)coﬁﬂlsbxg&’ﬁ@@ég; edphe
under r r £ i.n.a.solid residue,
whlch#ﬁ%#ﬁggggoﬁﬁﬁagiég%fﬁag "%%1ﬁ%é&#%é? ¥Yh® 8 tagraPhkd a
{oﬁr pIt oyercWoe dnt aluﬁrlzeI peaetngi heixal nmm(%bjﬁedchg_%rmaﬁl\lﬁg 4(311) tagaf f o(r]I d
e ti u er : ridine-d
zé%‘&fﬂgp%?“f?’ *“@%? %C?’f%ﬁ% 3.95d, 1h. 32403, 3,
3 56( d, 1H), - : -
Examples 1-10

The tr:.azenes 1-7 of 'I'able III whlch follows were
prepared accord:.ng to general Procedire 1 descrlbea above where:.n
the tr:l.azene of’ Example 1l is exempl:.f:.ed The tr:.azenes were
pur:.fled by column chromatography on Woelm alum:.na. ' v

The 't:riazén'e:s '8-10 of Table III were prepared ‘accordine
to general Procedure 5 described above. e



4.00(dd, 1H), 4.37(d, 1H), 5.05(t, 1H), 5.40(dd, 1H), 5.90(bs, 2H). -42-
Procedure 4 Mtanycin AL A 100 ng (Oh3qdyﬁﬂe)'quantity of

7- hydr oxy9a- nmet hoxym t osane and 100 ng (0.67 mmol e) quantity of

3-met:hyl -1-[err]-toly) triazene was di-ssolved in 2 nl nethyl ene chloride and
10 m diethyl ether. Thejsolution, after gently refluxing for 6ghours was
stirred at roomtenperatufe for 18 hours. TLC [ net hyl ene chl ori dg: net hanol
(90:10)] reveal ed the appparance of a deep purple spot a
trace anmount of inpurity at Rf=0.41.  The reaction m xtu / g
to dryness and chromat ogr pphed on Woel m neut raP~al exptoyi ng, net hyl ene
chl ori de -and net hyl ene chj ori de: net hanol (3011) gs i ng=Ysol vefit s.
Fractions contai ni ng thegofonponent aE‘Rf%p.SG re | ed %pd coﬁgentrated

. . v N ~ -
to dryness. Precipitatiofi of the diy’» g g = g g .
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resi-due from nmet hyl ene ¢hloride and hexane afforded the title conpound as a

fine anorphous purple powder (25 ng, 249
C, 54.96; H, 5.44; N, 12.02 Found:

|R(KBr),[err]:
(pyridine-[er
3.54(dd, 1H)S
1H), 5.38(dd,
met hyl ene chl-
period. Proce
solid [err],
ice, and the
suspensi on
p- chl or obenz

Bn

Tridz

Diazonium Salt

Amine

5P 161. Anal. Calc'd for [err]:

C, 53796; H 5.37; N, 11.99 .
3400, 3300, 2950, 1700, 1630, 1575, 1200, 1060. [err] NViRe’

1): 1.82(s, 3H), 2.74(dd, iH), 3.12(d, 1H), 3.24(s, 3H),

3.96(dd, 1H), 4.02(s, 3H), 4.22(d, 1H), 4.84(bs, 2H), 5.02(t,

1H). The yield in proceduref4 is raised to 63% by enpl oyi ng

bri de as reaction solvent and roomtenperature for a 24 hour

jure 5 In a 250 m one neck rfound bottom flask was pl aced

B5% aquequs sol ution of am ng¢ (anount as in Procedure 1) and

suspensigon WS stirrgd 3t [efr] (ice-salt bath). To this
5 added“dr oW s®, a C suspensi on of

TABLE III (continued)
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= 43- (Aldrich_ChenibaI Co.) inice, water, [err] (solution about H 7).
After the addition was conplete, the reacigan mxture was extracted wth
di ethyl ether. The conbined diethyl ether extract was backwashed with

Mafg%Q dried (Na2SO4) and concentratgfamplee el | ow sh solid residue was
purified by colum chromatography oVET'Vé%ﬂ?ﬁTﬂ uni na usi'ng hexane- net hyl ene
chloride (1:1) as eluting solvent ([err] NWR recorded). Exanples 1-10 The

triazemiiﬂZJ(DiNIabbGZHéxﬂMﬁgiﬂiﬂhiewetggggﬂaiﬂnﬁmﬁhggtghdhgg)ko gener al
Procedur€ ,T descri bed above erern e triazene o ample 1 1s
exerrpli'r z e triazenes were purified by colum chromat ography on Wel m
alum na. The triazenes 8-10 of Table Ill. were prepared according to general
Procedure > descr|ggd %lon of 4-methylphenyldiazonium chloride is
prepared as described in Procedure 1 from p-toluidine and
adjusted to pH 6.8-7.2 at 0°C as described in that procedure. A
solution containing 21.15 mmoles of the diazonium salt in 45 ml
of solution. was prepared in this fashion and placed in a dropping
funnel connected to a 250 ml 3 neck, round bottom flask contain-
ing 5.34 g (20.0 mmoles) of 2-(3-n1tro-2-pyrzdyldlthzo)
ethylamine, 7 g of sodium carbonate, and 150 ml of dioxane which
had been added to the flask in that sequence. 'Saturated aqueous
sodium carbonate solution, 6 ml, and 10 g of ice were added to
the flask. The flask was chilled in an ice bath and the contents
) stirred mechanically. The diazonium salt solution was then added
' dropwise during a one hour period from the dropping funnel. When
addition had been completed the reaction mixture was allowed to
warm to room temperature and was then extracted with three 400 ml
portions of ether. Drying and evaporation of the extracts
yielded the desired product which was purified by chromatography
using an alumina packed column, one inch in diameter and ten
inches long, using hexane:methylene chloride (4:1}; '
hexane:methylene chloride (3:2); hexane:methylene chloride (1:4);
N and finally methylene chloride containing 1% methanol for
development and elution of the column. The appropriate fractions
(identified by TLC) were combined and evaporated to yield 2.5 g
of the title compound.

