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REACTIONS OF POLYFLUOROCARBONYL COMPOUNDS WITH 

POLYPHENOLS 

Vo I~ Dyachenko, A. F. Kolomiets, 
and A. V. Fokin UDC 542.91:547.565:547.446 

The general features of the reactions of phenols with hexafluoro-[l-7] and tetrafluoro- 
dichloroacetone [3] in the presence of Lewis acids and sulfonic acids are well known. We 
here consider the uncatalyzed reaction of hexafluoroacetone and MeOOCCOCF 3 with di- and 
trihydroxybenzenes. 

it has been found that resorcinol, phlorog!ucinol, hydroxyhydroquinone, and pyrogallol 
react in ether, MeNO 2, and benzene in the absence of a catalyst at temperatures as low as 
20~ with hexafluoroacetone and methyl trifluoropyruvate to give C-alkylation products 
(Ia, b), (II), (IIIa, b), and (IV). Only pyrocatechol and hydroquinone failed to react even 
at 100~ 

OH 
R3 l R 1 

CFzC(O)(IF~ R2~iJ/~OH 
OH CF3--C--CF3 

R3 I R1 t 

7.2 - -  ( i a ) ,  ( I I ) ,  ( I I Ia )  

R 2 OH OH 
R3 I R I 

CF~C(O)COOCH~ /~/~ 

I 
CFz--C--COOCH 3 

1 
OH 

(Ib), (IIIb),  (IV) 
R 1 - - R ~ = R 3 = H  (la ,b);  R I = R ~ = H ,  R~=OH (II); RI=OH,  t t~=RS=:H ( I I Ia ,b) ;  
Rl=- - R~= H, Ra= OH (IV). 

A~ N. Nesmeyanov Institute of HeteroorganicCc~ounds, Academy of Sciences of the USSR, 
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 5, ppo 1080- 
1085, May, 1987. Original article submitted December 5, 1985. 
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Using equimolar amounts of the reactants, products (I)-(IV) were obtained in high yields 
(>90%) only in benzene and MeNO2, which are not able to specifically solvate phenolic com- 
pounds. The reactions proceed fairly quickly to completion at 20~ only the sparingly 
soluble trihydroxybenzenes requiring brief heating to 80~ In ether, using equimolar 
amounts of the reactants, the yields of C-alkylation products did not exceed 60%, apparently 
owing to the facile O-alkylation of solvated phenolic compounds by polyfluoroketones. How- 
ever, when a twofold excess of the polyfluorocarbonyl compound was used in ether at 20~ 
the trihydroxybenzenes gave products (II)-(IV) in ~90% yields. 

It is noteworthy that resorcinol, unlike the trihydroxybenzenes, reacts readily with 
excess hexafluoroacetone to give the double C-alkylation product (V). 

2CF3C(O)CF3 

OH 
{ 

OH 

CFa 
I OH 

HO--C i 
i 

J oH 
CF~--C--CFa 

OH 
(V) 

Methyl trifluoropyruvate does not give 2:1 adducts with resorcinol or trihydroxybenzenes. 

In addition to the polyphenols themselves, their mono- and di-ethers also undergo C- 
alkylation by polyfluorocarbonyl compounds. For example, meta-alkoxyphenols react readily 
(20~ 8 h, benzene) with hexafluoroacetone, albeit less readily than resorcinol, to give 
2-(~-hydroxyhexafluoroiso-propyl)-5-alkoxyphenols (Via-c) in yields of >95%. 1,3-Dialkoxy- 
benzenes react much less readily (20~ 1-6 days) with methyl trif!uoropyruvate, to give 
quantitative yields of the C-alkylation products (VIIa-d). 

