1116 J. Org. Chem., Vol. 40, No. 8, 1975

the C-2 position will be smaller than the LUMO coefficient (0.474) at the
C-3 position for B-nitrostyrene.

{14) The LUMO coefficients (INDOQ) for 2-triftuoromethyi-1,3-butadiene are as
follows: C-1, 0.626; C-2, 0.453; C-3, 0.338; C-4, 0.501.

(15) The classification of the specific uncatalyzed Diels—Alder reactions into
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the three general types was determined from the CNDO/2 and INDO or-
bital energies.

(16) R. A, Firestone, J. Org. Chem., 37, 2181 (1872).

(17} R. T. Morrison and R. N. Boyd, "‘Organic Chemistry”, 3rd ed, Allyn and
Bacon, Boston, Mass., 1973, p 22.
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As a precursor to a-methyleneoxetane (11), the anthracene adduct 7 was prepared in a four-step sequence from
the ketone 2. Pyrolysis of 7 gave a-methyleneoxetane and anthracene, as well as the rearranged ether 8 and the
olefin 15. The structure of the rearranged ether 8, also formed from 7 on some chromatography adsorbents or with
acid, was determined with the aid of carbon-13 NMR spectroscopy and further confirmed by hydrogenation to
the alcohol 9. a-Methyleneoxetane (11) was characterized by spectroscopy and by its reaction with phenyllithium.

«-Methyleneoxetane (11) has interested us for some time
because of the possibility that nucleophilic displacement
on the oxetane ring’? could be used to generate a specific
enolate of an unsymmetrical ketone; a-methyleneoxetane
might thus serve as a potential 3-ketobutyl group in the
Robinson annelation reaction.®* Substituted compounds
having the a-methyleneoxetane ring have been prepared by
several methods®5-7 and have been proposed as reaction in-
termediates.? In 1971, we reported a preliminary account of
the first synthesis of a-methyleneoxetane (11),%19 which we
obtained in low yield from a retro-Diels—Alder reaction®14
by pyrolysis of the anthracene adduct 7. More recently,
Haslouin and Rouessac have obtained 11 in higher yield by
pyrolysis of the cyclopentadiene adduct.!!

Since the pyrolysis of 7 gave a-methyleneoxetane in low
vields only, we have investigated the composition of the
nonvolatile residue from the pyrolysis experiments. In the
course of this investigation we have also encountered an
acid-catalyzed rearrangement of 7. We report here a full ac-
count of the pyrolysis and rearrangement of 7.

The anthracene adduct 7 was prepared as shown in
Scheme 1. Both the tosylate 5 and the mesylate 6 served as
precursors to 7. The purity of 7 from both routes was indis-
tinguishable (ir, NMR, TLC, melting point); we obtained
higher yields from the mesylate.

The anthracene adduct 7 was always purified by chroma-
tography on Florisil followed by recrystallization from
ether. On one occasion, chromatography yielded none of 7
but instead an isomeric compound. The rearrangement of 7
to the isomer was found to take place on only certain
batches of Florisil. The same rearrangement also occurred
on acidic alumina, but not on silica gel or neutral or basic
alumina. In addition, treatment with p-toluenesulfonic
acid or sulfuric acid at room temperature caused the rear-
rangement of 7 to its isomer.

The isomer was assigned structure 8 on the basis of its
analytical and spectral data, in particular the carbon-13
NMR data. The structure was further confirmed by cata-
lytic hydrogenation to the alcohol 9. The chemical shifts
and coupling constants in the proton NMR of 9 are very
analogous to those reported for the related compound 10
prepared by Cristol.15:18

Pyrolyses of the anthracene adduct 7 were carried out on
a small scale (50-500 mg) by heating at 330-350° in a slow
stream of nitrogen for 5-25 min while collecting the volatile
products in a receiver cooled in Dry Ice-acetone. The dis-

Scheme I
AcO CN
O
1 ™~
/ 2
HO CH,R
(Y 0
\
3, R=CO,Et
4, R =CH,0H
5 R=CH,0Ts
6,R = CH,OMs

