. 1- / DESCRI PTI ON PREPARATI ON OF PYRROLO NDOLE DERAUIRERDOEFiel d of s
I nvention. This Application has been divided out fromour Application

No. 85. 21816 (2164038), referred to below as our "primary" Application. The .
i nvention of our primary Application provides novel mtomycin®anal ogs
containing a disulfide group, and processes for the preparation thergpf.

These conpounds. are mtomycin A anal ogs ¥ n-which the 7-al koxy grouﬁ;h@ars

an organi ¢ substituent incorpora- ting a disulfide group. The present/

i nvention provides a nethod of producing mtomycin A and derivatives

t her eof . Mtonycin Ais an antibi QESCREPBEOND| i shed utility, and the
7-0-substituted mtosane anal ogs thereof have simlar utility. -2-

Nonmencl ature - The systenmatic Chenical Abstracts name_for _mtonycin A based
on.the recent revisiéﬁgﬁéﬁégﬁgﬂaQE BYRROLOINDOLE DERIVATIVES

1. Field of Invention.

This Application has been divided out from our
Application No.85.21816 (2164038), referred to below
as our "primary" Application.
The invention of our primary Application provides
novel mitomycin analogs containing a disulfide group, 6?@
and processes for the preparation thereof. These
compounds are mitomycin A analogs in which the
'7-a1koxy group bears an organic substituent incorpora-
ting a disulfide group. The present invention
provides a method of producing mitomycin A and
derivatives thereof. Mitomycin A is an antibiotic
of established utility, and the 7-O-substituted
mitosane analogs thereof have similar utility.
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Am Chem. Soc.’, 105, 7199 (1983)] is: [err]((am nocarbonyl)oxy)nethyl]-

6, 8a- di et hoxy-1, 1 a, 2, 8, 8a, 8b- hexahydro-5-nethyl - arizino[2'1,3

, 3 4, 3pyrrol o(1,.2-alindol e-4, 7-di one -3- according to which the
azirinopyrroloindole ring systemis nunber ed 2as- fol | ows: Chemnical Abstracts
A trivial system of nonencl ature which has found wide use in the mitomycin
literaturé&t4entifies the foregoing ring systemincludi.ng several of the
characteristic substituents of the mtonyciens as mtosane. 10 [err] 3 -
Mt osane According to this system nitomycin A is-7,9a-di net hoxynitosane
and mtonycin Cis 7-am no-9a-nethoxym tosane. As to the stereo- chenica
configuration of the products of this invention, it is intended when
identifying themby the root nane "nitosane" or by structural fornmula to
identify the stereochem cal configuration :

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

[las-(laB,88,8aa,8b8)]~-8~[ ((aminocarbonyl)oxy)methyl]~
6,8a-dimethoxy-1,1a,2,8,8a,8b-hexahydro-5~-methyl-
arizino(2',3',3,4,]pyrrolofl,2-alindole~-4,7~dione



_4- thereof as the same as that of mitom/¢in Aor C [err] R Mtonycin C
[err] CH N 2. Dsdom”esugamm Mtonycin Cis an _
antibiotic which is produced by fermentaifon and is presently on sal e under

Food and Adm erapy_ .of di sseri nat ed
'adenoca?ggéggé' %f tt%ew%%}ﬁa{éﬁe Sgg‘ﬁ&a"@ 8?‘85 epé‘?‘d?%aﬂ%%?mmﬁ'?h- ot her
appr ovedunhereghesapfmitiawagent s and as palllatlve treat ment when otlier
nodal i ties have failed (Mitamycin Bristol Laboratories, Syracuse, Néw York
13221, Physicians' Desk Reference 37th Edition, 1983, pp. 747 and 748).

M tonycin C and irts production by fernentation is the subject of U S.

Pat ent No. 3,660,578 patented Nhy 2, 1972 claimng priority fromearlier’
applications including an ' N led in Japan on April 6, 1957.- The
structures of mtonycins A [B qnd oNgmorfiro- mycin were first '
.published by J. S. Wbb et #~~aB8bratories Division Arerican
Cyanam d Conpany, J. Am CheWq : :

' ‘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

Mitosane

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



Soc., 84, 3185-3187 (1962). One of the chemical transformations used in
this structure study to relate mtonycin A4Qnd mtonycin C was the
gonversion of the former, 7,9a-di methoxym tosane, by reaction wi th ammoni a
to the | alfgreof- gal tfie 9% wy&%esaaem@oiwcﬁ ¢ OF the 7-methoxy
group of s tonycin A has proven to react1 o tonsi derabl e interest
in the phsparatlon of antit unpy. TEONE derlvatlves of m tonycin C. Recently
t he stereochem cal [ ﬁ% of h%5|t|ons 1, la, 8a and 8b have been
shown to be as |m§ uﬁn:espect to t M HETIF £ A AbBERy SIOFE

: 3 Chem Soc. Mik¥myd 9c72§911@11983@]=oc:,_
The earlier literatyte reff enanti- omner. %he foIIomAn&
articles and. p&# ! B h the conversion of mtomycin Ato
a 7-substituted afno rr] C &QL%xd?(Ve havi ng antitunor activity. The
object of this re- searth was to-~prepare derivatives which were nore
active, and particularly which were less toxic than mtonycin C. Mtsui et
al., J. Antibiotics, XXI, 189-198 (1968); Konishita et al., J. Med. Chem,

14, 103- 09 (I9¥d¢lobueeystadiendnt J. Med. Chem, 24, 975-981 (1981);
| yengar Sam, Reners an radner, Abstracts of Papers,

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
of the stomach or pancreas in proven comblnatlons with other
approved chemotherapeutic agents and as pallzatlve treatment when
other modalities have failed (Mutamyczn 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 claimihg priority from earlier applications 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,

: Soc., 84, 3185-3187 (1962). One of the chemical transformations

b used in this structure study to relate mitomycin A and mltomyc1n
C was the convérsion of the former, 7,%a-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 1, la, 8a and 8b have
been shown to be as indicated above with respect to the Chemical
Abstracts nomenclature [Shirhata et al.; g; Am. Chem. Soc., 105,
7199-7200 (1983)]. The earlier literature refers to the enanti-

omer .



183rd Annual Meeting of the Anerican Chemical “Society, -Las Vegas-» Nevada,
March 1982, Abstract No. MEDI 72; Cosul =GR et al., U S. Patent No. '
3,332,944, issued July 25, 1967; Matsui et al., U S. Patent No. 3,420, 846, ¢
i ssued January 7 Tﬁ@GSolMﬁwmngeﬁrﬁicleH andPyiaten t. déa45&nEQ&.a£¥ﬂﬂﬁith

June gl 383,02k, B Hssomhia "R B, oYoclindds datel BRET WAL
RenersC de®ivat ine NeviagradHiAtumossaediMityld, Me8lobIketf aifl mmm re-
pat ent QBRleaLd nSo I88b ot ddie: PLERGa ! i, Ueds HBSLI LULSY AN

mto cin derlvalv esu Stituent |1 ncor por at es
i nkagpart:.cu’ilarlj(oﬂblsh dere Respchaxpat mammt@aycmn Ne. 116, 208

(1984) VWyas et al., UK Patent Application No. 2,140,799

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

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

Iyengar et al., J. Med. Chem., 24, 975-981 (1981);

-Iyengar, Sami, Remers and Bradner, Abstracts of Papers,
183rxd Annual'Meeting of the American Chemical Society, -Las Vegas.-.

Nevada, March 1982, Abstract_No. MEDI 72; o
cqullch et al., U S. Patent No. 3,332,944, issued
July 25, 1967; '
_ Matéui et al., U.S.:Pétént_No. 3,420,846, issued
January 7, 1969; '
Matsui et al., U.S. Patent No. 3,450,705, issued
June 17, 1969; '
g Matsui et al., U.S. Patent No. 3,514,452, issued - -
May 26, 19705 . . . o BRI

' Nakano et al., U.S,. Patent_Noﬂ_4,231,936,'issued
November 4, 1980;

Remers, U.S. Patent No. 4,268,676, issued May 19, 1981.
The following patent applications deal-with the prepa-

“ration of 7-subst1tuted amino mitomycin C derivatives in which
the subst;tuent 1ncorporates a dlsulflde llnkage.



