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start of a 90-min operant conditioning task. The tone reoccurred 
every 5 min until the monkey was awakened and a lever press 
occurred. This lever press was immediately reinforced with a 
banana-flavored pellet and also initiated a DRL (differential 
reinforcement of low rate of responding) 60-s schedule. According 
to the contingencies of the DRL-60, each lever press reset a timer 
to zero. However, if 60 s elapsed between lever presses, the 
monkey was automatically reinforced with a banana-flavored 
pellet. The number of reinforcements were recorded, and in-
terresponse time, i.e., the times between lever presses, were 
counted. 

Each animal served as its own control, with each parameter 
of sleep and performance being statistically compared to the last 
15 control days. Each control night, the subjects were dosed 
intragastrically with a carboxymethylcellulose placebo suspension. 
Drugs were administered per os. Computerized statistical readouts 
were obtained for all control sessions in order to determine any 
drug rebound and/or carry-over effects on sleep patterns and to 
ensure control stability between drug administration. 

Effects on Experimentally Induced Conflict in Rats. In 
the Geller conflict test12 brief sessions of an approach-avoidance 

(12) Geller, I.; Seifler, J. Psychopharmacologia 1960, 1, 482. 

T h e mitomycins 1" 3 ( l a - d , C h a r t I) , t h e 10-
decarbamoyloxy-9-dehydromitomycins such as 2a-b,4 and 
several derivatives of mitomycin C5 are powerful antitumor 
antibiotics among which mitomycin C ( lc) is currently 
being used for the mainly palliative t reatment of clinical 
cancers.6 The aziridine ring of this antibiotic is known 
to be involved in DNA alkylation reactions after reductive 
activation,7 and it has been suggested tha t C-10 of mito
mycin C may also be activated by reduction8 ,9 and then 
may contribute a second binding site that may be involved 
in the formation of DNA cross-links. There exist two 
related reductive chemical model reactions tha t support 
this proposal,10,11 but there exists presently no evidence 
tha t this second site is of biological significance.7,12 

Acid-catalyzed activation of mitomycins B and C was also 
shown to yield cross-linked DNA in vitro,13,14 and it is likely 
that C-l of mitomycin C after opening of the aziridine ring 
is involved in the DNA binding; however, hardly any in
formation is presently available on any second alkylation 
site tha t could account for cross-link formation by mito
mycins activated by mild acid t reatment . 
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paradigm (conflict) were interposed upon a food-reinforced be
havioral schedule (variable interval, VI). The primary activity 
of antianxiety drugs was demonstrable during the conflict trials 
as an increase in responding. Secondary activities, or side effects, 
were demonstrable as disruptions of the VI portion of the schedule. 
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The opening of the aziridine ring of mitomycin C in 
acid-catalyzed reactions occurs predominantly with cis 
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The acid-catalyzed opening of the aziridine ring of mitomycins A and C is known to occur predominantly with cis 
stereochemistry. We have observed that the presence or absence of a carbamoyl group at C-10 of mitomycin C and 
in certain of its analogues does not have a significant influence on the stereochemistry of the opening of this ring. 
The trans product obtained from mitomycin C was shown to be stable when treated with acid under the conditions 
of its formation. Mitomycin B was also shown to yield predominantly the cis product when it was subjected to 
acid-catalyzed opening of its aziridine ring. The *H NMR spectra of acetate derivatives prepared from mitomycin 
B show two sets of signals that are due to two populations of rotamers. The analysis of these spectra has substantiated 
several previous spectral assignments. This paper also presents some thoughts on acid-catalyzed bifunctional DNA 
alkylation by mitomycins and 10-decarbamoyloxy-9-dehydromitomycins. 
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Chart I 

stereochemistry15"17 in contrast to the trans stereochemistry 
that is usually observed in the acid-catalyzed opening of 
simple aziridines.18 Taylor and Remers16 subjected mi
tomycin A (la) and C to hydrolysis with 0.05 N HCl and 
subsequently acetylated the initial reaction products and 
obtained and characterized the acetates 4a and 4b. They 
observed cis and trans ratios of 5.2:1 and 6.6:1, respectively. 
Other workers found similar cis/trans isomer ratios in 
related reactions.19 Cheng and Remers17 hydrolyzed both 
iV-methylmitomycin A (Id) and 7-methoxy-l,2-(2V-
methylaziridino)mitosene (6a, Rx = OCONH2) with 0.05 
N HCl and after acetylation obtained and characterized 
the acetates 4e. The cis/trans isomer ratios were 3:1 and 
4:1, respectively. The authors concluded that, in this series, 
the 9a-methoxy group does not have an influence on the 
stereochemistry of aziridine ring opening, and they spec
ulated that the carbamoyl group might have such an in
fluence. 

We report studies that examine this possible involve
ment of the carbamoyl group in determining the stereo
chemical course of aziridine ring opening. We used de-
carbamoylmitomycin C20 (3a) and its diacetate (la,10-
diacetyl-10-decarbamoylmitomycin C, 3b) to examine the 

(12) Tomasz, M.; Lipman, R.; Snyder, J. K.; Nakanishi, K. J. Am. 
Chem. Soc. 1983, 105, 2059. 

