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substituted 2-picoline N-oxides is 23-309,.° Recently
Forman® has reported the direct high yield oximation of
2-picoline using sodium amide and n-butyl nitrite. The
applicability of the procedure to substituted 2-picolines
is not presently known.

We have found that the reaction of 2-chloromethyl
pyridines with buffered solutions of aqueous hydroxyl-
amine gives good yields of the corresponding 2-pyridine
aldoximes. The procedure consists of heating the 2-
chloromethylpyridine in an aqueous ethanolic solution
of hydroxylamine hydrochloride buffered to pH 7-8 on
a steam bath for 2 to 3 hr. Upon cooling the reaction
to room temperature, the product usually crystallized
from the solution.

The reaction is significant in view of the fact that
treatment of p-chlorobenzyl chloride under identical
conditions gave the dialkyl hydroxylamine as the only
product. The acidity of the hydrogens « to the
halo group seems to be important since 2-bromocyclo-
hexanone on treatment with buffered hydroxylamine
solution affords a 349 yield” of 1,2-cyclohexanedione
dioxime.

In view of this acidity requirement, the mechanism
shown (1) may be postulated: nucleophilic displace-
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ment of the chloro group yields the alkylhydroxylamine
(I); subsequent protonation of the hydroxyl group of I
followed by the elimination yields the aldimine III;
the aldimine in the presence of excess hydroxylamine
yields the product oxime IV,

Experimental Section

Melting points were determined using a Thomas—Hoover melt-
ing point apparatus and are uncorrected. Elemental analyses
were performed by Midwest Microlabs, Inec., Indianapolis,
Ind.

The 2-chloromethylpyridines were prepared by a modification
and extension of previously reported procedures.®?® Substituted
pyridine N-oxides were treated with a twofold excess of methane-
sulfonyl chloride or p-toluenesulfonyl chloride in refluxing dioxane
for 6 to 12 hr. Best results were obtained with p-toluene-
sulfonyl chloride in the case of 6-methyl, 5-methyl, and 5-ethyl
derivatives.
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New 2-chloromethylpyridines prepared by this procedure were
as follows: 4-chloro, 51%, bp 51° (0.9 mm), n%p 1.5223, picrate

mp 123-125°; 4-carboethoxy, 62%, 75° (0.12 mm), n¥p 1.5208,
picrate mp 110-111°; 5-carboethoxy, 59%, 64° (0.05 mm),
n*p 1.5252, picrate mp 123-125°; 5-chloro, 409, 48° (0.5 mm),
n¥p 1.5293, plcrate mp 96-98°. All compounds had acceptable
elemental analyses in carbon, hydrogen, and nitrogen (chlorine).

The appropriate 2-chloromethyl pyridine (0.02 mole) was added
to a solution of hydroxylamine hydrochloride (0.1 mole) in 40
ml of 509, aqueous ethanol (v/v) which had been buffered to pH
7 to 8 with 10 N sodium hydroxide solution. The solution was
heated on a steam bath for 2 to 3 hr; ethanol was added
from time to time so as to maintain a homogeneous solution.
Upon cooling the solution, the product crystallized and was re-
crystallized from either benzene or aqueous ethanol. The data
are summarized in Table I.

TaBLE I

CoNVERSION OF MoNosSUBSTITUTED (R) 2-CHLOROMETHYL
PYRIDINES TO 2-PYRIDINE ALDOXIMES

R Yield, % Mp, °C
H 50 112-114#
4-Cl 18 151-153%
5-Cl 63 194-195¢
4-COOC.H; 52 157-1584
5-CO0C.H; 72 128-129¢
5-C.Hj; 78 149--150/
6-CH;, 91 170-172¢

