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Abstract

Recent studies have demonstrated that monofluorination of the methoxy group of the diether fluoromethyl 1-methoxy-1,1,3,3,3-pentafluoro-
2-propyl ether yields a compound exhibiting sedative/hypnotic properties. In this study an additional fluorinated analog of this parent
compound was synthesized, using photochlorination followed by reaction with bromine trifluoride. In this manner, both methoxy groups were
converted to trifluoromethoxy moieties, forming 1,2-bis(trifluoromethoxy)-1,1,3,3,3-pentafluoropropane. This volatile product exhibited no
anesthetic effects and was found to be highly toxic in the rat, following both iv infusion and exposure to the vapor.
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1. Introduction

Bromine trifluoride, BrF;, is a potent fluorinating agent
capable of introducing fluorine into a variety of compounds,
such as carboxylic acids [1,2], nitriles and ketones [3]. It
has also been used to selectively replace certain aliphatic
bromine [4,5], chlorine [6] and hydrogen atoms [7] with
fluorine. One area in which BrF; has found application is in
the synthesis of anesthetics, including the polyfluorinated
ethers desflurane [8] and sevoflurane [9,10]. In the case of
several methyl ethers, BrF; has been found to directly fluor-
inate the methoxy carbon in one step [7,9-11). Fluorination
of low molecular weight compounds often improves their
volatility and provides high chemical and metabolic stability,
important attributes of anesthetics.

While the synthetic utility of BrF; as a fluorinating agent
is clear, the design of new fluorinated compounds with desir-
able clinical properties remains problematic. Although the
broad structural parameters defining the volatile anesthetics
are known [12-141], it remains difficult to predict the effect
of novel polyhalogenated compounds on the central nervous
system (CNS). For example, the modern anesthetics include
compounds containing methoxy, fluoromethoxy and difluo-
romethoxy moieties [1]. Short-chain polyfluorinated com-
pounds may exhibit gross CNS activities ranging from
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inertness to anesthetic, sedative or convulsant effects
[12,13,15,16].

Most of the volatile anesthetics in use today are polyhal-
ogenated monoethers. Recent studies have determined that a
polyfluorinated diether, 1,2-bis(fluoromethoxy)-1,1,3,3,3-
pentafluoropropane (BFPP), is a hypnotic/sedative in the rat
when given intravenously [11]. This compound is too non-
volatile (b.p. 141 °C at 1 atm), however, to serve as an
inhalational agent. BFPP is derived from fluoromethyl 1-
methoxy-1,1,3,3,3-pentafluoro-2-propyl ether (referred to as
compound B [17,18]; Scheme 1), which also possesses dis-
tinct, though weaker, sedative/hypnotic properties. The phar-
macological profile of other fluorinated compound B
derivatives remains unknown.

The direct reaction of compound B with BrF; results in the
substitution of a single methoxy hydrogen with fluorine, thus
providing an efficient route to BFPP [11]. This study sought
to obtain an additional fluorinated derivative of compound B.
This was attempted by chlorinating compound B and reacting
the chlorinated intermediate with BrF;. Several catalysts have
been reported to enhance BrF; replacement of aliphatic chlo-

(|:F2-O—CH3 Cly (I:FZ—O—CClg BrFs CIJF,—O—CFs
?H—O—CH;.F " ?H—O-—CCIZF —_— (I:H—~O—CF3
CF3 CF3 CFy
Compound B 1 2

Scheme 1. Two-step reaction sequence for the conversion of compound B
to 2.
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rines, and a secondary interest was evaluating the influence
of antimony trifluoride (SbF;) on the course of the reaction
[6,9]. Introduction of additional fluorines into BFPP had the
potential to yield a compound of higher volatility as well as
increased metabolic stability [11]. Herein we report on the
successful use of chlorination and BrF; to generate a new
fluorinated analog of compound B and its effects when
administered to rats.

2. Experimental details
2.1. Chemicals

Chlorine was purchased from Air Products Co. Bromine
trifluoride (98%) was obtained from Ozark-Mahoning, Inc.
(Tulsa, OK) and was transferred to a Teflon storage container
prior to use. Antimony trifluoride (99.8%) was from Aldrich
Chemical Co. (Milwaukee, WI). Compound B was synthe-
sized from sevoflurane using the literature procedure of
Huang et al. {19]. All other chemicals were of reagent grade
or higher.

