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Abe&W: A Hofmann-type elimhMion of the sulphonum salt (18) under basic amdftfons led to the 
mation of a noovel o-xylylene derivative (11) which dimedzed regiose/eotive/y to give the 
MuorenyUdibenw- 1,5cydooctad rene derivative (3). The reaotion is shown to be kinetically oonWled and 
non-oonoetted. The two dgid oo&mers @a) and (36) were oharaotedsed by their ‘H NMR spectra and 
they rqmseni mqeoffvely Um fitst obsetved exampkx of an anii bkorenyl dedvative and a twist dibenzo- 
1.5-oyol~ne dedvatfue. A semiempidcal molecular o&M PM3 oakMation sulrported the observed 
results. Dynamic ‘H NMFI studies indioated an intezenvemion process @a) * (36) at higher temperatures 
inWving a oonfomWonal banfer estimated at 65.2 kJ mot’. 

Whereas 1 ,1,2,2-tetraphenylethanne’3 prefers to adopt the anti conformation, fts “clamped” derivative 

bifluorenyl (1) has been shown to exist in the gauche conformation (la) from theoretical calculation4, n.m.r. 

spectroscopic study in solution5.6 and X-ray crystallography study in solid r&k5 The confonnational behavior 

of dibenzo-1 ,Scyclooctadlene (2) seems more complex and has received extensive investigation. An early 

report’ indicated that (2) adopts the anti conformation (2a) in the solid state. Another studys by dipole 

moment measurement suggested a boat conformation (2b) for the molecule in solution. A twist-boat 

conformer (2c) was however found to be the most stable from force-field calculations.g Dynamic n.m.r. 
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spectroscopic studieslo’* reported by different workers claimed evidence for the existence of equilibria 

between boat-boat conformers, chair-boat conformers and chair-twist boat conformers respectively. 

Our semiempirical molecular orbital PM313 calculations show that in isolation, the relative stability of @a) 

: (2~) : (2d) is 0 : 12.4 : 11.7 kJ mol-‘, whereas (2b) is not a stable conformer. (2c) is the nearest stable 

conformer to (2b). The conformer (2d) is less stable than @a), because in (2d) one pair each of the C3-C7 

and @l-C8 methylene protons are In close proximity (1.845A) whereas the methylene protons in (2a) are 

farther apart - the closest H-H distance being 2.258A. The conformer (2~) is less stable than (2a) due to 

rc-rc repulsion between the benzene rings in the former, which is not accounted for in force field calculations.g 

Moreover, the C3-C7 hydrogens are separated by only 1.77d in (2~). A model compound which possesses 

structural features of both (1) and (2) would be 1 ,l’-ethylene-9,9’-blfluorenyl (3) which Is however expected 

to be conformationally more rigid than either (1) or (2). We wish to report on the synthesis of (3) the study 

of its conformatlonal behavior experimentally using dynamic ‘H n.m.r. spectroscopy, and the theoretical study 

using the semiempirical MO PM313 method. 

WO 

CH3 
u- 

’ ’ CH2N(CH&,+X- 
- =o= a;;;, a 

(4) (5) (6) (7) 

Thermal elimination of dimethylamine from the ammonium salt (4) is known to form pxylylene (5) which 

dimerizes to form [2.2]paracyclophane.14 Pyrolysis of (6) on the other hand results in elimination of HCI 

leading to the formation of o-xylylene (7) which could yield benzocyclobutene15 or dime&e to give dibenzo- 

1 ,5-cyclooctadiene.‘6 Based on the above observation and taking advantage of the moderate acidities of the 

methylene protons in fluorene and its derivatives,‘? a sulfonium salt such as (9) would he expected to 

eliminate dimethylsulfide under basic conditions to afford the oxylylene derivative (11). Depending on the 
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degree of regioselectivity in the dimerizatlon of (ll), one or both of the dime& namely (3) and (12), could 

then be synthesized. 

