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butene was approximately 20:4:1 in each case., The con-
centration of 2-phenylbutene in the reaction mixture had
decreased appreciably in the course of 7.1 hours.

A solution of 2.7 g. of ¢is-I1% in 150 ml. of formic acid,
f.p. 8.0°, was heated at 79.7 £ 0.1° for 17 hours. The
reaction mixture was worked up as before and distilled to
give a trace of forerun, which was discarded, and 1.7 g. of
product, b.p. 140-142° (0.8 mm. ), #%p 1.5638.

Anal. Caled. for CxpHu: C, 90.85; H, 9.15; mol. wt,,
264. Found: C,90.88; H, 9.14; mol. wt., 235.

The dimeric hvdrocarbon gave negative tests for un-
saturation with potassium permanganate in acetone and
bromine in carbon tetrachloride. The infrared spectrum
of this product showed no indication of an olefinic double
bond. Redistillation caused no significant changes in
either the infrared spectrum or the elementary analysis.

The Racemization of ( — )-threo-3-Phenyl-2-butanol ((—)-
threo-IV).—Racemic threo-3-phenyl-2-butyl acid phthalate,
m.p. 131-132° (lit.> m.p. 130-131°), was resolved by the
procedure of Cram.5 Saponification of ( —)-threo-3~ phenyl-
2-butyl acid phthalate, m.p. 102-103° (lit.5 m p. 101-102°),
gave (- )-threo-IV, b.p. 107° (12 mm.) (lit.® b.p. 108°
(10 mm.)) which had a single elution peak in gas chroma-
tography.

Three samples of ( —)-threo-IV were heated at 80.2 =%
0.1° in formic acid, f.p. 7.8°. The reaction mixtures were
removed from the constant temperature bath at various
times, and the ester products were converted into carbinol
with lithinm aluminum hydride in ether for measurement of

~
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optical rotation, The results are summarized in Table
IV. Flash distillation of the product gave, in each case,
80 to 909 recovery of threo-IV, which had a single elution
peak in gas chromatography, and which had an infrared
spectrum like that of the starting material.

The Reaction of 1-Octene with Formic Acid.—A solution
of l-octene (9.00 g., 0.0802 mole) in 200 ml. of formic
acid, f.p. 7.5°, was heated at 80.2 =% 0.1° for 45 minutes.
The reaction mixture was neutralized with cold 109, sodium
hydroxide solution and extracted with ether. The ether
solution was washed with water, dried, and evaporated.
The residue was examined by means of gas chromatography
(Table V) then distilled to give 3.68 g. of recovered olefin,
b.p. 121-122°; 0.56 g. of an intermediate fraction, b.p.
122-191°; 6.45 g. of 2-octyl formate, b.p. 181-183° (lit.*
b.p. 81-82° (20 mm.)); and 0.2 g. of pot residue. The
infrared spectrum of the olefin fraction was identical in
every major respect with that of authentic l-octene. The
ester fraction was treated with excess lithium aluminum hy-
dride in ether, and the recovered alcohol was distilled. This
product gave a single elution peak in gas chromatography
and its infrared spectrum was like that of authentic 2-
octanol except for an unidentified peak at 7.53u which was
not present in the spectrum of authentic 3- or 4-octanol,
nor in that of the formate before treatment with lithium
aluminum hydride, and thus seems to be due to accidental
contamination of the sample or sample cell.

(26) R.H. Pickard, J. Kenyon and H. Hunter, J. Chem. Soc.,
(1923).
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Benzenesulfonyvlacetone was benzylated and benzoylated at its methylene group through its monopotassio salt to form

the C-benzyl and O-benzovl derivatives, respectively.

The benzyl derivative was coupled with benzenediazonium chloride
to give an azo compound, whereas benzenesulfonylacetone was converted by this reagent to a phenylhydrazone.

Benzene-

sulfonylacetone was benzylated and benzoylated at its terminal methyl group through its dipotassio salt to form the corre-

sponding C-derivatives.
liquid ammonia.

The dipoj:assio salt was prepared by means of two molecular equivalents of potassium amide in
The benzoyl derivative was cyclized with hydrazine to give a pyrazole, nitrosated with nitrous acid to

produce an oxime, and independently synthesized from 1-bromobenzoyvlacetone and sodium benzenesulfinate.

Benzylation and benzoylation at the methylene
and terminal methyl groups of benzoylacetone have
been effected previously through its mono- and
dialkali salts, respectively.*

In the present investigation such condensations
at the methylene and terminal methyl groups of
benzenesulfonylacetone (I) were effected.

Results with Monopotassio Salt of I.—Because I
is similar to 8-diketones having a reactive methyl-
enic® or methinyl hydrogen,® it was converted by
potassium ¢-butoxide in ¢-butyl alcohol to its mono-
potassio salt I’, which was alkylated with benzyl
chloride in this medium to give the methylene
derivative Il in 759, vield (eq. 1).

