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SUMMARY

Hexafluoroacetone (HFA) reacted regiospecifically with
various enol silyl ethers at -30 to -35°C in the presence of a
Lewis acid to give HFA aldols, or oa-bis(trifluoromethyl)hydroxy-~
methyl carbonyl compounds, in good yields. The reaction of HFA
with dienol silyl ethers, on the other hand, cleanly proceeded
even in the absence of a Lewis acid to provide [4+2]cycload-
ducts, or bistrifluoromethylated tetrahydropyran-4-one deriva-
tives, gquantitatively. The former HFA aldols were converted in
excellent yields into a-hexafluoroisopropylidene ketones by the

action of methyl chlorosulfite and pyridine.

INTRODUCTION

Hexafluoroacetone (HFA) is known to undergo Lewis acid-
catalyzed or thermal Friedel-Crafts type reactions with aromatic
[1,3] or vinylic compounds [2,3], giving 1:1 adducts of HFA, or
bis(trifluoromethyl)hydroxymethyl derivatives, in fair to good
yields. The product obtained in these reactions is, however,
usually an isomeric mixture and frequently contaminated with
di~- and tri-adducts. Although the reactions of HFA with metal
enolates derived from a variety of carbonyl compounds have been

examined (3] and found to be usable for preparing aldols or re-
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lated derivatives of HFA, their regiospecificity is generally
low and, moreover, they are often accompanied by side reactions
such as self-condensation or polyaldol condensation.

In addition to these disadvantages, there is another factor
that has limited the synthetic application of the reactions of
HFA; the bis(trifluoromethyl)hydroxymethyl compounds obtained in
the above reactions are so resistant to dehydration that it is
extremely difficult to convert them into more useful, versatile
derivatives. In fact, no methods for converting an HFA aldol
into an a,f-unsaturated carbonyl compound have appeared in the
literature, except for a limited number of specific systems [4].

In studies to extend the use of HFA and other fluorinated
compounds as a starting material for regio- or stereospecifical-
ly introducing a perfluoroalkyl or related groups into organic
molecules, we have now found that HFA reacts regiospecifically
with enol silyl ethers in the presence of a Lewis acid, and the
products can be dehydrated with methyl chlorosulfite and pyridine
under very mild conditions. This reaction sequence gives good
yields of a~hexafluoroisopropylidene ketones, which otherwise
are often very troublesome to prepare. It has also been found
that bistrifluoromethylated tetrahydropyran-4-ones can be pre-
pared in excellent yields by the regiospecific 1,4-addition of
HFA to dienol silyl ethers.

RESULTS AND DISCUSSION

Reaction of HFA with enol silyl ethers (1)

Under the influence of a Lewis acid, HFA readily reacted
with a variety of enol silyl ethers (1) at -30 to -35°C to give
crossed aldols (2) between HFA and the corresponding carbonyl
compound [5]. Among the Lewis acids used in the present study,
stannic chloride and titanium tetrachloride were the most effec-
tive in catalyzing this reaction. Other Lewis acids such as
aluminum trichloride, boron trifluoride diethyl etherate, or
zinc chloride caused either considerable decrease in yields of
aldol products or self-condensation of the carbonyl compound

corresponding to the starting enol silyl ether. Thus, the
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treatment of HFA with l-trimethylsiloxycyclohexene (lh) in the
presence of aluminum trichloride gave a 30% yield of 2-cyclo-
hexylidenecyclohexanone, in addition to a small amount of 2-
[bis{trifluoromethyl)hydroxymethyllcyclohexanone (2h). The use
of boron trifluoride diethyl etherate depressed the formation of
the former but the yield of the latter increased only slightly.
On examination of the reaction conditions, the optimum molar
ratio of stannic chloride:HFA:enol silyl ether (1), reaction
temperature, and reaction time have been found to be 35:30:40,
-30 to -35°C, and 2-3 h, respectively. The results of the
reactions effected under these conditions are summarized in
Table 1, together with some physical properties of the products.
Since the use of a solvent generally resulted in a substantial
decrease of the yield, all reactions were conducted without a
solvent, except for l-trimethylsiloxystyrene (lf) which under-
went polymerization under the reaction conditions. In this
particular case, a better yield (56%) was obtained when THF was
used as a solvent.

