
Fluorination.-The passage from cyclo-CsF6CI40 to cyclo- 
CBFI~O proved considerably more difficult than for the 
smaller ring. M'hen the fluorination was vigoroils, the ring 
broke; for less rigorous conditions, only part fluorination 
occurred. A two-step procedure finally succeeded. Cyclo- 
CsFoClrO (100 g. or 0.3 mole) was mixed ivith SbFSCl? (100 
g. or 0.4 mole) and heated to 125' for seven hours in a 450- 
ml. steel bomb, with ,shaking. The pressure rose to 75 
1i.s.i. The temperature was raised to  160" for 16 hours, 
which brought the pressure up to 280 p.s.i. After cooling, 
a light fraction 141 g . ) ,  b.p. 52-96", was collected by tlis- 
tillation, which was a mixture of cyclo-CGF&lO and cyclo- 
CjF&1?0. This mixture (78.5 g.)  and SbF3Cl2 (46 g. or 
0.184 mole) were shaken at 1iiO" for five hours in a bomb. 
1 he pressure rose to 320 p.s.i. After cooling, repeaW tlis- 
1ill:itioii of the. criitle g a w  aholit 2 g. of :I material. 1>.1>. ?!io, 
?. 

- 
which was regarded as the desired CFSCFZ-O-CFSCF~CF? 
0 1 1  the basis of its boiling point and a carbon analysis, antl 
about 10 g. of cyclo-CbF&lO, b.p. 48-49", which broke 
down when subjected to refluorination. Repetition of this 
last fluorination with antimony salts under a variety of con- 
ditions always led to extensive decomposition. 

Solubilities.-The solubility tests confirm the expected 
lack of basic properties. In  
doubtful cases, where the formation of a complex with ferric 
chloride could not lie readily observed, calciuni hydride was 
added'" as this reageikt evolves hydrogen anti forms :ill easily 
detect ec! compler . 

COI.LTMSUS, Oiiro 

They are listed in Table 11. 

110) 1it.icli an<l Ser1it.k r/t,L:' C h i m  Arln 3, 188 (1920: 
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The Chemistry of the Perfluoro Acids and Their Derivatives. 111. The Perfluoro 
Aldehydes1 

BY DONALD R. HUSTED AND ARTHUR H. AHLBRECHT 

RECEIVED JUNE 4, 19522 
Perfluoro aldehydes and the corresponding aldehydrols have been prepared by a new synthetic method, namely, lithium 

The Rosenmund reaction has also been used to prepare perfluoro alde- 
The chemistry of the perfluoro aldehydes has been studied and 2,1- 

aluminum hydride reduction of the perfluoro acid. 
hydes from the corresponding perfluoro acid chlorides. 
dinitrophenylhydrazones and diacyl derivatives prepared. 

A number of fully fluorinated aldehydes have 
been prepared and this paper presents data 017 the 
first three members of the series : perfluoroacetalde- 
hyde, perfluoropropionaldehyde and perfluorobu- 
tyraldehyde. These perfluoro aldehydes were ob- 
tained by the lithiuni aluminuni hydride retluc- 
tion of the corresponding perfluoro acids. The 
reduction product was a mixture composed mainly 
of the expected primary alcohol3 and the alde- 
hydrol from which the free aldehyde w;1s obtained 
by dehydration. The alcohol (except in the case 
of 1,l-dihydroperfluorobutanol as noted below-, 
was easily removed from the reaction product by 
distillation and the residue, consisting inainly of 
the aldehydrol, was treated with hot coilcentrated 
sulfuric acid or phosphorus pentoxide to liberate 
the aldehyde. The perfluoro aldehydes stutlieil 
:ire low boiling liquids which tlistil re:itlilp froiri thc  
reaction mixture. 

Since the boiling points of 1,Ldihydroperfluoro- 
butanol, C3F7CH20H, :tnd the corresponding alde- 
hydrol, CsRCH(OH)z, differ by only :Lbout one 
degree, the mixture of these two coinpounds WDS 
not conveniently separated by f r:tctiona 1 tlistilla- 
tion, but was treated directly with coriceritrateti 
sulfuric acid. The perfluorobutyraltlehvde tlis- 
tilled readily as the low boiling fraction and the 
1,l -dihydroperfluorobutanol ~ m s  reccn-erctl :is tlic. 
higher boiling fraction. 

