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Abstract—A study of the interaction of bis(trifluoromethyl)ketene (1) with vinyl ethyl ether, isobutene,
butadiene, styrene and phenylacetylene reveals that in these reactions linear compounds (6 and 11) and
cyclic ketones (22 and 28) are produced as well as dihydropyran (18). It was assumed that the pentenoic
acids (30 and 35) formed in the hydrolysis of cyclobutenones (28 and 32) are produced as a result of the
addition of water to the ketenes (29 and 33) in 1,4-position. Two new cases of a long-range spin—spin
interaction of H and F atoms for the enol 13 and cyclobutanone (31) are described.

THE interaction of ketenes with olefins and dienes is a method for obtaining cyclo-
butane derivatives.? This reaction takes place in the absence of catalysts but often
cannot be applied to simple aliphatic ketenes if there is a tendency to dimerize.
Bis(trifluoromethyl)ketene does not dimerize on heating in the absence of catalysts?
and therefore, its reactions with vinyl ethyl ether, isobutene, butadiene, styrene and
phenylacetylene has been investigated.t

Vinyl ethyl ether. Bis(trifluoromethyl)ketene (1) reacts violently with vinyl ethyl
ether at —78° but polymerization of the ether and formation of tar can be prevented
if the reaction is carried out in the presence of a solvent. Cyclobutanone (2) and
oxetane (3), which are probably formed initially, could not be isolated in pure state
owing to their isomerization into ethoxypentenone (6) (Scheme 1).
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Evidence in favour of the isomerization can be seen in the variation of the IR
spectrum of the reactants in diethyl ether. After a 24-hr period, the IR spectrum of the
solution kept at — 10°, should be observed together with the absorption bands of
ketone 6, the absorption bands of the ketone 2 carbonyl group (CO in a 4-membered

* For the previous papers in this series, see reference 1.

t Translated by A. P. Kotlobye.
1 For preliminary results, see Ref. 4.
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ringat 1800cm '), as well as those of double bonds : oxetane 3(1647 cm ™ *)and possibly
ketone 4 (the CF,=C group at 1746 cm ~!); whereas on distillation only a good yield
of ketone 6 was obtained. The structure of 6 was based on analysis and its spectra.
The isomerization of cyclobutanone 2 into ethoxypentenone 6 is not unexpected,
since it is known® that l-alkoxy and l-alkylaminocyclobutan-3-ones obtained by
cyclodimerization of ketenes with vinyl ethers or enamines are thermally unstable
and readily isomerize into ketones of the type 6.

As regards the formation and the isomerization of oxetane 3, in the only one known
case® of oxetane formation in reactions of ketenes with vinyl ethers the properties
of the oxetane were not given, and therefore it is impossible to compare the isomeri-
zation of 3 into 6 with the literature data.

Isobutene. The reaction of ketenes with olefins, with a double bond and no adjacent
activating groups was carried out under rigorous conditions without the use of
catalysts. The product was independent of the nature of the olefins which may be
cyclic’2 or linear % !!'~13, and always is a cyclobutanone of the type (7) (Scheme 2).
The reaction of bis(trifluoromethyl)ketene with isobutene at 0° without a solvent is
slightly exothermic and yields hexenone (11) and a small amount of hexafluoroiso-
butyrylhydroxyhexadiene (14).

This reaction is an exception to the rule, because the unsaturated ketone 11,
as shown later, is obtained directly from the ketene and the olefin and not via cyclo-
butanone 7 or oxetane 10.

During the isomerization of cyclobutanone, the formation of o,p-unsaturated
hexenone (8) may be expected as a result of the transfer of the more acidic hydrogen
atom from the methylene group adjacent to the carbonyl group (Scheme 2).
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An isomerization of ketone 8 into ketone 11 in the course of the reaction is excluded
as the conjugated ketone 8 is more stable, and therefore, a reverse transition takes
place—the isomerization of 11 into 8 in the presence of acids or triethylamine. The
catalytic action of triethylamine in the isomerization of hexenone 11, as in other
similar isomerizations discussed in this work, can be explained by a mechanism
which involves the separation of HF from the (CF,),CHCO group yielding triethyl-
ammonium fluoride. The latter acts as an acid. In other words, even in the case
involving triethylamine as the catalyst, we apparently have the usual prototropic
change (Eq. 1).

11 =B (CF,),CHCOCH,C*Me, =Hl g )

The formation of the oxetane 10 as an intermediate in the reaction of bis(trifluoro-
methyl)ketene with isobutene is uncertain, no analogy for its isomerization to the
hexenone 11 (Scheme 2) being known.!4

Aside from these general and negative considerations concerning the mechanism
of the formation of hexenone 11 in the reaction of bis(trifluoromethyl)ketene with
isobutene, an attempt was made to solve the problem by PMR. The spectra of the
substances placed in sealed ampoules were recorded periodically. In Fig 1 the PMR
spectra of the isobutene and bis(fluoromethyl)ketene mixture obtained after 8 hr
at 0° (a) and after 4 hr (b) and 8 hr (c) at room temperature are shown.
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In the course of the reaction, isobutene (Me, 175 and CH,, 472 §, spectrum a)
disappears, and in its place a compound characterized by signals 1-75, 3-34, 5-05,
5-15 and 6-55 & (spectrum b) appears. Three of the signals (1-75, 505 and 5-15) are
common for this compound and for the compound arising from it; the rest differ-
entiate it from the final product of the reaction—ketone 11 (Me, 1-75 and CH,,
3-40; septet CH, 4-46; CH,, 497 and 5-10 §, spectrum c).
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The explanation of these changes is as follows : in this reaction, the enol of 2-methyl-
6,6,6-trifluoro-5-trifluoromethyl-1-hexen-4-one (13} (Scheme 2) (CH,, 3-34 and
OH, 655, Fig. 1) first produced, slowly isomerizes into ketone 11. The stabilization
of the enol may first proceed through the formation of an intramolecular hydrogen
bond between the hydrogen atom of the HO-group and the three fluorine atoms of
one of the trifluoromethyl groups. This is evident from the splitting of the proton
signal (see a, Fig. 1) into a quartet and from the fact that the quartet is located in a
relatively high field (6-5 ). This splitting with a constant of 3-3 ¢/s is evident in the
early stages of the reaction, but is difficult to detect later. Whether the spin-spin
interaction occurs through five bonds or through the hydrogen bond will be discussed
later in this paper. In any case, the change in the concentration of the reactants, as
the reaction proceeds, has no effect on the chemical shift of the hydroxyl proton—
this is characteristic of an intramolecular hydrogen bond. As the reaction proceeds
further the intramolecular bond gradually changes into the intermolecular hydrogen
bond of enol 13 with the CO-group of the formed ketone 11 (scheme 2). This is clear
from the down field shift of the proton signal of the HO-group (see c, Fig. 1) and the
simultaneous disappearance of its fine structure. It-is at this stage that the acylation
of enol 13 by bis(trifluoromethyl)ketene takes place, yielding isobutyrylhydroxy-
hexadiene 14 (vy,, 1675cm™! C=C and 1795cm™! CO; the PMR spectrum is
practically the same as in the case of ketone 11).