(TS

9, R = CH,CH,OH
10, R =CH,

B

tillate, a colorless liquid, was identified as a-methyleneoxe-
tane (11) by its ir, NMR, and mass spectra and its reaction
with phenyllithium, which produced, after work-up, 4-phe-
nyl-2-butanone (12),'7!8 2-phenyl-3-buten-2-ol (13),'%20
and 2,4-diphenyl-2-butancl (14).!32} In some pyrolyses,
methyl vinyl ketone was formed as an impurity. On three
occasions, the vield of a-methyleneoxetane was determined
to be about 10%.22
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The NMR spectra of the nonvolatile residue from the
pyrolyses suggested that several compounds were present.
In addition to anthracene, the expected product from the
retro-Diels—Alder reaction, and recovered 7, column chro-
matography produced samples of the rearranged isomer 8
and a compound assigned the olefin structure 15.152% The
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structure of the olefin was confirmed by independent syn-
thesis using a Wittig reaction on the ketone 2. In one pyrol-
ysis experiment (giving 10% of 11 and 2% of methyl vinyl
ketone) the yields of the nonvolatile products were estimat-
ed to be 15% of anthracene, 21% of the olefin 15, 24% of re-
covered anthracene adduct 7, and 34% of the rearranged
isomer 8.

The rearrangement of 7 to 8, which occurs as a major
pathway with these pyrolysis conditions and as the sole
pathway with acid treatment, is similar to carbonium ion
rearrangements of several dibenzobicyclo[2.2.2]octadiene
derivatives studied by Cristol.2¢ The C-O bond of 7 is evi-
dently easily broken; the geometry is suitable for neigh-
boring group participation. It is interesting to note that
this type of rearrangement is not reported for the cyclopen-
tadiene adduct of 11, where the oxygen atom is endo and
neighboring group participation for C-O cleavage is not fa-
vorable.!!

In the pyrolysis of 7, fragmentation of the oxetane ring-to
give 15 evidently competes strongly with the retro-Diels-
Alder reaction. Although thermal fragmentations of oxe-
tanes are known,2® normally one might not expect a [2 + 2]
cycloreversion to compete with a [2 + 4] cycloreversion; ox-
etanes were stable to retro-Diels-Alder conditions in other
systems.!%!! This again suggests that the C-O bond of 7 is
easily broken. Fragmentation of the oxetane in the other
sense (giving ketone 2 and ethylene) was not observed.?8

Experimental Section

Commercially available compounds were used without further
purification unless otherwise noted. Tetrahydrofuran (THF) was
distilled from lithium aluminum hydride. Benzene was freshly dis-
tilled; the last half of the distillate was used. Pyridine was distilled
from barium oxide. tert-Butyl alcohol was distilled from calcium
hydride. Methanesulfonyl chloride was distilled (bp 63-64°, 20
mm) before use. p-Toluenesulfonyl chloride was decolorized with
activated charcoal and was recrystallized (mp 68-68.5°) from hex-
ane. Solutions of n-butyllithium and phenyllithium were obtained
from Alfa Inorganics.

Unless otherwise specified, reactions were carried out in a nitro-
gen atmosphere using base-washed glassware. The use of the term
“concentrated” refers to evaporation of solvent under reduced
pressure (water aspirator) using a rotary evaporator.

Vapor phase chromatographic (VPC) analyses were performed
on a Varian Aerograph Model 90-P instrument using helium as the
carrier gas at a flow rate of 100 ml/min unless otherwise noted.?”
Silica gel G was used for thin layer chromatography (TLC). Florisil
(60-100 mesh) used for column chromatography was obtained
from Fisher Scientific Co.

Melting points were determined on a Fisher-Johns hot-stage
melting point apparatus. Microanalyses were performed by Micro-
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Tech Laboratories, Inc., Skokie, Ill., and by Robertson Laboratory,
Florham Park, N.J.

Infrared (ir) spectra were obtained using a Perkin-Elmer Model
137 spectrometer. Nuclear magnetic resonance (NMR) spectra
were obtained using a Varian T-60 spectrometer unless otherwise
noted, using tetramethylsilane as the internal reference. Mass
spectra were obtained on a Hitachi Perkin-Elmer Model RMU-7
instrument.

