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Dry Ice was added. After the mixture had been treated
with hydrochloric acid and diluted with ether and tetra-
hydrofuran, the organic layer was extracted with excess
aqueous sodium hydroxide. The basic solution was cooled
to 0° and neutralized with cold hydrochloric acid. The
yellow precipitate which formed was extracted with tetra-
hydrofuran with the aid of added saturated aqueous sodium
chloride and then recrystallized by addition of petroleum
ether. The solid obtained was filtered and washed with ether.
Evaporation of the ether washings and recrystallization of the
residue from benzene and ether—petroleum ether gave ferro-
cenecarboxylic acid (0.06 g., 0.00026 mole, 16%) which was
identified by comparison with an authentic sample.
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Remaining as a residue from the ether washing was 1,1’-
ferrocenedicarboxylic acid (0.26 g., 0.0016 mole, 59%,) which
did not melt or decompose below 280°; lit.,?» no melting or
decomposition below 250°. The infrared spectrum of the
1,1’-ferrocenedicarboxylic acid obtained was identical with
an authentic sample. The identity of the dicarboxylic acid
was confirmed by esterification with methanol catalyzed by
hydrochloric acid; chromatography on alumina and vacuum
sublimation of the product gave dimethyl 1,1’-ferrocene-
dicarboxylate (739 conversion), m.p. 112-113°; lit.2¢
m.p. 114-115°.
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The reaction of 3,3,3-trifluoropropylmagnesium bromide with methyl trifluoroacetate and 1,1,1,5,5,5-hexafluoro-2-penta-
none in both ether and tetrahydrofuran has shown the Grignard to be only a weak reducing agent. In the case of methyl
trifluoroacetate, the principal product was a solid which on hydrolysis yielded the hydrate of 1,1,1,5,5,5-hexafluoro-2-penta-
none. Evidence for the structure of this solid intermediate, CFyCH,CH.C(OCHs)(OMgBr)CF,, and a reaction mechanism

involving this intermediate are presented.

Fluorine-containing Grignard reagents have been
studied extensively and, in particular, the prepara-
tion and reactions of the perfluoroalkylmagnesium
halides have received much attention.! However,
derivatives of the type R.CH.CH,MgX (R; =
CF;, C.F;, etc.) have been studied only briefly
in reactions of limited scope.? In this laboratory a
study was undertaken to ascertain the differences
between a Grignard of the above type and a
nonhalogenated Grignard in reactions in which
reduction by the Grignard reagent generally occurs.
For this purpose, the reaction of 3,3,3-trifluoro-
propylmagnesium bromide (I) with fluorine-con-
taining carbonyl compounds was chosen.

The tendency of fluorine-containing esters to
undergo reduction in preference to addition with
certain Grignard reagents has been extensively
discussed.24—% In this study, the reaction of I
with methyl trifluoroacetate in ether solution
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formed an insoluble material which on hydrolysis
and further treatment with phosphorus pentoxide
gave 1,1,1,55,5-hexafluoro-2-pentanone (II). No
reduction was observed. A similar reaction con-
ducted in tetrahydrofuran indicated no formation
of a solid precipitate and yielded II as well as
1,1,1,7,7,7-hexafluoro - 4 - (trifluoromethyl) - 4-
heptanol (III) and 1,1,1,5,5,5-hexafluoro-2-pen-
tanol (IV). The last compound, resulting from
reduction by the Grignard, was formed in only 129,
yield. In an effort to increase the yield of reduction
product (IV), the reaction was conducted in the
presence of an excess of isopropylmagnesium bro-
mide in ether solution.! The principal product of
this reaction was 1,1,1-trifluoro-3-methyl-2-butanol
(V) as well as lesser amounts of II, III and IV.
In contrast to the poor reducing action of I,
the reaction of methyl trifluoroacetate with
n-propylmagnesium bromide in ether was found
to give only 1,1,1-trifluoro-2-pentanol (VI), the
reduction product,.