As can be seen from Table 1, this reaction has several char-

acteristic features. Firstly, the reactions proceed smoothly at
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low temperature to provide crossed aldols of HFA in good yields
and neither polyaldol condensation products nor self-~condensa-
tion products are formed at all. Phenyl-substituted enol silyl
ethers (lf and lg) react selectively on their enol double bond,
not on the phenyl ring. Secondly, this Lewis acid-catalyzed
reaction takes place in a regiospecific manner at the olefinic
position of enol silyl ethers, as evidenced by the difference in
the stereochemical outcome of the reactions of two structural
isomers of enol silyl ethers prepared from 3-methyl-2-butanone,
i.e., 3-methyl-2-trimethylsiloxy-l-butene (lc) and 2-methyl-3-
trimethylsiloxy-2-butene (1d), with HFA. Enol silyl ether lc
reacted with HFA to give l-[bis(trifluoromethyl)hydroxymethyl]-
3-methyl-2-butanone (2c) in 66% yield, whereas enol silyl ether
1d and HFA afforded 3-[bis(trifluoromethyl)hydroxymethyl]-3-
methyl-2-butanone (2d) in 58% yield exclusively.

In the reaction of HFA with 4-tert-butyl-l-trimethylsiloxy-
cyclohexene (lj) were formed both of the two possible stereo-
isomers of the aldol product, i.e., cis- and trans-2-[bis(tri-
fluoromethyl) hydroxymethyl]-4-tert-butylcyclohexanone (2j), in
the ratio of 95:5. The 12
showed two quartets (J = 10.0 Hz) at 2.14 and 6.53 ppm due to
the former and additional two quartets (J = 10.0 Hz) at 2.84 and

5.70 ppm due to the latter. The lH NMR spectrum of the cis-iso-

F NMR spectrum of the reaction mixXture

mer [6] revealed that the 2-hydrogen is coupled with the adjacent
two ring hydrogens with coupling constants of 10.5 and 4.2 Hz.
The stereochemical result observed in this reaction cannot
necessarily reflect the original stereochemical course of the
reaction, because the trans-isomer can be isomerized to the
thermodynamically more stable cis-isomer during the reaction.

Reaction of HFA aldols (2) with methyl chlorosulfite

a-Bis(trifluoromethyl) hydroxymethyl carbonyl compounds thus
obtained are known to have much resistance to dehydration and,
in fact, it was extremely difficult to convert them into the
corresponding a,B-unsaturated carbonyl compounds by conventional
methods [7]. Out of a variety of dehydration agents examined in
the present study, methyl chlorosulfite was found to be the most



effective; the treatment of the HFA aldols with methyl chloro-
sulfite and pyridine below room temperature gave a-hexafluoro-
isopropylidene carbonyl compounds in good to excellent yields,

as shown in Table 2.
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Probably this reaction involves the formation of methyl
sulfites from HFA aldols and methyl chlorosulfite, followed by
stepwise or synchronous decomposition of the sulfites to the
products. When a base such as pyridine was absent, the reaction
did not occur, resulting in the recovery of the starting aldol.
It seems that the hydrogen to be eliminated in the reaction must
be activated in the molecule. a,o0-Bis(trifluoromethyl) alcohols
such as 1,l-bis{(trifluoromethyl)-2-phenylethanol, in which the
hydrogen to be eliminated is not activated, could not be de-
hydrated under the above-described conditions. Unfortunately,
the HFA aldols derived from aldehydes did not undergo dehydra-
tion, in spite of a hydrogen activated by a carbonyl function
being present in the molecule. The combined sequence described
herein, i.e., aldolization of HFA using enol silyl ethers and
successive dehydration of the aldols, provides a useful method
for the regiospecific preparation of o-hexafluoroisopropylidene
ketones.

Hexafluorinated pulegone (6) was synthesized as an applica-
tion of this combined sequence. Thus, HFA was treated with 2-
trimethylsiloxy-1,3-cyclohexadiene (7a) in the presence of
titanium tetrachloride, followed by hydrolysis with 20% HCl, to
give 6-[bis(trifluoromethyl)hydroxymethyl]-2-cyclohexenone (4)
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in 70% isolated yield. This HFA aldol was allowed to react with
2 equiv of lithium dimethylcuprate in diethyl ether to convert
it into 2-[bis(trifluoromethyl)hydroxymethyl]-5-methylcyclo-
hexanone (5), whose isolated yield was 90%. The treatment of
the methylated aldol 5 with methyl chlorosulfite and pyridine
produced the fluorinated pulegone, 2-hexafluoroisopropylidene-5-

methylcyclohexanone (g), in 76% isolated yield.

