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for C7HI2O2, found 128.0870 and calcd 128.0838. 
(3Z)-3-tert-Butoxyacrolein (10). 'H N M R  (acetone-d6) 6 1.41 (s), 

5.02 (dd, J = 8.8, 6.6 Hz), 7.52 (d, J = 6.6 Hz), 10.0 (d, J = 8.8 Hz). 
N M R  (acetone-d,) 27.9 (q, J = 127 Hz), 80.96 (sa), 109.14 (d, J 

= 176 Hz), 159.7 (d, J = 172 Hz), 188.0 (d, J = 171 Hz) [a indicates 
the assignment may be switched with carbon in 111. 

tert-Butylformate (11) .  ' H  N M R  (acetone-d,) 6 1.45 ( s ) ,  8.05 (s). 
I'C N M R  6 161.28 (d, J = 221 Hz), 81.14 (sa) (a indicates the assign- 
ment may be switched with carbon in 10). 

3,6-Di-tert-Butoxy-4,5-dioxene (7) gave a positive ammonium thio- 
cyanate-ferrous ammonium sulfate test. Ammonia chemical ionization 
mass spectrum: M+ found 230.1562 and calcd 230.1519; MH+ found 
231.1424 and calcd 231.1597; MNH4+ found 248.1700 and calcd 
248.1863. Proton and carbon NMR data are found in Table 11. 

Photolysis Conditions. An acetone-d, solution that was 0.013 M in 
(lE,4E)-1,4-di-tert-butoxy-l,3-butadiene (1) and 1 X M in rose 
bengal was placed in a 5 mm N M R  tube. This solution was saturated 
with oxygen for 25 min at -78 "C while being protected from the room 
light. This reaction mixture was then irradiated for 25 min at -78 OC 
with a Sylvania 750 Q/Cl tungsten-halogen lamp through a 0.5% 
K2Cr2O7 filter solution. The reaction was monitored at -80 OC by low- 
temperature NMR. 

Kinetic Studies. The Young method'* was utilized to measure k ,  t 
k, for the reactions of singlet oxygen with dienes 1, 2, and 3. The dye 
(mesoporphyrin IX dimethyl ester) was irradiated with a Sylvania 750 

Q/Cl tungsten-halogen lamp operated at 36-45 V. This irradiation 
source was placed at right angles to the excitation (418 nm) and emission 
(460 nm) light paths and focused through a Corning 3-68 filter (cutoff 
540 nm). Six stock solutions containing different concentrations of the 
three dienes were utilized for each determination. The So/S, value was 
kept below 7.6 for 1, 5.3 for 2, and 2.9 for 3 in order to avoid quenching 
the fluorescent probe diphenylisobenzofuran. Each kinetic determination 
resulted in a So/S, plot with a correlation coefficient ( r )  greater than 
0.999. The kd utilized for acetone was 2.17 X I O 4  s-'36 and that for 
methylene chloride 1.0 X IO4  s - ' . ~ ~  
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Abstract: First-order ra te  constants have been obtained as  a function of p H  and temperature for the hydrolysis of mitomycin 
C,  mitomycin A,  and porfiromycin to produce the corresponding 2-amino- I-hydroxymitosene. Rate  constants are  proportional 
to hydronium ion concentration a t  high p H  (>4) and level a t  low p H  when the aziridine ring of the mitomycin is protonated. 
Catalysis by added buffers is observed. A mechanism is proposed with the neutral mitomycin as  the reactive species undergoing 
rate-limiting expulsion of methoxide in reactions catalyzed by hydronium ion and by added buffer acids. In a rapid step the 
cation so produced loses a proton to form an aziridinomitosene intermediate. This then undergoes rapid hydrolytic ring opening 
of the aziridine ring. This hydrolysis is triggered by the conjunction introduced in the methanol elimination. 

Mitomycin C (1) is a potent  an t i tumour  a n t i b i ~ t i c l - ~  which 
covalently binds4 and  cross-linkssx6 DNA. Since these effects a r e  
observed in t h e  absence of cells only if a reducing agent  is 
present,',* t h e  biologically act ive form of t h e  drug  is generally 
proposed to arise in the cell by  reduction.'^* T h e  term "bioreductive 
alkylating agent" has been introduced to  designate agents of this 
type.9 The possibility of using such drugs as  agents  specifically 
activated in hypoxic tumour  cells has  been discussed." 

