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; PREFA'C‘E._ .

"The status of cancer as. the second ‘most- common .
cause of death in the United States is a fact of llfe that
in many ways is a result of the technologlcally advanced
society we live in. As medicalrscience has enabled us to
*escape many fatal illnesses, more and more7of us will face
death by aigroué of yet unconquered diseasesrhnown as can- -
~cer. Whilevtechnologyahas improyed our lives with rapid_'
transportatlon, computerlzed communlcatlon and advanced
-methods for food production, the by products of technology'
'are»seeplng 1nto the earth and our’ bodles, ever lncrea51ng
fthe rlsk of cancer for the populatlon of tomorrows - It is.
impossible and under31rable to turn back the wheels of
technology so we are left w;th theltask of dlrectlng tech-
nologY to solve the Problems‘it has‘created°’ The’elimina—
tion-gf cancer'will'probahly not happenruntil man,‘through
his.technology, finds the way'to-prevent.itsfoccurrence; |
bFor the tlme belng it is also necessary to direct our
efforts toward treatment and attempted cures for the can~-. -
. cers that are>1nev1table= he search for new chemothera-
peutic agents is only one facet of. the overall effort to
,eradlcate cancer and the follow1ng account of research is

”.onlywa_small fragment of the work 1njthrs field.
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:The purpose of this'stody was to:create synthetic
,aﬁalogsrof the naturallfroccuring.antineoplastio drug;
mitomycin{C.,_The clinical utility of mitomycin C is
“limitedlto-a great extent'by its toxioity'soiitrwas hoped e
that through‘the appropriate modifications.insohemical
structurezamoreattractiVe agent‘oould be foundof The di-
rection taken ih this study was to search for compounds
with significant antineoplasticractivity.followed by anal-
ysis of their toxicity.- Specifically, a series of mitosene
-‘analogs'were‘prepared by total synthesis and their anti-
'tumor'activity screened against an animal tumor_model,<
}P3887murine'leukemiaf‘ Analysis of the'testldata indicated -
thatroertaih analogs ekceeded}minimal aotivitytstandards
fbut unfdrtﬁnately none were-Suffioiently actime in this_
1n1t1al screen when compared to other mltomyc1n analogs

-tovwarrant further study of’tox1c1ty° Hence the only hope

| for the compounds prepared ever becomlng useful drugs ‘lies . .

”Hln as yet uncompleted tests 1n ‘other antltumor assays which

could show activity against other types of cancer,"Hope-
fullyithe seemingiy negatiVedresults of this-study will
help dlrect others to. more p051t1ve achlevements w1th thls
‘class of antlneoplastlc agents° | |

| - The ‘author w1shes to express ah lmmense gratltude
.to Dr° Wllllam A, Remers for hlS prlceless contrlbutlons of
Vgu;dance, patlence and support as a d;ssertatlon ‘director.
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who has been most patienﬁrduring my years of graduate
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ABSTRACT

- As:analogs'of the naturally ooourlngamitomycin antié-[
tnmor antibiOtics, a'setiessof notelnmitosenes,Were preparedrit
'.by total synthesis and testedlfor antineoplastic'actiVit_y° |
'The synthetic-route followed used literature—based_methods
to prepare l—Acetoxy-2,3-dihydro-7fmethoxy-G-methyl-8-nitrof
lH-pyrrolo[l,ZQajindole-9-carboxaldehyde ftom 2,5-Dimethyl- !
phenolg This intermediatedwas subsequently converted to |
1-Acetoxy-2,3-dihydro-9-hydroxymethyl-7-methoxy-6~methyl=-

lH-pyrrolo[l,2-a]indole—5,8—dione using newly developed

”“:proCeduresvthat dramaticallyincreasedtheiyieldacompared to

earller technlques° therature methods were then agaln fol-
llowed to obtain 2 3- Dlhydro l hydroxy—9—hydroxymethyl -7-
methoxy-6-methyl—lH—pyrrolo[l 2-a]—indole-5 8~dione Carba-
mate (7—Methoxy—l hydroxymitosene) whlch was the major
lntermedlate from which various 1l- substltuted and .1,7-
dlsubstltuted mitosenes were prepared;:.The ‘analogs were
soreeneddfor antineoplaStic activity_using the‘lymphocytic
leukemia‘P388vassay according to National-Cancer Institute
.ptotoool‘ Of thlrteen mltosene analogs prepared nlne were'
'»actlve w1th %T/C values ranglng from 128 to 167 (m1tomyc1n
C-T/C-= 200)»' These compounds werevqulte potent with Optl-"
. mum dosage at 6.4 'mg/kg for the majorlty of the ‘active J
analogs - (m1tomyc1n C 0. D = 372 mg/kg)o5 A high frequency

xii
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- of toxic respbnséSIWere seen at doses abqﬁe 12.8 mg/kg.

" When compared’to’semisynthetic'aziridindmitosenes:the-

compounds ‘prepared by toﬁaltsynthesis were less effectivé
- agdinst P388ileukemia-altﬁough'in general ‘they were more
. potent. The observed activity.of this_seriés.of~analogs_
supports the theory Qf«biQredu¢tive alkylaﬁibn propoéed"
for the ﬁitomycins;I Iﬁ addition to thé éyn£hetid work and
f "biol6gical testing, mass épectrai data wére obtained‘and

- fragmentation patterns elucidated.



INTRODUCTION

Structure
‘A prerequ1s1te for the full understandlng of the
chemical and medicinal propertles of_ﬁ;tosenes is a thor-f
V._ough knowledge of their parent compounds, the mitom&cinso
Durlng the late 1950 s. three closely related molecules
 with’ antlblotlc and antlneoplastlc act1v1ty were 1solated
'from the fermentatlon broth of several Streptomyces spec1es

by researchers in Japanl 3, ,These products.were named

m1tomyc1nvAf B and C but their StructuresVWere undeterminedfrh
aththe-timeg Soon afterWard~avsimilar compound, porfiro--
mycin Was‘isolated in the United"States4 which eventually

led to the structure elucidation of ailﬁfour»COmponnds»in"
,thes1960's; One final native member of this family named

mityromycinvwas also isolated in the U.S; during the eariy
196b’55;‘ The structures of naturally occnring mitomycins

and the numberlng system to be used throughout this pub11¥
cat;on are.glven 1n‘F1gure_lo ThlS numberlng system was |
chosen for simplicity in correlatlonv‘of p051tlons between

'm1tomyc1ns and the analogs of 1nterest, mltosenes° It

dlffers from that de51gnated by Chemlcal Abstracts (Figure

' '2) for m1tomyc1n C.- .Spectral'andnchemlcal evidence sup-
porting the designated structures has been summarized by
Reﬁersl; ' In addition an X-ray diffraction analysis of
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c
mitomycin C has recently been published by Ogawa, et al.

The trivial name mitosane, where x, y and z = H is used to
describe the basic tetracyclic unit. The term mitosene
refers to the unit modified by the elimination of the ele-

ments of methanol from the 9 and 9a-positions (see Figure

6) .
10,
N Z
O-

Compound X Y Z Substit

uent
Mitomycin A CH30- -0CH3 -H <x
Mitomycin B ch3o0- -OH -ch3 £t
Mitomycin C h2n- -och3 -H o<
Porfiromycin h2n- -0CH3 -ch3
Mitryomycin CH30- -NHCO-10C Hax o<

0

Figure 1: Naturally occuring mitomycins.



CH
8a 8b

Figure 2: Chemical Abstracts numbering system.

Pharmacology” '#

The toxicity of mitomycins is too severe to permit
their use as general antibiotics despite their broad spec-
trum activity. For the purpose of cancer chemotherapy,
however, the toxicity is considered tolerable when compared
to other established agents. Mitomycin C is the only na-
tive mitomycin that has been approved to date for standard
medical use as an antineoplastic drug in the United States
and is marketed by Bristol Laboratories as Mutamycin
Porfiromycin, considerably less active but also less toxic,
has attained investigational status for cancer chemotherapy.

Mitomycin C has not become one of the most popular
chemotherapeutic agents in the U.S. because of its narrow
therapeutic ratio. The drug has, however, received a great

deal of enthusiasm in Japan where an estimated half of the



»chemotherapy regimens included mitomyc1n c during the
1960’'s. This fact along with the development of 1mprovedrf
B dosage schedules and-combination'regimens such as FAM
(5-fluorouracil, adriamycin,rmitomyoin C), MA (mitomycin C, -
adriamycin) and MOB (mitomycin C, oncovin, bleomycin) offer
a good deal of promise for‘increased'usage'of mitomYcin C.
Indications include adenocarcinomas of the stomach, pan-
creas and colon; bladder carcinOmasland_squambuslcell:r
’carcinoma of‘the'oervikal o
“As anvalkylating’agent mitomjcin C exhibits some

of tne.tokicities traditionally assooiated with agents such
as mechlorethamine. They include bone marrow depression |
resulting in leukopenia, thrombocytopenia, anemia and
immunosuppression, nausea, vomiting.and‘mutagencitiy° By
- far the.limitng'acute toxicitY’is,leukopenia° Thrombocyto-
penia and anemia are less"p"revxaleni.:° "On a long term basis -
i;rheemutagenicity of mitomycin C_is,of concern because of

. possible teratdgenesis.and_indncrion‘of secondaryneoplasms
’f.Ir>has the-advantage of lessenedpirritationeat the site offd
b'adminisrration compared to rraditional'alkylatingjagents

"-kdue to its apparent_need‘for biocactivation.

‘Molecular Mode of Action

On a molecular'basis:theWmode of action of mitomy--
cins is proposed to 1nvolve initial bioactivation followed

;by alkylation of DNA amiotheressentialcellnmcrmmﬂeculesr



Subsequently the syntheses and functlons of DNA, RNA, pro-
telnSWIetc; dre inhibited or ellmlnated The overall~ef-
'~fect~is;£huS~the‘dlsruptlonfof normalfcellular activity
lesdingfto~afdecréased mitotic rate_or”cell death. Summa-
: ries-of evidencehsupporting‘the proposedemechenism of<m:donv
for mifomycins have been compiled,bykLown7vand Remerst. In
'additioh;rtwo,recent‘publications,hy Tomasz8 and Hornemanh9
: offerkig:zigggvmechanistic evidence. rhe postulated pro-
cesS'which is proposed for a number of natural antineo-
’plastlc substanceslo is called bioredﬁCtive.aikylation°

| The functlonal groups 1nvolved in the actlvatlon
,-and alkylatlon processes are the. qulnone carbonyls, the
.9a—subst1tuent” thele—carbamate and. the l 2—a21r1d1ne,;
The molecular mode of actlon 1s summarlzed in Figure 3
u51ng mltomycln C for illustrative ourposes, Bloactlvationr
begins with the reduction of the quinohe I to the hydro-
quihone Ei by an enzymaticaliy mediated process involving
>cellular reducing agenﬁs such as NADPH. - This is followed
bj.the eiimination of the elements of methanol from the

9 and 9a;position5'yielding an indolohydroquinone, III.
The electfoh.riCh>indole system;rfurther,activated by an
{amlno and two hydroxyl groups, ea51ly ellmlnates substlt-

j:uents from the 1 and lO benzyllc llke p051tlons glVlng

.m1tomyc1ns the capability of being elther monofunctlonal or -

"bifunctional-élkylating agents. In the case of bifunc-

‘tional alkylation, opening of the aziridine ring as shown



0
N
(o]
1
0
H2N
(on
HZN

1<

Ha0CONH,
\ ,OCH, HN

v

CH,0CONH
. ,OCH3

"’NHz OH
v I11
OH
H N N DNA
"k —>
""N”z A "'NH2

HN A DNA /

4

“rNH
o
VII

Figure 3: Bioreductive alkylation.
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- gives IV, containingla Michael acceptor ln the l-position.

'-;Elimination of the'carbamate moiety frOm the lO-pOsition

1liy1elds a 51m11ar alkylatlng functlon to- glve V. Various.
l;nucleophlllc groups on cellular macromolecules can then»
substltute in the reverse order from the ellmlnatlons to
-achieve blfunctlonal alkylatlon°
Spontaneous oxidation of the hydroquinone would

afford a more permanent alkylatlon as 1n VII. This last
:step is assoc1ated w1th a second cause of cellular damage.
.1 The~spontaneous oxrdatlon'ofvreduced mltomy01ns iﬂ zrtrg
..has been shown to_llberate_hydrogen‘peroxide;l,-an agent
~known to cause cleavaée of the phosphate~deoxyribose back-
bone of DNA molecules,. Thus entities such as:zl mhenloxi-
:'Adized'in 2£zg~may be responsible for degradation,ofrDNA
pin,addition tolthe7deleteriOuS»effects normally‘associated
"with alkylation. eSucn‘a;process has been‘demonstrated'in_u_

the form of.sister chromatid exchanges found in. cell cul¥ _
cl2:13

~ tures of patlents treated with m1tomyc1n C . Cyclic

reduction and ox1datlon of mltomy01n molecules bound cova-
lently to DNA would multlply the extent of DNA fragmenta—
tion. | A

. Cross llnklng of the DNA double hellx lS con51dered::

’vto be the most lethal event in- cancer cells 51nce thls pre—:
14

vents DNA repllcatlon 7; ThlS of course requlres a blfunc— L

—thOnal alkylatlng agent w1th suff1c1ently large separatlon

-between the alkylatlng functlons,to brldgeuthe,space from



one DNA stfand to its compliheﬁﬁoirMitomycin_C»haé been
shown t§ fit this»requirementlsincé'chemical'reduction~in‘r
the presence of DNA has been shown to'fesult in measuréble
cross alkylated DNA in addition to monofunctional élkyla—_
£i6n1’7° .

It is important to note fhat monofunctional alkyla-
tion is-possible without reductive activatioh‘(Figure 4) .,
Under acidic conditions the 9$—methoxyl group readily elim-
ihates to give the indoloquinoné,-yzzl, ' This enhances the .
acid lability of the aziridine ring such that'alkylation of
,.nucleophiles by the l-position is easily accomplished (§£);‘
TomaSz8 has shown that such moanunctional alkylatipn is
possible in physiological pH~rangéS~but'reports'no alkylé—
tion at the 1l0-position under these conditions. Such adid
catalysed monofunctional aikyiations may be reéponsibleAfor”
much of‘the alkylating toxiéity.ofjmitomyciﬁso_‘lh additioh=
‘dne could imégine a coﬁbinatioh_of-acid'cétalysed and bio- -
feductive mechanisms to_give.bifiz_nctionai_alkylation° For‘ '
'inStaﬁce an acid catalysed:pfocéss'cOuldgresult in alkyla-
ﬁioh invblving the l—posiﬁién;oﬁ“a'DNA strand. ihe cell iﬁ
an attempt to remove;thé,foréigﬁ molecule might reduce‘thér
'lquinoné, éctivatingjthe ld;positién_for‘a‘second4alkylation  :
dﬁ thevcémplimentary DNA'Strand to give a cross link.

- ‘ Aﬁ overyiew of the-prééoséd mélecular actions.of:-
 .native‘mitomycins'reveals'the impbrtance of mj.toseries° In-

"both bioreductive and acid catalysed.mechanisms mitosenes



OCONH,
X) Me
NH
I
DNA
IX
Figure 4: Acid catalysed alkylation.

are key intermediates in the alkylation process. By the

bioreductive pathway one can consider mitosenes to be par-
tially activated species. Quinone reduction is still re-
quired for activity but elimination of methanol is not.
With acid catalysed, monofunctional alkylation mitosenes
are the completely activated entities. The proper pH is
all that is necessary for activity. Finally, the cyclic
oxidation and reduction of mitosene units bound to DNA may
be responsible for a portion of the cytotoxic activity

shown by the mitomycin family. Thus mitosene entities



10
can be intimately associated with all of.the proposed seg-

ments of molecular activity of mitomycins.

