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A series of 8-diketones of the type RCOCH,COR’, where R = CF,Cl and C,F;, and R’ = alkyl, aryl, and
heterocyclic, has been prepared in high yields by the sodium methoxide-effected acylations of the appropriate

ketones with methy! chlorodifluoroacetate and methyl pentafluoropropionate.

While CF.CICOCH; (I) and

C,F:COCH; (VII) may be acylated under basic conditions with the very reactive esters methyl chlorodifluoro-
acetate and methyl oxalate, respectively, they undergo aldol condensation when treated with sodium methoxide
in the presence or absence of methyl benzoate. The reaction of equivalents of I and sodium methoxide for 24
hr. at room temperature gives a mixture of the aldol dimer (II), 1,5-dichloro-4-hydroxy-4-methyl-1,1,5,5-tetra-
fluoropentan-2-one, and the cyclized aldol trimer (IV), 2,4-dihydroxy-2,4,6-tris( chlorodifluoromethyl)-6-methyl-

tetrahydropyran.

fluoro-5-hydroxy-5-methyl-3-heptanone (VIII), its dehydrated derivative,

Under similar conditions, VII gives a mixture of the aldol product, 1,1,1,2,2,6,6,7,7,7-deca-

1,1,1,2,2,6,6,7,7,7-decafluoro-5-

methyl-4-hepten-3-one (IX), and 3-hydroxy-3-methyl-4,4,5,5,5-pentafluoropentanoic acid (X), and none of the

cyclized aldol trimer (XIII), 2,4-dihydroxy-2,4,6-tris(pentafluoroethyl)-6-methyltetrahydropyran.
I1I was obtained by refluxing VII for 72 hr. over barium hydroxide in a Soxhlet apparatus.

However,
When a mixture of

VII, methyl benzoate, and sodium methoxide in ether was refluxed for 2 days, VII undergoes an unusual type
of Claisen condensation to give pentafluoropropionylacetone (XV).

A number of g-diketones containing the trifluoro-
methyl®—8 and the perfluoro—n-propyl®? groups have
been prepared by the sodium methoxide-effected acyla-
tions of the appropriate ketones with esters of triflucro-
acetic and perfluoro—n-butyric acid. Since high yields
of products (in some cases up to 90%) were obtained,
the perfluorinated esters must be very reactive acylat-
ing agents. This is not too surprising since it was
shown earlier® in this laboratory that, when esters of
varying structure are subjected to reaction with ketone
anions, those esters which have highly electrophilic
carbonyl carbon atoms are very active in Claisen
condensations. Thus, a highly electronegative per-
fluoroalkyl group would be expected to make an a-
carbonyl carbon atom electron-poor and, therefore,
electrophilic, and active in Claisen condensations.

To our knowledge, the synthesis of only one g-
diketone containing the perfluoroethyl group, t.e.,
C,F;COCH,COCH; (prepared in 84.5%, yield by the
reaction of acetone with ethyl perfluoropropionate),
has been reported® and, apparently, the preparation of
g-diketones containing the CF;Cl group are not in the
literature. Therefore, a study was made of the syn-
thesis of B-diketones containing the CF,Cl and the
C,F; groups.

Two routes which may be envisioned as leading to the
desired B-diketones are indicated.

RCO,CH; + CHaCOR’_—j NaOCH:

—_—
route 2 R’CO,CH; + CH;COR—
RCOCH,COR’ + CH;0H

CFzCl and CzFa
alkyl, aryl, and heterocyclic

route 1

R
Rl
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Using route 1 a number of B-diketones containing
halogenated alkyl, as well as alkyl, aryl, alicyclic, and
heterocyclic, groups were prepared in 55-899 yields
(Table I). The synthesis of S-diketones by route 2
involves the acylation of methyl perhaloalkyl ketones
with nonhalogenated esters. Apparently the only re-
ported base-catalyzed Claisen condensation involving
the acylation of an alkyl perhaloalkyl ketone is the
synthesis of hexafluoroacetylacetone by the reaction of
1,1,1-trifluoroacetone with ethyl trifluoroacetate using
sodium ethoxide? or sodium metal!! as condensing
agent.

Since there are apparently no reported examples of
the condensation of alkyl perhaloalkyl ketones with
nonfluorinated esters under basic conditions, it was of
interest to study the feasibility of using this method
(route 2) to prepare S-diketones such as RCOCH,-
COCsH; (R = CF.Cl and C.F;) which have been pre-
pared in high yield, 899, by route 1.

First, 1 equiv. of methyl benzoate (in anhydrous
ether) was added to 1 equiv. of sodium methoxide (sus-
pended in anhydrous ether) over a 10-min. period
followed by the addition of 1 equiv. of CH;COCF,Cl (I)
over a 5-min. period. The reaction mixture was stirred
for 24 hr. at room temperature and processed. None
of the desired g-diketone, CsH;COCH,COCF,Cl, was
obtained. Instead, the ester was recovered essentially
completely, and a 519, yield of 2,4-dihydroxy-2,4,6-tris-
(chlorodifluoromethyl)-6-methyltetrahydropyran (IV),
the solid, cyclized aldol trimer of I, was obtained. An
attempt was made to minimize the formation of IV
by adding an excess (1.5 equiv.) of the ester to 1 equiv.
of sodium methoxide followed by the addition, over a
5-hr. period, of a dilute ether solution of 1 equiv. of the
ketone. After the reaction mixture was allowed to
stand at room temperature for 12 hr., it was processed.
Again, the ester was almost completely recovered and
the only product obtained was IV (43.5%,).