Acidic conditions ( p H  4) have been found to  also activate t h e  
binding and  cross-linking processes. ' I  Mitomycin C under  such 

(1) Wakaki, S.; Marumo, H.; Tomioka, K.; Simizu, G.; Kato, E.; Kamada, 
H.; Kudo, S. ;  Fujimoto, Y .  Antibiot. Chemother. 1958, 8,  228-240. 

( 2 )  Lefemine, D. V.; Dam, M.; Barbatschi, F.; Hausmann, W. K.; Zbi- 
novsky, V.; Monnikendam, P.; Adam, J.; Bohonos, N. J .  Am. Chem. SOC. 
1962, 84, 3184-3185. Webb, J. S.; Casulich, D. B.; Mowat, J. H.; Patrick, 
J. B.; Broschard, R. W.; Meyer, W. E.; Williams, R. P.; Wolf, C. F.; Fulmor, 
W.; Pidacks, C.; Lancaster, J. E. Ibid. 1962, 84, 3185-3187, 3187-3188. For 
revised absolute configuration see: Shirahata, K.; Hirayama, N. J .  Am. Chem. 

(3) Crooke, S. T.; Bradner, W. T. Cancer Treat. Reo. 1976, 3, 121. 
(4) Szybalski, W.; Iyer, V. N. Fed. Proc. Pt. 1 1964, 23, 946-957. 
(5 )  Iyer, V. N.; Szybalski, W. Proc. Natl. Acad. Sci. U.S.A. 1963, 50, 

(6) Matsumoto, I.; Lark, K. G. Exp. Cell Res. 1963, 32, 192-196. 
(7) Schwartz, H. S.; Sordergren, J. E.; Phillips, F. S. Science 1963, 142, 

(8) Iyer, V. N.; Szybalski, W. Science 1964, 145, 5 5 - 5 8 .  
(9) Lin, A. J.; Cosby, L. A.; Sartorelli, A. C. ACS Symp. Ser. 19xx, No. 

(10) Kennedy, K. A.; Teicher, B. A.; Rockwell, S.; Sartorelli, A. C. Bio- 

SOC. 1983, 105, 7199-7200. 

355-361. 

1181-1 183. 

30, 71. 

chem. Pharmacol. 1980, 29, 1-8. 

conditions is converted into 2,7-diamino- 1 -hydroxymitosenes 
(2),12-'4 with the  cis isomer predominating.I3J4 The alkylation 
of inorganic phosphate (structure 3) and the  phosphate group of 
various nucleotides can also be observed under these  condition^.'^ 'aNR CH,OCONH, - NH2& 

1 I I N  
1 C H, 

C H ,  

0 0 NH, 
2 

(1) 
1 , X :  NH, . R :  H 

4 . X  z N H ,  , R : C H ,  

5 ,  X -  OCH, ,R :  H 

NH, 

OPO,H, 
C H ,  

N H, 

3 

Interestingly these same substances have recently been observed 
af ter  reoxidation of t h e  products  of reductive metabolism of 

(11) Lown, J. W.; Begleiter, A.; Johnson, D.; Morgan, A. R. Can. J .  

(12) Stevens, C. L.; Taylor, K. G.; Munk, M. E.; Marshall, W. S.; Noll, 

(13) Taylor, W. G.; Remers, W. A. Tetrahedron Lett. 1974, 3483-3486. 
(14) Taylor, W. G.; Remers, W. A. J .  Med. Chem. 1975, 18, 307-311. 
(1 5 )  Tomasz, M.; Lipman, R. J .  Am. Chem. SOC. 1979, lOI,6063-6067. 

Biochem. 1976, 5 4 ,  110-1 19. 

K.; Shah, G. D.; Shah, L. G.; Uzu, K. J .  Med. Chem. 1965.8, 1-10, 
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Figure 1. UV spectral change for the hydrolysis of mitomycin C in 0.001 
M HCI at 25 OC. The first seven spectra were recorded at 5-min in- 
tervals. The last spectra was recorded after 1-h interval. 

mitomycin C by rat liver microsomes.'6 A parallelism is thus 
implied between the acid and reductive activation pathways. 

