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TABLE X 
7-AMINOMITOSENE COMPOUND 

0 

X R Color MP ( " C )  
CsHsNH H Purple prism 250 
(CH3)zN H Reddish purple 201-202 

EtNH H Reddish purple 223-226 

NHn H Reddish prisms 174-178 
CHBO H Orange needles 173-178 
CeH5NH COCH3 Purple prisms 271-275 
(CH3)zN COCH, Purple prisms 164-169 
EtNH COCK3 Reddish purple 240-250 

NHz COCH, Reddish purple 250 

CHaO COCH3 Orange needles 227 

prisms 

ne e d 1 e s 

prisms 

needles 

See footnote a, Table VI. 

evapd under reduced pressure. The residue was purified by silicic 
acid chromatography and crystd from Me2C0. Greenish needles 
of mp 270-275' were obtained. Anal.  (CljH18N40.1) C, H, N. 
la-Methyl-7-methoxyaziridinomitosene (12).-In 100 ml of 

EtOAc, lb (340 mg) was catalytically hydrogenated using 10% 
Pd-C. After 22 ml of Hz was consumed, the mixture was filtered 
and the filtrate oxidized by aeration. Then the soln was evapd 
under reduced pressure, to produce 120 mg of orange plates which 
were recrystd from pyridine. Compound 12 showed no definite 
melting point. 
la-Methyl-7-alkylaminoaziridinomitosene ( 13).-To a DUF 

soln of 12 an excess of amine was added. After standing a t  room 
temperature for 2-5 days the yellowish soln changed to purple. 
It was evapd in vacuo to dryness. The residue was crystd from 
EtOH (Table IX). 
1-Acetoxy-2-acetamino-7-substituted-mitosene (14).--h sus- 

pension of 7-substituted-9a-methoxymitosane (1 g) in AczO was 
refluxed for 20-30 min. The reaction mixture was allowed to 
stand for 2 hr in the refrigerator. A crystalline product pptd was 
collected by filtration, yield 300-500 mg (Table X). 
l-Hydroxy-2-acetamino-7-aminomitosene (15).-To a soln 

of l-acetoxy-2-acetamino-7-methoxymitosene (900 mg) in 50 ml 
of MeOH an excess of amine was introduced. After standing a t  
room temp overnight, the color of the reaction mixture had 
changed from yellow to reddish purple. The soln was evapd 
to dryness. The residue was crystd from EtOAc, yield 80-90% 
(Table X). 

Anal. ( C I ~ H I ~ N ~ O ~ )  C, H, N. 
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Several derivatives of decarbamoylmitosane (2) and decarbamoylmitosene (3) were prepared and subjected 
to in vitro antibacterial and prophage induction tests to investigate structureactivity relationship. The carba- 
moyl and aziridine groups are not essential for the biological action of mitomycin, but can be replaced by other 
acyl groups without loss of activity. The essential structure for the biological action is postulated to be the in- 
dolequinone. 

I n  the previous paper,' we reported on mitosane (1) 
and mitosene compounds having a carbamoyl group, 
and their biological activities, in order to study the 
structure-activity relationships of mitomycins. The 
present paper concerns decarbamoglmitosane (2) and 
decarbamoylmitosene (3) along with their biological 
activities. 
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Some of the mitosene derivatives which had no aziri- 
dine ring showed strong antibacterial and antitumor ac- 

tivities.' Iyer and Seybalsky* presented as a hypothesis 
for the chemical mechanism of the action of mitomy- 
cins that these compounds were bifunctionally masked 
alkylating agents due to protonation at  the 1 and 10 
positions of enzymatically reduced mitomycins. If this 
hypothesis were correct, the aziridine and carbamoyl 
groups in mitomycins would not be essential for their 
biological actions. In  the present paper, the effects of 
substituents a t  the 10 position of decarbamoylmitosane 
(2) and decarbamoylmitosene (3) are described relating 
to their biological activities. 

Decarbamoylmitosanes and Their Derivatives.- 
When mitomycins and their homologs were treated n-ith 
NaOR, carbamoyl (vc-0 1700 cm-l) was removed and 
decarbamoylmitosanes 4 were obtained. Then 4 was 
acetylated with acid anhydrides in pyridine to produce 
10-acyloxy derivatives 5 (ester VC-0 1725 cm-I). When 
Z was H, diacyl derivatives 6 (ester VC-0 1725 cm-I, 
amide VC-0 1700 cm-l) were obtained. They were 
partially deacylated in a weak alkaline condition to give 
10-acyloxy derivatives (7) (ester VC=O 1725 cm-l) 
(Scheme I). 

