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Alitcim!-cin C ( la )  was converted hy acid hydrulysis to a series of degradation products (Ha-f, IIIa and b).  
Ozonization, reduction, and oxidation react'ions were carried out with selected acid hydrolysis products to establish 
the carhon skeleton. Comparative acid hydrolysis studies of Ia and N-methylmitomycin (porfiromycin) ( Ib)  
together with pK,' and n.m.r. data, indicated the presencae and location of t,he aziridine ring. Deuterium in- 
corporation studies showed that. the methoxyl group in mitomycin C was located at  position Ya. The structure 
fur 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.2b 

Nitoniycin C was first isolated froni Streptomyces 
caesipitosus by Wakaki arid co-morkers3 and prelimi- 
nary structural irivestigations were performed by Sat0 
and co-workers. Closely related antibiotics desig- 
nated as iiiitoiiiyciris A and B5 and porfironiycin6 have 
also been isolated. Porfironiycin has been shown to be 
an S-methyl derivative of iiiitoiiiycin C.' The promis- 
ing antitumor arid antibiotic activity of these coni- 
pounds led us to initiate a structure deterniination pro- 
gram iri mid 1960. As this work neared completion, 
Webb and co-workers2a reported their proof of the 
structure of mitomycin A,5 confirmed by Tulirisky v ia  
an X-ray diffraction analysis of the p-broniobenzene- 
sulfonyl derivative.2b The Lederle workers also es- 
tablished the relationship of iiiitoiiiyciri A to niitoiiiy- 
cins B and C, and to porfiromycin by direct chemical 
interconversion. In this paper we wish to report an 
itidepeiident structure determination of iiiitoniyciii C as 
well as our fairly ext'ensive exploration of the essential 
chemistry of the molecule through a series of hydrolytic 
degradation products. 

Hydrolysis of mitoiiiyciri 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 C Y  3 7 i 2  
from the  Sational Insti tutes of Health, Public Health Service. (b) Ab- 
stracted in part  from the doctoral theses of K. G. Taylor and W. 8. hlarshall, 
tl-ayne State University, 1963. 

(2) (a) .1. 8. Webb, D. Cosulich, J. Xlowat ,  J. Patrick,  R. Brosciiard, \$-. 
l Ieyer ,  R. IVilliams, C. Wolf ,  \V. E'ulmor, C.  Pidacks, and J. Lancaster. J .  
A m .  C h e m .  Soc., 84, 3186 (1Y62); 

(3) S. FVakaki, H. Alarumo, I<. Tomoika. G. Shirnizu, E. Kato ,  H. 
Kamada. 9. Kudo, and Y. Fujirnoto, Bntibiot .  C h e m u t h e r a p y .  8, 228 (1958). 

(4) S. Wakaki [Cancer Chemotherapy X e p t . ,  13, 7Y (1961) 1 summarizes 
work by N. Sato, Y. Harada, Ii. Kumahe, and K. Uzu ahich  was reported 
t o  the .Japan Antibiotics Research Association. Tokyo, July 1960. 

( 5 )  T. Hata ,  S. Toshimoto, R. Sugawara, A. hlatsumae, K. Kanamori, 
T. Shima, and T. Hoshi, J .  Antibiotics (Tokyo), Ser. A ,  9, 141 (1956). 

16) C. DeBoer. P. Gray, B. Tabenkin, and S. Bradley, "Antimicrobial 
nniial 1960,'' Plenum Press. N e w  \-ark, S .  Y.. 1061, pr,. 17-40, 
JVakaki, 1.. Hararta. I < .  C - L I I ,  G .  1%. \Tliitfield .4. S. \Vilson, .2. 

Iialoasky. E. 0. StaplPy. F. .J. n ' o l f .  and  D. E. IVilIiams, A n t i h i o t .  Chrmu- 

( b j  .I. Tulinsky, i b i d . ,  84, 3188 (1962). 

t h r r n p , / ,  12, 469 (lY62). 

oxide arid produced an aiiiphoteric (pK,' = 5.4 arid 7.3),  
optically active hydrolysate IIIa,2a [ a I z 3 ~  110 f 10". 
The indicator properties (see Experimental) of I I Ia  
were similar to those reported for a-tocopurple (VIa) 
and a homolog (VIb).8 

Since IIIa, could not be purified satisfactorily, its 
eriipirical forniula, C13H14S205, deduced froin that 
of its yellow tetraacetyl derivative, CalH22T\'20, (IIIb).2a 
Tetraacetate IIIb exhibited a sharp band at 5.65 p iri its 
infrared spectrum, which is characteristic of acetates of 
enolic hydroxyl groupsg 9 1 ~ 0 ,  one acetyl group 
could be cleanly and selectively renioved from IIIb 
merely on dissolution in cold, 1 % iiiethariolic ammonia, 
and renioval of this acetyl function gave IIIc with re- 
generation of the indicator properties which IIIa had 
lost on acetylation. 

