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over anhydrous sodium sulfate. After evaporation, the residue
was chromatographed on silica gel (hexane—dichloromethane, 4:1)
to provide the corresponding hydrazone 15 in 68%. The product
15 was identified by spectroscopic comparison with the authentic
sample.?

Transformation of 6a into Monofluoro Carboxylic Acids.
1-Methoxy-1-(phenylthio)-2-fluoro-1-hexene (16a). To a
stirred solution of 0.5 mmol of 6a in 0.5 mL of ether was added
dropwise a solution of 1 mmol of butyllithium in hexane solution
(1.8 M) at —78 °C under a nitrogen atmosphere. After 3 h, the
temperature was raised to room temperature, and then saturated
aqueous ammonium chloride was added to the reaction mixture.
The solution was extracted repeatedly with ether and washed with
brine and then dried over anhydrous sodium sulfate. After
evaporation, the residue was chromatographed on silica gel
(hexane-AcOEt, 95:5) to provide 16a in 70% yield: 'H NMR
(CDCl,) 6 0.6-1.8 (m, 7 H, C3H), 2.50 (dt, 2 H, CH,CF=, Jy_y
= 6 Hz, Jyr = 22 Hz), 3.50 (s, 3 H, OCHy), 7.1-7.5 (m, 5 H, C¢Hj;);
IR 1660 em™ (C=0); MS m/e 240 (M*), 197 (M* - C;H,). Anal.
Calcd for C,3H,;,FOS: C, 64.97; H, 7.13. Found: C, 64.85; H, 7.18.

The other ketene hemiacetals 16b and 16¢ were prepared
similarly.

1-Methoxy-1-(phenylthio)-2-fluoro-3-methyl-1-hexene (16b,
isomer 1): 'H NMR 6 0.93 (t, 3 H, CH,CH,, Jy_4 = 7 Hz), 1.15
(d,3 H, CH;CH, Jy.y = 7T Hz), 1.47 (q, 2 H, CH,, Jy_y; = 7 Hz),
2.93 (sextet d, 1 H, CH, Jy.g = 7 Hz, Jyr = 32 Hz), 3.55 (s, 3
H, OCH,), 7.13-7.57 (m, 5 H, CgH;); MS m/e 240 (M*), 255 (M*
- CH,), 211 (KM* - C,H;). Anal. Caled for C,3H,,FOS: C, 64.97;
H, 7.13. Found: C, 64.62; H, 7.12.

1-Methoxy-1-(phenylthio)-2-fluore-3-methyl-1-hexene (16b,
isomer 2): 'H NMR 6 0.90 (t, 3 H, CH;CHj,, Jy.y = 7 Hz), 1.13
(d, 3 H, CH3CH, JH—H =7 HZ), 1.45 (q, 2 H, CHg, JH—H =17 HZ),
3.03 (sexd, 1 H, CH, Jy.y = 7 Hz, Jur = 32 Hz), 3.63 (s, 3 H,
OCHy,), 7.13-7.43 (m, 5 H, C¢H;); MS m/e 240 (M*), 225 (M* -
CH3), 211 (M+ - Csz). Anal. Caled for ClaH]_-]FOS: C, 64-97,
H, 7.13. Found: C, 64.88; H, 7.21.

1-Fluoro-1-phenyl-2-methoxy-2-(phenylthio)ethene (16¢):
H NMR (CDCly) 8 3.70 (s, 3 H, OCH,), 7.1-8.0 (m, 10 H, C¢Hj,
SCeHs); F NMR (CDCl,) 6 28.3 (s). Anal. Caled for C,sH,;FOS:
C, 69.21; H, 5.03. Found: C, 69.24; H, 5.17.

2-Fluorohexanoic acid (17a): A mixture of 16a and 5 mL
of 90% H,S0, was heated at 50 °C for 5 h. After cooling, the
solution was extracted repeatedly with ether, washed with water,
and then dried over anhydrous sedium sulfate. Evaporation of
the solvent provided 17a in 95% yield. Its spectral data were
completely identical with those of the authentic sample.?4%

The other fluoro carboxylic acids 17b and 17¢ were similarly
prepared and 17¢ was identified by spectroscopic comparison with
the authentic sample.2430

(30) Pattison, F. L. M.; Buchanan, R. L.; Dean, F. H. Can. J. Chem.
1965, 43, 1700.

