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Abstract: Attachment of an ethane or ethylene unit to the rim of corannulene produced relatively rigid bowls of
dihydrocyclopenta- and cyclopentacorannulene, respectively. In contrast to the parent corannulenes, their inversion
barriers are too high to be determined by the NMR coalescence methods. Due to the significant curvature of
cyclopentacorannulene, deuterogenatiom-facial specific; both heterogeneous and homogeneous catalysis lead
exclusively toexodideuteriocyclopentacorannule@ae. Equilibration of the endo- and exo-isotopomers allowed

the determination oAG* at 27.61-27.67 kcal/mol over the temperature range 58%.3°C and the estimation of
AH*(27.34£ 0.7 kcal/mol) andASF (—1.14 0.2 eu) for the bowl-to-bowl inversion. The inversion barrier calculated

at the HF/6-31G*//3-21G level (25.9 kcal/mol) compares well with the experimental result.

The discovery of buckminsterfullerene ¢f¢ and related
carbon cagéshas led to a general interest in the properties and O
behavior of curved carbon systems. An examination of the O‘Q
buckminsterfullerene surface leads to the recognition of many OO
familiar carbon frameworks that, if removed fromg@nd the
dangling bonds occupied with hydrogen, would produce com- 1
mon hydrocarbons. The lower molecular weight hydrocarbons
constructed in this way are planar, however, and it is not until attachment of suitable substituents such as dimethylcarbinol,
Cxois reached that curvature remains as a feature of the structureisopropyl, and benzyl1(R), leads to the observation of two
Beyond Go, the bowl-shaped geometries are expected to be sets of diastereotopic proton signals at low temperatur&4 (
quite rigid, and we have referred to these fullerene-related, to —64 °C). Warming produces coalescence, and inversion
curved surface aromatic hydrocarbons as “buckybotls”. barriers in the range oAG* = 10—11 kcal/mol have been
The carbon framework of corannuléné (1) represents the  determined.
polar cap of buckminsterfullerene. Corannulene is a fascinating

molecule, initially prepared by Barth and Lawtdthat has now Z N
become more accessible due to some elegant synthetich®ork. ‘. R ’.
In spite of its substantial curvatufeorannulene is surprisingly Q.ﬁ - O R

flexible, undergoing rapid bowl-to-bowl inversion in solutfon
as evidenced by the dynamic NMR behavior of several
derivatives. Hence, due to the bowl-shaped geometry, the

1-R T’-R

5 R = C(CHj3),0H, AG?Y = 10.2 keal/mol at -64 °C (ref. 7)
Abstract published irAdvance ACS Abstractf)ecember 15, 1995. B t_ o

(1) (a) Kroto, H. W.; Heath, J. R.; O'Brien, S. C.; Curl, R. F.; Smalley, R = CH(CHs)2, AG* = 11.3 keal/mol at -31°C (ref. 8)
R. E.Nature1985 318 162. (b) Kraschmer, W.; Lamb, L. D.; Fostirop- R = CHsPh, AG* = 11.2 keal/mol at -39 °C (ref. 8)
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Chemical Society: Washington, DC, 1992. e)c. Chem. Re<4992 25 in corannulene raises the question as to how large a section
(a special issue on buckminsterfullerenes). (f) Taylor, R.; Walton, D. R. from the buckminsterfullerene surface is necessary to produce
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D.; Hamerloff, S.; Withers, J.; Loutfy, R.; Sundareshan,Rdllerene Gp. corannulene carbon framework.
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procedure as the Scott grofiggut with an additional five-
membered ring incorporated into the starting material (Scheme
1). This procedure was successful except that hydrogen was

Scheme 1
(0] O

O (COCI), O.O m

AlBr3 . Et:;N
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Figure 1. POAV1 pyramidalization angles for carbon atom8inased

on the ab initio calculated geometry (right) and crystal structure
geometry (left). CH carbon angles for the latter are omitted since
hydrogen atoms were placed in calculated positions in the crystal
structure analysi¥2

w
—

50% 10-15%, 7:3 Figure 2. Crystal packing in3 as viewed approximately along the
crystallographica-axis.