Decarbamoylmitosene Derivatives.-Acid degrada- 
tion of mitomycins gave mitomycinone as described 

(1) S. Kinoshita, K.  Uzu, K .  Nakano, bf. Shimizu and T. Takahashi, J. 
M e d .  Chem., 14, 103 (1971). (2) V. N.  Iyer and W. Szybalsky, Science, 145, 55 (1964). 
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T a n m  I 
ANTIBACTERIAL ACTIVITIES O F  DEC.4RBhhlOPLMITOBArKi3s I X D  THEIR DERIV4TIVES 

0 

x Y R 1: 

TH2 OCH3 H H 
SH, OCHi COCH3 COCH3 
SH2 OCH3 H COCHi 
S H *  OCHi H CONH, 
XH* OCHi CH3 H 
?iH* OCH, CHd COCH3 
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x - 
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6 ... n 

previously. 3 , 4  This compound x i s  identified as 1-h~.- 
droxy-2-amiiio-i-hydroxydecarbanioylniitoseiie3 m 4  (8). 
;Ic>,lation of 8 folloved by allcaline hydro1 
methj-lation gave I-hydroxy-2-acetaniino-i-methoxy- 
decarbanioylmitoserie (9) .'3  I t  was :tcetylated to give 
triacetate 10, which TT-RS hydrolyzed with SH3--1LeOH 
to form a diacetyl derivative. I t  was identified as 11 
hj- nmr (CH~OBC, 3.2 ppm, 2 protons: doublet) aiid ir 
spectra (ester YC=O, 1730 cni-'). It was treated n-ith 
C1CH2COC1 a i d  CjH5S in dilute solution to  give a 
mixed ester 12 (ester vC=o, li40 and liG0 cm-I) 
(Scheme 11). 

Biological Test and Structure-Activity Relationship. 
-The derivatives prepared as described above \\-ere 
hiubjected to antibacterial tests using Bacillus subtilis, 

' 3 )  I<.  Uzu, Y ,  IIarada,  S. IT-akaki and 'i. Yarnada, A Q r .  Bioi. Chem.,  28, 

l I e y e r ,  11, P. IVilIiam, C.  F. n - G l f ,  JV, F L ~ I ~ I G ~ ,  C .  Pidacks,  and  J .  1:. L n i i -  

cartei, J .  . I m e r .  Chem. S a c . ,  84, 3185 (1962). 
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Sarci7ia lutea, Pseucloiizoiias aemyinosa,  and Staph ylo- 
cocrus aureus as test organisms. The minimal inhibitory 
concentration ( M C )  of each compound was measured 
by agar plate dilution method. The prophage induction 
test ivas conducted by using Esche~ici i ia  coli W'. 3100 as 
test organisni in the method employed bj. Eiido, et  aZ.5 
The prophage inducing xt ivi tJ-  was calculated 1))- 
plague iiides (sample's plague 'control's plague). 

Tables I and I1 shon- the antibacterial activities of 
the derivatives of decarbnnioylmitosaiie arid decar- 
bamoylmitosene. I n  the iiiitosane uiitl niitoseiie coni- 
pouncls, reinoval of the calbnmo?-l group resulted in a 
pronounced decrease of their mtibncterial activities. 
It had been suggested that the car'hanioyloxymetl~j-1 
group (CH,OCOSH,) TVU oiic of the active sites in 
mitoin\-cins. Anot hex iiit erc3ting findiiig 11-as that' the 
lO-nc>.loxy derivativci; of tlecurbanioylniitosaiie :md 
decarh:Lnioylmitoseiie shon-et1 : h o s t  the same anti- 
hncterial tlctivity :is niitosmie u i d  niitoserie containing 
the carl~niiioyl groul) (T:tbles 1: 11). These phenomena 
iiitlicnted that the carbanioj.1 group n ' : ~  riot essential 
for aiiti1)ncteri:d :xtivit\-. l i t i t  cnn he replaced by other 
acyl groups without substaiitial loss of :intibacterial 
xt iyi t j . .  The protori;ttioii of C-10 is necessary for t,he 
appe:ar:mce of t l ic ;uitibncterial activities. llitosene 
c<Jnipounds haying 110 aziridiiie ring showed no prophage 
iiiducing xt ivi t ) .  as (le ihed previously. Therefore 
the 2iziridirie grCiL1p is also oiic of the active sites of alkyl- 
Liting xt ioi i  i n  mitoinyciris. However, the aziricline 
group i h  iiot esserit ial f'cir t lie prophuge inducing and 
:illq~lating actions. U l i e ~ i  :ui electron-withdrawing 
group was introduced :it the oxygen uf C-1 in mitosene 

s! the?. exhibited :L ,ytroiig prophage inducing 
hoivii in Tnlile 111. 