Biosynthesis

Study of the biosynthesis of mitomycins using
radio-labeled growth media has led to the assignment of
biogenic precursors of the mitomycin family. This work
has been reviewed by Remers"” and extended by Hornemann”**.
The biosynthesis, summarized in Figure 5 for porfiromycin,
involves construction mostly from various carbohydrate
moieties. Carbon atoms 1, 2, 3, 9, 9a, 10 and their het-
eroatom substituents are derived from D-glucosamine. The
glycolysis product, pyruvate, is the precursor to carbon
atoms 5,6 and 6a. The remainder of the quinone ring,
carbon atoms 4a, 7, 8 and 8a, is derived from D-erythrose.
N-Methyl and 9a-0-methyl groups have been shown to arise
from the S-methyl group of methionine. Finally, the
carbamate comes from the urea cycle intermediate, L-citrul-
line.
D-erythrose

L-citrulline

L-methionine

pyruvate D-glucosamine

Figure 5: Biosynthetic precursors of porfiromycin.
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,Structure-ActivityfRelationships

A large uumber»of-semisynthetic'and totaliy syn-
,_thetic enalogs of mitomycins heve been prepared. These are
divided into several categories in Figure 6. The first
group contains mitosane analOgsrwhich have'been modified at
any of the 1, 2, 7, or 10-positionso These compounde are
principally available only through'manioulation ofvuhe na-

tive c-ompoundsl,s-_24° A total synthesis of mitomycins by

Klshl and co-worker525 -27 has been achieved and although’iu‘fi
is an elegant example‘of synthetic,chemistry, it is an ex-
tremely long and difficult way to obtain enalogs,~ Progress
on a new route based on’photochemioal produotioh of seco-
mitosanes may hold promise for e shorter route to eynthetic
‘mltosaﬁesza 30° The second category of analogs, the mito-
senes:closely resemble mitoeanes except that they haue been
further aromatized to an indoloquinone_system by the elim-
ination of methanol from the'9 and 9a;positions° 'Mitosenes
- are readily available by a number of totally synthetlc

routes3l 40 or by conver51on from natlve mltomy01n516 -18,

41-45° The third group, thejlndoquulnones are simply
 m1tosenes lacking the pyrrole rlng° They are also readily

}avallable by total’ syntheSJ.s46 55, Two final groups of

gsynthetlc analogs whlch dlffer more markedly from the na-

" tive mitomycins by their SlmpllCltY‘Of structure are benzo-

_quinoﬁesSG-Gl and pyrrolese_z_65
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Due :to the large number Ofgmitpmycin_derivatives
that have been éreparéd, detaiied biologigal data from
IWhich structure?activityvrelatioﬁShips aré derived will-hot'
be presentede Somefbroad generéliéaficné are offered for.
the purpose of designing analogs7oh Fifst,*two alkylatingr
functions afe required for good antinéoplaétic activity
even,thbughfmonofunctional derivatives often show anti-
bacterial action. Of the difunctiqnai analogs prepared
‘those mitosane and mitosene dérivatives'with the 1,2-
?aziridine system consistently show'high levels of anti-
- tumor activity, a fact that may be,related to observed .
lower pH in cancér cellé compar?dZtO ndrmal cellslu Second,;
.the reduction poﬁential of the,quinohe is reléted to tumor
cell séécificityn This is basea dn&thé 5bsefvation ﬁhat R
théffedﬁcing-powér of cancer-célls\is oftén considerablf
different from nofmal.cellso' IdeallyAdne could exploit.
such a difference to achieve.selegﬁiQify against cancer
_celiéo‘_For exampleé,_variation»of ﬁhé:7?substi£ueht or
eliminaticn ofbthe 9a-methoxy group=:esultfin altered
quinone reduction potential,‘ Tﬁixd,.inc:easedAwatér solu-
bilitygihcreases activity:againét‘léqkemias. finally,
.aromaﬁiéatipn»as in‘mitosenééy‘indoldépiﬁénas; benéo—-
'quinbﬁéé and pyrrolés is compétiblé’with activity. = This is
to be.expécted coﬁsidering bioactiVéﬁioh~théories. The

chailengé.in developing analogs to mitomycin C is combining.
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the elements above in a way that maintaiﬁs-the high level

- of activity-and-potency'of the?parent cdmpound,r



CHEMIS‘TRY

Target Comgounds

The establlshed high level of antlneoplastlc.actlv-
_ity of a-number‘of semisynthetic az:l.rldlnomltosenes66 led
u:thechoice of other substituted mitosenes as targets for
novel analogs to the»native mitomycins. 1In addition_the
'fsynthetic mitosene,.l-acetoxy-7?methomeitosenevKLZ)‘had r
previously been:shown.to be active in:both A-bacterio-
phage induction and P-388 murine'leukemia’assays for anti-
tumor activity34.° Although this latter compound was clear-
ly inferior to the a21r1d1nom1tosenes and mltomyc1n C in

Afterms of efflcacy, it was felt that a thorough examlnatlon'

',rof alternatlve leav1ng groups in the l—p051t10n held prom-

‘ise for better antlneoplastlc act1v1ty° _It was also felt
gthat alteratlon of the qulnone reduction potentlal by
variation of' the 7-substituent could boost act1v1ty by
Henhancing the;selectivity of such 1—substitutedhmitosenes
}againstAcancer_ceilsa 'In»mitosanes repiacement,of the
7-methoxy group'with,a l—aziriainyl substituent*showed'a
Aclear enhancement of act1v1ty6§’67 so this substitution

- was con51dered as a secondary area for investigation. The
‘above factors 1n mlnd, varlous l substltuted 7-methoxy-

-mltosenes and l substltuted 7 (l—a21r1d1nyl)m1tosenes were'

vselected as target analogs. These are shown 1n Flgure 7

15"
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where X = CH30 or and R = ester, carbamate or halogen.
Such compounds have the ultimate advantage of being avail-

able by total synthesis.

. Figure 7: Target compounds.

Synthesis of Substituted Mitosenes

The synthetic route chosen (Figure 8) is a combi-
nation of the synthesis first proposed by Allen and co-
workers'” in their synthesis of 7-methoxymitosene (18) and
its later form as modified by Leadbetter and co-workers'”
for the synthesis of 1,2-disubstituted mitosenes. This
work was extended to fit the desired modifications in the
1 and 7-positions. In addition major improvements were
devised for the preparation of 14 and 15 from 12*. Thus the
reduction of 12 to 13 with tin and hydrochloric acid fol-
lowed by treatment with potassium nitrosodisulfonate
(Fremy's salt) gave 14 in 80% yield as compared to 39%
yield reported in the literature"”. Selective reduction
of the carboxaldehyde function of 14 with 9-borabicyclo-

[3.3.1] -nonane (9-BBN) gave 15 at 70% yield in a process
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thatlis'more7dependable than the documehted method using

- sodium borohydride followed by ferriC‘chloride regenera-
. tion of the Quihone° These-modificatiohs make the synthe-
sis much more-attractive-in'lieu Of.its'lehgth and non-
,convergent-naturec. Ah overview of-the'syﬁthesis shows
elahoration of the indole nucleus by:arReissert approach
with the addition of the pyrrolo rihcrby a sort of Dieck-
mann cyclization and-decarbomethoxylatioh,to give the
tricyclic ketohe, 8. Subseqﬁently guinone, carbamate and
l-Substituehts are elaborated leading to the desired ana-
logs, 17-25. 'Further modification then leads to 7-sub-
stituted-analogs, 26,27.
o Beglnnlng with commerc1ally avallable 2, 5-d1meth-:
ylphenol (1) the synthetlc scheme progresses by nltrosa—A
- tion and.subsequent‘ox1datlon.to give the nitrophenol, gf
Next the pheholic hydroxyl'group was converted to its
methyl ether (1)'yia alkylation of its=sodlum‘salt with
dimethyl sulfate. This anisole derivativedhas slightly
acidic protons on the 5—methyl group Wthh enables con-
ldensatlon with dlethyl oxalate uSLng pota531um t-butoxide B
- as a base° The product, a maroon colored pota551um salt
'-‘of the methylene group,was neutrallzed in b01llng sodlum‘;’
Ablcarbonate solutlon, a process whlch also hydrolysed the
remaln;ng,ester to glve the phenylpyruv1c ac1d derlvatlve,'

4 upon acidification. Reduction of the nitro group with



| 18
ferrous sulfato in ammonium hydroxidéjéolution completes
'élaboration of:thé indole nucleus as thé,resulting amino
group'sponténeousiy condenses with the active pyruvate:
carbonyl, déhYdrating to give the indolecarboxYlicAacid}
5. This lést step has a particularly ﬁeaious and sloppy
work-up due‘tofproduction.of large'quaﬁtities ofoferric
oxides as by;broduotso Largé'scale.Work.was greatly
’facilitéted-using £hé ceﬁtrifugatioh_prooedure described
in the Experimehtal cﬁapter'to separaté férric oxides.
instead of”filtration proceduresoprevioosly desoribed3l°
Since yiolds in the neighborhood of 65% were possible by
thisvmethodfit'was’preferfed over the*éimpier Eut lower
yield zino—acetic acid reduotion‘reported-by Leadbetter33,

vBeforé cyolization of‘the-thirdbring, thefindolero'
carboxylic acid derivative was ooﬁvértéd to itélﬁethyl
ester (6) by a Fisher esterificatioh‘iﬁiﬁethanolic hydro~‘
gen chloride. 'The 94% yiéld reportea forothis reaction311>
was difficulﬁ ﬁo reproduce but'yielos'around 75% were
readily-obtained thch was consideréd adeQUate for large
scale work. Condensation with methyl acrylate using po- :
tassiumvt—bﬁfoﬁide to abstract the indolio'protonafforded

’.;smooth'syclizationuto’the.5—keto ester, 7 which was sub-

~;Sequently.decarbomeﬁhoxYlated in reflﬁXing 95% acetic acid”

to give the tricyclic ketone, 8. This inﬁérmédiate is
quite stable and a convenient dividing point between

hundred gram scale synthesis and work on a more moderate
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scale. . The’coﬁbined.yield'forrthese seven steps is 16% or
: approx1mately 77% per step. |
‘Sodium borohydrlde reduction of the ketone; §?to
-9 proceeded‘very smoothly as did acetylatlon with acetic~
anhydride in pyridine_to give 10 in excellent yield. »The
-acid washiné?described in the literatnre33fto remove ex-
cess pyridine is not recommended since 10 is unstable
under acidic conditions. 'Insteéd filtrationhof the water
precipitated'product followed-by water weshing,and vacunm
drying was preferred; This procedure removed most if'not
~all of the excess‘pyridine and any traces left did not-
adversely affect the next stepor Neither the-triCYClic
alcohol,'g,or its acetate, lg,are stablerfor longvperiods _
_of time et rOOm tempereture SO refrigeration andipromnt‘
",forﬁylation are,recommended° The_7VilsmeieeraackAreec—
- tion was used:to-formy;ste»the9—position,1giving l;;hThe
traditionai'procedure,'phosphorous oXychloride in dry N,N-
dimethylformamide (DMF) followedAby hydroiysis in cold
saturated sodium acetete, gave-good resnlts° ‘In addition -
a procedure using_methYIene chloride—pyridine as_co—sol-

13

vents was developedfes‘a'possiblefroute to. C-labeled~

Jlﬁi”compounds in. the lO-p051tlon° The second procedure gave

13

- better: ylelds but was never employed with - C—DMF° So

long as hlghly purlfled 8 was used as startlng-materiél,
»none of these three steps requlred any purlflcatlon and 8

could be converted to 1l with a yield of 75%.
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Nitration of 11 with 90% nitric;acid in acetic
acid to give 12 was the firsriof three sreps neoessary for
elaboretion'of the quinoneo;fIn:thisLstep it was found
_ thaﬁlporification by chromatograbhflon silica gel with
.chloroform geve superior results both inoterms of purity
‘and yield compared to the ethanol recrystalization report-
ed in the literature33; ThisASimple modification improved"
the yield from 70% to 85%. Newlyrdeveloped procedures
for the next two steos elso.improved the yield compared
to ]‘.iterature'methods° Reduction of the nitro group of
12 to the amine, ig,was accomplished with a‘tin-hydro—
'ohloric acid redﬁction'inaqueous ethehol; Theiproduct, a
pale,Yeilow 0il was stable enouqh to.obtain spectral data
not previously reported but it-was notoroﬁtinely isolated 
since the gquinone is much‘more»stable."Treatment of 13
wirh Fremy's salt in an acetone—0;3 M'pH;6°0 phosphate
buffer mixture gave the gquinone, lé!as an orange solid
after ohromatography° Yields es high as 82% for these
two steps combined were obtalned from gram batches of 12.

r The next . step was lnltlally the most dlfflcult in
the entlre synthe51s,' It 1nvolved reductlon of the alde-
hyde functlon of ‘14 with sodium borohydrldeol The qulnone
.”carbonyls are also reduced under these condltlons and must
be reox1dlzed to obtaln.lSQ- The difficulty lles in the -
extreme lnstablllty of the hydroqulnone intermediate. In’

this form the l-acetoxy substltuent readlly ellmlnates
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Figure 8: Mitosene
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2 R=H
3, R=CH3
NO02CO02H
OR
9, R=H

10, r=cocH3

synthesis
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28 R=H, X=NO;
29 R=COCHo, X=NO,

30 R=COCH3, X=NH

Figure 8— Continued:

CHO

11, X=H
12, X=N02

13, X=NH2

HoCO

CH OH

15, R=0Ac

Mitosene synthesis
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1Z, R=OCOCH

IS, R=H

12, R=0OH

22, R-OCONH,

23, R=OCONHCH
OCONH, 22, R=0C02CH3

22, R=0COCICH3B

24, R=OCOCH,CI

25, R=0CO

26, R=OCOCH3

2l, R=OCONH?2

Figure 8— Continued: Mitosene Synthesis
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leading to substantial‘decomposition if-;t-is;not quickly
_ re;oxidized-téuthe quinone. For a successful reacticn it
is eSsential to run the reduction in an oxygen free atmo-
'sphere until all of the orange qulnone color has dlsap=_ |
peared then re—ox1dlze the quinone, but not the 10-hydroxyl
group, by addition of a ferric chloride solutlono- Ideally
the.reduction step should be as rapid as possible so'that
1t1t1ally reduced molecules do not begin to decompose before
'all the startlng materlal is consumed,  For this reason a
large excess of sodium borohydride was used. Presumably
this is the reason why smaller scale reactions (200-300 mg)
gave superior &ields'Compared‘to large ones (cver 500 mg) .
.E&en-in the.sﬁaller batches a considerable-variation in’
yieldvranging from 35-65% wastobserved,mcst.probably bé-
' cause of the'difficulty in judging reaction completion from
‘the color of the reaction;,:Another factor that was critical_
~was the quality cf sodium'bcrchydride used. A fresh bottle
that was dry.andagranular_gave superior results to old,
luﬁpy borohydride° Bufferingkwith small amounts of.acetic )
-Jacid moderated inconsistancies based‘On sodium borohydride
but did not. ellmlnate occasional low ylelds°

. Beside the de51red product 15 another prodnct,
-:16 was present in small amountse ThlS deacetoxy deriva-=
tlve probably results from ellmlnatlon of acetate at the

"hydroqulnone stage and capture of hydrlde by the resultlng
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carbonium species. ' Compound 16 tended to be more prevae’
glent:Wheh the overall'yield was low and ranged from 5-15%
of the iSOlated'product° Separatlon of 15 and - 16 was
found to be difficult by grav1ty chromatography but was
easily accomplished using preparative scale HPLC. It was
- generally easier, however, to delay separation until after
the carbamates had been elaboratednahd'l—acetoxy substit-
uent hydrolysed. The resulting mixture of 18 and 19 was

easily separated by gravity chromatography

Because of the dlfflculty of reduc1ng the 10- alde-

~hyde in. the presence of a qulnone an attempt was’ made to
circumvent the problem by reduction of'the aldehyde func-
tion.atfan earlier stage in the synthesis. Thus treatment
of lngith sodium borohydride, protection of the resulting
hYdroxyl group'and subsequent conmersionrto the gquinone
‘wasi_attempted‘° The»iogic behind-such a seguence was

that the amine, gg;might be more stable. than thebhydro-"
quinone of 15. This, however, did not prove_to’be”the
casea'fReductiondof ;Z with'sodium‘borthdride_gave,some-
what surprising_ly,theZdih&droxy‘adductp ggerpThe mechanism o
for hydrolysis of the l—acetate was.hot investigated but
acetylatlon clearly resulted in functlonallzatlon of both
hydroxyl groups to glve 29. ‘The conversion of 12 to 29 |
is not ‘a very good process in terms of yield or reproduc-
lblllty In addition the reductlon of the nltro group

w1th zinc in dilute hydrochlorlc ac1d proved to be
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troublesome Sane 30 ‘was very unstable, decomp051ng at

ﬁfroom temperature in deuterochloroform while attempting to

_obtain an NMRrspectrumf The combined difficulties of this
u(route made it less attractive than that already estab-
- lished so it]was abandonedVwithoutvattempting the conver-

~ sion of gg.to'thencorresponding quinone with.Fremy's salt.
| In lieu of the difficulties described in the pre-
- ceding three paragraphs an attempt was made to selectively
reduce onlybthe aldehyde-function of l£°: Analysis of the.

