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TABLE I 
COMPARISON OF ~ K A  T-ALUES OF FLUORINATED AND 

?J.ITUH.IL h I X 0  ACIDS 
Cumpd pKaQ pKab  

Leiiciiie 2.34 2 . 3 3  
.i,,j,.i-Triflii3roleiiciiie 2 .05  
Iiexafluoroleucine 1.81 
\-aline 2.29 2.29 
4,4,4-Trifliiorovalirle 1 . -54 1.54 
Hexafluorovaline 1 .21  
llethionine 2.16 2.28< 
Trifliioromethioiiiiie 2 .05  

lleasured in this laboratory by method given in ref 7 .  
Value from 0. H. Emerson, P. L. Kirk, Values from ref 7 .  

and C. L. A. Schmidt, J .  Biol. Chem., 72, 449 (1931). 

rccovered starting material 2 and methyl thiocyanate 
n-ere obtained in addition to the desired nitrile 3. 
_\lethyl thiocyanate does not form from sodium cyanide 
and dimethyl sulfoxide alone. The mechanism of this 
unusual side reaction is not lmown. 

The pK, values of the four fluorinated amino acid 
arialogs and the corresponding naturally occurring 
amino acids are listed in Table I. For the leucine and 
valine analogs, the fluorine has a marked effect in 
decreasing the pK, froni 0.5 to 0.9 unit. This increased 
acidity is explained by the electron-withdrawing effect 
of the fluorines and has been discussed in some detail 
by Walborsky and Lang? An apparent consequence 
of the increased acidity is the behavior of these fluori- 
nated amino acids in analysis. They are eluted much 
faster than their natural counterparts on the automatic 
amino acid analyzer. 

Trifluoroniethioriine and methionine have almost the 
same pK, and cannot be separated by the normal amino 
acid analysis procedure; both are oxidized with hy- 
drogen peroxide to a mixture of the corresponding sul- 
foxides and sulfones which can be separated in amino 
acid analyses. However, the strongly electron-with- 
drawing trifluoroniethyl group adjacent to the sulfur 
docs retard the rate of oxidation of trifluoroniethionine 
relative to methionine. 

Biological Stuidies.-The growth of E.  coli B-14 
Leu- was not supported by hexafluoroleucine, nor did tri- 
fluorovaline, hexafluorovaline, and trifluoromethionine 
support the growth of valine and methionine auxotrophs 
of E .  coli K12. Growth of wild type E .  coli B and KV2 
was not inhibited by the analogs. Complete amino 
acid analyses of total cell-protein hydrolysates from all 
growth experiments indicated the absence of these 
fluorinated analogs in protein. 

The lack of growth effects in E .  coli and of incorpora- 
tion into protein of four amino acid analogs shows the 
high specificity requirements for protein synthesis. Al- 
though steric requirements of the fluorinated amino 
acids are close to those of the natural analogs, small 
changes in physical properties (particularly pK,) 
prevent them from being taken into the cell and trans- 
ported to the site of protein synthesis and/or accepted 
by the s-RSA If the fluorine substitution is a t  a 
sufficient distance from the amino acid functionality 
and gives a stable substituted analog such as in p -  
fluoropheti;r-lalai~i~~e~ or trifluor~leucine,~ the analog can 
replace the natural aniino acid in protein synthesis under 
certain conditions. 

Experimental Section 

Where analyses are indicated only by symbols of the elements, 
analytical results obtained for those elements mere within * 0.4 
of the theoretical values. 
4,4,4-Trifluoro-3-(trifluoromethyl)butyric acid (1) was obtained 

in 637, yield by hydrogenating a solution of 11.9 g (0.037 mole) of 
4,4,4-trifluoro-3-( trifluoromethy1)crotonic acids in 50 ml of 957, 
EtOH (1 g of 10% Pd-C, 3.31-2.1 kg/cm2 of H2);  bp 94-93' 
(48 mm), 12% 1.3250-1.3252. Anal. (CjH4F602) C, H, F. 

Ethyl 4,4,4-trifluoro-3-(trifluoromethyl)butyrate was obtained 
in 707, yield from the corresponding acid (1) by direct esterifica- 
tion with a refluxing mixture of EtOH and HzSOa; bp 126-127", 
n Z 5 ~  1.3294-1.3296. Anal. Calcd for C ~ H ~ F B O Z :  C, 35.3; H, 
3.39; F, 48.5. Found: C, 36.0: H ,  3.61; F, 47.8. 

4,4,4-Trifluoro-3-( trifluoromethy1)butan-1-01 was obtained by 
the LiAlH4 reduction of 1 or the corresponding ethyl ester in 
54-85yc yield, bp 128", n 2 5 ~  1.3254. Anal. (C&F,O) C, H, F. 

