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AWmcC The sable carbw&n. ti(2-me4hyl-l-az&nyl)methyl hcxafluompborphate (2) wlwpqlucd. stcrk 
&axoftlucc2metbylgmpawasinvcdtigatcdby 

crowdingiathcbansitimraateforthen%aliom. 

The can&ted mmtbn of molecular propellers is commonlyanalyzcdintumsofflipmcchanism.l Forthe 

confonnational change of the systems, the lowest energy (thmshold) rotational mechanism was uniformly a two- 

ring flip.2 Recently, we mportul the analysis of the tcmpcratum dependent lH NMR spectra for trio-methyl-l- 

azulcnyl)mcthyl hcxafluorophosphatc (1) using a flip mechanism, and we concluded that the threshold rotational 

mechanism fcr 1 was the first example of a one-ring flip.3 Since the conjugative effect between cationic carbon 

(C?) and three azulent rings for 1 largely contributes to the transition state of the ring flipping as well as to the 

ground state, the two-ring flip process for 1 become less stable than that of a one-ring flip, The large steric 

interaction between azulcne rings is em to shift the threshold rotarional mechanism from a one-ring flip to a 

two-ring flip. Here we report the synthesis of the stable carbocation, tri(2-methyl-I-azulenyl)methyl 

hexatluomphosphatc (2). and the sleric ~0% of three 2-methyl groups on the rotational barriers and mechanism. 

2 

The large stcric cffiit was also observed on the synthesis of tri(Zmethyl-1-azulenyl))mthane (3). the 

pncu*lar for 2. The reaction of 2-mcthylazulcnc (4) with 2-methylazulenc- l-carboxaldchyde (5) in a&c acid 

at room tcmpcratum for 21 days, similar condition for the formation of tri(3-methyl-l-azulanyl)methane4, the 

pIecursor for 1, afforded only a trace amount of 35, because of the stcric effect of 2-methyl groups on azulene 

rings. However, the high pressure reaction (10 kbar) of 4 with 5 in a 5096 acetic acid in dichloromethane 
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solution at 30 OC for 1 d, afforded 3 and 2-methyl-l,3-bis[di(2-methyl-l-axulenyl)metbyl]axulene (6)5 in 49% 

and 5% yields, mspectively. The hydride abstraction of 3 with DDQ in dichloromethane at room temperahue 

was not affected by the thme 2-methyl groups, and the oxidation of 3 was proceeded under similar condition for 

the formation of 1.4 The addition of 6098 aqueous HPF6 solution to the reaction mixture yielded stable 2’ in 

quantitative yield 

8 + 8” HO 
10kbmr 

Cti,COOH* l)DW 2) Hw, 5 2 

4 5 

The pKR* value of 2 was detetmined spectmphotometrically at 24 Y! in buffer solutions prepamd in 50% 

aqueous M&N similar to 1. The higher pKR+ values of 13.4 (2) compared to that of 1 (1 1.4)4, was attributed 

to decmase the stability of the conesponding hydroxyl derivative by the steric effect and to electronic effect of 

thlee 2-methyl groups. 

1H NMR (90 MHZ, methyl region) spectra of 2 in DMSO-& at various temperature are shown in Figure 2. 

At 30 OC the NMR spectrum consists of four methyl signals (as indicated a, b, c, and d) in the ratio of ca. 1: 1 : 1 

: 1.5. The NMR spectrum indicated that the rotation of axulene rings was restricted at this temperature. At the 

same temporatum, four methyl signals of 1 already coalesced into one signal due to the free rotation of axulene 

rings . When the sample was watmed to ca. 80 “C, noticeable line broadening occurred and further warming 

m&ted in coalescence of all four peaks to a singlet, which became nearly sharp at 120 OC. 

Figure 1. Stereoisomers of 2. 