(13) Lown, J. W.; Begleiter, A.; Johnson, D.; Morgan, A. R. Can. J. 
Biochem. 1976, 54, 110. 

(14) Lown, J. W.; Weir, G. Can. J. Biochem. 1978, 56, 296. 
(15) Webb, J. S.; Cosulich, 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. J. Am. Chem. Soc. 
1962, 84, 3185, 3186. 

(16) Taylor, W. G.; Remers, W. A. J. Med. Chem. 1975, 18, 307. 
(17) Cheng, L.; Remers, W. A. J. Med. Chem. 1977, 20, 767. 
(18) Dermer, O. C; Ham, G. E. "Ethylenimine and Other 

Aziridines"; Academic Press: New York, 1969; pp 206-222 and 
references therein. 

(19) Tomasz, M.; Lipman, R. J. Am. Chem. Soc. 1979, 101, 6063. 
(20) Kinoshita, S.; Uzu, K.; Nakano, K.; Takahashi, T. J. Med. 

Chem. 1971, 14, 109. 

role of the carbamoyl group and its amino group directly. 
Mitomycin B (lb) was included since in contrast to mi
tomycins A and C its carbamoyloxymethylene group has 
an orientation opposite to that of the aziridine ring and 
hence was not expected a priori to have a directing influ
ence on the opening of the aziridine ring. Sodium de-
carbamoyl-7-aminomitosane-9a-sulfonate (3d) and its 
parent compound sodium 7-aminomitosane-9a-sulfonate 
(3c) were studied as they provided another pair of com
pounds like lc and 3a that differ only by a carbamoyl 
group. Furthermore, they were of interest because of their 
increased acid stability,21 which is presumably due to the 
presence of the 9a-sulfonate, and thus were expected to 
provide additional information on the possible role of 
substitution at C-9a on acid-catalyzed aziridine ring 
opening. 

Results 
The mitomycin analogues used in these studies were all 

prepared from mitomycin C. Compound 3a was obtained 
by treating mitomycin C with NaOCH3, which removes the 
carbamoyl group.20 The resulting material was used to 
prepare the diacetate 3b with acetic anhydride. Compound 
3c was obtained by reduction/reoxidation of mitomycin 
C with Na2S204 as the reductant, which itself is converted 
into NaHS03, which then forms a bisulfite adduct with the 
activated antibiotic.21 Compound 3d was prepared from 
compound 3c by treatment with NaOCH3. The high-
resolution XH NMR spectra of compounds 3a-c were re
corded and are presented in Table I. In addition, the 13C 
NMR spectra of compounds 3a and 3c were measured. 
These NMR spectral data are fully in accord with the 
assigned structures. 

The solvolysis reactions utilized 0.05 N HCl for 25 min 
for compounds lb, Id, 3a, 3b, and 4c and 0.1 N HCl for 
4 days for compounds 3c and 3d at room temperature to 
open the aziridine ring. The higher concentration of acid 
was required for compounds 3c and 3d because of their 
increased acid stability.21 This higher concentration of the 
acid leads to substitution of the C-7 amino group by an 
OH group and simultaneously to hydrolysis of the carba
mate. Reaction products were correlated with known 
compounds by suitable reactions. Thus mitomycin C was 
first treated with acid, as reported by Taylor and Remers18 

and by Stevens et al.22 The resulting mixture of mitosenes 
was subjected to treatment with NaOCH3 to remove the 
carbamoyl group and was then acetylated. Likewise for 
the solvolysis reaction involving mitomycin B (lb), refer
ence iV-methylmitomycin A (Id) was also solvolyzed as 
reported,17 and the respective products were acetylated, 
analyzed, and compared. Mitomycin C was treated with 
0.1 N HCl, and the mixture of mitosenes was subsequently 
acetylated to yield tetraacetates 4f, which were used in 
turn to identify the final reaction products arising from 
the solvolysis and subsequent acetylation reactions of 
compounds 3c and 3d. 

The acetylation reactions yielded nonpolar derivatives 
of the compounds of interest that could be analyzed more 
readily by TLC than the initially obtained reaction prod
ucts. Generally, we obtained good to excellent overall 
yields of the pairs of acetates of interest; however, an exact 
materials balance was not established for any of the re
actions. Cis and trans reaction products were largely 

(21) Hornemann, U.; Ho, Y.-K.; Mackey J. K., Jr.; Srivastava, S. C. 
J. Am. Chem. Soc. 1976, 98, 7069. 

