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Ethyl 2-(ct-hydroxyhexafluoroisopropyl)acrylate as a potential precursor 
of fluorine- and sulfur-containing CH-acids 
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The reactivity of ethyl 2-(ct-hydroxyhexafluoroisopropyl)acrylate (1) was studied. The 
addition of thioacetic acid to compound I occurs at 20 ~ while reactions with thiols 
proceed only at 120 ~ and are accelerated in the presence of an acid catalyst. Dealkylation 
of acrylate 1 with iodotrimethylsilane affords 4,4.4-tnfluoro-3-hydroxy-2-iodomethyl-3- 
trifluoromethylbutyric acid, which served as the starting compound for the synthesis of 
3-chloro-4.4,4-trifhJoro-2-iodomethyl-3-tdfluoromethylbutyroyl chloride, a potential pre- 
cursor of alicyclic fluorine- and sulfur-containing CH-acids. 

Key words: ethyl 2-(ct-hydroxyhexafluoroisopropyl)acrylate, thiotation, iodotrimethylsilane, 
dealkylation, chlorinolysis, 4,4,4-tdfluora-3-hydroxy-2-iodomethyl-3-trifluoromethylbutyric 
acid, 3-chloro-4,4,4-trifluoro-2-iodomethyl-3-trifltioromethylbutyroyl chloride, ethyl 
2-acetylthio- and ethyl 2-alkyl(phenyt)thiomethyl-4,4,4-trifluoro-3-hydroxy-3-trifluoromcthyl- 
butyrates. 

Esters of,'zJ3-unsaturated carboxylic acids containing 
a-hydroxypolyfluoroalkyl groups in the ct-position be- 
came available due to the recently discovered ability of 
polyfIuorocarbonyl compounds to alkylate acrylates and 
their homologs under mild conditions in the presence of 
1,4-diazabicycto[2.2.2]octane (DABCO). 1 The first re- 
suits of a study of the reactivity of these compounds with 
ethyl 2-(~-hydroxyhexafluoroisopropyl)acrylate (1) as 
an example are given in this work. Primary attention was 
given to the syntheses of alicyclic fluorine- and sulfur- 
containing CH-acids by thiolation of acrylate 1, as well 
as to the synthesis of ct-polyfluoroalkyl-substituted 
[3-haloalkanoyl chlorides,  precursors of alicyclic 
CH-acids (see Ref. 2), from compound 1. In addition, 
the behavior of 1 in the presence of strong bases, which 
are the most effective catalysts of [3-thiolation of acrylic 
systems, 3 and the ability of the ester group in 1 to 
undergo hydrolysis and dealkylation were assessed. 

It turned out that acrylate 1 was not indifferent 
toward bases. Even during storage in glass, it slowly 
dissociates into the initial compounds, hexafluoroacetone 
and ethyl acrylate, and readily decomposes upon treat- 
ment with aqueous alkaline solutions with complete 
mineralization of the C - - F  bonds. Decomposition of 
acrylate 1 is also induced by highly basic N-nucleo- 
philes, probably due to the low stability of anion la  
formed through stepwise addition of a highly basic nu- 
cleophile to the C=C bond (Scheme 1). 

These assumptions are consistent with the following 
facts. During optimization of the synthesis of acrylate 1 
from ethyl acrylate and hexafluoroacetone in the pros- 
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ence of DABCO, we found that the reaction equilibrium 
is shifted towards the formation of I when the tempera- 
ture is decreased from 20 to 5 ~ and the conversion of 
the reagents and the yield of the final product increase 
when neutralization of DABCO is carried out with 
cooling. It was also shown that of N-nucleophiles only 
weakly alkaline amines, e.g., morpholine, can be made 
to cause the 13-amination of 1 with the formation of an 
ester of amino acid 2 (Scheme 2). 

High selectivity of this reaction was reached at a high 
dilution of reagents and when the latter were mixed with 
cooling, i.e., trader conditions favoring the realization of 
the push-pull addition mechanism. 