(1) Comhination of t w o  papers,  one presented hefore the  FIii<>rine 
Synipusium a t  the  1 1 G l h  M e e t i n g  (Sep 
paper # 1 7 ,  of the  American Chemical 
Jersey, a n d  one before the  118tli meeting a t  Chicago, Illinois Paper I ,  
" T h e  Chemistry uf Perfluorobiityric Acid" a n d  11. "The Chemiqtry c,f 
Derivatives of Perfluorobutyric Acid" which n r r e  given ai Atlantic 
('ity are in  preparation f i x  ~iitbliratioti.  

(2 )  Received originally Octolxr 20, 10. i l l  '1 h r  ni:iniiscripi i n  I!' 

present form was received Jiiiir 4 ,  I!!:?. 
( 3 )  A.  E. Finhrrlt, A. C .  T l c i n , l ,  Ir , iinil FI 1 Srhl?.;inryr. T t i i ?  

I ~ ~ I ' K v ~ I ,  69, 1 I*,(') I i ' l l i ~  

The perfluoroaldehydes react rapidly with water 
to form relatively stable solid hydrates, which map 
account for Swarts'" failure to obtain the aldehyde 
by dichromate oxidation of 1, l-dihydroperfluoro- 
ethanol in water solution. The aldehyde, if formed, 
would immediately react with water and the non- 
volatile hydrate would be further oxidized to the 
corresponding perfluoro acid. The substitution of 
concentrated sulfuric acid for dilute sulfuric acid 
in the oxidation of 1,l-dihydroperfluorobutanol 
resulted in the formation of small amounts of per- 
fluorobutyraldehyde. 

Further evidence that anhydrous methods of 
reduction are to be preferred is the high yield ob- 
tained from the Rosenmund reduction of the per- 
fluoro acid chloride with poisoned palladium 
catalyst. 

The perfluoro aldehydes have also been obtained 
by the lithium aluminum hydride reduction of per- 
fluoro acid amides. They were isolated in the form 
of the hydrate after the addition of water. .I 
substantial amount of the 1, l-dihydroperfluoro- 
amine was also formed in this reducti0n.j 

The preparation o f  perfluoroacetaldehyde, re- 
cently reported by Henne6 and by Shechter; has 
also been accomplished by reduction of the corre- 
sponding nitrile and by the oxidative nitration of 
1,1 ,1  -trifluoropropane. 

The structure assignment of these compounds is 
based on a variety of chemical antl physical evi- 
dence. The aldehydes give a positive test with 
Schiffs fuchsin aldehyde reagent. The aldehyclrols 

f 4 i  1;. $warts, Bi~l i .  soc. ciiim. ,!?pig.. 43, 4713 (1934).  
( . 5 )  ( 3 )  A.  C'ffer and  E.  Schlit ter,  H e i u .  Chim. Acta ,  31, 1597 ( l ! ) W ,  

'11) 1.. l;riedmnn, Atlantic Ci ty ,  N J , A.C.S. Meetin 
l i i c  I i i v i s i o n .  S e c t i o n  :\. Faper hTo (i, 7 1 3 ~  

H I . l i l l r  I <  I l'clly d t l l l  I< \ I  A l t n  T I  
) ,  

ht.rl i trr : ~ n < l  1: Ccmrml, %/iilf , 72,  :{;VI il:iiiI 
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Fig. 1.-Infrared absorption spectral curves of three perfluoroalkyl aldehydes (vapor phase) : abscissa, top scale, wave 
number in cm.-l; bottom scale, wave length in microns; cell length, 25 mm.;  pressure, 50 mm.:  a, perfluoroacetaldehyde; 
b, perfluoropropionaldehyde; c, perfluorobutyraldehyde. 

do not give a Schiff test but do give the original 
aldehyde on dehydration. Both the aldehyde and 
the aldehydrol give the parent acid on oxidation 
with potassium dichromate and sulfuric acid. 
Acid anhydrides react both with the aldehydes in 
the presence of sulfuric acid as a catalyst and with 
the aldehydrols in the presence of pyridine to give 
the same alkylidine diesters. These on hydrolysis 
consume three moles of base, two for the two acid 
groups and one for the aldehydrol, very similar to 
the behavior of related chloral derivatives. * 

The aldehydrols react with a sulfuric acid solu- 
tion of 2,4-dinitrophenylhydrazine to form 2,4- 
dini trophen ylhydrazones. 

Perfluorobutyraldehyde reacts normally with 
methyl Grignard reagent to form, after hydrolysis, 
the predicted secondary alcoh01.~ 

The infrared absorption spectral curves of the 
perfluoroaldehydes exhibit the bands characteristic 
of the CF (1100-1400 cm.-l), CH (2800 cm.-l) 
and C=O (1780 cm.-I) groupings but no bands 
characteristic of the -OH (3100-3300 cm.-l) 
group (Fig. 1). The infrared absorption spectra of 
the aldehydrols contain absorption bands charac- 
teristic of the CF, CH and -OH groupings but no 
bands characteristic of the C=O group (Fig. 2 ) .  