(22) Stevens, C. L.; Taylor, K. G.; Munk, M. E.; Marshall, W. S.; 
Noll, K.; Shah, G. D.; Shah, L. G.; Uzu, U. J. Med. Chem. 1964, 
8,1. 
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Table I. 470-MHz :H NMR Data 

assign
ment" 

C i H 
C 2 H 

C 2 N H 

C2 NCH3 

C 3 H a 

C3 H^ 

C$ CHj 
C 7 N H 2 

C7 OCH8 

C 9 H 

Cga OCH3 

NCOCH3 
OCOCH3 
OCOCH3 
Cio H2 

3a6 

2.85, br s 
2.85, br s 

3.52, d, 13.0 

4.21, d, 13.0 

1.74, s 
5.24, br 

3.38, t, 5.8 

3.19, s 

4.00, m 

3b6 

3.41, d, 4.6 
3.19, m 

3.53, dd, 
1.9, 13.4 

4.41, d, 13.4 

1.76, s 
5.23, br 

3.64, dd, 
4.8, 11.1 

3.19, s 
2.06, se 

2.14, se 

4.00, t, 11.2 

4.77, dd, 
4.8, 11.1 

3dc 

3.15, br s 
2.96, br s 

3.69, dd, 
1.9, 12.5 

4.06, d, 12.5 

1.65, s 

3.93, dd, 
4.3, 10.6 

4.24, t, 10.8 

4.48, dd, 
4.3, 10.8 

4d trans6 

6.00, d, 2.8 
4.82, ddd, 2.8, 

3.5, 6.5 
6.10, br d 

4.68, dd, 6.5, 
13.4 

4.15, dd, 3.5, 
13.4 

1.81, s 
4.93, br s 

1.99, sc 

2.02, sc 

2.09, s€ 

5.22, d, AB q, 
12.7 

5.26, d, AB q, 
12.7 

4d cis6 

6.03, d, 5.7 
5.24, m 

5.88, br d, 
9.2 

4.75, dd, 7.8, 
12.5 

3.88, dd, 8.7, 
12.5 

1.82, s 
4.94, br s 

2.03, sc 

2.05, se 

2.09, se 

5.24, d, AB 
q, 12.7 

5.28, d, AB 
q, 12.7 

4e-trans,b 

predominant 
rotamer (90%) 

6.35, d, 3.3 
5.17, ddd, 3.3, 

4.9, 8.4 

2.97, s 
4.61, dd, 8.4, 

13.3 
4.15, dd, 4.9, 

13.3 
1.93, s 

4.00, s 

2.10, se 

2.10, se 

5.22, d, AB q, 
13.8 

5.33, d, AB q, 
13.8 

4e-
t r a n s , w 

minor 
rotamer 
(10%) 

6.28 
4.93 

2.72 
4.63 

4.22 

1.95 

4.03 

2.18 
2.13 

5.20 

5.37 

4e-cis,6 

predominant 
rotamer 
(70%) 

6.48, d, 6.4 
5.75, q, 

6.0-8.5 

3.04, s 
4.47, dd, 8.3, 

12.8 
4.37, dd, 7.8, 

12.9 
1.94, s 

4.01, s 

2.13, sc 

2.07, se 

5.20, d, AB 
q, 14.4 

5.38, d, AB 
q, 14.4 

4e-cis,M 

minor 
rotamer 
(30%) 

6.43 
5.15 

2.84 
4.55 

4.45 

1.95 

4.03 

2.20 
2.10 

5.24 

5.34 

" Satisfactory integrations were obtained for all signals. b Solvent = 
identical with those given in the previous column for the respective 

identified by Rf value comparison with reference products 
reported by Remers and co-workers16'17 and by Stevens et 
al.22 Cis and trans acetates were scraped separately off the 
respective TLC plate, eluted from the layer material, and 
subjected to quantitative analysis by determination of the 
UV absorbance at an appropriate wavelength as described 
also by Remers and co-workers.16,17 Separate experiments 
showed that the elution of the respective acetates was 
possible in nearly quantitative yield for compounds 4d and 
4e and was achieved with 70% recovery for both cis and 
trans acetates 4f. 

In addition to making stereochemical assignments via 
the prepared relay compounds, it was possible in the case 
of several of the resulting acetates to independently assign 
trans stereochemistry to one member of certain pairs of 
reaction products. The assignment was achieved by the 
use of high-field XH NMR following a published procedure 
initially developed by Keller and Hornemann,10 which relys 
on an interpretation of vicinal proton relationships in the 
respective mitosenes. Briefly, if C-2 is in a (3 orientation 
as judged by the presence of one large and one small 
coupling constant 3e/H2-H3<,

anc* 3 < ^HHV respectively, then 
observing a small coupling constant V H I -H 2 indicates the 
presence of a trans compound while a large coupling con
stant 3«/HrH2 would indicate a cis compound. This analysis, 
however, does not yield an answer if C-2 is in the a con
figuration, which entails large coupling constants 3t/H2_H3a 
and VH2-H39 since then the coupling constants V^-Ha f° r 

both the cis and the trans isomers are large.23 Presumably 
for steric reasons, cis compounds adopt the a configuration 
and hence cannot be assigned by this method. Examples 
that illustrate these relationships are given in Table I. 
Confirmatory evidence for the assignment of 4d-cis was 

(23) It should be noted that the reassignment of the absolute con
figuration of mitomycin C (note 2, ref 3) makes the C2 /? con
formation the conformation that allows trans compounds to be 
assigned rather than the C2 a conformation as stated in ref 10. 
It also becomes necessary to switch the 'H NMR assignments 
for C3 Ha and C3 H« published in ref 10 for several mitosenes. 