Reaction of HFA with dienol silyl ethers (7)

During the course of the studies on the preparation of
fluorinated pulegone described above, it was noticed that in the
reaction of HFA with dienol silyl ether 7a, 1,4-cycloadduct (8a)
could be obtained in 35% yield, in addition to the corresponding
aldol (4), from the reaction mixture before acidic treatment.
The adduct 8a could be converted into the aldol 4 by the treat-
ment with 20% HC1l at 95°C. This finding prompted us to examine
the reaction of HFA with a variety of dienol silyl ethers (7).
The reactions were found to proceed even in the absence of a
Lewis acid at -40 to -45°C, giving the corresponding 1l,4-cyclo-
adducts (8) as the sole product. The results are summarized in
Table 3. 1In view of the extremely low reactivity of HFA toward
ordinary dienes [8], it seems to be noted that HFA is highly
reactive toward the dienol silyl ethers. It is also to be noted

that all addition reactions occurred with regiospecificity; the
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addition occurs in such a mode that is expected from directions
of polarization of the carbonyl group in HFA and of the double
bond in the dienol silyl ether. The cycloadducts (8) thus ob-
tained were easily hydrolyzed with 10% HCl at room temperature
to give bistrifluoromethylated tetrahydropyran-4-one derivatives

(9), which otherwise are difficult to prepare.

EXPERIMENTAL

All boiling and melting points are uncorrected. Infrared
(IR) spectra were recorded on a Shimadzu IR-400 infrared spec-
trometer. A Varian EM-390 spectrometer was used to measure lH
and 19F NMR spectra for solutions in CCl4. Proton and fluorine
chemical shifts are expressed in parts per million downfield
from internal tetramethylsilane and from external trifluoro-
acetic acid, respectively. Mass (MS) spectra were taken on a
Hitachi RMS-4 mass spectrometer at an ionization potential of
70 eV. Gas chromatographic analyses were performed with a
Shimadzu GC-6A or a Jeolco JGC-20KT gas chromatograph.

All chemicals are of reagent grade and, if necessary, were
distilled prior to use. Enol silyl ethers (1) and dienol silyl
ethers (7) were prepared according to the reported methods [9].

General procedure for the reaction of HFA with enol silyl ethers
(1)

Stannic chloride (35 mmol) was placed in a four-necked
flask equipped with a mechanical stirrer, a condenser, a ther-
mometer, and an inlet tube for HFA. The flask was cooled to
-30°C, and to it was introduced HFA (30 mmol). After the intro-
duction was complete, the inlet tube was replaced with a drop-
ping funnel, through which an enol silyl ether (1) (40 mmol) was
dropwise added to the mixture at such a rate that the tempera-
ture did not rise above -30°C. The reaction mixture was stirred
at -30 to -35°C for several hours until the refluxing of HFA
ceased. The mixture was warmed up to room temperature and the

reaction was guenched with water. The resultant solution was
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extracted with pentane. The extracts were washed with a satu-
rated NaCl solution, dried over anhydrous sodium sulfate, and
concentrated by use of a rotary evaporator. The residual oil
was distilled under reduced pressure to give aldol (2). All
boiling points listed in Table 1 are oven temperature on a

Kugelrohr distillation apparatus.

2-[Bis (trifluoromethyl)hydroxymethyllbutanal (2a)

71% yield; IR (film) 3335, 2970, 2880, 1720, 1466, 1390,
1233, 1140, 1092, 1019, 959, 849, 780, 717 cm—l; lH NMR § 1.03
(t, 3 = 7.4 Hz, 3H), 1.93 (dq, J = 7.4 and 7.4 Hz, 2H), 2.74
(br t, J = 7.4 Hz, 1H), 4.88 (s, 1H), and 9.72 (br s, 1H); “°F
NMR & 3.56 (g, J = 9.7 Hz, 3F) and 5.62 (g, J = 9.7 Hz, 3F); MS
m/e (relative intensity) no parent to 238, 210 (67), 172 (57),
150 (14), 145 (26), 141 (lo00), 123 (46), 121 (24), 103 (70), 97
(30), 91 (2L1), 77 (28), 73 (39), 71 (50), 69 (8B2).

