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Abstract-A study of the interaction of bis(trifluoromethyl)ketenc (1) with vinyl ethyl ether, isobutene, 
butadiene, styrene and phenylacetylenc 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 pcntenoic 
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 ketcnes (29 and 33) in l,dposition. Two new cases of a long-range spin-spin 
interaction of H and F atoms for the cnol 13 and cyclobutanone (31) arc described. 

THE interaction of ketenes with olefins and dienes is a method for obtaining cyclo- 
butane derivatives2 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 catalysts3 
and therefore. its reactions with vinyl ethyl ether, isobutene, butadiene, styrene and 
phenylacetylene has been investigated.S 

Vinyl erhyl 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). 

SCHEME 1. 

(‘3,) zC=CO 
CH,=CHOEI 

1 

- Et OcFO + (CF,,r+Et 

HF + CF,=C(CF,),COCH=CHOEt 

4 
(CF,),C - COCH=CHOEt 

(CF,),CHCOCH=CHOEt 
5 

6 

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 Cmembered 

l For the previous papers in this series, see reference 1. 
t Translated by A. P. Kotlobyc. 
$ For preliminary results. see Ref. 4. 
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ringat 1800cm~‘),aswellasthoseofdoublebonds:oxetane3(1647cm~‘)andpossibly 
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 known5 that I-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 
case6 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. 

Isoburene. The reaction of ketenes with olefms, 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 olefms which may be 
cyclic7-12 or linear 6.1 l-1 3, 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 olefm and not via cyclo- 
butanone 7 or oxetane 10. 

During the isomerization of cyclobutanone, the formation of u&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). 

SCHEMJI 2. 
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An isome~tion of ketone 8 into ketone It in the course of the reaction is excluded 
as tbc conjugated ketone 8 is more stabit, and therefore, a reverse transition takes 
place-the isomerization of 11 into 8 in the presetroe of acids or triethylaminc. The 
catalytic action of triethylamine in the isometition of hexenone 11, as in other 
similar i~me~tions discussed in this work, can be explained by a me~~srn 
which involves the separation of HF from the {CF&CHCO group yielding triethyt- 
ammonium fluoride. The latter acts as au acid lo other words, even in the case 
involving t~ethylam~e as the catalyst, we apparently have the usual prototropic 
change (Es. 1). 

11 ‘HI (CF,),CHCOCH,C’Me, .=%.8 ff) 

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 kn~wn.‘~ 

Aside from these general and negative ~nsideratio~ concerning the m~&anism 
of the formation of hexenone II 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 periodic&y. In Fig 1 the PMR 
spectra of the isobutene and bis(fiuoromethyl)ketene mixture obtained after 8 hr 
at 0” (a) and after 4 hr (b) and 8 hr (c) at room temperature are shown. 

* 6 5 * I 0 
arm 

FIG. 1. 

In the course of the reaction, isobutene (Me, 1.75 and CH2, 4~72 6, spectrum a) 
disappears, and in its place a compound characterized by signals 1.75, 3.34, 5.05, 
515 and 655 6 (spectrum b) appears. Three of the signals (l-75, 595 and 5.15) are 
common for this compound and for the compound arising from it; the rest differ- 
entiate it from the fmal product of the reaction-ketone I1 (Me, l-75 and CH,, 
340; septet CH, 4%; CH,, 4.97 and 5.10 S, 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-trifhtoro-5-trifluoromethyl-1-hexen-Gone (13) (Scheme 2) (CH2, 3.34 and 
OH, 6.55, 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 6). This splitting with a constant of 3.3 c/s is evident in the 
early stages of the reaction, but is difftcult 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 (v_ 1675~~1~’ C=C and 1795 cm-’ 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, 
thiscan beconsidered asan example ofa rare reaction of”C acylation” by ketenes.“, l6 

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 nonequivalency. 
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. 

MY*: :1$X: J&Y 

R = (CF,;CHCOCH, 
Br 

FIG. 2. Rotational isomers of 6.6.6trifluoro-5-trifluoromethyl-2-mcthyl-1,2dibromohexan- 
3-one 12. 