Synthesis of(s).- Rearrangement of the suffonium bromide (17) was rep~rted’~ to @fve only a moderate 

yield (ca. 45%) of (10). Reactfon of I-methyl-9-bromofluorne (14) with dimethytsulfkfe took 5-7 days to afford 

(17) in ca. 65% yield. An alternative route to the desired compound (6) was thus investigated in our work. 

Reaction of (13) with thiourea followed by base-hydrolysis of the initially formed thiouronium salt gave the 

mercaptan (15) mp 9596’C, in 85% yield. Treatment of (15) with NaOH followed by quenching with 

iodomethane afforded a 91% yield of the methyl sulfide (16). Methylation of (16) was achieved readily with 

dimethoxycarbonium tetrafluoroborate” yielding the sulfonium tetrafluoroborate (18) which is expected to be 

more stable than the corresponding suifonium bromide similar to (17). Thus treatment of (18) with base 

afforded the rearranged product (8) in ca. 99% yield. The synthetic route from (13) to (8) involved a number 

of steps but the latter was obtained in an overall yield of ca. 57%. 

W”, Q-q pp 
X R 

X R 

(9) SCH3 H 

(9) S(CH3)l+BF,- H 

(10) SCH3 CH3 

(13) Br H 

(14) Br CHs 

(13) !+I H 

(16) S’J’s H 

(17) S(CH&.+Br- CH3 

(13) S(‘%)z’BF,- CH3 

Remethylation of (8) with dimethoxycarbonium tetrafluoroborate’g gave the desired suifonium salt (9). 

Stirring a suspension of (9) in ethanol in the presence of NaOH led to the isolation of seemingly only one 

component after column chromatography. The mass spectrum of the product showed a molecular ion at m/z 

356 as the base peak consistent with the structure of (3) or (12), and a strong peak at m/z 176 suggesting 

a facile symmetrical cleavage of the molecule. Although t.1.c. studies using various solvent systems did not 

indicate the presence of isomers of (3) or (12), the ‘H n.m.r. spectral data (Table 1; Figure’l) clearly support 

the presence of two conformers of (3). The methine protons were observed (in CDCi.J as two singlets at 

64.65 and 3.85 respectively. This obviously rules out the presence of any conformer of (12) the m&tine 

protons of which are expected to show a spfiing pattern based on couplings wlth the methylene protons. 

In addition, the two AB quartets observed (Table 1; Figure 1) are also consistent only with ethylene bridges 
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present in conformers of (3). 

Our results from PM3 calculations show that (12) is in fact thermodynamically more stable than (3a) (ITIOSt 

stable conformer of (3); see later discussion) by 25.95 kJ mar’. The fact that (12) was not formed 

experimentally however suggests that the regioselective dimerizatlon of (11) to form (3) is kinetkally fXntrOlk3d. 

The coefficients obtained for the HOMO and LUMO of (11) indicate that concerted overlap of the HOMO of 

one molecule of (11) with the LUMO of another does not lead to bonding because orbltats of opposite signs 

overlap between one pair of carbon atoms. This is consistent with the general rule that [4+4] cycloadditlon 

reactions are thermally forbidden based on the conservation of orbital symmetry.20 A stepwise mechanism 

has been forwarded to rationaliie the formation of the [4+4] dimer.2’ Based on the phase and magnitude 

of the lobes of the corresponding frontier orbttals, an initial overlap of the HOMO methylene carbon orbital 

on one molecule of (11) with the LUMO methylene or methine carbon orbltal on another molecule of (11) is 

almost equally likely. Qualitatively however a steric consideration would suggest an initial bond formation 

between the two methylene terminals followed by the ring closure via the two methine carbons. This could 

be further encouraged by the formation of the relatively more stabe intermediate diradical (I) compared to the 

route affording diradical (II). Reported results on the relative rates of radical formatiot? indicated that 

diphenylmethyl radical could be formed 265 times faster than the phenylmethyl radical. The resonance 

stabilization of the diradical (I) and the steric inhibition favouring the formation of (3) must be very significant 

kinetically to discourage the formation of the thermodynamically more stable (12). 