Examples 12-19

General procedure for preparing 7-alkoxy-9a-methoxymitosanes
(12-19)

A solution of triazene (2.4 equivalents) in

CHZClzzmethanol (4:1) was added to a solution of 7-hydroxy-9%a-



. - 44~ [ERR] -45- [ERR] -46- Exanple 11
1-[2-(3-Nitro-2-pyridyldithio)ethyl]-3-Lgy0ethyl phenyl)- triazene A
solution of 4-nethy|phenyldia;oniun1chlpr|de is prepared as described in N
Pr ocedh@ﬁhéx&in@!ﬂdﬁﬂé-gpi‘épdkéa 3t pebosaedet 8) PHS G X %eLﬁ%fx{:%as -~
descri bed. in t@t procedure. A solution contai ni_ng 21. 1% nles 0 e
diazOn?§ﬁ4!alt ﬁﬁlﬁ$§ﬁtlop mixture was stirred at room temperature and
the progress of the reaction was monitored by thin layer -
chromatography (TLC) (10% MeOH in CH2C12). The 7-alkoxy-9a-
methoxymitosane product appears as a dark purple spot on the TLC.
The reaction mixture is chromatographed on Woelm alumina when the
reaction is judged to be complete on the basis of the TLC, and
the 7-alkoxy-9a-methoxymitosane is obtained as an amorphous
solid. The products produced are identified as Example Nos.
12-19 in Table IV..



of solution was prepared in this fashion and placed in a dropping funnel
connected to a 250 m 3 neck, round bottomflask contain- ing 5.34 g (20.0
mol es) of 2-(3-nitro-2- pyrldyldlthlo) efﬁ?Fanlne 7 g of sodium carbonate,
an150 m of di oxane which had been added to the flask in that sequence.
Sat ur at ed aqueous sodi um carbonate solution, 6 m, and 10 g of ice were
added to the ftask. The flask was chilled in an ice bath and the contents
stirred nmechanically. The diazoni.um;salt solution was then added dropw se

during a one hour period fromtlhe drdqppishd@ funnel . Wien addition had been
conpl eted the reaction m xture |was allowédato warmto roon1tenperature and
was then extracted with three 400 i portlons of ether. Drying and
evaporation of the extracts yieﬁged tlhe ®lesi red product which was purified
by chromat ography using an al unmi®a pgckesl ol um, one inch in dianeter and
ten inches long, using hexane: e hyl gne THloride (4:1); hexane: net hyl ene
chloride (3:2); hexane: nethyl ere? chl qr 'd" "I'l 4); and finally methylene
chl oride containing 1% net hanol| 4 or devet eprrent and ‘el ution of the col um.
The appropriate fractions (idert#fieg by;1iﬁ3 ‘were conbi ned and evaporated
toyield 2.5 g g “
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[ ERR] Exanpl e 20

in Table |V -48- [ERR] -4 9- [ERR|

12-19
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.. 9a- Met hoxy-7-[2-(3-nitro-2-pyridyldithio)ethoxy] mtosane (20)
7- Hydr oxy- 9a- net hoxym tosane, 580 ng (1.73 nmoles) is placed in a round

bottom fl ask and di ssolved in 60 nm B 1ﬁethylene chloride. The triazene of .

Exanpl e 11, approxi mately 2.5 g §5.7 Egz&gs) was added to the solution in'«

the flask and the m xture was st err] for 14 hours and then at

room tenperature for 8 hours. The progress of the reaction was nonitored by

sil]

chronatography on a colunn 1/ 3 of an |nch w de by 12 |nches Iong packed

with alunina. The solvents enpl oyed in sequence for devel opnent and el ution
were 200 m portions each of nethylene chloride; 0.5% nethanol in methylene

chIor|de7-§¥EboxyhaaememhqmmmmﬁasnmehlEGdeg ﬂ!&%3nmmnme5)|msnpﬂbﬂedma
chi B A roRiid HofEdn, Lotk BASIRETLINRATR nh T Gy ABnEl " '
t hechilolrd deanpdkivel, t2i8zepe AfalExampledlier appmokimately. 855 @ 4.09; N,
1L ?g 7 mmoles) was added to the solution in the flask and the
mixture was stirred at 5°C for 14 hours and then at room
temperature for 8 hours. The progress of the reaction was
monitored by silica TLC using methylene chléride;methanol (9:1).
The reaction was kept at room temperature for an additional 26
hours and then worked up by column chromatdgraphy on a column 1/3
of an inch wide by 12 inches long packed with_alumina. The
solvents employed in sequenée'for development and elution were
200 ml portions each of methylene chloride; 0.5% methanol in
methylene chloride; 1.0% methanol in methylene chloride; 1.5%
methanol in methylene chloride;_z% methanol in methylene
_chloridé; and 4%'methanol in methylene chloride. The appropriate
fractions were combined and eﬁaporated_td yield the title
compound, 470 mg. _ . | . N

22723"578°2¢

Anal. Calc'd for C, H, .,N.O.S,: C, 45.65; H, 4.09; N, 11.82
(corrected for 0.5 molet of CHZCIZ): o :