This phenomenon is also observed in other 1,2dibromoderivatives.” 
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Butadiene. Dienes containing conjugated double bonds including butadiene’ ‘* i2* 
‘** l9 and other linear dienes undergo cycloaddition with ketenes even more 
readily than simple olefms. The reaction always yields cyclobutanones of the type 16 
(Scheme 3), i.e. products of 1.2-cycloaddition. The l&cycloaddition of ketenes to 
linear dienes** 2o was shown” to be incorrect with no experimental confirmation. 
Recently however, it was found ‘i that l+cycloaddition does take place with certain 
ketenes but the C=O and not C=C group of the ketene reacts yielding dihydropyrans 
of the type 18 (Scheme 3). 

SCHEME 3. 

LlY I (CF,),CHCO(CHBr),CH,Br 
(CF,), 

16 
17 

1 Bra 

C(CF,)z 
NEI, 

____- (~F&~~cocH=~HcH=(H~ 
19 

18 I 
H’ 

polymer 

(CFA 

F3 F, 

This exceptional case was observed in the reaction of butadiene with bis(tritluoro- 
methyl)ketene. The dihydropyrane 18 obtained is unstable and upon storage gradually 
or rapidly in the presence of catalytic amounts of triethylamine isomerixes to the 
conjugated unsaturated ketone 19, which readily polymerizes. 

In the NMR H’ and F19 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 6 region and a septet caused by 
the presence of the tertiary hydrogen atom in the hexafhioroisopropyl 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)ketcne 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==O-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 

2Ll 
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2,2-bis(trinuoromethyl)-7~~-H-hexafluoroisopropyl~,6-hep~dien-7-olide (21) was 
made on the basis of its NMR F19 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 Wcycloaddition of bis- 
(trifluoromethyl)ketene to unsaturated ketone 19. Such reactions of ketenes with 
carbonyl compounds are well known.16* ‘l 

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.22 
This may be due to the effect of the fluorine atom The behaviour of bis(triIluoro- 
methyl)ketene does not differ in this reaction from that of dimethyl-‘* l2 and di- 
phenylketene B* 23-2s if some errors in the determination of the structure of the product, 
obtained from diphenylketene** 24 are taken into account; the errors were later 
corrected. 24* 2s 

Up to this time cyclobutanones containing gem-bis(trifluoromethy1) 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 Cmembered cycle. First, such reactions for cyclobutanone 22 proceed readily 
at room temperature and in the absence ofa 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 25n acids or their derivatives (Scheme 4). 

SCHEME 4. 

- (CF,)2C-CHPhCH2COX 

(CF,)2CHCHPhCH,COX - CF,=CCHPhCH,COX 

u 
CF, 
25 

X = OH(a), OMc (b), NHPb (c). 

In these reactions the ring opening takes place along the bond adjacent to the 
car-bony1 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 comRound+yclobutanone 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 2% 
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Ph 

(CF,),CHCOCH<HPb NEt,* HF + F,=CCOCH=CHPh 

27 1 
22 l NEt, *HF - 24 l 25 X = F (d). 

The mixture 24 and 2!5 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 2% and anilide 2!k 
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. 

(CF,),CH’CH2PhCH;COOH 

CF,=C@ZF,)CH4PhCH;COOH 

coon 

1 

The ratio 24 to 25 given in Scheme 4 was obtained only once, for mixtures of 
methyl esters 24b and 2% by the integration of separate signals from two different 
MeG groups. We were unable to separate these mixtures into components, but the 
saturated 3-pheny1-5,5,5-trifluoro4trifluoromethylpentanoic acid 24a, its ester, 
anilide and acyl fluoride were synthesized by other methods. The compounds 24a 
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and 24h 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). 

The anilide 24c was obtained from the acid 240 by the subsequent action of PCl, 
and aniline. Finally, the mixture of acyl fluorides 24d and 2!Id was converted into 
pure acyl fluoride 24d by treating the mixture with triethylammonium fluoride 
(Scheme 4; cf. Ref. 26). 

A feature of the NMR F19 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 (Jr, = JHF). 

The formation of the two series of derivatives in the ring-opening reactions of 
Cmembered cyclic ketones with gem-bis(trifluoromethy1) 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. 

Phenyhetyhe. The reaction of bis(trifluoromethyl)ketene with phenylacetylene 
yields 2,2-bis&ifluoromethyl)-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.28-30 After correcting3’ the 
mistakes made in the previous works28*29 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 lm3* These latter compounds are readily obtained by cyclodimerization 
of phenylacetylene and styrene with fluoroolefms.2 

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-trifluoro4trifluoromethyl-2-pentenoic 
acid 3Oa, its ester and amides (Scheme 6). 

