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Abstract. Pentacyclo[6.5.0.0412,05.10,09.13Jtrideca-2,6-diene (16) has been synthesized in five steps
from 1-hydroxyhexacyclo[6.5.0.0%6.03.11 05.10 09.12)ridecan-7-one (10). Compound 16 undergoes
thermal rearrangement to pentacyclo[7.4.0.02:6,03.11,05.10)trideca-7,12-diene (i. e., "[2.2.1]triblatta-
diene", 19). The intermediacy of cis,cisoid, cis-tricyclo[7.4.0.027 |trideca-3,5,10,12-tetracne (18) in the
thermal rearrangement of 16 was inferred via analysis of the 1H NMR spectrum of partially rearranged
16 and subsequently was further established via the results of a trapping experiment (i. e., fluorene was
produced when thermal rearrangement of 16 was performed in the presence of 10% Pd/C).

Introduction. As part of an extensive research program which is concerned with the synthesis and
chemistry of pentacyclo[5.4.0.02:6.03.10 059 undecane-8,11-dione (PCU-8,11-dione, 1, Scheme 1),! we have
examined ring homologation reactions of 1 and related systems.2 These studies, summarized in Scheme 1,
include (i) BF3 promoted reactions of 1 and of several derivatives of this compound with ethyl diazoacetate
(EDA),3 (ii) the corresponding Tieffeneau-Demjanov ring expansions of PCU-derived primary amines (e.g., 3
— 4a +4b),4 and (iii) EtzZn-CHaIp promoted ring expansion of tetracyclo[6.3.0.02:6.05.9]undeca-3,10-diene-
4,10-diol bis(O-trimethylsilyl ether) (5).5 The new substituted pentacyclododecanes and -tridecanes thereby
obtained have been employed as intermediates in the synthesis of new molecular clefts and other novel
polycyclic systems.26 We now report the synthesis of pentacyclo[6.5.0.0412.05:10 09.13]trideca-2,6-diene (16,
Scheme 2) and the results of a study of its subsequent thermal rearrangement. »

RESULTS AND DISCUSSION

Synthesis of 16. Our approach to 16, shown in Scheme 2, began with NaBH4 promoted reduction of
10.32 A mixture of cage diols (11a and 11b, product ratio 11a:11b = 3:1) was thereby obtained. When this
reduction instead was performed in the presence of CeCls,” the same product diols were obtained, but the
observed stereoselectivity of the reduction was reversed (i. e., 11a:11b = 1:3).

The mixture of diols 11a and 11b was separated, and each diol in turn was converted into the corres-
ponding monotosylate (12a and 12b, respectively) by selective reaction of the secondary alcohol functionality
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with TsCl-pyridine reagent. Interestingly, while reaction of the secondary alcohol group in 11a took place
readily in CH,Cl3 at room temperature, 11b did not react under these conditions and thus could be recovered
unchanged. However, 11b could be induded to react with TsCl-pyridine under more vigorous conditions (i. ¢.,
CHCls solvent, reflux 12 h). The product of this latter reaction is the corresponding monotosylate, 12b. The
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fact that more strenuous conditions are required to promote this reaction probably reflects the difference be-
tween the steric accessibility of the secondary alcohol group in 11a (exo-OH) vis-a-vis that in 11b (endo-OH).

Treatment of monotosylate 12a with NaH at room temperature resuited in smooth elimination of the
elements of TsOH, thereby affording cage enone 13 in 95% yield. The corresponding conversion of 12b to 13
required higher temperature (i. €., 50 °C), and the resulting yield of 13 was only 70%.

Subsequent reduction of 13 with NaBH4-EtOH followed by treatment of the resulting alcohol, 14, with
methanesulfonic acid anhydride (Ms;0) resulted in the formation of cage diene 16. Presumably, 14 is conver-
ted into the corresponding mesylate, 15, which suffers in situ loss of MsOH to afford 16. Not surprisingly,3.9
several attempts to photolyze 16 to homohexaprismane (17) proved unsuccessful.