Catalytic hydrogenation of tetraacetate IIIb resulted 
iri the absorption of 1 iiiole eyuiv. of hydrogen. The 
colorless reduction product was isolated as its hexaacetyl 
derivative (1'11) 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 I I Ib  
could be recovered froin the reaction. Such facile re- 
ductions are well docuniented for both 1,2- and 1,4- 
quinoriesl0 and reoxidation t,o the quinone systeni would 
be facilitated by the presence of electron-donating sub- 
stituents such as oxygen and/or nitrogen.11 

Treatinent of hydrolysate IIIa with acetic anhydride 
in methanol resulted in forination of ail acidic (pKa' = 
6.50) ;?;-acetyl derivative (IIId) whose indicator and 

soc., 81, 4632 (1960). 
(8 )  V. Frampton, W. Skinner, P. Csmbour,  and P. Bailey, J. A m .  Chem. 

(9) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," John 

(10) R. €3. Wagner and H. D. Zook, "Syntlietir Organic Chemistry." John 

(11) L. Fieser and XI. Fiesrr, "Organic Cliemistry," Heath and Co., 

Wiley and Sons, S e w  York, E. Y., 1988. p. 182. 

\Tiley and Sons,  Ne\< York, S .  Y . ,  1 H j : j ,  p. 154. 

Koston, Mass.. 1956, 11. 712. 
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used to prepare I I Ia  from mitomycin C produced, after 
acetylation, a Czz tetraacetate IIIg which, unlike IIIb,  
showed no -NH band iri its infrared spectrum. The 
1i.m.r. spectrum (CDC13) of IIIg confirmed a tetra- 
acetate formulation aiid also showed that the ~ T , M S  6.48 
signal, assigned to the iYH proton in IIIb,  had been re- 
placed by a new signal a t  BTMS 3.04, attributable to the 
?;-methyl protoiis of an acylated methylamine.1s, l9 

Thus, since the acetylated nitrogen was secondary in 
IIIg, it must be primary in IIIb. 

The structures of hydrolysis products intermediate 
between mitomycin C arid hydrolysate IIIa were then 
determined. An unusual feature of mitomycin C was 
that although the antibiotic was essentially neutral 
(pK,’ = 3.2), chromatography and pKa’ measurementsz0 
indicated the generation of one basic group (pKa’ = 6.5) 
soon after dissolution in 0.1 N HCl at  room temperature. 
After 24 hr. a t  room temperature, one acidic function 
arid two basic functions had appeared with pKa’ values 
of 5.4, 7.3, arid 9.3, respectively.21 -Ileasurements a t  
intermediate times indicated that the acidic and the 
second basic functions were generated simultaneously. 
A lz-hr. preparative-scale hydrolysis resulted in the 
isolation of hydrolysate IIfZa as its acetate derivative 
(IIe).za The spectral properties of ITe indicated that 
it was closely related to tetraacetate IIIb,  and further 
acid hydrolysis followed by reacetylatiori converted IIe 
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, 
arid also the infrared band a t  5.80 p seen in mitomycin 
C arid its derivatives of mild acid treatment. 

Brief exposure of mitomycin C to dilute, aqueous HCl 
resulted in the isolation of the initial hydrolysis product 
of pKa’ = 6.5 (IId). Its empirical formula, C14H16s\~405, 
indicated it to be a precursor of hydrolysate IIf, (311- 

H16;\j306, arid the resulting empirical formula change was 
accommodated by the hydrolysis of an amide to ari 
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 methariolysis of mitomycin C pro- 
duced a basic product (IIa), pK,’ = 6.57, isomeric with 
mitomycin C. Aqueous acid hydrolysis of I Ia  gave, 
after acetylation, a mixture of triacetate IIe and tetra- 
acetate IIIb. 

