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Abstract - Several applicationa of the previoualy deacribsd microcoqutar 
progru for l yatematic conformational l nalyair of polycyclic ryatema (five-, 
rix- and l evenwmbered rings) are diacuaaed. Eumplea are given in rala- 
tion to the pradiction of the atercochamical outcome of a ateric approach 
controlled reaction, to the prediction of the coqxmitioa of iaowritation 
equilibria and to the qualitative evaluation of strain in particular pre- 
transitiotwtate geowtriea. Iqlicationr of the produced geometric and ener- 
getic (with focus on l ntropy) inforution are further diacurred. 

For the solution of a rtereochemical problem, especially when cyclic coqoundr are involved, 

the organic chemist will turn. more often than not, to an inapwtion of molecular lodelo. Hovevar, 

resulta drawn from such inrpectionr are l aaentially of a qualitative nature and, moreover, often 

dependent on the examiner. Consequently, there ir a need to perfom adal examinationa in a ryate- 

utic and quantitative way. Uith thia goal in mind a computer program woe developed for the ayatc- 

matic confomtional analyrir (SCA) of polycyclic ryatamr containing five-, air- and l evan-membered 

rings. Since many synthetic laboratories do not have routine access to large cowuter facilitier, 

which are needed for the application of rtraio-energy minimization techniquer. the program woo de- 

signed for operation on inexpensive microcoquter configurations. In a preceding paper the prin- 

ciple of the mthod and the characteristica of the program were dercribed’. Starting from atnic- 

tural information that is directly related to the tvo-dimensional diagram of the alecule the pro- 

Rram yieldr the follovinR information. (1) The ret of all geortrically possible conformationa of 

each cycle in the system. (2) The set of preferred full conformations of the molecule 4th the 

corresponding conformer population distribution. (3) Relative enthalpy. entropy and free energy 

terms for the product. 

In the present paper the acope and limitationa of the method are described. In the first part 

typical synthetic problem are dealt 4th. Next attention ia paid to the geometrical information 

chat is provided by the program. Finally the computed energy terma are dimcusacd with special fo- 

cus on the calculated entropy. 

SYWTRFTIC APPLICATIONS 

First a typical eupple of hov tha SCA program can help to underacand equilibria ia diacusred. 

In relation to a recent l yntheria of 11-keco atcroida a serieo of l xparimantal obaervationa were 

made which are illuarrated in acheme 1 
2.3 . (1) Enona 1 laada predominantly CO either one of two 

Dielr-Alder adducts dependinR on the reaction conditiona : in mathylane chloride at room teqera- 

l Research Aasociare (Bevoegdverklaard Navoraer) of the National Fund for Scientific Reacarch, 
Belgium. 
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turf a 8:l retio of 2 and 1 is obtained (6 dayr; 61 I cowerrim), vhile in benzene at 8O.C the 

mme adducts are fond in a ratio of 1:9 (6 days; 50 X conversion), reapectivcly. IO the lattar 

case a true equilibrium ia involved since the same ratios are obtained whan either pure 2 or 1 are 

subjected to the same conditions. (2) The oxygen bridge in the reduced adduct 4 i* readily opened 

(sodium methoxide, room temperature, 2 h), leading to the expected enone 2. Immer 1, however, ir 

unaffected by the ram basic conditions; reflur for 4 h ir necerrary to effect bridge opening. 