¢ 8. Ginsberg and I. Wilson [J. Am. Chem. Soc., 79, 481 (1957)]
report mp 114°; mixture melting point with an authentic sample
was undepressed. ? S, Furukawa® reports 154-155°; mixture melt-
ing point with an authentic sample was undepressed. ¢ Caled
for CH;CIN.O: C, 46.04; H, 3.22; N, 17.90. Found: C,
45.74; H, 3.40; N, 17.63. ¢ Caled for CoH,\N:Os: C, 55.66;
H, 5.19; N, 14.42. Found: C, 55.39; H, 5.29; N, 14.32,
¢ Found: C, 55.86; H, 5.42; N, 14.07. / Caled for CoH,oN,O:
C, 64.00; H, 6.70; N, 18.65. Found: C, 64.17; H, 6.95;
N, 18.53. ¢8. Ginsberg and I. Wilson [J. Am. Chem. Soc.,
79, 481 (1957)] report mp 170-171°.
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The self-condensation products of biacetyl have been
of interest to organic chemists since 1889. Three
dimers?—* and two trimers®® have been isolated in
crystalline form from reactions in which biacetyl was
treated with either strongly alkaline or acidic catalysts.
While studying the reaction of biacetyl with certain
heterocyclic amines, we came upon considerable quan-
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tities of a product which did not correspond in its
properties to any of the known self-condensation prod-
uets of biacetyl. It was neither a dimer nor a trimer,
but analyzed as CpH;Os The structure of this
product has been found to be 2-(1-hydroxy-1-methyl-
2-oxopropyl)-2,5-dimethyl-3(2H)-furanone (1).
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The nuclear magnetic resonance spectrum of 1 re-
vealed the presence of one hydroxyl proton, one vinyl
proton, and four methyl groups. Two of the methyl
groups had chemical shifts that indicated that they
were a to carbonyl or double bond, while the others
were felt to be a to a hydroxyl or ether linkage. The
ultraviolet maximum of 1 (265 mu) was at longer wave-
lengths than the major absorption usually arising from
a simple «,G-unsaturated ketone.” The infrared spec-
trum of 1 included a hydrogen-bonded hydroxyl peak
at 2.93 u, two carbonyl bands at 5.84 and 5.91 u, and
a strong carbon—carbon double bond absorption at 6.22
u. The 3(2H)-furanone system has been reporteds?
to have characteristic bands at about 5.87 and 6.23 .
The mass spectrum of 1 did not show the expected
molecular ion of m/e 198. It was concluded that this
suffered ready decomposition into fragments observed
atm/e 112 and 86.

Attempts to obtain an oxime or 24-dinitrophenyl-
hydrazone of 1 led only to isolation of the corresponding
derivatives of biacetyl. Reactions between 1 and
bromine in carbon tetrachloride, neutral potassium
permanganate, triethylamine in chloroform, and aque-
ous HCI were also noted, but no crystalline products
could be isolated from the reaction mixtures. Com-
pound 1 decomposed in strongly alkaline solutions,
and this reaction was accompanied by a shift of the
ultraviolet absorption maximum from 265 to 295 mu
over 15 min. After neutralization, biacetyl ecould
be distilled from the solution, which contained a com-
plex mixture of substances and gave a strong ferric
chloride test.

Treatment of 1 with sodium metaperiodate solution
smoothly converted it to a product to which we have
assigned the structure 2-acetyl-2,5 dimethyl-3(2H)-
furanone (2a). Its nmr spectrum indicated the pres-
ence of a vinyl hydrogen and three methyl groups,
two of which were « to a carbonyl or double bond, and
one which was « to a hydroxyl or ether linkage. Thisis
consistent with the conversion of the CH;COCOH-
(CH;) side chain of 1 to an acetyl group. The ultra-
violet spectrum of 2a showed a peak at 263 my, indi-
cating no substantial change from the chromophore
of 1. The mass spectrum of 2a revealed a weak molecu-
lar ion at m/e 154 (0.29, of the intensity of the base
peak). A prominent peak of m/e 112 was observed
here, as in the case of 1. In alkali, 2a showed a be-

(7) A. 1. Scott, “Interpretation of the Ultraviolet Spectrum of Natural
Products,” Pergamon Press Ltd., Oxford, 1964, p 55.