9,10-Dihydro-11-acetoxy-9,10-ethanoanthracene-11l-car-
bonitrile (1). A mixture of 16 g (0.09 mol) of anthracene and 5 g
{0.045 mol) of a-acetoxyacrylonitrile?® in 50 ml of p-xylene was
heated at 140-150° for 32 hr?® and allowed to cool to room temper-
ature overnight. The reaction mixture was concentrated to remove
the xylene, and the residue was stirred with methanol and filtered
to partially remove excess anthracene. The filtrate was concentrat-
ed and the residue was chromatographed on 87 g of Florisil. Elu-
tion with hexane-CHsCly mixtures produced 1 as an oil, homoge-
neous by tle (R; 0.3, benzene).?? The product was partially crystal-
lized with difficulty (CH,Cls-hexane), producing 6.71 g of white
crystals (mp 97.5-99°) and 3.86 g of oil (total 81% yield). The fol-
lowing spectra were obtained from the crystalline material: ir
(CHCly) 5.71 u; NMR (CDCl3) 6 1.88 (s) partially overlapping with
2.06 {doublet of doublets, J = 14, 2.5 Hz) (total 4.3 H), 2.69 (dou-
blet of doublets, 1.0 H, J = 14, 2.5 Hz), 4.35 (t, 1.0 H, J = 2.5 Hz),
5.08 (s, 1.0 H), 7.25 (m, 8.2 H); mass spectrum m/e 289 (M*), 178
(base peak).

9,10-Dihydro-9,10-ethanoanthracen-11-one (2). To a solution
of 9.57 g of the Diels-Alder adduct 1 (3.86 g of ahove oil and 5.71 g
of above crystals) in 91.5 ml of THF and 16 m! of methanol was
added 46 ml of 14% aqueous KOH.®! The reaction mixture was
stirred at 40° for 4 hr, then part of the solvent was removed under
vacuum, and the resulting mixture was partitioned between ether
and water. The aqueous layer was extracted twice with ether and
the combined ether layers were washed with water, dried (MgSOy,),
and concentrated, leaving a white, crystalline residue. Recrystalli-
zation from ether-hexane yielded white crystals: 4.23 g, mp
152.5-153°, and 2.42 g, mp 152-152.5° (total 91% yield) (lit.*2 mp
152.5-153°); ir (CHCl3) 5.79 u; NMR (CDCl3) 6 2.30(d, 1.9H, J =
3Hz),4.52(t,1.0H,J = 3 Hz), 4.80 (s, 1.0 H), 7.27 (m, B.0 H).

9,10-Dihydro-11-hydroxy-9,10-ethanoanthracene-11-acetic
Acid Ethyl Ester (3). A mixture of 13 g of activated zinc,3? 100 ml
of benzene, and 100 ml of anhydrous ether was heated to reflux. A
solution of 5.85 g (0.0256 mol) of ketone 2 and 3.5 ml (0.032 mol) of
ethyl bromoacetate in 50 ml of benzene was added dropwise.3® The
reaction started . (became cloudy) with the addition of a crystal of
iodine after about one-half of the ketone-ester solution had been
added; the remainder was added over a 15-min period. Three addi-
tional 13-g portions of zinc along with a trace of iodine were added
after 0.5, 1, and 2 ht; 1 ml (0.009 mol) of ethyl bromoacetate ac-
companied the last addition. Heating was then continued for 35
min, Acetic acid was added to the reaction mixture to dissolve the
solids and the resulting solution was poured into water and ex-
tracted twice with ether. The combined ether extracts were washed
(10% NH4OH followed by brine), dried (MgSQy), concentrated,
and placed under oil pump vacuum for several hours. The erystal-
line residue was chromatographed on 50 g of Florisil. Elution with
benzene-CHoCly mixtures yielded 7.26 g (92%) of white crystals:
mp 119-120°; ir3 (CHCl;) 2.8, 5.83 »; NMR3 (CDCls) 8 1.20 (t, 3
H,J =7Hz),1.83(d; 2 H, J = 3 Hz), 2.28 (s, 2 H), 3.32 (broad s, 1
H), 3.94-4.38 [several peaks which appear to be composed of 4.13
(g, J = 7 Hz) overlapping with 4.20 (crude t) and 4.31 (s) (total 4
H)),7.18 (m, 8 H).

Three recrystallizations from ether gave white crystals: mp
121.5-122°;, mass spectrum m/e 308 (M*, small), 290 [(M -
H,0)*], 263, 178 (base peak). Anal. Caled for CyoHggOs: C, 77.90;
H, 6.54. Found: C, 77.89; H, 6.74.

