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Abstract

Halofluorination of methallyl chloride using N-halosuccinimides in combination with triethylamine trishydrofluoride (Et;N - 3HF) gave in
each case more than 98% of the Markovnikov products and <2% of the regioisomers in good yield. The formal addition of methanesulfenyl
fluoride with the combination of dimethyl(methylthio)sulfonium fluoroborate (DMTSF) and Et;N-3HF gave a 94:6 mixture of both
regioisomers. Only small phenylsulfenyl fluorination of methallyl chloride has been observed when treated with N-phenylthiophthalimide
(NPTP) and Olah’s reagent. With benzenesulfenyl chloride, 1,3-dichloro-2-methyl-2-(phenylthio) propane is formed which on treatment
with Olah’s reagent at 0 °C or with Et;N - 3HF at 60 °C rearranges to 1,2-dichloro-2-methyl-3-(phenylthio) propane. Treatment of 1,3-dichloro-
2-methyl-2-(phenylthio) propane with silver fluoride in methylene chloride at —30 °C gave 1-chloro-2-fluoro-2-methyl-3-(phenyl-
thio) propane which was also obtained by reaction of 1-bromo-3-chloro-2-fluoro-2-methylpropane with thiophenolate.

Chlorofiuorination of methallylphenylthio ether using NCS/Et;N-3HF failed, while corresponding reactions with NBS or NIS and
Et;N-3HF gave mainly the bromo- or iodo-fluorides with Markovnikov orientation in 61% or 35% vyields. Related halofluorinations of
methallylphenyl ether gave the halofluorides in good yield. All attempts to obtain chromanes or thiochromanes bearing a 3-fluorine substituent
by cyclization of these halofluorinated ethers or thio ethers failed using different Lewis acids. However, the benzyl protected o-allylphenol
which was bromofluorinated with NBS/Et;N-3HF in good yield gave on catalytic hydrogenation over Pd/C the 3-fluoro-2H-chromane in
nearly quantitative yield.

Keywords: Electrophilic addition; Halofluorination; Sulfenylfluorination; N-Halosuccinimides; Dimethyl(methylthio)sulfonium tetrafluoroborate;
Triethylamine trishydrofluoride

1. Introduction From these additionally heterosubstituted organofluorides

a lot of consecutive reactions can be made to produce useful
fluorinated final products. On the other hand, it can be of
some advantage to have several different potential leaving
groups for further transformations. This can be realized, for
example, using allyl-substituted alkenes as starting materials.
This work was designated to synthesize monofluorinated
compounds using so-called ‘three-components reactions’ [9]
(substrate, electrophile, nucleophile) based on methallyl
chloride (1) and some related substituted compounds.
Principally, electrophilic three-component reactions with
1 are known to give mostly Markovnikov-oriented products.

Monofluorinated organic compounds are important as bio-
logically active substances or intermediates for syntheses
[1]. However, the selective introduction of a single fluorine
substituent into unsaturated compounds by addition of anhy-
drous hydrogen fluoride is usually difficult, e.g. because of
rearrangement or oligomerization of the substrate; amine/HF
complexes often have similar disadvantages or do not react
at all with ethylenic compounds [2].

More advantageously, softer electrophiles than the proton,
such as halonium ions, and sulfur or selenium cationic
species, may be used in combination with fluoride donors.

Several possibilities for halofluorinations [2,3], sulfenyl-
fluorinations [4-6] or selenenylflucrinations [6-8] of
alkenes or alkynes have been described.
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Depending on the electrophilic species used and the nucleo-
philic partner to some extent, anti-Markovnikov products and
compounds are obtained arising by an addition—elimination
mechanism (formal substitution). Thus, addition of hypo-
chlorous acid gave mainly 1,3-dichloro-2-methylpropan-2-ol
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and some 2,3-dichloro-2-methylpropan-1-ol with traces of
unsaturated products, depending on the reaction conditions
and the source of hypochlorous acid [ 10-12]. Analogously,
hypobromous acid and hypoiodous acid yielded the corre-
sponding halohydrins [10]. Bromoacetoxylation of 1 with
NBS in acetic acid leads mainly to the Markovnikov product
(80%) and two formal substitution products, 3-bromo-2-
chloro-methylpropene and  3-bromo-1-chloro-2-methyl-
propene [13], while for the addition of 3,5-dinitro-
benzenesulfenyl chloride in acetic acid the formation of the
Markovnikov product was described as the sole product [ 14].
In contrast, by liquid-phase chlorination, significant amounts
of 1,3-dichloro-2-methylenepropane and isomeric 1,3-
dichloro-2-methylpropenes were formed by deprotonation of
the intermediary cation in addition to the normal addition
product [15].

2. Results

Combinations of electrophilic agents with triethylamine
trishydrofluoride (Et;N - 3HF) or Olah’s reagent (py - 9HF)
create versatile methods for halofluorination [16-18], sul-
fenylfluorination [4,6] and selenenylfluorination [6,8] of
unsaturated substrates.