'problem indicated that perhaps a sterically»hindered,re-

-~ . ducing agent would prefer attack at the aldehyde over the

“more hindered guinone carbonyls° 9- BBN was investigated
k’for this purpose and was found to give a'surprising'degree

,fhof chemoselectrvrty when limited quantitles were used

- Thus reduction of 14 with two equlvalents of 9—BBN in

‘.tetrahydrofuran consistently gave 15 at approx1mately 70%
yield.. With large excessesfof:9—BBN and‘longer reactiQn-

- time the quinone was also reduced°‘~The reaction is there—
fore not totally selective but it can be controlled to
.achieve the desired result 1n good yield, The con51stent
results obtained by this method make it the preferred
-troute for conversion of l4 to 15. |

Once the 10~ hydroxy adduct 15 was obtained
;fconverSlon to 1ts carbamate, 17 was ea51ly accomplished
ff.u51ng a two step procedure of acylation w1th phenylchloro-

‘formate followed by ammonolysrs of the phenolwc ester
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linkage in the_intermediate phenylicarbonate;product; It
was necessary to'carry out the-latter,step inpmethylene-
chioride since ammonia in more'polar‘solvents displaced o
Vthef7—methoxy substituent° . Addition ofithe carbamate -
moiety could be accomplished with yields:in exceserof 90%;
completing the synthesis of l-acetoxye7—methOXYmitosene
(17) . The'corresponding_lehydroxy'derivative,Vlg,was
easily obtained by hydrolysis of,the acetate with ammonium
hydroxide in methanol-water Solution,, This was the key
intermediate from which the l-substituted mitosenes (20-25)
were synthe51zed f |
‘ Functionalization of the l-p051tlon was accom—
| pllshed by acylation of its hydroxyl group either w1th an
acid chloride or :Lsocyanate° Unfortunately thls was not
as easy to achleve ‘as w1th the 1- hydroxyl group earller
in the synthe51sob The difficulty of acylatlon at the l—
position is caused by two basic problems° The flrst is
that the l-hydroxyl group is not very_reactive toward
acylating agents; A number of factors contrlbute to thls
low react1v1ty 1nclud1ng the low nucleoph111c1ty of a -
'secondary, benzyllc llke hydroxyl group, steric crowdlng
fromythe~10-carbamoyl substltuent and 1ntramolecular hy-
drogen bondlng between carbamoyl and hydroxyl groups. The
second problem is- that ‘when the l-acyl group formed was a
good leav1ng group the product was often unstableo_.In

fact,_products with de51rable l-substltuents such as
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1triflucroeeetogy'and methanesuifoﬁyl_could not be isoiated°
'”=Also a problem in this regard was7the'fa¢t that good. leav-
ing gfoupsAwere often displeeed by pyridine used as a
~catalyst in'the acylationa *Thus w1th methanesulfonyl chlo-'
-»rlde, chloracetyl chlorlde and trlmethylacetyl chlorlde the

1n1t1ally formed esters were converted tkoater soluble
:ealkylpyridinium salts. This property has previously been
demonstrated With indologuinone anelogs49.. For this rea-
..sona.npﬁ=nucleophilichmse sueh'as'potassium carbohate had
':to be used, avfact that uﬁdeubtedly lowers the yield'since.
- heterogeneous bases are less efficientkinvterms of cataly-
sis. In general the yield for introduction of a l-substit-
sjuehﬁkwas not high but’usually it.was_adequete to generate
 analogs for biological testiﬁg (40—65%);' This.made the
.total yleld for the synthesis of a 1- substltuted mltosene
‘from 2,5~ dlmethyl phenol about 1.5% whlch was con51dered to
 be quite good cons;derlng the.fact that twenty two steps
were'iﬁvolbedO' |
Two. of the~lfsubstituted de:ivatives, 17 and 20,

‘were subsequently converted to eheir 7-(l-aziridinyl)
;'cognterparts,sgékend)gl,reSpectivelyo-xThis was easily
:_eaeeomélisﬁedfby'freetﬁehtrwith,ethyieniﬁine'ih anhYdrous
;-methanbl~of ﬁMF’to give'7-suﬁstitution'in e matter'of:a
.few hours at room temperature with high ylelds. This reac- .
~¥tlon can be descrlbed as. an am1nolys1s of a v1nylogous

;-"'-""ester° It 1s 1nterest1ng:to note that-the v1nylogous;ester.
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'iStﬁore reactive to amines than‘either_acetate_ot[carbamate;
‘while the acetate is the most reaoti§e'toward attack by
hYdrokideo_ Also of 1nterest was the observatlon that con--
'verSLOn of 7-methoxy derlvatlves to 7 (l a21r1d1nyl) derlv-"
'atlves resulted in a marked color change from yellow-orance
1to'burgundy, demonstratlng the effect of the 7-subst1tuent4
-.on- the electron.density of the guinone chromopho:e° |

Aside from the original-target compouhds two other
mitosenes3were;preoared,. The chemistry for ‘these two com-
t'pounds is showhhianigure 90"The'oxime, 32, was preoared
for antlneoplastlc testlng based on a prev1ously dlscovered '
high level of antlbacter;al act1v1ty68° 7= Methoxy-l-
hYd10xyﬁitosene,(£2) was oxidizedfwith manganese“dlox1de
,acCording to litefature,p;ocedores33. AThis oxidatioh could4.7”

not'be effected'withttetrabutYlammohium dichromate69¢'pre-

sumably for the same reasons that inhibit I—acyiationp The
‘ketone, gi;was-converted to its oxime, 32, with hydroxyla-
hinerhydrochloride in methylene'chloride—methanoi-pyridine
solﬁtiohf ‘ | | |

h lThe‘second miscellaneoos compouno that was pre-
pared-for.biological,testing wassthe,10~chloro adduct, 36.
_It was obtained,by a last ditch effort to prepare 37;
Treatment of 19 w1th thlonyl chlorlde or - phosphorous oxy-A
Jchlorlde falled to give a 1- chloro substltuent despite lit-
49

,Verature prec1dent w1th lndoloqulnone analogs " e ﬁence ‘an

attempt to perform this conversion by treating 17 with dry
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OCONK
> 19
21, X=0
32, X=NOH
OCONH.
HoCO HUCO
37
33, X=R=CI
34, X=CI, R=CH
35, X=R=OH
36, X=CI, R=0CONHCH3

Figure 9: Miscellaneous mitosenes

hydrogen chloride was made. After work-up and chromato-
graphy 34 was isolated in good yield. It is theorized that
the dichloro compound, 33/ was the original product and was
hydrolysed by water on the silica gel during chromatography.
When very dry adsorbent was used the product eluted much

more rapidly and decomposed before identification could be



made. xSlightly wetter silica gel hydrolysed<both chloro
fnnctions\giving'35 Treatment of 34 w1th methyl 1socya-
nate gave a good yield: of ‘36 so long as- oven-drled 51llca_
gel was used in purification° This reaction proceeded more
rapidly than the-analogous‘conversion of ;g to g;, fﬁrther‘
_demonstrating the danpening effeCt of the lOecarbamate on

reactivity ofvthe l-hydroxyl group.

. Mass Spectral Fraqmentation

Dnring the course of structure verification of the
varlous substltuted mltosenes a great deal of mass spectral
data was generated It is reported here for three reasons:
'Flrst although mass-spectra-for thegnatlve mltosanes and
their corresponding.aziridinomitosenes'have been reported7?
the fragmentation patterns for‘mitosenes without a 1, 2-
-aziridinevhave not been previouslybdescribed; Second, in'~
additionbto confirming structure, the mass spectral data
observed confirm the reaotiVity'of‘the-groups in the 1- and
llO-posi_tions° Third;'the characteriStic fragmentation of -
‘mitosenes‘conld_be guite a valuable tool for deterﬁining
ig,z;zg binding sites'for mitomyoins~since mitosenes have
been implioated as the unit’of alkglation and the sensitiv;
‘1ty of mass spectral analy51s would surely be requlred for

v1vo studyn

' Low resolutlon mass spectra and a partlal llstlng o

of important'peaks are-prov1ded for the mltosene_analogs in.
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Ar“Appendix A. In all but one of the compounds analyséd a
mdlécular'ion was visible with electfon_impactionizatioﬁ
of vapor produced by heating a-sdlid sample pfobe; The
molecular ion is cﬁaracteristically a.small'peak wifh a
‘relative intensity less than ﬁenrpércenﬁo- The usual pat-
tern of breakdown.consists of a-few preaictable'low inténs-'
ity‘ions until one reaches the base peak which ié dependant
. on the.7—substi£uent but independénf of the 1~ andi10-sub-:
stituents. Béldw the base peék there aré usually_bne or tWo'
idéntifiable-ions of moderate intensity and many iow in;
tensity ions that are difficult to identify. This data 1is
.p:esehted schematicallyﬁin Figures 10; 11 and 120'_A$ a
.- specific example, the structures'fésultihg from f;agmenta-'
'»fioh of-l—Acetéxy;7-methoxymito$éné aréAsﬁéwn in~figufé 10.
’.Fragment strﬁctﬁres for the various other mitosenes follow
'.by close analogy.o~ General répresentations of the mass
Spectral f:agmentatién patfernS-for 7;methoxy_derivatives
and 7—(l-aziridinyl) derivatives are'summarized_in:figures
 llfand‘l2, respécfi&elyol | ‘
Concentrating on‘7—methoxymitosene deri?atives
(Figure 11) one can éee that~decompbsition of the molecular
‘ion can take piace‘by loss of éithér the 10— or lfsubstit-
ueﬁt,' Thiéfislan interesting pafallel.to the‘biologicai'i
*zaétivitf propéééd”to:be-éséociétea with’the_fﬁhéﬁiénal'

 groups at these positions. The l0-carbamate is lost either
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by elimination of iéocyaﬁic acia, carbémic acid or carbé—
" mate radicals - Similarly the l-substituent, for example an
’acetate;.can be elimiﬁated via théAketene} carboxylic acid
',or'cérbOXYlatefradicalpv Cbmbinationsuéf'loss of ketene.plus:
carbamic acid'ér isocyanic acid plus cérquflic'écid lead
" to.the most abundént ion at m/z 259. 1In those compoﬁndé
that can not loose a ketene or an isoéYahate from the
‘l-position, for example g;; 24 and 25, ‘the pattern is sim- -
piified somewha£ as shoWn by tﬁe dasvhed‘,‘arrqws° The.baéeA
peak remains at mn/z 259,»however,;sinCe:it can afisélfrom
two soufceso Another characteristic peak'for the 7-methoxy'
'compounds is g/g 244 which is nearly alwéys the second most
- intense ion. It occurs due‘té eliminaiion’of a methyl
radical from the base peaké .C¢casionally.one,can_see the
combination df loss of ischanic acid ffom the lO;position
. plus loss of-ketehe (or isocyanate) from the l-position but
this fragment gives a low intensity peak and can not be
VSeeh consis{entlyo |
In»the case off7;(lfaziridinyl)mitosenes (Figuré'12)
the fragmentation pattern is.£he same except that due to
-the weight_difference ¢f~the 7;substituent,‘the basé-peak
Tfnow becomé$~g/g 27Q° In éddition one . sees eliminatipn of
‘ 'ethyliradicél or etﬁylené from the basé peak - leading térihé
~ second most infense ion; ’dne would thus eXpect tﬁat other

~Lg7;éubstituehtsfwould-also;nbt‘affect decomposition of the
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~ ion but merely shift the m/z value of the base'peak accord-
ingly° Hence. T amlnomltosene derlvatlves, for example; 7
-should glve a base peak at _/z 244

Replacement of the 10- carbamoyl functlon w1th a
cnlorine atom alters the mass spectral pattern,only mini-
>mally as shown by the data for 36 (Appendix A). One simply .
sees the‘loss'of chlorine radical and hydrochloric acid
instead:of the usual'carbamate_tadical~and carbamic'acidgr
'-Loss of hydrochloric acid plus methyl isocyanate gives a
base peak of g/gv259 in direct analogy to the previously
described 7;methoxyﬁitOSene derivatives. 'Becadse of the
similarity of'Cleavages at the 1l- and lO-positions cne.would
expect that if 1t was avallable,b7;methcxy—1—chloromitosene
would behave accordlngly giving a s;mllar fragmentatlon to
‘;é - This is- an 1nterest1ng propos1tlon since 1t could also
be extended to cover alkylated biomolecules, Monofunctlonal
alkylation'of‘a‘nucleotide,‘for instance( would give pre-
dictable fragnent ions based on the mitosene portion‘of‘the .
'alkylated'prcduct so - long aspitzis.a heteroatcm that‘is,j
alkylated; pBifunctional alk?lation WOuldtnotcnecessarily
follow this rhie:unless one of-the alkylaticns was_on oXygen.

. Alkylation of'two nitrogen atoms,_for‘example,'WOuld Ob~— .

. v1ously be expected to alter the CompOSltlon of the mltosenel f,

1ider1ved base peak ~ Thus by focu51ng on mltosene fragments a

”’.great deal could be learned about alkylatlon s1tes on DNA.
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Figure 11: 7-Methoxy derivative fragmentation
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-RCO2H
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* — [}
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Figure 12: 7-(1-Aziridinyl) derivative fragmentation
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Mitosane vs. Mitosene
"As. an addéndum- to the synthetic'work,completed
the following is -a summary of the. chemical properties of

- mitosenes in relation to their parent mitosanes. -

Acid Reactions

The extent to which.the ¢hemical behavior of mito-
 ,sénes'résembles that of mitosanés depends largely upon - the
presence or lackuof an aziridine fing,- Mitosanés,aﬁd mito-
senes with l,Zéaziridiﬁo functions are easily hydroiysed by
dilute acid solutions.resultingrin 1,2-disubstitdted mito-

s . .37
senes known as apomitomycins

(Figure 13.1, 13.2). 1In
addition, if other nucleophiles ére prgsent with an acid
 c§talyst.they,éaanubstitute atffhe'i-positiona :One‘very‘
intefesting:exaﬁple of this type of reaction isrfhe‘capture

8. Without the aziri-

_of phosphates. in slightly acidic media
diné ringiJ1thé l,2—positions mitosenes are generally much

- less reacti&e in dilute acid as illustrated byr7;methoxy—

| l—acétoXYﬁitoééne (Figure-l353’; :Thé exception fd this
rule is fheiédmpound 25 (Figﬁre_l3,4) which is hydrolysed to
19 rapidly in 0.05N hydrochldtic acid (see Experimental),
The labili£j of the nicqtinyl:grbup in acid ié probably a

reflection oflthe.inductivé effect of protonation at the

':v~,pyridine_nitrogen‘making thé zwitterionic formréf‘nicqtinic  _,‘

”aéid'a“gobd'leavingigroup,
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It is interesting to note that ‘there is a 4:i-ratio
- of cis to trans apomitomycin when-N—methyl—mitomycin'A
(Figure 13. l) is hydrolysed in O ‘05 N hydrochloric ac:.d38
‘This stereochemical preference 1s also seen- Wlth other mito—'
;sanes and is contrary tovwhat might be~expected~c0mpared-to
ac1d hydrolySis of aziridines on other ring systems where
the trans product nearly always predominatesnT° Surprisf
'Lingly N-methyl—aziridinomitosene A.(Figure 13°2) aieo gaye a
preference'for,the cis apomitomycin, howeverrthe ratio was
reduced to 3:1. This result seems to indicate that the
rhorientation of,the19a-methoxyl groupvhas only a small influ-

ence on the stereochemistry of aziridine opening in acid.

" The conformation of the 9-carbamoy1-methyl substituent-wouldv

e thus seem to be the only conceivable factor controlling this

stereochemical,preference° One might expect a/G-directed
conformation for the carbamate due to the e{-orientation of
: the aziridine ring° Such a'conformation could inhibit
attack of a nucleophile from the 3-face at the l—pOSition
fand hence the preference for c1s product.'