lost during the final pyrolysis step, producing unsaturaded
rather than2, and some corannulene was also produced as acCurvature as demonstrated by x-ray crystal structure de-
result of loss of the ethane bridge. The separatioB ftbm terminatiod®@and predicted by ab initio calculatio®¥. Figure
corannuleneX) proved to be quite difficult, and so in an attempt 1 shows the POAV pyramidalization angles for the carbon
to minimize the amount of formed, the external five-membered ~atoms in3 calculated from both the crystal structure and ab
ring was unsaturated in the hope that an ethene unit would beinitio HF/6-31G* geometries. These angles are consistently

more stable to the pyrolysis conditions (Scheme 2). In fact, larger than those fat—indicating the carbon atoms to be more
pyramidalized-since the POAV1 angles for corannulene are

Scheme 2 8.4, 3.7, and 15for the core, quat rim, and CH rim carbon
Cl ] cl Cl atoms, respectively. Also, the pyramidalization of the carbon
Q O atom in 3 in the region of maximum curvature is quite
‘ L. NBS ‘ 1000° comparable with the curvature of buckminsterfullerene 1%
B — The very good agreement of the POAV1 angle8 talculated
OO 2. KI, acetone OO from both the experimental and theoretical geometries supports
. Q the validity of the theoretical model used.
Crystal structure determination f8ralso revealed an interest-
7 8 ing long-range packing pattern in the solid st The bowl-
3+ 1 + ring open products shaped molecules are stacked in a coneaamvex fashion

(Figure 2) in which there are 24 intermolecular € distances
this afforded even poorer results since corannulene was still shorter than 3.8 A for every two molecules in the crystal. While
produced, and there was also an increase in ring open productsuch stacking is absent in the crystal of corannufeared only
as well as some polymerization of the unsaturated precursor ina few crystal structure determinations of curved surface
the pyrolysis apparatus before it reached the hot zone. Thus, (10) @) Sygua. A, Fol o E Svous R Abd A H

: : : a) Sygula, A.; Folsom, H. E.; Sygula, R.; ourazak, A. H,;
the_pathway descrlbgd in Scheme 1 remains the meth_od ofMarcinOW‘ 7 Fronczek, F, R.. Rabideau_ P. W.Chem. Soc.. Chem.
choice for the synthesis Gfat the moment. The hydrogenation  commun1994 2571. (b) Sygula, A.; Rabideau, P. W.Chem. Soc., Chem.

of 3to produce2 proceeded quantatively at 1 atm in the presence Commun 1994 1497.
of P-2 nickel (11) (a) Haddon, R. C.; Scott, L. Pure Appl. Chem1986 58, 137.
. ’ . " . . (b) Haddon, R. CAcc. Chem. Res1988 21, 243. (c) Haddon, R. CJ.
The incorporation of an additional five-membered ring onto am_ chem. Soct99q 112, 3385. (d) Haddon, R. CSciencel993 261,

the rim of corannulene produces a significant increase in 1543.
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Table 1. Rate Constant], Half-Life Times (1), and Free
Enthalpies of Activation AG*) Determined for the Equilibration
. 2a—2b
300 min
t(°C) 10k (s 7172 (MinN) AG* (kcal/mol)
99.3 453+ 6 12.8 27.6H 0.02
L . 94.0 267+ 5 216 27.65+ 0.02
195 min 78.9 50.4+ 0.8 114.6 27.65 0.02
52.1 1.91+ 0.02 3024.2 27.6% 0.02
j ]l 120 min expected to be shifted upfield relative to the convex hydrogens.
This assignment is also supported by NOE resdltsradiation
- D
A J 60 min i"i H Dz, 1 atm i/.'g’ i
O T e O
or [Rh(NBD)(PPhg),]*BF4°
JL 0 min 3 2a
of the aromatic hydrogens proximal to the benzylic hydrogens
s a0 25 2o (I_—|ar at 7.0 ppm) l_resu_lted in ca. twice the t_anhancement of the
PPM ' high-field aliphatic signal, and so the signal at 2.41 ppm
Figure 3. Equilibration of dideuteriocyclopentacorannulene isoto- €maining after deuterogenation can be assigned as concave or
pomersZa and2b at 78.9°C in l:)enzenej6 as monitored b)}H NMR endO since, as Calculated at the HF/S'ZlG Ievel Of theOI‘y, the
of the alicyclic region. Har—Hendodistance is 2.92 A, as compared to 3.31 A fog-H