2-Fluoro-3-methylpentanoic acid (17b): 'H NMR (CDCly)
6 0.77-1.70 (m, 9 H, S-BU), 4.85 (dd, 1 H, CH, JH—H =4 HZ, JH-F
= 50 Hz), 8.73 (s, 1 H, CO,H); '°F NMR (CDCly) é 116 (dd). Anal.
Caled for CgH, FOy: C, 53.72; H, 8.26. Found: C, 53.42; H, 8.54.

Nucleophilic Substitution of 6 with Benzenes.

Phenyl 1-Phenyl-2,2,2-trifluoroethyl Sulfide (18a). Toa
stirred solution of 2.25 mmol of aluminum trichloride and 12 mmol
of benzene in 3 mL of CH,Cl, was added dropwise 1.5 mmol of
6a at —78 °C under a nitrogen atmosphere. After 2.5 h of stirring,
the solution was warmed to room temperature and 8 mL of water
was added. The resulting solution was extracted repeatedly with
ether and washed with aqueous sodium bicarbonate, water, and
brine. The extracts were dried over anhydrous sodium sulfate
and evaporated. The residue was chromatographed on silica gel
(hexane—AcOEt, 20:1) to provide pure 18a in 83% yield: 'H NMR
(CCly) 6 4.37 (q, 1 H, CH, Jy_r = 8 Hz), 7.0-7.5 (m, 10 H, C¢Hj);
MS m/e 268 (M*), 199 (M* - CF;), 159 (M* - CzH;S); calcd for
Cl4HuF3S m/e 268-0533, found 268.0522.

The other derivatives 18b and 18c were similarly prepared.

4-Chlorophenyl 1-Phenyl-2,2,2-trifluoroethyl Sulfide (18b).
Sixty equivalents of benzene was used to react with the substrate
6b, and the product 18b was separated using hexane-AcOEt (9:1)
as an elution solvent; 'H NMR (CCl,) 6 4.37 (q, 1 H, CH, Jy.p
= 8 Hz), 6.8-7.9 (m, 9 H, CcH; and C¢H,); MS m/e calcd for
C4H(CIF3S m/e 302.0143, found 302.0156.

1-(4-Isobutylphenyl)-2,2,2-trifluoroethyl phenyl sulfide
(18¢c): 'H NMR (CDCl,) 6 0.91 (d, 6 H, CH;, Jy.y4 = 6.6 Hz), 1.86
(m, 1 H, CH(CHjy),), 2.46 (d, 2 H, CH,, Jy.y = 7.1 Hz), 4.45 (q,
1 H, CHCF3, JH-F = 8.6 HZ), 7.09-7.50 (m, 9 H, C6H5 and CGH4);
SF NMR (CDCly) 6 10.6 (d); MS m/e 324 (M*), 215 (M* - C¢H,S);
caled for CigH oF;3S m/e 324.1159, found 324.1161.
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Direct fluorination of aromatic substrates, PhZ (Z = Cl, CHO, CH(OCH,);, NO,, CO,CH,CH;, OH, NHCH,,
OCHj, CHj,), in the presence and absence of BCl; or AiCly, has been investigated. For PhCl and PhOH, inclusion
of boron trichloride increased the percent conversion and the amount of para product. However, AlCl; caused
an increase in the ortho regioselectivity in the reaction with chlorobenzene. For PhCHO, inclusion of a Lewis
acid decreased the percent conversion. In the presence of BCl;, the ethylene glycol acetal of PhCHO gave only
ortho and para fluorinated derivatives with improved conversion. PhCO,CH,CHj; was unaffected by the inclusion
of Lewis acid while the percentage conversion of PhNOj; increased only slightly. Fluorination of PANHCH;,
PhOCHj, or PhCHj gave complex reaction mixtures. p-Nitroanisole gave rise to only 2-fluoro-4-nitroanisole in

the presence or absence of either Lewis acid.

