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The melting point of a mixture of this solid and authentic
3,8-dinitro-2,4-dimethyldibenzofuran (IX) (m.p. 231-232°)
was 231-232° (micro-melting stage).

The solid (0.55 g.) recovered from the mother liquor
of recrystallization was recrystallized using the James
method’; however, no analytically pure isomers were
obtained. Additional quantities of IX were separated, to-
gether with a small amount of (0.08 g.) of a product melting
at 226-227° which depressed the melting point when ad-
mixed with IX. A second product, m.p. 245-246°, seemed
to be present in significant amounts, and the analysis
suggests that it is an isomer of IX.

Anal. Caled. for C]gHuOsNgZ C, 58.74; H, 3.52. Found:
C,59.27; H, 3.46.

Dinitration of 3-nilro-2,4-dimethyldibenzofuran. 3-Nitro-
2,4-dimethyldibenzofuran (0.60 g., 0.0025 mole) was added
to cold (ice bath) fuming nitric acid (6 ml.). The ice bath
was removed, and after 1 hr. at room temperature, the
mixture was added to 50 ml. of water and ice. The resulting
white solid was washed free of acid, dried, and recrystallized
from benzene. Theré was obtained 0.49 g. (609,) of colorless
tetragonal crystals, which melted at 250-252°. The melting
point was raised to 254-255° by additional recrystallization
from benzene.

Anal. Caled. for C,,HyO:N;s: C, 50.76; N, 2.73. Found:
C,51.05; H,2.77.

The analysis establishes this product to be a trinitro
derivative, and subsequent experiments suggest structure
X.

Mononitraison of 3,8-dinilro-2,4-dimethyldibenzofuran. 3,8
Dinitro-2,4-dimethyldibenzofuran (IX, 0.10 g., 0.00029
mole), derived from VIII, was nitrated as described above.
The crude product (m.p. 250-251°) was recrystallized from
benzene, and 0.07 g. (62%) of colorless tetragonal plates,
m.p. 253-254°, was obtained. A mixture melting point of
this material and that described above was 254-255°.

Nitration of 2,4-dimelthyldibenzofuran with fuming nitric
acid. (a). 2,4-Dimethyldibenzofuran (II, 0.60 g., 0.0036
mole) was added slowly (5 min.) to cold (ice bath) fuming
nitric acid (6 ml.). The mixture was allowed to stand for 5
min., was poured onto ice, and the solid was collected and
washed free of acid. Recrystallization of this product from
benzene gave 0.24 g. (25% yield) of nearly colorless, tet-
ragonal erystals melting at 245-246°. The melting point was
raised to 253-254° (0.16 g. recovery) after further recrystal-
lization from benzene. This material was identical to the
trinitro isomer (m.p. 254-255°, mixture m.p. 254-255°)
designated structure X, obtained by dinitration of VII or
mononitration of IX.

The residue from the mother liquor was recrystallized
from ethanol (James® method), and a second trinitro
derivative was isolated. This product melted at 210°.

Anal. Caled. for C;HyO;H;: C, 50.71; H, 2.73. Found:
C, 50.90, 51.23; H, 3.15, 2.94.

(b) In another experiment impure II (0.480 g.), containing
some phenol V was nitrated essentially as described above.
The principal product, insoluble in 80 ml. of boiling ethanol,
melted at 231-232°, and was identified as 3,8-dinitro-2,4-
dimethylbenzofuran (IX, m.p. and mixture m.p. 231-232°).

Anal. Caled. for CH;oO:Na: C, 58.74; H, 3.52. Found:
C,58.413.57.

Nitration of 2,4-dimethyldibenzofuran with conceniraled
nsiric acid. Nitration of IT (0.60 g., 0.0036 mole) with con-
centrated nitric acid (10 ml.) was carried out at ice bath
temperature and the mixture was allowed to stand at 25°
for 12 hr. The product (0.85 g.) melted at 106-136° and was
not resolved by crystallizsation (benzene). A new dinitro
derivative (colorless needles, 0.05 g., 6%, m.p. 251°) of
II was isolated.

(19) C. James, J. Am. Chem. Soc., 30, 184 (1908).
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Anal. Caled. for CyHiOsN;: C, 58.74; H, 3.52. Found:
C, 58.78; H, 3.52.
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During the study of the chemical behavior of the
two bromides Ia,b (and the corresponding chlo-
rides), there was isolated from each homolog a
product with elementary composition correspond-
ing to the replacement of the halogen by hydroxyl.!
The product obtained from Ia was a solid m.p.
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159-161°, and the one derived from Ib (or the cor-
responding chloride) was an oil, b.p. 193-195°
(1 mm.), n% 1.5830. The main purpose of this
work was to show by both chemical and spectral
means that the solid product has structure IIla
and the liquid, structure ITb. Semiquantitative
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infrared studies were also carried out to provide an
estimate of the interconvertibility within these
two lactone systems.