Hexa Thus, heterogeneous deuterogenationfacial specific,
hydrocarbons have been done, it is not clear whether corcave occurring exclusively on the convex side &f Moreover, exo
convex stacking in3 is an exception rather than common =-facial specificity was also observed under homogeneous
behavior for such systems. This type of stacking, however, is conditions using the Willkinson type [Rh(norbornadiene)-
expected to maximize attractive van der Waals interactions. (PPR)2]*BF4~ catalyst* Again, only endo benzylic hydrogens

Because of its symmetry, bowl-to-bowl inversiondrtould at 2.41 ppm could be detected for deuterogenatioB wiith
not be observed by NMR without appropriate substitution. In this catalyst.
contrast,2 has two sets of aliphatic hydrogens that would ~ Clearly the significant curvature o8, coupled with the
exchange with bowl-to-bowl inversion. However, the two sets absence of rapid bowl-to-bowl inVerSion, facilitates exofacial
of signals representing the distinguishable exo (convex) and deuterogenation. Apparently convex-face complexatior of
endo (concave) hydrogens thwere observed up to 1358 with the metal surface in the heterogeneous catalysis is strongly
without change, and a lower limit for bowl-to-bowl inversion ~Preferred over the concave arrangement, probably due to better
was estimated at ca. 26 kcal/mol at 12C by the spin overlap of thes-orbitals of the external five-membered ring

polarization transfer methdd. Thus the inversion i is too with the orbitals of the metal in the complex. Similarly, convex
slow for determination of the barrier by NMR coalescence complexation of the homogeneous catalyst with the external
methods. five-membered ring i is favored over concave. This was an
While a suitably placed substituent would rendechiral, interesting case sincg it allowed for the possibility pf the catalyst
and the bowl-to-bowl barriera racemization processould to be complexed within the bowl. Evidently, there is not enough

be determined by the thermal decay of optical activity for one SPace inside the bowl to accommodate this bulky rhodium
of the resolved enantiomers, the relatively small amoun® of ~complex. . )
available made this process rather unattractive. Hence we hoped While exadideuteriocyclopentacorannulerze] showed no
that the considerable curvature 8fmight lead tos-facial change on standing at room temperature for several days, heating
stereoselectivity in hydrogenation since, if so, deuterogenation the sample caused the signal at 2.41 ppm to diminish with
of 3 would provide an uneven distribution of endo and exo concurrent growth of a signal at 3.26 ppm (Figure 3), indicating
deuterogenated products. In principle, this would allow deter- that bowl-to-bowl inversion does indeed take place in this
mination of the inversion barrier by following the equilibration ~ System. We determined rate constants for the equilibration in
of the two isotopomers bjH NMR.

Heterogeneous deuterogenatior8afith P-2 Ni as a catalyst
led to the formation of a single dideuterio product as shown by
the presence of a broadened singlet at 2.41 ppm (in benzene-
ds) from two benzylic protons together with a little of the
partially hydrogenated product (Figure 3, bottom trdéeNo
signal was detected in the vicinity of 3.3 ppm that would indicate
the presence of a second isomer. We assigned the signal athe temperature range from 52.1 to 99G3 and the results are
2.41 ppm to endo (concave) protons since they have greaterpresented in Table 1.
proximity to the center of the nearby benzene rings and are The introduction of a single, additional five-membered ring
to the rim of corannulene increases the barrier for inversion

(12) The partially hydrogenated byproduct (ca. 5%HYNMR) is most

probably formed by the addition of HD, a contaminant in theg@s used. (13) An NOE experiment was conducted on the equilibriated mixture
1H NMR showed low-intensity multiplets centered at 2.97 and 3.78 ppm of exo and endo dideuterio isomers.
(in CDCl3), and a DEPT-135 experiment?C NMR) showed two minor (14) Deuterogenation was achieved according to the procedure developed