When cyclobutenone 28 reacts with water or dimethylamine, only one substance 
is formed (acid 3Oa or amide 3thl) while the reaction with methanol is mote 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 3lb and 
36, Eq. 3. It is possible that cyclobutenone 28 initially isomer&s into unsaturated 
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SCHEME 6. 

-[(CF,),C=CPhCH<O]+ 

29 

Ph 
Br 

+CF,)&HCPh=CHCOX 

30 

(CFJICHCPh=CBrCOOH 

-[(CF,),C=CPbCBr=CO] 

33 (CF,),C=CPhCHBrCOOH 

32 

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

ketene ts, which later adds methanol across the 1,4 or 12 position (cf. E.q. 4), giving 
esters 3Ob 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 6. The septet (CF,),CHCO group at 406 is the only signal which 
dist~~ish~ the ketone 37 from isomeric esters 3Ob and 36. 

IPI - 
McOH 

28 

-I-’ 

(CF,),CHCPb==~HCOOMc, So*4 

- (CF,),C=CPhCH,COOMc. 42 “/, (31 

3 06) 
_---1----, (CF,),CHCOCH==CPhOMc. 8% 

m 

gem-Bis(trifluoromethyl)cyclobutenone 28 is hydrolyzed in acetone solution to 
pentenoic acid 3Oa (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 lo%---- 
HCl or acetic acid under conditions, described by Roberts et ~1.~~ for 2,2dichioro-3- 
phenyl-3~clobutenone(~ R = Cl, R’ = Ph, X = H). These authors have postulated 
the following mechanism of acidic hydrolysis (Eq. 4). First, cyctobutenone 38 iso- 
mer&es to vinyl ketene 39, which adds water in either the 1,2- or I&position, 
depending on the degree of coplanarity of its double bonda 

R,CHCR’=CXCOOH 

R2 

- [R,C=CR’CX=CO] 

39 

(4) 

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 X32-35 
are chlorine atoms, and R’ = Ph). 

If this version is correct, then the resuhs of acidic hydrolysis of ~e~-bi~t~uor~ 
methyl)cyclobutenone 28 are remarkable in that the CF,-groups, which are larger36 
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 l&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 l&addition. There is only one caseJ3 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.32-3s 

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 bromo~clobuteno~ 32 is more stable in the 
presence of water than cyclobutenone 2l%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-S,5,5-t~~uoro4trifluoromethyl-2-~ntenoic 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 of4membered 
cyclic ketones in the case of beg-bis(trifluoromethy1) 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 aL3’ 
have proved that such interaction takes place between substituents that are in cis- 
position in respect to each other (313 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 (HH38 
or FF39) 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 case~.~O The Cmembered ring of ketone 31 either must be firmly bent (Fig. 6) 
(con~m~g ~nfo~atio~ of cyc~obu~n~ see review4’ 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 bi~t~uoromethyl)ket~e 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. 

a @ 
Ch Br 

CF, r Br = CF, H 

C+...*” 

318 
Br 

31b 

FIG.‘,-. Conformations of cyclobutanoac 31 

EXPERIMENTAL 

Mpe are uncorrected The IR spectra were taken in a UR-10 spcctrophotomcter. The NMR spectra were 
recorded on Hitachi H 6013 NMR instrument for C(& solns at 35” with hexamethyldisiloxane or CIF&l, 
as an internal standard; chemical shifts ax given in d ppm to TMS or 7 ppm to CCl,F. The chemical 
shifts of hexamtbyldisiloxaae and CIF,Cl, were taken to be 005 d and m 7 respectively from TMS and 
CC&F. The UV spectra were taken in a SF4A SFtrophotometcr. Polyesters and thiols were used BP the 
stationary phase in tk GLC analysis. 

Reaction of ketene 1 with vinyl ethyl ether 
A mixtun of I(5 gl and vinyl ethyl ether (2.2 gl in Et,0 was kept for 36 hr at 20°, then for I br at loo”, 

followed by distillaticm yielding 4.2g (58% yield) of6 mp. 20-24’. b.p. 40-41”/3 mm; v, 1595 and 1615 
(C=C), 168Oand 1695cm-‘(CO);PMR:412(scptaCH,J = 7~c/s),5.80and7.75(ABquartetCH=CH, 
J = 12 c/s), 404 (quartet CH,A 1.30 (triplet CH,). (Found: C 38.1; H, 3.25; F. 45.4. CsH,F,OI requires: 
C 38.4; H, 3.20; F, 45.6 %.) 