The chemical evidence merely serves to show that
the products are indeed lactones, and that no skele-
tal rearrangements have occurred during their
formation. Thus, treatment of I1b with methanolic
potassium hydroxide gave a potassium salt of an
acid which on acidification yielded an unstable
hydroxy acid that slowly reverted to the original
lactone; and, by the action of hydrobromic acid,
IIb was readily converted to the bromide Ib.
Treatment of I1Ia with hydrobromic acid likewise

(1) H. E. Zaugg, R. W. DeNet, and R. J. Michaels, J.
Org. Chem., 26, (1961).
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led to the corresponding bromide Ia; and hydro-
genolysis of the benzyloxyethyl compound IV
produced 11Ia in good yield.

0

O
; CH:CH,OCH,C:H;

CeHs
v

The only compelling evidence for the structural
assignments to these lactones derives from their
infrared spectra. The single carbonyl peak at 5.54
p shown by IIb (5.259%, in chloroform; 0.10-mm.
cell) requires assignment of the benzofuranone
structure to it.2 The absence of appreciable absorp-
tion at 5.54 u in the spectrum of I1Ia (either 0.525%,
in chloroform in a 1.0-mm. cell, or 1.75% in a
10.30 mm. cell) rules out the presence of a 2-benzo-
furanone ring system. The skeletal requirements
derived from the foregoing chemical evidence then
force assignment of structure IIIa. Furthermore,
its infrared spectrum is consistent with this struc-
ture if the provision of predominant intramolecular
hydrogen-bonding is added. The normal? carbonyl
absorption at 5.65 u exhibited by saturated +-
lactones appears only as a shoulder. The main
peak appears at 5.74 u and represents a shift due to
the predominance of an intramolecularly* hydrogen
bonded species. Consistent with this view, a
typical nonbonded OH peak is present at 2.78 p,
but is dominated by a broad band at 3.0 x charac-
teristic of many bonded phenolic groups.®

Supporting evidence for these structural assign-
ments also comes from ultraviolet spectra. Casual
inspection of Table I suffices to show a much
closer spectral similarity among the chosen models
of known structure than there is between the two
lactones in question.®

To estimate the degree of interconvertibility
within each pair of lactone systems (.e., Ila<sIIIa,
and ITb 2 IIIb), ITb and I11a were both examined
spectroscopically under conditions which favor

(2) The carbonyl absorption of every 2-benzofuranone of
known structure reported in this and the accompanying
papers! fell in the range 5.53-5.55 u.

(3) L. J. Bellamy, The Infrared Specira of Complex Mole-
cules, Methuen & Co., Ltd., London, 1958, p. 178.

(4) The spectrum does not vary with changesin concentra-
tion.

(5) A.E. Martin, Nature, 166, 474 (1950).

(6) Attempts to demonstrate the presence of a phenolic
hydroxyl group in II1a and its absence in IIb, by measuring
the effect of increased pH on the position of the absorption
maxima, were equivocal. The expected bathochromic shift
wag indeed observed for I1la, but even in dry methanolic
sodium methoxide, g similar but less marked, shift occurred
with IIb. This indicated that either a rapid ring-opening of
IIb took place, probably as a result of traces of moisture
unavoidably present at the high dilutions necessary, or that
methoxide ion itself opened the benzofuranone ring to give
an equilibrium concentration of phenoxide anion-methyl
ester. In any case, the shift observed with 1Ib, unlike that of
JIIa, was not immediately reversed on acidification.
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TABLE 1
ULrTrRAVIOLET SPECTRA IN 959, ETHANOL
Compound AmaxNg €mn AminlDl €m
0]
0
A. Benzofuranones
R

R CsHs
H 279 1360 276 1090
272 1520 250 725
—(CH,),Cl 279 1500 276 1300
272 1730 254 868
—(CHa);Br (Ib) 278 1390 275 1120
271 1570 253 776
—(CH,);OH (IIb) 278 1345 275 1040
270 1490 2563 705

B. o-Substituted phenols

OH
(I 280¢ 2200
CH,COOH 274 2370 242 122
OH
@ 280 2420
(f‘CHa 275 2740 243 470
CoHs
I11a 280¢ 2450
275 2700 248 472
¢ Shoulder.