Found: -C, 45.74; H, 4.14; N, 11.61.
IR (KBr), “max, cm™l: 3440-3200, 3060, 2930, 1720, 1570, 1510,
1395, 1335, 1210, 1055.
s xR (pyridine-d , 8§): 1.81(s, 3m), 2. 00 (bs, 1), 2. 61(bs,
3.20(m, 2H), 3. 39(a, 1), 3.83(dd, 1H),
4.07 (d' IH), 4.59-4089 (m' 3H)'
5.21(dd, 1H), 7.16(dd, 1H), 8.31(dd,
1H), 8.71(dd, 1H).

g)



(corrected for 0.5 nole%of [err]): Found: C, 45.74; H 4.14; N, 11.61. IR
(KBr), [err]: 3440- 3200, 3060, 2930, 1720, 1570, 1510, 1395, 1335, 1210,
1055., H NWR (pyridine-[err]): 1.81(s, 3 2. 00( bs, 1FD 2. 61(bs 1H),

RNy T P - o ey

1H) . ~<5bt1wrauaneammo#z-tﬂaprﬂ Qadums:)eflmrmhmeélhandnzjo 2 [wyrd
ot her [err%%é tlrno 2- r|d 0) al kyl genes hah%eln 2.t0 6 %r%&
Stons | farass; fphg: S PHpa PREORANS (HeT ﬂamg o Hhe may

be prepd&icloyiRy formula may be prepared

n = 2-6

1
R™ = H, or_cl_6 alkyl

Examples 21-34

The 7-alkoxydithio-9a-methoxymitosanes 21-34 of Table V
which follows were prepared according to general Procedure A or B,
described below and'indicated in Table V. The physical data for
theemi;osane compounds'21-34 are reported in Table VI which also
follows. |

Procedure A

To a deoxygenated solution of mitosane of Example 20
L ¢(~0.1 mmole) in acetone (3-5 ml) is added with stirring, under
argon, triethylamine (~1.1 equivalents) follewed'by dropwise or
portionwise addition of a mercaptan (1 equivalent) in acetone
(1-2 ml). In most of the react;ensb, the progress of the _
reaction is monitored by silica gel thin layer chromatography

a) In cases where starting mercaptan is impure >1 equivalent of
thiol is required. : _ |

b) In cases where the starting mitosane of Example 20 and the
product have very close Rf values on TLC, a high pressure
liquid chromatography (HPLC) monitoring (uBondapak-c18 column)
is employed.



n=2-6[err] =H or [err] alkyl Exanples 21-34 The

7- al koxydi t hi o- 9a-net hoxym t osanes 21-34 of Table V which foll ows were
prepared according to general Procedur e-g3er B, described bel ow and
indicated in Table V. The physical data for the nitosane conpounds 21- 34\‘J_~
are repbO%ecHi OHT art eca/i gich Stheo darhp bekiofr ofedieactidy ﬁsdgﬂghﬁiaat 59

sol uCi oy, 88 sl el SEogmbe Wlebtlfal kel acgtone (Boom) s

foll ovaenldbgipae@mrm o £ pthei praidsictadspot on At ah:m cpqitxwatmé eqactabant)
In acehppe, ed- aéﬂ&bqf ﬁkf@ﬁédOLEQL rgéﬁﬁ&&&sB §3§£ * 38§s§§e

~reaction I's nonitored by Silfca ge ayer
wher e Beaidngg chaamategraphedpone aneutradl Hoelntf at]mnulna scokbgmnr ed. b)

0 CESER/WRCGC 1M SRIHPIDEEKBRANAG] Fragves B 3N ed Otuphi BoVe

very close R val ues on h pressure
procedure separates the deszred mitosane product from the pyridyl

thione by-product, whzch is retained on the column. The product
thus eluted using 2-5% CH3OH in CHZCl2 is further carefully
purified by flash silica gel chromatography using 5-7% CH3OH in
CH2C12 as the eluting solvent. The major band corresponding to
product is isolated and the amorphous 7-alkoxydithio-9%a-methoxy-
mitosane is characterized. .
. o/

Procedure B

To a solution of mitosane of:Erémple 20 (~0.1 mmole) i:*%"
2-5% acetone? in methanol (10 ml) is added saturated ‘aqueous

' Ncho3 solutlonb (~6 drops), followed by addition of mercaptan (l'

" equivalent) in methanol® (I ml). The progress of the reactlon is
monitored by TLC (silica gel, 10% CH3OH in CH,C 2). At the
completlon of reaction, the reaction mixture 1s diluted w1th
water (15 ml) and concentrated to about 10 ml under reduced
pressure at about 30°C. The resultlng solution is |
chromatographed on a° ‘reverse phase C-18 column wlth stepwise -
gradient elution (1008% H,0 to 80% CH30H in H 50). The product, o/
eluting as a major red band, is collected and concentrated to
yield the 7-alkoxydlthlo-9a-methoxym1tosane as ‘an amorphous
solid. If further purlflcatlon is needed, the above

chromatography step is repeated.

a) Methylene chloride can also be used, but acetohe is preferred.
b) In the case where the mercaptan is L-cystelne, thls base 1s
' 'not employed. ' S
c) Water is employediif the starting thiol is water soluble.
d) Elution withfwater'eeparateS“the'yellow'pyridyl thione by-
product from the product, which is retained on the column.



