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Mitomyein C (Ia) was converted by acid hydrolysis to a series of degradation products (1Tu—f, IIIa und b).
Ozonization, reduction, and oxidation reactions were carried out with selected acid hydrolysis products to establish
the carbon skeleton. Comparative acid hydrolysis studies of Ia and N-methylmitomycin (porfiromycin) (Ib)

together with pK,’ and n.m.r. data, indicated the presence and location of the aziridine ring.
corporation studies showed that the methoxyl group in mitomycin 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.?b

Mitomyein C was first isolated from Streptomyces
caesipilosus by Wakaki and co-workers® and prelimi-
nary structural investigations were performed by Sato
and co-workers.* Closely related antibiotics desig-
nated as mitomyeins A and B’ and porfiromycin® have
also been isolated. Porfiromyein has been shown to be
an N-methyl derivative of mitomyein C.” The promis-
ing antitumor and antibiotic activity of these com-
pounds led us to initiate a structure determination pro-
gram in mid 1960. As this work neared completion,
Webb and co-workers?® reported their proof of the
structure of mitomyein A5 confirmed by Tulinsky via
an X-ray diffraction analysis of the p-bromobenzene-
sulfonyl derivative.”® The Lederle workers also es-
tablished the relationship of mitomycin A to mitomy-
cins B and C, and to porfiromycin by direct chemical
interconversion. In this paper we wish to report an
independent structure determination of mitomycin C as
well as our fairly extensive exploration of the essential
chemistry of the molecule through a series of hydrolytic
degradation products.

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

(1) (a) This investigation was supported by Research 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) 1. 8. Webb, D. Cosulich, J. Mowat, J. Patrick, R. Broschard, W.
Meyer, R, Williams, C. Wolf, W. Fulmor, C. Pidacks, and J. Lancaster, J.
Am, Chem. Soc., 84, 3185 (1962); (b) A. Tulinsky, ibid., 84, 3188 (1962).

(3) 8. Wakaki, H. Marumo, K. Tomoika, G. Shimizu, E. Kato, H.
Kamada, 8. Kudo, and Y. Fujimoto, 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 the Japan Antibiotics Research Association, Tokyo, July 1960.

(5) T. Hata, 3. Yoshimoto, R. Sugawara, A, Matsumae, K. Kanamori,
T. Shima, and T. Hoshi, J. Antibiotics (Tokyo), Ser. A, 9, 141 (1956).

(6) C. DeBoer, P. Gray, B. Tabenkin, and 8. Bradley, ““Antimicrobial
Agents Annual 1960, Plenum Press, New York, N. Y., 1961, pp. 17-40.

(7) 8. Wakaki, Y. Harada. K. Uzu, G. 3. Whitfield, A. N. Wilson, A.
Kalowsky, E. O. Stapley, F. .J. Wolf, and D. E. Williams, Antibiot. Chemo-
therapy, 12, 169 (1962).

oxide and produced an amphoteric (pK,” = 5.4 and 7.3),
optically active hydrolysate 1IIa,*® [«a]?®p 110 = 10°.
The indicator properties (see Experimental) of Illa
were similar to those reported for a-tocopurple (VIa)
and a homolog (VIb).2

Since IIla could not be purified satisfactorily, its
empirical formula, Ci3H1.N205, was deduced from that
of its yellow tetraacetyl derivative, CyHpnN,Qg (111b).22
Tetraacetate I1Ib exhibited a sharp band at 5.65 u in its
infrared spectrum, 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, methanolic ammonia,
and removal 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 documented for both 1,2- and 1,4-
quinones!'® and reoxidation to the quinone system would
be facilitated by the presence of electron-donating sub-
stituents such as oxygen and/or nitrogen.!!

Treatment of hydrolysate ITIa with acetic anhydride
in methanol resulted in formation 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., 83, 4632 (1960).

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

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

(11) L. Fieser and M. Fieser, “‘Organic Chemistry,”” Heath and Co.,
Boston, Mass,, 1956, p. 712,
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spectral properties were similar to 1HIa.  Esterification
of the acidic function with diazomethane produced a
neutral, nonindicating methoxyacetamide, CiHpN.Oq
(I1I¢), which incorporated two nore acetyl groups on
further treatment with acetic anhydride in pyridine to
give ITIf.  The infraved spectrum of methoxytriacetate
IIIf exhibited & sharp band at 5.75 g indicative of O-
acctate carbonyl absorption, but no band at 5.65 u tor
an cholic acctate.

Ozonization of tetraacetate I1Ib with a reductive
work-up afforded a crystalline optically active ([a]*n
—131°) triacctate (Va) (Chart I) that contained both
acid (pK,' = 4.83) and carbonyl functions (positive dini-
trophenylhydrazine  test). Compound Va was no
longer an indicator, but gave a positive iodoform test.'?
Since the dinitrophenylhydrazone derivative gave a
negative iodoform test, the presence of a methyl ketone,
rather than a methyl carbinol molety, was indicated.
Accordingly, keto acid Va on treatment with sodium
metaperiodate consumed 1 mole equiv. and produced
diacid Vb (negative iodoform and dinitrophenylhydra-
zone tests) identical with that obtained from an ozoni-
zation of IIIb followed by hydrogen peroxide oxidative
work-up.  Treatment of diacid Vb with diagzonicthane
afforded a dimethyl ester (Ve), thus confirming the di-
acid formulation.  Pinc-splinter tests on the ozonolysis
products indicated the possible existence of o pyrrole-
or indole-type nucleus in mitomycin C, and this was
confirmed when diacid Vb gave a positive Ehrlich test
only when warmed with the reagent.  This was indiea-
tive of a tetrasubstituted pyrrole nucleus with a car-
boxyl group as an e-substituent.'®  Since keto acid Va
gave negative Ehrlich tests, even on prolonged heating,
it appeared that the diketone of Va was located in the
e-position of a pyrrole nueleus.

Consideration of these data permitted a partial struc-
ture VIII to be drawn for hydrolysate IIla. The
ozonization und periodate reactions are summarized in
the following reaction scheme.

0
i !
COCOR C—OH
T e e L
N e NS O
i \ ol
| 0 0O __1 \\ O,O
y Va
m o,,Tm H | Nalo,
) ‘
ol OR HCOOH
41104 2 :
N cu, O | TCooH
7 Vb
R=H (Ilia)
R=Ac (IIIb)

R=CH; (Ille and f)

The strueture of the remaining four-carbon frag-
ment was deduced in the following manner.  Methoxy-
acetamide IIle (2 hydroxyls free) was found to con-
sume no periodate.  However, when diacid Vb (which

(12) Functional group analyses of mitowmyein C hud indicated the presence
of vne C-methy!l and one methoxyl group.

(13) N, V. Sidgwick, "“The Organic Chemistry of Nitrogen,'” Oxford Uni-
versity Press, Oxford, 1937, p. 484; of. H. Fischer and H. Orth, “Die
Chemie des Pyrrols.”” Edwards Bros., Ine., Ann Arbor, Mich., 1643, p. 8.
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was optically active: |a]”p —1497) wus treated with
periodate, following a basie cleavage of acetyl protee-
tiot. 1 mole equiv. was consumed and optical activity
was lost. These data indicated that the € fragment
should contain an isolated hydroxyl function attached
to a nonasvimetrie environment, and vieinal hydroxyl
and amino groups i an asyimnetrie envirorment.