(3) Under these harrher conditionr concomitant epimeriration occura at C-14 leading to enone 2 

with a cis-fused CD-ring l ysteo’. A rationale for the above obrervationn ir readily provided by - 

the program. (1) In line 4th the preferred formation of adduct 2 under thermodynamic conditions 

the program yield8 a AC* -13 kJ/mol for the equilibrium 2 = 2 (1 cal - 6.186 J). (2) Since the 

bridge openings in i and 1 must proceed via the corresponding enolate anionr 2 and S, it ia l ssen- 

tial to compare the relative energier of the latter in order to evaluate the activation energies 

of both endothermic processor. The program finds l aolate 2 to have a conformational energy mb- 

stantielly larger (25 kJ/mol) than isomer 2. Accordingly, the procerr, which converts the mora 

stable irmer 1 (coqared to 4) to the lees stable enolate anion i (capared to 2). ia expected to 

have a high ACtiVatiOn energy. (3) The obtention of C-14 iromerized product under the more drartic 

conditions (i.e., 1 + 2) ir also not surprising in view of a calculated AC* -13 kJ/mol for the 
. . 

equilibrium S-epi-6 * 9. The computed energy value is l lro quantitatively in accord with previolu - - 

data for this type of isomeriration5. 

The tentative prediction of the rtercochcmicel outcome of steric approach controlled reactions 

is a co-n problem in synthetic chemistry. More often than not the organic chemist will approach 

thir problem through an inspection of a mlecular model. Unfortunately, however, the mere manipu- 

lation of (L mdel will usually not reveal what he is looking for, n&ely the lovest-energy con- 

formation of the product. Tnir is especially true when dealing with flexible or conformationally 

unfamiliar cyclic l ysteme. me following cane exemplifies the potential use of the program in 

this type of problem. In connection vith the total nynthesis of helenanolides Crieco reported 

the: cxcluaivc formation of the a-ricnted alcohol lla upon lithium aluminumhydride reduction of - 
6 

enone 1Oa . A similar obrewation was independently made in this laboratory : diiaobutylaluminm - 

hydride reduction of lob gives llb with complete atereoselectivity (rchm 2)‘. Surprisingly, the - - 
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reduction of the corresponding epoxide 12 with roditm borohydride yields l xclurively alcohol 11 

with epilwric configuration at C-86. The preferred geometry of 2 and 12 as derived by the program 

corresponds to a conforutional mixture with the l evcn-me&ered ring in a twist-envelope (10-/fE; 

90 2 populated) and chair (10+/C; 10 X populated) confomtion. Slecular model examination of 

both conformations clearly ahow B-attack to be preferred on the T?Z form (rceric hindrance by a- 

oriented H-l and CH -10) 
3 

and o-attack on the C form. From the individual l ndocyclic torsion 

angles of both confomtionr, which are shown in the program output. one may also deduce that 

some degree of conjugation in the o,S-unraturaced syrteo of enonen 10 ia porsible in the TE con- - 

formation. but not in the chair form : K7 e - 28’ for lo-/TE and II B - -61. for 10*/C. Conoe- 

quent ly, under steric control the reductiin of enones E should yieid the o-configuration of the 

alcohol at C-8. The opposite stereoxelectivity found for the reduction of l poxide 11 could be due 

to a chelation effect involving the epoxide oxygen atom. The above observation has been rationa- 

lized by foromanoff using the concept of dynamic stereochemistrya. Here it is assumed that hy- 

dride addition to unsaturated ketones takes place in the axial direction on the reactive conforma- 

tion of the enone. This in turn i-lies chat for enones E chair conformations are involved. and 

for epoxide 11 a twist-envelope form, in contrast with the steric approach rationale. Whatever 

the true explanation might be it should be erpharired that the program is ideally suited for gene- 

rating the initial (reactive) confomtionr of a substrate which are needed for applying the dyna- 

mic analysis of confornrational intarmediaces. 

