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Tricyclo[3.3.0.03,7]octane-2,4-dione (2,4-stelladione, 3), tri- toelectron spectra of 3, 5, and 4-methylenetricyclo-
[3.3.0.03,7]octan-2-one (9) were recorded and interpreted oncyclo[3.3.0.03,7]octane-2,6-dione (2,6-stelladione, 4), and 2-

oxotricyclo[3.3.0.03,7]octane-6-thione (5) were synthesized. the basis of quantum-mechanical calculations (HF-SCF, 6-
31G* basis). The large energy difference between the firstKey steps in the procedures were a Paterno-Büchi reaction

followed by an oxetane splitting with a strong base. Structure PE bands of 3 (0.8 eV) is due to a strong interaction between
the lone pairs on the oxygen atoms and the σ frame.analysis on single crystals of 4 and 5 revealed long central

C2C bonds (1.59 Å) of the stellane skeleton. The He(I) pho-

We have synthesized and investigated a number of hydro- Nakazaki et al.[7]. The starting point in this protocol was
endo-2-acetylbicyclo[2.2.1]hept-5-ene (6) [7] which was trans-carbons containing the tricyclo[3.3.0.03,7]octane (stellane)

skeleton[1] in the past years. These investigations were formed to 2-methyl-3-oxatetracyclo[4.2.1.02,5.04,8]nonane
(7) by an intramolecular Paterno-Büchi reaction (Schemeundertaken for several reasons: Calculations suggested a

strong interaction between two exo double bonds in 2,6- 1). Treatment of 7 with a strong base allowed the abstrac-
tion of a proton from the CH3 group and opened the oxet-and 2,4-stelladienes (1, 2) which could be verified by means

of PE spectroscopy[2]. A second point of interest was that ane ring. The resulting 4-methylenetricyclo[3.3.0.03,7]octan-
2-ol (8) was readily oxidized to 9. Further oxidation withtwo stellanes could be coupled together to build a rigid mo-

lecular scaffold to study long range interactions[3]. Further- ozone yielded tricyclo[3.3.0.03,7]octane-2,4-dione (3).
more 1, 2, and its congeners proved to be interesting models Scheme 1
for studying a stepwise Cope rearrangement[4]. Key com-
pounds in the syntheses of the model systems were the cor-
responding diketones tricyclo[3.3.0.03,7]octane-2,4-dione
(2,4-stelladione, 3) and tricyclo[3.3.0.03,7]octane-2,6-dione
(2,6-stelladione, 4). In this paper we report on the syntheses
of 3, 4, and the thioketone 5.

The synthesis of 4 proceeded similarly. The starting point
was 2-formyl-7-isopropylidenebicyclo[2.2.1]hept-5-ene (12)
which was obtained by Diels2Alder reaction between 6,6-
dimethylfulvene (10) [8] and acrolein (11) (Scheme 2). Ir-
radiation of 12 led to 8-isopropylidene-4-oxatetracy-Results
clo[4.2.1.02,5.03,7]nonane (13) which was oxidized with

Synthesis ozone to yield 4-oxatetracyclo[4.2.1.02,5.03,7]nonan-9-one
(14).The syntheses of 3 and 4 were based on work reported

by Sauers et al. [5], Nakazaki and Naemura et al. [6] [7]. The The alcohol 4-oxatetracyclo[4.2.1.02,503,7]nonan-9-ol (15)
was obtained by reduction of 14 with LiEt3BH in THF. Thesynthesis of 3 was accomplished from 4-methylenetricy-

clo[3.3.0.03,7]octan-2-one (9) which had been synthesized by oxetane ring in 15 was cleaved with Li in EDA[9], resulting
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Scheme 2 pounds as well as the previously reported 4 [3a] are collected

in Table 1. All three compounds show two to three bands
between 8 and 11 eV, well separated from strongly overlap-
ping bands at higher energy.

