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SUMMARY

Perfluoro-n-heptyl iodide and 1-1.5 molar equivalents of n-butyllithium in
diethyl ether or halide-free diethyl ether/pentane undergo 40-50 9 halogen-metal
exchange below —90° and form a stable heterogeneous system. The stability of the
perfluoro-n-heptyllithium present is attributed to its association with perfluoro-n-
heptyl iodide. Such a mixture reacts only slowly with acetaldehyde btelow —90° to
givea low yield of 1-(perfluoro-n-heptyl)ethanol. Halogen—-metal exchange is complete
in the presence of a sufficient excess of the fluoroalkyliodide, in accord with the relative
carbanion stabilities. In the presence of a large excess of n-butyllithium the system
is considerably less stable and trans-1-n-butyltridecafluoro-1-heptene is a major
product. The stable heterogeneous mixture becomes homogeneous above ca —90°,
and in the presence of acetaldehyde the fluoroalkyllithium then undergoes a fast
reaction to give a quantitative yield of the fluoroalcohol. Perfluoro-n-heptyllithium
decomposes very rapidly even at —75°, but it can be utilised at this and higher tem-
peratures by producing it in the presence of an appropriate substrate.

Perfluoro-n-propyl iodide and perfluoroisopropy! iodide also undergo 40—
509 halogen—metal exchange when treated with an excess of n-butyllithium in ether
below ca. —90°, indicating that the ability of perfluoroalkyllithiums to form stable
heterogeneous systems is general.

Carboxylation of perfluoro-n-propyllithium, perfluoroisopropyllithium, and
perfluoro-n-heptyllithium was effected.

INTRODUCTION

Perfluoroalkyllithium compounds are useful synthetic reagents'**>. They can
be made directly from perfluoroalkyl iodides and lithium metal?, and from mono-
hydrofluorocarbons by hydrogen-metal exchange*, but are best prepared from per-
fluoroadlkyl iodides by halogen—metal exchange'-3. Because of the instability of per-
fluoroalkyllithium compounds, procedures involving the simultaneous additon of
the alkyllithium and the substratel, or their alternating addition3, to the perfluoro-

* B_ritish Crown Copyright, reproduced with the permission of the Controller, Her Britannic Majesty’s
Stationary Office. This paper was presented in part at the 3rd International Symposium on Fluorine
Chemistry, Munich, September, 1965.
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STABILITY AND REACTIVITY OF n-C;FsLi )

alkyl iodide have been used. This paper is concerned with factors affecting the stability
and synthetic application of perfluoroalkyllithium compounds, to which end a more
detailed study of the halogen—metal exchange reaction between perfluoro-n-heptyl
iodide and n-butyllithium has been made.

RESULTS AND DISCUSSION

The halogen-metal exchange reaction between perfluoro-n-heptyl iodide and
n-butyllithium in diethyl ether in the presence of lithium bromide, and in halide-free
diethyl ether/pentane, was investigated by treatment of the resultant mixtures with
acetaldehyde. Acid hydrolysis gave reaction products in which the amounts of per-
fluoro-n-heptyl iodide, n-butyl iodide, 2-hexanol (I), and 1-(perfluoro-n-heptyl)-
ethanol (II) present were determined by GLC analysis.

C,F,sI+C,HgLi = C,F,sLi+C H,l

lCH;CHO

C,H,CH(OH)CH,+C,F,CH(OH)CH,

1y (I1)

Perfluoro-n-heptyllithium was stable below ca. —90° providing that n-butyl-
lithium was not present in too great an excess, but its stability decreased markedly
above this temperature region. Decomposition in the presence of n-butyllithium
afforded trans-1-n-butyltridecafluoro-1-heptene (III) as the major decomposition
product. The results are given in Tables 1, 2, and 3.

C,FsLi+CsHyLi — CsF{,CF=CFC,H,+2 LiF

(11I)

TABLE 2

EFFECT OF CONCENTRATION OF n-BUTYLLITHIUM ON STABILITY OF PERFLUORO-N-HEPTYLLITHIUM AT —95%°

Expt. n-C;F,sl n-C,HgLi Ether ¢ Products®
no. (mmole} (mmole) (ml) (min)

n-C,F, 5] n-C.H,l n-C,F,,CF=CFC,H, n-C,F,,;H

(mmole) (mmole) (mmole) (mmole)
15 10 15 210 30(C,H,OH) 44 54 02 36
16 6 9 300 10 (H,0) 24 35 0.2 28
17 10 34 220 30(H.,O) 0.8 82 36 0.6
18 6 21 300 10(H.O) 02 49 3.1 0.2

¢ See Experimental for full procedure. n-C,HgLi in diethyl ether (ca. 1 M) added to n-C,F,,! in diethyl
ether and, after 7 min, the mixture hydrolysed at —95°C. * Analysed by GLC. Products from expts. 15 and
17 resolved by GLC and characterised (see Experimental).