equilibration. In neither case was any change
noted in the carbonyl region of the infrared spec-
trum (0.025-mm. barium fluoride cell) when a 159,
solution in dry methanol containing a catalytic
amount of sodium methoxide was kept at 40°
for forty-eight hours. Using synthetic mixtures
of IIb and IIla and assuming that the carbonyl
absorbance of the hypothetical Ila would be as
great as that of IIb, and I1Ib as great as I1la, it was
estimated that as little as 29 of each of the isomeric
lactones would have been detected had they been
formed under these conditions. From this it follows
that 1I1a is favored over 1Ia and ITb over II1b by
equilibrium constants greater than 49 and by free
energy differences (at 25°) greater than 2.3 keal.
If one makes the reasonable assumption that the
stability of the lactone ring in the hypothetical 1Ia
is about the same as that of IIb, then it also follows
that the v-lactone IIla is more stable than the
8-lactone 1IIb by a free energy factor greater than
4.6 kecal. per mole.

EXPERIMENTAL?

3-(8-Benzyloxyethyl)-3-phenyl-2-benzofuranone (IV). To a
solution of the sodium derivative of 3-phenyl-2-benzofuran-
one [prepared in the usual manner! from 58.8 g. (0.28 mole)
of the benzofuranone and 13.0 g. (0.286 mole) of a 53%
mineral oil dispersion of sodium hydride] in 250 ml. of dry
dimethylformamide was added in one portion, 48.8 g. (0.286

(7) Melting points and boiling points are uncorrected.
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mole) of benzyl S-chloroethyl ether.® After stirring and
heating the mixture on the steam bath for 19 hr., the di-
methylformamide was removed by distillation under re-
duced pressure, and the cooled residue was treated with 250
ml. of cold water. Insoluble oil was taken up in ether and
dried over snhydrous magnesium sulfate. Filtration and
removal of the ether by distillation gave a thick oil which,
on fractionation, gave 29.g. (30%) of 1V, b.p. 208-213°
(0.3 mm.), n%¥ 1.5920, m.p. 64-66° (from hexane), ASm"
8.55 u (> C=0).

Angl. Caled. for CpuHyO;: C, 80.21; H, 5.85; O, 13.94.
Found: C, 80.09; H, 5.91; O, 14.00.

2-(o-Hydrozyphenyl }-2-phenyl-4-hydrozybutyric acid y-lac-
tone (I1Ia). A solution of 5 g. (0.0145 mole) of IV in 100 ml. of
ethanol was hydrogenated at 55-60° and 40 lb. of pressure
for 16 hr. using 2.5 g. of 5%, palladium-charcoal catalyst.
After recovery of the catalyst by filtration, the ethanol was
removed using a rotating evaporator under reduced pressure.
The solid residue (3.6 g., 97%), m.p. 146-151°, was recrystal-
lized twice from benzene to give 2.8 g. (76%) of pure IIla,
m.p. 159-161°, identical (mixed melting point and infrared
spectrum) with the material obtained from Ial; ASE™ ()
2.78(w), 3.0(w) (broad), 5.65(m) (shoulder), 5.74(s),
6.21(w), 6.33(w), 6.76(m), 7.29(m).

Anal. Caled. for CieH:Os: C, 75.57; H, 5.55; O, 18.88.
Found: C, 75.72; H, 5.47; O, 18.53.

Refluxing 2.3 g. (0.009 mole) of Illa for 18 hr. with a
mixture of 10 ml. of 489 hydrobromic acid and 25 ml. of
glacial acetic acid gave a quantitative yield of 3-(8-bromo-
ethyl)-3-phenyl-2-benzofurancne (Ia) identified by mixed
melting point and infrared spectral comparison with the
authentic material.

3-(v-Hydrozypropyl)-3-phenyl-2-benzofuranone (IIb). The
fraction (5.3 g.), b.p. 200-201° (1.5 mm.), obtained as an
appreciable by-product in the preparation?! of ethyl 5-phenyl
2,3,4,5-tetrahydro-1-benzoxepin-5-earboxylate by treatment
of 3-(v-chloropropyl)-3-phenyl-2-benzofuranone with sodium
ethoxide, was dissolved in 10 ml. of .a 10% solution of po-
tassium hydroxide in methanol. After standing overnight,
a solid potassium salt (5.3 g.) crystallized. It was collected
by filtration and dried. This was dissolved in a little water
and acidified with dilute hydrochloric acid. The precipitated
oil (3.5 g.) quickly solidified and was collected at the filter,
washed with chloroform, and dried, m.p. 113-114° (gas
evolution). The infrared spectrum, AN%" 5.93 u (> C=0),
and analysis were consistent with the structure, 2-(o-
hydroxyphenyl }-2-phenyl-5-hydroxyvaleric acid.