Selective fluorination of organic molecules is of great
interest to many biochemists and organic chemists because

of the biological importance of these species. Within the
last 10 years new reagents have been developed that

0022-3263/91/1956-0142802.50/0 © 1991 American Chemical Society
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Table I. Fluorination of Chlorobenzene in FCCl; with 5% F; in N, at -78 °C

volume catalyst

% product/

Lewis acid/PhCl, solution
Lewis acid mol/mol FCCl;:CH,Cl,, mL % convn ortho meta para
none -4 0.0 10.5 4.7 1.2 4.6
none - c 9.5 3.7 0.9 4.9
BCl, 0.11° 1.0¢ 27.2 7.1 2.2 18.0
BCl, 0.56% 5,04 62.0 13.0 3.1 45.9
BCl; 0.90° 8.04 95.2 15.2 6.7 73.3
AlCl, 0.17% 0.2¢ 15.2 8.2 2.4 46
AlCl, 0.56 0.5¢ 21.2 11.2 4.0 5.9
AlCl, 1.01% 0.9¢ 39.9 20.7 8.0 11.2

21.0 g of PhClL. ©0.10 g of PhCl. €24.0 mL of FCCl; and 1.0 mL of CH,Cl,. 91 M BCl, in CH,Cl,; total volume = 25.0 mL. ¢1 M AICl,

in PhNOy; total volume = 25.0 mL. /Determined by GC.

broaden the spectrum of available organofluorine com-
pounds.! However, a general weakness remains in the
methodology for the preparation of ring fluorinated aro-
matic compounds. Efficient means for the introduction
of fluorine into aromatic substrates have been sought since
Balz and Schiemann studied the thermal decomposition
of aryldiazonium fluoroborates.2 'This reaction, often
difficult to regulate, requires the corresponding aniline as
a starting material. Ring fluorinated compounds are of
particular interest for potential new drugs® as well as for
metabolic studies.* One area where the use of organo-
fluorine compounds has increased dramatically is that of
photoaffinity labeling, which has recently been very well
described by Soundararajan and Platz.5 Cesium fluor-
oxysulfate® and acetyl hypofluorite!®” have been used
successfully to cause electrophilic fluorination of aromatic
rings. Not surprisingly, different aromatic substitution
patterns are observed with the different reagents.®
Early attempts to directly fluorinate organic compounds
resulted in explosions and charring due to the low selec-
tivity of elemental fluorine and the exothermicity of its
reactions.® Attempts to moderate the reactivity of fluorine
by dilution with inert gases such as nitrogen have been
successful.’ Reduced temperatures have also been used
to help control the reaction. Rozen!? has found that the
addition of chloroform in the solvent FCCl, to polarize the
fluorine molecule when fluorinating tertiary unactivated
sites was essential for the selectivity observed in the re-
action. It is interesting to note that the solvent/temper-
ature used for direct fluorination of aromatic compounds
affects the substitution pattern. For example, nitro-
benzene gives an ortho:meta:para ratio of 1.7:6.2:1 at 5 °C
in acetic acid with 29% conversion!! while in acetonitrile
at -15 °C with 38% conversion, a ratio of 1.5:9:1 is ob-
served.’ This difference indicates that there is probably
some interaction between the solvent and the fluorine prior

(1) (a) Ip, D. P,; Arthur, C. D.; Winans, R. E,; Appelman, E. H. J. Am.
Chem. Soc. 1981, 103, 1964. (b) Purrington, S. T.; Jones, W. A. J. Org.
Chem. 1983, 48, 761. (c) Rozen, S.; Lerman, O.; Kol, M. J. Chem. Soc.,
Chem. Commun. 1981, 443.

(2) Balz, G.; Schiemann, G. Chem. Ber. 1927, 60, 1186.

(3) Thakker, D. R.; Boehlert, C.; Kirk, K. L.; Antkowiak, R.; Crevling,
C. R. J. Biol. Chem. 1986, 261, 178.

(4) Furlano, D. C,; Kirk, K. L. J. Org. Chem. 1986, 51, 4073.

(5) Soundararajan, N.; Platz, M. S. J. Org. Chem. 1990, 55, 2034.

(6) Stavber, S.; Zupan, M. J. Org. Chem. 1985, 50, 3609.

(7) (a) Lerman, O.; Tor, Y.; Hebel, D.; Rozen, S. J. Org. Chem. 1984,
49, 806. (b) Hebel, D.; Kirk, K. L.; Cohen, L. A.; Labroo, V. M. Tetra-
hedron Lett. 1990, 31, 619.

(8) (a) Moissan, H. Compt. Rend. 1905, 140, 407. (b) Anson, P. C.;
Fredricks, P. S;; Tedder, J. M. J. Chem. Soc. 1959, 918.

(9) Grakauskas, V. J. Org. Chem. 1970, 35, 723.

(10) Rozen, S.; Gal, C.; Faust, Y. J. Am. Chem. Soc. 1980, 102, 6860.