Thus the o, speetrun (CDCL) of tetraacetate
HIb supported the assignment of strueture LD to that
compound. In addition to five singlets attributable to

C-methy! and acctyl methyl groups, there was a sixth
singlet, cquivalent to two protons, located at 61y
5.20.%  This signal was assigned to the protons of a
benzylie-like methylene group attached to a g-position
on the pyrrole nucleus and labeled C in formula IH1Ib.
A broadened doublet (one hydrogen) centered at dypys
.48 was assigned as the NH signal (A).  The NH pro-
ton of N-acetylphenethylamine is seen at drppg 6.50 and
s analogous.® A sharp doublet (one hydrogen) cen-
tered at 8y 6.04 was assigned as the signal of hydrogen
B. The signal for hydrogen D was an unsymmetrical
quartet centered at about dpyg 4.7, The remaining
two protons () were nonequivalent exhibiting a com-
plex multiplet eentered approximately at dpys 4.0, The
two 127 protons of methoxvindole IX arise at dpyy 4,28
and arc analogous.

Oxidation of methoxyacetamide Ille with Jones’
reagent!? produced an aldehyde, isolated as the diacety]
derivative IV and identified by the aldehyde hydrogen
nan.r. (DMSO-dy) signal at drars 104, thereby confirm-
ing the presence of a primary hydroxyl function in
tetraacetate LIIb.

The existence of a primary amine funetion in mito-
mycin C degradation products was confirmed by hy-
drolysis experiments performed on N-methylmitomy-
¢in C (Ib). Thus, hydrolysis of Ib under conditions

0
ACOCH ‘
AcO 2 |1 ‘
fG ]
) 0

{14) Themethylene protons of phthalide und furfuryl acetate show singlets
at Spms 5.26 and 5.03, respectively. Cf. G. V. D, Tiers, “Tiers Tubles,”
Minnesots Mining and Manufacturing Co., Minneapolis, Minn,, 1958,
Table II. p. 8; and N. %. Bhacca, L. T. Johnson, and J. N. Schoolery,
“NMR Spectra Catalog,” Varian Associates, Palo Alto, Calif., 1962, Spec-
trum 167,

(15) N. 3. Bhavea, L.
trum 650

(16) N. =, Dhacea, Lo [0
trim 249,

(17) I Bowden, 1. leilbron, E. R. 1. Jones, and B. Weedon, J. Chen.
Nore 39 (1048) 7 of. also (. Djerassi. R. Engle, and A, Bowers, J. Org. Chene,
21, 1547 (1456,

1. Johnsou, and Jf. N. Schoolery, ihid.. Spee-

Jolinson, and J. N. Schoolery, ihid. Spee-
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used to prepare IIla from mitomycin C produced, after
acetylation, a C, tetraacetate I1Ig which, unlike IIIb,
showed no -NH band in its infrared spectrum. The
nan.r. spectrum (CDCl;) of IIlg confirmed a tetra-
acetate formulation and also showed that the éTyg 6.48
signal, assigned to the NH proton in IIIb, had been re-
placed by a new signal at d1pmg 3.04, attributable to the
N-methyl protons of an acylated methylamine.!s
Thus, since the acetylated nitrogen was secondary in
IIIg, it must be primary in I1Ib.

The structures of hydrolysis products intermediate
between mitomyein C and hydrolysate I1la 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,' = 6.3)
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.2! 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 1If* as its acetate derivative
(IIe).® The spectral properties of Ile indicated that
it was closely related to tetraacetate II1b, 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 mitomycin C,
and also the infrared band at 5.80 u seen in mitomycin
C and its derivatives of mild acid treatment.

Brief exposure of mitomyein C to dilute, aqueous HCI
resulted in the isolation of the initial hydrolysis product
of pK,' = 6.5 (1Id). Itsempirical formula, C1sH1sN4Os,
indicated it to be a precursor of hydrolysate 11f, Cy-
H15N306, 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

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-
myecin C to a diacetate (I1e), 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 IIIb eliminated in I11g,
the signals from the ring 3 hydrogens were resolved into a doublet(1H)~
quartet(1H)-doublet(2H) pattern with é-values similar to their IIIb counter-
parts.

(20) A, Wilson and M. Munk [4nal. Chem., 34, 443 (1962)] 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 pK, ' of the *‘second basic
function’” (9.3) with that of ammonium chloride (9.2) indicated that the
volatile amine was ammonia.

Mitomycin C 3

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 Ile on acetylation in pyridine, thus
relating it to both IIb and Ilc. Comparison of the
n.m.r. spectrum (DMSO-ds) of diacetate Ilc with that
of tetraacetate IIIb confirmed their structural simi-
larities; however, IIc showed two broadened peaks (two
hydrogens each) in the dtpg 6.25-6.46 region which re-
placed two acetyl CH; peaks of tetraacetate I11b.

0
NH,CO,CH, NH,
® L‘*Y H o
3N CH,
R'NH 0
Ils,Y = CH;; R' = H
'Y = H; R’ = CH,CO
¢, Y = R’ = CH,CO
dY =R =H

In the n.m.r. spectrum (DMSO-ds) of methoxyamine
IIa, the doublet usually seen for hydrogen B was
moved upfield, as might be expected, and was now part
of a complex pattern (between éryg 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!2 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 mitomyein 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. Finally, mitomycin
C and hydrolysate IId 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 IIb could be converted to the N-acetate of 1Ia by
treatment with methyl iodide, thus relating IIa to IIb—d and confirming the
n.m.r, interpretation.

(23) Since the methoxyl was absent in derivatives IIb and d, the meth-
oxyl of I1a must have resulted from external incorporation of methanol, the
solvent,

(24) The spectra of those derivatives bearing the 7-amino group were un-
altered by pH changes and resembled the pH >7 spectra of the 7-hydroxy
derivatives; see Experimental.

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

(26) Conversely, acetylmitomyein C (I¢) could be prepared using acetic

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

HOR

'

+ CH,OH

The eonversion ol mitomyein C to the acetamide [[b
with glacial acetic acid (R = Ac in the last reaction sc-
quenee) was accommodated by an opening of an azivi-
dine ring.  Thus, the initial product of opening would
be [T (R = Ac), after which an O to N acyl migration
would yield acetamide IIh. The num.r. specttum of
mitomyein C (DMSO-dq) was in accord with a dihydro-
pyrrole formulation sinee the singlet usually scen for
the methylene group in the acid-reaction derivatives
was absent in mitomyein %

Differentiation between positions 1 and Ya for the
labile methoxyl was accomplished by deuterium incor-
poration studies.? Closer examination of the reaction
of mitomyein C with acetic acid revealed that, in addi-
tion to the acetamide I1b, the methoxyamine Ila was
formed as a minor product. Since the solvent, acetic
acid, was present in great excess, it was considered un-
likely that the methoxy group in the methoxyamine
product resulted from climination of aleohol from mito-
mycin C followed by opening of the azividine ring with
this aleohol in competition with the acetic acid solvent.
Thus, the methoxyamine vepresents the only product
isolated to date which has the azividine ring opened and
still retained the original methoxy group.