Reaction of kerene 1 wilh isobutene 
A mixture of 1 and I-C,H, (2.58 gl was kept in a scaled ampouk 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, r&O 1.3515; &,.= pet. ctha 296 mp, log L 1.93; 
v, 1660 (c--c), 1748 (CO), 3096cm-’ (=CHJ; PMR: 446 (septet CH, I = 8Oc/s), 340 (CH,), 1.75 
(doublet CH,, J = 1.3 c/s), 4.97 and 5.10 (=CH,); NMR F 19: 67.2 (doublet CFa J = SQc/s) (Found: 
C 409; H, 3.19; F, 48.9. CsH,F,O requires: C, 410; H, 3.42; F, 4&7x.) 

B.p. of 14 7S”/z0 mm, ni” 1.3488; v, 1675 (C=C), 1795 (CO), 308Ocm-’ (=CH,); PMR: 4.lO(septet 
CH,J = 7.5c/s),3.38(CHz), 1.70(CH,),47and49(=CH,).(Found: C~9;Y204;F,55QC,IH,F,,01 
requires: C 34.9; H, 1.94; F, 55*4x.) 

The dicoe 14 was heated for I5 mia ia McOH containing a drop of H,SO,, followed by washing with 
water and drying The produd was identifial (GLC) as 8 and a known*’ methyl ester 15. 

To ll(5 a) at 5” Br,(3.5 g) was added and tk mixture distilled yielding 6.3 g (75% yield) of 12 m.p. 7-8”. 
b.p. IO6-108”/16mm. n;’ 1.4291. v, 1743cm-’ (CO); PMR: 4.22 (septet Cy I = 6Oc/s), 354 (CH,), 
2a (CH,), 3.90 and 4.30 (AB quartet CH,Br, J = lo+); NMR FL9: 652 (doublet CF,, y = 8Qc/s). 
(Found: C, 244; H, 199; Br. a4; C,H,Br,F,O required: C, 24.4; H, 2a3; Br, 406.z.) 

Isomerizarion of ketone 11 

Tht mixture d ll(64 g) and H,SO, (5 drops) m heated at loo” for 150 min and distilled yielding W g 
of4 b.p. 55-56”/2Omm; & pet. ether (logs_): 244 (4*22), 324mp (1.79); v, 1612 (<=c), 1695crn-’ 
(CO); PMR: 4.35 (septet CH, J = 8ac/s), 6-35 (=CH), 198 and 2.25 (CH,) (Found: C, 408; H, 340; 
F. 495. CsHsF,O requires: C, 419); H, 3.42; F, 48.7”/,) 
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To ketone 8 (0.88 g) at 0” @6 g dry Br, was added and tk crystalline solid obtained wan rccryrtallizd 
from 80% EtOH/H,O yielding 1.2 g d 9, mp. 53-W; &- 305 mp, log c, 1.86; v, 1753 cm-’ 
(CO); PMR: 4.50 (septet CH, J = 70 c/s1 4.87 (CHBr), 2GO (CH,); NMR FL’: 650 and 64.3 (two quartets 
CF,, J = &8 C/EL (Found: C, 24.2; H, 2%; Br, 401. C,H,Br,F,O requira~: C, 24.4; H, 2G3; Br, 40.6x.) 

Reaction o/k&me 1 with butadiene 

A mixture of I(105 g), butadicnc (3.2 s) and hydroquinom (OQl e) was heata! in a &al ampoule at 70 
for 35 hr, and then distilled yielding 123 g (90% yield) of la b.p. 7678”/15 m Go 1.3965; v, 1628 cm-’ 
(C=C); PMR: 3.25 (muitiplct CCH,), 4.74 (multiplet OCH,), 610 (multiplet CH=CH); NMR FL’: 56.5 
and 59.8 (quartets CF,. J = 9.9c/s) (Found: C, 41.7; H, 264. C,H,F,O requires: C, 41.4; H, 2.58x.) 

The crude product consisted of 92 % of 10 and 8 % of 21 (GLC). 

Isomerizution of dikydropyran 18 
Dibydropyran 18 (5 g) was distillal in tk preena of two drops NEt, yielding a tar and 2.9 g (56%) 

of 19, b.p. 44-46”/16 mm, ni” 1.3948; v, 158Oand 162O(C=C), 17OOand 171O(CO~3092cm-‘(==CH,); 
PMR: 4.13 (septet CH, J = 84 c/s), H (multipkt CH=CHCH=CHJ; NMR F19: 656 (doublet CF,. 
J = 7.7c/s). (Found: C, 4lG); H, 2.59; F. 50.6 C,H,F,O requires: C 41.4; H, 2.58; F, 492x.) 