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

(18) pu’. S. Bhacca, L. F. Johnson, and J. N. Schoolery, ref. 15, Spectrum 
38.  

(19) With splitting caused by the N H  function of IIIb eliminated in I I l g ,  
the  signals from the  ring 3 hydrogens were resolved into a doublet(1H)- 
quartet(lH)-doublet(ZH) pattern with &values similar t o  their I l l b  counter- 
parts. 

(20) A. Wilson and XI. Munk [Anal.  Chem., 54, 443 (1962)l describe 
the  automatic, semimicro t i trator 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 t h a t  of ammonium chloride (9.2) indicated t h a t  the 
volatile amine was ammonia. 

acetic acid resulted in its smooth coiiversion to the 
acetamide IIb, identical in all respects with that ob- 
tained from the ammonolysis of diacetate IIc. Finally, 
the aqueous acid hydrolysis product, I Id ,  was con- 
verted to diacetate IIc 011 acetylation in pyridine, thus 
relating it to both IIb arid IIc. Comparison of the 
1i.m.r. spectrum (DMSO-&) of diacetate IIc with that 
of tetraacetate I I Ib  confirmed their structural simi- 
larities; however, IIc showed two broadened peaks (two 
hydrogens each) in the bThIS 6.25-6.46 region which re- 
placed two acetyl CHd peaks of tetraacetate IIIb. 

0 

b, Y = H ; ” ’ R ’  = CH3CO 

d , Y  = R‘ = H 
C, Y = It’ = CH3CO 

In the 1i.m.r. spectrum (DMSO-&) 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 6 ~ ~ s  3.873.83) equiva- 
lent to four hydrogens, representing the hydrogens at- 
tached to ring 3.22 

These data served to establish the position of the 
carbamoyl group. Sirice the carbamoyl moiety re- 
mained intact during the early stages of hydrolysis, it 
could not have been located a t  a site undergoing hy- 
drolytic change, and position 10 (rather than position 1, 
or possibly 7) fits this requirement. Further, the uii- 
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 l2  was 
ail extremely labile one being quickly cleaved under the 
mildly acidic coiiditioris used to prepare IIa,  b, and 
d.23 Second, while the ultraviolet spectra of all the 
acid hydrolysis derivatives were markedly s i n ~ i l a r , ~ ~  
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- 
1ioiie,26 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 S-methylmitomychi C (Ib) could 
not be further acetylated,26 thereby iiidicatiiig that it 
had been converted from a secondary nitrogen to a 
tertiary nitrogen on methylation. l;inally, mitomycin 
C arid 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 
uiisaturatiori be elsewhere in the molecule. All of these 

(22) Xlono-K-acetate I l b  could be converted to the K-acetate of I I a  b y  
treatment with methyl iodide. thus relating 1 I a  t o  IIb-d and confirming the 
n.m.r. interpretation. 

(23) Since the methoxyl was absent in derivatires IIb and d, the  meth- 
oxy1 of IIa must have resulted from external incorporation of methanol, the 
solbent. 

(24) The  spectra of those deriratives bearlng the 7-amino group were un- 
altered by p H  changes and resembled the p H  > 7  spectra of the 7-hldroxp 
derivatiTes, see Experimental. 

(25) C .  XIartini and F. Nachod, J .  A m .  Chem. Soc.,  73, 2953 (1951). 
(26) Conversely acetylmitomycin C (IC) could be prepared using acetic 

anhydride in methanol and could not be methylated under conditions used 
to  prepare Ib.  
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CH.4RT 1 
STRUCTURES OF XIITOMYCIX C AYD DERIVATIVES 

mild NH&Of@lH3 more vigorous 

acid 
reactions acid conditions 
___f + 

0 H 2 3 '  

RN 
I a , R = H  IIa,  X =OCH3, R = H, Y = NH3 

b, X = O H , R = A c ,  Y=KHz 
C, X=OAc, R=Ac ,  \'=KHz 
d , X = O H ,  R = H ,  Y=NH2 
e,X=OAc, R=Ac ,Y=OAc 