We assigned the first few bands of the PE spectra of 3,
5, and 9 by comparing them with related species and by
considering quantum chemical calculations. In the latter
case we made use of Koopmans9 theorem[13] which allows
the direct comparison of measured vertical ionization ener-
gies, Iv,j , with the negative value of calculated orbital ener-
gies, εj .

Figure 1. He(I) PE spectra of 3 (top), 9 (center), and 5 (bottom)

a: Roomtemp. 2 b: hν. 2 c: O3. 2 d: LiEt3BH. 2 e: Li/EDA. 2
f: (COCl)2/DMSO/NEt3. 2 g: P2S5.

in a mixture of the diastereomeric alcohols tricy-
clo[3.3.0.03,7]octane-2,4-diol (16) (26%) and tricy-
clo[3.3.0.03,7]octane-2,6-diol (17) (37%). The two isomers
could be separated by column chromatography. Oxidation
of 17 with the Swern reagent[10] yielded 4. This route is
a new and efficient synthesis of 4 [11]. Compound 16 was
converted similarly to 3. The thioketone 5 was obtained in
34% yield by treatment of 4 with P2S5 in pyridine[12].

The main difference between our and Nakazaki et
al.9s [11] approach to the synthesis of 4 is that we reduced
the ketone 14 to 15. In the latter compound the cleavage of
the oxetane was possible while in 14 all such efforts were in
vain[11]. This difference in reactivity of 14 and 15 finally
allowed us to produce 3 and 4 in larger amounts. Previous
routes[11] were not so efficient.

Photoelectron Spectra

Figure 1 contains the He(I) photoelectron spectra of 3, For a qualitative treatment we compared the first PE
bands of 3 with those of 4. This led us to assign the first5, and 9, and the first ionization energies of all three com-
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Table 1. Comparison between vertical ionization energies Iv,j of 3, Our qualitative assignment of the first PE bands of 3, 5,
5, 9, and 4 with the calculated (2εj, ∆SCF, ∆MP2) energies; all and 9 agree with the results of quantum-chemical calcu-

values are given in eV
lations. For our calculations we optimized the geometries
of 3 (Cs), 5 (C2), 9 (C1), and 4 (D2) at the Hartree2Fockband Iv,j assignment 2εj

[a] ∆SCF[a] ∆MP2[b] state
level of theory using the 6-31G* basis set[15]. Since Koop-
mans9 defects may lead to an alternation of the orbital se-3 1 9.04 15a99 n2 10.32 8.87 9.01 1 2A99

2 9.88 21a9 n1 11.29 9.91 9.66 1 2A9 quence, we have also carried out ∆SCF and ∆MP2 calcu-
3 11.4 14a99 σ 13.19 lations. The results are collected in Table 1. For 3 we no-5 1 8.49 18b nS 9.04 7.43 8.25 1 2B
2 9.45 16b nO 10.85 8.29 9.31 2 2B ticed a considerable interaction between the 2p lone pairs
3 10.50 17b πC5S 10.65 9.22 10.37 3 2B at the oxygen atom and high-lying σ orbitals of the stellane
4 11.40 22a σ 13.03 11.66 11.20 1 2A

skeleton. A schematic drawing of the highest two molecular9 1 8.65 36a π 9.41 8.03 9.06 1 2A
2 9.77 35a nO 10.79 9.50 10.04 2 2A orbitals is given in Figure 2. The wave functions of the en-
3 10.90 34a σ 12.08 one 9 indicate considerable mixing between the oxygen lone4 1 8.84 8b1 nO 10.11 9.08 8.19 1 2B1

pair and the olefinic π system, much stronger than that2 9.90 8b2 nO 11.43 10.28 9.45 1 2B2
3 11.6 11a σ 12.98 11.74 11.31 1 2A found in its p isomer 18 [3a].