Thermal Rearrangement of 16. Pentacyclic cage diene 16 undergoes a deep-seated rearrangement
when heated to ca. 120-150 °C in DMSO-dg. The nature of this rearrangement has been elucidated by 1H and
13C NMR spectral analysis (see the Experimental Section). The overall reaction is summarized in Scheme 3.
Thus, diene 16 undergoes (symmetry forbidden) thermal (2 + 2] cycloreversion of its cyclobutane ring to
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afford a cis,cisoid,cis tricyclic tetraene (i. e., a "tetrahydrofluorene”), 18. Compound 18 is not stable to the
reaction conditions; this intermediate undergoes subsequent intramolecular Diels-Alder cycloaddition to afford
the ob-served rearrangement product, pentacyclo[7.4.0.02.6.03.11 05.10]trideca-7,12-diene10 (i.e, "[2.2.1]tri-
blattadiene", 19 (Scheme 3).
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The intermediacy of 18 was inferred via analysis of the !H NMR spectrum of partially rearranged
16.11 Additional evidence which supports the structure of 18 suggested in Scheme 3 was obtained via a trap-
ping experiment. Thus, when thermal rearrangement of 16 was performed in the presence of 10% palladized
charcoal, the bis(dehydrogenation) product, i. e., fluorene, could be isolated. The melting point of an intimate
mixture of the material thereby obtained with authentic fluorene was undepressed. Surprisingly,!0 we were
unable to trap 18 when thermal rearrangement of 16 was performed in the presence of powerful dienophiles
(i. e., maleic anhydride and 1-methyl-1,3,4-triazoline-2,5-dione).

Kinetic Studies.12 A minimum temperature of ca. 120 °C (393 K) is required to initiate thermal
rearrangement of 16, whereas thermal decomposition of the reaction mixture becomes evident at ca. 150 °C
(423 K). Thus, it became practical for us to perform the kinetic studies only within this i'elatively narrow
temperature range, a situation which necessarily renders our kinetic analysis highly uncertain.

The course of thermal rearrangement of 16 performed at 410 K and at 422.5 K was monitored by using
NMR spectral techniques (see the Experimental Section). In order to analyze the NMR data and to extract ki-
netic information therefrom, we assumed that the rearrangements of 16 to 18 and of 18 to 19 are irreversible
processes (rate constants ky and ky, respectively).

Details of the kinetic analysis are given in the Experimental Section. Inspection of least-squares fitted
plots of concentration vs. time for thermal rearrangement of 16 reveals a good quality fit of the calculated rate
profile to the experimental data obtained at 410 K; however, the corresponding fit in the case of data obtained

at 422.5 K is less satisfactory.13
Experimental Section

Melting points are uncorrected. High-resolution mass spectra were obtained by personnel at the
Midwest Center for Mass Spectrometry, Department of Chemistry, University of Nebraska, Lincoln, NE
68588. Elemental microanalyses were obtained by personnel at M-H-W Laboratories, Phoenix, AZ and at
Galbraith Microanalytical Laboratory, Knoxville, TN. An authentic sample of fluorene purchased from
ﬁgr‘l’%h Chemical Company was recrystallized from benzene to afford a colorless microcrystalline solid: mp