To prove that the solid IV can arise from the ketone
alone, a sample of I was treated with (a) sodium meth-
oxide and (b) barium hydroxide. From both of these
reactions there was obtained a mixture of products

(11) R, N. Haszeldine, W. K. R. Musgrave, F. Smith, and L. M. Turton,
J. Chem. Soc., 609 (1951).
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which consisted of the solid tetrahydropyran IV and
the liquid aldol dimer (II), 1,5-dichloro-4-hydroxy-4-
methyl-1,1,5 5-tetrafluoropentan-2-one.

The solids isolated from the last four reactions were
shown to be identical by superimposition of their infra-
red spectra. The compound does not give an enol test
with aleoholic ferrie chloride solution and is not oxidized
by neutral potassium permanganate at room tempera-
ture. On the basis of the above evidence and its ele-
mental analysis, it appears that the compound has
structure IV and is structurally analogous to 2,4-
dihydroxy-2,4,6-tris(trifluoromethyl) -6-methyltetrahy-
dropyran, which was obtained by Henne and Hin-
kamp'? and Simmons and Wiley'? when 1,1,1-trifluoro-
acetone was treated with sodium and potassium car-
bonate, respectively.

It was also found that IV can be obtained in 979
yield by the reaction of I with sodium, employing the
procedure used earlier'? in the analogous reaction with
1,1,1-trifluoroacetone. The tetrahydropyran IV de-
scribed above may be envisioned as arising according to
the following scheme.

OH
2 CF,CICOCH; —=° , O~ Cl—C—CH,COCFCl
I Ba(OH), éHs
I
HO. ,CF,Cl
1 + 1 NeOCHs CH
e e
Ba?(;m s CF,Cl
2 CRC Y O
o
I
HO_ CFCl
I cyclize CHSQOH
CF.Cl” 0" “CF,Cl
v

Further proof of the structure of IV was obtained by
dehydrating it with concentrated sulfuric acid to form
2,4,6-tris(chlorodifluoromethyl)-2-methyl-2H-pyran (V)
in 57.59% yield. The structure of V was elucidated

IVr H2804

CF,Cl

by (a) carbon and hydrogen analysis, (b) its infrared
spectrum, and (¢) its proton and fluorine magnetic
resonance spectra. The infrared spectrum of V showed
that it is strueturally similar to 2,4,6-tris(trifluoro-
methyl)-2-methyl-2H-pyran  (VI).!2*¢  In addition,
treatment of a chloroform solution of V with aluminum
chloride produces a deep red color while VI gives a
magenta color'? when similarly treated.

(12) A. L. Henne and P. E. Hinkamp, J. Am. Chem. Soc., T6, 5147
(1954).

(13) H. E. Simmons and D. W. Wiley, ibid., 82, 2288 (1960).

(14) A sample of this compound was generously supplied by Professor
A. L. Henne.
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Since Henne, et al.,® were able to prepare hexafluoro-
acetylacetone in 729, yield and obtained none of VI
by the sodium ethoxide-effected reaction of 1,1,1-
trifluoroacetone with ethyl trifluoroacetate in refluxing
ether for 50 hr., it was felt that the interaction of
methyl benzoate, I, and sodium methoxide under com-
parable conditions might give the desired B-diketone,
CsH:COCH,COCF.Cl. However, refluxing equivalents
of the reactants for 47 hr. gave none of the diketone.
Again, the only condensation product isolated was IV
(39.09%). To show that a very active acylating ester,
such as a fluorinated one, appears to be necessary to
compete with the ketone for the anion of the ketone, a
reaction was effected between equivalents of I, CF,-
CICO.CHj, and sodium methoxide at room temperature.
There was obtained a 289, yield of what is probably
CF,CICOCH,COCF,Cl. This liquid is extremely hygro-
scopic and changes to a white solid, presumably the
dihydrate,!® when exposed to air.

In general, attempts to effect the acylation of CHj-
COC,F; (VII) with methyl benzoate in the presence
of sodium methoxide led to ketone self-condensation
products. However, in contrast with the results ob-
tained with I, VII does not form a cyelic trimer readily.
Thus, the interaction of equivalents of VII and sodium
methoxide at room temperature for 24 hr. gave what is
probably a mixture of the ketone dimer, 1,1,1,2-
2,6,6,7,7,7-decafluoro-5-hydroxy-5-methyl-3-heptanone
(VIII), and its dehydrated derivative, 1,1,1,2,2,6,6,-
7,7,7-decafluoro-5-methyl-4-hepten-3-one  (IX), and
22.59, of 3-hydroxy-3-methyl-4,4,5,5,5-pentafluoropen-
tanoic acid (X). The mixture of VIII and IX was
cor verted to IX by distilling it from concentrated sul-
furic acid. The hydroxy acid X appears to arise by a
haloform-type cleavage of the initially formed aldol
product (VIII). The origin of X is analogous to
the formation of 3-hydroxy-3-methyl-4,4,4-trifluoro-

NaOCH;
202F5000H3 —_—
room temp.
VIL OH
Cng—é—CchOCQFs + Cst_C=CHCOCQF5
éH; H,
VIII IX
H.S80,
VIII + IX —> IX
OH
1. NaOCH, é
VIII — —> C;F:—C—CH.CO,H + C.F:H + CH;0H
H,
X

butanoic acid which McBee, et al.,’® isolated from the
reaction of 1,1,1-triflucroacetone with aqueous sodium
or potassium hydroxide.

