J. Am. Chem. Soc. 1984, 106, 3039-3041 3039

we investigated the effect of temperature on the (1[Pt] + 2) and
(1 + 2) equimolar mixtures.

Both relative absorbance vs. temperature curves for (1 + 2)
and (1[Pt] + 2) (Figure 1a) present a sigmoidal shape, with
respective melting temperatures of 55 and 28 °C at 2.3 X 107
and 8 X 107 M oligomer strand concentrations. (1[Pt] + 2) shows
less cooperativity than (1 + 2). That the observed melting profile
of (1[Pt] + 2) does not reflect the partial self-pairing of any of
the two strands is ascertained by comparison with the curves of
1[Pt] and 2 alone.?®

The circular dichroism spectra of (1 + 2) and (1[Pt] + 2)
belong to the B DNA type,! the latter showing a larger differential
absorption in the 270-290-nm region. The relative Aeys vs.
temperature plots for (1 + 2) and (1[Pt] + 2) (Figure 1b) show
respective melting temperatures of 50 and 30 °C at 1.8 X 107
and 2 X 1075 M oligomer strand concentrations. These T, values
are in agreement with those of the UV melting profiles. Here
too, none of the Ae,gs vs. temperature curves for 1[Pt] and 2 alone
exhibit a sigmoidal profile.??

The NMR spectra of the exchangeable imino protons (G-N1H
and T-N3H) of (1 + 2) and (1[Pt] + 2) in water?>?* are shown
in Figure 2 at different temperatures. For (1 + 2) the integration
gives eight imino protons. The lower field group (2 H) is assigned
to the two A-T base pairs (2-15 and 3-14, see Figure 2 for the
numbering) based on the nuclear Overhauser effects between these
protons and the two A-H2. The two higher field groups of signals
(4H and 2H) belong to the G-C base pairs.?® All these signals
are little affected by raising the temperature up to 40 °C. But
at 44 °C, they experience a general broadening and disappear at
50 °C. For (1[Pt] + 2) at low temperature, the signal pattern
is completely different. It is noteworthy that there are still eight
imino protons involved in hydrogen bonding.?® Compared to (1
+ 2), four G-C imino protons are moved: three are downfield
shifted, two overlapping with the A-T’s, and one is upfield shifted,
overlapping with the two high field G-C’s. Raising the temper-
ature from 1 to 24 °C affects the three signals at 13.7, 13.6, and
13.30 ppm. At 30 °C all the signals have disappeared, and this
agrees with the lower UV and CD T, obtained for (1[Pt] + 2)
compared to (1 + 2). Three G-C imino protons of (1[Pt] + 2)
are involved in fraying of the duplex, which should first affect
the (6-11), (7-10), and (8-9) base pairs of the platinated end
if one takes into account the stabilization of the other end by the
unpaired G(17) and C(18) bases of the decamer strand.?’2
Therefore the three downfield shifted G-C imino protons should
correspond to the G-platinated (6—11) and (7-10) pairs and to
the distorted terminal (8-9) pair. The upfield shifted G-C imino
proton could be assigned to the (5-12) pair because of the per-
turbation due to the adjacent platinum chelate. These assignments
are tentative and are in agreement with preliminary results ob-
tained by other workers.?’

In conclusion, our preliminary results show that a d(GpG)-
cis-Pt(NHj;), chelate on a short oligonucleotide does not preclude
duplex formation with a complementary strand. In our case,
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melting occurs at a temperature lower than 37 °C, but the duplex
is quite short, and the platinated sequence is next to the helix end.
This suggests that d(GpG)-platinum chelation should not induce
a large distortion of the DNA duplex. This distortion might be
quite similar to that of a kink*® or of a region of systematically
bent B DNA ! and this would raise the question of its detection
by the repair enzymes.3?
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Bianthrone [Chemical Abstracts name: 10-(10-ox0-9-
(10H)-anthracenylidene)-9(10H)-anthracenone (1)] is a ther-

mochromic substance that exists at room temperature as a yellow
A form. As solutions of 1 are heated, a significant fraction is
converted to the green B form whose enthalpy is 3.0 kcal/mol
greater than A.! Substituents larger than fluorine at the 1- and
1’-positions prevent thermochromicity.? It is likely that bulky
substituents destabilize B more than A causing the energy dif-
ference to be too high to allow formation of detectable quantities
of B at temperatures below decomposition.> Until now no means
of measuring this energy difference has been available. We have
developed an indirect electrochemical technique and have found
Kap = [B]/[A] = 8 X 107 at 373 K (AG,—.5 = 8.7 kecal/mol)