2.2. Instrumentation

A Hewlett-Packard 5890 gas chromatograph equipped
with a flame ionization detector was used for GLC analyses.
A Restek Rtx-1301 crossbond 6% cyanopropylphenyl/94%
dimethylpolysiloxane column (30 mX0.25 mm i.d.) was
used. Helium was the carrier gas, with a flow rate of 2 ml
min~'. An oven temperature program was employed, with
an initial temperature of 30 °C held for 5 min and then
increased to 150 °C at 15 °C min~". Injector and detector
temperatures were 170 °C and 250 °C, respectively. A Bruker
AC-300 spectrometer was used to obtain 'H (300.17 MHz),
'F (282.44 MHz) and *C (75.48 MHz) nuclear magnetic
resonance spectra. Samples contained CDCl, as solvent and,
as internal standard, TMS (for 'H and '*C) or CFCl, (for
'°F). All chemical shifts are reported in parts per million
downfield (positive) of the standard. Gas chromatographic—
mass spectral data were collected using a Hewlett-Packard
5970 mass spectrometer operated in the electron impact
mode. Sample introduction was via the Restek Rtx-1301
column.

2.3. Photochemical chlorination of compound B

Compound B (3.0 g, 14.1 mmol) was placed in a 25 ml
glass test tube along with a magnetic stir bar. The tube was
outfitted with a Dry Ice condenser through which was
threaded a 3 mm i.d. Teflon transfer line from a cylinder
of chlorine. The line terminated just below the surface of
compound B.

With compound B being stirred and illuminated by a 250
W incandescent light bulb, dry chlorine gas was bubbled into
the test tube. Initially, the yellow color imparted by the chlo-

Table 1
NMR data for dichlorofluoromethoxy 1-trichloromethoxy-1,1,3,3,3-penta-
fluoro-2-propyl ether (1)

‘H NMR data
ClC—O—CF, Chemical shift Coupling constant
HC—0—CClF (ppm) (Hz)
[ 4.92 sextet) 3Jur=5.53
CF,
°F NMR data
Fluorine  Chemical shift Coupling constant
¢ (ppm) (Hz)
ClC—0—CF, a a —88(d, IF) =62
H?"'O—CCU" b -71.8 (s, 3F)

~7741t0 —785 *Jep=163

CF, c
b (AB pattern, 2F)

rine was dissipated rapidly. Over the course of 6 h, chlorine
was bubbled in as needed so as to maintain a distinctly yellow
solution. Chlorine gas efficiently condensed on the Dry Ice
condenser, returning to the solution and reducing the need to
add additional gas, especially during the latter stages of the
reaction. This also had the effect of cooling the reaction
solution, which was periodically warmed using a 40 °C water
bath.

The crude product was shaken with aqueous 10% sodium
carbonate until gas evolution had subsided and then washed
with distilled water. GC analysis revealed the product to be
approximately 96% pure. Higher purity was achieved by vac-
uum distillation (78 °C/750 mmHg vacuum) using a
Vigreux column, following collection of a small initial frac-
tion. GC-MS and 'H and '°F NMR analyses revealed the
final product to be dichlorofluoromethoxy 1-trichlorome-
thoxy-1,1,3,3,3-pentafluoro-2-propyl ether (1), a slightly
viscous (density 1.7 g ml™"), colorless liquid which was
obtained in 92% yield and > 98% purity. The NMR results
are summarized in Table 1. Key mass spectral fragments
included: m/z (EI) 249/251/253 (1:0.6:0.05; M+ —
OCCl,); 167/169 (1.0:0.3; CF,CHCICF,*, base peak);
117/119/121  (1.0:0.9:0.28; CCl,*); 101/103/105
(1.0:0.52:0.07; CCLF*); 69 (CF;*).

2.4. Fluorination of chlorinated compound B (1)

Chlorinated compound B (1, 1.1 ml) was placed in a 25
ml round-bottom Pyrex flask containing a side port. A Teflon-
coated magnetic spin bar was added. When desired, 8-10 mg
of SbF; (approx. 50 umol) was also added. The side port
was sealed with a Teflon-wrapped flange septum. Bromine
trifluoride was added via a 1 mm i.d. tube inserted through
the septum and terminating above the liquid. The tube was
connected to a custom Teflon syringe, which permitted BrF,
to be withdrawn from its storage container and then directed
into the flask by use of a three-way valve. The neck of the
flask was sealed with a second Teflon-wrapped septum,
through which was inserted a 10-in segment of 5 mm i.d.
Teflon tubing. The segment passed through the center of the
bottom of a plastic beaker, which could be filled with Dry
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Ice/isopropanol or ice water so as to have the tube segment
serve as a condenser. The segment was connected to a glass
trap sealable with two Teflon valves, which was immersed
continuously in a Dry Ice/isopropanol bath.