In much- stronger ac1d other functional groups are
also subject to hydrolySis,‘ With mitosanesb(Figure 13.5)
. the 7-amino and‘lofcarbamoyl“functions can both-be‘hydrol—
.ysed.with.the 7—amino‘group beingithe more labile_of the
twolf18’40{?>5trongly acidic conditionS'also_affect'mito-'
senes inert to dilute acid. '7Fﬁethoxy—l-acetoxymitosene

- (Figure 13.6) shows acid~labilityrof both the l-acetoxy and
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- 1l0-carbamoyl groups giving an unstable dichloro adduct by -
;treatnent wrthjanhydrous hydrogen'chloride which’is readily
vhydrolysed'by:snell emountS»of water on silica gel. 1In
summary;'all mitosanes and'mitosenes are labile in strong
“acid but under milder conditions those conpounds.lacking a

1,2-aziridine are reasonably unreactive.

' Base Reactions
Opposed to the result of acid hydroly51s, mitosanes
-and mitosenes with 1,2-aziridines are quite stable,with

~respectfto this functionalityor In addition the 9a-methoxy

group’ of mitosanes is not eliminated under ba51c condltlonsl..

“The focus of hydroly515 shlfts to the 7—p051tlon, spec1f1-
“cally when there is 'a 7-amino group present ln the moleculeo__
‘As shown ‘in Figure 13.7, the»7-am1no group of’ mltomyc1n C
oan be hydrolysed in preference.to the lO—carbaﬁoylrsub—
stituent with sodium hydroxide.in methanol18 . One can view
:thlS as the hydrOlYSlS of a v1nylogous ‘amide to a v1nylogous
A’carboxyllc a01d whlch ex1sts as a salt 1n solutlon untll
neutrallzed, More forc1ng.cond1tlons such as prolonged
hydrolYSisvwith sodium hydroxide23 or treetment with sodium
methoxide;sfzé‘results in the‘hydrolYSis of the carbamate
‘functiondtolgive lO—decerbemoYi-ﬁitosenes,- One nould'expect
<a21r1d1nom1tosene Cc to parallel thls behav1or but ba51c |

-hydrolysls of thlS compound has not been reportedo_-The

' hydroly31s_of the 7—am1n0ggroup of m1tomyc1n'c_;s a useful
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-sYnthetic cohversiohrsince_treatment of thev7rhydroxy adduct
with:diazomethaheegiﬁes;mitomycih A which-is'difficult to
-ifobtaln by . fermentatlon18 19 | -' |
| With a substrate such as 7-methoxy -1~ acetoxymltosene‘-
(Figure 13.8) one sees preferentlal hydroly51s_of the ace- |
tate ester under relatively mild‘conditions»such as ammonium
hydroxide in methanol33r Presumably both'the 7¥methoxy and
10- carbamoyl groups are.also base labile under more rlgorous.
tcondltlons but thls assumptlon has not been substantlatedv
.s1nce therefls little need for such a_synthetlclconver51on;{

| ' Weaker but more:nucleophilic basesflike amines showﬁ
slightly different activityragainst mitosanesikFigure 13.9);
-Only the 7—p051tlon is.labile to amines and in. order to be
'dlsplaced it must be 7—methoxy and . the reactlon carried out
in a polar solvent,llke methanol-or DMF. For example, mito-
[ﬁYcin A treated;withv ethylenimine-in_methahOI[gives its
f7-(i-aziridinyl)-couhterpart;, As prev1ously dlscussed this
is a useful reaction since it is one way to vary the reduc- o
~tion’ potential of thevqulnone° |

Somewhat surpriSingly the same displacement occurs

w1th 7—methoxy-l acetoxymltosene (Figure 13. 10) in prefer-.
"fence ‘to attack at the 1- -acetoxy substltuentoi Thus~ethylene |
hllmlne in. methanol attacks the v1nllogous ester of the 7- B
"hp051tlon flrst whereas ammonlum hydrox1de 1nn@thanolattacksv

the acetate ester flrst, The change in locus of act1v1ty

w1thnucleoph11etype is- qulte lnterestlng and useful
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- synthetically. 'Prolongedrtreatmentfwith-aﬁines will euen—
patually ‘lyse the. acetate to glve the 1- hydroxy compound but
. this reaction is clearly slower than that'atrthe 7—p051t10n—'
(see Experimental). 1lt is thus possiblerto}achieve'consid-v
'erable chemoselectivity in reactions oflﬁitosanes and mito-
senes with bases by selection of suitable substrate, solvent

~and base.

Reduction
Given the fact'that'biological'reduCtiou,is a pro-
vposed source of alkylating activity'for.mitosanes and ﬁito-:
'seues considerable modification would be expected upon
chemical reductioncﬁ In bothﬁspecies reductiOnlof the'
quinone ultimately leads to‘complete~decomposltion to manyb
:lunldentlfled products unless 1t is accompanled by . prompt.
.re ox1datlon of the hydroqulnone 1ntermed1ates°1 Even under
':.the latter condltlons 1t-1sadlff1cult to_getpa good yield of
fahy.of the productso' Depending upon,the methodpused reduc-
tion followed by proﬁpt re—oxidation can giveraluariety of
‘chemical modificationsl. By reduction of‘the‘quinone the
'r4—n1tr0gen atom's electron palr is freed from conjugation
ffw1th the 8—carbonyl and is able to part1c1pate in the ellm-: ,
Hflnatlon of a mltosane 9a—methoxy group Thus,_reductlon of:
';5em1tosanes with- sodlum borohydrlde followed by ox1datlon |
'J-results.ln demethoxymltosanes (Flgure l3.ll)_as;hydr1de is -

captured by an'intermediate iminium ion24°'vCatalytic
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hydroéenatidn’followed by air oxidation converts mitosanes
_to’ézi:idinémitbéenes by elimination of methanol (Figure
: l3f12);--This procéduré hés been. developed to be the only
'uSefﬁi.fouté»to aziridiﬁomitosenes withfyieldsvfanging from.
’132% foigfhevconVersion'of'N—methyl-mitomycih'A tO-N—methil-
aZiriainOmitosene A4l to about'SO% for the’cohversiqn of
mitéﬁycin A to aziridinomitosene A66° Finally, réduction of
mitosanes with sodium hydrosulfite in the presence of potés--
- sium ethyléanthate followéd byrre—oxidétion with oxygen
giveé two mitosene products (Figure .13.13) in which ethyl-
 xénthate moieﬁies'havevbéen trappedg° Oﬁe is the result of
'bifﬁncfional alky1a£ionvand-the other monofunétionélvalkyla—;
tion at_the'l«-position° ‘Analogous to this sort of behavior
'isrthat-of mitoseneé,such'as ££ when reduceaAby sodium boro-
hydridé (Figure;13°l4)o‘ Partial elimination»df:the 1-
écetoxyrsubstituent»acCompanies reduction of thesquinone
aﬁdﬁaldéhyde so thét upohlré?oxidatiqn of the quinone with
| ferric chloride one can isélate small quéntitiés’bffgg in1
addition ﬁp 15 as a resultmof»capture of hydride at the

1-position.
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Figure 13: Reactions of mitosanes and mitosenes
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Figure 13— Continued:
Reactions of mitosanes and mitosenes
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13.13
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Figure 13— Continued:
Reactions of mitosanes and mitosenes



ANTINEOPLASTIC ACTIVITY'AND DISCUSSION

" Activity Screening

TheinitialsCreen“employedgto-detect antineeplastie'
activity'ef the new mitosene enalogs was the nurineflympho—
cytic leukemia P388 assay. Details of the standard protocol
'approved by therNational'Cancer Institute (NCI) have been
published75 so only a brief:sumﬁary of the prdcedurerwill
be presented | Ba51cally it 1nvolves comparlson of surv1val
-time of test- nlce, lnoculated w1th a spec1flc type of can-
cerrcells and treated with an antitumor agent, to centrol
'miee,that have been‘inoculated With the same line of caneer
eells but reeeiuedno treatment. In addition to-theuntreated
‘control there is a positive control that is treatedIWith a -
standard'drug,'S-flourouracil,(NSC419893) to serveAas an
indicator of tumor virulence.

ihe animais used in the screen are eithethDFi'or
CDFl~mice,r Wlthln a partlcular experlment mice of all one
usex~arenused for both test andtcontrol groups. They must
be within a 3 g weight renge with a minimum weight of 18 g
for males and 17 g for females. Groups of six mice are used
for each dosage level tested and for the positive control.
',The number of mlce ln the untreated control varles accordlng’

_to the number of test groups°

48
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- The heasurecxfactivity for this assay iS'the median
"survival time'(MST)fof_treated usr-control aniﬁaistexpressed -
as $T/C = VMS'_If(test)/MST(con.troi)r X 100, A T/C“v'a'l_ue greater .
or equal'to:lZS on'the’initial‘sCreen indicates‘autineo— |
 plastic activity worthy of further considerationbt Any-test’
‘resulting.ih a T/C less.thau or equal to 85»dehotes a toxic
reaction. Acceptable MST.for control-animalS'isd9-l4 days.
‘Usually'treatmentvstart5324 hours after implantation of
tumor cells and continues'é.days at equal doses. An alter-
native treatment regimen consists of a single dose 24 hours
after tumor,cell transplauto 'Confirmed antineoplastic
Cactivity is deflned as ‘a T/C value greater or-’ equal to 125
reproduced in two separate laboratorlesn -

The testlng schedule. 1s summarlzed below on a dally
-basis. | .

" Day 0: Tumor transfer is achieved by"intraperito-
neal (ip) injectioh of‘ascitic'fluid contaihingil.x loscells»'
diluted to 0.1 ml. e o

‘bay,l::'Ahimalslareerahdoﬁized 'into-testvand con-
trol groups; VThe mean'animairweight is computed for each
group and treatment is-started.forvtest groups by ip injec-
tioncof.the drug.- Control-mice-receive a saline’injec_tion°

| Day72-9- jDailyrip'injection of drug ishperformed :
'\and deaths recorded » dn.day:S»the mean'welght 1s computed
5 for each group and those test groups with less than 65%

surv1vors are ellmlnated from further con51deratlon,_
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Day 20: If there are no ‘survivors in the control
group the %T/C 1s calculated for each test group,kr

,Dayr30:‘ All survivors are killed and %T/t!evaluated

Screen Results

Activities of the substituted mitosenes*against,PBSé;'V
leukemia are summarized in Tahle.l;-'Testing-nas.performed.
‘under thesupervisionof Dr;'William.To.Bradner Of Bristol
Laboratories and follows the NCI protocol with the 51ngle
dose reglmeno In addltlon, m1tomyc1n C was tested in each
uexperimentras;a second measure of tumor virulence and for
lthe basisof’comp’arison.to?the.'_analogs° 'Theumaximum T/Ci
value for,mitomycin C is.reported in parentheses’next to
‘each analog. Note that the value-varies from lBltto 244
depending upon the particular:experiment,_ CDFi_female mice .
were used in.all experimentso ‘Optimum dose (O D. ) is the
maximum dose at Wthh the hlghest T/C value. is- seen. Mini-
mal effectlve_dose (M.E.D.) is the.lowest dose thatjgives
. a T/Cvgreaterror-equal to 125;5 Therapeutic ratio (T.R,)'is--
o,bolaividea by M.E.D. |

A group ofsemisyntheticaziridinomitosenes has also
been testedlin-the P388 assay;edThese compounds'were pre-
.pared by Dr. Bhashyam S. lyengar at~The UniVersity'of'Ari—
zona and were tested in the same lab as the compounds pre-
'pared by total synthe51s, The data for these compounds is

'presented in Table 2.



Table 1l: Activities of substituted I‘nit‘ous‘enes'vs° P3_88 leukemia

COMPOUND wAXTMUM 2T/C | = 0.D. mg/kg M.E.D. mg/kg T.R.
18 128 (183) 51.2 51.2 1
1}12 113(181) 6.4 - -

';1; 165(229) 6.4 ‘o;é 8
: gg 163 (238) 6.4 0.4 16
21 167(228) 6.4 1.6 4
5 23; 150 (244) 3.2 1.6 2
 2§ 111(183) '25;5 : - -
24 111(224) 6.4 - -
fgg 128(211) 6.4 6.4 1
26 122(224) 6.4 - -
27 144 (183) 51.2 0.8 64
S SR o : ~_,
32 150 (181) 6.4 L 1.6 4
.36 139(222) 12.8 12.8 1

IS



Table 2: Activities of aziridinomitosenes vs. P388 leukemia

OCONH
NR

X R MAX. &T/C 0.D. mg/kg *M.E.D. mg/kg T.R.
€H3® ch. 213 (181) 3.2 0. 4

CH30 H 167 (250) 25.6 .
HC=CCH2NH H 172 (228) 64.0 16.0 4

H 183 (228) 64.0 5o
CH. H 219 (244) 51.2 s 32
239(217) 25.6 e 16
/N H 206 (217) 51.2 . 32

> ch. 222 (244) 6.4 . 32

gE.
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Discussion

In evaluating the antiheoplaetic_activityishown by
‘the substituted mitosenes one can see that a lea&ing group
-is_reouired at the-l—position in order to see aooreoiable
act_ivity° . Thus comoound 18 withfno_leaVihg group has only
minimal effectiveness at high doeeshand_compouhdfig with a-
poor ieaving group (hydroxyl) showed no'aooeptablerlevels of
activity at any dosage. When a leaving oroup ie present, as
in compounds 17 and 20-27, considerahle antiheoplasticactiv-
'ity can be seen as shown by the T/C values for 17, 20, 21,
22, 25 andle,.ali of which clearly exceed the minimal
accepted’levei of 125,' None of these.compouhds; however,
are as effective as mitomycin C against P388 ieukemia.

it.is interesting to note that theAcomPOuhdshwith
the'lowest T/C vaiues, 23 and 24, were the most lipophilic of
the group, supporting thevpremise thatAhydrophilio agents of
theAmitomYCin family are more active than»lipophiiic agentsi‘
when tested.againstdieukemiasg 'Also of intereetjis the
observatiOn that the leaving.ability of the‘l—eubstitueht
does not strictly paraliel'activity° For-exaﬁpie‘theimcreas-

ing order of leaving ablllty OH < OCOCH3<<OCOCH Cl is not

2
followed in blologlcal act1v1ty where OCOCH Cl < OH < OCOCH3;
_Thus 1t is only safe to say that a reasonably good leavxng -

'group lS requlred and that more. subtle factors influence

which leav:.ng groupis best,
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Sﬁbstttution of the 7—methoxyl gtoup with'a”7—(l-
a21r1d1nyl) moiety seems to be of llttle value in terms of
‘1ncrea51ng select1v1ty agalnst tumor cells. The two:com- |
vpounds w1th 7-(1 aerldlnyl) substltuents, 26 and 27'dc‘not i
show 51gn1f1cantly better T/C values than their 7—methoxyl
:counterparts,—iz and gg,respectively, Compound 27 does seem
to be less:tOXic than;gg; however,csince 20 showed a tcxic
'reséonse at doses abcve 12.8 mg/kg whe:eas gl-exhibited
‘maximal effectiveness in that dosage :ange;

Some miscellaneoﬁs synthetic compounds were also
tested even though they were not orlglnal targets for ana-
_logso The_flrst of these, 29 was tested in hope that the |
8;nitro—§y:fole[1,2rajihdole would be metabollcally reduced

to'the corresponding amino derivative, 30. It was'thectized
that 30 weuld:be an alkylating agent'much like the hydro-
qulnone m01et1es assoc1ated w1th m1tomyc1n alkylatlon,'v
_Indeed, chemlcal reductlon dld produce a very unstable
species but i&'X&XS_the compound_does not appear to bev
-reduced_effectively since;treated animals had essentially
the same MST as untreated'animals and no toxicv:espohse was
' seen. Some recent work'by'Sartorelli'svgroup at YalevUni—v
versity’has-shown-considetable antineoplastic'activity for
,nltrobenzyl halldes and carbamates u51ng an assay of hypox1c
f:EMTG tumor cells in culture76, Activity of these compoundsb

lls dlmlnlshed when the tumor cells are thoroughlyoxygenated°

Con31der1ng_gg to be an,analog of a nltrobenzyl carbamate,
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-lperhaps'P388 is-a bad'choice for-detecting antiheoplaStic
acthlty ln this compound since the experlment anOlVES well
oxygenated cancer cells°

