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Mitomycin C (Ia) was converted by acid hydrolysis to a series of degradation products (ITa-f, IITa and b).
Ozonization, reduction, and oxidation reactions were carried out with selected acid hydralysis products to establish
the carbon skeleton. Comparative acid hydrolysis studies of Ia and N-methylmitomycin (porfiromyein) (Ib)

together with pK,' and n.m.r. data, indicated the presence and location of the aziridine ring.
corporation studies shawed that the methoxyl group in mitomyc¢in C was located at position 9a.

Deuterium in-
The structure

for mitomycin C deduced in this investigation is in agreement with that reported in the recent communication

of the Lederle workers? and the X-ray analysis.?®

Mitomyein C was first isolated froni Streptomyces
caesipifosus by Wakaki and co-workers? and prelimi-
nary structural investigations were performed by Sato
and co-workers.* Closely related antibiotics desig-
nated as mitomycins A and B’ and porfironiycin® have
also been isolated. Porfiromycin has been shown to be
an N-mnethyl derivative of mitomyecin C.”  The promis-
ing antitunior and antibiotic activity of these com-
pounds led us to initiate a structure deternination pro-
gram in wid 1960.  As this work neared completion,
Webb and co-workers® reported their proof of the
structure of mitomycin A* confirmed by Tuliusky via
an X-ray diffraction analysis of thie p-broniobenzene-
sulfonyl derivative.?® The Lederle workers also es-
tablishied the relationship of mitomycin A to itoniy-
cins B aud C, and to porfiromycin by direct chemical
interconversion. In this paper we wish to report an
independent structure determination of mitoniyein C as
well as our fairly extensive exploration of the essential
chemistry of the niolecule through a series of hydrolytic
degradation products.

Hydrolysis of mitowyein C at 60° in 2 N hydrochloric
acid for 2 hr. proceeded with evolution of carbon di-

(1) (a) This investigation was supported by Researcli Grant CY 3772
from the National Institutes of Health, Public Health Service. (b) Ab-
stracted in part from the doctoral theses of K. G. Taylor and W, 8, Marshall,
Wayne State University, 1963.

(2) (a) J. 8. Webb, D. Cosulicli, J, Mowat, J. Patrick, R. Broschard, W.
Meyer, R. Williams, ('. Wolf, W. Fulmor, C. Pidacks, and J. Lanecaster, J.
Am, Chem. Soc., 84, 3185 (1962); (b) A. Tulinsky, (bid., 84, 3188 (1062).

(3) 8. Wakaki, H. Marumo, K. Tomoika, G. sShimizu, E. Kato, H.
Kamada, 8. Kudo, and Y. Fujiinoto, Antibiot. Chemotherapy. 8, 228 (1958).

(4) 8. Wakaki [Cancer Chemotherapy Rept., 18, 79 (1961)] summarizes
work by N. Sato, Y, Harada, K. Kumabe, and K. Uzu which was reported
to tlie Japan Antibiotics Research Association, Tokyo, July 1960.

{5) T. Hata, . Yoshimoto, R. Sugawara, A. Matsumae, K. Kanamori,
T. Shima, and T. Hoshi, J. Antibiotics (Tokyo), Ser. 4, 9, 141 (19586).

t6) C. DeBoer. P. Gray, B. Tabenkin, and 8. Bradley, '‘Antimicrobial
Agents Annual 1960, Plenum Press, New York, N. Y., 1061, pp. 17-40.

(7) 8. Wakaki, Y. Harada, K. Uz, G. B. Whitfield, A. N. Wilson, A.
Kalowsky, E. O. Stapley, F. .J. Wolf, and D. F. Williams, Antybiot. Chemo-
therapy, 12, 169 (1962).

oxide aud produced an anmphoteric (pK,” = 5.4and 7.3),
optically active hydrolysate II1a,*® [«]2p 110 = 10°.
The indicator properties (see Experimental) of IIIa
were sinilar to those reported for a-tocopurple (VIa)
and a howolog (VIb).?

Since IITa could unot be purified satisfactorily, its
empirical formula, C;sH,N:05, was deduced from that
of its yellow tetraacetyl derivative, Cy;HyoN.Oy (I1Ib).22
Tetraacetate I1Ib exhibited a sharp band at 5.65 x in its
infrared spectruni, which is characteristic of acetates of
enolic hydroxyl groups.® Also, one acetyl group
could be cleanly and selectively removed from IIIb
merely on dissolution in cold, 19, inethanolic amnionia,
and renioval of this acetyl function gave IIlc with re-
generation of the indicator properties which IIla had
lost on acetylation.

Catalytic hydrogenation of tetraacetate IIIb resulted
in the absorption of 1 mole equiv. of hydrogen. The
colorless reduction product was isolated as its hexaacetyl
derivative (VII) by treating the reduction solution with
acetic anhydride prior to exposure to air. When the
reduction solution was exposed to air, the reduction
product was readily oxidized and tetraacetate IIIb
could be recovered from the reaction. Such facile re-
ductions are well docuniented for both 1,2- and 1,4~
quinones! and reoxidation to the quinone systen: would
be facilitated by the presence of electron-donating sub-
stituents such as oxygeun and ‘or nitrogen.!!

Treatinent of hydrolysate IIla with acetic anhydride
it methanol resulted in fornation of an acidic (pK,’ =
6.50) N-acetyl derivative (IIId) whose indicator and

(8) V. Frampton, W. Skinner, P. Cambour, and P. Bailey, J. Am. Chem.
Soc., 82, 4632 (1960).

(9) L. J. Bellamy. "“"The lnfrared Spectra of Complex Molecules," John
Wiley and Sons, New York, N. Y., 1958, p. 182,

(10) R. B. Wagner and H. D. Zook, "Syntletic Organic Chemistry." John
Wiley and Sons, New York, N. Y., 1953, p. 154,

{11) L. Fieser and 3. Fieser, ""Organic Cliemistry," Heatli and Co.,
Boston, Mass., 1956, p. 712.
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spectral propertics were similar to 1ITa.  Esterification
of the acidie function with diazomethane produced w
neutral, nonindicating methoxyacctamide, CiHiN,Oy
(111c¢), which ncorporated two more acetyvl groups on
further treatuient with acetic anhydride in pyridine to
give I1If.  The nfrared spectrum of methoxytriacctate
IIIf exhibited o sharp band at 5.75 u indicative of O-
acctate carbouyl absorption, but no band at 5.65 u tor
an enolic acetate.

Ozonization of tetraacctate 11Ib with a reductive
work-up afforded a crystalline optically active ([a]*p
—-151°) triacetate (Va) (Chart I) that contained both
acid (pK," = 4.83) aud carbouyl funetions (positive dini-
troplienythydrazine  test). Compound Va  was no
louger an indicator, but gave a positive iodoforin test.**
Since the dimtrophenvlhydrazoue dervivative gave n
negative odoformn test, the presence of a methyl ketoue,
rather than a methyl carbinol molety, was dicated.
Accordingly, keto acid Va on treatinent with sodiu
metaperiodate consuned 1 wole equiv. aud produced
diacid Vb (negative iodoform and dinitrophenylhydra-
zone tests) identical with that obtained from an ozoni-
zation of 1IIb followed by hydrogen peroxide oxidative
work-up.  Treatment of diacid Vb with diazomcthane
afforded a dimethyl ester (Ve), thus confirming the di-
acid fornulation.  Pinc-splinter tests on the ozonolysis
products indicated the possible existence of w pyrrole-
or dole-typt nucleus w mitowvein C, and this was
coufirmed when diacid Vb gave a positive Elirlich test
only whew warmed with the reagent.  This was indica-
tive of a tetrasubstituted pyrrole nucleus with a car-
boxyl group as an e~substituent.®  Siice keto acid Va
gave negative Ehrlieh tests, even on prolonged heating,
it appeared that the diketone of Va was located w the
a-position of a pyrrole nucleus.

Consideration of these data permitted a partial struc-
twre VIII to be drvawn for hydrolysate 1IIa. The
ozonization aud periodate reactions are sunnmnarized in
the following reaction scheme.
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The structure of the rewalning four-carbon frag-
ment was deduced in the following manner.  Methoxy-
acctamnide IIIe (2 hydroxyls free) was found to con-
sunie no periodate.  However, when diacid Vb (which

(12) Puuetional group analyses of mitotvein C laed indicaced] 1oy preseaer
of ene C-metliyl and one metlioxyl group.

(13) N, V. Sidgwick, " The Orgunic Chewistry of Nilrogew,” Oxford 1 ui-
versily Press, Oxford, 1037, p. 484 of. U, Fiscber and H, Ortl, " Dir
Chepve des Pyrenls,” Edwarnls Bros., lue., Aun Arbor, Mich., 1043, 10 G,
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was optically active: |a)*n —1497) wis treated with
periodate, following a basie cleavage of acetyl protee-
tiou. 1 mole equiv. was cousumed and optical aetivity
wis lost. These data wdieated that the C) lragrient.
should contain an isolated hydroxvl function attached
to a novagvinmetrie cnviromnent, and viemal hydroxyl
attd a1mino groups i ab asyunnetric envirouient.

This the woonr. speetriun (CDCL) ol tetrnacetate
1I1H supported the assigient of structure 111D to that
compound, Inaddition to fve singlets attributable to

I

C-methyl and acetyl methyl groups, there was a sixth
singlet, cquivalent to two protons, located at &py s
5,201 This signal was assigned to the protons of a
beuzylie-like mnethylene group attached to a g-position
on the pyrrole nucleus and labeled C in formula 1I1h.
A broadeuced doublet (one hiydrogen) centered at dyyys
6.48 was assigned as the NH signal (A).  The NH pro-
ton of N-acetylphenethylaniine is scen at éyyg 6.50 and
1s aunalogous.’ A sharp doublet (one hydrogen) cen-
tered at §yqps 6.04 was assigned as the signal of hydrogen
B. The sigual for hydrogen D was an unsymmetrical
quartet centered at about syyg 4.7, The remaining
two protons (I2) were nonequivalent exhibitiug a eom-
plex multiplet eentered approximately at §yvg4.0. The
two I¢” protous of methoxyindole IX1 arise at 15 4,28
and are analogous.