The structure of X was established by (a) elemental
analysis, (b) its infrared spectrum, (d) its proton and
fluorine magnetic resonance spectra, and (d) its mass
spectrum. The mass spectrum, at low ionizing poten-
tial, showed two bands at mass numbers 204 and 160,
the latter being more intense. These mass numbers
correspond to the masses of 3-methyl-4,4,5,5,5-penta-

(15) B. G. 8chultz and E. M. Larson [J. Am. Chem. Soc., T1, 3250 (1949)]
have reported that CFsCOCH:COCF:readily forms a dihydrate.

(16) E. T. McBee, D. H. Campbell, R. J. Kennedy, and C. W. Roberts;
ibid., T8, 4597 (1956).
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fluoropenten-2-oic acid (XI) and 2-methyl-3,3,4,4,4-
pentafluoro-1-butene (XII) which are the dehydrated
and the dehydrated decarboxylated derivatives of X,
respectively.

~H:0
X ——> CF;C=CHCO.H

H,
X1, mol. wt. 204

—CO:
XI —— C,F;C=CH,
ln,
XII, mol. wt. 160

Although none of the cyelic trimer of VII was iso-
lated in the previous reaction, refluxing a sample of VII
over barium hydroxide in a Soxhlet apparatus for 72 hr.
gave a 289, yield of the trimer, 2,4-dihydroxy-2,4,6-
tris(pentafluoroethyl)-6-methyltetrahydropyran (XIII)
which was dehydrated by concentrated sulfuric
acid to 2,4,6-tris(pentafluoroethyl)-2-methyl-2H-pyran,
(XIV) in 849, yield.

HO C,F; C.F;
5 v PO, CH, . ) o
CF O O, cF 0

XHI XV

Since attempts at room temperature (vide supra) to
acylate I with methyl benzoate failed, it seemed super-
fluous to attempt the condensation of VII with methyl
benzoate under these conditions. However, a con-
densation was effected at room temperature between
VII and methyl oxalate (an ester known to be very
reactive in Claisen acylations),? using sodium meth-
oxide as the condensing agent, to give a 329, yield of
methyl pentafluoropropionylpyruvate, C,;F;COCH,-
COCO,CH;. It seems, therefore, that as in the acyla-
tions of CH;COCF.Cl with CF.CICO,CH; (vide supra),
and of CF;COCH; with CF;CO,C;H;,%!! a Claisen
acylation of VII can be effected if a very active acylat-
ing agent is used in the reaction.

To determine whether there is any difference in re-
activity towards methyl benzoate between I and VII
due to the size of the perhaloalkyl group, a condensa-
tion was attempted by refluxing equivalents of VII,
methyl benzoate, and sodium methoxide in ether for 2
days. Most of the ester (84%,) was recovered and al-
though none of the expected g-diketone, CsH;COCH,-
COC,F; was obtained, a small amount (209,) of another
g-diketone, pentafluoropropionylacetone, C,F;COCH.-
COCH; (XV), was isolated. The identity of XV was
established by carbon-hydrogen analysis and by show-
ing that its boiling point, refractive index, infrared
spectrum, and the melting point of its copper chelate
are identical with the corresponding properties of an
authentic sample.8

The formation of XV in this reaction, which involves
an unusual type of Claisen condensation, was com-
pletely expected, and the mechanism for its formation
is not known with certainty. However, a possible route
by which its formation may be rationalized follows.
The anion (XVI) of the ketone undergoes an aldol con-

(17) C. R. Hauser, F. W. Swamer, and J. T. Adams, Org. Reactions, 8,
65 (1954).
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C2FﬁcOCH3 -I- N&+OCH3_ : CngCOCHz_N&+ + cHaOH

VII XVi
O~Nat
VII + XVI == 02F5COCH2(JJ——CH3
2F6
XVII
XVII —> NaF + CF=CF: + CzFaCO}?ngOOHz

densation with unchanged ketone (VII) to give the an-
jfon (XVII) of the aldol product, which may be decom-
posed at the temperature of refluxing ether to give XV,
sodium fluoride, and tetrafluoroethylene. It should be
pointed out that the presence of tetrafluoroethylene was
not established. It is also possible that XVII decom-
poses to XV and sodium pentafluoroethide. The loss of
perhaloalkyl groups under basic conditions is known.
As has been mentioned above, the aldol dimer VIII of
the ketone VII is cleaved to the g-hydroxy acid X by
reaction with sodium methoxide at room tempera-
ture. Bergman!® has reported that ethyl perfluoro-
propionate is cleaved in refluxing ethanolic sodium
ethoxide to give a mixture of pentafluoroethane and di-
ethyl carbonate. It is also of interest to note that
Greene and Zook!® have observed that methyl trityl ke-
tone (XVI) reacts with sodium triphenylmethide at
210° to give 1,1,1-triphenylacetylacetone, (CgHs)s-
COCH,COCH;. This g-diketone appears to arise from
a route analogous to that described above for the forma-
tion of XV with the difference that the stable triphenyl-
methyl anion is eliminated from the initially formed
aldol dimer of XVI.