Reactions of methallyl chloride (1) with N-halosuccinim-
ides and Et;N - 3HF in methylene chloride at room tempera-
ture gave the corresponding 2-fluoro-1-halo-2-methyl-
propanes 2 (Markovnikov orientation) ! in good yield and
with more than 98% regioselectivity [20], reflecting the bet-
ter stabilization of the intermediary tertiary cationic species,
while bromofluorination of allyl chloride with NBS/HF in
tetrahydrofuran gave a 4:1 mixture of the regioisomers in
35% overall yield [21].

C e, F><CI X)<CI
e N e 4
=’<— CHzClg, 6h, It X F

1 2 3
yield [%]
a X=Cl >99 : <1 95
b X=Br 98,5 : 1,5 92
c X=I 99 1 90

Formal substitution products like those formed in liquid-
phase chlorination [ 15,22] or bromoacetoxylation [ 10] of 1
have not been observed in this work. This fact is in agreement
with observations by Smit et al. [23] for reaction of 1 with
nitronium tetrafluoroborate in liquid sulfur dioxide (40

! 1,3-Dichloro-2-fluoro-2-methylpropane (2a) has already been synthe-
sized in a mixture with 1,1-dichloro-2-fluoro-2-methylpropane, e.g. from 2-
butene with SF,/HF/Cl, (65% selectivity, 83% overall yield) [19a];
1-bromo-3-chloro-2-fluoro-2-methylpropane (2b) has been synthesized by
reaction of 1,2-bromo-3-chloro-2-methylpropane with chlorine monofiuor-
ide (88% yield) [19b] or with hexachloromelamine in liquid HF at — 15
°C in 59% yield [19¢] and in 37% yield by treatment of 1 with bromine
trifluoride [19d].

°C) leading to l-chloro-2-fluoro-2-methyl-3-nitropropane
(60%), without traces of 2-chloromethyl-3-nitropropene.

The combination of DMTSF (Trost’s reagent) and
Et;N - 3HF has been shown to be a versatile method for the
addition of the elements of methanesulfenyl fluoride to
alkenes {4]. Treatment of 1 using this combination of re-
agents at —10 °C in methylene chloride produced the
regioisomers 4 and 5 in 94:6 ratio ('°F NMR) and 86%
overall yield before separation. In addition, 5% of the dichlo-
ride 6 were isolated and another monofluoro compound (1%)
and a difluorinated substance (6%) were also found by '°F
NMR spectroscopy.

=‘<—CI DMTSF/EN-3HF
CHaClg, -10°C, 2h;

rt., 6h

)CCI CI><:

1

On the other hand, no benzenesulfenyl fluorination to form
9a has been observed when 1 is treated with benzenesulfenyl
chloride at room temperature in the presence of Et;N-3HF,
only a mixture of 7 and 8 being obtained. This behaviour may
be attributed to the much stronger nucleophilic properties of
chloride compared to fluoride in the amine/HF reagents.
Even treatment of 1 with N-phenylthiophthalimide (NPTP)/
Olah’s reagent in methylene chloride at room temperature
gave only small amounts (3%, GC) of 9a and mainly 8
besides a significant amount of methallylphenylthio ether
(10) and several other, unidentified compounds. The second
chlorine atom in 8 can either originate from a second molecule
of 1 or may be connected to the formation of 10 or from the
solvent.

Reaction of 1 with benzenesulfenyl chloride in methylene
chloride at —78 °C gave pure dichloride 7 (anti-Markovni-
kov product), which on addition of Olah’s reagent at this
temperature and allowing to warm up to room temperature
or heating with Et;N - 3HF for 16 h at 60 °C rearranges to the
thermodynamically more stable Markovnikov product 8 2. A
sulfur-assisted chlorine—fluorine exchange which has been
observed on treatment of other B-chloroalkylphenylthio
ethers with Et;N - 3HF at elevated temperature [25] was not
realized with 7 (or 8) and seems to be caused by the influence
of the neighbouring chlorine substituent.

On the other hand, treatment of 7 with silver fluoride in
methylene chloride at —30 °C and allowing to warm up to
room temperature gave the substitution product 9a as the
main product with subsequent rearrangement of the anti-Mar-
kovnikov to the Markovnikov structure. Additionally, five
other fluorinated compounds (total yield about 10%) were
formed. More economically, 9a was formed in 53% yield
from 2b by nucleophilic substitution on heating with thio-
phenol and potassium carbonate in acetone for 8 h.