A mechanistic model for the activity of mitomycin C as a 
bifunctional alkylating agent was proposed in 1964 by Iyer and 
Szybalski* and is generally accepted with some modifications." 
Little kinetic evidence is however available for this mechanism. 
As a first step to providing such evidence, we have studied the 
kinetics of the acid reactions of mitomycin C and two other 
mitomycins, porfiromycin (4) and mitomycin A (5), and we report 
here the results of that study. 

Experimental Section 
Mitomycin C was obtained from Aldrich Chemical Co. Porfiromycin 

and mitomycin A were kindly supplied by Bristol Laboratories, Syracuse, 
NY. Kinetic studies were conducted spectrophotometrically on a Unicam 
S P  1800 spectrophotometer with a thermostated cell compartment. To 
2.5 mL of an aqueous solution previously thermostated in the UV cuvette, 
10 NUL of a solution of the mitomycin in methanol was added. The final 
mitomycin concentration was of the order of lo4 M. The disappearance 
of the mitomycin was followed at its A,,, (see Figure l ) ,  360 nm for 
mitomycin C and profiromycin and 320 nm for mitomycin A. First-order 
rate constants were generally evaluated as the slopes of plots of In ( A  - 
A,)  vs. time. The Guggenheim treatment was applied in more concen- 
trated acids where a subsequent reaction occurs (see Results) and at 
higher pH where the hydrolysis is very slow. Excellent linearity in the 
first-order plots was observed in all cases. Duplicate kinetic runs were 
performed with each solution and the results averaged. 

Results 
A typical UV spectral change for the hydrolysis of mitomycin 

C to the mitosenes 2 is shown in Figure 1. Corresponding to the 
disappearance of the mitomycin peak at 360 nm, the characteristic 
mitosene peaks at  310 and 250 nm appear. Excellent isosbestic 
points are observed at 330 and 240 nm. This latter observation 
indicates a clean reaction with no buildup of an intermediate. As 
reported previously,I8 a further UV spectral change does occur 
in more concentrated acids (pH C2). This presumably corresponds 
to the further reaction of the mitosene whereby the 7-amino group 
is replaced by hydroxy.12J8 The hydrolysis of the carbamoyl group 
also occurs under strong acidic conditions.12x18 

kobd 
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Figure 2. First-order-rate constants for the hydrolysis of mitomycin C: 
(0) 25 "C, (0) 38 OC. All measurements a t  ionic strength 0.1. The 
points are experimental. The lines are drawn according to eq 2 with use 
of the parameters in Table I. 

Table I. Rate Constants for the Hydrolysis of Mitomycins 
a, -log b = k, (a /b) ,  

substance conditions M-I s-I pKBH+ M-' s-I 

mitomycin C 25O 0.0018 2.8 1.2 
mitomycin C 38O 0.0098 2.7 4.5 
mitomycin C 49.5O 0.042 2.50 13.3 
mitomycin C 25O, D20 0.0019 3.3 3.6 
porfiromycin 25O 0.0033 2.4 0.9 
mitomycin A 25O 0.0038 2.7 2.1 

I? Ionic strength = 0.1, 

Table 11. Buffer Catalysis of the Hydrolysis of Mitomycin C (25 OC, 
Ionic Strength = 1.0) 

buffer R H  kcn,.b kua' 

H3P04 (a = 0.5)" 2.1 1.35 x lo-? 2.6 x lo-* 
CH&ICOOH (a = 0.17) 3.2 4.6 X 4.6 X lo-' 
HCOOH (a = 0.67) 3.3 1.9 x 10-4 4.3 x 10-4 
HCOOH (a = 0.50) 3.6 1.56 x 10-4 4.5 x 10-4 
HCOOH (a = 0.33) 3.9 1.15 x 10-4 3.9 x 10-4 
CH,COOH = 0.67) 4.3 3.3 x 10-5 5.0 x 10-5 

'Fraction of acid component of buffer. bSlope of plot of kobJd vs. 
total buffer concentration. cAs calculated by eq 5. 

Excellent first-order kinetics are observed for the disappearance 
of the mitomycins, and we have determined first-order rate con- 
stants under a variety of conditions. Actual values for these rate 
constants are given as Supplementary Material. Rate-pH profiles 
for mitomycin C at  two temperatures are shown in Figure 2. 
These curves, as well as those for porfiromycin and mitomycin 
A, show an H+-dependent reaction at high pH changing around 
pH 3 to a pH-independent reaction. The following empirical 
relationship describes such behavior. 

