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A- - MNDO calculations indicate that hetero-substituted 9.10-dihydroanthraeenes are 

inherently planar molecules. Ring puckering is a very low energy process thet  can arise 

from intramolecular e f f e c t s ,  e.g. peri-andlor transannular interactions as well as  from 

intermolecular interactions like c ry s t a l  packing forces. It is concluded that the angle of 

flexure, determined erystaliographically and used as a descriptor of drug activity in several  

important CNS drugs, should be used with caution or not be used a t  all. 

BACKGROUND 

Drug molecules with the  dibenotricyclie ring structure have been used for the treatment of depression 

and o the r  cent ra l  nervous system disorders.l More recently they are being used as d i ~ r e t i e s . ~  Typicsl 

Systems thet display antipsychotic effects are represented in Figure 1. 

h i e  Substituent 

I Side Chain 

a - Tricyclic R i  

Figure 1: Schematic representation of the structure of tricyclic 

psycho-active drugs (taken from reference 3) .  



The ra t ional  design o f  these drugs has en interesting history. It has been suggested hy Wilhelm that in 

the field of psyeho-active drugs, drug design had more o f  a serindipitous progression than in any o ther  

branch of phsrmseeuticsl r e ~ e a r c h . ~  Although i t  had been documented that tricyclic psycho-active drugs 

with a relatively flat topology served as neuroleptics, structurally similar tricyclic systems with an angled 

or bent topology displayed ant idepressant  ~ r a p e r t i e s . ~  The rational design of dibenzotricyelic psycho- 

ac t i ve  drugs began with Wilhelm and ~ u h n ~  who developed structural parameters for the central ring 

which could be used as stereochemical descriptors for correlation with clinical ac t iv i ty .  These so called 

"steric parameters" are depicted and defined in Figure 2. 

Figure 2: Definitions of Steric Parameters: o - angle of flexure; 0 = angle 

of annelation; Y = angle of torsion; Al ,  A2 = aromatics; s-s = axis 

of flexure; S = plane of symmetry (from ref. 3). 

For molecules with similar side chains, base groupings and substi tuents,  i t  was suggested t ha t  f la t  

t r icyc l ic  systems ( a =  3 5 0  L l o0 )  exhibit neuroleptie behavior while more puckered systems (a = 5 S 0 )  are 

more representative of thymoleptic reagents. Indeed, the basic psychotropic behavior of dibenzotricyclic 

compounds has for many years been assumed to rely predominantly on the  pucker of the  cen t r a l  ring, 

and,  a large number of c rys ta l  s t ruc tu re s  have been determined with the intent of studying the flex 

angle, a ,  as a function of atom type ,  a tom hybridization and substi tution on or near t h e  cent ra l ,  

benzennelated ring.6 

The s t e r i c  parameters  a ,  0 and Y ,  if not available from crystal lographic analyses, are traditionslly 

measured with the aid of Dreiding stereo models (see e.g. Figure 4 ,  r e f e r ence  3 ) .  In ear l ie r  papers 
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concerning the  eonformational analysis of 1,4-dihydrobenzenes. 1.4-dihydronaphthalenes and $,lo-dihydro- 

anthracenes we pointed out thst the tendency of these rings to  adapt boat forms is grossly overestimated 

by mechanical  m o d e ~ s . ~  Based on  mechanical  models i t  had been assumed for many years that the 

boat-to-bat  interconversion of dihydroanthracene and dihydrobenzenes went through s planar, high energy 

transit ion s t a t e  (see Figure 3). Careful spectroscopic and theoretical analysis of dihydrobenzenes, naph- 

thalenes and anthracenes demonstrated that these tricyclic systems do not have double well potent ia ls  

but  r a the r  have  f la t  potential  sur faces  t h a t  allow for low energy, wide-amplitude fluctuations of the 

Figure 3: Presumed boat-to-boat interconversion of dihydroanthrscene. 

Extending this idea from the all carbon tricyclic systems to the $,lo-heterasubstituted dihydroanthracenes 

suggested to  us that the angle of flexure, a ,  in these drugs is not a determining factor in drug efficacy 

and thst  the observed crystallographic flex angles are more a consequence of crystal packing forces than 

an inherent conformational  preference  o f  the  drug. To lend credence to this we point out thst con- 

formational polymorphism, where two different structures in a unit celi differing only in their flex angle, 

exist far  1 2  of the trieyelic ring systems listed in reference 6. 