The recorded energy differences ∆Iv,j between the func-
[a] RHF/6-31G*//RHF/6-31G*. 2 [b] MP2/6-31G*//RHF/6-31G*. tional groups in the aforementioned compounds can easily

be understood in terms of the through-space/through-bond
concept. The stellane system consists of two superimposedband in the PE spectrum of 3 at 9.04 eV to ionization from
twist cyclohexane rings. The inherent strain gives rise ton2, and the second band (9.88 eV) to the n1 linear combi-
energetically high-lying σ orbitals. These are responsible fornation of the 2p lone pairs of the oxygen atoms. Both ioni-
the strong through-bond interactions encountered in thesezation energies are close to those found for 4 (8.84 eV and
molecules.9.90 eV[3a]). The splitting between the first two bands in the

There are two different coupling pathways, depending onPE spectrum of 3 (0.84 eV) is noteworthy. We ascribe it to
the orientation of the functional groups9 p orbitals with re-a strong interaction between the 2p lone pairs and the σ
spect to the stellane frame. Lone pairs like the nO or nSframe as shown in Figure 2. For the assignment of the PE
orbitals interact mainly via the twist cyclohexane ring theyspectrum of 9 we compared it with that of 6-methylenetricy-
are directly connected to whereas π-type orbitals that areclo[3.3.0.03,7]octan-2-one (18). In the latter the first two
rotated by 90° relative to the np orbitals interact via thebands at 8.85 eV and 9.40 eV were assigned to ionizations
other twist cyclohexane ring. A through-bond interactionfrom the 2p lone pair at the oxygen atom and the π MO
can only be effective if two functional groups interact viacentered at the C2C double bond, respectively[3a].
the same ring. Both coupling mechanisms are schematicallyIn the case of the PE spectrum of 5 it seemed appropriate
shown in Figure 3.to compare the ionization of the thiocarbonyl fragment

with the first ionic states of the thioacetone. For this mol- Figure 3. Cyclohexane fragments which interact with the 2p lone
pair at the oxygen atom np (left) and the π orbital of a exometh-ecule two bands (ns 5 8.6 eV, π 5 10.46 eV) were re-

ylene group π (right)
ported[14]. These values are close to the first and third band
of the PE spectrum of 5. This left only the 2p lone pair at
oxygen atom for the assignment of the second band at 9.45
eV. The high ionization energy of the second band com-
pared to that of the first band of stellanone (8.76 eV[3a])
indicates that the thiocarbonyl fragment exerts a strong in-

This simple concept allows us a qualitative explanationductive effect.
of the energetical splitting between the highest occupied or-
bitals in the molecules shown in Figure 4. Because the inter-

Figure 2. Schematic drawing of the wave functions of HOMO and action is more effective if it occurs via the same twisted
HOMO 2 1 of 3 (bottom) and 9 (top) ring, one would expect a higher ∆Iv,j in 1, 4, and 9 than in

their isomers 2, 3, and 18. Indeed, in the first set the energy
difference amounts to as much as 1.12 eV, while in the
second set the splitting is diminished by at least 0.1 eV com-
pared to their counterparts. This is due to the fact that in
the latter molecules the interaction can only be mediated by
the two central bonds that both rings have in common.

Comparing 5 to 4 one finds that the coupling between
the sulfur and the oxygen lone pair is less effective than that
between two oxygen lone pairs. This is explained by the
larger C5S bond length (1.614 Å) compared to the C5O
distance (1.201 Å). Therefore the ns orbital is less influenced
by the stellane frame. One can conclude that the through-
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Table 2. Selected bond lengths [Å] and bond angles [°] of 4 and 5;bond coupling in the dithia analogue of 4 is probably even
for the definition of the letters a2f see Figure 5; in 5 the values forsmaller.

a,a’2e,e’ are averaged
Through-space interactions do not play a significant role

in the seven molecules, except for 2, where the two π bonds 4 5
are close enough and have the correct orientation to inter-
act with each other. As a result the ∆∆Iv,j (122) is only a 1.586(1) 1.588(2)

b 1.558(1) 1.559(2)0.11 eV compared to 0.22 eV (423) or 0.57 eV (9218).
c 1.523(1) 1.521(2)
d 1.560(2) 1.556(2)Figure 4. Comparison between the splitting of the first two PE
e 1.519(1) 1.512(2)bands of 125, 9, and 18
f 1.201(2) 1.204(2)
f9 1.201(2) 1.614(2)
cc9 97.8(1) 97.5(1)
ee9 97.7(1) 97.4(1)
bd 94.4(1) 94.2(1)

