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Starting with mitomycin C (I) ,  a number of solvolytic reactions were investigated and were found to result in opening 
of the aziridine ring with loss or migration of the Sa-methoxy group. A careful examination of the resulting 1,2-disub- 
stituted 7-aminomitosenes indicated that there was a strong tendency for the aziridine ring on opening to furnish 
mainly one stereoisomer, always with the oxygen atom a t  C-1 and the nitrogen atom a t  C-2. Thus the hydrolysis of 1 
with dilute aqueous hydrochloric acid gave mostly cis-2,7-diamino-l-hydroxymitosene (3) in addition to small 
amounts of the trans-aminohydrin (IO). Mitomycin A (2) behaved analogously. Both 1 and 2 generated a cis-l-ace- 
toxy-2-acetamide when they were allowed to react with acetic anhydride. Acetolysis of mitomycin C was found to 
give the cis-1-hydroxy-2-acetamide ( 5 ) ,  the trans-1-acetoxy-2-amine (14), and a cis-trans mixture of l-acetoxy-2- 
acetamides (4  and 11, respectively). Routes to cis-1-methoxy-2-acetamide (9) were possible through the methanolysis 
of 1 or through the methylation of 5. For comparison, the trans-1-methoxy-2-acetamide (16) was obtained through a 
known resin-catalyzed methoxy migration from C-9a to C-1 in mitomycin C. The use of 'H nmr spectroscopy to as- 
sign configurations to 1,2-disubstituted mitosenes is discussed. 

During the studies on structure elucidation of the mi- 
tomycins a variety of solvolysis products were ~ b t a i n e d . ~ - ~  
These products generally were 1,2-disubstituted mitosenes 
(e .g . ,  3) in which the aziridine ring had been opened and 
the elements of methanol (water from mitomycin B) elimi- 
nated. More vigorous hydrolysis resulted in cleavage of the 
7-substituent and the carbamate group. A careful kinetic 
study of these hydrolytic processes was made with porfir- 
on1ycin.j 

Despite the significance of mitosenes to the mitomycin 
structure elucidation studies, almost nothing was reported 
about their stereochemistry. Subsequent reports6sT on the 
antibacterial and antitumor activities of mitosenes such as 
6 and its N-acetyl derivative made a knowledge of their 
stereochemistry even more important. These consider- 
ations, combined with an urgent need to establish unambi- 
guously the stereochemistry of 1,2-disubstituted mitosenes 
resulting from our mitomycin synthesis program, led us to 
reinvestigate the mitomycin solvolysis products. 

The only mitosene whose structure and stereochemistry 
had been assigned in the literature was trans-2,7-diamino- 
1-methoxymitosene ( 15h3 This compound was claimed to 
be formed by treating mitomycin C with Dowex resin and 
methanol, with glacial acetic acid, or with methanol and 
acetic acid. The stereochemical assignment was based upon 
a probable migration of the Sa-methoxy group, especially in 
acetic acid solvent where recapture of the eliminated me- 
thoxy group was considered unlikely. However, acetylation 
of 15 was reported to give a derivative (16) which was iden- 
tical with the compound prepared by 0-methylation of a 
second product (l-hydroxy-2-acetamide, 5 )  isolated from 
the acetic acid reaction and claimed to have been formed 
by 0 -+ N acetyl migratiom3 Since such a migration re- 
quires cis stereochemistry the two pieces of evidence were 
in apparent conflict. However, the basis upon which that  
identity had been established was not given. 

Another mitosene for which much evidence had been 
published was apomitomycin A.2,8 This compound under- 

went semipinacolic deamination to 7-methoxymitosen-l- 
one upon treatment with nitrous acid, and it afforded a 
1,2-cyclic carbamate with phosgene. Although not explicit- 
ly stated in the literature, these data are conclusive in es- 
tablishing apomitomycin A to be cis-2-amino-1-hydroxy- 
7-methoxymitosene (6). 

Since it seemed likely that mitosenes 15 and 6 represent- 
ed examples of trans and cis stereochemistry, respectively, 
we sought to link them by suitable chemical transforma- 
tions into a pair of compounds differing only by being ep- 
imeric a t  C-1 and examine the nmr spectra of these epim- 
ers. Although it appeared unlikely that these compounds 
would follow the Karplus equation we hoped for some char- 
acteristic differences in their spectra which might aid in 
stereochemical assignments for related compounds. 

Hydrolysis of mitomycin C by 0.05 N hydrochloric acid 
according to Stevens procedure3 gave in addition to the 
previously reported 2,7-diamino-l-hydroxymitosene (the 
cis isomer 3 as shown below) a second mitosene (3.5% yield) 
which was isomeric with 3 according to the analytical data. 
As described below this is the previously unknown trans 
isomer 10. Mitomycin A was hydrolyzed with 0.05 N hydro- 
chloric acid2 and again two mitosenes were obtained. One 
of these was the previously reported apomitomycin A, 
which was confirmed to be cis-2-amino-l-hydroxy-7- 
methoxymitosene (6). The other mitosene, called isoapomi- 
tomycin A, had been assigned the structure 1-amino-2-hy- 
droxy-7-metho;xymitosene (stereochemistry not speci- 
fied).8 This structure actually should be trans-2-amino-l- 
hydroxy-7-methoxymitosene (13) as shown below. Treat- 
ment of 6 and 13 with methanolic ammonia gave the corre- 
sponding 7-aminomitosenes 3 and 10, respectively, which 
interrelated the hydrolysis products from mitomycin A and 
mitomycin C. 