(11) (a) Kaz'mina, N. B.; German, L. S.; Rubin, 1. D.; Knunyants, I.
L. Dokl. Akad. Nauk SSSR 1970, 194, 1329. (b) The solvent used for the
BF; reaction was reported differently in the body of the paper and the
experimental section.
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to reaction. Interestingly, in the nitrobenzene fluorination,
addition of BF; increased the percent conversion and al-
tered the ortho:meta:para ratio to 0.6:3.1:1.1'* Two other
reports note that the addition of BF; during direct fluo-
rinations alters the course of the reaction.’? In this paper,
we report the results of a systematic investigation using
Lewis acids to assist in electrophilic aromatic fluorinations.

Results and Discussion

Both the yield and the regioselectivity of fluorination
are affected by the addition of a Lewis acid. The reaction
of chlorobenzene is illustrative. As shown in Table I, only
10% of the chlorobenzene is fluorinated in FCCls, or FCCI,
with added CH,Cl,, in the absence of Lewis acid at -78
°C using 5% F,in N,. Boron trichloride (1 M) in meth-
ylene chloride was added as catalyst. In order that the
chlorobenzene concentration be constant, the volume of
FCCl; was decreased as the CH,Cl, solution was added
such that in each reaction 1.0 g chlorobenzene was dis-
solved in 25 mL. Several features of the Lewis acid me-
diated fluorination of chlorobenzene are worth noting.
First, a plot of moles BCl;/mole chlorobenzene vs percent
conversion is linear with 100% conversion attained only
when a 1:1 mole ratio is used (Figure 1). The time re-
quired for fluorination of chlorobenzene increased from
1.0 to 3.0 h as the amount of BCl; was increased. That
a stoichiometric amount of BCl; is needed for complete
conversion to product is not surprising since it is expected
that the fluoride formed in the reaction will strongly co-

(12) (a) Misaki, S. J. Fluorine Chem. 1981, 17, 159, (b) Chirakal, R.;
Firnau, G.; Garnett, E. S.; Schrobilgen, G. J. J. Fluorine Chem. 1989, 45,
125.
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Table II. Fluorination of Aromatic Substrates in FCCly with 5% F, in N, at -78 °C

BCly/PhZ, solvent % product?

PhZ PhZ, g mol/mol volume, mL % convn® ortho meta para
PhCHO 0.3 0.0 25 2.2 - 2.2 -
PhCHO 0.3 0.5 25 2.1 - 2.1 -
PhCHO 0.3 1.1 25 0.9 - 0.9 -
PhCH(OCH,), 0.3 0.0 150 19.7 14.6 - 5.1
PhCH(OCH,), 0.3 0.5 150 29.2 18.1 - 11.1
PhCH(OCH,), 0.3 15 150 417 24.2 - 175
PhNO, 0.5 0.0 25 0.0 - - -
PhNO, 0.5 0.5 25 2.0 - 2.0 -
PhNO, 0.5 1.1 25 5.0 - 5.0 -
PhCO,CH,CH; 0.3 0.0 25 0.0 - - -
PhCO,CH,CH; 0.3 11 25 0.0 - - -

9Determined by GC.
ordinate with the Lewis acid. Once coordinated, the BClq Scheme 11

can no longer be effective in promoting the fluorination,
as shown in Scheme I. Second, the effect of BCl; on the
regiochemistry of fluorination of chlorobenzene is note-
worthy. Under these conditions only monofluorinated
products were observed. As the concentration of BCl; was
raised, the percentage yield of all isomers increased (see
Table I), but the relative amount of para product is es-
pecially enhanced. The ortho:meta:para ratio changes from
45:11:44 in the absence of BCl; to 17:7:76 for the case where
a stoichiometric amount of BCl; was added. The boron
trichloride complexed fluorine is larger than fluorine itself
and thus the bulk of the fluorinating agent may play a role
in determining the regiochemistry. As shown by the ratio
of ortho:meta:para isomers, the relative yield of meta
isomer is slightly decreased because of the increased
electrophilicity of the fluorinating agent. The estimated
error of these ratios is +5%.