HOMO s 0.416 

-8.284 eV 

& LUMO 

-1.322 eV 

Rigid Conformers of (3).- All three integration ratios (in CDCI,) of the two doublets for H-8/H-8’, the two 

singlets for the methine protons and the two AB quartets for the methylene protons indicated a 1.2:1 .O mixture 

of two conformers of (3). Based on the known conformational behavior of (1) and (2), there are four possible 

conformers of (3) namely the antichair @a), the gauche/twist (3b), the .syWboat (3~) and the gauche/twist- 

boat (3d). The higher confonnatlonal rigidity in (3) however does not allow the following interconversion 
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processes: (3a) * (3c), (3a) * (3d), (3b) * (3~) and (3b) * (3d). Steric interactions in (3~) and (3d) are 

also expected to be more severe than those in (3a) and (3b). in addition, immediately apparent on 

examination of the proton chemical shifts of the ring protons for the isolated product is the presence of 

shielded H-8/H-8’ (68.33,8.07). The other aromatic protons were observed as complex muitipiets in the range 

of 86.9-7.8. Wi reference to the respective chemical shffts of H-8/H-18 for [2.2]metacycfophanes a11&(19)~ 

and syf+(l9),” our observed data are clearly consistent wlth confomers (3a) and (3b) which have H-8il-L8 

located near the shielding zones of the respective opposite benzene rings similar to H-8/H-16 in anfC(l9). 

The presence of the conformer (3c) would have shown an upfield shift of the external protons (H-2,2’, 3,3’, 

4,4’, 5, 5, 6, 6, 7,7’) similar to those in syrr-(19) as a consequence of one aromatic ring shielding the other. 

Going from the [22]metacyclophane anti- to the anti-[2.2]otthocyciophane (dibenzo-1 ,&cyciooctadiene) 

system in @a) invoives a significant outward sliding of rings A and C, and thus rings B and D, similar to 

phenomena reported for related cyciophane systems.% This would account for the much less significant 

shielding experience of H-8/H-8’ (66.33) in (3a) compared with that of H-8/H-16 (84.25) in anfC(l9). The 

chemical shift of the methine protons (54.65) in (3a) is similar to that (84.71) in (1). The PM3 calculations 

showed that when the ethano bridge in an&hair (3a) undergoes pseudo-rotation to give gauche/twist (3b) 

(going from (Ill) to (IV)), there is an inward sliding of rings B and D thus placing H-8/H-8’ (86.07) in (3b) more 

directly over the respective shiekiing zones of rings B and D compared to (3a) where H-8/H-8’ appears at 

86.33 although these rings are slightly further apart in (IV). The rigid guache/twist conformation of (3b) also 

places the methine protons (83.85) slightly above rings A and C respectively thus resulting in the appreciable 

shielding of these protons. 

66.63 

X I 
I” 0” 

“U “0 
anti-(1 9) syn-( 19) (tft) (W 

I Y 

The PM3 calculations showed that in isolation, the relative stabilii of (3a) : (3b) : (3d) is 0 : 0.083 : 

18.08 kJ mof’, whereas (3~) is not a stable conformer. Therefore, relative to (3a), conformer (3b) is 

thermodynamically possible but (3d) is less likely. There is also a kinetic reason for (3d) not being formed, 

due to the steric hindrance of having to place (11) face to face to form (3d). The calculations showed that 

converting (3a) to (3b) entailed a loss of entropy by 1.277 J K’ mole’, which at 298K contributes 0.380 kJ 

moi-’ to the equilibrium free energy AGo. Adding on the enthaipy gives the total AG” = 0.463 W moi-‘, and 

using the usual thermodynamic .expression AG = -RT in K we obtain for the equilibrium ratio (3a) : (3b) = 

1.20 : 1 which agrees very well with the ‘H NMR experiment in CDCI,. The calculations also showed that 

(3a) is an entropy favoured conformation due to its greater vibrational degrees of freedom. 
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T-3. ‘HNMRspedraldeda(300MHz)ofsetededprotonsof3aand3b,andtheobservedfreeenergy 
of acthmtion for 3a s 3b bassd on dynamic ‘H NMR spsctroscopk studies. 