Sodium Borohydride Promoted Reduction of 10. A solution of 10 (4.50 g, 22.3 mmol) in EtOH
(120 mL) was cooled externally to 0 °C. To this cooled solution was added portionwise with stirring NaBHy
(631 mg, 16.7 mmol). After the addition of the reducing agent had been completed, the external cold bath was
removed. The reaction mixture was allowed to warm gradually to room temper-ature and then was stirred at
ambient temperature for 16 h. The reaction was quenched by addition of solid NaHCO3 (2.35 g, 28.0 mmol),
and the resulting mixture was stirred for 1 h and then diluted with water. The resulting aqueous suspension
was extracted with CH2Cl (3 x 50 mL). The combined organic extracts were dried (MgSQy) and filtered, and
the filtrate was concentrated in vacuo. Crude 11a and 11b (mixture of isomers, 3.86 g, 85%) was thereby
obtained. A portion of this crude product (400 mg) was purified via column chromatography on silica gel by
eluting with 20% EtOAc-hexane. The first chromatography fractions afforded a pale yellow, waxy solid (107
mg). This material was recrystallized from CH,Cly-hexane to afford isomerically pure diol 11a as a colorless
microcrystalline solid: mp 270-272 °C; IR (KBr) 3355 (m), 2935 (s), 2860 (w), 1420 (w), 1326 (w), 1263 (w),
1188 (w), 1063 (m), 994 cm-! (w); TH NMR (CDCl3) 5 1.16 (AB, Jap = 10.2 Hz, 1 H), 1.40 (AB, Jap =102
Hz, 1 H), 1.64 (AB, JaB = 11.9 Hz, 1 H), 1.76 (AB, Jap = 11.9 Hz, 1 H), 2.01-2.36 (m, 4 H), 2.44 (m, 2 H),
2.59 (m, 2 H), 2.83 (m, 1 H), 3.01 (s, 2 H), 4.03 (s, 1 H); 13C NMR (CDCl3) 5 31.78 (d), 32.92 (d), 37.32 (1),
38.21 (d), 40.14 (d), 41.29 (1), 42.12 (d), 44.12 (d), 51.31 (d), 53.99 (d), 55.26 (d), 76.36 (d), 87.52 (s). Anal.
Caled. for C13H1602: C, 76.44; H, 7.90. Found: C, 76.30; H, 7.95.

The second chromatography fractions afforded a colorless microcrystalline solid (237 mg) which was
recrystallized from CHCl3 to give isomerically pure 11b as a colorless microcrystalline solid: mp 308-310 °C;
IR (KBr) 3288 (s), 3251 (s), 2955 (m), 2865 (m), 1443 (w), 1317 (m), 1159 (w), 1079 (m), 1053 cm™1 (m); 1H
NMR (CDCl3) 8 1.17 (t, J = 7.0 Hz, 1 H), 1.27 (AB, JAB =9.7 Hz, 1 H), 1.40 (AB, Jap = 10.2 Hz, 1 H),
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1.56 (m, 3 H), 1.76 (AB, Jag = 11.2 Hz, 1 H), 1.97 (m, 1 H), 2.36 (m, 5 H), 2.67 (m, 1 H), 2.81 (m, 1H), 4.50
(t,J = 5.5 Hz, 1 H); 13C NMR (CDCl3) 8 31.76 (d), 32.96 (d), 35.64 (d), 37.80 (d), 38.83 (1), 39.02 (d), 40.82
(1), 42.16 (d), 49.08 (d), 51.11 (d), 52.48 (d), 71.70 (d), 84.87 (s). Anal. Calcd. for C13H1602: C, 76.44; H,
7.90. Found: C, 76.24; H, 7.77.

NaBH4-CeCl3 Promoted Reduction of 10.7 To a mixture of 1032 (404 mg, 2.0 mmol) and
CeCl3-7H20 (3.7 g, 10 mmol) in MeOH (15 mL) was added NaBHy, (114 mg, 3.0 mmol) portionwise with
stirring. After the addition of the reducing agent had been completed, the reaction mixture was stirred at
ambient temperature for 3 h. The reaction was quenched by addition of water (15 mL), and the resulting
mixture was extracted with CH2Cl, (3 x 30 mL). The combined organic extracts were washed sequentially
with water (10 mL) and brine (10 mL). The organic layer then was dried (MgSQ4) and filtered, and the filtrate
was concentrated in vacuo. The residue (400 mg) was purified via column chromatography on silica gel by
eluting with 90% EtOAc-hexane. Two chromatography fractions were thereby obtained. Workup of the first
chromatography fraction afforded 11a (363 mg, 89%); similar workup of the second chromatography fraction
gave 11b (22 mg, 5%).