Thesc results gave p r t i a l  evidence to  Szyb:ilsliy's h>-- 
pot hesis that mitomj-cins are bifunctional dkylating 
agents. :\loreover; they suggested that the carbamoyl 
and aziridiiie groups were riot essential for the action of 
initom!-cin, hiit c:in be replaced by other acyl groups 
without loss of hiologicsl activity. 

Mechanism of Protonation of Reduced Mitomycin. 
-The follon%ig t h r w  filetors seem to be necessary for 
t h e  p~~ituiiatioii ( ~ f  activnted mitomycins. 

(1) I.>ir,qt, uii iiidole fragment is formed by reduction. 
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TABLE I1 
ANTIBACTERIAL ACTIVITIES OF DECARBAMOYLMITOSENES AND THEIR DERIVATIVES 

--- MIC ( d m U  - 
Staph. Bacillus Sarcina Pseudo- 
aureus subtilis lutea E. coli  monas 

X RI Ra 209 P ATCC PCI B (H) aeruginosa 

CH,O H H > 50 >50 >50 >50 >50 
CHaO COCHa COCHa 0.383 0.191 0.383 1.53 >50 
CHaO COCzHb COCzHs 0.766 0.766 1 .53  6.12 >50 
CHaO COCHzCl COCHzCl 3.06 
CHaO COCHa H 0 . 3 8  
CHa0 COCH, COCHzCl 0 . 3 8  
CHsO CONHz H 0 .38  

CH,-V 

I+&+ w- 

b H  - 

Two types of resonance should be possible as suggested 
by Iyer and S.zybalsky.2 

(2) The second is an electron-donating force by the 
substituents on ring A. Since OH, X, and Me groups 

1 .53  3.06 6.12 > 50 
0.38 0 .76  3.06 >50 
0 .38  0.76 6.12 >50 
0 . 3 8  1.56 6.12 >50 

TABLE I11 
THE PROPHAGE INDUCTIVITY OF DERIVATIVES OF MITOSENE 

AND DECARBAMOYLMITOSENE 
0 

R1 
COXHz 
CONHz 
CONHz 
CONHz 
H 
COCHa 
COCHa 
COCHzCl 
COCHs 

R2 
H 
COCK3 
COCHzCl 
COCHClz 
H 
COCHa 
H 
COCHzC1 
COCHzCi 

0 

Prophage 
inductivity 
(1 mg/ml) 

Plague index 
(sample’s plague) 
(control’s plague) 

1 . 0  
1 . 8  
5 . 6  
6 . 6  
1 . 0  
1.8 
1 . 0  
7 . 2  
4 . 7  

are electron-donating groups, many types of resonance 
resulting from these groups are to be considered. 

0 0 
+ 11 CH,- 0 - C-R 

U U 

(3) The last is an electron-withdrawing action of V 
and W a t  the C-10 and the C-1 positions, respectively. 

The cooperation of these three factors is necessary for 
the protonation at  the C-1 and the C-10 of reduced mito- 
mycin, and for the appearance of the biological activities 
of mitomycins. Essential structures for the biological 
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action of mitomycins are therefore shown in the follow- 
ing formulas. 

n OH 

OH 

Experimental Section 
Decarbamoylmitomycins (4).-To a mixture of 500 mg of mito- 

myciiis in 50 ml of MeOH and 85 ml of dry C6Hs was added a 
soli1 of .3 g of LIeOSa in 35 ml of MeOH. The mixture was vigor- 
ously stirred at room temp for 12 hr. The reaction mixture was 
iieutralized with excess Dry Ice; the bluish color changed t o  
purple. The reaction mixture was filtered, and the collected 
XaHCO3 vias washed wit,h llIezCO unt,il the filtrate became color- 
leis. The filt,rate was combined and evapd under reduced pres- 
sure and the residue was chromatographed on  a silica gel column 
using CHC13-Xe&0 (1 : 2 )  a Concn of the purple 
eluate afforded crystals of 4, y 

Acetates 5 and 6 of Decarb cin (4).-11i a mixture 
of 0.5 ml of Ac20 and 1 nil of pyridine was dissolved 100 ml of 
decarbamoylmitomycin (4). After the mixture was allowed to 
s ta id  for 16 hr in the refrigerator, it was poured into ice water. 
The resulting solii was extd with EtOAC, and t'he ext was collected, 
washed mith aq S a H C 0 3  and satd aq SaC1, and dried (Na2SO4). 
The solvent was evapd under reduced pressure to give a quant 
anit of acetates 5 and 6. 