Oxidation of mcthoxyacetamide Ille with Jones’
reagent” produced an aldehyde, isolated as the diacetyl
derivative I'V and identified by the aldehyde hydrogen
v, (DNSO-dy) signal at dpas 104, thereby confirm-
ing the presence of a primary hydroxyl funetiou in
tetraacctate [1Ib.

The existence of a prinary amine funetion i mito-
mycein C degradation products was confirmed by hy-
drolysis experiments performed on N-methylinitony-
cit C (Ib). Thus, hydrolysis of Ib under conditions

0
AcOCH,._ (__OAc OCH
AcO, 2 {
HC N Y CH CH.,
.‘\C‘&\:J) O

g

{14) Tlhe wnethyleue protons of plilalide and furfuryl acelate sliow singlels
at dras 5.26 and 5.03, respectively. Cf. G. V. D. Tiers, "Tiers 1'ables,”
Minnesota Mining and Manufaeturiug Cu., Minneapolis, Minw., 1958,
Table TL. 1. 8; and N. % Bhacca, L. T'. Jobnson, and J. N. Sclioolery,
SNMR Spectra Catulog,” Varlan Associates, Palo Alto, Calif., 1062, Spee-
lrun 167,

(13) N. S Baeea, L)
e 6350,

16y N. =2, Rlaeces, Lo
(ST RATITA

(17) K. Bowdew, 1. 1leilbrow, o R 1L dones, and V. Weedsn, J. Chen
Nov, 39 (104617 of also O Djerassi, R. Engle, and X, Bowers, J, Ory, O,
21, 1447 L1U5aGL.

Joliusea, aud J. N. Schoolery, yhrd.. Nruwee-
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used to prepare IIla from mitomycin C produced, after
acetylation, a Cy tetraacetate I1Ig which, unlike IIIb,
showed no —-NH baud in its infrared spectrum. The
n.am.r. spectrum (CDCl;) of IIlg confirmed a tetra-
acetate formulation and also showed that the dyyg 6.48
signal, assigned to the NH proton in IIIb, had been re-
placed by a new signal at épums 3.04, attributable to the
N-methyl protons of an acylated methylamine. 81
Thus, since the acetylated nitrogen was secondary in
IIIg, it must be primary in ITIb.

The structures of hydrolysis products intermediate
between mitomycin C and hydrolysate II1a were then
determined. An unusual feature of mitomycin C was
that although the antibiotic was essentially neutral
(pK." = 3.2), chromatography and pK,’ measurements?
indicated the generation of one basic group (pK,' = 6.5)
soon after dissolution in 0.1 N HCl at room temperature.
After 24 hr. at room temperature, one acidic function
and two basic functions had appeared with pK,’ values
of 5.4, 7.3, and 9.3, respectively.?! Measurements at
intermediate times indicated that the acidic and the
second basic functions were generated simultaneously.
A 15-hr. preparative-scale hydrolysis resulted in the
isolation of hydrolysate IIf* as its acetate derivative
(ITe),” The spectral properties of ITe indicated that
it was closely related to tetraacetate IIIb, and further
acid hydrolysis followed by reacetylation converted Ile
to IIIb. The concomitant changes in empirical for-
mulas suggested the hydrolysis of a carbamoyl group
and explained the origin of the carbon dioxide involved
in the more vigorous acid hydrolysis of mitomyein C,
and also the infrared band at 5.80 x seen in mitomycin
C and its derivatives of mild acid treatment,

Brief exposure of mitomycin C to dilute, aqueous HCI
resulted in the isolation of the initial hydrolysis product
of pK," = 6.5 (IId). Itsempirical formula, C,sHsN4Os,
indicated 1t to be a precursor of hydrolysate IIf, Cys-
H;5N;306, and the resulting empirical formula change was
accommodated by the hydrolysis of an amide to an
acid. Since the acidic function of these derivatives was
an enolic hydroxyl group, the structural change in-

volved in this hydrolysis would be
OH
I + NH,

I + HO ——»
CH, CH,

Acid-catalyzed methanolysis of mitomycin C pro-
duced a basic product (ITa), pK,’” = 6.57, isomeric with
mitomycin C. Aqueous acid hydrolysis of Ila gave,
after acetylation, a mixture of triacetate Ile and tetra-
acetate I1Ib.

The action of hot acetic anhydride converted mito-
mycin C to a diacetate (Ilc), which could be converted
to a mono-N-acetyl derivative (IIb) with methanolic
ammonia. Treatment of mitomycin C with glacial

(18) N. 8. Bhacea, L. F. Johnson, and J. N. Schoolery, ref. 15, Spectrum
39.
(19) With splitting caused by the NH function of 111b eliminated in 111g,
the signals from the ring 8 hydrogens were resolved into a doublet(1H)—
quartet{1H)—-doublet(2H) pattern with §-values similar to their 111b counter-
parts.

(20) A, Wilson and M. Munk [Anal. Chem., 84, 443 (1862)] describe
the automatic, semimicro titrator used in the pK,,,' measurements. The
procedure used is described in the Experimental section.

{21) The odor of a volatile amine was easily detected in the basic solutions
of the pK,' measurements, Comparison of the pKy' of the “second basic
function" (8.3) with that of ammonium chloride (9.2) indicated that the
volatile amine was ammonia.
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acetic acid resulted in its smooth conversion to the
acetamide IIb, identical in all respects with that ob-
tained from the ammonolysis of diacetate IIc. Finally,
the aqueous acid hydrolysis product, IId, was con-
verted to diacetate Ilc on acetylation in pyridine, thus
relating it to both IIb and Ile. Comparison of the
n.m.r. spectrum (DMSO-ds) of diacetate IIc with that
of tetraacetate IIIb confirmed their structural simi-
larities; however, ITc showed two broadened peaks (two
hydrogens each) in the dryg 6.25—6.46 region which re-
placed two acetyl CH; peaks of tetraacetate I1Ib.

0
NH,CO,CH, NH,
® L‘*Y H s
g N CH,
R'NH 0
s, Y = CH;; R’ = H
.Y = H; R’ = CH;CO
e, Y = R’ = CH,CO
dY =R =H

In the n.m.r. spectrum (DMSO-dg) of niethoxyamine
IIa, the doublet usually seen for hydrogen B was
moved upfield, as might be expected, and was now part
of a complex pattern (between 6735 3.87—4.83) equiva-
lent to four hydrogens, representing the hydrogens at-
tached to ring 3.2

These data served to establish the position of the
carbamoyl group. Since the carbamoyl moiety re-
mained intact during the early stages of hydrolysis, it
could not have been located at a site undergoing hy-
drolytic change, and position 10 (rather than position 1,
or possibly 7) fits this requirement. Further, the un-
usual features of the acid sensitivity of mitomycin C
became apparent. First, it could be seen that the
methoxyl group originally present in mitomycin C!? was
an extremely labile one being quickly cleaved under the
mildly acidic conditions used to prepare Ila, b, and
d.?® Second, while the ultraviolet spectra of all the
acid hydrolysis derivatives were markedly similar,?
they bore little resemblance to that of mitomycin C.
Thus, the ultraviolet spectrum of mitomycin C greatly
resembled that of 2,5-bis(dimethylamino)benzoqui-
none,? but underwent rapid, irreversible change, in the
presence of acid, to that of the hydrolysis derivatives.
Third, the nitrogen in mitomycin C which could be
methylated to give N-methylmitomycin C (Ib) could
not be further acetylated,? thereby indicating that it
had been converted from a secondary nitrogen to a
tertiary nitrogen on methylation. Fiually, mitomycin
C and hydrolysate I1d both contained nine sites of un-
saturation. The dissimilarity of their ultraviolet spec-
tra, however, required that the pyrrole nucleus per se
be absent in mitomycin C and that the ninth site of
unsaturation be elsewhere in the molecule. All of these

(22) Mono-N-acetate 11b could be converted to the N-acetate of 11a by
treatment with methyl iodide, thus relating 11a to 11b—d and confirming the
n.m.r. interpretation.

(23) Since the methoxyl was absent in derivatives 11b and d. the meth-
oxyl of 11a must have resulted from external incorporation of methanol, the
SOI(;ZX)]LThe spectra of those derivatives bearing the 7-amino group were un-
altered by pH changes and resembled the pH >7 spectra of the 7-liydroxy
derivatives; see Experimental,

(25) C. Martini and F. Nachod. J. Am. Chem. Soc., 78, 2953 (1951).

(26) Conversely, acetylmitomycin C (l¢) could be prepared using acetic

anhydride in methanol and could not be methylated under conditions used
to prepare 1b.
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featurcs could be accommodated by structure I and the
following reaction sequence.

n’
1
. (0]
NH,CO,CH, NH.
RO ‘
\ CH. + (H,OH
HN )»J 8]

1

T'he conversion of mitomyein C to the acetannde b
with glacial acetic acid (R = Ac i the last reaction sc-
quencee) was accommodated by an opening of an azivi-
diie ring,  Thus, the initial product of opening would
be IT (R = Ac), after which an O to N acyl migration
would vield acetaunde IIb.  The wannr. speetrum of
mitowyein C (DMSO-ds) was i accord with a dihydro-
pyrrole formulation sinee the singlet usually secn for
the nethyleie group in the acid-reaction derivatives
was absent it mitomyem €%

Differentiation between positions 1 and 9a for the
labile methioxyl was aceomplislied by deuterium incor-
poration studies.®®  Closcr exanimation of the reaction
of mitomyvcin C with acetic acid revealed that, m addi-
tion to the acetaniide I1b, the methoxyvamine IIa was
fornied as a winor product.  Since the solvent, acetic
acid, was preseut in great exeess, it was considered un-
likely that the methoxy group i the methoxyamine
product resulted from clinination of alcohol from mito-
mycin C followed by opening of the aziridine ring with
this alcohol in competition with the acetic acid solvent.
Thus, the methoxyvamine vepresents the ouly product
isolated to date which has the aziridine ring opened and
still retained the original inethoxy group.