(8) C. H. Eugster, Helv. Chim. Acta, 40, 2462 (1957).

(9) W. Parker, R. A. Raphael, and D, 1. Wilkinson, J. Chem. Soc., 3871
(1958).
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havior analogous to 1. Upon acidification a complex
mixture, somewhat similar to that from 1, was re-
vealed by thin layer chromatography. A crystalline
monosemicarbazone (2b) could, however, be obtained
from 2a. Its ultraviolet spectrum was similar to that
of 2a, indicating that the acetyl group, rather than the
conjugated carbonyl of the chromophore, was the site
of reaction. The nuclear magnetic resonance and in-
frared spectra of 2b were consistent with this assump-
tion.

The above data are best accommodated by the struec-
tures shown for 1, 2a, and b. An alternative series of
structures, in which the methyl and hydrogen on the
double bond are interchanged also fits the data, but
is much less likely on mechanistic grounds. The peak
at m/e 112 observed in the mass spectra of 1 and 2a
is readily explained by fragmentation of the molecular
ions through six-membered ecyclic intermediates to
give ion 3. The decomposition of 1 and 2a at high pH
can be attributed to alkali-catalyzed cleavage of the
biacetyl or acetyl side chains, giving the anion of
3-hydroxy-2,5-dimethylfuran (4). Hydroxyfurans are
known to be quite unstable in alkaline solution, giving
perioxides and other produects.1%11
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A number of possible mechanisms can be written to
describe the formation of 1 from biacetyl. Only one
of these, perhaps the simplest, will be given here.
It assumes the initial formation of 5, a known dimer of
biacetyl. Enolization and protonation of 5 would give
intermediate 6. Hydrolytic cleavage of an acetyl
group with simultaneous loss of water would then
directly yield 3-hydroxy-2,5-dimethylfuran (7), which
could react with an additional molecule of biacetyl in
an aldol condensation to give 1.
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Experimental Section

Melting points were determined on a Thomas-Hoover capillary
apparatus and are uncorrected. Ultraviolet spectra were taken
using a Perkin-Elmer 202 spectrophotometer. Infrared spectra
were obtained with a Perkin-Elmer Infracord spectrophotometer.
Nuclear magnetic resonance speetra were determined using a
Varian A-60 spectrophotometer and are reported on the r scale
with tetramethylsilane (r 10.00) as standard. Mass spectra
were obtained from the Morgan Schaffer Corp., Montreal,
Quebec. They used a Hitachi Perkin-Elmer RMU-6D in-
strument. Microanalyses and molecular weight determinations
were performed by Mr. George I. Robertson, Florham Park,
N. J. Thin layer chromatography was run on silica gel G
(Merck). TUltraviolet absorbing materials were located with
the aid of an ultraviolet lamp equipped with a short-wavelength
filter.

