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Addition Compounds of Perfluoro Fatty Acids with Ethers and Tertiary Amines' 
BY MURRAY HAUPTSCHEIN AND ARISTID V. GROSSE 

Vari- 
ous physical and chemical properties of the representative examples 3CF3C02H.2(&Hr)g0, 2C3F7COaH.(C2H5)20, 3C3F7- 
CO~H.Zdioxane, 3CFsC02H.2CsHsiV(CH3)2 and ~C~F&!O~H.~CGH&J(CH~)Z are described. 

Perfluoro fatty acids have been found to  react with ethers and tertiary amines to form stable addition compounds. 

The reaction of iodine with silver trduoroace- 
tate2 in ethyl ether and the reaction of cyclopentyl 
iodide with silver n-heptafluorobutyrate in ethyl 
ether resulted in the formation of, besides the ex- 
pected silver iodide, peculiar type compounds 
which merited special attention. Further studies 
revealed that trifluoroacetic acid and heptafluorobu- 
tyric acid reacted with substantial heat evolution 
with some ethers and tertiary amines forming sta- 
ble addition compounds in other than 1 : 1 molar ra- 
tios. 

In contrast to the complete inertness of acetic 
and n-butyric acids toward simple ethers such as 
ethyl ether and dioxane, the completely fluorinated 
analogs reacted readily, forming addition products 
of significantly higher boiling points than the orig- 
inal acids or ethers. Trifluoroacetic acid and 
heptafluorobutyric acid reacted with ethyl ether to 
form 3CF3COzH*2(CzH&O and 2CaFC02H.(Cs- 
H&O, respectively. When treated with water, the 
former compound a t  first formed a lower layer but 
was hydrolyzed very rapidly with formation of the 
free acid and an upper layer of ethyl ether. The 
latter addition product was only very slightly sol- 
uble in water, and could not be hydrolyzed appre- 
ciably in twice its volume of water even if heated to 
100' for two hours in a sealed tube. It did, how- 
ever, hydrolyze slowly in a large excess of water and 
more rapidly in a dilute alkaline solution. Hepta- 
fluorobutyric acid and dioxane formed 3CSF7COzH. 
2dioxane which hydrolyzed very rapidly. n 
Butyl ether and heptafluorobutyric acid also formed 
an addition product, of undetermined composition, 
boiling at 158') n 3 0 ~  1.3478. In addition heptafluo- 
robutyric acid reacted readily with Diethyl Carbi- 
toll ( C Z H ~ O C Z H ~ ) ~ ~ ,  to form a stable, only slightly 
water-soluble addition compound, b.p. 106' (24 
mm.). Diethyl Cellosolve also yielded a slightly 
water-soluble addition compound. Preliminary 
experiments indicated that the poly-functional re- 
actants, peduoroglutaric acid and Diethyl Carbitol 
formed a viscous, only slightly water-soluble addi- 
tion product. The striking affinity of perfluoro 
fatty acids for ethers was further demonstrated in 
the following manner. To a solution of hepta- 
fluorobutyric acid and water in 1:2 molar ratio, 
ethyl ether was added in 0.5 molar proportion. 
An exothermic reaction occurred and, in spite of 
the presence of the relatively large proportion of 
water, the ether addition product was formed just 
as in the case when no water was present. 

Although carboxylic acids are known to react 
with amines by formation of salts, the above find- 
ings suggested the possibility of the reaction of per- 
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fluoro-acids with amines to form addition complexes 
in other than molar ratios. In order to eliminate 
the possibility of amide formation it was decided to 
study the reaction of tertiary amines with these 
acids. Trifluoroacetic acid and heptafluorobutyric 
acid reacted with dimethylaniline to form the dis- 
tillable addition products 3CF3COzH.2CaH5N- 
(CH3)Z and ~ C ~ F & O ~ H - ~ C ~ H B N ( C H ~ ) ~  respectively. 
The former compound was soluble in water, while 
the latter was essentially insoluble in twice its vol- 
ume of water although i t  did hydrolyze slowly in a 
large excess of water and more rapidly in an alka- 
line solution. A white, crystalline, water-soluble 
salt was formed when trifluoroacetic acid and di- 
methylaniline reacted in a 1: 1 molar ratio. A t  
this same ratio, however, heptafluorobutyric 
acid and dimethylaniline formed a slightly water- 
soluble liquid salt which could not be crystallized 
and which was readily soluble in benzene. Both of 
these salts reacted exothermally with additional 
perfluoro-acid to form the aforementioned addition 
products. On distillation of the 1 : 1 salts it is most 
significant that the only products isolated were the 
original amines and the same addition products. 
If excess acid were used in the original preparation, 
the only products that svere found on fractionation 
were some unreacted acid and the identical addi- 
tion product. 

