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of cthyl 2- l ) ronio-~ , - l ,~- t r i f luoro~~~1tyrn t~  yielded 3-ami1io--1,4,-1-trifluorob~ityric acid due to the elimination 
of hydrogen bromide by thc bnsic ammonia followed h y  the addition of ammonia t,o the double bond. To prevent the elimina- 
tion reaction aiid to effect the direct substitution of the bromiiic the weakly basic and highly nucleophilic azide ion was used. 
The mido clcrivntive W:LS converted to the desircd Z-nmirio-~,~,1-trifluor.ot,uty~ie acid. 

The synthesis of %-amino-4,4 .-&trifluorobutyrie 
acid hah I ) c w ~  previously attempted without suc- 
cesb. Oiie of the methods3 tried was the additioii of 
ammonia to &,4,&-trifluorocrotonic acid and its 
ethyl ester arid amide derivatives. This led to  the 
formation of the 3-amino derivatives (I --f TI). 
Another method2 utilized IT ab the ammonolysis of 
the ethyl 2-bromo-4,4,4-trifluorohutyrate (111) 
which rcsulted in the formatioii of 3-amino-4,4,4- 
trifluorobutSrramicIc (111 ---f 11). 

I1 I11 

The formation of the 3-amino isomer from IT1 
likely follows from dehydrohxlogenation of 111 to I 
and then iiornid addition to the double bond hy 
ammonia. The acidity of the 3-hydrogens of I11 is 
undoubtedly eiiliaiiced by the iiiductive effect of the 
trifluoromethyl group, thus facilitating elimination 
by the basic renqeii t . 

Apparently t h  trifiuoromethyl group is a poor 
competitor ith t!w rarhoxamide, carboxyl, :$lid 

carbethoxy groups : ~ r j  a stabilizer of a negative 
charge on an ticijncent c:dion in the transition state 
(Fig, I). The orie11tiiti011 of addition thus is ~111- 
changed from that of the unfluorinated analogs.* 

A less 1)asic and more nucleophilic reagent than 
ammonia might he expected to  preserve the posi- 
tional iaomeribm, hy decreasing the propensity for 
elimination :~nd h y  nhctting the suhstitution rcac- 
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tion. The wide ion meets these specifications, it 
heiiig a weaker base than ammonia by a factor of 
4.G X lo4; KJVH35 = 1.8 X low5, K,HN$ = 2.6 

= 1.01 x 10-14). This reagent has another dis- 
tinct feature which makes it all the more attractive 
in that it stands high in relative iiucleophilicity, 
as has been shown by Swain6 aiid Ingold.’ 

In  addition, azido compounds can be conveni- 
ently reduced to amines by a variety of reagents.*-lo 

The synthesis of 2-amino-4,4,4-trifluorobutyric 
acid (V) n-as achieved according to  the following 
reaction scheme: 

x m5, I(bX-3 3.0 x lo-’’ (calc’d from K,Kb 
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The reaction of I11 with sodium azide according 
to the method of Forster and Fierzll gave the azido 
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derivntivc (t\?) in 6354 yield. Catalytic reduction 
of IV to thc :imino ester, which was isolated as the 
hvdrochloridc, was almost quantitative. Saponi- 
fication afforded :L (j3!7, yield of V. In distinction to 
the behavior of the %amino acid isomer to iiin- 
hydrin, this nmiiio acid gave a positive test. 

 EXPERIMENTAL'^ 
Ethyl 2-brono-.$,4,4-tri'uorobutyrate (111). This material 

was prepared from 4,4,4-trifluorobutyric acid, bromine, and 
phosphorus trichloride. followed by treatment with alcohol 
according to the procedure in the literature,* to yield 43%) 
of product, b . p  153-156', 7~*; 1.3960. 