Thus regardless of the fact whether there is direct addition of isobutene to the
CO-group of the ketene 1 or the reaction proceeds through the 6-membered cyclic
transition state and is accompanied by allylic rearrangement as shown in Scheme 2,
this can be considered asan example of a rare reaction of “‘C acylation™ by ketenes.!*: 16

The structures of the products 8 and 11 were proved by analysis, the IR and PMR
spectra. and by formation of the corresponding dibromoderivatives 9 and 12. The
hexadiene 14 on heating with methanol in the presence of sulphuric acid changes into
ketone 8 and the hexafluoroisobutyric acid ester (15).

The PMR spectra of all the compounds except 12 are simple, and unequivocally
prove the structures. The spectrum of 12 is more complex as the septet of the tertiary
hydrogen atom overlaps the signals from the methylene protons of the CH,Br-group,
which in turn are split into a quartet of the AB type, as a result of non-equivalency.
It is clear from the analysis of the rotational isomers of dibromohexanone 12 (Fig. 2)
that the protons of the CH,Br-group are non-equivalent, because the magnetic
field in which they are located cannot be averaged even with fast rotation around
the CBr—CBr bond.

Br Br Br
H. Br Br. H H’

Me R Me R Me R

) Br
R = (CF,),CHCOCH,

FiG. 2. Rotational isomers of 6,6,6-trifluoro-5-trifluoromethyl-2-methyl-1,2-dibromohexan-
3-one 12

This phenomenon is also observed in other 1,2-dibromoderivatives.'’



Bis(trifluoromethyl)ketene—VIII 1345

Butadiene. Dienes containing conjugated double bonds including butadiene!!-!%:
18.19 and other linear dienes undergo cycloaddition with ketenes even more
readily than simple olefins. The reaction always yields cyclobutanones of the type 16
(Scheme 3), i.e. products of 1,2-cycloaddition. The 14-cycloaddition of ketenes to
linear dienes® 2 was shown!® to be incorrect with no experimental confirmation.
Recently however, it was found'! that 1,4-cycloaddition does take place with certain
ketenes but the C==0 and not C=C group of the ketene reacts yielding dihydropyrans
of the type 18 (Scheme 3).
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This exceptional case was observed in the reaction of butadiene with bis(trifluoro-
methyl)ketene. The dihydropyrane 18 obtained is unstable and upon storage gradually
or rapidly in the presence of catalytic amounts of triethylamine isomerizes to the
conjugated unsaturated ketone 19, which readily polymerizes.

In the NMR H! and F'? spectra of dihydropyran 18, three isometric multiplets
from groups CCH ,, OCH ,, and CH=—CH appear as well as two quartets of trifluoro-
methyl groups; whereas the PMR spectrum of the ketone 19 contains a complex
multiplet caused by unsaturated protons in the 5-8 4 region and a septet caused by
the presence of the tertiary hydrogen atom in the hexafluoroisopropyl group, un-
equivocally proving the rearrangement of dihydropyran 18 into ketone 19. The
ketone 19 is also converted into tetrabromoketone (17).

In the reaction between bis(trifluoromethyl)ketene and butadiene, in addition to
dihydropyran 18, a small amount of a substance corresponding in composition to an
adduct of two moles of the ketene and one mole of the diene is formed. The adduct
can also be synthesized in good yield on heating of equivalent amounts of bis-
(trifluoromethyl)ketene and ketone 19. This substance, in the basis of the method of
synthesis and its IR spectrum, may be considered as an unsaturated lactone 20
or 21 (Scheme 3). The IR spectrum of the lactone contains the absorption bands of
vinyl ester C=COC==0-group at 1682 and 1718 cm~!. The PMR spectrum, though
complex, indicates the absence of a vinyl group CH=CH,. The choice in favour of

2u
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2,2-bis(trifluoromethyl)-7-(2'-H-hexafluoroisopropyl)-4,6-heptadien-7-olide (21) was
made on the basis of its NMR F!° spectrum, which consists of two quartets of non-
equivalent CF, groups in the 8-membered cycle (6 F) and a doublet (CF,),CH
group (6 F). In order to prove that the doublet is due to spin-spin coupling in the
(CF,),CH-group, the spectrum was repeated with two different instruments (20 and
60 Mc).

It follows that the lactone 21 is formed as a result of 1,6-cycloaddition of bis-
(trifluoromethyl)ketene to unsaturated ketone 19. Such reactions of ketenes with
carbonyl compounds are well known.!¢: 2! .