IIIa,  Z=OH,  X = O H ,  R = H ,  Y = O H  
b, R = CH3 
C ,  R = CH3CO 

b, Z = OAC, X = OAc, R = Ac, Y = OAC 
C, Z = 0.4~, X = OAc, R = Ac, Y =OH 
d, Z=OH, X = O H ,  R=.&c, Y = O H  
e, Z = OH, X =OH, R = AL, Y = OCH3 

f , X = O H ,  R = H , Y = O H  f,  Z = OAC, X = OAC, R =  . 4 ~ ,  Y = OCH3 

oxidation v f  IIIe 
ozonization 

0 
.4cOCH&OAc OAc A:lpCO~H(OCH3 in Vc) 

AcO 

AcNH OAc AcNH AcKH 

CH3 CH3 COR AcO 

VI1 Va, R = COCH3 I v 
b, R = O H  
C, R = OCHj 

0 

VIa, R = GrH33 

b, R = CH3 

done by Midwest Microlab, Inc. Paper chromatography 
employed Whatman Grade S o .  1 paper in the following systems: 
A, 1-propanol-1% ammonium hydroxide, 2 : l  (by vol.); B, 
2-propanol-lyo ammonium hydroxide, 2 :  1 (by vol.); C, 1- 
butanol-acetic acid-water, 4: 2: 1 (by vol.); D, l-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 hlerck silica gel G distributed by Brink- 
inann 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, S. Wakaki, and T. 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) .  Elution with methanol brought the niitro- 
mycin C off the column as a purple band. A small pink band 
trailed the mitomycin down the column, and a brown residue 
remained a t  the top. The methanol eluate cont,aining the niito- 
mycin was evaporated to dryness in vacuo leaving a purple resi- 
due which was then t,riturated 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°. Mtomy- 
cin C thus purified showed a clean single spot on paper chroma- 
tography in systems A ( R i  0.78), D (Ri 0.83), and E (Ri 0.85); 
ultraviolet: A::: 367 mp ( B  21,840); A ~ ~ o H  357 mp ( E  22,780), 
5-50 ( 2 3 2 ) ;  ultraviolet of 2,5-bis( dimethy1aniino)benzoquinone: 
A,,,,, 377 nip ( E  ~ 2 0 , 0 0 0 ) ~ ~ ;  infrared ( p ,  KBr):  2.90, 3.0, 3.04, 
5.80, 6.05, 6.25, 6.45, 7.23; basic pK,' = 3.20 (50% methanol). 
Elemental and group analyses were determined after drying to 
const,ant weight itt 100' in oactlo. 1Iitoniyoin C and certain 
derivatives consistcntly gave it high C-methyl value. 

.1na2. Calud. for C1,H18N&,: C, 53.83; H, 5.43; Tu', 16.76: 
0, 23.98, mol. u t . ,  334; C-CH,, 4.5(1); OCH,, 9.0(1). Found: 

H 
H E' 

IS 

C, 53.55;  H, 5.57; N, 16.86; 0, 24.13; mol. wt., 311 (isothermal 
distillation, MeOH); C-CHI, 5.45; OCHI, 8.73; SCHI ,  0.00. 

pK,' Study on Mitomycin C.-IIit,omycin (172 mg.) was tritu- 
rated twice with 3 nil. of methanol. The undissolved niito- 
mycin neighed 78 mg. leaving 94 nig. of mitomycin C in solution. 
This was diluted to 10.0 nil. and used as a stock solution for 
subsequent pK,' determinations. For titration, 2.0 nil. of the 
mitomycin stock solution (19 mg. of mitomycin C )  was pipetted 
into the titration cell. This was diluted with 2.0 nil. of COZ- 
free distilled water. Then 1.0 nil. of 0.05 S HC1 in 505~; meth- 
anol-water was added and the sample was titrated with 0.165 S 
KOH in 505; methanol-water. 

A.-When the titration was performed 15-20 see. after addition 
of the 0.05 S HC1, only a very weakly basic species was present, 

B.-When the titration was performed 15-20 niin. after addi- 
tion of the HCl, a basic group with pk',' of 6.5 had appeared. 

Hydrolysis Study of Mitomycin C aia pK,'.--A solution of 68.6 
nig. of mitomycin C in 6.00 nil. of 0.10 S HC1 was left to stand 
a t  room temperature. Periodically 1.00-ml. aliquots were re- 
moved, diluted with 1.0 nil. of niet,hanol and 3 ml. of 505; 
methanol-water, and the pK,' values were determined by ti- 
trat,ion with 0.165 A' KOH. The titration curves were conipared 
with that of a 1.00-nil. blank of 0.10 S HC1. 