That the product was the expected C-benzyl
derivative II and not the possible O-benzyl deriva-
tive was shown by its infrared spectrum, which

(1) Supported by the U. S. Army Research Office (Durham).

(2) Reported at the Cleveland, Ohio, Meeting of the American
Chemical Society, April, 1960.

(3) On leave from the University College, Dublin, Ireland.

(4) See C. R. Hauser and 'T. M. Harris, J. Am. Chem. Soc., 80, 6360
(1958).

(3) See D. F. Martin, W. C. Fernelius and M. Shamma, ibid., 81,
130 (1959).

(6) SeeP. J. Hamrick, C. F. Hauser and C. R. Hauser, J. Org. Chem,,
24, 383 (1959).

KOC(CHy)s CeH;CH,CI
———————> Cdll; SO;CHCOCHs —
(CH;);COH

1/
CH.C¢H;

CeH:SO,CHCOCH; (1)
1I

gave a strong band at 5.8 u for the carbonyl group.”
Moreover the product gave a positive carbonyl
group test with 2,4-dinitrophenylhydrazine,
Structure IT was further established by coupling
it with benzenediazonium chloride in the presence
of sodium acetate to form azo derivative III.
Also the original sulfone-ketone I reacted with this
reagent but the resulting azo derivative underwent
isomerization to give phenylhydrazone IV.®
Methylene substituted and unsubstituted S-dike-
tones are known to undergo analogous reactions to
produce the corresponding azo compound and
phenylhydrazone, respectively.® Forexample, acet-

(7) See L. J. Bellamy, 'Infrared Spectra of Complex Molecules,”*
John Wiley and Sons, Inc., New York, N. Y., 1958, p. 132,

(8) Only one of the two possible geometric isomers appeared to be
obtained; its structure was not determined.

(9) See S. M. Parmerter, **Organic Reactions,”” Vol. X, John Wiley
and Sons, Inc,, New York, N. Y., 1959, Chap. 1.
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ylacetone forms phenylhydrazone V,'° which was
prepared for the purpose of comparison.

CHzCeHs

[ CeH;S0,
CGH3501CCOCH3 C:L\'NHCGHQ
I N=NCH,  CHhCO v
CH;COCCOCH:;

v NNHC:H;

Hydrazones IV and V showed ultraviolet absorp-
tion maxima in the 350400 mu region as reported
for ordinary phenylhydrazones'' and both were
soluble in dilute alkali. The azo compound III
had no such absorption and it was insoluble in
dilute alkali.

Next sulfone-ketone I was converted by a
molecular equivalent of potassium amide to its
monopotassium salt I’, which was benzoylated
with benzoyl chloride!? in ether to form a product
(42-529,) that appeared to be the O-benzoyl deriva-
tive VI, not the C-benzoyl derivative VII,

OCOCeHa COCGHS
CGHDSOICHZCCHs CGHQSOICHCOCfls
VI VII

That the product was VI, not VII, was sup-
ported by its failure to form a copper chelate or a
2,4-dinitrophenylhydrazone under the usual con-
ditions and by its infrared spectrum, which showed
a strong band in the carbonyl region at 5.71 u.
This value is slightly higher than that (5.65 w)
reported for a vinylic or phenolic ester group,!®
but this might be due to an inductive effect of the
benzenesulfonyl group. The value expected for a
B-diketone such as VII would be considerably
higher (6.1-6.5 u).!

Results with Dipotassio Salt I.—Similar to
benzoylacetone,* sulfone-ketone I was converted by
two molecular equivalents of potassium amide in
liquid ammonia to dipotassio salt I”,'* which was
alkylated with benzyl chloride to form the terminal
methyl derivative VIII (eq. 2).

2KNH, 1, C4H,CH,Cl
—>  CeH;SO,CHCOCH,K —MMM ——
lig. NH; 2, acid
I//
ColS0,CH.COCH,CH,Cal L, (2)
VIII

That the product was the expected C-benzyl
derivative VIII, not a possible O-benzyl derivative,
was established by the strong carbonyl band in its
infrared spectrum and by the formation of a phenyl-
hydrazone on treatment with phenylhydrazine,
The product from I” was shown not to be the only

(10) C. Biilow and F. Schlotterbeck, Ber., 35, 2187 (1902).

(11) R. H. Wiley and C. H. Jarboe, Jr., J. Am. Chem. Soc., 77, 403
(1953); F. Ramirez and A, 1", Kirby, ibid., 76, 6026 (1953); 76, 1037
(1954).

(12) Methyl benzoate was not tried since the equilibrium between
esters and the monocarbanions of diacyl compounds is generally on the
side of the ester; see C. R, Hauser and B. ¥. Hudson, Jr., *"Organic
Reactions,”* Vol. 1, John Wiley and Suns, Iuc., New York, N. Y., 1942,
. 298.

