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One of the characterlstlc features of 9-arylfluorene derivatives 15 that 

the barrier to rotation about the Cg-CAr bond 15 extraordlnarlly high 2) Thus 

rotational Isomers, sp and ap forms, of compound 1 could be isolated as stable 

entltles at room temperature 3) During the course of extension of our studies 

on the restricted rotation in the 9-arylfluorene system, we found that the 

ratlo of populations of rotational isomers of 9-(Z-methoxy-l-naphthyl)fluoren- 

9-01 (L), mp 130 02131 O'C, changed drastically depending upon the solvents 

This paper deals with the striking solvent effect on the equlllbrla between 

rotamers together with that on the barrier to rotation in compound 2. - 
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Since the aryl group In compound z 1s structurally analogous to that of 

compound l, the barrier to rotation about the bond In questlon 1s also hrgh 

enough to show two signals for the methoxyl group In the 'H NMR spectrum at 

room temperature. Integration of these two signals revealed that the 

equlllbrlum constant (ap/sp) was 0.7 In hexachlorobutadlene (HCB), whereas 

rt amounted to 8.0 when the solvent was changed to almethyl-as sulfoxlde 

(DMSO). The strrklng solvent effect on the equlllbrlum seems to rndlcate 

that the rntegratlon of the sp and the ap forms rn one solvent is quite 

different from that In another solvent In order to look Into details 

thermodynamrc parameters were obtained and the results are shown In Table 1. 

Table 1. Thermodynamrc Parameters (speap) (3O'C) 

Solvent HCB DMSO 

fiH (kcal/mol) 13 -1.9 

AS (eu) 3 6 -2 2 

OG (kcal/mol) 0.2 -1.2 

In a HCB soiution, the sp form 1s 1 3 kcal/mol more stable than the ap 

form with regard to enthalpy, whereas It 1s unfavorable by 3.6 eu with regard 

to entropy As a result, the sp form 1s favored by free energy of only 0.2 

kcal/mol at 3OOC. The posltlve value of entropy can be taken as a reflectron 

of the presence of the intramolecular hydrogen bond between the hydroxyl and 

the methoxyl groups In the sp form This lnterpretatlon 1s supported by a 

fact that the hydroxyl proton srgnal of the sp form appeared at quite a low 

field (6 6 S), compared with that of the ap form (6 Z.l), In the 'H NMR 

spectrum 

In a DMSO solution, energy levels of both the sp and the ap forms will be 

lowered than those in HCB since the former solvent 1s an extremely strong 

proton acceptor. The degree of stablllzatlon, caused by the change of the 

solvent, 1s consldered to be larger In the ap form than In the sp form because, 

in the latter, the intermolecular hydrogen bond 1s possible only at the expense 

of the intramolecular hydrogen bond Actually the ap form 1s 1 9 kcal/mol more 

favorable than the sp form with respect to enthalpy, The conslderatron leads 

to an assumption that rf the intramolecular hydrogen bond were absent in the 

sp form, the ap form would be more stable than the sp form Thrs 1s supported 

by a fact that only the ap form exrsts rn compound 3, mp 157 5s1.58.0°C, rn 

which the hydroxyl group In posltlon 9 1s methylated to erase the posslbllrty 

of hydrogen-bond formatron. 
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The actlvatlon parameters for rotation here then obtained to get the 

lnformatlon on the solute-solvent Interaction in the transltlon state The 

total line shape analysis yielded the data listed In Table 2. 

Table 2. 

Solvent 

Process 

AH* (kcal/mol) 

AS’ (eu) 

AG) (kcal/mol) 

Activation Parameters for Rotation (3O’C). 

HCB DMSO 

sp- ap ap -sp sp-ap ap- sp 

16 5 15.2 12 2 14 1 

-3.2 -6 6 -10 8 -8 6 

17 5 17 2 15 4 16 7 

As for the enthalpy of actlvatlon, the values in DMSO are less than those 

In HCB by ca 4 and 1 kcal/mol for the processes, sp-ap and ap+sp, 

respectively, Since the energy levels of both the sp and the ap forms are 

supposed to be lower in DMSO than those In HCB because of the formatlon of 

the strong intermolecular hydrogen bond, an interpretation for lowerlng the 

enthalpy of activation 1s possible only when the solute-solvent interaction 

In the transition state for rotation 1s assumed to be stronger than that In 

the ground state This 1s In accord with the value of the entropy of 

activation the large negative values obtained with the DMSO solution clearly 

lndlcate the occurence of the stronger reorientation of the solvent In the 

transltion state for rotation 

InspectIon of the molecular model also reveals that the hydroxyl group 

1s less hindered In the transition state, as shown In Fig 1 This 

conformation ~111 facilitate the formation of the solute-solvent interaction. 
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Fig. 1 Schematlc Vleks of Molecular Models of Compound 2 
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