OR1 ORI 

OH2 I OR~ 

CFs=C--R' J 
OH 

(Via-c), (Vlla--d) 
HI=CH3, Ha=H, H'=CF~(VIa); R]=C2H~, Ha=H, H'=CFs(VIb); RI-----C~Hg, Ha=H, 
H'~CFs (Vlc) ; I~I-----IR2--~CH3, H'=COOCHs (VIra); HI=R~=C2Hs, R'=COOCHs(VIIb); 
RI=H2=C~Hg, H'=COOCH3 (Vllc); RI=H~=CH~, W=CFs(VIId). 

In contrast to resorcinol ethers, the monomethyl ethers of pyrocatechol and hydroquinone fail 
to react with polyfluoroketones even at 100~ 

These results show that under mild, noncatalyzed conditions only polyphenols and their 
ethers containing at least two hydroxy or alkoxy groups with identical orienting effects under- 
go C-alkylation by polyfluorocarbonyl comppunds. The C-alkylation of these compounds is a 
regiospecific reaction~ the substituents having only ortho-para orientating effects, Mono- 
ethers of resorcinol are alkylated exclusively in the ortho-position to the OH group. 

I~ order to assess the influence of the concerted orientation of other substituents of 
the first type on the conditions of C-alkylation of phenols by polyfluoroketones, the reac- 
tions of hexafluoroacetone with meta-substituted alkyl-, halo- and aminophenols were examined~ 
It was found that meta-alkyl and meta-halophenols did not undergo the noncatalyzed reaction 
with he• even at 100~ However, with N-(p-tolyl)-m-aminophenol in benzene, 
the reaction proceeded even more readily than with trihydroxybenzenes or resorcinol, giving 
the double C-alkylation product (VIII) even at 20~ 
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TABLE 3. PMR Spectra of (Ib), (II), (Ilia), (Via, c), and 
(VIIa, b, d)* 

6, p p m / ( J ,  Hz) 

Compound I 
2 5 I 6 OH OCHa 

I 

(ii) 

(I;m) 

(Via) 

6,48 s 

6.09 d 

6,55 s 

(VIC) I 8.50 s 

(VI Ia) 6.60 s 

(VHb) 

(VHd) 

6.65 s 

6.70 s 

6.8~d, ] 6,40d 
(8,9) 

(2.7) 

6.89 hept 
(,t~-F t,7) 

(9.0) 

7.47 d 

6.03 d 

6,59 d 

[ 6.61 q 
(8.5) 

(2,5) 

7.30 d [ 6 .40d 
(9.0) 

7.50 d I 6,65 d 
(9.0 

7.45 d t 6,58 d 
(8.5) 

7.65 d ] 6.65 d 
(9.0) 

8.43 s 
8.13 s 
7.60 s 

10,25 s 
9.!0 s 
8.70 s 
8.60 u 

8.20 
9.00 br. s 

10.30 br. s 
8,30 br. s 

7.60s 

7,58 s 

8,i8 s 

3.68 s 

3,76 a 

3.78s 
3.73s 
3~70s 

3.70 s 

3.78 s 

*The spectra of (VIIa, b, d) were obtained in DMSO-d6, the 
remainder in acetone-d~. 

OH 
f 

NHC6H~CHa 

CFa 
I OH 

HO --C I 
2CF~C(O)CF, ] 

I NHC~H~CHa 

CF~--C--CFs 

OH 
( V I H )  

It appears that only meta-substituted phenols, the substituent in which has a sufficiently 
high electromeric effect, are capable of undergoing mild, noncatalyzed C-alkylation by poly- 
fluorocarbonyl compounds. 

EXPERIMENTAL 

IH, I~C, and 19F b~R spectra of the compounds obtained were recorded in acetone, acetone- 
dG, and DMSO-d 6 at 20~ on a Bruker R-200SY spectrometer at operating frequencies of 200.12~ 
50.31, and 188.30 ~z respectively. Chemical shifts (6, ppm) were measured relative to TMS 
(zH, I~C, internal standard) or CF3COOH (19F, external standard). The Rf values of the pro- 
ducts were measured on Silufo! UV-254 plates (Kavalier, Czech SR) in the system acetone-CCl4 
(i:i and 1:3). The compounds were visualized by their absorption of UV light. 