(13) See ref. 7, page 182.

(14) See ref. 7, page 142.

(15) For the present purpose only the dicarbanion resonance form
is shown, although other resonance forms may contribute more to the
structure of the molecule.
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other possible C-benzyl derivative II (see above) by
comparison of infrared spectra and by the mixed
melting point method.

Whereas the benzylation of dipotassiobenzoyl-
acetone has been effected in 60% yield in liquid
ammonia,* that of I gave only a 159, yield
under similar conditions. The latter reaction was
accompanied by the formation of stilbene (10-40%)
and some of I was recovered. This may indicatc
that an appreciable amount of potassium amide is
present in equilibrium with I’ (first step in eq. 2},
since benzyl chloride is known to be converted to
stilbene by the amide ion.'® In line with this,
I appears to be a slightly weaker acid than benzoyl-
acetone. Better yields (35-399,) of VIII were
obtained when the benzylation was completed iu
pyridine or benzene (see Experimental).

Also similar to dipotassiobenzoylacetone,!® di-
potassio salt I’ underwent benzoylation with methy]
benzoate in liquid ammonia to form the terminal
methyl derivative IX in 609, yield (eq. 3).

CeH:COOCH; K 17
I —_—— > CeH5501CHCOCH2COCe}Is —

K

K
CsH;S0.CHHCOCHCOCH;

\L acid

CeH;S0,CH,COCH,COC:H; (3)
IX

Since half of the dipotassio salt I’' was neutralized
(to I’) in converting the benzoylation product to
its dipotassio salt (second step in eq. 3), only omne-
half of a molecular equivalent of methyl benzoate
was employed, the yield of IX being based on the
ester.

In agreement with structure IX, the product
gave a positive enol test with ethanolic ferric chlo-
ride, formed a copper chelate with cupric acetate,
and cyclized with hydrazine to produce a pyrazole,
presumably X.

o
|
CsH;S0,CH.C CCeH;
Y4
X CH

These B-diketoune properties showed that the
product was not an O-benzoyl derivative, for exam-
ple VI, but they did not establish structure IX,
since the possible methylene derivative VII is also
a fB-diketone. Incidentally, the starting sulfone-
ketone I has been reported not to form a copper
chelate,'” and we have observed that neither does
it give a positive enol test.

That the product was the terminal methyl
derivative IX was indicated by its nuclear magnetic
resonance spectrum,!® which showed, besides the
phenyl peak, two small peaks at 20 cycles and 151
cycles on the high field side of benzene. Although
the product was too insoluble in the chloroform
employed as solvent for a completely satisfactory

(16) C. R, Hauser, W, R. Brasen, P. S. Skell, S. W. Kantor and
A. E. Brodhag, J. Am. Chem. Soc., 78, 1633 (1956).

(17) E. H. Holst and W, C. Fernelius, J. Org, Cihem., 28, 1881
(1958).

(18) R. J. Light and C. R. Hauser, ibid., 25, 538 (1960).

(19) We are indebted to Dr. G. S. Paulett of Rohm and Haas Co.,
Huntsville, Ala., for this determination and interpretation.
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spectrum, the data favor IX over VII since a
chemical shift of 151 cycles is rather small to be
attributed to the methyl group adjacent to a car-
bonyl in the latter compound. Indeed, I, which
gave a good spectrum, showed a methyl peak at
173 cycles above benzene.

Structure IX was supported by the infrared
spectrum of its copper chelate, which showed
bands in the regions of 6.10-6.45 and 6.5-6.6 u
as reported for the chelates of B-diketones unsub-
stituted at the methylene carbon.?® Only the
latter band was found in the spectrum of the
chelates of alkyl substituted B-diketones.? How-
ever, structure VII is a benzenesulfonyl substituted
B-diketone, and exceptions to these rules have been
observed recently.?!

Structure IX was established by treatment with
nitrous acid in acetic acid to form an oxime,??
since such a structure as VII could afford only a
nitroso derivative.?® Of the two possible oximes, XI
and XII, the former appears more likely since
its infrared spectrumn was similar to that of the
known?* oxime XIII, which was prepared for the
purpose of comparison. Presumably in both
reactions, nitroso derivatives were intermediates,
which isomerized.??

CsH:S0,CH,CO CsH;:S0,
=NOH C=NOH
CeH:CO XI CsH;COCH,CO XII
CH;CO

C=NOH
CH;CO XIII

Structure IX was confirmed by an independent
synthesis from sodium benzenesulfinate and 1-
bromobenzoylacetone, which was prepared by a
modification of the method given by Krohnke
and Timmler® (eq. 4).