(1) Tapuhi, Y.; Kalisky, O.; Agranat, I. J. Org. Chem. 1979, 44,
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Figure 1. Extent of reduction as a function of potential as determined
by thin-layer coulometry. 1.00 M tetraethylammonium perchlorate in
N,N-dimethylformamide, 2.48 mM 1, and 1.13 mM 2. Squares, re-
duction steps; octagons, oxidation steps; curves, eq 1 for 1 and eq 2 for
2 using parameter values given in text.
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for 1,1-dimethylbianthrone [(E)-4-methyl-10-(1-methyl-10-
ox0-9(10H)-anthracenylidene)-9(10H)-anthracenone (2)].

The reduction of 1, 2, and other substituted bianthrones is fully
described by Scheme 1.+ A is reduced in an ECE sequence: A
— A~ — B~ — B%. On the return scan of a cyclic voltammo-
gram, sequential and reversible oxidation of B>~ to B~ and then
to B is seen at rapid scan rates.

It is important to realize that the above reaction sequence is
kinetically controlled and is not the equilibrium thermodynamic
pathway,* which instead is A = B = B~ = B2, If the equi-
librium potential, E, of an indicator electrode can be measured
as a function of the extent of reduction of A, it will be possible
to extract Ksp from the experimental data and values of £5° and
E)p° determined in independent cyclic voltammetric experiments.
Typically**®hi E 3° and E,5° are separated by 0.2-0.3 V in which

(4) (a) Olsen, B. A.; Evans, D. H. J. Am. Chem. Soc. 1981, 103, 839-843,
(b) Hammerich, O.; Parker, V. D. Acta Chem. Scand., Ser. B 1981, B33,
395-402. (c) Neta, P.; Evans, D. H. J. Am. Chem. Soc. 1981, 103,
7041-7045. (d) Olsen, B. A,; Evans, D. H.; Agranat, 1. J. Electroanal. Chem.
1982, 136, 139-148. (e) Evans, D. H.; Xie, N. /bid. 1982, 133, 367-373. (f)
Evans, D. H.; Busch, R. W. J. Am. Chem. Soc. 1982, 104, 5057-5062. (g)
Evans, D. H.; Xie, N. Ibid. 1983, 105, 315-320. (h) Matsue, T.; Evans, D.
H.; Agranat, 1. J. Electroanal. Chem. 1984, 163, 137-143. (i) Matsue, T.;
Evans, D. H. Ibid., in press.
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case the equilibrium potential will be given by eq 1 when K, >
E=E;° + (RT/F) In Kap + (RT/F) In [(1 - /) //]

0<f<1.0 )
E=Ep®’+(RT/F)In [2-H/(-1)] (1"
1.0 < £<20

E = (Ep® + E3°)/2 + (RT/(2F)) In Kysp +
(RT/(2P) In [(2-1/1]
0<f<2 (2)

f=20/0 (3)

1073 (as with 1) and by eq 2 when K5 < 1074 (as with 2) where
JSis the extent of reduction, Q is the number of coulombs required
to reach the equilibrium composition at potential E, and Q, is the
number of coulombs required for complete reduction to B".

The measurement of E as a function of f was achieved by
thin-layer coulometry? in which a solution of A was reduced or
a solution of B> (formed by initial reduction of A) was oxidized
and the total charge required to reach equlibrium at each potential
was measured. Results for 1 at 298 K are shown in Figure 1 where
good agreement is found between the data and eq 1 using Kup
=19 X 1073, E|3° = 0.493 V, E,5° = 0.237 V (determined by
cyclic voltammetry). Spectrophotometric determination!!"12 of
K,p in DMF at 298 K gives K 5 = 2.1 X 1073,

Assuming K,p is very small for 2, we must expect very slow
electrolysis because kg will also be very small. In fact, at 298
K negligible current is obtained and it is only at temperatures
above 350 K that a steady charge is obtained in a reasonable time
period. The data for 2 shown in Figure 1 were obtained at 373
K. For initial reduction steps, a significant charge is first observed
near +0.15 V; for oxidation steps (obtained after initially reducing
all A to B> (-0.20 V) then stepping to a more positive potential)
the charge begins to build up near +0.10 V. The true equilibrium
response must lie between these two extremes. A theoretical curve
based on eq 2 with K5 = 8 X 107, E;5° = 0.355, and E° =
0.160 V is shown in Figure 1. Though some deviation occurs for
large charges on either the reduction or oxidation curves, Kg =
8 X 107 appears to be a sound estimate of the equilibrium con-
stant.

The above value of Kp is supported by rate measurements.
For a CEE scheme, the initial current obtained after a potential
step to values negative of E,5° (+0.10 — 0.00 V) will bel?

i = ZFADA]/ZCA*KABkBAI/Z (4)

(5) Our cell was similar to that of Heineman et al.® but included getter
electrodes’ above and below the working electrode and was sealed with Tefzel.?
The cell was set up in a small drybox that was purged with nitrogen gas, and
the temperature was controlled by pumping water from a water bath through
the cell jacket. The reference electrode was a saturated CdCl,, Cd amalgam,
DMF electrode® whose potential was —0.693 V vs. aqueous SCE at 298 K.
Potentials were controlled by a Princeton Applied Research (PAR) Model 173
potentiostat, and charge was measured with a PAR 179 digital coulometer.
The charge-potential curves were generated by allowing equilibrium to be
achieved at each potential and measuring the charge passed for the reduction
of A or oxidation of B¥". For compound 1 the getter current existing at the
time of the measurement of charge created an IR drop in solution which
caused a small hysteresis (5-10 mV) between the E—f curve for reduction steps
and that for oxidation steps. This /R was apportioned according to the
magnitude of the getter currents at a given charge, and small corrections were
applied giving the curve shown in Figure 1. Values of £,5° and E,5° were
obtained by cyclic voltammetry**¢! by using the instrumentation and tech-
niques described earlier.!® For 2, E° values were measured from 293 to 333
K, and values at 373 K were obtained by extrapolation of linear E°® vs. 1/T
plots.
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where A is the area of the electrode in the thin-layer cell, D, is
the diffusion coefficient, and Ca* is the concentration of A. Dy
for 2 at 373 K was estimated from the known* diffusion coefficient
of 1 at 294 K and the viscosity of DMF using the Stokes—Einstein
relation. The value of kg, at 373 K was estimated from its
measured value*® at 294 K and the assumption that the entropy
of activation was negligible. The observed initial current for
reduction of 2 gave K, = 2 X 107 when calculated by eq 4.
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During the course of a search for plant-based tumor inhibitors
Kupchan et al. isolated the furanosesquiterpene gnididione from
the antileukemic fractions of Gnidia latifolia and proposed the
structure 1 for this material on the basis of chemical and spec-
troscopic evidence (Figure 1).! This compound has a number
of structural features that make it an attractive synthetic target,
not the least of these being the furan ring, the first example of
this functionality occurring in a guaiane sesquiterpene, and the
cis relationship between H-1 and Me-10. This last substitution
pattern is quite rare among members of this class? and has led
to the suggestion that the alternative structure 2 might better fit
the experimental data.® In addition, the guaiane skeleton itself
represents a distinct synthetic challenge. These materials have
attracted considerably less attention than the biogenetically related
pseudoguaianes* and there have been only scattered reports de-
scribing the total synthesis of naturally occurring members of this
class.” In this paper we report on an unequivocal synthesis of
both 1 and 2 which firmly establishes the structure of gnididione
as 1.

For some time now we have been developing a general synthetic
approach to the furanosesquiterpenes and this strategy appeared
to be particularly well suited for the synthesis of 1 and 2 (“bis
heteroannulation®).® Thus, we envisioned that acetylenic oxazoles

(1) Kupchan, S. M.; Shizuri, Y.; Baxter, R. L.; Haynes, H. R. J. Org.
Chem. 1977, 42, 348.

(2) Yoshioka, H.; Mabry, T. J; Timmermann, B. B. “Sesquiterpene
Lactones”; University of Tokyo Press: Tokyo, 1973.

(3) Ramsey, H. D. Ph.D. Thesis, Texas Tech University, Lubbock, 1980;
Chem. Abstr. 1980, 95 6933¢q; Diss. Abstr. Int. B, 1981, 41 (7), 2616-2617,
University Microfilms International, Ann Arbor, MI, No. 8102458.