Support of this work by the BASF Aktiengesellschaft, the Volks-
wagenstiftung, and the Fonds der Chemischen Industrie is gratefully
acknowledged. H. L. thanks the Studienstiftung des Deutschen
Volkes for a stipend. We are greateful to A. Flatow for recording
the PE spectra.

Experimental Section
General Procedures: Reactions were carried out in oven-dried

(120°C) glassware under argon and with magnetic stirring. Solvents
X-ray Investigations were dried and distilled under argon before use. 2 The 1H- and

13C-NMR spectra were recorded with Bruker AS 200 and BrukerThe molecular structure of 2,6-stelladione (4) is shown in
WH 300 instruments, respectively. 2 Low-resolution mass spectraFigure 5. In Table 2 selected bond lengths and angles of 4
were recorded with a Hewlett-Packard HP 59970 CD GC/MS-are compared with those of 5. In accordance with former
MSD. High-resolution (HR) mass spectra were obtained with a

studies[16] we found long central bonds a and a9 in both
ZAB high-resolution mass spectrometer (Vacuum Generators). 2

molecules 4 [1.586(1) Å] and 5 [1.588(2) Å]. The peripheral Microanalyses were carried out at the analytical laboratory of the
bonds (b and d) are also longer[17] in 4 [1.558(1) and “Chemische Institute der Universität Heidelberg”.
1.560(2) Å] and in 5 [1.559(2) and 1.556(2) Å]. The bonds

Tricyclo[3.3.0.03,7]octane-2,4-dione (3): Through a solution of
(c and e) between the C(sp2) centers and the neighboring

1.5 g (11.2 mmol) of 4-methylenetricyclo[3.3.0.03,7]octan-2-one
sp3 centers were found to be 1.523(1) and 1.519(1) Å in 4 (9) [7] in 400 ml of dry CH2Cl2 was passed a stream of oxygen con-
and 1.521(2) and 1.512(2) Å in 5. The elongation of the taining about 3% of ozone at 260°C until a blue color persisted.
central and peripheral bonds were anticipated from our ear- Excess ozone was removed by passing argon through the solution.
lier studies on four different stellane derivatives[16]. We as- Subsequently, a solution of 3 ml (25 mmol) of dimethyl sulfide in

50 ml of dry CH2Cl2 was added at 250°C and the solution wascribe the lengthening of the bonds due to strain caused by
stirred for 16 h at room temp. The solvents were removed in vacuotwo effects: the considerable reduction of the angles at the
and the residue purified by silica gel chromatography (pentane),sp2 and sp3 centers and the eclipsed conformation along the
yielding 3 as a colorless oil which was further purified by distil-central bonds. Especially large is the angle deformation at
lation, b.p. 30°C/6·1026 mbar to give 650 mg (43%) of a colorlessthe sp2 centers of 4 and 5 [cc9 5 97.8(1)° in 4 and 97.5(1)°
hygroscopic solid. 2 IR (CD2Cl2): ν̃ 5 2998 (w) cm21, 2954 (m),

in 5, ee9 5 97.7(1)° in 4 and 97.4(1)° in 5].
2884 (m), 1802 (m), 1739 (vs), 1281 (s). 2 1H NMR (CD2Cl2, 200
MHz): δ 5 3.0722.99 (1 H, m), 2.8822.82 (2 H, m), 2.5122.46 (1Figure 5. Molecular structure of 4 [18]

H, m), 2.13 (1 H, m, J 5 11 Hz), 200 (1 H, dd, J1 5 10.8 Hz). 2
13C NMR (CD2Cl2, 50.32 MHz): δ 5 204.05 (double intensity),
57.40, 50.51 (double intensity), 38.26 (double intensity), 37.37.