Experimental

Halogenated Intermediates. A. Methyl Perfluoropropio-
nate.—A mixture of perfluoropropionic acid (164 g., 1.0 mole),
absolute methanol (48 g., 1.5 moles), and 50 ml. of concentrated
sulfuric acid was refluxed for 19 hr., and the crude product was
distilled from the reaction mixture. The ester was washed with
a saturated sodium carbonate solution, a saturated calcium
chloride solution, and finally with water. It was distilled from
phosphorus pentoxide to give 160 g. (90%) of methyl perfluoro-
propionate, b.p. 59.5-61° (732 mm.).%

B. Methyl Chlorodifiuoroacetate.—This ester was prepared
by the procedure described above except that a 2 5-hr. reflux
period was used. From a mixture of chlorodifluoroacetic acid
(261 g., 2.0 moles, supplied through the courtesy of General
Chemical Division of Allied Chemical Corporation), absolute
methanol (96 g., 3.0 moles), and 100 ml. of concentrated sulfuric
acid, there was obtained 261 g. (90%) of methyl chlorodifiuoro-
acetate, b.p. 78.0-78.5° (738 mm.), n%¥p 1.3474.%

C. Methy! Pentafluoroethyl Ketone.—This ketone was pre-
pared by the method of Dishart and Levine.?? Thus, from the
interaction of methylmagnesium iodide (1.8 moles) and penta-
fluoropropionic acid (98.5 g., 0.6 mole) in n-butyl ether at 35°,
there was obtained 39.4 g. (40.09) of methyl pentafluoroethyl
ketone, b.p. 38-41° (737 mm.).2?

D. Methyl Chlorodifluoromethyl Ketone.—This ketone was
prepared using the procedure described above for the synthesis
of methyl pentafluoroethyl ketone except that ethyl ether was
the solvent. From the interaction of methylmagnesium iodide
(3.0 moles) and chlorodifluoroacetic acid (130.5 g., 1.0 mole)
in 1200 ml. of refluxing ethyl ether, there was obtained 50.0 g.

(18) E. Bergman, J. Org. Chem., 28, 476 (1958).

(19) J. L. Greene and H. D. Zook, J. Am. Chem. Soc., 80, 3629 (1958).

(20) D. R. Husted and A. H. Albrecht, ¢bid., 75, 1605 (1935).

(21) N. N. Yarovenko, 8. P. Motornyi, and L. I. Kirenskaya, Zh. Obsch.
Khim., 27, 2796 (1957); Chem. Abstr., 53, 8042b (1958).

(22) K. T. Dishart and R. Levine, ibid., 78, 2268 (1956).
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(39.0%) of methyl chlorodifluoromethyl ketone, b.p. 54-55°
(730 mm. ), n%®p 1.3417.2

Acylation of Ketones with Methyl Chlorodifluoroacetate and
Methyl Perfluoropropionate. A. Procedure I.—This method is
patterned after that used by Barkley and Levine® for similar
reactions with methyl trifluoroacetate and methyl perfluoro-n-
butyrate. To commercial 95% sodium methoxide** (6.0 g.,
0.105 mole) suspended in 100 ml. of anhydrous ether, methyl
chlorodifluoroacetate (14.4 g., 0.10 mole) of methyl perfluoro-
propionate (17.8 g., 0.10 mole) dissolved in 15 ml. of anhydrous
ether was added in 10 min. To the rapidly stirred mixture
(which had usually changed to a pasty consistency about half-way
through the addition of the ester), the appropriate ketone (0.10
mole in 15 ml. of anhydrous ether) was added in 5 min. On the
addition of the first few drops of the ketone, the gel-like, ester—
methoxide—ether mixture changed to a liquid. Stirring was
continued for 2 hr. after the addition of the ketone, and then the
reaction mixture was allowed to stand at room temperature for
the reaction time indicated in Table I. Then, glacial acetic acid
(6.8 ml., 7.3 g., 0.12 mole, in 30 ml. of water) was added, fol-
lowed by copper(Il) acetate (14.7 g., 0.07 mole, in 133 ml. of
warm water). The ether was distilled and the chelate which
precipitated was filtered and washed with cold water and cold
petroleum ether (b.p. 30-60°). The chelate was placed in a
separatory funnel and was decomposed by shaking with a mixture
of ether and 15% sulfuric acid. The ether was separated from
the acidie, aqueous layer which was then extracted with several
portions of ether. The combined ether extracts were dried over
Drierite, the solvent was removed, and the residue was distilled
to give the 8-diketones which are listed in Table I.

