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solution at room temperature is a general phenomenon. Its 
observation depends on the values of ko and kg, specifically, 
low values of ^o and high values of kg. These conditions are 
evidently satisfied by Cr(NN)33+ and further studies are un­
derway to define the structural and solution medium param­
eters that regulate these rate constants. 
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Synthesis of (±)-Linderalactone, 
(±)-Isolinderalactone, and (db)-Neolinderalactone 

Sir: 

The germacrane furanosesquiterpenes, linderalactone (1), 
isolinderalactone (2),1 and neolinderalactone (3)2 were isolated 
by Takeda from the root of the shrub Lindera strychnifolia 
ViIl. Their structures are based upon chemical degradation, 
and for linderalactone 1 an X-ray crystal structure is available.3 

2b 

Linderalactone (1) has generated considerable interest because 
of its facile Cope rearrangement to isolinderalactone (2) (an­
tipodal to the elemane sesquiterpenes); NOE studies have 
concluded that the stereochemical outcome of such rear­
rangements is dependent upon the conformation of the ten 
membered ring.4 Neolinderalactone exists at room tempera 
ture as a mixture of conformers 3 and 3a in the ratio 4 
Cope rearrangement of neolinderalactone gave isolindera­
lactone 2, which therefore must proceed from the conformer 
3a rather than 3.4 

Here we report the total synthesis of 1, 2, and 3 by an ap­
proach that, because of its strategy, does not need to rely upon 
any stereochemical or regiochemical controls. 

Birch reduction of 3,5-dimethoxybenzoic acid and in situ 
alkylation with methyl iodide gave 5 (87%), which on treatment 
with lithium aluminium hydride gave the known alcohol 6.6 

HO9C > 2 C J ^ ^ 0 M e R 0 ^ x L ^ Y 0 M e 

OMe OMe 

MeO MeO' 

I O , R = H 

After trying many protecting groups for the primary alcohol 
in 6, and also attempting to avoid the use of protecting groups 
altogether, we converted 6 into the O-methyl ether 7 (NaH, 
MeI, THF), 95%.7 Mild acid hydrolysis of 7 (4 N HCl, THF, 
6 h at room temperature) gave the symmetrical /3-diketone 8 
(76%, mp 92-93 0C).7 Condensation of 8 with ethyl 2-chlo-
roacetoacetate in methanolic potassium hydroxide8 gave the 
tetrasubstituted furan 9 (57%)7 along with small amounts of 
the acid 10. Because of the symmetry of 8 there are no re­
giochemical considerations in making 9. The ester 9 was fur­
ther hydrolyzed with methanolic potassium hydroxide to give 
pure 10, mp 140-142 0C (85%). Decarboxylation of 10 pro­
ceeded best using the classical procedure Cu, pyridine, and 
diethylene glycol at 160-165 0C to give 11 (85%).7 Demeth-
ylation of 11 using boron tribromide-dichloromethane —70 
to +20 0C gave the alcohol 12 (96%),7 which was oxidized 
directly to the aldehyde 13 using pyridinium chlorochromate 
(74%).7 Methylenation of 13 using methylenetriphenylphos-
phorane in THF gave the vinyl derivative 14 (67% after bulb 
to bulb distillation).7 

Introduction of the fused 7-lactone ring onto 14 poses no 
stereochemical problems since, as we will see, it does not matter 
if alkylation of 14 produces a mixture of epimers. Indeed it is 

OHC 

I j , , R = Me 

1 2 , R = H 

£ 
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desirable, since the stereochemical fates of subsequent reac­
tions will lead inextricably to 1, 2, and 3. 

Alkylation of 14 using lithium diisopropylamide in THF at 
-70 to -20 0C and quenching with ethyl bromoacetate gave 
15 (82%)7 as a mixture of epimers (~1:1 by NMR) at C-6.9 

Reduction of the C-7 carbonyl was achieved using sodium 
borohydride in 3 N NaOH-MeOH, and proceeded via the keto 
acid 16,7 to give the cis lactone 17 as a mixture of epimers at 
C-I (60%). The epimeric lactones 17 appeared as a single 
compound on chromatography. 

The mixture of epimeric lactones 17 was treated with lithium 
diisopropylamide in THF at -70 °C, followed by Eschen-
moser's salt (Me2N+CH2I"),10 and then warmed to 20 0C; 
workup with MeI followed by Na2CO3 gave the a-methylene 
lactones isolinderalactone (2)" and epi- isolinderalactone (4). 
When the mixture of 2 and 4 was heated to 160 0C for a few 
minutes, 4 was irreversibly Cope rearranged into neolinder­
alactone (3), and 2 was reversibly Cope rearranged into lin­
deralactone1 ' (1). Prolonged heating at 260 0C slowly and ir­
reversibly transformed neolinderalactone (3) into 25 which 
again Cope rearranged to give linderalactone (I).4 In this way 
the unnatural isomer 4 is in effect epimerized at the quaternary 
C-I position through two Cope rearrangements, and conse­
quently the synthesis leads to an equilibrium mixture of 1 and 
2 -2b,4 

In conclusion this first synthesis of the linderalactones 1, 2, 
and 3 provides a unique opportunity to epimerize at a quater­
nary carbon atom using two Cope rearrangements, and thus 
avoid stereochemical considerations at C-I. 
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Stereoelectronic Effects in the Reactions 
of Phosphate Diesters, Phosphoramidates, and 
Phosphonates. 3. Ab Initio Molecular Orbital 
Calculations of Transition States 

Sir: 
The hypothesis of stereoelectronic control in the reactions 

of tetracovalent carbon and phosphorus species and pentaco-
valent phosphoranes has recently received both experimental 
and theoretical support.110 Deslongchamps1 and co-workers 
have demonstrated selective cleavage of bonds which are an-
tiperiplanar (app) to lone pairs on directly bonded oxygen and 
nitrogen atoms in tetrahedral carbon species. For phosphate 
ester hydrolysis Gorenstein et al.8'9 have calculated reaction 
profiles and pentacovalent phosphorane transition-state 
energies which support a large stereoelectronic acceleration 
in the breaking of a P-O ester bond which is app to lone pairs 
on directly bonded oxygen atoms. In this communication we 
explore in further ab initio molecular orbital calculations the 
stereoelectronic effect on phosphorane transition states which 
do not have an app ester oxygen lone pair. 

In an SN2(P) mechanism, the base-catalyzed hydrolysis of 
dimethyl phosphate, O-methyl-TV-methyl phosphoramidate, 
and methyl ethylphosphonate (X = O, NH, or CH2, respec­
tively in eq 1) proceeds via transition states 1-3 shown in 
Figure 1. 

CH3O(CH3X)PO2- + "OH -* CH3O(CH3X)PO3H2-
1-3 

-* CH3XPO3H-+ CH3O- (1) 

Geometries for the two trigonal bipyramidal conformations 
t,g,—g and g,t,t shown were identical with the extensively op­
timized geometries for the dimethyl phosphoranes la and lb 
previously calculated, except P-N, P-C, N-C, and C-C bond 
lengths of 1.740, 1.850, 1.40, and 1.48 A, respectively, and a 
PNC bond angle of 115.3° were substituted where appropriate. 
In all cases a collinear "OH attack and MeO - leaving were 
assumed. The dimethyl phosphate reaction was shown to 
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