When the reaction was repeated using acetic acid-d,
ian.r. analysis (DMSO-dy) of ITh (as diacctate ITe) re-
vealed that the only carbon-bound deuteriuny present
was located at position 1.2 This would be expected if

ScueMe |

k! ) pt A
e’ :PE)\;_“ . i
CH.0 i AcOD A(bH” -
N{ ) o ¢ > N/ o~ elim, \
N[ Cow P |
la 1{ H% l
’ X
a H
R R..
i “ [
‘ D s~ AcO<__~ N
o A0y
“b * ml;zr\tlon ‘ \L() Pl H s I)\(\’:&-J
HN HN
D N

(27) This fact also served to eliminate position Y as the site of attachment
of the labile methoxyl group.

128y At this stage the Lederle communication® appeared and the dente.
rium incorporation stindies were devised as a ehernieal means to confirm their
N-ray data.

(20) Nitrogen-bound denterium rzia exchange wis present to the extend
of abont 509 and carbon-bound deuterinm tao the extent of abowt 2075,

anD Lz Vol s

the methoxyl were originally at position I, but can also
he readily explained with the methoxyl at 9a in s
relative stercochemical position as determined by Tulin-
sky® (sce Scheme 13, While move than one hiydrolytic
mechanisim = operating, a more favorable Zrans (rs, o
possible ¢ix) elimination of methanol tfrom  possible
intermediate X would result in deuterium ineorporation
at position 1 in accetamide 1Th, I Ha were to arise v
an dsomerization ol 1 (methoxyl at position 1), deu-
terium incorporation at position 1 would again be ex-
pected.  However,if Ha were to avise #/a methoxy!l mi-
gration™ from position 9a to position 1, the Ila isolated
from the aectie acid-d reaction should contain no

deuterium at position 1 {sce Scheme D). Ao oo
ey 11
—
A aen
s R 11
H\‘,”_W'« H
CHL0, J U ‘
! H ’f/\"; \‘/L\ —— (L\,_ x/ > Jla {1
} :\"\»»L; _ H” ,L__j
AR HN

D

(DMSO-ds) comparison with l-deuterio la prepared
by methanolysis employing methanol-d revealed that
the Ila isolated from the acctic acid-d reaction con-
tained, cleanly, no deuterium at position 1 and thus pro-
vided chemical evidenee for the methoxy at position 9a
i mitomyein C.

Biological Data.——In a microbiological assay using
Bacillus sublilis, 1a and Ie¢, with the aziridine ring in-
tact. were active but the Tla and N-acetyl Ila were in-
active.  Using 10 other organisms against which
mitomyein (! was active, Tla was inactive (Table 1),

Tanre 1
ComparaTivE MICROBLIOLOGICAL ACTIVITY
or MrrTosmyers C ann II°

MLLCL" 5wl
Mitomycin

Organisin C Ia
Staphylococens anrens smith 016 >20
Staphylococens airens 2001 0.16 >20
Sarcina Lutea 008 >0
Streplococcus fuecales 0.6 >21)
Klebsiella preamoniue 016 >20)
B. subtilis 0.4 >20
Proteus 28017 2.5 >20)
Escherichia col/ 5.0 >20

¥
Pscudomonas eruginosa 2.5 >20
Salimonella {yphoso 0.6 >320
* We wish 1o thank Dy, 1. IR, Hooper of Bristol Laboratories,
Ine., for these data. " Minimum inhibitory concentration.

Experimental

All melting points are uncorrected and were toaken on a
Thomas-Hoover capillary melting point apparatus.  Ultravielet
spectra were obtained on a Cary-14 spectrophotometer, infraved
spectra on a Beckman-IR-4 and Beckman-IR-7; pK,’ determi-
nations were performed on an automatic titrator,” and
oy, spectria onoa Varian DP-60 spectrometer.  Analyvses were

030y See, for exarniple 1 Novee, and By Bastian, S e Chom, Noo, 82,
246 (19601,
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Mitomycin C

Cuarr I

STRUCTURES OF Mitomycix C AND DERIVATIVES

1w 0 10 0 0
NH,CO,CHa _NH. NH.CO.CH,,, Y 7 CHL y
CH:0 6 ::iilf(ll X more vigorous
RN 2 d CH; reactions n CH, acid conditions X N CH,
la RN Rg O
Ia, R=H Ha,X=OCH3,R=H,Y=vNH2 Illa, Z=OH, X=OH, R~ H., Y = OH
S R G b X=OH, R=Aq, Y = NH, b, Z=0Ac, X =0Ac, R=Ac, Y =0Ac
<, R=CHscO c, X=OAC,R=AC, Y:NHZ ’ y s s

d,X=0H,R=H,Y=
e, X=0Ac, R=Ac, Y=0Ac
f,X=0H,R=H,Y=
g, X=OCH3, R=AC, Y =NH,

AcOCH,
AcO \ N
AcNH
Va,
by
C,
0
OH
CH
W o CH;
0
VIa, R = C(;Hgg
b, R=CH;

done by Midwest Microlab, Inc. Paper chromatography
employed Whatman Grade No. 1 paper in the following systems:
A, l-propanol-1%, ammonium hydroxide, 2:1 (by vol.); B,
2-propanol-19%, ammonium hydroxide, 2:1 (by wvol); C, 1-
butanol-acetic acid-water, 4:2:1 (by wvol.); D, I-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 samples 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 solution of 0.29 g. of crude
mitomycin C in a small amount of hot methanol was pipetted
onto the top of an alumina column (Woelm, neutral, Brockman
activity grade I). FElution with methanol brought the mitro-
mycin C off the column as a purple band. A small pink band
trailed the mitomycin down the column, and a brown residue
remained at the top. The methanol eluate containing the mito-
mycin was evaporated to dryness in zacuo leaving a purple resi-
due which was then triturated three times with 10-ml. portions
of hot distilled water. The combined triturates yielded 0.180 g.
of mitomycin C as deep purple needles, m.p. >300°. Mitomy-
¢in C thus purified showed a clean single spot on paper chroma-
tography in systems A (R; 0.78), D (R; 0.83), and E (R; 0.85);
ultraviolet: AE2 367 mp (e 21,840); ASHOH 357 my (e 22,780),
550 (232); ultraviolet of 2,5-bis(dimethylamino)benzoquinone:
Amax 377 mu (e ~20,000)%; infrared (g, KBr): 2.90, 3.0, 3.04,
5.80, 6.03, 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° in vacuo. Mitomyecin C and certain
derivatives consistently gave a high C-methyl value.

Anal.  Caled. for C;HisNO;s: C, 53.83; H, 5.43; N, 16.76;
0, 23.98, mol. wt., 334; C-CH;, 4.5(1); OCHj, 9.0(1). Found:

¢,Z=0Ac, X=0Ac,R=Ac, Y=0H
d,Z=0H, X=0H, R=Ac, Y=0H
e,Z=0H, X=0H,R=Ac¢, Y=0CH;
f, Z=0Ac, X=0Ac, R=Ac, Y=0CH;

NH,
OH

l oxidation of IITe
ozonization

CO:H(OCH; in Vo)

COR
R=COCH;
R=0H
R=0CH;

OCH;

CHs;

C, 53.55; H, 5.57; N, 16.86; O, 24.13; mol. wt., 311 (isothermal
distillation, MeOH); C-CHj, 5.45; OCHj, 8.73; NCH;, 0.00.

pK.’ Study on Mitomycin C.—Mitomycin (172 mg.) was tritu-
rated twice with 3 ml. of methanol. The undissolved mito-
mycin weighed 78 mg. leaving 94 mg. of mitomyein 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
mitomyecin stock solution (19 mg. of mitomycin 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 A HCI in 509 meth-
anol-water was added and the sample was titrated with 0.165 N
KOH in 5097 methanol-water.