Ketone 19 was mixed with Br, at 0” yielding 70% of 17. m.p. 99-100” (from heptane); v_ 1757 cm-’ 
(CO); PMR: 4.38 (acptct CH, J = 7.5 c/s), 3-5 (multiplct CHBr and CH,Br); NMR F”: 636 and 65.2 
(two doubk quartets CF,. J = 8.8 and 77 C/S). (Found: C, 178; H, 1.20; Br, 58Q CIHIBr,FIO requires: 
C 174; Y 109; Br, SSS%.) 

Kctcnc l(2.13 g) and 19 (2.82 g) were heated in a scaled ampouk at 100” for 12 hr. aad then distilkd. 
Thcrewas402g(82%yield)of21.mp. 1617O.b.p ll~l15°/16mm,~o 1.3758;=-(loge..&rmidual 
absorption after 224 313 (1.7), 325 mp (l-7); Y, shoulder 1663 (CH=CH), 1685 (C==Cb 182Ocm-’ 
(CO); PMR: 3.3-5.5 (compla multiplct) NMR FIP: 66.1 (broad quartet CF,, .I = 8Oc/s), 68.1 (doubkt. 
CF,, ./ = 8,8c/s at 56 MC and 8.Oc/s at 21 MC. Each component of the doublet split by one CF, in 8- 
membered ring into quartet, J = 1.6 c/s), 709 (quartet CF,, J = 8.0 c/s). (Found: C, 34.7; H. 1.62; F, 55Q 
C,,H,H,,O, requires: C, 35.1; H. 146; F. 556x.) 

2,2-Bisftr@mrotnethyl)-3-phenylcyclobutanone (22) 

Ketenc l(10.7 g), styrenc (6.3 g), and hydroquinonc (001 g) were hated in a scaled ampouk (loo”. 10 hr) 
and distilled, yielding Polystyrene and 13.7g (80% yield) d 12 m.p. 9-loo, b.p. 94”/7mm, 6’ 14428; 
L pet. ether (loge,_): 242 (2*88), 247 (2.89), 290 w (1.61); v, 15OQ 1600.3042 (Ph); 182Ocm-’ (CO); 
PMR: 3-4.5 (ABC multiplet CHCH, 9 lines), 7.22 (Ph); NMR F”: 650 and 696 (two quartets CF,. 
I = 8.5 c/s) (Found: C, 510; H, 2.84; F, 400. C,,H,FP requires: C 51.1; y 2.84; F, 404x.) 

Ring opening of ketone 22 

With water. A mixture of 22 (1@9 g) and Ha0 (2 ml) was homogenizal by the addition of aatont and 
kept at 20” for 12 hr. The solvent was evaporated and tk residue wm diluted with Et,0 and distilkd after 
drying yielding 6.5g of a mixtun of acids 24a and * b.p. 13>135”/4mm, r&O 1.4528; v_ 1505, 1610 
(Ph); 1721 (CO); 174O(CF,=C); broad 24CO-3500 cm-l (OHk PMR (Fig 3). NMR F19 24~ 636and 663 
(two doubk quartets CF,. J = 9.7 and 97 c/s) NMR FL9 d da: 604 (doubk doublet CF, J = 22 and 
I1 c/s), 75.5 (double quartet CF=, J = 22 and 22 c/s). 793 (double quartet CF=, J = 22 and 11 c/s). 
(Found: C, 49.7; H, 3.25; F, 36.1. C,2H,0Fb02 rquires: C, 48+I); H. 3.33; F. 38.0. C,2HPF,01 requires: 
C. 51.5; H. 3.21 ; F, 33.9x.) 