Ethyl d-azido-~,4,.$-tri$uorobzttyrate (IV). A two-phasc 
niisturc of 21.0 g. (0.0845 mole) of ethyl 2-brom0-4,4,4- 
trifluorobutyrale disJolved in 10 cc. of alcohol, and 7.65 
g. (0.118 mole) of sodium azide dissolved in 25 cc. of water 
was stirred and refluxed for 24 hours. The mixture was 
st,eam-distilled, and the distillate was extracted with ether. 
The ether \vas washed twice with water, dried over calcium 
chloride, the solvent stripped off, and the residue distilled. 
-4fter a small forerun (5.1 g.), the main fraction, b.p. 74-75' 
(20 mm.), n'," 1.3'335, weighing 11.2 g. (G37; yield) was 
collected. 

Anal. Calc'd for C6II8F3K3O2: C, 34.13; €1, 3.82. Found: 
C, 34.61; 13, 4.07. 

Ethyl 2-amino-/t,4,.$-tri$uorobutyrate. A solution of 8.5 g. 
(0.04 mole) of ethyl 2-azido-4,4,4-trifluorobutyrate in 10 
cc. of alcohol was hydrogenated with 0.5 g. of 5% palladium- 
on-charcoal a t  an initial pressure of 55 lbs. for 8 hours. 
The catalyst TVXR removed by filtration, and the filtrate was 

(12) &felting points and boiling points are uncorrected. 
Analyses wrre performed by E. Thonimen, narcl, SN itzcr- 
hnd .  

acidified with 40 cc. of 1.3 N (0.052 mole) 1ncth:molic hydro- 
gen chloride. The alcohol was removed in vacuo, and the 
residue was washed with ether to remove unreduced matc- 
rial. The crystalline iusolubles weighed 8.5 g. ('36%,). b 
sample of the hydrochloride was recrystallized several times 
from ethanol-ether, m.p. 152-153". 

Found: C, 32.79; H, 5.31; K, 6.53. 
Z-Andn0-~,4,4-tri~uorobutyric acid (V). A misture of 8.5 

g. 10.038 mole) of the crude hydrochloride of ethyl 2-amino- 
4,4,4-trifluorobutyrate and 33.4 cc. of 3.0 S sodium hydros- 
ide (0.100 equiv.) was heated on the steam-bath for 3 
minutes until solution was effected. The solution was acidi- 
fied with concentrated hydrochloric acid, evaporated to 
dryness in vacuo, and thc residuc wad redissolved in absolutc 
alcohol and dried in vucuo again. The residue was triturated 
with 20 e('. of absolute alcohol, concentrated to  10 cc., 
cooled, and a small amount of solids was removed by centrif- 
ugation; pyridine was added to precipitatc the amino acid 
which was collected aftcr cooling and yielded 3.8 g. (G:3(;L,) 
of V. lteerystallieation from ethanol and water yielded pure 
amino acid, m.p. 260-265" (dec.). 

Anal. Calc'd for C4H6FJT02: C, 30.58; H, 3.85; S ,  8.95, 
Found: C, 30.80; H, 4.05; S, 8.81. 

S-An~ino-4,4,4-tri~uorobu~yric acid.13 X solution of 2.1 g. 
of 4,4,4-trifluorocrotoiiic acid and 3 cc. of liquid :tmnionia 
was heated in a sealed tube at 100" for 16 hours. The viscous 
residue was dissolved in ethanol, concentrated to a small 
volume, and the amino acid was precipitated by the :tddition 
of ether to yield 0.9 g. (397,) of product, 11i.p. 180-181". 
Itecrystallization from ethanol raised the m.p. to 189-190" 
(dec.). 

Anal. Calc'd for CIII&?;O,: C, 30.58; 11, X.Sk5; S, 8.95. 
Found: C, 30.76; H, 4.05; ?;, 8.84. 
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And.  Calc'd for CGHi,ClFIS: C, 32.52; H, 5.00; I$, G.32. 

(13) This experiment was performcd by Dr. 11.1. Schwarz. 