The stability of the fluoroalkyllithium was associated with the heterogeneity
of the system and, for certain perfluoroalkyl iodide/butyllithium molar ratios, the
halogen-metal exchange reaction had equilibrium constants of the order of one. A
solution of perfluoro-n-heptyl iodide in diethyl ether (0.05 M) became opaque below
ca. —90°. Treatment at —95° with a molar equivalent of n-butyllithium (prepared
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TABLE 3

EFFECT OF TEMPERATURE ON STABILITY OF PERFLUORO-N-HEPTYLLITHIUM®

Expt. Reaction Products®

no. temp. CC)
n-C,F,sl n-CiH,l n-C,F,;CH(OH)CH; n-C,HoCH(OH)CH; n-CsF,,CF=CFC H,
(mmole) (mmole) (mmole) {mmole) {mmole)

19¢ —~75 0.1 9.0 77 08 0.7

204 -75 1.1 8.2 1.5 < 0.005 1.6

21 —~75 0.1 9.0 7.0 0.9 08

22 —-30 0.7 8.3 64 1.0 1.2

23 0 1.7 7.2 39 09 20

2 See Experimental for full procedure. Except where stated, 11 mmole of n-C HgLi (ca. 1 M ethereal solutio
added to 10 mmole of n-C,F, 5] and 10.4 mmole of CH3CHO in ca. 180 mi of diethyl ether. ® Analysed by GL(
Products from expt. 19 resolved by GLC and characterised (see Experimental). < n-C.HgLi and CH;CHO adde
alternately to n-C,F,;l. 4 n-C;H,Li added to n-C,F;sI over 30 sec and then, after 1 min, CH;CHO added.

from n-butyl bromide and lithium in diethyl ether) effected a reduction in opacity;
no tendency for layers to separate was observed but a marked turbidity remained.
The mixture was stable at —95° : addition of an excess of acetaldehyde after 3 or 30
minutss, followed by warming to 0° before hydrolysis, afforded quantitative yields
of the fluoroalcohol (II) based on the amount of n-butyl iodide (ca. 40%) formed
{expts. 1 and 2). The reverse addition of perfluoro-n-heptyl iodide to n-butyllithium
(expt. 3). or the use of a 502/ molar excess of n-butyllithium (expt. 4), also effected
about 40%{ halogen—metal exchange, and the stability of the mixtures was again
demonstrated by reaction with acetaldehyde to give quantitative yields of (II).
Allowing for the consumption of n-butyllithium by the presence of water in the solvent
(< 0.0197), the rather low yields of 2-hexanol (50-65%/) suggested that n-butyllithium
was also taking part in aldol condensation reactions. Reaction between perfluoro-n-
heptyllithium and acetaldehyde occurred slowly at —95° : thus, when the mixture
was hydrolysed at that temperature after 40 minutes, the yield of (II) was only 229
(expt. 5); n-butyllithium must have remained in solution since (I} was formed in 729/
yield. Breakdcwn of the stable heterogeneous system to release highly reactive per-
fluoro-n-heptyllithium was presumably associated with the formation of a clear
solution above ca. —90°. When perfluoro-n-heptyllithium was prepared in the pres-
ence of acetaldehyde at —95°, the extent of halogen-metal exchange was high (82%)
and (II) was formed in good yield (73%,) (expt. 6). This demonstrated that halogen—
metal exchange occurred considerably faster than the reaction between n-butyl-
lithium and acetaldehyde, and that unless the presence of acetaldehyde was affecting
the solubility characteristics of the mixture, formation of “stabilised” perfluoro-n-
heptyllithium occurred more slowly than the reaction between perfluoro-n-heptyl-
lithium and acetaldehyde. Perfluoro-n-heptyllithium showed a marked decrease in
stability at —95° in the presence ofa large excess of n-butyllithium, and this instability
was not due to an absolute organometallic concentration effect (Table 2): an increase
in the molar ratio of n-butyllithium to fluoroalkyl iodide from 1.5/1 (expts. 15 and
16) to 3.5/1 (expts. 17 and 18), led to greater exchange (to ca. 80%) and the formation
of large amounts of the decomposition product, (III).