Although the program only provides information about the geometry and energy of ground state 

conformations it may help to l valuacc the strain in cyclic aystels which need to adopt a particu- 

lar growtry for further reaction. Since its recent discovery quadrone (E) has been a favorite 

tarp,et for synthetic chemists 
9 . An attractive but eventually unsuccessful approach has involved 

bond fomtion becveen C-l and 2 via intr~lecular reaction (scheme 3). Depending on the pro- 
9 

posed route 2 represents a dienc (Dielm-Alder reaction) , an olefin (cne reaction) 
10 

, an allfne 

(photocycloaddition) 
10 10 

or a nucleophile (Uichael reaction) . In every case a bicyclo[3.2.lloc- 

Cane system (BC. 16) Duet be formed at the convex side of the diquinane system. Therefore the 

side-chain ac C-3 must adopt an orientation as ahown in 2, resulting in a pseudo-bridged cyclic 

system vith sp2-hybridired C-l. It in now possible to evaluate qualitatively the torsion con- 
11 

atraint in the five-umbered ring B in this specific pre-trannition-state geometry . Therefore 

bond 1.2 is regarded as a furion bond with the cyclopentenone ring A and bond 2.3 an a bridged 
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bond (part of six-membered C ring). Provided this input the program does not deduce any geome- 

trically viable conformation for ring A. tiote that the program may consider up to one hundred 

different five-wmbered ring conformations, including maximally puckered (and strained) forma. 

This result indicates a very strained geometrical Hituation that should be difficult to realizs 

in practice. fhe synthetic chemist, therefore, should be prepared for failure, or at least se- 

riour trouble, when attempting the reaction. 

CLO!fETRIC AND ENERGETIC ItlPLICATIC+iS 

When a polycyclic molecule is analyzed. the program first deduces. for each ring separately, 

a set of geometrically possible conformations. For l nch form a conformetional energy value ir 

cowuced. With regard to the conformation of the full molecule, the program examines possible 

combination8 among the deduced forms for each ring. Combinations which are less than 10 k.J/mol 

higher in energy than the preferred one are eventually ah-; these represent the conformations 

which are likely to be populated. We will briefly discuss here the case of vernolepin (11). Dia- 
12 gram 170 shows the endocyclic torsion angles derived by X-ray diffraction . Diagram 17b repre- - - 

rentr the preferred conformation as deduced by the program (41 2 populated). Its geometry corres- 

ponds to an envelope conformation for the six-sobered lactone ring A (l-/E). a distorted chair 

form for ring B (lO*/Cdm) and a twist conformation for the five-membered ring C (12*/T). 

The calculated standard deviations for the three conformations with respect co the X-ray geometry 

are 10, 13 and 2. respectively. Other populated conformations represent saven combinations among 

half-chair (6*/K, l-/K) and envelope (l-/E) forms for ring A, distorted chair conformations 

(lO*/Cdm, I)-ICdm) for ring B. and two twist conformations (12+/T) with a different puckering dr- 

gree for ring C. Geometrically there is not much difference between the 6+/W. l-/E and l-/K 

forms. the lO*/Cdm and 9-/Cdm are also very similar. Although the program considers each combina- 

tion to be an effective minimum energy conformation, the result should be rather interpreted a~ 

revealing a picture of the same minimum energy well (vide infra). It should be noted here that. 

although the program is designed for the analysis of carbocycler, some heterocyclic rings as lac- 

tones can also be examined. In the vernolepin case the bonds being part of the carboxyl group 

(4.5 and 12.13) and of the l-conjugated enonr system (3.b and 11,12) were imposed a torsion con- 

strainc 
1 

in order to account for electron delocaliration (zmin - -15’, TWX - l 15’). 

Next to a syllbolic qualitative description, the deduced conforaarions are further defined by 

the inclusion of an internal coordinate, i.e., the individual endocyclic torsion angleu. and of a 

puckering coordinate for each cycle, i.e., the phase angle. The latter is a parameter which helps 

to understand the conformational behavior of a cycle. The case of cyclopentanediol ‘8 illustrates 

thin aepect. Five-membered ring compounds do not necessarily occur in well-defined. single syame- 

tric conformstione but more often than not in a multitude of interoediate ones. Cyclopentane it- 
13 

self is characterized by full pseudorotation . Following Altonn the torsion angles of all con- 
I& 

forwrs that are part of the same pneudorotation circuit (constant a.1 arc described by cq 1 . 
The different conformers - an infinite number for uneubstitured cyclopentane - are generated by 

varying I, the phase angle of pseudorotation. The sy-trical (I2 (Twist) and C+ (Envelope) forms 

that are considered by the program, are generaced for discrete values of ;. i.e., 0’. 36’. . . . 