* A mixture of 7 and 8 has been prepared already [24].
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PHS Cl Cl Cl
Cl  phsci ){ Pyr.OHF .78+ 0°C
=<_ CRaClg, -78°C | O EGN3HF, 60°C, 161 <Ph
1 7 8

NPTP/

NBS/ small\Pyr-9HF
EtaN-3HF amount

AgF,
CHaClp, -30°C

F cl PhSH F ¢l N N.3HE SPh
R2CO3, acelone” ;
)CBr 2 rsﬂua:s one SPh small amount =<—
2b 9a 10

However, the yield was not good and we also tried to obtain
9a by chlorofluorination of methallylphenylthio ether (10)
which is available in 93% yield by reaction of thiophenol
with 1 and potassium carbonate in acetone. However, treat-
ment of 10 with NCS and Et;N-3HF gave a mixture of 10
compounds. The main component (40%, GC) of this mixture
was the formal substitution product 2-chloromethyl-3-phen-
ylthiopropene and only small quantities (6%, GC) of 9a were
detected by GC/MS-coupling experiments. This type of addi-
tion—elimination is known for other reactions of trisubstituted
or terminally disubstituted alkenes with NCS ({26] in the
presence of even more nucleophilic partners than the fluoride
ion in Et;N - 3HF, and is also known for chlorination of meth-
allyl halides [27].

In contrast, bromofluorination with NBS and iodofluori-
nation with NIS and Et;N - 3HF gave the desired haloftuorides
9b and 9¢ in quite good regioselectivity of 12:1 or 6:1, respec-
tively (GC), with the regioisomers 11, but with only mod-
erate or low yields (61% or 35%).

F
=<—SPh NXS/EtaN-3HF, X seh F X/ —sph
CH3Cly, r.t. +

10
9 1
yield [%]
a X=Cl small amount not detected
b X=Br 92 : 8 61
c X=1| 86 : 14 35

Analogously, halofluorination of methallylphenyl ether
(12) was successful with all of the three tested halosuccinim-
ides giving the respective chloro- and bromofluorides 13 and
14 in good yield (83% or 88%) and with much better regio-
selectivity of 80:1 and 40:1. The reaction of 12 with NIS and
Et;N-3HF gave 13¢ in 41% yield; its regioisomer 14c was
not detected.

OFh X F —oph F X —OPh
NXS/EtgN-3HF,
='<‘ CHzClig, rt. \_<~ + \_{
13 14

12

yield [%}
83

a X=Cl >98 : 2
b X=8r >97 : 3 88
c X=1I only : not detected 41

Next we tried to cyclize the thio ether 9a and the ethers
13a and 13b under Lewis acid catalysis in analogy to the

known [28] formation of chromane from 1-chloro-3-phen-
oxypropane with tin tetrachloride, to obtain chromanes or
thiochromanes with a fluorine substituent in the 3-position.
However, all attempts using catalytic amounts of antimony
pentachloride, tin tetrachloride, zinc dichloride, boron tri-
fluoride etherate or aluminium trichloride in different sol-
vents like methylene chloride, chloroform, cyclohexane or
chlorobenzene at different temperatures and high dilution
showed no reaction with 13a at room temperature and gave
multicomponent mixtures with SnCl, or AICl; at higher tem-
perature. Compound 13b did not react with AICl; at room
temperature, but showed mainly elimination of hydrogen flu-
oride and concomitant rearrangements at higher temperature.
In cases of reaction of 13a and 13b with strong Lewis acids,
oligomerization seems to be the main process. We never
observed Friedel-Crafts-like cycloalkylations.

As an alternative, we used another method already known
for the formation of chromane by cyclization of 1,3-diphen-
oxypropane with aluminium chloride [29]. In this context,
we synthesized 2-fluoro-2-methyl-1-phenoxy-3-(phenyl-
thio)propane (15) by heating 9b with phenol in the presence
of potassium carbonate, or with higher yield and better purity
(because of the better selectivity in the synthesis of 13b
compared to 9b) in 82% yield from 13b by treatment with
thiophenol under related conditions (only 2% of the regio-
isomer 14, 5% of diphenyldisulfide and 4% of an unfluori-
nated, unidentified by-product were found in the crude mix-
ture).

Reaction of 9b with thiophenol under the same conditions
was not so straightforward, giving a mixture of the desired
bis-thioether 16 (40%), the regioisomer 17 (20%), the dehy-
drofluorination product 18 (20%) and 10% of unidentified
by-products.

Br OPh
F OH F SH o
©- O
O & O E o
S acetone S acetons
reflux reflux
Br
9b 15 13b

KgCO3 SH
acetons
reflux

SPh F SPh
F SPh
Q) - O -
S S S
16 17 18

Treatment of 15 with SnCl, in hot chlorobenzene after 2
min gave 80% (GC) of 3-methyl-2H-thiochromene (19)
[30] which was also formed, however, with <20% yield
from the mixture of 16-18. Other Lewis acids, such as ZnCl,,
AlCl;, BF; - OEt,, or different solvents (methylene chloride,
chloroform, cyclohexane) either gave mainly the HF-elimi-
nation product 19 or — at low temperature — usually no
reaction occurred.
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SnCl4 snCl 4
CeHsCl CeH5 ]
reflux reflux

