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1,J = 5 and 9 Hz); UV (EtOH) 236 nm (e 1800), 295 (150); NaOH
added 230 (7500), 320 (2400). Anal. CgH;;NOgz: C, H, N. These
data were in agreement with those of a sample prepared by the
action of propyl nitrate on 2,2-dimethyl-3-heptanone in the
presence of potassium tert-butoxide.

Similarly, a-nitroimine 29 led to the same nitro ketone 31 in
75% yield.

Thermolysis of Nitrimine 4. VPC injection of 4 onto a 6-ft
silicone rubber column at 100 °C (injection port temperature 250
°C) produced two major products which were collected. They
were identified as 2-methyl-2-nitropropane (32) and valeronitrile
(33) by comparison of their spectra with those of authentic sam-
ples.

Thermolysis of Camphor Nitrimine (1).%!° A solution of
1 g of 1in 15 mL of xylene under argon was heated at reflux for
5 h. The solvent was evaporated and the remaining oil separated
by distillation into two fractions. The lower boiling fraction [0.32
g, bp <40 °C (0.1 mm)] consisted of nitriles 35 and 36 in 20 and
14% yield, respectively. They were separated by preparative VPC
and had spectra identical with those published.!® The higher
boiling fraction [0.48 g, bp >40 °C (0.1 mm)] contained two
epimers of 34 (38%). Separation was achieved by chromatography
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on silica gel with hexane-ethyl acetate (4:1) as eluant. Epimer
A: bp 65 °C (bath temperature) (0.1 mm); IR 2250, 1540, 1390,
1360 cm™'; NMR 6 0.78 (s, 3), 1.23 (s, 3), 1.63 (s, 3), 1.5-3.2 (m,
7). Anal. C,H;¢N,Os: C, H, N. Epimer B: mp 74-75 °C (from
ether); IR 2250, 1540, 1390, 1350 cm™!; NMR 4 0.90 (s, 3), 0.93
(s, 3), 1.55 (s, 3), 1.5-3.2 (m, 7). Anal. C;;H;(N;Os: C, H, N,
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Trifluoroacetic acid catalyzed fluorination of styrene with xenon difluoride resulted in the formation of five

products:

1-fluoro-1-phenyl-2-(trifluoromethyl)ethane (2), 1,2-difluoro-1-phenylethane (3), 1-(trifluoroacet-

oxy)-1-phenyl-2-(trifluoromethyl)ethane (4), 1-(trifluoroacetoxy)-1-phenyl-2-fluoroethane (5), and 1-fluoro-1-
phenyl-2-(trifluoroacetoxy)ethane (6). The reaction with diphenylacetylene resulted in the formation of six products.
The formation of fluoro radicals, trifluoromethyl radicals, and trifluoroacetoxy radicals, formed by decomposition
of FeXeOCOCFj;, is suggested in order to explain the formation of products.

It has been demonstrated that xenon difluoride is a mild
fluorinating agent for fluorination of alkenes, acetylenes,
and aromatic and hetereoaromatic molecules; this topic
has been recently reviewed.! It is known that the mecha-
nism of fluorine addition to olefins with xenon difluoride
depends on the following factors: the structure of the
olefin, the catalyst used, solvent polarity, and temperature.
The formation of S-fluoro carbonium ions, free-radical
intermediates, or ion radicals has been suggested to explain
the formation of products (Scheme I). It has been dem-
onstrated that the following substrates are convenient
catalysts for fluorination of olefins with xenon difluoride:
hydrogen fluoride,? hydrogen fluoride~pyridine,® boron
trifluoride* (for less reactive organic molecules), boron
trifluoride etherate,® pentafluorothiophenol® (for sensitive
organic molecules), trifluoroacetic acid,” and bromine.? We
have already demonstrated? that trifluoroacetic acid cata-
lyzed fluorination of cis- and trans-1-phenylpropene re-
sulted in the formation of vicinal difluorides and fluoride
trifluoroacetates, and the formation of 8-fluoro carbonium
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ions was suggested. We now report that small changes in
the structure of the olefin, e.g., styrene, dramatically
change the course of the reaction with xenon difluoride in
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the presence of trifluoroacetic acid.