The foregoing data along with the analytical 
data taken as a whole leave little reasonable 

(8) E. H. Huntress,  "Organic Chlorine Compounds," John Wiley and 

(9) T. S. Reid ( to  be published). Cf ref 6 for t h e  corresponding 
Sons, Inc. ,  New York, hT. Y . ,  1948, p. 627. 

reaction with trif luoro~cetaldehyde 

doubt as to the correctness of the assigned struc- 
tures. 

These compounds exhibit certain peculiarities, 
a few of which have already been mentioned, such 
as the ease of hydration of the aldehyde and in- 
stability of the aldehydrol to alkali. The per- 
fluoro aldehydes polymerize very easily to give 
viscous or solid polymers which are chemically and 
thermally quite stable, again showing marked 
difference from the unfluorinated aldehydes. 

Perfluorobutyraldehyde, diethyl ether and hydro- 
chloric acid in equimolar ratio form a constant boiling 
mixture or a loose molecular compound which distils 
a t  a higher temperature than any of the components 
and whose infrared absorption spectra show no evi- 
dence of the presence of the aldehyde group, but they 
do show the presenceof C-OH group. The compound 
splits easily to give the aldehyde on the addition of a 
small amount of water. The infrared absorption 
curve of the vapor over the liquid exhibits the bands 
characteristic of the perfluorobutyraldehyde (Fig. 
1) superimposed on those of ether. 

Experimental 
Preparation of Perfluorobutyraldehyde. Caution.- 

Lithium aluminum hydride should be ground only under an 
atmosphere of nitrogen and the powder added to  the reac- 
tion flask with nitrogen flowing through the system. A 
minimum of 2 cu. f t . /hr .  is recommended. This is particu- 
larly important during the addition of water t o  decompose 
the excess lithium aluminum hydride. The water inlet 
tube should extend nearly to  the surface of the ether solu- 
tion so no water will strike the walls of the flask where a 
dried residue of lithium aluminum hydride is sometimes 



left by splashing of the ether solution arid evaporation of the 
ether. Water striking such a residue causes flashes of flame. 
Oxygen must be absent t o  prevent explosions. Lithium 
aluminum hydride fires should be extinguished by the use 
of sodium chloride, sand, etc., never by carbon tctrachlo- 
ride, water or carbon dioxitle10-12 extinguishers. The use 
of explosion shields and remote control during the :tddition 
of water is recommended strongly. 

The reduction of perfluorobutyric acid with lithium ah- 
minum hydride was carried out in a manner similar to that 
described by  Nystrom and Brown.I1 A 3-1. three-necked 
flask fitted with stirrer, dropping funnel, condenser and gas 
inlet tube was dried a t  120" before use antl asseinbled with 
a stream of nitrogen flowing through it. To a solution of 
19 g. (0.5 mole) of lithium aluminum hydride in 1250 ml. of 
anhydrous ethyl ether was added dropwise a solution of 107 
g. (0.t5 mole) of perfluorobutyric acid in 1000 nil. of dry 
ether. The reaction flask was cooled in an ice-bath and the 
rate of addition of the acid was such as to maintain a gentle 
reflux of the ether. Upon completion of the addition of the 
acid, the mixture was stirred two hours at room tempera- 
ture. At the end of this time the nitrogen flow rate was 
increased and the flask cooled with ice-salt mixture; then 
the excess lithium aluminum hydride was destroyed by the 
dropwise addition of water. Immediately after the addi- 
tion of the water was completed, an ice-cold solution of 80 
mi. ( I  . 5  moles) of concentrated sulfuric acid in 200 ni l .  of 
ice-water was added with coiitinued cooling of the fl 
The two layers were separated, the water layer (usually 
bottom layer) was extracted three times with ether, arid thr 
combined ether layers and ether extracts were distilled to 
remove the ether. The oily residue was dried with Drierite 
arid distilled through a semi-micro fractioiiating column 
having G to 9 theoretical plates (5 nim. i ,d. ,  25-cm. glass 
helices-packed column or 29-cm. stainless steel spiral 
column.13 The fraction boiling a t  85-95' (740 inin.) was 
removed and placed in a two-necked 200-ml. flask equipped 
with a dropping funnel arid a semi-micro fritctionating 
column having about 6 theoretical plates. Thirty-five 
milliliters of concentrated sulfuric acid was added slowly 
through the dropping funnel and the resulting mixture re- 
fluxed gently for approximately 5 minutes to cause decorn- 
position of the aldehyde precursor. Care must be exercised 
in this distillation since continued heating of the sulfuric 
acid reaction mixture yields the 1,l-dihydroperfluorobutyl 
alcohol, as the high boiling constituent, b .p .  96" (740 inin.:. 
The. aldehyde was then distilled arid collected in a cooled 
receiver. Redistillation resulted iu a pure product, yield 
33.6 g. (34970), b.p. 28.2-29' (740 n1m.j; dmd 1.505; T ~ ~ D  
1.2730; Schiff fuchsin aldehyde test positive, infrared ab- 
sorption curve (Fig. 1 ) shows presence of C~=O, CH,  CF,  
no C-OII groups. 4 n a l .  Calcd. for C4HOF;: mol. w t . ,  
198; F, 67.2; C,  24.2. Found: inol. w t . ,  1%; F ,  66.8; c,  24.0. 