9,10-Dihydro-11-hydroxy-9,10-ethanoanthracene-11-etha-
nol (4). To 3 g (0.08 mol) of lithium aluminum hydride in 75 ml of
THF, a solution of 7.43 g (0.024 mol) of hydroxy ester 3 in 30 ml of
THF was added dropwise. (Reaction mixture was protected from
the atmosphere with a drying tube.) The mixture was heated at re-
flux for 3 hr, and then cooled in ice. About 20 ml of brine was
added dropwise and the mixture was stirred at room temperature
until the salts became white. The mixture was filtered (salts
washed with ether), and the filtrate was dried (MgS804) and con-
centrated, leaving an oil which crystallized. Recrystallization from
ether yielded 4.16 g (65%) of white crystals, mp 87-89.5°.

Three recrystallizations from ether gave white crystals, mp
92.5-83.5°. The spectral and analytical data indicated that 1 4-
butanediol was present: ir (CHCly) 2.95 u; NMR?* (CDCly) 6 1.4-
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2.1 (m, 6.05 H, CCH2C of 4 and of butanediol), 2.7 (s, 1.08 H, OH),
3.2-4.0 (m, 6.05 H, -CH20- of 4 and of butanediol and 2 OH), 4.3
(broad s, 1.95 H, benzylic H of 4), 7.0-7.5 (m, 8.0 H, aromatic H of
4). When the contents of the NMR tube were shaken with several
drops of D90, the peaks in the general region of § 1.4-1.6 and 3.2~
3.6 were reduced in size (and the singlet at ¢ 2.7 disappeared and
was replaced by a small singlet at lower field). The NMR spectrum
of the material having mp 87-89.5° indicated that less 1,4-butane-
diol was present. The mass spectrum showed m/e 248 [(M —
H20)7*], 230 [(M — 2H,0)*], 178 (base peak). Anal. Caled for
Clnggogz C, 81.17; H, 6.81, Caled for C40H4603 (2.‘1 diol 4:1,4—bu-
tanediol): C, 77.14; H, 7.45. Found: C, 77.23; H, 7.58.

A 13C NMR3® (CDCl3) was taken of a sample (mp 91.5-93.5°)
from a similar experiment: § 29.84 (C-2 of 1,4-butanediol), 41.98
(C-17), 44.58 (C-10 or C-12), 44.89 (C-12 or C-10), 56.33 (C-9), 59.61
(C-27), 62.57 (C-1 of 1,4-butanediol), 78.11 (weak, C-11).

Monotosylate (5) of 9,10-Dihydro-11-hydroxy-9,10-ethano-
anthracene-11-ethanol. To an ice-cooled solution of 297.9 mg (1.1
mmol) of the diol 4 (mp 87-89.5°) in 3 ml of pyridine was added a
solution of 500 mg (2.6 mmol) of p-toluenesulfonyl chloride in 3 ml
of pyridine. (Reaction vessel was protected from the atmosphere
with a drying tube.) The solution was stirred at ice temperature for
0.5 hr and was placed in a refrigerator overnight. The resulting
mixture was poured into ice water and extracted with ether; the
ether extract was washed twice with cold 1N HCI, followed by sat-
urated NaHCOj;. The ether layer was dried (NagSO4KoCOs-
MgSO4) and concentrated; the residue was chromatographed on 5
g of Florisil. Elution with benzene followed by 2% CHsCl, in ben-
zene produced 252.7 mg of oil, TLC Ry 0.23 (CH2Cly). The major
‘peaks of the NMR spectrum3* (CCly) were a singlet at 6 2.38 and
multiplets centered approximately about § 1.5, 4.1, and 7.1 with a
doublet at § 7.7 (J = 8 Hz) (part of tosylate aromatic protons).

Monomesylate (6) of 9,10-Dihydro-11-hydroxy-9,10-ethano-
anthracene-11-ethanol. Most of the benzene was distilled from a
solution of 0.5 g (1.9 mmol) of the diol 4 (mp 85-90°) in 10 m! of
benzene, to remove traces of water. Pyridine (3 ml) was added, the
solution was cooled in ice, and 0.22 ml (2.9 mmol) of methanesul-
fonyl chloride was added dropwise. (Reaction vessel was protected
from the atmosphere with a drying tube.) The sclution was stirred
at ice temperature for 30 min and placed in a refrigerator for 16 hr.
The resulting mixture was poured into ice water and was extracted
with ether. The ether extract was washed with two portions of cold
1N HCI followed by two portions of brine. (The second brine wash
was neutral to pH paper.) The organic layer was dried (NagSO4—
MgS0O4) and concentrated, and the residue was placed under oil
pump vacuum, leaving 0.65 g of a viscous, colorless oil, ir (CHClg
mull) 2.8, 7.4, 8.5 u. The major peaks of the NMR (CDClg) spec-
trum were a sharp singlet (6 2.86, 2.9 H) and multiplets centered
approximately about § 1.7 (5.3 H), 4.3 (3.8 H), and 7.2 (8.0 H). The
TLC (1% CH30H in CHCly) showed one spot (Ry 0.22). The Ry
value of 4 under the same conditions was 0.08.