B. Procedure II.—This method i8 a modification of procedure
I. After the reaction times (Table I), 3.0 ml. of concentrated
sulfuric acid in 30 ml. of water was added with stirring. The
aqueous and ether phases were separated and the aqueous layer
was extracted with several portions of ether. The combined
ether extracts were treated as described in procedure 1.

Attempted Benzoylation of Methyl Chlorodifluoromethyl Ke-
tone (I). A. Interaction of Equivalents of Sodium Methoxide,
Methyl Benzoate, and I at 25°.—Reaction of 95% sodium meth-
oxide (6.0 g., 0.105 mole), methyl benzoate (13.6 g., 0.100 mole),
and I (12.8 g., 0.100 mole) for 24 hr. according to procedure II
gave 13.0 g. (969,) of recovered methyl benzoate, b.p. 84-85°
(15-16 mm.), and 8.5 g. (50.8%) of 2,4-dihydroxy-2,4,6-tris-
(chlorodifluoromethyl)-6-methyltetrahydropyran (IV), b.p. 83—
98° (0.3 mm.), m.p. 91.2-92.2° from n-pentane. The infrared
spectrum of IV is identical with that of an authentic sample
(vide infra).

B. Interaction of Equivalents of Sodium Methoxide and I and
Excess Methy! Benzoate with the Slow Addition of I at 25°.—
Methyl benzoate (14.3 g., 0.105 mole, in 10 ml. of ether) was
added in 10 min. to a slurry of 95% sodium methoxide (4.2 g.,
0.074 mole, in 20 ml. of ether). Then, I (8.96 g., 0.07 mole, in
35 ml. of ether) was added over a 5-hr. period. The reaction
mixture was allowed to stand for 12 hr. more at room tempera-
ture and processed by procedure II to give 13.1 g. (92%) of
recovered methyl benzoate, b.p. 99-103° (31 mm.), and 3.9 g.
(43.5%) of IV, b.p. 86-92° (0.3 mm.).

C. Interaction of Equivalents of Sodium Methoxide, Methyl
Benzoate, and I in Refluxing Ether.—Methyl benzoate (13.6 g.,
0.10 mole, in 15 ml. of ether) was added in 15 min. to 959, sodium
methoxide (6.0 g., 0.105 mole, suspended in 100 ml. of ether).
The mixture was heated to refluxing and I (12.8 g., 0.100 mole,
in 20 ml. of ether) was added over a 30-min. period. The re-
action mixture was refluxed for 47 hr. and processed by procedure
II to give 12.6 g. (939,) of recovered methyl benzoate, b.p. 82—
97° (13-25 mm.), and 5.0 g. (39.09%) of IV, b.p. 87-110° (0.2-
1.0 mm.).

Acylation of Methyl Chlorodifluoromethyl Ketone (I) with
Methyl Chlorodifluoroacetate.—Methyl chlorodifluoroacetate
21.7 g., 0.150 mole, in 30 ml. of ether) was added in 15 min. to
95% sodium methoxide (6.0g., 0.105 mole, suspended in 75 ml. of
ether). To the resulting, pasty mass, I (12.8 g., 0.100 mole, in
90 ml. of ether) was added over a period of 4 hr. The reaction
mixture was stirred for 1 hr. at room temperature, was allowed
to stand for 1 hr. more at room temperature and then was
processed according to procedure I to give, after washing with

(23) K. T. Dighart and R. Levine, unpublished observations.
(24) The sodium methoxide was purchased from Olin Mathieson Corp.,
Niagara Falls, N. Y.
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ice~water and cold petroleum ether (b.p. 30-60°), 6.7 g. (33.5%)
of the crude copper chelate, m.p. 105-120°, of what is presumably
the g-diketone, CF,CICOCH,COCF,Cl. The chelate, which is
slightly soluble in both water and petroleum ether, was recrystal-
lized from 959 ethanol and melted at 117.2-120.2°. Decompo-
sition of the chelate and processing according to procedure I
gave on distillation 6.8 g. (28.29,) of the crude g-diketone,
b.p. 118-128° (735 mm.), which is very hygroscopic and changes
to a white solid, presumably the dihydrate,'® m.p. 127-128° (in a
gealed tube) without recrystallization. The crude g-diketone
was distilled from phosphorus pentoxide using the method em-
ployed with hexafluoroacetylacetone, but decomposition resulted
and no isolable products were obtained.