Perfluorobutyraldehyde-2,4-dinitrophenylhydrazone .- 
This compound was purified by dissolving in ether and re- 
moving the insoluble unreacted 2,~-ditiitropheriylhydr3ziiie 
by filtration. The ether solution was evaporated antl the 
residue recrystallized from ethyl alcohol-water mixture, 
followed by recrystallization from ether then from carbon 
tetrachloride; m . p  107'. A-3~ini .  Calcd. for C~OH:,OIN, 
I:, 35.2; H, 1.33; S, 14.8.  17nountl: T:, X.5.1; I I .  1 .23;  
13,'il. 

Perfluoroaceta1dehyde.-The reactiou was carried out 
in a manner similar to that described for the preparation of 
perfluorobutyraldehyde. The w m e  safety precautions 
were observed. 

To 19 g. (0.5 mole) of lithiuin aluminum hydride dis- 
solved in 1250 nil. of dry ether \vas added 57 g. (0.5 mole1 
of perfluoroacetic acid in 1000 ml. of dry ether. After tle- 
cotnposition of excess reducing :tgetit by addition of 36 1111. 
(2.00 moles) of water, SO nil. of coricetitr:tted sulfuric acitl i i i  
ice-water was added, the ether layer and ether rstracts were 
combined and the ether removed by distillatiori. The 1 , l -  
tliliydroperfluoroethanol wiis removed by distillation and the 
oily residue, b.p. 103 -105" (742 i n i n .  j ?L?"I> 1 . M N ,  d ? O ,  
. . _ ~ -  

loj  €1. I ,  Schlesinger. THIS J ~ W R X A I . ,  7 0 ,  877 (1948). 
I l l  K F. S y ~ t r o r n  and W. (> R r o i v i i ,  i b i t i  , 6 9 ,  2.548 I l ! i171 
1 2 1  I,ithiiitn .4iurnii l i i ir l  I I y ~ l r ~ , l c ~  Iircictiiire + f  \ I r ! ~ l  IIvilriilei. liic , 

1131 I ?  \\', l l i t c l i y l ! ,  I r  , : i ~ , i  r \ l  i ) ' ( h 4 r m : ~ r t  . . i n ~ 1 1  1 / .? in  , 20. 3 I i  
Beverly, Xrnwachtisri ti; 

(liJ.t% 

1.468, consisting mainly of the aldehydrol, was treated with 
concentrated sulfuric acid or phosphorus pentoxide. The 
reaction was sluggish and some refluxing was necessary, but 
prolonged heating was avoided because of the tendency of 
the aldehyde to  polymerize. The aldehyde was distilled 
from the acid reaction mixture directly into a closed system 
and redistilled in a low temperature column, b.p. -19 
to -18" (746 nim.); yield 12.7 g. (26%). Anal. Calcd. 
for CJITOF~: mol. mt., 98; F, 58.2; C, 24.5. Found: 
mol. wt . ,  106 (gas density balance); F, 58.4; C, 24.3. 
Infrared absorption curve showed the presence of CF,  C-=0, 
Cf€ groups, but no C--OH group (Fig. 1).  

Perfluoroacetaldehydrol L V ~ S  prepared by the addition of 
slightly less than the calculated amount of water to the pure 
perfluoroacetaldehyde and later evaporating off the excess 
perfluoroacetaldehyde, leaving behind the pure aldehydrol, 
Great care must be exercised because of the tendency of the 
material to retain traces of solvent (for example from re- 
crystallization) or water and remain an oil, m.p. 68-70". 