('1984) . 7- Al koxy, substituted mitosanes related structurally to mtomycin A
are described as useful antibiotics having activity in experinental ani mal
tunors in an article by Uakawa et al., J. Antibiotics, 23, 804-809 (1980).
Mtonmycin Cis‘the principal mtonycin produced by fernentation and is the
comerciakdy available form Current te€fnol ogy for the conversion of
mtonycim& to mtonycin A suffers froma nunber of deficiencies.

Hydrol ysis of ni t¥epei gtcalo «+ HRurepeanpBateR§ Application No. 116,208

7- hydr ey gy yret hoxy- m t osane, and then methylation of that substance
requires di azonet hane, a very hazardous substance to handle on a .

manuf acturing scale, and the 7-hydroxy internediate is very unstable
[Matsui et al.. Jyyhgtiehl all.os.u %l  pd€antoRppilediion M, a3 £4W] 759 avoid
these difficulties”invOlrVes the use of 7-acyl Oxym tosanes (Kyowa Hakko
Kogyol&%%@&kmese Pat ent No. J5 6073-085, Farndoc No. 56227 D/ 31).

Al cohol ysis of mtonycin A as described by Uakawa et al., J. Antibiotics,
23, 804-809 (1980% ii Iinite%ﬁ%? t he progduc- tion of aonly specific 7-al koxy
structural types ByAthexyySubghituted mpposanes Fedptad (Herufturily to
starti pitonpcinl A abeVieRér@bedias Nvbefu DNaftebilotdeid Hawdng | 8t Ryeydes

a Process d e PLRRAEL 1Y a8 162 P D FE V%2R0 ¥ 316 by Urakava et al., J.
‘Antibiotics, 23, 804-809 (1980).

. Mitomycin C is the principal mitomycin produced by

v 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
hazardous substance to handle on a manufacturing scale, 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-alkoxy structural types by the availabil-
- ity and reactivity of the alcohol starting materials.

SUMMARY OF THE INVENTION

The present invention D»provides a process for preparing
a compound having Formula IX
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‘nonoal kyl ami no[err] ‘di al kyl ami no, C612 aryl, [efr] aryloxy,"

-7- Ix [err] wherein: R is hydrogen, or [err] alkyl, and / . - 'R
i,s [err] alkyl or substituted [err] alkyl, C312 cycloalkyl or substituted
[err] cycl oal kyl wherein the carbon atom t hereof which is attached to the.
m t osane 7-oxygen atom bears from1 to 2 hydrogen atons and. sai d*
substituents are selected fromthe group’ consisting of hal ogen, CiGﬂgtkoxy,
[err] al kanoyl[err] aroyl cyano, trlhalonethyl 8- am no, [err]

[err]al kanyl oxy, C714 aroyloxy, heterocyclo having 1 or 2 rings and from5
to.12 ring atons i-ncluding up to 4 heteroatons sel ected fron1n|trogen '
oxygen, and sul fur, and wherein each of said al koxy, al kanoyl, aroyl,

-

- o

" R0 o
' X
CHs

wherein:
R is hydrogen, or C1 s'alkyl, and e
6 y -
/ R 1s c1 12 alkyl or substituted c1 12 alkyl, c3 12

cycloalkyl or substituted c3 12 cycloalkyl wherein_
the carbon atom thereof which is attached to the *uf
mitosane 7-oxygen atom bears from 1 to 2 hydrogen
atoms and.said substituents are selected from the
group consisting of halogen, Ci-6 alkoxy, Ci.6
nlkanoyl, 6-14 aroyl, cyano, tr;halomethyl,



‘ﬁryl, aryl oxy, al kanoyl oxy, arodyl oxy, and hetero- cyclo substituents
optionally contains from1l to 2 substituents selected from hal ogen, [err]
,alkoxy, Cl16 al kanoyl, cyano, tri.hal onethyl, am no, C al kylam no, or[err]

di al kyl anmi no groups, provided that [err] may al so be 2-benzylthiolethyl or
CH COCEt ~.whi ch process conpri ses reactiagga_nitosane 2 of Formula X with a
triazeneyQf Fornmula Xl [err] wherein R5 and R are as defined above and Ar
is the organic residue of a diazotizable aromatic am ne. -9- Many of the
conmpounds of Formula IX are known conpounds having inhibitory activity

agai nst experinental animal tunors in vivo. A nunber of novel conpounds
conform ng to For mamdnlos e ahenohqggjamﬂﬁupdcby thagdmkyxgﬁinand are
consi dered part of .the pre 76 nventlon r?Téal r the subst ances

i dentified herein &g mﬁo‘ﬂﬁﬂ §-E2a i ‘gﬂ,slﬁ HP*Y Fe_nqvel

aroyloxy, heterocyclo havzng lor 2 rings and from
5 to 12 ring 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-
cyclo substztuents optionally contazns from 1 to 2
substituents selected from halogen, C C1-6 alkoxy._

C1 6 alkanoyl, cyano, tr;halomethyl, amino, c1 6

~ alkylamlno, or c2 -12 dialkylamino groups, provided
. that R6 may also be 2-benzylthiolethyl or _
CHZCOOEt, which process comprises reacting a mitosane
of Formula X
X
'
Wt

with a triazene of Formula XI

6

Ar-N=N-NH-R XI

5 6

wherein R™ and R® are as defined above and Ar is
the organic residue of a diazotizable aromatic
amine.



PR )

substances, and al so have antitumor activity dgai nst experinmental -ani mal
t:unors. These conpounds are part of the present invention. They are

enpl oyed in a manner sinilar to nitonmycinm & -The dosages enpl oyed are
adjusted in proportion to their toxicities relative to the toxicity of
mtomycin .C. In cases where the new conpound is |ess toxic, a higher_mose
is enpl oyed. -10- The termnms "lower alkyl", "lower alkoxy" and "| augr

al kanoyl " as used herein and in the clains (unless the context indicates

ot herwi se) nmean strai ght or branched chain al kyl, al koxy or al kanoyl groups
containing froml to 6 carbon atons such as nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, t-butyl, anyl, hexyl, etc. Preferably, these

" groups contain froml to 4 carbon atons and nmost preferably, they contain

1 or 2 carbon atons. Unless otherw se SpECIfled in the particular

i nstance, the term "hal ogen" as used herein and in the clains is intended
to include chlorine, fluorine, bromne and i odine. The term "nontoxic
phar maceutically acceptable salt" is intended to include salts of the
conmpounds of Formulas | and Il .with any nontoxic pharmaceutically
acceptabl e acid or base. Such acids are mell-knomn and |nclude

hydr ochl ori c, hydrobronlc “sulfuric,

. Many of the compounds of Formula IX are known compounds
hav;ng 1nh1b1tcry actlvxty agalnst exper1menta1 an1mal tumors in
vivo. A number of novel compounds conformzng to Formula IX have
also been prepared by thls process, and 'are considered part of ;J
the present ‘invention. In part;cular the substances identified
herein as compounds of Example Nos. 14, 15, 16 and 18 are novel
substances, and also have antitumor act1v1ty agalnst experlmental
animal tumors. These compounds are part of the present
invention. They are employed in a manner similar to mitomycin C.
The dosages emploYed are adjusted in prOportioh to their
toxicities relative to the toxicity of mitomycin C.  In cases
where the new compound is less toxic, a higher dose is employed.