CH_ carbon atoms at ca. 31.8 ppm in addition to the strong CHD triplet at by Osborn'® The cationic rhodium catalyst was kindly provided by Barry
31.43 ppm. Misquitta and Professor George Stanley, Louisiana State University.
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more than 2-fold! It is also evident from Table 1 thAG*
shows little temperature dependency sifc&G* throughout

Sygula et al.

mixture was stirred overnight, and filtered and the dark-silver solid
washed with methanol. After drying, 3.56 g (40% yield) of cride

the entire temperature range is 0.06 kcanoL on'y 3 times h|gherWaS obtained which was Subsequently used without further purlflcatlon

than the standard deviation. Apparenf is small; values
of ASF = —1.14 0.2 ed® andAH* = 27.3+ 0.7 kcal/mol are
estimated from the data of Table 1.

At the ab initio level of theory, bowl-shapé&ds a minimum-
energy conformation with all positive vibrational frequencies
andEyr = —840.074 07 au (HF/6-31G*//3-21G). The planar
conformer represents the transition state (TS) for the bowl
inversion process since it exhibits one imaginary frequency
(140), and the eigenvector associated with this frequency
distorts the planar structure toward the bowl-shaped minimum-
energy conformation. At the HF/6-31G*//3-21G level, the
energy of the planar TS is 25.9 kcal/mol higher than the energy

of the bowl-shaped conformer. Thus, the computational results

compare favorably with the experimental determination of the
inversion barrier in2. Furthermore, a previously reported
calculation for3 at the same level of theory yielded a value of
28.8 kcal/molt° suggesting that the barrier to bowl-to-bowl
inversion for3 is even higher thai.

In conclusion, introduction of the additional five-membered
ring to the corannulene carbon framework increased significantly
both the curvature and rigidity of the system. Deuterogenation
of 3 was found to ber-facial specific due to the high degree of

Crystallization from DMF gave a dark solid with mp 23840°C dec.
H NMR (CDCls, 200.13 MHz): 6 8.6 (d,J = 7.4 Hz, 2H), 7.49 (d,
J= 7.4 Hz, 2H), 3.58 (s, 4H), 2.64 (s, 6H). HRMS: calcd 314.0942,
found 314.0933.

Preparation of 1,1-(1,2-dihydrocyclopentafd]fluoranthene-5,8-
diyl)bisethanone (6) A solution of 8.6 g (28.34 mmol) of crude
and 5.2 mL (48.18 mmol) of bicyclo[2.2.1]hepta-2,5-diene in 150 mL
of butanol was refluxed overnight. After cooling, the brown solid was
separated and chromatographed on silica gel with hexane/ethyl acetate
(10:1 then 5:1) or DCM to provide 5.6 g (64%) of yellowish solid.
Recrystallization from ethanetoluene (ca. 4:1) gave yellow needles,
mp 249-251°C dec. *H NMR (CDCls, 250.13 MHz): 6 8.49 (d,J =
7.5Hz, 2H), 7.7 (s, 2H), 7.48 (d,= 7.5 Hz, 2H), 3.53 (s, 4H), 2.8 (s,
6H). 3C NMR (CDCk, 62.89 MHz): 4 29.69, 32.27, 120.91, 126.03,
128.53, 129.43, 132.04, 136.31, 137.44, 138.86, 148.17, 201.45. MS:
m/z 312 (100, M), 297 (100), 269 (24), 254 (19), 226 (42). Anal.
Calcd for GoH160.: C, 84.59; H, 5.16; O, 10.25. Found: C, 84.31;
H, 5.16. HRMS: calcd 312.1150, found 312.1152.

Preparation of 5,8-Bis(1-chloroethenyl)-1,2-dihydrocyclopenta-
[cdlfluoranthene (7). A mixture of 1.08 g (3.46 mmol) of and 2.52
g (12.11 mmol) of PGlwas refluxed fo 3 h in 40 mL ofbenzene.
After cooling, the mixture was poured onto ice, the organic layer was
washed with water and sodium carbonate solution and dried over
magnesium sulfate and the solvent was evaporated. After purification

curvature present in the hydrocarbon surface; both heterogeneou8Y column chromatography on silica gel with cyclohexane as eluant,

and homogeneous catalysis provided the exo-dideuterate
product2a. Equilibration of benzene solutions @& allowed

the determination ofAG* for the bowl-to-bowl inversion
(27.61-27.67 kcal/mol over the temperature range 529.3

°C) and an estimation cAH* (27.3 4 0.7 kcal/mol) andASF
(-1.1+ 0.2 eu).