Wlhen the reaction was repeated using acetic acid-d,
nar. aualysis (DMSO-dy) of ITh (as diacetate ITce) re-
vealed that the only carbon-hound deuterium present
was located at position 1. This wauld be expected if

ScueMme |

H "+ RH
l{ e - ﬂ\ - . -
CHO-, AhD LIV o
B N ey
N i |2 S
f - H
[ HIN’ ‘
I: i
1 L D l
X
- H
Re_ R.
f I‘ J\
‘ | I NNy AcO AN
wyvl N . --\T// i\‘
Hb < i ;s\(i‘(;lrl- {A(() P Ho—D (\:}&_,,,J
TN HN
b D

(27) Tlis fact also served (o eliminate position Y as tlie site of attachiment
af thie labile metlioxyl group.

(28) At this stage tlie Lederle rotmimmnnivation® appenred and tie deuts-
el tneorporalion stiedies wern Jdevised as o eliemival rueans 1o wmficy thei
N-rviy dula.

wen-bonmd leaterinnt sia exvininge wis presell ti the ex et
el cachens-boand deneciam tor the oxteut of abouctas

Vol s

the methoxyt were originally at position 1, but can alsa
be readily explained with the methoxyl at 9a o ats
relative stereachemieal position as determined hy Talio-
gky? (sce Scheme 130 While mare than one hydralytic
ricchanisin i operating, a more tavorable frans 0
possible ¢ev) elimination o methanal fron possible
imtermediate Xowondd rvesult in denterinn mearporation
at position I noacctamide b, I Ha were ta arise rie
an isoncrization of I (wethoxyl at position 1). den-
teriin incorpocation at position 1 would again be ex-
peeted. Howeveroif la were to arise via methoxyl mi-
gration™ from position 9a ta positiau 1, the a isolated
from the aectic acid-¢ veaction should contain no

deuternun at position 1 {sce Scheme 1150 Au v
=enuam 11
R
k‘ll‘.()\t T
10T
HNZ L
Ta
11 R 1
HN!’,,...-, b .
11O, i AL
IH,C;_TV,, N e DT BN - 1la
T H ]
ih HN
D

(DMSO-ds) comparison with l-deuterio Ila prepared
by wethanolysis cuploving methanol-d revealed that
the Ila isolated from the acctic acid-d reaction con-
tained, cleauly, no deuterium at positiou 1 and thus pro-
vided chetuical evidence for the methoxy at position 9a
in mitomycin C.

Biological Data.—Iu a wicrobiological assay using
Bacillus ublilis, Ta and Ic, with the azividine ring in-
tact. were active but the Tla and N-acetyl Ila were in-
active.  Using 10 other organisms  against  which
wntomyein ¢! was active, Tla was active (Table I).

Taniy 1
LOMPARATIVE MICROBIOLOGICAL ACTIVITY
or Mrrostyers Coaxn I1°

ALLCLT <l
Milowmyein

Orzautista C 1a
Staplglococens weeus smith 016 >0
Staphylovocess wureus 2000 016 >20
Sareina Didea 1,08 >20
Streplococcus fuecalis 0.4 >20
Nlebsielle prewmonriu 0.16 >20
I3, subtilis 0,04 >0
Proleus 28017 200 >2)
Lischeeichiia vols 3.0 >20
Pseudomonas ieriayinosu 20 >20
Salmonella typhoso a.o >20

» We wish to thunk Dr. 1. I Hooper of Bristol Laborataries,
Ine., for these data. * Mininumm inhihitory concentration.

Experimental

Al melting points are uncorrected and were taken on o«
Thomas-Haover capillary melting point apparatus.  Uliravioleo
spectra werce nbtained o a Cavy-14 spectrophotometer, infraved
spectra on a Beckiman-IR-4 and Beckman-1R-7; pK,” determi-
nations were performed on an  automatic titratar™  and
ccnnr, speetrn on a Variaw DP-60 spectroraeter.  Analyses were

30y Ree, foe eniwpde D Noyee el M Gascian, S el Clora Soel 82,
Y2 (1HB0.
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Cuarr I

STRUCTURES OF MiToMyciNx C AND DERIVATIVES

1o O . 10 O O
NH,CO,CH, M . NH NH.COCH.,, Y Z—CH Y
CH30l ‘:“:iil(‘]l X more vigorous X
. reactions acid conditions N N
N, . X CH, cactions . CH, CH;
1a RN Ri‘?{/ O
la, R=H Ha, X=OCHs R=H, Y~ NH: Illa, Z=OH, X=OH, R=H, Y= OH
b, R=CHs b, X=OH, R=Ac, Y =NH, b, Z=0Ac, X =0Ac¢, R=Ac¢, Y =0Ac
¢, R=CH,CO ¢, X=0Ac¢, R=Ac, Y=NH, ' ' ' '

d,X=0H,R=H,Y=
e, X=0Ac, R=Ac, Y=0Ac
f,X=0H,R=H, Y=

g, X=0CH;, R=Ac,

¢, Z=0Ac, X =0Ac, R=Ac, Y =0OH
d,Z=0H, X=0H, R=Ac, Y=0H

e, Z=0H, X=0H, R=Ac, Y = OCH,
f,Z=0Ac, X=0Ac, R=Ac, Y=0CH,

NH,
OH
Y =NH,
l oxidation of 111e

ozonizatlon

AcOCH, CO:H(OCH; in Ve)
I
A0~ AN"ScorR
AcNH
Va, R=COCH;,
b, R=0H
c, R= OCHL;
0
OH OCH;
CH
sR 0 CH, CH,
0
VIa, R = C(;H33
b, R=CH;
done by Midwest Microlab, Inc. Paper chromatography C, 53.55; H, 5.57; N, 16.86; O, 24.13; mol. wt., 311 (isothermal

employed Whatman Grade No. 1 paper in the following systems:
A, 1l-propanol-19, ammonium hydroxide, 2:1 (by vol.); B,
2-propanol-19, ammonium hydroxide, 2:1 (by vol.); C, 1-
butanol-acetic acid-water, 4:2:1 (by wvol.); D, Il-butanol-
morpholine-water, 3:1:3 (by vol.); E, acetone-water, 3:1 (by
vol.); F, methanol-water, 1:1 (by vol.). Thin layer chroma-
tography was done using Merck silica gel G distributed by Brink-
mann Instruments, Inc.; the solvent system used was ethyl
acetate-2-propanol, 1:2 (by vol.).

The first sample of mitomycin C was received from the Cancer
Chemotherapy National Service Center, and we wish to thank
Drs. H. W. Bond and R. Coghill for their cooperation. Later
we received generous samnples from the Kyowa Hakko Kogyo
Co., Ltd., and we are pleased to acknowledge the cooperation
and assistance of Drs. N. Sato, 8. Wakaki, and Y. Harada of that
company.

Purification of Mitomycin C.—A solutiun of 0.29 g. of crude
mitomyein C in a small amount of hot methanol was pipetted
onto the top of an alumina column (Woelm, neutral, Brockman
activity grade I). Elution with methanol brought the mitro-
mycin C off the column as a purple band. A small pink band
trailed the mitomycin down the colunin, and a brown residue
remained at the top. The methanol eluate containing the mito-
mycin was evaporated to dryness in vacuo leaving a purple resi-
due which was then triturated three times with 10-inl. portions
of hot distilled water. The combined triturates yielded 0.180 g.
of mitomycin C as deep purple needles, m.p. >300°.  Mitomy-
cin C thus purified showed a clean single spot on paper chroma-
tagraphy in systems A (R; 0.78), D (R; 0.83), and E (R 0.85);
ultraviolet: A2 367 mu (e 21,840); ASHF 357 my (e 22,780),
550 (232); ultravioles of 2,5-bis(dimethylamino)benzoquinone:
Muax 377 mp (e ~20,000)%; infrared (p, KBr): 2.90, 3.0, 3.04,
5.80, 6.05, 6.25, 6.45, 7.23; basic pK.’ = 3.20 (5097 methanol).
Elemental and group analyses were determined after drying to
constant weight at 100° 4n vacwo. Mitomycein C and certain
derivatives consistently gave n high C-methyl value.

Anal. Caled. for C;HisN«O;: C, 53.83; H, 5.43; N, 16.76;
0, 23.08, mol. wt,, 334; C-CHj, 4.5(1); OCHj, 9.0¢1). Found:

distillation, MeOH); C-CHjy, 5.45; OCH;, 8.73; NCHj, 0.00.

pK.’ Study on Mitomycin C.—Mitomyein (172 mg.) was tritu-
rated twice with 3 ml. of methanol. The undissolved mito-
nyein weighed 78 mg. leaving 94 mg. of mitomycin C in solution.
This was diluted to 10.0 ml. and used as a stock solution for
subsequent pK,' determinations. For titration, 2.0 ml. of the
mitomycin stock solution (19 mg. of mitomyecin C) was pipetted
into the titration cell. This was diluted with 2.0 ml. of CO,-
free distilled water. Then 1.0 ml. of 0.05 N HC! in 50, meth-
anol-water was added and the sample was titrated with 0.165 N
KOH in 50¢7 methanol-water.

A.—When the titration was performed 1520 sec. after addition
of the 0.05 N HCI, only a very weakly basic species was present,
pR. =3.2.

B.—When the titration was performed 15-20 min. after addi-
tion of the HCI, a basic group with pK,’ of 6.5 had appeared.