Self-Condensation of Methyl Chlorodifiuoromethyl Ketone (I).
A. By Sodium Methoxide.—Ketone I (12.8 g., 0.10 mole in 15
ml. of ether) was added in 15 min. to 95% sodium methoxide
(6.0 g., 0.105 mole suspended in 100 ml. of ether). The reaction
mixture was stirred for 1 hr. at room temperature, allowed to
stand for 24 hr., and processed according to procedure II to give
1.3 g. (10%) of II, 1,5-dichloro-4-hydroxy-4-methyl-1,1,5,5-
tetrafluoropentan-2-one, b.p. 52-55° at 4 mm. and 75-77°
at 12-13 mm. (vide infra), and 5.2 g. (40.5%) of crude 2,4-di-
hydroxy-2,4,6-tris( chlorodifluoromethyl)-6-methyltetrahydropy-
ran (IV), b.p. 97-120° (1.25 mm.), m.p. 91.2-92.2° from n-pen-
tane. The solid gave neither an enol test with alcoholic ferric
chloride solution nor did it react with neutral potassium perman-
ganate at room temperature. Its infrared spectrum, which was
identical by superimposition with the spectra of the samples of
IV obtained in attempted benzoylation expt. A-C, showed bands
characteristic of OH (3500 cm.™1),%® aliphatic C-H (2920 and
2080 c¢m. 71),%® and aliphatic C-F (1400-1000 cm. 1), 2%

Anal. Caled. for Co;H,CL;F¢O;3:  C, 28.04; H, 2.35; Cl, 27.59;
F, 20.57. Found: C, 27.92; H, 2.23; Cl, 28.04; F, 30.03.

B. By Barium Hydroxide.—Using the employed method by
Conant and Tuttle?® for the self-condensation of acetone, a
sample of I (25.7 g., 0.20 mole) was refluxed over barium hy-
droxide in a Soxhlet assembly using an oil bath as the heat source.
After 6 hr. the bath temperature was 130° and heating was
stopped. The liquid products were decanted and the apparatus
was rinsed with n-pentane. The rinsings were added to the
products and the combined organic material was distilled to give
9.8 g. (38%) of recovered I, b.p. 56-58° (735 mm.), and 7.0 g.
(27.2%,) of II, 1,5-dichloro-4-hydroxy-4-methyl-1,1,5,5-tetra-
fluoropentan-2-one, b.p. 75-77° (12-13 mm.) and 79.5° (24 mm.),
n%p 1.4026.

Anal. Caled. for CngCle402:
C, 27.70; H, 2.29.

The infrared spectrum of II showed bands characteristic of
OH (3500 cm.™?),%s galiphatic C-H (2900 and 3000 cm.™?),2b
aliphatic C-F (1400-1000 cm.™),%¢ gnd C=0 adjacent to a
perhaloalkyl group (1760 cm.™1).%

In addition there was obtained 5.1 g. (20%) of IV, m.p.
89-91°.

C. By Sodium.—This reaction was effected by a modification
of the procedure used by Henne and Hinkamp!? for the cyclic
trimerization of 1,1,1-trifluoroacetone. Ketone I (12.8 g., 0.10
mole) was added over 15 min. to sodium (2.3 g., 0.10 g.-atom,
covered with 100 ml. of anhydrous ether) and the mixture was
stirred intermittently for 24 hr. Then, 100 ml. of 209, hydro-
chloric acid was added cautiously to the vigorously stirred, thick,
pasty reaction mixture which was kept at 0° with an ice bath.
The phases were separated and the water phase was extracted
with several portions of ether. The combined organic phases
were dried over Drierite, the solvent was removed, and the residue
was distilled to give 12.4 g. (97%) of IV, b.p. 97-101° (0.5 mm.),
m.p. 89.6-92° (crude) and 91.2-92.2° from n-pentane. The
infrared spectrum of this sample of IV is identical with the spectra
of the samples of IV which are described above.

Dehydration of IV to 2,4,6-Tris(chlorodifiuoromethyl)-2-
methyl-2H-pyran (V).—Heating a sample of IV (5.0 g., 0.013
mole) at 150° for 12 hr. with 25 g. or concentrated sulfuric acid
followed by distillation gave 2.6 g. (57.5%) of 2,4,6-tris(chloro-

C, 28.04; H, 2.35. Found:

(25) (a) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1958, p. 96; (b) p.
13; (e) p. 329.

(26) J. B, Conant and N. Tuttle, "‘Organic Syntheses,’” Coll. Vol. I,
John Wiley and Sons, Inc., New York, N. Y., 1941, p. 199.

(27) C. E. Griffin, Spectrochimica Acta, 16, 1464 (1960).
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difluoromethyl)-2-methyl-2H-pyran (V), b.p. 51.5° (2 mm.),
n®n 1.4205.

Anal. Caled. for CGH;CL;FsO: C, 30.92; H, 1.44.
C, 31.18; H, 1.14.

A sample of V, when treated with anhydrous aluminum chlo-
ride, gives a deep red color.'%!* The infrared spectrum of V
shows bands characteristic of olefinic C~H bonds (3145 e¢m.™1),%
methyl groups (3010, 2940, and 1449 cm. !),%2° and C-F linkages
(1400-1000 cm.!).%¢ In addition, two bands, which are
probably characteristic of the two differently substituted double
bonds of V, were observed at 1684 and 1629 cm.~!. The latter
band is probably due to the allyl ether carbon-carbon double
bond since it is the more intense and appears, due to conjugation,
at a lower frequency than the triply substituted ethylene fre-
quency.® The band at 1684 cm. ! is probably due to the other
carbon—carbon double bond. An infrared spectrum of 2,4,6-

Found:

tris(trifluoromethyl)-2-methyl-2H-pyran (VI)!%! showed that V.

and VI are the same type of compound.