When AICl; is used as the Lewis acid in the fluorination
of chlorobenzene, the percent conversion to product is not
changed as dramatically as with BCl; (Figure 1). A smaller
quantity of chlorobenzene (0.1 g) was fluorinated in the
presence of AICl;, but the ratio of moles AlCl; to chloro-
benzene was the same. Aluminum chloride (1 M) in ni-
trobenzene was added to the solution in the same manner
as the BCl; in CH,Cl, so that the total volume was 25 mL.
Again, the overall yield of each product increased with
increasing AlCl; concentration (Table I). However, the
ortho:meta:para ratio remains constant at 52:18:30 for all
concentrations of AlCl; examined. The Lewis acid and the
substrate, chlorobenzene, are mixed in the solvent prior
to the addition of fluorine. Hence, one might expect co-
ordination between the AICl; and chlorobenzene to occur
before the introduction of fluorine. The affinity of chlo-
robenzene for AICl; is expected to be greater than for BCl,,
As a result the AICl; is more likely to be near the chlorine
of the aromatic substrate and therefore assist in directing
the incoming fluorine to the ortho position. It is syn-
thetically significant that one catalyst increases ortho se-
lectivity while another increases para selectivity.

Table II provides details of the fluorination of some
other substrates that were studied. In the absence of Lewis
acid, benzaldehyde gives a very poor conversion to m-
fluorobenzaldehyde. Addition of the BCl; gives rise to a
complex which precipitates from solution and results in
a decreased yield of product. Conversion of benzaldehyde
to its ethylene glycol acetal, however, dramatically changes
the regiochemistry of the fluorination. Due to its insolu-
bility in FCCly, 0.1 g of the acetal was fluorinated in 150
mL of solvent. Although the conversion of benzaldehyde
to its fluoro derivative is only of the order of 2%, the
regioselectivity observed is exclusively meta (see Table II).
By contrast, the acetal gives much higher conversions but

0. O-F

o 9. F o} O*-F - \’
é F/) 5 r\/ H
F

only ortho and para regioisomers are observed. It is worth
noting that the para regioselectivity as well as the percent
conversion increases as the ratio of Lewis acid to substrate
increases. The ortho:meta:para ratio changes from 74:0:26
in the absence of BCl; to 58:0:42 in the presence of 1.5
molar excess. The high ortho selectivity in the absence
of catalyst may be due to direct interaction of fluorine with
the acetal as shown in Scheme II. This is reminiscent of
the bromination of ketals studied by Garbisch.’® Coor-
dination of the Lewis acid with the acetal is expected to
decrease the importance of this pathway.

Neither nitrobenzene nor ethyl benzoate are fluorinated
in the absence of Lewis acid under the reaction conditions.
With a 1:1 mole ratio of BCl; to CgH;NO; only 5% con-
version to m-fluoronitrobenzene was realized, but the
benzoate still was not fluorinated. Activated aromatic
systems such as N-methylaniline, anisole, and toluene gave
complex reaction mixtures and were not investigated
further.

Misaki'?8!® has studied the fluorination of phenols under
a wide variety of conditions. His studies were conducted
at ~20 to 0 °C in solvents including chloroform, tetraglyme,
acetonitrile, methanol, and trifluoroacetic acid. As the
solvent polarity increased from HCCI, to tetraglyme to
CH,;CN, Misaki'® noted an increase of the ortho:para ratio
from 1.8 to 2.5 to 3.6 at 20 °C. Our results are consistent
with his observations, at —78 °C in the less polar solvent,
FCCls, a 1.1:1 ortho:para ratio was observed. In general,
there is qualitative agreement between Misaki’s results and
those reported here; the small differences may easily be
attributed to different experimental conditions.

Misaki and co-workers!® have suggested that the ortho
selectivity observed during the fluorination of phenol is
due to a cyclic mechanism. Addition of a Lewis acid as
described in this work would tend to decrease the availa-
bility of this pathway because of coordination and thus the
para selectivity should increase. The results for BCl,,
included in Table III, show that the percentage conversion
of the phenol and the para selectivity increased with BCl,

I\
o~

(13) Garbisch, E. W., Jr. J. Org. Chem. 1965, 30, 2109.

(14) Figueredo, M.; Marquet, J.; Moreno-Manas, M.; Pleixats, R.
Tetrahedron Lett. 1989, 30, 2427.