Assignment of the 2-amino-1 -hydroxy structural feature 
to mitosenes 3 and 6 was based upon spin decoupling ex- 
periments on their corresponding diacetates 4 and 7, re- 
spectively. Thus irradiation of the signals containing the 
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C - 2  proton (6 5.04 in both 4 and 7)  collapsed the doublets 
for the C-1 (6 6.07) and amide protons to singlets and the 
doublet of doublets for one of the C-3 protons sharpened to 
a doublet. These experiments proved that the nitrogen 
atom was a t  C-2 in both diacetates. Diacetates 4 and 7 were 
prepared both by acetylation of aminohydrins 3 and 6 and 
by treatment of mitomycins C and A with acetic anhydride, 
and identities of the products formed by the two different 
routes were established by their nmr and ir spectra. Pre- 
viously the samples of 4 had been shown to have the same 
Rf  values on t lc3  Samples of 7 prepared by these two routes 
had not been established as identical, although this was 
suggested by nearly equal melting points for the two sam- 
pless Interestingly, the reactions of acetic anhydride with 
mitomycins C and A gave no traces of trans-diacetates. 

The preceding experiments, together with the previously 
published cyclic carbamate formation and semipinacolic 
deamination of 6,s establish the structures and stereochem- 
istry of 3, 4, 6, and 7 to be cis-2-amino-1-hydroxymitosene 
derivatives as depicted in Scheme I. Structures of the iso- 
meric compounds 10 and 13 were established as follows. A 
mixt,ure of 3 and 10 from hydrolysis of mitomycin C was 
converted into diacetates 4 and 11 by acetic anhydride. 
Spin decoupling of the C-2 proton signals (centered a t  6 

5.04) in this mixture sharpened to singlets the C-1 proton 
(6 5.94 for 11) and amide proton of both compounds, indi- 
cating that 11 also had the nitrogen a t  C-2. Confirmation of 
this assignment was obtained by preparing 1-hydroxy- 2 -  
acetamides 5 and 12, corresponding to 3 and 10, and treat- 
ing each hydroxyacetamide with manganese dioxide. The 
products of both reactions gave identical I i f  values un tlc, 
which showed that they resulted from oxidation of the 1 - 
hydroxy group to the same ketone. Facile manganese diox- 
ide oxidation of a 1-hydroxymitosene to the corresponding 
ketone had been reported p rev io~s ly .~  cis- Hydroxyacetam- 
ide 5 was prepar’ed by hydrolysis of diacetate 4 with metha- 
nolic ammonium hydroxide. Treatment of aminohpdrin 10 
with acetic anhydride in methanol afforded trans- hydroxy- 
acetamide 12. These experiments show that 10 and 13 
(which was converted to 10) are 2-amino-1-hydroxymi- 
tosenes, rather than I-amino-2-hydroxymitosenes and, 
therefore, they must be the trans isomers. This assignment 
of stereochemistry is supported by the previously reported 
nitrous acid deamination of 13 (incorrectly assigned the 1 - 
amino-2-hydroxymitosene structure) wherein the product 
was a 1,2-diol and not a ketone.* With respect to the s t r w -  
ture assignment for 13, we wish to report that Dr. .J. S. 
Webb informed us prior to the completion of this stud?; 
(Feb 1974) of unpublished results on the hydrolysis o f  mi-  
tomycin B followed by nitrosation in which a pair of c k -  
and trans- 1 -hydroxy-7-methoxy-2-methylamino-~V- nitro- 
somitosenes was isolated. He suggested that 13 (isciapomi- 
tomycin A)  also might be a trans isomer.’(’ 

Although the isolation and identification of trans-ami- 
nohydrins 10 and 13 provided, along with 3 and 6, cis-trans 
pairs of compounds t o  serve as a basis for assignment of 
stereochemistry to synthetic 1,2-disubstituted mitosenes, it 
still was important to prepare the reputed trans-methoxy- 
amine 15 and confirm its stereochemistry. The literature 
procedure by which 15 was prepared from mitomycin C 
and Dowex resin in met,hanol” afforded a product that  
showed four spots on tlc. However, acetylation of this mix- 
ture followed by crystallization gave a pure methoxyace- 
tamide (shown below to be 16) which agreed in melting 
point with the literature compound.:i When mitomycin C 
was treated with methanol and a small amount of glacial 
acetic acid, we obtained 15 and a new compound, isomeric 
with 15, which proved to be cis-2,7-diarnino-l-methox?;- 
mitosene (8). Only compound 15 was reported previously as 
the product of this reaction.,’? Treatment of 8 with acetic 
anhydride gave the N-acetyl derivative 9, in which form it 
was characterized. Methylation of cis-2-acet,amido-7- 
amino- 1 -hydroxymitosene ( 5 )  afforded a I-methoxy deriv- 
ative 9 which was identical by tlc in two systems with either 
of the isomeric methoxyacetamides prepared from methox- 
yamines 15 and 8, but whose infrared spectrum was super-. 
imposable only with that of the methoxyacetamide 9 pre- 
pared from 8. This result shows that 8 is the cis-methoxy- 
amine and 15, as reported previously,,’ is the tran.s-methox- 
yamine. For the methylation of 5 we found it essential to  
use methyl iodide in combination with silver oxide and di- 
methylformamide. The literature method, involving methyl 
iodide and potassium carbonate,:i gave only starting mate- 
rial in our laboratory. 

