
Tetrahedron Letters No. 18, pp 1623 - 1626. 
@Pergamon Press Ltd. 1979. Printed in Great Brrtaln. 

0040-4039/79/04+162J$O2.00/0 

STEREOSPECIFICITY IN THERMAL ISOMERIZATION OF 

PREISOCALAMENDIOL, A TEN-MEMBERED RING SESQUITERPENE 

AN APPLICATION OF MOLECULAR MECHANICS CALCULATIONS 

Yuklmasa Terada and Shosuke Yamanura 

Faculty of Pharmacy, MelJo University, Tenpaku-ku, Nagoya, Japan 

Summary Molecular mechanics calculations were carried out to explain stereospeclflclty in the 

cyclizatlon reaction of prelsocalanendlol (2, a ten-membered rrng sesqulterpene, suggesting 

tnat this stereospecificity does not depend on relative stabllltles of the conformational isomer 

of A, but 1s due to those of the corresponding conformers In each transltlon state Partlcular- 

ly, molecular mechanics calculations, which were made on the basis of such a transition state 

model as 2, can explain the experimental results much well 

In the course of our studies on blonlmetlc reactions of germacrene-type sesqulterpenes,l 

preisocalanendlol (,l) was found to be converted Into dehydrolsocalamendlol (2) in 86% yield on 

thermal lsomerlzatlon (Isa”, 90 nun) which took place In highly regio- and stereospeclflc 

manner lc It 1s interesting to know whether the stereochenlstry of the reaction product (2) 

depends on the predominant confornatlon of the starting material (2, as demonstrated In the 

case of hunulene 
2 

As shown in Figure 1, 
3 

prersocalanendlol (A) nay adopt eight conformations, of which the 

conformer CC is directly related to the product (2) Thus, molecular mechanics calculatlons4 

were carried out to estimate relative stabllltles of these conformers, as follows 

Approximate coordinates In the eight conformers of A were calculated by means of the pro- 

gram COORD5 with bond lengths, bond angles and torsional angles obtainable from Dreldlng nolecu- 

lar models Then, iterative calculations were made to minimize the sterlc energy of each 
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conformer at 25’ and 180°, respectively As summerlzed in Table 1, relative ratio of the most 

stable conformer CC 1s 62% at 25’ and decreased to 46% at 180”, suggesting that the high stereo- 

specificity in the thermal lsomerlzatlon of $ can not be explained by relative stability of each 

conformer of 1 6 
N 

We further examined another posslblllty, In which the stereochemistry of the reaction 

product was attributable to the relative stability of each conformer in the corresponding transi- 

tion state, by applicatlng molecular mechanics calculations to such a plausible model (,$ as 

cited in the previous paper 
lc 

In this case, several assumptions are required to employ the MM1 

program in order to calculate the sterlc energy of such a model as 3, as follows 

1) Sterlc energy of such a model as 2 corresponds or 1s at least proportional to the height of 

the energy barrier of the cycllzatlon reaction 11) The distance between Cl and C6 varies as the 

reaction proceeds Therefore, the partially formed bond length (Cl - C6) In 2 may be regarded as 

a mean value between the distance from Cl to C6 In h and the bond length C5-Cl0 in 2 Each 

posltlon of the remaining atoms except for Cl and C6 was changed in the course of energy minimi- 

zation 111) Of the eight conformers, the four ones [CC, TC, T’T, and C’C’] can adopt such a 

transltion state as 2, In which the CO group and the vinyl Me group both are located on the Same 

side of a plane of the ten-membered ring iv) The distance between 0 and Cl2 1s about 3 2 A in 

these four conformers of A and changes to 3 55 i in 2 Therefore, the distance [O-Cl21 is 

assumed to be ca 3 4 K in 3 H both rv In addition, the partial bond lengths of 0. H and Cli 

are approximately 1 7 i, if the asterisk-proton (H*) 1s placed at the equidistant point from both 

0 and Cl2 Although this value 1s pretty large for O-H or C-H bond, the corresponding force 

constants are chosen so that this abnormal value does not cause large stretching energy 

v) The program MM1 has no force constants for such partial bonds as shown in ,$ However, they 

are regarded as mean values of those of the lnltlal and final states e g the force constants 

of CL-0 In 2 are assumed to be mean values of C=O and C-O 
7 

On the basis of these assumptions, molecular mechanics calculations were carried out to 

evaluate the energy values of the transition states derived from each conformer, and their 

relative populations at 180’ were estimated as shown In Table 2 It 1s noteworthy that the 

transition state (3J derived from the conformer CC 1s predominant enough to explain the stereo- 

Table 1 Relative populations of eight conformers of & 

Conformer 

cc 

TC 

T’C 

C’T 

T’T 

TT 

CT 

C’C’ 

Sterlc energy 

(kcal/mol) 

19 14 

20 03 

20 04 

20 35 

21 22 

22 11 

22 50 

22 90 

Relative population 

25’ (%) 180’ (%) 

62 0 45 9 

13 8 17 1 

13 6 16 9 

8 1 12 0 

19 46 

04 17 

0 2 1 1 

0 1 0 7 
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Figure 1 ORTEP8 drawing of mnmum energy structures of eight conformations of A. 
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Table 2 Relative populations of transltlon states derived from four conformers of k 

Conformer Sterlc energy (kcal/mol) Relative population at 180' (%) 

cc 52 44 79 8 

C'C' 53 73 18 9 

TC 56 24 12 

T'T 58 75 01 

speclflclty III the thermal lsomerlzatlon of 1 
N * p‘ 

In conclusion, the above mentioned procedure which 1s n 

In very good agreements with the experlmental results has 

been proved to be quite useful In order to explain the 

stereospeclflclty In the thermal lsomerlzatlon of A, 

&r<;$$++$& 

'\ _ 

although dnother posslblllty is not necessarily ruled out, 
,p*/ 

i P \ G!? 
in which the stereospeclflclty 1s explained on the basis 

P 
of relative stablllties of each conformer In their ground Figure 2 Calculated minimum energy 

state structure corresponding to CC of 3 N 

Molecular mechanics studies on conformatlonal problems of sesqulterpenes are In progress 

The authors are indebted to Professor E &awa (Hokkaldo Unlverslty) for his permlsslon to 

use his programs Thanks are also due to Drs K Sasakl, Y Beppu, and T Esakl (Nagoya Univer- 

slty) for their permlsslon of using their programs and for their helpful dlscusslons 
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