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Table I. Rise Time of transient absorbance

X 1012 s
complex H,0 D;0
trans-Cr(en),(NCS),t 16 £ 3 (4)¢ 24 £2(2)
trans-Cr(NH3),(NCS)4~ 22 +£2(4) 11+2(3)
Cr(NCS)g3~ 16 £2(2) 12+ 6(2)

@ The value in parentheses represents the number of measurements
from which the standard deviation was calculated. In cases where an
average is presented for only two measurements, the uncertainty re-
flects arbitrarily twice the difference between the two experimental
values.

reasonably well with previously reported values.!2:16b The rise
times of excited-state absorbance (ESA) were independent of
probe wavelength and are listed in Table 1. By measiiring the
rate of appearance of excited singlet absorbance (S;) in Rho-
damine 6-G (6 + 2(4) ps), we established that our measured
rise times of transient absorbance observed for the Cr(III)
complexes were within our experimental time resolution and
also provided an independent measure of the width of our pi-
cosecond pulse. Rate plots were linear for 1 to 2 lifetimes and
were not corrected for the influence of the pump pulse.

There are two notable features apparent in the data in Table
I. First, there is very little change in the transient rise time from
one complex to another. The transient has been assigned as the
lowest doublet excited state on the basis of the close similarity
in the lifetimes for the decay of ESA and the decay of phos-
phorescence intensity in trans-Cr(NH3),(NCS),~ at low
temperature.!%® If the rise in ESA reflects intersystem crossing
(ISC) from the vibrationally equilibrated first excited quartet
state to the doublet state, the lifetime might be expected to be
dependent on the energy gap between the minima in the dou-
blet and the excited quartet potential energy surfaces. The data
show little or no dependence on 10 Dgq, the value of which
should reflect that gap. An alternative interpretation is con-
sistent with evidence reported by Kane-Maguire et al.!8 that
intersystem crossing may compete with vibrational equili-
bration in Cr(I1I) complexes. Since the energy of the lowest
doublet is relatively insensitive to 10 Dgq, the rise time may
reflect a combination of intersystem crossing from the initially
formed quartet state to the doublet state and relaxation within
the doublet manifold from the vibrational level isoenergetic
with the Franck-Condon state produced in the excited quartet
at the energy of the laser pulse (1.88 um~! or 530 nm). The
energy separation between the initially attained vibrational
level in the doublet and the zeroth vibrational level would then
be relatively independent of the nature of the complex. Con-
sequently, the observed lifetime might not be sensitive to
changes in 10 Dg if intersystem crossing were comparable with
or faster than vibrational decay. A similar explanation was
used recently to explain excited-state relaxation in zrans-
Cr(NH3)2(NCS)4~.13 If this is the correct model, the observed
lifetime might depend on the energy of the Franck-Condon
state in the excited quartet manifold. Picosecond studies as a
function of excitation wavelength would be helpful in exam-
ining this possibility.

Second, there is a modest but definite isotope effect. The
expected effect of D>O on the rate constant (a reduction) is
observed, however, only in the case of zrans-Cr(en),(NCS),™.
The reverse effect is observed in trans-Cr(NH3),(NCS)4~ and
perhaps in Cr(NCS)¢3-, the rates in these cases being accel-
erated. Isotope exchange for coordinated ammine protons may
be responsible for changes in the measured lifetimes, but still
would be expected to lengthen quartet lifetimes in each com-
plex regardless of whether the perturbarion was inner or outer
sphere. However, the opposite effects on doublet risetimes may
reflect a charge dependence similar to that reported in the
photochemistry of trans-Cr(en);NCSF* and trans-
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Cr(NH3)(NCS)4~,1% and in photophysical studies of ESA
decay on the nanosecond time scale for Cr(NH;)sNCS*,
trans-Cr(NH3)2(NCS),4~, and Cr(NCS)¢3~.!2 Additional
studies of the medium dependence of excited-state decay in
Cr(III) complexes are underway.

In conclusion, we have shown that the rise time of excited-
state absorbance is measurable and longer than the earlier
estimate of <10 ps. We believe that the available evidence
favors the doublet-state assignment for the observed ESA.
However, the precise details of the relaxation mechanism from
the initially excited quartet state to the doublet manifold
remain to be unraveled.
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Intramolecular Diels-Alder Reactions.
A New Entry into Bridgehead Bicyclo[3.n.1]alkenes
Sir:

Intramolecular Diels-Alder reactions have proven to be of
considerable value in the synthesis of complex polycyclic
molecules.! When the diene and dienophile are joined at the

2 position of the diene, the reaction can result in formation of
a bridgehead alkene? (eq 1). We are not aware of any examples
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of this reaction to date, although several reports of retro-
Diels-Alder reactions that involve precursors to highly strained
bridgehead alkenes have recently appeared.? We report here
the first examples of intramolecular Diels-Alder cycloadditions
that result in formation of bridgehead alkenes.