Finally, we investigated the solvolysis of mitomycin C in 
glacial acetic acid. This reaction had been reported pre- 
viously to give a mixture containing a small amount of 
trans-methoxyaniine 15, mainly a 1-hydroxy-2-acetamide 
(5) considered to be cis on the basis of a probable 0 - N 
acetyl migration, and a trace of an unidentified substance:’ 
Following the reported conditions we obtained a mixture of 
four products which included 5 as the main component, h i t  
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which contained no 15. The other components were cis- 
and trans-diacetates, shown to be identical with 4 and 11, 
and trans-l-acetoxy-2,7-diaminomitosene (14). This exper- 
iment was repeated four times with no variation in the 
product composition. Treatment of 14 with methanolic am- 
monium hydroxide gave trans-aminohydrin 10, which 
helped to confirm its structure. 

Thus the structures and relative stereochemistry of a va- 
riety of mitomycin solvolysis products are established. Bio- 
logically active mitosenes in the 7-methoxymitosene series, 
such as 6 and its N-acetyl derivative, have cis stereochem- 
istry. Of the corresponding trans isomers only 13 was pre- 
pared in our study and it was in insufficient quantity for 
biological testing. A previous report, however, had indicat- 
ed that 13 and the cis-diacetate 7 were somewhat less ac- 
tive than 6 when they were tested against bacteria in cul- 
tures.8 Since the 7-aminomitosenes, for example 311 and 8: 
showed almost no antibacterial activity, comparisons in 
this series were impractical. 

Structures of various 7-hydroxymitosenes and mitomyci- 
nones, obtained by more vigorous hydrolysis of the mitom- 
ycins, follow from their previously established relationships 
to the corresponding mitosenes2& The absolute stereo- 
chemistry of the mitosenes, depicted in Scheme I, follows 
from that of the mitomycinsl2 since it is unlikely that the 
2-amino substituent would undergo epimerization upon 
ring opening. This means that the trans isomers are 1S,2R 
and the cis isomers are 1R,2R. 

Concerning the use of nmr spectra for the assignment of 
stereochemistry to new mitosenes, i t  appears that reliance 
on vicinal coupling constants ( J l , z )  alone for differentiating 
between isomeric mitosenes is very risky. In D M s 0 - d ~  a 
doublet for H-1 was seen in the spectra of cis-aminohydrins 
3 and 6 ( J 1 , 2  = 5.0 Hz) and their diacetates (JI ,~ = 6.0 Hz), 
whereas certain trans-mitosenes gave a broadened H-1 sin- 
glet from which half-bandwidth measurements (4-5 Hz) 
showed Jcis to be about 1 Hz greater than Jt,,,,. However, 
when the C-1 substituent was methoxy, as in compounds 15 
and 16, chemical shift differences were so small that the 
H-1, H-2, and H-3 signals overlapped and vicinal coupling 
constants could not be obtained by inspection. Thus, the 
nmr method appears to be useful for assigning configura- 
tions to l-O-acyl-2-aminomitosenes, but the differences in 
J,,, and Jt,,,, are not sufficiently characteristic to be singu- 
larly applicable to all 1,2-disubstituted mitosenes. In a pre- 
vious study on 1,2-disubstituted indans, J 1 , 2  was shown to 
be unreliable for assigning configurations where J,,, was 
greater than Jtrans in approximately one-half of a series of 
isomeric 2-amino- 1 -indanols. l3 

Experimental Section 
Melting points were taken on a Mel-Temp apparatus and are 

uncorrected. The designated thin-layer chromatography systems 
include A (precoated silica gel F-254 glass plates, 0.25 mm thick- 
ness, 5 X 20 cm, E. Merck, with an MeCN-n-BuOH-Me&O 3:l:l 
solvent system), B (as for A with solvent system of MeOH), C (as 
for A, with hexane-i-PrOH-EtOAc 2:3:2 as solvent mixture), and 
D (precoated polyamide 11 F-254 aluminum sheets, 0.15 mm thick, 
5 X 20 cm, E. Merck, with an MeNOz-n-BuOH-MeCOEt-MeOH 
3:l:l:l  solvent system). Preparative layer chromatography was car- 
ried out in the solvent systems indicated above using precoated sil- 
ica gel F-254 glass plates, 2.0 mm thickness, 20 X 20 cm, E. Merck. 
Elemental analyses were carried out by Dr. C. S. Yeh, Department 
of Chemistry, Purdue University, and by Galbraith Laboratories, 
Inc., Knoxville, Tenn. Ultraviolet spectra were run on a Cary 
Model 17 instrument. Nuclear magnetic resonance spectra were 
obtained on a Varian XL-100 spectrometer using the deuterium of 
DMSO-& as a field-frequency lock. Chemical shifts are expressed 
in parts per million downfield from tetramethylsilane. Infrared 
spectra were recorded on a Perkin-Elmer 237 B spectrophotometer 
and, where frequencies are given, the band intensities are desig- 

nated as strong (s), medium (m), or weak (w). The adsorbents for 
column chromatography were Silk AR CC-7 (60-200 mesh) or 
100-200 mesh Florisil (supplied by Fischer Scientific Co.) as indi- 
cated. 