A.—When the titration was performed 15-20 sec. after addition
of the 0.05 ¥ HC}, only a very weakly basic species was present,
pK." = 3.2.

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

Hydrolysis Study of Mitomycin C via pK,'.—A solution of 63.6
mg. of mitomycin C in 6.00 ml. of 0.10 &’ HCI was left to stand
at room temperature. Periodically 1.00-ml. aliquots were re-
moved, diluted with 1.0 ml. of methanol and 3 ml. of 509
methanol-water, and the pK,’ values were determined by ti-
tration with 0.165 N KOH. The titration curves were compared
with that of a 1.00-ml. blank of 0.10 ¥ HCI.

A.—At 15 min., the titration curve showed the presence of a
basic function, pK,’ = 6.51. The equivalent weight of this basic
species was calculated from the curve (364), and it compared
favorably with the molecular weight of mitomycin C (334).
Therefore, treatment of mitomycin 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 equiv. of basic functions plus 0.5 equiv. of an acidic
function.

C.—At 19 hr. and 40 min., 2.0 equiv. of basic¢ functions and
0.8 equiv. of an acid function 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,’ values of
5.4, 7.3, 9.3. At this point 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
I1e was demonstrated by paper chromatography in system B.

Acid Hydrolysis of Mitomycin C.—A solution of 0.500 g.
(0.0015 mole) of mitomyein C in 50 ml. of 1 N HCI was stirred
at room temperature. The color of the solution gradually
turned from its original purple to red (1 hr.) and then to orange
(8 hr.). After 24 hr., the resulting orange solution was diluted
10 150 ml. with distilled water and passed over & Dowex-50-x2
column, the hydrolysate being absorbed at the top as an orange-
brown band. The column was washed with distilled water until
the eluates gave a negative Cl~ test. The hvdrolysate was then
eluted as a purple band with 357 ammonium hydroxide.  Evapo-
ration of the water solution by freeze drying left 0.440 g. of an
amorphous purple powder. Investigation of all colorless frac-
tions yielded nothing.

The hydrolysate was an indicator, purple in base, orange in
acid; [a]®p —120° (¢ 0.05, 0.001 N HCl), [«]®p —100° (r
.025, 0.0005 ¥ HCL. (The observed rotation was doubled
when the concentration was doubled.)

Acetylation of Hydrolysate.—A slurry of 0.500 g. of hydroly-
sate, prepared as above, in 25 rl. of pyridine was treated with 1.0
ml. of acetic anhydride, and the reaction was left to stand at
room temperature for 1 hr., with occasional swirling. Solution
became complete in approximately 15 min. The reaction was
quenched by the addition of ethanol and then evaporated to
dryness 7n vacuo, the last traces of pyridine being removed by
azeotroping with toluene. The resulting brown residue wus
taken up in a small volume of chloroform, passed over an alumina
column (Woelm neutral, activity grade III), and eluted with
chloroform. The chloroform eluate vielded a yellow solid (I11h)
after evaporation which crystallized from absolute ethanol
(60 mg.), m.p. 226-228° dec. Three xeu\\mlli/(uifm\ from
absolute EtOH vielded 15 mg. of vellow needlex of HIb, m.p.
220-230° dec. Paper (hl()Il]dt()gI‘dp}l) showed a clean =ingle
spot in systems A (F; 0.68), B (R 0.68), and D (£¢ 0.80), the
spot turning purple in the basic systems?®'; ultraviolet: :‘ffx’” 231
me (e 18,700), 269 (10,930), 275 (=) (10,700), 342 (1300): in-
frared: (g, CHCLy) 2.00, 5.64, 3.71, 5.93 (sh), 5,97, 6.03, 6.13}.
6.66, 7.27, 8.05.

Anal.  Caled. for CyHoaNoOs:
(0, 32.26; C-CHs, 16.83 (5);
56.48, ‘)6.36; H, 4.82, 5.43;
20.4; CH;CO, 36.2.

Further elution of the column with 99:1 chloroform-methanol
vielded a second yellow compound (ITe) which also crystallized
from absolute EtOH. Further purification of this compound
was difficult since it contained an impurity (evidenced by paper
chromatography) which had similar phvsical properties. Puri-
fication was effected, however, by erystallization from dilute
solution in absolute methanol, vielding yellow needles of Ile
(25 mg.), m.p. 238-240° dec. Paper chromatography in systems
A (R:0.50), B (R 0.60), and D (R (0.70) showed a clean single
spot, the spot again being purple in the basic systems; ultraviolet:

G, 3651 H, 4.97; N, 6.25;
CH;CO, 386 (4). Found: C,
N, 6.35, 6.30; 0, 32.22; CH,(,

AROH 031 mp (e 20,350), 268 (12,320) 276 (12,000), 342 (1500):
infrared: (u, mully: 2.90, 3.02, 5.65, 5.70, 6.03, 6.15, 6.45, .62,

8.10.

Anal.  Caled. for CygHasNyOg: 34
0, 32.21; CH,CO, 28.83 (3); CCH,, 13.44 (4). Found: (,
53.78; H,5.03; N, 9.35; 0,31.80; CH;CO, 29.02; CCH,, 13.65.

Considerable residue remained on the alumina column as u
deep purple band and could be eluted only with methanol.
The residue appeared to consist of decomposition products and
deacetylation products, since it could be reacetylated and ve-
chromatographed to yield more tetraacetate IT1Ib but never in
good yield.

Preparation of Triacetate Ile.—A solution of 0.500 g. (0.0015
mole) of mitomycin C in 100 ml. of 0.1 & HCI was allowed to
stand at room temperature for 15 hr. A pK,’ curve of the solu-
tion showed the presence of three titratable groups, two basic,
one acidie. The solution 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 8 hr. at room temperature.
Pyridine and acetic anhydride were evaporated in vacuo, the
residue dissolved in a small volume of methanol, and passed onto
4 cellulose column (packed in 2-propanol). Elution with 2-
propanol and evaporation of solvent produced a brown solid
upon seratching with methanol.

€, 53.69; H, 1.69: N, 4.34

(31) The color of the spots indicated that the basie systems had cleaved
the enolic acetyl function. Thus, the £f values of LI1b and 11lc are identicul.
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Two recrystallizations from methanol yvielded 0.10 g. (157, ) of
vellow needles with decomposition point identical with that ot
the previous preparation, 238-240°.  After three more recrystals
lizations, the dmunpmm(m point was raised by 0° (247 24757
however, the analvsis for carbon wax high (34.06; caled.. 53.691
and for oxygen was low (31.44; caled, 322000 By values of
samplex of e from the two preparations were identic al.