and 18’. 54’. . . . reapecrively. so, for a given value of am twenty sy-trical form are obtained. 
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For substituted cyclopcntanc derivatives there is a barrier to pseudorotation. For each deduced 

conformation tha program gives the corresponding phase angle and conformational energy content. 

From these data the energy profile for the pseudorotational circuit is readily drawn. This is 

shown for 2 in figure 1 0, - 48’). 

and v - 219*15. 

The crystal geometry of the canpound corresponds to ?m - 46. 

The deduced result by the program suggests here that a portion of the preudorota- 

tional circuit is preferentially populated (cf. v -- 180-270’). The bold line in the figure indi- 

cates the portion that is maintained when the tart-butyl group is considered as an anchoring rub- 
1 

stituent . 
1 

The shown individual torsion angles may also be directly correlated with II NPIR coupling con- 

stant values. 
16 

An almost trivial exawle ia related vith hysterin (19a) , to which the C-G epi- - 

merit structure 19b 
17 

- was originally assigned (scheme 6). me great majority of cyclopcntane gco- 

metries in the final set of conformations for both 19a and 19b show an endocyclic torsion angle - - 

value at bond 3.6 comprised betveen +15’ and l 39’. The corresponding dihedral angle valuea bc- 

tueen the hydrogen atom. at C-3 and the hydrogan at C-G are shown in the scheme. Natural hyatcrin 

exhibits a triplet pattern (J - 9.2 Hz) for H-O located at 5.13 ppm, which is only compatible with 

a B-oriented acetoxygroup at C-G (19a). - Uirh regard to the geowtry of tha seven-mrmbarcd ring 

the preferred conformation (93 I populated) corresponds to the 6-/K form (C - 231). uharcar the 

X-ray geometry l8 is the 7+/K form (v - 206). The latter conformation is predicted to be far less 

populated (6 2). The intermediate conformation in the seven-bcrcd pseudorotarion circuit, i.e., 

10+/c (C - 219) is much higher in energy. The energy profile suggested by this result would thus 

show tvo distinct wells, with at each well a particular portion of the cyclopcntana circuit being 
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the calculation of free energy bms the progrtm considers a relative cnrhalpy and entropy 

The former represents the excess ateric energy relative LO the lowest energy basic confor- 

in rhe series. Consequently, the shown steric energies have no absolute meaning; the 

therefrom calculated conformer population discribucions, however. are meaningful since they refer 

to the minim- energy confomrion of the deduced set. In interpreting rhe results one should 

keep in mind rhst for the calculation of conformational energies some inrtractions have not been 

taken into account. Nonbonded interactions betveen subsritutnrs which art not vicinally located 

art not considered more descabiliting than the mere dditive effect of the subsricuent contribu- 

tions caktn individually. One mry reasonably expect that this simplified treatment will not lead 

LO erroneous results in flexible systems. since very often these can adopt conformations in which 

the subsrituents can take less sterically demandinR positions. In non flexible systems, however, 

the computed confomtional energy values can be seriously underesrimrted. We consider the con- 

forrvtional equilibrium between the methyl substituted E- and b-cis-decalins 20-23. In table 1 -- -- 

the renulrs of this mcchod are compared with those obtained by the alecular-mechanics method of 

Allingtr 
19 

and by cht semiquantitative method developed by Corey in connection with the LIIASA 
20 

program . Agreement is poor for 22 and even worst for 0. This is not surprising since no de- 

srabiliring energy term is counrtd for the C-S/CR3 interaction in 22a and for rhe C-S/W3 and - 

C-7/CU3 inreractions in *. The above limitation is not considered a very important one. 