2,4-Dinitrophenylhydrazone. ---M.p. 149', recorded value 
149".' 

Diacetate.--B.p I4fi-136.5' (743.2 inin.), n% 1.:<,%~, 
d*"l 1 .29 1 . 

.Innl. Calcd. for C6H,01F3: F, 28.5; sapn. equiv., t i t i .  
Found: F, 28.3; sapn. eqiiiv., 67 (12-hr. reflux, no fluorine 
M'LIS lost by hydrolysis). 

Perfluoropropionaldehyde.-The reaction mas carried 
out in a manner similar to that described for the preparation 
of lieptafluorobutyraldehyde. The same safety precautions 
are observed. 

T o  38 g. (1 mole) of lithium aluminum hydride dissolved 
in 1000 nil. of dry ether was added 164 g. (1 mole) of per- 
fluoropropionic acid dissolved in 1000 ml. of ether. After 
removal of excess reagent by addition of water (about 20 
nil. was required), 80 ml. of concentrated sulfuric acid arid 
LOO g. of ice (more may be required to  keep temperature 
tlomii) were added and the mixture treated as above. The 
ether layer and ether washes were combined after which the 
ether and the 1,l-dihydroperfluoropropanol, (C~FF,CH~OH), 
b.p.  80-81" (740 mm.) ,  were removed by distillation. T o  
the oily residue which consisted mainly of the aldehydrol 
was adtied concentrated sulfuric acid. The aldehyde was 
liberated by refluxing the reaction mixture for a few min- 
utes then recovered as such by distillation. It is con- 
venient to distil the aldehyde directly from the reaction 
flask into :i low temperature distillation system; yield 29 g. 
12OOj,), b.p.  2" (746 inin.). . 4 n d  Calcd. for CsHOFt,: 
17, ( 2 . 2 ;  C, 24.34; mol. wt. ,  148. Found: F, 64.4; C ,  
23.0; mol. wt. ,  148. Infrared absorption curve (Fig. 1 )  
showed absorption bands characteristic of C-F, C=O and 
C--H aouDs. 

Aldkhydro1.-M.p. 52-53', b .p .  92" (732 mm. )  (micro). 
Anal. Calcd. for C3H302F~: F, 57.2; C, 21.7; sapn. 
equiv., 166. Found: F, 56.6; C, 21.4; sapn. equiv., 167. 

-Perfluorobutyraldehydrol from Perfluor0butyramide.- 
The reaction was carried out in a manner similar to that de- 
scribed for the preparation of perfluorobutyraldehyde from 
perfluorohtityric acid. To 44.6 g. (1.172 moles) of lithium 
aluminum hydride dissolved in 1250 ml. of dry ether was 
adder1 100 g. (0.469 mole) of perfluorobutyramidel dissolved 
in  500 nil. of dry ether. Immediately after decomposition 
of excess reducing agent by careful addition of about 96 ml. 
of water, a n  ice-cold solution of 260 ml. (4.9 moles) of con- 
centrated sulfuric acid in 600 g. of ice was added. The 
1, I-dihydrofluorobutylamine sulfate was precipitated as 
a11 insoluble solid. The ether (top) layer was removed, 
the 1 ,  I-dihydroperfluorobutylamine sulfate removed by 
filtl'ntion, atid the aqueous filtrate extracted three times 
with ether. The ether layer and ether washes were combined, 
tlrietl with Ilrierite or by freezing and the ether removed by 
tlistillatioii. The residue, which contained a considerable 
proportinn of perfluorobutyraldehydrol, mas distilled 
through a ~enii-micro still having about 10 theoretical 
phtes ,  ;uid the fraction boiling 95-96' collected. This 
fraction was almost pure aldehydrol ( T Z ~ ~ D  1.3255, infrared 
curve iiiatched that shown in Fig. 2),  from which the alde- 
hyde may be recovered i n  the manner previously described, 
V!Cld  about  1 I I  1 ,:yo 

Diacetate of Perfluorobutyra1dehyde.-In a flask fitted 
\rith :I 1)ry Ice-acetone cool&l reflu; condenser was placed 
10 g. of perfluorobutyraldehyde :mtl 10.2 g. of acetic an- 
livtlritlt.. 0 1 1 ( .  drop of c~oncet i t r :~te~l  stilfiiric :iritl JUS ncltlrd 
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Fig. Z.-Infrared absorption spectral curves of three perfluoroalkylhydrols : abscissa, top scale, wave number in cm. -1; 

Perfluoroacetaldehydrol ( a )  and perfluorobutyraldehydrol (c)  were mulled in Nujol. 
The band shown by the dotted 