Preparation of Hydrolysate IIIa.-- A solution of 1.0 g, (00003
niole) of mitomyein Cin 100 mb of 2.8 HCU was warmed at 55
60° for 2 hr. The resulting orange solution was diluted with 150
ml. of distilled water and passed over a previously prepared
Dowex-50W-x2 columin (containing 130 ml. of wet resin). The
hyvdrolysate was absorbed as an orange band at the top of the
columm.  The column was washed with distilled water until «
Ol test was negative, and the hydrolyvsate was then eluted as o
purple band with 37, ammonium hydroxide.  Fxeess ammonia
was evaporated /n pacio with warming, and the remaining water
wus removed by freeze drving. The vesulting flulfy, purple
powder weighed 0.820 g, The crude hydrolvsate could not bhe
purified satisfactorily for analveis,

Hydrolysate Ila was an indicator, orange itv acid, purple in
buase; ultraviolet 10,1 N NaOH D A 312 and 253 mw; (0.1
N HCH: Mue 204 and 236 mge. Tt waz also amphoterie, pA,’
= D37, T.30 0300 methanol ).

Preparation of Tetraacetate IIIb., -A slurry of 750 mg. of
crude hydrolysate [HIa (prepared as above) in 10 ml. of dry
pyridine and 5 ml of acetic anhydride was allowed 1o stand
(with occasional swirling ) at rooni temperature for 20 min.  The
excess pyridine and acetic anhydride were then evaporated
in racuo. The vellow oily residue was then taken up in chloro-
form and the last traces of pyridine and acetic acid were removed
by evaporating again i eacue using toluene as o chaser. A
small amount of ethanol was then added, whereupon tetraace-
tate I[ITh crystallized.  The supernatant liquid was pipetted
off and the crude tetraaceiate was redissolved in hot ethanol,
filtered, and left o crystallize.  The recrystallized tetraacetate
was collected by filtvation, 400 mg., m.p. 226-228° dec. The
mother liquor was combined with the above supernatant liquid,
evaporated to dryness, taken up in chloroform, and passed over
a short alumina eolumn (Woel, neutral, Brockman aetivity
I, and the ehloroform eluate wus collected.  Crystallization
and recrystallization of this eluate yielded an additional 140 mg.
of tetraacetate, nip. 226-228° dec.  Further reworking of the
mother liqurm vielded no more crvstalline product.  Tetra-
acetate [ITh of thix melting point was of ~\lfh(wm; punt\ for
further veactions; tofal vield, 540 mg. (449 Yields in thix
preparation generally ranged from 20-45¢ [

Triacetate Ilc.-- Dissolution of (L100 g. of tetraacetate 111D
in 30 mb of 19, methanolic ammonia at room temperature pro-
duced a purple solution which was humediately evaporated to
dryness (n cacro at roon temperature.  The resulting red-purple
residue was taken up in a small volume of methanol and severul
drops of 2N HCE were added, whereupon the solution turned
vellow.  Yellow crvstals were deposited on cooling.  Ree ryst: al-
lization from methanol water afforded 0.061 g (6871 of ITle
as vellow needles, mup. 199-200° dec.  On paper (-hl'nmuung,l.tph_\
in sy=tems A and 83, THe showed a purple spot with £y values

identical with those of tetruacetate ITIh:  ultraviolet: AMOH
261 mp (e 22,1000, 285 (14,000); acid pA, = 5.90 (507, meth-

The unusual »pe(tmm may reflect the possibility of
The infrared spectrum showed
65 woand presence of a hy-

anol).
tautomerisn to the e-quinone.
loss of the enolic acetate band at 5
droxyl band.

Anal. Caled, for C HpNOy:
Found: €, 56.32; H, 4.85; N, 6.72,

Hydr01y51s of Trlacetate Ile to Tetraacetate HIb. - Curbamoy!
triacetate (Ile) (2 mg.) was heated at 50° for 1 hx in 3l of
1 .V HClI and left to stand at room temperature for 5 hr. Ivapo-
ration to dryness i cacuo yielded a yellow-orange residue which
wus dissolved in pyridine (0.5 ml.) and acetic anhydride (few
drops) and left to stand at room temperature for 0.5 hr.  After
removal of solvents in vacuo, the resulting yellow residue was
examined by paper chromatography and the major component
had an R; value identical with that of tetraacetate 1IIb (system

R; 0.80). Tetraacetate ITIb was shown to be re-formed
after similar hydrolysis and reacetylation.

Dihydrohexaacetate VII.--A suspension of 50 mg. of platinum
oxide in 10 b of acetic anhydride was reduced in an atmospheric
pressure catalytic hydrogenation apparatus until the catalyst
was completely reduced and hydrogen uptake had stopped.

C,oa6.43; H, 408, N, 605
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Then a solution of 50 mg. of tetraacetate ITTb 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 wvacuo. An ether—
petroleum ether (h.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°; AT 227 mu (€61,700), 278 (11,200).

Anal. Caled. for CzaHQsNgOuZ C, 5640, H, 526. N, 526,
0, 33.08; C-CHy(7), 19.8. Found: C, 58.55; H, 5.45; N,
5.24; O, 32.95; C-CH,, 25.55.

Acetamide IIId.—A slurry of 360 mg. of crude I11a in 30 ml.
of absolute methanol was treated with 1.5 ml. of acetic anhy-
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: Ait®
(pH 7-8) 257 mu (E;%, 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 DeBoers?
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 IIle
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: Moo 235 mu (¢ 17,650), 288 (11,250),
353 (2000); infrared (u, KBr): 2.90-3.10 (broad), 6.10 (broad),
6.45, 6.68, 7.30, 9.03.

Anal. Caled. for CleHlsNQOs: C, 5749, H, 543, N, 8.38.
Found: C, 57.54; H, 5.34; N, 8.27.

The mother liquors from the crystallization and reerystal-
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 Ille.—A crude preparation
of IIIe 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 in vacuo to yield 0.075 g. of yellow needles (IIIf),
crystallized from ethanol, m.p. 213° dec. Recrystallization
from ethanol afforded an analytical sample, m.p. 217° dec.;
ultraviolet: AP 236 mu (e 23,000), 286 (13,550), 340 (2850);

(32) T.J. DeBoer, Rec. trav. chim., 73, 229 (1954).
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infrared (g, CHCL): 2.91, 5.73, 5.91 (sh), 6.00, 6.07, 6.65, 7.28,
8.05, 9.01.

Oxidation of Methoxyacetamide IIle.—A solution of 0.230 g.
(0.69 mmole) of methoxyacetamide IIIe 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
(Woelm, 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 29, acetone-
chloroform, which crystallized after evaporation and addition
of absolute ethanol. Recrystallization from absolute ethanol
yielded 50 mg. (229%) 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: A% 214 myu (e 20,500), 243 (14,500), 274 (15,400),
329 (4300); infrared (g, KBr): 3.08, 3.50, 5.70, 5.93, 6.05,
6.40, 7.25, 8.20, 9.05.

Anal. Caled. for CisHisNo;O: C, 57.74; H, 4.84; N, 7.48;
CH,;CO, 23.0(2); residual CCH;, 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 erystalline product when it was retreated with a tenfold
excess of Jones’ reagent!” for 30 sec.

N-Methylmitomycin C (Ib).—A solution of 0.500 g. (0.0015
mole) of mitomycin 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: A" 215 mu (e 27,840), 363
(23,100).

Anal. Caled. for CleH20N405: C, 5517, H, 574:, N, 1609y
O, 22.98; C-CHs(1), 4.31; OCHs(1), 8.9; N-CHy(1), 4.3.
Found: C, 55.13; H, 5.90; N, 15.95; O, 23.13; C-CH,, 4.36;
OCH;, 9.15; NCHy, 4.7.