1,3--Dih drox-4-(a-hxdroxyhexafluorqi~l)benzene (Ia). in a glass ampul were placed 
20 ml of dry benzene and 2.2 g of finely-ground resorcinol, followed at -70~ by 4.0 g of 
hexafluoroacetone. The ampul was sealed, then warmed to 20~ and shaken for 2 h~ After 
cooling, the ampul was opened, and the product filtered off and recrystallized~ The yield and 
properties of (la) are given in Tables 1 and 2. Compounds (II), (Ilia), (IVa-c), and (Vlld) 
were obtained similarly (Tables 1-3). 
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1,3-Dihydroxy-4-(~-hydroxy-~-methoxycarbonyltrifluoroethyl)benzene (Ib). A mixture of 
1.1 g of resorcinol and 1.7 g of methyl trifluoropyruvate in 8 ml of nitromethane was kept 
at 20~ for 8 h, the mixture evaporated under reduced pressure, and the residue crystallized. 
The yield and properties of (Ib) are given in Tables 1-3. Compounds (IIlb), (IV), and 
(ViIa-c) were obtained similarly. 

1,5-Dihydroxy-2,4-di-(~-hydroxyhexafluoroisopropyl)benzene (V). In a glass ampul were 
placed 15 ml of benzene and i.i g of resorcinol, cooled, 4.0 g of hexafluoroacetone condensed 
into the mixture, the ampul sealed, warmed to 20~ heated rapidly to 80~ kept for 0.5 h, 
and cooled. The ampul was opened, and the product recrystallized from benzene to give 3.98 
g (90%) of (V), mp 163-165~ Rf 0.50 (acetone-CCl 4, i:i). 13C NMR spectrum (acetone): 
157.90 (C ~, CS), 128.73 (C3), 121.74 (CF3, JC-~ = 264 Hz), 106.20 (C6), 78.20 (C 7, JC-F = 

30.27 Hz). PMR spectrum (acetone-d6): 7.69 s (IH, H3), 6.64 s (iN, H6). 19F NMR spectrum 
(acetone-de): 8.1 s. Found: C 32.61; H 1.36; F 51.26%. CI2H6F1204. Calculated: C 32.58; 
H 1.36; F 51.58%. 

2,4-Di-(~-hydroxyhexafluoroisopropyl)-5-[N-(p-tolyl)amino]phenol (VIII). A mixture of 
1.99 g of N-(p-tolyl)-m-aminophenol, 4.0 g of hexafluoroacetone, and 15 ml of benzene was kept 
in a sealed ampul at 20~ for I0 h. The ampul was then cooled, opened, and the product 
crystallized from CCI 4 to give 4.25 g (80%) of (VIII), mp 123-125~ Rf 0.43 (acetone-CCl~, 
i:i). 13C NMR spectrum (acetone): 156.97 (CI), 148.60 (C5), 128.40 (C3), 122.32 and 122.12 
(CF3, JC-F = 287 Hz), 106.19 (C4), 104.17 (C6), 78.70 and 78.90 (C-CF3, JC-F = 30.0 Hz). 
Found: C 43.03; H 2.50; N 2.69%. CIsHI~FI~NO 3. Calculated: C 42.94; H 2.45; N 2.64%. 

CONCLUSIONS 

i. Resorcinol and trihydroxybenzenes react with hexafluoroacetone and methyl trifluoro- 
pyruvate in the absence of a catalyst in nonpolar media to give nearly quantitative yields 
of the mono-C-alkylation products. The reaction is regiospecific, at the site of concerted 
ortho-para orientation by the OH groups. 

2. Of the mono-hydroxybenzenes, only those compounds with meta-substituents in which 
the substituent has a large electromeric effect undergo C-alkylation with polyfluorocarbonyl 
compounds. 

i. 

2. 
3. 
4. 
5. 
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7. 
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