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The addition reactions of bromine to several fluorinated bicyclobutenyl derivatives have been investigated.

2,2’-Dimethoxy-3,3,3’,3’-tetrafluorobicyclobutenyl forms a dibromide by 1,4 addition.

This adduct on meth-

anolysis and subsequent sulfuric acid treatment forms a novel reactive diketone, 2,2’-diketo-3,3,3',3’-tetra-

fluorobieyclobutylidene.

A tetrabromide obtained from 2,2’-dimethoxy-3,3’-diketobicyclobutenyl, on treat-

ment with triethylamine, underwent dehydrobromination and rearrangement to 2,2’-dimethoxy-3,3’-diketo-

4,4’-dibromobicyclobutenyl.

Bicyclobutenyl derivatives were found to readily
add 1 mole of bromine. Thus, when 2,2’-dimethoxy-
3,3,3’,3'-tetrafluorobicyclobutenyl (I) was treated with
bromine (1 mole) in methylene chloride or glacial acetic
acid, 1,4 addition occurred to give a symmetrical di-
bromide (II). The structural assignment was based
on the microanalysis and the lack of olefinic absorption
in the infrared spectrum (as would be expected for a
symmetrically tetrasubstituted olefin). It was not
possible to deduce whether the product was a cis or
trans isomer with respect to the double bond, however.
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Dibromide II reacted with potassium hydroxide in
methanol to give a tetraether, 2,2,2' 2’ -tetramethoxy-
3,3,3',3"-tetrafluorobicyclobutylidene (III), which is a
mixture of ¢is and trans isomers. It was expected that
1,4 elimination of hydrogen bromide might occur in
preference to allylic replacement and thus give a diene.
Apparently, the methylene hydrogens are not suffi-
ciently acidic to promote elimination.
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The reaction of 2,2’,3,3,3',3’-hexafluorobicyclobu-
tenyl (IV) with excess bromine also gave a mixture of

(1) This structure is more properly written bi-1,1’-cyclobut-1-enyl con-
sistent with the Chemical Abstracts nomenclature guide. To permit smoother
reading, the shortened form will be used throughout the text. The numbering
for the bicyclobutenyl structure is as follows.
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(2) This paper represents part of a Ph.D. thesis submitted to the Graduate
School, University of Colorado, 1965.

(3) Previous papers in this series: J. D. Park and W, C. Frank, J. Org.
Chem., 29, 1445 (1964); 83, 1333, 1336 (1967).

bromides—mainly dibromides. Only the symmetrical
dibromide, 2,2’-dibromo-2,2’,3,3,3',3’-hexafluorobicy-
clobutylidene (V) was isolated from the mixture.
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The addition of 2 moles of bromine to 2,2’-dimethoxy-
3,3’-diketobicyclobutenyl (VII) in methylene chloride,
surprisingly enough, proceeded very easily to give a
readily isolable tetrabromide, 1,1’,2,2’-tetrabromo-
2,2'-dimethoxy-3,3'-diketobicyclobutenyl (VIII) as the

only product.
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Tetrabromide VIII lost bromine and hydrogen bro-
mide on heating to 145° to form a mixture of diene-
diketones. It spontaneously lost hydrogen bromide
at room temperature on standing. The dehydrobro-
mination seemed to be autocatalytic since samples
left in open air failed to decompose, but bottled samples
quickly lost hydrogen bromide. The final product is
2,2'-dimethoxy-3,3’ -diketo-4,4’ -dibromobicyclobut-1-
enyl (IX) which was best prepared by the reaction
of tetrabromide VIII with triethylamine in benzene.
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The structure of IX is based largely on the infrared
spectrum which is almost identical with that of dione
VII. The transformation occurs vie a simple dehydro-
bromination followed by two simultaneous Sn2’ rear-
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rangements. Rearrangements of this type are ex-
pected with gem-disubstituted cyclobutenones and
have been observed by Roberts and co-workers.*

The addition of 1 mole of bromine to VII in methyl-
ene chloride gave a mixture of compounds including
starting material, tetrabromide VIII, and a very un-
stable, unisolable dibromide to which structure X has
been assigned on the basis of the infrared spectrum of
the crude product mixture.
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It was not possible to form more highly brominated
derivatives of VII. The reaction of VII with a large
excess of bromine in tetrachloroethane at 145° gave
the addition-dehydrobromination product (IX) as the
main product.