Due to decomposition of 1 in the presence of strong 
bases, thiotation of 1 was studied only as it noncatal~"tic 
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and an acid-catalyzed process using certain aliphatic, 
arylaliphatic, and aromatic thiols and thiocarboxylic 
acids as thiolating agents. It was shown that thiol com- 
pounds do not cause decomposition of 1 even under 
drastic conditions (120 ~ The characteristic feature of 
these reactions is their regiospecificity resulting only in 
[~-thiolation products, both in the presence and in the 
absence of a catalyst. The direction of the reaction was 
not changed in the presence of oxygen, which is typical 
of similar reactions involving non-fluorinated acrylates. 3 

In the absence of a catalyst, the conditions and rate 
of [3-thiolation of 1 are determined by the acidic proper- 
ties of the thiot. For example, thioacetic acid slowly 
adds to the multiple bond of I even at 20~ to give 
thioacetate 3 in 80% yield after 7 days (Scheme 3). At 
100 ~ a similar result is reached after 1.5 h. 

Scheme 3 
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Thiols of the aliphatic and arylaliphatic series do not 
react with 1 at 20 ~ thiolation occurs at a noticeable 
rate only at 120~ Under these conditions, the more 
acidic c~-toluenethiol gives the 13-thiolation product 4 in 
70% yield in 20 h, and in the case of n-pentanethiol  the 
yield of sulfide 5 does not exceed 50% even after 30 h 
(Scheme 4). 

Scheme 4 
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R = PhCH 2 (4); n-ChH~1 (5) 

The thiolation of 1 is significantly accelerated by 
acidic catalysis. For example, n-pentanethiol  in the 
presence of tr if luoromethanesulfonic acid (TfOH) af- 
fords sulfide 5 in 75% yield already in 7 h at t00 ~ 

It should be noted that TfOH can be used as a 
catalyst of thiolat ion .of-t only- for atiphatic thiots. This 
superacid forms strong charge transfer complexes with 

thiols of aromatic series, for example ,  benzenethiol.  
These complexes do not decompose  under the reaction 
conditions, which impedes the cata lyt ic  action. In this 
case, the use of the weaker p-totuenesulfonic acid (TsOH) 
appeared to be effective. In t h e  presence of TsOH, 
sulfide 6 was obtained in 90% yield at 120~ in 8 h 
(Scheme 5). 
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The thiolation of acrylate 1 with ct-toluenethiol is pro- 
moted by TfOH. The reaztion proceeds  at a high rate at 
50~ (2 h) and is accomplished in 1 h at 80~ 
However, under these cond i t i ons ,  TfOH catalyses 
debenzylation of sulfide 4 to form thiol 7 (Scheme 6), as 
shown by NMR and by a test for the HS group with 
ninhydrin. 
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To confirm the structure of thiol  7 isolated from the 
mixture of the reaction products ,  we synthesized this 
compound independently by hydrolysis  of  S-acetyl  
derivative 3 with HC1 in me thano l  ~20~ 20 h) 
(Scheme 7). 
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IH and t9F N M R  spectra o f  the samples of  7 prepared 
both by deacetylation of 3 and acid-catalyzed th io la t ion 
of 1 with ct-toluenethiol appeared to be identical. 

The fluorine-containing C H - a c i d s  3 - -6  synthesized 
are stable liquids. The ester group in these compounds 
does not change even upon prolonged boiling with HC1. 
As can be seen from the 19F N M R  spectra (Table 1), the 
CF  3 groups of 3--6  are diastereotopic.  

It appeared to be impossible to transform acrylate 1 
into acyl chloride of the corresponding J3-haloalkanoic 
acid by usual methods, z Boiling with HCI and HBr does 
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Table 1. Spectral characteristics of compounds 2--8 and 10 

Compound tH NMR 19F NMR 

a, J/Hz" 

2 0.9 (t. 3 H, Me, J = 7.4); 1.8 (m, 4 H); 2.25 (m, 2 H); -1 .2  (q, 3 F, CF 3, J = 9.6); 
3.0 (m, 6 H); 3.9 (m, I H, CH); 9.2 (s, 1 H, OH) -3.8 (q, 3 F, CFa, J = 12.8) 

3 1.2 (t, 3 H, Me, J = 7.2); 2.2 (s, 3 H, Me); 2.9--3.2 (m, 2 H); -2 .3  (q, 3 F, CFa, 2" = 12.0); 
3.5 (m, I H); 4.2 (q, 2 H, CH2, d' = 7.5); 5.25 (s, 1 H, OH) -4 .4  (q, 3 F, CF3, J = 11.6) 

