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Abmbmct-The dihydro derivative (1; R = Et) of the homo-diterpene lactone, colensen-2p_ol-1 a-hydroxy- 
methyl-kcarboxylactone (1; R = CH=CH,) described in the preceding paper, has been synthesized 
by two independent routes. The stereochemistry of some disubstituted ring A derivatives which could not 
be established by spectroscopic techniques was determined by chemical methods. 

2.3.DICARBOXY-2,3-SEC~MANOYL oxide (2; R = H, R’ = CH==CH,) from the 
heartwood of Ducrydium colensoi was converted to dihydro dimethyl 2,3-secomanoyl 
oxide 2,3dioate (2; R = Me, R’ = Et). Dieckmann condensation’ of the dimethyl 
ester gave the epimeric p-keto esters, la-methoxycarbonylcolensan-2-one (3) and 
1 P-methoxycarbonylcolensan-2-one (4) in a 1:4 ratio. The stereochemistry of the 
products was established by an examination of the 1-H resonance in the NMR 
spectra. In 4 the la-H exhibited long range coupling (4 a) with the C-10 angular Me 
group.3 This was confirmed by double resonance experiments when the W/2 for the 
1-H reverted to the same order as in the epimeric derivative (3). In addition the a- 
substituted derivative could be epimerised to 4 under acid conditions. LAH reduction 
of the keto ester (3) gave the epimeric 1,3 diols (5; R = H and 6; R = H) identical in 
all respects (m.m.p.; IR) with the 1,3 diols obtained from the LAH reduction of 
la-hydroxymethylcolensan-2-one,’ a degradation product of the lactone. Preferential 
acetylation of the primary alcohol in the 1Jdiols gave the epimeric hydroxy-acetates 
(5 ; R = AC and 6 ; R = AC) respectively which gave the same fj-keto-acetate (7) on 
oxidation. 

A similar sequence of reactions was carried out for the p-keto ester (4). LAH reduc- 
tion gave the epimeric 1,3-diols (8 ; R = H and 9 ; R = H) in a 2 : 1 ratio. Unlike the 
lu-hydroxymethyl-Zhydroxy epimers, 3 the absolute configurations of the lp- 
hydroxymethyl-2-hydroxy epimers could not be established from the carbinol proton 
signals, a coupling of 68 c/s being predicted for both epimers. The structure assign- 
ments were made on chemical evidence. Preferential tosylation of the primary OH 
group gave the epimeric monotosyl derivatives (8; R = Ts and 9; R = Ts) which 
could be readily distinguished by the base catalysed elimination products.4 Base 
treatment of the trans monotosyl derivative (8; R = Ts) gave the expected ring opened 
product (10) while the cis isomer (9 ; R = Ts) gave the predicted oxetan derivative (11). 

It is interesting to note that these assignments were opposite to those predicted (a) 
on a yield basis-where the predominance of hydride reduction from the less hindered 
a-face would be expected to produce a greater proportion of lj3-hydroxymethyl- 
colensan-20-01 (9; R = H) (b) from H-bonding studies. Table 1 gives the minimum 
distances for H-bonding in the three possible conformations of the epimeric lp- 
hydroxymethylcolensan-2-01s as measured from Dreiding models. Although both 
epimeric 1,3-diols exhibited H-bonding, it would be predicted that the tram 1,3diol, 
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having the larger OH-O distance, would be associated with the weaker H-bond. 
Table 1 shows this was not the case. 

The failure of H-bonding studies to give the correct structure assignment emphasises 
the limitations of this method as pointed out by Fetizon.6 
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Preferential acetylation of the primary alcohol grouping of the 1,3 diols gave the 
epimeric hydroxyacetates (8 ; R = AC and 9 ; R = AC) respectively. Oxidation of the 
hydroxy-acetates gave the same P-ketoacetate (12) and established that no epimeriza- 
tion at C-l had occurred in any of the conversions in the formation of the epimeric 
l3-keto-acetate (7). 

