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A New Convenient Synthetic Method for 3-Allyl-1,1,1-
trifluoroacetylacetone and its Derivatives

Yasuhiro Kamrrori, Masaru Holo*, Rydichi Masuoa, Toshihiko
Fusrrany, Takashi Kosuchi, Takayuki NISHIGAKT

Department of Industrial Chemistry, Faculty of Engincering, Kobe
University, Rokkodai, Kobe 657, Japan

Starting from the dimethyl acctal of acetone several 3-aliyl-1.1.:-
trifluoroacetylacetones (1) were synthesized in high yields by treatment with
trifluoroacetic anhydride, ether exchange reaction of the resulting f-
trifluoroacetyl-o-methylvinyl ether with allyl alcohols in the presence of silica
ael, followed by Claisen rearrangement. Reaction of 1 with hydrazine hydrate
gave an allyl-substituted pyrazole bearing a trifluoromethyl group in high
yield.

1,1,1-Trifluoroacetylacetone (1) has been known as ¢ unique
and useful chelating reagent to extract and separate various
metal cations'. High solubility toward most organic solvents
and readily sublimable nature of the metal chelates of 1 and
its derivatives are particularly useful for L.C. and G.L.C.
analysis of a variety of metal cations?. Compound 1 and its
derivatives have also been utilized as new N.M.R. shift
reagents®. At the same time 1 is expected to be an important
intermediate to prepare various heterocyclic comipounds
bearing a trifluoromethyl group, and as for medicinal
activity their specific nature attracts much attention in this
field*.

Recently, we reported that f-trifluoroacetylvinyl ether (2)
can be readily prepared from the dimethyl acetal of acetone
and trifluoroacetic anhydride in high yields®. Starting from
2. we have found the title compounds 1 bearing various
allylic groups can be prepared easily by ether exchange
reaction followed by Claisen rearrangement of the inter-
mediate allyloxy derivatives 3.

The ether exchange reaction (2—3) proceszded at the
refluxing temperature of tetrachloromethane in the presence
of silica gel and the methoxy group was easily replaced by the
desired allyloxy groups to give the corresponding 3 in high
yiclds (Table 1). This ether exchange can also be regarded asa
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vinylogous reaction of ester exchange of trifluoroacetates. In
the cascs of 3b, 3d, 3¢, and 3f subsequent Claisen reartange-
ment (3 - 1) occurred to some extent, giving these products
as mixtures with Ub, 1d, Le, and Lf, respectively. It seems
noteworthy that considerable amounts of sterically hindered
diketone 1d were produced under such a mild condition for
this cther cxchange reaction. Attempted reaction without
added silica gel resulted in poorer yields of 3 and most of the
starting material 2 was recovered together with the form-
ation of some unidentified materials.

Claisen rearrangement of 3a-3g proceeded cleanly at
100 -150°C and afforded the corresponding products 1a-1g
quantitatively (Table 2). Diketones la, 1¢ and le exist
partially as enols 1a’, 1¢ and 1¢’), respectively (by 'H-
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‘Table 1. Ether Exchange Reaction of 2 with Allyl Alcohols in the Presence of Silica Gel

éub-‘v';;)—(—i:cl 71:1(1 b.p. [°C]/torr® Molecular ‘H-N.lv\ll.R.“d (CDCl3/TMS;,)

strate  (Ratio) %] or m.p. [’C] Formula® 3[ppm]) - -

2w 3 97 xo“/m‘- CyH 1,0, 5.156.33 (m. 4H, CH=); 4.47 (d. 2H, CH,): 2.40 (s,
(194.2) 3H. CHy)

5.33-6.10 (m, 2H, CH=); 4.37 ¢d. 2H, CH,); 2.40 (s.

2b 3b+ b ~100 1107 CoH, 0,

@: 1) (208.2) 3H, CH) 176 (s, 3H, CHy)
2 3¢ 99 130°/25 CoHy 150, 570 (s, TH, CH=); 5.09 (s. 2H, CH,=); 440 (s. 2H,
(208.2) CH,): 2.4 (s, 3H, CH,): 1.81 (x,gH. 3‘}13‘)” @
1d 64 100°/50 Colly3F50, 5.67 (s, 1H, CH=); 5.40 (t, 1H. CH==); 4.47 (d, 2H.
u (31d :J;)e / 02 CH,): 240 (s, 3H, CHy): 170, 1.77 (br. 6H. CH,)
2¢ 3¢+ le 77 100°9 CoH, 0, 4.85-5.82 (m. 4H, CH== and CH); 2.40 (s, 3H. CH,):
1:4) (208.2) 1.25 (d, 3H, CH,) i
2f gf 1f 5510099 ¢, H,F,0, 5.50-5.90 (m, 3H, CH=); 480 (br. 1 H. CH): 2.40 (s
(5:3)° (234.2) AH. CH,); 1.13-2.20 (m, 6H. CH,)
26 3¢ 73 95" CreH 5150, 7.33(5, 5 Hypp); 3.98-6.95 (m, 3H. CH=); 4.63 (d. 2H.
(270.3) CH,); 2.43 (s, 3H, CH;) o
2h  3h 71 130°/15 CyoH 10, 7.34(s, SHy,o0); 5.80 (s, | H, CH=); 4.93 (s, 2H, CH,);
(244.2) 2.44 (s, 311, CH,)

* Oven temperature of ball-tube distillation. ]

® The microanalyses were in satisfactory agreement with the caleulated values: C +0.35, H +0.21, F +0.40.
¢ Al 'H-N.M.R. spectra were recorded at 60 MHz on JEOL PMX 6051

¢ In the casc of mixture (b, d, e, and f), chemical shifts for 3b. 3d, 3e, and 3f are recorded here.