Addition of magnesium bromide to the methyl
trifluoroacetate prior to the addition of I in tetra-
hydrofuran solution changed the product distri-
bution markedly. The principal product was the
ketone (II) with only trace amounts of III and
IV. A similar reaction conducted in ether solution
gave only II, as was the case in the absence of
magnesium bromide.

The reaction of II with trifluoropropyl Gri-
gnard in ether formed the addition produect (III)
in good yield together with a small yield of the
reduction product (IV). Addition of magnesium
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bromide to the solution decreased the amount of
reduction as would be expected.#1® However, a
corresponding increase in addition product was not
obtained.

The nature of the solid obtained in reactions
conducted in ether solution was briefly examined.
Hydrolysis gave a mixture of the hydrate of II,
methanol and ether. No 1,1,1-trifluoropropane,
arising from the hydrolysis of the Grignard, could
be detected. These facts together with elemental
analysis suggest the material is the ether solvated
form of the following:

OCH,
CF.—é—CHzCHch.
MgBr

EXPERIMENTAL

Starting materials. 1,1,1-Trifluoro-3-bromopropane!! was
available in research quantities. Trifluoroacetic acid was
purchased from the Minnesota Mining and Manufacturing
Co. and esterified by conventional methods.

Technigue. The reactions were conducted in three necked
flasks equipped with a condenser, mercury-sealed stirrer
and additional funnel. A Dry Ice-cooled trap was connected
to the condenser. The Grignard reagent was prepared
separately in a conventional manner and filtered through
a glass wool plug under a nitrogen atmosphere into the
reaction flask. In most cases, the carbonyl compound was
added to the Grignard. All reactions were cooled by an ice
bath.

After reaction was complete (usually a 2-hr. period), the
mixture was hydrolyzed by adding 109, sulfuric acid. The
organic layer was washed three times with water and the
combined aqueous phases were extracted with three 50
ml. portions of ether. The various solvent solutions were
combined, dried with Drierite, and distilled using a Todd
fractional distillation apparatus.

Reaction of 1 with methyl trifiuoroacetate (a) Ether solution.
Methyl trifluoroacetate (64 g., 0.5 mole) was added with
stirring to a solution of I prepared from 1,1,1-triflucro-3-
bromopropane (194.7 g., 1.1 moles) and magnesium (24.3
g., 1.0 g.-atom) in 600 ml. of diethyl ether. A heavy precipi-
tate was noted at the end of the addition. Hydrolysis and
fractionation of the reaction mixture gave an impure product
containing water and boiling at 74-76° in approximately
70% yield. A small amount of 1,1,1-triflucropropane,
formed by the hydrolysis of I, was observed in the cold trap.

The product from several experiments was combined
(392.0 g.) and cooled to 0°C. in a flask. Phosphorus pen-
toxide (339.0 g., 2.3 moles) was added in small portions with
shaking to form a smooth paste. The flask was fitted with
a Vigreux column, condenser, and receiver and the mixture
heated slowly to 120° at which point a material distilled
smoothly. Fractional distillation of this material gave
1,1,1,5,5,5-hexafluoro-2-pentanone (II) (3740 g, 1.93
moleg).12

(b) Tetrahydrofuran solution. Methyl trifluoroacetate
(384.0 g., 3.0 moles) was added to & solution of I prepared
from 1,1,1-trifluoro-3-bromopropane (1080 g., 6.1 moles)
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and magnesium (145.8 g., 6.1 g.-atoms) in 3600 ml. of tetra-
hydrofuran. Much less precipitate was noted than in the
case of an ether solvent. Hydrolysis and fractionation gave
impure II (132 g.), b.p. 74-82° (approximately 23% yield),
1,1,1,5,5,5-hexafiuoro-2-pentanol (IV) (72 g., 0.37 mole,
12% yield), b.p. 118°, n3} 1.3518, and 1,1,1,7,7,7-hexafluoro-
4-(trifluoromethyl)-4-heptanol (III), b.p. 77° at 30 mm.
n% 1.3328 (464 g., 1.59 moles, 53%, yield).