4 1.4 (t, 3 H, Me, o r = 7.2); 2.85 (m, 2 H); 3.2 (m, I H); -2 .2  (q, 3 F, CF 3, J = 12.0); 
3.75 (s, 2 H, CH2); 4.3 (q, 2 H, CH 2, J = 7.5); -5.3 (q, 3 F, CF 3, or = 9.7) 
5.7 (br.s, 1 H, OH); 7.3 (m, 5 H. Ph) 

5 0.85 (t, 3 H, Me, J = 7.2); 1.3 (m, 7 H); 1.6 (m, 2 It. CH,.): -2 .0  (q, 3 F, CFa, .[ = 11.2); 
2.5 (m, 2 H, CH2); 2.9--3.2 (m, 3 H'); -5.1 (q, 3 F, CF 3, J = 9.7) 
4.3 (q, 2 H, CH 2. J = 7.6); 5.6 (br.s, 1 H, OH) 

6 1.3 (t, 3 H, Me, J = 7.2); 3.2--3.5 (m. 3 H); -2.3 (q, 3 F, CF3, J = 9.7); 
4.3 (q, 2 H, CH,_, J = 8.0); 5.7 (br.s, 1 H, OH): -5.4 (q, 3 F, CF 3, ] = 9.7) 
7.3 (m, 5 H, Ph) 

7 1.3 (t, 3 H, Me, J = 6.5); 1.6 (t, I H, SH, d = 7.8); -2 .2  (q, 3 F, CF 3, J = 8.25): 
2.85--3.2 (m, 3 H): 4.3 (q, 2 H, CH?, ] = 6.5); -4 .9  (q, 3 F, CFa. J = 10.0) 
5.3 I.br,s, [ H, OH) 

3.5 (m, 2 H); 3.8 (m, 1 H); 7.0 (s, 1 H, OH); -2.9 (q, 3 F, CEa, 
7,1 (br.s. I H, OH) -5 .0  (q, 3 F, CFa, 

3.4 (dd, I H, or = 11.0); 3.6 (m, I H); -2 .0  (q, 3 F, CFa, 
4.6 (t, I H, CH, J = 8.5) -6 .9  (q, 3 F, CFa, 

8 J = 9.6); 
J = 9.6) 

10 J = 8.5); 
J = 8.5) 

"The solvents used were C6D 6 for 2, CDCI 3 for 3--7 and 10, and (CDa)2C=O for 8. 

not result in e i ther  hydrolysis of  its ester  group or hydra-  
t ion of  the mul t ip le  bond.  Acrylate  1 does not react with 
anhydrous  HBr  in CH~CI2 solut ion in a sealed vessel 
even upon  pro longed  storage (7 days). Positive results 
were ob ta ined  on ly  by heat ing  (100 ~ 10 h) of  acrylate 1 
with such a s t rong dealkylat ing agent  as MeaSil.  Silylation 
of  the hydroxy group of  1 with the  liberation of  HI ,  
apparent ly ,  can  init ial ly occur  u n d e r  mild condi t ions ,  and  
hea t ing  may  result in the  addi t ion  of  HI to the C = C  bond  
and  dealkyla t ion  of  the  es ter  group to form bis-silyl 
derivative 8a. Methano lys i s  of  8a  ( 6 5 - - 7 0 " C ,  1.5 h) 
afforded acid 8 in 65% yield ( S c h e m e  8), 

Scheme 8 
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T r e a t m e n t  o f  acid 8 wi th  th iony l  ch lor ide  readily 
affords acyl ch lo r ide  9. However ,  the hydroxy group 
s imu l t aneous ly  unde rgoes  chlorolysis ,  which  results  in 
an inseparab le  m ix tu r e  of  acyl ch lo r ides  9 and I0 (1 : 1) 
( S c h e m e  9). 

The  r eac t ion  o f  acid 8 wi th  oxalyl ch lor ide  is more  
selective.  In th is  case,  the  ma in  p roduc t  is acyl ch lor ide  
10 tha t  was isola ted in a pure  s ta te  m 43% yield. Thus ,  
ac,'Tlate 1 can  be c o n s i d e r e d  su i tab le  for the syntheses  of  
no t  on ly  a c y c l i c  f l u o r i n e -  a n d  s u l f u r - c o n t a i n i n g  

Scheme 9 
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C H - a c i d s  but  precursors  of  the i r  cyclic ana logs  and ,  
pr imar i ly ,  a -po ly f luo roa lky l subs t i t u t ed  [3-thiolactones.  2 

Exper imenta l  

Anhydrous solvents were used; commercial reagents were 
purified before the experiments; acrylate I was distilled. 
IH and 19F NMR spectra were recorded on a Bruker 
WP-2OOSY spectrometer at 200.12 and 188.31 MHz, respec- 
tively. The characteristics of new synthesized compounds 2--  
10 are given in Table 2, and the tH and 19F NMK spectral 
parameters are given in Table I. 