Results and Discussion

The CF;COOH catalyzed reaction of styrene (1, Scheme
IT) with xenon difluoride in methylene chloride at room
temperature resulted in the formation of a complex mix-
ture, from which five products were isolated by preparative
GLC (the numbering of the products is in the order of
increasing GLC retention times). The first product (2)
shows two signals in its ®F NMR spectrum at 181.5 (m)
and 66.75 ppm (dd), and its 'H spectrum, besides the signal
for aromatic protons, signals at 2.58 (m, 2 H) and 5.64 ppm
(ddd, 1 H). On the basis of NMR, mass, and IR spectral
data we established that 1-fluoro-1-phenyl-2-(trifluoro-
methyl)ethane (2) was formed. The spectroscopic data of
the second product isolated are the same as those already
published® and the formation of 1,2-difluoro-1-phenyl-
ethane (3) was established. The next product (4) shows
signals in its '°F spectrum at 66.75 (s) and 77.6 ppm (t),
and in its 'H spectrum a multiplet signal at 2.79 ppm (2
H) and a doublet of doublet singlet at 6.09 ppm (1 H). On
the basis of the spectroscopic data, we established that
1-(trifluoroacetoxy)-1-phenyl-2- (trifluoromethyl)ethane (4)
was formed. 1-(Trifluoroacetoxy)-1-phenyl-2-fluoroethane
(5), the next product isolated, shows two signals in its 1°
F NMR: a singlet signal at 77.25 ppm and a triplet of
doublet signal at 226 ppm. The last product isolated,
1-fluoro-1-phenyl-2-(trifluoroacetoxy)ethane (6), also shows
two signals in its 9F NMR, at 78 (s) and 193.5 ppm (m).
The 9F NMR spectrum of the crude reaction mixture
formed by fluorination of styrene shows all the signals
corresponding to abovementioned products, which means
that none of them has been formed during the GLC sepa-
ration.

HF-catalyzed fluorination of diphenylacetylene resulted
in the formation of tetrafluoro-1,2-diphenylethane,!! while
the trifluoroacetic acid catalyzed reaction resulted in the
formation of a complex mixture, from which the following
six products were isolated by preparative GLC and char-
acterized on the basis of their spectroscopic data (num-
bering of the products is in the order of increasing GLC
retention times): 1-(trifluoromethyl)-2-(trifluoroacet-
0xy)-1,2-diphenylethene (8), 1,1,2,2-tetrafluoro-1,2-di-
phenylethane (9), 1-fluoro-2-(trifluoromethyl)-1,2-di-
phenylethene (10), 1-fluoro-2-(trifluoroacetoxy)-1,2-di-
phenylethene (11), and two isomeric (trifluoromethyl)-
phenylphenylacetylenes (12), Scheme III.

It has been shown that xenon difluoride readily reacts
with trifluoroacetic acid, giving xenon fluoride trifluoro-
acetate,'? a reagent of electrophilic character. In the next
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step this electrophilic reagent can react with organic mol-
ecules (as has been already demonstrated®). However,
xenon fluoride trifluoroacetate can decompose to XeF and
trifluoroacetoxy radical and/or to a fluorine radical, a
trifluoroacetoxy radical, and xenon, while the trifluoro-
acetoxy radical can further decompose to give a trifluoro-
methyl radical (Scheme IV). Xenon fluoride trifluoro-
acetate can also further react with trifluoroacetic acid, thus
forming xenon bis(trifluoroacetate),'? which after decom-
position gives a trifluoroacetoxy radical, decomposing fur-
ther to a trifluoromethyl radical. The formation of five
products by the fluorination of styrene is presented in
Scheme V. Styrene can react with xenon fluoride tri-
fluoroacetate, thus forming the 3-fluoro carbonium ion A,
giving, after fluorine anion or trifluoroacetoxy anion attack,
1,2-difluoro-1-phenylethane (3) and 1-(trifluoroacetoxy)-
1-phenyl-2-fluoroethane (5). The second possibility is ho-
molytic Xe-F bond cleavage, resulting in the formation
of fluoro-substituted radical intermediate B, which can be
then further transformed to products 3 and 5. The fluo-
ro-substituted radical B can also be formed by attack of
a fluorine radical or XeF formed by decomposition of
xenon fluoride trifluoroacetate (Scheme IV), The forma-
tion of ion radicals, transforming further to 8-fluoro car-
bonium ions A or fluoro-substituted radical B, is also taken
into account. Styrene can also react with trifluoroacetoxy
radical, thus forming radical intermediate C, giving, after
further attack, product 6. The trifluoromethyl radical can
react with styrene, thus forming radical species D, which
can be further transformed to products 2 and 4.