Various physical constants of these five represent- 
ative addition compounds are summarized in Table 
1. With regard to the boiling points given, vapor 
density measurements indicate that these com- 
pounds are highly dissociated in the gaseous state 
a t  temperatures of the boiling point and above 
Viscosity data are given in the experimental section. 

Other tertiary amines such as trimethylamine and 
pyridine apparently form only water-soluble crys- 
talline salts with these pduoroacids  and cannot 
be distilled without decomposition. Triethylani- 
ine, however, does form a slightly water-soluble 
product with heptafluorobutyric acid, which cannot 
be distilled a t  1 mm. pressure without decomposi- 
tion. 

Preliminary experiments have been carried out 
which indicate that acetone forms a stable, water- 
soluble, addition product with heptaffuorobutyric 
acid boiling a t  about 137') and that acetonitrile 
may form a relatively weak addition compound 
also. Thus i t  appears that some ketones and ni- 
triles form these peculiar addition compounds also. 

Infrared spectra have been taken of all five well- 
characterized addition compounds and gave addi- 
tional evidence that we were dealing with deiinite 
compound formation. As an example, the spec- 
trum of the addition compound 3CaF~C02H.2 
dioxane showed definite absorption peaks at  12.1 
and 12.9 microns which were not to be found in the 
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TABLE I 

3CF3COzH.2( CzH6)zO 102 1.1529 1.1898 -0.001% 1.3180 84.1 84.7 
2n-C3FiCOeH.( CzH,),O 130 1.4263 1.4644 - .00190 1.3073 67.4 68.6 
3n-CaH~COzH.2dioxane 153 1.4999 1.5353 - ,00177 1.3294 111.2 112.8 
5n-C3F7COtH.3CeH6N(CHs)2 ca. 90 (0.5 mm.) 1.4769 1.5016 - ,00124 1.3901 230.0 234.0 
3CF3C02H.2CeH61W(CHo):! 127 (20 mm.) 1.3161 1.3393 - .OOll6 1.4284 114.4 119.1 

Calculated 
from the usual values for atomic refractions: C, 2.418; H, 1.100; 0 (in C=O), 2.211; 0 (in ethers), 1.643; 0 (in OH) 
1.525; F, 1.23; N (in tertiary amines), 2.840; double bond, 1.733. 

Molar refraction 
Formula" B.p.,  "C. d'0, d 04 d d / C f  112% Found b Calcd. C 

a Composition of liquid phase a t  specified boiling point. * Calculated from Lorenz-Lorentz equation. 

spectrum of either reactant. Similarly, an absorp- 
tion peak a t  13.05 microns was present for 5C3F7- 
COOH.3C6HsN(CH& but not for either reactant. 

A good deal of additional work will have to be 
done before i t  will be possible to determine the ex- 
act types of bonds and structural arrangements in- 
volved. A probable assumption is that the odd 
composition of these compounds can be explained 
by some sort of intermolecular hydrogen bonding 
between the fluorine atoms of the acids and the hy- 
drogen atoms of the ethers or amines. But a pre- 
requisite for this sort of hydrogen bonding is a 
much stronger primary bond such as an oxonium 
(salt) type linkage between the oxygen of ethers or 
the basic nitrogen of amines and the highly acidic 
proton of these strong acids. From these consider- 
ations it appears that whenever an organic hydro- 
gen-containing compound possessing atoms with 
sufficient basicity in the Lewis sense is mixed with 
perfluorocarboxylic acids a reaction of the above 
type may be anticipated. 

Experimental 
Materials and Procedure.-Trifluoroacetic acid and hepta- 

fluorobutyric acid were obtained from Minnesota Mining 
and Manufacturing Co. Anhydrous ethyl ether, dioxane and 
dimethylaniline were obtained from Eimer and Amend Co., 
and were Reagent grade or C.P. 

The ether 
or amine was simply mixed with the perfiuoro-acid a t  room 
temperature. An immediate reaction ensued with substan- 
tial evolution of heat when the ether addition compounds 
were prepared, and even greater evolution of heat when the 
tertiary amine addition products were prepared. The re- 
action products were allowed to cool to room temperature 
and subsequently fractionally distilled at  atmospheric pres- 
sure or a t  reduced pressures. 

Reaction of Perfluoro-fatty Acids with Ethers.-Several 
reactions were carried out between trifluoroacetic acid, b.p. 
71.1' a t  734 mrn., and anhydrous ethyl ether employing 
molar ratios (acid:ether) of 1:1 and 3:2. In the former 
case the only product formed besides unreacted ether in the 
forerun was the addition compouud 3CFaCO?H.2( CaHo)zO, 
1j.p. 102' a t  760 mm. In the latter case essentially the en- 
tire product was this same addition compound: thus the 

The experimental procedure was very simple. 

composition was determined by synthesis. Anal.3 Calcd. 
for 3CF3C02H.2(C2H,)z0: C, 34.29; H ,  4.73: F, 34.88; 
acid (as CF,COJH). 69.77. Found: C. 31.18; H, 4.57; 
F, 35:21; acid (by titration), 68.54, 69.18. 