The proton magnetic resonance spectrum?' of V, taken at 40
Me. in carbon tetrachloride, with tetramethylsilane as the in-
ternal standard, has bands at r = 4.12 and =~ 8.30 p.p.m. in the
intensity of 2:3. The first band is probably due to the olefinic
protons®® and the second is presumably due to the methyl
protons.®?®® The F!? resonance spectrum,?! at the same frequency
and in the same solvent, with fluorotrichloromethane as internal
standard, has bands at about ¢ =< 58 and 61 p.p.m., and a doublet
centered at 69, with intensity ratios of 1:1:1, which could arise
from the two vinylic chlorodifluoromethyl groups and the chloro-
difluoromethyl group on the asymmetric carbon atom,?® respec-
tively.

Self-Condensation of Methyl Perfluoroethyl Ketone (VII). A.
By Sodium Methoxide.—Treatment of VII (16.2 g., 0.10 mole)
with 959, sodium methoxide (6.0 g., 0.105 mole) in the manner
described previously (expt. A)in the analogous reaction with I,
gave 7.3 g. of liquid, b.p. 70-80° (82 mm.), which is probably a
mixture of 1,1,1,2,2,6,6,7,7,7-decafluoro-3-hydroxy-5-methyl-3-
heptanone (VIII) and 1,1,1,2,2,6,6,7,7,7-decafluoro-5-methyl-4-
hepten-3-one (IX). This mixture was not subjected to elemen-
tal analysis. However, its infrared spectrum in carbon tetra-
chloride showed bands characteristic of hydroxyl groups (3500
cm.~1),%e olefinic carbon-hydrogen bonds (3030 cm.™!),3% ali-
phatic carbon hydrogen bonds (2950 cm. 1),%® a carbonyl group
a to a perfluoroalkyl group (1750 em.™),* a conjugated carbonyl
group (1700 cm.™1),3% a carbon-carbon double bond (1580
cm. ™1),% and carbon-fluorine bonds (1400-1000 cm.~1).2e¢

In addition, 2.5 g. (22.5%) of X, 3-hydroxy-3-methyl-4,4,5,5,5-
pentafluoropentanoic acid, m.p. 68.2-69.0° (from n-pentane), was
isolated.

Anal. Caled. for C(H/F,0;: C, 32.44; H, 3.18; F, 42.77.
Found: C, 32.75; H, 3.49; F, 43.17.

The infrared spectrum of X in carbon tetrachloride has bands
characteristic of a saturated carboxylic acid (3400, 3300-2300
em.1)® and carbon—fluorine bonds.?¢ The mass spectrum® of X,
at low ionizing potential, has two bands at mass numbers 204 and
160 (the latter more intense), corresponding to the mass of 3-
methyl-4,4,5,5,5-pentafluoropenten-2-oic acid (XI, mol. wt. 204)
and 2-methyl-3,3,4,4,4-pentafluoro-1-butene (XII, mol. wt.
160).

The proton magnetic resonance spectrum?® of X taken at 60
Me. in carbon tetrachloride with tetramethylsilane as the internal
standard has bands at + == 2.50 p.p.m. and 8.50 p.p.m. and a
quartet centered at + = 7.25 p.p.m. These data are characteris-
tic of the protons of the hydroxyl groups (both carboxylic and
alcoholic),?” the methyl group,®® and a methylene group on an
asymmetric carbon atom?®* with an intensity of 2:3:2, respec-

(28) G.D. Meakins, J. Chem. Soc., 4170 (1953).

(29) Seeref. 25, p. 13.

(30) Seeref. 25, p. 36, 40.

(31) We are indebted to Mr. J. J. Burke of Mellon Institute for the n.m.r.
spectra and their interpretation. The spectra were obtained on a Varian
Associates Model A-60 Proton Magnetic Resonance Spectrometer.

(32) (a) L. M. Jackman, ‘“Applications of Nuclear Magnetic Resonance
Spectroscopy in Organic Chemistry,”” Pergamon Press, New York, N. Y.,
1959, p. 61; (b) p. 53.

(33) Seeref. 32, p. 101.

(34) (a) Seeref. 25, p.34; (b) ref. 25, p. 133.

(35) Seeref. 25, p. 162.

(36) We are indebted to Mr. A. G. Sharkey and Miss J. Schultz of the
Bureau of Mines Experiment Station, Bruceton, Pa., for running and inter-
preting this spectrum on a Consolidated Mass Spectrometer, Model 21-103.