Ethyl 2-(a-hydroxyhexafluoroisopropyl)acrylate (1). Ethyl 
acrylate (20.0 g, 0.2 moO, DABCO (2.2 g, 0.002 mol), and 
THF (150 mL) were placed in a glass tube, and the tube was 
cooled to - 7 8  ~ Hexafluoroacetone (35.5 g, 0.22 tool) was 
condensed into the robe, and the tube was then sealed and 
kept at 20 ~ for 3 days and at 5 ~ for 7 days. The cooled tube 
was opened, the reaction mixture was poured into 1 L of 5% 
HCI. and the product was extracted with CH2CI 2 (3x 150 mL). 
The extract was washed with water to neutral reaction, and 
dried with MgSO~, the solvent was evaporated, and the residue 
was fraetionated in vacuo to give 42.5 g (80%) of acrylate 1, 
b .p  72--75 ~C(15 Torr) [cf, Ref. 1: b.p. 59--02 ~ (10 Torr)]. 
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Table 2. Properties and data of elemental analyses for com- 
pounds 2--8 and 10 

Corn- B.p.t~ Formal (%) Molecular 
pound (p/Ton') Calculated formula 

[m.p,/~ C H F S 

2 -- 4L.4. 4._9_L 31.29 - C12HITF6NO4 
40.8 5.04 30.73 

3 100--102 (4) 3;5.0 ~,}~ --  9_~ Ct0Hl2F604S 
35.1 3.51 9.35 

4 tl0--112 (3) 45.7 4.03 -- 7.87 CIsHIrFrO3S 
46.2 4.10 8.20 

5 100--102 (8) 4[ 8 5,42 - -  8.92 C~3H~0FrO3S 
42.2 5.32 8.64 

6 105--108 (97 444 ~68 -- 8.32 C14H14~0035 
44.7 3.72 8.51 

7 85--86 (130) 31:8 ~:31 -- J.~,LS_ CgHmFrO3S 
32.0 3.33 10.60 

8 [97--99] 19.3 L2~ ,30.6~ -- C~HsFrlO3 
19.7 1.36 31.15 

10 70--75 (15) 18,3 0.8! 28.71 -- CoH3FrCI2[O 
t7.9 0.74 28.29 

Ethyl 4,4,4- trifluoro-3-hydroxy-2-morpholinomethyl-3- 
trifluoromethytbutyrate (2). A solution of morpholine (0.36 g, 
0.041 mol) in C6H 0 (3 mL) was added to a solution of acrylate 
1 (1.1 g, 0.041 tool) in CrH 6 f5 mL) with stirring and cooling 
by ice water. The mixture was stirred for 5 h at 0--5 ~ and 
filtered. The filtrate was concentrated to afford 1.45 g (-100%) 
of the ester of amino acid 2 as a transparent syrupy liquid. 

Ethyl 2-aeetyl thiomethyl-4,4,4- tr i f luoro-3-hydroxy-3-  
trifluoromethylbu .tyrate (3). A mixture of acrylate 1 (S.9 g, 
0.033 mob and thioacetic acid 15.0 g, 0.065 moo was heated at 
100 ~ for 1.5 h. The excess thiocetic acid was distilled offand 
the residue was fractionated at 4 Torr to yield 9.1 g (80%) of 
compound 3. 

Ethyl 2-benzylthiomethyl-4,4,4-tr if luoro-3-hydroxy- 3- 
trifluoromethylbutyrate (4). A mixture of acrylate 1 (1.33 g, 
5 retool) and ct-toluenethiol (0.93 g, 5.5 mmol) was heated at 
120 ~ for 20 h and then fractionated to afford 1.35 g (70%) of 
sulfide 4. 

Ethyl 4,4,4- trifluoro-3-hydroxy-2-(n-pentylthiomethyl)-3- 
trifluoromethytbutyrate (5). A mixture of acrylate 1 (1.33 g, 
5 retool), n-pentanethiol (0.78 g, 7.5 mmol), and TfOH 
(0.075 g, 0.5 retool) was heated at 100--105 ~ for 7 h. The 
reaction mixture was then cooled, treated with saturated aque- 
ous NaHCO 3 (5 mL), and extracted with ether (3• mL). 
The extract was dried with ,MgSO4, the solvent was evaporated, 
and the residue was fractionated to give 1.38 g (75%) of 
sult]de 5. 