It appears 

bottom scale, wave length in microns. 
Perfluoropropionaldehydrol (b )  was melted and pressed out between two rock salt plates. 
line at 963 cm.-' in the curve for perfluorobutyraldehydrol appeared in all samples but in varying intensity. 
to be characteristic but the reason for the variation is unknown. 

as a catalyst. The reaction was very rapid. The product 
was recovered by washing with water, drying with Drierite, 
and distilling; yield 11.5 g. (75%0), b .p .  165" (743 mm.) ,  
n% 1.3378, Pa 1.431. .4naZ. Calcd. for CaH70aF7: F, 
44.3; sapn. equiv., 100. Found: F, 44.3; sapn. equiv., 
101.5. 

The alkylidene diesters of the other aldehydcs were pre- 
pared in a similar manner. 

Dibutyrate of Perfluorobutyra1dehyde.-B.p. 112-1 14" 
(24 nun.), n% 1.3626, dmr 1.269. Anal. Calcd. for CI?- 
Hls04F,: F. 37.:3; sapn. equiv., 118.6. Found: F ,  37.3; 
sapn. equiv., 119. 

Diacrylate of Perfluorobutyraldehyde .-B .p .  89.E1-90~ 
(15 mm.),  n 2 5 ~  1.3652, dZoa 1.399. Anal. Calcd. for cio- 
H70aF7: C, 37.0; F ,  41; sapn. equiv., 108. Found: C, 
36.9; F ,  40.9; sapn. equiv., 109. 

Perfluorobutyraldehyde Diacetate from the Aldehydrol- 
Alcohol Mixture.-To a dry 100-ml. one-necked flask 
equipped with a reflux condenser were added 25 g. of the 
distilled reduction mixture of boiling range 85-95' obtained 
from the lithium aluminum hydride reduction of the per- 
fluorobutyric acid, 25 g .  (0.245 mole) of acetic anhydride 
and 10 ml. of pyridine. The mixture was refluxed over- 
night. The solution was transferred to a separatory funnel 
and washed with water, 10% sodium bicarbonate, again 
with water, and then dried over Drierite for 24 hours. 
The liquid was decanted from the Drierite and distilled 
through * a  semi-micro column of 8-10 theoretical plates. 
The acetate of 1,l-dihydroperfluorobutyl alcohol was sepa- 
rated by distillation at 105' (745 mm.) and the desired di- 
acetate collected by distillation at 164" (743 mm.) ,  yield 8 
g. It had the following properties: nmD 1.3378, dm4 1.431. 

Perfluorobutyraldehydro1.-In a 100-ml. flask fitted with 
dropping funnel and a reflux condenser cooled with a Dry 
Ice-acetone mixture was placed 30 g. (0.151 mole) of pure 
perfluorobutyraldehydc. While shaking the flask, 2.70 g.  

(0.150 mole) of water was added dropwise. After standing 
for one hour, the reaction mixture had completely crys- 
tallized. The crystals were removed and dried in air for 
two hours, during which time the pure aldehyde originally 
present in slight molar excess evaporated. Further purifica- 
tion was unnecessary; yield about 27-28 g. (goo/,), m.p.  61°, 
b.p. 93.5" (737.5 mm.) (micro); soluble in benzene, ether, 
methanol, toluene, ethyl acetate, hot carbon tetrachloride 
and hot heptane. Anal. Calcd. for C4H,02F7: F ,  61.6; 
C, 22.2; sapn. equiv., 216. Found: F, 61.3; C, 22.2; 
sapn. equiv., 212. Infrared absorption curve (Fig. 2)  
shows bands characteristic of CF, CH, C-OH groups, but 
no bands characteristic of the C=O group. A band ap- 
peared in the curves of all samples at 963 ern.-', but  of vary- 
ing intensity. This band is indicated as a dotted line since 
its significance is subject to doubt. 

Alkaline Hydrolysis of PerfluorobutyraldehydroL-In a 
120-ml. round-bottomed flask fitted with a reflux condenser 
vented to a liquid air cooled trap was placed a 5.0 g. (0.0246 
mole) of perfluorobutyraldehydrol and 20 ml. of a 10% solu- 
tion of sodium hydroxide. After refluxing for 90 minutes, 
the reaction appeared to be complete. The n-heptafluoro- 
propane produced, C S F ~ H ,  3.69 g. ,  88.5% had condensed 
in the liquid air trap and was identified by its boiling point 
-17 to  -19' (740 mm.) and infrared absorption spectro- 
gram showing the characteristic peaks of n-heptafluoropro- 
pane at 12.03, 13.35, 13.44,9.72 and 3.33 p (C-H). 