TO further explore the topological proper t ies  of these  important  molecules we present here a se l f -  

consistent-field molecular orb i ta l  eonforrnationsl analysis of the hetero-substituted dihydrobenzenes and 

dihydroanthracenes Listed below. We omit  from these studies t h e  nitrogen containing he terocycles  

because two molecular orb i ta l  analyses o f  t h e  molecular conformations of 1.4-dihydropyrazines have 

s l reedy a p ~ e a r e d . ~  By choosing the ring puckering mode as a reaction coordinate we can evaluate how 

torsionally rigid these systems really are and then be able t o  address how per turbat ions  like in t ra-  

molecular peri-interactions end intermolecular packing forces may affect the flex angle. 



COMPUTATIONAL METHODS 

There are two principal approaches to calculating three dimensional structure and other physieochemical 

properties of molecules; through s self-consistent-field molecular orbital (SCF-MO) analjsis or by the  use 

of an empirical force field as employed in molecular m e e h a n i ~ s . ~  During our studies of dihydrobenzenes, 

dihydronaphthalenes and dihydroenthracenes we used both SCF-MO and molecular meehanies to  study ring 

puckering. Unfortunately molecular mechanics parameters for aryl-conjugated hetermtoms are not yet 

available so we employ here only the molecular orb i t ia l  method (molecular mechanics and molecular 

orbital  methods give similar  resul t s  in the ellkcarbon rings). Furthermore, because of the size of the 

systems being studied we restrict ourselves to the semiempirical methods rather than the computationally 

intense ab initio techniques. More specifically wc employ Stewart's M O P A C ~ O  that has been modified to 

run on an IBM computer with a CMS operating sys tem.  All calculations were done with the  MNDO 

hamiltonisn unless specified and Cz symmetry was maintained throughout the reaction path eaieulstions. 

All minimum energy structures were computed without symmetry cons t ra in ts  and, unless spec i f ied ,  a l l  

internal  degrees  of freedom were relaxed. Furthermore, all molecules were assumed to be ground-state 

singlets. 

RESULTS AND DJSCUSSION 

I. Hetero-1,4-dihydrobenzenes 

The numbering system of these  heterocycles is shown in i below. We define the puckering of the ring 

by the "improper torsion angle"ll ~ 4 1 2 5  (This corresponds to the flex angle a).  Using this as a reaction 

coordinate, the ring was distorted in 10° increments from a planar form to  e 50° bent form while mein- 

taining two-fold symmetry. The results are shown in Figure 4. 
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The point to be made is that all these rings, like the parent hydrocarbon, are planar molecules. Further-  

more,  the  shapes o f  these  curves reveal the relative conformational fleribilities of these six membered 

rings. 1,4-Cyclohexadiene, 1, i s  the least flexible of the group. The 1,4-disilscyclohexsdiene. like i ts  

parent hydrocarbon, is also relatively inflexible but is capable of wider amplitude fluctuetions than 1. 

C e n t r a l  R i n g  P u c k e r  (Degrees)  

Figure 4. MNDO heats of formation as e function of central ring pucker. 

In  con t r a s t ,  the  most flexible system is the 1,4-dithiin, 3. Like - 3, the p-dioxin, 2 ,  is also very flexible 

and is capable of wide amplitude fluctuations. Consequently even though all molecules are predicted by 

MNDO to be planar. we can divide these heterocycles into two groups; ones like cyclohexadiene and i ts  

disila derivative which are relatively inflexible, and, another group like the dithia and dioxa analogs that 

are very flexible. Mixing the oxa and thia g roup  with the more rigid sila group (cmpds 5 61 6 )  results  

in a eonformstionally stiff system. 

Dioxin, 2 ,  and dithiin, 3, are especially interesting molecules because they contain heteroatoms with lone 

pair electrons that can effectively in terac t  with the  alkene n elec t rons  to  c r e a t e  an 8 n-e lec t ron ,  

an t i s roma t i e  system. For th is  reason 3 and 4 h e w  been studied with a variety of molecular orbital 

techniques. All computstional methods predict planar structures for dioxin;12,13,:4,15 in agreement with 

our work. 