Hydrolysis of Mitomycin C.3 A solution of 1 (750 mg, 2.2 
mmol) in 0.05 N HC1 (150 ml) was stirred at 5' for 5 min and then 
a t  room temperature for 35 min. The purple mixture was cooled 
externally in ice e n d  the pH was adjusted to 10 with aqueous 
KzCO3. After 6 hr, 1 ml of aqueous NH40H was added and after 
another 16 hr  a t  room temperature the neutralized mixture was 
cooled in an ice bath for 1.5 hr. A deep purple hydrolysate was col- 
lected by filtration to give 900 mg of air-dried product. The crude 
material was dissolved in MeOH, evaporated to dryness in uacuo, 
applied to a column of silica gel (containing 15% by weight of 
H20), and eluted with MeOH. The first fraction gave trans-2,7- 
diamino-1-hydroxymitosene (IO, 23.5 mg, 3.5%) as purple plates: 
Rf 0.08 (A), 0.30 (B). Two recrystallizations from MeCN gave an 
analytical sample with no melting point: ir (KBr) 1600 (s, C=C), 
1660 (m, C=O), 1715 (s, C=O), and 3300-3400.cm-' (s, OH, NH). 
Anal. (C14H16N40d c ,  H, N. 

The last main fraction from the column showed some 10 and was 
rechromatographed through silica gel with EtOAc, MeCN, and 
MeCN-MezCO mixtures. On evaporation in UQCUO,  there was ob- 
tained 114.5 mg (21%) of cis-2,7-diamino-l-hydroxymitosene (313 
as reddish-brown crystals: Rf 0.22 (A), 0.21 (B). Fine purple nee- 
dles crystallized from EtOH: nmr ( D M s 0 - d ~ )  6 6.52 (br s, 4, 
C ~ N H Z ,  carbamate "2, exchanged with DzO), 5.04 (ragged s, 2, 
C10H2), 4.70 (d, 1, J = 5 Hz, CIH), 4.34 (m, 1, CZH),  4.14-2.84 (m, 
5,  C3H2, ClOH, CzNHz, latter 3 protons exchanged with DzO), and 
1.76 ppm (5, 3, CsCHd. 

Fractions from the two previous columns which gave mixtures of 
3 and 10 were dried and combined and the resulting 71 mg was ac- 
etylated with AczO (1 ml) in pyridine (3 ml) for 1. hr a t  5' and for 
15 hr a t  room temperature. After adding 95% EtOH (20 ml) and 
evaporating to  dryness in UQCUO with the last traces of pyridine re- 
moved by azeotroping with toluene, the mixture was passed 
through a silica gel column. One main red band (41.5 mg) was ob- 
tained on eluting with CHClz, EtOAc, EtOAc-MeCN; and MeCN. 
The nmr spectrum ( D M s 0 - d ~ )  gave signals a t  6 8.53 (d, J = 7 Hz, 
CzNH of diacetate l l ) ,  8.34 (d, J = 8 Hz, C2NH of diacetate 4), 
6.07 (d, J = 6 Hz, C1H of 4),  and 5.94 ppm (s, half-bandwidth 4 Hz, 
CIH of 11). Irradiating the C2H centered a t  b 5.04 collapsed the 
above lines to  sharp singlets thus confirming that  N was at  C-2 in 3 
and 10. 

Reaction of Mitomycin C with Acetic Anh~dride .~  A suspen- 
sion of mitomycin C (100 mg, 0.3 mmol) in AczO (1 ml) was heated 
a t  125O (oil bath) for 5 min and stirred for 2 hr a t  room tempera- 
ture. After adding 10 ml of 95% EtOH, the mixture was evaporated 
to dryness in uacuo. The resulting solid was chromatographed on a 
silica gel column. Elution with EtOAc and EtOAc-MeCN mixtures 
gave, after recrystallization from i-PrOH, about 1 mg of deep pur- 
ple crystals, Rr 0.72 (A), mp 145-147', which showed uv maxima 
(MeOH) a t  247.5 and 307 nm. Continued elution with MeCN and 
MeCN-Me2CO mixtures gave cis-2-acetamido-l-acetoxy-7-amino- 
mitosene (4, 57 mg, 47%) as red needles from MeOH: no melting 
point; Rf 0.55 (A), 0.19 (C), 0.84 (D); nmr (DMSO-ds) d 8.38 (d, 1, J 
= 8 Hz, CzNH), 6.68-6.42 (two s, 4, C7NH2, carbamate NHz, ex- 
changed with DzO), 6.07 (d, 1, J = 6 Hz, ClH), 5.04 (s, 3, C10H2, 

C3H), 2.04 (s, 3, OCOCHz), 1.84 (s, 3, NCOCHs), and 1.74 ppm (s, 
3, CtjCHd. 