The empty volume of the system which was not flushed 
was 112 ml. and was sufficient t o  hold enough heptafluoro- 
propane to account for the loss of material that  should have 
been obtained from a quantitative reaction. 

Perfluorobutyraldehyde by the Rosenmund Reduction.- 
T o  a dry three-necked flask fitted with a stirrer, Dry Ice- 
acetone cooled condenser and a gas inlet tube long enough 
to  dip under the liquid in the flask were added 80 ml. of 
cthcr, 23.2 g.  (0.1 mole) of pcrfluorobutyryl chloride,l2 g. of 



pdlailiuiii -ch;ircoal catalyii " a i i r l  six drops of quinolinc-S 
regulator.'s Hydrogen was passed in slowly with vigorous 
htirriiig for 8 to  12 hour5 at the reflux temperature of the 
cther At the end of thc reactioii period, the catalyst irai 
rcilio\-etl by filtration and the filtrate distilled. The f rw-  
tion boiling a t  4 0 - - 5 3 O  was reiuoved and an excess of water 
iabout 18 g. ,  1 mole) added. The ether wa? distilled off 
T h e  residue consisted largely of a mixture of 1 ,I-tlihydro- 
perfluorohutatiol and perfluorobutyraldehydrol from xhich 
the aldehyde IWS recovered upon treatment with sulfuric 
;tciti in tlie tiiitn~ier descrihcd above; yield ahout t j . 3  g. 
1 3  1 .8 ) . 

The course of the rcactioir catiiiot be follo\i.etl, <L> i4 u s -  
tomary, by the evolutioii of hydrogen chloride. The 
latter forms xvith the aldehyde arid ether a distillable molecu- 
lar coiiir)lex or terriarv azeotroue havine the comnositioti 
correspoAndiiig approxiinately to' the forinLila C:,F;CHO. C,- 
IiiOC~€I,,~IIC1, b.p. 52.-.52..5' (73i n i n i . ) ,  f i 2 3 ~  I .3:jil:3, 
.Innl. Calcd. for C&l.OeCIF';: C1, 11.45. Found: C1, l(1.l 

The distillable coniplex c;m also he splithesized by direct 
addition of hydrogeii chloridr 1 o a i l  rthcr wlutinii o f  pw- 
Iluorobutyraldehyde. 

B y  very careful adtlitioii 01 ;t sinall ;iinouiit of miter i t  i y  

ihlc to  isolate the free :tldehydc from the complex, but 
coii\-crsion to  the aldehydrol is recomniciided as bring 

more satisfwctorv ; i i i c l  giving :I higticr over41  yicltl o f  xlde- 
hyde. 

Perfluorobutyraldehyde by the Rosenmund Reduction 
(Low Pressure Reaction ).-hi a dry "citratc" pressure 
bottle irere placed 23 g. (0 .1  mole) of perfluorobutyryl chlo- 
ricic,: 1 g. of palladiutii-charcoal catalysti4 and four drops of 
quinoline-S regulator.'; The bottle wa5 clainped into a Parr 
low pressure hydrogenation apparatusi4 and the bottle W;I\ 
"popped" twice (-50 p.s.i. hydrogen pressure applied, the 
bottlc opened) t o  reniovc the air from the bottle. Hydro- 
gcii R';LS then run into the bottlc to  30 p.s.i. iuid the container 
shaken a t  room teniperaturc for oiic week. The presiiirc 
drop was about 8 pounds. 

The coiltents of thc bottle \rere p1;iccti i i i  a still atid the 

major portion distilling at 28-82" ( i 4 0  inrn.) reiiioved. Ti) 
this fraction water was added with cooling. The crystalline 
:tldehydrol \vas recovcred by filtration and dried iu air; 
yield 6.87 g. (:?,S%j. The aldehyde xas  obtained by de- 
hydr'it ion rvitii concentrated sulfuric acid as described 
carlicr. 