Table 1. Conforurional energy difftrtnces* betvten 
the chair,chair-conformations a and b of 
the methyl-cis-dccalins 20-23 - - - -- 

cis-dtcalin 
- 

lJ-ne 
1B -no 

Allingerb 

21 
1 

a In kJ/mol; b Ref. 19; ’ Ref. 20. 

(1) The ntitr of srcrically demanding substituents (cf. axial orientation) at each fact of the 
1 

rinR is included in rhe output for each deduced conforution (cf. Xb, Xa) , so as to draw rha at- 

tention of rht user vhenavtr such nonbonded interaction should be taken extra into account (Xb or 

Xa ’ 1). (2) Inctractions originating from subsrituants which are oriented within the concave 

side of a cyclic system art -ng those most easily recognized durinR a aodel inspection. 

Ic is important to discuss here in some detail how the program deals with tncropy. In the coo- 

putaeion of the tnrropy rhe program considers the follovinR tern.. (1) The snrropy-of-mixing-con- 

formarions term, -lKNilnNi where Ni reprtsents rht mole fraction of each final deduced conform- 

tion rhst has s conformstional energy less chsn 10 k.l/wl hiRhcr than the lowtsc l ntrRy form. 
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(2) An entropy-of-mixing-conformations t*“, Rln2. with regard to racemstes (vidc infra). 

(3) The entropy of symmetry, -Rlnc. where o is the sypWtrynumber. (4) A correction term. 

-RklnZ, where k represents the number of neRative entropy contributions (vide infrs). The pro- 

gram has not the capability to recoRnire s-try. In first instance it al00 treats a cyclic sys- 

tem ss beinp, one enantioraer of a chiral compound. This is inherently coupled to the a.S-sttreo- 
11 

designation which is used for the confiRurationa1 assignments . More often than not. in practi- 

cal examples, the analyzed product is s racemate. Accordingly, the program alvays considers, 

next to the classical entropy-of-mixing tera (1). sn extra term Rln2 (2). Obviously, this is not 

warranted for optically active products or when the mirror-image forms are slready coqrised in 

the deduced set (cf. meso-type). In sow special cases the program also deduces two conforma- 

tions which are in fsct identical and should therefore not be mixed. In practice the program 

first calculates the entropy according to terms (1) and (2) only (0 - 1, k - 0). Subsequently, 

the result can be corrected by introduction of the sppropriate s~trynu&er 3 snd of the re- 

quired number k of -RlnZ contributions whenever the entropy-of-mixing is overestimatad. The 

case of dimcthylcyclohexanes illustrates the point (cable 2). For each of the isomers is shown 

the entropy-of-mixing that is first arrived at, and the corrections that need to be introduced; 

the latter are related to a sy~ttynuder 21 and to redundant mixing of conformations (YSO and 

identical forms). E.g., for cis-1.0-diwchylcyclohexane chair forms E and b are tha deduced pre- - 

ferred conformscions. The program does not recognize their identity nor the prasence of a SOD- 

metry plane; consequently, two corrections need to be introduced (k - 2). 

Table 2. Experimental and calculated entropies (J/K.wl) and enthalpy 
differences (kJ/wl) for cis(c)- and crans(t)-diuthylcyclo- -- -- 
hexancs 

Entropy 
Entropy-of Corrections Total AS AH 

mixing 
a 

ob kc SCA d Exp.’ Exp. 
f 

SCA 

c-1.2 11.5 1 -1.2 (1.0) 5.8 2 (0.0) ::: z 3*o 7.8 8 

c-1.3 5.8 1 (1.0) 0.0 0.0 
T-1.3 11.5 1 (0.1) 5.8 5.8 -5.2 -8.2 -0 

c-1.6 11.5 1 
-1 .G 5.8 2 

(1.1) 0.0 0.0 5 o 
(1.0) -5.8 -5.6 ’ 7.9 8 

: According to -RTN.lnNi l Rln2; b 

According to -RklhZ 
Symettynrtaber, to be used in -Rlno; 

: the first value refers to maw-type correction. 
the second vslue to the cssc of identical forms; d Sac ref. 21 (p. 56); 
e Ref. 22; f Ref. 21 (p. 53). 