Anal. Caled. for CsHeFsO: C, 30.6; F, 58.2. Found:
C, 3L.1; F, 57.9. Caled. for C;H,F,0: C, 32.8; H, 3.3; F,
58.5. Found: C, 33.1; H, 8.8; F, 58.3.

Reaction of methyl trifiuoroacetate with I and isopropyl-
magnesium bromide. A mixture of I and isopropylmagnesium
bromide was prepared from 1,1,1-trifluoro-3-bromopropane
(194.7 g., 1.1 moles), 2-bromopropane (170 g., 1.5 moles) and
magnesium (60 g., 2.5 g.-atoms) in 2 1. of ether. Methyl
trifluoroacetate (128 g., 1.0 mole) was added with stirring.
Hydrolysis and fractionation gave 1,1,1-trifluoro-3-methyl-
2-butanol® (70 g., 0.5 mole, n%; 1.3518, 509, yield), IV (10
g£., 0.05 mole, 5% yield), III (48 g., 0.18 mole, 189, yield)
and impure II (approximately 309, yield). Propene (24 g.,
0.55 mole) and 1,1,1-trifluoropropane (29 g., 0.3 mole)
were found in the cold trap.

Reaction of methyl trifiuoroacetate with n-propylmagnesium
bromide. Methyl trifluoroacetate (64.0 g., 0.5 mole) was
added to a solution of »-propylmagnesium bromide pre-
pared from n-propy! bromide (135.3 g., 1.1 moles) and mag-
nesium (24.3 g., 1.0 g.-atom) in 600 ml. of ether. Hydrolysis
and fractional distillation gave 1,1,1-trifluoro-2-pentanol
(50.0 g., 0.36 mole, b.p. 110°, 729, yield).1* Propene (13 g.,
0.32 mole) was recovered from the trap.

Reaction of I1 with trifluoropropylmagnesium bromide. 11
(194.0 g., 1.0 mole) was added to a solution of Grignard
reagent prepared from trifluorobromopropane (194.7 g.,
1.1 moles) and magnesium in 600 ml. of ether. Hydrolysis
and fractional distillation gave the impure II, yield ca. 159,
1V in 319 yield and III in 45% yield. Trifluoropropene (17
g., 0.18 mole) and trifluoropropane (7 g., 0.08 mole) were
recovered from the trap.

Reactions in the presence of magnesium bromide (a) Methyl
triffuoroacetate (64 g., 0.5 mole) was mixed with magnesium
bromide (prepared from 0.6 mole of magnesium and 0.6 mole
of bromine in tetrahydrofuran solvent?) and added to a tetra-
hydrofuran solution of I (194.7 g., 1.1 moles of CF;CH,-
CH.Br, and 24 g., 1.0 mole of magnesium in 500 ml. of
tetrahydrofuran). After hydrolysis and fractionation there
was obtained impure II (about 619% yield), unchanged
methyl trifluoroacetate (109, yield), trifluoroacetic acid
(28%) and trace amounts of II and IV.

(b) An ether solution of I (97 g., 0.55 mole of 3-bromo-
1,1,1-trifluoropropane, magnesium, 12 g., 0.5 g.-atom, and
350 ml. of diethy! ether) was added to an ether solution of
II (97 g.,, 0.5 mole) and magnesium bromide (92 g., 0.5
mole). Hydrolysis and fractionation gave impure II (ap-
proximately 529, recovery) and III (54 g., 0.18 mole, 36%,
yield). No 3,3,3-trifluoro-1-propene was observed.

Studies of Grignard-ester complex. The solid formed on
reaction of methyl trifluoroacetate with I in diethyl ether
was treated as follows:

(a) The reaction mixture was hydrolyzed and the major
part of the ether was removed by distillation. Phosphorus
pentoxide (50.0 g.) was added and the fractionation was
continued. II (167 g., 0.86 mole) was isolated in 869 yield.

(b) As soon as addition was complete, the solid was re-
moved by filtration, rinsed with fresh ether, dried n vacuo
for 30 min. at room temperature and analyzed immedi-
ately.