= CDCI3. c Solvent = D20. d Multiplicities and coupling constants were 
signals. e Assignments may be interchanged. 

obtained by a difference NOE experiment. Upon irradi
ation of C2 H of 4d-cis, a 15% NOE was observed for Cx 
H. In contrast irradiation of C2H of 4d-trans yielded only 
a 1-2% NOE. In addition, the difference NOE experiment 
with 4d-cis revealed a 3-5% NOE on the downfield C3H, 
thus confirming its assignment as C3 H„. 

In the high-field, JH NMR spectra of analytically pure 
samples of the acetates 4e-trans and 4e-cis, we noted the 
occurrence of an unexpected second set of signals that 
accompanied all peaks at a constant intensity ratio while 
exhibiting more or less pronounced differences in chemical 
shift values. The coupling constants, however, were exactly 
the same in the second set of signals as in the major set 
of signals. These secondary peaks amounted to approxi
mately 10% and 30% of the total signal intensity in the 
spectra of 4e-trans and 4e-cis, respectively. They are due 
to the presence of two conformers that are most likely the 
result of hindered rotation around the acetamide bond. 
Proof for the presence of two rotamers was provided by 
a saturation transfer experiment using 4e-cis. Irradiation 
of the CiH signal of the predominant roatmer at very low 
decoupler power (yliJ2ir = 1.8 Hz) caused the selective 
diminution of the intensity of the Cx H signal of the minor 
conformer. 

The most notable differences in the chemical shift values 
between the major and the minor set of peaks are upfield 
shifts of C2 H of 4e-cis and to a lesser extent of C2 H of 
4e-trans as well as upfield shifts of the NCH3 signals of 
both compounds. In the absence of additional experi
mental data, it is not readily possible to rationalize why 
all four mentioned signals are shifted upfield. In N-
acetyl-3-nitropyrrole and in iV-acetylproline, which may 
be regarded as reasonably closely related model com
pounds, both upfield and downfield shifts were reported 
for protons in close proximity to the acetyl groups in the 
respective rotamers.24,25 In the present case, however, the 

(24) Combrisson, S.; Roques, B. P. Tetrahedron 1976, 32, 1507. 
(25) Roques, B. P.; Combrisson, S.; Wasylishen, R. Tetrahedron 

1976, 32, 1517. 
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Table II. Cis/Trans Isomer Ratio of Mitosenes Obtained by Acid-Catalyzed Opening of the Aziridine Ring of Mitomycins B and C of 
iV-Methylmitomycin A and of Derivatives of Mitomycin C 

starting material 
3a 
lc via 4c 
lb 
Id 
3b 
3c 
3d 

acetylated product 
4d 
4d 
4e 
4e 
4f 
4f 
4f 

Rf 

cis 
0.34 
0.34 
0.45 
0.45 
0.78 
0.78 
0.78 

values (system) 

trans 
0.47 (A) 
0.47 (A) 
0.52 (B) 
0.52 (B) 
0.81 (B) 
0.81 (B) 
0.81 (B) 

cis/trans 
observed 

2.7:1 (3.4:1) 
2.6:1° 
2.6:1 
3.0:1" 
5.6:1 
3.0:1 
1.8:1 

isomer ratio 

reported 

5.2:1 

4.0:1 

ref 

15 

16 

'Estimated by visual inspection 

O-acetyl groups present in both 4e-trans and in 4e-cis 
may have an influence on the observed large upfield shifts 
in addition to having an influence on the C10 protons to 
which they are close. Model building studies have indi
cated that C3 H^ of 4e-trans should be influenced more 
than C3 Hp of 4e-cis and the respective C3 Ha signals in 
both compounds by rotation of the acetyl group of the 
iV-acetamido group. This prediction is borne out by the 
data presented in Table I, thus lending further support 
to our proposal for the existence of C2 a and C2 0 con-
formers in cis and trans mitosenes, respectively. 

The results obtained in our solvolysis studies are given 
in Table II. In all cases where we duplicated experiments 
such as the experiment using 3a as a starting material or 
experiments reported by Remers and co-workers, we ob
tained essentially the same results. Therefore, we feel 
justified to use the cis/trans ratio information obtained 
for acetates arising from previously uninvestigated starting 
materials as fully representative of the stereochemical 
course of the reactions even though we did not establish 
materials balances for these reactions. It is apparent from 
the results shown in the table that in all cases examined, 
the cis and trans ratio is always greater than 2 and is in 
most cases approximately 3. These ratios except the ratio 
obtained for the products arising from 3b are lower than 
those reported by Remers and co-workers; however, this 
difference, although not readily explained, is probably not 
very significant since the overall findings that cis products 
predominate over trans products are the same. It is thus 
clear that the presence in compounds lc and 3c and the 
absence in compounds 3a and 3d of a carbamoyl group and 
its presence in an orientation opposite to the orientation 
of the aziridine ring in mitomycin B do not influence the 
stereochemistry of the solvolysis reaction. Treatment of 
3a with acetic anhydride afforded exclusively 4d-cis, sim
ilar to the report by Taylor and Remers that similar 
treatment of lc with acetic anhydride yields exclusively 
4b-cis. It is of particular interest to note that the cis/trans 
ratio of products arising from 3c and 3d which require 
strong acid for ring opening is comparable to the ratio 
found for compounds lc and 3a which require less rigorous 
conditions. 