(16) Tomasz, M.; Lipman, R. Biochemisrry 1981, 20, 5056-5061. 
(17) Moore, H. W .  Science 1977, 197, 527-532. 
(18) Garrett, E. R. J .  Med. Chem. 1963, 6, 488-501. 
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The rate-pH profiles (Figure 2) show a reaction which is first 
order in hydronium ion concentration in solutions with pH greater 
than 3.5. Extrapolation to pH 7 reveals that the mitomycins are 
very stable toward this hydrolysis under physiological conditions, 
mitomycin C for example having a half-life of 18 days at pH 7 
and 38 OC. The rate constants do level in more acidic solutions, 
a behavior which can be attributed to the protonation of the 
aziridine ring nitrogen. A dissociation constant (pKBH+) of 3.2 
has been determined titrimetrically for mitomycin C.12 This value 
is considerably lower (4-5 pK units) than those normally found 
for protonated aziridines.19 The mitomycins contain a number 
of electron-withdrawing groups; moreover a molecular model shows 
that the aziridine nitrogen is placed under the middle ring of the 
molecule, where it can be influenced by the electron poor quinone 
system. As will be seen presently, regardless of the kinetic model 
the constant b of the empirical rate equation, eq 2, is the disso- 
ciation constant KBH+. The values determined from the fit to the 
kinetic data are slightly less than 3, in reasonable agreement with 
the previously obtained value. 

Proposed Mechanism. We present first the mechanistic model 
which best satisfies the data. This mechanism has the methanol 
elimination as the initial reaction, this elmination occurring by 
way of a cation I+. The overall reaction is directly analogous 

3.5~10 

3.0~10 

kobsd 

2.5~10 

6x10 

5x10' 
1 I 1 

0.5 1.0 1.5 

[Buffer] 
Figure 3. Dependence of the first-order rate constant on buffer concen- 
tration for the hydrolysis of mitomycin C at 25 OC and ionic strength 1.0. 
[Buffer] = [acid component] + [base component]. (0) H3PO4:H2P0L 
= 1:1, pH 2.11; (e) HCO0H:HCOONa = 2:1, pH 3.11. 

Values of a and b which provide the best fit to the experimental 
data are given in Table I. 

Some rate acceleration by added buffer is observed. (The rate 
constants used for constructing the rate-pH profiles were obtained 
in very dilute buffers (<0.01 M) where the buffer contribution 
is negligible.) Rate constants as a function of total buffer con- 
centration for mitomycin C in two buffers are shown in Figure 
2. Table I1 lists the slopes of such plots for several buffers. 

Although the products of the hydrolysis are well establi~hed,'"'~ 
the following N M R  experiments were carried out to provide 
further mechanistic information. In one experiment the hydrolysis 
of mitomycin C was carried out in D 2 0  at  pD 5.0 for a time 
corresponding to one half-life, at which point a 360-MHz N M R  
spectrum was recorded. Spectra were also recorded for the same 
solution after complete hydrolysis and for the mitomycin itself 
at pD 7 . 5 .  Although the spectrum of the half-hydrolyzed solution 
is complex, it contains only signals observed in the mitomycin 
solution and the fully hydrolyzed solution. This establishes that 
within the accuracy of the N M R  method no intermediate accu- 
mulates during the hydrolysis. In a second experiment hydrolysis 
was carried out to completion for an H20 solution at pH 5 .  After 
removal of the water by lyophilization, the spectrum was recorded 
in D20.  Comparison of this spectrum with that obtained for 
hydrolysis directly in D 2 0  revealed that the two were identical. 
This establishes that no C-H exchange occurs during the hy- 
drolysis in D20.  

Discussion 
The mitomycin hydrolysis actually combines two quite different 

reactions-the elimination of a methanol molecule and the re- 
giospecific but nonstereospecific hydrolytic ring opening of the 
aziridine ring. The observation of excellent isosbestic points in 
the UV spectra of hydrolyzing solutions (Figure 1) implies that 
no intermediate accumulates. This conclusion is obviously sup- 
ported by the experiment in which an N M R  spectrum was re- 
corded for a half-hydrolyzed solution. This suggests that whichever 
of these two reactions occurs first, that process triggers the other. 