The ability of perfluoro-n-heptyl iodide and n-butyllithium in diethyl ether

J. Organometal. Chem., 19 (1969) 257-265
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to form stable systems in which the extent of halogen—metal exchange was only ca.
40%; was unexpected. The halogen—metal exchange equilibrium constants for various
alkyl, alkenyl, and aryl systems in diethyl ether and diethy! ether/pentane are in
accord with the relative carbanion stabilities®, and thus exchange between perfluoro-
n-heptyl iodide and n-butyllithium should be complete since the pK, values for
1 H-pentadecafluoroheptane and n-butane are 27 and ca. 40, respectively*¢. It was
concluded that the stability of perfluoro-n-heptyllithium in diethyl ether at —95°
is dependent on its association with perfluoro-n-heptyl iodide in a separate phase,
in which state the reactivities of both compounds are considerably reduced. On
addition of acetaldehyde, reaction with n-butyllithium goes to completion at —95°,
and the main reaction with perfluoro-n-heptyllithium occurs above ca. —90°. The
instability of the system in the presence of a large excess of n-butyllithium is attributed
to slow additional halogen—metal exchange to the point where the perfluoro-n-heptyl-
lithium is destabilised: formation of (III) can then occur, presumably according to
the following reaction sequence which involves an established mode of decomposi-
tion!-2. ]

CyHoLi

C,;F,sLi — CsF,,CF=CF,+LiF —— C;F,,CF=CFC,H,+LiF
(I11)

In accordance with this interpretation, halogen—metal exchange was, in fact, shown
to be essentially complete in the presence of a 1009 excess of the fluoroalkyl iodide :
treatment of the iodide with 0.5 molar equivalents of n-butyllithium and then with
acetaldehyde at —95°, followed by hydrolysis at 0° gave (I1) (93%4) and only a trace
of (I) (expts. 8 and 9).

The extent to which diethyl ether is associated with the fluoroalkyllithium/
fluoroalkyl iodide phase is not known. However, in view of the ability of lithium
halide to stabilise organolithium reagents and to decrease their reactivity by the
formation of mixed complexes’, the exchange reaction was examined in halide-free
diethyl ether containing ca. 109 pentane. Although the heterogeneity of the system
was marked by the separation of white solid when n-butyllithium in pentane was
added to perfluoro-n-heptyl iodide in diethyl ether at —95°, the behaviour of the
system in terms of extent of exchange, stability of perfluoro-n-heptyllithium and yield
of (II) obtained in homogeneous reaction with acetaldehyde (the white solid dissolved
in the range --90° to —85°) was much the same as with diethyl ether as the only
solvent, and in the presence of lithium bromide (¢f- expts 10, 11, and 12 with 9, 1, and
2). However, there was a significant difference in reactivity at —95° : the reactions
between perfluoro-n-heptyllithium and acetaldehyde in diethyl ether containing
lithium bromide at —95° gave less (II) than was obtained in halide-free diethyl
ether/pentane (cf. expts. 5 and 13 with 14). The lower reactivity of perfluoro-n-
heptyllithium in the presence of lithium bromide could thus be due to the formation
of a mixed complex. The yields of 2-hexanol obtained in diethyl ether/pentane were
significantly lower than obtained in diethyl ether.

The effect of temperature on the stability of perfluoro-n-heptyllithium is
shown in Table 3. It decomposed rapidly at —75° (expt. 20): addition of n-butyl-
lithium to perfluoro-n-heptyl iodide in diethyl ether, followed after 1 minute by the
addition of acetaldehyde, gave a low yield of (II) (18%) and a similar yield of decom-
position product, (ITI). The effect of increasing temperature on stability was examined
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by the addition of n-butyllithium to the fluoroalkyl iodide and acetaldehyde in di-
ethyl ether at the appropriate temperature, and the relative tendencies to form (I)
and (IIT) determined (expts. 21-23): the yield of (IT) was 74% at —75°, 649 at —30°,
and 39% at 0°, and the amount of (III) formed correspondingly increased.