In order to examine the possibility that unexpectedly 
initially isolated cis and trans products are in slow equi
librium under acidic conditions, we treated purified com
pound 4d-trans with acid under the exact conditions that 
had led to its formation. Subsequent analysis by TLC 
revealed that no change had occurred, indicating that the 
initial reaction products are stable and are not in a dy
namic equilibrium after they are formed. 

Discussion 
Since in our experiments we did not observe any sub

stantial difference with regard to the stereochemistry of 
aziridine opening between mitosanes possessing the 
OCONH2 group and those not possessing it, we can con

clude that anchimeric assistance does not play any major 
role in the stereochemistry of ring opening. Thus it ap
pears likely that the following mechanism that is entirely 
independent of any carbamoyl group involvement can 
satisfactorily account for the observed results. The first 
event in the acid-catalyzed activation and decomposition 
of the mitomycins and related mitosanes is most likely 
removal of the 9a-substituent, presumably generating a 
carbocation at 9a which is stabilized by proton abstraction 
from C-9. The next step is opening of the aziridine ring 
after protonation of the aziridine nitrogen atom. The 
resulting presence of a 9,9a-double bond imparts benzylic 
character to the C-l position and attack at this position 
by nucleophiles would then explain the fact that all known 
mitomycin conversion products obtained by acid catalysis 
always carry the substituent at this position. It is attractive 
to speculate that the OH group that is to become the new 
substituent at C-l associates initially via hydrogen bond 
formation with the NH2 group at C-2 and perhaps more 
weakly also with the "indolic" nitrogen atom before at
tacking the C-l carbocation. This kind of association 
would greatly favor cis adduct formation. It may be as
sumed that any trans product arises by attack via an SN2 
mechanism on the aziridine ring or via attack on an en
tirely free carbocation from the side opposite to that of the 
amino group. 

The mechanistic interpretation of the assistance in the 
ring-opening reaction by the amino group is influenced by 
pertinent considerations by Dolbier.26 Similar interpre
tations can also account for the observations of Chiu and 
Kohn27 that opening of the aziridine ring of indano[l,2-
b]aziridine which they synthesized occurs predominantly 
with cis stereochemistry. These authors undertook their 
study on the indano[l,2-6]aziridine and other model com
pounds in an attempt to shed light on the mechanism of 
opening of the mitomycin aziridine ring. They reached 
similar conclusions to those presented in the present work. 

Our studies reported here were not primarily concerned 
with reactions occurring at C-10 of mitomycins and of 
derivatives. Nevertheless, reactivity at this site is of great 
interest since Lown and co-workers13,14 reported that 
cross-linking of DNA is observable after acid-catalyzed 
activation of the mitomycins. 10-Decarbamoyloxy-9-
dehydromitomycin B (2a) and 10-decarbamoyloxy-9-
dehydro-N-methylmitomycin C (2b) are of special interest 
in this regard. It is possible after acid-catalyzed removal 
of the OH group of 2a or 2b, which should yield inter
mediate 5, that a nucleophile can add at C-10 as outlined 
in Scheme I. This addition would set up an aziridin-
omitosene structural element such as 6b (Rx = Nu), which 
would subsequently be available for alkylation at C-l to 
yield a derivative of 4. An important difference relative 
to reductive mitomycin activation can be suggested: re-

(26) Dolbier, W. R., Jr. J. Chem. Educ. 1969, 46, 342. 
(27) Chiu, I-C; Kohn, H. J. Org. Chem. 1983, 48, 2857. 
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2a 

- 0 H M 

C H # v V ( 
CH s A f ^ N ^ N C H j 

4 (R| = R2=Nu,R3=CH3,R4=0CH3, 

NH RATHER THAN NAc) 

(H'+1) 
•Nucleophile 

0 / - R i 
C H J O ^ J L / 

Nucleophile ]f | | % ^ ^ 

cH3'Air"N3sNCH3 
0 

6 (a and b) 

action of nucleophiles with compounds 2a or 2b should 
occur first at C-10 and only later at C-l, a reversal of the 
order of addition tha t possibly prevails during reductive 
activation conditions.10,28 