Br

NaOBr

|
—> CH;COCHCOCH;  (4)

\L HBr
_ CeH5SOzNa
IN «——— C:H;COCH,COCH,Br

That the conversion of 3-bromobenzoylacetone
to 1-bromobenzoylacetone had occurred was demon-
strated not only by the preparation of the known
pyridinium derivative of the latter compound,?®
but also by showing that the product no longer
contained active halogen (see Experimental).
Moreover, the 3-bromo-8-diketone and sodium
benzenesulfinate failed to give the product formed
in the benzoylation of dipotassio salt I’/. Instead
there were obtained benzoylacetone (22-259%),
sodium benzenesulfonate and benzenesulfonylaceto-

(20) R. P. Dryden and A. Winston, J. Pkys. Chem., 62, 635 (1858).

(21) J. P. Collman, R. A, Moss, S. D, Goldby and W. S. Traha-
novsky, Chemisiry and Indusiry, 1213 (1960); and private communica-
tion.

(22) An attempt to convert IX to a phenylhydrazone with benzene-
diazonium chloride under the conditions nsed with 1 was unsatisfac-
tory.

(23) See O. Touster, “Organic Reactions,”” Vol. V11, John Wiley
and Sons, Inc., New York, N. Y., 1953, Chap. 6, pp. 330-336.

(24) V. L. Wolff, P. Bock, B. Lorentz and P, Trappe, Ann., 325, 134
(1902).

(25) See F. Krohnke and H, Timmler, Ber,, 69B, 614 (1930).

CeH:;COCH,COCH;
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phenone (189;). The first product evidently was
formed by reduction of 3-bromo-benzoylacetone,
and the second by oxidation of sodium benzene-
sulfinate. The third product appears to have
arisen through cleavage of the acetyl group from
VII, although none of this sulfone-g-diketone was
isolated. A similar cleavage has been reported
in the treatment of 3-bromobenzoylacetone with
pyridine.®

Experimental?

Benzenesulfonylacetone (I) (m.p. 57°) was prepared from
chloroacetone and sodium benzenesulfinate in ethanol.?

Its n.m.r. spectrum in chloroform showed a phenyl peak
at 49 cycles on the low field side of benzene and a CH; peak
at 93 cycles and a CH; peak at 173 cycles on the high field
side of benzene.

Benzylation of the Monopotassio Salt of I.—The method
employed was essentially that described® for the alkylation
of B-diketones. To a hot, stirred solution of 0.05 mole of
potassium f-butoxide (prepared from 2 g. of potassium) in
60 ml. of {-butyl alcohol was added, during 10 min., 14.85
g. (0.075 mole) of benzenesulfonylacetone (I) to form salt
I’.  After refluxing for 30 min., 6.33 g. (0.05 mole) of benzyl
chloride was added during 30 min, After1hr., 1g. of potas-
sium iodide was added, and the reaction mixture was stirred
at reflux for 6 hr. Most of the {-butyl alcohol was removed
by distillation, and the residue stirred with 50 ml. of water.
The resulting mixture was extracted with ether, and the
ethereal extract washed with water. The ethereal solution
soon deposited white crystals, which were collected on a
funnel and dried to give 7.8 g. of 3-benzenesulfonyl-4-
phenylbutane-2-one (II), m.p. 97-99°. Removal of the
ether from the filtrate gave 2.9 g. more of II, m.p. 98-99°,
total yield 759,. Recrystallization from methanol raised
the m.p. to 99-100°.

Anal. Caled. for CieH10:S: C, 66.63; H, 5.59; S, 11.12.
Found: C,66.71; H, 5.51; S, 10.86.

Its infrared spectrum showed bands at 3.28, 3.35, 3.45,
5.8, 6.23, 7.4, 7.6, 7.68, 8.7 and 8.77 u. Its 2,4.dinitro-
phenylhydrazone melted at 222-225°.

Coupling Reactions of Benzenediazonium Chloride. (A)
With Benzenesulfonylacetone (I).—The experimental con-
ditions employed were adapted from those described for the
reactions of diazonium salts with aliphatic compounds.2?
The diazonium solution, prepared at 0-5° from 1.825 g.
(0.026 mole) of sodium nitrite, 6 ml. of water, 2.325 g.
(0.025 mole) of aniline and 12.5 ml. of § N hydrochloric
acid (made alkaline to congo red), was added slowly, with
stirring, to a cold (10°) slurry of 4.95 g. (0.025 mole) of
benzenesulfonylacetone (I), 3.0 g. (0.0365 mole) of sodium
acetate, 5 ml. of water and 20 ml. of ethanol. The mix-
ture was stirred for 30 min. at 5-10° and for 90 min. at room
temperature, and water (30 ml.) then was added. The
precipitate was collected on a funnel, washed several times
witll water and recrystallized from ethanol to give 6.5 g.
(81Y%,) of yellow crystals of 1-benzenesulfonylpropane-1,2-
dione-1-phenylhydrazone (IV), m.p. 151-136°. Further
recrystallizations from ethanol raised the melting point to
153-158°. The compound was soluble in 5% sodium
hydroxide solution. Its ultraviolet spectrum had Amax
239, 356 my, log €4.02,4.26. Its infrared spectrum showed
peaksat 3.12, 3.3, 5.98, 6.25, 6.52, 6.93, 7.67, 8.5 and 8.85u.