R R 

NHR 

M A  

to an acid-catalyzed alcohol dehydration. The rate-limiting step 
is the formation of the cation, in a general acid catalyzed expulsion 
of the methoxy group. This step has an analogy in the formation 
of oxocarbocations in the general acid catalyzed hydrolyses of 
acetals and ortho esters.20,21 A number of investigations22 have 
now shown that the general acid version of this hydrolysis involves 
proton transfer to the departing group concerted with C-0 bond 
breaking. A similar concerted mechanism is therefore proposed 
for the mitomycins. The departure in the mitomycin case is 
assisted by the adjacent nitrogen (see later for a discussion of this 
effect) and for this reason the cation If is written in eq 3 as an 
imminium ion. 

In the mechanism of eq 3 the protonated aziridine BH' is 
unreactive, since the loss of methanol from this species would 
produce a dication. The equilibrium assumption produces the 
following equation for kobsd, with the first term representing ca- 

talysis by the hydronium ion and the second term catalysis by 
added buffer acids. According to this expression the constant "a" 
of the empirical equation is equal to kH+KBH+ with b being equal 
to KBH+, so that kH+ can be calculated as alb .  For the buffer 
catalysis the following relationship is obtained, 

(19) Dermer, 0. C.; Ham, G. E. "Ethyleneimines and other Aziridines"; 

(20) Cordes, E. H.; Bull, H. G. Chem. Reu. 1974, 7 4 ,  581-603. 
(21) Fife, T. H. Acc. Chem. Res. 1972, 5, 264-272. 
(22) Gravitz, N.; Jencks, W. P. J .  Am. Chem. SOC. 1974, 96, 507-515. 

Capon, B.; Nimmo, K. J .  Chem. SOC., Perkin Trans. 2 1975, 1 1  13-1 1 1  8; 
Jencks, W. P. Acc. Chem. Res. 1976, 9,425-432. Bergstrom, R. G.; Cashen, 
M. J.; Chiang, Y . ;  Kresge, A. J. J .  Org. Chem. 1979, 44, 1639-1642. 

Academic Press: New York, 1969; p 108. 
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Table 111. Hydronium Ion Catalytic Coefficients and Brernsted a 
Values for Acetal Hvdrolvsis (25 ‘C) 

c -A 
R 

acetaldehyde 0.29 specific 2.7 

mitomycin C b  1.2 1 .o 3.0 
benzaldehyde 1.8 X lo2 0.87 3.2 

dimethyl acetal‘ acid 

diethyl acetalC 

diethvl ketald 
tropone 1.5 x 105 0.75 1.5 

~ 

“Reference 23. *This work. ‘Reference 24. dReference 25 

where (Y is the fraction of the buffer present in the acid form. 
Values of k, calculated from this expression with use of the KBH+ 
values determined in the kinetic analysis are listed in Table 11. 
The formic acid buffer data obtained at three different buffer 
ratios produce within experimental error the same value of kHA, 
so that the analysis is consistent. 

A Br~ns ted  plot (not shown) for the acid catalysts exhibits 
excellent linearity for the four buffer acids employed, with the 
point for the proton showing a negative deviation. The (Y value 
for the four buffers is 1 .O, indicative of a transition state in which 
the proton is almost completely transferred. This is the typical 
situation for acetals where the intermediate cation is of moderate 
stability. An example would be benzaldehyde dimethyl acetal 
whose hydrolysis is general acid catalyzed but which has a very 
high (Y value.24 Acetals where the cation is considerably more 
stable, for example, tropone diethyl ketal, show pronounced general 
acid catalysis with a lower (Y value. In cases where the cation is 
less stable only specific acid catalysis is observed; the proton must 
be completely transferred before C-O bond cleavage commences. 
The overall relationship between cation stability and the nature 
of the acid catalysis is illustrated in Table 111, where the kHt value 
is used as a measure of cation stability. Mitomycin C can be seen 
to be on the borderline between the specific acid and general acid 
catalyzed reactions. 

An inverse solvnet isotope effect of 3.0 (kD+/kHt) is observed. 
This is also consistent with the proposed mechanism. This value 
is typical of a specific acid catalyzed acetal hydrolysis (Table 111), 
or as illustrated by the benzaldehyde acetal example a general 
acid catalyzed reaction with a large amount of proton transfer 
in the transition state. 