CH3 

d 

1 

C 
4 

a - 

CM3 

1 

Lx 
1 

CH3 

b 

The total resulting entropy obviously rejoins the value obtained by classics1 conformational 

treatmenc23, since the present method is only different vith respect to the order in vhich the 

different entropic contributions are considered. In practice only entropy differences ara rele- 

vant. And comparison between different species will only be meaninRfu1 when the other factors 

which contribute to the total entropy (vibrstion, translation, rotation) are equal. me calcu- 

lated difference between cis- and - trans-1,2-diwthylcyclohexane is for instance considerably 

larger than the experimental value becsuse interference vith methyl rotation is not accounted 

for. A fine agreement between calculated and experimental l nthalpy differences is obsarvad. 

In the above example we have dealt with the entropy of simple six-membered ring systems 

where only one or two riRid chair conforutions were populated. For flexible systems the si- 

tuation is Renerally much more coqlex. In Rcnersl the progru deduces hare a large set of 

probable confonaations, which are considered potential l nerRy minimum fom and yield upon 

mixinR an important entropy term. There is some l xperiuncal evidence for the soundness of 

such a treatment. Fuchs has recently reported the thermodynamic parameters for the base cata- 

lyzed cis-trans equilibria of a series of dialkyl cyclopentane-1.3-dicarboxylaces, and con- -- 

eluded thst the found positive entropy differences for the equilibria cis z trans (2-G J/ml.K) -- 

apparently oriRinste in s more varieRaced confo-tional population of the trans-isomers due to 
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less restricted pseudorotation 
26 . The difference in entropy-of-mixing term between cis- And - 

trans-1.3-dimsthylcyclopcntAnc computed by the progrAm is 2 J/ml.K in Accord with the Above in- 

terpretAtion. It should be noted thAt in this cAlculation no entropy of s-try is considered 

for the C2 smetrical conformAtions in the -series (15 X populated; c - 2); in the cis- se- - 
ries no correction is introduced : the deduced forms Are of the meso-type but intermediAte forma 

in the circuit Are not (the meso-correction would involve -Rln2). 

TAble 3. RtlAtive entropy cAlculAtions for the aqui- 
librium between bicyclooctAner E, 2 And 
26” 

Entropy cAlculAtion correct.C Entropy difference 

tlir. b o t TOtAl SCA Fhp. 
d 

2 35 l-2 o-1 26 -21 ? 6 -21 z 3 P 

26 14 1 O-1 : 26 26 * 3 23 4 10 - 

26 - 

// 

A In J/K.-l; b According to -RLN.lnV. + Rln2 vith o - 1, 
t - 0; c See text; d Ref. 25; l tf:xim& VAlUA; f Minimum 
VAlut. 

25 - 

An impressive illustration of the entropy tredtment is related to the Levis Acid CAtAlysed 

equilibria between the bicyclooctAnts 2, 25 And 26 
2s 

. 
-* - 

The experimentAlly found entropy difft- 

fQnCCS (25OC) for the l quilibriA 2 z 2, 25 l 26 And E = 26 are shovn in table 3, together - 

with the CAlculAted entropies for the three products. Only one confotmAtion is deduced for E 

with both six-membered rings in A regulAr Czv boAt conformAtion (: - 6, meso-fom). Ninety four 

CombinAtions Are found populAted for cis-fused 2 LeAding to A mAximum entropy-of-mixing term of - 