2-Formyl-7-isopropylidenebicyclo[2.2.1]hept-5-ene (12): To 23.7 g
(0.22 mol) of 6,6-dimethylfulvene (10) was added slowly under stir-
ring at 0°C 30 ml (0.42 mol) of freshly distilled acrolein (11). After
standing at room temp. for 12 h, the mixture was used for further
reaction without purification.

8-Isopropylidene-4-oxatetracyclo[4.2.1.02,5.03,7]nonane (13): A
solution of 18 ml (6.7 mmol) of 12 in 2.5 l of dry ether was ir-
radiated with a 450-W medium-pressure mercury lamp for 18 h.
After removal of the solvent, the raw material was purified by silica
gel chromatography (pentane/ether, 9:1) yielding 11.0 g (31%) of
13 as colorless crystals, m.p. 28°C. 2 Rf (SiO2, pentane/ether,
9:1) 5 0.17. 2 IR (CDCl3): ν̃ 5 2998 cm21 (s), 2926 (s), 2860 (s),
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1443 (m), 1370 (w), 1303 (s), 1279 (m), 1268 (w), 1260 (w), 1119 (d, 2 H, J 5 11.2 Hz). 2 13C NMR (75.47 MHz, [D6]DMSO): δ 5

80.78, 41.41, 39.10, 32.03. 2 UV/Vis (CH3CN): λmax (ε) 5 220 nm(m), 1111 (w), 1077 (m), 1035 (s), 954 (m), 854 (m), 832 (m). 2 1H
NMR (CDCl3, 300 MHz): δ 5 4.7224.68 (1 H, m), 4.5324.48 (1 (120.2). 2 C8H12O2 (140.18): calcd. C 68.53, H 8.63; found C

68.85, H 8.82.H, m), 3.2823.23 (1 H, m), 3.1023.06 (1 H, m), 2.7122.67 (1 H,
m), 2.4422.41 (1 H, m), 1.63 (3 H, s), 1.59 (3 H, s), 1.6521.56 (2 Tricyclo[3.3.0.03,7]octane-2,6-dione (4): A magnetically stirred
H, m). 2 13C NMR (CDCl3, 75.47 MHz): δ 5 143.39, 115.32, solution of 1.0 ml (11 mmol) of oxalyl chloride in 100 ml of dry
90.17, 88.16, 56.56, 44.37, 43.93, 40.64, 37.67, 19.74, 19.66. 2 CH2Cl2 was treated with 1.9 ml (25 mmol) of dry DMSO at 250
C11H14O (162.23): calcd. C 81.44, H 8.70; found C 81.50, H 8.76. to 260°C. After the mixture was stirred for 2 min, a solution of

4-Oxatetracyclo[4.2.1.02,5.03,7]nonan-9-one (14): A stream of 460 mg (3.3 mmol) of the diol 17 in 250 ml of dry CH2Cl2 was
oxygen containing about 3% of ozone was passed into a cold solu- added dropwise at 250 to 260°C. The reaction mixture was stirred
tion (278°C) of 11 g (68 mmol) of 13 in 500 ml of dry CH2Cl2 for 15 min, treated with 7 ml (50 mmol) of triethylamine and al-
until an intensive blue color persisted. Excess ozone was removed lowed to warm to room temp. before being poured into cold aque-
by passing a stream of O2 through the solution. Subsequently, 9 ml ous HCl (2%). Extraction was effected with CH2Cl2 (2 3). The
(75 mmol) of dimethyl sulfide was added and the solution was al- combined solvents were washed with aqueous NaHCO3 (5%) and
lowed to warm to room temp. After removal of the solvent, purifi- brine, dried with MgSO4 and concentrated. The residue was chro-
cation was accomplished by silica gel chromatography (pentane/ matographed on silica gel (elution with pentane/ether, 1:1) to give
ether, 1:2) to yield 1.4 g (85%) of 14 [2] as a colorless solid. 340 mg (80%) of 4 [2] as colorless crystals.