Studies on dithiin,  in cont ras t ,  are conflicting. H M O , ~ ~  E H T ~ ~  and sb  inito STO-3G bssis set  calculs- 

tions with part ial  geometry  optimization17 a l l  predict  boat  fa rms with boat-to-bast interconversion 

barriers of 6 .4 ,  2.2 and 14.6 kcs l  mol-l respectively.  Ab inito STO-3G gradient ~ p t i m i z e t i o n ~ ~  and 

M N D O  c a l c u ~ a t i o n s ~ ~  predict  planar s t ruc tures .  However, more detailed ab initio studies have been 

performed. Calculetions using the spli t-valence,  3-21G basis set  make the boat form 3.0 kcal mol-1 

more stable than the planar form while the 6-31G besis set  reduces th is  energy d i f ference  to  2.6 kc s l  

mo1-1.19 Using s 3-21 G *  besis set  further reduces the energy difference to 2.3 kcal mol-I while the 

6 - 3 1 ~ '  single point caleulst ion reduces  t h e  energy d i f ference  to  1.8 kc81 m01-1 .~~  Full geometry 

optimization with the latter basis set  would further lower the energy difference and here we point out  a 

trend; as the  flexibility of the basis set  increases the energy difference between boat and planar forms 

decreases. An even more complete basis set would be expected to  further reduce the energy d i f ference  

between puckered and planar forms. In any event, one may conclude that high quality basis set ,  single 

determinant, Hartrec Fock theory predicts a boat-to-boat interconversion with 8 barrier no grea t e r  than 

1.8 kcsl mol-l. 

The calculations from referenees lz-14  are ,  by today's standards, inadequate and should not be further 

considered. Minimum basis se t  ab inito calcirlations and MNDO resul t s  are thus in conf l ic t  with high 

quality ab initlo results .  The e f f ec t  o f  polarization functions (d orbitals) on rotation and inversion 

barriers is profound.21 Our  calculations include only S and P functions on sulfur as does Hsyakawa in 

his ab initio study.  Kao e l  a1.l9 and SaeboZO both include polarization functions and, in this regard, 

may better reflect the shape of the dithiin potential energy surface. 

Experimentally too t he re  ore ambiguities concerning the conformation of dithiins. Nematic phase NMR 

studies23 and photoelectron spectral studies23 do not discriminate between planar and boat forms. The 

dithiin derivative 13a is planar24 but 13b is puckered.25 Most important, though, is that dithiin itself 

has a permanent dipole 

The 1.4-dithisdiene ring, once in terpre ted  as an ant ia romat ic  8"-e- system with negative resonance 

energy2? has been reassessedls  with the  third order per turbat ion  t r ea tmen t  for cyclic conjugation 
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developed by ~ n a ~ a k i . ~ ~  Here  the  extent  of deloealizatian depends on donorlscceptor units with the 

proper orbital phase relationships. The cyclic conjugation in 3 is in lnagaki's psrlsnce, discontinuous, and 

so ant ia romat ic  des tabl iza t ion  is not an important  f ac to r  t h a t  would make these rings deviate from 

planarity. In any event, whether the dithiin is planar or puckered with a boat-to-boat inversion barrier  

under 1.8 kcal mol-1 is not important; the system, for all intents end purposes, is effectively planar and 

capable of wide amplitude flexing. 

11. Heiero-9.10-dihydroenthrecenes 

In its planar form, dihydrobenzene has the methylene angle, 81, bent above its standard tetrahedral value 

while t h e  internal  olefin angle,  82, is compressed below its  digonal value. Such angle strain could be 

relieved by ring puckering. However, the torsional potentials are strong enough to keep the cyclic d i e m  

planar. Dihydroanthrscene,  having similar torsional and angular forces as dihydrobenzene, has an sddi- 

t ional  o lef in ic  carbon angle, E 3 ,  not found in dihydrobenzene. The inflexibility of this angle, as argued 

by ~ l l i n ~ e r , ~ ~  counter balances the  torsional  potent ia ls  t ha t  keep the ring planar and so, the 9,10- 

dihy~oanth~acene is expected to pucker more than the 1,4-dihydrobenzene. This has been found computs- 

tionally with quantum mechanics and molecular mechanics.7 Hence, the curves for heterosubstituted 

rings m e  expected to  look l ike the i r  cyclohexadiene analogs but with f l a t t e r  sur faces  around the 

minimum. 