I'i qui d chromat ography (HPLC) nonitoring ([err]Bondapak-[err]- colum) is
enpl oyed. -53- (10%[err] in Jerr]). The conpletion'of reaction is

si gnal ed by the di sappearance of spot corSdsponding to the starting

mat €Ti al and appearance of the product spot. At this point the reaction
m xture is concentrated under reduced BABEEyMe (at [err]) and the residue

chromat ogr aphed on a neqt.rpa_ﬂkér%i@ﬂﬁignbaau@qy il dsaed0") slurry
packed with 2-5%[err] ; ' %#%B%EpHTHTES‘the desired

m tosane product fromthe pyridyl thione by-product, which i@ retained on
the colum. The product thus eluted using 2-5% CHOH i ipg is further
carefully purified by flash silica gel chronmatogr g us'ﬁb -%@6CH3CH I'n
CH2C12 as' the el uting solxpgﬁ: The maj BESHand CO ' gOCH3product i's
i sol at ed anqldé@e gnosghous /- al kox@i t hi 0- 9a- net pSene i S :

- characterized. - B CHB

o
Example .~ . Thiol _
No. (RSH) Procedure - Product
’\/
. _ | :
W, 21 ethyl 2-mercapto- A R—--CHZCHZOCCH3
acetate
22 . 3-mercapto-1,2- A R=-CH,CH(OH)CH,OH
propanediol '
23 ' 3-mercaptopropionic B R.=-CHZCH2COO-Na+
- acid '
| .24  cysteine B R=-CHZCH(NH3+)coo"
25 thiophenol A R = -<C:::>
26 : p-ni trobenzenethiol A R = -<:::>>-N02

27 _p-methoxybenzenethiol A R = -<i:::>—0c33
28 p-aminobenzenethiol A R = -<:::j>—NHZ



Procedure B To a solution of mtosane of Exanple 20 ([err]0.1 mvole) in
2-5% acetone in nethanol (10 m) is added saturated aqueous [err] solution
([err]6 drops), followed by addition of nercaptan (1 equivalent) in [err]

(1 m). The progress of the reaction is nonitor.ed by TLC (silica gel, 10%
[err] in [err]). At the conpletion of reaction, the reaction mxture is
diluted with water (15 ni) and concentra®®d to about 10 ml under reduced
pressure at about [err]._The resulting solution is chromatographed on a
rever PRIAURA) with stepwise gradient elution ([err] to 80%
[err] in [err]). The-product, eluting as a major red band, is collected
and c'?ﬁﬁﬁi?led To yrerd the é-alKoxyOT[nIO-Ud-HelnuxyHiLUbaﬂE aSs—am
armrp%i?sm% id. .If furthe®Bdrification is needed, the above

'chronat agsaphy’ step is repersay. a) Met hprgaedakleoride can al ppoRgogsed,
but acetone is preferred. b) In the case where the nercaptan 1s L-cysteine,-
this base—is—hot—erployed—c)-Mater is emplaved if the starting thiol is

wat er sol ubl e.

coo Na”*
- 29 2-mercaptobenzoic ~ B° R =
acid
30 2-ni tro-S-mercapto- B R= NO2 _‘J

benzoic acid -
CO0 Na —
\/

31 4-mercaptopyridine A R = / \N
.
32 2-mercaptomethyl-l- A R = -c32-<? ::D
methylimidazole ' N—
| [
CH,
g B | | o S NH -
. 72 _7
NHCOCH ,CH,, CHCOO e d
33 glutathione | B =-CH,CH |
| l -
- CONHCH,CO00 Na*
34  dimethylamine B | R==CH,CH,N(CH,) ,

2
ethanethiol '
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having 1 to 6 carbon atonms when R3 is joined thereto through a carbon atom

thereof, and 2 to 6 carbon atons when R3 is joined thereto through a

sul fur, oxygen or nitrogen atomtherddd= and R3 and -SS- are in that

atons, [err] is a straight or brancheUF’

arbon atons optionally bearing an A

xygen at ons connected thereto and any
reto through oxygen, sul fur or nitrogen
ms of Al k2, wherein said A substituent
consisting of one or two [err] alkyl,

i'nstance }

chai n al kyl epf gr
substi tueht~vhere
optional Assulbsti
are attach& to d
a%fr

[err] aIkamoyLE [

is select

oined t

o]

-

nm)

uv (CH3OH)
max’

(A

'H NMR Data (Pyridine-d)®
(6, ppm)

Formula

TABLE VI (continued)

1.77(s,3H) ,1.93(bs,1H) ,2. 14 (s,
6H) ,2.61 (m,3H) ,2.80-3.05(m,

34

Example
No.

R=-CH2CH2N(CH3)2

fferent

5H) ,3.08 (s, 3H) ,3.40 (m, 1H) ,

3.84(ad,1H,4.3,10.3Hz) ,4.06
'(d,1H,12.5Hz) ,4.57 (m, 2H) ,
5.26 (dd, 1H,4.3,10. 3Hz)

p di fferent carbon
pup. -having 2 to 6
n the sul fur
l uent ‘connected th
car bon at
65 - the grou
err] al koxy,

and

hal og

n,

a) D20 was used for mitosanes of Examples 24 and 33.