Anal. Caled. for CisH1O;N28: C, 59.58; H, 4.67; N,
9.27; S, 10.60. Found: C, 59.73; H, 4.85; N, 9.24; S,
10.39.

(B) With 3-Benzenesulfonyl-4-phenylbutane-2-one (II).—
This reaction was carried out as described for the similar
coupling of I, except on four-tenths the scale. The product
obtained on addition of the reaction mixture to water was

(26) Melting points were taken on a Fisher—Johns melting point ap-
paratus. Infrared spectra were produced with a Perkin—Elmer model
21 infrared spectrophotometer by the potassium bromide method.
Ultraviolet spectra were determined with a Warren Spectracord spec-
trophotometer using 2 X 10~% M solution in methanol with a 1-cm,
sample cell. Elemental analyses were by Galbraith Microchemical
Laboratories, Knoxville, Tenn.

(27) R. Otto and W, Otto, J. prakt. Chem., [2] 36, 403 (1887).

(28) See ref. 9, pp. 30--34.
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collected on the funnel, waslied witli water, and recrystal-
lized from ethauol to give 3.35 g. (85%,) of yellow crystals
of 3-benzenesulfonyl-3-phenylazo-4-phenylbutane-2-one
(III), with m.p. 105-106°. Further recrystallizations
from ethanol and finally from #n-hexane raised the melting
point to 107-108°. The conipound did not dissolve in
59, sodium hydroxide solution, nor did it give an enol test
with ethanolic ferric chloride. Its ultraviolet spectrurn
had Amax 291 mu, log e 3.97; its infrared spectrum
at 3.27, 3.43, 5.8, 6.23, 6.3, 6.67, 7.57, 7.68, 8.5 and 8.75 u.

Amnal. Caled. for szHzoOstgSZ C, 6733, H, 514, N,
7.14; S, 8.17. Found: C, 67.22; H, 5.33; N, 7.10; S,
7.99.

Benzoylation of the Monopotassio Salt of I.—To a stirred
solution of 0.05 mole of potassium amide in anhydrous liquid
ammonia was added 10 g. (0.05 mole) of benzenesulfonyl-
acetone (I) to form I’. The ammonia was evaporated,
and 200 ml. of dry benzene was added. The resulting
suspension was refluxed for 0.5 hr. (to remove dissolved
ammonia), and 2.03 g. (0.05 mole) of benzoyl chloride was
added. After refluxing for 4 hr., the reaction mixture was
cooled, neutralized with dilute hydrochloric acid, and the
two layers were separated. The benzene layer was extracted
with saturated sodium bicarbonate solution, then with 109,
sodium hydroxide, and finally with water. The benzene so-
lution was dried over anhydrous magnesium sulfate, and the
solvent removed., The residual sirup (12 g.) was recrystal-
lized from ethanol to give 6.35 g. (429,) of the O-benzoyl
derivative VI (white crystals), m.p. 66-67°.

Anal. Caled. for Ci¢HiO48: C, 63.56; H, 4.66; S, 10.60.
Found: C, 63.59; H, 4.59; S, 10.53.

It failed to produce a color with ethanolic ferric chloride,
or to form derivatives with copper acetate or 2,4-dinitro-
phenylhvdrazine. Its infrared spectrum showed peaks at
3.25,3.43,5.7,6.03,6.2,6.3, 7.6, 7.67, 8.5, 8.7and 8.8 4.

Some (1.5 g.) of the starting sulfone-ketone I was re-
covered on acidification of the sodium hydroxide extract
of the benzene solution of the product.

Similar results were obtained when the liquid ammonia
containing the monopotassio salt I’ was replaced with ether
or pyridine and the benzoyl chloride then added. The yields
of slightly impure VI were 52 and 449, respectively.

Dipotassio Salt I’/,—To a stirred solution of 0.2 mole of
potassium amide in 300-400 ml. of liquid ammoniat was
added 19.82 g. (0.1 mole) of benzenesulfonylacetone (I)
to give a brown-green solution. After about 29 min., a
precipitate formed. Stirring was continued for 15~20 min.
longer before using this dipotassio salt I’” as described below.

