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Figure 1, Os 4f spectrum of (a) [Os(NH3)sCl]Cly, (b) [Os(NH3)sN2]Cly,
and (c) [Os(NH3)4CIN2CI(NH3)40s]Cl3.

Figure 1c except that the width is now reduced from ~2.3 to
1.8 eV owing to improvement in spectrometer resolution. This
strongly suggests that the main peaks observed in the mixed-
valence compound do not derive, as Hush proposed,? from two
distinct final states which would show either two sets of spin
orbit coupled peaks having comparable intensities or at least
an envelope appearing as two broadened peaks. On the other
hand, these results strongly support the view that
{[Os(NH3)4Cl]3N3jCls is a true class 111 type of mixed-valence
compound,® which could not be concluded on the basis of the
results previously reported.? In that report it was stated also
that a shoulder was observed at a binding energy 1.5 eV lower
than that of the Os 4f;,; peak for [(NH3)4OsCl(pZ)]Cl,.
Further there was said to be enhancement of the lower binding
energy side of the Os 4f;; peak for {{Os(NH3)4Cl1]2N}Cls.
These effects were attributed to surface reduction of Os(I11)
due to radiation damage. It is obvious from Figure 1 that such
spectral features? are not observable in the mixed-valence
compound in our experiment. It is difficult to assess the reasons
for these discrepancies as the previous workers did not describe
in detail the conditions under which their experiments were
conducted, nor did they show figures of their results.
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Our work does not contradict the work of Hush,? as it is
apparent that there must be more than one final state possible
for the {{Os(NH3)4Cl1},N,}Cls. However, it is apparent from
the spectrum that the higher binding energy states are much
less probable than the principal 4f;,; final state. In addition,
satellite structure was observed in the Os(II) compounds
(Figure 1). It is conceivable that in some cases it may be pos-
sible for satellites to be probable enough, so that they are
mistaken for peaks arising from the presence of more than one
oxidation state in a compound.

The presence of satellites in the Os(II) compounds,
{Os(NH3)sN3]Cl; and the mixed-valence compounds, may
be associated with the N ligand. In general, satellites are not
observed in second- and third-row transition metal core level
spectra,” with the exception of CO complexes.'® N; is iso-
electronic with CO, and, in addition, the 7 back-bonding effect
is very strong in Os(I1) analogous to some metal carbonyls.'?
The ground- and excited-state levels arising from N, and
Os(I1) interaction may induce, during photoemission, mono-
pole transitions which give rise to observable satellites.
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Synthesis of a 4a,5-Epoxy-5-deazaflavin Derivative
Sir:

Oxidized flavins undergo nucleophilic addition reactions
with H,O5 to form flavin hydroperoxide derivatives which are
also observed as intermediates during reaction of reduced flavin
with O».1 Compared with the corresponding flavin derivative,
5-deaza analogues I are more susceptible toward nucleophilic
attack which typically occurs at position 5 to yield 1,5-dihydro
adducts 11a.2* In this communication we report the formation
of a novel 4a,5-epoxy derivative (I11) by reaction of 5-deaza-
isoalloxazine (I) with H,O,, tert-butyl hydroperoxide, or
m-chloroperoxybenzoic acid. This epoxide is isoelectronic with
the N-5 oxide formed by reaction of the isoalloxazine analogue
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Flgure 1. Reaction of 10-methyl-5-deazaisoalloxazine (9.0 X 10~5 M) with
hydrogen peroxide at 25 °C: curve 1, initial spectrum in acetonitrile con-
taining 7.0 X 1072 M triethylamine; curves 2-7 were recorded 8, 19, 33,
53,95, and 150 min, respectively, after addition of 7.1 X 10~2 M H,0,.
The inset shows the first-order plot for the reaction in acetonitrile (line
1) and in 0.01 M sodium carbonate buffer pH 9.0 (line 2).
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of I with RCO;3H.3 A species with spectral properties similar
to those of 111 has been observed during the reaction of several
5-deazaflavoenzymes with H0,.% A 5-hydroperoxy structure
(I11b) was previously proposed by Chan and Bruice for the
product formed from I and H,0,.4

The reaction of I with H,O, in various organic solvents re-
quires a basic catalyst and is accompanied by a bathochromic
shift (4-7 nm)7 of the absorption band near 320 nm and a
bleaching of the band near 390 nm (Figure 1). The absorption
maximum of the product in water (Ayax ~330 nm)8 appears
at longer wavelengths than those of 1,5-dihydro adducts 1la
(Amax <310 nm).2"* The product does not revert to I upon
neutralization of the base required for its formation nor upon
removal of free H,O,. This indicates that the reaction with
H»O, is not an equilibrium reaction, in agreement with pre-
vious studies,* but different from the reversible reactions ob-
served for 1,5-dihydro adducts I1a.2-4