[err] al koxy--



carbonyl, cyano, [err] alkylamno, [err] dialkyl- amno, [err]

al kanoyl andi no and [err] al koxycarbonyl, [err] and [err] nay contain a

doupl e bond, R is hydrogen, |ower alkyl, |ower alkanoyl, benzoyl or.

subsTi tuted benzoyl wherein said substituent is |ower alkyl, |ower alkoxy,
hal ogen, am no or nitro, [err] is sel ectgghS rom hal ogen, -carboxy,

al kanoyl oxy having 1 to 7 C atons, 1, 2-diAydroxyethyl, hydroxy wherein the
oxygen atomis connected.to [err] having 3 to 6 carbon atons, al kylam no or
di al kyl am no having 1 to 12 carbon atons, N-al koxy-al kyl am no having 2-7
carbon atons, al kanoyl am no having 1-7 carbon atons, benzoyl am no or

B- substitut ed benzoyl am no, naphthoyl am no or B-substituted naphthoyl am no,
*  phenylam no or B-substituted phenyl am no, cycloal kyl or B-substituted
cycl oal kyl each: Wevidngws atdention te evn Patent daipddeation Blasubsti t ut ed

87.26516. (2196006) which has been divided out from the
present Application and which describes and claimsa process
for preparing a compound having Formula IX

r%
IX
CB3
wherein:
. R5 is hydrogen, or Ci-6 alkyl, and
R™ is C;_;, alkyl or substituted C;_,, alkyl, C,_,,

cycloalkyl or sqbstitpted c3_12 cycloalkyl wherein
the carbon atom thereof which is attached to the
mitosane 7-oxygen atom bears from 1 to 2 hydrogen
" atoms and.said substituents are selected from the
| group consisting of halogen, cl_é alkoxy, c1-6
alkanoyl, c6-14 aroyl, cyano, trihalomethyl,



cycl oal kenyl -each having 5 to 8 ring nenbers, phenyl or B-substituted
phenyl, naphthyl or B-substituted naphthyl, a heterocyclic group selected _
fromthe group consisting of heteroaromatic and heteroalicyclic groups .
- having from1l to 2 rings, from3 to 8 ring nenbers in each ring and fronﬁfﬂ
to 2 heteroatons in each ring sel ectede8bosm oxygen, nitrogen and sul fur
pyridylam no or thiazolylam no, alkoxy or ‘al kylthio each having 1 to 6

carbon at ons, jals rbon 8 ocC rbonyl 2to 7
carbon at ons, aglr#(r%;(o)c/?bnﬁy n%ﬁel# ycar ghy 201 B%E %ﬁ?ut eﬁg’

phenoxycar bonSZ m#- of, gB Ry laxyd Shegoaikanghlionyy 6k
o TuTee e e
. to 12 r;ng atoms including up to 4 heterocatoms
selected from nitrogen, oxygen, and sulfur, and
wherein each of said alkoxy, alkanoyl, aroyl,
aryl, aryloxy, alkanoyloxy, aroyloxy, and hetero=-
-eyclo substituents optionally contains from 1 to 2.
substituents selected from halogen, cl—G alkoxy,
C,.g alkanoyl, cyano, trihalomethyl, amino, C, .
alkylamino, or'cz_12 dialkylamino groups which o
comprises reacting a mitosane of Formula X ' )

' with a triazene of Formula XI o N
Ar-N=N-NE-R® XT
wherein R5 and Rs are as defxned above and Ar is .
the organic reszdue of a diazotxzable aromatic
amzne,
No.87.26516 also claims compounds of the
formula IX prepared by this ‘ process, and

pharmaceutical compositions comprising these compounds
together with a pharmaceutically acceptable solvent,
diluent, adjuyant.or carrier.

L3



: 66 - (-NHCONHal kyl) having .2 to 7 carbon atons, [err]-hal o- al kylureyl ene
having 3 to 7 carbon atons, N -halo- 3 alkyl-[err]-nitrosoureyl ene having 3
to,7 carbon atons, dlalkylan1nocarbonyl_hQMgng 3 to 13 carbon atons,
dléhKyIan1noaIkoxy having 4 to 13 carbon atons, al kanoyl am noal koxy havi ng
3 to 7 carbon atons and hydroxyal kyl @niInd ¢k Mds+dihydroxyalkyl am no each
having 2 to 8 earbon atons, wherein said B substituent is selected fromthe
group consisting of one or two | ower alkyl, |ower al kanoyl, |ower al koxy,
hal ogen,lani no, caPh®onpoyndoselected tiromyrohesgraup heming FomhwelsellI or
fron1thepafﬁaﬁacq&§§stlng of alkyl having 1 to 12 carbon atons, alkenyl or
al kynyl eac aV|ng 3 to 12 carbon atons, cyclcal kyl or B-substituted

cycl oal kyl having 3 to 8 ri ng menbers, cycloqhkenyl or B-substituted cycl o-

0 CHZOCNﬂz

3
R™-Alk,-55-Alk,
. . II
. 1
CH =R
N\ |
- | P
- ' 0 '
@ ] CH,OCNE,
o R -Ss-Alkz--
III
| 1
| Cﬂs R

wherein:

Alk, is a straight or branched chain alkylene group
having 1 to 6 carbon atoms when R° is joined
\ - thereto through a carbon atom thereof, and 2 to 6
carbon atoms when R3 is joined thereto through a
sulfur, oxygen or nitrogen atom thereof, and R3
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 an A

Alk

. substituent wherein the sulfur and oxygen atoms
- connected thereto and any optionallA substituent
connected thereto through oxygen, sulfur or
" nitrogen are attached to different carbon atoms of

Alkz, wherein said A substituent is selected from
-

HII\II\ Ui -



~al kenyl each having 5 to 8 ring nenbers, phenyl or B-substituted phenyl,
napht hyl or B-substituted naphthyl, a heterocyclic group selected fromthe
group consisting of heteroaronatic and BBt eroali- cyclic groups having frfzp