Ethyl 4,4,4- trifluoro-3- hydroxy- 2-pheuylthiomethyl-3- 
trifluoromethylbutyrate (6). A mixture of acrylate I (1.6 g, 
6 mind, J), thiophenol (0.77 g, 7 mmol), and TfOH (0.1 g, 
0.6 retool) was heated at 120 ~ for 8 h. The reaction mixture 
was then cooled and treated with saturated aqueous NaHCO 3 
(5 mL). The reaction product was extracted with ether 
(3x20 mL), the extract was dried with MgSO 4, the solvent was 
evaporated, and the residue was fractionated to give 1.75 g 
190%) of sulfide 6. 

Reaction of acrylate 1 with ct-toluenethiul in the presence 
of TfOH. A mixture of acrylate 1 (1.33 g, 5 retool), 
ct-toluenethiol (0.93 g, 7.5 mmol), and TfOH (0.075 g, 
0.5 retool) was heated for 2 h at 50 ~ and for I h at 80 ~ and 
then cooled. The 19F NMR spectrum contains four signals, 
two of which are typical of sulfide 4 and the other two of thiol 
7 (see Table 1) in I : 1.5 ratio. 

Ethyl 4,4,4- t r i f luoro-3-hydroxy-2-mercaptomethyl -3-  
tritluoromethyibutyrate (7). A mixture of the acetyl derivative 
3 (1.1 g, 3.2 retool) and 15% methanolic HC1 (15 mL) was 
kept at 20 ~ for 20 h. The solvent and HCI were distilled at 
ambient pressure and the residue was fractionated in vacuo to 
give 0.85 g (88%) of thiol 7. 

4,4,4-Trifluoro-3-hydroxy-2-iodomethyl-3-tritluorome{hyl- 
butyric acid (8). A solution of acrylate 1 (20.0 g, 0.075 molt 
and Me3Si[ (30.0 g, 0.15 tool) in CHCI 3 (25 mL) was heated 
in a sealed tube at I00 ~ for I0 h. The reaction mixture was 
then cooled, the volatile products were distilled off at 40-- 
50 Tort. and the residue was refluxed in MeOH (30 mL) for 
1.5 h and concentrated. The residue was washed with saturated 
aqueous Na2S203 until complete elimination of traces of [ 2 
and dissolved in aqueous NaHCO 3. The organic layer was 
removed, and the aqueous solution was acidified with 10% 
HCI until complete precipitation of the reaction product. The 
product was extracted with ether (5x40 mL). the ethereal 
solution was dried with Na2SO4, and the ether was removed to 
give 17.9 g (65%) of crystalline acid 8. 

4,4,4-Trifluoro-3-hydroxy-2-iodomethyl-3-trilluoromethyl- 
butyroyt chloride (9) and 3-chloro-4,4,4-trtfluoro-2-iodomethyt- 
3-trifluoromethyibutyroyl chloride (10). A mixture of acid 
8 (18.3 g, 0.05 moo and SUCh (I 1.9 g, 0.1. tool) was refluxed 
for 9 h. The excess SOC12 was distilled off and the residue was 
fractionated in vacuo to give 6.9 g of  the product, b.p. 72-- 
75~ (15 Torr). The IH and 19F NMR spectra (in CDCI~) 
showed the presence of two compounds in a I : 1 ratio. Acyl 
chloride 9. IH NMR, 8:3.9 (m, 2 H, CH2); 4.6 (m, l H, CH); 
8.3 (s, 1 H, OH). 19F NMR, ,5 : -1 .7  (q, 3 F, CF3); -6 .6  (q, 
3 F, CF3). Awl chloride 10. The I H and 19F NMR spectra are 
given in Table I. 

3-Chloro-4,4,4-trifluoro-2-iodomethyl-3-tritluoromethyi- 
butyroyl chloride (10). A mixture of acid 8 (4.5 g, 0.0123 tool) 
and (COCI) 2 (4.8 g, 0.0378 tool) was refluxed for 5 h. The 
excess oxalyl chloride was distilled off, and the residue was 
fractinated in vacuo to give 2.15 g (43%) of acyl chloride 10. 
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