Four isomeric pmpeller conformations (A, A, B, andB) am possible for a molecule of this type including 

the stereoisomers as indicating in Figure 1, and the possibilities for isomerixation for 2 will be analyzed by flip 

mechanism. Possible interconversions of the stereoisomers for 2 are compatible with those for 1. As the zero- 

and three-ring flip processes for 2 are unexplainable the temperature dependent tH NMR spectra and are also 

expected to be unfavorable by steric ground, therefore those are excluded from the analysis of dynamic behavior 

of 2. On the steric effect of three axulene rings, the interconversions of BE will be unfavorable compared to 

those of AE (and KB) in a one-ring flip. In contrast to the process, the interconversions of B$ will be more 

favorable than those of Afi (andxB) in a two-ring flip. Themfore, the threshold rotational mechanism for 2 am 

determined by the comparison of energy barriers between the interconversions of Ai (and>) and those of BE. 
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The simulation6 of the temperature 
~1~~~~~~~ 
~y~~ofl*~~~~~~~~ 
shown in Figum 2. In contrast to 1, the 

simulation by consideration of only G (and 

Xl%) interconversions was inconsistent with the 

experimental spectra. The experimental 
~~~~nt~~~~~ 

spectra by consideration of both E (and 5) 

and B% imeramversions. 

The energy relationships among the 

stereoisomers and the magnitudes of the 

barriers separating those isomers were 

calculated from the data of the simulatiou over 

tbe range 30 Y! to 120 *C. The results are 

shown schematically in Figure 3. The relative 

intensities of the signals at 30 “C indicate that 

BE is &ghtly more stable than A’;;i at this 

temperature. As the sample is warmed, the 

popnlation of Bg increases relative to that of 

Ax. Qualitatively, this indicates a positive 

entropy difference for the equilibrium of 

Ax-+B& AH* (0.97 kcal/mol), AS0 (4.7 

eu.), and AGO20 (-0.40 kcal/mol) for the 

equilibtium0fAX~B&tlWalcubttedfromthe 

population data for Ax and BE. The 

~rn~~~ at which AGO equals to zero 

(~~~~~} is thelefa ea. -66°c. 
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Figum 2. 1H NMR of 2 (90 MHx, methyl region) at various 
v. The left-hand panel displays the experimental 
spectra. The right-hand ~1 showgthe calculated spectm 
for the combination of the AB- and BB-flips. 
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Figum 3. A schematic rqnesentation of the energetics (kcavmo at 20 “C) of stemoisome&ation of 2. 



The calculation of the rate date yielded the banier for the conversion of Bs to ti (A-18.6 kcal/mnl) 

and that for the enantiomeriza tion of B andE (AG*2&7.5 kcaUmo1). Therefore. for the reverse mnction 

(a+Bg). AG$u= 18.2 kcal/mol. The shift in threshold rotational process from the interconversion of 6 

(and k) to those of B’ii; indicates that the threshold rotational mechanism for 2 is a two-ring flip in contrast to a 

one-ring flip for 1. The activation energies for 2 were higher than that for 1 (for the interconversion of A5 (and 
G) AG+2ot13.2 kcal/mol and for that of Bg A-14.9 kcal/mol) due to increased crowding in the transition 

state for the rotation. 