15 19 16

Among the methods described in the literature for the syn-
thesis of chromanes is also the cyclization of 3-phenoxypro-
pan-1-ols with polyphosphoric acid (PPA) [31]. We tried
to use this method starting with the fluorinated alcohol 21.
First, the corresponding epoxide 20 [32] was formed in
nearly quantitative yield from 12 by reaction with MCPBA
in methylene chloride at 0 °C. Ring-opening of 20 using
Olah’sreagent [33] gave 21 with 86% yield without contam-
ination with the other regioisomer. However, cyclization with
catalytic amounts of PPA in chlorobenzene proceeded again
with loss of hydrogen fluoride to give mainly 3-methyl-2H-
chromene (22) (70%-80% depending on the conditions)
and some by-products from which 22 {34] was separated by

chromatography.
MCPBA PyrgHF
CHzClg CH20I2
0°C, 3d r1,1h
12 20

OH

F PPA (cat) X
PRILEAN il
chlorobenzene
fo) reflux, 30 min. o

21 22

Finally, we succeeded in synthesizing 3-fluorochromane
(26) starting with o-allylphenol. We protected the OH func-
tion with a benzylic group. Bromofluorination of the benzyl
ether 23 with NBS/Et;N - 3HF in methylene chloride for 6 h
gave the bromofluoride 24 (67% yield). In the crude product,
12% of the regioisomer of 24 and 14% (GC) of 2-bromo-
methyl-benzofuran (25) were detected. Compound 25 was.
as already known for other electrophilic additions to 23 [ 35],
the sole product of treatment with NBS in CH,Cl,. Deprotec-
tion of 24 with 8 bar hydrogen over palladium on carbon gave
a nearly quantitative yield of 26 by simultaneous cyclization.

NBS/
EtaN 3HF
O CHaClz, CH_Br

rt,6h
23

quant. [H2], 8 bar
Pd/C

a

26

3. Experimental details

All operations with Et;N - 3HF were carried out in usual
glassware, while reactions with Olah’s reagent were per-
formed in polypropylene flasks. The experiments were under-
taken under an efficient hood.

'H (300 MHz) and '*C NMR spectra (75.5 MHz) were
obtained using a Bruker WM-300 instrument with ca. 15%
solutions in CDCl;. Chemical shifts (§) are reported in ppm
using TMS for 'H and CDCl; for *>C NMR as internal stan-
dards. '°F NMR spectra were obtained using a Bruker AC-
200 (188 MHz) or a Bruker WP-80 (75 MHz) instrument
with CFCl, as internal standard. GLC was performed on a
Hewlett Packard 5890 II gas chromatograph with a 0.33
mm X 25 m quartz capillary column filled with 0.52 pm HP-
1 employing nitrogen as the carrier gas. Mass spectra (70
eV) were obtained using GLC/MS-coupling with a Varian
GC 3400/Varian Saturn IT (Ion Trap) instrument with an
NIST data systemn. Elemental analyses were carried out by
the Mikroanalytisches Laboratorium, Organische Chemie,
Universitat Miinster. Thin layer chromatography was per-
formed with Merck silica gel DC 60 F,s, plates and flash
chromatography with Merck silica gel 60 with solvent
mixtures of petroleum ether and ethyl acetate as specified for
the special case in the procedures. All solvents were purified
by distillation and stored over molecular sieves. CH,Cl, was
dried by distillation from P,Os and stored over A4 molecular
sieves (0.4 nm).

3.1. Halofluorination of methallyl chloride (1)

A mixture of 1.81 g (20 mmol) of methallyl chloride (1)
and 10 ml (50 mmol) of Et;N - 3HF in 20 ml of CH,Cl, was
treated in portions with stirring with 22 mmol of the N-
halosuccinimide at 0 °C and allowed to warm up to room
temperature over 2 h. After continued stirring at this temper-
ature for 16 h, the mixture was poured into 50 ml of ice water
and neutralized with 28% aqueous ammonia. The organic
layer was separated and the aqueous phase extracted three
times with 30 ml of CH,Cl,. The combined organic extracts
were washed with 0.1 N HCl and a 5% aq. solution of
NaHCOQ, and dried over Na,SO,. After removal of the sol-
vent, the residue was distilled or purified by column chro-
matography (silica gel, petroleum ether/ethyl acetate 50:1).

1,3-Dichloro-2-fluoro-2-methylpropane  (2a) [19a]:
Yield, 2.75 g (95%, crude product) (spectroscopic data, cf.
Table 1).

1-Bromo-3-chloro-2-fluoro-2-methylpropane (2b) [19b,
¢ d]: Yield, 3.48 g (92%), b.p. 57 °C/12 mmHg (spectro-
scopic data, cf. Table 1).