With m&mol. Ketone 22 (22.5 g) in 30 ml McOH was kept for 12 hr at 20” and diluted with H,O; 
tk oil was extracted with Et,O, driai and distillal yielding 21.7 g da mixture of caters 24 and Bb in 
tk ratio of 1:2 (by integration of OMe signals in PMR), b.p. 120”/15 mm, 6’ 14442; v, 1500,1590,1610. 
3033 (Ph); 175Ocm-’ (CO and CF,=C); PMR of 24b: CF,CH is masked by OMc, 4.2 (double triplet 
PhCH, J = 7.3 and 3.4c/s), 297 (doublet CH,), 3.43 (CH,), 7.30 (Phi NMR FL’ d ub: 64.3 and 66-2 
(two doubk quartets CF,, J = 9.7 and 9.7 c/s). PMR of Z%b: 4.36 (triplet CH, ./ = 7.7 c/s), 2.90 (doublet 
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CH,), 353 (CH,), 7.30 (PI@. NMR F19 of 2%: 60% (double doublet CF,, J = 21 and 10 c/s), 76.6 (double 
quartu CT==, f = 21 and 21 c/s), 79.8 (double quartet CF=, J = 21 and lOc/‘s) (Found: C 52-t; H 410; 
F, 335. C,,H,,F,O, requires: C.49.7; H, 3.82; F, 36.3. C,SH,,F,Oz requirea: C, 531; H, 3.74; F, 32-3x.) 

Wfrh mJlfne. Ketone 22 (2.19) and anililac (l-l g) in 20 ml Et,0 was kept overnight, washal with HCI/ 
H,O, dried and the solvent evaporated. Recrystallization of the residue from heptane yielded 2Gg of a 
mixtumanilides 24eand +k: mp. 82-90”; vu. 1507.1545,1555.1607,3045(Ph); 1667(CO); 175O(CF,===C); 
3210, 329Ocm-r (NH) (Found: C, 594; H, 4G2; F, 287. C1,H,IF,ON: C 57-6; H, 40; F, 3W. 
C,,H,,F,ON requires: C, 60-8; H, 395; F, 26.7x.) 

With b&fhy&amk. Ketone 22 (152 g) and NEt, (05 g), dried over Na-wire, were heated for 5 br at 120” 
and distilled through a fractionating column yielding a mixture of 7.3 g of acyI fluorides 24d and 2Sd, b.p. 
69-70’13 mm, a&* 1.4358; v, 1495, 1587, 1600, 1628,3033 (Ph); 1735 (CF,=C); 1800; 184Ocm-’ (CO), 
PMR of24d: 3~(double~t~ CF,CH, J = 8-S and 34 c/s), 391 (double triplet PhCH, I = 3*4and 7.7 c/s), 
3.17 (doublet CH, f = 7*7c/s), 7.28 (Pb). PMR of Sd: 420 (triplet CH, J = 7.8 cfsk 3-10 (doublet CH,. 
J = 7.8 c/s), 7.28 (Ph) (Found: C 502; H, 2.81; F, 41.3. C,2HPF70 requires: C, 47.7; H, 2.97; F, 44.1. 
C,,HsFbO requires: C 51*1; H. 2%; F, 40.4x.) 

Tbc residue after being recrystallized from heptane yielded 2.4 g (16%) of 27. m.p. 57”. b.p. 127-130”/ 
14mm; v, 1500,1575,3035(Ph); 16@7(PbandC==C); 1693cm-r (CO); PMR:423(septet CH.J = 7.7 
c/s), 6.88 and 7-72 (AR quartet CH-CH, J = 17.1 c/s) 7.45 (multiply Ph); NMR F’s: 651 (doublet CF,, 
J = 72~‘s) (Found: C, SDS; H 2-84; F, 40-I. C,,H,F,O requires: C 51.1; H, 2%; F. 40.4%) 

Kttene I(70 g) and phenylacetylenc (4Q g) were heated for 8 hr at 100” in a sealed ampouk and then 
distitled yieldii 7-2g (80% yield) of 28, mp. 24-253 b.p. 125127*/15 mm; J._ pet ether (log s,&: 222 
(369) and 285 mp (399); v,, 1495, 1562 1590. 1605 (Pb); 1705~~; 1720~; 176Osb; 1795cn-’ (CO); 
PMR: 6.95 (CH) 7.52 (multipkt Pb); NMR F I’: 66.5 (CF,) (Found: C, 5@9; H, 2.19: F, 41.7. C,sH,F,O 
requires: C 51.4; H, 2.14; F. 407x.) 