9,10-Dihydrospiro[9,10-ethanoanthracene-11,2'-oxetane]
(7). A mixture of 5 g of potassium in 80 ml of tert-butyl alcohol
was heated at reflux until all the potassium dissolved. A solution of
the entire crude mesylate 6 (0.65 g) from the above experiment in 4
ml of benzene was added dropwise at 50-60° and the reaction mix-
ture was stirred for 2 hr at 60-70°. After cooling to room tempera-
ture, the reaction mixture was poured into saturated NaHCOg and
extracted twice with ether. The combined ether extracts were
dried (NapS04-MgS0y), concentrated, and placed under oil pump
vacuum. The oily residue was chromatographed on 10 g of Florisil.
Elution with hexane-benzene mixtures produced material which
was recrystallized from ether, yielding 0.34 g (73% from 4) of white
crystals: mp 129-130°; ir3* (CHCl3) 10.4 u (strong, broad); NMR34
(CDClg) 6 2.13 (d, J = 2.5 Hz) overlapping with 2.1-2.9 (m) (total
40 H), 41-48 (m, 3.9 H), 69-7.6 (m, 81 H); 3C. NMR
(CDCly)34:38 § 34.63 (t, C-1'), 44.59 (d, C-10 or C-9), 46.40 (t, C-12),
56.50 (d, C-9 or C-10), 84.26 (t, C-2'), 87.74 (weak, s, C-11).

A portion of the product prepared from 5 in a similar experi-
ment was recrystallized three times from ether, giving white crys-
tals: mp 130-130.5°; mass spectrum m/e 248 (M7), 178 (base
peak). Anal. Caled for C1sH160: C, 87.06; H, 6.50. Found: C, 87.03;
H, 6.59.

2,3,8,12b-Tetrahydro-3a,8-methano-3a H-dibenzo[3,4:6,7]-
eyclohepta[1,2-b]furan (8). In an experiment similar to that de-
scribed above, a mixture of 1.0 g (3.8 mmol) of the diol 4 (mp
91.5-93.5°) (dried as above by distilling benzene from a solution),
5 ml of pyridine, and 0.45 m] (0.68 g, 5.9 mmol) of methanesulfonyl
chloride was stirred at 0° for 2 hr and placed in a refrigerator for
18 hr. The resulting mixture was poured into ice water; a white
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precipitate formed immediately. The mixture was filtered and the
precipitate was dried under oil pump vacuum, leaving 0.302 g of
white, crystalline material, mp 113-114°, The crystalline material
had ir and NMR spectra identical with those of an authentic sam-
ple of 1,4-di(methanesulfonyloxy)butane, mp 115-115.5° (1it.3” mp
116°), prepared from 1,4-butanediol and methanesulfony! chloride
by a procedure similar to that of Haggis and Owen.?”

The filtrate was extracted with two 30-m! portions of ether. The
combined ether extracts were washed with two portions of 1N HCI
followed by two portions of brine, and were dried (MgSQ4) and
concentrated, yielding 0.864 g of the oily monomesylate 6. A solu-
tion of 0.85 g of this oil in 4 m! of benzene was added to a refluxing
solution of potassium tert-butoxide in tert-butyl alcohol [prepared
from 1.5 g (38 mmol) of potassium in 40 ml of tert-butyl alcohol].
The reaction mixture was heated at 70° for 2 hr, cooled to room
temperature, poured into saturated NaHCO3, and extracted three
times with ether. The combined ether extracts were dried (NasSO4—
MgS04) and concentrated to give 0.73 g of residue which was chro-
matographed on 70 g of Florisil. Elution with CHsCls gave 0.645 g
of colorless oil which was crystallized with ether and recrystallized
from ether, yielding 450 mg (49% from 4) of white crystals of 8 mp
91-91.5°; ir (CHCl3) 3.32, 3.35, 3.48, 6.72, 6.80, 6.85, 9.78, 9.82,
10.15 u; NMR (CDCl3) 4 1.88-3.12 (m) overlapping with 2.30 (d, J
= 2.5 Hz) (total 4.1 H), 3.92-4.48 (m, 3.9 H), 7.04-7.50 (m, 8 H);
3C NMR38 (CDCly) 5 32.52 (t, C-1"), 45.11 (t, C-8), 46.69 (d, C-1),
54,09 (weak, s, C-5), 67.29 (t, C-2’), 81.83 (d, C-4); mass spectrum
m/e 248 (M™), 247, 246, 202, 178, 105.