1-Chloro-2-fluoro-3-iodo-2-methylpropane (2¢): Yield,
4.21 g (90%, crude product) (spectroscopic data, cf. Table
1).
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3.2. Reaction of methallyl chloride (1) with DMTSF/
Et;N-3HF

To a solution of 3.52 g (20 mmol) of DMTSF and 8.5 m!
(50 mmol) of Et;N-3HF in 20 ml of CH,Cl, a solution of
1.81 g (20 mmol) of 1 in 10 ml of CH,Cl, was added with
stirring at — 10 °C. Stirring was continued for 2 h at this
temperature and for an additional 6 h at room temperature.
Then the reaction mixture was poured into 100 ml of ice
water, neutralized with diluted NH; and after separation of
the organic layer the aqueous phase was extracted three times
with 30 ml portions of CH,Cl,. The combined organic
extracts were washed with water and dried over Na,SO,.
After evaporation of the solvent, the residue was purified by
column chromatography (silica gel, petroleum ether/diethyl
ether).

1-Chloro-2-fluoro-2-methyl-3- (methylthio) propane (4):
Yield, 2.35 g (75%) (spectroscopic data, cf. Table 1).

1-Chloro-3-fluoro-2-methyl-2- (methylthio) propane (5):
Yield, 131 mg (4%). '"H NMR (300 MHz) &: 1.63 (d, 2H,
Jae=2.0Hz); 2.11 (s, 3H, SCH,); 3.80 (s, 2H, -CH,Cl);
4.50 (dd, 2H, *Jyz=47 Hz, -CH,F) ppm. '*C NMR (75
MHz) & 18.1 (SCH;); 25.5 (Jep=3.0 Hz, CH;); 395
(YJer=25.0Hz,Cq); 49.6 (CH,Cl): 86.6 ('Jop = 180.3 Hz,
CH,F) ppm. "’FNMR &: —216.0 (*J;-=47 Hz) ppm.

1,2-Dichloro-2-methyl-3- (methylthio) propane (6):
Yield, 162 mg (5%). '"H NMR (300 MHz) &: 1.71 (s, 3H.
-CH;); 2.26 (s, 3H, -SCH;); 3.03, 3.04 (AB, 2H.
—CH,S); 3.80, 3.95 (AB, 2H, -CH,CI) ppm. '*C NMR (75
MHz) & 18.1 (SCH;); 27.7 (CHy); 45.3 (CH,S); 51.6
(CH,Cl); 71.23 (Cq) ppm.

3.3. Reaction of methallyl chloride (1) with benzenesulfenyl
chloride

A solution of 1.81 g (20 mmol) of methallyl chloride (1)
in 20 m} of CH,Cl, was treated under stirring with 2.88 g (20
mmol) of benzenesulfenyl chloride at — 78 °C. After stirring
at this temperature for 3 h, a I ml sample was taken and the
solvent removed. The 'H NMR spectrum showed pure 7.

1,3-Dichloro-2-methyl-2- (phenylthio) propane (7) [24]:
'H NMR (60 MHz) & 1.30 (s, 3H, CH;); 3.70 (s, 4H,
CH,Cl); 7.47 (m, 5H, arom.) ppm.

3.3.1. 1,2-Dichloro-2-methyl-3-(phenylthio)propane(8) [ 24 ]

The remaining solution of 7 was treated with 1 ml of Olah’s
reagent at — 78 °C and stirred while allowing it to warm up
to room temperature when it was stirred for 2 h at this tem-
perature. The solvent was removed giving pure 8 after column
chromatography (silica gel, petroleum ether/ether, 5:1). 'H
NMR (300 MHz) &8: 1.78 (s, 3H, CH;); 3.46, 3.54 (AB,
J=13.8 Hz, -CH,SPh); 3.82, 3.95 (AB, /=114 Hz,
—CH,CI); 7.30-7.45 (m, 3H, arom.); 7.55-7.60 (m, 2H,
arom.) ppm. *C NMR (CDCl,) 8: 27.7 (CH;); 45.8 (CH,-
§);51.9 (CH,-C1); 70.5 (Cq); 127.1 (p-C); 129.2 (m-C);
130.8 (0-C); 135.9 (ipso-C) ppm.

3.3.2.  1-Chloro-2-fluoro-2-methyl-3-(phenylthio)propane
(9a)
Method A: By nucleophilic substitution of 2b

A mixture of 1.9 g (10 mmol) of 2b, 1.1 g (10 mmol) of
thiophenol and 1.4 g (10 mmol) K,CO; in 15 ml of acetone
was refluxed for 8 h. After cooling, the mixture was poured
into 50 ml of water and extracted three times with 25 ml of
cther. The combined organic phases were extracted with 3ml
of 1 N NaOH and dried with Na,CO,. Evaporation of the
solvent gave 1.2 g (53%) of 9a.
Method B: By nucleophilic substitution of 7

A mixture of 1.17 g (5 mmol) of 7 in 20 m] of CH,Cl,
was treated with 1.92 g (15 mmol) of AgF at —30 °C and
stirred at this temperature for 3 h. After warm-up to room
temperature, the precipitate was filtered off and the solvent
removed giving 1.11 g (92%) of 9a contaminated with about
5% of 8 (spectroscopic data, cf. Table 1).