Preparation of 2-Acetamido-7-amino-1-hydroxymitosene 
(5). The diacetate 4 (15 mg, 0.037 mmol) was dissolved in MeOH 
(18 ml) and 0.2 ml of ",OH was added. After refluxing on a 
steam bath for 15 min, the mixture was cooled and evaporated to 
dryness in UQCUO. Recrystallization from MeOH gave the desired 
hydroxyacetamide 5 (11 mg, 82%) as deep purple crystals: notica- 
ble decomposition (250-300') without melting up to 375' in agree- 
ment with Stevens, et ~ l . , ~  who quote no melting point below 300'. 
Kinoshita, e t  a2.F quote mp 174-178' for 5 which was prepared by 
treatment of 2-acetarnido-1-acetoxy-7-methoxymitosene (pre- 
pared from mitomycin A and AczO) with methanolic "3: Rf  0.45 
(A), 0.73 (D); nmr (DMSO-de) 6 8.11 (d, 1, J = 7 Hz, CzNH, slowly 
exchanged with DzO), 6.54 (s, 4, carbamate "2, CiNHz, ex- 
changed with DzO), 5.55 (d, 1, J = 5 Hz, CIOH, exchanged with 
DzO), 5.06 (s, 2, C ~ O H ~ ) ,  4.92 (m, 1, ClH), 4.76-4.26 (m, 2, CzH, 
CsH), 3.78 (dd, 1, J = 8, 12 Hz), 1.92 (s, 3, NCOCHd, and 1.75 
PPm (S, 3, CtjCHd. 

Reaction of Mitomycin C with Glacial Acetic Acid.3 A solu- 
tion of mitomycin C (600 mg, 1.8 mmol) in 30 ml of glacial HOAc 

CzH), 4.55 (dd, 1, J = 8, 13 Hz, C3H), 3.88 (dd, 1, J = 8.5, 12 Hz, 
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was stirred occasionally a t  room temperature for 2.5 hr. The sol- 
vent was removed by evaporation in U ~ C U O  and tlc (A) showed 
three components. The mixture was separated by column chroma- 
tography on silica gel with CHCl:j, EtOAc-MeCN, and finally 
MeCN-Me2CO mixtures as the elution solvents. The second red 
band represented the major component and gave, after rechroma- 
tography on silica gel of the fractions containing this material, a 
total of 172 mg (26%) of cis-2-acetamido-7-amino-l-hydroxymi- 
tosene (5) (as purple needles from MeOH). This hydroxyacetamide 
was identical by ir, nrnr, and tlc (A, B, D) with 5 prepared hy dea- 
cetylating the diacetate 4. 

The first band off the column yielded 32 mg (4.4% based on mol 
wt of 404) of approximately a 1:2 mixture of cis- (4) and trans- 
(1  I )  diacetates (as brown flakes, mp 155-165" with decomposition, 
from HzO). This mixture was identical with the mixture of diace- 
tates from acetylating the mixture of amino alcohols 3 and 10 by 
nmr and tlc (A, D) analysis. A small amount was allowed to  react 
with Ace0 in pyridine (2 hr a t  5' and 3 hr a t  room temperature) 
which showed no change by tlc (A, C, D). After adding 95% EtOH 
and evaporating in uacuo, the mixture was deacetylated (60 min 
on steam bath) by NH40H-MeOH to a mixture of hydroxyace- 
tamides as judged by tlc (5 and 12 had identical Rf values in all tlc 
solvent systems examined). 

The last fraction off the column was rechromatographed with 
silica gel and recrystallized from i-PrOH to give 26 mg (4% based 
on mol wt of 362) of a purple solid 14 with no melting point below 
390": Rf 0.36 (A); nmr (DMSO-&) 6 6.58-6.40 (two br s, 4, C7NH:! 
and carbamate "2, the lower field signal underwent complete ex- 
change with D20; the 6 6.40 peak underwent slow DzO exchange), 
5.62 (m, 1. CjH, half-bandwidth 5 Hz), 5.00 (m, 2, C10Hz). 4.52- 
3.72 (m, 3, CzH, C:jHz), 3.20 (br s, CzNH2, exchanged with D20), 
2.03 (s, 3,OCOCH3),and 1.74 ppm (s, 3, C&H:3). 

A IO-mg sample was recrystallized again from i-PrOH: ir (KBr) 
1615 (s, C=C), 1670 (w, C=O), 1740 is, C=O), and 3300-3400 
cm-' (NH). Correct microanalyses were never obtained for 14 be- 
cause of its instability. 

Samples of 14 were combined and the available 20 mg was dis- 
solved in absolute MeOH (30 ml). ",OH (1  ml) was added and 
the mixture was heated under reflux for 1.6 hr. After cooling and 
adding MeZCO, the solution was evaporated t o  dryness in uucuo 
and passed through a small column of Florisil. Elution with CHCl:j, 
EtOAc, EtOAc-MeCN, and MeCN-MeZCO gave a first red band 
of 5 [tlc (A)  evidence]. The main purple band was eluted with 
Me&O and was further purified by pic (B). There was obtained 'i 
mg of product which was identical hy tlc (A, B) to 10 obtained 
from the hydrolysis of mitomycin C. 