Experimental Section

Chemicals were purchased from Aldrich Chemicals. Acenaphthene
was recrystallized from ethanol, ahdbromosuccinimide from water.
2,4,6-Heptanetriorié and 1,2-diketopyracene)t® were prepared by
literature methods. Melting points are reported uncorrected. HRMS

were performed at the LSU Mass Spec Facility. Elemental analyses
were performed by Oneida Research Services, Inc., Whitesboro, N.Y.

Ab initio calculations were performed using the Gaussan92/DFT
packagé?® Geometry optimization and vibrational frequency calcula-
tions were done at the HF/3-21G lev@. Single-point calculations
were performed with 3-21G geometries and the 6-31G* basi§°set
(HF/6-31G*//3-21G level).

Preparation of 5,7-Diacetyl-1,2-dihydro-64-dicyclopent[a,fg
Jacenaphthylen-6-one (5) A solution of 5.8 mL (41.7 mmol) of
triethylamine in 20 mL of methanol was added dropwise to a stirred
solution of 5.9 g (28.36 mmol) of 1,2-diketopyracer® &nd 6.8 g
(47.53 mmol) 2,4,6-heptanetrione in 50 mL of methanol. The reaction

(15) Schrock, R. R.; Osborn, J. &. Am. Chem. Sod 976 98, 2134.

(16) AS* for the inversion of dihydrocyclopentacorannulétis expected
to be ca.—2.5 eu for symmetry reasons. The bowl-shajed of C
symmetry with symmetry number 1, while the planar TS i€gfsymmetry
(symmetry number 2). Thus, there is an addition& In 2 (or —1.38 eu)
symmetry contribution te\S. In the case oRaand2b, both the minimum-
energy conformers and the planar TS have the sagsymmetry.

(17) Feist, F.; Belart, HChem. Ber1895 28, 1823.

(18) Trost, B. A.J. Am. Chem. Sod 969 91, 918.

(19) (a) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M. W.;
Johnson, B. G.; Wong, M. W.; Foresman, J. B.; Robb, M. A.; Head-Gordon,
M.; Reploge, E. S.; Gomperts, R.; Andres, J. L.; Raghavachari, K.; Binkley,
J. S.; Gonzalez, C.; Martin, R. L.; Fox, D. J.; Defrees, D. J.; Baker, J.;
Stewart, J. J. P.; Pople, J. &AUSSIAN92/DFT, Résion F.4; Gaussian,
Inc.: Pittsburgh, PA, 1993. (b) 3-21G basis set: Binkley, J. S.; Pople, J.
A.; Hehre, W. JJ. Am. Chem. So&98Q 102, 939. Gordon, M. J.; Binkley,

J. S.; Pople, J. A.; Pietro, W. J.; Hehre, WJJAm. Chem. Sod982 104,
2797. (c) 6-31G* basis set: Hariharan, P. C.; Pople, JCAem. Phys.
Lett 1972 66, 217. Francl, M. M.; Pietro, W. J.; Hehre, W. J.; Binkley, J.
S.; Gordon, M. S.; DeFries, D. J.; Pople, J. A.Chem. Phys1982 77,
3654.

d0.6 g of yellow solid was obtained (50% yield). Recrystallization from

methanol provided yellow needles. Mp 1246 °C. 'H NMR
(CDCls, 250.13 MHz): 6 8.3 (d, 2H,J = 7 Hz), 7.46 (d, 2HJ =7
Hz), 7.37 (s, 2H), 5.92 (d, 2Hl = 1.2 Hz), 5.8 (d, 2H,J = 1.2 Hz),
3.51 (s, 4H).13C NMR (CDCk, 62.89 MHz): 6 32.27, 117.02, 120.88,
126.18, 127.07, 130.14, 131.32, 135.34, 136.39, 137.31, 138.30, 147.01.
MS: m/z350 (44), 348 (69, M), 313 (42), 276 (100), 263 (15), 250
(57), 138 (69). Anal. Calcd for £H14Cl: C, 75.66; H, 4.04; Cl,
20.30. Found: C, 75.21; H, 4.06; Cl, 20.11. HRMS: calcd 348.0473,
found 348.0458.