‘The establlshed;antibacterial activity of the oxime,
| 336%“led'to its testing against P388 leukemia as a second
*‘miscellaneouS'compound,,<In fact, the compound did sth-
antineoplastic activity'on‘a par with some of the other
l—substituted analogs. This result is somewhat difficult
to explain since an ogiﬁe_would not be a viable leaving
group at the l-position. Pefhaps the obsetved activity can
bedrationalized by'a_ﬁetabolic_redoctiOn of  the oxime'to a.
Al-hydrokylamiao deritative which would then have-the-neces-
sary leaVing group at the l-position,t'Otherwise the activ-
ity might solely be due_to a mechanism based on generatioh
- of pefoxides from a cyclic reduction—oxidation of the
‘quinone, | | C -

The last miscellaaeous compound tested was,tﬁe,lo-
'chloromitosene derivative, 36, Based on the extremetease
of hydroly51s of the chloro substltuent, a low level of
activity was expected since hydroly51s would create a poor
leaving group (hydroxyl) at the l-position andpthus make
bifuactional alkylationddifficult, Testino.showedvthe com-
- pound to be active (T/C = 139) but it is inferiOrvto a. -
'hydrolytlcally more - stable compound llke 21 (T/C 167)

One glance at the data for semlsynthetlc a21r1d1no-

'.mltosenes (Table 3) reveals that they have much - better
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antineOpiastic activity:Within;the P388 system,"T/C-values
for these analogs are all considerably”higher than thevl-
substituted analogs° In a few cases the maximum effectlve-
.'ness actually exceeded that of m1tomyc1n c. It is a'curlous”
fact that while maintaining comparlble levels of activity
the aziridinomitosenes are in general less-potent‘than-mito?
mycin C. This is in contrast to the l-substituted analogs
" which have potencies close to that of mitomycin C (Oob? =
3.2 mg/kgAinamost of the experiments),"The marked increase
in level oﬁ antineoplastic actimityrfor aziridinomitosenes
relative to 1—substituted mitosenes most assuredly is due
to the differences between:aziridineiopening and: the leav-
ing of an ester at the l-position. ‘ThepatiridinerhaS'spe;
»ciai.qualities that are difficult to,reproduce in other’
.leaV1ng groupso To begln with it is sllghtly basic-and pro-
'tonatlon enhances cleavaqe @f the lC -N bonda Second open-
1ng of the az;rldlne ring relleves straln assoc1ated~w1th a .
threeAmember ring making it a very good ieaving group.»
‘Thlrd the semisynthetic compounds retain the stereochem—.'
istry of the natural molecules, a- fact that may be of some
1mportance:at»ch1ral Sltes of alkylatlonn tThe synthetlc
deri&atiyes_are:of-courseda racemic mixtﬁre at_the-i;posié
tion; - | o

Compound 25 was synthe51zed ln an attempt to mimic
the protonatablllty of an a21rld1ne as a. leav1ng group ‘The

pKa of a nicotinate ester77 is reasonably close totthat of
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the mitomjfcin-craziridine8 (3.1 and 4.0 respectively)

Since the nlcotlnate nitrogen is in conjugatlon with the
5vcarbonyl, one: would expect protonatlon to enhance ‘leaving
:eblllty by ap 1nduct1ve effect° ;Chemlcally this appears to“
~ be the'caseibeCauSe the nicotinate ester of 25.is hydrolysed
'rapidly byaqueous acid. Unfortunately,velthcugh active, the
rvbehavior of gé_chemicelly did not predict superior antineo-
'fplestic activityol The effect of ring strain‘would'probably

" be very difficult to duplicate with an ester-like leaving

'v-lgroup but it might be worthwhile to synthesize an analog

. that could be resolved into optically pure isomers of the
lépcsitiono..ThatVWay each sterebiSomer‘could’be screened
.fseparately to;determine the-importande of stereochemistry
_at the l-position. | o
| An additional cbservationcﬁot apparent from the‘
data presented inATable 2 is'thatva great manyrofvthe‘com—
pounds.exhibited toxic responses at higher doses. Compoundsf
.;2, 20, Zz' 24, gg.andlgg'were.ellvtoxic above 12°8Amg/kg?"'
';Clearlyrmasy;of,the»l—subStituted and 1,7-disubstituted.
Vmitosenes crepared'are potent anéhighly active cytctoxinsQ
The problem»seehs to be that there is little selectiVity for
r'the leukemla cells over normally leldlng cellso' Again, it
lwould seem most approprlate to blame a good part of thls
&lack of select1v1ty on the substltutlon of an ester llke

- leav1ng group for the a21r1d1ne rlngo Qulnone reductlon

~ potential could also be causing'the low selectivity but this
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Seems unlikely since the aziridinomitesenes with identical
7-substituents. are so active. One would expect similar
'-reduction'ﬁetehtials fot-comPOUndsfwithrthe-sanmzcthmophore;
Thelethersfactor which coula be involvedAhere_is 1ipophil-
icitf° ,In'general,'the synthetic mitosenes have very lim-
ited water solubility'es they are more lipophilic than
' mitosanes or aziridinomitosenes. = This would tend to favor
distribution into tissues such as bene marrow, livet and
kidney resulting in lethal toxicities. In this res?ect,
derivatites that would give higher‘water sblubility;might
givehbetter efficacy against leukemia wherees the deriva-
tives mede might show‘better actiﬁityeagainst solid tumers;
One way to ihcrease.water:soluhilitvaould«be'to ehange'the
'7—methoxy1.group to an amino or ethanolamino_étbup;,Ahdther_
- .way would be to create ﬁbre'water-soluble-leaving groups at
the l-pos1tlon such as. esterlflcatlon with glycine, alanine
or threonlne° Perhaps these types of modlflcatlons are
areas that are worthy of future investigation. .

'In summary, the synthetic mitosenes prepared indi-
cate-a'hﬁmber of'importaht structure-activity relationships
relevantrto both mitosanes ahd-mitosenes,, Fi:st, twoactive
leavinvg groups ‘are reqﬁii'ed for good antin’eoplastic 'activity. :

'ThlS observatlon lends support to: the proposed mechanlsm of.

bloreductlve alkylatlon with blfunctlonal alkylation of DNA -

. belng an lmportant contrlbutor to antlneoplastlc actlon°

Second the propertles of the a21r1d1ne rlng are lntlmately_'
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-associated'with’tumor cell seleCtivity»and are very hard to
d dupllcate in other leaving groups at the - l-pos:.tlon° This
:'iwould seem to lndlcate that monofunctlonal, acid catalysed
alkylation is also an lmportant process in cancer cell kill.
Third, good water solubility is requlred for act1v1ty
against leukemlao_ As 1nd1cated by the P388 test results,
the synthetlc mltosenes prepared are potent and hlghly
active cell tox1ns but their act1v1ty spec1f1cally agalnst
cancer cells 1slnot good enough to warrant further,serlous
COnsideration when comparedtto-Other-mitomycinranalogs such
as aziridinomitosenes; Additional testing for:selected ana-
logs against LlZlO‘leukemia andvagainst EMT6 tumor oells
.uunder hypoxiCaconditions will bepperformed tovverifyvthe

P388.results§_ This work will be reported elsewhere.



EXPERIMENTAL

.@s_n,srsi
, Meltlng p01nts were determlned on ‘a Laboratory '
Instruments Mel—Temp apparatus -and are uncorrected ,IR;
'spectra were taken on a Beckman IR-33 spectrometer with
samples prepared as potas31um'brom1de pellets. Absorp—_'

tions are reported in cm’lo

'NMR spectra were taken on a
Varian_EM—360L 60 MHz spectrometer and abSOrptions-are'refv
ported as ppmtdownfield from TMS. -Mass.spectral data werev
obtained on a Variah 311A instrument courtesy of-MrorPeter
F. Baker and Dr. Karl Ho-Schram from the Department of
‘PharmaceuticalvSciences; ﬁniﬁersity of Arizona;_,Ionizihg"
'voitage was 70-"?e.,vo and the sourcevtemperature was 25090°
Samples were introduced by direct probe inlet. Reported'
are the molecular ioh followed by thelmost'intense'ion un-
_less.otherwise.iridicateo.° Elemental analyses were performed
either_hy the University of Arizona AnalyticalpCenter or
_Galbraith Laboratories, Inc. Thin_layerjchromatography
'(TLC) was carried out using commercially prepared 2 mm layer
:of Slllca Gel. 60 on plastic sheets. -Theiphrase "chromato—
Vgraphy on siiicavoel" dehotes the use of'Silica Gel 60 (70~
270 mesh) with grav1ty elutlon° The'acronym "LPC" (low
,pressure chromatography) 1nd1cates the use of MN—Slllca Gel
_P,_lntended for preparatlon of TLC plates, packed in a

. 60
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column and elution accomplished at‘2—3'pSi (pressure gener—
-ated by an argon cylinder)oj_Adsorbente ﬁor these three
forme of chromatography were purchased from Brinkmann In-
sﬁruments, Inc. . Preparative scale higheperformance liquid
chromatography (HPLC) ‘was carried out on-a Waters Assoc1ates
: Preparatlve 500 1nstrument u51ng “a single Waters PrepPAK-SOO
vSlllca column, Seml—preparatlve scale HPLC was performed
using a Spectra-Physics model 3500 llquld chromatograph and
a Whatman Partisil M9 10/50 column, Reference samples were

-available through the previous work of Dennis L. Fost32'34

and James Mo£t35°

‘2 5-D1methvl 4-n1trophenol (2)

A mechanlcally stlrred mlxture of 2, 5-d1methylphenol
- (400 g, 3.28 mol), glacial acetic acid (980 mL) and sulfuric
“acid (l30»mL) was cooled to Soclon an ice bath. .To this
mixrure wee slowly added‘afsolgtion'ef sediumfnitriﬁe in
water (230 g, 3.33 mol-in 660 mL):in'portionsAeo that the
temperature was maintained below 10°c, _During the addition
the reactioﬁrmixture was flushed with nitroé‘eri° Stirring
was continued 20 mino'past-the last additioﬁ of sodium
,nitrite,éolutibno'\Therresﬁltihg mixturerwae rinsed from
the flaskVQith cold water (2_L)«andifiltered to give the
'crude-nitroso.prodﬁct.asxen'orange—brownrsolido The par-
tially-dried‘nitroso-deriﬁerive was added in 10 portions

over 24 h;'tol52°5% nitric acid (1;4'L)uin a large>beaker
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:equipped with mechanical stirring and good ventillation.
'Nltrogen ox1des formed as by products were visible: escaplng
"the reaction mixture as’ the ox1datlon took place° Succes-
sive portions of the nitroso derlvatlve were not added until
no brown gas could be seen as a result of the previous addi-
tion;»-Stirring'was continued'two'hours past the last addi-
" tion. The product was then collected by f£iltration and
" rinsed well w1th cold water. The crude nitro product, 2,
was isolated as a tan:solid: MP 110-114°c. It was used
1_ directly in the nexts.tep° RecryStallizatlon of a small
- portion from benzene gave crystalline—material: ‘MP 121-
© 123%; IR 3375, 1620, 1575, 1480, 1315; NMR (CDCl,) 8.0
(s, 1H), 6.4 (s, lH),.Z,S (s, 3H), 2. 3r(s, 3H); TLC (meth-
“:pylene chloride—ﬁethanol 95 5) of thlS preparatlon was

identical with an authentlc sample.

g;S—Dimethzl-4—nitroanisole (3)

A mechanically stirred mixture of.the partially
dried nltro derlvatlve prepared above and water (850 mL) was
‘heated to 40°c and treated alternately, in small portions,
.flrst with 9.5 M sodlum hydroxide (600 mL, 5;7 ﬁol) and then.
‘.jwith-dimethyl sulfateu(SOO-mL 2.98 mol) . Alternatingpor-_-
tlons were added at a rate that malntalned the temperature L
‘ubelow 45 c and stlrrlng was contlnued 20 mine.. past the last
l“addltlono The resultant brown slurry was cooled to 10° c,

~flltered and the solld rlnsed well w1th cold water until
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most of the brown_impurities were removed, ieavinc the
anisole derivative, 3, as a dirty white solid;’iTﬁo recr?s- '
tallizaticns,frcmcmethanol»gave‘;'(340 d, 57%*from,i) as
rroff—white-crysﬁals: MP 87-89°c; IR lacks 3375-OH absorption
eof'gr EM&j(CDCi3) 7.9 Ks, 1H), 6.8 (s, 1lH), 3°9v(s, 3H), 2°d
(s, 3H),12°2 (s, 3H); TLC (chloroform) of this preparaticn

was identical with an authentic sample.

-,S;MethOXYr4-methvl—2;nitrophenvlperVic Acid (4)

Potassium t-butoxide was prepared by reacting potas-

sium metal (15.8 g, 0.4 mol) w1th refluxing t- butanol (320
mL, freshly dried over calcium hydride and distilled).
Excess. t—butanol was evaporated under reduced pressure and
?the resultlng Solld was suspended in benzene (200 mL, fresh-
-~ ly dried over sodlum and dlstllled)e This mixture was
1evaporated at reduced pressure and the-bensene addition and
removal was repeated a second time. Finally;dthe,resulting
white solid was suspended in dr? benzene (320 mL);V_A mech-
isnicelly'stirred solution.of‘gd(73_g, 0.4 mol),in,dry ben-
zene (900 mL) was:treated with the slurry resulting from
thevaddition of diethyl oxalate.(64 mL, 0.47 mol, freshly
distilledf to the potassium t;butoxide suspension; The
1>reacticn-mixturepwas heated‘at-reflux under,nitrcgen'fcr 12
l?thand,the resnlting maroon;paste'WaS‘allowed to sit et RoT;
forv24 h. The maroon solid was collected by flltratlon,‘

_ washed well with ether ‘and air drled ~It was then boiled in
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3.2% aqueous-sodium bicarbonate (1.5 L) for 30 min., cooled
to 15°¢, extracted with étheg and acidified with 37% hydro-
,chlbric'acid{téiérecipitaﬁe thé pyquic acid derivative, 4.
Tﬁe product,'écliected by filt:ation{'was further purified
by suspension in and filtration from benzene. Dryiﬁg at
reduced pressure gave 4 (90 g, 89%) as a tan solid: MP 163-‘

165°c; IR 3050, 1745, 1710; NMR (CDCl, + DMSO-d,) 7.80 (d,

3
1H), 6.90 (d, 1H)Y, 4.51 (s, 2H), 3.92 (s, 3H), 2.20 (s, 3H);
TLC (chloroform;methanol, 7:3) of this preparation was

identical to an authentic sample.,

S—Méthox?a6-methyl;2+indolécarboxvlicvAci@ (5)
A meéhaﬁically.stirred sglution-of.ferrousjsulfate'
.“ héptahYdrater(4S3rg; 1.74 mol) ahd water (550 mLX'was heated
to 85°C and treéﬁed slowly with a solution of the crude
pyruvic acid defivative, 4 (60.3 g, 0.24 mOl), in 11.5%
émmonium‘hydroxide (500 mL). After the addition was com-
‘pléte the mixture was stirred at.85-100°C for ‘1 h. and
:codled ﬁokRoT, aCentrifu§ation separéted a black solid from -
a brown solution° The sqlution”was decanted, filtered and
acidified with'37%-hydrochloric acid to precipitate 5. The
:  black solid.was then successively suspended in llpS% ammo-
3,_niﬁm hydrdxidé aﬁd recent:ifﬁgédiuntil the-filtered super-
. 'natant yieidéd ho pr6duct.upon'écidificationa- fhe‘combined
,indolecabeXYlic acid, 5, was;qbllécted by filtfaﬁion,t

washed'wellrwith water and driéd ét reduced pressure to give
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32.3 g (66%) as a tan solid: MP 238-241%C (decomposes);
~ IR 3390, '3100-2900, 1665;‘1520;'2;9-(chloroforn—methanol{
4:1) of this material was identlcal with an authentic

sample.