Heptafluorobutyric acid, b.p. 120.0' a t  735 mm., anti 
ethyl ether reacted in 1:l and 2:1 molar proportions 
(acid:ether). In the former case the only product formed 
besides 1 part of unreacted ether was 1 part of the addition 
compound ~C~F~COY,H.(C~H~)ZO,  b.p. 130'. In  the latter 
case the entire product was found to boil essentially at 1.70" 
a t  760 mm., and therefore corresponded to  2C3FtC02H. 
(CzH,)O. A n d 3  Calcd. for ~CS~COZH.(CZH&O: C, 
28.70; H, 2.41; acid (as CaFrCOzH), 85.24. Found: 
C, 27.78: 11, 2.53; acid (by titration), 85.82, 86.27. 
.~ 

(31 hli<mxsii:ily+ I,?. Cldrh hlicnniulytical I.al,uratory. t'rbsn'r, 
I ! ! I I I ~ ~ s s .  ' 1 ' 1 1 ~  coulpositioiw :ire giver] l > y  the ncurest simple zoho!r x i o w  

her rntiiri 'l'hi, diwi riot  prwludr the posilrilit) t l u t  t i l l :  .Lctu.il 
i . ~ m i l ~ t l ~ . l t i ~ m  wli. iiiore c o i u p l t t  i ( ~ l  Fr . A r i i q > r i . t l  

In  a similar manner the composition of the heptafluoro- 
butyric acid-dioxane complex was demonstrated to be 3 
acid:2 dioxane (b.p. 152.8') both by synthesis and analysis. 

Calcd. for 3CaF7COzH.2CtHg02: C, 29.35; H,  
2.34; acid (as C3F;COnH), 78.47. Found: C, 27.67; H,  
2.28, 2.48; acid (by titration), 79.05. 

Reaction of Perfluoro-fatty Acids with Dimethy1aniline.- 
Trifluoroacetic acid reacted with dimethylaniline in the 
molar ratios (acid : amine) of 1 : 1, 3 : 2 and 2 : 1 .  Fractional 
distillation at 20 mm. pressure yielded, besides a forerun of 
dimethylaniline at the 1 : 1 ratio and a forerun of trifluoro- 
acetic acid at  the 2: 1 ratio, an addition product boiling at  
127' a t  20 mm. and corresponding to 3CFsCOJ3,2CsH&T- 
(CH3)2. At the 3 : 2 ratio the entire product boiled essen- 
tially a t  127' a t  20 mm. which indicated the proper compo- 
sition. A 2.0-g. sample of the compound was treated with 
excess 5% potassium hydroxide and was easily hydrolyzed 
to form, in addition to CFsCOzK, 0.8 g. of an upper layer of 
dimethylaniline (theory for 2.0 g. of 3CF3COzH~2C&S- 
(CH3)t = 0.83 9.) which was converted to its picrate, m.p. 
160-161' (lit. 163"). 
-4n~1.~ Calcd. for ~ C F ~ C O Z H . ~ C ~ H , N ( C H ~ ) Z :  C, 45.21; 

H,  4.31; N, 4.79. Found: C, 44.63; H,  4.16; N, 5.08. 
Heptafluorobutyric acid reacted with dimethylaniline 

in the molar ratios (acid: amine) of 1 : 1,3 : 2 and 2 :  1. Frac- 
tional distillation of the products a t  0.5 mm. pressure; 
yielded in all cases an addition product boiling at  about 90 
and corresponding most closely to 5CaFf2OzH.3CsHahT- 
(CHs)z, f.p. ca. 8', in addition to the stoichiometric amounts 
of either unreacted dimethylaniline (at the 1:l and 3:2 
ratios) or heptafluorobutyric acid (at the 2 : l  ratio) as a 
forerun. A 2.0-g. sample of the addition compound 
hydrolyzed easily in excess 5% potassium hydroxide to form, 
in addition to C3F;COzK, 0.5 g. of an upper layer of di- 
niethylaniline (theory for 2.0 g. of ~ C ~ F I C O ~ H ~ C & N -  
(CHa)z = 0.51 g.,) which was converted to  its picrate, m.p. 
159-160' (lit. 163'). 

Anal.$ Calcd. for ~ C S F ; C O ~ H . ~ C ~ H ~ N ( C H ~ ) ~ :  C, 36.86; 
IH, 2.67; N, 2.93. Found: C, 36.37, 36.57; H, 2.54, 2.72; 
N, 3.17. 