3.4. Nucleophilic substitution of 1-bromo-2-fluoro-2-
methyl-3-phenoxypropane (13b) with thiophenol

A mixture of 2.47 g (10 mmol) of 13b, 1.1 g (10 mmol)
of thiophenol and 1.40 g (10 mmol) of K,CO; in 15 ml of
acetone was refluxed for 8 h. After cooling, the mixture was
poured into 50 ml of water and extracted three times with 25
ml of ether. The combined organic phases were extracted
with 3 ml of 2 N NaOH and dried with Na,CO;. Evaporation
of the solvent gave 2.65 g (96%) of crude 15 contaminated
(GC) with 14 (2%), diphenyldisulfide (5%}) and an uniden-
tified by-product (4%). Purification of the crude product by
column chromatography (silica gel, petroleum ether/ethyl
acetate, 10:1) gave 2.25 g (82%) of pure 15,

2-Fluoro-2-methyl-1-phenoxy-3-( phenylthio) propane
(15): for spectral and analytical data, cf. Table 1.

3.5. Nucleophilic substitution of 1-bromo-2-fluoro-2-
methyl-3-(phenylthio)propane (9b) with thiophenol

Using the procedure given above for the synthesis of 15
by reaction of 9b with thiophenol, a mixture of 40% of 16
and 20% of 17 was obtained in addition to 20% of 18. The
mixture was not separated.

3.6. Synthesis of 3-methyl-2H-thiochromene (19)

Compound 15 (270 mg, 1 mmol) was added to a boiling
solution of five drops of SnCl, in 10 ml of chlorobenzene.
After 2 min, the solution was poured into 50 ml of water and
neutralized with 2 N NaOH. The organic layer was separated
and the aqueous phase extracted with 20 ml of CH,Cl,. The
combined extracts were washed with 1% HCl and 5%
NAHCO; solutions, dried with Na,SO, and the solvent
removed in vacuum. The remaining crude yellowish residue
(150 mg, 92%) did not show '°F signals, but contained 80%
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Table 1

Spectroscopic and analytical data for disubstituted 2-fluoro-2-methylpropanes

G. Haufe et al. / Journal of Fluorine Chemistry 74 (1995) 283-291

F)Cil

PO
X

>
Compound 2a 2b 2c 4 Compound 13a 13b - -
X= Cl Br I SMe X= Ci Br Br® Br®
“ENMR -1514 —1482 ~1435 - 14438 "FNMR —1563 —-1529 —1532 - 1525
'H NMR 8 J 8 J 8 J 8 J "H NMR 8 J 8 J 8 J 8 J
CH, 154 214 155 210 163 210 152 214 CH; 1.65 215 1.60 215 1.65 215 168 212
CH,Cl1 370 154 370 154 348 163 373 147 CH,0 4.18 4.10 4.20 4.53
CH,X 370 154 357 145 375 142 285 179 CH,X 3187 366 157 373 3.74
aryl 7.05 6.93 6.96 7.00
7.40 728 7.22 8.20
(SMe) - - - - - - 220 - 7.36 845
MS (m/z) 156 (5%) MS (m/z) 202 (39%) 246 (36%) 282 (47%) n.d.
BCNMR & J 8 J ) J 5 J “"CNMR & J 8 J & J 8 J
CH, 214 234 219 235 23.0 234 226 235 CH, 205 234 213 230 214 234 212 226
CH,Cl1 46.7 29.3 473 28.1 48.7 290 483 29.7 CH,0— 89.8 279 703 280 714 294 717 28.7
CH,X 46.7 293 349 285 96 265 409 242 CH,X 46.7 287 352 285 352 279 345 28.0
(SMe) - - - - 17.5 22
CF 94.1 1790 934 1788 930 1791 964 1763 CF 940 1759 934 1760 934 1759 935 1760
aryl o 114.7 114.6 1137 1303 1119 1420
m 1215 1214 1222 1537 1138 1594
p 129.3 129.5 123.3 124.6
q 1582 158.2 127.5 129.0
Elemental analysis C H C H C H C H
Cale. (%) 59.26 597 4861 489 42.66 394 3237 272
Found (%) 58.93 6.11 4847 5.02 4255 395 3207 2.87

* &in ppm; J in Hz.
® 1-Bromo-3-(2-chlorophenoxy ) -2-fluoro-2-methylpropane.
¢ 1-Bromo-3- (2-bromo-4-nitrophenoxy ) -2-fluoro-2-methylpropane.

of 19 [30]. MSm/z: 162 (M'*,61%); 161 (M'* —1,50%);
147 (M"Y —CH,, 100%); 128 (M"* —H,S, 11%). '"HNMR
(300 MHz) 6: 1.95 (s, 3H, -CH,); 3.32 (s, 2H, CH,-S);
6.24 (s, 1H, =CH-); 6.94-7.18 (m, 4H, arom.) ppm. {Lit.
value [29]: '"H NMR (CCl,) & 1.90 (bs, 1H): 3.20 (bs,
2H); 6.18 (m, 1H); 6.8-7.2 (m, 4H) ppm.} '*C NMR (75
MHz) & 23.8 (q, -CH3); 29.5 (t, -CH,$-); 109.8 [s,
=C(CH;)-1; 120.4 (s,arom.); 124.2 (d); 125.4 (d); 126.4
(d); 126.9 (d); 127.2 (d); 132.9 (s) ppm.

