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Unprecedented Stability of &-Lactones with Axial Substituents rather than Equatorial 
ones; Comparison with the Prelog-Djerassi Lactone Derivative 
Yoshiki Morimoto, Atsushi Mikami and Haruhisa Shirahama* 
Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060, Japan 

A 1 : 1 mixture of the trisubstituted 6-lactones l l a  and l l b  was subjected to thermodynamically equilibrated 
conditions to give predominantly I l b  with axial substituents rather than l l a  with all equatorial ones, in 
contrast to the Prelog-Djerassi lactone derivatives 3a and 3b, and, further surprisingly, it has been found that 
the disubstituted lactone 10 also adopts a chair conformation with axial substituents. 

The axial and equatorial concept on six-membered rings is one 
of the most fundamental and important ones in organic 
chemistry. 1 Considering the conformational stability of substi- 

the conformer 2 with axial ones due to steric repulsion 
(1,3-diaxial interaction),* except for the anomeric effect3 etc. 

tuted six-membered rings, it has been generally accepted as 
common recognition that the conformer 1 with equatorial X, 
Y and Z substituents is thermodynamically more stable than 
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Scheme 1 Reagents and conditions: i, BufOK-BufOH, room temp., 
overnight; ii, 0,; iii, H202, (BOM = benzyloxymethoxy) 
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l l a ,  l l b =  1:l 1 l a  l l b  
R = SiPh2Bu' l l a : l l b = 1 : 2 . 5  

Scheme 2 Reagents and conditions: ButOK-BufOH, room temp. or 
DBU-toluene, reflux 

Thus, it is possible to control the stereochemistry on 
six-membered rings by exploiting the difference of such a 
thermodynamic stability. For example, Suzuki et al. have 
reported that a 1 : 1 mixture of lactones 3a and 3b subjected to 
thermodynamically equilibrated conditions gives predomi- 
nantly the lactone 3a, bearing 2P-Me with a ratio of p: a = 
6 : 1, which is converted to the Prelog-Djerassi lactone 44 by 
ozonolysis (Scheme l ) .5  However, when a 1 : 1 mixture of the 
analogous lactones lla and llb was exposed to the same 
conditions, surprisingly, it has been found that llb with axial 
substituents predominates over lla with equatorial ones 
(Scheme 2) in contrast to the above example. In this 
communication we report the unexpected but interesting 
results of the thermodynamic equilibrium concerning di- and 
tri-substituted 6-lactones. 

During the course of our synthetic studies on the immuno- 
suppressant FK 506,637 we planned the thermodynamic control 
of the 2-Me configuration on the a-lactone 11, easily derived 
from diol 5,t  to obtain the lactone lla with all equatorial 
substituents, corresponding to the C( 10)-C( 15) fragments of 
FK 506 (Scheme 3). After protection of the primary alcohol in 
5 as a tert-butyldiphenylsilyl ether ,9 reductive elimination of 
the dimesylate 6, m.p. 88-90 "C, in refluxing N,N-dimethyl- 
formamide (DMF) provided the allylic alcohol 7 which was 
converted to the methyl ether 8. Oxidationlo of 8 to the 
a,P-unsaturated lactone 9 was carried out by treatment with 
m-chloroperbenzoic (MCPBA) acid in the presence of boron 
trifluoride-ether and subsequent hydrogenation afforded the 
lactone 10, m.p. 50-53 "C; [a]D23 +42.3" (c 1.00, CHC13). 
Finally the lithium enolate formed by treatment of 10 with 
lithium diisopropylamide (LDA) in tetrahydrofuran (THF) at 
-78 "C was methylatedl1 with iodomethane to give the 
predictable 1 : 1 mixture of lla and llb, which were then 
subjected to equilibration conditions. 

1- Diol 5, m.p. 150-151 "c ;  [(X]DZ5 +89.6" (c  1.00, MeOH) {lit. 
m.p.150-151 "C; +82.4" (c 1.06, MeOH)}, was prepared 
according to the following literature: B. Fraser-Reid and B. Boctor, 
Can. J .  Chem., 1969, 47, 393. 

