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Sunmary: Intramolecular saturation transfer MqR spectroscopy has been used to establish the 

conformational equilibria of several tricyclo[9.3.1.0 3,8 ] pentadecanes. 

The tricyclo[9.3.1.0 3'8]pentadeoane ring system (1) contains a central fused-bridged 

cycloijctane ring that forms the basis of an importantn/class of naturally occurring sub- 

stances. 
1 Our recent synthetic entry into representatives of this tricyclic ring system,2 

and our plan to utilize selected derivatives in the synthesis of taxane natural products, 

has prompted an investigation of the conformational behavior of several members of this 

2A;R= H 

2 B;R=Me 

Inspection of molecular models of &reveals two plausible low energy 
1 

conformations, 

exo+'_.and endo-2, 
h/ shown in the figures below. 

At room temperature the ?I-EMR spectrlan of 

2a reveals a single vinyl hydrogen at 5.60 ppn. 
.+-+ 

exo 2 endo 2 

Upon cooling, the vinyl region broadens and at -5O'C resolves into two broad peaks centered 

at 5.75 and 5.29 pIan. These absorptions are present in a ratio of 88:12 (AG"_500C = 0.88 + 
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0.09 kcal/mol). The assignment of these signals to the exo-2a (5.75 ppu) and endo-2a (5.29 

ppn) conformational isomers is based upon the anticipated shyelding of the vinyl h;drcqen 

by the aromatic ring in endo-2a.4 
*N The "coalescence temperature" is approximately 2OC from 

which a single point free energy barrier of # AG =13.2 + 0.14 kcal/mol is obtained. 
5 

An analysis of derivative 2b required unmnbiguous assignment oE the methyl resonances. 

Efforts to establish their idgtity using chemical shift criteria OK by difference NOE 

experiments were unsuccessful. The pertinent region of the +-I N-lR spectra (250 YHz, 35'C) 

is given in figure 1. Three prominent methyl absorptions at 1.33, 1.12, and 0.72 ppn are 

noted. Upon cooling no change in the spectra was observed. At elevated temperatures this 

region of the spectrum of 2b broadens , resulting in the disappearance of three minor ab- 

sorptions at 1.68, 1.08, anr0.61 ppn (* figure 1). These three signals were tentatively 

assigned to the CH3 resonances of the minor conformational isomer of 2b. Based upon the . . .._.. 
intensities of these signals the ratio of major to minor conformational isomer is 89:ll 

(AG0250C = 1.24 f 0.15 kcal/mol). 

The correspondence between methyl groups in the major and minor conformational isomers 

of 2b was established by "labelling" 

tranyfer P@IR spectroscopy. 

individual methyls using intramolecular saturation 
6 

Thus, irradiation of the methyl resonance at 0.72 ppn with a 

second radio frequency of sufficient power to saturate the signal resulted in approximately 

10% diminished intensity of the signal at 1.68 ppn. Similarly in separate experiments, 

irradiation at 1.33 and 1.12 ppn produced diminished intensities of the signals at 0.61 and 

1.08 ppn respectively. The transfer of spin saturation between the three sets of resonanc- 

es links these signals to groups that are exchanging environments and provides experimental 

proof of a dynamic conformational isanerization in 2b. The necessary conditions for sa- 

turation transfer k > Tl (spin lattice re&&ion time) are satisfied over the 
exchange * 

temperature range studied (25-60°C).7 

Having established the relationship between exchanging sites, assignment of the exo and 

endo conformational isomers follows from analysis of the chemical shifts of the methyl 

resonances. The envirotrnent of Me-17 (see figure for numbering) is not altered signifi- 

cantly in either conformation and can be assigned to the resonances at 1.12 and 1.08 ppn. 

The allylic Me-18 resonance in exo-2b is expected to be the most deshielded methyl signal 
- .i.- 

in the molecule while the corresponding methyl in endo-2b will be strongly shielded due to 
- . ..._/ 

its proximity to the aromatic ring. Me-16 in the endo conformation is expected to be the 

most shielded methyl due, in part, to its proximity to the aromatic ring, while in the exo 

conformation this resonance should appear at a "normal" frequency. On this basis the 

assignments can be made (see Figure 1). 

The surprising result of this analysis is that methyl substitution (2a + 2b) results in 
,_ . . . 

a reversal of population of the exo and endo isomers; in 2b the endo isomer is favored by _- 

1.2 kcal/mol.8 
,- - 

Assignment of the exchanging sites also permits evaluation of the "coale- 

set-ice temperatures" at Ye-16 and Me-18 from which an average single point free energy 

barrier Ad - - 16.5 ? 0.1 kcal/mol is calculated. 
5 
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Figure 1. 250 MHz tr N4R spectra of 2b (29'C). 

The origin of the reversal of conformational preference resulting fraa methyl substitu- 

tion can be appreciated from inspection of molecular models. In exo-2b, Me-16 rests ap- - ,> 
proximately 2& above the carbon plane of the aromatic ring, well within the van der Walls 

radii of these two groups. The reversal of endo/exo preference amounts to a destabiliza- -- 
tion of exo-2b of ^_2 kcal/mol. 

The origin of a heightened barrier (hAG#-. 3 kcal/mol) separating exo and endo 2b con- 
_-__ 

pared with 2a is less clear. Interconverson of the two conformational isomers requires two 

torsional rotations about the Cl 2 or C2 3 bond and the C 
9 10 bond. Synchronous rotation 

about these bonds does not prod&e sign:ficant non-bonded >nteractions between the methyl 

groups (?qe-16 and Me-l@ and the remainder of the molecule. However, sequential rotation 

involving Cl 2 or C2 3 bond rotation followed by Cg 1o rotation, produces significant 

non-bonded i&eractio& between Me-16 and the C JC 
9 10 

ethHno bridge. This sequential motion 

may provide a plausible explanation for the increase in barrier height of 2h ,' 
It should be pointed out that for any molecule undergoing conformational interconver- 

sion there will be a temperature at which k >T 
exchange * 1' intramolecular saturation trans- 

fer N4R therefore is of general applicability in identifying groups undergoing exchange. 

The routine availability of difference NIR qpectra greatly enhances the sensitivity of this 

technique and its potential utility. 
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