A portion of the product was further recrystallized from ether,
yielding white crystals, mp 93-93.5°. Anal. Caled for C1gH;60: C,
87.06; H, 8.50. Found: C, 86.84; H, 6.52.

Rearrangement of 7 to 8 on Chromatography Adsorbents.38
In a typical experiment, a solution of 10 mg of 7 was adsorbed on 3
g of Florisil and allowed to stand for 24 hr. Elution with CH,Cl,
gave 10 mg of an oil having NMR spectrum (CDCly) identical with
that of 8.

This rearrangement was found to occur on only certain batches
of Florisil and also on acidic alumina. Compound 7 was recovered
unchanged after standing on basic alumina, neutral alumina, or sil-
ica gel. ‘ .

Rearrangement of 7 to 8 with Acid. To a solution of 50 mg of
the anthracene adduct 7 in 0.3 ml of CDCl3 in an NMR tube (hav-
ing the NMR spectrum reported above for 7) was added 3 mg of
p-toluenesulfonic acid. After standing for 1 hr at room tempera-
ture, the NMR spectrum was taken and was identical with that of
the rearranged product 8 (above). ; i

To a solution of 50 mg of 7 in 5 ml of CHClg was added 10 ml of
6M HsSO,. After standing at room temperature for 16 hr in a cov-
ered flask, the reaction mixture was extracted with ether, and the
ether extract was dried (MgSOy) and concentrated, yielding 44 mg
of pale, yellow oil. The NMR spectrum (CDClg) was identical with
that of the rearranged product 8.

Dibenzobicyclo[3.2.1]octadiene-5-ethanol (9). To a solution
of 125 mg of the rearranged product 8 in 40 m! of absolute ethanol
was added 34 mg of 10% Pd/C and 1 drop of 60% perchloric acid.
The mixture was stirred under a hydrogen atmosphere for 92 hr at
room temperature and atmospheric pressure. Filtration and con-
centration yielded 125 mg of colorless oil. A portion (115 mg) of
the oil was purified by column chromatography on 20 g of Florisil.
Elution with CHsCly gave 105 mg of oil which was crystallized with
ether and recrystallized from ether, yielding 98 mg of white crys-
tals: mp 61.5-63°; ir (CHCl3) 2.70, 2.82, 3.30, 3.36, 9.30, 9.98 u;
NMR?3® (CDClg) 6 1.53 (s, disappears with addition of D;0), 1.95
(d, J = 10 Hz), 2.15 (t, J = T Hz}, 2.33 (m, appearing as a doublet,
J = 10 Hg, split into doublets, J ='4.5 Hz, split further into dou-
blets, J ~ 1.4 Hz), 2.52 (doublet of doublets, J = 16.5, 1.4 Hz), 3.04
(d, J = 168.5 Hz), 3.72 (t, J = 7 Hz) overlapping with 3.79 (d, J = 4
Hz), 6.6-7.0 (m). The relative areas upon integration are as follows:
6 1.53 (1.4 H), 1.8-2.7 (5 H), 2.9-3.2 (1 H), 3.6-3.9 (3 H), 6.6-7.0
(8.3 H). A 13C NMR3¢ (CDCl3) was taken: § 39.56 (C-1’ or C-4),
40.32 (C-4 or C-1'), 44.79 (C-8), 46.09 (weak, C-5), 46,71 (C-1),
59.56 (C-2).

The product was recrystallized again from ether, yielding white
crystals, mp 65-66.5°. The mass spectrum showed m/e 250 (M*),
232, 231, 219, 206. Anal. Caled for CisHis0: C, 86.36; H, 7.25.
Found: C, 86.00; H, 7.56.