With the condenser cooled with Dry Ice/isopropanol and
the reaction flask immersed in an ice water bath, BrF; (0.8
ml, 16.9 mmol) was cautiously added to the chlorinated mate-
rial in 100 ul aliquots over a 3-h period. Following the last
addition of BrF,, the trap contents (approximately 0.6 ml of
a two-phase mixture of a colorless upper layer and a maroon
lower layer) were returned to the reaction flask and two
additional 100 ul aliquots of BrF; were added. The mixture
was allowed to stir an additional 2 h (when SbF; was used)
or 4-5 h (no catalyst) at ambient temperature, after which
the coolant in the condenser flask was changed to ice water.
Using a water bath, the reaction mixture was warmed for 20
min to 40 °C, and, by inserting a needle through the side port
septum, a gentle stream of nitrogen was briefly passed
through the system to force uncollected product into the trap.

With one valve slightly open, the trap was allowed to warm
slowly until the entrained chlorine boiled away. Keeping the
product cold (ice bath), the remaining trap contents were
transferred to a 5§ ml polypropylene tube and washed, first
with 10% aqueous sodium sulfite (until a colorless mixture
resulted), and then with 5% aqueous sodium carbonate (1 X 1
ml) and distilled water (2X1 ml). To maximize recovery,
centrifugation was used to improve layer separation after each
wash. The remaining water was removed by freezing the
product mixture and decanting the liquid portion. The final
product was a colorless, mobile liquid (density=1.45 g
ml™'; b.p. 42 °C) obtained in 96% purity. Analysis identified
the product as 1,2-bis(trifluoromethoxy)-1,1,3,3,3-penta-
fluoropropane (2, Scheme 1), which was obtained in 59%
yield. GC-MS yielded the following fragments: m/z 217
(M* —=0CF,); 167 (CF;CHOCF;*); 151 (CF;CHF-
CF,*);135 (CF,0CF,"); 69 (CF,*, base peak). The abun-
dance of the m/z 69 peak was pronounced, in accord with a
product containing three CF; moieties. Proton, '°F and '*C
NMR data are presented in Table 2. The remaining impurity
was identified as a monochlorinated 2 by GC-MS; a similar
fragmentation pattern to that of 2 was observed, with the
addition of peaks at m/z 85/87 in a 1:0.29 ratio (CCIF, *).

2.5. In vivo studies

The use of animals in this study was approved by the
University of Iowa Animal Care Committee. The CNS prop-
erties of the fluorinated compound were examined using a
procedure slightly modified from that reported previously
[11]. Briefly, a femoral venous catheter was surgically
inserted into four male Sprague-Dawley rats (180-200 g).
The catheter end was outfitted with a three-way connector to
which was attached two syringes, one containing sterile,
heparinized saline and the other containing test compound 2.
Due to the volatility of the test compound, the syringe used
for its administration was cooled on ice prior to loading and

Table 2
NMR data for 1,2-bis( trifluoromethoxy)-1,1,3,3,3-pentafluoropropane (2)

'H NMR data
FiC—O—CF, Chemical shift Coupling constant
HE—0~—CF. (ppm) (Hz)
i 3 4.70 (sextet) =540
CF,
°F NMR data
Fluorine  Chemical shift Coupling constant
(ppm) (Hz)
¢ d a —55.8 (m, 3F)
F:oC—O—(':Fz p Dbandc —61.0 (s, 3F)
HC—O0—CF, —73.7 (s, 3F)
&, d —789t0 —804 =148
a (AB pattern,
2F)
3C NMR data
Carbon Chemical shift Coupling constant
(ppm) (Hz)
d b a 72.2 (sextet) 3Jp=33.6
FC—O—=CF2  , b 1172 (1) Jer=282.0
H?;O—CFa c,d 119.2 (q) Jor=2684
¢ CF, ande 119.7 (q) Jor=282.1
120.9 (q) Jer=262.3

until just before infusion. The catheter was cleared with 50
pl saline, test compound (15 or 25 ul, neat) was injected
and the line was cleared with 100 ul additional saline.