Styrene. Styrene undergoes cyclodimerization with ketene 1 yielding cyclobutanone
22 (Scheme 4). In the IR spectrum, the absorption frequency of the carbonyl group
lies at 1820 cm ™! and is somewhat higher as compared with other cyclobutanones.??
This may be due to the effect of the fluorine atom. The behaviour of bis(trifluoro-
methyl)ketene does not differ in this reaction from that of dimethyl-"-!2 and di-
phenylketene®: 23-23 if some errors in the determination of the structure of the product,
obtained from diphenylketene® 2* are taken into account; the errors were later
corrected.24- 2%

Up to this time cyclobutanones containing gem-bis(trifluvoromethyl) groups as
substituents were unknown. It has been found by the present authors that the cyclo-
butanones exhibit certain peculiarities during reactions accompanied by the opening
of the 4-membered cycle. First, such reactions for cyclobutanone 22 proceed readily
at room temperature and in the absence of a catalyst. Second, two series of the products
are formed: saturated 24 and unsaturated 25 acids, the latter being predominant.
In the presence of water, methanol, and aniline ketone 22 yields mixtures of pentanoic
24a and pentenoic 25a acids or their derivatives (Scheme 4).

SCHEME 4.
CF Fs CF Fs
15}
Ph x ~—— (CF;),C"CHPhCH,COX

23
n 339 +H*
/ l 66% F-

NEt, HF

(CF;);CHCHPhCH,COX == CF2=C'CHPhCH2COX
% CF,
25

X = OH(a), OMe (b), NHPh (c).

In these reactions the ring opening takes place along the bond adjacent to the
carbonyl group. The opening of the ring in cyclobutanone 22 proceeds differently
in the presence of triethylamine (Scheme 5), the product being hexenone (27) which
is an isomer of the initial compound—<cyclobutanone 22. The intermediate anione 26,
which can be stabilized in two ways, is a potential source of triethylammonium
fluoride. The latter converts the starting cyclobutanone 22 into the mixture of acyl
fluorides 24d and 25d.
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SCHEME 5.
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The mixture 24 and 25 cannot be separated by the usual methods, since these
substances have very close constants. Even GLC analysis shows the presence of only
one component. However, data from the elemental analysis and the spectra prove the
presence of two compounds. In the IR spectrum of the mixture the absorption of the
CF,=C group always lies near 1750 cm ™", so that in the acid 25a and anilide 25¢
the frequency of carbonyl group is smaller than the frequency of the double bond,
whereas in the ester these absorption bands coincide. A typical PMR spectrum of
the mixture is shown in Fig 3.
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FiG. 3.

The ratio 24 to 25 given in Scheme 4 was obtained only once, for mixtures of
methyl esters 24b and 25b by the integration of separate signals from two different
MeO groups. We were unable to separate these mixtures into components, but the
saturated 3-phenyl-5,5,5-trifluoro-4-trifluoromethylpentanoic acid 24a, its ester,
anilide and acyl fluoride were synthesized by other methods. The compounds 24a
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and 24b were obtained by means of catalytic hydrogenation (Eq. 2) of the corre-
sponding unsaturated derivatives 30, which were synthesized from cyclobutenone 28
(Scheme 6); the synthesis is described in detail in the section, in which the reaction
of bis(trifluoromethyl)ketene with phenylacetylene is considered (see below).

(30)a,b H2Pd 24 9. b 2

The anilide 24c was obtained from the acid 24a by the subsequent action of PClg
and aniline. Finally, the mixture of acyl fluorides 24d and 25d was converted into
pure acyl fluoride 24d by treating the mixture with triethylammonium fluoride
(Scheme 4; cf. Ref. 26).

A feature of the NMR F'? spectrum of the derivatives of the pentanoic acid 24
is that signals from trifluoromethyl groups are quintets. The trifluoromethyl groups in
24 are nonequivalent because they are in the vicinity of an asymmetric centre of the
molecule (cf. Fig. 2) and must be split by one another into a quartet. The observed
quintets are in reality doublets of quartets owing to an additional interaction with
the tertiary hydrogen atom with approximately the same constants (Jgg = Jyg).

The formation of the two series of derivatives in the ring-opening reactions of
4-membered cyclic ketones with gem-bis(trifluoromethyl) groups may be by two
parallel processes independent of one another and this formation can be considered
as one of the characteristics of the compounds.

Phenylacetylene. The reaction of bis(trifluoromethyl)ketene with phenylacetylene
yields 2,2-bis{trifluoromethyl)-3-phenyl-3-cyclobutenone 28 (Scheme 6). Up to now
it was impossible to carry out a direct synthesis of cyclobutenones from ketenes and
acetylene derivatives. Though probably not the best examples were investigated—
too reactive unsubstituted ketene?” and diphenylketene.2®~3° After correcting®® the
mistakes made in the previous works2®:2° it became evident that in the reaction
with diphenylketene one of the benzene nuclei in the ketene participated in the
reaction, thus no cyclobutenones were formed. However, phenylcyclobutenones
could be synthesized by an indirect method, i.e, by the hydrolysis of halogenated
cyclobutenes.3!~34 These latter compounds are readily obtained by cyclodimerization
of phenylacetylene and styrene with fluoroolefins.?

The structure of cyclobutenone 28 is confirmed by catalytic hydrogenation which
converts it into saturated ketone 22 (Scheme 6). It is difficult to select a solvent for
hydrogenation; water and alcohol are not suitable because they react with the starting
material and with ketones produced in the reaction, forming acids and esters of the
type 24, 25 and 30. We limited ourselves to the identification of the saturated ketone 22
in the reaction mixture with the GLC technique and IR spectroscopy (through the
absorption band of the carbonyl group of cyclobutanone 22 at 1820 cm ™).

Water, methanol, dimethylamine ‘and aniline transform the gem-bis(trifluoro-
methyl)cyclobutenone 28 into 3-phenyl-5,5,5-trifluoro-4-trifluoromethyl-2-pentenoic
acid 304, its ester and amides (Scheme 6).

