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A useful modification of the Wittig reaction is that
employing alkylphosphonate carbanions'~* in place
of alkylidinetriphenylphosphoranes. In the presence
of sodium methoxide, acenaphthenequinone and phos-
phonate I5 condense smoothly to afford a moderate
yield of benzo [k }fluoranthene.
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The yield in this condensation, 20-27%, is relatively
insensitive to the order of addition of the reagents, the
nature of the metal alkoxide (LiOCH; or NaOCHS,),
or the presence of methanol in the reaction mixture,?
but drops to less than 19, when the reaction is con-
ducted at 105°.

Experimental

A solution of 2.0 g. (37 mequiv.) of sodium methoxide in 20
ml. of anhydrous methanol was added over a period of 0.5 hr. to a
slurry of 1.82 g. (10 mmoles) of acenaphthenequinone and 4.0 g.
(10.5 mmoles) of tetraethyl o-xylylenediphosphonate in 25 ml. of
dry DMF which was stirred at 0° under a nitrogen atmosphere.
On completion of addition of the sodium methoxide solution the
dark reaction mixture was allowed to stir at 0° for 1 hr. and at 25°
for 2 hr. and then poured into 150 ml. of water. The aqueous
layer was extracted with five 50-ml. portions of chloroform and the
combined chloroform extracts were evaporated. The dark residue
was taken up in 150 ml. benzene and the benzene solution was
washed with 10-ml. portions of water until the aqueous extracts
were colorless followed by saturated salt solution, dried over an-
hydrous sodium sulfate, and evaporated. The dark residue was
chromatographed on 100 g. of alumina (Fisher Scientific Co.).
Elution with 5% benzene in hexane afforded, after recrystalliza-
tion from benzene, 554 mg. (22% yield) of benzolk]fluoranthene
as faintly yellow flakes, m.p. 215-216° (lit.® m.p. 217°), whose
ultraviolet spectrum agreed with the published spectrum.”.

Anal. Caled. for CyHye: C, 95.21; H, 4.79. Found: C,
95.18; H, 4.78.

Large-scale reactions using nonchromatographic work-ups were
not attempted.
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The recent disclosure by Pelosi and Lyle? on the
reactions of oxime tosylates with Grignard reagents has
prompted the reporting of a similar investigation in-
volving cyclooctanone oxime tosylate 1 and organo-
lithium reagents. The purpose of these experiments
was to determine whether an electron-deficient nitrogen
could be produced by the attack of an organolithium
reagent on the C=N bond of an oxime tosylate with
concomitant loss of the tosyl group.
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In view of the ease with which cyclooctane systems
undergo transannular reactions, it seemed plausible that,
if an electron-deficient nitrogen were generated, a
transannular insertion reaction might produce an 9-aza-
bicyclo[3.3.1]nonane derivative 2. Since it was rec-
ognized that a Stieglitz rearrangement?® could occur
rather than, or in addition to, the desired reaction, the
possibility that the resultant erude product would be a
mixture of 2, 3, 4, 5, and 6 was considered. To facilitate
the separation of these possible products, the material
obtained from the reaction mixtures was treated with
aqueous acid in order to hydrolyze any Schiff’s bases
3and 5. After extraction with ether the acidic solution
was made alkaline, and the resulting basic fraction was
treated with benzenesulfonyl chloride in aqueous so-
dium hydroxide.

The reaction of methyllithium with 1 at —30° was
highly exothermic and yielded only one isolable product
4a (719, as the benzenesulfonamide 4c). The infrared
spectra of the crude and purified material were essen-
tially the same. The structural assignment was based
primarily on spectral evidence. The presence of a gem-
dimethyl group was clearly indicated by infrared ab-
sorptions at 1385 and 1370 em.~!. The n.m.r. spec-
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trum disclosed a multiplet with center at 7 2.41 (phenyl
hydrogens), a small broad peak at 7.35 (hydrogens of
methylene group adjacent to heterocyclic nitrogen), a
sharp resonance peak at 8.30 (methyl hydrogens 8 to
sulfonamide nitrogen),* and a peak at 8.56 (methylene
hydrogens). The ratio of aliphatic to aromatic hydro-
gens was 4.

Although methyllithium appears to have added to the
C=NX\ double bond of 1 with concomitant loss of the
tosyl group, the absence of an insertion product 2a
which might have resulted from the formation of an
electron-deficient nitrogen intermediate suggests that
loss of the tosyl group did not proceed concertedly with
addition of a nucleophile. Futhermore, since there is
probably little difference between the intrinsic migra-
tory aptitudes of methylene and methyl groups, the
absence of any product 6a resulting from migration of
the methyl group seems to indicate an intermediate
similar to the one which is depicted for the Beckmann
rearrangement. The tosyl group is removed via the
electrophilic attack of the lithium from the methyl-
lithium ion pair. The intermediate 7 then reacts with
methyllithium to give 3a and then finally 4a.

