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The activation parameters for the degenerate Cope rearrangement of barbaralane and three 3,7-disubstituted
barbaralanes (R = R’ = CN, Br, CH,) have been determined by *C NMR spectroscopy. For the parent system
E, = 7.71 keal/mol, log A = 12.90, AH* = 7.32 kcal/mol, and AS* = -0.73 eu. These are an average of two
independent measurements at 20 and 100.6 MHz. The cyano group has no significant effect on AH*, while Br
and CHj; increase AH* by 0.7 and 2.1 keal/mol, respectively. The mechanistic implications of these results are

discussed.

Introduction

The study of substituent effects on rate constants of
fluxional systems has several interesting aspects. Firstly,
theoretical models that predict substituent effects on en-
ergy barriers or enthalpy differences can be tested and,
secondly, very subtle substituent effects on equilibrium
constants can be measured if the system is nondegenerate
and an equilibrium shift can be observed. Today, dynamic
13C FT-NMR spectroscopy provides a powerful tool for
such investigations.?

Recent interest in the synthesis of substituted semi-
bullvalenes® prompts us to report here results of a dynamic
13C NMR study of the degenerate Cope rearrangement of
barbaralane (la = 1a’) and several 3,7-disubstituted
barbaralanes (1b-d).

1a :R=H
1b: =CN
¢ : =Br
id: =CH;
te: =CgHs

The parent system la belongs to the family of bridged
homotropilidenes that has already found considerable
attention by various dynamic NMR studies.*® Expecially
theoretical results indicating that suitably substituted
derivatives—for example 2,4,6,8-tetracyanosemi-
bullvalene—might show “negative activation energies” for
their hypothetical valence tautomerism, i.e., homoaromatic
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character,>® have motivated synthetic chemists to verify
this prediction experimentally. In this context the bar-
rier-raising or lowering effect of substituents at various
positions of the cisoid homotropilidene skeleton is of in-
terest and the present work provides such data for la.

Results

The fluxional system la == 1a’ so far has only been
investigated by 'H NMR, taking 'H, 'H spin-spin coupling
into account by a first-order approach.* Since compli-
cations through spin-spin coupling are absent in ‘H-de-
coupled 13C spectra and a much larger temperature range
can be studied due to the increased 1*C chemical shift scale,
la was included in the present work. The reliability of our

(1) For part 25 see: Tobias, S.; Ginther, H.; Pfleiderer, W. Chem. Ber.,
in press.

(2) Gunther, H.; Ulmen, J. Tetrahedron 1974, 30, 3781. Kalinowski,
H.-O.; Berger, S.; Braun, S. “*C-NMR-Spektroskopie”; Thieme: Stutt-
gart, 1984.

(8) See for example: Quast, H.; Gorlach, Y.; Stawitz, J. Angew. Chem.
1981, 93, 96. Quast, H.; Christ, J.; Gorlach, Y.; von der Saal, W. Tetra-
hedron Lett. 1982, 23, 3653. Askani, R., Littmann, M. Ibid. 1982, 23,
3651.

(4) (a) Homotropilidene: Ginther, H.; Pawliczek, J.-B.; Ulmen, J;
Grimme, W. Chem. Ber. 1975, 108, 3141. Bicker, R.; Kessler, H.; Ott, W.
Chem. Ber. 1975, 108, 3151. (b) Bullvalene: ref 2. Oth, J. F. M.; Miillen,
K.; Gilles, J.-M.; Schroder, G. Helv. Chim. Acta 1974, 57, 1415. (¢)
Dihydrobullvalene: Schréder, G.; Oth, J. F. M.; Merenyi, R. Angew.
Chem. 1965, 77, 174; Angew. Chem., Int. Ed. Engl. 1965, 4, 752. (d) la
(*H NMR): Doering, W. v. E.; Ferrier, B. M.; Fossel, E. T.; Hartenstein,
J. H.; Jones, M., Jr.; Klumpp, G.; Rubin, R. M.; Saunders, M. Tetrahe-
dron 1967, 23, 3943. (e) Semibullvalene: Cheng, A. K.; Anet, F. A. L,;
Mioduski, J.; Meinwald J. J. Am. Chem. Soc. 1974, 96, 2877. Macho, V.;
Miller, R. D.; Yannoni, C. S. J. Am. Chem. Soc. 1983, 105, 3735.

