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The large optical rotation reported2’3 for tricyclo(4.4.0.03~8)decaue (twistane4) 

(MI) 570*, 5903, in ethanol) makes it clear that the mtatory contributioas of tha %on- 

chmmophoric framem rk” of a rigid chiral molemle may also be substautiaI. Mstzme has a 

simplicity, rigidity and symetry (three two-fold rotation axes) that make it an ideal case on 

which to test models of optical activity intended to take such rotatory effects into accamt. 

We have presented two such n~dels, conveniently identified here as, (a) the Cbnfonnatimal 

Dissymnetry Mel’ and, (b) the Helical Conductor IMeld. The first attributes characteristic 

rotatory effects to twisted four-atan chains (I). It can be used with fair success with 

simple substances having flexible or relatively flat molecules, where longer chains would 

have little additional rotatory effect because they are confonnationally free to adopt shapes 

that are essentially enantiomars of one another or are held rigidly in arrangemnts that are 

largely coplanar and so of low rotatory power. There are, however, casessV7, notably those 

of substances having rigid molecules with angular substituents or folded nuclei, where 

sizeable additional effects (“permolecular dissymetry”) would have to be invoked to account 

for the magnitude - or even the sign - of rotation. Tlnm, a calculation of the rotation 

of twistane by this method* gave a value ([Ml, 140) which was too low and which has turned 

outg, additionally, to be of the wmng sign. The Helical Conductor IMel6 subsumes the first 

mdel and is, in principle, applicable to twisted chains of any length, these being regarded 
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now as irregular helices (II) with rotatory contributions in accord with the expression 

shown belaw. 

[MD = +k - XY [hIID = l 652.4 * &$ - Z(ARD) * f(n) 

D 

I II 

Here L is the straight-line distance between the ends of the chain, D is the distance along 

the chain and A is the area of a projection of the helix on a plane perpendicular to L 

(all in &gstroin units). 

refractions for teminal 

solution: 

E(ARD) is the sum of band refractions for the chain, using octet 

atoms, while f(n) is a function of the refractive index of the 

f(n) - f u* 
( ) 

2 

We wish IKW to report that this model allows a calculation of the rotation of twistane that 

is correct in sign and, roughly, mgnitude as well. 

Table I contains coordinates for the carbon atoms of lR,3R,6R,8Rtwistane for the case 

where all C-C bond distances are 1.540 z and the bond angles of the central ring 

( l-2-3-8-7-6 ) and the two bridges ( 3-4-S-6 ; 8-9-10-l ) are tetrahedral. Such strain as 

is present is concentrated in the bond angles 2-3-4 ( Z-1-10; 7-6-S; 7-8-9) (lOl”S0’) and 

8-3-4 ( l-6-5; 3-8-9; 6-l-10 ) (103010’): It seems unlikely that the small adjustments 

required to distribute these strains more equitably would have much effect on the calculations 

presented here. Figures III-V present projections along the x,y and z axes, respectively; 

these are also the principal axes of polarizability for twistane and it can be considered 

that all displacemnts of charge occur along them. Each projection contains one pair of 
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right-handed and one of left-handed helices. Table II presents a smnaryof tl~ calcolatim 

of the rotatory contribution of each kind of helical unit, using the equation of figure II. 

The helices in figures III and V do not have teminal atms;insuchcasesthemlynfraction 

values required are &se for the bonds (P&.2%)6. Thehslices of figure Iv&have 

teminalatoDls(2and7);eachatomhastwobcmdsinhelicessowehavesplittheoctet 

refraction (S.944)6 between the bonds. The value for f(n) is t&t for pure ethmml. The 

net rotaticn so calculated is:’ MD + 484 for this enantiawr. This r&t is in accord with 

that obtained by direct chanical correlation8. It is ccmtrary to assigmnents2*3 basedon 

application of the Octant kale to 2- and 4-twistanone, or of the sinple Confonnational 

Dissymnewy Model. This, of course, does not necessarily mean that that lnodel is wrong - 

only that this is a case for which it is inappropriate and to which the mDre general model 

should be applied. 

Table I 

Coordinates for the Carbon AtDws of lR,SR,6R,8R-‘histane 

21 
a 
5 
6 

: 

1: 

X 

1.1846 

-1.1:46 
-0.7512 
0.7512 
1.1846 

0 
-1.1846 
-0.7512 
0.7512 

‘~ Y 2 

0.6442 0.4218 

1.5335 0.6442 -0.4&S 
0.1686 -.1.8135 

-0.16% -1.8135 
-0.6442 -0.4218 
-1.5335 0 
-0.6442 0.4218 
-0.1686 1.8135 
0.1686 1.8135 

Table II 

IWatory Contributions of Indivi&ml Helices 

Projection Axis 

Helicitv 

L (;I 
D (:I 
A (Al2 
W$,l 
f(n) 
ANID 

X Y 2 

+ + _ + _ 

2.369 2.369 3.067 3.067 3.627 3.627 

4.620 6.160 7.700 4.620 6.160 7.700 

0.6464 1.366 3.186 0.4981 0.4054 2.102 

3.888 5.184 9.832 7.240 5.184 6.480 

1.215 1.215 1.215 1.215 1.215 1.215 

221. -350. 1283. -411. 159. -660. 
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