Benzylation of Dipotassio Salt I’/ (A) In Benzene.—
To a stirred suspension of 0.1 mole of dipotassio salt I’ in
300 ml. of liquid ammonia was added 12.66 g. (0.1 mole) of
benzyl chloride. The liquid ammonia was replaced by an
equal volume of ether,? and the latter was then replaced by
an equal volume of benzene, The resulting suspension
was stirred at reflux for 4 hr. and shaken with 200 ml. of
water. The two layers were separated. The aqueous
layer was acidified, and the product was extracted with
ether. The ether solution was washed with sodium bi-
carbonate solution, dried over anhydrous magnesium sul-
fate and the solvent removed. The residue was distilled
in vacuo to give 11.1 g. (3997 of 1-benzenesulfonyl-4-phenyl-
butane-2-one (VIII), b.p. 192-193° at 2 min., m.p. 43-44°
after recrystallization from methanol. Its infrared spec-
trum showed peaks at 3.26, 3.3, 3.42, 5.8, 7.57 and 8.7 u.

Anal. Caled. for CieH1s05S; C, 66.63; H, 5.59; S, 11.12.
Found: C, 66.53; H, 5.76; S, 11.34.

1t gave a phenylhydrazone, m.p. 167-168°.
Anal. Caled. for CpoHpO,N,S: C, 69.80; H, 5.86; XN,

7.4; S, 847. Found: C, 70.09; H, 5.87; N, 7.58; S,
8.60.
(B) In Pyridine and Liquid Ammonia.—A suspension

of 0.05 mole of dipotassio salt I’/ was prepared in 100 ml. of
liquid ammonia. After evaporating most of the ainmouia,
60 ml. of pyvridine was added, part of tlie salt dissolving.
Benzyl chloride (6.33 g., 0.05 mole) was then added to give,
within 2 min., a red solution. After stirring at room tem-
perature for 2 hr., the reaction mixture was neutralized with
hydrochloric acid in crushed ice. There was obtained 4.2
g. (359.) of VIII, b.p. 188-190° at 0.5 mm., m.p. 42-45°
after recrystallization from methanol. The melting point
was 1ot depressed on admixture with a sample of VIIT pre-
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pared in (A). Sonte (2.7 g., 279%,) of the starting sulfone-
ketone I was recovered.

(C) In Liquid Ammonia and Ether.—To a stirred sus-
pension of 0.1 mole of I’ in 300 ml. of liquid ammonia was
added 12.66 g. (0.1 mole) of benzyl chloride in an equal
volume of ether. The purple-red color associated with the
formation of stilbenel® was observed. After stirring for 2
Itir., excess ammntonitim chloride was added, aud the liquid
ammonia was replaced with ether. Tlhe resulting etlier
suspeusion was worked up to give 3.85 g. (399}) of recovered
sulfone-ketone I, m.p. 53-56°, 1.4 g. (319) of stilbeue,
m.p. 125°; and 2.2 g. (15%) of product VIII, b.p. 192-
195° at 0.25 mm. (identified by infrared spectrum).

In another experiment, the liquid ammonia was replaced
by ether after 2 lir., and the resulting ethereal suspension
was stirred for 2 hr. Acidification with liydrochloric acid
afforded 2.85 g. (209,) of VIII, b.p. 130--135° at 0.1 inm.
and 1.8 g. (409,) of stilbene.

Benzoylation of I’’.—To a stirred suspension of 0.1 mole
of dipotassio salt 1’/ in 300 ml. of liquid ammonia was added
6.81 g. (0.05 mole) of methyl benzoate. After stirring for
3 hr., the liquid ammonia was replaced by ether and the re-
sulting suspension was refluxed for 1 hr. Water (200 ml.)
was added and the white suspension was filtered. Tlie
potassium salt of IX on the funnel was shaken with dilute
acid and ether, and the layers were separated. The ether
solution was evaporated, and the residue was recrystallized
from ethanol to give 6.83 g. (45.29) of 4-benzenesulfonyl-1-
phenylbutane-1,3-dione (IX), m.p. 145-146.5°. It gave
a cherry-red enol test with ethanolic ferric chloride. Its
infrared spectrum showed peaks at 3.28, 3.35, 3.43, 6.2—
6.4 (broad), 6.7, 6.8, 6.93, 7.15, 7.65 (broad) and 8.65
(broad) u.

Anal. Caled. for C1¢H1:0:S: C, 63.56; H, 4.67; S, 10.60.
Found: C,63.47; H, 4.58; S, 10.54.

The two phases of the ether-aqueous filtrate obtained
above on removing the white solid were separated. The
aqueous layer was acidified and extracted with ether. The
ether extract was shaken with a saturated, aqueous copper
acetate solution to precipitate 2.5 g. (159;) of the copper
chelate of IX, 1n.p. 207-209°, and at 216-218° after re-
crystallization from hexane—acetone (Drv Ice cooling).
The infrared spectrum of the chelate showed peaks at 3.28,
3.43,6.27,6.42,6.6,6.7,7.7,7.8,8.48 and 8.6 u.

Anal. Caled. for CseHs0sS:Cu: C, 57.5; H, 3.94; S,
9.62; Cu, 9.54. Found: C, 57.58; H, 4.25; S, 9.54;
Cu, 9.75.