A new and interesting diketone, 2,2’-diketo-3,3,3',3"-
tetrafluorobicyclobutylidene (XI), was prepared by
the reaction of tetraether III with concentrated sul-
furic acid. It appears to form highly soluble hydrates
in aqueous solvents and hemiketals when dissolved in
alcohols.
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The diketone (XI) was found to be very reactive to
bases. In methylene chloride it reacted vigorously
with triethylamine or with pyridine to give an intense
purplish red solution. On working this up, a black,
polymeric solid, very soluble in acetone, was obtained
which was not further characterized.

Experimental Section

Preparation of 2,2’-Dimethoxy-3,3,3’,3’-tetrafluorobicyclo-
butenyl (I).—This compound was prepared according to the
method previously shown by Park and Frank.3

2,2'-Dibromo-2,2’-dimethoxy-3,3,3’,3'-tetrafluorobicyclobutyl-
idene (II).—A solution of bromine (26.4 g, 0.165 mole) in 50 m}
of glacial acetic acid was added in portions with stirring to a
solution of diether I (36.5 g, 0.155 mole) in 100 ml of glacial
acetic acid. The mixture was stirred for 10 min and then poured
over 500 ml of ice in a large flask with vigorous shaking. A
yellowish solid quickly separated. Sodium bisulfite solution was
added to remove the bromine color. The solid compound (II,
now white), was then filtered off, washed, and pumped dry (63 g,
1009, of theory). The crude product, recrystallized from hot
Skellysolve C, melted at 106-107°. The infrared spectrum con-
tained strong characteristic peaks at 720, 812, 881, and 989 cm %,
and lacked peaks in the olefinic region as would be expected for
a symmetrically tetrasubstituted olefin.

Anal. Caled for CyoHyoBr.F40.: C, 30.3; H, 2.53; Br, 40.0;
F, 19.4. Found: C, 30.50; H, 3.06; Br, 39.70; F, 20.62.

2,2,2',2'-Tetramethoxy-3,3,3',3’-tetrafluorobicyclobutylidene

(III).—Dibromide II (as prepared above, 63 g, (0.155 mole)

(4) M. C. Caserio, H. E. Simmons, A. E. Johnson, and J. D. Roberts,
J. Am. Chem. Soc., 82, 3102 (1960).
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was dissolved in 150 ml of absolute methanol. To this was
added, slowly, with stirring and cooling, a solution of 17 g
(0.30 mole) of potassium hydroxide in 50 ml of absolute methanol.
After the addition, stirring was continued for 10 min and the
mixture was poured over ice. The creamy white, fluffy precipi-
tate which formed was filtered and washed with water. After
pumping dry for 30 min, 37 g of crude tetraether III (ca. 809)
was obtained. Further recrystallization from hot Skellysolve C
yielded 30 g of colorless plates, mp 122°. The crude product was
of sufficient purity to be used for the preparation of the diketone
(XI). The infrared spectrum had strong characteristic peaks at
716, 749, 878, 1007, and 1310 em~!. The proton nmr spectrum
showed a strong singlet for OCH; and two separate close triplets
for CH,CF; in ¢is and trans configurations.

Anal. Caled for CppHisFiO4: C, 48.0; H, 5.33; F, 25.3.
Found: C, 47.78; H, 5.71; F, 26.39.

Bromination of 2,2',3,3,3/,3’-Hexafluorobicyclobutenyl (IV).—
Bromine (39 g, 0.244 mole) and 21.4 g (0.1 mole) of diene IV
were dissolved in 100 ml of methylene chloride and left in a
stoppered flask for 8 days. The solvent was stripped off in a
Roto-Vac to yield about 40 g of a pale yellowish, viscous liquid.
The infrared spectrum of the crude mixture showed an absorp-
tion band at 1720 em™! (vinylic fluorine). On standing for
several weeks, colorless crystals had separated. These were
filtered off and washed with cold Skellysolve F. The 2,2'-
dibromo-2,27,3,3,3’,3’-hexafluorobicyclobutilydene (V) thus ob-
tained amounted to 10 g and melted at 97-98°. The infrared
spectrum was quite similar to that of the crude material but
lacked absorption in the olefinic region. Major, significant peaks
were at 1390, 1290, 1220, 900, and 717 cm~1. The filtrate is
considered to be a mixture of the two isomeric dibromides (1,2-
dibromo and 2,2’-dibromo).