4n CDCb. blu 298K. % C,DSNOp %t 383K. 
Qthsr ammatic protons of 3a and 3b appear as complex multipkts at 66.89-7.82. 
bther aromatic pmtons of 3a and 3b appear as complex fiultipkts at 56.93-8.12. 
Stefenfng to the two bw-fisid do&lets of the respective AB quartets. 
hRefeWnQ to the two high-fiekl doublsts of the respective AB quartets. 

6 6 4 
- 

_ _ 

Ftgurrr 1. ‘H’ NMR spectra of the methylens and methine protons 
of pa) and (38) at 30% and 110% (C6D5N02; 300 MHz) 
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Dynamic n.m.r. study of (S’.- The above results evidently confirm the existence of rigid conformers (3a) 

and (3b) at room temperature. An estimate of the conformatlonal barrier for the interconversion process (3a) 

* (3b) would then require a high-temperature dynamic ‘H n.m.r. study. The ‘H n.m.r. spectrum of the product 

mixture in C&NO, at 25’C indicated a I:1 ratio of (3a) and (3b) based on integrations of H-8/H-8’, the 

methine protons and the methylene protons. The frequency separations (Av) of the peaks concerned (Table 

1) are very large in comparison with the line width of the signals. Thus the coalescence temperature 

method26*27 would allow a good estimate of A&C (the transition state free energy at coalescence) as a 

measure of the energy barrier for the process (3a) * (3b). An interesting feature in the ‘H NMR spectrum 

of (3a) and (3b) taken in C,D,NO, is the appreciable upfield shifts of the methine protons (Table 1) compared 

with the spectrum taken in CD&. The solute-solvent interactions would be expected to involve the stacking 

of nitrobenzene molecules over and below the planar fluorene moieties in (3a) and (3b) thus further shielding 

the methine protons. 

As a sample of (3a) and (3b) in C,D,NO, was warmed from 25’C, all signals seemed to broaden 

although to different extents. The complete coalescence of the two doublets corresponding to H-8/H-8’ of the 

two conformers could be observed precisely at 51°C. Due to partial overlap of signals, the coalescence 

temperature of the two AB quartets corresponding to the methylene protons could only bs estimated at ca. 

58OC. The two singlets corresponding to the methine protons however could again be correctly observed to 

coalesce at 87OC. At 110°C a doublet (6), a sharp singlet (6) and an AB quartet (S,, 4) were observed, 

within experimental error, at the averaged positions of the initial pairs of doublets, singlets and AB quartets 

respectively (Table 1; Figure 1). This is consistent with the conformational process involving a rapid 

interconversion (3a) * (3b). An examination of molecular models indicates that the CH-CH bridge is more 

rigid but pseudo-rotation of the CH,-CH, brklge alone would bring about the interconversion (3a) * (3b). 

Based on the spectra taken at several temperatures near 25’C at which the rate of exchange was slow, there 

was no significant dependence of the frequency separation (Av) on temperature. Thus the chemical shii 

differences (Av; Table 1) at the respectie coalescence temperatures (T,; Table 1) of H8/H8’, methine protons 

and methylene protons in the dynamic n.m.r. study of (3) were assumed to be very similar to those at 25%. 

Within experimental error, Values of the transition state free energy at coalescence, A&,_, estimated from the 

equation. -2s*27 A&C = 0.019T,(9.972 + log TJAv) kJ mol-‘, based on the coalescence of H8iH8’, methine 

protons and methylene protons in (3) agree satisfactorily (Table 1). The conformational energy barrier for the 

interconversion process (3a) * (3b) was thus estimated at ca. 65.2 kJ mol-‘. 