exo-2-Tosyloxypentacyclo[6.5.0.037.0412,06:11]tridecan-8-0l (12a). To a mixture of 11a (310 mg,
1.5 mmol) and pyridine (2 mL) in CH2Cl; (8 mL) was added TsCl (300 mg, 1.6 mmol), and the resulting
mixture was stirred at room temperature for 12 h. The reaction was quenched by addition of water (10 mL),
and the resulting mixture was stirred at room temperature for 2 h. The mixture then was extracted with
CHClz (3 x 25 mL). The combined organic extracts were washed sequentially with 10% aqueous HC1 (2 x 10
mL), 15% aqueous NaHCO3 (20 mL), water (10 mL), and brine (10 mL). The organic layer was dried
(MgS0Q4) and filtered, and the filtrate was concentrated in vacuo. Crude 12a (540 mg, 100%) was thereby
obtained. Repeated recrystallization of this material from EtOAc-hexane afforded pure 12a as a colorless
microcrystalline solid: mp 136-137 °C; IR (KBr) 3500 (s), 1595 cm-! (m); 1H NMR (CDCl3) § 1.10-1.20 (m,
2 H), 1.40-1.65 (m, 2 H), 2.10-2.75 (m, 11 H), 5.00 (t, J = 5.5 Hz, 1 H), 7.30 (AB, Jaop = 10.0 Hz, 2 H), 7.75
(AB, Jap = 10.0 Hz, 2 H); 13C NMR (CDCl3) §21.07 (q), 31.41 (d), 32.33 (d), 35.97 (d), 37.79 (d), 38.31 (1),
38.77 (d), 40.13 (1), 41.43 (d), 46.57 (d), 49.62 (d), 49.82 (d), 82.53 (d), 83.24 (s), 127.14 (d), 129.35 (d),
133.64 (s), 144.11 (s). Anal. Calcd for CogH2704S: C, 67.04; H, 6.15. Found: C, 67.04; H, 6.25.

endo-2-Tosyloxypentacyclo[6.5.0.037.0412 0611 |tridecan-8-o0l (12b). To a mixture of 11b (204 mg,
1.0 mmol) and pyridine (2 mL) in CHCI3 (5 mL) was added TsCl (210 mg, 1.1 mmol), and the resulting
mixture was refluxed for 8 h. The reaction was quenched by addition of 10% aqueous NaHCOj3 (5§ mL), and
the resulting mixture was stirred at room temperature for 2 h. The mixture then was extracted with CHCl3 (3 x
20 mL). The combined organic extracts were washed sequentially with 10% aqueous HCI (10 mL), water (10
mL), and brine (10 mL). The organic layer was dried (MgSO4) and filtered, and the filtrate was concentrated
in vacuo. Crude 11b (285 mg, 80%) was thereby obtained; repeated recrystallization of this material from
EtOAc-hexane afforded pure 11b as a colorless microcrystalline solid: mp 110-111 °C; IR (KBr) 3510 (m),
2945 (s), 1600 (w), 1349 (s), 1190 cm-1 (s); IH NMR (CDCl3) 5 1.10-1.40 (m, 2 H), 1.45-1.90 (m, 2 H), 2.00-
2.95 (m, 13 H), 4.80 (s, 1 H), 7.30 (AB, Jap = 10.0 Hz, 2 H), 7.75 (AB, Jag = 10.0 Hz, 2 H); 13C NMR
(CDCl3) §21.59 (q), 31.41 (t), 32.39 (d), 37.14 (d), 38.18 (d), 41.17 (d), 41.36 (t), 42.08 (d), 45.07 (d), 51.77
(d), 52.48 (d), 52.74 (d), 86.94 (s), 88.70 (d), 127.59 (d), 129.81 (d), 134.12 (s), 144.66 (8). Anal. Calcd for
Ca20H2204S: C, 67.04; H, 6.15. Found: C, 67.33; H, 6.19.

