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Studies of polypyridine complexes of ruthenium(II) have in-
tensified greatly in recent years.! Three major deactivation
pathways of the excited *MLCT) state have been identified:
radiative (k,), direct nonradiative (k,), and nonradiative via
crossover into thermally accessible (energy of AE) d—d excited
states (k4q).>2 The observed lifetime has been expressed as

T =k, + ko + k¥ exp [~AE/RT]
= kr + knr + kdd (1)

Meyer and co-workers?® have shown that approximately 70% of
the excited state energy is dissipated via vibrational relaxation
(k) at room temperature in aqueous solution.

The study of deuteration effects on measured lifetimes of excited
states can provide insight into the precise mechanisms of nonra-
diative decay processes.> For example, the observed substantial
increases in the triplet-state lifetimes of naphthalene® and benzene’
upon perdeuteration were interpreted in terms of the Robin-
son/Frosch theory® of radiationless deactivation, i.e., as a result
of the decreased overlap of (lower frequency) C—D modes relative
to C~H modes for the same energy gap. Extensions of this ap-
proach demonstrated a lifetime dependence not only on the number
of deuterium substituents but also on the position of substitu-
tion,5d.f

Van Houten and Watts® have previously reported that per-
deuteration of the bipyridine ligands of the title complex causes
an increase (from 580 to 690 ns) in the lifetime of the *MLCT
state. Although the effect of ligand deuteration is relatively small,
it is appropriate to investigate the issue of selective deuteration
effects. Herein we report results which clearly demonstrate ex-
perimentally distinguishable lifetime differences for three such
isotopically substituted analogues of Ru(bpy)** (i.e., complexes
of bpy-3,3-d,, bpy-6,6-d,, and partially deuterated bpy-
3,3.5,5"-dy).

The syntheses of the dideuterated and perdeuterated ligand
complexes have been reported.’® As shown previously, the Ru-
(bpy-3,3%d,);** complex can be prepared directly from the natural
abundance complex by reaction with CH;0?*H/CH,ONa in di-
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Table I. *MLCT Lifetimes and k, Values of Complexes in Aqueous
Solution®

complex lifetime, & 10 ns ko 57!
Ru(bpy)s** 580 12.2 x 10
Ru(bpy-ds);2* 690 9.45 x 10°
Ru(bpy-3,3~d,)s** 580 12.2 x 108
Ru(bpy-6,6~d,);** 645 10.5 x 10°
Ru(bpy-3,3,5,5-dy),** 655° 10.3 x 108

¢ Approximately 10°5 M solutions at 22 + 3 °C. *Estimated 70%
deuteration at 5,5’-positions.

methyl-ds sulfoxide according to the method of Constable and
Seddon.!!® The extent of 'H/?H exchange is easily monitored
by 'H NMR. Greater than 95% deuteration at the 3,3’-positions
is observed after about 24 h. We now note that partial deuteration
at the 5,5-positions also occurs if the exchange reaction is extended
for prolonged periods. After 1 week, we observe approximately
70% deuterium exchange at the 5,5'-positions, as determined from
the NMR spectrum, with no evidence for exchange at the 4,4'-
or 6,6’-positions. Experiments are now under way to optimize
solution conditions to enhance the exchange rate at the 5,5'-
positions. This not only will provide samples of bipyridine-
3,3/,5,5"d, but also will facilitate preparation of the bipyridine-
5,5"-d, complex via 24-h exchange of the 3,3’-deuterons in
CH,0H/CH;0Na/Me,SO. Lifetimes were measured in N,-
purged (15 min) aqueous solutions at room temperature by using
time-correlated single photon counting techniques as previously
described.!!c

Table I gives the observed lifetimes of the *MLCT excited states
and the corresponding k., values derived from eq 1 for the parent
and perdeuterated complexes as well as those for the specifically
deuterated compounds. Reliable estimates of k,, are obtained from
eq ! for the deuterated analogues inasmuch as the k; and kyq
values, carefully determined by Meyer and co-workers for the
parent compound, are relatively insensitive to isotopic substitution
effects.?®

The measured lifetimes of the natural abundance complex and
perdeuterated analogue are in agreement with those reported by
Van Houten and Watts.> As can be seen in the table, deuteration
at the 3,3’-positions has no measurable effect on k,,, whereas the
complex of the other dideuterated ligand (i.., Ru(bpy-6,6"-d;);™*)
exhibits a lifetime that is significantly longer than that of the
parent compound. A relatively large effect on k., is observed for
the complex of bpy-3,3/,5,5-d, even though the exchange was only
70% complete at the 5,5'-positions.