Experimental Sect ion 

Melting points were determined in a Fisher-Johns melting point 
apparatus and are uncorrected. UV data were recorded on a Cary 
17 or a Coleman 124 spectrophotometer. lH NMR and 13C NMR 
spectra were measured on Nicolet instruments NT-200 and 
NT-470 on Varian instruments FT80A and XL200 and on a 
Bruker WM-300 instrument, respectively, accumulating 8K and 
32K data sets, respectively, for each spectrum. Proton-decoupled 
13C NMR spectra were obtained by two-level noise decoupling. 
Chemical-ionization mass spectra were obtained on a Dupont 
21-492B instrument. TLC systems used in the isolation and 
quantitation of acetates were (A) tetrahydrofuran:rc-hexane:ethyl 
acetate = 8:3:2 and (B) acetone:n-hexane:benzene = 9:3:1. Sup
ports were silica gel (Merck G60, 0.25 mm, without fluorescent 
indicator). Mitomycins A, B, and C were gifts from Dr. S. Wakaki, 
Kyowa Hakko Kogyo Co., Tokyo, Japan, and from Dr. W. 
Bradner, Bristol Laboratories, Syracuse, NY, respectively. They 
were used as received. 

Preparation of Decarbamoylmitomycin C (3a). Mitomycin 
C (100 mg, 300 MHIOI) was dissolved in absolute methanol (10 mL) 
and dry benzene (17 mL), treated with NaOCH3 (1 g in 7 mL of 
absolute methanol) at room temperature for 48 h with stirring 
and isolated as described.20 3a was obtained in 90% yield. The 
CI-MS spectrum showed m/z 292 (M+ + 1, 86%). TLC in ace-
tone:chloroform (2:1): lc, R( 0.21; 3a, R, 0.29. 13C NMR (50.3 
MHz, pyridine-d6) S 8.8 (C6 CH3), 33.4 (C2), 36.6 (C{), 47.9 (C9), 
49.5 (OCH3), 50.7 (C3), 61.3 (C10), 104.1 (C6), 107.6 (C9a), 113.0 
(C8a), 149.5 (C7), 156.0 (C6a), 177.2 (C8), 178.5 (C6). These as
signments are based on the published 18C NMR spectrum of 
mitomycin C.29 

Preparation of Decarbamoylmitomycin C Diacetate (3b). 
Decarbamoylmitomycin C (2 mg, 6.9 ^mol) was dissolved in dry 
pyridine (0.3 mL) and treated with acetic anhydride (0.4 mL) for 
5 h at room temperature. After quenching with methanol and 
evaporation of the solvent, 3b was isolated by preparative TLC 
in acetonexhloroform (2:1), Rf 0.77. 

Preparation of Sodium Decarbamoyl-7-aminomitosane-
9a-sulfonate (3d). Sodium 7-aminomitosene-9a-sulfonate (6 mg, 
14.8 MHIOI) prepared from mitomycin C as described21 was dis
solved in absolute methanol (2 mL) and absolute benzene (2 mL). 
NaOCH3 (200 mg) in" absolute methanol (1 mL) was added, and 
the reaction mixture was stirred for 30 h at room temperature, 
neutralized by addition of excess dry ice, and filtered. The 
collected NaHC03 was washed with acetone until the residue was 
colorless. The combined filtrates were subjected to preparative 
TLC on silica gel in the system 2-propanol:ethyl acetate:methanol 
(6:3:2). One main band was observed and isolated by elution with 
methanol to yield 1.5 mg of a green solid. TLC in 2-propanol:water 
= 9:1: 3d, Rf 0.3; 3c, R, 0.43. 3d: UV Xmax

CH3°H nm, 262 (sh), 
220; 13C NMR (75.4 MHz, D20) & 10.1 (C6 CH3), 36.9 (C2) 37.9 
(C,), 48.7 (C9), 54.0 (C3), 63.3 (C10), 95.3 (C6), 106.9 (C9a), 114.2 
(CsJ, 154.6 (C7), 160.4 (C5a), 178.4 (C8), 179.9 (C6). These as-

(28) Pan, S-S.; Andrews, P. A.; Glover, C. J.; Bachur, N. R. J. Biol. 
Chem. 1984, 259, 959. 

(29) Keller, P. J.; Hornemann, U. J. Nat. Prod. 1983, 46, 569. 

signments are based on the published 13C NMR spectrum of 
mitomycin C.29 

Hydrolysis of Decarbamoylmitomycin C (3a) and of Its 
Diacetate 3b. A solution of decarbamoylmitomycin C (11 mg, 
37.8 jumol) in 0.05 N HC1 (10 mL) was stirred for 25 min at room 
temperature, then cooled and neutralized (pH 8) with solid po
tassium carbonate, and concentrated in vacuo. The violet residue 
was treated with acetic anhydride (1.5 mL) in pyridine (3 mL) 
for 4 h at room temperature. After addition of methanol to destroy 
excess acetic anhydride, the mixture was evaporated to dryness 
with addition of toluene to assist in the complete removal of 
pyridine. The residue was taken up in ethyl acetate and water 
and the organic layer was washed with a 4% solution of NaHC03 
and with a saturated NaCl solution. The organic layer was dried 
with Na2S04 and a major portion was subjected to thin-layer 
chromatography in system A, which revealed two major products, 
which were recovered by elution from the gel with methanol. The 
more mobile component isolated as orange-red crystals (1.1 mg), 
mp 201-202 °C dec, was £rares-2-acetamidO-7-amino-l,10-di-
acetoxydecarbamoylmitosene (4d-trans): UV Xmal

CH3°H 333 nm 
(sh), 304, 252. The less mobile component also isolated as or
ange-red crystals (3.1 mg), mp 199-201 °C dec, was ci's-2-acet-
amido-7-amino-l,10-diacetoxydecarbamoylmitosene (4d-cis): UV 
XmM

CH3°H 338 nm (sh), 308, 253. 