The p-toluenesulfoiiate (2) was prepared in 03% yield by keep- 
iiig a mixture of 80.0 g (0.37 mole) of 4, 140 g (0.74 mole) of 
p-toluenesulfonyl chloride, and 950 nil of anhydrous pyridine in 
the cold room for 48 hr, t,hen extracting the product with C6116. 
The solvent was removed under reduced pressure, and the product 
was distilled; bp 115-120" (0.5-0.6 mm), mp 33-34". .tnaZ. 
(CnHlzF60aS) C, H; F :  calcd, 32.1; found, 31.0. 

5,5,5-Trifluoro-4-(trifluoromethyl)valeronitriIe (3) was pre- 
pared according to Cope and 3fehta.g To a solution of 118.2 g 
(0.4 mole) of 2 in 1 1. of freshly distilled, anhydrous DAIS0 was 
added a total of 18.2 g (0.37 mole) of dry NaCN in 3-g portions 
over 3 days. The mixture was stirred at  room temperature for 
14 days, then poured into ice-HZO and extracted with CHzClZ; 
the organic extracts were combined, washed with several portions 
of sat,urated brine, and dried. The solvent was removed by distil- 
lation through a Vigreux column, and the residue was fractionated 
on a spinning-band column under reduced pressure. Two frac- 
tions, bp 85-95' (45 mm) and bp 110-115" (0.3 mm), weighing 
24.7 g, were obtained. The higher boiling material was identified 
as 2 (ea. 2lyc recovery). Gas chromatographic analysis of the 
lower boiling fraction [tris(cyanoethyoxy)propane column, 100°] 
revealed the presence of five components. Careful fractionation 
of this material on a spinning-band column resulted in the separa- 
tion of 7.8 g ( I ly0  yield) of the desired nitrile 3, bp i2" ( 2 i  mm), 
nZ5D 1.3400. Anal. (C6H5F6S) C, F ;  H: calcd, 2.46; found, 
2.94. 

This 
material exhibited very strong infrared absorption at  2150 cm-1, 
a region that is charact,eristic of isonitriles, isocyanates, and thio- 
cyanates. An analytical sample, prepared by several distillations 
(bp 127-130", a t  least 997, pure by gas chromat'ographic analysis, 
conditions &s above) had composition: C, 34.23; H, 4.92. Mass 
spectrometric analysis as well as comparison of the infrared 
spectrum with that of an authentic sample identified the com- 
pound as methyl thiocyanate. The yield of this material, based 
on NaCN as the only source of nitrogen, was 18%. In another 
experiment conducted similarly but on a smaller scale, the nitrile 
3 was obtained in 307, yield together with 28% of 2. 
5,5,5-Trifluoro-4-( trifluoromethy1)valeric acid was obtained by 

refluxing a mixture of 24.8 g (0.12 mole) of 3 and 123 ml of con- 
trated HCl for 24 hr, pouring on ice, and extracting with CHzC1,. 
After removal of the solvent, the residue was distilled under 
reduced pressure to give 18.3 g (68y0 yield) of product, bp 105" 

Ethyl 5,5,5-Trifluoro-4-( trifluoromethyl)-2-bromovalerate (4). 
-A mixture of 20.38 g (0.091 mole) of 3,5,5-trifluoro-4-(trifltioro- 
methy1)valeric acid, 15.5 g (0.097 mole) of Bra, arid 31 ml of SOC1, 
was heated at  75' for 10 hr and at 90" for 4 hr. Excess Bra and 
SOC1, were then removed under reduced pressure, and 20 ml of 
absolute EtOH was added to the residue, dropwise, and with 
stirring. To the resulting mixture, 200 ml of CH2C12 was added, 
and the solution was washed with saturated NaHC03 followed 
by saturated brine. After removal of the solvent, the residue 
was fractionat,ed on a spinning-band column, and 11.6 g (3853 
yield) of 4 was isolat,ed, bp 95-98" (46 mm). 

Another fraction, bp 43-52" (27 mm), weighed 4.93 g. 

(26 mm), 12% 1.3473. Anal. (CsH,F,Oz) C, H, F. 

Anal. (C8HgFoBrO2): H, F; C: calcd, 29.0: found, 29.8. 
Hexafluoroleucine (5).-A mixture of 10.5 g (0.032 mole) of 

4, 40 g of NaN3, 20 ml of EtOH, arid 100 ml of HzO was reflused 
for 6 days and then steam distilled. The distillate was saturated 

(8) T\-, J. Linn (tu l ) u  Poiit), U. S. Patent  3 ,2 i l , 4 lY  ( 1 Y O f i ) .  
(!>) .-I. C .  ('opt: and .\. Alelita, personal communication. 