1to 2rings, froms3 tﬁ 8 ring menbers in each ring, and from1 to 2
het eroatons in each rFA§ §QQ§RERP4$bﬁF6§999ﬁ QﬂQrQ@eﬁwﬁnG syl BUkyl,

provi ded that the hetero- @IHArfoPI PUL. | S aQRIGE £thd Negedh a, carggmdg m
which is attached to at % east ané%%er ¢3Pbon atom mher%|n sait 5B 4

substituent is sel ect EATPEIRIMEXRBRAP Congi k¥ A RAe By gw@qﬁiﬁﬁ

al kyl, | ower alkanoylamhnwerﬁE}%xﬂlkﬂﬁb gamindidid ¢ goélxoﬁyﬁdﬁﬁbﬂ¥l
nitro groups, and R and the adjatent sul at om t oget constitute
S-cysteinyl wherein said S-cysteinyl group nmay be esterified, salified or
j oi ned mﬁthineakthitanacAmhirmny ebheaganiac durjiiglcbond,

ri

is hydrogen, lower alkyl, lower aIkanbyl, benzoyl
or substituted benzoyl wherein said substituent is
lower alkyl, lower alkoxy, halogen, amino or

nitro,

R-3 is selected from halogen, carboxy, alkanoyloxy B
having 1 to 7 C atoms, 1,2-dihydroxyethyl, - -
hydroxy wherein the oxygen atom is connected to

Alk, having 3 to 6 carbon atoms, alkyl;mino or C:}
dialkylamino having 1 to 12 carbon atoms,
N-alkoxy-alkylamino haviﬁg 2-7 carbon atoms,
alkanbylamino having 1-7 carbon atoms,

benzoylamino or B-substituted benzoylamino,
naphthoylamino or B-substituted naphthoylamino,
phenylamino or B-substituted phenylamino,

cycloalkyl or B-substituted cycloalkyl each having

3 to 8 ring members, cycloalkenyl or B-substituted
cycloalkenyl each having 5 to 8 ring members,

phenyl or B-substituted phenyl, naphthyl or "
B-substituted naphthyl, a heterocyclic group
selected from the group_consistiné of

hetercaromatic and heterocalicyclic groups having
from 1 to 2 rings, from 3 to 8 ring members in

each ring and from 1 to 2 hetercatoms in each ring
selected from oxygen, nitrogen and sulfur,
pyridylamino or thiazolylamino, alkoxy or

alkylthio each having 1 to 6 carbon atoms,
alkoxycarbonyl or alkylaminocarbonyl each having 2
to 7 carbon atoms, aminocarbonyl, phenoxycarbonyl

or B-substituted phenoxycarbonyl, phenoxy or
B-substituted phenoxy, naphthoxy or B-substituted

htho alkoxycarbonylamino having 2 to 6
“!Illlj mlll! I“Jl “ILI“ |!|| _' ::.ibon :i;ms, ureido (-NHZONHZ) ,a:iZikyluZeylen'e



provided that [err] or [err] may also have any og the follow ng further
permtted values: [err] ([err] being cycl ohexyl), [err] where [err] is
met hyl, and [err] S H or nethyl [erp]ss - where [err] is nethyl, [err]

+ N peptides, [err] %ﬁ Rerr] is methyl and [err] is Hpr
methyl, [err]  and [errf QQQHPéFYP NaViidih-dHePyT efdrben & teme ox¥ c-halo-

phar maceutical ly accept ablieybaréylBaeedlaving 68 to 7 carbon atoms, N N3-halo-
alkyl-N3-n1trosoureylene havxng 3 to 7 carben
atams, dialkylaminocarbonyl having 3 to 13 carkon
atoms, dialkylaminoalkoxy having 4 to 13 carbon
atoms, alkanoylaminocalkoxy having 3 to 7 carbon
atoms and hydroxYalkylamino or N,N-dihydroxyalkyl
amino each having 2 to 8 carbon atoms, wherein
said B substituent is selected from the group
cohsisting of one or two lower alkyl, lower '
alkahoyl, lower alkoxy, halogen, amino, carboxy,
hydroxy and nitro groups, and
RY is selected from the group consisting of alkyl
_ having 1 to 12 carbon atoms, alkenyl or'alkynyl
i;} ' . each having 3 to 12 carbon atoms, cyclcalkyl or
' B-substituted cycloalkyl having 3 to 8 ring
members, cycloalkenyl or B-substituted cyclo-
alkenyl each having 5 to 8 ring members, phenyl or
B-substituted phenyl, naphthyl or B~substituted
naphthyl, a heterocyclic group selected from the
group consisting of heteroaromatic and heteroali-
cyclic groups having from 1 to 2 rings, from 3 to
8 ring members in each ring, and from 1 to 2 _
hetercatoms in each ring selected from oxygen,
O _ nitrogen and sulfur, provided that the hetero-
cyclic group is connected through a carbon atom
which is attached to at least another carbon atom,
wharein said B substituent is selected from the
group consisting of Qne'or two lower alkyl, lower
alkanoyl, lower alkoxy, halogen, amino, carboxy,
hydroxy or nitro groups, and R4 and the adjacent
sulfur atom together constitute S-cysteinyl
wherein said S-cysteinyl group may be esterified,
salified or joined within a non-toxic and non-
allergenic peptide,

AR )




2.

hydr ogen. 3.

A conpound of Claim1 wherein Al k2 is.
The conmpound of Claim1l or

Ak is ethylene and R3 is acetyl am no.