Pentacyclo[6.5.0.0412,05:10,0%:13]tridec-2-en-6-one (13). Method A. A predried round bottom flask
that had been fitted with an argon bubbler was cooled externally to 0 °C (ice-water bath). Into this flask was
added under argon NaH (48 mg, 2.0 mmol) and dry THF (3 mL). To this mixture was added via syringe a
solution of 12a (540 mg, 1.5 mmol) in dry THF (10 mL). The cold bath was removed, and the reaction was
stirred at room temperature for 16 h. The reaction was quenched by careful, dropwise addition of water (10
mL). The resulting mixture was extracted with EtOAc (4 x 25 mL). The combined organic layers were washed
sequentially with water (10 mL) and with brine (15 mL). The organic layer was dried (MgSO4) and filtered,
and the filtrate was concentrated in vacuo. Pure 13 (280 mg, 98%) was thereby obtained as a colorless
microcrystalline solid: mp 220-225 °C (dec.); IR (KBr) 1690 (s), 1650 cm-1 (m); 1H NMR (CDCl3) 5 1.40-
1.60 (m, 2 H), 1.70-2.10 (m, 2 H), 2.20-2.95 (m, 6 H), 3.00-3.30 (m, 2 H), 5.60-6.00 (m, 2 H); 13C NMR
(CDCl3) 5 31.60 (d), 32.09 (d), 34.10 (d), 34.88 (d), 38.05 (1), 38.51 (1), 38.82 (d), 39.23 (d), 40.31 (d), 56.38
(d), 127.6 (d), 131.5 (d), 213.6 (s). Anal. Calcd for C13H140: M+ 186.1045. Found (high-resoluton mass

spectrometry) Myt 186.1037.
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Method B. A predried round bottom flask that had been fitted with an argon bubbler was cooled
externally to 0 °C (ice-water bath). Into this flask was added under argon NaH (36 mg, 1.5 mmol) and dry
THF (3 mL). To this mixture was added via syringe a solution of 12b (358 mg, 1.0 mmol) in dry THF (3 mL).
The ice-water bath was removed, and the reaction was refluxed for 0.5 h. Workup of the reaction was
performed in the same manner as described above for the corresponding reaction of 12a with NaH. Pure 13
(132 mg, 71%) was thereby obtained.

endo-6-Hydroxypentacyclo[6.5.0.0412,0510,09,13]tridec-2-ene (14). A soluion of 13 (186 mg, 1.0
mmol) in EtOH (5 mL) was cooled extemally to 0 °C (ice-water bath). To this cooled solution was added with
stirring NaBHy, (19 mg, 0.50 mmol). The cold bath was removed, and the reaction was allowed to warm to
room temperature. The reaction mixture was stirred at ambient temperature for 12 h. The reaction was then
quenched by addition of solid NaHCQj3 (210 mg, 2.5 mmol). The resulting mixture was stirred for 1 h, at
which time water (1 mL) was added, and stirring was continued for an additional 0.5 h. The mixture was
extracted with EtOAc (3 x 25 mL), and the combined organic layers were washed sequentially with water (5
mL) and with brine (10 mL). The organic layer was dried (MgSOy4) and filtered, and the filtrate was
concentrated in vacuo. Pure 14 (175 mg, 93%) was thereby obtained as a colorless microcrystalline solid: mp
212-215 °C; IR (KBr) 3355 (br, s), 1635 cm-! (m); IH NMR (CDCl3) & 1.10-1.75 (m, 4 H), 1.80-2.20 (m, 3
H), 2.20-2.80 (m, 4 H), 2.80-3.25 (m, 2 H), 3.65-3.90 (m, 1 H), 5.70-6.05 (m, 1 H), 6.30-6.60 (m, 1 H); 13C
NMR (CDClj) § 32.01 (d), 32.41 (), 33.73 (d), 36.19 (d), 36.30 (d), 36.99 (d), 39.00 (1), 41.25 (d), 41.43 (d),
51.10 (d), 67.91 (d), 131.5 (d), 133.7 (d). Anal. Calcd for C13H}60: M+ 188.1201. Found (high-resolution
mass spectrometry) M+ 188.1203.