Pyrolysis of 7. A 985 mg sample of was pyrolyzed in batches of
80 mg each at 1000C under a slow bleed of nitrogen at 1.5 mmHg.
After each run (3 h), the pyrolysis product was washed out of the trap
and the elbow with DCM and combined. The solvent was evaporated
and the crude material flash chromatographed on silica gel with hexane
as eluant to give a mixture &and1 (7:3, by GC/MS). Yields varied
from 10 to 15%. The mixture was chromatographed again (silica gel,
cyclohexane) and then recrystallized three times from ethanol and once
from ether to provide pur8 as orange plateletstH NMR (CDCls,
200.13 MHz): ¢ 6.49 (s, 2H), 7.31 (s, 2H), 7.38 (s, 2H), 7.44 (d, 2H,
J =9 Hz), 7.50 (d, 2HJ = 9 Hz). 3C NMR (CDCk, 100.61 MHz):
0 124.17, 126.46, 127.26, 128.28, 128.42, 129.73, 137.51, 137.89,
138.16. MS: m/z (relative intensity) 274 (100, ¥), 272 (18), 137
(20), 136 (18). Final structure proof was accomplished by X-ray
crystallography%2

Preparation of 8,9-dihydrodibenzolghi,mnojcyclopentajcd]-
fluoranthene (2). This procedure follows the methodology of Brown
and Ahuja?° Nickel acetate tetrahydrate (0.07 g, 0.29 mmol) was
dissolved in 3 mL of 95% ethanol and placed in a 50 mL three-neck,
round-bottomed flask equipped with a magnetic stirrer. The system
was purged and filled with hydrogen three times. Then 0.3 mL of a
solution prepared by mixing 0.25 g of sodium borohydride, 6 mL of
95% ethanol, and 0.31 mLf @ N aqueous sodium hydroxide was added,
followed by the addition of 3 mg o8 dissolved in 1 mL of DCM.
After 15 min, the solution was filtered through a Celite pad and
evaporated. The yield was quantitative by GC, and the residue was
chromatographed on silica gel with hexane as eluant to afford a yellow
solid. *H NMR (CDCl;, 200.13 MHz): ¢ 2.98, 3.39 (4H), 7.34 (s,
2H), 7.70 (s, 4H), 7.72 (s, 2H)**C NMR (CDCk, 100.61 MHz): 6
31.83,121.74, 126.32, 126.96, 127.68, 130.31, 137.19, 137.53, 138.71,
139.41, 145.04, 147.51. MSn/z276 (100, M), 275 (21), 274 (34),
138 (27), 137 (32), 136 (18). HRMS: calcd 276.0939, found 276.0937.

(20) Brown, C. A.; Ahuja, Y. K.J. Org. Chem1973 38, 2276.
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Preparation of 5,8-Bis(1-chloroethenyl)cyclopentaid|fluoranthene with deuterium gas three times. The orange color of the solution faded
(8). A mixture of 428 mg (1.23 mmol) of and 490 mg (2.75 mmol) in a few seconds. The solution was stirred vigorously at room
of NBS in 20 mL of benzene was refluxed for 6 h. The solvent was temperature and at constant pressure (1 atm) for 10 min. Next, 20 mg
evaporated, the residue was taken in DCM and washed with water, (0.073 mmol) of3 in 2 mL of THF was injected into the solution, and
and the organic layer was dried and evaporated. Chromatography onthe reaction mixture was stirred for 1 h. The solvent was removed
silica gel with DCM/hexane (10:1) gave 300 mg (57%) of the dibromide and the black residue chromatographed on silica gel with hexane to
of 7. *H NMR (CDCl;, 250.13 MHz): 6 8.34 (d, 2H,J = 7.5 Hz), give 15 mg of the dideuterated product which showetHaNMR
7.66 (d, 2H,J = 7.5 Hz), 7.36 (s, 2H), 6.03 (bs, 2H), 5.89 (bs, 2H), spectrum identical to that &a obtained by the heterogeneous catalysis
5.75 (bs, 2H).13C NMR (CDCk, 62.89 MHz): 6 55.90, 117.77, 124.16, experiment.