When cyclobutenone 28 reacts with water or dimethylamine, only one substance
is formed (acid 30a or amide 30d) while the reaction with methanol is more compli-
cated. An examination of IR and NMR spectra of the crude reaction mixture shows
that the mixture consists of three components two of which are the esters 30b and
36, Eq. 3. It is possible that cyclobutenone 28 initially isomerizes into unsaturated
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SCHEME 6.
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Ph ——[(CF);C=CPhCH—CO]—3-~(CF,),CHCPh—CHCOX
p) k")
28
Br, H,/Pd
CF,_CF,
Ph
o 2
H 31 Br
NE1,
CF, }CF, (CF3);CHCPh==CBrCOOH
H.0 14 34
3 (CF4),C—=CPhCHBrCOOH
Br s
32

X = OH{a}; OMe (b); NHPh (c); NMe, (d).

ketene 29, which later adds methanol across the 1,4 or 1,2 positipn (cf. Eq. 4), giving
esters 30b or 36 respectively. The third component of the crude mixture may be
methoxyphenylpentenone (37), Eq. 3. We could not prove the structure of the
substance, because we could not establish the character of the splitting of its PMR
signal at ~4 8. The septet (CF,;),CHCO group at 409 is the only signal which
distinguishes the ketone 37 from isomeric esters 30b and 36.
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(37

gem-Bis(trifluoromethyl)cyclobutenone 28 is hydrolyzed in acetone solution to
pentenoic acid 30a (Scheme 6) without a catalyst at room temperature. The same acid
is obtained if the hydrolysis is carried out at low temperature in the presence of 10%,—
HCl or acetic acid under conditions, described by Roberts et al.3? for 2,2-dichloro-3-
phenyl-3-cyclobutenone (38, R = CLR’ = Ph, X = H). These authors have postulated
the following mechanism of acidic hydrolysis {Eq. 4). First, cyclobutenone 38 iso-
merizes to vinyl ketene 39, which adds water in either the 1,2- or 1.4-position,
depending on the degree of coplanarity of its double bonds

R;CHCR'=CXCOOH

R,
H 01'4
R s [R,C=CR'CX=CO] @
39 12
X
38

R, C=CR'CHXCOOH
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The breaking of coplanarity and the addition in the 1,2-position takes place when
the substituents R, R’, and X in ketene 39 are large (for instance, when R33 or X333
are chlorine atoms, and R’ = Ph).

If this version is correct, then the results of acidic hydrolysis of gem-bis(trifluoro-
methyl)cyclobutenone 28 are remarkable in that the CF;-groups, which are larger¢
than chlorine atoms, do not break the coplanarity (or conjugation) in the ketene 29
(Scheme 6) and the addition of water to the ketene occurs at the 1,4-position. Even
if in ketene 29 a certain amount of disturbance of the total coplanarity of the system
occurs (the trifluoromethyl group removes the Ph from the conjugation with the
double bond), one could consider that this effect is small and therefore does not
prevent the 1,4-addition. There is only one case®® of conjugation being broken by
chlorine in the analogous ketene 39 (R, R, X = Cl, Ph, H) (Eq. 4). This case may be
an exception. In order to eliminate two double bonds in ketene 29, it is necessary to
substitute a hydrogen atom for halogen. As it is known in the analogous ketene 39
(X = Cl), the breaking of coplanarity always results in 1,2-addition.32-3"

The required cyclobutenone 32 was obtained from cyclobutenone 28 by means of
bromination followed by dehydrobromination (Scheme 6). Hydrolysis of 32 was
investigated, and it was shown that bromocyclobutenone 32 is more stable in the
presence of water than cyclobutenone 28—it is not hydrolyzed by aqueous acetone
at room temperature, but, after boiling in acetic acid and then in water it gives 2-bromo-
3-phenyl-5,5,5-trifluoro-4-trifluoromethyl-2-pentenoic acid (34). In other words,
in spite of the presence of steric hindrance in vinylbromoketene 33 (Scheme 6),
the addition of water takes place in the 1,4-position.

It is therefore not possible to predict the products of acidic hydrolysis of 4-membered
cyclic ketones in the case of gem-bis(trifluoromethyl) derivatives.

In the PMR spectrum of ketone 31 (Scheme 6) the signal of the hydrogen atom in
the ring is split into a quartet with a constant ~2 c/s, owing to the long-range spin-
spin interaction with three fluorine atoms of one CF;-group. Takahashi et al.*’
have proved that such interaction takes place between substituents that are in cis-
position in respect to each other (31a, Fig. 4), and it is generally assumed that the
interaction takes place directly through the space of the molecule.

Generally speaking, the often used phrase “through the space” is not unambiguous.
When we speak about the long-range spin-spin splitting of identical atoms (HH?®
or FF3?) through the space, we mean the absence of a direct chemical bond between
the atoms.

But in the case of the hydrogen and fluorine atoms, it is often possible to assume
the formation of a hydrogen bond, in which case the phrase “through the space”
means in reality the probability of spin-spin interaction through the hydrogen bond.
Such a mechanism of a long-range interaction should not be disregarded, and perhaps
this phenomenon is observed in the case of ketone 31 or enol 13, as well as in other
known cases.*® The 4-membered ring of ketone 31 either must be firmly bent (Fig. 6)
(concerning conformations of cyclobutanes, see review*! by Lambert and Roberts),
or its inversion must proceed at such a rate, that the formation of the hydrogen bond
through the space of the molecule could occur during the time required for the
formation of the spectrum.

In the present work the reactions of bis(trifluoromethyl)ketene with unsaturated
compounds illustrate the marked electrophilic affinity of this ketene. All the reactions
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take place under milder conditions than required for similar reactions of other ketenes
and yield a series of new and interesting fluoroorganic compounds.

CF, Br
— CF, H

¢
Br

31a 31b

Fi1G.':. Conformations of cyclobutanone 31.