4-Oxatetracyclo[4.2.1.02,5.03,7]nonan-9-ol (15): To a magnetically 2-Oxotricyclo[3.3.0.03,7]octane-6-thione (5): To a magnetically
stirred solution of 1.65 g (12 mmol) of 14 in 10 ml of dry THF 1 stirred solution of 300 mg (2.20 mmol) of dione 4 in 6 ml of anhy-
ml of a 1  solution of LiEt3BH in THF was added at 0°C. After drous pyridine 245 mg (1.103 mmol) P2S5 was added in portions
the mixture was stirred at 0°C for 30 min, 6 ml of a 30% aqueous under Ar at 90°C. The mixture was stirred at this temperature for
H2O2 solution was added carefully and the mixture was stirred at 4.5 h and after cooling to room temp., 100 ml of hexane was added.
40°C for 1 h. The aqueous solution was percolated with ethyl ace- The organic phase was washed with water (3 3), 2  HCl (2 3),
tate for 2 d. The organic layer was dried (MgSO4) and concen- and again with water (2 3). After drying with MgSO4, the solvent
trated. Purification of the residue by silica gel chromatography was evaporated and the residue purified by silica gel chromatogra-
(ether) gave 1.4 g (85%) of 15 as a colorless solid, m.p. 175°C. 2 phy (pentane/ether, 2:1) to give 115 mg (34.3%) of 5 as orange
IR (CDCl3): ν̃ 5 3610 cm21 (vs), 3430 (m), 3002 (vs), 2940 (s), crystals, m.p. 122°C. 2 IR (KBr): ν̃ 5 1773 cm21 (vs), 1454 (m),
2878 (s), 1318 (s), 1285 (s), 1282 (s), 1243 (s), 1180 (vs), 1116 (s), 1340 (s), 1177 (s), 1140 (m), 958 (m). 2 1H NMR (300 MHz,
1061 (vs), 1041 (vs), 1020 (s). 2 1H NMR (300 MHz, CDCl3): δ 5 CDCl3): δ 5 3.05 (s, 2 H), 2.56 (s, 2 H), 1.81 (s, 4 H). 2 13C NMR
4.7024.67 (m, 1 H), 4.6424.60 (m, 1 H), 3.88 (d, 1 H, J 5 2.3 Hz), (75.47 MHz, CDCl3): δ 5 259.29, 209.34, 53.53, 43.06, 33.01. 2
3.2123.17 (m, 1 H), 3.6223.60 (m, 1 H), 2.36 (dd, 1 H, J1 5 10.8 UV/Vis (CH2Cl2): λmax (ε) 5 224 nm (9455), 234 (7662). 2 HRMS;
Hz, J2 5 2.5 Hz), 2.01 (s, 1 H), 1.95 (m, 1H), 1.55 (dd, 1 H, J1 5

11.0 Hz, J2 5 2.1 Hz). 2 13C NMR (75.47 MHz, CDCl3): δ 5 Table 3. Crystallographic data of 4 and 5
90.27, 86.03, 78.30, 55.56, 48.78, 41.49, 40.92, 35.25. 2 GC/MS;
m/z (%): 120 (1) [M1 2 CO], 91 (21), 82 (10), 81 (20), 79 (42), 77 Compound 4 5

Empirical formula C8H8O2 C8H8OS(23), 67 (10), 66 (100), 65 (23), 53 (20), 50 (17). 2 UV/Vis
Molecular mass 136.15 152.20(CH3CN): λmax (ε) 5 234 nm (309). 2 C8H10O2 (138.15): calcd. C
[g/mol]