(15) Misaki, S. J. Fluorine Chem. 1982, 21, 191,

(16) Tsushima, T.; Kawada, K.; Tsuji, T.; Misaki, S. J. Org. Chem.
1982, 47, 1107.
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Table II1. Fluorination of Phenol® in CH,Cl, with §% F, in

N, at -78 °C
Lewis

Lewis  acid/PhOH, % % product®

acid mol/mol convn® ortho meta para
- - 58 30 - 28
BCl; 0.5 88 26 - 62
BCl, 1.0 100 21 - 79
AlCl, 0.5 100 36 - 64
AlCl, 1.0 100 27 - 73

4In all cases 0.5 g of PhOH in 25 mL of solvent. ?Determined
by GC.

Table IV. Fluorination of p-Nitroanisole® in CH,Cl,

NO, NO,
Lewis
+ Fz B —
acid F
OCH, OCH;

Lewis acid Lewis acid/substrate, mol/mol % yield®
none - 54
BCl, 1.0 33
BCl, 2.3 52
AlCl, 2.3 50
BCl, 4.6 55

¢In all cases, 0.1 g in 30 mL CH,Cl,. ®Determined by GC.

concentration. Similarly, AlCl;, when present with phenol
in a stoichiometric amount, gives 100% conversion with
27% ortho and 73% para product. This was the only
substrate studied where the yield of ortho product actually
decreased in the presence of Lewis acid.
p-Nitroanisole which contains an activating and a
deactivating group was fluorinated in CH,Cl, because of
its lack of solubility in FCCl;. In the presence of absence
or catalyst approximately 50% conversion to 2-fluoro-4-
nitroanisole, a photoprobe for photoaffinity labeling
studies!* was observed. This molecule has been prepared
previously using acetyl hypofluorite in 47% yield.”® The
advantage of the procedure presented here is that, in ad-
dition to a slightly better yield, there is no need to prepare
the intermediate acetyl hypofluorite. The effect of Lewis
acid for this fluorination is interesting as shown in Table
IV. [Initially the Lewis acid may coordinate with the
substrate causing a decreased yield. However, when more
than a stoichiometric amount of BCl; or AICl; is included,
the yields are comparable to those obtained with no ad-
ditive present during the fluorination. A possibility exists
that the second mole of Lewis acid coordinates the fluorine.
In conclusion, we have shown that inclusion of a Lewis
acid additive to an aromatic substrate in a nonpolar solvent
affects not only the percent conversion to fluorinated de-
rivatives but also the regioselectivity of the reaction. The
fact that intermediate fluoroxy compounds are not nec-
essary for the successful fluorination of aromatic com-
pounds is also noteworthy. As noted by Grakauskas,? the
fluorination appears to proceed by an electrophilic mech-
anism. The direct fluorination of aromatic substrates
should be especially useful for the preparation of com-
pounds containing '®F because of its short half-life. We
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are continuing our investigation on the interaction of
fluorine with aromatic compounds in the presence of Lewis
acids.

Experimental Section

15F NMR (90 MHz) spectra were recorded with a Varian EM-
390 spectrometer. Capillary GC analysis was done using a
Hewlett-Packard 5880 or 5830 gas chromatograph equipped with
a split/splitless injection and FID detector. A SE-30, 26-m fused
silica column using a HP 3392A integrator was used with the HP
5890 and a DB-5, 15-m column using a HP 5880A terminal in-
tegrator.

General Fluorination Procedure. Caution: Fluorine is a
powerful oxidant, a poisonous and corrosive gas. Needless to say,
reactions using F, should be conducted with care. The experi-
ments used 5% F, in N,, premixed and provided by Air Products,
in the set up shown in Figure 2,'" which is constructed with glass
vessels and tygon and Teflon tubing. If normal safety procedures
are used, work with dilute fluorine mixtures is safe and has not
resulted in any accidents over the years that we have been using
them. The flow rate for all reactions was maintained as close to
1 mL/s as possible. All substrates were distilled prior to fluo-
rination. Following fluorination, a crude *F NMR spectrum was
obtained that showed only monofluoro products for all aromatic
substrates other than anisole, toluene, and N-methylaniline. The
chemical shifts obtained were in agreement with those reported
in the literature.”!® The crude product mixture was extracted
three times with 20 mL of H,0 to remove fluoride and catalyst,
dried over MgSQ,, filtered, and analyzed by GC without con-
centration. In the case of the ethylene glycol acetal of benz-
aldehyde, after aqueous extraction, the reaction mixture was made
acidic with 10% H,SO, and stirred overnight. This was neu-
tralized with NaHCOj, extracted with H,0, dried, filtered, and
analyzed. Standard monofluoro compounds were obtained from
Alfa Products or Aldrich Chemical Co.
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