To test 2 as a vapor, two rats were placed in a 2-1 vacuum
desiccator. The animals rested on a vented porcelain floor,
below which was spread 125 g of soda lime CO, absorbent.
The chamber was flushed with 100% oxygen using the vac-
uum port, which was then sealed with a septum. A volume
of 2 sufficient to yield a concentration of 0.5% (v/v) was
introduced into the chamber as a vapor through the septum.
This was accomplished by loading a 5 ml syringe with the
necessary amount of compound and then repeatedly forcing
the headspace of the syringe into the desiccator until no liquid
remained. The response of the animals was noted over a 15-
min period, after which the atmosphere in the chamber was
replenished with 100% oxygen followed by a second loading
of 0.5% fluorinated compound B. The animals were contin-
uously observed during another 15-min exposure period.

3. Results

Photochemical chlorination of compound B resulted in the
rapid formation of numerous chlorinated compound B deriv-
atives, evident from the detection of multiple fractions fol-
lowing gas chromatography. By allowing the reaction to
proceed in the presence of excess chlorine, nearly pure 1 was
obtained. Vacuum distillation readily removed a small
amount of uncharacterized contaminant and provided the
final product in excellent yield. The reaction resulted in the
replacement of all five methoxy hydrogens; only the C-2
hydrogen remained.
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Addition of BrF; to 1 resulted in a vigorous exothermic
reaction and the evolution of substantial amounts of chlorine
gas [6]. Maintenance of the reaction flask in an ice water
bath and the addition of BrF; in small aliquots provided good
control of the reaction, preventing the sudden formation of
large amounts of Cl, and heat. The polyfluorinated product
and reaction intermediates generated in this study were highly
volatile, and necessitated the use of a Dry Ice/isopropanol
cooled condenser to efficiently retain material in the reaction
flask. Over the early course of the reaction, some material
collected in the cold trap, however. This typically consisted
of one major component (50%-75%, the higher values being
obtained when using SbF;), along with other putative poly-
fluorinated intermediates. By returning the impure material
to the reaction flask, the purity of the subsequently collected
major product was increased to 96%. The volatility of the
product was advantageous, as the ability to employ a cold
trap removed the need to isolate it from unreacted BrF;.

The efficacy of SbF; in the substitution of methoxy chlo-
rine atoms by fluorine using BrF; was clearly demonstrated
by the marked increase in the reaction rate. Although all five
chlorines were successfully replaced by bromine trifluoride
alone, the addition of SbF; provided equivalent yields and
purity in 2-3 h less time. The increased vigor of the reaction
(much more profuse release of Cl, upon initial additions of
BrF;) was also evident, and the rate at which the first several
aliquots of BrF; were added was consequently reduced.

Whether given intravenously or as a vapor, 2 was highly
toxic. Infusion of two animals with 25 ul iv resulted in an
almost immediate cessation of respiration and death within 2
min. No convulsant activity was observed under these con-
ditions. Administration of 15 ul to two animals yielded an
identical result, although one animal exhibited a very brief
seizure prior to death.

Exposure of rats to 0.5% (v/v) 2 vapor initially caused
mild ptosis but no significant behavioral changes. The ani-
mals remained alert and continued normal movements for the
first 15 min. Five minutes into the second exposure period an
increasing degree of lethargy ensued. After 25-min total
exposure, movement was only intermittent and piloerection
and an apparent cyanosis were evident. One animal died
before the conclusion of the 30-min exposure period; the
other died within 10 min of removal from the chamber. Based
on these findings and until its toxicity is further defined, BTPP
must be considered highly toxic and handled with caution.

4. Discussion

The selective fluorination of carbon atoms is a reaction of
significant industrial importance, notably in the manufacture
of anesthetics [1]. Polyfluorinations represent a particular
synthetic challenge. This study has demonstrated a straight-
forward means of perfluorinating the methoxy and fluoro-
methoxy groups of the diether compound B, using bromine
trifluoride and the intermediacy of a chlorinated derivative

o )
CF,—0—CCly ~ CFR,—0—CCh COL=0—CFye
CH—O—COF — % CH—O—CCLF ~ 2w ?H—b'—CCle
CF, CFs CF,
l-cnz(::o
o
F: FaC+ FC~" CCIF FaC s
2?>6' ] -ciFc=0 | I [ >0—cciF
H? —-—— H?—CI - | HC T —-— H(I;
CFs CFs &, CFq
m/z 167 m/z 249

Scheme 2. Possible fragmentation pathway leading to the m/z 249 and 167
fragments in the mass spectrum of the chlorinated compound B derivative
2. Not all canonical forms of the ions are shown.

(Scheme 1). The fluorination rate may be enhanced by SbF;.
The resulting fluorinated diether, 2, exhibited greatly
increased volatility versus compound B. The toxicity of
2 precluded evaluation of its metabolic stability in vivo,
however.

