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Revisit to the Samek Rule.
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Steric energy and the conformation of nepalensolide A
and frullanolide, having the c¢is lactones, and four types of
possible model lactones as well as some synthetic compounds
are calculated by MM2 and the allylic coupling constant of

the exomethvlenes are estimated to discuss the Samek rule.

The cis/trans lactone rule for ¢-methylene-y-lactones, reported by Z.
Samek in 1970, is now known as "Samek rule", which is used frequently and
guides a stereochemistry of fused lactones.l) The stereochemistry can be
assigned by measuring the value of the coupling constant between the exo-
methvlene protons and the allylic proton. It was originally reported as
follows:1) /4J/(trans-lactone)z 3 Hzz /4J/(cis—-lactone)

However, exceptions to the above rule have been found since it was
reported, especially in the case of pseudoguaianolides.

As we have discovered a new lactone, nepalensolide A (1), and found
that this compound is not in accordance with this rule.2) The most stable
conformation of 1 as well as some synthetic lactones were estimated by MM2.
We now report the results of the comparative study on lactone configura-

tions.

Fig.1. Calculated conformation of
nepalensolide A (1). The
enantiomer is shown tenta-

tively.
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We have isolated and established the structure of nepalensolide A (1)
without any doubt, which did not follow the Samek rule.2) This example was
the first one, as the 6/6 membered «@-methylene-7-lactone (eudesmanoclide),
not to follow the rule. We calculated the steric energy of 1 and found that
this molecule adopts a conformation to keep the dihedral angle (H7-C7-Ci1i-
Cis) 91.2° as shown in the Fig.1.3) The allylic coupling constant 1is
generally between 1.3 and 3.1 Hz at 60°< 8 £ 110° and is reported to depend

upon the dihedral angle between the exomethylene protons and the allylic

proton as shown in the Fig.2.4%) This is why the cis-lactone 1 exhibits
relatively large coupling constants. Although the conformation to adopt the
7
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Fig.2. The dihedral angle 6

dihedral angle ca.30° is possible (expected value 0.3 Hz), the steric energy
is much higher than the most stable one from MM2 calculation. We then cal-
culated the steric energy of the four types of cis model lactones depicted
in the Fig. 3 and estimated the conformation of the lactone rings. The
figures show the dihedral angles between the exomethylene and the proton at
the 7 position, which correspond to allylic coupling constants (in the
parentheses). In the case of 6B, the coupling constant is inferred to be
small, as shown by the rule. However, the other cases show relatively large
coupling constants as cis fused lactones, although they are still smaller
than 3 Hz. The synthetic compound 7 (type 6B)3) shows small coupling con-
stants (1.5 and 1.0 Hz) as predicted by the rule. However, compound 6 (type
6A)%) has large coupling constants (2.9 Hz) as suggested by the calculation.

Brothenolide (2), isolated from the liverwort Frullania brotherii, shows

J7,13=0.6 Hz, suggesting the cis fused ring due to the rule.®) This was un-
ambiguously confirmed by chemical degradations and partial synthesis.®) The
structure of frullanolide (3),7) isolated from the liverwort Frullania

dilatata, was established as depicted in the Fig. 4 and the coupling con-
stant, J7,13=2 Hz, was observed, relatively large but still following the
rule. The conformation of frullanolide (3) was then calculated and the
value of allylic coupling constant was estimated to be 0.9 Hz (49.2°).
Since (+)-pA-frullanolide (5)7) belongs to type 6B, the coupling constants
were also small following the Samek rule. These results show that calcula-
tions can predict the most stable conformation and receive validity, al-

though these results only show an ideal model. In the actual cases, there
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of factors, such as other functional groups,

hen synthesized the isomer of frullanolide, having the opposite

tion (but still cis-lactone) of the lactone The coupling
between H-7 and H-13 were 2.6 and 2.3 Hz, showing relatively large
The MM2 calculation shows that the dihedral angle of this compound

(2.5 Hz). This case again shows relatively large values.
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type BA 6B 6C 6D
Samek rule J<3 J<3 J<3 J<3
Dihedral angle 83.7° 48.0° 84.0° 83.9°
caled by MMP2
(coupling const.) (2.5 Hz) (0.85 Hz) (2.6 Hz) (2.6 Hz)

Fig.3. Calculated data for 6A-6D.

(+)-nepalensolide A (1) (+)-brothenolide(2) (-)-frullanolide(3) 4 (+)-B-frullanolide (§)
type 6A 6B - - 6B
Samek rule J<3 J<3 J<3 J<3 J<3
Observed 5.47(d,38.3) 5.52(d,0.6) 5.60(d,2) 5.33(d,2.3) 5.52(d,0.6)
6 () 6.26 (d,3.3) 6.09 (d,0.6)  6.18(d,2) 6.19(d,2.6)  6.07(d,0.6)
Calculated 91.2° (2.6 Hz) - 49.2° (0.9 Hz) 82.3° (2.5 Hz) -
H H i
1 ! !
H ! H !
"4 " ! "%
6 i 8 3
type 6A 6B - B
Samek rule J=<3 J<3 >3 J>3
Observed 5.47(d,2.9) 5.50(d,1.0) 5.38(d,3) 5.37(d,3.4)
s (I 6.27(d,2.9) 6.06(d,1.5) 6.00(d,3) 6.06(d,2.9)

Fig.4. Data for natural and synthetic lactones.
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The natural compound 8%) as well as the synthetic compound 95) having
the trans lactone clearly show the larger coupling constants (3 Hz for 8 and
3.4 and 2.9 Hz for 9, respectively), although we have not studied trans lac-
tones in detail yet.

This study clearly shows that when we use the Samek rule, a great care
should be given, especially when we isolate a compound having the types B6A,
6C, and 6D. We have to think about the molecular conformation and predict
the coupling constants. When two conformations are possible, we have to use
another method to determine the structure, for instance NOE, as demonstrated

in the previous paper.2)
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