2 of Forrmula I

et hyl ene a
2 of Formul a

4, The conpou

wherein Alk is ethylene and R3 is acetyloxy. 5.

nd [err] is
Il wherein
nd of daiml o

Thed

conmpound of Claim1 or 2 of Fornula _l'gzwherein [err] i-s methyl ene and [err]
The conmpound of Claim 1 or

is 1,2- dlhydroxyethyl
|1
accept abl e, sal { 5 ;hete £

nont oxi ¢
of daim1l or
1- nethyllnLQazpl-Z yl.

6.

Faix
Il wherein ATk Ts nmet ylgnélahd
pﬁ%}hﬁteugledFF?eacéeﬁfaBFé-sahPJﬁﬁéreof
wherein Alk is methylene and R3 is

The co

2 of Fornula [ 1

’

o ~¥he 260
[err]”

QU d.of Giy
arboxy ani nofet
8.

|S

ound of Cla|n11 or

wherein AIK T3~ exﬁyTbaeland R3~T g gnnEthEaﬁﬁﬁ&'Tﬂfy

Claim1l or 2 of Formula II1 wherei n R4
~-C=({-CH NR‘R‘)Q . where RY is me .xy¢ aﬂd P2 is H
. e oAy .—.1\ re 1l . . 1 ., ol g .
—CHZ-un\ﬁhﬂ )-CH_NHR where R™ is methyl,
—CHQ—CH;CGGP -CH m42 + peptides,
-_.‘.._ -—-,.1,-..\___-. . -
an gn\un; LH2Oh,
T/ AT 1 2 - 1 L .
-CHZ-Cn(uCn3)—CH NR™R where R™ is methyl and
| R® is H or methyl,
_-p C6 --NHCOCHé - and
-CH CH2 p- C6H4 NHCOCH3
~where p-C_H is para-phenylene;

4

>

2 of Formul a

wherein ALk is ethylene and R3 is carboxy or a nontoxic pharmaceutically
mi or_2 of Fornmula

Ryl or a :
The conpound

2 of Formula I
The conpound of

methyi,

or a nontoxic pharmaceutically acceptable salt thereof.

* C . L M S *



|s phenyl . 11. - The compound of Claim1l or 2 of Fornula Il wherein R

i's 4- mtrophenyl 12. The conpound of Cdaiml1 or 2 of Fornmula |11
wherei.n Ris 4-met hoxyphenyl 13. Tglg compound of Claim 1 or 2 of
Fortufa |11 wherein R4 is 4-ani nophenyl . -69- The compound of Caim1l or
2 of Fgmula Il mheegippuRd o£- @aéia@xypbﬁe%mr AXONEHXé€hylene, and R'
phar maceut I’?ﬁ gqaccept able salt thereof. Fhe conmpound of C ai m 1
or 2 of ¥ FR-wherein Ris 4-nitro-3- carboxyphenyl or a nontoxic
phar maceutical ly accept- able salt ther eof . 16. The conpound ‘of O aim
Ler 2 of Formia il WS ASdS AP f%r 2 of Femuia 1T wherein Alk,

is ethylene and R3 is acetylamino. '

4. The compound of Claim 1 <r 2 of Formula II wherein Alkl

3

is ethylene and R™ is acetyloxy.
5. The compound of Claim 1 or 2 of Formula II wherein Alkl

is methylene and ‘R3 is 1,2-dihydroxyethyl.

6. The compound of Claim 1 or2 ¢f Formula II wherein Alk,
\,/ is ethylene and. R3 is carboxy or a nontoxic pharmaceuticalily

_ acceptable salt thereof.

R The compound of Claim 1 or 2 of Formula II wherein Alkl
is methylene and R3 is l-carboxy aminomethyl or a nontoxic
pharmaceutically acceptable salt thereof.

8. The compound of Claim 1 or 2 of PFormula II wherein Alk,
is methylene and R? is l-methylimidazol=-2~yl.
9. The compound of Claim 1 or 2 of Formula II wherein Alk,
, is ethylene and R3 is dimethylamino. '

.10, ©  The compound of Claim 1 or 2 of Formula III wherein r?
is phenyl. . .
11. The compound of Claim 1 or 2 of Formula III wherein r4
is 4-m.trophenyl
12. The compound. cf Claim 1 or 2 of Formula III wherein R4
is 4-methoxyphenyl. '

4_

Q

13. The compound of Claim 1 or 2 2f Formula III wherein R

is 4-amincphenyl.

I



17. The conmpound of Claim2 having the fornula [ERR] or a nontoxic

" pharmaceutical ly acceptable salt thereof. 18. A conmpound of Claiml
having Formula Ib NO2 O [ERR] wherein-[ear} and [err] are as defined in = .
Claim1. - 70 - The conpound of Claim2 having the fornula [ERR] 20. ‘

Medi cat k on - conpr iBiengcempabsdantfi Sllaimdnedd of anFormula a‘rkmhe’eeﬂnSQ%f

a conppgngd_ eérsﬁgggh yfinarl alBon % &ﬂ&“ﬁﬂé&ﬁaggpgﬁgéﬁgg[{?éuﬁéggngnﬁgﬁh

of a mammal an tu system ¢ adm ni stration h 10
bear i ngher eafe
15. The compound of Claim 1 or 2 of Formula III wherein R4'

is 4-nitro-3-carboxyphenyl or a nontoxic pharmaceutically accept—
-able salt thereof.

> 4

16. The compound of Claim 1l ¢r 2 c¢f Formula IIT wherein R
is 4-py:idyl,

17. The compound of Claim 2 having the formula

HOZCCHCH2CH2C0_I;TH o .-C!-IzOCNﬁz __
CHCH ,SSCH ,CH ,0 O
HO,,CCH,NHCO -.
.- | cH,

or a nontoxic pharmaceutically acceptable salt thereof.