The ratio of the cis and trans products were determined by 
subjecting the remaining solution containing 213 Mg of the products 
obtained after acetylation to TLC analysis in system A and by 
quantitatively eluting the bands of the cis and trans products with 
methanol. After evaporation of the solvent, the dried residues 
were dissolved in 10 mL each of methanol for a comparison of 
the peak heights at 252 nm. A ratio of 73.1:26.9 was observed. 
A repetition of this experiment under identical conditions gave 
very similar results (Table I). The reisolation yield from TLC 
plates was tested and was found to be 93% and 89% for 4c-trans 
and 4c-cis, respectively. la,10-Diacetyl-10-decarbamoylmitomycin 
C (3d; 1.5 mg, 4.1 jimol) was treated in essentially the same 
manner, yielding the same products 4c-cis and 4c-trans in a ratio 
of 84.8:15.2. 

Hydrolysis of Mitomycins B (lb) and C (lc) and of N-
Methylmitomycin A17 (Id). The hydrolysis conditions were the 
same as above with the exception that 100 mg of lc was used and 
that the initial reaction product, a mixture of apomitomycins,22 

was isolated by filtration for further workup via the decarba-
moylation reaction reported above and subsequent acetylation. 
The procedure for lb and Id differed in that TLC of the respective 
acetates 4e was performed in system B in which in each case two 
major yellow bands were seen, which were recovered with 
methanol. The more mobile component isolated as a yellow 
powder (1 mg) was £rcms-l-acetoxy-7-methoxy-2-(methylacet-
amido)mitosene (4e-trans): UV X^™ 3 0 " 330 nm (sh), 288, 235. 
The less mobile component (3 mg), mp 215-220 °C dec, was 
cis-l-acetoxy-7-methoxy-2-(methylacetamido)mitosene (4e-cis): 
UV X^™3011330 nm (sh), 288, 235. The ratio of the cis and trans 
products determined by UV analysis of the peak heights at 287 
nm of solutions of the respective compounds in 10 mL methanol 
was 72.5:27.5 for lb as starting material. The reisolation yield 
from TLC plates was found to be 82% and 96% for 4e-trans and 
4e-cis, respectively. 

Hydrolysis of Sodium 7-Aminomitosane-9a-sulfonate (3c) 
and Its Decarbamoyl Derivative 3d. A solution of sodium 
7-aminomitosane-9a-sulfonate (10 mg, 24.6 ^mol) in 0.1 N HC1 
(10 mL) was stirred for 4 days at room temperature. During this 
time, the color changed from blue to yellow-orange. The solution 
was cooled and neutralized (pH 8) with solid potassium carbonate, 
and the reaction products were acetylated and analyzed as de
scribed above by TLC in system B. Two major components were 
seen on the TLC plate and were recovered with methanol as yellow 
powders. The more mobile component (0.9 mg) was trans-2-
acetamido-l,7,10-triacetoxydecarbamoylmitosene (4f-trans): UV 
XmaxCHa0H 270 nm, 232. The less mobile component (2.5 mg) was 
cis-2-acetamido-l,7,10-triacetoxydecarbamoylmitosene (4f-cis):22 

UV X^01*30" 270 nm, 232. These compounds were identified by 
cochromatography with authentic 4f-trans and 4f-cis as prepared 
directly from lc by the procedure of Stevens et al.22 Compound 
3d (1.5 mg, 4.1 ^mol) was treated in essentially the same manner 
and yielded the same cis and trans compounds described above. 
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UV analysis at 270 nm of the acetates 4f dissolved in 10 mL of 
methanol after TLC separation in system B yielded cis/trans ratios 
of 75.1:24.9 (3c as starting material) and 64.7:35.3 (3d as starting 
material), respectively. 

Acid Treatment of 4c-trans. 4c-trans (0.4 mg) was dissolved 
in 0.05 N HC1 (1 mL) and stirred for 25 min at room temperature. 
After neutralization with KHC03, an aliquot was chromatographed 
in acetone xhloroform (2:1) together with reference compounds; 
4c-trans, Rf 0.11; 4c-cis, Rf 0.35. No trace of the cis compound 
was detected. It should be noted that the TLC system used gives 
a lower Rf for the trans isomer 4c while the trans compound in 
the acetate series 4e has the higher Rf value. An analogous reversal 
of chromatographic mobilities of a related series of compounds 
was noted by Bachur and co-workers.30 

(30) Andrews, P. A.; Pan, S-S.; Bachur, N. R. J. Chromatogr. 1983, 
262, 231. 

