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Synthesis of ethyl 3-oxo-2-(3,4,5-trifluoro-2,6-dirnethoxybenzoyl)butyrate 
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Ethyl acetoacetate was acylated with 3,4,5-tdfluoro-2,6-dimethoxybenzoyl chloride to 
give, for the first time, ethyl 3-oxo-2-(3,4,5-trifluoro-2,6-dimethoxybenzoyl)butyrate and its 
copper chelate. The title compound was used for the synthesis of 6,7,8-trifluoro-5-hydroxy- 
2-methylchromone, I-(3,4,5-trifluoro-2.6-dimethoxyphenyl)butane-1,3-dione. and its copper 
chelate. 
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Fluoroaryl-containing 13,13"-tricarbonyl compounds 
are valuable starting reagents for the synthesis of  various 
13-oxo esters, 13-diketones, and fluorinated benzopyrones 
(chromones and flavones), t - 4  At present, only their 
pentaf luorobenzoyl  der ivat ives  are known, because 
13-dicarbonyl compounds  were acyla ted  only with 
pentafluorobenzoyl chloride, z -5  

Recently,  we have developed a preparative method 
for the synthesis of  3,4,5-tr if luoro-2,6-dimethoxybenzoic 
acid (1) by selective ortho-methoxylation of penta-  
fluorobenzoic acid. 6 The reaction of acid i with PCI 5 
resulted in 3,4,5-tr if iuoro-2,6-dimethoxybenzoyl chlo- 
ride (2),  which further was used to acylate ethyl 
acetoacetate,  it is known that ethyl acetoacetate reacts 
with C6FsCOCI to give 3 -e thoxycarbony l -5 ,6 ,7 ,8 -  
te t raf luoro-2-methylchromone,  z.3.7 Acylation of  ethyl 
acetoacetate with chloride 2 (containing no ortho-fluo- 
rine atoms) in the presence of  (EtO)2Mg affords ethyl 
3-oxo- 2- (3,4.5-tr if luoro-2,6-dimet hoxybenzoyl)butyrate 
(3). When treated with copper  acetate, 13,13"-dioxo ester 
3 yields copper  chelate (4) (Scheme I). 

13,13"-Dioxo ester 3 is virtually completely enolized 
and exists as one of the theoretically possible tautomers 
(its ~H and 19F NMR spectra recorded in CDCI 3 show 
only one set of signals). Thus the ~H NMR spectrum 
contains no signal from the methine proton of  a ketone 
form and exhibits a broadened low-field singlet from the 
enolic proton at ~5 17.63 (Table I). The chemical shift 
value for the latter indicates a strong intramoleeular 
hydrogen bond in this 13,13"-dioxo ester. Its IR spectrum 
shows only one high-frequency absorption band at 
1720 cm -~ corresponding to the stretching vibrations of  
a free keto group; in addit ion,  two absorption bands 
from the enolized ~-dicarbonyl fragment appear at 1625 
and 1485 cm -1. 

it should be noted that alkyl 2-(f luoroacyl)aceto-  
acetates are also completely enolized,  8 but. unlike c o m -  
pound 3, they exist as a mixture of  two enol forms with a 
tautomer having a chelated ester group predominant .  

When heated with 40% HBr at 100 ~ for 3 h, 
13,]3"-dioxo ester 3 undergoes ketone splitting to give 
13-diketone (5), from which copper  chelate (6) was 
obtained. Longer heating yields chromone (7). The lat ter  

Scheme 1 

MeO F 

0 F 

MeO F 

+ 

HBr 

X = H  l 6 h  

OH 0 

F 
7 

X = H / HBr 
3h  

X = H (3, 5); Cu (4. 6) 

M ~ O E t  . 

0... H 0 1Mg(OEt)2 

F ,o. o 

O~.X ...0 OMe 

3,4 

I HBr 
F 

M e ~ F  

O.~X...O OMe 

5 , 6  

Translated from lzvestiya Akademii Nauk. Seriya Khimicheskaya, No. 6, pp. 1096--1098, June. 2000. 