Carboxylation of perfluoro-n-heptyllithium, perfluoro-n-propyllithium, and
perfluoroisopropyllithium (prepared from the iodides and a 50%/ molar excess of
n-butyllithium) in diethyl ether at —90° to —100°, followed by warming to 0°, gave
lithium perfluoro-n-octanoate (389(), lithium perfluoro-n-butyrate (54%;), and
lithium perfluoroisobutyrate (4%4), respectively. The extent of halogen-metal ex-
change was about 5097 in each case, and thus the ability of perfluoroalkyllithiums to
form stable heterogeneous systems appears to be general. The behaviour of perfluoro-
n-propyllithium at higher temperature was similar to that of perfluoro-n-heptyl-
lithium : carboxylation at —75° afforded a much lower yield of the fluoroacid (10%%),
and the extent of exchange (85%;) was considerably higher.

The marked instability of perfluoroalkyllithiums at even quite low tempera-
tures will restrict their use in synthesis to reactions with highly reactive substrates
such as carbonyl compounds and metal halides. When reaction occurs sufficiently
fast that competing decomposition of the perfluoroalkyllithium is negligibie, high
yields of the desired products can be obtained. Thus, perfluoro-n-heptyllithium,
" prepared from perfluoro-n-heptyl iodide and n-butyllithium at —95°, reacts rapidly
with acetaldehyde at ca. —90° to give a quantitative yield of 1-(perfluoro-n-heptyl)-
ethanol (50 9 conversion based on fluoroalkyl iodide). The difficulty of controlling
the vigour of the reaction will presumably restrict the procedure to small-scale experi-
ments. However, it is possible that 1009 conversion of iodide could be effected by
using an inert organofluoro compound as cosolvent to associate with the perfluoro-
alkyllithium but this aspect was not investigated. For large-scale reactions, addition
of the hydrocarbon organolithium compound to the perfluoroalkyl iodide and the
substrate in diethyl ether above ca. —90° provides a simple experimental procedure,
and can give yields comparable to those obtained using more tedious simultaneous
or alternating procedures.

EXPERIMENTAL

Reactions were carried out under an atmosphere of oxygen-free nitrogen.
Anhydrous grade diethyl ether and pentane (b.p. 34-36°) were distilled and stood
over sodium wire. n-Butyllithium was prepared in diethyl ether (from n-butyl bromide
and lithium)and in pentane (from n-butyl chloride and lithium)according to literature
procedures, and solution strengths were determined before use®. n-Butyllithium in
pentane (12 M) was found to contain only a small amount (0.35 g/1) of lithium
chloride. Commercial perfluoro-n-hepty! iodide was used without further purification.
Acetaldehyde was distilled and stored at 0°. Perfluoro-1-heptene and 1 H-pentadeca-
fluoroheptane were prepared by described procedures®. 2-Hexanol (b.p. 137°) was
synthesised from acetaldehyde and n-butyllithium in diethyl ether. IR spectra were
determined on a Perkin-Elmer 337 spectrometer.

trans-1-n-Butyltridecafluoro-1-heptene
n-Butyllithium (27.0 m! 0f 0.80 M ethereal solution, 0.022 mole) was added over
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10 min to a stirred solution of perfluoro-1-heptene (7.0 g, 0.020 mole) in diethyl ether
(200 ml) at — 30°_After 30 min, the mixture was allowed to warm to room temperature.
Most of the solvent was removed by distillation, and a fraction (6.0 g) collected when
the residue was heated to 100° at 0.1 mm. GLC analysis (dinonyl phthalate at 86°)

showed, besides a small diethyl ether peak, four peaks of approximate relative areas

SNIOWCA, ODCSICES & 31514822 ALY 2 RS plal,; 208 abhx LU al) A IAYE AGiallVe AlEas

1/2/16/2, the second and fourth being incompletely rcsolved from the main peak.
Pure major component was isolated as a middle cut by GLC (8 ft. x 1 in. column
containing 40%/ dinonyl phthalate on 52-60 AW Celite 545 at 90°) and was trans-1-n-
butyltridecafluoro-1-heptene, b.p. 160.5°, ng® 1.329. (Found: C, 34.0; H, 2.5; F, 63.9.
C,;HoF;3caled.:C,34.0; H, 2.3; F, 63.7%.) Vimax 1720 cm™ ! (CF=CF'°). The fluorine
NMR spectrum showed doublets at 137 and 165 ppm (assignable1 ! to —CF), and the
coupling constant, J 140 Hz, was characteristic of the trans isomer'2. The relative
peak areas were in agreement with the structure. The mass spectrum showed a low
intensity parent ion.