A.-At 15 niin., the titration curve showed the presence of a 
basic function, pK,' = 6.51. The equivalent weight of this basic 
species was calculat,ed from the curve (364), and it compared 
favorably with the rnolecular weight of mitomycin C (334). 
Therefore, treatment of mitomycin C with 0.1 'V acid for 15 min. 
had liberated one basic function. 

B.-At 6 hr. and 40 niin., the titration curve showed the 
presenre of 1.7 equiv. of basic functions plus 0.5 equiv. of an acidic 
function. 

C.--ht 19 hr. and 40 niin., 2.0 equiv. of basic functions and 
0.8 equiv. of an acid function were prrsent. 

D.--At, 24 hr. and 25 niin., 2.1 equiv. of  hisic funct i~ns :rnd 
0. : )  equiv. of an acid func.tion were preseiit, with pK,,' values of 
5.4, 7.3 ,  9.3. At this point, a sample was removed from the re- 
action flai.k, evaporated t o  drynew, m d  ac.etyl:tted with :ic.etic 

pK,' = 3.2. 
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Then a solution of 50 mg. of tetraacetate I I Ib  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 a t  room temperature under the hy- 
drogen atmosphere for 3 hr. The catalyst was then filtered and 
the filtrate was evaporated to dryness in wucuo. 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 111, 
packed under benzene). Elution with chloroform gave a com- 
pound which was crystallized from benzene-petroleum ether 
mixture to yield 25 mg. (42%) of colorless cubes (TI I ) ,  m.p. 
223.5'; A ~ ~ ~ H Z 2 7 n i p  (e61,700), 275 (11,200). 

Anal. Calcd. for C2jH28S2011: C, 56.40; H, 5.26: N, 5.26; 
0, 33.05; C-CH3(7), 19.8. Found: C, 56.55; H, 5.45; N, 

Acetamide 1IId.-A slurry of 360 mg. of crude I I Ia  in 30 ml. 
of absolute methanol was treated with 1.5 ml. of acetic anhy- 
dride. The mixture was stirred a t  room temperature for 6 hr. 
(solution was complete after 30 min.). After filtration, toluene 
was added and the solution was evaporated to dryness tn z'ucuo. 
The evaporation was repeated to remove traces of acetic acid. 
The resulting orange powder was then taken up in a small 
amount of 5 5  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 vucuo 
and washing with ether, yielded 345 mg. of orange powder. 
Paper chromatography showed a single spot in systems A (Rf 
0.41), C (Kf  0.54), D (Rf 0.54), E (Rf 0.72), but the compound 
could never be crystallized. The N-acetyl derivative was an 
indicator, purple in base, orange in acid; ultraviolet: A:::;"" 
(pH 7-5) 257 mp 489), 305 (300); acid pK,' = 6.50 
(50% methanol). 

Methoxyacetamide 1IIe.-A solution of 290 mg. of acetamide 
I I Id  in 50 nil. of absolute ethanol was cooled to 0". Ethereal 
alcoholic diazomethane, prepared by the method of D e B ~ e r ~ ~  
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 vucuo. 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 
111). An acetone fraction was obtained but not investigated 
further. Rlethanol (30%) in acetone yielded two fractions, 
the second of which gave crystalline methoxyacetamide IIIe 
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: 235 mp ( e  17,650), 285 (11,250), 
353 (2000): infrared (LL, KBr): 2.90-3.10 (broad), 6.10 (broad), 

5.24; 0, 32.95; C-CHI, 25.55. 

6.45, 6.68, 7.30,9.03. 

Found: C. 57.54: H ,  5.34; N, 8.27. 
Anal. Calcd. for C16H18N206: C, 57.49; H, 5.43; N, 5.35. 

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 I) gave 
one spot which had the same Ri (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 I1Ie.-A crude preparation 
of I I I e  was treated with 1.0 ml. of acetic anhydride in 1.0 ml. of 
pyridine and left to stand a t  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 
111). The chloroform fraction was collected and evaporated 
to dryness zn 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: 236 mp ( E  23,000), 256 (13,550), 340 (2550); 

(32) T. J. DeBoer, Rec. frau. china., 73, 229 (1954). 

infrared ( p ,  CHCl,): 2.91, 5.73, 5.91 (sh), 6.00, 6.07, 6.65, 7.28, 
8.05, 9.01. 