2- (Bis (trifluoromethyl) hydroxymethyl]-2-methylpropanal (2b)

72% yield; IR (KBr) 3280, 1710, 1273, 1210, 1122, 1033,
11

1010, 970, 944, 900, 820, 750, 717, 690 cm *; *H NMR & 1.39 (s,
6H), 5.38 (br s, 1H), and 9.68 (s, 1H); '°F NMR 6 7.9-8.1 (br
s, 6F).

1- [Bis (trifluoromethyl) hydroxymethyl]-3-methyl-2-butanone
@)

66% yield; IR (film) 3310, 2975, 1702, 1470, 1320, 1200,
1090, 1047, 1023, 965, 710, 700 cm Y; “H NMR & 1.16 (4, J = 7.0
Hz, 6H), 2.67 (sept, J = 7.0 Hz, 1H), 2.92 (s, 2H), and 6.70 (br
s, 1H); L9F NMR 8§ 2.27 (s, 6F); MS m/e (relative intensity) no
parent to 252, 209 (83), 191 (9), 181 (21), 16l (19), 147 (5),

111 (6), 97 (12), 73 (7), 71 (l00), 69 {(25).

3-[Bis (trifluoromethyl) hydroxymethyl]-3-methyl-2-butanone
(2d),

58% yield; IR (film) 3200, 2990, 1690, 1482, 1420, 1365,
1200, 1018, 965, 945, 892, 845, 765, 735, 717 cm_l; 'h MR 6

1.47 (s, 6H), 2.31 (s, 3H), and 7.20 (s, 1H); 1°F NMR 6 8.72
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(s, 6F); MS m/e (relative intensity) 252 (M%, 1), 221 (15), 209

(48), 145 (20), 139 (23), 111 (13), 97 (35), 86 (17), 85 (22),
77 (13), 71 (73), 69 (1l00), 65 (12), 61 (27).

2~ [Bis (trifluoromethyl) hydroxymethyl]-3-pentanone (2e)

74% yield; IR (film) 3300, 2975, 1700, 1460, 1240, 1170,
1100, 1072, 1021, 998, 958, 928, 712 om *; H MR § 1.10 (t, J
= 7.0 Hz, 3H), 1.34 (dq, J = 7.0 and 1.4 Hz, 3H), 2.60 (q, J =
7.0 Hz, 2H), 3.15 (q, J = 7.0 Hz, 1H), and 6.34 (s, 1H); *7F NMR
§ 3.10 (g, J = 11.2 Hz, 3F) and 5.73 (dg, J = 11.2 and 1.4 Hz,
3F); MS m/e (relative intensity) no parent to 252, 223 (7), 175

(7), 147 (4), 125 (12), 97 (3), 69 (7), 57 (1l00).

a=[Bis (trifluoromethyl)hydroxymethyl]acetophenone (2f)

56% yield; IR (£ilm) 3285, 3055, 2925, 1668, 1600, 1580,
1452, 1355, 1320, 1220, 1032, 1010, 965, 847, 752, 712, 680 cm ™ ;
lH NMR § 3.45 (s, 2H), 6.8-7.1 (br s, 1H), and 7.3-8.2 (m, 5H);
lgF NMR § 0.72 (s, 6F); MS m/e (relative intensity) 286 (M+, 7,
268 (2), 147 (5), 120 (5), 105 (100), 77 (34), 69 (5).

a-[Bis (trifluoromethyl)hydroxymethyl]propiophenone (29g)

67% yield; IR (film) 3275, 3060, 2980, 1667, 1600, 1581,
1451, 1390, 1353, 1233, 1162, 1076, 1000, 980, 932, 761, 720,
700, 681 cm™Y; 1H NMR 6 1.44 (dq, J = 7.0 and 2.0 Hz, 3H), 4.06
(@, 3 = 7.0 Hz, 1H), 6.76 (s, 1H), and 7.3-8.2 (m, SH); L°F NMR
6 3.38 (g, J = 11.0 Hz, 3F) and 5.51 (br g, J = 11.0 Hz, 3F); MS
m/e (relative intensity) no parent to 300, 286 (2), 134 (3), 133

(2), 105 (100), 77 (32), 69 (3).