Methyl S5-methoxy-6-methyl-2-indolecarboxylate (6) -

A. A mixture of 5 (33 g, 0.16 mol), dry methanol
(900 mL) and conc. sulfuric acid (14 mL) was stirred first
e,at'reflux-for 4-h .and then at R.T. overnight "The excess
methanol was evaporated at reduced pressure and the result—
- ing solid was dlssolved in chloroform (800 mL). rExtractlon
with 5% aqueous sodium bicarbonate (4 X 250 mL) removed some
starting materlal which was recovered hy acidification of
‘the‘aqueous-fractions and fi‘ltration° 4.6 g (1l4%) of 5 was
recovered. The organlc phase was dried over magne51um
-sulfate and evaporated to a concentrated solutlon which was
ohromatographed_on-silica gel with chloroform. Collection
- of the major;,pale colored band gave g_(22°5 g;y64%) as a
kwhite;,crystalline solid: -Mg'i44;146°c;-;g 3340, 1687, |
- lacks COOH absorption of 55 ﬁgg'(cbcié) 7.15 (s, 2H), 6.90
(s, 1H), 3.92 (s, 3H), 3.85 (s, 3H), 2.30 (s, H): TLC
(methylene chlorlde-hexane, 3:1) of this materlal ‘was
'ildentlcal w1th an authentlc sampleo:e
dlBg A solutlon of 5 (65 g, 0.32 mol) in dry methanol -
'h(l 8 L) was bubbled w1th a slow stream of anhydrous hydrogen

.:ohlorlde at reflux for 24 h. Itswas then flushed w1th -
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nitrogén and cooled to R.T. Dilution with 5% sodium bicar-
_ bonate saturated with’sodiqmichloride (2.5 L) precipitated
the product, §, which'wés.éoilected by filtration, washed
_ well;ﬁith water andfdriéd:ét féducéd preséﬁ:eﬁto,give 53 g
'(76%i'as;a"tan solid, .Récrystalliéati§p of se&eral combined
batches from methanol gave material of identical purity énd
spectrél'properties to that produced by method A,
Methvyl g;j;dihvdro;i;methoxv-6;methyl—l-oxo-lH-
pyrrololl,2-alindole-2-carboxylate (7)-

Fresh potassium t-butoxide was preparéd as. described

above from potassium metal (4.4 g, 112 mmol) and t-butanol
(100 ﬁL);: It was suspendea in‘dry_benzene (ZSQ,mL) and then
added ﬁo a solution of 6 (22.5 g; 103 mmol),in»dryvbenzene
{750 mL) . This mixture was stirred mechanically a few min.
before adding methyl acrylate (9.2 mL, 103 mmoi,lfreshly
disﬁilied)o' The mixture.wasbtheﬁ heated to reflux for 18 h.
'and; éfter cooling, it was'diluted'with'wafér;:neutrélized
with!l N:hydfochloric acid and extracted_with‘chlgr‘oform°
The orgaﬁic‘fraction was evaporatgd under a vacuum and tﬁe

' residue was suspended in cold methanol° The undissolved '

. solid ‘was then quickly coliected_by filtration and air dried

vto give 7 (20 g, 71%) as an offfwhite‘solidAthét_was.suffi-
| ,Vciénﬁiy.pure'for ﬁhévheﬁt stép: MP lSO;lslon;ig 1700,

1640, 1525, ;44Q;~§&5 (cnclg) 7.21 (s, 1H), 6.96 (s, 1H),

6.93. (s, 1H), 4.50 (m, 3H), 3.86 (s, 3H), 3.82 (s, 3H),
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2.35 (s, 3H); TLC'(chloroform) of this material was. iden-
‘tical with an.authehtic sample. o

2, 3—D1hvdro—7-methoxv—6—methvl lH—pvrrolo-r_
- J1,2-alindol-l-one (8)

A mechanically stirred mixture of 95% acetic acid

(800 mL) and 7 (37.2 g, 137 mmol) was heated at reflu#‘for
18 h. . After cooling, the mixture was diluted with waterl -
(800 mL), cooled back to R.T., filtered and the solid rinsed
well with water'to-give 8 (24.3 g) as a brown crystalline
solid. .The combined mother ligquor and washings‘were chilled
overnight to’precipitate an additional 2 g of product (89%
total jield) This material was purlfled in. batches by
'chromatography on silica gel w1th chloroform to glve pale
,yellow crystals;l,ﬂg‘206—208 C; IR 1700 1525, 1390 NMR
(cpe1y) 7.15 (s, 1H), 7.00 (s, 1H), 6.85 (s, 1H), 4.30 (t,
'2H), 3.91 (s, 3H), 3,15 (t, 2ﬁ),l2°35 (s, 3H); TLC {(chloro-
- form) of this materiallwas identlcal with an authentic

sample.,

' 2,3-Dihydro-l-hydroxy-7-methoxy—6-methvl—
1H-pyrrololl, 2-a]indole (9) o

A magnetlcally stlrred mlxture of 8 (3.0 g, 13, 8
.mmol), sodium borohydrlde (2 33 g, 6l mmol) and ethanol (400

v-»mL) was allowed to react at room temperature untll the

;1n1t1al suspens1oh became a clear solutlon (4 5 h ) Excess

_ethanol was evaporated at reduced pressure to glve a- solld
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 that was dissol&éd>in ether~énd'stifred vigorouslf with an
equal volume owaater for 30 xﬁin° ~The organic_fraction‘was
then separated,ldried over magnesium sulfate and evapcfated
to give g'(2°72g, 90%) as a white solid which Qas used»im;'
A mediateiy in the next step as it'ié not stableﬁ7 IR 3500;
3200,72960, lacks 1700 ketone.absorption of 8; EMR (CDCl3)
6.95 (s, 2H), 6.20 (s, 1H), 5.25 (& of 4, 1H), 4.00 (m, 28H),
3,81 (s, 3H), 2.80 (m, 2H), 2.31 (s, 3H).

l—AcetoxY-Z;3-dihvdro-7;methoxya6—methyl-‘3

1H-pvrrolofl,2-alindole (10)

-The tricyclic alcohol prepared above'(2°7’g, 12.4. .

~mmol) was dissolved in pyridine_(60 mL) and treated with
acetic:aﬁhyaride (40 mL) . vThe mixtﬁrevwas stirred 16 h. at
R.T., poured into ice water (500 mL) and stirred 15 min.
before collecting. the resulting preéipitate by filtration.
- The solidZWas dissolved in methylene.chloride, washéd well
'with water,'driédbover magnesium sulfate énd.evaporaﬁed at
reduced pféséure td give ;Q,(Z;Q_g, 90%) as a white solid:
Mg>131;132§c; IR 1727, lacks 3500-3200 OH absorption of 9;
NMR (CDCl,) 7.01 (s, 1#), 6.97 (s, 1H), eosof(s, 1H), 6.10
(d of &, 1H), 4.12 (m, 2H), 3.85 (s, 3H), 2.81 (m, 2H), 2.35

(s, 3H), 2.05 (s, 3H).
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1-Acetoxy-2, 3-dihydro-7-methoxy-6-methyl-
1H-pyrrolofl,2-alindole~-9~carboxaldehyde (11)

DMFhWas dried over potassium. hYdroxidehand:distilled
1mmedlately prlor to use in both procedureso |
2. At--S C phosphorous oxychlorlde (0 68 mL, 7. 43
mm01) was added dropwise to DMF (10 mL) and thewmixture‘
stirred about 10 min., A solution of 10 (l°7jg, 6,56 mmol)
:in DMF (75 mL) was added over 1 h. and the_reaction was
stlrred an addltlonal hour at R.T. The mixture was then
added dropw1se to saturated agueous sodlum acetate (400 mL)
at_—lO C and stered 4 h. while gradually lettlng-the tem-
perature rise to R.T. The resulting solid was~filtered,
,rinsed well'with water, dissolved inbchloroform and dried
over magnesium sulfate to give crude 1l as a tan solid upon
evaporation; This was suspended in ethyl aoetate at 40°C,r
chilled,to —lOocvand.filtered_to give 11 (1035 g, 72%) as a
nearly white solid: ﬁg-166-168°c; IR 3000—29do,h2825,.l730,
1640; NMR (CDC1;) 10.02 (s, 1H), 7.70 (s, 1H), 7.05 (s, 1H),
. 6.45 (d of 4, 1H), 4.21 (m, 2H), 3.93 (s, 3H), 2 .85 (m, 2H);~
2.35 (s, 3H);'2°lO (s, SH), TLC (chloroform) of this prepar-
. ation was identical to an authent:.csample°
| 'B. A mixture‘of methYlene chloride (5 mL) and DMF
'(2 mL 25,8 mmol) was treated at 5 C w1th phosphorous oxy—:
chlorlde (1.2 mL, 13 1 mmol freshly dlstllled) and stlrred
15 mln° under»argono This mixture was then treated with a

solution composed of'ig (300 g, 11.6 mmol), dry pyridine
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_(5 mL,.62°l mmol)'aﬁd methylene chloride (55 mL). The reac—
tion was3stirred at 5°C for 50 min., treated_with cold. satu-
rated sodium acetate (225 mL) and’stirred5VigcrouSly 4 h.
The oranoe orgahic phaee was'Separated from'therred aqueous
phase and washed with 1.5 N hydrochloric acid'(B-X 200,mL}
followed by water (1 X 200 mL). After drying,oVer magnesium
sulfate, the solvent was evaporated to give ll (3 24 g,
97.5%) ‘as an off—whlte solid which had the same spectral
- characteristics as that produced by method A.

: l—Acetoxv—Z 3—dlhvdro—7—methoxv-6—methyl—
8—n1tro—lH—pvrrolo[l 2—a]1ndole 9~ carboxaldehvde (12)

A mlxture of 11 (300 g, 11, 6 mmol) and glac1al
acetic acid (50 mL) was treated with 90% nitric acid (3.0
mL)rand stirred 30 min,at,R;T. It was then poured.into
ice'Water'(GOO mL).and atirred a few minutes'before the
prec1p1tate was collected by flltratlon, washed well with
rwater, dlssolved in chloroform,”extracted w1th water, drled
overlmagnesium sulfate and evaporated at reduceddpressure°
-The crude nitro compound,‘lg, was.purifieddby chromatography
on silica gel with chloroform to give 3°3Ag (85%) as.a pale
“yellow solid: MP 176-178°C; IR 1750, 1665, 1535, 1380; NMR
‘(cbc1 ) 9.73 (s, 1H), 7.20 (s, 1H), 6.33 (d of d,"_lH)‘,' £.20
(t, ZH), 3' 77 (s, 3mH), 3' 00 (m, 28), 2. '34'(,5-, '3H7), 2,00 (s,
'3H)7 TLC (chloroform) was 1dent1cal with an authentlc

sample°
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‘ vl—Acetoxy-2 3= dlhydro-7—methoxv—6—methvl— .
5 8-dioxo-1H- pvrrolo[l 2-a]indole-9-carboxaldehyde (14)

Finely ground ;g (1.0 g, 3.0 mmol) ‘was suspended in
ethanol (250 mL) and treated with tin metal (3.2 g, 30 mesh
granules) and 3.N hydrochlorie_aeidi(GB mL) . The'mixtﬁre.
was stirred vigoreﬁely_fer 76 min° ‘and the resuitingrclear\
solution was aecanted from excess tin. Concentrated aqueous
sodium bicarbonate was added dropwise until a whitetprecipi—i
tate formed and,the mixture-was.then,extracted with chloro-

" form to remove a yellow organic fraction which'wasVQaShed

' with water; dried over maénesium sulfate and evapofatedvto
giVe the-amine, ;;,:as.a thick yeilow 0il which was used
witbout purification in the next etep: IR 3440,'3320, 29440,
l745;f16457 gmg»(CDcl3),9Q60 (s,tlH), 6.25 (m, ZH); 5367
(broad,-zﬂy, 4.00 (t, 2m), 3.73 (s, 3H), 2.80 (m, 2H), 2°33‘3
(s, 3H), 2.05 (s, 38) . | | "

The amine from above was dlssolved in. acetone (180
mLSbandvtreated with a solution of potassium nitrosodi-
sﬁlfohatef(4°5 g) in 0.3 M, pH 6;0 phosphate buffer (180 mL).
The reaction mlxture was stirred .2 he, diluted with”water
and extracted w1th methylene chlorlde to glve an orange
,organlc fraction and a purple aqueous fractlon° .The organic
fractlon was washed w1th 5% sodium’ carbonate (2 X 200 mL) .
and water (l X 200 mL) thenedrled over magnes;umesulfate_
'and_concentratedc nThe residue waeeiﬁmediately purified on

silica;gel by eluting with chloroferm to give an orange oil
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thatvprec;pitatedrﬁpon evaporation from acetohe-heranevat
reduced pressure to give 14 (777.m§, 81.7%) as a bright

'orangeﬂl solid:‘ 7M_le39—lj40°c; IR 3»0720'-2860, 1740, 1680, 1660,
»'._-"15407’ NMR (CDC1,) 10.33 (s, 1H), 6.32 (d of 4, 1H), 4.29 (m,
»‘2H),-, 4.06 (s, 3H), 2.90 (m, 2H), 2.10 (s, 3H), 1.99 (s, 3H).
_This'material wes identical.in'spectral and TLC (chloroform)
properties to‘thar produoed-by-eStablished procedUres out

33 MP 126-127). Occasion-

its melting point;is higher (Lit.
-*elly the produchrequired additionai,purificationvinoorder:
ﬁo obtein a solidgl_fhis coula beracoomplished'by prepare;
tive,HPLC, eluting with methyleneé chloride-acetone (95:5)
at 250“mL/mino The impurity was ersmall quantity of an
vunldentlfled yellow oil with a sllghtly longer retention
-tlmeo.

l-AcetoxVAZJ3-dihvdro;9—hv&roxvmethzl-7-meﬁhon-
6-methyl-1H-pyrrololl,2-alindole-5,8-dione (15)

A. A solution of ethanol_(40 mL, dried at reflux
over:magnesiumjand-distilled),:tetrahydrofuran (ZQ mL,
dried over lithium aluminum hydrrdejand distilledf ande
' glecial acetic acid (0.05 mL) was repeatedly evacuated
and repressurized with argon ‘to remoVe all oxygen. It

~ was then treated w1th sodium borohydrlde (350 mg, 9 2 mmol)
'._and after bubbllng stopped ‘the system was again flushed with e
> largon° Flnally, solld ;ﬁ (3501mg{;;°l>mmol)_was,added, the"

_system was flushed'and-stirred under:a'streaonf argon until
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Athe.oranée'color fadéd‘fo hearly a'colorless solution
(approx. 10 min.) . Dﬁring_thé,;eaction, acetone (10 mL)
was bubbled with argon to"rémé?é airoy-This acetone‘was7
" added and the reaction mixturéféfirred'tkdfmiﬁﬁtéé”befbfe'”'
- adding dropwise 1 N ferricléhloride in Ooer agueous hy@rov
chloric acid (10 mL). The mixture was dilﬁfed with water
-and ﬁethylene’dthride, the orgahic phasé was separaﬁéd-and :
the aqueous‘layer washed with méthyiene éhloridé until no
orange color was extracted. The combined organic~frac£ions
were washed with waﬁer, dried 6ver ﬁagnesium'sulfate,icgn-
centratéd atvreduced'preSSure'and'chrométographed-on.silica;
‘gél with chloroform. Cbllection of the major.orange band
and<evapqrationAof solvent gave 15 (225 mg, 64.2%) aé an
orange solid: MP 112-113°C; IR 3420, 1730, 1640; MMR
(CDCi3)V6QOlV(d ofrd,.lH);b4°67 (s, 2H), 4.30 (£, 2H); 4.00
(s, 3H), 2.75 (m, 2H), 2.09 (s, 3H), 1.97 (s, 3H). TLC
(methylene chloride-acetone, 95:5’ showed a minor red-orange
: Ispot,juéﬁ above the{major orangé:spota».Purification of th 
6f three combined batches by préparative HPLC, eluting with
'metﬁylene'chloride-acetone (95:5) at 250 mL/min., easily
separated.this~minoffcomponeht which has the spectral char-
.a.cte;'i's:tizcrs-ofﬁ_;_ggj EEE;(CDC13i_4°58 (s?IZH), 4,20 (m, 2H)L
4.00 (s, '35),- '2.65 (m, 4H), 2.00 s, 3H); MS 261, 246. This |

Separation,was not routinely carried out since after further
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: fsteps in the syntheszs the mlxture of 18 .and l9 was eas1ly

'separated by grav;ty chromatography° 7

B. A solutlon-of 14 (200 mg, 0.63 mmol) in tetra-
'whydrbfuran-(7.5 mL  freshly dried'over lithium aluminum
1hydr1de and dlstllled) was chilled- under nltrogen to ~10° C
and treated with 0.5 M 9-borab1cyclo[3 3.1]nonane in tetra-
hydrofuran (2°6 mk, 1.3 mmol). The reaction was stirred
under nitrogen as it slowly warmed to:R;Tq over 20‘min°r-lt
_was:then‘returned to the ice bath.and treated withr30%
"hYdrogen peroxided(lO'mL,-l mLzat"aftime)o After stirring
for'seueral,minutes the mixture wasldiluted with water and
extracted with methylene chloride. The organic fraction was
'Washed‘with water, dried overemagnesium sulfate}and concen-~
;trated at reduced-pressure to a dirty orange residue. _It-
was then 1mmed1ately purlfled by chromatography on 51llca
gel after first adsorblng on a small quantity of silica gel
from acetone solutlonc The elution solvent used for chroma-
tography was methylene chlorlde acetone (95:5), The major
orange band was collected and the solvent was removed at
reduced pressure to give 15 (l44tmg, 7l°5%) as an orange
solid; This material wasvidentical'in spectral and TLC |
(methylene chlorlde—acetone 9 1) propertles to that prepared
',by method A except that no 16 was v1s1ble on  the TLC

'chromatogramo»v'



75

;—Acetoxv-7—methoxymitosené (17) .