Conclusion.- Before this work, derivatives of bifluorenyl (1) were all reported to adopt the gauche 

conformation. The conformer (3a) should be the first observed rigid anti bifluorenyl derivative. On the other 

hand, derivatives of dibenzo-1,5-cyclooctadiene (2) seem to exhibit different conformational preference among 

the chair, boat and twist boat conformers.“V’2*28 The conformer (3b) described in our work should however 

be the first twist dibenzo-lb-cyclooctadiene derivative reported. A semiempirical molecular otiital PM3 

calculation clearly supported the observed results. In addition, the relatively high rigidity in conformers of (3) 
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is evident from the energy barrier found for the interconversion process (3a) * (3b) (65.2 kJ mol-‘) which is 

significantly higher than the barriers observed for gauche-gauche interconversion in btfluorenyls (40-55 kJ 

-’ mol ). 6 The free energy of activation observed for chair-boat, boat-boat, or boat-twist boat interconversions 

in dibenzo-1 $cyclooctadiene derivatives however vanes largely (35-90 kJ mo1~‘)“~‘* depending on the nature 

of the substituent(s). 

ExperImental Seotlon 

All melting’ points were determined on a Synbron/Thermolyne MP-12615 melting apparatus and are 
uncorrected. H n.m.r. spectra were determined in CDCI, (at room temperature) or C,D,NO, (for high- 
temperature studies) on a Bruker ACF-300 (300 MHz) or a JEOL FXSOQ (90 MHz) Fourier transform 
spectrometer. All chemical shit are reported in ppm downfield from tetramethylsilane as the internal 
standard. I.r. spectra were recorded on a Perkin-Elmer 1310 infrared spectrometer. Mass spectra were 
determined on a VG Micromass 7305 mass spectrometer at 70 eV using electron impact. Relative intensities 
are given in parentheses. Microanalyses were performed by the Microanalytical Laboratory, Department of 
Chemistry, National University of Singapore. 

FluorenP-thiol(75). 9-Bromofluorene (5.00 g, 20.4 mmol) and thoiurea (1.56 g, 20.4 mmol) in THF were 
heated at solvent refluxing temperature for 3 h. The bulk of the solvent was removed under reduced pressure 
and the thiouronium salt precipitated was filtered. The salt was redissolved in an aqueous solution of KOH 
(17.17 g, 0.31 mole) and the mixture was heated at reflux for 4 h. The mixture was then cooled and acidified 
carefully with cone H2S0,/H20 (1:l). Chloroform was added to extract the product. The organic layer was 
washed with water, dried and evaporated to give (15), 3.46 g (85%). Recrystallization from hexane gave pale 
yellow crystals of (15), m.p. 95-96’C. MS (M+) m/z 198 (8x), 197 (lo), 196 (35), 166 (15), 165 (loo), 152 
(13); ‘H NMR (90 MHz) 6 7.2-7.5, 7.6-7.8 (m, 8H, ArH), 4.75 (br s, lH, H9), 1.54 (br s, lH, SH); IR (KBr) 
1475, 1440, 1400, 1229, 1180, 1020, 1000, 950, 925, 880, 765, 735, 680, 625 cm -‘. Calcd for C,,H,,S: 
C, 78.77; H, 5.09%. Found: C, 78.65; H, 4.99%. 

9-Mercaptomef~y/f/uorerre (76). A solution of (15) (3.26 g, 15.4 mmol) in degassed THF (10 ml) was 
cooled in ice-bath and 10% aqueous NaOH solution (1.25 ml, 31 mmol) was added. The mixture was stirred 
for 5 min followed by addition of iodomethane (1.1 ml, 18.4 mmol). The mixture was further stirred for 30 
min and extracted with dichloromethane. The organic phase was washed with 1N HCI followed by water, 
dried and evaporated. The product was chromatographed on silica gel using hexane as eluent to yield (16) 
as a thick yellow oil, 2.98 g (91%). MS (M’+) m/z212 (189/o), 166 (15), 165 (loo), 91 (14); ‘H NMR (90 MHz) 
S 7.2-7.4, 7.6-7.7 (m, 8H, ArH), 4.84 (s, lH, H9), 1.37 (s, 3H, CH,); IR (neat) 1480, 1445, 1295, 1190, 1150, 
1065, 1020, 1080, 970, 940, 915, 795, 740, 680, 645 cm -‘. M, calcd for C,,H,,S 212.0660), found (MS) 
212.0660. 