18. A compound of Claim 1 having Formula Ib

NO2

7 N\ SS4A1k2-o

Ib

CHy

wherein Rl and Alk. are as defined in.Claim i.

I




21. _ A pharmaceutical conposition conprising a conpound of any of
clains 1-19 and a pharmaceutically acceptable sol- vent, diluent,
adj.uvant or carrier. 22. The procesgofor the preparation of a
-coﬁpﬁUnd of Caim 1l which conprises reacting at |east one equival ent of a
triazené & For mul $he conpmund o f/| Crain=3 Reviag [tieS-famila
Ar-N=N-NH-[err]-SS-[err] V \
- 71 - [err] one equivalent of a mitosane of Formula IV [ERR] mhereln
[err] and [err] are the same as defined in Claiml and Ar is the organic
resi due of a diazotizable aromatic am ne under reactign conditions in an

I nert organi c sol vent ﬁl an appreciablg anmount of J{ he product of Formula
Il or Fornula Il ); t al ned. | CH, OCNE
ss-cxzcaz-o
— N XVIiI
CH3
20. Medication comprising a substantially nontoxic

" antitumor effective dose of a compound of any of claims 1-19,
for use in a method of inhibiting growth of a mammalian tumor
by systemic administration of medlcation to a mammal bearing

( O

>a tumor.
21. A'pharmaceutical composition comprising a compound of

any of claims 1-19 ahd =~ a pharmaceutically acceptable sol-
.vent, diluent, adjuvant or carrier. '

22. The process for the preparation of a compound of
Claim 1 which comprlses reacting at least one equlvalent of a
triazene of Formula V or Formula VI '

— 3

. —N=N-NH- —SS— - 4
(_,  Ar-N=N-NH-Alk,-SS-Alk,-R

2 1 Ar-N=N-NH-Alk2-SS-R
v VI

I O



23. The process of Caim?22 wherein said triazene of Fornula VI is
1-[2-(3-nitro-2-pyridyldithio)ethyl] -3.(4-nethyl- phenyl)triazene. 24.
The process for the preparation of a. cofipolnd of Claim1 which conprises.

t | t t t hi I F I
w L h onbeBoBPEa PO VA SRty €. AcBREOSANRo RIS TR HERE wher ci n [ orr] éﬁ?‘(

[err] are th&é sane as defined in -72- CJaim1l and optionally in the
‘presence of at | east one equivalent of a base in an inert solvent until an
appreci abl e amount of the product of gornula Il or Formula Il is
obt ai ned. 25. The prgcess of C #i m 24 wherein [err] I s ethyl ene and

[err] is hydroger.. CHZOCN 2

, &%, rY, Alk, and alx,

Claim 1 and Ar is the organic residue of a diazotizable aromatick;}

wherein Rl

are the same as defined in .
amine under reaction conditions in an inert organic solvent

_ S until an appreciable amount og
the product of Formula II or Formula III is obtained.

23. . The procees of Claim 22 wherein said triazene of

Formula VI is 1-[2-(3-n1tro-2-pyr1dy1d1thxo)ethyl] ~-3-(4-methyl-

phenyl)triazene.

24. The process for the preparation of a compound of Claim

1 which comprises reacting at least cne equivalent of thiol of

Formula R3Alk15H or Formula R4SH with one equlvalent of a mito-

sane of Formula Ib : - -
" | x | -

25 Y.

2‘0
Ib
CHB

wherein Rl, R3, R4, Alk. and Alk2 are the same as defined in

] 0 B0 L

1




26. The process of Claim24 or 25 wher ei n one equival ent of
base is enployed in the:reaction. 27. The process of O aim 24,25 or
26 erein a |lower alkanol, a |ower al karor7@ l-ower al kyl ester, a | ower

al i piatic ketone, a cyclic aliphatic ether or a | ower pol yhal ogenated

al i phatic hydrocarbon having up to 8 carbon atons or water is enployed as
reacti on nedi um -73 - 28. A process as clained in claim?22 or 24,
substantially as described in respect of any of those of the foregoing
Exanpl es which relate to a process as clained in claim?22 or 24. 29. A
conpound GXa ohal naddi epalimima Iy piepated gre seprocessaas lel=zanesnénegnyv@flent
cl ai ns 22 27 claim 28.. 30, A, harnaceutlcal conposition conprising a
conmpound aS %I%rﬁﬁd naa Tl & €>%19, or claim?29, and a

until recizble amcunt of the product of Formula I cr

- _ . . . . 1

25. The process c¢f Claim 24 wherein Alkz is ethylene and R
is hydroger.

26. The process of Claim Zi:r :% wherein one eguivalent of
base is employeé in the reaction.

@

27. The process of Claim 24,25 or 26 wherein a lower alkanol,
a lower alkanocic lower alkyl ester, a lower aliphatic ketone, a

cyclic aliphatic ether or a lower polyhalogenated aliphatic
hydrocarbon having up to 8 carbon atoms or water is employed as
reaction medium.

A




pharmaceutically acceptabl e solvent, diluent, adj uvant or car rier.

¢
- 73 -

28. A process as claimed in claim 22 or 24,
substantially as described in respect of any of those

of the foregoing Examples which relate to a proceSs as
claimed in claim 22 or 24. _ o ) _
29. A compound as claimed in ciaim 1,_§repared by'a'.
process as claimed in any of claims 22-27, or claim 28.
30. A pharmaceutical composition_comprising a compound
as claimed in ahy of claims 2-19, or cléim 29; and a
pharmaceutically acceptable solvent, diluent, adjuvant

or carrier.

*+ € L M § %