- A .A'solutionvof ;é'(lSl mg,.é°47 mmol),»hetnylene.
chloride (30'ﬁL) and pyridine (3 mL)'was treated>at Soé'Withi
phenyl chloroformate»(lo5 mL, 603 mmol) . The mixture was
stirred oVernight at R.T., chilled on anrice bath and dil-
uted‘with water. The organic'phase was separated, washed
with 3 N hydrochloric acid (3 X 75 mL) and water (1 X 100
'mL), dried over magnesium sulfate and evaporated to an oil
which'siowly crystallizesq Chromatography on silica gell
with toluene eluted some diphenyl carbonate. The solvent was
cnanged to‘chloroform‘to elute the.phenylcarbonareideriva-
- tive as a 31ngle orange band Wthh evaporated to an orange
oil: EME,(CDC13) 7.28 (m,.SH), 6.17 (d of 4, lH), 5.47 (s,
2H), 4.33 (t, 2H), 4.02 (s, 3H), 2.80 (m, 2H) , 2.,07'”‘(37, 3H),
1.95 (s, 3H)- o | | |

The material from above was dlssolved in 30 mL neth-:
ylene chlorlde, chilled on a dry ice-acetone bath and bub-
bled with_anhydrous ammonia unti; the volume reached ‘about
45 mLp’.The‘reaction.Was then aILOWed to rise to R.;'If° and '
was Stirred»nntii no ammonia could b‘eas_eenvescap'ing° It
was warmed slightly totexpell the last_traceebof ammonia;
diluted;with methylene.Chloride ﬁo dissolve some ?recibi—'
, tated'produot and washed many times;With.waterltO'rehove;
phenol° >The organic frac£ion'kae dried. over magnesium

sulfate) concentra£edfat'reduced pressﬁre and purified'by
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LPC using'chloroform;acetone (9:1) as eluenﬁo' Collection of
the-majér'orange bahd»gave 17 (163 mg,‘9l%)'as an orange
'f_solid ﬁp@n.evapo:ation:'[323204;265éc (decompgses’:_;5_3460,
3320, 1730, 1705, 1655; §M5 (CDCl3"6d28_(d6f 4, 18y, 5.27

. (s, 2H), 4.80 (broad, 2H), 4.28 (t, 2H), 4.01 (s, 3H), 2.72
(m,-za),'2°o7 (s, 3H),-1°96‘(s; 3H) ; MS 362, 259; zgg (meth—
Ylene Chlofide—acetope;.4:l) wés:identical té an authenti¢
sample, | |

l-Hydroxy-7-methoxymitosene (19) and
- I-Methoxymitosene (18) '

:A;_A'solﬁtidn_éfv121(150 mg, 0.41 mmol) in methanol
(175 mL} was treated with 30% ammonium hydroxide (5 mL) and
_stirréd'lQ h° at R.T. The methanol was rem§ved'ét reduced
pressure and'the fesidue was dissolved in-meﬁhylene'chloride 
for purificaéion on silica gelbwiﬁh mefhyléné-chlorideéacet-
one (4:1) as eluent. A-Smali orange band‘eiuted-ahead_of
the major orangerband (not'seen when the 9-BBN method was
used earlier iﬁ thébsynthesis tolprepaz;e"_.'l;__‘_s_i)a " Collection of
the former and évaporatioﬁ ofAsdlyent ga&e“lg (5 mg,'6% of
the product) as an orange-red solid: IR 3410, 3300, 1685,
11640;.g¥3 (CDC13) 5@22(s, 2H), 4.65 (bfoad, 2H), 4.18 (t,
2H),'4°OO‘(S,.3H); 2,7Q (m, 4H), 1.95 (5, 33); 2;g (methy1;.
ene cﬁloridefacetdné; 6:1) waéridéntical’with an aufhentic"
saméle;f:Coliection of severai_batches,aﬁd-recrystalliéation

from ethanol gave orange néedles;' MP 205—206°C; The major
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orange:band‘gave';gr(lOB mg, 77.7%) as an orange solid upon
eVapo:ation of solvent: MP 189-190°C;“‘_I__R_'3400f 1685, 1640;
gmgv(DMSO—ds) 6.10 (broad, 2H); 5.12 (s, 3H), 4.19 (t, 2H),
3°93 (é;v3H),_3,20i(é, HZO), 2056 (m,;ZH),:l;QO‘(s, 3H) ;

TLC (methyléne chloride—acetone;;4:l)4was identical with an
authentié_sample° -,

~B. A solution of 17 (200 mé, 0.55 mm 1) in methanol
(ZSOImL) was treated with 1.0 N.pqtassium.hydroxide (l°6AﬁL)
_and stirred 3 ho'at:RoT° The solution was then acidified
with 1.0 N hydrochloric acid (1.5 mL) and the methanol,was
" evéporated'at'reduced pfessure° The residue was adSOrbed
. on silica gel by evapbratién from methylene chloride and
then it was purifiéd'by‘chromatography>on_Silica gel, elut- -
- ing with methylene chlb:ide—aéetone (4:1) . Collection of
the'majbr_orangé band and evaporation of solvent gave ;2‘
(159.mg, 89.9%) as an orange solid that was identical to

that produced by method. A,

l—Hvdron-?-methoxvmiﬁQéene Céfbamate (20) -
A solution of 19 (110 mg, 0.36 mmol) in pyridine
(25 mL) énd methylene chloride (50 mL) was chilled to 0°c,
't;eated'with-phényl‘chlorofprmaﬁe,(205.mL, 1005 mmol)vand
| s£irrea ovérnight atfR;To 'The:ﬁixture-was‘chilled on én
ice bath and dilutedAwith'waté:; it was then extracted_wiﬁh
-meﬁhyléne chldride_énd’the drgénic‘ffactiohrwas washed with

3 N hydrochloric acid (4 X 50 mL) and water (1 X 100 mL),
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dried over maghesium sulfate and evaporated at redﬁéed
pressure° 1Chromatogré§hy of the resuiting-oil on-silica__
gel wiﬁh tolﬁene reﬁovedﬁsome'diphényi’carbonatenﬁ:Elution
with éhlorofofm theh gave one major orénge:band énd several
lesser orange bands. - Collection‘of the major band and
evaporation of solvent gave the phenylcarbonate derivative
as an_orange 6il whidh was difficult to dry to a solid: NMR .
'(cnc13) 7.25 (m,.sﬁ); 6D3 (d of &, 1H), 5.33 (s, 2H), 4,89
(broad, 2H), 4.39 (t, 2H), 4.03 (s, 3H), 2.85 (m, 2H), 1.97
(s, 3H). o | o

| vThé,oil from above was dissolved in 50 mL methylene
»chloride{ana chilled on‘é dry»ice-acetone bath while anhy-
dréus émmgnia was bubb;éd into. it. When the volume reached
about 65 mlL the bubbling was stopped, the flask was removed
. from the bath and the céntents werebslowly warmed to R.T.
over 3 h. thle étirriﬁg; ‘After the:ammonia had boiiéd»away‘
the resulting mixture wés evapofated'to a sticky solid which
was adécrbed on a small quantity of silica gel by sti:ring-
in methylene chloride and evaporating,tordryness ai reduced -
preésureo :The.adsorbed_product was purified by chfémato—’
.graphy on silica gel, eluting with methylene chlbriae—meth—’
anol (95;5)'to obtaiﬁ 2Q (60 mg, 48.1%) as a yellow éolid
’ upon evaporation of splvent from theAmajor yellow band: Mg

‘:~2009c,(decompose57 IR 3460-3300, 1680, 1640; NMR (CDcl3 +

DMso_d6)76°3oﬂ(broadhyzgsﬂ);_6007 (broad, 2.5H), 5.13 (s,



| 79
2H), 4.20 (m, 2H); 3.97 (s, 3H), 3.30 (s, 'H,0), 2.55 (m,
'-DMSQ), , 1.90 (s, 3H); MS 363, 259. |

Réﬁéatea'attempﬁs_to thain;an elemental analysis
gave results inconsistant with the mélecular formula despiﬁei
the ‘overwhelming spectral evidencevsupporting ﬁhe designéted
structure. Hence 20 was purified by Semi—preparétive scéle{
HPLC as folloﬁé: A solution of 20 (7 mg) in DMF-methylene -

chloride (1l:1, 3.5 mL) was chromatographed (approx. 0.4 mL
per run)-by‘eluting firstrwith methyléne‘chléride'for 3 miho
and then ihtréducing a 0-5% linear:gradient ofrmethanolrdver
20 min. Elution'rate was 5 mL/min° Some non-polar maﬁeriél
‘eluted flrst followed by DMF. Next to elute were a maJor
yellow fractlon and four minor components° Center:cutsAof
the major component were collected for each'fﬁn»and combined;
A portion (0.5 mL) was‘then injectéd‘and eluted as above tél
giVe a single sharp peak on the‘recqraer cha:t,'indicating.
pure 20. lEvaporation of solvent gave 20 és a_Slightly
stiék? yelléw solid. - This was triﬁuratéd'With”acetone and
dried ét;Ron.ﬁnder’a vacuum for 48'h;' Anal., calcd. for.

C. H._N.O ° (CH3) ,COs C54.1, H 5;5_, N 9.9; 'f‘oun'd: " C 54,2

167177377
H 5.6, N 9.8.

l-Hydroxv—?—methoxymltosene Methvlcarbamate (21)

A suspen51on of potas51um carbonate (2 g) in methyl—
ene chlorlde was treated with methyl isocyanate (1 mL, 16 2

‘vmmol) and stirred 5 mlna_before addlng a solution of 19



(21 mg, 0,06 muol) in methylene chloride .(10 mL). The
-reactlon was stoppered and stlrred at R.T. for 15 h. It .
was. then flltered and the pota551um carbonate - was rlneed |

;with:chloroform and ethyl acetate until colorless° The

. combined organic fraction was evaporated at reduced pressure .

andVehromatographed‘on'silica_gel after first adsorbing.en
about lfg of the gei° Elution with chleroform—ethancl ,

A(98:2) gave two Yellow bands. The smaller_eluted first and
evaperated'to a small quantity of an unidentified oil. The
second, larger band‘gave gl,(12°8 mg, 51.,7%) of the methyl-
carbamate as a bright yellow SOlld° MP 225°C (decompoeee);

;5 3460, 3300, 1680, 1640; NMR (CDCl, + DMSO;ds) 6.20 (m,

3
‘1H), 5.15 (s, 2H), 4.92 (broad, 2H), 4.73 (broad, 1H), 4.20
(%, 28), 3.91 (s, 3H), 2.85-2.50 (m, 5H), 1.75 (s, 3H);

' MS 377, 259; Anal. caled. for C17H1gN307: € 54,11, H 5.07,

N 11.14; found: C 54.43, H 5.23, N 11.05.

: l—HydroxV—7~methoxvmitosene'Methvlcarbonate'(gg)_,

A solution of 19 (50;mg;‘0°l6‘mmol),‘methYlene |

‘chloride (20 mL) and pyridine (5 mL) was treated at 0°C with

methyl>chlorefermate.(l mL, 12.9 mmol)o Therreaceion Was
stiffed at R.T. 24 h. and then dlluted w1th water. Extrae—
tlon w1th methylene chlorlde removed an Orange organlcj |
"fractlon which was.weshed w1th 3 N hydrochloric acid (4 X
so-mLi.and water &lfﬁ 100 mL), dfied‘ever maénesium‘sulfate

andievaperatedo']The concentrated residue was purified:by

1
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LPC, eluting with chloroform-acetone (95:5) to give an
orange solid that was difficult to dry. Recrystallization
from ethanol afforded 22 (27 mg, 45.7%) as a crystalline
orange solid: ' MP 187-190°Cc; IR 3440, 3330, 3260, 1730,
1640; NMR (CDC13) 6.16 (d of 4, lH), 5.25 (s, 2H), 4.80
(broad, 2H), 4.27 (t, 2H), 3.93 (s, 3H), 3.75 (s, 3H), 2.71
(m, 2H), 1.85 (s, 3H); MS 378, 259; Anal. calcd. for
C17H18N2085 c 53@97,‘3;4;76, N -.7.0%; found: C 54.29,
H 4.78, N 11.05.

1-Hydroxy-7-methoxvmitosene Trimethylacetate (23)

A suspension of potassium carbonate (3 g) in ethyl
acetate (2 mL) was treated with trimethylécetyl chloride
(1.7 mL, 13.8 mmol) and stirred 5 min. before adding a
solution of 19 (24.5 mg, 0.08 mmol) in ethyl acetate (10 mL).
The reaction was stirred under argon 4 days and then diluted
with water and ethyl acetate. The organic fraction was
washed with water, dried over magnesium sulfate and evapo-
rated at reduced pressure to give an orange solid suspended
in a - high boiling liquid (excess acid chloride) . Thié mix-
ture was dissolved in chloroform and pﬁrified by LPC, using
Chlorofofm as thé eluent. Evaporation of solvent from the
major band gave 23 (13.3 mg, 43.0%) as an orange solid:

- MP 238-239°C (decomposes) ; IR 3440, 3320, 3270, 1720, 164Q,
1630} NMR (cpc1é) 6.33 (m, 1H), 5.27 (s, 2H), 4.78 (broad,

2H), 4.30 (t, 2H), 4.00 (s, 3H), 2.75 (m, 2H), 1.97 (s, 3H),
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1,20 (s, 9H); MS 404, 259; Anal. calcd. for C20H24N207,

€ 59.39, H 5.98, N 6.93; found: C 59.32, H 6.37, N 6.82.

l—Hydgggy-7#methox?mitoeene Chloroacetate (gg):’

A suspension of petassium carbonate (2 g) in ethyl
acetate (2 mL) was treated with chloracetyl chloride (Q°7
mL, 8.8 mmol) and stirred.a few minutes before addind a
'solutionvef 19 (16.mg, 0.05 mmol) in ethyl acetate (7 mL) .
The miXture was then stlrred under nltrogen at R.T. for
'12 h., diluted with water and ethyl acetate and theforganic
rphase was washed several times with water. After drying
over magnesium sulfate ahd evaporation of'solvent,'thefresi—
due was purified by‘LPC, eluting with methyleﬁe chloride—
acetone.(ézl) to give 24 (9°7lmg, 48.9%) as a gright orange
"solid: MP 135°¢ ‘(decomposes) ; NMR (CDClB) 6.36 (d of 4,
1H) , 5;29 (s, 2H}, 4,76 (broad, 2H), 4.32 (t, 2H);A4gldr(s,
2H), 4.08 (s, 3H),‘2 75 (m,‘ZH),-l 97‘(s, 3H); MS 396, 398
(3:1), 2_59; _A_r;a_l._ calcd, for C H,-N.O c1 c 51;46;,"5

177177277
4,32, N 7.06; found: C 51.56, H 4.26, N 7.06.