5 ; R = H  7 ;R=H 
6; R = SiPh2But 8;R=Me 
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Scheme 3 Reagents and conditions: i, BufPh2SiC1, dimethylamino- 
pyridine, Et,N, CH2C12, 97%; ii, KI, Zn-Cu, DMF, reflux, 90%; 
iii, NaH, MeI, THF, 90%; iv, MCPBA, BF3.OEt2, molecular sieve 
4 A, CH2C12, - 15 "C, 92% ; v, H2, Pd/C, EtOH, 95% ; vi, LDA, THF, 
-78 "C, then MeI, 80%, lla: llb = 1 : 1 

NOE n 

l l a  l i b  

10 

1 la  
c-2 33.4 
C-3 32.0 
C-5 83.0 

R = SiPh2Bu' 

l l b  
C-2 30.6 
C-3 31.1 
C-5 80.8 

Fig. 1 Conformations of &lactones 10, lla and llb supported from lH 
(coupling constants, Hz) and 13C (chemical shifts, 6) NMR 

The equilibration of a 1 : l  mixture of lla and llb with 
either one equivalent of potassium tert-butoxide in tert-butyl 
alcohol at room temperature5alb or three equivalents of 
1,8-diazabicyclo[5.4.O]undec-7-ene (DBU) in refluxing tolu- 
ene unexpectedly led to the 1:2.5 mixture of lla, [a]D23 
+23.7" (c 1.00, CHC13), and llb, m.p. 104-106 "C; [aID24 
+59.0" (c 1.00, CHC13), which could be separated by medium 
pressure column chromatography (hexane-EtOAc = 91 : 9) 
(Scheme 2). As shown in Fig. 1, coupling constants (Ja,b 12.6, 
Jb,c 11.0, Jc,d 7.6 Hz) indicated the trans-diaxial relationship 
between vicinal protons and nuclear Overhauser effect 
(NOES) observed for Ha-H, and Hb-Hd in the minor com- 
ponent lla clarified that lla adopted the chair conformation 
with all equatorial substituents; it was found that the major 
component llb possessed a chair conformation with one 
equatorial and two axial substituents as shown from the 
coupling constants 12.8, 5.1, Jc,d 5.1 Hz) and high 
field shifts at C-2 (6-2.8), C-3 (-0.9) and C-5 (-2.2) in its 13C 
NMR in comparison with lla, due to the steric compression 
effect .I* Furthermore, the lactone 10 also revealed coupling 
constants (Ja,br 9.9, 4.4, Jc,d 4.4 Hz) showing a chair 
conformation with two axial substituents at the C-4 and C-5 
positions. 

It seems to be worth while giving consideration to the 
anomalous preference for the conformation bearing axial 
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10 R1 = H, R2 = SiPhzBut; l l b  R1 = Me, R2 = SiPhzBut 

Fig. 2 Gauche conformation around C(4)-C(5) and C(5)-C(6) bonds 
in 10 and l l b  

substituents in the lactones 10 and llb in contrast to the 
Prelog-Djerassi lactone derivatives 3a and 3b. In 10 and llb 
the presence of C=O and 0 in the ring removes two potentially 
unfavourable 1,3-diaxial interactions, leaving only one 1,3- 
H,OMe and one 1,3-H,CH*OR interaction in contrast to 
cyclohexanes, which have two such interactions. It is known 
that OMe has an axial preference when para to ( 3 0 . 1 3  Since 
the relative configuration at C-4 and C-5 is fixed by the 
synthesis, this will assist CH20R also to be axial. An 
inspection of the C(4)-C(5) and C(5)-C(6) bonds in 10 and 
llb by 1H NMR showed gauche conformations for not only 
C(4)-0 and C(5)-0 bonds on their lactone rings but also 
C(5)-0 and C(6)-0 bonds out of the rings (10, J5,6 3.5, J5.6 
4.3 Hz; llb, J5,6 4.0, J5,6 4.0 Hz)$ (Fig. 2). Thus the unusual 
bis-axial geometry here may result from a fortuitous combina- 
tion of this gauche interaction,14 the so-called gauche effect ,I6 
and the above two factors. Furthermore, this preference for 
the axial substituent at the C-5 position may also be 
understood in terms of through-space interactionlsa such as an 
electrostatic attraction16 and/or n, n* orbital overlap between 
the C-6-oxygen atom and the carbonyl group. 13 Quantitative 
treatment of this phenomenon by molecular orbital and 
molecular mechanics calculations is under investigation and 
will be reported in due course. 
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