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

Acid Hydrolysis and Acetylation of N-Methylmitomycin C
(Ib).—A solution of 0.27 g. (0.78 mmole) of methylmitomyecin
C (Ib) in 120 ml. of 2 N HCI 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 27
ammonium hydroxide. Lyophilization of the water yvielded 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 I1I), 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
(ITIe), 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 (R: 0.73) and D (R:
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0.78); ultraviolet: ARV 232 nig (e 26,460), 268 (17,830), 275
(17,830); infrared (u CHCL): 5.05, 5.73, ()‘().), 7.10, 7.30. The
naner. (CDCLY speetrum substantinted the formulation of o«
tetrancetate,

Anal.  Caled. for CpHaNOy: C, 57.30; H,
0, 31.27. Found: (, 56.50; H, 5.3%;
Caled. for a trincetute CoHaNLOy: Ol 64.85;

0, 21.62.

Ozonization of Tetraacetate IIIh.—A solution of 450 mg.
{(1.0X mmoles) of tetraacetate IITh in 100 ml. of chloroform wus
cooled to about —60°,  Ozone from a Wellsbach T-3 ozonizer
was then passed through the solution for 2.5 min. at which time
the solution had turned from yellow to green. lxcess ozone
was swept from the reaction with oxvgen, and the chloroform
wus evaporated n vacro at room temperature. The resulting
pale vellow foam was dissolved in acetone (10 ml.), diluted with
water (15 ml.), and stirred at room temperature with 200 mg.
of 5¢ palladium on carbon overnight. At the end of this time,
w starch-jodide test was negative. Filtration over Clelite gave a
vellow solution, which, after in vacuo evaporation of acetone,
vielded a pale vellow solid Va. It was collected hy filtration
and air-dried several hours. It weighed 280 mg. (647,35 A
portion was recrystallized twice from distilled water vielding
fine pale yellow needles, n.p. 160-162°.  Paper chromatography
showed a clean s'ingle spot in =ystems A (2; 0.69), B (R 0.73 4,
and D (R 0.78); [a]®p —151° (¢ 0.8, ethanol).  The ozonolyvsis
produet gave a p(»lnve iodoform text and formed o dinitro-
phenvlhydrazone.  Aniodoform test an the erude dinitrophenyl-
hydrazone was negative.  The ozonolysis product gave a posi-
tive pine-splinter test hut a negative Thrlich {ext, even when
heated; acid pAL = 483 ultraviolet: a8 304 my (e 11,67T0)
mfrared (g, mull): 3.02, 5.73, 5,53, 5,90 (sh), 6.00 (sh), 6.36, 8.0,

Anal. Caled. for CHpeN,Oq: () 52,95 H, .94, N, 6.86
CHy, 14.7204); CHCO, 3162035, Found: ¢, 33102 H, 4.«\4_
N, 7.11; CH,, 1822 CH,CO, 33.76.

Periodate Cleavage of Methyl Ketone Va.—-To a solution of
12,0 mg. (0.0294 mmole) of methyl ketone Va in a few milliliters
of distilled water was added 1.00 ml of 0,45 3 sodium meta-
periodate.  The solution was then diluted to 10.0 ml and left
to stand at room temperature while 1.0-ml. aliquots were removed
periodically and titrated using the ursenite method to determine
periodate consumption. After 30 min., periodate uptake was
essentially complete, 1 mole equiv. being consumed.

In another experiment, 5 mg. of the u/nhul\\ﬂ produet was
dissolved in 1 ml. of warm water. ()nv (hup of thix solution
gave a positive iodoforny {ext.  To this pale vellow solution, 2 ml.
of 0.02 M sodium metaperiodate was added.  After addition of
the periodate, 3 drup< of the reaction solution was =ubjected to
the iodoform test (after addition of exeess .01 N sodium arsenite
=olution) and gAV(! a positive text.  After 1 hr., the reaction solu-
tion had twrned colorless and gave a negative jodoform test.
At thix time, the pH was adjusted to 3 with dilute sulfurie acid
and the solution was left to =tand in the refrigerator.  After 3
days, fine, silky needles had ervstallized.  These were collected
by filtration and dried.  The entire amount was used for an in-
frarved spectrum (KBr disk) which was identical with that of the
ozonolysis dincid Vb (see below). The KBr disk wus then
dissolved in water, and a qualitative ultraviolet spectrum wax
obtained, A 260 and 279 mg, which was qualitatively identical
with that of the ozonolysis diacid Vh.

Ozonolysis of Tetraacetate IIIb with Oxidative Work-Up.-
Tetraacetate ITIL (200 mg., 0.42 mmole) was dissolved in 75 ml.
of chloroform and the solution was cooled to —60° by neans of
w Dry Tee-acetone bath,  An ozone-enriched (ea. 1.50,) stream
of oxygen was passed through the solution slowly until decolori-
zation was observed.  vaporation of the chloroform solution
gave a vellow foamy residue. This was treated with 5 ml.
of 309 hydrogen peroxide and the solution was stirred at room
temperature for 90 min. At this time a white crystalline pre-
cipitate had occurred. This was filtered off and dried to vield
72 mg. (427¢) of crude diaeid Vb, The dinecid was crystallized
from absolute acetone to yield 55 mg. (33.99) of analytical
material, only gradual darkening up to 300° without melting:
AT OG0 i (e TOS0), 27N (TOS0: {al®p 149 (¢ .25
tOH ) acid pKL values in 307 ¢ methanol were 2.55 and 10.15.
It gave a positive Ihrlich test on heating, negative iodoform test,
and negative reaction with 2,4-dinitrophenylhydrazine reagent.

Anal. Caled. for CyHWNGOy: O 50026 H, 4.74: N, 7.33:
three acetyls, 33.5. Found: 50045 H, 5.000 N, 7.35: neetyl,
27.08.

5.22: N, 6.10;
6.47: 0, 31.55.
1, 5.95: N, 7.56:
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In another run, 250 mg. (.52 mmole) of tetraacetate 1L
dissolved in 100 b of chloroform was ozonized i the ~une
manner. Upon removal of =olvents, a light vellow fomuy residie
remained.  This was oxidized by shaking for 2.5 br. with 10 mt
of 300 hydrogen peroxide. The ervstalline precipitate tha
resulted was filtered mnd dried in o desiceator overnight o yvield.
IS8T mg. (8759, 1 of dineid V.

Hydrolysis and Sodium Periodate C(leavage of Ozonolysis
Diacid Vb. - The ozonolysis dineid triacetate Vb (16.5 mg., 004
nunole) was heated with 20 mg. (0.5 mimole) of NaOH dissolved
in 2 mib of water on the steam bath for 4.5 . The solution wax
cooled, neutralized w pH 3.5 by dropwise addition of 0.1\
HCL 28 mg. (0,13 mimole) of sodium metaperiodate was added,
and the solution volume was adjusted to 4.0 ml. by addition of
water.  Samples were rernoved at various time intervals, excess
standard  sodinm arsenite solution was added (o decompose
unreacted periodate, and the arsenite was back-titrated with
<tandard iodine <olution tsee Table IT).