Ring opetsing o/ketone 28 
With water. Cyclobutenonc 28 (207 g) and I ml H,O after homogen~tion by adding acetone was kept 

at 20’ for 12 hr. The solvent was evaporated and the residue rcprecipitated from NaHCOJH,O, dried 
and recrystaIlized from heptane yielding 2.7~3 (94% yield) of 3Oa. m.p. 124”; v_ 1580, 159.5, 1607 (Pj); 
1635 (C--C); 1710 (CO); broad 28%3300cm-’ (OH); PMR: 630 (septet CH, J = 77c/sX 6.38 (==CH), 
7.46 (Ph), 12Q(OH) (Found: C 488-3; H. 2.75; F, 38.6. C,,H,FIO, requires: C 48.cl-k 268; F, 38.5x.1 

With methanol. Cyclobutcnone 28 (30 g) in 10 ml MeOH was kept at 20” for 48 br, diluted with H,O, 
extracted with EtsO, dried and distilled yielding 30.8g of light yellow liquid, b.p. 115-I 16”/15 mm; v, 
1647 (C==C 3Ob); 1665 (C==C 36); 1725 (CO 3Ob); 1752 cm-’ (CO 36); PMR: 7.31 (common Ph); 659 
(septet (CF,), CHCPh, J = 8.6 c/s); 39 (possibly septet (CF,),CHCO); 640 and 622 (CH=); 3.75, 3.55, 
3~50(singletsOMcandCOCH~); NMR F’Pconsi~tsoffoursignals with intensities21 :21:50:8andchcmical 
shifts being respectively : 553 and 57-l (two quartets (CF,)&‘=== 36, J = 9.0 d/s); 61.2 and 64.5 (two doublets 
(CF,),CH 3ob and possibly 37, J = 8.9 c/s). 

, 

After passing the mixture through a fractionating column containing r&I packing 174g (51% yield) 
of XIb, b.p. 74”/1 mm, n&O 14480 was obtained; PMR: 7.31 (Ph); 659 (septet CH); 6.22 (CH=); 3.75 
(OMe); NMR F**: 61.2 (doublet CFs) (Found: C 500; H 3.34; F, 366 Ct~H,,F,Os requires: CT, 590; 
H, 3.20; F, 36.5 %.) 

With unifine. Cyclobutenom t8 (1.2 9) and aniline (063 g) in 20 ml Et,0 were kept at 20” for 24 hr. The 
ether was evaporated and the residue treated with HCI/HsO, dtial and recrystallized from heptane yielding 
0+4g (25 “/,, of 30~ m.p. 1385”; v_ 1505. 1555, 1610 (Ph); 1645 (C==C); 1660 (CO); 3310cm-’ (NH); 
NMR F”: 629 (doublet CF,, J = 8.1 C/S) (Found: C 57.6; H, 3.44; N, 3.67. C,,H,3F60N requires: 
C, 57.9 ; H, 3.49; N, 3.75 %.) 

With dimethykamin~ Cyclobutenone 28 (7.7gl and MesNH (1.38) were kept in 50 ml Et,0 for 24hr. 
Tbc ether was evaporated, the reside: treated with HCl/H,O, diluted with C*H, boiled with activated 
charcoal until discoloured, followed by filtration and evaporation of C,H,. Tbc residue was nxrystallized 
from beptane yielding 7.1 g (79% yield) of 3Ih& mp. 459 v_ 1504 1605.1643 cm-‘; PMR: 64P(scpta CH, 
J = 8.7 c/s), 6.52 (=C’H). 2% and 2.97 (CONMe& 7.31 (PI@ (Found: N, 426. C,,H,sF*ON requires: 
N. 4.31x.) 



1354 Yu. A. CH~ZBURKOV, N. Mu KHAbUDALlLW and I. L. KNUWANTS 

Hydrogenation ojcyclobutenone 28 

Cyclobutcnone Xl (2.12g) in IOml EtOH was hydrogenated over @3g Pd black. After the absorption 
of H, ceased (7 hr), the mixture was diluted with H,O, the oil diluted with Et,O. dried and the solvent 
evaporated. The residue consisted of four substances (as determined by GLC), one of which was identical 
with cyclobutanone 22; vnuX 1640, 1740 and 1820cm-’ (CO in 4-membered ring). 

3-Phenyl-5.5.5-trijIuoro-4-trijloromethylpentanoic acid 24a 

The acid was obtained in a 65% yield by hydrogenation of 3Oa over Pd black in EtOH/H,O. b.p. 128”/ 
3 mm, n;c 14470; Y, 1505,161O (Ph); 1720cm-’ (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, 376 C,,H,,F,O, requires: C 480; 
H, 3.33; F, 3804/,.) 