¢ These were calculated on the basis of the "H-N. M. R. specira.

Table 2. Claisen Rearrangement of 3 to 1

Sub-  Products Yield

Molecular®

b.p. [CY/ 'H-N.M.R.© (CDCl,/TMS;,)
stratc  (Ratio) [Y%] torr® Formula d[ppm]
3a la + la’ 99 80°/55 CyH,F0, 16.07 (s, enol OI1); 4.80-6.03 (m, CH==); 4.13 (L, keto
(4:1) (194.2) CH); 3.13(d, enol CH,); 2.61 (t, keto CH,); 2.41 (s, enol
CHj;): 2.23 (s, keto CH3)
3b 1b 96 80°/13 C,H,F0, 4.83-6.06 (m, 3H, CH=); 4.11 (d. 1 H, CH); 2.76-3.47
(208.2) (m. 1TH, CH); 2.25,2.30 (s, 3H, CH,); 1,12, 1.09(d, 3H,
CH,)¢
3¢ le 4+ 1¢ 98 120°/20 CoH (F,0, 16.05 (s, enol OH): 4.70 (br. keto CH,==); 4.61 (br. enol
(1:1)¢ (208.2) CH,=); 4.27 (t, keto CH); 3.01 (s. enol CH;); 2759 (d,
keto CH,); 2.25 (s, keto CH3); 2.19 (s. enol CHy): 1,75
(s, keto CHy); 1.43 (s, enol CHy)
3d 1d 98 150°/80 CioH 350, 4.80-6.30(m, 3H, CH=):4.13 (s, IH.CH); 2.23 (s, 3 H,
(222.2) CHy); 1.20 (s, 6H, CH;)
3e le + ¢’ 96 90°/15 CyH, K0, 16.21 (s, enol OH); 5.17--5.85 (m, CH==); 4.09 (1. keto
(1:4)¢ (208.2) CH); 3.00 (br, enol CH,); 2.58 (1, keto CH,): 2.26 (s,
CH,); 1.62 (d, CH3)
3 If 99 130°/15 C,H 30, 517-6.03 (m, 2H, CH==); 4.04, 4.08 (d. 1H, CH)®;
(234.2) 2.83-3.40 (br, 1H, CH); 2.28 (5. 3H. CH,); 1.17-2.22
(m, 6H, CH,)
3 Ig 89 160°/10 €, H R0, 7.06-7.27(m, $H,,0n): 5.66- 6.21 (m, { H. CH=); 4.92-

(270.3) 5.25 (m, 2H, CH,=); 4.66 (d, 1 H, CH): 4.00-4.33 (m,
1H. CH); 2.32, 1.82 (s, 3H. CH,)*

* Oven temperature of ball tube distillation.

® The microanalyses were in satisfactory agreement with the calculated values: C +£0.41, H +0.32, F +0.37.
¢ All '"H-N.M.R. spectra were recorded on JEOL PMX 60SI.

These were calculated on the basis of 'H-N. M. R. spectra.

These products were the 1:1 mixtures of two diastercomers.

3

N.M.R.). The product le (containing 29% of 1€’y was  reflux temperature of tetrachloromethanc. After silica gel is filtered

successfully converted to pyrazole 4e in high yield by treating
it with hydrazine.

Ether Exchange Reaction of 2 with Allyl Alcohol; Typical Procedure:
Commercial grade silica gel (Wakogel C 300, for column chroma-
tography) is dried at 150--170°C for 3 h under reduced pressure (5
torr). To a suspension of dry silica gel thus prepared (1.0 g) in dry
carbon tetrachloride (8 ml), 2 (840 mg, 5 mmol) and allyl alcohol
(1.45 g, 25 mmol) are added and the mixture is stirred [or 48 hat the

off and washed thoroughly with dichloromethane;dicthyl cther (1,1,
30 ml), washings and the filirates are combined. Removal of the
solvent and ball tube distillation (oven temperature 80 °C/10 torr) of
the residual material afford pure 3a; yield: 941 mg (97%).
CgHoF30, cale. C49.49 H 467 F29.36

(194.2) found  49.14 4.87 29.70

In the casc of the reaction of 2 with cinnamyl alcohol o yield 3 g, the
raw product is purified by silica gel column chromatography
(benzene) followed by recrystallization from carbon tetrachloride,
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Claisen Rearrangement of 3a; Typical Procedure:

In a nitrogen-flushed sealed tube, 3a (194 mg, 1 mmol) is heated for
18 hat 150°C. The raw product 1a is essentially purc by 'H-N.M.R.
Further purification for microanalysis is carried out by ball tube
distillation (oven temperature 80 °C/55 torr) to afford pure 1 a, yield:
192 mg (99 %).

CgH F,0, cale. C4949 H 4.67 F 29.36

(194.2) found 49.21 442 2955

Pyrazole 4e:

To a solution of 1e (250 mg, 1.201 mmol) in dry ethanol (1) ml) is
added hydrazine hydrate (60.1 mg, 1.201 mmol). The mixture is
stirred for 40 min at 20°C and for another 2h at the reflux
temperature. After cooling the mixture is poured onto saturated
aqueous sodium chloride (100 ml) and the organic layer is extracted
with diethyl ether (2x20ml). The cther layer is dried with
magnesium sulfate and the solvent is removed by evaporation. Ball
tube distillation (oven temperature 130°C/6 torr) affords pure de;
vield: 218 mg (89 %).

CoH, F3N, cale. C5294 H 543 N 1372 F 2791

(204.2) found 52.75 5.64 13.62 27.9%
"H-N.M.R. (CDCl3): 6 = 1.16(br, 3 H); 2.19 (s. 3 H); 3.04--3.30 (br.
2 H): 5.34-5.48 (m, 2H); 7.42 ppm (br, 1 H).
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