Anal. Caled for CeHBroFs: C, 25.7; H, 1.07; Br, 42.5.
Found: C, 26.00; H, 1.00; Br, 41.17.

1,17,2,2'-Tetrabromo-2,2’-dimethoxy-3,3’-diketobicyclobutyl
(VIII).—In a clean, dry, 500-ml erlenmeyer flask was placed
19.4 g (0.01 mole) of 2,2’-dimethoxy-3,3’-diketobicyclobutenyl
(VII) and 150 ml of methylene chloride. The mixture was
shaken to dissolve the solid. To this was added, with swirling,
40.0 g (0.25 mole) of bromine diluted in methylene chloride.
The mixture was shaken until solution was complete and then
exposed to an ultraviolet lamp for 2 hr. After this time colorless
crystals of tetrabromide were formed. The solution was con-
centrated by stripping off most of the solvent. Skellysolve F
(300 ml) was added and the white solid was filtered and washed
with more Skellysolve F. A white product (VIII, 43 g, mp
145° dec) was obtained (yield, 85%,). An analytical sample was
prepared by recrystallization from methylene chloride-petroleum
ether (bp 30-60°). The infrared spectrum had strong char-
acteristic peaks at 1800, 1270, 1000, and 719 em ™. The material
loses hydrogen bromide on standing in a bottle.

Anal. Caled for C,HpBrO:: C, 23.4; H, 1.95; Br, 62.3.
Found: C, 23.42; H, 2.02; Br, 62.05.

2,2’-Dimethoxy-3,3'-diketo-4,4’-dibromobicyclobutenyl (IX).
—In a 250-ml, round-bottomed flask equipped with a mechanical
stirrer, reflux condenser, thermometer, and addition funnel,
10.0 g (0.02 mole) of 1,1’,2,2'-tetrabromo-2,2’-dimethoxy-3,3’-
diketobicyclobutyl (VIII) was dissolved in 200 ml of dry benzene.
Triethylamine (4.0 g, 0.04 mole) in 20 ml of benzene, was added
dropwise keeping the temperature below 40°. After the addition,
the flask was warmed to reflux for 40 min and then filtered hot
to give 7.8 g of dull gray salts. The salts were extracted to give
1.1 g of black, water-insoluble solid. The filtrate was con-
centrated ¢n vacuo to about 50 ml. Skellysolve F (150 ml) was
then added and the solution was chilled to —15° for several hours.
The product (IX) was filtered to yield a yellowish, crystalline
solid (6.5 g, 909% yield) melting at 130° dec. The infrared
spectrum contained strong characteristic peaks at 1740, 1590,
1280, 993, and 727 ¢cm™!. The spectrum was relatively simple
and very similar to that of 2,2’-dimethoxy-3,3’-diketobicyclo-
butenyl (VII).

Anal. Caled for CsHiBr:04: C, 34.2; H, 2.37; Br, 45.4.
Found: C, 34.51; H, 2.40; Br, 45.14.

Addition of Bromine (1 Mole) to 2,2’-Dimethoxy-3,3’-diketobi-
cyclobutenyl (VII).—Bromine (4.95 g, 0.031 mole) and 6.0 g
(0.031 mole) of diketone VII were dissolved together in 100 ml of
methylene chloride and allowed to react for 2 hr. The solvent
was then stripped off and the solid was washed with Skellysolve
F. It was found to be a mixture of starting material and bro-
minated product. The infrared spectrum of the bromide mixture
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showed the major peaks of the tetrabromide along with strong
peaks at 1650 and 1760 cm ', consistent with the assignment
1/-(1,2-dibromo-2-methoxy - 3 -ketocyclobutyl) -2/ - methoxy - 3'-
ketocyclobutene (X). The material was very unstable, quickly
lost hydrogen bromide on standing, and reacted with moisture
to give water-soluble, yellow tars.
2,2'-Diketo-3,3,3,3'-tetrafluorobicyclobutylidene  (XI).—
Concentrated sulfuric acid (60 ml) was placed in a beaker and
37 g (0.127 mole) of 2,2,2',2’-tetramethoxy-3,3,3’,3’-tetrafluoro-
bicyclobutylidene (IIT) was dissolved with stirring. To this was
added 100 ml of methylene chloride and 100 ml of ice in portions.
The mixture was shaken vigorously in a separatory funnel. The
organic layer was removed and the acid layer was extracted with
two additional 100-ml portions of methylene chloride. The ex-
tracts were combined and dried over anhydrous magnesium
sulfate. The extracts were concentrated over a steam bath until
yellow crystals began to deposit. It was then chilled overnight.
Yellow erystals of diketone XI, mp 157-159°, were then filtered
off. This amounted to 10.0 g (second crop, 1.5 g; total yield
47%%). The infrared spectrum contained significant peaks at
1775, 1390, 1190, 1045, and 873 cm Y, and lacked olefinic absorp-
tion as would be expected for a symmetrically tetrasubstituted
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olefin. Diketone XI was found to be very reactive to bases to
give polymeric materials. In methylene chloride it reacted with
triethylamine or with pyridine to give an intense purple solution.
Anal. Caled for CiHF.0.: C, 46.1; H, 1.93; F, 36.5.
Found: C, 46.04; H, 2.18; F, 34.02.
This material slowly dissolves in water to form hydrates.
In methanol it quite quekly forms a colorless hemiketal.