We have previously found that thermal rearrangement of
3,6-dimethylidine-1,7-octadiene (1) at 190 °C results in the
formation of bicyclic dienes 2-4* (eq 2). When tetraene 1 is

P g;(ﬁ ®
l =

2 3 4

~ A A~

1
A~

subjected to more severe conditions (7 s, 400 °C), two new
products, 5 (9.5%) and 6 (11.8%), are formed in addition to
bicyclic dienes 2-4.5 The structures of these compounds were
established as follows. Bridgehead diene 5, 6-methylidinebi-

@A

~ s

cyclo{3.3.1]non-1-ene, has a characteristic pungent odor and
exhibits the following spectral properties: 'H NMR (CDCl3)
65.47(t,1H,J =6Hz),4.65 (brs, 2 H),2.9-1.0 (m, 11 H);
IR (CS;,) 3065, 3020, 2945-2855, 1633, 890, 883, 840, 830,
818,799, 790 cm™!; UV (hexanes) Amax 206 nm. Compound
5 reacts readily with diphenylisobenzofuran to produce an
adduct (7, stereochemistry was undetermined) which no longer

Q
Ph @ Ph
C2Q

7

~t

exhibits a triplet at § 5.47. The 'H NMR spectrum of 6 is de-
ceptively simple: 'H NMR (CDCl;3) 64.77(d,2H,J = 1.8
Hz),4.62(d,2H,J = 1.8 Hz),2.36 (5,6 H), 1.65 (s,4 H). The
carbon spectrum confirms the presence of a C5 axis and two
exocyclic methylenes: 13C NMR (CDCl3) 6 155.5, 105.8, 36.7,
36.2, 26.6. The IR spectrum (CS;) (3062, 2930, 2855, 1651,
908, 876 cm™!) exhibits many similarities to the spectrum
reported for 2-methylenebicyclo[2.2.2]octane.b Final confir-
mation wasobtained by treatment of 2,5-dioxobicyclo{2.2.2]-
octane’ with 2 equiv of methylenetriphenylphosphorane; the
resulting product was indistinguishable from 6. Compound 6
was recovered unchanged when it was subjected to the reaction
conditions. Similar treatment of 5, however, resulted in the
formation of 6 (83%) together with smaller amounts of 3 (9%)
and 1 (8%). Bridgehead diene 5 is the product of an intramo-
lecular Diels-Alder cycloaddition (eq 3). Although there are
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two stereoisomers of 6, the constraints imposed by the intra-
molecularity of the cycloaddition predict exclusive formation
of the more stable Z isomer (cis-cyclohexene and trans-cy-
clooctene) as shown in eq 3. Accumulation of bridgehead al-
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kene (5) under the reaction conditions is precluded because it
is rapidly partitioned between starting material (1) and ther-
modynamically more stable bicyclooctane 6. The rearrange-
ment, 5 — 6, can be formally viewed as a stepwise cleavage of
the bond between carbons 7 and 8 to produce diradical 8 which
then undergoes transannular ring closure to 6 (eq 4).

5
~ ~ ~

To establish if the Diels-Alder route to bridgehead alkenes
is merely a novelty associated with tetraene 1 or rather a
method of general synthetic utility, the following studies were
undertaken. Inspection of the molecular model of 1 indicates
that, in all likely conformations for Diels-Alder reaction, si-
multaneous coplanarity of both diene units would be difficult;
thus, activation of the dienophile by conjugation with the ad-
jacent methylidine group is probably not a requirement for
reaction. This was confirmed by a study of 3-methylidine-
1,7-octadiene (9).8 Thermolysis of 9 (8 s, 405 °C) results in
formation of the prototype anti-Bredt compound, bicy-
clo[3.3.1]non-1-ene (10) in 16% yield® (eq 5). The product,

mHg)n —_—

(CH2)n @
S n=3 10 n=3
1
1l n=4 12 n=4
P

isolated by preparative VPC, was characterized by comparison
of spectroscopic properties (NMR, UV, IR) with those re-
ported in the literature,'? and by preparation and character-
ization of its diphenylisobenzofuran adduct. In a similar
manner, 3-methylidine-1,8-nonadiene (11)8 (55, 455 °C) gives
bicyclof4.3.1]dec-1(9)-ene (12) in 55% yield.!! Interestingly,
two stereoisomeric transition states are accessible to triene 11,
each of which leads to a different product (Scheme I). Con-

Scheme 1

. PATH A /
—_—

PATH B

firmation of the proposed structure of the major product was
obtained by catalytic hydrogenation of 12; the 13C NMR
spectra exhibits six distinct carbon resonances consistent with
the expected product, bicyclo[4.3.1]decane.!? The major
product from this cycloaddition is derived, therefore, from the
conformation that produces the less strained trans-cyclononene
ring (path A) rather than one that produces a trans-cyclooc-
tene ring (path B).