MeLi
TsO——I}\' — IJ\II C+ —> 33 —> 44
—CHg——é—CHg— —CH—C * - - CHy—
7

When phenyllithium and 1 were stirred together for
5 hr. at room temperature, treatment of the reaction
mixture in the previously stated manner again yielded
only one isolable product (629, as the benzenesulfon-
amide) having an empirical formula of CyHNO;S.
This immediately excluded 2b, 4b, 5b, and 6b as prod-
uects of the reaction. Although the benzenesulfonyl
derivative of the amine resulting from hydrolysis of 3b
has the same empirical formula, the carbonyl region of
the infrared spectrum was blank. The infrared spec-
trum of a dilute chloroform solution showed sharp
absorption peaks at 3610 and 3385 cm.~! which can be
attributed to nonbonded O-H stretching and N-H
stretching of a monosubstituted benzenesulfonamide.®

The only structure which can be written to accomo-
date the foregoing evidence and can also be rationalized
on the basis of the probable course of the reaction is 8.
What apparently occurs is a base-induced y-elimination
of the tosy!l group followed by ring closure to an inter-
mediate azirine 9 which is then attacked by a second
mole of phenyllithium to give 1-phenyl-9-azabicyclo-
[6.1.0]nonane 10. Acid-catalyzed hydrolysis of the
aziridine ring gave l-phenyl-1-hydroxy-2-aminocyclo-
octane 11 which was isolated as its benzenesulfonamide
8. Campbell, et al.® have shown that acid-catalyzed
hydrolysis of 2-arylaziridines only yields amino alcohols
with hydroxy groups and aryl groups on the same carbon
atom. It should be noted that reaction 1 — 9 is a

(4) The resonance peak due to the methyl hydrogens of the t-butyl group
of N-t-butyl-p-toluenesulfonamide was found to occur at r 8.82. It is
possible that in 4¢ the phenyl ring is allowed to exert a greater deshielding
effect. -
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Neber rearrangement’ the mechanism of which has been
previously proposed by Cram and Hatch.™

As corroboration for the structural assignment
of 8, its n.m.r. spectrum in deuteriochloroform dis-
closed two sharp resonance peaks at = 2.81 and 3.11
(phenyl hydrogens), a diffuse doublet with center at
5.00 (sulfonamide hydrogen), a diffuse peak with center
at 6.25 (hydrogen a- to amide nitrogen), a broad peak
at 7.76 (hydroxyl hydrogen), and a broad peak with
center at 8.64 (methylene hydrogen). After the deu-
teriochloroform solution was shaken with deuterium
oxide, the peaks at = 5.00 and 7.67 disappeared demon-
strating that both were due to exchangeable protons.

Since there are two asymetric carbon atoms in 8,
there is a possibility of two pairs of enantiomorphs
arising from this reaction sequence. However, during
the 8~1 acid-catalyzed hydrolysis of the aziridine 10,
the most thermodynamically stable isomer with both
phenyl and amino groups in quasi-equitorial positions
should be formed. This would result in the isolation of
only one pair of enantiomorphs as the product.

An explanation for the difference between the reac-
tions that 1 underwent with methyllithium and phenyl-
lithium ean be found in their differing behavior as elec-
trophilic reagents. Alkyllithium compounds are known
to act as electrophilic reagents owing to coordination of
the lithium with centers of electron density in such reac-
tions as metalations, halogen-metal interchange, and
substitution of aromatic rings.® Phenyllithium, in
contrast, is a very poor electrophile, evidenced by its
greatly decreased reactivity compared with alkyllithiums
in the aforementioned reactions.® Therefore, it did not
bring about a Beckmann type of rearrangement but in-
stead served as a base for the y-elimination reaction.

Experimental

Reaction of Cyclooctanone Oxime Tosylate with Methyllithium.
—To a solution of 10.0 g. (0.034 mole) of cyclooctanone oxime

(7) (a) P. W. Neber and A. von Friedolsheim, Ann., 449, 109 (1926);
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D. J. Cram and M. J. Hateh, J. Am. Chem. Soc., 78, 33 (1953): (d) M. J.
Hatch and D. J. Cram, ibid., 76, 38 (1953); (e) H. O. House and W. F.
Berkowitz, J. Org. Chem., 28, 307, 2271 (1963).
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tosylate® in 300 ml. of dry 5:1 ether—benzene at —30° was added
dropwise 70 ml. of 1.5 M methyllithium (0.1 mole) in ether. A
vigorous, exothermic reaction took place while the addition was
carried out. At the end of the addition period the reaction mix-
ture was allowed to warm up to room temperature and was then
poured into 250 ml. of ice—water. The organic layer was sepa-
rated, dried over Na,SOy, and evaporated at reduced pressure to
a dark oil which was then stirred with 25 ml. of 1 N HCl for 1 hr.