127.21, 128.57, 132.21, 133.86, 136.32, 137.75, 141.03. _ Kinetics of the Equilibration of the Isotopomers 2a and 2b The

The above dibromide (224 mg, 0.53 mmol) was refluxed overnight \MR tubes were charged with ca. 4 mg portions2afdissolved in
with 1.1 g (7 mmol) of potassium iodide in 30 mL of acetone. After hen engd then degassed, and sealed under vacuum. The samples
cooling, the mixture was filtered and the solid residue washed with ;.o kept in a thermostat for the appropriate period of time at the
acetone. The filtrate was evaporated and the red solid was chromato-yaqireq temperature=0.1 °C), then removed, and quickly cooled in
graphed on silica gel with hexane affording 89 mg (49%) of areddish ;.o \ater. The progress of equilibration was monitoredHyNMR

solid that deconlposes over 220. *H NME (CDCL, 250.13 MHz): at ambient temperature with a relaxation delay of 20 s. The benzylic
05.65 (d, 2H.J = 1.33 Hz), 5.76 (d, 2H) = 1.33 Hz), 6.52 (s, 2H), region of each spectrum was carefully phase- and baseline-corrected

gzlé édMZHH’] g 27 ézngi)l‘; 2591 (1(123202:17255822)1215)30()&252(2?%% 6.37 before integration. The rate constants (k’s) for the reversible equilibra-
: 2): e ol N - o o =" tion were determined by regression analysis using the equaitior 2

%%551 1‘1'217'3360'\/'52?6231%8 (igg 31486 (143’7'\7')1’0%111(;2)’32276 (36R)MS' In[a/(a — 2x)] wherea is the initial concentration oRa andx is the
(51), (60), (16), (18), (100), (32). * concentration oRb at timet. Correlation coefficients of the linear

calcd 346.0316, found 346.0305. regressions were 0.998 or higher. The standard deviations (SD’s) of

Heterogeneous Deuterogenation of Dibenzghi,mnaolcyclopenta- . Lo }
; - - the slopes of the resulting regression lines were used as the estimates

[cdifluoranthene (3). This was achieved by the methOd dgscrlbed for the SD’s of the rate constantsAG¥s were calculated from the
above except that the hydrogen gas was replaced with deuterium (99.6%

purity) and sodium borohydride was replaced with sodium borodeu- (Eyrlng equation, and SD’s were estimated by the error propagation
terate: yield quantitative.!H NMR (250 MHz, CDC}): 9 2.95 (s, method.

2H), 7.34 (s, 2H), 7.70 (s, 4H), 7.72 (s, 2HH NMR (400.13 MHz, , o
CsDe): 0 2.41 (s, 2 H), 7.00 (s, 2 H), 7.48 (s, 4H), 7.51 (s, 2H}C Acknowledgment. This work was supported by the Division
NMR (100.61 MHz, CDCJ) 6 31.43, 121.80, 126.32, 126.94, 127.68, of Chemical Sciences, Office of Basic Energy Sciences, of the
130.28, 137.18, 137.53, 138.69, 139.39, 145.05, 147.51. MS: m/z 278U.S. Department of Energy, and by SNCC (Louisiana State
(100), 277 (67), 276 (37), 275 (24), 139 (45), 138 (54), 137 (53), 136 University) for allocation of computer time. We also thank

(18), 125 (20). Renata Sygula and Haskell E. Folsom for help with the synthesis
Homogeneous deuterogenation of Dibenzghi,mnojcyclopenta- of 3.

[cdlfluoranthene (3). [Rh(NBD)(PPh),]"BF,~ (60 mg, 0.074 mmol)
in 10 mL of dry THF in a 25 mL round-bottomed flask was flushed JA9521987