The reaction of I with (CH3)3COOH also requires a basic
catalyst and exhibits a spectral course similar to the reaction
with H,O,. Higher concentrations of the less reactive
(CH3)3COOH are required in order to observe comparable
reaction rates.’ The observed reaction is not due to a H,O»
contaminant as evidenced by control studies involving prein-
cubation with catalase. Thin layer chromatography!© showed
that identical products are formed with H,O, and
(CH3)3COOH. This indicated that IIb could not be the
product but might be an intermediate in the formation of a
4a,5-epoxide (I11) (Scheme I).
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Figure 2. NMR spectrum of 4a,5-epoxy-3,10-dimethyl-5-deazaisoallox-
azine (I1Ib) in CDCl; obtained with a Varian EM-360L (60 MHz)
spectrophotometer. Peak s is due to the solvent.
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Similar alkaline epoxidation reactions with ROOH have
been observed with compounds containing a carbon double
bond conjugated to an unsaturated electron-withdrawing
group.!! Epoxidation of carbon double bonds with organic
peroxy acids is a general reaction observed with a much
broader spectrum of unsaturated compounds.!2 Reaction of
I with m-chloroperoxybenzoic acid in CHCl; occurs at room
temperature, does not require a basic catalyst, and is quanti-
tative in the presence of a slight excess (1.3-fold) of purified!'?
peroxy acid. The isolated product exhibited spectral (visible,22
NMR) and chromatographic!© properties identical with those
observed for the product formed with alkaline peroxide.'4

Compared with the NMR spectrum of Ib, the major dif-
ference in the NMR spectrum observed for the product (Figure
2) is the position of the peak attributable to the hydrogen at
C-5 (6 8.9 ppm for Ib in CDCl;) which is shifted upfield and
appears as a singlet at 6 5.2 ppm, indicating that substitution
has occurred at this position. Peaks expected for the ex-
changeable protons in IIb were not detected (6 0-20 ppm). The
spectrum observed in anhydrous CDCl; was not affected by
addition of D,O. Unlike previous studies,® which yielded
otherwise similar NMR data, the absence of these peaks
cannot be attributed to exchange with H,O. The infrared
spectrum of the product (KBr pellet) did not show evidence
for an -OH group. The results exclude 11b and also tautomers
of Ilb (e.g., IV). The latter were proposed as alternative

CH CH
N._-X 0
[ Z
N-R NN - CHy
H O\ o] H o]
OH
I X=N,CH T

structures by Chan and Bruice*® since an apparently analogous
product, formed by reaction of alkaline H,O; with V, con-
tained a single nonexchangeable proton at C-1. The mass
spectrum obtained for the product formed from Ib (M+ 241
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Figure 3. First-order plots for the reaction of 10-methyl-5-deazaisoal-
loxazine (8.0 X 1075 M) with 7.1 X 1072 M H,0, in 1.0 M sodium car-
bonate buffer pH 9.0 at 25 °C. Lines 1-3 were obtained for reactions in-
itiated after prior incubation of H,O, with the buffer for 0, 30 and 120
s, respectively.
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(base peak)) showed prominent peaks at m/e 257, 241, and 200
{base peak). The peak at 257 is attributed to the molecular ion
formed from IIIb. The product formed from V exhibited peaks
(m/e 256, 240, 199 (base peak))*® at positions suggesting an
epoxide structure identical with 111b except for the substitution
of N at position 1 by CH."3

No reaction was observed with I11 and thioxane,!6 although
formation of I was reported under these conditions.* Results!”
obtained for the reaction of I1I with iodide are similar to pre-
vious studies:*

compound III + 31~ — compound I + I3~ (N

A different mechanism is proposed for jodide oxidation which
involves reduction of an epoxide rather than a hydroperoxide
derivative (Scheme II). The final equilibrium step in this
mechanism lies completely to the right under the conditions
of eq 1, as previously described (Kp = 6.7 M).* While addition
reactions are commonly observed with epoxides and iodide, a
similar oxidation reaction has been observed with epoxide
derivatives substituted with unsaturated electron-withdrawing
groups,'® the same structural feature required for alkaline
epoxidation of carbon double bonds.

An unusual effect of carbonate buffer has been observed on
the reaction of I with H,O,. The rate of formation of 111, which
is unstable in aqueous alkaline solution,!92 can be monitored
at 390 nm, a wavelength where neither III nor its decomposi-
tion products absorb. Linear first-order plots are observed for
the reaction in 0.01 M sodium carbonate pH 9.0 (Figure 1).
The observed rate at 7.1 X 1072 M H,0, (kgpsa = 8.0 X 10~4
s~ !) is comparable with the rate of decomposition,'°° and only
small amounts of 111 are detected. The rate of decomposition
is not appreciably altered in 1.0 M carbonate, but the rate of
formation is greatly accelerated (complete within ~2 min) and
a >90% yield of 111 is detected before the slower decomposition
reaction occurs. First-order plots for this reaction exhibit a
distinct lag phase which can be eliminated by prior incubation
of H2O, with the buffer (Figure 3). The rate observed after the
lag is identical with the rate obtained from the linear plots
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(kopsa = 0.036 s71). A relatively slow formation of peroxy-
carbonic acid (eq 2), analogous to reactions observed for CO;
| 0
fast
€0, + HO, ==> HOCOOH =—= ~OCOOH
nslow (2)
CO, + HOO™

with H,O and OH™, could account for the observed lag
(Scheme III). A tentative mechanism involving nucleophilic
attack by ~OC(=0)OOH is proposed since this is likely to be
the major species present in solution at pH 9.0.2! Epoxide
formation is facilitated as compared with that in the uncata-
lyzed reaction since HCO;~ replaces OH™ as the leaving
group. Further studies to evaluate this mechanism and to de-
termine whether the catalytic effect of carbonate is observed
for other epoxidation reactions are in progress.
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Total Synthesis of dI-Helenalin
Sir:

The group of sesquiterpenes called pseudoguaianolides has
attracted considerable chemical attention not only because of
their structurally challenging and esthetically pleasing nature,
but also because of their cytotoxic properties.! Representatives
of this class of natural products which have succumbed to total
synthesis are the molecules helenalin,? confertin,? and damsin.*
Our interest in these sesquiterpenes was stimulated by the
desire to construct them from a common intermediate since
they all possess a central seven-membered ring which holds the
major elements of functionality and stereochemistry. Thus,
we formulated the perhydroazulenone 1 containing an oxygen
residue at Cg, an olefinic element between Cg and C g, and an
angular methyl group at Cs. Acting in concert, these various
aspects of 1 should permit stereoselective introduction of a
methyl group at Cjg, connection of the carbonaceous portion
of a lactone residue at C-, and oxygenation at Cg4. Further, the
oxygen atom borne at C4 should allow functionalization at C,
and Cs, when required. Herein, are described the preparation
of 1 and its stereoselective conversion into helenalin (2). In the
accompanying manuscript we report the synthesis of confertin
and damsin from this same substance.

We commenced our preparation of 1 starting from the
readily available enone 3,° converting this material into the
lactam 4 (mp 39-42 °C) using technology recently described
by Barton and co-workers.® On reaction with lithio dimethyl
methylphosphonate in THF at —78 °C,” lactam 4 was trans-
formed into the pentalene-derived aldehyde 5 (mp 49-51 °C)8
which in turn gave the desired enone 1 as the only reaction
product (oil, 50% overall yield from 3) on treatment with
slightly less than 1 equiv of potassium tert-butoxide in tert-
butyl aleohol® (Scheme I).

Elaboration of 1 into helenalin was initiated by conversion
of the enone into its C;o a-methyl analogue 6 (mp 66.5-68 °C,
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2 (a) MeNHOH-HCI, CsHsN, 40 °C. (b) TsCl, CsHsN, 22 °C.
(¢) LiCH,PO(OCH3),, THF, —78 °C. (d) NaOAc, HOAc, H,0,
Et,0,0°C. (e) t-BuOH, t-BuOK, 22 °C. (f) MeMgBr, Cul, DMS,
Et,0,0 °C; HCI, MeOH, 0 °C; p-TSA, C¢Hg, HOCH,CH,OH, 90
°C; PCC, NaOAc, CH,Cl, 22 °C. (g) NaH, Ph,S,, DME, 45 °C;
m-CPBA, CH»Cly, 0 °C; toluene, P(OMe)s, 110 °C:; diisobutylalu-
minum hydride, toluene, —40 °C; MeOH, HCI, 0 °C; DNP, p-TSA,
CH,Cl,, 0 °C. (h) LIHMDS, TMSCI, THF, —78 °C; Pd(OAc),,
CH;CN, 22 °C. (i) MeOH, NaOH, H»0,, H»0, 40 °C; triisobuty-
laluminum, toluene, 0 °C. (j) LiCH,CO,Li, HMPA, THF, 50 °C;
6 N HCI: TMSCL, Et3N, THF, 22 °C; MMC, 140 °C; 30% CH-0,
Et;NH. (k) MnO,, CHCl3, 45 °C.

87%) using methylmagnesium bromide in the presence of cu-
prous iodide-dimethyl sulfide.!® Ketone 6 was then trans-
formed into the ketal ketone 7 (mp 33-36 °C, 97% overall)!!
by sequential treatment with HCl-methanol (zerz-butyl ether
cleavage) followed by reaction with ethylene glycol (ketal
formation) and finally oxidation with pyridinium chloro-
chromate buffered with sodium acetate.!? The cyclopentanone
residue of 7 was then converted into its cyclopentenone ana-
logue 8 (mp 75-77 °C, 92% overall) by alkylation with di-
phenyl disulfide (NaH, DME), oxidation with m-chloroper-
benzoic acid and sulfoxide elimination (110 °C, 30 h).'3 Lastly,
8 was transformed into the cycloheptanone 9 (oil, 84% overall)
by diisobutylaluminum hydride reduction, ketal hydrolysis,
and alcohol protection with dihydropyran.

In order to initiate the final stages of the synthesis, we in-
tended to convert 9 into the cycloheptenone 10, the latter
substance serving as a vehicle for introduction of the lactone
and hydroxyl residues. In our planning of this synthesis, we had
examined molecular models of 9 and had tentatively concluded
that proton abstraction from 9 might occur predominately at
C—a result highly desirable to formulation of 10,14 We were
pleased to find that 9 gave what appeared to be a single en-

© 1979 American Chemical Society