The @keto-acetate (7) failed to form a cyanohydrin under several modified condi- 
tions. It is well established that cyclopentane systems form carbonyl derivatives with 
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-i-ABLE 1 

Config. a-Envelope ~-Envelope whair OH Absorption Av OH-H talc’ 

cis 1 pCH,OH,2pOH < 1.4’ < 1.4 < 1.4 3620.3581 cm- * 59 2.08 

frans l~H,OH,Za-OH > 2.7b 2.4 2.6 3634,3557 cm-’ 83 I.89 

a For distances below 14A the covalent bond distance is approached. 
* No H-bonding is observed for distances greater than 2.7A. 
’ Calculated according to Klyne’s equation.’ assuming honded primary H, with a standard value of 

3640cm-*. 

much less ease than the corresponding cyclohexanones due to developing torsional 
strain and Van der Waals eclipsing interactions. By minimising the solvation of the 
nucleophile by use of a dipolar aprotic solvent, cyanohydrin formation was achieved. 
It is envisaged that the bulky CN- nucleophile approached from the less hindered 
u-face of the molecule to give the 2a-cyano-2b-hydroxy derivative. Immediate alkaline 
hydrolysis of the reaction mixture gave the dihydro derivative (1; R = Et)) of the 
lactone in 20:/ yield. The other product of the reaction was colensan-2-one, the result 
of a reverse aldol reaction’ under the alkaline conditions on the p-keto-acetate (un- 
reacted or present in equilibrium with the cyanohydrin). 

A very simple two step synthesis of the dihydro derivative of the lactone was 
achieved in high yield using the co-occurring 2-oxomanoyl oxide as the starting 
material. 2-oxomanoyl oxide was hydrogenated to the dihydro derivative and autoxi- 
dized to the previously described diosphenols (13). Hydroxymethylationg of the 
diosphenol with alkaline, aqueous formaldehyde solution (M KOH or 005 M 
NaHCO,) resulted in concurrent benzilic acid ring contract. It is considered that as 
in bromination” axial attack from the less hindered r-face of the molecule would 
give the kinetically controlled product, dihydro-la-hydroxymethyl-2,3-dioxomanoyl 
oxide. 

As reported by Hanna and Ourisson lo for the analogous la-bromo_4,4dimethyl- 
cholestan-2,3dione, the la-substituent cannot epimerise under the alkaline conditions 
to the thermodynamically \table epimer due to steric interaction between the 1 la-H 
and the enol form and steric hindrance to the removal of the 1 B-H. This also accounts 
for the nonformation of the adisubstituted derivative. Levisalles” has shown by 
radioactive tracer experiments that the benzilic acid ring contraction of 4,4dimethyl- 
cholestan-2,3dione gives exclusively the 2ct-carboxy derivative. In lactone synthesis 
the benzilic acid ring contraction could proceed by an intermolecular or an intra- 
molecular mechanism. The intermolecular mechanism via nucleophilic attack at C-3 
through a chair transition (94%)’ ’ could be inhibited by the axial la-hydroxymethyl 
group and so increase the percentage of attack at C-2 via a boat transition. However 
an intramolecular mechanism predetermines the stereochemistry of the lactone, as 
the axial la-hydroxymethyl anion (primary conformation) is well placed for nucleo- 
philic a-face attack at C-3 via a chair transition state. An intramolecular mechanism 
is also supported by the ease of the reaction-NaHCO, at room temperature. Relative 
rate studies of the diosphenol in 0.05 M NaHCO, solution with and without added 
formaldehyde showed only ring contraction in the presence of formaldehyde, i.e. the 
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in t-butyl alcoholic N t-BuOK (100 ml) and shaken in an atmosphere of 0, for f hr (1 mol propn. 0s 
absorbed). Dilution with water, acidification, followed by ether extraction gave 13 (3 g) m.p. 10~107” 
(from aq MeOH) (lit.* 105-107”). KOH (50 mg) was added to a solution of the diosphemol (100 mg) in 
MeOH (20 ml) and 37% CH,O (05 ml) and the reaction mixture relluxed for 1 hr. Dilution with water, 
acidification, and ether extraction gave a product which was purified by PL.C (ether/bexane 1: 1 develop 
ment) to give the dihydrodcrivative of the lactone (60 mg; IR, NMR, mmp.). 

NaHCOs (50 mg) was added to a soln of the d&phenol (80 mg) in MeOH (10 ml) and 37% CHsO (05 
ml) added. Another soln identical to this, but without the addition ofCHs0 was prepared. Both solns were 
heated to 60” for 2 hr. After this time the CH,O containing soIn showed 90% conversion to the dihydrolac- 
tone while the soin without CH,O showed only unchanged diosphenol, no benxilic acid rearrangement 
product being detected. 
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