69.55, H 7.29; found C 69.20, H 7.59. Solvent CH2Cl2 THF
Crystal size [mm] 0.5 3 0.5 3 0.45 0.54 3 0.32 3 0.23Tricyclo[3.3.0.03,7]octane-2,4-diol (16), Tricyclo[3.3.0.03,7]oc-
Crystal color colorless orange

tane-2,6-diol (17): To a magnetically stirred solution of 1.5 g (10.9 Crystal shape bipyramid irregular
mmol) of 15 in 11 ml of anhydrous ethylenediamine 200 mg (28.8 Space group C2/c P21/c

a [Å] 8.555(2) 6.577(1)mmol) of lithium powder was added under Ar. The reaction mix-
b [Å] 9.794(1) 12.413(1)ture turned blue and the reaction was vigorous and exothermic,
c [Å] 7.736(1) 8.687(1)

and as the blue color dissipated 912 mg (131.4 mmol) of lithium β [°] 98.88(1) 95.881(2)
powder was added again. After the mixture was stirred at room V [Å3] 640.4(2) 705.4(1)

Dcalcd. [Mg/m3] 1.41 1.43temp. for 30 min, first ether then water was added carefully. The
Z 4 4solution was percolated with ether for 2 d. The organic layer was
F(000) 288 320

separated, dried with MgSO4, and concentrated. Purification of the T [K] 223 200
residue by silica gel chromatography (elution with ether) gave 397 hmin/hmax 0/11 27/7

kmin/kmax 0/12 214/14mg (26%) of 16 and 562 mg (37%) of 17, both as colorless crystals.
lmin/lmax 210/10 210/6

16 m.p. 185°C. 2 IR (KBr): ν̃ 5 3286 cm21 (vs), 2988 (vs), 2974 (sin Θ/λ)max [Å21] 0.66 0.60
µ [mm21] 0.10 0.38(vs), 1153 (s), 1099 (s), 1032 (s), 960 (vs), 953 (s). 2 1H NMR (300
Refl. collected 863 3135MHz, [D6]DMSO): δ 5 4.65 (d, 2 H, J 5 3.5 Hz), 3.82 (s, 2 H),
Refl. unique 766 11872.34 (dd, 2 H, J1 5 8.0 Hz, J2 5 2.6 Hz), 2.05 (d, 1 H, J 5 2.5 Refl. observed 668 1089

Hz), 1.96 (s, 2H), 1.72 (d, 1 H, J 5 2.5 Hz), 1.12 (d, 2 H, J 5 8.4 [I > 2σ(I)]
Rint 0.016 0.026Hz). 2 13C NMR (75.47 MHz, [D6]DMSO): δ 5 75.51, 49.19,
Variables 64 12341.49, 38.00, 33.91. 2 UV/Vis (CH3CN): λmax (ε) 5 230 nm (173).
(∆/σ)max < 0.01 < 0.01

2 C8H12O2 (140.18): calcd. C 68.53, H 8.63; found C 68.71, H 8.60. R 0.037 0.033
Rw 0.056 0.08717: m. p. 154°C. 2 IR (KBr): ν̃ 5 3276 cm21 (vs), 2964 (vs),
S (Gof) 2.87 1.082961 (s), 1278 (s), 1261 (s), 1157 (s), 1095 (s), 1061 (vs), 1022 (s). (∆ρ)max [e Å23] 0.25 0.23

2 1H NMR (300 MHz, [D6]DMSO): 5 4.11 (s, 2 H), 2.26 (dd, 2 (∆ρ)min [e Å23] 20.21 20.22
H, J1 5 10.8 Hz, J2 5 1.9 Hz), 2.41 (m, 4 H), 1.67 (s, 2H), 1.40
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H. Lange, to be published; T. Herb, H. Lange, R. Gleiter, toC8H8OS: calcd. 152.0296; found 152.0258. 2 C8H8OS (152.0):
be published.calcd C 63.13, H 5.30; found C 62.99, H 5.38. [5] R. R. Sauers, W. Schinski, M. M. Mason, Tetrahedron Lett.
1969, 79; R. R. Sauers, J. A. Whittle, J. Org. Chem. 1969, 34,Photoelectron Spectra: The photoelectron spectra of 3, 5, and 9 3579; R. R. Sauers, D. C. Lynch, J. Org. Chem. 1980, 45, 1286
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