EXPERIMENTAL

M.ps are uncorrected. The IR spectra were taken in a UR-10 spectrophotometer. The NMR spectra were
recorded on Hitachi H 6013 NMR instrument for CCl, solns at 35° with hexamethyldisiloxane or C,F,Cl,
as an internal standard; chemical shifts are given in 6 ppm to TMS or t ppm to CCl,F. The chemical
shifts of hexamethyldisiloxane and C,F Cl, were taken to be 0-05 § and 690 t respectively from TMS and
CCI4F. The UV spectra were taken in a SF-4A spectrophotometer. Polyesters and thiols were used as the
stationary phase in the GLC analysis.

Reaction of ketene 1 with vinyl ethyl ether

A mixture of 1 (5 g) and vinyl ethyl ether (22 g) in Et,O was kept for 36 hr at 20°, then for 1 hr at 100°,
followed by distillation yielding 4-2 g (589 yield) of 6 m.p. 20-24°, b.p. 40-41°/3 mm; v, 1595 and 1615
{C==C), 1680 and 1695 cm ! (CO); PMR: 4-12 (septet CH, J = 70 c/s), 5-80 and 7-75 (AB quartet CH=CH,
J = 12 ¢/s), 404 (quartet CH,), 1-30 (triplet CH,). (Found: C, 38:1; H, 3-25; F, 45-4. CgH4F (O, requires:
C, 384; H, 3-20; F, 456 %)

Reaction of ketene 1 with isobutene

A mixture of 1 and i-C H, (258 g) was kept in a sealed ampoule for 24 hr at 20°, followed by distillation
yielding 8:7 g of 11 and 1-1 g of 14. B.p. of 11 45°/20 mm, n2® 1-3515; A, pet. ether 296 mp, log en, 1:93;
Vauaz 1660 (C=C), 1748 (CO), 3096 cm ™! (=CH,); PMR: 446 (septet CH, J = 80¢/s), 340 (CH,), 1-75
{(doublet CH;, J = 1-3c/s), 497 and 5-10 (—CH,); NMR F!®: 672 (doublet CF,, J = 80c/s). (Found:
G, 409; H, 3-19; F, 48:9. CgHF 4O requires: C, 41-0; H, 3-42; F, 48:79,)

B.p. of 14 78°/20 mm, n2° 1-3488; v, 1675 (C=C), 1795 (CO), 3080 cm ~! (=CH,); PMR: 4:10 (septet
CH,J = 7-5¢/s), 3-38(CH,), 1-'70(CH,), 47 and 49 (=CH,). (Found: C, 349; H, 204, F, 550.C, ,H,F,,0,
requires: C, 349; H, 1-94; F, 5549%;)

The diene 14 was heated for 15 min in McOH containing a drop of H,SO,, followed by washing with
water and drying The product was identified (GLC) as 8 and a known*? methyl ester 15.

1,2-Dibromo-6,6,6-trifluoro-5-trifluoromethylhexan-4-one (12)

To 11(5 g) at 5° Br,(3-5 g) was added and the mixture distilled yielding 6-3 g (759, yield) of 12, m.p. 7-8°,
b.p. 106-108°/16 mm, n3® 1-4291, vo,, 1743 cm ™! (CO); PMR: 422 (septet CH, J = 60¢/s), 354 (CH,),
200 (CH,), 3-90 and 4-30 (AB quartet CH,Br, J = 10¢/s); NMR F'?: 652 (doublet CF,, y = 80¢/s).
(Found: C, 24:4; H, 1-99; Br. 40-4; C4HBr;F,O requires: C, 24-4; H, 2-03; Br, 40-6.9,.)

Isomerization of ketone 11

The mixture of 11 (64 g) and H,SO, (5 drops) was heated at 100° for 150 min and distilled yielding 60 g
of 8 b.p. 55-56°/20 mm; 4., pet. ether (log 6un,): 244 (4:22), 324 mp (1:79); v, 1612 (C=C), 1695cm "~}
(CO); PMR: 435 (septet CH, J = 8-0c/s), 6:35 (=CH), 198 and 2-25 (CH,)}. (Found: C, 40-8; H, 3-40;
F, 49-5. C4HF 4O requires: C, 410; H, 3-42; F, 48-7%)
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2,3-Dibromo-6,6,6-trifluoro-5-trifluoromethyl-2-methylhexan-4-one (9)

To ketone 8 (0-88 g) at 0° 0-6 g dry Br, was added and the crystalline solid obtained was recrystallized
from 80% EtOH/H,O yielding 1-2g of 9, m.p. 53-54°; 1225 305 myt, 108 £pey 1'86; Veex 1753cm~*
(CO); PMR: 4-50 (septet CH, J = 70¢/s), 487 (CHBr), 200 (CH,); NMR F'°: 650 and 64-3 (two quartets
CF,, J = 88 ¢/s) (Found: C, 24:2; H, 206; Br, 40-1. C4H4Br,F,O requires: C, 24-4; H, 2:03; Br, 40:6%,.)

Reaction of ketene 1 with butadiene
A mixture of 1 (105 g), butadiene (3-2 g) and hydroquinone (0-01 g) was heated in a sealed ampoule at 70°
for 35 hr, and then distilled yielding 125 g (90%, yield) of 18, b.p. 76-78°/15 mm, n3° 1-3965; v, 1628 cm !
(C=C); PMR: 3-25 (multiplet CCH,), 4-74 (multiplet OCH,), 6:10 (multiplet CH=CH); NMR F'?: 565
and 598 (quartets CF,, J = 99 ¢/s) (Found: C, 41-7; H, 2-64. CqH F4O requires: C, 41-4; H, 2:58%.)
The crude product consisted of 929 of 18 and 8%, of 21 (GLC).