In conclusion, tire dynamic behavior of 2 makes clear the one-ring flip mechanism for 1. Themfom, the 

threshold rotntional mechanism for molecular propellers is not uniformly a two-ring flip. ‘Ihe nx&anism is 

changeable from a two-ring flip to a one-ring flip by tbe conjugative effect between central atom and three rings 

andbythestericcffectbetweenthmerings. 

Acknowledgment. This work was supported by a Grant-in-Aid for Scientific Research on Priority Areas No. 

02230103 from the Ministry of Education, Science and Culture, Japan. 

REFERENCES AND NOTES 
1. Colter, A. It; Schuster, I. I.; Ku&land, R., J. J. Am. Chcm. Sec. 1965.87, 2278:2279; Ku&land, R. 

I.; Schuster, I. I.; Colter, A. K., ibid. 1965.87, 2279-2281; Schuster, 1. I.; Colter, A. K.; Ku&land, R. 
J., ibid. 1968,90, 4679-4687. 

2. Mislow, K., Accts. Chcm. Res. 1976,9, 26-33; Wille, E. E.; Stephenson, D. S.; Capriel, P.; Binsch, 
G., J. Am. Chem. Sot. 1982,104, 405415. 

:: Ito, S.; Motita, N.; Asao,T., Tetrahedron Len. 1992.33, 6669-6672. 
Ito, S.; Morita, N.; Asao.T., TetrahedronLett. 1991.32.773-776. 

5. All new compounds were characterized by their IR, UV, 1H NMR, and 13C NIvlR spectral data and mass 
specaoscopy. Selected specwal data for 2 and 3 are given below. 

2: Deep purple pow& mp > 300 “C; UV (MeCN) bax 231 nm (log e 4.75), 256 (4.68), 295 (4.61). 
332 (4.36). 351 (4.26 sh), 416 (3.93). 430 (3.92 sh), 551 (4.15 sh), 595 (4.54 sh), 624 (4.70), and 649 
(4.69); 1H NMR (600 MHz, DMSG-d,$ S 8.72 (d), 8.71 (d), 8.70 (d), 8.69 (d), 7.98 (dd). 7.93 (dd), 
7.88 (dd), 7.88 (dd), 7.84 (dd), 7.83 (dd), 7.81 (dd), 7.80 (d), 7.79 (dd), 7.78 (s), 7.69 (s), 7.68 (s), 
7.64 (d), 7.62 (s), 7.56 (d), 7.51 (dd), 7.44 (dd), 7.40 (d), 7.34 (dd), 7.27 (dd), 2.05 (s), 1.98 (s), 1.69 

(s), and 1.63 (s); 13C NMR (150 MHz, DMSG-de) 8 154.93 (s), 154.58 (s, B-C+), 154.55 (s), 154.53 
(s), 154.04 (s, A-C+), 154.04 (s), 149.84 (s), 149.24 (s). 148.89 (s), 148.17 (s). 147.00 (s), 146.37 (s). 
146.24 (s), 145.60 (s), 141.52 (d), 141.24 (d). 141.02 (d), 140.69 (d), 138.82 (d). 138.57 (d), 138.42 
(d), 138.15 (d), 136.62 (d). 136.08 (d), 135.85 (d), 135.26 (d), 133.58 (s). 133.44 (d), 133.35 (s), 
133.08 (d), 132.86 (s), 132.85 (d), 132.76 (d), 132.61 (d), 132.49 (s), 132.40 (d), 131.96 (d), 131.91 
$~2~~~32 (d). 126.55 (d), 126.28 (d), 125.37 (d), 125.37 (d), 15.82 (q), 15.52 (q), 15.52 (q), and 

3: Blue plates; 267.5 - 273.0 “C, UV(CH2Cl2) h max 241 nm (log E 4.65). 273 (4.90 sh), 286 mp 
(5.01). 298 (4.93 sh), 309 (4.77 sh). 345 (4.06 sh), 358 (4.10). 375 (3.91). 547 (2.73 sh), 590 (2.87). 
634 (2.81 sh), and 705 (2.31 sh); rH NMR (90 MHz, 50% CD$l2/CS2) 6 8.08 (d, 3H, J=9.5, Ha), 
7.60 (d, 3H, J=9.9, H& 7.42 (s, lH, CH), 7.3 1 (dd, 3H. J=9.7 and J=9.5, H7), 6.66 (dd, 3H, J=9.9 
and J-9.5, H5). and 1.82 (s. 9H, 2-Me); ‘SC NMR (22.5 MHz, 50% CD2C12/CS2) 8 150.65 (s, C2). 
140.22 (s, Cta or C83, 136.72 (s, C&a or C&, 135.77 (d, C& 134.25 (d, Cs), 132.26 (d, C,t), 129.31 
(s, Cl), 123.00 (d, CT), 122.39 (d, C5), 119.55 (d, C3). 37.32 (d, CH), and 16.13 (q, 2-Me). 

6. Simulation of the temperature dependent lH NMR spectra was performed using the Program DNMR5 
(QCPE 1978, IO, 365) by D. S. Stephenson and G. Binsch. 
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