Pyrolysis of the Anthracene Adduct 7.40 A 193.6-mg sample
of the anthracene adduct 7 was placed in one arm of an all-glass
apparatus consisting of two connecting U tubes. A slow stream of
nitrogen was initiated; the receiving arm was cooled in a Dry Ice—
acetone bath, then the arm containing 7 was immersed for 5 min in
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a Wood’s metal bath held at 340-350°. White crystals deposited on
the tube immediately above the Wood’s metal bath, and a small
amount of a colorless liguid collected in the receiver. A 2-ul sample
of cyclohexane (internal NMR integration standard) was added to
the distillate, which was then transferred to a NMR tube with
tetrachloroethylene: NMR4! (CoCly) 6 1.43 (cyclohexane), 2.17
(methyl vinyl ketone), 3.18 (m, 2 H, appearing as triplet, J = 6.5
Hz, split into triplets, J ~ 2 Hz, allylic H of 11), 3.63 (m, 1 H, ap-
pearing as doublet, J = 3.5 Hz, split into overlapping triplets, J =
1.8 Hz, vinyl H of 11 trans to O), 4.03 (m, 1 H, appearing as dou-
blet, J = 3.5 Hz, split into overlapping triplets, J = 2.4 Hz, vinyl H
of 11 cis to 0), 4.50 (t, 2 H, J = 6.5 Hz, ~-CH0- of 11), 5.6-6.5
(methyl vinyl ketone). The yield of a-methyleneoxetane (11) (by
NMR integration) was 10%, and that of methyl vinyl ketone was
2%. VPC analysis (SF-96, 49°)278 showed (in addition to solvent)
peaks at 5.7 (major), 5.4 (shoulder) and 9.1 min (cyclohexane).#?

The nonvolatile residue from the above pyrolysis was chromato-
graphed?® on 21 g of Florisil. Elution with hexane-benzene
mixtures gave (1) 52.8 mg of white crystals and (2) 4.5 mg of white
crystals. Further elution with benzene gave (3) 99.5 mg of oil, and
elution with CHyCly gave (4) 19.8 mg of oil. The integrated nmr
spectrum (CDClg) of fraction 1 indicated that it consisted of a 5:6
molar ratio of anthracene:olefin 15 (see below). The ir and NMR
spectra of fraction 2 indicated that it was pure olefin 15. The NMR
spectrum of fraction 3 indicated that it consisted of a mixture of
recovered anthracene adduct 7 and the rearranged product 84* (see
below) in approximately a 1:2 ratio. The NMR spectrum of frac-
tion 4 indicated that it consisted primarily of 7 with unknown im-
purities (estimated purity >75%). From these data, the yields of
compounds in the nonvolatile residue were estimated at anthra-
cene (15%), olefin 15 (21%), rearranged product 8 (34%), and recov-
ered anthracene adduct 7 (24%).

The pentane-soluble portion of fraction 1 was rechromato-
graphed on Florisil, yielding 12.8 mg of white crystals homoge-
neous by TLC (R 0.13, hexane) which were combined with frac-
tion 2. Recrystallization twice from pentane (—22°) produced
white crystals of 15: mp 104.5-105° (1it.?3 mp 103.5-104°); mass
spectrum m/e 218 (M*), 178 (base peak).

In a separate pyrolysis experiment (330-340°), the distillate was
transferred to an ir cell and to an NMR tube with CClg ir (CCly)
5.92, 8.44, 10.45 u. The NMR was similar to that reported for 11 in
CoCly; the corresponding chemical shifts were at § 3.18, 3.60, 3.96,
and 4.53. The NMR indicated that very little if any methyl vinyl
ketone was present.

In a separate pyrolysis experiment (330-340°), the distillate was
taken up in ether and analyzed by GC-MS:*> m/e 70 (M%), 55, 42,
39.

9,10-Dihydro-11-methylene-9,10-ethanoanthracene (15). A
320-mg sample of methyltriphenylphosphonium bromide was
added in small portions to a solution of 0.34 ml of n-butyllithium
(2.67 M in hexane) in 4 ml of anhydrous ether.® The reaction mix-
ture was stirred at room temperature for 2.5 hr; then an additional
0.1 ml of n-butyllithium (2.67 M in hexane) was added (because
much solid remained) and the stirring was continued for an addi-
tional 1.5 hr. A solution of 189.6 mg of ketone 2 in 8 ml] of ether was
added and the mixture was stirred for 0.5 hr at room temperature
and overnight at reflux. After cooling to room temperature, the
reaction mixture was filtered (precipitate washed with ether), and
the filtrate was shaken with water, dried (MgSQy), and concentrat-
ed. The residue was chromatographed on 17 g of Florisil. Elution
with hexane produced 94 mg (50%) of white crystals having essen-
tially identical ir and NMR spectra to those of the olefin 15 ob-
tained from the pyrolysis of 7 (above). The spectra were equivalent
to the reported spectra of this compound.?® One recrystallization
from pentane (—22°) produced 50 mg of white crystals, mp 103.5-
104.5° (lit.?%2 mp 103.5-104°).