Reaction of Silver Trifluoroacetate with Iodine and the 
Reaction of Silver n-Heptafiuorobutyrate with Cyclopentyl 
Iodide Using Ethyl Ether as the Solvent in Both Cases.- 
The discovery of the pduoro-fatty acid-ethyl ether addi- 
tion compounds was actually first made quite unexpectedly 
when investigations were being carried out on the reactions 
of silver perfluoro-fatty acid salts with iodine and cyclo- 
pentyl iodide employing as a solvent a large quantity of 
ethyl ether. In each case it was established that the prin- 
cipal products obtained, besides theoretical amounts of silver 
iodide, were the appropriate ether addition products char- 
acterized above. The free perfluoro-acid was probably 
first formed in both cases by attack of the perfluoroacyl 
group on the solvent by abstraction of a hydrogen and also, 
when cyclopentyl iodide was used, by loss of hydrogeii iodide 
and abstraction of that hydrogen. In this connection, it is 
of interest to note that n-amyl iodide reacted normally with 
silver heptafluorobutyrdte in ethyl ether to give an  80% 
yield of n-amyl heptafluorobutyrate, b.p. 143-144', n 2 s . 5 ~  
1.3340, dz74 1.2471 and do, 1.2915. A more complete de- 
scription of this ester is reserved for a future communicatioii 
on the preparation of Dolvfluoro-esters by the silver salt- - -  
dkyl ha-lide method. 

Kinematic Viscosities of Two Perfluoro-fattv Acid Addi- 
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tor controlled heater baths. Temperatures were measured 
with a National Bureau of Standards calibrated thermome- 
ter. 

The experimental values for SCsF+2OOH.3C&,N(CH& 
were 43.85 centistokes (cts.) at 21.0°, and 6.867 cts. at 
67.55'. After standing for 120 days the measured viscosity 
was 52.60 cts. a t  17.7'. All these values lie on a straight 
line when plotted on an ASTM (D 341-39 and 43) viscosity 
chart, and the following values were read off this line in cen- 
tistokes: 210 (O'), 35.0 (25'1, 11.0 (50'), 5.1 (75') and 
2.9 (100'). The slope of this line, showing the temperature 
dependence of viscosity, Le . ,  the so-called ASTM slope was 
0.93. 

The experimental values for 2C3SCOOH.(C2H&O, in 
cts., were 1.318 at 21.0' and 0.634 at 67.55". The vis- 
cosities for rounded temperature values were taken from 
the ASTM line: 2.20 cts. (OO), 1.22 (25'), 0.80 (50'), 0.58 
(75O), 0.46 (100'). The ASTM slope was 1.19. 
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A Phospho-tri-anhydride Formula for the Nucleic Acids 
BY EDWARD RONWIN' 

A new structural formula for both ribo- and desoxyribo-nucleic acids is proposed, having as its core a (P*O&, polymer 
In addition, each P atom binds one hydroxyl 

A unit cell, based on the proposed formula for the nucleic acids, 
By means of a theoretical treatment, the formula is shown to be compatible with the available, factual data 

chain of phospho-anhydride links. 
group and one nucleoside (in a phospho-sugar ester bond). 
is calculated. 
concerning the structure of the nucleic acids. 

There are three such links per P atom. 

A careful examination of the available data con- 
cerning the structure and behavior of the nucleic 
acids leads to the conclusion that the facts are con- 
sistent with only one phospho-sugar ester bond per 

form of Pa010.2-5 This can be visualized by men- 
tally replacing all OH and ONu groups bound to 
each phosphorus atom by a single oxygen atom en- 
gaged in an "apical" P=O.*B~J 

Fig. 1.-Proposed new structure for the nucleic acids: 0 ,  phosphorus atoms; 0, oxygen atoms; +, carbon atoms; 0,  
Bond distances, bond angles and rela- 

To obtain proper perspective of the relationship between the polymer 
The base of the nucleoside is to  be 

nitrogen atoms; ONu, o-nucleoside (phospho-sugar ester link): ', hydrogen atoms. 
tive atom and group sizes are not depicted exactly. 
chain and the nucleoside, the uridine nucleoside should be considered as rotated 90". 
imagined as parallel to  the sugar moiety, but extending back toward the polymer core. 

nucleotide and that the basic structure of the nu- 
cleic acids is a polymer core of phospho-anhydride 
links. There are three such links per phosphorus 
atom. In addition, each phosphorus atom binds 
one hydroxyl group and one nucleoside (phospho- 
sugar ester link) as shown diagrammatically in Fig. 1 
for a ribose nucleic acid type (the difference be- 
tween ribose and desoxyribose types will be dis- 
cussed later.) 

Section E, Fig. 1 represents an end group of the 
polymer chain. Its basic tetrahedral structure is 
identical with that of the hexagonal (monomeric) 
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