Pentacyclo[6.5.0.0412,05,10 09,13)trideca-2,6-diene (16). To a solution of 14 (104 mg, 0.55 mmol)
and pyridine (1 mL) in CHC13 (4 mL) under argon atmosphere was added methanesulfonyl anhydride (Ms>O,
174 mg, 1.0 mmol), and the resulting mixture was refluxed for 3 h. An additional quantity of Ms70 (174 mg,
1.0 mmol) was added, and the resulting mixture was refluxed for an additional 16 h. The reaction was allowed
to cool to room temperature and then was quenched via addition of 10% aqueous NaHCO3 (10mL). The
resulting mixture was stirred for 0.5 h. The layers were separated, and the aqueous layer was extracted with
CHCIl3 (2 x 5 mL). The combined organic extracts were washed sequentially with 10% aqueous HC1 2 x 5
mL), water (5 mL), and brine (5 mL). The organic layer was dried (NapSO4) and filtered, and the filtrate was
concentrated in vacuo. The residue was purified via column chromatography on silica gel by eluting with 10%
EtOAc-hexane. Pure 16 (28 mg, 30%) was thereby obtained as colorless waxy solid: mp 150-152 °C; IR (KBr)
3023 (m) 2929 (s) 2860 (m), 1633 (m), 1451 (w), 1376 (w), 1333 (w), 1238 (w), 806 cm-! (s); ITH NMR
(CDCl3) § 1.37 (AB, Jaop =9.4 Hz, 1 H), 1.48 (AB, Jog = 9.4 Hz, 1 H), 2.06 (m, 2 H), 2.59 (m, 2 H), 2.65 (m,
2 H), 3.18 (m, 2 H), 5.69 (m, 2 H), 6.13 (m, 2 H); 13C NMR (CDCl3) 5 35.67 (d), 36.82 (1), 37.56 (d), 39.90
(d), 42.72 (d), 127.97 (d), 131.78 (d). Anal. Calcd. for Cy3H14: C, 91.71; H, 8.28 Found: C, 91.60; H, 8.12.

Thermal Rearrangement of 16. A solution of diene 16 (51 mg, 0.3 mmoi) in DMSO-dg (0.4 mL) was
placed in an NMR tube, and the solution was degassed by using a repetitive freeze-evacuate-thaw cycle. After
three such cycles, the NMR tube was sealed, placed in a thermostatted oil bath, and heated to 150-155 °C for
14 h. The reaction could be monitored conveniently by !'H and 13C NMR spectral analysis simply by
removing the NMR tube from the oil bath at various time intervals during the course of the reaction and then
by obtaining NMR spectra at each interval.

. In order to characterize the final rearrangement product, the NMR tube was opened, and the reaction
mixture was poured into water (3 mL). The resulting aqueous suspension was extracted with hexane (15 x 1
mL) until the cloudy aqueous layer became clear. The combined organic layers were washed with water (4
mL), dried (MgSO4) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via
column chromatography on silica gel by eluting with hexane. The first chromatography fraction afforded pure
18 (14 mg, 32%) as a colorless oil; IH NMR (DMSO-dg) 5 1.28 (AB, Jop = 5.7 Hz, 1 H), 1.34 (AB, Jog = 5.7
Hz, 1 H), 1.55 (. J = 1.5Hz, 2 H), 1.76 (t, J = 6.2 Hz, 2 H), 1.87 (m, 2 H), 2.46 (1, J = 6.2 Hz, 2H), 6.09 (m,
2H), 6.37 (m, 2 H); 13C NMR (DMSO-dg) § 29.01 (d), 35.65 (1), 45.14 (d), 46.16 (d), 47.61 (d), 128.93 (d),
133.60 (d). These 13C NMR chemical shifts are in close agreement with previously published values for
18.10b Essentially quantitative rearrangement of 16 to 19 could be achieved by heating a degassed solution of
16 in DMSO-dg in a sealed NMR tube (as described above) at 145 °C for 40 h.
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Characterization of the Reaction Intermediate (18). As the reaction progressed, the transient
formation of intermediate 18 could be inferred by the appearance of new peaks in the IH NMR spectrum of
the reaction mixture at § 5.60-5.88 (m, 8 H) and by the appearance of the following peaks in the corresponding
13C NMR spectrum: 13C NMR (DMSO-dg) § 32.60 (1), 49.62 (d), 50.89 (d), 124.3 (d), 130.4 (d), 131.6 (d),
136.4 (d). :