(c) After drying, the solid was suspended in fresh ether
and hydrolyzed. No trifluoropropane or trifluoropropene was
recovered. Fractional distillation gave impure II in ap-
proximately 62% yield. The ether solution remaining after
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the solid had been removed was hydrolyzed. A trace of tri-
fluoropropane was evolved. Fractional distillation yielded
a trace of II.

When a similar run was made using a 2:1 ratio of tri-
fluoropropylmagnesium bromide to methyl trifluoroacetate,
hydrolysis of the solid gave equivalent results. Hydrolysis
of the ether phase gave trifluoropropane in an amount cor-
responding to the excess Grignard reagent.

(d) After drying, the solid was hydrolyzed in the absence
of solvent. Fractional distillation of the hydrolysis mixture
gave ether (21 g., 0.28 mole) and methanol, isolated as
an azeotropic mixture with II in low (15-209,) yield.

The analysis of the solid complex is given subsequently.

DISCUSSION

In the following discussion the structure of the
Grignard reagent is written as RMgX, although
it has been shown'4!% that the composition of a
Grignard solution is probably closer to R.Mg
+ MgX, = 2 RMgX. However, it has been
pointed out!® that all forms of the Grignard reagent
show the same reactivity and that the structure
RMgX adequately describes the average composi-
tion of the mixture. All species are assumed to be
solvated, but no attempt has been made to show
the nature of the bonding between the Grignard
reagent and the solvent molecule.

The mechanism of the reduction of a carbonyl
compound by a Grignard has been well defined?
and probably applies in this case. The low amount
of reduction obtained can be explained by the
inability of I to release a pair of electrons due to
the inductive effect of the triflunromethy! group-
ing. As a consequence, the effect of magnesium
bromide on the relative amounts of addition and
reduction products was small in the case of II.
However, in the case of methyl trifluoroacetate,
magnesium bromide can interfere with the for-
mation of a complex between the ester and I.
Thus the subsequent intermolecular shift involved
in the formation of the tertiary alcohol (ITI) would
be minimized, accounting for the change in the
product distribution.

The mechanism of the addition of a Grignard
reagent to a carbonyl group is less clear, particularly
in reactions involving an ester. It appears that the
reaction sequence proposed by Grignard® and
supported by others!®® is applicable to the
reaction of I with methyl trifluoroacetate.

The alternate mechanism involving a free ketone
intermediate?!—2? is less attractive since the ketone
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(II) was found to react normally with I in both the
free state and when complexed with magnesium
bromide.

Further evidence for an intermediate similar to
that proposed by Grignard, i.e.,

OCH;
CF.—&—CH:CHzCF.
MgBr

0
Czﬂn/C\CzHa

was found in the analysis of the solid. A complex
such as this, when isolated from a reaction mix-
ture and analyzed without further purification
would not be expected to be a pure species. This is
indicated by the analytical data.

Anal, Caled. for C: C, 29.7; H, 4.2; F, 28.3;
Mg, 5.9; Br, 19.9; Or — see text. Found: C, 26.3;
F, 25.6; H, 4.3; Mg, 5.5; Br, 22.0; OR, 23.8.

The theoretical methoxy content of C is 7.6%.
However, the ether would also react with the
reagents used in this determination. If the ether is
assumed to react quantitatively, the value would
be approximately three times this figure. A more
precise calculation would not be valid and was not
attempted.

In view of the evidence for an intermediate such
as C, together with the semi-quantitative analytical
data presented, the following scheme for the reac-
tion of I with methyl trifluoroacetate is offered:

(1) in tetrabydrofuran
CF,COOCH; + CF;CH,CH;MgBr —>
OCH,
CF.CH,CH,—J:—CF, o}
MgBr
C + CF,CH,CH,MgBr —>
CF,
(CF,CH,CHy):COMeBr —;—O>

(CF,CH;CH,);COHCF;,
(2) in ether
OH
H +
C (precipitate) -H—0> CF; H,CH,CF,
: ]

H

1l

CFy—C—CH,CH,CF; + H;0

Mipranp, MicH.
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