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The synthetic utility of the Claisen rearrangement, including 
related [3,3] and [2,3] sigmatropic transformations, is widely 
accepted and has been employed with impressive success for 
carbon-carbon bond formation to provide highly functionalized 
acyclic systems.’ In relation to studies2 directed toward the 
synthesis of macroline-related  alkaloid^,^ the inversion of the 
stereofacial selectivity of the [3,3] sigmatropic rearrangement in 
rigid indoloazabicyclo[ 3.3.1 ] nonenes has been observed and in- 
vestigated. The following is an account of these studies, as well 
as an evaluation of this approach for the enantiospecific synthesis 
of indole alkaloids. 

The acid-catalyzed ortho ester Claisen rearrangement4 of allylic 
alcohol 1 (R = CH2Ph)S-6 with trimethyl orthobutyrate furnished 
the desired 15,16-functionalized system in 79% yield isolated as 
a mixture of diastereoisomers 3a-c in a ratio of 63:30:7 (Scheme 
I).  The [3,3] sigmatropic rearrangement occurred with a high 
degree of stereofacial selectivity from the @face of the allylic 
alcohol (a:@ > 13: 1 for Confirmation of the stereochemical 
a~signment’~ of the major diastereoisomer 3a was obtained from 
X-ray crystallography (see Figure l).7b Rearrangement had been 
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Figure 1. ORTEP plot of 3a. Thermal ellipsoids are drawn at  the 50% 
probability level. The hydrogen atoms have been omitted for clarity. 3a 
crystallizes in the monoclinic space group P2,/n( 14) with unit cell di- 
mensions as follows: u = 15.805 (8) A, b = 7.430 (3) A, c = 20.567 (7) 
A, 0 = 94.92 (4)O, V = 2406 (2) A3, and dWld = 1.183 g/cm3 for 2 = 
4. Reflections within a 28 range of 4” < 20 < 37O were collected with 
three check reflections every 120 min, yielding 2186 unique reflections, 
of which 1483 were coded observed, I > 3 4 0 .  The structure was refined 
to R = 0.044, R,  = 0.045, w = 0.8294(a2(lf;l + 0.002057)~”)’. 
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” Reagents: (i) (MeO),C-”Pr/2,4,6-trimethylbenzoic acid (2%)/ 125 
OC; (ii) CH3SO3CF3/CHzClZ/reflux; (iii) HCO2NH4/Pd-C/  
CH30H/25  OC.* 

anticipated to occur from the less hindered a-face (see later), and 
it was postulated that the bulky Nb-benzyl group prevented this 
from occurring. However, rearrangement of the Nb-methyl allylic 
alcohol 2 (R = CH3) gave a similar stereochemical product 
distribution (4a:4b:4c, 62:28: lo), indicating that this was not the 
case. Confirmation of the stereochemistries of 4a-c was achieved 
by chemical interconversion of the Nb-benzyl compounds 3a-c 
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into the Nb-methyl congeners 4a-c (Scheme I). These bases were 
indistinguishable, spectroscopically, from 4a-c prepared directly 
from 2 via the ortho ester Claisen rearrangement. 

In contrast, when either of the enol ethers 5 (R = CH,Ph) or 
6 (R = CH3)9 (Scheme 11) was heated at  135-140 OC (PhH, 
sealed tube), the desired 0-dicarbonyl compounds 7 and 8 were 
obtained as single diastereoisomers at C-15 in 55% and 65% yields, 
respectively. Higher reaction temperatures (180 " C )  afforded 
the enol ethers 9a/10a and 9b/10b.9 In this case, the thermal 
Claisen rearrangement has occurred stereospecifically from the 
desired a-face of the azabicyclo[3.3.l]nonene to provide 7 and 
8, respectively, presumably via the a-face of 1 and 2 via a chair 
transition state (see Figure 2a).I0 As illustrated, the a-face is 
more accessible to attack, for approach from the P-face of the 
double bond would encounter steric interactions with the indo- 
lomethylene bridge. Execution of the Claisen rearrangement, 
stereospecifically, from the desired a-face has important impli- 
cations for the enantiospecific synthesis of the macroline-related 
and sarpagine/ajmaline alkaloids since these intermediates 9/10 
have been functionalized at C-15 with the natural stereochemistry 
common to all three alkaloid families. 

The transition state of the ortho ester Claisen rearrangement 
is often partitioned between chair- and boat-like conformations," 
and the effect of the Z and E isomers on the stability of these 
conformations in the present system has been ana ly~ed .~  Although 
it is well-known that E isomers are favored in the ortho ester 
rear ra t~gement ,~~,~  the steric constraint imposed upon the system 
by the rigid indolomethylene bridge, however, has resulted in 
partitioning between transition states. The preferred conformations 
which lead to the transition states for formation of 3a/4a, 3b/4b, 
and 3c/4c are outlined in Figure 3a-c. As illustrated, alkenic 
esters 3a/4a and 3b/4b arise, predominantly via boat transition 
states,C,e,'' while the minor isomer 3c/4c presumably arises from 
the chair transition state related to Figure 3c. Depicted in Figure 
4a-c are the corresponding conformations felt too high in energy 
for consideration as potential contributors to transition states in 
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Figure 3. Proposed intermediates. R = CH2Ph (3a-c) or CH3 (4a-c). 
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Figure 4. Not favored. R = CH2Ph or CH3. 