Isomerization of dihydropyran 18

Dihydropyran 18 (5 g) was distilled in the presence of two drops NEt, yielding a tar and 29 g (56 %)
of 19, b.p. 44-46°/16 mm, nZ° 1:3948; v.,, 1580 and 1620 (C==C), 1700 and 1710(CO), 3092 cm ~! (=CH;);
PMR: 413 (septet CH, J = 84 c/s), 5-8 (multiplet CH=CHCH=CH,); NMR F'*: 656 (doublet CF,,
J = 77¢/s). (Found: C, 410; H, 2:59; F, 50-6. CqH F (O requires: C, 41-4; H, 2:58; F, 49-2%,)

1,2,3,4-Tetrabromo-1,1,7-trifluoro-6-trifluoromethylheptan-S-one (17)

Ketone 19 was mixed with Br, at 0° yielding 70% of 17, m.p. 99-100° (from heptane); v, 1757cm ™}
(CO); PMR: 438 (septet CH, J = 7-5¢/s), 3-5 (multiplet CHBr and CH,Br); NMR F'®: 636 and 65-2
(two double quartets CF,, J = 88 and 7-7 ¢/s). (Found: C, 17-8; H, 1-20; Br, 580. C4H¢Br F¢O requires:
C, 17-4; H, 109; Br, 580%,)

2,2-Bis(trifluoromethyl)-12'- H-hexafluoroisopropyl)y-4.6-heptadien-7-olide (21)

Ketene 1 (2-13 g) and 19 (2:82 g) were heated in a sealed ampoule at 100° for 12 hr, and then distilled.
There was 4-02 g (82% yield) of 21, m.p. 16-17° b.p. 113-115°/16 mm, n3® 1-3758; A4%'** (108 £ma,): residual
absorption after 220, 313 (1-7), 325 mp (1-7); Ve, shoulder 1663 (CH=CH), 1685 (C=C), 1820cm ™'
(CO); PMR: 3-3-5'5 (complex multiplet) NMR F!?: 661 (broad quartet CF,, J = 80c/s), 681 (doublet,
CF,, J = 8:8c/s at 56 Mc and 8:0¢/s at 21 Mc. Each component of the doublet split by onc CF; in 8-
membered ring into quartet, J = 16 ¢/s), 709 (quartet CF;, J = 8-0¢c/s). (Found: C, 34-7; H, 1-62; F, 55-0.
C,;H¢H, 0, requires: C, 35:1; H, 146 F, 55-6 9,.)

2.2-Bis(triftluoromethyl)-3-phenylcyclobutanone (22)

Ketenc 1 (107 g), styrene (63 g), and hydroquinone (0-01 g) were heated in a scaled ampoule (100°, 10 hr)
and distilled, yielding Polystyrenc and 13-7g (80% yield) of 22, m.p. 9-10°, b.p. 94°/7 mm, ng® 1-4428;
Aae pet. ether (10g £pa): 242 (2:88), 247 (2:89), 290 my (1-61); v, 1500, 1600, 3042 (Ph); 1820 cm™* (CO);
PMR: 3-4'5 (ABC multiplet CHCH,, 9 lines), 7-22 (Ph); NMR F!?: 650 and 696 (two quartets CF,,
J = 85¢/s) (Found: C, 510; H, 2:84; F, 400. C,,H,F,O requires: C, 51-1; H, 2:84; F, 404 7)

Ring opening of ketone 22

W ith water. A mixture of 22 (109 g) and H,O (2 ml) was homogenized by the addition of acetone and
kept at 20° for 12 hr. The solvent was evaporated and the residuc was dituted with Et,O and distilled after
drying yielding 65 g of a mixture of acids 24a and 25a, b.p. 133-135°/4 mm, n3° 1-4528; v, 1505, 1610
(Ph); 1721 (CO); 1740 (CF,=C); broad 2400-3500 cm ~* (OH); PMR (Fig. 3). NMR F'® 24a: 636 and 663
(two double quartets CFy, J = 97 and 97 ¢/s). NMR F*'° of 28a: 604 (double doubiet CF,, J = 22 and
11 ¢/s), 75-5 (double quartet CF=, J = 22 and 22¢/s), 79-3 (double quartet CF=, J = 22 and 11 ¢/s).
(Found: C, 49-7; H, 3-25; F, 36:1. C,,H,,F O, requires: C, 480; H, 3-33; F, 380. C,,H,F,0, requires:
C, 51-5; H,321; F,339%)

With methanol. Ketone 22 (22:5g) in 30 m! McOH was kept for 12 br at 20° and diluted with H,0;
the oil was extracted with Et,0, dried and distilled yielding 217 g of a mixture of esters 24b and 25b in
the ratio of 1:2 (by integration of OMe signals in PMR), b.p. 120°/15 mm, n3® 1:4442; v, 1500, 1590, 1610,
3033 (Ph); 1750 cm ! (CO and CF,;=C); PMR of 24b: CF,CH is masked by OMe, 42 (double triplet
PhCH, J = 7-3 and 34 ¢/s) 2:97 (doublet CH,), 3-43 (CH,), 7-30 (Ph) NMR F'? of 24b: 643 and 662
(two double quartets CF, J = 9-7 and 97 ¢/s). PMR of 25b: 4-36 (triplet CH, J = 77 ¢/s), 290 (doublet
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CH,;), 3-53 (CH,), 7-30 (Ph). NMR F'® of 25b: 60-8 (double doublet CF,, J = 21 and 10¢/s}, 766 {double
quartet CF=, J = 21 and 21 ¢/s), 798 (double quartet CF==, J = 21 and 10¢/s) (Found: C, 52'1; H, 410;
F, 33-5. C,3H,,F¢O; requires: C, 49-7; H, 3-82; F, 36:3. C,,H,,F 0, requires: C, 53-1; H, 3:74; F, 32-3%)

With aniiine. Ketone 2 (21 g) and aniline (i-i g} in 20 mi E1,0 was kept overnight, washed with HCi/
H,0, dried and the solvent evaporated. Recrystallization of the residue from heptane yielded 20g of a
mixture anilides 24c and 28¢, m.p. 82-90°; v, 1507, 1545, 1555, 1607, 3045 (Ph); 1667(CO}; 1750 (CF ,==C};
3210, 3290cm ™! (NH). (Found: C, 594; H, 402; F, 287. C,,H,,;F;ON: C, 576; H, 400; F, 304.
C,4H,FON requires: C, 60:8; H, 3-95; F, 267%.)