Registry No.——cis I, 10103-08-9; trans I, 10074-74-5;
cts 111, 10074-75-6; trans 111, 10074-76-7; V, 10074-77-8;
VIII, 10074-78-9; IX, 10074-79-0; X, 10074-80-3; XI,
10074-81-4.
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The rearrangement of dihydrodiazepinones 1 and 7 to a-aminopyridines by a cleavage-cyclization pathway
has been found not to be subject to general base catalysis; the rate shows first-order dependence on hydroxide
ion. These findings preclude a simple 8 elimination of the enolate, and a mechanism based on the initial forma-
tion of a carbinolamine intermediate is suggested. With the l-acyl-7-methoxydiazepinone (11), on the other

hand, enolization is the rate-controlling process.

The cleavage of an a-hydrazinocarbonyl system to the a-keto-

aldimine has been demonstrated with phenacylhydrazine, and the possible generality of this reaction is discussed.

In an earlier paper we reported the formation of the
a-aminopyridines (2 and 3) in approximately equal
amounts by alkaline treatment of the dihydrodiaze-
pinone (1).2 The methyldiazepinones (7 and 8%) simi-
larly give rise to the methylaminopyridines 4 and 5,
respectively; in the latter reactions a single product
was obtained. It was suggested that these ring con-
tractions occur by a @ elimination of the enolate anions,
with formation of an acyclic intermediate, e.g., 6,
which then cyclizes to the observed pyridines (see
Scheme I).

This pathway provides a consistent explanation for
all of the reactions, in particular the duality of products
in the case of the unsubstituted ketone (1). Precedent
for an elimination—cyclization sequence of this type is
lacking, however, and no mechanistic details of the
process are revealed by the product data. Direct
evidence for the cleavage of an a-hydrazino ketone to an
a-ketoaldimine is reported later in this paper. Al-
though the opportunity has not previously arisen to
generate a diimine such as 6, the subsequent cyclization
to 2, 3, and 4 follows a pattern well known in pyridine
chemistry. We now present some kinetic results on
these diazepinone rearrangements which require an
important refinement of the previously suggested 3-
elimination step.

It was shown in earlier work? that the diazepinone
(1) in 2 N NaOD solution undergoes deuterium ex-

(1) Part XXII: J. A, Moore, R. W. Medeiros, and R. L. Williams, J.
Org. Chem., 31, 52 (1866).

(2) J. A. Moore and E. C, Zoll, ¢bid., 89, 2124 (1964).
(3) J. A. Moore and W. J. Theuer, ibid., 30, 1887 (1965).
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change rapidly at C-3 and more slowly at C-7, and that
the rearrangement to 2 and 3 is much slower than the
exchange. These nmr studies have been repeated us-
ing DMSO solution and limited amounts of base, and
have been extended to the 2-methyldiazepinone (7).
In a 0.7 M DMSO solution of 1 containing 209, D,O
and 0.2 N in NaOD, the exchange at C-3 was 509 com-
plete in about 5 hr, and at C-7 in about 18 hr. Under
these conditions, pyridine formation was undetectable
after 48 hr. Plots of the extent of D exchange as a
function of time clearly indicate that the exchange
reaction observes a simple first-order rate law as long
as an excess of D,O is present.