Methyl-3-phenyl-5,5,5-trifluoro4trijluoate 24b 
The ester was obtained by hydrogation of 3Oh (7.3 g) in MeOH/H,O over Pd black. The yield was 3.8 g 

(79x), b.p. 116117”/10mm ni” 1.4344; Y,, 1590, 1605 (Ph); 1742 cm-’ (CO). It was identical (GLC and 
PMR) with the ester, obtained from ketone 22 and MeOH; NMR F19: 62.8 and 646 (double quartets 
CF,. Jr, = J,, = 7.5c/s). (Found: C, 49.7; H, 3.82; F. 35.8. C,,H,sF,O, requires: C, 49.7; H, 3.82; 
F, 36.3 “i) 

Anilide of 3-phenyl-5,5,5-trij7wro4tr~j7wromethylpentanoic acid 24~ 

Acid 24a (1.8g) was treated with excess PCI, yielding the acyl chloride (1.7g), b.p. 114118”/16mm, 
to which dissolved in 5 ml Et,O, aniline (0.5 B) was added. After evaporating the Et,0 the residue was 
washed with HCl/H,O, dried and recrystallized from heptane yielding 1.58g (67% yield) of w m.p. 
95.5”; “_ 1505. 1550. 1605 (Ph); 1670 (CO); 3210, 3260-33OOcm-’ (NH). (Found: C 57.7; H. 3.89; 
N, 3.89. C,sH,,F,ON requires: C. 57.6; H. 400; N. 3.74%) 

A mixture of 246 and 2!id (26.9 g) with the NEt,. HF (12 g) was heated for 30 min at 100”. then poured 
into ice water, washed with lOoA-soln of HCl/H,O. extracted with Et,O, dried and distilled yielding 
12gofacidUaand5.1 gofacylfluorideUd, b.p.95-96”/11 mmn~” 1.4235; v, 1500,1610(Ph); 1850cm-’ 
(CO). The product was identical (PMR) with one of the components of the starting mixture. NMR Ft9: 
629 and 65.3 (double quartets CF,, J nF = Jrr = 8,6c/sX -42.1 (singlet COF). (Found: C, 47.8; H, 2.95; 
F, 43.6 C,xH,F,O requires: C. 47.7; H, 2.97: F, 44.1%.) 

2,2-Bis(trijluoromethy&3,4dibromo-3-phenykyclobutanone (31) 

Cyclobutenone t8 (5.4 g) and Br, (3.1 gl in 50 ml CCl, were boiled for 12 hr. then distilled yielding 7Q g 
(82:< yield) of 31. b.p. 122-126”/10 mm, nk” 1.4995; Y, 1490~. 1590~. 1625m 1732m 1800$ 1890~4 
1935 m; PMR: 6.25 (quartet CH. J = 2.3 c/s), 744 (Ph); NMR F19: 58-59.3 (multiplet CF,). (Found: 
C. 32.8; H. 1.38; Br, 35.9. C,,H,Br,F,O requires: C 32.7; H, 1.36; Br, 36.4x.) 

2,2-Bi~trijluoromethyl) 4-bromo-3-phenyl-3-cyclobutenone (32) 

To a soln of 31 (3.5 gl in hexane (100 ml). NEt, (0.8 g) was added and the ppt tiltered off. The tiltrate was 
evaporated and the residue recrystallixed from heptane yielding 1.4g (50% yield) of 32, m.p. 98.599”; 
v, 149Om. 1550s. 1575 m 15924 1650 w, 1692 w. 1712 w, 1730 w, 1790~s cm-’ (COk PMR: 7.7 and 
8.1 (two multiplets of Ph); NMR F19: 65.8 (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 T/,.) 

2-Bromo-3-phenyl-5,5.5-trijluoro-4-trijlic acid (34) 

Cyclobutenone 32 (0.5 g) and H,O (0@5 g) in 40 ml acetone were kept for 24 hr at 20”. then the solvent 
evaporated yielding 0.52 g of the starting 32 (PMR). 

Cyclobutenone 32 (0.5 a) in 5 ml of AcOH was boiled for 10 hr and then boiled for an addittonal 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. 1245-125”; v,, 1582 
(C=Ck 1690 (CO). broad 2900 cm -’ (OH); PMR: 5.72 (septet CH, J = 13.3c/s), 740 (Ph), 11.9(OH). 
(Found: C 38.3; H, 1.91: F, 29.8. C,2H,BrF,0, requires: C 38.2; H. 1.86; F, 3@3%.) 
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