Hydrolysis Study of Mitomycin C via pK,’'.—A solution of 63.6
nmg. of mitomycin C in 6.00 ml of 0.10 N HCl was left to stand
at room temperature. Periodically 1.00-ml. aliquots were re-
nmoved, diluted with 1.0 ml. of methanol and 3 ml. of 50,
methanol-water, and the pK,’ values were determined by ti-
tration with 0.165 ¥ KOH. The titration curves were compared
with that of a 1.00-ml. blank of 0.10 ¥ HCL

A,—At 15 min., the titration curve showed the presence of a
basie function, pK.’ = 6.51. The equivalent weight of this basic
species was calculated from the curve (364), and it compared
favorably with the inolecular weight of mitomycin C (334).
Therefore, treatiment of mitomyein C with 0.1 N acid for 15 min.
had liberated one basic function,

B.—At 6 hr. and 40 min., the titration curve showed the
presence of 1.7 equiiv. of basi¢ functions plus 0.5 equiv. of an ueidic
function.

C.—At 19 hr, and 40 min., 2.0 equiv. of basic functions and
0.8 equiv. of an acid funetion were present.

D.—At 24 hr. and 25 min,, 2.1 equiv. of basic functions and
0.9 equiv. of an acid function were present, with pA.,’ vahies of
5.4, 7.3, 9.3, At this paint a sample was removed from the re-
action flask, evaporated to dryness, and acetylated with acetic
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anhydride in pyridine. The presence of carbamoyl triacetate
IIe was demonstrated by paper chromatography in system B.

Acid Hydrolysis of Mitomycin C,—A solution of 0.500 g.
(0.0015 mole) of mitomyecinn C in 30 ml. of 1 N HCI was stirred
at roam temperature. The color of the sohition gradually
turned from its original purple to red (1 hr.) and then to orange
(& hr.). After 24 hr., the resulting orange solution was diluted
to 150 ml. with distilled water and passed over a Dawex-5t)-x2
cohimn, the hvdrolysate being absorbed ut the top as an orange-
hrown band. The column was washed with distilled water until
the chiates gave a negative Cl— test.  The hydrolysate was then
chited as n purple band with 34% mmnonimn hydroxide.  Evapo-
ration of the water sohition by freeze dryving left 0.440 g. of un
amorphous purple powder.  Investigation of all ccdorless frie-
tions vielded nothing.

The hydrolysate was an indicator, purple in basc, orange in
acid; Te]?p —120° (¢ 0.05, 0.001 N HCl), [«]®3n —100° te
0.025, 0.0005 N HCD. (The observed rotation wus doubled
when the cancentration was doubled. i

Acetylation of Hydrolysate,—A slurry of 0.500 g. of hydroly-
siute, prepared as above, in 25 ml. of pyridine was treated with 1.0
ml. of ncetic anhvdride, and the renction was left to stand at
roomn temperature for 1 hr., with occasional swirling,  Sohition
becanie complete in approximately t5 min.  The reaction was
quenched by the addition of ethanol and then evaporated to
dryness n zacuo, the last traces of pyridine being removed hy
azeotroping with tohiene. The resulting hrown resichie wus
taken up in u small vohume of ehloraform, passed over an ahmminn
column (Woelin neutral, activity grade III), and ehited with
chloroform.  The chloroform ehmte yielded u yellow solid { ITIh)
after evaporation which crystallized from absolute ethanol
(60 mg.), m.p. 226-228° dee. Three recrystallizations from
absohite IHOH vielded 15 mg. of yellow ncedlex of IIIL, n.p.
229-230° dec. Paper chromatography showed n clean single
spot in systems A (' 0.68), B (Ry 0.68), and D (¢ 0.80), the
spot turning purple in the basic systems®t; ultraviolet: AZOF 03]
mu {e 18,700), 269 (10,930), 275 (<) (10,700), 342 (1500): in-
frared: (u. CHCly) 2.90, 4.64, 5.71, 504 (sh), 5.97. G.08, 6.13.
6.66, 7.27, 8.05.

Anal. Caled. fur CuHaN:Ogr ¢ 56510 H, 4.07; N, 6.28;
0, 32.26; C-CHj, 16.85 ({i); CH,CO, 386 {4). Found:
56.48, 56.36; H, 4.82, 5.45; N, 6.55, 6€.30; 0O, 32.22; CH.(,
20.4; CH;CO, 36.2.

Turther ehition of the column with 99:1 chluraforni—methanol
vielded a second yellow compound (ITe) which also crystallized
from ahsolute EtOH. Further purification of this compound
was difficult since it contained an impurity (evidenced by paper
chromatography) which had similar physical properties. Puri-
fication was effected, hawever, hy crvstallization from dihite
solution in absolute methanol, yielding vellow needles of Ilc
(25 mg.), m.p. 238-240° dec. Paper chromatography in systerms
A {R; 0.59), B (R 0.60), aud D (R 0.70) showed a clean single
spot, the spot again being purple in the basic systems; ultraviolet:
AZOE 931 mu (e 20,350), 268 (12,5320) 276 (12,000), 342 (1500,
mfrared: (g, mully: 2,90, 5.02, 5.6, 5.70, 6.05, £.15, 6.45, .02,
8.1,

Anal. Caled. for CoHagNyDg: €, 83.69; H, 4.60: N, 0.44y;
0, 32.21; CH,CO, 28.83 (3); CCH,, 13.44 (4). Found: C.
53.78: H, 5.03; N, 9.35; 0,31.80; CHyCO,29.02; CCH,, 13.65.

Copsiderable residue remained on the aluminn cohnun as a
deep purple band and cauld be ehited only with methanol.
The residue appeared to consist of decomposition products and
deacetylation products, since it could be reacetylated and re-
chromatographed to yield morce tetrascetate IITh but never in
gaod yield.

Preparation of Triacetate Ile.——A solution of 0.500 g. (0.0015
mole) of mitomyein C in 100 mlk of 0.1 ¥ HCI was allowed to
stand at room temperature for 15 hr. A pK,’ curve of the soln-
tion showed the presence of three titratable groups, two basic,
one acidic. The sohitiun was evaporated to dryness in vacuo
and the resulting solid (IIf) was treated with 10 ml. of acetic
anhydride in 10 ml. of pyridine for & hr. at room temperature.
Pyridine and acetic anhydride were evaporated in vacuo, the
residue dissolved i1 u small vohime of methanol, and passed onto
u celhilose column (packed in 2-propanol). Elution with 2-
propanol and evaporation of solvent prodiced a brown solid
upan scratching with methanol.

(:31) ‘I'lie color of tlie spots indicated thut thie basic systeins hal cleaved
tlie enolic avetyl function. 1aus, thie At values of 111 and 111e are identical.
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Two reeryvstallizations from methanol yvielded D00 g i 151, ) of
vellow needles with decomposition point identienl with thar ot
the previous preparation, 258-240°.  After three more recrystid-
Lizations, the deccunposition point was raised by 9° 1247 24757
however, the mnlvsis far carbon wax high (54.06: caled. 53695
aud for oxvgen was low (31.44; caled., 32.20)0 ' valnes of
smnples of Ile from the two preparations were idantical.

Preparation of Hydrolysate IIla. - A sohition of 1.1 g, 10003
mole) af mitomyein Cin 100k of 2.8 HC was warmed a0 55
60° far 2 hr. The resulting orange solution was dihreed with 150
wle of distilled water and passed over a previously prepared
Powex-50W-x2 cohnne teontaining 130 ml. of wet vesing. The
hyvdrolysate was wbsorbed as an orange band at the wop ot the
colinar, - The column was washed with distilled water antil i
CUtest was negative, and the hvdrolyvsate was then ehuted as o
purple band with 50 ainnoninn hyvdroxide.  Exeess ammania
wirs eviaporated /o egreo with warming, and the remaining water
wits renmved by freeze drving. The vesulting thalfy, parple
powder weighed 0.821) g, The crade hiyvdroly=ate could uot be
purified satisfactorily {or analvsis,

Hydeolvsate 1Tl was an indicacor, orange o acud, purple m
buse; nluaviolee 1001 A NaOH L A 312 and 253 mg; (0.1
N HCH: Mg 204 and 256 mp. 1t was also amphoterie, phy’
= 57, 1300507 methanol s,

Preparation of Tetraacetate IIIb. -A shirry of 750 mg. of
crnde hydrolysace Hba (prepared as above) in 10 mb of dry
pyridine and 5 wd of weetie anhydride was allowed o siand
(with occasivual swirling) at room temperature for 20 min. - The
excess pyridine uud acctic anhydride were then evaporated
i cacwo. The vellow oily residue was then taken up in chlora-
form and the kst traces of pyridine and acetic acid were removed
by evaporsting again ae eecteo uging tohiene as o chaser. A
small nmoant of cthanol was then added, whereupon tetrnave-
tate b cerystallized.  The supernatant hquid was pipetted
off and the cmde rtetrancetate was redissolved i hot ethunol,
filtered, and left 10 crystallize.  The reerystallized tetrancetate
was colleeted by filtradon, 400 myg., ra.p. 226-228° dee. The
mother hgior was combined with the above supernatant liquid,
evaporated to dryvuess, taken up in chloroform, and passed over
i shart ahnning cohinn (Woehn, neutrall Broekimn aetivicy
Iy, and the chlorofumm chmate was collected.  Crystallization
and reerystallization of this elunte vielded an additicmal (40 mg.
of tetrancetate, m.p. 226--228° dee. Minther reworking of the
mother Hquors vielded no mare ervstalline produet. Tetra-
neetate Hib of thix melting point was of suflicient purity for
further veactions; ilotal vield, 540 mg. {4470).  Yeelds in this
preparation generally ranged from 20451

Triacetate Illc, - Dissolution of 0. 100 g. of tetrancetate 1
i 30 b of 197 methanolic anmnonin at room temperature pro-
duced noporple solition which was inanediately evaporated to
dryness (n roceo at roond temperntire.  The resulting red-pinple
residue was taken np in a siall vohnne of wethanol and several
drops of 2 N HCT were added, wherenpon the solntion turned
vellow.  YeHow ervstals were deposited on caoling. Reerystal-
Hzution from wethana water afforded 0.081 g (68,1 of e
as vellow needles, mep. 199-200° dee. On paper chromatography
In systems A wund B, THe showed o pnrple spot wich e valnes
identical with hiose of tetrnacelate b ultraviolet: Ao
261 1 (e 22,100), 285 (14.000); acid pA.t = 5.00 (50 meth-
anob).  ‘The nmusual spectrinn may reflect the possibility of
tantomerisin 16 the o-quincue.  The infrared spectrnm <howed
lox= of the cunolic acetate band at 5.65 g and presence of o hy-
droxylbaud.

dral. Caled, for U HaNsDs C0 06435 H, 1050 N, 6.035.
Found: €, 56.32; H,4.85; N, 6.72,

Hydrolysis of Triacetate Ile to Tetraacetate IIIb.--- Carbamoyl
trincetate (ITe) (2 mg.) was heated at 50° for I hr. in 3wl of
1 .V HCl and left to stand at voom temperatire for 5 hr. Fvapo-
ration to dryness i cacuo yielded a vellow-orange residue which
was dissolved in pyridine (0.5 mlb.) and acetic anhydride (few
drops) and left to stand at room temperature for 0.5 hr.  After
renioval of solvents ¢ vacuo, the rosulting yellow resiche was
examined by paper chramatagraphy and the major component
had un Ry value identical with that of tetraacetate IITbh (system
D, Ry 8.80). Tetraacetate IIIb was shown to be re.formecd
after similar hydrolysis and reacetylation.