T'apLe 11
Uptake of 104,

Time elupsed moles ‘moles

min, of substrate Optical rotution
0 ] [
Lo (3} 54 .
100 (.89 None ohrerved
170 (.82
190 .84
465 hr, 114

Dlmethyl Ester of Ozonolysis Diacid Yb.—Recrvstallized di-
actd Vh (100 mg., .26 mmole) was dissolved in 100 ml. of ahsolute
methanol and the solution was treated dropwise with an ethereal
solution of diazomethane until the vellow color of diazomethane
persisted in solution.  The exeess diazomethane was decomposed
by addition of a4 few drops of glacial acetic acid, and the solution
wus evaporated to dryness. The residue ervstallized from hot

carbon tewrachloride to give 79 mg. (747¢) of analytically pure
Ve, map. 16051632, A5 975 iy (e 11,0007, Fhrlich test posi-
tive with heating.

Anal. Caled. for (‘th\'»()u‘ (', 52,67 H, 5.41; N, 6.83.
Found: €, 52.86, 52.62. H, 5.55, ).()l, N, 6.70.

Hydrolysate IId.- \lm)m\(m C 200 mg., 0.60 mmole) was
dissolved in 50 ml. of y N HCT and stirred at room tempera-
ture for 25 min. The bnllﬂl(nl wus then neutralized (to pH 8)
with solid, anhyvdrous potassiuim carbonate. The hydrolysate
precipitated on standing for | hr. in the refrigerator. It wax
collected by filtration, dissolved in acetone with warming,
absolute ethanol was added, and the solution was evaporated
to dryness to remove fraces of water. Paper chromatography
indicated one main spot { R 0.58) in system B, The residue was
then dissolved in a small volume of 2-propanol-19, ammonium
hydroxide (2:1 by volume) and passed over a tightly packed
cellulose column and eluted with the same solvent system.
The main band was the first off, and the hydrolysate IId erystal-
lized out as it came off the column.  (Crystallization also took
place on the column and reduced the vield.) It was collected
by filteation and recrvstallized twice from hot dimethylfor m—
amide-water to give red-purple needles: yield, 41 mg. (..~ ¢
ultraviolet:  AUTT 249 mp (e 17,6000, 308 (11,400), 345 (,\v)
(37007 infrared (u, KBrey: 3.00 (hroads, 5.85, 6.00, (‘\“2(), 6.65,
7.20.,

Anal. Caled. for CiuHpNLOs ) 52.50;
Found: C, 52.30: H, 5.31; N, 17.80.

Treatment of 5 mg. of erystalline I1d with acetie anhydride in
pyridine with warming vielded 2 mg. of diacetate ITe (see below
ax identified by paper chromatography.

Methoxyamine Ila.—One gram of mitomycin C (3.0 mmoles)
was dissolved in 250 ml. of anhyvdrous methanol by warming.
The solution was filtered and added dropwise to a stirred slurry of
300 ml of Dowex 50-x2 resin which had previously been washed
thoroughly with methanol.  After addition was complete (eo.
200 min.), the resin was stirred an additional 30 min., then the
regetion Hask was hmmersed in an ice-salt bath and cooled tu
5%, The product was desorbed by addition of 750 ml of 3
amtuonia kh‘\ weight) in methanol, the temperature during .uldl-
tion never being allowed 1o rise above 0°. The resin was filtered
and the filtrate was concentrated to dryness on g rotary evapo-

H, 5.04; N, 17.50.
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rator at aspirator pressure. The residue was dissolved in hot
water and crystalline ITa resulted on cooling overnight. Three
crops were collected amounting to 0.7203 g. (729.). Two
additional crystallizations gave analytically pure material,
m.p. 204-205.5° (dec. with bubbling); A" 249 mu (e 21,400),
308 (14,500, 525 (1200): ALLY F9251 mu (e 19,100), 309 (12,600),
5340 (1450); &Y 0" 251 mu (e 21,400), 314 (14,100), 543
(1290); basic pK.’ (as the hydrochloride) = 6.76 (509, methanol),
6.6 (water).

Anal. Caled. for C;HiysNOs: 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 NH,, 9.60; mol. wt., 334. Found: C, 53.57;
H, 5.61; N, 16.47; O, 23.87; C-methyl, 4.12; N-methyl, 0.0;
O-methyl, 9.38, 9.09, 9.15; NH. (van Slyke nitrogen), 5.84,
6.01; mol. wt., 436, 415 (isothermal distillation in methanol),
345 (titration).

Acetylation of ITa.—A solution of 0.30 g. (0.90 mmole) of Ila
in 100 ml. of methanol 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 0.15 g. (429%) of deep
red crystals (I1Ig), m.p. 230-231° dec. with previous softening at
126°,

Anal. Caled. for CiyHNOg: 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-CH,, 7.72.

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

Acid Hydrolysis of Ila.—IIa (110 mg., 0.33 mmole) was hy-
drolyzed by heating with 30 ml. of 1 ¥ HCI at 50-60° for 2 hr.
The solution was then put onto a Dowex 50-x2 column (1 X
16 ¢m.) and the column was washed free of Cl— with distilled
water. The hydrolysate was eluted from the column with 3%
ammonium hydroxide. The eluate was lyophilized to dryness
and the purple, powdery residue was acetylated with 0.5 ml. of
acetic anhydride and 10 ml. of pyridine for 2 hr. at room tempera-
ture. Volatiles were then removed in vacuo and the yellow solid
remaining was taken up in absolute ethanol and spotted on
paper. Paper strip analysis indicated that the products were
mainly tetraacetate IIIb with a small amount of triacetate ITe.
The ethanolic solution failed to erystallize so solvent was evap-
orated and the residue was dissolved in a small amount of chloro-
form and passed over a neutral alumina column (Brockman
grade IIT, 1 X 10 em.). Elution with chloroform gave a yellow
eluate: the residue after evaporation of the chloroform erystal-
lized from absolute ethanol to yield 83 mg. (459 ) of tetraacetate
1IIb, m.p. 228-229° dec. A mixture melting point with IIIb
prepared directly from mitomycin C was undepressed.

Reaction of Mitomycin with Acetic Anhydride.—DMitomycin
(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 drying 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
product was filtered, washed well with ethyl acetate, and dried
to vield 120 mg. (50%) of diacetate IIc. An analytical sample
was prepared by crystallization from a large amount of boiling
methanol: ANOF 249 my (e 24,550), 308 (15,900).

Anal.  Caled. for CisHyN:O7: C, 53.47; H, 4.98; N, 13.82;
0, 27.73; (CHC);, 11.16; (CH3CO),, 21.3. Found: C, 53.40;
H, 5.14: N, 13.90; O, 27.30; CH;C, 10.73; CH,CO, 20.05.

Acetamide ITh.—The diacetate Ilc (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 rotary 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°; ALOF 248
mu (e 24,000), 308 (15,900); pK," in 509 methanol, no
titratable group; R 0.66 in system B and (.78 in system C.

Anal. Caled. for CisHisN.Og: C, 533.04; H, 5.00; N, 15.46.
Found: C, 53.06; H, 5.08; N, 15.58,

Reaction of Mitomycin C with Glacial Acetic Aeid.—A solution
of 30 mg. (0.09 mmole) of mitomyecin C in 1.5 ml. of glacial acetice
acid was left at room temperature for 2 hr.  The acetic acid was
evaporated thoroughly and the resulting red residue (IIb) was
crystallized from acetone, Infrared and paper chromatographic
analysis demonstrated that IIb prepared by deacetylation of
diacetate Ile (see above) was identical with the ITh of this
preparation.
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Methylation of IIh.—Diacetate 1I¢ (50 mg., 0.12 mmole)
was monodeacetylated 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 ammonia and 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. (609 ) of methoxyacetamide
1lg.