this series. The unfavorable interactions in these conformations 
are graphically illustrated, as shown. For example, there are Severe 
steric interactions present in either transition State represented 
by ~i~~~~ 4b or 4c, and there are additional interactions with the 
indolomethylene bridge for 4b. The transition State represented 
by Figure 4a is thought to be disfavored for reasons outlined below. 
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In summary, the ortho ester Claisen rearrangement has occurred 
in this system predominantly (9-13:l) from the top face of the 
double bond, while the Claisen rearrangement has taken place 
exclusively from the bottom face of the olefinic system. Since 
the Claisen rearrangement has presumably occurred via a chair 
transition statelo (Figure 2a), this work provides strong evidence 
that the ortho ester rearrangement must have occurred predom- 
inantly through boat transition states (see Figure 3a,b). Evidently 
attack from the cu-face via the chair transition state (Figure 2a) 
is favored in the Claisen rearrangement, while the analogous 
transition state (Figure 2b) for the ortho ester Claisen rear- 
rangement is not. Moreover, substitution of the smaller Nb-methyl 
group for the Nb-benzyl function had virtually no effect on the 
product ratios in either of the rearrangements. This suggests that 
the interaction between the enol ether group (OCH3) and the 
proton located 1,3 to it in the ortho ester rearrangement may play 
a role in destabilizing this transition state (Figures 2b and 4a) 
relative to that of the Claisen rearrangement (Figure 2a) rather 
than the Nb-substituent. 

These represent the first cases in a rigid system wherein the 
Claisen rearrangement has proceeded via a chair transition state 
while the corresponding ortho ester Claisen rearrangement, under 
similar stereochemical constraints, has proceeded principally by 
the boat transition state. Alkenic esters 3a-c have recently been 
converted into suaveoline,6 while work is currently in progress to 
convert the 1,3-dicarbonyl compound 8 into al~tonerine.~ Further 
work (computational and chemical) is currently under way to fully 
understand the reasons for the reversal in stereofacial selectivity 
in the Claisen and the ortho ester Claisen rearrangements. 
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Energy migration among chromophores of identical nature is 
one of the simplest but most fundamental photophysical processes 
in particular in molecular aggregate systems. Nevertheless, its 
quantitative rate analysis has not been reported until very recently.2 
The energy transfer process involving either the singlet or triplet 
state is highly relevant to material science (e.g., photodegradation 
of polymers3), photoreactions (energy harvesting and sensitiza- 
tion4), and expected photonic  device^.^ In the last case, the 
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Figure 1. Plots expressing the participation of a bimolecular decay path 
according to eq 2 for X4[Pt2(P20SH2)4]; X = Na+ ( I ) ,  K+ (2), Et4N+ 
(3), and ( ~ - B u ) ~ N +  (4). l / k p  was taken as 4.6 p.'* Phosphorescence 
decays were measured by the combination of a pulsed Nd:YAG laser 
(Spectron, SL803, 355 nm, pulse width - 13 ns), a photomultiplier 
(R-928, Hamamatsu Photonics), and a storage oscilloscope (TS-8 123). 
The data were averaged over 30 measurements. 

controlled one-dimensional flow of energy and/or electrons is a 
key process, which has hardly been surveyed. To test the pos- 
sibility, we chose X4[Pt2(P205H2)4] (X = Na+, K', Et4N', and 
(n-Bu),N+) crystals and measured the laser-induced phos- 
phorescence.6*' Judging from its crystal structureBb and preceding 
discussion on the nature of orbital interactions,8c the possible path 
for the triplet energy migration is exclusively along the Pt-Pt 
direction (Le., along the z axis). In the well-grown crystals, the 
phosphorescence decay profile is nonsingle exponential and de- 
pendent on the excitation density. The lower the excitation density, 
the better the decay profile analysis by a single exponential 
function. This indicates explicitly the participation of T-T an- 
nihilation even at room temperature under atmospheric pres~ure.~ 
It should be noted that the phenomenon is observed only for  
well-grown crystals but not for  amorphous samples which have 
random arrangement of the Pt2 unit.I0 This supports the in- 
terpretation of anisotropic energy migration via overlapped 5d,z 
orbitals directing to the z axis in the crystals. 

When T-T annihilation is involved, the kinetic expression of 
triplet state decay is given by eq 1 and 2 ,  where n T ,  kp,  and km 

-dnT/dt = kpnT + knnT2 (1) 
I/nT(t) = (l/nT(O) + kTT/kP) exp(kPt) - kTT/kP ( 2 )  

are the population of T I ,  the reciprocal of the normal triplet 
lifetime, and the T-T annihilation rate constant, respectively. The 
data of phosphorescence decay is plotted in the form of eq 2 in 
Figure 1, the negative intercept giving the T-T annihilation rate 
c ~ n s t a n t . ~ J '  

Aiming at control of the energy migration probability from one 
site to the nearest neighbor, we modulate the distance between 
the Pt2 units by changing the countercation from K+ to Na', 
Et4N+, and ( ~ - B u ) ~ N + . ' ~  The phosphorescence decay curves are 
similarly analyzed by eq 2, and the results are presented in Figure 
1 as well. As we expect, the larger the size of the countercations, 
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