The preceding examples establish that intramolecular
Diels-Alder cycloadditions provide one of the quickest and
most direct synthetic entries into bridgehead bicyclo{3.n.1]-
alkenes.21* The scope of these reactions and the chemistry of
bicyclo{3.n.1]alkenes are currently under investigation.
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A New Fluorescence Technique to Measure the
Permeation of Water Molecules

across Bilayer Membranes

Sir:

The influence of proteins, lipid composition, and various
additives on the permeability of water molecules across bio-
logical membranes is still not understood in great detail. This
is partly due to a lack of versatile techniques allowing routine
measurements. The existing methods (NMR,!-5 osmotic
gradient,%-!13 and measurements of the permeating tritium-
labeled water across cellular membranes in a fast-flow
tubed-12:14.15) have both merits and disadvantages. The new
method to be described is especially applicable to phospholipid
vesicles, and uses only minimal quantities of material both in
volume and concentration so that routine measurements should
be possible. The method is based on the solvent-isotope effect
of the fluorescence quantum yield of indole chromophores.!¢-20
The physical reason why, e.g., indole chromophores, have
higher quantum yields in DO than in H,O is still open for
discussion'®-1? and will not be persued here. With few excep-
tions2°2! the solvent-isotope effect of the fluorescence quan-
tum yield has been overlooked by most molecular biologists.
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When combined with fast mixing devices, this effect offers a
broad field of application; the permeation of water molecules
across biological membranes and the accessibility of endo-
geneous tryptophan residues to water molecules?? under var-
ious experimental conditions are just two examples.

The adaption of this isotope effect to measurements of water
permeation across vesicular bilayers includes the following
steps: (i) the preparation of an aqueous (H,O) vesicle solution
containing, e.g., tryptamine (3-(2-aminoethyl)indole), both
intra- and extravesicularly, (ii) the removal of the extravesi-
cular tryptamine either by dialysis or by chromatographic
methods, and (iii) the fast mixing of this H,O vesicle solution
with an equivalent DO solvent while the tryptamine fluores-
cence is monitored. As a consequence of the fast mixing of
these solutions the observed fluorescence intensity will first
drop within the short mixing time owing to the dilution of the
chromophore containing vesicle solution. With increasing
exchange of the intravesicular H,O by the extravesicularly
offered D,O molecules, the fluorescence intensity will then
increase again until it reaches a plateau reflecting a statistical
distribution of the H,O and D,O molecules around the chro-
mophore. Thus, the time course of this increase in the fluo-
rescence intensity becomes a direct measure of the permeating
D,0 (or HDO) molecules.

The above-outlined idea has been realized by the following
preliminary experiments. Dipalmitoylphosphatidylcholine
(~10 mg/mL) together with 0.3 M tryptamine HCI were
sonified in aqueous (H,O) 20 mM CaCl, at neutral pH above
the trystalline to liquid-crystalline phase transition temper-
ature (T.). Tryptamine HCl was chosen instead of the amino
acid tryptophan because of the higher water solubility of
tryptamine. As result of the sonication above T, usually small
and unilamellar vesicles are formed which are almost imper-
meable to ions at moderate temperatures.2223 Subsequently
the extravesicular tryptamine was removed either by dialysis
(24-48 hat T < T,) against 20 mM CaCl; or the vesicle so-
lution was passed through a preequilibrated sepharose 4B
column?* and eluted with 20 mM CaCl; also below T, or both
methods were employed. Except for a small leakage the ex-
travesicular tryptamine molecules were almost quantitatively
removed. This vesicle solution was diluted (1:5 to 1:20) and
then put into syringe 1 of a stopped-flow apparatus. Syringe
2 contained 20 mM CaCl, in D,O. After thermal equilibration
the two solutions were rapidly mixed within 1 ms while the
time-dependent fluorescence intensity was recorded (A.x 280,
295 nm, Aem > 340 nm by cut-off filter, or 340 < Aep, < 400 nm
by band-pass filter). A typical record (using a transient re-
corder) of these experiments together with the experimental
setup is shown in Figure 1. Additionally, Figure 1 contains a
plot of the logarithm of the fluorescence intensity vs. time,
starting after the mixing period. The latter curve reveals that
the fluorescence intensity reaches its new equilibrium value
in an almost single-exponential manner, so that the rate con-
stant k describing the permeation of D,O (HDO) can easily
be deduced. Electron micrographs (by staining methods) show
rather large vesicles with a radius » of ~5000 A; thus, a per-
meability coefficient Py (according to Py = r(k/3)) of 1.4 X
10~% cm s™! is calculated which corresponds well with the data
measured by the NMR relaxation technique on unilamellar
vesicles.?

The validity of the above method and the interpretation of
the resultant data in terms of a water (here D,O, HDO) per-
meation are based on the following assumptions.

(i) The tryptamine molecules are entrapped within the
aqueous phase of the intravesicular compartment. This point
raises the critical question about the location and permeability
of the probe molecule. The experiments were carried out at
neutral pH where tryptamine is positively charged and the
lipids are zwitterionic. As the pK values are far from neutral,
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