Dihydrohexaacetate VIL.--A suspension af 50 mg. of platine
oxide in 101wl of acetic anhydride was reduced in an atmospheric
pressure catalytic hvdrogenation apparatus until the catalys
wias colpletely reduced and hvdrogen uptake had stopned.
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Then a solution of 50 mg. of tetraacetate IITb in 10 ml. of acetic
anhydride was added and hydrogenation continued. There
was a 2.5-ml. uptake of hydrogen (equivalent to 1 mole of hy-
drogen) within 10 min., after which no further hydrogen was
absorbed. After stirring 0.5 hr., 3 ml. of pyridine was added
and the solution was kept at room temperature under the hy-
drogen atmosphere for 3 hr. The catalyst was then filtered and
the filtrate was evaporated to dryness in vacuo. An ether-
petroleum ether (b.p.30-60°) mixture (1:1) (100 ml.)was added to
the residue and, after standing overnight and scratching, a yellow
solid was obtained. This was filtered, dissolved in chloroform,
and introduced onto an alumina column (Brockman grade III,
packed under benzene). Elution with chloroform gave a com-
pound which was crystallized from benzene-petroleum ether
mixture to yield 25 mg. (429) of colorless cubes (VII), m.p.
223.5°; A2O" 227 my (€61,700), 278 (11,200).

Anal. Caled. for Co;HasN:01,: C, 56.40; H, 5.26; N, 5.26;
0, 33.08; C-CHy(7), 19.8. Found: C, 38.55; H, 5.45; N,
5.24; 0, 32.95; C-CHj;, 25.55.

Acetamide ITId.—A slurry of 360 mg. of crude IIla in 30 ml.
of absolute methanol was treated with 1.5 ml. of acetic anhyv-
dride. The mixture was stirred at room temperature for 6 hr.
(solution was complete after 30 min.). After filtration, toluene
was added and the solution was evaporated to dryness in vacuo.
The evaporation was repeated to remove traces of acetic acid.
The resulting orange powder was then taken up in a small
amount of 59, acetic acid-2-propanol, 1:2 (by volume), and
passed onto a cellulose column packed in the same solvent.
The acetate was eluted as an orange band with the same solvent.
A main fraction was collected, which, after evaporation in vacuo
and washing with ether, yielded 345 mg. of orange powder.
Paper chromatography showed a single spot in systems A (R
0.41), C (R: 0.54), D (R; 0.54), E (R 0.72), but the compound
could never be crystallized. The N-acetyl derivative was an
indicator, purple in base, orange in acid; ultraviolet: Mo
(pH 7-8) 257 mu (Ei%, 489), 308 (300); acid pK.' = 6.50
(509, methanol).

Methoxyacetamide IIle.—A solution of 290 mg. of acetamide
IIId in 50 ml. of absolute ethanol was cooled to 0°. Ethereal
alcoholic diazomethane, prepared by the method of DeBoers3?
was then distilled into the IIId solution until a small aliquot
did not turn purple on basification, indicating complete reaction
of the enolic hydroxyl group. Excess diazomethane was then
destroyed by addition of ethanol-acetic acid solution, and the
reaction was evaporated to dryness in vacuo. Re-evaporation
employing toluene as a chaser removed the last traces of acetic
acid. The resulting brown residue was dissolved in acetone and
chromatographed over alumina (Woelm neutral, activity grade
III). An acetone fraction was obtained but not investigated
further. Methanol (309;) in acetone yielded two fractions,
the second of which gave crystalline methoxyacetamide IITe
on standing in a small volume of chloroform, 50 mg., m.p. 212°
dec. Recrystallization from chloroform raised the m.p. to
216° dec.; ultraviolet: AEo™ 235 mu (e 17,650), 288 (11,250),
353 (2000); infrared (g, KBr): 2.90-3.10 (broad), 6.10 (broad),
6.45, 6.68, 7.30, 9.03.

Anal. Caled. for C¢HisN:Og: C, 57.49; H, 5.43; N, 8.38.
Found: C, 57.54; H, 5.34; N, 8.27.

The mother liquors from the crystallization and recrystal-
lization were evaporated to dryness in vacuo yielding an orange
foam, which yielded only a small amount of crystalline material.
An infrared spectrum of this foam was almost identical with that
of the pure product and paper chromatography in system D gave
one spot which had the same R (0.83) as the crystalline product.
Consequently, these foamy residues were often used for sub-
sequent reactions, provided infrared and paper chromatography
indicated sufficient purity.

Acetylation of Methoxyacetamide IIle,—A crude preparation
of I1Te was treated with 1.0 ml. of acetic anhydride in 1.0 ml. of
pyridine and left to stand at room temperature for 1 hr. After
thorough evaporation of the pyridine and acetic anhydride, the
residue was dissolved in a small volume of chloroform and passed
onto an alumina column (Woelm, neutral, Brockman activity
III). The chloroform fraction was collected and evaporated
to dryness 7n vacuo to yield 0.075 g. of yellow needles (IIIf),
crystallized from ethanol, m.p. 213° dec. Recrystallization
from ethanol afforded an analvtical sample, m.p. 217° dec.;
ultraviolet: ALSF 236 mu (e 23,000), 286 (13,550), 340 (2850);

{(32) T.J. DeBoer, Rec. trav. chim., 78, 229 (1954).
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infrared (u, CHCl;):
8.05, 9.01.

Oxidation of Methoxyacetamide IIle.—A solution of 0.230 g.
(0.69 mmole) of methoxyacetamide IIle in 50 ml. of acetone
(distilled from KMnO4 and K,CO;) was cooled to 15° with an
ice-water bath. Jones’ reagent'” (0.18 ml., 1 equiv.) was added
dropwise from a buret while the acetone solution was swirled.
After the addition was completed, the reaction mixture was
filtered over Celite to remove the precipitated chromic salts
and evaporated to dryness to yield an orange foam. This was
slurried in 5 ml. of pyridine, 0.5 ml. of acetic anhydride was
added and was left to stand at room temperature for 1.5 hr.
The solvents were evaporated in vacuo, the residue was redissolved
in ethanol, toluene was added as a chaser, and the solution was re-
evaporated to dryness. The resulting brown residue was
taken up in chloroform and passed over an alumina column
(Woelny, neutral; Brockman activity III). Elution with chloro-
form yielded an orange glass, after evaporation, which could
not be crystallized and was not investigated further, A second
fraction could be eluted with chloroform, or with 297 acetone-
chloroform, which crystallized after evaporation and addition
of absolute ethanol. Recrystallization from absolute ethanol
yielded 50 mg. (22%) of yellow plates (IV), m.p. 225° dec.
The oxidation product IV could be recrystallized to yellow needles
with slightly higher decomposition point (230°). The two
crystalline forms could be interconverted by dissolution in hot
ethanol and seeding with either the plates or needles, The crys-
tals gave a positive Tollens test when warmed with the reagent;
ultraviolet: A2o® 214 mp (e 20,500), 243 (14,500), 274 (15,400),
329 (4300); infrared (p, KBr): 3.08, 3.50, 5.70, 5.93, 6.05,
6.40, 7.25, 8.20, 9.05,

Anal. Caled. for CisHisNy;O: C, 57.74; H, 4.84; N, 7.48;
CH;CO, 23.0(2); residual CCHs, 4.30(1). Found: C, 57.79;
H, 5.10; N, 7.30; CH,CO, 23.99; residual CCHj;, 4.23.

The aldehyde function generated by oxidation was quite resist-
ant to further oxidation and was recovered (in low yield) as the
only crystalline product when it was retreated with a tenfold
excess of Jones’ reagent'” for 30 sec.

N-Methylmitomyein C (Ib),—A solution of 0.500 g. (0.0015
mole) of mitomyecin C in 100 ml. of acetone and 2.5 ml. of methyl
iodide was refluxed gently in the presence of 2.5 g. of anhydrous
potassium carbonate for 6 hr. After cooling and filtration, the
solvent was evaporated in vacuo (room temperature) leaving a
purple residue. The residue was dissolved in a small volume of
methanol and passed over a cellulose column packed in 1-pro-
panol. Elution with 1-propanol yielded a purple solid after sol-
vent evaporation and washing with isopropyl ether. This solid
could be crystallized and recrystallized from absolute ethanol to
yield dark purple cubes, 0.38 g. (73%) of methylmitomycin C
(Ib), m.p. 198° dec. Methylmitomycin thus prepared showed a
single spot on paper chromatography in systems A (R; 0.78)
and G (R 0.85); ultraviolet: AneR 215 mu (e 27,840), 363
(23,100),

Anal. Caled. for C,gHxNO;: C, 55.17; H, 5.74; N, 16.09;
0O, 22.98; C-CHs(1), 4.31; OCH(1), 8.9; N-CHi(1), 4.3.
Found: C, 55.13; H, 5.90; N, 15.95; O, 23.13; C-CHj;, 4.36;

Methylmitomyecin could be recovered unchanged on at-
tempted acetylation under a variety of conditions.