(4) For a complete survey of activity in the pseudoguaiane area through
1981, see: Heathcock, C. H.; Graham, S. L.; Pirrung, M. C; Plavac, F;
White, C. T. In “The Total Synthesis of Natural Products”; ApSimon, J. W.,
Ed.; Wiley: New York, 1982; Vol. 5. See also: (a) Heathcock, C. H. Ibid.
Vol. 2. (b) Heathcock, C. H.; DelMar, E. G.; Graham, S. L. J. Am. Chem.
Soc. 1982, 104, 1907 and references cited therein.
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Soc., Chem. Commun. 1983, 666. (b) Devreese, A. A.; Demuynck, M.; De
Clercg, P. J.; Vandewalle, M. Tetrahedron 1983, 39, 3049. (c) Oppolzer, W.;
Weglie, R. D. Helv. Chim. Acta 1980, 63, 1198. For a general survey of
synthetic methodology in this area, see ref 4. Recent papers of interest include:
(d) Hudlicky, T.; Reddy, D. B.; Govindan, S. V.; Kulp, T.; Still, B.; Sheth,
J. P.J. Org. Chem. 1983, 48, 3422. (e) Kozikowski, A. P.; Mugrage, B. B.;
Wang, B. C.; Xu, Z.-b. Tetrahedron Lett. 1983, 3705. (f) Metz, P.; Schifer,
H.-J.; Henkel, G.; Krebs, B. Ibid. 1983, 1959. (g) Rigby, J. H. Ibid. 1982,
1863. (h) Posner, G. H.; Babiak, K. A.; Loomis, G. L.; Frazee, W. J.; Mittal,
R. D.; Karle, I. L. J. Am. Chem. Soc. 1980, 102, 7498.

(6) Jacobi, P. A.; Craig, T. A. J. Am. Chem. Soc. 1978, 100, 7748. (b)
Jacobi, P. A.; Walker, D. G.; Odeh, 1. J. Org. Chem. . 1981, 46, 2065. (c)
Jacobi, P. A.; Walker, D. G. J. Am. Chem. Soc. 1981, 103, 4611. (d) Jacobi,
P. A; Craig, T. A,; Arrick, B. A. Ibid., in press. (e) Jacobi, P. A.; Walker,
D. G.; Frechette, R. F. Ibid., submitted for publication. (f) Jacobi, P. A.;
Weiss, K. T.; Egbertson, M. Heterocycles, in press.

(7) Evans, D. A.; Golob, A. M. J. Am. Chem. Soc. 1975, 97, 4765 and
references cited therein. See also: (b) Evans, D. A.; Nelson, J. V. J. Am.
Chem. Soc. 1980, 102, 774.
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6a and 6b should be directly convertable to the annulated de-
rivatives 7a and 7b, which upon mild acid hydrolysis would provide
the desired target compounds (Scheme I). As one advantage of
this approach regiochemical control is assured by the geometrical
constraints of the intramolecular Diels—Alder reaction,® and,
furthermore, it occurred to us that stereochemical control in the
preparation of 6a and 6b might be established through the use
of an oxy-Cope reaction’ if certain criteria could be met. It was
our hope, in particular, the chemoselectivity in the conversin of
5a,b to 6a,b might be effectively controlled by conformational
factors relating to the relative configuration at C-8 (*), thereby
overriding the usual tendency of such reactions to proceed at a
faster rate with acetylenic #-bond participation (Scheme II).2
Thus, of the four possible diastereomers of general structure §
models clearly indicate that 8 and 9 should be strongly biased in
favor of conformations 8a and 9a, while 10 and 11 should react
preferentially through conformations 10b and 11b. In the event,
these predictions were readily tested by experiment.

The key intermediate for our synthesis of 8-11 was the oxazole
aldehyde 18, which was readily prepared as indicated and further
elaborated as follows (Scheme III).” Thus, 18 was first treated
with cis-lithiopropene!? to give an 86% yield of the allylic alcohol
19a which was directly oxidized with Swern's reagent!® to the
corresponding enone 20a (82%). This material, upon condensation

(8) Viola, A.; Collins, J. J.; Filipp, N. Tetrahedron, 1981, 37, 3765.

(9) Satisfactory elemental analyses and spectral data were obtained for all
new compounds reported. All yields refer to isolated and purified materials.
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1979, 51, 1347. (d) Walborsky, H. M.; Peresasamy, M. P. Org. Prep. Proceed.
Int. 1979, 11 293. (e) Kozikowski, A. P.; Ames, A. J. Am. Chem. Soc. 1980,
102, 860. See also ref 6b.
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