2~ [Bis{trifluoromethyl) hydroxymethyllcyclohexanone (2h)

72% yield; IR (film) 3280, 2950, 1700, 1450, 1232, 1148,
1084, 1044, 1020, 724, 715, 660 cm™Y; “H NMR § 1.2-3.3 (m, 9H)
and 6.91 (s, 1H); 1%F NMR 6§ 2.20 (q, J = 10.3 Hz, 3F) and 6.41
(g, J = 10.3 Hz, 3F); MS m/e (relative intensity) 264 (M', 19),
246 (3), 236 (7), 235 (9), 221 (4), 195 (11), 177 (4), 151 (4),

125 (8), 97 (28), 83 (1l0), 79 (9), 70 (8), 69 (26), 55 (100).
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2-[Bis (trifluoromethyl)hydroxymethyl]lcyclopentanone (2i)

83% yield; IR (film) 3400, 2967, 2880, 1725, 1450, 1407,
1320, 1235, 1140, 1072, 1040, 950, 890, 742, 720 cm™Y; 1H NMR §
1.3-3.0 (m, 7H) and 6.67 (s, 1H); 17F NMR 6 0.87 (g, J = 9.4 Hz,
3F) and 6.67 (g, J = 9.4 Hz, 3F); MS m/e (relative intensity)
250 (M+, 16), 190 (2), 181 (4), 153 (6), 135 (5), 125 (9), 115

(9), 83 (5), 69 (13), 60 (8), 57 (5), 55 (100).

2-[Bis(trifluoromethyl)hydroxymethyl}-4-tert-butylcyclo-

hexanone (23j)

70% yield; IR (film) 3300, 2980, 1705, 1455, 1372, 1230,
1.1

1145, 1090, 1066, 1030, 995, 959, 939, 720 cm 1; lH NMR & 1.1-
2.8 (m, 7H), 3.15 (dd, J = 10.5 and 4.2 Hz, 1lH), and 6.92 (s,
1H) for cis-isomer; 1°F NMR § 2.14 (g, J = 10.0 Hz, 3F) and 6.53

(g, J = 10.0 Hz, 3F) for cis-isomer, 2.84 (g, J = 10.0 Hz, 3F)
and 5.70 (g, J = 10.0 Hz, 3F) for trans-isomer.

General procedure for the dehydration of HFA aldols (2) using
methyl chlorosulfite

To a solution of an HFA aldol (10 mmol) and pyridine (40
mmol) in anhydrous THF, cooled to -5 to -10°C by immersing in an
ice-salt bath, was added dropwise methyl chlorosulfite (80 mmol).
This mixture was stirred below room temperature for 12 h and,
thereafter, additional pyridine (40 mmol) and methyl chloro-
sulfite (80 mmol) were introduced to the reaction mixture at -5
to -10°C. This addition was repeated twice every twelve hours.
The reaction mixture was then poured into water and the result-
ant solution was extracted with pentane. The extracts were
dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure. The residue was distilled by use of a
Kugelrohr apparatus to afford o-hexafluoroisopropylidene ketone
(3).
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2~Hexafluoroisopropylidene~-3-pentanone (3e)

62% yield; IR (film) 2980, 1720, 1660, 1450, 1416, 1340,
1260, 1220, 1155, 1080, 1010, 952, 800, 743, 708 cm ¥; 'H NMR &
1.15 (¢, J = 7.4 Hz, 3H), 2.1-2.4 (m, 3H), and 2.57 (q, J = 7.4
Hz, 2H); '°F NMR 6 18.4-18.9 (m, 3F) and 19.1-19.6 (m, 3F); MS
m/e (relative intensity) 234 (M+, 18), 215 (1o00), 177 (69), 157

(43), 137 (15), 113 (15), 89 (9), 77 (8), 75 (8), 69 (28).

a-Hexafluoroisopropylideneacetophenone (3f)

85% yield; IR (film) 3070, 3025, 1680, 1600, 1580, 1452,
1382, 1320, 1220, 1042, 1022, 980, 932, 901, 784, 756, 722, 687,
674 cm™Y; H NMR § 7.3-7.9 (m, 6H); %F NMR § 14.1 (q, J = 6.7
Hz, 3F) and 18.6 (q, J = 6.7 Hz, 3F); MS m/e (relative intensity)
268 (M+, 42), 249 (6), 201 (5), 151 (5), 105 (100), 79 (7), 77

(38), 75 (7), 69 (8), 57 (11).

a-Hexafluoroisopropylidenepropiophenone (39)

79% yield; IR (film) 3065, 2935, 1683, 1599, 1581, 1452,
1346, 1326, 1254, 1217, 1157, 1126, 1096, 1034, 950, 738, 718,
699, 682 om™Y; ' NMR § 2.2-2.3 (m, 3H) and 7.3-8.0 (m, 5H); 17F
NMR & 19.7-20.2 (m, 3F) and 20.5-21.0 (m, 3F); MS m/e (relative
intensity) 282 (M¥, 8), 263 (2), 215 (2), 105 (100), 77 (36),

69 (3), 57 (3}).