Experimental Section

IR spectra were recorded using a Perkin-Elmer 257 spectrome-
ter; 'H and F NMR spectra were recorded by a JEOL JNM-
PS-100 from CCl, solution with Me,Si or CCL;F as internal ref-
erence. Mass spectra and high-resclution measurements were
taken on a CEC 21-110 spectrometer. GLC was carried on a
Varian Aerograph Model 1800 instrument. Styrene and di-
phenylacetylene were commercially available and purified before
use. Trifluoroacetic acid was distilled before use. Methylene
chloride was purified and stored over sieves.’® Xenon difluoride
was prepared by a photosynthetic method'* and its purity was
better than 99.5%.

Fluorination of Styrene. To a solution of 1 mmol of styrene
in methylene chloride (2 mL) in a Kel-F vessel, I mL ofal M
solution of trifluorcacetic acid in methylene chloride and 1 mmol
of xenon difluoride was added with stirring at 25 °C. After a few
seconds the colorless solution turned dark blue and xenon gas
was evolved. After 1 h the reaction mixture was diluted with
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Scheme V

H

PhCCH,CF 5

OCOCF,
4

-

~
_GCHaCFy

e

H H

PhCCH,CFy

Ph Ph

H
2 NS ~ -~

CHoF  ~————— c=C
CCHe N,

H

‘XeF +

|
FXeOCOGFy F |
F

+

“0COCF 5

~C
_CCH,0C0CF;