Prepara t ion  of 2-Acetamido-7-amino-1-acetoxymitosene 
(4 ) .  Apomitomycin C (3, 100 mg, 0.31 mmol), purified by dual sili- 
ca gel chromatography, was dissolved in anhydrous pyridine (4 mi) 
and cooled a t  5 O ,  and AcaO (1.5 ml) was added. After stirring in ice 
for 1 hr and at  room temperature for 17 hr, 95% EtOH (20 ml) was 
added and the mixture was evaporated to dryness in uacuo using 
toluene (twice) and MeOH (twice). TIC (A) showed traces of a more 
mobile component (Rf 0.595) in addition to the desired diacetate 
(Xf 0.55). The solid was chromatographed with silica gel to remove 
impurities and the main red band was eluted with EtOAc-MeCN 
and MeCN-Me2CO mixtures. There was obtained 34 mg (27%) of 
the cis-diacetate 4 as determined by its nmr spectrum (DMSO-ds) 
being superimposable with 4 obtained hy the react,ion of mitomy- 
cin C with AczO. 

Oxidation of cis- a n d  trans-Hydroxyacetamides wi th  MnOa. 
(a) The cis-hydroxyacetamide 5 (110 mg. 0.304 mmol) was dis- 
solved in anhydrous CHzCl2 (120 ml) with stirring. During 5 days 
there was added in portions a total of 3.0 g of MnOa (Attenburrow 
activity) and 220 ml of MeZCO. The MnOn was removed by filtra- 
tion, washed with hot MeZCO, and extracted with Me&O in a 
Soxhlet thimble. After combining the fractions containing the de- 
sired compound [(Rf 0.62 (A)] and evaporating in UQCUO, the mix- 
ture [showing unreacted starting material in addition to small 
amounts of a mobile Rf 0.80 (A) component] was chromatographed 
using silica gel. The main brown band was eluted with EtOAc- 
MeCN (9:1), evaporated in uacuo, and recrystallized from CHCI:+ 
Very fine brown crystals formed after 9 days which were collected 
(filter paper) and dried to give 1.5 mg (1.4% based on mol w t  of 
360.326): ir (KBr) 1605 (s, with shoulder peaks. C=C), 1730 (s, br 
C-0). and 3400 cm-' (s, NH). The CHCl:] mother liquors could 
not be manipulated due to decomposition. 

(b) The trans-hydroxyacetamide 12 was obtained (2.7 mg, 
17.7%) from a small scale N-acetylation of 10 (14 mg, 0.044 mmol) 
in cold MeOH (5 ml) and AczO (0.3 ml). After 1 hr, excess MeOH 

(10 ml) was added and then the solution was evaporated to dryness 
in uacuo with temperature <60°. The red solid was passed down a 
small Florisil column using CHC13, MeCN-EtOAc, MezCO, and 
Me2CO-MeOH. On adding anhydrous Et20 to a cold MeCN solu- 
tion, deep purple flakes of 12 [Rf 0.45 (A)] were obtained which 
showed no definite melting point. This product was dissolved in 
anhydrous CHzClz (10 ml) and MezCO (10 ml) to which Attenbur- 
row activity MnO:! (200 mg) was added with stirring during 18 hr. 
After 22.5 hr, the oxidizing agent was removed by filtration and 
washed with hot MeZCO and the evaporated filtrate was cbromato- 
graphed through silica gel with MeOAc as the eluent. The brown 
band off the column was identical with the product isolated in (a) 
by tlc [Rf0.62 (A),  0.70 (D)]. 
2-Amino-1-hydroxy-7-methoxymitosenes (6 and  13). An ice- 

cold solution of mitomycin A (250 mg, 0.715 mmol) in 0.05 N aque- 
ous HCI (40 ml) was stirred occasionally for 1 hr and left a t  room 
temperature for 17 hr. On recooling with ice, the pH of the crude 
mixture was adjusted to 8.0-8.5 with anhydrous KzCOs. A brown 
solid was removed by filtration and the aqueous filtrate was ex- 
tracted exhaustively with hot EtOAc. The yellow organic extract 
was washed with Hz0  and evaporated in uacuo. Recrystallization 
of the concentrate from MeCN gave two crops of apomitomycin A 
(6)  as orange needles (79 mg, 33%): Rf 0.31 (A); 0.25 (D); nmr 

Hz, CIH),  4.34 (m, 1, CzH), 3.90 (s, 3, C;OCH:O, 3.82-3.50 (m, 2, 
C:jHz), 3.42-2.90 (br s, 2), and 1.86 ppm (s, 3, C&H:3). 

6 (2 mg) in 15 ml of anhydrous MeOH was cooled in an ice bath 
and NHs gas was bubbled through the yellow solution during 3 hr. 
The reaction was continued by stirring a t  room temperature for 73 
hr and the resulting purple solution was evaporated to dryness in 
uacuo. The purple crystals which formed in MezCO were collected 
with the aid of dry ether (0.7 mg) and identified as apomitomycin 
C (3) by tlc (A, C, Dj. 

The MeCN mother liquor from the hydrolysis reaction above 
showed another component [Rf 0.17 (A)] on tlc which was isolated 
by column chromatography on silica gel (eluted with CHCI:j, 
EtOAc, EtOAc-MeCN, MeCN, and MeCN-MeZCO) and refiltered 
through a plug of Florisil. The 13 mg (5.4%) of orange semisolid 13 
failed to crystallize from MeOH and was converted to the $-amino 
analog 10 by passing NH3 gas through a cold methanolic solution 
115 ml) for 3 hr. On stirring the parafilm-sealed flask for 25.5 hr a t  
room temperature, there was obtained 5.9 mg of the purple 10 
[from combining a first crop from MeCN and by plc (B) 011 the 
MeCN mother liquor] as judged by tlc (A, B). 