Reactions of perfluoro-n-heptyllithium/n-butyllithium mixtures with acetaldehyde in

diethyl ether and diethyl ether/pentane

n-Butyllithium in diethyl ether or pentane (1-1.2 M), and acetaldehyde in
diethyl ether (1 M or 10 M) were used. Reactions were carried out with stirring, and
the following addition procedures were employed :

(1). n-Butyllithium was added over 1-2 min to the perfluoro-n-heptyl iodide in diethyl
ether (or the iodide added to the n-butyllithium in diethyl ether) and, after the
appropriate time, the acetaldehyde added rapidly.

(2). n-Butyllithivm was added in 10 aliquots at 1 min intervals to the perfluoro-n-
heptyl iodide and acetaldehyde in diethyl ether.

(3). Ten aliquots of n-butyllithium, each followed after 15-30 sec by an aliquot of
acetaldehyde, were added to the fluoroalkyl iodide in diethyl ether at 1 min
intervals.

Reactions performed at —95° were either kept at that temperature for 5 min
and allowed to warm to 0° before hydrolysis or, kept at —95° for 40 min and hydro-
lysis effected at that temperature. Reactions done at —75° were allowed to warm
to 0° before hydrolysis. At 0°, 50 ml of 4 N sulphuric acid were added. The ethereal
layer and two 25 ml diethyl ether extracts were dried (MgSO,) and fractionated
through a column packed with glass helices to give, after removal of most of the
solvent, a residue (6-10 g) in which the amounts of perfluoro-n-heptyl iodide, n-butyl
iodide, 1-(perfluoro-n-heptyl)ethanol, 2-hexanol, and trans-1-n-butyltridecafluoro-1-
heptene were determined by GLC (5 ft. x § in. columns) using calibrated peak areas.
Packings and column temperatures were: perfluoro-n-heptyl iodide (1094 dinonyl
phthalate on 52-60 AW Celite 545 at 77°); trans-1-n-butyltridecafluoro-1-heptene
(109, diethyleneglycol succinate on 85-100 Embacel at 80°); n-butyl iodide, 1-(per-
fluoro-n-heptyl)ethanol, and 2-hexanol (diethyleneglycol succinate at 100°). Experi-
mental details and results are given in Tables 1 and 3.

The reaction residue (10.0 g) obtained in expt. 7 was resolved by GLC {20 ft. x
2 in. column containing 20% poly(m-phenylene ether) on Chromosorb W ; tempera-
ture programmed from 100-190°). A total of 6.7 g (0.25 ml charges) gave 1 H-penta-
decafluoroheptane (0.32 g), 2-hexanol (0.21 g), and n-butyl jodide (0.64 g) (each
characterised by its IR spectrum); and 1-(perfluoro-n-heptyl)ethanol (0.65 -g), b.p.
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170.5°,n3P 1.317. (Found: C,26.1; H, 1.6 ; F, 68.7. CoHsF, 5O caled.: C,26.1; H, 1.2;
F, 68.8%4.) V.« (liquid) 3380 (bonded hydroxyl), and v, (1%, v/v in carbon tetra-
chloride) 3607 cm™! (free hydroxyl). The mass spectrum showed a low intensity
parent ion.

The fluoroalcohol (0.40 g), heated with 1-naphthyl isocyanate (0.30 g) and a
drop of pyridine in ether, gave the crude urethane (0.33 g), m.p. 110-114° (from
petroleum ether, b.p. 100-120°). Three recrystallisations gave an analytical sample,
m.p. 115.5-116.5°. (Found: C, 41.5; H, 2.1; N, 28. C,,H,,FsNO, calcd.: C, 41.2;
H, 2.1; N, 2.4%,.)

GLC similarly allowed the separation of n-butyl iodide (1.1 g, 60%;), 1-(per-
fluoro-n-heptyljethanol (1.9 g, 509;), and a trace of 2-hexanol from the residue ob-
tained in expt. 19.

Effect of the concentration of n-butyllithium on the stability of perfluoro-n-heptyl-
lithium in diethyl ether at —95°

n-Butyllithium in diethyl ether (1-1.2 M) was added over 5 min to a stirred
mixture of perfluoro-n-heptyl iodide in diethyl ether at —93° to —95° and, after the
appropriate time, water (5 ml) was added. The mixture was kept at —95° for 5 min,
the temperature allowed to rise to 0°, and 50 ml of 4 N sulphuric acid added. The
procedure described above was then followed. Reaction residues were quantitatively
analysed by GLC for 1H-pentadecafluoroheptane and perfluoro-n-heptyl iodide
(dinonyl phthalate at 70°), and for trans-1-n-butylitridecafluoro-1-heptene (diethylene-
glycol succinate at 72°). Experimental details and results are given in Table 2.