Perfluoroacetaldehyde by the Rosenmund Reduction.- 
111 it dry "citrate" pressure bottle mas placed 42 g. (0.2 
iiiolc) of perfluoroncetic anhydride, 6 g. of diethyl ether 
haturated with hydrogen chloride, equivalent to 1 %. C1- 
hased on the weight of anhydride used,'' 2.4 g. of palladiuni- 
charcoal eatalyst,J4 arid 1-6 drops of quinoline-S regulator.'5 
The bottle was clamped into a Parr low pressure hydrogena- 

and without "popping" the bottle, 30 p.s.i. 
re was applied and the container 
re until the pressure dropped 12 

The pr until the pressure no longer decreased. 
released and the contents of the bottle mere transferred to 
the pot of ;L semi-micro vacuuiii type still, the vacuum out- 
let attachecl to a Dry Ice-acetone cooled trap and the 
liquid portion tii?tilled a t  atniospheric pressure. A portio11 
of the trifluoroucetnldehyde present collected in the cold 
t r a j ) .  The fractioii boiling 36-68" (740 mm.)  was rcdis- 
tilled iii :I similar still anti a further amount of the aldehyde 
collected i n  the cold trap; yield 1.05 g.  (5%') ,  b.p.  -19' 
(746 111111. I .  The fraction distillitig a t  50-t5s5" (740 i n i n . )  
cuiitaiiii 1,l-dihytlroperfluoroethyl perfluoroacetate (CF:,- 
COOCHrCF:), (.i g.,  E%, b.p.  55-56' (741 n im. ) ,  iz% 

1.27'2, d*J4 1 . 4 N  I which lends support to  Saarts'3 claim of 
obtaiiiing the satiie conipouiid by the catalytic hydrogena- 
tion of perfluoroucetic mhydride. From it he prepared 
1,1-tiiliydroperfliioroethallol by hydrolysis. 
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, 1 7  i' Slann ich  anrl .4. I 1  Xadelman,  Rer.., 6SB, i D 0  (19303, state  
l! i , it  iiiiiicr the,;e conditions anhydrides are converted to the acid chlo- 
r i i l c ,  

this paper, c'. S. Patents  2.368.- 
300 cuyel-inr: the  ~ )e r f l i i r~ r~ ia l~ iehy~ ies  and aldehydrols, and 2,568,311 

ne diester-b have heen issued to the authurs and 
i l l i i i i t i ~  m d  ?S,inufacturlng C c r n ~ ~ ~ a n y .  

reactiuti presumed t u  occur here also. 
1 1 x 1  Since t h e  nriRinal filing da te  

Migration Ratios in the Rearrangement of 2 ,2-Diarylethanols1 
I ~ Y  JOHN C>. B u m ,  Jri . ,  AND LEON S. CII~KESZKO') 

RECEIVED JUXE 7, 1$152 

The migration ratios with rcference t u  phcnyl of eight substituted phenyl groups have been determined by the acid- 
catalyzed rearrangement of the corresponding 2,2-diarylethanol-l-C'", The values were obtained by oxidation of the stil- 
hcne rcsulting froni the rearrangernelit, and by radiochemical assay of the most easily isolated oxidation product, which in 
the above cases was a phthalic acid or a substituted benzoic acid. This mcthod of obtaining migration ratios is character- 

ck of stereochemical complicatioris, simplicity of system, c a y  :ivailat)ility of starting matcrials, operation on a senii- 
I C ,  and precisioti in the detcrinitiatiori of the ratios. The meaning of the values here reported is discussed in rela- 

tion to othrr valucs of migration r'itios, i n  terms of I-I:~tntnett'i rr-values. ,itid with reference to tlie cniicept o f  neighboring 
group participation. 

Introduction 
One of the siniplest possible systems available 

for investigating the relative migrations of aryl 
or alkyl groups may be represented as 

(1) This document is based upon work prrfotmed under Contract  
h7iimber W7405-eng-20 for the Atomic Energy Commission a t  the 
Oak Ridge National 1.atx)ratory. Presented in part at the Milwaukee 
Aleeting uf the  American Chemical Society, hlarch 30-April 3 ,  1952. 

t i  Slember Oi tlie Research Participation i,rogram iponsored 
j<j int ly  I ) ?  t h c  Oak I < ! d ~ c  S.<tional LaIioral.~~ry a n d  Lhc C)ak Ridge 
Institute of Sucl~,.a, 5 t i i < l i ~ \ ,  j i ( ' r i i i ~ i i ~ i i t  <<cl,lrr.. l ' r , ivc,r , i ly < > {  

O k l : + I i ~ , i u x  S,,rrii,uL O ! . l , i l i ~ ~ i i i ~ ~  

.I 

B 
) a 1  -cH>(llI ----f 

0 H OH 

A -CH-CH2B + A-CH,-&H--B + A--CH=CH-B 

Such systems consist only of the two groups, 
Ai and B, capable of migration; a two-carbon chain 
offering the opportunity of rearrangement; and the 
grouping, -OH, which offers a rcactive site where a 
rc,rrr;tngc i i i t n t  rcctctioti i i i c t l  lw initiated with rea- 