2-Hexafluoroisopropylidenecyclohexanone (3h)

77% yield; IR (Nujol) 1710, 1670, 1412, 1277, 1250, 1210,
1136, 1110, 1080, 972, 912, 833, 738, 714, 690 cm_l; 1y nMR §
1.8-2.2 (m, 4H) and 2.5-3.0 (m, 4H); '°F NMR § 20.3 (q, J = 8.6

Hz, 3F) and 21.3 (g, J = 8.6 Hz, 3F).

2-Hexafluoroisopropylidenecyclopentanone (3i)

84% yield; IR (film) 2950, 2900, 1745, 1653, 1408, 1335,
1247, 1218, 1160, 1070, 1016, 953, 919, 879, 817, 792, 742, 702
cm™; H ONMR § 1.9-2.3 (m, 2H), 2.3-2.6 (m, 2H), and 2.9-3.2 (m,
20); 19F mMR § 19.4 (q, J = 9.5 Hz, 3F) and 20.8 (dq, J = 9.5
and 1.4 Hz, 3F); MS m/e (relative intensity) 232 (M', 29), 204

(15), 176 (42), 171 (le6), 163 (15), 79 (10), 69 (17), 55 (100).
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Preparation of hexafluorinated pulegone (6)

To a solution of titanium tetrachloride (35 mmol) and HFA
(30 mmol) in THF (20 ml) was added slowly l-trimethylsiloxy-1,3-
cyclohexadiene (25 mmol) at -45°C. This mixture was stirred at
-40 to -45°C for several hours and then water was added to it.
The resulting solution was extracted with ether and the extracts
were dried over anhydrous sodium sulfate, filtered, and concen-
trated. The residual oil was dissolved in a solution of 20% HCl
(20 ml) and dioxane (20 ml). After being stirred at 95°C for
24 h, the mixture was poured into water, followed by extraction
with ether. The ethereal extracts were dried, filtered, and
concentrated in vacuum. The residual oil was distilled to give
6- [bis (trifluoromethyl) hydroxymethyl]-2-cyclohexenone (4) in 70%
yield: bp 76-~78°C (4 mmHg); mp 55.0-56.0°C; IR (KBr) 3150, 2950,
1648, 1460, 1415, 1397, 1314, 1133, 1082, 991, 940, 921, 719
em™; 1H NMR § 1.9-3.2 (m, 5H), 6.07 (d, J = 10.2 Hz, 1H), 7.0~
7.3 (m, 1H), and 8.85 (s, 1H); 1°F NMR & 2.74 (q, J = 9.6 Hz,
3F) and 7.02 (g, J = 9.6 Hz, 3F). To a solution of lithium di-
methylcuprate (35 mmol) in anhydrous ether (15 ml) was added a
solution of aldol 4 (10 mmol) in ether (5 ml) at -50°C. This
mixture was stirred at the same temperature for 20 min and then
warmed up to room temperature. After being stirred at room tem-
perature for 40 min, the reaction mixture was acidified with a
saturated solution of ammonium chloride, followed by treatment
with sodium sulfite. This solution was extracted with ether and
the extracts were dried, filtered, and concentrated. Distilla-
tion of the residual oil gave 2-{[bis(trifluoromethyl)hydroxy-
methyl}-5-methylcyclohexanone (5) in 90% yield: bp 83-86°C (4
mmHg) ; IR (film) 3290, 2960, 1700, 1457, 1392, 1321, 1261, 1210,
1147, 1103, 1082, 1045, 1017, 1005, 938, 873, 742, 735 cm =; 'H
NMR 8 0.7-3.0 (m, 8H), 1.08 (d, J = 5.4 Hz, 3H), and 6.96 (s,
1H); 19F NMR 6 2.32 (q, J = 10.3 Hz, 3F) and 6.52 (q, J = 10.3
Hz, 3F). By the treatment of this aldol (5) with methyl chloro-
sulfite as described above, hexafluorinated pulegone, i.e., 2-
hexafluoroisopropylidene-5-methylcyclohexanone (6) was obtained
in 76% yield: bp 86-89°C (16 mmHg); IR (film) 2960, 1720, 1655,
1452, 1347, 1321, 1270, 1206, 1082, 1056, 1024, 957, 902, 887,
733, 709 em™Y; 1H NMR 6 0.7-3.3 (m, 7H) and 1.34 (4, J = 6.0 Hz,
38); 19F NMR 6 20.2 (g, J = 8.5 Hz, 3F) and 21.3 (g, J = 8.5 Hz,
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3F); MS m/e (relative intensity) 260 (M+, 11), 245 (3), 232 (18),
217 (9), 176 (9), 163 (13), 121 (5), 109 (8), 95 (8), 81 (7),
73 (6), 71 (9), 69 (100), 65 (6).