Treatment of a-Methyleneoxetane with Phenyllithium. A
200-mg sample of the anthracene adduct 7 was pyrolyzed at 330-
340° in the apparatus described above. The distillate was trans-
ferred in 1 ml of THF to a nitrogen-filled flask and was cooled in
ice. Phenyllithium (0.8 ml, 2.2 M in 70:30 benzene-ether) was
added dropwise and the reaction mixture was heated at 30-40° for
1 hr and at 80° for 4 hr. The mixture was cooled in ice; saturated
NH,CI was added; the resulting mixture was extracted twice with
ether. The combined ether extracts were dried (NasS04-MgSOy)
and concentrated. VPC analysis (SF-96, 125°)27¢ of the residue
showed three major peaks at 2.9, 4.0, and 8.1 min in an area ratio
of 1:1.7:4. The three components were separated by preparative
VPC. The first component had ir and NMR spectra and VPC re-
tention time essentially identical with those of a sample of 2-phe-
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nyl-3-buten-2-ol (13)!® which was prepared from methyl vinyl ke-
tone and phenyllithium, essentially the procedure of Buchta.l%
The second component had ir and NMR spectra and VPC reten-
tion time essentially identical with those of a sample of 4-pheny!-
2-butanone (12)1718 prepared by catalytic hydrogenation!? (PtOs,
ethyl acetate) of benzalacetone.?” The third component was identi-
fied as biphenyl by ir, NMR, and VPC.*8 At a higher temperature,
VPC analysis (SF-96, 172°)27¢ of the crude product showed (in ad-
dition to early retention time peaks) peaks at 1.7 (corresponding in
retention time to biphenyl) and 9.2 min in an area ratio of 2:1.
From a separate experiment, the component representing the lat-
ter peak was purified by preparative VPC,*? and had ir and NMR
spectra and VPC retention time essentially identical with those of
a sample of 2,4-diphenyl-2-butanol (14).182! This sample was pre-
pared from 4-phenyl-2.-butanone (12) by the procedure of Stoer-
mer!® except that phenyllithium was used in place of phenylmag-
nesium bromide. The ir and NMR spectra of this sample were
equivalent to the reported spectra.?!
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Assignments of NMR chemical shifts for carbon of flavone, chromone, and seven methoxyflavones are reported.
Qualitatively, the upfield shift induced by the methoxyl substituent is similar to that indicated by the shielding
relationships given in major texts. However, the effect of methoxyl appears to be larger in compounds where im-
portant resonance forms can be written indicative of a high degree of double-bond character. The use of *C-H
splittings of the various carbons to elucidate the position of substitution is covered. Splittings due to a proton
meta to a given carbon are quite large (~8 Hz) and are very useful, but splittings due to ortho and para protons

are irregular and of little use.

One great advantage of 13C NMR spectroscopy has been
in the characterization of aromatic and pseudoaromatic
compounds, whose proton spectra are not well differentiat-
ed. This work is concerned with the application of *C spec-
troscopy to structure elucidation in a common class of nat-
urally occurring compounds, namely, the flavones.

Proton NMR spectra of flavanoids have been studied in
many laboratories since the first extensive correlation -of
aromatic proton signals in 1962.! Other studies described
the use of deuterated dimethyl sulfoxide as a solvent for

polyhydroxyflavones,> and trimethylsilylation as solubili-
zation techniques for NMR analysis of flavanoids.? Several
aspects of flavone NMR spectra have continued to be of in-
terest, including an extensive study of the effect of acidic
media.*® Solvent-induced shifts are a valuable technique
for study of polysubstituted flavones.*® Detailed reviews of
flavone NMR spectra are available.? Apparently no system-
atic }3C NMR studies of the flavanoids have appeared,
however.® The 13C correlations reported herein comple-
ment these other techniques and should provide future in-