Anal. Caled. for CsH,;504: C, 71.31; H, 6.34; O, 22.35.
Found: C, 71.88; H, 6.35; O, 21.79.

Attempts to recrystallize this acid were unsuccessful.
After standing in chloroform for several days it reverted
spontaneously to the chloroform-soluble benzofuranone
IIb, 2B 554 4 (>C=0). Pure ITb was obtained by
removal of the chloroform by evaporation and distillation
of the residue, b.p. 193-195° (1 myn.), »% 1.5830; A=
(8) 2.74(w), 3.30(w), 3.38(w), 3.45(w), 5.54(s), 6.17(w),
6.24(w), 6.68(w), 6.77(m), 6.83(s), 6.91(w).

Anal. Caled. for CyyH,60;: C, 76.10; H, 6.01; O, 17.89.
Found: C, 76.33; H, 6.13; O, 18.03.

Refluxing 2 g. (0.0075 mole) of the benzofuranone IIb
with hydrobromic acid in acetic acid as described above for
the lactone Ila gave 1.9 g. (77%) of 3-(y-bromopropyl)-3-
phenyl-2-benzofuranone (Ib), m.p. 92-94°, identified by
infrared spectrum and mixed melting point with an authentic
specimen.!

Spectra. The infrared spectra were determined using a
Perkin-Elmer Model 137-G Grating Infracord, and the ultra-
violet spectra using a 1-cm. cell in a Cary Model 11 recording
spectrophotometer.

(8) G. M. Bennett, J. Chem. Soc., 1277 (1925).
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A study of the ultraviolet spectra of a number of
unsaturated aliphatic nitriles! led to the following
rules as regards the effects of substituents on wave
length: unsubstituted, 203; «- or S-monosubsti-
tuted, 205 = 3; a,8- or B,8-disubstituted, 210
+ 3; and «,B,5-trisubstituted, 216 %+ 2 mu, Only
one cyclic nitrile (1-cyanocyclohexene) was included
in this study, and the ultraviolet spectra of a num-
ber of unsaturated ecyclic nitriles are now consid-
ered (see Table I). These include present deter-
minations and data taken from the literature.?

The o,8-disubstituted six-membered ring nitriles
had their maxima at ca. 210 my, the same as that
of the cyclic compounds.? The second maximum
reported for I-cyano-4-isopropyleyclohexene (at
271 mu)?e was not observed in the other cases and
may be due to an impurity (the intensity of the
maximum at 212 myp was also significantly lower).
A band has been detected at 270 my in nitriles, but
its intensity was extremely low (Am < 10-3).3

a,f-Disubstituted five-membered ring nitriles,
however, bhad their maximum at 215-220 mg.
Similar bathochromic shifts have been noted in
other five-membered endocyelic compounds?* and
have been attributed?® to ring strain. The variation
in the wave length of the maximum of these nitriles
reflects the varying strain in their rings. 1-Cyano-

(1) R. Heilmann, J. M. Bonnier, and G. de Gaudemais’
Compt. rend., 244, 1787 (1957).

(2)(a) O.H. Wheeler, J. Am. Chem. Soc., 78, 3216 (1956);
(b) E. A. Braude and O. H. Wheeler, J. Chem. Soc., 320
(1955); (¢) E. A. Braude, Ann. Rep. Chem. Soc., 42, 105
(1945); (d) E. A. Braude and O. H. Wheeler, J. Chem. Soc.,
329 (1955); (e) R. L. Frank, R. E. Berry, and 0. L. Shot-
well, J. Am. Chem. Soc., 71, 3889 (1949); (f) F. Sorm and
V. Cerny, Collection Czechoslov. Chem. Commun., 18, 407
(1953); (g) J. Fajkos and F. Sorm, Collection Czechoslov..
Chem. Commun., 19, 766 (1954); (h) J. Heer and K. Mie--
scher, Helv. Chim. Acta, 34, 359 (1951); (i) N. L. Wendler,
R. P. Graber, R. E. Jones, and M. Tishler, J, Am. Chem..
Soc., 74, 3630 (1952); () R. E. Jones and ¥. W. Kocher,.
J. Am. Chem. Soc., 76, 3682 (1954).

(3) J. Schurz, H. Bayzer, and H. Stubchen, Makromol.
Chem., 23, 152/(1957).

(4) A.T. Neilson, J. Org. Chem., 22, 1539(1957).