Finally, the entropy of activation for the hydrolysis can be 
determined by using the data obtained at three temperatures for 
mitomycin C. A value of +2.3 cal O C - ’  mol-’ is obtained for kH+. 
This is again consistent with a dissociative rate-limiting step. 
Acid-catalyzed acetal hydrolyses have AS’ values ranging from 

Alternative Mechanisms. A concerted syn elimination of the 
methoxy-protonated mitomycin does satisfy the observed general 

-3.8 to +16.7.26 

acid kinetics, since this would represent the kinetically equivalent 
specific acid-general base catalysis. For this mechanism, the 
Brernsted (Y value of 1 would correspond to a /3 value of 0 for the 
slow step, or in other words, a situation with very little proton 
transfer in the transition state. This seems unlikely for an E2 
reaction. 

This argument also applies for the mechanism of eq 7,  which 
is identical with the proposed mechanism of eq 3, but with a 
different rate-limiting step. Again the observed a value would 
correspond to a /3 value of 0 for the proton removal and this seems 
unlikely. It can also be noted that with this mechanism the 

(23) Kilpatrick, M. J .  Am. Chem. SOC. 1963, 85, 1036-1038. 
(24) Jensen, Y .  L.; Yamaguchi, K. S. J .  Org. Chem. 1984.49, 2613-2615. 
(25) Anderson, E.; Fife, T. H. J .  Am. Chem. SOC. 1969, 91, 7163-7166. 
(26) Schaleger, L. L.; Long, F. A. Adv. Phys. Org. Chem. 1963, 1, 1-33. 

methoxy group would undergo exchange with water. This ex- 
change would probably not be detected in the UV spectra, since 
there would be little difference in the mitomycin spectrum whether 
an OMe group or an O H  group were attached at Clo. However, 
this exchange would be observed in the NMR spectra of partially 
hydrolyzed solutions as methanol was released more rapidly than 
hydrolysis was occurring. This is not observed. Interestingly, the 
mechanism of eq 7 is that normally observed for alcohol dehy- 
dration, that is, a mechanism with rate-limiting C-H deproton- 
a t i ~ n . ~ ’  That this step is not rate limiting in the elimination in 
the mitomycin C case may be associated with some geometrical 
effect, proton removal being easier than water addition to C-10. 
Proton removal also results in a conjugated system. 

Mechanisms where the aziridine hydrolysis occurs initially can 
also be considered. The protonated aziridine is now the reactive 
form,28 and two reactions are possible,29 a direct nucleophilic 
substitution (eq 8a) or a two-step reaction with a carbocation 
intermediate (eq 8b). The direct displacement mechanism is 
immediately ruled out since this must give stereospecifically a trans 
product. The unimolecular reaction would have as its slow step 

R 

the ionization to form the carbocation. The principal piece of 
evidence against this is the finding of buffer catalysis, since there 
can be no involvement of buffer in the ionization process. 

Mechanism of Aziridine Ring Opening. The proposed mecha- 
nism of eq 3 requires that upon elimination the aziridine ring is 
activated toward hydrolysis. The sterochemistry of the hydrolysis 
products indicates a unimolecular mechanism, with the regios- 
pecificity indicating that it is the cation 4 which is formed. As 

R R 

indicated in eq 9 this cation is resonance stabilized, with a second 
carbocationic structure (on tertiary carbon) and even with a 
structure where the charge is placed on nitrogen. the “triggering” 
effect of the elimination can therefore be seen in terms of the 
introduction of the double bond so that this conjugation is possible. 

(27) Nowlan, V. J.; Tidwell, T. T. Acc. Chem. Res. 1977, 10, 252-258. It 
is easier to look at this reaction in terms of its microscopic reverse, alkene 
hydration, where the rate-limiting step is carbon protonation. 

(28) The rate law now becomes kabd = k[H+]/(KBH+ + [H+]) where k 
refers to the rate-limiting step. This also satisfies the experimental equation 
(eq 2) with a = k .  

(29) Bunnett, J. F.; McDonald, R. L.;Olsen, F. P. J .  Am. Chem. SOC. 1974, 
96, 2855-2861. 
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Stevens and co-workers12 have proposed the mechanism of eq 
10. Here a stereospecific trans aziridine ring opening occurs as 

R R 

+ +prod (10) 

NHR .NHR 

the first step and the elimination follows initially involving the 
hydrogen at  C1. This mechanism was invoked specifically to 
explain deuterium incorporation at C1 during mitomycin C 
solvolysis in deuterated acetic acid, but it obviously also accounts 
for the lack of stereospecificity in the aziridine hydrolysis. We 
feel that this mechanism is not accommodated by the present 
results for the hydrolysis reaction, and our NMR experiments in 
fact establish that during D 2 0  hydrolysis no exchange occurs. 
Cheng and Remers30 have prepared the mitosene MA with an 
intact aziridine ring from N-methylmitomycin A and find it hy- 
drolyzes also to give a 3:l cis:trans ratio very similar to that found 
with the mitomycin itself. As noted by these authors, the Stevens 

MA 

mechanism is not possible starting from MA. A unimolecular 
reaction of this mitosene, however, does explain the results. 