The acidic solution was extracted with ether to remove neutral
material and was then made strongly basic and reextracted with
ether. No cyclooctanone was found in the first extract. The
second extract was evaporated to a dark oil which was treated
with benzenesulfonyl chloride in aqueous sodium hydroxide.
The basic aqueous solution was separated from insoluble material
and upon acidification gave only a small amount of benzenesul-
fonic acid. The insoluble material yielded, after recrystalliza-
tion from ethanol, 7.2 grams (71%,) of a benzenesulfonamide of a
gecondary amine, m.p. 84°.

Anal. Caled. for CHyNO,S (295.44): C, 65.04; H, 8.41;
N, 4.74; S, 10.85. Found: C, 64.70; H, 7.79; N, 5.08; 8,
10.69.

Reaction of Cyclooctanone Oxime Tosylate with Phenyllithium.
—A solution of 5.0 g. (0.017 mole) of cyclooctanone oxime tos-
ylate in 150 ml. of dry ether and 50 ml. of dry benzene was cooled
to —30°. With stirring under nitrogen 35 ml. of 1.5 M phenyl-
lithium (0.05 mole) in ether was added dropwise over 15 min.
No evolution of heat occurred when the reagent was added. The
mixture was very slowly warmed to room temperature and stirred
for 5 hr. The crude product was processed in the same manner
as in the preceeding experiment and yielded 3.7 g. (629%) of a
benzenesulfonamide, m.p. 140° (ethanol).

Anal. Caled. for CpoHpsNOS (359.48): C, 66.82; H, 7.01;
N, 3.90. Found: C, 66.85; H, 7.04; N, 4.00.
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Only four reports of the synthesis of thiete sulfone
(thiacyclobutene 1,1-dioxide) derivatives, all mono-
cyclic, are found in the literature.?~®> We were inter-
ested in the preparation of substituted thiete sulfones
since these compounds might not undergo ring opening
on reduction with lithium aluminum hydride as do
several of the more simple derivatives.#¢ Reports by
Stork and Borowitz” and by Opitz and Adolf® of the
synthesis of aminothietane sulfones by reaction of
enamines with methanesulfonyl chloride in the pres-
ence of a base prompted us to apply this method to the
synthesis of the bicyclic thiete sulfone, 7-thiabicyclo-
[4.2.0]-1(8)-octene 7,7-dioxide (1).
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The reaction of methanesulfonyl chloride with cyeclo-
hexanone pyrrolidine enamine® in benzene in the pres-
ence of triethylamine gave an 809, yield of the cyclic

sulfone 2. Treatment of 2 with methyl iodide in
[N] -
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methyl ethyl ketone gave the quaternary salt (309,
yield) which was stirred overnight with freshly prepared
silver oxide to yield, upon heating to 40-50°, the thiete
sulfone 1, in 35-409, yield. A better procedure is to
convert the intermediate amine 2 to the amine oxide
which on heating is converted to the unsaturated sul-
fone in 55659, yield.

The structure of the bicyclic thiete sulfone 1 was
supported by its infrared spectrum, proton magnetic
resonance spectruny, elemental analysis, and molecular
weight. Its infrared spectrum showed absorption at an
olefinic C—H stretching frequency of 3003 cm.~! and at
a C-C double bond stretching frequency of 1608 e¢m. L.
The proton n.m.r. spectrum provides further proof that
the double bond is exo to the six-inembered ring.
Absorption (at 60 Mec. relative to tetramethylsilane)
occurs at 6 2.0 (relative area 8, protons of cyclohexane
ring), 4.5 (relative area 1, 6-proton), and 6.2 (relative
area 1, 8-proton). Had the double bond been hetween
carbons 1 and 6, only two principal proton absorptions
would have been observed in the ratio 8:2. The exo
product is the one expected on the basis of a trans
elimination of N-methylpyrrolidine.

Reduction of 1 with lithium aluminum hydride
gives an oil (lacking infrared absorption for a sulfone
or an olefin) which can be oxidized to a sulfone which is
identical with the product obtained on catalytic reduc-
tion of the double bond of 1. This result strongly
suggests that the oil has structure 3, and that this re-
duction of a thiete sulfone with lithium aluminum
hydride is the first one which occurs without opening
of the four-membered ring. The fused six-membered
ring may hinder attack on the 6-position by hydride ion

1
S0, S SO, Pe-C
1 3
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