(37) Seeref. 32, p. 66.
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tively, indicative of two hydroxyl groups, three methyl protons,
and two methylene protons. The F'° resonance spectrum? of X
obtained at 40 Mc. from a water solution, with chlorotrifluoro-
methane as the external standard, has bands at ¢ >~ 78 and 124
p.p.m., which are characteristic of a perfluoroethyl group.®

Distillation of 4.4 g. of the liquid mixture of VIII and IX
described above, from 15 ml. of concentrated sulfuric acid, gave
2.1 g. of material, b.p. 101-102° (737 mm.), n%p 1.3170. Al-
though an elemental analysis was not obtained on this compound,
it is undoubtedly IX as evidenced by comparing its physical
constants with those of the structurally eclosely related, un-
saturated ketone, 1,1,1,5,5,5-hexafluoro-4-methyl-5-penten-2-one
(b.p. 76°, n®p 1.3260)' and by its infrared spectrum in carbon
tetrachloride solution which has bands characteristic of olefinic
carbon-hydrogen bonds (3030 cm.™1),3% g conjugated carbonyl
group (1725 and 1640 cm. 1),34b and carbon—fluori e bonds (1400-
1000 cm, 1), 280

B. By Barium Hydroxide.—Treatment of VII (32.4 g., 0.20
mole) with barium hydroxide, as described above (experiment
5b) in the analogous reaction with I except that the reflux period
was 72 hours, gave on distillation 12.3 g. (389%,) of recovered VII,
b.p. 40-41°, and 9.0 g. (28%,) of 2,4-dihydroxy-2,4,6-tris(penta-
fluoroethyl)-6-methyltetrahydropyran (XIII, b.p. 84.5° at
24 mm., n®*p 1.3372). The infrared spectrum of XI1II has bands
characteristic of hydroxyl groups (3550 cm.™!),%* aliphatic
carbon-hydrogen bonds (2990 cm.™1),%® and carbon-fluorine
bonds (1400-1000 cm."1),%e

Anal. Caled. for Ci:HF1;0;:
C,29.41; H, 1.72.

Treatment of XIII (5.0 g., 0.01 mole) with 20 ml. of concen-
trated sulfuric acid for 12 hr. at 150-160° gave 3.8 g. (84%) of
2,4,6-tris(pentafluoroethyl)-2-methyl-2H-pyran [(XIV, b.p. 61°
(25 mm.), n®*p 13275]. Although this compound was not
subjected to elemental analysis, from its boiling point and infrared
spectrum in carbon tetrachloride solution, which has bands at
the same frequencies as exhibited by 2,4,6-tris(chlorodifluoro-
methyl)2-methyl-2H-pyran (V) and 2,4,6-tris(trifluoromethyl)-
2-methyl-2H-pyran (VI) in the 3100-1500-cm. ! region, there is
little doubt about the identity of XIV.

Acylation of Methyl Pentafluoroethyl Ketone (VII) with Methyl
Oxalate.—Methyl oxalate (11.8 g., 0.100 mole, in 75 ml. of
anhydrous ether) was added over 25 min. to 95% sodium meth-
oxide (6.0 g., 0.105 mole, suspended in 40 ml. of ether). Then,
VII (16.2 g., 0.10 mole in 30 ml. of ether) was added over 6 hr.
to the rapidly stirred reaction mixture. The mixture was al-
lowed to stand at room temperature for 24 hr. and processed
according to procedure II to give 8.0 g. (32%) of methyl penta-
flucropropionylpyruvate, b.p. 62.5° (9 mm.), n%¥p 1.3991.

Anal. Caled. for C;HF;0,: C, 33.88; H, 2.03. Found:
C, 34.18; H, 2.1

The infrared spectrum of the product in carbon tetrachioride
solution has absorption bands characteristic of olefinic carbon-
hydrogen bonds (3050 c¢m.~1)3%; carbonyl groups adjacent to
perfluoroalkyl groups (1750 em.1),?” & to an ester function as in
methyl pyruvate (1750 cm.),?® and in B-diketones (1650 and
1580 em.=1)%; and carbon—fluorine bands (1400-1000 cm.™}).%e
This compound gave a positive enol test with alcoholic ferric
chloride solution and formed a green copper chelate, m.p. 232~
235° dec. (from aqueous methanol).

Attempted Benzoylation of Methyl Perfluoroethyl Ketone
(VII).—Methy! benzoate (13.6 g., 0.10 mole, in 15 ml. of ether)
was added in 10 min. to 95% sodium methoxide (6.0 g., 0.105
mole, suspended in 100 ml. of ether). The mixture was heated
to refluxing and VII (16.2 g., 0.100 mole, in 15 ml. of ether) was
added in 10 min. Refluxing was continued for an additional 48
hr. and the reaction was processed according to procedure II
to give (a) recovered methyl benzoate (11.4 g., 84%, b.p. 95-103°
at 28 mm.), (b) 2.0 g. (209%,) of pentafluoropropionylacetone [XV,
b.p. 116.5° at 737 mm., n®p 1.3693, blue-grey copper chelate,
m.p. 111--112° from aqueous methanol,? infrared spectrum super-
imposable on that of an authentic sample (Table 1), and (c¢)
2.0 g. of material (b.p. 133-170° at 24 mm. and m.p. 109-110°
from n-pentane).

Anal. Caled. for CiH;F;0.:
C, 35.61; H, 2.37.

To date, attempts to elucidate the structure of the solid, m.p.
109-110°, by chemical and physical methods, have failed.

(38) Seeref. 32, p. 76.

(39) Seeref. 25, p. 141, 184.
(40) Seeref.25, p. 142,

C, 29.64; H, 1.87. Found:

C, 35.31; H, 2.47. Found:



