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Table I. EPR Parameters for Methyl-2-
alkoxytetrahydropyran-2-yl Radicals in Cyclopropane at

—-98°Ca
radical
precursor g aH(1 H) aH(1H) oHEBH)
1 2.0028; 27.32 4.12 0.75
2 2.0028~ 27.44 4.14 0.74
40 2.0029, 28.92 3.99
50 2.00284 28.94 3.86

@ Hyperfine splittings are in gauss. The number of hydrogens
producing each splitting are given in parentheses. ¢ A trace of a
second radical is also present which appears to have aH(1 H) =
14.5 G, aH(3 H) = 22.5 G, and g = 2.0029.

Similarly, our failure to detect a trans radical at the highest
temperatures reached allows a lower limit of ~1.5 kcal/mol
to be placed on AH| for the cis—trans equilibrium. These ex-

OR

ki 104 !
Ei 6 keal/mol
N = - OR
o] R 0
R AH} 2 1.5 keal /mol !
RZ Rz
(trons) 8 (cis) 8
3 Rz=Me, R =H
6 Rp= H, R =Me

perimentally derived conclusions are fully consistent with the
results of a theoretical study of 2-alkoxytetrahydropyran-2-yl
radicals.??

The preference of these radicals for the cis conformation
is too large to be entirely attributed to steric factors since these
factors probably amount to little more than 0.6 kcal/mol.67
The conformational preference of the radicals stands in sharp
contrast to that of their parent molecules for which the trans
structure having the OR group axial is preferred by ca.
0.35-0.74 kcal/mol.87 Since an equatorial preference is usually
observed in monosubstituted cyclohexanes, an axial prefer-
ence is anomalous and is commonly referred to as the “ano-
meric effect”.82425 In the 2-alkoxytetrahydropyrans it arises
because of interactions between the lone pairs of the ring
oxygen and the exocyclic Co-O and Co~H bond orbitals.?6 In
radicals 3 and 6 the alkoxy group adopts the equatorial posi-
tion. This allows stabilization?? of the radical center by con-
jugative delocalization to the p-type lone pair on the ring
oxygen.?8 That is, in the cis conformation the radical will be
stabilized by electron delocalization to the p-type lone pairs
of both of the adjacent oxygen atoms, but in the trans con-
formation only the exocyclic oxygen can provide this stabili-
zation.2® We attribute the more rapid hydrogen abstraction
from cis- than from trans-2-methoxy-4-methyltetrahydro-
pyran? to the fact that the cis isomer is thermodynamically
less stable than the trans and that it can directly yield the
thermodynamically more stable cis radical.
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One of us has proposed? a biogenetic scheme for the class
of sesquiterpene lactones known as helenanolides which is
depicted in Scheme 1. It was speculated that the formation of
these compounds is initiated by enzyme-mediated anti-
Markownikoff cyclization of a cis-1(10),trans-4,5-germacra-

Scheme I
ol
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Figure 1. Sterecscopic view of pleniradin acetate.

dienolide® or the equivalent 4,5-epoxide similar to the acid-
catalyzed process shown. The resulting trans-fused guaiano-
lide ion could stabilize itself by proton expulsion or reaction
with a nucleophile; alternatively, it could undergo a series of
rearrangements (arrows) to a helenanolide.®

Elaboration of the scheme was prompted by the observation
that although trans-fused guaianolides are quite rare in na-
ture, the few that have been found occur either in conjunction
with helenanolides or are found in chemical races of species
which normally contain helenanolides (for examples, see ref
2). The scheme was subsequently reinforced by the actual
discovery in nature of the postulated cis-1(10),trans-4,5-
germacradienolides and their 4,5-epoxides, the so-called
melampolides.?® To date, however, no single species has
yielded representatives of all three lactone classes lying on the
presumed biogenetic pathway. We now report that the
structures of baileyin and pleniradin, two sesquiterpene lac-
tones from Baileya pleniradiata Cav. and B. multiradiata
Harv. and Gray, require revision and that in consequence
these two species do in fact fulfil the conditions for the pro-
posed biogenetic scheme.

The original study of these species by Geissman and co-
workers!3-15 yielded the germacranolide baileyin (1), the
guaianolide pleniradin (2), and several helenanolides whose
structures were either already known or established subse-
quently.18-18 Pleniradin was assigned!® the gross structure of
formula 2 because of its NMR spectrum and some chemical
transformations. Its lactone ring was assumed to be trans
because of the positive Cotton effect associated with the n,r*
transition of the unsaturated lactone;!® the C-2 hydroxyl
group was assigned the a configuration by application of
Horeau’s method.2 The stereochemistry ascribed to C-1, C-4,
and C-5 was based on the assumption that pleniradin was
biogenetically related to baileyin, whose properties seemed
to be consonant with formula 1, and to the helenanolides by
a rearrangement involving the epoxide of pleniradin.

To accommodate the biogenetic scheme for the helenano-
lides, one of us has suggested?a that baileyin is actually a cis-
1(10)-germacrenolide and that pleniradin is a trans-fused
guaianolide with H-18 and H-5«, in which case the presumed
series of shifts leading to the helenanolides of Baileyea species
would operate unexceptionally. It was also pointed out that
if pleniradin were indeed a trans-fused guaianolide, its ste-
reochemistry at C-2 and/or C-8 would require revision as well
since pleniradin acetate differs from gaillardin (4) of estab-
lished relative and absolute configuration.2!

Attempts to verify this suggestion were long frustrated by
the unavailability of the two compounds. However, through
the courtesy of Professor Pettit and Dr. Cherry L. Herald who
have recently reinvestigated the constituents of Baileya ex-
tracts because of their antitumor properties,'®22 we obtained
a few milligrams each of baileyin and pleniradin acetate and
were able to substantiate our guess as to the stereochemistry

5a, H-Bav 6
b, H-88
CH,0Ac
HO 0
HO .
OH \‘ IEI ]
0
7

of these substances at the relevant carbon atoms.

Analysis of the TH NMR spectrum of pleniradin acetate at
270 MHz (Table I) verified the carbon skeleton proposed
previously, but was not very helpful in establishing the ste-
reochemistry of the ring junction since both cis- and trans-
fused guaianolides exhibit large values for J; 523 Conse-
quently, a single crystal of pleniradin acetate was examined
by X-ray crystallography. This resulted in formula 3b with
a trans fusion of the two carbocyclic rings; hence, pleniradin
is 3a.

Crystal data of 3b are listed in the Experimental Section.
Figure 1 is a stereoscopic drawing of the molecule which shows
that H-1 and H-5 are trans, with the two hydroxyl groups cis
to H-5 and trans to H-1, and that the lactone ring is cis
fused.

While it was not possible to deduce the absolute configu-
ration of pleniradin acetate from the X-ray data, one would
normally infer that Figure 1 and formula 3b also represent the
absolute configuration since earlier!4 application of the Ho-
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Table I. NMR Spectra (6) of Baileyin and Pleniradin
Acetate®

3 4b

5.33 (br d, 10) 1.82(brd, Jy5 = 14 Hz)
4.69 (m 10, 10, 6) 5.22 (m)

2.62(dd 12, 6) 2.32(dd, 15, 8)

1.27 (t, 12, 10) 2.12 (br d, 15)

2.33 (d, 15)° 2.32 (m, J56, ~ 14 Hz)

ju e otz ollanfiusflasfia vlia vle sffa sle
Qozomqoao'bc';"ggal'ow

a 2.75 (dd, 15, 12)¢ 2.32 (m, Jga 60 = 15 Hz)
-6b 1.4 (m) 1.34 (g, Jepb,7 ~ 13 Hz)
- 2.85 (m, J';.g ~9 HZ) 3.46 (m, J7,8 ~9 HZ)
- 4.05 (dd, 9. 12)¢ 5.39(dd, 9, 3)
-9a 2.47 (1, 12) 5.46 (br)/
-9b 1.3¢
H-13a 6.37 (d, 3.5) 6.22 (d, 3)
H-13b 5.67(d, 2.7) 5.54 (d, 3)
H-14 1.85 (br, 1) 1.69 (br)
H-15 1.18 1.21
Ac 2.03

¢ Run in CD(C1 at 270 MHz. Registry no.: baileyin, 27875-37-2;
pleniradin acetate, 25873-32-9. @ J5 g, is very small. ¢ Jg, 7 is very
small. 4 Jggj, is very small. ¢ Partially obscured. / Coupled to
H-14; Jgg is very small.

Table I1. Lactone Ring Torsion Angles of 3b

C(8)-0(3)-C(12)-C(11) w; —9.6°

C(13)-C(11)-C(12)-0(4) wg —12.4°
C(11)-C(7)-C(83)-0(3) w3 —29.6°
C(6)-C(7)-Ci8)-C(9) wg —32.1°

reau method to pleniradin had shown C-2 to be a. As was to
be expected, the absolute configuration of pleniradin acetate
would then parallel the absolute stereochemistry of its con-
geners, dihydrohelenalin (plenolin, 6) and paucin (7), whose
absolute configuration is known.4.17.24 However, in this case
the sign of the -C=CCO torsion angle (wy of Table II), which
as usual is paired with the sign of w3,25 would not correspond
to the sign of the Cotton effect associated with the n,z*
transition of the a,8-unsaturated lactone which we have
verified as being positive ([#]250 5700).

Although violations of Horeau’s rule are known, 26 the bio-
synthesis of sesquiterpene lactones with opposite absolute
configuration in the same species would be without precedent;
in fact, we know of no sesquiterpene lactone with H-7 au-
thenticated as H-78 in higher plants. On the other hand, ad-
herence to precedent would constitute pleniradin acetate, an
exception to the rather hesitantly expressed generalization?’
that chirality in the cisoid «,3-unsaturated lactone system
determines the sign of the Cotton effect. Resolution of this
dilemma, which would require additional supplies of pleni-
radin, is obviously of importance in a far larger context.

Our study of the second lactone, baileyin, was perforce
limited to an examination of the 1H NMR spectrum at 270
MHz (Table I). Spin decoupling experiments established the
sequence C-1 through C-3 and C-5 through C-9. Since the
other terminus of the oxirane ring was a quaternary carbon
and H-1 was allylically coupled to the vinylic methyl, the
previously proposed gross structure follows. Irradiation at the
frequency of the C-10 methyl group produced a 12.9% en-
hancement in the strength of the H-1 signal; hence, baileyin
was indeed a melampolide rather than a trans-1(10)-ger-
macrenolide.

The approximate coupling constants give in Table I were
not sufficient to establish unambiguously the stereochemistry
at C-2 and C-8. On balance, a trans-lactone fusion, as in 5a
(H-883), with the C-2 hydroxyl group «, seems preferable, but
this arrangement, in the C conformation, does not satisfac-
torily explain the displacement of the H-8 and H-15 signals
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to somewhat higher than normal field and would differ in
mode of lactone ring closure from all other constituents of
Baileya species.?8 Attempts to obtain more conclusive evi-
dence for the stereochemistry of the two questionable centers
by determining the presence or absence of transannular
NOE’s failed because of superposition of signals and gradual
decomposition of the sample.

In conclusion, it has been shown that Baileya species
elaborate a melampolide and a trans-fused guaianolide of the
type previously postulated to lie on the biogenetic pathway
to their major lactone constituents, the helenanolides. This
of course does not constitute proof for the actual involvement
of such intermediates, which must await the outcome of bio-
synthetic studies. That two frequently used generalizations
lead to mutually contradictory conclusions concerning the
absolute configuration of pleniradin acetate indicates the need
for caution in this area and poses a problem for the future.

Experimental Section

Single crystals of pleniradin acetate as received from Professor G.
R. Pettit were monoclinic, space group 12, witha = 16.743 (2),A b =
5.408 (1) A, ¢ = 17.601 (3) &, 8 = 95.31 (1)°, and degleq = 1.282 g cm™3
for Z = 4 (C17Hg205, M, = 306.36). The intensity data were measured
on a Hilger-Watts diffractometer (Ni-filtered Cu K radiation, #-26
scans, pulse height discrimination). A crystal measuring approxi-
mately 0.10 X 0.10 X 0.5 mm was used for data collection; the data
were not corrected for absorption (z = 7.8 em~1). A total of 1197 re-
flections were measured for # < 57°, of which 1135 were considered
to be observed [I > 2.5¢(])]. The structure was solved by a multiple
solution procedure?” and was refined by full-matrix least squares. In
the final refinement, anisotropic thermal parameters were used for
the heavier atoms and isotropic temperature factors were used for the
hydrogen atoms. The hydrogen atoms were included in the structure
factor calculations, but their parameters were not refined. The final
discrepancy indices were R = 0.041 and wR = 0.050 for the 1135 ob-
served i{aﬂections. The final difference map had no peaks greater than
+0.2e A5,

Registry No.—3a, 25941-24-6.

Supplementary Material Available: Tables III-VII listing final
atomic and anisotropic thermal parameters, bond lengths, bond an-
gles, and selected torsion angles (5 pages). Ordering information is
given on any current masthead page.
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Catalytic transfer reduction has been reviewed recently.!
In an attempt to extend the scope and utility of this reaction,
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Table 1. Partial Reduction of Aromatic Aldehydes?
aldehyde

p-anisaldehyde
2,6-dimethylbenzaldehyde
p-isopropylbenzaldehyde
a-naphthaldehyde

product (% yield)®

p-methoxybenzyl acetate (83)

2,6-dimethylbenzyl acetate (77)

p-isopropylbenzyl acetate (81)

1-naphthalenemethanol acetate
(68)

benzaldehyde benzyl acetate (72)

@ Reaction conditions: 0.5 g of starting material, 5 mL of cy-
clohexene donor, 100 mg of 10% Pd/C, 50 mg of anhydrous FeCls,
1.0 mL of acetic anhydride, reflux 12 h maximum. ¢ Yield de-
termined gas chromatographically.

Table II. Reduction of More Complex Aryl Ketones®

product (% yield)?®

n-butylbenzene (100)
5-phenylpentanoic acid (60)
1,4-diphenylbutane (68)
6-methoxytetralin (33)
2-methoxynaphthalene (20)
ethylbenzene (100)

ketone

cyclopropyl phenyl ketone
4-benzoylbutyric acid
trans-1,2-dibenzoylethylene
6-methoxytetralone

4-chloroacetophenone

@ Reaction conditions: 1.0 g of starting material, 10 mL of li-
monene donor, 400 mg of 10% Pd/C, 100 mg of anhydrous FeCls,
reflux 4 h. ¢ Yield determined by gas-liquid chromatography.

we have demonstrated its applicability to the complete re-
duction of aromatic aldehydes and ketones.? In this paper we
wish to elaborate on this topic. Specifically, we have investi-
gated the interception of the intermediate benzylic alcohol
as the acetate, the reduction of some more complex carbonyl
compounds, and the relative effectiveness of a variety of donor
compounds.

Trapping of Intermediate Benzylic Alcohols. During
the reduction of o-acetylbenzoic acid and salicylaldehyde, it
was noted that intermediate lactones were formed, which
remained relatively stable to further reductions. Accordingly,
reduction of aromatic aldehydes and ketones was carried out
in the presence of acetic anhydride. This allowed the trapping
of intermediate benzylic alcohols in the form of acetates,
starting with a variety of aromatic aldehydes. The results are
given in Table I. It was not possible to trap intermediates from
aryl ketones. Presumably, the rate of hydrogenolysis of sec-
ondary benzylic acetates is competitive with the initial re-
duction. On the basis of these results, catalytic transfer re-
duction of aromatic aldehydes may be seen as a useful alter-
native to hydride reduction, provided other groups such as
nitro or halo substituents are not present since these groups
are readily reduced.

Reduction of More Complex Aryl Ketones. In a further
effort to determine the structural limits for catalytic transfer
reduction, a variety of aryl ketones were selected for study.
The results are given in Table II. It was noted during the re-
duction of phenyl cyclopropyl ketone that the initial reaction
was cleavage of the cyclopropyl ring to form phenyl n-propyl
ketone. This was followed by quantitative reduction of the
carbonyl group. 4-Benzoylbutyric acid and trans-1,2-diben-
zoylethylene were reduced to the expected products without
incident. During the reduction of 6-methoxytetralone, 2-
methoxynaphthalene was also formed. Not unexpectedly, the
initially formed 6-methoxytetralin partly dehydrogenates
under the reaction conditions. Ethylbenzene was formed
quantitatively during the reduction of 4-chloroacetophenone,
indicating the ease of hydrogenolysis of aromatic halogen
under the reaction conditions employed.

Comparison of Donor Compounds. In the course of these
studies, the relative reducing capacities of a variety of donors
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