, l-Hvdroxv—7-methoxvmitosene-Nieotinate (25)

:A"solution of 19 (33.4 mg,_OalOAmmol), methylene‘
ehleride7(6‘@L) and_dry'pyridine (1 mL) was treated with
lnicotinylfehloride'hydrochloride7l (150 ng, 1.09 mﬁdl) and‘
heated at. reflux under nltrogen for 6 h After COOllng,

‘water (0 25 mL) was added and the mlxture was stlrred
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vigorously for 2 min, to:hydrolySe exceSS-acid chloride° It
-was then: drled over magnesium sulfate’ and evaporated to an
011 that smelled of per.dJ.ne° This 011 was repeatedly
diluted. w1th toluene and evaporated at reduced pressure
until no pyridine odor could be detectedo The solid was
triturated'with methylene chloride in order-to dissolve-the
‘orange product which was filtered from undlssolved nlco— )
tinic ac1d by-product .The methylene chlorlde solutlon was
Vthen purified by LPC, elutlng w1th»methylene chlorlde-acet-
ione-metnanol‘(78:20:2) to give 25 (29.0 mg, 64.5%) as.a'rv
yellow,solid:' MP l75-llS°C (decoﬁposeS)i IR 3460, 3370,
1732, 1700, 1660, 1640 NMR (CDCI,
8.79 (d of d, 1H), 8.31 (d ofAd;'lH);i7°46 (d_of-d,‘lH),

+ DMSO-d,) 9.12 (s, 1H),

6.44 (d of 4, 1H), 5.98 (broad, 2H), 5.20 (s, 2H), 4.35 (t,
(2H), 3.99 (s, 3H), 3.68 (s, H,0), 2.85 (m, 2H), 2.51 (m,
DMSO) , 1.89 (s,.3H);,Ms'3641(M*;HocoNH2), 259, 78 (C.H,NT);

21 19 3 7
C 58.9, H 4.4, N 9. 5

Anal. calcd. for C, H  N,O.: C 59.3, H 4.5, N 9.9; found:

75(l—Aziridinyl)alfhvdroxymitosene Acetate (26)

A solntion-of'll'(Bévmg, 0.12 mmol)-in dry methanol
(50 mL) was treated with ethylenimine73p(2‘mL)Aand.stirred‘
for»2ﬁ5 h, at RoT;’ The reaction mixture was then evapo;
‘rated atbreduced pressure and chromatodraphed on silica gel
l with methylene chlorlde-acetone (4=l)o Collection‘ofdtne _

maJor red band and evaporatlon of solvent gave 26 (26.8 mg,
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. 68,7%) as a burgundy-colored solids MP 204-205°C (decom-

. poses); IR 3450-3200, 1730, 1640;_NMR‘(CDC13) 6.30 (d. of 4,

1H), 5.28 (s, 2H), 4.86 (broad, 2H), 4.27 (t, 2H), 2.80 (s,
-4H), 2, 07 (s,. H); MS 373 270;' _Further. purificationuwas
p0551ble by recrystalllzatlon from ethanols MP 208-210°¢
"(decomposes); Anal. calcd., for C18H19N306°.-9 57°90,Ag 5;13,
N 11.26; found: ¢ 57.75, H 5.23, N 11.26.
 A'aecond( smalier'red-band that eluted from the

column after gg.gave about 5 mg'bf a burgundy-colored solid
that appeared by its NMR spectrum to be 7—(l;aziridinYl)—l-

hydroxymirosene:v NMR - (CDC1 +3DMSO—d6) 6,13 (m, 1H), 5.90

3
(broad, 2H), 5,19 (4, 2H), 4,22 (t, 2H), 2,97 (s, H)0),

2,26 (s, 4H), 1.99 (s, 3H).

7;(l-AziridinvLL:;-hydrvamitosene Carbamate (27)
| Ccmpouhd ggr(33 mg) was dissolved in DMF (5 mL,

dried orer potaSSium:hydroxide and distilled) and treated
with ethylenimine73’(l mi.)° The solution chahged from
yellow ro.deep'red’ihEZO.mino but the mixrurevwas'allowedv
to stir a total ofi3 h. at R.T. before evaporation of sol-
vent under a vacuum; The red solid re51due was redlssolved
in a small quantlty of DMF adsorbed on s111ea.gel and
‘ evaporated to_dryness-under a vaeauma The adeereed preduer
Was.theh chrOmatOgraphed on‘siliea gel withechloroform—DMF.
:(931)- Collectlon of the major red band gave 27 (30 mg,

- 88022) as a red SOlld after repeated addltlon of ethyl
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gand evaporatlon under a  vacuum to remove traces of DMF:
. MP 200-205°C (decompose_s);' IR 3440, 3320, 32#00,--29_20 1690, |
1660, 1640;-Eg3‘(DMSO;d6)v6066 (brOad; 2H) , 6.39 (broad;.ZH)‘
5.98 (m, 1H), 5.03 (4, 28), 4.21 (m, 28), 3.30 (s, H,0),
©2.85 (m, 2H), 2.47 (m, DMSO), 2.24 (s, 4H), 1.94. (s, 3H);
MS 374, 270. | - |
Repeated attempts to obtalnvan elemental analy51s
‘gave results inconsistant with the molecular formula despite
the overwhelmlng spectral ev1dence;support1ng the des1gnated
-structureqd Hence 27 was,purified:by semi—preparative ecale
HPLC as follows: A_solution of 27 (15 mg) in DMF-methylene
“chloride (3:1, S'mL) waé'chromatOgraphed“(approxo’OQS mL:f-
:per run)~bY'eluting first with methylene;chloridehfor 3,minq
and then introducing a 0- 57 llnear gradlent of methanol over
20 min.- Elut;on rate was 5 mL/mlnq Some non—polar materlal
'eluted firat} folloWed'by DMf‘° Next to eluteiwere the major
»Apink fraction and tWO'minor componentsor Center cuts of the
maJor component were collected for each run and comblned
A portlon (léo mL) was then 1n3ected and eluted as above to
give a eingle eharp peak on the recorder chart, 1nd1cat1ng
pure 27, E§a§oration,ofdsolvent under a vacuum gave glrasr
ré}red'solidgf}The solid Was'groundrto arflne}powder and'5‘r
-aried nnder{afvacnum a't"-R;‘I'° forl4élhq beforersﬁbmission o
:for_elemental_analysis° Tne results-were several percent

high for C and H. and lowdfor'N,_indicating trapped solvent.
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9-Chloromethyl-2,3-dihydro-l-hydroxy-7-methoxy-6-
methyl-1lH-pyrrololl,2-alindole-5, 8-
dione Methylcarbamate (36)

A solution of 17 (36 mg), methylene chloride (3.5
mL) and acetic anhydride (2.5 mL) was cooled to 0°c and
bubbled with anhydrous hydrogen chloride for 5 min. (satu-
ration achieved). The mixture was stirred 10 min. more,
then flushed with nitrogen for 10 min. before evaporation at
reducgd pressure. The residual solid was chromatographed
immediately on silica gel, eluting with methylene chloride-
acetone (9:1). Colleétion of a major yellow band gave 34
(24.2 mg, 82.5%) as a peach~colored solid upon evaporation
from methylene chloride-he;ane: MP 136-138°C (decomposes) ;
IR 3510, 1637; NMR (CDC13) 5.34 (d of 4, 1H), 4.91 (s, 2H),
4.57 (groad, 1H), 4.31 (t, 2H), 4.00 (s, 3H), 2.65 (m, 2H),
1.97 (s, 3H); Ms 295, 297 (3:1), 260. The amount of water
present on the silica gel was critical in obtaining the
product. Silica gel dried 12 h. at 130°c gave a faster
eluting product, theorized to be 33, which decomposed as it
left the column. Silica gel direct from the container gave
34 and traces of 35. Silica gel that had been moistened by
suspension in methylene chloride and air drying gave 35:
MP 164-165°C; IR 3220, 1640; NMR 5.27 (m, 1H), 4.86 (4, 2H),
4.27 (m, 2H), 4.05 (s, 3H), 2.65 (m, 2H), 1.97 (s, 3H);
MS 277, 259.
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Compound“34:(24 mg, 0.09 mmol) was dissolved 1n
:methylene chlorlde (4 mL) and treated w1th anhydrous potas—
sium carbonate (750 mg) followed by methyl- 1socyanate (0.3
mL 4 9»mmol)° The reaction mlxture was stlrred under- argon”
in a stoppered flask 14 h. at R T., then the pota531um car-
bonate was filtered and rlnsed well with methylene chlorlde;
-The combined washings and flltrate were evaporated at re-
duoed pressure and the residue was chromatOgraphed on oven-
dried-ailica gel with methylene-chloride-acetone (95:5)lto,
give ;g (21 mg, 72 7/) as-a yellow solid: MP 1749C4(decom—,
pose‘s);;g 3300, 1690 1637; NMR (cpcl;) 6015 (4 of g, m),
4.86 (S;‘ZH),.4°707(broad, 1H), 4. 33 (d of d 2H), 4,07 .
(s, 3Hi,-2°82 (m, 5H), 1. §8 (s, 3H); M§'352, 354f(3:l)"2597

16717275
C 54.1, H 4.5, N 7.9.

Anal. calcd for C, H N.O0.Cls 9;5415, g 408;d§'7,9t found: -

~ 2,3-Dihydro-1-hydroxy-9-hydroxymethyl-7-methoxy-6-
methyl-8-nitro-1H-pyrrololl,2-alindole Diacetate (29)

' A suspension of 12 (lOb:mQ, OOSO mmol) in ethanol
(25 nL) was treated with sodium:oOrohydride (85 mg,_2°24
mmol)'and stirred 1.5 h. at R.T. The reaction was then;
treated'with ice chips and water,”stirring Vigorously:fOr
10 mlno to hydrolyse excess anhydrlde° The yeilow organio -
fractlon was-separated, extracted with saturated aqueous

cupric sulfate 14:Xf50’mL) and waterv(l X.IOO»mL), dried - -

over magnesium sulfate and concentrated at reduced pressure., =
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The residue was chromatographed on silica gel,ieluting.
first with methylene chloride -to collect a minor yellow'band
vthen changing the solvent to methylene chloride-acetone'
{95:5) to collect the major yellow bandq"Evaporation of
solvent from this latter band gave 29 (69 mg, 60.9%) as a
yellow,-crystalline solid upon evaporation from methylene
chloride-heXane: MP l46—l47°é; IR 2960,,2515; 2850, 1730,
1520, 1360; NMR (CDCl;) 7.20 (s, lH),-§°25 (d of 4, 1H),
5.09 (s, 2H), 4.13 (m, 2H), 3.85 (s, 3H), 2.78 (m, 2H),
2,40 (s;.3H); 2006 (s, 3H), 1.98 (s,'3H);VM§'376, 317;
Anal. calcd. for C.. H,.N,O C 57.4, H 5°3, N 7.4; found:

17720727
Cc 57.6, H 5.3, N 7.5.

, 2,3-Dihydro—9fhvdroxymethvl-7-methoxy-6- .
methyl-1H-pyrrolo]l,2-alindole-5,8-dione-l-oxime
‘Carbamate (7-Methoxymitosene-l-oxime, 32)

Aysolution of 19 (50 mg) in methylene chloride (30

74 (SOO‘mg)

mL) Qas treated with activated manganese dioxide
‘and\Stirred 4 h. at R.T. Excess manganeee dioxide was’col-
leoted'by'filtration and washed well with;methanol-methylene
chloride (1:1) until no yellow color could be seen in the
washings. The combined washings and filtrate were concen-
"trated -and the resmdue was adsorbed on 5111ca gel from
methylene chlorlde solution before drylng agaln at reduced
pressurea- Chromatography on silica gel. w1th methylene
.chloridefacetone,(3,l):gave_gl (27 mg, 54,3%).as a yellow
solid: ‘IR 3480, 3332, 3265, 1720, 1655, 1640. |
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‘ A solution of 31 (25 mg, 0.08 mmol), pyridine (5 .-
mL)}'méthanol.(s mL) and methylene chloride (12 mL) was
' treated with hydroxylamine hydrochloride (100 mg, 1.44 mmoi)_
'and,stirred 4'h° at ROT; During that time thé color changed
from yellow to bright red. The;reaCtion mixture wés diluted
with 20 mL methylene chlofide,'extracted with water (2 X |
50 mL), dried over magnesium sulfateénd‘conéentratedo The
resulting solution in pyridinevﬁas diluted with'toluenévand
evaporated under a vacuﬁm to give a maroon solid. Purifica-
tion;was achie&ed by chromatbgraphy on silica gel,faftér.v 
: prior adsorption of the product on a small quantity-of the -
gel, by eluting with methylene chloride-acetone-methanol
'(8;151) to,giveigg (17.4 mng, 66@5%'from'31)-as'a'maroon |
?'solid:A:Mg 200°¢ (slowly decomposes); 2373600-35207 1690,‘

1655, 1640; NMR (DMSO-d, +-CDCl,) 6.17 (broad, 2H), 5.11

6
(s,. 28), 4.34 (m, 2H), 3.94 ts,r3H), 3.25 (s, H)0), 2.45
Km,_DMSO)L 1.87 (s, 3H); MS 333, 272.

| CbmpoUndrgg.waé troublesome for obtaining a satis-
- factory eleméntal analeis_so it~was purified by éémi—pre—'
parative scale HPLC as followss A_soluﬁion of 32 (5 mg) in
methylene chloride-acetone (1l:1, 6 mL) was Chrématographed
(1.0 mL per run) by eiutihg first;with'methylehe.chloride
fof 6 min, and then int;bducing a 0-5% ii#ear gradient of
méthahol'ovef-ZO minn-aThe'elutién rate was 5 mL/xﬁinu The
,aéeténe élutéd first féilowed bf é minor component., Next

- the majOr, red;coloﬁédicqmponent (gg)éluted, followed
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closely by two minorrcomponents, 'Collection.of.center'cuts.
from the.major peakron each run gave g;das a red-brown‘solid
.upon evaporation of solvent. A small sample was'prepared
' and chromatographed‘as above to give a Single-sharp peak “
on the recorder chart, indicating purefggo After vacuum '

~drying at R.T. for 24 h, the purified 32,was submitted

for elemental analysis: Anal. calcd for C15H15N3O6

C 54.1, H 4.5, N 12.6; found: C 54.0, H 4.5, N 12,1,

Comparative Acid Hydrolysis of Mitosénes

In three concurrent experiments, compounds 17," 20
and 25 (2.0 mg) were each treated-withimethanol (2.0 hL),
_stirred 15-20 min; to dissolve, filtered to remove any |

undissolved material and then treated with 0.3 N hydro-
chioric acid (0.5 mLL. TLC (chloroform;acetone, 7:3) was
examined at>intervals parallel to compound 19 and compared
with a TLC chromatogram taken before acid addition.

| After 10 min. a trace of 19 wasrclearly visible in

the reaction of 25. This grew: to be the major spot after
45 mln° -and then other spots began to- appear, the largest
of which remalned at-the origin., At 60 mlno‘no'gg was
visible on the TLC'chromatogramu

| | Thenreaction'mixture of 17 remained unchanged
}puntll after about 60 min when polar 1mpur1t1es began to

‘appear at the orlgln° After 120 min., a spot corresponding
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to 17 was still visible but there was at no time any evi-
" dence of'lgo | |
.. The behaVior of compoundr2g closeij fesemﬁied thatir>

‘of 17 except that a trace of a coﬁpOund.with an R_ value

£
- close to 19 began to.appear-afte: 60 min. This was still a
- very minor cbmpbnent at 120 min.

" Acid Hydrolysis of 1-Hydroxy-
- J-niethoxymitosene Nicotinate (25)

A solution of 25 (3.0 mg) in 1.0 N hYdrbéhlofic
acid (10 mL) was suspended over methfléne,chloridé (10 mL) .-
‘At'3, 5, 7, 9, 12, and 15 min. after the original dissolu-
tion of. the starting material the mixture,waslshaken vigof—
fously,and'the_layers allowed'té_ééparatééA The orange:colcr
rapidlf;moved from the aqueoué to the organic laYer‘énd‘at 
15 min. the fdrmer was nearly coloriessa~ TLC (methylene
*chloride;aceﬁoﬁe, 6:1) of thé'organic.layef~Showed‘only 19
'whenlcoﬁpared t§ reference sampleS'of gﬁnand 19. fhe |
experiment was'répeated_bn.a lafger'sbalé‘with 3 N hydro- N
chlqric‘aéid and an NMR épectrﬁm pf-the e?aporatedAorgani¢ 

'layer was identical to 19.
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