30.9 J/mol.K. Several Among these ConformAtions, however. have A C 2. And Although the mcso- 

type forma Art not expected to contribute much in A decreAse of entropy (vide suprA), A minimum 

entropy-of-mixing term (36.9 - RlnI?) is slso considered. The three conformations found for 26 

Arise from smell vAriAtions in the five-membered ring geometry. Since the preferred conformAtion 

(53 X populAted) por~csscs A S-try plAne A maximum correction of -Rln2 is considered leading 

to An entropy vAlue comprised between 14.2 And 8.4 J/wl.K. The therefrom CAlCUlAted differences 

for the three corresponding equilibriA compare remArkAbly well with the experiments1 values. 

After discussing the relAtive enthalpies And entropies we will consider now the cAlculAtion 

of the free energy terms which Are necerrsry for the prediction of equilibriA compositions. The 

l nthAlpy term computed by the program being A relAtive ateric energy vslue. one is only Allowed 

to coopare differences in free energy between cyclic coqoundn which possess identicsl reference 

bAsic conforutions. Thin is the case for configurAtionA isomers. UC will consider now the 

l quilibriA between the cis- And trans-fused perhydroarulenes 27-30. The bAse CAtAlyted equili- - -- 

brium compositions At 25’C (methanol-benzene solution) were determined by House And Are shown 

in trble 426*27. House ~180 defined the lorenergy conformers for eAch of the isowric perhydro- 
28 

AZUlent8 viA force field celculations using Allinger’s W2 progrAm . The computations1 proct- 

dure involved the Assembly of DreidinR molecular models for all conformations suggested by our 
29 

previously reported mAnuA1 method for systemstic conformstionA1 Analysis . Atom coordinates 

obtained from these models were entered AA initial coordinates for energy q inimiAAtion. In 

every CAN one or more conformAtions had CAlCUlAted sttric energies 10 kJ/mol lower thAn calcu- 

lated energies for other reAsonAble confonnstions. The free energy differences that one may 

calculate from the reported ateric energy values And from the corresponding entropy-of-mixing 

terms. houevtr. indicate equilibria that would be in fsvor of the cis-fused derivatives, 2-3 - 

kJ/mol, except in the case of 28~ : 28b. This stAnds in contrast with the experiment which -- 

shows the trann-fused compounds to be LherwdYnAmicAlTY favored in every cAse. For the some 

cquilibris this program yielded the thermodynamic parameters shown in tsble 6. In every cA*e 

is the trAns-fused perhydroarulene predicted to he more stable (AS’ negstive). A quAntitAtivt 
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Table 6. 

Equi 1 ibrium 
SCA calculated Exp. 

SH0 AS. AC. AC. 

278 . 27b -5.1 5.9 -6.9 -6.TC _.- 

-A 28a 285 : -2.0 11.0 -6.0 -5.1b 

29a : 29b -5.6 2.5 -6.3 _9.0= 27 
-.- 
30a * 34% -5.0 5.7 -6.7 -2.1’ 28 -- __ 

---- 

a Enthalples and free energies in kJ/mol. entropies in 29 - 
J/no1 .K; b Ref. 26; c Ref. 27. 

30 - 

The-dynamic parameters (25.C) related 
equilibria between cia- and tranr-fused 
droarulenic ketonesz-M (iv. 

to the 
perhy- 

Rl 

a 
L 

R~sH;R~‘H iR3.H 

Rt=t-BurRyH;R3=H 

R1=H:R2=H;R3=t-Bu 

Rt=H;R2=t-EtujR3mH 

comparison between the calculated and experimental values show that one should allow for de- 

viarions in energy of at least f 5 kJ/mol. Finally, the fair agreement chat is noted here be- 

tveen calculated and experimental values is also an indication that the conformational energy 
30 

values used by the program for cyclohepranone are very reliable . Crystal structures of ap- 

propriate crystalline derivatives of 2&, E, 28s. 28b and & have also been obtained 
26.27 

. -- 

In every case, except for e, does the deduced preferred confomcion for the seven-me~bered 

ring - or a directly adjaccnL conformation in the pseudorotation circuit - correspond to the 

X-ray geometry. The observed 6*/TB conformation for the cycloheptanont in 20s was found by the - 

proRram to be populated to a minor extent (2 2). 