Evidence for the pentachlorination and subsequent penta-
fluorination of compound B was provided by GC-MS and
NMR methods. The 'H NMR spectra of both compounds
clearly show the presence of only one proton signal, which
appears as a sextet in both cases due to the similar coupling
constants to both sets of adjacent fluorines. A possible frag-
mentation pathway for the chlorinated compound 1, leading
to the m/z249/251 and 167/169 (base peak) fragment pairs,
is shown in Scheme 2. This interpretation is consistent with
the observed M +2 and M + 4 intensity pattern [20], which
indicate that the m/z 249 fragment contains two chlorines
and the m/z 167 fragment contains one. The formation of an
m/z 249 fragment also points to the preferential loss of a
chlorine radical from the trichloromethoxy group, as initial
loss of chlorine (or fluorine) from the dichlorofluoromethoxy
group would be expected to yield an oxonium ion with m/z
265. Operation of an analogous pathway would account for
the m/z 217 and 151 fragments from 2.

Numerous aliphatic ethers have been fluorinated using
BrF;. In cases where the a carbon is a CH; or CH, moiety,
reaction with BrF; usually results exclusively in monofluor-
ination at this position. For example, CH;OCF,CH-
(CF;)OCH,F gives only CH,FOCF,CH(CF;)OCH,F
[11] and (CF;),CHCF,0OCH,CH, gives (CF;),CHCF,-
OCHFCH; [7]. While it is known that BrF; will also replace
chlorine with fluorine [9,21], the potential of a-chlorinated
ethers to undergo BrF; fluorination has not been thoroughly
explored. The a-chloroethers (CF;),CHOCH,Cl and
CF;CHCIOCHF, yield (CF,),CHOCH,F (sevoflurane)
[22] and CF;CHFOCHEF, (desflurane) [ 8,23], respectively.
The a,a-dichloroether CF;CHFOCHCI, may also be reacted
with BrF; to access desflurane [24]. The findings of this
study extend the chemistry of BrF,, demonstrating its ability
to directly convert trichloromethoxy and dichlorofluorome-
thoxy groups to a trifluoromethoxy moiety. This method sup-
plements the sequential reactions of an alcohol with carbonyl
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fluoride and sulfur tetrafluoride [25] as a synthetic approach
to trifluoromethyl ethers.

Although BrF; is often reactive enough to be used without
a catalyst, the Lewis acids SnCl,, SbCls and SbF; have been
used to improve reaction rates and selectivity [6,9]. Anti-
mony trifluoride served an apparent catalytic function in the
reaction of 2 with BrF;. The mechanism by which this catal-
ysis operates is unclear, although SbF; is thought to react
with the chlorine source in situ to generate SbF,Cl, which
serves as the ultimate catalyst [9].

The toxicity of 2 demonstrates how the CNS effects of
similar polyfluorinated compounds can be dramatically dif-
ferent [12,13,15]. While BFPP containing an identical
diether backbone is a hypnotic/sedative [11], 2 is lethal.
Such a range of pharmacological activity has also been
observed among the many monoethers examined for CNS
activity [13]. The compounds CH;0CF,CHCI, (methoxy-
flurane) and CH;OCF,CHBIF (roflurane) [26], for exam-
ple, are both excellent anesthetics; CH,CIOCF,CHF, and
CF,CIOCF,CFCl,, however, are both toxic [13,27]. While
both CF;CH,OCF,CHF, and CF,CH,OCH,CF; (indoklon)
are potent convulsants [13,28,29], CF;CF,OCF,CF; is
devoid of effects at concentrations up to 75% (v/v) [15]
and CH;CH,OCF,CHF, is an anesthetic [30]. One of the
few ethers containing a trifluoromethoxy group tested in vivo,
i.e. CF;O0CH,CF,CH,F, causes convulsions and death in
mice when inhaled at a concentration of 0.5% (v/v) [25,31].
The brief seizure observed in one animal administered 2
suggests that it also possesses some degree of convulsant
activity.

In summary, this report demonstrates the potential of poly-
chlorinated methoxy groups in methyl ethers to serve as a
vehicle for the synthesis of polyfluorinated analogs using
bromine trifluoride. Antimony trifluoride may improve reac-
tion rates. The use of analogous brominated and iodinated
intermediates, as well as other possible catalysts, remains
untested. The novel fluorinated diether 2 generated in this
study exhibits completely different CNS effects than both its
precursor, compound B, and the compound B derivative
BFPP.
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