Oxidation of Methoxyacetamide 1IIe.-A solution of 0.230 g. 
(0.69 mmole) of methoxyacetamide IIIe in 50 ml. of acetone 
(distilled from K M n 0 4  and K2C03) was cooled to 15' with an 
ice-water bath. Jones' reagent'? (0.18 ml., 1 equiv.) was added 
dropnise from a buret while the acetone solution was swirled. 
After the addition was completed, the reaction mixture was 
filtered over Celite to remove the precipitat,ed chromic salts 
and evaporakd to dryness to yield an orange foam. This was 
slurried in 5 ml. of pyridine, 0.5 nil. of acetic anhydride was 
added and was left to st,and a t  room temperature for 1.5 hr. 
The solvents were evaporated in oucuo, 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 111). 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 2% acetone- 
chloroform, which crystallized after evaporation and addition 
of absolute ethanol. Recrystallization from absolute ethanol 
yielded 50 mg. (227,) of yellow plates (IT), m.p. 225' dec. 
The oxidation product IV could be recrystallized to yellow needles 
with slightly higher decomposition point (230"). The two 
cryst,alline 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: 214 mp ( E  20,500), 243 (14,500), 274 (15,400), 
329 (4300); infrared (p, KBr): 3.05, 3.50, 5.70, 5.93, 6.05, 
6.40, 7.25,  5.20, 9.05. 

Anal. Calcd. for C18H~8N2i0: C, 57.74; H, 4.84; N, 7.45; 
CHICO, 23.0(2); residual CCHa, 4.30(1). Found: C, 57.79; 
H, 5.10; N, 7.30; CHICO, 23.99; residualCCH,,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 see. 

N-Methylmitomycin C (Ib).-A solut'ion 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 evaporat'ed in vucuo (room temperature) leaving a 
purple residue. The residue was dissolved in a small volume of 
methanol and passed over a cellulose column packed in l-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, 0.35 g. (737,) of methylmitomycin C 
(Ib),  m.p. 198" dec. Methylmitomycin thus prepared showed a 
single spot on paper chromatography in systems A (Rf 0.78) 
and G (Rf 0.55); ultraviolet: 215 mp ( e  27,540), 363 
(23,100). 

Anal. Calcd. for Cp,H20N405: C, 55.17; H, 5.74; N, 16.09; 

Found: C, 55.13; H, 5.90; N, 15.95; 0, 23.13; C-CH,, 4.36; 

blethylmitomycin 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 methylmitomycin 
C ( Ib)  in 120 ml. of 2 A- HC1 was warmed a t  60" for 3 hr. The 
resulting orange solution was t,hen diluted with 30 ml. of distilled 
water and passed onto a column of Dowex-50W-x2, the hydroly- 
sate being absorbed a t  the top. When the water washings 
became chloride free, the hydrolysate was eluted with 2% 
ammonium hydroxide. Lyophilization of the water yielded an 
amorphous purple solid. Paper chromatography in systems 
B (Ri 0.50) and D (Rf 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. a t  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 111), eluting with chloroform. Evaporation of the 
chloroform eluate produced a yellow solid which was crystallized 
from ethanol-ether to give 0.12 g. (3370) of yellow needles 
(IIIc),  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 (Rf 0.73) and D (Rr 

0, 22.95; C-CHI(l), 4.31; OCH,(l), 8.9; N-CHI(l), 4.3. 

OCH,, 9.15; NCH,, 4.7. 
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rator a t  aspirator pressure. The residue was dissolved in hot 
tnlline I Ia  r e d t e d  on cooling overnight. Three 
llerted amounting to 0.7203 g. ( 7 2 5 ) .  Two 

additional crystallizations gave analyt,ically pure material, 
m.p. 204-20t5.50 (dec. wit,h bubbling); Xz:?.O" 249 mp ( e  21,400), 
30X(14,500), ,525(1290); A!;:: ""'251 nip(E 19,100), 309 (12,600), 
,540 ( 14.50 j : XU.' m i \  .s Ed011 251 nip ( e  21,400)) 314 (14,100), 543 
(1290); hasic, PIC,' (ah the hydrochloride) = 6.76 (505, methanol), 
6.0 (water). 

.lnaZ. C n l d .  for CljHI8S4O:,: C, 53.03;  H, 5.43: N, 16.76; 
0, 23.%: one C-methyl, 4.50; one X-methyl, 4.50; one 0- 
methyl, 9.29, two NH?, 9.60; mol. wt,., 334. Found: C, 53.57:  
H, 5.61; N, 16.47; 0, 23.87; C-methyl, 4.12; N-niet,hyl, 0.0; 
0-methyl, 9.38, 9.09, 9.15: S H ,  (van Slyke nitrogen), 5.84, 
6.01; mol. at., 436, 415 (isothermal distillation in methanol j, 
34j  (titration). 

Acetylation of 1Ia.-A solution of 0.30 g. (0.90 mmole) of I I a  
in 100 nil. of methanol was stirred with 5 ml. of acetic anhydride 
for 2 hr. at, room temperature. Evaporation of t,he solvents 
in z'acuo left a red residue which cryst,allixed from water. Re- 
crystallization from hot wat,er afforded 0.15 g. (42%) of deep 
red crystals ( I Ig) ,  m.p. 230-231" dec. with previous softening a t  
126". 

;lnal. Calcd. for CliHroNd),: C, 54.25; H, 5 . 3 2 ;  N, 14. 
0, 23.54; C-CH,,, 8.00(2). Found: C, 54.00; H, 5.54: 
14.54: 0, 25.54; C-CHB, 7.72. 

Paper chromatography showed one spot in systems A4 (Rr 0.81 j ,  
C(IfrO.67), andF(Ki0.64) .  

Acid Hydrolysis of 1Ia.-ILa (110 mg., 0.33 mmole) was hy- 
drolyzed by heating with 30 ml. of 1 S HC1 a t  50-60" for 2 hr. 
The solution was then put onto a Dowex 50-x2 colunin (1  X 
16 em.) and the column w a ~  washed free of C1- with distilled 
water. The hydrolysate was eluted from the colunin with 3:; 
:mnionium hydroxide. The eluate was lyophilized to dryness 
nnd the purple, powdery residue was acetylated with 0.5  nil. of  
acetic: anhydride and 10 nil. of pyridine for 2 hr. a t  room tempera- 
ture. 1-olatiles were then removed in  z'acuo and the yellow solid 
remaining was taken absolute ethanol and spotted on 
paper. Paper strip a indicated that  t'he products were 
mainly tetraacetate I I I b  with a small amount of triacetate He. 
The ethanolic solution failed to crystallize so solvent was evap- 
orated and the residue was dissolved in a small amount of chloro- 
form and passed over a neutral alumina column (Brocknian 
grade 111, 1 X 10 cni.). Elution with chloroform gave a yellow 
eluate; the residue after evaporation of the chloroform crystal- 
lized from absolute ethanol to yield 83 mg. (45%) of tetraacetate 
IIIt), m.p. 228-229" dec. A mixture melting point with I I I b  
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 nil. 
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, 
cryst,alline slurry and heating was stopped. The red crystalline 
product was filtered, washed well with ethyl acetate, and dried 
to yield 120 mg. (50%) of diacetate IIc. An analytical sample 
was prepered by crystallization from a large amount of boiling 
methanol: 249 mp ( e  24,550), 308 (16,900). 

Anal. Calcd. for CIsH?&,Oj: C, 53.47; H, 4.98; N, 13.82; 
0, 27.73; (CHBC)a, 11.16: (CH,CO),, 21.3. Found: C, 53.40; 
H, 5.14; N, 13.90; 0, 27.30; CHJC, 10.73; CHaCO, 20.05. 

Acetamide 1Ib.-The diacetate I Ic  (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 niin., cooled, and evaporated 
to dryness on the rotary evaporator. The residue was crystal- 
lized from absoluk methanol to )-ield 60.7 mg. (67.5%) of pure 
acetamide IIb having no melting point below 300"; A:::: 24s 
n ip  ( B 24,000), 308 (15,SOO); pK,' in  504; methanol, no 
titratable group: Kf 0.66 in system B and 0.78 in system C. 

Anal. Calcd. for C16H18N406: 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 mitomycin C in I .5 nil. of glacial acetic. 
:ic.id was left a t  room temperature for 2 hr. The acetic acid was 
evaporated thoroughly and the result,ing red residue (IIb) was 
crystallized from acetone. Infrared and paper chromatographic 
analysis demonstrated that  TIb prepared by deacetylation of 
diacetate 110 (see above) was identical with the ITh of this 
preparation. 