The numbering system of the dihydroanthrscenes is presented in ii below. Again the angle of f lexure ,a ,  

is defined as the  improper torsion sngle W4125 which also served as the reaction coordinate. In these 

Systems two-fold Symmetry was sgsin maintained and, rather than relax ell internal degrees o f  freedom, 

the  aromat ic  rings were held fixed a t  the  geometry corresponding to  the minimum energy structure. 



These fixed parameters  involve the  bracketed portions of the  molecule in ii above. The difference 

between full optimization and partial optimization was tested and found to be negligible in the  reac t ion  

coordinate calculations. The results ere shown in Figure 5. 

3 
C e n t r a l  R i n  

Figure 5. MNDO heats of formation as a function of central ring pucker. 

Several important s t ruc tura l  f ea tu re s  o f  these  dibenzotricyclic rings must be pointed out .  First .  

completely geometry optimized s t ruc tu re s  are f lat .  Second, with the  exception o f  11 and 12 the 

potential surfaces are more shallow than their dihydrobenzene analogs. This is in accord with Allinger's 

rat ional  outlined above. Third, f a r  symmetrically substituted rings i.e. x l  = x2 the ease of eyclohexa- 

dienyl deformation follows the order S>O>SiH2>CH2, but, for the anthracene the order is S>SiH2>CHpO. 

Finally, the curvature of Lines 11 and 12 appesr  to  be eompletely out  of cha rac t e r  with the o the r  

dihydroanthraeenes.  The steepness of these eurves is even larger than for curves 4 and 5 in figure 4. 

This implies 11 and 12 are conformationally less flexible than 4 and 5. 

The origin o f  this  is found in Table 1 where the  relat ive electronic energies end core-core repulsion 

energies ere presented. By relative we mean compared to the most stable conformation. Interest ingly 

the  stsblizing e lec t ronic  interactions are only modestly offset by the destsblizing core repulsions in all 

but 11 and 12. In these instances there is proportionately a much la rger  increase in eore repulsions. 

Precisely which eore repulsions are  giving rise t o  these anomalous curves is not elear; perhaps the 

inherent dissymmetry of 11 and 12 compared to the other anthracenes may be important. 
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A referee has questioned how these results would compare with Dewar's AM1 program.30 Without having 

this progmm all we can do is speculate. It appears that in the repersmeterization used to c r e a t e  AM1, 

an NDDO approximation,  severa l  deficiencies of MNDO have been corrected. In particular, the core 

repulsion function, which overestimated repulsions between atoms in MNDO has been modified in AM1. 

With less  repulsive interactions we expect flatter potential surfaces and thst compounds 11 and 12 wi!l 

be more in line with 1-10 

ring pucker 

7 electronic 
7 core 

8 electronic 
8 core 

9 electronic 
9 core 

10 electronic 
10 core 

11 electronic 
11 core 

12 electronic 
12 core 

Table I - Electronic and Core Energies (eV) 

CONCLUSIONS 

The intention of th is  study was to  explore the  wide amplitude flexing of hetero substituted dihydro- 

benzenes and anthrscenes because the latter serve as the structural basis of psychotropic drugs. It has 

been poslulated t h s t  the  angle o f  f lexure  is s key factor in describing the clinical outcome of these 

drugs. The results of our theoretical studies on the unsubsti tuted parent ring s t ruc tu re s  consistently 

demons t r a t e  t ha t  the  shape  of there molecules, like the  d l  carbon systems, are inherently f lat ,  and, if  

puckered, require Little energy for the deformation. 

We conclude t h a t  the  inherent f lexure angles in these  dibenzotricyelic rings are  very sensitive to 

intramolecular perturbations like peri- and trsnssnnulsr interactions; furthermore,  they are expected  to 

be very sensit ive t o  intermolecular e f f ec t s  like hydrogen bonding and crys ta l  packing forces.  In 

summary, the steric parameter, a ,  used as a descriptor in psychotropic drug design should be used with 

caution or, better yet, discarded. 
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