(10) E. P. Kohler, F. H. Westheimer, and M. Tishler, J. Am. Chem. Soe.,
58, 264 (1936).
(11) E. P. Kohler and D. W. Woodward, ¢bid., 88, 1933 (1936).
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Preparation of 2-(1-Hydroxy-1-methyl-2-oxopropyl)-2,5-di-
methyl-3(2H )-furanone (1).—To a solution of 51 ml of biacetyl
(Fisher Scientific Co., reagent grade) in 500 ml of water was
added 1 ml of acetic acid, and the reaction was heated at 70° for
13 days. The dark orange reaction mixture was evaporated
under vacuum and the residual oil was extracted with petroleum
ether. The extract was discarded and the remaining residue
was crystallized from carbon tetrachloride in several crops,
melting between 91 and 96°. The yield was 12.54 g (369
from biacetyl, assuming the conversion of 3 moles of biacetyl
to 1 mole of 1; 25% from biacetyl by weight). An analytical
sample, mp 95-96°, was prepared by recrystallization from
carbon tetrachloride: infrared absorption (KBr) at 2.93, 3.33,
3.41, 5.84, 5.91, 6.22, 6.83, 6.91, 7.04, 7.28, 7.38, 7.48, 8.02,
8.39, 8.70, 8.87, 9.25, 9.50, 9.95, 10.38, 10.70, 11.10, 12.38 u;
ultraviolet maximum (H.O) at 265 mu (¢ 10,600); nmr spec-
trum (CDCl;), singlets at = 4.53, 5.90, 7.78, 8.52, and 8.55
with peak area ratio 1:1:6:3:3; nmr spectrum (D;0), singlets
at 7 4.45, 7.79, 7.82, 8.64, 8.67 with peak area ratio 1:3:3:3:3;
mass spectrum (peaks with 109, or more of the intensity of the
base peak are listed), m/e 112, 86, 68, 43 (base peak), 40, 39,
and 15; the ratio of the intensities of the peaks of m/e 112, 113,
and 114 was 100:7.2:0.8 (expected'? for CeHgO., 100:6.7:0.6);
thin layer chromatography (959 benzene, 5% methanol), R
0.44,

Anal. Caled for CoHiOs: C, 60.59; H, 7.12; CH,, 30.2.
Found: C, 60.64; H, 7.20; CH;, 27.0; mol wt (vapor pressure),
169.

3-Acetyl-2,5-dimethyl-3(2H )-furanone (2a) and Its Deriva-
tives.—Compound 1 (1 g) was dissolved in 50 ml of saturated
sodium metaperiodate solution and allowed to stand at room
temperature overnight. The solution was extracted several
times with ether, and the ether solution was washed with water
until the washings gave a negative starch iodide test. The
ether solution was dried (Na,SO4) and evaporated. The re-
sulting oil crystallized on standing to give 408 mg (56%,)
of 2a, mp 49-50°. An analytical sample, mp 51-52°, was pre-
pared by recrystallizing from petroleum ether (bp 30-60°)
and drying in air: infrared absorption (KBr) at 3.32, 3.38, 5.76,
5.89, 6.22, 7.00, 7.20, 7.37, 7.50, 8.15, 8.37, 8.64, 8.72, 9.07,
9.65, 9.88, 10.38, 10.58, 11.17, 11.71, 12.32, and 13.57 u; ul-
traviolet maximum (H.0) at 263 mg; nmr spectrum (CDCl),
singlets at = 4.43, 7.60, 7.88, and 8.47 with peak area ratio
1:3:3:3; mass spectrum, molecular ion at m/e 154 (0.29% of
base peak), peaks with 109 or more of the intensity of the base
peak occurred at m/e 112, 97, 43, 40, 30, and 15; the ratio of
the intensities of the peaks of m/e 112, 113, and 114 was 100:7.1:
0.7 (expected? for CyHgO., 100:6.7:0.6); thin layer chroma-
tography (959, benzene, 59, methanol), B 0.74.

Anal. Caled for CeHyOs: C, 62.33; H, 6.54. Found: C,
62.81; H, 6.61.

When 2a was dissolved in water and treated with a solution of
semicarbazide hydrochloride was sodium acetate, a crystalline
semicarbazone (2b) quickly separated. It was filtered and an
analytical sample, mp 219-220° dec, was prepared by recrystal-
lization from ethanol-water: infrared absorption (KBr) at 2.87,
3.15, 5.87, 6.23, 6.27 (shoulder), 6.77, 6.97, 7.26, 7.49, 7.69,
8.27, 8.54, 8.94 (shoulder), 9.10, 9.37, 10.46, 11.20, 12.00, 13.03,
and 13.42 u; ultraviolet maximum (H;0) at 230 and 265 mg;
nmr spectrum (CD;SOCD; with added D.0), singlets at r
4.25, 7.59, 8.24, and 8.39 with peak area ratio 1:3:3:3; thin
layer chromatography (959 benzene, 59, methanol), B 0.04.