3.7. Epoxidation of methallyl chloride (1)

Into a mixture of 8.0 g (35 mmol) of 75% m-chloroper-
benzoic acid in 75 mi of CH,Cl,, a solution of 4.44 g (30
mmol) of 12 in 25 ml of CH,Cl, was dropped under stirring
at 0 °C. The mixture was allowed to warm up slowly to room

temperature and stirred for 3 d at 20 °C. Then 50 ml of 2 N
NaOH were added in portions at 0 °C with vigorous stirring.
The precipitated m-chlorobenzoic acid dissolved. The
organic layer was separated and washed again with2 N NaOH
and water. After drying with MgSO,, the solvent was
removed yielding 4.85 g (99%) of 20 (99% purity, GC).

2,3-Epoxy-2-methyl-1-phenoxypropane (20) [32]: MS
m/z: 164 (M, 100%); 148 (3); 134 (22); 133 (13); 119
(8); 107 (25); 94 (80), 77 (26); 71 (25); 43 (20). 'H
NMR (300 MHz) 6: 1.48 (s, 3H, -CH;); 2.72 (d, 1H, H-
3);2.84 (d, 1H, H-3); 3.96 (q, 2H, *J=11 Hz, H-1); 6.90-
6.97 (m, 3H, arom.); 7.2-7.3 (m, 2H, arom.) ppm. '*C NMR
(75 MHz) 8: 18.3 (g, —-CH;); 51.7 (t, C3); 55.3 (s, C1);
114.5 (d); 120.9 (d); 129.3 (d); 158.5 (s) ppm. Analysis:
CoH;,05 (164.2) requires: C, 73.15; H, 7.37%. Found: C,
73.43; H, 7.61%.
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F>C0Ph F_ —SPh
N X
13¢ 15 21 Compound 9a 9b 9%¢
1 SPh OH X= Cl Br I
—148.2 —-150.0 —163.8 'F NMR —145.0 —141.6 —136.6
8 J 8 J 8 J "H NMR 8 J 8 J 8 J
164 215 1.54 218 145 210 CH; 1.60 214 1.55 212 1.59 225
4.12 4.05 4.08 CH,S— 327  14.0 (Jap) 335 183 337 180
335 15.0 (Jup)
354 150 3.39 380 18.0 CH,X 372 11.9 (Jap) 356 —-3.64 365 -—3.80
375 150 (Jup)
6.95 6.90
7.30 7.25
aryl 722 =755
294 (100%) 276 (77%) 184 (19%) MS (m/z) 218 262 310
8 J 8 J 8 J '*C NMR ) J 8 J [ J
225 234 219 244 19.2 18.8 CH,; 22.7 233 233 233 242 234
712 279 70.9 272 69.7 244 CH,;S5— 412 249 419 25.1 42.8 24.9
9.2 264 40.5 249 65.7 20.1 CH.X 48.6 28.6 371 28.3 11.7 27.2
928 176.6 954 175.1 958 1734 CF 945 1782 94.7 1782 943 174.0
1147 1145 1264 114.6 aryl o 126.9 126.7 126.7
120.7 1212 1289 121.3 m 129.2 129.0 128.9
1294 1293 1298 129.4 P 130.2 130.2 130.2
158.2 158.2  136.1 158.4 g 136.0 135.7 135.6
C H C H C H C H C H C H
40.84 4.11 69.53 6.20 65.20 7.11 5491 5.63 45.63 4.60 38.72 3.90
40.63 4.20 69.58 6.41 64.94 7.24 5491 5.24 45.51 4.58 38.68 3.96

3.7.1. 2-Fluoro-2-methyl-3-phenoxypropan-1-ol (21)

In a polypropylene Erlenmeyer flask, 2 ml (75 mmol) of
Olah’s reagent were added to a solution of 1.7 g (10 mmol)
of 20 in 25 ml of CH,Cl, with stirring at 0 °C. After contin-
uous stirring for 45 min at O °C, the mixture was poured into
50 ml of ice water and neutralized with 2 N NaOH. The
organic layer was separated and the aqueous layer extracted
with 25 ml of CH,Cl,. The combined extracts were washed
with 2 N NH; solution, 1% HCI and 5% NaHCQO, solution.
After drying with MgSO,, the solvent was removed giving
1.8 g (98%) of crude 21 (86% purity, GC) (spectroscopic
and analytical data, cf. Table 1).