An important limitation of the program is related to the analysis of cyclic skaletonr which 

can be represented by a closed Rraph. To obtain the graph individual cycles art represented by 

points, and points corresponding to cycles that have bonds in co-n are connected by lines. 

The threecyclic system 2 corresponds to a closed graph situation; 2, however. dots not. Partn- 

thetically, upon analysis of 2 the program vi11 find the six-membered ring too constrained for 

further evaluation indicating a cyclic system that cannot be assembled by a wlecular model. 

2 32 33a pdrtb 
- 

iii q-t4rt4 - 

The analysis of a cyclic system like 32 is thwarted because it is difficult to introduce unllbi- 

Ruourly the correct torsion constraints in each individual cycle. If one only considers the 

three cis-fusions in 21 the program deduces a preferred set of mainly irrelevant conformations - 

which cannot be assembled by a anlecular model. This is not surprising in viev of the constraints 

that were considered for the six-membered rinR at bonds I,2 and 1.6 (two separate cis-fusions - 

vith five-membered ring.%), uhercas the real situation implies a fusion with a bicyclol3.3.0ioc- 

cane at two adjacent bonds. It is tempting to solve this problem by considering a second con- 

straint at rhe six-membered ring bonds 1,2 and 1.6. i.e., a bridging with an right-membered ring. 

However, when dealing with bridging6 with 1arRe rinRn (> seven-umbtrtd) one also needs to con- 

sider the following pitfall. UC consider the bicyclic system 2 where ? is the l ndocyclic tor- 

sion angle in the six-membered ring at bond 1.2 and 1 the corresponding anRle in the bridging 

cycle. The maximum attainable torsion angle in a six-membered ring is 80’; we will amYtune here 

for the bridging cycle a amnx value of 160” O_x 
11 

for an eight-umbered cycle is 150”) . Since 

here : - $-120°. ; nay adopt the IollowinR values : -80*, from -60’ to 0’. and from O” to *BOO. 
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In this treatment, however, the confiRuration at C-l is not taken into account. Inspection of a 

model shows that the 1.2-bond in the six-membered rinR of 33s can adopt the values -60. to l 80’, - 

while only the values -80’ and 40’ are possible at the same bond in 33b. Consequently, such - 

cases should be treated with extreme care. If one wishes CO analyze such syscews with the pre- 

sent program the follovinR procedure should be used : (1) as first constraint is introduced the 

fusion; (2) the second constraint should consist of the minimum and maximum torsion angle values 

as deduced from a prior model inspection. 

NotuithstandinR some limitations the SCA program should be of considerable use with respect 

Co SuBBesting rapid answers Co a variety of problems in a ready and reliable way. Specifically, 

it should help in the prediction of the stereochemical outcome of steric approach controlled re- 

actions, in the prediction of the composition of inomeritation equilibria and in the qualitative 

evaluation of strain in some pre-transition state geometries. The results pertaining to the geo- 

metry and l nerEy of conformations are shovn in a way appropriate to the direct needs of the user. 

The inclusion of conformational parameters allow for the drawing of energy profiles, which 

leads to a better understanding of the conformstional behavior of a cyclic system. The way the 

program deals with entropy may have important implications especially for flexible ring systems. 

Obviously, this program does not intend to replace wlecular models or energy minimization 

techniques. Rather it should be considered as a complementary tool to both methoda. Finally, 

even vithin the present limits of the system, there is certainly room for improvement especially 

with reRard to certain conformational energy terms and interactions that have hitherto not been 

accounted for. 
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