Acid Hydrolysis and Acetylation of N-Methylmitomyein C
(Ib),—A solution of 0.27 g. (0.78 mmole) of methylmitomyecin
C (Ib) in 120 ml. of 2 N HCl was warmed at 60° for 3 hr. The
resulting orange solution was then diluted with 30 ml. of distilled
water and passed onto a column of Dowex-50W-x2, the hydroly-
sate being absorbed at the top. When the water washings
became chloride free, the hydrolysate was eluted with 29
ammonium hydroxide. Lyophilization of the water vielded an
amorphous purple solid. Paper chromatography in systems
B (R; 0.50) and D (R; 0.54) indicated that the product was
fairly pure. Treatment of the amorphous solid with 2.0 ml. of
acetic anhydride in 5.0 ml. of pyridine for 1 hr. at room tem-
perature produced a yellow solid after thorough solvent evapora-
tion and washing with ether. This was dissolved in chloroform
and passed over a short alumina column (Woelm, neutral; Brock-
man activity III), eluting with chloroform. Evaporation of the
chloroform eluate produced a yellow solid which was crystallized
from ethanol-ether to give 0.12 g. (339,) of yellow needles
(IIe), m.p. 172-173° dec. Further recrystallizations pro-
vided an analytical sample, m.p. 175-176° dec. Paper chroma-
tography showed one spot in systems B (B¢ 0.73) and D (R;

2.91, 5.73, 5.91 (sh), 6.00, 6.07, 6.65, 7.28,
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0.781; ultraviolet: AT 232 1w (e 26,460), 208 {17,830, 275
(17,830); ifrared (o CHC 5.65, 5.7, 6.05, 7.1, T30, The
iy, (CHCL) speetrmm substantinted  the formmlation of «
tetraneetine.

Anal.  Caled, for Ca,HgaNut,
1), 51.27. TFound: C, 56.0 .

salted. for a trincetute CyHaeNLOL:
1), 21.62.

Ozonization of Tetraacetate IITh.—A sohition of 450 mg.
{1.08 imnoles) of tetrancetate IIIh in 100wl of chloroform was
eooled 1o abioit —60°, Ozone from a Wellsbaeh T-3 ozonizer
was then passed through the solition for 2.5 min. at whicl time
the sohition had turned from yellow to green.  Fxcess ozoue
was swept from the reaction with oxvgen, and the chlorofarny
was evaporated i vaceo at room temperature, 'The resulting
pale vellaw form was dissolved in acetone (10 ml.), dihited with
water (15 k), and stivred nt raam temperature with 200 wg.
of 3¢ palladiinn on earbon overnight. At the end of this thine,
n starel-iodide test was negative.  Pileration over Celite gave a
vellow solntion, which, after in iacun evaporation ot acetone,
vielded n pale yvellow zolid Va. 1t was cullected by filtration
and air-dmed several hours. It weighed 280 mg. 647, A
portion was reerystallized twice from distilled water vicelding
fiue pale vellow needles, m. - 160-162% Paper chromacography
showed a clean single spot in =y=tems A (/27 0.6, B 1/ 0.75
and D {F;0.78%); [« —151° (¢ 0.8, cthanoly.  The ozonolysix
product gave a positive lodofarm test and formed a dinitro-
phenvihvdrazone,  An iodoform test an the erude dinitrophenyk
hyvdrazone was negative.  The azonolysix prodinet gave a posi-
tive pine-sphinter test it a negative Ehrlich test. even when
hented: acid pAL' = 45850 nlraviolet: AU 314 mu (e 11,6701
ifraved {x, mull): 3.02, 5,73, 5.83, 5.90 (sh), $6.00 (sh), 6.36, S.05

N, 6.1
t), 3155,
N, 7O

Aol Caled. for CuHasNDy: O -)l_).U.). H., 4.94: N, 0.8
CHa 1472040 CH,CO, 316203 Found: 0, 53020 H, 4.84:

N, 7.H; CHy, 1822, ¢ HLCO, 33,78

Perlodate (leavage of Methyl Ketone Va,--T'v a sohition of
12,0 mg. 10.0294 mole of methyl ketone Va in a few milliliters
of distilled water was added 1.00 ml. of 045 W sodimn metn-
periodate.  The sohition was tlien dilnted to 100wl and left
to stand at room temperature white 1.0-ml aliquots were removed
periodieally and titrated nsing the arsenite method to determine
periodate consumption.  After 30 min., periodate uptake was
essentially complete, | mole equiiv. being consmned,

Tu another experinient, 5 mg. of the ozopudysis pradiet wis
dissolved in I mbl of warm water. One drop of this sohition
gave i positive iodofornm test. To this pale velow sohition, 2 ml.
of 0.02 3/ sodinm metaperiodate was added.  After addition of
the periadute, 3 drops of the reaction sohitionc was subjectel to
the fadoforn test {after addition af exeess .01 NV sodium arsenite
=alntion) and gave a positive test.  After L hr., 111(‘ ‘encetion xola-
tion had trped colorless aud gave g negative iodoforn test.
At this time, the pH wus adjusted 1o 3 with dihite sulfirie acid
and the =ohition was feft to =taud in e verrigerator.  After 3
days, fine, =itky needles had envstallized.  These were collected
by filtration and dried.  T'he entire nmonnt was used for an in-
frared spectrinn (KBr disk) which was identienl with that of the
vzonolysix dincid Vb (xee¢ belowd  ‘The KBr disk was then
dixsolved in water, and a qualitative nltraviofet spectnnn was
obtained, X 260 and 279 my, which was qualicatively identieal
with that af the ozonolysis diacid V.

Ozonolysis of Tetraacetate IIIb with Oxidative Work-Up.-
Tenuncetate ITIH (200 mg., .42 mmole) was dissolved in 75 ml
of chloroform and the sohition wus cooled 1o —$0° by menns of
a Dy Tee-ncetone hath,  An ozone-cnriched cee. 1.5, stream
of oxygen wag passed rhrough the sohition slowly until decolari-
zation wus observed.  vaporuation of the chloroforin sahition
gave a veluw fonmy residne.  This was trented with 15 mlL
of B30 hydrogen peroxide and the sohition was stirred at room
temperature for 90 min. At this time n white arvstalline pre-
cipitate had oceurred. This wag filtered off and dried tavield
72 g, (4290) of erude diacid Vh. The dineid was erystallized
from ahsohite ncetone to yvield 58 g, €33.99) of -Lnll\tu-.ll
materind, only gradual darkening up to 300° \\11}10111 )uolmlg:
TOO00 mu e TOSDY, 20N (TOS0L [e]¥Dp - 149° (¢ 0.25,
FOH ) aeid pkL! valnes in 50 methanol were 2.35 and 10,15,
It gave a positive Ehvlich test on heating, negative iodoforia test,
and negative reaction with 2,4-dinitrophenyihydrazine reagentc.

A, Caled. for CuHpENLOy: U, 50200 H, 474 N, 755
three ncetvls, 3850 Fonnd: € 30.04; H, 5.00; N, 7.30: weetvl,
REIAR
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o another o, 2500 my. {052 1aolet of tetraacetair G
dizsolved i 100 1l of chloroforne was ozonizint i the =ane
wmners Upancrenpaval of sodvenes clight vellow foangy residne
renntined. This was oxidized by shaking for 2.5 1o with 10l
uf 300 hydrogen peroxide. The eryvstalline precipitate thar
resilted was filtered mud dried ina desiceator overnights viekd
IST mg. (S7.00 vol dineid V.

Hydrolysis and Sodium Periodate C(leavage of Ozonolysis
Diacid Vb. - The ozonolysis dineid triacetate VI 0165 mg., V.04
nnolet was henred with 20 mg. (0.5 nmmole) of NaOH dissolved
w2 b of water on the stemn bath for 4.5 e The sohintion wie
cooled, nentralized o pll 83 by dropwise addition o 0. A
HCL 28 mg. (L nndej of sodinm metaperiodate was added,
and the sohition vohine was adjusted to 4.0 1l by addition of
water.  Samples werr removed at varions time intervals, exe
scandard sodime arsenite solution wag added to decompose
unrencted periodate, and the arsenite was back-itraced witli
standard fodine <olndan fxee Table 1T,

Taprre 11
Uptake of 107,

Tiwe elipsedd teles " noles

i, of substreate Oprtieal roturion
( 11 vl
fo 0 Hu .
100 1181 Noue obzerved
150 .82
190 11, =h
465 hr, IR

Dimethyl Ester of Ozonolysis Diacid Vb.—Recrvstallized di-
acid Vb (100 mg., 60.26 nunole) was dissolved in 100wl of ahsohite
methanol aud the solntion was treated dropwise with un cthereal
solution of dinzomethane nutil the vellow color of diazomethane
persisted in sohition. The excess dinzomethane was decomposed
by addition of u few draps of glacial acetic acid, and the sohition
was evaporated to dryness.  The residue crystallized from hot
rarbon tetrnchloride to give 79 g, (74°¢) of analytically pure
Ve, mep. 1613-163°, AR0Y 975 g Ue tHOOD), Fhrlich test posi-
live with heating.