3.7.2. 3-Methyl-2H-chromene (22) [34]

To a boiling solution consisting of 0.5 g of polyphosphoric
acid in 40 ml of chlorobenzene was added 368 mg (2 mmol)
of 21 and the mixture refluxed for 30 min. After cooling, 10

ml of 2 N HCI were added, the organic layer separated and
washed with 25 ml of 2 N NaOH and water. Drying and
distillation of the solvent gave 280 mg (95%) of crude 22
(about 75% purity). Pure 22 was obtained by column chro-
matography (silica gel, petroleum ether). MS m/z: 146
(M, 68%); 145 (M =1, 75%; 131 (M'" — 15, 100%);
115 (M"* — 31, 26%). "H NMR (300 MHz) &: 1.7 (s, 3H,
—-CH,); 4.60 (s, 2H, -CH,0-); 6.07 (s, 1H, =CH-); 6.5
6.8 (m, 4H, arom.) ppm (in agreement with data in Ref.
[341).

3.8. Synthesis of 3-fluorochromane (26) via 2-(3'-bromo-2'-
fluoropropyl)phenylbenzyl ether (24)

A mixture consisting of 5.36 g (40 mmol) of 2-allylphen-
ylbenzyl ether (23) and 16.1 g (100 mmol) of Et;N-3HF in
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40 ml of methylene chloride was treated in portions under
stirring with 7.83 g (44 mmol) of NBS at 0 °C and allowed
to warm up to room temperature during 2 h. After continued
stirring at this temperature for 6 h, the mixture was poured
into 100 ml of ice water and neutralized with 28% aqueous
ammonia. The organic layer was separated and the aqueous
phase extracted three times with 50 mi of CH,Cl,. The com-
bined organic extracts were washed with 0.1 N HCland a 5%
aq. solution of NaHCO; and dried over Na,SO,. Removal of
the solvent gave a mixture of compounds involving 24 (62%)
and 25 (14%) as the main components. In addition, two other
bromofluorinated compounds (regioisomers of 24) were
found in GC/MS coupling experiments, but could not be
isolated. Distillation of the crude mixture gave in the first
fraction mainly the benzofuran 25, which was purified by
column chromatography (silica gel, petroleum ether/ethyl
acetate, 50:1) and shown to be identical with that prepared
according to a literature procedure [36]}. The main fraction
contained mainly the bromofluoride 24 (82%) and its isomer
(5%) and 6% of 25. Compound 24 was purified by column
chromatography (silica gel, petroleum ether/ethyl acetate,
50:1).

2-(3'-Bromo-2'-fluoropropyl) phenylbenzyl ether (24):
B.p.60°C/0.01 mmHg. MS m/z:322/324 (M' ", 7%). 302/
304 (M'* —HF, 02%); 243 (M* —Br, 0.1%); 224
(M* =Br—HF, 0.7%); 197 (0.3%); 195 (0.3%); 181
(0.3%); 178 (0.3%); 165 (0.4%); 152 (2%); 133 (1%);
131 (1.5%); 109 (1%); 107 (1%); 91 (100%). 'H NMR
(300 MHz) &: 3.15 (dd, *Ju=21 Hz, 2H, -CH,Br); 3.45
(dm, *Jur=20 Hz, 2H, -CH,~CHF); 4.95 (dm, *J; =54
Hz, 1H,-CHF);5.05 (s,2H,—~CH,-0);6.95 (m, 2H, arom.);
7.25 (m, 2H, arom.); 7.35 (m, 5H, arom.) ppm. '*C NMR
(75 MHz) & 34.0 (C-1', *Jo=23 Hz); 347 (C-3',
2Jer=22 Hz); 70.1 (-CH,0-); 91.0 (-CHF-, "Jep=177
Hz);111.8,121.0,124.4 (C-CH,CHF); 127.3,127.5, 128 3,
128.7, 128.9, 129.0, 131.8, 136.9 (C-CH,-0); 156.6 (C-
O-CH,;) ppm.

2-(3'-Bromo-2'-fluoropropyl) phenylbenzyl ether (24)
(3.22 g, 10 mmol) was dissolved in 80 mi of methanol, 350
mg palladium on carbon (10%) were added and the mixture
stirred under 8 bar hydrogen pressure for 24 h. The catalyst
was separated and washed twice with small portions of meth-
anol. The solvent and by-products were removed giving 3-
fluorochromane (26) almost quantitatively. Yield: 1.5 g
(99%, crude). '"H NMR (300 MHz) & 3.0-3.2 (m, 2H,
-CH,-); 4.1 (dd, 1H, *Jue=30 Hz, H,,); 4.3 (m, [H,
—CH,0-~); 5.08 (dm, *Jy;z =47.5 Hz, -CHF); 6.83 (m, 2H,
arom.); 7.1 (m, 2H, arom.) ppm. '*C NMR (75 MHz) &:
30.9 (dd, *Jog=18 Hz, C-4); 67.2 (dd, *Jp =18 Hz, C-2);
84.4 (dd, "Jep=175.2 Hz, C-3); 1160 (dd, “Jop=C-5);
118.4 (s, C-4a); 121.5 (d, C-8); 128.0 (d); 130.2 (d, C-6
and C-7); 153.8 (s, C-8a) ppm. '"F NMR & — 186.5 ppm.
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