Methylation of 1Ib.-Diacetate I Ic  (50 nig., 0.12 niniole) 
was niunodeacetylated as previously described by the act,ion 
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 
nil. of acetone. Methyl iodide (2  ml.) and 50 nig. of potassium 
carbonate were added to this solution and the whole was heated 
under reflux for 15 hr. Filtration of potassium salt,s, followed 
by evaporation of volatiles, left' a residue which was crystallized 
from distilled water to yield 2 i . 8  nig. (60%) of methoxyacetsniide 
IIg. 

Mitomycin C Acetate (Ic).-.\Iitornycin acetate was prepared 
on microsvale for paper chromatography experiments by acety- 
lating l or 2 ing. of mitomycin C. The acetylation was run for 
30-60 min., volatiles were removed in z'acuo, and the residue 
was found to run cleanly on paper giving one nicely formed spot. 

I n  a preparatory experiment 500 mg. (1.5 ninioles) of niito- 
niycin C was acetylated by the action of 2 ml. of pyridine and 
10 ml. of acetic anhydride a t  room temperature for 1 hr., a t  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 diatilled 
water and filtered, and, on cooling, acetyl mitomycin C (IC, 160 
mg., 287; j was obtained as a fine crystalline deposit. Additional 
crystalline product, 185 mg. (33',; I j  was obtained by evaporation 
of the filtrate to dryness, dissolving the residue in warni iw- 
propyl alcohol, and cooling the solution in the refrigerator over- 
night. The melting point of the product was difficult to de- 
termine due to it.q intense violet color, m.p.  165-169' dec. with 
prior softening a t  150'; X'"OH 218 nip ( E  21,000). 35s nip ( B  
21,900). 

Anal. Calcd. for CliH&406: C, 54.25: H,  5.82: K, 14.89: 
two C-methyls, 8.00; one acetyl, 11.43. Found: C, 54.16: H, 
5 . 5 3 ;  5, 14.81 (after drying in i 'ac?/o a t  100" for 2 days): C- 
methyl, 7.74: acetyl, 10.81. 

Reaction of Mitomycin C with Acetic Deuterioacid.-Thirty 
deuterium oxide was stirred overnight at room 

t h  95 nil. 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-cni. column packed with 1/8-in. i.d. glass helices with a 10: 1 
reflux ratio being maintained. The fraction boiling a t  114- 
115' was reserved. This fraction when subjected to n.1n.r. 
spectral analysis showed only a minute amount of proton on 
oxygen compared to deuterium on oxygen (e.;tiniated 99 5; 
CHaCOOD or better). 

.\litomyein C (300 nig., 0.90 mmole) was stirred with 15 nil. 
of acetic deuterioacid for 1 hr. a t  room temperature. The acetic 
deuterioacid wa3 then removed in vacuo, and the residue was 
acetylated by the action of 12 nil. of pyridine and 12 nil. of acetic 
anhydride for 1 hr. at room temperature. During this time, 2053 
nig. (si%,) of diacetate I Ic  crystallized from the acetylation 
mixture. Filtration of this followed by evaporation in aaciro 
of the filtrate left a residue which yielded 34.7 nig. (10%) of 
methoxyacetamide IIg upon crystallization from absolute 
methanol. Both products ran with identical rates as previously 
prepared samples on paper. Diacetate I Ic  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) a t  6 5.95 and comparison 
of that area with either the area of the 2 proton singlet a t  6 
4.94 or the areas of the three singlets (3 protons each) a t  6 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 t,his to be a reasonably accurate method.) This method 
showed at, least 40.54', deuterium bound to C-1 ( L e . ,  area cor- 
responded to only 59.55; of that expected for 1 hydrogen). 
.%Is0 50% deuterium was shown by this spectrum to have es- 
changed with the hydrogens on the 3 nitrogen atoms. 

Test of Deuterium Incorporation in Preformed 1Ib.-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 z'ac710, 
the residue was dissolved in 20 ml. of aretic deuterioacid, and the 
solution was stirred an additional 2 hr. Then 10 nil. of acetie 
anhydride was added to the solution and stirring was continued 
for an additional hour. The solution was evaporated to dryness 
in zmz(o, the residue was triturated with warm ethyl acetate, 
and the insoluble material was filtered. The ethyl acetate solu- 
tion upon rooling yielded 65 nig. (23:; j of crystalline rnethosy- 