1066-5285/00/4906-1090 $25.00 �9 2000 Kluwer Academic/Plenum Publishers 



Synthesis  of  bu tyra te  Russ.Chem.Bull,, Vol. 49, No. 6, June, 2000 1091 

R 
x M e O . . ~ O M e  x 

Table 1. I H and 19F N M R spectral data for compounds !- -3  and 5 a F,~", , ,~,F 8 
/ 

FA 

Corn- R ~ (CDCI 3) 

pound ~gF I H 

A B,B" d/Hz X,X" R 

I COOH 8.64 t 5.78 dq 
2 COCI 9.98 t 5.90 dq 
3 COOEt 5.91 t 4.42 dq 

OH 0 

5 Me , , ~ f ~  6.96 t 5.38 dq 
OH O 

JAg = JaB = 19.8. Jgx = J g x  = 1.6 4.01 d 
J~,8 = J~,B" = 19.6. Jgx = J g x '  = 2.2 4.04 d 
JAB = JAg' = 19.7, 3.90 
Jgx -=- d~,'x" = 1.7 

JAB = JAB' = 20.0, 3.91 
YBx = J B ' x  = 1.4 

11.22 (s, COOH) 

17.63 (s, OH): 
4.02 (q, OCH~, J = 7.2); 
2.51 (s, MeCO): 
1.01 (t, Me, J = 7.2) 
15.23 (s, OH); 
5.67 (s, CH); 
2.14 (s, Me) 

was also o b t a i n e d  from 13-diketone 5 upon  hea t ing  with 
HBr  at 120 ~ for  3 h. IH and 19F N M R  and  IR 
spec t roscopic  data  for 13-diketone 5 suggest its vir tual ly 
comple t e  eno l i za t ion .  

Exper imenta l  

IR spectra were recorded on a Specord 751R spectrometer. 
IH (80 MHz, relative to SiMe4) and t~F (75 MHz, relative to 
C6F 6) NMR spectra were recorded on a Tesla BS-587 A 
spectrometer. Elemental analysis was performed with the use of 
a Carlo Erba CHNS-O EA 1108 analyzer. 

19F NMR spectral parameters for compounds 3 and 5 were 
determined using the PC-adapted LAOCOON- 111 iterative pro- 
gram. 9 

3,4,5-Trifluoro-2,6-dimethoxybenzoyl chloride (2). A mix- 
ture of acid i (3 g, 12.7 retool) and PC1 s (3 g, 14.4 mmol) was 
shaken until liquefaction, refluxed for 1 h, and left at 20 ~ 
for 16 h. Distillation gave compound 2 (2.25 g, 70%), 
b.p. 98--100 ~ (4 Tort). Found (%): C. 42.30: H, 2.37; 
F. 22.35. CgH~CIF30 3. Calculated (%): C, 42.46; H, 2.38: 
F, 22.39. IR (thin film), v/era-I:  2950 (CH); 2845 (OMe); 1790 
(COCI): 1500 (C=Car): 1125, 1120, 1040 (CF). 

Ethyl 3-oxo-2- (3,4,5-triflnoro-2,6-dimethoxyhenzoyl)- 
bntyrate (3). Ethyl acetoacetate (4.7 g, 36.1 mmol) was added 
dropwise to a solution of MgiOEt) 2 prepared from Mg 
(39.1 rag-at.). The reaction mixture was stirred at 50 ~ for I h; 
then a solution of chloride 2 (7.8 g, 30.6 mmot) in 10 mL of 
benzene was added and stirring was continued at 20 ~ for I h 
and at 50 ~ for 15 rain. After cooling, a solution of cone. HCI 
(7.8 mL) in 12 mL of water was added, The benzene layer was 
separated and the aqueous layer was extracted with benzene. 
The benzene extracts were combined, dried with MgSO 4, and 
concentrated to give product 3 (8.5 g, 80%t, b.p. 154--155 ~ 

,(3 Tort). Found (%): C, 51.93: H. 4.35: F, 16,83. CIsHIsF306. 
Calculated (%): C, 51.73; H, 4.34; F, 16.36. IR (thin .film), 
v/era-l :  3450 (OH): 1720 (C=O): 1625 (C=O): 1485 (C=C), 
1035 (CF). 

Copper chelate of ethyl 3-oxo-2-(3,4,5-trifluoro-2,6- 
dimethoxybenzoyl)bntyrate (4). A saturated aqueous solution of 
Cu(OAc) 2 (10 mL) was added to a solution of compound 3 
(0.27 g. 0.78 mmol) in I mL of MeOH. The bright blue 
precipitate that formed was filtered off and dried at t00 ~C to 
give chelate 4 (0.23 g, 80%), m.p. 198--200 ~ (from EtOH), 
Found (%): C, 47.44; H. 3.79; F, 14.96. C3oH28CuF6OI2. 
Calculated (%): C, 47.53: H, 3.72: F, 15.04. IR (suspension in 
Vaseline oil), v/cm-Z: 1680 (C=O): 1560 (C=O): 1480 (C=C): 
t030 (CF). 

I-(3,4,5-Trifluoro-2,6-dimethoxyphenyl)butane- 1,3-dione 
(5). A mixture of compound 3 (4.9 g, 19.4 retool) and 10 mL of 
40% HBr was heated with stirring at 100 ~ for 2 h, cooled to 
20 ~ and left for 3 days. The precipitate that formed was 
filtered off to give product 5 (I.4 g, 22%), m,p. 42.5--43.5 ~C 
(from hexane). Found (%): C, 52.07; H, 3.93: F, 20.82. 
CI2HIIF304. Calculated (%): C. 52.18; H, 4.01; F, 20.63. IR 
(suspension in Vaseline oil), v/era-I :  1620 (C=O); 1485 (C=C); 
t025 (CF). 

Copper chelate of l-(3,4,5-trifluoro-2,6-dimethoxyphenyi)- 
hutane-l,3-dione (6). Chelate 6 was obtained from compound 
5 (0.25 g, 0.78 retool) under the conditions described for the 
synthesis of chelate 4. Yield 0.24 g (85%), m.p. 194--195 ~C 
(from ethanol). Found (%): C, 46.53; H, 3.30; F, 18.54. 
C24H20CuF60 8. Calculated (%): C, 46.95; H, 3.28: F, 18.57. 
IR (suspension in Vaseline oil), v / cm-I :  1640 (C=O); 1485 
(C=C); 1035 (CF). 

6,7,8-Trifluoro-5-hydroxy-Z-methylchromone (7). A. A mix- 
ture of compound 3 (0.I g, 0.286 retool) and 0.1 mL of 40% 
HBr was heated at 120 ~C for 6 h and then cooled to 20 ~ The 
precipitate that formed was filtered off and recrystallized from 
hexane to give chromone 7 (0.05 g, 76%), m.p. 125--127 ~ 
Found (%): C, 52.12~ H, 2.08: F, 24.78. CIoHsF303. Calcu- 
lated (%): C. 52.19; H, 2.19: F, 24.76. IR (suspension in 
Vaseline oil). v/cm-~: 3340 (OH); 1670 (C=O); 1645 (C=O); 
1610, 1520 (C=C):  990 (CF). IH NMR (acetone-d6), ~5:2.46 
(s, 3 H, Me); 6.13 (s, 1 H, CH); 12.42 (s, I H, OH). IqF NMR 
(acetone-d6), 6 : - 5 . 8 8  (dd, F(6), J = 20.5 Hz, 4.6 Hz): -1.48 
(dd, F(8), J = 20.5 Hz. 4.6 Hz); 14.34 (t, F(7L J = 20.5 Hz)_ 

B. Chromone 7 (0.05 g, 40%) was also obtained from 
compound 5 (0.15 g, 0.543 retool} upon heating with HBr for 
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3 h. Its physicochernical characteristics coincide with those for 
the sample prepared according to procedure A. 

This work was f inancial ly supported by the Rus- 
sian F o u n d a t i o n  for  Basic Research (P ro jec t  No.  
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