(5) Hoffmann, R.; Stohrer, W.-D. J. Am. Chem. Soc. 1971, 93, 6941.
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Table 1. 3C Chemical Shifts (ppm) of Barbaralane (1a) and
3,7-Disubstituted Barbaralanes (1b-d) in the Fast (High
Temperature) and Slow (Low Temperature) Exchange
Region®
R T,°C C1 C-28 C-377 C46 C-5 C9 C(R)

la H +32 247 739 121.3 739 247 182
-127 186 22.1 121.4 125.2 303 17.9
Ib CN  +34 245 80.7 1087 80.7 245 150 1175
-125 18.1 239 1074 139.4 30.7 14.4 1196
ic Br +34 276 71.7 1134 717 276 170
-114 214 302 113.5 124.8 33.7 16.7
Id CH; +34 236 724 1282 724 236 194 239
-101 17.6 24.4 1283 1201 29.7 19.1 24.0

sInternal reference, Me,Si.

conclusions for the substituted systems is thereby further
improved, since any systematic errors that might arise are
largely cancelled if all systems are measured under iden-
tical conditions.

The 3C NMR spectra of 1a—d yield two simple equally
populated two-site exchange systems (C-2,8/C-4,6, and
C-1/C-5) with chemical shift differences of ca. 2000 and
200 Hz at 20 MHz, respectively. Spectra were run in the
fast and slow exchange limit, omitting the coalescence
region, where the lines are several hundred hertz wide, for
sensitivity reasons. Rate constants k were calculated from
the exchange-broadened linewidths at half-height, A,; (Hz),
following eq 1 and 2 with év (Hz) as the chemical shift
difference between the two sites.

slow exchange: k = 7A, (1)
fast exchange: k = wdv?/2A,, 2)

The natural linewidth A (Hz) was obtained from the
signals of C-3,7 and C-9 that are not affected by the
chemical exchange process. Exchange broadening A,, was
derived from the measured linewidths A,,, by subtracting
A. The chemical shift difference év was taken from the
spectra at lowest temperature. Only in the case of 1b
enough data points in the slow exchange limit were
available to determine the temperature dependence of the
13C chemical shifts. The temperature effect on é (:3C) is
small (6.2 Hz or 0.3% between 148 and 158 K) and the
kinetic parameters calculated with and without tempera-
ture dependent év agreed within experimental error (see
Experimental Section). Therefore, the use of uniform év
values for the other compounds, where less polar or even
nonpolar substituents are present, does not introduce se-
rious errors. This conclusion is further justified by the fact
that the resonances measured in the fast exchange limit
(32 °C) agree within experimental error with the mean
values for the corresponding low-temperature (slow ex-
change limit) results (cf. data for C-1/C-5, and C-2,8/C-4,6
in Table I).2 For 1d an independent analysis was per-
formed by using a complete line shape calculation (see
Experimental Section) that yielded the same results as
obtained by the application of eq 1 and 2. Furthermore,
in the case of la we took advantage of the possibility to
repeat the measurements at 100.6 MHz in order to test the
reproducibility of our results.

The 3C NMR data of la-d in the fast and slow ex-
change region at high and low temperature, respectively,
are given in Table I. Table III (see supplementary ma-
terial) shows the line widths measured at various tem-
peratures as well as the chemical shift differences and the
calculated rate constants. Eyring plots for the rate con-
stants are given in Figure 1 and the kinetic parameters are

(8) An accidental compensation of the temperature gradients for the
chemical shift of both sites cannot be excluded but is highly unlikely.
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Figure 1. Eyring diagrams for the degenerate Cope rearrange-
ment of 1a—d; right In (k/T) scale 1a, left scale 1b-d.

collected in Table II. Due to the simple form of eq 1 and
2, in addition to the statistical error analysis, a more rig-
orous error treatment that considers the errorin k and T
at the highest and lowest temperature used® was possible
(see Experimental Section). These errors (in percent) are
given in parenthesis in Table II which also contains results
for 3,7-diphenylbarbaralane (1e)!° that are relevant to the
present study.

Discussion

Because AG* is the most reliable parameter obtained
from dynamic NMR studies, most discussions so far have
focussed on free enthalpies. As will be shown below,
however, the extraction of AH* and AS? values is essential
if one wants to understand the subtle substituent effects
operating in systems like 1a = la’. In addition, the com-
parison with theoretically calculated energies must be
based on enthalphy quantities.

Our results for 1a are in fair agreement with those of
the earlier 'H work,* where E, = 8.6 £ 0.2 kcal/mol and
log A = 13.6 %+ 0.3 was found and a 90% confidence limit
of £1 kcal/mol was estimated for E,. From the experi-
mental data given there one calculates AH* = 8.24 kcal/
mol and AS* = 2.33 eu. Both values are clearly higher than
our results. Since the temperature range for our dynamic
13C NMR study is more than 5 times that used in the 'H
work, we regard the 1°C results to be the more reliable ones,
especially since the two independent *C measurements
performed at two different field strengths are in perfect
agreement.

A further point of interest concerns the sign of the ac-
tivation entropy measured for the Cope rearrangement of
bullvalene and 1a. Considering symmetry numbers!! or
the number of independent reaction pathways available,'?
a small positive AS* is expected for bullvalene. This is
indeed found experimentally.®* For 1a, on the other hand,
the ground state has C, symmetry, the transition state C,,
symmetry, and only one reaction pathway is available. One
therefore expects a negative AS* or AS* = 0. The small
negative AS* values found for 1a—d are thus in agreement
with these expectations that are based solely on statistical
considerations.

Turning now to the substituent effects for 1a—d we first
recall that three principle structures have to be considered

(9) Benson, S. W. “The Foundations of Chemical Kinetics”; McGraw
Hill: New York, 1960; p 87 ff.

(10) Kessler, H.; Ott, W. J. Am. Chem. Soc. 1976, 98, 5014.

(11) Benson, S. W. “Thermochemical Kinetics”, 2nd. ed.; Wiley: New
York, 1976.

(12) Bishop, D. M.; Laidler, K. J. J. Chem. Phys. 1965, 42, 1688.
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Table II. Activation Parameters® for the Degenerate Cope Rearrangement in Barbaralane (1a) and 3,7-Disubstituted
Barbaralanes (1b-e) as Determined by *C NMR Spectroscopy at 20 MHz’

la 1b 1c id le
H CN Br CH, C¢H;?
E, 7.72 £ 0.05 7.45 £ 0.09 8.49 + 0.18 9.87 £ 0.12
7.70 £ 0.08°
log A 12.86 £ 0.06 12.42 = 0.12 12.26 + 0.18 13.04 £ 0.12
12.94 £ 0.08
AH? 7.34 £ 0.05 (1.8) 7.05 £+ 0.09 (1.8) 8.06 £ 0.17 (1.5) 9.42 £ 0.12 (1.5) 6.8+ 03
7.30 = 0.08 (1.6)
AS? ~0.87 £ 0.25 (99.7) -2.97 £ 0.56 (29.5) -3.86 + 0.79 (16.9) -0.41 £ 0.53 (78.8) -83 £ 1.2
-0.59 % 0.37 (70.9)
AG* 558 7.60 (0.7) 7.90 (0.9) 9.21 (0.9) 9.54 (1.0) 9.3
rd 0.999 0.998 0.997 0.999

*With statistical errors; calculated errors (in %, cf. Experimental Section) in parenthesis. *E,, AH*, and AG* in kcal/mol, AS* in eu.
¢Second entry 100.61 MHz analysis. ¢Correlation coefficient of Arrhenius and Eyring plot. °Reference 10.

for the transition state of the Cope rearrangement in
bridged homotropilidenes: the diradical (“diyl”) structure
2 with bond formation as the initial step, the diallyl
structure 3 with bond breaking as the initial step, and 4
for a true pericyclic process.!*"® 2-4 represent limiting
cases and in practice the character of the transition state
of a particular system is determined by geometry and by
substituents.

2 3 4
5

HyC CH3
@ 6 RrR=CN
7 R=CeHs
R

With respect to these alternatives, simple MO arguments
show that the strongest 3,7-substituent effects should result
for 2, where essentially the radical stabilizing ability of the
substituent is effective. For 3, on the other hand, no
substituent effect is expected, since the central carbons
of the allyl moieties bear the node in the highest occupied
molecular orbital. An intermediate situation is met for 4,
where symmetry allowed interactions between what is
essentially a benzene E,, orbital and the appropriate linear
combination of the sugbstituent LUMO’s are possible.
Their effectiveness, however, depends on the relative en-
ergy of the mixing orbitals in these subsystems.

Our results for 1b show that cyano groups in the 3,7-
position have no pronounced effect on the rate of the
barbaralane rearrangement, in contrast to 2,6-disubstitu-

(13) Wehrli, R.; Bellus, D.; Hansen, H.-J.; Schmid, H. Chimia 1976,
30, 416. Wehrli, R.; Schmid, H.; Ballus, D.; Hansen, H.-J. Helv. Chim.
Acta 1977, 60, 1325.

(14) Gajewski, J. J.; Conrad, N. D. J. Am. Chem. Soc. 1979, 101, 6693.
Gajewski, J. J. Acc. Chem. Res. 1980, 13, 142. Gajewski, J. J.; Gilbert,
K. E. J. Org. Chem. 1984, 49, 11.

(15) Most recently, Quast and Christ [Quast, H.; Christ, J. Angew.
Chem. 1984, 96, 606; Angew. Chem., Int. Ed. Engl. 1984, 23, 604] pres-
ented the first experimental evidence for an unsymmetrical transition
state in a Cope rearrangement of a compound which could also rearrange
via a symmetrical transition state: for 1,5-dimethyl-2,6-dicyanosemi-
bullvalene structure 3 appears to be an intermediate; see also Mclver
[Mclver, J. W., Jr. Acc. Chem. Res. 1973, 7, 72} for a discussion of un-
symmetric transition states in pericyclic reactions.

tion.!® In principle, relative to the parent system, this
finding can be interpreted in three ways: (i) ground-state
and transition-state free enthalpies are unchanged; (ii) both
states are stabilized; (iii) both states are destabilized by
the same amount. In this respect recent calculations for
3,7-dicyanosemibullvalene (5)!7 are of interest, because
they allow us to decide between these alternatives. For
5, a ground-state stabilization of 8.2 kcal/mol was obtained,
and a similar stabilization energy can be expected for 1b.18
It then results that the transition state for 1b = 1b’ must
be stabilized by the same amount and alternative ii is
correct. In addition, the calculations show that the tran-
sition state for 5 = 5’ is stabilized by 4.5 kcal/mol with
respect to that of the rearrangement of the parent hy-
drocarbon, i.e., in the semibullvalene case, each cyano
group only contributes ca. 2.0 kcal/mol transition-state
stabilization. This is only half of the stabilization energy
estimated for 1b and suggests that the transition state for
5 = 5 has more diallylic character than that for 1b = 1b’,
in accord with Dewar’s statement® that “evidently the
transition state becomes increasingly like a pair of allyl
radicals as the length of the bridge (i.e., the fragment
between C-1 and C-5 of the homotropilidene partial
structure) is decreased”.

Experimental data for 1,5-dimethyl-3,7-dicyanosemi-
bullvalene (6) have just become available,'® which further
support these arguments. The increase of AH* was indeed
established (AH* = 0.8 kcal/mol in comparison with the
parent semibullvalene). It is smaller than that calculated,
however, dimethyl substitution in positions 1 and 5 may
lower the activation barrier, and both the calculated and
the experimental data sets are subject to smaller errors.
Comparing only the experimental results, there is definitely
a barrier increase on 3,7-dicyano substitution for semi-
bullvalene, which is absent for the barbaralane. Fur-
thermore, this increase is practically due to an enthalpy
change, while the activation entropy is not significantly
affected, as one expects for a linear substituent like the
cyano group.

As for the mechanistic alternative 2 discussed at the
beginning, 2,5-dicyano substitution lowers the barrier of

(16) Jackman, L. M.; Ibar, G.; Freyer, A. J.; Gérlach, Y.; Quast, H.
Chem. Ber. 1984, 117, 1671. Angew. Chem. Int. Ed. Engl. 1984, 23, 604.

(17) Miller, L. S.; Grohmann, K.; Dannenberg, J. J. J. Am. Chem. Soc.
1983, 105, 6862.

(18) A referee has pointed out that the stabilization energy for the
cyano group is probably smaller than the value calculated. While this
is true for isolated double bonds, the situation for a more complicated
molecule like 5, where through-bond and through-space interactions are
possible, might well be different. Furthermore, our argument in favor
of alternative ii does not depend on the absolute value of the stabilization
energy.

(19) Schnieders, C.; Millen, K.; Braig, C.; Schuster, H.; Sauer, J.
Tetrahedron Lett. 1983, 24, 749,
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1,5-hexadiene rearrangements by 10.8 kcal/mol.!* Taking
into account a ground-state stabilization by 8.2 kcal /mol,
as above, one finds a stabilization effect of 9.5 kcal/mol
per cyano group, which is even higher than the average
radical stabilization effect of 6.4 £ 2 kcal/mol'® extracted
from different sources and more than twice the value es-
timated for the barbaralane or the semibullvalene system.
This supports the opinion that the transition state for the
Cope rearrangement of 1,5-hexadiene is closer to the diyl
limiting case than that for the bridged homotropilidene
or bullvalene type rearrangements.

Considering now the activation enthalpy of the phe-
nyl-substituted system!? 1e = 1¢’, a similar compensating
effect for ground-state and transition-state stabilization
must be present. Since no data for the ground state are
available, a discussion of the quantitative aspect as given
above for the cyano group is not possible. However, the
data of Millen and Sauer,'® who found a AH* of +1.3
kcal/mol for 1,5-dimethyl-3,7-diphenylsemibullvalene (7),
again show that a strongly conjugating substituent in
position 3,7 of semibullvalene stabilizes the transition state
less than the ground state, while for 1b and le the sta-
bilization for both states is the same. This supports anew
the higher diallyl character of the Cope rearrangement in
semibullvalene.

The results for le == le’ also show that different AG*
values for 1a and le result from entropy changes. While
experimental AG* values are often preferred because of
their higher accuracy, the discussion of substituent effects
based on AG* values alone may thus be misleading.

A barrier increase is found for le (+0.7 kcal/mol) and
is more pronounced for 1d (+2.1 kcal/mole) if AH* values
are considered. Both bromine and methyl are electron-rich
substituents, the latter even electron releasing, a property
which should destabilize the transition state according to
the calculations.’® For the methyl group, the effect found
here is smaller than that observed in the case of 2,6-di-
methylhomotropilidene, where AH* is +5.9 kcal/mol.1?
This trend can be understood on the basis of the change
in local electron density, Aq, induced by passing from the
reactant to the transition state. For position 3 Ag in-
creases® (that means postion 3 becomes more negative) in
the order semibullvalene (Ag; = 66 X 107), 1a (Ag; = 322
% 107, and bullvalene (Ag; = 772 X 10™). Thus, stronger
electron repulsion with an electron-releasing substituent
should destabilize the transition state in the same order.
Since it can be assumed that the cisoid transition state of
the homotropilidene rearrangement® is closer in geometry
and thus electronic structure to the transition state of the
bullvalene rearrangement than to that of the other systems,
a similar or even larger Ag; term can be expected, thus
leading to a stronger destabilization effect by the methyl
group.

Conclusion

Substitution of barbaralane at the 3,7-position leads to
moderate changes for the activation parameters of its va-
lence tautomerism, in accord with earlier estimates ob-
tained for substituents like Cl and OCH; by Hoffmann.*
Only electron-releasing groups like CH; have a significant
effect on AH*, which increases upon substitution. Elec-
tron-withdrawing substituents like CN and phenyl stabilize
ground and transition state by the same amount and
variations in AG* result from entropy changes. The ex-

(20) Busch, A.; Hoffmann, H. M. R. Tetrahedron Lett. 1976, 2379.
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perimental observations are in agreement with theoretical
predictions®%17 and lend support to the statement® that
the transition state of the Cope rearrangement in semi-
bullvalene has more diallyl character than that in bar-
baralane or bullvalene.

Experimental Section

The compounds were gifts from Prof. Dr. W. R. Roth and Dr.
J. Hedding, University of Bochum, and their purity was checked
by C and 'H NMR.

For the rate measurements, the following solvents and con-
centrations were used: la THF/CS, (1:5), 0.62 M; 1b
CHCLF/CD,CDCI, (5:1:1), 0.30 M; 1¢ THF/CS, (1:5), 0.24 M;
1d THF/CS, (1:5), 0.50 M. ®C NMR spectra were obtained under
conditions of *H broad band decoupling with a Varian CFT 20
spectrometer operating at 20 MHz, using 8-mm od sample tubes
and a ?H lock with THF-dg. A sweep width of 4 kHz was used
and 3000 transients with 4 K data points were accumulated. The
temperature was recorded before and after each measurement
under 'H-decoupling conditions within a nonspinning sample tube
filled with acetone using a calibrated gold/silver thermocouple.
During data aequisition a second thermocouple situated in the
N; cooling gas stream immediately beneath the sample tube was
used to monitor temperature constancy. For the measurement
at 100.61 MHz a Bruker WH 400 spectrometer equipped with
the temperature control unit BVT-1000 was used. The latter was
calibrated with a PT 100 thermoresistor in a nonspinning sample
tube.

For the calculation with eq 1 and 2 the frequency parameters
given in Table III were used. For la at 100.61 MHz the signals
of C-1,5 could only be analyzed in the slow exchange limit because
of line overlap at higher temperatures. The complete lineshape
analysis performed for 1d was based on the Gutowsky-Holm
equation® employing a standard program.?? The results (E, =
9.86 % 0.10 kcal/mol, log A = 13.02 + 0.10, AH* = 9.41 £ 0.10
keal/mol, AS* = -0.48 £ 0.43 eu) are virtually identical with those
obtained by the use of eq 1 and 2 (cf. Table II). For 1b the
following chemical shift differences év (2,4) were measured in the
slow exchange limit: 148 K 2309.8 Hz; 251 K 2307.6 Hz; 255 K
2305.4 Hz; 258 K 2303.6 Hz. On this basis the 6» (2,4) values at
the higher temperatures were extrapolated assuming linear be-
havior and the following activation parameters were calculated:
E, = 7.41 £ 0.09 kcal/mol; log A = 12.37 £ 0.12; AH* = 7.03 %
0.09; AS* = -3.07 + 0.55 eu. The natural line width was deter-
mined in all measurements at 20 MHz from the C-3 signal (cf.
Table III) and agreed within 20% with the Me,Si line width. For
1a a 0.6-Hz difference was observed for the line widths of C-3 on
the one hand and C-1,5 and C-2,4 on the other at 262 K where
A, = 0. This was ascribed to nonuniform decoupler power and
the C-3 line widths measured were corrected for this difference.
At 100.61 MHz and below 244 K nonuniform decoupler power
again resulted in different natural line widths in the high- and
low-field region of the spectrum as determined from the signals
of C-9 and C-3,7, respectively. In the fast exchange limit the
arithmetic mean of these linewidths was used because the signal
of C-2,4 appears in the central part of the spectrum.

The errors given in Table II are statistical errors that result
from the regression analysis of the Arrhenius and Eyring plots,
respectively. In addition, the error treatment for kinetic param-
eters given by Benson® was used for the Eyring parameters. It
is based on the errors in £ and T at the highest and lowest
temperature employed for the measurements.” The error in &
was 10% at 20 MHz and 5% at 100.6 MHz owing to the error
in line width. The error in T was estimated to be =1 K. The
percental errors determined in this way are given in parenthesis
in Table II.
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Treatment of mitomycin C (1) with the ambident nucleophile potassium thiobenzoate (6¢) under reductive
conditions (sodium dithionite) at approximately neutral pH led to the formation of predominantly trans-aziridine
ring-opened mitosene adducts. The ratio of trans to cis derivatives was greater than 9:1. The principal site of
reaction in reduced 1 was determined to be carbon-1. The ratio of carbon-1 monosubstituted adducts vs. carbons-1,10
disubstituted adducts was greater than 10:1. The structural identity of each product was confirmed by high-field
'H NMR studies as well as by additional spectral analyses. In all cases, substitution at carbons-1 and -10 occurred
with attack at the sulfur terminus. The implications of these reactions in relation to the mode of action of mitomycin
C (1) are discussed. Moreover, various NMR relationships have been established which provide useful information

concerning the conformation of these mitosene adducts.