Sul fami c, phosphoric, nitric, maleic, fumaric, succinic, oxalic, benzoic,
nmet hanesul fonic, tartaric, citric, canphorsulfonic, levulinic and the |iKke.
Such bases are wel | -known and |nclude €. go DNontoxic netallic salts such as
_sodlun1 pot assi um cal ci um and magnesi um the ammonium salt and salts with
nont oxi ceam nes, e.g. trial kyl am nes, procaine, dibenzylam ne, pyridine,
N-nethylquphollne N- et hyl pi peridine and the |ike. The [err] are nmade by
met hods known in the art. DESCRIPTION OF THE I NVENTION As stated above, the
i nvention provides a neM/process for the preparation of conpounds of
Formula 1 X which conprises reacting a nitosane of Formula X with a triazene
of Formula XI as shown in Schenme 1. Schene-1 [err] [err] x wherein [err]
and R are as defined above and Ar is the organic residue of a diazotizable
aromatic am ne. The |-substituted-3-aryltriazenes of Fornula Xl and nore
speC|f|caIIy 1- al kFhe3tarps r'1 kowersalkkid "up "dovexs alioxy" and "lower

alkanoyl®" as used herein and in the claims (unless the context
indicates otherwise) mean straight or branched chain alkyl,
alkoxy or alkanoyl groups containing from 1 to 6 carbon atoms
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, amyl, hexyl, etc. Preferably, these groups contain from
1 to 4 carbon atoms and, most preferably, they contain 1 or 2
. carbon atoms. Unless otherwise specified in the particular
~ instance, the term "halogen" as used herein and in the claims is
Lntended to include chlorine, fluorine, bromine and iodine. The
term "nontoxic pharmaceut1cally 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, citric, camphorsulfonic,
levulinic and the like. Such bases are well-known and include,
e.g,_nontoxic metallic salts such as sodium, potassium, calcium
;hd'magnesium, the ammonium salt and salts with nontoxic amines,
e.g. trialkylamines, procaine, dibenzylamine, pyridine,

e



reagents which are known to be useful for reacting with car- boxylic acids
t.o formthe corresponding |ower alkyl esters.
* 1- Met hyl*- 3- (4- net hyl phenyl )tri azene nay pe prepared accordi ng to the
-general procedures described by E. H. Yeet al. in Org. Syn., 48,
102-105 (1968) and_as descri bed herein in Procedure 1. However, this.~
pr oced¥rme thy kB ox@holn g, Wrre thydpipenidineanands thend.:dcsecdrﬂdepeaﬁedur e
whi ch g§edﬁ§gél ggdu@ﬁfedg-i kBiche i gt t"ﬂ agiel rahedron Letters, No. 21, 761
(1961) and al so scri bed hereln In rocedure 2 is more suitable for the
prepara- tion of triazenes of water-insol uble am nes. -12- The reagent
L methyl -3- (4. met hyl phenybase hapoRONDIGE A CfiviBnrigwaPove fashi on has
been previously enpl oyed 1ﬂ71ﬂ1ﬂ%ﬂ1?ﬂ?fﬂé§ﬂ%§ rboxylic acids such
as 2,4-dinitro- benzoic acid [EE H Wite et al. hcrg Syn., 48, 102-105
1968 an a a h u
(1968)] angk eeabad @BBGS ARhE athventhion p»ﬁdi}ﬂfeé &°f ?ﬁ%ﬁ?"}n OERP eﬂe

wi t hout i soneri zati to errl-isonér, (Mangl a Tetr ers, )
52, pFPrePAe? 6°919%g)<1°m9%“$§a3k FoRF 1A X jeakchnproprd ses pwem‘eeng a
3- net mmsenéabaswmmrxVvaitneabxrri@%@ué)rbﬂ FOrihle aC X1 ea%)oéﬁwﬂ in
3- hyd cegphem 4-car boxyl ate in benzene solution at the ref '
tenpe VVederkeher et

Schenme 1

b T _ _ 6 . : )
+ Ar-N=N-NH-R" . >
XI
X
wherein Rs and 35 .are as defined above and Ar is the organlc
. residue of a diazotizable aromatlc amine. '
The l-substituted-3-aryltriazenes of Formula XI and ~

more specifically l-alkyl-3-aryltriazenes make up a class of
reagents which are known to be useful for reacting with car-
boxylic acids to form the corresponding lower alkyl esters.
1-Methyl-3-(4-methylphenyl)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-soluble
amines, and a second procedure which is described by E. H. White
et al., Tetrahedron Letters, No. 21, 761 (1961) and also de-
scribed herein in Procedure 2 is more suitable for the prepara-

- tion of triazenes of water-insoluble amines.



%Bl. US. Patent,No. 4,069,324 i'Ssued January 17, 1978). Other |- (I ower

al kyl') - 3- aryltrlazenes of Formula XI may be prepared simlarly by reaction
of ot her lower alkyl amnes with aryldiazoniumsalts in simlar fashion. '
Any aryl ani ne having 6 to 12 carbon at'ons which readily forms a di azoni um
salt may=be used as the source of the aryl portion of the 1, 3-disub-
stitutedWriazene. -Sone exanples of triazengg produced in this fashi on and
used in the present invention are: 1-(n-butyl)-3-(4-.nethylphenyl)triazene;
| -(1- nethylethyl)1}551f@ﬁ@gntpmen;hh&mﬁaaﬂ#>methylphenyl)trlazene pre-

1-(4-meth en 3- - olin
1- (4- matﬂéFBH ﬂ-é tl'{ge %%é‘é ggﬁg% % tt{%’%!gzé#]%;fgﬁsly employed to
% Ei bﬁln pyrep Etrd atdtﬁ%l 3e$ﬂ?1n'st bl phcbplx)yt]rmazmmds such as 2,4-dinitro-
chl or ophe megho trisa
1- (4- chl BPB Héﬁ%//% ’3"(%3 groéﬁﬁt“?ﬁg&#z%&w 48, 102-105 (1968)]
ﬁ (4- ghl@ndpb@nﬂ:)l&;ﬁdm&nnbyd:mﬁﬁr whizhy Iyt lds ) the adesdredt mer-qqmmzms
ave been crihe egat &S r
' The pPEBRE Aol §p b iR YhE W i SaAGLE, | EAeRI T
| X. ThosBedesa'rs.betbbySZ'. pp-Déaulel-gOet(lem&)JCarfrhe reneﬁmt bas Fise FEepn
(1977) app-9%5Ud 3d produce a 3-methoxy-cephalosporin derivative by
" reaction with the corresponding 3-hydroxy-3-cephem-4-carboxylate
in benzene solution at the reflux temperature. (Wiederkeher et
al., U.S. Patent No. 4,069,324 issued January 17, 1978).

Other 1l-(lower alkyl)-3-aryltriazenes of Formula XI may
be prepared similarly by reaction of other lower alkyl amines
with aryldiazonium salts in similar fashion. 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-
stituted triazene. Some examples of triazenes produced in this
fashion and used in the present invention are:

- 1-(n-butyl)-3-(4-methylphenyl)triazene;
-1-(l-methylethyl)-3—(4-methylphehyl)triazene;
‘ . 1-(4-methylphenyl)-3-[2-(4-morpholinyl)ethyl]triazene;
v , -1-(4-methylpheny1)-3-[2-(Z—pyridyl)ethyl]triazene:
L 1-(2-benzylthiolethyl)-3- (4-methylphenyl) triazene;
1- (4-chlorophenyl) -3- (2-methoxyethyl) triazene;
1-(4-chlorophenyl)-3-(1,3-dioxol-2-ylmethyl)triazene;
1-(4-chlorophenyl)-3-(tetrahydrofuran—2-y1methy1)triazene.