The reaction product obtained in expt. 15 was resolved by GLC (1 in. x 8 ft.
column containing 409, dinonyl phthalate on 52-60 AW Celite 545 at 100°) to give
1 H-pentadecafluoroheptane (1.0 g, 49 %), perfluoro-n-heptyl iodide (1.4 g, 28 %),
and n-butyl iodide (0.87 g, 47%(), which were characterised by their IR spectra.
Similarly, in expt. 17, GLC (column temperature 87°) allowed the isolation of slightly
impure trans-1-n-butyltridecafluoro-1-heptene (1.4 g), identified by its IR spectrum.

Carboxylation of perfluoroalkyllithiums

(a). Perfluoro-n-heptyllithium. n-Butyllithium (12.0 ml of 1.25 M ethereal
solution, 0.015 mole) was added to a stirred solution of perfluoro-n-heptyl iodide
5.0 g, 0.010 mole) in diethyl ether (200 ml) at —90°. After 4 min, powdered carbon
dioxide (9.0 g) was added, the mixture kept at —90° for 30 min, and then allowed to
warm to room temperature. Afier hydrolysis with aqueous potassium hydroxide and
continuous ether extraction, the aqueous solution was acidified (sulphuric acid) and
again continuously extracted with diethyl ether. The two cther extracts were dried
and concentrated in the usual way.

The concentrated solution from alkaline extraction was shown by GLC (di-
nonyl phthalate at 85°) to contain n-butyl iodide (0.90 g, 49%) and perfluoro-n-heptyl
iodide (1.7 g, 3494). On allowing the solution to stand, there was deposited lithium
perfluoro-n-octanoate (0.78 g, 38%;), m.p. 160-190° (washed with petroleum ether),
which was readily soluble in ether.

Acidification of an agueous solution of the salt (0.2 g), followed by filtration
and sublimation, afforded perfluoro-n-octanoic acid (0.18 g), m.p. 44-47°, identified
by its IR spectrum. The salt (0.10 g) and S-benzylisothiouronium chioride (0.050 g)
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in water yielded the crude S-benzylisothiouronium derivative (0.12 g). This, recrystal-
lised from aqueous ethanol, gave the pure compound (0.88 g), m.p. 195-196°, which
was identical (IR spectrum and mixed m.p.) to an authentic sample.

The concentrated solution from acidic extraction was shown by GLC (202
Apiezon L on 52-60 AW Celite 545 at 208°) to contain n-pentanoicacid (0.94 g, 93%7).

(b). Perfluoro-n-propyllithium. Addition of n-butyllithium (25 ml of 1.08 M
ethereal solution, 0.027 mole) to perfluoro-n-propyl iodide (5.0 g,0.017 mole) in diethyl
ether (200 ml) at —90°, followed by carboxylation and work-up as in (a), gave a
concentrated ether extract from alkaline solution which, by GLC, contained n-butyl
iodide (1.7 g, 55%)- Removal of volatiles at 80°C under vacuum gave ether-soluble
lithium perfluoro-n-butyrate (1.1 g, 54%4), m.p. 145-175°C, which readily yielded the
S-benzylisothiouronium derivative, m.p. 191-193°, identical (IR spectrum and mixed
m.p.) to an authentic sample.

Following the same procedure, carboxylation at —70° yielded n-butyl iodide
(85%) and lithium perfluoro-n-butyrate (8%;).

(o). Perfluoroisopropyllithium. Carboxylation of perfluoroisopropyllithium
(from 5 g of perfluoroisopropyl iodide) in diethyl ether at —90°, following the proce-
dure described in (b}, gave n-butyliodide (1.3 g,429;) and lithium perfluoroisobutyrate
(0.15 g, 4%), which decomposed without prior melting at ca. 180°. This salt yielded
the S-benzylisothiouronium derivative, m.p. 148-149°. (Found: C, 38.3; H, 3.0; F,
352;S, 84.C,,H,,F;N,0,S calcd.: C, 37.9; H, 2.9; F, 35.0; S, 8.477¢.)

Carboxylation at — 100° afforded n-butyl iodide (51%4) and lithium perfluoro-
isobutyrate (0.12 g, 3%;).
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