Mitomycin C (1) is a member of a class of antibiotics
that exhibit potent, specific antitumor activity.? The
cytotoxic effects of the mitomycins have been attributed
to the bioreductive alkylation of DNA.® In the most
widely accepted mechanism (Scheme I), attachment of the
drug to the genetic material is conjectured to occur at
carbons-1 and -10 of 1.* Special emphasis has been placed
on the potential ability of mitomycin C (1) to cross-link
complementary strands of DNA.2%?

Studies of the reactions of various nucleophiles®!3 with
1 under reductive conditions have generally supported this
mechanism (Scheme I). Initial covalent linkage to 3 is

(1) (a) Abstracted from Ph.D. dissertation of this author. Additional
structure proof, discussion, and experimental and spectral data may be
found in this reference. (b) Alfred P. Sloan Foundation Fellow,
1977-1981. Camille and Henry Dreyfus Teacher-Scholar Grant Recip-
ient, 1977-1982.

(2) Carter, S. K.; Crooke, S. T. “Mitomycin C. Current Status and
New Developments”; Academic Press: New York, 1979.

(3) (a) Remers, W. A, “The Chemistry of Antitumor Antibiotics”;
Wiley: New York, 1979; Vol. 1, pp 221-276. (b) Crooke, S. T.; Bradner,
W. T. Cancer Treat. Rev. 1976, 3, 121-140. (c) Comis, R. L.; Carter, S.
K. Cancer (Philadelphia) 1974, 34, 1576-1586, and references therein.

(4) Moore, H. W.; Czerniak, R. Med. Res. Rev. 1981, 1, 249-280; please
see this article for earlier references.

(5) Hornemann, U.; Ho, Y. K.; Mackey, J. K.; Srivastava, S. C. J. Am.
Chem. Soc. 1976, 98, 7069-7074.

(6) Hornemann, U.; Keller, P. J.; Kozlowski, J. F. J. Am. Chem. Soc.
1979, 101, 7121-7124.

(7) Hornemann, U.; Iguchi, K.; Keller, P. J.; Vu, H. M.; Kozlowski, J.
K.; Kohn, H. J. Org. Chem. 1983, 48, 5026-5033, and references therein.

(8) Bean, M.; Kohn, H. J. Org. Chem. 1983, 48, 5033-5041.

(9) Tomasz, M.; Lipman, R. Biochemistry 1981, 20, 5056-5061.

(10) Kohn, H.; Zein, N. J. Am. Chem. Soc. 1983, 105, 4105-41086.

(11) Tomasz, M.; Lipman, R.; Snyder, J. K.; Nakanishi, K. J. Am.
Chem. Soc. 1988, 105, 2059-2063.

(12) Hashimoto, Y.; Shudo, K.; Okamoto, T. Chem. Pharm. Bull. 1980,
28, 1961-1963.

(13) Hashimoto, Y.; Shudo, K.; Okamoto, T. Tetrahedron Lett. 1982,
23, 677-680. Hashimoto, Y.; Shudo, K.; Okamoto, T. Chem. Pharm. Bull.
1983, 31, 861-869.

believed to proceed by an Syl-type reaction at carbon-1.
This pathway suggests the formation of equal amounts of
carbon-1 cis- and trans-substituted products. However,
a variety of cis/trans product ratios have been observed.
Treatment of reduced 1 with either potassium ethyl
xanthate®’ (6a) or potassium ethy! monothiocarbonate®

(6b) gave the cis- and trans-1,2-disubstituted mitosenes
in the expected 1:1 ratio. On the other hand, reaction of
reduced mitomycin C (1) with 5-guanylic acid led to the
isolation of solely the cis adduct,'? while treatment with
d(GpC) gave only the trans derivative after enzymatic
degradation.!

In this paper, we investigate the role of the nucleophile
in determining the eventual stereochemistry at carbon-1
in ring-opened mitosenes. We describe the reaction of
mitomycin C (1) with the ambident reagent potassium
thiobenzoate!* (6c), a nucleophile similar to that used in
previous studies®® but of reduced activity. Under re-
ductive conditions at approximately neutral pH, 1,2-
trans-substituted adducts were the predominant products.
This surprising result has aided our interpretation of the
varying product ratios obtained in related investigations.
Moreover, detailed analysis of the high-field 'H NMR data
for these and comparable compounds has suggested that
a preferred pyrrolidine ring conformation exists in both
cis- and trans-disubstituted mitosene derivatives.
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