Anal. Caled, for CxHaeN:Oe: C, 52,67 H, 541 N, .83,
Found: €, 52.86, 12.62: H,5H 5610 N, 670,

Hydrolysate IId.-- Mitomyvein ¢ (200 mg., 0.60 mmole) was
dissolved in 50 wl. of 0.05 N HCEand stirred at reom tempera-
ture for 25 min. 'the sohiticm was then nentralized (to pH 8)
with solid, anhydrons potassima rarbonate.  The hydrolysate
precipitated an standing for i hr. in the refrigerntor. It was
collected by filtration, dissolved in acetone with warming,
absalute ethanol was added, and the sohition was evaporated
oy dryness to remove traces of water.  Paper chromatography
indicated one main spot { R 0.48) in system B, The residie was
then dissolved in o small vohnne of 2-propanol-1*, ammoniune
hydroxide (2:1 hy volume) and passed over n tightly packed
celhdose eolmum and - elited with the same solvent system.
The main haud was the first aff, and the hydralysate ITd erystal-
lized ot ns it cane off rhe cohmm. (Clpt allization also taok
place on the cohnun and redireed che vield.r Tt was eollected
by filtration and recrystallized twice fromn hot dlmeth\lfolm-
amide-water to give red- purple needles: yield, 41 mg. (2207 ):
iltraviolet: AMEVT 249 g 1e 17,6003, 308 (11,400), 345 ()
37000 infr lle(l tu, KBru 6.00, 6.20, 6.65,
.20,

Anal. Caled, far CraHN,: €, 52.50;
Found: ', 5230 H, 4031 N, 17.80.

Freatment vf 3 mg. of crystalline ITd with ncetic anhydride in
pyridine with warming vielded 2 mg. of diacetate ITe (sce below
as identified by paper chromatography.

Methoxyamine IIa.—One gram of mitomyecin C (5.0 minoles)
was dissolved in 250 ml. of anhyvdrous methanol by warming.
The 2olntion was filtered and added dropwise to u stirred shirry of
300 ml of Dawex 50-x2 resin which had previously been washed
rhoronghly with methanol.  Afrer addition was complete (en.
20 min), the resin was stirved s additional 30 min,, then the
cencetion flask was hmmersed inoan ice-salt bath and cooled 14
-5 The produet was desorbed by addition of 7i0 ml. of 5
armmonin Chy weight) inmethanol, the temperature during addi-
tinn never being allowed 1o rise ubove 01°. The resin was filtered
wad the filtrate was coveenteated to dryness ot g ratury evipo

>r

.00 brond 5 Hh.85,

H, 5.04; N, 17.00.

i
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rator at aspirator pressure. The residue was dissolved in hot
water and crystalline ITa resulted om cooling overnight. Three
crops were collected amounting to 0.7203 g. (72¢.). Two
additional crystallizations gave analytically pure material,
nuLp. 204-205.5° (dec. with bubbling); Aie’™ 249 mu (e 21,400),
308 (14,500, 525 (1200); ALY F9'251 mu (e 19,100), 309 (12,600),
540 (1450); A%LY " 251 mu (e 21,400), 314 (14,100), 543
(1290); hasic pK.' (as the hydrochloride) = 6.76 (5097, methanol),
6.6 (water).

sAnal.  Caled. for C;HsNyOx: C, 53.03; H, 5.43; N, 16.76;
0, 23.98; one C-methyl, 4.50; one N-methyl, 4.50; one O-
methyl, 9.29, two NHy, 9.60; mol. wt., 334. Found: C, 53.57;
H, 561; N, 16.47; O, 23.87; C-methyl, 4.12; N-methyl, 0.0;
O-methyl, 9.38, 9.09, 9.15; NH. (van Slvke nitrogen), 5.84,
6.01; nwol. wt., 436, 415 (izothermal distillation in methanol),
345 (titration).

Acetylation of ITa,—A solution of 0.30 g. (0.90 mmole) of Ila
in 100 ml. of inethanol was stirred with 5 ml. of acetic anhydride
for 2 hr. at room temperature. Evaporation of the solvents
in vacuo left a red residue which crystallized from water. Re-
crystallization from hot water afforded (.15 g. (429 ) of deep
red crystals (IIg), m.p. 230-231° dec. with previous softening at
126°.

Anal. Caled. for C;HuN,Og: C, 54.25; H, 5.32; N, 14.89,
0, 25.54; C-CH;, 8.00(2). Found: C, 54.00; H, 5.54;: N,
14.54: 0, 25.54; C-CHs;, 7.72.

Paper chromatography showed one spot in systems A (R; 0.81),
C(R:0.67),and F (R;0.64).

Acid Hydrolysis of IIa.—IIa (110 mg., 0.33 mmole) was hy-
drolyzed by heating with 30 ml. of 1 & HCl at 50-60° for 2 hr.
The solution was then put onto a Dowex 50-x2 columin (1 X
16 cm.) and the column was washed free of Cl— with distilled
water. The hydrolysate was eluted from the column with 3%
smmonium hydroxide. The eluate was lyophilized to dryness
and the purple, powdery residue was acetylated with .5 ml. of
acetic anhydride and 10 ml. of pyridine for 2 hr. at roomn tempera-
ture. Volatiles were then removed 7n vacuo and the yellow solid
remaining was taken up in absolute ethanol and spotted on
puper. Paper strip analysis indicated that the products were
mainly tetraacetate IIIb with a small amount of triacetate Ile.
The ethanolic solution failed to erystallize so solvent was evap-
orated and the residue was dissolved in a small amount of chlora-
form and passed over a neutral alumina column (Brockman
grade III, 1 X 10 cm.). Elution with chloroform gave a yellow
eluate: the residue after evaporation of the chloroform crystal-
lized from absolute ethanol to vield 83 mg. (459 ) of tetraacetate
IIIb, m.p. 228-229° dec. A mixture melting point with IIIb
prepared directly from mitomycin C was undepressed.

Reaction of Mitomycin with Acetic Anhydride.—Mitomycin
(200 mg.) and 1.5 ml. of acetic anhydride were placed in a 5 ml.
round-bottomed flask fitted with a condenser and calcium chlo-
ride drving tube. The mixture was heated to 125-130° in an
oil bath. After 5 min. the reaction mixture had become a thick,
crystalline slurry and heating was stopped. The red crystalline
praduct was filtered, washed well with ethyl acetate, and dried
to vield 120 mg. (509%) of diacetate ITc. An analytical sample
was prepared by crystallization from a large amount of boiling
methanol; A2 249 my (e24,550), 308 (15,900).

Anal. Caled. for CsHxN:20;: C, 53.47; H, 4.98; N, 13.82;
0, 27.73; (CH;C), 11.16; (CH;CO), 21.3. Found: C, 53.40;
H, 5.14; N, 13.90; 0, 27.30; CH,C, 10.73; CH,CO, 20.05.

Acetamide IIb,—The diacetate ITc (100 mg., 0.25 mmole) was
dissolved in 120 ml. of absolute methanol to which 1.2 ml. of
concentrated ammonium hydroxide was added. The solution
was boiled on the steam bath for 15 min., cooled, and evaporated
to dryness on the ratary evaporator. The residue was crystal-
lized from absolute methanol to yield 60.7 mg. (67.5%) of pure
acetamide ITb having no melting point below 300°; NP 248
mu (e 24,000), 308 (15,900); pK," in 509 methanol, no
titratable group; R:0.66 in system B and 1).78 in system C.

Anal. Caled. for C¢H;sNQg: C, 53.04; H, 5.00; N, 15.46.
Found: C, 53.06; H, 5.08; N, 15.58.

Reaction of Mitomycin C with Glacial Acetic Acid,—A solution
of 30 mg. (0.09 mmole) of mitomyein Cin 1.5 ml. of glacial acetic
acid was left at room temperature for 2 hr.  The acetic acid was
evaporated thoroughly and the resulting red residiie (IIb) was
crystallized from acetone, Infrared and paper chromatographic
analysis demonstrated that IIb prepared by deacetylation of
diacetate IIc¢ (see ahove) was identical with the ITh of this
preparation.

MrromyciN C 9

Methylation of IIb,—Diacetate II¢ (50 mg., 0.12 mmole)
was monodencetylated as previously described by the action
of 0.6 ml. of concentrated ammonium hydroxide in 60 ml. of
absolute methanol (boiling 15 min.). The residue left after
evaporation of the ainmonia aud methanol was dissolved in 100
ml of acetone. Methyl iodide (2 ml.) and 50 mg. of potassium
carbonate were added to this solution and the whole was heated
under reflux for 15 hr. Filtration of potassium salts, followed
by evaporation of volatiles, left a residue which was crystallized
from distilled water to yield 27.8 mg. (6097 ) of inethoxyacetamide
IIg.

Mitomyein C Acetate (Ic)—Mitonycin acetate was prepared
on mieroscale for paper chromatagraphy experiments by acety-
lating 1 or 2 ing. of mitomycin C. The acetylation was run for
30-60 1min., volatiles were remnoved in vacuo, and the residue
was found to run cleanly on paper giving ane nicely forned spot.

In a preparatory experiment 500 mg. (1.5 mmoles) of mito-
mycin C was acetylated by the action of 2 ml. of pyridine and
10 ml. of acetic anhydride at room temperature for 1 hr., at which
time volatiles were evaporated. Last traces of volatiles were
removed by adding a few milliliters of toluene and again evapo-
rating to dryness. The residue was dissalved in hot distilled
water and filtered, and, on cooling, acetyl mitomycin C (Ic, 160
mg., 289, ) was obtained as a fine crystalline deposit. Additional
ervstalline product, 185 mg. (339;), was obtained by evaporation
of the filtrate to dryness, dissolving the residue in warm iso-
propyl aleohol, and cooling the solution in the refrigerator over-
night. The melting point of the product was difficult to de-
termine due to its intense violet colar, m.p. 165-169° dec. with
prior softening at 150°; AMOH 2{8 myu (e 21,000), 358 mipy (e
21,900).

Anal. Caled. for C;HuoNOg: C, 54.25: H, 5.32: N, 14.89;
two C-methyls, 8.00; ane acetyl, 11.43. Found: C, 54.16: H,
5.53; N, 14.81 (after drying in vacuwo at 100° for 2 davs); C-
methyl, 7.74; acetvl, 10.81.