With triethylamine. Ketone 22 (15-2 g) and NEt, (05 g), dried over Na-wire, were heated for 5 hr at 120°
and distilled through a fractionating column yielding a mixture of 73 g of acyl fluorides 24d and 284, b.p.
69-70%3 mm, n3® 144358 ; v,,, 1495, 1587, 1600, 1628, 3033 (Ph); 1735 (CF,=C); 1800; 1840 cm ' (CO).
PMR of 24d: 3-40 (double septet CF,CH, J = 8-5and 34 ¢/s), 391 (double triplet PhiCH, J = 34and 7-7 ¢/s),
317 (doublet CH,, J = 7-7 ¢/s), 7-28 (Ph). PMR of 284: 420 (triplet CH, J = 738 c/s}, 3-10 (doublet CH,,
J = T8¢/s), 728 (Ph). (Found: C, 502; H, 281; F, 41-3. C,,H,F,0 requires: C, 477; H, 297; F, 44-1,
C,;H4F,O requires: C, 51-1; H, 2:84; F, 404%)

The residue after being recrystallized from heptane yielded 2-4 g (16%) of 27, m.p. 57°. b.p. 127-130°/
14 mm; v, 1500, 1575, 3035 (Ph); 1607 (Ph and C=C); 1693 cm ' (CO); PMR: 423 (septet CH, J = 77
¢/s}, 6:88 and 7-72 (AB quartet CH=CH, J = 17-1 ¢/s}, 745 (multiplet Ph}; NMR F'*: 65-1 {(doublet CF,,
J = T2¢/s). (Found: C, 50-8; H, 2:84; F, 40-1. C,;H,FO requires: C, 511; H, 2:84; F, 40-4%)

2,2-Bis(trifluoromethyl)-3-phenyl-3-cyclobutenone (28)

Ketene 1 (70 g) and pbenylacetylene (40 g} were heated for 8 hr at 100° in a sealed ampoule and then
distilled yiclding 7-2 g (809, yicld) of 28, mp. 24-25° b.p. 125-127°/15 mm; 1., pet ether (log g.,.): 222
(369) and 285 myt (3-99); V., 1495, 1562, 1590, 1605 (Ph); 1705 vw; 1720 w; 1760 sh; 1795cm ™! (CO);
PMR: 695 (CH). 752 (multiplet Ph); NMR F'?: 66:5 (CF,). (Found: C, 50-9; H, 2-19; F, 41-7. C,,H,F,O
requires: C, 5144; H, 214, F, 40-7%;)

Ring opening of ketone 28

With water. Cyclobutenone 28 (207 g) and 1 ml H, O after homogenization by adding acetone was kept
at 20° for 12 hr. The solvent was evaporated and the residue reprecipitated from NaHCO,/H, 0, dried
and recrystallized from heptane yielding 27 g (94% yield) of 30a. m.p. 124°; v, 1580, 1595, 1607 (Pj);
1635 (C=C); 1710 (CO); broad 28003300 cm ™! (OH); PMR: 630 (septet CH, J = 7-7 ¢/s}, 6:38 {(=CH),
746 (Ph), 120 (OH). (Found: C, 483; H, 2:75; F, 386. C,,H,F O, requires: C, 4847 H, 2-68; F, 38:5%)

W ith methanol. Cyclobutenone 28 (30 g) in 10 ml MeOH was kept at 20° for 48 hr, diluted with H,0,
extracted with Et,0, dried and distilled yielding 30-8 g of light yellow liquid, b.p. 115-116°/15 mm; v,
1647 (C=C 30b); 1665 (C==C 36); 1725 (CO 30b); 1752cm ™! (CO 36); PMR: 7:31 (common Ph); 6:59
(septet (CF;); CHCPh, J = 8-6 ¢/s); 39 (possibly septet (CF,),CHCOQ); 6-40 and 622 (CH==}; 3-75, 3-55,
3-50(singlets OMec and COCH,); NMR F'? consists of four signals with intengities 21:21:50:8 and chemical
shifts being respectively : 55-3 and 57-1 (two quartets {CF;),C== 36, J = 9-0 ¢’/s); 61-2 and 64-5 {two doublets
{CF4),CH 30b and possibly 37, J = 89 ¢/s). “

After passing the mixture through a fractionating column containing metal packing, 17-4 g (513 yield)
of 30b, b.p. 74°/1 mm, n}® 1-4480 was obtained; PMR: 7-31 (Ph); 659 (septet CH); 622 (CH=); 3-75
{OMe); NMR F'%: 612 (doublet CF,)}. (Found: C, 5090; H, 3-34; F, 366 C,,H,,F,O, requires: C, 500;
H, 3-20; F, 36:5%.)

With aniline. Cyclobutenone 28 (1-2 g) and aniline (0-63 g} in 20 m! Et,O were kept at 20° for 24 hr. The
ether was evaporated and the residue treated with HCI/H 0, dried and recrystallized from heptane yielding
04 (25%) of 3¢, m.p. 1385°; v, 1505, 1555, 1610 (Ph); 1645 (C==C); 1660 (CO); 3310cm™! {(NH);
NMR F'?: 629 (doublet CF,, J = 81¢/s} (Found: C, 57'6; H, 3-44; N, 3:67. C,4H,,F,ON requires:
C, 579, H, 349; N, 3-75%,)

With dimethylamine: Cyclobutenone 28 (7-7 g) and Me,NH (1'3 g) were kept in 50 m! Et,0O for 24 hr.
The cther was evaporated, the residue treated with HCI/H,0, diluted with C H,, boiled with activated
charcoal until discoloured, followed by filtration and evaporation of CoH,. The residue was recrystallized
from heptane yielding 7-1 g (79% yield) of 304, m.p. 45°. v, 1500, 1605, 1643 cm ™! ; PMR: 649 {septet CH,
J = 87¢/s), 652 (=CH), 2:88 and 297 (CONMe;,), 7:31 (Ph). (Found: N, 4:26. C,,H,,F,ON requires:
N, 4-31%)
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Hydrogenation of cyclobutenone 28

Cyclobutenone 28 (2:12 g) in 10 m! EtOH was hydrogenated over 0:3 g Pd black. After the absorption
of H, ceased (7 hr), the mixture was diluted with H,0, the oil diluted with Et,0, dried and the solvent
evaporated. The residue consisted of four substances (as determined by GLC), one of which was identical
with cyclobutanone 22; v,,,, 1640, 1740 and 1820 cm ™! (CO in 4-membered ring).