‘Other triazenes have been described in the literature
which are suitable reactants for use in the present process to
provide 7-(subs£ituted alkoxymitosane) of Formula IX. Those
described by T. A. Daniels et al., Can. J. Chem., 55, 3751 3754
. (1977) are exemplary. - '




-13- [err] a X H, Y CNJerr] ¢c X[err] d X. Ac, Y CNe X =[®err]
fX=[err] g X =1[err] h X =7[err] The followi ng further exenplify suitable
triazene starting materials of Formula Xl for use in the present in- .
vention.. |-(n-butyl)-3-(a-napthyl)triazepeyg-_(n-hexyl) -3-pheny|triazene
1-et hyl - 3- (2, 4-di et hyl phenyl )tri azene

1- (1- et hyl et hyl ) - 3- (4- met hoxyphenyl )tri azene For the preparation oﬁy
mtomycin A we prefer to use/Zakethyl-I-(4-nethyl phenyl)triazene as

met hyl ati ng reagent. PrefeX «@ N=0b<NH+QH.,#¥| ecul ar proportions of the
latter per nolecul ar proportiRE=Z0f 7-hydroxy- éa met hoxym t osane are enpl oye
and the reaction iss preferably carried out in a |iquid organic solvent for
t he 7-hydroxy-9a-net hoxym t asahe= s[(aergCNat.eri al. Preferred solvents are

t he | ower al kanol's, |ower. albkqpcg CNé = CN
c X = COZMe, Y=CN
d X = Ac, Y = CN.
e X =NO,, Y=CO,Et
£ X.= CO,Me, Y = CO,Et
g X'= COMe, Y = COPh
h x,=~N02, Y = <-CH(OCH

32

_ The following further exemplify suitable triazene - W
starting materials of Formula XI for use in the- present in-
- vention. S o

-1—(n-butyl)-3—(a-napthyl)triazene
1-(n-hexyl)—3—phenyltriazené : : ;
l-ethyl-3-(2,4-dimethylphenyl) triazene
1-(l-methylethyl) =3~ (4-methoxyphenyl) triazene -

For the preparation of mitomycin A, we prefer to use
3-methy1-1-(4-methylphenyl)£riazené as methylating reagent.

! Preferably, at’ least two molecular proportions of ‘the latter per
molecular proportion of 7-hydroxy-9a-methoxymitosane are employei;;
and the reaction is preferably carried out in a liquid organic
solvent for the 7-hydroxy-9a-methoxymitosane starting materlal.
Preferred solvents are the lower alkanols, lower alkanoic lower
alkyl esters, the dilower alkyl ethers, the cyclic aliphatic
ethers, and the lower polyhalogenated aliphatic hydrocarbons.
‘These solvents contain up to 6 carbon atoms, but those boiling at
. temperatures of less than 100°C are:preferred.'JSpecifié'pre-
ferred solvents are methylene chloride, methanol, diethyl ether,
-ethyl acetate, and mixtnrgs:therecf."Thelreactidn'may-be carried
out at the reflux temperature of the reaction mixture or up to
about 60°C. At temperatures in excess of this the mitosane
reactant is incline& to decompose with a resultant reduction in



%Ikyl esters, the dilower alkyl 'ethers, the cyclic aliphatic ethers, and
t he | ower pol yhal ogenated aliphatic hydrocarbons. These solvents contain up
to 6 carbon atoms, but those boiling at tenperatures of less than [err]
“are: preferred. SpeC|f|c pre- ferred solvents are nethyl ene chlori de,
met hanol ¢ -di et hyl ether, ethyl acetate,-aml # xtures thereof. The reaction
may be carried out at the reflux tenperature of the reaction m xture or up
to about 60C. At tenperatures in excess of this the mitosane reactant is
inclined to deconpose with a resultant reduction in -14- yield. It is
preferred to carry out the reaction at roomtenper- ature or below, for
instance within the range of 0 to-25C. A convenient way to deternine when
the reaction is conplete is by thin | ayer chromatography. Mtonycin Ais
deep purple in color and can be readily distinguished fromthe start- ing
material and from by-products. |In the solvent systen1nethy|ene
chl ori de/ net hanol (90/10) mtonycin A exhibits Rf = 0.36. Chronmatography on
?eutral i@ﬂﬂfﬁiﬂQYLbegﬁ&férb@a[ﬁﬁlcafryabuﬁnthé reaqimiucit ?&mm temper-
oregoi ng reaction condi tions _a ecaut. ons, are r le to
6& ?;P g?“ertffé'r ARS a[&edﬁgsthln the r%%@% %é Yo AP é§aé

the pre
A convenient way to determine when the reaction is

'combléte is by thin layer chromatography. Mitomycin A is deep
‘purple in color and can be readily distinguished from the start-

L' ing material and from by-products. In the solvent system '
methylene chloride/methanol (90/10) mitomycin A exhibits Re =
0.36. Chromatography on neutral alumina may be used for puri-
ficat;on of the product. ' i

'The foregoing”reaction”conditions and precautions are
generally applicable to the preparation of other 7-R60-m1tosanes
~ of Formula IX according to the present process. -



of Formula I X according to the present process. - 15- Useful ness of
conpounds of- Fornul a I X in antineoplastic therapeutic nethods

is denonstrated by the results of in vivo screening procedures wherein the
conmpounds are adm nistered in varying dosage anounts to mice in which a

P- 388 | eukem ¢ condi ti @ i-s i nduced. Conpounds acggrdi ng
to the present invention are believed to possess anti-bacteri al acthﬂﬁty
agai nst gram positive and gramnegative mcroorgani sns in a manner simlar
to that observed for the naturally occurring mtomycins and are thus
potentially useful as therapeutic agents in treating bacterial infections
in"humans and animals. - - 16 - Activity Against P-388 Mirine Leukeni a
Table | contains the results of |aboratory tests with CDF mce inplanted
intraperitoneally with a tunor inocul um of -

- Usefulness of compounds of Formula .  IX in
antineoplastic therapeutic methods is
demonstrated by the results of in wvivo sc:eening.pxécedures
‘wherein theicompounds are administered in varying dosage.gmqgnts'
to mice in which:a P-388 leukemic . condition is
induced. . . . i , o o o

. , . _ . , W
_ Campounds according to the present invention are
believed to possess anti-bacterial activity against gram-positive
and gram-negative microorganisms in a manner similar to that
'observed_for-tﬁe_natu:ally occurring.mitomyéins and are thus
potentially useful as therapeutic agents in treating bacterial
infections in humans and animals. .



ﬁOG,ascites cells of P-388 nurine |eukenia and treated with various doses

of either.a test conpound of Formula | or Il, or with mtonycin C. The

conpounds wer e adm ni stered by |ntraper|toneal i njection. Goups of six
Tice vere used for each dosage ampunt and _t _were treated with a single
dose.of  &he conmpound on the day after i noculation. A group of ten saline
treated Gontrol m ce was included in each series of experinents. The

mtomycin C treated gr vty Agalinged Pag 88 Murine cLeokemia A 30 day

protocol was enployed wth the mean survival tinme 1n days berng determ ned
for each group of mice and the nunber of survivors at the end of the 30 day
peri od bei ng notedTable T contd insetheeteseflys df chilbberatopy &ga:’tn; witdny

Si X. ange_in, ken f.. d t
wet ghi n r% JREre" s et b PESRaR  KAnTRION, Y ind FuhBE BpbEp1taGe
3pproxnﬁn | as@igesneeids rof Eemasdmuzdnexmeukemna1&mﬂrﬁsahtedmaﬁ¢h
eterm e f T, h f t

o the (fadus oPEheS: of ITHE " bEsb ot of Folfiffa "t ¥r/ds. OF
conLroIwythmmitamycimoc;ﬂmmhajcampouadseWenauadnlnisueredubyalIy di ed
Wi thinng ect I

e oo 1 CREARYELEORETTHHIBR o 0T Grbllpld"0f B WOLE L3eB BoE Witn
par ent hmsageeambuntalm theyi werewtreatiedomidim &€ singhe goset ofe the
control §a er & Of ' LY is f
~the present éﬁﬁstgﬁcgﬁt gé{f”éftJP‘@Eac{ﬁﬁ%gogxst A '&f@ﬁ £V EedCbalink
, treated control mice was included in each series of experiments.