Reaction of Mitomycin C with Acetic Deuterioacid,—Thirty
grams of 99.59, deuterium axide was stirred avernight at room
temperature with 95 ml. of acetic anhydride and the product
was distilled through a short Vigreux calumn. The constant
boiling (114-115.5°) middle fraction was redistilled through a
30-cm. column packed with !/s-in. i.d. glass helices with a 10:1
reflux ratio being maintained. The fraction boiling at 114-
115° was reserved. This fraction when subjected to n.m.r.
spectral analysis showed only a minute amount of proton on
oxygen compared to deuteriim on oxygen (estimated 999
CH,;COOD or better).

Mitomyein C (300 mg., 0.90 mmole) was stirred with 15 ml.
of acetic deiterioacid for 1 hr. at room temperature. The acetic
deuterioacid was then removed in vacwo, and the residue was
acetylated by the action of 12 ml. of pyridine and 12 ml. of acetic
anhydride for 1 hr. at room temperature. During this time, 205.8
mg. (57%,) of diacetate Ilc crystallized from the acetylation
mixture. Filtration of this followed by evaporation in vacuo
of the filtrate left a residue which yielded 34.7 mg. (109;) of
methoxyvacetamide IIg upon crystallization from absolute
methanol. Both products ran with identical rates as previously
prepared samples on paper. Diacetate IIc was subjected to
n.m.r. spectral analysis to determine amount of deuterium
bound to C-1 in formula IIc. This was determined by integra-
tion of the area of the signal (doublet) at 6§ 5.95 and comparison
of that area with either the area of the 2 proton singlet at &
4.94 or the areas of the three singlets (3 protons each) at & 1.90
and 2.06. Areas under peaks were determined by tracing the
spectrum onto graph paper and counting squares. (Note:
Previous integration of nondeuterated diacetate spectra has
shown this to be a reasonably accurate method.) This method
showed at least 40.59, deuterium bound to C-1 (i.e., area cor-
responded to only 59.55, of that expected for 1 hydrogen).
Also 509 deuterium was shown by this spectrum to have ex-
changed with the hydrogens on the 3 nitrogen atoms.

Test of Deuterium Incorporation in Preformed IIb.—Mito-
mycin C (250 mg., 0.75 mmole) was stirred for 2 hr. with 20 ml.
of glacial acetic acid. The acid was then evaporated in vacuo,
the residue was dissolved in 20 ml. of acetic deuterioacid, and the
solution was stirred an additional 2 hr. Then 10 ml. of acetic
anhydride was added to the solution and stirring was continued
for an additional hour. The solution was evaporated to dryness
in vacwo, the residue was triturated with warm ethyl acetate,
and the insoluble material was filtered. The ethyl acetate sohi-
tion upon caoling yielded 65 mg. (23¢7) of crystalline methoxy-
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acetamide IIg which was identical with that previously prepared
hiy acetylation of I1a as indicated by infrared spectra and paper
chromatographic analysis. The ethyl acetute insoluble material
wus crystallized from absolute methanol giving 130 mg. (43¢,
of diacetate Ilc (identical with previously prepared matevial by
infrared spectra and paper chromatographic analysixi,  This
was subjected to n.m.r. spectral analysix to ileteriiine whether
deuterium had become incorporated at position 1 by exchange.
By the methods previously described, it was fonnd that no deu-
terium exchange had taken place.

Reaction of Mitomycin C with Acetic Deuterioacid without
Subsequent Acetylation (Test of Deuterium Incorporation
into Methoxyamine Ila).—Mitomyein C (750 mg., 2.2 mmoles)
was stirred in o sealed flask with 50 ml. of acetie denterioncid
for 5 hr. at room temperature. The acid was then removed
i vacuo and wosuiall snmple of the residue was spotted on a thin
lnyer plate.  Analysis of this plate after developiment showed
the residue to cousist primmrily of the acetamide 1Th with
smaller amaunts of methoxyamine IIn and an unidentified
substance (trace) which ran fast in the =vstem used. The
residite was dissolved in the minimmm voluine of hot ncetone nnd
410 mg. (50.59) of the acetamide IIh erystallized in three crops
on cooling the solutioun. The filtrate was evaporated to dryness,
and the residue was dissolved in the minimum amaomt of metl-
anol and introduced onto a neutral ahnina cohunn (Brocknan
grade ITI).  FElution with ethyl acetate and then 107: methanol
in ethyl acetate removed the fast-running unidentified substance.
Then ehition with H0¢¢ methanol in ethyl ucetate gave a red
band which yielded an additional 3.5 mg., 5, of the neetamide
Hh upon evaporation of the solvent. PFinally chition with
absolite methanol followed by 500 methiol-water gave :m
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intense purple-red band which was showir tie be niethoxyvamine
L by thin layer chromatography.  This was rechromntngrapled
m o shinilar manner to vield 106.8 mg., 14.27,, of pure Ha as u
residite.  An naaas spectnnn of thi< compound <howed all o8
the features of the previously obtained spectrum of Hu wnd -
tegration of the § 5.87 483 nltiplet in the sl manner showed
the presence of 4 protons (7., no deuterinnn bound to earbons
1% i the previous spectiunn.

Preparation of Deuterated Methoxy Derivative Ila. - A
sohition 1.10 g, (0.3 wanade) of mitomyein Cin 20 ml of absalnie
nmethanol and 0.20 ml of ghieial acetie acid was refluxed gently
for 5l and left at roovm temperatire for an additional 8 o
Solvents were then evaporated (v varro, tohtene heing added
help remove traces of acelie neid. The vesulting red resichie wies
digsolved in o small amount of methanol aud passed onta an
ahiine colutm (Woehn, neatrad,  Brackiman activity 1HE
Ehtion with methanol produced two fractions, the first being
purple and containing mostly nnreacted mitonyein €. A second
red fraction followed closely and yielded crystals after evapora-
tion and addition of water.  Recrvstallization from water vielded
B30-35 mg. (U-3577 ) of 1a, homogencons on thin liver chropi-
tograplly, Rg0.08-10.10.

In o sk manner imethanol-d and acetie acid-d were cn-
ploved i converting mitomyein C (o a deuternted methyl ether.
All nitrogen-bonnd deirterinm was re-exchanged in the work-np
wnd reervstallization procednre, teaving only earbou-bound den-
terie in the product. Analogy with dincetate 11e dietated
that denterinm ncorporation would be exchisively at posidon
,oand integraticae of rhe drys 3.87-4.85 mnltiplel in the naer.
spectiinn =howed it to be incorporated there (o the exient oy
appraximately 707

1I. The Synthesis of Some

Nitrogen Mustard Containing Sulfones and Thiosulfinates'
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Threc new thiosulfinates containing u nitrogen mustiard molety were prepared by treating p-{bis(2-chloro-
g 3 ] preg 3} g1

ethyl)amino[benzenesiulfinyl chloride with substitited thiophenols in the presence of pyridine.

The sulfinvl

chloride was svnthesized from the corresponding sulfouyl chloride by reduiretion with lithium ahinimnn hydride

followed by treatment with oxalyl chloride.

In addition, several new sulfones containing a nitrogen mustard

moiety were prepared by treating an alkyl halide with sodim p-[bis(2-chloroethyl)amino[benzenesulfinate.
The untitimor activity of these compaunds was stidied inmice ngainst the Ehrlich ascites earcinoma.

Weisberger aud  Pensky** observed antituinor
activity in several syuunetrical thiosulfinates [-8-
(0)--8-], a moiety present in such naturally oecurring
plants as garlic.*® Kametani, et al.,**® syuthesized
additional symmetrical thiosulfinates which were cof-
fective against the Ehrlich aseites carcinoma.

The primary objective of tlie present research was to
synthesize new thiosulfinates which contaiued a nitro-
gent mustard moilety. It was cousidered possible
that these compounds might have antitumor activity

(1) {a) This work was supported by ’ublic Health Service Researcl Grauts
C-6364, CA-06364-02, CA-06364-03, and CA-02706-08 from the National
(‘ancer Institute, and in a small part from tlie American Cancer Society In-
stitutional Graut to the University of North Carolina. (b) Fellow of tlie
American Foundation for Pharmaceutical liducation (1959-1863). Ab-
stracted in part from the dissertation of Allen F. Hirsch submitted to tie
(iraduate Scliool of the University of North Carolina in partial fulfillinent of
tlie requirements for the degree of Doctor of Plilosophy, 1963, (e} T'o whom
innuiries should be sent.

(2) (a) A. & Weisberger and J. Pensky, Science, 126, 1112 (1957):
Canrer Res., 18, 1301 (1958).

(3) (a) A. Stoll and 1. Seebeck, Hele. Chim. Acta, 32, 197 (104(): i
. J. Cavallito and J. 1. Bailey, J. A, Chent. Soc., 66, 1950 (1944).
¢ (4) (a) T. Kametani, K. Fukumoto, and O. Uinezawa, Yankugaku Kenkyu,
33, 60, (195 1) had.. 33, 125 (1959;.

for several reasons. (1) From the standpoint of re-
action with cssential sulfhydryl groups, both thiosul-
finates®® and nitrogen mustards’ could exhibit such
reactivities; econsequently, a combination of the two
moieties i one compound could yield a type of dual
antagonist.’”  (2) An iuteraction between one arm
of the uitrogen mustard and the N-7 of guanine nueleo-
tides could yield an unstable quaternary anunonium
compowd which upon hydrolysis would give com-

on CHi ‘,H:-—ITI «@—s(o) —5 @- R

v CH,CH.CI

N/{ >
HN /J%N '\I/

I. R =H, CH;, N(CH.CH.Cl},

(D) (a) C.J. Cavallito, J. 8. Buck, and C. M. Suter, J. Am. Chen. Soc.,
66, 1852 {1944); (1) E. D). Wills, Biochem. J., 63, 514 (1956).

6) WL CUJL Ross, Am N Y. Acad. Set., 68, 669 {1948).
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