The combined yield of IX and its clielate was 609.
A sample of IX was converted to the chelate, which was
identical with the chelate described above.

3-Benzenesulfonylmethyl-5-phenylpyrazole (X).—A mix-
ture of 4-benzenesulfonyl-l-phenylbutane-1,3-dione (1 g.)
and hydrazine hvdrate (1 g.) in ethianol was refluxed for
2 hr., The cooled reaction mixture was poured onto water,
and the resulting precipitate was recrystallized from ethanol
to give 1 g. of white crystals of 3-benzenesulfonylmethyl-5-
phenylpyrazole (X), m.p. 173°.

Anal. Caled. for CigHsO:NoS: C, 64.37; H, 4.73; XN,
9.39; S, 10.72. Found: C, 64.28; H, 4.33; N, 9.42;
S,11.16.

Nitrosation Reactions of Nitrous Acid. (A) With
Benzoylacetone.—This reaction was effected with sodium
nitrite and acetic acid as described previously?¢ to form 2-
oximino-1-phenyl-1,3-butanedione (XIII), m.p. 127-128.5°
(reported?t m.p. 124-126°), in 809% vield. Its iufrared
spectrum showed peaks at 2.86, 5.02, 6.22, 6.85, 7.27, 7.55,
7.66, 7.96 and 8.47 .

(B) With 4-Benzenesulfonyl-1-phenylbutane-1,3-dione
(IX).—This reaction was effected by an adaptation of that
emnployed with benzoylacetone.2t To a stirred solution of
0.5 g. (1.6 moles) of IX in 15 ml, of glacial acetic acid and
10 ml. of ether kept at 10-15° was added slowly a cooled
solution of 0.2 g. of sodium nitrite in a minimum of water,
The cooling bath was removed and the stirring continued
for 3 hr. The reaction mixture was poured into cold, satn-
rated sodium bicarbonate solution, and the resulting mix-
ture was extracted with ether. The ether extract was
washed with water and dried over anhydrous magnesium
sulfate. The solvent was removed to give 229.0 mg. (42%)
of an oxime (XI or XII), m.p. 188-188.5° after recrystal~
lization from hexane—ethyl acetate. Its infrared spectrum
showed peaks at 2.92, 5.91, 6.25, 7.22, 7.53 and 8.64 u.
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Anal. Caled. for CieHpsO:NS: C, 58.01; H, 3.96; N,
4.23; S, 9.66. Found: C, 57.90; H, 4.03; N, 4.25; S,
9.74.

Independent Synthesis of IX.—To a stirred, cooled solu:
tion of 4 g. (0.0247 mole) of benzoylacetone in 120 ml. of
0.25 N sodium hydroxide was added slowly a cold solution
of 3.7 g. (0.0231 mole) of bromine and 10 g. of sodium bro-
mide in 40 m}. of water, followed by & ml, of 1 N hydro-
broniic acid. Tlie resulting oil was taken up in ether,
The ether solution was washed with water and dried over
anhydrous magnesium sulfate. The solvent was removed
under reduced pressure at room temperature to leave 5.93
g. (999,) of crude 3-bromobenzoylacetone as a pale yellow
0il.2® Addition of a drop of this product to a solution of
potassium iodide in 2 ml. of water and 5 ml, of acetic acid
under nitrogen produced immediately the dark brown color
of iodine.

To a solution of 1.5 g. of crude 3-bromobenzoylacetone in
5 ml. of glacial acetic acid was added 5 ml. of 30-329), acetic
acid-hydrogen bromide solution (Eastman Kodak Co).
After stirring for & hr. at room temperature, the reaction
mixture was poured into water, and the resulting mixture
was extracted with ether. The ether extract was washed
with water and dried over anhydrous magnesium sulfate.
The solvent was removed under reduced pressure at room
temperature to leave 9-10 g. of an acetic acid solution of 1-
bromobenzoylacetone, the maximum yield of which would
be 1.5 g.% A negative test® for active halogen was ob-
tained with a few drops of this solution (see above). The
remainder of the solution was placed under reduced pressure
until most of the acetic acid was removed. The residue was
taken up in 5 ml. of dry acetonitrile, and 1 ml. of dry pyri-
dine was added. After adding dry ether to produce cloudi-
ness, the mixture was cooled in a refrigerator for 3 days to
give 0.65 g. (35%) of 1-benzoylacetone pyridinium bromide,
m.p. 177-182° dec. and at 181.5-183° dec. after recrystal-
lization from a minimum of hot anhydrous ethanol, re-
ported® m.p. 181° dec. The infrared spectrum of the pyri-
dinium bromide showed peaks at 3.32, 5.77, 5.94, 6.12,
6.26, 6.35, 6.70, 7.52 and 8.26 u.