The mitomycin 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
number of survivors at the end of the 30 day period being noted.
‘The mice were weighed before treatment and again on day six. The
change in weight was taken as a measure of drug toxicity. Mice
weighing 20 grams each were employed and a loss in weight 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 trtated control group times 100. The saline
treated control animals usually died within nine days. The
"maximum effect® in the following Table is expressed as % T/C and
o the dose giving that effect is given. The values in parenthesis
are the values obtained with mitomycin C as the positive control
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 considered to be 125. The
minimum effective dose:reported in the following Table is that
dose giving a § T/C of approximately 125. The two values given
in each instance in the "average weight change" column are
respectively the average weight change per mouse at the maximum
effective dose and at the minimum effective dose.



mnimmeffect in terms of % T/C was considered to be 125. The ni ni num

effective dose reported in the follow ng a_/ple I s that dose g| Vi ng a % T/ C
of approxi mately 125. The two val ues gi vert4 I each instance in the ' 'average -
wei ght change" colum are Tes ectively the average wei ght change per nouse ?
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173
18

mg/kg of body weight

1.

average grams per day fdr each maximal and minimal effective doses

Urakawa et al., J. Antibiotics, 23, 804-809 (1980)

3.

[ to use.
nd the |ike.
and exanpl es, all

-19- In view of the antitunor activity observed in experinental aninal
use of subsigances of the present

For this purpose,
bearing a tumor in substantially
the present invention
the same way and for

| arger or smaller doses
sensitivity. They are
bns -cont ai ni ng di | uents,
contributing to

n constituted with an

they are

Sui t abl e

4.

values in parentheses are for mitomycin C tested in the same run
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t enper at ures afe gi ven in degrees Centigréde, and nelting points are
uncorrected. Proton nucl ear nagnetic reggnance ( H NMR) spectra were
recorded on a Varian XL100, Joel FX-90Q or Bruker WM 360 spectroneter in S
ei ther pyridine[erl] Qr ] L pdi en ridine-d5 s used as the
sol vent, “the_ pyri 3§ngqre§sg#1%n%€éaégggé%% sé/%%’e‘ﬁggg ﬁhsﬁﬁf’gﬁﬁn r ef grence,
wher eagmemtgentplam/le rEUIKSEs ' s wes eondemplatentitrenal r esecd wye

Chem cglypdi r | “ el Cﬂﬂ_p|' . nts_in,Hertz.
Splitt?%g pé%%é?%ssgﬁe. e_«gﬁ% eg ggbkgfﬁg&%: s,_%ﬁ%ﬁﬁg??hg,.%&m&%&ént,
tripl ettulpryuarFer; thisnpurgoese; theybased administededdseyistemadfically
doubl etgo f \maiRtlN Cbe@rilnd M Stumdpf A" %%{%%e n it her_on
a Becknman_ Model 4240eépé%€¢onet%$$orig-%ico e -Pﬁﬁé%é%?r%%ﬁﬁé%nﬁ

- are refdfiartiverdesprocal centineters. Utraviolet (W) spectra were:-
determ ned either on a Cary Mdel 290 spectroneter or a Hewitt Packard
8450A spectroneter equipped with a nultidiode array * Registered Trade Mark
-20- detector. - TRPER corpeuwnds rf othepRyesany Wpventionearguingensied -
Anal teglrisna:rm{gserEs@ afaxg&eﬁanchhom{agrawysmé Wi ¥nl" £ me
VDeIn1n%¥tral al um na rade), or Wielmsilica L _ -

of the same purposes as tomycin C. Somewhat larger or smaller
doses may be employed depending upon the particular tumor
sensitivity. They are readily distributed as dry pharmaceutical
compositions containing dilueﬁts, buffers, stabilizers, .
solubilizers and ingredients contributing to pharﬁaceutical QJ
elegance. TheSe compositions are then constituted with an

injectable liquid medium extemporaneocusly just prior to use.
Suitable injectable liquids include water, isotonic saline and
the like. '

DESCRIPTION OF SPECIFIC EMBODIMENTS

* In the foilowing procedures and examples, all
temperatures: are given in degrees Centigrade, and melting points
are uncorrected. Proton nuclear magnetic resonance (IH NMR)

‘ spectra were recorded on a Variai*XLloo, Joel FX-90Q or Bruker
WM 360 spectrometer in either pyridine-d, or D,0 as indicated. -~
When pyriding-gs is used as the solvent, the pyridine resonance bl
at §=8.57 is used as an internal reference, whereas with D20 as
solvent TSP is used as the internal reference. Chemical shifts
are reported in § units and coupling constants in Hertz.
.Splitting patterns are designated as follows: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; bs, broad .
signal; dd, doublet of doublet; dt, doublet of triplet. Infrared
spectra were determined either on a Beckman' Model 4240
spectrometer or a Nicolet 5DX FT-IR spectrometer and are reported
in reciprocal céntimete:s. ‘Ultraviolet (UV) épectra were .
determined either on a Cary Model 290 spectrometer or a Hewlitt
Packard 8450A speét#ometer equipped with a multidiode array

~ * Registered Trade Mark



'bel (32-63um) and the i ndi cated ‘sol vents. Al evapor ations of solvents

were perfornmed under reduced pressure.ang bhelow [err]. The

é-aLk¥|f3 aryltriazenes nmake up a class of reagents which are known to be
useful fgpy ng %ﬁi or € waQd [ESRYUHE NGy

al kyl ester% - Vet *#ig E?QQEEFHﬁBﬁ?% é zeﬁgbza e prepared éé

fol | ows: oeﬂémmlitich HS1dArae 9’@(1 &EF EESSynFlaS chremetpquapy . was
1- thhy|ﬁ§npdwﬁﬁ”éiﬁﬁ@§nﬁbelﬂ ﬁfé&rﬁiuﬁﬁhg QDC@ érdaéﬁﬂorawadﬂﬁdsiﬂléa

2-1 flask equipped wth a roppi ng funnel an efficient stirrer,
‘and _t he Eﬁésﬂai;ﬁ3ﬁﬂi sagdj gh &nNQQéQﬁﬁﬁ Hvﬁﬂtﬁa Ald exaparatipnsfof

46.8 ¢ (8c17eHls wéie PPELES B indd:e Féaddlabrebsidieiand mép&edm act he
droppi ng funnel, and a M xture of 250 g of crushed ice and 140

concentr at ed hydrochlorlc acid is added to the p-toluidine with stlrrlng
The potassium mtrl'me SPJ-Hlkyﬂ.-B&a'i:Iﬂ/ﬂﬂl@ﬂéiﬁfésV\tﬁheCQ lahithsd i6 £ | Afagents

during 1-2 .hours until a t|ve sjarc potassium i qQdide t obtaL ed
(Not 60 1) WhGH' are HraRwRcEpe bl HEEARY CFOT FaRaEE R R Ho e SRPYLHF e hae

r eatcth i on¢ef fAjdm t&t& t@éﬂrdspendihq smiw&r Oelil]akaf'lpeé ebuenedilanmutingl <3 or i de
is en. rou 0 : co congentr agqueous sodi um -
carbonat %%éﬁﬁﬁﬁ#% %§§5FEF :h% PEgPape r&ﬁg?&iﬁotﬁkw and a

smal | amount of red naterlal settles out. The cold, neutral solution is
transferged t&uke PPN 9a] YRS te® it &0CY org. Syn., 48, 102-195 (1968).