Prepara t ion  of 2-Acetamido-1-acetoxy-7-methoxymitosene 
(7). (a) Apomitomycin A (6,39 mg, 0.116 mmol) in anhydrous pyr- 
idine (1 ml) was treated with AczO (0.5 ml) as previously de- 
scribed. The product (36 mg, 74%) was collected by addition of 
cold anhydrous EtzO. Recrystallization from MeCN gave the cis- 
diacetate 7 (18 mg) as deep orange flakes: mp 230--231° dec; lit.2 
mp 244-246.5"; nmr (DMSO-&) d 8.34 (d, 1, J = 8 Hz, CzNH, slow 
exchange with D?O), 6.40 (ragged s, 2, carbamate "2, exchanged 
with DzO), 6.07 (d, 1, J = 6 Hz, ClH). 5.04 (ragged s, 3, CtoH?, 
CgH), 4.54 (dd, J = 8, 12 Hz, C:>H), 3.92 (m, 4, C,IH, CiOCH:,), 8.04 
(s, 3 ,  OCOCH3), and 1.87 ppm (s, 3, NCOCH:]). Decoupling the 
C2H signal collapsed the CzNH and C1H doublets to singlets. 

(b )  Mitomycin A (160 mg, 0.46 mmol) was dissolved in Ac2O (10 
ml) and the ice-cold solution was stirred for 2 hr and then left at  
room temperature for 3 hr. 95% EtOH (30 ml) was added with stir- 
ring and removal of solvents in uacuo gave a wine semisolid which 
showed spots on tlc (A)  with Rf values of 0.69 and 0.48. The more 
mobile material was obtained by eluting a silica gel column with 
CHC13-EtOAc mixtures. A portion of this material was washed 
with petroleum ether (bp 30-60') and dried in a vacuum desicca- 
tor, and the resulting wine powder gave uv max (MeOH) a t  321 nm 
( t  -11,780) and 513 (-806), consistent with the UY spectra'" of &V- 
acetylmitomycin A (mol wt 391.38). Further treatment of the N- 
acetylmitomycin A with AczO (10 ml) and glacial HOAc (3 ml) for 
2 hr a t  0' and stirring a t  room temperature for 6.5 days gave, after 
evaporating to dryness in uacuo using toluene as a chaser, the di- 
acetate 7 (50 mg) from 20 ml of absolute MeOH. Optimizing the 
yield by evaporation of the MeOH mother liquor and recrystalliz- 
ing both crops from MeCN gave 55 mg (28.6%) of orange crystals, 
identical with 7 prepared by route (a) above by nmr, ir, and tlc [Rr 
0.60 (A), Rf 0.71 (B), Rf 0.87 (C)) analyses. 

Prepara t ion  of 2,7-Diamino-l-methoxymitosene (15). To a 
slurry of a cation exchange resin (Dowex AG 50W-X2, 100-200 
mesh, 85 ml, Bio-Rad), previously washed thoroughly with MeOH, 
in 30 ml of MeOH was added a solution of mitomycin C (250 mg, 
0.75 mmol) dissolved in warm MeOH (65 ml). After a 30)-min addi- 

(DMSO-dd 6 6.52 (s, 2, NHz), 5.06 (s, 2, CtoHzI, 4.72 (d, 1. J = 5 
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tion, stirring was continued for another 30 min at room tempera- 
ture. The product was desorbed by addition of 3% (by weight) "3 
in 190 ml of MeOH while the reaction flask was kept a t  10'. After 
removing the resin by filtration, a crude product was obtained on 
evaporation in UQCUO which showed four spots on tlc [Rr values (A) 
of 0.075, 0.12, 0.22, 0.331. A crude brown material (32.5 mg), repre- 
senting the desired methoxyamine 15 (Rf 0.075), and detectable 
amounts of the Rf 0.12 and 0.22 components were obtained after 
two recrystallizations from HzO. The mother liquors were evapo- 
rated in  U Q C U O  and chromatographed on Florisil with EtOAc- 
MeCN, MeCN, MeCN-MeZCO, Me2C0, and MeZCO-MeOH as 
the elution solvents, and the appropriate fraction was combined 
with the 32.5-mg sample above and recrystallized from HzO to give 
9.1 mg of chromatographically homogeneous 15. All remaining 
fractions containing 15, including 37 mg of crystals from the sec- 
ond crop before chromatography and middle bands from the first 
column, were rechromatographed on a 1.2 X 112.5 cm Florisil col- 
umn to give an additional 39.5 mg of 15 after recrystallization from 
HzO (total yield of 48.6 mg, 19.5%). Another recrystallization from 
H20 gave deep red crystals which showed no definite melting point 
(lit.3 mp 204-205.5'). 

In another methoxy migration experiment with Dowex 50 X2 
(150 ml, 100-200 mesh) and mitomycin C (500 mg, 1.5 mmol), the 
same four components above were observed [tlc (A)] on the crude 
product. The mixture (0.461 g) was dissolved in MeOH (120 ml) 
and cooled. AcsO (6 ml) was added and the reaction mixture was 
stirred for 1.5 hr followed by an additional room temperature stir 
for 2 hr. On evaporating in UQCUO and crystallizing the residue 
from H20, 121 mg (21.5%) of the trans-methoxyacetamide 16 was 
obtained. [This acetate was identical by tlc [Rf 0.47 (A), 0.81 (D)] 
to the methoxyacetamide obtained by a tlc scale acetylation of 15 
(isolated above) with AcnO in MeOH.] A further recrystallization 
from HzO gave deep red flakes: mp 225O dec (lit.3 mp 230-231O 
dec); nmr (DMSO-ds) 6 8.27 (d, 1, J = 7 Hz, CzNH, slowly ex- 
changed with D20), 6.60 (br s, 4, carbamate "2, C7NH2, ex- 
changed with DzO), 5.11 (s, 2, ClOHz), 4.90-4.30 (m, 3, ClH, CzH, 
C3H), 3.88 (m, 1, CsH), 3.32 (s, 3, C I O C H ~ ) ,  1.92 (5, 3, NCOCH3), 
and 1.75 ppm (s, 3, CsCH3). Anal. ( C I ~ H Z O N ~ O ~ )  C, H, N. 

React ion of Mitomycin C with Methanol a n d  Glacial Acetic 
Acid. A mixture of mitomycin C (400 mg, 1.2 mmol), MeOH (80 
ml), and glacial HOAc (0.7 ml) was heated for 5 hr a t  70' according 
to  the literature p r ~ c e d u r e . ~  Tlc (A) showed five spots with the 
three most mobile components corresponding to  the mitomycin C 
glacial HOAc experiment. A 100-mg portion of the crude solid was 
removed and the remainder was subjected to column chromatogra- 
phy on silica gel. Elution with EtOAc, EtOAc-MeCN, MeCN, and 
MeCN-Me&O gave the three mobile components in addition to 
cis-methoxyamine 8 [Rf 0.17 (A),  43.5 mg, 13.6%] and the trans- 
methoxyamine 15 [Rf0.075 (A), 55 mg, 17.2%]. 

Both 8 and 15 were acetylated with AczO (1 ml) in cold MeOH 
(20-25 ml) for 1 hr and then 1 hr a t  room temperature followed by 
evaporation in UQCUO and storing a t  -15'. With 8, a deep red oil 
[Rf 0.47 (A), 0.77 (D)] was obtained after azeotropically removing 
traces of HOAc with benzene. The unstable product was stored a t  
-15' and then was passed through a silica gel column with CHC13, 
EtOAc, EtOAc, and MeCN to give, after evaporation of the sol- 
vents a t  150°, 20.7 mg (10.3% based on mitomycin C) of the pure 
cis-methoxyacetamide (9) with no melting point below 390O: ir 
(KBr) 1610 (s, C=C), 1670 (m, C=O), 1740 (m, C=O), and 3450 
cm-I (s, NH); nmr ( D M s 0 - d ~ )  6 8.36 (d, 1, J = 7 Hz, CzNH, slow- 
ly exchanged with DzO), 6.64 (ragged s, 4, carbamate "2, CvNHz, 
exchanged with DzO), 5.09 (s, 2, CIOHZ), 4.74-3.92 (m, 4, CIH, CzH, 
C:%Hz), 3.32 (s, 3, CIOCH~) ,  1.90 (s, 3, NCOCHz), and 1.76 ppm (9, 

3, CfiCHa). Anal. ( C I ~ H Z O N ~ O ~ )  C, H, N. 
The methoxyamine 15 gave an acetate derivative [Rf 0.47 (A), 

0.81 (D)] as a wine semisolid after azeotroping traces of HOAc with 
trichloroethylene. After cooling, the product crystallized from HzO 

to give the trans-methoxyacetamide 16 (24.5 mg, 12.2% based on 
mitomycin C) as determined by nmr spectral comparison to 16 
prepared by the cation resin experiment. 

Methylation of cis-l-Hydroxy-2-acetamido-7-aminomi- 
tosene (5). To  an ice-cold solution of 5 (109 mg, 0.3 mmol) in DMF 
(3 ml) was added with stirring KzCO3 (100 mg), methyl iodide 
(0.06 ml, 1 mmol), and silver oxide (70 mg, 3 mmol). After the reac- 
tion had come to room temperature for 6 hr, tlc (A) showed mostly 
starting alcohol and the reaction was continued by adding excess 
methyl iodide (0.90 ml), silver oxide (140 mg), and DMF (1 ml) in 
portions during 7 days followed by 28 hr of heating a t  55'. A pre- 
cipitate was removed by filtration and washed with DMF. The 
combined filtrate was concentrated in UQCUO,  suspended in H20, 
filtered, and washed the grey precipitate with EtOAc (100 ml). The 
aqueous layer was separated and washed with EtOAc (4 X 40 ml), 
and the combined EtOAc layers were washed with H20 (2 X 50 
ml). The organic extract was dried (NaZS04) and evaporated to 
dryness in UQCUO,  and the resulting unstable red oil was chromato- 
graphed through silica gel. Elution with CHC13 gave a mobile com- 
ponent [Rf = 0.80 (A)] and the main purple band was eluted with 
CHC13-MeCN and EtOAc-MeCN mixtures. Later fractions 
showed traces of 5 which were removed by plc (A). On combining 
all fractions and passing through a small column of silica gel, there 
was obtained 2 mg (1.6%) of the desired cis-methoxyacetamide 9 
which was identical with 9 isolated in the methanolysis experiment 
by ir and tlc (A, D). 
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