Mitomycin C Acetate (Ic).—Mitomycin acetate was prepared
on microscale for paper chromatography experiments by acety-
lating 1 or 2 mg. of mitomycin C. The acetylation was run for
30-60 min., volatiles were removed in rvacuo, and the residue
was found to run cleanly on paper giving one nicely formed 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 dissolved in hot distilled
water and filtered, and, on cooling, acetyl mitomycin C (Ic, 160
mg., 289,) was obtained as a fine erystalline deposit. Additional
crystalline produet, 185 mg. (339,), was obtained by evaporation
of the filtrate to dryness, dissolving the residue in warm iso-
propy! 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 color, m.p. 165-169° dec. with
prior softening at 150°; AMH 218 my (e 21,900), 358 mu (e
21,900).

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

Reaction of Mitomycin C with Acetic Deuterioacid.—Thirty
grams of 99.59, deuterium oxide was stirred overnight at room
temperature with 95 ml. of acetic anhydride and the product
was distilled through a short Vigreux column. The constant
boiling (114-115.5°) middle fraction was redistilled through a
30-cm. column packed with 1/g-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 deuterium on oxygen (estimated 999
CH;COOD or better).

Mitomyein C (300 mg., 0.90 mmole) was stirred with 15 ml.
of acetic deuterioacid for 1 hr. at room temperature. The acetic
deuterioacid was then removed in vacuo, 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. (579%,) 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
methoxyacetamide IIg upon crystallization from absolute
methanol. Both produets ran with identical rates as previously
prepared samples on paper. Diacetate Ilc was subjected to
n.m.r. spectral analysis to determine amount of deuterium
bound to C-1 in formula Ile. This was determined by integra-
tion of the area of the signal (doublet) at § 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 8 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 59.56, 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-
myecin C (250 mg., 0.75 mmole) was stirred for 2 hr. with 20 ml.
of glacial acetic acid. The acid was then evaporated n 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 vacuo, the residue was triturated with warm ethyl acetate,
and the insoluble material was filtered. The ethyl acetate solu-
tion upon cooling yielded 65 mg. (2397) of cryvstalline methoxy-
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acetamide 11g which was identical with that previously prepared
by acetylation of Ila as indicated by infrared spectra and paper
chromatographic analysis. The ethyl acetate insoluble material
was crystallized from absolute methanol giving 130 mg. (437
of diacetate Ilc (identical with previously prepared material by
infrared speectra and paper chromatographic analysix).  This
was subjected to n.m.r. speciral analysis to determine whether
deuterium had become incorporated at position 1 by exchange.
By the methods previously described, it was found 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 a sealed flask with 50 ml. of acetic deuterioncid
for 3 hr. at room temperature. The acid was then removed
in vacuo and a small sample of the residue was spotied ou a thin
layer plate. Analyvsis of this plate after development showed
the residue to consist primarily of the acetamide ITh with
smaller amounts of methoxyamine Ila and an unidentified
substance (trace) which ran fast in the system used. The
residue was dissolved in the minimum volume of hot acetone and
410 mg. (50.59¢) of the acetamide IIh crystallized in three crops
on cooling the solution.  The filtrate was evaporated to drvness,
and the residue was dissolved in the minimum amount of meth-
anol and introduced onto a neutral alumina column (Brockman
grade ITI). Elution with ethyl acetate and then 107, methanol
in ethyl acetate removed the fast-running unidentified substance.
Then elution with 30%; methanol in ethyl acetate gave a red
band which yielded an additional 30.5 mg., 5¢ of the acetamide
IIh upon evaporation of the solvent. Finally elution with
abrohite methanol followed by 50970 methanol-water gave an
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intense purple-red band which was shown to be methoxyamine
[Ta by thin layer chromatography.  This was rechromatographied
in s similar manner to vield 106.8 mg., 14.29,, of pure 1a as «
residue.  An oo spectrum of this compound showed all of
the features of the previously obtained spectrum of Thi and in-
tegration of the § 3.87 4.83 multiplet in the usual manner showed
the presence of 4 protons (/.e, no deuterivm bound to carbon
s 0 the previous spectruny.

Preparation of Deuterated Methoxy Derivative Ila. - A
solution 0,10 g. (0.3 mmole) of mitomyein Cin 20 ml of absolute
methanol and 0.20 wil of glacial acetie acid was refluxed gently
for 5 hr. and left at room temperature for an additional 8 hr
Solvents were then evaporated ¢n vaeno, toluene being added to
help remove traces of acetic acid.  The resulting red residue wuas
dissolved in a snwdl amount of methanol and passed onto an
aluming  column (Woel, neutral, Brockmuan  activity 1.
Flution with methanol produced two fractions, the first being
purple and containing mostly unreacted mitomyein C. 0 A second
red fraction followed closely and vielded crystals after evaporu-
tion and addition of water.  Recrystallization from water vielded
3035 my. (30-3577) of Ia, homogeneous on thin laver chroma-
tography, ¢ 0.08-0.10.

In o similar manner methanol-d and acetie acid-d were em-
ploved in converting mitomycin (' to a deuterated methy! ether.
All nitrogen-bound deuterium was re-exchanged in the work-up
and recrystallization provedure, leaving only carbon-bound deu-
feriuny in the product.  Analogy with diwcetate 1le dictated
that deuterium ncorporation would be exelusively at position
I, and integration of the dras 3.87-4.83 multiplet in the oo
spectrum showed it o be incorporated there to the extent of
approximately 707
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Three new thiosulfinates containing a nitrogen mustard moiety were preparved by treating p-|bis(2-chloro-

ethyDamino]benzenesulfinyl chloride with substituted thiophenols in the presence of pyridine.

The sulfinv]

chloride was synthesized from the corresponding sulfonyl chloride by reduction with lithium aluminum 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 sodium p-[bis(2-chloroethyl)amino]benzenesulfinate.
The antitumor activity of these compounds was studied in mice against the Ehrlich aseites carcinoma.

Weisberger and Pensky®® observed antitumor
activity in several symumetrical thiosulfinates [-S-
(0)-8-1, a moiety present in such naturally occurring
plants as garlic.®*® Kametani, et al.,** synthesized
additional symmetrical thiosulfinates which were ef-
fective against the Ehrlich ascites earcinoma.

The primary objective of the present research was to
synthesize new thiosulfinates which contained a nitro-
gen mustard moiety. It was considered possible
that these compounds might have antitumor activity
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for several reasons. (1) From the standpoint of re-
action with essential sulfhydryl groups, both thiosul-
finates®®® and nitrogen mustards® could exhibit such
reactivities; consequently, a combination of the two
moieties in one compound could yield a type of dual
antagonist.” (2) An interaction between one arm
of the nitrogen mustard and the N-7 of guanine nueleo-
tides could yield an unstable quaternary ammonium
compound which upon hydrolysis would give com-

OH (“HL;(‘,Hg——IT «@—s@— S O- R

N7 | I\> CH.CH,CI
H.N /J%N N/

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