1-Methyl-3-p-tolyltriazene. p-Toluidine (50.2 g, 0.47
mole) is added to a 2-1 flask equipped with a 200-ml dropping
funnel and an efficient stirrer, and the_flésk is immersed in an
ice-salt bath at ca. -10°. A solution of 46.8 g (0.55 mole) of
potassium nitrite in 150 ml of water is placed in the dropping
funnel, and a mixture of 250 g of crushed'ice and 140 ml of -
concentrated hydrochloric acid is added to the p-toluidine with
stirring. The potassium nitrite solution is slowly added with
continued stirring during 1-2 hours until a pos;tlve starch-
potassium iodide test is obtaxned (Note 1), and the mixture is
stirred for an addltlonal hour to ensure the reaction of all the
toluzdlne. '

o The solution of'p-toluenediazonium-chioriae is then
brought to pH 6.8-7;2 at 0° with cold, concentrated, aqueous
-sodium carbonate, whereupon the solution becomes red to orange in
¢olor and a small amount of red material settles out. The cold,
neutral solution is’ transferred to a dropping funnel and added
slowly to a vzgcrously stirred mixture of 150 g of sodium
carbonate, 300 ml of 30-35% aqueous methylamine (Note 2), and
100 g of crushed ice in a 3-1 flask. The reaction mixture is
kept at ca. -~10° during the'additioh,'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



slowly to a vigorously stirred m xture of 150 g of sodi um carbonate, 300 ni
of 30-35% aqueous net hylam ne (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-
requi res about 45 minutes (Note 3). The solution is extracted with three
1-1-portions of ether. The ethereal extr®¥s are dried with anhydroué
sodi um sul fate and evaporateq on a rotary evaporator at. - - -21-- roo

t enper&POMe LEPRFTALWER gt 81 9&VEI S St hyFrads. acmﬂtmlaz%we-’qqxbyétn}azene

gg' ?1I Ne{-.acq J nmwtﬁé poaced subld rwateﬁndobmédt rs{u%ﬁ%ﬁet %}x‘&' t{l&d at
nm, crystalllne su I mat e :
AThbzene g a%%& 3ts 309l ainy F oS- 3o B0 38 Matar | 6384 Peom

hexaneyéptlew\;e dﬂg@ﬁ?m;eeesgbmhtat& ﬁ&eﬁ:esn%o"t ol el ]otbﬁ:d\il{@dd(Note 5).

conve n .S 1 SSOJ ved 1IN anou OoT etner an

ol vt 1 BRS; slblimase G417 Boy bears L HASH CEAAR Bostas (5P GHYE GEUR 11 at

pl ag gs?%wiabeaesus;lhm:}cqaéeMeast m.Jp p. 809588]& .5%he luoelei cﬁnmﬁeﬁtlyzene

S e ndi.Vi al test

st ar ch"f)ogﬁ ér’ﬁrﬁq@a’ “baEéF gﬁg’tﬁ%&mb a’WE {: oF RrRSTas ‘!r%? hEC LG ePPon

of pothssdiluted with 2 volumes of hexane and cooled to 0° to give flat
plates with a sllghtly yellow cast; m.p._79-81° The yield of
pure triazene is 33-37 g (47-53%) (Note 6).

NOTES | _ o .
1. The individual tests with starch-potassium iodide W
paper should be made 1-2 minutes after the addition of potassium
nitrite has been stopped.

2. 4d§ aqueous methylamine_may be_subsﬁituted,
3. The reaction-is over when a drop of soiution.op
longer gives a red color with a solution of B-naphthol in aqueous

sodium carbonate.

4. The chief lmpurlty is 1 5-d1—p—to1yl-3—methyl-
1,4,-pentazadiene (m.p. 148°). This can be removed by fractional _

crystalllzatzcn, but it is easier to subllme the triazene from &J

the reaction maxture.

S. The'sublimate contains'a'trace of 1,3¥difp-toly1-
Itrzazene, as shown by thln-layer chromatography. Recrystal-
lizatlon ylelds the pure 1-methy1-3-p-tolyltrlazene.

_ 6. This procedure works well only with water?soluble
amines. Procedure 2 given below is more: sultable for the
preparatlon of triazenes of water-insoluble amines.

*4



%}trite has been stopped. 2. 40%)adﬁeous met hyl am ne may be substiituted.
3. The reaction is over when a drop of solytion no |onger gives a red
golor with a solution of [err]- naphthol in tdeous sodi um carbonate. 4. The

chief inmpurity is 1, 5-di tolyl-3-nethyl- 1 tazadlene mp. [er :
Thi's caMb ‘frgctmﬁ E&Srgl |3§t¥ﬁ£e gLen E&t—e&ﬁ%‘%[t%ﬂ)
sublinme the tritazene fgoméhe (1e8gyi.on mxture. 5. The sublimate contains a
trace of 1,3-di-p-tolyl- triazene; as shown by thin-layer chromatography.
Recrystal - lization yields the pure |-methyl-3-p-tolyltriazene. 6. This

Brlocedure wor ks . \Nelll-MuftyU-b-pat:hao&xdplté:whnmnenePr odcdolatian vefh -

elow is_no su t abl e {_the,preparat r1of a Qf b

ani nes. Brehis¥oneiashadlas R B RaR e BorionbsBRGEE. (astiy (a {Efed fom

21, HP 75&etb&6§he€handﬁlyk238p gh! Atahemodles hz bnedimeshinlifioomaniide

p- chl orobegnzen |azan|u hexaf | egLyst

Dt one. hIRBRRMGMATMREYR' LY RSP I GrLg PEOYR, BiElh WiRure o
n-butylam;ne (0.73 g, 10.0 mmoles), powdered sodium carbonate
(15 g), and dimethylformamide (30 ml) stirred and maintained at
=5°, The diazonium salt solution may be used at room -
temperature; however, a purer product is usually obtained if the
diazonium salt solution is prepared in and delivered from a

cooled separatory funnel maintained at ca. =50°. Thé'mixtu:e was
warmed to 0° and stirred until a negative test was obtained with
2-naphthol (only a few minutes are usually reqnired)}' Et@ér'was
added, the mixture was filtered, and the filtrate was washed
thoroughly with water, then dried. (The triazene may be isolated
at this point and recrystallized from pentane at low
temperatures.

Procedure 3

_ '7-Hydroky-9a-methoxymitosane. Mitomyecin C (2.2 g,
6.6 mmoles) was dissolved in 140 ml 0.1N methanolic NaOH (50%)

.~ and the reaction mixture was stirred at room temperature for 30
hours. The solution was then adjusted to ca. pH 4.0 with IN HC1
and extracted with ethyl acetate (4 x 500 ml). The combined
ethyl acetate extracts were dried (Nazso4) and evaporated under
reduced pressure at about 30 to 35°C to obtain a solid residue,

" which upon dissolving in ether and treating with excess hexane
afforded a purple precipitate. The precipitate was collected and
air dried to afford the title compound as a fine purple powder

(1.4 g, 63%).

1y ¥Mr (pyridine-dg, 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 (dd, 1H), 4.37(d, 1H), S. OS(t, 16), 5.40(dd, 1),
5.90(bs, 28).



(di nmet hyl am ne-free) was added slowy to ‘a stirred nixture of n- but yl am ne
(0573 g, 10.0 mmmol'es), powdered sodi um carbonate (15 g), and

“dinmethyl formamide (30 m) stirred and nmiggained at [err] The di azoni um
salt- solution may be used at room tenperature; however, a purer product S

usual I y- obtained if the diazoniumsakt solution i's prepared in and

del i veéﬁﬂﬂﬂé}}f&_ﬁool ed separatory funnel maintained at ca. -[err]. \ﬁle

m xture was warned to 0 and stirred until a negatlve test was obtained with
2-naphthol (only a few m nutes are usually required Et her was added t he

i xt ure was fllté&'él?l'xﬁéﬂt_&?fl#tl‘%@emWﬂ 0nahamale) st iyt REvat er
then dyigg drdx%-txﬁeaaeﬂwmbd&é sehat fdoaingt mos aﬂplraioreﬂ ﬁﬁfﬂﬁitt bged
from pent IOM/te rat.ures. Procég i dr oxy-9a- hoxym fosane.
M.t onyér ﬁ‘eé?’(lé- gE."EO iazeng wag 1590 Vieﬂ 40 %m:b ﬁ%ﬂﬁ%ﬁﬁﬁol ic

Na CH (éﬁ%bﬁmabt&ﬁarrachuoau@ﬁﬁyueeanﬁrstImhedsalﬂﬁxaa;eafeéatgéatigr -30
hour s. %iﬁ sql uti s.then adjusted to.ca, with 1IN HCl_an

d
ext r ac FEF N SBt cBPUES (AS Shhrned. atTEQ%‘brﬂﬁ%%?W £eEt &8
- extracheuwy.e ¢ned[1ﬁélea§%heamxmmemdhanw (9OLDEY] pEevasladakhebout
30 to 35C ta obtalnaslldresm!g% ch, ugan Adi.ssol vi.n %gether and
treat i AFPRATANSE RE fe ﬁﬁg il os%°t)u?‘ﬁl fproéas%ﬁ’aﬁlé E2GP cBPpRRE e
was coblifedimphrity aat Ri=6d 41a affhne dresetion micpure wassconéenerated ¢o
pov"derdryqess and _chr_on_\a_tog_raphed on Woelm neuora_l alumina employing
methylene chloride and methylene chloride:methanol (30:1) as
eluting solvents. Fractions containing the component at Re=0.36
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°.