Reductive Activation. A parallelism does exist between the acid 
activation and the reductive activation." The aziridinomitosene 
MA was prepared by the hydrogenation of the mitomycin in ethyl 
acetate followed after a short reaction time by reoxidation. This 
is strong evidence that elimination precedes the aziridine ring 
opening under reductive conditions as well, with the important 
differences that under the conditions employed in the synthesis 
the aziridine solvolysis of the eliminated product is slower than 
the initial elimination. In terms of the mechanism of the acid 
hydrolysis the "activation" afforded by reduction can be quite easily 
understood. In the oxidized mitomycin the nitrogen lone pair 
is strongly conjugated with the quinone ring. The system can be 

(30) Cheng, L.; Remers, W. A. J .  Med. Chem. 1977, 20, 767-770. 

0 bNH 
c :eH+ 

regarded as a homoconjugated amide. This nitrogen lone pair 
is required to stabilize the carbocation center at C10 which forms 
during hydrolysis. The conjugation with the quinone ring works 
against this so that the departing alcohol must be converted to 
an excellent leaving group by protonation for the hydrolysis to 
occur. In the reduced hydroquinone form, however, the conju- 
gation with the aromatic ring is greatly reduced, and the nitrogen 
electron pair becomes much more available to initiate the elim- 
ination. A comparison here is with a-amino ethers and amide 
acetals, species which are very reactive toward C-O cleavage even 
in the absence of acid, readily expelling the alcoxide as an anion.31 

We propose therefore that mitomycin reduction triggers the loss 
of alcoxide which initiates the elimination and the entire reaction 
sequence. The double bond produced by the elimination is now 
conjugated with a very electron rich aromatic ring, so that as 
proposed by Iyers and Szybalskis the subsequent aziridine ring 
opening should also be significantly accelerated in the reduced 
form. 

Supplementary Material Available: Tables of first-order rate 
constants (4 pages). Ordering information is given on any current 
masthead page. 

(31) McClelland, R. A. J.  Am. Chem. SOC. 1978, ZOO, 1844-1849. Sayer, 
J. M.; Jencks, W. P. J .  Am. Chem. SOC. 1977, 99, 464-474. 
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Abstract: Perfluoroalkylzinc iodides or bromides which were prepared from perfluoroalkyl iodides or bromides and zinc powder 
in N,N-dimethylformamide or tetrahydrofuran with ultrasonic irradiation were found to behave as potential perfluoroalkylating 
reagents for the preparation of a wide variety of perfluoroalkylated compounds. Especially, the ultrasound-promoted asymmetric 
induction with perfluoroalkyl group on the asymmetrical carbon was achieved by the reaction of perfluoroalkyl halides with 
optically active enamines in the presence of zinc powder and a catalytic amount of dichlorobis(r-cyclopentadieny1)titanium. 

The utility of organometallic reagents has been generally 
recognized to be useful in organic synthesis.' However, very little 
synthetic application of perfluoroalkylmetallic reagents has been 
studied,2-8 probably due to their low stability or low reactivity. 

(1) Black, D. St. C.; Jackson, W. R.; Swan, J. M. 'Comprehensive Organic 
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Chemistry"; Pergamon Press: New York, 1979; Vol. 3, p 1219. 

1993. 

For example, perfluoroalkylmagnesium or lithium compounds 
readily decompose into perfluoroolefins and magnesium or lithium 
halides? and they are not used practically to introduce the per- 

(4) Keller, T. M.; Tarrant, P. J .  Fluorine Chem. 1975, 6, 297. 
(5) McLoughlin, V. C. R.; Throwers, J. Tefrahedron 1969, 25, 5921. 
(6) Kobayashi, Y.; Kumadaki, I. Tefrahedron Letf. 1969, 4095. 
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