I-Methylmercaptomethymuorene (8). The salt (18). A solution of (16) (10.00 g) in dichloromethane (5 
ml) was added dropwlse via a syringe to a suspension of dimethoxycarbonium tetrafluoroborate (11.43 g, 70.6 
mmol) in dichloromethane (6 ml) maintained at -3OOC under nitrogen. The mixture was then stirred without 
further cooling for 3 h followed by addition of ethyl acetate (35 ml). The mixture was further stirred for 4 h 
and colorless crystals of (la), 18.13 g (8%) were filtered. 

Rearrangement of (18). NaOH (3.82 g, 95.5 mmol) was added to a suspension of (18) (10.00 g, 31.8 
mmol) in 95% ethanol and the mixture was stirred at room temperature for 3 h. The solvent was removed 
under reduced pressure and the product extracted into dichloromethane. The organic phase was washed with 
water, dried and evaporated. The product was chromatographed on silica gel with hexane as eluent to yield 
(8), 6.51 g (90%). Recrystallization from hexane gave orange crystals of (a), m.p. 77-78°C. MS (M’+) m/z 
226 (140/o), 179 (80), 178 (loo), 176 (15), 165 (12), 89 (12); ‘H NMR (90 MHz) 8 7.1-7.8 (m 7H, ArH), 3.76 
(s, 2H, H9), 3.88 (s, 2H, CH,S), 1.98 (s, 3H, CH,); IR (KBr) 1475, 1445, 1300, 1185, 1155, 1105, 1095, 1025, 
1005, 975, 940, 920, 870, 830, 785, 750, 735, 680, 650, 625 cm -‘. Calcd for C,,H,,S: C, 79.60; H, 6.23%. 
Found: C, 79.25; H, 6.29%. 
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I,M~m-9,9’-~fluom~y/ @a) and @LB]. The salt (9). Methylatlon of (8) (2.00 g, 8.64 mmol) wtth 
dimethylcarbonium tetrafluoroborate (2.86 g, 17.7 mmol) similar to that described for preparation of (18) gave 
colorless crystals of (9). 2.10 g (75%). 

Reaction of (9). This was carded out wtth (8) (0.50 g, 1.53 mmol) and NaCH (0.18 g, 4.6 mmol) under 
similar conditions desulbed for the rearrangement of (18). After chromatography on silica gel uslng hexane 
as eluent, a mixture of @a) and (3b) was obtained, 0.35 g (64%). Recrystatlizatfon from benzene/ethanol 
gave colorless crystals of (se) and (3b), mp >24O’X (subl.). MS (M+) mh 356 (lOO%.), 355 (IS), 341 (13), 
176 (61); ‘H NMR (300 MHz), see Table 1; IR (KBr) 1450,1420,1100,950,810,760,630,625 cm -‘. Calcd 
for C,H,: C, 94.34; H, 5.66%. Found: C, 94.19; H, 5.5%. 

ComputatiOnal Defai/s. The Initial geometries were generated using the Mtv@ force Rekl wfth the 
PCMODEL ~4.090 implemented on the PC/AT 366. All the semiempirical PM3’s calculations were carded out 
with the MOPAC system (~6.0)“’ on a personal IRIS computer. The eigenvector following (EF) procedure,32 
which was found to be faster and more robust39 than the standard BFGS optlmizer,3’ was used together with 
the keywords DMAK=O.l and PRECISE for geometry optlmlzatlons. This combination is rather efficient in 
minimizing the gradlent norms @)E@#j, which are below 0.003 kcal/A for all these systems. All the 
structures were ensured to be minimum wlth non-negative force constants. The optimized structures were 
inspected with the PCMCDEL system. The post-SCF facility VECTORS was used to obtain the orbital 
coefficients and the keywords FORCE THERMC(298296) ROT=1 were used to calculate the entropy. 
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