N

H

C

PhCCH,OCOCF 5

Ph
NEoHF
H/

—

X%

PhCCHZF
PhCCH F

F

3 5

methylene chloride, washed with 10 mL of NaHCO; and water,
and dried over anhydrous sodium sulfate. The crude reaction
mixture was analyzed by *F NMR spectroscopy and GLC (the
experiment was repeated three times; the error in the determi-
nation of the composition was in the range of 2%). The compo-
sition of the reaction mixture was the following: 26% (2), 28%
(3),9% (4), 29% (5), 8% (6, relative yields). The crude reaction
mixture was separated by preparative GLC (SE-30, T = 100 °C)
and the following products were isolated.
1-Fluoro-1-phenyl-2-(trifluoromethyl)ethane (2): liquid
product (13%); NMR & 181.5 (m), dcp, 66.75 (dd), d¢cy, 2.58 (m),
dcn 5.64 ppm (ddd), %Jpy = 46.5 Hz, 3Jpy = 15 and 9 Hz, ey
= 18 and 9 Hz, °Jyy = 9 and 3 Hz; mass spectrum, caled for
CoHgF, m/e 192.0562, found m/e 192.0561, m/e 192 (M*, 38),
127 (14), 109 (100, PhCHF).
1,2-Difluore-1-phenylethane (3): liquid product (15%); NMR
5, 208.5 (dddd), 5, 247.5 (tt), b, 5.66 (m), by, 4.6 ppm (), 2ru
=48 HZ, JI‘\H =50 HZ JFF =16 Hz, JF1H2 =30 and 22 HZ, JFsz
= 16 Hz, ®Jyy,y, = 7 and 4 Hz; mass spectrum, caled for CgHgF,
m/e 142, 0603 found m/e 1420592, m/e 142 (M*, 33), 109 (100),
83 (7).
1-(Trifluoroacetoxy)-1-phenyl-2-(trifluoromethyl)ethane
(4): liquid product (5%); NMR 5ococr~*3 66.75 (s) bcr, 77.6 (1),
6CH 6.09 (dd) 50}12 2.79 pPpm (m), JCFgH =9 HZ JHH =9and 3
Hz; mass spectrum, caled for C;;HzO.Fs m/e 286.0428, found m/e
286.0429, m/e 286 (M*, 27), 203 (13), 173 (38), 172 (100, M*- -
CF4C00Q), 109 (100), 105 (14), 104 (17), 103 (18), 77 (33), 51 (30).
1-(Trifluoroacetoxy)-1-phenyl-2-fluoroethane (5): 11qu1d
product (18%); NMR 600001.« 77.25 (s) op 226 ppm (td), oy, 6
(ddd), 6y, 4.5 ppm (m), *Jpy = ’48 Hz, 3Jpy = 15 Hz, 33y = 6 and
3 Hz; mass spectrum, caled for C;;HgO.F, m/e 236.0460, found
m/e 236.0461, m/e 236 (M*, 44), 203 (M* — CH,F, 100), 175 (26),
127 (33), 123 (55), 105 (48), 103 (47), 77 (68), 51 (58).
1-Fluoro-1-phenyl-2-(trifluoroacetoxy)ethane (6): liquid
product {(4%); NMR &5 193.5 (m), 8ococr, 78 (s), 6y, 5.76 (ddd),
4, 4.6 ppm (m), %Jgy = 48 Hz, %Jyy = 6 and 3 Hz; mass spectrum,
aicd for C,o0HgO,F m/e 236.0460, found m /e 236.0460, m/e 236
(M*, 8), 177 (10), 122 (89), 109 (PhCHF, 100), 77 (13), 69 (32).
Fluorination of Diphenylacetylene. The fluorination pro-
cedure and workup were the same as in the case of styrene. The
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crude reaction mixture was separated by preparative GLC (SE
30, T = 160 °C), and some products were again chromatographed
on Carbowax 20M at T = 195 or 225 °C; the following products
were isolated.
1-(Trifluoromethyl)-2-(trifluoroacetoxy)-1,2-diphenyl-
ethene (8): solid product (4%); mp 75-78 °C; NMR bococr, 77.5
(s), dcp, 59 (8), dpy 7.2 ppm (m); mass spectrum, caled for Cyr-
H,,0, F" m/e 360.0584, found m/e 360.0594, m/e 360 (M*, 100),
263 (25) 215 (15), 194 (34), 178 (24), 165 (45), 105 (86), 77 (58).
1,1,2,2-Tetrafluoro-1,2-diphenylethane (9): solid product
(4%); mp 122-123 °C (lit." mp 119.3-120.5 °C); NMR 65 120 ppm
(br s); mass spectrum, caled for C,,H; F, m/e 254.0718, found
m/e 254.0726, m/e 254 (M*, 25), 127 (100), 77 (20).
1-Fluoro-2-(trifluoromethyl)-1,2-diphenylethene (10): oily
product (7%); NMR écp, 58 (d), o5 80 (@), py 7.5 ppm (m), *Jepr
= 12 Hz; mass spectrum, caled for C,sHoF, m/e 266.0718, found
m/e 266.0721, m/e 266 (M*, 100), 251 (15), 245 (13), 197 (41),
196 (40), 127 (12).
1-Fluoro-2-(trifluoroacetoxy)-1,2-diphenylethene (11): oily
product (3%); NMR éococr, 76 (8), 8 115 (s), épy, 7.3 ppm (m);
mass spectrum, caled for C,gH,,0,F, m/e 310.0617, found m/e
310.0616, m/e 310 (M*, 93), 213 (39), 185 (60), 127 (25), 105 (100),
77 (74), 53 (70).

(Trifluoromethyl)phenylphenylacetylene (12): first isomer,
solid product (10%), mp 90 °C; NMR ¢y, 64 (d), 8p;, 7.2 ppm (m);
mass spectrum, caled for C;HgF3 m/e 246.0656, found m/e
246.0660, m /e 246 (M*, 100), 245 (5), 226 (5), 176 (5), 98 (5); second
isomer, oily product (11%); NMR é¢p, 64.5 (br s), py, 7.25 ppm
(m); mass spectrum, caled for C,sHgF3 m/e 246.0656, found m/e
246.0660, m/e 246 (M™, 100), 245 (20), 226 (9), 196 (5), 176 (4),
169 (5), 98 (5).
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