These preliminary results provide encouraging evidence that
such studies may be of substantial value in probing nonradiative
relaxation processes in these systems in that they are consistent
with the “active H atom” theory of Robbins and Thomson.!?
These workers argue that increased electron density in the region
of the atoms whose vibrations act as promoting modes should lead
to greater efficiency of radiationless decay. Similar predictions
have been made by Henry and Siebrand* and this effect has been
observed semiquantitatively in studies involving selectively deu-
terated trans-stilbine and anthracenes.’** In the present case, it
is noted that 3,3’-deuteration has no measurable effect on k,; these
are positions of low electron density as judged by the fact that
base-catalyzed 'H/?H exchange occurs readily on the metal
complex at these positions.!! There is no evidence for exchange
at the 6,6’-positions. Second, the results given in the table agree
qualitatively with 'H NMR data. Measured chemical shifts show
the lowest electron density at the 3,3’-positions with increased
electron density at the 6,6’-positions. For the metal complex, the
order of increasing chemical shift is 5,5’ < 6,6’ < 4,4’ < 3,3’13
while for the free ligand the order is 5,5’ < 4,4’ < 3,3/ < 6,6’.1*
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For the latter species, the results of HMO calculations!’ show
decreasing m-electron densities in the same order.

Inasmuch as the theory*!2 invokes a critical dependence of k,,
on w-electron densities and relative atom displacements of par-
ticular vibrational modes, more meaningful interpretation of such
data will require reliable normal mode formulations. Thus, an
extension of this approach will involve a determination of the
lifetime of a large number of specifically deuterated analogues
and an intensive effort to obtain a realistic force field via normal
coordinate calculations based on extensive vibrational spectroscopic
data. Such studies and efforts are currently under way in our
laboratory.
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In 1984, Anderson and his associates' reported the isolation
from the dung fungus Poronia punctata (Linnaeus ex Fries) of
a trishydroxylated sesquiterpene possessing a previously unknown
caryophyllene-related tricyclic framework. The crystalline levo-
rotatory substance, originally known as antibiotic M95464, was
assigned the trivial name punctatin A.>* The biological activity
of 1 and particularly the presence within its structure of a

trans-fused tertiary cyclobutanol aroused our interest in its lab-
oratory preparation. We herein describe an enantiospecific route
to (-)-1 that permits the assignment of absolute configuration and
showcases several interesting synthetic facets including (a) uti-
lization of the Still rearrangement” as a viable means for elabo-
rating an angular hydroxymethylated cis-perhydroindane system
and (b) construction of the completely functionalized four-mem-
bered ring in proper stereochemical disposition by application of
Norrish Type II photochemistry.’
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(+)-Diketone 2, readily available in an enantiomeric purity of
99.6%,5 underwent regio- and stereocontrolled hydride reduction’
together with conversion® to SEM ether 3 in 88% yield (Scheme
I). Alkylation of the thermodynamic enolate of 3° with 1-
iodo-2-methylpropane provided 4 (54%) with the intention that
the alkyl side chain ultimately become the carbocyclic backbone
of the four-membered ring. As expected,!? 4 was reduced by
LiAlH, exclusively to the 8-alcohol (97%). Deprotonation and
alkylation of this intermediate with (iodomethyl)tributyltin af-
forded the allyl stannylmethyl ether § which was treated with
excess n-butyllithium in hexane. Smooth [2,3]-sigmatropic re-
arrangement ensued to deliver homoallylic alcohol 6 ([a]® +59.3°
(c 4.0, C¢Hy)) with complete transfer of chirality!! (34% overall).

Careful conformational analysis of the MOM ether of 6 re-
vealed that its hydroboration should be less encumbered from the
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