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During the syntheses of fluorene derivatives, we have obtained by the 

following reactions two kinds of rotational isomers which are stable at room 

temperature in solution. 

Compound (A) mp 293'C(dec) was first obtained by Pinck and Hllbert 1) on 

the Michael reaction of 9,9'-blfluorenylidene (1) with fluorene, and compound 

(B) mp 257°C(dec)2) was also obtained by treatment of fluorene with sodamide. 

Both compounds C3gH26 give fluorenone by oxidation and fluorene by reduction. 

A was converted into B and 1, and B gave 9,9'-blfluorenyl (2) and 1 at 

their melting points 2) ; the formation of these pyrolysatee have been 

established by ESR 3) a8 resulting by way of radical pathways. Both A end B were 

obtained simultaneously by reaction with 9-bromofluorene in methanolic 

potassium hydroxide-acetone and by other reactions 4) , and we suggested that A 

and B could be the rotational isomers around the Cg-Cgr-Cgn single bonds 5) . 

In this paper, we wish to present additional experimental results, and 

propose the epatial structures of A and B on the basis of their chemical and 

spectral grounds. A gave B by treatment with Raney-nickel (76 $) and with 

LiA1H4 (13 $). Furthermore, B was converted into A by reaction with NBS (56 $) 

and with triton B (42 46). Both were interconverted, A into B (23 $) and B Into 

A (16 $), by reaction with NaAlH2(OCH2CR20CR3)2. 

The IR epectra(hexachlorobutadiene) of two methlnes absorbed at 2899 cm 
-1 

for 2 (9-M, 9'-CH) and at 2917 cm-l In singlet for A (g-CR, 9*-CH), whereas 

absorption8 at the two bands of 2883 and 2918 cm -' were observed for B (9-(X, 
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!Y-CH). Similarly, both methines fairly 

spectra (powder; Ar+, 5145.5 1) at 2900 

strongly absorbed in the Lasser-Raman 

cm -' for 2, at 2918 cm-l for A, and at 

2884 and 2919 cm-l in two bands for B, respectively. 

Mass spectra of A and B are virtually identical, the parent peak is small 

at m/e 494 (ha+>, and the base peak at m/e 329 (9,9'-bifluorenyl cation) and m/e 

165 (9-fluorenyl cation) are fragments whose origin can be interpreted by 

simple cleavage of Cg_g, or Cg,_g. bonds from the parent ion. 

The Nm spectrum (100 MHz, C6D6) of 2 exhibits 16 proton signal at 7.58- 

6.85 ppm (aromatic region) and two proton singlet of the 9- and 9*-methines at 

6) 4.61 ppm. However, 1 gives a multiplet in the low field (8.31 ppm) due to 

the steric interaction between 1,8- and 1',8'-hydrogen atoms, and the rotation 

about Cg_g, for26V7) Is fairiy free at room temperature. Both A and B show 24 

proton signal at 8.34-5.58 ppm (aromatic region), and exhibit two proton 

singlet of Cg ana Cgv at 5.36 ppm in A, and non-equivalent two protons at 4.61 

and 5.36 ppm In B. And the signal 4.61 ppm is indicates that arise from 

conformation 2, and other, 5.36 ppm, is In agreement with that of singlet in 

A, thus dsta on NMR, IR, and Raman can be interpreted on the basis of assuming 

that the partial conformation of B consist of the a-trans conformation 2. In 

addition, these methlne protons in 2, A, and B were assigned by syntheses of 

the corresponding deuterated compounds. 

An examination of space-filling molecular models of 9,9c:91,9v-ter- 

fluorenyls indicates that the rotation about the SP3-SP3 single bonds of Cg_g, 

and Cg,_gn are sufficiently restricted due to the class proximity of the 

hydrogen atoms in 1,8,1',8',1v,8W,9, and 9" carbon atoms, and the following 

rotamers can, in ground state, exist in three forms as Fig. 

I+tSXUlU (2) t3-cit3,8-tram s-trane,s-trans 
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The above representath~approximate ground state Conformations proposed 

for g,9':9',g"-terflUOre~yls: s-cle,s-cila; s-ci9~s-trane; and s-trans,s-trans. 

a) Three planes of 9- and 9n-fluurenylB and 9'-fluorenylidene are cis-folded 

with respect to one another , and the molecule Is called tha B-cIs,s-cls -- 

conformation. 

b) Eoth planes of 9-fluorenyl and 9 *-fluorenylidene are cis-folded with 

respect to each other, and 9W-fluorenyl is displaced s-trans to the central 

9V-fluorenylidene, and iS Called the B-CiB,s-.traIIS COnfOrmatiOn. 

c) Two planes of 9- and 9"-fluorenyls are displaced e-trans and a-trans to the 

central plane of the 9*-fluorenylidene, respectively and is called the 

B-trans,s-trans conformation. 

Whereas the third conformation (a-trane,s-trans) must be less stable 

owing to the severe steric repulsion between the two bulky 9- and 9"-fluorenyl 

groups (plane distance ca. 0.87 %), the possibility of thiB may be neglected 

from the results o? examination of the molecular models. Consequently, the 

signal at 5.96 ppm in B should be assigned to the a-cis conformation. 

Accordingly, compounds A and B must assume with the s-cls,s-cis and -- 

s-cis,s-trana conformations, respectively. 

In addition, the 9- (or 9"-> fluorenyl plane in s-cis Is inclined with 

respect to the central 9'-fluorenylldene plane at an angle of about 70' based 

on the atomic-radius and -angle in ground Btate. As B is somewhat more stable 

than A toward thermal decomposition, it seems to be the reason for the spatial 

arrangement of the three bulky group8 being held as far from one another as 

possible. 

While, some characterietlc aromatic shifts appear In considerably lower- 

and higher-fields as two sets of doublete at 5.58 and 5.66 ppm, and at 8.26 

and 8.54 ppm in A and B, and each peak is equal to one proton in A and half 

proton in B, respectively. Accordingly, theee anOmalOU8 shifts are probably 

We to the trane-twisted out of the 9- and/or 9"-fluorenyl plane to release 

the Btrain wlthln the range of the restricted degree about the S3-8P3 bon&B. 

Thus, the conformation of any two aromatic protone in the 1,8" or la,8 

poaltions on the 9- and 9"-fluorenyl plane8 In A which are held over and below 
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with respect to the central 9'-fluorenylidene plane aa lead to increased 

shielding of these protons, whereas the other two protons are removed from the 

central fluorenylidene ring-current area to remain unbffected and these are 

influenced by a deshielding effect which shifts to lower fields. Under the 

same treatment, it can be regarded as being analogous to the two protons at 

the 1 and 8 positions on the 9-fluorenyl group In B. 

Consequently, the conformational isomers of 9,91:9',9n-terfluorenyla are 

due solely to restriction of rotation about single bonds, viz, s-cis,s-cis (A) 

and s-cis,s-trans (B) as shown in Fig. 
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