Monoacetyldecarbamoylmitomycin C (7, X = KH2j.-Iri a 
mixture of 3 ml of llIeOH and 5 ml of 1 0 5  SaHCO, vas  dis- 
solved 100 mg of diacetyldecarbamoylrnitomyciii C (6,  S = 
TI-12). The mixt,ure was alloffed t,o atand for 2 days at, room 
t,emp and then extd with Et0 .4~ .  The est xvas dried (Sa280n 
and evapd to dryness under reduced pressine. The re>idue . 
chromatographed on silicic acid using CHC13-hIerC0 (1 : 1) 
solvent. The second main fraction was evapd to leave a resi 
from which 29.5 mg of monoacetate 7 was crystd as purple needles. 
Table I V  shows the properties of decarbamoylmitosane and their 
derivatives. 

l-Hydroxy-2-acetamino-7-methoxydecarbamoylmitosene (9)  
d by acetylation of mitomycinone (8) followed by 
id methylaiioii a> dexribed previoudy.3 
10 of l-Hydroxy-2-acetamino-7-methoxydecarba- 

moylmitosene (9).-To a mixture of 1 nil of llcaO and 1 ml of 
pyridiiie R-as added 100 mg of decarbamoylmitosene (9). After 
standing a t  room temp for 1 hr, the solii xa'i evapd to dryilea? 
iiider rediiced pressiire, and the residue was chromat'ographed 011 

>ilica gel usiiig CHC13-I\Ie2C0 ( 0 : l )  a+ a solvent. The main 
fravtion was evapd and the residue wac. cry.5td from lIe2Co-Et20: 
ir Y ( ~ = O  1725, c.m-1 (ester), 1700 cni-1 (amide). The dipropionate 
w ; i ~  prepared tq. thi, procedure. 

Monoacetates 11 of l-Hydroxy-2-acetamino-7-methoxyde- 
carbamoylmitosene (9).-In SO ml of 0.23 S SH-MeOH,  34U 
mg of 10 was dissolved. fter standing for 20 min, the reaction 
mistiire wa- evapd I O  dr lies-, a id  the residue R-as chromato- 
graphed on  .<ilicic acid II ng I\le2C0-CHCl3 (1:9). Evapn of 
the main fraction gave crystals of 11, yield 50-6071: ir YC-O, 

17::O em-': iimr 3 .2  ppm, 2 pro?ori.s, doublet. 

TABLE IV 
D~CARB.~~~OYLNITOYYCINS A N D  THEIR DERIVATIVEL 

n 

x R LIP, " C  Color Formula' 
II H 250 Dark purple ClrH1,NsOa 

CH3 €1 1.X Dark purple C15HigN304 

COCH3 COCHI Dark purple C18H21N306 

H COCH3 175 Dark purple C ~ ~ H I ~ N ~ O S  

CI1 j COCH, 171 Dark purple C17H2lNa06 

needles 

needles 

needles 

needles 

needles 
All compds were analyzed for C, H, S.  

R1 
H 

COCHs 

COCrHj 

COCHzCl 

COCHa 

COCH3 

I. ormula" K AI 1' Color 
',-- AI Orange C16H&206 €I 

COCHI 222 ~Tellow CZ~HZZX~OB 

COCZII, 209 Yellow C ~ ~ H L ~ N Z O ~  

COCHrCl 205 Orange CloH2oC1N3O8 

I3 17\ Oiange CiXHz0Xz07 

COCII,CI 164 Orange C ~ O H ~ I C ~ Y ~ O ~  

needles 

needles 

needles 

needles 

needlei 

needle5 
a See footnote ( I ,  Table IV. 

Mixed Ester (12, R = CH:; R' = CICH?) of Decarbamoyl- 
mitosene (9).-To 100 mg of 11 in 5 ml of CjHj?;, 450 mg of 
ClCH?COCl iii 5 ml of anhyd C6H6 was added dropwise in an ice 
bath wit,h vigoroils stirring. After 2 hr, a small amt of €320 was 
added to the react,ion mixt'ure and extd with CHCl3. The organic 
.jolri was washed mith aq ?ITaHC03 and HrO and dried (?;a2S04). 
The solvent was evapd to  dryness. The residue was chromato- 
graphed on silicic acid using bIe2CO-CHC13 (1 : 9).  The main 
fraction was evapd to dryness under reduced pressure and the 
residue was crystd from Xed20 to give 87 mg of needles: ir 
ester Y C = O ,  1740, 1760 cm-l. Table V shows the properties of 
derivatives of decarbamoylmitosene. 