General procedure for the reaction of HFA with dienol silyl
ethers (7)

Into a dienol silyl ether (20 mmol), cooled to -40 to -45°C,
was introduced HFA (30 mmol) under a nitrogen atmosphere. The
mixture was kept at this temperature with stirring for 2 h and
was distilled under reduced pressure to give cycloadduct (8) in
quantitative yield. The treatment of this adduct with 10% HCl
at room temperature afforded 2,2-bis(trifluoromethyl)tetrahydro-

pyran-4-one derivative (9).

3,3~-Bis(trifluoromethyl)~-2-oxabicyclo[2.2.2]octan-5-0one

(9a)

76% yield; bp 67-70°C (4 mmHg); IR (film) 2950, 1748, 1452,
1400, 1290, 1222, 1144, 1120, 1103, 1052, 1014, 980, 958, 912,
876, 827, 718 cm™t; lH NMR § 1.6-2.6 (m, 5H), 2.7-3.0 (m, 2H),
and 4.5-4.7 (m, 1H); '°F NMR § 3.43 (q, J = 11.4 Hz, 3F) and
6.47 (g, J = 11.4 Hz, 3F); MS m/e (relative intensity) 262 (M+,
32), 234 (8), 220 (16), 203 (5), 187 (), 172 (7), 171 (9), 151
(11), 147 (21), 131 (15), 103 (17), 97 (13), 73 (14), 69 (29),
68 (40), 57 (11), 55 (100).

2,2-Bis (trifluoromethyl) tetrahydropyran-4-one (9b)

59% yield; bp 86-89°C (46 mmHg); IR (film) 2930, 1748, 1425,
1400, 1337, 1278, 1210, 1149, 1129, 1086, 1067, 1003, 962, 953,
872, 848, 714 cm™ %; 1n NMR 6 2.57 (t, J = 6.0 Hz, 2H), 2.83 (s,

2H), and 4.33 (t, J = 6.0 Hz, 2H); °F NMR & -0.71 (s, 6F).

3,3-Bis (trifluoromethyl)-2-oxabicyclo[4.3.0]nonan-5-one
9¢)

79% yield; bp 93-97°C (14 mmHg); IR (film) 2970, 2880, 1725,
1432, 1323, 1205, 1093, 1058, 1037, 1012, 992, 944, 929, 719,
701 em™Y; 1H NMR 6 1.5-2.9 (m, 7H), 2.77 (s, 2H), and 4.7-5.0

(m, 1H); 1%F NMR & 0.27 (q, J = 9.4 Hz, 3F) and 3.18 (g, J = 9.4
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Hz, 3F); MS m/e (relative intensity) 276 (M+, 6), 248 (7), 235
(30), 139 (4), 95 (13), 84 (lo0), 83 (lo), 69 (19), 68 (100), 67
(66), 57 (13).

5,5-Bis (trifluoromethyl)-3-trimethylsiloxy-4-oxacyclohexene
(8a)

91% yield; bp 105-107°C (66 mmHg); IR (film) 2970, 2900,
1644, 1446, 1407, 1354, 1302, 1256, 1214, 1140, 1056, 1014, 958,
886, 869, 848, 757, 704 cm Y; TH NMR 6 0.20 (s, 9H), 2.4-2.6 (m,
2H), 5.54 (br s, 1H), and 5.84 (br s, 2H); '°F NMR § 1.62 (s,
6F); MS m/e (relative intensity) 308 (M', 16), 293 (31), 197 (5),
169 (14), 151 (7), 129 (6), 121 (12), 10l (5), 97 (6), 77 (38),

75 (17), 73 (100), 69 (15).

Analytical

The elemental analyses of 2a-i, 3e-i, 6, and %a-c gave

satisfactory results, which are listed in Table 4.
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