The isomerization of 1.5 g. of crude 3-bromobenzoylace-

(29) Krohnke and Timmler? reported that this product could not be
distilled.

(30) An attempt to distil this solution at 0.2 mm. led to decomposi-
tion with foaming near 100°, leaving in the flask an acetone-insoluble
black gum.

(81) In this test only a yellow color was produced like that observed
with chloroacetone under similar conditions.
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tone was repeated to give the acetic acid solution of 1-
bromobenzoylacetone (maximum yield 1.5 g., 0.0062 mole).
This solution and 1.35 g. (0.0065 mole) of sodium benzene-
sulfinate dihydrate were dissolved in 50 ml. of 959, ethanol
and the solution was refluxed for 24 hr. Most of the alcohol
was removed under reduced pressure and cold water was
added to the residue. The resulting precipitate was col-
lected on a funnel and washed withh water to give 1.05 g.
(569, based on crude 3-bromobenzoylacetone) of sulfone-
B-diketone IX, in.p. 143-145° after recrystallization from
hexane—ethvl acetate. This m.p. was not depressed on
admixture with a sample of IX obtained as described above;
the infrared spectra of the two samples were identical.

Treatment of 3-Bromobenzoylacetone with Sodium
Benzenesulfinate,—A solution of 1.0 g. (0.0041 mole) of
crude 3-bromobenzoylacetone aund 0.90 g. (0.0043 mole) of
sodium benzenesulfinate dihydrate in 100 ml. of 959, ethanol
was refluxed for 24 hr. The ethanol was evaporated, and
the residue was triturated with dry ether, only part of the
residue dissolving. The ether-insoluble material (0.679
g.) evidently contained sodium benzenesulfonate, not sodium
benzenesulfinate, since its infrared spectrum (in KBr) was
identical with that of the former salt and quite different
from that of the latter salt. The ether-insoluble solid also
appeared to contain some sodium bromide, since treatment
of it with aqueous silver nitrate gave a precipitate that was
insoluble in concentrated nitric acid., Silver benzenesul-
fonate (or benzenesulfinate) is soluble in this acid.

The ether solution obtained as described above was washed
with sodium bicarbonate solution, then with water, and
dried over anhydrous magnesium sulfate. The solvent was
removed, and the residue (which did not give a test for
active halogen) was recrystallized from benzene-hexane
to give 0.191 g. (189,) of benzenesulfonylacetophenore,
m.p. 70-80° and at 94-95° after recrvstallization from nieth-
anol. This product was identified by the mixed inelting
method and by comparison of infrared spectra employing an
authentic sample (m.p. 93-94°) prepared from sodium
benzenesulfinate and a-chloroacetophenone.3?

The benzene-hexane filtrate (see above), on standing and
evaporation of some of the solvent, gave a precipitate of
0.148 g. (229%,) of benzoylacetone, m.p. 50~-53° (identified
by infrared spectrum).

The experiment was repeated with 0.001 mole each of
crude 3-bromobenzoylacetone and sodium benzenesulfinate,
and the reaction mixture (after 24 lir.) was poured into ice-
water to precipitate benzoylacetone, m.p. 53-55°, in 259,
vield.

(32) See J. Troger and O, Beck, J. praki. Chem., [2] 87, 295 (1913).
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A New Reaction of Allylic Sulfones!

By Epwarp M. LA COMBE AND BYRON STEWART
RECEIVED SEPTEMRER 28, 1960

Allylic sulfones have been found to undergo a thermal rearrangenient accompanied by loss of sulfur dioxide to give olefinic

products.
tained as products.
is discussed.

Although there is considerable information on
thermal reactions and rearrangements of allylic
compounds in general, relatively little can be found
regarding allylic sulfones. Allylic sulfones were
the subject of one earlier study? to determine
whether thermal rearrangement to the correspond-
ing sulfinic esters occurred. No rearrangement
was detected and in fact it was noted that one of

(1) Presented in part before the Division of Organic Chemistry,
135th Meeting of the American Chemical Society, Boston, Mass., April
5-10, 1959.

(2) A. C. Cope, D. E. Morrison and L. Field, J. Am. Chem. Soc., 72,
a9 (19530),

Thus, when allyl benzyl sulfone is heated at a temperature of 215°, 4-phenyl-1-butene and sulfur dioxide are ob-
This reaction provides a novel method for lengthening carbon chains.

The mechanism of the reaction

the sulfones studied, allyl phenyl sulfone, was
stable up to about 250°.

We have found that allylic sulfones, including
allyl phenyl sulfone at higher temperatures, undergo
a thermal rearrangement to give olefinic compounds
and sulfur dioxide. For example, allyl phenyl
sulfone, when heated to 300-400°, yields allyl-
benzene and sulfur dioxide as

CH2:CHCHZSO_2© — CH2=CHCH2© + S0,

The reaction has been found to be general, but the
temperature required to cause the pyrolysis is