Additional evidence for the intermediacy of 18 was obtained by the results of a trapping experiment.
Thus, to a solution of 16 (34 mg, 0.23 mmol) in DMSO-dg (0.5 mL) was added 10% Pd/C (40 mg), and the
resulting mixture was degassed by using repetitive freeze-pump-thaw cycles. The degassed reaction mixture
was heated at 140 °C for 14 h. Careful integration of the 1H NMR spectrum of the resulting mixture indicated
the presence of fluorene and 1910 (ratio 1:2). The reaction mixture was allowed to cool gradually to room
temperature, and water (20 mL) was added. The resulting aqueous suspension was extracted with Et20 (4 x 20
mL), and the combined organic layers were washed with water (10 mL), dried (MgSQ4) and filtered, and the
filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica gel by
eluting with benzene. The first chromatography fraction afforded pure 19 (17 mg, 50%) as a colorless micro-
crystalline solid: mp 40-41 °C (lit.1® mp 43 °C). The !H and 13C NMR spectra of the material thereby ob-
tained were identical with the corresponding spectra as reported previously for 19.10b

The second chromatography fraction afforded fluorene (11 mg, 31%) as a colorless microcrystalline
solid: mp 112 °C. The mp of an intimate mixture of this material with a sample of authentic fluorene was un-
depressed.

Surprisingly,!0 our attempts to trap 18 with added dienophiles were unsuccessful. Thus, to a solution
of 16 (24 mg, 0.16 mmol) in DMSO-dg (0.5 mL) was added maleic anhydride (19 mg, 0.2 mmol), and the
resulting solution was heated at 140 °C for 16 h. Similarly, to a solution of 16 (24 mg, 0.16 mmol) in DMSO-
dg (0.5 mL) was added 1-methyl-1,3,4-triazoline-2,5-dione (22 mg, 0.2 mmol), and the resulting solution was
heated at 140 °C for 16 h. In both cases, careful examination of the lH NMR spectrum of the crude product
thereby obtained revealed only the presence of 1910 and unreacted dienophile.

Kinetic studies of the thermolysis of 16. A solution of 16 (10 mg, 0.07 mmol) in DMSO-dg (0.5 mL)
was placed in a 5 mm NMR tube, and the NMR sample subsequently was degassed by using repetitive freeze-
pump-thaw cycles. The NMR tube was then thermostatted in a constant temperature bath whose temperature
was maintained by using refluxing solvents (i. e., refluxing xylene, which maintained a bath temperature of
410 K and refluxing DMF, which maintained a bath temperature of 422.5 K). During the course of the reac-
tion, the NMR tube was removed from the bath at fixed time intervals, and the 'H NMR spectrum of the
reaction mixture was obtained at each time. The concentrations of the starting material, intermediate, and
product (i. e., [16], [18], and [19], respectively) were estimated by careful integration of each NMR spectrum
thereby obtained. Plots of concentration vs time were obtained; a discussion of the kinetic analyses of these
plots is presented below (vide infra).

Analysis of the kinetic (!H NMR) data.l2 The integrated rate expressions, with concentrations
normalized to [16]g = 1, are as follows: ’

[16] = exp(-k1t)

[18] = k1/(ka-ky Yexp(-kit) - exp (-kat)]

[19] =1-[18] -[16]

A locally written computer program!2 was used to obtain a simultaneous least-squares fit of all of the

concentration data to the equations for [16], [18], and [19] (vide supra) with a single set of k] and k7 at each
temperature. This analysis afforded the following rate constants and activation parameters:

For thermal rearrangement of 16 t0 18: k1 =8.6 x 10-3s-1at 410K, 2.1 x 104 s1 at 422.5K.

For thermal rearrangement of 18 1019: k2 =5.8 x 109 s-1at 410K, 9.4 x 105 s-1 at 422.5 K.
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