Anal. Caled for CH3sN:O3: C, 51.18; H, 6.20; N, 19.89.
Found: C, 50.99; H, 6.20; N, 19.40.

Treatment of 2a with a solution of sodium acetate and hy-
droxylamine hydrochloride led to the precipitation of an oxime.
After recrystallization from ethanol-water, white crystals, mp
131-132°, were obtained: infrared spectrum (KBr) contained
bands at 3.10, 5.99, and 6.31 u; ultraviolet maximum (H,O) at
264 mu; thin layer chromatography (959, benzene, 5%, meth-
anol), R;0.44.

Reaction of 1 and 2a with Sodium Hydroxide. Compound 1
(50 mg) was dissolved in 20 ml of NaOH solution, pH 13.5.
During the next 20 min, the absorption maximum at 265 mg
in the ultraviolet was seen to disappear, and a new well-defined
peak appeared at 295 mu, with an absorption about 259, greater
than the original solution. A portion of the solution was allowed

(12) J. H. Benyon, ‘“‘Mass Spectrometry and its Applications to Organic
Chemistry,” Elsevier Publishing Co., Amsterdam, 1860, p 495.
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to remain at pH 13.5 for several hours and the absorption at 295
myu gradually disappeared. The remainder of the solution had
been neutralized with HCI after 20 min. Only a weak absorption
maximum in the ultraviolet, at 265 my, remained. A portion
of this solution was distilled. The aqueous distillate was treated
with 2,4-dinitrophenylhydrazine reagent and a yellow compound,
mp 313-315°, precipitated. It was identical with the 2,4-
dinitrophenylhydrazone of biacetyl, mp 314°. The remainder
of the neutralized solution gave a strong positive ferric chloride
test. Thin layer chromatography (5% benzene, 5% methanol)
revealed ultraviolet-absorbing spots of R; 0.06, 0.15, 0.27,
0.44, 0.67, and 0.90.

When dissolved in NaOH solution of pH 13.5, 2a also showed
& shift of the ultraviolet maximum, from 263 to 295 mg, over 15
min. A portion of the solvent, kept at pH 13.5 for several
hours, gradually lost the absorption at 295 mu. Another por-
tion was neutralized after 15 min and then showed only weak
absorption at 265 mu in the ultraviolet. The solution was con-
centrated and revealed on thin layer chromatography (95%
benzene, 5%, methanol) ultraviolet-absorbing spots of Ry 0.04,
0.25, and 0.40.
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Johnson and Heinz! had demonstrated that the
decarboxylation of g-phenylcinnamic acid (I) and 8-
methylcinnamic acid (II) to unsym-diphenylethylene
and a-methylstyrene, respectively, is acid catalyzed
but the first-order rate constants are not a linear fune-
tion of the hydrobromic acid concentration. In 1961,
Noyce, King, and Woo? reported that g-p-methoxyl-
phenyl-g-hydroxypropionic acid undergoes a decarboxy-
ative dehydration reaction in which the decarboxylation
reaction was nearly independent of acid concentration
while the dehydration reaction closely paralleled the
acidity function. This suggested the intermediacy
of a B-hydroxy propionic acid in the decarboxylation
of cinnamic acids. Having previously ascertained the
validity of the acidity function, H,, for the hydrogen
bromide-acetic acid—water system,® we undertook an
investigation aimed at elucidation of the mechanism of
the acid-catalyzed decarboxylation of cinnamic acids.
At the outset of this work however, Noyce, Brauman,
and Kirby* published a detailed account of the de-
carboxylation mechanism showing the decarboxylation
is the result of hydration of the olefinic function to the
B-hydroxy acid followed by a synchronous decarboxyla-
tion and dehydration reaction of the hydroxy acid.
Their data predict that in the H, range from —0.8
to —2.4 (regardless of the mineral acid used) a plot
of log k& vs. Hy should be linear with a slope of 1.0
and at higher acidities the slope of the line should
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