16819930 C» 54.96; H, 5.44; N, 12.02
Found: C, 53.96; H, 5.37; N, 11.99

Ana_l. Calc'd for C

IR(KBr) ,Ymax, cm~l: 3400, 3300, 2950, 1700, 1630, 1575, 1200,

1060.

lm mm (pyridine-d., 8§): 1.82(s, 3H), 2.74(dd, 1), 3.12(d, 1),
~3.24(s, 3H), 3.54(d4, 1H), 3.96(dd, 1H), 4.02(s, 3H), 4.22(d, -~
1H), 4.84(bs, 2H), 5.02(t, 1H), 5.38(dd, 1®H). . = = ™

| 'I'he y_i,eld' 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 Na2c03, 35% aqueous solution of amine (amount as in
Procedure 1) and ice, and the suspension was stirred at ~5°C
(icé-salt bath). To this suspension was added dropwise, a cold
suspension of p-chlorobenzenediazonium hexafluorophosphate



11.4 g, 63%. [err] NWR (pyridine-[err], 6): 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(dd, 1H), 4.37(d,
5.05(t, 1H),! 5.40(dd, 1H), 5.90(bs, 2H). -23- Procedure 4
\AtonyC|n A A 100 ng (0.30 nmole) quantity of 7-hydroxy9a-net hoxym tosane
and 100 wg (0.67 mmol €) quantity of 3-nethyl-Il-p-tolyltriazene was
dlSSO|V€h~¥n 2 m nethylene chloride and 10 ml diethyl ether. The
soluti'on, after gently refluxing for 6 hours was stirred at room
tenperature for 18 hours. TLC [nethyl eme 2hloride: met hanol (90:10) ]
reveal ed the appearance of a deep purple spot at [err].36 with a trace
anmount o&Alq}pu ﬁt Fhemijcalk |Cap nllnTiager.ea@ttue(:n rN GRe haslusicanabaudd to
dryness hﬂog%ftg%fe Y b i VOBh My 8L kol é@éamannﬁﬁbaeu%e was

chlqrid and met nmet hanol utlng sol vents.

Fracti orsxmcgedu wgtﬁhézcﬁﬂmheﬁther-RfE som@r:@%o@eethma esheanexbrart
to dryn £33 r%’%ﬁﬁhﬁ%@d %trpfwééérgrari%a' ¥R fsrd)fv f&i&%@ﬁéaﬁ%&%@@ fziﬂﬂxe

hexane af etitle coqgoun as a fine @mMphous purﬁ
ng, 24%Yekpowish solid residue was purified by column c romatograp y

- over Woelm alumlna using hexane-me thylene chloride (1:1) as
eluting solvent ( H NMR recorded).

Examples 1-10

WA The triazenes 1-7 of Table II which follows were

_ prepéred according to general Procedure 1 described above wherein
the triazene of Example 1 is exempllfled The triazenes were
purified by column chromatography on Woelm alumina.

The triazenes 8-10 of Table II were prepared according
to general Procedure 5 described above.



. Anal,. Calc'd for [err]: C, 54.96; H, 5.44; N, 12.02 Found: C, 53.96; H,

5.37; N, 11.99 IR(KBr), Vmax, cm 3400,,3300, 2950, 1700, 1630, 1575,
1200, 1060. H NMR (pyridine-d5, 6): 1.82(%] 'BH) - 2.74 (dd, IH), 3.12(d,
1H), 3.24(s, 3h), 3.54(dd, 1H), 3.96(dd, 1H), 4.02.(s, 3H), 4.22(d, 1H),
4.84(bs, 2H), 5. 02(t' 1H, 5.38(dd, IH. The yi eId in procedure 4 is.raised
to 63% by enpl oyi ng net hyl ene chloride as reaction sol vent and gooms%r

tenperature for a 24 hour period. Procedure 5 In a 250 m_one ngck round
bottom flask was placed jsolid [err], 35% aqueous sol ut| (g% o arrEne (anmunt
as in Procedure 1) and ifjce, and the suspens was ir E’C (1 ce- sal t
bath). To-'this suspensijon was added dropw sus nS| ope of
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inice, water, [err] (sglution abo pH#) ter ahe ad&tlon"{was '
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Yellow sh solid residue was puri'fied by col um chromat ography over Wel m
al umi ha usi ng hexane-nmat hyl ene chloride (1:1) as 1 eluting solvent [err] NWVR

Jecorded). Exanples 1-10 The triazenes 1-7

“Tabl e

prepared according to general Procedure 1 described

triazene~of Exanple 1 is exenplified. The t
chronato@gaphy_on Whel m al um na. The tri azd

pr epar ed accorﬁing to general Procedure 5 ¢
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- 27 - Exanple 11 lrp[2-(3-Nitro-2-pyridy]dithio)ethyl]-3-(4-nethy|phenyl)r
triazene A solution of 4-nmethyl phenyl di azonium chloride is prepared as
. descrihed in Procédure 1 fron1p-to|uidine and adjusted to pH 6.8-7.2 at

[err] as described in that procedure. Véiutlon containing 21.15 mol es of
the 'diazoniumsalt in 45 m of solution Prepared in this fashlon.and
placed in a dropping funnel connect 0 3 neck, round bothen1
flask contain- ing 5.34 g (20.0 nng§§¥$gg§—i—(3 nitro-2- pyr|dyld|th|o)

et hylam ne, 7 g of sodium carbonate, and 150 ml of di oxane which had been

dded 49 1b1q Lhitted 02 LG GAUIIGE o RELHY 15 2439504 AF Al pRLDON ¢

chill etiziaz®ne ce bath and the contents stirred nechanically. The di azoni um
salt solution was then added dropw se during a one hour period fromthe
droppi ng funnel. Wien addition had been conpleted the reaction nixture was
al l oned to warm th sebutionpefaidnme thylphenyhdiagoniam chlexidenise 400

m h dth
es! r cREopaTEd e sm"%ﬁ’r. i e‘?‘ﬁ““ﬁ%ﬁgt ok B e
packedaéapﬁrf#d 032 Pfﬁcﬁ B 7di2amdy é’r° n%lst@ﬁsﬁiéheg |1ang:hat-s.9v@pcedure. A
hexanes%ﬁ&'&ﬁ%mé’ihgﬁ Eﬁll)ls hevs1es NBEh¢hena iablopinie éa?i@):m 45 ml

hexane nmet hyl ene chl ori d
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-pyr1dyld1thlo)
ethylamine, 7 g of sodium carbonate, and 150 ml of dioxane wh;chxui
had been added to the flask in that sequence. "Saturated agueous
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 droﬁpihg 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 lohg, using hexane:methylene chloride (4:1); _
‘hexane:methylene chloride (3:2); hexane:methylene chloride (1:4);;,
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 12-18'a'