3-Phenyl-5.5.5-trifluoro-4-trifloromethylpentanoic acid 24a

The acid was obtained in a 659 yield by hydrogenation of 30a over Pd black in EtOH/H,0, b.p. 128°/
3 mm, nd° 1-4470; v, 1505, 1610 (Ph); 1720 cm ~! (CO). The acid was identical (GLC and PMR) with the
acid obtained from ketone 22 and H,O. (Found: C, 480; H, 3-18; F, 37-6 C,,H, F¢0; requires: C, 48-0;
H, 3:33; F, 380°%.)

Methyl-3-phenyl-5.5,5-trifluoro-4-trifluoromethylpentanoate 24b

The ester was obtained by hydrogation of 30b (7-3 g) in MeOH/H,0 over Pd black. The yield was 3-8 g
(79%), b.p. 116-117°/10 mm, nZ® 1-4344; v_, 1590, 1605 (Ph); 1742 cm ™! (CO). It was identical (GLC and
PMR) with the ester, obtained from ketone 22 and MecOH; NMR F'?: 628 and 646 (double quartets
CFy, Jer = Jur = 75¢/s). (Found: C, 49-7; H, 3-82; F, 358. C,;H,,F(O, requires: C, 49-7; H, 3-82;
F,363%)

Anilide of 3-phenyl-5.5,5-trifluoro-4-trifluoromethylpentanoic acid 24c

Acid 24a (1-8 g) was treated with excess PCl; yielding the acyl chloride (1-7 g), b.p. 114-118°/16 mm,
to which dissolved in § ml Et,O, aniline (0-5 g) was added. After evaporating the Et,0 the residue was
washed with HCI/H,O, dried and recrystallized from heptane yielding 1-58 g (67%, yield) of 24¢, m.p.
95:5%; Veax 1505, 1550, 1605 (Ph); 1670 (CO); 3210, 3260-3300cm ™! (NH). (Found: C, 577; H, 389;
N, 3-89. CsH, ;FsON requires: C, 57-6; H, 4.00; N, 3-74%,.)

3-Phenyl-5,5,5-trifluoro-4-trifluoromethylpentanoy! fluoride 24d

A mixture of 24d and 25d (269 g) with the NEt,. HF (12 g) was heated for 30 min at 100°, then poured
into ice water, washed with 10%-soln of HCI/H,O, extracted with Et,0, dried and distilled yielding
12 gofacid 24a and 5-1 g of acyl fluoride 24d, b.p. 95-96°/11 mm, n2° 1-4235; v, 1500, 1610 (Ph); 1850 cm ~!
(CO). The product was identical (PMR) with one of the components of the starting mixture. NMR F!°:
629 and 65-3 (double quartets CF,, Jye = Jgr = 8:6¢/s). —42-1 (singlet COF). (Found: C, 47-8; H, 295,
F. 436 C,,HyF,0 requires: C, 47-7; H, 297; F, 44-19)

2,2-Bis(trifluoromethyl)-3,4-dibromo-3-phenylcyclobutanone (31)

Cyclobutenone 28 (54 g) and Br, (3'1 g} in 50 ml CCl, were boiled for 12 hr, then distilled yielding 7-0 g
(829 yield) of 31, b.p. 122-126°/10 mm, n3® 1-4995; v, 1490 w, 1590 w, 1625 m, 1732 m, 1800 s, 1890 sh,
1935 m; PMR: 6:25 (quartet CH, J = 2:3¢/s), 744 (Ph); NMR F'°: 58-593 (multiplet CF,). (Found:
C,32:8; H. 1-38; Br, 359. C, ;H(Br,F O requires: C, 32-7; H, 1-36; Br, 364%)

2,2-Bis(trifluoromethyl) 4-bromo-3-phenyl-3-cyclobutenone (32)

To a soln of 31 (3-5 g) in hexane (100 ml), NEt, (0-8 g) was added and the ppt filtered off. The filtrate was
evaporated and the residue recrystallized from heptane yielding 1-4 g (50% yield) of 32, m.p. 98-5-99°;
Veas 1490 m, 15505, 1575 m, 1592 m, 1650 w, 1692 w, 1712w, 1730 w, 1790 vs cm ~! (COk PMR: 77 and
81 (two multiplets of Ph); NMR F!?: 658 (CF;). (Found: C. 40-7; H, 1-67; Br, 22:6. C, ;H;BrF (O requires:
C, 40-2; H, 1-39; Br, 22:3%)

2-Bromo-3-phenyl-5,5.5-trifluoro-4-trifluoromethyl-2-pentenoic acid (34)

Cyclobutenone 32 (05 g) and H,O (005 g) in 40 ml acetone were kept for 24 hr at 20°, then the solvent
evaporated yiclding 0:52 g of the starting 32 (PMR).

Cyclobutenone 32 (0-S g) in 5 ml of AcOH was boiled for 10 hr and then boiled for an additional hr after
1 ml H,O had been added. After removal of the solvent under vacuum, 0-5 g crude acid 34 was obtained and
reprecipitated from NaHCO,/H,O, dried and recrystallized from heptane, m.p. 124-5-125°; v, 1582
(C=C), 1690 (CO). broad 2900cm ™' (OH); PMR: 5-72 (septet CH, J = 13-3¢/s}, 740 (Ph), 11:9(OH).
(Found: C, 383; H, 191; F, 29-8. C,,H,BrF40, requires: C, 38-2; H. 1-86; F. 30-3%,)
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