Alcohols, such as methanol, ethanol, and ethylene glycol, 
are metabolized in man primarily through liver alcohol 
dehydrogenase.1 At least in rats, the enzyme activity is 
a major rate-limiting factor in ethanol metabolism.2"4 

Thus, specific inhibitors of the dehydrogenase would be 
useful for studying the physiological role of the enzyme 
and perhaps for therapeutically preventing poisoning by 
methanol5 '6 and ethylene glycol.7,8 These compounds 
become more toxic when they are oxidized to the corre
sponding acids.7,9 The utility of 4-methylpyrazole as an 
inhibitor of alcohol dehydrogenase and of methanol and 
ethylene glycol metabolism has been demonstrated in 

(1) Li, T.-K. In "Advances in Enzymology"; Meister, A., Ed.; Wi-
ley-Interscience: New York, 1970; Vol. 45, pp 427-483. 

(2) Crow, K. E.; Cornell, N. W.; Veech, R. L. Alcoholism: Clin. 
Exp. Res. 1977, 1, 43-47. 

(3) Lumeng, L.; Bosron, W. F.; Li, T.-K. Biochem. Pharmacol. 
1979, 28, 1547-1551. 

(4) Plapp, B. V.; Leidal, K. G.; Smith, R. K.; Murch, B. P. Arch. 
Biochem. Biophys. 1984 230, 30-38. 

(5) McMartin, K. E.; Makar, A. B.; Martin-Amat, G.; Palese, M.; 
Tephly, T. R. Biochem. Med. 1975, 13, 319-333. 

(6) McMartin, K. E.; Hedstrom, K.-G.; Tolf, B.-R.; Ostling-Wint-
zell, H.; Blomstrand, R. Arch Biochem. Biophys. 1980, 199, 
606-614. 

(7) Beasley, V. R.; Buck, W. B. Vet. Hum. Toxicol. 1980, 22, 
255-263. 

(8) Chou, J. Y.; Richardson, K. E. Toxicol. Appl. Pharmacol. 1978, 
43, 33-44. 

(9) Tephly, T. R.; Makar, A. B.; McMartin, K. E.; Hayreh, S. S.; 
Martin-Amat, G. In "Biochemistry and Pharmacology of 
Ethanol"; Majchrowicz, E.; Noble, E. P.; Eds.; Plenum Press: 
New York, 1979; Vol. 1, pp 145-164. 
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monkeys,6,10 but it is a competitive inhibitor of alcohol 
dehydrogenase and may not be the most efficacious com
pound to use in man.11 

We prepared and evaluated a series of sulfoxides as 
inhibitors of alcohol dehydrogenase in vitro and in vivo 
and found that thiolane 1-oxide (tetramethylene sulfoxide) 
was an exceptionally potent inhibitor.12 This compound 
is an uncompetitive inhibitor of ethanol metabolism in rats, 
which is advantageous as compared to competitive inhib
itors in that the inhibition is not prevented when the 
concentration of alcohol is increased to levels that saturate 
the alcohol dehydrogenase. Since the active site of horse 
liver alcohol dehydrogenase has a large hydrophobic 
pocket,13 '14 alkyl or aryl substitutents at the 3-position of 
the five-membered ring in thiolane 1-oxide should enhance 
the inhibitory potency. 

Biological Resul ts and Discuss ion 

Table I shows that increasing the size of the alkyl sub-
sti tuent increases the inhibitory potency of the thiolane 

(10) Clay, K. L.; Murphy, R. C. Toxicol. Appl. Pharmacol. 1977,39, 
39-49. 

(11) Deis, F. H.; Lester, D. In "Biochemistry and Pharmacology of 
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New York, 1979; Vol. 2, pp 303-323. 
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Inhibition of Liver Alcohol Dehydrogenase and Ethanol Metabolism by 
3-Substituted Thiolane 1-Oxides 
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3-Substituted thiolane 1-oxides (methyl, n-butyl, w-hexyl, and phenyl) were prepared and tested as inhibitors of 
horse, monkey, and rat liver alcohol dehydrogenases and of ethanol metabolism in rats. These compounds inhibit 
alcohol oxidation in an uncompetitive manner with respect to ethanol as a varied substrate. Lengthening the alkyl 
substituent increased the inhibitory potency because of tighter binding in the hydrophobic substrate binding pocket 
of the alcohol dehydrogenases. Thus, the 3-hexyl derivative was the most potent inhibitor of the purified rat liver 
alcohol dehydrogenase, with a Ka value of 0.13 nM. The 3-butyl derivative was the best inhibitor of ethanol metabolism 
in rats, with a Ku value of 11 ^mol/kg. The acute toxicity in mice of the butyl derivative was 1.4 mmol/kg. Since 
high concentrations of alcohol do not prevent the inhibitory effects of these compounds, they may be particularly 
useful for preventing poisoning by methanol or ethylene glycol. 
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