General procedure for preparing 7-alkoxy-9a-methogymitosane§
(12-18) | |

A solution of triazene (2.4 equivalents) in

c32c12:methanol (4:1) was added to a solution of 7-hydr6xyf9a-



and finally methyl ene chloride ‘¢ontaining 1% net hanol for devel opment and
el ution of the colum. The appropriate fractions (identified by TLC) were
gonbi ned and evaporated to yield 2.5 g of the title conpound. Exanples
12-18 General procedure for preparing 7-al koxy-9a-nmethoxym t osanes (12-18)
A solutign of triazene (2.4 equivalents) in [err]:methanol (4:1) was added
to a sol ition of 7-hydroxy-9a- - 28 - methoxym tosane (prepared in
Procedure 3) in [err]nmethanol (4:1). The reaction mxture was stirred at
roomtenperature and the progress of the reggaction was nonitored by thin

| ayer chromat ography (TLC) (10% MeCH in [e%?] The 7-al koxy-9a-

met Roxy i d @saRgmpEeditie AEaHErad Indpilbcadulle P0in 00HLDE, ThEEhEROL
reaction mxture i s chronat ographed on Wel m.al unj na when thé reaction is
j udged tAbk) eonBher FEAFHIRA JREXSUER VRS 4TI aforoom temperature and

7- al koxyeifa- pRbEessEl (o5 Hife | Pe 2Bt BbACHassS moh itirdd Oy €hLhdlayee products
P Oduce%t?zr'gmlagggg:lagh%d FEESLCI:Ef( a?}%%e !’*\Ilgcs)'ﬂ ::ll'.% ]C%l I&L T)a.bl eTIL.clel 7-alkoxy-9a-
2772
methoxymitosane product appears.as a dark purple spot on the TLC.
The reaction mixture is chromatographed on Woelm alumina when the
feaction 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.
12-18 in Table III.
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cycl o substituents optionally cohtains from1 to 2 substituents sel ected
from hal ogen, [err] al koxy, Cl6 al kanoyl, cyano, trihalonethyl, amno,[err]
gl kyl am no, or [err] dialkylamno groups, provided thAt R6 nmay al so be
2-benzylthiolethyl or [err], which process conprises reacting a mtosane of

Formula X-with a triazene of Formula Xl [eB@| - XI wherein R5 and R6
are as delhismed above and Ar is-the organic residue of a diazotizable
aromatic amne. 2. - The process of Claim 1 wherein said triazene of
Formul a XI is 3-methyl-1-(4-nmethyl phenyl )triazene. 3: The process of
Claiml or ' 2 wherein at |east two nol ecul ar proportions of said triazene
relative to said mtosane of Fornmula X are enployed. = -34- 4. The

process of C ai §LAIMS? or 3 wherein a reaction inert organic |iquid solvent
for said:mtosane of Formula X is enployed as reaction nmedi um

I DU The process for preparing a compound having Formula IX

r%
IX
o CH,
wherein: :
R® is hydrogen, or C,_¢ alkyl, and
6 . ' . .
R” is C;_;, alkyl or substituted C;_,, alkyl, C,_;,

cyclqalkyl 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
s ) atoms and.said substituents are selected from the
group consisting of halogen, c1—6 alkoxy, Ci-6
alkanoyl, c6-14 aroyl, cyano, trihalomethyl,

-_—

A g



5. The process ofJaim1, 2 or 3 whereih a |ower alkanol, a |ower

al kyl al kanoic ester, a dilower alkyl ether, a |ower polyhalogenated

al i-phatic hydrocarbon or a cyclic aliphatic ether having up to 8 carbon
atonms is enployed as reaction nmedium 6- 33 = The process ofClaiml, 2 or’
3 TWherein methyl ene chloride, nmethanol, diethyl ether, ethyl acetate_.or a

m xture of two or rmreamawpfc%s emho;aa&mmmil aumlkirlamsﬁ‘o,The
process of any of 1to rature is fromO

e|n the eactl
to [err]. 8. The -Qt:zs%r%}' f gmese i dmo1g

L7 S

tenperature is fron1[emﬂdgiéxy;]heﬁerociﬁkbrhznxﬁq 1 ot lenmgslaﬁuwi&ém

R is 2-(benzylthio)- éerr% hydr 56 rocess
of daim 1 wherein R6 |sc£ fg PyPed t)o§n ciq'}é:’o"%SuPstﬁyér r%t;oms.
The process of Cla|nlSeldnxednfﬁﬁmlnxt{b@enunqtygemylandh;hhﬂmiifﬁﬁd is
hydr ogen. 12. Th S , 3-.di_oxol an- 2-
“yl)methyl and R5 is hylﬁﬁﬁgfﬁ ea8£3§kas%§ﬁ \i¥§ﬁ¥ké€fk3§°&#aiﬁ&?x claim
1, substantially aryl, aryloxy, alkanoyloxy, aroyloxy, and hetero-
cyclo substituents optionally contains from 1 to 2
.substituents selected from. halogen, 1-6 alkoxy,
1 6 alkanoyl, cyano, trzhalomethyl, amino, C
alkylamino, or c2 -12 dzalkylamzno groups ,

1-6

provided that R§ may also be 2-benzylthiolethyl
or CHZCOOEtgiwhich ppocess comprises reacting ¢~)
a mitosane of Formula X '

i
o cr:zocm-t2

HO

- CH

. .. . with a triazene of Formula XI

6 o/

AréN=N-NH-R : X1
3 and Rr® are as defined above and Ar is
the organic residue of a diazotizable aromatic
amine.

wherein R

2. The process of Claim 1 wherein said triazene of
Fprmula XI is 3-methyl-1-(4-methylphenyl)triazene.

3. The process of Claim ¥ or 2 wherein at least two
molecular proportions of said triazene relative to said mitosane
of Formula X are employed.

U




%?as described in respect of the foregoing Procedure 4 or any of the

oregoi ng Exanples 12 to 18. 14. A conmpound of the fornmula I X, as defined
\‘jn chtaim 1, prepared by a process as clained in any of clains 1 to 13. 15.
The -conpound of the fornmula I X, as defined in claiml, identified in
respéct Q_f Exampl e 14, 15, 16 or 18. 16. A pharmaceuti cal conposition
conpri si n\g( a conpound as clainmed in claim134or 15 and a pharmaceutically
accept abl'e solvent, diluent, adjuvant or carrier.

4. The procesgs of Claim1, 2 or 3 wherein a reaction inert
organ:i.é _].J.qu:.d solvent for said mitosane of Forfmula X is employed
as reaction medium.

5.  The process ofClaim1, 2 or 3 ‘wherein a lower alkanol,
a lower alkyl alkanoic ester, a d:.lower alkyl ether, a lower
polyhalogenated aliphatic hydrocarbon or a cyclic aliphatic ether
hav.ing.up to 8 carbon atoms is employed as reaction medium,

6. The process ofClaiml, 2 or 3' yherein methylene
chloride, methan_ol, diethyl ether, ethyl acetate or a mixture of
two or more thereof is employed as reaction medium.

7. The process of any of - claims 1to 6 wherein the reaction
temperature is from 0° to 60°C.
8. The process of Claim 7 " wherein the reaction
temperature is from 0° to 25°C.
9. The process .of Claim 1 wherein R6 is 2-(benzylthio)-
ethyl and R° is hydrogen. '
‘ 10. The process of Claim 1 wherein R6 is 2-(2-pyridyl)-
J ethyl arxd,R5 is hydrogen.
11, The process of Claim 1 wherein RG is 2-(4-
morpholinyl)ethyl and R is hydrogen.
12. The -process of Claim 1 wherein R6 is (1,3-dioxolan-2-

5

yl)methyl and R™ is hydrogen.

_—

OO
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13. A process as claimed in clalm 1, subStantially:
as described in- respect of the foregoing Procedure 4

or any of the foreg01ng Examples 12 to 18.

14. A compound of the formula IX, as defined in
claim 1, prepared by a process as claimed in any of
claims 1 to 13. :
15. The compound of the formula IX, as defined in
claim 1, ‘identified. in respect of Example 14, 15, 16
or 18.

16. A pharmaceutical'composition'comprising a
compound as claimed in claim 14 or 15 and a
pharmaceutically acceptable solvent, diluent,
adjuvant or carrier.
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